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NUMERICAL MODELING OF IMPLANT SURGERY AND REHABILITATION OF
HUMERUS BONE FRACTURES FOR THE ELDERLY PATIENTS

D. O. Batrakov!, V. V. Palamarchuk?, V. I. Tremtyachy?
'Kharkiv V. N. Karazin National University, Scool of Radiophysics, Biomedical Electronics and Computer
Systems, 4 Svobody Square, Kharkiv, 61022, Ukraine,
e-mail: Batrakov@karazin.ua
’Kharkiv City Clinical Hospital of Emergency and Emergency Medical Care named after
prof- A. I. Meshchaninov, 2nd Traumatology Department, 3-A Balakireva lane, Kharkiv, 61103, Ukraine
Submitted March 9, 2021; Revised March 21, 2021;
Accepted March 24, 2021

Background: Implantation is becoming more widespread in such areas of modern medicine as orthopedics
and traumatology. Due to the lack of an adequate substitute for natural bone, combined approaches are
used. For older patients, the problem is exacerbated by a decrease in bone mineral density. When choosing
a scheme for the surgical treatment of long bone fractures, preference is given to simple and maximally
sparing approaches. In this regard, the main task of osteosynthesis is to provide optimal mechanical
channels not only for the fracture healing process, but also to restore full functional capabilities in the future.
The paper considers the urgent task of optimizing and increasing the efficiency of planning rehabilitation
measures, including taking into account the individual characteristics of a particular patient, and the results
are of fundamental and applied importance.

Objectives: development of physical and mathematical models for modeling the stress-strain state of the
elements of the musculoskeletal system to optimize the planning of bone surgeries when installing implants.
Materials and methods. For the analysis, both specific clinical results and modern methods of computer
modeling and processing of results were used. The advantage of physical and mathematical models based
on the used finite element method is the possibility of optimizing the design of prostheses and reducing the
problems caused by osteopenia.

Results: To illustrate the proposed approach, a specific example of the treatment of a comminuted fracture
of the humerus in an elderly patient is considered. To describe the physicomechanical properties of bone
tissue, sets of standard data on the main characteristics of tissues and materials of implants such as elastic
modulus and Poisson's ratio were used. As the bone grows together, simultaneously with a decrease in
stresses, the difference between the stress on the entire structure and the stress on the bone decreases. This
indicates that the bone begins to take on an increasingly significant relative part of the load, which should
have a positive effect on its bone mineral density.

Conclusions: The advantages of modeling using the finite element method and by non-invasive modeling
of the work of the patient's musculoskeletal system with various variants of prostheses (implants) and the
choice of the most optimal one are shown. It was found that the use of the Von Mises stress-strain state as
a criterion for assessing the stress-strain state of the system gives effective assessments of the reliability of
the structure and its elements.

KEY WORDS: implants; fracture of the humerus; postoperative rehabilitation; von Mises stress; numerical
modeling.

YUCEJBHE MOJAEJIFOBAHHSI ITPA XIPYPI'Ti TA PEABIJIITA]_IIi MEPEJIOMIB ILIEYOBOI
KICTKHA Y TOXUJIUX TALOIEHTIB 3A JOIIOMOI'OIO IMIIJIAHTATIB
J. O. Barpakos!, B.B. Ilanamapuyk?, B. I. Tpemrsiumii’
! Xapriscvkuii nayionanohuii ynieepcumem imeni B. H. Kapasina, haxynomem padioghizuxu, 6iomeouunoi enexmponixu ma
xomn'tomepuux cucmem, maiioan Ceoboou, 4, Xapxie, 61022, Yrpaina.
e-mail: Batrakov@karazin.ua

© Batrakov D.O., Palamarchuk V.V., Tremtyachy V.I., 2021. Open Access. This article is licensed under a
Creative Commons Attribution 3.0 http://creativecommons.org/licenses/by/3.0/

Cite this article: Batrakov DO, Palamarchuk VV, Tremtyachy VI. Numerical modeling of implant surgery and
rehabilitation of humerus bone fractures for the elderly patients. Biophysical Bulletin. 2021;45:7-20.
https://doi.org/10.26565/2075-3810-2021-45-01




D. O. Batrakov, V. V. Palamarchuk, V. I. Tremtyachy

2Komynanvhe nexomepyitine nionpuemcmeo « Xapkiecoka Micbka KNiHiuHa AikapHs weuoKoi ma Heeioknaonoi Meouunoi
oonomoeu im. npogp. A. I. Mewaninosa» Xaprkiecokoi micokoi paou, mpaemamonoziune 8iooinenis Ne2,
npoe. banaxipesa, 3-A, m. Xapxis, 61103, Yxpaina

AKTyaabHicTh. IMIuTanTaIis HabyBae Bce OLTBITOrO MONTUPEHHS B TAKMX 00JIACTAX CYdacHOT MEAMIIMHH,
SIK OPTOTIEIs 1 TPAaBMATOJIOTis. 3BaXKar0uM Ha BiJCYTHICTh aJIeKBaTHOTO 3aMiHHHUKA HATYpaJbHOI KiCTKH,
BUKOPHCTOBYIOTh KOMOIHOBaHI miaxoau. JIns JiTHIX TaIlieHTiB TpodiieMa TOCHITIOETHCS 3HUIKCHHIM
MiHEpaJIbHOT MIUILHOCTI KiCTKOBOI TKaHWHHU. Ilpm BHOOpPI CXEMH ONEPAaTUBHOTO JIKYBaHHS MEPeIOMiB
JIOBI'MX KICTOK IepeBary BiZIaloTh IIPOCTAM 1 MaKCHMAaIbHO LIaJJHAM MiAX0AaM. Y 3B'SI3KY 3 IIMM OCHOBHE
3aBJJaHHs OCTEOCHHTE3a MOJIATaE B 3a0€3MeUEeHHI ONTUMAIBFHIX MEXaHIYHUX YMOB HE TUIBKHU JUISL IPOLIECY
3pOLIYBaHHS NEpeoMy, aje W Ui BiJHOBJICHHS B IIOJQJIBIIOMY HOBHOIIHHUX (PyHKIIOHAIBHUX
MOXxJHMBOCcTell. B poOoTi po3riisiHyTa akTyaibHa 3ajada ONTHMI3amii 1 MiJBHIICHHS e(EeKTHBHOCTI
IUTaHyBaHHS pealimiTalliifHUX 3aX0/iB, B TOMY YHCII 1 3 ypaxyBaHHSAM IHAMBIAyaJbHHUX OCOOJIMBOCTEH
KOHKPETHOTO marieaTa. OTprMaHi pe3yJIbTaTd MaloTh GyHIaMEHTAIbHE i TIPUKIIaIHE 3HAYCHHS.

MeTta podoTH: CTBOpeHHS (i3MKO-MAaTeMaTHYHUX MOJENCH [UIsi MOJENIOBAHHA HAIpPYKEHO-
Je(hOpMOBaHOTO CTaHY €JIEMEHTIB OMMOPHO-PYXOBOTO amapary Il ONTHMI3aIii TUIaHyBaHHS ONepamii Ha
KiCTKax MpH YCTAHOBIII iIMIITAHTATIB.

Marepianu Ta Metoau. /s ananmizy B poOOTI BUKOPUCTOBYBAJUCS SIK KOHKPETHI KIIIHIYHI pe3yibTaTH,
Tak 1 CydacHi METOAW KOMITIOTEPHOTO MOJEIIOBaHHSA Ta OOpoOKHM pe3ynbratiB. IlepeBaroro ¢iznuko-
MaTeMaTHYHUX MOJeJieH Ha OCHOBI BHKOPHCTAHOTO METOAY CKIHUCHHHX €JIEMEHTIB € MOXKJIMBICTb
onTHMi3anii KOHCTPYKIii IPOTE3iB 1 3HWKEHHS POOJIEM, BUKIMKAHUX OCTEOTICHIEIO.

PesyabraTu. [{ns imoctpamii NpOINOHOBAHOTO MiIXOXY PO3MISHYTO KOHKPETHHH IPUKJIAJ JIIKyBaHHS
OCKOJIKOBOT'O TEpeNIioMy IUICYOBOI KICTKM Yy JITHBbOI mnamieHTkH. [l omucy Qisuko-MexaHIYHHX
BJIACTMBOCTEH KICTKOBOI TKaHWHH OyNM BHKOPUCTaHI HabOpW CTaHIAPTHUX MJaHUX IPO OCHOBHI
XapaKTEepUCTHKU TKaHHMH 1 MaTepiajiB IMIUIAaHTaTiB — MOJIYJISl IPY>KHOCTI 1 koedimienrta [lyaccona. Ilo
Mipi 3pOoIIyBaHHS KiCTKH OJHOYACHO 31 3HMKEHHSIM HaNpYKeHb BiIOYyBAEThCSI 3MEHIIICHHS Pi3HUIN MK
HaAIpyToIo Ha BCill KOHCTPYKIIii 1 HANIPYTOI0 Ha KicTili. [le cBiMIuTh Mpo Te, 10 KicTKa MOYUHAE TPUAMaTH
Ha ce0e aenan OUTbITy BiTHOCHY YaCTHHY HaBaHTAXCHHS, III0 Ma€E ITO3UTHUBHO BILTUBATH HA ii MiHEpaIbHY
IITBHICTB.

BucnoBku. [TokazaHo mepeBarn MOJEITIOBAHHS 13 3alydeHHSM METOAY KiHIIEBUX €JIEMEHTIB i MUISIXOM
HEIHBa3WBHOT'O MOJICITIOBaHHS POOOTH OMMOPHO-PYXOBOI CUCTEMH TAIliEHTA 3 PI3HUMH BapiaHTaMH MPOTE3iB
(iMrutanTaTiB) i BUOIp HaOUIBII ONTHMMAIBEHOTO 3 HHUX. BCTaHOBJIEHO, IO BHKOPHCTaHHS B SIKOCTI
KPHTEPIIO OLIIHKK HaIpPy>KeHO-1e()OPMOBAHOT0 CTaHy CHCTEMH IMIUIaHTAT-KicTKa HAapyru no Misecy nae
e(eKTUBHI OLIHKY HAIHHOCTI POOOTH KOHCTPYKIIi 1 1 eleMeHTIB.

KJUIFOYOBI CJIOBA: imMmiaHTaTy; IeperioM IUIeY0BOi KICTKH; Mmicisonepatiiina peabiiitauis; Hanpyru no Misecy;
YUCCIIBHE MOICIIIOBAHHS.

YUCJIEHHOE MOJEJUPOBAHMUE ITPU XUPYPI'UU N PEABNJINTAIIUA ITEPEJIOMOB
IJIEYEBOM KOCTH Y MOXKWUJIBIX TAIIMEHTOB C ITIOMOIIBIO HMILJTAHTATOB
J. O. Barpaxos!, B. B. [lanamapuyxk?, B. . Tpemrsiunii’
Xaporosckuii nayuonanenwiii ynusepcumem umenu B. H. Kapasuna, gaxynemem paouogusuxu, 6uomMeouyuncKol
INeKMPOHUKU U KoMnviomepHwlx cucmenm. ni. Ceoboowl, 4, Xapvkos, 61022, Yrpauna;
e-mail: Batrakov@karazin.ua
2Kommynanenoe nexommepueckoe npeonpusmue « Xapbko6ckast 20p00CKast KIURUYECKAs OOIbHUYA CKOPOLL U HEOMILOJICHOL
MeduyuHckol nomowu um. npogh. A.H. Mewanunosa» Xapbkockozo 20podcko2o coeema, mpasmanonozuieckoe
omoenenue No2, nepeynox banaxupesa 3-A, e. Xapvkos, 61103, Yxpauna

AKTyanabHOCTB. VIMIITaHTaINS OTyYaeT Bee OOIbIIee pacIpOCTPaHEHHE B TAKUX 00JIACTSIX COBPEMEHHOM
MEIHINHEI, KaK OPTOTICINS U TPaBMATOJIOTH. BBUTy OTCYTCTBUS a/IeKBaTHOTO 3aMEHUTEIIS HATYPAIbHON
KOCTH, HCTOJB3YIOT KOMOMHHPOBAHHBIC MOAXOABI. [N MOXKWIBIX MAMEHTOB MpodiieMa yCyryouseTcs
CHIDKCHHEM MHUHEPaJIbHOU IUTOTHOCTH KOCTHOW TKaHH. IIpuM BBIOOpPE CXEMBI OIEPATHBHOTO JICUCHHS
MEPEIOMOB JUTMHHBIX KOCTEH MPEIIOYTEHUE OTIAIOT MPOCTHIM M MaKCHMAJIbHO MANAIIMM Hoaxonam. B
9TOW CBS3M OCHOBHAs 3aJjadya OCTCOCHHTE3a COCTOMT B OOCCHCUCHHM ONTHMAIBHBIX MEXaHUYECKUX
YCIIOBHI HE TOJNBKO IJIsI TIPOIECcCa CpaIlUBaHUs IEPEIoMa, HO W JUIs BOCCTAHOBJICHUS B JalbHEHIIEM
TIOJTHOIICHHBIX ~ (QYHKIIMOHAJIBHBIX BO3MOXHOCTEeH. B pabore paccMmoTpeHa akTyanbHas 3axada
ONTUMU3AIMY U TIOBBIIICHNS Y((GEKTHBHOCTH IUIAHUPOBAHHUS PEaOMIUTAIIMOHHBIX MEPOIIPHATHH, B TOM
YHUCIie ¥ C YIETOM HWHIMBHIYaJbHBIX OCOOCHHOCTE KOHKpETHOTO manueHTa. [lomydeHHble pe3yabTaThl
UMEIOT (hYHIaMEHTAIbHOE U TIPUKIaJHOE 3HAUCHIE.
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Hear paboTsl: co3maHue (QU3MKO-MATEMATHYCCKUX MOJCNCH s MOJCIUPOBAHHS HAIMPSIKCHHO-
JIe(OPMHUPOBAHHOTO COCTOSHHS JJICMCHTOB OIOPHO-IBHUTAaTCIBHOTO ammapara s ONTHMU3AINH
TUTAHUPOBAHMSI ONIEPALUK HA KOCTH MPH YCTAHOBKE UMILIAHTATOB.

Martepuaiabsl U Metoabl. /i1 aHanm3a B pabOTE KCIOJB30BANNCH KaK KOHKPETHBIC KIMHHYCCKHUEC
Pe3yIbTATHI, TAK M COBPEMEHHBIE METOJIBI KOMITBIOTEPHOTO MOJCIHPOBAHUS U 00pabOTKH pe3yIbTaToB.
[IpenmymiecTBOM (U3NKO-MAaTEMAaTHYECKUX MOJEIECH Ha OCHOBE HCIIOJIB30BAHHOTO METOJA KOHEYHBIX
3JIEMEHTOB SBISETCS BO3MOXHOCTH ONTHMH3AaLMU KOHCTPYKLIMH MPOTE30B H CHIDKCHHE TIPOOIeM,
BBI3BaHHBIX OCTCONICHHUEH.

PesyabTaTsl. 7 WOTIOCTPAK NMPEATIaraeMoro MoIX0Aa PacCMOTPEH KOHKPETHBIH MPUMEp JICUCHHS
OCKOJIFYATOTO TIEpesIoMa IUICYCBOM KOCTH Y MOXKMIION MareHTKu. [t omrcanus GU3NKO-MeXaHNIECKUX
CBOWCTB KOCTHOW TKaHM OBLIM HKCHOJB30BAHBI HAOOPHI CTAaHIAPTHBIX JAHHBIX 00 OCHOBHBIX
XapaKTePUCTHKAX TKAHCH U MaTepHaliOB MIMILIAHTATOB — MOIYJIA yIpyroctu u koddurmenta [Tyaccona.
ITo mepe cpamiuBaHUs KOCTH OJHOBPEMEHHO CO CHI)KCHHEM HANpsHKEHUH MPOUCXOJUT YMEHbIIECHUE
Pa3HULIBI MEXXY HAMPSLDKEHUEM Ha BCEl KOHCTPYKIMH U HANIPSDKEHUEM Ha KOCTU. DTO CBUJIETENILCTBYET O
TOM, 4TO KOCTh HAUMHACT PUHUMATH Ha ceOs BCce 00JIee 3HAUUTEIILHYI0 OTHOCHUTEIILHYIO YacTh HATPY3KHY,
YTO JIOJDKHO TTO3UTHBHO BIMATH HA €€ MUHEPATBHYIO IUIOTHOCTb.

BbiBoasbl. [lokazaHsl mpenMyIecTBa MOACTHPOBAHUS C IPUBJICUCHUEM METOa KOHEUHBIX AJIEMEHTOB H
MyTEeM HEMHBA3UBHOTO MOJCITUPOBAHUS PaOOTHI OTIOPHO-ABUTAaTEIIFHON CUCTEMBI TAIIUEHTA C PA3INIHBIMH
BapUaHTaMH TPOTE30B (MMILJIAHTATOB) W BHIOOp HamOoOJiee OMTHMAILHOTO W3 HUX. YCTaHOBJICHO, YTO
WCTIONIE30BAaHUE B KAdeCTBE KPUTEPHs OLEHKH HAMPSDKECHHO-IE(OPMHPOBAHHOTO COCTOSHHUS CHCTEMBI
MMIUTAHTAT-KOCTh HANPsDKEHUs o Mu3ecy naet 3¢ eKTHBHBIE OLIEHKH HAaIe)KHOCTH PaOOTHI KOHCTPYKIHH
U €€ DJIEMEHTOB.

KJIFOYEBBIE CJIOBA: nMIUIaHTaThL; IEPEIOM IJICYEBOI KOCTH; OCICONEPALIIOHHAS PEaOUINTALNSA; HAIPSIKCHUS
1o Musecy; 4uciieHHOE MOJEITMPOBAHHE.

One of the features of the modern stage of scientific progress is the development of new
methods that are located at the junction of various fields of knowledge. Despite the fact that
biophysics itself is at the intersection of biology and physics, new directions are also emerging
within this area of knowledge. They rely on the one hand on existing treatment technologies
related to the placement of implants, and on the other hand on the widely used Computer Aided
Engineering (CAE) systems. Significant advances in the implementation of existing
technologies have been achieved in such areas as dentistry [1], as well as traumatology and
orthopedics [2, 3]. At the same time, works related to orthopedics and traumatology can be
conditionally divided into two main areas. The first area includes [2], where the authors analyze
“the experience of treating 140 victims in the trauma department of the Kharkiv Regional
Clinical Trauma Hospital. Treatment of patients with fractures of the tibia, humerus and femur
was carried out by the method of blocking intramedullary osteosynthesis (BIOS), various rods
and navigation systems from different manufacturers. The errors and complications
characteristic of this technique are analyzed, the reasons and the ways of their prevention are
indicated”.

However, with this approach, in fact, only fait accompli facts are stated, and only a
probabilistic assessment of possible consequences is given. But each individual patient, first of
all, is interested in the result in his case. Therefore, for successful prediction, methods of data
analysis and the results of calculations of the operation of the entire implant-bone system are
required. The problem in this formulation of the problem belongs to the second direction. The
main task is to calculate the strength of the "implant-bone" system. The task itself depends on
the specifics of the means used. For example, when using a lockable Bliskunov fixator, it is
necessary to study the stress-strain state of the osteosynthesis system, which was done in [3].
The authors note that to study the stress-strain state (SSS) of mechanical orthopedic structures,
both analytical or numerical calculations and full-scale or model experiments can be used. The
term "analytical calculations" in mathematical physics usually combines methods and
algorithms that allow one to obtain a solution in a closed form with any predetermined accuracy.
In practice, the application of these methods is usually limited to problems with a fairly simple
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geometry, boundary conditions, and loads (sources). In a clinical setting, carrying out field
experiments using metal osteosynthesis, which requires the use of special load and deformation
sensors, is an extremely difficult and expensive task. But the main thing is that carrying out
such model experiments requires additional substantiation of the adequacy of the results
obtained to the basic models [3]. Unlike analytical methods, numerically oriented methods for
studying the stress-strain state of mechanical systems do not have such severe restrictions. They
make it possible to vary the geometric parameters of structural elements and the physical and
mechanical properties of materials over a wide range. Continuous progress in the field of
computing also contributes to the increasing application of mathematical modeling methods in
various fields of science. The most popular for solving problems of mathematical modeling
(including problems of biomechanics, orthopedics and traumatology) is the finite element
method [4-10]. This method was used to study the behavior of the humerus [3] and hip joints
(Femoral Stems) [4], the problems of bone strength [5], simulate the augmentation of the hip
bone (femoral bone augmentation) [6], study the features of treatment of Bennett's fractures [7],
mechanical properties of the vertebrae [8] and the proximal femur [9]. A more detailed review
of the features of the use of finite element method — FEM in solving problems of biomechanics
and orthopedic surgery is given in [10].

Summarizing the results obtained, it should be noted that, despite a significant number of
works devoted to the problems of biomechanics and traumatology, many important problems
have not yet been studied in detail. In particular, as noted in [ 11-13], a decrease in bone mineral
density (BMD) after 70 years leads to profound changes in the mechanical properties of bone
tissue. There is a direct relationship between the modulus of elasticity, which characterizes the
stiffness of a material, and the ultimate strength with age. It is assumed that the change in the
biomechanical properties of bone with age is associated not only with a decrease in BMD, but
also with a qualitative change in collagen, bone binder - mucopolysaccharides, and structural
changes in the bone. This requires, in particular, additional study of the effect of changes in the
characteristics of materials (primarily the modulus of elasticity) on the operation of the bone-
implant structure. Another important issue is the criteria for assessing the stress-strain state and
limit states of a structure with an implant. Currently, there are four criteria (hypotheses) of
strength in mechanics. When using them, to obtain reliable simulation results, an appropriate
experimental or theoretical justification is required. For example, in [3], when analyzing the
operation of the osteosynthesis system of the humerus, a criterion for maximum tensile or
compressive stresses was adopted, corresponding to the so-called first hypothesis of strength
[13]. On the other hand, as is known [15], the first hypothesis (criterion) reflects the engineering
ideas of strength calculations, proposed by G. Galileo and used for simple systems until the end
of the 19th century. At present, the so-called fourth (energy) hypothesis of strength has received
the widest application [16]. However, its use requires, first of all, an appropriate analysis.

Therefore, the purpose of this work is to create computer aided engineering (CAE) models
for analyzing the operation of implants and subsequent prediction of the results of surgical
treatment of limb fractures, as well as optimization of rehabilitation activities.

