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The study of the wound healing effect of the ointment from
the meal of black alder leaves (Alnus Glutinosa) on the model
of planar wounds

Aim. To study the specific wound healing effect of a new medicinal form — an ointment from the meal of black alder
leaves (Alnus glutinosa) on the model of planar wounds.

Materials and methods. The wound healing effect of the new ointment from the meal of black alder leaves was
tested on the model of a full-thickness skin cut planar wound in rats with planimetric and morphological parameters
compared to the reference drug Wundehyl.

Results and discussion. It was found that the wound healing activity of the ointment from the meal of black alder
leaves was 1.84-4.76 times higher than Wundehyl ointment by its rate of wound healing on days 9-15 of application.
The morphological analysis showed an intensive epithelialization and development of the granulation tissue when
treating with the new ointment.

Conclusions. The new ointment from the meal of black alder leaves showed the best wound healing effect in rela-
tion to the control group and exceeded the reference drug by 3.33 times, accelerating healing of wounds by 3-4 days.
The test dosage form can be considered as a promising drug for the treatment of wounds.

Key words: planar wound; wound healing effect; ointment from the meal of black alder leaves; Wundehyl

B. A. Bonkoson, H. B. depkauy, T. O. barnan, O. 1. ApemeHko, J1. B. Kapabyt

Bu3HauyeHHsA paHo3aroroBanbHOI Aii Ma3i 3i WWpOTy NINCTA BiNlbXu KNenkoi Ha moaeni
NSIOWMHHOI paHu

MeTa — gocnignti cneundivyHy paHosarotoBasibHy Aito HOBOI JlikapCbKoi hOpMM — Masi 3i LIPOTY NUCTS BiNbXu
KNEewnkoi Ha Moaeni NNOLMHHOT paHu.

Marepianu Ta MeToau. PaHo3arotoBanbHy [ito HOBOI Masi 3i LUPOTY NUCTA Binbxu kKNenkoi 3gincHioBany Ha moae-
Ni NOBHOLLIAPOBOI BMPI3aHOT NMAOLUMHHOI paHK LLKIPY Y LWYPIB i3 NNaHiMeTpuYHUMM Ta MOPONOriYHNUMY NOKa3HMKaMu
B MOPIBHSIHHI 3 pedepeHT-NpenapaToM «ByHaexiny».

Pe3ynbTaTy Ta ix 06roBopeHHs. BCTaHOBMEHO, WO paHO3arolBarbHa akTUBHICTb Masi 3i LUPOTY JIUCTA BiflbXu
Knenkoi 6yna Ginb eddekTUBHO NO LUBUAKOCTI 3aroeHHs paHu Ha 9-15 noby y NOpiBHSIHHI 3 NpenapaToM MOPIBHAHHS
«ByHgexin» B 1,84-4,76 pa3sun. Npu MoponoriyHOMy aHanisi cnoctepiranncs iHTEHCUBHILLA eniTeni3auis Ta po3BUTOK
rpaHynAUinHOT TKaHWHM Mig Yac NikyBaHHS HOBOK Mas33io.

BucHoBku. HoBa Ma3sb 3i LWIPOTY NUCTA BifbXW KNEWKOl nokasana iHTEHCMBHY paHo3arotoBarbHy Aito BiHOCHO
KOHTPOINBHOI rpynu Ta nepesuvLmna npenapar nopiBHaHHA B 3,33 pasu, NpULLBMALLIMBLLIM 3arOEHHS paH Ha 3-4 nobw.
HocnigpxyBaHa nikapcbka hopma MoXe po3rnsifaTvcs sik NepcnekTUBHUIA 3acib aAns nikyBaHHS paH.

