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Introduction. In the central nervous system of living organisms, information
is transmitted through nerve fibers by electrical impulses [2]. According to
various studies [1, 5-7], based on the geometric dimensions and electrical
properties of nerve fibers, it is hypothesized that information exchange through
nerve fibers may occur via electromagnetic waves in the terahertz or infrared
range. Despite these hypotheses and corresponding theoretical models, no
experimental studies are known to us that confirm or refute the exchange of
information through nerve fibers via waves in these ranges. Recently, in our
works [3, 4], the behavior of the animal's nerve fiber system in the terahertz wave
range was studied under the influence of an external constant electric field. The
transmission/absorption of THz radiation through a sample of the animal’s spinal
cord was experimentally investigated. The refractive index of the sample was
measured. Resonant absorption frequencies were observed. The nature of the
transmitted THz pulse changes depending on the applied voltage, and nonlinear
phenomena are observed; further studies are required to understand the nonlinear
behavior of the nerve fiber system in the THz range.

In this work, the nonlinear properties of the animal's nerve fiber system in
the THz wave range were studied, and mathematical modeling was performed.
The results of the modeling were compared with the experimentally obtained
data.

Methods and results. A sample of the white matter from a sheep’s spinal
cord was taken as the nerve fiber system, and placed inside a
polytetrafluoroethylene (PTFE) cuvette with a thickness of 100 um and
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dimensions of 20 mm x 20 mm, as schematically shown in Fig. 1, similar with
experimental setup implemented in [3] and [4]. The nerve fibers were aligned
parallel to each other and to the walls of the cuvette. Two electrodes were
positioned along the edges of the sample, parallel to the nerve fibers, ensuring
proper electrical contact with the sample.

The experimental investigations were performed using a Menlo Systems
LAC 1.550 time-domain terahertz (THz) spectrometer. The cuvette containing the
sample was positioned in the path of the THz beam, and the THz pulses
transmitted through the sample were recorded by the spectrometer’s THz
detector. The acquired data were processed using custom-developed software,
resulting in the spectrum of the THz pulses transmitted through the sample and
determining its parameters in the THz frequency range.

PTFE cuvette

Electrode, 1

>
THz beam

Spinal cord
sample

Flortrade 7
Fig. 1. Sketch of the spinal cord sample, with electrodes positioned inside a PTFE cuvette

Measurements were conducted under two conditions: with no voltage
applied to the electrodes, and with a voltage of 100 V. The results of
measurements show that parameters of different samples (absorption spectrum,
refractive index), before voltage is applied to electrodes, show similar behaviour.
It was also shown that, in the presence of the constant external voltage, the
parameters of the samples change over time, and these changes are of a similar
nature across different samples. The characteristic patterns of the time domain
and power spectrum of the THz wave passing through the sample are presented in
Fig. 2.

It can be clearly seen from Fig. 2 that in the presence of voltage, a nonlinear
transformation of the transmitted signal occurred. Computer modeling was
performed to provide a qualitative assessment of the nonlinearities.

The modeling was performed according to polynomial (1), through which
the input signal is subjected to nonlinear transformation,
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Eoue(t) = a1 Ein (t) + azEi 2 (t) + a3E 2 () + as B (8) (1),

where, E;, is the electric field of the THz pulse passed through the sample in the
absence of external voltage, E,,,; is the transformed signal, and the a; values are
the coefficients of the corresponding polynomial terms. The spectrum of the E,;
obtained as a result of the modeling was compared to the spectrum of the THz
pulse transmitted through the sample under the influence of external constant
voltage, recorded experimentally at different moments of time. The values of the
a; parameters were determined, for which the spectra obtained from the modeling
were most similar to the experimentally obtained spectra of the THz pulses (Fig. 3).

Time domain ’ Power spectrum
13 -10
1
-20
. 05
2 0 -30
3 3
s -0.5 2 = -40
a
3 ! -50
w15
-60
,2 ]
25 -70
-3 -80 ‘
-363 -362 -361 -360 -359 -358 -357 0 02505075 1 12515175 2 22525275 3
Time (ps) Frequency (THz)

Fig. 2. Time domain (1) and power spectrum (3) waveforms of THz pulses passed through the
sample before the application of voltage. Time domain (2) and power spectrum (4) waveforms of
THz pulses passed through the sample 2 minutes after the application of voltage.

Discussion and conclusion. In Figure 3, curves 1 correspond to the
spectrum of the THz wave passed through the sample before the external voltage
was applied, it is provided as a reference waveform. Curves 2 and 3 represent the
spectra of the THz wave in 0,5 and 2 minutes, respectively, after the voltage is
applied to the sample. Curves 4 and 5 represent the results of the nonlinear
transformation of THz pulse (curve 1), with the a; values shown on the respective
graphs. It can be noticed that along with the duration of voltage application, the
coefficients of nonlinear terms (a,, as, a,) increase, while the coefficient of the
linear term (a,) decreases.

These results suggest that when external voltage is applied via electrodes, the
nerve fiber system becomes a nonlinear system in the THz range with the
nonlinearity increase depending on the duration of the applied voltage. Based on
the structural characteristics of the Ranvier nodes, it can be assumed that upon
voltage application, the ion channels in these nodes are excited and apparently
become local nonlinear inhomogeneities in the nerve fiber system, which leads to
the overall nonlinear behavior of the sample. The modeling results indicate that
the spectrum of the nonlinearly transformated signal qualitatively resembles the
spectrum of experimentally measured THz pulses.

The results of this research can help to understand the working principle of
information propagation and exchange in neural systems in living organisms, as

9



well as, complex processes taking place in central nervous system of living
organisms.
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Fig. 3. Curve 1 —spectrum of the THz wave passed through the sample before the external voltage
application. Curves 2 and 3 represent the spectra of the THz wave after 0,5 and 2 minutes,
respectively, of applying the voltage to the sample. Curves 4 and 5 represent the results of the
nonlinear transformation of THz pulse (curve 1), corresponding a; values shown on the respective
graphs.

Funding
This work was supported by the Science Committee of RA (Research project
Ne 23AA-1C027).

Yerevan State University, Institute of Physics
e-mail: tigran.hovhannisyan@ysu.am

T.N. Hovhannisyan
Nonlinear Properties of Biological Nerve Fiber
System in THz Spectrum Range

In this work, the nonlinear properties of the animal's nerve fiber system in the
THz wave range were studied and mathematical modeling was performed. The
results of the modeling were compared with the experimentally obtained data.
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The modeling results indicate that the spectrum of the nonlinearly
transformated signal qualitatively resembles the spectrum of experimentally
measured THz pulses.

S.U. Znghwitithujutt

Ghtuwpwbwljut uppuptjughtt hwdwljupgh ns gduht
hwnjmpniuttpp wkpuwhbpguyht vy kunpu) whponypnud

Uju wplumnwipnid ntunidbiwuhpy by Eu fEuguunt byupnupbjwht
hwdwlwupgh ny gduyhtt hwwnlnipynititkpp S2g whputph whpnypnid,
Juwnwpyl £ dwupbdwnhljuljuwt dnpbjuynpnid: Unpbjudnpdwt wp-
myniupubpp hwdbdwwngt) Eu thnpduwjuunpbt uvnnwgyws wipnynituputph
htwn:

Unpbjwynpdwt wpnyyniupttpp gnyg Eu tnwhu, np ny géwghtt dhw-
thnpunipynititbphg htinn uvnwgwsé wqnupwth vyklwnpp npuljuybu
hudwyuwnwupwunid £ thnpduwjuinpb gpuiigqus S2g hdwynijuutph
uwkljwnnph htiwn:

T.H. Oranecsn

HesiuHelinble cBOMCTBA 0M0JI0rMYECKOH CHCTEMBbI HEPBHBIX BOJIOKOH
B TeparepuoBOM Mana3oHe CleKTpa

B nanHo# pabote ObUIH N3yUYeHBI HETMHEHHBIE CBOHCTBA CHCTEMBI HEPBHBIX
BOJIOKOH JKMBOTHOI'O B JWAIla30HE TEPareploBbIX BOJH, a TAKKE MPOBEICHO Ma-
TeMaTU4YeCcKoe MOZeTupoBaHre. Pe3yabTaTel MOAETHPOBAHUS OBLIN COIMOCTaBIIE-
HBI C DKCIIEPUMEHTAJIBHO [TOJIyYEHHBIMU JAHHBIMH.

Pe3ynbTaThl MOIETUPOBaHHS MTOKA3BIBAIOT, YTO CIEKTP HEIWHEWHO Mpeod-
pPa30BaHHOIO CUTHAJa Ka4eCTBEHHO MOJ00EH CIEKTPY IKCIEPUMEHTAILHO H3Me-
PEHHBIX TEPArepLIOBBIX UMITYJIbCOB.
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Introduction: Heavy quarks are primarily produced in hard scatterings on
short time scales and traverse the surrounding medium, interacting with its
constituents. Consequently, the production of hadrons containing heavy quark(s)
serves as a particularly valuable probe for investigating the transport properties of
the hot matter formed in ultrarelativistic heavy-ion collisions.

The contemporary understanding of multi-particle production in central
heavy- ion collisions at RHIC and LHC energies suggests the formation of a hot,
strongly- interacting matter with hydrodynamical properties often referred to as a
“quark-gluon” fluid”. This medium absorbs energetic quarks and gluons through
multiple scatterings and medium-induced energy loss (see, e.g., [1-5]).

This study continues a series of investigations into the thermalization of
heavy quarks in quark-gluon plasma (QGP). In our previous works [6-11], we
explored the interplay between thermal and non-thermal mechanisms of hidden
and open charm production at RHIC and LHC energies (200 GeV and 2.76 TeV
per nucleon pair respectively).

In this paper, we analyze and interpret LHC PbPb data on the momentum
spectra of J/Ay mesons [12] in PbPb collisions at a center-of-mass energy of 5.02
TeV per nucleon pair, within the framework of the two-component HYDJET++
model [13]. Among various heavy-ion event generators, HYDJET++ is
distinguished by its focus on simulating the jet-quenching effect, accounting for
medium-induced radiative and collisional partonic energy loss (the “non-thermal”
hard component), while also reproducing the main features of nuclear collective
dynamics through the parametrization of relativistic hydrodynamics with preset
freeze-out conditions (the “thermal” soft component). Previous studies have
demonstrated that the HYDJET++ model successfully reproduces experimental
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LHC data across a range of physical observables in PbPb collisions, including the
centrality and pseudorapidity dependence of inclusive charged particle
multiplicity, transverse momentum spectra of inclusive and identified hadrons (z,
K, p), 77" femtoscopic correlation radii, momentum and centrality dependencies
of elliptic and higher-order harmonic coefficients, dihadron angular correlations,
and event-by-event fluctuations of anisotropic flow [14-17]. Our previous research
revealed that, at RHIC energies, both light and heavy charmed hadrons are not in
thermal equilibrium with the medium, undergoing thermal freeze-out earlier than
light hadrons (those composed of light quarks). At LHC energies of 2.76 TeV per
nucleon pair, light charmed hadrons (open charm hadrons containing a single c
quark) appear to reach thermal equilibrium with the medium and are well-
described by HYDJET++ parameters applicable to light hadrons. In contrast, JAy
mesons still exhibit characteristics of an earlier kinetic freeze-out. This work aims
to assess the situation at a higher energy of 5.02 TeV per nucleon pair.

1. Charm production in HYDJET++ model: HYDJET++ is a model of
relativistic heavy ion collisions, which includes two independent components: the
soft hydro-type state (“thermal” component) and the hard state resulting from the
medium-modified multi-parton fragmentation (*non-thermal” component) [13].
The soft component corresponds to the hadronic state produced on the chemical
and thermal freeze-out hypersurfaces, which are derived from the parametrization
of relativistic hydrodynamics under predefined freeze-out conditions. This is
achieved using the adapted event generator FAST MC [18, 19]). Hadron
multiplicities are determined within the framework of the effective thermal
volume approximation, employing a Poisson multiplicity distribution centered
around its mean value. This mean is assumed to be proportional to the number of
participating nucleons at a specified impact parameter of an AA collision. To
simulate the elliptic flow effect, the hydro-inspired parametrization is
implemented for the momentum and spatial anisotropy of a thermal hadron
emission source.

The approach used for the hard component is based on the PYQUEN
partonic energy loss model [20]. The simulation of a single hard NN sub-collision
by PYQUEN is modeled as a modification of the jet event generated by PYTHIA
6.4 [21]. This approach integrates several key effects, including medium-induced
rescattering, collisional and radiative energy loss of hard partons within the
context of an expanding quark-gluon plasma, as well as considerations of realistic
nuclear geometry and nuclear shadowing. The mean number of jets produced in
an AA event is calculated by multiplying the number of binary NN sub-collisions
at a specified impact parameter with the integral cross section of the hard process,
determined by the minimum transverse momentum transfer, p™". Partons
produced in hard processes with a momentum transfer lower than p™ are
considered as being “thermalized”. Consequently, their hadronization products
are included “automatically” in the soft component of the event.
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The input parameters of the model for both the soft and hard components
have been tuned to fit heavy ion data on various observables for inclusive hadrons
at RHIC [13] and LHC [14].

Charmed meson production in HYDJET++ includes both soft and hard
components as well. Thermal production of D, J/y, and A. hadrons is treated
within the statistical hadronization approach [22, 23]. Momentum spectra of
charm hadrons are computed according to thermal distributions, and the
multiplicities N, (where C = D, J/w, A) are calculated through the corresponding
thermal numbers N, as N, = y."N.", where y. is the charm enhancement factor (or
charm fugacity), and n. is the number of charm quarks in a hadron C. The
fugacity y. can be treated as a free parameter of the model, or calculated based on
the number of charm quark pairs obtained from PYTHIA and multiplied by the
number of NN sub-collisions.

Non-thermal charmed hadrons are generated by PYQUEN, taking into
account in- medium energy loss of heavy (b, ¢) quarks using the “dead-cone”
generalization [24] of the BDMPS model [25, 26] for radiative loss and the high-
momentum transfer limit [27, 28, 29] for collisional loss.

2. Jly-meson production in lead-lead collisions at \syy = 5.02 TeV: The
HYDJET++ model parameters for both the soft and hard components have been
finely tuned to fit heavy ion data on various observables for inclusive hadrons.
The chemical and thermal freeze-out temperatures, set at T, = 165 MeV and Ty, =
105 MeV, respectively, for inclusive hadrons are of particular relevance. Earlier
work [6] demonstrated that the HYDJET++ model could accurately reproduce pr
and y spectra of Jiy mesons at RHIC energies (Vsay = 200 GeV) [30], under the
assumption that the thermal freeze-out of Jhy occurs at the same temperature as
chemical freeze-out. This notion of early thermal freeze-out for Jhy had been
previously proposed to explain SPS data at 158 GeV/nucleon [31]. A similar
trend was observed at LHC energies (Vsyn = 2.76 TeV) [6, 7, 8, 9, 10, 11], and
this pattern persists even at Vsyy = 5.02 TeV.
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Fig. 1. Transverse momentum spectrum of inclusive J/y-mesons for rapidity |y] < 0.9 in 10% of
most central PbPb collisions at Vsyy = 5.02 TeV. The points denote ALICE data [12], histograms
represent simulated HYDJET++ events (red dashed — freeze-out parameters as for inclusive
hadrons, blue solid — early thermal freeze-out).
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Figure 1 presents a comparison between HYDJET++ simulations and
ALICE data [12] for the pr spectrum of J/y» mesons in the 10% most central PbPb
collisions within the mid-rapidity region (ly] < 0.9) at Vsyy = 5.02 TeV. The
results suggest that if J/ys undergoes thermal freeze-out at the same temperature as
chemical freeze- out (albeit with reduced collective velocities), the simulated
spectrum aligns with the experimental data. A comparison in the forward rapidity
region (2.5 < |y| < 4) for the 20% most central PbPb collisions is shown in Figure
2. It matches the data up to pr ~ 4 GeV/c. However, an enhanced contribution
from the hard component was required to better match the overall shape of the pr
spectrum. The observed discrepancy at high pr might suggest the need to further
tune the version of PYTHIA specifically for charmonium production.

It is important to note that HYDJET++ does not model final state effects for
guarkonia, such as the melting of primordial quarkonia in the hot medium or
dissociation by comovers. Therefore, it is not designed to accurately reproduce
data at high transverse momenta for prompt (and consequently, inclusive) J/y
mesons. Conversely, the production of non-prompt J/w mesons from B-meson
decays is particularly interesting due to the potential to observe medium-induced
bottom quark energy loss in this channel, which can be analyzed using our model.
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L1 \IIIH‘
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= [
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T 1 IIIIIll
L1 IIIIII|
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T THHHI
Ll HIH\I

v e by by by by s by 1y TS P

0 2 4 6 8 10 12 14 16 18 20
P, [GeV/c]

Fig. 2. Transverse momentum spectrum of inclusive Jiy-mesons for rapidity 2.5 <y| < 4 in 20%
of most central PbPb collisions at Vsyy = 5.02 TeV. The points denote ALICE data [12],
histograms represent simulated HYDJET++ events (red dashed — freeze-out parameters as for
inclusive hadrons, blue solid — early thermal freeze-out).

Summary: The phenomenological analysis of charmed meson production
in lead-lead collisions at a center-of-mass energy of 5.02 TeV per nucleon pair
has been conducted using the two-component HYDJET++ model, which
accounts for both thermal and non-thermal production mechanisms. The model
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successfully reproduces the momentum spectra of J/y» mesons by assuming that
the thermal freeze-out of J/y» mesons occurs significantly earlier than that of
light hadrons, likely during the phase of chemical freeze-out. This earlier freeze-
out is associated with reduced radial and longitudinal collective velocities. As a
result, a substantial fraction of J/yw mesons, particularly those with transverse
momenta up to pr ~ 4 GeV/c, appears to be out of kinetic equilibrium with the
hot hadronic matter created in PbPb collisions. This observation suggests that
the interaction cross section of Jiy mesons at this energy remains considerably
smaller than that of light hadrons.

Institute for Theoretical Physics and Modeling, Yerevan, Armenia
E-mail: Andrey.Belyaev@cern.ch

A.V. Belyaev

J/¥’ Meson Production Pattern in PbPb Collisions at 5.02 TeV in
HYDJET++ Model

The investigation of quarkonium production in heavy-ion collisions is
essential for gaining insights into the properties of the quark-gluon
plasma (QGP) and understanding the underlying mechanisms of particle
production in high-energy physics.  This  paper provides a
phenomenological analysis of the various properties of J/w mesons in
PbPb collisions at a center-of-mass energy of 5.02 TeV per nucleon pair.
The momentum spectra data of J/w mesons are accurately reproduced using
the two-component model HYDJET++, which integrates both thermal and
non-thermal production mechanisms. A substantial fraction of J/ mesons
undergo earlier freeze- out compared to light hadrons, aligning with
observations at an energy of 2.76 TeV. These results offer important
insights into the dynamics of J/ meson production and their interactions
within the quark-gluon plasma.

U4, Phjjuh

J/¥ dkgnuubph wnwpwmgdwi ophtiwsunhm pyniunkpn 5.02
TeV PbPb-h pupumdubtph durdwiiuay HYDIJET++ Unphjnid

Owlip hnutbph pwjunidubph dudwbwl pjuplnuhnidh wnwowg-
dwl htinwqnunmpniip Juplinp b pupdp Eubpghwgh $hqhugnid’
pyunl-qninttwghtt yjuquugh hwnlnipnibaubph b dwuthlutph wew-
owgdwt hhupnid pujws dkjpwuhquubph JEpupkpyuw; yuwnlkpugnid-
ubp dknp phpkjnt hwdwnp:
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Uju hnpuénmd ubpyuyugdwé E quugush jhtunnpnunid 5,02 TeV
dhonihh Eubkpghwyny PbPb-h pwpunidubtpnid Jp dkgnuubph wwppkp
hwwnlnipniuubph pEundktininghwljwub tpnidnipinii:

JAp dkgnuutiph hdwyniuh uvykunpuhtt njjujikpp dogpuinpku Yk-
pupununpynid ki oqguiugnpsting kpypununphs unnp HYDIET++, npp
ubkpwnmd £ husybu obpduwhl, wyuwybu k| ny ohpdwjhtt wnwewgdub
dbjuwmthquubp: JA dbgnuutph dh qquih dwup Gupwupydnud £ wybih
Jun uunkgdwl, hwmdbdwwnws phpl hwnpntubph hbkwn, husp hwdpuy-
unwd £ 2,76 TeV tukpghwubph dwdwbwl nhnwpynidubph htwn:

Uju wpmyniupubipp upbnp gunltpugnid tu nwhu /4 dkqnuuk-
nh wnwowgdwt nphuwdhuyh b pywpl-qpnintughtt wuquumnd
npuitg hnpiuqylgnipniiph Epupbppug:

A.B. BeasieB

Ocob6ennoctu poxnenus J/'¥Y-Me30HOB B coyiapeHHsIX HOHOB CBMHLIIA
npu 3Heprum 5.02 T3B B monesin HYDJET++

UccnenoBanne pokieHNs] KBAPKOHHEB B CTOJIKHOBEHUSAX TSKENBIX MOHOB
MMeeT KIIF0YeBOE 3HaYeHHE IS TTOTydYeHHs MIPe/ICTaBICHN O CBOMCTBAaX KBapK-
ritooHHON 1a3mMbl (QGP) u i MOHUMaHKs MEXaHH3MOB POXKICHHS YaCTHUIl B
(u3nKe BBHICOKMX Hepruil. B manHoi paboTe nmpoBeneH (GEeHOMEHOIOTHUSCKHM
aHaM3 pa3uuHbIX CBOMCTB J/\y-Me30H0B B PHPD cronkHOBeHMsX mpu sHepruu
5,02 T2B Ha mapy HyKJIOHOB B cucTeMe IieHTpa Macc. CIeKTpbl UMITYJILCOB J/y-
ME30HOB OBUIH TOYHO BOCIIPOM3BE/ICHBI C UCIIOIE30BAHNUEM JIBYXKOMITOHECHTHOM
momenu HYDJET++, xoTopas BKIIOWaeT Kak TepMajibHBIC, TaK W HETEp-
MaJIbHbIe MEXaHU3MbI POXKICHHS. BbUTO MOKa3aHo, 4TO CyIlecTBeHHAs qous Jy-
ME30HOB IpeTepreBacT 0ojee TEPMUIECKOE BEIMOPaXBAHHE IO CPABHEHHUIO C
JIETKUMH aJIpOHaMH, YTO COTiacyercsi ¢ HabmoqeHusIMu Jutst sHepruu 2,76 TaB.
OTU pe3ynapTaThl MPENOCTABIAIOT Ba)KHBIE CBEACHUS O TUHAMHUKE POXKICHUS
J/\y-Me30HOB 1 UX B3aMMOJICHCTBHSIX B KBaPK-TJIFOOHHOM TIIa3Me.
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THAPOXMMHU3MA NPHPOIHBIX BOJ

(ITpencrapneno wi.-kop. HAH PA C.M. Oranecsnom 19/VI 2024)

KuroueBble ¢cjI0Ba: npupooras 600d, XumMuieckutl cocmas, mpexKkoMnoHeH-
mHas cucmema, ouazpamma, Piper-plot, kiaccuguxayust.

Beenenue. B Hactosiiee BpeMst IpuaaeTcsi 0c000 BaKHOE 3HAYCHUE BH3Ya-
JU3aIUH U HHTEPIIPETAA MHOTOKOMITOHEHTHBIX JIAHHBIX (00beKmMUGHOMY npeo-
CMABNIEHUIO CTIONCHBIX MHO2O(DAKMOPHBIX NPOYECCcOo8), B YACTHOCTH, THAPOT COXH-
MHUYECKHX UCCIICOBAaHNH MPUPOTHBIX BOJI,

K HUM OTHOCATCS MIMPOKO HCIOIb3YeMbIe TIPH MPEACTABICHUN OCHOBHOT'O
AQHUOH-KaTHOHHOTO COCTaBa P00 BOI (08)X HE3ABUCUMBIX MPEXKOMHOHEHMHBIX
cucmem) — xomiuiekcubie auarpammbl H. Tonctuxuna (1928) [2] u A.M. Piper
[5] - piper-plot, B Buze npencrapnenus AByMs rpaduKaMU-TPEyroIbHUKAMHU COB-
MECTHO C TpauKOM-KBapaToM WK rpa@uKOM-pOMOOM COOTBETCTBEHHO.

Hean padoTbl — aHanM3 HHPOPMATUBHOCTH yKa3aHHBIX KOMIUIEKCHBIX TH/I-
POTCOXMMUYECKHX JIarpaMM.

Busyanuzauus u anaau3 amarpamm. Ha puc. 1-3 u300paxkeHbl KOMILIEKC-
HBIE JIHarpaMMBbl I COOTBETCTBYIOIINE THITOBbIEC KIACCU(PHKATMOHHBIEC TAOIHIIBI.
JIomycTiM, 4TO pe3yibTaT ueciemyeMoit mpoosl Ne 1 (yenosusiil 3nax unu mouxa)
Ha rpaduke-kBaapare (puc. 1, a) (ww epaguxe-pombe, puc. 2, a) MPUHAIIEKHAT
OIPE/ICIICHHON YeTBepTH (061acmit), HAXOAACh Ha TIEPECEUCHUH MPOEUPYEMBIX
npambix 17 u 17 (coanacno memoouxe nocmpoenus 0annvix 08YX MmpexKoMnoHeH-
MHbIX cucmem), KOTOpbIe, B CBOIO O4Yepellb, MapajuielbHbl COOTBETCTBYIOIINM
CTOpOHAM IpadUKOB-TPEYTOJBHUKOB U TIPOXOMAT Uepe3 YCIOBHBIC 3HAKU JTAHHOM
npo0bl Ha rpadukax-Tpeyronbaukax. [Ipu sToM, mpsameie 17 u 17 Ha rpadukax-
TpeyroibHHKax Iepecekarot cektopsl BY, Z', C* u B7, Z°, C” cooTBeTcTBEHHO,
CIIeIOBATEIbHO HE3aBUCHMO OT KOHKPETHOT'O MECTOPACIONIOKEHHUS MTPOOBI (Kap-
OUHAILHO OMIUYAIOWUXCSL UCXOOHBIX OGHHbIX) Ha TpadHKax-TPEyrojbHHUKAX,
OJIMHAKOBO OTOOpaXaroTcs Ha rpaduke-kBaapate (uau epaguxe-pombe), TeM ca-
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MBIM TMOJHOCTBIO UTHOPUPYETCST K KAKOMY W3 YKa3aHHBIX CEKTOPOB TpadUKOB-
TPEYTOJIFHUKOB IPHHA/IICKAT PE3YNILTATHI aHAIN3A, T.€. HE YUUTHIBACTCSI KIIACCH-
(UKaIMOHHBIA TU TPOOEL. J[pyroii nmpuMmep, pe3ylnbTaThl YCIOBHOM MpoObl Ne 2
MpUHAUISKAT HIDKHEH deTBepTH (0Onacmu), TIOTyYeHHBIE IyTEM BBIIICTIPHBE-
JIEHHBIX TOCTPOEHMIH, Ha TIEPECEUEHNH POEIUPYEMBIX TIPAMBIX 2° u 2°. B aToM
cllyyae He HaOIlfoaeTcs mepecevueHe STUMH NPSIMBIMHA HECKOJIBKUX CEKTOPOB Ha
rpaduKax-TpeyroibHUKax (4mo 2osopum 00 AOCOMOMHO KOHKPEMHOU KIACCU-
Guxayuonnoll xapaxmepucmuxke muna OaHHOU NpoObl), OJHAKO 3/1eCh TaKKe
MPUCYTCTBYET HEONPEACICHHOCTh B OTOOpaXKEeHHH (6u3yanusayuis) OTIHYAFOIINX
MO BEJIMYMHAM KOMIIOHEHTOB UCXOJHBIX JAHHBIX B MPEENax COOTBETCTBYIOIIMX
CEKTOPOB Irpa)KOB-TPEYTrOIBLHUKOB.
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Puc. 1. I'paduku-TpeyronbHUKH (IBYX TPEXKOMIIOHEHTHBIX CUCTEM) IPH 4-CEKTOPHOH Ipafaluu
1 rpauK-KBaapaT (a) OCHOBHOI'O aHMOH-KaTHOHHOI'O COCTaBa NPUPOAHBIX BOJ (110 ToncTuxuny)

u 16-TrnoBas kiaccupukanuonHas tadnuia (6), coracHo npumMepam 1 u 2.

WupiMu cnioBamu, pe3yabTaThl MHOXKECTBA P00, HAXOIAIMXCS B IIpeaenax
rpaUKOB-TPEYTONLHIKOB Ha Mape NPOEUPYEMBIX IPAMBIX (6 uacmuocmu, 1 n
1" umu 2° u 27) na rpaduxe-kpaapare, puc.l,a (u epaguxe-pombe, puc. 2, a),
XapaKTepU3yIolIre pa3InIHbIe KOHIIEHTPAIMA OCHOBHBIX HOHHBIX MaKpPOKOMIIO-
HEHTOB, M300paKarOTCS OJAMHAKOBO \ OJJHO3HAYHO — OJHOW M TOH K€ TOUKOIL.
OueBHIHO, TAKOE HEKOPPEKTHOE OTpPaKEHHE Pa3NUYHBIX HMCXOIHBIX JIAHHBIX
(npeocmasnsiemvix na epagurax-mpeyeonpHukax) Ha rpadrKe-KBaapaTe WIH rpa-
(uke-poMOe MPUBOAUT K UCKAKECHUIO 000OIICHHOM XapaKTePUCTUKH (Kiaccugu-
Kayuu — puc. 1, 0) AByX TPEXKOMITOHEHTHBIX CHCTEM, U B pe3yJbTare — K HeroJ-
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HOIIEHHON TPAaKTOBKE SKCIIEPUMEHTAIIBHOTO MaTepuaa. 3aMeTUM Takke, 4To HC-
MOJIb3YEMbIH METOANYECKUI TIOAXOJ IPH UHTEPIIPETAIMHN T10 CYMME JIBYX JIPYTHX
xomronentos (B™+C™ u B'+C") na rpaduxe-ksaapare (puc. 1, a) unm rpaduxe-
pombe (puc. 2, a) yxe 3aBeZIOMO PUBOJIUT K HEKOPPEKTHOMY HUCTOJKOBAHHUIO.

KamuoHbl, %-3Ke
k1 k2 k3
N | 20| 20 | 20
ca | 70 | 35 5

5

5
RSN
e
el
GO

e

aHUOHBI, %-3Ke
a, [ a [ aa
Heo,| 25 | 25 25 | 25
so. | 60 45 23 5
e | 15 30 52 70

Puc. 2. I'paduku-TpeyroabHUKH (BYX TPEXKOMIIOHEHTHBIX CUCTEM) IpH 4-CEeKTOPHOH Ipalaliii 1
rpauK-poMO OCHOBHOTO aHHOH-KaTHOHHOT'0 cocTasa (110 Piper) KoMIiekcHON anuarpaMMsl,
corsiacHo npuMepam 1 u 2 (a), ¢ TabnunamMu yCIOBHBIX COJIEpyKaHUH HOHHBIX MaKPOKOMIIOHEHTOB,
o npumepy 1 (6) u rpadukoM-poMOOM, oTpakaronM pe3yiasrarsl Busyaauzamun 10000 mpob npu

UX PaBHOMEPHOM pAacIIpeJIeNIeHHH Ha IpadUKax-TpeyroJibHUKax (B).

Ha puc. 2, 6 mpuBeneHbI COAEPKaHNS AaHMOHHBIX M KATHOHHBIX MaKPOKOM-
MTOHEHTOB B COOTBETCTBHHU C TpadpuKaMH-TPEyTrOJIbHUKAMHU, KOTOPBIE TEOpETHYIE-
CKH MOTYT XapaKTepHU30BaTh 12 pa3iMuHbIX TMPOO BOABI B CIEAYIONIMX MOHHBIX
KOMOHMHAIMAX JBYX TPEXKOMIIOHEHTHBIX chCTeM: (aiKi), (aikz), (aiks), (azKi),
(azkz), (a.zk3), (a3k1), (a3k2), (a3k3), (a4k1), (a4k2) u (a4k3) HCTPYIIHO 3aMETUTh, 4TO,
HECMOTpS Ha MX CYIIECTBEHHbIE THAPOXUMHUYECCKUE PA3IUYMs, BCE OHU OTOOpa-
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XKaroTcs Ha rpaduke-poMOe OFHON TOYKOM. 37eCh Ke OTHEIBHO MpPENCTaBIICH
rpadguk-poM6 (puc. 2, B): B KOKIOM €IMHUYHOM poMmOuKke (co cmoponoti 10%-
9KG) YMCIIAMH YKa3aHO KOJIMYECTBO MPOO, OTPAXKAIOIINX PE3yJIbTaThl BHU3yasn3a-
mur 10000 aHaNMM30B HpU UX PAaBHOMEPHOM pacrpele/iecHu Ha rpadukax-Tpe-
yroJiibHUKax (B): O OHOMY B KQKIOM SIMHHYHOM TPEYTOJIIBHUKE (CO CMOpOHOU
10%-2xs).

@HUOHbI

c

0 )\ [
100 _ 80 7 50 20 (] 0 20 50 ‘3.|. 80 4+ 100
B

aHUOHbBI

Puc. 3. I'paduku-TpeyronbHUKH (IBYX TPEXKOMIIOHEHTHBIX cucteM) U rpaduk-pomo6 (a)
OCHOBHOI'0 aHHOH-KaTHOHHOI'0 COCTaBa NPUPOIHBIX BOJ IpH 10-cexTopHOM rpanauuu rpaduxa-
TpeyronsHuKa (6) n 100-TunoBast TabauYHAs BU3yaIH3alHs K1acCU(pHUKaIyy (B), COrJIaCHO
npumepy 3.

