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B pamxax oannozo ucciedosanusi npo8edeHo K8AHMOBO-XUMUYECKOe MOOEeIUPOBAHUE MUNd
KOOPOUHUPOBAHUs ~Mapeanya ¢ eumamunom By u  Hezamenumwvivu — amunoxuciromamu.
Bzaumooeiicmeue mapeanya ¢ aMuHOKUCIOMAMU PACCMAMPUBALOCH Yepe3 KAPOOKCUTbHYIO 2PYNNY
U AMUHOSPYNNY AMUHOKUCIOMbL, ¢ 8umamunom By — uepes paznuunvie napvl enonvHo20 Kuciopooa
U cocednezo ecemepoamoma azoma. B pezyromame mooenuposanus yCmMAHOBIEHO, YMO 6Ce
npeocmasieHuvie 83auUMOO0eUCmeUss AGIAIOMCA  IHepeemuyecku 8vlco0HbimMu  (AE > 2331,756
KKan/mons) u xumuyecku cmadbunvneimu (1 =>0,096 5B). Koopounuposanue mapeanya c
gumamunom By u nezamenumvimu amunoxuciomamu npoucxooum depez N3 u eHONbHbIU KUCIOPOO,
npucoeounénusiii kK Co amomy, 8 nupumMuouHogom Koavye sumamuna By, u uepes xapboxcunvuyio
2pynny u amunocpynny, npucoedunénnyio k Co amomy yenepooa, amMuHOKUCIOM.

KawueBble cioBa: sumamun By, keanmoso-xumuueckoe moodenuposanue, HezameHuMbvle
AMUHOKUCTIOMDbL, XelamHble KOMNIEKCbl, MapeaHey

Abstract

Within the framework of this study, quantum chemical modeling of the type of coordination
of manganese with vitamin B, and essential amino acids was carried out. The interaction of
manganese with amino acids was carried out through the carboxyl group and amino group of the
amino acid, interaction with vitamin B, was carried out through various pairs of enolic oxygen and
a neighboring nitrogen heteroatom. As a result of modeling, it was found that all the presented
interactions are energetically favorable (AE > 2331,756 kcal/mol) and chemically stable (1 > 0.096
eV). The coordination of manganese with vitamin B2 and essential amino acids occurs through N3
and enolic oxygen attached to the C2 atom in the pyrimidine ring of vitamin B2, and through the
carboxyl group and amino group attached to the C2 atom of amino acids.

Key words: vitamin B, quantum chemical modeling, essential amino acids, chelate
complexes, manganese
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Introduction

Nutrition is one of the key factors affecting human health, its performance and life
expectancy. An urgent problem at the moment is the problem of microelement deficiency - lack of
bioavailable essential trace elements that protect the body from the influence of negative factors and
provide resistance to diseases [1]. These substances include vitamins, amino acids and various trace
elements.

There are eight essential amino acids in total: isoleucine, leucine, valine, tryptophan,
phenylalanine, lysine, threonine, methionine. Each of them is involved in various biochemical
processes in the body. For example, isoleucine promotes the restoration of tissue cells, participates
in the regulation of glucose and cholesterol in the blood serum, and affects muscle recovery after
exercise [2]. Lysine, like isoleucine, is necessary to maintain the energy level of the body, for the
absorption and transport of calcium to bone tissues, as well as for the functioning of the gallbladder
and the human endocrine system [3]. Tryptophan is necessary for the synthesis of vitamin Bs, is a
precursor for the synthesis of serotonin, and is also used for the complex therapy of the
psychoverbal development of children [4]. Threonine prevents the accumulation of fats in the liver;
it is also necessary for the synthesis of glycine and serine [5].

An insufficient amount of essential microelements in human nutrition adversely affects its
development, physical and mental activity, reduces the body's resistance to the influence of negative
factors and leads to the development of a number of alimentary-dependent diseases [6, 7].
According to statistics, in the Leningrad region there is a deficiency in soil, water and plants of such
essential microelements as zinc, iodine, manganese and selenium [8-10].

