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Objective is to develop a technology for a thermostable filling based on pumpkin and
Jerusalem artichoke with a high content of low-esterified pectins, to study its organoleptic indicators
and complexing ability for some toxic metals (zinc, nickel, cadmium, lead).

Methods. Sampling was carried out in accordance with the requirements of DSTU ISO 874-
2002, sample preparation for laboratory analysis was carried out in accordance with DSTU
7040:2009. The determination of toxic elements was carried out: cadmium — according to DSTU ISO
6561:2004, lead — according to DSTU ISO 6633:2001, arsenic —according to DSTU ISO 6634:2004,
zinc — according to DSTU 1SO 6636-2:2004, mercury — according to DSTU 1SO 6637:2001.

Results. The technology of thermostable filling was theoretically substantiated, the
technological feasibility of using pumpkin and Jerusalem artichoke puree in the technologies of
thermostable fillings was determined; rational recipes of thermostable filling were determined in
order to obtain products with specified structural and mechanical indicators; rational parameters of
thermostable filling production were investigated; recommendations for the use of filling in
confectionery technologies were developed; protective properties of the new thermostable filling
were investigated. Original technologies of confectionery products using thermostable filling
"Orange" were developed, namely: shortcrust pastry, crumble, muffin, puff pastry "Orange Flower™.
The results of the study of the complexing ability in relation to heavy metals (zinc, nickel, lead,
cadmium) indicate that cations of all four metals form insoluble complexes with polysaccharides of
the filling ingredients, as evidenced by a significant decrease in their concentration in the initial
solution. The obtained data allow us to conclude that the use of the developed thermostable filling
makes it possible to obtain confectionery products with protective action.

Keywords: technology, thermostable filling, low-esterified pectin, pumpkin, Jerusalem
artichoke, complexing ability, bioprotective properties.
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Formulation of the problem. Bakery and flour confectionery products with fillings and
layers are in great demand among the population. Taking this into account, domestic and foreign
suppliers offer a wide range of fillers for various areas of application, including fillers using modified
expensive pectins. Heat-stable fillings, as components of bakery and flour confectionery products,
must first of all have a jelly consistency, which is achieved by adding special structure-forming
components - pectins, as well as other structure-forming agents [1].

However, the technology for producing heat-stable fillings using highly esterified pectins in
their recipe limits their production, since at a sufficiently high gelling temperature of these pectins,
very strong gels are formed. At the same time, the heat-stable properties of such gels completely
depend on the integrity of their structure, i.e. the destruction of the structure during mechanical action
(for example, pumping) leads to a complete loss of heat stability. In this case, the filler on highly
esterified pectins boils, deforms and flows out of the product. Therefore, special low-esterified pectins
are used for large-scale industrial production. The consistency of these fillers retains its shape under
various mechanical influences [2, 3].

Fruits and vegetables contain a large number of biologically active substances and their
introduction into various food products in one form or another leads to an increase in nutritional and
biological value, as well as a change in the technological properties of the final products. Therefore,
both the fruits and vegetables themselves and the products of their processing are often used for this
purpose by specialists in the dairy, bakery and a number of other sectors of the food industry [4-6].
The introduction of fruit and vegetable raw materials is carried out in two directions: directly into the
product to change the technological parameters or for decoration in the form of fillers or layers.
Unfortunately, vegetable raw materials have not found application as heat-stable fillers due to their
relatively low functional and technological properties, in particular, gelling ability. The disadvantage
of vegetable raw materials is that they contain medium-esterified pectins, which affects the functional
and technological properties of fillers based on them. However, vegetable pectins, due to the presence
of a large number of free carboxyl and hydroxyl groups, have a more powerful complexing ability
with respect to toxic elements, radionuclides, pesticides, phenols, etc., compared to fruit and berry
raw material pectins.

Vegetable raw materials also have other advantages: high shelf life, relatively low cost.
Pumpkin and Jerusalem artichoke, under appropriate conditions, can be stored for a long time without
losing their beneficial properties. Vegetables contain more dietary fiber, in particular, protopectins,
compared to fruit and berry raw materials, which allows reducing the amount of artificially introduced
components to increase water-binding capacity and form a strong spatial structure when creating filler
recipes. Thus, vegetable raw materials may have great potential for use in recipes for heat-stable
fillers with increased complexing capacity, provided that an effective method for activating the
pectins of this raw material by reducing the degree of esterification is proposed, and the introduction
of additional ingredients (except for modified pectin preparations) is scientifically substantiated,
allowing the fillers to retain their organoleptic and physicochemical properties under baking
conditions at high temperatures.

We propose one of the directions for improving the technology of confectionery products by
using thermostable fillings based on plant raw materials with protective properties, namely: pumpkin
and Jerusalem artichoke as sources of fiber, low-esterified pectins and carotenoids. Plant fiber and
some types of pectins are characterized by the ability to bind poorly soluble complexes of
radionuclides, heavy metals, nitrates and other toxic compounds and remove them from the human
body, carotenoids are a powerful antioxidant and have immunostimulating and adaptogenic effects.

Analysis of recent research and publications. A number of scientists and researchers are
actively involved in the development of protective products, as evidenced by a large number of
patents, articles and other scientific works. A significant contribution to the study of these issues
belongs to a number of scientists: L.M. Telezhenko, L.P. Malyuk, R.Yu. Pavlyuk, G.P. Khomych,
N.M. Osokina, N.I. Tkach, I1.V. Pylypenko and others. Most of the developments provide for the
introduction of fruit and berry and vegetable raw materials (juices, purees, stews, pomace, powders),
vegetable oils, extracts of medicinal herbs, bran of cereal crops, etc. into the formulations [1-4].
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Heat-stable fillings are used to make a variety of baked goods, including cookies, muffins,
buns, gingerbread, pies, cakes and other products that require flour. Unlike regular fillings, such as
classic jam, heat-stable fillings are able to maintain their structure under the influence of high
temperatures. This also applies to taste characteristics. They complement baked goods, making them
more diverse in terms of taste and consistency. Regular fillings are absorbed into the dough, burn and
leak out. Fruit, berry and vegetable fillings are a popular and long-loved semi-finished product in the
food industry: their refreshing sour taste and relatively high moisture content favorably emphasize
the quality and expand the range of food products. Recently, in the production of flour products,
fillings with heat-stable characteristics have become increasingly popular. Such fillings have a
pronounced jelly consistency, are made using special technologies with the use of special structure-
forming components and retain their properties (shape, texture, mass fraction of dry substances, pH)
under normal baking conditions (convection method at a temperature of 210-230 °C for 20 minutes).
At the same time, heat-stable fillings are the most difficult in technological terms to produce and use
[5]. On the one hand, when using fruit and berry or vegetable fillings, the manufacturer of flour
products tries to satisfy the desire of buyers to consume healthier products from natural plant materials
while maintaining an affordable price. And on the other hand, an important technological task when
using such fillings is to preserve their original volume and consistency, which is associated with the
problem of binding fruit / vegetable juice or sugar-fruit syrup, which are formed in excess during heat
treatment, and keeping it in a bound state during storage of flour products. Finished heat-stable fillings
should have: pronounced color, aroma and taste of the fruit raw materials used; jelly-like consistency
and absence of fluidity; preservation of structure during mixing and/or pumping; absence of jelly
lumps or clots; characteristic stickiness from the inner wall of the container; absence of syneresis
(water release and phase separation) during storage of the filling or under mechanical action; the
possibility of use for a wide range of bakery and confectionery products [6, 7].

It is known that low-esterified pectins have a high complexing ability with respect to heavy
metals. A promising source of these substances is pumpkin and Jerusalem artichoke, the use of which
is limited in the confectionery industry due to the low gelling ability of their pectins, especially in the
world of their use as a basis for confectionery fillings. Therefore, the development of new heat-stable
fillings based on them is relevant and timely. The developed products can be recommended for
therapeutic and prophylactic nutrition in conditions of harmful production and protective nutrition of
residents of environmentally hazardous regions with developed industry.

Objective of the article is the development of a technology for a thermostable filling based
on pumpkin and Jerusalem artichoke with a high content of low-esterified pectins and research into
its quality indicators and complexing ability towards some metals.

Presentation of the main study material. Thermostable fillings are semi-finished products
for the production of flour confectionery products (cookies, gingerbread, etc.), which are formed by
jigging or co-extrusion, are located inside or on the surface of the products and are intended for baking
together with the dough [8].

There are a number of requirements for thermostable fillings, the main ones of which are the
following. They must easily form a jelly-like structure, retain their shape during baking — not to
spread, not to deform the flour semi-finished product, not to boil [9]. They must also firmly retain
moisture during cooling and storage of products. This is achieved by introducing moisture-retaining
components into their formulation. To increase the nutritional and biological value, it is proposed to
use pectin-containing pumpkin puree and Jerusalem artichoke puree as the main component of
thermostable fillings. The presence of carotenoids in the pumpkin puree of the “Prikubanskaya”
variety gives the puree a bright orange color, which is also transmitted to the finished thermostable
filling and eliminates the use of artificial dyes in this technology. To ensure thermostable, it is
proposed to use low-esterified pectin with a degree of esterification of 31-36%, which has a number
of advantages compared to other structure-forming agents. Preparation of this thermostable filling
includes the following operations: mixing pectin, calcium citrate with 100 g of sugar (from the total
amount of sugar); heating the resulting mixture together with the puree until the pectin is completely
dissolved; adding the remaining sugar, molasses, setting the required pH value by adding a solution

7



OBJIAJHAHHS TA TEXHOJIOT'TI XAPYOBUX BUPOBHUILITB. ISSN 2079-4827

of citric acid; cooling to a pouring temperature of 50-60°C, pouring the filling. With an overdose of
calcium ions, calcium pectinate is formed, which precipitates, the so-called premature gelling occurs.
The concentration of calcium citrate in the filling was varied from 0.02 to 0.16%. A sample without
the addition of the named salt served as a control.

Based on this recipe, a technological scheme was developed (Fig. 1).

( N
Jerusalem ‘ _ ) _ Calcium
artichoke Pumpkin [ Pectin ] [ Sugar ] citrate
- RN J
v L 2
Washing Washing Mix <
L 4 v
Inspection, cleaning Cleaning
3 v
Dicing Steam blanching
| = (2...3)-10 mm T =(23...25)x60 c
v \ 4
Blanching with water Rubbing
1=(3...5)x60 ¢ d=0,5...0,7 mm
t=95...98 °C
v
v Pumpkin puree
Rubbing
d=0,5...0,7 mm
v
Moist-thermal treatment
T =(23...25)x60 c,
t=98...100°C
hydromodule 1:0,8...1:0,9 v
Mixing <
v
Bringing to t=100°C
[ Treacle | v
J ..
] Mixing
Sugar | v
Boiling to
W.,. = 65%
v o
. 50% citric acid
Updating pH .
{03,335 solution
v
Bottling t=50-60°C
v
[ Heat-resistant filling ]

Figure 1 — Technological scheme of thermostable filling
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Table 1 — Organoleptic characteristics of thermostable filling

Indicator name Characteristic
Appearance Homogeneous mass
Consistence Homogeneous, dense, plastic
Color Suitable for the raw material used, glossy
Taste and smell Sweet, appropriate to the raw materials used, without foreign
odor or taste

Original confectionery technologies using the thermostable filling "Orange” have been
developed, namely: shortcrust pastry "Orange Dream", crumble "Orange Sun", puff pastry "Orange
Flower", "Orange Muffin".

Analysis of literature sources showed that pectin obtained from Jerusalem artichoke, unlike
pectin from pumpkin, is capable of forming weak gels, but is characterized by increased complex-
forming ability. Therefore, we consider it advisable to combine these types of pectins to obtain a
product with high functional and technological properties.

Pectic substances are capable of complexation, i.e., they are capable of entering into insoluble
compounds with divalent metal ions. It is known that the complex-forming ability of pectins increases
with a decrease in the degree of esterification, since low-esterified pectins have a greater number of
reactive bonds not substituted by metaxylated groups [10-12]. Therefore, in the acidic environment
of gastric juice (pH=1.8-2.0), low-esterified pectin degrades to a much lesser extent than high-
esterified pectin, its activity begins to manifest itself already in the stomach, which means earlier and
longer contact with metal ions.

Recently, much attention has been paid to the anticarcinogenic effect of polysaccharides that
are able to adsorb various exo- and endotoxins, heavy metals. This property of polysaccharides is
widely used in therapeutic and prophylactic nutrition, for example, for the prevention of lead
intoxications. We were interested in whether the developed thermostable filling "Orange™ has a
complexing ability for nickel, zinc, cadmium and lead cations. The thermostable filling from the
company "Puratos”, widely used in Ukrainian enterprises, was chosen as a control.

C.mg/l 0.1 -

0.08

0.06

0.04

0,02

0

1 2 3 4

@ - Experimental sample M - Control sample

Figure 2 — Dependence of metal concentration in solutions on the presence of a
thermostable filling (1 — Zn?*, 2 — Ni?*, 3 — Pb%", 4 — Cd?")

It was found that cations of all four metals form insoluble complexes with polysaccharides of
the filling, as evidenced by a significant decrease in their concentration in the initial solution. The
results of this study allow us to conclude that the addition of Jerusalem artichoke to the main raw
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material makes it possible to obtain functional products of reduced calorie content with the content
of a valuable complex of biologically active substances that contribute to the binding and excretion
of toxicants from the human body.

Conclusions. The technology of thermostable filling has been theoretically substantiated, the
technological feasibility of using pumpkin and Jerusalem artichoke puree in the technologies of
thermostable fillings has been determined; rational recipes of thermostable filling have been
determined in order to obtain products with specified structural and mechanical indicators; rational
parameters of thermostable filling production have been investigated; recommendations for the use
of filling in confectionery technologies have been developed; the protective properties of the new
thermostable filling have been investigated. The new product can be recommended for use by all
people, but especially those who live in industrial zones or work in hazardous industries. In the future,
it is planned to conduct in vivo experiments to identify the radioprotective properties of the filling
and the possibility of recommending it for use in areas with increased radiation exposure.
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Mema — po3pobka mexHON02IT MEPMOCMAOIIbHOI HAYUHKU HA OCHO8I eapby3a ma
MONiHAMOYPY 3 GUCOKUM  BMICMOM  HU3bKOEMepUPDIKOBAHUX NEeKMUHIB, OOCHIONCEeHHS  ii
OpP2aHONEeNMUYHUX NOKA3HUKIE Mda KOMNIEKCOYMBOPIOIoUoi 30amHOCMI U000 OeAKUX MOKCUUHUX
Memanie (YWUHKY, HIKelo, KaOMil0, CBUHYIO).

Memoou. Biobip npo6 nposoouecs 3eiono 3 eumozamu J{CTY ISO 874-2002, comyeanus npoo
00 nabopamopHux auanizie — 3eiono JCTY 7040:2009. BusznauenHs MOKCUYHUX elleMeHmi8
30iticHiosanocs: kaomiro —3a J{CTY 1SO 6561:2004, ceunyro —3a JICTY ISO 6633:2001, muwt 'axy —
3a JICTY ISO 6634:2004, yunky —3a J[CTY ISO 6636-2:2004, pmymi — 3a JICTY ISO 6637:2001.
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Pesynomamu. Teopemuuno 0OTpYHMYBAHO MEXHONO2IH0 MEPMOCMAOLIbHOI HAYUHKU,
BUBHAYEHO MEXHOI02IYHY OOYLIbHICMb BUKOPUCMAHHS niope 2apOy3a i moniHamoypa 6 mexHoi02iax
MEPMOCMItIKUX HAYUHOK, GU3HAYEHO DAYIOHANbHI peyenmypu mepmMoCmiukoi HAYUHKU 3 Memoro
OMPUMAaHHA NPOOYKYIi 13 3A0aHUMU CMPYKMYPHO-MEXAHIYHUMUY NOKASHUKAMU, O0O0CHI0NCEHO
PayionanbHi napamempu GUPOOHUYMEA MEPMOCMAOIIbHOI HAYUHKU, DPO3POOIEHO pPeKOMeHOayii
U000 BUKOPUCMAHHS HAYUHKU 8 MEXHON02IAX KOHOUMEPCLKUX 8UP00i8; OOCIIONHCEHO NPOMEKMOpPHI
gracmugocmi - Hogoi  mepmocmadinbHoi  Hauunku.  Po3pobieno  opucinanvui  mexuonozii
KOHOUMEPCbKUX 8UP0OI8 3 BUKOPUCTNAHHAM MepMocmadinbHoi Hauunku « Opanicy, a came: nicoyHull
mapm, kpamon, magin, aucmrkose micmeuko «Opandcesa keimxay. Pesynomamu O0ocniodcenns
KOMNJIEKCOYMBOPIOI0Y0i 30aMHOCHI NO 8IOHOUEHHIO 00 8ANCKUX Memaié (YUHKY, HiKelto, C8UHYIO,
Kaomilo) ceiouamv, wo KAMIOHU BCIX YOMUPLOX Memdanie YMeEopwms 3 NoIicaxapuoamu
iHepedicHmi6 HAYUHKU HEPO3YUHHI KOMNIEKCU, NPO WO CEIOYUNO0 3HAYHE 3HUINICEHHS  IXHbOI
KOHYyeHmpayii y euxionomy posuuni. Ompumari 0ani 0aroms Ham MOAICIUBICIb 3POOUMU BUCHOBOK,
WO BUKOPUCMAHHA pPO3POONIEHOI MmepMoCmadilbHOI HAYUHKU OAE  MOJNCIUBICINL  00EPIHCAHHSA
KOHOUMEPCbKUX 8Up00Oi& npomeKkmopHoi Oii.

Knrouoei cnosa: mexnonozis, mepmocmadiibHa HAYUHKA, HU3bKOemMepUpiKoeaHull nekmuH,
2ap06y3, moniHamoyp, KOMNAEKCOYMBOPIYad 30amHuicms, OIONPOMEKMOPHI 61ACMUBOCHII.
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Mema. Memorw pobomu € Haykoge 0OTPYHMYBAHHS | pO3POOIEHHA MEeXHONI02ll Oecepmis 3
NIHHOI0 CIMPYKMYPOIO HA OCHOBI NI000BO-080Y€B80I KOMNO3UYII 3 BUKOPUCMAHHAM NEKME3).

Memoou. I[Ipeomemamu 0ocniodcens OVaU GU3HAUEHI: MOOETbHI KOMNO3UYIi A0VK, MOPKEU,
20pOOUHU, neKkme3, Myco8i oecepmu. XiMIUHUL CKAAO MYCI8 BUHAYANU PO3PAXYHKOBUM MEMOOOM.
Opeanonenmuuny OYiHKy AKOCMI MOOENbHUX CUCIeM MY CI8 30ILCHI08ANU MEMOOOM NPOPIiTbHO20 Ma
cencoprozo ananizy. Ilpoghini 6yoysanu 3a 0onomocor 064UCIO8AIbHOL Npocpamu, po3pooieHol Ha
Visual Basic for Application (VBA) onsa MS Excel.

Pezynomamu. Haeedeno xapakmepHi 0cobIusocmi npucomyeaHHs 0ecepmis 3 NiHHON
CMpPYKmMyporo ma 8umozu 00 npucomyeaunus mycig. lIposedeno ananiz Hanpsamie 800CKOHAIEHHS
MexHono2ii decepmi 3 NIHHOIO CMPYKMYyporo. Busnauenuti manpsam — niOSUWEHHS NONCUSHOTL
YIHHOCMI 3a PAXYHOK CMBOPEHHS KOMNO3UYIUHUX CyMiuleli Ha OCHOBI NI00080i ma 0804egoi
cuposunu. Ob6IpYHmMoB8ano 8UOIp OCHOBHUX CKAAO08UX 0aHOi npodykyii. [locnioxceno niooosy ma
0804Ye8y CUPOBUHY 3 Memol pO3POONIeHHS KOMNOUYIUHOI cyMiwi, KA 003601umb NIOSUWUNU
NOJHCUBHY YIHHICMb MYCc08020 Oecepmy 0e3 NO2ipuieHHs NoKa3Hukie sxkocmi.  IIposedeno
eKCHEePUMEHMATIbHI NPOPOOKU OO0 MONCTUBOCMI BUNYHUEHHS UVKDPY 3 peyenmypu 3ad paxyHoK
BUKOPUCMAHHS 32V WeHO020 CUPONY 3 (DpYKmie — nekmesy. Busnaueno cencopni nokasnuku MooenvHux
cucmem ma 00paHo Kpawy 3a pe3yibmamamiul K aHanizy XiMidHo2o ckiady, mak i 0e2ycmayiiHoi
OYiHKU. J[OCTIOHCEHO NONCUBHY YIHHICMb MYCY NI00080-0801e8020 ma NoOY008ano npoghinocpamu
sakocmi. HageedenHo mexHON02IUHY CcXeMy HNPUSOMYBAHHA MYCY HA OCHOBI NI00080-0804€60I
KOMNO3UYTUHOIL CyMILI.

Knrouoei cnosa: oecepmu, myc, Mopkea, A01yKa, YOPHONIIOHA 20pOOUHA, NeKMe3, CeHCOPHI
NOKA3HUKU SAKOCMI, XIMIYHULL CKIAO.

ITocranoBka mpodiaemu. CTpyKkTypa XapyoBOTO paIlioHy HAacElIeHHs YKpaiHWu HHUHI HE
BIJINIOBIJJa€ Cy4YaCHUM NPHHLIMIIAM 370pPOBOTO XapuyyBaHHs. Y pallioHi HaceleHHs 6araTo mpoayKIil
3 JIErKO3aCBOIOBAaHMMH BYIJIEBOJAMH 1 HEIOCTATHSA KUIBKICTh OCHOBHHMX MOKHBHHUX PEYOBHH,
BKJTIOYAIOUH JPKepesia MOBHOLIHHOTO Olj1Ka, KJIITKOBUHM, BITAaMiHIB 1 MiKpoeneMeHTH (0BOYi, PpyKTH,
oBOYl TOIO). Pe3ynbTaTi JOCHIAKEHb pealbHOr0 CTaHy Xap4yyBaHHS HAaceJeHHS PI3HHUX PETiOHIB
VYkpaiHu cBiT4aTh MPO CEpiO3HI MOPYLICHHS B CTPYKTYpl XapuyBaHHA SIK JTEH Tak 1 JOPOCIHX.

© I'nineuu B. A., Pybanosuy K. €.
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Cnocrepiraerbes nedinur BitaminiB C, rpynu B, E, B-kapotuny; makpo- i mikpoenemenTtis: Ca, Mg,
Fe, Zn, Tta inmux; xap4oBUX BOJIOKOH. [lehinmuT criokMBaHHS BITaMiHIB 1 MIKPOEJIEMEHTIB Cepes
HacelneHHs Ykpainu 55%, xapdoBux BoJIOKOH 30%. I, HaBmaku, CIOCTEPIra€ThCsl HAIUITKOBE
CIO’KMBAHHS TBAPUHHHUX >KHMPIB 1 JITKO3aCBOIOBAHKMX BYTJIEBOIIB [1].

Po3pobnieHHst Ta BIPOBa/DKEHHS Yy 3aKiIagaX PECTOPAHHOTO TOCIOAAPCTBA IHHOBAIIHHMX
TEXHOJIOTIH CTpaB Ta BUPOOIB 3 BUKOPHCTAHHSAM HATypalbHOI CHUPOBUHM, 3JaTHUX IONOBHUTH
nedinuT He3aMiHHUX Xap4YOBUX PEYOBUH JUIS IM1IBUIICHHS MTOKUBHOI IIIHHOCTI MPOIYKIIi Ta 3aXUCTY
OpraHi3My JIIOJUHU BiJI HEraTMBHUX OI0JOTIYHUX 1 TEXHOTCHHMX YHHHHUKIB, MOXE CYTTEBO
MOKPAIIUTH TaKy MPOOJIEMY XapuyBaHHS.

Hecept MOXyTh OyTH PKEPEIOM IIHPOKOTO CIEKTPY O10JIONYHO aKTMBHHUX PEYOBHH Ta
(GYHKIIOHATBHUX IHTPENI€HTIB — MOBHOI[IHHUX OUIKIB, HE3aMIHHUX aMiHOKHCIIOT, PO3YMHHHUX
BYIJIEBO/IB, MOJIIHEHACUYEHUX JKUPHUX KHCJOT, MEKTHUHOBUX PEYOBUH, MIHEpAIbHUX EJIEMEHTIB,
BiTaMiHiB, OpPraHIYHUX KHUCJOT TOIIO 4Yepe3 Te, M0 JO IXHBOTO CKIAAy BXOJATH SHIEHPOAYKTH,
MOJIOYHI TPOAYKTH, pi3HI HAmoOBHIOBaudi (IUIOAM, OBOYi, (PPYKTH, Sroau, TOPIXH TOINO) Ta
CTPYKTYpOYyTBOpIOBaui pi3Hoi npupoau [2]. IlomymspHicTio cepea HaceleHHS YKpaiHu
KOPUCTYIOTBCSl JIECEPTH 3 MIHHOIO CcTpyKTypor. Lle myc, cydume, camOyk, KpemMu, OCHOBHUMH
XapaKTepUCTUKAMU SIKUX € TJIajJka i OKCAMHUTOBAa TEKCTypa, HACMYEHa MOBITPSAM Maca, a TaKOX
BUPAa3HHA, aJie HKHUH CMaK.

JlecepTu 3 MIHHOIO CTPYKTYPOIO CKJIAJAIOTHCS 3 JIBOX OCHOBHMX €JIEMEHTIB — apOMaTUYHOI
OCHOBH Ta CTPYKTYPOYTBOPIOBAIbHUX KOMIIOHEHTIB, IIO HAJAIOTh MEBHY TEKCTYpy aecepTy. Tak,
sl€qH1 OUIKM BUKOPHUCTOBYIOTh JUIsl YTBOPEHHS MIHHOI CTPYKTYpPH, BEPIIKH — JUI eMyJIblyBaHHs. B
SIKOCTI 3arylyBada MOKyTh BUKOPHCTOBYBATH JKeJaTHH a00 MaHHY Kpyiy. CMakoBa OCHOBa MOXeE
BapiloBaTUCA BijA mIOKOIaAy 10 GpYKTOBUX ab0 OBOUEBUX MIOpPE B pI3HUX KoMOiHamisx. CMakoBi
IHTpei€eHTH HaNAIOTh XapaKTepHHH CMaK Ta apoMaT KOXXKHOMY THIYy JeCepTy, Hamlpukial,
IIOKOJIAJHOTO, IOJYHUYHOTO abo BaHUIbHOro. OOMparouum KOMIIOHEHTH 0a30BOi peLentTypw,
HEOOXiTHO BpaXOBYBATH iXHIM CKJIaJ|, HAPUKIIA] BMICT BOJIOTH YH JKUPY, NEKTHHIB Ta KUCIOT, SIKi
BIUIMBAIOTh HA YTBOPEHHS CTPYKTYPHU INPOAYKTY. IX OpraHONENTUYHMIA TPOdilb TaKoXk MOBMHEH
MaTH HACHYCHWH Ta TPUEMHHHA CMaK, SKUH 30epiraerbcs TMichs TMOE€THAHHA HoOro 3i
CTPYKTYpOYTBOPIOBaJIbHUMHU KOMIOHEHTaMU. KOXKEeH KOMIIOHEHT B peLenTypl JiecepTy 3 MiHHOO
CTPYKTYpOIO BUKOHY€E CBOIO TEXHOJIOTTUHY (DYHKIIIIO, IKa HaBeJleHa Ha puc. 1.

Jlnis mociiikeHb 00paHo JlecepT 3 MHHOK CTPYKTYpOoro — Myc. KitacuuHi BUM MyCy TOTYIOTh
Ha 61JI0My, YOpHOMY 200 MOJIOYHOMY IIOKOJIai. € MyCH B OCHOBI sIKMX (DpyKTOBE a0 STiIHE TIOPE,
JUMOHHMM, amneJbCMHOBUI a00 MaHAApUMHOBHUM CiK 1 mpsHOIl. TepnkicTh MaHro B peuentypi
JI03BOJIsIE BPIBHOBAKUTH COJIOJIKUI CMak jgecepTy. € Mycu Ha OCHOBI KaBu. Po3pobiieno 6aHaHOBO-
MOJIOYHMM MycC, KapaMmenabHMHA. Taki 1HIpeIi€eHTH, SK aBOKaJ0, KOKOCOBHUH KpeM abo akBadala
(HyToBa BOJA), 3aMIHIOIOTH TPAAMIIINMHI SIMISI Ta BEPIIKH, poOIsSUYM Led JecepT AOCTYIHHUM JUIs
BeraHiB. J|eKOHCTpyHOBaHMH MyC € 1€ OAHMM CYYacCHUM BapiaHTOM, i€ KOXXEH KOMIIOHEHT
MIPEJICTaBIICHUI OKPEMO, aJle TIPH CIIOKUBAHHI CTBOPIOE BIAUYTTS KIIACHYHOTO MyCY. TaKoX TrOTYIOTh
Mycu Ha 0a3i iTajiiicbKoi MEpPEeHTH 1 BEpIIKOBOrO KpeM-cHpy. Bci BOHM Bipi3HSAIOTHCS TapHUMHU
CMaKOBHMH XapaKTEPUCTUKAMHU.

B ocrtanHi pokM Ha PUHKY XapuoBHX IMpPOAYKTIB Ta J00aBOK 3’SIBUBCS IEKME3 —
MIJCOJIO/KYBAaY, NPOAYKT  TEpepoOKM  IUJIOJOBO-ATIAHOI  CUpOBMHU. Bin  37e0inblie
BUKOPHUCTOBYETHCS y XapyOBUX TeXHOJOTisX. CKial 1 CTPYKTypa MeKMe3y BiAPI3HAIOTHCS 3aI€KHO
B1Jl QpYKTIB 1 mporecy BUpoOHUIITBA. [lekme3 MoAUISIIOTh Ha /1Bl OCHOBHI TPYINHU: PIAKUMN 1 TBEPAUH.
IcHytoTh Takox pi3Hi Kiacugikauii. IlizcomomkyBad roTyloTh 3 0araTbOX BHIIB (PYKTIB, Kl
BIJIPI3HAIOTHCSI BUCOKHM BMICTOM IIYKPY, TaKUX SIK BHHOTPaJ, S0JIyKO, pI)KKOBE J€peBO, CIIMBA,
KaBYH, a0pHUKOC, 1HXHP, IlYyKPOBU OypsIK, TI1i]1, LIOBKOBUIA, KYKYpY/3a, IIyKpOBa TPOCTHHA, TapOys3,
¢binikiB Tomo. HaitOGmpIn mOMmMpeHNMU € BUHOTPAIHAN TMiACOTI0/KYBAY, a HA JPYroMy Micii — 3
moBkoBuli. Ha craznii BUpoOHUIITBA INEKMe3y piAMHA, OTpuMaHa 3 (PYKTIB Ta yBapeHa M0
JOCSITHEHHST TEeBHOI B’SI3KOCTI HA3WBAETHCS PIAKUM IMekMe3oM. [Ipomec BHpOOHHUITBA TBEPIOTO
MiJICONIO/KYBaya BKIIFOUA€E JOJAaBaHHS OJHIET a00 KIIBKOX PEYOBHH, TAKHUX SIK SIEUHUHN OUIOK, CyXuit
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HOTYpT, KpOXMajb Ta MeJl. TBepanii meKMe3 MOBHHEH MaTH KOJIp BiJ] CBITI0-01JI0TO 10 )KOBTYBATO-
KOPUYHEBOTO, TBEpAUi BUTILA, 0e3 moniny (a3, 0e3 HasBHOCTI PIIKOTO CEPEIOBHINA, a PIAKUN
MeKMe3 TOBHHEH MaTh TEMHO-KOPUYHEBY Ta PiJIKYy CTPYKTYPY 3 KOJIBLOPOM BiJl CBITIIO-KOPHYHEBOTO
70 TEMHO-KOpH4YHEeBOro. Kpim Toro, 3a KOJIbOpOM IEKME3 TaKOX KIACH(IKYeThCS SIK CBITIIMHN 1
TemHuit. Ha migcraBi aHamizy CMakOBHX BJIACTHBOCTEH MEKME3y BHUCYHYTY TilOTE3y MIOJ0
MOJKITUBOTO MOTO BUKOPHUCTAHHS K 3aMIHHHKA IIYKPY 0171070 KPUCTAIIYHOTO B PEIETITYPi MYCY.

dpykToBa, m1010Ba ab0 ArigHA - YTBOPIOIOTB. MIOPEenoioHy

CHPOBHHA KOHCHCTEHI{IO, CIPHSIOTH
HiHOYTBOPEHHIO, HOKPAILYIOTh
CEHCODHI BIIACTHUBOCTI I€CENTIB

Mono4Ha CUpOBHUHA: )
. | »| CTpyKTypoyTBOpOBai: bopMyIOTh
MOJIOKO (3,2% KUPHICTB), TEKCTYpY JIeCepTiB

E Bepky (35% KUPHICTB),

O . . .

z . _ [TinoyTBOpIOBaY, CTAOUTI3YE CHCTEMY
E Sleynnit OLIOK | BHaCHiZOK JeHaTyparii OLIKiB

S

~

a Lyxo Jerinparye OITKOBY CKIIAJIOBY

= yKOp pELeNTYPHOI CYMIIlli, ITiIBUIIYE

= CTIHKICTh TIHY, ITiIBUIIYE B’ I3KICThH
(]

A~ CHUCTEMU

3arymiyBadi, HaJalOTh  B’SI3KOCTI,

— XKenarun, MmaHHa Kpyma, arap
3B’SI3VIOTh BOJIOTY

A 4

Kucnora numonHna, ropixu, » | 101aTKOB1 CMaKOBI KOMIOHEHTH
KOpHIA, KaBa, KaKao-MOPOUIOK

Pucynok 1 — OcHOBHI penienTypHi KOMIIOHEHTH JECEPTIB Ta iX TEXHOJOT14H1 BIACTUBOCTI

Tomy po3poOseHHsS TEXHOJIOTIH JecepTiB MIABUIIEHOT XapyoBOi IIHHOCTI Ta BUCOKHUMU
CHOKMBYMMH BJIACTUBOCTSIMH, B TEXHOJIOTIl SIKUX BUKOPHUCTaHI HETPATUIIAHI KOMMO3UIII
(GpYKTOBOI Ta OBOYEBOI CUPOBHMHU Ta BUKJIIOYEHUH a0O YaCTKOBO 3aMIHEHUH I[yKOp Ha IEKMeE3,
3aBXM Oy/ie aKTyaJIbHOIO 337a4el0 pECTOPATOPIB Ta TEXHOJIOTIB.