[IpencraBuM AOMOTHUTENBHO MOSCHSIONMNA Tpumep (puc.3 — yciosnas
npoba Ne 3 Ha epaguxe-pombe) pu ACCATUUHON Tpaganuu rpaduka-Tpeyroiib-
Huka (puc. 3, 0), cornacuo [3]. [Inomane cexktopa A (puc. 3, a) cocrapiuser 8%
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TUTOMAIM rpaduKa-TpeyrolbHUKA, CIIEIOBATEIBHO, TIPH PABHOMEPHOM pacipesie-
JIEHWH OOJBIIION COBOKYITHOCTH JIAHHBIX THITY A COOTBETCTBYIOT Takke 8% JaH-
HBIX. [Ipy OTHOBpEMEHHOM PACCMOTPEHHH JBYX TaKHX COBOKYITHOCTEH (6 wacm-
HOCMU, GHUOH-KAMUOHHO20 cocmaéa 600) — Ty A A’ coorserctByer 0.64%
nanueix. Ha rpaduke-pombe (ouesuono u na epapuxe-ksadpame) miomams o-
HO3HA4YHO MpEICTaBIseMbIX JaHHBIX Ty A A" coorBerctByeT 4% miomamm
rpaduka-poM0a, a HEOAHO3HAYHO MPEACTABIIEMBIX MaHHBIX — 12% mutomanu (6
omoti obnacmu mo2ym nposenamvcs u oannvie munos A, (AB)”, (AC) u A,
(AB)", (AC)" 6 pasnvix 8 kombunayusx). Takum obpazom, Tun A”A’, cocrasisis
Bcero 0.64% naHHBIX ABYX PaBHOMEPHO paclpelelieHHBIX COBOKYITHOCTEH, Ha
rpaduke-poMOe M300pakaeTcsl Kak OJHO3HAYHO, TAK U HEOJHO3HAYHO, U B CyM-
Me, 3aHuMaeT (uzobpacxcaemces na) 16% mnomanu rpaguka-poModa, TeM CaMbIM
OXBaThIBas CYILECTBEHHO OOJBIIYIO MIomans (o61acms A A’), He copasMepHYIO
¢ BenmuuuHOM mposiBieHus. [lmomane mepexomHoro (cmewianrnozo) cexropa Z
(puc. 3, a) npu AaHHOM Tpajaluu cocTaBisier 6.25% momam rpaduka-Tpey-
royibHAKA. [Ipr 0THOBpEMEHHOM PACCMOTPEHHUH JBYX PAaBHOMEPHO pacrpe/iesieH-
HBIX COBOKyMHoOcTel Tuna Z Z* coorserctyer 0.39% nanubix. Ha rpaguke-pom-
0e Ty Z 7" miomaap oIHO3HAYHO MIPENICTABISIEMBIX TAHHBIX BOOOIIE OTCYTCT-
BYET, a HEOJHO3HAYHO MPEACTABISIEMbIX JaHHBIX paBHa 4% tutomiaau rpaduka-
pomba (6 amotl obracmu mozym npossnamecs u dannvle munos Z -, (AB), (AC),
(BAY, (CA)Y u Z', (AB)", (AC)", (BA)', (CA)" & pasnvix 24 xombunayusx).
Wubivu cnosamu, Tun Z Z', coctaiss Beero 0.39% NaHHBIX JBYX paBHOMEPHO
pacIpeieieHHbIX COBOKYITHOCTEH Ha Tpaduke-pomOe, oTpaxkaercs HeoJHO3HAY-
HO U u3o0paxaercs Ha 4% rurolaau rpaduka-poMoa (3anumas noumu Ha nopsi-
00K boBULYIO NOWAOL — HecopazMepHyio ¢ obnacmvio nposenenus Z Z"). Iloxo-
JKasl Hea/IeKBaTHasl KapTHHA HAOMI0IaeTCs M IIPU PACCMOTPEHUU IPYTUX THUIIOB.

[IpuBeneHHBIC TIPUMEPBI OTYETIIMBO MTOKA3bIBAIOT, YTO COBMECTHOE PAaCCMOT-
peHue (nocmpoenue) NByX HE3aBUCHMBIX TPEXKOMITOHEHTHBIX CHCTEM C UCIIOJb-
30BaHneM Tpaduka-kBaapara (wiu spapuxa-pomba) KOMIUIEKCHOW IHarpaMMbl
HNPUBOHUT K TpaguIecKOMy HECOOTBETCTBUIO (3pUMENIbHOMY OOMAHYNUCKANCEH-
HOMY 8OCHpUSMUIO) CTETIEHH PacIpPOCTPAHEHHOCTH WCTUHHOW BENWYHMHBI U 00-
JACTU TIPEICTABIISIEMON 3aBUCUMOCTH (8 yacmHocmu, Omcymcemeue\«pazmviéa-
HUe» YemKUux Spanuy Medxicoy KiacCupQuKayuOHHbIMU MURAMU AHUOH-KAMUOHHO-
20 COCMAaBa NPUPOOHBIX 800).

OnHako, ¢ Ipyroil CTOPOHBI, IPXU COOTBETCTBYIOIIEM IPENCTABICHIHA KOM-
ITOHEHTOB M WX HAIIPaBJICHHUN M3MEHEHHs (OpueHmuposku oceil) Ha rpaduKax-
TpPEyrobHUKAX, TpaQuK-poMO n\iin TpaduK-KBaapar MPEICTABISCT H OHO3HAY-
HO XapaKTepH3yeT KOPPEISLUOHHYIO 3aBUCHMOCTh (Quaspammy paccesuus) ofi-
HOT'O WJIM CYMMBI IBYX KOMIIOHEHTOB M3 Ka)KJI0H COBOKYITHOCTH M, HECMOTPS Ha
BO3MOYKHOCTh OTOOPaKEHHUSI Pa3HBIX KOMIIOHEHTOB\ MapaMeTpoB, BO BCEX CiIyya-
SIX HECET OJIMHAKOBYIO (abOCOMOmMHO udeHmu4Hy0) NHPOPMAIUIO, a UMEHHO: 00-
Jiee IOHATHYIOMIPHBBLIYHYIO 3aBUCHMOCTh KOMITOHEHTOB A™ 1 A" npyr ot apyra, u
HHU4ero donee. 31ech 1eneco00pa3Ho MOMEHSITh MECTaMH IPOTHBOIIOIIOKHBIE OCH
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(uranvr) rpaduka-pomba, KOTOPHIH MPEBPAIIACTCS] B KOCOYTOIbHO-ITOCTPOCHHYIO
JMarpaMMy paccesiHUsl ¢ HadaJloM KOOpJMHAT B BEpXHeEH BeprmHe pomba. Orta
3aBUCHMOCTh MPAKTHYCCKU W SIBIISICTCS SIUHCTBEHHBIM CBS3BIBAIOIIAM 3BEHOM
IIECTUKOMITOHEHTHOM COBOKYITHOCTH JAHHBIX MEXKIY CIararolied ee IByMs
TPEXKOMITOHEHTHBIMH CUCTEMaMH C UCITOJb30BAaHUEM KOMITJICKCHOH JUarpamMMBel,
TEM CaMBIM, TakKe (KaK noKazano Ha npumepe 2paguxa-keaopama ¢ [3]) ycrpa-
HUB HEYI00CTBA 10 [[EIOCTHOMY BOCHPHUSTHIO IJAHHOW MHOTOKOMIIOHEHTHOM Tpa-
(HrUecKoii 3aBUCUMOCTH.

Kpowme artoro, ciemyer oco00 oOpaTuTh BHUMAHKUE, YTO MO IpaduKy-poMOy
(puc. 2, a) IpOBOAUTCS KiIAcCHU(DUKALMS MPUPOIHBIX (1OO3EMHBIX U HAZEMHDIX)
BOJI, KOTOpast 3aJI0’KEHa BO MHOTHX HCIIOJIB3YEMBIX 3apYOEKHBIX KOMITBIOTEPHBIX
nporpaMmax 1o o0paboTke M WHTEPIpETalii TUAPOXUMHUYECKUX JaHHBIX (8
yacmnocmu, «GW-Chart»). OnHako B 2Toif MeTOAMKE KIACCH(HUKAINKA THITOB
MPUCYTCTBYET CHCTEMAaTHYECKasi METOIONIOrHIecKas omroka, KoTopast sBIsIeTcs
CIICJICTBHEM HEOJHO3HAYHOIO (U 6 umoee, HenpasuibHO20) BBIICICHUS\OTpasKe-
HUSI COBMECTHBIX 00J1acTell IBYX TPEXKOMITOHEHTHBIX CHCTEM Ha rpaduke-pomoe.

C napyroii CTOpOHBI, IMPEACTABICHUE IIIECTUKOMIIOHCHTHOH Kiaccuguka-
IUOHHOW Tabnmumbl (puc.3,0) MeHee «BH3YyallbHO 3(PQEKTHO», XOTS TaOIMIHBIN
(dbopMaT KOppeKTeH 1 OfHO3HAYEeH [1], yeM muTtocTpanust YCI0BHO IIECTUKOMIIO-
HEHTHBIX KOMIUIEKCHBIX AUArpaMM (@opmanbHO 00beOUuHeHHbIX 08YX MPEexKoM-
NOHEeHMHBIX CUCTeM) C ICTIONb30BaHNEeM TpaduKa-KBaIpaTa.

3nmeck ciemyer A00aBUTh, YTO IMPU IOCTPOCHHHW W COBEPIICHCTBOBAHUU
HCIOJIb3YEMBIX KIIAaCCU(DUKAIIMOHHBIX TAOJMIl, OCHOBAaHHBIX Ha OOIICHPUHATON
¢dopmyine Kyprosa, 0cOOCHHO BaK€H HE TOJILKO MPABUJIBHBIA BHIOOpP THUIIOBOH
rpagaiyu rpadMKOB-TPEyroJIbHUKOB OCHOBHOTO aHHOH-KaTHOHHOTO coctasa [3],
HO M Y4eT HOPMHPOBAHHBIX IOKa3aTelleii CyMMapHOI'O MacCOBOI'O COZEPIKaHUS
OCHOBHBIX HOHHBIX MAaKPOKOMITOHEHTOB M YACTHBIX KPHUTEPHUEB IO OIICHKE
aucOananca XUMHYECKOM IEKTPOHEHTPaTbHOCTH MTPUPOAHOM BOIbI [4].

BuiBoabl. Takum 00pa3oM, pe3toMHpPYs BBIIICH3IIOKEHHOE, MOKHO 3aKITIO-
YUTh:

* WHPOPMATUBHOCTH TpaduKa-KBaapaTa Wik Tpaduka-poMba KOMILIEKC-
HBIX THJPOTCOXMMHUYECKHX HArPaMM OJIMHAKOBA, pa3lMuue — TOJIBKO B
KOH(MUTYpaluy MpeICTaBICHHSL

" Ha rpaduKke-KBagpare u rpapuke-poMOe HEOTHO3HAYHO\UCKAKEHO OTpa-
)Kaercs eauHooOoOmaonas (odwvedunennas) Kiaccu(pUKaIMs TUIIOB
JIBYX TPEXKOMIIOHEHTHBIX CUCTEM (AHUOH-KAMUOHHO20 COCMABA NPUPOO-
HbBIX 800);

" ¥ TaKas JOMOJHUTEIbHAS BU3YATH3AIHS JaHHBIX IPAKTUYECKH HE COJIep-
XHUT uHQOpManmio, Ooiice YeM OObIYHASI CTATHCTHYECKas auarpamma
paccesiHusl, TIOCTPOCHHAs MO0 OJJHOMY B3SITOMY (1pOu3801bHOM)) KOMIIO-
HEHTY U3 KaXJ0l TPEXKOMIIOHEHTHOM CUCTEMBI.

B nporiecce nccnenoBanuii pazpadoTtanbl 3GheKTUBHBIE aNTOPUTMBI U TIPOT-

paMMHOe obecrieueHune, TTO3BONISIIONIHE BRIMOMHAITH BBOJI, TPEABAPUTENBHYIO 00-
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pabOTKy ¥ BU3yaIM3alrIO JaHHBIX C TIOCTPOCHUEM aHHOH-KATHOHHBIX THAPOreo-
XAMHYECKHX IHArPaMM H CTATHUCTHYECKUX 3aBHCUMOCTEH, IM(PPOBYIO Kiaccudu-
KaI[OHHYIO CHCTEMATH3alMi0 JaHHBIX\IPOO ¢ IMPEACTaBICHHEM B TaOIMYHOM
¢dopmare.

Wuctutyt reonornueckux Hayk HAH PA
e-mail: arshak.matevosyan@yandex.com

A.K. MaTteBocsH

K BOIIPOCY I/IH(l)OpMaTI/IBHOCTI/l KOMIUIEKCHBIX THarpaMmm
TMAPOXUMHU3MAaA IPUPOIHBIX BOJX

[pencraBneH aHain3 MHPOPMATHBHOCTH KOMILJICKCHBIX THIPOT€OXUMU-
YECKHX JMarpamMM, B HACTOSIIEE BPEMsl IIUPOKO UCTIOIb3YEMbIX MPHU MPEICTABIIE-
HHU OCHOBHOT'O aHHOH-KaTHOHHOT'O COCTaBa MPUPOAHBIX Boi. [Toka3aHo, 4To HH-
¢dopMaTuBHOCTH rpaduka-kBaapara U rpaduka-pomba KOMIUIEKCHBIX AHArpaMm
OJIMHAKOBA W OHHM HEOIHO3HAYHO IMPEIACTABIISAIOT 00beAMHEHHYIO (0000IICHHYIO)
KJTaCCU(HKAIIUIO THIIOB IBYX TPEXKOMIIOHEHTHBIX CHCTEM.

U.4. Uwplnujut

Puwjwt opkph hhnpnphthwjwt hwdwhp nhwgpudutph
wnbnthwwnympjut yEpupkpuyg

Ukpuyugdws E hhgponbpypuphdhwliwt hwdwihp nhugpudutph
nbntjunjuliut pnduwinulnipjut yEpnidnipiniip, npnup ubkplu-
mdu quyunpkt hpwnynd Bu ptwut opbph hhdtwlwt wihnu-ju-
nhntwjht juquh thpuyugdwt dudwbul:

8nyg k nipynid, np hwdwihp nhwugpudubph punwyniuh-qpudphlhh
nt nnUp-gqpubhih wnbnbjunjuijut pnduwinulnipniip tnyut k b
npuip ny dhwbpwtwl b tkpjuyugunid Epynt tnwpwnunnphy hudw-
Jupgbph mbuwlutph puinhwipugdws nuuwlwupgnidp:

A.K. Matevosyan

About Informativity of the Natural Water Complex
Hydrogeochemical Diagrams

An informative analysis of complex hydrogeochemical diagrams, currently
widely used in the presentation of the main anion-cationic composition of natural
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waters is presented. It is shown that the information content of a square-graph or a
diamond-graph of complex diagrams is the same and they ambiguously represent
the combined (generalized) classification of the types of two three-component
systems.
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Pa}]I/lKaJII)HaSI conmoJimmMepusanmus aKpl/IJIOBOﬁ KHCJIOTHBI C
AKpWIaMHUAO0M B Pa3/iIMYHbIX Cpeaax

(TTIpencrasmeno akagemuxom JILA. TaBamsrom 9/X 2024)

KioueBble ciioBa: NOJIAIDHOCNb cpedbz, aAKmueHoCmb MOHOMepaA, COnojiu-
MEpP, KOHCmMarnma conoaumepusayuu, UOHO2EKHOCNb cpedbz.

B naHHOM COOOIEHUH MPUBOIATCS PE3y/IbTaThl MCCICAOBAHHS IO PajIH-
KaJIbHON coronuMepu3anun akpuiaoBoil kucnotsl (AK) u akpunammna (AA) B
pa3IMYHBIX IO MOMAPHOCTH cpenax. [lokasaHo, 4To cTemneHb MONSIPHOCTH pac-
TBOPHUTENISL B OCHOBHOM BJIHMSICT Ha aKTUBHOCTh AK B peakiiuu comoinMepusa-
nuu ¢ AA u3-3a €ro HaXOXKJIEHUS B BBICOKOMOJSIPHBIX CpeaX B YaCTUYHO HO-
HOreHHOHM (hopMme. B pa3auuHBIX pacTBOPUTEIAX OMPECIICHbI YMCICHHBIC 3Ha-
yeHus KoHCTaHT cononumMepusanuu AK ¢ AA. OmnpeneneHs cpeHue Mojl. Mac-
CBI COTIOJTUMEPOB, MOTYICHHBIX B PA3JIMYHBIX PACTBOPUTENSX.

PerynupoBanue 3BEHBEBOTO COCTaBa COMOIMMEPOB MPH paIUKAIbHOU
COIIOJIMMEPH3AIIH BHHIJIOBBIX MOHOMEPOB B MPHUKJIAJHOM OTHOIICHUU MMEET
B)KHOE 3HAYCHHE C LEIBIO MONYICHHS TTOJTUMEPHBIX MPOAYKTOB C 33aIaHHBIMHU
cBoiictBamu. [lo mpobneme W3ydeHUs! BIHMSHUS TPUPOIBI PACTBOpUTENEH Ha
3BEHLEBOM COCTaB MPOMYKTOB paguKalbHON comonumepusanuu AK ¢ pazmmd-
HBIMH TIPOM3BOIHBIMHU aKPHIIATOB OITyOIHKOBaHbI paboTe! aBToposB [1, 4 — 7, 9].

B nmaHHOM COOOIEHHMH TPHUBOAATCS PE3YJIbTAThl MUCCICAOBAHUS PEAKIIMU
paaukanbHOi comonuMmepusanmn AK ¢ AA B Boae, IUMETWICYNIbdokcHIe
(AMCO), mumerundopmamuae (JJMDA), stunosom crnupte (3C) U B cMecu
YKa3aHHBIX OPTaHWYECKUX PacTBOpHUTENEH ¢ Bojod. B tabm. 1-7 mpuBomsarcs
JAHHBIC 110 3aBUCUMOCTH MOJIBHBIX COOTHOIIICHUN YHCIIa 3BEHHEB B COIOJIMME-
pax AK ¢ AA 0T MOJBHBIX COOTHOIIEHUN 3THX K€ MOHOMEPOB B HCXOIHOMH
CMecH.

3aBUCHMOCTh 3BEHBEBOI'O COCTaBa COMOIMMEPHU3YIOIINXCSI MOHOMEPOB OT
WX MOJBHOTO COCTaBa B MCXOJIHOM CMECH OIMChIBAaeTCs ypaBHeHHEM DaliHe-
mana-Pocca [8]
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(FIf)x(F-1)=(FYR)xr1-12,

rne F=[AK]/[AA] u f =[AK]/[AA] — MOJIbHOE COOTHOIIICHHE B UCXOJHOH CMECH
U COTOJINMEPE COOTBETCTBEHHO I M I'; — KOHCTAHTHI COMOIMMEPH3AITHH.

Tab6muna 1

3aBUCUMOCTH MOJIBHBIX COOTHOIIIEHU MOHOMEPHBIX 3BeHheB AK 1 AA B

CononuMepax, IMOJy4CHHBIX B BOI[HOﬁ cpeac, OT uX MOJIBHBIX COOTHOIIICHHH B

HCXOJIHOW CMECH U B comonumepe coorBeTcTBeHHO. [AK]=1.0 Momb/i

[AA] 2
oy F f (FIf)x(f-1) F/f
0.1 10.0 8.78 8.86 11.29
0.2 5.0 4.56 3.90 5.48
0.3 3.3 2.41 1.90 3.12
0.4 2.5 2.31 1.46 2.58
TabGnuna 2

3aBUCUMOCTH MOJIBHBIX COOTHOIIIEHU MOHOMEPHBIX 3BeHheB AK 1 AA B

cononumepax, nonydeHHsIX B JIMCO, OT UX MOJBHBIX COOTHOIIEHUH B UCXOHOM
cmecu. [AK] =1.0 mons/n

[AA] 2
F -
. f (FIf)x(f-1) F/f
0.10 10.0 13,14 9.24 7.61
0.15 6.70 8.91 5.95 5.04
0.30 3.33 457 2.60 2.43
0.45 2.22 3.08 1.50 1.60
0.60 1.67 2.38 0.97 1.17
Tabmuma 3

3aBUCUMOCTH MOJIBHBIX COOTHOIIIEHU MOHOMEPHBIX 3BeHheB AK 1 AA B

COMOIMMEpPax, MoIydeHHbIX B JIM®DA, 0T UX MOJBHBIX COOTHOIIEHUH B UCXOAHOMN

cmecu. [AK]=1.0 monb/n

[AA] 2
. F f (F/M)x(f-1) (F/f)
1 2 3 4 5
0.1 10.0 20,95,25 9.52 4.27
0.15 6.7 13.95 6.19 3.19
0.2 5.0 10.45 4.52 2.39
0.3 3.33 6.95 2.85 1.59
0.5 2.0 4.16 1.52 0.96
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TaGnuua 4

3aBUCUMOCTH MOJIBHBIX COOTHOIIIEHU MOHOMEPHBIX 3BeHheB AK 1 AA B

comonuMepax, nonydeHHbIX B C;HsOH, OT MX MOJIBHBIX COOTHOIICHUI B MCXOTHOM
cmecu. [AK]=1.0 monb/n

[AA] 2
. F f (FIf)x(f-1) (F/)
0.1 10.0 18.56 9.46 5.39
0.2 5.00 10.32 4,51 2.42
0.3 3.33 6.32 2.80 1.75
0.4 2.50 5.69 2.06 1.10
0.5 2.00 3.90 1.49 1.02

Tab6muma 5

3aBUCUMOCTH MOJIBHBIX COOTHOIIIEHU MOHOMEPHBIX 3BeHheB AK 1 AA B
cornonuMmepax, noiaydeHnsix B cMecu JIMCO-Bopa (0.8:0.2 o 00béMy), OT MOJIBHBIX

COOTHOUIEHHI MOHOMEPOB B ucxoaHoi cmecH. [AK]= 1.0 monb/n

[AA] 2
F f F/f)x(f-1 F</f
MOJIL/TI (FAx(1) (F/m)
0.1 10.0 11.42 9.12 9.54
0.2 5.0 5.91 4.15 4.23
0.3 3.3 4.05 2.51 2.74
0.4 2.5 3.12 1.70 2.00
0.5 2.0 2.56 1.20 1.56

Tabmura 6

3aBHUCUMOCTH MOJIHBIX COOTHOIIEHU MOHOMEPHBIX 3BeHbeB AK 1 AA B comonumepax
B cMecu [IM®DA-Bopaa (4:1 o 006EMyY) OT MX MOJIBHBIX COOTHOIIIEHUH B UCXOIHOU
cmecu. [AK]=1.0 monb/n

[AA] 2

o F f (FIfx(f-1) =
0.1 10.0 11.25 9.38 6.15
0.2 5.0 8.29 4.40 3.01
0.3 33 5.62 2.74 1.97
0.4 2.5 4.29 1.92 1.46
05 2.0 3.48 1.42 1.15
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Tabmuma 7

3aBUCUMOCTH MOJIBHBIX COOTHOIIIEHU MOHOMEPHBIX 3BeHheB AK 1 AA B
cornonuMepax, nony4aeHusix B emecu C;HsOH-H,0 (0.8-0.2 o 06bémy), OT ux
MOJIBHBIX COOTHOIIICHHI B ucxomuon cmecu. [AK]= 1.0 momw/i

[AA] 2

o F f (FIfx(f-1) =
0.1 10.0 13.45 9.26 7.43
0.2 5.0 6.93 4.28 3.60
0.3 3.3 4.74 2.63 2.34
0.4 2.5 3.65 1.81 1.71
05 2.0 3.00 1.33 1.34

Ucnonr3ys ypaBuenune daiinemana-Pocca [8] u nanHble, IpUBEAEHHBIE B
tabn. 1-7, mocrpous 3asucumoct (F/fx(f-1) or (F?/f), onpenenensl KoHcTaH-
THI COITOTMMEPU3AITUH I U I, 1711 MoHOMepoB AK 1 AA, Kak B BBITIIEIPUBEIEH-
HBIX PACTBOPUTEISIX, TaK U UX BOTHBIX cMecsX (puc.l u 2).

1 3
(e 4

3.5 4.0 5‘9 60 2 B Ho 8,0 ,'»'g

403 ‘ > ,
/;2 tweo 4 ;/’/

Puc. 1. 3asucumocts (F/fx(f-1) or F/f, momy4eHHbIX B IPHCYTCTBHM PAaCTBOPHTENIEH:
1) Boma; 2) IMCO; 3) IM®DA; 4) 3TUIIOBBIH CIIHPT.
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Puc. 2. 3asucumocts (F/Hx(f-1) or F?/f, monydeHHbIX B CMeCH pacTBOpHTENIEi:
5) AMCO-Bona; 6) IM®A-Boza; 7) 3THUIOBBII CIUPT-BOJA.

Huxe npencrasiena peakunonHas cxema cononuMepusaimu AK ¢ AA
ki1 k22

m; +M; ——my m; +M; ——my,
k12 ka1
m; +M; ——m;, m; + My ——my ,

riae 1= Kya/Kyo; r2=Koolko 1 (Kig 1 Ki» — KOHCTAHTBI CKOPOCTH PEaKIUy MPUCO-
eIMHEHHUs aKpUJIOBOro paaukaina Kk ceoemy moHoMepy AK m AK panmukama k
MOHOMepY AA COOTBETCTBEHHO; Ky 1 Ky 1 — KOHCTAHTBI CKOPOCTH MPHCOSIUHE-
HUS aKpUJIaMHIHOTO paJuKana K cBoeMy MoHoMepy AA n AA paaukana K Mo-
HoMmepy AK cOOTBETCTBEHHO).
Huxe nmpuBoauTcs 3aBUCUMOCTh YHCIEHHBIX 3HAUYEHH KOHCTAHT COIOJH-
Mepuzaiy (11 ;) OT TPUPOABI COMOIMMEPU3ALMOHHON Cpeibl.
Ta6nuna 8

3aBHCHMOCTb KOHCTAHT comnoiuMepu3amu MmonomepoB AK ¢ AA (111 1) OT
PEaKIMOHHOH cpeibl

Cpena KoHCTaHTBI COMOTUMEPU3aITHN JlusnexkTpuyeckas
COTIOJTUMEPHU3AITUH r r MIPOHHIIAEMOCTH (€)
H,O 0.84+0.02 0.70+0.02 81.0
JIMCO 1.28+0.02 0.50+0.03 45.0
JIMDA 2.10£ 0.02 0.50+0.02 36.7
C,HsOH 1.83+0.03 0.45%0.03 24.3
JMCO-H,0 1.10+0.04 0.50+0.02 -
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JIM®DA-H,0 1.59+0.02 0.40+0.01 -

C;Hs0OH-H,0 1.30+0.01 0.41+0.01 -

U3 Tabn. 8 cnemyer, 4To MpUPOAA CPEbl CYHIECTBEHHO BIHSIET HA YHMCIICH-
HOE 3HaYeHHe I, T.. Ha aKTUBHOCTH MpHcoeTuHeHus paarukaia AK k ceoemy mMo-
HOMEpY, B TO BpeMsl, Kak TaKhe BO3JCHCTBHS Ha BETUYMHY KOHCTaHTHI I, TIpak-
TUYECKU OTCYTCTBYIOT.

U3zBectHO, uro AK mpu pagukaabHON MOIMMEPHU3aLMi B allPOTOHHBIX PacT-
BOPUTENSAX WIH B PACTBOPUTENAX C HU3KOM ANAIIEKTPUYECKON MPOHUIIAEMOCTBIO,
B OCHOBHOM HaXOJUTCS B HEAWCCOIMUPOBAaHHOW — B quMepHOH Qopme [2]. B
BOJIC U B BOJHBIX pacTBOpax OpraHudeckux pactBoputeneii AK, Haxomsch B Mo-
HOMEpHOH (popMe, 3HAYUTENHHO JUCCOIMUPYETCSI ¢ 00pa30BaHUEM aKPUIIATHBIX
arnonoB [CH,=CH-C(0O)O’]. B mpomuecce pamukaapHoii moaumepusannn AK B
BOJIC MJI B CMECH BO/Ia-OpPraHUYECKUN pacTBOPUTENH POCT MOTMMEPHOM IIeTH B
OCHOBHOM OCYIIECTBJISIETCS NPUCOCANHEHHEM aHHMOHHOTO pajyKaja K aHHOHY
monomepa AK. M3-3a Hanmuuus CHITBI OTTaNKUBAHUS MEXIY STHMHU OTPULIATEIBHO
3apsSUKEHHBIMM YaCTHIIAMH CYIIECTBEHHO YMEHBIIAeTCsl 3HAa4YeHHE KOHCTaHTHI
CKOpPOCTH TPHUCOETUHEHNsI aHHMOHHOro paaukana AK K aHHOHHOMY MOHOMEpY
AK. Hanmnume BbIIIEyOMSHYTBIX 3JIEKTPOCTATUYECKIX B3aUMOJICHCTBHUI 00CTOS-
TeNbHO onucano B MoHorpaduu [2]. Tlo 3Tol mpuvnMHe KOHCTaHTa COMOIUMEPH-
3ammu I, B BOJIE HUKE, YeM B BhITepuBeAEHHBIX pacTBopuTtesix. AK B JIMCO,
JAM®A u 5Tr0BOM ciUpTe OyIydd B AMMEPHON (opMe, B CTPYKTYPHOM H COOT-
BETCTBEHHO B YHEPTEeTUYECKOM OTHOIICHUH HAXOAUTCS B OOJiee BBITOIHOM ITOJIO-
KEHHUH, 3THUM oOecrieurBast 0oJiee BBICOKOE 3HA4YCHHE 1 B OPraHWYecKUX pacTBO-
PUTENSX, 110 CPABHEHUIO C BOIHOU CPEOM.

Taxoke ObUIM OMpeNeNieHbl YHCICHHBIC 3HAYCHUSI CPEAHUX MOJIEKYISPHBIX
Mmacc conomumepoB AK ¢ AA, MOITy4eHHBIX KaK B YKa3aHHBIX MHIVBUIYaTbHBIX
pacTBOpUTENAX, TaK U B UX BOIHBIX pPacTBOpax. MoseKyspHbIE MacChl COMONH-
MEPOB OMNPEACISIINCH N30MHECTUIECKIM METO/IOM [2]. B KauecTBe cTaHaapTHOrO
cononumMepa ciayxui comonumep AK ¢ AA co cpenneit MONeKyIsIpHOW Maccou
45.0 x/la. Hiwke B Ta0s1. 9 1 10 npuBeIeHbI YUCIICHHBIC 3HAUCHHSI CPEIHUX MOJL.
Macc COMNOJIMMEPOB, IMONYYEHHBIX IPU MOJBHOM COOTHOIIEHHH MOHOMEpOB
AK/AA pasHOoM 5.0.

Ta6nuna 9

3aBUCUMOCTD cpe;lHeﬁ MOJI. MaCChI COIIOJIMMEPOB, MOJTYYCHHBIX B pa3IMYHbIX

pacTBOpHUTENAX
Bpems Mor.macca coonuMepoB,
PacTtBopurens
CONOIMMEPU3ALIMHA, MUH x/a
H,O 552 403
AMCO 48 +3 58 +3
JIMOA 44 £ 2 68 =3
C,HsOH 46 + 3 63+2
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Cononumepsl ObUTH TTOJYYEHBI B CMECSX OPraHUYECKHI pPacTBOPHUTENb-
BOJIa, IPU UX 00BEMHOM COOTHOIICHUH 4:1.

Tab6muma 10
3aBUCUMOCTD CpeTHEN MOJI. MacChl CONOJIUMEPOB, MOTYYEHHBIX B CMECH
pacTBopuTenei
Cwmech Bpewms cononuMepuszanum, Moun. macca

pacTBopuTenen MHH cononumepa, klla

JIMCO-H,0 45+3 45+2

JIM®A-H,0 43+3 52+3
C,Hs0OH-H,0O 472 472

JKcnepuMeHTAIbHASL 4YacTh. B HccaenoBaHUAX OBUIM HCIOIb30BaHbBI
OYUIICHHBIC W TEPETrHAHHBIC PACTBOPUTEIIM C TEMIICpaTypaMH KUIICHHA, °C:
H,0-100; AMCO-189; IM®A-153; C,HsOH-78.37 coorBercTBEeHHO. MOJIEKY-
JsIpHas Macca 3tajoHHoro comonumepa AK ¢ AA ompeneneHa METOIOM KpHO-
ckonuu [3] o dopmysie:

M=Kx(g2/g:)x1000/AT,

rae K—kprockomudeckast MocTossHHAs (Ui BoAs! paBHa 1,86); ¢, 1 g1 — Maccel
HCCIIEMYEMOTO COMOIMMEPA U BOJBI B TPaMMax COOTBETCTBEHHO; AT — pa3HOCTh
TeMIIepaTyp 3aMep3aHusi BOJHOTO PacTBOpPa M BOIBI COOTBETCTBEHHO. CpemHsisa
MOJI. Macca COMOJIMMEPOB ONpeeiicHa N30MUeCTHIeCKUM MeTozoM [3]. B kaue-
CTBE PaCTBOPHUTEIS MCIIOJIb30BaH BOIHBIM OMIUCTHILIAT:

MH:Max (Cnlca)s

rae My, 1 M, — MOI.MacChl UCCIEAYEMOTO U 3TAJIOHHOI'O COMOJMMEPOB COOT-
BeTcTBeHHO; Cy U C,— KOHILIEHTPALMK UCCIIEAYEMOT0 U 3TAJIOHHOTO COIOIUMe-
pPOB COOTBETCTBEHHO. B kauecTBe nHUIMaTOpa 0611 Hcnonb3oBaH (NHy),S;0s.
Hlonyuenue cononumepoe AK ¢ AA é paziuunvix pacmeopumensx u ux
cMecax ¢ 6000il. B peakTop 3arpyxanoch HEOOXOIUMOE KOJTHYECTBO PACTBOPH-
tenst, 1.0 monb/m AK 1 AA B KOIWYeCTBaX, COOTBETCTBYIOIIMX MOJBHBIM COOT-
norenusiM AK/AA, npusenéunnix B a0, 1-7 u (NH,),S,0g B kommuectse 0.8%
OT MOJIBHOT'O COCTaBa COMOJINMEPU3YIOIUXCS MOHOMepOB. HezaBrucumo ot mnpu-
POIBI PAaCTBOPUTENS M COOTHOIIEHHUS COMOIMMEPH3YIOLINXCS MOHOMEPOB peak-
[Hs COTIOMMEPH3AINH TPOBOAMIACE TIpH TemmepaType (65+0.3)°C B TedeHue
BpeMeHH, NMpUBENEHHBIX B Ta0n. 9 u 10. 3areM CHHTE3MPOBaHHBINA CONOIHMEP
BBICRKUBAJICSI B H30MPOIIIIOBOM CIIAPTE U Jlasiee ObLT OOMIIBHO MTPOMBIT CMECHIO
STUJIOBBIM CIUPT-U3OMPONUIOBEIA CIUPT, TIPH 00bEMHOM cooTHomeHun 0.3:1.0.
KoneuHbIi MpoIyKT BRICYIIMBAIICS B BAKyyMHOM CYIIMIBHOM HIKady MO/ JaBie-
aueMm (1.5-2.0) mm pr.ct. npu (60-65)°C 10 HOCTHIKEHHUS TOCTOSHHON MacChl.

