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THEORETICAL ASPECTS OF THE CREATION OF FOOD HYDROGELS
WITH GLUCURONIC ACID

The article presents the possibility of developing the technology of food hydrogels based on substances (xanthan and glycyrrhizin)
containing glucuronic acid. The expediency of regulating the amount of glucuronic acid in the composition of hydrogels by
modeling the content of xanthan and glycyrrhizin, which will further enrich the finished product with useful substances for the
human body with a detoxifying effect was demonstrated. Methods of neutralizing a wide range of xenobiotics and activating the
absorption of flavonoids in the case of consumption foods containing xanthan-glycyrrhizin hydrogels are described. The possibility
of using such hydrogels in the technology of domestic soft drinks in order to improve the quality of finished products that have a
detox-effect has been experimentally confirmed.
Keywords: glycyrrhizin, xanthan, hydrogels, glucuronic acid, quantum chemical modeling, detoxification.

€. A. IIOJINBAHOB, H. B. KOH/IPATIOK, O. IO. BIEHKO, 1. Il. TOHYAPEHKO

TEOPETUYHI ACHHEKTH CTBOPEHHSA XAPYOBUX I'l/TPOTI'EJIIB
3 I''IIOKYPOHOBOIO KMCJIOTOIO

VY cTarTi HaBeAEHO MOXIIMBICTH PO3POOKM TEXHOJOri] XapuOBHUX TifporeiiB Ha OCHOBI PEYOBHH (KCaHTAaHy Ta TIIMUPHU3HHY), IO
MICTATB TIIOKYPOHOBY KHCIIOTY. JloBeleHa DOLMINBHICT PeTyNALii KUTBKOCTI INIIOKYPOHOBOI KHCIIOTH Y CKJIa i TipOreiB MIISIXOM
MOZIETIOBAHHS BMICTY KCaHTaHy Ta TTIIUPU3HHY, IO J0JATKOBO 30araTUTh FOTOBHH IMPOAYKT Ha KOPHCHI JUIs OPTaHi3MYy JIIOAUHA
pedoBuHU 3 AeTokc-eexroM. OmnmcaHi OUIIXM HEWTpami3alil IMMpPOKOro CHEKTpYy KCEHOOIOTHKIB Ta aKTHBALil 3aCBOIOBAHHSI
(1aBOHOIAIB y pa3i CHOXXUBAHHS XapUOBHX MPOAYKTIB, IO MICTATh KCaHTaH-TIINUPH3MHOBI Tiaporeni. ExcrnepumeHTansHO
MATBEP/HKEHAa MOMUIMBICT BUKOPHCTAHHS TaKHUX TiPOTENiB Y TEXHOJNOT] 0€3aIKOroJIbHIX HAIO{B BITYM3HSIHOTO BUPOOHHITBA 3
METOIO TiIBUIIECHHS SIKOCTI TOTOBOI MPOJIYKIIii, IO Ma€ JIETOK-e(DEKT.
Kuro4oBi cj10Ba: riminupu3nH, KCaHTaH, TipOrei, NIIOKYPOHOBA KHUCIOTA, KBAHTOBO-XiMiYHE MOJICITFOBAHHS, TETOKCHKAITiS.

E. A. IOJINBAHOB, H. B. KOH/IPATIOK, A. IO. BUEHKO, U. II. TOHYAPEHKO

TEOPETHUYECKHUE ACHEKTHI CO3JIAHUSI TUIIEBBIX TUIPOI' EJENA
C IJIIOKYPOHOBOM KUCJIOTOM

B cratee ommceiBaeTcs BO3MOXKHOCTH Pa3pa0OTKM TEXHOJOTMH MHINEBBIX THUAPOresied Ha OCHOBE BEIIECTB (KCaHTAaH M
TIIMIUPPUSHHOM), COIAEPKAIIMX TIOKypOHOBYIO KUCIOTY. JloKa3aHa 11enecoo0pa3HOCTh PETYISIUN KOIWYECTBA TIIFOKYPOHOBOH
KHCJIIOTBI B COCTaBC FPI,HpOFCHeﬁ IIyTEM MOICIUPOBAHUA COACPIKAHMA KCAaHTAaHA W TITMIUPPU3HWHA, YTO DOINOJHUTCIBHO O6OFaTI/IT
TOTOBBIM IPOMYKT MONE3HBIMH IUISI OPTaHW3Ma UYEJOBEKa BEIIeCTBAa C AeTokc-dgdexroM. OmnmcaHHbIE ITyTH HEHTpaIU3aI[iN
IIMPOKOr0 CIIEKTpa KCEHOOMOTMKOB M AKTHUBAIMM YCBOCHUS (DITABOHOMIOB B CIydae IMOTPEOICHHS MHINEBBIX HPOTYKTOB,
comepKaluxX KCaHTAH-TIIMOUPPU3ZUHOBBIC TUIAPOTCIIN. 3KCHepI/IMCHTaJ'II)HO TIOATBEPKIACHA BO3MOXXHOCTb HMCIOJIB30BAHUA TaKHX
FI/IHpOFCJIGﬁ B TCXHOJIOTUU 6638.HKOFOJILHI>IX HAImMTKOB OTCYECTBCHHOI'O ITPOM3BOACTBA C ILICJIBIO IMOBBINICHUA Ka4ye€CTBa TOTOBOM
MIPOIYKIIMN, UMEIOIICH NeTOKC-3(h(eKT.

Kﬂmqenue CJI0BA: TIIMOUPPU3UH, KCaHTaH, TUAPOTECIIA, I'TIOKYPOHOBAas KHUCJI0Ta, KBAHTOBO-XMUMHYCCKOE MOACIIMPOBAHUC,
JCTOKCUKALIUSA.

Introduction.

The human body has complex systems of
metabolism and detoxification of compounds dangerous
to it. These systems have undergone a long evolution
under the influence of natural toxic components of food,
water, air and various biological toxins.

In the XXI century. the human body began to be
exposed to various synthesized substances (xenobiotics).
According to modern ideas, the schemes of
biotransformation of xenobiotics, nutrients and
flavonoids are similar.

Therefore, it is very important to create appropriate
conditions under which the processes of metabolism of
foreign substances become more or less controlled and
predictable, and the metabolism of nutrients and
flavonoids will proceed more fully [1, 2].

The formulation of the problem in general form
and its connection with important scientific or
practical tasks.

