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TEXHUYECKU HAYKU / TECHNICAL SCIENCES

PASPABOTBAHE HA CUCTEMA
3A NOJIYHABAHE HA
TEXHONOIMM4YHU NAPAMETPH
HA XIAB NPU OXNAXOAHE

3natuH 3naTteB

Pe3trome: AHanu3bT Ha nybnukyBaHUTe
pesyntaTy OTHacsaWM ce [0 npocneasBaHe
mpoueca Ha oxnaxgaHe Ha xnsb nokasea, ye
cblyecTByBa HeobBXoAMMOCT OT OCbLLeCT-
BABAHETO Ha no-3agbnboveH aHanu3 Ha
M3BECTHWTE MeToAM W [Jocera npwunaraHu
nogxoau, KoeTo Aa gosefe Ao nogobpsiBaHe
M ynecHsiBaHe Ha npoueca C uern BHeagpsiBaHe
B aBTOMaTusMpaHu CUCTEMM 3a WU3MepBaHe.
N3rpageHa e onuTHa MOCTaHOBKA, C KOATO
moraT ga 6baaT m3MepBaHM TemnepaTypa,
mMaca W enekTpuYecko CbMpPOTMBMEHME MO
MOBBPXHOCTTA M B CpeAuHaTa Ha xnsiba npu
oxnaxgaHe. HanpaBeH e cpaBHUTENEH
aHanu3 un ca wusbpaHn Mopenu, Kouto C
AOCTaTbyHa TOYHOCT ONMUCBAT WM3MEHEHWETO
Ha TEXHONMOMMYHN NapamMeTpu Npu oxnaxaaHe
Ha xns6. OnpeaeneHn ca TONNUHHUTE 3aryou.
MonyyeHuTte pesyntatu noTBbPXAABaAT W
AonbneaT Te3n OT AOCTbMHUTE NUTepaTypHU
n3TouHmun. PaspaboTBaHeTo Ha  ScHa
npoueaypa M TEeXHWYECKo CpeAacTBo  3a
n3mepBaHe we Hanpasu Bb3MOXHO
NPUINOXEHNETO B npoussoacTBeHaTa
NpakTMKa Ha NPeanoXeHNs He-CroXeH, MeToq
3a XxapaktepusupaHe U3MEHeHMeTO  Ha

OCHOBHM  TEXHONOIMMYHM MapameTpu npu
oxnaxpgaHe Ha xns6.
Kmo4yoeu OJdymu: Xnsb, OxnaxagaHe,

0

DEVELOPMENT OF A SYSTEM
FOR OBTAINING
TECHNOLOGICAL PARAMETERS
OF BREAD ON COOLING

Zlatin Zlatev
Abstract: The analysis of published
results on tracking the bread cooling

process shows that there is a need for a
more in-depth analysis of the known
methods and hitherto applied approaches
that will lead to the improvement and
facilitation of the process for introduction
into automated measurement systems. An
experimental setup has been developed to
measure temperature, mass and electrical
resistance on the crust and in the bread
crumb when cooled. A comparative analysis
has been made and models have been
selected which, with sufficient precision,
describe the change in technological
parameters when cooling bread. Heat
losses are determined. The results obtained
confirm and complement those from
available literature sources. The
development of a clear procedure and a
technical measuring instrument will make it
possible to apply in the production practice
the proposed non-complex method for
characterizing the change of basic
technological parameters in the cooling of
bread.

Keywords: Bread, Cooling, Heat losses,
Models, Technological parameters
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TonnuHHum 3arybu, Mopgenn, TexHonorn4Hu
napameTpu

1. BbBeaeHue

B npoueca Ha npou3BoACTBO Ha Xxnsib
Bb3HMKBAT  npobriemn, CBbp3aHNM C
oXNnaXkaaHeTo N CbXpaHeHWeTo My, npeau
pasnpocTpaHeHne B TbproBckata Mpexa.
N3unckBaHusaTa 3a MUKpoBmonormyHa
Ge3onacHOCT BKMOYBAT MNAKETUPAHETO Ha
xns6a B MOMMETUNIEHOBM WNN B OTAENHU
crnydanm xapTveHu nnukoBe. ToBa e
Bb3MOXHO Crnea oxnaxaaHe Ha xnsiba.
CkopocTTa Ha oxnaxgaHe € KpuUTUYeEH

nokasaTten. baBHOTO oxnaxpgaHe Ha
npoaykta Hamansiea npou3BOAUTENHOCTTa
Ha TEXHONOMYHUS npouec 3a
npomsBoacTBO Ha xnsab6. [lo-6bp3oTo
oxnaxgaHe BOAM OO0 M3nNapsiBaHe Ha
ronsamMo  KONMMYecTBO  Bnara, KoeTo

HamansBa gobvea Ha npogykta. Bucokoto
CbAbpXaHne Ha Bnara W  BUCOKUTE
TemnepaTypu npu naketupaHe (Hag 30°C)
Cb3[aBart YCroBWs 3a pa3BUTHE Ha NIECEH.

CreneHTa Ha oxnaxgaHe Ha xnsiba e ot
3Ha4YeHMe npu Hapa3BaHeTo My. Toawn
npouec € Bb3MOXEH Npu TemnepaTtypa Ha
cpeavHaTa noa 36°C [9].

B poctbnHaTta nutepatypa [6, 13, 14,
15, 16, 17, 18] ca HanMyHM MHOXECTBO
nyénvkaumm, CBbp3aHu C aHanu3 Ha TOnso-
n Maco-0bMeHHUTE npouecu npv
oxnaxgaHe Ha xnaba cneq usnudane. Mo-
Manko ca nyénukauumute, CBbP3aHN CbC
Cb3daBaHe Ha  MOJenu,  OonucBalum
oxnaxkgaHeTo Ha xnsba.

LlenTta Ha cTaTuaTa e ga ce npegrioxar
MEeToO4 W Mogenu 3a npocnegsasaHe
npoueca Ha oxnaxgaHe Ha xnsio.

2. U3noxeHue

TexHonornatTa 3a nNpov3BOACTBO Ha
xnsb e TpyaeH M NpoAbIPKUTENEH Npouec
[7]. MNpouecute Ha TOMMO- WM Maco-
npeHacsiHe npu NpPUroTBAHETO Ha xnsiba ce
norny4aeart Mo Bpeme Ha MnoAarotoBkaTa u

1. Introduction

The quality of the eggs is related to
consumer preferences and is assessed
by a group of methods giving the main
features - freshness, weight, size and
shape, as well as its elements — egg
white, yolk and shell. From the user's
point of view, the egg weight is an
essential characteristic.

Bread production involves problems
related to cooling and storage before
commercial distribution. Micro-biological
safety  requirements include the
packaging of bread in polyethylene or, in
some cases, paper bags. This is
possible after cooling the bread. The
cooling rate is a critical indicator. Slow
cooling of the product reduces the
productivity of the bread process. Faster
cooling leads to evaporation of large
amounts of moisture, which reduces the
yield of the product.

High moisture content and high
packing temperatures (over 30°C) create
mold development conditions.

The degree of cooling of the bread is
important in cutting it. This process is
possible at a medium temperature below
36°C [9].

In the available literature
[6,13,14,15,16,17,18] there are many
publications related to analysis of the
heat and mass-exchange processes
when cooling the bread after baking.
Fewer are the publications related to
creating models that describe the cooling
of bread.

The aim of the article is to offer a
method and models for tracking the
bread cooling process.

2. Exposure

Bread technology is a difficult and
lengthy process [7]. The processes of
heat and mass transfer in the
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N3NNYAHETO MY, KaKTO U NpU OXNaxK4aHe Ha
n3nedeHms  npogykt. B pgoctbnHaTa
nitepaTtypa ca nybnukyBaHM  Hay4HU
cTaTum 3a MaTteMaTU4ecKoTo MoaenupaHe
Ha npouecuTe Ha oxnaxagaHe Ha xnisb.

B Tabnuua 1 € npencraBeH
CPaBHUTENEH aHanM3 Ha OaHHW, MOCOYEHMU
B OOCTbMNHaTa nutepartypa 3a W3MEHeHue
Ha OCHOBHM TEXHOSMOMMYHW MapameTpu Ha
Xns10 Npu eCTeCcTBEHO oxnaxaaHe.

OcBeH nocoyeHnte B Tabnuuyata
napameTpu, B [17] aHanuaupar
N3MEHEHMETO Ha CbAbPKaHMETO Ha BoAaA B
xnab6a npu oxnaxgaHe. CbabpKaHMETO Ha
Boga B kopata pgoctumra 12%, a B
cpeguHata 33%. Habntogasa ce
HapaCcTBaHe Ha CbAbpXaHMe Ha BoAda B
KopaTa 1 HamarnsiBaHe B cpeauHarta.

Tabnwuua 1.
MapameTpu npu oxnaxgaHe Ha xnA6

preparation of the bread are obtained
during the preparation and roasting, as
well as the cooling of the baked product.

Scientific papers on mathematical
modeling of bread cooling processes are
published in the available literature.

Table 1 presents a comparative
analysis of the data reported in the
available literature for change of the
basic technological parameters of bread
under natural cooling.

In addition to the parameters listed in
the table, in [17] they analyze the
change in the water content of bread in
cooling. The water content in the crust
reaches 12% and in the crumb 33%.
There is an increase in the water content
of the crust and a decrease in the crumb.

Table 1.
Parameters of bread cooling

Bpewme 3a
Bpeme 3a
U3mepBaH [nana3soH Ha WHnekcHa JocTuraHe Ha
yCTaHOBsIBaHE Ha N0 N3TOYHMK
napameTsbp U3MEeHeHne TOYKa T=30"C B
npoteca
cpeavHata
Terumb, C 140-50 °C 75°C 30 min 30 min
Terust, °C 58-40 °C 50 °C 30 min 30 min
HamansiBaHe ¢
2% ot Hsama [17]
m,g Hsama gaHHu -
Ha4anHaTta JaHHN
maca
Terumb, C 98-22 °C 52 °C 100 min 65 min
0 Hsama
Terust, C Hama gaHHun naHHM Hama gaHHum Hama gaHHu [13]
Hsama
m, g Hsima gaHHu nAHHM Hama gaHHm -
Terumb: C 95-22 °C 50 °C 100 min 70 min
0 Hama
Terust, C Hama naHHK naHHM Hama paHHn Hama naHHm [16]
HamansiBaHe Ha Hama
m, g Hama paHHn -
mMacaTta c 33 g JaHHU
T °C Hama naHHK Hama 139 min Hama paHHun
crumbs pat AaHHU a
T °C Hama gaHHu Hama Hama gaHHum Hama gaHHm [15]
crusts pat naHHN pal a
m HamansiBaHe Ha 69 HaMa SaHHM i
9 macaTa c 33,79 9 A
Terumps C 98-21 °C 35°C 170 min 140 min
Terust, .C 60-21 °C 60 °C 170 min 52 min
HamansisaHe ¢ [14]
m, g 4 % ot obuwaTa 529 170 min -
maca

3a npocreasBaHe W MogenupaHe Ha

In order to track and model the
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M3MEHEHMETO Ha OCHOBHU TEXHOMOrMYHM
napamMeTpyM npu oxnaxgaHe Ha xnab ca
pa3paboTeHN KOHTAKTHW W OE3KOHTaKTHU
mMeToaw.

CrtomnkoBa u konektus [18] paspaboreaT
nasepHa cuctema  3a  GE3KOHTAKTHO
n3aMepBaHe Ha napameTpu Ha  xnsb.
Pabortata e npogbikeHa ot JliobeHoBa K
konektns [11], koMTO M3nNon3BaT mMeToda 3a
npocrnegsiBaHe U MogenupaHe Ha npoueca Ha
oxna)gaHe a xnsaoa.

AHanM3bT Ha NyObnuKyBaHUTE pe3ynTaTtu
oTHacAWM ce OO npocregsisaHe npoueca Ha
oxnaxaaHe Ha xnab nokasea, Ye CbLUEeCTBYBA
HeobX0OUMOCT OT OCbLUECTBABAHETO Ha MO-
3aabnboYeH aHanu3 Ha M3BECTHUTE MeToau
M pocera npunaraHn noaxoau, Koeto Aa
aosede o nogobpsiBaHe U ynecHsiBaHe Ha
npotieca c uen BHeApsiBaHe B
aBTOMaTU3MPaHN CUCTEMU 3a U3MEpPBaHE U
ynpaeneHue.

Ot HanpaBeHMs aHanus Ha
NUTEpPaTypHUTE M3TOYHWULM CE YCTaHOBW, 4e
OCHOBHWUTE TEXHOSOMMYHN napameTpu, KOMTO
ce npocnegsaeaT Npun oxnaxagaHe Ha xnsab ca:

v' TemnepaTypa Ha KopaTa;

v' TemnepaTypa Ha cpeauHara;

v" MlameHeHve Ha macaTa Ha xna0a;
v' CbObpaHue Ha Brara.

MNpeanoxeHute B nuTepartypaTta
aHarmMTMYHW  MeToauM  3a  onpedernsiHe
CbObpXXaHMETO Ha Bnara B xnaba ce 6asunpar
Ha MHOrOCTBLMNKOBM MPOLEAYPU, M3UCKBALLM
HapyllaBaHe LEenoctTa Ha npogykta Mu
OTHemaT 3HauYnTenHoO BpemMe 3a obpaboTka. B
crneacTtBMe Ha TOBa  Te3M  MeToauM  ca
HENPUNOXMMM MpPU  aBTOMaTU3MpaHe Ha
npoueca no nNpocneasiBaHe Ha OXNaXaaHeTo
Ha xns6.

Heobxogumo e pga ce npoBeaar
AONbIHUTENHM U3CNeaBaHWsl 3a aHanmM3 Ha
npoueca Ha oxnaxgaHe Ha xnsé B Halm
yCcrnoBusi, 3a MNPOAYKT, MNPUrOTBEH MO
yTBbpAeHn bbnrapcku craHgaptv [1,3,4,5],
KaKkto MU ga ce cb3gage WHCTPYMEHTapuyM,

change of basic technological
parameters in bread cooling, contact
and non-contact methods have been
developed.

Stoykova et al. [18] developed a
laser  system  for  non-contact
measurement of bread parameters.
The work is continued by Lyubenova
and colleagues [11], which use the
method for tracking and modeling the
cooling process of the bread.

The analysis of published results on
tracking the bread cooling process
shows that there is a need for a more

in-depth  analysis of the known
methods and  hitherto  applied
approaches that will lead to the

improvement and facilitation of the
process for introduction into
automated measurement systems and
management.

From the analysis of the literary
sources it has been found that the
basic technological parameters that
are monitored during cooling of bread
are:

v Crust temperature;

v' Temperature of the crumb;

v" Change of bread mass;

v Moisture content.

The analytical methods proposed in
the literature to determine the
moisture content of the bread are
based on multistage procedures
requiring product integrity disturbance
and considerable processing time. As
a result, these methods are
inapplicable in automating the process
of bread cooling tracking.

Further research is needed to
analyze the bread cooling process in
our conditions for a product prepared
according to established Bulgarian
standards [1,3,4,5], and to create tools
to allow rapid measurement of basic
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KOWTO Oda no3Bonn Obp30 M3MEpPBaAHE Ha
OCHOBHW  TEXHONOMMYHW MNapameTpu npu
oxnaxaaHe Ha xnso.

3. MaTtepuan u metoau
XnabbT € npurotBeH Mo TEXHOMOorus,

cbobpasHo YC 02/2011 [1]. CbcTaBbT My €
npeactaeeH B Tabnuvua 2.

technological when

cooling bread.

parameters

3. Material and methods

The bread is prepared according
to the technology, described in an
established standard 02/2011 [1]. Its
composition is presented in Table 2.

Tabnuua 2. Table 2.
Crcras Ha xns6 Bread content
MpoAaykr KonuyecTtBo, %
Product Quantity
BpatwHo T1n 500
Flour type 500 100
MNuTenHa Boga
Water 56
Opoxan xnebonekapHu (Mas 3a xnso) 5
Yeast
Con, rotTBapcka roanpaHa 15
Salt !
Xns6bT e npuroTBeH B  GUTOBA The bread is prepared in a
Xne6o|-|eKapHa Gorenie BM 1200 BK household bakery Gorenie BM 1200

(Gorenje Group), HacTopoeHa Ha nporpama 1,
900 g, cTeneH Ha msnNuMyaHe ,CpeaHo”, Bpeme
Ha npoueca 2 h n 58 min.

MpurotBeHn ca 5 xnsba, ¢ maca, 3 yaca
cneq m3nuyaHe 690 g + 3%. OxnaxgaHeTo
Ha xnsba e npu okorHa Temnepatypa 19-
21°C 1 oTHocuTEnHa BMaXKHOCT Ha Bb3ayxa
49-51%RH.

3a uenute Ha Hacrtoswara paborta e
n3rpageHa onuTHa MOCTaHOBKA, C KOATO
mMoraT pga ObmaTr um3MepBaHM — Maca,
TemnepaTypa W CbNPOTUBNEHNE NO [ABY-
enekTpogHa cuctema (cpurypa 1).

BK (Gorenje Group), set at program 1,
900 g, baking "middle", process time 2
h and 58 min. 5 breads, with mass, 3
hours after baking 690 g + 3% were
prepared.

The cooling of the bread is at an
ambient temperature of 19-21°C and a
relative humidity of 49-51% RH.

For the purposes of the present
work, an experimental setup has been
developed to measure mass,
temperature and electrical resistance
in a two-electrode system (Figure 1).
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a) O6ul Bma

a) general view

1-usmepBartesiHa cuctema; 2-Be3Ha; 3-CEH30p 3a CbNpoTuBIieHUe; 4-ceH30p 3a Temnepartypa; 5-

M3MepBaHa npoba; 6-nepcoHaneH KOMMTbP

1-measurement system; 2-scale; 3-electrical resistance sensor; 4-temperature sensor; 5-measured
sample; 6-personal computer
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0) Cxema npuHUmnHa

®ur.1. OnuTHa NOCTaHOBKA 3a U3MepBaHe Ha
OCHOBHM TEXHOJIOFMYHU NapamMeTpu Npu

oxnaxaaHe Ha xnsi6

OnuTHaTa nocTaHoBKa € uarpageHa C
e[HOMNaTKoB MUKPOKOHTpOIEP,
TpaHCMWUTEPM 3@  Temrnepatypa WU
TEH30pPEe3NCTOp, [OBYENEKTPOAHa  KreTka.

[aHHuTe oT namepBaHuaTa ce
BM3yanuampaT Ha ABYpenoB ANCTEN.
EpHonnartkoB MUKPOKOMMNIOTHP.

MN3non3saH e Arduino Nano — cbBMeCcTUM
moayn (3axpaHBaHe Kom OO[) — ApayunHo

b) principle schematic

Fig. 1. Laboratory setup for measuring
the main process parameters during
the cooling of the bread

The experimental set-up is built with
a single-chip microcontroller,
temperature transmitters and a load cell,
a two-electrode measurement cell.
Measurement data is displayed on a
two-line display.

Single-board microcontroller.
Arduino Nano - Compatible Module
(Power Supply Com Ltd) - Arduino
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GasvpaHa MUKPOKOHTPOMepHa nnatka 3a
paspaboTkn 1 usrpaxgaHe Ha NpoTOTUMM,
cbBMecTMMa Nno pyHKuumn ¢ Arduino Nano.
WNarpageHa e C MUKPOKOHTpOIiep
ATmega328P wn  USB-cepueH  nopt
koHBepTop CH340G. Pabotn c TakTOoBa
yectota 16MHz, nogobpxa UART, 1°’C u
SPI nHtepdencn n uma 20 1/O nopta, oT
kouTto o 8 aHanorosu Bxoga n go 6 PWM
nsxoga. MuKpPOKOHTpONepbT € 3apedeH C
Arduino Nano Gyytnoyobp w®n ce
nporpamupa ¢  Arduino IDE, npes
BrpageHna USB-cepreH nopT KOHBEPTOP.
3axpaHBa ce c HanpexeHne 5V ot USB
KOHEKTOpa WNM OT BbHLUEH 3axpaHBall
n3toyHmnk DC 6V-12V, cebp3aH Ha nuH VIN.
PaboTHoTO HanpexeHue Ha
BXOAHO/M3X04HUTE nopToBe € 5V.

Oucnnen. [Oducnnest e LCD 16x2.
Paamepu 80x36x11mm, aBypenos, c rno 16
3Haka Ha pep. Wsnonssa craHgoapTeH
HD44780 GasupaH KOHTpofiep, MMa CUH
doH n 6sina noaceeTka.

TpaHcMuTep 3a  TeH30pe3UCTOop.
Ms3nonssaH e Moayn pfBykaHaneH 24-bit
ADC HX711AD. 3axpaHBallo HanpexeHue
DC 2,6-5,5V. MogynbT pasnoniara ¢ gBa
HesaBMCMMM OudpepeHumanHn Bxoga C
BrpageH  HUCKOWYMSALWL,  ycunsaten C
nporpammpyemMo ycuneaHe. W3nonseaH e
TEeH30pe3nCTop 3a MaKCUMariHo
HaTtoBapBaHe 7 kg u pesontouma 0,1g, cbC
3axeaHBaLlo HanpexeHue DC 3-10V.

TpaHcmutep 3a TemMnepartypa.
M3nonasaH e yHuBepcaneH ycuneaTen 3a
TepmogBonka. Ycunsaten  MAX31856
(Adafruit Industries, LLC) — yHuBepcarieH 3a
TepMoaBoWka ¢ ABa m3sofda. [ogabpxkaHu
TepmoBoiku ¢ aea nssoga mmn: K, J, N, R,
S, T, E, B. 3axpaHBaHe wun paboTHO
HanpexeHne Ha uHTepgenca DC 3V-5HV.
NHTepdenc SPI, 4-nposoaeH. O6xBaT OT -
210°C po +1800°C B 3aBUCMMOCT OT
TepmogBonkata. TOYHOCT B AmanasoH +2
+6°C B 3aBMCMMOCT OT TepmonBoMKara.

based  microcontroller  board for
development and prototyping,
compatible with functions with Arduino
Nano. It is built with the ATmega328P
microcontroller and the CH340G USB-
serial port converter. It operates at a
clock rate of 16MHz, supports UART,
I°C and SPI interfaces and has 20 1/O
ports, up to 8 analogue inputs and up to
6 PWM outputs. The microcontroller is
loaded with Arduino Nano bootloader
and programmed with Arduino IDE
through the built-in  USB-serial port
converter. It is powered by a voltage of
5V from the USB connector or an
external power supply DC 6V-12V
connected to the VIN pin. The operating
voltage of the 1/O ports is 5V.

Display. The display is LCD 16x2.
Dimensions 80x36x11mm, two-line, 16
characters per line. It uses a standard
HD44780 based controller, has a blue
background and a white backlight.

Load cell transmitter. Two-channel
24-bit ADC HX711AD Module was
used. Supply voltage DC 2.6-5.5V. The
module has two independent differential
inputs with a built-in low-noise amplifier
with programmable gain. A 7-kg load-
cell strain gauge is used and a 0.1g
resolution with a DC 3-10V charging
voltage.

Temperature transmitter. A versatile

thermocouple  amplifier is  used.
Amplifier MAX31856 (Adafruit
Industries, LLC) - universal
thermocouple with two terminals.

Supported thermocouples with two
terminals type: K, J, N, R, S, T, E, B.
Supply and operating voltage of the DC
3V-5V interface. Interface SPI, 4-
conductor. Range from -210°C to +
1800°C depending on the
thermocouple. Accuracy within +2° +6°
C depending on the thermocouple.
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Pesontoums: go 0,0078125°C. s3nonseaHa
e TepmogBoka Tmn K Cc gBa u3Boga u
obxsat ot -10 go +400°C, mMoHTUpaHa B
3aWNTEH KOXYX C paboTHa AObiPKUHA
80mm.

MU3mepBaHe Ha cbnpoTuBneHue. 3a
n3mMepBaHe CbNPOTUBINEHNETO Ha KopaTa U
cpegnHaTta Ha xnsba e u3non3eaHa ABY-
enekTpogHa cxema, npeactaBeHa Ha
durypa 2. [locoyeHn ca OCHOBHUTE W
pasmepy U MpUHUMNHA cxemMa 3a
CBbp3BaHe KbM MUKpokoHTponep. C R; e
O3HAYEHO M3MEPEHOTO CbMPOTUBMEHNE Ha
xnsb6a, TO € CBbp3aHO B CXema Aenuten
cbC cbnpoTtusnerHve 45 kQ. Mexagy Bxoaa
Ha KOHTponepa M Maca € CBbp3aH
KoHaeH3aTop ¢ kanauuteT 10 uF.

M3mepeHOTo cbnpoTuBreHne Ha Xxnsb
MOXeE [a ce onuLle 4pes:

R1Vin
R, = - R
Vout
KbaeTo R e N3MEPEHOTO

cbnpoTuBneHne Ha xnsaba; R;=45 kQ; Vi, —
3axpaHBawo HanpexeHne DC 5V; Vg —
HanpexeHne, M3MEPEHO Ha Bxoda Ha
MUWKPOKOHTpOepa.

Resolution: up to 0.0078125°C. A K-
type thermocouple with two terminals
and a range of -10 to + 400°C, mounted
in a protective housing with a working
length of 80mm, is used.

Electrical resistance measurement.
For measuring the resistance of the
bread crust and crumb, a two-electrode
scheme is used, shown in Figure 2. Its
main dimensions and schematics are
described for connection to a
microcontroller. With R is the measured
resistance of the bread, it is connected
in a divider circuit with a resistance of
45 kQ. A capacitor 10 pF is connected
between the input of the controller and
the table.

The measured resistance of bread
can be described by:

(1)

where Rc is the measured resistance
of the bread; R1 = 45 kQ; Viy - supply
voltage DC 5V; V., - voltage measured
at the input of the microcontroller.

Vin
+5V

Re

VDLIT

R] R Cl
45k T 10pF

GND

a) OcHoBHU pa3smepu
a) main dimensions
L=80 mm; 2a=25 mm ;d.= 3 mm

6) CxeMa npuHLUMMHA 33 CBbP3BaHE KbM
MWKPOKOHTpONnep
b) Principal scheme for connection to a
microcontroller

®dur.2. UamepBaTenHa KneTka 3a
CbNpPOTUBIIEHUE Ha XNnsab

Fig.2. Measurement cell for electrical
resistance of bread
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All modules in the circuit are
powered by a DC 5V, 2A DC power
unit. The operating algorithm of the
proposed system is presented as a

Bcuukm mogynu B cxemara ce 3axpaHBaT C
e0VH nmnyrnceH 3axpanealy, 65iok DC 5V, 2A.