Manganese is an essential trace element and plays one of the key roles in the functioning of
the gonads: a low level of manganese reduces sperm motility in men and significantly reduces the
chance of conception in women. The key action of manganese is in insulin metabolism. People with
diabetes are deficient in manganese: the content of manganese in the blood of this category of
people is below the normal level [11, 12]. An important role of manganese is manifested in its
antioxidant properties. In brain tissues, manganese is the most important cofactor for most enzymes,
an example of which is superoxide dismutase (SOD), a “bodyguard” enzyme that protects body
cells from oxidation [13].

However, not every form of essential microelements has high bioavailability, and as a result,
the development of forms of essential microelements with high bioavailability is an actual direction
of modern science. Scientists have established that triple chelated organic forms of trace elements
are bioavailable for the human body [14-16]. The purpose of this study is quantum chemical
modeling of the type of coordination of manganese with vitamin B , and essential amino acids.

Experimental part

QChem software using the molecular editor - 1Qmol, using the following construction
parameters: calculation - Energy, method - HF, basis - 6-31G, convergence - 5, force field -
Ghemical.

Within the framework of quantum-chemical modeling of the interaction of vitamin By,
essential trace elements and essential amino acids, the total energy of the system (E), the energy of
the highest occupied molecular orbital (Enomo), the energy of the lowest free molecular orbital
(ELumo), the energy difference between the amino acid and the system were calculated interactions
(AE), chemical hardness (7), calculated by the formula:

E E

n= LUMO ~ —HOMO (1)

2

Discussion of the results
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To determine the type of coordination of manganese with vitamin B ; and essential amino
acids at the first stage of research, models of essential amino acids were considered, then the
interaction of manganese with essential amino acids and vitamin B ; was considered. Coordination
of the manganese atom with amino acids was carried out through the amino group attached to the C
» atom and the carboxyl group; with vitamin B , through various pairs of enol oxygen and the
neighboring nitrogen heteroatom. The simulation results are presented in Table 1.

Table 1 - Results of computer quantum-chemical modeling

Amino Type of interaction with vitamin B, E, AE, Enomo: ELumo | 7, €V

acid kcal/mol | kcal/mol | eV , eV

1 2 3 4 5 6 7

Lysine Amino acid -496.481 | - -0.177 - 0.077
0.024

Through Ns in the pyrazine ring and enol | - 2463.829 | -0.293 0.034 | 0.164
oxygen attached to the C, atom in the | 2960.315
pyrimidine ring

Through N; and enol oxygen attached to | -
the C ,atom in the pyrimidine ring 2960.533

2464.049 | -0.219 0.053 | 0.136

Through N3 and enol oxygen attached to | - 2463.639 | -0.233 0.031 | 0.132
C,atom in the pyrimidine ring 2960.128
Through N; and enol oxygen attached to | - 2463.879 | -0.190 - 0.095
C,atom in the pyrimidine ring 2960.363 0.001

Valine Amino acid -402.112 -0.249 0.016 | 0.133

Through Ns in the pyrazine ring and enol | - 2464.518 | -0.242 0.041 | 0.142
oxygen attached to the C, atom in the | 2866.631
pyrimidine ring

Through N3 and enol oxygen attached to | -
the C,atom in the pyrimidine ring 2866.535

2464.418 | -0.234 0.034 | 0.134

Through N; and enol oxygen attached to | - 2464.508 | -0.173 0.028 | 0.101
C,atom in the pyrimidine ring 2866.620
Through N; and enol oxygen attached to | - 2464.208 | -0.205 0.022 | 0.114
C,atom in the pyrimidine ring 2866.328

Leucine Amino acid -441.397 -0.260 0.006 | 0.133

Through Ns in the pyrazine ring and enol | - 2463.943 | -0.250 0.042 | 0.146
oxygen attached to the C, atom in the | 2905.344
pyrimidine ring

Through N ; and enol oxygen attached to | -
the C ,atom in the pyrimidine ring 2905.222

2463.823 | -0.242 0.034 | 0.138

Through N ; and enol oxygen attached to | - 2464.053 | -0.244 _ | 0.0 0.151
C ,atom in the pyrimidine ring 2905.450 58
Through N ; and enol oxygen attached to | -2905, 38 | 2463.983 | -0.190 _ | 0.0 0.101
C ,atom in the pyrimidine ring 1 12

Isoleucine Amino acid -441.394 -0.247 0.018 | 0.133

Through N sin the pyrazine ring and enol | -2905.70 | 2464.306 | -0.246 0.044 | 0.145
oxygen attached to the C , atom in the | 8
pyrimidine ring