AHani3 ocTtaHHix aociaimkenb Ta nmyouaikaniii. Cdepa pectopanHOro 0i13HECY € Tay3310
€KOHOMIKH, 1110 MTOCTIHHO pO3BUBAETHCA. BpaxoBytoun Toi (axT, 1m0 115 chepa TOpKaeThCs IHTEPECiB
Mailke BCIX BEPCTB HAacCeJIEHHS, BOHA BHMarae 1o cebe 0coOJIMBOro MigXoay B pi3HUX cdepax
JTATBHOCTI. 3 METOK MaKCHMaJbHOTO 3aJI0BOJICHHS IHTEPECIB  CIOXKMBadiB  HEOOX1THO
BIIPOBA/KYBAaTH 1HHOBAlii Ta TEXHOJOrii, B TOMY 4YMCJIl Taki, 10 0a3yroTbcs Ha BUMOTrax
HYTPHIIOJIOTT].

3 ormany Ha mpoOieMaTHKy XapuyBaHHsS HaceleHHs YKpaiHM MOKpAIIEHHSM I0KMBHOI
LIHHOCTI JIECEPTHO1 MPOIYKIIil 6€3 MOTIpIIeHHs OPraHOJENTHYHUX OKa3HUKIB 3aliMaloThcs 0arato
BYEHHUX Ta (paxiBLiB ranysi. Ha cborozsi goBeieHa MOXKIMBICTh BUKOPHCTAaHHS KOMOiHaii Oy 1k AKOi
CHUPOBUHU B TEXHOJOTISX AecepTiB. PO3poOIeHHsIM HOBUX TEXHOJIOTIH JecepTiB, M0 6a3yl0ThCs Ha
BUKOPUCTaHHI (PYHKIIOHAJBHUX 1HTPEIIEHTIB MPUPOIHOTO MOXOIKEHHS, 1a€ 3MOTY 3aJI0BOJIbHUTH
MoTpedu OpraHizMy JIOJUHU Y (I310JI0T1YHO (QYHKIIOHAIBHUX I1HTPEAIEHTAX, PO3IIUPUTH
ACOPTUMEHT CTpaB Ta MIABUIIUTH iX CHOXHMBUY LIHHICTb. Hag mi€ro mpobiemoro mpairoBaiu
YKpalHChKI Ta 3aKOpAOHHI BueHi, Taki sk I'punuenko O. O., baapyk B. B., [lepuesuit ®. B.,
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Huxudopos P. I1., [TonsoBuk B. B., Wang X., Surh J. Ta 1. Binpuricts Takux po3po0ok 6a3yeTbest
Ha MOKJIMBOCT1 BUKOPUCTAHHS MOJIOUHUX O1JIKiB SIK CTPYKTYPOYTBOPIOBAYiB Y TEXHOJIOTISIX IECEPTIB
[3-6]. Takox pO3IISIAETHCS MOYKIJIMBICTh BHKOPHUCTAHHS HETPAIUI[IMHAX BH/IB CHPOBHMHH, IO
MICTSITh IPUPOAHI TIAPOKONOINHU, Il OTPUMAHHS XapUYOBUX CHCTEM 13 33JaHUMHU CTPYKTYPHUMHU
BJIACTHBOCTSIMH Ta TEKCTyporo. Tak, aBropamu [7] mocimipkeHa MOKIIMBICTD 3aCTOCYBaHHS PUOHOTO
riipoi3aTy KojareHy oKkpemo abo CyMiCHO 3 IHIIMMU OiTkaMu aiisi OpMYBaHHS MIHHOT CTPYKTYpH
30uTHX JecepTiB. byno 00paHO oONTHMadbHY KOHIEHTPAII0 CTPYKTYPOYTBOPIOBAYIB HUISIXOM
BU3HAYCHHS MIHOYTBOPIOBAJIBHOI 3AaTHOCTI Ta CTIMKOCTI MiHM OLIKOBUX T1IPOKOJIOINIB, a TaKOX
migiopaHo iX CHIBBIAHOMIEHHS B KOMIUICKCI JJIA YBEJIEHHS B TEXHOJIOTII BHPOOHHUIITBA 30MTHX
JIeCepTiB TUILY MYC.

AKTyaJlbHUM € HalpsM po3poOJieHHS HHU3bKOKajlopidHux necepTiB. Cepen 1HIIMX
3aMpOIOHOBAHO JIOJAaBaTH TMIOPE TOIMIHAMOypa Ta YOPHOI CMOPOJMHU B TEXHOJOTIIO 30MBHHX
necepTiB. BcraHoBieHo, 110 AecepTH, B SKi J0AalH TIIFOKO3HO-(PPYKTO3HUM CUPON 1 CyXHM Si€UHUN
O1JIOK, MatOTh BHCOKI (Di3MKO-XIMiUHI Ta OPTaHOJENTUYHI TIOKa3HUKU SKOCTI, MaliKe BTPUYl HIDKIY
KaJIOPIMHICTB, a J0JJaTKOBE BHECEHHSI IMIOpE 3 TOIIHAMOypa Ta CMOPOJIUHHM MOKpAIy€e CTa0lIbHICTh
niHHO-AucnepcHol cTpykTypu [8]. Po3pobiieHo TexHomorio 30MTHX JecepTiB JIKYyBaJIbHOTO
MPU3HAYCHHS 3HM)KCHOI KaJIOPIHHOCTI HAa OCHOBI KOMOiHAIi (h)PYyKTOBO-STIHOI CHUPOBUHH 3
BUKOPHUCTAHHSM I[yKpo3aMiHHUKIB [9]. ABTOpaMU pO3IJISAETHCS AKTYAIBHICTh PO3POOJICHHS
TEXHOJIOTIH HHU3BbKOKAJIOPIHHUX JECEpTHUX BUPOOIB (PYHKIIOHATHHOTO MPU3HAYCHHS — MYCY
S0 Ty9HOTO 3 (PPYKTO3010 Ta OOpPOIIHOM KiHOA. HUMU TIpoBeACHI MOCIIHKEHHS OpPTraHOJECNTHYHUX,
TEXHOJIOTTYHHUX Ta (I3UKO-XIMIYHHMX IMOKA3HHUKIB, SKi TOBEIH JAOLIIbHICTh BUKOPUCTAHHS (PPYKTO3H
Ta OOpOIIHOM KiHOa. TakuM YMHOM, OTJISII HAasBHUX TEXHOJIOTIH JECepTiB Ta iHHOBAIIW MOKa3aB
PI3HOMaHITHICTh HAMPAMIB AOCTIKEeHHS. HaMu po3risgaeTbecs MOXKIUBICTh BUKOPUCTAHHS IEKME3Y
B TEXHOJIOTI] IecepTiB, MyOJiKaIliif 3a UM HaIPSIMOM HE 3HAIIEHO.

Mera crarti. MeToto pobGoTu € HaykoBe OOIPYHTYBAHHS 1 PO3pOOJIEHHS 1HHOBAIIIHOI
TEXHOJIOTii  JIeCepTiB 3 MIHHOIO CTPYKTYpPOIO Ha OCHOBI IUIOJIOBO-OBOYEBOI KOMIIO3HMIIT 3
BUKOPUCTAHHSIM TEKME3Y.

Buxkiaax ocHoBHOro martepiajay pochaigxeHHsi. B po0OOTI po3rIsIHYTO MOXIJIHBICTh
MiJBUIICHHS TOXHMBHOI IIHHOCTI MYCIB 3a pPaxXyHOK BHKOPUCTaHHS ILI0JI0BO-OBOYEBOI
KOMITO3HITiHHOT cymiti. [1monu Ta sirou, K 1 0BOYi, € BAKIIUBUM JIKEPEIOM BITaMIHIB, MiHEPATbHUX
coneil, BOJOPO3YMHHUX IIYKpiB, KPOXMaJI0, OpPraHIYHUX KHUCJIOT, TEKTHHOBUX PpPEYOBHUH.
Haii611p111010 KUTBKICTIO IEKTUHOBUX PEUOBUH cepell COpTiB si0Myk Buauiserbes ['penni CmiT. 3a
JaHUMH JITEPaTypHUX JDKEpeJ, BPaXxOBYIOUHM CMaKOBY Ta apoOMaTHYHy KOMOIHATOPUKY TSt
MOJAJIBIIIOTO JOCIIKEHHSI 00paHO TaKy CHPOBHUHY SIK MOPKBa, rap0y3, 4opHa ropoOuHa Ta O0aHaH
(tabm. 1).

Taomus 1 — Ximiunuii ckiaaq GpyKToBoi, sATiAHOI Ta 0Bo4YeBoi cupoBrHH, Ha 100 r [10]

IToxa3Hnku Buau cuposruHH
S6nyka Mopksa banan ["apOy3 ["opobuHa
Binku, r 0,4 1,3 15 1,0 15
Kupwu, 0,4 0,1 0,5 0,1 0,2
Byrnesoau, T 9,8 6,9 21 4.4 10,9
B T.4. Xap4OBi BOJOKHA 1,8 3,5 1,7 2,0 4.1
Na, mr 26,0 21 31 4,0 4,0
K, mr 278,0 200 348 204 158
Ca, mr 16,0 45,1 8,0 25,0 28,0
Mg, mMr 9,0 38,0 42,0 14,0 14
P, mr 11,0 55,0 28,0 25,0 55
Fe, mr 2,2 0,7 0,6 0,4 1,1
KapotuHoinu, Mr 30,0 1200 120 1500 1200
B1, mr 0,03 0,06 0,04 0,1 0,01
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B2, mr 0,02 0,07 0,05 0,06 0,02
PP, mr 0,3 1,0 0,6 0,5 0,3

C, mr 10,0 50 10,0 8,0 15,0
Eneprernuna 1iHHICTb, 47 35 96 22 55

KKaJI

VY mmonax YOpHOIUTIAHOT TOPOOMHHM MICTHTBCS 3HAUYHA KUIBKICTh MOXHBHHX PEYOBUH:
BitaminiB E, A, C, ta mnpakTtuyHo Bcsi rpyma  BitamiHiB B. T'opoOunHa MiCTUTH Oinblie
AQHTUOKCHUIAHTIB, HIXK YOPHUILI. ACKOpPOIHOBA KHUCIIOTA € AY)KE BaXJIMBUM €JIEMEHTOM JJIs 310POB’ S
JIOJIMHU, OCKUTBKM BOHAa MOXE CTHMYJIIOBATH BHPOOJICHHS KPOB’SIHHX TiJI€lb, a TAKOX i€ 5K
AHTHOKCHJIAHT. Y CKJIaJi € ackopOiHOBa 1 (oJli€Ba KUCIOTH, WO, O0Op 1 MarHii, MapraHeib, MiJib i
3aumizo. Sroam Gararti GppykTo3010 1 TIHOK03010. [1110AM TOpOOMHYU rapHO MOEIHYIOTHCS 3 (PpyKTaMu
Ta oBoyamH. [ 110 TopoOMHU Ta MOPKBHU MICTATh 3HAUHY KUIBKICTh XapYOBUX BOJIOKOH.

J1is 3HVDKEHHSI KUTBKOCTI JIETKO3aCBOKOBAHHMX BYTJICBOIB IYKOP 3aMiHEHO Ha HATypallbHUI
3TYHICHUH CHPOI, KU BUTOTOBJSIIOTH 3 (PYKTIB, srif Ta oBoYiB — mekme3. s mMoaenpHuX
KOMITO3HIIili BUKOPHUCTAHO TIEKMe3 3 IIIOBKOBUIII piakuid. [IekMe3 MICTUTh BiTaMiHHM, aHTHOKCHJIAHTH
Ta ¢uaBoHOIAM. XIMIUHUI CKIIaJ IEKMe3y HaBeIeHO B Tabmwii 2.

Taoauus 2 — XiMiyHuA cKJIa]l IeKMe3y 3 moBKoBuil [11]

IToka3HuKH Bwmict IToxa3sHuku Bwmict
Binku 2,9 Ca 96
Kupu 1,1 Mg 67
Byrnesoau 72 P o4
BwmicT dpykTo3un 28 Fe 2,6
Bwmict rimroko3u 35 Na 25
EnepreTryHa IiHHICTh 310 Zn 0,48

[lexme3 — 1e HaTypalbHHM MPOIYKT, SKUM JO3BOJILE€ 3aMIHUTU IIYKOp, BIH HE MICTUTh
no6aBok Takux Ak ['MO Ta rimoreH. @pyKTOBI HOTKHM MEKME3y FapHO MOETHAIOTHCS 3 COJOAKHUMHU
(bpyKkTamMy B MyCOBOMY JI€CEPTI.

[TpoBiBImIM aHaii3 XiIMIYHOTO CKJIAIy IJIOAOBO-OBOUYEBOI CUPOBHMHH, PO3POOJIEHO MOENbHI
KOMITO3ULIi 3 BHUKOPUCTaHHSIM $SI0JyK, MOPKBM Ta YOPHOIUIIJHOI TOpOOMHU y pIZHHUX
CHIBBITHOIIIEHHSX 3 METOI0 BU3HAYCHHSI palliOHATbHOT KOMIO3HIIIHHOI cyMilIi. Y SKOCTI KOHTPOJIIO
o0OpaHa TEXHOJIOT1sl MyCy sIOJTy4HOTO.

Tabauus 3 — MojenbHi KOMIO3UITIT MJ10I0BO-0BOYEBOI KOMITIO3UIIIWHOT cyMii, %

CupoBuHa KoHtposb MK MK 2 MK 3 MK 4 MK 5
S0nyka 70 40 40 40 38 40
Ilyxop 30 - - - - -
[Tekmes - 2 2 2 2 2
Mopksa - 40 30 20 30 10
['opobuHa - 18 28 38 30 48
Bceboro 100 100 100 100 100 100

Po3paxyHOK XIMIYHOTO CKJIay MOJEJIbHHUX KOMITO3UIIM Ta X MOPIBHSHHS 3 KOHTPOJIEM
MOKa3aB 3MEHIICHH KiTbKOCTi ByrneBoAiB Bif 29% (MK 1) no 31% (MK 5). Ilpu ubomy KiTbKICTh
Xap4yoBUX BOJIOKOH 3pocTae =2,5...2,7 pa3u, a 6u1kiB =3,6...4,07 pasu (puc. 2).
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MK 1 MK 2 MK 3 MK 4 MK 5

4,00
3,50
3,00
2,50
2,00
1,50
1,00
0,50
0,00

/100 T

KOHTPOJIb

binku  ®)Kupu ™ XapuoBi BOIOKHA

Pucynok 2 — XimiuHu# CKIa1 MOJIEIbHIUX KOMITO3UIIIH

Po3paxyHKOBUM METO/I0M BU3HAUEHO BMICT MiHEPaIbHUX PEYOBUH Ta BITAMIHIB B MOJICTIBHUX
KoMITO3uIIisX (Tadi. 4). Po3paxyHok moka3as, 0 Y BCIX JOCHITHUX 3pa3KaxX IMiJBUIIYETHCS BMICT
MiHEpaJlbHUX PEYOBUH Ta BITaMiHiB, a EHEPreTUYHA LIHHICTh MOJICTBHUX KOMIIO3HIIIM 3MEHIIYEThCS
Ha 32....36%.

Ta6auus 4 — Bmict BiTaMiHIB Ta MiHEpaJIbHUX PEYOBUH MOJICTHbHUX KOMIO3HIII
TTOKA3HUKH | Koutpons | MKI MK2 | MK3 | MK4 | MK5 |
MisnepanbHi peuoBuHH, Mr/100r ‘
Na 18,50 20,02 18,32 16,62 16,12 14,92
K 195,50 219,64 215,44 211,44 203,44 207,04
Ca 12,10 31,4 29,69 27,98 30,89 26,27
Mg 6,30 22,66 20,26 17,86 20,76 15,46
P 7,70 37,38 37,38 37,38 41,78 37,38
Bitamiau, mr/100r ‘
B1 0,02 0,04 0,03 0,03 0,03 0,02
B> 0,01 0,04 0,03 0,03 0,03 0,02
PP 0,21 0,57 0,5 0,43 0,5 0,36
C 7,00 8,7 9,7 10,7 10,2 11,7
EnepreTryHa IiHHICTH 152,60 48,9 50,9 52,9 51,7 54,9

Sk BuAHO 3 BHILEHaBeJIEHOI i1H(popMalii, MOKA3HUKH XIMIYHOTO CKJIaay MOJAEIbHUX
KOMIIO3UILIIH 3HAYHO MOKPAIIYIOTHCS B MOPIBHAHHI 3 KOHTPOJIBHUM 3Pa3KOM. 3 METOI0 BU3HAUYEHHS
HalKkpamoi MOJAETbHOI KOMMO3MIII 3 TOYKHM 30pYy CIOKMBHUX BIIACTMBOCTEH, IPOBEICHA
OpraHoJIENTUYHA OIlIHKA MYCYy 3 BHKOPHCTAaHHSIM  IUIOJOBO-ATIAHOT KOMIIO3MIII Ta MOBHUM
BIJIYYCHHSIM IYKpY 3a 10-0anpHOIO0 mMIKaio, A¢ BU3HAYAIN TaKl pO3MIMPEH] MOKA3HUKH SIKOCTI, 5K
30BHINIHIN BUTJISI, KOJIIp, 3aMax, CMaK, HAaTypalbHICTh, OJHOPIIHICTh, IHTEHCUBHICTh, HACUYCHICTD,
KOHCHUCTEHIIIS TOIIO.

B pesynbTari psiny BiampairoBaHb Ta cepii MPOBENEHUX 3aKPUTHX JerycTaiiii oOpaHo
HalKpanly 3a MOKa3HMKaMU TOXKMBHOI IIIHHOCTI Ta CEHCOPHUMH XapaKTePUCTUKAMU MOJIEIbHY
koMmmo3uiito Ne 4. OpraHosienTUYHI TOKa3HUKH XapaKTEpU3YIOThCS BUCOKUMHU 3HAUYEHHSIMU:
OJIHOpIZIHA KOHCHUCTEHITiS, KOJIp HAaCHYEHWH, CMaK Ta 3alax XapaKTepHl IS IUI0J0BO-OBOYEBOI
CHUpOBHHHU, 0€3 CTOPOHHIX MPUCMAaKiB 1 3amaxiB. 3a pe3yjbTaTaMHU OPraHOJENTHYHOI OLIIHKHU
1mo0ynoBaHo MpodiIorpamMu SKOCTI KOHTPOJIBHOTO 3pa3Ky Ta JOCHIIHOTO 3pa3Ky 3 BUKOPUCTAHHSIM
s0:1yK / MOpKBH /TopobunH y criBBigHOUIeHH] 38:30:30 (puc. 3).
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30BHINIHI BATIIAL

10
[MopucricTb Kouip
3
. 6 ) .
OnHOpIIHICT PiBHOMIpHICTB
4
2
Koncucrenuis 0 CMmak
Bupaznicts Hacnuenicts
3amax [uTEHCUBHICTD
HatypanbHicTh
KOHTPOJIb TOCJIL

Pucynoxk 3 — IIpodinorpama ssKoCTi MyCy 3 BUKOPUCTAHHSIM
TUTOI0BO-OBOYEBOI KOMITO3UIIIIHOT CyMilii

3a pe3ynbraTaMu MPOBEACHOTO JOCTIDKEHHS PO3pOOICHO TEXHOJIOTII0 MYCY 3 TICKME30M 3
BUKOPHUCTAHHSM I1JI0JIOBO-OBOYEBOI KOMITO3UIIIHHOT cyMiti (puc. 4).

SAbnyka Mopksa I'opo6una [Texmes 3 Bona Kenarun
38% 30% 300 IIOBKOBUII1
l A \ 4 A 4
MKO MKO MKO 3aMO4yBaHHS
v
\ Y PozunneHHs
[TpunyckanHs 3amnikaHHA [TpunyckanHus
1=5...7 XB 1=20..25x8 | 1=20...25 xB v
v v v 30uBaHHs
[TonpioHEHHS ITonpiOHEeHHS [TonpibHeHHs 7
v A 4 v [ToprionyBaHHs
[Ipotupanns IIpotupanus [MpoTupanHs v
‘ l OxonomxeHHs
3minrysanns | /

Myc Ha OCHOBI
IJIOI0BO-0BOYEBOI
KOMIO3HIiifHOT
cymimi

4
[TnomoBo-0BOUYEBA CyMmiIlT

PucyHnok 4 — TexHOJIOTis IPUTOTYBaHHS MYCY
Ha OCHOBI TJIOJIOBO-OBOYEBOT KOMITO3HIIIIHOT CyMiIlIi
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BucnoBku. TakuMm 4mHOM, 3a pe3y/ibTaTaMH AHAJTITHYHOTO OTJISAY JITEpaTypu Ta psmy
MIPOBEICHUX JIOCIIIKEHb OOTPYHTOBaHA AOIUIbHICTH BUKOPUCTAHHS KOMIIO3UIIIHOT CyMili 3 A0IyK,
MOPKBH Ta TOPOOMHHU B TEXHOJIOT11 JIECEPTIB 3 MHHOI CTPYKTYPOIO MiABUIIICHOI MTOKXUBHOI IIIHHOCTI.
JloBeieHa MOJKJIMBICTh TIOBHOTO BWIUIYYEHHS LYKpy Ta Horo 3amiHy Ha mekmes. JloBeneHo, mo B
po3pobieHOMy JecepTi 30UIbIIEHO BMICT XapyoOBUX BOJIOKOH B 2,7 pasu, OuikiB B 4,07 pasw,
30impmmBest BMicT  BitamiHiB C, Bi, B2 ta PP. IlokpammBcs MiHEpaJbHHI CKIaa JECEpTY.
Enepretruna miHHICTH MYCY NpHU IIbOMY 3MeHIImIacs Ha 34%. B peuentypi BUKOPUCTAHO TUIbKU
HaTypaJbHY CUPOBUHY.

Po3pobiiennii Myc Ha OCHOBI IIJI0JIOBO-OBOYEBOI CyMillli Ma€ MOBKOBHUCTY IIHHY TEKCTYDY,
MPUEMHHUI HENOBTOPHUM CMak Ta IiJIBUIIEHUI BMICT MOXUBHUX peyoBHH. OTpuMaHUi AecepT 3a
MMOKa3HUKaMH SIKOCTI BiJIIIOB11a€ BCTAHOBJIEHUM BUMOTaM Ta MOXe OyTH BIPOBAIKEHUHN y 3aKi1agax
PECTOPaHHOT0 TOCTIOAAPCTBA JJISl XapuyBaHHS BCiX BEPCTB HACEICHHS.
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Objective. The purpose of the work is to scientifically substantiate and develop an
innovative technology for desserts with a foam structure based on a fruit and vegetable
composition using jam.

Methods. The subjects of the research were: model compositions of apples, carrots,
mountain ash, jam, mousse desserts. The chemical composition of mousses was determined by
the calculation method. The organoleptic quality assessment of model mousse systems was
carried out by the method of profile and sensory analysis. Profiles were built using a computer
program developed on Visual Basic for Application (VBA) for MS Excel.
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Results. The technology of a semi-finished product based on mashed pumpkin pulp with
Results. The characteristic features of the preparation of desserts with a foam structure and the
requirements for the preparation of mousses are presented. An analysis of the directions for
improving the technology of desserts with a foam structure was conducted. The direction was
determined — increasing nutritional value by creating composite mixtures based on fruit and
vegetable raw materials. The choice of the main components of this product was justified. Fruit
and vegetable raw materials were studied in order to develop a composite mixture that would
increase the nutritional value of a mousse dessert without deteriorating quality indicators.
Experimental studies were conducted on the possibility of extracting sugar from the recipe by
using condensed fruit syrup — pekmez. Sensory indicators of model systems were determined and
the best one was selected based on the results of both the analysis of the chemical composition
and the tasting assessment. The nutritional value of fruit and vegetable mousse was studied and
quality profilograms were constructed. A technological scheme for preparing mousse based on
a fruit and vegetable composite mixture was presented.

Keywords: desserts, mousse, carrots, apples, chokeberry, pekmez, sensory quality
indicators, chemical composition.
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Obijective. Research into the influence of sugar content on organoleptic, physicochemical and
rheological indicators, in particular on the parameters of starch gelatinization of a gluten flour
mixture, the state of its carbohydrate-amylase complex, which determine the dough formation
processes and the quality of finished gluten-free cakes.

Methods. To ensure the fulfillment of the tasks, standard generally accepted and special
research methods were used. Samples were selected and prepared for research according to DSTU
ISO 6498:2006. The mass fraction of dry substances was determined by the refractometric method;
the mass fraction of carbohydrates - by the Bertrand-Bierry centrifugal method; the starch
gelatinization temperature, the maximum viscosity index for various model systems - using the
Brabender amylograph..

Results. The recipe and technology of gluten-free cakes with milk-protein concentrate of
buttermilk have been developed. In the developed technology, a mixture of corn and rice flour was
used as flour, and the structure-forming component was milk-protein concentrate of buttermilk. The
influence of individual recipe components, in particular sugar, on the physicochemical, rheological
and organoleptic parameters of model food systems of gluten-free cakes with MPC buttermilk was
determined. The influence of sugar on the parameters of starch gelatinization of flour, the state of its
carbohydrate-amylase complex, dough formation processes in the technology of gluten-free cakes
and the quality of finished products were studied. It has been proven that in further studies it is
advisable to reduce the sugar content by 10...15% in the recipe of gluten-free cakes as one of the
effective ways of influencing the processes of protein swelling and starch gelatinization of the mixture
of gluten flour in order to obtain products with certain physicochemical and organoleptic quality
indicators.

© Onina T. 1., bespydenko O. M., Cepenko A. A.
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Keywords: gluten, celiac disease, gluten flour, milk-protein concentrate, gluten-free muffins,
sugar, starch, carbohydrate-amylase complex, quality indicators

Formulation of the problem. Due to the rapid growth in the world and, in particular, in
Ukraine, of food-related diseases, the number of people with excess body weight, fermentopathies,
and the limitation of natural food resources, the problem of developing technologies for flour
confectionery products (FCP) with a regulated nutrient composition, in particular gluten-free, as a
group of products characterized by increased demand from the population, has become dominant.

Gluten-free food is currently a healthy eating trend. Millions of people around the world have
started consuming gluten-free foods (cereal protein from wheat, rye, barley, oats) due to the general
perception of health promotion and disease prevention, dissemination of information among
consumers, intensification of marketing activities and improvement of sales channels for gluten-free
products [1, 2].

Analysis of recent research and publications. The creation of scientific and practical
principles for the production of gluten-free flour confectionery products is devoted to the works of
domestic and foreign scientists: V.V. Dorokhovych, O.V. Nemyrich, A. V. Gavrisha, O.I.
Shapovalenko, O.S. Pavlyuchenko, N.V. Chornoi, T. O. Lisovska, Camino M., Jeffrey L., Trif A,
and others [3-9].

The scientific works of scientists are aimed at finding new technological solutions for the
creation of flour confectionery products of increased biological value by involving certain types of
gluten-free flour raw materials, non-traditional dairy raw materials on the principles of resource
conservation, which determines the perspective and relevance of this scientific direction.

In the course of developing recipes for gluten-free flour confectionery products, in particular
cupcakes, the most close attention, in our opinion, deserves the problem of imitating the structure-
forming properties of gluten-containing raw materials. The absence of gluten in gluten-free flour raw
materials and the need to create a porous, elastic structure of gluten-free dough and finished flour
confectionery products requires solving the problem of forming rheological properties that provide a
texture adequate to traditional products.

Scientists of the State University of Trade and Economics have developed a recipe and
technology for gluten-free cakes with milk protein concentrate (MPC) of buttermilk [10]. The
developed technology involves the use of flour, sugar, butter, milk protein component, melange,
ammonium bicarbonate, sodium bicarbonate, which differs in that a mixture of corn and rice flour is
used as flour, and milk protein concentrate of buttermilk as a structure-forming agent. The products
are characterized by a beautiful appearance, a convex surface without breaks, a dense crumb of light
brown color with a texture that is adequate to the traditional “Cheese” cake [11]. At the same time,
the results of organoleptic evaluation revealed a very sweet taste of the products, which negatively
affects the consumer properties of the finished cakes.

In the technology of gluten-free cakes using chemical leavening agents, up to 35% of sugar is
used [11], which, in addition to shaping the taste of the products, also plays the role of a structure-
forming and foaming stabilizer in the complex colloidal system of the cakes dough, increasing the
viscosity of the system. The stabilizing effect of sugar is due to the dehydrating effect on the protein,
which leads to the formation of a hard film that increases the stability of the foam system of the egg-
sugar mass [12].

Sugar also has a significant effect on the parameters of starch gelatinization of flour.
Considering that starch plays an important role in forming the structure of gluten-free cakes, even
minor changes in the process of its gelatinization will have a significant effect on the quality of the
finished products [13].

Objective of the article. The aim of this work is to study the influence of sugar content on
organoleptic, physicochemical and rheological indicators, in particular on the parameters of starch
gelatinization of a gluten flour mixture, the state of its carbohydrate-amylase complex, which
determine the dough formation processes and the quality of finished gluten-free cakes.
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Presentation of the main research material. The process of making cakes dough with and
without chemical leavening agents consists of the following stages: whipping butter with sugar or
melange with sugar; mixing the whipped mass with other recipe ingredients, except flour; then adding
flour, preparing and forming the dough; baking and finishing. At the same time, the technological
properties of the main raw materials have a significant impact on the quality of the cupcake dough
and finished products.

The technological process of cakes production involves the use of short-term mixing with
flour, therefore, the swelling of flour proteins does not occur to the full extent, in this case, the
formation of the structure of the dough and baked cakes is significantly influenced by the properties
of starch in the flour suspension. Therefore, during the heat treatment of products in the technological
process, it is important to determine the temperature of starch gelatinization and the maximum
viscosity of the water-flour suspension, which will become the basis for determining the recipe and
parameters of heat treatment of gluten-free cakes.

The temperature of the beginning of starch gelatinization, the temperature at which the
maximum viscosity was established, as well as the maximum viscosity index for various model
systems were determined using a Brabender amylograph.

The results of decoding the amylograms obtained during the analysis of the control sample,
samples of the model systems "FR:FC (60:40) - sugar - water" with a decrease in the amount of sugar
by 5%, 10%, 15%, 20% relative to the sugar content in the control are given in Table 1.

Table 1 — The effect of sugar on the starch properties of a mixture of rice and corn flour

Reducing the Indicator values
amount of i © o= - <
sugar in the 5 S = E£.8 c S _ U z
recipe, % 528 o SEE SEE Es
Model ’ oS 8o S O 22 ED E -
EEET ESS3 8 5% 8 % 2
- 223 2283 28
o g e o Dg TS 2
oG = S
Control 1
(FW-water) 8 55 72 620
Control 2
(FW-sugar- 5 60 78 690
water)
Sample 1 5,0 6 72 82 720
Sample 2 10,0 5 72 82 780
Sample 3 15,0 4 71 80 920
Sample 4 20,0 3 68 78 > 1000

Analysis of the amylograms (Table 1) shows that for water-flour control models, the
maximum gelatinization temperature (78°C) and maximum suspension viscosity (more than 690 units
a) are similar to the “wheat flour-sugar-water” sample. This is due to the fact that the high
concentration of sugar in the liquid phase slows down the diffusion rate during the swelling of proteins
and starch in wheat flour, causing the formation of a more viscous system and reducing the
competition between protein and starch for water [14].

As is known, sucrose (sugar) delays the swelling of starch grains in water by preventing free
contact of water with them [15]. Analyzing the results of the studies, we can conclude that sugar
increases the gelatinization temperature of starch. The gelatinization temperature, as can be seen from
Table 1, for sample 1 “mixture of rice and corn flour-sugar-water” is 82°C, and reducing sugar to
20% in sample 4 affects the decrease in the gelatinization temperature to 78°C. The change in the
gelatinization temperature is an important indicator that characterizes the subsequent process of starch
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retrogradation during the storage of finished products, because it is known that the lower the
gelatinization temperature, the longer the products retain their freshness during storage [15].

The dependence of the maximum viscosity of the suspension on the sugar content (Table 1)
allows us to characterize the properties of gluten-free cakes with MPC of buttermilk during baking.
The porous structure of the product is fixed as a result of the coagulation of flour proteins and the
transformation of starch into a thick paste. With a 20% decrease in sugar in the muffin recipe, the
amylogram shows a high maximum viscosity, which indicates the binding of starch during the
gelatinization of a large amount of water. As a result, a low-stretch starch paste and a muffin with an
excessively brittle crumb are formed.

The results of rheological studies of dough samples for gluten-free cakes with MPC of
buttermilk with different sugar contents are shown in Figure 1.

