TexHonozis i 6e3nexka NpodyKkmie xapuyeaHHA

UDC 544:778:4:001:613.292

STUDY OF REGULARITIES OF DISTRIBUTING POWDERED DIETETIC
ADDITIVES IN COARSE DISPERSED FOODSTUFFS

M. Pogozhikh, Doctor of Technical Sciences, Professor, E-mail: drpogozhikh@mail.ru

T. Golovko, Candidate of Technical Sciences, Associate Professor, E-mail: golovko tn@mail.ru

A. Pak, Candidate of Technical Sciences, Associate Professor, E-mail: a.pak@hduht.edu.ua

A. Dyakov, Candidate of Technical Sciences, Associate Professor, E-mail: dyakov.alex.georg@gmail.com
Department of Physics, Mathematics and Engineering Technical Subjects

Kharkiv StateUniversity of Food Technology and Trade, Klochkivska str., 333, Kharkiv, Ukraine, 61051

Abstract. An important intervention in the composition of food products is enrichment of food with micronutrients. In
this regard, the authors investigated how the additive with the corresponding trace element will be distributed in the food prod-
uct, and in this case, in minced meat, in order to meet the human needs for microelements.

Micronutrient deficiencies have a significant impact on the nutritional status and health of the population in well de-
veloped and developing countries. These deficiencies cause a delay in the growth of children, various diseases, mortality, brain
damage, reduced cognitive capacity and the ability of people of all ages. The global scale of micronutrient deficiencies in die-
tary intakes, in particular the lack of trace elements, has led to the development of powdered dietary supplements containing
essential elements that enrich the coarse-type food products to increase their nutritional value. The dietary supplement should
provide the daily requirement of trace elements in the human body; therefore, it should be added to the product in a normalized
amount and evenly distributed in the product.

Two nuclear magnetic resonance (NMR) and electron paramagnetic resonance (EPR) analysis were performed to de-
termine the distribution of the additive in food products. The analysis was carried out in two stages respectively: study of mol-
ecules mobility by measuring the spin-spin relaxation time (T2) and spin-lattice relaxation (T1) on a pulsed NMR spectrome-
ter; establishment of a connection between the exponent of the amplitude of the sample A, and its mass. Based on the data ob-
tained, as a result of the measurement, a curve is constructed for the dependence of the amplitude of the echo signal from the
value (time interval between the probing pulses). The spin label used in this work is one of the first variants of a paramagnetic
probe-an easily accessible transition metal ion Mn*". According to the constructed graphs and tomograms from the results of
the studies, it is possible to study the characteristics of this dietary supplement and the expediency of its use.
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AHoranisi. Cepii03HUM BTpYYaHHSM JI0 CKJIaJy HNPOAYKTIB Xap4yBaHHS BBaXKA€TbCs 30aradeHHs XapyoBUX MPOIYK-
TiB MiKpOHyTpieHTamMu. Y 3B’SI3Ky 3 LUM JOCII/DKEHO, SK J00aBKa 3 BIAMNOBIIHMM MiKpOESIEMEHTOM Oy[e pO3MOALIATHCS Y
MPOAYKTI Xap4dyBaHHS, a B IAaHOMY BHIAJIKy Y M’ ICHOMY (apiri, [uist TOro, o0 3aJ0BOJIBHUTH MOTPEOH JTIOAWHH Y MiKpoene-
MeHTax. [IpoBeaeHo ABa aHA3H METOJIOM SIIEPHOTO MAarHiTHOTO Pe30HAHCY Ta €JIEKTPOHHOIO apaMarHiTHOTO PE30HAHCY IS
BU3HAUYCHHS PO3NOJLTY H00aBKH B IPOLYKTaX XapuyBaHHs. AHAIII3H IPOBOMINCE BiIIIOBIZAHO y JIBa €TAIHU: JOCIIPKCHHS pY-
XJIMBOCTI MOJIEKYJI IIUIIXOM BHMIpPIOBaHHS 4acy CHiH-criHoBoi penakcanii (T,) Ta crin-rpaakoBoi penaxcanii (T,) Ha immyssc-
HOMy cnekrpomerpi SIMP; BcTaHOBIEHHS 3B’3Ky MiXK NOKa3HUKOM aMILTITYAH 3pa3ka A i fioro macoro. Ha ocHoBi oTpuma-
HUX B pe3yJIbTaTi BUMIPIOBAHHS JaHUX MOOYNOBAaHO KPHUBY 3aJIKHOCTI aMILTITYAM CUTHAITY JIyHH BiJl BeIMYMHHM 7; (IHTEpBa
4acy MiX 30HIyBaJbHUMH iMiTysbcaMu). CrliHOBOIO MITKOIO, SIKy BUKOPHCTaHO B po0OTi, € OAMH i3 MEPIIMX BapiaHTIiB mapaMa-
THITHOTO 30Ha — JICTKOAOCTYIHHIA i0H epexinroro Merany Mn?". 3a orpuMaHiMu rpadikaMu Ta TOMOrpaMaMH BUBYAIM Xa-
PaKTEepUCTUKY AaHOI AI€ETHYHOT TOOABKH Ta JOIIBHICTG 11 3aCTOCYBaHHS.