Through N 3 and enol oxygen attached to | - 2464.556 | -0.239 - 0.111
the C 4atom in the pyrimidine ring 2905.955 0.017
Through N 3 and enol oxygen attached to | - 2464.066 | -0.221 0.032 | 0.127
C ,atom in the pyrimidine ring 2905.460
Through N ; and enol oxygen attached to | - 2464.046 | -0.199 - 0.09
C ,atom in the pyrimidine ring 2905.440 0.002 | 9
Methionine | Amino acid -800.251 | - -0.232 0.006 | 0.119
Through N 5 in the pyrazine ring and enol 2463.839 | -0, 250 0.0 0.144

oxygen attached to the C 4 atom in the | 3264.091 37
pyrimidine ring
Through N ;and enol oxygen attached to | - 2463.739 | -0.219 _ | 0.0 0.137
the C 4atom in the pyrimidine ring 3263.990 54

Through N ;and enol oxygen attached to | - 2463.679 | -0.247 0.045 | 0.146
C ,atom in the pyrimidine ring 3263.935
Through N ; and enol oxygen attached to | - 2463.589 | -0.194 - 0.096

60 Bbinyck 4,2022



CoBpemeHHas Hayka 1 uHHoBauum Ne4 (40), 2022

1 2 3 4 5 6 7
C ,atom in the pyrimidine ring 3263.848 0.002
Threonine Amino acid -438.015 | - -0.248 0.006 | 0.127
Through N sin the pyrazine ring and enol | - 2902.41 | 2464.395 | -0.243 _ | 0.0 0.144
oxygen attached to the C , atom in the | 1 45
pyrimidine ring
Through N 3 and enol oxygen attached to | - 2464.265 | -0.228 | 0.0 0.136
the C ,atom in the pyrimidine ring 2902.283 44
Through N 3 and enol oxygen attached to | - 2464.235 | -0.242 | 0.0 0.149
C ,atom in the pyrimidine ring 2902.258 56
Through N ; and enol oxygen attached to | - 2901.10 | 2463.085 | -0.323 _ | 0.0 0.183
C ,atom in the pyrimidine ring 9 42
Tryptophan | Amino acid -554.424 | - -0.240 0.002 | 0.121
Through N 5in the pyrazine ring and enol | - 2594.076 | -0.244 _ | 0.0 0.144
oxygen attached to the C , atom in the | 3148,505 43
pyrimidine ring
Through N 3 and enol oxygen attached to | - 2593916 | -0.235_ | 0.0 0.140
the C ,atom in the pyrimidine ring 3148.342 44
Through N 3z and enol oxygen attached to | - 2594.150 | -0.187_ | 0.0 0.117
C ,atom in the pyrimidine ring 3148.575 47
Through N ; and enol oxygen attached to | - 2594.146 | -0.196 _ | 0.0 0,100
C ,atom in the pyrimidine ring 3148.571 03
Phenylalanin | Amino acid -685.684 | - -0.195 - 0.080
e 0.035
Through N sin the pyrazine ring and enol | - 2332.346 | -0.241 _ | 0.0 0.143
oxygen attached to the C 4 atom in the | 3018.032 45
pyrimidine ring
Through N ; and enol oxygen attached to | - 2331.756 | -0.230 _ | 0.0 0.12
the C 4atom in the pyrimidine ring 3017.445 17 4
Through N ; and enol oxygen attached to | - 2332.176 | -0.186 _ | 0.062 | 0.124
C ,atom in the pyrimidine ring 3017.862
Through N ; and enol oxygen attached to | - 2332.146 | -0.219 _ | - 0.108
C ,atom in the pyrimidine ring 3017.834 0.003

As a result of data analysis, it was found that the coordination of triple chelate complexes of
manganese with vitamin B, and essential amino acids is possible, which is confirmed by the high
values of the energy difference (A E > 2331.756 kcal/mol) and chemical rigidity of all molecular
systems (1> 0.096 eV).