300 :

Effective —+—Control

| wiscosity (Pa-s)

L —B—Sample 1
250

I Sample 2
200 |14 i Samyple 3

: —#—Bample 4
150 >‘ \

50 I %H
L "'hv _'_"'—-—-—-—___,_‘_-_-_‘_‘—’_ t "
________———-
0
0 2 4 & 8 10 12 14 16

Shear rate, &)

Figure 1 — Rheological curves of the dependence of effective viscosity (Pa-s) on shear rate (s™)
in dough for gluten-free cakes with MPC of buttermilk with different sugar contents:
control — sugar content 27.6 wt. %;
sample 1 (-5%) — sugar content 26.2 wt.%;
sample 2 (-10%) — sugar content 24.8 wt.%;
sample 3 (-15%) — sugar content 23.4 wt.%;
sample 4 (-20%) — sugar content 22.0 wt.%.

Reducing the amount of sugar by 5% leads to a decrease in the effective viscosity by
27...29%. Further, with a decrease in the sugar content from 15 to 20%, the viscosity of the samples
increases. Thus, with a decrease in the sugar content by 20%, the effective viscosity increases by
32...37% over the entire range of shear rates. The destruction of the dough structure of sample 4
occurs at a shear rate of 9.4 s, while the rest of the samples at 10.2 s.

The presented results of the study of the viscosity of dough samples correlate well with the
results obtained above.

During laboratory baking, it was found (table 2, figure 2) that a decrease in the sugar content
by 10...15% of the recipe amount does not worsen the quality of the baked product.
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A decrease in the sugar content in the recipe by more than 20% leads to a decrease in the
porosity and specific volume of the products. The organoleptic properties of finished cupcakes also
deteriorate [14].

Table 2 - Quality indicators of gluten-free cakes made from MPC of buttermilk
with different sugar contents

. Sample 1 Sample 2 Sample 3 Sample 4
Indicators Control (- 5,0%) (- 10,0%) (- 15.0%) (- 20,0%)
Specific volume, cm?/g 1,36 1,4 1,35 1,3 1,25
Porosity, % 16,67 18,2 15,97 14,8 10,43
The shape is round, typical of the form in which the products are baked,
Appearance without cracks; the surface is convex, with the presence of minor cracks and
tears that do not change the product's appearance.
Crust color Light brown, bottom and lateral surface lighter Brown
View of the Well baked, without tempering and traces of non-promis, Undercoo_ked,
X . . yellow in
break-in light yellow in color.
color
Prqnounced_, Pronounced, balanced, typical of this type of
Pronounced, | typical of this cupcake, without any foreign aftertaste
Taste and smell balanced, typical off  type of peake, ylorelg
this type of cake | cupcake, very
sweet

a) Control b) Sample 1 c) Sample 2

d) Sample 3 f) Sample 4

Figure 2 — Appearance of gluten-free cakes with different sugar contents when broken
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Conclusions. One of the effective ways to influence the processes of protein swelling and
starch gelatinization of flour in order to obtain products with certain physicochemical and
organoleptic quality indicators is to change the recipe amount of sugar. Based on the conducted
studies and recommendations of scientists [13, 15], we predict in further studies a reduction in the
sugar content in the recipe of gluten-free cakes by 10...15%. This will not affect the deterioration of
the quality of finished products [14].

References

1. Kraievska, S., Stetsenko, N. (2018). Formuvannya vitchyznianogo rynku bezhlyutenovykh
kharchovykh produktiv [Formation of the domestic gluten-free food market]. Tovary i rynky
[Commodities and Markets], 4, 36-46. https://doi.org/10.31617/tr.knute.2018(28)03.

2. Trends and opportunities in the growing market for gluten-free foods URL:
http://www.mintel.com.

3. Dorokhovych, V. V., Lazorenko, N. P. (2013). Bezhlyutenovi boroshnyani kondyters'ki
vyroby [Gluten-free flour confectionery products], Obladnannya ta tekhnolohii kharchovykh
vyrobnytstv [Food Equipment and Technology], 30, 341-347.

4. Dudkina, O. O., Gavrysh, A. V., Nemirich, O. V., Ishchenko, T. ., Ternavska, I. M. (2016).
Pokaznyky yakosti ta bezpeky fondaniv spetsial'noho pryznachennya [Quality and safety indicators
of fondans for special purpose], Scientific Messenger LNUVMBT named after S.Z. Gzhytskyj, 18,
2(68), 134-138

5. Shapovalenko, O., Pavliuchenko, O., Furmanova, Y., Sharan, L., Kuzmin, O. (2020).
Improvement of the recipe composition of special purpose gluten-free chocolate muffins. Food
science and technology, 4, 20-27.

6. Lisovska, T. O.; Chorna, N. V. (2020). Tekhnolohiia biskvitnoho napivfabrykatu z
vykorystanniam boroshna kukurudzyanoho ekstrudovanoho [Technology of sponge cake
semifinished product using extruded corn flour], Kharkiv,KhDUHT, 126 p.

7. Camino Mancebo, Patricia Rodriguez, Manuel Gomez. (2016). Protein mixtures to produce
gluten free sugar-snap cookies, LWT-Food Scienc and Technology, 67, 127-132.

8. Jeffrey, L., Atwell, W. (2014). Gluten-free baked products. AACC International, Inc. 88 p.

9. A. Trif, A, Varban, L. Pirvulescu, D.N. Raba. (2018). The technology of making a pastry
product from tender dough. Lucrari stiintifice. 1 (3), 188-194.

10. Yudina, T. 1., Bezruchenko, O. M., Ahapova, O.V. (2020). Gluten-free cakes with cereal
flour. Obladnannya ta tekhnolohii kharchovykh vyrobnytstv [Food Equipment and Technology], 40
(1), 19-25.

11. Pavlov, O. V. (2018). Collection of recipes for flour confectionery and bakery products
[Zbirnyk retseptur boroshnyanykh kondyters'’kykh i zdobnykh bulochnykh vyrobiv]. Kyiv:
ProfKnyha, 236-237.

12. Lisovska, T. O., Shurankova, V. S., Chorna, N. V. (2014). Amilohrafichni doslidzhennya
boroshnyanykh sumishchei [Amilographic studies of flour mixtures]. In: Innovative technologies for
development in the field of food production, hotel and restaurant business, economics, and
entrepreneurship, Proceedings of the All-Ukrainian scientific conference of young scientists and
students (Kharkiv, March 26, 2014, Part 1). Kharkiv: KhDUHT, 22.

13. Dorokhovych, V.V. (2008). Doslidzhennya vplyvu tradytsiynykh ta netradytsiynykh
tsukrozaminnykiv na reolohichni vlastyvosti tistovykh mas dlya zdobnoho pechyva [Study of the
influence of traditional and non-traditional sugar substitutes on the rheological properties of dough
masses for butter cookies]. In: Kharkiv State Academy of Food Technology, Progressive equipment
and technologies of food production, restaurant industry and trade, Collection of scientific works,
46-51.

14. Bezruchenko, O. M. (2023). Tekhnolohiia bezhlyutenovykh keksiv z molochno-bilkovoho
kontsentraty skolotyn [Technology of gluten-free cakes with milk-protein concentrate of buttermilks].
Doctor of Philosophy Thesis. State University of Trade and Economics.

28


https://doi.org/10.31617/tr.knute.2018(28)03
http://www.mintel.com/

Ne 2 (49) 2024

15. Kovbasa, V. M., Dorokhovych, V.A. (2008). Vplyv tsukrozaminnykiv na formuvannya
kleikovynnoho kompleksu [Influence of sugar substitutes on the formation of the gluten complex].
Torhivlya, komertsiya, pidpryyemnytstvo, 9, 141-146.

Cnucoxk Jireparypu

1. Kpaescobka C., Crenenko H. @opMyBaHHS BITYM3HSIHOTO PUHKY O€3TITIOTEHOBUX XapUYOBUX
npoayktiB. Tosapu i punku. 2018. Ne 4. C. 36-46. https://doi.org/10.31617/tr.knute.2018(28)03.

2. Trends and opportunities in the growing market for gluten-free foods URL:
http://www.mintel.com.

3. Jopoxosuu B. B., Jlazopenko H.II. Bbe3rmoTeHOBI OOpOIIHAHI KOHAUTEPCHKI BUPOOH.
Obnaonanns ma mexuonoeii xapuosux eupoornuyms. 2013. Bum. 30. C. 341-347.

4. Qynxina O.0. I'aBpumr A.B., Hemipiu O.B., Imenko O.B., TepnaBceka .M. Iloka3zHuku
SKOCTI Ta Oe3neku (OHAAHIB CIEMiaIbHOTO NpuU3HAYeHHSA. Haykosuii sichux JIbsiscbko2o
HAYiOHanbHO20 YHiGepcumemy éemepunapHoi meduyunu ma diomexnonoziii im. C. 3. Idcuyvkozo.
2016. T.18. Ne2 (68). C.134-138.

5. Shapovalenko O., Pavliuchenko O., Furmanova Y., Sharan L., Kuzmin O. Improvement of
the recipe composition of special purpose gluten-free chocolate muffins. Food science and
technology. 2020. Ne4. P. 20-27.

6. JlicoBceka T. O., Hopna H. B. Texnounorist 6ickBiTHOro HamiBpabpuKkaTy 3 BUKOPUCTAHHSIM
OopoIHa KyKYpYA3sSHOTO eKCTpyaoBaHoro: MoHorpadis. Xapkis: XY XT, 2020. 126 c.

7. Camino Mancebo, Patricia Rodriguez, Manuel Gomez Protein mixtures to produce gluten
free sugar-snap cookies. LWT-Food Scienc and Technology. 2016. Vol. 67. P. 127-132.

8. Jeffrey L., Atwell W. Gluten-free baked products. AACC International, Inc. 2014. 88 p.

9. A.Trif, A Varban, L. Pirvulescu, D.N. Raba The technology of making a pastry product
from tender dough. Lucrari stiintifice. 2018. Seria I, Vol. XX (3). Pp.188-194.

10. Yudina T. 1., Bezruchenko O. M., Ahapova O.V. Gluten-free cakes with cereal flour.
Obnaouanns ma mexnonozii xapyosux supoonuyme. 2020. Bumn. 40 (1). C. 19-25.

11. [TaBnoB O. B. 36ipHuK penentyp OGOpPOLIHSHUX KOHIAUTEPCHKUX 1 300HHUX OyIOUHUX
Bupo6iB. Kuis: [Ipo¢pKuura, 2018. C. 236-237.

12. JlicoBceka T. O., IlypankoBa B. C., Yopna H. B. Awminorpadiuni mociimxeHHs
OopolHsAHUX cyMmielt // Innosayivini mexnonozii po3sumky y cgepi Xapuosux upoOHUYmMS,
20MenbHO-pecmopanHo2o Oi3Hecy, eKOHOMIKU ma nionpuemMHuymaea: Te3u J1o1. Beeykp. HayK. KOH.
MOJI. YUEHHX 1 CTY.., 26 6epe3ns 2014 p. X.: XJIVXT, 2014. 4. 1. C. 22.

13. Jopoxoumu B. B. JlochmikeHHS BIUIMBY TpaaWIiiHUX Ta HETPAJAULIAHUX
IIyKpO3aMiHHMKIB Ha PEOJIOTiuHI BJIACTMBOCTI TICTOBUX Mac Juid 3100HOro meuyuBa. /IpoepecusHi
MexHIKa ma MmexHoL02Ii Xapyuo8ux eUpOOHUYME PeCmOPaHH020 20CN00apcmea i mopeieii: 30. HayK.
np. X.: XAAXT. 2008. C.46-51.

14. bespyuenko O. M. TexHomoris O€3TTIOTEHOBUX KEKCIB 3 MOJOYHO-OUIKOBUM
KOHIIEHTPATOM CKOJIOTHH: JTUC. ... TOKT. pinocodii: cnen. 181 «Xapuosi Texnonorii». Kuis: JITEY,
2023. 251 c.

15. KoBbaca B. M. BmiuB 1ykpo3aMiHHHKIB Ha (pOpMyBaHHS KJIEHKOBUHHOTO KoMIuiekcy / B.
H. Kogbaca, B. B. JTopoxoBuu. Topeiens, komepyis, nionpuemnuymso. 2008. Bum. 9. C. 141-146.

Mema. JlocniodcenHs 6naugy 6micmy yykpy Ha Opeanoienmuyti, Qi3uxo-ximiuni ma
PeoN02iuHi NOKA3ZHUKU, 30KpeMd, Ha napamempu Kieucmepuzayii Kpoxmanto cymiuli a2niomeHo8o2o
OopowiHa, cmaH U020  BY2Ne800HO-AMINA3HO20 KOMNIEKCY, WO 00YMOBII0I0Mb  Npoyecu
mMicmoymeopenHs ma AKiCmb 20Moux 0e32110mMeHO08UX KEKCI8.

Memoou. [{ns 3ab6e3neuenns GUKOHAHHA NOCMABLEHUX 3A80AHb GUKOPUCMAHO CMAHOAPMHI
3A2ANbHONPULIHAMI MA  CReYialbHi Memoou 00CaioxceHb. Biobip npob [ nidcomoeky ix 00
oocnioicenns 30itichiosanu 3a JCTY ISO 6498:2006. Macogy uacmky cyxux peuo8uH 8UHAYAIU
pedpakmomempuyHuM MemoooM, MACO8Y HACMK)Y B)2n1e600i8 — YEHMPUDYICHUM MemoOoM
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bepmpana-b'eppi; memnepamypy xneucmepusayii Kpoxmanto, HOKA3HUK MAKCUMANbHOI 8's13Kocmi
0151 PI3HUX MOOEIbHUX CUCTeM — 3 00NoMo20t0 aminozcpagha Brabender.

Pezynomamu. Po3pobneno peyenmypy ma mexHonozito 0e32110meH08UX KeKCig 3 MOJIOYHO-
OIIKOBUM KOHYEHMPAmom CKOJIOMuH. Y po3pooaeHitl mexnono2ii 6 AKocmi 60pouiHa 6UKOPUCMAaHo
CcyMiuL KyKypy03saH020 ma pucosozo 60poulHa, CmpyKmypoymeoponio20 KOMNOHEHMAa — MOIOYHO-
OIIKOBUL KOHYEHMPAam CKOLOMUH. BUsHaueno eniue oKpemux peyenmypHux KOMNOHeHmis, 30Kpema,
YYKPY, HA I3UKO-XIMIUHI, peono2iuHi ma OpeanoIenmudti NOKA3ZHUKU MOOETbHUX XAPUOBUX CUCEM
bezentomenosux kexcie 3 MBK ckonomun. [locniodiceno enius yykpy Ha napamempu Kieumepuzayii
Kpoxmanto O0OpouiHa, cmau o020 8y2/le600H0-aMINIAZHO20 KOMNIEKCY, NPoyecu micmoymeopeHHsl y
MexHOoN02Ii Oe3210meH08UX KeKcie ma AKicmb 20moeux eupobis. Jlogedeno, wjo y nooanbuiux
00CNIOJCEHHAX € OOYINbHUM 3MeHueH s emicmy yykpy Ha 10...15%, y peyenmypi 6e3enomenosux
KeKCi8, K 00UH 3 eheKMUBHUX cnocodie niusy Ha npoyecu HabpsAKAHH: OLIKI6 ma Kieticmepuzayiio
KpOXManto CyMiuli aziromeHo8020 OOpOWHA 3 Memow OMpPUMAHHA 8Upo0ié 3 NesHUMU @i3uKo-
XIMIYHUMU MA OP2AHONENMUYHUMU NOKASHUKAMU AKOCMI

Knrouoei cnosa: enromen, yeniaxis, aznomenoge OOpOUIHO, MOIOYHO-OILIKOBUL KOHYeHmpam,
be3entomeHo8i Kekcu, YyKop, KPOXmMaib, 8Y2le800HO-AMINA3HUL KOMNLEKC, NOKAZHUKU AKOCHII.
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Mema. Busnauumu noxasnuku axocmi (opeanonenmuuni ma Qizuko-ximiuni) xnioa
@ynxyionanvHoeo npusnayenus « Cmaunutl 0envy ma «30anancosanutl paHok» 3 0006a8Kamu nope
Kigi, moninambypa ma yubyni-ciu3yHa 3 ypaxy8aHHaM NPUHYUNIE KEaNiMempii.

Memoou. Ilpu eusnauenni @opmu, noGepxHi, M AKYWIKU, KOIbOPY, CMAKy ma 3anaxy
PO3pobNenoi npoodyKyii 3acmoco8ysanu opeaHoienmuyni memoou (banvruti memoo). OcHo8Hi
QDI3UKO-XIMIYHI NOKAZHUKU (807102iCMb, KUCIOMHICMb, NOPUCICMb) SAKOCMI 20MOBUX 6UpodIE 3
oobaskamu Kigi, moninamobypa ma yubyni-caiuzyna susnadanu Ha ocnosi JJCTY 7045-2009 « Bupoou
Xnibobynouni. Memoou eusHaueHHs @QI3UKO-XIMIYHUX NOKA3HUKIE». Buxopucmoeyeanu XimiuHi
Memoou 05l GU3HAYEHHS 80JI020CTI, BMICIY CYXUX pedosuH, kuciomuocmi. [lopucmicmo uznauanu
3a 0onomoeoio npunady XKypasnvosa 3a cmanoapmuoo memoouxor. OYiHKy pieHs aKocmi npooyKyii
3a opeanorenmuyHuUMU ma Qi3uKo-XiMiYHUMU NOKA3HUKAMU (NOPIGHAHHA 3 NOKAZHUKAMU AKOCM
0a308ux 3pasKis) nNpoeOOUNIU 3 BUKOPUCAHHAM KBANIMEmpIi.

Pezynomamu. Po3pobineno iepipxiune «/lepeso enacmueocmeiiy xaiba 3 0obaskamu nrope
Kigi, moninamoypa ma yubyni-ciusyHa, o 8KI0YAE OP2AHOIeNMUYHI, Pi3UKO-XIMIUHI 61ACMUBOCTI,
NOKA3HUKU Xap4060i yinnocmi ma deznexu. Ilpogedenuti po3paxynox oyinKu aKkocmi po3poonenux
8UP0DIB 34 OPSAHONENMUYHUMU MA DIZUKO-XIMIUHUMU NOKASHUKAMU 3d NPUHYUNAMU KEATIMEempIi.
Hosedeno, wo 3a opeanorenmuyHuMu eracmusocmamMu  Akicmv  xaioa «Cmaunutl  OeHby

© Tl'opsitaosa 1O. A., Cimakosa O. O., Kicniuenko B. M., bansBac 1. I'., 'omankosa C. 1O.
31



OBJIAJITHAHHS TA TEXHOJIOTTI XAPYOBUX BUPOBHUIITB. ISSN 2079-4827

(3 0o0asanHsAM Opixcoxcie) ma «3banrancosanuii paHoky (besz 000asanHs OPiNcOHCI8) 30iIbUUIAC
Ha 4% 6 nopisHAHHI 3 KOHmMpOAbHUMU 3paszkamu. Axicme xniba «Cmaunuil 0envy 3a ¢hi3uKo-
XIMIYHUMU NOKA3HUKamu 3pocia Ha 7%, a xaiba «36anancosanuti panok» Ha 4% 6 nopieHsAHHI
3 8I0NOBIOHUMU KOHMPOIbHUMU 3PA3KaMu 6e3 000a8oK niope Kigi, moniHamoypa ma yubyni-ciu3yHa.
s po3paxyukie KOMIJIEKCHO20 NOKA3HUKA AKOCMI XAi000Y10uHUX 8upodie 3 iHuuMu 006asKamu
MOJCHA BUKOPUCTNOBYB8AMU PO3pOOIeHe «/lepeso eracmusocmeiiy.

Knrouosi cnosa: xnio, sixicmv, Keanivempis, Kigi, moniHamoyp, yubynsa-ciusyH, Qizuko-XimiuHi,
OpP2aHONENMUYHI 61ACTUBOCIII.

IMocTanoBKka mpoO/jemMu. 3Ha4deHHs XJIi0y B HALIOMY >KUTTI Ba)KKO MEPEOLUIHUTH. XIi0 Ta
pi3HI BUAM XJ11000yI0YHUX BUPOOIB MAIOTh IOIUT MO BCbOMY CBITYy. BiIMiHHICTB moJsirae jgumie y
BUJIAX CaMOT0 XJI1i0a, TOMYJISIPHICTh AKUX 3MIHIOETHCS 3QJICKHO BiJl KpaiHU 4u perioHy. ACOPTUMEHT
xJ11000yTOYHUX BUPOOIB JOCUTH BEJIMUKHH 1 MOCTIMHO po3muproeTbes. Koxken ykpaiHelb MoaHS
KyIye XJ1i0 9u xJ11600ynouni BupoOu. Came ToMy BUPOOHHUKH, HAYKOBIIi, MMOCTAYaIbHUKH CHPOBHHU
MOCTIHHO MPAIOITh HaJ MATAHHSM ITiIBUIIICHHS Xap4oBOi I[IHHOCTI BUPOOIB 3 OOPOIIIHA, 3HIKCHHS
KaJIOPIHHOCTI, YJOCKOHAJICHHSI TEXHOJIOTi, BBEJACHHS IHHOBAIIMHUX M00aBOK, 3MCHIICHHS IIIHA
Touo. IlepcrieKTHBHUM HampsMKOM € BBEJIEHHS PI3HOMAHITHUX (YHKIIOHAJIBHUX J100aBOK JUIs
BUpIMIECHHS i€l KOMIUIEKCHOI 3aJa4i, B TOMY YHMCIi 1 POCIMHHUX. BUXOAs4YH 3 BUIIEBUKIIAJACHOTO,
po3poOKa HOBITHIX TEXHOJIOTIH XJ1000yIouyHUX BUPOOIB 3 OOpomIHAa 3 BHUKOPUCTAHHSIM
HETPAJAULIIHHOI POCIMHHOT CHPOBHHU € aKTYaJIbHOIO 1 CBOEYACHOIO.

AHaJji3 ocTaHHiX AociilxkeHb Ta myOaikauiil. B Ykpaini Biomi HaykoBi mikonu B chepi
IHHOBAIIHHUX TEXHOJIOTIH XJII000YIOYHUX BHUPOOIB Takux BUeHHX, sk JpoGor B.I., lopoxoBuu
A.M., Kanakypa M.L., JIuctok I'.M., CamoxBanosa O.B. ta iamii. [IpegcTaBHIKN IUX HAYKOBUX IIK1T
TICHO CHIBHPAIIOIOTh 3 BUPOOHHKAMH, 3HAXOMAATHCS B MOCTIHHOMY MOIIYKY HOBUX J00AaBOK ISt
MOKpAIIEHHS IKOCTI X11000yT0YHIX BUPOOiB, BUBYAIOTh BIUTUB JOOABOK Ha OCHOBHI (D13MKO-X1MiYHI,
OpPraHOJIENITUYHI, CTPYKTYpHO-MEXaHI4Hi, MIKpOOI10JIOTiuHI BiacTUBOCTI. [l mMiATBEpAKEHHS
MO3UTHUBHOTO BIUIMBY J100ABOK Ha SIKICHI XapaKTepUCTUKHU OyJb-sSKUX BUPOOIB, B TOMY YMCII 3
OopolIHa, BCE YaCTILIE OCTAaHHIM YaCcOM 3aCTOCOBYIOTHCSI KBATIMETPUYHI PO3PAXYHKH.

Tak, HayKOB1 ToCTiIKeHHs Kadeapu TEXHOIIOT1T X1100MeKapChbKuX 1 KOHAUTEPChKUX BUPOOiB
HYXT mnpucBsueHI BUKOPHUCTAHHIO Yy XJ10ONEUEHHI HETPaJULIHHOI CUPOBUHU: MOJOYHHUX
MPOAYKTIB, OBOYEBHUX IOPOIIKIB, MPOAYKTIB MepepoOIeHHs ONIMHUX KyJIbTYp, LIIbHO3EPHOBOTO
OopolIHa NIIEHULI Ta OOpOIIHAa KpPYH SIHUX KYJIbTYp, O00OBHX KynbTyp 1 OLIKOBHX 130JIATIB,
O0poIlIHa TPUTIKAJE, HETPATUIIHHOT IIyKPOBMICHOI CHPOBUHHM Ta I[yKPO3aMIHHUKIB, HACIHHS JIbOHY,
KYKypyI3ssHOTO OopoimHa, OOpommHa COpro, TMEKTHHOBMICHHX MOPOUIKIB; YJIOCKOHAJICHHIO
TEXHOJIOT1H Oe3rIF0TEHOBUX X11000yI04YHIX BUPOOIB 1 crieriaapHoro npuzHadeHus [1-3].

Bueni JlepkaBHOro 010TEXHOJIOTIYHOTO YHIBepcUTETy (M. XapkiB) BeAyTh, Cepel 1HILIUX,
JOCIIJKEHHST BIUIMBY HIPOTY 13 3apOJKIB MIIEHUII Ta BiBCa, IUIOMAIB MIMIIIMHM Ha (popMyBaHHS
SIKOCTI1 JKHTHHOTO TIIIEHHYHOTO TicTa Ta Xjioa [4].

[Ile oauMH iX HampsIMOK — BMBUEHHS BIUIMBY MAaKyXM 13 3apOJIKiB KyKYpyA3H Ha MpOLECH
JI03piBaHHS MIIEHUYHOTO TiCTa, AKICTh 1 XapuoBy IiHHICTB Xxii0a [5]. L{umu x aBTOpaMu B po6oTi [6]
y3arajgbHEHO PE3yJbTAaTH IIUX OAraTOPIYHUX JOCIIKEHB, & TAKOXK MPOBEICHA KBATIMETPHYHA OIlIHKA
AKOCTI XJ110a 3 TOCTiAHUMH T0OaBKaMHU.

ABTOpamMu po6oTu [7] pO3KPUTO CIEKTP MHUTaHb, SIKI MPHUCBSIYEHI HOBITHIM pECTOPaAaHHUM
TEXHOJIOTISIM Xap4oBOi MPOJYyKIii (YyHKIIOHATBHOTO MPHU3HAUEHHS, NMPOAHATI30BaHO (aKTUUYHUI
CTaH Xap4yyBaHHs 1 po3p0o0JIeHO peKOMEH /IaIlii 00 XapuyBaHHS Pi3HUX BEPCTB HACEICHHS YKpaiHHy,
JOCHIJPKEHO ~ METOJOJIOTIUHI ACMEeKTH KOHCTPYIOBAHHS XapUyOBUX MPOAYKTIB (YHKIIOHAIBHOTO
MIPU3HAYEHHS, PO3paXx0BaH1 KOMIUIEKCHI MOKa3HUKHU SKOCTI1 /17151 6araThoX BUJIB Xap4OBOi MPOAYKIIIT
(G YHKI10HATLHOTO IPU3HAYEHHS, B TOMY YHUCIII JJ1s1 BUpOOiB 3 OOpOIIHA.

[IpoGnemMaMu poO3IMIMPEHHS ACOPTUMEHTY BHPOOiIB 3 OOpOIIHA 32 PaXyHOK BHKOPHUCTAHHS
pocnuHHUX 100aBok 3aiimaroThcsi BueHi JIoHHYET [8-12]. Humm poBeneHa AOIUIBHICTH

32



Ne 2 (49) 2024

BUKOPUCTAHHS aMapaHTy OarpsiHOTo, YOPHOIUTIIHOT Ta 3BUYaliHOT TOPOOWHH, IIIOBKOBHIII Ta 1HITUX
100aBOK 70 XJ11000yTI0UYHUX BUPOOIB.

KBanimMerpuuHi po3paxyHKHU /il BU3HAUCHHSI KOMIUIEKCHUX MOKA3HHUKIB 3aCTOCOBYIOTHCS 3
KO>KHUM POKOM Bce Oinbliie i Oinbliie st 6araTbox BUIiB Xap4oBoi mpoaykiii[13, 14, 15], cepen sikoi
1 BUpoOu 3 6opoIHa.

OTxe, BU3HAYCHHS KOMIUICKCHOTO TIOKa3HUKA SKOCTI XJi0a, 10 30arayeHuii mope 3 KiBli,
TorniHaMOypa Ta uOYITi-CIIU3yHa, 3 ypaxyBaHHSM IPUHITUIIIB KBATIMETPIi € aKTyaJbHUM 3aBAaHHSIM.

MeTta cTaTTi — BU3HAUUTH /€Ki MOKa3HUKH SAKOCTI XJ110a (hyHKIIOHAIBHOTO TIPU3HAYECHHS 3
no0aBKaMH KiBi, TomiHaMOypa Ta IU0YJIi-ClIM3yHa 3 YpaxyBaHHSM IMPUHIIUITB KBATIMETPIi.

Bukiiaax ocHOBHOro Mmarepiajiy aociaif:keHHs. Paninie Hamu Oyno JTOCHIHKEHO XIMIYHUT
CKJIaJ] KiBi, TomiHaMOypa Ta muOyIi-cau3yHa K (PYHKIIIOHATLHUX JT00ABOK J0 PI3HUX BUIIB XJi0a.
Takox BCTAaHOBIICHO ONTHMAIbHY KOHIIEHTpAIliF0 MIOpPE 3 KiBi, TOmMHaMOypa Ta muOyii-ClM3yHa,
pO3po0IICHI TEXHOJOTIYHI KapTKH, CXEMH BHPOOHHMIITBA JBOX BHIB XJibOa — «CMayHUN JeHBY» 3
JOJIaBaHHSM TIPECOBAHMX XJIOOMEKApChKUX JAPLKIKIB Ta «30alaHCOBaHUN pPaHOK», SKHA
MPUTOTOBJICHMI Ha Kedipi. Hamu BU3HAYEHI OpraHOJICNITHYHI Ta OCHOBHI (Di3UKO-XIMI4HI TOKa3HUKH
SIKOCT1 PO3pO0JICHUX BUPOOIB.

Ha nanomy erami AOCHIIKEHHS MU pPO3paxyBalld KiJTbKICHI TMOKA3HUKH SKOCTI  XJiba
«CmauHuil gaeHb» Ta «30ajaHCOBaHMM paHOK» 3a OKPEMHUMH TIpylNaMu BIACTHBOCTEH —
OpPraHOJISNTUYHUMH Ta (DI3UKO-XIMIYHUMH.

JUi1 KOMIUIEKCHOI OIIHKM SKOCTI Xii0a, sikuii 30arayeHuii moope 3 KiBi, TomiHamOypa Ta
uuOymi-cnu3yHa, HaMu O0yio moOyI0BaHO i€papXiyHe «IepeBO BIACTUBOCTEW» (pHcC. 1).

['pymoBi MOKa3HUKH SKOCTI OOUHUYHI TOKa3HUKHU SIKOCTI
(1 piBens) (2 piBenb)
PA1 | ®opma
- PA; | IloBepxHs
9; PA I'pynosuit noka3sHuk } PAz | M’sakymika
N4 OpPraHoOJICNTUYHHUX BIIACTUBOCTEH | PA4 Konip
= PAs | Cmax
2 PAs | 3amax
% ['pynoBuii noka3HuK (pi3uko- PB:1 | Bosioricte M’SIKYIIKH
= PB XIMIYHUX BJIaCTUBOCTEH PB2 | KucinoTHicTh M’ SIKYIIKH
’§ PB3 | IlopucTicTh M’ IKYIIKH
@) PC.1.noka3znuk | PC11 | binku
% I'pynosuit enepreTnunol | PCio | XKupu
E PC IIOKa3HUK LIHHOCTI PCi3 | ByrneBonun
= Xap4oBO1 PC.2.noka3znuk | PC21 | Makpo- Ta MIKpOEJIeMEHTH
a IIHHOCTI oionoriunoi | PC22 | Bitaminu
< IIIHHOCTI PC,.3 | XapuoBi BoJIOKHA
E MesodinbHi aepobHi Ta
> PD: | ¢pakynpTaTuBHO-aHaepOOHi
- MikpoopraiizsmMu (MAGAM)
O PD I'pynoBwuii moka3HUkK Oe3nexu PD bakrepii rpynu KUIIKOBUX MaTHYOK
& 2 | (BTKI)
PD3 | IlmiceneBi rpubu
PDs | Hpixmxi

Pucynok 1 — lepapxiune «/lepeBo BiactuBocTei» xmmiba 3 qo0aBkaMu IMope 3 KiBi,
TomiHaMOypa, 1O yJIi-Cau3yHa
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SIkicTh XJ1i0a Ha MEpIIOMY piBHI BH3HAYAETHCS IOKA3HMKAMH OpraHoyenTHuHuX (PA),
¢i3uko-xiMiyHKUX BiIactuBocTeit (PB), mokasHukaMu xap4yoBoi ninHocTi (PC) Ta MikpoOioaoriuHoi
yucrotu (PD).

Jlpyruii piBeHb NPEACTABICHO MOKAa3HUKAMHU SKOCTI KOXXHOI OKpPEeMOi IpylH BIaCTHBOCTEH
(PA1, PA2, PA3 Toro), a ix abCOIFOTHI 3HAUYEHHS OfIepKaHi BiAMOBIAHUMH METOIAMH JOCiIKCHHSL.

J1o OpraHoNIeNTHYHUX BIACTHBOCTEH PA BITHOCATHCA GopMa Ta HOBEPXHS, M SIKYIIIKA, KOJIIp,
cMak Ta 3amax. DI3MKO-XiIMI4HI BIACTUBOCTI PB TpeacTaBiieHI BOJOTICTIO, KHCIOTHICTIO Ta
MOPHUCTICTIO M AKYIIKH. Y TPyIy «xapyoBa IiHHICTE» PC BKIIOYEHI MOKAa3HUKH EHEPreTHYHOL
ninHocTi PCy (BMICT OLIKIB, )KUPIB, BYTJIEBOAIB) Ta TOKAa3HUKHU Oi0J10T19HO1 iHHOCTI PC> (Makpo- Ta
MIKpOEJIEMEHTH, BiTaMiHU, Xap4oBi BosiokHA). [loka3znuk Oesmeku PD BuszHauaioth MADAM,
BI'KII, muticeneBi rpubu Ta APIKIKI.