ANropuTbMbT Ha paboTta Ha
npegnoxeHata cuctema € npeacTtaBeH BbB

BWUA Ha NceBaoko Ha curypa 3.

pseudocode in Figure 3.

HavyanHo yctaHOBsiBaHe

Initial setup

-AkTuBMpaHe Ha bubnuotekun: HX711.h; Adafruit_ MAX31856.h; LiquidCrystal.h

Activating libraries

-HacTtporka Ha noptoBe 3a cBbp3BaHe Ha:

MHCTPYMEHTalneH ycwunBartersl,;

TpaHCcMUTEp 3a

TemnepaTtypa; aucnnemn

Setting up ports to connect: instrument amplifier; temperature transmitter; display

void setup() {

-aKTMBMpaHe Ha aucnnen

Display activation

-aKTUBMpPaHe Ha TPAaHCMUTEP 3a TEH30PE3UCTOP N HynMpaHe (TapupaHe) Ha CTOMHOCTTA, NonyyYeHa oT

TEeH30-pe3ncTopa

activating a transmitter for a tensoresistor and resetting the value obtained from the tensoresistor
-HaCTpoVika Ha TpaHCMUTEpP 3a paboTa ¢ TepmoaBonka Tmn K

setting the K-type thermocouple transmitter
-aKTMBUpPaHEe Ha CepuiHa KOMyHWKaLUNs Ha MUKPOKOHTPOiepa

activating serial communication of the microcontroller}

U3mepBaHe Ha

Temneparypa
Temperature

measurement

-npoyuTaHe
CTOMHOCTTA Ha

TemneparypaTa
Temperature reading

-u3BexgaHe Ha
CTOMHOCTTA N0 CEepUeH
KaHan

output value through a
serial port

-u3BexaaHe Ha
CTOMHOCTTA Ha

avicnneu
output value to the

display

N3mepBaHe Ha maca
Mass measurement

-HacTpovika Ha koeduumneHT: k=146135
Coefficient setup:

-NpoYUTaHE 1 U3YMCNABaHe MacaTa Ha
obekTa:

reading and calculating the mass of the
object:
m=scale.get_units()*0.453592*1000
-nonyyaBaHe Ha 10 n3amepBaHWsa KaTo Ha

U3mepBaHe Ha
cCbnpoTuBIyieHUue

Electrical resistance
measurement

-3afiaHue Ha R;=45000Q
Setup of Ry
-NPOYUTaHE Ha aHanoros BXoA
A0
Analog input AO reading
-nony4aBaHe Ha 10
M3MEepBaHUS KaTo Ha BCSKO
M3MepBaHe aHanoroBusi BXoa
ce npoyuTta, n34akea ce 10 ms

BCSAKO M3MepBaHe CTOMHOCTTa Ha MacaTa

1 ce YeTe OTHOBO!

Ha xnsba ce npoyunTa, n3yakea ce 10 ms
N ce YeTe OTHOBO:

obtaining 10 measurements as at each
measurement the bread mass reads,
waits for 10 ms and reads again

for i=1:10 {samples1][i] = m;delay
(10);samplesl[i] = m;}

ocpegHsaBaT ce 10 nsamepBaHus

10 measurements are averaged
-NpoBepkKa 3a HynupaHe (TapypaHe) Ypes

OyTOH
check reset (tare) via button

-NpoBEpKa 3a HyNMpaHe Mo cepueH
KaHan

serial channel reset check
-U3BEeXJaHe Ha CTOMHOCTTa MO cepueH

obtaining 10 measurements as
at each measurement the
bread mass reads, waits for 10
ms and reads again

for i=1:10 {samples1]i] = r;delay
(10);samplesifi] = r;}
ocpeaHsBar ce 10 namepBaHus
ot ALIM

10 measurements from ADC
are averaged

-U34yncnsaBaHe Ha
CbNPOTUBNEHNETO:

resistance calculation:
R=R:*((1023/R)-1);
-M3BEXJaHe Ha CTOMHOCTTa No
CEepueH KaHan

KaHan

output value through a serial

output value through a serial port port
-u3BexaaHe Ha CTOMHOCTTa Ha AMCNNeN  -u3BexaaHe Ha CTOMHOCTTA Ha
output value to the display avcnnen

output value to the display

dur.3. AnroputsbM Ha pabota Ha cuctema 3a Fig.3. Operating algorithm for a system
M3mMepBaHe Ha OCHOBHU TEXHOMNOIMYHU for measuring basic technological
napameTpu Npu oxnaxagaHe Ha xnso6 parameters when cooling bread
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AHanoroBnatT BXO4 3a W3MepBaHe Ha
CbNPOTMBIIEHNE CE NPOoYUTa Ha ABa MbTU C
n3vyakeaHe 10ms mexgy wusMmepBaHuATa C
uen crabunusaMpaHe Ha MOKa3aHMETO Ha
cuctemara. CobuwaTta npouegypa e
npuroXxeHa npu wuU3MepBaHe MacaTa Ha
xnsi6a. porpamMHMAT Kog 3a peanusvpaHe
Ha TO3M anroputTbM € npeacTtaBeH B
npunoxexuve 1.

Mopenu onucBawm M3MEHEHUETO Ha
TEXHONOrM4YHU napameTpu npu
oxnaxpaHe Ha xnsa6. 3a nonydaeBaHe Ha
mogenute e uanonseaH CurveFitting Toolbox
B Matlab. Mopenute ca oueHeHn cC
KoehULMEHT Ha onpeaeneHocT R? cyma ot
kBagpaTtute Ha rpewkute (SSE), kopeH oT

cpenHo-kBagpatuyHata rpewka (RMSE)
[2,8,12,20].
AHanm3 Ha 4yBCTBUMTENIHOCTTa Ha

moaenute. AHanM3bT Ha YyBCTBUTENHOCTTa
uMa 3a uen pJga onpegenyd  OOKOSIKO
N3XoOHUTE BENMYMHU Ha Modena ce BrvaaT
OT yMEepeHW TMpPOMEHN Ha  BXOOHUTE
BENMMYMHN Ha Mopdena. M3scnegsaHeTo Ha
YyBCTBUTESTHOCTTa MOXE Aa ocurypu obuia
OLeHKa 3a TOYHOCTTa Ha mMopgena, koraTo ce
n3nonsBa 3a OuUeHKa Ha anTtepHaTUBHU
MoAenn, Kakto u nogpobHa nHdopmaums 3a
npeofonsiBaHe Ha rpeLlukuTe npu pasnvuyHu
CTOMHOCTM Ha napametpute [10,12,19].
M3non3saH e onpocTeH AeTepMUHUCTUYEH
noaxofn, Npu KOWUTO MofyYyeHuTe napameTpu
Ha mopgena ce 3agasaT ¢ +10% OT TexHute
CTOMHOCTW. AHanmsupart ce rpadvkm Ha
MoZyna Ha rpelkuTe npu MNoBULIEHN U
MOHWKEHN CTOMHOCTM Ha napameTpuTe Ha
mMoZenurte. AKO UW3XOOHUTE BEeNMYMHU Ha
Mozerna ce pasnuyaBaTt 3Ha4uMTesiHo, Torasa
n3xoguT e YyBCTBUTESEH KbM
cneundmkaumaTa Ha BXOOHUTE
pasnpefeneHnsa n cnegoBaTteniHo Te Tpsibea
Aa 6baaT npeumsHo onpeaeneHu.
OnpepensHe Ha TONNMHHU 3arybu npu
oxnaxpgaHe Ha xnfA6. XnabbTt e
anpokcMuMmupaH KbM  napanenenunen C

The analog input for resistance
measurement is read out twice with a
wait of 10ms between
measurements to stabilize the
system display. The same procedure
Is applied when measuring the bread
weight. The program code for
implementing this  algorithm s
presented in Appendix 1.

Models describing the change
of technological parameters when
cooling bread. The CurveFitting
Toolbox in Matlab was used to obtain
the models. The models are rated
with a coefficient of determination R?,
a sum of squared errors (SSE), root
mean, squared errors (RMSE)
[2,8,12,20].

Models sensitivity analysis. The
sensitivity analysis is designed to
determine how far the output
dimensions of the model are
influenced by moderate changes to
the input dimensions of the model.
The sensitivity test can provide a
general assessment of the accuracy
of the model when used to evaluate
alternative models as well as
detailed information to overcome the
errors at different parameter values
[10,12,19]. A simplified deterministic
approach was used in which the
model parameters obtained were set
by +10% of their values. Charts of
the error module are analyzed at
elevated and decreased values of
the model parameters. If the output
variables of the model differ
significantly, then the output s
sensitive to the specification of the
input distributions and therefore they
must be precisely defined.

Determination of heat losses
during cooling of bread. The bread
Is approximated to a parallelepiped

65



Innovation and entrepreneurship, ISSN 1314-9253

Volume VI, number 2, 2018

pa3vepu Ha cTpaHute axbxc. B tabnuua 3

Ca HaHeCeHM OCHOBHM NapameTpu 3a
onpefensiHe Ha TOMMAMHHM 3arydbu npu
oxna)kgaHe Ha xnsio.

Table 3.

MapameTpu 3a onpeaensiHe TONMHHU
3ary6u npuv oxnaxgaHe Ha X6

with dimensions of the axbxc sides.
Table 3 gives basic parameters for
determining heat loss when cooling
bread.

Table 3.

Parameters for determining heat
losses when cooling the bread

MapameTtsbp Popmyna OnucaHue
Parameter Formula Description

TonnuHHu 3ary6u ot

h- koedULUMEHT Ha KOHBEKLMS
convection coefficient, w/m?K

Apvar- N0 HA xNs6a, loaf

KOHBEKLWS area, m*
Heat losses from Geonv = —hAoar (O10ar — Oamp) Bi0a-Ha4YanHa Temneparypa Ha
convection xns06a, initial bread
Qeonvs W temperature, °C
B.mp- OKOMNHA Temneparypa,
ambient temperature, °C
TonnuHHKM 3arybm ot €0a- KOHCTAHTA, constant
n3nbyBaHe O- KOHCTaHTa, constant
Heat losses from Qraq = —sloafaAloafT,oaf“ Tioar- HAYANHaA TEMNepaTypa
radiation Ha xna6a, initial bread
Orads W temperature, K

OO6LWM TONSIMHHK 3aryou
Total heat loss

Qtotal = Yconv + Qrad -

QIotaI: w
c= gw - gamb .
7‘910‘# ~ Ours C- KpUTepuii 3a n3bop Ha _
CpenHa TemneparypHa pasnuka, Difference Selection
pasnuka Criterion
Mean temperature (G1oar + 0w B

temp — 5~ famp, c>0,7 - XenaHa Temnepartypa Ha
difference AQ = 0 ) cpeaunHata Ha xngaba, a

A6, °C 0= loaf T "w c<07 desired temperature of the

ew - eamb

In eloaf - eamb

bread crumb, °C

4. Pe3yntaTn u AUCKyCUA

HapaseH e aHanu3 Ha M3MeHeHMEeTO Ha
TemnepaTypute n €NeKTPNYECKOTO
CbNpoTMBIEHNE Ha X6, npousBedeH no
yTBbpaeH B bBbnrapua craHgapt. Tean
napameTpu ca W3MEPEHU 3a cpeauHaTta u
KopaTta, KakTo M nNpoMsiHaTa Ha macarta Ha
xnsba npu ecTecTBEHO oxNaxaaHe.

Ha curypa 4 ca npencraBeHu rpadouvku
32 M3MEHEeHMeTO Ha TemnepaTtypute B
cpeguHaTa n kopaTta Ha  xnsba.
M3meHeHneTo Ha  Temnepartypata B
cpeguHata e B [AuanasoHa 93-19,5°C.
WHdnekcHaTa Touka Ha npoueca e npu 50°C.
BpemeTo 3a yctaHoBsiBaHe Ha npoueca e
170 min. BpemeTo 3a gocturaHe Ha 30°C B
cpegnHata € 90 min.

4. Results and discussion

An analysis of the temperature
variation and the electrical resistance of
bread produced according to a
validated in Bulgarian standard is
obtained. These parameters are
measured for the crumb, crust, as well
as the change in the bread mass in
natural cooling.

Figure 4 shows graphs for
temperature variations in the bread
crumb and crust. The temperature
change in the crumb is in the range 93-
19,5°C. The process's inflection point is
at 50°C. The process setting time is
170 min. The time to reach 30°C in the
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TemnepaTtypaTa Ha kopaTa ce U3MeHd B
ananasoHa 87-19,5°C. MHdnekcHaTa Touka e
npu 45°C. BpemeTo 3a yctaHoBsiBaHe e 90
min.

crumb is 90 minutes. The temperature
of the crust varies within the range 87-
19,5°C. The inflection point is at 45°C.
The setting time is 90 min.

100,0

90,0

80,0

70,0

60,0

T, °C

50,0
40,0

Tcrumb, oC

Tcrust, oC
30,0

20,0
10,0

0,0
0 10 20 30 40 50 60 70 80 S0 100 110 120 130 140 150 160 170 180 190 200 210 220 230

time, min

®dur.4. U3meHeHUe Ha TemnepaTypu Ha
cpeauHa u Kopa

Fig.4. Crumb and crust temperatures
changes

B tabnvua 4 ca npeacraBeHn pesyntaTy
3a YeTMpu aHanuanpaHu Moaenu, onuceaLlm
M3MEHEHMETO Ha  Temnepartypata B

Table 4 presents results for four
analyzed models describing the
change in temperature in the bread

cpeaMHata Ha xnsiba. C  pgocTaTbuyHa medium. With sufficient accuracy, the
TOYHOCT ONMUTHUTE JaHHW onucea experimental data describes the
paumMoHanHusa Mogen. rational model.

Tabnuua 4. Table 4.

Mopaenu, onucsalim U3MEeHEeHUeTO Ha
TemMnepartypata B cpeauvHaTa BbB BpeMeTo

Models describing crumb
temperature change over time

KoedwmunenTu (c 95% nosepurteneH ToyHoOCT Ha
OcHoBeH mogen MHTepBan) onucaHueTo
General model Coefficients (with 95% confidence Goodness of fit
bounds)
EkcnoHeHumaneH
Exponential
— % * * * a=3 (1.73, 4.269) )
f(x) = a*exp(b*x) + c*exp(d*x) § b=-1.87 (-2.089, -1.651) SSE: 12.§2
Kb[ETO X € HOpMUPaHO Ypes cpeaHa CTONHOCT ¢ =23.52 (21.79, 25.25) R-square: 0.9986
110 1 cTaHOApPTHO OTKIIOHEHUe 67.82 d=-0 .1548 (-.O 2‘181. -0.09148) RMSE: 0.8149
where x is normalized by mean 110 and e ' e
standard deviation 67.82
pl =-1.615e-05 (-2.022e-05, -1.208e-05) .
m p2 = 0.007637 (0.006272, 0.009001) E_SSE'uif;% 9904
y f(x) = p1*xA FOn . p3 =-1.221 (-1.349, -1.094) 4 P
(X) = p1*x"3 + p2*x"2 + p3*x + p4 b4 =88.27 (85.11, 91.44) RMSE: 2.117
al =408.5 (-1.733e+05, 1.741e+05)
bl =0.002437 (-1.535, 1.54)

Lyma OT CUHyCcHn - : .
Simorsne A2 (2002 ey | Rewe o2
f(x) = al*sin(bl*x+cl) + a2*sin(b2*x+c2) b2 _ 0.01005 (-o 6077, 0'6278) RMSE: 3.449

c2=4.676 (-74.97,84.32)

pl=1868.4 (-1.123e+05, 1.141e+05)
PauvoHaneH p2 =-1.316e+05 (-1.778e+07, 1.752e+07) SSE: 4.585
Rational p3 = 8.372e+07 (-1.095e+10, 1.111e+10) R-square: 0.9995
f(x) = (p1*x"2 + p2*x + p3) / (x*2 + ql*x + q2) | gl =1.9e+04 (-2.482e+06, 2.52e+06) RMSE: 0.5047

g2 = 8.953e+05 (-1.171e+08, 1.189e+08)
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B T1abrmmua 5 ca npeacraBeHu
pesyntatM 33 YeTVpu  aHanMavpaHu
MOAENW, OnUCBalM W3MEHEHWETO Ha

Temnepatypata Ha kopaTta Ha xnsiba. C

AOCTaTbyHa TOYHOCT OMNUTHWUTE  OaHHU
OnucBa paunoHanHua Mogern.

Tabnuua 5.

Mopgenu, onuceawuy N3MeHeHUeTo Ha

TeMmnepaTtypaTa Ha KopaTa BbB BpeMeTo

Table 5 presents results for four
analyzed models describing the change
in bread crust temperature. With
sufficient accuracy, the experimental
data describes the rational model.

Table 5.
Models describing crust
temperature change over time

KoedumuueHtu (c 95% noseputeneH To4YHOCT Ha
OcHoBeH Mogen UHTepBan) onucaHueTo
General model Coefficients (with 95% confidence Goodness of fit
bounds)
EkcnoHeHumaneH
Exponential _
f(x) = a*exp(b*x) + c*exp(d*x) a : 1.058 (0.6862, 1.429) SSE: 12.77
. b =-2537 (-2.741, -2.334) .
KbAETO X € HOPMUPAHO Ype3 cpeiHa CTOMHOCT _ R-square: 0.9981
110 1 CTaHRAPTHO OTKIOHEHMe 67.82 ¢=21.08 (20.21, 21.96) RMSE: 0.8197
: . : d =-0.03963 (-0.08308, 0.003823) T
where x is hormalized by mean 110 and
standard deviation 67.82
al =5.166e+19 (-9.284e+22, 9.295e+22)
laycos bl =-2208 (-9.91e+04, 9.468e+04) SSE: 13.29
Gaussian c1=343.9 (-7247, 7935) R-s .uaré' 0998
f(x) = al*exp(-((x-b1)/c1)*2) + a2*exp(-((x- a2 = 3.539e+05 (-1.458e+10, 1.458e+10) RMgE' 0.88.43
b2)/c2)*2) b2 = -3.016e+04 (-1.279e+08, 1.279e+08) T
c2 = 9709 (-2.045e+07, 2.047e+07)
pl =-2.264e-05 (-2.853e-05, -1.675e-05) .
TonuHomeH p2 = 0.009867 (0.007894, 0.01184) SSE: 178.1
Polynomial p3 = -1.363 (-1.547, -1.179) R-square: 0.9729
= gy A *y A * - T4 _— y "L .

f(x) = p1*x"3 + p2*x"2 + p3*x + p4 p4 = 80.24 (75.66, 84.82) RMSE: 3.061
PauvoHaneH plf(107121(00573,008512) SSE: 6.097
Taunohane p2 = -4.058 (-7.344, -0.7716) i
Rational D3 = 2635 (2412, 2857) R-square: 0.9991

= EIVZA * - 1 .
f(x) = (p1*"2 + p2*x + p3) / (x + q1) ql=29.8 (27.1, 32.51) RMSE: 0.5665

AHanMsmpaHo e N3MeHeHMeTo Ha macaTta
Ha xnsba npu oxnaxagaHe. TS ce nameHs B
nokasBea
OT HadanHata Maca.
BpemeTo 3a ycraHoBsiBaHe Ha npoueca e
170 min. WHdnekcHata Touka e npu 705¢g

AnanasoHa 718-697g,
HamansBaHe ¢ 3%

KOeTo

(durypa 5).

720

715

o 710

E 705
700
695

The change of bread mass on
cooling is analyzed. It varies in the
range 718-697g, indicating a
decrease of 3% of the starting mass.
The process setting time is 170 min.
The inflection point is at 705g
(Figure 5).

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230

time, min

®dur. 5. NameHeHMe Ha maca

B Tabnuua 6 ca npeacraBeHn pesynrtatu

Fig. 5. Mass changes

Table 6 presents results for four
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3a YETMPU aHanNn3npaHu MoAaenn, onMceaLLm
M3MEeHeHneTo Ha macata Ha xnsba. C

analyzed models describing the
change in bread mass. With sufficient

joctatbyHa TOYHOCT  OMUTHWUTE  [aHHM accuracy, the experimental data
OonmncBea BTOpUS pauuoHaneH Moaen. describes the second rational model.
Tabnuua 6. Table 6.
Moaenu, onuceBawm U3MeHEeHMeTo Ha Models describing mass change
MacaTta BbB BpeMeTo over time
KoedmumeHTu (c 95% noBepurteneH To4HOCT Ha
OcHoBeH mogen VMHTepBan) onucaHueTo
General model Coefficients (with 95% confidence Goodness of fit
bounds)

PauvioHaneH p;:_06090312146gg'20§gjg’ 0.006068) SSE: 0.6459
Rational p3 B 5 0é6 (04 '(1’ 846. )04 2.326e+04) R-square: 0.9989
- Fy A\ *: p = 4. e+ . e+ ) & e+ .

f(x) = (p1*x"2 + p2*x + p3) / (x + q1) ql = 29.09 (25.73. 32.44) RMSE: 0.1844
pl=693.6 (693.3, 693.8)
PauvioHaneH p2 = 7945 (-9777, 2.567e+04) SSE: 0.6546
Rational p3 =-3.597e+05 (-8.612e+05, 1.418e+05) R-square: 0.9989
f(x) = (p1*x"2 + p2*x + p3) / (X2 + q1*x +92) | q1l =10.5 (-15.05, 36.04) RMSE: 0.1907
g2 = -501.6 (-1201, 197.6)
EkcnoHeHumaneH
Exponential _
f(x) = a*exp(b*x) + c*exp(d*x) ﬁ _ 02255745(99%382;22)) SSE: 2.362
KbAETO X € HOpMUPAHO Ype3 cpeHa CTOMHOCT ey e ra R-square: 0.9961
110 v cTaHOapTHO OTKNOHeHue 67.82 ¢ =698.2 (6978, 698.5) RMSE: 0.3526
- - p d =-0.001887 (-0.002428, -0.001347) T
where x is hormalized by mean 110 and
standard deviation 67.82
pl =-5.095e-06 (-6.876e-06, -3.313e-06) .
[onutiomen p2 = 0.002303 (0.001706, 0.0029) SSE. 16.3
Polynomial p3 = -0.3463 (-0.4021, -0.2906) R-square: 0.9733
= g A Fy A * - Y e y TV .
f(X) = p1*x"3 + p2*x"2 + p3*x + p4 pd = 714.7 (713.3, 716.1) RMSE: 0.9263

HanpaBeHo e mogenupaHe Ha AaHHUTE
3a U3MEHEHWEe Ha CbMPOTUBIIEHNETO Ha
kopata. Bbpxy gaHHUTEe 3a cpeauHaTta He
Ca HanpaBeHu n3cregBaHus.

Ha «dwurypa 6 ca npencraBeHu
OMNUTHUTE AaHHW, nonyyeHn npu
n3avepBaHe Ha  CbNpPOTMBMIEHMETO B
cpegnHaTa u KopaTta Ha xnsba.

MonyyeHuTte pesynratu 3a
W3MEHEHNETO Ha CbNPOTUBNEHNETO B
cpeonHata M kopata Ha xnsiba, KoeTo
Moxe Aa 6bae M3non3eBaHO KaTto KOCBEH
nokasaTen 3a M3MEeHEHMETO Ha Bnarata Ha
xnsba npu oxnaxgaHe, nNOTBbpXOaBaT
nocoyeHnte B [17]. CbabpxaHMeTo Ha
Boga B Kopata poctumra 12%, a B
cpeanHarta 33%. Habntogasa ce
HapacTBaHe Ha CbObpXaHWe Ha Boda B
KopaTa u HamarnsiBaHe B cpeavHaTa.

It has been modeling data to
amend the resistance of the crust. No
studies have been made on the data
on the crumb.

Figure 6 shows the experimental
data obtained by measuring the
resistance in the bread crumb and
crust.

The results obtained for the
variation of the resistance in the
bread crumb and crust, which can be
used as an indirect indicator of the
change in bread moisture upon
cooling, confirm those shown in [17].
The moisture content in the bark
reaches 12% and the average 33%.
There is an increase in the moisture
content of the crust and a decrease in
the crumb.
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®dur. 6. UameHeHMne Ha CBLNPOTUBNEHUA HA
Kopa u cpeguHa

MeToabT 3a M3MepBaHe Ha Brara, KOWTo
n3ronaeaT aBTOpUTE € U3CyllaBaHe Ha YacT
oT npobata 3a 24 4vaca W TErNOBHO
onpefensHe  Ha  BMAAroCbAbpXXaHWETO.
MeToabT e paspywuTeneH W U3UCKBa
MHOXeCTBO npobu 3a npocnegsBaHe Ha TO3U
npouec.

MNopobHa 3aBMCMMOCT ce noryyasa WU
Npy M3MEHEHNE Ha CbNPOTUBNEHNETO B TE3U
obnactu Ha xnsiba npu nactusaHe. Npn ToBa
n3mepBaHe He ca Heobxoaumu
AOMbAHUTENHM Npobu 3a aHanu3 n BCUYKU
n3amvepBaHua (3a TemnepaTypa W Terno)
mMoraT ga ObgaT npaBeHM 3a Bcekn xnisib
nooTAENHO.

B Tabnuua 7 ca npegcraBeHn pesyntatu
3a YeTUPW aHanM3npaHn MOAENK, onNMcBaLLm
W3MEHEHNETO Ha CbNPOTUBMEHNETO B

cpeaMHata Ha xngba. C  pgocraTbyHa
TOYHOCT ONUTHUTE JaHHU onucea
pauMoHanHmsa Mmoaern.

Tabnuua 7.

Mopgenu, onucealm N3MEeHeHMeTOo Ha

CbHMNpPOTUBITIEHNETO Ha KOpaTa BbB BpeMeTO

Fig. 6. Crumb and crust electrical
resistance changes

The moisture measurement method
used by the authors is to dry part of
the sample for 24 hours and to
determine the moisture content by
weight. The method is destructive and
requires multiple samples to track this
process. A similar dependence is also
experienced when changing the
electrical resistance in these areas of
bread when cooling. This
measurement does not require
additional samples for analysis and all
measurements  (temperature  and
weight) can be made for each bread
individually.

Table 7 presents results for four
analyzed models describing the
change in electrical resistance in the
bread crumb.  With  sufficient
accuracy, the experimental data
describes the rational model.

Table 7.