Knro4oei crnoea: nnowmnHHa paHa; paHo3arolBarnbHa Aid; Masb 3i LUPOTY UCTS BiNbXy Knenkoi; ByHgexin

B. A. Bonkoson, H. B. lepkay, T. A. barnan, O. . ApemeHko, J1. B. KapabyT

OnpepeneHne paHO3aXXUBMNAKLWEro 4eMCTBUA Ma3un U3 WPOTa NIUCTLEB OflbXMU
KITeMKOW Ha MmoAerniv NNOCKOCTHOW paHbl

Llenb — nccnepoBath cneunduyeckoe paHo3aXuBnsloLLee OEViCTBE HOBOW NeKapCTBEHHON (DOPMbl — Masmn 13
LIpoTa NMCTbEB ONbXW KNENKOW Ha MOAENMN MITOCKOCTHOMN PaHbl.

Martepuanbi n Metoabl. PaHo3axviBnstoLee AeNCTBNE HOBOW Masm U3 LIPOTa NIMCTHEB OfbXM KMEWKOM OCYLLEeCTBIS-
N1 Ha MOAENV NMOMHOCITONHOW BbIPE3HOW NITOCKOCTHOM PaHbl KOXM Y KPbIC C NNaHUMETPUYECKUMU 1 MOPEONOrnYecKu-
MW nokasaTensiMmn No CpaBHEHWUIO C MpenapaTtoM «ByHaexun».

Pesynbrathbl M X 06CYyXAeHME. YCTaHOBMNEHO, YTO PAHO3AXUBIIAOLAS aKTUBHOCTb Masn M3 LIPOTa NUCTLEB
OflbX1 Knevikon Obina Bbille N0 CKOPOCTU 3aXMBMEHUS paHbl Ha 9-15 CyTOK OTHOCUTENBHO NpenapaTta CpaBHEHUS
«ByHgexvn» B 1,84-4,76 pasa. Npu mopdonornyeckom aHanvae Habnioganmcb MHTEHCMBHANA anuUTenu3auuns u pas-
BUTUE rPaHYNALMOHHOW TKaHU MPW NeYeHUn HOBON Masblo.

BbiBoabl. HoBas Ma3b 13 LWPOTa MUCTLEB OfbXM KNENKON NoKasana MHTEHCUBHOE PaHO3aXMBSOLWEe AeiCTB1e
OTHOCMTENbHO KOHTPOILHOM rpynnbl U NpeBbicMma npenapat cpaBHeHus B 3,33 pasa, yCKOPUB 3aXVBIIeHNe paH Ha
3-4 cyTok. Viccnenyemas nekapcteeHHas hopMa MOXET pacCcMaTpyBaTbCS Kak NepCrnekTyBHOE CPEACTBO A1 NIeYeHNs paH.

Knroyesbie cnoga: NNOCKOCTHAsA paHa; PaHO3aXUBsSOLLEe AeNCTBME; Masb U3 LLPOTA NIMCTLEB OfIbXW KIENKOW;
ByHaoexun
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Development of modern society is characterized by
the growing burden of negative anthropogenic factors
on a person. Not the last place belongs to mechanical
damage of skin and tissues of different etiology, the in-
crease of the number of surgical complications, allergic
diseases. Therefore, the problem of healing and treating
skin lesions of various genesis is rather relevant. One of
the most common methods for treating skin lesions is
the use of medicines for topical application in the form
of ointments.

The aim of our work was to study the wound healing
activity of an ointment from the meal of black alder
(Alnus glutinosa) leaves (OMBAL) on the model of a
full-thickness skin cut planar wound in rats.

Materials and methods

The object of the study was a soft dosage form —
OMBAL containing galactoarabinose glucoside, flavo-
noids and phenolic compounds; it was developed at the
Department of Industrial Technology of Drugs of the
National University of Pharmacy.

