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Introduction. The aim of the publication is to study the
effect of demineralising of the water by reverse osmosis on the
drift of protons of ethanol and water, as well as the stabilization
these systems by 'H NMR spectroscopy.

Materials and methods. 'H NMR analysis was conducted
with the usage of the following: F7T-NMR Bruker Avance II
spectrometer (400 MHz); specially shaped capillary with acetone-
dg; high accuracy ampoules Ne 507-HP; dispenser; ethyl rectified
spirit (ERS); demineralized water by reverse osmosis; water-
alcohol mixtures (WAM) from ERS and demineralized water.

Results and discussion. In this paper, we have established
some new features in the process of creating WAM that are
directly dependent on the demineralization of water by reverse
osmosis. The drift of protons of ethanol and water in the process of
creating WAM indicates the complex dynamic of the system
stabilization processes. A «restoration» of location of hydroxyl
proton’s signal (OH) of ethanol is not observed during the time
interval of 0 to 432 h after the mixing, with a constant alcohol
concentration (WAM’s strength — 39,92 % vol.) and system’s
temperature control (t=23,5 °C). A characteristic feature of
ethanol (EtOH) and water (H,0) hydroxyl protons in the WAM
during the interval of ==12-432 h is that the signals (dg0~4,93—
5,01 ppm; J0=4,33-4,41 ppm.) located separately from each
other with a difference in a chemical shifts of 40=0,59-0,61 ppm.
Division of the signals related to the process of reconstruction of
water structure that was destroyed by demineralization by reverse
osmosis and to set an equilibrated structure of new system. The
low exchange rate (separately observed signals of hydroxyl and
water) can be related to a significant microheterogeneity of the
system and the corresponding barrier effect that reduces the
effective rate of protons’ exchange.

Conclusion. Experimentally, using the method of 'H NMR
spectroscopy, the influence of the use of reverse osmosis of water
treatment on the spectral characteristics of mobile protons of
ethanol and water, as well as the stabilization of the system in the
process of creation of water-alcohol mixtures, was established. It
is shown that for such systems, the stabilization process of the
water-alcohol mixture is simultaneously with the restoration of a
network of hydrogen bonds in the aqueous phase of the
microheterogeneous medium.




Introduction

NMR spectroscopy is widely used in physics research, industry, agriculture and other
industries. NMR plays a particularly important role in food chemistry where it used in the study
of both simple organic molecules and complex macromolecular structures and their complexes
(Minoja, Napoli, 2014; Singh, Blimich, 2016; Hore, 2017) [1, 13, 16]. A large number of
articles discuss the use of NMR for research of food products; meat, fish, dairy products,
vegetables, fruits, juices, pastry, cheese, starch, honey and alcohol products (Minoja, Napoli,
2014; Zuriarrain et al, 2015; Youssouf et al, 2017; Campo et al, 2016; Zhu, 2017; Yuan et al,
2017; Diop et al 2012; Tian et al, 2017, Sucupira et al, 2017, Li et al, 2017; Shumilina et al,
2016; Okaru et al, 2017) [1, 2, 11, 12, 14, 15, 17-22]. This method provides comprehensive
information with relatively simple obtaining spectra, thus greatly facilitating and accelerating
chemical research (Nose et al, 2005; Richards, Hollerton, 2011; Roberts, 2002; Hu et al, 2010)
[5-8].

NMR spectroscopy is most commonly applied to the nuclei of lightest isotope of hydrogen
'H (protium, 'H isotope) proton. The ﬁrst 'H NMR spectra of ethanol C,H;OH was obtained in
1951 (Arnold et al. 1951) [3]. The first "H NMR spectra of H,O were obtained in 1946 (Bloch et
al. 1946) [4]. At the first glance, it may seem that these are fairly simple organic molecules, at
the same time NMR spectras exhibits greate variety (Nose et al, 2005; Richards, Hollerton,
2011; Roberts, 2002; Hu et al, 2010) [5-8] in such characteristics as chemical shift, spin-spin
interactions and the effect of chemical exchange (Matsugami et al, 2016; Jora et al, 2017) [9,
10].