Models describing crust electrical
resiatance change over time

KoedumumeHntn (c 95% gosepurteneH

To4yHOCT Ha

OcHoBeH Mogen
General model

Coefficients (with 95% confidence

I/IHTEQBa.ﬂ[

onucaHuveTo
Goodness of fit
bounds)

ExcnoHeHuuaneH
Exponential

f(x) = a*exp(b*x) + c*exp(d*x)
KbAETO X € HOPMUPAHO Ype3 cpeHa CTOMHOCT
110 u cTaHgapTHO OTKNOHEHWe 67.82
where x is normalized by mean 110 and
standard deviation 67.82

a=0.8665 (-0.1252, 1.858)

b =-4.185 (-4.887, -3.482)
c=19.51 (3.515, 35.5)

d = 0.09472 (-0.8091, 0.9986)

SSE: 1.175e+04
R-square: 0.9835
RMSE: 24.87

[MonuHomeH
Polynomial
f(x) = p1*x"3 + p2*x"2 + p3*x + p4

pl = -0.0003442 (-0.0004776, -0.0002108)
p2 = 0.1389 (0.0942, 0.1836)

p3 =-16.93 (-21.11, -12.76)

p4 = 620.8 (517, 724.5)

SSE: 9.142e+04
R-square: 0.872
RMSE: 69.37
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PauvoHaneH
Rational
f(x) = (p1*x"2 + p2*x + p3) / (X2 + q1*x + q2)

pl=18.86 (11.07, 26.65)

g2 = 95.89 (58.28, 133.5)

p2 =-87.24 (-1168, 993.4) SSE: 593.7
p3 = 7.268e+04 (4.416e+04, 1.012e+05) R-square: 0.9992
gl =-5.271 (-6.032, -4.51) RMSE: 5.743

Cyma ot cuHycu
Sum of sine

al =1.089e+04 (-1.401e+08, 1.401e+08)
bl =0.00183 (-28.9, 28.9)

cl =2.889 (-3982, 3988)

a2 = 2344 (-8.168e+06, 8.173e+06)

SSE: 1.216e+05
R-square: 0.8298

f(x) = al*sin(b1*x+cl) + a2*sin(b2*x+c2) b2 = 0.008905 (-6.218, 6.236) RMSE: 84.56
c2 =5.065 (-831.5, 841.6)
OueHeHa e yyBCTBUTENHOCTTA Ha The sensitivity of the models

nony4yeHuTe mogenu. Pesyntatute ot Tasm
OLeHKa ca npeacTtaBeHu B Tabnuvua 8.

3a pga ce oueHM B KakBa cCTerneH
pauvoHanHus Mmogen onmcea ¢ goctartbyHa
TOYHOCT nMpoueca Ha W3MEHEHME Ha
TEXHOMNOTNYHUTE napameTpu ca
N3Non3BaHn pesyntatuTte 3a Te3u npoLecu
N meToaMka 3a kpuTepu Ha CTOOLHT,
KOWTO Npu pasnofiaraeMmte OaHHW uMma
cteneHn Ha csobopa df=n-1, kboetTo n e
Oposi Ha onUTHUTE AdaHHW. M3non3BaHu ca
OAHHW, KOUTO He ca npunaraHu npu
TbPCEHE Ha MOAXOAsdL, MoAen, KOWTo Aa
OnuLLE OMUTHUTE OaHHMW.

M3uncneHata CTOMHOCT Ha KpUTEPUS Ha
CTIoAbHT € teacuiated, KPUTMHHATA CTOMHOCT
npu ctenenn Ha ceoboaa df=44 e tgiica. THi
KaTo u3vmcrieHaTa CTOMHOCT Ha KpuTepus e
no-marsnka oT KputuyHata, TO paumoHanHus
MOOEN € ajeksaTeH M Moxe ga Obae
N3nosi3BaH 3a npocnegsBaHe Ha
N3MEHEHMETO Ha TEXHONMOMMYHM NapameTpm
npv oxnaxgaHe Ha xnso.

Tabnuua 8.
Pe3ynTtatu 3a oLeHKa YyBCTBUTESTHOCTTA
Ha nony4yeHUTe Moaenu

obtained is evaluated. The results of
this assessment are presented in
Table 8. In order to assess the extent
to which the rational model describes
with sufficient accuracy the process of
changing the technological
parameters, the results for these
processes and the Student criterion

method are used, which at the
available data have degrees of
freedom df=n-1, where n is the

number of the experimental data. Data
was used that was not applied when
searching for a suitable model to
describe experimental data.

The calculated value of the Student
criterion is tcacuiated, the critical value at
degrees of freedom df = 44 is tcictical-
Because the calculated value of the
criterion is less than critical, then the
rational model is adequate and can be
used to track the change in bread
process technology parameters.

Table 8.

Results for the sensitivity of the

models obtained

MNokasarte Mogen
n Model e max df tcalcula’re t(:ri'rica
Paramete d [
r
f(x) = (p1*x"2 2* 3) [ (x"2 1*
m () = (PLX"2 + p gz;p )/ (x"2 + gLl + 25% j 0,002 | 1,68
f(x) = (p1*x"2 2% 3)/ (x"2 1*
Tcrumb )= (PIx"2+p P )1 (x"2 + qLix + a% | 4| 0014 | 168
f(x) = (p1*x"2 2% 3)/ 1
Tcrust (X) = (P1*x"2 + p2*x + p3) / (x + q1) 14% 3 0,01 | 1,68
f(x) = (p1*x"2 2% 3)/ (x"2 1*
Rcrust (X)=(p1*x"2 +p ;{;P) (x*2+qlx + 20% i 0| 1,68
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Mpwn onpegensiHe Ha TOMMMHHUTE 3aryom
Ha xnaba, ToM € anpokcumupaH Ao
napanenenunes, CbC CTpaHu
0,22x0,12x0,10 m. Koe(uuneHTbT Ha
koHBekumst h=10 w/m?K. MnowTa Ha xns6a
Aia=0,122 m?. KoHcTaHTuTe ca 0=0,121
€0a=0,76. HavanHaTa TemnepaTypa B
cpeanHata Ha xnsi6a e Ti=393K (120°C).
OkonHata TemnepaTtypa e 0,mp=20°C.
XKenaHata TemnepaTtypa B cpegumHaTa Ha
xns6a e 6,=30°C. KputepuaT 3a nsbop Ha
pasnuka ¢=0,1 n N um3yUcCneHmnsaTa ca 3a
cnyyasa ¢<0,7. B tabnuua 9 ca HaHeceHu
pes3ynTtaTtuTe OT HanpaBEeHUTE U3YNCTIEHNS.
Onpepenenn ca 3arybute Ha maca. T
Hamansesa c¢ 20,55 g wim ¢ 3% cnpsamo
HavyanHara.
Ta6bnuua 9.

Pe3ynTtaTtu ot onpeaensiHe Ha TONJIMHHU
3arybu npu oxnaxpgaHe Ha xns6

When determining the heat losses of
bread, it is approximated to parallelepiped
with  sides of 0,22x0,12x0,10 m.
Convection coefficient h = 10 W/mK.
Bread area Apa = 0,122 m? The
constants are 0=0,121 ¢€,4=0,76. The
initial temperature in the bread crumb is
Tia=393K  (120°C). The  ambient
temperature 8amb=200C. The wanted
temperature in bread crumb is 6,,=30°C.
The criterion for selecting a difference of
c=0,1 and the calculations are for the
case of ¢<0,7.

Table 9 lists the results of the
calculations made. Mass losses are
determined. It decreases by 20,55 g or by
3% relative to the initial one.

Table 9.

Results of determining heat losses
when cooling bread

3ary6u ot koHBekuus | 3arybu ot msanbyBaHe O6uwun 3aryou TemnepatypHa pasnuka

Convective heat loss Heat loss by radiation Total heat loss Temperature difference
qconw w qrady w qmy W Ae, OC
-121,79 -127,18 -248,97 39,09

MonyyeHnte pesyntatyv 3a WU3MEHEeHue The results of the change in

Ha TemnepartypaTta B cpeavHaTa Ha xnsba
CbOTBETCTBAT Ha Te3u, JoknagsaHu B [14].
Bpemero 3a pgoctMraHe Ha  OKOIHa
Temnepatypa € 170 min. B cpaBHeHWe CbC
CblUMS aBTOpP BPEMETO 3a AOCTUraHe Ha
30°C B cpeguHata Ha xnsba e no-marko -
nony4eHo 90 min, a goknagBaHoO OT aBTopa
140 min.

3mMeHeHNeTo Ha CbMNPOTUBNEHMETO B
cpeaMHata M Ha KopaTa Ha xnsiba
CbOTBETCTBAT Ha MOCOYEHOTO W3MEHEHME
Ha cCbabpXaHneto Ha Brara ot [17].
Heobxoanmn ca cnepBawim wuscneaBaHus
3a onpepensiHe Ha Bpb3ka Mexay Te3n aBa
nokasartensi ¢ Lien Cb3faBaHe Ha ekcrpeceH
MEeTod 3a M3MepBaHe CbObpXKaHMETO Ha
BMnara npu oxnaxagaHe Ha xnsob.

N3meHeHneTo Ha MacaTa Ha xnaba e
3%. To3n pesyntat e OMM3bK A0
poknaasaHute ot [14] n [17], kbgeTo ce

temperature in the bread crumb
correspond to those reported in [14].
The time to reach ambient temperature
is 170 minutes. Compared to the same
author, the time to reach 30°C in the
bread medium is less — 90 min
received, and reported by the author
140 min.

The change of electrical resistance
in the bread crumb and crust
corresponds to the mentioned variation
in the moisture content of [17].

Further research is needed to
establish a link between these two
parameters in order to create an
express method for measuring the
moisture content of bread cooling.

The change in bread mass is 3%.
This result is close to that reported by
[14] and [17], where it states that this
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nocoyesa, 4Ye TOBa W3MEHEHME TMpu
€CTECTBEHO OXNaX[aHe e B paMKkuTe Ha 2-
4% oT HayanHaTa.

5. 3aknro4yeHune

MpeanoxeHaTa eKcneprMMeHTarnHa
NMoCTaHOBKa 3a NpocreasiBaHe Ha npoueca
Ha oxnaxgaHe Ha xnab moxe ga O6boe
M3non3BaHa 3a CHeMaHe Ha KUHETUYHU
Kp1BW 3a TO3M NpoLec.

WscnegBaHn 1 aHanusupaHuM  ca
MOAEnNu, OnNMUCBaLUM C AocTaTbyHa TOYHOCT
N3MEHEHMETO Ha TEXHOSTOMMYHN NapamMeTpu
npu oxnaxpgaHe Ha xnsaA6, NpuroTBeH Mo
TEXHOMOMMA  CbIflAaCHO  yTBbpAEH B
Bvnrapus craHgaprt.

HanpaBeHnAT aHanni Ha KoeduuUeHT
Ha onpegeneHoct u rpewkute SSE nm
RMSE nokasesat, 4ye onuTHUTE AaHHWU ce
onuceaT C gocTaTb4yHa  TOYHOCT C
paunoHaneH wmogen. 3a Te3an mogen e
nony4yeHa obobLeHa KpuBa Ha U3MeEHeHue
Ha TEXHOMOMMYHN napamMeTpu Ha xnsb npu
€CTEeCTBEHO OXaxaaHe.

MonyyeHute pesyntatum JgonbneBaT C
AaHHM 3a xna6, npurotBeH no bbnrapcka
TEXHOMOINA  U3BECTHUTE OT  AOCTbIHU
nMTepaTypHM  MU3TOYHMUM 3a 0bOekTMBHA
OLeHKa Ha npoLeca oxnaxagaHe Ha xnsb.

EdekTnBHOCTTa Ha nNony4yeHuTe Mogenu
€ [JoKasaHa 4pe3 npoBepka 3a TAxHaTa
ageKBaTHOCT npwv N3MeHeHne Ha
koetpmumeHtTute um B gnanasoHa *10%.
ToBa onpenenss Bb3MOXHOCTTa Te ga ce
N3MNon3BaT 3a aHanM3MpaHe Ha npoueca Ha
oxnaxgaHe Ha xnsb.

Onpepnenenute TEXHONOMNYHM
nokasatenn CbOTBETCTBAT C  Te3u,
AoKnagBaHM B [OOCTbMNHATa nutepartypa.
[Mpy ecTBeCTBEHOTO OxfagaHe Ha Xxnisio,
npoussegeH no bBbnrapckn yTBLPAEH
CTaHOapT ce HabngaBaT HUCKM CTOMHOCTU
Ha TemnepaTypHuTe 3arybu u He-ronsama
3aryba Ha maca — 0o 3%.

PaspaboTBaHeTo Ha sicHa npouegypa u

change in natural cooling is within 2-
4% of the initial.

5. Conclusion

The proposed experimental setup
for tracking the bread cooling process
can be used to capture kinetic curves
for this process.

Models studied, which describe with
sufficient precision the change of
technological parameters in bread
cooling prepared according to
technology according to a standard
approved in Bulgaria, have been
investigated and analyzed.

The analysis of coefficient of
determination, SSE and RMSE
determines that the experimental data
is described with sufficient accuracy
with a rational model. For these
models, a summary curve of variation
in bread process parameters was
obtained under natural cooling.

The results obtained are
supplemented with data on bread,
prepared by Bulgarian technology,
known from accessible literature
sources for objective assessment of
the bread cooling process.

The efficiency of the obtained
models is proven by checking their
adequacy by changing their
coefficients in the range £10%. This
determines the possibility that they can
be used to analyze the process of
cooling the bread.

The specified technological
indicators  correspond to those
reported in the available literature. In
the natural cooling of bread produced
according to a Bulgarian approved
standard, low values of temperature
losses and a mass loss of 3% are
observed.

The development of a clear
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TEXHNYeCKO CpeacTtBo 3a U3MepBaHe Lie

HanpaBy Bb3MOXHO MPUIOXEHMETO B
npoussoacTBeHaTa npakTuka Ha
NPeanoXeHns  He-CroXeH, MeTog  3a
XapaktepuavpaHe N3MEHEHNETO Ha

OCHOBHM TEXHOJIOMTMYHM MNapaMeTpu npu
oxna)kaaHe Ha xnso.

Mpunoxenue 1. lNporpama B Arduino
IDE Ha cuctema 3a npocnegssaHe
oxna)kaaHeTo Ha xnsb

procedure and a technical measuring
instrument will make it possible to
apply in the production practice the
proposed non-complex method for
characterizing the change of basic
technological parameters in the cooling
of bread.

Appendix 1. Program in the Arduino
IDE of a Bread cooling measurement
system

#include "HX711.h"
#define DOUT 8
#define CLK 7
HX711 scale(DOUT, CLK);
#include <Adafruit_ MAX31856.h>
/l Use software SPI: CS, DI, DO, CLK
//ICS-D6 DI-D9 DO-D10 CLK-D13
Adafruit. MAX31856 max =
Adafruit_ MAX31856(6,9,10,13);
#include <LiquidCrystal.h>
constintrs =12, en=11,d4=5,d5=4,d6 =3, d7
=2;
LiquidCrystal Icd(rs, en, d4, d5, d6, d7);
int tar;
void setup() {
Icd.begin(16, 2);
Icd.clear();
scale.set_scale();
scale.tare(); //Reset the scale to 0
long zero_factor = scale.read_average(); //Get a
baseline reading
/[Serial.print("Zero factor: "); //This can be used to
remove the need to tare the scale. Useful in
permanent scale projects.
/[Serial.printin(zero_factor);
pinMode(tar, INPUT);
max.begin();
max.setThermocoupleType(MAX31856_TCTYPE_
K);
Serial.begin(9600);}
void loop() {
lIscale
scale.set_scale(146135); //Adjust to this calibration
factor
float m=scale.get_units()*0.453592*1000;
int numsamples1=10;
float samples1i[numsamplesi];
float averagel = 0.00;
for (int i=0; i< numsamplesl; i++) {
samplesl[i] = m;delay (10);samples1[i] = m;}
for (int i=0; i< numsamplesl,; i++) {
averagel += samplesi[i];}
float m1 = averagel/numsamplesi;
/[Thermocouple Type K
float tcj= max.readCJTemperature();
float ttk= max.readThermocoupleTemperature();

/Iresistance 1
float rs1=45000.0;//pulldown resistor
float rl=analogRead(A0);
int numsamples2=10;
float samples2[numsamples?2];
float average = 0.00;
for (int i=0; i< numsamples2; i++) {
samples2[i] = r1;delay (10); samples2[i] = r1;}
for (int i=0; i< numsamples2; i++) {
average += samples2][i];}
rl = average/numsamples?2;
float rt1=rs1*((1023/r1)-1);
/ffloat rt1=r1*(5.0/1023.0);
/Iscale tare
tar=analogRead(A7);
int ta=tar;
if(Serial.available())
{char temp = Serial.read();
if(temp =="t' || ta == 1023) scale.tare(); m1=0.0;}
if(ta == 1023) scale.tare(),m1=0.0;
Serial.print(m1,1);
Serial.print("\t");
Serial.print(ttk,1);
Serial.print("\t");
Serial.print(rt1/1000,3);
Serial.print("\t");
Serial.print(ta);
Serial.print("\t");
Serial.printin();
/[ Turn on the display:
Icd.display();
/l Print a message to the LCD.
Icd.setCursor(0,0); // Sets the cursor to col 0 and
row 0
lcd.print("T="); // Prints Sensor Val: to LCD
lcd.print(ttk,1); // Prints value on Potpinl to LCD
lcd.print(" ");
lcd.print("m=");
lcd.print(m1,1);
Icd.setCursor(0,1); // Sets the cursor to col 1 and
row O
lcd.print("R="); // Prints Sensor Val: to LCD
lcd.print(rt1/1000,3); // Prints value on Potpinl to
LCD
Icd.setCursor(9,1);
if(ta == 1023) Icd.clear(),m1=0.0;//scale tare
delay(600);}
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U3CINEOBAHE HA AITTOPUTBM 3A
BPOEHE HA KOJIOHUU OT
BAKTEPUU

TaTtaHa AuHeBa, N'eHoBeBa MunyweBa

Pe3rome: B ctatnata e HanpaBeH aHanms3 Ha
anroputeM 3a wu3bposiBaHe Ha KOMOHWKM OT
OakTepun no undpoBm n3obpaxkeHus.
AHanuMsmMpaHo € BMAWSHMETO Ha npara Ha
OuHapmsauma T BbpxXy pasno3HaBaHETO W
n3bposiBaHETO Ha KofoHun o1 OGaktepun. OT
HanpaBeHWTe W3cnefBaHWsi Ce YCTaHOBM, 4e
noaxoasWm 3a oTaensiHe Ha KONOHUUTE OT hoHa
ca uetoBuTe komnoHeHtn B (RGB), S (HSV), b
(Lab) n Y (CMYK), 3awwoTo npu n3nons3saHeTo um
ce nony4yasa rpeLuka oT Knacudukaums no-marska
oT 5%.

Kmo4yoeu OJdymu:. KonoHunm o1 OakTepum,
O6paboTka Ha wu3obpaxeHusi, KpbroBa Xad
TpaHcopmauus

1. YBop

MHOroO OT CbBPEMEHHUTE MPOMULLIIEHN
NPomn3BOACTBA Ca HEBBL3MOXHWN Be3 Xn3HeHaTa
OENHOCT Ha MUKpoopraHuammte. XnedHu u
MIEYHU NPOAYKTH, CMUPTHK HanUTKW,
aHTMOMOTMLM W OPYyrM BaXHW 3a >KMBOTA
NpOAyKTM CTaBaT nMpu  HEMNOCPEACTBEHOTO
yyactme Ha onpenenexHu Nosie3HN
MUKPOOPraHn3mu, KOUTO npeacrtaensiea
TbProBCKM WHTEPEC 3a NPOU3BOACTBOTO, Ce
obpasysaTt oT KNneTku [6,9,10].
MwukpoopraHmammte moraTt ga pacrar B LUMPOK
AnanasoH OT PU3MYHU N XUMUYHM NoKa3aTenu
Ha cpegaTta, B KOATO Ce HamupaT. TexHuAT
pacTex u gpyrute nNposisu Ha domanorormyHaTta
UM aKTMBHOCT MO CbLUECTBO npeacrasnsiBaT
peakumsi Ha (U3MKOXUMUYHUTE YCMNOBUS Ha
Tasu cpeaa, KosTo obuTaear.

N36posiBaHETO Ha KOMOHUKM OT GakTepun C
OposiyHa kamepa 3aBUCK B 3HAYMTENHA CTEneH

(0

INVESTIGATION OF A
BACTERIA COLONIES
COUNTING ALGORITHM

Tatyana Dineva, Genoveva
Milusheva

Abstract: In the paper, an algorithm
analysis was performed to enumerate
colonies of bacteria in digital images.
The effect of the Binary threshold T on
the recognition and enumeration of
bacterial colonies was analyzed. From
the research it was found that the color
components B (RGB), S (HSV), b (Lab)
and Y (CMYK) are suitable for
separating the columns from the
background, because in their use a
classification error is less than 5%.

Keywords: Bacteria colony, Image
processing, Circular Hough Transform

1. Introduction

Many modern industrial processes
are impossible without the viability of
microorganisms. Bakery and dairy
products, spirits, antibiotics and other
products of vital importance are
made by the direct involvement of
certain useful microorganisms of
commercial interest in production,
formed by cells [6,9,10].

Micro-organisms can grow within a
wide range of physical and chemical
indicators of the environment in
which they are located. Their growth
and other manifestations of their
physiological activity are essentially a
reaction to the physicochemical
conditions of this environment they
inhabit.
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OT KkBanudmkaumsita u onvTa Ha oneparopa.

B  cbBpemeHHuTe  nabopatopum  3a
MUKPOOMOMNOrMYeH aHanm3 W3nosn3BaHeTo Ha
aBTOMaTU3MPaHN CUCTEMU € HeobXoaMMOCT.
MNpUNOXeHMETO Ha aBTOMATU3MPAHU CUCTEMM,
n3ronseawy  TEXHWKW 3@  Nosfy4vaBaHe,
obpaboTka M aHanM3 Ha u3obpaxeHns e
OCHOBHa TeHOeHums, CBbp3aHa c
ONTUMU3NPaAHE TEXHUKUTE Ha 3a OpoeHe Ha
kKonoHun ot Gaktepun. [MpegumctBata Ha
aBTOMaTU3MpaHUTE CUCTEMU HECBMHEHO Ca
MHOrO, KaTo OCHOBHO Te MpuTexasaT OrpOMeH
noTeHuMan, CpPaBHUTENHO HWUCKa LEHa, He
ronsiMa CrioXKHoCT Ha ynpasrieHve, 6bp3vHa u
BMCOKa NPOAYKTMBHOCT [2,3,7].

B cBetoBHata Mpexa WHTepHeT ca
HanMM4YHN  MHOXECTBO TakumBa MpOrpamMmHm
NPUMNoXeHUs, peanuavpawm  QyHKUMM  3a

aBTOMAaTMYHO M30posiBaHE Ha KOMOHMM OT
OakTepun 4pe3 aHanui Ha u3obpaxeHus 3a
pPasnMYHN  OMEepPaLMOHHW  CUCTEMM  KaTo
Windows, Android, i0S, KOUTO ce
pasnpocTpaHaBaTt 6GeannatHo. HanmnyHu ca wn
nyénukyBaHn anroputmm 3a OpoeHe Ha
KonoHuu [4,8].

Lenta Ha cratMata € ga ce Hanpasu
aHanu3 Ha anropuTbM 3a OpoeHe Ha KONOHWUK
oT 6GakTepun, KOMTO Ce pasnpoCTpaHsiBa
6e3nnartHo B cBeTOBHaTa Mpexa VMHTepHeT.

2. MaTtepuan n metogm

N3non3seaHa € MRS — xpaHuTenHa cpena
3a u3onupaHe Ha OGaktepum OT  pog
Lactobacilus, npu paspexgaHe 1:100.

3acHeTn ca uBeTHM UMdpPOBN N300paeHus
Ha Te3an KoMoHun c pesontoums 320x240
nuKcena.

N3nonseaHa e 6posdHa kamepa Boeco
Colony Counter CC-1 (Boeckel + Co (GmbH +
Co), Germany) 3a ©OpoeHe Ha KOMOHUWM Ha
Gaktepun. Tasn Kamepa € wu3nonseBaHa KaTo
eTanoHeH (pedepeHTeH) MeTo Ha n3mepBaHe.
MaHnykaTa Ha nNeTpu ce nocTaBs BbPXY
YyBCTBUTENHA HA OONMP KOOpAMHATHa Mpexa.
KonoHuute ot Gaktepun ce Habnogasat npes

Enumeration of colonies of bacteria
with a count camera depends to a
large extent on the operator's
gualification and experience.

In modern microbiological analysis
laboratories the use of automated
systems is a necessity. The use of

automated systems wusing image
acquisition and processing
techniqgues is a major trend in

optimizing bacterial colonies counting
techniques. The advantages of
automated systems are undoubtedly
many, as they have a huge potential,
a relatively low price, a lack of
complexity of management, speed
and high productivity [2,3,7].

Multiple such program applications
are available on the Internet, which
performs automatic bacteria colonies
counting features by analyzing
images for different operating
systems such as Windows, Android,
I0S, which are distributed free of
charge. Algorithms for  colony
counting are also available [4,8].

The aim of the article is to analyze
a bacterial counting algorithm that is
distributed free of charge on the
Internet.

2. Material and methods

MRS agar was used to isolate
bacteria of the genus Lactobacilus at
a dilution of 1:100.

Color digital images of these
colonies are captured at a resolution
of 320x240 pixels.

A Boeco Colony Counter CC-1
counting chamber (Boeckel + Co
(GmbH + Co), Germany) was used to
count colonies of bacteria. This
camera is used as a reference
measurement method. The Petri dish
is placed on the pan on a touch-
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nynata W NOCPEeACTBOM  MNuUcankata ce
Mapkupart. [1pyn BCAKO HaTUCKaHe Ha nucarnkaTa
BbpXy CbAa Ce YyBeNuyaBa CTOMHOCTTa Ha
aacnnesa M no TO3WM HaynH ce umsbposiBat
KOroHuuTe.

N3non3BaH €  OCHOBEH  anropuTbM,
npeaoctaBeH oT Alves m Cruvinel [1]. Tosn
anropuTbMm paboTu B cnegHata
nocrnegoBaTerHocCT:

v 3acHemaHe Ha n30bpaxeHneTo;

v' [JeduHnpaHe Ha npar Ha OuMHapu3aumsi c
GunTbp Ha Otsu;

v TpunaraHe Ha punTbp Ha Jlannac;

v’ Cb3gaBa ce akyMynatop Ha MnukcenuTe
KaTo noaroTBUTenHa onepaumsa 3a Xad

TpaHchopmauus;

v' TpunaraHe Ha Kpbrosa Xad
TpaHchopmauus;

v" N3bposiBaHe Ha pa3no3HaTUTe KONOHUM OT
BakTepuu;

v Busyanusauus Ha pesynrtatuTe;
v' CbxpaHeHue Ha MonyvyeHuTe pesynrtati B
MacuB OT AaHHW.