APMSTHCKHIA TOCYIapCTBEHHBIN MeJATOTHUECKUI YHUBEPCHUTET M. X. AOOBSHA
e-mail: mezhlum.yeritsyan@mail.ru
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M.JI. Epunsin

PaguxanbHas ComoJIMMepu3anus axpunonoifl KHCJIO0THBI €
AKPpUJIAMHU/IOM B pa3/IMYHBIX Cpeaax

N3yyeHne 3aBHCUMOCTH aKTUBHOCT MOHOMEPOB IIPU PaJUKAIIBHON COIIONN-
MEpU3alUK OT IPUPOIbl PEAKLHMOHHBIX CpPel MPEACTABIIET NOBBINICHHBIN HWH-
Tepec. OCOOEHHO aKTyalbHbI UCCIEA0BAHMS, B KOTOPBIX PACCMAaTPUBAIOTCS 33/1a-
YH MTOJYYEHHS COMIOIMMEPOB 3aIaHHOM CTPYKTYPHI i CBOMCTB IyTEM BBIOOpa co-
OTBETCTBYIOLIMX PEAKLIHOHHBIX CPEXl U YCIOBUI IIPOBEACHUS PAAUKAIBLHON COITO-
JIMMEPU3ALUH BUHUIOBBIX MOHOMEPOB.

U'.L. Gphgjut

Uyphywppdh b wyphundhnh pwnhljupught hudwgmpubpoodp
wnuppbp Uhgunfuyphpm

Nwunhujuihtt hwdwwnihdbpdwt dudwtwl dnundbpttph wljunh-
Unipjub jupuwénipiniup dhowJuynh ptunyphg, dké htwnwppppnipinil
bt ubpjuyugunid: Upphwlwb Bt hwnjuybu wjit hknwgnuinipinii-
ubkpp, npnup ghnwpynd Eu ndju] jurnigyusdph b hwnlnipniuttph
hwdwwnjhudbplbph vinwgdwb nhpibpp” pluplng huduwgwnwu-
huwt ptwlghuwyh dhowduypbp b wuydwbubp Jhuhjuyhtt dnundtpttph
nuinhjujuyhtt hwdwwnjhudbpugdw hwdwn:

M.L. Yeritsyan

Radical Copolymerization of Acrylic Acid with Acrylamide in Various
Environments

Studies of the dependence of monomer activity on radical copolymerization
from the nature of the reaction media is of increased interest. The studies that
consider the problems of obtaining copolymers of a given structure and properties
by choosing appropriate reaction media conditions for carrying out radical
copolymerization of vinyl monomers are particularly relevant.
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AL banasun, C.M. Capkucsin

Bausinue psiia necTUUA0B HA OMOXMMHUYECKUE NTOKA3ATe N
nepcuKa

(ITpexncrasieno akagemukom A.B. Hepcecsrom 04/X 2024)

KuroueBble ciioBa: nepcux, necmuyuobl, nepcuxosas mist, COpHIKU, OUoOXu-
Muyeckue nokazamei.

Brenenne. HacaxxaeHusim repcuka 3HaYMTEIbHBIN yIiepO HAHOCAT PsiJl Bpe-
auTeneii, B ToM uncite nmeperkosast st (Myzodes persicae Sulz), BeicackiBarormas
COK M3 JINCTHEB M MOJIOABIX mo0eroB. [IoBpexkIeHHbIE IMCThS 00ECIIBEUNBAIOTCS],
3aTeM 3aCBIXAIOT M OMaJaloT, Moderu 1eGopMHUpYIOTCS, HHOTAA OTMHpPatoT. Kpbl-
JaTeie 0COOH TIM CIOCOOHBI PACIPOCTPAHSATH BUPYCHI KyJIbTYPHBIX PACTEHUH Ha
JIECATKU M COTHH KUJIoMeTpoB [14].

[TnomoBEIM AEpeBBSIM BPEAUT TAKKe CHIIbHASE 3aCOPEHHOCTH MOYBBI. Mexa-
HUYECKasl ¥ py4YHasl TPOIOJIKA TPYA03aTPaTHBI U HE OYMILAIOT ITOYBY OT COPHSI-
KOB B JIOCTATOYHOW crereHH. brarogaps cOXpaHMBIIMMCSI CEMEHAM U IOJ3EM-
HBIM BEreTaTHBHBIM OpraHaM, NPH YacThIX BECCHHHX JIOKISX COPHSKA BHOBb
MaccoBO MPOPACTAIOT ¥ MEUIAIOT KYJIBTYPHBIM PACTCHHSM IMOJHEE UCIIONb30BATh
MUTaTENbHBIC BEIIECTBA, CBET M BIIAry, KPOME TOTO, OHH MOTYT SIBISITHCS pe3ep-
BaTOpaMy BPEAHBIX OPTaHU3MOB [7].

Hawubornee neficTBeHHBIM cIOCOO0M OOPHOBI € BHIIICYKAa3aHHBIMU BPEAHBIMU
OpraHM3MaMH U COXPAHEHHsI YpoKasi OCTaeTcsl MpuMeHeHne ecTuiuaoB. O/Ha-
KO HCIIOJIb30BaHUE TIOCIIEIHIX MOKET UMETh U HeraTUBHbIE CTOPOHKL. Hempau-
JTBHOE TPUMEHEHUE XUMHUYECKUX CPENCTB (BBICOKHE JI03bI, HAPYIICHHE CPOKOB
OIPBICKUBAHUS H PSIJI IPYTUX (PaKTOPOB) CIOCOOCTBYET MX HAKOIUICHUIO B pacTe-
HUSIX, TIOYBE U MOJIOYBCHHBIX BOJIAX, YTO, B CBOKO OYEpellb, MOKET OTPULIATEITh-
HO TOBJIMATH HA CIMOCOOHOCTh OMOC(Ephl K CAMOOYHUINEHUIO M YBEIMUNBATH HX
KaHIIeporeHHocTsh [10].

B nocnennue roapl HaOMOMACTCS TEHACHIMS MPUMEHEHHS BBICOKOA(dEek-
THUBHBIX M HECTOMKUX B OKpYXaromlel cpefe MECTHIUI0B, TOKCHYHBIX TOJIBKO
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JUTSL TIETIEBBIX OOBEKTOB U MAJIOOTIACHBIX LTSI IPUPOHON (DII0pBI U (hayHbI, B TOM
YUCIIe U ISl MyleKoruTatonmx [17].

Cremyer OTMETUTD, YTO CKOPOCTh PA3NIOKEHHS TECTUIUIOB IO HETOKCHY-
HBIX COSTMHCHUI 3aBHCUT OT psifia (aKTOPOB: PU3NKO-XUMHUIECKHX CBOMCTB IIpe-
naparoB, CIOCOOOB UX MPUMEHEHHs, BUJIA 3allHIIACMOT0 PACTEHUsI, BETUINHBI
PH TOYBBEI M aKTUBHOCTH €€ MHUKPOQIIOPHI, TEMITEpaTyphbl OKPYKaIOIIeH cpesbl,
0CaJIKOB, COJTHEUHOM paauanuu u T.1. [ 18-20].

OTH (HaKTOpPBl M UX COYETAHUS Pa3HOOOPA3HBI M CIEU(MUYHBI IS KaKOH
MECTHOCTH, MTOATOMY BOIMPOCHI 3aIUTHl PACTEHUI JOJKHBI PEHIAThCS B KAXKIOM
OT/ICNILHOM CJTy4ae, YUUTHIBasl YCJIOBUS BBIPAIMBAHUS KYJIBTYp U CTEIICHb 3ace-
JICHHOCTH BpeINTeNIeM KOHKPETHOM TeppuTopud |3, 4].

B cBs13U ¢ BBINIEH3II0KEHHBIM, TIETbIO HAIIIMX UCCIIEIOBAHUH, TOMHUMO OIIpe-
nenenus SOQPEKTUBHOCTU Psiia TIECTHIMIOB B HACAKACHHUSAX MEPCHKA, SIBISUIOCH
OIpE/ICNICHHE WX OCTATOYHBIX KOJMYECTB B YPOXKae M BIUSHUS HAa €r0 OCHOBHBIE
OMOXMMHUYECKHE TTOKA3aTeNN B YCIOBUSX AparaloTHCKOW 00acTH.

Marepuanbl 1 MeToabl. B mepcukoBoM caxy (copT Hapuumku panHecte-
TBIi) B AlTapakckoMm pernone ApararotHckoi obnactu B 2023-2024 rr. Hamu
OBUTH MTOCTABJICHBI JICNITHOYHBIE OIBITHL

O1eHKy YMCICHHOCTH TIICH BhIpaXkanu B Oayuax u Ouonorndeckyro adex-
TUBHOCTb OTIPE/ICIISUTH CPaBHEHUEM CPEIHEro Oaiia 3aceJIeHHOCTH TISAMH JI0 U
nocie o0paboTKH, y4eThl YUCIICHHOCTH YKa3aHHOTO BPEAMUTENS POBOAMIN Ha 12
MOJIENTBHBIX AEpeBbsiX (M0 3 B KaXJOM BapuaHTe). bbul ydTeH 3KOHOMUYECKuit
MOpOT BPEIOHOCHOCTH T [16].

VY4eThl COPHSIKOB JIO U TIOCIIE ONPBHICKMBAHMS IPOBOIUIIH 110 OOMICIPHHSTON
B repOosorun Meroauke [12].

[NecTrmapl ObLUTH MCIBITAHBI B OTJETBHOCTH B CIICAYIONIMX HOPMax pacxo-
na: AKTEIMK [KOHIIEHTPAT AMyJibcuu (K.3.), ACHCTBYIOIIEE BEIIECTBO (1I.B.) —
nmupumudoc-merit, 500 /1] — 1,5 n/ra; Kapare 3eon (MHKpOKarncyJIupoBaHHas
CycrneH3us, 1.B. — JsMmOmanuranorput, 50 r/m) — 0,4 n/ra; Kondumgop Makcu
(mucnepcupyembie B BOJIE 4aCTHIIBI, 1.B. — uMuaakiaonpuy, 700 r/kr) — 0,1 kr/ra;
repounua I'e3arapn (k.3., A.B. — mpomerpuH, 500 r/i) — 3 n/ra.

Pacxop pabouyeii 5KUAKOCTH C HHCEKTUIMIAME COCTaBUI 1O 4,5-5 71 Ha 0JJHO
JepeBO (B 3aBUCHMOCTH OT €ro pa3MepoB), ¢ repourumom — 500 Jji/ra.

[TpoOsI 1m10/10B TIEpCHKa st OHOXUMHUYECKUX aHATIM30B OBUTH B3STHI TIEpe]
coopom ypoxkast 15 urons 2024r.

OcraTo4uHbIe KOJIUYECTBA MECTUIIHIOB OMPEENISUH 110 CIIETYIONIM METO/IU-
KaMm: Axremmnka — o meroauke IlerpoBoit u mp. [11], Kapare 3eona — ['upenko
u Kimucenko [13], Kondunopa Makcu — Aneesa u ap. [2], ['esarapaa — JIpo3sno-
Bo#t [9]. Conepxanne BuTamuHa C Onpenensyioch mo MeToxy Myppu, caxapoB —
Beprpana, oOmiell KMCIOTHOCTH — TUTpoBaHHeM (1o s0J04HOM Kuciote) [15],
CyX0€ BEUIECTBO — BECOBBIM METOJIOM.

Cratuctudeckyro 00paOOTKy MOITYUEHHBIX PE3YNIbTaTOB MPOBOAMIHN 110 bepH-
cTeiny [6].
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Pe3yabTaThl U 00cy:kaeHMe. (151 ompeneneHust 3aCeNeHHOCTH PACTEHUH
TJIsIMH, corjiacHo bernsapoRy [5], 1ienecooOpasHeit mojib30BaThCs MECTHOAITEHOM
IIKAJIOH, M0 KOTOPOH YMCIEHHOCTh TJeH Ha MOJOMBITHOM YYacTKe Hamu Oblia
orieHeHa B 3—4 6ama (3 Gaya cooTBETCTBYIOT 6,3 —12,5% 3aceneHus pacTeHus,
4 6amna — 12,6 —25%).

WHcekTrunapl, UCIIBITAaHHBIE HAMU TIPOTHB MEPCHUKOBOM TIM TOCIE LIBETe-
Hus (27 anpensi), okazanch BeICOKOAGeKTuBHBIMU. Hanbombinyro sxe orosnoru-
4ecKyto 3(GEKTUBHOCT TIPOTHB YKa3aHHOT'O BPEUTEIS B TCUEHUE YUETHOTO T1e-
puona nposisun Kondunop Makcu (tabmuma 1).

Tabnuma 1

buonornueckast 3 HeKTHBHOCTS HHCEKTUIIMIOB POTHB IIEPCUKOBON TITH
(cpenuue mannbie 3a 2023-2024 rT.)

WHCceKThII T CHIDKEHHE YHCIICHHOCTH TJICH B POLICHTaX B CPABHEHHH C KOHTPOJIEM
110 JIHSIM y4Jera
5 10 15
AKTEUINK 857+1,4 90,015 805+1,3
Kapare 3eon 90,3+15 926+15 84,2+1,2
Kondunop Maxcu 98,2+1,6 985+1,6 97,015

Ha ombITHOM yYacTKe 110 YHCIIEHHOCTH JOMWUHHUPOBAI OJHOJICTHUE COPHSI-
K1 (~85 wrt/M?): Mapp Gerasi, MMPUIA KOIOCHCTAS, POCO KYPHHOE, IICTHHHHK,
MSTIIMK OHOJICTHUH, TOPUIIA ITOJIeBast, FOpel T, MeTinia nosieas. OueHu-
Basi 3aCOPCHHOCTH IOYBBI 10 S5-0ajuTbHOW ImKaye [1], clemoBasio CUUTaTh ee
CHITBHO 3acopenHoi (4 6amma — 51-100 mr/m°). TIpOTHB YKa3aHHBIX COPHSIKOB
paHHeH BecHOH (23 MapTa), KOrja OHM €Ile HEe OKPEIUIM, HaMH ObLI IPUMEHEH
I'ezarapa. IIpoHUKHYB B MX KOPHH U JIUCThs, OH MPOSBHIT 93% OHOIOrHYecKyo
3¢ GEKTUBHOCT. DTOT MpenapaT ¥ APYrue repOMIUibl OYBSHHOTO IEHCTBHS
3G QPEKTUBHBI MIPU JOCTATOYHOM YBJIAXKHEHHOCTH TIOYBBI, TO3BOJSIONICH MpoO-
HUKATh B KOPHU COPHSKOB, B IIEPHOJ UX BHECEHHS U B MOCTeyolee Bpems. 13-
OBITOK K€ BJIaTd MOYKET IPUBECTU K BBIMBIBAHHUIO TEPOUITIUIOB B TIIYOOKHUE CIIOH
MoYBbl. B yCIOBHSIX HEIOCTATOYHOH BIIa)XHOCTH NperapaThl 3aJleNbIBAIOT B
MOYBY.

Crenyer Takke OTMETHTD, YTO IOYBEHHBIE TePOHIIU/IBLI B caJiaX HEOOXOIMMO
MPUMEHSATh B OE3BETPEHHYIO TMOTOAY JUIsS WCKIIOUEHHWs TOmNajaHus pabodero
pacTBOpa Ha JIMCThsI IJIOI0BBIX KYJBTYP, YTO BBI3BIBAECT UX OOECIBEUUBAHUE, KO-
TOpPOE MOXKET COXPAHUTHCS HECKOIBKO Heaemnb [8].

[TockonbKy MHOTOJIETHUX COPHSIKOB Ha Y4acTKe ObIJIO HE3HAYUTENBHOE KO-
mugectBo (1-2 mT./mM), TO IPOTHB HUX 3AIMTHBIE MEPOIPUATHS APYTHMH Mperia-
paramu He TIPOBOTHIIHCE.

B Teuenune Bereralmu KyJabTyphl HCIOJIb30BAHHBIE MTECTUIHBI IO JACHCT-
BHEM BBIIIEyKa3aHHBIX (JAKTOPOB IMOJBEPTraInCch (HPOTOXUMHUYECKOMY, OHOJIOTH-
YECKOMY W XMMHUYECKOMY pa3JIoKEHHIo (B PaCTEHHUSX C yd4acTHeM (epMEHTOB),
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YTO B KOHEYHOM HTOI'€ MPHUBEJIO K MX JCTOKCUKAIIMK M K TIEPUOY cOopa yporxkas
OCTAaTOYHLIX KOJIMYCCTB ITPEIapaToB B HEM HE BBISIBIICHO.

[IpoHukast B 3alIMIacMble PACTCHHUS, HECTUIMIBI B CHIIy CBOCH OHMOJIOTH-
YECKOU AKTUBHOCTH, MOT'YT BbI3bIBATH U3BMCHCHUA B UX (1)I/ISI/IOJ'IOFO'6HOXI/IMI/I‘IC'
CKHX IIponeccax, modToMy HaMHn GBUIO H3YUYCHO TAKXKEC BIIMAHUC 3TUX BCHICCTB Ha
OCHOBHbBIE OHOXMMHUYECKHE ITOKA3aTENH MOTYICHHON IPOTYKIIHH.

CraTtuctideckas o0paboTKa pe3y/IbTaTOB OMOXMMUYECKHX aHAJIM30B, IPH-
BCACHHBIX B TaGHHHe 2, ImoKasajia, 4YTO OTKIIOHCHUA OT KOHTPOJIA B COACPIKAHUAX
Buramuna C (moBsitienne Ha 0,4 mr %) i Mmonocaxapuos (Ha 0,2%) B Bapuanre
¢ AKTEIUIMKOM JOCTOBEPHBI, IOCKOJBKY pPACCUMTaHHBIC HaMH ((haKTUUECKHE)
3HaueHus t-kputepus CTHIOJCHTA, COCTABIISIONINE COOTBETCTBEHHO 5,32 u 3,75,
MPEBBIIAIOT 3HaUeHUEe TabnuyHoro t-kpurepus (mo bepHcreliny), papaoe 3,182
npu P0,95 nn=3.

Tabnuua 2

Bnusnue NCCTUIMA0B HA OCHOBHBIC OMOXMMHUYECKHE TIOKA3aTETN IJI0O0B IIE€PCUKa

BapuaHTs! ombIToB Cyxoe Buramun Caxapa, % O0mas
o
BEILIECTBO, C, mr % MOHO- caxaposa KUCJIOTHOCTD,
9 %
& caxapHpl 0
KonTpons

145+0,12 | 820,07 | 3,9+0,08 | 59+0,08 0,5+0,01
(6e3 mecTUIMIoB)

AKTeIUTIK 147+0,11 | 86+0,08 | 41+0,08 | 6,0£0,09 0,5+0,01
Kapare 3eon 145+0,10 | 840,07 | 3,8+0,09 | 6,1+0,09 0,5+0,01
Kondunop Maxcu 14,6 +£0,10 8,4+0,08 | 40+010 | 6,0+0,10 0,5+0,01
T'e3arapn 144+0,11 | 83+0,08 | 39+0,09 | 60+0,08 0,5+0,01

[IporeHT OIMMOKK OMBITOB HE MPEBBIIIACT 5, YTO MOATBEPIKIACT JOCTOBEP-
HOCTH TIOTYYEHHBIX PE3yIbTATOB.

BuiBoabl. O0001Iast JaHHBIE IPOBEACHHBIX MCCIIEIOBAHMIA, MOKEM 3aKITIO-
YHTh, YTO U3 UCIIBITAHHBIX HAMH TPOTHB MEPCHKOBOW TIIM MperapaToB HanOoIb-
mryro Ouonorundeckyto 3ddexruBHOCTh NposiBuil Kondumop Makcu, repourmn
I'ezarapn 661 BeICOKO(D(EKTHBEH MPOTHB OAHOJECTHUX COPHSKOB. B mpobax
TUTONIOB MEPCHKA, B3ATHIX HEMOCPEICTBEHHO Iepel COOPOM YpOrKasl, OCTATOYHBIX
KOJTMYECTB TIECTHIMIOB HE BHISBIICHO, H TIPEMapaThl B YKa3aHHBIX HOPMax pacxo-
Jla ¥ CpOKax MPUMEHEHHUs] He OKa3alli OTPULIATENIbHOTO BIMSHUS HA COJICPIKAHUS
OCHOBHBIX OMOXUMHUYECKUX TTOKA3aTENEH TLIO/IOB.

HayuHbIif 1IEHTp OIIEHKU U aHAJIN3a PUCKOB

B cpepe OE30MaCHOCTH MHUIIEBBIX MPOIYKTOB
sonasargsyan999@gmail.com
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AL banasun, C.M. Capkucsin

Bausinue pdaaa NeCTUIU/I0B HA OHOXHMHYECKHE MOKAa3aTe Il MnmepcuKa

B ycnoBusx AparaiioTHCKOH 00JacTH B MEPCHKOBBIX HACAKICHUSAX ObUIH
UCIIBITAHbBI: TPOTUB MEPCUKOBON TJIM MHCEKTUIINIbI AKTEIUTUK (B HOpME pacxoja
1,5 n/ra), Kapate 3eon (0,4 n/ra) u Kouduaop Makcu (0,1xr/ra), npoTuB copHs-
koB — repounmy ['ezarapn (311/ra). YkazaHHbIe Mpenapathl MPOSBUIH BBICOKYIO
Ouonornyeckyro 3QGeKTUBHOCTh, TPOTUB TK Oonee 3ddexrrBHbIM ObiT KoH-
¢dunop Makcu.

OcCTaToOYHBIX KOJMYECTB MPUMEHEHHBIX MECTHIIUIOB B ypoXkae He 00Hapy-
xeHo. [IpenapaTsl He OKa3aiM OTPHULIATEIFHOTO BIMSHUS Ha COJEPIKAHHUS OCHOB-
HBIX OMOJIOTHYECKHX MTOKa3aTeNel MI00B MePCHKa.

U.L. Puuyul, U.U. Uupquub

Uh pwipp whuinhghnubph wqnkgnipiniip nndh jrwwphthulub
gniguithoubtph ypu

Upwquénnuh dwupgh wuydwbubpnid nindbkunt wyghubpnid thnp-
dwplyt) Eu nhndbtunt (dp&h nhd Uunbhy (1,5 /hw swhwpwtwlyny),
Qupwwnk Qnt (0,4 /hw), Unubhnnp Uwpuh (0,1 Yg/hw) dhowinwu-
wwtlikp, Unjuunntph nd’ Skququipn (3 1/hw) htpphghn:

Uojws wuwwnpuwuwnnijubpp gnigupbpl) Eu pupdp jEtuwpwbwlu
wpynibwybnnipini, (Jhdh phd wdbbwwpynibwdbnp Unudhnnp
Uwpuht kp:

Uhpwndwsd whunhghnubph dbwgnpnuyhtt pwbwljutp phpponid skt
hwynbwpbpydt): Mwwupuwunnjubpp puguuwpwp skt wqnl] nhndh
wuniubph hhdtwluwt Jhuuwphdhwlwb gniguhsutph pwbwlnip-
miuubph Ypu:

A.L. Balayan, S.M. Sargsyan

Influence of a Number of Pesticides on Biochemical Indices of the
Peach

Under conditions of Aragatsotn region, in peach orchards, the following
insecticides were tested against peach aphid: Aktellik (in 1,5 I/ha dosage), Karate
Zeon (0,4 I/ha), Confidor Maxi (0,1 kg/ha), and against weeds the herbicide
Ghezagard was tested.

The above-mentioned preparations showed high biological efficacy against
aphid, and Confidor Maxi was more effective.

No residual amounts of applied pesticides were found in the crop. The
preparations did not have a negative effect on the content of the main biological
parameters of peach fruits.
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A.C. IOquna

HNurterpauus NGS 1aHHBIX KOMILIEKCHOTO T€HOMHOT 0
NnpopuIMpPOBAHUSA COJUIHON U JKUAKOCTHON OMOIICHM 11t
YJAY4YIlIeHUS MOJIEKYJISIPHOM TMATHOCTUKHA OHKOJIOTMYeCKUX
3a00J1eBaHU I

(TTpencrasneno wi.-kop. HAH PA P. M. Apyrtronsinom 06/1X 2024)

KuroueBble CJI0Ba: cexeenuposanue H06020 NOKOACHUS, NPEYUSUOHHAS OHKOLO-
eust, evisienenue mymayuti, yo/[HK.

BBenenne. B coBpeMeHHOI MpaKkTHKe TEparuy OHKOJIOTHYECKUX 3a00seBa-
HUIl BO3paACTaIOUIYIO POJb UTPAaeT Tepanus, HarpaBJieHHas Ha paKOBbIE KIETKU —
TapreTvpoBaHHas Tepanus [1, 2], KoTopas MOXKET UCIOIb30BaThCs Kak OCHOBHOE
JIeUEHHE WM KaK KOMIIJIEMEHT K CTaHJapTHBIM METOJaM: XUMHUOTEPAIuH, XUpyp-
TMYECKOMY YJaJIEHUIO OITyXOJIH, JIy4eBOW Tepanuu. AMEpHUKAHCKOE COOOIIECTBO
M0 M3YUYCHUIO OHKOJIOTMYECKHX 3a00JIeBaHUIA BBIJEINSET CIEAYIOIINE HalpaBIie-
HUSI TAPTEeTUPOBAHHOM Teparuy: WHIHOMTOPHI aHTHMOTeHEe3a, MOHOKJIOHAIbHBIC
aHTUTENA K CIEeU(PUIECKUM MOBEPXHOCTHBIM OMOMapKepaM pPaKOBBIX KIIETOK,
MPOTEOCOMHBIE MHTHOUTOPBI U PA300IIUTENN TPOBECHUSI BHYTPUKICTOYHOT'O
curnanunra [3, 4]. [lepeuncieHnble TapreTHPOBAHHBIC MOAXOIBI OCHOBBIBAIOTCS
Ha JIeTaJbHOM M3y4YeHUH OnomapkepoB omyxoiu: ansTepanusix B JTHK, Bo BHYT-
PHKIICTOYHBIX M TOBEPXHOCTHBIX OENKaX, B CBS3U C TUM METOJIbI MOJICKYIISIPHON
JTMAarHOCTHKH JOJDKHBI COOTBETCTBOBATH TPEOOBAHUSAM 00JIaCTH.

B ciydae conmmmHOM OMyXONH, OJWH M3 OCHOBHBIX CIIOCOOOB IMOWCKa OWO-
MapKepOB — aHATIN3 KJIETOK, B3SITHIX HAMPIMYIO U3 OMYXOJHU (TKaHeBasi OMOIICHS).
CexBennpopanue HOBOro mokonienns (NGS) Ha OTHOAK30MHBIX WIIH TapPTETHBIX
TeHHBIX TaHENsX TO3BOJSIET BBISABIATH MyTalluu B ApaiiBepHbIX rerax (KRAS,
BRAF, PIK3CA, ALK # T.11.), U1sl KOTOPBIX CYIIECTBYIOT TEPAITHH WU TIPOBOJIST-
sl KIIMHUYECKUE UCIIBITaHuA [5, 6], a Tak)Ke pacCUNTHIBaTh KOMITJIEKCHbBIE METPH-
KM, TaKHe KaK OIMyXOJeBas MyTaI[iOHHAs Harpy3Ka WIH OLleHKa MHUKPOCATEIIHT-
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HOW HECTaOMJIBHOCTH, JUIsl Ha3HAYCHUS MHIMOMTOPOB MMMYHHBIX KOHTPOJBHBIX
Touek [7, §].

JI7st 3710KaueCTBEHHBIX 3a00JIEBaHUIA, K KOTOPBIM 3aTPYAHEH JOCTYI JUIS B3s-
THSI OMOTICUH, WJIH 33/1a4H1 TPOIOJDKUTEIBHOrO MOHUTOPUHTA MIPOrpecca OIyXoix
B MOMEHT WJIM TOCJE JICUEHHS HCIOJIb3yeTCsl MPOIeAypa aHaIn3a KUAKOCTHON
Ouoricun (B OOJBIIMHCTBE ciydaeB oOpasua kpoeu). [lo nanasiM NGS BHeke-
TO4HOM IUpKyIupyromien omyxoneBoit JJTHK (110/IHK) Bo3aMOXHO paccunThIBaTH
CIIeKTp OMOMapKepOB, aHAJIOTUYHBIX COMUIHON OUOIICHY — TeHOMHBIC TOUCUHBIE
aNbTepallii, CTPYKTYpHBIC BapHaHTHI, MYTAllHOHHAS HATPY3Ka H T.I., a TaKKe
crierduIHbIe A TaHHOTO MaTepraia OHOMapKephbl — TaTTePH METUIINPOBAHUH
CpG octpoBkoB, pacnpenencaue aaud Gparmertor JJHK, BupycHbie nocienosa-
tenpHocty JIHK, ypoBens omyxonesoit [IHK B o0ime#t dpakiiny BHEKICTOUHOH
JHK [9, 10].

[IpoBeneHHbIe UCCICIOBAHUS NPU CPABHEHUH PE3yJIHTATOB TECTOBBIX ILIAT-
($hopM 151 CONMUIHBIX M KHMIKOCTHBIX OHOICHI COOOIIAIOT O HHU3KOM Iepeceye-
Hun OrnomapkepoB — 8,6% [11], 7,7% [12], 20% [13] u Gonee BBICOKHMX MOKa3ate-
JISIX TIepeceveHus IpU CTpaTU(UKALINK CITy4YaeB 10 JMar€o3aM U crauusiM 3a0o-
neBanus 77,6% [14] u 36 — 76% [15].

B nacrosiem uccienoBaHuy Oblila IPOU3BE/ICHA OLEHKA CXOAUMOCTH JIaH-
HBIX TIOUCKAa OMOMapKEpOB Ha OCHOBE TOYCYHBIX MYTAIIMH M KOPOTKHX JETICIIUA U
BcTaBOK (MHeMO0B) 110 naHHbIM NGS TkaHEBO# M KHUIKOCTHON OWOICHH C TOTION-
HUTEJIBHOM MPOBEPKOM MyTalMil B TPAHCKPUIITOME OIYXOJIM C LIEIbIO yBEIUYe-
HUSI TOYHOCTH MOJIEKYJISIPHON JAMArHOCTUKU JUISl YIy4YIICHHS KIMHUYECKOH WH-
TepIpeTayy HaXxoJI0K.

Pesyabrarbl. Ilepen HauanmoM aHanm3a B KadecTBe 0a30BOH XapaKTepu-
CTHKHU pa3HbIX MIaTGopM s IOMCcKa OMOMapKepoB Oblia MPOHU3BE/CHa OllEHKA
KOJTUYeCcTBa apTe(haKToB, KOTOPbIE HEOOXOANMO UCKITIOUATh U3 IAHHBIX TEpe UX
KJIMHUYECKOW HHTeprnperanueil. s Mcronb30BaHHOM KOTOPTHl MallMEHTOB B
naHHeIX NGS conuaHoi OMOICHMHM MCTHHHBIC MyTaluu coctarisor 38,6% (AU
95 - 33,6%—43,7%), nast sxuaxoctHoi ouoncun — 1,1% (I 95 — 0,9%-1,3%).