An ethanol molecule consists of 6 protons located in a 3 proton-containing groups: methyl
(CH3), methylene (CH,) and hydroxyl (OH) with a relative intensity characteristic CH;: CH,:OH
— 3:2:1. Nuclear spin-spin interaction is observed between the three proton-containing groups of
ethanol, all of which have different resonant frequencies (Roberts, 2002) [7]. “N” number of
equivalent protons of one group split the signal of the nearest group into (n#+1) lines with the
intensity of a Pascal triangle (Richards, Hollerton, 2011) [6]. The ability to observe spin-spin
interactions depends on the rate of the intermolecular proton exchange (Jora et al, 2017) [10].
Wherein the hydroxyl proton (OH) of ethanol can interchange with free hydrogen ions
(Matsugami et al, 2016) [9]. The hydrogen ions are generated due to self-dissociation of water or
traces of acids, alkalis or dissociated ethanol (Jora et al, 2017) [10]. The concentration of free
protons is characterized by pH level.

Vodka — is an alcoholic drink with strength from 37,5% to 56%, obtained by special mixing
ERS with water, with addition of non-volatile ingredients or without them.

In the opinion Hu et al. (2010) [8] vodka is a fairly simple physicochemical system: a
mixture of alcohol and water. However, each brand has its own distinctive taste and features on
the molecular level. Research conducted by Hu et al. (2010) [8] confirm that these differences
are significant both during the stage of creating WAM, and in the final product — the commercial
vodka. The major differences are associated with hydrogen bonds, in particular their strength, as
confirmed by Varlous research methods such as 'H NMR spectroscopy, FTIR spectroscopy,
Raman spectroscopy. 'H NMR and FTIR spectroscopy demonstrates the presence of water in the
hydrate structure EtOH"(5,3+0,1)H,0. Water can also be observed in WAM as well as in vodka.
The authors (Hu et al, 2010) [8] attribute this value with the perception of organoleptic
characteristics of vodka.

Lots of attention in the work of Hu et al, 2010 [8] has been given to 'H NMR spectra of
hydroxyl proton of OH water and alcohol. Water protons are represented as narrow singlets with
Ooor=5 ppm. The spectra of some samples are represented by the appearance of a second
broadened OH signal of ethanol at a level of dpr=5,5 ppm. The presence in the samples of a
single signal of OH ethanol (Hu et al, 2010) [8] is attributed to the weak hydrogen bonds of
ethanol.

In their paper, the authors (Hu et al, 2010) [8] introduced the concept of «structurability» —
defined as the ability to maintain structure — a parameter that determines the ability of vodka
(alcohol) to streamline its structure.



The effect of impurities (such as salts, acids, phenols) strengthening the hydrogen bonds in
WAM as well as in the finished product such as sake, has been studied by Nose et al (2005) [5].
Hu et al [8] have identified that the impurity of compounds has an effect on the molecular
dynamics in ethanol’s hydration process.

Previously, we have conducted primary research of 'H NMR WAM, which were described
in the work of Kuzmin et al, 2013-2015 [23-26]. The obtained results give grounds to assert a
fundamental difference in the behavior of the WAM prepared from the alcohol and water
passing through various processes. This may indicate the presence of such features as separate
signals of OH-protons of H,O and EtOH. Also abnormal waveforms of CH; and CH,
characterize a product with a lower tasting properties. The presence of the combined signal of
H,O+(EtOH) and a “clear” form of CH; and CH; signals (triplet — for CH;, quartet — for CH>) —
characterizes the WAM with the best tasting properties.

Thus, in the work of Kuzmin O., Sujkov S. et al, 2013 [23] established experimental
evidence of instalment nature / (non- instalment) of thermodynamic balance, taking into account
the organoleptic characteristics of WAM in dependence on water treatment method and time of
system’s functioning. However, the questions related to internal mechanism’s specification and
the rate of establishment of thermodynamic balance depending on type of water used in the
process of creating the WAM are remain unsolved.

Therefore, the additional research is required for a detailed study of internal mechanism of
thermodynamic balance and insurance in obtaining high quality vodka products — for each type
of water separately.

Therefore, the aim of this work is study of drift of ethanol protons (ERS) and water
(demineralized by reverse osmosis) in the process of WAM creation.

Materials and methods

Materials: demineralized water by reverse osmosis water; ERS; WAM from ERS and water
demineralized by means of reverse osmosis.