The model of a planar wound was reproduced on 30
white nonlinear rats weighing 180-200 g. Animals were
divided into three groups: group I — control pathology,
group II—wounds treated with OMBAL, group 11l —wounds
treated with Wundehyl ointment [1]. On the shaved areas
of the skin of the experimental animals treated with 5 %
alcoholic solution of iodine under barbamyl anesthesia
in aseptic conditions the fragments of the skin with a
diameter of 7-9 mm were cut in the region between shoul-
ders in accordance with the methodical recommenda-
tions of the State Pharmacological Center of the Ministry
of Health of Ukraine and the principles of the European
Convention for the Protection of Vertebrate Animals used
for Experimental and Other Scientific Purposes [2-5].
The wounds remained open. After surgery, once a day,
the wound was treated with OMBAL and Wundehyl oint-
ments in the dose of 0.5 g/kg [6]. The planimetric and
morphological parameters of the wound healing effect
of the ointment samples were studied on this model.

The area of wounds was measured immediately af-
ter their reproduction every three days till their comple-
te healing. To estimate the dynamics of reduction of the
wound surface area the method of L. N. Popova was
used [7-10].

The wound area was determined using a transparent
film, which wound contours were marked on in appro-
priate observation periods, followed by its stacking onto
a profile paper for calculation. The conclusion about the
speed of the wound healing (V) was made depending
on the dynamics of healing, which was determined by
the formula:

y= w

t

where: V —is the speed of wound healing, s.u (standard
units); S, — is the area of the wound in the previous
measurement, mm?; S, — is the area of the wound in the
current measurement, mm?.

The experimental data obtained were processed by
the method of variation statistics; to obtain statistical
conclusions the Student’s criterion at the accepted level
of significance p < 0.05 was used. For statistical data
processing the “Statistica 6.0” standard software [11-12]
was used.

Under barbamyl anesthesia the animals were also
taken out of the experiment on day 3, 6, 9 and 15, carving
the wound that healed along with the tissues from the
sides and bottom of the wound for microscopical exami-
nation [13-15]. The sections were stained with hema-
toxylin and eosin, as well as picrofuchsin by the method
of Van Gieson [16].

Results and discussion

The use of OMBAL and the reference drug (Wun-
dehyl ointment) showed the following results of accele-
rating the reduction of wound defects (Table), stimulating
epithelialization and developing the granulation tissue
of the animals treated on the model of a full-thickness
skin cut planar wound.

Observations of the healing process indicated that
the following day after the beginning of the experiment
the wounds in rats of all groups (I-1II) were dry, and
the edges were slightly swollen. Later, the area of the
wounds in rats began to decrease, in particular in ani-
mals without treatment (group I) the decrease of the area
of the wound surface was slower than in the treated ones
(groups II-11I).

In six days the area of wounds treated by OMBAL
decreased by 29.95 mm?, while untreated wounds re-
duced by 16.55 mm?. In 9-15 days, the rate of wound
healing under the effect of OMBAL exceeded the cont-
rol pathology by 7.4, 7.1, 9.4 times, and the rate of healing
of wounds treated with Wundehyl ointment in the same
time interval — by 4.02, 1.49, 2.8 times, respectively (com-
pared to OMBAL — by 1.84, 4.76 and 3.4 times, respec-
tively, an average by 3.33 times).

The comparative analysis of wound healing showed
that the experimental ointment had the following results:
day 12 — 20 %, day 15 — 60 %, day 18 — 100 %, while
of Wundehyl ointment healed 40 % on day 15 and the
complete healing (100 %) was achieved on day 21.

The morphological study of the group of rats (I-11I)
on day 3, 6, 9 and 15 affected the changes in power,
the rate of appearance and the degree of maturity of the
granulation tissue, the epithelium distinctiveness, and
differentiation of the epithelial layer.

In the control pathology group (I) the wound defect
was filled with the fibroid mass and infiltrated with poly-
nuclear leucocytes on day 3 of the experiment. In the con-
nective tissue layers there was an increase of the cellular
composition (low differentiated fibroblasts). In the epi-
dermis there were proliferative processes (formation hy-
pertrophy, cell dystrophy), as well as a moderate mito-
tic activity of basal epidermocytes.