Bu3HaueHHs MOKA3HUKIB SIKOCTI JOCTIAHUX Ta KOHTPOJBHUX 3pa3KiB XJi0a 3MIMCHIOBAIH Y
HACTYITHOMY HOPSAKY: BUOIp TPYMOBUX Ta OJUHUYHUX BIACTUBOCTEHN ISl XapaKTEPUCTUKHU BUPOOIB,
moOy/IoBa 1€PapXidHOTO «IepeBa BIACTHBOCTEH», BU3HAYCHHS KOS(DIIIEHTIB BArOMOCTI KOKHOTO 3
OJIMHUYHMX 1 TPYNOBHUX MOKA3HUKIB SIKOCTI, BUOIp 3HaYeHb 0a30BUX MMOKA3HUKIB SIKOCT1, PO3paXyHOK
BiITHOCHUX ITOKA3HUKIB SIKOCTI OIMHUYHUX BIACTHBOCTEH, BU3SHAYCHHS TPYIOBHUX MOKA3HHUKIB SIKOCTI.

OTtpumani a0COIIIOTHI €KCIIEPUMEHTAaJIbHI JaHi 3 BU3HAUEHHS OPraHOJENTHYHUX Ta OCHOBHUX
¢bi3UKO-XIMIYHAX TIOKa3HUKIB Ta BIJHOCHI 3HAYEHHS IMX MOKA3HHWKIB HABEIEHO BIAMOBIAHO B
Tabymnax 1 ta 2.

Ta6auns 1 - AOCoIIOTHI 3HAYEHHS MOKA3HUKIB SKOCTI XJ1i0oa

=~ @ A .
E|.g| E|sg% |8
LERE|LE|ED |8
28| B=| g X[ EE |G
y . s |=%| 8| ES =
HaiimenyBanHs nokasHuka Pi & & So| BEE| 8K =
tE | 2R 28| & | B
S = s 5| 58] S K g
- B2l 38 |2
S| Y& =183 |%
s glee |
1.1. ®dopma, Oai 5,0 5,0 5,0 5,0 0,15
1.2. TloBepxHs, 6an 5,0 5,0 5,0 5,0 0,15
PN 1.3. Kouip, 6an 5,0 5,0 5,0 50 0,18
pramox 1.4. M'sixyuka, 6 50 | 50 | 50 | 50 | 015
1.5. Cmak, Oan 4,5 50 4,5 50 0,20
1.6. 3anax, Oan 4,5 5,0 4,5 5,0 0,17
2.1. Bonoricte M’sikymiku, % 38,6 41,2 | 46,2 491 (30
isko-xiMivmi l%;ﬁ KienoTHicTs MAkyuIkit, 27 | 29 | 30 | 33 | 030
2.3. Iopucricte M’ sikymiku, % 64 74 52 59 0,40

Jlns nepeBeieHHS aOCONIOTHUX 3HA4Y€Hb MOKA3HUKIB SKOCTI (P7) y BiIHOCHI 0e3po3MipHi
BenmunHY (Ki) BUKOpHCTOBYBaM Ju(epeHIiHOBaHUI METO/I, B OCHOBI SIKOTO JIGKHTh PO3PaXyHOK
BITHOIIIEHHS a0COFOTHUX 3HaY€Hb OJUHUYHUX MOKA3HUKIB SIKOCTI MTPOIYKIIi 10 X 0a30BUX 3HAYCHb.
3a 6a30B1 3HAYCHHS JIJIs TPYITU OPTaHOJIENITHYHUX MOKA3HUKIB Ta (PI3UKO-XIMIYHHUX OKA3HUKIB HAMH
Oyno oOpaHO TMOKa3HMKH (OpPMHU, TMOBEPXHi, KOJBOPY, M AKYIIKH, CMaKy, 3amaxy, BOJIOTOCTI,
KHUCJIOTHOCTI Ta MOPUCTOCTI Ul KOHTPOJIBHUX 3pa3KiB 0e3 J0jaBaHHS MIOpe 3 KiBi, TOMHaMOYypa,
nuOyIi-CIM3yHa.
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Misx abCOTIOTHUM 3HAYCHHSIM IOKa3HHMKa SKOCTI Pi Ta ioro omikoo Ki BUKOPHCTOBYETHCS
JiHIHA 3aJIeXKHICTh, SKAa YacCTillle 3a BCE BUKOPHCTOBYETHCSA 1 MiJ 4ac PO3PaxyHKY BiITHOCHUX
MOKA3HKKIB BIACTHBOCTCH:

z
P 1
o[ ®
Pﬁa‘x
ne Pi — 3Ha4eHHS 1-TO TTOKa3HUKA SIKOCTI 00’ €KTY JOCIIIIKEHHS,
Pb6a3 — 3HaueHHS  TOKa3HWUKA SIKOCTI KOHTPOJIBHOTO 3pa3ka, [0 BHTOTOBICHHM 3a

TPAIUIIIHHOIO TEXHOJIOTIEI;

Z — MOKAa3HHK, 110 3aJICXKHUTH BiJl 3B’ SI3KY MIXK 3MIHOIO 3HAYEHHS MTOKA3HHKA 1 SIKOCT1 IPOAYKIIi{
(z = +1 y BuUmaaKy IpsSMOro 3B’S3Ky — 3 IJIBHIICHHSAM 3HAYCHHS IOKa3HUKA PIBEHb SKOCTI
301TBIIYETHCS, Ta Z = —] Y BUMIAAKY 3BOPOTHOTO 3B’S3KY — 3 IIJBUIICHHIM 3HAYCHHS MOKA3HUKA
piBEHB SKOCTI 3MEHIIYETHCS).

JIist yCiX OIMHUYHKX TTOKA3HUKIB SIKOCTI, 32 BUHATKOM KHCIIOTHOCTI, IPUAMAETHCS 3HAYCHHS
z =+1, 1 KUCHIOTHOCTI Z = —1.

Ta6auus 2 - BinHocHI 3Ha4YeHH [TOKA3HUKIB AKOCTI XJ1i0a

= = a - | =
El.gl E|2% ¢
2 | 2°E x| 8% | 2
Ja | 8X | Ya| SE | g
=% | Re| 2% 5% |2
. . s | m%| 8 2| E g s
HaiiMenyBanHs nokaszHuka Ki & = S o| BEE| B K =
tE | ZE| 28| Z | 5B
S = s | 29| g ¥ g
ME | 2E %538 |2
S| YE =128 |%
- g% |
1.1.Dopwma, Oan 1,0 1,0 1,0 1,0 0,15
1.2. TToBepxHsi, Oai 1,0 1,0 1,0 1,0 0,15
0 . |1.3. Koumip, 6an 1,0 1,0 1,0 1,0 0,18
PTAHOMCITHARL 1 " Miaxcymica, 6an 10 | 10 | 1,0 | 10 | 015
1.5. Cmaxk, Oan 1,0 1,1 1,0 1,1 0,20
1.6. 3amax, Oan 1,0 1,1 1,0 1,1 0,17
2.1. Bororicte M’sikymika, % 1,0 1,07 1,0 1,06 (30
Dismko-xinivmi IZ;HKH"“OTH‘C“ MR, 10 | 094 | 10 | 091 | 030
2.3. Tlopucricte M’sikymiku, % 1,0 1,16 1,0 1,13 0,40

KoedimieHTn BaroMocTi OpraHoJeNTUYHUX Ta (PI3UKO-XIMIYHMX TOKA3HMKIB OyiH
po3paxoBaHi HAMH 1 HaBEJIEH1 TaKOX B Tabmuisx 1, 2.

O1iHKy OpraHoJIeNTHYHUX Ta (HI3MKO-XIMIYHMX BJIACTUBOCTEH pPO3PAaxOBYBAIU SK CyMY
NOOYyTKIB BITHOCHUX 3HAUY€Hb MOKA3HUKIB Ha 1X KOEQIIIEHT BArOMOCTI.

BinmoBigHi JaHi MO0 OIMIHKM SIKOCTi XJi0a 3a OpraHOJENTHYHUMHU Ta (Pi3UKO-XIMIYHUMU
MOKa3HUKAMH JJIs 3pa3KiB ximiba «CMauyHuil 1eHb» Ta «30alaHCOBaHMUM PaHOKY, 1[0 30aradeHi mope
KiBi, ToriHamMOypa Ta 1ulyi-ciu3yHa, HaBeJeH1 B TabIuIi 3.
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Tabauus 3 - OmiHka sKocTi X102 3a OPraHoJENTUIHUMU Ta (13UKO-XIMIYHUMHU

BJIACTUBOCTIIMHA
) [Toka3HHKH SIKOCTI 32 TPYIaMH BIACTUBOCTEH

3pa3ok xiiba - - —

OpraHoJenTU4Hi D13uK0-XIMIYHI
KonTpons 1 1,0 1,0
«CMauHuil 1eHb) 1,04 1,07
Kontposs 2 1,0 1,0
«30a1aHCOBAaHUN CHIJAHOKY 1,04 1,04

OTpuMaHi TNPaKTUYHI PE3yNbTaTH CBIQYUTH MPO T, IO 32 OPTraHOJCNTUYHUMHU
BJIACTUBOCTSAMH SKICTh Xymiba «CMauyHui JeHb» (3 IOAaBaHHSAM JPLKIKIB) Ta «30aaHCOBaHUI
paHok» (0e3 momaBaHHS JAPLKDKIB) — migBummiacs Ha 4% B MOPIBHAHHI 3 BIAOBITHUMH
KOHTPOJIBHUMH 3pa3KaMH 32 paXyHOK MOKPAIICHHs] CMaKy Ta 3amaxy po3po0JIeHUX BUPOOiB.

Takox po3paxyHKH JOBOJATH, HIO 3a (I3MKO-XIMIYHUMH TIOKa3HHKaMHU SKICTh XJi0a
«CwmauHuii neHby» 30imbmmnacs Ha 7%, a xiniba «36anancoBaHuil paHok» Ha 4% B MOPIBHSHHI 3
KOHTPOJBHUMH 3pa3kamMu 0e3 J100aBOK IMIope KiBi, TomiHaMOypa Ta IUOYIi-CIU3yHa 3a PaxyHOK
MOKpAIEHHS TOPUCTOCTI M’ SIKYIIKH Ta 11 BOJIOTOCTI.

HacrtymauM etarmoM HamuX JOCTIKEHb Oy/ie po3paxyHOK SIKOCTI po3po0JIeHHX BHUPOOIB 3a
MOKa3HUKaMH Xap4yoBO1 LIIHHOCTI Ta O€3MeKH, a TAKOK BU3HAYCHHS KOMIUIEKCHOT'O MTOKa3HUKA SIKOCTI
xJiba «CmauHuil eHp» Ta «30aJIaHCOBAaHUA PAHOK.

BucnoBku. Po3pobneHo iepapxiune «JlepeBo BmactuBocTeit» xiyiba «CMadyHUN JE€HB» Ta
«30anmaHcoBaHMA paHOK» 3 J0OaBKaMH IMIOpe KiBi, TOMiHAMOypa Ta nUOYJIi-CIIM3yHAa, M0 BKIIOYAE
OpraHOJICTITUYHI, ()I3UKO-XIMIYHI BJACTUBOCTI, IMOKa3HUKH Xap4OBOi MIIHHOCTI Ta OC3IEKH.

[TpoBeneHnil po3paxyHOK OLIHKH SKOCTI po3po0sieHuX BHUPOOIB 32 OPraHOJENTHYHHUMHU Ta
¢G13MKO-XIMIYHMMH ~ TOKa3HMKaMM 32 TNpuHOMIaMu  KkBamimerpii. [loBeaeHo, oo 3a
OpPraHOJICITUYHUMHU BJIACTUBOCTSIMH SIKICTh Xs1i0a «CMmauHuil AeHb» (3 JOJaBaHHIM JPIKIKIB) Ta
«36anancoBanuii paHok» (0e3 momaBaHHS APLKMIKIB) 30UTbmMIacs Ha 4% B TOPIBHSIHHI 3
KOHTPOJILHAMH 3pa3KaMH.

SxicTh x7i6a «CMayHui 1eHb» 3a (13MKO-XIMIYHMMHM MOKa3HUKaMU 3pociia Ha 7%, a xJiba
«306anaHcoBaHuii paHok» Ha 4% B TNOPIBHSHHI 3 BIJNOBIIHMMU KOHTPOJBHUMH 3pa3KaMu 0Oe3
100aBOK MIOpe KiBi, ToMiHaMOypa Ta uOyi-ClIn3yHa.
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Purpose. To determine the quality indicators (organoleptic and physico-chemical) of
functional bread "Tasty Day" and "Balanced Morning" with the addition of kiwi puree, Jerusalem
artichoke and spring onion, taking into account the principles of quality measurement.
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Methods. When determining the shape, surface, crumb, color, taste and smell of the
developed products, organoleptic methods (scoring method) were used. The main physicochemical
indicators (moisture content, acidity, porosity) of the quality of finished products with additives of
kiwi, Jerusalem artichoke and scallion were determined on the basis of DSTU 7045-2009 “Bakeries.
Methods for determining physicochemical indicators”. Chemical methods were used to determine
moisture content, dry matter content, acidity. Porosity was determined using the Zhuravlev device
according to the standard method. The assessment of the quality level of products by organoleptic
and physicochemical indicators (comparison with the quality indicators of the base samples) was
carried out using qualimetry.

Results. When determining the shape, surface, crumb, color, taste and smell of the developed
products, organoleptic methods (scoring method) were used. The main physicochemical indicators
(moisture content, acidity, porosity) of the quality of finished products with additives of Kiwi,
Jerusalem artichoke and scallion were determined on the basis of DSTU 7045-2009 "Bakeries.
Methods for determining physicochemical indicators”. Chemical methods were used to determine
moisture content, dry matter content, acidity. Porosity was determined using the Zhuravlev device
according to the standard method. The assessment of the quality level of products by organoleptic
and physicochemical indicators (comparison with the quality indicators of the base samples) was
carried out using qualimetry.

Key words:  bread, quality, qualimetry, kiwi, Jerusalem artichoke, slizun onion,
physicochemical, organoleptic properties.
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ACID-ALKALINE TRANSFORMATIONS OF BIOFLAVONOIDS
THE MOUNTAIN ASH

Mema. /[ocniodcennsn KUCIOMHO-TYHCHUX nepemeopeHsb 0iognasoH0ioie 20poOUHYU 36UYALIHOI.

Memoou. Ximiunui ananiz Ha 3a2aibHUli 6MICm (DeHONIbHUX DPEeHOBUH ) NA00ax 20poOUHU
36UUAIIHOT NPOBEOeHUTl 00 EMHUM MEeMOOOM, 8 OCHOBL K020 JIeHCUMb NPUHYUN OKUCTIEHHSL (DeHOi8
NnepManeanamom Kaito 8 npucymuocmi inoicoxapminy. Hasenicmo peuosun ¢henonvHoco xapaxmepy
¥ cK1aoi n100ig 2opobunu nposoounocs memooom I4-cnexmpockonii.

Pesynomamu. Ilposedenuti Ximiunuili ananiz Ha 3a2aibHUll BMIiCm (PeHONbHUX PEUOBUH ) NI0OAX
20poOUHU 36UYALIHOT NOKA3a6 émicm gheHonvbHux pevosun y cyocmpami 1950 me / 100 e, wyo 6ueooumun
Yi n100U Ha 0OHe 3 nepuux micysb 3a emicmom P-eimaminnux pevosun. Bonu nocmynaromscs auuie
20pO6UHI YOPHONNIOHIU, Y AKIU KinbKicmeb P-gimaminnux cnonayk iHodi docsieae 5000 me / 100 e.
JlemanvHo po3ensiHymo noeediHKy cymu HeHONbHUX pedos8uH-0i0(haasoH0i0i6 NI00i8 20poOUHU
36udatiHoi nio yac Oii Ha Hei KUCIUX MA OCHOBHUX peazenmis. /[ yb020 BUKOPUCMAHUL MemOoO
cnekmpogomomempii. B cnekmpax 600HuUX excmpaxkmis ni00i8 20poOuHu 3anexcHo 6i0 pH-
cepeoosuwja Cnocmepicaromvcs 3MiHU, AKI 0Al0Mb  MOJNCIUGICMb CYOUMU NPO  CMPYKMYPY
biognasonoioie  cyocmpamy. Ilpenapamu 3 n100i6  20poOUHU  36UHAUHOI  BUSTAOAIOMD
NepCneKMUGHUMYU 3 MOYKU 30pY BUKOPUCMAHHA iX O CMBOPEHH (QYHKYIOHATbHUX XAPYOBUX
npoodykmie. 3 iHW020 OOKY, (heHONbHI NOXIOHI € OOHUMU 3 HAUCUTbHIUUX [H2IOIMOpI6 GiNbHUX
paouxanie, moomo anmuoxkcuoanmamu. Hasasnicmos eenukoi Kinbkocmi ¢heHOnbHUX 2i0poKCcUnia y
Mmonekynax 06ioghnasonoioie pooums ix nepcneKmusHUMU 8 AKOCMI NPUPOOHUX AHMUOKCUOAHMIS.
Jobasku maxux anmuokcuoanmise 00 Xap4o8ux npooyKmie 3HAYHO NOAINUUMDL X YHKYIOHANbHI
81ACMUBOCMI, HAOACMb MAKUM NPOOYKMAM JIKY8ATbHO-NPOPIIAKMUUHO20 HANPIMKY.

© Cimakoga O. O., I'opsitnosa 0. A., bonnapyk O. A., Ki6iToBa O. A., Conosiiosa K. C.
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Knrwwuosi cnoea: ropoOuHa 3BuYaiiHa, (peHONBHI pedyoBHHH, (praBoHOinU, OiodiaBoHOIIH,
(aBoHH, (h1aBOHOIM, AHTUOKCHIAHTH, (YHKIIIOHATBHI Xap4OBi IPOAYKTH, CHEKTPOPOTOMETPis.

IloctanoBka mpoOJemu. ['opobuna 3BHMYaliHa — 1€ ymOOJieHa JIiKapcbKa POCIHMHA Y
Haponuiii menmmuui [1]. i mwiomu BHUKOPHCTOBYIOTH SIK CEYOTiHHE, KPOBONPHITHHSIOYE,
nocna0moBanbHe. ['OpoOMHY K JIKyBalbHHUU 3aci0 HIMPOKO BHKOPHCTOBYBAIM B O(QiiiHINA Ta
HapoaHi MeauuuHi KpaiH 3axony. B Ilompuii 1wuionm ropoOMHHM BUKOPUCTOBYBAJIM IIpU
3aXBOPIOBAHHIX HUPOK, CEYOBOTO Ta JKOBYHOT'O MiXypiB, I[yKpOBOMY HiabeTi, B YTOPIIMHI — MpH
nuseHTtepii, B Hopeerii — sk 3aci0, mo jormomMarae 3aXKMBJICHHIO paH. ['opoOuHa 3BH4YaiiHa Mae
Oaratuil XIMIUHUH CKJIaf, SIKUM JTOCUTH 100pe BuBYeHHU. OCHOBHY yBary NpUBEpTa€E KUIBKICTH Y
maoaax BitamiHy C Ta KapOTHHOIIB, SKa MEPEBUIIYE BMICT IIUX 010J0TIYHO aKTUBHUX PEUOBUH Y
OaraThox oBOYaxX Ta GpykTax. 3a BMicToM BiTaMiHy C pOCIHHA YCHIIIHO KOHKYPYE 3 CMOPOAMHOIO,
MIOMiJI0OpaMH, 10JIyKaMH, a 32 BMICTOM KapOTHHOI/IB — 3 MOPKBOIO Ta KpalllUMU IaTyHKaMu rapoy3a
[2]. ITpoTe B miTepaTypi HEMA€ BiIOMOCTEH PO HASBHICTH Y MJI0JaX TOPOOMHH JESTKUX PEUOBHH, SIKi
3apa3 MpUBEPTAIOTh OCOOJIMBY yBary CBO€I0 O10JOIIYHOIO aKTHUBHICTIO, 3aBJISKHM SKMUM CHPOBHMHA
MOJK€ BBaKATHCS Iy)K€ LIHHOK NPU BUTOTOBJICHHI (DYHKI[IOHAIBHUX XapuyoBHX MPOAYKTiB. Lle
(heHoNbHI PEUYOBUHH, iX Ty’Ke 6araTo B KOXKHIM POCIMHI — B KOXKHIM KIIITUHI TiJla, B KOPIHHI, JIUCTI, B
IUI0aX Ta KOpi. 3 pPOCIMH BUBUIBHEHO KUTbKAa THUCAY (EHONIB 1 3BHYAIHO, TaKi pPO3MOBCIOKEHI
PEUYOBHMHU TIOBHHHI BHKOHYBATH SIKICh Ba)JIMBi, KHUTT€BO HeoOXinHi ¢yHKII. OIHOIO 3 Takux
GyHKIIN € X BUCOKA KamlIsApO3MIIHIOYA [is, Y 3B'SI3KY 3 UMM POCIHMHHI (PEHOJIbHI PEYOBUHU
MAalOTh 3/IaTHICTh MPUIMHATH T€MOpPAri4Hi KPOBOTEU1, MOJIMIIYBATH TOHYC CYIUH, Y TOMY YHCII U
KOPOHApHHUX.

AHani3 ocraHHix aochairkenb i myOaikaunii. JlocmimkeHHSM (EHONBPHUX pPEYOBUH Y
pOCIMHAX, 3aBISKM SKUM CHPOBMHA MOXXE BBAaXKaTUCA [yXKe IIHHOK IpU BUTOTOBJIEHHI
(YHKI[IOHAJIBHUX XapyOBUX MPOJYKTIB, € aKTyaIbHUM MUTAHHAM, SKUM 3aiiMaBCsl psJl BITYU3HIHUX
Ta 3aKOPJOHHUM BUeHHX [3—6].

HaiibGinbm po3mnoBcropkeHa Trpyna (EHOJbHUX PEYOBMH Yy POCIMHAX — II€ TaK 3BaHi
¢dnaBoHOiM 260 Oi0¢1aBoHOIAN. OCOOTUBICTIO TX CTPYKTYPH € HAIBHICTh IBOX apOMATUYHHUX S]Ep,
3'€THaHUX MDK COOOO BYTJIECh-BYTJICIIEBUM MICTKOM. ['OJIOBHE apoMaTW4HE PO — II€ MOJEKyJsa
KHCEHBbBMIIIYIOUOT0 TeTepoluKiTy mipany. OOuBI YaCTUHH MOJIEKYNIH Y SKOCTI OIYHMX 3aMICHHKIB
BMIIIYIOTh YUCEJIbHI MAPOKCUIIbHI IPYIH, 0 1 1a€ MOXJIMBICTh BIIHECTH 1X J0 KJIacy MoJi(heHoJIiB
[7]. biodnaBoHOiAM iCHYIOTH Yy KIJIBKOX (hopMax, IO BiJIPI3HAIOTHCA OJHA BiJ OJHOI CTYyIEHEM
OKHCJIEHOCTI 1 MOXKYTb IEPEXOJIUTH OJHA B OJIHY I1J] II€I0 OKUCIIIOBAILHUX Ta BIAHOBHUX PEarcHTIB.
B3aeMHi nepexonu OCHOBHUX CTPYKTYp 6iopiaBoHOIIB BiToOpaXkeHi Ha puc. 1.

E=H, OH OH
N OH R
i s
ol | OH
aH
oH 3 R

Pucynok 1 — OcHoBHi rpynu  6i0¢y1aBoHOIIB pociuH [7]
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MeTta cTaTTi — AOCTIPKEHHS KUCIOTHO-IY)KHUX TEPETBOpPEHb 010()IaBOHOINIB TOPOOHMHU
3BUYAKHOI.

Bukaaa ocHoBHOro marepiany pocaigxkenb. [IpoBenenuii XiMidyHUI aHali3 Ha 3arajJbHUAN
BMICT (JEHOJIbHUX PEUOBHH Y IUIOAAX TOPOOWMHH 3BHYANHOI MOKa3aB BMICT ()EHOJIBHUX PEUOBUH Y
cyocrpati 1950 mr / 100 1, mo BHBOIWTH Il IUIOJM HA OJHE 3 MEPIIUX MiCIb. 3a BMiCTOM P-
BITAMiHHMX PEYOBHMH BOHM IOCTYNAIOTHCS JIMIIE TOPOOMHI YOPHOIUTAHIN, Yy fAKii KiTbKicTh P-
BiTaMiHHUX criodayk iHOI gocsrae S000 mr / 100 r. IIpote us mudpa nae iHbGOpMaIito JUIIE PO
3arajJbHUM BMICT (DEHOTBPHUX PEUOBHH Yy IUIOJIaX TOPOOMHU 3BUYAWHOI 1 HIYOTO HE TOBOPUTH IPO IX
CTPYKTYpPY. 3 METOIO OJIep>KaHHS JaHUX MPO CTPYKTYpY 610(h1aBOHOIIB rOopOOUHUHYN 3BUYAHOT HAMU
Oyl TpoBeAEHI CIEeKTPO(OTOMETPHYHI JOCHIHKEHHS BOJHUX BHUTATIB IUIOAIB TpPU PI3HUX
3HaueHHsIX pH-cepemoBuma. HasBHICTP y CTpykTypi ©0i10(pJ1aBOHOINIB BEIHUKOI KUIBKOCTI
COMPSDKEHHUX TMOJBIMHUX 3B'SI3KIB Y CYKYITHOCTI 13 TIAPOKCHJIBHUMHU T'PYIIaMHU 3 PYXOMHUM aTOMOM
BOJIHIO pOOUTH 1X MOJIEKYJIU JyXKe UyTIUBUMH /10 3MiH pH-cepenoBumia. Ha puc. 2 HaBeseHi criekTpu
BOJHOI'O BUTATY IUIOAIB TOPOOMHM 3BUYANHOT U Pi3HUX 3HaUeHHsX pH.

2,5

1,5

OnTuyHa UIBHICTD

0,5

300 350 400 450 500 550 600

JloB)KrHA XBHIII, HM

——1 —a-2 3 4 =5 -6

PucyHnoxk 2 — CnekTpu BOJHOTO BUTATY IUIOAIB TOPOOMHHU MPH Pi3HUX 3HAUeHHA pH:
1-pH=2,9; 2 —pH=3,4; 3 — pH=4,2; 4 — pH=5,4; 5 — pH=7,4; 6 — pH=11,4

3 HaBeJIEHUX CIEKTPiB BUIHO, IO CHEKTpU 010(pIaBOHOIIIB TOPOOMHU 3BUYAITHOI MalOTh B
CBOEMY CKJIaJli IBa YiTKUX MaKCUMyMY TIOTJIMHAHHS, SIK 11€ 1 XapaKTepHO I MOJIOHUX MoJeKy [8,
9]. Li nBa makcumymu 3 poctoM pH-cepemoBuIia miAIalOTECS JOCHTh 3HAYHOMY 0ATOXPOMHOMY
3MILIEHHIO — MPU KUCIUX 3HaueHHsIX pH MakcuMyMmu nmoriavHaHHS po3minrytotses npu 340 ta 380
HM, TI0 Mipl HaOJIMKEHHS 10 HEHTpaIbHOro 3HAUYEHHS MAaKCHUMyMH 3MILIYIOThCSI B 007acTh OLIbII
noBrux xBuib — 400 ta 480 HM, a B JIy’)KHOMY CepelOBHILI BOHM Ha0yBatoTh 3HaueHb 420 ta 500 HM.
Taxuit Benukuil 0aTOXPOMHUHN 3CYB MOMJIMBHI TUIBKM 3a YMOBHU JIOBIOTO JIAHIJIOTY COMPSKEHUX
3B'A3KIB y JIOCIIIKYBaHI MOJIEKYJIi, sSIKUI peani3yeTbes Jauie A cTpykrypu 1 (puc.l), To6To s
MOJICKYJIM aHTOLMAHIMIHIB. B 1iif MoJjiekysai MOJIMBI B3a€MHI Tepexoau mpu 3MiHax pH, sxi
Bi0OpaxkeHi Ha puc. 3.
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Pucynok 3 — CTpykTypHi IEpeTBOPEHHS B MOJIEKYJIi aHTOLMAHI/IIHIB B JIy’)KHOMY cepeoBHIIi [5]

BHacniiok BiyerieHHs MPOTOHY BiJl OJHOTO 3 ()EHOIBHUX T1APOKCHIIIB T1iPOKCHII-aHIOHOM
JYTy YTBOPIOETbCS CTPYKTYpa aHTIAPOOCHOBH, sIKa ICHYe Yy JBOX pPE30HAHCHUX (popmax, 1o
00yMOBITIOE 11 CTiHKiCTh. MOJIEKYJIH aHTiJPOOCHOB 3BHYAIHO IMOTIMHAIOTH Y O1JIBII TOBIOXBHUIHOBIN
o0jacTi CHeKTpy MOPIBHSHO 3 BIAMOBITHUMH COJICTIOAIOHUMHU CTPYKTYpamH, A0 SIKUX BIAHOCHI
a"ToIMaHiAiHK. L{e TOMITHO HaBiTh Bi3yaJIbHO — IIPHU [ii JIY’)KHUX PEareHTiB BOJHHIA BUTSAT 3 TUIOJIIB
ropoOMHU 3BUYAiiHOT HaOyBae Oubln rMOOKOro Kombopy. lLle miaATBepIKye HasSBHICTH
AHTOIMAHIIHIB y cKiazi 610¢)1aBoHOIAIB ropoOrHN 3BHUaiiHOi. [IpoTe BioMo, 0 aHTOLMAHITIHU
BIJPI3HAIOTHCA Bl IHIIMX 010()JIaBOHOI/NIB HA/I3BUYAIHO ICKpaBUM 3a0apBIIEHHSM 1 BIIOB1IAIOTH 32
PI3HOMaHITHY raMy KOJIbOPiB KBITIB Ta IJIO/I1B, TIJIO/IU YK€ TOPOOMHU 3BUYAITHOT TOPIBHSHO 13 THITUMHU
bpyKkTamu Ta ArofaMu He Ayke 3a0apBieHi, BOJAHUHN ke eKCTPAKT 3 HUX 1 30BCIM HE Ma€ SICKPaBOTO
konmpopy. Lle cBiAuUMTH HA KOPUCTH TOTO, IO AHTOLMAHIAIHKM HE € TOJOBHUMHU 32 BMICTOM
610(¢1aBOHOIJTaMH TOPOOUHU, X0 3aB/ASKH HUM STOJM TOPOOMHU MarOTh YEPBOHUMN KOJIIp.

Tpeba po3rissHyTH MOKIIUMBICTh ICHYBaHHSA y CKJIaZl 010()1aBOHOIAIB TOPOOUHHU BITHOBJIEHUX
Ta okucieHux ¢opm OiodnaBoHOiniB. BigHoBIeHI Gopmu ix — me jieikoaHTonHMaHiiHUA (2) Ta
karexinu (3). I11o0 nokazatu HasIBHICT LIUX CTPYKTYP a00 BIACYTHICTB iX y IUIOAAaX TOPOOUHU, HAMU
OynM mpoBeneHl JesKi XIMIYHI JociiKeHHs. Bigomo, 110 jeiikoaHTOIMaH1IIHA NIPU KUI'ATIHHI Y
PO3UMHAX MiHEPaJIbHUX KHUCJIOT, 30KpeMa, COISIHOT KMCIOTH, IEPETBOPIOIOTHCS Ha aHTOLMAHIIIHH 1
peakiuiiiHe cepeloBUlIE MPH LbOMY MOBMHHO HalyBaTuh OuIbII sickpaBoro 3abapmieHHs. Ilpu
KUIT'SITIHHI %K BOJHOTO €KCTPakTy MioAiB 3 10 %-BUM pO3YMHOM COJISTHOI KHUCJIOTH HISIKUX 3MiH
KOJIBbOPY HE B1AOYBaNOCs, HaBMaKK, KOJIIP PEaKIiitHOI CyMiIIi cTaBaB OuIbII OJiAUM, 11O CHIBHAAA€E
13 pe3yabTaTaMu CHEKTPOPOTOMETPUYHUX JOCHIKeHb. Lleil XiMIYHMIA TECT J03BOJISE 3 BEIUKOIO
JI0JIEI0 BIPOT1HOCTI BUKPECIIUTH JIEUKOAHTOLMAHIIIHU 3 KOMIUIEKCY 0610()J1TaBOHOI1IB TOPOOHHH.