The following cha;racterlstlcs were determined for water demineralized by reverse osmosis:
solid residual — 15 mg/dm’; electrical conduct1v1ty 20,7 uS/em; pH — 5,05; ORP — “+” 393
mV; total hardness — <0,05 mM/dm’; perman 3ganate oxidability — 0,46 mg Oz/dm mass
concentration (MC) of sodlum - 11 60 mg/dm’; MC of potassium — <2,0 mg/dm?; MC of
ammonium — <2,0 mg/dm’; MC of calclum <2,0 mg/dm*; MC of magnesium —<2,0 mg/dm3
total alkalinity — 0,15 mM/dm”.

Characteristics of ERS: volume part of ethanol — 96,37 %, volume part of water — 3,63 A>,
content of aldehydes in anhydrous alcohol, in recalculation on acetic aldehyde — 1,3 mg/dm
content of fusel oils in anhydrous alcohol: propyl, isopropyl, butyl, isobutyl and 1soamy1 -15
mg/dm content of esters in anhydrous alcohol, in recalculation on acetic-ethyl ether — 1,3
mg/dm’; content of methanol in anhydrous alcohol — 0,0022 % vol.

WAM made of ERS and process water — demineralized by the reverse osmosis has the
following characteristics: alcoholic strength — 39,92 % vol.; electrical conductivity — 3,5 pS/cm;
ORP — “-” 98 mV; pH level — 7, 60 content of aldehydes in anhydrous alcohol, in recalculation
on acetic aldehyde — 1,8 mg/dm”; content of ﬁJsel oils in anhydrous alcohol: propyl, isopropyl,
butyl, isobutyl and 1soarny1 - 1,4 mg/dm’; content of esters in anhydrous alcohol, in
recalculation on acetic-ethyl ether - 14 mg/dm content of methanol in anhydrous alcohol
0,0021 % vol.; alkalinity — 0,4 cm’ 0, M of hydrochlorlc acid for titration of 100 cm® sorting;
oxidability test — 9 min.; taste evaluation — 9,30 pointa (appearance — colourless liquid without
sedlment odor — strong alcohohc taste — sour and bitter, pungent).

'H NMR analysis of WAM was conducted with the usage of the following: FT-NMR
Bruker Avance II spectrometer (400 MHz) with operating frequency at ' H — 400 MHz; specially
shaped capillary with acetone-dg; high accuracy ampoules Ne 507-HP for high resolutlon
NMR’s spectroscopy (400 MHz); dispenser.



1.
2.
3.

Work methodology (Kuzmin et al, 2013-2015) [23-26]:

0,3 ml of a WAM prepared with a volumetric pipette with a predetermined strength (40,0

+0,2)% vol.

External standard which is required for LOCK’s system operation is added into an

ampoule of special form capillary.

'H NMR spectra records and data processing were performed according to the manuals of

FT-NMR Bruker Avance II (400 MHz) spectrometer.

Results and discussions

Spectrum of water — H>O (figure 1), ERS (figure 2), WAM (figures 3-23), made of
demineralized water prepared by means of osmosis and ERS at a different lifetimes (h) is
characterized by a unitary signal of hydroxyl group of /O (figure 1). The sygnal of H,O
protons — singlet (s), located at dy>0=4,63 ppm. Waveform of H>O protons — is distorted
Gaussian curve, with a broadened base and a slight asymmetry of apex, which is offset from the

centerline.
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Figure 1. '"H NMR spectra of H,O-proton of water, prepared in demineralized by reverse
0smosis
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Figure 2. 'H NMR spectra of proton groups ERS:

CH3,' CH),‘ H20; EtOH

We will analyze the spectra of ERS (figure 2). Hydroxyl group of protons of ERS are
represented by two separate peaks. A component of ethanol is represented as a single broad
singlet, located in a «low field» with the chemical shift 0z0,=5,65 ppm. A component of
water proton is represented as singlet with a chemical shift of d;,0=4,85 ppm. The form of
H,O protons’ signal is a distorted Gaussian curve, with a broadened base and a certain
asymmetry. The difference between the OH-proton of ethanol (EfOH) and the proton of water
(H>0) in the chemical shifts — 46 = 0,80 ppm.