The main objectives of the article:

— to show the fundamental possibility of using the relatively simple CAE models for
calculating loads at different stages of rehabilitation, especially for elderly patients;

— to demonstrate the change in the distribution of stresses in the bones at different values
of the parameters and to identify the most characteristic patterns;

— to carry out a comparative analysis of various criteria (hypotheses) of strength and
substantiate the choice of the most adequate and universal of them;

— outline the ways for further research in this area to reduce trauma during surgery and
shorten the rehabilitation period by optimizing the shape of the implants.
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PROBLEM STATEMENT AND METHOD OF SOLUTION

General remarks

Research in various fields of orthopedic surgery and traumatology requires a methodology
that makes it possible to reproduce (simulate) different situations [4—7]. This methodology can
be used to study the biomechanics of the musculoskeletal system both in healthy people and in
patients with pathological abnormalities, as well as for modeling various prostheses and implants.
The main task of modeling is to predict changes in the distribution of stresses around the zones
of implantation, which should prevent incorrect placement of implants and accelerate
rehabilitation. An important advantage of physical and mathematical models based on FEM is
also the possibility of optimizing the design of prostheses and implants to minimize problems
caused by such phenomena as stress-shielding or osteopenia.

To clarify the essence of the work, first of all, we note that modern biomechanics, when
solving specific problems, relies on the corresponding models - physical and mathematical.
Physical models, i.e. sets of corresponding simplifications (when insignificant characteristics,
for example, the color of a sample when calculating the strength) are discarded, and only the
most important ones remain. Mathematical models based on physical models are, generally
speaking, a set of equations and additional conditions — initial and boundary. Then the problem
is solved using computational methods, algorithms based on them, and appropriate software.
Such the most modern and versatile software is modern computer aided engineering (CAE)
systems, which were mentioned above. They consist of two main components - the actual
computing part intended for calculations and the interface for displaying data. Recently, for the
input of initial data (geometry), software has been connected to process the data of diagnostic
equipment (3D tomograph, ultrasound). Therefore, in accordance with the logic of research, let
us first consider a mathematical model.

Basic equations and additional conditions

Within the framework of CAE systems, the FEM Finite element method is most often used
for strength calculations [15-21]. This method is based on the equations of the theory of
elasticity. In the simplest one-dimensional case, this is Hooke's law, which relates strain & to

stress O by a linear relationship of the form:
oc=FE-¢, (1)
where: £ — coefficient of proportion, called the longitudinal modulus of elasticity (Young's
modulus). We emphasize that in various literary sources devoted to the problems of mechanics,
not only different systems of units are often used, but also different designations for quantities
identical from a physical point of view. Therefore, in order to achieve clarity in the presentation
of further material, we first give some specific definitions regarding the main quantities used.
In the most general case, the body under consideration is divided into a set of elementary

volumes (most often cubic) and the values of normal (o,,0,,0.) and tangential (

T.,7.,7.,7T.,T,,T_) stresses are written on their faces — only 9 values. However, by

yx2 Tzyd Vzx? “xy? Y yz?

virtue of the law of pairing of tangential stresses, which is formulated as:
Ty =Ty T, =7,,7, =T (2)

zy — Yyzo Vax xz

7., 7. . Since tension/compression

yx2 Yzy?

xy?
only six quantities are independent — o, o, o, and 7
along one of the axes (even in the case of a homogeneous isotropic material) changes the
dimensions along the other two axes, one more parameter must be introduced to describe the
properties of the material — the lateral compression ratio v or Poisson's ratio. In addition to
tensile / compressive deformations and (corresponding stresses), there are deformations and,
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accordingly, shear stresses. Tangential strains and the corresponding stresses are also related
by a constant G called the shear modulus or shear modulus. However, there is a relationship
between the shear modulus G and Young's modulus £ and Poisson's ratio v, defined by the
relationship:

E
G=—"" 3)
2-(1+v)
Thus, for a complete description of the elastic properties of homogeneous isotropic
materials, two constants are sufficient — Young's modulus £ and Poisson's ratio v . Then the
general relations can be written in the form:

o .= £ £ +3——o 7 -z ..
) T T ey
o,= £ £ +3—" Oy, TZXZL;/ZX; (4)

—

1+v) 7 (1+v)

v
T T ) % T o)
where: o, — average stress [14, 22].

A set of additional conditions must be added to the basic equations and sources (load) must
be specified. Additional conditions include boundary conditions that restrict displacements on
specified surfaces or lines and, in the presence of internal boundaries, boundary conditions
(contact conditions). To go from the microscopic level (equations for one finite element) to the
macroscopic level (the entire body or structure under consideration) it is necessary to take into
account the connections at the nodes of various elements. One also needs to take the form of an
approximating function to describe the distribution of the solution in the area of the element itself
or on its face, edge. These operations within the framework of modern CAE systems are
performed in a semi-automatic mode or by software using an appropriate program — a grid
generator [23]. As a result, from a mathematical point of view, the problem is reduced to the
formation of a system of linear algebraic equations (SLAE) and its solution. The number of
equations is equal to the number of unknowns and is determined by the number of elements. In a
compact operator form, the resulting SLAE can be written as follows:

AX =B, (5)
where: 4 — matrix operator (square matrix of known coefficients), B column vector of the
right-hand sides (with known elements, usually corresponding to sources/load), X — vector
column of unknown (to be determined) coefficients. After solving the SLAE, using certain
numerical values of the coefficients, displacements and other required quantities are found:
normal and tangential stresses on specified surfaces or lines, relative deformations and other
quantities. If necessary, the received data is displayed in graphical mode using the program
interface. The results of SSS calculations obtained in this way are the initial data for subsequent
processing and interpretation within the framework of the main theoretical problem posed —
to demonstrate the change in the stress distribution in the bones at different values of the
parameters and to identify the most characteristic patterns. To solve practical problems related
to the optimization of operational and rehabilitation measures, it is necessary to make a
reasonable choice of criteria.

Strength criteria (hypotheses) [14, 15].
The point of introducing strength hypotheses is that they eliminate the need for a huge
number of experiments [14, 15]. One or another criterion of equivalence serves as the basis for
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practical strength calculations only under the condition that for a number of special cases the
results of its experimental verification turned out to be sufficiently close to theoretical
calculations or numerical simulation [26]. The reasons for the destruction of materials are
complex physical processes, both at the macroscopic and microscopic levels. This does not
allow until now to develop a universal and simple hypothesis of strength and therefore there are
used several basic hypotheses. It is important that all of them are based on the concept of a
dimensionless (having no physical dimension) safety factor £ as a ratio of the actual value of

a certain parameter, for example, tensile stress, which we will supply with the index (1) to

(1)

emphasize its relation to the first hypothesis — O'S1 to the maximum possible value of the same

. The limit value o

s,lim

parameter o, must be preset.

Llim

To make an informed decision on the choice of the strength hypothesis, it is necessary to

carry out a physical analysis of their features. The first hypothesis of strength, proposed by

Galileo, which was already mentioned above, is based on the assumption that the cause of

material failure is the highest normal stresses in absolute value. The condition for the strength

of the material (structure) in this case is the requirement that the safety factor be less than one:
(1)

k=25 <1. 6)

O lim

The main disadvantage of this hypothesis is that the determination of the equivalent stress
does not take into account the other two principal stresses. For example, under all-round
compression, the material can withstand significantly higher stresses than under uniaxial
compression.

The second hypothesis of strength or the hypothesis of the greatest linear deformations
proposed by Mariotte and then developed by Saint-Venant proceeds from the assumption that
the greatest linear deformations are the cause of failure. Within the framework of this approach,
the equivalent stresses are first calculated by the formula:

2
O-éq> :O-I_V'(O-2+O-3 )S|Glim ’ (7)
where: o, 0,, 0;, 0}, — three main and maximum permissible stress, respectively. Or,
which is equivalent (taking into account the above notation):
1
81:E-(0'1—V-(0'2+03 ) <€ |- (8)

The second hypothesis, as follows from (8), takes into account all three main stresses.
Nevertheless, it is not sufficiently confirmed by experience and is rarely used.

The third hypothesis, or the hypothesis of the greatest shear stresses, was proposed by
Coulomb and developed by Saint-Venant. In accordance with this hypothesis, the greatest shear
stresses are the cause of material failure. The third strength hypothesis is based on the condition:

GS) =0,—-0,< |0'1im | 9)

The main disadvantage of the third hypothesis is that it does not take into account the
second principal stress and gives an acceptable accuracy (10—15%) only for plastic materials.

The fourth hypothesis of strength or energy is based on the amount of specific potential
energy spent on changing the shape before the onset of the limiting state. In the most general
case, the total specific potential energy of deformation of a unit cube can be represented as the
sum of the energy spent on changing the volume (tension / compression) and changing its shape.
In this case, the corresponding limiting state condition looks like this:

Ge(:) = \/%[(0'1 -0, )2 +(02 - o, )2 +(G3—62 )2} < |O'hm | (10)
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It goes without saying that for each material it is necessary to preliminarily determine the
numerical value of the stress limit — o, . However, the main applied advantage of this

hypothesis is the possibility of its application for the tasks of comparative analysis of various
structures and modes of their operation on the basis of an energy assessment in the absence of
accurate data on the values of limiting stresses or strains. This is due to the fact that it is the
potential energy in static problems that is the source of destruction of a material or structure.
Therefore, as a criterion for assessing the stress-strain state of the implant — bone structure,
we will choose the fourth hypothesis of strength and the quantitative criterion of the stress value
according to von Mises (10).

RESULTS AND DISCUSSION
To illustrate the proposed approach, let us consider an example of treatment of a
comminuted fracture of the humerus in an elderly patient, which occurred on December 31,
2013 as aresult of a fall (Fig. 1, a). An attempt to use an orthosis for setting the fragments and
fixing them for 7 weeks did not give any result (Fig. 1, b).

R

Fig. 1. X-Ray picture of the right humerus.

As a result, a decision was made on the need for surgical treatment, open reduction of
fragments and extramedullary osteosynthesis of the right humerus, which was carried out on
06.03.2014 (Fig. 2, a).

CAE model and parameter selection

When carrying out calculations, we used the ANSYS Mechanical Software Suite. As
mentioned above, the concept of a CAE model implies a set of geometric elements together
with a set of physical and mechanical properties of materials and connections (contact
conditions) between individual elements. At the subsequent stages, a mesh of nodes (vertices)
of elements is formed, and displacements, deformations and stresses are calculated. In this case,
the modeling task is to analyze the distribution of stresses in order, on the one hand, to ensure
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reliable bone fusion at the fracture site, and on the other hand, to optimize the further load on
the bone in order to reduce the immobilization time as much as possible and, as a consequence,
prevent a decrease in bone mineral density (BMD) tissue (osteopenia). In the case of
intramedullary osteosynthesis, posttraumatic osteopenia of tubular bones was studied in [17].
However, extramedullary osteosynthesis (external fixation) differs from intramedullary both in
the duration of immobilization and in the distribution of loads due to the asymmetry of the
structure. When carrying out calculations, it is natural to strive to use the most adequate model.
However, the approximation of a model to reality often leads to its complication and, in many
cases, even to a loss of accuracy due to the accumulation of round-off errors when performing
arithmetic operations on a computer. Therefore, a relatively simple model from the point of
view of geometry was created for modeling (Fig. 2, b, c).

a b
Fig. 2. X-ray picture of the right humerus after surgery (a), diagrams of the bone with an implant (b, c).

The next task is to assign numeric values to parameters. To describe the physical and
mechanical properties of bone tissue, standard data on the main characteristics of tissues and
materials of implants - elastic modulus (Young's modulus) — £ and Poisson's ratio — v are
used. Papers [24, 25] are devoted to the determination of these parameters and the analysis of
the results obtained. Naturally, the values of these parameters can vary depending on many
factors — age, energy intensity of the injury, individual characteristics, diet, etc. Therefore,
Table 1 presents not the exact values of the parameters, but their averaged values according to
[16, 18-20, 24, 25] or the boundaries of the change in characteristics.

The values from Table 1 were used as a basis for modeling bone stress with an implant. To
carry out numerical calculations, it is necessary to specify the boundary conditions and the load.
In this case, the boundary conditions (fixation) were set in the lower section (by area), and the
load (compressive 0.6 MPa is standard for some technical applications, on two circular sections
with a diameter of 0.6 cm. each. It is equivalent to a force of 3.4 kg) is applied to the articular
head (caput humeri) and to the larger apophysis (tuberculum majus). The main goal of
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computational experiments is to simulate the distribution of loads during rehabilitation at
various values of the parameters (first of all, Young's modulus). Some calculation results are
shown in Fig. 3—6.

Table 1. The values of the parameters used according to the data from [16, 18-20, 24, 25].

Tissue (material) | E (MPa) | Load direction v Tensile strength | Compressive
(MPa) strength
(MPa)
Brachial bone 17200 longitudinal | 0.30 30 132
Spoke-bone 18600 longitudinal 0.30 149 114
(radius)
Elbow bone 18000 longitudinal 0.30 148 117
Spongy bone 90-959 longitudinal 0.12 — 23
Bone marrow 1 — 0.30
Hip 17200 longitudinal 0.30 121 167
Tibia 18100 longitudinal | 0.30 140 159
Fibula 18600 longitudinal 0.30 146 129
Cervical 230 longitudinal H.1. 3.1 10
vertebrae
Lumbar vertebrae | 160 longitudinal H.I. 3.7 5
Cortical layer 20000 longitudinal | 0.30 90 150
Forged titanium | 110000 — 0.33 — —
alloy (Ti 6Al-
4V)
Alloy TMZF 74000— — 0.33 — -
85000

When installing implants, it becomes necessary to calculate the permissible loads at
different stages of rehabilitation. As can be seen from the above figures, at the early stage of
rehabilitation (Fig. 3, a.)

The entire load (bright zone) is taken by the implant. as the bone fragments grow together,
the load begins to be distributed more and more evenly (fig. 3, b) and at the end the stress
distribution becomes almost completely uniform (fig. 3, c). Thus, (fig. 3, c) clearly
demonstrates the achievement of one of the goals — minimization of maximum stresses and
their almost uniform distribution throughout the structure. Concrete values of stresses should
be used to determine the maximum permissible loads at each stage of rehabilitation. The
illustrations of the simulation results when solving this problem are shown in fig. 4-6. Fig. 4
illustrates the dependence of the first principal stress (maximum compressive or tensile) for the
entire structure and separately for bone tissue, depending on young's modulus at the fracture
site, 1.e. in fact, it illustrates the process of rehabilitation under various conditions (BMD values,
qualitative changes in collagen and the associated young's modulus) of the entire bone. Analysis
of these graphs shows that an increase in the strength (young's modulus) of bone tissue leads to
a more even distribution of the load and a decrease in maximum stress. In addition, the implant
takes on a significant part of the load at the initial stages of rehabilitation, and the load on the
bone itself is correspondingly reduced. As the bone grows together, simultaneously with a
decrease in stresses, the difference between the stress on the entire structure and the stress on the
bone decreases. this indicates that the bone begins to take on an increasingly significant relative
part of the load, which should positively affect its BMD (reducing the risk of osteopenia).
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a b c
Fig. 3. Distribution of stresses (von Mises) at different values of young's modulus in the fracture area:
a) bone 0.1 MPa max 19.5 MPa, b) bone 50 MPa max 1.48 MPa, c¢) 3000 MPa max 0.89 MPa.
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Fig. 4. Maximum values of the first principal stress for the entire structure (1-3) at different values of the

Young's modulus of bone tissue and for bone tissue at the maximum value of E, depending on the Young's
modulus of bone tissue at the fracture site.

Fig. 5-6 shows the maximum von Mises stresses (1), the maximum values of the first
principal stress for the entire structure (2) and the same stress, but only for the bone (3),
depending on the strength of the tissue at the fracture site (Young's modulus) at different BMD
(values of Young's modulus) of the entire bone. The results obtained confirm the correctness of
the choice of the criterion — von Mises stresses, since it is these stresses that have the maximum
values. Also important is the result of significantly lower stresses in the bone compared to the
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maximum stresses in the entire structure. Moreover, the difference between these values is
smaller for large values of strength (Young's modulus) of the bone itself. In other words, for a
bone with a higher BMD (Young's modulus), a more uniform distribution of stresses occurs.
From a physical point of view, this is quite natural.
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Fig. 5. Maximum values of von Mises stresses (1), the first principal stress for the entire structure (2) and the
first principal stress only for the bone (3), depending on the Young's modulus of the fracture site. Young's

modulus of the bone is 5000 MPa.
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Fig. 6. Maximum values of von Mises stresses (1), the first principal stress for the entire structure (2) and
the first principal stress only for the bone (3), depending on Young's modulus of the fracture site. Young's

modulus of the bone is 17000 MPa.

Finally, we note that the calculations performed showed a significant increase in the safety
factor after implant placement for all values of the Young's modulus of the bone after rehabilitation.
In the initial stages, this is achieved due to the fact that the implant takes on the main load (Fig. 3,
a), and then more and more even distribution of the load occurs, which ultimately significantly
reduces the risk of recurrent fractures. In conclusion, we note that in this work only relatively simple
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ones are considered, both from the point of view of geometry and from the point of view of physic-
mechanical characteristics of materials (homogeneous isotropic materials). The authors hope to
present the results of the analysis of more complex structures and a comparative analysis of various
technologies for installing implants in future works.

CONCLUSION

The models developed by CAE for studying the stress-strain state of the elements of the
musculoskeletal system using the example of the humerus with an implant have shown their
efficiency and effectiveness.

The key advantage of FEM modeling is the ability to perform multiple non-invasive
modeling of the patient's musculoskeletal system with various variants of prostheses (implants)
and the choice of the most optimal one. This primarily relates to the problems of optimal
planning of bone surgeries associated with the placement of implants.

It has been established that the use of an implant — bone stress according to Mises as a
criterion for assessing the stress-strain state of the structure makes it possible to obtain, from
the point of view of mechanics, effective assessments of the reliability of the work, both of the
entire structure and of its elements separately.

As a result of computational experiments carried out using the developed models, the
features of the operation of structures with various mechanical properties have been
investigated. As a result, the possibility of effective planning of rehabilitation measures was
established, both taking into account the general strength characteristics of artificial materials,
and taking into account the individual characteristics of a particular patient.

As directions for further research, further improvement (complication) of both the
geometric parameters of the models and the physical and mechanical characteristics of materials
is proposed.
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AKTYyaJbHicTh. OCHOBOIO YCHIIIHOTO €HIOJAOHTHYHOTO JIKYBaHHS € MpaBWIbHE BU3HAYCHHS POOOUOT
JIOBKMHA KOPEHEBOTO KaHaly (BiICTaHbh MK 30BHIIIHIM OPIEHTHPOM Ha KOPOHIN 3y0a J0 amKaIbHOTO
KOPIOHY). SIk KOpaoH 1t 00poOKH 1 MIIOMOYBaHHSI KOPEHEBOTO KaHAITY peKOMEHI0BaHa 30Ha aIikalbHOL
KOHCTPUKIII (3BY)XKeHHS). BHYTpIIIHROPOTOBAa pEHTreHOTpamMa JIO03BOJISIE OTPUMATH iH(POpPMAII0 TIPO
HanpsiM BUTHHIB KOPEHEBHX KaHAJIB, a TAKOXX BU3HAYMTH POOOYY JOBXKHHY. [IpoTe peHTreHorpama €
JIBOBUMIPHHM CYMapHUM 300paKCHHSIM 1 HE BIITBOPIOE BCIO aHATOMIIO alliKajJbHOI YaCTHHU KOPEHS, TOMY
YacTO BIJI3HAYAIOTHCS HAIIAPYBAHHS 1 CIIOTBOpEHHsS 300pakeHHs. [Ipu iHTepmperariii peHTTeHOTpaMM
icHye HMOBIpHICTH MOMMJIKHM, MHOB'SI3aHOI 3 CYO'€KTHBHICTIO OIIIHIOBAJIBLHOTO pE3yNbTaTy CIeLialicra.
TakuM YMHOM, KEPYBATUCS BUKIFOYHO [IMM METOJOM BU3HAUCHHS POOOYOi JOBXKHHU HEAOITEHO. MeTon
arieKkciIoKanii 3aCHOBaHMM Ha Pi3HUILI €IEKTPUYHOTO ONOpYy TKAaHWH. TBepli TKaHWHM 3y0a MaroTh OLIbLI
BUCOKH{ OIp HIK CIU30Ba OOOJNOHKAa TOPOXKHUHH pOTa 1 TKaHWHHU mepiogoHTta. [lpumcrpoi mis
CJICKTPOMETPUYHOTO BU3HAYCHHS POO0UYOi MOBKMHM KOPEHEBOTO KaHally BH3HA4alOTh IMIIEJaHC 3a
JIOTIOMOTOI0 3MIHHUX CTPYMiB Pi3HOI 9acTOTH Ta 3aCTOCOBYIOTh METOJ CIiBBigHOIeHHs. Llef Bumip €
CTabUIbHUM 1 Ma€ BHCOKY TOYHICTh HaBiTh NMPH POOOTI y BOJIOTHX KaHaiax Ta 3abe3rnedye IIaBHY
Bi3yasi3allifo BChOTO TPOIECY NMPOHUKHEHHS BEPXiBKH KAaHAJIBHOTO IHCTPYMEHTa 1 BHCOKY TOYHICTH
BU3HaUeHHSA Micug ¢izionoriuHoi BepxiBkm KopeHs (moHanm 80 %). CywacHi anropuTMH Ui
EJNIEKTPOMETPUYHOTO BH3HAYCHHS POO0YOT JOBXKHMHHM KOPEHEBOI'O KaHaly HE MOEIHYIOTh JaHi, IO
OTPUMYIOTBHCS 3 PEHTTeHOTpaMH. Y 3B’S3KYy 3 IIMM aKTyallbHUM € po3po0Kka HOBHX METOJIB Ta 3ac00iB
BiZToOpa)XeHHsI €IEKTPOMETPUYHHX JJaHUX Ha PEHTICHOTpaMi JUTs OUIBII JOCTOBIPHOTO BU3HAYCHHS MIiCIIS
(i3i0J10T1YHOT BEPXIBKHM KOPEHS.

Meta podoTH — po3poOKa METOJy CerMeHTaulii JeHTaJbHOI PEHTTEHOrpaMH Ul BH3HAYEHHsS 30HU
amiKaJIbHOT KOHCTPUKIIIT.

Marepianu it MeTOIN: TPUHIMITN CHIOJOHTHYHOTO MpenapyBaHHs 3y0iB; METOIU BU3HAYCHHS pOo00UYOT
JIOBXKMHA KOPEHEBOTO KaHaNy (PEHTTEHOJIOTIYHHM, eICKTPOMETPUIHHI); METOI MOPOTOBOI CErMEHTAIlil;
METOJT CETMEHTAIlil KICTKOBUX CTPYKTYpP Ha TOMOTpa(iqHUX 300paskeHHSX.