Hactynna BigHOBJIEHA CTPYKTypa — 1€ KaTeXiHu. BoHM € HaiOL1b1I BiTHOBICHOIO (OPMOIO
cepen 610(h1aBOHOIIIB 1 TOMY BUCTYNAIOTh K CHJIbHI BIIHOBJIIOBAJIbHI areHTH, TOOTO MPH peakiii 3
JESIKMM OKHCITIOBa4eM BOHU OyayTh Horo BimHOBIOBaTH. OJHUM 3 HAWOLIBII BIIOMHUX M'SIKHX
OKHCIIIOBAUiB, AKi IIHPOKO BUKOPUCTOBYIOTHCS ITPH TOCIIPKEHH] POCITMHHUX 00'€KTIB, € METHIIEHOBA
CHUHBb, SIKa IIPU B1IHOBJICHHI IEPETBOPIOETHCS Ha JielikodopMy Ta 3HeOapBioeThes. [Ipu gocmimkeHH1
CIEKTPO(POTOMETPUYHUM CIIOCOOOM pPEaKLiiHOI CyMillli BOJHOTO €KCTPAKTY IUIOAIB TOPOOMHHU Ta
METHJICHOBOI CHHI HaMu He OyJ0 MOMIYEHO HISIKOrO 3HEOapBJICHHSI CEpellOBUIA — ONTHYHA
IIUTBHICTh PO3YMHY HE 3MEHIIyBaJlach, a HABIAKW, B JEAKiH Mipi 3poctana. Lle mae MoximBicTh
CTBEP/KYBATH, 10 Y CKJIAJl KOMILIEKCY 010()IaBOHOI IIB TOPOOMHN 3BUYAMHOI KaTEX1HH BiJCYTHI.
3pocTaHHs X ONTUYHOI INIIBHOCTI PEaKIiiiHOI CyMilli J03BOJISE Mepen0ayuTH HAasBHICTH Cepel
010(¢1aBoHOI1IB TOpoOMHHN OKUCICHHX (HopM — (hi1aBoHOB Ta (uraBoHoiB (4). Ha 1ie Bka3yroTh 1 1aHi
[U-criekTpiB HOApiOHEHUX CyXHX MIOMiB ropobunu — B [U-ciekTpax B o6macti 1712 em™ npucyrus
YiTKa CMyra JyXe€ BHUCOKOi IHTEHCHBHOCTI, sIKa TOBHICTIO BIJIOBIA€ BAJICHTHUM KOJIMBAHHSIM
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kapOoHipbHUX Tpyn (>C=0) d¢maBoHoBoro kumblsg. | Tak, yci MpoBelEHI E€KCIIEpUMEHTAJbHI
JOCTIIKEHHS I03BOJISIFOTH CTBEP/KYBATH, IO Y CKJIai 610()1aBOHOITIB TUIO/IiB TOPOOMHH 3BUYAWHOT
OCHOBHE MICIIE TIOCSTAI0Th iX OKHCIICHI popMu — aHTOIMAHIAIHU Ta (uiaBoHn abo ¢uraBoHomu. Lle
JI03BOJISIE OUIKYBATH BiJ] TUIO/IB PI3HOMAHITHUX (YHKIIOHAJIHHUX BIACTUBOCTEH, HAIPUKIIA]], BOHU
MOBUHHI Jy€ aKTUBHO B3a€MOMISTH 3 KaTiOHaMU MeETaliB, OCOOJUBO MEPEXiTHUX, 32 PaXyHOK
XeNmaTyBaHHs iX 0araTOYMCICHHUMH peakUiiHO3MI0HMMU Tpynamu cyoOctpary. HasBHICTB
KapOOHITPHUX Ta TIAPOKCHIBHUX Tpyn Yy (UaBoHaX, a TaKOX TIO3UTUBHO 3apsKEHOrO
TeTEePOLMKIIYHOTO MIPAHOBOTO KibLIA B @aHTOIMAHIIHAX POOHUTH MPOLEC YTBOPEHHS KOMILIEKCHUX
CHOJYK 3 MeTallaMd HaJA3BUYaiHO jerkuM. Lle BigkpuBae MUPOKI MEPCHEKTUBH IS TETOKCUKAIT
OpraHi3My BiJI TOKCHYHHX Ba)XKUX METAJiB, 10 HAAXOMAATH O HHOTO 3 BOJOIO, MOBITPSM, 1KEIO B
YMOBax BUCOKOT'O aHTPOINOT€HHOr0 HaBaHTaxeHHs [10].

BucnoBkmu. Ilpenapatu 3 1ioniB ropoOWHM 3BUYAWHOI BUTISAAIOTH MEPCIEKTUBHUMH 3
TOYKH 30pY BUKOPUCTAHHS 1X IJIsl CTBOPEHHS (PYHKIIIOHATBHHUX XapuyOBHUX MPOIYKTIB. 3 1HIIOTO OOKY,
(deHoNMbHI TOXiJHI € OJHMMH 3 HAaWCWIBHIMNX IHTIOITOPIB BUIBHUX paauKaliB, TOOTO
aHTHOKcHIaHTaMH. HasBHICTP BENMKOi KIMTBKOCTI (PEHONBHHUX TIAPOKCHIIB Yy MOJIEKYJax
610(h;1aBOHOIIIB pOOUTH 1X MEPCHEKTUBHUMH B SIKOCTI MIPUPOTHUX aHTUOKCHIAHTIB. [l00aBKM Takmx
AQHTHOKCHJIAHTIB JI0 XapyoOBUX IMPOJYKTIB 3HAYHO NOJIMIIATh iX (YHKIIOHAIbHI BIACTHUBOCTI,
HA/IayTh TAKUM MPOAYKTaM JiKyBaJIbHO-IPO(PIITAKTUIHOTO HAIPSIMKY.
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Objective. Study of acid-alkaline transformations of mountain ash bioflavonoids.

Methods. The chemical analysis of the total content of phenolic substances in mountain ash
was carried out by the volumetric method, which is based on the principle of oxidation of phenols
with potassium permanganate in the presence of indigo carmine. The presence of phenolic substances
in the composition of rowan fruits was carried out by the method of IR spectroscopy.

Results. A chemical analysis of the total content of phenolic substances in rowan fruits showed
the content of phenolic substances in the substrate to be 1950 mg/100 g, which places these fruits in
one of the first places in terms of the content of P-vitamin substances. They are second only to
chokeberry, in which P-vitamin compounds sometimes reach 5000 mg/100 g. The behavior of the
amount of phenolic substances-bioflavonoids of rowan fruits during the action of acidic and basic
reagents on it was considered in detail. For this, the spectrophotometry method was used. Depending
on the pH of the medium, changes are observed in the spectra of water extracts of rowan fruits, which
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make it possible to judge the structure of bioflavonoids of the substrate. Preparations from rowan
fruits look promising from the point of view of using them to create functional food products. On the
other hand, phenolic derivatives are among the strongest inhibitors of free radicals, i.e. antioxidants.
The presence of a large number of phenolic hydroxyls in bioflavonoid molecules makes them
promising as natural antioxidants. The addition of such antioxidants to food products will
significantly improve their functional properties and give such products a therapeutic and preventive
direction.

Keywords: mountain ash, phenolic substances, flavonoids, bioflavonoids, flavones, flavonols,
antioxidants, functional food products, spectrophotometry.
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FLOUR TESTING WITH COLOUR MEASURING EQUIPMENT

Mema. Memoto cmammi € Oocnioxcenns 00powiHa 3a O00NOMO20I0 00NAOHANHA Ol
BUMIDIOBAHHS KOTLOP) .

Memoou. V pobomi 0ns docniddcenns akocmi OOpOUIHa 3a 00NOMO2010 BUMIPIOBAHHS KONbOPY
3aCcmMoco8ano MPUKONIPHUN KOJOPUMEMD .

Pe3ynomamu. 3asnaueno, wjo y 6cbomy c8imi nuueHuyst i puc € Hau8aANCIUSIUUMY KYTbIMYPAMU,
00 Ha Hux npunaoae norao 50% ceimosozo eupobHuymea sepuosux. llueHuys € 6axdciugorw
3epHOB0I0 KYIbMYPOI0, AKA MAE GeU4e3He 3HAYEHHS 3 MOYKU 30pY Npo0oeorbcmea. Llinbue 3epro €
YY00BUM OXHCEPENIOM CKIAOHUX 8Y2lle80018, XApuoB8UX BOJIOKOH, d MAKONC PIZHUX BIMAMIHIG |
MiHepanie, wo pooums o020 YIHHOIO HPOO0BOILYOIO KYAbMYPOI O/ cnodcuéanus. bopowmno €
HAatoOibUW WUPOKO BUKOPUCTOBYBAHOI0 (DOPMOIO nepepoOKU 3epHa, OCKLIbKU Oinbicms 6upobie Ha
OCHO8I DOPOWIHA BUSOMOBTIAIOMBCS 3 1020 GUKOpUcmauHaAm. Tomy oyinka axocmi OopowHa 3a
00NOMO2010 PI3HUX MemOoOdi8 BUMIDIOBAHHA € He0OXIOHOW OJisi OMPUMAHHA SKICHOI CUPOBUHU.
Posznanymo memoou eunpo6yeanusa nueHuyi Ha AKicms, a came. 6MiCm 80J102U, 8MICT MIHEPATIbHUX
pevosun, emicm Oinka mowjo. Beajwcaemwvcs, wo 00powno € 0O0HUM i3 HAUOLILW YACMO
BUKOPUCMOBYBAHUX XAPHUOBUX IHePEOIEHMIB 011 6A2amboX Pi3HUX NPOOYKMIG: X110, neuuso, 10KUUHA
mowo. bopowHo nepemenene 3 nuwenuyi oac bazamo 6udig i 1020 AKICMb 4ACMO ACOYIIEMbCA 3
konvopom. Konip bopowna modicna oyinumu saxkwo sumipamu 1oeo sackpasicms i scosmusny. Ha
ACKpAGiCMb  6NIUBAE 6MICM BUCIBOK | npoyec NOMeNy, a JHCOBMU3HA OOPOWHA NO8 A3aHA 3
KapomuHoionumu niemenmamu nuenuyi. Konip 6opowna modwce enaugamu Ha KoIip 20mMo8020
npooykmy. Bopowmno scxkpago-6inoeo xoavopy Oinvw 6adicane 0na b6acamvox eupobdie. Konip
OOpoWHA BUSHAYATOMb UWLTAXOM BUMIPIOBAHHS OLIUZHU 3pA3KA OOPOWIHA. 3a3HaAYeHO, o MPAOUYItiHO
Konip OopowHa oyinoloms 6i3yanvHo. Memoo € cy6 €KmueHUM, OCKiNbKU CAPUNHAMMA KOIbOPY
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BIOPIZHAEMbCA Y PISHUX TH00€el, A MAKONC HABKONUWHIU KOIP 1 YMOBU OCBIMIEHHI MONCYMb
BNAUBAMU HA KOJLIpHE CYOdCeHHs. Jlocniodxiceno mpu 3pazka OOpowHa 3a 00NOMO20I0 BUMIPIO8AYa
Konbopy: Oine, KVKypyO3saHe, dcumue. Pe3yriomamu Konvopy mpbox copmis 6opouina 6yio ompumaro
¥ 6uenadi 3-6UMIpHUX 3HAYEHb KOIbOPI6 HA OCHOBI CIMAHOAPMHOI WKANU OYIHIO8AHHA: 3HAYeHHs L*
oinuzna (100 oinui, 0 wopruil), 3HauenHs a™* nosumueti 3uauenHs +60 (Yepsonuil Koaip), HecamueHi
3Hauenns — 60 (3enenuti konip), 3naventns b* nosumusni 3nauenns +60 (dcosmuil Konip), HecamusHi
sHauenus — 60 (cuniii konip). Inmepnpemosarno pesynomamu 00cniodicenus: 6ine bopowrno (L* +92,5
oinuznu, a* — 2,4 3enenoeo xoavopy, b* +6,9 sowcosmozo konvopy); KyKypyosame b6opowno (L* +72
Oinusnu, a* — 6,5 uepsonoeo koavopy, b* +54 scoemoeco xonvopy), scumne 6opowno (L* +63
oinuznu, a* — 6,8 uepgonoeo korvopy, b* +22,1 scoemozo xonvopy).

Knrwuoei cnosa: nwenuys, 6opowHo, Kouip, memoou 6unpody8aHHs NuleHuyi Ha sAKiChb,
BUMIPIOBAHHA, XAP108a YIHHICMb, NOME, 80J02ICMb.

IMocTanoBKa mMpodJeMH. Y BCbOMY CBITi MIICHULS 1 PUC € HAMBAXIIUBIIINMHU KYJIbTYpPaMu, 00
Ha HUX npunajae noHaa 50% cBiTOBOro BUpOOHUITBA 3epHOBUX. [IIIEHUIIS € BaXKJIMBOIO 3€PHOBOIO
KYJIBTYpOIO, SIKa Ma€ BEJIMYE3HE 3HAYEHHS 3 TOYKH 30pY MPOJOBOJILCTBA. [IpOTATOM THUCAYONITH
JIOIU UIMPOKO CHOKMBAJIM MIICHHUIIO 1 OibIlle MOJOBUHM HACEJIEHHS CBITY 3HAYHOIO MIipOIO
3aJISKUTH BiJ] HEl, SIK OCHOBHOTO JKepesia OUIKIB 1 BYTJeBOIB. 37aK0Ba KyJIbTypa Bilirpa€e 3HAYHY
ponb y QopMyBaHHI JIOJCHKOI LMBUII3AIIl Ta 3aJIMUIIAETHCS HEBIJ €MHOI0 YaCTHHOKO HAIIOrO
MOBCSKJICHHOTO JKUTTS sK Jokepena ki [1, 2, 3]. IlmeHuns € mnepeBakaro4uM BHUJIOM, IO
KYJIbTUBYETHCS B YChOMY CBITI Ta CIIYKUTh OCHOBHHM J[KEpEIoM OOpOIIHA 111 BUPOOHUIITBA X110a,
MaKapoOHHHX BHPOOIB Ta iHmMMX X1i000ynoyHHX BHPOOiB. OCOONMBO LiJbHE 3€PHO MIICHUII €
YyJOBHUM JDKEPEIOM CKJIQJHUX BYIJIEBOIB, XapuOBUX BOJIOKOH, a TAaKOXX pI3HUX BITaMiHIB 1
MiHEpaJliB, M0 POOUTH HOTO I[IHHOK MPOJOBOJILYOKD KYJIBTYpPOIO JIS CIIOKHBaHHsI. bopomrHo €
HaWOUIBII MIMPOKO BUKOPHUCTOBYBAHOIO (DOPMOIO MEepepoOKU 3€pHA, OCKUIBKHM OUTBIIICTH BUPOOIB
BUTOTOBIISIIOTHCS 3 HOTO BUKOPHCTAHHSIM.

[TimeHnyHe OOPOIIHO BUTOTOBISAETHCA LUIAXOM momeny. Ilomen — me mpouec, sKuii
BUKOPHUCTOBYETbHCS /1715 TOJIPIOHEHHS 3€PEH 3/1aKkiB. MeTa momeny nosarae B TOMy, 11100 BITOKPEMUTH
pi3HI YaCTUHU 3€pHa MIIEHULI Ta 3MEHIIUTH iX po3Mip. [IpoTsarom GaraTbox pokiB 3’IBUIMCA Pi3HI
TEXHIKM, 3-TIOMDK SKHX pOJIMKOBE (pe3epyBaHHsS Ta UWIIHAPUYHE (pe3epyBaHHs, SKe
BUKOPHUCTOBYETHCSI HalyacTille yepe3 Horo BUCOKY NMpoAyKTHUBHICTH [4]. IlpoTte skicTh GopoliHa
MO€ 3MIHIOBATUCS 3aJI€KHO Bijl 0araTh0X YWHHUKIB. TOMYy OIliHKa SIKOCTI OOpOIIIHA 32 JOTIOMOT OO
PI3HUX METO/IB BUMIPIOBAaHHS € HEOOXITHOIO /ISl OTPUMAHHS SIKICHOT CUPOBUHH.

AHaJii3 ocTaHHIX Joc/igxeHb Ta myOJikaniii. Ha cboroisi 3acTocoByeThest 6araro MeTo/1B
BUINIPOOYBaHHS MIIEHUII] Ha SKICTb, @ CaMe: BMICT BOJIOTH, BMICT MiHEPaJIbHUX PEYOBUH, BMICT O1JIKa
TOIIIO.

1. BmicT BOJIOTH € Ba)KIMBHM IOKa3HMKOM SIKOCTi OOpOIITHA, OCKUIBKU BOJIOTICTh HEOOX1IHO
perymtoBaTH nepes nomesom. [menurss abo 60poITHO 3 BUCOKUM BMicTOM BoJioru (tionan 14,5%)
pUBaOIIIOIOTh LIBUIb Ta OakTepii, sIKI CHPUAIOTH IICYBaHHIO CUPOBHMHU Y Tpolieci 30epiranus [5].
[TmeHun 3 HU3BKMM BMICTOM BOJIOTM OuIbII cTilika mpH 30epiranHi. Bojoricte Moxe OyTu
MMOKAa3HUKOM €KOHOMIYHOCTI Mpu momenti. OHaK, IIISHUIIS 13 3aHaITO HU3bKOKO BOJIOTICTIO BUMArae
crieniaabHOT 00pOOKHU IS TOCATHEHHS CTaHJapTHOTO PiBHS BOJIOTOCTI.

2. 307bHICTh MIIEHUIl 1 OOpOIIHAa Mae BeIMKE 3HAYEHHSI y MpOIeci OTPUMAaHHS SKICHOI
cupoBuHU. HeoOXigHO 3HATH 3arajbHUN BMICT MiHEPAIbHHUX PEYOBHMH Yy MIICHHMIIl, 00 TOCITTH
OaxkaHoro abo 3agaHOro piBHS 30JM B OopoliHi. OCKUIbKH 3051a B OCHOBHOMY KOHIIEHTPY€ETHCS Y
BHCIBKaxX, TOMY 30JIbHICTh Y OOPOIIIHI € MTOKa3HUKOM BUXOAY CUPOBHHH, IKY MOKHA OYIKYyBaTH ITiJ{
9ac momeny. 30JbHICTh TaKOX BKa3ye Ha MPOAYKTHBHICTH ITOMEINY, OTIOCEPEAKOBAHO BUSBIISIFOUN
KIUTBKICTh 3a0pyAHEeHHs [5, 6, 7]. 30;1a B 00pOIIIHI MOXe BITUBATH Ha KOJIip, HA/Iat0uu O1IbII TEMHHMA
KOJIp TOTOBUM BupoOam. Jleski crenianbHi NPOAYKTH, 1[0 BUMAraroTh 0CO0JIMBO O1j10r0 OOpoIIHa,
BHMAararoTh HU3bKOT'O BMICTY 30J1, TOAI1 SIK 1HII MPOAYKTH, TaKi K I[IIbHO3EpHOBE OOPOIIHO, MAIOTh
BHUCOKHH BMICT 30JIH.
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3. MitHiCHI BIaCTUBOCTI 3¢pHA MAOTh 3HAYHUI BIUIMB HA €HEPTOEMHICTH MoApiOHIOBauiB. [T
Yac nopiOHEHHS 3epHa B CUPOBUHI BUHUKA€E CKIIAJHUIA CTaH HAIPY>KEHb, IPH LIbOMY ITEPEBAXKAIOTh
Hampyry 3CyBY 1 CTUCHEHHS. BHU3HaueHHs cuJil, 110 BUKJIMKAIOTh PO3TPICKYBaHHS 3€pHa (pO3pHuB),
MO>KHA PO3TJISIIATH SIK MEPIIN KPOK Ui BU3HAUEHHS MOTpeOH B eHeprii y mpoieci noapiOHeHHS
3epHa. Y pasl CTAaTUYHOT'O CTHCHEHHS, JUIsl BU3HAYCHHsI CHJI 1 HAIPYTH 1, OT)Ke, podoTH (eHeprii),
HEOOXiTHOI Il APOOJIEHHS OIHOTO 3€pHA, a MOTIM OiJbIle JecsATKa 3epeH, MO)KHA IPOBECTH
BUIIPOOYBaHHS HA CTaTHUHE CTUCHEHHS [8]. ExcriepuMeHTanbHUM IUISIXOM MOXKYTh OyTH BU3HA4€H1
Jiama3oHd MMOBIPHUX CWII, IO PYWHYIOTh 3€pHO, a B IOAAJBIIOMY 1 €HEpPreTH4Hi JAiana3oHu
pyiiHyBaHHS HoTo CTpYKTYpH. Di3UKO-MEXaHIuHI BIACTUBOCTI 3€peH 0araTo B 4OMY 3ajeKaTh Bij
cneuniku TepepoOKH 3epHa 1 EHEProeMHOCTI TEXHOJIOTIYHOI omeparii, HampuKiala, MOMENy,
CYILIIHHS, TPaHyJIFOBAHHS TOILO.

4. BMmicTt 0Oinka € KIIOUOBMM JiJIs CIIOXKMBa4diB, OCKUIBKM BIH IOB’si3aHUil 3 OararbMma
TEXHOJIOTIYHUMH BJIACTUBOCTSMM, TAaKUMH SIK BOJOIOIVIMHAHHS Ta MIIHICTh KJIEWKOBHHU. Bmict
OiyTKa TaKkoXK MOKe OyTH TOB’SI3aHHI 3 aTpUOyTaMH TOTOBOTO MPOAYKTY, TAKUMH SIK TEKCTypa Ta
30BHIIIHIN BUrna. Huspkuii BMicT Oiika OaskaHUM A XPYCTKUX a00 HXKHUX MPOJYKTIB, TAKUX SIK
3aKycKM a0o TicTeuka. Bucokuii BmicT Oilka HEOOXIMHHUU IJIs MPOIYKTIB 3 OLIBII TBEPIOIO
TEKCTYpOIO, TaKuX SK mofoBuii xJib. [lekapi BHKOPUCTOBYIOTH pe3yjibTaTH BMICTy Oilika, 11100
nepeadaYnTy MOTJIIMHAHHS BOJHU, OCKUIBKM Ui JOCATHEHHS ONTUMAJIbHOI KOHCHUCTEHILII TicTa 3
OLTBPIIMM BMICTOM OiNka 3a3BMYail MOTPIOHO OiNblIe BOAM Ta AOBIIMI Yac MepeMilllyBaHHS.
3acTocoByeThCs aHami3aTop Oinka [5, 7]. Pedynpratu BMicTy Oika BUPa)KarOThCS Yy BiJICOTKAX Bix
3arajgpHOl MacH 3pazka. Hampukian, Bmict Oinka 10% Ha ocHOBI Bostorocti 12% miis nmeHurri abo
8,5% mna ocHoBi Bojorocti 14% pns OopomHa. Jly'ke BaKJIMBO BpaxOBYBAaTH pIiBEHb OLJKa,
BUOUMpAIOUH iJieasibHe OOPOIITHO ISt penenTy. Xuidonekapcbke OOPOIIHO 3a3BUYail Mae BMICT Oiika
12-14%, yniBepcanbue — 9-12%, konnuTepcrke 6opomrHo — 8-9%, a 60pOIIHO I TOPTIB — OIU3BKO
7-8%. Li BimcoTku OiIKa € TMOKAa3HUKOM TOTEHI[aly KICWKOBHHHM OYIb-SKOro OOpoIIHa.
KneiikoBuHa, 110 YTBOPIOETHCS MPH 3MINTyBaHHI MIICHWYHOTO OOPOIIHA 3 BOJOIO, BiJMOBiNaE 3a
TEKCTYpy XJ1000ynouHux BUpoOiB. UuM BUIIHIT BMICT Oifika, TUM O1NIbIe KJISHKOBUHH MOTEHIIITHO
MOK€ pO3BMHYTH TicTo. lle He o3Hayae, 110 GOpPOIIHO 3 BUCOKMM BMICTOM OlIKa Kpaile, HIXK
HU3bKOOIJIKOBE.

5. Konip GopoiiHa yacTo BIUIMBA€E Ha KOJIP TOTOBOTO MPOAYKTY 1 TOMY € OJIHI€I0 3 6araTbox
cneungikaniif 60poIIHa, HeOOXIAHUX KIHIIEBUM CIIO’KMBadyaM. BOpoIIHO sCKpaBo-0110ro KoJIbopy
O11p1 OaxkaHe Ju1st Oaratbox BUpoOiB. Komip GopolrHa BU3HAYAIOTh LUISIXOM BUMIPIOBaHHS OLTM3HU
3pa3ka OopollHa XxpoMoMeTpoM [5, 6, 7]. Pe3ynbraT Kobopy OOpOIIHA OTPUMYIOTh Y BUTJIAL 3-
BUMIPHUX 3HAYE€Hb KOJIbOPIB HA OCHOBI HACTYIHOI IIKAJIU OI[IHIOBaHHs: 3HaueHHs L* 6inmu3na (100
61nuii, 0 yopHUil); 3HaYeHHs a* MO3UTHBHI 3HaYeHHs +60 (4epBOHUI KOJIip), HETaTUBHI 3HAYEHHS —
60 (3eneHuii KoJip); 3HaUeHHS b* MO3uTUBHI 3HaYeHHS +60 (’KOBTUI KOJIp), HETaTUBHI 3HAUEHHS —
60 (cuniii xonip). Hampukinan, 3Haue€HHs KOJIbOPY THIOBOro 6isoro 6opomHa: L* 3nauenHs +92,5
OlM3HU, a* 3HAYeHHS — 2,4 3€JICHOTO0 KOJbopY, b* 3HaueHHs +6,9 KOBTOTO KOJIBOPY.

6. BogomornunanHs OopolllHa BIUIMBa€ Ha MIIHICT TicTa. s BuUMiprOBaHHS
BOJIOTIOTTIMHAHHS OOpPOIIIHA 1 MIITHOCTI TiCTa 3aCTOCOBYETHCS TecT (apinorpada, sikuil € OHUM i3
HaWO1IBII YaCTO BUKOPUCTOBYBAHUX TECTIB SIKOCTI OOpoITHa y CBITI [5, 6]. Pesynbratu dapinorpada
CIIYTYIOTh I TPOTHO3YBaHHsS XapaKTEPUCTHK TEKCTypH rorooro BupoOy. Tect dapinorpada
BHUMIPIOE 1 pEECTPY€E CTIUKICTH TiCTa y MPOLEC 3aMilTyBaHHS:

— KIJIBKOCT1 BOJIH, SIKa HEOOXiTHA JIJIsl ONTUMANIBHOT TIepepoOKH OOpOIITHA;

— MIKOBHH Yac Ui MPUTOTYBAaHHS TiCTa, TOYMHAIOYHN 3 MOMEHTY JI0/IaBaHHS BOJIH, TIOKU TiCTO
HE JOCATHE MaKCUMaJIbHOI KOHCHUCTEHIII], 1110 Jla€ YSBJICHHS PO ONTUMAJIbHUN Yac 3MILIyBaHHS B
CTaHJAPTHU30BAHUX YMOBaX.

7. Bmict knelkoBHHU Hajae 1HPOPMALiO NPO KUIBKICTh KJICHKOBHHM B 3pa3Kax MIIEHMIII.
KrnelikoBrHa BiMOBiAAa€ 3a MPYKHICTH TicTa. BMicT BOJOroi KiaeMKOBHHHM BU3HAYAIOTh IUISXOM
MIPOMHUBAHHSA 3pa3ka 60poIrHa ab0 MeJIeHOT MIIEHNIII PO3YMHOM COJIi JUIS BUJIQJIEHHS! KPOXMAJTIO Ta
IHIIMX PO3YMHHUX PEYOBUH 31 3pas3Kka. 3aJIMIIOK, IO 3aJMIIUBCA MICis MPOMHBAaHHS — BOJIOTa
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kieiikoBuHa. Ilinm dac meHTpudyryBaHHS KICHKOBHHA IPOJABIIOETHCSA dYepe3 CuTo. Bimcotok
KJIEMKOBHHU, 1110 3aJIMIIAETHCS HA CUTI, BUSHAYAETHCA K 1HACKC KICHKOBUHU, SIKMI € ITOKa3HUKOM
MIIIHOCTI KIICHKOBHHM. BHCOKHI 1HIEKC KICHKOBMHM BKa3ye€ Ha CHIbHY KielkoBuHy [5, 8].
Pesynpratt BMiCTy BOJIOTOI KJICHKOBHMHHM BHPAXKAIOTHCS Y BIACOTKaxX Ha OCHOBI Bosorocti 14%.
Hamnpukian, 35% nis nimeHuInl 3 BUCOKUM BMICTOM O1JIKa, CHUIBHOKO KJIEHKOBHHOK abo 23% mis
MIIICHUII 3 HU3bKAUM BMIiCTOM OiJiKa, C1a0KO0 KICHKOBHHOKW. BOpomiHo 31 c1abKkor KIIEHKOBUHOIO
Ma€ MEHILIe BOJONOIIIMHAHHS HI’K OOPOILHO 3 CUIIBHOKO KJIEHKOBUHOIO.

Mera crarTti — JoCiiKeHHs OOpOIHA 3a JOMOMOTOK OONagHAHHS S BHUMIipIOBaHHS
KOJIbODY.

Buk/1ag OCHOBHOro Martepiajy AOCTiKeHHA. 3JIakd — 1€ 3arajJibHUM TEpMiH s
IIPOJOBOJIBYUX KYJIBTYp, L0 OXOIUIIO€ IIMPOKUI CHEKTP XapuOBHMX NPOJYKTIB, BKIIOUAKOYM PHUC,
MIICHUITI0, TIPOCO, KYKYpYyA3y, IO € HaWBaXIUBIIIMMUA KOMIOHEHTAMHU pamioHy doauHd. Kpymu
MICTATh 0arato TMOKUBHUX PEUYOBHUH, BKIIOYAOYM OUIKH, KPOXMab, JIIIIA, MIKPOCIEMEHTH Ta
BiTaMiHH, IO € OCHOBHHUM JDKEPEJIOM CHEpril JJis opraHizMy. BoHM BiIirpaloTh KJIFOYOBY POJIb Y
palioHi SIK OCHOBHI NPOAYKTH XapuyBaHHA. JlocTaTHE CHOXKMBaHHS 3J1aKiB MOJXKE PEryJtoBaTh
MeXaHi3MHU OpraHi3My Ta 3HIKYBAaTH 9acTOTY TaKMX 3aXBOPIOBAHb, SIK TINEPTOHIs, Aia0eT Ta CyAHHHI
3aXBOPIOBAHHS.

OCHOBHOIO TEXHOJIOTIYHOIO OIEPaLi€l0 MepepoOKH 3epHa € MOMeN — MOAPIOHEHHs 3epHa
TaKUM YMHOM, 11100 HOoro MoskHa OyJ10 JIETKO IPUTOTYBATH 1 IEPETBOPUTH Ha IPUBAOIUBUM XapuoBU
npoaykt. [TonpiOHEHHS 3epHa BiIOyBA€ThCS MUIIXOM 3aCTOCYBAHHS MEXaHIYHUX CHJI, K1 3MIHIOIOTh
CTPYKTYpPY 3€pHa IIJISIXOM MOJOJaHHsS BHYTPILIHIX CHUJI 3B’S3yBaHHs, IICIsA 4YOro CTaH TBEPAOI
PEUOBHHHU 3MIHIOETHCSI HAa 60potHO [9]. 3epHOBa MPOAYKIis EpepoOISETHCS B TiHl UM iHIIH Gopmi
nepes TUM, SK ii pakTUYHO CI0XHUBatOTh. OJTHUM 3 BaXKJIMBUX IPOILIECIB, IOB’I3aHUX 3 HEXIMIYHUMHU
3MiIHaMH € TIEPETBOPEHHS 310paHOro 3epHa Ha OOPOIITHO.

OcHOBHa MeTa IOMENY — IOCTYIOBE 3MEHIIEHHS pO3MIpIB Al OTpUMaHHsS OOpOIIHA 3
MaKCHUMAaJIbHO DPIBHOMIPHHUM pO3MOJIOM YacTHHOK 3a po3MipoM. TpaauiiiiHO momen BKIIIOYAEe
MIOBTOPIOBAHE MOAPIOHEHHS Ta PO3/IJICHHS B CUCTEMI IOCTYIOBOI'O BiIHOBJIEHHS, 11100 BIJOKPEMHUTH
pI3HI KOMIIOHEHTH 3€pHa (HaCIHHEBY OOOJIOHKY, €HAOCIIEPM Ta 3apOJIOK) JJIsi OTPUMAHHS OOpOITHA
SKOMOTa OJHOPIAHIIIOrO po3Mipy 4YacTUHOK. [loapiOHIOBaul BHJANAIOTH 30BHILIHIO OOOJOHKY
HACIHHS 1 TAKUM YHHOM IOJIETIIYIOTh BUPOOHUIITBO OOPOIIIHA 3 AK€ HU3bKUM BMICTOM 30JIH.

TpaauuiiiHo Komip OOpoIIHA OLIHIOITH Bi3yadbHO. MeToa € Cy0’€KTUBHUM, OCKIJIBKH
CHPUMHATTSA KOJBbOPY BIAPIZHAETHCS y PI3HMX JIIOJCH, a TakoX HABKOJUIIHIM KOJIp 1 YMOBH
OCBITJICHHSI TAaKOXK MOXKYTbh BIUIMBATH Ha KOJipHE CymkeHHs. [Ipu BuMiproBaHHI KOJIbOpy OOpoIIHa
aKIIeHT CJIiJl poOuTu Ha KoopauHatax L* 1 b* B komipHomy mpoctopi, a koopauHata L* e miporo
ocBiTiIeHOoCTl, J1e 0 — yopHuii, a 100 — Oinmii. Koopaunara b* npexacrasnse niana3oH KoJbOpiB Bix
CHUHBOTO JO >KOBTOTO, a NO3UTHBHE 3HAYEHHS b* BKa3ye Ha JKOBTH3HY. Y IpOLECI BUMIPIOBaHHS
3pa3ku OOpPOIHA MTOBUHHI OyTH OHAKOBUMHU JUISI BCIX BUMIpPIOBaHb (HAPUKJIIa, OJHAKOBUH po3Mip
3pa3ka, KOHTEeHHEep, 3aCTOCOBAHUI THCK TOIIIO).

