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Obijective is to study the possibility of using mountain ash as a potential raw material for food
production.

Methods. Chemical analysis of the total content of phenolic substances in mountain ash was
carried out using a volumetric method, which is based on the principle of oxidation of phenols with
potassium permanganate in the presence of indigo carmine. We determined the presence of phenolic
substances in the rowan under study by IR spectroscopy, and the presence of polyphenolic structures
in the plant's alcoholic extract — by UV spectroscopy. The study of the antioxidant effect of fruits was
carried out using an accelerated method using a standard technique based on measuring the peroxide
value — a conventional unit, the equivalent amount of iodine released from a sample with potassium
iodide, from a given unit of mass of oil by peroxide compounds formed in it during oxidation with
atmospheric oxygen. A more informative indicator of antioxidant activity is the peroxide value per
unit time increase during the oxidation process (6 PV), equal to the difference in peroxide numbers
of oxidized and non-oxidized oil samples.

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 presence of
phenolic substances in the studied plant is confirmed by IR spectroscopy. UV spectra of a diluted
alcoholic extract of the plant also confirm the presence of polyphenolic structures in them. Due to
the complex structure of the various compounds they contain, they contain many characteristic bands.
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It has been experimentally established that rowan fruits (red-fruited) have a relatively powerful
complex of polyphenolic substances, giving them high antioxidant properties. This fact makes the
plant a promising raw material that can be used as an additive to fats and oils and various fat-
containing products to preserve their quality and nutritional value for long periods.

Keywords: mountain ash, phenolic substances, antioxidants, extract, vegetable oil, spectra.

Formulation of the problem. Natural food products of plant origin that we consume daily are
one of the elements of a healthy diet. Plants and plant products reliably occupy an important place in
a properly balanced human diet. Plants used in nutrition contain a diverse set of vitamins, easily
digestible carbohydrates, proteins, enzymes, amino acids, fats, minerals, aromatics and other valuable
components that play an important role in metabolic processes in the body. They increase the ability
to absorb protein and carbohydrates and help normalize the functioning of the digestive organs.
Aromatic substances significantly improve the taste of food, increase appetite, and have a beneficial
effect on digestive processes [1].

Eating plant foods in sufficient quantities helps normalize metabolism, prevent weight gain,
and plays a vital role in preventing and treating cardiovascular diseases, salt metabolism disorders,
etc. Humans have consumed many fruits and vegetables as food products from the deep past. In
addition to food, they contain substances that have not been fully studied but have therapeutic and
preventive value. Many so-called diseases of civilization are associated with a lack of plant products
in modern man's diet [2].

Enriching the diet with fresh fruits and vegetables significantly prevents the insufficient supply
of the body's various biogenic compounds. Still, their seasonal consumption only allows some of
them to be used throughout the year.

A unique role in solving the problem of uniform provision of vegetables and fruits to the
population belongs to the processing industries. Still, the technological means used in industry are
distinguished by relatively strict processing parameters, which lead to the destruction of the share of
vitamins, organic acids and other substances [3]. In addition, some of the most valuable fruits in terms
of their chemical composition are practically not used in this area. Special attention is paid to non-
traditional plants, which have long been used almost exclusively as medicines, and there is absolutely
no experience in consuming them as complete raw materials rich in various nutritional and
biologically active substances.

Analysis of the latest research and publications. Now, the processes taking place in Ukraine's
national economy make the problem of providing the country's population with food products of high
quality and nutritional and biological value very important. The solution to this problem closely
depends on expanding the raw materials market and using new types of raw materials, mainly local
and, most often, non-traditional. At the same time, it is possible to produce new types of products
with increased nutritional and biological value, enriched with vitamins, minerals, protein, dietary
fibre, antioxidants, and other valuable nutritional components. Many of these components perform
therapeutic and prophylactic functions — they remove heavy metals and radionuclides from the body
and increase its resistance under conditions of high anthropogenic load [3 — 7].

As a source of non-traditional raw materials, special attention is drawn to a widespread plant
throughout Ukraine — the common or red-fruited rowan. This is a 15 m tall tree of the rose family.
The berries are juicy and orange-red, with a diameter of up to 10 mm. They reach full ripeness in
September.

In the food industry, this plant is almost never used as a raw material, although in medical
practice, it is common to use it as a raw material for multivitamin tea to treat vitamin deficiencies,
especially vitamin deficiency C. Multivitamin tea consisting of rowan and rose hips in a ratio of 1:1
[8] is often used.

Red rowan is a favourite medicinal plant in folk medicine. Its fruits are used as diuretics,
hemostatics, and laxatives. Rowan, as a medicinal product, was widely used in official and folk
medicine in Western countries. In Poland, rowan berries were used as medicine for diseases of the
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kidneys, urinary and gallbladder, and diabetes. In Hungary, they were used for dysentery, and in
Norway, they were used as a means of helping wound healing [9].

The objective is to study the possibility of using mountain ash as a raw material for food
production.

Presentation of the primary research material. The chemical composition of this plant has
been studied in sufficient detail, albeit according to the traditional scheme — the vitamin composition
of the berries, the content of minerals and essential nutrients in them have been found. The content
of the main substances in mountain ash is given in Table 1.

Table 1 — Elemental chemical composition and energy value of rowan berries

Ne The name of the indicators Mass fraction, %
1 | Water 81,0

2 | Proteins 1,4

3 | Carbohydrates, total 12,5

4 | Mono- and disaccharides 8,5

5 | Fiber 3,2

6 | Organic acids 2,2

7 | Ash 0,8

8 | Energy value, kcal / 100 g 58,0

9 | Energy value, kJ /100 g 253,0

Rowan berries have long been used as a multivitamin, so the vitamin composition of the raw
materials, shown in Table 2, has been studied in sufficient detail.

Table 1 — Vitamin composition of rowan berries (mg/ 100 g)

Carotenoids Vitamin B Vitamin B> Vitamin C Niacin
9,00 0,05 0,02 50-140 0,5

As seen from Table 2, the primary attention is drawn to the amount of vitamin C and carotenoids
in berries, which exceeds the content of these biologically active substances in many vegetables and
fruits. Regarding vitamin C content, the plant successfully competes with currants, tomatoes, and
apples, and in terms of carotenoid content — with carrots and the best varieties of pumpkin [3].
However, there is no information in the literature about the presence of certain substances in mountain
ash, which are now attracting special attention for their biological activity, thanks to which the raw
material can be considered very valuable in manufacturing functional food products.

Plant organisms contain many substances that make up the physiological antioxidant system.
Among them, phenolic compounds are primarily critical, including cyclic alcohols with an aromatic
ring with one or more hydroxyl groups. If the benzene ring contains more than one hydroxy group,
such compounds classify as polyphenols. Several thousand phenols are known and isolated from plant
materials, and the largest group among them are flavonoids, molecules of which a chain of three
carbon atoms interconnects benzene rings. Depending on the structure of this bridge and the degree
of its oxidation, 10 groups of flavonoids can be counted, five of which are colourless substances with
reducing properties (catechins, dihydrochalcones, flavonols, etc.). They are easily susceptible to
oxidation, during which they acquire different colors. Thus, depending on the degree of oxidation,
catechins in tea leaves acquire black, yellow or green color. The last five groups of natural flavonoids
are the colored compounds that give color to leaves, flowers and fruits. The most important property
of many phenolic compounds is their ability to reverse oxidation, that is, to transform from hydroxy
to oxy form. Thanks to this transition, almost all phenolic compounds have pronounced antioxidant
activity [10].
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Using a volumetric method, We conducted a chemical analysis of the total content of phenolic
substances in rowan fruits. This method is based on the principle of oxidation of phenols with
potassium permanganate in the presence of indigo carmine. The analysis showed the content of
phenolic substances in the substrate to be 1950 mg/100 g, which puts these fruits in one of the first
places regarding the content of bioflavonoids. They are second only to chokeberry, in which
bioflavonoids sometimes reach 5000 mg / 100 g.

The presence of phenolic substances in the fruits of the plant under study is also confirmed by
IR spectroscopy; in the IR spectrum of dried and crushed berries, a characteristic intense diffuse
absorption band with a maximum at 34885 cm™ is observed, corresponding to stretching vibrations of
one or more hydroxyl groups. Of course, the free hydroxyl group absorbs in the region of 3630 cm™.
Still, these groups very quickly form hydrogen bonds, significantly changing the spectrum’s nature.
Suppose the hydroxyl group participates in the formation of a hydrogen bond. In that case, the
frequency of its stretching vibrations sometimes decreases by almost 170 cm, and the absorption
band spreads considerably and becomes more intense. We observe the same thing — intermolecular
hydrogen bonds predominate in the recorded IR spectrum, giving the spectrum this appearance. Along
with the absorption band attributed to the hydroxyl group bound by hydrogen bonds, at 2852 and
2951 cm?, two clear, unsmeared bands with slightly lower intensity are observed, which can be
attributed to the stretching vibrations of CH groups associated with both the aromatic nuclei of
polyphenolic compounds, in particular flavonoids, and with aliphatic fragments of their molecules —
bands with a lower frequency relate to CH bonds of aromatic rings, and with a higher frequency —
to CH fragments of aliphatic sections of the molecule. At around 1712 cm™, the spectrum contains a
clear band with a high frequency, which fully corresponds to the stretching vibrations of the flavone
ring's carbonyl groups (C=0). Strength with them, a slight separation of double molecules can be
observed with a maximum value at 1588 cm™.

UV spectra of a diluted alcoholic extract of berries also confirm the presence of polyphenolic
structures in them. They contain many characteristic bands due to the complex structure of the various
compounds they contain. The spectra are characterized by a group of characteristic bands in the
180...700 nm wavelength range. The first absorption band with a maximum of 213 nm has high
intensity. It corresponds to the excitation of lone electron pairs of the oxygen atom of the carbonyl
group, which is not associated with the aromatic nucleus (n—c" transition) and, most likely, is not
related to compounds of a phenolic nature. It also includes a weak, diffuse band in the region of 230
nm, which corresponds to the n—r" transition of carbonyl oxygen electrons. A reasonably intense
absorption band in the region of 274 nm and a slightly less intense one at 325 nm can be explained
by the excitation of the same electron pairs of the oxygen atom of the carbonyl group but connected
by a powerful chromophore to the aromatic ring, which is typical for flavonoid molecules. But in
addition to absorption, which confirms the presence of a reasonably large amount of bioflavonoids in
the fruits, two more intense bands with maxima at 454 and 479 nm are observed in the UV spectrum,
related to electron t—m" transitions of the carotenoid chromophore, consisting of a long chain of
single and double bonds which are alternating and causing the bright colour of the compounds. It is
not surprising because, as literature data indicate, the content of carotenoids in fruits is relatively
high..

Polyphenolic substances of plant products mix in their structures into several hydroxyl groups
with a mobile water atom. It can be done with the help of powerful antioxidants, such as the
antioxidant reaction caused by the manifestation in their compositions of a mobile water atom or
functional, active groups that actively react with a molecular organism. The primary function of
oxidation inhibitors is the detection of radical molecules, adding a new carbohydrate radical in
molecules according to the following scheme:

RH + 02 —> R- + - OOH

This radical saturates with the hydrogen atom of the antioxidant by the following reaction:
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R-+AH —>RH+-A
Consequently, antioxidants sharply reduce the possibility of forming free peroxide radicals:
R-+ 0, = ROO-

As we see from these diagrams, antioxidants have an inhibitory effect due to sufficiently mobile
active hydrogen. If hydrogen is not adequately reactive, the reaction occurs according to the scheme:

AH + 0z = A- + -O0H

and proceeds more quickly than the reaction according to this scheme:

RH+ 02 —>R-+-00H

The easier free hydrocarbon radicals form, the less active they are. Therefore, the free

hydrocarbon radical A-, formed from the antioxidant, should not react with molecular oxygen to form
peroxide radicals. In this regard, the oxidation of the RH substrate does not occur, and the

concentration of A- radicals constantly increases until their frequent collisions and recombination
become possible.

The above interpretation schemes made it possible to search for antioxidant substances among
products of natural origin purposefully. These compounds include polyphenolic structures with more
than one hydroxyl group in the aromatic ring. Their most important property is the ability to reverse
oxidation to quinone (3). Quinones are oxidized forms of many phenols that arise when phenol
donates (1) two electrons and two hydrogen nuclei (protons). Oxidation to quinone occurs in steps by
losing two electrons one after the other (Fig. 1).

-H H
+H +H
1 2
o~ =g
3

Figure 1 — Ability of phenolic compounds to reverse oxidation to quinone
(1 — phenol, 2 — semiquinone radical, 3 — quinone)
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In this case, an unstable intermediate compound forms — semiquinone radical (2). After the
donation of the second electron and proton (the second hydrogen atom), the system of double bonds
in the benzene ring rearranges, and carbonyl groups appear in place of hydroxyl groups. Such
quinones, unlike reduced phenols, very easily attach hydrogen atoms and, if present, are converted
back into the corresponding phenols through the intermediate semiquinone form.

The above diagrams show that the phenolic inhibitor molecule, which neutralizes and
inactivates the free radical involved in the oxidative reaction, turns into an inhibitor radical —
semiquinone. However, when, in contrast to one radical, another arises, the essence of the matter
should not change. It is possible to observe natural antioxidant effect only when the newly formed
inhibitor radical has low energy, is relatively unstable and does not continue the chain of oxidative
processes. It is precisely what the semiquinone radicals of phenolic inhibitors are. These are relatively
long-lived and low-active radicals. The formation of each of them when using phenolic inhibitors
means the termination of one of the free radical oxidation chains and a general slowdown of the
oxidation process. When a phenolic inhibitor is present from the beginning in a substrate that requires
protection from oxidation, achieving the desired effect with just 0.01...0.02% additive becomes
possible.

Since both flavonoids and tannins, as well as other representatives of phenolic compounds,
have all the properties for identifying antioxidant activity, we decided to quantify their antioxidant
effect in the studied raw materials. The study of the antioxidant effect of fruits was carried out by an
accelerated method using a standard technique based on measuring the value of the peroxide number
—a conventional unit equivalent to the amount of iodine that is released from a sample with potassium
iodide from a given unit of mass of oil by the peroxide compounds that form in it. A more informative
indicator of antioxidant activity is the increase in peroxide number per unit of time during the
oxidation process (6 PV), equal to the difference in peroxide numbers of oxidized and non-oxidized
oil samples.

To screen the new antioxidants, we added concentrations of 0.05. 0.1% of the additive to the
reaction mixture. Concentrations less than 0.05% do not exhibit antioxidant activity, while
concentrations exceeding 0.1% cause a pro-oxidant effect [4].

Therefore, taking into account the research methods for new antioxidant agents, studies were
carried out on fruits in the process of oxidation of sunflower oil using a concentration in the form of
powder (finely crushed dry berries) of 0.05. 0.1%. Data on the study of the antioxidant activity of
rowan fruits are given in Table 3.

Table 3 — Influence of rowan berries on the oxidation process of sunflower oil
(oxidation time - 5 hours, oxidation temperature — 150 °C, PV of unoxidized oil — 0.069)

Additive Peroxide value (PV), Peroxide value (PV), Coefficient
Ne | concentration, % mmol %2 O / kg mmol ¥2 O / kg of antioxidant effect, D,
%
1 - 0,335 0,053 -
2 0,1 0,091 0,004 92,4
3 0,05 0,078 0,002 96,2

As evidenced by the experimental data in Table 3, rowan berries have a powerful complex of
polyphenolic substances that give them high antioxidant properties.
Conclusions. We experimentally established that mountain ash berries have a fairly powerful

complex of polyphenolic substances, which give them high antioxidant properties. This makes the
plant a promising raw material that can be used as an additive to fats and oils and various fat-
containing products to preserve their quality and nutritional value for long periods.
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Mema — OocniddcenHs MONCIUBOCMI BUKOPUCNAHHA 20pOOUHU  36UYAUHOI 8 SKOCMI
NOMEeHYINHOI CUpOBUHU O BUPOOHUYMEA XAPU0B0I NPOOYKYIi.

Memoou. Ximiynuil aumaniz Ha 3a2anibHUll 6Micm (DeHONbHUX pPeyo8UH ) NI00ax 20poOuHuU
npogedenuti 00 EMHUM MemoooM, 6 OCHOBI K020 JedCumv NPUHYUN OKUCTEHHS (QeHoNi8
NepMaHeanamom Kauniro 6 npucymuocmi iHOucoxkapminy. Hasenicms peuosun ¢henonvHo20
xapaxkmepy y cKaaoi niuodié 00CHi0NCeHOI pociuHu npoeoounocs memoodom IY-cnekmpockonii.
Hassnicmv cmpykmyp nonigenonvnoi npupoou 8 cnupmosomy excmpaxmi niodié npogoounocs
memooom YD-cnexkmpockonii. Busuenns anmuokcuoanmmuoi 0ii nioodie nposoouiu npucKkopeHum
MemoOOM 3 GUKOPUCAHHAM CMAHOAPMHOI MemOOUKU, 3ACHOBAHOI HA BUMIDIOBAHHI 3HAYEHHS
NepeKUcHO020 YUcia — YMOBHOI 0OUHUYI, eKBIBANeHMHOI KilbKOCMI 100y, AKUL GUBLILHIOEMbCA 3
npodou 3 Uooudom Kauilo, 3 00YMOBNEHOI O0OUHUYI MACU Oii NepPeKUCHUMU CHOIYKAMU, SKI
VMBOPIOIOMbCA 6 Hill Npu OKUCNeHHI Kuchem nosimps. binow iHgpopmamuenum nokasHuxkom
AKMUBHOCMI AHMUOKCUOAHMY € MAKA BETUYUHA SIK NPUPOUJEHHS NEPEKUCHO20 YUCTIA 8 OOUHUYIO 4aACY
6 npoyeci oxucnenns (O I14), sike 00pisHIOE Pi3HUYT NEPEKUCHUX YUCeT OKUCTIEHO20 MA HEOKUCTEHO2O0
3pasKie oii.

Pezynomamu. [Iposedenuti Ximiunuii ananiz Ha 3a2anbHull BMICM QeHOIbHUX PeHO8UH ) NI100AX
20pobuHu nokazae emicm ernonvhux pewosun y cyocmpami 1950 me [ 100 2, wo susooums yi nioou
Ha 00He 3 nepuiux micyv 3a emicmom P-gimaminHux pewosun. Bonu nocmynaromucs auwe 20poouHi
YOPHONIIOHIU, V AKIU KinbKicmb P-gimaminnux cnoayk inooi oocseae 5000 me / 100 e. Hasgnicmo
PpeuosuH (eHoNbHo20 Xapakmepy V CKIa0i N100i8 0O0CHIOHNCeHOi pPOCIUHU NIOMBEPOI’CYEMbCA
memoodom 149-cnexkmpockonii. YD-cnekmpu po3eedeno2o cnupmoso2o eKCmpaxkmy niooie markodic
niomeepoNCyIomb HAAGHICMb 8 HUX CMPYKMYP NOAigheHobHoi npupoou. Bonu emiwyroms 6acamo
XapakmepucmuyHux cmye 3a805Ku CKIAOHIU CIMPYKMYpPi pI3HOMAHIMHUX CHOLYK, WO 6X005iMmb 00 ix
cknaody. Excnepumenmanvho 6Ccmamnosieno, wo nioou 20poouHu 36u4aiiHoi (1ep8OHONIIOHOL) Maromy
00CMAMHbLO  NOMYIHCHULL  KOMNIEKC NONIPEHONbHUX —peyosuH, AKi HA0aromv iM  UCOKUX
AHMUOKUCTIOBANbHUX  é1acmusocmeli. Lle pobumb pociuny nepcneKmugHoOl CUPOBUHOIO, SKY
MOJNCIUBO  BUKOPUCMOBYBAMU 6 AKOCMI 000A80K 00 JCUPI@ ma O, a MAaKodC pizHUX
AHCUPOBMIWYIOUUX NPOOYKMIE 3 MEMOI0 30epedCceHHs iX AKOCmI ma Xap4o80i YiHHOCMI NPoOmsa2oM
0082UX CIPOKIB.

Knrouoei cnosa: ropobuna 3BuvaiiHa, (eHONbHI pEYOBUHU, aHTHOKCUJIAHTH, €KCTPAKT, OJis,
CIICKTPH.
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Mema. Memoto € Oocniddxcennuss ma po3pooOKa IHHOBAYIUHOI MEeXHONO02l 6UpoOHUYMEa
IMYHOMOOYIIOIOUUX COYCi8, AKI 30a2aueHi pPOCIUHHOK CUPOBUHOIO 31 30epedCeHHIM NONCUBHOT
YIHHOCMI NPOOYKM).

Memoou. Ocno8y 00CNIONCeHHs CKIANU Memoou MeopemuyHo20 Y3a2albHeHHs HAYKOBOI
Jaimepamypu ma Mamemamudti po3paxyHku Ha OCHOBL 00B8IOHUKOBUX OAHUX.

Pe3ynomamu. Piznomanimms coycié 3a00801bHAIOMb CMAK08i nompedu 0yob K020
cnooKcusaya, 8 npoyeci NpUSOMy8anHsL He 6Ci coycu 30epieaions y CGOEMY CKAAOI NOICUBHI peHOBUHU,
a came iMAamiHu, MIiHepaIu, aAMIHOKUCIOMU MA [HWI KOPUCHI peuosunu. Y cmammi 008e0eHo

O00YINbHICMb PO3POOKU MEXHONO02IT IMYHOMOOYIIOIOUUX COYCI8 OISl 3aKAA0I8 PeCmMOPAHHO20
2ocnooapcmea, [Ki Mamumyms NONINUeHi OpeaHoIenmuyHi NOKA3HUKY, Ni08UWEeHY eHep2emuyny,
Xapuo8y ma noxicueHy yYiHHicmbs. J]OCHIONCEHO MONCIUBICML  POSUWUPEHHS  ACOPMUMEHMY
IMYHOMOOYIIOI0HUX COYCIB 3 PAXYHOK BUKOPUCTMAHHS POCIUHHOT CUPOBUHU, a came N10018 WUUNUIUHU.

Ha ocnosi nimepamypnozo ananizy 00CioxiceHo XiMivHutl CKiao WUnuuHU, K CUpOSUHU OJisl
nokpaweHus iMyHHoi cucmemu. 11Jo6 npodosocumu mepmin 30epieanus i BUKOPUCAHHA WUNWUHU
3aNpPoONoOHOBAHO 30epicamu il UWLIAXOM 3AMOPOACYBAHHS Y BUSTIAOL NOTOBUHOK AOO0 ) NIOPENn0OiOHOMY
8u2nAoi. 3 memoro 36epeicenHss MaKkCUMAIbHOI KiIbKOCMI KOPUCHUX MePMONAOLIbHUX KOMINOHEHMI8
y eomogomy npooykmi. Ha ocnosi naykosux oanux obpano simaminu i MiHepanu, sKi Cnpusioms
SMIYHEHHIO  IMYHHOI cucmemu JHOOUHU.. 3anponoHO8aHO mMpu  peyenmypHi  KOMNO3UYIT

iMyHOMOOYAIOIOUUX coyci8. Jlosedeno doyinbHicmb Mooughikayii mpaduyilinoi peyenmypu 3a

PAXYHOK 3ACMOCYBAHHS 3AMOPONCEHOI POCIUHHOI cuposuHu niodie wunwiunu. Ilepcnexmugu
NOOANbWUX HAYKOBUX PO3POOOK NONA2AIOMb Y  MOMNCIUBOCME  POSUUPEHHS  ACOPMUMEHINY
IMYHOMOOYIOIOUUX COYCI6 01 3aKNA0I8 PeCMOPAHHO20 20CN00apCmMed 3a PAXYHOK GUKOPUCTIAHHSL
POCTUHHOI CUPOBUHU MA 30ePedtCeHHs KOPUCHUX 61ACTUBOCHEl.

Knrouosi cnosa: imynomooyniowoui coycu, 6imaminu, MiHepaiu, WUNWUHA, 3aMOopONCYB8aAHHS,
MeO K8IMKO8Ull, mepmoadiibHi KOMNOHEeHMUL.

IoctanoBKka mnpodaemMu. XapdyBaHHS BIJIrpa€ BaXJIMBY poyib Y (DOpMyBaHHI CTaHy
3I0pPOB’sI JTFOJIMHU, 11 TIpare3[aTHOCTI 1 TPUBAIOCTI KUTTS. AHaJI3 XapuyBaHHs JIFOJIEH 32 OCTaHHIX
KUJIbKa pOKIB IOKa3ye, 1[0 B pallioHI HaceleHHS 301IbIIYeThCS KUIBKICTh TBAPHUHHUX KHPIB,
BYTJIEBO/IIB Ta 3MEHIIYETHCS BMICT BITaMiHIB, MIKpO- Ta MIKPOEJIEMEHTIB, XapuOBHUX BOJOKOH Ta
IHIIMX KOpucHUX cKkianoBux [1]. Lle y cBoro uepry npu3BoanTh 10 HECTaui CIOKUBAaHHS OPTraHi3MOM
HEOOXiTHMX KOPHUCHHUX CKJIAaOBHX, SKi BIUIMBAIOTh HA 3arajlbHUA CTaH JIIOJWHH, B J0]a4y,
MOTIPIICHHAM EKOJIOTIYHUX MpoOseM B YKpaiHi Ta iX 3arocTpeHHs Yy MepioJ BOEHHHUX iid,

© Hakoneuna A. C., Koanpuyk C. C.
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MPU3BOAATH 10 3HW)KEHHSI IMYHITETY HAaCEJICHHS Ta 3aXBOPIOBAaHb OB 3aHUX 13 XapuyBaHHAM. ToMy
CTBOPEHHIO Ta PO3POOIIi 3I0POBUX MPOAYKTIB XapuayBaHHS BiIBOAUTHCS 0COOJIMBA POJIb, K B YKpaiHi
TakK 1 3a i Mexamu.

Bce 6111101 OMYISIPHOCTI cepel] HacelneHHs: HaOyBae 310pOBe Xap4yyBaHHS Ta CIIOKUBAHHS
€KOJIOTIYHO YMCTHX MNpoAykTiB. Ha mnosuingx cynepmapkeTiB Ta B 3akiajax pPEeCTOPaHHUX
TOCHOJAPCTB € BEIUYE3HWH AaCOPTUMEHT COYCiB, OJIHAK 3aBJAHHSIM iX OCHOBHOI KUIBKOCTI — L€
Ha/IaHHs CTpaBaM 0COOJIMBOTO CMaKy, 30BHIIIHBOTO BUIJISLY, TIOKpALEHHs apoMaTy. ToMy JOLiIbHO
30araTUTH CErMEHT XapyyBaHHS COYCaMH, SIKI HNOCHIIOBATUMYTh IMYHHY CHUCTEMY OpTaHi3My
HaCEJICHHS.

Po3poOka iHHOBaWiMHUX COYCiB 3 BUKOPHUCTaHHAM CHPOBHHHM 3 IiJBUIIEHUM BMiCTOM
010JI0T1YHO aKTUBHUX PEYOBMHA, HACEJIEHHS € aKTYaJIbHUM 3aBJAHHSAM y BUIOTOBJIEHHI XapuyOBHMX
MPOAYKTIB. PyIIiifHOIO CHII010 301IBIIEHHS TIONUTY 1 TOJIOBHUM JDKEPETIOM MPUOYTKY € IHHOBaLiHH1
OpoAykKTH. B cydacHMX yMoOBax 3MIHIOIOTBCA BHUMOIM JI0 AaCOPTHMMEHTY, TEXHOJOITYHUX
0c00IMBOCTEH BUPOOHMIITBA, CIIOKUBHUX BIIACTHBOCTEW COYCIB, SIKi TOBHMHHI 30epiraté cradiibHI
MOKAa3HUKH M Ji€l0 pi3HUX YMHHUKIB. OCTaHHIM 4YacoM BC€ OUIBIIOrO0 PO3MOBCIOKCHHS B
PECTOPAaHHOMY TOCIIOJAPCTBI € 3aCTOCYBaHHS KOMOIHYBaHHS COYCIB 13 TapsSYMMH Ta XOJIOJHUMU
CTpaBaMH Ha OCHOBI M’sica, puOH, NTHUIl, TUYUHH.

AHaJi3 ocTaHHIX HocCailKeHb i myOJikamiid. Po3poOka TexHONOTIl COyCiB, 3a pPaxyHOK
BUKOPHUCTaHHS POCIMHHOI CHPOBHHHU JJISl 3aKJIIB PECTOPAHHOIO TOCIIOAAPCTBA € AKTyaJbHUM
nuTanaaMm [3-5].

VY po6orax M.IL Ilepeciunoro, J.M. Tenexenko, O.O. I'punuenko, M.®. KpaBuenka, 10.B.
JleBueHKa pO3IJITHYTO HAyKOBI OCHOBM 3aCTOCYBAHHS POCIMHHOI CUPOBUHM, Ui HPUTOTYBAHHS
COYCIB.

Panionanbuuii mialip CKIaJ0BUX COYCIB, TEXHOJIOTIUHUX MapaMmeTpiB BUPOOHMIITBA €
KIIIOYOBUM TIMTAaHHSIM OJICPKaHHS IMYHOMOJENIOIOUMX COYCIB ISl 3aKiagiB pPECTOPAHHOTO
rocroJapcTBa, 31 30epeXeHHS KOPHUCHUX pPEUOBHMH. 3acTOCYBAaHHS IUIOMIB IIUMIIMHU IS
BUPOOHUIITBA COYCIB MPAKTUYHO HE BUBYEHO.

Mera crarTi — JOCHDKEHHS Ta pO3poOKa 1HHOBALIMHOI TEXHOJOTriT BHPOOHHUIITBA
IMYHOMOZIYJIIOIOYHMX COYCIB 30aradyeHuX pPOCIMHHOIO CHPOBUHOIO 31 30€pekKEeHHSIM I0XKMBHOI
LIHHOCTI MPOJYKTY.