The analysis of the 'H NMR-spectra of protons methyl group of ethanol (CH;) allows
us to state the following. The protons’ methyl group is represented as a septet (sp) with a
relative intensity (1:6:15:20:15:6:1). This is abnormity as according to Pascal's triangle and
on the assumption of protons’ methyl group spin-spin interactions, methylene group’s
(CH;) signal has to be split by an adjacent protons’ group (CH>) as a triplet (¢) with
intensity ratio (1:2:1). Besides the methylene group (CH>), no other group of protons can
have observable an effect on the active spectrum of the methyl group (CHj).

The analysis of methylene group’s (CH,) '"H NMR’s protons shows the following. The
methylene group’s protons (CH) are represented as quintet (gi) with the intensity (1:4:6:4:1).
This is an abnormity. Protons of methyl (CH;) groups must split the signal of methylene
group (CH,) into four components and form a quartet (¢) with an intensity ratio of 1:3:3:1, as
based on the spin-spin interaction. In turn, protons of hydroxyl (OH) groups should split each
quartet’s component of methylene (CH,) group into two components to form a double quartet.
The signal of methylene (CH,) groups should remain as quartet. This happens due to the
absence of observable spin-spin interaction between the hydroxyl (OH) and methylene (CH>)
groups by the chemical exchange.
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Figure 3. LTH NMR spectra of proton groups of WAM, prepared in demineralized by reverse
osmosis water and ERS: CHj;; CH,; H,0; EtOH, dependent from system’s functioning time (0 h)
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Figure 4. '"H NMR spectra of proton groups of WAM, prepared in demineralized by reverse
osmosis water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time(12h)
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Figure 5. 'H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis

water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (24 h)
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Figure 6. "H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (36 h)
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Figure 7. 'H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis water
and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (48 h)
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Figure 8. 'H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (60 h)



4.98
4.38
3.20
ile
316

3014
7
0.71

T 0.69

0.69

0.

e e S R e N

D5 5.0 4.5 4.0 309 3.0 25 20 15 10 ppm

Figure 9. 'H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis water
and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (108 h)

@ m oo Mo
o M R o 0
- Ll Mmoo ooo

3

=i iy S — L

25 5.0 4.5 4.0 359 3.0 25 20 15 10 pPpPmM

Figure 10. ’H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (132 h)
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Figure 11.’H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (144 h)
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Figure 12. ’H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (156 h)
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Figure 13.’H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (168 h)
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Figure 14. 'H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (180 h)
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Figure 15.'H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (192 h)
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Figure 16. "H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (204 h)
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Figure 17.'H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (216 h)
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Figure 18. ’H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (288 h)
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Figure 19. ’H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (300 h)
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Figure 20. 'H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (312 h)
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Figure 21. ’H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (324 h)
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Figure 22. 'H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (336 h)
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Figure 23. 'H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (432 h)

The figures 3-23 shows the proton group’s ‘H NMR spectras of freshly prepared WAM
sample (0 h) and a sample taken after few days, with an interval of 12—72 h with indication
of chemical shift.

At the initial instant of WAM formation — =0 h (figure 3) the presents of two separate
signals — OH of ethanol (C,Hs0H) and water H,O is observed in the area of hydroxyl
protons of ethanol and water. Signal of hydroxyl (OH) proton of ethanol (C.Hs50H) is
presented in a form of bulge. The bulge is found in a weak field with a chemical shift of
Oror=4,97 ppm. Signal of water (H,0) protons is presented as an elongated singlet of
symmetrical shape with a broad base which is located at d,0=4,36 ppm. The difference in
chemical shifts of OH proton (C>H;OH) and H>O proton at this stage (z=0 h) is 460,=0,61
ppm.
A characteristic feature of hydroxyl proton of ethanol (EtOH) and water (H,0) during
the interval of =12-432 h (figures 4-23) is that the spectra (dgor=4,93-5,01 ppm;
O0120=4,33-4,41 ppm.) located separately from each other with a difference in a chemical
shifts of 46=0,59-0,61 ppm. This may indicate that there were no conditions created to
form a water composition with hydroxyl proton of alcohol. Therefore, it proves that the
state of thermodynamic equilibrium is absent up to <432 h.

The analysis of '’H NMR spectra of WAM methyl group’s protons (CHj) states the
following. 7=0. Methyl group of protons (CHj) is represented as a triplet (f) in the initial
time of system’s operation. Triplet is formed by the spin-spin interaction with protons of
adjacent methylene group (CH,). The intensity ratio is (1:2:1) according to the Pascal
triangle. Not a single group of protons can affect methyl group’s spectrum (CHj;) besides
the methylene group (CH>). Thus, the methyl group of protons (CHj) is located in a strong
field with an average value of the chemical shift as d¢y3;=0,71 ppm.