Pe3yabTaTh. B pe3ynpraTi BUKOHAHOT pOOOTH OyJIM CETMEHTOBAHI CTPYKTYPH KOPEHEBHUX KaHaiB 3y0a Ta
BH3HAaUeHa iX JOBkWHA. [IOpIBHIHHS E€IEKTPOHHOTO BHU3HAYEHHS POO0YOi JOBXKHHH 3 PaioNOTIYHUM
MoKasajo, IO B JEAKHMX BHIAJKaX PEHTITEHIBChKA 1 E€JeKTpOHHA IOBXHMHA He 30iraroThcs. [Ipum
JaTepalbHOMY BUKPHUBJICHHI KaHATY PEHTT€HIBCHKUH 3HIMOK MOX€ ITOKa3aTH KOPOTITY po0ody TOBXKHUHY,
HIK TPUIATU JUTS alleKCIIOKallii, TOMY €JICKTpOHHA poOoya JOBKHHA, 3a3BHYAll TOYHIIIA, HIX TOBXKWHA,
BU3HAYCHA PEHTT€HIBCHKHM CIIOCOOOM.

BucnoBku. IlepeBaroro BUMipIOBaHHS JJOBXXHHHM KOPEHEBOT'O KaHAJTy 3a JONOMOTOIO aleKciIoKaTopa €
3HAa4YHO OutbIna TO4HICTH (0aM3bKO 0,5 MM) B IOpIBHSHHI 3 METOJOM peHTreHorpadii, oaHaK OUIbII
JIOCTOBIPHUM MOXE OyTH MO€JHAHHS IUX IBOX METOMIB, IO TOTPeOYye MOAANBINUX CTATHCTUYHUX
JociikeHb. OCOOIUBY yBary IpH IIbOMY CIIiI IPUIUTATH OCOOTMBOCTSIM METOIiB 0OPOOKH Ta CerMeHTaIli{
OTPUMaHUX JIaTHOCTHYHHUX 300pakeHb IS 3a0e3MeueHHs] MAaKCUMAIbHOT SIKOCTI Bi3yaui3allii KOHTYpiB
KOPECHEBUX KaHATIB.

© Ilepenenuus O. M., 2021. Open Access. This article is licensed under a Creative Commons Attribution 3.0
http://creativecommons.org/licenses/by/3.0/
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KJIIOYOBI CJIOBA: noBxuHa KOPEHEBOTO KaHay; aliKaJlbHUHA KOPAOH; pPEHTreHorpama;
€H/I0JIOHTHUYHE JIKYBaHHS; alleKCIOKaTop.

SEGMENTATION OF DENTAL X-RAY IN ENDODONTIC TREATMENT
O. M. Perepelytsia
Kharkiv National University of Radio Electronics, 14 Nauky Ave., Kharkiv, 61166, Ukraine

Background: The basis of successful endodontic treatment is the correct determination of the working length of the
root canal (the distance between the external landmark on the crown of the tooth to the apical border). An apical
constriction zone is recommended as a border for root canal treatment and filling. Intraoral radiograph allows you to
obtain information about the direction of bending of the root canals, as well as to determine the working length.
However, the radiograph is a two-dimensional total image and does not reproduce the entire anatomy of the apical part
of the root therefore there are often layers and distortions of the image. When interpreting radiographs, there is a
probability of error associated with the subjectivity of the evaluation result of the specialist. Thus, it is impractical to
be guided exclusively by this method of determining the working length. The method of apexlocation is based on the
difference of electrical resistance of tissues. The hard tissues of the tooth have a higher resistance than the mucous
membrane of the mouth and periodontal tissue. Devices for electrometric determination of the working length of the
root canal determine the impedance using alternating currents of different frequencies and apply the method of ratio.
This measurement is stable and accurate even when working in wet channels and provides smooth visualization of all
process of penetration of a top of the channel tool and high accuracy of definition of a place of physiological top of a
root (over 80%). Modern algorithms for electrometric determination of the working length of the root canal do not
combine the data obtained from the radiograph. In this regard, it is important to develop new methods and means of
displaying electrometric data on the radiograph to more accurately determine the location of the physiological apex of
the root.

Objectives: Development of a method of segmentation of the dental radiograph to determine the area of apical
narrowing.

Materials and methods: principles of endodontic tooth preparation; methods for determining the working length of
the root canal (radiological, electrometric); threshold segmentation method; method of segmentation of bone structures
on tomographic images.

Results: As a result of the performed work, the structures of the root canals of the tooth were segmented and their
length was determined. Comparison of electronic determination of working length with radiological led to the fact that
in some cases, X-ray and electronic length do not match. With lateral curvature of the canal, the X-ray may show a
shorter working length than apexlocation devices, so the electronic working length is usually more accurate than the
length determined by X-ray.

Conclusions: The advantage of measuring the length of the root canal with an apex locator is much greater accuracy
(about 0.5 mm) compared to the method of radiography, but the combination of these two methods is more reliable,
which requires further statistical studies. Particular attention should be to the peculiarities of processing and
segmentation methodsof the obtained diagnostic images to ensure the maximum quality of visualization of the contours
of the root canals.

KEY WORDS: root canal length; apical border; radiograph; endodontic treatment; apexlocator.

CEIrMEHTALMS JEHTAJIBHOM PEHTTEHOI'PAMMBbI
P SHAOAOHTUYECKOM JIEYEHUHA
A. H. Ilepeneauna
Xapvrosckuil HAYUOHATLHBLU YHUBEpCcUmMem paouodiekmponuxu, npocn. Hayku 14, 2. Xapvkos, 61166, Ykpauna

AKTyanabHOCTh. OCHOBOH YCIIEITHOTO SHIOJOHTHYIECKOTO JICUCHHS SBILICTCS MPABUIIBHOE OIPEICIICHIe
paboueil JUIMHBI KOPHEBOrO KaHasla (PaccTOSHHE MEXAY BHEIIHMM OpPHEHTHPOM Ha KOPOHKE 3y0a K
amMKaIBHOU TpaHuIile). B kadecTBe TpaHUIBI Jis 0OpabOTKM W IUIOMOMpPOBAHMS KOPHEBOTO KaHAa
PEKOMEHIyeTCs 30Ha alMKaIbHONH KOHCTPUKINHY (Cy>KeHus). BHyTpupoTOBast peHTreHOrpaMma o3BOJISIET
MOJYYHUTh WH()OPMAILUIO O HANPaBICHUH HM3rUOOB KOPHEBBIX KAHANIOB, a TAKXKE OMPEICITUTH Pabodyro
unHy. OJTHaKO peHTreHorpaMmMa SIBIISIETCS] IBYMEPHBIM CyMMAapHBIM H300pa)KeHHEM M HE BOCIIPOU3BOIHUT
BCIO AQHATOMHIO AIMKaJIbHOW YacTH KOPHs, I0O3TOMY YacTO OTMEYAIOTCS HACJIOCHHS M HMCKaKECHHS
n3o0paxenns. [lpn wHTEpHpeTanny PEHTTEHOTPaMM CYIIECTBYET BEPOSATHOCTH OINMOKH, CBSI3aHHOW C
CyOBEKTHBHOCTBIO OIIGHOYHOT'O pe3yibTaTa CIeIHamucTa. TakuM o00pa3oM, pPyKOBOICTBOBATHCSA
WCKITIOYUTETFHO 3THM METOJIOM OTIpeNelieHus pabouell ATUHBI Herelecoo0pa3Ho. MeTo areKCIoKaIiu
OCHOBAH Ha Pa3HHIIC COMPOTUBICHUS TKaHEH. TBepapie TKaH! 3y0a UMEIOT 0oJiee BEICOKOE COTIPOTHBIICHHUE
YeM CIHM3HCTasi 000JI0YKa TOJOCTH PTa M TKAHU MEPHONOHTA. Y CTPOWCTBA IUIA AIIEKTPOMETPHIECKOTO
ompeneneHus padboueil JIMHBI KOPHEBOTO KaHajla OTPENeNIAI0T MMIIEJAHC C TOMOIIBIO TIEPEMEHHBIX TOKOB
pa3NMYHON YacTOTHl M INPHUMEHSIOT METOJA COOTHOIICHHSA. DTO HM3MEpPEHME SIBISETCS CTaOWIBHBIM MU
BBICOKOTOYHBIM JIaK€ NIPU pabOTe BO BIAKHBIX KaHAJIaX U 00eCICUNBAET IUIABHYIO BH3YAIU3AINIO BCETO
nporecca NMPOHUKHOBEHHS BEPXYLIKM KaHAJILHOTO WHCTPYMEHTAa M BBICOKYIO TOYHOCTH OIPEAEIICHHS
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(u3nonormueckon Bepxymku kKopHs (0oaee 80 %). CoBpeMEHHBIE alTOPUTMBI IS HJIEKTPOMETPHIECKOTO
ompeneneHuss pabouyeidl ANMHBI KOPHEBOIO KaHajlla HE OOBEOUHSIOT [aHHBIE, IOIy4aeMbIe C
PEHTTCHOTpaMMEL. B CBS3M ¢ 3THUM axkTyalbHBIM SIBIISICTCS pa3pabOTKa HOBBIX METOAOB W CPEICTB
0TOOpaKeHHS IIMEKTPOMETPUICCKUX TAaHHBIX HA PEHTTEHOTpaMMe JUTs 00JIee JOCTOBEPHOTO OIPEICIICHHS
(hU3MOTIOTUYECKON BEPXYIIKH KOPHSL.

Lean padoTsl — pazpaboTka METO1a CETMEHTAIIMH JICHTAIBHOM PEHTTCHOTPAMMEI JIJISI ONIPEICIICHHS 30HBI
ANMKATFHOU KOHCTPUKIIWH.

MatepuaJjbl H METOIbI: IPUHIUIBI SHIOIOHTHYSCKOTO MPEIAPHUPOBAHUS 3y00B; METOIbI ONPEICIICHHS
pabodeli JIMHBI KOPHEBOTO KaHana (PEHTICHOJOTHYCCKH, AJICKTPOMETPHUYCCKUI) METOJ MOPOTOBOM
CerMEHTAallH; METO] CETMEHTAIIMH KOCTHBIX CTPYKTYpP Ha TOMOTpapuIecKnx n300paskeHISIX.
PesyabTaThl. B pesynsrate npoaenanaoii paboTh OBLTH CETMEHTHPOBAHBI CTPYKTYPHI KOPHEBBIX KaHAJIOB
3yba u ompeaeneHa wux anuHa. CpaBHEHHE OJEKTPOHHOTO OmpeaeNeHus pabodeid UTMHBI C
PamMOJIOTHYECKUM ITI0Ka3ajo, YTO B HEKOTOPHIX CIyYasx PEHTTEHOBCKAas M DJCKTPOHHAS IUIMHA HE
coBmanaT. Ilpu naTepanbHOM HCKPHUBICHHHM KaHAla PEHTTCHOBCKHHA CHUMOK MOJKET ITOKa3aTh Oojee
KOPOTKYIO pa0o4yIo [UTHHY, YeM MPUOOPHI ISl ATICKCIIOKAIIMH, IO3TOMY JICKTPOHHAs paboyas JJIMHA, KaK
MPaBUIIO, TOYHEE, YeM JJIHHA, ONPECIICHHAS PEHTTCHOBCKHM CIIOCOOOM.

BeiBoasbl. [IpenMymecTBOM U3MEpPEHUsI ITMHBI KOPHEBOTO KaHAJIA C MOMOIIBIO allEKCIOKATOPA SIBIISCTCS
3HAYUTEIBHO OOJNBINasi TOYHOCTh (0K0J0 0,5 MM) IO CpaBHEHHIO C METOJIOM PEHTTCHOTpaHH, OJTHAKO
Oonee MTOCTOBEpHBIM MOXET OBITH COYETAHHE I3THUX JABYX METOJOB, 4TO TpeOyeT malbHEHIINX
CTaTUCTHYCCKHUX HccienoBanuii. Oco0oe BHUMAaHKE MPH 3TOM CICIYET YACIUTh OCOOCHHOCTSM METOJIOB
00pabOTKM ¥ CETMEHTAllMK TOJYYCHHBIX JUATHOCTHYECKHX H300pakeHUH sl oOecriedeHHs
MaKCHUMaJIbHOTO KaueCTBa BU3YAIN3aIlNi KOHTYPOB KOPHEBHIX KaHAJIOB.

KIFOYEBBIE CJIOBA: nnmHa KOpPHEBOIO KaHalla; anMKajbHas TPaHMLA; PEHTTEHOTPaMMa; 3HIOJOHTHYECKOE
JIEYCHHUEC, alI€KCJIOKATOP.

Y cTpykTypi amekca BUAUIAIOTH 3 30HHU: BIACHE amekc (PEHTTEHOJIOTiYHA BepXiBKa
KOpEHs), BEJIMKUH aImKaaIbHUN OTBIp 1 amikajabHa KOHCTPUKINiS (00IacTh amikaabHOI YaCTHHHU
KOPEHEBOI'0 KaHaly 3 HallMeHIIMM JiameTpoM). SIk mexa Juist oOpoOKu 1 TuioMOyBaHHS
KOPEHEBOTO KaHaJly peKOMEH0BaHa 30HA amiKaJbHOI KOHCTPHKII (3By>keHHs) [1, 2]. MeTox
aTieKCIIOKallll 3aCHOBAaHMN Ha PI3HMII €JIEKTPHUYHOIO ONMOpy TKaHUH. TBepai TKaHUHH 3y0a
MaroTh OUTBIII BUCOKHH OIIP HIXK CIM30Ba 000JIOHKA MIOPOKHUHK POTA 1 TKAHUHU TEPI0IOHTA.
EnexTpuyHMii TaHIIOT MIXK €1EKTPOIaMH, pO3MIILIEHUMHU Ha Ty01 (T'yOHUI eJIeKTpo) 1 B KaHal
(emexTpon y BUDIISIAL (paility 3 TpaayrOBaJbHUMH CTOTIEPOM), 3aJTUIIAETHCS 3aMKHYTUM J0
MOMEHTY JOCATHEHHS (ailJloM TKaHMH TMepiogoHTa. B o0nacTi amikadbHOTO 3BYXKEHHS
B1I0YBAETHCS Pi3Ke MaAIHHS OTIOPY, JAHITIOT 3aMHKA€EThCA, 10 1 Pikcye anekcmokatop [3].

BusnauenHs po0oOYOi JOBXKHHM KOPEHEBOTO KaHaly — TMEpIIMid 1 OCHOBHUU eTarl
eHJO0JOHTUYHOIO JIiKyBaHHA. [lepen moyaTKoM €HAOJOHTUYHOIO BTPYYaHHS BU3HAYAIOTh
MaTeMaTHYHY JOBXHHY KOPEHEBOTro KaHaiy. J{Jis Iboro BUKOPUCTOBYIOTh TAOIMYHMIA CHOCIO.
3HaHHS Jl1arma30Hy KOJWBaHb JOBXHHH 3Y01B € BAXIMBUM (PAKTOPOM YCHIITHOTO MPOXOHKEHHS
KOPEHEBUX KaHAJIIB 1 HOJANBIINX TOYHUX BUMIPIOBAHb.

Po6oua nosknHa — 11€ BiJACTaHb BiJ HAMOLIBII BHCTYIIAIOY0i YaCTUHH KOPOHKH 3y0a 110
(1310JI0TTYHOTO 3BYKEHHS — aliKalbHOT KOHCTPUKIIi (puc. 1).

LlemMeHTHe-AEHTHHHE
3'eAHEHHA

Pt

AnikansHa
HOHCTPUKLIA

Puc. 1. Bizyamnizanis po6o4oi T0BXKHHH KOpeHeoro kaHaiy [3].

Fig. 1. Visualization of the working length of the root canal [3].
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AmikajgbHa KOHCTPUKIIS HaiyacTille Mae CKJIagHy KOHQIrypamilo 1 YCKIaJHIOE
BU3HAYCHHS ICTUHHOT POO0YOi JOBXKHHH.

Ha Bigcrani 1,0 MM Big aHAaTOMIYHOI BEpXIBKM 3HAXOIUTHCS (Di310JOTIYHA BEpXiBKa
OCTaTOYHOT poO0U0T TOBKUHHM 3y0a (puc. 2).

1.5mm ‘{:

+22.0mm =

23.5mm
= 1.0mm

22.5mm

Puc. 2. Po3paxyHok po60190i JOBKHHU KOPEHEBOTO KaHATy [2].

Fig. 2. Calculation of the working length of the root canal [2].

[Ipu nikyBaHHI MyNBMITY CTIHKM KOPEHEBOI'O KaHaly He iH(]iKOBaHI, TOMYy s
3amo0iraHHs  HAJMIPHOTO  PO3UIMPEHHS  amKajdbHOI KOHCTPHUKII 1 TpaBMYBaHHS
nepiamikagbHUX TKAHWH NPerapyBaHHs IPOBOAUTHCS Ha 1| MM 110 amikabHOTO 3BYKeHHs. [Ipu
JIKYBaHHI MEPIOJOHTUTIB B pa3i MOBTOPHOTO €H0IOHTUYHOTO JIIKYBaHHS BBAXKAETHCS, 110 BCS
cUCTeMa KaHaliB iH(ikoBaHA. Y TaKMX BUMAJKaX, MATOTOBKA KaHATy TIOBHHHA MUTH SIKOMOTa
ommxue (0,5 MM) 10 amikaaTbHOTO 3BYKCHHSI.

[Tpuctpoi a1 eNeKTPOMETPUYHOIO BU3HAYEHHSI POOOYOi TOBKUHU KOPEHEBOI'O KaHaTy
BU3HAYAIOTh IMITEJIAHC 3a JOTIOMOTO0 3MiHHUX CTPYMIB Pi3HOT 4YaCTOTH. 3aCTOCOBYIOYH METO/]
CIiBBIIHOIICHHS BOHU JIO3BOJISTFOTH 3HAXOAUTH 3aralibHUN KOE(IIi€HT Omopy, 0 BigoOpakae
noyioxkeHHs (aitry B kaHaii (puc. 3). Cxema BUMipy MoKa3aHa Ha puc. 4.

Lleit BuMip BKa3ye Ha MPHUCYTHICTh €NEKTPOJIITIB Yy MYyJIbIIAPHIA TKaHWHI, € CTAOUTBHUM 1
3a0e3mnevye BUCOKY TOYHICTh BUMIipIOBaHHS [5]. [CTOTHUM HEHOJIKOM METOAY € BUMOTa J0
po0OTH y BITHOCHO CyXUX ab0 YaCTKOBO IiJICYIIIEHUX KaHallaX.

B nporeci 6i6miorpadiunoro aHamizy Oyji0 BUSBJICHO HACTYITHUI acIieKT: Oarato yBard B
CerMeHTallii CTOMaTOJOTIYHUX PEHTTEeHIBCHKUX 3HIMKIB MPHUIUISETHCS CErMEHTallli HA OCHOBI
MOpOroBuX 3HaueHb. Maibxke y 80% mnpoaHanizoBaHUX CTaTeil BUKOPHUCTOBYBABCS came Iieil
MeToA [6], 10 3yMOBJIEHO BHCOKOIO TOYHICTIO 1 MOBTOPIOBAHICTIO PE3YNIbTATIB MPU PI3HUX
yMOBax. AJle JOCHIDKEHb JOBKHHH KOPEHEBOrO KaHaimy immeaaHcHUM  (abo
€JIEKTPOMETPUYHNM ) METOJIOM, CIIPSIMOBAHUX Ha €HAOAOHTHYHE JIIKYBaHHS, HE BEIOCS.

Mera poGoTu — po3poOKka METONy CEerMeHTallli EeHTaJIbHOI PEHTTEHOTpaMU IS
BU3HAYCHHS 30HHM aliKaJbHOI KOHCTPHUKIII Ta TMOPIBHSAHHA OTPUMAHHUX pE3YJIbTaTiB 3
€JIEKTPOMETPUYHUM Ta MAaTEMaTUYHUM METOJOM 13 MOAABIINM BJIOCKOHAJICHHSIM.
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a §)

Puc. 3. ITokazanHs peectparii anekcimokatopa Dentsply Propex Pixi:

a — iHTepdelic KoprcTyBayva i3 pO3MITKOIO IHANKATOPIB, JAe: | — IHIUKATOP MOJIOKESHHS BXOLY
(hatiny B kaHam, 2 — ¢ailyl 3HaXOIUTHCS B TIpe-amiKaibHil 30Hi, 3 — (aiin 3HaXOAUTHCS B AlMKAIEHOMY
3BY)KEHHI, 4 — (haiiyn BUIIIIOB 32 MEXi arekcy;

0 — cTpyKTypa anekca 3a nMociOHUKOM KopucTyBada Propex Pixi [4].

Fig. 3. Indications for registration of Dentsply Propex Pixi:
a — user interface with indicator markup, where: 1 — indicator of the position of the file entry into the
channel, 2 — the file is in the pre-apical zone, 3 — the file is in the apical narrowing, 4 — the file went
beyond the apex; b - structure of the apex according to the user manual Propex Pixi [4].

AKTWBHWIA 3neKkTpog
3 EHAOACHTUYHUM dhainom

f

Puc. 4. Cxema nokauii anikanabHOTO 3BY)KEHHS €JICKTPOMETPUYHAM METOI0M Ha NMPUKIaIi
anekciokaropa Dentsply Propex Pixi.

Fig. 4. Diagram of the location of apical narrowing by electrometric method on the example of
apexlocator Dentsply Propex Pixi.