Kurouosi cioBa. [TopomkonoaiOHi aieTuuHi 100aBKH, SACpHUN MarHITHUH PE30HAHC, €JIEKTPOHHUH TapaMarHiTHUH
pE30HaHC.
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changed, and the level of physical activity has de-

Introduction. Formulation of the problem creased. The use of extensive technologies in agricul-
ture resulted in the erosion of soils and the decrease of
microelements in them, their low level in drinking wa-
ter has critically fallen down. Pollution of the environ-

Modern human constantly feels the lack of mi-
cronutrients, since during the era of human existence,
stereotypes concerning nutrition have significantly
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ment by toxicants, active use of mineral fertilizers, pes-
ticides, and herbicides contribute to blocking the ab-
sorption of trace elements by the root system of plants.
In addition, population of many countries suffers from
a shortage of trace elements due to certain geochemical
features of the area. Modern technologies of processing
raw materials also lead to the loss of a part of trace el-
ements in ready-made food, which became the domi-
nant part of a contemporary consumer basket. There-
fore, it is expedient to use dietary supplements, which
are the carriers of biologically active forms of irre-
placeable micronutrients in products widely used by all
groups of the population. An important problem is the
study of the distribution patterns of powdered dictary
supplements in the composition of poor-dispersion
foods.

Analysis of recent research and publications

In economically developed countries, much
more attention is paid to changing the structure of
food, which is directly related to the health of the na-
tion. Therefore, the problem of ensuring the population
with food products is relevant, despite all the achieve-
ments of scientific and technological progress [1].

The analysis of the population dietary in
Ukraine reveals significant deviations from the formula
of rational nutrition - the increased energy value of the
diet due to animal fats and carbohydrates, deficiency of
proteins, many vitamins and trace elements, as well as
dietary fibers. One of the reasons for such imbalance is
the food industry's release of products that do not cor-
respond the recommended standards of quality nutri-
tion in terms of nutritional and biological value.

In recent years, there has been a significant up-
grade in the range of food products, bringing it closer
to the current demands of the population. Increasingly
popular are food products enriched with functional in-
gredients that require the introduction of modern tech-
nologies from manufacturers of these products, mod-
ernization of technical equipment used for their manu-
facture, improvement of practical and scientific
knowledge of employees involved in the manufacture
of food products [2—4].