[Mocne ¢unbTpanuu AaHHBIX OT apTe(haKkTOB MPsIMOE MepecevueHUue KIMHU-
YeCKH 3HAYMMBIX MyTaluii cocraBuino 27,1% (AU 95 — 23,2%-30,0%) s NGS
JHK TkaneBo# u xwuukoctHoU Ouorcuit u 82,2% (AW 95 — 79,4%-85,1%) s
NGS IHK u PHK TraneBoii 6uoncuu (puc. A). PaciipeneneHue THIIOB MyTarii
Ha obmieM nepeceuenun JJHK tkanu ¢ JJHK masmer wnu PHK Tkanu BBICISIUT
cxokuM obpa3oM (puc. B) ¢ yBemuuenHoi noneii (>75% cyMMapHO) MyTalluid,
MPUBOJIIMX K 3aMEHAM aMHHOKHCIIOT WM HE M3MEHSIOMMX OENOK MYyTAaIlHi.
OsxuaeMo, 1ok MyTallid UHTPOHOB U PETHOHOB CIUIAHCHHTA CHIDKEHA JUIS T1e-
peceuenus ¢ PHK, otnocutensno JIHK mna3mel, mpu 3ToM MyTaluy, BIUSIONINE
Ha JUIMHY TPAaHCKpHUMNTa (MyTallid B CTOMN-KOJIOHAX), B PaBHOW JIOJE MPHCYTCT-
BYIOT B 000uX Tumax AaHHbIX — 9,5% B nepeceuenuu ¢ JJHK mmasmel, 11% B me-
peceuennu ¢ PHK Ttkanu (puc. b). KoppensunoHnHslit aHann3 ajuiebHBIX 9acTOT
(puc. B, T') BoIBHA CAa0yi0 3aBHCHMOCTB MEXIY TKAHEBOH M IKHMIKOCTHOM
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ouorncusamu (R: 0,41, p-value<<0,001) u Gosiee yBepEHHYIO KOPPESIIHIO MEXTY
PHK u JIHK (R: 0,59, p-value<<<0,001) Tkanesoii 6uoncuu.
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Puc. A — nepeceueHue MyTaluii, 3a1€TEeKTUPOBAHHBIX HA Pa3HBIX IU1aTdOpMax;

b — pacnpenenenue tunos myrauuii B nepeceuenuu JJHK tkanu ¢ JJHK nmazmer u PHK tkanu;
B — 3aBHCHMMOCTB aJUIENIBHBIX 9aCTOT MyTallUil FOPSYUX TOYEK B IIEPECEUEHUN TKAaHEBOI 1
KUIKOCTHOH Ouoricuu; I — 3aBUCHMOCTD aJJIENbHBIX YaCTOT MYyTAlMil FOPSYNX TOYEK B
nepecedennu JJHK u PHK TkaneBoit 6uoncuy; [ — koppensius MyTallMuOHHOH Harpy3ku (MyT. /
Mb) Mex 1y TKaHeBOH | kuaKocTHOH Ouoricueit; E, J)K — mokpeITHe 1 annenpHas 4acrora
mytam KRAS p.G12D u CDKN2A p.D108Y B mannsix JJHK »xunkoctHoit 6noncun u JTHK n

PHK TtkaneBoii Onomncum.

J171s1 OLIeHKHM CXOMMOCTH IO OOIIMM HaXO/KaM ObLI IPOBEAEH aHAJIN3 MyTa-
IIUOHHOW HATPY3KH, PACCUUTAHHOW I10 COJNHMIHON M KHJKOCTHOW OHOIICHSIM.
Koaddurment koppensiiu coctasua 0,28 (p-value = 0,009) mis 87 marueHToB
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0e3 ydera BbIOpocoB (puc. [I). Onenka cnenuduaHOCTH U OTpHIATEIbHAS MPO-
rHoctryeckas 1ieHHocTh (TNR) mjis reHoB, BOIICAIIMX B MaHETU IS 00CHUX
wiatdopm, cocraBmm 96,5% (AU 95 — 95,9%-97,2%) u 98,1% (AU 95 —
97,7%-98,5%).

[Ipn oObenHEHNN TaHHBIX OT Pa3HbBIX TIAT(HOPM — TKAHEBAsI U KHUIKOCTHAS
OuorICHs, a TakKe aHaIW3 PK30Ma M TPAHCKPUIITOMA — KOJMYECTBO MAIMEHTOB,
JUISl KOTOPBIX OBbUTM HaWJeHBl KIMHUYECKH 3HAYMMbIE MYTalllH, BO3pOCio ¢ 51
npu cragaapraoMm ananmmsze NGS JIHK TkaneBoit Ouornicun 1o 58. YBenuuenune
KOJTMYECTBA MYyTalMi ISl KIMHUYECKOTO aHalM3a MPOUCXOJWIO 32 CYET TOJI-
TBEPKJICHUSI HAlICHHBIX TOYEYHBIX 3aMEH W WHENOB B MaHHbIX 1oAHK w/mm
NGS PHK (puc. E, X). [IpumeuaTensHo, HHTErpalis JaHHBIX MMO3BOJISET Cle-
JaTh BBIBOJBI O TETEPOICHHOCTH OITyXOJIEBOTO COCTaBa — TaK, HAIIPUMEp, MyTa-
st KRAS p.G12D (puc. E) nerektupyercst B TaHHBIX KUAKOCTHOW OHOICHH, B
TO BpeMs Kak B o0pasiie TKaHH HaxoJuTCs Ha ypoBHe mryma. Mytarms CDKN2A
p.D108Y (puc. XK) nerekTupyercs BO Bcex THUIAX JAHHBIX, HO B TPAHCKPUIITOME
ee aJuieNibHas 4acToTa TOBBIIIeHa Ooee yeM B 2 pasza otHocutensHo JJHK. VBe-
JIMYEHHAs SKCIPECCHsI ANbTEPHATHBHOTO aJUIENsi KOCBEHHO CBUJETEIBCTBYET 00
W3MEHEHHH YKcila KONHH TeHa.

Oo6cy:xaenne. [Ipumenenrie NGS ayist KTHHUYECKOW WHTEPITPETALIUH BICYET
3a co0O¥1 MOBHINICHHBIE TPEOOBAHUS K MX KOHTPOIIO KauecTBa. FIMEHHO O3TOMY
M3y4YCHUIO apTeakToB M criocodaM UX (UIBTPALUH YIENseTcss 0coboe BHUMA-
Hue. Apredakrel B gaHHbIX NGS mmeroT pasHyio mnpupony. Tak, mpu aHaimze
9KCTPAKTOB TKAHEBBIX OHMOMCHI W3 Tapa(uHOBBIX OJOKOB, BAXKHO YYUTHIBATH
BO3MOXKHOCTb TIPHCYTCTBHS apTedakToB Qukcanuu GpopMaaIrmHOM, KOTOpBIE 1O
TCHOMHOMY KOHTEKCTY CXOXH CO CHOHTAHHBIM JIe3aMUHHPOBAHUEM METHIIIIUTO-
3uHa [16]. Kpome 3Toro, oTmyuTensHON 4epTol ToA00HBIX apTe(akToB sSBISCT-
sl HM3Kas aJieNbHas yactora (10 5%), YTo Hy’KHO MIPUHUMATh BO BHUMaHHUE MIPH
noucke oromapkepoB o NGS nanubiM TkaHeBbix Ouoncuit [17]. Hist NGS mo
XKHJKOCTHOW OMOIICHM OCHOBHBIM MCTOYHHMKOM apTe(aKTOB SIBISIOTCS OIIMOKA
I1LIP, Bo3HMKatOUME HA aJUIENIbHON 4acTOTE, CXOKEW C UCTUHHBIMU MYTalldsIMU
(mo 1%), 1 UMeroLIKe CMEIIEHHOE pacpeie/ieHHE MO MPSMBIM M 00PaTHBIM ITPO-
YTEHHSM, YTO KOPPEKTHPYETCSI JOTOJHUTENHHBIM [IaroM OMOUH(POPMATHIECKOTO
aHanM3a — JACAYTUIMKAIMEH 110 YHUKAIGHBIM MOJIKYIISIPHBIM HJeHTH(HUKaTOpam
[18]. IloaTBepskaeHUE HAOMIOACHHUN O TOBBIIICHHOW BEPOSTHOCTH apTe(hakToB
BUJIHO B JIAHHBIX HMCIOJB30BAHHON KOTOPTHI — YPOBEHbH JIOKHOIOIOXKHTEIBHBIX
HAXOJIOK B ChIpbIX MaHHBIX 1I0JJHK 98%, u3-3a dero npu oObeIMHEHUN HAXOIO0K
pa3HbIX TUIATGOPM 3TH JaHHBIE UTPAIOT CKOpPEE BTOPOCTEIIEHHYIO POJIb U HAXOJI-
KU B HUX BepH(DUIMPYIOTCS 110 JaHHBIM TKaHeBoi Ouorcun. JJannsie PHK cekse-
HUPOBaHMS B CBOIO OYEpeNb IMOJIBEPKEHBI OIMMOKAM HA KOHIAX MpPOYTEHHH,
BO3HHKAIOIIUM Ha dTare BhIPaBHUBAHUS M3-32 OCOOCHHOCTEH 00pabOTKH HK30H-
HBIX TocienoBarensHocTed [19]. iMenHo mostomy nouck mytanuii mo PHK da-
IIe BCEr0 B UCCIICOBAHUSIX UCIIONB3YeTCsl KaK KOMIUIEMEHT K CTaHAapTHBIM Me-
TOJaM JIJIsl IOATBEPIKICHUS SKCIIPECCHU BAPUAHTOB.

45



Habnromaempie pe3ynbTaThl 1O TEpECEUCHHIO OMOMAapKEPHBIX MyTalui 1O
JIAHHBIM TKaHEBOW W KHUJKOCTHON OMOIICHH COTJIACyIOTCSI C OIyOJIMKOBAaHHBIMU
uccnenoBanusmu [11-15]. B HacTosieM nccnenqoBaHny He MPOM3BOAMICS 0TOOP
MAIWEeHTOB MO CTaJuu 3a00JIeBaHMs, OJIHAKO paclpe/eicHue B OCHOBHOM OBLIO
cmerieHo K |-l cramusm, MEHHO TOATOMY HaOJIIOIaeMOe MepeceueHrue HaXxo-
1ok Ha 27% Baimie cpennero oxxugaemoro. [lepeceuenue PHK u JIHK amxe 90%
JlaXKe TIPH YCIIOBHU OOIIHOCTH OMOIICHH, YTO MOXKET OOBSICHSTHCS aJUICNb CITEIH-
¢duueckoii axcrpeccueit reHoB [20]. Koppensipst ypoBHS MyTalliOHHON Harpys3-
KU MEXJly KPOBBIO U TKaHBIO BhIpaskeHa ciado (R: 0.28), 4To Takke BOCIIPOU3BO-
JUT Pe3yNIbTaThl U Ooyiee MaciiTaOHbIX uccienoBanuid (N=1137) [21]. Oanako
WCCIIEIOBaHNA Ha AMArHO3€ HEMETKOKJIETOYHOT O paka JIETKOTro MOKa3bIBalOT, YTO
OlICHKa MYTAIlMOHHOW HArpy3Ku MHIUBUAYaitbHO 1o oJJHK Moxer ObITh camo-
CTOSITEIILHBIM OHoMapkepoMm [22, 23].

Kpome 4yBCTBUTENHHOCTH HAa HHU3KHX JUMHTaX AETEKIMU AJSI TECTOBBIX
aTdopM TarKe BaKHa CeUU(PHUIHOCTD, T.K. IPH Ha3HAYCHUH TApreTHON Tepa-
MM C YYETOM Pe3yJIbTaTOB TEHOMHOTO MPOQHINPOBAHUS MHOTO BHUMAaHHUs yie-
JISIeTCSL OTNPE/ICNICHHIO CTaTyca MyTUPOBAaHHOCTH TeHa. Tak, Hanmpumep, rpu 0io-
KaJe UMMYHHBIX KOHTpONbHBIX Touek (PD-L1) mig mamueHToB ¢ HeMeETKOKIIe-
TOYHBIM PaKOM JIETKOTO Ba)KHO NPUHUMATH BO BHUMaHKE, 4To0bI reHbl EGFR n
ALK, mpoayKThl KOTOPBIX PErYIHPYIOT POCT U JeNeHHE KIETOK, He CONepKau
mytanuu [24]. CriennUYHOCTh ¥ OTpUIATENbHAS TPOrHOCTHYECKAsI IEHHOCTh
(TNR) 96,5% u 98,1% coorBerctBenHo m1s 110/IHK mo3Bossier roBoputh 0 BO3-
MOXXHOCTH NPUMEHEHHS TUIAT()OPMBI TS JAHHOTO TUITA aHaIK3a JaXKe B YCIIOBHU-
SIX TTOBBIIIICHHOT'O YPOBHS apTeaKkToB.

JleranpHOE M3yYCHHE METOMIOB OOpPaOOTKHM Ka)KIOr0 THIA JAHHBIX I103BO-
JISIeT TIpeiaraTh CocoObl YBETMUSHHUS YUCTa OMOMapKEePHBIX COOBITHI JIISl aHa-
nu3a B knuHuKe. Tak 3a cuer o0bequHenns Haxomok 1o/JJHK n PHK TtkaneBoi
ouorncun ¢ ceipbiMu AaHHbIME JIHK TkaHeBO# OMOICHM YUCIIO TALMEHTORB C Jie-
TEeKTHPYEMBIMH OMOMapKepHBIMU COOBITUSIME Bo3pociio ¢ 51 go 58. upokoe
MpUMEHEeHnE TTO00HBIX METONIOB TPEeOyeT JOMONHUTENFHON KIMHIUYECKOW BaJIH-
JaIyu.

BeiBoasl. [IpsMoe mepecedeHre KIMHUYECKH 3HAYMMBIX HAaXOJOK ITOKa3bI-
BaeT HU3KYIO MEPEeKPhIBAEMOCTh MEXKIY TKAHEBOH M JKUJIKOCTHOW OHONCHIMHU
(27%) u camxennyto BocrpoussoaumMocts Mexxay PHK n JIHK TrkaneBoit Ouo-
ricuu (nepecedenue 82%, Koppensius auienbHbIx yactot 0,59), uro cormnacyercs
C UCCIICOBaHUSMH B 00nacTH. [Ipy 5ToM 00beIMHEHUE TaHHBIX MMO3BOJISIET yBe-
JIUYUTH YHCIIO MAIMEHTOB C OOHAPYKECHHBIMH KIIMHUYECKH 3HAYHMMBIMH COOBITH-
svu Ha 13%. [IpoaHanu3upoBaHHbIE METOBI KOMITIEKCHOTO TEHOMHOT'O MPOQH-
JUPOBAHUS B3aUMOJIOTIONHSAIOT APYT JPYyTa, HO B CHIIY OCOOCHHOCTEH Ka)KIOW 13
TECTOBBIX TUIAT(HOPM HE MOTYT MOJIHOCTHIO 3aMEHUTh OJUH Jpyroro. Hacrosmiee
HCCIIeIOBaHNE TIOKa3bIBAET KIMHUYECKYI0 HEOOXOAMMOCTh MHTErpalyy JaHHBIX
CEKBEHMPOBAHMU U3 PAa3HBIX HCTOYHUKOB.

46



Matepuanbsl u Metoabl. Koropra 100 mamueHToB ¢ pa3pelieHueM K uc-
TI0JIP30BaHUIO TAaHHBIX B ucchenoBanmsax: ganueie JJHK u PHK cexBenupoBanus
TKaHeBOW Onorncuu (McToUHUK — GopmanrHoBbie Oiokn), JJHK cexBeHnpoBanwus
JKMJIKOCTHOM OMONCHU (MCTOYHHMK — IUIa3Ma KPOBH), a Takxke 00pasibl HOp-
MAJIBHBIX TKaHEH B Ka4eCTBE KOHTPOJS BPOXKACHHBIX MyTanuii. CeKBeHUpOBaHHE
mposoamiock Ha ardopme lllumina NovaSeq 6000. Pacnipenenenue mo auar-
Ho3aM: capkoma 37%, pak mieiiku Matku 10%, HEMETKOKJIETOUHBIH paK JETKOTO
9%, KoMopeKTambHbINH pak 8%, Memanoma 6%, pak MOKETYI0YHON KeIe3bl 6%
W JIpyTUe UarHO3bl COUIHBIX OIyXOJICH.

CrnucoK KIMHMYECKH 3HauMMbIx MmyTaimii — Memorial Sloan Kettering
Cancer Center [25]

Otanbl OnonH(popMaTHIECKO 00pabOTKK JaHHBIX: BEIPABHUBAHUE MTPOUTE-
HUi Ha pedepeHcHblir reHoM denoBeka (hg38) ¢ momomsio Burrows-Wheeler
Aligner (v0.7.17) [26] nust nannbix JTHK cekBeHupoBanus u ¢ momoripio STAR
(v.2.4.2) [27] nns manueix PHK ceKBeHHMpOBaHWsI, aarOPUTMBI ISIYIUTAKAIINN 1
CHIW)KEHHs ImyMmMa, mouck Mmyrtanuidi B JaHHbiXx JIHK TkaneBoi Oworcum c
nomorpio Strelka (v2.9.10) [28], B manubix PHK cexBenupoBanusi — Pisces
(v5.10) [29], B mannbix IHK xuaxoctHoit 6uoncun — LoFreq (v2.1.4) [30].

“BostonGene Technologies” OO0
anastasiya.yudina@bostongene.com

A.C. IOquna

HNurerpanus NGS JaHHBIX KOMILUIEKCHOT0 T€HOMHOT0
NpopHJIMPOBAHMUS COJTUIHON U JKUAKOCTHON OHONICUM IS
YJIY4YIIEeHUS] MOJICKYJIAPHOH JMATHOCTUKN OHKOJIOTHYeCKUX
3a00J1eBaHUH

TaprerHast Tepanus OHKOJIOTHYECKHX 3a00J7€BaHUH MMOKa3ana CBOIO MOBBI-
meHHy0 3G (eKTHBHOCTD TSt pslla JUarHO30B OTHOCHUTEIBHO TPaJAHIIMOHHBIX
MeTO/I0B JiedeHus. [yt BeIOopa M Ha3HAYEHHS TapreTHBIX Tepanuil METOAbI MO-
JIEKYJASPHON NHWAarHOCTUKH JOJKHBI COOTBETCTBOBATh BBICOKHMM CTaHIapTam
YyBCTBUTEILHOCTH W CIEIMU(PUYHOCTH TONy4aeMbIX pe3ylbTatoB. B apy pas-
BHUTHS METOJIOB 00pabOTKU M aHaJIM3a OOJIBIIMX JAHHBIX MEPCIEKTUBHBIM I10/1-
XOZI0M CTaHOBHUTCs MHTerpanus MaHHbX NGS oT pa3HbIx miaTtgopM u TKaHEH.
Haubonee pacnpoctpanens! sxctpakinust JJHK Hanpsmyro u3 omyxoneBoil Tka-
HU (TKaHeBas OMOIICHs) M 3KCTpakuus BHekiaerounod JIHK w3 mmasmer (kun-
KocTHasi Ouonicus). MoJekynsipHbIe CBOMCTBA, a TAKXKE pernepTyap MOJEKYIsp-
HBIX COOBITHI B 00€MX TKaHSAX MOT'YT CHJIBHO Pa3In4aThCs.

B Hacrosmem uccnenoBanuy ObLIO TTOKa3aHO, YTO OOBEIUHEHUE COMATHU-
YECKMX MYTallMi M3 TKAHEBOH M KUIKOCTHONH OMOIICHH C JOMOJIHHUTEIBHON IIPO-
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BEpPKOW HAXOJOK B TPAHCKPUIITOMHOM CEKBEHHPOBaHMM To3Bonuio Ha 13%
YBEJINYHTH BBISBICHHE KIIMHUYECKH PENIEBAHTHBIX OMOMapKEPHBIX COOBITHH.

U.U. 8nightim

NMhurn b htnnily phowuhwikph hwdwwwpthwl ghtindwght
wypndbhjwynpnidhg utnugdus NGS wjjuyubiph htinnkgpoud
pungljinuyhtt hhpuiympniutubph dnjknyughtt wunnpnodw
pupbjuydwt hwdwp

Pungytinh phpupiught phpuyhwt gnyg £ nydly wbih pupdp wp-
pnitwybnnipinit Uh pwpp ninnigpwjhtt hhywtngnipinitubph nhuypnid
pniddwt wjuwbnulwt Enwuwlubph hwdbdwwn: Ghpwpwght pniddwt
punpnipyut b ywiwldwb hwdwp dnjEinyuwihtt whnnpnodwt k-
pnnubpp ywhwnp £ hwdwyuwunwupiwtbt unwugdws wpyniupubph qqu-
miunipjutt b uybkghdhlynipjutt pupdp swthwhpubphti: SYjuutph
owldwl b JEpnidnipjut dbpnnutph qupqugdwut nupuppewtnid
hununnidtiwhg dninkgnid E hwonpny ubpunh ubpybuwynpdwt nljuwg-
ubph htwnbkgpnudp mupptp hwuppwljutphg b hnrujwsputphg: Unwybp
nwpwéjus Eu Fule-h whpwwnnudp wtdhgwybu ninnigpwjhtt hjniu-
Jwéphg (hjntujwdpwyhtt phnyuhw) b wipunwpeowjht FuE-h whgpwinnt-
up wywquuyhg (hinnijuyhtt phnwyuhw), npnug nhwypnid Udnjknyught
hwwnlnipnitutpp b gnpépupwgutpp upnn Bt buybu wwppbp (hubg:

Uju wphimwnwpnid gniyg E wipydty, np hjntugwspuyhi b hinnijw-
jhtt phnwuhuwghg undwinhly Untnwghwibkph ndjujikph dhudnpnudp
npwbuphywnndwihtt  ubpybbwynpdwdp wpmyynitpubph  pugnighs
unniquut htwn dklnkn, 13%-ny wykjugptky k Yihuhinpkt tpwmtwluh
Y Ebuwdwpybputph hwyntwpbpnidp:

A.S. Yudina

Integration of NGS Data From Comprehensive Genomic Profiling of
Solid and Liquid Biopsies to Enhance Molecular Diagnostics for
Oncology Diseases

Targeted therapy for cancer has demonstrated increased effectiveness for
several diagnoses compared to traditional treatment methods. To select and
prescribe targeted therapies, molecular diagnostic methods must meet high
standards of sensitivity and specificity in the results obtained. In the era of big
data processing and analysis, a promising approach is the integration of NGS data
from different platforms and tissues. The most common methods involve DNA
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extraction directly from tumor tissue (tissue biopsy) and the extraction of cell-free
DNA from plasma (liquid biopsy). The molecular properties and the repertoire of
molecular events in these two tissue types can vary significantly.

The present study showed that combining somatic mutations from tissue and
liquid biopsies, with additional verification of findings in transcriptome
sequencing, increased the clinically relevant biomarker events by 13%.
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U.U. Gphgnpjuty, b.Q. Gupphbyjjub

Unuuyub upbigktihl (Philadelphus caucasicus) npuybu
Zuyuuwnnwth ppwdn b dwdwtwljuljhg nkjhljuughty
poiuwinbuwy

(Ukiphuyugqus £ 22 QUU pyp. winuu d. Jupnuiyuih Ynnuhg 20/VIIE2024)

Puitiuh punbp.  Unyluwwgwb upbgkih, Jwpquypdwl, nbhhw,
ppwén pniuwnkuwly, nkdnighnid, uhgpuighu:

Uhpwsmpnil:  Zuwywuwnwih  winweughtt - Eynhwdwlupgtpnid
dhtsl ubpuw dudwbwlubpp wwhywidl) Eu Jh wdpnne swpp nkjhl-
nuwjht mbuwljubp: pwtp hwinhynd Bt hhdtwunid hjntuhuwplib -
jut hudbdwnwpup unbu] witnwrwdwh speubitbpnid’ Swrynionid b
Lnnhnud, hul hwpun]-wplbpnid” Ywwwih dhewbljuy nkjhlunwght db-
qndh) oowuiipnid: Zuywunwith hjntuhuwplibjub oppwbnkpp ukpyw-
jugud ki htnlyuy pkhlunught wkuwlibpn] wpewnjykih, Yndjuu-
jut dpnnwdupn, pupdp guphpuy, hntbwlwb opowhyniu, unynpuljui
puinta), hsyhu twb Yndyuuyw uphighith: Zwpwuyht opowtinkph hw-
dwp punpny ki wjttyhuh pbhjunuht mbuwljubp, npnup bu ywhwy-
Ynun Eu anbwynipjut b obpunipjut tjuwndwdp, npnughg Jupkih E ok
pnjuwwnbpl Akydut, pudoutdwb hikuht, hwnwyunnuyhtt YEuht, hnt-
twlwt opowhyniup, wnwnwjhtt ppwnnnp, unynpuljut punbnp, wplk-
jut hwdwpkuhb, wunipwhnwn ninkuht b wyt (5, 8, 30]:

Cunhwunip wpdwdp «Ejhjuny hwujugnipiniip jEiuwpwiinipjul,
Epypwpniuwpwtinipjut b jEiuwwouuphwqpnipjut 1‘nhuan] wl Jupk-
Unpuqnijt npnyplubphg k [7, 9]: Cun 8.U. Fhpownbjuh nhjhjwnukpht Eu
JbEpuptpnud wigyu Epjpupwbwlut nupwopowtnbph jEuinwbwlwu b
pniuwjuit woptwphh duwgnpnubpp, npntp punipwugpynid Bu Enpni-
ghwyh nuinun wnkdybpny b yunjuwind kb twphtinud wdbh pug-
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dwphy Jjupqupwbwlwi judpkph: Lpwp, npybu Juunt, puwlynid Eu
ubpjuw vwhdwbwhwl nwpwspmid jud wnwpwspubpnid, npnup twju-
Yhunid wykjh dké mmupwsph dwu G juqul] b hwpdwpbkgyus Eu gn-
mipjut npnowlh, hhdtwlwind hwwnntl] uwybkghdhl wuydwuttpht,
npnip pun sk hnjudl) nhinwplyny hwdwljwpgquyhtt dhunptph
Aliuynpnidhg htwn [7]: 6.9, dnydh dEjuwpwinipjudp nhjhijup yuwn-
dwwojiwphwgpujutt hwujugnipinit E, hull nhjhjunughtt mbkuwlj hp
puljudwdp phy pt pwwn hwgnijt dinpugh duwgnpn E npp ipfws yn-
nuyh Yuquh Uk dntikjnt wwhhg nith qpuntgpus npnpwlh wptuy [9):
UnJyuuph b dwuwdp Zupujuplbput Tugpyndyuuh inpuygh nk-
1hyuntbkph nuunmduwuppmipjudp qpundbt; Bt widwuh pniuwpwiinbp
U.U. Gpnuuhbydp, P.U. Umbwpnyp, 8.b. Uniphowutywtp, L.b. Uniqubkgn-
Up b wyp [21, 23, 24, 29, 31, 34]: Zuwjwuwnwith nkjhjuuyght $nputs twp-
ptip htinhtwutnh Yupshpny [8, 13, 20, 22, 27, 30, 32, 35, 36] ukpluywg-
Juws E kplynt hhutwlwh Hynnghwljub Judpbpny putpnpbpdndhy b db-
qnptpundh), pung npnud dbgnptpdndhp nhjhunubph dwubwlgnipniup
Zuyuunnwtth $npuygh dbwynpdwi gnpénid pwn Uk E [23, 30, 32):
Zuyuunnwtth nhjhunuwghtt mkuwljutphg dkp Ynnuhg ntuntdtwuhp-
Jb1 E Yndyuuyym upigkht (Philadelphus caucasicus Koehne, HYDRANGE-
ACEAE): Cun wpliwphwgpuijul swquwl nkuwlh nwpus]wsnipjui’
wpbwp Pnppuuhwynuuyuit t, hwinhynmd b Zujwunwih hni-
vhuwplibpul witnwpwihtt spewbitbpnid. Juniing, hwgwpkung, pnjunt
wlnwnpubpnud, éndh dwlbplnyphg dhtgh 1800 U pwupdpnipjniuttph
JpurUndjuuywt uptigkthtt Zuywunwuh $npuynid hwunbu £ qujhu np-
wtu nh hjuruyhtt opwpuiipnid wgnn ykqnptpundhi nkjhjn, npp Zuylu-
Jwt UUZ Gupdhp gppoud [3] pingplydws t bk junbgnphw 1-md’ np-
yhu wihbnwgdwi Juwbgh wwl quidnn wbkuwly, hul 22 Jupdhp
qppnid [21]° wkuwlh JEpupbpyuy ujuyibph wipw]wpwpnippui (DD)
Juwnbkgnphuynid: dEpohtiu Jjuynid £ wytt dwuhl, np wnljw nbnblnipe-
miuubpp mbkuwlh pyupwtwyh jud wpbwh yhdwulh dwuhtt mbpudu-
pup ki punipyub Uk npu tkplughu jupqulh&uyp b inyghuly wihk-
nwgdwt nhuljt ninnujh jud wuninnujh guwhwwnbkint hwdwnp, b nplk
qguuhwnulut tunt hwdwp yguwhwbeynid i wykjh owwn mbnklnip-
jniutkp, pwt tnwsdp, np Yndjuuyut uptightht Zujwunwuh Zwipuyk-
nnipjul vwhdwtubpnid punipjut Uky hwyntwpbpyby £ 1953 p.-hu 3.
Uniphgwtjwtih ynnuhg, nphg htwnn puquwphy ghunwppun]utph ptpwug-
pnid wjtt wyjhue sh hwynbtwpbpdty [2, 3]0 Undyuuyywt uptigtht Zuywu-
wnwth puwlUhowuypbpp wonwwnwupnid [37] pungpydus L «FA -
Bthughtt gmujuyuwnbp» Junbkgnphuyh «FA2 — Quuntwynp pjuttwdph
nul] qunuynn nknuijut pthiphg gutjuywntpy Eupwljuntgnphugh

52



nuily: Zwoyh wotkinyg wju wdkip wihpudkonmpenit uintkndtg dnw-
6k unp nunidtwuhpnipnittbph wthpwdbonnipjut dwuht: 9dhpoht
Epynt nwphubpht dkp Ynnuhg nupdywg thnpdkp dkntwplytght 8. Uny-
phowtywth hwyntwpbpws nwpwspnid jud npu hwpwlhg spowtuk-
nnud gt gunitknt hwdwp, vwluyt wbhwpynibudbwn Gpny:

Umpp b dbpnpubpp: Quunidbwuhpnipjutt opijuap Zuywuwnwith
nkinpndnpugh phjhjnughtt poivwnbuwljibphg §nyuupwb upighth
t (Philadelphus caucasicus): Stuuljh hwqugmnunnipyutt jupquyhdulp
Zuyuunnwtth $npuynid guwhwnbnt b nkjhjunuyunipmniip hwunwnk-
1nt hwdwp hhdudbk] Bup gpujut wnpnipubpnid wnu wdjujutph b
nuonuwjhtt hbnwgnunmipnitubph Jpue dbEpnusyl] o Yndjuyyuite
uptigkuint Ykpwptpyuy dh owpp pniuwpwiinbph (2, 3, 5, 8, 30-32, 37] Ynn-
Uhg nipjws dbjtwpwinipiniuiptt nt niumidiwuhpyby pbjhjunuyinp-
jnibup punpnpnn hwnjwhpubph swhnpnohsubpp [4, 5]: Fumpyut Uke
nbkuwlh huyntwpbpdwi b tnp mbnkimpnibtbp vnwbwnt tyunw-
Uny §njuuymt uptighuint wdkjuuyptpnid (Swyniph dwpqg) 2022-2023
pP. unughntwp b Jhuwunwghnuwp tnubtwyny ppwljubwgyt) tu Un-
uhpnphuquyhtt hbtnwgnuinipinitiutp: Fpw hwdwp hhdp Eo hwunhuwgbp
22 QUU Pufuinugiuith wijul pniuwpwinipjutt htunhwnnunh pupd-
pwlwpg pnyubph jupqupwinipyut b wohtwuphwgpmipjut puduh
(ERE) htippuphnudnid wuwhwywidws, 8w.b. Uniphowiywth Ynnuhg 1953
p--htt hwjwpyws Ph. caucasicus mbkuwljh htppuphnidughtt wdnioh (ERE
Ne111166) njujpp: Cunn npu plnpyty £ bpeninhtt’ Poliwtth Qutidw-
pwp qninhg nhwh Ftpn wbng Swbwwyuwphp b npybu ntumidbwuh-
poipjub ot wyn fwhwuywphht dqynn winwpuyght gnunnt 1000-
1800d pwpdpnipnibutpp [1]: Munifbwuhpynn winwnubpp guignid
kb Qubdwpwp gninh spewluypmd’ Ununl gknh hnduinud, b bswpwp
qnunh opowljuypnid’ Zwjunid glnh opwrhw]wp wuquitindd:

Swynigh dwpgmud dbp Ynnuhg niuniduwuppynn wnwpwsph opow-
Juypp hhdtwlwind swslyws E whnwnttpny, jhdwb dknd E, mbnnid-
Ubpp pudupup: Uinwnibpnud gnihtwinn E unynpuljwb pnjupt (Car-
pinus betulus L.): Uju gnunnid 1200-2400d pupdpnipjniuitph ypuw hwinh-
wynud ki Zuyuunwinid winwnjuqunn junune pnt hhdtwlub nk-
uwlitpp Jpugulub (Quercus iberica Stev.) L wplbpui (Quercus
macranthera F. et M. ex Hohen.): Zwpwduyjhti phpnipjut jmugtph Jpw
nbn-nkn nupusdusd Lt dwpnip Juninunubpp: Fpuowdnp jud wb-
nuwnpljuqunn nkuwlitphg wju gnuumt Wuydwbubpnid wpwetiwljupg
tpwtwlnipinit nith wplikjwt hwdwpkuht (Fagus orientalis Lipsky), fun-
onpunky Junuht (Quercus macranthera): Ypuguljus junuht bu wyu gn-
unnt winwnljuqunn mkuwljubphg dklu E vwjuyt dwpnip Swnnunubp
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sh wpwowgunid: Ywnunt winwnptubpnid npuytu ninklgnn nbuwlutp
hwunhynid Eu unynpuljui pnjuht (Carpinus betulus L.), qudht jud wp-
Lkpwt pnjuhtt (C. orientalisMill.), unynpuwljutt & upwuynniy hwgkuht
(Fraxinus excelsior L., F.oxycarpa Willd.), nuipwniwghty, upuinkpl b ypugu-
Jwt phayhutpp (Acer campestre L., A. hyrcanum Fisch et C.A. Mey,
A.ibericum Bieb.), dwmuipuwntpl b Ynjuuywt npkuhubtpp (Tilia cordata
Mill., T. caucasica Rupr.), Jnwukuht (Cerasus avium (L.) Moench), wpliki-
jutt fuudnpkutht (Malus orientalis Uglitzk.), YnJjuuyywut tnwtdkuht (Pyrus
caucasica Fed.), Junudwihtt (Populus tremula L.) b wyj: Uhtsl 1400U
pupdpnipjniiubph ypu hwunhynd Eb twb unynpujub pulniqkuht,
wpowwnfu kuht, hwnwwywnnuyht JEuht: Bupwinwep juqudws kE gu-
huwjinwuikphg, pikuhttphg, ununykunig, Yhwypnuhg, dnpkunig, Unnk-
unig, glphojunid ki wplbpub uquhtt (Crataegusorientalis Pall. ex Bieb.),
dwupkunt mkuwlubpp (Rosa ssp.), hnuht (Cornus mas L.):