On day 6 of the experiment the wound surface was
filled with inflammatory infiltrates (neutrophilic lym-
phocytes), and there was also the fibrinoid mass. Epi-
thelial cells had the direction of growth simply under
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Table
Parameters of the wound healing process of the rat skin when using OMBAL and Wundehyl
ointment in the dose of 0.5 g/kg, n = 10
The pgrlod of the Parameter Control OMBAL Wundehyl ointment
experiment, day
1 (initial data) S, mm? 52.14+0.32 52.57 +0.41 53.32+0.45
3 s, mm? 45.36 £ 0.45 38.52 £ 0.51 4422 +£0.39
V,s.u. 14.95 36.74 20.58
6 s, mm? 35.59+0.37 22.62 + 0.43%/** 30.64 £ 0,42
V, s.u. 46.5 1324 74.02
9 s, mm? 25.3+047 13.11 £ 0.53%/** 20.25+£0.48
V, s.u. 40.67 300.99 163.31
s, mm? 16.58 £0.35 3.24 + 0.47*/** 12.71 £0.36*
12 V, s.u. 21448 1522.53 319,51
The share of animals
with scars, % 0 20 0
s, mm? 9.05+0.35 1.15 £ 0.47%/** 3.77 £0.32*
15 V, s.u. 476.13 4471.3 1314.32
The share of animal
with scars,% 0 60 40
s, mm? 5.12+0.45 0 3.2+ 0.9*%
18 V, s.u. 1118.36 - 1566.25
The share of animals
with scars, %% 40 100 80
s, mm? 2.65+0.75 - 0
2 V, s.u. 1867.55 - -
The share of animals 80 100 100
with scars, %

Notes: S, -

is the area of a full-thickness skin cut planar wound, mm?; V - is the speed of wound healing, s.u; *

- the deviation is reliable

in relation to the control pathology, p < 0.05; ** — the deviation is reliable in relation to the reference drug, p < 0.05; n — the number of

animals in the experimental groups.

the scab, and the direction of the collagen matrix of the
dermis was also remained.

On day 9 the fibrinoid mass in the surface areas of
the defect was noticed and there was filling with the gra-
nulation tissue of immature nature up to ’s volume. From
the edges of the newly formed tissue the initial zones
of fiber formation were observed. The epithelialization
of the surface of the defect remained at the same level.

On day 15 of the experiment the complete and in-
complete healing of the defect was observed. The granu-
lation tissue had a more mature character than the pre-
vious one. The epithelium was multilayered.

In rats treated with OMBAL (Group II) cellular and
vascular proliferation was observed on day 3 of the expe-
riment. In the defect zone there was the significant con-
tent of fibroblast cells characterizing immature granula-
tion. The epithelialization of the wound defect was unclear.

On day 6 of the treatment there was a decrease in
the size of the wound defect that was filled with a newly
formed tissue. Along the edges of the wound there was
a significant proliferation of fibroblasts. Epithelializa-
tion was markedly activated.

On day 9 of the treatment filling of the wound defect
with % volume of the granulation tissue was observed.
The newly formed tissue on the epithelized sites had a
character of a fibrous scarring. Due to regeneration, the
epithelium was thickened with a clear differentiation of

layers, corresponding to the maturation rate of the granu-

lation tissue.

On day 15 of the experiment the wound defect was
healed completely and a small fibrous scar covered with
thickened epidermis was observed.

Animals treated with Wundehyl ointment passed the
same stages of the healing of the wound surface, but
some time later (3-4 days).