The highest value of the energy difference (AE = 2594.150 kcal/mol) has a complex of

manganese with tryptophan and vitamin B, , where the interaction of manganese with vitamin B,
passes through N3 and enol oxygen attached to the C, atom in the pyrimidine ring of the vitamin B,
(Figure 1), and the highest value of chemical hardness (7 = 0.183 eV) is a complex of manganese
with threonine and vitamin B, in which the interaction occurs through N; and enol oxygen attached
to the C , atom in the pyrimidine ring (Figure 2).
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Figure 1 - The results of modeling the triple complex of tryptophan, vitamin B, and manganese, in which the
interaction occurs through Nz and enol oxygen attached to the C,atom in the pyrimidine ring of vitamin B,: a —
interaction model; b — electron density distribution; ¢ — electron density distribution gradient;

d — decoding; e — highest occupied molecular orbital HOMO; e — is the lowest free molecular orbital LUMO
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Figure 2 - The results of modeling the triple complex of threonine, vitamin B, and manganese, in which the
interaction occurs through Nz and enol oxygen attached to the C, atom in the pyrimidine ring of vitamin B,:
a — interaction model; b — electron density distribution; ¢ — electron density distribution gradient; d — decoding; e
— highest occupied molecular orbital HOMO; e — is the lowest free molecular orbital LUMO
The analysis of the obtained data established that the coordination of manganese with
vitamin B, and essential amino acids occurs through Nz and the enol oxygen attached to the C, atom
in the pyrimidine ring of vitamin B,, and through the carboxyl group and the amino group of the
amino acids attached to C; and C, atoms.
Conclusion
As a result of quantum-chemical computer simulation, the possibility of coordination of
triple chelate complexes of manganese with vitamin B, and essential amino acids was confirmed.
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The obtained data on the total energy and chemical rigidity of the models allow us to conclude that
the coordination of triple chelate complexes of manganese with vitamin B, and essential amino
acids occurs through N3 and enol oxygen attached to the C, atom in the pyrimidine ring.

JIUTEPATYPA

1. baxtuna I'. I'., JIenbko O. A., CyxanoBa C. E. MUKp03JIEMEHTO3bI YEJIOBEKA U ITYTH
Koppekuu ux aedunuta // Ilaromorus kpoBooOparmienus u kapauoxupyprus. — 2007. — Ne. 4. — C.
82-89.

2. JIu3uH — oAHA W3 BAXHEHIIMX HE3aMEHHMMbBIX AMHMHOKHUCIOT B 0O€CIeYeHHU
nonHoueHHoro nutanus / O. B. boopemosa, A. C. ®aycros, M. U. Uybupko [u np.]. — BopoHex:
Boponexckuil rocynapcTBeHHbI yHuBepcureT, 2003. — 80 c.

3. JlaBpentseB A. FO. Bausinue ucnonb3oBanus L-IM3uH MOHOXJIOpruapaTa KOpMOBOTO
B paliOHax MOJIOJHSKA CBHHEW Ha pOCT, pa3BUTHE U 3arpaThl KopMmoB // DddexTuBHOE
*KUBOTHOBOACTBO. — 2018. — No. 4 (143). — C. 64-65.

4. Ponb He3aMEeHMMON aMUHOKHCIIOTHI TPUNTO(paHa B BOSHUKHOBEHUN HApyIICHUI cHA
U TPEeBOXHO-JenpeccuBHBIX paccTpoiictB / B. E. Kapnayxos, E. A. Haponosa, H. A. lInaiinep, B.
B. Haponosa, /1. B. JImupenko, P. @. Haceiposa // Uenosek u ero 3poposbe. — 2022. — Ne. 2. — C.
13-23.

S. SAnonues A. 3., Kimmenko A. C., I'ymeBa-Mutpononsckas A. b. ®ynkuuun
TpeoHuHa B opranuzme nrull // IltuneBoactso. — 2016. — No. 9. — C. 25-29.

6. CxkanpHbiii A. MUKpO3JIEeMEHTBI 00IpOCTh, 370pOBbe, Aoironetue. Mszn. 4-e, morm.,
nepepab. Mocksa: UsnatensctBo «Ilepo» Litres. — 2019 — 295 c.

7. Hpozno B. H. PanuonansHoe Bo3MmenieHue jaeduiura BUTAMUHOB U
MUKpodemMeHToB // Jleae6noe meno. — 2009. — Ne, 3. — C. 34-41.