VY poboTi Oyno TOCHiIKEHO TpU 3pa3ka OOpOIIHA 3a JOMOMOIOI0 BUMIpIOBaya KOJIbOPY.
BumiptoBau kompopy CM-200S € KOMMAKTHUM, HOPOCTUM Y BHKOPHUCTaHHI TPHUKOJIIPHUM
KOJIOPUMETPOM Il BUMIPIOBaHHS KOJIIPHOT pi3HMINI MiX 1BoMa Koiabopamu (puc. 1). Texniuni
XapaKTepUCTUKH BUMIpIOBayua KOJbOPY HaBeJleHO B Tabmuii 1.
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Pucynok 1 — BumiproBad KoJbopy

Taoauus 1 — TexHiuHI XapaKTepUCTUKU BUMiproBadya Koisopy [10]

. Pizaurst konpopis: (L*, a*, b¥)
[I1101m1a BUMIpIOBAHHS . " o

Komipauii npoctip: (L*, a*, b*)

Jliamiaz0H BUMIpIOBaHHS L* Bin 0 7o 100

CragmapTHe BIAXWIEHHS B Mexkax E* 0.5
CrtaliIpHICTE (cepenHe 3HaAYCHHS BHMIPIOBAaHHS
CTaHJapTHOI 017101 IIAaCTHHH)
I"abaputu npucTporo 140x73x35 MM
Bara npucrporo 220 r 3 aKyMVyJIATOPOM

Komip GopoiiHa Moke BIUIMBATH Ha KOJip TOTOBOTO MPOAYKTY. BopomiHo sickpaBo-0iyoro
KOJIbOpY OUbLI OakaHe A 6araTbox BUpoOiB. Komip 6opomiHa BU3HAUat0Th HIJIIXOM BUMIPIOBAHHS
01TM3HU 3paska OopolrHa. bine 60poIIHO HaBeAEHO Ha PUCYHKY 2.

bine 6opomHo: 3HaveHHs L* +92,5 Ginmu3Hu, 3HaYSHHS
a* — 2,4 3eneHoro KoJibopy, 3HaUE€HHS
b* +6,9 5k0BTOT0 KOJIBODY.

Pucynok 2 — bine GopourHo
(yHiBepcalbHe)

PesynbraTi KONBOPY TPHOX COPTIB OOpOIIHA OYIIO OTPUMAHO Y BUIJISLII 3-BUMIPHUX 3HaYECHb
KOJIbOPIB Ha OCHOBI HACTYIHOI IIKaNU OL[iHIOBaHHA: 3HadeHHs L* Oinuzna (100 Ginmii, 0 yopHuii);
3HaueHHs a* mo3uTHBHI 3HaUeHHs +60 (YepBOHMIA KOIIip), HETaTUBHI 3HaUeHHs — 60 (3e1eHuii KOIip);
3HaueHHs b* mo3utnBHI 3HaYeHHs +60 (3KOBTHI KOJ1p), HeraTuBHI 3HaYeHHs — 60 (cuHiii komip) [5].

bopomHo € ogHUM 13 HaAWOUIBII YacTO BUKOPHUCTOBYBAHUX XapyOBHUX IHIPEIIEHTIB s
0araThboX pi3HUX MPOAYKTIB: XJi0, MEYUBO, JOKIIWHA TOI0. BOopolHo, mepeMeneHe 3 MIIeHHMII, 1a€
0arato BHIIIB 1 HOTO SKICTh YaCTO aCOIIIOETHCA 3 KOIb0poM. Komip 6opoiHa MOXKHa OI[IHUTH SKIIO
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BHUMIPSITH HOTO SICKPaBICTh 1 )KOBTU3HY. Ha sSICKpaBiCTh BIUTMBAE BMICT BHCIBOK 1 MPOIIEC TTOMEIY, a
KOBTH3HA OOpOIIIHA OB’ sI3aHa 3 KAPOTUHOITHUMH MITMEHTAMH TIICHUII.

T a
3% -’;;:’Ff\f
306 LAl
4 » 4

]

Kykypynzsne 6opomHo: 3Hadenns L* +72 Ginusnu,
3Ha4YeHHs a* — 6,5 4epBOHOTO KOIbOPY, 3HAaUCHHS b* +54
YKOBTOT'O KOJIbOPY.

XKutne 6opomHo: 3HayeHHs L* +63 Ginu3Hu, 3HaueHHs a*
— 6,8 4epBOHOT0 KOJIbOPY, 3HAUEHHS
b* +22,1 5KOBTOr0 KOJILOPY.

Pucynok 4 — )Kutne 6opoirHo

Otxe, neHUnYHE OOPOIIHO BUTOTOBISETHCA NIIIXOoM Tomeny. [lomen — me mporuec, sKui
BUKOPHUCTOBYETHCS 1151 TOJIpiIOHEHHS 3epeH 371aKiB. MeTa moMeIy HoJsrae B ToMy, 100 BiJOKPEMHUTH
pi3HI YaCTWHU 3€pHA MIICHUIII Ta 3MEHIIUTH iX po3Mip. [IpoTsarom GaraTboX pOKiB 3’SIBHIHCS Pi3HI
TEXHIKHM, 3-TIOMDK SKHX POJMKOBE (Qpe3epyBaHHS Ta LWIHAPUYHE (pe3epyBaHHs, sKe
BUKOPHCTOBYETHCS HalfuacTilie yepe3 Horo BUCOKY MPOAYKTHBHICTE. [IpoTe sKicTh GopoirHa Moxe
3MIHIOBATHUCS 3aJIEKHO Bl 6araTboX YNHHHKIB. TOMY OLIIHKa SIKOCTI OOpOIIIHA 32 JOTTOMOT'0I0 Pi3HUX
METO/IiB BUMIPIOBAHHSI € HEOOX1THOIO JJIs1 OTPUMAHHS SIKICHOT CHPOBHHH.

BopomHo € ogHMM 13 HaAMOLIBII YacTO BUKOPUCTOBYBAHMX Xap4yOBUX IHIPEMI€HTIB M
0araTboX pi3HUX MPOIYKTIB: XJIi0, MEYHBO, JIOKIIMHA TOIO. bopoIiHo, mepemeneHe 3 MIICHUI 1ae
6arato BUJIB 1 HOTO SIKICTh YAaCTO acOLIIOETHCS 3 KoJbopoM. Koip GopolitHa MOXKHA OLIHUTH SIKIIO
BUMIPSITH HOTO SICKPaBICTh 1 )KOBTU3HY. Ha sickpaBicTh BIJIMBAa€ BMICT BHCIBOK 1 IIpOIIEC MTOMENY, a
YKOBTH3HA OOpOIITHA IMOB’s3aHa 3 KapOTHHOIMHUMHU TirMeHTamu mmeHui. Komip GoporrHa Moxe
BIUIMBATH Ha KOJIIP TOTOBOTO MPOJYKTY. BopoImiHo sickpaBo-0110r0 KOJIbOpY Oinbil OaxkaHe s
Oaratbox BUpoOiB. Kosip 60poiiHa Bu3Ha4al0Th NUISIXOM BHMIPIOBaHHSI OLTM3HM 3pa3ka 00poITHa.

JocnikeHo Tpu 3pa3ka OOpoIIHAa 3a JOMOMOIOI BUMIpIoBaua KoJbopy. BumiproBau
koibopy CM-200S € KOMIakTHUM, TMPOCTUM Y BUKOPHUCTAHHI TPUKOJIPHUM KOJOPHUMETPOM IS
BUMIPIOBaHHA KOJIPHOT piI3HUIII MIX JBOMa KOJIbOpaMH. Pe3yinbTaTi KoJibopy TphOX COPTIB OOpOIIHA
OyJ10 OTpUMaHO y BUTJIAII 3-BUMIPHUX 3HAYEHB KOJILOPIB HA OCHOB1 HACTYITHOT IIIKAJIA OI[IHIOBAHHS:
3HadeHHs L* Gimmsna (100 Oinmii, 0 yopHuil); 3HaueHHS a* Mo3UTHBHI 3HaYeHHs +60 (d4epBOHUI
KOJIIp), HeTaTUBHI 3HaueHHs — 60 (3e7eHult Komip); 3HaueHHs b* mo3uTuBHI 3HadeHHs +60 (KOBTHUI
KOJIip), HeraTuBHI 3HaueHHS — 60 (CuHii koiip). IHTepnpeToBaHO pe3yabTaTH JOCIIKEHHS: Oine
6opomHo (L* +92,5 6inu3nu, a* — 2,4 3e5neHoro Koiabopy, b* +6,9 ®oBTOro Kombopy); KyKypyA3sHe
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oopomno (L* +72 OinusHuM, a* — 6,5 4epBOHOrO KOJILOPY, b* +54 KOBTOTO KOJBOPY); KUTHE
6opomrHo (L* +63 6inu3HM, a* — 6,8 uepBOHOTO KOJIBOPY, b* +22,1 5KOBTOTO KOJIBOPY).

BucHoBku. Po3risiHyTo MeTonu BUNIPOOYBaHHS IMIICHMII HA SKICTh, @ caMe: BMICT BOJIOTH,
BMICT MIHEPAJbHUX PEYOBUH, BMICT Oinka Tomo. 3a3Ha4yeHO, M0 TPAIULIAHO KOJip OOpolIHa
OIIHIOIOTH Bi3yalibHO. MeToa € cy0’€KTHUBHUM, OCKUIBKH CIPUUHATTS KOJbOPY BIAPI3HAETHCS Y
pI3HUX JIO/IeH, a TAKOK HABKOJMUIIHIA KOJIIP 1 YMOBH OCBITJICHHS TaKOXX MOXYTh BIUIMBAaTH Ha
KOJIipHE Cy/DKeHHs. Byio mociikeHo Tpu 3pa3ka OopolHa 3a JOMOMOTO BUMIiprOBada KOJIbOPY:
Oine, KyKypya3siHe, ®KHUTHE. Pe3ynpTaTi KoJIbopy TphOX COpPTIB OOpOIIHA OYyJI0 OTPHUMAHO Y BUTIISAL
3-BUMIpHUX 3HA4YeHb KOJIBOPIB HA OCHOBI CTAHJAPTHOI IIKAJIM OIIHIOBAHHs. [HTEpPIpPETOBAaHO
pe3yNbTaTu IochipKeHHs: oite 6opomrao (L* +92,5 6inu3Hu, a* — 2,4 3eeHoro Koisopy, b* +6,9
YKOBTOTO KOJILOPY); KyKypya3siHe 6opomiHo (L* +72 6inmm3Hu, a* — 6,5 yepBoHOTr0 KONbopy, b* +54
KOBTOTO KOJIbOPY); kuTHE OopommHo (L* +63 Gimusnu, a* — 6,8 yepBoHOro Koibopy, b* +22.1
’KOBTOT'O KOJIBOPY).
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Obijective. The aim of this paper is to investigate flour using color measuring equipment.

Methods. In this work, a three-color colorimeter was used to study the quality of flour by
measuring color.

Results. It is noted that wheat and rice are the most important crops worldwide because they
account for more than 50% of the world's cereal production. Wheat is the most important cereal crop,
which is of great importance in terms of food. Whole grain is an excellent source of complex
carbohydrates, dietary fiber, and various vitamins and minerals, making it a valuable food crop for
consumption. Flour is the most widely used form of grain processing, since most flour-based products
are made using it. Therefore, assessing the quality of flour using various measurement methods is
necessary to obtain high-quality raw materials. The methods for testing wheat for quality, namely
moisture content, mineral content, protein content, etc. are considered. Flour is considered to be one
of the most commonly used food ingredients for various products: bread, cookies, noodles, etc. Flour
milled from wheat gives many types and its quality is often associated with color. The color of flour
can be assessed by measuring its brightness and yellowness. The brightness is affected by the bran
content and the milling process, and the yellowness of the flour is associated with the carotenoid
pigments of wheat. The color of the flour can affect the color of the finished product. Bright white
flour is preferable for many products. The color of the flour is determined by measuring the linen of
the flour sample. It is noted that the color of the flour is usually assessed visually. The method is
subjective, since color perception varies among individuals, and the surrounding color and lighting
conditions can affect color judgment. Three flour samples were tested using a color meter: white,
corn, rye. The color results of the three flour grades were obtained as 3-dimensional color values
based on a standard rating scale: L* values (100 white, 0 black); a* values positive values +60 (red),
negative — 60 (green); b* values positive values +60 (yellow), negative - 60 (blue). The results of the
study were interpreted: white flour (L* +92.5 white, a* — 2.4 green, b* +6.9 yellow); corn flour (L*
+72 white, a* — 6.5 red, b* +54 yellow); rye flour (L* +63 white, a* — 6.8 red, b* +22.1 yellow).

Key words: wheat, flour, color, methods of testing wheat for quality, measurement, nutritional
value, milling, moisture.
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AUTOMATION OF TUNNEL FURNACE CONTROL
IN CONDITIONS OF POWER SYSTEM INSTABILITY

Mema. Memoio pobomu € po3pobka piuiens 0Jisi ONMUMI3AYTT MENI0BUX PEHCUMIB MYHENbHUX
neveu 8 yMo8ax 00OMedCeHb NOCMAYAHHA eNeKMPUKOIO0 3d OO0NOMO20I0 MEXAMPOHHUX MOOYIi8
Jcusienns. Jlana mema KOHKpemu3yemuvcs y SUpiuleHHi 3a60aHb i3 3a0e3nedents piBHOMIPHOCI
memnepamypHo20 po3nooiny 6 neKapHit kamepi, ni08UWeHHI 3a2albHOi NPOOYKMUBHOCMI neyi ma
3MeHUleHHI 3a2anbHux enep2osumpam. Onmumizayis meniosux peiCuMie myHeIbHOI neui maxKoic
003801UMb NOKPAWUMU AKICMb NPOOYKYIL ma 30iivuuumu pecypc 0OAA0HAHHS, 3MEHWMUBWU NPU
YbOMY eKCHIyamayiuti eumpamu.

Memoou. [{na peanizayii memu, nog'a3anoi 3 ONMUMI3AYIEIO MENTOBUX PEHCUMIB MYHENbHUX
neveu 3a OONOMO2010 MeXAMPOHHUX MOOYVII8 IHCUBNEHHS, BUKOPUCMAHO KOMNIEKCHUU NioXio i3
3aCMOCYBAHHAM CYYACHUX MemOoOi8 OO0CNIONCEHHA: eHepeemudHo20 ayoumy HOMOYHO20 CHMAHY
€Hep20CNOJICUBAHHS NeYl 3 OYIHKOIO 8umpam ma nomeHyiany eKkoHoMii; po3pooKu, onmumizayii ma
BNPOBAONCEHHS ANOPUMMIB Ol ABMOMAMUYUHO20 Pe2YNI08AHHS MENN08UX DEHCUMI8 HA OCHOBI
OQHUX, OMPUMAHUX 3 MEPMOOAMUUKIE MA 00POOIEeHUX 3a OONOMO2010 CIAMUCIUYHUX MemOoOi8
aHanizy.

Pesynomamu. Y cmammi 6uceimaoromovca nepcneKmueHi pe3yivmamu, AKL MOJICYMb
CYmMmeEBO NOKpaAWumuy mexHoI02IuHULL npoyec UPOOHUYMEA OGOPOWHAHUX 8UPODI& 8 KOHBEEPHUX
neuax mymenvHoco muny. OOHUM i3 KII0YO08UX OOCACHEHb € ONMUMI3AYis Menio8UX PeNcUMIs
MYHETbHUX neyeli 3a 00NOMO2010 CUCeM agmomamusayii, AKi 0a3yiomucsa Ha an2opummax HewimKoi
noeiku  (azzi-nociku). 3aeosaku 00’ €KMUBHOMY aHANI3y MEXHONOSIYHO20 NpoOYecy 6 pedcuUMi
PeanvHo2o Yacy yi cucmemu 3abesneyyoms cmadiivHe YnpasiiHHa HA8imb 8 YMO8aX HeCmaobilbHO20
nocmavauus  enekmpoenepeii. Bnpoeadxcenus asmomamusayii 0036018€ 3MEHUWUMU 3A2abHI
eHep208UmMpamu 3a PaxyHox payioHAIbHO20 GUKOPUCMAHHA eHepeii, 3a0e3neduenHsi pieHOMIPHO20
memnepamypHo20 po3nooiny 6 neKapHiil kKamepi ma 3meHuieHHs meniosux eémpam. Lle, y ceoro uepey,
NO3UMUBHO BNJIUBAE HA AKICMb 20MOB0I NPodyKyii, sKka 0yoe il 0OHOPIOHON I 8iOnosidamume
gucokum cmanoapmam sakocmi. Kpim moeo, noxpawjenHs cmadOilbHOCMI Meniosux pexdcumis
cnpusiemume 30L1bUeHHI0 NPOOYKMUBHOCT MYHENIbHUX neyell, Wo € 8aAXCTUBUM OISl 3d0080IeHHS
3pOCmaroyo20 Nonumy Ha xaib00ynouHi 6upobu. Basxrcaueo, wo 3acmocy8ants MexampoHHUX MOOYie

© Xopoabscekuii B. I1., Kopenens 0. M., Tpynos B. 1O.
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JHCUBNIEHHSL He Juule NIOBUWYE eHepeemudHy e@eKmusHicmb, a U 0038014€ MIHIMIZy8amu
excnayamayitni eumpamu. 3ae0sKku onmumizayii pooomu 001a0HAHHA 30i1bULYEMBCIL U020 Pecypc,
WO 3HUNCYE sUMPAMU HA 00CTY208y8aHHs | pemonm. Taxkodx npoeedenHs eHepeemuyHo20 ayoumy i
BUKOPUCTNAHHS CYYACHUX CIMAMUCMUYHUX MeMO0i8 O AHALI3Y OAHUX CIMEOPIOE MONCIUBOCI OISl
PO3POOKU adanmueHux piuiens, 5K 6paxo8yioms cneyuqhiky KOHKpemHo2o 8UupoOHU4020 npoyecy.
Ompumani pe3yrbmamu 6i0KpUSaOmMb NEPCNEeKMUBU MACUMA0)8aHHs 3aNPONOHOBAHUX PilUeHb Ol
[HWUX Munie mensiogo2o 0ONAOHAHHS, WO MOJce OYMU KOPUCHUM Ol XAPHUO0B80i NPOMUCTIOBOCHI 8
yinomy. Taxum yumom, asmomamusayis mMyHeIbHUX nedell € 8adCIUBUM KPOKOM 00 NIOBUUEHHS
MEXHONI02IUHOI, eKOHOMIYHOI ma eKON02IUHOI epeKMUBHOCMI UPOOHUYMBA, CRPUSAIOYUU CMAIOMY
PO3BUMKY NPOMUCTIOBOCTMI HABIMb 8 YMOBAX eHEPLeMUUHOI HecmabilbHOCH.

Kniouosi cnoea:. mynenvHa niu, eHepeONCUGNIEHHS, MENI0BUL DeNCUM, Mamemamuine
MOOeN0BAHH S, ONMUMI3AYIA, MEXAMPOHHUL MOOYIb, ABMOMAMU3AYIA.

IMocTanoBka nmpodiaemu. B ymoBax 30poiiHoi arpecii pocii mpotu YkpaiHu 0COOJMBOTO
3HaueHHs HaOyna mpobiema 3ade3neueHHs cTabiibHOT POOOTH MPOMUCIOBOTO 00JIaTHAHHS B YMOBaX
HecTaOUIbHOCTI eHeprocucteMu. [IOCTiiHI BiKITIOUEHHS €IEKTPOEHEPrii, KOJIMBaHHS HAIpPYrd Ta
OOMEKEHHsI EHEepronocTayaHHs CTBOPIOIOTh KPUTHYHI BHUKJIMKMA JUISL  HIATNPHEMCTB, 10
BUKOPHCTOBYIOTh €HEProeMHe 00JIaTHaHHsI, 30KpeMa TYHEIbHI 1edi, K1 ITHPOKO 3aCTOCOBYIOTHCS Y
XapyYoBil MPOMHUCIIOBOCTI.

TyHenpHI TedYi € BaXJIMBHMH TEXHOJOTIYHMMH arperaramu, sKi 3a0e3NedyroTh
0e3nepepBHICT, BUPOOHUYMX MPOIECIB 1 BUCOKY SIKICTh Mponaykiii. OpHak iX (yHKI[IOHYBaHHS
3aJISKUTH BiJl CTAaOLIBHOTO MOCTaYaHHS €JIEKTPOSHeprii Uit 3a0e3revyeHHs] piBHOMIPHOTO Harpimy,
po0oTH cucTeM KepyBaHHs Ta BEHTWIANil. B yMoBax eHepreTnyHoi HecTaOUIBHOCTI I MpOLecH
MOPYUIYIOTHCS, IO PU3BOAMTH J0:

— HEpPIBHOMIPHOTO PO3MO/LTY TEMIIEpaTyp y NeKapHii Kamepi;

— 3HW)KEHHS MPOJYKTUBHOCTI 00JaIHaHHS;

— 30UIBLIEHHS €HEPTOBUTPAT 1 3HOCY 00JIaIHaHHS;

— BTpAaT CHPOBHHHU Ta HEJOTPUMAHHS TEXHOJOTIYHUX CTAHJIAPTIB;

— TIOTIPIICHHS SIKOCTI MPOJIYKITIi.

AKTyanbHICTh TPOOJIEMH MOCUITIOETHCS HEOOX1HICTIO 3HI)KEHHS €KCIITyaTalliiHuX BUTpPAT
Ta ONTHMI3allll eHeprOCIOKMBAaHHS y BIJINOBIAb HA BUKJIIMKH €HEPTeTUYHOI KPU3H.

IcHyroui cucTeMM KepyBaHHS TYHEJIbHMMHU I€4aMU HE aJanToBaHI 70 poOOTH B yMOBax
HECTaOUIbHOTO €HEProNoCTayaHHsI, B HUX B1JICYTHI ME€XaH13MHU KOMIIEHcallli KOJIMBaHb TEMIIEpaTypu
B peXHuMi peajgbHOro uacy. Husbkuil piBeHb aBTOMaTH3allli TAKOro OOJaJHAHHS CHPUYMHIOE
Hee(eKTUBHE BHUKOPUCTaHHS eHeprii. Y mepioan poOOTH Ha aBTOHOMHMX JDKepenax eHeprii
BiIOYBalOThCsI IEPEBUTPATH EHEPTOPECYPCIB.

3001 B eHepronocTayaHHi COPUYUHIOIOTH OPYIIEHHS TEXHOJIOTTUHUX IIUKIIB Ta M1BUIIYIOTh
PHU3UKHU BTpATH NMapTii MpoyKiii a00 3HMKEHHS PiBHSA 11 SIKOCTI.

Jns 3abe3neueHHs Oe3nepeOiiiHOT poOOTH TYHEIBHMX I€4e B yMOBaxX €HEpPreTUYHOL
HECTaOUIbHOCTI MOTPIOHI HOBI MiAXOMM JO KEpyBaHHS TEXHOJOTIYHMMH TpolecaMH Ta ix
aBTOMAaTH3aIlii, IKi BKIIOYAIOTh:

— PO3pOOKY aJIaNTHBHUX MEXaTPOHHUX MOMYIIB, 3AaTHUX TPAIFOBATH HAa AbTEPHATHBHHUX

JDKeperax >KUBIICHHS,

— IHTErpalil0 CHCTEM MPOrHO3YBaHHS TEXHOJOTIYHOTO TpOIecy Ta ONTUMI3amii

€HEepProcroXKUBaHHS;

— 3aCTOCYBaHHS IHTEJEKTYAIbHUX CHCTEM MOHITOPUHIY Ta PEryJIIOBaHHS TEMIIEPaTypHOTO

pPEXHUMY B KaMepi TYHEJIbHOT Meul.

Bupimenns niei npoOieMu CIpUsATHME MiBUILIEHHIO €HEProepeKTHUBHOCTI, 3MEHIIEHHIO
eKCIUTyaTaI[iiHUX BUTPAT Ta TOKPAIIEHHIO CTIMKOCT1 BUPOOHUYHX MPOIIECIB 10 30BHIINIHIX BUKJIUKIB,
1110 € KPUTUYHO BAXJIMBUM y CYyYaCHHX YMOBAX.
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AHami3 ocTaHHIX aociimxkeHb i myOaikamiid. BupoOHunTBo xmi6a Ta X11600yI09HHX
BUPOOIB CTPaB CKIIAAETHCA 3 OaraTboX €TarliB, KOXKEH 3 SIKUX € BAXJIMBUM JUISI OTPUMAHHS SIKICHOTO
npoaykry. [Ipote etan BunikaHHs €, 6e3nepeyHo, HailBaXKIIUBILINM, OCKUIBKH CaMe Ha [IbOMY eTari
TICTO Ta IHII IHTPEAIEHTH MEPETBOPIOETHCS HA TOTOBUH BHpiO. I1ix yac BumikaHHS BigOyBalOTHCS
OCHOBHI (D13UKO-XIMIYHI MPOIIECH, K1 HAAAIOTh MPOAYKTY MOT0 KIiHIIEBY OpMY, TEKCTYPY, CMAK Ta
apomar.

TyHenbHI Te4l MMUPOKO BUKOPHUCTOBYIOTHCS B Xap4OBii MPOMMCIOBOCTI JUIsi BUPOOHUIITBA
XJ11000yT09HUX BHPOOIB, JIe CTA0UTBHICTH TETUIOBUX PEKUMIB € KJIFOYOBUM YHHHUKOM 3a0€3MeUeHHS
sKocTi ipoaykiii. OHaK CydacHi BUKIIMKH, MOB'sI3aHi 31 3pOCTal0U0I0 HECTA0IIbHICTIO BITYU3HIHOT
€HEepPrOCHCTEMH, BUMAaraloTh HOBUX IIJXOJIB 10 aBTOMATH3alli MPOIECIB KEPyBaHHS MeYaMH JUIs
IT1IBUIIICHHS IXHBO1 eHeproe(EeKTUBHOCTI Ta IMIPOyKTUBHOCTI.

BinbIIicTh KIACHYHUX CHUCTEM aBTOMATH3AIlii, PO3TIITHYTHX Y JOCTIKEHHSX BITUYM3HSHUX
BueHux [1-3], 6a3yroTbes Ha 3actocyBanHi [11/I-perynaropiB ajis ynpaBiiHHS TeMIEpaTyporo Ta ii
po3mnoiijioM B pobod4oMy mpocTopi. Xoda Ii MeToau 3a0e3MeuyoTh 0a30BHiI KOHTPOJIb, BOHH YacTO
HE BPaxXxOBYIOTh JUHAMIYHUX 3MiH Yy MPOILIECI Ta MaIOTh OOMEXEHY aJalTHUBHICTh A0 HECTAO1IbLHOTO
MOCTAa4aHHs eHeprii.

VY cydacHii iTeparypi 6araTo yBaru npuiiIeHo iHTerpanii HeuitTkoi goriku (fuzzy logic) ans
pETyIIIOBaHHS TEIUIOBUX MpoiieciB [4-7]. Taki cucreMu JO3BOJISIOTH aHATI3yBaTH CKJIAHI HEITiHIMHI
MpOLIECH B pealbHOMY Yacli Ta NMPUHAMATH ONTHUMANbHI DIIIEHHS HAaBITh 32 BIJCYTHOCTI YITKO
BU3HAYCHUX MaTeMaTHUHUX Mozeneil. Onxnak, mpobiema MacmTabOBaHOCTI TAaKMX CHCTEM 1
O0YHCITIOBAIEHUX BUTPAT 3AIHMIIAETHCS aKTYAIbHOIO.

[HHOBAIIWHUAM TTiIX0/I0M € BIIPOBA/KEHHS B TEXHOJIOTIYHUH MPOIIEC MEXAaTPOHHUX MOJYJIIB,
o 3a0e3MevyloTh PO3MOJICHE YNPaBIIHHS Ta MOKPAIIYIOTh E€HEepPro30epeskeHHs 3a pPaxyHOK
nokanbpHOI amanTarii [8-10]. ¥V miteparypi nei HanmpsiM po3TIISIIAETHCS SK MEPCIEKTUBHUM, OHAK
JOCTIKEHHS 3/1€01IbIIOr0 OOMEXYIOThCA Ta0OpPaTOPHUMHM YMOBAMH, IO CTaBUTh MUTAHHS MPO
e(EeKTHUBHICTh TAKMX MOJYJIB Y IIPOMHUCIOBUX MaciuTadax.

Po6otu [11, 12] neMOHCTPYIOTH Ba)JMBICTh €HEPreTUYHOTO ayauTy ANs iAeHTHdikarii
BY3bKHX MICLb y CIIO)KMBaHH1 €HEprii TYHeIbHUMHU NedaMu. Taki JOCTIIKEHHS CIPUSIIOTh pO3po0I
MoJiesielt ONTUMI3Alli] TeIUIOBUX pekuMiB. BogHouac, aBTopu BKa3ylOTh Ha HEOOX1HICTh 1HTErpamii
[IUX MOJIENICH 3 aBTOMATU30BAaHIUMH CUCTEMaMH IS JOCSTHEHHS MaKCHUMAJIBHOTO e(heKTYy.

Bukopucrannsa Inrepuery peueir (IoT) ta nudposux npiiHukiB (digital twins) [6, 7, 13]
BUSBIIAETHCS €(EKTUBHUM Ul MOHITOPUHTY Ta InepeadadeHHs 3MiH y mpouecax. L{i Texnomorii
MOXYTh 3a0€3MEeUUTH JeTalbHE MOJEIIOBAHHS TYHEIbHMX I€4ed, MpoTe MOTPeOyrTh 3HAYHHMX
IHBECTHULIH Y 1IHDPACTPYKTYPY, 1110 € 6ap'epoM JUIsi MaJIoro Ta CEpeaHbOro Oi3HECY.

HesBakaroun Ha 3Ha4HI JOCATHEHHS, OLBIIICTD ICHYIOUHMX JOCTIIKEHb 30CePeIKYIOThCS Ha
OKpEMHUX acTeKTax aBTOMAaTH3allli — BiJl ONTUMI3AIlll TEIUIOBUX PEXHUMIB 0O €HEPro30epeKeHHS.
BincyTHiil cucTteMHHH MinxXiA, IO IHTETpye CydacHi ajaropuTMH (HANpHUKIaJ, HEYiTKa JIOrika),
MexaTpoHH1 Moy skuBiieHHS Ta [oT y enuny mardopmy. Takox oOMexeHa KUIbKICTb JOCTIIKEHb
BpPaxoBY€ YMOBH pPEaJbHOI HECTaOlIbHOCTI €HEPronoCTayaHHs, 10 € KPUTUYHO BAaXIIMBUM IS
IIPOMHCIIOBOCTI.

Jlns BUpileHHs BUSIBICHUX MPoOIeM HEOOX1HO:

— PpO3pOOWTH KOMIUIEKCHI aBTOMAaTHM30BaHI CHCTEMH, IO OO0'€IHYIOTh METOAM HEYITKOi

JIOT1KH, MexaTpoHiky Ta [oT;

— 3aificHUTH MacmTaOHI JOCHIPKEHHS B YMOBax peajbHOr0 BUPOOHMIITBA ISl IEPEBIPKU

e(eKTUBHOCTI HOBUX TI/IXO/IiB;

— IHTErpyBaTH MOJEJIi MAIIMHHOTO HAaBYaHHS JUId MPOTHO3YBaHHS 3MiH Y IpoIecax Ta

ajanranii 0 HecTablTbHOCTI €HEPTrOCUCTEM;

— BHBYHUTH MOXIIMBOCTI 3HI)KEHHS BUTPAT HA BIPOBADKEHHS TAKUX PIlICHB, IO CIIPUSTHME

X IOCTYNHOCTI JUIsl MIANIPUEMCTB Pi3HOrO MaciTady.

ABTOMaTH3allisl TYHEIbHUX Ne4Yel B yMOBaX HECTaOLIHLHOCTI EHEPrOCUCTEM € CKIIAHOO0, ajle

BXJIUBOIO 33/1a4€10 [T Xap4oBOi MpoMuciioBocTi. [lonpu 3HauHi JOCATHEHHS Y cdepi onTumizarii
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Ta aBTOMATH3aIlil, MOAAIBII JOCTI/DKEHHS] MalOTh OyTH CHPsIMOBAHI Ha IHTETPAIlil0 MEPETOBUX
TEXHOJIOTiH y IUIICHI cuCTeMH, 110 3a0e3nevyars cTabiIbHICTh, €PEKTUBHICTD 1 SIKICTh BUPOOHUYHMX
MIPOIIECIB.

MeTo1o cTaTTi € po3poOKa pillieHb JUIst ONTUMI3allli TETNIOBUX PEXHUMIB TYHEIbHUX MeUei B
yYMOBax OOMEeKeHb IIOCTauYaHHs eJIEKTPUKOLO 32 JOIIOMOr0I0 MEXaTPOHHUX MOAYIIB )KUBJICHHS. [laHa
MeTa KOHKPETH3YEThCSl y BUPILICHHI 3aBJaHb 13 3a0€3MEYCHHS PIBHOMIPHOCTI TEMIEpPaTypPHOTO
pO3MOALTY B TMEKapHid Kamepi, MiJBHINCHHI 3arajibHOl MPOAYKTHBHOCTI I€4i Ta 3MEHIICHHI
3arajJibHUX eHeproButTpar. OmNTHUMIzallis TEIUIOBHX PEKUMIB TYHENIBHOI Me4l TaKoX JO3BOJIUTH
MOKPAITUTH SIKICTh MPOAYKIIi Ta 30UIBIIUTH pecypc OOJIaIHAaHHS, 3MCHIIMBIIM TPU I[HOMY
eKCIUTyaTaIliiiHi BUTpATH.

Bukiaag ocHoBHoro Marepiany. Jlns Takux TEXHOJIOTIYHHMX IIPOLECIB  Xap4yoOBOi
MIPOMUCIIOBOCTI, SIK BUIIKaHHS XJi0a, X1000ynoYHNX BUPOOIB, MilM, JaBalla, MeurnBa, CYNIiHHS
MaKapoOHHHUX BHPOOIB TOIIO, BiIacTHBa IpobjieMa, IOB’s3aHAa 3 HEMOXJIMBICTIO TIOCTIHHOTO
KOHTPOJIIO TeMIIepaTypHUX MapaMeTpiB B MEKapHild Kamepi MmiJ yac 3MiHU MPOTrpaM BUIIKAHHS IS
pI3HUX BH[IB MpOAYKLii abo MiJ yac Mepexoay Ha aabTepHATUBHI JDKEpea KUBJICHHS B YMOBaX
HECTa0UIBHOTO E€HEepPronocTadyaHHs. Y IMX BHIAIKaX KOHTPOJIb 3IIHCHIOETHCS TEXHOJOTIYHUM
[IEPCOHAJIOM Bi3yaJlbHO a00 3a JONOMOIOK MEXaTpOHHMX JaTyukiB. IIpm 1bOMYy TOYHICTB
aBTOMATHYHOT'O KOHTPOJIIO TEMIIEPATypPH B30BXK KOHBEEPA Ta TEIUIOBUX MOTOKIB B IEKapHil Kamepi
TYHENbHOI TMeYl 3aleXHTh BiJ 3MIH MapaMeTpiB JEKUIbKOX (DaKTOpiB 30BHIIIHHOTO BIUIUBY,
HAIPHUKIIAJ, BiJ CTAOUTBHOCTI elleKTpo3ade3neueHHs TyHETbHOT Imedi.