The concept of biotransformation of xenobiotics
covers not only enzymatic chemical transformations, but
also transmembrane transfer, tissue distribution,
deposition and elimination. During biotransformation,
the formation of two types of compounds is possible: less
dangerous than originally entered the body, and others —
with greater reactivity than the original. The high
chemical activity of these compounds determines their
ability to easily bind to biomolecules. This is the effect of
the mechanism of toxic action.
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When small amounts of xenobiotics enter the body,
their detoxification is carried out in the usual way — by
enzymatic and non-enzymatic transformations. In the
case of penetration into the human body of a large
number of foreign substances, these detoxification
processes are insufficient and the body begins to
accumulate superoxide anions, hydrogen peroxide,
organic peroxides, etc., which cause side effects of
xenobiotics. Elimination of these effects is carried out
with the participation of vitamins A, E, C, P, choline and
amino acids (cysteine, methionine, arginine). It follows
that the optimal functioning of the body's protective and
adaptive systems against xenobiotics depends on its
supply of complete proteins, trace elements (iron,
selenium, copper), calcium, vitamins. Unfortunately, in
most groups of the population there is a nutritional
deficiency of the above nutrients, which requires priority
correction of diets in the direction of developing food
components (functional products or food additives) [3]. It
should be noted that the consumption of functional
products can get excess fats and carbohydrates, and the
consumption of food and dietary supplements is a
valuable safeguard for many people with metabolic
syndrome (schoolchildren, youth, workers working in
public budget institutions, retirees, the disabled, etc.).

Flavonoids are important for human life and health
substances contained in plant raw materials. Recently, a
growing amount of scientific evidence of their beneficial
effects on various organs and systems, a positive role in
the prevention and treatment of diseases of the
cardiovascular, nervous and immune systems. And
although the sources of flavonoids - a variety of
vegetables, fruits, berries, nuts, as well as beverages such
as tea (black and green), wine (mainly red), coffee, cocoa
- are available for consumption, the level of their content
in the human body is necessary increase. As it becomes
clear today, the effectiveness of these polyphenolic
compounds lies in their bioavailability, which, as in the
case of  xenobitics, depends on  complex
biotransformation processes.

Quite massive hydrophilic molecules of flavonoids
have a low ability to penetrate the membranes of small
cells by passive diffusion. Proanthocyanidins also due to
the large size of the molecule can not be absorbed in the
small intestine [2].

Therefore, it is important to find ways to detoxify
xenobiotics and increase the absorption of flavonoids by
typical compensatory-adaptive reactions that maintain
homeostasis at the molecular level and without involving
enzymes, because with age the enzyme activity
decreases, the amount of toxic substances increases and
the level of flavonoids decreases.

Today it is recognized that glucuronic acid has a
wide range of properties and physiological features
aimed at detoxifying effect and cleavage effect. We also
consider important for the study of natural substances,
which include glucuronic acid: xanthan, glycyrrhizin, in
order to implement their physical and technological
properties in the composition of composite hydrogels, as

the basis of a wide range of human health products (food,
pharmaceutical, medicinal, cosmetics).

Purpose and tasks of work.

The aim of the article is to describe safe
technological environments based on natural substances
containing glucuronic acid (xanthan, glycyrrhizin) with
the subsequent development of technologies of hydrogels
of a wide range of useful properties for the human body.

In accordance with the goal, a number of tasks were
set:

— substantiate the feasibility of developing hydrogels
based on components that contain glucuronic acid;

— to substantiate and develop the composition of
composite hydrogels based on xanthan, glycyrrhizin to
justify their use in food, pharmaceutical forms and
cosmetics.

Presentation of the main research material.

Glucuronic acid is one of the uronic acids formed in
the body from glucose during the oxidation of its primary
alcohol group. Optically active, well soluble in water, mp
= 167..172 °C, monobasic. D-glucuronic acid is
widespread in animals and plants, is part of acidic
mucopolysaccharides, some bacterial polysaccharides,
triterpene saponins, hemicellulose and gum. Free
glucuronic acid is found in small amounts in blood and
urine. In the form of paired compounds of glucuronic
acid (glucuronides) are excreted in the urine of some
metabolic products, including toxic (phenol, cresol), and
many drugs. The conversion of glucuronic acid in all
animals except monkeys and guinea pigs, as well as
humans, leads to the biosynthesis of ascorbic acid. In
physiological fluids and tissues of animals (especially in
the liver, kidneys, spleen, and malignant tumors),
bacterial and plant tissues contain the enzyme J-
glucuronidase, which catalyzes the hydrolysis of pB-
glucuronides to free glucuronic acid and the
corresponding aglycone [4].

In fig. 1 shows a schem of glucuronic acid, which
clearly shows the number of functional groups, both for
ionic binding (-COOH) and for intermolecular
interaction (-OH) with other participants in the
technological environment and the gastrointestinal tract.

OH
HO Q
OH

OH

Fig. 1 The structure of glucuronic acid

Glucuronic acid is found in small amounts in the
human body, where it is formed during the oxidation of
D-glucose. Its normal concentration in the blood is 0.02—
0.08 mmol/liter. Glucuronic acid is part of mucus, saliva,
intercellular matrix, glycocalyx. Is one of the key
components of pigment metabolism in the liver.
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The properties of glucuronic acid to some extent
coincide with the properties of glucose, but due to the
presence of a carboxyl group, it is possible to create salts
and lactones. When heated, glucuronic acid is dehydrated
and decarboxylated.

An important function of glucuronic acid for the
human body is that it is able to form soluble conjugates
(glucuronides) with alcohols, phenols, carboxylic acids,
thiols, amines and a number of other substances, due to
which it is given the status of a powerful detoxifying
agent. still, in addition, loyally removes the products of
biotransformation from the body. According to some
scientists, the biotransformation of xenobiotics in the
human body occurs in three phases [5-7].

The reactions of the first and second phases are
catalyzed by enzymes that metabolize xenobiotics
(EMX). Most of these enzymes are concentrated in the
liver, although the activity of EMX is also manifested in
other organs and tissues. As you can see, to carry out the

detoxification and elimination of xenobiotics, it is
necessary to ensure a balance between the enzymes of
the first and second phases. Thus, to protect the body
from damage that may be caused by external influences
of =xenobiotics. Later, the existence of specific
substances-transfers of exogenous compounds — P-
glycoproteins, which provide the movement of
xenobiotics in the body, was proved. Also, the main
function of such transfer substances is to improve the
process of excretion of xenobiotics (bile or blood), which
in some sources is called the third phase of
biotransformation — the evacuation phase.