CONCLUSIONS

As aresult of the study of the specific effect of OMBAL
on the model of a full-thickness skin cut planar wound
in rats the conclusion can be made that the new wound
heahng dosage form OMBAL.:

accelerates the skin regeneration (by the planimet-

ric parameters of the rate of reduction of the area of

injury) 3.3 times quicker compared to the reference
drug — Wundehyl ointment;

* intensifies the reparative processes of the skin cover
(by the morphological parameters of appearance and
development of the granulation tissue, its differen-
tiation into the connective tissue, the rate of epithe-
lialization), as well as accelerates healing of lesions
of the skin by 3-4 days compared to Wundehyl,
which is the known drug for the treatment of wounds
and ulcerous lesions of the skin.

Conflict of Interests: authors have no conflict of
interests to declare.



ISSN 2415-8844 (Online) VISNIK FARMACIT 3 (95) 2018 ISSN 1562-7241 (Print) 57

10.

I1.

12.

13.
14.

15.
16.

10.

11.

12.
13.
14.
15.

16.

REFERENCES

Koueprun, H. T. CoBpemeHHBIH B3I Ha poOieMy BbIOOpa JIeKapcTBEHHOI (GopMbl cpencTB HapykHoi Tepanuu / H. I. Koueprus,
. O. lerpynun // Ykp. )KypH. IepMaToil., BeHEpoI., kocmeToln. — 2012. — Ne 4 (47). — C. 59-67.

JlokmiHiuHI JOCTiKEHHS JTiKapChKUX 3ac00iB: MeTol. pek. / 3a pea. wi—kop. HAMH Vkpaiau O. B. CtedanoBa. — K. : ABinenHa,
2001. - 528 c.

European convention for the protection of vertebral animals used for experimental and other scientific purpose: Council of Europe.
18.03.1986. — Pesxum noctymy: https://rm.coe.int/168007a67b

Good laboratory practice (GLP) : quality practices for regulated non-clinical research and development. — 2-nd ed. — World Health
Organization. — 2009. — 328 p.

Weinberg, S. Good Laboratory Practice Regulations / S. Weinberg. — 4-th ed. — New York: Basel, 2007. — 304 p.
Abaes, 10. K. CripaBounuk xupypra. Pansl u panesas nndekius / 10. K. A6aes. — Poctos Ha lony: @enuke, 2006. — 427 c.

TTornosa, JI. H. Kak u3MepsroTCs TpaHHLbl BHOBb 00Pa3yIOLIErocs SMHACPMICa IPH 3aKUBJICHUN PaH: aBToped. [uc. ... KaHa. MeJl. HayK /
JI. H. ITomoBa. — Boponex, 1942. —22 c.

Yanaes, A. I1. CoBpeMeHHbIE METOJMKH MECTHOTO MEJMKaMEHTO3HOT0 JeueH!s1 HHpHIpoBaHHbIX paH / A. I1. Yanaes, A. 1. Kinmn-
amBuy // Xupyprus. — 2003. — Ne 1. — C. 43-56.

Txauosa, O. B. ®apmakonoriuHe BUBYCHHSI HOBHX JIKapChbKHX MpPEMapariB, CTBOPEHUX Ha OCHOBI MPUPOAHUX CyOCTaHIiH i Ipr3HaYe-
HUX JIJIsI MICIIEBOTO JIIKyBaHHS PAaHOBOTO MpoIIecy : aBroped. Juc. ... a-pa Gpapmar. Hayk: 14.03.05 «Dapmakonorisy / O. B. Tkavora ;
Ham. ¢papman. yu-T. — X., 2014. — 39 c.

ExcrieprMeHTanbpHe BUBYCHHS HOBHX MPeapariB [UTsl MiCLIEBOTO JIIKyBaHHsI paH : Metos. pek. / JI. B. Skosiesa, O. B. Tkauoga, 5. O. ByTko,
1O. b. JIapsinoBebka. — X., 2013, — 52 c.

Jlamay, C. H. OcHOBHBIE TPHHIIUIIBI TPUMEHEHHS CTATUCTUIECKAX METOIOB B KIIMHUUECKUX ncnbiTanusax / C. H. Jlanaa, A. B. UyGeHko,
I1. H. ba6buu. — K. : MOPMOH, 2002. — 160 c.