MATEPIAJIM I METOHU
Metoanka eneKTpOMETPHYHOTO BU3HAYEHHS IOBXKUHU KOPEHEBOTO KaHAaJIy MPOBOAMIACS
B 1Ba etanu. [lepmmuii eTan — 3a monmomororo amapary Propex Pixi Bu3Hauamacs monepemass
poboua OBXKMHA: 3aryOHHMI €NEKTPOJ BCTAHOBIIOBABCS Ha TiM CTOPOHI INENenu, Ha sKii
3HAXOJUBCSA JOCIIKyBaHUH 3y0. B SIKOCTI aKkTHBHOTO €JIeKTpOay BUKOpUCTOBYBaBcs K-dari.
Busnauena anaparom Propex Pixi po6oua noBxuHa ¢ikcyBanacs crommepom Ha K-daiini. B
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nporieci 00poOKH KOPEHEBOro KaHajly BiOYBAa€ThCS PO3LIMPEHHS HOro Tupia, 301IbLICHHS
niaMeTpa 1 KoHycHocTi. LI MaHImysA1ii 3MEHITYIOTh TIOBXKHHY, SIK HACTIAOK BUTUH POOOYOTO
IHCTpyMEHTa TaKOX 3MEHIIyeThCs. ToMy mpu nepuioMy BUMipi BUTHYTHH KaHall MaB OUTbIITY
JTOBXHUHY, HIK TICIAS OCTaTOYHOI MexaHiuHOi o00poOku. IlepBuHHa 00poOKa KaHaTy
npoBoamiacs B oOnacti 2/3 MOBXKMHM IS BUKIIOYCHHS MEXAHIYHHMX TpPaBM IMEPiOJOHTA.
Hpyruit eranm — ocrarouHa oOpoOKa KOPEHEBOTO KaHATY 1 BUMIPIOBaHHS €JICKTPOMETPUIHUM
MeTonoM. B xo/1i onrcanux Bulle BUMIpiB peecTpyBanacs nuugpa, sika Oyna Jemo MeHIa, Hix
Ta, IO CIIOCTEpirauacs Ha caMoMy 1mo4aTky. L{e 3HaueHHsT BU3HAYAIOCs SIK OCTaTOYHA poOoYa
JIOBXKMHA KaHAIY.

MeTtoarka peHTTeHOJIOTIYHOTO BH3HAYCHHS IOBKUHH KOPEHEBOTO KaHATy HacTymHa. s
JICHTAJIbHOT PEHTIC€HOTPaMU BHKOPHUCTOBYETHCSI MOHOXpPOMHA (DOTOMETpPHYHA 1HTEpIpETAaIlis
(siIcKpaBOCTI MKCENiB 300paKeHHS MPECTABIICH] CipOI0 MIKAJIOKO 13 MoKakunkamu Bijg 0 10 255,
Je 3Ha4eHHs sickpaBocTi () BIAMOBIZa€ MIKCENO 13 YOPHUM KOIHOPOM, 3HAUeHHS 255 —
oi10MYy).

Jns nocmijpkeHHss Oynau B3ATI JaHi, sIKi OynM OTpHMaHi 3a JIOTMOMOroi0 Bisiorpada
Planmeca ProSensor HD, mo mae po3niibHY 31aTHICTh BUXiAHOTO 300paxeHHs 1020x688
nikceniB. [[ns po3pobku mporpamHoro 3abe3nedeHHs Uil CETMEHTAIll Ta BUMIPY JOBXKHHU
KaHairy O0yso Bubpano cepenosuiie Matlab 2019 Image Processing Toolbox [7].

Jlns BUIIEHHS O0’€KTY JOCHIDKeHHS (KOpeHs 3yOy) OyB BHKOPHCTAHUI MOpPOTOBHIA
meto. [ToporoBuii MmeToq — 11e MeToa OiHapi3allii, 3aCHOBaHHMI Ha MO 300pakeHHs Ha 2
YaCTHHH, TPYHTYIOUHUCh Ha TOporoBux 3HaueHHsX. [loporoBe 3naueHHs (7) BuOUpaeTbcs
BIJIMOBIIHO A0 3anadyi, mo Tpebda BukoHat (Bim 0 mo 255). Bei 3HaYeHHS SICKpaBOCTI, SKi
3HAXOOITHECS B 00JIAacTi 3HA4YEHb BHINE HIK 7, HA3WBAIOTHCA 3HAYEHHSIMH OO'€KTIB, BCE IO
HIDKYEe — 3Ha4YeHHS (GoHy. Jlani 3HaXOAUTHCS TPAaHWYHUHN IIap — KPHUBA JIiHIsA, IO PO3ALISE
eleMeHTH 00'ekTa 1 GoHy. Y3IOBXK Ili€l JiHIT BUKOHYETHCS BHIIJICHHS CEIMEHTA, SIKIIO BiH
3aJI0BOJIBHSIE YMOBI (PiTbTpallii HU3bKOYACTOTHUX IITyMiB.

PE3YJBTATH 1 OB OBOPEHHSI
Ha puc. 5-7 noka3ani ricrorpamu (rpadiku po3noaiTy eJIeMeHTIB 300paXeHHS 3 Pi3HOIO
SICKPaBICTIO, B SKUX 10 TOPU3OHTAJIBHINA OCI MpejacTaBieHa sickpaBicTh Big 0 mo 255, a mo
BEePTHKATI — KUIBKICTh IMIKCENIB 3 KOHKPETHUM 3HAUYEHHSM SICKPABOCTI BIAMOBIIHUX iM
300pakeHp 3y0iB. ToOTO ricrorpama Ha puc. 5 0 MOKa3zye pO3MOILT ICKPABOCTI MIKCENIB, 110
Mae 300pakeHHsI Ha puc. S a, rictorpama Ha puc. 6 6 BiAmoBigae 300pakeHHIO Ha puc. 6 a,
ricrorpama Ha puc. 7 6 BiAmoBigae 300paxxeHHIO Ha puC. 7 a.

KinpkicTh mikceniB
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a 3]

Puc. 5. T'icrorpamunii aHani3 300pakeHHs: a — 300paxxeHHs 3y0a Nel, 6 — BinnoBigHa ricrorpama.

Fig. 5. Histogram analysis of the image: a — image of the tooth Nel, b — the corresponding histogram.
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KinpkicTh mikcenms
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Puc. 6. T'ictorpamuuii anai3 300paxeHHs: a — 300paxeHHs 3yda No2, 6 — BiANOBIAHA TicTOrpama.

Fig. 6. Histogram analysis of the image: a — image of the tooth Ne2, b — the corresponding histogram.
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Puc. 7. T'icrorpamuuii aHai3 300paxxeHHs: a — 300paxeHHs 3yda Ne3, 6 — BIANOBIIHA TicTOrpama.

Fig. 7. Histogram analysis of the image: a — image of the tooth Ne3, b — the corresponding histogram.

dizionorivHoMy 3amIoOMOOBaHOMY KOPEHEBOMY KaHally BiJNOBIJAIOTh MPOMIKKH 3
OLTBPIIMMHU TIOKOKYMUKAMH SICKpaBocTi. s BumiIeHHS mHMX o0JacTeil, JOCHTh BHOpaTH
3Ha4yeHHs 7 1 BU3HAYUTHU BCI TOUKH, 110 MAIOTh f (X,)) > T, Kl HajexaThb 00'€KTy, a B IHIIOMY
BUIMAJIKy — Hanexatb ¢ony [8]. Toxi BuxigHe 300pa’keHHs (g) BU3HAYAETHCS HACTYITHHM
BUPA30M:

Lif f(x,y)>T
0,if f(x,y)<T

gxy) = { (1)

ne 1 — 3HaueHHs 00'eKTy;

0 — 3nauenHs Qony.

Jis Ginapizanii 300paskeHHS KopeHs 3y0a Oyino BuOpano mopir 7=210. BpaxoByroun
PO3IIIBHY 3aTHICTh, JJIsl BUKJIFOYEHHS apTedakTiB OiHapizaiii Oyna 3actocoBaHa (HuTbTparlis
13 BUAAJIEHHSM CETMEHTIB, 110 MAalOTh KiIbKICTh mikceniB Hikye 30,000 [9, 10]. PesymbraT
Oinapizailii HaBeeHO Ha pucC. 8.
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a 0 B
Puc. 8. Pesynbrat Ginapizauii 300paxens i3 moporom T=210: a — cermenroBanuii 3y6 Nel, 6 —
cerMeHTOBaHMH 3y0 No2, B — cermeHTOBaHMH 3y0 No3.

Fig. 8. The result of binarization of images with a threshold T =210: a — segmented tooth Nel,
b — segmented tooth Ne2, ¢ — segmented tooth Ne3.

IIpu moporoBiii cermeHTalii HEOOXIAHO MJOJATKOBO BpaxOBYBAaTH IOB'A3aHICTh
KOMITOHEHTIB. SIKIII0 BBOXATH JIB1 TOYKH 300pa)KEHHS TOB'SA3aHUMU 1 ICHY€E TIUISIX MK HUMH,
Y3I0BXK SIKOTO XapaKTepUCTHYHA (YHKIliS IMOCTiiHA, TO TOYKH € MOB'S3aHUMHU. Po3MiTka
00'eKTIB HA TUCKPETHOMY OiHApHOMY 300pak€HH1 TOJIATaE Y BUOOPI TOUKHU 00'€KTa, BIJ SIKOI
BJIACHE MOYMHAETHCA 3pOCTaHHsA. Ha HacTymHOMY Kpolli MO3HAYarOThCs CYCIHI TOUKU (KpiM
BJKe Mo3HaveHuXx ) 1 Tak gaii [11]. ITo 3aBepiieHHi 11i€i peKypCUBHO1 MPOIEAYPH MH OTPUMYEMO
3aMKHEHUI KOHTYp (puc. 9).

a 0 B
Puc. 9. Pe3ynbraT HaHECEHHs] CETMEHTOBAHUX KOHTYPiB KOpEHs 3yOiB Ha IMOYAaTKOBE 300paKeHHS: a — 3y0
Nel, 6 — 3y0 Ne2, B — 3y0 Ne3.

Fig. 9. The result of drawing segmented contours of the root of the teeth on the initial image: a — tooth Nel, b
— tooth Ne2, ¢ — tooth Ne3.

VY Tabnuimsx Ui MaTeMaTHYHOTO BU3HAYCHHS JOBXKHUHU KOPEHEBOro KaHamy (tadm. 1)
HABOJITHCS 3HAYCHHS JTOBKHMH 3YO1B 1 KOPEHIB, a TAKOXX CITIBBIIHOIIEHHS PO3MIpIB KOPOHKH 1
KOpEHS, KIJIBKICTh 1 4aCTOTa 3HAXOJPKEHHsI KaHaJIIB B KOPEHI, aliKaJbHUX OTBOPIB, HAMIPSIMOK
BUTHHY KaHairy. BoHM JqomoMararoTh JiKapro-CTOMATOJIOTY OpPI€HTYBATHCS B OCOOIHMBOCTSIX
KOHKPETHOTO 3y0a, ajie He 1aloTh iH(opMaIliio Mpo TOYHY KoHdiryparito kaHaiiB. [lopiBHIHHA
MaTeMaTHYHOTO, EJICKTPOHHOTO Ta PSHTT€HOJIOTIYHOTO METOY BU3HAYCHHS pOO0UOi JOBKHHU
HaBeJCHO y TabI. 2.
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Tabnms 1. MatemaTnyae BU3HAUYECHHS JOBXKUHH KopeHeBoro kaHary 1o J.I. Ingle, L.K. Bakland,
J. Baumgartner [12]

Table 1. Mathematical determination of the length of the root canal according to J.I. Ingle, L.K. Buckland,
J. Baumgartner [12]

[lenemna 3y6 JloBxuHa 3y0a, MM
MinimaneHa | Cepenns | MakcumanpHa
Bepxus 1 21,0 23,3 25,6
2 20,5 22,8 25,1
3 23,1 26,0 28,8
4 18,8 21,8 23,8
5 19,0 21,0 23,0
6 migHeOIHHUH 17,6 20,6 22,5
6 mHCTaIbHO-IIIYHI 17,6 19,4 21,2
6 MeaiaabpHO-IIIIYHI 18,2 19,9 21,6
7 nmigHEOIHHUH 19,0 20,8 22,6
7 IHCTaNbHO-IIIYHI 17,5 19,4 21,3
7 MemianbHO-IIYHI 18,2 20,2 22,2
Hwxns 1 19,6 21,5 23,4
2 20,2 22,4 24,6
3 22,9 25,2 27,5
4 20,1 22,1 24,1
5 19,1 21,4 23,7
6 nuCTaIbHUN 19,2 20,9 22,6
6 MemiansHuI 19,1 20,9 22,7
7 qUuCTANbHUMN 19,0 20,8 22,6
7 MeauanbHUH 19,2 20,9 22,6

Ta0nums 2. [TopiBHSAHHS BUMIPIOBaHb, IO 31HCHIOBAIKCE 32 JOTIOMOTO0 PI3HUX METO/IIB BU3HAUCHHSI OBKUHH
KaHaIy

Table 2. Comparison of measurements performed using different methods of determining the length of the

channel
O6’exT MaremaTuyHH METO EnextpomeTpuunuit Pentrenonoriuamii
(cepenHiii MOKA3HHUK) METOJ (mporpamumii) METOJ
Kopens Nel 20,8 MM 20,3 MM 19,29 MM
Kopenb Ne2 26 MM 25,7 MM 25,28 MM
Kopenn Ne3 19,9 Mm 19,5 MM 19,70 Mmm

IcHYIOTH anmbTepHATHBHI METOHM BU3HAYCHHS TOBKUHH KOPEHEBOTO KaHay. TaKTHIbHUN
METO/ SBJsiE COOOI0 BM3HAUEHHS poOOYOi JOBXKHMHU KaHaly, TPYHTYIOUHCHh Ha TaKTHIIBHUX
BIMUYTTSX. Pe3ymbrar 3aJIe)KUTh BiA MOCBIMY JKaps, TOMY METOA € CYO'€KTUBHHM 1
MaJIoJIOCTOBIPHUM, 0COOIUBO IIpU HechopmoBaHoMy amekci [13]. Meron nanepoBux mrudTiB
3aCHOBAaHMI Ha BBEJCHHI MMarepoBOro MmMTH(TA B MPOCYIMIEHN KOPEHEBUN KaHAI A0 THX IIip,
IIOKH BEpILMHA HE CTaHE BOJIOTOIO Bijl TKAHUHHOI piguHu. [TosBa Bosiorn Ha BepiInHi WTU(TA
CBIIYUTH TIPO JOBEACHHS IMAaNepoBOr0 MTH(TA 0 aMiKaJIbHOTO OTBOPY, 8 JOBKHHA TaKOTO
[arnepoBoro MmTH(Ta MPUUMAETbCA 32 POOOUY JOBXKHHY KOPEHEBOrO KaHaily. ICTOTHMMHU
HEJI0JIIKaMH TaKOTO METOJIy € YacTi 3amalieHHs, 3MiHH, PO3IIUPEHHS 1 KPOBOTEYa BEPXiBKHU
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KopeHs [ 14]. Pentrenorpama 3 BBeieHHSIM (hailiry — 11e 00'€KTUBHHIM METO/, SIKHH B O1IIBIIOCTI
BUITAJIKIB J]Ta€ MOXJIMBICTh PO3MI3HATH BEPXIBKY MPHU MPABUIHHO 3p00JICHOMY 3HIMKY [15].
[IpoTe icHYIOTH 3HaYHI TPYIHOII Y BUKOHAHHI BUMIPIOBAHHS JJOBKUHHM KOPEHEBOTO KaHATY y
JesSIKUX TaIie€HTiB (TABUIIICHUH OIOBOTHHIM peduieKke, MpOMEHEBe HaBaHTaKeHHs ). Kpim Toro,
NparHeHHs JI0 CTBOPEHHS YHIBEPCAJIBHOIO MAaJOIHBAa3MBHOTO METOAY 3 MiHIMaIbHUM
MIPOMEHEBUM HABaHTAKEHHSM 1 JUCKOM(OPTOM TMalli€HTa, 3yMOBWJIM HE PO3TIIANATH JaHi
METOIU B CTATTi (TAaKTWIBHHIA METOJ, METOJ[ TamnepoBUX MMTH(TIB, pEHTreHorpama 3
BBEJICHUMHU (aiiiamn).

B pesynbrati BUKOHaHOT poOOTH OYNIM CETMEHTOBAHI CTPYKTYpPH KOPEHEBHX KaHaJliB 3y0a
Ta BHW3HaueHa ix nomxkuHA. [lopiBHsAHHSA (Tabm. 2) €JIEKTPOHHOTO BHU3HAYECHHS POOOUOi
JIOBKMHHM 3 PEHTTEHOJOTIYHUM IOKa3aly, IO eJIEKTPOHHA JOBXXKMHA Ta PEHTTEHOJIOTiuHa,
BHU3HAYCHA 32 JJOTIOMOT'OI0 ITporpamu, He 30iratoTecs. [Ipu marepaabHOMY BUKPHUBIICHHI KaHAITY
PEHTTEHIBCHKUM 3HIMOK MOX€E IOKa3aTh KOPOTIIYy poOody MOBXKHHY, HDK HpUIATH s
arnekciiokarii [16, 17], a Takox iCHye HMOBIPHICTh HEKOPEKTHOI cerMeHTallii KOpoHKH 3y0a,
10 3YMOBJICHa HHU3bKOIO SICKPABICTIO MIKCETiB KOPOHKM 1, SK HACHIIOK, KOPOHKa HE
BPaxXOBYETHCS B JIOCIIPKEHHS JIOBXKHUHHU.

BUCHOBKHA

[TepeBaroio BUMipIOBaHHS JIOBXHHU KOPEHEBOT'O KaHAJY 3a IOTIOMOT'OI0 alleKCIIOKaTOpPY €
3HAYHO OlsTbIa TOYHICTh (061M3bK0 0,5 MM) B TOPIBHSHHI 3 METOJIOM peHTreHorpadii, oaHaK
OUTBII JOCTOBIPHUM MOXKE OYTH MOE€IHAHHS IUX JABOX METOJIB, L0 MOTpedye MOAaIbIINX
CTATUCTUYHUX NOCHiKeHb. OCOONMBY yBary mpH IbOMY CIIJI MPUIIIUTH OCOOIHBOCTIM
METO/iB OOpOOKM Ta CErMEHTAIlil OTPUMAHUX J1arHOCTHYHUX 300pakeHb AJs 3a0e3MeyeHHs
MaKCHUMaJIbHOI SIKOCTI Bi3yauti3allii KOHTYpiB KOpeHEeBUX KaHaliB. [Ipu cermeHTalii rooBHOIO
YMOBOIO € KOPEKTHUI BUOIp IpaHUYHOro 3HaueHHs OiHapu3aiii. s 1poro HeoOXiTHO
MPOBOJIUTH TICTOTPAMHHUM aHaji3 OTpPUMaHUX 300pakeHb Ta B TMporeci Micas100poOKu
BUKOHYBATH (PUTBTPAIIiIO JIOKAIBHUX apTe(aKTiB 3a JOIOMOT0I0 MOP(OJIOTIHYHUX ONeparlii.
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AKTyaJIbHiCTh. BukopucTaHHS aHTUMIKpOOHHX TENTHAIB € OJHHUM 3 MOXJIMBUX IUIAXIB TOHOJaHHSI
3arpoO3JIMBOTO  CTPIMKOTO 3pPOCTAaHHS CTIMKOCTI MIKpOOPTaHi3MiB N0 TpPagWIliiHUX aHTHOIOTHKIB.
Ocob6muBoi yBaru B 1IbOMYy KOHTEKCTi 3aciyroBye rpaminuaua C (GS), sxuit Bxe monan 70 pokiB €
cepTudiKoBaHUM IS MICIIEBOTO MEMYHOTO 3aCTOCYBaHHs. [ ocTpwmii mo6iuHuii remoiTuaanii edekt GS
MIOJI0 KJITHUH JIIOJMHH MEPElIKO/PKAE HOro CHCTEMHOMY BHKOPHUCTAHHIO. PO3YMiHHSI MOJEKYJISPHHUX
MexaHi3MiB B3aemoaii GS 3 OiojoriyHMMH MeMOpaHaMu JO3BOJIMTH 3 OJHOTO OOKY MiJCHINTH HOTO
OakrepunuaHui e(eKT, a 3 IHIIOr0 — 3MEHIIUTH HETaTHBHI MOOIYHI €(PEKTH MO0 KIIITUH JIFOJUHH W
TaKMM YHMHOM PpO3LIMPHUTH CHEKTP 3aCTOCYBAaHHS aHTHOAKTEpiaJbHUX NENTHIIB Juisi OOopoThOM 3
iH(pEKLIiHHUMH 3aXBOPIOBAaHHSMH, BUKJIIMKAHUMH PE3UCTEHTHUMH MIKpOOpraHizMaMu.

Meta po6oTu. BuB4yeHHs BIUIMBY pi3HHMX 103 aHTUMIKpOOHOTo ojiromentuaHoro aHtubiotnka GS Ha
MopdoIIoTiuHi Ta eneKkTpodi3udHI XapaKTePUCTUKH EPUTPOLIUTIB JIOAUHY NIPU 1HKYOAii in vitro.
Marepianu Ta Metoan. MeTOOM MPOTOYHOI IUTOMETPii 3 BUKOPHCTAHHSAM CIIEKTPOCKOTII IMITYJIbCIB
OTIOPY JIOCITIHKEHO MOP(OIIOTIUHI 3MiHH €PUTPOIMTIB 3JOPOBUX JOHOPIB IMiCIs MOTEepeaHbOI 1HKYOAaITii 3
GS B konnenTpamisx 5—40 mkr/mu. BuMiptoBamu 00’eM MOOIUHOKUX KIIITHH, PO3IOAUT €PUTPOIIUTIB 32
00’eMOM B TMOMYJAIii Ta BU3HAYAIM BEIWYHHY MOTEHIIATy EJIEKTPUIHOTO MpOoOOI0 TuIa3MaTHYHOL
MEMOpaH! €PUTPOLINTIB JIFOIMHH.

Pe3yabTaTh. [HKYOAIisI €pUTPOIUTIB JIIOIUHU 3 CYOTITHUHUMHU KOHIEHTpaIisMu GS cympoBOIKYEThCS
MepepO3IOIIIOM EPUTPOLIUTIB 3a 00 €MOM 31 30UIBIICHHSM YacTKH EPUTPOLMTIB MEHIIOro 00’eMy 3
MEHIINM 3HaUYeHHSM CTIMKOCTI MEMOpaHH /10 eNeKTPHYHOro npoboro. IIpore, 30iIbIIeHHs KOHIIGHTpALIiT
GS 1o 40 MKr/mi, HaBmakd, NPHU3BOAMTH 10 30OUIBIIEHHS YacTKH KIITHH 301JbIIEHOTO0 00’eMy 3
MiBUILEHOIO CTIMKICTIO /I0 €JIEKTPUYHOro Mpoboio0 MeMOpaHu. OOroBOPIOIOTHCS MOJKIJIMBI MEXaHI3MU
MOPQOIIOTIYHUX 3MiH epUTPOUUTIB mix Aieo GS.