Biotransformation, as a rule, leads to a decrease in
the activity of toxicants — decontamination. However, in
some cases, Xxenobiotic metabolites become, on the
contrary, more toxic compounds, and can also change the
nature of the toxic effect or initiate another toxic process
[8]. We analyzed several ways to implement the three-
phase process of xenobiotic metabolism (Table 1).

Table 1. Characteristics of the main conjugation reactions of xenobiotics

Reaction Attached agent

Xenobiotic functional group

A. Reactions involving activated forms of attached agents

Conjugation with glucuronide Y J1®- glucuronide

acid acid

Conjugation with glucose Y1®- glucose

Sulfatation DADC

Methylation S-adenosylmethionine
Acetylation Acetyl CoA
Detoxification of cyanide Sulfone sulfide

-OH; -COOH; NH>;
-NR»; -SH; -CH

-OH; -SH; COOH; =NH
-OH; -NH_; -SH

-OH; -NH2

-OH; -NH2

-CN-

B. Reactions involving activated forms of xenobiotics

Conjugation with glutathione Glutathione

) ) o Glycine; glutamine; ornithine;
Amino acid conjugation ) )
taurine; cysteine

As can be seen from the table, almost all of the
presented ways of neutralization of xenobiotics involve
proteins, amino acids or peptides. However, there is a
way, which is based on the chemical activity of
glucuronic acid. In addition, the table clearly shows that
it is the conjugation with glucuronic acid allows to bind
the largest number of xenobiotics, as it is possible to
attach a wide range of their functional groups.

For example, glucuronic acid is actively attached to
molecules of aliphatic and aromatic alcohols, organic
acids, sulfur-containing compounds. The process of
conjugation leads to the formation of glucuronic acid
esters - glucuronides, which are formed mainly in the
liver, as well as in the kidneys, skin, digestive tract and
SO on.

Glucuronide conjugates of xenobiotics have a 5-
pyranoside structure and are classified as follows:

1) O-glucuronides are formed from phenols,
alcohols and carboxylic acids;

Arenoxides; epoxies; halogenated alkyl and aryl hydrocarbons

-COOH

2) N-glucuronides (there are several types). The
nitrogen atom of these compounds to which the
glucuronide moiety is attached may be in the amino,
sulfamide, carbonyl group or in a heterocyclic nitrogen
compound.

3) S-glucuronides -—
glucuronic acid [9].

A characteristic feature of glucuronides is that the
carboxyl group in their molecules remains free.
Therefore, in plasma and urine glucuronides are almost
completely ionized by the carboxyl group.

The general scheme of glucuronide formation is
shown in fig. 2.

Some endogenous substances, such as steroids and
bilirubin, are also metabolized by conjugation with
glucuronic acid [10].

The glucuronic detoxification pathway is one of the
most loyal pathways for removing toxins from the body.
To implement it, as can be seen from the table, it is

thiol compounds with
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necessary to  involve the enzyme  UDF-
glucuronosyltransferase. Also involved ithe enzymes

COOH OH-R

O HO—C—R

Il ©
OH + 0 — OH
OH 0— UDF H;N—R OH O—R
OH OH

HS—R

alcohols

phenols
acids
thiols

amines

uridine diphospho-
a-D-glucuronic acid

acetyl CoA, amine N-acetyltransferase, sulfotransferase,
glutathione S-transferase, cysteine-conjugating -lyase.

COOH

+ UDF

< —O—(”f—l{
O

( —NH-R >

( —S—R )

glucuronides

Fig. 2 - General scheme of synthesis of glucuronides in the body

It is also necessary to monitor the process of
metabolism of flavonoids, which due to their significant
mass and volume have low bioavailability. It should be
noted that there is a way of absorption of a significant
part of flavonoids, with the exception of
proanthocyanidin, through the apical membrane of
enterocytes of the small intestine. For this purpose it is
necessary to carry out their deglycosylation. This
pathway can be implemented with the participation of the
enzyme lactase-florizine-hydrolase, which belongs to f-
glucosidase. This enzyme is localized in the brush border
of the epithelial cells of the small intestine and exhibits
substrate specificity for flavonoid glycosides, providing
their hydrolysis before absorption. An alternative
pathway for deglycosylation is carried out by other f3-
glucosidases, the main of which are cytosolic -
glucosidases and occurs in several phases:

e hydrolysis of flavonoid glycosides (phase I
metabolism);

e conjugation of aglycones in small intestine cells
(phase II).

It should be noted that conjugation in small
intestine cells is provided by enzymes such as uridine-5'-
diphosphate glucuronosyl transferase, sulfotransferase
and catechol methyltransferase. As a result, molecules
are formed, which are glucuronides, as well as sulfates
with or without methylation of flavonoid aglycones.

That is, from the above information it becomes
clear that the metabolism of both xenobiotics and
flavonoids requires the enzyme B-glucosidase.

Due to the fact that all over the world there is a
decrease in enzyme activity, ie in the human body
glucuronic acid is poorly synthesized from the age of 25,
it became necessary to search for external sources of
glucuronic acid and study the mechanism of their
assimilation in humans. According to the results of the
analytical review, glycyrrhizin and xanthan became such
raw materials.

Today, polymer hydrogels based on composites
containing glucuronic acid have a number of unique
mechanical, physicochemical and physiological features
that should be used in pharmaceuticals, medicine and
other fields. Thus, the use of hydrogels based on xanthan
and glycyrrhizin as a dosage form provides a
prolongation of the drug compound, targeted delivery to
target systems and organs, and in some cases a noticeable
synergistic effect of the drug and the pharmacopoeial
basis. In addition, there is a decrease in the toxicity of
drugs, their side effects, reducing their dose while
maintaining high biological activity due to the content of
glycyrrhizin.

In the case of delivery of biologically active
substances with high reactivity in the stomach, the
immobilizing matrix for them are the structures of
xanthan and hyaluronic acid, in which glucuronic acid by
intermolecular and hydrogen bonds bond useful
molecular structures. In this case, low molecular weight
structures are retained in the intermolecular space of
glycyrrhizin and hyaluronic acid, and bulkier molecules
are retained due to bonds with the functional groups of
xanthan.