Bukiaaa ocHOBHOro marepiajay aociil:keHb. PocivHHa cupoBuHa Oarata Ha BITaMiHH,
MIKpOEJIEMEHTH Ta IHIII XIMIUHI CKJIaJOBi, fKI BIJITPalOTh BAXJIMBY PpOJIb y 3JAr0KEHOMY
(yHKI[IOHYBaHH1 OpraHi3My JIIOAWHU. POCIIMHHUN CBIT HACTIIBKK Oaratui, 110 JOACTBO 1 10 IIbOTO
4acy He Mae€ YsBIJIEHHS PO MEBHI BUAU POCIHH Ta iX KOPUCHI BIACTUBOCTI. Y 3B S3KY 3 HIBHJKUM
TEMIIOM KHUTTS Ta Cy4acHOIO €KOJIOTTYHOIO CUTYAIlIE€I0 Yy CBITI CydacHa JIIOJIMHA Ma€ BXXUBAaTU HE
JIMIIE CMaYyHy DKy aje i KopucHy [6]. V OinbIIoCTi Fo/iei € CXUITBHICTD JI0 aBiTaMiHO3y. ABITaMiHO3
3/1e0UIBIIOT0 € HACHIJKOM HEpaliOHaJIbHOI'O XapuyBaHHS Ta 3HMKEHHS (PI3MYHMX HaBaHTaXKEHb
NPOTATOM TpUBAJIOTO Yacy [7, 8].

Bitaminuy, ki yKpimisitoTh iMyHITeT — 1e Bitamid C, BitamiH A, Bitamin /I, Bitamin E,
BiTaMiHM rpynu B, 30kpema, B6 ta ¢omieBa kuciora, 6axkaHo, o0 Oyl B KOMIUIEKC] 3 LIUHKOM,
CeJICHOM, 3aJ1i30M Ta miamo [7-12].

[Tpu po3pobiii perenTypu coyciB 3 IMyHOMOIEIIOIOUMMH BIIACTUBOCTSIMU JyXKe BaXKIMBUM €
BUOIp CHUPOBHMHHU, SIKI MICTSTh 3HAUHY KUIBKICTh BITaMIHIB Ta MIKPOHYTPIEHTIB, Kl MarOTh
CTUMYJIIOI0Y1 BIACTUBOCTI [4, 12].

3m1aBHA BIAOMO, IO IS JIIKYBaHHS 3aCTYAHM BXXHMBAJIM Yail 3 IIWIIIUHU, KA Ma€ KOPHUCHI
BJIACTUBOCTI Ta MICTUTh B CBOEMY CKJIaJi BUCOKHUI BMicT BiTaminy C. lllunmmua pocte Ha cxuiax,
y3iicces, a came Ha [lomicci, B icocTenoBiif Ta cTenoBiit 30H1 YKpainu. L{Bite y TpaBHI — 4YepBHI,

IUIOAM JOCTHraloTh Yy cepnHi — BepecHi. CTUIUII IUIOAM IIWMIIMHU MalOTh TEMHO YEpBOHE
3a0apBIeHHS, KHCJIO-COJIO/IKI HAa CMaK, B CepeANHI SIKUX 3HAXOUTHCS HACIHHS.
Hlunmumza — pix pocnuH cimeidictBa TposHIOBI, JiKapchka pOCIMHA, sKa 37aBHA

BHKOPHUCTOBYBAJIaCs B HAPOJHIM MEIMIIMHI, 3aBISIKH BEJIMKUM TepeBaram Jis 3J0pOB's,
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00YMOBJICHHM IIEBHUM XiMiuHMM ckiiazoM [13, 14]. B tabnuii 1 HaBeeHO BMIiCT XapUuOBHUX PEUOBHH:
KaJIOpiMHOCTI, OLIKiB, )KUPIB, BYIJIEBOAIB, BiTaMiHiB 1 MiHepaiiB Ha 100 r icTiBHOI YacTHHU.

[lnomy MUNIIMHKM MAaOTh BHUCOKY OIOJIOTIYHY aAKTHBHICTH 1 IIUIFOIII BJIACTUBOCTI. 3a
KUTbKICHUM BMICTOM 1 pI3HOMAHITHOCTI BITaMiHIB 1 KOPHUCHHUX HYTPIEHTIB BOHH 3HAYHO
MepeBepIIyIOTh 1HII pociuaM [13, 14].

HlunmuHa — pekopacMeH 3a kipkicTio BitaMiny C. ¥V 100 r cyXxux mioiB HOoro MiCTUTBCS
npuOm3HO 18 nmeHHux 103, mo B 10 pasiB Oubie, HIX B YOpHiHA cMopoauHi 1 B 50 pa3iB — HIXK y
mumoHi. Bitamin C, momomarae JroACbKOMY OpraHi3My 3acBOIOBATH 3aji30, 3HIKYBAaTH PiBEHb
XOJISCTEPHHY 1 3aXHUIIATH BiJl BUIBHUX paJdKaIiB, 0COOJIMBO UyTJIMBUH /10 HASBHOCTI KUCHIO 1 CBITJIA.

Taéaunsa 1 — XiMiyHUN CKIa1 IAIIHHA

XimMiuHuii ckiaan

Bitaminn

MakpoeneMeHTH

Binku — 1,6 r

Kupu —-0,7r

Byrnesogu — 22,4 r
Boma—60r

Xapyosi BosokHa — 10,8 r
Opraniuni kuciota — 2,31
MowHo- i mucaxapua — 19,4 r
Kpoxmanb —3 1

Bitamig PP — 0,6 mr

B-xapoTtuH — 2,6 Mr

Bitamin A (PE) — 434 mxr
Birawmin B; (tiamin) — 0,05 mr
Bitamin B (pubodnasin) — 0,13
MT

Biramin C — 650 mMr

Bitamin E (TE) — 1,7 mr

Kanpiii — 28 mr
Marsiii — 8 mr
Harpiii — 5 mr
Kamiii — 23 mr
dochop — 8 mr

MikpoesieMeHTH

3amizo — 1,3 Mr
Hunk — 1,1 mr

Boma—-2,2r Bitamin PP (miaruHOBwMiA Migs — 3700 Mkr
Hacwuueni xwupHi kucnotu — 0,1 | exBiBanent) — 0,7 mr Maprasnens — 19 mr

r Monionen — 4330 Mkr
KasopiiiHicTh IIUIIIIMHT —

109 kkan

Kpim Bitaminy C munumHa MiCTUTh Taki MIKDOHYTPIEHTH:

— BiTaMiHu B1, B2— 6epyTh yuacTb Gi1KOBOMY 1 BYIJIEBOJHOMY METabO0i3Mi, BIIMOBIIAI0Th
3a 3710pOB'sl CIIM30BUX 000JIOHOK, IKIPH Ta BOJIOCCS,

— BiTamin PP (B3) — HeoOXiaHuU#t 1151 KpaIioro 3acBoeHHs Bitaminy C, KIIITHHHOTO JUXaHHS,
pOOOTH CepLeBO-CYAUHHOI CUCTEMU;

— BiTaMiH E — aHTHOKCHIAHT, CTUMYJIOE€ CHHTE3 TeMOTJI00IHY, OUIKIB, HEOOXITHUM s
3aCBOEHHS BITaMiHY A, MEPELIKOKA€ CTAPIHHIO;

— BiTaMiH A (HaiiOu1b1e B-KapOTUHY 1 JIKOIIHY) — aHTHOKCHJIAHT, HEOOX1AHUN JIs1 pOCTY
TKaHUH, 3/I0POB'sl OPraHiB 30Dy, MiABUILEHHS IMYHITETY;

— BiTamiH K — cripusie HopMaabHOMY 3rOpTaHHIO KpOBi, MiHEpasli3alii KICTKOBOI TKaHUHH,
6epe ydacTh B yrBopeHHI AT® — nocravanbHUKa eHeprii /i 610XIMIYHUX peakIiiil.

Makpo- 1 MIKPOEIEMEHTHHIN CKJIaJ IIUIIIWHU TPEJACTaBICHUN I[IMHKOM, MapraHIIeM,
KaJbIlieM, KallieM, 3ami3oM, hochopom, Maraiem, HaTpieM, ModidaeHoM i Migawo. Kpim Toro, BoHa
MICTUTh NEKTUHOBI, a30TUCTI 1 JyOMJIbHI pedoBUHHU, (iTocTeHiHU (7 (pakiiil 3 nmepeBakaHHAM [3-
CUTOCTEPHH), JIKOIIH, pyOMKCAaHTHH, MEHTO3aHU, a TakoxX ¢uaBoHOian 1 edipHi omii. [lnoau
UIUMNIIMHA MaroTh (ITOHUMIHI 1 MOTYXHI OaKTepUIUAHI BIACTUBOCTI. BOHM MICTATH BEIHKY
KUIBKICTh aHTHOKCHUIAHTIB. AJle HAWrOJIOBHIIIE — IUIOAM IIWMIIAHUA € IIHHUM MOJIBITAMIHHUM
3ac000M.

HIunmumHa — 1€ pOCiINHA, 110 BOJIOIE BEIMYE3HOIO KUTBKICTIO KOPUCHUX BIACTUBOCTEH IS
opratizmy JmoauHU. OCKIIBKM IIUMIIMHA 1€ CEe30HHA CHUPOBUHA, 1100 MPOJOBXKUTH I TEpMiH
30epiraHHi i BUKOPUCTAHHS 11 MO’KHA BUCYIINTH a00 3aMOpPO3UTH. BBaxkaeThCsl, 1110 3aMOPOKYBAaHHS
€ OLTbII e(PEeKTUBHUM, OCKUIBKH 30epiraeTbcs Oubla KITbKICTh BITaMiHIB y poAykTi [15, 16]. Ilpu
MIPaBUILHOMY 3aMOPOXYBaHi 1 30epiraHHi CHpOBUHM ii MOXHBHA I[IHHICTH 30epiraeThcst Maiike Ha
piBHi cBixkoi. [1]o cTocyeThCs BiTaMiHIB, TO 3HIKYETHCS TUThKH BMICT Bitaminy C. Ilpu 36epiranui
CHPOBHMHHU B 3aMOPOKEHOMY CTaHi POTITOM IIECTH MICSIIiB, BMICT BiTaMiHy C 3MEHIITY€ThCSI BCHOTO
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Ha 10-15%. lle nabaraTto MeHIe, HIX IpU TEPMidHIM 00pOOILIi, KOIU BIH PYHHYETHCS MPAKTUYHO
noBHicTIO. Bei iHII BiTaMiHU HE OOSATHCS HU3BKUX TEMIIEpATyp, TOMY JyKe 100pe 30epiraloThcs B
3aMOpOKEHHX BUTsai [17].

3aMOpOKyBaHHS YIIOBUIBHIOE IPOIIEC 3HUKEHHS OKUBHOCTI MPOIYKTY. 3aMOPOXKYIOTH LI
TUTOIM IIUIIIUHY, TTOJIOBUHKHM Ta Y BHIIAI IMope. SIronu MOBMHHI OyTH OJHAKOBOTO YEPBOHOTO
KOJIbOPY, TUTBKU CTHUTJI, Hi B IKOMY pa3i He 3irmcoBaHi Ta He M'sTi. [lepen 3aMOpoKyBaHHSIM CBIKHX
IUTO/IB IIMITIIMHUA BC1 XBOCTHKHM Ta JHMCTOYKHA BHIAISIOTH, STOIU X BapTO M00pe MPOMHUTH Ta
npocymutd. IIoTiM MiArOTOBNEHI SroAM pPO3KIAJalOTh B OJWH IIAp HA JEpPeB'sHY JOLIKY i
MOMINIAIOTh Ha 2 TOJAWHHA B MOPO3WJIKy. OnTuManbHa Temneparypa 36epiranus — Big -18 °C mo -20
°C: mpm TakMX yMOBax TepMiH mpuaatHocTi 30utbmryerbes 10 10-12 micsauiB. Opnak He
PEKOMEHIYEThCS 30epiraTv IUIOAM IIMIIIMHK OUTbIe 6 MICSIIIB, OCKIIBKHA 301IBIIYIOTHCS BTPATH
Bitaminy C. SIKmio 3amMOpoXyBaTH IOJOBHHYACTI ATOJM, TO HEOOXiTHO BiniOpaHi, MOMHUTI Ta
BUCYIICHI IO IUIIIMHU PO3pi3aTH HABIIUI 1 BUMHATH HAaCiHHSA. J[J1s1 3aMOPO3KH MEJICHOT B IMIOpe
IIUIIIAHA HEOOXITHO STOTU TIOMHUTH, PO3pi3aTH HABIII 1 BHMHATA HaciHHs. [10JIOBUHKH 3aauTH
BOJIOIO, TaK 3aJMINUTH Ha KUIbKA JHIB, 3a IIeW Mepioj IIWIIIMHA Mae po3M'skHyTu. Jlami
BHUKOPHUCTOBYEMO NOPiOHIOBAY 200 CHTO, 32 IOTIOMOT'O0 SIKUX JIETKO 3pOOUTH 3 MiITOTOBJICHOT MacH
mope. [lepeknactu macy y GopMu 1 BiilpaBuTH Ha 2 TOJMHHA B MOPO3HIIbHY Kamepy. Jlati BUTSATHYTH
3aMOPOKEHY CYMIII 1 MEPEKIIACTH JUIsl TPUBAJIOTO 30epiraHHs B IIUTbHI MAKETUKH HA3a]] Y MOPO3HIIKY.
J1J1st IpUTOTYBaHHS COYCIB BUKOPUCTOBYBAJIMCS 3aMOPOYKEHHI TOJIOBUHKH IIUTIIINHHY, SIKi 3BIJIbHEHH1
Bix HaciHHs. Ilig yac 3aMOpOKyBaHHS IMOJIOBUHOK IIMITIINHY, BOJA, KA 3HAXOJUTHCS B KIIITHHAX
3aMep3ae 1 yTBOPEHI KPHUCTadW JIbOAY PYHHYIOTh CTIHKM KIITHH. B pesynbrari aedpoctamii
IIMIIIAHA MAa€ M SIKIIY CTPYKTYpY, SKa JIETKO MOAPIOHIOETHCS 3a JOMOMOTOIO TOpiOHIOBaya.
TexHoJOTisl MPUTrOTYBaHHS COYCIB BimpaliboBaHa B JiaboparopHux ymoBax. [lyiss oOpaHoi Hamu
TEXHOJIOTIi OyI0 po3pobiieHo 3 MoeNbpHI KOMIO3HUIi (TadI. 2).

Po3pobneni coycu € J10JaTKOBOK CKJIAZOBOK JIO TOTOBOi CTpaBH. Y TEXHOJOTIT
IPUTOTYBAaHHS JaHUX COYCIB HEMAa€ BUCOKOTEMIIEPATypHOI TEIUIOBOi OOpOOKM, IIO Ja€ 3MOTY
MaKCUMaJIbHO 30eperTu TepmoJiabliabHI CKIanoBi, a came Bitamin C. Jlo peuentypu coyciB He
BXOJTh IITYYHI cTabiai3aTopH, OapBHUKH, CTaOLII3aTOPU 1 CMAKOBI MiJICUIIIOBAaYl, yCi CKIIa/I0B1 €
BUKITIOYHO HATypaJbHUMH. J{J11 HOpMabHOTO (PYHKIIIOHYBaHHS OPTaHi3M JIFOJIMHI Ma€ OTPUMYBaTH
3 MIPOJYKTaMU Xap4yBaHHs HCOOXIAHY KIIBKICTh OLIKIB, XKUPIB 1 BYIJICBOAIB, @ TAKOK BITAMIHIB i
MiHEpalbHUX PEYOBHMH. IX CHiBBiHOLIEHHS i AKICHMI CKJIaJ BU3HAYAIOTh MOXKHBHI BJIACTHBOCTI
Xap4yoBOTO MPOAYKTY, a TAKOK HOro €eHepreTUUHY LiHHICTb.

Tabauus 2 — PenenTypHi KOMIO3UIIiT IMyHOMOTYJTIOIOYHMX COYCIB 30aradeHrX IIUIIITHHO0

Penenrypa coycy «MenoBo- Penentypa coycy «MenoBo- Penentypa coycy
TIPYUYHHIN 3 HTUIITHHOIO» JIMMOHHHH 3 HIHUIIIITHHOIO) «[likaHTHA MIMIIIITHHAY

Crposuma pr:TO, He;To, CrposuHa prrTTo, He;To, CrposuEa prrTTo, HeiTo

ummunaa 50 45 Hummunaa 33 30 unmuna 41 38

Men | 45 15 |Men | og o5 | Men 25 25

KBITKOBHUH KBITKOBUH KBITKOBUH

OJ'I.I/IBKOBa 15 15 OJ'I‘I/IBKOBa 13 13 OJ'I.I/IBKOBa 15 15

oI o oI

IFDKOHCBK& 15 15 H'I/IMOHHI/II/I 15 15 .H'I/IMOHHI/II/I 10 10

TipUHIs CIK CiK

[lenpa 7 7 PyOnennit 5 5 PyGnenuit 5 5

JINIMOHA YACHHUK YACHUK

Mygxamnn 1 1 CoeBuit 10 10 ITepeus } 15 5

ropix coyc CTPYIKOBUH

Cinp 2 2 Po3zmapun 2 2 Cinpb 2 2
Buxin 100 Buxin 100 Buxin 100
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BukopucToByIOUM JIOBITHUKOBI JaHi Oyl0 MPOBEACHO MAKPOHYTPIEHTHHHA  CKIIAJ
PO3pO0IICHUX IMYHOMOIYJIFOIOUUX COYCIB (Tadu. 3).

Tab6auusa 3 — MakpoHyTpieHTHHH ckiag coyciB Ha 50 T npoayKTy
Hasga coycy bunku, -\ Kupn, Byraesozn, t KuitkoBuHa, T Q

r r Momnocaxapuau | Kpoxmanb KKaJI
MenoBo-
TIpYNIHHIA 3 0,63 8,15 9,72 0,41 1,64 121
HIATTITHHOKO
Menoso-
JIMMOHHHI 3 0,8 6,5 11,4 2,1 0,9 117
HIATTITHHOIO
Hixaria 06 | 765 11,85 11 0,83 122
10102000000303F:)

I3 pe3ynbrariB TabIMII MOXKEMO 3pOOUTH TaKHil BUCHOBOK, IIIO BCi 3allPOMIOHOBAHI COYCH
MAalOTh HE BUCOKY KJIOPIHHICTh Ta MMOPIBHSIHO HE BUCOKUH BMICT KJIITKOBUHU. HaliBumwmii BMicT Oiika
Ma€e coyc «Me0BO-TUMOHHUK 3 MIMAIMIIIMHOK», IO CKJIAy SIKOTO BXOJHWTh COEBUI coyc. BinqHOCHO
BHCOKHI BMICT JKHPOBOI CKJIaIOBO] ITOB'SI3aHUI 3 BMICTOM Y pEIENTypi OJTUBKOBOT OJIil.

18

16

16
| 14 |
14 1: B Meg0Bo-ripYynyHUiA 3
WHMMWUHOD
12 :
Menoso-NMMOHHWUA 3
10 WUNWUHOKO
8 M MiKaHTHA WunWwrHa
6
4
2 | |
0

Pucynoxk 1 — IlykpoBo-KHCIOTHUH 1HIEKC IMyHOMOTYJIFOIOUHX COYCIB

Jliana3oH Moka3HHMKA IIYKPOBO-KHCIOTHOTO 1HAEKCY 13...27 CBIIYUTH MPO TapMOHINHICTH
CMaKy, po3po0JIeHI COyCH B MeXax LbOro Jiana3zony. CoycH He € OKPEMOIO CTPaBOIO, a JIOTIOBHEHHSIM
710 TOTOBUX CTPaB, TOMY IIOBHOTA 1X cMaKy Oyze ckopuroBasa. Po3pobiieHi coycu MiCTATh y CBOEMY
ckiani Bitaminun A, C ta MikpoeneMmeHT Fe, 10 BXOAATh O IpyNH BiTaMiHIB 1 MIHEpaJiB, SKi
YKPIIUISIFOTh IMYHITET.

Jlo6oBa HOopMa Bitaminy A cranoButh 1000 mkr, Bitaminy C — 80 mr, a MikpoenemeHTy Fe
-15 wmr, 3rigao Haxazy Ne 1073 Big 03.09.2017 MO3 «IIpo 3atBepmxennss Hopm ¢izionorigyamx
noTped HaceneHHs YKpaiHu B OCHOBHUX Xap4OBUX PEYOBHHAX i eHeprii» [17].
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Ha puc. 2 maBeneHi mopiBHsIIBHI JaHHI BMICTY BiTaminy C y po3po0JieHHX coycax 31 CBIXKO1
Ta 3aMOPOXKEHOI MIMIIIIMHU 3 J0OOBMMH HOpMamu. Bwmict Bitaminy C y po3poOieHux coycax i3
CBIXO1 1 3aMOPO’KEHOT NIUMIINHU € BUIIKUM 32 I000BY HOPMY, 1110 CBIIYUTH PO IMyHOMOYJTIOI0U1
BJIAacTUBOCTI coyciB. Bmict Bitaminy C y coycax BHIOTOBJIEHHX 13 3aMOPOXKEHOI IIWUMIIWHU
BCTAHOBJICHO PO3PaxyHKOBO, 3Hatouu BTpatd BiTaminy C (mo 15%) mim vac 30epiraHHs B
3aMOpOKEHOMY CTaHi.

150
125
100 -
B MeaoBo-ripyMyHuUiA
75 +— 3 WUNWWUHOK
50 M MenoBo-AMMOHHMIA
3 WUNWUHOIO
25 W MiKaHTHa WKNWKHa
0 I 1
Coycwm 3 cBixkol Coycu 3 3amopokeHoi  [lobosa HOpma
WKNWKHA LWMMLWWHK
Pucynok 2 — Buict Bitaminy C (Mr) B iMyHOMOAYJIIOIOUHX COYycCax
y MOPIBHIHHI 3 J0OOBUMU HOpMaMHU
1000
900 -
800 -
700 -
600 - W BmicT y coycax

HobosaHopma

500 -
400 -
300 -
200 -
100 -
0 - . .

MeaoBo-ripymyHuin MegoBo-1MMOHHUI MiKAHTHA WKWNWKHA
3WKNWKUHOLO 3 WWNLWKWHOK

Pucynoxk 3 — BumicTt BiTamiHy A (MKT) B IMyHOMOYJTIOIOYHX COyCax
y MIOPIBHSIHHI 3 TOOOBUMH HOPMaMHU

Ha puc. 3 HaBeaeH1 MOpIBHUIBHI TaHHI BMICTY BiTaMiHy A y mopiiii po3poOjeHuX COyCiB 3
no6osumu HopMmamu. Coycu «MenoBO-TIpYMYHUN 3 IIUMIIAHOKWY», «MeIoBO-TUMOHHUN 3
MIUIIIHHOIO» Ta «IlikaHTHA MUMIITHHAY 32I0BOJILHAIOTH T000BI moTpedu y BiTamini A Ha 59%, 40%
Ta 50% BiAMIOBIAHO.
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HaiiGinpme wminepany Fe y coyci «MemoBO-TipuWYHUN 3 MIUMIIUHOKO» 2,7 MT, IO
3aJI0BOJIbHSIE J000BY moTpedy Ha 18%, coyc «MenoBO-TMMOHHUYN 3 MIUMIIIHHOKY» 3a0BOIBHSIE
notpedy y Fe Ha 12%, a coyc «IlikanTHa munmmua» — Ha 15%.

Byno mpoBeaeHO BH3HAYEHHS OPraHOJCNTUYHHUX IMOKA3HHUKIB SIKOCTI pO3pOOICHUX
IMyHOMOJIENIOI0UMX cOoyciB. COyCH OIIHIOBAIM 32 30BHIIIHIM BUTJISIOM, KOJTbOPOM, KOHCUCTECHITIEIO,
cMakoM Ta 3anaxoMm. [IpoBeaenunii anami3 miaATBEPIUB X BUCOKY SKICTb.

TexHosorii po3poOJICHHX COYCIB 3 IIMIIIMHU, MOXXYTh OYyTH BIPOBa/DKEHI Yy 3aKjaaax
PECTOPaHHOTO TOCIIOAAPCTBA, & TAKOK PEKOMEH IOBaH1 JJIsl IOMAITHBOT'O IPUTOTYBAHHS.

3anporoHOBaHE TEXHIYHE pIlIEHHS BHUPOOHHMITBA COYCiB «MeIoBO-TIpUYMYHUN 3
MIUMIIAHOIOY», «MenoBO-IMMOHHUK 3 mmmnmuHow» Ta «[likaHTHa wmwMMmUHAY) nepeadayae:
MEepBUHHY OOpOOKY TUIOAIB IIUIIINHK, & CaMe IHCIICKTYBaHHS, MUTTS, COPTYBaHHS Ta OTPUMAaHHS
OJTHOP1THOT KOHCHCTEHIII1 (200 BUKOPUCTOBYBATH 3aMOPOKEHI IJIOH IIHUIIIHHNA Y1 MIOpE, B MEPioj
KOJIM BIJICYTHS CBI’Ka CHPOBHHA, ITONIEPEIHBO MOBLILHO PO3MOPO3UTH MPU KIMHATHIN TeMIiepaTypi),
3a JOMOMOTOK0 MOAPIOHIOBaYa; PO3TOIUICHHS MeIy Ha BOAsHIN Oani mpu temmeparypi 30...35°C
npoTsirom 5...10 XBHIIMH; 1HCIEKIIII0, ApOMAaTHYHOI CUPOBHHHM — MYCKaTHUH TOpIX, Ielpa JTMMOHA
(«MenoBO-TipUMYHUHN 3 MIUIIITHHOKOY») 3MIIIYBaHHS PEUENTYPHUX KOMIIOHEHTIB; MOPIIIOHYBaHHS;
o opMIIeHHS Ta BIAMYCKaHHS.

JUis moKpameHHs iIMyHOMOIYJIOIUUX BJIACTUBOCTEH COYCIB PEKOMEHJOBAHO MOJaBaTH
coycH 3 canaTamu, siki Oarari Ha Bitaminu D, E, Bs, Bg B KOMITIIEKC 3 IUHKOM, CEIEHOM Ta MIJIIO.
Came Ti BiTaMiHH 1 MiHepay, sIKi BIICYTHI Y 3alpOITIOHOBAHHUX COycax, a00 MICTSThCA B HE3HAUHIH
KiIbKOCTI. Y Tabnuii 4 HaBeJJIeHO OCHOBHI JpKepesia iIMyHOMO/ISIIOI0YHX BITaMIHIB 1 MiHEpaiB, SKi
PEKOMEHIOBaHi 10 CKJIa/Iy CaiariB.

Tabauus 4 — OcHOBHI pKepesa IMyHOMOJISIIOIOYNX BiTaMiHIB Ta MiHEpaJliB

Hazpa OcHOBHI pKeperna
Birawmin D (xansrudepon) [Teuinka TyHIIS, TPICKU, pUO’ TUMH KUP.
Biramin E (Toxodepon) Canat, mnuHatT, MOJIOA1 MAapOCTKHU 371aKiB. MiCTUThCS B
POCIMHHUX OJIiSIX.
Bitamin Be (mipugokcun) M'sico, puba, mediHIl BEIMKOI poraroi Xymo0u i 6aratbox

POCIMHHUX MPOIYKTaX
Biramin Bg (dponiesa kucnora) | Canar, mimuHar, 3eleHiil HeTpyIii, KOJTbOPOBii i KauaHHi
KamycTi, TOMiJIopH, S0IyKa

MikpoeneMeHT ZN (LIUHK) bananu, rapOy3oBe HaciHHs, 0000Bi, 3epHOBI, TOPIXH
MikpoenemenT Cu (Miab) ["opixu, MopenpoayKTu
MikpoenemeHT Se (cenen) Bunorpaz, rpubu, MOpenpoayKTH

BucHoBku. CyyacHi yMOBH XHTTS Ta parHeHHs HACEJICHHS J10 BEAECHHS 3/10pOBOTO CIIOCO0Y
Xap4yyBaHHS CHPUSAIOTH PO3POOJICHHIO 1 PO3LUIMPEHHIO PUHKY COYCHOI MPOYKIIii, 3 BUKOPUCTAHHSIM
JIMILE HAaTypaJbHOI Ta KOPUCHOI CUPOBUHHM, 0€3 BUKOPUCTAHHS IUTYYHHX KOMIIOHEHTiB. Ha ocHOBI
bOro Oyn0 pO3poOJICHO TPU pelenTypu IMyHOMOIYNIIOOUYMX coyciB.Ha ocHOBI nitepaTypHHX
JpKepen o0paHo BITaMiHU 1 MiHEpaH, SKi CIPUSIOTH 3MIIHEHHIO IMYHHOI CHCTEMH JIOAWHU. J[is
MIPUTOTYBaHHS COYCIB OOpaHO HIMIILIUHY, K CUPOBHUHY AyXe OaraTy Ha BMICT BiTamiHIB A, C Ta
MiKpoeneMeHTy 3ai1iza. Bmict Bitaminy C y po3po06ieHHx coycax i3 CBIXKO{ 1 3aMOPOKEHOT IUIIINHH
€ BUIIMM 3a 1000BY HOpMY B 1,05-1,55 pa3u. Coyc «MenoBo-TipunyHHMA 3 HIUMIIKHOK0» Maifke Ha
59% 3anoBosbHSIE 1000BY HOpMY Y BiTaMiHy A Ta Ha 18% — no0GoBy HOpMy y MikpoesnemeHTi Fe.
Coyc «MenoBo-TuMOHHUH 3 MUNIIMHOIO» Ha 40% 3a10BOJIBHSE 1000BY HOPMY Y BiTaMiHy A Ta Ha
12% — nobGoBy Hopmy y MikpoenemenTi Fe. Coyc «llikaHTHa HIMMIINHA» 3a70BOJIBHSE JTOOOBI
notpebu y Bitaminy A Ha 50% Ta Ha 15% — mobGoBy HOpMy y MikpoenemeHTi Fe. Po3poGneni
IMYHOMO/IYJIIOIOUl COYCH MarOTh NPUEMHUHN BUTJISA Ta TAPMOHIMHMM CMak, IO MiATBEPIKYIOTh
OTPMMaH1 JIlaHHI ITYKPOBO-KHUCJIOTHHMX iHAeKkciB. IllummmHa — 1€ ce30HHa CHpOBHHA, MI00
NPOAOBXKHUTU 11 TepMiH 30epiraHHs i BUKOPHCTaHHs 3alpONOHOBAHO i1 30epirat NUIIXOM
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3aMOpO’KYBaHHS Y BUTJIS1 MTOJIOBHHOK a00 y MIOPENnoaiOHOMY BUTJIS 1. 3amporiOHOBaHI TEXHOJIOT 1T
COYCIB MPOCTi y MPUTOTYBaHHI, TAKOXK BIJICYTHI OIEparlii 3 BUCOKOI TEMIIEPATypOIO, IO JA03BOJISIE
MaKCUMaJbHO 30€perTd KOpPUCHI pEYOBMHHU, a came TepmoiabinpHuii Bitamin C. Texwnosorii
pO3po0JIeHNX COYCiB 3 IIWIIIMHU, MOXYTh OYTH BHpPOBADKEHI Yy 3aKiafax peCTOPaAaHHOTO
TOCIOJIAPCTBA, @ TAKOXK PEKOMEH/IOBaHI JUIsl JOMAITHLOTO MPUTOTYBaHHSI.
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Objective. The goal is to research and develop innovative technology for the production of
immunomodulating sauces enriched with plant materials while maintaining the nutritional value of
the product.