Stnuipnid wnljw kb phjhnught ogwulikp” juqu]ws Hedera helix
L., Similax excelsa L., Tilia begonifolia Chun & H.D. Wong., Corilus colurna
L., Juglans regia L., Tamus communis L., Staphyleapinnata L., Periploca graeca
L. b wy] nkuwljutinhg:

Unbglkunt hwynbwpbpdwt hwdwp ntunduwuppyty Edhohtt wtnnw-
nujhll gnunht, uljuwé Qubdwpwph spewluyphg 6.4, pupdp 930 Ukwnphg
(GPS 40°52'2.50"N,45° 9'58.57"E) Uhtish {kntiwubigpp 6.U. pupdp 1800 Ukwph
Jpu (GPS 40°52'1.02"N, 45°13'21.86"E), wjunthtunli (knuwbgphg dhush
bPswpwp qmnh opewfuypp . pwpdp 1390 Ukwph Jpu (GPS
40°52'13,21"N, 45°18'13.72"E), husybu twli wyu kppninnig nhyh witnwunh
nt wnnwnbkqpbph dh owpp ninnnipjniukpp:

UnJjuujwt uptighint wnknuptuhly mbkuwl (hukne b pEhjunwytnie-
miup hwunwwnbint hwdwp dbp Ynndhg niumidbwuhpyby £ twb poiuw-
nbuwlutph wejuwnipmitt wigu) Gpipupwbuljut nupwopewtik-
npnud [14-19]: Puguhuwyundby £ np Vunnw @nnpniunt b niphoutph Ynn-
Uhg Nlpnunut gknh wjuquinid hwupdws udnipubph dky wnljw kp
wnbplh UEY npnod, npp hbnmwquynid b.Q. Gupphbjjuth Ynnuhg npnpybyp
E npwtu Philadelphus cf. caucasicus Koehne [12]: Zutwpniuwpwtiwlul
njuubph wnjuynipjudp dtp Ynnuhg thnpd £ wpyl] pugwhwynbine
pniuwnbuwlh Swgmudbwpwtnipmniup, uwp tbpuyhu b twplht w-
Shpujuypbph vhol, nhuwpll] ki bpw wyuunwpuitbpmd wuwh-
wuibny, dhgpughugh Gupwplybnt htwpunp ninpoipniuubpn [5,
30-32]:

Upmyniupubpp b pttwpynudp: Quuwyws Unthpnphiquyhtt 2 wnwph-
ukph dwbpwypyhwn hkwnwgnunipniutbpp pinipjut ke Yndjuuyyuit
uptighint hwynbwpbpdwt ninnnipjudp wbwpynitp Eht, puyg dkup
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Eupwunpnid Gup, np mbuwlt wdktuyt hwjuwiwlwinipjudp wnju k
bolimih $inphuwnply opowtth dkp Ynnuhg ntunidbwuhpdws wbnnwnuk-
nh 1000-1600d, wy ny 1800U pwpdpnipjut Ypw, pwth np wyt ninklgnn
nbuwljubphg juquwsé pniuwut dnpdwghwubpp b phjhunwght
opwutikpp, npnugnid hwinbu k BYk), gpujut wnpnipubph hwdwdwg
[8, 30-32], wnlw ku hhdtwlwiunid wyn pwpdpnipnibttph dpu: 2E-
nlwpup hwdubwywh b, np wyy poiuwljod $npdughwibphg nkuwl
huyuwn nsuswgusd sihuh, b wyt sh hwynbwpbpyt] wupquuybu winw-
nwjht mwpwsépubph juhunn hpdundwt jud nigpunughwh yuwndw-
nny:

Ulnpununium] nkuwljh sugnidwpuinipjuip hwpl b ok, np
Zugwutnuitip, qui]kny Buwihph b Unjjuhnugh dheb, dh Ynndhg Eupupy-
yb] k Unjfuhnuyh, diniu Ynnuhg Bwihoh nhdnighnidubph wqnbkgnipjw-
up: Unjjuppyut wwppbpp ubpputhwugl] Bt wpweht hbkppht hpku
uwhdwtiwlhg Zul]ulu‘mulhh hjntuhuwyghtt b hmuhuwpbdwnywt opowt-
utpp, hull Pughohip Quugkqnip b 22 hjniuhuwplbjjub opowtkpn:
Ujn £ quwdwnp, np ubpiuynidu Zujuunwih 31 wkuwlh nkjhyunuk-
nhg (npnughg k twlt Ph. caucasicus-p) hwipuwyknnipjui hintuhuwpliy-
jut opowtiibnh nhunpndnpuynid hwminhwnid L 1.1\I1]_11111I}]u1h b hhpluw-
uwl, hull hwpwy-wpbbjpnid jud Quiugkqnipnid dhwyu hhpyuiyub
wnwppkn [8,31] : Cunp npmd pnuuhbydp [23] tonid E, np Unjjuhnuyh b
Fuwjhoh nhdnighnidubpp Uupdwph Jipenid wpnku hull dbwdnpusd
El tnk) ot punjugué kb tnk) inipquywt wnwppkphg, npnup npnpwljh
Allwthnjunidubpny hwuby Gu dhgh dkp opkp: P.U. Umdwpnyp, yLpnt-
Stny Unjjuhnuyh nEdnighnidh $inpugh ywwwndnipiniup, hwuglk) E wyh
kqpuljugnipjwuil, np Unjjuhnub’ npuku kppoppulut dkpawplwngwp-
dwghtt dnpuwyh wwhywtdwb YEuwnpnt, dbwynpdl] £ phnbu 4kpht
W hngkunud [34]:

Yuuhl wywunwpuiibph Ynguhgugh b Zhpuihywgh dheli gun-
upynn, Zujwunwth wnwpwspnid hwinhwynn Swrwpthuwht $npugh b
upwg oowuutnh Yipwpbkpyuy nyjwjubpp dwbpudwut Jkjtwpwtt) £
8.b. Unijphowljuip wwpqupwitinyg wyn ogwilikph Juwp nkjhjnw-
1ht mywunwpwutbkph hkn: pw wpyniipmd bpw Ynnuhg wnwta-
twgyl) & Unjjuhnyut fudph 4 U Zhpluiywb judph nbEjhfunught 7
oguijulikp: Cuwn htnhtwlh Zhplulbywb fadph  opwjuiikiphg Swnipnid
Zwpund b Ujhtipw ghwnbkph hnghwnttpnud, Hedera helix, Similax excelsa,
Tilia begoniifolia, Corilus colurna, Juglans regia, Tamus communis, Staphylea
pinnata wbkuwlutph hbkwn dhwuhtt hwinhwt] Lt twlb Philadelphus
caucasicus-n [31], (uy. 1):
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Llwp 1. YUndhuuh Ynjfuhnyui b Zhpjuiywb nkdnighnudubph dhel quntinn Ynqyuljuyht
ogwulipp (puwn 8. Unijphowiywiih (1967) dwutwhh Ykpwithnjuntidibpny)

OrEhyunuwyinipjut phtwdhquh qunutwpp dowll E U.U. Gpnuu-
htpdp, nd wyl) b «Fhjhpjunwjunipjut wunhdwby hwuljugnmipmiup b
httwgnyu nbuwliubpp, jupdwsd dudwbwulhg pniuwlwubt woluwmphh
Abunnpuwt yundmpynithg b nhiphg, tw pudwily E judptph nhgpunwug-
Jwotbp, npnup tjuqtgunid tu wpbwp b pyuwpwbtwlp, Erkihyunitp,
npnip unynpuwpwp wwhywiynid b wpbwih dbwgnppuyhtt dwubpnid, b
hwpdwupjuwsubp jud wnuwwyunwugwsutp, npntp punujunid Gu nkihl-
nuwjht wpbwp: Lw twb bok) E, np nhjhunbkpp punpngonn hwnjwithpub-
nhg k mhun juupundws wpbw) niukbwgp [23, 24]:

Cunhwinip wpdwdp wnlw tu Uh owpp hinhuwluknph [4, 5] Ynnuhg
wnwowpljwsé sSwnwpthunbuwlubph nkhjunwjunipniup puinpnonn sw-
thnpnohsubpn’ wpbwjubpp b ngpugnid tduqnn nEjhjunuwght mbkuwlubkph b
ppwoén dtwgnpnubph woumipmnitp, dhinghutnhjujut hwdwluwp-
gnud Ukyniuwgdusnipiniip [5], hywytu twb htwgnyb sSwgnidp, npnyw-
Jh wywunwputibipnid ywhwywiugwénipjniup, npybu juunt hwdbdw-
nwpwp untwy wdkjwjuypipnud hwinhwbp, ghubnhnpit wphwnup-
dwght b dbkpdwplwnupduwyhtt nbuwljubkpht punpny dh owupp wnwtdw-
hwnlnmpmnitubph ywhywinudp b hwdwywnwupwt  wuydwbubph
wnluynipjui nhypnid gpuitg ngpubnpnidp [4]: Cun npubg Yndyuuywi
uplighint hwdwp wpwidtugpty kip wikbwlwplnpubpp nbkuwlh hw-
gnyu dwgnudp, wnlwnipniup nEdnighnidubpnid b ppwén tdnipubph
gnynipjut gniguwthpubpp, pwuth np npup Jupnn bu tiw) nkuwlh nkhy-
nuwjinipjut YEpwpkpu) wdkttwnhuhly nt (hwpdbp punpnonidp:
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bPuswytu wupqyb] E hubwpniuwpwbwlut ndjujitphg, upugtuh g-
nh dtwgnpnubpp huynih kb ghobu wwkngkb-dhngkihg Gypuuhuynid
b Zmuhuwhtt Udkphuynud [40]: QFup b Jjnruubpp hwunwnb] Gu
Philadelphus nevadensis (Knowlton) Chaney ppwén uuniph tdwunipiniup Ph.
lewisii Pursh dwdwtwjuljhg mkuwyhty, nptt wydd wdnid £ Uhugyu) Lw-
hwuqutph hjntuhu-wplhuninpnid:

Npnuwt gknh wjuquinid Uhupwth Jun yihunngkyut vndw-
puobkpunbphg ppwén pniyubph qquih pwbwlnipinit Gt hwjntwpbpt)
U.Q. Qnnpniuht [17] U P.Q. Qupphbjuip [10-12]: Ujunbky Luwnw @nn-
pntunt b mphoubph (¥nnpniuh, Uwbwpjul, Oquutqnju, @npnujul,
duynip) Ynnuhg 1980 p.-htt Cudp-1 mbknuduynphg hwjwpyus ppwsn
uudnputph juqund P.Q. Qupphbjwup [12] npnoky E Philadelphus cf.
caucasicus Koehne ppwén wbtuwlp, nph dudwbtwmfjuljhg hwdwpdtp wnk-
uwlp Ynyjuuywi uptigkutht k (Philadelphus caucasicus Koehne), (uy. 2):

Upligktmt ppuidn inkplip tdniph wknujuypp quinjnud £ 22 Upnihph
dwupqnid Uhuhwuh twjuht opowtinid® Cwdph opwdpwunh hyjntuhuwpbd-
njul withhtt' Cwdp gninh Unnnwluypnid: Uyt hwynbwpkpyty E ghwwnn-
dhwnwjht Jun ykjunngkiyut uykph 1,27 dju wwuph pyugpdus okpnk-
nhg (uh. 2):

buswytu wwpqyt) L, Jun wyjkjunnngkuhtt hwenpnk) tu vh pwth uwn-
gunuwownuwjht thnikp: Fpw wpyniipnid Uhuhwth opowitihg npny obpdw-
ubp mbkuwljubp nstsmgh] L, npny mbkuwlukp dhqpugyty Eu wydkh pupk-
tywun phwlyhtwjuljwi wuydwbikp niubgnng Juyptp Ynjluhnub fod
hhdtwlwiunid Ywuwhg éndh hwpuwynid quudnny Zhpjuiywb nkdnigh-
nwdutp [31], npnup phinbu Uwpdwpnid wpnbkt hul dbwdnpdus tu by,
hull mbuwlubph Umniu dwup, npnug punpny k Eyninghwljuwt wydth ks
&yniunipinil, vwngunuownbph twhwighg htnn dwuwdp JEpununpdt;
Eu bwpuyht ptwldhowyuypbpp: Upyniupnid Opnunwb gknh wuquth
dnputt vwnguyuwndwt nupwopewubpnh pupwgpnid hwpuwnwgt) k vh
owipp inp hymuhuwght gpununhdwgyni nkuwljutpny, Uh pubh obpdw-
ubp nbkuwlubp £ wwhywidl) Bu Unjjuhnyut b Zhpuiywb jud nputg
Uhol qunuynn Ynqquljuyhtt nhdnighnidubpnid nt hklmwquynid dhgpughw
Juwnwpt] twl Zujwunwih hjntuhuwght opowtinkp [27, 31]:

Ujuyhuny, Jupkjh k£ Gqpuljugit), np §ndjuuyut upighithtt swgni-
uUny ny n1p, pwl Jun-snppnppujut dudwbwluopewihg k, twhijhtnd
wdlk] E NMwjknnpnunwih hndund, hbnwquynud dkpugk] £ wjinbnhg b
ubipjuynidu wgnid £ Zuyuunwth hintuhuwplibpub oppwtttpnud:

Swpwddw YEpwpkpjuy dbp Ynnuihg nhnnwpyyt) B 2 qupusutn. 1)
wnwehtt wyt k, np mbkuwlju niukgh) E uvuhdwbwthwl) nupwdnid, wgk k
Uhuhwth ubkplw opowtinid (Nwknnpninwth hndunid), vwnguuunniu-
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utiph pupwgpnid wwhwywudby £ Zhpjuiyuw pEdnighnidnid b uungu-
wyuwnnidhg htnn dhqpugyl] Zuywunwih hjniuhuwpbbpgub opewtkp,
2) tpypnpn qupuwst wyt k, np Yndjuuywb uptighuhtt niukgl) £ Jkly wd-
pongwljwl wpbwy, npp dqUty £ Unjjuhnuyhg dhih Zhpjuihijuw b vwn-
guyuwndwut dudwbwuopowinid wyt pdwnyt) E Npnunwt ghnh yu-
[Enujuquithg wwhuywinbing Ynjuhnuymd b Zhpyubhlund, husubu
twl 8.b. Uniphowiyuih tpws [31] nhdnighnidwghtt thnpp Ynquuljutiphg
dkynud, npnughg Swynigh dwpgh nEdnighniunid wyt hwyntwpkpdty
1953 p.-phu:

‘Uljwp 2.1 - Philadelphus cf. caucasicus Koehne wtiplth npnpdp Opnuinwit ghnh wjwuquih
Culp-1 whnujuyphg, UY. 2, 3 -Philadelphus caucasicus Koehne (nunnuihwjug dwusnupp’ 2
ud); la-Philadelphus cf. caucasicus; wntplth npnodp, mknuquypp Swdp-1, okpwn Shm-1/f, wdniy
135/30; ERE/PB hutwpniuwpwiinipjwl pudhl, x2; 1b - intji ophiwlyp, nkplih gpnpd’ x
5;1¢ - tinyl ophiwlyp, wkplwphpbnh Epht dwuuh gpood’ x15;2a -Philadelphus caucasicus;
dudwhwlulhg poijup, nkpl’ Zwywuinwl, Gplwbh poivwpualjwb wgh, ERE/PB,
hutwpniuwpwinipinii; 2b - unyu ophiwlyp, nkphwphptnh Jipht dwup, x5;3a -
Philadelphus caucasicus, dulwtimljuljhg poyjup, Zuywunwl, Gphwbh poiuwpwbulub
wygh, ERE PB, hukwpniuwpwnipntl, x1,5; 3b - unyt ophimlyp, nkplwphptnh tpht
dwup, X 7
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Npnunwt ghnh wjuwquih ppwén pupdpwlupg pnyutphg Uhuhwuh
nwpwoéwopowth dudwbwulihg dnpumd wwhwywudb] E dhuyt dh
dwup: Swpwéwopowth whngku-wyjkjuinngbyut $npwutnhg Ynydljuu-
jutt uptigktint b wy) niphp mbkuwlubph hkwn dkjunkny wiuhbwnwgk) Gu hhd-
twlwtnid npny opmdwhduyghty, Ukqndh) b dwuwdp obpdwpubpndh) nk-
uwlukp [12]: Npnuwith ppwsdn mbuwljutph dudwtwulhg hwdwpdtp-
ubipp Zuywunnwth nmwpwspmd  tkpfuynidu pupuus Eu Zujuwuwnwih
wnwpplp $inphunhly oppwtitpnud: Cun npnud Npnunwth wjuquiuh ppu-
o6n 232 wwpunt pnyubphg dudwbwlwlhg pniuwlwinipjut juqunid
Zujwunnwth wnwpwsph tkpu $nphunply oppwinbphg wdktwpwnp
hwinhuynud Eu Quiigkqnipnid (98 wnkuwly) b Polwtnid (96 wntuwl), [38]:

Quiugkqniph b bolwth $nphuwnhl opowtiubph pniuwlwb wohiwmphh
udwunipiniuutpp (Quercus macranthera, Betula pendula, Sorbus aucuparica,

Rosa spinosissima, Spiraea hypericifolia, Juniperus policarpus, Paliurus spina-
christi, Celtis caucasica, Salix alba, S. excelsa, Populus alba, P. nigra b wjju),
[6] Yyuynid B wyt dwuht, np wdkbuyt hwjwiwjwinipjudp wju tpynt
opowttiiph Y hdwjwlwt guydwutbpp twpahunid niukghk] B bdwinipe-
mniuubp, npnup tkpjuynid bu wwhwyw by G [12]:

Ujuyhuny, Jupkjh £ Egpujugub], np YUndjuujutt uptighthtt hwdw-
wuwnwupuwbtnid E nkjhjunwjunipjut swthnpnohsubkpht, npnughg wdbktw-
Juplnpl wyl E np wkuwlp quinty  ppwsn Jhgwynid Zupujuplbjul
Zuyuunnwth Jun wkjunngkiyut ghunndhwnwghtt judbph tundwspuk-
pnud: Ujt miuh Zhpjuyut b Unjjuhnyut pidnighnidubpnid yquhwwb-
Juwoénipnil, dbkpdwpbwnupdughtt swuquudp yuydwbwynpjws mbuwly-
Ukpht punpny npnp wpwbdtwhwunlympnibibp, ophtiwl ukpubph w-
nwlig hwhqunh opowth ki, wyuhlipt’ bkt tungngk nhuh $hqhninghuw-
Jut dhpwtljju hwiquinh opowty, npp (uytt mwpwsdws b pupkhwnt b
Ubpdwpbwnupdughtt jihdwyujut gnnhubpnid: Swppkp htnwgnunnn-
ubkph Ynnuhg bu npwsd swthnpnohsutipny Yndjuuyyutt uptightht hwdw-
wuwwnwupuwunid Ep phjhjn jupquyh&wlht [4, 5, 23, 27, 30, 31, 34], uw-
Juyu JbEpp tpdwés vwhdwbinidubpp jpugind Bu wyn Jupquyhdwlp
thwuwnwgh nyjuikpny, hywybu twlb hunwlkgunid, np mkuwlp nkhqpu-
nugdnn Gud Enkihlun b

Zujuunuwind §ndjuuymt uptighint hwqjugnunnipyut jupquyh-
Swlh dwuht gqpuljmbt wnppnipubph JEpnisnipmniup b dkp Ynnuhg fu-
nwpyws hbnwgnunipjniutbph wpnniupubpp pnyp sk k) hnthnjuly
2Z poyyubinh Jupdhp gpph [2] DD-nnjjujutiph wipwdwpupnipinit juwnk-
gnphwt, pwuh np wyt phnbu sh Jhpuguiydl] pinipjut dbe, stwjwd
atntiwplJws vh pwpp thnpdbkpht:

Utp Jupshpny mbkuwljit mthtinwugdwt uyyuntwhph nwl sk, jud 22
nwpwdpmd wyt Ynpgubnt |nipg Juwtq sjw, pwth np punphhy pwpdp
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ghinuqupny hwnlwuhoutph (ujunpkt dowlynud k 22 pnruwpwbwlui
wjghutipnud b ninpunhy nujuplubpnid: Fugh wyny mupwusdws k dkp
hwipwubnnipjut  vwhdwibkphg nnipu hwpwlhg  opowbiubpnid:
Udnd £t @npp Uuhwjh juybwwnbpl wbwnwntubpnid, ‘Lwpwynyjuuh
wplununpnid, Tpuunwimid, Gingpyndyuup hwpwd-wplbpmd’ dhish
1800 U pupanpnipiniuubpp [25, 26, 33, 39]:

ZEnmwgnuinmpiniith hpujwbwgyt) £ 22 YL pupdpugnyt Yppnip-
jum b ghunipjut §ndhnth wowlgnipjudp (ZEnmwgnuulwu Spwughp
Ne21T-1F198" «Zwjwunwbh pniuwpwiwljwi wyghbpnid Yndluup poi-
uwljuw wppjuwuphh npny nhjhfunutph wpuywnwghwih ntuntdbwuhpnipe-
i phdwyny:

22 90U U.L. fuwpuinwgjuh wiy. pniuwpwiinipjub htunhunin,

Zubwpniuwpwnipjub pudh

e-mail: annagrig-an22@mail.ru; annaangrigoryan@gmail.com
ivangabrielyan100@gmail.com

U.U. @phgnpjuly, b.Q. Gupphbjjut

Unyuuywh upiqhuha (Philadelphus caucasicus) npubu Zuyuunmbh
ppwdn b dudwtiwljuiljhg pb hjunnughtt ppruwnbuwy

Utp Ynnuhg ntunmdbwuppyty E Yndjuuyuts upightht (Philadelphus
caucasicus Koehne, HYDRANGEACEAE) nputu huqugnin nkuwly Zw-
juunnutth $ppuynud: Gty o mbuwjh hwdwp Swnwpthwyhtt pnyubph
phjhjunwjunipniup punpnpnn hunnwly swthnpnphsibpn: Zubwpniuwpwiw-
Jut ndjujubph wpjumpjudp puguhwyngt) E ntunduwuhpynn nbuw-
Jh swgnidbwpwinipiniup, nhunnwuplyl Bt wyuwunwpwbubpnid (nhdni-
ghnulubpnud) wwhywibnt hwjwbwlwinipnitp, dhgpughugh G-
punyytnt htwpuynp nipnnipnibbpp:

A.A. I'puropsn, U.I'. 'abpuessin

Yyoymnuk kaBkasckuii (Philadelphus caucasicus) kak uckonaemblii
U COBPEMEHHbIH PeJIMKTOBBIA BUA (JIOPpbI ApMEHUH

N3yden uyOymnuk kaBkasckuid (Philadelphus caucasicus Koehne, HYDR-
ANGEACEAE) kak penkuii Bu (Giaopsl ApMeHHH. Y CTAHOBJICHBI YETKUE KPUTE-
PHH, OTIPEEIISIFONIIE PETUKTHOCTh IPEBECHO-KYCTAPHUKOBBIX PACTCHHHN JUTS JIaH-
Horo Buja. [Ipy Hamm4mu maneo0OTaHUUECKUX JAHHBIX ObLIa PacKphITa reHea-

60


mailto:annagrig-an22@mail.ru;
mailto:ivangabrielyan100@gmail.com

JIOTHSI U3yYECHHBIX BHJIOB, PACCMOTPEHBI BO3MOXKHBIC HATIPABIICHUS MUTPALIUHA U
BEPOATHOCTH COXpaHEeHUs B yoexxumax (pedyriuymax).

A.A. Grigoryan, 1.G. Gabrielyan

Caucasian Mock Orange (Philadelphus caucasicus) as a Fossil and

Modern Relic Species of the Flora of Armenia

The Caucasian mock orange (Philadelphus caucasicus Koehne,
HYDRANGEACEAE) was studied as a rare species in the flora of Armenia.
Clear criteria were established that determine the relict status of woody plants for
this species. In the presence of palaeobotanical data, the genealogy of the studied
species was revealed, possible migration directions and the likelihood of
preservation in refuges were considered.
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Yaen-kop. HAH PA JI.P. MaungeuasH, /1.0. Tep3sn, M.JL. I'puropsH,
JI.P. Oransin

HccnenoBanne M03Ke4KOBO-PEeTUKYJISIPHBIX U
PeTHKYJIOCIHHAJBHBIX OTBETOB JISITYIIKH

(TTpencrasneno 21/X 2024)

KiioueBble ciioBa: PEMUKYIOCNUHATIbHblE Hel;pOHbl, CNUHHOUL M0O32, MO3-
HCEHOK.

BBenenue. JlpuratenbHas O€ATENbHOCTh OpraHu3Ma — 3TO PE3YJIbTaT
CJIO)KHOTO B3aWMOJICHCTBHS JABUTATENbHBIX CTPYKTYP TOMOBHOIO W CIHUHHOIO
Mo3ra. HelfipoHbI IByX OCHOBHBIX HUCXOAIINUX ITyTeH (BeCTHOYI0- U PETUKYIIO-
CIMHAJIbHBIE) TECHO B3aHMOCBS3aHbI M, OUEBUIHO, 3Ta CBSI3b HAMPAMYIO BIHIET
Ha peryyisilyio JABIKEHHH OpraHu3Ma. BOJBIIMHCTBO PETHUKYIOCTHHAIBHBIX
HEePOHOB, HE3aBHCHUMO OT JIOKaJIU3allii B CTBOJIE MO3Ta, Y4acTBYIOT B Iiepe/a-
4ye BECTUOYAPHON MH(GOpMAIMK B CIMHHONW MO3r. Takum 00pa3oM, HEHpPOHBI
MEAMAIbHOW peTHKY/spHOH ¢opMmaiuun (MP®) BMmecTe ¢ BeCTHOYISIPHBIMU
BIIUSIOT HA MOTOHEMPOHBI CIIMHHOTO MO3Ta, PETYIHPYS B3aUMOJEIHCTBHE MEX-
Ny WHTErpanuel M BHINOIHEHHWEM ABIKeHu# [6]. Ilockonbky ABHUTraTenbHbIC
CTPYKTYphl ampubuii HanmeHee TUpPepeHIIMPOBAHDI, BYKHO U3YYUTh UX (yHK-
IIMOHAJIBHOE B3aNMOICHCTBHE.

B nanHoii pabote 00beMHEHBI PE3YIbTATHl MO3KEUKOBO-PETUKYIISIPHBIX
PETUKYIOCIUHANBHBIX B3aHMOOTHOIIEHUH.

Matepuaj u MeTObl. DKCIIEPUMEHTHI TIPOBEIEHBI HAa 93 03epHBIX JIATYIII-
kax (Rana ridibunda) o6oux momoB M0 METOANKE M30JIMPOBAHHOTO MEPQY3UPY-
emoro Mosra. JKMBOTHBIX HapKOTH3MpOBaiM pacTtBopoM MS-222 (0,2r/xr).
BckpoiBanacek rpymHas kierka M oOHakanoch cepaie. Yepes ero xemyaouek B
JyTYy aopThl BBOJIMJIACH KaHIONS C IeNbio mepdy3un pactBopoMm Punrepa mis
XOJIOJJHOKPOBHBIX, HAaChIIIEHHBIM KapOoreHom (10°-18° C). DmekTpuueckoe
pasnpaxenue nepenneit Bereu VIII HepBa ocymiecTBIAI0CH OAMHOUYHBIME y/ia-
pamu noctostaaoro Toka (0,1-0,2 mc; 0,05-0,1 MA) mocpeacTBoM cepeOpsiHOro
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BCACBIBAIOIIEro AIekTpoaa. Kpannoromuen BCKpbIBajics Takke Mo3kedok. [lon
BH3YaJIbHBIM KOHTPOJIEM Ha MOBEPXHOCTh aypUKYJSPHOU 00IaCTH OCTOPOKHO
MPHUKJIAIBIBATIMCH OUTOJSIPHBIE IAPUKOBBIC 3JIEKTPOIBL. [ 3IIEKTpUIEcKOro
pasapaskeHus aypuKYISIPHOH 00JacTH MO3KeUKa MPUMEHSIIHCH TE JKe TapameT-
pBI TOKa, 4TO U JUIsl BeCTUOYIsIpHOTO HepBa. C LeNbl0 BHYTPUKIIETOYHOTO OTBE-
JICHUsl DJIEKTPUYECKOM aKTUBHOCTH HEHpPOHOB MP® uCHoOap30BaluCh CTOYEH-
Hble CTEKISTHHBIE MUKPOAJIEKTPO/bI, 3allONHEHHbIE pacTBOpOoM 2M JIMMOHHO-
KHCIIOT0 KaJus, ¢ conporuBienneM 10 MQ. CTuMynsIus peTHKyI0CITHHAIBHO-
ro TpakTa B 00JACTAX MIEHHOTrO M MOSCHUYHOTO YTONIIEHUN MPOBOIMIIACH OH-
MOJISIPHBIMU BOJTB(PaMOBBIMH 3JIEKTpoiaMi. KOMITBIOTEpHBIN aHalN3 JaHHBIX
npoBoauics ¢ momotpko mporpamm Origin 8,5 u NiDiadem. TlpuBenens cpen-
Heapu(pMeTHUECKIE CTaHIaPTHBIC OTKJIOHEHHS TTOKa3aTeNeH.

Pe3yabrarnl u o6cyxnenue. Heiiponst MP® unentudumpoBamick Ha oc-
HOBaHHUHU BO30YXXIAIOIIUX MOCTCHHANTHYecKuX MoteHimanoB (BIICII), Bo3Hu-
KaIOIIMX MPU CTUMYIISIHK HIICHIIATEPAILHOTO BECTUOYIISIPHOTO HEPBa U HX aK-
TUBAIMY TPU CTUMYJISILIAY IEHHOT0 U MOSICHUYHOT O OTAETIOB CIIMHHOTO MO3Ta.

OnuHOYHOE pa3IpakeHUE ayPUKYIIPHONU 00JIACTH KOPBI MO3XKEUKa BbI3bI-
Bajio TopMo3HbIe mocrcuHanTudeckue noreHuans (TIICII). Jlums 30% nnen-
TU(QUIMPOBAaHHBIX HepoHOB MP® oTBevasny Ha CTUMYIISIIMIO MO3XKeUuKa. 3ape-
TUCTPUpPOBaHA BHYTPUKIIETOUHAs AKTUBHOCTH 175 pETUKYNAPHBIX HEWPOHOB.
VYuurteiBas BpeMeHHbIE XapaKTEPUCTUKH MCCIIETOBAHHBIX OTBETOB, MBI YCIIOBHO
paznemun 3apeructpupoBannbie TIICII Ha qBe TPYMIIBI: KOPOTKO- U JUTHHHO-
JIaTEHTHBIE.

B nepByto rpymnmy Bomuu 56 HelpoHOB, JIATEHTHBIN MEPUOA KOTOPHIX CO-
craBmsn 1,65-3,0 mc (B cp. 2,56+0,33 mc; n=56) (puc. 1, A, a 2, 6 2; puc. 2).
[Ipu pa3nuyHOi HHTEHCUBHOCTH CTUMYJISILIMK HE HAaOMI01aJI0Ch 3HAYUTEIHHOTO
M3MEHEHHUS TPONODKUTEIHHOCTH JJATEHTHOTO NMEPUOAAa U BPEMEHU HapacTaHHs
aMIUTMTYbI 10 MakcumyMa. [locnmenHsas coctaBmsia B cpenneMm 3,72+0,93 mc
(2,1-6,15 mc; n=52). Ix ammautynga gocturana 0,57-3,3 MB (B ¢cp. 1,58+0,58
MB; n=52). O01as mmrenbHOCTh Kojiebanachk B npenenax 7,46-22,5 mc (B cp.
11,6+ 3,16; n=55) (puc. 1, A a 2, 6 2; puc. 2). OTMe4eHHbIE TTOKa3aTeNu Jalld
ocHoBaHue paccMmatpuBath JaHHble TIICII kak MoHOCHMHaANTHUECKHE [4].

Kopotkonarentusie TIICII reneprupoBainck MOHOCHHANITUYECKH B HEHPO-
Hax P®, npeanonoXuTenpHO OpsIMOM aKTHBalLMel akCOHOB KieToK Ilypkunbe,
npoenupyromuxcs B MP®, 1o aHajloruu ¢ CyIlIECTBYIOLIEH INpPSMOM CBA3BIO
kieTok [TypkuHbe ¢ BecTHOYISpHBIM siepHbIM KomiiekcoMm (BSK) [2].
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Puc. 1. [locrcuHantuyeckye MOTEHIMAIbI HEHPOHOB MEAUATIBHONW PETHKYIIIPHON (opManuy B
OTBET Ha Pa3/ipa’keHHe UIICHIATEPaIbHON aypUKYISIPHON 00J1acT! KOpbI MO3KeuKa: A, a2, 62 —
MoHocuHanTuueckue; b, a2, 62 — nonmucunantuyeckue TIICII npu pa3inyHON HHTEHCUBHOCTH
CTUMYJIALIMY UIICHIIATEPATIbHON aypuKYIJIIpHOH o0JlacTH KOpbl MO3XKeuka; A, al, 61; b, al, 61 —
BIICII Tex ke HeHpOHOB MeTNaIbHOMN PETUKY/ISIPHON GopMaliy Ha pa3apa)keHHe reperHei

BCTBU BeCTI/I6yJ'[5{pHOFO HEpBa € LECJIbIO UX I/II[CHTI/I(i)I/IKaLII/II/I.