When organizing the manufacture of food prod-
ucts enriched with physiologically functional ingredi-
ents, a number of difficulties arise. It is necessary to
choose the correct form of physiologically functional
ingredients, carefully control the accuracy of their in-
troduction and uniformity of distributing the dosed
components throughout the mass of the finished prod-
uct to be sure of the components’ safety. Ready-made
vitamin and vitamin-mineral mixtures, so-called pre-
mixes, are developed and manufactured for the direct
enrichment of specific foods using similar forms. The
use of ready-made premixes significantly facilitates the
task of developers and producers of the enriched foods,
protecting against possible mistakes and unacceptable
combinations in the process of the enriched formula-
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tions preparation. The use of premixes, where all the
inserted components are thoroughly mixed with each
other, ensures their more even distribution throughout
the mass of the enriched product than with separate in-
troduction of each component. To ensure uniform dis-
tribution of physiologically functional ingredients
throughout the product mass, and for the prevention of
the ingredients’ layering with different bulk weights
and particle sizes, the traditional method of multiple
gradual dilution of minor components of the formula-
tion by the main components of a dry mixture [5—7] is
used.

From the point of view of the safety of physio-
logically functional ingredients, the most optimal com-
ponents are dietary supplements containing essential
trace elements, as they have evidence base of positive
influence on a human body and permission documenta-
tion to use for nutrition.

The purpose of the study is to determine uni-
form distribution of essential trace elements in food
products.

The tasks of the study are:

1) to obtain layered images of the internal struc-
ture of the meat food system;

2) to determine the time of spin-spin and spin-
cursor republications using NMR and EPR methods;

3) to determine the role of the amount of water
component in the uniform distribution of the powder in
coarse disperse systems.

Research Materials and Methods

To determine the distribution of the powdered
dietary supplement in foods, two methods of analysis
were used: nuclear magnetic resonance (NMR) (De-
vice RE1301, Manufacturer: Ukraine); Electronic Par-
amagnetic Resonance (EPR) (Device: Tecmag Red-
stone 1-500 MHz, Manufacturer: Russian Federation).
These methods were aimed at obtaining original tomo-
grams carrying information about the molecular mobil-
ity of the aqueous medium of a coarse disperse system
and the distribution by volume of the metal ion, in
which, Mn*" was used as a spin label.

For the investigation, we took mass of the meat
stuffing system weighing 100 g and the content of the
daily need in K" micronutrient, simulated by Mn*" ion,
in the human body. For the analysis of NMR and EPR,
the mass was divided into 8 contingent parts; each was
represented by a parallelepiped. From the obtained
parts, three samples were taken and sent for NMR
analysis. For electron paramagnetic resonance, pre-
dried samples were taken in order to exclude the influ-
ence of water on ESR signal.

Nuclear Magnetic Resonance method is widely
used to investigate a variety of food products [8]. For
this purpose, standard techniques considering all pro-
cedures of application and capabilities of the NMR
method have been developed.
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To evaluate functional and technological prop-
erties of the samples, the investigation was conducted
in two stages: study of the molecules mobility by
measuring the time of spin-spin relaxation (T,) and
spin-grad relaxation (T1) on pulsed NMR spectrome-
ter.

The research of the first stage is based on the
sequence of Khan [9]. According to the general theory,
magnitude of the signal at the output of NMR spec-
trometer is proportional to the number of resonating
nuclei in the specimen, the angle of deviation of the
magnetic induction vector during the alternating field
action, and some additional factors. In the selected
samples, the nuclei of hydrogen—protons—were resonat-
ing nuclei. Investigations of the relaxation time were
performed based on the spin echo method.

A

The following method of determining time (T,)
is used: a sample with the material under investigation
is placed in the radio frequency coil, installed in a con-
stant magnetic field. When irradiated with an alternat-
ing magnetic field at a frequency of 16 MHz [10], a re-
sponse arises due to the structure of the system under
research.

In the Khan spin-echo method, two pulses with
interval 7; are applied to the sample under study. The
first pulse turns magnetic moments to the angle of 90°,
and the second — to 180° angle. After the termination
of radio frequency pulse within 27; time, an echo signal
arises due to the return of the magnetic moments to the
initial state under the influence of a constant magnetic
field. The formation diagram of the spin echo signal
and the type of probe electromagnetic pulses used in
the Khan method are shown in fig. 1.
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Fig. 1. Formation scheme of a spin echo signal by the Khan method.