8. Buanaa O. T. BiausHue HEKOTOPHIX TSDKEIBIX METAIOB M MHKPOIJIEMEHTOB Ha

OMOXMMHUYECKHE MTPOLECCHl B OpraHu3Me uesioBeka // M30paHHble BONpockl Cyae0HO-MeAULIMHCKON
skcrieptu3sl. — 2001, — C. 99-105.

9. B3aumMocBs3p aucbananca Makpou MHKPORJIEMEHTOB M 370pOBbE HaceneHus (0630p
matepatypel) / M. . Ubparumona, JI. 5. Cabuposa, E. C. bepeskuna, M. I'. Ckanbnas, P. .
XKnanos, A. B. Ckambubiii // Kazanckuit meauuuackuii xypHaa — 2011, — T. 92. — Ne. 4. —
C. 606-609.

10. ITapaxonckuit A. II. BimsgHue HenocrtaTka MHKpPORJIEMEHTOB HAa HMMMYHHYHO
cucremy // Hayka B coBpemerroMm mupe. — 2017. — C. 45-48.

11.  IpomoBa O. A., Topumn U. 0., Xamxumuc A. K. AHanu3 MoJeKyJIspHBIX
MexaHu3MoB Bo3zeiictBust ckene3a (ll), mean, MapraHna B maroreHese kene30.e(UIUTHON
anemuu // Knunnuaeckas ¢papmakosnorus u papmaskonomuka. — 2010. — T. 1. — C. 1-9.

12. XsopoctoBa, T. 0. CoBepIICHCTBOBaHWE  TEXHOJOTHH  pEUeNnTyp H
NOTPeOUTENBCKUX CBOWCTB MAIUITETOB M3 Msca NTHLBI M KOHHMHBL cnenuaibHocTh 05.18.04
"TexXHONOrusl MSICHBIX, MOJIOYHBIX W PBIOHBIX MPOJYKTOB U XOJOJWIbHBIX IPOU3BOJCTB'":
aBTOpedepar auccepTallid Ha COMCKAaHME YYEHOM CTeNeHM KaHIuJaTa TeXHUYECKUX Hayk /
XBopoctoBa Tatesina FOpseBHa. — CtaBpomnons, 2013. — 23 c.

13. Capkucsn A. @., HoBukoBa M. A., lllecrakoBa T. E. Ilaronoruu, cBsizaHHble C
HapymeHrneM oOMeHa MarHus U Maprania B oprann3me yenoseka // BBK 28.070 M-75. — 2017. — C.
45,

14.  Pa3paboTka siemMeHTOCOaTaHCHPOBAHHOTO KOMILIEKCa JU3MHATOpHOO(dIIaBHHATA C
scceHIManbHbIME MuKpodiementamu / A. b. T'omuk, H. II. O6otypoBa, A. B. baunos, A. A.
Harpansn // VHHOBanmoOHHOE pa3BUTHE AarpapHO-TMINEBBIX  TEXHOJOrWil: Marepuansl
MEXyHApOAHON HaydHO-TIpaKTHUeCKoi KoH(pepeHuuu, Bonrorpan, 17-18 urons 2021 roga / Ilox
obmeit penakmueit U1.®. I'opnoa. — Bonrorpaa: OOmmiecTBO ¢ orpaHUYEeHHOW OTBETCTBEHHOCTHIO
"COEPA", 2021. - C. 211.

15. CrniocoObl MOBBILIEHHUS] OMOIOCTYITHOCTH 3CCEHLHANIbHBIX MUKpOdJieMeHToB / A. B.
brmunos, A. B. Cepos, B. A. Kpasuos, A. }0. Pycanos, C. H. ConoBseBa // ®u3nKo-XxuMHUECKas