Methods. The research was based on methods of theoretical generalization of scientific
literature and mathematical calculations based on reference data.
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Results. A variety of sauces satisfy the taste needs of any consumer; during the preparation
process, not all sauces contain nutrients, namely vitamins, minerals, amino acids and other beneficial
substances. The article proves the feasibility of developing technology for immunomodulating sauces
for restaurant establishments, which will have improved organoleptic characteristics, increased
energy, food and nutritional value. The possibility of expanding the range of immunomodulating
sauces through the use of plant raw materials, namely rose hips, has been explored.

Based on literary analysis, the chemical composition of rose hips as a raw material for
improving the immune system was studied. To extend the shelf life and use of rose hips, it is proposed
to store it by freezing in the form of halves or purees. In order to preserve the maximum amount of
useful thermolabile components in the finished product. Vitamins and minerals that help strengthen
the human immune system have been selected based on scientific data. Three recipe compositions of
immunomodulating sauces have been proposed. The feasibility of modifying the traditional recipe
through the use of frozen plant raw materials of rose hips has been proven. Prospects for further
scientific developments lie in the possibility of expanding the range of immunomodulating sauces for
restaurant establishments through the use of plant raw materials and preserving beneficial
properties.

Keywords: immunomodulating sauces, vitamins, minerals, rose hips, freezing, flower honey,
thermolabile components.

22



XIMIYHI, ®I3UYHI, MATEMATHUYHI METOJIU JOCIIIKEHHSA
AKOCTI NTIPOAYKTIB XAPYUYBAHHS

DOl : 10.33274/2079-4827-2024-48-1-23-31
UDC 664.5:664.87
Slashcheva A. V., PhD in Engineering sciences,
Associate Professor
Bodnaruk O.A., assistant
Pereverzev O. P., a graduate of a master’s degree

Donetsk National University of Economics and Trade named after Mykhailo Tugan-Baranovsky
(Kryvyi Rih, Ukraine), e-mail: slashcheva@donnuet.edu.ua

QUALITY AND SAFETY OF SEMI-FINISHED VEGETABLE AND BERRY PURE

YJIK 664.5:664.87
Cnhawesa A. B., kano. mexu. Hayx, 0oyeHm
boonapyk 0. A., acucmenm
Ilepesepses O. I1., 3000ys8au CBO macicmpa

JIOHETIbKMIT HAIllOHAIBHUM  YHIBEpPCHUTET €KOHOMIKM 1 TopriBmi imeHi Muxaitna Tyras-
Bapanoscekoro (M. Kpuswii Pir, Ykpaina), e-mail: slashcheva@donnuet.edu.ua

AKICTb TA BE3IIEKA IMIOPENIOAIBHUX
OBOYEBO-AT'TIHUX HAIIIBOGABPUKATIB

Obijective is to determine the main indicators of quality and safety of a semi-finished product
based on mashed pumpkin and sea buckthorn fruits.

Methods. Sampling was conducted according to requirements of DSTU 1SO 874-2002, the
preparation of samples for laboratory tests according to DSTU 7040:2009. Physico-chemical
parameters were determined: content of dry substances in raw material — according to DSTU 1SO
751-2004; mass fraction of soluble solids — refractometric method according to DSTU ISO
2173:2007; the content of polyphenolic substances — method Volna-Ciocalteu; mineral composition
was determined by atomic absorption method using a chromatograph Z-8000 (Hitachi, Japan).
Sampling for microbiological analysis was carried out according to GOST 26668-85, sample
preparation was carried out in accordance with GOST 26669-85, cultivation of microorganisms
GOST 26670-91. Determination of yeasts and molds according to GOST 10444.12-88, of bacteria of
group of intestinal sticks according to GOST 30518-97, lactic acid microorganisms according to
GOST 10444.11-94. Determination of toxic elements was carried out : cadmium —according to DSTU
ISO 6561:2004, lead — according to DSTU ISO 6633:2001, arsenic — DSTU I1SO 6634:2004, zinc —
according to DSTU ISO 6636-2:2004, mercury — DSTU ISO 6637:2001.

Results. It was established that according to microbiological and toxicological indicators, the
developed mashed potatoes do not exceed the established limit-permissible concentrations and meet
the requirements of the standards. The developed purees have a number of advantages compared to
the control (pumpkin puree) in terms of physical and chemical parameters: the ash content is 4.3-4.4
times higher (due to the increased content of potassium, calcium, magnesium and phosphorus), the
carotenoid content is 1 ,9-4.6 times, pectins - 1.4 times (dessert puree) and 1.3 times (spicy puree).
After 90 days of storage in the dessert puree, there was a slight decrease in the expressiveness of the
smell, as well as the intensity and naturalness of the taste of sea buckthorn, and in the spicy puree,
the smoothness of the surface, gloss and expressiveness of the smell of spices decreased.

Key words: semi-finished puree, pumpkin, sea buckthorn, safety indicators, quality indicators.

© Cnamiera A. B., boauapyk O. A., ITepesepses O. I1.
23


mailto:slashcheva@donnuet.edu.ua
mailto:slashcheva@donnuet.edu.ua

OBJIAJHAHHS TA TEXHOJIOI'TI XAPYOBUX BUPOBHUIITB. ISSN 2079-4827

Formulation of the problem. Possibility to reduce storage and transportation costs,
smoothing out the seasonality of canning production and the growing demand for reconstituted juices
with pulp, nectars, sauces and food additives are contributing to the spread of concentrated semi-
finished products throughout the world [1, 2].

The use of vegetable purees allows you to enrich the finished product with soluble and
insoluble dietary fiber, and, as a result, recommend the resulting products as a healthy food product,
as well as for people suffering from excess weight and carbohydrate metabolism disorders [3].

The vegetable puree market segmentation, based on category, includes organic and
conventional. The organic category generated the most income. Homemade baby food often uses
organic vegetable puree. It offers a wholesome and palatable way to introduce vegetables to young
children. You can make organic vegetable purees from various vegetables, including carrots, sweet
potatoes, peas, spinach, and butternut squash, and they'll give your baby the essential vitamins,
minerals, and fiber they need to grow and develop normally. Organic vegetable purees can serve as
the foundation for scrumptious sauces and dips. They can be used in dressings, marinades, marinara,
and pasta sauces. These recipes gain a nutritional boost and improve flavor and texture when adding
organic vegetable puree [4].

'
North America

Europe Asia-Pacific Rest of the World

MARKET SIZE IN USD BN

W 2022 m2032
Figure 1 — Segmentation analysis of the vegetable puree market (source [5])

Market of a compound annual growth rate for the vegetable puree market is being driven by
the rising popularity of healthy eating has created several business opportunities for those who sell
and produce vegetable mash. Consumers now perceive it as a food component that satisfies nutritional
needs and cuts down on cooking time. Additionally, the popularity of clean-label assurance products
and the healthy eating fad has pushed producers to use organic vegetables when making vegetable
mash. In the upcoming years, the aforementioned factors are anticipated to propel the vegetable puree
industry.

A significant trend is the digitalization of the supply and value chains. The traditional supply
chain model is a system that relies primarily on human interaction and interventions and uses less
digitalized platforms. The importance of digitalization in the supply chain for processed vegetables
is rising. Several outlines call for hassle-free operations beginning with the raw material purchase to
cut down on waste and losses. The manufacturers are putting much effort into implementing digital
control, design, synchronization, and other techniques to monitor the process's flow. To establish
quality standards and gather market information, many customers, particularly millennials who might
lack the knowledge, tools, or time to prepare meals, open up new opportunities to develop more
upscale convenience and ready-to-eat foods. With so many rural children suffering from malnutrition,
there is a high demand for baby foods containing vegetable puree. To meet this demand, key domestic
players in the region focus on introducing new products by collaborating with pertinent stakeholders.
This will help them advance their R&D initiatives, provide toddlers and young children with nutrient-
rich food, and strengthen their distribution network [4, 5].
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Additionally, the market now offers healthy yet palatable vegetable mash without
compromising its nutrient content and several beverages and condiments thanks to the increased
capitalization on technological advancements and research & development centers. Data is gathered
at the sector association levels. This information aids in increasing supply chain visibility and control.
Accessibility, analysis, and product innovation will all benefit from digitizing these data. Consumer
awareness of the benefits of natural, plant-based products for health has significantly increased over
the last few years. Veganism is a rapidly growing trend that has swept the world. In addition, fewer
fruits and vegetables are associated with a higher risk of developing several chronic diseases.
Vegetable mash is thus a practical way to include the health benefits of vegetables in a daily diet.
Vegetable puree market growth is aided by consumers' widespread substitution of plant-based foods
for meat in their protein diets.

Customers worldwide seek simple, healthier lifestyles to fit their hectic work and daily
schedules. However, several factors, such as affordability, availability, convenience, lifestyles, and
cultural preferences, influence their food choices, which has boosted the popularity of vegetable
mash. Thus, driving the vegetable puree market revenue.

It is also worth noting that vegetable purees have high antioxidant activity, and eating foods
with a high content of antioxidants prevents the occurrence of diabetes, kidney diseases,
cardiovascular diseases (atherosclerosis, myocardial infarction), tumor and respiratory diseases.
Antioxidants slow down or prevent the oxidation of human cells by molecular oxygen. Products
containing antioxidants can be recommended for inclusion in the diet of groups of people who are
constantly exposed to adverse environmental factors — exposure to exhaust gases, ultraviolet rays,
tobacco smoke, radiation activity, and so on [6].

Various raw materials are used in our country and abroad to obtain mashed potatoes with a
high content of biologically active substances, but plants with a high content of pectin substances are
of particular value in this regard [7]. Despite all the positive aspects of the use of pectin substances,
their lack in diets is an urgent problem, which is associated with a decrease in the consumption of
vegetables, fruits and berries in their natural form and their processing products [6, 8]. One of the
ways to solve this problem is the addition of pectin preparations during the technological process in
food products (for example, in the production of bakery and confectionery products, dairy products,
etc.) [9] or the development of ready-to-use products with an increased content of pectins [10].

One of the promising products of fruit processing, which can act as components of mashed
potatoes, are pasty semi-finished products with an increased content of low-esterified pectins [6, 9].
The most modern way to increase the yield of pectins is the processing of pectin-containing raw
materials with enzyme preparations [9, 10].

In connection with the above, the development of puree technology with an increased content
of low-esterified pectins and high organoleptic characteristics is relevant. This will significantly
enrich a person's diet with biologically active substances, dietary fibers, improve the organoleptic
indicators of dishes and the overall quality of food.

Analysis of recent research and publications. Analysis of the technology and composition
of traditional purees showed that the products meet the requirements of regulatory documentation in
terms of quality indicators, while attention is not focused on biological value. It is significantly
reduced by heat treatment, during which the labile biologically active substances of the raw material
are destroyed. It should be noted that the range of such purees is limited, so scientists propose new
types of fruit purees and technologies for their implementation, while solving the tasks of creating
fundamentally new products for preventive purposes, with predicted properties, as well as expanding
their range [11].

Among the priority tasks set by scientists, the development of new technologies should be
singled out, which involve the use of moderate modes of raw material processing to preserve its native
properties as much as possible; blending of various raw materials, which have specific properties in
order to complement each other and obtain products with new quality indicators that are
fundamentally different from the existing ones; the introduction of ingredients into the composition
of the puree, which determine the given properties of the finished product; replacement of
components with more valuable in terms of food [12].
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However, the fact that the Ukrainian market mostly offers products of foreign production with
a long shelf life, which is ensured by introduced artificial preservatives and thermal sterilization, has
a negative effect on the preservation of biologically active substances. At the same time, domestically
produced purees are almost non-existent, which makes it necessary to continue the search for
technologies and to develop recipes for new types of purees that would meet modern quality and
safety requirements.

Pumpkin fruits are the most valuable food and dietary product, the source of a rich set of
biologically active substances. They contain proteins, pectin, carbohydrates, starch, organic acids,
fats, vitamins, mineral salts and other substances useful for the human body. The chemical
composition of pumpkin fruits largely depends on various technological methods of cultivation,
species and varieties, as well as soil and climatic conditions and other factors.

Pumpkin fruits contain 85-94% water. Carbohydrates (8-12%) are mainly represented by
polysaccharides. Of the total amount of sugar (4-8%), some table varieties contain from 11 to 14%,
including sucrose up to 8%, especially after autumn and winter storage. Pumpkin fruits contain from
2.5 to 16% of starch, which turns into soluble sugars during storage. Since pumpkin contains a lot of
sugars and few organic acids (acidity - 0.8-2.9%), it is widely used in confectionery factories for the
production of candies and pastilles.

There is relatively little protein in pumpkins (0.5-1.1%), but they are very rich in pectin (2.6—
14.0%), which promotes the removal of cholesterol from the body. The high content of pectin
substances makes it possible to consider pumpkin as a promising raw material for the production of
gelling materials widely used in confectionery production and in the preparation of sweet dishes. A
characteristic feature of pumpkin is its low fiber content (0.3-1.2%), which is easily digested, not
fibrous, and easily digestible in pureed form.

Pumpkins are the main source of carotene in the plant world. The content of carotene in
pumpkin fruits is 16-17 mg per 100 g of raw product, and in some forms it reaches 35-38 mg. The
more brightly colored the pulp of orange-yellow varieties of pumpkin, the more carotenoids it
contains. It should be noted that their content increases in the first months of storage in medium- and
late-ripening table varieties. Therefore, pumpkins are a valuable raw material for the vitamin industry,
which produces carotene concentrates.

The vitamin composition of pumpkins is very diverse. Thiamin (vitamin B1 — 0.04-0.06 mg
per 100 g) is found in the fruits, the lack of which causes various disorders of the nervous system,
rapid mental and physical fatigue; riboflavin (vitamin B2 — 0.03-0.06 mg), the lack of which causes
a violation of appetite, weakness, and a decrease in body weight; tocopherol (vitamin E), the lack of
which causes a disorder of the body's sexual functions; nicotinic acid (vitamin PP — 0.4-0.5 mg), the
lack of which causes pellagra, as well as ascorbic acid (vitamin C — 10.0-50.0 mg), pantothenic acid
(vitamin B3 — 0.2-0 .4 mg), pyridoxine (vitamin B6 — 0.11-0.13 mg), folic acid (vitamin B9 — 4-19
ng), methylmethionine (vitamin U — 0.1 mg). Pumpkins also contain vitamin D, which is especially
valuable for the children's body, which accelerates the growth of children, helps to better and faster
digest coarse food, and increases the vitality of the body.

Pumpkin fruits are rich in mineral salts, especially potassium (170-380 mg per 100 g of raw
material), iron (0.4-0.8 mg), calcium (fruits — 25-40 mg, seeds — 51 mg) and phosphorus ( fruits - 25
mg, seeds - 1144 mg). Pumpkins also contain salts of sodium (4—14 mg), magnesium (14 mg), copper
(0.4-3.5 mg), cobalt (0.16 mg) and other elements. Ash in pumpkins is 0.6-0.8%, fat — 0.08-0.13%,
nitrates — 23-255 mg/kg.

We have proposed a resource-saving technology of vegetable and berry semi-finished
products based on pureed pumpkin and sea buckthorn fruits, which allows you to extract a product
with an increased content of low-esterified pectins. The developed semi-finished product in the form
of puree is also recommended for use in the technology of toppings for drinks, cocktails,
confectionery, desserts.

The specifics of raw materials and semi-finished products based on pumpkin puree and sea
buckthorn fruits with high pectin content require a detailed study of the safety indicators of ready-
made purees based on it, since food safety is one of the main priorities in the development of new
food products.
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Objective of the article is to determine the main indicators of quality and safety of a semi-
finished product based on mashed pumpkin and sea buckthorn fruits.

Presentation of the main study material. The specificity of the raw material and the
technology of the developed semi-finished product require a detailed study of the safety indicators of
ready-made canned mashed potatoes based on it. According to regulatory documentation, during the
storage period (up to 90 days in canned form), the product should not undergo processes that will
affect the quality properties of the puree. Organoleptic, physicochemical, and microbiological
indicators were used to determine changes in the quality of "Amber" puree (dessert and spicy).
Quality indicators were determined before and after storage for 90 days. The study of quality
indicators of products was carried out using instrumental methods.

In order to obtain objective data on the value of the developed purees, physico-chemical
studies were conducted, the results of which are shown in Table 1. It was established (Table 1) that
the obtained purees are characterized by a high content of dry soluble substances, which are in an
easily digestible form.

Dry substances in puree are represented mainly by pectins, mono- and disaccharides. "Amber"
spicy puree is characterized by the lowest content of simple sugars.

Table 1 — Physico-chemical indicators of puree quality (n=3, <0,05)

Mass fraction, % Pectin B-
Name of the product dry soluble mono- and titrated acids substances, caro_gene,
substances | disaccharides % 10 %
Pumpkin puree 18,3 14,9 0,3 4,12 21,33
Purée "Amber" for 221 12,8 0,8 5,52 70,15
dessert
Spicy "Amber" puree 21,9 5,6 08 5,44 68,22

The content of titrated acids, which take part in the formation of aroma and taste, in apple
puree is lower than in "Amber" puree by 0.50.. 0.57%, which makes them more valuable. The highest
content of them was found in " Amber " dessert puree. The presence of acids is determined by the
composition of purees, which in their natural form are characterized by high acidity.

The level of safety of mashed potatoes is characterized by their microbiological and
toxicological indicators (tables 2, 3).

Table 2 — Microbiological indicators of puree (n=3, <0,05)
Actual value
Indicator Acceptable level Purée "Amber" Spicy "Amber"

for dessert puree
Amount of mesophilic aerobic and
facultatively anaerobic 1 1 1
microorganisms, CFU in 1.0 g, no 5,010 1x10 1x10
more
Coli bacteria in dm?® Not allowed Not identified
;aitlocgamd microorganisms, CFU Not allowed Not identified
Yeast, CFUiIn1.0g Not allowed Not identified
Mold mushrooms, CFU in 1.0 g Not more 5,0 1,0 | 1,0

The investigations carried out showed (Table 4) that coli bacteria, lactic acid microorganisms,
yeast in dm3 and 1.0 g were not detected in the prepared “Burshtynovy” puree; The quantity of
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MAFANM in 1 g is 1x101 KUO, mold fungi in 1 g CFU, which does not exceed the established

standards.
The indicators that are normalized in purees include toxicological elements, as presented in
Table 3.
Table 3 — Results of toxicological studies of puree (n=3, <0,05)
Maximum Actual value, mg/kg
' Unit of permissible - ) n )
Indicator measurement levels, Purée "Amber" for Spicy "Amber
mg/kag, dessert puree
not more than
Lead mg/kg 0,4 0,15+0,01 0,12+0,01
Cadmium mg/kg 0,03 Not identified Not identified
Arsenic mg/kg 0,2 Not identified Not identified
Mercury mg/kg 0,02 Not identified Not identified
Copper mg/kg 5,0 1,26+0,02 1,09+0,02
Zinc mg/kg 10,0 0,53+0,01 0,49+0,01

The results of studies of toxicological indicators prove that mashed potatoes made according
to the developed recipes meet the requirements of the standards.

To determine the changes in the organoleptic parameters of puree during storage, a sensory
evaluation scale was developed, which is presented graphically in the form of separate descriptors on
circular organoleptic profiles, where the value of each component of the organoleptic evaluation is
marked on a 5-point scale.

Purée ""Amber" for dessert Spicy "Amber" puree
Figure 2 — Organoleptic profiles of puree:
- - - freshly made mashed potatoes;------ puree after storage
Descriptors:
appearance (1 — homogeneity; 2 — fluidity);
consistency (3 — density; 4 — viscosity);
color (5 — intensity; 6 — purity; 7 — homogeneity; 8 — naturalness);
smell (9 — purity; 10 — expressiveness; 11 — balance);
taste (12 — sweetness; 13 — intensity; 14 — uniformity; 15 — texture; 16 — naturalness)
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According to the results of the study (Fig. 2), after 90 days of storage in the dessert puree, a
slight decrease in the expressiveness of the smell, as well as the intensity and naturalness of the taste
of sea buckthorn, was noted, and in the spicy puree, the smoothness of the surface, gloss and
expressiveness of the smell of spices decreased.

Thus, according to the results of physico-chemical, organoleptic, microbiological and
toxicological studies, it was established that purees meet the quality and safety requirements. The
obtained results will be used in the development of technical conditions for new purees.

Conclusions. The work is based on the main safety indicators of "Ambershtynove" dessert

and spicy puree based on pumpkin and sea buckthorn. It was determined that according to
microbiological, toxicological and radiological indicators, the developed purees do not exceed the
established limit-permissible concentrations and meet the requirements of the standards. Physico-
chemical indicators and indicators of biological value indicate that the developed purees have a
number of advantages compared to the control (apple puree): the ash content is 4.3-4.4 times higher
(due to the increased content of potassium, calcium, magnesium and phosphorus) , the content of
carotenoids - 1.9-4.6 times, L-ascorbic acid - 13.1 times (dessert puree) and 4.5 times (spicy puree).
Prospects for further research in this direction are the study of changes in the quality and safety
indicators of the developed purees during the storage process and substantiation of their storage
parameters.
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Mema — suznauumu OCHOBHI NOKA3HUKU SKOCMI ma Oe3neKku Hanigépadbpuxkamy Ha OCHOSI
niope 2apbysa ma nioodie 0Oainuxu.

Memoou. Bioobip npob nposoouecs 32iono 3 eumoeamu JJCTY 1SO 874-2002, comyeanus npob
00 nabopamopnux ananizie — 3eiono JJCTY 7040:2009. Ilpu oocnidscenni hizuxo-ximiunux
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NOKA3HUKIB BUSHAYANUCA. emicm cyxux pedoeun y cuposuni — 3a JCTY ISO 751-2004; macosy
YACMKY PO3YUHHUX CYXUX peuo8uH — peppakmomempudrum memooom 3a JJCTY 1SO 2173:2007; pH
—3a JICTY 6045:2008; macosy uacmky mumposaHux Kuciom (y nepepaxyHky Ha soayuHy KUciomy)
—3a JICTY 4957:2008; emicm ackopbinosoi kuciomu — 3a Ilnewkosum B.11.; emicm nonighenonvrux
pevosur — memooom Ponina-4okoremey; MiHEpaAIbHUL CKIAO — AMOMHO-AOCOPOYIIHUM MEMOOOM 3
suxopucmanusam xpomamoepaga Z-8000 (Ximaui, Anonisn). Biobip npob 0nsi MiKpobionociuHo2o
ananizy nposoouscs za I'OCT 26668-85, niocomoexa npo6 30itichosanracs 3a I'OCT 26669-85,
Kyaemugysants mikpoopearizmie — 3a I' OCT 26670-91. Buznauenmns opixcooicie ma niicHaeux epuois
nposoounocs 3a I'OCT 10444.12-88, 6axmepiti epynu xuwkosux naruuox 3a I'OCT 30518-97,
monounoxkucaux mikpoopeanizmie 3a I'OCT 10444.11-94. Busnauenns mOKCUUHUX elleMeHmi8
30iticHiosanocs: kaomiro —3a JICTY 1SO 6561:2004, ceunyro — 3a JJCTY ISO 6633:2001, muw ’saxy —
3a JICTY ISO 6634:2004, yunxy —3a JJCTY 1SO 6636-2:2004, pmymi — 3a JICTY ISO 6637:2001.

Pesynomamu. Bcmanosneno, wo 3a  MIiKpoOiono2iuHUMU —MA  MOKCUKOJO2TYHUMU
NOKA3HUKAMU pO3pOONEeHI niope He Nepesuwyyloms 6CMAHOBIEHUX —2CPAHUYHO-HPUNYCIUMUX
KOHYeHmpayili ma 8ionosioaroms sumozam cmaunoapmie. Po3pobneni niope maiomo pso nepesae y
NOPIGHAHHI 3 KOHmMpoaem (nwope 2ap0y306um) 3a @i3uKO-XIMIYHUMU NOKAZHUKAMU: 8MICM 301U
suwuti y 4,3-4,4 pazu (3a paxynox niosuwyeHo2o emicmy Kauiro, Kaivyiio, masuio ma gocgopy),
emicm kapomunoioie —y 1,9-4,6 pasis, nekmunis —y 1,4 pazu (niope oecepmne) ma y 1,3 paszu (niope
npaue). Ilicna 90 0i6 36epicannsa @ niope OecepmHomy OVI0 BIO3HAUEHO HE3HAUHE 3HUNCEHHS
BUPAdICEHOCMI 3anaxy, a MaKkoMC IHMEHCUBHOCMI | HAMYPALIbHOCMI CMAKy oOainuxu, a 6 niope
NPAHOMY 3HUSUIUCA 2TAOKICMb NOBEPXHI, ONUCK I BUPA3HICMb 3aNaAXY NPAHOWIE.

Kntouosi cnosa: niopenodionuii nanisgpabpuxam, eap6ys, obainuxa, noKasHuku Oe3nexu,
NOKA3HUKU AKOCMI.
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COMPREHENSIVE ASSESSMENT OF THE QUALITY OF SHORTCAKES WITH THE
ADDITION OF AQUEOUS EXTRACT OF BLACK CHOKEBERRY

Mema. Busnauumu sKicme nicouno2o neuusa, wo 36azauene 600HUM eKCMPAKMOM 3 CYXUX
N00i8 YOPHONTIOHOI 20pOOUHU, 3 YPAXYBAHHAM NPUHYUNIE KEALIMempii.

Memoou. Incmpymenmanvui memoou — O 8USHAYEHHs XIMIYHO20 CKAAOY, CMPYKMYPHO-
MeXauiuHux eracmusocmeti ma MIKpOOIONO2IYHUX NOKA3HUKIB, OpP2AHONEeNMUYHI MA eKCHepmHi
memoou. OyinKy pieHs AKOCmi NpoOyKyii (NOPi6HAHHA 3 NOKAZHUKAMU AKOCMI 0A308UX 3pA3Kis)
npo8oOUNU OUPepeHYItIHUM MAa KOMIJEKCHUM MemoO0amu.

Pezynomamu. Beeoenns 6 peyenmypy nicouno2o nedusa 600H020 eKCMpaxkmy 3 CyXux niooie
YOPHONTIOHOT 20POOUHU NPU3BOOUMb 00 30a2ayeHHs NpoOyKmy 6 2-2,2 paszu (izion02iuHo KOpUCHUMU
PeuosUHAMU, WO NIOBUWYE 11020 XaApP108y YIHHICMb. Y3azanvHeHull noKazHux Oe3neku 0.a nevuea
«lanasunxa» — 0,653, ona neyusa «Ilisoenne» — 0,657 i € suwe, Hidxc 015 neuusa 3a MpaouyiuHow
peyenmyporo  (0,512). Kanopiiinicmo  (enepecemuuna yinnicms) 6upobie 3a  po3poOaeHOI0
MEeXHONI02IEI0 HUXMCYA 3a KOHMPOAbHULL 3pa3ok: neuusa «I anasunka» na 1,7% i neuusa «lligdenne»
Ha 6,3%. Ilops0 3i 3HUMCEHHAM 3A2aNbHOI KANOPIUHOCMI, WO BI0N08I0AE CYUACHUM MEHOEeHYIAM
opeaHizayii payioHarbHO20 Xapuy8aHHs NeGHUX KOHMUHSEHMI8 HACENeHHs, PIGeHb AKOCMI eHepeil,
WO BUBLILHAEMbCSA NPU CHONCUBAHHI Yux 6udie neuusa, suwuil Ha 7,6% i 21% 3a60axku Kpawii
30aNAHCOBAHOCMI  MIJC — eHepeemUdHUMU  CKAAO008UMY,  mMOOmMO  piéeHb  8i0NOBIOHOCM
30anancosarnocmi enepeii popmyni 1:2:3 niosucuscsa na 7,6% ons newusa «l anseunxa» i 21% ons
neuusa «llie0enne» y nopieHAHHI 3 BUPOOAMU NeYUsa 3a mpaouyitinoio mexunoaozicio. Becmanosneno,
WO 66€0€HHsI 8 peyenmypy NiCOYH020 Nnedyusa 800HO20 eKCMPAKmy 3 CYXUX NI00I8 YOPHONNIOHOI
2o0pobunu, smeHuieHHs Ha 22% emicmy 6epuiko8020 MAcid, GUNYYEHHsT MENaHdiCy (8 pIZHUX
KOMOIHAYIAX)  0ewo  3HUMCYE KOMNJIEKC U020 CMPYKMYPHO-MEXAHIYHUX  61acmugocmel,
Op2aHONeNMUYHUX NOKA3HUKIG, d/le NpU YbOMY 3HAYEHHS KOMNJIEKCHOI oyinku nevusa «I anaeunkay

© lI'opsitaosa 0. A., Cimakora O. O., Mopo3s B. O., I'ycak €. P., banspac /1. T
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— Oyace 0obpa, a neuusa «llisoenne» — 0obpa Ha niocmasi epagixy ¢ynxyii baxcanocmi
Xapunemona.

Knruosi cnosa: sikicmo, keanimempis, YOpHONAIOHA 20POOUHA, CIMPYKMYPHI, MIKPOOIONO2IUHI,
OP2AHONeNMUYHI BIACMUBOCHI, (DI3I0NI02IYHO KOPUCHI PeYOBUHU, eHEP2eMUYHA YIHHICMb.