To date, quantum chemical modeling has made it
possible to explain the principles of formation of
hydrogels based on uronate polysaccharides and to
develop matrices for immobilization of biologically
active substances in order to reduce their reactivity in the
stomach and improve absorption in the small intestine
[11].

Taking into account the obtained knowledge and
results, the innovative design of the product, the
technology of which is considered in this article, was the
stage realization of the chemical potential of glucuronic
acid (Fig. 3).

Quantum chemical models have predicted the
formulation of hydrogels based on xanthan and
glycyrrhizin, which contains licorice root.
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Fig. 3 — Quantum chemical model of glucuronic
acid

Production of gel with a mass fraction of dry matter
not more than 2%, its boiling and bottling is carried out
in accordance with current instructions at the enterprise.

The technological scheme of production consists of
the following stages:

- dosage of dry raw materials and auxiliary
materials;
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TH®OPMAIINHAM JINCT

€sporeiiceka penepanis ximiunoi imxenepii (EFCE) siBnsie coboro 00’ eHaHHS HAIllOHAJIBHUX HENPUOYTKOBHX
¢enepaniii (acomiamiif) ximiunoi imkeHepii. Bona Oyna crBopena y 50-x pokax MHHYJIOTO CTOPIiY4Ysl 3 METOIO
CHPUSHHS Koorepalii y €Bpolri HallioHaIbHUX HEMPUOYTKOBUX NMPOQeCiiiHIX HAYKOBUX Ta TEXHIYHUX 00’ €THAHb IS
3a0e3reueHHs Iporpecy XiMigHOI iHXeHepil Ta po3poOKN CydacHHX 3ac00iB Ta TEXHOJIOTIH.

Crpykrypa EFCE Bkirouae B cebe poOoui rpynmu Ta CeKii 3 OCHOBHMX HAaIpSIMKIB XIMIYHOI Ta Xap4oBOi
imkenepii. HalimenyBaHHA cekmiii: 1) mpoekTyBaHHS Ta IH)KEHEpis LUIBOBOTO MPOIYKTY; 2) XapyoBoi iHkeHepii; 3)
MeMOpaHHOI iHXeHepii; 4) cTanoro po3BUTKY.

Poboui rpynu ¢eneparii: 1) ocBiTH; 2) KOMII'FOTEpPHOI MPOIECHOI iHXeHepii; 3) Oe3lmekn Ha BUPOOHUIITBI Ta
MiHIMi3alii MIKUIMBHX ITPOMUCIOBMX BWKWAIB; 4) IIMKEHepis XIMIYHMX peakuii; 5) cemapamis piguH; 6)
eNIEKTPOXIMiYHA iH>KeHepis; 7) Kpucramizamis; 8) Tewis OararodasnHux cepemosuir; 9) 3mimanss; 10) mexanika
noapiOHennx T1BepAux ¢(a3; 11) cratmuHa enekTpuka y npomucioBocTi; 12) cymka; 13) posgpoOiieHHs Ta
knacugikamis; 14) cucreMu xapakrepusanii 4acTHHOK; 15) TexHoOmOrii BUCOKOro THCKY; 16) iHXKeHepis mojiMepHHuX
peakuiii; 17) armomepanist; 18) inrencudikamiss npouecis; 19) TepmonnHaMika Ta TpaHCHOPTHI BiactuBocTi; 20)
IM3aiiH Ta SIKICTb.

VYkpainceka acomniarist XiMigaoi i xapuoBoi imkeHepii (CFE-UA) SBIS€TBCS CTPYKTYPHO CKJIaJJOBOIO YaCTHHOIO
EFCE. Bueni Ykpainu npezacrasiesi B pooounx rpynax — 2 (npod. I1.0. Kanycrenko, HTY «XI1I»), — 4 (pod. A.A.
@okin, HTYY «KIII»), Ta — 15 (akagemik AA. Jommucskuii, [IT HAH Ykpainu). Hagana yHikanbHa MOXIJIUBICTB IS
KOMITaHi{, opraHi3aiiii, Bukianavis, HaykoBIliB, wicHiB EFCE Tta CFE -UA BHecTH cBiif BKJIaJ B PO3BUTOK 1 PIIlICHHS
Cy4acHHX 1 ITPOrPECMBHMAX HAYKOBHMX Ta TEXHIYHWX IHUTaHb, MTOB'SI3aHUX 3 XIMIYHOIO Ta XapyOBOIO TEXHOJIOTiIMH, a
TAaKOX XIMIYHMM MAIIMHOOYIYBaHHAM, 3 METOIO BUPIMICHHS TIIIOOAIBHUX 3aBJaHb choropeHHs. Ouonioe Ha
TPOMaJICBKHMX 3acajgax HelpHOYyTKOBY YKpaiHCBHKY acoIialilo XiMi4HOi i Xap4oBOl iH)KeHepii WIeH-KOpECIIOHIECHT
HAH VYxpainu Toaxxusuacbkuii JIJL.; pobouy rpymy acouiamii ckinagaersest i3 wieHiB xkadenpu [TIIA HTY «XII»
npod. Bens B.€., mpod. Kamycrenko I1.0., cekperapem acomianii npusnaunim npod. kadenpu ITITA Byxkano C.1.