Bo Bropyto rpymnmny Obur BKITtOUeHBI 119 peTHKyISpHBIX HEHPOHOB, B KO-
TOPBIX CTUMYJISIIAS aYPUKYJISIpHON 007acTi Kopbl Mo3xkeuka Bbi3biBaia TIICIT
c Oornee UIMTENBFHBIM U HECTAOWIIBHBIM JIATEHTHBIM TieproaoM (puc. 1, b 2, a 2,
0 2; puc. 2). OHM XapaKTePU30BAINCH YCTKHUM YKOPOUCHHUEM JIATCHTHOI'O MePH-
ola u BpeMeHH Hapactanus runeprnomspuszanun TIICII mo mMakcumyma mpu
YBEIMYEHUH UHTEHCUBHOCTH CTUMYJISINH. X TaTeHTHBIA IepHo Konedancs B
npeaenax 3,04-6,0 mc (B cp. 4,2+0,8 mc; n=119). imTenbHOCTs, BpEMEHH Ha-
pacTaHus aMIUTUTYIOBl JO MaKCHMyMa COCTaBisuia B cpemaHem 5,16+1,24 mc
(2,22-8 mc; n=87). AMmIuTyaa qocTurajia Makcumyma B cpeaaem 1,8+0,62 mB
(0,63-3,5 MB; n=92). O6ras mmurenbuocTs qaHHbix TIICII O6buta B mpeaenax
8,18-27,8 mc (B cp. 15,5+4,6 mc; n=112) (puc. 1, b a 2, 6 2; puc. 2). Bermeor-
MEUeHHbIe BpeMeHHbIe xapakTepucTtuku 3aperucrpupoanbix TIICII u ux 3a-
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BUCHUMOCTDb OT MHTCHCUBHOCTH CTUMYJIAIIMN YKAa3bIBAIOT HAa WX IMOJIUCHHAIITHYCC-
KO€ INPONCXOXICHUEC.

n

16

12

0

1 2 3 4 5 & MC

Puc. 2. 'ucrorpamma pacnpezenenust MoHo- 1 nonucuHanTuueckux TIICIT veiipoHoB
MeIaIbHON PETUKYSIPHOH (hopManuyl B OTBET Ha pa3paKeHHe HIICHIaTepaIbHOM
AypUKYISIPHOH 00J1acTH KOpBI MO3keuKa. [IpeprIBHCTas IMHUS YCIOBHO pa3/elsieT MOHO- U
nonucuHanTHIeckue orBetsl. [1o ocn abermce — Bpemst (Mc); IO OCH OPJIMHAT — KOJTMIECTBO

HCCIIeIOBaHHbBIX HEHPOHOB ().

Jmmuunonarentasie TIICII, BbI3BaHHBIEC ¢1a00W CTUMYJISALUCH OBEPXHOCTH
MO3€4Ka, IOCTENIEHHO YKOPAUYNBAJIUCh I10 BPEMEHU IIPY YBEIMYEHUH UHTCHCUB-
HOCTH CTUMYJISILUHY, T.€. IIPU NPOCTPAHCTBEHHON CyMMAalUM BXOJOB Mapauielib-
HBIX BOJIOKOH K JeHapuTaM KieTok [lypkuabse. OnucanHble TOINCHHANITHYECKUE
TIICII Bo3HMKATHN HE TIPSIMOH, & KOCBEHHOI akTHBaIMel KieTok [lypkunbe gepes
NapajuleJbHble BOJIOKHA, 110 AHAJIOIMU C TAKOBBIMH, 3apETUCTPUPOBAHHBIMHU B
BSIK, B oTBeT Ha pazapaskeHHe aypHUKYISIPHOM 00JacTH KOPhI MO3KeuKa [2].

Jlatentusriit nepuon TIICII 3aBUCHT HE TOIBKO OT HHTEHCUBHOCTH CTUMY-
JIILIMK, HO U OT JIOKAJU3alUK PA3APAXKAIOLIETro 3JEKTPOIa, IIOCKOIbKY HEKOTO-
pble HEHPOHBI OTBEUAIOT MOHOCHHANITHYECKH TIPU OYEHB CJIA00H CTUMYIISIUH, a
JPYrUM HEOOXOJMM CHIIbHBIN cTuMyIl. Yactora nosiienus: ormeueHHbIx TIICTT
CHIDKAIIACh TIPU TMEPEMENICHUHU Pa3pakKaroliero 3JeKTpoja MoOIMmKe K Cpea-
HEU JIMHUHU MO3KEUKA.

B orBer Ha CTUMYJSILIMIO IIEHHOTO W IMOSICHUYHOIO OTIEIOB CIUHHOIO
MO3ra IPHA Pa3HON MHTEHCUBHOCTU CTHUMYJISIUMU BO3HUKAJIM aHTUIAPOMHBIE I1O-
TEHIIMAaJbl JCHCTBUS C KOPOTKUM H (PUKCHPOBAHHBIM JIATEHTHBIM TMEPHUOIOM.
OHH OTJIMYANIHMCH CBOEH KOPOTKOH pepakTepPHOCTHIO U CIIOCOOHOCTBIO BOCIIPO-
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M3BOJIUTH BBICOKOYACTOTHYIO cTUMYyIsiuio (puc. 3, A 3, b 3). Peruxynsapueie
HEHPOHBI, KOTOPhIE AKTUBUPOBAJIUCH TOJBKO IIPH CTUMYJISIUH IIEHHOTI0 OTIeNa
CIIMHHOI'O MO3ra, ObLIM 0003HaueHBI Kak C-HEHpOHBI, a HEHPOHBI, aKTUBUPYIO-
IMECS TaKKe MPU CTHUMYJIALMHU MOSICHUYHOIO OTJAeia CIIMHHOIO MO3ra, ObLIM
0003Ha4YeHBI Kak L-HeWpOHHbI.

Jlarentnsiii nepuoxa C-ueiiponos Obu1 B npeaenax 0,37-1,66 mc. JlateHT-
HbI# nepuox L-ueiiponor 6bu1 0,51-1,8 mc (puc. 3, A 2, b 2, B, I'). Paccrosiaue
Mexay Mectamu pazapaxenuss C m L cocraBuimo 5-14 MM (B cpeaHeM
9,84+1,44; n=55). PaccTosHue MEXKIy MECTOM BBEICHHS MHKPOAJIEKTPOIa B
MO3T M1 MECTOM CTHMYJISIIMHU IICHHOr0 OTJEa CIIMHHOIO MO3ra ISl PeTUKYJIOCIIH-
HaJBHBIX HEMPOHOB cocTaBmio 3—6,9 MM (B cpemnem 4,63+0,7; n=211) [1, 3, 5].

Je o s

10mMB
4mB

1me
mc

2- =
4mB 10mB
1mc
mc
3- 3~
n n
B 30 r 30
20 20
10 10
0 MG 0 MC
0.5 1 1.5 2 0.5 1 1.5 2

Puc. 3. AHTHIpOMHAs aKTUBALIUS PETHKYIIOCTIMHAIBHBIX HEHPOHOB HAa CTUMYJISLIUIO MIEHHOTrO 1
MOSICHUYHOT'O OT/EJIOB CIMHHOro Mo3sra: A 1 — antuapomusle, b 1 — oproapomusie I17]
PETHKYJIOCIIMHAIBHBIX HEHPOHOB HAa CTUMYJISLUIO BecTHOYIsIpHOro HepBa. A 2, b 2 —
AHTHUAPOMHBIE OTBETHI HA CTUMYIISALMIO IIEHHOTO U MOSCHUYHOIO OTAEIOB CIIMHHOIO MO3ra
cooTBeTCTBEHHO. A 3, b 3 — OTBETHI TEX ke HEHPOHOB Ha BEICOKOYACTOTHOE Pa3/ipakeHNe
cnuHHOrO Mo3ra. B, I' — rucrorpaMmel pacnpeenenus JaTeHTHbIX nepuonos C- u L- HeiipoHoB

COOTBECTCTBCHHO.

Ha ocHOBaHHMK CKOpPOCTEW aKCOHAIBHOI'O IPOBEAEHUS PETUKYIISIPHBIC HEM-
POHBI OBUTH TIOJPAa3IC/ICHbI Ha MEIJICHHBIC — 10 14 M/cek u ObIcTphie — 15 M/cek
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1 BhIlIe. MemyieHHbIe 1 OBICTpBIC peTUKyIsipHble C- 1 L- HelipoHbI peructpupo-
BaJHCh BO Bcex oOmactsax MP®. BrisBieHo, uro memieHHbIX C-HeHpoHOB
OonpIre, ueM ObICTPBIX [1].

3akmouenue. OOCTy)KHBast M HANPABIISAS JBHTATEIBLHBIA aKT, MO3XKEUOK
AKTUBHO BOBJIEKAETCS B PETYJIAIMIO MO3BI M ABMXKEHUS CAaMOT0 Pa3IHYHOrO Xa-
pakTepa, KOOnepupysch OMHUMO BECTHOYIISIPHOM TaKXkKe C PETUKYISIPHOH CHC-
TeMol cTBosia Mo3ra [1, 7]. AKCOHBI peTUKYJIOCITUHAIBHBIX HEMPOHOB JISATYILIKU
MOHOCHHANTUYECKH KOHTAKTUPYIOT C JABUTATEIbHBIMH HEHPOHAMH IIEHHOTO U
MOSICHUYHOTO YTONIIEHUH. DTO JOKAa3bIBAET, YTO XOTS PETUKYISAPHBIE HEHPOHBI
JIOKAJM3YIOTCS B HEOONBIINX TPYIIIax, 0 CPABHEHHUIO C BECTUOYISIPHBIMU, OHU
CYLIECTBEHHO BIMAIOT Ha IBWKEHUA Tena. Bce BBIIEN3N0)KeHHOE CBUIECTENbCT-
BYET O BYKHOW POJIM PETHKYJIOCIMHAIBHBIX HEHPOHOB B MEAHAIIMN BECTUOYIISP-
HBIX BIMSHUN Ha CIIMHAJIbHBIE MOTOPHBIE MEXaHU3MBI.

Huctutyt ¢pusuonoruu um. JI. A. Opoenn HAH PA

E-mail: dinaart@mail.ru
mariamgrigoryan8@mail.ru
ohanyanlia@yandex.ru

Yaen-kop. HAH PA JI.P. ManBeasin, [1.O. Tep3san, M.JI. I'puropsn,
JI.P. Oransin

HccnenoBanue M03:ke4KOBO-PEeTHKYJISIPHBIX U
PETUKYJIOCIIMHAJIbHBIX OTBETOB JIATYLIKH

Ha npenapate nepdy3upyemMoro Mosra JsTyIIKH METOJOM BHYTPHKIIETOY-
HOT'O OTBEJICHHUS MOTEHIIMAJIOB OBbUIM HCCIICIOBAHBI HEHPOHBI MEIHaIbHOM pe-
TUKyIsipHOH QopMmanu (MP®) B oTBeT Ha CTUMYIISIUIO MepeHEl BETBH Bec-
THOYIISIPHOTO HEpPBa, ayPUKYIISIPHONW 00IacTH KOPBI MO3KeUKa W NIEHHOTO U T10-
SICHUYHOT'O OT/IENIOB CIIMHHOTO Mo3ra. [lpu pasipakeHHH BeCTHOYISPHOTO
HepBa B HelipoHax MP® Obun 3aperucTprpoBaHbl MOHO- M MOJMCHHAITHYC-
ckue norenimanbl aeicteus ([11). Tlpu cTumyssiuu aypukyIsspHOR obiacTu
KOpBI MO3K€UKa PErUCTPUPOBAIUCH MOHO- U NOJIMCHUHANTUYECKME TOPMO3HBIE
IIOCTCHHANTUYECKUE NOTEHIMANbl. B OTBET Ha CTUMYJISILIUIO BbILICYKa3aHHBIX
OT/IEJIOB CIIMHHOTO MO3ra ObUTH 3apeructpupoBanbl antuapomusle 1. [Tokaza-
HO, 4TO HeHpoHbl MP® akTHBHO y4acTBYIOT B peaM3allii JIBUTaTEIbHBIX (DyHK-
LM OpraHu3Ma.
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22 QUU. pnpwlhg wigud L0 Uwibjjub, 0. @hpquub, UL
3nhgnpjuly, L.LF. Ohwiyul

Gnpunh gubigunintnhluwght b gwbgunnninbnught
wunwupiwubtph hbnwgnunnipniu

Gnpunp whppniqugyny mnbnh wpbywpunh Jpu junwpgus
thnpdbpnud nuuntdtwuhpyty B dhpwlju gumigwdl gnjugnipjut (U8Q)
Ukypnutkph Ukppeewhtt ynnkughuybpp' h wunwuwh winuunw-
Yuyht yupnh woglh &ninh, mntnhyh junnuijub ppgwtih b nnunintnh
wuwpwiungujhtt b gnunjujhtt pudhuubph gpgpdw: Thnwunwlught
uwpnh gpgenidhg unwgyby b Untin- b ywnjhuhttwwwyunhlyy gnpdnnnipjut
wynubkughuwutp (310): Minknhlh YEnth gpgodwt hknbwupny USS: k-
pnuubpnd gpuigdly Bu dntin- b wnjhuhttmwwywunhly wpgbjulhs hbwnuh-
twuwwhl wnunbkughwjubp: Anuninknh JEpp wyywéd hwnduwsdubph
gpgnnidhg qpuiigyt] ki wbtnhgpndught @0 8nyg E wpjws, np USS
ubjpntubptt wiwnhynptt dwubwlgnid i opquuhquh swpdnnuljuib

dniuljghwubnh hpwlwbwmgdwnp:

Corresponding member of NAS RA L.R. Manvelyan, D.O. Terzyan,
M.L. Grigoryan, L.R Ohanyan

Study of Cerebellar-Reticular and Reticulospinal Responses of the
Frog

Neurons of the medial reticular formation (MRF) were studied in response
to stimulation of the anterior branch of the vestibular nerve, auricular region of
the cerebellar cortex, and cervical and lumbar regions of the spinal cord using
the intracellular potential recording method on a preparation of perfused frog
brain. Mono- and polysynaptic action potentials (APs) were recorded in MRF
neurons upon stimulation of the vestibular nerve. Mono- and polysynaptic
inhibitory postsynaptic potentials (IPSPs) were recorded upon stimulation of the
auricular region of the cerebellar cortex. Antidromic APs were recorded in
response to stimulation of the above-mentioned regions of the spinal cord. It
was shown that MRF neurons actively participate in the implementation of the
body's motor functions.
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U.U. Cwhpuqyut

Pwphunnphy Jhpwpnidmpynitp’ npugku punglnh ghd
wuypuph htwpudnp pwquujupuljubh ninnnipnit

(Lkpluyugyws k 20/V 2024)

Puttuh punbp. U2QP, dwpwwluynid, §nunpphn hhyjubnnijeinii-
akp, puphunnphly Yhpwpnidnipeinil, punglnwéinipn b:

‘Uhpwdnipinii: Upfjuwphnid fwpyuljuydudp nunwunid Eu wdbkh
pwil 110 dhjhnt EpElowubp b 640 dhjhnt dEdwhwuwljutp: LEpjuynidu
ghpnipjut <hwdwdwpulp» swpnitwynid £ pungyuyidl] wdpnne wop-
huwphnid, b 4pghtuhu ninklgnn hhwiunmipinituutph , h phdu dbknwpn-
1hy hwdwnwthgh, 2-py nhwyh pwpwpuyht ghwptnh (T2DM), uhpun-
wlnpuyhtt hhjwunmpinitubph b bwb pungybnh nmwppbp nbuwlutph
nwpwdywoénipniup npuljl) Eu npuybu hwipwihtt wenpenipjut Jw-
plunpwgny juinhp:

“hnliu Epotwljuwtnpbt wupqupwtdws sk Swpyuljudwi b pung-
Ytnh qupqugdwi nhuljh dhol thnpujuyuljgyusnipiniup, hiswybu twl,
pk wpynp puoh bywnwlught helignudp Yupn'y E pungllinh phubh
ujuqbkgdwt gnpdntt hwinhuwbwyg:

Uwluytt puuquuphy hinhtwlutph hblnwgnunipjut wpyniuputph
hwdwdwtl' Kwpyulupdwdp hhywbnibph dnn pungytinh Juihiwpgt-
nudp hhtwluwbmd vhudws b inpuiwy UQ-h dknpplpdwip” pudupup
dhqhujut wljnmhympjut b ubtinpuljupgh owwmhdwjugdwu dhongny:
Lungljtnh b npuitthg dwhwgnipjul nhyptph Jpw puwph tywnwlugh
Ynpunh wqpbkgnipjut quuwhwwndwtt mnnjus jwytwdwyu) pwunnuh-
qugus Yihthpjuljwt nunidbwuhpmipniutbph hpwljwbwgnidp dwy-
puhbn dwpunwhpwybpuyght |, b tdwt ntunidbwuhpnipyniiuipp jupnn
ku twil oquit Wjuqlgutint pungytnh qupgquguwt nhuljp: Zwpl k woly,
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np pupdp wunhdwuh ghpnipjudp hhuunubph Unn nddup £ wuywhn-
bk puoh mbwut b Juynit hobgnid dhuy Jhuuwlbpuh thnthnpunipe-
mnibubph dhengny (2, 9, 17, 48]: Zmdwdwju Osadchuk AM, Loranskaya ID
wyng (2021) nuunidtwuppnipjut nydjuukph YEpohtiu wnwyby wpmynt-
twybwn k pnnpuypuyhtt panunphsh (Ukndnpdhuh, dbjuwnnthuh, hw-
Jwopuhnutnttph, hwjuwwunpngbuubph b hwjubtuwnpngkuubph) hw-
dunpnipjudp: Lungtnh qupqugdwit hbnnwqu hkpwbupp tkpju-
jugynid E dwupyulujdwt b wyknpny U2-h jubjuwupgbjdwt, wpnne
wwpkjultpuh qupdw b pungynh pinugnpsuljut jubjuwpgtjdwui
Spwgptph ukpppdwi (nyund [39):

Qpuljwinipyut wyju wjtwpyh yuunuli b, punphwipugutng dkp
niuntdbwuhpwsd hbnwgnunmipiniuibph wdjuubpp, YEpnust) pungyk-
nuostnipjul hhdttwljw gnpénutbpp b dwpuyuwljuwdudp nupwwnn wb-
dwtg Unwnn §nunpphny ounjnghujut whinwpwuntipjut qupqugdui Uk-
huwthquubkpp, htyybu twb ywupqupwubk] puphwwnphly Jhpwhwwnnipe-
miuubkph nbpp pungytnh jwpupgbjdwb gnpépupwugnid:

Swpuuljupdui b oulninghwljui whnwpwimipjui thnjajuuyuyg-
Judmpniup: Itpght 10 nupdw pupwugpnid fwpyuljudwi htwn juwy-
Juws pungytnh nhwptph phyp qquipnptt wéky £ b wnphpninjy] wn-
wnijughnt dwutwpwdhup mpudwuppljuig sppwtnid Juqub) E 11,9%,
huly Yubwbg Unn’ 13,1%: GUL-mud fupuyuljupdudp nwunwunn wpw-
Jwb ubkinh wbdwbg wnphpninhy wynynijjughnt dwubwpwdhtp hwu-
nwwnyl) b Jhpulputhnnh wnkunjupghindugh hwdwp (=33,3%), huy
Jwlwlg dnwn’ Fupnudbnphnudh pungytinh hwdwp (=34-47,8%), [1]: Uyl
gnijuyghtt U2-t b dwpuyuljuwnidp nnqudwpnjuiig Unin pungljtinh 14%-h
L jubwig Unwin 20%-h yuwndwnt u [7]:

Luingytnh  hknwgnumipjut  dhowqquyhtt  gnpéwljunipmiu
wnwbdtiwugpby k ghpnipjudp yuwydwbwynpgwsé pungytnh (ML) 13 nk-
uwlh swpnpul] tnpugnjugnipiniuitp [30]: Uju @MNL-ubkpp tkpuenid B
Ypdpwgtndh, Ynnntljunwy, tphiwdubph, tupndbnphnidh, Juhwiwdl
gtndh, Eupwuwnwunpuwjhtt gqbndh, pwpnh, (Eqpuwwpyh unwdnpuh
Jupnhwyh pungybinuyhtt whinwhwpnudutpp, dkuhtughndwi, ddupuib-
ubkph, jEipwlpuwihnnh wnkunjupghindwt b dhkndwt: Uy swpnpuly tn-
pugnjugnipiniiibphg  pupdp nhulh pwquwfwugtndh pungytnp, ny
Znolhth thudndw b Ubjutndwt unyuytu juwuws Eu ghpnipjut htin
[30]:

Lauby-Secretan B, Scoccianti U uyjp (2016) huyjnntwptipt Et, np pung-
Ytnh pninp mbkuwlubph 12,9%-p juwydws E wybkignijuyhtt UQ-h hkwn
[30]: zZkwwgnunnubtph tunyu pudph Ynnuhg uwnwgyl) Eu hwudnghs b
Junwhbjh wywgnygutp wybnpy UQ-h b ghpnipjnit niikgnn wbdwtg
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Unwn Funndtnphnudh b YEpuwlputhnnh pungytnh qupqugdwt hwpwpk-
puwljut nhuljh (20}) pupdp dwupnulh (23 wihqud), Ephyudubtph, jup-
nh, Eupuunwinpuwght gindh pungytnh, Yupnhugh pungytinh, pug-
dwlh dhnduygh, dkuhtighndwubph nypnid hwpwpbpuljut nhuljh sw-
thufnp dwlwpywlh (1,5-2,99)° b hwuwnwnhp-ninhnunhpuyht punglk-
np, htunqupnwununupughtt: gpgwtnud Ypspuigkndh,  [Enuyuplh
pungytnh, dJupwbitph b Juhwiwdl gqhndh punghbnh 20+ wykh
gudp (1-1,49) dwjupyuyh Jepuptpiu;: Uwhdwbiwthwl wywugnygubtp
Eu dbknp phpyl] owquuwlwgbkndh pwunglbnh, nnudwpnuig dnn
Ypdpwugtndh b wmwpwédnit B-fjunonp poouyhti [hudnduyh qupqugdu
suthwynp wéh (1,5-2,99) oquapla [32]:

UQ-h htwn juuylwsd pungytnh qupqugdut nhuljn wybkh pwpép k
qupquguw puwn pupdp b pupdp gniguthy niukgnn tpyputipnud (ptwl-
smpjull winphpnunughtt $puljghwl’ hwdwywnwupwupwp 5,3% b
4,8%), putt quupquguutt Uhohtt b gudp dwjupnul niutignn Epypubpnud
(ynynigughnt wnphpninughtt $puljghw’  hwdwywinwuwbwpwp
1,6% 1 1,0%) [5]: Ukl wy] nunidbwuhpnipjut wpyniuputpp gnyg Lo
wnyk], np 40-hg gudp wnwphpnid wybkignijuwyhtt puony wughbuwnubp
niukgh] ku Swpyuljuydwt htwn juuyydws punglytnh punhwtnip Juuwb-
gh nhulh gnpswlhg (Hazard ratio — HR), hwdwuywnwupwbwpup
HR=1,16 (95% CI [1,02-1,32]) & HR=1,15 95% CI[1,04-1,27]) waquuwpy-
Jwig U juiwbg hudwp hwdbdwnws bpuig htn, npkp dhish wyy
wnwphpp wybkjgnijuyhtt UQ sk niukgh) [10]: ZEwnwgnunnubpp wwupgbyp
El, np munmigpupwtwjuwtt uwpnnghwjh qupqugdut hwjwiwlwunt-
pintup dkdwind E fupyulujdwt wunhdwh hwdwdwubnipyudp:
Ujuwytu, 25-hg 29,9 §q/d? UQP niukignn jubtwbg hwdwp pungltnh qup-
quguwil nhuljp Ukdwimid t 8%-ny, 30-34,9 g/i2 UQb-h ntuypnid 18%-
ny, 35-39, 9 Yq/u2 UQb-h 32%-ni, UQP=40 Yg/u-h" 62%-n1: Sudwpny-
Jwig hwdwp pungybtnny hhqutnuiwnt hwjuwtwjutnipniup dkdw-
tnud b uljuws UQP=30 Yg/u?-hg: 30-hg 34,9 §g/u? UQb-h nhwpmd nhuljp
wénid k 9%-ny, 35-hg 39,9 Yg/u2 20%-n1, hulj UQP>40 Yq/uzh nhuypnid’
52%-ny: Ghpnipjut htwn juyydws pungltnh pninp mkuwfubph hwdwp
wybignijuyghtt UQ-h wybih plup dudwbwluwyhtt mbinnnipniut buybu
Ubkbwgunid £ swpnpwl] tnpugnjugnipniiubph wnwowgdmt Junwugp:
Ujuwtu, 10 nwph mbnnmpjudp Supyuljudwt wpuynipjut nhypnid
pungitinh wpwewgdwb nhuljp Juqunid £ HR=1,07 (95%CI [1,06-1,09])
[32]:

Pugh dwpduh qubugwsht Jtpwpbpnn wdjuubphg, Bjerge T,
Haggstrom C, Ghaderi b uy)p (2019) ntunidtiwuhpli Eu gninjuntinh opow-
qoh ukdwgnuUp b gninjunntnh opowgdh wqnpbph ppgwigsh hwpuwpt-
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pulgnipjutt tnpdwt ghpuquugnn gniguhoubpp b wpdwbwgpt) Eu
Jbpohuubphu {npjupuduénipmitp hwnjuybu Ynnnkjunw), LGupw-
unnwunpuughtt gindh b hhwybpukdpnhnuyhtt pungltinh wrwewgdwt
Juuigh htkwn: Cuwn hbnptwlutph vnwguws wndjujubph Ypspugkndh
pungytnh b Ynnekljunwy pungltnh rhuljp dbdwtnid E wykjgnijuyght
UQ niukgnn hhjwunubph dwpduh Gpupnipjuip ninhny hwdbdwnw-
Jut yupuJubdnipjudp [10]:

Fugh nputihg pungytnh pnnp wkuwfubph Yihthjufwub gpubinp-
dwl nhuljt ninhn hwdbdwwnulub £ UQ-h jnipupwisjnip 54g/d? nd wyk-
Jubmt’ pugupnpudp nnqudwpyluig Unn unwdnpuh pungytnh
[39]:

Zudwawyt Brown KF bt wyyng (2018) wpujwljuyniup pungytnh Jb-
pwhuljiih nhuljh gnpéntiubph guwulymd qpunbtgunid L Epypnpn nbnp
Sjuwhinwnwuninipnithg htinn: Ujuwbu, Uks Fphunwutthwnid Jkpohtiu
punglnh wung&wn t nupdky 15,1%, huly Swpuuljupmdp’ 6,3% nhuypk-
nnud [11]:

Swpuuljupdub poiddwt dkpngubtpp: Williams LT, Hollis JL, Collins
CE U wyjng (2014) htnnwgnuinnipjuts nndjuajubph hwdwawy hhubnubph
U2-h sonljdwmtip b $hqhijuut wlnhynipjut oyynhdwjugdwup twhp-
Jws Ukl mmwuph nbnnnipjudp wupuwydnibpubpp hwtgbhgunid Eu UQ-h
ujuqtgdwt [55]: Uttngupwuttph Ynnuhg hpujwiwgynn ubtinulunpgh
Jbpupbpu) wejw b wngwig dpwgptpp puuljutt wpynitwdbn B
UQP-h tjuqkgdut, dupyuludwt b wykigniljuyht UQ Junwtqubph
dwuhtt hpwgbyjwénipjutt pupdpugdut wnnwdnyg [52]: Cunp npnud
ubiinuyhtt Jupph b hngiputwjut wennonipjut funphppunynipmiut
wkih wpymbufbn b ounwiqupn ubiquht phpughugh hwdbdw-
wnipjudp [23]: Unnne wynpbjultpyht dhngws dudwtwljuljhg htnbp-
ubwnwght dSpwuqpbph dpwlnudp dwpduh wybignijuyhtt puoh nbd nmunn-
Juws wuwjpwph qnptn gnpdhputphg k: dpghtiikphu wpmyniunftnnip-
jut nuunudbwuhpmipjuip thpduws hbnwgnuunipyudp Gudzune KA L
wyp (2015) wwipgh) i, np U2-p wjuqbkgubint tywwnwlny hwdwlung-
suht dSpwgnptph Yhpwenidp, npybu Juint, wykh wpynibwdbn E, pub
dwutwgbnubph wthwnwljw funphppuwnynieniup hhywunutpht [26]:

Uunpl ubpiuyugus b dwpyuljudut yquwhywinnuljut pnid-
dwt Uph pwth phnunbuwljubp:

Utpdnpdpbh punniunidp bjugbgunid E Ypspughndh, Ynjnnkljunuwyg,
pupnh b pnpkph pungltnh wpwewgdwt hwjwuwlutnipniup, dwp-
yulwdut wunhdutp b fwpyuwluduit hbn juwws pninp htwpw-
Ynp puwbqupnidubph nhuljp, tbpunjw) wnhynghwnubph pnppnpnidt nu
hhuytpnpndhwt, hEnbwpwnp b pungytnp [20]:

75



Uty wwph nbnnmpjudp dkjmmnihih (ghokpp” 1-3 dg) bowbwlni-
up gbp hhywbnubph dnnn btywuwnmd b wjugkpnjh hwdbdwnnmpjudp
Swpuuyhtt hntujwdph quiqush 6,9% ujuquuip (95% HR 1,4-12,4%;
p=0,02) b djuukph quuqush 2,6% wshu (95% HR 0,1-5,0; p=0,04), [3]:
Opquihquh Ukpuunntthih wulwumpemnith mnklgdnd E fupuuljwg-
dwdp, hulj Ubjuwnnuhuh pugniunidp 30 opdu pupwugpnid (10 Uq nlnusw-
thny ' ghotipp) hwgkginud £ UQ-h iugqkgdwp dhohtipn 7%-ny [49]: Ut-
Jwwnnthuh npujut wqpkgnipmitp hwuwnwwnydbk £ pth ywlwuh hk-
nbwbpny wnwowmgws ghpnipjwl, hswybu bwl JEipghthu pupnnipniu-
utiph pniddwtt wnnudny [50]: Upjuit dke Ukjuuunnuhuh dwjupnuljh pupd-
npugniup wjuqbtgunid E Ypspugtndh pungytnh qupqugdwi nhuljp (HR
0,86; 95%, RR 0,78-0,95): Ukjuwnnuhth gusp dwjuppulp punwuywnhly
dbkdwuginid b owquiwlwugtndh pungltinh wowowgdw Juwigp (HR
4,04; 95% ci 1,26-12,98) , hyytu twlb wunghwugyws bt djupuuttph
puingytnh htiwn (p<0,05): Uhliinyu dudwbwl dbjuwnnuhh tywbwlnidi
ninkligymd E pungytnh unihn wnbuwfubpny hhjwunubph wwpbh-
nipjul wljupnulh pupdpugdudp [32]:

Uuwyhphth punniunudp 29%-ny twqbtgunid k §nnnkljnw) pungyt-
nh wpweowugdwt hwjwbwlwiunipmniup: Cuny npmd Swpuyuljunidp sk-
qnpugunid £ wuyhphth npuljut mqpbgnipmniup nnekunw; pungyk-
nh qupqugdui hwdwhwuintpyut Ypu [53]): Mpophnnhlutph oguw-
gnpénidp pnyy) E viwjhu wwqbkgub] muppbp swpnpul] tnpugnjugnip-
miuikiph wnwewgdw s hwjuwwljwunipniun [43]:

Luingltnh wnwppbp mbkuwlubph, wuybu, hsybu, supyuludu
ntypnid, wnknh k nitktunid opquthquh viwppbp $pdkunubkph Lpuybu-
huyh fuwponnud: dudwtwlwlhg pdojughunipyut puwn jununniduw-
1hg ninnnipinit E tyguunwlught Epdiinughtt phpuwyhwih dowlnid
nt Jhpuenudp dwutwynpuybu gihynihqh $Epdkunutph wonidng [35]:
Puphwwnphl yhpwhwwnnipmnittiphg hiinn U2-h dhohtt Ynpniuwnp qb-
puquignid k 20%-n [41]: Schauer DP L wyjp 2019-htt hpwwwpwll) Eu
njuiikp, npnig hwdwdwyt puphwinphl Jhpwhwwnmpiniiitphg ht-
un pungltnh nhwpbph hwdwhuwunipyut tugnudp hwub) E 33%-h
[42]:

Cuwn Liu L b wyng (2015) 30-34,9 Yg/u2 UQP miukgnn hhjuinukph
Unwn puphwwnnphl Jhpwhwwnnipyut Eplupududljin ogunnuybnnipiu
wywgnygubpp uvwhdwbwthwy L [33]:

Uhliinyt dudwtul, hwdwdwyt Wiggins T b wyng (2019) wnjujuk-

nh, puphwwnphy yhpwhwwnnipiniihg htnn dwhwugnipjut qquh tdw-
qnud £ bjunynid UQ-h tujutt hokignid gpuiiguis jutiwg Unwn [54]:
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UQPh U Ypdpwughndh punghbn: Yuwwmwpdl) b dbnw]bpnidnipintd,
npny nuunidbwuhpyb] £ pwoh Ynpunh wqpbgnipiniip Ypépwgbndh
pungybnp Jhpuwpwsubph dnwn: 82 niumidtwuhpmipinitibph Ykpeht
Ubwnwybpnidnipnitp Ypspugbndh pungltnny 213,075 funyg dwutwul-
gnipjudp gnyg k wndby, np UQb-h jnipwupwbsnip 5 §q/u? wsh nhypnid
Yndpwugtndh pungytinh hwwnnil] dwhwgnipjut nhuljp wdnid k 14-29%-
ny, huly pihwbmp dwhwgn pyubt gniguithop 8-hg 17%-ny [17]:

Puquuph] htnwgnunmpymubbp i dkntwplyl]  Ypdpuqhnah
puingtnh yuwunipnit niukgnn hhwunubph Unwin pwsh Ynpunh yyu-
nuwlny wypbjultpyh b vbiqpuiupgh thnhnpmpniabbpt nruncduw-
uhpbnt hwdwp, npntg wpynitpubpp skt gnhwigpl] puoh wwlwuh
Unpunh b Jhpuubquiwt wenidny [17]: Uywgnigyt) k, np puphwuwn-
nhYy yhpwhwwnnmpiniut wdktwwpnnitwybwn gnpshpt £ puoh Epljupw-
dudljtinn Ynpunh hwutbnt b wyt yuwhwywibnt mbuwbynithg: UL
Jujuwswyuw] puquuynnd Ynhnpnuyhtt hbnmwgnunnipjutt wpnniupnid
hEnnuwonwbtwnunupuwihtt opownid Ypsdpwugbndh pungltnh Junwbgp
qquiihnpkt guép Ep puphwwphl yhpwhwnnipmnit nupws hhjwinuk-
ph opowtnid’ hhjwintph sdhpwhwngws huljhs judph hwdbdwnnip-
judp (Juuutgh hwpwpbkpuygnipniup [HR] Juqutk) k0,58, 95%, Juunw-
hnipjut 1[11211111111]1:_)]}‘ ClI[0,44-0,77], P <0.01 [41]:

Zudwduy Ikramuddin S bt wyng (2018) puphwwnphl yhpwhuwwnnipe-
miup dwpyuljuwpdut b puppmipnibubph wdktwwpynibugin b ju-
it wpyniup wywhnynn pniddwb tpubwlb E: Pusybu gnyg G by
niuntdbwuhpnipnibubpp, YEtuwybpyh thnthnjunipjut hbn juydws
puph Ynpniunp unnpupup whtpwb £ 3,6% 2 wupjw pupugpmd: b
hwunpnipnit wyn nuuntduwuhpnipjut, Ypspugtndh punglytnny hh-
Juunubph pudpnid, paphwwnphly yhpwhwwnnipiniip hhquunubph dbdw-
dwutnipjut dnwnn hwtigkgpt) k pwoh qquijhnpbt wyth wpunwhwjngwus
U Yuyni Ynpuwnh (28,2% 2 wnwpw pupugpmu): Supwpugh nhupbknng
hhquunubph Jhpwhwunwljut pniddwt JEpupbpyuy pwbinndhqugdus
ihthjuwut niunidbwuppmpjut pipwugpnid, puwn (knith, unudnpuh
phpwtwgdwt fudph hhywunutpp (N = 60) 1 nwupju pupwgpnid Ynp-
gpk] Eu ppkug dwpduh uyqpuwlut puoh 26,1%-p wnnne wuypkjwlykpuyh
Tudph 7,9%-h hwdbdwwn, hulj 5 wwph wig (N = 60) 21,8% puwn nth Y
unnwunpup phpubtuljgdwt fudpnid, hwdbdwnws wnnne wypbjultpuh
hudph 9,6%-h htwn [28]: Ukpwndwt swithwthoutipnh hwdwywwnwupuwh
Ypdpwugtndh pwungltnny 4105 dwubiwlhgutph hEnwgnunipjut wp-
nynitiptitiph Ybpmisnipeinitp gnyg £ unfby, np Ypspuqkndh pungytinh pu-
gulunipjutt dwjupnuljp ER-npuljut hhwunubph dnn juqdbk] k
Unnwynpuytu 43%, bulj ER-puguwuwlwb hhywlnubph dnwn’ 46%
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htwnwgnunipjut uyqphg 12 nwuph wg thwoquplydws k Ypspwugkndh
puingytnh dhpwljuyph Ynpkph hwdwdwy), hwunwwnnid £ Ypspugkndh
pungytnp Ypumpyub pupdp dwljupnuyp [19]:

Blaes A, Simon G. (2018) hpuwwwpuwlt) Eu Ypspugtndh pungltinny
hhjwlnukph pknpnuyblnh] Ynhnpunwght hbnwgnuinnipyut’ 2004-2017
PP pujus dudutwjuhwnyuénid junwupyws puphwwnphl yhpwhw-
nnipjul wiwbtni i wdjuyikpp oginugnpstyny UUL funonp wugwhnijw-
gpujui njjujutph puqui (OptumLabs® Data Warehouse): Unspwugtindh
pungytnh pbwpkph hwpwpbpwlut phuljt wt hhuunutph dnw,
nyphp Eupwplyt) Eu puphwwnnphly yhpuwhwnnipiub, 45%-nd wykih gu-
onp k Entp syhpwhwingwé hhyuunubph fudph hwdbkdwnnipyudp [11]:

Dbpp upunpyusp hpup Euwihu ghinwplyn puphwnphy ghpw-
hwwnmpiniup npybu wpynitwybn Unntgnid ghpmipjudp tmwunwwnn
Updpwigtindh pungytnhg Jepuwpusttph hwdwp, npp ny dhugle tjuw-
qgunud £ ninklgnn hhwunnipnitubph gpubnpdw hwdwpwljwnp-
mmiup, husyhuhp Eu pwpwpwpinp b hhybpunuhwb, wy twb ogunid k
Yutijul) Ypspugndp pungltinh Ypljunipiniip [18]:

Updpuigtindh pungytnm] hpjuinubph unn dwpywludw Yppy-
unipjniup Juhubnt tyyunwlny tyyuwnwlwhwpdwp E ghunwpll) pugh
Jurwupuiut pwquujupmpni Zpuyupuldus wnpmiptbph wpy-
miupubipp Jyuynid B, np puphwwnphly yhpwhwnnipmniup pupdp nw-
Ukjhmpymt muh Ypdpuwqindh pungytnny wyt hpjubnibph Ynnuhg,
nyphp swpnpul] inpugnjugnipjut yipgtwmljutt pnidnid ki wughy: Lwiith
np puphwwnphl Jhpwhwwnnmpiniip qquihnpbt wybkh wpynibwdbn
puoh Lpjupwdwdljtn Ynpunh hwutibnt nbuwtlniihg, put YEtuw-
Ytpuyh jurwjupnidp, btyuwnwlwhwupdwp b fupyujudwdp tmunw-
wnn Ypdpugkindh pungytnny hhywmubtph nunnpanudp puphwnphy
Jhpwpnydh unwn [59]:

UUL Zhjuinmpiniuutph JEpuhujdut b jutjpupgljdwt §Eunpn-
up (CDC) huyunukg k, np 2014 pywljwihg h Jip UUL-md whannpnyjws
pungltnp ntwptph 40%-p FNL (ghpmpyudp yupdwbwnpfws pung-
Ytn) k [7]: Pugh wyn, ntuntdtwuhpnipniiibpp gnyg B tiwghu, np wp-
yuliwndt wpuqugumd £ NL-h qupqugnidp dhtish 50 mmupkljut
dwpnljuig opowtinid, hsytu twb pungytinh ngpubinplwt hwdwhwmjw-
unipjniup b wnnnowwywhwlwb hwdwlwpgh dwhiubkpp dhtish 65 wnnwpk-
Jwt hhywunubtph dnw 8, 48]:

Stroud AM L uyjp (2020) Uty padph nhunwplynidughtt ntunidwuh-
pnipjwl wpyniipnid puphwwnphly Jhpwhwnnipjut Eipuplyus 2107
hhjuwinubph dnwn whinnpnoyly t pungytnh 82 tnp nhwp 5,5 nupdu
huljnnnmipjniithg htwnn [47]: Cunhwtnip puoh wybih put 20%-p Ynpgpus
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wughbunubph dnunn mpdwtwqgpyt) E pungytinh qupgugdw qquhnpku
gudn nhulj, pwt punhwtnip push 20%-hg yuljwu Ynpgpus hhywunuk-
ph Unwn: P hulunpnipenit’ wy) nuumdiwuhpnippnibibp sk hwynbwpk-
nkp npbk juww pwoh Ynpunh wunmhdwith b fwpyuudwt hbn juw-
Jwd pungltnh qupquguwi nhuljh dholi [41]: Look AHEAD-n (Action for
Health in Diabetes) dhwl] nwtynuhqugyws Yihuhjuljui hknwgnunipe-
mitt E npb nuumidbwuhpl] £ pungltnh pniddwt Gplupwdwudlbn

wpryniupubpp pwoh Ynpunh ny Jhpwhwinwlju pnidnidhg htivnn yhpw-
hwwnwlwt pnidmid unnwugus hhwunubph hwdbdwnmpjudp: Apbph

5000 dwutiwhhgutph oppwtnid YEuuwltpyh htnkuuhy thnthnjunipnd-
p hwiigigpty E dhuwyt puoh witipwl Ynpuwnh (8,6% 1 wiwph wig 0,7%-h
nhuwg, 6,5% 12 wwph wig 4,6%-h nhuwg): Cuy npoid syhpuhwun]ud
wughbkunubph Unnn pwoh Ynpniuwnp skp wyuwhnynmid Swupyuludui
htwn Juydws pungytinh qupgqugudw nhuljh (HR 0,84 95% CI [0,68-1,04])
Jud puinglitinhg twhwgni pjutt yhgmjugpnptt hwjuwunh tugnid (HR
0,92 95% C1 [0,68-1,25]) [27, 58]:

Zhnwugnuinnipjutt wpynipbph hwdwduwyl nuniduuhpnipyub
dudwitmjuhwngwsh wupwnhtt puphwwnphl Jhpwhwnniput G-
punyyusé 200 hhqutnubph b syphpwhwwnygws huljhs adph 1331 hhjwn-
ukph Unwnn qupqugl] E hutduqhy pungytn (nmupbkjwt huwdwwyuwnwu-
hwlwpwp 6,3 nhyp plnyhd 8,0 nhwyph 1000 dwpn-nwpkub hwogwp-
Uny): 10 nwupju pbpwgpmud pungybnh pninp wnkuwlfubph I}hulphpg‘
qquihnptt gwép Eu btnk] pwphwwphy Jhpwhwnnipjut jodpnid
hwdbdwwnws syhpuwhwwnyws huljhs fudph htin (6,8% 95% CI [5,7%-7,9%)]
vs 8,3% 95% CI [7,8%-8,8%], hwiwwywwnwujpwmtwpwp, pugupduly nhu-
h nnwupplpnipni’ 1,5% 95% CI [0,3%-2,7%]: Fugh wyr, Jtpghtt niuntd-
twuhpnipynitiubpp gniyyg B tiwhu, np ghpnipiniup b ghpwsht uttingu-
1htt quppughétt wpwqugunid tu FNL-h qupqugnidp 50 mwpkljwihg
gudn nwphp niukgnn hhywunubph dnwn: 10 mupjuw phpwugpnid pung-
tnhg dwhwgnipjut dwwppulp juqub E 0,8% (95% CI [0,4-1,2]) pw-
nhwwnnphly yhpwhwnmpjut judpnid b 1,4% (95% CI [1,1-1,6%]) wnutg
Jhpwhwwnnipjut huljhy pdpnid pugupdwl nhuljh mwuppbpnipinit 0,6%,
(95% CI [0,1%-1,0%]), &2gpindus RR=0,52, 95% CI [0,31-0,88], P=0,01: Ly
npnid dwpduh pwoh thnthnjunipiniup b 10 mwph wbg pungltnh qup-
qugdut hwdwpwljwinipjut hwdbdwwnnipjut wpyniupubpp thwu-
nwgpkghtt hbnlbyjw ndjujutpp. puphwwnnphy Jhpwhwnmpjut jadph
hhywunubtpp Ynpgpky Eu 27,5 Yq, 95% CI [27,3-27,8], hull huljhy fudph hh-
Julnukpp wnwbg Jhpuhuwinnppub, Ynpgpky ku 2,7 Yg, 95% Cl [2,4-3,0],
Judpbph dhohti wiwppbpmipymip’ 24,8 Yg, 95% Cl [24,6-25,1]: Pwphw-
wnphl yppwhwnnipjut Bipupidwsd pudph hhywunutpp 19,2%-n4, 95%
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Cl [19,1-194] wykjh dUkS pwoh Ynpniuwn L nthghL‘ hwdbdunws
syhpwhwn]wd hulhs fdph hhguwinbkph htn' 10 wupgu julnwghi
wnjuitiph hwdbdwwn (P<0,001), [2]:

Qhpnipinit niukgnn dkdwhwuwlubph opowtinid puphwwnphly 4h-
puwhwwnnipiniup hwighginid £ fwpyulujdwi hbn juwydws pungyk-
nh b yEpohtuhu htnn juwwsd dwhwgnipyut wybkih gusp hwdwhwmlju-
unipjut syppwhwngws hhyunutph hadbdwnnm pyudp [58]:

British Journal of Surgery wduwgpnid hpwyuwpuljws htwnwgnunnt-
pintut niunidtwuhply |k punglitinh qupqugdwt nhuljp ghpnipniu niuk-
gnn wykih pwt 18 dhjhntt dwpnljutg dnwn , npnughg dky dhjhnup G-
punplyt] tp puphwwnphl Jhpwhwunnipiu: ZEknwgnunnubpp wupgbp
tl, np Jhpwhwwndwsé hhwunutph dnwn unjhny ninnigpitph hhig nmbkuw-
Jh qupquguwt nhuljp qquihnpku guénp k Enkp b sh wunghwgyt) hnpun-
) dwjwupnuljh htn hwenpnnn vh pwh wwwphubph pupwugpnid [27]:

Qhpmpyniip npubu pungynh wupphp whuwlibph qupqugiub
nhuljh gnpédn: Ghpnipiniutt wjnhgugunid £ opquthquh ppnuhjuljut
poppnpwjhtt yhdwfubpp, npp hwbughgunid £ pohoutipmid ppnthljufut
upptup b, h ybpon, Fule-h Juwudwt b pungybnh wnwowgdw: Fuph-
wwnnhy Jhpwhwwnnipniiubph b pungltnh wnwowgdwu nhuljh tjwg-
dwl ny hunnwl] wmunghwghwt wujdwtwynpyws E hknwgnunmipiniuuk-
nh mwpwplinype wpnniupubpny [46]:

Wirth KM 1 wyip (2020) niunidwuhply Eu Ypspwgtndh pungytnh
53575 nhwphp, b pugwhuwyunyl) E np puphwwnphl Jhpuwhwnnipmit
nuwpwd YL-ny hhwunubph dnwn pungytnh hwpupbpulwub nhuljp 45%-
nJ wykih gudn E Jipwhulhy judph hwdbdwnm pyudp: ZEnhuwljutpn tg-
puwlwgpk) &b, np puphwwnphy Jhpwhwwnnipnit nwpws hhywunubph
Unwn UL-h nhyptph pwbwlp syhpwhwwnydws hhywunubph hwdbdwwnn -
prudp Ypduwnyby k [56]:

Zhang-h Ynnuhg fuwnwpjws (2020) dbnmwdbpnidnipmiip gnyg
wnykg, np puphwwnnphl yhpwhwwinnipinitp pupdp wunh&with ghpnipjut
wnnudny Juwquws E pungltnh qupqugdut nhuljh, hswyku twb dwhw-
gmpjul nhypkph wuqkgdwl htn: Cun hnhtwyikph $mighniwg b
Ynnuuwlh wgpbgnipnitubph ntumdbwuhpnipjuip dhindws hunwugqu
niuntdbwuhpnipniubpp upnn B, h 4Epen, wmuywhnyt) wyth hwdw-
wupthwl yunlbpugnid JEpbnid tjupugpdus gniguuhpubph thnju-
Juwulguénipjut yepwpkpuy [60]:

Schauer, Daniel P. i wyjp 2019-htt hpuwwpwlt) Eu puphwwnphy 4h-
puwhwnnipjut tupwupyyws hhywunutph nknpnuybkljnhy Ynhnpunught
niuntdbwuhpnipynil, npp tkpunk) £ 5 hbnwgnuuwljut jEtnpnuttph
wnjuutip: Zknmwgnuinipyni pungpyt) E puphunphly yhpwhwnnipjut
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Eupwplyuws 22,198 b syhpuwhwwnydws 66,427 hhwunubph, npnup tnky Eu
hwdbdwwntih pun uknuyht, nuphpuyghty, hElnwgnunipyut Juyph, dwupd-
uh quiqush puntpup b wy pumpwgptph puphwinphy Jhpuhuinmye-
jmup hwonppwé 10 wwphubph pupwugpnid npulnpjws punglbtnh
hwdwhwljwunipmniup quwhwntint hwdwp: ZEnwgnunnnubpp wupgbyp
ki, np puphwwphl Jhpwhwwnnipnit mwpwsd dSwup ghpnipinit nitikgnn
hhquunubtph dnwnn ghpnipjut hbn juwqwsd pungltnh, dwubwynpu-
whku Ypdpwglndh hhnnuonwbwnunuph opowth, Eunndbnphnudh b
hwuwn wnhph pungytnh wykih gusdp rhulj E wpdwtwqgnpyt) syppwhwuwn-
Jws hhjwinubph hwdbdwnmpjudp: Ujtnithwinkpd, hbinhtwlutph
Jwpshpny jpugnighs htnwgnunnipymbbp ko wihpudton puphun-
phYy Jhpwhwnnipjut pungytnh phujh wwugqbguwi Ynuljpkn dkpw-
uhquubpp hunwytgubnt tyuwwnwlyny [42]:

Kyrgiou M 1 uyjng (2017) Ynnuhg junnwupus hiinwgnunipjut pi-
pugpnid niumdtwuhpyl) b fwpyuljujdwt punipugpphstbph b qup-
qugnn jud dwhywt Lipny wpwotwghtt punglhtnh 36 wmbkuwlutph b
npuig Eipwwnbtuwlutph dhol tnws Juup: 95 dbwnwybpnidnipiniu-
ubkphg, npnup tkpwenid Eht Ynhnpunughtt hblnwgnunnipynitiubp b ogunw-
gnpénid Ehtt Swpyujunidp swhbnt pupnitwjuljuw vwinnuy, pynyg
9 mbkuwlh pungytnh dhuyu 12-h wnnidny (13%) wunghwughwbpp hwu-
nwwnytght hwjwunh wywgnygubpny: Uwpdih quuqush hunkpuh
wdp juydws E nnqudwpputg dnn jEpulputhnnh wnbkunjupghun-
dwyh, hwuwn winhph b ninhn wnhph, (Enninhttph b Gupwunwdnpuuhu
gtndh pungltnh qupqugdut; jutwtg Unn twpunuwonutununwunph
Funnutanphu pungljtnh, kphjudutiph pungytinh b puquulh dhbndw-
1h qupqugdwit wykjh pupdp nhuljh htwn: Lurh wykjugnidp b gninju-
wknh nu Yntipugsh opgwigsh hwpwpkpulgmpnitp thnpljuyulgyusd
kU Ypdpwghtndh b Fupnutwnphnidh hEnnuownwbunwnwnh spowth pung-
Ytnh wykih pupdp nhuh htin wybu jutwtg Unwn, nptp Lppbp skt og-
wnwqgnpsdt] hnpuntughtt thnjuwphung phpuwhw (20E): Upnyniupubpp
thwuwnk) kb, np pungltnh qupqugdwt nhujh wép dwupduh qubqush
huntpuh jnipwpwignip 5 §g/d? wsh wuydwutbpnid nwwnwnid £ 9%-
hg dhish 56% hwpwpkpulwt nhul RR=1,09, 95% CI [1,06-1,13] wnu-
Uwpnuitg Unin ninhn wnhph pungytinh plwpnud: Znpuntwy thnpawph-
unn phpuyhw sunnugusd Jubwbg dnwn wyn tnytu gnigwhop (Enninhuk-
pp U hbnnupnwbwnunwph opgwtih Ypdpugtndh pungltinh dtswgh) &
11%-n upupwisnip 5 g puoh wlbjugdwt nhuypnid, huly Eugn-
Utinphmuh pungybnh nhuljt wgk) E21%-n] gnunjunbnh wqnph ww-
nugsh hwpwpkpulgnipjut nmipupwisnip 0.1 wsh ghypnid: Zujuwuwnh
wwwgnygutpny hptq pugnighy wunghwinhy] juwybp o gpuibgty
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Swpuuluydwt &oqphn swhmdubph hbnwgnunnipjut dky tkpundwb
ounphhy, dwubiwynpuytu puoh wybkjugdw b Ynnnklwnw) pungytnh,
dwpduh quuqyush hugbkpuh b (Enuwwplh, vinwdnpuh jupnhw) hwwn-
Jwsh, AJwpwbtbph pungytnh b puquulh dhtjndwihg dwhwgnipju
gnigwthoutiph dhol: ZEnhtwlutpp hwigl) Eu Eqpujugnipyui, np stw-
jus swpuuljudub juwp pungytnh qupqugdwi nhuljh hbwn jujunpku
niuntdbiwuhpyby E, wmunghwghwibpp pungytnh dhuyt 11 nkuwlh (kqn-
dwghw wnkunfupghindw, puquwlih dhkndw b vnwdnpup, hwuwn
wnhph, mnpn wnhph, [Enninhubph, Eupwuinwidnpuwiht gtndh, Ypdpuw-
gtindh, bupndbtnphnud, d&Juputubp b Ephludubp) nhypnid Gu hwu-
nwnyl] hwjuunh wywugnygubpny: Zknhtwlubkpp juwnwnpt) tu wn-
wniyughnt ynhnpuught hknwgnunipynin’ ghpnipnih whannpnodwdp,
b Zinruhuwght Eppubph wqquyhtt nkghunpubpnd pungplyus hhgwun-
ubkph opowitinid 1980-hg dhtisl 2012 pywlutu pujusd dudwbwjuwhwwn-
Jwsh hwdwp: Fuphwwnphl Jhpwhwnnipjut dbpnidnipiniut hpw-
Jwiwgyt] £ hwoyh wolking] dwhwgnipjut gmguihoubpp ghpnipyub
htwn juuylws hhjwinnipiniuubph, dwubwynpuybu vhpn-winpught
hhywunnipniuttph, swpwpwhinh, pungytnh wyuwwndwnny: Zkwnwqgn-
nnipjull wpynmiupnid wupqybkg, np puphwwnphy Jhpwhwwnnipmnii
nwpwd hhywunubpt wybh Epup wuypbjhnipnit ikt syhpwhwwn-
Jwé hhjwunubph hwdbdwnnipudp, stuwjwsd tpwtg dwhwgnipmiut
wykjh pupdn k pub punhwinip ynunijjughwh, pun Epnypht, wuyg-
dwtwynpuwsd ghpnipjutt htwn juydws Ynunpphny wwpninghuyny [29]:
Swpyuluidub hbn juwydwsd pungytnh Yplunipjut b whinnpn-
onilhg htitnn wypkjhnipjut hwpgkphtt yepwpkpnn hbnwgnunnipni-
ubkpp qquih muppbpmipniuibp gqputigkhghtt wpgniupubph wenwdny [36]:
Zujuwunh wywgnygubp hwjupwugpytghti, npnup hwunwwnnd thu
pungitnh wpnnpnodwt dudjnh thnjujuwyulgusnipniup ULb-h
wytjugdut b Ypspugkndh pungytinny] hpfuinubph wypkijhnipyui
tjuquui dhol: Unju wjjujubph hhdwt Gqpulwugdtg, np dwpduh
wybjgnijughtt puop tjuqbgunid £ pungybnh wmbuwlubph didwdwu-
unipjut nhuljp: Fugh wyn, YEunuuhttph ypu junwupdws ntuntdbwuh-
poipniuttint wdthnthnn gpujutnipyut witwpyp gnyg k viwjhu pugh
byuunujuyht Ynpuinh juiieupglihy nhpp pungljtnh qupqugdwt gnp-
dpupwgnid, phl dupnljutg Unwn uu]J‘uthhp]} nkn mwpwpunype L [30]:
Zudwduwyt Jbpohtt mjujubph UUL-nud mmwpkljut fupduspny
Juwnwpynid £ wybih pwt 228,000 puaphwnnhl yphpwhwnuljut dhow-
Uunnipynil, hul] woliwphnid wykih put 580,000: dkpohtiu wpmynttw-
Yt b ny Swppuwnwp dninkgnmd £ hhyuunught ghpnipjut b npu pup-
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nnipjntutitiph JEpuwhuljdwt hwdwp, stujwsd gquhwignid £ Epjupuwnb
htwnyhpwhwwnwlub Jupnud [24]:

«Kaiser Permanente» b Unnnonipjutt wwywhnjugpnipjut hwudw-
Jwpgh 18-79 wiwpklub, Uhohtt nwphpp 45211 pwhwpmbph opowlnid
wlg b Jugdk] nbupnuyblnhy Ynhnpunuwghtt hbnwgnunipinit, pun
npnid puphwwphl Jhpwhwwnnipjut Gupupldws 22,198 b syhpwhwwn-
Jwsd 66,427 hhywunubpp huljdt) tu dhtush 10 wwwph, dhohtp 3,5 mmwuph
nbnnnipjudp: Fuphwwnphl Jhpwhwnmpjut tupwpus Jubwbg
Unwn Jkpwhuljynnubph hwdbdwwnnipyudp tjuwndb) E pungybnh wow-
owgdwtt qquih tjugnud (HR=0.64 95%CI [0.57-0.72]), Uhisptin inqudwipn-
Jug opowinid pungltnh rhuljh Jhdwjugqpnpbi bywbwlwh tdugnid
sh gpuitigyly: Ywlwbg unwin punghtinh nhwpbph wjuqnudp gty £
QANL-ubkph hwdwp (HR=0.58, 95%CI [0.49-0.67]): Qhpnipjudp suyyuydw-
twynpwé pungltnh nlypnid HR-h gnigwthop Juquty k0,74, 95%Cl
[0,62-0,89): Puphwwphly Jppwhwinnmpjui Eipupyduws jubwtg dnn
ubkpwnjw) Ypspughkndh, hwuwn wnhph, Eupndtwnphnidh b Bipuuwnudnp-
uughtt gkndh hbunnwynwbtununuphg htknn @NL-h  gniguhpubph
qquih Ypduwnmu £ wpdwbwgnty: Uhtyntn gupnh, {Enuguplh, ddw-
putitkph, ninhn wnpph, Juhwtwdl qtndh pungytnh b puquiwyh dp-
Einduwjh gnigwuhpubpp skt pumipwqpyl) Jhdwjugpuljut hwjuwuwnh-
nipjudp: Uju niunmdbwuhpnipjutt Uk pungltnh nhuljh tjwqbkgnudp
thnpjujuuyulgws kp puioh Ynpunmh htwn. pwph mipupwbsnip 10%-ny
ujuqbtgnudp hwigkgpty £ pungljtinh nhuljh 14%-ny tuquwt [41]:

Cytnhuwyh wqquyhtt nkghuwnph Ynnuhg 1980-2012 pp. dudwbwlw-
huwwnjuwénid hpujutugdwsd ntuniduwuppmipiniip quwhwwnt)  twju-
Yhunid tnwpws puphwwnphly yhpwhwnnipjut wmqpgnipmiup punglt-
nny hhjwunubph pniddwt wpyniupubph ypw, b yqupgt) E np fwpyu-
Yupwip gqnigpiipug Ynpneklunwg pungytnny hpjuintpp gnigupk-
pnud ki hhyutnmipjutp hwnni] wypbjhnipjut qquhnptt gusdp dw-
Jupnul hwdbdwnws ns Yhpwhwinwljwh kpubwlng pniddnng ghpnip-
it niikgnn hhywuntbtph htwn: fPuphwwnphl Jhpwhwnnipyut fudph
hhjuwinubpp Gipwpydt) i RYGB (opowitignn phpuiuljgmd’ puwn (nih
(26%), utnuunpuph dwywytkuught (33%) b unnwunpuh duwwytught bp-
Juytwlh quunpnujjuunhlu (36%) [ 51 ]: YUnnnkljwnwy pungltnny hh-
Jutnutinh wypbjhnipyut tdugnidp wunghwgyt) £ fwpyujujws hh-
Juunutph dnwn nkjunw) pungltnh rhuljh wykh pwt tpwwyuwwnhl wsh
htwn [30]:

Hospital Episode Statistics database (Utké fphunwtthw) ndjujubph pui-
qujp oqumugnpédwdp puphwwnnphl Jhpwhwwnnmput Eupuplus 8794
hhjwinukp hwdbdwn]t) ki ingl pynyd Yepuhulhs Judph htn dhehtip
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55,5 wdhu nmnnmipjudp’ ujuws ghpnipjut wpweht whinnpnydwl, wy
ny pt Jhpwhwunnmpjut junwpdwt dudjknhg: Mupqytg syhpwhwuwn-
Jws hulhs fiph htn hwdbdwunnippudp, unwinpuh spewbgdup

puphwwnnhly Jhpwhwinnipjut tipwupjuws hhuwinubph dnn tjuqty £
népwigtindh pungltinh hwjwiwluwinipjut gnpswljhgp (OR) 0,25 (0,19-
0,33), tunnutwphmuh pungltinph 0,21 (0,13-0,35) b sowqubwlugtndh
puingytnh nhuljp 0.37 (0.17-0.76), nptt wmdbktwwupyniiuytwn dninkgnidu |
hnpuntiwghtt upuénipjutt wyu punghtnh nbhwypbpp tjuqbgubnt
wnnidny (OR=0.16): Wuwynn thu twb uwnwdnpup pwbudwynpnudp,
plught quuunptjundhwi (OR=0.34 1 OR=0.21 hwdwwywwnwupwbw-
puip): P hwjunpnipinit, puphwwnphy Jhpuwhwnnipmniip juydws tp
CRC-h pwpdp nhuljh htwn b nnudwpylubg, U julubg dnw, mjpkp k-
punlyt] thtt uvinnwdnpuh ppowigdwit (OR =2.63), puyg ny unwunpuuyhte
puinuduynpuwt [4]:

Udtht, w&nn hnwppppnipjut Uk wy) npnpun £ wnhputph dhlpn-
phnuh ntpp ny dhuytt ghpnipyu b ngpu htn juwyws iyniputhnwtw-
Unipjutt pupnmipinibibph wupngbubgnid, wjb swpnpul] tnpugnju-
gnipniutiph b pniddwbp ppuwbg wpdwquuph gnpéptpwugnid [25]:
NMuwpq nupduy, np ghpmpymp hnpuuuyulgfws & wnhpuyht dhijpnp-
hnth yulwu puquuqutnipeyui htn, b np wnhpwyhtt wdkih dhwnwpp
$nputt niuh «<bwppwpnppnpuyhty Etinnhy [31]:

Puphunnphly Jhpwhunnmpinibin’ npujku pungyhnh Yuihunpghydub
vhong: Gkunwuhutph dnwnn Juunwpdws nruntdbwuhpnipnibbpnid
RYGB-hg htiinn Ynuuph tdnipubph hbnwgnunipniip puguhwjntkg (k-
nuppyh juqumput hopnjunpmi b wyhnwlnigh nhgpunughuihg
wignid nhyh uyhwnwlnigh tkudwi: @nihnjunipniuubph «upwihy» nk-
np hwuwn wnhph swpnpul] tnpugnjugnipniiubph qupqugdwi dke
udw hbnnwgnunipyudp sh huwnwljkgyty [34]:

Puphwwnphl Jhpwhwunnipyut Bupwpywus hhywunutpht gnig-
Jws Lt hwmdwywunuwupmt junphujuinipyut wywhnydwup dhwn-
Jws ubinuiupgh wpdwnwlwb hnthnpunipnibtbp, htyybu twb puy-
hwunip jEiuwlbpuh thnthnjunipiniiutp, pugh npuithg utinujht dwb-
pupkiiph tbpupnidp uttinpujunpgh dke Juuwydws £ CRC-h nhuljh tjwg-
dwl htn [44, 45]:

Ghpmipyut wqptkgmpimbp punghtnh qupqugdwl, nkghnputph b
dwhwgnipjut ypw hppwljwwind £ ninnujh b wininnujh ninhttpny:
Mnnuih wqpbkgnipniup yepugpynid £ ninnigph b dkwnwpnihntbph
w&ht tyywunng - Swpupught hnudwsphg uinugyus wnhynhtkphi b
ghunyhuubtpht [40]: Uunipnuyjh ninhtt dhotinpnuynpws t ghpnipjut
wjuy huh Uknwpnihwnubpny, htyyhuhp E T2DM-h b ninnigpwjhti fupw-
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Uhstkph htuniyhth U IGF-1-h pupdp dwlupnuljubkpp: Lungytinh w-
nwotiwjhtt Juthiwpghjdwt tyyuwnwlny puphwwnphl Jhpwhwnnipju
Yhpwenidp hhdtdws k dbpp uupugpyus ninhubph pwpwpdwi, hus-
whku twlb wy] htwpwynp dbjuwmhquubph juthwpgbdwt ypw, tkpun-
Juy fwhgbutnhl wqptgmpnititpp b dhypnphnunwgh oihnjunipyni-
ubpp: Yw hunwl] wywgnyg, np ghpnipmiup b qninquyh upwpwpdws
ynipwuthnjuwtwnipmniup pungltnh whinnpnonidnyg hhyutnubph Unwn
Juwdws tu hwdbdwwnwpwup wykh puguuujut juthwnbunidubph
htwn [21]: Uwwugnigyl) E np pungltnp Jipuwypws hhgutnubph udnwn
Jtpohihu qupqugnidt niuktinud E hwdbdwwnwpup wdbih dbind po-
pwgp: Fuigh pwph Ynpuinhg, puphuwinphly hpwhwinnipinihg htunn k-
wnwpnihl hbnwqu tnthnpunipmniuttpp, hwnjuwbu Gphypnpn nhwh
owpwpuyht nhwpbnh twjugnudp b httunijhth dwjwpnulh hobgnudp,
Jupnn ku wywhnybk] pungltnh wpwowgdwtt hhhutwlwb gnpéntiubph
wpuwgq Wjuqnud [12]:

Swpyulwnidny juwbwug Unwn Ypspugbndh Jud Eugndbwnphnidh
pungytnp plpwgph Ypw puppwnphly hpwhwinnipjub gpufub wqnk-
gnipniup npuybu wnwetuyhtt phpuwhwih hwybnmd tyunwujuhwnp-
dwp E ghwnwplt] hbnbjw yundwnubpny.