MpeocraBeHMsT  anropuTbM  M3MOM3Ba
Kpbroea Xadp TpaHcdopmauus kaTo OCHOBHa
PYyHKUMA 3a pasno3HaBaHe Ha KOMOHUUTE OT
bakrepum. Mpwn KpbroBaTa Xad
TpaHccopmaumsi ce NPOMEHa anroputbMa 3a
OTKPUBAHE BMECTO Ha JIMHUW, HA KPbroBU
dopmu. Cb3pgaBa ce aKyMynaTopHO
NPOCTPAHCTBO, KOETO Ce CbCTOM OT KreTka 3a
BCEKWN nukcen. [MbpBOHa4anHo BcsAka Knetka e
3agageHa cbc ctonmHocT 0. 3a Bcsika kpaunHa
Touka (i, j) Ha n3obpaxeHneTo ce yBenuyasaT
BCUYKM KINETKW, KOUTO cropes ypaBHEHMETO Ha

Kpbra c paguyc “r’:

(i—a)?+(G-b)?=r2
MOXe ga O6baaT UeHTbp Ha Kpbr. Tesu
KNeTkn ce NpeacTassT C ,a“ B ypaBHEHUNETO.
3a Bcsika Bb3MOXHA CTOMHOCT Ha ,a“
HamepeHa B npeaxogHaTta CTblka, ce oTKpmBaT
BCUYKM BBb3MOXHM CTOMHOCTM Ha ,b“ kouTo
OTroBapAT Ha ypaBHEHUETO.

T'prFIT ce J1IOKarnHu MakCUMMyMun B

sensitive grid. Colonies of bacteria
are observed through the magnifying
glass and are marked with the pen.
Each time the pen is pressed on the
container, the value of the display is
increased, and colonies are listed.

A Dbasic algorithm presented by
Alves and Cruvinel [1] was used.
This algorithm works in the following
order:

v' Capture the image

v' Defining an Otsu filter binary
threshold;

v' Apply a Laplace filter;

v A pixel accumulator is created as
a preparatory operation for
Hough transformation;

v Apply a circular
transform;

v' Enumeration  of
colonies of bacteria;

v Preview the results

v’ Storing the results in a data set.

The present algorithm uses a
circular Hough transformation as a
major  function for recognizing
colonies of bacteria.

The circular Hough transformation
changes the algorithm for detection
rather than lines, in circular shapes.

An accumulated space is created,
which consists of a cell for each
pixel. Initially, each cell is set to O.

For each ending point (i, j) of the
image, all cells that, according to the
equation of the radius "r":

€Y)

may be the center of a circle. These
cells are represented by "a" in the
equation.

For each possible value of "a
found in the previous step, all
possible values of "b" corresponding
to the equation are found.

Hough

recognized
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NPOCTPAHCTBOTO Ha akymyrnaTopa. Tesu KneTku

npeacTaBnsBaT KPbroBe, KOMTO ca Guniu
OTKPWUTW OT anropuTbMa.
AKkO npedBapuTeNiHO He € W3BEeCTeH

paguvyCbT Ha OKPBXHOCTTA, KOSTO Ce TbpCH,
MOXe [a Ce U3Mosi3aBa TPMMEPHO NPOCTPaHCTBO
3a akymynatopuTte, C Uen Aa ce Hamepart
Kpbroee C npousBoneH paguyc. EcrtecTtBeHo,
TOBa M3UCKBA MO-TONIIMO U34YUCIIUTENHO BpeEME.

To3n meTod MOXe CbLUO Taka [da OTKpuBa
KpbroBe, KOMTO Ca  YaCTU4HO  W3BLH
NPOCTPAHCTBOTO Ha akymyriaTopa, JOKOMKOTO B
Hero Bce oLe MMa A0CTaTbyHO MIoL, OT Kpbra
[5].

Te3n xapakTepucTukm Ha anroputbma 3a
KpbroBa Xad TpaHcdopmMauuss ro npasaT
noaxoasi 3a npunoxeHne B OpoeHeTO Ha
KOMNOHUM Ha GeKkTepun, Tbi KaTo NP AeneHeTo
Ha KOnoHuuTe ce nosny4vaBaTt )opMu BbB BUL,
Ha [iBa YaCTUYHM NPUNOKPUBALLM Ce Kpbra.

Ha dwrypa 1a) e nokasaH npumep 3a
nuKcen, pasnofiokeH BbpXy OencTBUTeneH
KPbr M KracuMyeckuss Moden 3a TbpceHe
(NyHKTMpaHUTE KpbroBe) 3a MUKcena, KOWTO
MOXe fa 6bAe YacT OT TO3U KPbI.

durypa 16) npeacrass npumep 3a NUKCenu,
PasnosfioKeHN BbPXy AENCTBUTENEH KPbr U
TEXHUTE MOoAenn (MyHKTUPaHU KPbroBe), KOUTO
CbBnagar B LeHTbpa Ha OENCTBUTENHUA KPbI.

Local maximums are searched for
in the accumulator compartment.
These cells are circles that have
been detected by the algorithm.

If the radius of the circle being
searched is not known in advance,
three-dimensional space for the
accumulators can be used to find
circles of any radius. Naturally, this
requires more computational time.

This method can also detect circles
that are partly out of accumulator

space, as long as there is still
enough area in the circle [5].

These characteristics of the
algorithm  for  circular ~ Hough

transformation make it suitable for
use in counting colonies of bacteria
because divisions of the colonies
result in forms in the form of two
partial overlapping circles.

Figure 1a) shows an example of an
actual circle pixel and the classic
search pattern (dotted circles) for
pixels that may be part of this circle.

Figure 1b shows an example of
pixels located on an actual circle and
their patterns (dashed circles) that
match the center of the actual circle.

Macue oT TOYKK Ha OKPBMHOCTTA

Touka sbpxy pbba Ha Kpbra

5 7 1)

a /[ a
®wur.1. MNpuHuMn Ha Kpbrosa Xad Fig. 1. Circle Hough Transform principle
TpaHcdopmaums

Ha Gasata Ha npeacTaBeHUsIT anropuTbM

On the basis of the presented
algorithm, a software application was
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€ Cb3JadeHO nporpamMHO MPUIIOXKEHVE B
Matlab cpepa 3a OpoeHe Ha KOMOHMM Ha
Gaktepun. BmecTo OUPEKTHO npeMuHaBaHe
KbM OWMHapHO un30bpaxeHne € npunoxeHa
YHKLMA 3a NpeMuHaBaHe OT LUBETOBU Moen
KbM ©OuHapHO wu3obpaxeHne. 3a 6Gpon Ha
KONMOHMMTE ce npuema 6posi Ha LieHTpoBeETE
Ha OKPBXHOCTW, KOUTO Ca MONyYeHn 4pes3
Kpbrosa Xad TpaHcdopmMauus.

pelwukata npu n3bposiBaHe Ha KONOHUUTE
oT 6akTepun e onpegernexHa no:

o= Ne =N 00,
N, 7

kbaeTo N¢ € bpos KonoHun, onpeaeneH

c anroputsM; N, — ©OpoM KOMOHUM,

onpeaeneHn no pedepeHTeH METOA.
OueHkaTa Ha paboTtaTa Ha

N3non3BaHnTe KnacudmkaTopm n

HanpaBeHa 4pe3 o6OwWa rpewka Ha
Knacudukaumsi, KOSTO Cce onuceBa C
dopmynara:

developed in the Matlab environment
for bacteria colony counting. Instead of
a direct transition to a binary image, a
transition from a color model to a
binary image is applied. For the
number of colonies, the number of
centers of circles that are obtained by
a circular Hough transformation is
assumed.

The error of bacteria colony counts is
determined by:

(2)

where N¢ is the number of colonies
determined by an algorithm; N, -
number of colonies determined by the
reference method.

The evaluation of the performance of
the classifiers used and made by a
general classification error, which is
described by the formula:

?:1(221:1 Yik — Yii)

€ = n n

KbOETO Yk € 6pon npobu oT knac i,
KnacudguumpaHm OT Kracudukatopa B
knac K; yi — 6por npaBuiHO pasnosHaTu
npobu; k=1..n — 6pon HenpaBuiHO
OTHECEHNW B [JadeH kKnac i  cnpsiMo
oBwmaT 6ponr npobu; n — Bpon knacose.

3. Pesyntatu n guckycus

Ha curypa 2 e npeacraeseH npumep
3a BNMSIHWETO Ha npara Ha GuHapusauus
T BbPXY pa3no3HaBaHETO n
n3bposABaHETO Ha KOSIOHWMM OT BGakTepuu.
Bwxaa ce, 4e pasnnMyHMTE CTOMHOCTU Ha
npara Ha GuHapu3aums okassaT BrMsiHME
BbpXy BU3yanu3aumsita Ha KONOHUUTE B
OMHapHOTO n3obpaxkeHue.

.100, % (3)

where vy is the number of class i
samples classified by classifier in class k;
Vi - number of correctly recognized
samples; k=1..n - number incorrectly
assigned to a class i relative to the total
number of samples; n - number of
classes.

3. Results and discussion

Figure 2 shows an example of the
effect of the Binary B threshold on the
recognition and enumeration of bacterial
colonies. It can be seen that the different
values of the binary threshold have an
effect on the visualization of the colonies
in the binary image.
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a) opurnHanHo

n3obpaxeHue
a) original image

B) T=04 T=0,6
T=0,6

]
c) T=0,4 d)

®dur.2. U3obpakeHUs Ha KONIOHUMU OT
6aktepum no G (RGB) uBeToBa KOMNOHEHTa
npwv pasnuyeH npar Ha 6uHapmsaumua T

HanpaBeHa e oueHKa Ha M3non3BaHeTo
Ha LBETOBM KOMMOHEHTM OT 4YeTupwu
usetoBn mogena — RGB, HSV, Lab wu
CMYK npu oTkpmBaHeTO 1 u3bposiBaHe Ha
KONMOHMM OT Oaktepunm C M3NON3BaHus
anroputeM. B Tabnuua 1 ca HaHeceHu
pesyntatute OT onpefensHe Ha rpeLlka
npu n3bposiBaHe Ha KONoHUUTE OT BakTepumn
no pedepeHTeH MeTod U C W3NON3BaHus
anroputeM. Pesyntatute nokassaTt, 4ye C
rpewka o 5% konoHuuTe MoraT ga ce
OTKpuBaT M u3bposiBaT u4pe3 LBETOBUTE
kKomnoHeHTn oT RGB, HSV un CMYK
LBEeTOBUTE MOLENN.
Tabnuua 1.
Pe3ynTtaTtu oT aHanu3a 3a BNMSAHMETO Ha
npar Ha 6GuHapusaumsa — rpewuka e,%

Fig.2. Images of G (RGB) color
component of bacteria colonies at
different binary threshold T

An evaluation of the use of color
components of four color models -
RGB, HSV, Lab and CMYK was made
in the detection and enumeration of
bacterial colonies with the algorithm
used. Table 1 lists the results of error
determination by enumeration of
colonies of bacteria by a reference
method and by the algorithm used. The
results show that with error up to 5%
the colonies can be detected and
enumerated using the color
components of the RGB, HSV and
CMYK color models.

Table 1.
Results of the binarization
threshold analysis - error €,%

Threshold
Color 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
componen
R 100% | 100% | 100% | 100% | 100% 0% 0%| 100% | 100%
[€ 100% | 100% | 100% 11% 0% 0% 100%| 100% | 100%
B 0% 0% 0% 0% 0%| 100%| 100% | 100% | 100%
H 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
S 100% | 100% 0% 0% 0% 0% 0%| 100% | 100%
V 100% | 100% | 100% | 100% 0% 0% 0%| 100%| 100%
L 100% | 100% | 100% 42% 5% 0% 5% | 100% | 100%
a 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
b 100% | 100% | 100% | 100% | 100% 0%| 100%| 100% | 100%
C 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
M 100% | 100% 0% 0% 5% | 100% | 100% | 100% | 100%
Y 100% | 100% 95% 0% 0% 5% 0% 0% 0%
K 100% 5% 5% 0% 11%| 100%| 100% | 100% | 100%
HanpaeeHa e npoBepka 3a oTaenmMmocTTa An  examination made  of

Ha KONMoHunTe OT OakTepum OT poHa B
n3obpaxxeHmeTto. M3nonseaHu ca nMHENHU

severability of colonies of bacteria
from the background image. Linear
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KnacudukaTopute
aHanM3 M MeToq Ha

BapuaHTu Ha
AVCKPUMUHAHTEH
OMOPHUTE BEKTOPM.
Ha durypa 3 ca npefncraseHu npumepu
3a Knacudukauus c INNHeeH
OVCKPUMWHAHTEH  aHanmmu3  Ha  OBEeKTHM
obnactm c KoOnmoHun OT Gaktepum u QOOH.
Bwxoa ce, 4e npu uanonssaHe Ha MeTo4 Ha
OMOpHUTE BEKTOPW NpU  edHakBW  Opyru
YCINOBUS, OTAENIAHETO Ha KOMOHUUTE OT
doHa e C no-manka rpewka CnpsiMo
NIMHENHWSA ONCKPUMWHAHTEH aHanma.

variants of the discriminant analysis
(LDA) and support vector machines
(L-SVM) classifiers were used.

Figure 3 presents examples of
classification with LDA and L-SVM of
bacterial colonies and background. It
can be seen that using the support
vectors method under the same other
conditions, the separation of the
colonies from the background have
less error than the linear discriminant
analysis.

' P

RS I ; ; ;
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a) LDA no B (RGB), e=0%
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a) LDA by B (RGB), e=0%

b) LDA by L (Lab), e=4%

c) L-SVM by L (Lab), e=0%

®ur.3. NMpumepu 3a knacudunkaums Ha
KONTOHUM OT 6aKTepun u (poH NO LUBETOBMU
KOMMOHEHTH

Ha durypa 4 ca npefncraseHu pesynratu
oT KnacudmkaumsaTa c TIMHENHN
AVCKPUMWHAHTEH aHanmmM3 Ku  MeTog Ha
onopHute BekTopu. lMNMoaxoasawm 3a otaensHe
Ha KONMOHHUTE OT (oHa Ca LBETOBUTE
komnoHeHTn B (RGB), S (HSV), b (Lab) n Y
(CMYK), 3awoTo npu M3non3BaHeTo MM ce
nonyyaea rpewka oT Kracudukaumss no-
mManka ot 5%. Han-ronsma rpeuka,
HEe3aBMCMMO OT W3MON3BaHUsS KnacudukaTop
ce nony4aBa npu u3non3eaHe Ha a (Lab)

uBeToBaTa KOMMOHEHTA. MonyyexuTe
pesyntatm  NOTBbpXAaBaT  Teaw, npv
onpedensHe Ha LUBETOBa KOMMOHETaA U
nogxogsuw, npar Ha OuHapusauus  3a

OTKpuBaHe u wun3bposiBaHe Ha KOMOHUU OT
GakTepum B LLBETHO LIMGPOBO N306paxKeHme.

Fig. 3. Examples of classification of
bacteria colonies and background by
color components

Figure 4 presents the results of the
linear discriminant analysis and the
support vectors method. The color
components B (RGB), S (HSV), b
(Lab) and Y (CMYK) are suitable for
separating the colonies from the
background, because they use a less
than 5% classification error. The
higher error, regardless of the
classifier are obtained using a (Lab)
color component. The results obtained
confirm these in determining the color
component and the appropriate
threshold of binarization to detect and
enumerate colonies of bacteria in a
color digital image.
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®ur.4. PesyntaTtu oT Knacudpukaums

4. 3akno4yeHuve

Obwarta  TeHAaeHUms B  cdepaTta
MUKpPOBMONOrMyHnTE TEeXHOormm e
Haco4yeHa KbM BHeapsiBaHe Ha
BMCOKOMNPOW3BOANTENNHM cucTeMm 3a

aBTOMAaTUYEH aHanm3 C U3KYCTBEH UHTENEKT.

Mpn gocera npunaraHaTa TEXHOMOMMS 3a
n3bposiBaHe Ha KOSNOHMM OT BakTepum 3a
ycnoeusata Ha P.Bbnrapusa, ocHoBaHa Ha
npuetute craHgapt™m no BLAC, 1031 npouec

Ce M3BbpLWBAT pPb4YHO, YPe3 BU3yasHO
HabnogeHe, KaTo nNpeauM BCUYKO  Cce
pasuMTa Ha puTyHaTa Ha onepaTtopa.
HepmoctaTbumTe ca CBbp3aHM C ronemust
NPOLUEHT CyOEeKTMBHOCT B  MpeLeHKaTa,
M3NCKBAHETO 3a KBanMuuMpaHu YOBELLKM
pecypcum.

YCNEewHOTO MNPUIIOXKEHNE HA ONTUYHUTE
TEXHWUKN 3a BpoeHe Ha KONMoHun oT BakTepum
no  BuM3yanHM  un3obpaxeHus  U3MCKBa
npeasapuTenHn aHanusu 3a pasgenumoctta
Ha obekTHUTe 0bnacTn C KONMoHUM 1 (POoH No
uBeToBM npusHauu. Jlvuncata Ha TakbB
aHanm3 Ov JoBeno [0 YyBenuyaBaHe Ha
rpewKkuTe oT M3MepBaHe Mpu npunaraHeTo
Ha Te3an meToau 3a O6bpP30 onpepensiHe Ha
Bposi pa3BUTK KONOHUM B XpaHUTENHa cpeaa.

OT HanpaBenuTe un3cnegBaHus  ce
YyCTaHOBW, Ye noaxodswy 3a OThensHe Ha
KONMOHMMTE OT (oHa Cca LBeToBUTE

Fig.4. Results from classification

4. Conclusion

The general trend in the field of
microbiological technologies is directed
towards the introduction of high-
performance automatic artificial
intelligence analysis systems.

The technology used to enumerate
colonies of bacteria for the conditions of
the Republic of Bulgaria, based on the
accepted BNS standards, is carried out
manually, through visual observation,
relying primarily on the operator ritual.
Disadvantages are related to the high
percentage of subjectivity in the
assessment, the requirement for
gualified human resources.

Successful application of optical
techniques for counting colonies of
bacteria by visual imaging requires
preliminary analyzes of the colony and
background color separations of the
object areas. The absence of such an
analysis would lead to an increase in
measurement errors in the application
of these methods to rapidly determine
the number of colonies developed in a
culture medium.

From the research it was found that
the color components B (RGB), S
(HSV), b (Lab) and Y (CMYK) are
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komnoHeHT B (RGB), S (HSV), b (Lab) 1Y  suitable for separating the bacteria
(CMYK), 3awoTo npu msnonssaHeto um ce  colonies from background, because
nonyyaBa rpewka oOT knacudukaumss no-  their use a classification error is less
manka ot 5%. than 5%.
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XPAHUTEJIHN TEXHOJIOIMMNH | FOOD TECHNOLOGIES m

BJIIMAHUE HA NMPOLIECA
EKCTPY3UA BbPXY
®U3NKOXUMUYHUTE CBOUCTBA
HA OCHOBHU KOMIMOHEHTU HA
EKCTPYOUPAHU 3 BPHEHMU
CYPOBUHU

MBaH umoB

Pe3rome. HanpaBeH € npernegq Ha
nutepaTypata  OTHOCHO  CbLIHOCTTa  Ha
NMepcnekTUBHMS U CbBPEMEHeH MeTog -—
eKkcTpyaupaHe Ha 3bpHEHW CYpOBUHM U
NpoM3BOACTBO Ha  3bpPHEHU  EeKCTpyAaTw.

HanpaBeHa e kpaTka xapakTepucTuka Ha TpuTe
OCHOBHM MeToga (xnagHa, Tomna u ropewa
eKkcTpy3us), KOUTO ce npunarat 3a
eKCTpyaupaHe Ha  XpaHUTENHW  CYpPOBUHW.
OnucaHn ca xapaktepa WM Abnbo4ymHata Ha
M3MEHEHUATA Ha (PUNKOXMMUYHUTE CBOWCTBA
Ha OCHOBHWUTE KOMMOHEHTU Ha eKCTpyaupaHuTe
CYPOBUHN — HuwecTe, 6enTbynHW, MasHWUHWU,

Lenynosa n BUTaMUHW. HuwecteTo
Knencrtepusupa, OGenTbuMHWUTE  OeHaTypupar,
MasHUHUTE 4YacTU4YHO nonumepusmpar,

uenynosata € C MOBULIEHa pPa3TBOPMMOCT, a
BUTaMUHWTE ce 3anasBaT B ronsiMa CTeneH.
MpocneneHa e 1 peonorMyHaTa xapaktepucTuka
Ha ekcTpyaupaHuTe NpoayKTu.

KnioyoBn aymum: ekcTpysusi, 3bpHEHU
CYPOBMHU 1 eKcTpyaaT, UMKOXMMUYHM
CBOMCTBA, KAYECTBEHWN NoKasaTenu, peonorus

1. YBon

Hanocnegbk ocobeHo BHMMaHue ce
obpbla Ha MuHMMmanHaTa obpaboTka Ha
XpaHUTENHNUTE NPOAYKTWN. B TOBa
OTHOLLEHNE, eKcTpysuaTa KaTo

INFLUENCE OF THE
EXTRUSION PROCESS ON
THE PHYSICO-CHEMICAL

PROPERTIES OF MAIN
COMPONENTS OF
EXTRACTED RAW CEREAL
MATERIALS

Ilvan Dimov

Abstract: A review of the literature
on the essence of the promising and
modern method — grain extrusion and
cereal extrudates - has been made. A
brief characterization of the three basic
methods (cold, hot and high
temperature extrusion) applied to the
extrusion of feedstocks is made. The
nature and depth of changes are
described in the physicochemical
properties of the main components of
extruded raw materials — starch,
proteins, fats, cellulose and vitamins.
Starch is clayed, the proteins denature,
the fats partially polymerize, the
cellulose is highly soluble, and the
vitamins are largely preserved. The
rheological characteristics of the
extruded products have been followed.

Key words: extrusion, grain raw
materials and extrudates, physico-
chemical properties, quality indicators,
rheology

1. Introduction

Lately, particular attention has
been paid to minimal processing of
food products. In this respect,
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CpaBHUTENHO HOB MeTo 3a npepaboTka Ha
XpaHuTe, e ocobeHo nepcnekTuBeH. Ypes
Hed Morat fa ce norfyvasaT XpaHUTENHU
nNpoayKTn c HOBO KayecTBoO.
EkcTpyampaHeTo e ,BUCOKO TemnepaTtypHa —
KpaTkoBpeMmeHHa” obpaboTka, Npu KOATO OT
CErICKOCTONAHCKNTE CYpPOBUHWN, OBUKHOBEHO
B rpaHynupaHa dopma uvnu nog dopmaTta
Ha npax, ce nonyyaBaT roToBM 3a
KOHCyMauus XpaHUTENHU NpoOAaYKTW.
EkcTpygatute umaTt HUCKO CbAabpXaHue Ha
Bnara n ce pasrnexagar KaTo cTabunHu npu
cbxpaHeHue npoayktn (MeHoB M cbasT.,
2012).

Smith (Smith, 1975) AeduHupa
eKCTpyAMpaHeTO KaTo MpoLec, Npu KOWTO
HaBNaXXHeHW, cbabpXawm ckopbsna wunu
GenTbuM MaTepuanu, noggaBallM ce Ha
ekcnaHaupaHe, ce obpabotBat B Tpbba
ype3 koMObuHaumMs OT Bnara, Hansrae,
TONSIMHA WM MEXaHW4YHO Ccps3BaHe, B
pes3yntaT Ha KOeTO HacTbnBaT crnegHuTe
NPOMEHMN:

— nMoBWLLABaHe Temnepatypara Ha

npoaykta B Tpbbara;

— XenaTtuHu3aums Ha ckopbanaTa;

— [JeHaTypupaHe Ha 6enTbuuTe;

— TMPEecTpPyKTypypaHe Ha YyBCTBUTESHUTE

CbCTaBKW;

— €eK30TepMMYHO  eKcrnaHgupaHe  Ha
eKkcTpygarture.

Riaz (Riaz, 2000) onpeaens

eKCTpyaMpaHeTo KaTo npouec Ha
npuHyguTenHo n3byteaHe Ha maTepuanuTe
npe3 wmaTtpuuata Ha ekcTpydepa npwu
KOHTpoOnupaHn ycnosus Ha obpaboTka.
Cnopen aBTOpa TOBa € yHMKanHa cucTtema,
B KOSITO ce npunaraT MOBULUEHM HMBA Ha
Bnara, TOMMMHA W HandraHe, C Uen
nocTuraHe Ha U3NYHM U XUMUYHN NPOMEHMU
Ha KOMMOHEHTUTE.

MpoTuyawmte B npoueca Ha obpaboTka
CbLLECTBEHMN N3MEHeHNs, CNOXHUTE
XUMUYECKMN, Bruoxmmmnyecku,
MUKPOBMONOrMyHM, OU3NYECKNn npouecn wu

extrusion as a relatively new method
of processing food is particularly
promising. It can provide food with
new quality.

Extrusion is a "high temperature
— short term" treatment where ready
to eat food products are obtained
from agricultural raw materials,
usually in granular or powdered
form. Extrudates have a low
moisture content and are regarded
as stable in storage products
(Penov et al., 2012).

Smith (Smith, 1975) defines
extrusion as a process in which
moistened starch or proteinaceous
materials  capable of being
expanded are treated in a pipe by a
combination of moisture, pressure,
heat and mechanical shear resulting
in the following changes:
increasing product temperature in
the pipe:
gelatinization of starch;
denaturation of proteins;

restructuring of sensitive
ingredients;
exothermic  expansion of the
extrudates.
Riaz (Riaz, 2000) defines

extrusion as the forced extrusion
process through the extruder die
under controlled processing
conditions. According to the author,
this is a unique system that uses
elevated levels of moisture, heat
and pressure to achieve physical
and chemical changes to the
components.

The significant changes in the
process of processing, the complex
chemical, biochemical,
microbiological, physical processes
and phenomena make it possible to
obtain an extrudate with a regulated,

87



Innovation and entrepreneurship, ISSN 1314-9253

Volume VI, number 2, 2018

ABNEHUSA, NPaBAT Bb3MOXHO MNOSlyYaBaHETO
Ha ekcTpygaTr C perynupaHa, 3agageHa
CTPYKTYypa 1 KOMMMAEKC OT (PUINKOXUMUYHU U
dyHKUMoHanHm ceonctBa (OcTpukoB #
cbasrT., 2004).