IMocTanoBKa npodJiemMu. Bigomo, 1110 BUpOOH 13 MICOYHOTO TiCTa 3aiMalOTh 3HAYHY YACTKY
B 3araJlbHOMY 00Cs31 BUPOOHHUIITBA OOPOIIHSHMX KOHAMTEPCHKUX BHPOOIB, XapaKTEPHU3YIOTHCS
IIMPOKKUM aCOPTUMEHTOM, MOXYTh 33JI0BOJILHATH PI3HOMAaHITHI OTPEOH CIIOKMBAYiB Ta MOCITAIOThH
BaromMe Micie B Xap4oBiil mpomucioBocTi. OHaK, OOPOIIHSIHI KOHIUTEPChKI BUPOOU Ta 30KpeMa
BUPOOHM 13 MICOYHOTO TicTa, XapaKTepU3YIOThCSI BUCOKHM BMICTOM JKMPIB, BYIJIEBO/IB Ta BiJIHOCHO
HU3BKUM BMICTOM O1JIKiB, Xap4OBUX BOJIOKOH, HCHACMYCHHMX >KHPHHUX KHCJIOT Ta BiTamiHiB. Tomy
MUTAHHS TOJIMIIEHHS IKOCTI OOPOIIHIHUX KOHAUTEPCHKUX BUPOOiB, 30KpeMa BUPOOiB i3 MICOYHOTO
TICTA, 3aBX/AU aKTyalbHO.

[cHyrOTH pi3HI HUIAXM BUpimeHHs 1€l mpodaemu. OIUH 3 HUX — BUKOPUCTAHHS J00AaBOK
POCIIMHHOTO TOXO/KEHHA. SIK pOCIMHHI JOOaBKM 3aCTOCOBYIOTH OOJNINHUXY, BHHOTPAJ, aMapaHT,
IIOBKOBUIIO TOLO. [lepCreKTUBHUM € BUKOPUCTAHHS YOPHOIUIIHOI TOPOOMHHM, fK JKepena
KapOTHHOIAIB, BITaMiHiB, MaKpo- Ta MiKpoejaeMeHTiB. YopHOIUTiAHA TOPOOHHA CIIPUSE 3MIITHEHHIO
CTIHOK KPOBOHOCHHUX CYyIWH, HOpMati3amii poOOTH KHIIEYHUKA, CTUMYJISIil BUPOOJICHHS KOBYI.
BukopuctanHs 4YOpHOIUIITHOI TOPOOMHU y TEXHOJNOTIi OOpOIIHSHUX KOHIUTEPCHKUX BHPOOIB,
30KpeMa BHPOOIB i3 MICOYHOTO TicTa, OOYMOBJICHO TAKOXX CKOHOMIYHOK JOLIIBHICTIO BHACIIOK
JOCTYIHOCTI 1 IPOCTOTH OTPUMAaHHS JaHOT CHPOBUHHU.

AHaJi3 ocTaHHIX J0CHiIKeHb Ta MyOJikauiii. SIKOCTI Xap4oOBUX MPOIYKTIB MPHILISETHCS
3HayHAa yBara K B HamIiil kpaiHi, Tak 1 3a KOpAOHOM. [IuTaHHSMHU OLIHKH SKOCTI PI3HUX TPYI
Xap4oOBUX NPOAYKTIB, B TOMY YHCJIi OOPOUIHSHHUX KOHIAMTEPCHKHX BHPOOiB, 3aiiManmcs Oarato
nocnigaukiB — Kamakypa M. L, Jluciok I'. M., JIozoBa T. M., Omiiinuk C. I'., Camoxsanosa O. B.,
Cupoxwman I. B., Tomoneuuk B. T'., H. Mulder ta ixmi.

Bueni kadenpu TOBapo3HABCTBA, TEXHOJOTIH 1 YHPaBIiHHS SKICTIO Xap4yOBUX MPOJYKTIB
JITEY nponoHyloTh BUKOPUCTOBYBATH y TEXHOJIOTISIX BUPOOHUIITBA OOPOLTHSIHUX KOHAMTEPCHKHUX
BUpOOIB MINEHWYHI BHUCIBKM Ta 3apOAKH, OOPOIIHO HEeXJ10OMEeKapChbKUX 3E€PHOBHUX KYJIBTYD,
MPOAYKTH MEePepOOKH JTUKOPOCIMX IIOAIB Ta SIT1[l, OBOYIB, OJIHHOT CUpOBUHM ToI10. HuMu 1oBeieHo
JOIITBHICT BUKOPUCTAHHS TAKUX POCIMHHUX J00aBoOK [1-2].

JlocmiKeHHSAM MOJKJIMBOCTI BUKOPHUCTaHHsS J00aBOK aMapaHTy OarpsHOro, IIOBKOBHIIL,
YOPHOILIIAHOT TOPOOMHH Yy TEXHOJIOT1i OOPOLIHSHUX KOHAUTEPCHKUX BUPOOIB 3aiiMatOTHCS HAYKOBLII
Kadeapu TEXHOJOTiH B PECTOPAaHHOMY TOCIOJAPCTBI, TOTEIbHO-PECTOPAHHOI CHpaBU Ta
nianpuemuannTea JounHYET [3-7]. [loBemeHo, mo 1mi [100aBKM TMO3WTHBHO BIUIMBAIOTh Ha
XJI10ONEeKapChKi BIACTUBOCTI MIIEHUYHOTO OOPOIIHA, SKICTh KHUPY, @ TAKOXK CHPUSAIOTH 30araueHHI0
po3po0IeHOT MPOAYKIi BiTAMIHAMU Ta MiHEPATHLHUMHU PEUOBUHAMH.

[TuTaHHAM pPO3LIMPEHHS ACOPTUMEHTY OOpPOIIHSHUX KOHAWTEPCHKUX BHPOOIB MPUCBAYEHI
pobotu B. M. lllenynpko [8]. loBeieHO MOXKIIMBICTh BUKOPUCTAHHS MIOPE 3 OOJIINMUXH B pelenTypi
ONOH[II 3a paxyHOK 3HIDKEHHS YaCTHHHU JKMPOBOTO KOMIIOHEHTa BUpoOy. BcraHoBieHo, mo 3i
301IBIIEHHAM KIJIBKOCTI MIOpe OOMIMUXHU B PELENTypl 301IbLIYETHCS MacoBa YacTKa BOJIOTH TicTa i
TOTOBUX BHMPOOIB. Y XOIi NOCHIJKE€Hb BCTAaHOBJEHO, IO BHUKOPUCTAHHS OE3ITIIOTEHOBUX BHIIB
OoporrHa Ta OOJIMUXOBOTO IMIOPE CHPHUSIOTh MOKPAIICHHIO TEXHOJOTIYHUX TMOKA3HHKIB SKOCTI 1
3HWKEHHIO KaJIOPIMHOCTI TOTOBUX BHPOOIB.

B po6ori [9] aBTOpamu BUCBITIIEHO acleKT KBaTIMETPUYHOI OIIIHKH SIKOCTI XJ1i0a i ABUIIICHOT
Xap4oBOi LIHHOCTI, BUTOTOBJIECHOTO 3 BUKOPUCTAHHSAM HIPOTY 3apOJIKIB BiBCa Ta MaKyXH 3apojKiB
KyKypya3u. Jlns omiHkM sikocTi xi1i0a po3pobieHo "nepeBo BIAaCTUBOCTEN" BUPOOIB, sIKE BKIIOUYAE
OpraHoJIeNTHUYHI, (Pi3UKO-XIMIYHI BIACTHUBOCTI, @ TAKOXK Xap4yOBY i eHepreTUYHy IiHHICTh xJ1iba. 3a
JIOTIOMOTOI0  €KCIIEPTHOTO METOJy BU3HAYEHO KOE(IIIEHTH BaroMOCTI OJAMHUYHUX 1 TPYHOBHX
BJIACTUBOCTEH, 3/1IHCHEHO KBAUTIMETPUYHY OLIIHKY SIKOCTI PO3pO0JIEHUX BUPOOIB.

VY pob6orax [10, 11] 3a3HadeHO, 10 KOMIUICKCHHI METOJ OILIHIOBAHHS SIKOCTI MPOIYKIIIi,

33



OBJIAJHAHHS TA TEXHOJIOI'TI XAPYOBUX BUPOBHUIITB. ISSN 2079-4827

SBIsIE 00010 (DYHKINIO BiJ] OAMHUYHUX TOKA3HHWKIB Ta IOJSATAE y BUpa3i OIMIHKHA PIBHS OJHUM
YHCIIOM, K€ BUXOJUTH Y pe3yNibTari 00’€lIHAaHHS BUOpAaHUX OJWHUYHHX TIOKA3HUKIB B OJIMH
KOMIUICKCHUI TIOKa3HUK. [IpuBeneHa MeTOAMKa BH3HAUCHHS KOMILICKCHOTO TMOKa3HHKa paIlioHy
XapuyBaHHS.

AHalti3 HayKOBOI JIITEPAaTypH CBIAYMUTH MPO TE, IO KOMIIEKCHY OLIHKY SIKOCTI JIOCIITHUKA
MPOBOJATH JUIs OaraTboX BUAIB XJ1I0OOYITOYHHMX Ta OOpOLIHSHHX BHPOOIB, cepel SKHX 3700He
MIEYMBO 3 JIOJJABAHHSM IIPOTY KEAPOBHX TOPiXiB, KEKCH 3 JIOJaBaHHSIM OOPOIIHA MHBHOI IPOOHHH,
KEKCH 3 BUKOPUCTAHHSAM O1JIOKBMICHOT CHPOBHUHH TOIIIO.

OTxe, BU3HAYCHHS KOMIUIEKCHOTO TIOKa3HHMKA SKOCTI IMICOYHOTO Ie4YHBa, IO 30araucHe
BOJHUM €KCTPaKTOM 3 CYXHUX IUIOJIB YOPHOIUTIAHOI TOPOOMHM, 3 YpaxyBaHHSAM IPHHLUIIB
KBaJIIMETPIl € aKTyalIbHUM 3aBJaHHSIM.

Mera cTaTTi — BU3HAYCHHS SKOCTI MICOYHOTO TIEUMBa, M0 30araueHe BOJIHUM €KCTPAKTOM 3
CYXUX TUIOJIIB YOPHOIUTIAHOT TOpOOMHH, 3 ypaxXyBaHHSIM MPUHITUIIIB KBaTiMETPii.

Buxiaaa ocHOBHOro marepiany aociaimkeHHs. PoboTra € NpoaoBXKEHHSIM MOMEPETHIX
JOCTI/IKEHb 1010 BILUTUBY MOPOIIKY YOPHOILTITHOT TOPOOMHH HA OCHOBHI MTOKA3HUKHU SKOCT1 BUPOOiB
3 micouHoro Tticra [12]. Hamu Bxke Oyio JTOBEACHO JOIUIBHICTP BUKOPUCTAHHS TAKOl JTOOABKHU IS
IIIBUIIICHHS. Xap4yoBOi IIHHOCTI IMICOYHOT'O TEYMBa, a TAKOX BCTAHOBJICHO KUIBKICHI MOKa3HUKH
SKOCTI PO3pOOJICHOTO TeYrBa 3a PI3HUMH TPYNaMH BIIACTHBOCTEH (OPraHOJENTHYHI, CTPYKTYpPHO-
MeXaHI4yH1, 0€3IeKH Ta 3a BMICTOM (i310JIOT1YHO KOPUCHUX PEUOBHH).

Ha manomy erami gociipkeHHS TPOIIOHYEMO BUKOPUCTAHHS y TEXHOJIOTIT ITICOYHOTO TTeYHBa
BOJHOTO €KCTPAKTY 3 CYXHX IUIOMIB YOPHOILIIAHOT ropobuHU 3 KoHIeHTpalieo 5%. Llei ekcTpakT
BUKOPHCTOBYBAJIM 3aMiCTh BOJIM JIJIsI 3aMiCy TicTa.

JI1st TOCTOBIPHOI OIIIHKM SKOCTI MICOYHOT'O TNMEYMBa, M0 30arayeHe BOJHHM CKCTPAKTOM 3
CYXHX IUIOJIIB YOPHOIUIIAHOT TOPOOHHH, PO3pOOJICHO ABOPIBHEBY i€papXiuHy CTPYKTYPY MOKAa3HHKIB
SIKOCTI.

SIKicTh TICOYHOTO MEYMBA BU3HAYAETHCS CTPYKTYPHO-MEXaHIYHUMH Ta OPTaHOJCTITHYHUMU
BIIACTHBOCTSIMU, MiKpOO10JIOTIYHUMHU TTOKa3HUKAMH, XapUOBOIO I[IHHICTIO.

Jpyruii piBeHb NPEACTABIECHO MOKA3HUKAMU SIKOCTI KOYKHOI OKpeMOi Ipylu BIaCTUBOCTEH,
abCOMIOTHI 3HaUCHHS SKUX OJiepKaHi 0e3mocepeTHFO BUMIPIOBAHHIM Bi/IMOBITHUMHI METOIaMHU.

CTpyKTypHO-MEXaHI4H1 BIJIACTUBOCTI TPEJCTaBICHI 3JaTHICTIO 70 HAMOKAaHHsS, MUTOMUM
00’emoM Ta mopucTicTio. OpraHoJenTUYHI BIACTUBOCTI — 30BHIIIHIM BUTJISIOM, KOHCHUCTEHIIETO,
KOJIbOPOM, 3allaxOM Ta CMaKOM. Y TPYITy «XapuoBa I[IHHICTh» BKJIIOUEHI MOKA3HUKH €HEPTeTUYHOI
IIHHOCTI (BMICT OLNKiB, JKUPIB, BYTJI€BOJIIB) Ta MOKA3HUKU O10JOTIYHOI HIHHOCTI (KapOTHHOIIH,
(eHOoNbHI PEYOBMHHU, KIITKOBHMHA). B rpynoBuil moka3HuMK Oe3neku — Me30(iabHI aepoOHI Ta
(bakynbTaTHBHO-aHAepOOH1 OpraHi3Mu, MJIa3MOKOaryodi crapiiokoki, OakTepii rpynu KUIIKOBUX
MaJIMYO0K, MATOr€HHI MIKPOOPTaHi3MHy, B T.4. 0aktepii poay CanbMoHeNa, MIiceHeBl TPUOH.

3a nponomororo (yHKIIl OakaHOCTI XapHHITOHA 3/A1MCHEHO MepeBe/leHHs aOCONIOTHUX
3HauYeHb MOKa3HUKIB skocTi (Pjj) y BigHOCHI 6e3po3mipHi Bennunnu (Kij).

KoeoiieHTn Baromocti CTpyKTypHO-MEXaHIYHUX IOKAa3HHUKIB Oy/lIM po3paxoBaHl HAMHU 1
JTOPIBHIOTH: 3MaTHICTH 0 HamokaHHs (P1), %, my = 0,18; mutomuii 06’em (P2), am>/kr, mp = 0,29;
nopucricts (P3), %, m3=0,53. OuiHka CTPyKTypHO-MEXaHIYHUX BJIACTUBOCTEH BUPOOIB 3 MICOYHOTO
TicTa, 10 30aradeHi BOJHUM E€KCTPAKTOM 3 CYXHX IUIO/AIB YOPHOIUIIIHOI rOopoOWHHU, HaBelEHa B
Tabnui 1.

ExcriepuMeHTaIbHO BHU3HAYCHO, IO BBEJCHHS B PEIENTYPY BOJHOTO EKCTPAKTy 3 CYXHUX
IJIOIB YOPHOIUTIAHOI TOpoOWHHU, 3MEHIIeHHS Ha 22% BMICTy BEPIIKOBOTO Macia, BHIYYEHHs
MeJTaHXKy (B pI3HUX KOMOIHAIIIAX) JEII0 3MEHIIYE KOMILJIEKC CTPYKTYPHO-MEXaHIYHUX BIACTUBOCTEN
Ha 12,6%, 20,4%, 14,3% Tta 18,9% BinmoBigHO B 3pa3kax mne4nBa 2-5. OTpuMaHi JaHi BKa3ylOTh Ha
HEOOX1HICTb MOIIYKY CIOCO01B, K1 CHIPUATUMYTh YTBOPEHHIO B 00’ €M1 TICTa MII[HUX CTPYKTYPHUX
CHONYK 3 TiAPOGIIPHUMH BJIACTUBOCTSMH, IO JO3BOJSATH 3HHU3UTH KaJIOPIHHICTH OOPOITHSIHUX
KOHJUTEPCHKUX BUPOOIB.
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Tabauus 1 — KommiekcHa o1iHKa CTPYKTYPHO-MEXaHIYHUX BIACTUBOCTEH
MICOYHOTO MEYMBa, M0 30arayeHe eKCTPAKTOM 3 CYXHUX IIJIOJIB YOPHOILTITHOI TOPOOUHHI

BinHocHi 3HaueHHs, K;

o . .
» E 0w | E .o é o~ Komr-
Ne 3pasok g % %l 5 é Igl- é % NIeKCHA
g seg| &L OIliHKa
2 S = S
o T =
1 | ITicoyHe MEYMBO 3a TPAAUIIHHOIO PELETITYPOIO 1,00 1,00 1,00 1,00
(KOHTPOJIB)
3 BOJHUM EKCTPAaKTOM 3 CYXHMX IUIOIIB
2 | yopHOIUIiAHOI ropoounn (®=5%) i BMiCTOM 0,668 0,860 0,952 0,874

BEPIIKOBOI'O Macya 3TiJJHO 3 PEUENTYPOO

3 |3 BOAHMM EKCTPAaKTOM 3 CYXUX IUIOJIB
YOPHOILTIAHOI ropobun (0=5%) i 3HWKEHUM 0,621 0,767 0,872 0,796
Ha 22% BMiCTOM BEPIIKOBOTO Macia

4 |3 BOOHMM E€KCTPaKTOM 3 CYXHX IUIOJIB
qopHOIUTiAHOT ropodunu (0=5%) i Bunydyenusm | 0,637 0,820 0,952 0,857
Menanxky (meunBo «[ ansiBUHKa)

5 | 3 BOOHMM EKCTPAaKTOM 3 CYXHX IUIOJIB
JOPHOIUTIHOT TopoOuHu (0=5%), BUITyYCHHAM 0622 0802 0880 0811
Menamky 1 3HmKeHMM Ha 22% BMicTOM ’ ’ ' ’
BepIIKoBoro macia (neunBo «lliBaeHHe)

Jlami MU BCTaHOBJIOBAJIM TIOKa3HUKU SKOCTI Oe3meku BUPOOIB 3 MICOYHOTO TICTa 3
BUKOPUCTAHHSM BOJHOTO €KCTPAKTY 3 CYXHX IUIOJIIB YOPHOILTIAHOI ropodbunu [12]. V3aransHeHUi
MoKa3HUK Oe3reku g neuyuBa “Tamgsuuka” ckiagae 0,653; mis neunsa IliBaenne” — 0,657, mo
BHUIIIE, HDK JJIS MICOYHOTO MEeYMBa 3a TPAJAULIIHHOIO pelenTyporo, kil qopiBHioe 0,512.

Hacrynuuit eran gociigxeHb — OlIHKA OPTaHOJECNTUYHUX TOKa3HUKIB [12]. OTpumani aaHi
moao neunsa «[ ansBuaka» Ta «[liBaeHHEe» HaBeAeH] B TaOIHI 2:

Ta6aunsa 2 — KinbkicHa oIliHKa OpraHoNeNTUYHUX MOKA3HUKIB MTICOYHOTO MIEYHBa, 10 30arayeHe
€KCTPAKTOM 3 CyXUX ILJIOJIIB YOPHOILIIAHOI TOPOOUHHI

3aranbHa OpraHoJienTHYHA .
No 3pa3ok . KommiekcHa oriaka
OIlIHKA, Oa
1 [Ticoune meynBo 3a TPAAULIIHHOIO 19,10 0,96
penentyporo (KOHTPOJIb)
2 | [leunso “T'ansaBunka” 17,20 0,83
3 | ITeuuso “IliBnenue” 15,95 0,77

3 maHux TabIuUIll 2 BUAHO, IO KOMITJICKCHA OI[iIHKA OPTaHOJICTITHYHUX TTOKa3HUKIB MTICOYHOTO
neyrnBa 3 J100AaBKOIO EKCTPAaKTy 3 CYXUX IUIOJIB YOPHOIUIIJHOI TOPOOMHM TPOXM HHXKYE 32
KOHTPOJIBHHM 3pa3oK, aje B TOM ke yac sKicTh neunBa «[ ansBuHka» - gyxe 1o0pa, a AKiCTh eynBa
“IliBnenHe” - moOpa Ha mijacTasi rpadiky GyHKIiT OaxkaHOCTI XapUHITOHA.

BukopucTtanHs BOJIHOTO €KCTPAKTY 3 CYyXUX IUIOMIB YOPHOIUTIIHOT TOPOOMHH Y TEXHOJOTI1
MICOYHOTO TicTa cIHpHse 30aradeHHIO po3poOJeHOl MpOoAyKUii KapoTHHOIZaMH, (EHOIbHUMHU
peUYOBHHAMU, KIITKOBUHOIO Ta MIJBUIIEHHIO XapuoBOi IIHHOCTI. J[aHI CTOCOBHO BMICTY IIUX
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(hi310JI0TIYHO KOpUCHHX pedoBWH B TmeuuBl «l ansBuHka» Ta «lliBIeHHE» B TOpPIBHAHHI 3
KOHTPOJILHUM 3pa3KoM HaBesIeHi B Ta0I. 3.

Tab6auus 3 — BMmicT i3i070T19HO KOPUCHUX PEYOBHH B IICOYHOMY IE€YHBI, 110 30araueHe
€KCTPAKTOM 3 CYXHX IUIOAIB YOPHOILTITHOT TOPOOHHH

BwmicT pedoBuH
Ne 3pa3ok Kaportunoinu, ®deHoIbHI KmitkoBuna, %
mr/100r peuoBunHU, %
ITicouHe meurBo 3a TPAAMIIIIHHOIO
1 | penentyporo 0,08 - 0,05
(KOHTPOJIB)
2 | [leunso “TansaBunka” 0,12 0,03 0,10
3 | [leunso “IliBaenne” 0,12 0,03 0,10

Hamu Oyno BCTaHOBIIEHO BMICT KapOTHHOIIIB, ()EHOJHHHX PEYOBHMH Ta KIITKOBHHHU B
KOHTPOJILHOMY 3pa3Ky Ta 3pa3Kax 3 J00aBKOIO TOpPOIIKY i eKcTpakTy. OIHKY OIMHUYHUX
MOKA3HHKIB SIKOCTI pO3paxyBalH BiJIOBITHO CEPEJHBOTO 3HAYCHHA. ToMy 0a30Be 3HAYCHHS IS
kapotunoiniB — 0,170; dhenonpbHUX pedoBuH — 0,135; kmitkoBuHu — 0,224. KoedimieHTn BaromocTi
[UX [OKA3HUKIB BHM3HAYAIM PO3paxyHKoBUM MetomoM [12] i1 BcraHOBWiHM, 10 KoeQilli€eHTH
BaroMoCTi KapOTHHOINIB Miap=0,33; heHOTBHUX pedoBUH My p.= 0,42; KIIITKOBUHHA My = 0,25.

B Tabmuii 4 HaBedeHi pe3ynbTaTH KUIbKICHOI OIMIHKM SIKOCTI MICOYHOTO IE€YHBa
«[ansgBunKa» Ta «[liBIeHHE» 32 BMICTOM KapOTHHOIAIB, (DEHOIHHUX PEYOBUH Ta KIITKOBUHH.

Ta6auus 4 — KinpkicHa OIliHKa SKOCT1 MICOYHOTO NIEYNBa, M0 30araueHe eKCTPAKTOM 3 CyXUX
IJI0/IIB YOPHOIUTIIHOT TOPOOUHH, 32 BMICTOM (P1310JIOTTYHO KOPHCHUX PEYOBHH

BinnocHi 3Hauenss, Ki
2 = g g
= g - z S | 22¢
‘S Z 5 = o 2 o ® 2
Ne 3pa3ok = 2 2 g 25 = 25
= S = S5 | &0
S L & E 2 2 2
S/ 7
N
1 | [Ticoune me4nBoO 3a TPAAUIIIIHOO 0471 0 0223 0211 10
penentyporo (KOHTPOJIb) ' ' ’ ’
2 | Ileunso “T"amssBuHKa” 0,706 0,222 0,446 0,438 2,076
3 | [Ieyuso “IliBaeune” 0,706 0,292 0,446 0,469 2,223

JloBeneHo, 110 piBeHb SIKOCTI BUPOOIB 3 MICOYHOTO TICTa, 110 30araueHi BOJHUM €KCTPAKTOM
3 CyXUX IUIOJIB YOPHOIUIIIHOI TOpOOWHH, MIABHUILYEThCS B 2-2,2 pa3u 3a BMICTOM (hi310J0TIHHO
KOPHUCHUX PEYOBHUH.

Takox Hamu OyJia MpoBe/ieHa KiJbKICHA OL[IHKAa EHePreTUYHOT LIIHHOCTI MICOYHOT0 NeYnBa 3a
po3po0ieHoro TexHosoriero. B Ykpaini B J1aHM yac peKOMEHIYETbCS 3aCTOCOBYBATU (HOPMYIIH
CIIBBiTHOIICHHS €Heprii OiIKiB, )KUPIB Ta ByraeBoaiB — 1:2:3.

BianosigHo 10 11b0T0 Y 30amancoBaHiit Tumosii Merakanopii (1000 kkai) Ha OLTKH TOBUHHO
npunagatu 164 kxan, xupu — 328 kkai, ByriaeBoau — 508 kkai, 1m0 3 ypaxyBaHHIM Koe]ilieHTiB
€HEePTreTUYHOT I[IHHOCTI peuoBUH CTaHOBUTH 40T 1715 O1KiB, 35T 17151 >kMpiB Ta 1241 171 BYTJIEBOIIB.

Bynp-sike CIiBBIIHOIIEHHS CKJIAIOBUX I[IJIOTO MAaTEMaTHYHO BH3HAYAETHCS YacTKoro. Lle mae

MOYJIMBICTh BU3HAUUTH YACTKH €HEPreTHYHUX PEUOBUH 32 PEKOMEHA0BAaHUMH HOPMaMH 1
BUKOPHCTOBYBATH X K 6a30Bi 3Ha4eHHs Pi°%, a 4acTKM eHepreTHYHMX PEYOBHH B JOCIIKEHUX
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3pa3kax — SIK KOHKPETHI 3HAYEHHS MOKA3HUKIB SKOCTI 00’ekTa P; mpu BU3HAYEHHI piBHA SKOCTI
SHEePreTUYHOI LIHHOCTI Xap4OBOTO MPOIYKTY:

p, = _Mi_
2 Mi (1)
ne M; — BmicT eHepreTuyHuX pedoBHH B 100r Xap4oBOro mpoaykTy, T.
P_6a3 — M iH
i
ZM iH ’ (2)

ne M;, — BMICT eHEpreTUYHMX PEYOBHH B THITOBiH 30aJIaHCOBaHI Merakanopii
no0oBoro pariony (3a popmysoro 1:2:3).

Ba30Bi 3HAYEHHS €HEPreTHYHUX PEUOBHUH (OiKiB, JKUPIB, BYITIEBOIIB) MAIOTh 3HAYEHHS: P %
= 0,201, P, = 0,176, P, = 0,623.

Eneprernyni koedimieHTH BArOMOCTI OCHOBHUX XapUOBUX PEYOBHH BU3HAYAIH 32 (DOPMYIIOIO
3:

M. = _Ei
ei
25, 3)
ne E; — eHepreTU4Ha I[IHHICTh OCHOBHHMX Xap4YOBHMX PEUOBHH IPU OKHCIICHHI B OpPraHi3Mi,
KJDK/T.

3HaueHHs KoedilieHTiB Baromocti BctaHoBieHi: Mg = 0,239, my, = 0,537, m; = 0,224,

B Tabn. 5 nHaBeneni aOCONIOTHI 3HAYEHHS, BiAHOCHI 3HAYEHHS OJMHHUYHUX IOKA3HUKIB,
KOMIUIEKCHUI TOKa3HUK SKOCTI €HEpPreTHYHOI IIHHOCTI BHPOOIB i3 MICOYHOTO TICTA, a TaKOXK
XapaKkTep BIUIUBY 3alPOTIOHOBAHUX TEXHOJIOTIH BUPOOHHUITBA HA €HEPreTUYHY IIHHICTh TOTOBUX
BUPOOIB y MOPIBHSAHHI 3 KOHTPOJIBHUM 3pa3KOM, BUTOTOBJICHUM 32 TPAJAUIIIHHOIO TEXHOJIOTIEO.

Tabauus 5 — KijbKicHa OllIHKa €HepreTUYHOT IIIHHOCTI MICOYHOT0 MeYMBa, 1110 30araueHe
BOJHHMM €KCTPAKTOM 3 CYXHX IUIOZIB YOPHOIUIIIHOI TOpOOHHHU

AOCOIIOTHI 3HAYEHHSI OnuHWYHI ITOKA3HUKU

4 CHEPreTHYHUX CHEPreTUYHUX g= =
= i . S 5 S5
3pa3ok QL IMOKA3HHUKIB ITOKA3HHKIB = 2 T2
Z SE|EE
=3 =2 | a2
< Ho m Hol
= = = = 52 5 2
Z 3| s = S s = o 25 | ZF
= ¥ o /M I~ o, <a] = = s

5 | 5 = & 5 S g =5 | &5
e ) ES = 3 =3 C S = | &8 &
o 3 = |25| 5%
= s /M oz | Bz
[Sa| ) 5}

[TicoyHe euynBo

33 TpaMLIIHHOIO 478 | 0,075 | 0,267 | 0,658 | 0,373 | 0,659 | 1,056 | 0,680 | 1,000

pELEenTypoio
(KOHTPOJIB)
“TansBUHKA” 470 | 0,068 | 0,236 | 0,696 | 0,338 | 0,746 | 1,117 | 0,732 | 1,076
“IliBnenne” 448 | 0,066 | 0,197 | 0,737 | 0,328 | 0,893 | 1,183 | 0,823 | 1,210

3riHO 3 JaHUMHU TabJ. 5 KaJOpiMHICTh (€HEpreTHYHA I[IHHICTH) BUPOOIB 3a po3p00OIECHOI0
TEXHOJIOTIEI0 HIKYA 3a KOHTPOJIBHOTO 3pa3ka: neunBa «[ ansBunka» Ha 1,7% 1 neunsa “IliBgenne”
Ha 6,3%. [lopsim 31 3HWKEHHSAM 3arajJbHOI KaJOpPIMHOCTI, IO BIJMOBIA€ CYYaCHHM TEHIACHIIISM
oprasizaiii parioHaJbHOTO XapyyBaHHS IEBHUX KOHTHHICHTIB HACEJICHHS, PIBEHb SKOCTI €Heprii,
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10 BUBUIBHSETHCS TPHU CHOKMBAHHI IIUX BUIIB Te4wBa, BUIIMKA Ha 7,6% 1 21% 3aBOsKku Kpamrii
30aJ1aHCOBAHOCTI MK €HEPreTHUYHUMH CKJIaJIOBUMH, TOOTO PiBEHb BiAMOBIAHOCTI 30alaHCOBAHOCTI
eHeprii popmymi 1:2:3 miaBucuscs Ha 7,6% it meunBa «[ ansBuaka» 1 21% niisa neunsa «IliBgeHHE»
y IOpiBHSHHI 3 BUpOOaMHM NeUrBa 3a TPAIUIIIIHOIO TEXHOJIOTIE0.