3 1JUTIO TiABHIIEHHS BU3HAHHS JIOCATHEHb YKPAiHCHKOI XiMIYHOI 1 Xap4uoBoi iHXKeHepil BUeHUMH €BpONeHChKOl
cnimpHOoTH 3amadamu CFE-UA BBakatoTbes: 1) MiIBUINEHHS pIBHS LUTYBaHHS HAYKOBHUX POOIT y MiXHapOIHHX
HayKOBO-METPHYHHUX 0a3ax; 2) 3MIIIHUTH IPEICTaBHUNTBO YKpaiHu B podounx rpymnax ta cexkuisx EFCE neneraramu
Bin acomianii CFE-UA 3a o3HaueHMMH HampsMKamu; 3) copusiTi Oe3KOHmITOBHOI ITyOuikarii HayKoBHX pPO3poOOK
WIEHIB acowiamii y NpPOBIOHMX €BPONCHCHKUX JKypHasax; 4)myOmikaiiss MarepialiB pPEeKIaMHOIO HAalpsIMKY
BUPOOHMKIB Ta pPO3POOHMKIB XIMIUHOI 1 Xap4oBOi NMPOAYKLii y BUAAHHAX; 5) HaJaHHS peryisipHoi iHdopmamii mpo
MIPOBEICHHS PI3HOTO PiBHSA MIKHApOAHMX KOH(epeHwil, GopymiB Ta cemiHapiB B YKpaiHi Ta €Bpori; 6) yrBOpeHHS
CHPUATIMBUX YMOB JUIS Y4acTi MOJIOIMX BYCHUX y €BPOIEHCHKIX KOH(EPEHMIAX 3a paXyHOK, HAIPHUKIIa, 3HIKEHHS
CYMH OpraHi3allifHuX BHECKiB; 7) CIIPHSHHS ITiABHUIIEHHIO MTPOodeciifHOro Ta eTMYHOro piBHS CBOIX WICHIB HUISXOM
HagaHHSA 1M OE3KOIITOBHOI METOJOJOTIYHOI i KOHCYNBTAI[IHOI OITOMOTH, OpraHi3allis i TpPOBEICHHS JICKIIH,
CeMiHapiB Ta IHMIMX 3aXOfiB; 8) HaJaHHS MaWJAHUYUKIB 1 IJIONI JJIs MPOBEICHHS 3aHSATh, TPEHYBAJIHHUX 3aXOMIiB i
03JI0POBYMX IIPAKTHK; 9) po3poOka IMPOMO3ULIKH O JepKaBHUX IPOrpaM, 3aKOHOAABYHMX aKTIiB, CIPSIMOBAHMX Ha
PO3BHTOK 1 yIOCKOHAJICHHSI TPOMaJICBKOI'0 CYCIILIbCTBA B YKpaiHi, €BpOCOI03i Ta iHIIMX KpaiH, CIPHUSIHHS BTUICHHIO
iX y KHTTA, 1 T.1.

CFE-UA cnpusitume criiBpoOiTHAITBY BYEHUX Ta BUPOOHHKIB XIMIYHOI Ta Xap4oBOI MPOMHUCIOBOCTI YKpaiHu 3
EFCE muis 3aranpHOrO pO3BHTKY XIMIUHOI Ta Xap4oBOi HMpoMHCIOBOCTI. UneHn YkpaiHCchbkoi acoriamii XiMi4HOI 1
XapuoBoi iHmKeHepii cBoeuacHo crmadyBaTy BCTymHi (400—1000 rpH Bix perioHaIbEHOTO OCEPEAKY) Ta YWICHCHKI BHECKH
(400—1000 rpH Bix perioHaILHOTO OCEPEIKY) B pO3Mipax Ta CTPOKH, IO BCTAHOBIIOIOThCS [IpaBninaam Opranizarii
(mpotarom noroyHoro Micst). JlonarkoBy iHdopmaito Ta peKBi3UTH IS CIUIATH WICHCHKUX BHECKIB MOXKHA 3HAWTH
Ha caiiTi acomiarii cfe.org.ua

I'pomarnceka opranizanis «YKpaiHChbKa acolialis XiMigHOI 1 Xap4oBoi iHXeHepii»

OKITIO 41071591

/p 2600800119725 B AT «CKAM BAHK», M®O 351254

Anpeca: 61002, m. Xapkis, Byn. baramnis, 6yx.21

O®III Ta opraHizalis IIATHAKA

Tem: +380577202223

O0o0B’s13k0BO Ha caiiti cfe.org.ua Tpeba 3anOBHUTH aHKeTy. [ IMCTyBaHHS MOXXHa BUKOPHCTOBYBATH aJpecy
kadenpu ITITA HTY «XIII» sik anpecy Y kpaiHchKii acoriamii XiMigHoi 1 Xap4yoBoi imkenepii: 61002, m. Xapkis, ByiI.
Kupnuyosa, 2, HTY «XTIID», Kag. ITIIA, cekpeTap npod. Byxxkano ClL;
Ten. +380932430788, email: cfe.ukraine(@gmail.com
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ITPABUJIA HAIIMCAHHS AHOTAIII
AHoTAaIis — 1Ie KOPOTKa XapaKTePUCTUKA POOOTH, IO MiCTUTh MEpeNliKk OCHOBHHX NMHTaHb CTarTi. CTpyKTypa
aHOTAIlil: B aHOTaIlii HEOOXiAHO BUCBITIUTH OCHOBHI PO3IILIM CTAaTTi, 3'€IHATH iX 1 MPEICTABUTU B KOPOTKii (hopMi.
Bona Bkitouae B ceOe OCHOBHI PO3ZUIN: aKTyalIbHICTh, IIOCTAHOBKY NMpPOOJIEMH, HUISXH i BUPIIICHHS, pe3ylbTaTH 1
BHCHOBKH. Ha KO)KeH 3 PO3ILUIIB BiJIBOAUTHCS OHE — JBA PCUCHHS (TAOIHILA).

Tab6murst. OCHOBHI KOMIIOHEHTH aBTOPCHKOT aHOTAIlii CTAaTTi

Kommonent Omuc cKIIagoBUX aHOTAaIll CTaTTl

AKTyallbHICTh [MokazaTi BaXIHMBICTH JOCHIAHWIBKOI TPOOJIEMH UM 3alpoOIIOHOBAHOIO MPOEKTY, SIKi
BHUBYAJMCH: BiJpa3y IOBHHHO CKJIACTUCS YSBIICHHs, 4OMY OOroBoproBaHa IpoOiema morpedye
BHBYEHHSI.

ITocTanoBka HaykoBe oOrpyHTYBaHHS HEOOXiAHOCTI BUCBITIICHHS iCHYI0YO1 TPOOIeMH, Ha BUPIIICHHS SIKOT

pobsieMu i Oyme crpsMOBaHMI IOCHITHWIBKA CTATTS. [lpW YuTaHHI AaHOrO PO3AUTY aHoTamii y yuraya
MIOBUHHO CKJIACTHCS BPa)KEHHS, 10 0€3 MPEICTaBICHOIO IPOEKTY «IOAAIBIINN PO3BUTOK MPOCTO
HEMOXJIUBUID).

nsaxu Heo0xinHo mepepaxyBaTé KOHKPETHI Pe3yJAbTaTH JOCTIJDKEHHS, CHPSMOBaHI Ha BHUPIIICHHS

BUpILICHHS icHyrouoi npoOsiemu. [ HayKOBO-OOTPYHTOBAHMX JOCIIDKEHb L€ MOXKE OyTH IepepaxyBaHHS

podsieMu JIOCITI/PKYBAaHUX TEOPETHUHHX Ta CKCIIEPUMEHTAIbHUX MUTaHb. Y KUIBKICHUX HOCIIJDKEHHAX (SKIIO

B po0OTax € pO3paxyHKOBI Ta CTaTUCTUYHI HaHI EKCIEPUMEHTY) B IIbOMY pO3IUI aHoTamii
TIepepaxoBYIOTHCSI METOIMKH ITPOBEICHHS €KCIIEPUMEHTAIBHOI pOOOTH, TOCHTI/PKYBaH] 3MiHHI.