2. U3noxeHue

3a npou3BOACTBO Ha eKCTpyaupaHu
NpoaykTn ¢ onpeaeneHn MU3NKOXMMUYHU 1
JoyHKUMOHAMHM CBOUCTBA, ce npunarat Tpu
OCHOBHM MeToda 3a eKcTpyaupaHe Ha
XPaHUTENHW CYyPOBUHN:

- XnagHa ekcTpy3uss — npunara ce B
XpaHuTenHata nNPOMULLUNEHOCT OTAaBHA,
npean BCUYKO NpPU MNPOU3BOACTBOTO Ha
MakapoHeHn wusgenuna ([leHoB M CbasT.,
2012). Bb3MOXHM ca caMO MEXaHWUYHU
U3MEeHeHUs B MaTepuana BcCneactBue Ha
6aBHOTO My NpuUABWXBaHE NMof HansraHe u
opopMsSIHETO  Ha  TO3M  MNPOAYKT C
obpasyBaHeTo Ha npeaBapuTenHoO
3agageHun popmu. MNpu xnagHata ekcTpy3ns
Bnarata Ha cyposuHute e W = 30 — 60 %
cnpsmo macata um (OcCTpukOB M CbaBT.,
2004).

- TOoMnna eKkCcTpy3us NMpu HUCKO HansdraHe
(Henpsika ekcTpy3usi) — N3MNon3Ba ce LUMPOKO
npyv MNpPoOu3BOACTBOTO Ha 3aKkyckum Ha 6asa
3bpHeHn xpaHu (MeHoB u cwvasT., 2012).
Cyxute KOMMOHEHTM Ha CcypoBMHaTa ce
cMecBaT C onpeferieHo KonMyecTBO BoAa
(W = 20 - 30 %) u ce nogaesaT B
eKkcTpyaepa, KbAeTO OCBEH Ha MEeXaHW4HO
ce nognarat owe UM Ha TOMNIUHHO
Bb3gencteme. [lpogykTbT ce  3arpsiBa
OTBbH. [Mony4yeHnAT ekcTpyaaTt ce oTnnyasa
C no-rofiiMa MNAbTHOCT, C HE3HAYUTENHO
yBenuyaBaHe Ha obema, Ha MAbTHOCTTa U
KNneTbyHUs CTPOEX. MoHsikora Ha
ekcTpydata e Heobxoauma [onblHUTENHa
obpaboTtka — nogcywaBaHe (OCTpUKOB U
cbasT., 2004).

- ropewa eKkcTpyaus npuM  BMCOKO
HanaraHe W Temnepatypa (Npska wnu
BMCOKOTEMMEpaTypHa KpaTKoBpeMeHHa

defined structure and a complex of
physico-chemical and functional
properties (Ostricov et al., 2004).

2. Exposure

For production of extruded
products with certain
physicochemical and functional

properties, three basic methods of
extrusion of feedstocks are applied:

- cold extrusion — has been
applied in the food industry for a
long time, primarily in the production
of pasta (Penov et al., 2012). Only
mechanical changes are possible in
the material due to its slow
movement under pressure and the
formation of this product by the
formation of predetermined forms. In
cold extrusion the moisture content
of the raw materials is W = 30 — 60
% relative to the mass (Ostricov et

al., 2004).
- hot extrusion at low pressure
(indirect  extrusion) - used

extensively in the production of
breakfast cereals based on cereals
(Penov et al, 2012). The dry
components of the feedstock are
mixed with a certain amount of
water (W = 20 — 30 %) and fed into
the extruder where, apart from being
mechanically subjected to thermal
impact. The product is heated from
the outside. The resultant extrudate
Is characterized by greater density,
with a slight increase in volume,

density and cellular structure.
Sometimes the extruder needs
additional treatment —  drying

(Ostricov et al., 2004).

- high temperature extrusion at
high pressure and temperature
(direct or high temperature short-
term extrusion) — the process takes
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EeKCTPy3us1) — NpoLechT NpoTnya Npu BUCoOKa
CKOPOCT W  HandraHe, KbAeTo wMa
3HauuTeneH npexoa OT  MexaHu4yecka
eHeprna BbB TOMMMHHA, KOeTo JoBexaa [0
pasnuyHu no ObNOoYnHa WU3MEHEHUS B
Ka4yeCTBEeHUTe MokasaTtenu Ha maTtepuana.
OcBeH TOBa MOXe pda ce perynupa
TOMMAuMHaTa, KakTo HemnocpeacTBeHO B
npoayKTa, Taka U 4Ype3 BbHLUHUTE CTEHU Ha
ekcTpygepa. BrnaxHoctta Ha cypoBuHaTta
npu ropewiata ekctpyama e W = 10 — 20 %
(OcTtpukoB n cbaBT., 2004).

MpoaykTbT ce noagnara Ha BUCOKa
TemnepaTtypa (120 — 190 oC) n HandaraHe oo
20 MPa 3a Hsakonko cekyHau (lMeHoB wu
cbaBT., 2012) .

B xopa Ha npoueca noag OencTBMETO Ha
3HAYUTENHOTO MEXaHW4YHO Bb3OAeNCTBUe,
BMCOKaTa TemnepaTtypa W HansaraHe, ctaBsa
npeBpblLUaHe Ha MexaHu4yeckata eHeprus B
TONSMIMHHA, KOETO BOAM [0 pasnuyHu no
AbnboyMHa W3MEHEHUss B KayeCTBEHUTE
nokasatenu Ha npepaboTBaHaTa CypOBMHA
(oenaTypaumsa Ha dentbuuTe,
Knencrepusaumsi Ha HULWECTETO U Opyrn
OMOXMMUYHU UBMEHEHUS).

N3cnenBaHeTo Ha xapakrepa n
AbnboynHaTta Ha N3MEeHeHnsaTa Ha
PU3MKOXMMUYHUTE CBOMCTBA Ha OCHOBHUTE
KOMMOHEHTU Ha EeKCTpyaAuMpaHuTe CYpOBUHM
(HMwecte, GenTbk, Boga) B npoueca Ha
obpaboTka, nossonsBa ga ce onpegenu
ONTUMASTHUS PEXUM Ha eKkcTpyaupaHe u aa
ce nosiydat BMCOKOKAYeCTBEHW, FOTOBU 3a

ynoTpeba XpaHUTEmNHU NPOAYKTH,
6anaHcmpanm no aMUHOKUCENNHEH,
BbrnexuagpateH W BUWTAMWHEH CbCTaB

(OcTtpukos u cbaBT., 2004).

* A3MeHeHue Ha HULWecTeTo

HuwecTteTo e Han-BaxHaTa CbCTaBKa Ha
npoayKTuTe, npousseaeHu ypes
ekctyaupaHe. To e B oOcHoBaTa Ha
XpaHuTenHata MM CTOMHOCT 1 JonpuHacs 3a
dopmMmpaHeTo Ha TeKcTypaTa UM

place at high speed and pressure
where there is a significant transition
from mechanical energy to thermal,
resulting in varying depth changes
in the quality of the material. In
addition, heat can be regulated both
directly in the product and through
the outer walls of the extruder. The
moisture content of the high
temperature extrusion raw material
is W =10 — 20 % (Ostricov et al.,
2004).

The product is subjected to high
temperature (120 - 190 °C) and
pressure up to 20 MPa for a few
seconds (Penov et al., 2012).

In the course of the process, due
to the significant mechanical impact,
high temperature and pressure, the
mechanical energy is transformed
into heat, resulting in different depth
changes in the qualitative indicators
of the processed raw material

(protein denaturation, starch
cesterification and other biochemical
changes).

The study of the nature and
depth  of changes in the
physicochemical properties of the
main components of the extruded
raw materials (starch, protein,
water) in the processing stage
allows to determine the optimal
extrusion regime and to obtain high
quality, ready-to-use food products
balanced on amino acid,
carbohydrate and vitamin
composition (Ostricov et al., 2004).

» Starch modification

Starch is the most important
ingredient in extrusion products. It is
the basis of their nutritional value
and contributes to the formation of
their texture (Cardinale, 1983). By
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(Cardinale, 1983). Ypes knencrepusauuns u
aenonvvepusaums B ekcTpyaepa,
HUWeCTeTO TrybM  HexoMOoreHHaTa Cwu
3bpHEeCTa CTPYKTypa, NPOMEHS BUCKO3UTETA
CU N ce npeBpbLla B KOMMaKTHa, aMopdHa,
NnecHo Tevyawa, naMMHapHO OpWeHTUpaHa
npu HanyckaHe Ha ekcTpyaepa maca.

PUBNKOXUMUYHNAT 1 BuonormyeH moaen
Ha N3MEHEHMEe Ha HULLIECTETO MOXe fa ce
npeactaBn Ha 6Gasata Ha  peouua
nacnenBaHus Ypes3 ANPEKTHN U MHANPEKTHM
MeToaun 3a aHanu3 " OLIEHKa,
NPUGAN3NTENHO MO CreAHNSA HAaYMH:

- obpasyBaHe Ha KNencTepu — rpaHynnte
Ha HaATMBHOTO HULUECTE Ca HepasTBOpUMMU
BbB BoAda. To, obaye, B KOHTaAKT C Hed

yBenuyaBa obema cu. XugpataumsaTta
3ano4sa OT amopHUTEe My YacTu (YyBaxuH,
1986). Mpwn noBuLLIaBaHe Ha
Temneparypara, BCneacTeve Ha

oTcnabBaHe Ha BOAOPOOHUTE BPbL3KU U
B3aMMOOENCTBUE Ha [TIHIOKO3HUTE OCTaTbUM
C BOjaTa, XxugpaTtauusTa ce YycurBa,
npogbimkaBa HapacTBaHe Ha obema Ha
HUWecTeHnTe 3bpHa (Te  HabvbBar).
Kpuctanuure yyacTbLM CbLO ce
aesopraHusumpat n xugpatumpar. Nonyyasar
ce KNneucrepu, KOUTO ca HecTabunHu.
BuckoanteTbT Ha cycneHsuata HapacTsa
(Mathionthi, 1992).

- XenaTuHu3npaHe Ha KnencTepute — nNpu
No-HaTaTbLIHOTO yBenuyaBaHe Ha
Temnepartyparta, UsanocTTa Ha HULIEeCTeHUTe
3bpHa Ce Hapywasa, paspywasaT ce
KNeTbYyHUTE CTEHW, KOeTO € MpuyMHa 3a
necHata MM aTakyemMoCT OT €H3UMu U
NoAaTNMBOCT Ha MeXaHW4YHO Bb3gencTeue
(Cardinale, 1983). Temnepatypata w
HansdraHeTo KaTanuaupaTt paspyLlaBaHeTo
Ha Kknencrepute. HuwecTteTo XenaTtuHuanpa
n obpasysa noBevye WUNU  NO-Marko
€0HOPOAHMW, BUCKO3HW KOMOWAHM pas3TBOPW.
PaspywaBaHeTo Ha  CTpykTypata Ha
HULWEeCTeHNTEe 3bpHa MNpU HapacTBaHe Ha
TemnepaTypata npu 3arpasaHe ot 80 go

cesterification and depolymerization
in the extruder, the starch loses its
inhomogeneous grain  structure,
changes its viscosity and becomes
a compact, amorphous, readily
flowing, laminar-oriented table when
leaving the extruder.

The physico-chemical and
biological model of starch
modification can be presented on
the basis of a number of studies
through direct and indirect methods
of analysis and evaluation,
approximately in the following way:

- formation of clays - the
granules of native starch are
insoluble in water. It, however, in
contact with it increases its volume.
Hydration begins with its amorphous
parts (Chuvahin, 1986). At elevated
temperature, due to weakening of
hydrogen bonds and interaction of
glucose residues with  water,
hydration increases, continuing
increase in volume of starch grains
(they swell). Crystal regions are also
disorganized and hydrated. Clays
that are unstable are obtained. The
viscosity of the suspension is
increased (Mathionthi, 1992).

- gelatinization of the clays — the
further increase in temperature, the
integrity of the starch grains is
disturbed, the cell walls are
destroyed, which leads to their easy
attack by enzymes and susceptibility
to mechanical impact (Cardinale,
1983). Temperature and pressure
catalyze the destruction of the clays.
Starch gelates and forms more or
less uniform, viscous colloidal
solutions. The destruction of the
starch grain structure when the
temperature increases with heating
from 80 to 250 °C during extrusion
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250 °C npu ekctyaupaHe, ce ObIDKM Ha
oTcrnabBaHe Ha BOLOPOOHUTE BPb3KN.

B ekcTpygoepa 4actM Ha egHa M cblia
MoOJieKyna ce ABWXaT C pasfnnyHa CKOpPOCT,
KOETO JoBex[a [0 HanpeXeHusi, CnocobHu

Aa  paskbcaT  MOMEKYNHUTE  BPb3KU
(Cardinale, 1983). PaskbcBaHeTO u
npenogpexagaHeTo Ha BO4OPOOHUTE

BPb3KKW, OCUrypsiBa NOCTOSAHHO OGpasyBaHe
Ha HOBW arpervMpaHu CTPYKTypWu, KOeTo e
CbMpPOBOAEHO OT €AHO 6bp30, BPEMEHHO
HapacTBaHe Ha BWCKO3UTETa Ha Macara.
TakuBa npouecn ce 3apaxgaT B HSKOU
KPUTUYHM TOYKM Ha eKCTpyaepa.

Mo Bpeme Ha eKCTPYANpPaHEeTO,
OTAENHUTE EH3UMM MPOMEHAT  CcBosiTa
aKTMBHOCT MpPW pasfMyHn TemnepaTypu U
BcuYkM A 3arybeat Hag 100 °C. MscnegsaHo
€ Bb3OENCTBMETO MpPUM  NbIIHO3LPHECTH
LUPOTOBE OT pPbX, MNWEHNUA, MNWEHNYHN
TpUUK, TMWEHNYEH Trpuc Kn OpawHo oT
HEOT/OLLIEH OBEC C ABYLLUHEKOB EKCTPYAEpP B
TemnepaTypeH uHTepsan ot 40 go 170 °C.
YCTaHOBEHO €, 4Ye C MoBMWABaHe Ha
TemnepaTtypata akTUBHOCTTA Ha €H3uMuUTe
HamansBa C W3KNKOYEeHne Ha anda-
amunasata npuM oOBeca, YUATO aKTUBHOCT
npu 90 °C e no-Bucoka, oTkonkoto npu 80
°C, Ho Hag 90 °C oTHOBO Hamansasa
(KawkaBangxmes, 1987).

Bb3gencTBmeTo Ha EH3MHUTE CUCTEMU B
eKCTPYAEepHUS LMAMHABP, € BaXHO 3a
CTPYKTYpOoOOpasyBaHETO Ha HOBUSI NPOAYKT,
TbA KaTO BEpoOsiTHO AonpuHacsa  3a
pasKkbCBaHe Ha IMKO3UOHUTE BPBb3KN.

EKCTpyanpaHoOTO HULWeECTe € C NoBuLEHA

€H3UMHa aTaKyemocT, noBuLIEHA
pa3TBOPMMOCT, MO-HUCHK BUCKO3UTET Ha
CTYyOEHO ¥ no-rondma CcTabunHOCT Mo
OTHOLLEHME Ha peTporpagauusTa cu B
CpaBHeHue Hanpumep C  BanuoBo-
nacywweHoTo HuwecTte (Cardinale, 1983).
Cnopeg nscnegBaHusaTa npes
nocrnegHuTe  roguHKW,  eKCcTpyaupaHuTe

XpaHn ca npegnoynmTaHn npun OeTCcKoTo

is due to the weakening of the
hydrogen bonds.

In the extruder, parts of the same
molecule move at a different
velocity, which leads to stresses
capable of breaking the molecular

bonds (Cardinale, 1983). The
rupture and rearrangement of
hydrogen bonds ensures the
constant formation of new

aggregated structures, which is
accompanied by a rapid, temporary
increase in the viscosity of the
mass. Such processes originate at
some critical points of the extruder.

During the  extrusion, the
individual enzymes change their
activity at different temperatures and
all lose it over 100 °C. The effect on
whole grains of rye, wheat, wheat
bran, wheat semolina, and flour of
unprimed oats with a twin screw
extruder was studied in the
temperature range of 40 to 170 °C.
It was found that with increasing
temperature the activity of the
enzymes decreases with the
exception of alpha-amylase in oats,
whose activity at 90 °C is higher
than at 80 °C but again decreases
above 90 °C (Kaskavaldzhiev,
1987).

The impact of the enzyme
systems in the extruder cylinder is
important for structuring the new
product as it probably contributes to
breakage of the glucosidic bonds.
Extruded starch has increased
enzyme attack, increased solubility,
lower cold viscosity, and greater
stability in retrograde compared to,
for example, rolled-dried starch
(Cardinale, 1983).

According to research in recent
years, extruded foods are preferred
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XpaHeHe B KbpMayecka Bb3pacT npeg
BanUoBO W3CyLleHnTe unn obpaboTeHn ¢
napa (FoBuHKOBCKa 1 cbasT., 1987).

YCTaHOBEHO e, Yye Npu ekcTpyaupaHeTo
HapacTBa 4acTuyHaTa Xxugponumsa Ha
Bpb3KMUTE OT BMAa Ha a—1,4, koeTo BOAM 00
nonyyaBaHe Ha ManToOeKCTPUHW (Han-Beye
npu KapToeHOoTo Huwecte), ocobeHo
LEHHM 3a JeTCKOTO XpaHeHe.

* U3ameHeHUe Ha 6enTbuynHUTE

B nsonunpaHo ekcTpyampaHo Huwecte (oT
pasnu4yHu BMaoBe GpallHa u rpucose B YNCT
BUO M BbB BMO Ha CMECU C MIIEYHMU
0enTbyMHM), € AoKasaHO CbLEeCTBYBAHETO
Ha noBeye as30THM CbEeaUHEeHus B
CpaBHEHWe C U3XOOHWUTE CYypOBMHU, NoBeYe
CBbP3aHN NUNMaM N MUHEpPanHM BellecTsa
(CnoBmnHkOBCKa M cbaBT., 1987; Diosady,
1985; Harper, 1986). Ype3 XMMUYHKUSA
CbCTaB Ha eKkcTpygatute npu  Opyru
n3cneaBaHusi, € YCTAaHOBEHO HamarneHoTo
CbAbpXaHMe Ha HUWECTE N Ma3HUHU U
YBEMMYEHOTO CbAbpXaHME Ha GenTbuYMHW.
[lokaszaHO e, 4e npu eKcTpyaupaHeTo ce
3anasBa 6enTbYHMAT KOMMMEKC U CTeneHTa
Ha TOBa CbXpaHeHVe 3aBWUCU OT YCroBMSATA
Ha ekcTpyampaHe (Benues, 1986).
YCTaHOBEHO €, Ye HaMarneHneTo Ha nu3nHa
npu [OBYLUHEKOBUTE €eKCTpyaepu e no-
ronsiMo B CpaBHEHWE C eOHOLLUHEKOBUTE W,
4ye 3arybute My pacTtaT C HapacTBaHe Ha
Bnarata (ImoBuMHkOBCKa W cbasT., 1987).
TbM KaTO §NM3KMHBLT € Haun-peakTuBHaTa
aMVMHOKMCENMHA M € B OrpaHuNyeHo
KONNYECTBO B 3bPHEHUTE XPaHU, TS € BaXeH
rokasaTern 3a Ka4eCTBOTO Ha ekcTpyaaTuTte.
Bcuukn metogm gokasBaT no-Huckata My
GuonorMmyHa CTOMHOCT B eKcTpygatute U
HemHaTta 3aBMCUMOCT OT EeKCTPY3MOHHUTE
yCroBus.

Hakon aBTOopM nocodBat 3arybm Ha
nmsvHa ot 65 po 100 % npwm
MbHO3bPHECTU eKkcTpyaaTu, KaTo
nogvyepraBaT OrPaHUYEHOTO BIIMSHME Ha

for pediatric breastfeeding in front of
pre-rolled or steam treated
(Glovnikovska et al., 1987).

Extrusion has been shown to
increase the partial hydrolysis of a-
1,4-type linkages, resulting in
maltodextrins  (especially  potato
starch), particularly valuable for
infant feeding.

* Protein change

In isolated extruded starch (from
various types of flours and meals in
pure form and in the form of milk
protein mixtures), the presence of
more nitrogen compounds than the
starting materials, more bound lipids
and mineral substances has been
proven (Glovinkovska et al., 1987
Diosady, 1985; Harper, 1986). By
the chemical composition of
extrudates in  other  studies,
decreased starch and fat content
and increased protein content were
found. It has been shown that the
protein complex is preserved during
extrusion and the degree of this
storage depends on extrusion
conditions (Velchev, 1986). It has
been found that lysine reduction in
double-screw extruders is greater
than single-screw extruders and that
its losses increase with increasing
moisture  (Glovinkovska et al.,
1987).

Since lysine is the most reactive
amino acid and is limited in cereals,
it is an important indicator of the
quality of extrudates. All methods
prove its lower biological value in
extrudates and its dependence on
extrusion conditions.

Some authors report lysine
losses of 65 to 100 % in whole grain
extrudates, highlighting the limited
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BUCoknte obopotn. HamansBaHeTo Ha
NM3MHa  MNpyU TEXKM  YyCrnoBUA Ha
ekcTpyampaHe ce obsicHsaBa c
XMAPONMUTUYHOTO pasnaraHe Ha HULecTeTo
n obpasyBaHe Ha aMUHO-3axapHu
KOMMeKkcu. 3arybute Ha apyrm
aMUHOKUCENNHU e HEe3Ha4YnTesHO.
HamaneHneto Ha OuonorMyHata LEHHOCT
npy  NbIHO3bPHECTUTE  MPOAYKTU  Cce
CbnpoBOXAa W OT HamaneHue Ha
ycBOSIeMOCTTa,  kakBoTo, obaye  npu
HuckonenenHute bpaluHa He e oTbensasaHo.
Hsakown nscnegosatenu gocturat 4o U3BOAa,
4ye No BpeMEe Ha eKCTpyaupaHe MIeyvyHuTe
NpoTEeNHW arpermpaT ¢ pacTUTenHuTe 4o no-
BUCOKA  MONEKYNSAPHU  CbeAMHEHUST W
obpasyBaT Xu3HeHocnocobHn GuoarperaTu.
Cuuta ce, Ye MNeYHUTE MPOTEUHU BRAUAAT
MOHMXaBaLLO Ha eKkcnaHausaTa 7
oTpyuatenHo Ha  crabunHocTTa  Ha
CTpyKTypaTta 7 He BNNAAT Ha
pasTBopuMocTTa W HabbbBaemocTTa Ha
Huwecteto. Cnopen Apyrn aBTopu, ToBa
BNUSAAHME 3aBUCKM OT MPOLIEHTHOTO Yy4acTue
Ha npoTeuHa B cyposuHaTa (Clextral and
Tayeb, 1988).

e A3meHeHne Ha Ma3HUHUTE

KoHcTaTupaHo e cnaboto BnusiHWME Ha
eKCTpyaMpaHeTo BbpPXY nmnuaHnTe
KOMMMIEKCU WM MOYTU HenpoMeHeHaTa UM
XpaHuTenHa cTtonHocTt ([MOBMHKOBCKA U

cbaBT., 1987). Ypes ekcTpaxupaHe, e
NnoslyYeHO €eOHO M CbLWOo  KONMYEeCTBO
MasHMHW OT CYPOBMHM W €eKCTpyaaTtwu.

N3cnepBaHusTa, NpoBedeHW C MLEHWUYHO
HULWWeEeCTe, a MNO-KbCHO M C KapTodeHo wn
KOMMNMeKcuTe WM C  PasnuMyHn nunuam
nokassat cneumguyHo BMCKO3HO
nosegeHve Ha ekctpygatute. [Npegnonara
ce, Ye Mo BpeMe Ha eKCTpy3ndaTa HacTbhnBa
W YacTUyHa [eKoMnnekcauusi, a npwu
HEHacUTeHUTEe nMNMAN — NonMMepu3aLms
(Hauck, 1981). MameHeHNeTo Ha MasHUHUTE
npu ekcTpyaupaHe Bogu [0 THAXHOTO

influence of high revolutions. Lysine
reduction under severe extrusion
conditions is explained by the
hydrolytic degradation of starch and
the formation of amino-sugar
complexes. Loss of other amino
acids is negligible. The decrease in
the biological value of whole grains
Is also accompanied by a decrease
in digestibility, which, however, is
not noted for low-ash flour. Some
researchers conclude that during
extrusion, milk proteins aggregate
with plant to higher molecular
compounds and form viable bio-
aggregates. Milk proteins are
believed to affect expansion and
inhibit the stability of the structure
and do not affect the solubility and
swelling of the starch. According to
other authors, this influence
depends on the percentage of
protein in the raw material (Clextral
and Tayeb, 1988).

e Fat change

Weak influence of extrusion on
the lipid complexes and their almost
unchanged nutritional value was
observed (Glovnikovska et al.,
1987). By extraction, the same
amount of fat from raw materials
and extrudates is obtained. Studies
conducted with wheat starch and
later with potato and their
complexes with different lipids show
a specific viscous behavior of the
extrudates. It is assumed that during
partial extrusion there is partial
decomplexation and, in the case of
unsaturated lipids — polymerization
(Hauck, 1981). Fat change in
extrusion leads to their stabilization.

e Cellulose change
Simultaneously with the starch in
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ctabununsnpate.

e U3meHeHue Ha uenynosarta

EOQHOBpEMEHHO € HMWwecTeTo  npwu
eKCTpyaMpaHe ce W3MEeHa U LenyrnosaTta,
KaTo ce nosuLIaBa HelHaTa pa3TBOPUMOCT.
Toea 49 npaBu no-nogatnmea  Ha
BGakTepmnanHo pasrpaxgaHe B opraHu3ma (B
nebenoTto yepso) (MoBWHKOBCKA U CbasT.,
1987). Ob6GsicHsABa ce C pasKbCBaHe U
XOMOreHM3npaHe Ha  4YacTUdkuTe  Ha
TpUUMTE, KOETO MNpaBu AMETUYHOTO BMAKHO
no-n3nosi3sBaemMo, Tbl KaTo ce yBenuyasa
obuiarta My NOBLPXHOCT.

¢ 3ameHeHne Ha BUTaAaMUHUTE

BrnvaHneTo Ha ekcTpyanpaHeTo BbPXY
OTAENHUTE BUTAMUHU € PasfidHo. TAXHOTO
3anasBaHe 3aBUCKM A0 ronsiMa cTeneH oT
napameTpute Ha npoueca. Hsakon
nscneaBaHus nocoysat ButamuH Bl kaTo
Han-HectabuneH, opyrn — BuTaMmuHuTe E 1
C.