HeoOxianicTh 3a0e3MedyeHHs SKOCTI TEXHOJIOTIYHOTO MPOLeCy Ta KIiHIIEBOTO MPOAYKTY B
YMOBaxX HECTAaOUILHOTO PEKUMY €IEKTPOIIOCTaYaHHs TYHEIBHOI Medi BUMarae po3B’si3aHHS MEBHUX
IIPOEKTHUX 3aBJ/IaHb, a CaMe:

— OILIHKM TEMIEpPaTypHOTO IOJs Ta PO3MOALIY TEIUIOBHX IOTOKIB B3/I0BX KOHBEEPHOI

CTPIYKH 1 TOJTy KaMepH;

— PpO3pOOKH aJropUTMy ONTHMAIBHOIO PO3MOJLTY TEIUIOBUX MOTOKIB y poOouiil Kamepi
TYHEJBHOI M€yl B epio] CTAJIOr0 €JIeKTPOIIOCTaYaHHs eJIEKTPUKH;

— MOJICJIIOBAHHS PO3MOJLTY TEIJIOBUX IOTOKIB 1 TEMIIEPaTypHOro MOJS B JIBOMIPHOMY
MpocTopi podoU0i Kamepu;

— PpO3pOOKHU alIrOpuTMy PO3paxyHKY TEMIIEPATYpHOTO OISl B MPOJYKTI 1 HA HOTO MOBEPXHI;

— PpO3pOOKM MEXaTpPOHHMX MOAYIIB JUIsl €JIEKTPONOCTauYaHHS TYHEJIbHOI Medl B Meploau
aBapifHUX Ta/ab0 BisSJIOBUX BIIKIIOYCHbD;,

— PO3pOOKHM MEXaTPOHHOI CUCTEMH CHUTYAIIfHOrO KepyBaHHS MPOIECOM BHPOOHHIITBA
SKICHOT MPOAYKIT Pi3HOTO BHAY B YMOBaxX a/JalTHBHOIO IHTEJIEKTYaJbHOI'O KEpyBaHHS
pOOOTOIO TYHENBHOI I€Yl Ha OCHOB1 MEXaTPOHHUX MOJYJIIB JKUBJICHHS;

— PO3pOOKH CTPYKTYpHOTO aJTOPUTMY POOOTH I1HTEIEKTYyaJIbHOI CHUCTEMH KepyBaHHS
texHosoriyauM npornecom (ICKTII) 3 mporHo3yro4or MOJENO0 napaMeTpiB TEIIOBUX
notokiB Qz, Qx, Qmp; Temreparyp MOBepXOHb KOHBEEPHOI CTPiukK Ta BHPOOiB, 711 i T8
BIJITIOBITHO; OLIIHKOIO KOe(iLI€HTIB CKIIaJHOI TEIUIoNepeiadi TyHEIbHOT eyl as.

[Mpr cxnaaHiA TEIUIOBIAIAa4Yl 3aradbHUN TeruioBHid TOTIK Qz o00'eqHye 1Ba BWIH
Terutonepenadi: kousekuio (Qk) Ta BunpomintoBaHHs (Qrp). KonBekiist BinOyBaeThCs uepes3 pyx
MOBITPsI @00 1HIIOrO Tra3y Ol MOBEPXHI TiJIa, SKOMY NEPEIAEThCs TEIIO, a BUIPOMIHIOBAHHS — 1€
€HEeprid, Ky TLIO BUIPOMIHIOE B HAaBKOJIMIIHE cepenoBuiie. [Ipu po3paxyHkax TEIIOBUX MPOIECIB
BaYKJIMBO BPaxoBYBaTH OOMJIBa BUIM TeIUIoONepeaayl, OCKUIbKM BOHH pa3oM (OPMYIOTh 3arajlbHUN
edexT TemnoooMiny. Lle 103Bossie OTpUMATH OUIBII TOYHI Pe3yJIbTaTH MPU MPOEKTYBAHHI 1 aHAI31
TEIUIOBUX CHCTEM:

Qz = Qx + Qmp, 1)
ne Qx — TEIUIOBWH TMOTIK KOHBEKINEI0, IO 3aJICKHUTHh B KOoedillieHTa TEIUIOBIIAadi Ta
TeMIIepaTypy MOBEPXHi i cepeoBuUILa;

Qrip — TPOMEHEBHIT TETUTOBHH MOTIK, IO YTBOPIOETHCS 32 PaXyHOK BUIIPOMIHIOBaHHS €HEprii

3 MMOBEPXHI HarpiToro Tija.
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Ha mixcrasi inopmartii, oTpuMaHoi B IpoIIeci aHaII3y €KCIIEPTHUX OIIIHOK, TETIJIOBUI
OanaHc A7 IepeTUHy poO0Y0i KaMepu TYHEIbHOI Iedi MOYKHA ONKMCATH PIBHSHHSAM BHUY:

j Qdl =0 )

[Tpu upomy inTerpan Bix GpyHkiii rerosux notokis Q(l) 6epyTs 3a npsMokyTHORO Mexero L
pO3MillleHHsI BUPOOiB B poO0Uiii KaMepi TYHEIIBHOI Ieul.

Pimrenns 3amadi ornrruMizaliiil TEIUVIOBUX IMOTOKIB IOB’SHDKEMO 13 CHCTEMOIO, IO CKIIAAETHCS 3
JIBOX ITapaMeTpiB:

1) X — KoOpAMHATH 3a JOBXHHOI KOHBEEPA TYHEJIBHOT ey,

2) AQ(x) — mpupoieHHs GyHKIIT TEIJIOBUX MTOTOKIB.

Mexa yTBOpEHHS CKOPMHKH Ma€ HEYITKHI XapakTep 1 KOHTPOJIOETHCS MEXaTPOHHHUM
MIPUCTPOEM — TEXHIYHUM 30POM — Yy BizyanbHUH c11oci0. CTymiHb HEUITKOCT1 OIIIHKHU SIKOCT1 MTPOTYKITI{
XapaKTePU3YEThCS CTYIMEHEM HEUYITKOCTI BU3HAYCHHS MEXI TOTOBHOCTI BHPOOIB 1 CTyNeHEM
HEYITKOCTI Bi3yaumisallii mporecy. Y BIANOBITHOCTI 3 IIMM OIHKA X,, MOXe OyTu (opmaiizoBaHa
HEYITKOIO MiIMHOXUHOIO Xa 3 QYHKLI€I0 HAEKHOCTI £, (X), NaHa QyHKUis MOKe Oyt 3aiaHa y

BHIJISITI J3BOHOIIOAIOHOT KPHBOI 3 MAKCHMYMOM B TOYIII Xa.
[Tepeiinemo 10 po3riisay GpopmMainizaiiii skicHoro onucy Gyskmii Q(x) TErIoBUX MOTOKIB, SKi
MOTJIMHAIOTHCS] BUpOOaMH B pOOOUiil KaMepi TyHEIbHOT Iedi.
SkicHa iH(popMallig OJIATaE B TOMY, 1110 MPU 3MiHI KOOPJIUHATH Xa BiJ MEXK1 30HH BUITIKAHHS
y HalpsIMKY 3aBaHTa)XCHHsI HACTYITHOI MapTii BUPOOIB TETIOBHIA MOTIK TOBUHEH 3MEHIIUTHCE. [Ipn
BIZIKJIIOYEHHI eiekTpo3adesnedeHs QyHkitis Q(x) Tex 3MIHUTHCSA, TOOTO SIKIIO MPUHAHATH X = Xq,
TOJII:
i (X) = = p, (X), 3)
Q(x - Ax) = Q(x) + AQ(xa). (4)
[Tpu oMy HEOOXITHO OOUYHMCIUTHA HEUITKE BIIHOIICHHS, K€ XapaKTEPU3ye KOOPAUHATY X,
10070 £1, (X) = 14, (X—AX). Ilicast nporo HEOOXIIHO OOUMCIUTH ONTUMAIBHUN TEIUIOBUN MOTIK,

HEeoOXiHUiT 17151 BUPOOHHUIITBA BUPOOY 3 mapameTpamu Iy = IxI, Toxi:

| = j Q(L)dl. (5)

Hexaii Bupi0, sikuii 3HaX0IUTHCS HA TTIOBEPXHI KOHBEEPA 3 KOOpAUHATAMH {X, Y}, mepedyBae
B ot Temmepatyp 7{X, y}. 38’5130k Mik mapaMeTpaMH BU3HAYUMO HEUITKMM BifHOmIeHHAM R. TTpu
HarpiBaHHI BUPOOIB TeMIiepaTypa B iX BEpXHIH 4yacTUHI OyJie BUILOI HIK Y HWKHIN, 1110 BU3HAYaE
MOKa3HUKOBUH (EKCITOHEHIIIHNUI) XapakTep 3MIHM TeMIIEpaTypH B IIUOMHY BUPOOY 1 € BaXIIUBUM
npu popmanizaiii 3aB’s3kiB Mk T{X, y} Ta Q(L).

3BepHEMO yBary Ha KOOpPAMHATYy {y} — MIHOMHY IOTOKY TeIUla, HEOOXIJHOIro s
BUPOOHUIITBA BUPOOY pajiycoMm Inh. Y npoMy Bumnaaky mnpupict temneparypu AT(y) dynkmii 7(y)
BHU3HAYMMO HEYITKOIO MHOXHHOIO ATy y BUIIISII MAaKCUMAJIbHOTO 100YTKY BUAY:

AT y+Ay: yR ! (6)
ne ATy — HediTKa MiMHOKHUHA YHIBEpCaIbHOT MHOKHHH Y, SIKa XapaKTepu3ye KOOPIUHATY V;
Ay — KpOK IO KOOpJIHATI .

3a gonoMororo (GpyHKIIiH cTyneHs: HaJIe)KHOCTI BUpa3 (6) HAMUIIIEMO Y BUTJISIL:

UAT .5, (u) = max{min |z, (), 4 (W]} s ueU s ye, )

ne Y — yHiBepcaJlbHa MHO>KHHA KOOPJIUHATH Y,
U — yriBepcanbha MHOKHHA ipupocty AT(x, y) dyukmii 7(x, y).
LTro 3anexxHICTh OfiepkaHo MpH (iKCOBaHIM KOOPAMHATI X, @ TOMY B I10AAJIbIIOMY KOOPJIUHATY
X BpaxoByBaTH He OyAEeMO.
Buxonsguu i3 MeXOBMX YMOB Ha TOBEpXHI KOHBEEpHOI CTpiukH (Ha BifctaHi 50 MM Bif
BEPXHBOTO IOy IMeYi) BeauuuHy mnpupocty ¢yukitii 7(y) mpu y = 0 MOKHA TPUHAHATH Y BUTJISIL
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oaHOKpankoBoi MHOKMHH ATp = 1/(KAy). Hewitky mHOkmMHY R 3Haiimeno ¢opmaizariiero
3alpONOHOBAHOTO YMOBHOTO PiBHSTHHSI.

@

ko 3HaueHHsa Yy Gmmsbke 10 0, TOJ1 3HAUEHHS ATy

OyJie 3HaYHO OLTBIITUM 32 3HAYCHHS

ATo.
3 METOI0 anropuTMi3alii po3paxyHKy ONTHMAaJIbHOI TeMIIepaTypd BHIIIKAHHS BHPOOIB y
TyHENbHIN TIedi AiicHI 3HaueHHs puckopeHHs AT o6unciumMo 3a popmyoro:
AT =au +Db, (8)
ne a i b — xoedimieHTH, AKi 3HAXOAATH i3 YMOB:

aT _ o(X),koau y =B
oy K,konuy=0

SIKUM BIIIOBiat0Th HaOmKeH1 piBHOCTI ATmax(X, B) = ¢(x)Ay; ATmin(X, 0) = KAy.

Skmo BusHauuTH npupoinenHs AT(y) y BupoOi sk ¢yukmiro T(y) mo KoopauHaTi y Ta y
PO3MOILII TEMITepaTyp Ha TIOBEPXHI CTPIYKU KOHBEEPA, IKUN OyJIeMO KOHTPOIIOBATH MEXaTPOHHUM
JaTYNKOM TEMIIEPATypH, MOKHA 3HAWTHU 3MIHY TEMIIEpaTypH BUPOOY 3a KOOPMHATOO ) BiJIIIOBITHO
710 PIBHSHHS:

, (9)

ATy + Ay) = Ty + AT(). (10)

[Ipu Takiii moOya0BI aBTOMATH30BAaHOI CUCTEMH KEPYBaHHS TEXHOJOTIYHUM IIPOLIECOM Y

TYHENbHIA T1e4yli HEeoOXiHO TaKOX OIIHUTH eHepro3arpaTd (E) Ha BHPOOHULTBO pPI3HUX

HaiiMeHyBaHb TpoAyKii Ta uyac BumikaHas (G) BUPOOIB pi3HOTO BHAY 3 BIANOBIIHUMHU
XapaKTEPUCTHKAMHU TX SIKOCTI.

R an

SABAHTAXEHHA | e S e >a o> BUXI

TTTTTTTTTTffTTTTT?TTTTTTTTTT

Y4

A
v

O(x), AQ(xz). O(x - Ax),
O(x) + AQ(x,). Q1)
I= j oL)dl

TG, y), T), AT()
AT,,,=yR
To = 1(KAY)
ATwmadx, B) ~ px)Ay
AT in(x, 0) ~ KAy
x<L
Bugenenns 1(x.y), V. G

Imeutudiratop EC

Pucynok 1 — MatematuuHa HeuiTKa ¢a33i-MoJiesIb TYHEJIbHOT eyl

BaxJMBUM TE€XHOJIOTIYHUM YUHHUKOM B CUCTEMI K€pYBaHHS POOOTOIO TYHENBHOI Meyi € He
TUTBKH IHTEHCUBHICTB iH(padepBoHOTro BuipomintoBanHs (1), ane i mBHIKICTh pyxy KoHBeepa (VK).
Bubip ontumanbHOi MIBUJIKOCTI BUKOHYETHCS 32 JOMOMOTOI0 CHUCTEMHM aBTOMAaTHYHOTO KepyBaHHS
CAK acuHXpOHHOTrO JABHUIyHa 3 THpUCTOpHUM neperBoproBaueM yactotu TIIY (CAK AJ[-TIIY) B
Mmexax 30-40% Bix HOMiIHAJIBHUX 3HAYECHb.

B aBTOoMaru3oBaHili cucTeMi KepyBaHHS pOOOTOIO TyHEIbHOI IMedl TOJOBHY POJb BiAirpae
APM omnepatopa 3 610;110TeKOI0 MPOrpaMHUX MPOAYKTIB Ta aJTOPUTMIB KEpyBaHHS €KCHEPTHOIO
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cuctemoro (EC) meuitkoro momentoBanHs mapamerpiB Q, T, E, G Ta OGaraTtoxanampHOTO (a33i-
peryoBaHHS 3a JIOTIOMOTOI0 CTaHIIi (ipMu «Siemensy.

[Mpuknax apXiTEeKTypH TakKoi CHUCTEMH KepyBaHHs 3amporoHoBaHo Ha puc. 2. Cucrema
BKJIIOYA€ 1HAWKATOPH IOJIOKEHHS MEXaTPOHHMX JATUMKiB, pobody ctaHmio dipmu «Siemensy» 3
MoHiTopoM (M), iHbopmariiine Tabmo (IT), 610k MeXaTpoHHOT CHUCTEMH BKJIFOYCHHS PE3EpBHOTO
OJIOKY eJeKTpo3a0e3neyeHHs.

1

/ /3 TPK TII
-

BXIT BHXIN

]

Mexatpouni gataukm, ManinvagTops, PCAP temmepatypEux
pesaine, PCAP xoreeepa (CAK ATT-TTIT) "

-~ -~

h J

IInanveauns eHpoOHHLITER
M-HafMEeHVEAHE TPOAVEILT

Crnagapng TeXHOIOTIIHHK KEapT
- Ta VIIPABIHHA TeXHOIOTITHHMH
TIpoIlecaMH BHPOOHHIITEE,

bibmioTera mporpaMEHE Ilnasveansd mocTa9aHHA
NPOOVETIE KEpVEAHHA -] OOpOINHA Ta IHINHX IHrpegieHTIE
ApxiTeKTVpa CHCTEMH 714 EHPODHHLITER H-

HaAMEHVEAHb IPOIVEIL

APM-onepatopa

L

Amnamiz rpadikie igToBHX
BiIKTOYEHE T IIAHVEAHHS
IOCTA9aHHA eNeKTPHKH

L

EI{CTIEPTH d CHCTEMa

S
} MexaTpoHHHE MOTVIL
Henitxe usnasensa L KOHTPOIE AKOCTL J714 #-EHOE
0. XY TEG g )
IPOSVELIT
Baox pizvamzami TI11 IT
- -

Mexatponmuil npucTpifi ouiHkH
Baratoxawa egui Ta 2a0e3re9eHHS ToCTa9aHea
ETeKTPHEOR0 i3 PVHKIIERD
BEIOYEHHA PE2epEHOTO
TEepena

L

thazsi-pervizatop +

Ouinxa eneproedeKTHEHOCTI
EHpOONeHHA TPOAVELIT

L

I
PucyHnok 2 — biiok cxema MexaTpOHHOI CUCTEMH aBTOMAaTH30BaHOT'O KOHTPOJIS 1 KepyBaHHS
BUPOOHHUIITBA MPOYKIIIi B KaMepi TyHENbHOT 1edi: 1 — TyHenbHa mid; 2 — CTPIYKOBHUI KOHBEED,
3 — poboya TerutoBa kamepa TyHenbHOI meyi; [ — indopmariiiina mmHa
Po3pobiieni Moyl TEMJIOBUX MPOLECIB 1 TEMIEPAaTypHUX PEKUMIB BUITIKAHHS BHPOOIB Y
TYHEJbHIN TIedi 103BOJISATh MPOEKTAHTaM MPAaBUIBHO MiTiOpaTH, PO3MICTUTH Ta BiKaNiOpyBaTh:
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— MEXaTpOoHHI JaTYUKU CHCTEM KOHTPOJIIO TEMIIEPATYpHOTO I0JIsi poO0UO0i 30HU BUITIKAHHS;

— JIaTYMKH MEXaHIYHUX MaHIMYJISATOPIB 3aBaHTAXEHHSI-PO3BAHTAXKCHHS MPOIYKIIii;

— MEXaTPOHHY CUCTEMY KOHTPOJIIO €JIEKTPOIIOCTaYaHHS TYHEIbHOI MeYi.

BucHoBKH. Y 3aIpoNOHOBaHIN CHCTEMI MEXaTPOHHI JaTUNKU-MAHITYJIATOPH (a33i-CUCTEMU
aBromatuyHoro perymnoBaHHs (PCAP) 3a0e3neuyBaTUMYTh ONTUMAIbHI TEMIIEPATYPHI PEKUMH 1
MIBUJKICTh PYXY CTPIYKOBOTO KOHBEEpPA, PEKUMH POOOTH MAHIMYJIATOPIB 3aBaHTAKCHHS -
PO3BAHTXKEHHS TMPOMYKIIii, KOHTPOJb ii SKOCTI Ta MPOJYKTHBHOCTI TYHEIBHOI Iedi. ['0JI0BHOIO
METOI0 BIIPOBA/KEHHSI MOJIOHOI cUCTeMHU € 3a0e3MeUYeHHs IUIAHOBUX IMOKA3HUKIB BHPOOHMUIITBA
MIEBHOTO BU3HAYEHOI'O aCOPTHMEHTY Ta HOro eHeproeeKTUBHOCTI. TakuM YHMHOM, PO3TJISHYTO
MMUTAaHHS MOOYIOBU CUTYAIlIHHOI CHCTEMH KEpYBaHHS BUIIKAHHSAM B TYHEJIBHIN T4l KOHBEEPHOTO
TUIY N-HailMeHyBaHb MPOIYKII B yMOBax SK CTajoro eHepro3ade3nedeHHs, Tak 1 MiJ 4Yac
M03aIUIAHOBUX a00 BISUIOBUX BIJIKIIOYEHb €JEKTPUKH 3 MEpPEeXOJOM Ha allbTepPHATHUBHI JKepesa
€JIEKTP03a0e3MeUCHHS.

3aBASKH BIPOBAKCHHIO CHCTEM aBTOMATHYHOTO pETYIIOBaHHSA TEIUIOBUX PEXHUMIB,
po3po0JIeHNX Ha OCHOBI METO/IIB HEUITKOT JIOTiKH ((ha33i-J0TiKH ), MO’KHA 3MEHIIIUTHA BUTPATH EHEPTil
Ta 3a0e3Me4nTH ii parioHanbHe BUKOPUCTAHHS B YMOBaX HECTaOlIbHOTO €HEPronoCTaYaHHs.

OnTumizanis poOOTH MEXaTPOHHHX MOJYJIB >KUBIIEHHS Ta 3a0e3MeueHHs PiBHOMIPHOCTI
TEMIIEPATYPHOTO PO3MOJIIY TO3BOJISATH 30UTBIIMTH 3araibHy MPOAYKTHUBHICTH BHPOOHHUIITBA 0€3
BTpaTH SAKOCTI MPOAYKIIii.

3a0e3neueHHs] CTaOUIBHOCTI TEIUIOBUX PEXKUMIB CIPUATUME JOCSITHEHHIO BUCOKHX
CTaHJaPTiB Y BUPOOHUIITBI XJ11000y10uHUX BUPOOIB, JIaBallia, My, CAHABIYIB, Ja3aHbi TOIIO.

BroockonaneHHsi kepyBaHHS TEIUIOBUMH TMpOIIECAMHU Ta 3MEHIICHHS TEIJIOBUX BTpPAaT
CHPUATUMYTb 30UIBLICHHIO peCcypCcy 00JIaiHAHHS Ta 3HWKEHHIO BUTPAT Ha MOro 00CIyroByBaHHS.

BukopuctanHs €HEpPreTMYHOro ayAuTy, CTaTUCTUYHHUX METOMAIB aHaji3y Ta CY4YacHHX
QITOPUTMIB 0OpOOKH JaHUX CIPUSATHME THYYKOCTI CHUCTEMH aBTOMAaTH3allii Ta ajganTtamii 10 yMOB
KOHKpPETHOTO BUPOOHUIITBA.

3arponoHOBaHi AITOPUTMHU Ta MOAYJI aBTOMAaTH3allii MOKYTh OyTH aJlanTOBaHi JUId 1HIINX
THUIIIB TETUIOBOTO 00JIaHAHHS, 1110 BIAKPUBAE MOKIIMBOCTI X MOJANBIIIOTO 3aCTOCYBAHHS B Xap4OBiii
IIPOMHCIIOBOCTI.

TakuM YWHOM, aBTOMaTH3allil KEpyBaHHS TYHEIbHHMHU T[€4aMH JO3BOJISi€ HE JIHIIe
HiABUIIUTH CTaOUIBHICTD 1 €PEeKTHUBHICTh pOOOTH B YMOBaX HECTaOLJILHOIO €HEPronocTayaHHs, ajne
i cipusie CTalloMy PO3BUTKY TEXHOJOTIYHOTO MPOIIECY.
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Objective. The aim of this study is to develop solutions for optimizing the thermal regimes of
tunnel ovens under electricity supply constraints using mechatronic power modules. This goal is
specified through addressing the tasks of ensuring uniform temperature distribution in the baking
chamber, increasing the overall productivity of the oven, and reducing total energy consumption.
Optimizing the thermal regimes of tunnel ovens will also improve product quality, extend equipment
lifespan, and reduce operational costs.

Methods. To achieve the goal of optimizing the thermal regimes of tunnel ovens with
mechatronic power modules, a comprehensive approach was applied using modern research
methods. These include conducting an energy audit of the current energy consumption state of the
ovens with an assessment of costs and savings potential, developing, optimizing, and implementing
algorithms for automatic thermal regime regulation based on data collected from thermal sensors
and processed using statistical analysis methods.

Results. The article highlights promising results that can significantly improve the
technological process of manufacturing bakery products in conveyor-type tunnel ovens. One of the
key achievements is the optimization of thermal regimes through automation systems based on fuzzy
logic algorithms. Thanks to the objective analysis of the technological process in real-time, these
systems ensure stable operation even under unstable electricity supply conditions. The
implementation of automation reduces overall energy consumption by rationalizing energy use,
ensuring uniform temperature distribution in the baking chamber, and minimizing heat losses. In
turn, this positively impacts the quality of the final product, which will be more uniform and meet
high quality standards. Furthermore, improving the stability of thermal regimes will enhance the
productivity of tunnel ovens, which is critical to meeting the growing demand for bakery products.
Notably, the application of mechatronic power modules not only increases energy efficiency but also
minimizes operational costs. Optimizing equipment operation extends its lifespan, thereby reducing
maintenance and repair costs. Additionally, conducting energy audits and applying modern
statistical methods for data analysis enable the development of adaptive solutions tailored to the
specific needs of each production process. The results obtained open up opportunities for scaling the
proposed solutions to other types of thermal equipment, which could be beneficial for the food
industry as a whole. Thus, the automation of tunnel ovens represents a significant step toward
enhancing the technological, economic, and environmental efficiency of production, contributing to
the sustainable development of the industry even under energy instability.

Keywords: tunnel oven, power supply, thermal regime, mathematical modeling, optimization,
mechatronic module, automation.
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AUTOMATION

Mema. Memow cmammi € 00IpYHMYBAHHA OOYIILHOCMI BUKOPUCMAHHS MeEXHO02IU
KOMN TOMepHO20 30py ma Wmy4Ho20 iHmenekmy 3a0isi NOKpAwWeH s AKOCMI 6UpOOHUYMEA U02ypmie.

Memoou. Y pobomi Ons Oocniodxcenns uocypmié Ha Kuciomuicme pH 3acmocosano:
eNeKMPOXIMIYHULL MemoO, AKU GUKOPUCMOBYE eNeKmpoou Ol eumiploeanus sHadenns pH ma
KOJIOPUMEMPUYHULL MemOO, 3ACHOBAHUL HA 3MIHI KOIbOPY Ni0 Yac nepedayi neeHo2o 3HAYeHHA 3a
oonomozoro pH-nanipyie abo mecm-cmydxHcok, sKi 3MIHIOIOMb KOLIp npu pizHux 3Havenuax pH, wo
oae yagneuns npo pH pozuuny.

Pe3ynomamu. 3a3uaueno, wo 1io2ypm — ye MOJIOYHUL NPOOYKM, AKUL 8UPOOIAEMbCI ULIAXOM
bakmepianvnoeo 6podinna monoka. Bin maec kpemogy mexcmypy ma eocmpuii cmax. Yci euou
tiocypmy 8i00Mi C8O€EHO KOpUCMIO OJisl 300P08 51 Ma € 0xcepenom OLnKa, Kaubyito ma npooiomuKis.
3euuatinuil tiocypm € 4yo008uM 0xicepesom NpoOIoMuUKi8, SKi MOXCYMb 00NOMOSMU NIOMPUMAMU
300p08’ss ma niosuwumu @QyHKyiro iMynHoi cucmemu. Kpim moeo, 6in micmumos 6acamo iHuwiux
HeoOXionux eimaminie i miHepanie. Ha OcHO8I aHanizy, KOHCMAMOBAHO, WO BUKOPUCHAHHSL
nepeoosuUx mexHo102iti KOMN 10MepHO20 30py Ma WMY4YHO20 IHMENeKn) Moice 3HAYHO NOKPAWUmu
akicmv  cupogunu. JDicepenom inghopmayii, ynpaeninHs, MOHIMOPUHZSY MA OYIHKU SAKOCMI 8
OCHOBHOMY € OAMYUKU: KOHMAKmMHI ma 6eskoHmaxmui. Beaxcaembcs 3a OoyinbHe HA KONCHOMY
8EIUKOMY emani 8UpoOHUYMEa Uo2ypmy peanizos8ysamu 4acmkogy abo NO6HY asmoMamusayiro
npoyecy. CKOHYEeHmMpoOBaHO y6azy HA MOMY, WO KUCIOMHICMb — BANCIUBUL NOKASHUK OJIf
CHOJHCUBAYIB, OCKIILKU BNIUBAE HA CMAK L02YpMY, poOaadu 1020 mepnkum. Bumiprosannsa 3nauenns
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PH cuposunu moorcnuse 0eoma cnocobamu. eneKmpOXiMidHUM MemoOOM, AKUU BUKOPUCTNOBYE
eieKkmpoou 0Jisl 6UMIPIOBAHHA 3HaUeHHsA pH ma ecmanosnioe 0ocums MouHi OMPUMAHI 3HAYEHHSL,
KOJLOPUMEMPUYHUM MEeMOOOM, AKUL 3ACHOBAHULL HA 3MIHI KOIbOPY Npu nepeoadi ne6Ho20 3HAYeHHs
3a donomozoio pH-nanipyie abo mecm-cmyxncok. 30iticCHeH0 O0CTIONCEHHS LI02YPMI8 HA KUCIOMHICMb
pH o0eoma memooamu: enekmpoximiunum ma KoromempuuHum. Jlocnioxcyseanucsa 0ea 3paska
toeypmy: 3pasox Nel — iioeypm 6e3 HanosHiosaua, 3pasox Nel2 — iozypm 3 ¢pykmosum
HanosHioeadem. lIpu 3acmocysanti KOIOMempUUHO20 Memooy 0Y10 OMPUMAHO Pe3YIbMamu.: 3pa30K
Nel — tiocypm 6e3 nanosurosaua mae 3Havenns kuciomuocmi pH 4,2 ye ceiouume npo me, wo 6in €
oocumv Kucaum. 3pasox Ne2 — tiocypm 3 (hpykmosum Hano8HO8aUeM MAE 3HAYEHHA KUCTIOMHOCMI
pH 4,65 ye ceiouums npo me, wo 3pazox Ne2 mae menuty kucromuicmo. Ilpu 3acmocysanni pH-
Mempa OJisi BUMIDIOBAHHS KUCIOMHOCMI 6)]10 OMPUMAHO pesyabmamu. 3pa3oxk Nel — tioeypm 6e3
HAanogH8aua mac 3HavenHs xuciomuocmi pH 4,4, 3pazox Ne2 — tioeypm 3 ppykmosum
HanosHweauem mae 3HavyenHs kuciomumocmi pH 4,75. Pezynomamu ompumari 3a donomoeoio pH-
Mempa € Oinb MOYHIUUMY, HIXC pe3yTbmamu OmpumMaHi Koiomempudnum memooom. Kopenayis
cmanogums npubausto 0,02. lumepnpemosano pe3ynrbmamu 00CHiOHCEHHS.

Kniwowuosi cnoea: xomn’romepHuti 3ip, wmyyHUll IHmMeNeKm, a8MOMaAmMu3ayis, uocypm,
KUCTIOMHICMb, eNeKMPOXIMIYHUL MemOo0, KOLOPUMEMPUYHULL MemOoO, SAKICMb CUPOBUHU.

IocTanoBka npo6aemMu. Horypr — e KHCIOMOIOUHHH TIPOTYKT 3 KOHCUCTEHIIEIO CXOXKOIO
Ha 3aBapHHUM KpeM, IO BiApi3HsA€ HOro BiJ IHIIMX KUCIOMOJOYHHX HPOAYKTIB. BBaxaeTncs, 1o
Horypt BuHUK y MecomnoTamii Tucaui pokiB Tomy. Jokaszu mokazanu, mo 6auszbko 5000 p. o H.e.
OJIOMAIIHEHE KO354€ Ta OBEUYEe MOJIOKO 30epiranocs B OalITaHHUX KyJIbTYpax y TEIUIOMY KJIiMari Ta
yTBOPIOBAJIO CcHUp, SIKUM OyB paHHBbOIO (OPMOIO HOTYpTy, BHPOOIECHOTO MPUPOTHOIO OaKTEpi€ro.
Jmme B ocramHi 30-40 pokiB HOrypT cTaB momynspHEM y BckoMmy cBiti [1]. Morypr — me
YHIBEpCAJIbHUM 1 CMauHUN MOJOYHHUN NPOAYKT, AKMM Mae Oe3iiu mepeBar Ui 310pOB’s. 3aBIsSKU
CBOil KpPEMOBill TEKCTypi Ta TrOCTPOMY CMaKy HOTYpT CTaB OCHOBHHUM IIPOJIYKTOM y 0aratbox
JIOMOTOCIIOIapCTBaX.