BucnoBku. IHkyOamist eputpormrie 3 GS y koHmenrtpamisx 540 MKI/MI  CYIPOBOIKYETHCS
MePepo3MOaIIOM KIITHH 32 00’€MOM Ta 3MIiHOIO CTIMKOCTI TUIa3MAaTHYHUX MEMOpaH EpPUTPOIUTIB [0
€JICKTPUYHOTO TMpo0010, OOYMOBICHOIO JeCTabilli3yIouol0 MEMOpPaHOTPOMHOI €0  TMENTHY,
MIKPOBE3UKYJIAIIEI0 EPUTPOIMTIB 32 MaJIWX KOHIEHTpalii menTtumy ado MOPYIICHHSIM ITUTOCKENETY
KIIITHH.

KJIIOYOBI CJIOBA: rpamimunua C; epUTpPOLHTH; ENCKTPUYHHHA MpoOili memOpaHu; 00’ eMHUI
PO3MOIiT.
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Background, The use of antimicrobial peptides is one of the possible ways to overcome the threatening
rapid growth of resistance of microorganisms to traditional antibiotics. Of particular role in this context is
gramicidin S (GS), which is used for topical medical application for over 70 years. Acute hemolytic side
effect of GS on human cells prevents its systemic use. Understanding the molecular mechanisms of
interaction of GS with biological membranes will enhance its bactericidal effect on the one hand, and reduce
the negative side effects on human cells and thus expand the range of antibacterial peptides to combat
infectious diseases caused by resistant microorganisms.

Objectives. Study of the effect of different doses of the antimicrobial olygopeptide antibiotic GS on the
morphological and electrophysical characteristics of human erythrocytes during in vitro incubation.
Materials and methods. Morphological changes of erythrocytes of healthy donors after preliminary
incubation with GS at concentrations 5—40 pg/ml were studied by flow cytometry using resistance pulse
spectroscopy. Single cell volume, erythrocyte volume distribution in the population was measured, and the
electrical breakdown potential of the human erythrocyte plasma membrane was determined.

Results. Incubation of human erythrocytes with sub-lytic concentrations of GS is accompanied by
redistribution of erythrocytes in this population by volume with increased number of smaller erythrocytes
with less resistance of the membrane to electrical breakdown. However, increasing the concentration of GS
to 40 pg/ml leads to an increase in the proportion of cells of increased volume with increased resistance to
electrical breakdown of the membrane. Possible mechanisms of morphological changes of erythrocytes
under the action of GS are discussed.

Conclusions. Incubation of erythrocytes with GS at concentrations 5-40 pg/ml is accompanied by
redistribution of cells by volume and changes in the resistance of their plasma membrane to electrical
breakdown due to destabilizing membrane-tropic action of the peptide, microvesiculation or cytoskeleton
rearrangement.

KEY WORDS: gramicidin S; erythrocytes; electrical membrane breakdown; volume distribution.

N3MEHEHUSA DJIEKTPOPUZNYECKUX XAPAKTEPUCTHUK DPUTPOILINTOB,
NHYIWPOBAHHBIE TPAMUIININHOM C
T. H. OBcsanankoBa, A. A. KoBanenko, B. II. Bepect, A. 10. Bopukos
Xapvkosckuil hayuonanvhwlil ynusepcumem umenu B. H. Kapasuna na. Ce0600ul, 4,
2. Xapvkos, 61022, Yxkpauna,
e-mail: ovsyannikova@karazin.ua

AKTyaqabHOCTh. Vcnonp30BaHNEe aHTUMHUKPOOHBIX INENTHIOB SBIISIETCS OJHUM M3 BO3MOXKHBIX ITyTeH
MIPEOIOJICHHUS CTPEMHUTENIFHOTO POCTa YCTOWIHBOCTH MEKPOOPTaHU3MOB K TPAIUITHOHHBIM aHTHOHOTHKAM.
Oco0oro BHUMaHUsI B 3TOM KOHTEKCTe 3aciykuBaeT rpamunuanH C (GS), koTopsiid yxe 6onee 70 jet
ABISICTCA CEPTH(HUIMPOBAHHBEIM [UII MECTHOTO MEOUIHMHCKOTO TpuMeHEeHHs. OCTphIii TOOOYHBIH
remonuTHaeckuii d3pdext GS s KIETOK YeJoBeKa MPEMATCTBYET €ro CUCTEMHOMY HCIIOJIh30BaHHUIO.
[TorrMaHVe MOJICKYIISIPHBIX MEXaHU3MOB B3aUMOACHCTBUS GS ¢ OMOIOTHYECKUMH MEMOpaHAMH MO3BOJUT
C OJTHO CTOPOHBI YCHIIUTh €r0 OAKTEPUIUAHBIN 3P EKT, a C APYroil — YMEHBITUTh HETATHBHEIC TIOOOYHEIC
3¢(}eKkTl B OTHONICHHU KIJIETOK YEJIOBEKAa M TaKUM O0O0pa3oM pACHIUPUTh CIHCKTP NPUMCHEHHUS
AHTHOAKTCPUAIBHBIX TICNTUAOB Ui OOphOBI ¢ WH()EKIMOHHBIMH 3a00JICBAHHUSMH, BBI3BAHHBIMHU
PE3UCTCHTHBIMU MUKPOOPTaHU3MAaMHU.

Lean padoTsl. 3yucHre BIMSHUS PA3IUYHBIX JI03 aHTUMUKPOOHOTO OJUTONIENTHIHOTO aHTHOnOTHKA GS
Ha Mop(dostorndeckre 1 AMMEeKTPOYU3NIECKHE XapaKTEPUCTUKU SPUTPOLIUTOB YeJIOBEKa IPH MHKYOAnu in
vitro.

Martepuajbl M MeToAbl. METOIOM TPOTOYHOW IIMTOMETPHUHA C HWCIHOIB30BAHHUEM CIEKTPOCKOIHHI
HUMITYJIbCOB COTIPOTHBIICHUS HCCIENOBAHO MOP(OIOTHIECCKHE HM3MEHEHHS SPUTPOIUTOB 3JI0POBBIX
JIOHOPOB TIOCJIE MpeaBapuTeNbHON WHKyOammu ¢ GS B kKoHIeHTparusax 5—40 mkr/min. U3mepsnu o6bem
eIMHUYHBIX KJIETOK, PaclpelesieHHe 3PUTPOLUTOB MO 00beMy B HOMYJIINHA M ONPEACITSUTA BETHYNHY
MOTEHIIHAA IEKTPHICCKOTO TPOOOS IIa3MaTHUCCKON MEMOPaHbI SPUTPOIIMTOB YESIIOBCKA.

PesynbraThl. MHKYOamuss SpUTPOIMTOB 4YeJIOBEKa C CyONMTUYECKUMHU KOHIEHTpanusmu GS
COIPOBOXKIAETCS MEPEPACIPECICHHEM YPUTPOIMTOB MO0 00BEMY C YBEIHMUYCHHEM JOJIH 3PUTPOLUTOB
MEHBIIETO 00bEMa C MCHBIIMM 3HAYCHHEM YCTOHYMBOCTH MEMOpaHBI K DIICKTPHYCCKOMY MPOOOIO.
OpnHako, yBenuueHue KoHneHTpauu GS 1o 40 MKr/MIi1, HA000pOT, IPUBOIUT K YBEITUUCHHUIO TOJIH KICTOK
YBEJIMYEHHOTO 00BEMa C TOBBIIMIEHHOW YCTOMYMBOCTHIO K 3JIEKTPHUECKOMY IIPOOOI0 MEMOpaHbI.
OO06CYXIar0TCsI BO3MOXHBIE MEXaHU3MbBI MOP(POJIOTHIECKUX U3MEHEHUH dSPUTPOIUTOB 1O eicTBHEM GS.
BeiBoabl. HWukybamus ospurpouutoB ¢ GS B KoHIeHTpamusax 5-40 MKI/MJI  COMPOBOXKIAETCS
nepepacipereficHueM KIETOK 10 00beMy W HM3MEHEHHEM YCTOHYHMBOCTH IDIa3MAaTHYECKHX MeMOpaH
JPUTPOIMTOB K IJIEKTPUICCKOMY IMPOOOI0, O0YCIOBJICHHOH AeCTaOMIM3UPYIONINM MEMOPaHOTPOITHBIM
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JIEHCTBUEM TNENTHa, MUKPOBE3UKYISIUEH JPUTPOLMUTOB MpPU MajblX KOHIEHTpAUUU MNENTHAA WU
HapyLICHUEM LIUTOCKEIIETA KIETOK.

KJIIOYEBBIE CJIOBA: rpamunuaua C; 3pUTpPOLMTHI; JIEKTPUYECKU Npoboil MeMOpaHbI; pachperneieHue
SPUTPOLMTOB MO 00BEMY B TOIMYJISALNH KIIETOK.

3HmKeHHS e(EeKTUBHOCTI BHUKOPUCTaHHA TPAaIUIIMHUX aHTUOIOTHKIB B JIIKyBaHHI
1H(}EKIIHHNX 3aXBOPIOBaHb JIIOAWHH, TOB’s3aHE 3 IMOCTIHHO 3POCTAIOYMM YHCIIOM INTaMiB
MIKpOOPraHi3MiB PE3UCTEHTHUX 10 HaHOI TPyNH INpernapaTiB, € OJIHIEI0 3 HANrocTpimmx
MEINYHHUX TPOOJIEM CYYacHOCTi. Y 3B’SI3Ky 3 IIMM aKTyaJlbHHM BOAQUa€ThCs TMOIIYK HOBUX
aHTUO10THKIB, AJIFTEPHATUBHUX METOJIIB 1 3aC001B aHTHOAKTEpiaIbHOI Tepatmii.

I'pamituana C (GS) — muKIIYHUN IeKanenTHa TPYNu TIPOTPUIIMHOBUX aHTHO10THKIB,
SKMM 3ryOHO BIUIMBa€ HA TPAMIIO3UTHBHI OakTepii 1 € MeHI eQEeKTUBHUM IPOTH
rpaMHeratTuBHUX MmTamiB [1], Takox Bimomo, mo GS Moke 3B’S3yBaTHUCh 3 BIpYCHUM
yacTuHKamu [24]. Ha BigmiHy Bif OUTbIIOCTI cydacHMX aHTHOIOTHKIB GS peamizye CBOIO
aHTHOaKTepiaJbHy Jil0 HE NUIIXOM TMPUTHIYCHHS METa0OJIYHUX TMpoIeciB  abo
NEepeIIKOPKAIOYN  peati3alii TreHeTH4yHoi iHQopmarii, a O0e3mocepeHb0 MOPYIIYIOUN
IITICHICTh OakTepiaabHOT MeMOpanu. [Ipu iboMy MIKpOOpPTaHi3MU MPAKTUYHO HE PO3BUBAIOTH
CTIMKiCTh 10 IbOTO npenapaty. OHi€l0 3 KII0YOBUX 0COOIMBOCTEN BTOPHHHOI CTPYKTYpH GS,
sKa BHW3HAYa€ MOro MEMOPaHOTPOMHI BJIACTUBOCTI, € aM(]ipiIbHICTP MOJICKYJIH.
AMIHOKHMCIIOTHI 3aMMIIKU L-OpHITHHY 3 MO3UTHBHO 3aps/DKCHUMHU OIYHUMH JIAHIFOTaMH,
po3TaiioBaHi 3 0JHOTO OOKY IJIACKOI MOJIEKYJIH, 3anuiikamMu D-¢deHinananiny 3 rizpogoOHuMu
O1YHMMHM JAHLIOTaMU — Ha MPOTHISKHOMY Ootii [2]. BBaxkaeTbcsi, 10 MO3UTUBHO 3apsKEHI
Ol4YH1 JTAHIFOTH 3a0€3MeUyI0Th EJICKTPOCTATHUHY B3a€EMOII0 3 HETaTHMBHO 3apsKCHUMH
mimigamMu OakTepiasibHOi MEMOpaHU 3 HACTYNHUM BOYJOBYBAaHHSM B JIMIAHUHM Oimap uis
Makcumizaii riipodobHux B3aemoiid. Panimie Oyno mokaszaHo, mo BOy10BYBaHHS KaTiIOHHUX
AHTUMIKpOOHUX MenTHIiB, Takux K GS, B OakrepiaJbHy MeMOpaHy CYNPOBOKYETHCS ii
BUTOHYEHHSM [3] 3 MOAAIBIIUM YTBOPEHHSIM TOP 1 BHACIIAOK I[LOTO PYWHYBAHHSM JIIIITHOTO
Oimapy [4, 5, 6]. Pesynmpratu nocnimkeHs B3aemonii GS 3 MeMOpaHOI IMOKa3yIOTh, IO
AHTUOIOTHK 3aHYPIOETHCS B PIAKOKPHUCTAIIYHUN JIMIJHUN Oimap sSK B MOJEIBHUX, TaK 1 B
0i010T1YHMX MeMOpaHaX, IMOBIPHO JIOKaJIi3yIOUUCh B IUIOIIMHI MOHOIIAPY HUXKYE MOJSIPHUX
roJIOBHUX Tpyn (ocdomimiaiB 1 BUIle BYTJIEBOJHEBHUX JIAHIIOTIB 3aJIUIIKIB YKUPHUX KHUCIIOT.
[Ipunyckarots, mo GS mopyurye ynakoBKY JimiJiB B Oimiapi i MOXe CHpPUSATH YTBOPECHHIO
IHBEpTOBaHUX KyOiuyHUX (a3 B Jimigax MNpu OUIBII HHU3BKUX TeMIeparypax, HDXK IIe
CIIOCTEpIraeThCsl 3a BIACYTHOCTI mentuay [6]. MOXIMBUM € TMPOHUKHEHHS JIEKANenTUuay y
BHYTDIIIHI MOHOIIAp KIITHHHOI MeMOpaHH 1 HaBiTh HOro Mepexify y MUTOIUIa3My 3
YPKEHHSM BHYTPIITHBOKIITHHHUAX MilICHEH.

OcHOBHUM HeraTUBHHUM MOOIYHUM edekToM GS, AKui CHIIBHO 00MEXY€e HOTr0 CUCTEMHE
3aCTOCYBaHHS B MEIMYHIN MPAKTHIIl, € BUCOKA TEMOJIITHYHA aKTUBHICTb, SIKa MPOSBISETHCS B
no3ax Onm3pkuXx 10 TepaneBTUYHUX [7, 8]. [lpu 1boMy, HE JUBISYUCH HA TPUBAILY 1CTOPIIO
3aCTOCYBaHHA JAHOTO Iperapary, MexaHi3Mu B3aemoii GS 3 I1a3MaTHyHUMU MeMOpaHaMH
MPO- 1 €yKapioTiB 3aJUIIAIOTHCS HEJOCTATHHO BUBYEHUMU. J{0CITiIpKeHHS (h13MIHUX MPUHITUTIIB
1 MOJIEKYJISIpHUX MeXaHi3MiB B3aemozii GS 3 6ioMeMOpaHaMu MOXe CIIPUSATH SIK PO3ILIUPEHHIO
HOTO TepareBTUYHOTO MOTEHITIATY, TaK 1 CTAaTH TEOPETHYHOIO OCHOBOIO /I PO3POOKH MEHII
TOKCHYHHX 1 O1IbIII €()eKTUBHUX aHAJIOTIB.

Meroro mpeacTaBieHOi poOOTH OyJio BUBYEHHS BIUIMBY CyOmiTuyHuUX 103 GS Ha
MOp$OJIOTiuHI Ta e1eKTPO(Di3UUHI XapaKTEPUCTUKU EPUTPOLIUTIB IpH 1HKYOAIii in vitro.

MATEPIAJIM TA METOJIH
BuwmiproBannas npoBoawin Ha enektporuroanamizatopi EI[A-02, monens K (MB HIIII
«TUMEJI», XapkiB, YkpaiHa).
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Meroa cnekTpockormii iMIyJIbCIB OMOPY 3aCHOBAaHWK HAa BUMIPIOBAHHI 3MIHM BEJTUYHMHHU
EIEKTPUYHOTO CTPYMY, IO MPOTIKAE MIXK JIBOMA IUIATUHOBUMH €JIEKTPOJAMHU, SIKUH BUHUKAE
P TIPOXOJKEHH] KIIITUHU Yepe3 OTBIP AaTUhKa, 0 PO3LISLE SICKTPOIH.

CriBBiTHOIIEHHS MDK 00’€MOM KIITHHM 1 3MIHOIO €JIEKTPHUYHOIO CTpyMy IIpHU
MPOXO/KEHHI KJIIITHHHU KPi3b OTBIP JaTYMKA MA€ BUTJISI:

By 1)

[T,

ne Via — 00’eM kmiTHHM; Vi — eekTuBHUI 00’ €M gaTtumka; / — cuia CTpyMy, 10 POXOIUTh
Kpi3b JaT4MK; Al — aMIUTITy1a 3MIHUA CTPYMY MPH MPOXODKEHH] KIITHHHU Yepe3 NaTuuK; y —
daxTop dopmu (y=1,5 mns chepu, y=1,2 11 AUCKOIUTIB), TApaMeTp k € PYHKIIEO B @ —
BIJTHOIICHHS TIMTOMOTO EJIEKTPUYHOTO OIOpPY CYCIEHAOBAaHMX YAaCTHHOK O MHUTOMOTO
€JIGKTPUYHOTO OTIOPY CEPEOBHUIIIA, IKE PO3PAXOBYETHCA 32 (POPMYIIOIO:

k=1+-7 )

o —1

TSl He TIPOBITHUX YaCTHHOK (@ >> 1), k Habmmxkaetses mo 1 [18].

Peectpytoun cuity cTpymy, 1o IPOXOJUTHh KPi3b NATYHK, MOKIHBO BUMIPIOBATH 00’€M
KJIITHH, a TAKOX iX KUIBKICTb, sika Oy/ie JOPIBHIOBATH CyMi IMITYJIbCIB CTpyMY 3a (hiKCOBaHHI
IPOMIKOK 4Yacy.

VY poborti BUKOpUCTaHO MeAuuHU# npenapat rpaminuauny C («Renewal»). 2% BoaHo-
eTaHonpHUM po3unH GS posomgmiu y 30-50 paszis 0,15 M NaCl (pH 7,4). nsa BUKITtoueHHS
BIUTMBY PO3YMHHHUKA OyJIO 3A1MCHEHO KOHTPOJIbHI BUMIPIOBAHHS, SIKI MOKA3alld, 110 PO3YUH
€TaHOoJIy B KOHIIEHTpalii 10 1 06'€eMHOro BiJICOTKA HE BITMBAE HAa 00'€MHMIA pO3MOILI CycrieH3ii
KJTIITUH.

Eputponmtu onep>KyBaiu 3 KpoBi 7 30POBUX JIOHOPIB-J0OPOBOJIBIIIB Pi3HOT CTATI BIKOM
Bix 20 1o 35 pokiB. JIoHOPCHKY KpOB BiAOMpanu B MpoOipKy 3 muTpatHuM 0ydepom, pH 7.4,
niciist yoro neHtpudyrysamu npu 3000 o6/xB asist ocakeHHs: eputpomacu. Ocal epUTPOLIUTIB
TpU4l BIiAMUBAIM (Di310JIOTIYHUM PO3YMHOM Yy cmiBBimHomieHHI 1:1,5 3 HacTymHuUM
neHTpudyrysanssm mpu 3000 06/xB mpoTsrom 3 xs.

AJIKBOTH €pUTPOMAcCH KOXHOTO JIOHOpa I1HKyOyBain 3 poszunHamu GS  pi3HOI
koHueHntpauii (5, 10, 20, 40 mxr/mu) nporsarom 15 XB mpu NOCTiHOMY 0OOepeKHOMY
nepeMilyBaHHl. 5 MKJI 3pa3Ka J0/IaBaJId B KIOBETY MPHIaay 3 5 M (Di310JIOTTYHOTO PO3UHHY,
ONYCTUBUIM AATYMK B KIOBETY, MPOBOMMIM 3a0ip piiWHH, TPU MOCTIHHOMY THCKY 280 aTm,
MOKPOKOBO 3MIHIOIOUHM CHIIy CTpyMy Ha 50 MKA mis HakonmudeHHs rictorpam. Jlmst
BUMIPIOBaHHS €JICKTPUYHOI TOUKH MPOoO0I0 MEMOpaHU €pUTPOLUTIB CHITY CTPYMY 3MiHIOBAIN
B miama3oHi Big 100 MxA mo 950 mkA. Jlnsg HakomW4eHHS MaHUX TPU KOXKHOMY 13
BCTAHOBJICHUX 3HAYECHb CHJIU CTPYMY PEECTPYBAIN CIEKTPH IMITYIIbCIiB onopy 8 192 xiitTuH.

Omuc 1 aHami3 JOCHIKYBaHUX TOKA3HUKIB €PUTPOLIUTIB MPOBOIMIUCH 1T KOMKHOTO
JIOHOpA 1HAWBIAyadbHO. 3MIHH BCIX PO3IJISIHYTHUX MapaMeTpiB Pi3HUX JOHOPIB MaJld OJTHAKOB1
TEHJICHIII1, B 3B’sI3Ky 3 YUM B CTATTI JIS UTFOCTpAIlii HABEJCHO TUIIOBI PE3yJbTaTH OKPEMOTO
JIOHOpA.

PE3YJIbTATU TA OBI'OBOPEHHSA
Eputponntapauii mya B 10CTiKYBaHHX KOHTPOJIBHUX 3pa3Kax KpoBi OyB HEOTHOPIAHUIA:
nopsii 3 KIITMHAMU HOPMaJbHOI pedepeHTHOI BenuyuHU [9] B aHami3oBaHId aliKBOTI
€pPUTPOMACH BH3HAYAIKCS MaJll Ta BEIMKI €pUTPOLMTH, B TpHOIU3HIH nporopii 2,2:1,5:1,0 B
HOPSIIKY 3pOCTaHHS pO3MipiB KIiTHHH (puc. 1 a)
Knitnan cyOmomynamii Majaux EpUTPOLMTH IONIKO/DKYIOTHCS TPH 3HAYEHHSX CHIN
CTpyMy — OIu3bK0 82 MKA, cepeliHi OTpUMYIOTh ITpoOii mpu cTpyMi Tpoxu Oibire 330 MKA,
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Benuki — noHana 513 MkA (puc. 1 b).

Iaky6amist eputpomacu 3 po3dnHOM GS pPI3HUX KOHIEHTpALil MPHU3BOIUTH 10 MOSBU
KIITHH pi3HOrO 00’eMy (puc. 2 a—c). ChiBBIAHOMIECHHS CYOTOMYJNAIiA €PUTPOIUTIB B Tyl
KJIITHH OJIHOTO 1 TOTO K JIOHOpA MPH pi3HUX KOHIEHTpauiax GS po3pi3HsIucs sk M co00ro,
TaK 1 3 KOHTPOJIEM.