It is known that the signal amplitude at the out-
put of NMR spectrometer is determined by the expres-
sion:

2
AQ27)=Ay exp(———7), @)
n

Where A(27) is the signal at the output of the
spectrometer, 4, is initial amplitude of the signal.

To determine the value of the investigated T, at
the interval between probing pulses equal to 7, 4, sam-
ple, a series of experiments are performed, in which the
value of the echo signal amplitude after the influence
of two probing pulses with different values is fixed.

A, relative u

IR

Measuring the amplitude of the echo signal at
various values of 7;, the time of spin-spin relaxation
was determined and the mobility of water in the sample
was evaluated. An example of the oscillograms of
NMR signal, on which the value of T, is calculated, is
shown in fig. 2. The first oscillogram shows the echo
signal with a minimal z; value. The last oscillogram
shows the echo signal at the maximum value of z;.

By the formula (1), it is possible to determine
the time of spin-spin relaxation and estimate water
mobility in the sample. An example of the oscillograms
of NMR spectrometer, used for calculating the value of
T,, is shown in fig. 2.
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Fig. 2.0scillograms of NMR spectrometer signals

Based on the data obtained after the measurements, the curve of the dependence of the echo signal ampli-
tude on the magnitude (time interval between probing impulses) is constructed.
An example of typical dependence of the echo signal amplitude on the value of z; is presented in fig. 3.
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Fig. 3. Dependence of the echo signal amplitude on 7; magnitude

The dependence A(t) is exponential. To deter-
mine the value of T, by the expression (1) based on the
curve (Fig.7d), the standard function genfit of the
mathematical package MATHCAD was used.

A technique based on the two-pulse Khan
method (1.d) was used to determine spin-grad relaxa-
tion time (T;) and has the following form (90°- 7; —
180°— 7; — 90°— 7; —180°-T;~). The signal amplitude af-
ter the action of the first pulse is equal to the of the
spin echo amplitude using the Khan method. The spin
echo amplitude after the action of the second pair of
pulses is determined by the formula

A, relative unit

A(t; +37)) = Ag(1—exp(—t; +37,)/T}))  (2)

where 7; is the interval between the probing im-

pulses according to the Khan method, ¢; is the interval

between the two sequences of the Kang method's probe
impulses.

The computer recorded images of the spin echo

(in the form of two pulses) at a time equal to 7z;and

7 =t; + 37, , and displayed on the computer screen. An

example of the general type of oscillogram for two dif-
ferent values is shown in fig. 4.

T, 8/8

Fig. 4. General view of oscillograms when determining T, for two values of ¢;

From the above example, it is well seen that the
echo signal from the first probing sequence has the
same value, and the impulse from the second sequence
increases with a change in ¢, magnitude.

To determine the value of T; by the expression
(1) based on the dependence (2), the standard function
“genfit” of MATHCAD mathematical package was al-
so used.

One of the molecular-kinetic methods for inves-
tigating system water of disperse systems is electron-
paramagnetic resonance (EPR) method [11]. Applica-
tion of ESR spectroscopy in various fields of chemis-
try, physics, biology and medicine is widely known,
and the addition of spin labels, that is, the introduction
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of paramagnetic probes into the investigated non-
paramagnetic system, significantly expanded the pos-
sibilities of the method due to unique sensitivity of the
spin label to physical conditions of its molecular envi-
ronment. Thus, this method can be used to study mois-
ture in mono- and poly-molecular sorption.