Pe3ynberatn [IpencraBnsroTbCst  KUTBKICHI  Ta SIKICHI  pe3ysbTaTH  JOCTIJDKEHHA. PeKOMEeHIyeThCs
Ta BHKOPHCTOBYBATH 3arajibHi CJIOBa THITY «JIOBEJIH €()EKTUBHICTY, «BHABMIIACS HECPEKTUBHOIO», HE
BHCHOBOK 3ra/lyl04yn KOHKPETHI U(pPH, SKi MOXKYTh OyTH HEBIPHO IHTEPIPETOBAHI.

Buznauennst |1. MoXIUBICT, BIPOBAPKEHHS pe3yJbTaTiB JociipkeHHsA. 2. Hackinmpku mpoBexeHa poborta
chepu pO3MIMpWIA iCHYIOYI YABJICHHS IPO JOCI/KYBaHI NMUTAaHHS abo 3aIllpoOllOHyBajla HOBE DilIEHHS

BITPOBAKEHHSI |ICHYIOUOi ITpo0ieMu. MeTou 1al0Th MOKIIMBICTD CTBOPIOBATH OLTBII THYYKI 3aCO0M OLIIHIOBAaHHS,
a TaKO)K pO3paxoBYBaTH PU3HKH, SIK HAa OCHOBI CTATUCTUYHMX JAaHUX, TaK 1 HA €KCIHEPTHUX OIIHKAX,
3 ypaxyBaHHAM Tepioly dYacy, Taily3i IPOMHCIOBOCTI, €KOHOMIYHOI Ta YIpPaBIiHCHKOI
cnenudiky MiAIPUEMCTBA Ta iH. BUKOpHCTaHHS METOZIB /03BOJISIE BiOOpakaTH pe3yNbTaTH, SK
B KUIBKICHIH, Tak i B sIKicHiH (opmi.

PexoMeHIyeTECST  BHKOPHCTOBYBATM — 3arajlbHi  CJIOBA THIy  «JOBENH  €(QEKTHBHICTHY», «BUSBHIIACS
Hee()eKTHBHOIO», HE 3Tajylodd KOHKpeTHI Im(ppH, SKI MOXYTh OyTH HEBIpHO IHTEpIPETOBaHi, HaNpPHKIAL,
TIPE/ICTABISIOTHCS KUIBKICHI abo0 SIKICHI pe3yibTaTH AociijkeHHs. Ha 3akiHueHHS HEOOXigHO Mo3HAa4unuTH cdepy
BIIPOBA/DKEHHSI PE3YJBTATIB JIOCII/DKEHHS, HACKUIBKM IpOBEJeHAa po00Ta pO3MIMpWIA ICHYIOYI YSBICHHS IIPO
JIOCHTI/KYBaHI NUTaHHA a0o0 3ampolOHyBaja HOBE DIlIEHHS ICHYIouoi mpobieMu. Meroau AaloTh MOXIIMBICTH
CTBOPIOBATH OUIBII THYYKI 3aCOOM OLIHIOBAaHHS, & TAKOK PO3PAaXOBYBATH PU3HKH, K HA OCHOBI CTATHCTHYHHX JaHUX,
Tak 1 Ha EKCIEPTHHUX OLIHKax, 3pOOJICHHX y HEYITKOMY, ciabodopMai3oBaHOMY CEpElIOBHIL, 3 ypaxyBaHHAM
mmepiomy  4acy, Taiy3i IIPOMHCIOBOCTI, CKOHOMIYHOI Ta YHPAaBIIHCHKOI crenu(ikd MiANMPUEMCTBA Ta iH.
BukopucranHs MeTOHIB J03BOJNSE BiOOpakaTH pe3yibTaTH, SIK B KUIBKICHIM, Tak 1 B sIKiCHIN (opmi.