RDW-CD, ¢n

T T T T T T T T T T
100 200 300 400 500 600
Ctpym, MKA
(a) (b)
Puc. 1. Posnonain eputponuTis 3a 06’emoM (RWD-CD) (a) Ta cTiliKicTIO MeMOpaHH JI0 €ICKTPUYHOTO POOOI0
(b) B KOHTPOJIBHUX 3pa3Kax.

Fig. 1. Distribution of native red blood cells by volume (RWD-CD) (a) and by membrane ability to withstand
electrical breakdown (b).

VY BCiX BHIaJKax MOKa3aHO HAsBHICTh MEPEBAXKHOI I'PYNU KIITHH 3 00’€MOM, SKUU €
OMM3bkuUM 10 pedepeHTHUX TOKA3HUKIB (EPUTPOIUTH CEPEIHBOrOo po3Mmipy). [pyra
CyOTOmyJISAIisl EPUTPOLMTIB, SIKa 3HAYHOIO MIpOIO MPEJICTaBlIeHa B KOHTPOJIBbHOMY 3pa3Ky, —
EPUTPOIUTH OUTBIITUX PO3MIPIB Y TOPIBHSAHHI 3 OCHOBHOIO MAaCOI0 KJIITHH B 3arajbHOMY ITYJIi.
s cyOnomymsiist 306epiraeTbes 1 micis 1HKyOaIi 3 aHTHOI0THKOM, ajie B KUIbKICTh KIITHH ii
JICT0 3HIDKYETHCS MO0 KOHTPOIIO. Pa3oM 3 TuM, crocTepira€rbesi SK 3MEHIICHHS, TaK i
301IbIIEHHS 00’ €My Py KIITHH, TOOTO B 3arajibHiil Maci (hOpMyIOTbCS TPYIH €PUTPOLIUTIB,
SK1 32 pO3MipaMH BIAPI3HSAIOTHCS BiJl KIITHH MEpPEeBa)xkarodoro myny. Tak, 9iTKO BUIUISETHCS
rpyna HEBEJIMKUX 3a pO3MipaMH EpUTPOILMTIB, siKa 3 sABISAE€TbCA NpH iHKYyOamii 3 GS B
KOHIICHTpAIlii 5 MKI/MJI, CTa€ 3HAYUMO TIPEACTaBICHOO Tpu 10 MKI/MJi, 3MEHIIYETHCS TPH
20 MKr/MJ 1 IpaKTHYHO 3HUKAE MpH 1HKYyOamii epurpomacu 3 GS y koHueHTparii 40 MKr/mi.
[Topsim 3 UMM YacTHMHA KIITHH 30UIBIIYETHCS B PO3MIpax, MPUUOMY 1€ 301IBIICHHS
HEOHOPIIHE 1 IPH PI3HUX /03aX JOXOAUTH 10 BenuduH Big 80 ¢t 10 200 ¢

3arajpbHa KapTHHA PO3MOILTY KITHH 32 00’€éMOM mpu [ii pI3HUX KOHIIEHTpAIiil
aHTUO10TUKA BUTJISIa€ HACTYITHUM YMHOM (uB. Puc. 2, a, b, ¢, d). Y mymi eputponuris € cTiiika
1o mii GS cyOmomyssiiist KJIITHH, SIKa CKJIaJae HauOUIbIY IpyIy KIITHHH, 110 MalOTh 00’ €M,
OnMu3bKH 10 peepeHTHUX Benu4yuH. 30utbmieHHs 1034 GS mociinoBHO Bix 5 10 40 MKr/mi
BHUKJIMKA€E PI3HOCIPSIMOBAHI 3MIHHM 3arajlbHOro Myny KITHH 3a 00’emom. Ilpyu HU3BKHX 1
CepeHIX J03axX B 3araybHii Maci 3’ IBISIOTHCS KIITHHH, CXWJIBHI JO 3MEHIICHHS CBOTO 00’ €MY,
Takl KIITHHU TEpPEeBaXaloTh, OCOOJMBO TpH KoHIEHTparii 10 Mxr/mm. 31 301IbIICHHSAM
koHIeHTpanii GS Bume 10 MKr/mMii 30UTBITYETHCS YacTKa EPHUTPOIMTIB BEIHKOTO 00’€eMmy.
3MiHHU y pO3MOALTI KIIITHH 32 00’ €MOM BiZI0OYBarOTHCA 32 paXyHOK EPUTPOIUTIB OCHOBHOI TPYITH
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KIIITHH CEPETHLOTO PO3MIPY.
[leBHUM YWMHOM TMOSCHUTH MEXaHi3M B3a€EMOJil crHocTepexyBaHoro BIumBy GS Ha
O30 OS] EPUTPOIUTIB 32 00’ EMOM JIOTIOMAraoTh Pe3yJIbTaTH BUMIPIOBAHHS CTPYMY

po0010 MEMOpaHH KIIITHH, IHKYOOBaHMX 13 PI3HUMU KOHLIEHTPALIIMH aHTHO10THKA

5 \ F 500 §
T T
f \ 300 f
= ~
.%) 200 %,
S Fo0 &
300 >
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A R, %9 e
D 7 7
A 313 9
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(b)
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7, 331,48MKA % 100 3548158826 KXKA
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%, 106,71MKA "%, O 164,2TMKA
(d)

(©)

Puc. 2. Po3noain epurpouutis 3a 06’emom (RWD-CD) B 3pa3ky eputpomacu micns iHKyOarii xmitie 3 GS B

KoHUeHTpauisx 5, 10, 20, 40 Mxr Ha 1 Mi1 cycniensii epuTpouTiB (BigmosigHo — a, b, ¢, d)

Fig. 2. Volume distribution (RWD-CD) of RBCs incubated with GS at concentrations 5, 10, 20, 40 pg/ml

(respectively — a, b, c, d)
dopMyBaHHS HEOTHOPIMHOCTI TNy €PHUTPOIUTIB I JI€0 aHTHOIOTHKA BIUIMBAE HA
3arajibHy KapTHHY MOIIKOKEHHS €PUTPOLIUTIB MPH J1ii CTPyMY pi3HOI BenMU4uHH (puc. 3 a—)

[Ticns inkyOarii 3 GS GopMyIOThCS TIATPYIH EPUTPOIUTIB 3 PI3HOIO CTIMKICTIO MEMOpaHU 110
Jil eNEeKTPUYHUX IMITYJIbCIB. SIKIIO B KOHTPOJIBHHUX 3pa3Kax eJEKTPHUYHHM MpoOiil sSBHO
2
b

BKa3yBaB Ha HAsSBHICTh JIBOX TOMYJSIIA EpUTPOIMTIB y JOHOpa, TO Micjas 1HKyOamii 3
aHTUOIOTUKOM iX YHMCIIO 3pocTano mpu Manux KoHuentpauisx GS (5 1 10 mkr/mi), a npu
KoHIeHTpanii 20 MKI/MJI 3HOBY cCHOCTepirajacs HasBHICTh JIBOX CYOMOIyJSIid, mpoOii
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MeMOpaH oAHiel BiIOyBaeTbCs TPH CTPyMi OJM3bKOMY 10 125 MKA, npyroi — mpu cTpymi
onmu3pkoMy 10 550 MKA.
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100 100 o
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& 80- € god
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Puc. 3. [Toka3HUKH CTIHKOCTI MEMOpaHU EPUTPOITUTIB 0 EISKTPUIHOTO MPOOOTO michs iHKyoOarii kiitud 3 GS B
KoHIeHTparisx 5, 10, 20, 40 mkr Ha 1 M epurpomacu (BignmoBigHo — a, b, ¢, d).

Fig. 3. Resistance of RBC membrane to electrical breakdown upon preliminary incubation of cells with GS at
concentrations 5, 10, 20, 40 pg/ml (respectively — a, b, ¢, d).

3BepTae Ha cebe yBary i To# (akT, 110 MPU BUKOPHCTaHHI aHTHOIOTHKA B 1o3ax 10 i
20 MKT/MJI TIOIIKOJKEHHST MeMOpaH EpUTPOLMTIB MPOSBIUIOCA B KIITHHAX OJHAKOBOTO
00’eMy, aje IpU pi3HUX CHJIAX CTPyMy. Y TakuX BUIAJKAX, HMOBIPHO, KPUXKICTh KIITHHU
3ajieXKana BijJl Pi3HUX MPUYHH, TOOTO MpoOiii OyB OOYMOBJICHHI PI3HUMH MOJEKYISPHUMHU
MeXaHi3MaMH.

VY npucyrnocti GS B koHmeHrtpamii 40 MKr/mu Bke TpH MIHIMAaIbHUX CTPYMOBHUX
HaBaHTaXeHHAX Omu3pko 100 MKA crocTepiraiocs sBHIIE, CX0XKe Ha MeMOpaHHHH mpoOii,
micasl SKOTO 00’€M KIITHH 3MEHINYBaBCS 3 pe(epeHTHHX 3HA4YeHb A0 OLIBIT HU3BKUX
noka3HuKiB. [Ipu momanbuioMy 301IbIIEHH] CHIIA CTPYMY HE CIIOCTEpiranocs Oyab-sKuxX MOIii,
10 BKa3yIOTh Ha €JIEKTPUYHUN MTPoOiii MeMOpaH 1 KpUTUYHY 3MIHY 00’ €MY KJIITHH.
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Takum 4MHOM, B pe3ynbTaTi MPOBEACHUX JOCIIPKEHb OyJI0 TIOKa3aHO, IO MPU HU3BKHUX
KOHIeHTpalisx GS wyacTMHA EpUTPOLMTIB 13 3arajdbHOTO IMyJdy AaHaJIi30BaHUX KIITHH
3MCHIIIYEThCS B pO3Mipax. 3HIKEHHS 00 €My EpUTPOIMTIB B IMX YMOBaxX MOXe OyTH
IIOB’513aHO 3 YTBOPEHHSM JIOKAJIbHUX J1e(EKTIB MEMOPaHU 1 TOCHJICHHSM MPOIECIB YTBOPEHHS
MIKpoBe3uKy/a. biorenes 1 cekperlis MIKpOBE3UKYJ € HEBIJ €MHOI YacTUHOW (hi3ionorii
EpUTPOLMTIB, KA TOB’S3aHA 3 JO3PIBAaHHAM 1 CTApiHHAM KIITHH 1 CHpPUSE CBOEYACHOMY
M030aBJICHHIO BiJl MOIIKO/PKEHUX KOMIIOHEHTIB, SIKi B IHIIOMY BUTAJKY MOXYTh BUKJIUKATH
HeOakaHi reMocTaTW4Hi Ta imyHoJoriuni peakuii [10]. BuBinbHEeHHS MIKPOBE3UKYI
CYNMPOBOKYETHCS 3MIHOKO CITIBBITHOIICHHSI 00’ €My 1 IUTOINII TTOBEPXHI KIITHH B PE3YJIbTATI
pemozemntoBaHHs MeMOpanu [11]. BigaineHHss MiKpOBE3HKYJ BiJl €pUTPOLIUTIB CIIPHsIE BTPaTi
remoriobiny (110 20%) 1 YacTUHU KJIITUHHOT MEMOpPaHU 3 OJTHOYACHUM 3MEHIIEHHAM 00’ €My
KITIITUH 1 30UTBIISHHSIM X MIUTBHOCTI [ 12].

OTpumaHi 1aHi 9YaCTKOBO MiATBEP/KYIOTHCSA JOCTIDKCHHSIMU YHUTAMEISIPHUX JIITTHAX
Be3uKyl 13 aumipicroindocparuamnxoniny (AM®PX), mo mictaTh pi3Hi KoHIeHTpauii GS,
npoBeeHi aBTopamu [13] 3a JOMOMOTOr0 IEHCHUTOMETPii Ta 3BYKOBOI BEJIO CHMETPIi, B SIKUX
OyJ10 BCTAaHOBJICHO, 110 BKJIIOYeHHSI GS MOCTYMmoBO 3HMXKYE TemrepaTypy (pa3zoBoro nepexomy
JAM®X Be3uKyil, a TAKOXK 3HUXKYE CTYIHb KOOTIEPATUBHOCTI OCHOBHOTO (pa30BOTO MEPEXOAY 1
30ibIIye 00’€MHY CTHCIHMBICTD Be3ukyd. GS, iMOBipHO, HOCHIIOE TEIUIOBI (UIyKTyawii B
00J1acTi 0CHOBHOTO (ha30BOTO MEPEex0y 1 3a0e3neuye OUIbITY CBOOOIY 00€pTaTbHOTO PYXY JJTsS
BYTJIEBOIHEBUX JIAHIIOTIB (hocdomiminiB. 3naTHicTh GS 301IbIIYBAaTH CTUCIUBICTE MEMOpaHU
1 3HIDKYBATH TeMIlepaTypy $pa3oBOro mepexoy CBiAYUTh MPO HASIBHICTD AUISTHOK CIIOTBOPEHOT
CTPYKTYypH MEMOpaHU HAaBKOJIO BOYJJOBAaHUX MOJIEKYJI aHTHOI0THKA.

B nHamomy nmocnipkeHHI BCTAHOBJICHO ITiIBUIICHHS] ITATOMOTO 00’ €MY €pHUTPOIUTIB MPH
BiTHOCHO BUCOKi# koHIeHTpartlii GS. Ile Tak camo Moke BKa3yBaTH Ha MOPYIIEHHS IUTICHOCTI
JMIIHOTO OlIapy mpu B3a€MOII1 3 BUCOKMMU KOHIIeHTpaltismMu GS.

[leBHy mMOCHIAOBHICTE MOPGOJOTIYHUX 3MIH EPUTPOIUTIB TpU 1HKYOAlii 3 pPi3HUMH
KoHIeHTpatissMu GS BU3HaYEHO B poOOTI [ 7] 3 BUKOpUCTAHHSIM MOJIE JBOIIAPOBOTO 3UCTIIICHHS
(bilayer-couple hypothesis) [14]. ABropu [7] Bii3Ha4arOTh, 110 Harmo4atky GS agcopOyeThcs Ha
MEMOpaHi €pUTPOIINTA, 10 3HAXOAUTHCA B (POPMI AMCKOLNTA, 1€ PO3IIUPIOE HOTO 30BHINTHIN
TmiaHUR map i mpu3BOAUTH 0 TpaHcdopMarii KIITHHH B exiHomuT. HactymHa ¢opma sika
CIIOCTEPIraeThCs aBTOPAMH [7] — AUCKOIUT — (DOPMYETHCS, KOJIM BMICT MENTHIY TUMYACOBO
BUPIBHIOETHCS MK JIBOMa MOHOIIApaMH, B PE3yJbTaTi HOro MEpeMillleHHs Yy BHYTPIMIHiA
MOHOIIIAp 3a JOTIOMOTOK KPUTUYHOTO MeXaHI3My a00 yTBOpeHHs mepeximHux mip. OCKUIbKU
BHYTPIMIHIH JIITITHAA MOHOIIIAP €PUTPOIUTIB MiCTUTh OLTBIIIE HEraTUBHO 3apsKEHUX JIII/IIB,
HIX 30BHIMHINA MoHOomap [15], GS Hakomu4uyeTbcss y BHYTPIIIHBOMY MOHOIIAP] IIa3MajIeMHu
3aBJSKH CBOEMY IIOABIHHOMY ITO3UTUBHOMY 3apsay. YUepe3 pe3yiabTyrody OULIBII BHCOKY
KOHIIEHTPAIIII0 aHTHO10THKA Y BHYTPIIIHBOMY JIIITIIHOMY MOHOIIIApI1 IJIOIIA HOTO 301UTBITY€EThCH,
1o i Beze 10 popMyBaHHS cTroMaTonuTiB. Koy BHYTPIIIHIN i AHUNA MOHOIIIAp HACUIYETHCS
GS, 30BHIITHIN MOHOIIAP TAaKOX JAU(PY3HO 3aMIOBHIOETHCS METITHIOM, 110 3HOBY MTPU3BOAMTH J10
(dhopMyBaHHSI CpUTPOIIUTIB — JTUCKOIUTIB, ajie, MaOyTh, 3 OUILIIUM 00’€MOM, HIXK y IHTAaKTHUX
KIITHH. BaimmBy ponbk B CHOCTEpEKYyBaHUX TpaHCchopMarlisax ¢GOpMH KIITHH aBTOPH
PE3epPBYIOTh 32 KOMIIOHEHTAMH ITUTOCKENETY EPUTPOIUTIB, SKI 3aMIIAIOTHCSA 32 MEXKaMu
pO3MIIAY B paMKax JaHoi Mopenmi. Y TO# ke yac OyJio MOKa3aHo, IO MOZEh JBOIIAPOBOTO
3UCTUICHHS BUMAarae ICHYBaHHS €JaCTUYHOrO MEMOpaHHOTO Kapkaca, IIOB’S3aHOTO 3
MEMOpaHOI0, MO0 PpI3HUIS B IUIONAX MOHOIIAPIB MEMOpaHH BUKIWKAJIa XapaKTepHi
nepeTBopeHHs ¢opmu [16] Takum 4YMHOM, MOYMHAIOYM 3 TMPUPOJHOI (OPMU JUCKOIWTIB,
MOp(}OIIOTisi epUTPOIUTIB 3a3HAE TOCIIAOBHICTh TpaHCchOpMaIliii: eXiHOIUT — JAUCKOIUT —
CTOMATOIUT — JAUCKOIUT — cdepouuT — TiHb. lloganpiie mepeTBOpeHHs] €pUTPOIHTIB B
c(hepoIuTH BUXOJUTh 3a PAMKH MOJEJ JBOIIAPOBOTO 3YEIUICHHS, aje MOXKE OyTH TOSCHEHO
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301IBIIIEHHSM MEMOPAHHOTO HATATY: BIIOMO, IO JesKi aMpiiIbHI TeNTHAN 301IBITYIOTh HATST
MeMOpaHH, sika 31 CBOro OOKy MparHe MiHiMi3yBaTH IUIONIY MmoBepxHi. CrocTepekyBaHa 3MiHa
MOp(}oIorii TUCKOIUTIB B CHEPOITUT MOXKEe OyTH MOB’s13aHa 3 UM €(EeKTOM, TOOTO chepuyHa
dbopMa MiHIMI3y€e IUIONIY IOBEPXHI JUIsl JaHOro ¢ikcoBaHoro o0’emy. IligBUINECHMN HATAT
MEMOpaHH TAaKOXX MOXKE€ TOSCHUTH OCTAaHHIM e€Tam B TOCTIAOBHOCTI TpaHcdopmarii Gopmu
eputponuti. [lopu MemMOpaHH, 1110 BHHUKITU BHACTIIOK 1e(EKTIiB, IIBUAKO POIIHPIOIOTHCS ITi]T
Ji€r0 BUCOKOT Hampyru [17], 1m0 BHUKJIMKAE pO3PHB €PUTPOLIUTIB, MEPETBOPIOIOYM iX B TiHI,
1030aBJIeHI TeMOTJI00IHY.

ABtopamu [7] Oyno TmoOkKa3aHO, WO EPUTPOLMTH JIEMOHCTPYIOTh IOCIHIJIOBHICTh
nepeTBopeHb hopmu npu BrukBi GS B aianazoni koHueHtpaiiid 10—20 MmxM. Bukopucranuit
HaMH METO/]I CTIEKTPOCKOIIT IMITYJIbCiB ONOPY HE J03BOJIsIE OE3MOCEPETHBO BU3HAYATH (hOPMY
KIITHH. Mu mpumyckaemo, 1o noaioHa 3MiHa GOpMH €pUTPOLIMTIB MOTJIAa BiIOyBaTHCS 1 3a
HalllUX EKCIIEPUMEHTAILHUX YMOB, TPOTE MPHUCYTHICTH EPUTPOLMTIB PI3HOI GopMu B
AHATI30BaHUX CYCTECH31X Maja O BUKIMKATH YTBOPEHHS MOJIMOJAIBHHUX TICTOTPaM, YOTO HE
CIOCTEPIrajocs B HAIIMX €KCIIEPUMEHTAaX 3 MPOTOYHOT IUTOMETPIi. MU OSICHIOEMO OTPUMAaHy
HA/I3BUYAITHO TETePOreHHY KapTUHY PO3MOJILTY €PUTPOIMTIB K 32 00’€MOM, TaK i 3a CHIIOIO
CTPYMY €NeKTpUYHOTO TMpobor (puc. 1-3) 3MeHmIeHHAM 00’€My KIITHUH BHACTIIOK
mikpoBesukymsnii. Lleit mpomec Moke Oyru omocepenkoBaHuii BOynoByBaHHsIM GS 'y
EKCTpaLCTIONIPHUN MOHOIIAp MEMOpaHW epuTporuTa, (GopMyBaHHAM oOOepHEHHX abo
KyOlYHMX JimiaHui (a3 Ta MPOBOKYBAHHAM «BIAIIHYPOBYBaHHS» (parMeHTiB MeMOpaH [22].
Ileti edexT IMOBIPHO HE 3aJCKHUTh BIiJ POOOTH JIMIA-TPACTOKYIOUHUX (EPMEHTIB Ta
urockenery. Bumii konuentpauii GS, BUKOpHCTaH1 B HaIlliid poOOTi, BUKIUKAIOTh 301IbIICHHS
00’eMy KIIITHH TaKOXX HE 4epe3 ocMOTH4YHI edexTr. YacoBa 3aJIeKHICTh IUX 3MIH JIa€ HaM
MOYJIMBICTh TPHUITYCTUTH, IO 3MiHA 00’€My B LIbOMY BHIIQJKYy BiIOYyBAa€ThCS 3a paxyHOK
nepeposnoniny GS y BHYTpINIHIA MOHOIIAP IIa3MajeMd Ta MOKe OyTH orocepenKoBaHa
BuK/INKaHo0 GS 3MiHOI0 IPOHHKHOCTI MeMOpaH epuTpouuTis 10 ioHiB Ca’', akTuBari€io
MOTOPHHUX HAaHOJOMEHIB IIMTOCKENIETY, TPAHCIOKa3 Ta ckpambias. [loniOHy Kanmblii-3aIexHy
aKTHUBAIIII0 TPOMOOIUTIB 0YyJI0 BUBYEHO Y HAIIMX Monepeanix podorax [23].