1=12-432 h. The methyl group of protons (CH;) did change its position comparatively
to the initial position (=0 h), and also changed the waveform — from the triplet (7) to the
quintet (gi) and back. The following initial conclusion can be made: the range (12432 h) is
not characterized by a complete structuring of signal of methyl group (CH;) as a triplet (t) as
its form and by the middle positioning of a chemical shift — d¢y3=0,70-0,72 ppm. There is
abnormal change in the spectra’s structure during this period of time.

The analysis of 'H NMR spectra of methylene group (CH,) reveals the following. At the
beginning of the formation of WAM (=0 h) methylene group of protons (CH,) is presented
as a quartet (g), which is confirmed by the spin-spin interaction of protons of methyl (CHj)
groups, that should split signal of the methylene group (CH-) into four components, form a
quartet (¢) with intensity ratio of 1:3:3:1.

In turn, protons of hydroxyl (OH) group should cleave every component of methylene
(CH,) group’s quartet into two components to form a double quartet. The absence of spin-spin
interaction between hydroxyl (OH) and methylene (CH>) groups due to chemical exchange
would have to ascertain that the signal of the methylene (CH-) group must remain as quartet.

Methylene group of protons (CH.) has an average value of a chemical shift as d¢y=3,17
ppm, distance between each peak of quartet (spin-spin coupling constant) is 8 Hz.

=12-432 h. Methylene spectrum with an average value of chemical shift d¢y=3,17—
3,18 ppm is shifted to a weak field by 0,01 ppm relatively to its initial position (=0 h).
Waveform — quartet (g), which is typical for the above proton group, on the assumption of
spin-spin interaction with protons of the methyl (CHj;) group and chemical exchange between
the hydroxyl (OH) and methylene (CH>) groups.

The following initial conclusion can be made: the range (0432 h) is characterized by a
complete structuring signal of the methylene group (CH,) as quartet (¢g) in its form and by the
middle positioning of the chemical shift — d¢y,=3,17-3,18 ppm, which remains unchanged.
There is no abnormal change in the spectra’s structure during this period of time. Its position
can be described as stable. The distance between the peaks also remain unchanged — 0,02

Conclusions

As a results we have evidence of a complex dynamic of achievement processes of
solution equilibrium for WAM prepared in demineralized by reverse osmosis water with pH =
5,05 and ERS. At the same time pH of obtained WAM is pH = 7,60 i.e. alkalescent medium.
A «restoration» of location of hydroxyl proton’s signal (OH) of ethanol is not observed during
the time interval of 0 to 432 h after the mixing, with a constant alcohol concentration
(WAM’s strength — 39,92 % vol.) and system’s temperature control (t=23,5 °C). It can be
assumed that division of the signals related to the process of reconstruction of water structure
that was destroyed by demineralization by reverse osmosis. The low exchange rate (separately
observed signals of hydroxyl and water) can be related to a significant microheterogeneity of
the system and relevant barrier effect that reduces the effective rate of protons’ exchange.
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BruiuB 3HecosieHHs BOAY 3BOPOTHIM 0CMOCOM HA NPOLIEC YTBOPEHHSI BOAHO-CIIMPTOBUX
cyminuei. "H SIMP nocimxenns

Oner Kyssmin', Cepriii Cyiixos”, Hemipiu Onexcanmpa’, Jlitpix Ipuna', Cuka Ipusa'

1 — Hayionanvnuii ynieepcumem xapuoeux mexuonoeiu, Kuie, Ykpaina
2 — Incmumym @izuxo-opeaniynoi ximii ma eyeneximii imeni JI.M. Jlumeunenxa HAH
Yrpainu, Kuis, Ykpaina

Beryn. Meroto myOumikamii € JIOCHIDKEHHS BIUIMBY JIeMiHEpalli3oBaHOi BOIH
3BOPOTHAM OCMOCOM Ha JApei] TPOTOHIB €TaHOIY i BOAW, a TAKOXK CTAOUTI3aIlil0 IHX
cHcTeM 3a 1onoMororo ' H AMP crieKTpocKortii.