YacTo HayKOBi CTaTTi HE MICTATh ONHMC EKCIIEPUMEHTAJIBLHHUX JOCIIKeHb 1 NPM HANMCaHHI aHOTAIll MOXKHA
OOMEXWTHCS JHMIIE MEPUIIMMH TPhOMa KOMIIOHEHTAMH: aKTYaJIbHICTIO, ITOCTAHOBKOIO NPOOJIEMHM Ta WIISIXaMH ii
BupinieHHsa. [Ipu HamucaHHI aHOTALil CiJ 3BEpHYTH yBary Ha HacTynHi nuraHss: 1) JliMiT ciiB — HeoOXigHO
JIOTpUMYBaTucsi BcTaHoBieHoro jiMity ciiB (100...250 cxuiB). 2) VY3romkeHHs yaciB — aHOTamii JIOTIYHIIIE BCHOIO
IMcaTH B MUHYJIoMY 4aci. 3) CTpykTypa — HEOOXiHO IOTPHUMYBATHCS 3arajibHONPHHHATOI CTPYKTYpH (Talmuiys).
4) Tlpocrora y BuKIani MaTepiady. PekoMeHIyeTbCs BHKOPHCTOBYBATH BIJIOMI 3arajbHONPUHHATI TEPMiHH. 5)
BincyTtHicTh neraneil — HEOOXiIHO YHUKATH 3aiiBUX JeTasel 1 KOHKpeTHHX nudp. 6) Kirouosi crosa (5—-8) nHeoOxinHi
JUIA TIOIIYKOBHX CHCTEM 1 Kiacudikamii crated 3a TemMamu. B iHTepecax aBTopa BKa3aTu KUIBKICTh KIFOUOBHUX CIIiB
HEOOXITHUX UIs 30UIbIICHHS [IaHCIB 3HAXOKEHHS CTATTI Yepe3 MOUIyKoBi cucTeMu. CIIOBOCHONYYEHHS BBAKATHCSA
OoIHMM KitouoBuM cioBoM. Anoramis 3 Y/IK, I1Ib aBTopiB Ta mepenikoM KIIIOUOBHX CIIiB HaIa€ThCsl YKPaiHCHKOIO,
POCIHCHKOIO Ta aHIIIIHCHKOI0 MOBaMH (Keruib 9, BUPIBHIOBAHHS 10 IMUPHHI). Y TEKCTI aHOTalii Ha aHTITIHCHKIH MOBI
CJIiJI 3aCTOCOBYBATH TEPMIHOJIOTIIO, XapaKTepHY Ul 1HO3EMHHX CHEL[iaJIbHUX TEKCTIB BIJIIOBIAHOI NpeaMeTHOI
o0JylacTi, YHHKaTH BXKMBAaHHS TEPMIHIB, SKI € MPAMOIO KaJbKOIO POCIHChKOMOBHHUX-YKPaiHOMOBHHMX TEPMiHIB.
HeoOxinHO noTpumyBaTHCS €IHOCTI TepMiHOMNOrii B Mexax aHortarii. OfHUM 3 IepeBipeHMX BapiaHTIB aHOTAIil €
KOpPOTKE TIOBTOPEHHS B HIH CTPYKTYpH CTaTTi, IO BKJIIOYA€ BBEJACHHS, LTI 1 3aBIAHHS, METO/AW, PE3yIbTaTH Ta
BHCHOBKH. Takuii croci0 ckJiafaHHs aHOTaniii HaOyB MOMIMPEHHS 1 y 3apyOiKHUX skypHainax. CKOpOYEHHS Ta YMOBHI
MO3HAYCHHS, KPIM 3arajbHOBXXMBAHMX (B TOMY YHCII B AQHIVIOMOBHHUX CIICI[IaJIbHUX TEKCTaX), 3aCTOCOBYIOTH Y
BHHSATKOBHX BHUMAIKaXx a0o0 Jar0Th iX BHU3HAYCHHS IMPH IMEpIIoMy BXuBaHHI. OmuHAII (I3WYHUX BEIWYHH CIIiT
HaBOAWTH B MixkHapoxHii cucremi Cl. B anoranii He poOuisThes mocuiaHHsg Ha IyOiikamii y CITMCKY JITepaTypu 10
CTarTTi.
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3ATAJIbHA TEXHOJIOT'ISI XAPYOBOI ITIPOMHUCJIOBOCTI

Kadenpa iHTerpoBaHMX TEXHOJOriH, NMPOIECIB Ta amapariB BUKJIAJAE HOPMATHUBHY IUCLUIUIIHY «3arajibHa
TEXHOJIOTIS1 Xap9Y0BOi POMHUCIIOBOCTI» AJIs CTyAEHTIB 2 Ta 3 kypciB daxynsrery TOP, ki HaBUaIOThCS 32 HAIIPSIMKOM
XapyoBi TexXHOJIOTI] Ta iHXeHepis creriaabHocTe TeXHOIoTis XUPIB 1 KUPO3aMiHHUKIB i TexHomoris OpoanITbHIX
BUPOOHMLTB Ta BUHOpoOcTBa moHan 20 pokiB. 3a 1ed yac BuIaHO 16 Migpy4YHWKIB Ta HaBYAIBHUX IMOCIOHHKIB 3
rpudom MOH Vkpainu Ta Hi, siKi 3a0€31e4yl0Th BUKJIAQAaHHS JUCIMILUIIHM 32 yciMa BUJaMH HaBaHTakeHHs (Buima
ociTa: bakanaBpar), HanpuKIaz:

1. Byxkano C.I. TexHonorisi OCHOBHHX XapuOBMX BUPOOHHMIITB Yy NMPHKJIaIax i 3a1auax (HaBY. IOCIOHNK), XapKiB:
HTY «XTII», 2003, — 184 c., nakmnax 300.

2. ToBaxusinckuit JLJI., byxkano C.M., Kanycrenko II.A., XaBun I'.JI. OCHOBHbBIE TEXHOJOTMU MUILEBBIX
MIPOM3BOJICTB M 3Heprocoepexenue (HaBy. mocioHuk), Xapokos: HTY «XIIN», 2005, — 460 c., Tupax 500.

3. Lmoxa M.T., Jlazapes M.I., Byxkano C.I., JlazapeBa T.A., Pyban H.II., HoBocensuer O.O. Ilpouecn Ta
anapaTH Xap4oBHX BUpOOHHITB (HaBu. roc/ 3 rpudom MOH Ykpainn), Xapkis: YIIIA, 2009, — 153 c., Haknan 300.

4. Jlazapesa T.A., Byxkano C.I., Imoxa M.I"., CxopornymoBa O.b. Texnomnoriune o0yiaiHaHHS Xap4oBOi Tarysi
(naBu. moci6HuK 3 Tpuom MOH VYkpainu), Xapkis: YIIIA, 2009, — 185 c., makiazx 300.

5. ToBaxnsucekuii JIJI., Byxkano C.I., Kanycrenko I1.0., ApcenseBa O.I1., OnpxoBcbka O.I., Oprnosa €.1.
3arabHa TEXHOJIOTISI Xap4OBOi MPOMHUCIIOBOCTI Yy MpHKIIaAax i 3anadax (miapyunuk 3 rpudom MOH VYkpainn), Kuis:
Hentp yuboBoi miteparypu, 2011, — 832 c., makmaz 1000.

6. Byxkano C.I. 3arajgpHa TEXHOJIOTIS Xap4OBOI ITPOMHUCIIOBOCTI: TECTOBI 3aBAaHHsA (mixpydHuk 3 rpupom MOH
VYxpainu), Kuis: Llentp ya6oBoi niteparypu, 2014, — 412 c., naxmazg 1000.

7. Byxkano C.I. 3aranpHa TEXHOJIOTIS Xap4oBOI IPOMUCIOBOCTI: IHHOBAILiHHI 3axoqu (MAPYYHHUK 3 TpUPOM
MOH Vkpainn), Kuis: Lleatp ya6oBoi mitepatypu, 2014, —456 c., nakman 1000.

8. ToBaxusaucekuit JIJI., byxkano C.I., denucoBa A.€., Hemunos .M., Kanycrenko I1.0., ApcenseBa O.IL.,
Binoyc O.B., OmpxoBcrka O.1. 3arampHa TEXHOIOTIS Xap4oBOI TPOMUCIIOBOCTI Y MPUKJIagax i 3aja4ax (MigpydHHK 3
rpudpom MOH Vkpainn: 2-re Bunanss nepepobdiene), Kuis: Llentp yubooi miteparypu, 2016, — 470 c.