3a JI0MOMOTOI0 EKCTPAIOJISIIil OTPUMAaHUX PEe3yibTaTiB JOCTIAIB BIUIMBY PI3HOTO dYacy
iHKyOanii GS 3 epUTpOLUTaMH in Vitro Ha piBEHb IIJIOr0 OPraHi3My MOYKHA MPUITYCTUTH, 110, T10-
nepie, HaBiTh CyOITHYHI KOHIEHTparii GS BHUKIMKAIOTh MPHUXOBaHI 3MIHM Yy YEPBOHHUX
KPOB’SIHUX KJITHHaX — 3MEHIIYEThCS CTIMKICTh MEMOpaH 10 eNeKTpu4Horo mnpoboro. lLle
BIIOYBA€THCS Yepe3 MEepepo3MOAiT 3aps/DKEHUX Ta HE3apsPKCHUX JIIMJIIB B MeMOpaHi 3
YTBOPEHHSIM KJIACTEPIB 3 PI3HOIO CNEKTPUYHOIO €MHICTIO Ta BiJ3HAUCHE PaHiIlle 3MEHIICHHS
MOBEPXHEBOTO TOTEHIIIATY IUIa3MaTHYHOI MemOpanu mnpu iHkyoOarii 3 GS [19]. Taki 3miau
CTPYKTYpH MEeMOpaH MOXYTb IPU3BOAUTH JI0 YTBOPEHHS arperariB KJITHH, a B HACHIJIOK LIbOTO
— 3HWKCHHIO €()EKTUBHOCTI ra30- Ta MACOOOMIHHHUX TPOIIECIB B KaIIsApax i J0 TIMOKCIi; KpiM
TOTO MOXYTh BIIOYBAaTUCS 3MiHU B’ SI3KOCTI IIUTLHOI KPOBI, IO TIO3HAYATUMETHCS HA TOKa3HUKAX
reMOJMHAMIKHA, BECTH JIO TiMepTeH3li, HaJJWIIKOBOTO HaBaHTaXEHHS Ha cepue. [lo-apyre,
cyomitnyHi KoHueHTpauii GS mnpu TpuBasoMy iHKyOyBaHHI Ta JITHYHI TNPH KOPOTKUX
EKCIIO3UIIIAX BEAYTh N0 3MIHH 00’€MYy EpUTPOIUTIB Ta 3MEHIICHHS EJIEKTPOMEXaHIYHOI
criiikocti X mMemOpaH. Kpim mioitHo onmcaHux e(ekTiB BHUKIMKAHUX 3MiHaMH 0i0(i3WYHHX
XapaKTePUCTHK IUIa3MaTUYHOI MeMOpaHHW, Ha PIBHI CHCTEMHM IUPKYJALII KPOBI Ta IJIOTO
OpraHi3My 3MEHILICHHS UM 301IbIICHHS 00’ €MY €pUTPOLIMTIB BE/IE 10 3MEHIIIEHHS KOHIIEHTpalii
reMorIo0iHy, 3HMKEHHS €QEKTUBHOCTI TpaHCHOPTy KucHiO Ta CO> 1 BpemTi A0 TIiMOKcii Ta
imemii. Ile mo7aTkoBi A0 TeMoJi3y epUTPOLMTIB HECTIPHUATINBI (PAKTOPH BILUIUBY «IIPSIMOTO»
3acrocyBaHHs GS uepe3 cucteMHUI KpoBOOOIT. MOXIIUBICT KOpETyBaHHs TeMOTITHYHOT 11T GS
IUTSIXOM 3aCTOCYBaHHS KOMIUIEKCIB aHTUOIOTHKY 13 HAHOHOCIAMH Ta MOIUQIKaIlii CTPyKTypH
MEenTHIy ToKa3aHo B pobdoTtax [20, 21, 2]. [lepeBaroro mepmioro miaxomay € BAKOPUCTAHHS HOBOT
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Jmikapchkoi  (GopMu  3apeecTpoBaHOTO  (hapMmmpernapary, Io3asK ~IepeBard  XIMIYHO
MOAM(IKOBaHUX aHAJIOTIB, SKi CIOCTEpIraliiucs in Vitro, MaloTh OyTH MiATBEPIUKEH] Ta MPONTH
TPUBATY TPOIEAYPY MOTOPKEHHS Ta PEECTpariii HOBOTO JIIKApChKOTro 3aco0y. BussrieHni Hamu
HOBI 1MOOI4HI e()eKTH B BIpTYaJIbHOTO CUCTEMHOTr0 3actocyBaHHs GS MaioTh OyTH BpaxoBaHi
MIPH TIOIITYKY MOYKJTMBOCTI BHYTPIIIHBOTO BUKOpUCTaHHS GS UM CTBOPEHHI MperapariB-aHajoriB.
3 inmoro OOKy, BigHaWaeHI 0coOnMBOCTI B3aemoii GS 3 MeMOpaHaMu KIIITHH CCaBIiB MOXKYTb
OyTH YHIBEpPCATLHUMHU W TPOSBIATUCS Ui OaKTeplalbHUX KIITHH, MPOCTIIIHMX, TPUOIB Ta
BipyciB. B TakoMy BHUMaaKy HaBeieH! y Halliil CTaTTi HOBI MEXaHI3MHU MOMIKOKYIouoi aii GS
MOXXYTh OyTH BpaxoOBaHI MPH ONTHUMI3AIlil 3aXUCTy BiJ XBOPOOOTBOPHUX MIKPOOPTaHi3MiB Ta
CTBOPEHHIO HOBHX MIIXOMAIB 10 OOPOTHOU 3 aHTHOIOTUKOBOIO PE3UCTEHTHICTIO.

Kpim Toro 3actocoBaHmii HamMH MiAX1J IIOJO0 aHAI3y 3MIH PO3MOJIIY €PUTPOLHUTIB 3a
00’eMOM miJl BIUIMBOM (hapMIipenapary JJ03BOJIMB BH3HAYUTH 3MIHM Yy PI3HHX 32 BIKOM
bpakuisx epurponuTiB. Lle Moxxe OyTHM KOPUCHUM 3 OTJISAAY Ha OUTBII TMEPCOHATI30BAHUMA
HiAX17 10 BU3HAYEHHS BIUIMBY JIKapChKOTO 3aco0y Ha OKpeMoro mnaijienrta. bimpmie toro,
BijioMa 3MiHa MOP(hO-(YHKIIIOHATEHUX XapaKTEPUCTHK Pi3HUX (paKiiii epUTPOITUTIB i Yac
TPUBAJIOrO 30epiraHHs JOHOPCHKOI KPOBI UM E€PUTPOMACH MOXe OyTH BHMKOpHCTaHa JUIs
ONTHUMI3aIlil KPl03axXUCHUX cepenoBull i3 BMicToMm GS.

BUCHOBKHA

3MiHM 00’€eMy Ta BEIMYMHH EJIEKTPUYHOrOo NpoOor0 MeMOpaHH Tmmicis i1HKyOarii
eputpoMacu 3 GS y BCiX 00CTEXEHUX MOHOPIB OYIM OJHOCHPSIMOBAHUMHU Y TE€TEPOTCHHIMN
HOMYJISALIT epUTPOLUTIB 3JOPOBUX TOHOPIB.

CyOmitruni koHrentpamii GS (5 1 10 mxr anTuOioTnka Ha 1 MJI epuTpoMacu) MpHu
iHKyOarii nmporaroM 15 XB BHUKIMKAIOTh 3MEHIICHHS 00 €My YAaCTHHHM €PUTPOLMTIB Y BCiX
JIOHOPIB.

Iaky6amist epurpouuTtiB mpotsrom 15 xB 3 GS B konunenrtpamii 20 MKr/min Bexe a0
IOCHJICHHSI TETEPOTEHHOCTI iX Iyly, 10, HMOBIpHO, OB S3aHO 3 TPAaHUYHHUM 3alIOBHEHHSM
CaifTiB 3B’A3yBaHHs aHTHOIOTHKA HA MEeMOpaHi KIITHH MpH JaHiil KOHIEHTpauii.

GS y xonmnentpaii 40 MKr/MJI BUKJIWKA€E 30UTbIICHHS 00’€My KJIITHH, Xoua mmicis 15
XBWJIMHHOI 1HKYOAIlii He IPU3BOAMTH 0 iX TEMOJII3Y.

Otpumani JgaHi MOXYTh OyTH BHUKOPHCTaHI ISl PO3IIMPEHHS CIEKTPY 3aCTOCYBaHHS
aHTHOAKTepiaTbHUX MENTHIIB B MEIUYHIN MPAKTHULI, @ TAKOXK PO3POOKH OLIbII e(heKTUBHUX 1
MEHIII TOKCHYHUX aHaJIOTIB.
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BITAEMO 3 70-PIY494M!
(o 1oBisero npogecopa Jlonrina Mukosaiiosuua JIlucenubkoro)

[lporo poxy MM BiA3HAYAEMO FOBUJIEH BIJOMOTO
BYCHOTO,  NPOBIAHOTO  HAYKOBOTO  CHIBPOOITHHKA
[actutyty crmnTunsuiianx MarepianiB HTK «Iactutyt
monokpucraniBy HAH Vkpainu, mnpodecopa Jlonrina
MuxkounaiioBuya JIncenpkoro.

JI. M. JIuceupkuii Haponuscs 3 uepBHA 1951 p. B
M. XapkoBi. Ilepmri BiIOMOCTI Mpo HAyKy 1 HampsMOK
Maif0yTHHOTO0 HAayKOBOTO NUIIXY OTpHUMaB B ciM’i. baTtbko
— Muxkona JloHriHOBHY, 1HXEHEP-TYpOOOYIIBHUK,
npaiioBaB Ha MaOyTHboMy «TypOoaTomi», a MOTIM —
JIOTICHTOM B XAapKIBChKOMY TOJITEXHIYHOMY IHCTHTYTI.
Matu — Macik AHToHIHa XpucaH(]iBHA, TOIECHT, TOTIM
3aBigyBauka kKadeapu ximii XapKiBCBKOTO 1HCTHTYTY
IH)KeHEepiB KOMYHAIBHOTO Oy IiBHUIITBA.

B 1958-1968 pokax HaB4aBcs B cepeaHii mkomi Ne 6
M. XapkoBa (1o 1917 p. Ta micia 1991 p. — Mapiiacbka
rimHazis). Ile Oyna equHa B MICTI IIKOJIa 3 YKPaiHCHKOIO
MOBOIO BHKJIQJIaHHS Ta MOCWJICHUM BUBUEHHSM aHTIIHCHKOI.

B 1968-1974 pp. HaBuaBcs B XapKiBCbKOMY TOJIITEXHIYHOMY 1HCTHUTYTI, 32 JTUILIOMOM
—  XIMIK-TEXHOJIOI 31 cremiaabHocTl «TexHomoris EIEKTPOXIMIYHUX BUPOOHUIITBY.
Pesynapratu numiaoMHOI poOOTH 3 TOCHIIKEHb aHOJHUX OKCHIHUX IUIIBOK Ha BEHTUJIBHHUX
MeTaniax Oyno OmyOJIKOBaHO B TOTOYAaCHUX IICHTPAJbHHUX JKypHajmax (30Kpema,
«Onexrpoxumusin). Ane JI. M. Jlucenpkuit 6€3 0CcOOJMBOrO >Kajal0 KHHYB BXKE 3HAYHOIO
MipOIO TOTOBY JHCEPTALil0 Ha 3400YyTTS HAyKOBOTO CTYINEHS KaHAWAaTa TEXHIYHUX HayK 1 3
munHs 1974 p. npucBsATHB ceO0e HOBOMY 1 Ha TOHM Yac Jye€ MOJHOMY HaIpPSIMKy — PIAKAM
KpHCTalIaM.

[Tpamroroun B IHCTHTYTI MOHOKpHcTaniB (3apa3 ne HTK «lHCTUTYT MOHOKpHCTaIiB»
HAH Vxpaiau 3 [ncturyrom cumnTHiasuiiiaux matepianiB HAH Vkpainu), Bin 1980 poky
3axuctuB aucepraiito B [HcTutyTi pizuku HAH Ykpaiau B Kuesi 1 ctaB kannumatom (isuko-
MaTeMaTHYHUX Hayk. Tema pmuceptanii — «TeMnepaTypHO-KOHILEHTpAIiHI 3aJeXHOCTI
KPOKY CHipaii B XOJECTEPUYHHX PIIKHX KpHUCTalax». 3a pe3ysbTaTaMH IIi€i poOoTH Oyiu
onyOnikoBani cratTi B «[lucemax B JKOT®D» Ta iHIIUX aBTOPUTETHUX BUAAHHAX, 30KpeMa,
orysia B «Ycnexax (U3UIeCKuX HayK», SKUH 1 J0C1 IHTECHCUBHO ITUTYETHCS.

[MommpuBIm¥ CBi MiOXiA 1J0 MOAENIOBAHHA OMIDKHBOTO TIOPSAKY B CHCTEMax
AHI30METPUYHUX MOJIEKYJI Ha PiAKI KPUCTAIM IHIIWX TUITIB (HEMAaTH4YHI, CMEKTHYHI) Ta
cymimii Ha ix ocHOBI, JI. M. Jlucenpkuii B 1993 p. 3aXUCTUB JOKTOPCHKY IUCEPTAIIO HA TEMY
«MaxpocKomiyHi IpOsSBH 0COOIUBOCTEH MIKMOJIEKYISIPHIX B3a€MOIIH B Me30(azi».

Came B yacu po6otu JI. M. JIucenpkoro Haj JOKTOPCHKOIO, B TPUBOXKHI YacH HAIIOl
Kpainu, Koy npoosemu YopHOOMIS Oy 1e akTyaJTbHUMH, aKaJeMiK Y KpaiHChKO1 akaaemii
arpapHuX Hayk 1 MaiOyTHill 3acTymHHMK MiHicTpa MIiHYOPHOOMIS He3aJekHOi YKpaiHu
b. C. Ilpictep 3aiikaBUBCs BUKOPUCTAHHSAM PIIKUX KPUCTAJIB JJIs IETEKTYBAHHS 10HI3YIOUNX
BUNIpOMiHIOBaHb. [IpuBaOmioBaa iX  «0iOEKBIBaJCHTHICT» — Ha BIAMIHY BiX

© bepect B.II., Koceenu M. B, 2021. Open Access. This article is licensed under a Creative Commons
Attribution 3.0 http://creativecommons.org/licenses/by/3.0/
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CHUMHTWISALIMHUX Ta IHIIUX BIAOMHUX JIETEKTOPIB, TYyT MEXaHI3M BIATYKY CEHCOPHOTO
Mmartepiany OyB MOIIOHMM [0 MpoLeciB B 010JOTIYHUX TKaHUHAX. [licis mepmmx ycminrHux
EKCTICPUMEHTIB 3 JIETEKTYBAaHHS CJIA0KMX HU3bKOCHEPTCTHUHUX BUIIPOMIHIOBAHb (@ MOTIM — 1
010JI0T1YHO aKTHUBHOTO YIbTpadioneTy) 3 BUKOPUCTAHHSAM KIACHYHUX PIAKOKPHUCTATIUHUX
koMmro3uiiii, yBary JI. M. Jlucenmpkoro mnpuBEepHYIH peaibHI OIOJIOTIYHI CHUCTEMHU 3
PIAKOKPUCTATIYHUM BIOPSAKYBAaHHSIM, a came, MojenbHi (ocdominmiani memOpanu. Jani
Oynu 11ikaBi Oeciay 1 OOMiH 11esIMH 3 TPOBIAHUMH YKpaiHChKUMH 010 izukamu, mpodecopamu
Bononumupom fAxosuuem Maneesum 1 FOpiem IlaBnosuuem biarum — 1 nwisax  Jlonrina
MukonaiioBuya B 0iodizuky OyB Bimkputwid. [lami — HU3Ka AUIUIOMHUKIB 3 Kadempu
0io¢i3ukn XapKiBCbKOTO HaIllOHaJbHOTO YyHiBepcuteTy imeni B. H. Kapasina, sxi moTim
yCHiITHO 3axumanu kanauaaTceki auceprarii: O. B. Bamenko, H. O. Kacsn, JI. M. 3aBopa,
M. L. Cepbina, A. O.KpacHikoBa; «HayKoBOIO OHyKow» JloHriHa MukonaiioBuya MOXKHa
BBakatn 1 BunmyckHuio kadempu JI. B. BynsHceky... A Takok — ¢yHKIII HAyKOBOTO
KOHCYJIbTAHTa TPU 3aXUCTI JOKTOPCHKUX IHUCEpTalild BUIYCKHUKIB Kadeapu Oiodisukwu,
O. I1. ®enopsiku Ta Bxke 3ragyBanoi Onpru BanepiiBau Barenko, sika 3Moriia BUXiTHY 171€10
CBOI'O KEPIiBHUKA I[0JI0 BIUIMBY JOTAHTIB HA PiAKOKPUCTAJIUHI BIACTHBOCTI JIOTPOMHUX (a3
dbocdommigiB pO3BUHYTH B CTPYHKY KOHIIEMIIIIO B3aeMOii apMaKoJIOTIYHUX TMpenaparis 3
dochoninigaumMu 6ioMmemMOpaHaMu, 10 BHKJIMKA€E 3HAYHUM 1HTEepec sk 010Qi3uKiB, Tak 1
dapmakosoriB 3 (¢dapmarneBramu. [lopsim 3 BHUXOBaHHAM BIAcHUX Yy4HIB, JIOHTIH
MukonailoBUY CIpUsiB HAYKOBOMY 3POCTaHHIO MOJIOJMX BUCHHMX 010()i3MKIB 3 aKaJeMiuHUX
IHCTUTYTIB XapKoBa NUISIXOM YBaKHOTO Ta JOOPO3MWIMBOTO PEIEH3YBaHHS iX poOIT Ha
3aciJaHHAX MPOOJEMHUX HAYKOBHX pajl 3 0iodizuuHoi TemaTuku Ta aABoxX Creniaiai3oBaHUX
BueHux pan ] 64.051.13 ta J1 64.175.03.

[TlincymoByroun ¢opmanpHi IOKa3HUKH, BKaxemo, 1mo B 2002 p. a.¢.-m.H
JI. M. Jlucenibkuii oTpuMaB BUY€HE 3BaHHS mpodecopa; i HOro KEpIBHUIITBOM OyIIO
3axumeHo 11 KaHAMgaTchbKUX 1 2 JOKTOPCHKI Juceprauii. Y JeB’SITH JOKTOPIB HayK
(Bxmrouno 3 wi.-kop. HAH VYkpaiam B. M. Tpycosoro) JI. M. Jlucenpkuii 0yB odiriiHuM
OMOHEHTOM. MoOJKHa TakoX Big3HauuTH, 10 cuH JI. M. Jlucenpkoro Mukosa (BUIYCKHUK
XapKiBCHKOTO JEpXKaBHOTO YHiBepcuteTy), 3400yB crynmeHi PhD ta MBA 1 3apa3 e
npoBigHuUM crienianicrom dipmu «Novartis», M. bocton, CLIA.

[likaBi 1 BaXJIMBI HAyKOBI 171e1 1 pe3yabTaTH, IMIUPOKA EpyAMIlis, Oe30oraHHa HayKoBa
nobpouecHicth 3100ynu JI. M. JlucenpkoMy 3Ha4HUN aBTOPUTET B HAYKOBid coiibHOTI. B
2005-2010 pp. Bin 6yB unenom ExcnieptHoi pamau 3 ¢izuku BAK Ykpaian, a B 2017-2021 pp.
— wieHoM nepiioro ckiany HaykoBoro xomitery HarionanbHoi paan YKpaiHu 3 NHUTaHb
PO3BUTKY HaYKH 1 TEXHOJIOTIH.

3 «biodiznunum BicHuKOM» JloHriHa MuKkonaiioBuua MOEAHYE IUTIAHA CHIiBIOpars 3
MEepIINX JHIB 3aCHYBaHHS JKYPHAIY: OKPIM CTBOPEHHS IMIDKY JKYpPHAJIY HHM3KOKO ITIKABUX
OpUTiHAJIBHUX CTaTei, BiH TOCTIMHO CHpuUs€e TIATPUMAHHIO pPIBHA MyOJiKauiid 3aBIsSKd
pETEeNIbHOMY pEelEH3YBAaHHIO PYKONMHCIB MOYMHAIOYM 3 X MEPBUHHOTO OOTrOBOPEHHS Ha
HAYKOBHUX CeMiHapax.

Bix imeni komer, yuniB Ta pemakiii «biodizmyHoro BicHMKa» moOaxaemo JIOHTiIHY
MuxkonaiioBuay JIncenpbKoMy HaTXHEHHsI, HACHArW, MIIIHOTO 3/0POB’sl, HOBUX HAYKOBHX iJeH
1 HOBUX 310HUX CTYACHTIB Ta acHipaHTiB!

B. I1. Bepecm', M. B. Kocesuu'?

Xapxkischkuii HatioHansHuil yHiBepcuteT imeni B. H. Kapasina, maiinan Ceo6oau, 4, Xapkis, 61022, Ykpaina
2®i3uKo-TEXHIYHMI IHCTUTYT HU3BbKKUX Temmepatyp im. b. I. Bepkina HauionansHoi akanemii Hayk Ykpainu,
np. Hayku, 47, Xapkis, 61103, Ykpaina

V. P. Berest " https://orcid.org/0000-0001-7779-154X

M. V. Kosevich " https://orcid.org/0000-0003-0257-4588
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HAM’ATI IMUTPA MHKOJAHOBHYA TOBOPYHA

Jmutpo MuxkomaiioBu I'oBopyH OyB
TaJaHOBUTUM BYEHUM Ta BCEOIYHO 00JapOBaHOIO
JIOIMHOIO 1 3aliMaBCs BiH THUM, 1110 JIIOOUB HAKWO1IbIIIE
— JIOCJIJDKEHHSAM JuBOBIKHOI Mmosekynun JIHK.
PesynbraroM HMOro HEOpAWHAPHOIO IOIVIIAY Ha
CTPYKTYpY Ta BJIACTHUBOCTI L€l MOJEKYJIH CTaja He
OlHa COTHS cTared, MPUCBIYEHUX KBAHTOBO-
ximiunuM pospaxyHkam JIHK. OcobauBo mikaBumMu
Oynu #oro poOOTH OCTaHHIX pOKiB, i€ BIH,
PO3MIPKOBYIOUM HAJl TPUYMHAMH pPaKy, PpO3TJIAIaB
toukoBi Mytarii B JIHK Ta pi3Hi Tumu BomHEBOTO
cnapioBaHHs — BoOmiBcbke Ta XyrCTHHIBCBKE.
[apopmamiitnuii cit Jmurpa MuxkomaiioBuua OyB
3alOBHEHUN OCOOIMBOCTSIMH CTPYKTYpPH HYKJIIETHOBOT
KHUCIIOTH, 1i CTPYKTYPHHUX CKIIAJIOBHUX, MPO IO HUM
Oysa HamvcaHa HE O/IHA KHHTA.