OueHkuTe 3a cTabUNHOCT Ha BUTAMUHUTE
ca HarnpaBeHn Ha 6a3a Ha CpaBHEHWEe CbC
3arybun npu neyeHe Ha xnsb, KOMTO ca Haw-
ronemu B Kopata (Paton, 1982).

PesyntatbT OT TOBa CpaBHeHWE e
OCHOBaHWe, NpouechT Ha ekcTpyaupaHe aa
ce onpegenu OT wu3cnegoBaTenuTe KaTo
Laaaw” npouec.

My6nukyBaHuTe pesynTtaTtu oT
n3crneaBaHuaTa nokassart, Ye 3arybuTte Ha
BUTAMUHN NPU EKCTpyaupaHe 3aBUCAT OT
napameTpute Ha npoueca, KOHCTpyKuuMATa
Ha CbOpbXeHuATa W npeaBapuTenHaTa
noarotoBka Ha cypoBuHuTe. WM3uckea ce,
obaye gonbnHMTENHa  NpoBepka  3a
ctabvnHocTTa  Ha  BUTAMUHUTE  MpU
KOHKpPETHUTE yCrnoBus Ha paboTa.

* PeonoruyHa xapakrepucTuka Ha
eKCTpyaupaHuTe NpoaykKTu
ObuyaeH wmeTog 3a onpegensiHe Ha

N3MEHEHUATA, KOUTO HacTbnBart B
CypOBUHNTE NO BpemMe Ha EKCTPY3NOHHUA
npouec, € n3MepBaHeETO Ha pPeoNiorM4HUTE

extrusion, the cellulose is changed,
increasing its solubility. This makes
it more susceptible to bacterial
degradation in the body (in the
colon) (Glovnikovska et al., 1987). It
is explained by rupturing and
homogenization of the particles of
bran, which makes the dietary fiber
more usable as its total surface
increases.

e Change of vitamins

The impact of extrusion on
individual vitamins is different. Their
preservation depends largely on the
parameters of the process. Some
studies indicate vitamin Bl as the
most unstable, others - vitamins E
and C.

Vitamin stability ratings are based
on a comparison of bread baking
losses that are greatest in the crust
(Paton, 1982).

The result of this comparison is
the reason why the extrusion
process should be determined by
the researchers as a "sparing"
process.

The published research results
show that the loss of vitamins in
extrusion depends on the process
parameters, the construction of the
equipment and the preliminary
preparation of the raw materials.
However, additional testing is
required for the stability of vitamins
under specific operating conditions.

¢ Rheological characteristics of
extruded products

A common method for

determining the changes occurring

in the raw materials during the

extrusion process is the
measurement of the rheological
properties of the resulting
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CBOMCTBaA Ha MONyyYeHUTEe eKcTpyaaTu.
Bbnpekn HagexgHocTTa Ha MeToda 3a
n3crieaBaHe Ha nnacTUYHMTE CBOMCTBA Ha
eKcTpyaaTute, Te Olle He ca npoyyeHu
nauyano (FnoeuHkoBCcka W cbasT., 1987,
Hauck, 1981).

B npoueca Ha ekcTpysusi, B Npoaykra

npoTunyart AbNOoKM CTPYKTYPHU
npeo6pa3yBaH|/|s=|, n3pasdBalln ce B
pa3KbCBaHe Ha KNneTb4yHUTEe CTeHn,

AEeCTPYKUMS, Xmaponmsa un ap.

Mpn MexaHM4YHOTO BBL3AENCTBME, BOAELLO
o TaHreHyunanHu HanpexXeHns B
mMaTepuana, HacTbnBaT CTPYKTYPHO-
Monekynsipuu  mogudukaumm  (Mathionthi,
1992; Paton, 1982). AmunasHute u
aMUSTONEKTUHHU BEPUTN HA HULIECTETO ro
AEeCTpyKTypupaTt [0 BellecTBa C MO-HUCKO
MOMEKYHO Terno, Koeto Bogn A0 NpoMsiHa
Ha peosiornaTa Ha Kneucrepure.

HayyHn gokasartencrtBa 3a HuwecTeHaTa
W npoTeMHHaTa TpaHcdopmauus npwu

eKCTpyamMpaHeTo Aasar peguvua
nacnegosatenn. C  gudpaktomeTbp €
YCTAQHOBEHO MbBMIHOTO paspyllaBaHe Ha

HaTMBHaATa CTPYKTypa Ha HULWIECTETO W
obpasyBaHe Ha HOBa, B KOATO
nonusaxapuguTe nMmat no-Masnka CTeneH Ha
nogpeaeHoct ([MOBMHKOBCKA W CbaBT.,
1987; Clextral and Tayeb, 1988; Mathionthi,
1992). C pactepeH eneKkTpOHEH MUKPOCKOM,
e [JokasaHa nopectaTa CTpyKTypa Ha
ekcTpygata C BMAMMU Bb3OYLIHW Nopw,
3200MKONEHN OT NaMWHApHM CroeBe Ha
eKCTpyAMpaHu  HULWKW. YCTaHOBeHa e
CcTerneHTa Ha paspyllaBaHe Ha CTpyKTypaTa
B 3aBMCMMOCT OT Bnarata Ha maTepwuana,
KaTo eAHOBPEMEHHO C TOBa M Cb3daBaHETo
Ha arnomepatu OT HenpeobpasyBaHO
HULLIECTE NPW BUCOKO CbAbp)KaHMe Ha Bnara
(MnoBwmHKOBCKa 1 cbaBT., 1987; Schneeweib
et al.,, 1983; Stanbley, 1986). [JokasaHo e
NMOCTENEHHOTO M34Ye3BaHEe Ha MONEKynn wu
Cb3fjaBaHe Ha HOBa [bCTa CTPYKTypa
(Cardinale, 1983). C wmwukporpacuute, e

extrudates. Despite the reliability of
the method of examining the plastic
properties of extrudates, they have
not yet been fully investigated
(Glovnikovska et al., 1987; Hauck,
1981).

Deep structural changes occur in
the extrusion process, such as
breakage of cell walls, destruction,
hydrolysis, etc.

Mechanical effects resulting in
tangential stresses in the material
have structural and molecular
modifications  (Mathionthi, 1992;
Paton, 1982). Amylase and
amylopectin  chains of starch
degrade it into lower molecular
weight substances, resulting in a
change in the rheology of the clays.

Scientific evidence of starch and
protein transformation in extrusion is
provided by a number of
researchers. With a diffractometer,
the complete destruction of the
native starch structure and the
formation of a new one, in which the
polysaccharides have a lesser
degree of ordering (Glovinkovska et
al., 1987; Clextral and Tayeb, 1988;
Mathionthi, 1992). With a raster
electron microscope, the porous
structure of the extrudate with
visible air pores surrounded by
laminar layers of extruded filaments
was proven. The degree of
destruction of the structure in
relation to the moisture content of
the material, as well as the
formation of agglomerates of
unconverted starch at high moisture
content (Glovnikovska et al., 1987,
Schneeweib et al., 1983, Stanbley,
1986). The gradual disappearance
of molecules and the creation of a
new dense structure have been
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YCTAQHOBEHO  HanMuMeTo Ha
HuwecTeHn 3bpHa (Fornal, 1986).

3anas3eHun

3. 3aknro4eHue

Bb3 ocHOBa Ha CTPYKTYpPHUTE MNPOMEHM
Ha pasnuyHuTe KOMMOHEHTU B
eKCTpyaAMpaHuTe CYpOBMHM U TAXHOTO
n3ydyaBsaHe n [obpo nos3HaBaHe, peguua

CYPOBUHM, WITOYHULM HA EKCTpyaMpaHu
XpaHUTENHW MNpoAayKTW, Morat pgda ce
nonaeaTt KaTo oboraTtutenu.
TpaHcdopmauusaTa Ha HULLECTETO,
oenTbunHUTE n MasHUHUTE npwu
eKCTpyaMpaHeTo, ' NpaBu NIECHOYCBOSIEMU,
a ekctpygata  — BUCOKOKA4€E€CTBEH,
6anaHcupaH no AMWHOKNCETNHEH,
BbrnexvgpaTteH W BUTaMUHEH CbCTaB,

NPUATEH U NMOME3€EH 3a KOHCYMaLMS.

HamaneHo e cbabp)KaHMETO Ha HuLecTe
N Ma3HUHW B eKCcTpydaTta, a CbObpXaHUeTo
Ha bentbuMHn e yBenu4yeHo. [lpwu
NMbMHO3BbPHECTUTE EKCTpydaTn € HamareHo
CbAbpPXXaHMETO Ha Ha Nn3nHa, PecnekTUBHO
ouonormyHata MM LEHHOCT, CbMNPOBOAEHO
OT HamarnsiBaHe Ha yCBOSIEMOCTTA, KaKkBOTO,
obaye Npu HUCKOMENesnHUTe ekcTpyaatu He
Ce KOHcTaTupa.

N3meHeHneTo Ha Ma3HUHUTE npu

eKkcTpyavpaHe BOOM [0 TAXHOTO
cTabunusmpaxe. MoBuaBsa ce
pasTBOPMMOCTTA Ha LenynosarTa.

3anasBaHeTo Ha BUTAMUHWTE [0 ronsMa
cTeneH 3aBMCM OT napameTpute Ha
npoueca.

4. llntepaTtypa

proven (Cardinale, 1983). With
micrographs, the presence of
preserved starch was found (Fornal,
1986).

3. Conclusion

Based on the structural changes
of the various components in the
extruded raw materials and their
study and good knowledge, a
number of raw materials, sources of
extruded food products, can be
used as fertilizers.

The transformation of starch,
proteins and fats in extrusion makes
them easy to use, and the extrudate
— a high quality, balanced amino
acid, carbohydrate and vitamin
composition, pleasant and useful for
consumption.

The content of starch and fat in
the extrudate was reduced and the
protein content increased. In the
case of wholegrain extrudates, the
lysine content or their biological
value is reduced, as well as the
decrease in digestibility, which,
however, is not found in the low-
melt extrudates.

Fat change in extrusion leads to
their stabilization. The solubility of
the cellulose increases. The
preservation of vitamins depends to
a large extent on the parameters of
the process.
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TEPMOOWHAMUYHH
NAPAMETPU HA BOOHU
EKCTPAKTU OT LUUMKA

Upa TaHeBa

Pe3srome: N3uncnexn ca Tepmo-
AVNHaMWYHUTE napameTpu — eHeprusa Ha [mbc,
eHTponuMa M eHTannNua  Ha  npoueca
eKCTpakuus, npu nofnyvyaBaHe Ha BOAHa
eKCTpakTu  OT  Wunka npu  pasnuyeH
xungpomoayn. Bb3 ocHoBa Ha HarnpaBeHuTe
M34ncrneHmss ca  MNOCTPOEHM  rpacuyHu
3aBUCMMOCTM OTpassiBaliM M3MEHEHWETO Ha
TepMOAMHaMUYHUTE napameTpu npu
PasnMYHUTE TEXHOMOTMYHU PEXUMM.

Knrovyoeu Jdymu:. TepMoaMHaAMUYHUTE
napameTpu, eKkcTpakuusi, eHeprus Ha mbc,
E€HTPONUS U eHTannus

1. BbBegeHue

O6buvkHoBeHaTa wwunka (Rosa canina)
€ BMA AMBOpacTSLla po3a, MHOroroauileH
6oanuBe xpacT, KOWNTO joctura Jo
BUCouMHa 2-5 wmeTpa. [lnogoBete Ha
lmnkata ca Oboratm Ha GMONOrMYHo-
aKTUBHU BellecTBa (BAB), KaTo:
Butammain  (C, B, P, PP, E, K),
dnaBoHOMOW, KapOTEHW, BbBbINEXngpaTu
(MOHO- w©n  onurosaxapugu), nvnuam,
OpraHu4yHM KMcenuHu(BMHEHa, IMMOHEHA),
MUKPO- U MaKpOENEMEHTN 1 ap.

3amecTBaHeTO Ha nnogoBe OT LMMKa
C TexHu oboraTeHu eKCTpakTn npwu
NpOu3BOACTBOTO Ha XpaHW Mma peauua
npegumcTtea. EkcTtpaktute ca 6oratm Ha
BGMONOrMYHO aKTMBHU BELLECTBA; NIECHO Ce
cTaHgapTuaumpar, CbXxpaHsiBar,
TpaHcnopTupart, pgosvpatr W ca no-
MKOHOMWYHM MpU  BNaraHeTo UM B
XPaHUTENHW NPOAYKTMW.

3a nsyyaBaHe Ha npoueca ekcTpakums

THERMODYNAMIC

PARAMETERS OF AQUEOUS
EXTRACTS FROM BRIAR

Ira Taneva

Abstract: The thermodynamic
parameters Gibbs energy, entropy and
enthalpy were calculated for the process
of extraction — preparation of aqueous
extracts from briar at different
hydromodulus. Based on these
calculations, the graphical dependencies
showing the change of the
thermodynamic  parameters at the

different technological regimes were
drawn.

Keywords: thermodynamic
parameters, extraction, Gibbs energy,

entropy, enthalpy

1. Introduction

Common briar (Rosa canina) is
wild rose species, deciduous thorny
shrub reaching 2-5 m height. Briar
fruits are rich in biologically active
substances (BAS), e.g. vitamins (C,
P, B, PP, E, K), flavonoids, carotenes,

carbohydrates (mono- and oligo
saccharides), lipids, organic acids
(tartaric, citric), micro- and

macroelements, etc.

Substitution of briar fruits with their
enriched extracts by the production of
foods has a number of advantages.
The extracts are rich in biologically
active substances, they can be easily
standardized, stored, transported,
dosed and all this makes them more
lucrative when wused in nutritious
products.
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npy nonyvyaBaHe Ha BOAHW EKCTPaKTU OT
nrogoBe Ha LWMMNKa, ca onpegenexHu
TepMogMHaAMUYHUTE napameTpu (eHeprus
Ha nbc, eHTponusa n eHTannus).

EHepruata Ha mbc e kputepun 3a
onpefensiHe nocokata Ha npouecute,
TAXHOTO paBHOBECME, Kakto U
CBOWCTBOTO KoeTo nokasBsa
MakcumanHata paboTta, KOATO MOXe Aa ce
N3BbPLLM OT egHa cuctemall, 3].

EHTponusa CbrnacHo MOJIeKyso-
KMHETMYHATA Teopuss € Msapka 3a
HenogpeneHocTTa Ha TenaTta n
cuctemmTte. 3a pga ce wuscnegsa ganuv
€OVMH npouec € Bb3MOXEH Win He, €
HeobxogMM MaTemMaTudeH u3pa3 Ha
BTOPMSI 3aKOH Ha TepMOAMHaMMKaTa,
KOWTO Ce JaBa C napameTbpa eHTponus
[2, 4].

N3cnegBaHnsita 3a npoTWyYaHe Ha
nogoOHM npouecu npu  eKkcTpakuus Ha
pacTUTENHN CYpPOBUHWN Ca OOCTa OCKbAHWU
M TPpyaAHO MoraT ga ce npwnoxaT 3a
eTepuyHomacneHuTe n nedebHn pacteHns
[6,7,8, 10, 11, 12,13].

3a TeYyHUTEe eKCTpakTM OT LunKa
nuncea nHdopmauuns OTHOCHO
cneundmkata Ha npoueca, HO € SACHO, ye
n300pbT Ha MOOXOLALM TEXHOMOrMYHU
napamMeTpu Bnusie BbpXy CbObPXKaHMETO
Ha OWONOrM4YHO-aKTMBHUTE BELLECTBA B
nony4yaBaHuTe eKCTpakTw, KoeTo
onpegenst 1 HAaCOKUTE Ha MPUNOXEHNETO
nm.

Llen Ha HacTosiwarta pabota e ga ce

onpepensTt TePMOAMHAMUYHUTE
napameTpu Ha BOAHM €eKCTpakTu OT
NNoooBe Ha  LuMMKa, MOSfydeHu npu

pasnUYHN Xnuapomoaynu n Temnepartypa.

2. MaTtepuan n metoau

3a npoBexaaHe Ha n3cnegsaHusTa ca
n3non3BaHu nnogoBeTe OT AMBOpacTsLWa
wunka (Rosa canina) oT panoHa Ha rp.
KiocteHaun, pekonta 2012 roa.

For the examination of the process
of extraction to obtain aqueous
extracts of  briar  fruits, the
thermodynamic parameters (Gibbs
energy, entropy, and enthalpy) were
determined.

Gibbs energy is a criterion used to
determine the direction of the
processes, their equilibrium, as well
as the property showing the maximum
amount of non-expansion work which
can be done by a thermodynamically
isolated system [1, 3].

According to the kinetic molecular
theory, entropy is the measure of the
disorder of systems. To study whether
a process is possible or not, the
mathematical expression of the
second law of thermodynamics which
defines the entropy will be necessary.
[2, 4].

Studies on the course of such
processes of extraction from plants
are quite scarce and can hardly be
applied for essential oil plants and
herbs [6, 7, 8, 10, 11, 12,13].

No information about the specifics
of the process of briar extraction was
found in the available literature but,
obviously, the choice of proper
technological parameters has certain
effect on the content of biologically
active substances in the extracts
obtained which determines the fields
of its application..

The aim of the present work is to
determine the thermodynamic
parameters of aqueous extracts from
briar fruit obtained at different
hydromoduli and temperature.

2. Materials and methods
Fruits of wild briar (Rosa canina)

picked in the region of the town of
Kyustendil in 2012 were used for the
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TeyHnTe ekCcTpakTu ca nornyvyeHn cneg
CMUIaHe Ha NroJoBeTE U eKcTpaxmpaHe C
Boda npwu pasnuyHa temnepartypa - 20,
40, 60°C v gBa xugpomoayna -1:12 u
1:20.

Mony4yeHute eKCTpakTu ca
OKa4yeCTBEHM MO  CbAbpXaHne  Ha
ObOUNHM  BewectBa M 3a TAX ca
N34MCneHn koeduumeHTuTe Ha
MorekynHa andysus [5].

KoepunumeHTsuT Ha MONeKynHa

andysna Ha ObbunHuTe BewecTtBa e
ornpegerneH npu criegHuTe napamMeTpu Ha
eKCTpakumaTa: CbOTHOLLUEHWE CypOBUHa:
pasTsopuTten = 1:12 n 1:20,
npogbrkutenHoct 1 h, kato npes
nHTepsan ot 10 min NONy4YeHUST eKCTpakT
ce oTgena 4pe3  dunTpyBaHe, a
CypoBMHaTa Ce ekcTpaxypa C HoBa
nopuusa YUCT pasTBopuUTEn.

Bb3 ocHoBa Ha koeuumeHTuTe Ha
MOmneKyrHa Audysns ca  HanpaBeHwu
n3dyucneHndaTa 3a TepMoguMHaMUYHUTE
napameTpu: eHeprus Ha ['Mbc, eHTponua n
eHTannusa Ha NoflydYeHUTe  TeYHU
eKkcTpakTu [9].

* (CBobogHaTa eHeprus Ha

AG =-R.T. InK,J / mol

*  EHTponus

_ (Eaxr. +AG)
T

AS

* EHTponna

AH = AG + T.AS, ]J/mol

kbaeTto: AG - cBobogHa eHeprus Ha
'mbc, J/mol;

R — yHuMBepcanHa rasoBa KOHCTaHTa,
J/IK.mol;

T — abconoTHa Temnepatypa, K;

K — paBHOBeCHa KOHCTaHTa Ha npoueca

[aHHuTe, npeactaBeHn Ha durypuTe,
ca obpaboTeHn ¢ nporpama Microcal Origin
Ha Micro Soft.

experiments.

The aqueous extracts were
obtained by grinding the fruits and
extraction with water at different
temperatures — 20, 40, 60°C and at
two hydromoduli — 1:12 n 1:20.

The extracts obtained were
characterized by the content of tannic
substances and the coefficients of
molecular diffusion were calculated
for them. [5].

The coefficients of molecular
diffusion of the tannic substances was
determined under the following
extraction parameters: ratio raw
material to solvent = 1:12 and 1:20,
duration 1 h while the extract was
filtered of at 10 min intervals and the
raw material was extracted with a
fresh portion of pure solvent.

On the basis of the coefficients of
molecular diffusion obtained, the
thermodynamic  properties  Gibbs
energy, entropy and enthalpy of the
agueous extracts prepared were
calculated [9].

*  Gibbs free energy

*  Entropy
, J/mol. K
*  Entropy

)

where: AG - free energy of Gibbs,
J/mol;

R -
J/IK.mol;

T — absolute temperature, K;

K — equilibrium constant of the
process.

The data illustrated in the figures
were processed using Microcal
Origin software.

universal gas constant,
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3. PesynTtatm n obcbxaaHe

Ha curypu 1 n 2 ca npencraseHu
CTOMHOCTUTE Ha eHepruaTa Ha [mnbc Ha
BOAHW eKCTpakTM OT Lunka npu Asa
xugpomogyna 1:12 wn 1:20. [daHHuTe
nokassaT, Ye MNpu MOCTOSIHHO HansraHe u
TemnepaTtypa nNpoBexaaHeTo Ha npoueca e
TepMoaANHAMUYHO Bb3MOXHO. 3a
Temnepatypu 20, 40 n 60°C u npogbn-
xutenHoct Ha 10 min cToMHOCTTA Ha
eHeprusata Ha [uBC e Ham-Hucka, T.e.
NpoLechbT MNpoTMYa CMOHTAHHO M € HaW-
ebeKkTnBeH.

Mpwn aHanusa Ha nosiydeHuTe
pesyntaTn ce oTyuTa, Ye Npu XMapomMoayn
1: 20 (dour. 2) ctomHocTuTe Ha ['Mbc ca no-
HUCKM M B NO-ronsiMa CTeneH oTpuuaTtesnHu,
oTKonkoto npu xuapomoayn 1:12 (cpwur.1)
3a TemnepaTypu — 20 u 40°C (u3knioyeHne
nMa npu npoabukutTenHoct 60 min). Toea
ce obsAcHABa c BNUSIHMETO Ha
xumgpomogyna u Buaa Ha pasTBOpUTEnS
BbpPXYy NpoLeca ekCTpakums.

Mony4yeHnTe oTpMuaTenHu CTOMHOCTUTE
Ha eHeprmusita Ha MGC noTBbpXKAABaT, 4ve

3. Results and discussion

Figs.1 and 2 show the values of
Gibbs energy of briar aqueous
extracts at two hydromoduli: 1:12
and 1:20. The data indicated that the
process is thermodynamically
possible at constant pressure and
temperature. At temperatures 20, 40
and 60°C and duration of 10 min, the
value of Gibbs energy was the lowest
so the process was spontaneous and
most effective.

The analysis of the results
obtained showed that the values of
Gibbs energy at hydromodule 1:20
(Fig.2) were lower and more negative
than these for hydromodule 1:12
(Fig.1) at temperatures of 20 and 40
oC (the only exception was observed
at duration of 60 min). This s
explained with the influence of the
hydromodule and the solvent type on
the process of extraction.

The negative values of the Gibbs
energy obtained confirmed that the

npouechT € TEPMOAMHAMUYHO Bb3MOXEH U process is possible and occurs
npoTU4a CMOHTaHHO. spontaneously.
4000 4000
2000 2000
T oo g oo
52000 40 50 60 ) 0 40 50 60
& 1 52000 -
-4000 - -4000 -
-6000 -6000
Time, min Time, min
m 293,15 W313,15 = 333,15 m 293,15 313,15 333,15

®ur. 1. CronHocTh eHeprusita Ha 'mbce (G) Ha Fig. 2. CtoMHocTM eHeprusita Ha F'mbe

BOAHW €KCTPAKTU OT LUUMKa NpwU
xunapomoayn 1 : 12

Fig.1. Values of Gibbs energy (G) of briar
agueous extracts at hydromodule 1:12

CTOMHOCTTUTE 3a eHTponusaTa npu
pasfivyHUTE TEXHONOIMMYHU napameTpu ca
npencraseHn Ha urypu 3 n 4. OT gaHHUTE

(G) HaBOAHM eKCTPaKTX OT LWIMMKa Npu

xuapomoayn 1 : 20

Fig.2. Values of Gibbs energy (G) of briar

agueous extracts at hydromodule 1:20

The values of the entropy obtained

at different technological parameters
are presented in Figs.3 and 4. It can
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€ BWOHO, Ye C YyBenuMyaBaHe Ha
xumgpomogyna Ha BOOHUTE  eKCTPaKTHW,
CTOMHOCTUTE Ha eHTponuaTa HapacTtsarT.
ToBa ce o00sAcHABa C Bpb3kata Mexay
eHeprusita Ha TMbc n eHTponuaTta. B egHa

cuctema  eHeprusta Ha [ubc ce
oTbXaecTBABa ¢ paboTaTa n3BbpLLUBaHa OT
Hea. OT BTOpUA 3aKOH Ha TepMo-
OMHaMUKaTa e WM3BeCTHO, Ye KoraTto

paboTaTa u3BbpLUBaHa OT edHa cucTema e
Han-BUCOKa, eHTponusaTa ce CTpPeMU KbM
Makcumym. [lonydyeHuTe [aHHM He ce
pasnuyasaT OT 3aBUCMMOCTTA, yCTaHOBEHA
npu gpyrm eTepnyHoMacrieHn cypoBuHu [9].

be seen from the data that entropy
increased with the increase of the
hydromodule. This is explained with
the relationship between the Gibbs
energy and entropy. In an isolated
system, the Gibbs energy is identified
by the work done by the system. The
second law of thermodynamics states
that when the work done by a system
has the greatest value then the
entropy approaches to a maximum.
The data obtained do not diverge
from the relationships established for
other essential oil materials. [9].