Xanadsa, A. A. STATISTICA 6: craructiuueckuii anainu3 gaHebelx / A. A. Xamadsa — 3-e u31. — M.: OO0 «bunopwm-IIpeccy, 2007. —
512 c.

Jlynmna, X. OcHoBbl ructoxumun / X. Jlynna. — M. : Mup, 1980. — 344 c.

Capxkucos, [I. C. Mukpockonnueckast TEXHUKa: pyKOBOJICTBO 11t Bpauel u mabopantos / JI. C. Capxkucos, /1. C. ITepos. — M. : Menu-
uuHa, 1996. — 544 c.

MopdodyHKIIMOHATEHBIE METO/IBI HCCIIE0BaHMs B HOpMe U ripu naronorun / A. @. Kucenesa [u ap.]. — K. : 3noposse, 1983. — 161 c.
Bruce-Gregorios, J. H. Histopathologic Techniques. — Quezon City, Philippines, JMC Press Inc. — 1974.

REFERENCES

Kochergin, N. G., Petrunin, D. D. (2012). Ukrainskii zhurnal dermatologii, venerologii, kosmetologii, 4 (47), 59—67.
Stefanov, O. (Ed) (2001) Doklinichni doslidzhennia likarskykh zasobiv. Kyiv: «Avitsenay, 528.

European convention for the protection of vertebral animals used for experimental and other scientific purpose (1986). Available at:
https://rm.coe.int/168007a67b

Good laboratory practice (GLP): quality practices for regulated non-clinical research and development (2-nd ed.). (2009) World Health
Organization, 328.

Weinberg, S. Good Laboratory Practice Regulations (4-th ed.). (2007) New York. Basel, 304.
Abaev, lu. K. (2006). Spravochnik khirurga. Rany i ranevaia infektciia. Rostov na Donu: Feniks, 427.

Popova, L. N. (1942). Kak izmeriaiutsia granitcy vnov obrazuiushchegosia epidermisa pri zazhivlenii ran. Extended abstract of candi-
date’s thesis. Voronezh, 22.

Chadaev, A. P., Klimiashvili, A. D. (2003). Khirurgiia, 1, 43-56.

Tkachova, O. V. (2014). Farmakolohichne vyvchennia novykh likarskykh preparativ, stvorenykh na osnovi pryrodnykh substantsii i
pryznachenykh dlia mistsevoho likuvannia ranovoho protsesu. Extended abstract of Doctor s thesis. Kharkiv: NFaU, 39.

Yakovlieva, L. V., Tkachova, O. V., Butko, Ya. O., Larianovska, Yu. B. (2013). Eksperymentalne vyvchennia novykh preparativ dlia
mistsevoho likuvannia ran: metod. rek. Kharkiv, 52.

Lapach, S. N., Chubenko, A. V., Babich, P. N. (2002). Osnovnye printcipy primeneniia statisticheskikh metodov v klinicheskikh ispyta-
niiakh. K.: MORION, 160.

Khalafian, A. A. (2007). STATISTICA 6: statisticheskii analiz dannykh (3-e eds). M.: OOO «Binorm-Press», 512.
Luppa, Kh. (1980). Osnovy gistokhimii. M.: Mir, 344.
Sarkisov, D. S. Perov, D. S. (1996). Mikroskopicheskaia tekhnika: Rukovodstvo dlia vrachei i laborantov. M.: Meditcina, 544.

Kiseleva A. F., Zhitnikov A. Ia., Keisevich L. V. (1983). Morfofunktcionalnye metody issledovaniia v norme i pri patologii. Kiev: Zdor-
ove, 168.

Bruce-Gregorios, J. H. (1974) Histopathologic Techniques. Quezon City. Philippines: JMC Press Inc.