JAmMutpo MukoiaiioBUY pO3IMOYaB CBOIO HAYKOBY
nisibHICTE  y 1972 pomi  micns  3aKiHYEGHHS
pamiodizuunoro paxynsrery KHiBChKOro yHiBEpCHTETY, [osopyn /1. M.
BCTYNUBIIM B AaCHipaHTYpy [MiJ  KEPiBHHIITBOM (18.05.1950-20.12.2020)
akagemika Konnunenka IBana I[BanoBuua Ha kadempi HemiHiMHOT ontuku. Y 1987 port, micis
3aXHCTy JUCEpTallii Ta OTPUMAaHHS 3BaHHS KaHauaata (i3uKO-MaTeMaTUYHUX HAyK, BiH TOYaB
npaioBatd B [HcTUTyTI MonekynspHoi  Oiosorii 1 reHerukn HAH VYkpaimm y Bimmim,
040IIIOBaHOMY TTpodecopom Mukosnoro BacunboBryeM JKOBTOBCHKUM, SIKMIA B TOH yac 3aiiMaBcs
(byHIaMEHTAIBHOIO TIPOOJIEMOIO B MOJIEKYJISIPHINA 010J10T1i — OUTOK-HYKJIETHOBUM BITI3HABAHHSIM.
Came poGora 3 Ttakumu BumatHumud BueHMH K M. B. XKotoBcekuii, B. 1. JlanHinos,
I'. X. Mamyka, I'. B. €1pcbka BrmmHysma Ha cBitorysia Jmurpa MukomaiioBuua 1 chopmyBaia
Horo sik 0cOOMCTICTH B Haylll. B IboMy BiiZIijTi BiH MPOMpPALIOBAB BCE CBOE JKUTTS, AYKE IIBHIKO
3aminuBIM B. M. JKOBTOBCHKOTO Ha 1Ocajii KepiBHUKA MICIS HOTO MepPeI4acHOl CMEPTI.

Ha Toii wac y Bigmimi npamroBanu Csitnana Cawiitienko (I4 cmektpockomisi) ta Irop
Kongpatiok (IMP cnekrpockomis). Y Bigauti Toai Oymo GaraTo iHIIOI MOJIOAI, ajie MH,
cniBpobitHuku croyatky MHILL «Binryk», a motiM Bimginy ¢i3uku O10JIOTIYHMX CHUCTEM
Iacturyry disukun HAH VYkpainu, cninkyBanucs Oiuneiine 3 JImurpom, CBiTiaHoro, IropeMm Ha
pi3HUX KOH(epeHLiax Ta ceMiHapax. 3BHYAaHO HaWOUIBII 3amaM’ sSTalUCs LIKOJIU-CeMiHapu
lNamuan  OmnekcanapiBHU  [IydkoBCBHKOi, sKi 30Wpanmu W JOCI TPOJOBXKYIOTh €IHATH
TJIAHOBUTUX JIIOJIEM 3 yCIX KYTOUKIB CBITY, a TaKOX XapKiBCbKi KOH(epeHmii 3i
CIIEKTPOCKOIIi OiomoriMepiB mig kepiBHUITBOM Bonogumupa Sxosrnya ManeeBa. Hamr Bimmin
TEX MPOBIB B Ti Jajeki yacu KOH(EpeHIito 3 (i3uku 010JOTIYHUX CHCTEM (3 MIKHApPOIHOIO
yuactio) B Ilymi-Bomuiti, Kuis, 1998 p., mig rosoByBaHHSIM KEpiBHHUKA HAIIOTO BIIILTY
npodecopa XapksHeHa Bamepis MukonaifoBuua. Ha wiit kondepenmii y Jmwurpa
MuxkoutaiioBuya 31 crBaBTOpaM# OyJI0 8 JOIMOBiJEH, MOYMHAIOYN 3 OCHOBHOI JIOTIOBIiI, SIKY
BiH 3poOuB mpo (i3UKO-XIMIUHY KOHILEMNIi0 (yHKIIOHYBaHHA OionoiimepiB. binbiia
KUIBKICTh POOIT Ha 1id KoH(pepeHIii Oyna TUIBKKM Yy BIJJOMOTO XapKiBChbKOTO 0Oiodizuka
Bbnaroro KOpis IlaBnosuua (9 nonosiaei).

© JHosoemko I'. 1., 2021. Open Access. This article is licensed under a Creative Commons Attribution 3.0
http://creativecommons.org/licenses/by/3.0/
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Tomi Mu Bci Oynu MOJIOI, 3aB35Ti, JONUTIUBI, eHepriiHl. Tomy JImutpo MukonaioBud
He3a0apoM OYOJIMB BiAJUT MOJEKYJSPHOI Ta KBAaHTOBOI O10(I3MKH, 3aXHCTUB JOKTOPCHKY
nuceptartito (1999 p.) Bxe 3 Oiojorii mia kepiBHUITBOM Tpod. ['enanis XapiaammiioBuua
Maryku, cTaB 3acTYHUKOM Jupekropa 1HCTUTYTY (2005), oTpumaB 3BaHHS 4YieHa-
kopecnorneara HAH Ykpainu (2006), 6yB ynocroenuit Jlep:kaBHoi npemii Ykpainu B ramysi
Hayku 1 TexHiku (2008 p.) 3a nukn pobit «DyHaameHTanbHI (i3MYHI BIACTUBOCTI
OlomoJiMepiB, 10 BU3HAYAIOTH IXHE (PYHKITIOHYBAHHS» B UYJJOBOMY KOJIEKTHBI 3 Oi0(i3ukamMu
— B. M. Xapksanenom, JI. M. Xpucropoposum, IO.II. bnarum, B.O. Copokinum,
O. H. BecenkoBum, M. O. CemeHOBUM, O. L. Kopnemntokom, C. H. BonkoBum,
B. 5. ManeeBuMm. Bixe B 2016 pori JImutrpo MukonaitoBud oTpumaB mpemiro Scopus Awards
Ukraine B HoMiHamii «Halkpamuii KOJEKTUB BUYCHHX, SIKAW JOCSAT 3HAYHUX HAaYKOBHX
pe3ynbTariB 0e3 3axigHMX Kosabopauii». [upekuis Tta cniBpobitHuku IMbBilT HAHY,
KwuiBcbkoro yHiBepcuteTy, WOTO Apy3i Ayke IiHyBanu JmMurpa MukomnaiioBuda, mo ao0pe
BUJHO 3 HOro Kap’epHoro pocty. Heominumy minTpumky B Onuckydiil kap’epi mwurtpa
MukosnaiioBr4a CipaBUIM HOTO piaHI — KiHka Tamapa, 1oHbka Jlecs, moaTaBcbka poauHa.

Po3mosnsitoun 3 JImurpom MukonaiioBuuem, 3aBKIH MOKHA Oylo 3pO3yMITH, B KU
MOMEHT T€Ma PO3MOBH HOT0 TIOBHICTIO «IIOTJIMHYJIa» — HOTO 04l MOYMHAIA BUOIMCKYBATH 1
3MiHIOBaBcs BUpa3 oonuuus. Temu Oynu pi3Hi, ajie HAHOUIBIINI IHTEpeC BUKIUKAIN TEMHU,
noTH4YHI 110 Oiojorii Ta Oiodisuku. [lpuramyro onHY HETaBHIO PO3MOBY B CEpPEIOBHIII
npodecopiB (OLIBIICT 31 3BAaHHSIMHU WICH-KOpecoHaeHTa Ta akageMika HAH Ykpainu) npo
imoteparito. JImurpo MukosnaiioBud OyB HE B KpamioMmy (Gi3MYHOMY CTaHi, aje Horo KBaBHi
iHTepeC Ta KUIBKICTh NUTaHb MEPEBUIIYBAIM BCiX I1HIIMX, 1 MiCas AMCKYCli cTaH Horo
MOKpaIIMBCA MpsiMO Ha odax. /ImMutpo MwukonailoBU4 BiTHOCHUBCS AYyXKE€ TOJEPAHTHO 10
pi3HuX Jrozei 1 0yB YeMHHM 1 3 ONTIOHEHTaMH IO HayIli, 1 y XKHTTI.

3ragyto octaHHIO 3ycTpid 3 Jlmurpom MukonaiioBuuem B Oepe3ni 2020 poky.
[lepebyBatoun y crpaBax B IMbil" Ta mobaunBimm HOBI KHIDKKH JIMuTpa MukomnaifoBu4a Ha
BHCTAaBKOBUX Ta0JMYKaX B IHCTUTYTI, MEH1 Jy’K€ 3aXOTUJIOCS TIOTOBOPUTH 3 HUM, aJie BXKe OyB
KiHellb po00YOro JHs 1 5 He 3HAWNUIA B OOl CHJI 3aiTH y BiIIiN. Alle TYT BTpYTHIACS OIS 1
s BUTIAJIKOBO 3ycTpija Woro Ha 3ynuHmi. Hactpiit y JImutpa Mukomnaiiopuda OyB 4y0BUH,
BiH OyB MOBHUI HOBUX IUIaHIB Ta CIOJiBaHb. B 1ieil yac BiH Bxke po3nouaB poboTy 3 ['opbom
Jleoninom I'puropoBuvem, BigomuMm (¢axiBIeM 3 KBaHTOBOI XiMii Ta CTPYKTYpHHUX
nocmixenb JJTHK, skuit mpoaoskye po3noyari JOCHIHKEHHS, OYOIIO€ BiAILT MOJEKYISIPHOI
Ta KBaHTOBOi Oio(dizuku. bymemo cnoxiBatucs, mo cmpaBa JImutpa MukosaiioBuua
l'oBopyHa B HafiliHUX pyKax.

Jmutpo MukonaioBud Jt00MB YKpaiHy, YKpaiHCbKY MOBY, J00pe 3HaB iCTOPIIO, 3aBXKIU
MpaIfOBaB 3 MOBHOIO BiJJIAYCI0 CHJI 3apajid MPOLBITAHHS CBOET KpaiHW, BHUKIaaaB B Kueso-
MorunsHebkii  Axanemii Ta KuiBcbkoMmy HarioHadpbHOMY YHiBepcuTeTi iMeHi Tapaca
[IleBueHka, MaB YHCICHHUX CTYICHTIB Ta acHipaHTiB. BiH BXOAWB 0 CKJIAAY pPEHaKI[ifHIX
KOJIeTIH HayKOBHX JKypHalIiB — «biodiznunoro BicHHKa», «biomomimMepu 1 KIIiTHHAY,
«Ukrainica Bioorganica Acta». JImurpo MukonaiioBu4 Haropo/pKeHuii rpaMoToro BepxoBHOT
pamu Ykpaian, mepauno «B mamate 1500-metust Kueay», 3HakoMm mnomanu KuiBChKOro
MICBKOT'O TOJIOBH, HU3KOIO TIOUYECHUX I'PaMOT, BiIMIHHUK OCBITH YKpaiHH, MaB HarpyAHUH 3HAK
«M3o6perarens CCCPy» (Ginbie 45 aBTOPCHKUX CBIIOITB HA BHHAXO/IM Ta IMATEHTH ).

Mu, nroam, siki #oro no0Ope 3HANM, MOBAXKAIH, JIOOWIH, OyIeMO 3aBXKIU IaM STaTH,
3rajyBaTH, HACJiTyBaTH.

I. I Jlosbeuixo

Biooin ¢izuxu bionociunux cucmem, Incmumym ¢izsuxu HAH Ykpainu,
np. Hayxu, 46, Kuis, 03028, Yxpaina

G. I. Dovbeshko ! https://orcid.org/0000-0002-7701-0106



ITPABHIIA JTVIA ABTOPIB

B penaxuiro nopaerses enexkrponHuid Bapiant cratri (MS Word 2007 i Buiie) ykpaiHChKOIO ab0 aHIJIHCHKOI0 MOBOIO
yepes3 callT KypHaiy http://periodicals.karazin.ua/biophysvisnyk 3 HanpaBJIeHHSM YCTAaHOBHU i €KCIICPTHUM BHCHOBKOM
Y BUIJISII BiJICKaHOBaHUX (paiiiB.

Tekct HabupaeThcs Ha apkymax ¢opmary A4 depe3 oauH iHTepBal. BukopuctoByethes mpudt Times New Roman
12 pt, BupiBHIOBaHHS TeKCTy 1o mupwuHi. [Tomst cipasa i 3miBa 1o 2,5 cM, 3Bepxy — 3,5 cM, 3HH3Yy — 2 cM. MaTteMaTuJHi
Ta XIMIYHI CHMBOJM BBOISATHCA JO TEKCTy CTaTTi 3a JomomMoror pemakropa MathType abo Microsoft Equation.
Pucynku, npunaTthi 10 penpoxykiii, y ¢dopmari *.emf, *.wmf, * jpg, *.jpeg, *.png BCTaBIAIOTHECSA 10 TEKCTY B MEXax
IJIONII CTOPIHKH, BKa3aHOI BHINE. PHCYHKH pO3MIllyBaTH B MeXaX TaOJHIN 3 MPO30PHMH 30BHIIIHIMH TPAHUISAMH Y
NEePIIOMY PSAIKY, IIAIUC Ta KOMEHTapi 10 PUCYHKY — y JpyroMmy psaaxy tadmuui. ['padiku OynyloTbes y mporpaMHUX
naKerax, NpU3HayeHuX it 00poOKy i Bizyamnizauii HaykoBux maHux: Origin, Mathcad Tomo. Bukopucranus odicHoro
nakety MS Excel anst moOynosu rpagikiB He nomyckaerses. L{udpu 1 mianmucu Ha ocsix Ta Haxnmucax MOBHHHI MaTh
mpudt 9 pt. [linnucn nix pucyHkamu Ipykytotbes mpupTom 10 pt. opmynu, Tabnuii W pUCYHKH HyMEpYIOTHCS
NOCNIOBHO apabcbkumu mudpamu, Hanpuknaz, (1); Tadn. 1; Puc. 1. Skmo crarTs HanucaHa yKpaiHCBKOIO MOBOIO,
IAMTICH 10 PUCYHKIB 1 TaONHIb JyOIIIOIOTHCS aHTITIHCHKOI0 MOBOIO.

Ha mepmriii cTopiHIli 3BepXy Ha MepIIOMYy PSIKY B JIBOMY BepXHbOMY KyTi HaBoauThes YK (kypcus, 11 pt). ITicus
MIPOITYCKy OJHOTO psAKa, PO3MIIIYEThCS Ha3Ba CTaTTi (BeNMKi JiTepu, NpsAMUAN HamiBxupHuil mpudrt, 12 pt,
BHpPIBHIOBaHHs MO TEHTPY). Ilicims mpoImycKy OXHOTO psiika HaOWparoThCS 1HIIIATH, TPI3BUINA aBTOPIB (MPSIMUIA
HamiBXupHuA mpudT, 12 pt, BUpiBHIOBaHHS 10 MEHTPY). Ha HacTymHOMY pSAIKY PO3MIIIYIOTHCS MTOBHI HA3BH  ajipecu
YCTaHOB, € BHKOHyBaJachb po0oTa, ajpeca eJIEeKTPOHHOI IOIITH aBTOpa — KOHTakTHOI ocodu (xypcus, 10 pt,
BUPIBHIOBAaHHS 10 HEeHTPY). IToTiM BMillyeThesl AaTa HAAXOMKEHHS CTAaTTi 0 pedaKuii: 4ucio — nudpamu, Micsimsb —
nporucoM, pik — nudpamu (tpudt npsMuii, 10 pt, BUpiBHIOBaHHS 1O IIEHTPY). Ha HacTymHOMY pSIOKy BMIILyeThCs
Jlata MPUHHATTS CTAaTTi 10 APYKY (3aIIOBHIOETHCS PEIKOJIETIEND).

[Ticns mpomycky OXHOTO psifika BMILIYIOTbCS TpU pedepatd (YKpaiHCHKOIO, aHTIIIHCHKOIO, POCIHCHKOI0O MOBAaMH).
Pedepar MoBOIO cTaTTi po3MimryeTbes mepmuM. Ilepem ApyruM Ta TpeTiM pedepataMu 3 HOBUX PSIKIB THIITYTHCS
Ha3BW cTaTeil (BENUKUMH JiTepaMu, mpUPT npsmui, 10 pt, HamiBXUpHUH, BUPIBHIOBAHHS IO ICHTPY), IHIiaM Ta
npizBuma aBTopiB (mpudt mpsamuit 10 pt, HamiBXXUPHWA, BUPIBHIOBAHHS IO IEHTPY), Ha3BW OpraHizamii Ta ix aapecu
(kypcuB 9 pt., BUpiBHIOBaHHS 10 IIEHTPY). Pedepar moBuHeH OYTH CTPYKTYpOBaHMM Ta MICTUTH HACTYITHI YacTHHU 3
3aroJIoBKaMu: AKTyalIbHicTh, MeTa po6oTn, Matepianu i meroau, Pesynbratu, BUCHOBKH, SKi MOYHMHAIOTHCS 3
HOBOTO psanka. Ciosa “Pedepar” i “Abstract” He MUIIYThCS. 3aroJIOBKU CTPYKTYPHHUX YaCTHUH MUIITYTHCS HAITIBKAPHUM
mpudToM, Micis 3aroJoBKa CTAaBUTHCS Kpamka. Tekct pedepary ckiagae He MeHme 1800 ta He Oimbme 2000
(hOHETHYHUX CHUMBOJIIB, TOOTO 0€3 MPOMIXKKIB MixK cioBamu; npssmuid mpudt 10 pt. Pedeparn nBoMa iHImmmMu MoBaMu
TaKoX TOBHHHI Matu oOcsr He menue 1800 na He Oinpme 2000 ¢onermuHux cuMBoiiB. Ha HacTymHOMYy psaxy
BMIIIYIOTBCS 5-8 KIIIOYOBHX CIIiB, SKi PO3AUIAIOTHCS MK co0010 Kpankoto 3 komoro (10 pt — mepmmit pedepar, 9 pt —
JIpYruid Ta TpeTid pedepar). 3 MOUATKY psiiKa BEJMKUMH JITEpaMH, MPU(PT HAMIBKUPHUN, MHUIIETHCS 3arojOBOK 3
neokparkoro “KJIIOYOBI CJIIOBA:”. Tekctu pedepaTiB i KIIOYOBI CJI0Ba MalOTh MIMPHUHY Ha | CM MEHIIy, HIX
ocHOBHHUH TeKCT (1m0 0,5 cM 3 Ko)KHOTO 00KY). PedepaTn po3misIItOTECS OTHUM ITyCTUM PSIAKOM.

OCHOBHH TEKCT CTATTi HABOJUTKLCS ITICIS TPOMYCKy onHOTO psinka mpudrom Times New Roman (Cyr), 12 pt. A63amu
TTOYHMHAIOTHCA 3 YepBOHOTO psinaka (0,75 cM). PekoMeHIyeThCsl pO30UTTS CTATTI HA TaKi pO3IiUIH: BCTYI (Ha3Ba pO3AiTy
ne mumersbcs), MATEPIAJIM 1T METOJIM (060B’A3K0OBO Ul eKcrepuMeHTanbHux pob6it), PESYJIBTATH M
OBI'OBOPEHHS, BUCHOBKMN. JIns TeopeTHuHUX poOiT mepeadadaecThes OiIbIT BiIbHE pO3TaNTyBaHHS MaTepiaiy,
Hanpukian, 3amicte posniny MATEPIAJIM 1 METOIM pexomenayotbes posninn IOCTAHOBKA 3AJTAUI,
MOJEJIb Ta i1. Po3ninu He HyMepyIOThCS, JITepH BEIHKI, HAIIBXXUPHI, BUPIBHIOBAHHS 110 IIEHTPY. [Ipn HEoOXiaHOCTI
PO3IUTH MOAUISAIOTECS Ha migpo3aimn. Ha3Bu minpo3ainiB MUMIYThCS 3 BEJNUKOI JITEPH 1 BUIUIIIOTHCS HAIIBKUPHUM
mpudToM, BUPIBHIOBAHHS 1O HEHTPY. Po3ainm abo miApo3miny po3mUISIOTECS OJHUM MYCTHM psiakoM. Ilicis HasB
pPO3IUIIB 1 MiIPO3ALTIB Kpamka He CTaBUThCS. Y KIHII TEKCTY CTATTI MICHs NPOIYCKY OAHOIO psijKa y po3niii
IOJSIKA 3a3HauaeTbesi Ha3zBa (DOHIY, SIKMH (iHaHCYBaB poOOTy, 1 HOMep rpaHTty. [loTiM po3MimryeTbes po3.in
KOH®JIIKT IHTEPECIB, y sikoMy aBTOpH AEKIapylOTh HasSBHICTH (piHAHCOBHX a0O IHIIMX KOH(QJIKTIB iHTEpeciB,
SIKi MOTJIM BIUTMHYTH Ha PE3YJIbTATH, IHTEPIPETAII0 Ta BUCHOBKH JOCIHIHKCHHS. SIKI0 Hemae KOH(]IiKkTa iHTepeciB,
TaK i MOTpiOHO 3agBUTH: ""ABTOPH MOBIAOMIISIOTEH PO BiACYTHICTh KOHGUTIKTA iHTepeciB". I[ToTiM po3MIlIly€eThCST PO3ILIT
Authors’ ORCID ID, y sikoMmy aBTOpH BKa3yrOTh afpecu cBoix nmpodimis ORCID.

JlirepaTypHi MOCUIIAHHS HYMEPYIOThCS B MOPSAKY LUTYBaHHS B TEKCTi, HOMEp MOCHIAHHS MHUIIETHCS Y KBaJPaTHUX
nykkax. He MOMycKarOThCsl TIOCWIJIAHHS Ha HEOIyOJIiKOBaHI POOOTH, MiAPYYHUKH Ta HaBYAIbHI MociOHuKH. CIMCOK
miteparypu (mpudt 10 pt.) po3MilIyeTbesl 32 OCHOBHUM TEKCTOM cTatrTi, BuAUIAeThCs K po3nii REFERENCES i
0(OPMITIOETHCS 3TITHO 3 MDKHApPOIHUM CTHJIEM OGOPMIICHHs CIMCKY HAYKOBHX ImyOuikariii Vancouver. [Ipukmaan
odopmieHHs OiOmiorpadiyHUX MOCWIAHh MOXKHA TIOJUBHUTUCH HA CalTi KypHANY y po3aim «KepiBHHUITBO IS
aBTOpiB»: https://periodicals.karazin.ua/biophysvisnyk/about/submissions.

Pykonucu odopmiieHi He y BilllOBiHOCTI 10 HaBeAeHNX NPABUJI He PO3TJIAAATHMYThCs!
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