25
20
15 S
x 10 //L
E 5 /
/
E 0 T ; T T 1
v -5 — 30 40 50 60—
-10
-15
Time, min
e 793,15 =313 15 333,15

40
/
~ 30 -~
E -~
<20 //
=2
w10
O T T T T T 1
10 20 30 40 50 60
Time, min
— 293,15 313,15

®ur. 3. CTonHOCTU Ha eHTponus (S) Ha
BOAHWU €KCTPaKTU OT LUMUMKA Npun
xuapomoayn 1 : 12

Fig.3 values of the entropy (S) of briar aqueous

extracts at hydromodule 1:12

Fig. 4. CtoMHOCTU Ha eHTponus (S)
Ha BOAHM €KCTPaKTU OT LWMMNKa npu
xuapomoayn 1 : 20

Fig.4 values of the entropy (S) of briar
agueous extracts at hydromodule 1:20

15
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S~
%)
a' 0 '—IH |.%_||i_||_n|J_l_‘|i_l_‘|
T 5 2 30 40 50 60

10 —

Time, min
293,15 @313,15 333,15

15

H.10-3, kJ/mol

Time, min

293,15 [@313,15

®dur. 5. CtronHocTn Ha eHTannusa (H) Ha
BOAHW €KCTPAKTU OT LUUMKa NpwU
xunapomoayn 1 : 12

Fig.5 values of the enthalpyy (H) of briar
aqueous extracts at hydromodule 1:12

Fig. 6. CronHocTun Ha eHTtannua (H) Ha
BOAHM €KCTPAKTU OT LUMNKa Npun
xunapomoayn 1 :20

Fig.6 values of the enthalpyy (H) of briar
aqueous extracts at hydromodule 1:20
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CTonHOCTUTE Ha eHTannuata npu
pasnuUYyHUTE TEXHOMOMMYHU napameTpu
Ha npoueca eKcTpakuus nokassaT, 4e
npu xugpomoayn 1:12, cTomHocTUTE 3a
eHTannuaTa ca oTpuuatenHu. Toea ce
ABIDKN Ha MeXOYMOJEKYNHN
B3aMMOOENCTBUSA HaCTbMBaLM Mexay
CypoBMHaTa W pa3TBOPUTENSHA, KOUTO
3aBUCAT W OT BuAa Ha xugpomoayra
(1:12, 1:20). lNMpn HUCKM CTOMHOCTU Ha
eHeprusata Ha [wnbBC, CTOMHOCTUTE Ha
eHTannuaTa HapacTteaTt. ToBa € BUOHO
OT JaHHUTEe npeacTaBeHn Ha ourypu 5 u
6.

4. N3Boamn

Mpn cpaBHABaHe CTOMHOCTUTE Ha
'MBC Ha TeYHM eKCTpaKkTK, NONyYeHn nNpu
pasnuyeH xvapomopnyn, c
yBenMyaBaHeTo Ha xvapomoayna
CTOMHOCTUTE 3a eHeprusaTa Ha [Mbc ca
oTpuuaTtenHu. ToBa ce noTBbpXaasa oOT
HamepeHuTe gaHHW B nuTepatypaTta [3],
4ye HUCKUTE CTOMHOCTWU Ca MHOuKauuna 3a

TepMoaNHAMUYHO Bb3MOX€EH n
CMOHTaHHO npoTmyaLy npouec.
HesaBucumo oT  xugpomogyna w
n3non3BaHus pasTBopuTen, Han-
GnaronpuatHa 3a  NpoTUYaHe  Ha
npoueca  eKkcTpakumss e  HuckaTa
TemnepaTtypa (20°C). MonyyeHute

oTpuuaTenHM CTOMHOCTM W 3a [ABaTta
xungpomopnyna(1:12, 1:20) npwm
eKcTpakumnsa ¢ Boga (3a temnepartypa 20
n 60°C) , nokasBaT Ye HacTLNBAT
B3aMMOOENCTBUA, KOUTO Ce ObInKaT Ha
B/AA Ha pasTBOpUTENs, W3MON3BaHUA
xugpomogyna, a CbWo wM  OT
Temneparypara.

BnarogapHocTu

N3kasBam unckpeHuTe cu Gnaropap-
HOCTM KbM Aou. ATH uHX. CtaHucnaea
TaweBa 3a HeoueHMmaTta MNOMOLY Npu
obpaboTkaTa Ha ONUTHUTE OAHHW.

The values of the enthalpy observed
at different technological parameters of
the process of extraction showed that
the enthalpy was negative at
hydromodule 1:12. This is due to
intermolecular interaction taking place
between the raw material and the
solvent which depend on the type of
the hydromodule (1:12, 1:20). At low
values of Gibbs energy, the values of
the enthalpy increased. This can be
seen from the data shown in Figs.5 and
6. [pn HNCKM CTOMHOCTUM Ha eHeprusiTa
Ha mbc, cToMHOCTUTE Ha eHTannuaATa
HapacTBaTt. ToBa € BUAHO OT AaHHUTE
npeacraBeHn Ha purypu 5 n 6.

4. Conclusions

Comparing the values of Gibbs
energy of aqueous extracts obtained at
different  hydromodules. It was
observed that the Gibbs energy
became negative with the increase of
the hydromodule. This is confirmed by
data published in the literature [3]
where the low values indicate for
thermodynamically possible and
spontaneous process. Regardless of
the hydromodule and the solvent used,
the most favorable temperature for the
extraction process was found to be the
low temperature (20°C). The negative
values obtained at both hydromodules
(2:12, 1:20) by the water extraction (for
temperatures 20 and 60°C) , indicated
that interactions occur due to the type
of solvent, hydromodule used, as well
as temperature..
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BJINAHUE HA NAPKOBOTO
M3KYCTBO B PASBUTUETO HA
CbBPEMEHHATA NAPKOBA
KOMMNMo3nuus

Katerina Despot, Vaska Sandeva

Pe3rome. KomnosmuusaTta 3aema LeHTpanHo
MSICTO B cucTemMarta OT KOHLEenuuu, onmMcaallu
BMU3yanHus obpas. Ta e cBbp3aHa ¢ nctopudara
N ecTeTMdeckuTe KaTteropum u c 0OLIOTO
NoHATME C TepMuHa “uano“. B Teopusta Ha
NapkoBOTO W3KYCTBO TEPMUHBLT KOMMO3ULNSA
O3HayaBa — nogpexgaHe Ha  OTAerHu
pacTeHMs WM KOMOMHaUMs OT W3KYCTBEHMU
matepnanu, Taka 4e ga  dopmupar
XapMOHMYHO UANO, MOAYMHEHO Ha XyOOXecCT-
BeHaTa maoed. OcHoBHaTa TeopeTu4yHa paboTa
B MapKOBOTO W3KYCTBO € TSCHO CBbp3aHa C
npuHUuNuTe Ha  obwarta Teopud  Ha
KomnosuuuaTa. BbB BCAKO U3KYCTBO naeata ce
nspassBa B XydoxecTBeH o6pas, KouWTo e
cneumcmnyeH 3a um3pasHaTa dopma  Ha
€CTeTUYECKO, KOHKPETHO-CEH30PHO pucyBaHe
Ha JenCcTBMETO.

Knroyoeu Jdymu: Komnosuums, [u3aiiH,
EnemeHTtn, MNMpuHumnu, N3kycteo

1. YBop

AKO CMe aHraxvpaHu ¢ M3KycTBOTO, 3a
Aa nonyYyMM CBOSiTa penyTtauusi B Hawwus
XUBOT, KOWTO MNPUHAONEXW Ha Hero, C
ocobeHa cTpacTt n nboB Guxme Kasanw,
Yye nNpaBuM TOBa 3a TO3W BMA NaHAWAadTHO
M3KYCTBO, Of KOETO oOTAaBHa CMe
BrieyaTneHu.

NaHowadpTbT € 3a Hac € TOonKkoBa
ayxoBeH npobnem kato nuTepartyparta,
My3uKaTa, TeaTbpa W BCUYKO, KOETO
O3HayaBa XygoXecTBeHaTa MpOrHo3a Ha
CbBPEMEHHUS YOBEK.

DESIGN

)

INFLUENCE OF PARK ART
ON THE DEVELOPMENT OF
MODERN PARK
COMPOSITION

Vaska Sandeva, Katerina Despot

Abstract: The composition occupies
a central place in the system of
concepts describing the visual image. It
is related to the history and the
aesthetic categories and to the
commonality with the term "whole". In
the theory of park art, term composition
means - arrangement of individual
plants or combined with dead materials
so as to form a harmonious whole
subordinate to the artistic idea. The
main theoretical works in park art are
closely related to the principles of the
general theory of composition. In every
art, the idea is expressed by an artistic
image that is specific to the artificial
form of aesthetic, concrete-sensory
drawing of the action.

Keywords: Composition,
Elements, Principles, Art

Design,

1. Introduction

If we are engaged in the art to get
our reputation in our life that belongs
to it, we have a special passion and
love to say that we are doing this for
this kind of landscape art, which we
have long been impressed with.

The landscape is for us as a
spiritual problem as literature, music,
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YoBek cTon B cpegaTta Ha npupogarta ¢
6e36pon Bb3MOXXHOCTM U TONKOBa TPEBOra,
6aBHO, HO HenpekbcHaTO orpabeaiikm OT
XMBUTE W HeMpekbCHaTU Yactu MU
CbU3MEPMMN CbC CBOWUTE 3aKOHW Ha
ouensiBaHe U XMBOT. M KONKOTO No-rpaacku
XMBOT B XMBOTa My, TOSIKOBa MnoBe4vye ce
npecuya nsobpertarenHocTTa Ha
CbBpPEMEHHATa TEeXHWKa W TEXHOSOorus,
TOSKOBa MO-CUMHAa, TONKOBa NO-CMOHTaHHA,
HeobxogMMmocTTa OT MOAHOBSIBAaHE Ha
Aonvp ¢ npypoaara.

XapakTepHaTta 4epTa Ha CbBpEMEH-
HOTO MapKkoBO W3KYCTBO € HeroBaTta
6nmsocTt 0O 4oBeka M obcnyxBa USNOTO
obwectBo. B cbwoOTO Bpeme TOBa €
nonesHo, 3awoTo oTroBaps Ha
HapacTBaliMTe KpUTEPUM 3a OTAUX MU
KpacoTa, 3alloTO 3a[oBoNisiBa HaleTo
4YyBCTBO 3a KpacoTa.

MapkbT e npoussegeHne Ha
N3KYCTBOTO, KOeTo  CblliecTByBa B
NPOCTPAHCTBOTO U B pasfnn4HM CE30HU, B
pasnu4yHM  nepuoaMm Ha  pactex MU
npoMsiHaTa Ha pacTUTENHOCTTA.

Mo OTHOWeEHMEe NOCTUraHeTo Ha Tasu
uen B [JHEWHO BpemMe 3Ha4YeHWeTo Ha
3eneHnTe NMoWM € HambfHO CBBbP3aHO C
OCUrypsiBaHETO Ha npupogHaTa cpeja wu
nogobpsBaHeTo Ha BrowasawuTe ce
yCNnoBus Ha HallaTa OKOfHa cpefa.

2. N3noxeHune

Komnosuuyusra OCHOBa Ha
XYyAO0XeCTBEHOTO TBOpeHue. Komnoau-
UMsiTa € BbNPOC Ha OTHOLLEHUATA Ha egHo
XyOOXeCcTBeHO TBopeHue. Komnosuuusita
O3Ha4yaBa pasnofiaraHe Ha  MacuTe,
nuHUNTE, QopMuTe LBETOBETE U OPYrK
€NneMeHTu, YnunMTOo MeryogHocu moraT fga
ObaaT, KakTo BuOSIXME B [OOCeraliHoTO
npeactaBsiHe B MOBTOPEHME, XapMOHUST U
KOHTpacT, B CUMETPUS N acuMeTpusi B
PasnnUYHN pUTMM N Op.

Kato ce uma npegsua, 4ye nbpBUTE U

theater, and everything that means
the modern man's artistic prognosis.

One stands in the middle of
nature with countless possibilities
and so much anxiety, slowly, but
constantly robbing of the living and
uninterrupted parts and
commensurate with his laws of
survival and life. And the more urban
life in his life, the more the ingenuity
of modern technology and
technology crosses, the stronger, the
more spontaneous, the need to
renew the touch with nature.

The characteristic feature of
modern park art is its closeness to
the human being and serving the
whole society. At the same time, this
is useful because it meets the
growing criteria of relaxation and
beauty because it satisfies our sense
of beauty.

The park is a work of art that

exists in space and in different
seasons, in different periods of
growth and the change of
vegetation.

Regarding the achievement of this
goal, the importance of green areas
is now fully connected with the
provision of the natural environment
and the improvement of the
deteriorating environment.

2. Exposure

The composition of the
foundation of the artistic creation.
The composition is a matter of the
relationship of an artistic creation.
The composition means the
placement of the masses, lines,
shapes of colors, and other elements
whose medallions can be, as we
have seen in the present
performance in repetition, harmony
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HaN-CUNHU BneYyartneHus npassaT
XYOOXECTBEHUTE €NIEMEHTUN, KOUTO OCTaBAT
BreYaTneHneTo HernocpeacTBeHO n
ONPEKTHO BbBbPXY 4YyBCTBATa Ha 3puTens,
An3anHepa TpsibBa pga ce cTpemu da
n3pasm CBOETO U3PaXXEHWEe MO-CKOpO 4pe3
TAX,  OTKOSIKOTO  4Yype3  TeMaTU4HOTO
CbAbpXXaHue.

Kakto B 4OBELWKOTO THAMO cKenet e
CTPYKTYpa, KOSTO HOCU MYCKYINIUTE U BCUYKU
ApYyrM 4acTu Ha T4AnoTo, B apxuTekTyparta
rpeguTe ce KOHCTPYKUMSl, KOUTO HOCAT
uanata crpaga, B  M3006pasvTENHOTO
N3KyCTBO KOMMO3ULMATA € Tasn CTPYKTypa,
KOSITO MHKOPMNOpUpa BCUYKN ENNEMEHTM.

EoHa nuHusa, dopma, TOH, UBAT wUnu
ApYyro npoussefeHve Ha W3KYCTBOTO WIu
Maca moraT ga 6baaTt noctaBeHM Ha MHOIO

MeCTa, HO BbMNPOCLT € Kbae. Tosu
npobnem paspeluaBa KoMnosunumaTa.
MpouecbT Ha cCb3gaBaHe 3ano4ysa C

nbpBaTta uAaes, KOATO Ce paxna kKaTo
noBeye UMM MO-Manko sicHa BU3NA, U Ha
TO3M eTan Mma CBOW COOCTBEH AM3alH U
TEMaTUYHN OTHOLLEHMS.

B HauanHaTa asa komnosuumdaTa e
BbMPOC Ha rpadumka Ha OCHOBHUTE Macu U
GanaHc, HO KONKOTO MoBeYe ce CTpou, Bce
noBeye ce npedYncTtea wu3pasa U ce
onpenens HenHaTo €CTEeTUYHO
cbabpxaHue. Kakto n ga e, Han-mankust
XO4 € 4acT OT npoueca Ha KOMMo3npaHe,
KOWTO MpoAbiKaBa A0 MPUKOYBAHETO Ha
paboTtaTa.

Mpn ns3bopa Ha Tema 1 MOTUB TpsibBa
aa ce mns3bareat MHOrO CIIOXKHW TeMU, Tbi
KaTo T€ W3UCKBAT CIIOXHW KOMMO3ULUW,
KOUTO camMO HaToBapBaT Cb3aBaHETO C
MHOro pasnuuud. lNMo-gobpe e oa B3emem
NpocT MOTMB, KOWTO MoOXe pna Obae
oborateH C KayecTBOTO W Bapuauusita B
obpaboTkaTa M YCbBBLPLUEHCTBAHETO Ha
n3pasa.

EnemeHTHN Ha ocopmMmneHmneTo.
XYyOOXHUKBT, KOUTO peanuaupa ngesta cu,

and contrast, in symmetry and
asymmetry in different rhythms, etc.

Given that the first and the
strongest impressions make the
artistic elements that leave the
impression directly and directly on
the viewer's feelings, the designer
should strive to express his/her
expression through them rather than
through the thematic content.

As in the human body skeleton is
a structure that carries the muscles
and all other parts of the body, in the
architecture  the beams  are
constructed, which carry the entire
building, in the fine art the
composition is that structure that
incorporates all the elements.

A line, shape, tone, color or other
work of art or mass can be placed in
many places, but the question is
where. This problem resolves the
composition. The process of creation
begins with the first idea that is born
as a more or less clear vision, and at
this stage has its own design and
thematic relationships.

In the initial phase, the
composition is a matter of charting
the masses and balance, but the
more it is being constructed, the
expression is being purified more
and its aesthetic content s
determined. Anyway, the smallest
move is part of the composing
process that lasts until work is over.

When selecting a theme and a
motive, very complex themes should
be avoided, as they require
complicated compositions that only
burden creation  with many
differences. It is better to take a
simple motif that can be enriched
with the quality and variance in the
processing and refinement of the
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MOXe [Oa Cb3dade  HskakbB  BuUA
KOMMO3ULNS, KOSTO Aa My No3BonsiBa Han-
ronsma edgekTMBHOCT B Wu3pasa. Hama
npaBuna WnNM OrpaHUYeHUsl, HO FOpHUTE
TBOPEHMSI Ha UANOTO  Npou3BedeHue
nokaseaT, Y€ Ca Bb3MOXHU  HSIKOU
0600LEeHNA N HAKAKbB BUA KOMMO3ULINM.

Cnopea WWPOKO MNpUETO  TUNU3MpaHe,
CbllecTByBaT TpUM TUMNA  KOMMO3ULUW:
OTKpUTA, nonyoTKpuTa, 3akputa
KOMMNO3MLUS.

Tean Tpu BMOaA KOMNO3ULMK, Criopea
TAXHaTa PYHKUMS N Ha4yMHa, MO KOWTO ca
B3eTW, Ca pasfdeneHn Ha ABe roneMm wu

CbBCEM pasnu4Hn rpynum, OCBEH
CnomMeHaToTo  pasgeneHve  (OTBOPEHO,
NONyoTBOPEHO, 3aTBOPEHO), Te HAMaT
HUWO obwo nomexay cu. Teaum rpynu ce
Hapu4ar: MpexecTa n cnobogHa
KOMMO3ULUS.

Mpexecma Kommo3uyusi MoOxe [Aa
Oboe: oOTKpuTa, MNOMyoTKpUTa, 3akpuTa
KOMMO3nLUS.

OcHoBHaTa My XxapakTepucTuka e, 4e
ce pa3BuBa BbpXy CroMaraTenHara mpexa
C MPaBUITHNU FrEOMETPUYHN POpMK, KOUTO B
HOpMarneH puTbM ce MNoBTapAT Ge3kpanHo
B [BE UM MOBEYE MOCOKM.

MpexaTa e ocHoBaTa, KOATO onpeaens
pUTbMa M OCHOBHWSI BMA HA CbBMECTHOTO
cbluecTByBaHe. [lopaan nostapsiHeTo, 6e3
3HayeHne KakbB MOTUB, KOMTO Ce MOoBTaps,
Moxe ga 6bae XMB M QUHAMUYEH, CbCTaBa
Ha OKOTO BWHArM € noBe4ve WU Mno-Marsnko
MOHOTOHEH. 3puTenat cneg  NbpBuUS
KOHTaKT C egHa OT 4actute My e
AEe30pMEHTMPAH 3a NO-HaTaTbLUHO rnejaHe
W € OOBOMEeH OT OCHOBHOTO BreyaTneHue,
KOeTO noriyyaBa OT TOHa, LBETa, pUTbMa.
N TpuTe TMna cbCTaBa Ha MpexaTa ce
M3non3eaT LIMPOKO 3a [Jekopauum Ha
6e36pon 1 Han-pasHoobpasHu nNpeameTn B
cnyxkba Ha 4oBeka, NO BCHAKO Bpeme
UMBMNM3ALUMN  HA  Pa3fMYHN  HUBA,
MaTepuanm n TEXHUKN.

expression.
Elements of the layout. The
artist who realizes his idea can

create some type of composition that
allows him the greatest efficiency in
the expression. There are no rules or
restrictions, but the above works of
the whole work show that some
generalizations and some sort of
compositions are possible.
According to widely accepted typing,

there are three types of
compositions:  open, semi-open,
closed composition.

These three types of

compositions, according to their
function and the way they are taken,
are divided into two large and totally
different groups, apart from the said
division (open, semi-open, closed),
they have nothing to do with each
other. These groups are called:
mesh and elephant composition.

A mesh composition can be:
open, semi-open, closed
composition.

Its main characteristic is that it
develops on the auxiliary network
with the correct geometric shapes,
which in normal rhythm repeat
infinitely in two or more directions.

The web is the foundation that
determines the rhythm and the basic
form of coexistence. Because of the
repetition, no matter what repeat
pattern can be alive and dynamic,
the composition of the eye is always
more or less monotonous. The
viewer after the first contact with one
of his parts is disoriented for further
viewing and is pleased with the main
impression. It receives from tone,
color, rhythm. All three types of
networking are widely used to
decorate countless and varied items
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TAXHMAT CbCTaB HAMA LEHTbLP U €
paspaboteH B nABe wu3amMepeHuda. [lpes
BEKOBETE € Cb3dan OrpoMHO GoraTtcTBO U
Han-pasfIMyHN MpPEXecTn KOMMO3NLUUN BbB
BUO W MPEXecTM KoOMMosvumm  nog
dopmaTa Ha MECTHMU 3aHaaTu,
3aHasATYMNCKM a B TMOCNeaHO BpemMe U
WNHOYCPTUCKM MPOAYKT.

Cno6ogHa komno3uumua. OcHoBHaTa
XapakTepuCTMKa Ha Tas3n KOMMNo3nuus e, 4e
Ts pabotn pgocta cBobogHo n 6e3 mpexa,
KOeTO O3HayaBa, Ye HsMa npeaBapUTENHO
3agageHn  rpaHMum um 6e3 cTporo
NoBTOPEHME. 3a pasnuka OT OKOTO, KOeTo
ce npwunara B [OeKOPaTUBHOTO W3KYCTBO,
Tasn  Komnos3vumsa  obxeBawa  usanoTo
cBOOOAHO TBOpPEHME, T.€. Taka Hape4yeHoTo
"4ncTo" M3KYCTBO W Mpe3 BCUYKUTE MY
ncrtopmnyeckn nepuoan. N B cBobogHOTO
XYOOXECTBEHO TBOPYECTBO, KAaTO OCHOBEH,
TpUTE BEYE CNOMEHATU CbCTaBHWU TUNa:
OTKpUTa, NonyoTkpuTa unu ¢pus, 3akpuTta
KOMMO3MLUUS.

Otkputa cBOOOOHaA KOMMO3MLMUS
Beye e paspaboTeH 6e3 mMpexa u e gocrta
pas3nMyeH OT CbCTaBa Ha OTBOpeHaTa
Mpexa. EanHcTBeHOTO 06LLO Hewo mexay
TAX €, 4Ye TO3N KOMMOo3nuus € OTKpuTa.
OTkpuTOCTTa Ha CBODOOAHUA CbCTaB HE €
cbllata Kato 3a mpexarta. PeweTkata e
HaUCTMHA OTBOPEHA OT BCUYKM CTPaHU U
Be3kpanHo.

OTkpuTUAT cBOBOAEH CbCTaB MOXe W
He TpsAbBa Aa MMa LEeHTbp, OKOMO KOWTO e
pa3paboTeH CbCTaBbT U Moxe Aa bbae
noBeye WNM Mno-mManko cumeTpudeH. B
CbBPEMEHHOTO W3KYCTBO TO € MHOro
M3NBMIHEHO W  MO-4YecTo  3awWoTo TO
CbOTBETCTBA Ha AyXa Ha CbBPEMEHHMS
YOBEK W [OaBa Ha [JgusarnHepa mnoBeYe
Bb3MOXXHOCTW 3a CBOOOOHO M3passiBaHe.

B nonyotkputa cBO60AHa KOMMO3MU-
ums unm c¢pm3 He ce M3Non3Ba Mpexa.
CbcTaBbT Cce passBuMBa gocta cBOOOAHO,
AoKaTo puUTbMbT uUrpae BaxHa pond. B

in the service of man, at all times
civilizations at different levels,
materials and techniques.

Their composition has no center
and has been developed in two
dimensions. Over the centuries, he
has created tremendous wealth and
a variety of mesh compositions in
the form of net-shaped compositions

in the form of local handicrafts,
craftsmanship, and industrial
products.

Free Composition. The main

feature of this composition is that it
works quite freely and without a
network, meaning it has no
predefined boundaries and no strict
repetition. Unlike the eye that is
applied in decorative art, this
composition encompasses all the
free creation, that is, the so-called
"pure” art and throughout its
historical periods. And in free artistic
creation, as a basic one, the three
already mentioned composite types:
open, semi-open or frieze, closed
composition.

Open free composition has
already been developed without a
network and is quite different from
the open network. The only thing in
common between them is that this
composition is open. The openness
of free stock is not the same as for
the network. The grate is really open
on all sides and endlessly.

Open free stock may or may not
have a center around which the
composition is developed and may
be more or less symmetrical. In
modern art, it is much fulfilled and
more often because it corresponds
to the spirit of modern man and
gives the designer more
opportunities for free expression.
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MHOMO Criyd4am TO3M CbCTaB HsIMA LIEHTBP,
HO Oopu MOXe Aa ro umma. dpusata Moxe
Aa O0baoe n 3aTBOpeHa KOMMO3ULMS U e
nsknounTenHo awnra. llopagn dopmata
CV Ha NEHTU U NPaKTUYECKN HeorpaHnyeHa
ObKMHA, Ta e no-nogpobHa  3a
nocrnegoBaTenHO pa3ka3BaHe Ha pasfiMyHu
cbbuTUA B X04.

3aTBopeHaTa cBo6ogHA KOMNO3nUUA
€ 06LLO MMe 33 MHOro TMMOBE KOMMO3ULMM,
ynaTo obwa ocobeHOCT ce Hamupa B
cpegHaTa 4acT M e Buguma, 4Ye e
3atBopeHa. [lpoctoTo 3aTBapsiHe ce
N3BbPLUBA C LLUPUPT, KOUTO MOXE Ja 3aemMa
noeeye WNMU  nNo-manko  MACTO, C
0POpMIEHNETO Ha uUrypute, nNUHUUTE,
KBagpaTute M T.H. TOo3nM TuUnN CbCTaB B
CbCTaBa € Hau-usnonaeaH. [NpuynHaTta ga
ce no3BosiM  noBeye  OT  gpyrute
KOMMO3MLMN, € KOHLEHTPUPAH B cpedHaTa
YyacT M nNo TO3M HayMH Haco4Ba
BHUMaHMETO Ha 3pUTENS KbM TOBa, KOETO
An3anHepa ncka ga Kaxe.

LleHTpanHata komMno3nuus Moxe ga ce
pasBMBa KaKTO B LUMpUHA (Nnocka), Taka u
B AbnbovnHa (nepcnektMBa) un MoOXe
€OHOBPEMEHHO Oa Ce pasBMBa KakKTo MO
lWwMpunHa, Taka M no pgebenuHa. Takoea
odopmMmIieHMe npunuda Ha TeaTparnHa
CLEeHa N gaBa Bb3MOXHOCT B CPABHUTESTHO
Marsko NPOCTPaHCTBO B AbNObUHUTE Oa ce
pasrnexaart MHOro NO-MHOrOBPONHN
dourypu, OTKONKOTO B MNfiockaTa LeHTpanHa
KOMMO3MLUUS.