Horypt — 1ie MOJNOYHHIT HPOYKT, AKHil BUTOTOBIAETCA LIISXOM GAKTEPialbHOTO GPOiHHS
MOJIOKA Ta Ma€ KPEMOBY TEKCTYpY Ta TOCTPHM cMak. Yci BUJM HOTYpPTY BiJIOMi CBOEIO KOPHUCTIO ISt
3JI0pPOB’sI Ta € JPKepeIoM O1TKa, KaJbllilo Ta MPOOIOTHKIB. Y HAII Yac HOTYPT € BaXJIMBUM MOJIOYHUM
MPOJYKTOM y BChOMY CBITI. BiH BUCTymae HOCiEM MPOOIOTHKIB 3aBJSKH HASBHOCTI KUBUX IITaMiB
GaxTepiii. loro BKMBAIOTE B 1Yy IPOTATOM THCAUYOIT i YaCTO BUKOPHCTOBYIOTh SIK YACTHHY TKi 260
3aKyCKH, a TaKOX SK KOMIIOHEHT COycCiB 1 gecepTiB. KuciomonoyHa CMpOBHHA MICTUTh KOPHCHI
OakTepii Ta MOK€ (YHKI[IOHYBaTH $K MpPOOIOTHK, 3a0e3Medyloud pi3HOMAaHITHI IepeBaru s
3nopoB’s [1, 2, 3]. Takox Horypt Mae 6arato mepesar Juis 370pOB’sl, 10 POOMTH MOTO IIHHUM 1
yHIBEpCaJbHUM TPOAYKTOM. BiH Oaratwii KamjbllleM, MiHEpaJlaMH, [0 HEOOXIIH1 IJIT MIIHOCTI
KicTok. OKpiM HIATPUMKHM 3arajbHOrO 3/J0pOB’S KICTOK, KalbLii J0oMOMarae MpaBUIbHOMY
(GyHKIIIOHYBaHHIO M’s131B 1 HepBiB. IIpoO1OTHKM KOpPUCHI JJIsl TPaBHOI CHCTEMH, OCKIIBKH BOHU
JIOTIOMararoTh pO3IIEIUIIOBATH 1Ky Ta BPIBHOBa)KYBaTH PiBEHb HIKIAJTUBUX OAKTEpil y KUIICUYHHKY.
Moso4yHa KHUCIIOTa, IO BHPOONAETHCS LUMH NPOOIOTMYHMMHU KYJIbTypaMH, JOIOMAarae
MIATPUMYBATH 370pOB’S TpaBHOI cucTeMu Ta ifeanbHui Oamanc pH. Tomy, ymockoHaneHHs
oOJlaJiHaHHS Ul BUTOTOBJICHHS HOTYpTY 13 BUKOPUCTAHHSM TEXHOJIOTIH KOMIT IOTEPHOTO 30py Ta
HITYYHOTO 1HTEJIEKTY MOX€E CIPHUITH MOKPAIIEHHIO SIKOCTI MOJIOYHOT CUPOBHHH, 110 € HEOOX1THUM
1151 6€3MEYHOT0 CII0KUBAHHS.

AHaJIi3 0CTaHHIX J0c/iAKeHb Ta myOaaikaniil. MoyiouHa IpOMUCIIOBICTh BBAXKAETHCS OJTHIEIO
3 HAOLIbII JMHAMIYHUX Tady3eil XapyoBOi MPOMHUCIOBOCTI. OHUM 3 HAMCIOKUBUYUX MPOAYKTIB €
Horyprt. IcHye Ge3nid BUAIB HOTYPTY, SIKI 3a/I0BOJIBHSIOTH 1HAUBIAYalbHI MOTPeOU Ta BHOJ0OAHHS
cioxuBauis. Moryprosa mpomykiis knacudiKyeThes 3a pi3HUMH KaTETOpisMH Ha OCHOBI Pi3HHX
(hakTopiB, BKIOYAIOUH THUIl BUKOPUCTOBYBAHOTO MOJIOKA, BMICT JKHMpY, IIPOLIeC BUPOOHUIITBA, CMaK,
HasBHICTH MPOOIOTHUKIB 1 piBeHb LYKPY [4, 5, 6]. Y cBiTi BUpoOIg€THCS 6araTto pi3sHUX BUAIB HOTYpTIB,
SIK1 TIOJUISIFOTHCS. HA YOTUPH KaTeropii, BUXOASYH 3 PI3UYHUX XaPAKTEPUCTUK MPOIYKTY:
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— Wioryptu (pigka/B’si3ka ¢aza);

— KOHIIEHTPOBaHI/MIPOIi/KeH] HorypTH (HamiBTBepaa ¢asza);

— 3aMOpPO’KEHI HorypTH (TBepaa dasa);

— cyxi foryptu (moporkoBa ¢asa).

HorypT BUTOTOBIAETHCA MIIAXOM GaKTEPiaTbHOTo GPOIiHHS MOIOKA Ta MA€ KPEMOBY TEKCTYPY
i rocTpuii cMak. Yci BUAM HOTYpPTY BiJIOMi CBOEIO KOPUCTIO JJIs 370POB’sI, BEIMKUM BMICTOM OiJiKa,
KaJIBIIII0 Ta MPOOIOTHKIB. 3BUYAHHUN HOTYPT € YyJOBHUM JDKEPEIOM MPOOIOTHKIB, SIKI MOXYTh
JOMIOMOTTH IMIATPUMATH 3/I0POB’ Sl KUIIIEYHHUKA Ta MiIBUIIUTH (YHKIIII0 iMyHHOI cuctemu. Kpim Toro,
BiH MICTUTh 0araro iHIIMX HEOOX1THUX BITaMiHIB 1 MiHEpaiB.

Sk BiZOMO, MOJIOYHA Talny3b CKJIAAETHCS 3 0araTbOX TEXHOJOTIYHUX IPOIIECIB, SKi € TykKe
CKIaJHUMM Ta BHUMAralThb PETEILHOTO Ta SKICHOTO iX BHUKOHaHHSA. ToMy JayXe Ba)JIMBO
BUKOPHUCTOBYBATH CY4acHI 3acO0M aBTOMATH3alii JJs MiBUIIEHHS e()eKTUBHOCTI BUPOOHHIITBA Ta
MOKpAIIEHHs SKOCTI TOTOBOi CHUPOBHMHHU. B yMoOBax cbOrojeHHs HOryproBa HpOAYKIiS NOBMHHA
BIJIMOBIAATH BCE OLIBII BUCOKMM BHMOTAM JIO SIKOCTiI Ta OE€3IEKH, 3aCTOCOBYIOYM HOBI TEXHOJIOTIT
3aJyIs JOCSTHEHHS! KOHKYPEHTOCIPOMOXHOCTI Ha CIIO)KUBYOMY PHHKY.

Y mpomeci BUpOOHHITBA HOTYPTYy  CIOCTEpITaeThCsl TOMITHO 3pocTaiodya  poJib
aBTOMAaTH30BaHUX CHCTEM YIPABIIHHA, 1110 BUKOPUCTOBYIOThCS JJISI BUMIPIOBAHHS, KOHTPOJIIO Ta
MOHITOPUHTY SIKOCTI TPOAYKIi Ha pI3HUX eTanax BHPOOHUITBA. 3aCTOCYBaHHS TEXHOJOTIH
KOMII'FOT€PHOT'0 30py Ta LITYYHOT'O IHTEJIEKTY CIPUATHME TOKPALIEHHIO SKOCT1 MOJIOYHOT CUPOBHHH,
poTe MOTPeOI0e PO3BUTKY TAKUX HAMPSAMIB AisIIBHOCTI [S]:

— 3aCTOCyBaHHS 1H(QOpPMAIIHHUX, EKCIEPTHUX Ta IHTEIEKTYaJbHUX CHCTEM B MOJOYHIN
MIPOMHCIIOBOCTI;

— aBTOMaTH3allis BUPOOHMUYUX IMPOLECIB 32 PAXYHOK BUKOPUCTAHHS IEepeOBUX TEXHOJIOTIH,
METO/IB 1 TEXHIYHUX 3ac001B aBTOMAaTH3ALlil;

— 3aJIy4€HHS LITYYHOTO 1HTEJIEKTY, HallPUKJIAJ, TEXHOJIOT1i KOMII FOTEPHOI0 30py JJIs OLIHKU
SKOCT1 HOTYPTY;

— YZIOCKOHAJIEHHS B3a€MOJII1 JIFOJJUHO-MALIMHHOI CUCTEMU;

— YIOCKOHAJICHHSI PEKUMIB pOOOTH TEXHOJIOTTYHOTO OOJagHAHHS 3a/J1sTHOTO Y BUPOOHHIITBI
HOTypTYy.

Jlo OCHOBHHMX omepariif, sKi BXOASTH IO CKJIaJy TEXHOJOTIYHOTO JIAHIFOTA Yy TPOIeci
BUTOTOBJICHHS HOTYpTY, MOKHA BIAHECTH: 00pOoOKY, TOMOI€Hi3allit0, MacTepu3allito, epMeHTallilo,
pO31UB, NakyBaHHs, 30epiranHs. CkiIaAHUNA TEXHOJOTTYHUN POLEC BUMArae BpaxyBaHHs (13MUHUX
Ta MIKpOO10JIOTIYHUX BJIACTMBOCTEH CHPOBHHMU; 3aCTOCYBAaHHS 3aC001B aBTOMaTH3alii; 3/11HCHEHHS
KOHTPOJIbHO-BUMIPIOBAJIbHUX ONEpalliil; MOHITOPUHT, a caM€ OTPUMaHHS TOUYHUX JaHUX 3 JaTUYUKIB
JUIs1 OLIIHKU SIKOCTI CHPOBMHU Ha Pi3HUX eTarax BUroToBjiIeHHs. CIliJl 3a3HauUTH, 1110 TaKi MapaMmeTpu
TEXHOJIOTIYHOTO MPOIIECY, K TEMIIEpaTypa, BOJIOTICTh, TUCK, AKICHUN 1 KUTBKICHUN CKJIaJl MOJIOYHOT
CHUPOBHHU BUSBIAIOTBCA PI3HUMH JaTYUKAMH IO BIJHOIIEHHIO JI0 BXIJHOTO CHUTHamy. Tak,
HalpHKIaJ, EJEKTPOHHUN S3UK 1 EJNEeKTPOHHMHM HIC 3aCTOCOBYIOTHCS JUISl aHaJi3y 30pOBHX,
CIEKTPAIIbHUX XapaKTepUCTUK HOrypTy [5, 7, 8]. II’€30MeTpuyHi JaTYMKH BUKOPUCTOBYIOThCS IS
OLIIHKHU SIKOCT1 MOJIOKA 1 MOJIOYHOI CUPOBUHH, pH-MeTp [ BU3HAUEHHSI KUCIIOTHOCTI. 3a IOTIOMOT' OF0
JaTYMKIB MO’KHAa OTPUMATH TOYHI JlaHl JUIsl Tepefadl iX y CHUCTeMY KepyBaHHS TEXHOJIOTTYHUM
nporecoM. IlepenoBi TeXHOOrT KOMII IOTEPHOTO 30pY Ta IUTYYHOTO 1HTEIEKTY MAalOTh BEJIMKHUN
MOTeHIIan i yac 300py Ta aHami3y iHdopMalii 11070 BUTOTOBJIEHHS MOJIOYHOI CHUPOBHHH 32
KOPOTKHI MPOMIJKOK 4Yacy 3 BUCOKOIO TOUHICTIO Ta SKICTIO. JlaTYMKHU TeHEPYIOTh 3HaYHY KUIbKICTh
JTaHUX MUIIXOM iX 300py 3 MOXKJIMBICTIO MMPOTHO3YBAHHS Ta OTPUMAaHHS JAHWX B PEATbHOMY Yaci.
Tomy 3acrocyBaHHs 3aco0iB aBTOMAaTu3allii MOKE€ HE JIMIIE MOKPAIIUTH SKICTb HOTrypTOBOT
CHUPOBHUHHU, a ¥ NIABUIIUTU NOTYKHICTh TPOMHUCIOBOTO BUPOOHUIITBA.

Meta cTaTTi — 0O0IpYHTYBaHHS JOLIIBHOCTI BUKOPUCTAHHS TEXHOJIOT1 KOMII FOTEPHOT0 30pY
Ta MITYYHOT'O 1HTENIEKTY 3a 1 MOKPAIllEHHs SKOCT1 BUPOOHUIITBA HOTYpPTIB.

Bukjiag ocHOBHOro Mmartepiaiay aociaigskeHHsi. MoJoyHa KHUCIIOTa, IO BUPOOISIETHCT Yy
mpoueci OpOJiHHS BiAIrpae BaXJIMBY pOJb y BUPOOHUITBI HOTYpTy Ta BIUIMBAaE Ha SKICHI
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XapaKTePUCTUKHU FOTOBOT CUPOBUHU. KHCIIOTHICTD — BaXKJIMBUM MOKA3HUK JIJIS CIIO’KHMBAY1B, OCKUTBKH
BIUIMBA€E HA CMaK HOTypTy, poOistuun ioro Tepnkum. Tomy BuMiproBanHs pH HOrypTy cTae BaJIMBUM
rapaMeTpOM ITiJT YaC BUTOTOBJICHHS, a TAKOXK II1]] Yac OLIIHKH SKOCTI 0a)kaHOTO MPOAYKTY. Bumipstu
3HaueHHs pH Horypty MoxHa 1BoMa criocodamu [9]:

1. EnexTpoximMi4HHii — METO/1 BUKOPUCTOBYE €JIEKTPOIM AJIs BUMiproBaHHs 3HaueHHs pH Ta nae
JOCUTH TOUHE 3HAYCHHS.

2. KonmopuMeTpuuHuii — MeTO/] 3aCHOBaHMI Ha 3MiH1 KOJILOPY IIPH IIepe/iadi IEBHOTO 3HAUEHHS.
BukopucToByBaTH 3MiHU KOJBOPY HOTPiOHO Al TOrO, MO0 OTpUMATH Opi€eHTOBHE 3HaueHHS pH
po3unny. BUpoOHHMKYN BUTOTOBIISAIOTH cieliaabHi pH-marmipiti abo TecT-CMYKKH, sIKi 3MIHIOIOTh KOJIIp
npu pi3HUX 3HaueHHsX pH, mo nae yasnenus npo pH po3unny.

Po3rnsnyTi MeTou 3a3BHuail BAKOPUCTOBYIOTHCS JJIsi BU3HAYEHHSI KUCIOTHOCTI CHPOBHHHU.
Jns oTpuMaHHA TOYHUX 3HaueHb pH 3 MipkyBaHb O€3MEeKH XapyoBHX MPOAYKTIB CIij
BHKOPHUCTOBYBAaTH €JIEKTpoXiMiuyHUN Meroa. OjaHAK, SKIIO HEOOXIJHO OTPUMATH NPUOIU3HUMA
Jiarma3oH KUCIOTHOCTI MOKHA 3aCTOCYBATH KOJOPUMETpUYHHA MeToa. OCHOBHI MMOKa3HUKH METO/IIB
BU3HAYEHHS KHUCJIOTHOCTI HAaBeIeHO B Tadmmi 1.

Taoaunsa 1 — Meroau BU3HAYEHHS KUCIOTHOCTI

[Toka3zHuKH EnexkTpoxiMiuHUI METOT Kosomerpuunuii MeToz
Co0iBapTiCTh JIOPOKYNIM JIEIIEBIINI
oTpedye peryssipHOro
OO6cnyroByBaHHs pebye beryivip 0JIHOPa30BE€ BUKOPUCTAHHS

KaJ1iOpyBaHHS

. BUMArae rmopiBHAHHS KOJIBOPY CMYKKH 3
Haslae (pikcoBaHe YUCIIO

TouHiCTh Ha0OpPOM €TAIIOHHUX KOJIbOPIB, MOXKE
(manpuxnan, 4.5) ,
OyTH Cy0’ €KTHBHUM
YmMoBu . . . . .
icHye 6araTo pi3HUX THITIB 4acTo MOTPIOHA PiAMHA I 3aHYPCHHS
3aCTOCYBaHHS
BrnuB Ha xonip He BIUTMBAE Ha KOJIIp MO>K€ CTIOTBOPIOBATH MOKA3aHHS

Jlnist BUBHAUYEHHS KUCIOTHOCTI BUKOPHCTOBYIOTh CTalioHapHU pH mMeTp, sikuit mpeacTaBieHo
Ha pucyHKy 1. TexHiuni xapaktepuctuku pH-mMeTpa HaBeneHo y Tabmui 2.

3MiHa KOJbOPY 3aBXIU BIIOYBaeTbcs B OJHOMY 1 Tomy >k nianmazoHi pH. Hampuknan,
YepBOHOKAaYaHHA KaIlycTa 3aBXIu OyJe pPOXKEBOIO MpH HU3BKMX 3HaueHHsX pH 1 cuHBOIO 200
3EIICHOIO MU BUCOKKX. KypKyMa Mae sKOBTHUI KOJIp [/is HIKIKX 3Ha4eHb PH i cTae 4epBOHOIO IIpH
Bucokux [9]. Konbopu 3 Takow BJIACTHBICTIO Ha3UBalOThes iHaumkaTopamu pH. Ix MmoxknHa
BUKOPHUCTOBYBATH B SIKOCTI 1HAMKATOpa JUIst 3HaueHHs pH. 3MiHIOIOUM MOKa3HUKH, SKI MPUCYTHI B
TECTOBOMY Iarepi, MO>KHa BUMIPSTH aCOPTUMEHT PI3HOI MPOAYKIIi, 10 Ma€ IIUPOKUH Jlana3zoH
3HavyeHb pH (Bix 1 1o 14). OxHak, 3a 10MOMOIO0 IbOTO METOJly HE MOKHA OTPUMATH TakKi K TOUHI
MTOKa3HUKH, SIK MU eleKTpoxiMiuHoMy MetoAl. Ha pucynky 2 HaBeneHo mkany pH, sika 3a3Buuait
Mae 3HaueHHs Bix 0 abo 1 1o 14 mis neskux mpoayKTiB.
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Pucynoxk 1 — Cramionapuuii pH-metp 3 pH-enextpogom

Tabauns 2 — TexHiuHi Xapaktepuctuku pH-metpa

HailimenyBaHHS OKa3HUKA ['pannyHi 3HAYCHHS
Hianazon pH -2,000...16,000 (= 1000 mB)
PozmineHa 3patHicTs pH 0,01; 0,001 (0,1 mB)
Tounicts (25°C) pH + 0,2 MB, £ 0,01 pH, £ 0,002 pH
Kani6pysanns pH 3-TOYKOBA, S-TOYKOBA
BydepHi posumsm 1.68, 4.01, 6.86, 7.01, 9.18, 10.01,

12.45; nBa kopucTyBaIbKi 0ydhepu
TemmneparypHa komnencaitist pH ABTOMaTH4YHA
Jliara3oH TeMrepatyp Bix -20 mo +120°C
TouHICTh TEMIIEPATYPH +0,2°C

Kucmmit
AKyMyISTOpPHA KHCIIOTA
JIMMOHHHI CIK
Or1eT, aneILCHHOBHIA CIK
TomaTHHIT ciK
YopHa KaBa, IIHBO
Momnoxko, s
JuctuisroBaHa Boja
Mopceka Boga
Xapuoera cofa
10 Marnesig
Il Awmiak, MHIOY1 3acO00H
MmianHa BoOa
BigoitroBau
JIyr

-~ o W

Hetpansaui

JIyxnL

Pucynok 2 — llIxana pH a1 neskux mpoayKTiB
(Bim 0 a6o 1 no 14)

JocnimkeHHs COpsiMOBaHE Ha MEpeBIpKY KHCIOTHOCTI pH #orypTy nBomMa metomamu:
€JIEKTPOXIMIYHUM Ta KOJJOMETPUYHHUM.
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1. JlocmimKkyeMO KUCTOTHICTh HOTYPTY KOJIOMETPUIHUM METOAOM. {7151 mpoBeieHHS JTaHOTO
J0CIi Ty HeoOX1/1Hi 3pa3ku Horypry Ta cmyxku pH-nanepy. pH mamnip — e ocob6nuBuii Tun namnepy,
SIKAW 3MIHIOE KOJIIp 3aJICKHO BiJ] TOTO, HACKIJILKH KHMCJIOTHUM € PO3YHMH. Y KOMIUICKTI 3 TariepoM ijie
OKpema TabJuIs KOJIbOPIB, SIKa J03BOJIsLE€ BU3HAUUTH pH 3a KOIbOpOM.

[TepexonruMo 10 MPOBEACHHS JOCIIIKEHHS

— IIOMICTHMO B €MHOCTI HEBEJIMKY KUIBbKICTh HOTYPTY AJIsl aHaJli3y (CHpOBHUHA TOBUHHA MaTH
KIMHATHY TeMIIepaTypy);

— 3aHYpUMO CMYKKY B PIJMHY Ha AEKUIbKAa CEKyHJ, KOJip Bigpa3y 3MIHIOETHCS 1 TOMY
HEOOX1HO IPUCTYTATU A0 HACTYITHOTO KPOKY;

— TIOPIBHAEMO KOJIip OTPUMAHOI CMYXKH 3 TaOJIHUIICIO KOJIBOPIB, SIKY BUPOOHHK HA/laB Pa3oM
31 CMY)KKaM¥ JiJIs BU3Ha4deHHs 3HaueHHs pH. SIK TIMBKM KOJip HA CMYXKII 3MIHUTBCS, TTOPIBHAEMO
{oro 3 BIANOBITHOIO Jiarpamoro. 3HaleMo KOIip, SKUi HaiOmmKk4e 30iraeThecs 3 TUM, 10 6a4UMO
Ha cMmyxui (pH Hamucanuii mopy4 i3 MM KoJabopoM). ITopiBHSHHS KONMBOpIB Mae BimOyBaTHCS
HETaiHO, TOMY, III0 KOJIip 3 9aCOM MOTHMSHIE 1 Pe3yJIbTaTH 3T0JIOM MOXYTh OYTH HETOCTOBIPHUMH.

J171s BU3HAUEHHS KUCIOTHOCTI HOTYPTY BUKOPUCTOBYBAJIHCS YHIBEpCAlIbHI TECTOBI CMYKKH 3
nianazonoM Bix 0 1o 14. KokHa okpeMa cMy»XKa manepy mMictuiia 4 KoJIbOpoBHX KBaapara. KoxkeH 3
UX KBajpaTiB Oyae 3MiHIOBATH KOJip B 3ajeXHOCTI Bia 3HadeHHs pH. PiBenn pH iorypry nae
VSIBIIGHHS TIPO T€, HACKUIBKU KHCIMM € TIEBHUU TUM HOTYpTy. YnM Hmxde yucio pH tum kucmima
CUPOBHUHA, IPUYOMY 7 O3HAUAE «HEHUTPATHLHUI.

JocmimkyBanucs 1Ba 3pa3ka Horypry:

3pa3ok Nel — HorypT Ge3 HarnoBHIOBaya.

3pa3ok Ne2 — HorypT 3 PpyKTOBUM HAITOBHIOBAYEM.

[TpoTecToBaHi Ha KUCIOTHICTh 3pa3kyu HOTYPTY HaBEJIEHO HA PUCYHKY 3.

Sl
o A\ 4

3pa3ok Nel — iorypT 6e3 HarmoBHIOBaua 3pazok Ne2 — iforypr 3
(GpYKTOBUM HAIlOBHIOBAYEM

Pucynok 3 — [IpoTecToBaHi Ha KHCIOTHICTh 3pa3KH HOTYPTY

Pesynbratu cBig4arh, 10 BCl HOTYpTH BIAHOCATHCSA OO KHUCIHUX HPOAYKTIB, SKI MarOTh
niana3oH KuciaoTHocTi Bi 3,7 no 4,8. 3pasox Nel — iHorypt 6e3 HamoBHIOBaya Mae€ 3HAYEHHS
kuciotHocTi pH 4,2 11e cBiAYUTH PO Te, 1110 BiH € JOCUTh KUCIUM. 3pazok Ne2 —Horypt 3 GppyKTOBUM
HaINoOBHIOBaYeM Mae 3Ha4eHHsI KUCcIOTHOCTI pH 4,65 11e cBiIuuTh npo Te, 110 3pa3ok Ne2 mae MeHITy
KHUCJIOTHICTb.

2. JlocmimKy€eMO KHCIOTHICTD HOTYpTY 3a goromororo pH-merpa [10]. s 1is0ro 3acTocyemMo
pH-metp ans BumiproBanHs kuciaotHocTi 0.00-14pH, skuii HaBeneHo Ha pucyHky 4. TexHiuHi
XapaKTePUCTHKU HaBeJCHO y Tabmwmii 3. JIJI1 MpoBeeHHs AOCTI/DKEHHS 3aHYpUMO OOJIaTHAaHHS B
3pa3ku Horypty Nel ta Ne2.

Pe3ynbratu cBiguath, m1o 3pa3zok Nel — iorypt 0e3 HaroBHIOBaYa Ma€ 3HaU€HHS KUCIOTHOCTI
pH 4,4 ue cBiguuTh mpo Te, IO BiH € JOCUTh KUCIUM. 3pazok Ne2 — forypr 3 (pyKTOBHM
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HaIlOBHIOBAa4YeM Mae 3Ha4eHHs KuciaoTHocTI pH 4,75 11e cBimuuTh mpo Te, mo 3pa3ok Ne2 Mae MeHITy
KHUCJIOTHICTh. Pe3ynbpTaTtu oTpuMai 3a nornomoroio pH-meTpa € O61bIn TOYHIIIKUME, HIX pe3yabTaTu
OTPHUMaHI KOJIOMETPUYHUM MeTo1IoM. Kopersist ctaHoBuTh iprbausHo 0,02.

\ Taoauus 3 — TexHiuHi Xapakrepuctuku pH-metpa
2 IlokazHuKN XapakTepHCTHKI
JliamazoH BUMIipY 0.00 — 14.00 pH
Kpok BuMipy 0,01 pH
Tounicte pH £0.01
Pobo1a Temmeparypa 0-60°C
Rif 2 GaTapeiiok-Tadmetok LR44 (Bixe
XKusneHns .
BCTaHOBJICHI)
Bara 50r

PH-MeTp, 3 makeTHKH 3 TOPOIIKOM A
KaniOpyBaHHA, MIIACTHKOBHI Keiic 11d
30epiraHHs, IHCTPYKIIS aHTITHCHKORO

MOBOTO

Kommexramnig

Pucynoxk 4 — pH-metp

BucHoBku. 3a3HaueHo, 1110 HOTYPT — 11€ MOJIOUHUN MPOAYKT, KU BUTOTOBIISIETHCA IIJISIXOM
OakTepiabHOrO OPOJIHHA MOJIOKA Ta Ma€ KPEMOBY TEKCTYpy Ta TOCTPHiIl cMak. Y Ci BUIU HOTYpTY
BiJIOMi CBO€IO0 KOPHUCTIO JJISl 370POB’S TA € JDKEPEJIoM Oilika, Kalblito Ta IpoOioTHKIB. 3BHUYAiiHHMA
HOTYpPT € 4YyIOBHM JDKEPEIOM MpPOOIOTHKIB, SIKi MOXYTh JOIMOMOITH MIATPHUMATH 310pOB’S Ta
MiABUIIUTH QYHKIIIFO IMyHHOT cicTeMu. KpiM Toro, BiH MicTUTH 6araro iHImmx HeoOXiTHUX BiTaMiHIB
1 MiHEpaJIiB.

Ha ocHoBI aHamnizy MOKHa KOHCTAaTyBaTH, 1110 yJIOCKOHAJIEHHS 00JIaJHAaHHS JIJIsl BATOTOBJICHHS
Horypry 3acobamu aBTOMaTH3alli MOXKE CIPUATH MOKPAIIEHHIO IKOCTI MOJIOYHOI CHPOBMHH, 1110 €
HEoOX1AHUM ]ISl 0€3MeUHOro CoXuBaHHs. Tak, HaNpuUKIIaa, eIEKTPOHHUH SI3UK 1 €IeKTPOHHUN HIC
3aCTOCOBYIOTHCS JUISl aHali3y 30pOBUX, CHEKTPAJbHUX XapaKTepUcTUK Horypty. II’e3omerpuuHi
JaTYNKU BUKOPUCTOBYIOTHCS Ui OIIIHKM SIKOCTI MOJIOKA 1 MOJIOYHOI cUpoBUHHM, pH-meTp g
BHU3HAUYEHHS KMCIOTHOCTI. 3a JOMOMOI00 IaTYMKIB MOXKHA OTPUMATH TOYHI JIaH1 JUId repeaayl ix y
CUCTEMY KEpyBaHHS TEXHOJIOTIYHHUM mporiecoM. [lepenoBi TEXHOJOrIT KOMIT IOTEPHOTO 30py Ta
MITYYHOTO I1HTEJIEKTY MArOTh BETUKHM TMOTEHIIA] IMija 4yac 300py Ta aHamizy iHdopmarlii 11070
BUT'OTOBJIEHHS HOTYPTY 32 KOPOTKUI POMIkKOK 4acy 3 BUCOKOIO TOUHICTIO Ta SIKICTIO.

BBakaeThcCs, 1110 KUCIOTHICTh — BaKJIMBUI MOKAa3HUK IS CIIOXKUBAY1B, OCKUIBKU KUCIOTHICTh
BIIJIUBAE HA CMaK HOTYpTY, poOJisiuu Horo TepnkuM. Bumipsitu 3HauenHs pH cupoBrHM MOXHa JBOMa
Croco0aMu: €JIeKTPOXIMIYHUM METOJIOM, SIKUH BUKOPHUCTOBYE EJIEKTPOAM JUIsl BUMIPIOBAHHS
3HaueHHs pH 1 BiH /Ja€ TOCUTHh TOYHI 3HAYEHHS Ta KOJIOPUMETPUYHUM METOJIOM, SIKHW 3aCHOBAHUMN
Ha 3MiHI KOJIbOPY IIPU Mepeiadi MeBHOr0 3HAYEHHS.

3niiicHeHO JOoCHipKeHHs HorypTiB Ha kuciotHicTh pH. JlocnmimxkeHHs copsiMOBaHe Ha
nepeBipKy KHcIOTHOCTI pH HorypTy aBoMa MeTonaMu: €NEeKTPOXIMIYHHUM Ta KOJIOMETPUYHHM.
JocmimxyBanucs Ba 3pa3ka HOrypTy: 3pa3ok Nel — iiorypt 6e3 HanmoBHIOBa4a, 3pa3ok No2 — HorypT
3 ¢pykToBUM HamoBHIOBaueM. [Ipu 3acTocyBaHHI KOJOMETPUYHOIO MeETONy OyJ0 OTpHUMAaHO
pe3yabTatu: 3pa3ok Nel — forypt 0e3 HamoBHIOBa4Ya Ma€ 3Ha4eHHs KUCIOTHOCTI pH 4,2 11e cBiTUuThH
PO T€, 1110 BiH € JOCUTh KUCIUM. 3pa3ok Ne2 — HorypT 3 GpyKTOBUM HAIOBHIOBAYE€M Ma€ 3HaYCHHS
kuciaotHocTi pH 4,65 me cBiguuth mpo Te, MmO 3pa3ok Ne2 Mae MeHIy KHCIOTHICTh. [lpu
3actocyBaHHI pH-merpa ans BumiproBanHs kucinotHocTi 0.00-14pH Oyno oTpumaHO pe3yibTaTu:
3pa3ok Nel — fioryprt Oe3 HamoBHIOBaua Mae 3HaueHHs kuciaoTHocTi pH 4,4, 3pazok Ne2 — Horypt 3
(GpYKTOBUM HAIlOBHIOBauYe€M Mae€ 3HadyeHHs kuciaotHocTi pH 4,75. Pesynbrat oTpumani 3a
nonomororo PH-meTpa € OibIll TOUHIIIKMME, HDK pe3yabTaTi OTPUMaH1 KOJIOMETPUYHUM METO/IOM.
Kopemnsuist cranoButh npubianszao 0,02. [HTepnpeToBaHO pe3ynbTaTH JOCTIIKEHHS.
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Obijective. The aim of the article is to substantiate the feasibility of using computer vision and
artificial intelligence technologies to improve the quality of yoghurt production.

Methods. In the work for the study of yoghurts for acidity pH, the following were used:
electrochemical method, using electrodes to measure the pH value and colorimetric method, based
on the change in color when transmitting a certain value using pH papers or test strips that change
color at different values. pH, giving an idea of the pH of the solution.

Results. It is noted that yogurt is a dairy product produced by bacterial fermentation of milk.
It has a creamy texture and a tangy taste. All types of yogurt are known for their health benefits and
are a source of protein, calcium, and probiotics. Regular yogurt is an excellent source of probiotics,
which can help maintain health and boost immune system function. In addition, it contains many
other essential vitamins and minerals. Based on the analysis, it was found that the use of advanced
computer vision and artificial intelligence technologies can significantly improve the quality of raw
materials. The source of information, control, monitoring and quality assessment are mainly sensors:
contact and contactless. It is considered advisable to implement partial or full automation of the
process at each major stage of yogurt production. Attention is focused on the fact that acidity is an
important indicator for consumers, since it affects the taste of yogurt, making it tart. Measuring the
pH value of raw materials is possible in two ways: an electrochemical method using electrodes to
measure the pH value and establish fairly accurate values obtained; colorimetric method, which is
based on the change in color when transmitting a certain value using pH papers or test strips. The
study of yoghurts for acidity pH was conducted using two methods: electrochemical and colorimetric.
Two samples of yoghurt were studied: sample Nel — yoghurt without filler, sample Ne2 — yoghurt with
fruit filler. When using the colorimetric method, the following results were obtained: sample Nel —
yoghurt without filler has an acidity value of pH 4.2, which indicates that it is quite acidic. Sample
M2 — yoghurt with fruit filler has an acidity value of pH 4.65, which indicates that sample Ne2 has
less acidity. When using a pH meter to measure acidity, the following results were obtained: sample
No. 1 — yoghurt without filler has an acidity value of pH 4.4, sample Ne 2 — yoghurt with fruit filler
has an acidity value of pH 4.75. The results obtained with the pH meter are more accurate than the
results obtained by the collometric method. The correlation is approximately 0.02. The results of the
study are interpreted.

Key words: computer vision, artificial intelligence, automation, yogurt, acidity,
electrochemical method, colorimetric method, raw material quality, dairy raw materials.
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