64 Bbinyck 4,2022



CoBpemeHHas Hayka 1 uHHoBauum Ne4 (40), 2022

o6uonorusi, CraBpononb, 25-27 HosOps 2015 roma. — CraBponons: CTaBpONONbCKUN
rocyIapCTBEHHBIN MeTUIIMHCKUN yHUBEpcuTeT, 2015. — C. 28-30
16.  Pa3paboTka HaHOpa3MEpPHBIX JOCTYMHBIX (POPM SCCEHLMATBHBIX MHUKPOIJIEMEHTOB

xKenesa, Menu, kobaneTa, Mapranna u nuHka / A. b. I'onuk, A. B. bimmaos, A. A. I'Boznenko, T. H.
baxonguna, M. A. TapaBanoB // Hayka lOra Poccum: moctmwxkenuss u mnepcrektuBsl: XVIII
Exeromnass mMosjonexHas HaydyHas KOHGEpEHIUs : Te3UChl JoKiaaoB, PocroB-na-ony, 18-29
anpens 2022 roga. — PocroB-na-Jlony: @enepaibHOe TOCYAapCTBEHHOE OIOHKETHOE YUpEkKIACHUE
Hayku "®@enepanbHbIi UcclieIoBaTeNbCKU LeHTp FOxHbIM HayuHbll 1IeHTp Poccuiickoil akagemuun
Hayk", 2022. — C. 48

REFERENCES

1. Bakhtina G. G., Len'’ko O. A., Sukhanova S. E. Mikroehlementozy cheloveka i puti
korrektsii ikh defitsita / Patologiya krovoobrashcheniya i kardiokhirurgiya. — 2007. — Ne. 4. — S. 82-
89.

2. Lizin — odna iz vazhneishikh nezamenimykh aminokislot v obespechenii
polnotsennogo pitaniya / O. V. Bobreshova, A. S. Faustov, M. I. Chubirko [i dr.]. — Voronezh:
Voronezhskii gosudarstvennyi universitet, 2003. — 80 s.

3. Lavrentev A. YU. Vliyanie ispol'zovaniya L-lizin monokhlorgidrata kormovogo v
ratsionakh molodnyaka svinei na rost, razvitie i zatraty kormov // Ehffektivnoe zhivotnovodstvo. —
2018. — Ne. 4 (143). — S. 64-65.

4. Rol' nezamenimoi aminokisloty triptofana v vozniknovenii narushenii sna i
trevozhno-depressivnykh rasstroistv / V. E. Karnaukhov, E. A. Narodova, N. A. Shnaider, V. V.
Narodova, D. V. Dmirenko, R. F. Nasyrova // Chelovek i ego zdorov'e. — 2022. — Ne. 2. — S. 13-23.

5. Yapontsev A. EH., Klimenko A. S., Gushcheva-Mitropol'skaya A. B. Funktsii
treonina v organizme ptits // Ptitsevodstvo. — 2016. — Ne. 9. — S. 25-29.

6. Skal'nyi A. Mikroehlementy bodrost', zdorov'e, dolgoletie. 1zd. 4-e, dop., pererab.
Moskva: Izdatel'stvo «PerO» Litres. — 2019 — 295 s.

7. Drozdov V. N. Ratsional'noe vozmeshchenie defitsita vitaminov i mikroehlementov
/I Lechebnoe delo. — 2009. — Ne. 3. — S. 34-41.
8. Zinina O. T. Vliyanie nekotorykh tyazhelykh metallov i mikroehlementov na

biokhimicheskie protsessy v organizme cheloveka // lIzbrannye voprosy sudebno-meditsinskoi
ehkspertizy. — 2001. — S. 99-105.

9. Vzaimosvyaz' disbalansa makroi mikroehlementov i zdorov'e naseleniya (obzor
literatury) / M. YA. lIbragimova, L. YA. Sabirova, E. S. Berezkina, M. G. Skal'naya, R. I. Zhdanov,
A. V. Skal'nyi // Kazanskii meditsinskii zhurnal. —2011. — T. 92. — Ne. 4. —

S. 606-609.

10.  Parakhonskii A. P. Vliyanie nedostatka mikroehlementov na immunnuyu

sistemu // Nauka v sovremennom mire. — 2017. — S. 45-48.

11. Gromova O. A., Torshin I. YU., Khadzhidis A. K. Analiz molekulyarnykh
mekhanizmov vozdeistviya zheleza (I1), medi, margantsa v patogeneze zhelezodefitsitnoi

anemii // Klinicheskaya farmakologiya i farmaehkonomika. — 2010. - T. 1. — S. 1-9.