OT rnegHa Toyka Ha paBHOBecue, B
LeHTpanHmnsa cbCTaB ce Habniogasa cTpora
(ormepanHa) cumeTpusa, gocta psgko. [o-

yecto 6GamaHCbT ce peluaBa  4ypes
KOMBMHaLUus oT CUMETPUYHY "
acMEeTpUYHU eneMeHTM W Hal-4ecTo

JOoCTa aCuMMeTpUu4Ho. BbB BCUYKM Te3un
crniyyaun, ako nMa noee4vye acumeTpud, nma
nose4ye AMHaMuKa.

PagnanHuanHa komMnosvuma € BUHaru
Kpbroea nnn enmnTnyHa n BMHarun

In a semi-open free
composition or frieze, no network
is used. The composition develops
quite freely, while rhythm plays an
important role. In many cases, this
team has no center, but it can even
have it. The friction can also be a
closed composition and is extremely
long. Because of its band shape and
practically unlimited length, it is more
detailed for sequential narrative of
various events in progress.

Closed free composition is a
common name for many types of
compositions, whose common
feature is in the middle part and is
visible to be closed. Simple closing
is done in a font that can take up
more or less space, with the layout
of shapes, lines, squares, and so on.
This type of composition in the
composition is most used. The
reason for allowing more of the other
compositions is concentrated in the
middle and thus directs the viewer's
attention to what the designer wants
to say.

The central composition can
develop both in width (flat) and in
depth  (perspective) and can
simultaneously develop both in width
and thickness. Such a layout
resembles a theatrical scene and
allows for a much smaller number of
shapes to be viewed in a relatively
small space than in the flat central
composition.

From equilibrium point of view,
there is a strict (mirror) symmetry in
the central composition, quite rare.
More often, the balance is solved by
a combination of symmetrical and
asymmetrical elements and most
often quite asymmetrical. In all these
cases, if there is more asymmetry,
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ueHTpanHa. XapakTepHO 3a Hes e, 4e
MOTMBBLT WNM PUIrypuTE Ca CBbP3aHU C
LEeHTbpa, Taka ye Te oCTaBAaT
BNeYyaTrieHNeTo, Ye ce ABMXKaT OKOJSIO Hero.
Mma BapuaHTh, Npn KOUTO ABUMXKEHUETO Ce

ocbLUecTBsIBa oT LEeHTbpa o
nepudepusaTa n obpaTHo.
3a TO3M TUM CbCTaB € BaXHO

ABWXEHMETO U PUTBbMBT [a Ca Kpbroswu.
AKO TS He CbLLeCTBYyBa, TOBA € €4QHO HeLlo,
Ye HSAKOM CbCTaB € MNOCTaBeH B Kpbrosa
dopma, Ton HAMa ga 6bae paguaneH. Ho
ako CbCTaBbT Beye € paguarneH, Tou Le
OCTaHe, ako He e MNOCTaBeH B Kpbl, a B
apyra gopma.

[dnaroHanHa KoMno3nuus nva MOTUBMW,
KOUTO He moraTt ga 6bgaTt npeactaBeHn no
noAaxoAsL, Ha4YMH C HUTO eaQUH OT BUOOBETE
KOMMO3MUMnN, HanpaBeHu Jocera, 3aLloTo
ce Mu3uUcKkBa NO-u3paseHa AuaroHarnHa
opueHTauus. lNMosnumsata Ha moTmea obave,
nopagn €enHOMOCOYHOTO [BWXEHWe, HAMa
cTtabunHo paBHOBeCKe n nopaam
NPOTMBOMNOJSIOXHUA AnaroHan ce npeternar
Ternata, KOMTO ca AOCTaTbyHM M
AOCTaTb4HM 3a NoCTUraHeTo Ha
HeoOxoanmua O©anaHc. Bcekn gmnaroHaneH
CbCTaB Ce pelwasa N0 TO3W MPUHLMN
He3aBUCMMO OT Oposi Ha courypuTe.

WaxmaTeH KOMMO3MUKS HAMa
onpegeneHa popma. B ToBa oTHOLLEHME TS
He e siCHO onpegeneHa. Ta moxe ga 6bae
OTBOpPEHA, HarnosfioBMHa OTBOpPEeHa unn
3aTBOpEHa, HO BWHarn e acumeTpuyHa. B
cnyyan, Korato NMOBTOPEHNETO e
HensbexHo, ToraBa ce NpaBAT NPOMEHU B
HAKOW OT enemMeHTuTe, Unn ToBa, KOeTo ce
NnoBTaps, ce oTAanevyaBa KOMKOTO Ce MOXe
noBeye, Kato OTAPbLMNBAHETO Ha CbLyMTe
CTOMHOCTK pa3npocTpaHsiBa
KOMMo3numsTa.

Komnoauuusta B napkoBOTO W3KYCTBO,
nogobHO Ha Apyrn U3KycTBa, ce TpeTupa
pasnofnoXeHnsTa W  CBbpP3BaHETO Ha
eneMeHTUTEe UnM 4YacTute OT CbOTBETHaTa

there is more dynamism.

Radical composition is always
circular or elliptical and always
central. Typical of it is that the motif
or the figures are connected to the
center, so they leave the impression
that they are moving around it. There
are variants in which the movement
takes place from the center to the
periphery and vice versa.

For this type of composition it is
important that the movement and
rhythm are circular. If it does not
exist, it is one thing that somebody is
placed in circular shape, it will not be
radial. But if the composition is
already radial, it will remain if it is not
placed in a circle but in another form.

The diagonal composition has
motifs that can not be properly
represented with any of the types of
compositions made so far because a
more pronounced diagonal
orientation is required. The motif
position, however, due to the one-
way movement, has no stable
equilibrium and because of the
opposite diagonal the weights are
weighted which are sufficient and
sufficient to achieve the necessary
balance. Each diagonal composition
is decided on this principle
regardless of the number of figures.

Chess composition has no definite
shape. In this respect, it is not clearly
defined. It can be open, half open or
closed but always asymmetrical. In
the case that the repetition is
inevitable, then changes are made to
one of the elements or what is
repeated moves as far as possible,
with the withdrawal of the same
values spreading the composition.

The composition of park art, like
other arts, deals with the placement
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TBOpba B eOHa eOuHCTBEHa cucTema.
[MapkoBOTO WM3KYCTBO € YCMOBHO 3aMuC-
NEeHO U peanu3npaHo B [Ba KOMMOHEHTa:
nnaHnpaHe 1 NPoOCTPaHCTBEH CbCTas.

Bcsaka rpaguHa nnmn napk ce cbCTom OT
ABa Tuna KoMnosvumm - ob6emMHu - npocT-
pPaHCTBEHU U NIIOCKN, 06eaUHEHN 3aedHO.

B napkoBOTO W3KYCTBO YCMOBHO ce
pasrnexgaTt B ABE 4YacTu: nnaHuMpoBa4va u
NpOCTpaHCTBEHA.

[lnocka (nnaHuposaya) KOMMO3UUUS -
nnocka B ABa pasmepa, MNocTpoeHa oOT
NHUA 1 POPMU N Ce NMOoNn3Ba KaTto OCHOBA,
OCHOBa Ha NPOCTPaHCTBOTO. TA ce Hapuya
apXMTEKTYPHO - MMaHOBO peLUeHMe Ha
Npon3BeAeHMEeTO, CbCTaBEHO OT PasnuyHU
nMMHUKM 1 dopMn, Kouto obpasysaTt anes,
AETCKA Nnowagku, TPEeBHUM MNOBBLPXHOCTY,
LUBETHU napTepu.

O6emHO - rnpocmpaHcmeeHa
KOMMO3Uyus - B TPU U3MEPEHUS, Ype3 Hes
ce cCb3gaBaT BCUYKM MNPOCTpPaHCTBaA B
onpegeneH cbCTaB. TA e NocTpoeHa OT
penedHn dopmuM Ha 3emsTa, AbpBeTa-
XpacTn, apXUTEKTYPHN, CKYNNTYPHU U OPYTn
enemeHTn. Te ca B3aMMOCBbpP3aHU W
oKasBart Nno-rofiiMo BAnaHUE.

Mpn peanusauuaTa Ha npoekTa MbpBO
ce npaBu apXUTEKTYPHO-NIAaHOBO peLueHne
m cneg ToBa ce wusrpaxga ob6emHo-
NpoCTpaHCTBEHATa KOMMNO3NLUS.

lMnaHcka Komno3uyusi - ToBa € Nrocka
KOMMO3numMsa B ABE M3MEPEHUs, n3rpageHa
OT NUHUN 1 bopMn, o6egMHEHN KaTO LSANMO.
ToBa e ocHOBaTa M Ha4yanoto Ha
nNpoCTpaHCTBEHATa KOMMNO3NLUS.

B napkoBata komnosuuus ausanHepa
CbCTaBs naHgwadTHM aHcambnuv, 3aTosa
obcnyXBa BCUYKM enemMeHTn - pasnonara ¢
HeorpaHn4yeHo pasHoobpasue oT
pacTUTENHOCT CbC CBOWUTE CheLUdUYHN
dopmu, cunyetn, CTPYKTYpU U LIBETOBE.
BeskpaniHoTO pasHoobpasune oT obemun u
opMKN Ha pacTUTENHOCT Cb3AaBa CrOXHU
CbCTaBHM nNpobnemn Ha npPou3BOAUTENS,

and connection of the elements or
parts of the work in a single system.
Park art is conditionally conceived

and implemented in two
components: planning and spatial
composition.

Each garden or park consists of
two types of compositions - bulky -
spatial and flat, united together.

In park art are conventionally
considered in two parts: the planner
and the spatial.

Flat (planner) composition - flat in
two sizes, built of lines and shapes
and is used as a base, the basis of
space. It is called the architectural
plan of the work, made up of
different lines and shapes, which
form an alley, children’'s
playgrounds, grass surfaces, colorful
parters.

Volume - spatial composition - in
three dimensions, it creates all the
spaces in a certain composition. It is
built of reliefs of earth, shrub trees,
architectural, sculptural and other
elements. They are interconnected
and have a greater impact.

In the realization of the project, an
architectural plan is made first and
then the volume-space composition
is built.

Planetary Composition - this is a
flat composition in two dimensions,
made up of lines and shapes, united
in general. This is the basis and the
beginning of the spatial composition.

In the park composition, the
designer creates landscape
ensembles, so he serves all the
elements - he has an unlimited
variety of vegetation with his specific
shapes, silhouettes, structures and
colors. The endless variety of
volumes and forms of vegetation
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Tb KaTo € HeobxogMmMoO Oa ce cb3gaje
XygoxectseH  obpas, usrpageH  oT
NPOMEHNNBN e(PUMEPHU ENEMEHTN.

Heobxogmmo e pa ce cb3page
€[VMHCTBO TaM KbJeTO BCHAKa eAHONMMYHOCT
UNN TeoMEeTPUYHM pef ca M3KIHYEHU, 3a
Aa ce nogveptae UEHTbpa TaM KbAeTo
npupogarta cama ycTaHoBuna abcontoTeH
GanaHc, 3a pa ce oTgenu npegHus ot
3agHuMa  nnaH.  Korato roBopuMm  3a
ecTeTMkaTa Ha nemnsaxa Tpsbsa pa ce
pasrpaHnyn TeEPMUHBT reorpaddCckm nensax
N Nensax B napka.

YMULINEHO NpoeKkTupaH nensax ce
pasnuyaBa OT reorpadyckmsa nemsax CbeC
cBOsSiITa TBOpYECKa OCHOBAa, TOM € MPOAYKT
Ha  TBOPYECKM  Mpouec, KOMUTO B
onpefeneHn rpaHuuM Ha obwmHckaTa
Teputopus 1 4Ype3 BMOOBETE WU3SBU Ha
KoMnos3uumsata ce  Cb3gaBa  TaKbB
ecTecTBeH aHcamoObn, KONTO nma
onpefeneH UeHTbp, CTPOro onpegenexHa
rpaHvua, nponopuUMOHanHO OCHOBHU U
BTOPMYHK eTann, CbOPbXEHMUS, CBOBOAHM U
03erIeHEeHN NOBbPXHOCTW.

Komnosuuuata Ha  rpaguHute u
napkoBeTe pellaBa He CaMO BaXHMU
ecteTudeckn npobnemn. 3a ga OTroBopu
Ha  CbBpPEMEHHUTE  WU3UCKBaAHUA  Ha
rpagckoTo HaceneHve W pa ocurypsiesa
NOYMBKa, KOMMO3UUUATA Ha rpaguHUTE U
napkosete we 6boe nuweHa  oT
CbAbpXaHWe, ako He OTroBaps Ha 4oBeka,
aKko He e B XapMOHWSA C HeroBaTa COLMO-
nornyecka, coumanHa n gyxoBHa OeNHOCT.

TBOpYeCKUAT npouec Ha naHawagTHUA
apXuUTEKT ca YHKLUNOHASTHM n
ecTteTnyeckn. Ha nnaTtHOTO YoBeK Cbhb3aasa
Beye npeobpasyBaH nensax, B napka -

XvBee B naHgwadTa, Habniogasa
npupoaHuTe  (PEHOMEHM, CBbP3aHM C
npupopgata. EcTeTMyHOTO BRMsiHME Ha

naHgwadgpTta B napka e HesabaBHO,
nHanemayanHo, 6e3 npexogHa dasa.
lMpocmpaHcmeeHa  KoMno3uyusi €

creates complex composite
problems for the manufacturer, as it
IS necessary to create an artistic
image made up of variable epimeric
elements.

It is necessary to create a unity
where  every individuality or
geometric order is excluded to
emphasize the center where nature
alone has established absolute
balance to separate the former from
the background. When talking about
the aesthetics of the landscape, the
term geographic landscape and
landscape in the park must be
distinguished.

The deliberately designed
landscape differs from the
geographic landscape with its
creative basis, it is the product of a
creative process which, within
certain limits of the municipal
territory and through the types of
appearances of the composition,
creates such a natural ensemble that
has a specific center, a strictly
defined boundary, and secondary
stages, facilities, free and
landscaped surfaces.

The composition of gardens and
parks solves not only important
aesthetic problems. In order to meet
the modern requirements of the
urban population and provide rest,
the composition of gardens and
parks will be devoid of content if it
does not correspond to man if it is
not in harmony with its sociological,
social and spiritual activities.

The creative process of the
landscape architect is functional and
aesthetic. On the canvas man

creates an already transformed
landscape, in the park - lives in the
landscape, observes the natural
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cbCcTaB Ha obemn 1 NpOCTpaHCTBA,
noapenexHu crnopepq onpegernexu
XyOOXEeCTBEHM 3aKOHM B Hepasgenvmo
usano. Tosm cbCTaB UMa TpPU U3MEPEHUs -
3D. Ob6xBalla BCUYKM €NEMEHTU, KOUTO He
ca BKMWOYEHW B nfiaHoBaTa KOMMO3ULMS,
Kato  Hanpumep: penedHn  dopmu,
pacTUTENHOCT, CKyNnTypHa yKpaca,
apXMUTEKTYPHM NPOCTPaHCTBa U Ap.

B npoueca Ha o6eMHOo -
NPOCTPAHCTBEHOTO nsrpaxgaHe Ha
napkoBckaTa cpefa OT rofnsiMo 3HavyeHue
nmaT 6anaHc U B3aMMOCBBP3AHOCT Mexay
pacTUTENHOCTTa N apXUTEKTYypHUTE obemu.

Toan npouec e npuoputeT Ha
BereTatuBHute obemn, KouTo npeau
peanu3auuaTa ca  3HAYUTENHO  Mo-
GnaronpuATHM 3@ 4YoOBeKa, Kakto U

Bb3MOXHOCTUTE MNpPU  U3rPaXKOAHETO Ha
NPOCTPaHCTBa 3a NOYMBKA B Mapka unu B
CUNHO Yp6aHn3npaHu pamoHu.
CobluecTByBaT MHOMO Bb3MOXHOCTU 3a
KOMMO3nLUS. B Tasm KOMMO3nuns
BereTatMBHMTe ob6emMu uUrpasT pellasalla
pons. Ypes Tax ce marpaxgat KomomHaumm
OT AbpBO W MacuBM OT Xpactu U
CTPYKTypaTa Ha napka Ha OTBOPEHW, Nony-
OTBOPEHN WU 3aTBOPEHW MPOCTPAHCTBA,
KOUTO onpenenat ObaewmTe OCHOBHMU

BU3YPU.
BaxHa pona B npocTpaHcTBeHaTa
KOMMNO3ULUMSA CbLWO Urpae KpeaTuBeH

nogxod npu Cb3gaBaHETO Ha MapKoBU
nepcnektueu. lNepcnekTuBata e Hayka 3a
BCSIKA NpoMsiHa Ha dopMu, pasmepu Wt
uBeToBe: O0OEKTM Ha pasCcTosdHMe OT
ornpegeneHa Touyka.

Mpn npunaraHeTo Ha 3akoHUW B
NMapkoBOTO  W3KYyCTBO, Tas3W Hayka e
HacoyeHa KbM Cb3gaBaHe Ha TOYHO
onpeaenieHn NapkoBM MPOCTPAHCTBA, KaTo
YyacT OT TOYHO MpeacTaBeH N OpraHu3vpaH
nemsax.

[MapkoBuTe npocCTpaHCTBaAa He camo
oKa3BaT BIMSIHWE BbPXY TsAXHaTa dopma u

phenomena related to nature. The
aesthetic influence of the landscape
in the park is immediate, individual,
without a transitional phase.

Spatial composition IS a
composition of volumes and spaces
arranged according to certain artistic
laws in an inseparable whole. This
composition has three dimensions -
3D. Covers all items not included in
the planned composition, such as:
relief shapes, vegetation, sculpture,
architectural spaces, etc.

In the process of spatial
development of the park
environment, balance and

interconnection between vegetation
and architectural volumes is of great
importance. This process is a priority
of the growing volumes that are
much more favorable to humans
than before, as well as the
opportunities for building rest areas
in the park or in highly urbanized
areas.

There are many possibilities for
composition. In this composition,
vegetative volumes play a decisive
role. Through them, combinations of
wood and bushes and the structure
of the park are constructed in open,
semi-open and closed spaces, which
determine the future major visions.

An important role in spatial
composition also plays a creative
approach to creating park
perspectives. The perspective is the
science of every change in shapes,
sizes and colors: objects off a certain
point.

In the application of laws in park
art, this science is aimed at creating
specific park spaces as part of a
precisely presented and organized
landscape.
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pasmMep, HO 1 BbpXy TSIXHaTa NNacTUYHOCT.
BaxeH MOMEHT B u3rpaxgaHeTo Ha
NPOCTPaHCTBEHA KOMMO3MUUS B NAapKOBOTO
M3KyCTBO € T.Hap. Xenuo-nnacTvka Ha

naHawadgTa.
OcHoBHaTa npuyMHa 3a ToBa ca
XBPSIEHUTE CEHKW, KaKTO U TEXHUTE

cOBCTBEHM CEHKM Ha pacTuTenHun dopmu,
KOUTO marpaxgart Te3u npocTtpaHcTea. [pu
NPOEKTMPaHETO. B3aMMHOTO pasnofiaraHe
Ha OTAENHUTE pacTUTENHW WHOMBUMOW B
cbCTaBa TpsibBa ga ce mma npensua, ye
XBbP/IEHUTE CEHKM Cca MO-CUMHU  OT
cobcTBEHUTE M Te wumaT no-rofisiMo
BNUSSHAE  BBbPXY  XEenvo-nnactMacoBuTe
NPOMEHU B NPOCTPAHCTBOTO.

TpsibBa Aaa ce nogyepTtae, 4Ye KoraTo ce
narpaxgaTt yObiDKeHU NPOCTPaHCTBa, KaTo
nepcrnekTMBMTE Ha Mapka, OCHOBHATa MM
rmegka TpsibBa ga 6bae opueHTupaHa oT
tor Ha ceBep.

Mo TO3M HaumH ce nocturaT p[ABa
ANHaMUYHM edhekTa B TAXHATa Xenuo-
MeTpuyHa nnactuyHoct. OT edHa cTpaHa,
TbpCeHUAT OKYyC Ha  3putens e
uenogHeBHa cnbHYeBa cBeTnunHa. Ot
apyra cTpaHa, ToBa Ca CEHKATE Ha
AbpBeTara, KouTo npemMecTsarT rnegkara ot
ABeTe CcTpaHu. B pasnuyHute 4yactn Ha
AEHs Mo3ankaTa, pasnpocTpaHeHa BbpXY
TpeBata, MMa MO-LUMPOKN WM MNO-TECHMU

dourypw.
Korato owe B npegBaputenHarta
KOHUenTyanHa wugesa ce npegswxkaaT

nocneguuMte OT Xenuo-nnactMacata Ha
nangwadTa, He TpsbBa Oa ce 3abpassa
edVH JOpyr cbllecTByBall (PakTop, KOWUTO
BNuse BbpXy ANHamukaTta Ha
NpOCTpaHCTBa Ha MapkoBeTe W TsxHaTa
n3pasutenHoct. ToBa ca Bb3AyLWHUTE
cnoese. Te oTpassiBaT Ha MNoOneTto Ha
BMOAMMOCT He MNOo-mManko OT spKocTTa u
CEeHKuTe.

OCHOBHUMAT €eCTeCTBEH W3TOYHMK Ha
cBeTnMHa npe3 HowTa e nyHata. [log

Parks not only affect their shape
and size, but also their plasticity. An
important point in building a spatial
composition in park art is the so-
called helioplastics of the landscape.

The main reason for this is the
shadowy shadows, as well as their
own shadows of plant shapes that
make up these spaces. In design.
the mutual deployment of the
individual plant individuals in the
composition should take into account
that the cast shadows are stronger
than their own and they have a
greater impact on the helioplastic
changes in space.

It should be emphasized that,
when developing extended spaces
such as the park's prospects, their
main sight must be south-north-
oriented.

In this way two dynamic effects
are achieved in their heliometric
plasticity. On the one hand, the
viewer's focus is full-day sunlight. On
the other hand, these are the
shadows of the trees that move the
view from both sides. In the different
parts of the day, the mosaic spread
on the lawn has wider or narrower
shapes.

When the anticipated conceptual
idea anticipates the consequences
of the helioplastic landscape, one
must not forget another existing
factor that affects the dynamics of
park spaces and their
expressiveness. These are the air
layers. They reflect the field of vision
at least as brightness and shadows.

The main natural source of light at
night is the moon. Under the
influence of moonlight, vegetation
and architectural volumes acquire
interesting effects with silver luster.
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Bb34EMNCTBMETO Ha JfyHHaTa CBETMAMHA,
pacTUTENHOCTTA U apXUTEKTYPHUTE oBemmn
npungobmBat  UHTEpPecHN edekTn CbeC
cpebpuct 6nacHK.

lMony-oceBeTeHuTe OTBOpPEHU
NpoCTpaHCTBa Ce yBenuyaBaT OMTUYHO U
npuaobusat 3aragbyHu KOHTYpu. B TakaBa
cMTyaumsi Bb3NpuemMaHeTo Ha napkoBaTta
cpeda 3HauMTenHO yBenuyaea ponsaTta Ha
Apyrm eduMepHM cpefcTtBa B MNApKOBOTO
M3KyCTBO: apoMaTu Ha LBETS U ObpBeTa,
XpacTu N TpeBHa PacTUTENHOCT, 3ByUMTE
Ha NTuumMTe U 6bpOOpPEeHEeTO Ha noToun M
Bogonaau.

M3KyCTBEHOTO OCBETNEHME € 4YygecHO
NPUNOXEHNE 3a aKUEHTN Ha apXUTEKTYPHU
obemun, CKynnTypu M BOOHU Bb3MOXHOCTU.
MnaHnpa ce nHanBMAayanHo B 3aBMCUMOCT
OT cneyundumkaTa Ha OCBETEHUTE 0BEKTH.

3. 3akntoyeHue

B n306pasnTenHOTO N3KYyCTBO
TEPMUHDBT "komnoaunuyms" Oo3Ha4yaBa
Cb3daBaHETO Ha MNpou3BedeHus C TakaBa
Bpb3Kka Ha OTAENHUTE 4acTu, B KOATO ce
Cb3gaBa egHo usno. B napkoBoTo
N3KyCTBOTO €fleMEHTapEH CbCTaB MOXe Aa
6boe cb3gageH ot 3 AbpBeTa, U MO-
CNOXHKM OT HAKOM AbpBETA, XpPacT u uBeTe.

[MapkbT € croXHa KOMMNo3uuusi, KOSTO
BKMOYBA Cb3aBaHETO Ha Mpou3BedeHUs.
Bpb3kaTa Mexay OCHOBHUTE U BTOPUYHUTE
KOMMOHEHTU U TEXHUTE KOMMOHEHTU -
perned, pacTUTENHOCT, BOAaA, apXUTEKTYypa,
CKynnTypa, popmupalim Lano.

Ns3kyctBoTO TpsibBa [Aa MNPOHMKHE
LWUMPOKO B 3efieHUTe  MOBbPXHOCTW.
Heobxogumo e pa ce npekpatu C
aocerawiHMTe npeactaBuM 3a  napkosaTta
ykpaca. TpsibBa ynoputo pga Tbpcar
OpUIMHanHu peLleHns, KOWTO oun
HagonomnHuNe CcbAbpXaHWeTo Ha napka,
3awoTo napkosete ca Han-4ecTo
nocellaBaHMTe MecTa 3a Mo4YmBKa 1 OTAUX.
Bbpxy ocHoBa Ha Te3n daktu Hue Tpsabsa

Semi-lighted open spaces
increase optically and acquire
mysterious contours. In such a

situation the perception of the park
environment significantly increases
the role of other ephemeral tools in
park art: floral and tree fragrances,
shrubs and grass vegetation, bird
sounds and the chattering of
streams and waterfalls.

Artificial lighting is a great
application  for  highlights  of
architectural volumes, sculptures

and water features. It is planned
individually depending on the
specifics of the illuminated objects.

3. Conclusion
In the fine art, the term
"composition" means the creation of

works with such a link of the
individual parts in which one is
created. In park art elemental

composition can be created by 3
trees, and more complex than some
trees, shrub and flower.

The park is a complex
composition that involves the
creation of works.

The relationship between the
main and secondary components
and their components - relief,
vegetation,  water,  architecture,
sculpture, forming a whole.

The art must penetrate wide in the
green surfaces. It is necessary to
end with the previous ideas about
the park decoration. You must
persistently seek original solutions
that would lower the content of the
park, because parks are the most
frequented places for rest and
recreation. On the basis of these
facts, we must influence the
aesthetic education of people.

116



Innovation and entrepreneurship, ISSN 1314-9253 Volume VI, number 2, 2018

Aa  BNMSEM  BbPXYy  €CTETMYECKOTO
obpasoBaHue Ha xoparta.
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