58 ISSN 1562-7241 (Print) BICHMK ®APMALIII 3 (95) 2018 ISSN 2415-8844 (Online)

Information about authors:
Volkovoy V. A., Doctor of Medicine (Dr. habil.), professor of the Department of Pathological Physiology, National University of Pharmacy.
E-mail: volkovoyva48@ukr.net. ORCID: https://orcid.org/0000-0001-6701-7892
Derkach N. V., Candidate of Biology (Ph.D.), associate professor of the Department of Pathological Physiology, National University of Pharmacy
Bahlai T. O., postgraduate student of the Department of Pathological Physiology, National University of Pharmacy. E-mail: mrs.bata@gmail.com.
ORCID: https://orcid.org/0000-0003-1390-8571
Yaremenko O. D., Medical Doctor, Exercise therapy physician of Pathological Physiology. E-mail: ipps_noo@ukr.net
Karabut L. V., Candidate of Medicine (Ph.D.), associate professor of the Department of Clinical Laboratory Diagnostics, National University of Pharmacy.
ORCID: https://orcid.org/0000-0003-3535-2527
Bizomocrti npo aBTopiB:
BosnkoBoii B. A., 1-p mex. Hayk, podecop kadenpu naronoriaxoi ¢isionorii, Harionansuuii Gpapmanesrnannii yaisepcurer. E-mail: volkovoyva48@ukr.net.
ORCID: https://orcid.org/0000-0001-6701-7892
Jepkaa H. B., kauz. 6ioi1. Hayk, goeHT Kadeapu marosnoriunoi ¢izionorii, Hanionansuuii GpapMarieBTHUHUNA yHIBEPCUTET
barnaii T. O., acnipanT xadenpu naronoriynoi ¢izionorii, Harionansauit hapmareBrnanuii yaisepeuter. E-mail: mrs.bata@gmail.com.
ORCID: https://orcid.org/0000-0003-1390-8571
Spemenxo O. 1., nikap JIOK, IV «IuctutyT narosorii xpe6Ta Ta cyro6is im. mpod. M. I. Curenka HAMH Vkpainu». E-mail: ipps_noo@ukr.net
Kapa0OyT JI. B., kaHa. Men. HayK, JOIEHT KadeapH KIiHIYHOT JabopaTtopHOI aiarHocTHky, HartioHanbHui GapManeBTHYHUNA YHIBEPCHTET.
ORCID: https://orcid.org/0000-0003-3535-2527
Caeenns 06 aBTOpax:
Bouxosoii B. A., 1-p Men. Hayk, npodeccop kadenpsl naronornueckoii Gpusnonornn, HarponanbHelii GpapmaneBTHYeCKUi yHUBEPCUTET.
E-mail: volkovoyva48@ukr.net. ORCID: https://orcid.org/0000-0001-6701-7892
Jepkau H. B., kanj. Ouoin. Hayk, JOIEHT Kadeapsl maroioruyeckoil ¢pusnonorun, HaimoHansHbli GpapMalieBTHIeCKUi YHHBEPCUTET
Barnaii T. A., actiupanT kadeaps! naroaorundeckoii ¢pusnonornu, Harponansueit papmaresrudeckuii yansepeuteT. E-mail: mrs.bata@gmail.com.
ORCID: https://orcid.org/0000-0003-1390-8571
SIpemenxo O. [1., Bpad JIOK, I'Y «MHCTHTYT NaToI0rky MO3BOHOYHUKA U cycTaBoB uM. mpod. M.U. Curenko HAMH Vkpanusy. E-mail: ipps_noo@ukr.net
Kapa6yr JI. B., kana. Meq. HayK, JOIEHT Kadeapbl KIMHIYECKOH 1a00paTopHON TuarHocTHKY, HarmoHansHbIH GapMarieBTHIeCKIi YHUBEPCUTET.
ORCID: https://orcid.org/0000-0003-3535-2527
Haoitiwna oo peoaxyii 20.05.2018 p.