Marepianu i meroan. 'H SJMP auanis npoBomuscs 3 BUKopucTanHsM: Dyp’e-TMP-
cnekrpomerpa Bruker Avance II (400 MI'm); cremiaipHOrO Kamiispy 3 amneTOHOM-dg;
ammyn Ne507-HP Bucokoro po3fmisieHHS; 103aTOpa; CIOHUPTY €THIOBOrO PEKTHU(IKOBAHOTO
(CEP); Boau, nemiHepasi3oBaHOI 3BOPOTHUM OCMOCOM; BoJHO-criipToBux cymimieii (BCC)
i3 CEP i neminepanizoBaHoi BOIH.

PesyabraTtn. Y poboti BcraHoBiieHI HOBI edektn B mporeci crBopeHHs BCC, siki
TIOB’sI3aHi 3 AeMiHepasi3amuieo BOIM 3BOPOTHIM OCMOCOM. 3MiHa XiIMIYHHX 3CyBiB IIPOTOHIB
eraHoiry i Bogu B mporeci crBopeHHss BCC cBim4MTh NMpo CKIagHy AWHAMIKy HpOLECIB
JIOCSITHEHHsI piBHOBaru y cymimi. B inrepBani yacy Bix 0 1o 434 ronuH micis 3MilleHHS,
IIpY TOCTINHIM KoHmeHTpaunii cnupty (Mimnicts BCC — 39,92 % 006.) i TepmMocTaryBaHHi
cucremn  (t=+23,5°C), He BigOyBaeTbcs  «BIAHOBICHHS»  IIOJNIOXKEHHS  CHTHALy
rizpokcuinbHoro nporona (OH) eranony. XapakTepHOIO PHCOIO JIOCHTIDKEHUX CUCTEM € T€,
10 CUI'HAJIM T1IPOKCHIIBHOTO NpoToHa etaHony (EtOH) i Bonu (H>0) npoTsroM iHTepBany
=12-432 h (0goy=4,93-5,01 ppm; Jyy0=4,33-4,41 ppm) MOXKHa CIIOCTEpIraTH OIUH
OKpEMO BiJ[ OZIHOTO 3 Pi3HMIIEI0 Y XiMiuHMX 3cyBax 40=0,59-0,61 ppm. Biporiguo, po3ain
CHTHAJIB Ta IX XapaKTepHUi Apel¢ MOoB's3aHO 3 IPOLIECOM BiJHOBJIICHHS CTPYKTYPH BOAH,
MIOPYIIEHOI NP JieMiHepastizallii 3B0pOTHUM OCMOCOM OJHOYACHO 3 BCTAHOBJICHHSM CITKH
BOJHEBUX 3B’S3KIB XapakTepHOi Juisi po3unHy. Husbki mBuakocti oOMiHY (po3aiiabHE
CIIOCTEPE)KEHHS ~CHUTHAJiB TIAPOKCWIY 1 BOAM) MOXHa 3B'S3aTH 3  ICTOTHOIO
MIKpPOTETEpOreHHICTIO CHCTEMHM 1 BIANOBIAHUM Oap'epHUM e(deKTOM, IO 3HUXYE
e(QeKTUBHY HIBHAKICTH OOMiHY IIPOTOHIB.

Bucnosku. ExcrnepuventansHo, MeronoM 'H SAMP CcieKTpOCKOMii, BCTAHOBIEHO
BIUIMB  BHKOPHCTaHHS  3BOPOTHOTO  OCMOCY  BOJOINIJITOTOBKM Ha  CIIEKTpaJbHI
XapaKTEPUCTUKH PYXJIMBUX INPOTOHIB €TAHONY 1 BOIM, a TAKOX CTAaOUII3aIliI0 CHCTEMHU Y
TIPOLIECi CTBOPEHHS BOIHO-CITUPTOBUX cyMieil. [loka3ano, 1o aist TAKHX CHCTEM IIpoIec
cTabinmizamii BOAHO-CIIUPTOBOI CyMIlIl TNPOXOJUTH OJHOYACHO 3 BIJHOBIICHHSAM CITKH
BOJIHEBUX 3B’sI3KIB Y BOAHIN (ha3i.

Kir04o0Bi ci10Ba: 3BOpOTHUIA OCMOC, €TAHOI, BOJA, CYMIII, 'H SIMP.