The spin label used in the work is an easily ac-
cessible ion of the transition metal Mn®" [12]. Radio
spectrometer RE1301 was used to register the EPR
spectra. The spectra were registered as the first deriva-
tive of microwave energy absorption by E paramagnet-
ic matter under scanning of a constant magnetic field
H. MnSQy salt powder, its solution, and meat stuffing
system, where aqueous solution of MnSO, salt was
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used as a moisturizing fluid [13—15] and as objects of
the research.

The idea of the method is based on the follow-
ing results and assumptions. Since the absorption spec-
trum of the microwave energy by paramagnetic is rec-
orded as the first derivative (fig. 5), the first step is to
find its original, which can be found by summing the
obtained experimental data (fig. 6). The EPR spectrum
of MnSO, salt powder is a broad single line without a
superfine structure (fig. 6a). The spectrum of its solu-

tion consists of six peaks of equal intensity (fig. 6b).
The spectrum from meat nutrition system is a broad
single line, which is superimposed on a divided spec-
trum of six peaks (fig. 6¢).

Based on the appearance of the signal of meat
nutrition system, it is possible to assume that its spec-
trum consists of a broad single line without a superfine
structure and a separated spectrum of six peaks of
equal intensity.
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Fig. S. Spectra for: a — MnSOy salt powder; b — its solution; ¢ — meat nutrition system
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Fig. 6. Integrated experimental data for:
a — MnSQy salt powder; b — its solution; ¢ — meat nutrition system

Moreover, the area under the spectrum, i.e., un-
der a wide line and under the spectrum of six peaks, is
proportional to the number of resonating spins, and, re-
spectively, the number of Mn*" ions having limited
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mobility, and Mn*" ions, which are found in the solu-
tion. As the water is bound or removed, the solubility
of salt decreases, which results in equilibrium shift: to
the left with the formation of non-dissociating mole-
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cules. This, in its turn, leads to the fact that the area
under the single line increases.
<« 2+ 2—-
MnSO 4 - Mn= + SO 4

From the theory of EPR method, it is known
that the obtained spectra can be described by Gauss (3)
and Lorentz (4) equations in the form:

2
H - H
Iq :IOGwE:xp [—@]7(3)
2
AH G
-1
2
H - H
P S PO GO i B
AH}

where, I G A is a current value of the spec-

trum intensity, relative unit (mmz/mmz); 1 g A (])‘ isa
maximum value of the spectrum intensity, relative unit
(mm*mm?); H, H 0 is a current value of the magnetic
field strength and value of the intensity at which spec-
trum is maximum, Gs; AH é , AH% is the line width,

Gs.
Coming out of it, the next step of the developed
method of EPR-spectra analysis is to find basic param-

eters of the lines under research (spectra of MnSO4 salt
powder).

The specified amplitudes are used to find the
area under the function consisting of a single line. The
area under the spectrum is calculated as an integral of
analytic functions in infinite boundaries:

+00 lp
SC}'ySt :_J;Dflp(HaIO )dHa

The area S

&)
cryst is proportional to the amount
of resonating spins of Mn?'electrons of salt, which is in
a crystalline state in the samples under study. The area

S ol is proportional to the number of the spins of ion

electrons Mn”'in the solution, and, accordingly, the
moisture mass that manifests itself as a solvent.
In the work, the area S cryst Was calculated for

the investigated nutrition systems.

Results of the research and their discussion

As a result of these two studies, original tomo-
grams were obtained at the relaxation time T; (fig. 7),
T, (fig. 8) (NMR) and content of Mn*" (EPR) (fig. 9).