BucHoBku. TakuM YWHOM, KBaJIIMETPHYHHM METOJOM BCTAHOBHWJIM ITOKA3HHKH SIKOCTI
nicounoro neunBa «[ ansBuHka» Ta «[liBmeHHeY, 110 30arayeHi BOJHUM €KCTPAKTOM 3 CyXUX ILJIOJIIB
YOPHOILTIAHOI ropoOMHH. J[OBEICHO MOIMIUIBHICTh BHKOPHCTAHHS JTOOABKH BOJHOIO CEKCTPAKTY 3
CYXHMX IIIOJIIB YOPHOILIIAHOT TOPOOMHM /IS MiABUILEHHS Xap4oBOi IHHOCTI po3po0IeHUX BUPOOiB.
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Purpose. To determine the quality of shortbread enriched with water extract from dry fruits
of black chokeberry, taking into account the principles of qualimetry.

Methods. Instrumental methods - to determine the chemical composition, structural and
mechanical properties and microbiological indicators, organoleptic and expert methods. The
assessment of the level of product quality (comparison with the quality indicators of basic samples)
was carried out by differential and complex methods.
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Results. The introduction of an aqueous extract from dried black chokeberry berries into the
shortbread recipe results in the enrichment of the product by 2-2.2 times with physiologically useful
substances, which increases its nutritional value. The generalized safety indicator for "Halyavinka"
cookies is 0.653; for "Southern” cookies - 0.657 and is higher than for cookies according to the
traditional recipe (0.512). The calorific value (energy value) of products using the developed
technology is lower than the control sample: "Galyavinka™ cookies by 1.7% and "Pivdenne" cookies
by 6.3%. Along with the reduction of the total caloric content, which corresponds to the modern
trends in the organization of rational nutrition of certain contingents of the population, the level of
energy quality released when consuming these types of cookies is higher by 7.6% and 21% due to a
better balance between energy components, that is, the level of compliance with energy balance of
the formula 1:2:3 increased by 7.6% for "Galyavinka" cookies and 21% for "Pivdenne™ cookies
compared to cookie products using traditional technology. It was established that the introduction of
an aqueous extract from dried black chokeberry berries into the shortbread recipe, a 22% reduction
in the butter content, and the removal of melange (in various combinations) slightly reduces the
complex of its structural and mechanical properties, organoleptic indicators, but at the same time the
value of the comprehensive evaluation of the cookies "Glyavinka" is very good, and "Southern"
cookies are good based on the graph of Harington's desirability function.

Key words: quality, qualimetry, black chokeberry, structural, microbiological, organoleptic
properties, physiologically useful substances, energy value.
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PROSPECTS FOR APPLICATION OF THE AUTOMATION METHOD
ASSESSMENT OF ORGANOLEPTIC CHARACTERISTICS
IN CONTROL OF BREAD PRODUCTION PROCESSES

Mema. Memoro cmammi € po3pobKa iHHOBAYILIHO20 MeMOOY a8MOMAmMu308aH020 KOHMPOIIO
CMAKOAPOMAMUYHUX 6racmueocmel Xxuioa 6 npoyeci U020 BUPOOHUYMEA 3 Memow U020
BUKOPUCMAHHS 8 ICHYIOUUX KOHBEEPHUX JIHIAX 0N BUNIKAHHA Gopmosozo xniby. JJocnioxcenHs
CNPAMOBAHE HA POZUIUPEHHS MONCIUBOCMEN GUKOPUCNAHHA [THHOBAYIUHUX AGMOMAMU308AHUX
mexHonociu y XnibonexkapcuoKitl npoMUCIo60Ccmi ma nio8UWeHHS akocmi u
KOHKYPEHMOCNPOMOHNCHOCMI X1i000Y104UHOI NPOOYKYIL.

Memoou. Y cmammi SUKOPUCMAHO AHANI3 NOMOYHUX MEXHON02Il HA OCHOBI 02150
Jimepamypuux 0xcepesl ma meopemudne MOOent08aHHs CUCEMU A8MOMAMU308AHO20 KOHMPOTIO
Op2aHONENMUYHUX — 8lACmuUgocmell X1i600yn0yHoi npooykyii. [na npoeedeHHs eKcnepmuux
00CNi0JCeHb 8 Npoyeci NPOMUCIOB8020 GUPOOHUYMBA XAIO0OYIOYHOI NPOOYKYII NPONOHYEMBCS
BUKOPUCMOBY8AMU  [HHOBAYIUHUL  NPUCMpIU Ol  KOHMPONO — 3anaxy —  eleKMpOHHULL
(6ioenexmponnuii) Hic. ToOmMo 20106HUM eNeMEHMOM MeXAmPOHHO20 NPUCMPOIO KOHBEEPHOI NiHIT
OJ151 BUNIKAHHSA (POPMOB020 XDy BUHAUEHO [HMESPOBAH) CUCTEM)Y CEHCOPI8 Ol OYIHKU apomamy i
CMAKo8ux axocmet xnioy.

Pezynomamu. Y cmammi po3ensnymo nHanpsam 600CKOHANEHHS NPOMUCTIOBUX MEXHOO2IYHUX
JUHIU 0N 8UpOOHUYMEa XAi0600YI04YHOI NpoOYKYii 3a pPAXYHOK BUKOPUCMAHHS — CUCHEM
agmomamu3ayii 6UpOOHUYUX npoyecie 3 niocucmemamu NIOMPUMKU NPULIHAMMA pilleHb Ha 0a3i
BUKOPUCMAHHSA MEMOOI8 [ ANeOpUmMMi6 HeuimKoi 102iKu, wo Oismumyms Ha RiOCmasi 00 €KMUEHO20
AHANi3y MexHON02IYHO20 npoyecy 8UpoOHUYmMea Xnioy 6 pesxcumi pearvhozo uacy. Peeynapuicmo

© Xoponbscekuit B. I1., Koperens HO. M., Pacuexmapos 1. B.
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00’ €KMUBHOI OYIiHKU KPUMUYHUX NOKA3HUKIE — MapKepie mMexHOI02IYHO20 npoyecy upooHuymea
X1i606Y104HOI NPOOYKYIL — HA 1020 KIOUOBUX CMAOIAX NPONOHYEMbCA 3abe3neyumu 3a paxyHoK
BUKOPUCMAHHS CYUACHUX CEHCOPHUX NPUCMPOI8 HA 3aMIHY MPAOUYIUHIL OpeaHONeNMUYHIT OYIHYI,
wo 6aszyemvcs HA BUKOPUCMAHHI OpeaHie yymmie noounu. Heodonikamu mexnonoziuno2o
001a0HaHHA Ol KOHBEEPHO20 BUNIKAHHA X710y, WO BUKOPUCMOBYEMBCA Y  GIMYUSHAHIL
XOONeKapHiti. NPOMUCIOB0CMI € BelUKA KIIbKICMmb Ni02omoguux onepayii, sAKi NOMpiOHO
30ILCHIOBAMU 8DYUHY, NEPIOOUYHICMb NPOYecy SUNIKAHHA Xaiba, 6I0CYmMHIcCmb asmomamu3ayii ma
HU3bKA NPOOYKMUBHICMb. 3aNnponoHo8ane OCHAWEHHSA 3 IHMe2po8aHol0 CUCMEMOIO aHANI3y
OpP2aHONENMUYHUX XAPAKMEPUCTNUK 003601UMb 30IUCHIO8AMU Oe3nepepsHull npoyec SUNIKAHHSL
Xniba sK 3a MmpaouyiiHUMU peyenmypamu, max i iHHOBAYIUHUX COPMIB, W0 3P0OUMb MONCIUBUM
PO3UWUPEHHS ACOPMUMEHMHY Ma/abo 30ibuleHHs nPOOYKMUSHoCcmi 3a600y. Texniunuil pe3yromamn,
00CseHymull  3a6805KU  BUKOPUCHAHHIO 3ANPONOHOBAHOI B800CKOHANEHOI KOHBEEPHOI NiHII 0.4
BUNiKaHHA X1iba, nonseac 8 3abe3neuenHi besnepepeHoco UPOOHUYO20 Npoyecy, A8MoOMamu3ayii
BUPOOHUYMEA, 30I1bUWEHH] NPOOYKMUBHOCMI MA 3MEHUIeHHT KITbKOCMI PYYHUX Onepayil.

Knrouoei cnosa: xni6odynounuil eupio, mexuHonio2iuHull npoyec, opeaHoienmuyHa OyiHKda,
VAPAGNIHHA AKICMIO, ABMOMAMUZAYIA.

IMocTanoBka npodaemu. He 3Bakaroun Ha Te, mI0 YKpaiHa BXKe TPETid piK 3HAXOIUTHCS B
PEXUMi BOEHHOTO CTaHy, ChOTOJJHI MU MOKEMO CIOCTepiratu crabiizaiiito poOOTH ramysi XapuoBUX
BUPOOHMLTB 1 IMOBEPHEHHsA ii 10 CTaJoro po3BUTKY. [ 3a70BOJICHHS NOTpeO CIIOXKHBAYiB,
3a0e3neueHHs X mpane3aaTHoCTi, (i3UYHOTO Ta MEHTAJIBHOTO 3/I0POB’s1, 30€pEeKEHHSI, BITHOBICHHS
Ta PO3BUTKY BITUM3HSHOI €KOHOMIKM BKpail BaXXJIMBUM € CTaOlIbHE BHPOOHUILITBO SIKICHUX 1
0e3MmeyHnx TMPOAYKTIB XapyyBaHHS B HEOOXimaHid KimbkocTi. Ilpm mpomy aBTOMaTH3AIlisd,
uuppodizamis Ta BUKOpUCTaHHS mTyyHoro iHTenekty (IIII) Ha Bcix piBHAX (KepyBaHHS,
BUPOOHMIITBO, MAapKETUHT) MOXYTh CIIPOCTUTH POOOTY MiJIPUEMCTB Taimy3i i 3poOutu ii OUTbII
€(EeKTUBHOIO.

BaxmBuM eneMeHTOM KOHTPOJTIO SIKOCTI Xap4OBUX MPOAYKTIB € OPTaHOJNEITUYHHNA aHaJli3 —
MIPOLIEC OL[IHKH SIKOCTI MPOAYKTY ab0 MaTepialy 3a JOMOMOTOK CIPUIHSTTS JIOJACBKUMHU OpraHaMu
YyTTS: 30pOM, HIOXOM, CMaKoM, JIOTHUKOM 1 ciayxoM. OpraHosienTH4YHa OLIHKa XJiba — e mpouec
OLIIHKM XJII000Y/IOUHUX BUPOOIB 3a iX OpraHOJIENTUYHUMM BIACTUBOCTAMU. JI0 OpraHONENTHYHUX
MOKa3HUKIB xJyi0a Ta OyJ0YHUX BUPOOIB BIIHOCSTH 30BHILIHINA BUIUIAN, 3a0apBlIEHHS Ta CTaH
CKOPUHOK, TOBIIMHY BEPXHBOI CKOPHHKH, CTaH M'SIKyHly (IpoMic, MOPUCTICTh, €JIACTHYHICTh Ta
CBIXICTB), 3aI1ax 1 CMakK.

Y XapuoBiif MPOMHCIOBOCTI OPraHOJIENTHYHY OL[IHKY IPOBOJATH €KCIepTU-(axiBii 3 IKOCTI,
SKI MaloTh JJI LbOTO CIeliaidbHy MiJrOTOBKY, BIJMOBIAHMM JOCBIJ 1 HalpalbOBaHI MPAaKTHYHI
HaBUYKH.

Xoua OpraHOJEeNTHYHA OIliHKAa € BAXKJIMBUM IHCTPYMEHTOM JUIsi BU3HAYEHHS SKOCTI
MPOJYKTiB, BOHA MAa€ CBOi HEJOTIKU:

— Cy0’€KTUBHICTh, TOOTO 3aJICXKHICTh B iIHAMBITyaTbHUX CMaKiB, yI10100aHb 1 BIJIMBIB;

— HeoO0’€KTHUBHICTh OI[IHKH 13-3a PI3HOTO PiBHA 3HAHb a00 JI0CBiY €KCIEPTIB;

— CIOTBOPEHHS pe3yJbTaTiB 3a paXyHOK BIUIMBY 30BHIIIHIX YMHHMKIB (TeMIepaTypH,

OCBITJICHHSI, YUCTOTH TIOBITPSI TOIIIO);
— OOMEXEHICTh BIAYYTTIB 1 HEMOXKJIMBICTh BUSBUTH 32 JIOMTOMOTOI OPTaHOJICTITHYHOI
OLIIHKHY TIeBHI XiMiuHi a00 610J0T14Hi 3a0pyIHEHHS;

— BHUTPATHICTH 32 YACOM 1 PeCypCcaMHu.

Y Haur yac 3’ sIBHITHCS. MOXKITBOCTI JIJTS1 YaCTKOBOI aBTOMATH3aIlii OPraHOJICTITHYHOTO aHaJIi3y,
1110 MO’K€ MIEBHOIO MipOIO MONEPEANTH BUILIE3a3HAYEH1 HEIOIKH.

[Tin aBTOMaTM3alli€l0 OPraHOJENTHYHOI OIIHKU PO3YMIETbCS MPOLEC BUKOPUCTAHHS
CreLiali30BaHuX MPUIAIIB I 00 €KTUBHOTO 1 TOUHOTO BUMIPIOBAHHS Ta aHaJi3y BIACTHUBOCTEH
MPOJIOBOJIHYOI CUPOBHHHM, HamiB(paOpHKaTIB PI3HOTO CTYIEHs TOTOBHOCTI, XapuOBHUX MPOAYKTIB 0e3
3aCTOCYBaHHS OpPTaHiB UyTTS JIOJAUHU (30pY, HIOXY, CMaKy, IOTUKY TOIIO).

42



Ne 1 (48) 2024

Jlnst aBTOMaTH3aI1ii OPraHoJIENITHYHOI OIIIHKYA MOYKHA BUKOPHCTOBYBATH TaKi TEXHOJIOTI1:

— OTpUMaHHsI, 00poOKa Ta aHaji3 300pa)KeHb 3 BUKOPUCTaHHAM 1U(PpoBoi pororpadiit abo
BiJICO3AIMCIB JJIs1 aHAI3Y BJIACTHBOCTEH 00’ €KTIB KOHTPOJIIO;

— BUKOPHUCTaHHS CEHCOPHUX IMaHeNlell abo NpUCTPOiB Ui BUMIPIOBAHHS CHJIHM THUCKY,
Temreparypu abo IHMHUX (QI3UYHUX XapaKTEPUCTHUK, SIKI MOXXYTh BIUIMBAaTH Ha
OpraHOJIENTUYHI BIaCTUBOCTI;

— BHKOPHUCTaHHA CHEUiaJbHUX MPOTPaMHUX 3aCO0iB JUIs 3aMUCy, aHaJli3y Ta 00OpOOKH JaHUX
PO OPraHOJIENTUYH] BIaCTUBOCTI;

— BUKOPHUCTaHHS €JICKTPOHHUX MPHJIAMIB IS aHATI3y XIMIYHOTO CKJIATy MPOIYKTIB abo
MarepiaiiB, 10 MOXKE BIUTMBATH Ha iXHI OPraHOJIENTHUYHI BJACTUBOCTI.

ABTOMAaTH3aIlisl OPraHOJENTUYHOI OIIHKH JIO3BOJSE 3MEHIIUTH JIIOJCHKUI BIUIMB Ha
pe3yJIbTaTH OLIHKH, 3a0€3MeYnTH OLIbITy 00'€KTUBHICTD Ta MOBTOPIOBAHICTh PE3Y/IbTaTIB, a TAKOK
3HAYHO 3MCHIIUTH Yac, HCOOX1THUH JIJIsl IPOBEIACHHS OI[IHKH.

AHaJi3 ocTaHHIX AocigxeHb i myOjikamiii. ABToMaTu3allis OPraHOJENTUYHOI OI[IHKU
xJ1i0a MOXxe OyTH BaXXJIMBHM KPOKOM Y IiJBUIIECHHI SKOCTI MPOAYKII Ta ONTHUMI3aIlii BHPOOHHIUX
nporueciB. Taki TEXHONOT1i MOKYTh CIIPHUSTH MOKPAIIEHHIO KOHTPOJIIO 32 SKICTIO XJ110a 1 3a0e3meunT
CTaOUIBHICTD Y BUPOOHHUIITBI IPOAYKIIi BUCOKOTO PiBHS AKOCTi. TOMy BITUM3HSHI 1 3aKOPAOHHI BYCHI
Ta MPaKTUYHI MPaliBHUKK BCE YACTillle BIAIOTHCA JI0 MOIIYKY METOIB 1 coco0iB aBTOMaTH3alil
OPTaHOJIENITUYHOI OIL[IHKY MPOJYKTIB Xap4uyBaHHs Ul BIPOBA/KEHHS iX y BUPOOHHYI MpOIecH Ha
MiIPUEMCTBAX Talys3i.

VY crarTi BYeHux LleHTpy npuKIaHUX aBTOHOMHUX CEHCOpHUX cucteM (M. EpeOpy, LBeris)
ta YHiBepcutretry SASTRA (M. TanmxaByp, [nnis) Emi JIyrdi, Cinssii Kopaaecki, ['anema Kymapa
Mami, [Ipabakapana Illankapa, /[)xona bocko bamarypy Pasnmana mpencraBieHo OIJIsi OCTaHHIX
poOIT WIOJO0 TMPHUCTPOIB THUIY «EJEKTPOHHUN HIC», SKi BHUKOPHUCTOBYIOTHCS B XapuoBii
npomucioBocTi. OCHOBHY yBary NOpPHUIUICHO 3aCTOCYBaHHIO EJEKTPOHHHX HOCIB B MPOIECax
MOHITOPUHTY SIKOCTI TaKHWX XapyOBHUX MPOAYKTIB, SIK M 5CO, MOJOKO, puba, yail, KaBa, BHHO.
Marepianu, mpeicTaBieHi B Iii poOOTi, AOBOAATH, HIO ICHYE 3HA4YHA CXOXICTh MIX DPI3HUMH
o0acTIMM 3aCTOCYBaHHSI 3 TOUKU 30pY JATYUKIB 1 aJTOPUTMIB OOPOOKH, 1110 BUKOPHUCTOBYIOTHCS.
KpiM TOrO, 111 CcTAaTTS MICTUTh KPUTHYHUN TOTJISAJ Ha PO3POOKH, HEOOXImHI B WLiH Tamy3i JUis
nepexony BiJ AOCHIAHMLIBKUX IJIATGOPM [0 NPOMHCIOBUX I1HCTPYMEHTIB, NPU3HAYEHUX IS
3aCTOCYBaHHs B pealibHUX yMoBax [1].

Vueni IOms bBypnauenko, Isanna Kpyrnenko, bopuc Cuomok (IHctutyr ¢i3uku
HaniBOpoBiaHUKIB iMeHi B.€. JlamkaproBa HAH VYkpainu, m. Kuis, Ykpaina) ta Kpimna Ilepcaya
13 Ikomu XIMIYHOI 1HXKEHEpli Ta aHANTHYHUX HAayK MaHYECTEepChbKOTO YHIBEPCUTETY
(BenukoOputaHis) y cBOiil cTarTi [2] BH3HAYaIOTh KOHIEMIIIO €JIEKTPOHHOTO HOCA, K OAHWH 13
Halle(eKTUBHIIINX MIJXOAIB 10 BHpPINIEHHS 3a/4ay, L0 NOTPEOYIOTh IIBHJIKOIO CKPUHIHTY
PI3HOMAHITHUX CKJIQJHUX CyMmilied. AJe Mpu [bOMY BIJI3HAYAETHCS, IO HE3BAXKAIOYM Ha
0aratopivyHy 1CTOPiI0 PO3BUTKY IMTYYHUX HIOXOBHUX CHUCTEM, 1€l HAMPSMOK BCE 1€ 3IUINAETHCS HA
cTanii IHTEHCHBHHUX JOCHIJDKEHb, K (YyHIaMEHTaIbHHX, TaK 1 TMPUKIAJAHUX, OCKITbKA pIBEHb
y3arajibHeHHs Ta ¢opMaiizanii y cgepi npoOomiAroTOBKH, BBEIEHHS MTPO0 Ta BUMIPIOBAHHS BCeE IIe
3aIUIIAE€THCSA HEAOCTATHIM TSI IIBOTO BUJY aHAII3Y.

Bitum3ussaumu Buenumu Acero Kaminiuenko 1 Jlapucoro ApceHbeBo (M. Y3Kropop,
VYkpaina) Oyno po3po06JIeHO IHTENIEeKTyaIbHY MYJIbTUCEHCOPHY CUCTEMY IS 1IeHTU(DIKaLlii Ta OL[IHKI
SIKOCTI Xap4yoBUX MPOAYKTIB [3], B OCHOBY SIKOT MOKJIaJIEHO METOJIOJIOTIEI0 «EJIEKTPOHHUHN HIC» JIf
AQHAJITUYHOTO KOHTPOJIO XapyoBUX MpOAYKTiB. JlaHa Mmeropmosoris mnependadae JOCITIKEHHS
3aKOHOMIPHOCTEH OJIEp)KaHHS ONTHMAJIbHUX 3a JUCKPUMIHAIIHOIO 3/JaTHICTIO MAacHBIB
II’€30KBAPIIOBUX CEHCOPIB 3 MEPEXPECHOI0 UYTIUBICTIO Ta aHali3y 0araTOBUMIPHOTO BIATYKY
CHCTEMH 3 BUKOPUCTAHHSIM METO[iB MAallIMHHOTO HaBYaHHs. BYUEHHMHU pO3pOOIIEHO METOMOJIOTIUHY
CXeMy aHaJli3y ra3oBoi (pa3u pi3HUX rpyI XapuoBHX MPOJYKTIB MACHBOM I1’€30CEHCOPIB, 1110 BKIIIOYAE
pekoMeHalii 3 BUOOPY METOMIB MIATOTOBKM Ta BiAOOPY MpoO B 3aJeKHOCTI BiJ XapaKTEPHCTHK
00’eKTa Ta 3a/1a4 aHaTi3y.
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Vueni Cepriii llIBen, Irop Enenepin, Cpitmana [lapyna, Bacunes Kumenbko (HYXT,
VYkpaina) B cBoix poOotax [4, 5, 6] BH3HAuUalOTh TEXHOJOIIYHI MPOIECH XJIOONEKApChKOTO
BUPOOHUIITBA SIK TaKl, 0 XapaKTePU3yIOThCSI BUCOKUM CTYIIEHEM HEBU3HAUEHOCTI Ha PI3HUX €TaHax
nepebiry mporecy BUpOOHHIITBA XJTi0a, 6araTOKOMITOHEHTHICTIO, HEJIIHIMHUMU 3aJIKHOCTSIMU MiX
rapaMeTpamu, BUCOKUMHU BUMOTaMU JI0 SIKOCTI TOTOBO1 MpoAyKLii. BoHu npukianyu 3HaYHUX 3yCHITb
JUIE MaTeMaTHYHOTO OMHCY 0araThOX SBHIL, SIKI XapaKTepH3YIOTh INEPETBOPEHHS CHUPOBHUHH Ta
HamiB(haOpHUKaTIB Y TOTOBY MPOIYKIIIFO.

[ToGynoBaHi MaTeMaTU4YHI MOJEINI MOKYTh BUKOPUCTOBYBATUCH ISl IOTIOBHEHHS ICHYIOUHUX
CHUCTEM aBTOMAaTH3allii BUPOOHMUYMX IPOIECIB IMJICHCTEMAMH MiIATPUMKH TPUHHATTS pIIIEHb 3
BUKOPUCTAHHSIM METOJIB 1 aJITOPUTMIB HEUITKOI JIOTikH [7, 8]. Ajie BIPOBaPKEHHSI TAKUX CHUCTEM
notpedye 00’ €KTUBHOTO aHAIi3y TEXHOJIOTTYHHX MPOIECiB BUPOOHHUIITBA XJ11000yII0YHOT TPOTYKITii
B PEXHMI PEaJbHOTO Yacy.

PerynsapHicTb 00’€KTHBHOI OIIHKKM KPUTHYHUX IOKAa3HUKIB — MapKepiB TEXHOJIOTIYHOTO
IpoIecy BUPOOHUIITBA XJI1I000YIIOUHOT IPOAYKITIi — Ha HOT0 KITFOYOBHX CTAIisIX MOYKHA 3a0€3MCUnTH
3a paXyHOK BUKOPHCTaHHS Cy4aCHUX CEHCOPHUX MPUCTPOIB 3aMiCTh TPAAULIIHHOT OPraHONENTUYHOT
OLIIHKY 3 BUKOPUCTAHHSM OPraHiB YyTTiB JIFOIUHHU.

VY BITYM3HSHIN XJ100MEKapHiA TPOMHUCIOBOCTI PO3MOBCIOKEHE TEXHOJIOTIYHE 00JIaTHAHHS
JUIST KOHBEEPHOTO BHUITIKAHHS XJI10y, B IKOMY BHKOPHCTOBYIOTHCS (DOpPMHU 13 HEEJIEKTPOIPOBITHUX
MaTepiajiB 3 TUIACTUHAMU 13 HEP)KaBIFOYOl CTai, IMJAKIIOYEHUMHU O CHCTEMHU CJICKTPOKHBIICHHS.
Henonikamu Takoro oOjagHaHHS € BEJIMKA KUIbKICTh IMATOTOBYMX OIEpalliid, SKi IMOTPiOHO
3MIMCHIOBATH BPYYHY, MEPIOJUYHICTh MPOIECY BHUIIKAHHSA XJi0a, BIJICYTHICTH aBTOMATH3aIlii Ta
HU3bKa MPOAYKTUBHICTb.

Metow crarTi € po3poOka iHHOBAIifHOTO METOIy aBTOMAaTH30BAHOTO KOHTPOIIO
CMaKOapOMAaTUYHUX BJIACTUBOCTEH XJ110a B mpoiieci Horo BUpOOHUIITBA 3 METOI0 HOTO BUKOPUCTAHHS
B ICHYIOUMX KOHBEEPHUX JIHISX Ui BHUIIKaHHS (opMoBOro xiidy. JlochimkeHHs cipsMoBaHe Ha
PO3LIUPEHHS] MOXJIMBOCTEH BHMKOPHCTAaHHS 1HHOBALIMHUX ABTOMATH30BAHUX TEXHOJIOTIH Yy
XJ1100MeKapchKiil  MPOMHUCIOBOCTI  Ta MIABUIIEHHS SIKOCTI W KOHKYPEHTOCHPOMOKHOCTI
XJ11600yII04HOT POIYKILi.

Bukisag ocHoBHoro marepiaay. /[ns mpoBeeHHsS €KCHEPTHUX JOCHIIKEHb B IpPOLEC]
MPOMHCIIOBOTO  BHUPOOHHUITBA  XJ1O0OYJIOUHOI MPOAYKLIi MPOMOHYETHCS BHUKOPUCTOBYBATH
IHHOBAIIMHUM IPUCTPIH 111 KOHTPOJIIO 3araxy — eJIeKTPOHHUH (010eIeKTPOHHUI) HiC.

bioenekTpoHHUil HiC — 11€ eJIeKTPOHHUM MPUCTPIH, IKU MOJIENIO€ (PYHKIIT JIFOJJCHKOTO HIOXY.
Jlji 1bOTO y HMPUCTPOi BUKOPUCTOBYIOTHCS 010XIMIYHI C€HCOpH abo 010€JIeMEHTH, 3a JI0IOMOTI0I0
SKUX MOYKHA TiJ/IaTH BU3HAUYEHE CEePeIOBUIIE aHalli3y, a caMe: 1IeHTU(iKyBaTH XIMiYHI PEUOBHHH,
10 MICTATHCS B HOMY; BUSHAUUTH iX KOHLIEHTPAL[II0; PO3MI3HATH Ta OLIIHUTHU 3aIlaxH.

EnexTpoHHMii Hic iMiTye poOOTY JIOACBKOIO HIOXY, pearyloud He Ha OKpeMi eJIeMEHTH
3amaxy, a Ha iX CYKYIHICTbh. [IpuUCTpiii CKIIaJa€eThCsl 3 CUCTEMH BIIOOPY MPOO MOBITPS, AATUUKIB 1
61oky 00poOku curHaniB. Cuctema BinOopy npoO 3abesmnedye cTabiibHI YMOBH JUIsl POOOTH
JaT4YMKiB, SKI BUSBIAIOTH CKIQJ 3amaxy. Y Ol0€JIeKTpPOHHHUX HOCaX pojb HIOXOBUX PeELEeNTOpiB
BHKOHYIOTh KJIOHOBaH1 OUTKH 3 01010T1YHUX OpraHi3MiB. st 00poOKU CUTHATIB BUKOPUCTOBYIOTHCS
TEXHOJIOT11, Taki K METaJ0-OKCHIHI HANiBIPOBIIHUKHU, €NEKTPOIPOBIAHI MOJIMEpU Ta KBapIOBi
MikpoBaru. KoMmm'rotep anasizye CUTHaIH 1 BUAA€E pe3yibTarT.