Tabnus. KoMmuiekcHUH 11aH HaBYaIbHUX 3aHATH MepIuoro (H3) MoAyIio (IpHUKIIa)

Ne | Bup [['o- |HaiiMeHyBaHHS TeM 1 INTaHb KOXKHOTO 3aHATTS! KOMILIEKCY
/Tl| H3 |IWHA

1 | nk | 2 |3arampHi BiJOMOCTI TpO: O0’€KTH BHBYCHHA Ta MpEAMET MUCHUILTIHY, I[JIb HaBYaHHS, BUMOTH 1O 3HaHb
CTY/ICHTIB; iCTOPUYHHUI PO3BHTOK XapuoBOi TEXHOJOTII K HAyKH B YKpaiHi; y3aralbHEHY CTPYKTYpPHY CXEMY
TEXHOJIOT1YHO] JHii Ta cTafii Xap4oBoro BUPOOHMIITBA; OCHOBHI MUTAHHS MOJICpHi3allis BUPOOHUIITBA

Ik | 2 |3arampHa XapakTepHCTHKA ITiArOTOBUOI CTaAll, peXKUMH Ta 3acobu 30epiraHus pi3HUX BUJUB CHPOBHHH

gk | 2 |IligroroBka pi3sHOBHIIB CHPOBHHH O BUPOOHUITBA

ak | 2 |Texnomoris 30epiraHHs 3epHa: OCHOBHI omepariii Ta anmapaTypHe OCHAICHHs] OCHOBHHX CTaIii

110 2 |OnepxaHHS, JOCTIIKCHHS Ta aHali3 JMESIKUX BIACTHBOCTEH KIICHKOBHHU Ui PI3HOBUAIB MIICHHYHOTO
OopomrHa

6 | 2 |HdocmimpkeHHS Ta aHaNi3 aBTOJNITHYHOI aKTUBHOCTI JUIS PI3HOBHUJIB NMIIEHHYHOr0 OOPOIITHA — BU3HAYCHHS « -
aminasu

m3 | 2 |Po3paxyHOK Macu CyXHX PEYOBHH i BOJIOTH y CHPOBHHI ISl BHPOOHHUITBA TicTa

m3 | 2 |Po3paxyHOK KiTbKOCTi O0poIIHa Ha 3aMic TicTa

2 | ax | 2 |Texuomorist GOpoIIHa: OCHOBHI CTajil BUPOOHMIITBA PI3HOBHIIB OOpOIIHA Ta iX amapaTypHe BUKOHAHHS, IIOMEI
3epHa.

ak | 2 |Texnomoris kpyn Ta Kpyn'sHHX BHPOOIB: HMPHHIIMIIOBA CXEMa BHPOOHMITBA, NPH3HAYCHHS Ta amapaTypHe
0(hOpMIICHHSI OCHOBHUX CTaJiil: JIyIIEHHs, OJipyBaHHS, IUTI()yBaHHS, TEXHOJIOTIUHI PEXKUMHU

ak | 2 |Texnomoris xmiba: xmibonexapHi BIaCTHBOCTI OOpOIIHA; MPHHIMIIOBA CXeMa XJIi0OMEeKapHOro BHPOOHMIITBA;
OCHOBHI CTaJil TEXHOIOT] Ta iX amapaTypHe OCHAIIEHHS; TEXHOIOT1YHI ITapaMeTpH Ta IX BILUIUB Ha IPOLECH Ha
OCHOBHHX CTaisIX BUPOOHHITBA XIi0a.

nk | 2 |TexHomoriss MakapoOHHHX BHpPOOIB: OCOOMMBOCTI PpEIENTyp MAaKapoOHHHX BHpPOOIB; INPHUHIHUIIOBA CXEMa,
TEXHOJIOT1YHI PEeXKHMMH Ta anaparypHe ohOpMICHHS OCHOBHHX CTaJill BUPOOHUIITBA.

16 | 2 |HocmigpkeHHs Ta aHali3 BIUTMBY PEKHMIB BUTOTOBJICHHS TicTa Ta HOTO CKJIAIOBHX HA PEOJIOTiYHI BIACTHBOCTI
16 | 2 |BuBueHHS i aHaNi3 BIACTHBOCTEH MIIEHUTHOTO OOpPOIITHA

m3 | 2 |Po3paxyHKH HOIOMIKHOI CHPOBHHH Ha 3aMicC TicTa

m3 | 2 |Po3paxyHku B3a€eMO3aMiHHOI CHPOBHHH JUIS 3aMicy TicTa, MOJyJIbHAa KOHTPOJIBHA po0oTa

BigMiHHOIO OCOONMBICTIO HAaBYAaHHS CTYJCHTIB 32 BKa3aHHUMHU HaNpsIMKaMH € HOTrO KOMIUIEKCHHH XapakTep,
OCKIJIBKM CYMICHO PO3IJIJAIOTHCSl PI3HOBUAM IPEACTABICHUX MaTepiajliB HaBYAJBbHUX 3aHATH (H3): TEOPETHYHI
MIUTAaHHS KypCy «3aranbHa TEXHOJIOTIS XapyoBOi IPOMMCIIOBOCTI», Ha SKMX 3aCHOBaHI BKIJIIOYEHI B MiAPYYHHK
naboparopHi pobortu (110), OaraToBapiaHTHI TECTOBI 3aBJaHHA Yy BUIJLIII 3aJad 3 OCHOBHHX TeM Kypcy (13),
IHAMBiAyanbHI 3aBAaHHS Ta KOHTPOJIBHI 3aBJaHHS, OLIIHOYHUI MaTepiai 3 ypaxyBaHHSIM KUIBKOCTI TOIWH.

3aranbHi BiIOMOCTI TpO 00’€KTH BHBYEHHSA Ta TpEAMET IUCHUILUIIHYM, IiJIb HaBYaHHS, BUMOTH 10 3HaHb
CTY/IGHTIB MalOTh iHHOBAIlii{HE KOMITJIEKCHE PO3BMHEHHS y BCIX CEMecTpax peaizalii KOMIUIEKCHOTO TUIaHy.

Bicnux Hayionanvnozo Texniunoeo Yuisepcumemy «XI1l». Cepis: Innosayiiini
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