Fig. 7. Time indices of spin-grad relaxation at T,

Fig. 8. Indices of spin-spin relaxation time at T,
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Fig. 9. Indicatorsof S
crys

Analyzing results of the research of nuclear
magnetic resonance, where the time of spin-spin re-
laxation (T,) is responsible for the interaction of wa-
ter molecules among themselves, and the time of
spin-grad relaxation (T)) is the relaxation time with
other molecules, in our case, the molecules of pow-
dered dietary supplement, established some differ-
ence between these figures. Considering tomograms
starting from the upper left sector, it is evident that
in the first sample, the interaction of water mole-
cules among themselves is slightly larger, which is
0.085 s, in relation to other sectors in fig. 8, than
their interaction with the environment, e.g. Mn,
which is 0.35 s and takes the third position accord-
ing to the amount of spin-grad relaxation time. In
the second sample, a greater is the interaction with a
dietary supplement and everything that environmen-
tal water interacts with, namely 0.33 s, and it is the
fourth place by spin-grad relaxation, because the
time of spin-spin relaxation 0.081 s takes the third
position by the time of spin-spin relaxation. In the
third sample, the molecules mostly interact with the
molecules taken from the environment, i.e., 0.231 s
takes the last place by T, indicator. At the same
time, there is a significant interaction of water mole-
cules, namely 0.073 s takes the sixth place out of
eight in terms of T,. In the fourth sample, a strong
interaction with the molecules from the additive is
found, and constitutes 0.285 s. However, in this part
of the stuffing system, there is a smaller interaction
between water molecules, namely 0.076 s.

The powdered dietary supplement based on
Mn is uniformly distributed in the coarse-dispersed
meat stuffing system. However, there are differences
in some sites, for example, in the fifth sample,
which starts with the bottom left sector, in relation
to the fourth. A weaker interaction with the envi-
ronment 0.385 s takes the second place by the value
of T, indicator, but the maximum is between water
molecules, namely 0.062 s. The sixth example dif-
fers by smaller interaction between both water mol-
ecules and additives 0.471 s — the longest period of
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spin-grad relaxation, and water molecules among
themselves, namely 0.084 s — the second position by
the value of T,. In the seventh sample, the interac-
tion is almost even, the water molecules equally
strongly interact among themselves, namely,
T,=0,072 s, and with the environment, T,=0,292 s.
In the eighth sample, an average by its strength in-
teraction is noted between water and additive, name-
ly 0.303 s and less, between water molecules, where
T,=0.085s is the maximum spin-spin relaxation
time.

This happens because the smaller is the time
of spin-spin relaxation (T,), the stronger is the inter-
action of water molecules with each other, and the
smaller is the time of spin-grad relaxation (T)), the
stronger is the interaction of water with the envi-
ronment: air molecules, powdered dietary supple-
ment, fat, etc.

Due to the fact that a significant number of
Ukrainian population suffers from alimentary-
dependent diseases, the results are of great scientific
and practical value. Products rich in dietary supple-
ments can be produced, both in meat processing en-
terprises and in restaurants, as well as in food stores,
children's, medical and prophylactic institutions.

Conclusions

Consequently, we can conclude that after
obtaining a layered image of the internal structure of
meat nutrition system, it is found that eight parts, in-
to which a mass was divided, have uneven time of
spin-spin and spin-grad relaxation, but this uneven-
ness is small. The same can be said about the con-
tent of Mn*’, the manganese ions are evenly distrib-
uted in parts of the mass.

Tomograms of NMR and EPR showed that
besides the factor of mechanical distribution of the
powder in coarse disperse systems, the number of
water components in this part of the system plays an
important role. It is established that the number of
spin tags correlates with the amount and time of wa-
ter relaxation.
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It is shown that for the uniform distribution it is necessary to regulate powder dispersion and
of the powdered additive in coarse disperse systems, homogeneity of the system by the water content.

List of references:
1. Cepaiok A. M. HanotexHoJOTii MiKpOHYTPi€HTIB: MpoOaeMH, MEPCHEKTHBH Ta NULAXHU JiKBigauii AediluTy Makpo- Ta Mikpoese-
meHTiB / A. M. Cepatok, M. I1. I'yniu, B. I'. Kamnynenko, M. B. Kocinos // XKypuan AMH VYkpainu. — 2010. — T. 16, Ne 1. — C.