[Tpuknanom Takoro o0nagHaHHA € nopTatuBHUM npuctpiit Cyranose 320, sskuii mpU3HAYEHO
JUIS. KOHTPOJIIO SIKOCTI B Xap4OBil 1 XIMIYHINA MPOMMCIOBOCTI. 3arajbHUN BUTJISAI MEXaTPOHHOIO
npuctpoto Cyranose 320 HaBeneHo Ha puc. 1.

[TpucTpiit 1a€ MOKIIUBICTD y PEKUMI peaibHOI0 Yacy 3/11HCHIOBATH MEPEBIPKY KOKHOT MapTii
CHPOBHMHHU 32 KOHCHUCTEHIIII0, @ TAKOXK HASBHICTIO O3HAK ICyBaHHsA Ta/abo 3abpynHeHHs. Cyranose
320 TakOX BUKOPHUCTOBYETHCA JUISI IIBUKOT OLIIHKH XIMIYHOTO CTaHy, OB’ S13aHOTO 3 BIITBOPEHHSIM
PI3HUX IPOMHCIIOBUX MPOIIECIB.

BuxopucToByloun MaTpHIIO AAaTYMKIB 1 BOyAOBaHI alrOpUTMU pO3Mi3HABaHHS 00pas3iB,
MPUCTPIN TPAIIOE MUIIXOM BIUTUBY Ha MacHUB IMOJIMEPHUX KOMIIO3UTHHUX JATUHUKIB XIMIYHUX
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KOMITOHEHTIB, IO 3HAXOJIUTHCA Y KOHTPOJIBHOMY 3pa3Ky IMOBITps (Tra3oBoro cepemosuiia). Komm
JATYNKU KOHTAKTYIOTh 13 KOHTPOJIBHUM 3pa3KOM MOBITPs (Ta3y, mapu), moxiMep po3IUPIOETHCS, SIK
ryoka, TUM CaMHUM 3MIHIOIOYHM OIip KOMIO3UTIB. BUMIipIo€Thcsa 3MiHA OMOpYy 1 Ha OCHOBI LOTO
BUMIPIOBaHHS BU3HAYA€THCS HAsIBHICTD PEUOBHHH, Ha SIKY OyJIO HAIAITOBAHO (HABUEHO) MPUCTPIH.
[Ipouec npencrasiise coO00 A0BOJI HIBUAKY 1 TOUYHY A1arHOCTHUKY.

2" (5.1 cm) loawa

JoaaTroBHiI po3'eM A

LED Hirwnch MK TIOYEHHS aKcecyapis
Micue Bixoay Micue Bizdopy mpod '
MOBiTPs micas —_— mlfmnunnboro noBiTps
AeTeKTopiB (Bmyck npoayekn)
BinkHenHs
SKHBJICHHS
Knonka
YBIMKHEHHS

Po3'exut RS232/USB ———

Poz'em

M IKTIOYeHHA ——
JRUBJIEHHS

Pucynok 1 — 3aransauii Burisi npuctporo Cyranose 320

Jns mpunani tunmy Cyranose 320 nepes BAKOPHCTAHHSIM TTOTPiOHO TPOBECTH OTHOPA3OBHIMA
CeaHC HaBYaHHs, MiJ Yac SIKOTO KOPUCTYBAy MiJJIa€ JaTYMK BIUIMBY 3pa3KiB KOXKHOTO THUILY, IO
MOXYTb 3YCTPITHCS HOMY TIi/I Yac TeCTyBaHHs. Y Takuil crociO CTBOPIOEThCs 0a30Ba rpyra, 3 sIKO0
MOPIBHIOBAaTUMYThCSI BCl MallOyTHI 3pa3KH.

Eran Bimbopy 3pa3ska mependadae po3MillleHHS HAKOHEYHHMKA IMPHUCTPOIO OISl 3pa3ka Ta
IIPOCTOr0 HATUCKAaHHSA KHONKHU «Bukonatw». BinOip nmpo0O moBiTps, BUMIpIOBaHHS IMapaMeTpiB
KOHTPOJIbHMX 3pa3KiB JaTdyukam, OOpoOKa [aHWX 3 TIOPIBHSHHSM 3pa3KiB BHUKOHYIOTHCS
aBTOMATHUYHO 1 3aiIMa0Th NMPUOIM3HO OJIHY XBHIIMHY. SIKIII0 MapaMeTpu NOTOYHOI MpoOu 30iraroThes
3 OJHHUM 13 TOMEPEAHBO MIATOTOBICHUX KOHTPOJBHHUX 3pa3KiB, MPUCTPIH MOBIAOMIISIE MPO iX
1IGHTUYHICTh. SIKIIO Mpuiax He pO3Mi3Hae 3pa3o0K, MPWIAJ BUAAE BIAMOBiAHE moBigomieHHs. 1lo
3aBEPICHHIO IUKITY MPUCTPIA aBTOMATUYHO MEPE3aBAHTAKYETHCA 1 MTOTIMEPH]I KOMITO3UTHI JATYHKU
MIOBEPTAIOTHCA J0 TOYATKOBOTO PiBHS OMOPY.

3aBIASKH CBOEMY TPH3HAYEHHIO Ta MOXIHUBOCTSIM OIO€JIEKTPOHHUN HIC MOXe OyTH
BUKOPUCTaHMH 1 B XJIOOMeKapChKid Tady3i AN BHU3HAUEHHS SKOCTI HPOAYKTIB, BHSBICHHS
3a0py/IHEHb, OMEPATHBHOTO KOHTPOJIO SIKOCTI Ta KEPYBAaHHS TEXHOJOTIYHHUM IMPOIECOM Ha BCIX
BOXJIMBUX €Talax TEeXHOJOIIYHOrO TMPOLECY: BXIJHOTO KOHTPOJIIO SKOCTI I1HTPEII€HTIB;
MPUTOTYBAaHHS OTapH; BUCTOIOBAHHS TICTa; BUITIKAaHHS BUPOOIB Tomio. [Ipu 1mpoMy ioro moskHa
BUKOPHUCTOBYBATH SIK CAMOCTIIHMI pucTpiit a00 BOYIyBaTH B aHAJIITUYHY CUCTEMY.

45



OBJIAJHAHHS TA TEXHOJIOI'TI XAPYOBUX BUPOBHUIITB. ISSN 2079-4827

PosrnsiHemMo  3ampornoHOBaHY HaMd MOJENb  IMITAlIHHOT aHANITHYHOI CHCTEMHU IS
BUMIPIOBaHHS Ta aHANi3y CMaky 1 3amaxy B MpOLECi BUIIKaHHS XJi0a, K KIIOYOBHX MapaMeTpiB
OLIIHKHU MOT0 SIKOCTI.

OCHOBHUMH €JIEMEHTAMH IMITAI[IHHOI CUCTEMH €

— JATYUKU TEMIIEpaTypH 1 BOJIOTOCTI, pO3MIIlEHI HAa OKpEeMHUX MIUISHKAaX KOHBEeEpa IS
CTIIOCTEPEKEHHS 1 BUMIPIOBaHHS ITapaMeTpiB, IO BIUIMBAIOTh HA CMAaKOAPOMATHUYHI BJIACTHBOCTI
XJ11000yIOYHUX BHPOOIiB;

— IHTErpoBaHi CMAaKOBI CEHCOPH, 3[AaTHI BU3HAYATH CMAKOBiI BIACTHUBOCTI TICTa Ta TOTOBOI
MPOAYKILii, 3a0e3reuyroun 00'€KTUBHE BUMIPIOBAaHHS CMAKOBHX XapaKTEPUCTHUK;

— JATYUK «CJICKTPOHHUU HIC», SIKUH B3aEMOIE 3 apOMaTHYHHUMH PEYOBHHAMH, IO
BHJIUIAIOTBCS MM 4ac OpOIIHHS TiCTa 1 BUIIIKaHHS, aHAJi3ye XIMIUHI 3MIHM Ta OIIIHIOE apoMart
MPOAYKTY Ha PI3HUX eTarnax BUPOOHHIITBA.

3anpornoHoBaHa CTPYKTypa IMITAlifHOI CHCTEMH BHUMIPIOBAHHS [T03BOJIUTH OTPUMYBATH
00'€eKTHBHI J1aHI TPO CMAaKOAPOMATHYHI BJIACTUBOCTI XJi0a 3 pI3HUX COPTIB 1 ABTOMAaTHYHO
KOPUT'YBATH TPOIIEC BUIIKAHHS JJIS JOCSITHEHHS ONTHMAJIbHUX OPTaHOJICHTHYHHX XapaKTEPUCTHK
npoaykTy. [yt HbOro cucTeMa JaT4uKiB iHTErpOBaHa B MPOIEC BUITIKAHHA XJ1i0a Ha PI3HUX eTamax
KOHBEEPHOi  JIiHII, 3a0e3Medyyroyr  KOMIUICKCHHW  KOHTPOJIb  HaJ  OPraHOJICITUYHUMU
XapaKTePUCTHKAMU POIYKTY MPOTATOM BChOTO ITHKITY.

Ha puc. 2 npencraBieHO MPHUHIUMIIOBY CXEMY KOHBEEPY Ul BHITiKaHHs xui0a. KoHBeepHa
JHIS BKIIIOYAE: KAaMEPY [T BACTOIOBAHHSI Ta IITHEKOBHH J103aTOP, PO3MIIIICHI HAa TOYATKY KOHBEEPA,
dbopMu [1s1 BUCTOIOBAHHS 1 BUIIIKaHHA BHPOOIB; MiAI0H A7 300py TOTOBOI MPOAYKIIiT (BUIIEYEHOTO
XJ1i0a), pO3TaIIOBaHUH ITiJ] KOHBEEPOM; IPUCTPOT I MUTTSI, OOAyBaHHS 1 3MaIlyBaHHS (HOpM.

> & J 6 9 7
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Pucynok 2 — TexHoJOTi4HAa JIiHIsS-KOHBEED JJIs1 BUITIKAHHS XJTi0a
(1 — dopma; 2 — muTacTHHY 3 HEPXKABIFOYOI CTaNI; 3 — PKEPENIo PO3MOIiICHOT reHepartii
3 nepeTBoproBadeM BucokodacToTHOI eHeprii (IIBYE); 4 — nnactuHyacTuii KoHBeeD;

5 — MPYKMHUCTI €TEKTPOIU; 6 — KOHTAKTH; 7 — IMHEKOBUHN 03aTOP; 8 — MIJIOH /IS BUBAHTAXKECHHS
TOTOBHX BHPOOiB; 9 — KamMepa Il BUCTOIOBAHHS TiCTOBHX 3aroTOBOK; 10 — mpUCTPOi A1t MUTTS
¢dopm; 11 — mpuctpoi anst 06xyBanHs popm; 12 — nmpucTpiii 3 11 3MalyBaHHs (HopM;

13 — mpuCTpiif 1151 KOHTPOJTIO 3aIaxy)
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KonBeepHa niHig Moxe OyTH po3paxoBaHa Ha Pi3HY MOTY)KHICTb 1 CKJIaAaTHCA 13 JIBOX Ta
Oimpie (opM I BUIIKaHHSA. MDK J03aTOPOM 1 CHUCTEMOIO EJIEKTPOXHBIEHHS MOXxe OyTu
BCTAHOBJIEHA KaMepa JUIsl BUCTOIOBAHHS, BUKOHAHA y BUIJISAL TyHemto. [Ipuctpiit Moxe BKIIOYaTH
MPUCTOCYBAHHS JJISI MUTTS Ta 001yBaHHA XJI1OHUX (popM, po3MillIeHi ITi]] KOHBEEPOM MiCIIs HiII0HY,
a TaKOXK MPUCTOCYBAHHS Ui 3MAIICHHS XJI10HUX (HOpM, po3TalllOBaHE MiXk IIHEKOBHM J103aTOPOM 1
MPUCTOCYBAHHSAM JJIs1 00 1yBaHHS XJIIOHUX (OPM.

B OCHOBI TPOEKTYy TEXHOJOTIUHOI JIiHII JUIsi BUITIKAHHA XJ10y KOHBEEpHA CTpiuka i3
3aKpiIUICHUMH Ha Hil xmiOHUMH Gopmamu. XITiOHI GOPMH MalOTh OCOOJMBO KOHCTPYKIIiIO, BOHU
BUT'OTOBJICHI 13 HEEJIEKTPONPOBITHUX €EMEHTIB | 3 aHTUIIPUTAPHUMU BIACTUBOCTSAMH, aji€ MICTSTh
BOYZOBaHI IUIACTHHU 13 HEpPXKaBilo4oi crami 2, sKi MiIKIIYaloThCA A0 JOKEepesa pO3MOAiLIeHOl
reHepaiii 3 neperpoproBaueM BucokodacToTHOI eHeprii (IIBUE) 3. 3anpornonoBaHa KOHCTPYKIIis
CHCTEMH EJICKTPOKUBJICHHS CTABUTH METOIO 3a0€3MeYeHHs TEXHOJIOTIYHOI JiHi{ 3 BUPOOHHIITBA XJ1i0a
€JIIEKTPUKOI0O B Tepioan OOMEXEeHb IOTYKHOCTI EHEProCHUCTEMHU Ta BISJIOBHUX BiJKIIOYCHb.
[TponoHy€eThCSI BUKOPHCTOBYBAaTH KOHBEEP TUIACTHHYACTOTO TUIY 4 3 )KOPCTKHAM 3aKPIIICHHSIM Ha
HboMy (opm ans BumikaHHsA. Ha 30BHimIHBROMY OOl XJTIOHMX (OpPM pPO3MILIEHO MPY>KUHUCTI
SJIIEKTPOJIA 5, BCTAHOBJICHI 3 MOXJIMBICTIO IPUTHUCHEHHS IO KOHTAKTIB 6, SIKi ITiIKIIOYAIOTHCS 10
cucteMu enektpoxxupieHHs 3 [IBUE.

Ha puc. 3 mpencraBieHo oOKpeMO KOHCTPYKITito hopmu juist BumikanHs 1. Koprryc xmiOHUX
¢dopM 13 BUTOTOBIIEHO 13 AICIEKTPUUYHOTO MaTepiany. Y KOXHHHA TaKui oceperoK BOYIOBYIOTHCS
IJIACTUHU 13 HEeP)KaBitouoi cTali 2. 3a IOMOMOT0K CUCTEMH IPOBOJIIB 1 KOHTAKTIB 14, 15 no mmactuH
13 HepxkaBiro4oi crami 2 y noTpiOHuit MoMeHT miaBoauTbest [IBUE.
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Pucynok 3 — Konctpykiist popmu /Ui BUIIIKAHHS XJ110Y

[TpuHIMI A1T TEXHOIOTIYHOT JHIT 171 BUMIKAHHS XJ110y HACTYITHUNA:

1) mopuii TicTa MEBHOI MacH 3a JONOMOTOI0 AUTHIBHOTO aBTOMAaTy B (pOpPMaTi ITHEKOBOTO
no03aTopa 7 MOTPAIuIsIOTh y XJIi0HI opmu 1, sKi )KOPCTKO 3aKpilieHi Ha TJIaCTHHAX KOHBEEPHOI
CTpiukH 4,

2) Mo XOmy pyXy KOHBEEpa €JEeKTPOAU MPYKUHHCTOIO TUIY 5 TPUTHCKAIOTBCS 0
KOHTAKTIB 6, pO3MIIIEHUX Ha 30BHIIIHIX OOKax (OpM Al BHIIKAHHS, MPU I[bOMY JI0 IUIACTHH 3
Hepskasirouoi crani 2 Bijg [IBUE migBoauThCS €IeKTpUUHUIN CTPYM, 32 paXyHOK YOTO BiJI0OYBA€THCS
IHTEeHCUBHUI IPOTPiB TICTOBUX 3arOTOBOK 3 X BUIIKAHHSIM.

Bunedeni BUpoOM OXOJIOMKYIOTHCS T Yac MOAAIBIIOTO PYyXYy KOHBEEPHOK CTPIUKOIO Y
¢dopmax. [licist 3MiHM HaPSIMKY PyXy, IO BUAHO 3 MPUHIUIIOBOI CXeMH, XJIIOHI BUPOOH Mij Ai€i0
BJIACHO1 Bard BUITQJIAl0Th 13 (JOpM Ha MIiII0H 8, po3MilIeHUI Oe3mocepeHbO i TUIACTUHYACTUM
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koHBeepoM 4. Jlani ¢popmu, B Mporieci CBOro pyxy KOHBEEPHOIO CTPIUKOIO, MiTAI0ThCS MEXaHIYHOMY
OYMILEHHIO Ta MUTTIO y crenianbHoMy npuctpoi 10, sKuii CKIagaeThcs 13 CHCTEMH BalIMKIB 3
IIITKaMH Ta MIMPULIOBAILHOTO MPUCTPOIO 3 MiABEASHHIM MUHHOT pianaw. [licis ouunmieHus Gopmu
BUCYIIYIOTBCSI, IJIs1 IOTO BOHU MPOXOATH CHeNiadbHy cucTteMy o0ayBanHs 11. 3a HanpsiMKOM pyXy
KOHBE€EpA Ha eTalll, 0 TepeIye 3aoBHEHHIO (DOPM TICTOBHMHM 3aroTOBKAMH, BHYTPIIIIHI TOBEPXHI
XJIIOHUX (OPM 3MAIIYIOTHCS JKUPOM 32 IOTIOMOTOIO crieliaabHoro mpuctporo 12. ITicis nporo xmibHi
(GopMH 3HOBY 3MIHIOE T'€OMETPUYHE pO3TAlllyBaHHSA, NpPSIMYye [0 LIHEKOBOIO J03aTopa 1 LUK
MTOBTOPIOETHCS.

[TigBuIIeHHST TOPOAYKTUBHOCTI MIANPHEMCTBA IIPU I[bOMY JIOCSTAEThCA 3a PaxXyHOK
BIATBOPEHHS O€3MepepBHOTO LHMKIY BHIIIKaHHA (POPMOBOTrO XJi0y. MOXXIMBICTH BiITBOPEHHS
Oe3IepepBHOTO ITUKITY BUPOOHUIITBA XJ1I0Y HaBiTh B yMOBaX 0OMEKEHOCTI MOCTaYaHHs €JIEKTPUKOIO
JOCSTAETHCS:

— HASBHICTIO Yy CKJIa/ll TEXHOJIOTTYHOT JiHIi JUIMIBHOTO aBTOMATY 31 IIIHEKOBUM J103aTOPOM;

— JKOPCTKHM 3aKpiIUIEHHIM XJIIOHUX (hOpM Ha TUTACTHHAX KOHBEEPHOI CTPIYKH;

— BUKOPHUCTaHHSM €JIEKTPUYHO-HE3aJIEeKHUX OCEPEIKIB 13 IieJIEKTPUYHOI0 MaTepialy B

dbopMax JiIs BUIIIKAHHS;

— BUKOPHUCTaHHSM aBTOHOMHOI CUCTEMH €HEProIiBE/ICHHS 3 IPYKHUMU €JIEKTPOIaMHU;

— aBTOMATUYHUM BUBAHTAKCHHSM BUIICYCHHX BHPOOIB i3 (hopm.

3aco0iB aBTOMAaTH3AIIil MPOIIOHYETHCS BUKOPUCTOBYBATH y CKJIAJli TAKUX KIFOYOBUX
€JIEMEHTIB TEXHOJIOTTYHOT JIiHIi JIsl BUITIKaHHS X110Y:

— JUTWIBHOMY aBTOMATI 3 ITHEKOBUM JI03aTOPOM;

— B Kamepi /Ui BUCTOIOBAHHS TICTOBHX 3aroTOBOK IEpe]l BUIIKAHHSIM, PO3MIMIEHINA MiX

JTUTMIFHUM aBTOMATOM 1 JUISTHKOIO BUIIKaHHS XJIi0Y;

— CHCTEMI €JICKTPOXKUBIICHHS 3 JDKEPEJIOM po3noiiaeHoi renepariii ta [IBUE;

— MOJyJli BUBAHTQ)XEHHS TOTOBOI IPOAYKIII;

— MPUCTPOT JUTSI MUTTSI, OUMILIEHHS 1 OOCYIIYBaHHS XJIIOHUX QOopMm;

— MpPUCTPOT AJIs 3MAILyBaHHs XJII0HUX (HOpM Tepes 3a0OBHEHHSM TICTOBUMH 3arOTOBKAMH,

BHCTOIOBAHHSIM Ta BUTIIKaHHSIM.

JUis po3MilieHHsl AaTYMKIB aBTOMATUYHOIO KOHTPOJIIO MapaMeTpiB SKOCTI TEXHOJIOTTYHOIO
IpoLecy BUIIKaHHS X110y 00paHO Taki MO3ULIII:

1) eran 103yBaHHS TICTOBUX 3arOTOBOK: €ICKTPOHHUI HiC PO3MIIYETHCS 0Ll 03yBAIBHOTO
aBTOMary (mo3uuist 7) ans iaeHTUdiKalii BUIapoBYBaHb Bl PIAKOTO TICTA, OI[IHKU CTYIEHs HOro
TOTOBHOCTI, BU3HAUEHHS yacy 1 MapaMeTpiB BHCTOIOBaHHsS Ta BHMiKaHHA. CMakoBi CEHCOpH,
BCTAHOBJIEHI Ha Il JUIAHILI, MPU3HAYEH] JUIs OLIHKM CMaKOBUX SIKOCTEH XJi0y Ta e(peKTHUBHOCTI
3MILITyBaHHS 1HTPEIEHTIB;

2) eranM BHCTOIOBaHHS Ta BHWITIKAHHS XJIOy: JaTYUKH THIY «EJICKTPOHHHH HIC»
BCTaHOBJIIOIOTHCSI B 30HAaX BUCTOIOBAHHS Ta BUITIKaHHS BUPOOIB (mo3uuis 13) /s aBTOMaTHYHOTO
KOHTPOJIIO 3aBEpIICHHsS] BUCTOIOBaHHS BHPOOIB Iepe] BUIIKAHHAM Ta KOHTPOJIO TOTOBHOCTI
XJ11000yIOYHNX BUPOOIB il Yac BUMIKAHHS BiIOBITHO;

3) etam 0X0JIOKEHHSI Ta BABAHTAKCHHS: Y 30HI BUBAHTAXXEHHSI TOTOBHX BUPOOIB (mo3uirist 8)
JUISL OLIIHKM CMaKOApOMaTHYHUX BJIACTUBOCTEN TOTOBOTO X110y PO3MILIYIOTHCS CMaKOBI CEHCOPH Ta
€JIEKTPOHHUH HiC.

Take po3MilleHHs IHHOBALIHHUX 3ac00iB aBTOMAaTH30BAHOTO KOHTPOJIIO JIO3BOJISIOUH
CUCTEeMI 30MpaTH T1aH1 Ha KO)KHOMY €Tarll TEXHOJIOTIYHOTO MPOoIlecy BUPOOHHIITBA XJ1i0a 1 3a0e3meuye
TUM CaMUM OXOIUJICHHS KOHTPOJIEM YChOro BHpOOHHMUYOro nukiy. Lle mae 3Mory juist mBUAKOTO
pearyBaHHsl Ta KEpyBaHHS MMapaMeTpaMH TEXHOJIOTTYHOTO TPOIECY B PEKMMI PEabHOTO 4acy 1
cripusie 3a0€3MeUeHHI0 CTablTbHOT SKOCTI TEXHOJIOTIYHOTO MPOIECY Ta KIHIIEBOTO MPOIYKTY.

['onoBHMMHU 1HHOBAIIIHHUMHU CKJIQJIOBUMH JIAaHOI PO3POOKH € BHUKOPHUCTAHHS JDKepena
posnoaineHoi eneprii 3 [IBUE, a Takox BOymoBaHiI B IpolleC MEXaTPOHHI MPHUCTPOi Ta CUCTEMHU
ABTOMATHU30BaHOTO KOHTPOJIIO IMMapaMeTpPiB ra30BOTO CEPeIOBHUIIA (3amaxy), miuibHOCTI, pH Ta iHImmMX
XapaKTepUCTHK JJIS MiABHMIIEHHS SIKOCTI Ta MPOXYKTHBHOCTI MPOLIECY BHUPOOHHIITBA XJIiOa.
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BuxopucranHs y ckmaai TEXHOJOTIYHOI JIHIT MOAYJIB Uil JO3yBaHHSA TICTOBUX 3arOTOBOK;
BHCTOIOBAaHHS TICTOBMX HamiB(paOpHKaTiB Mepes BUIIKAHHAM; BUITIKAHHS; BUBAHTAXCHHS TOTOBHUX
BHPOOIB; MUTTs, 00 TyBaHHs Ta 3MallyBaHHS XJIIOHUX (HOPM JT03BOJISIE ABTOMATH3yBAaTH BUPOOHUUNI
MPOIIEC Ta 3MEHIIUTHU KIJIBKICTh PYYHHUX OIEpariiil.

[lpy 1©BOMY BHMKOPHCTAaHHS MEXaTPOHHOTO TEXHOJIOTIYHOTO KOMIUIEKCY 13 CHUCTeMaMu
aBTOMATHYHOT'O KOHTPOJIIO MapaMeTpiB 3amaxy, MITbHOCTI 1 pH MoOXe 3HauYHO MOKPALIUTH SKICTh
BUPOOHHMIITBA Ta MiJABHIIUTA MPOAYKTHBHICTH TPOIIECY 32 PAXyHOK BIATBOpEHHS Oe3NepepBHOTO
BUPOOHMYOTO IMKJIY HaBiTh B YMOBaX OOMEKEHOCTI MOCTa4aHHS eHeprocucteMu. lIoTyxHICTH
KOMIUIEKCY MOKHa BapilOBaTH 3a PAaXyHOK KUIBKOCTI (opM Isi BUIIKAHHS, PO3MIIICHUX Ha
IUTACTUHYACTOMY KOHBEEDI.

3anpornoHoBaHe O0JIQJHAHHS 3 IHTETPOBAHOI 1O HBHOTO CHCTEMOIO aHAI3y JO03BOJIUTH
3MiHCHIOBaTH O€3MepepBHUI MPOLEC BUITIKAHHA XJi0a K 3a TpaJAWLiHHUMHU pelenTypamH, Tak i
IHHOBAIlIMHUX COPTIB, IO 3pOOHWTH MOXKJIMBHUM PO3LIMPEHHS aCOPTUMEHTHY Ta/a00 301JIbIICHHS
MPOAYKTHBHOCTI  3aBOAY. TeXHIYHWW  pe3ysibTar, JOCSITHYTHA 3aBISKH BHUKOPUCTAHHIO
3aMporOHOBAHOI BJIOCKOHAIEHOT KOHBEEPHOT JIiHIT Al BUIMIKaHHS XJ1i0a, mossirae y 3abe3nedeHH1
0e3nepepBHOr0 BUPOOHUUIOTO TPOIIECY, aBTOMATH3AIlil BUPOOHUIITBA, ITiIBUIIIEHH] TPOAYKTUBHOCTI
Ta 3MEHIICHHI KUIBKOCTI PYYHHX OTepariil.

BucHoBku. OTpuMaHi pe3yibTaTH CBiAYaTh MPO 3HAYHWHA TOTEHLIAN BHKOPHCTAHHS
IHTETpOBaHUX TEXHOJIOTIN ISl MiABHILEHHS SKOCTI Ta KOHKYPEHTOCIIPOMOXKHOCTI XJ11000YI09HOT
MPOJYKIIIT MiJl 4ac €HepreTUYHUX OOMEXEeHb Ta BISJIOBHX BIIKIIOYEHb EIEKTPUKH. 3alpOIOHOBaHI
METOAM MOXYTh OyTH MPaKTHYHO 3aCTOCOBaHI B XapyoBiii MPOMHUCIOBOCTI, 3a0e3Meuyroun
CIOKMBAaYaM PETYJISPHUHN JTOCTYII 0 BUCOKOSIKICHUX Ta IHHOBAIlIHHKUX TPOYKTIB Xap4UyBaHHS.

L1 poboTa BiAKpHBA€E HOBI MEPCIICKTUBH JIJIS TOAABIIHX JOCITIKEHD Y TaTy31 BUPOOHHUIITBA
xJ110a, CIPSIMOBAHKUX Ha BIOCKOHAJICHHS TEXHOJIOTIYHHUX MPOIECIB Ta MOKPALEHHS SIKOCT1 MPOYKIIiT
BIJITOBIHO JI0 CyYaCHHUX CTaHIAPTIB Ta OYIKyBaHb CIIOKHBAYiB.
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Obijective. The aim of the article is to develop an innovative method for the automated control
of the flavor and aroma properties of bread during its production, with the goal of using it in existing
conveyor lines for baking molded bread. The research is focused on expanding the capabilities of
innovative automated technologies in the bakery industry and improving the quality and
competitiveness of bakery products.

Methods. The article utilizes an analysis of current technologies based on a review of
literature sources and theoretical modeling of an automated control system for the organoleptic
properties of bakery products. For conducting expert studies in the industrial production of bakery
products, it is proposed to use an innovative device for odor control — an electronic (bioelectronic)
nose. Thus, the main element of the mechatronic device for the conveyor line of molded bread baking
is determined to be an integrated sensor system for evaluating the aroma and taste qualities of the
bread.

Results. The article examines the direction of improving industrial technological lines for the
production of bakery products through the use of automation systems for production processes with
decision support subsystems based on the use of fuzzy logic methods and algorithms, which will
operate based on objective analysis of the bread production technological process in real-time. The
regularity of objective assessment of critical indicators — markers of the technological process of
bakery production — at its key stages is proposed to be ensured by using modern sensor devices to
replace traditional organoleptic assessment based on the use of human sensory organs. The
drawbacks of technological equipment for conveyor bread baking used in the domestic bakery
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industry include a large number of preparatory operations that need to be carried out manually, the
periodic nature of the bread baking process, lack of automation, and low productivity. The proposed
equipment with an integrated system for analyzing organoleptic characteristics will enable a
continuous bread baking process both for traditional recipes and innovative varieties, making it
possible to expand the assortment and/or increase the plant's productivity. The technical result
obtained from using the proposed improved conveyor line for bread baking is ensuring continuous
production, automation of the production process, increased productivity, and reduction of the
number of manually performed operations.