12.  Khvorostova, T. YU. Sovershenstvovanie tekhnologii retseptur i potrebitel'skikh
svoistv pashtetov iz myasa ptitsy i koniny: spetsial'nost’ 05.18.04 "Tekhnologiya myasnykh,
molochnykh i rybnykh produktov i kholodil'nykh proizvodstv": avtoreferat dissertatsii na soiskanie
uchenoi stepeni kandidata tekhnicheskikh nauk / Khvorostova Tat'yana Yur'evna. — Stavropol’,
2013. - 23s.

13.  Sarkisyan A. F., Novikova M. A., Shestakova T. E. Patologii, svyazannye s
narusheniem obmena magniya i margantsa v organizme cheloveka // BBK 28.070 M-75. — 2017. —
S. 45.

14. Razrabotka ehlementosbalansirovannogo  kompleksa lizinatoriboflavinata s
ehssentsial'nymi mikroehlementami / A. B. Golik, N. P. Oboturova, A. V. Blinov, A. A. Nagdalyan
/I Innovatsionnoe razvitie agrarno-pishchevykh tekhnologii: Materialy mezhdunarodnoi nauchno-

Bbinyck 4,2022 65



CoBpemeHHas HayKa 1 uHHoBauum Ne4 (40), 2022

prakticheskoi konferentsii, VVolgograd, 17-18 iyunya 2021 goda / Pod obshchei redaktsiei I.F.
Gorlova. — Volgograd: Obshchestvo s ogranichennoi otvetstvennost'yu "SFERA", 2021. — S. 211.

15.  Sposoby povysheniya biodostupnosti ehssentsial'nykh mikroehlementov / A. V.
Blinov, A. V. Serov, V. A. Kravtsov, A. YU. Rusanov, S. N. Solov'eva // Fiziko-khimicheskaya
biologiya, Stavropol', 25-27 noyabrya 2015 goda. — Stavropol: Stavropol'skii gosudarstvennyi
meditsinskii universitet, 2015. — S. 28-30

16.  Razrabotka nanorazmernykh dostupnykh form ehssentsial'nykh mikroehlementov
zheleza, medi, kobal'ta, margantsa i tsinka / A. B. Golik, A. V. Blinov, A. A. Gvozdenko, T. N.
Bakholdina, M. A. Taravanov // Nauka Yuga Rossii: dostizheniya i perspektivy: XVIII
Ezhegodnaya molodezhnaya nauchnaya konferentsiya : tezisy dokladov, Rostov-na-Donu, 18-29
aprelya 2022 goda. — Rostov-na-Donu: Federal'noe gosudarstvennoe byudzhetnoe uchrezhdenie
nauki "Federal'nyi issledovatel'skii tsentr Yuzhnyi nauchnyi tsentr Rossiiskoi akademii nauk™,
2022.-S. 48

Ob ABTOPAX | ABOUT THE AUTHORS

I'Bo3nenko AJiekceil AJsiekceeBHY, acCHCTCHT Kadenpsl (GU3UKH W TEXHOJOTHUHU
HAaHOCTPYKTYp U MaTepuanoB @usuko-texuuuyeckoro ¢paxkynpbreta PIAOY BO «Cesepo-
KaBkasckuii denepanbubiii yauusepcutet», 355029, Crasponons, ynuua [lymkuna, 1, 8-988-706-
04-69, ORCID: 0000-0001-7763-5520, gvozdenko.1999a@gmail.com

Gvozdenko Alexey A., Assistant of the Department of Physics and Technology of
Nanostructures and Materials, Faculty of Physics and Technology, North Caucasus Federal
University, Pushkin str. 1, 355029 Stavropol, Russia, 8-988-706-04-69, ORCID: 0000-0001-7763-
5520, gvozdenko.1999a@gmail.com

IuporoB Makcum AJleKCaHAPOBHY, CTYICHT 3 Kypca OakanaBpuara kadeapsl GU3NKA U
TEXHOJIOTUM HAHOCTPYKTYp M MarepuayioB (usuko-texuudeckoro ¢axkynsreta OI'AOY BO
«CeBepo-KaBkasckuii enepanbublii yauBepcutet», 355029, CraBponons, ynuua [lymkuna, 1, 8-
961-488-39-20, ORCID: 0000-0001-9217-6262, pirogov.m.2002@gmail.com