107-114.
2. Shrimpton D. H. Nutritional implications of micronutrients interactions / D. H. Shrimpton // Chemist and Druggist. — 2004.— 15
May.—P. 38-41.

3. PeOpos B. I'. Bitaminu, Mmakpo- i mikpoenementu / B. I'. Pe6pos, O. A. I'pomoBa. — M. : TEOTAP-Menia, 2008. — 960 c.

4. Kynmamesa B. A. MikpoHyTpieHH B XapuyBaHHi 310poBoi i xBopoi iroaunu / B. A. Kynamesa, B. A. TyrenssH, B. Bb. Cnipiues, b.
I1. Cyxanos. — M. : Konoc, 2002. — 425 c.

5. Bouaraps M. H. Ximiunuii ckinag xapuoBux nponykris / M. H. Bonraps, I. M. Ckypixin. — M. : Arponpomusaat, 1987. — 224 c.

6. llennepoB b. A. ®yHKIHOHATIbHOE UTAHHE H €r0 POJb B MpoduiakTiuke Metadonudyeckoro cuuapom / b. A. lllengepo. — M. :
HeJlu Ipunt, 2008. — 318 c.

7.  Ekhard E. Present Knowledge in nutrition / E. Ekhard, L. Ziegler, 1. Filer. — Washington : ILSI Press, 1996. — 684 p.

8.  Maxfield B. Essential MathCAD for Engineering, Science and Math / B. Maxfield. — 2th ed. — Cambridge, Massachusetts, 2009.
—P.289-293.

. Farrar T. Pulse and Fourier transform NMR / T. Farrar, E. Becker. — Cambridge, Massachusetts: Academic Press, 1973. — 118 p.

10. TIloroxwux H. U. Boxa B mumieBbIX NPOAYKTaX U JJIsI MUIIEBBIX MPOAYKTOB : MoHorpadis / H. U. Ioroxux. — X. : XI'VIIT, 2013. —
C. 89-103.

11. Toroxux M. I. locnifKeHHs CTaHy BOAU B 00JIACTi FirpOCKOIIYHOTO BOJOTOBMICTY Xap4oBoi cupoBUHH MeTonoM EITP-crninoBux
Mmitok / M. I. TToroxux, I. C. Pomonanos, A. O. ITak. — X. : XAYXT, 2007. — C. 480-486.

12. JlocniKeHHS CHCTEMHOI BOJOTHM KPOXMAaJIO 3epHOBUX KyibTyp meromoMm EIIP / M. L. Iloroxux, A. O. Ilak, A. B. Ilak, M. B.
XKepebkin // Bocrouno-EBponeiickuii xxypHal mepeoBhIX TexHonoruil. — 2012. — Ne 5/6 (59). — C. 62-66.

13. Bender C. J. Computational and Instrumental Methods in EPR, in Biological Magnetic Resonance / C. J. Bender, L. J. Berliner //
Springer Verlag. — 2006. — P. 387.

14. Moebius K. High-field EPR spectroscopy on proteins and their model systems / K. Moebius, A. Savitsky. — Cambridge: RSC
Publishing, 2009. — 350 p.

15. Lund A. Principles and Applications of Electron Spin Resonance / A. Lund, M. Shiotani // Springer Verlag. - 2008. — 367 p.

SRR -

N3YUYEHUE 3AKOHOMEPHOCTEN PACIPEIEJIEHUASA
MNOPOIIKOOBPA3HBIX JTUETHYECKUX JOBABOK B COCTABE IIHIIEBBIX
IMPOAYKTOB I'PYBOJAUCIIEPCHOI'O TUITA

H.H. Ioroxux, T0KTOp TEXHUYECKHUX HAYK, Ipodeccop, 3aBeayromuil kadpenapoit, E-mail: drpogozhikh@mail.ru
T.H. I'o10BKO, KaHAUIAT TEXHHYECKUX HAYK, JIOUCHT, TOKTOpaHT, E-mail: golovko tn@mail.ru