Keywords: bakery product, technological process, organoleptic assessment, quality control,
automation.
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RESEARCH AND OPTIMIZATION OF CONVECTION DRYING PROCESSES
OF BANANAS

Mema. Memotwo cmammi € onmumizayiss npoyecie CYWiHHi N100080080YEB0I CUPOBUHU HA
npuxiadi baHawis.

Memoou. Y pobomi 01151 00ciodHcenHss npoyecie CYuiHH OAHAHI NPU PIZHUX MeMNepamypHUx
PeACUMax, 3acmoco8aHO Memoo KOHBEKMUBHO20 CYULIHHSL.

Pe3ynomamu. 3aznaueno, wo 6azamo pizHOBUOIE NIOO0B00B0YEB0I CUPOBUHU OYIHCe ULBUOKO
8mpayae icmigHi 61acmusoCcmi uepe3 8UCOKUL BMICH 80102U: epyuli, A0yKa, abpuKocu, Ciueu, 2puou
mowo. /[na 3anobicanna empamam sAKOCmI (apomam, KOMIp, 306HIWHIU 6U2TA0, NONCUEHI
enacmugocmi) ma 30i1bUIeHHS MepMIHY 30epicanHs, 3acmoco8yi0mb PI3HOMAHIMHI Memoou,
30Kpema Cywinns, sKe € eqoeKmugHUM Memooom 0O6poOKU N1000800804e80I cuposunu. Beasxcacmucs,
Wo npu 3HeB00HEeHHI NPOOYKMU XApPHY8aAHHSA NOGUHHI 30epicamu maki Kpumepii AKocmi: Koaip,
Gopma i mexcmypa. Tomy 6axicIusuM € NOULYK ONMUMATLHUX MEMNEPAMYPHUX DENCUMIB CYUUIHHA
01A pi3HUX 6U0i6 N10006800604e60i cupoguHu. CKOHYEHMPOBAHO Y8acy HA MOMY, WO Memoou
CYWIHHS XAPHU0B0I CUPOBUHU CNPAMOBAHI HA 8ULOMOBIEHHS BUCOKOSKICHOI De3neyroi cuposunu ma
NoKpawjeHHs egpekmusHocmi 00pobKu. Y 38 43Ky 3 Yyum NPONoHyEMbCA, 3ACMOCO8Y8AMU He Jume
MpaouyitiHi Memoou CywlinHA, a U NOEOHY8amu 0esKi Memoou CYWIHHA, 3a0Jisi CKOPOYEHHs 4acy
BUCUXAHHS A 3HUINICEHHS CNOMCUBANHSA eHepaii. /[ onmumizayii npoyecié cyuinH cuposutu 0yio
NpoBeOdeHO O0CNIONCEHHS, sKe Nepeddaqano CYyWiHHA OAHAHIE 3d O0ONOMO20I0 KOHBEKMUBHO2O
Memooy, a came 6 CYWUNbHIN Wagdi 3 NPUMYCco801o KOHEeKYier. [l cyuinmua bananu 6y10 Hapizano
Ha ckubouxku moswuroio 10 um. Temnepamypa cywinus ons piznux 3paskie cmanosuna 35°C, 60°C
ma 80°C, uac cywinus oonaxosuil. Ilokazuuxamu axocmi 6y10 00pano Kpumepii: Kouip (0OHOPIOHUL
Oe3 onikie ma nowKkoodcens), opma (00Hopiona 3a obcaecom), mekcmypa (6i0HOCHO meepoa, He
Kpuxka). byno ompumano pesynomamu, sKi ceiouams, wo memnepamypa cyulinua oananie — 35°C
3aHAOMO HU3bKA, MOMY e@eKmueHicmb CYWIHHA 3HUNCYEMbCA [ NPU3800UmMs 00 OMPUMAHHA
HedocyueHux (8 ’snenux) baunanis. ¥ npoyeci cywinns danawnie npu memnepamypi 60°C ompumanu
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cyuwieHi 6aHanu, AKIi Maome Gi0N0BIOHUN 308HIWHIL 6U2lA0 (0OHOPIOHUL KOAip Oe3 onikie ma
nowkoodcens), gopmy (0onopiona 3a obcsieom), mexkcmypy (meepoa, e xkpuxka). Temnepamypa
cywinus oananie — 80°C € 3anaomo 8UCOKOI0, nosepxHesull wap 6aHAHI8 WEUOKO Cas meepouM,
Wo npuzeeno 00 3MeHueHHsA po3Mipie ma empamu coxosumocmi. Ompumani cyuieni Oananu, npu
memnepamypi cywinns 80°C, maromo He 8i0ON0BIOHUL 308HIWHIN 8U2TA0 (HEOOHOPIOHUL KONIp 3
oesaxumu onikamu), ¢opmy (HeoOHOpIOHaA 3a 00CA20M, CNOCMEPIcAEMbCS 3MEHULeHHST PO3MIDIB),
mexcmypy (meepoa, KpuxKa).

Knrouosi cnosa: xonsexmughe CywiHHs, KOMOIHOBAHI MemOOU CYUliHHs, Kpumepii sKocmi,
NOKA3HUKU AKOCMI, KOip, hopma, mekcmypa, banauu.

IToctanoBka mnpo6semu. barato pi3HOBHIIB IUIOAOBOOBOUYEBOI CHPOBHUHHU YK€ HIBHJKO
BTpaya€e CIOXKMBYI BIACTUBOCTI Y€pe3 BUCOKHMH BMICT BOJIOTH: Tpyli, sOIyKa, aOpUKOCH, CIHBH,
rpubu Tomo. Jlns 3amoOiraHHs BTpaTaM SKOCTI (apoMar, KOJIip, 30BHIIIHINA BWIJISAI, MOXHBHI
BJIACTUBOCTI) Ta 30UIBIICHHS TepMiHy 30epiraHHs, 3aCTOCOBYIOTh PI3HOMAaHITHI METOAH, 30KpemMa
CYIIIHHS, sIK€ € eEeKTUBHUM METOA0M 00pOOKH IJI0I0BOOBOYEBOI CHPOBHHHU.

BunaneHHst BoioTy i3 CHPOBHHM € HEOOXIJHMM €TarioM BUPOOHMIITBA, SKHH MPOXOAUTH 13
3aCTOCYBAaHHSM MEBHUX TEMIIEPATYpPHUX PEXKHUMIB, 110 JO3BOJISIE TPUBAIMIA Yac 30epiratu KiHLIEeBUH
IPOAYKT 0e3 MOpYIIEHHS HOro OpraHOJENTHYHUX BIIACTUBOCTEH. 3HEBOIHEHHS MPU3BOAUTH [0
3HIDKEHHSI aKTUBHOCTI OakTepiil, OpLKIKIB Ta LBUIL, 110 3anolirae NCyBaHHIO Ta MOXIIHUBOCTI
30epiraHHsi TPOJYKTY IPH TeMIeparypi HaBKOJIHMIIHBOTO cepenoBuina [1-4]. Tomy 3-momix
OCHOBHMX IIapaMeTpiB, 110 BIUIMBAIOTh HA SKICTh NPOAYKTIB, L0 MIAJATAIOTh CYIIIHHIO €
Temneparypa. Jleska pocirHHa CHPOBHHA JIy)K€ YyTIIUBA JI0 HarpiBaHH:, 00 ii IKICTh CYTTEBO MOXKeE
3HU3UTUCS, SIKIIO BOHA Oy/e MiJ1aBaTUC HAIMIPHOMY TEMIIEPATypPHOMY PEXHUMY. 3aHAATO CUIIbHE
HarpiBaHHsS MPU3BOJUTH JO TMOMIKOPKEHHS 30BHINIHBOI MIOBEPXHi, KA MOXE CTaTH AYXKE CyXOl0 B
KOPOTKHI MPOMDKOK 4acy, oOropitu abo 3aHaATo MiACMa)KUTHUCS, 0 He Oyne mpuBalIrOBaTH
crio’kuBava. ToMy SIKICTh MPOYKIIil HaOyBae Bce OLIBIIOrO 3HaYEHHs Y IPOLEC CYUIIHHS XapuOBUX
npoaykTiB. IIpu 3HEBOIHEHH] MJI0JJOBOOBOYEBA CHPOBUHA IIOBUHHA 30€piraTu Taki KpuTepii SKOCTI,
K KoJip, GopMy 1 TeKCTypy. ToMy BaKJIMBUM € JOCHIIKEHHS Ta OOIPYHTYBaHHS ONTHUMAaJIbHUX
TeMIepaTypHUX PEKUMIB CYIIIHHS.

AHaJi3 ocTaHHIX AociailkeHb Ta myOJikaniii. OcTaHHIM YacOM HAyKOBLI NPUAUISIOTH
0araTo yBaru y/JI0CKOHaJICHHIO METO/IIB CYILIIHHS MTPOJYKTIB XapuyBaHHsS. BBaxaeTbcs, 1110 CyIIHHS
3a3BHUail OnMcye Npolec BUAAICHHS BOJIOTH AJIsl OTPUMaHHS TBEpAOTo MpoAykTy. Ilepenaya eneprii
y BUIJISZI TEIJIa BiJl HABKOJIMIIHBOTO CEPEAOBHUILA /10 BOJIOTOTO TBEPJIOTO TiJIa MOKE B1JI0yBaTHCA B
pe3yabTaTi KOHBEKIIil, MPOBIAHOCTI a00 BUIPOMIHIOBAHHS, a B JIEAKUX BMIAJKaxX 1 B pe3ysbTari
No€HAHHSA Jeskux MetomiB [5]. [ edekTHBHOrO 3IifiCHEHHS MPOIECY CYIIHHS MPOAYKTIB
XapuyBaHHsS 3aCTOCOBYIOTh PI3HOMAHITHI CyIIapKM 3a CIIOCOOOM TiJBEJIEHHS TEIIOTH BOHHU
KJIacu(iKyIOCs Ha Taki BUJW CYIIIHHS: KOHBEKTHBHE, KOHTAKTHE, JTIEJICKTPUYHE, MIKPOXBUIHOBE,
cyOumimMarriifHe TomIo.

KouBek1is € HallmomuMpeHIimuM CocoOOM CYIIiHHS IUI0A0BOOBOYEBOi cupoBuHH. [lin vac
KOHBEKTHBHOT'O CYILIIHHS MONEPeAHbO 0OpOoOJIeHI OBOYI MiAJAIOThCS il rapsdoro MOBITPSHOTO
notoky 50°C-90°C [6, 7, 8]. IlpoTe mpu maHOMY METOAI CYIIIHHS 3HEBOJHEHA CHPOBHUHA Ma€
TPUBAJIMH Yac CYLIIHHS, 10 MOXE CIIPUUMHHUTH BTPATH MOXUBHUX PEUYOBHUH, & TAKOXK HEPIBHOMIpHE
BHUCHXaHHS, 110 CIPUYHMHSE OMIKM Ta MOIIKOKEHHs. Tak, Halmpukial, IMOMp € TpaIulidiHUM
POCIIMHHUM JIIKapChbKUM 3aCO00M, SIKHMI BUKOPHUCTOBYIOTH SIK NpPHUIIPaBy B PI3HUX KpaiHax CBITY.
[Ipouiec 3HEBOIHEHHS HE TIILKU MPOJIOBKYE CHPOBHHI Yac 30epiraHHs, a i 3a0e3neuye BiANOBIIHY
AKICTb 1 CMak. 3HEBOJHEHI CKHOOYKM IMOMpPY MOXYThb BHKOPHCTOBYBATHCS SK dirncu abo
nospiOHIoBaTUCS B IMOMpHUI mopomok. Tomy s 30epe’keHHsI aHTHOKCHIAaHTHUX BJIACTUBOCTEH
iMOMpY HOTo Kpallle CYIIUTH Ipy OUTBIT HU3BKUX TeMIepaTypax, 00 BUCOKI TeMIEpaTypH CYIIIHHS
MOXXYTh TPHU3BECTH A0 BTPaTH BITaMiHIB Ta MiHEpaliB, IO HEJAOMYCTUMO JUIsi JAHOTO BHIY
CHPOBHHHU. /{7151 OTpUMaHHS BHCOKOSKICHOTO BHCYILIEHOI'O MPOAYKTY NepeBara BiIA€ThCS HUKYIN
TeMITepaTypi CYIIiHHS.
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[HdpadepBoHa cymika BiIOYBAETHCS MUISTXOM BIUTMBY Ha CBIXKUH MPOAYKT €JIEKTPOMArHiTHOTO
BUIIPOMiHIOBaHHS B piama3oni jpoBxkuH xBuiab 0,8-1000 mxm. Ewnepris iHdpadepBoHOTO
BHUIIPOMIHIOBAHHS MEPEIAETHCS BiJI JDKEpENIa HarpiBy J0 MOBEPXHI 00’ €KTY CYIIIHHS, B3a€MOJIII0Y 3
BHYTPIIIHBOIO CTPYKTYpOIO CHPOBHMHH, IO CHpHUs€ 30UIBIICHHIO TEMIIEpaTypd Ta MIBHIKOCTI
BumnapoByBanHs Bojioru [7, 8]. Ilix uac npouecy IU-cymiinHs cepeoBHIIe I epeaadi eHepris Bif
JpKepena 710 IPOAYKTIB XapuyBaHHs HE MOTpiOHe.

MiKpOXBUIILOBE 1 paaio4acTOTHE CYIIHHS BIIHOCATH O Ji€JIEKTpUYHOro cymriHHs. [Iporec
HarpiBy MOJISrae y B3a€MOJil MIX €JIEKTPOMArHiTHUM IIOJIEM, SIKE CTBOPIOETHCS PaaioyacTOTHUM
TCHEePAaTOPOM 1 MOJICKYJIIPHHUMH BOJIH, IO MICTATHCS y MPOAYKTi. Bosia B 0BOYEBIiif CHPOBHHI 4acToO
€ OCHOBHUM KOMITOHEHTOM, SIKWH BiJIIIOBIZa€ 3a JieNeKTpUYHE HAarpiBaHH/CYIIiHHS, OCKUIBKY € BiJ
pUPOIH OIMOJIAPHA, BOHA HATPIBAETHCS, 1110 TIPU3BOIUTH 10 BUMAapoByBaHHs [7, 8]. YV mockoHaIeHHS
METOMIB CYLIiHHS Xap4yoBOi CHPOBHMHHU CIPSMOBaHI Ha BHTOTOBJICHHS BHCOKOSKICHOI Oe3medHoi
CUPOBHHHM Ta TMOKpameHHs e(eKTUBHOCTI 00poOku. ToMy OCTaHHIM YacoM HIPOIOHYETHCS
MOEAHAHHS ACSKUX METOMIB CYIIiHHS, 33]U11 CKOPOUEHHS Yacy BUCHXaHHS Ta 3HUKCHHS CIIO’KUBAHHS
eHeprii 30epirarouu Ipu IIbOMY BHCOKY SKICTh MPOAYyKIii. Po3risiHemMo neski koMOiHOBaHI METOAH
CYUIIHHS, SIKi 3aCTOCOBYIOTBHCS Y Xap40BOMY BHPOOHUITBI (Tabm. 1).

Ta6auus 1 — KomOGiHOBaHI MEeTOIM CyIIiHHS
Kom6iHOBaHI MeTOIU CYIITIHHS XapakTepucTruka
IToenHaHHSA KOHBEKTUBHOI CYIIKH 3 [Ipu3BOaUTE A0 OTPUMAaHHA WPOAYKTIB Kpamiol
BaKyyMHO-MIKPOXBHIBLOBOIO CYIITKOIO SKOCTI TPU MEHIIIN BapTOCTI MpoleCy, a TaKOX
MEHIIIOMY €HEprocIoKuBaHHi [7, 8]
[Noenuanns [Y-BunpomiHIOBaHHS 3 [To3UTHBHO BIUIMBAE Ha SIKICTh CYIIEHOI CHPOBUHH
cyOniMaliifHUM CYIITHHSAM Ta Ma€ BEIMKUN TMOTEHLIal y TMPOMHUCIOBOMY
3aCTOCYBaHHI, 00 cyOJiMalliifHe CYIIiHHS € JOCHUTh
MOBUIBHUM 1 4aCTO MaJONPOAYKTUBHUM IPOLIECOM

[8,10]
IToeananHs iHppauepBOHOTO Ta [Ipuckoproe mpouec cyuiiHHA 3a paxyHok [Y-
BaKyyMHOI'O CYIIIIHHSI CHPOBUHU BUIIPOMIHIOBAHHSI Ta OTPUMAaHHS CUPOBUHU BHUCOKOT

SKOCTI, 3aCTOCOBYIOUM BaKyyMHE CYIIiHHS, SKe
YMOJKJIMBIIIOE JIOCYIITYBAaHHS MPOJYKTH Yepe3 OIbII
HU3BbKY TeMIeparypy cyinssi [7, 9]

[Toennanus [Y-BunpomiHiOBaHHS Ta EdexTuBHMI 1 MBUAKUNA METOJ CYUIIHHS, Mae
KOHBEKTHBHOI'O CYIIIHHS BUCOKY SIKICTh BHUCYIICHHX MPOAYKTIB, 3MEHIICHHS
qacy CYIIIHHS, 3HMDKEHHsS CIIOKMBaHHS eHeprii Ta
iABHINEHHs eHeproedextuBHocTi [7, 8, 9]
[ToennanHs BakyyMHO- € nocuTh €PEeKTUBHUM METOJIOM, OCKUIBKU IPOIEC
MIKPOXBHJIBOBOTO CYILIIHHS neperdayae  BUKOPHCTAHHS  BaKyyMy,  SIKHH
3a0e3neyye IMIBUJIKUM MacooOMIH 1  HU3BKY
TEeMIeparypy B TMO€IHAHHI 3 MiKpPOXBUIbOBUM
HarpiBaHHSM, IIO CIPHIE MPHCKOPEHHIO Nepeaadi
TerToBoi eneprii [7, 8, 10]

SIkicTh mpoayKuii HaOyBae Bce OLIBIIOrO 3HAUEHHS Y IPOIIECi CYIIIHHS XapuOBHX MPOAYKTIB.
[Ipu 3HEBOJHEHH] MPOIYKTH XapyyBaHHs MOBUHHI 30epiratu Taki Kputepii sSKocTi: Kouip, Gpopma i
TEKCTypa. TOMY BaXJIMBUM € MOMIYK ONTHUMAJIbHUX TEMIIEPATYpPHUX PEXHUMIB CYIIIHHS JJIS PI3HUX
BUJIIB TJI0JTOBOOBOYEBOI CHPOBHHH.

Meta crarTi — ONTHMI3allis MPOLECIB CYLIiHHS IMJI0JOBOOBOYEBOI CHPOBHHU Ha MPUKIIAMIL
OaHaHIB.

BukJjaa ocHOBHOro martepiajy aociigxenHs. Komip € o1HUM 3 HalTONIOBHIIIUX KPUTEPIiB
SIKOCTI, 1110 OI[IHIOETHCS CITOKMBAYaMHU, SIKi MAlOTh MEBHI OYIKyBaHHS 11010 SKOCTI MPOAYKTY,
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0COOJIMBO 30BHIIIHBOTO BUTIIALY, OO0 CXWIBHI JO acolliamiii KoJapopy Ta HOro Bi3yaJIbHHX
BJIacTUBOCTEH 31 cMakoM. Tomy koiip i opMa BBaXKatOTHCS OCHOBHUMHU KPHUTEPISIMH CHIPURHATTS
TOTOBOTO MPOIYyKTy [7]. He MeHII BaroMuMm KpHUTEpieEM € TEKCTypa, sika Ma€ BiATOBIAATH NEBHUM
BHMOTaM SKOCTi, a caMe OyTH He3aHaJTO TBEPJO0, OJHOPIIHOIO MO BCIH MIACTHUHI, KPUXKOIO MPH
MEXaHIYHOMY BIUTUBI. J[JIs1 orrTHMI3arlii mpoIieciB CyIIiHHS CHPOBUHU OYJIO TIPOBEICHO TOCIIIIPKEHHS,
sKe rependavyano CymiHHS OaHaHIB 32 JOIMIOMOIOK KOHBEKTHBHOTO METONY, a caMe B CYIIMJIbHIH
madi 3 MPUMYCOBOIO KOHBEKITi€t0. s cymniHasa 6aHanu 0yJio Hapi3aHO Ha CKUOOYKH TOBITMHOIO 10
mM. Temmieparypa cymrinHs s pisHEX 3pa3kiB craHoBmwia 35°C, 60°C ta 80°C, yac cyuriHHS i
BCiX 3pa3kiB OyB ogHakoBui. [lokazHukamu sIKOCTI OyJio 0OpaHO KpuTepii: Kouip (ogHOpiaHUI Oe3
OINIKIB Ta MOIIKOKEHB); (hopma (0gHOpinHA 32 00CATOM), TEKCTYpa (BIITHOCHO TBEP/A, HE KPUXKA).
PosrasiHeMo oTpuMaHi SIKiCHI TOKa3HUKHU CYIICHUX OaHaHIB, 3HEBOJIHEHHX 3a Pi3HO1 TEMIIEpPaTypH.

[epmmii nocnia nepeabayvas cyminHs OaHaHiB pu Temnepatypi 35°C, puc. 1. Sk Binomo, Taxi
napaMeTpH, K TeMIepaTypa Ta IIBHJKICTh MOBITPSHOTO IOTOKY MOXXHa PErYyJIIOBaTH y HpoIieci
CYIIIHHS, a 0T>Ke KOJIip 1 popma MOKyTh 30epiratucst B JOMyCTUMHUX MEXax Iicisl BUCUXaHHS. Ko
TeMIieparypa 3aHa/ITO HU3bKa, EPEKTUBHICTb CYIIIHHS 3HIKYETHCS 1 MOXKE IPU3BECTH JI0 OTPUMAHHS
IpoAyKIii HU3BKOI sikocTi. Tak, y mpomeci CymiHHI IpW TaKUX HHU3BKUX TeMmImeparypax Oyio
OTPHUMAHO B’siJIcH1 OaHaHMU.

Konip dopma Texcrypa

O SIkicHo npocyeni Gananu B Henocymeni (B'suieni) 6ananu ‘

Pucynoxk 1 — IlopiBHSHHS KpUTEPIiB IKOCTI HEAOCYIIEHUX (B’ sUIEHUX) OaHaHIB
3 SIKICHO NIPOCYILIEHOI CUPOBUHOIO

Hpyruil pocnig nepenbaudaB cymiiHHSA OaHaHiB npu Temmepatypi 60°C, puc. 2. Otpumani
cylieHi OaHaHuW, npu Temmeparypi cyuriHHa 60°C, MaroTh BIANOBIAHUN 3O0BHILIHIM BHIJIA]
(omHOp1AHMI KOip O€3 OMIKIB Ta MOIIKOKEHb), popMy (OAHOPIAHA 32 00CATOM), TEKCTYPY (TBEpAa,
HE KpUXKa).

Tperiit gocmin nependauaB cynrinag 6anaiB npu temmneparypi 80°C, puc. 3. Temneparypa
cymiHHsa OanaHiB rpu 80°C € 3aHaATO BHUCOKOIO, 0O MOBEPXHEBHI IIap CUPOBHHHU IIBUAKO CTaB
TBEPJUM 1 II€ TIPU3BETIO JI0 ACSIKOTO 3MEHIIIEHHS PO3MIPIB CKHOOYOK, BTPATH MOKUBHUX PEUOBUH Ta
cokoBuTOCTI. CriocTepiraerbcsi 3MIIIHEHHS 30BHILIIHBOTO IMIAPy HPOAYKTY, IO MPU3BOAUTH JI0
MIEPECYIICHHS Ta HaBiTh JESKOro MOTEMHIHHS B cepeauHl OaHaHIB, [0 € HENPUUHATHUMH JUIS
CMOKHMBAHHS.
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Konip dopma Texcrypa

B ixicuo npocyueHi 6aHaHK .CyumHi GaHaHU

Pucynoxk 2 — [TopiBHSHHS KpUTEPiiB SKOCTI SKICHO MPOCYIICHOT CHPOBUHH

Otpumani cymeni OaHanu, npu Temmeparypi cyminHs 80°C, MarOThb HE BiJIOBITHHMA
30BHIIIHINA BUIIISAA (HEOAHOPITHUM KOMIp 3 A€IKMMU OIiKaMu), popMy (HEOZHOpiHA 32 00CAroM,
CIIOCTEPITAETHCS JeSIKE 3MEHIICHHS PO3MIpIB), TEKCTYPY (TBEpAa, KPUXKa).

il

Komip Dopma TekcTypa

DO sIkicHo npocyuieHi GaHaHu BTlepecyweni 6anann

Pucynok 3 — [TopiBHSHHS KpUTEPIiB AKOCTI EpeCylICHUX OaHaHIB
3 SIKICHO TIPOCYIIIEHOK0 CHPOBUHOIO

3pa3ku cylmeHnx O0aHaHiB MPHU PI3HUX TeMIIepaTypax MpeACcTaBiIeHO Ha puc. 4.

Pucynok 4 — 3pa3ku cynieHux 0aHaHIB IPH PI3HUX TeMIIepaTypax
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Otxe, I ONTHMI3AI] MPOIECIB CYIIIHHS CHUPOBUHHU OYJIO MPOBEICHO IOCIHIKEHHS, SIKEe
nepenbdavano CyriHHA OaHaHIB 3a JOTIOMOT0I0 KOHBEKTUBHOTO METO/TY, a CaMe B CyIIMIIbHIN madi 3
MIPUMYCOBOIO KOHBeKIli€t0. st cyminasg 6ananu Oyio Hapi3aHO Ha CKMOOYKH TOBIIMHOKO 10 mMMm.
Temmeparypa cymmiass AJis pisHux 3paskiB cranoBuia 35°C, 60°C ta 80°C, yac cymIiHHS OJJHAKOBUH.
[Toka3znukamu sKocTi Oyj0 0OpaHO KpuUTepii: Kojip (OAHOPiAHUK Oe3 OMiKiB Ta MOIIKOJKEHB);
dbopma (omHOpimHA 3a 00CSITOM), TEeKCTypa (BIIHOCHO TBepJa, HE Kpuxka). bymo oTpumano
pe3yibTaTH, SKi CBiUaTh, IO TeMIeparypa cymiHHsS OaHaHiB — 35°C 3aHaaTO HU3bKA, TOMY
e(EeKTUBHICTH CYIIIHHS 3HIXKYETHCS 1 TPU3BOAUTH 0 OTPUMAHHS HETOCYIIEHHX (B’ sIeHNX ) OaHaHIB.
VY mnponeci cyminHs OaHaHiB mpu Temrepatypi 60°C oTpumanu cymieHi OaHaHM, SKI MarOTh
BiJIMOBITHUH 30BHILITHIIM BUTIISA] (OHOPIIHUHN KOJIip O€3 OIMIKIiB Ta MOLIKOIKEHB), hopmy (oHOpITHA
3a 00csroM), TeKCTypy (TBepaa, He Kpuxka). Temmeparypa cymiinHa OanaHiB — 80°C € 3aHanTo
BHCOKOI0, TIOBEPXHEBHIA Iap OaHaHIB MIBUIKO CTaB TBEPAMM, 1110 IPU3BEIO A0 3MEHILICHHS PO3MipiB
Ta BTpaTu COKOBUTOCTI. OTpuMaHi cymieHi 6ananu, npu Temneparypi cymrinas 80°C, MarTh HE
BiJIIIOBITHUI 30BHIIIHIN BUTIISA] (HEOAHOPITHUHA KOJIP 3 ACIKUMHU OIiKaMu), GopMy (HEOTHOPIIHY
3a 00CATOM, CIIOCTEPIraeThCsl 3MEHIICHHS PO3MIpIB), TEKCTYPY (TBEpia, KPHUXKA).

BucHoBku. 3a3HadyeHO, MO0 0arato pi3HOBUIIB IUIOAOBOOBOYEBOI CHPOBHHH JYXE IIBHIKO
BTpayae iCTiBHI BJIAaCTUBOCTI Yepe3 BUCOKHUI BMICT BOJIOTH: TPy, si0IyKa, aOpUKOCH, CIIUBU, TPUOH
tomro. Jyist 3armo0iranHs BTpaTam sIKOCTi (apoMaT, KOJIip, 30BHIIIHINA BUTIISL, TOKUBHI BIACTHBOCT1)
Ta 30UIbIICHHS TepMiHY 30€piraHHs, 3aCTOCOBYIOTh PI3HOMaHITHI METOU, 30KpeMa CYIIIHHS, SKE €
e(pEeKTUBHIM METOJIOM 00pOOKH III0/TOBOOBOYEBOI CHpOBUHH. ToMy sIKicTh mpoaykuii HaOyBae Bce
OUIBLIOr0 3HAYEHHS B MPOLEC] CYIIIHHA XapuyoBUX NpPOAYKTiB. [Ipu 3HEBOIHEHHI MPOIYKTH
XapuyBaHHS MOBUHHI 30epiratu Taki KpuTepii SKOCTi: Kouip, popma i Tekctypa. ToMy BaKIMBHM €
MOIIYK ONTUMAJIbHUX TEMIEPATYpPHUX PEKHUMIB CYIIIHHA AN PI3HUX BHJIIB IUIOAOBOOBOYEBOI
CHPOBHHH.

CKOHIIEHTPOBAaHO yBary Ha TOMY, IO METOJU CYIIIHHSA XapyoBOi CUPOBHHH CIIPSIMOBaHI Ha
BUTOTOBJICHHSI BUCOKOSIKICHOT O€311eYHOi CHPOBUHU Ta MOKpaIIeHHs edeKTUBHOCTI 00poOku. Tomy
OCTaHHIM YacOM TIPOTIOHYETHCS TOETHAHHS IESKMX METOJMIB CYIIHHSA, 315l CKOPOUYEHHS Yacy
BHUCUXaHHS Ta 3HW)KEHHS CIIO’KMBAHHS €Heprii 30epiratouu mpu 1ibOMy BUCOKY SIKICTh IPOIYKIIii.