Pirogov Maxim A., student of the Department of Physics and Technology of
Nanostructures and Materials, Faculty of Physics and Technology, North Caucasus Federal
University, Pushkin str. 1, 355029 Stavropol, Russia, 8-961-488-39-20, ORCID: 0000-0001-9217-
6262, pirogov.m.2002@gmail.com

baunoB Awnjapeii BaagumupoBu4, KaHA. TEXH. HaykK, IOIEHT kKadeapbl (QU3UKU U
TEXHOJIOTUM HAHOCTPYKTYp M MarepuayioB (usuko-texuudyeckoro ¢axynpreta OPI'AOY BO
«Cesepo-KaBkaszckuii penepanbuplii yauepcuret», 355029, CraBponons, ynuna [lymkuna, 1, 8-
988-767-94-60, ORCID: 0000-0001-9321-550X, nastya_bogdanova_88@mail.ru

Blinov Andrey V., Ph. D., Assistant professor of the Department of Physics and
Technology of Nanostructures and Materials, Faculty of Physics and Technology, North Caucasus
Federal University, Pushkin str. 1, 355029 Stavropol, Russia, 8-988-767-94-60, ORCID: 0000-
0001-9321-550X, nastya_bogdanova_88@mail.ru

TI'onuk Asnexceii bopucoBu4, accucteHT Kadenpsl GU3NKU U TEXHOJIOTMHU HAHOCTPYKTYp U
MaTepHuaiioB ¢pusnko-texuuueckoro gaxynprera PI'AOY BO «Cesepo-Kapkasckuil henepanbHblit
yauBepcuteT, 355029, CraBpomons, ynuna [lymkuna, 1, 8-918-012-47-74, ORCID: 0000-0003-
2580-9474, lexgooldman@gmail.com

Golik Alexey B., Assistant of the Department of Physics and Technology of Nanostructures
and Materials, Faculty of Physics and Technology, North Caucasus Federal University, Pushkin str.
1, 355029  Stavropol, Russia, 8-918-012-47-74, ORCID: 0000-0003-2580-9474,
lexgooldman@gmail.com

66 Bbinyck 4,2022


mailto:pirogov.m.2002@gmail.com
mailto:pirogov.m.2002@gmail.com

CoBpemeHHas Hayka 1 uHHoBauum Ne4 (40), 2022

SxoBeHKO AHIpeil AHTOHOBHY, CTyJeHT 2 Kypca OakanaBpuara Kadeapsl (GU3NKH U
TEXHOJIOTHM HAHOCTPYKTYp W MarepuaioB (usuko-trexuuueckoro dakynpreta ®IAOY BO
«CeBepo-KaBkasckuii penepanbueiii yausepcuret», 355029, CraBponons, ynmuua Ilymkuna, 1, 8-
962-402-35-09, ORCID: 0000-0002-4555-9938, and.yak.stv@gmail.com

Yakovenko Andrey A., student of the Department of Physics and Technology of
Nanostructures and Materials, Faculty of Physics and Technology, North Caucasus Federal
University, Pushkin str. 1, 355029 Stavropol, Russia, 8-961-488-39-20, ORCID: 0000-0002-4555-
9938, pirogov.m.2002@gmail.com

baunoBa AHacracusi AJleKCAaHAPOBHA, KaH/. TEXH. HAyK, JOLEHT Kadeapbl (GU3MKU U
TEXHOJIOTUM HAaHOCTPYKTYp M MarepuaioB (usmuko-texuudeckoro ¢akynsrera ®IAOY BO
«CeBepo-KaBkasckuii enepanpHbiii yauBepcurer», 355029, CraBponons, ynuna [lymkuna, 1, 8-
988-767-94-60, ORCID: 0000-0001-9321-550X, nastya_bogdanova_88@mail.ru

Blinova Anastasiya A., Ph. D., assistant professor of the Department of Physics and
Technology of Nanostructures and Materials, Faculty of Physics and Technology, North Caucasus
Federal University, Pushkin str. 1, 355029 Stavropol, Russia, 8-988-767-94-60, ORCID: 0000-
0001-9321-550X, nastya_bogdanova_88@mail.ru

Jara moctymienus B pegaknuio: 12.10.2022
IMocne penensuposanust: 18.11.2022
Jara npussaTus K myoiaukanuu: 1912.2022

Bbinyck 4,2022 67


mailto:pirogov.m.2002@gmail.com