A.O. Ilak, kaHIUaT TEXHUICCKUX HAYK, NOICHT, £-mail: a.pak@hduht.edu.ua

A.T'. IpAAKOB, KaHIUAT TEXHUYECKUX HayK, noueHT, E-mail: dyakov.alex.georg@gmail.com

Kadenpa ¢pusuko-MaTeMaTHYECKUX U MHKEHEPHO TEXHUYECKUX AUCLUIUINH

XapbKOBCKHUI TOCy1apCTBEHHBIH YHUBEPCUTET MUTAHUA U TOProsid, yi. Kimoukosckas 333, r. XappkoB, YKkpauHa,
61051

AHHOTanus. B nanHoi cTaThe NpUBEACHBI IPUMEPHI PELICHUS TPOOJIEMBI paclpeaesIeHUs] IMHTUIECKUX 100aBOK
B rpy0oaucnepcHbx cuctemax. Cepbe3HbIM BMEMIATEIbCTBOM B COCTAaB NMPOTYKTOB MUTAHUS CUUTAETCS OOOTalleHHs
MUIIEBBIX TPOAYKTOB MHKPOHYTPUEHTaMH. B CBA3M ¢ 3TMM HccIe10BaHO, Kak 100aBKa ¢ COOTBETCTBYIOIIMM MUKPO3JIe-
MEHTOM OyJeT pacHpeensiThCsl B IPOAYKTE MUTAHMA, a B JaHHOM CIydae B MACHOM apiie, s TOro, 9TOOBI yJOBIET-
BOPUTH MMOTPEOHOCTH YEIIOBEKA B MHUKPOIJIEMEHTAX.

Bruto mpoBeneHo nBa aHANM3a METOAOM SJEPHOTO MarHUTHOrO pe3oHaHca (SIMP) m 31eKTpoHHOTO MapaMarHuT-
Horo pe3onanca (OIIP) ms onpenenenus pacnpeneneHus J00aBKH B MPOAYKTaX MATAHHUS. AHAIH3BI HIPOBOJIINCE COOT-
BETCTBEHHO B J[Ba dTalla: UCCIEAOBAaHUE NMOABUKHOCTU MOJIEKYJ IyTeM M3MEPEHUS BPEMEHHU CIIMH-CIMHOBOW perakca-
mun (T,) u cnun-pemorounoii penakcauuu (T;) Ha uMIysnbscHOM criekTpoMeTpe SIMP; ycTaHoBieHue CBSI3M MEXIy I0-
Ka3aTeJleM aMILIUTY bl o0pasua A, 1 ero Maccoil. Ha ocHOBe MOJIy4eHHBIX B pe3yJbTaTe U3MEPEHUS JaHHBIX OCTPOCHO
KPHUBYIO 3aBHCHMOCTH aMIUIMTYJbl CUTHAJa 3Xa OT BEIMUYUHBI (MHTEPBAJl BPEMEHU MEXIY 30HAMPYIOUIMMU UMITYyJIbCa-
mu). CHHHOBOH METKOH, KOTOpasi UCIONIb30BaHa B paboTe, SBISETCS OJUH U3 MEPBBIX BAPHAHTOB MAPAMarHUTHOTO 30H-
112 — TerKOIOCTYIHBIH HOH TepexomHoro Merania Mn®'. Ilo mOCTpOCHHBIME TpadHKaMH H TOMOTPAMMAMHE IO PE3yIhTa-
TaM HCCIeI0BaHUH N3ydaTl XapaKTePUCTUKY JAHHON ANETHIECKOH J00aBKU U IeIeco00pa3HOCTh €€ MPUMEHEHHS.

KiroueBble cjioBa: IOpOIIKOOOpa3HbIE JUETHYECKHE NOO0aBKH, SAEPHBIH MarHUTHBIH PE30HAHC, JJIEKTPOHHBIN
HapaMarHUTHBIM pe30HaHC.
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