JUia onTuMmizanii MpoIEciB CYUIIHHS CHUPOBUHHU OyJl0 TPOBEACHO JOCHIDKEHHS, SKe
nepeadavano CynriHHg GaHaHIB 3a JOTIOMOI0I0 KOHBEKTUBHOT'O METOJTy, a CaMe B CYLIMJIbHIHN madi 3
MIPUMYCOBOIO KOHBEKII€r0. [l cymiHHa OaHaHu Oyso Hapi3aHO Ha CKMOOYKHM TOBLIMHOIO 10 MM.
Temmnepatypa cymiHHs 11 pi3HUX 3pa3kiB ctaHoBuiIa 35°C, 60°C ta 80°C, yac CyIIiHHS OJHAKOBUH.
[Toxa3Hukamu sIKOCTI Oyn0 oOpaHO KpuTepii: Komip (OAHOPiAHMK Oe3 OMIKIB Ta MOUIKOJKEHb);
¢dopma (onHOpiaHa 3a 00cAroM), TekcTypa (BIIHOCHO TBepAa, HE Kpuxka). byno orpumano
pe3ynbTaTH, SKI CBiAYaTh, 110 TemrmepaTypa cyuliHHS OaHaHiB — 35°C 3aHaaToO HHU3bKA, TOMY
e(EeKTUBHICTb CYILIIHHS 3HM)KYETHCS 1 NPU3BOJAUTH JI0 OTPUMAaHHS HEIOCYLIEHOI CHUPOBHHHU. Y
mpoueci cymiHHg OaHaHiB mpu Temreparypi 60°C oTpumanu cyuieHi OaHaHM, SIKI MAaroTh
BiJIMOBITHWH 30BHIIIHII BUTIIA] (OHOPIIHUHN KOJIip O3 OMiKiB Ta MOUIKOIKEHB), hopmy (0THOpITHA
3a 00csrom), TeKcTypy (TBepaa, He Kpuxka). Temmneparypa cymrinHs 6ananiB — 80°C € 3aHaaTo
BHCOKOI0, TOBEPXHEBUH 11ap OaHaHIB MIBUKO CTaB TBEPAUM, 1110 MPU3BEIIO IO 3MEHILIEHHS pO3MIpiB
Ta BTpaTW COKOBUTOCTI. OTpuMaHi cymieHi 6aHaHu, nmpu Temmneparypi cyminHs 80°C, mMaioTh He
BI/IMOBITHUI 30BHINIHIN BUTIIA (HEOIHOPITHHUIA KOJIIP 3 ACSIKUMH omikamu), hopmy (HEomTHOpiAHA
3a 00CSITOM, CIIOCTEPIraeThCsl 3MEHIIEHHS PO3MIpIB), TEKCTYPY (TBEpAa, 3aHAATO KPUXKA).
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Objective. The purpose of the article is to optimize the drying processes of fruit and vegetable
raw materials using bananas as an example.
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Methods. In this work, the convective drying method was used to study the processes of drying
bananas at different temperature conditions.

Results. It has been noted that many varieties of fruit and vegetable raw materials very quickly
lose their edible properties due to high moisture content: pears, apples, apricots, plums, mushrooms,
etc. To prevent loss of quality (aroma, color, appearance, nutritional properties) and increase shelf
life, various methods are used, in particular drying, which is an effective method for processing fruit
and vegetable raw materials. It is believed that when dehydrated, products must retain the following
quality criteria: color, shape and texture. Therefore, it is important to search for optimal drying
temperature conditions for various types of fruit and vegetable raw materials. Attention is focused on
the fact that methods of drying food raw materials are aimed at producing high-quality safe raw
materials and improving processing efficiency. In this regard, it is proposed to use non-cast
traditional drying methods, but also combine some drying methods to reduce drying time and reduce
energy consumption. To optimize the drying processes of raw materials, a study was conducted that
involved drying bananas using the convective method, namely in a forced convection drying cabinet.
For drying, bananas were cut into 10 mm thick slices. The drying temperature for different samples
was 35°C, 60°C and 80°C, and the drying time was the same. The following criteria were chosen as
quality indicators: color (uniform without burns or damage); shape (uniform in volume), texture
(relatively hard, not brittle). Results were obtained indicating that the banana drying temperature of
35°C is too low, so the drying efficiency is reduced and leads to under-dried raw materials. In the
process of drying bananas at a temperature of 60°C, dried bananas were obtained that had the
appropriate appearance (uniform color without burns or damage), shape (uniform in volume), texture
(hard, not brittle). The banana drying temperature of 80°C is too high; the surface layer of bananas
quickly became hard, which led to a decrease in size and loss of juiciness. The resulting dried bananas
at a drying temperature of 80°C have an inappropriate appearance (inhomogeneous color with some
burns), shape (inhomogeneous in volume, a decrease in size is observed), and texture (hard, too
brittle).

Key words: convective drying, combined drying methods, quality criteria, quality indicators,
color, shape, texture, bananas.
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SELECTION OF TECHNOLOGY FOR ENRICHING ALUMINOSILICATES
TO OBTAIN AN EFFECTIVE ADSORBENT

Mema. Memorwo cmammi € nposedenHs ananisy npoyecie ma cnocooie 3oazavenHs OiN0i 2iuHU
(kaoniny), axa 0OyOe NOMIM BUKOPUCMOBYBAMUCA 6 SAKOCMI BUCOKOSAKICHO20 adcopbenma O
OUUWEHHSI POCTUHHUX O, a MAKONC BUABLEHHSA HAUOLIbUL epeKmusHo2o y 6CiX HANPAMKAX
ompuUMano2o pe3yrbmamy. Y nooanvuiomy susHauumu subip OnmMuMaibHoi mexHono2ii 30azauenti 6
YeH3l onmumizayii mumyacosux SUMpAm  4Acy, CUPOBGUHU, CYNYMHIX Mamepialie ma
eHepzoepexmusHocmi npu 00CACHEHHI MAKCUMATbHO20 DANCAHO20 OMPUMAHO20 epeKm) .

Memoou. 11i0 yac nposedenns 00CioxHCeHHs npoyecis 30azayents 0inoi enunu (Kaoainy) 6yau
3ACMOCOBAHT  eKCNepUMEHMANbHI  ma  aHalimuuui memoou oocnioxcenHs. IIposedeno pso
eKCnepuMenmie, OMpPUMAHO OeKiIbKa XIMIYHUX ma QI3UYHUX aHATI3I68 BUNYYEHUX 3PA3KI6.
IIpoananizosano KinvKicms iCHyIOUUX CNOCO0I8 30a2auenHs CUpOSUHU Ma 8UOIp ONMUMATbHOT 0l
yvoco mexuonoeii. Taxodxc 6 pobomi Haoani pexomeHOAYii NO OOYLILHOMY BUKOPUCMAHHIO 5K
MEeXHON02I MaK i OMPUMAHO20 NPOOYKMY.

Pesynomamu. B sxocmi 00’ekma 0ocniodcenHs 0OpauHi ATIOMOCUNIKAMHI adcopbenmu
(KAONIHOBI 2NUHU) 0N OUUWEHHS POCIUHHUX Oaill. Byno pozensinymo KinbKa CyuacHux icHylOuux
MexHoN02il 30a2a4uenHs. KaoniHy ma NnoKa3aHo 6Nniue KONXCHOI HA NIOSUWEHHs NUMOMOI NOGEepPXHi
OMPUMAHUX 3DA3KIB, NPU YbOMY 8PAX08AHT MAMEPIANbHI, eHepeemUyHi gumpamu ma cooisapmicmo
KiHYe020 npodykmy. Bucoxuii pisenb numomoi nosepxui € 0OHUM i3 20JI06HUX YUHHUKOM 8 NPOYecax
aocopbuyii. Aocopbyitini xapaxmepucmuku 36az2ayeHoi opm 2auH GUBYANU WLIAXOM NOOYO08U
i3omepm aocopbyii Himpamie KoOAIbMY, GUKOPUCTOBYIOUU MemoO 3MIHHUX KOHYEHmpayiu y
cmamuyHux ymoeax. bynu nposedeni nabopamopni docniodxcenns ompumanux spaskis. Ilomiv oyna
8UbpaHa ma peKoMeHO008aHA HAUONMUMATbHIUA MEeXHONO02IsA 30a2a4y8ants, KA € eheKmuHoIo 3
MOUKU 30py Huacy, eHepzoepeKmueHocmi ma AKocmi npooykmy. [locniodxceno, wo Haukpauyi
NOKA3HUKU MAE 3pA30K NOOBILIHO20 807102020 30a2a4y8aHHs.

Knrouoei cnosa: xaonin, 6ina enuna aocopberm, antomMocuilikam, noosiline 80102e 30a2a4enns,
aocopOYItiHI Xapakxmepucmuku, NUMoma no8epxts, izomepmu copoyii, Himpamu KoOaIbMY.
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IloctanoBka mnpoOjemMu. MaOyTh, HaWBaKIWBIIIMM HEIOJIKOM POCIWHHHUX OJiH, M0
BUTOTOBJISIIOTHCSI HA MallUX MPECax, € HAsIBHICTh BUCOKOTO BMICTY PEYOBHH, HAsIBHICTD SIKUX BKpan
HebakaHa.

[IpuunHa mosiAira€e B HACTYITHOMY: MaJIOTOHHAXHI MPECOBIi JIiHIi, KUIBKICTh SIKUX KacTeT 3
KO’KHUM POKOM, HE MaroTh OOJIaJJHaHHS, 10 J103BOJIs€ €()eKTUBHO BIJOKPEMIIIOBATH «HACIHHS B1J
KYKUTb» 1 TOMY CHpPOBHMHA JUIS BIIDKUMY MPAKTHYHO Taka X SK BHXiJHEe HaciHHA. OTpumani omii
MICTSTh TECTUIUIAN, TOJSAPHI Ta HEOMWIIOBAHI JIMUIAM, BAKKI METalW Ta IHIII BKpall HeOakaHi
CTIOJIYKH, SIK1 Hagasi npu 30epiraHti CpUstoTh TiAPOIITHYHUM Ta OKHCIIOBAIEHUM IPOLIECAM.

Haii6inb1n kapIMHAIEHUM CIIOCOOOM OYMINEHHS OJIil — 1e KitacuuHa padinaris. Llei mpoiec
BKJIIOYA€E Taki omepamii siK Tigparallisi, BAMOPOXKYBaHHs, HEHTpamizallis, MPOMUBAHHSI, CYLIiHHS,
BiIOUTIOBaHHS 1, 3BUYAHO, Ae3oi0pallis Macia. Ha jkanb, Ha MaJOTOHHOKHHUX JIHISAX TIPOIEC
padiHalii npocTo He peHTa0eTbHUH.

[lepcnekTHBHUM CIOCOOOM O4YMIIEHHS Hepa(iHOBAaHMX Macesl € JI0/JaBaHHS, PO3BEJEHI
OpTaHIYHUM PO3YMHHUKOM Maciia, pi3HUX COPOCHTIB.

Oxpeme MmicIie y CrUcKy COpOEHTIB 3aiiMalOTh TJIMHH 1 OCh YOMY BOHH €KOJIOT14H1, HEAOPOTi 1
HUMH Taka Oarata Ykpaina. HameBHo, HaliBaXJIMBIIIMM 3aBJaHHSAM JIJISI TEXHOJIOTIB € 301IbIICHHS
COpOLIIHOI 31aTHOCTI altOMOCHIIKaTIB. ICHye pi3Hi pilmieHHS mpoOsieMu SK BOASHE 30aradeHHs
(MOKpe), cyxe y BUXPOBOMY Ceraparopi Ta iH.

Mu cnpobyemo posibpaTucst y nepeBarax Ta Helosikax Oi10i INIMHU, OTPUMAHOi Pi3HUMU
criocobamu 30arayeHHsI.

AHaJi3 oCTaHHIX JocailKeHb Ta nmyOJuikauniil. 30arauyeHHs INIMHUCTOI CUPOBHUHU CIIPUSIE
ctabimizamii ckJIagy Ta TEXHOJOTIYHMX BJIACTUBOCTEH Mac, MiJBUIIYE SKICTb BHUPOOIB Ta
MPOAYKTHUBHICTh OOJIaJJHAHHS, 3HIKYE TpaHC(HEpPTHI BUTPATH, IOKPAILIy€e TEXHIKO-€KOHOMIiUHi
MOKa3HUKH BUPOOHMIITBA.

[Tpu MmokpoMy mporieci 30aradyeHHs KaoJiHiB BiIOYBA€ThCS BUIIJICHHS TOJIOBHOTO KOMITOHEHTA
- KAOJIHITY, PEeTeIbHO OYMILEHOI0 BiJl PI3HUX 3€PHUCTHX JOMIIIOK Ta OKCUAIB, 10 (apOyroTh.
[IpupoaHuii KaodiH BUIJISAAE SK MOMIMIHEpalIbHA CyMIIll, IO CKJIAJA€ThCS 3 KAOJIHITY, HOJbOBUX
IIMATiB, CIIOAU, KBapIly, 3a/1i30- Ta TATAHOBMICHHUX CIIOJIYK, IPHYOMY PO3Mip KBapLUTIB, OJIHOBOTO
HITIaTy Ta CIIOJIA Ha MOPSIIOK MEPEBUIIYE PO3MIp YaCTUHOK KaoJiHITy. Ha 111 OiabI-MeHIT pi3HUII
y po3Mipax i Maci YaCTHHOK 3aCHOBaHHUI METOJI 30aradeHHs KaoJliHOBUX TTHH [1].

[Ipu MokpoMy crioco6i moaApiOHEHHH KaoJliH pPO3IMyCKaloTh y MilIajdKa y BOJI IpHU J10AaBaHHI
eJIEKTPONITIB. ENeKTposiTé 1HTEHCH(]iKYIOTh THpolec 30aradeHHs, CHPUAIOTH IiJABHMILIEHHIO
IIUIBHOCTI CYCNEH31i KaoJIIHOBOI MpH LbOMY BUTPATH BOJAM 3MEHUIYIOThCS B KiJIbKa pasiB,
BJJOCKOHAJIIOIOTh YMOBH TPOLIECY BiJJIIJIEHHS] YaCTMHOK TJIMHU BiJl pi3HUX JOMIIIOK. BinOyBaeThes
OCaKEHHSI MICKY Ta IHIIMX KaM'SHUCTHX JOMIIIOK. 3 KOMHCTOK 3JIMBAIOTh CYCIIEH31I0 B €MHOCTI
yepe3 CITyCKHUH OTBIp, AKMH 3HAXOIUTHCS TPOXHU BHILE HU3Y MILLIAJIKH 3 YpaXyBaHHSIM BUCOTH OCaly
YY)KOPIIHUX BaXKKUX YAaCTUHOK. Y 1l €MHOCTI JOJal0Th KOAryJsTOpu (BamHSHE MOJIOKO,
MoJIiaKpuiIaMiJl Ta iH.) JUISL YKPYIHEHHS KaOoJiHITOBMX YaCTHMHOK. Jlani CycmeHsito miJi THCKOM
MOJIAIOTh 70 (PUIBTP-TPECiB, B SIKUX 3/A1HCHIOEThCS HETIOBHE 3HEBOJHEHHS cycneHsii (mpu Tucky 10
6ap 1 mpotsiroM 45-60 xB). [ToTiM KOp:ki MOAPIOHIOIOTH Ta HAIIPABIISIIOTH /10 CYHIIHHS. Temneparypa
TETJIOHOCISI Ha BXOJIl B CyIIMIIbHY KaMmepy He Buie -120 °C. Bucynienuii KaoiiH TapyioTh Y MIIIKH
Ta BIIPABIISAIOTH Ha 30epiraTucs Ha ckian [2, 3].

OCHOBHHUI HENOJNIK IBOIO CIOCOOY NMPH BUKOPUCTaHHI B SIKOCTI KOAryjisTopa BaIllHSHOTO
MOJIOKA - CKJIQJIHICTh OTPUMAaHHS KAOJIIHY 31 CTa0lTbHUMH BIIACTUBOCTSIMH, Y€pe3 10 MOXKE CTATUCS
MOTipIICHHS JIMBAPHUX BJIACTUBOCTEH HITiIKepa Ta (popMyBabHUX BIACTUBOCTEH Mac.

[Ipn cyxomy croco0i KaomiH-CUpellb MPOXOAUTH CYIIIHHSA B CYIIWIbHOMY OapabaHi Mpu
temneparypi 800-850 °C mpotsirom 40-45 xB g0 3amumkoBoi Bosorocti 0,7-0,8%. Bucymenwii
KAaoJiH MiAJal0Th TOHKOMY MOMENy B HEHTpU(]YraJbHUX MIIMHAX, a MOTIM MPOMYCKAIOTh Yepes
MOBITPSIHI cenapaTopH 1 IUKIOHH.

[Ipu cyxomy crnoco0i KaoiH-CHpEelh MPOXOAUTHME CYIIIHHS B CYIIMJIBHOMY OapabaHi mpu
temneparypi 800-850 °C mpotsrom 40-45 xB mo 3anumikoBoi Bosorocti 0,7-0,8%. Bucymenwii
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KaoJIiH MiAMal0Th TOHKOMY TIOMENYy B HEHTPpU(]YraJbHUX MIIMHAX, a MOTIM MIPOITYCKAaOTh 4Yepe3
MOBITPsHI cemaparopu Ta HUKIOHU. Dpaxmii po3mipom Menme 0,3 MM BHHOCATBCS 3 MIIMHA
MOBITPSIHUM TTOTOKOM, OUTBIIN YaCTMHKH BHUJIAJSIOTHCS 4Yepe3 pO3BaHTAKYBAJIbHHUKA OTBIp. TOHIHY
MIOMEJTY PETYJIOI0Th IBU/KICTIO MOBITPSHOTO MOTOKY. OUHUIEHHS MOBITPSHOTO MOTOKY Bl APIOHUX
YaCTUHOK, IO HE BJIOBJIOIOTHCS B CEMapaTropax, IPOXOJUTh Y PYKaBHUX, €IEKTPUUYHUX (LIbTpax,
EJIEKTPUYHHUX a00 MUI00CAKYBATIbHIX KaMepax.

Cyxwuii crioci0 30araueHHs KaomiHy 3a0e3neuye purydeHHs 80-82% minaMX (pakiiiii i3 cuporo
Kaostiny. 1oro BUKOPUCTOBYIOTH TIpM 30arayeHHi KAONIHIB i IVIMH, IO MIiCTATh KPYHHO3EPHMCTI
JIOMIIIKH.

Cyxwuii cioci6 30araueHHs KaoJliHiB MpocTiie Mokporo. OHaK 0 HEJOMIKIB IOTO CIIOCO0Y
CII/I BIIHECTH 3HIKCHHS SKOCTI KAOJIHY 332 PaXyHOK BHUIQJICHHS 3 HbOTO HAMI[IHHINIO!T TOHKOI
¢pakuii, sKy HE BIA€TbCA BJIOBUTH IiJl Yac MNOBITpsAHOI Kiacudikamii. B pesynbrari 1mporo
3HIKYETHCS TUTACTHYHICTH Ta CIIOJIyYHA 31aTHICTh TIMHUCTUX MaTepiais [3, 4, 5]

Mera crarTi — TpoBeneHHS aHami3y TporeciB 30aradyBaHHS OLT01 TIMHH, SIKi
BUKOPUCTOBYIOTBCSL JJII OUYMCTKHU OJIi, a TaKoX BUSBICHHS HaWOUIbII e(EeKTUBHUX Ta
€HEePToOIaTHIX CIIOCO0IB OTPUMAaHHS WX aJICOPOCHTIB.

Bukiaag ocHoBHOro Martepiany gociigxkeHb. Sk OCHOBHMI 00 €KT JIOCIHIIKCHHS
BUKOPUCTOBYBaIM Oiny ruHY (kaoiiH) BomHoBachkoro popoBuina 30aradyeHy Ha BUPOOHUYHX
notyxHocTsix TOB «ITPAJIO» micto KpuBuii Pir. B excriepuMeHTi B3siu MPUPOAHY, 30aradeHy
CYyXHM 1 MOKpPHM criocoOoM Oilly TJIMHY, a TaKOXX KaolliH, 110 MPOUIIOB BTOPUHHE 30arayeHHs. Y
HEHTPi METPOJIOTii OyJIO MPOBENCHO HMU3KY aHAJi3iB, pe3yJbTaTH SKUX IMPEACTaBleHI y TaOim. 1,
Tabsn. 2.

Ta6auuns 1 — Pe3ynbratu 10CTIKSHHS

o . Cyxe Boutore Iloxsiiine
HaiimenyBaHHS OKa3HMKIB [IpuponHa 3}? 56, sostore 36.
binn3na (koedimieHT BiOuTTA), %, HE MEHIIIE 65 84 90,5 92,3
3anumok, %, He OlIbIIe
Ha cuTi 3 ciTkoro Ne02 0,01 0,001 0,0003 0,0028
Ha cuTi 3 ciTkoro Ne009 0,86 0,25 0,01 0,009
MacoBa gacTtka Bosoru, %, He OlIbIe 14 1 0,30 0,25
Konrtenpariist BOIHEBUX 10HIB BOJHOT
BI/ITSDKKI/Ip(pH) 11 8+1 .9 7,65
Brpara macu npo npoxxaproBaHHi, 38 13 45 4,3
He OutbIIe, % ’
Cyma BaxXkuXx MeTaiiB, %, He OuiblIe 0,012 0,0025 0,0020 0,0018

Tabauus 2 — Pe3ynbraT pajiioyIOTiYHUX BUIIPOOYBaHb

[Tpupoani panionykminu (ITPH)
HaliMeHyBaHHS MIOKa3HUKIB Tpupomsa Cyxe 36. | Borore 36 [Tongiiine
BoJIOTe 30.
[Tutoma aktuBHicTs [IPH y 3pasky, Bx/kr
Paniii-226 <36,8 <28,0 <26,8 <26,0
Topiii-232 <56,2 <47,5 <46,2 <454
Kanmiii-40 <102,1 <83,4 <82,1 <81,7
CymapHna nutoma eekTruBHA akTUBHICTh | 112,3 Bk/kr 95,3 bx/kr | 94,3 Bx/kr | 93,4 Bx/xr
ITPH, Bx/kr, 3 moxubxoro, % +\- 10% +\- 10% +\- 9% +\- 9%
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AntcopOriifH1 XapaKTEPUCTHKU JOCTIDKYBAaHUX TJIMH BHUBYAIW IIJISXOM MOOYAOBH 130T€pM
acopOIrii.

Jns  BuBYEHHS aACOpPOIIMHMX Ta TEPMOAMHAMIYHUX XapakTEPUCTHK Ha  KaojiHi
BUKOPHUCTOBYBAJIM MOJICNIbHI PO3YMHU HITpaTy KoOanbTy. BUKOpHCTOBYHOUM METOJ 3MIHHHX
KOHIIEpHTpAIlili, Y CTaTMYHUX YMOBax OJCpKyBalu i30Tepmu copOmii. HaBaxkky kaominy 1 r
sanuBany 50 M1 po3unHaMu HITpaTy K00anbTy KoHIeHTparismu Big 0,025 no 0,20 mmons/mu. [Ticns
BCTAHOBJIGHHA pIiBHOBATH BH3HAYadM 3anumkoBuii BMmicT Co%'  KOMILUIEKCOHOMETPUYHHM
TUTPYBaHHSM 332 METOJUKOIO [8].

Cratnuny aacopOLiifHy EMHICTH KaOJIiHY 00YHCITIOBAIIN 32 POPMYIIO0

Co—C
r=_—__""y

m

ne Co Ta Cp — BuXi/IHa Ta pIBHOBa)KHA KOHIICHTpAIlii 10HIB KaJMi0 B PO3YHHIi, MOJIb/MJT;
M — HaBIIIyBaHHS KAOJIHY, T;
V — 00’eM po3unHy, MII.

Jlns oGumciIeHHs OCHOBHMX TEPMOJMHAMIUHHMX MapaMmeTpiB aacopbuii iowis Co?* Gymm
noOynoBani 13otepmu copOiii (puc. 1). Ilicng ananmizy oTpuMaHUX €KCIIEPUMEHTaIbHUM MUIIXOM
JaHUX, MOYKHA 3pOOUTH BHCHOBOK, WIO aJcCOpOIiliHA €MHICTh TIOTJIMHAHHS 1OHIB KaJMikO
36LIBIIYETHCSA 3i 3pOCTAaHHAM BMICTY iX y BUXigHOMY posunHi. Konnentparii Co?* 6inbmioro Miporo
BIUIMBA€ B 00JIACTI HU3BKHUX 3HAYEHb, 1€ BEIMYMHA a1cOpOLii mpsSMO MPOMOpIliifHa KOHIEHTpaii
Co?*. TIoTiM HacTae IOCTYIIOBE HACHYEHHS TTOBEPXHi a7COPOEHTY.
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Pucynok 1 — [3orepmu copOuii

Haii6inpi nommpeHuMu MeToaMy BU3HAUYEHHS! MTUTOMOI TTOBEPXHI € aJcOpOIiiiHI METOIH.
BukopucroByroun iX, BeIMYMHY TIOBEPXHi, [0 TNPHUIAJaE€ HA OIWHHIO Mach MaTepiary,
OO0YHCITIOIOTH 32 KIJIBKICTIO MOTTMHEHHX I[I€I0 TIOBEPXHEI0 PEYOBHH 13 po34yMHY ab0 Tra3oBoi (as3u.
BipHuii po3paxyHOK MMTOMOi MOBEPXHI MOXJIMBUHM, SIKIIO BifloMa OynoBa ancopOLifHUX BEpPCTB

[6, 7].
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Bimomi nBa TimuM afcopOIlii: MOHOMOJIEKYJISIpHA Ta MOJTIMOJICKYJISIpHA. Y TEPIIOMY BUITAIKY
pEYOBHHA, IO MOTJIMHAETHCS, POMOAUISIETHCS 110 MOBEPXHI aJICOPOCHTY, YTBOPIOIOYH IIIap, TOBIUHA
SIKOTO HE TIEPEBHUIIYE PO3MIpIB OJHIET MOJCKYJIU. AICOpOIlisS IPYyroro THIY NPHU3BOIAUTH IO
YTBOPEHHS HA MOBEPXHI PO3/LTY JEKUTHKOX IIapiB aIcCOPOOBAHOI PEUOBUHHU.

Po3paxyHOK MTOMOI MOBEPXHi 32 JAHUMH MOHOMOJICKYIISIPHOI aJIcopOIii IOCUTh MPOCTHIA.
[Tpu bOMY BUKOPHUCTOBYETHCS (hopMyIia

Sl‘[l/IT = mooNASO

JIe My — MAKCUMATBHO MOYJIMBE YUCIIO MOJIb PEYOBHHH, IOTIIMHEHE | T aicOpOeHTY;

Na — unciio ABoraapo;

So — mIomIa, SAKy 3aiiMae OJIHAa MOJIEKYJa acopOOBaHOT PEUOBHMHU MPH MAaKCUMAIbHIN yIIaKoBII
MOJICKYJI B a[COpOIiiiHOMY Imrapi. 3a3BHuaii BelIuurnHa So HAaBOJUTHCS y T0BiaHKKax [8, 9].

Jist 3HaXOKEHHS BETMYMHHE MoO BUKOPUCTOBYIOTH PIBHSHHS 130T€PMU MOHOMOJIEKYJISIPHOT
azcopbuii, 3arpornoHoBane JleHrmrop:

bc

m:m°°1+bc

JIe M — KUTBKICTh aJICOPOOBAHOT PEUOBUHHY IPH JIaHI KOHIICHTPAITIT;
b — mocriiina.

[TuToMa moBepXHs BUXITHUX 3pa3KiB ITIMHU Ta MPOAYKTIB aKTUBALli TpeIcTaBieHi y Tadiu. 3.

Tabauusa 3 — [Iuroma NOBEpXHs BUXIAHUX 3pa3KiB INIMHU Ta MPOAYKTIB aKTUBALII]

3pa3ok INIMHU [TuToMa OBEPXHS, M° /T
ITonsiitHe BoJtore 30arayeHHs 98
Mokpe 30aradueHHs 91
Cyxe 30araueHHs 88
CupoBuHa 16

BucnoBku. Takum unMHOM, OynM NpoaHali30BaHI CyYacHI TEXHOJIOTIYHI MpPOLECU
30aradyBaHHs Ou101 IJIMHU, fKa TOTIM BHKOPHCTOBYEThCS B SIKOCTI ajacopOeHTa. BuznadeHo,
XapaKTepUCTHKHU BCIX YOTHPHOX BapiaHTIB. BUsBIEHO OCHOBHI MepeBaru Ta HEJOJIIKH IPU IXHbOMY
BUPOOHMIITBI.

JocnimxeHo, Mo HalKpallll MTOKa3HUKU Ma€ 3pa3oK MOABIHHOTO BOJIOTOro 30arauyBaHHs. AJe
HEBEJIMKUN BiJICOTOK IepeBaru CXOAUTh HaHIBElb NMpPU 30UIBIIEHUX BUTpaTax MpPU BUPOOHHIITBI.
Tomy Hama repeBara HaJaeThCsl caMe BOJIOTOMY Crioco0y 30aradeHHsl.
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Objective. The purpose of the article is to analyze the processes and methods of enrichment of
white clay (kaolin), which will then be used as a high-quality adsorbent for the purification of
vegetable oils, as well as to identify the most effective result in all directions. In the future, determine
the choice of the optimal enrichment technology in terms of optimizing the temporary costs of time,
raw materials, related materials and energy efficiency while achieving the maximum desired effect.

Methods. Experimental and analytical research methods were used during the study of the
enrichment processes of white clay (kaolin). A number of experiments were conducted, several
chemical and physical analyzes of the extracted samples were obtained. The number of existing
methods of enrichment of raw materials and the selection of the optimal technology for this purpose
were analyzed. The work also provides recommendations on the appropriate use of both technologies
and the resulting product.

Results. Aluminosilicate adsorbents (kaolin clays) for the purification of vegetable oils were
chosen as the object of research. Several modern existing kaolin enrichment technologies were
considered and the effect of each on increasing the specific surface of the obtained samples was
shown, while taking into account material, energy costs and the cost of the final product. A high level
of specific surface area is one of the main factors in adsorption processes. Adsorption characteristics
of enriched clay forms were studied by constructing cobalt nitrate adsorption isotherms using the
method of variable concentrations under static conditions. Laboratory studies of the obtained
samples were carried out. The most optimal beneficiation technology that is efficient in terms of time,
energy efficiency and product quality was then selected and recommended. It has been studied that
the sample of double wet enrichment has the best indicators.

Keywords: kaolin, white clay adsorbent, aluminosilicate,double wet enrichment, adsorption
characteristics, specific surface area, sorption isotherms, cobalt nitrates.
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