I. ‘Ldwt hhyuunutph dnn Juppugsuyhtt thnthnpunipniiubph dh-
ongny hwqunty t wywhnyynid puoh juynit tduqnud:

Il. Puphwwnnphy Yphpwhwwnnmipniip htwpwynpnipmit £ wmwjhu
wpynibwybnnpkt Jkpwhulbine pwoh Ynpniunp oulyn-hhywbnutph
Unu:

1. Pungltinh juwipuwupgbjdut hwdwp puphwwnphly yhpuhwnnipe-
ittt wybkh wpynitwgbn L jutwbg, put nmudwpnjuig dnwn, b hwwn-
Juwbu wpynitwdbn E Ypspwgkndh b Eugndbwnphnudh  pungltnh
ntupnid:

IV. Upépwugtndh pungltn niukgnn Jubwbg dninn npnduywghte db-
wnwunwqubpp npytu juint niy i qupquitmd [22]:

Udbpnuwdtphlugh ptwlsnipjut oppwinid ghpmipjut b hwdwlyg-
Jwé hhywunnipniutiph mupwdjwsénipniit wykih Uks k, put gubju-
gwud wy] Epuhly judph dnwn: Ujuntwdbuwgihy, nddup £ quwhwnb) Epuhy
wnwpphpnipiniuitipnh wqpbkgnipniip pungytnh juuhiwpgbjdwup dhwn-
Jws puphwwnnphy yhpwhwwnnipjut wenidny, puth np phungpudhy
njjuubpp hwqunby o mpudwnpynid paphwwnnphly Jhpwhwwnnipe-
jutip YEpwpkpnn hbnmwgnunipnititph Uk, b tnyuhul npuig wnljuw-
mpjut phypmd Jhpphuiubphu thnpjuwwlguénipiniup ny dhown k
putiwplyynud [38]:
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1. [Fenpnuyblnhy niumdbwuppnippub dky 9 wppnwdbphliugh-
akph b 41 uyhwnwludnppbbph njjuyikph hwdbdwnnieiniip unwdnp-
up ppowligdull Yhpwhwwnnipnilihg 1 wnuph wbg, gpuigk; F hwdwww-
nwupiwinupup 26% U 38% puwiph Unpniuwn: 87 uludnpp hhyjwbnbbph
opowlnid juwnwpywéd phunpnuw Ejwnhy niumdbiwuppnipjudp puphun-
phy Yyphpuwhwwnnipyui bowbwluyh wpynibw]bunyenis F wipdwinugp-
by Swlp wunpSwbh Swpywlupudp hnjwinbEph dnn wuyuhnyking
1 wwpyw hulnpnipjul dJudwbwlwhwnywsmd UQP-h gniguilihph
iyjugnid 56,746,4 §g/1tf—hg uplisl 40,1%: 7,7 [jg/1#: Pus Jhpwpbpnid E n-
Unpppn $nih bjuquulp, wyw qquh gpuljulb phtwdhiu E gpubgl)
bl hpybpunnhugh, Epfpnpy whwyh pupwpuyhl ghwpbnp b hhwbp-
[hypnEdpuyh gniguihpbbph wpnidny: Lunglhbnh wnwowgdwbp juwd
dwhwgmpuip yYkpwpkpng wnjjujbbph Jwuhpl wkpkiuwnipiniip
puguluynid E[38]:

Quuwywsd gpujutinipjutt Ukp huwnwlnpkt nipdugqsywus ghpnipjut
pungytnh Jpw wqngnpjub puquwuphy ninhubphtt pungytnh Yjub-
huwupgbpdwt thnpjujuwJuédnipmniup pwoh Ynpuwnh htwn phnbu dunwd k
Jh&tph [41]:

MacKintosh M.L. it wyjp (2019) hinnuqnunk) L 40 Yg/u? UQb-ny pup-
hwwnphly Jhpwhwwnnipinit nupws 72 fubwbtg b hwynbtwptpk] Gu thnju-
Yuuyulgjudnipymt puigh Ynpunp b Eundtinphnudh wpnjhdbpughwih
dwipytpubph Ki67, oulngkt wqnuupwughtt pAKT tdwuquwl, husybtu
twl glindwghtt PTEN (Phosphatase and TENSIN)wpuwhuwjndwt uuth-
dwbwthwldw dholt [37]: Nipwgpuy E, np Eunndbwnphnidh pungytnh
Jud winhyhly hhuykpujjughugh (EUZ) tpwtiikpp 10 (14%) Jutwbg dnin
hwjntwptpdt] tu Eupndbwnphw) phnwuhuwjh ulqpiwlwt  thnynud:
Zkwnwpnpphp E, 6-hg 5 nypbpnud EUZ htwn | qupqugl] puphwwnphly 4h-
puwhwwnnipjniihg jud wypngbhunbpnuh tbpupquinught tbpupynidhg
htwn:

Schauer DP, Feigelson HS, Koebnick C (2019) hpkug hkwnwqnunipjui
wpyniupnid tnybwbu hwigh) Bu wyt bgpujugnipjut, np puphwwnphy
Jhpwhwwunipniit wpwyb] wpymibwdbn £ pwoh b hwnjuwbu
tplypnpy whwh pwpwpuiht phwpknh, huswybu twb ghpnipjuit ninky-
gnn Ynunpphny whinwpwtwut Jpdwljutph Jkpuhuljdwt mbuwblyyne-
uhg: ®npdwpynidutph dké dwup gnyg k nyty, np puphwwnphly yhpuwhw-
nnipniip bwjuqbkginud £ punglbnh qupqugdwt punhwinip nhulp,
hwnluybu juiwig Unn b wpun]k) bpwbwljugh Ypspugtndh b tugn-
dbunphnudh pungytnh nhypnid: ZEnhtwlubph tnyt junwdpp hwdbyuy
wiquu wwwgnigh) E, np puphwwnphy Jhpwhunmput Gupwupldws
hhyutnubph dkdwdwutnipjut dnwnn wpdwbwgpyby £ puoh Jun b ju-
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it wjugnid, hsybtu twb Epypnpny mhwh owpwpwyht nhwpknh wykh
wpynitwybn JEpwhuynud [41]:

Zinhtuwljutph fudph junwpws hbnnwgnunipjut wpyniipnid gw-
hwwndt) E puphwwnphly yhpwhwwnipjut jutfuiwpgbihs wqnbignipniup
pungytnh qupquguiwt wenny  hwpqupltin] pungytnh Ukl nbwypp
Juijubint hwdwp Juunwpynn 71 Jhpwhwnmpnii: Zwogh wnbbng
Jbpnugyuip  ghpnipyub b wy mnkygnn hpjwinnipymubtph Jpwhuy-
dwl hwbuquuwpp Jupbih £ ghnwplt] npytu puphwwnphl yhpwhw-
nnipjult wudhdbh wnwybmpnit: Uwljuy, Bruno DS, Berger NA.
(2019) hhdtwynpyuwsé skt hwdwpnid Ynjnekljnwy pungltnh nphunwplnt-
Up hppl puphwnphy Jhpwhwinn pput phulh wgh gnpént [15]:

Luingltnh qupqugnuip tyhgqbhubnhfuljut gnpéntubpny Juun-
nnpdwd (hubknt puquuphy wywugnygutpp hinhtwfubpht hhup Eu wdbkyp
tupwnptyny, np dhohtt wmwphph wughkwnttph dnwn puphunphy ghpw-
hwwnnmpjniup tjuqtgunid £ pungltnp jujutint hwjubwubnipniup:
Uju mbkuwjinp hhdtwynpynid £ punglitinh Epupunb juntun opow-
uny b wuydwbwynpjws k pungltnh qupqugdw ypw ghpnipjut mbw-
Jub wqnkgnipjudp [48]:

Zudwauyu Berger NA, Scacheri PC b wyng (2018) hwipjudnp k hwipyh
wntbk] wyb hwbquuwpp, np puoh wjugkgdwt tywnwlny juwnwpdusd
puphwwnnhly Jhpwhwwnipniup jupnn L hotigubk; $MNL-h nhuljp wnwg
pwngltnh punhwunip nhuljh ypw wgnbyne [9]:

dkpohtt 10 rnwphubph pupwgpnid hpwwnwpuwljus 60 ghnwlut
wohunnm pynibiikph Ubp Ynquhg junwpdws Jepnisnpgniip gnyg k
gk}, np puphwwnphly Yhpwhwinnpmiutkph’ nwppkp wnwnijjughw-
ubkph pungltnh nrhuljtphtt Epwpkpnn htnwgnunipmniutiph wipnniup-
ubpp puujut hwjuuwlwb b mwpwplnype G, huyth wpdunpnd £ hh-
Juunubph dnnn mpmgpuwpwbtuubt wwpnnghujh qupqugdwui b
puphwwnnphl  Jhpwdwnmipinitubph  dhol  thnjuhwpwpbpnipmniutitnh
niuntdbwuhpnipjut wthpwdbonnipniip hwnjwwbu hwy wqqup-
twlpsmipjut opowtinid: Swpyuwljudwdp yuydwbwynpjwsd punglytnh
pniddwtt dby puphwwnphy Jhpwpnidnipjut nhph wwpqupwbdwip
dhinjws hbnwqu niunidbwuhpnipnitbpp Juunuwhwpup Juayguunka
pungytnh Juwbpwpghjdwt withwnwljwiugjus nwuquuyupnipniu-
ubph dowljdwp b ppujubugdwip:

Gpllwth U. <tpugnt wijub ytumuwud pdojuub hwdwpuwpub, 0025,
Gplowb, Unpynibh th., 2

«Gliiquijhpe» pdojuyub Yhbwmpnd, Uwbwbnwb thon., jtbp 9, Ghtquujhpe, p.
Gpluwb, 0006

SHAHBAZYAN.S@mail.ru
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U.U. Cwhpuqqut

Pwphunnphl Jhpupnidnipmiip npwbu pungybnh gl wugpwph
htiwpuynp pwqUuwdupuljub ninnnipinih

Ukpyuynidu ghpnipjut <hwdwdwpulpy supnitwulynd E plyuygi-
k] wdpnne wphiwphnid, b Jbpohtihu ninklignn hhjwunmpiniuutph, h
ntuu dbkwnwpnihl] hwdwhinwthoh, 2-ppy nhwyh pwpwpuyhtt nhwpknh,
uhpn-winpwhtt hhjwiunmpinitubph b twb pungytnh wwppbp nk-
uwljubph wpwdjwsénipiniup, wybt npuljlk] ki npyku hwbpught wnnn-
gnipjwlt juplinpuignyt jutmhp:

Qpuljutnipjub wju wtwplh tywwnwlt k punphwbpugutng dbp
niuntdbwuhpwd hbnwgnunmipniuibph wyuyubkpp, yEpnust) pungyk-
nuostnipjul hhdttwljw gnpénutbpp b fwpuyuwljududp nupwwnn wb-
dwtg Unwnn §nunpphny ounjnghujutt whinwpwntpjut qupqugdui Uk-
huwthquubkpp, htyybu twb ywupqupwubk] puphwwnphly Jhpwhwwnnipe-
miuubph nbpp pungytnh juwtpiwupgbdwb gnpépupwugnid:

dkpohtt 10 rnwphubph pupwugpnid hpuunwpuwlws 60 ghnwljut
woliwnmpnibikph Ubp Ynnuhg junupdws Jepnisnipgniip gnyg k
gk}, np puphuinphly Jhpuhwinnpmutbph’ nwppkp wnwnijughw-
ukph pungltnh rhuljtphtt ykpwpbpnn htnwgnunnipnittinh wpnynip-
ubpp puduwluwt hwjuwuwlwt b wwpwpunyp &b, htust wpdinpmd k
hhutnubkph Unin nipnigpupwtmjutt upninghuwyh qupqugdwu b pw-
nhwwphly dhgwdwnnipniutiiph dholt thnjuhwpwpbpnipniutitiph niunid-
twuhpnipjut wuhpudbonnipiniup hwnjuybu huwy wqqupbwlsnipjut
opowtinid: Kwpyuwljududp guydwtwynpyws pungltnh pniddwt dke
puphwwnnhly Jhpwpnidnipyut niph wupqupwdwipn dhndws htnw-
qu nunitdbwuhpnipnibiubpp Junwhwpwp joyguunkh pungytnh ub-
huwupgbpdwut wthwnwljuwiwugws nwquujupmipinitubph douljdwip b
hpuwljwtwgdwp:

C.C. lllax0a3sau

Bapuarpuyeckasi Xupyprusi Kak BO3MOKHOe CTPaTernyeckoe
HanpasJjieHue 00pbObI C paKoM

YuurtelBas pacTyLIyl0 PaclpOCTPAHEHHOCTh OKUPEHMs, PaK, CBS3aHHBIA C
OYKUPEHHEM, SIBJIICTCS OIHOW W3 Haubojee BaXKHBIX IMPOOIEM OOIIECTBEHHOIO
3IpaBOOXpaHCHUS. B HacTosiee BpeMs <OIHACMHSI» OXHPCHUS HPOIOKACT
PacIpoCTPaHITLCS TI0 BCEMY MHPY, IPHHOCS ¢ COOOH MHOXKECTBO COITYTCTBYIO-
KX 3a00JICBaHMM, BKIIOUAs METa00IMICCKUN CHHIPOM, CaxapHbIi AuadeT 2 Tu-
ma (CJ12), cepieuno-cocyaucThie 3a00IEBaHNs 1 MHOT'HE BHIBI paKa.
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Llenbto maHHOrO 0030pa JUTEPATYphl SABISIETCS OOOOIICHUE TAHHBIX H3Y-
YEHHBIX HAMH HCCIICIOBAHMM, aHAIN3 OCHOBHBIX (DAaKTOPOB KaHIIEPOTeHe3a U Me-
XaHU3MOB Pa3BUTHsI KOMOPOUIHONH OHKOJIOTHYESCKOW MATOJIOTHH Y JIFO/ICH, cTpa-
JAIOIIMX OXXHPEHUEM, a TakKe BBIICHEHHE PONM OapuaTpHIecKOW XUPYPrud B
npoduITakTHKe paka.

AHanu3 u3ydeHHbIX Hamu JaHHbIX (60 HaydHBIX paboT, OMyOIMKOBAHHBIX
3a mocieanue 10 sier) mokasai, YTo pe3ysbTaThl UCCICAOBAHUN BIHSHUS OapHaT-
pHUECKON XUPYPrUX Ha YPOBEHb OHKOJIOTMYECKOTO PUCKA B PA3IUYHBIX ITOIYJIs-
IUSX TOCTATOYHO MPOTHBOPEUMBHI, YTO TOAIEPKHBACT HEOOXOIMMOCTh U3yUCHUS
B3aUMOCBSI3H Pa3BUTHSI OHKOJIIOTHYECKOW TaTONOTHH M OapuaTpHYecKuX BMella-
TEJIBCTB, OCOOCHHO CpeIr apMsSHCKOTo HaceljieHus. JlanbpHeHIne ucciaeIoBaHus
O aHaJIM3y POJIK OAPUATPHIECKON XUPYPTrUH B Pa3BUTHH KOMOPOUIHON OHKOIMA-
TOJIOTHM y OOJBHBIX ¢ OXKHPEHUEM OYAyT CIIOCOOCTBOBATh Pa3pabOTKE M peayu-
3aI[iK TIEPCOHANN3UPOBAHHBIX CTpaTeruii MPOQUIAKTHKY paka T JTaHHOTO KOH-
THUHTE€HTA OOJIbHBIX.

S.S. Shahbazyan
Bariatric Suergery as a Possible Strategic Direction to Fight Cancer

Taking into consideration the increasing prevalence of obesity, the obesity-
related cancer is one of the most important public health problems. Currently, the
obesity “epidemic” continues to spread throughout the world, bringing with it
many comorbidities, including metabolic syndrome, type 2 diabetes mellitus
(T2DM), cardiovascular diseases and many types of cancer.

The purpose of this literature review is to summarize the data of the studies,
to analyze the main factors of carcinogenesis and the mechanisms of
development of comorbid oncological pathology in obese people, as well as to
clarify the role of bariatric surgery in cancer prevention.

The analysis of the data we studied (60 scientific papers published over the
past 10 years) showed that the results of studies on the impact of bariatric
surgery on the level of cancer risk in various populations are quite
contradictory, which emphasizes the need to study the relationship between the
development of oncological pathology and bariatric interventions, especially
among the Armenian population. Further research on the analysis of the role of
bariatric surgery in the development of comorbid oncopathology in obese
patients will contribute to the development and implementation of personalized
cancer prevention strategies for this cohort of patients.
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In recent decades., there has been increased interest in the molecular aspects
of changes in the structure and expression of genes in the pathogenesis of the
development of the tumor process. There is a point of view that in the
development of the tumor process and a number of other diseases of the aging
process, a significant role is played by the damaging effect of free radicals (FR) —
highly reactive particles with unpaired electrons [8], in particular reactive oxygen
species (ROS), such as hydrogen peroxide H,O,. Hydrogen peroxide is formed in
the cell as a product of a number of enzymatic reactions, for example in the
oxidation of B-D-glucose to glucono — 1,5-lactone, catalyzed by glucose oxidase.

Although ROS play an essential role in cell metabolism, in particular, as
mediators of intracellular signaling, inducers of the immune system and repair
processes, initiators of apoptosis, etc. [3], an increase in their intracellular level
often leads to the so-called oxidative stress [6], that is destructive effects on the
cell. The result of this destructive effect of ROS is, in particular, damage to
nucleic acids, peroxidation of polyunsaturated fatty acids of lipids (LPO),
oxidation of amino acids and cofactors of a number of enzymes, etc. [7]. Under
physiological conditions, the elimination of ROS from the cell is carried out
enzymatically, in which antioxidant enzymes (superoxide dismutase, catalase,
peroxiredoxins) and through low molecular weight antioxidants (A, E, C,
glutathione, uric acid, flavonoids, carotenoids, sulfur-containing compounds,
etc.) are involved [4].
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It is important to note that in the brain, the main source of free radicals is
hydrogen peroxide, produced in deamination reactions catalyzed by monoamine
oxidase (MAO). It is known that MAQ is the main enzyme that controls the
concentrations of biologically active amines — neurotransmitters through their
deamination, and the reaction by-products are toxic aldehyde and ammonia. Since
low concentrations of biogenic amines in the blood are considered as one of the
possible mechanisms for the occurrence and development of neuropsychiatric
diseases, increased MAOQO activity not only contributes to a decrease in the
concentration of biogenic amines, but also to an increase in the concentration of
hydrogen peroxide and an increase in destructive oxidative processes.

Taking into account the fact that modern antidepressant drugs and
peroxidation inhibitors are not always quite effective and are not without side
effects, it seems justified to search for new compounds that simultaneously
exhibit both of these biological effects.

PHENOLIC COMPOUNDS FUNCTIONALIZED WITH AMINE
(1,2) AND CARBOXYL (3-5) FUNCTIONS [1]

HO

NH, - HB
HO 2 - her

4-(1-(aminomethyl)cyclopentyl)benzene-1,2-diol hydrobromide (1)

HO

NH, - HBr
HO 2

4-(1-amino-2-methylpropan-2-yl)benzene-1,2-diol (2)
O

HO

NH, - HBr
HO

4-(4-(aminomethyljtetrahydro-2H-pyran-4-yl)benzene-1,2-diol hydrobromide (3)
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HO O

OH
HO

1-(3,4-dihydroxyphenyljcyclopentanecarboxylic acid (4)
0o

0]

OH
HO

4-(4-hydroxyphenyl)tetrahydro-2 H-pyran-4-carboxylic acid (5)

Materials and methods. The research was carried out on outbred white male
rats weighing 180-220g, kept on a normal diet. The test compounds were
dissolved in 1 ml of DMSO and administered intraperitoneally to experimental
animals at a dose of 0,2 mg/kg per rat, and control animals were administered 1
ml of DMSO.

Euthanasia of animals was carried out under Nembutal anesthesia
administered intraperitoneally at a dose of 40 mg/kg. At the final stage, the
sacrificed animals were cremated. The work is carried out in accordance with the
European Council Directive (2010163IEU) on the care and use of experimental
animals.

After autopsy, the brain and liver were isolated and washed with saline. The
solution was cleared of blood vessels and homogenized in Tris-HCI buffer (pH-
7.,4). The level of lipid peroxides was determined in a non-enzymatic (ascorbate-
dependent) peroxidation system based on the yield of the final product —
malondialdehyde (MDA), which forms a complex compound with thiobarbituric
acid in the form of a pink chromogen, the color intensity of which was recorded
spectrophotometrically (at a wavelength of 535 nm) and corresponded to the
amount of peroxide formed [2].

The antioxidant activity (AOA) of the tested compounds was judged by the
percentage changes in the amount of MDA in the experimental samples compared
with the control samples per 1 g of a predetermined amount of protein.

The effect of anti-MAO on the activity of phenolic compounds was also
studied.

The source of MAO was 50% bovine brain homogenate, which was obtained
by homogenizing the brain in a glass homogenizer with an equal (by weight)
volume of 2,5% Arcopal solution [5]. The activity of MAO in the resulting
homogenate was determined. The test samples contained 0,2 ml of homogenate,
0,18 ml of a solution of the test compound and 0,18 ml of a substrate solution.
The sample volume was adjusted to 1,8 ml with 0,1 M Na-K phosphate buffer to
pH-7,4. Serotonin (5-OT) creatinine sulfate monohydrate was used as a substrate,
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which was added to the samples after a 30-minute preincubation of the enzyme
with the test substance at room temperature 18-25°C. Oxygen saturation was
carried out for 5 min. at 37°C. The reaction was stopped by adding 0,2 ml of 50%
trichloroacetic acid. The protein precipitate was separated by centrifugation at
3000 rpm. In the protein-free sedimentary liquid, the ammonia content was
determined by isometric distillation for 24 hours, followed by non-sterilization
and photometry using an FEK 56-2 photometer-nephelometer (at a wavelength
of 450 nm). MAO activity is expressed as a % ratio to the control (indopan).
Each compound was tested in 3 experiments. The results obtained were processed
statically using the Grafpad-Instat method.

Results. 5 compounds were studied for antioxidant and anti-MAO activity.

Table 1

The influence of new compounds on the MDA content (mg/kg protein) in the
brain of white rats in in vitro experiments

Ne Control Experience % %
ma/kg ma/kg Experience from Difference
(n=10) (n=10) control from control
1. 12.5+0,9 1.60+0,2 13,28 86,72
2. 12.5+0,9 2,12+0,4 17,59 82,41
3. 12.5+0,9 1,99+0,3 16,51 83,49
4. 12.5+0,9 1,79+0,3 14,85 85,15
5. 12.5+0,9 1,41+0,2 11,70 88,3
Table 2

Effect of the studied compounds on the MDA content (mg/kg) in the liver of
white rats in in vitro experiments

Ne Control Experience % %
ma/kg ma/kg Experience difference
(n=10) (n=10) from control from control

1. 12.5+0,9 2,18+0,4 18,09 81,09

2. 12.5+0,9 3,21+0,4 26,64 73,38

3. 12.5+0,9 2,560,3 21,24 78,76

4. 12.5+0,9 2,24+0,3 18,59 81,41

5. 12.5+0,9 2,5+0,3 17,01 82,99

The results of the study showed that the studied compounds 1-5 exhibit
high antioxidant activity, which reduces the intensity of oxidative processes in
the body (Table 1.2).
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According to the studies conducted, it can be concluded that the
compounds have antioxidant activity on the process of free radical oxidation of
lipids in the brain and liver of white rats. According to the data obtained, it can
be assumed that this group of compounds is promising in terms of searching for
new antioxidant compounds.

Table 3

The effect of studied compounds on the deamination of serotonin (5-OT) by
bovine brain MAO in vitro.

Compounds Inhibition Inhibition P
MAO activity MAO activity
0.,5 pmol/ml 1.0 pmol/ml
1 32+4,0 68+,3,8 <0,05
2 5043.8 84452 <0,05
3 36+3,2 78+4,6 <0,05
4 25* 48432 <0,05
5 22* 48432 <0,05
indopan 54+5,8 86+6,0

* reliability not calculated due to low activity of compounds

The intensity of serotonin deamination in control samples was accepted
as 100%

Indopan [9] (a reversible inhibitor of monoamine oxidase) was used as a
control, exhibiting a pronounced anti-MAQO effect at concentrations of 0,5 and 1,0
pmol/ml. It significantly inhibited the deamination of serotonin creatinine sulfate
monohydrate (5-OT), making it suitable for comparison with our compounds.
Based on the fact that the compounds at 1,0 pmol/ml showed the highest activity
(84%), further studies were conducted at 0,5 pmol/ml, where the activity was
50%. The data obtained demonstrated that the activity of the tested compound at
0,5 pmol/ml was nearly identical to the control. The remaining compounds
exhibited varying degrees of anti-MAO activity at concentrations of 0,5 and 1,0
pmol/ml.

As shown in the table, the effect of five compounds on the activity of
monoamine oxidase (MAO) in bovine brain was studied in vitro. The results
demonstrated that the tested compounds exhibited weak (derivative 4), moderate
(derivatives 1, 3, and 5), and, in the case of cyclopentane derivative 2,
pronounced anti-MAO properties, inhibiting serotonin deamination by 84%.

Thus, the data suggest that 2-(1-ethylcyclopentyl)-cyclohexa-1,3-
hydrobromide with ethane has a dual pharmacological effect and can be
considered both as a potential MAO inhibitor for the treatment of depression and
as a potential inhibitor of peroxide oxidation.
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The effect of carboxy- and amino-substituted phenolic compounds on the
activity of monoamine oxidase (MAO) in bovine brain and on oxidative
processes in the brain and liver of rats was studiedin vitro. It has been
established that some of the studied compounds exhibit certain anti-MAO and
antioxidant properties. An attempt was made to compare the biological
properties of the compounds with the activity of known drugs. In the series of
aminosubstituted derivatives, 4-(1-amino-2-methylpropan-2-yl) benzene-1,2-
diol displaed high antimonoamine oxidase and antioxidant activity.

U.U. Gphgnpuiy, .0 Ujuybtpyul, L.U. MTugninjul,
O.U. Zntuwmiyw, U.9,. Punpuuwupui, £.2. Vuynjul,
U.U. Untljjub, 2.9, Quuuyupjub

ZujuuUnunwdhtiopuhnuqujhtt b hwjwopuhnutnuyjhta
huwnljmpniutitph nuunidftwuhpnudp wdhtught b uppnpupy
hudptph dEunjuyhtt Thwgnipniuubpnid

Zknwgnuyty E unp uhtptqus hkpuwppnudhnutph wjnhynipniup
Untinwlhtiopuhnuqu (UUO) dbpdktnh b hwljwopuhnutinubph tljuwn-
dwdp wntubwnh nintnh b yupgh Ypw in vitro thnpdbpnid: Zwunungby k,
nn npng hbinnwgnuynn dhwgnipjniutpn® hhgponppndhn, hhnpnpuhbbkuh,
3,4-nhhhnpnpuhghlnyttnhh wswugyuutpp gnigupkpnid G npnpwljh
hujuUUO b hwljwopuhnutn wjnhynipnit: @npd k wpgt] hwdbdw-
nbnt hugnipjniubph jbtuwpwtmjut wnhynipiniup hwynuh dhw-
gnipniuttph hujuUUO b hwljwopuhnutuwn wlnhympiniuubph htwn:
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C.B. Barnacapsn, K.I'. HaBosin, A.A. AreksH, I'.B. 'acnapsin

AHTHMOHOAMMHOKCH/IA3HbIC 1 AHTHOKCUAAHTHBIE CBOMCTBA
(peHOIBHBIX COeUHEHN I, PYHKIUOHAIUIUPOBAHHBIX
AMHMHHBIMH U KaPOOKCU/IbHBIMH IPyNIIIaMH

NzydeHo BnusiHHE KapOOKCH M aMHHO3aMEIICHHBIX (PEHOJBHBIX COCIUHE-
HUM Ha aKTUBHOCTh MOHOAMHHOKcHIa3bl (MAQO) B MO3Ty KPYITHOTO POTaTOro
CKOTa ¥ Ha OKHMCJIMTEIBHBIE MTPOIECCHI B MO3TY M TIEYEHH KpBIC in Vitro. Yera-
HOBJICHO, YTO HEKOTOPHIC M3 M3YUCHHBIX COCIUHEHUU MPOSBIIAIOT ONMpEAciicH-
Hble aHTUMAOQO ¥ aHTHOKCHUIAHTHBIE CBOMCTBA. bpIIa MpeAnmpuHsTa MONBITKA
CPaBHHUTh OHOJIOTMUECKHE CBOMCTBA COCAMHCHUN C aKTHMBHOCTBHIO HM3BECTHBIX
mpenapaToB. B psay aMHHO3aMEIIEHHBIX MPOM3BOAHBIX 4-(1-aMHUHO-2-MeTHII-
nporman-2-uin)oen3on-1,2-1uon obianaer BHICOKOH aHTHMOHOAMHWHOKCH/Ia3HOM
Y aHTHOKCHUAAHTHOU aKTHBHOCTHIO.
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Z.[r. Znghwuthuywi, U.Q. Juppuiyuh

Usjuwnwipugght uppluh, vwubtughunwljuh wypdwt b wudh
nhyuwpwbwjub wpwdtwhwnlnipniuttph

thnjuhwpuptpuljgmpintup (pdhplutph ophtulmy)

Puiiujh puntp. wypdwt hwdwhinwihy, hnisqubdnipmnil, wohuw-
wnwbpwjhtt upnpbu, pupdpugniyt yuppuhtt hwdwlwpg, wtdh nhuyw-
putwjuwt wpwudtwhwwnlnipniutbp:

Uwppynipjut qupqugnidp hwuqlgpk) E uljgpniupnpb unp hpn-
nnipjnitubph ni jpughpttph h huyn qunit: Uhukpl £, np dudwbw-
Julhg htnnwpynibwpbpujut hwuwpwlnipyut Uk, npnkn $hqhljw-
Jut wohwwnwipt wmunhdutwpwn thnppwphtiynid E «ayghunnwl odhpu-
Ynpubph wohwwnwupny», qquih thnpydt) £ bwb JEpupbpdniupp wpo-
huwmwnwtp Eplinyph tjundwdp: Ukpopjw wpuwuphnid dwpnhl wunw-
nup Upgulgnipyub dbky Lu' hwunit dwubwghnwlwt wdsh, Yndyk-
mbkunnipjut, Junwpbjugnpsiul: Zwdwj dudwtwljuihg dwpnt
hupt hpkuhg wytht £ yuwhwuonid, put pnyyy E tnwihu hp jhiuwlub
Eubpghuwjh b htwpwynpnipjniutbph dwlwpnulyp: buly Eppldt hwbqu-
dwlptbipp unhynid Bt (huk] jupywénipymt kqpht, hsp Jupnn k
hwugkgut) $hghljuluwt b hniquljut hynisdw:

Ujddbwjut Jjubpp dwubtwgbnubph hwdwp dh swpp npnpunik-
pnud tyuununp wujdwitbkp b ounbnsnid wnwgwghting wohiw-
wnwbpwjhtt upptuwghtt hpwyhdwlukp, b ngpu htwnbwupny qquihnpkh
tjuunynd kb pupdp dwujuppulng wpnwhwjnjws hniqujubt wyp-
dwl pwtikip:

Luwtdkypnpy nuwph uljqphtt dwubtwghnwjuwt wjpnudt wbhdbw-
httu nunidtwuhpmipinit £ (bl Yngdnid £ wbdbwlknnpnt), npnkn
wud-wtthwwnp hwdwpynud E JEpnisnipjuts dhwynp [8]: «Uwpn-dwpry»
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wpjuwwnwbpwjhtt hwpwpbpnipnitubpnid dwubtwghunwlwbt gnpéni-
ubnipjniup wnbnh k£ mubkinud pupdp yupnuhngbljut jupjubdnipyjub
wuwydwbbbpnid b uppbuwghtt gnpdnuiiph wqpbgnipjudp: Lpnthlw-
Jwt uppbuh Jhdwlp hwdwp dkbwginid £ wju juwnbtgnphuyh wouw-
wnnnubkph opowtnid mwppkp Wywpnuwhngbpnidwljub jpwbqupnidubph
qupqugdwt nhuljp b dwubtwghnwlwt «wjpdwiy hwdwpwnwihoh
Alwynpuwt hwuwbwlwunipiniup: dEpghtt hwiqudwupp tkpjuynidu
pipnidwd E npybu pdouljut dhpwtinnipinitt wywhwbgny futighp’
ubkpwunybny «Unnnowwjwhnipjutt hwdwopiwphwihtt juqulipynipe-
jutt hngbpnidnipjut punwpwunid» [3, 15]:

zniquljutt wypnudp vwhdwiynud £ npytiu hniqujut b Jhowba-
tuyhtt upptuwghtt gnpénuutiph ppnuhjulwt wpdwquip [12]: Gupwnp-
Ynud k, np hniqujub wypnudp hwtigkgunud £ dwnnwygnp nhudniuljghuygh,
wjuhlipll wylt pugwuwlub hknbwbpbph b hwbgbgunid hnghljulb w-
mnnonipjull mbkuwblniuhg, huswhupp Lt wthwbquunipniup, hup-
twqiwhunuluih wilynudp, wn pdnd” bwb ghygphuhwi b wyji: Uw-
Juyt hniqujut wypdwt wpwnwthoubpp pojnp wthwwnubph nhypnid
sk, np unyb Yhpw Eb ppubnpyniud jud qupquitnid. ndwtp ghpjupqus
b uppbhuwhtt wopwnwupwhtt Wuwydwbubpt wewyk) htynnipjudp B
hunpwhwpnid, put dnrutubpp: Upjuwnwtipwjhtt swupwpkntgwénipe-
miip Jupnn E ghp pwnu) wpdwt wpwowgdwt gnpépupwugni:
Ftply, nw Swiupwpkniwénipyut unipjbjnnhy wpdwquupt k, wy) ny
ph pnib Swpwpkntwsédnipiniup, nptt wpwybjwy bu tyywuwnnid k wyp-
dwtp: Uju wwpwqunid Jupbih £ GBupwunnty, np wjbyhuh gnpéntukp,
htsyhuhp Et wbdh nhywpwwlwut wpwdtwhwnlnipmniuubpp, wju
hwpgnid niikt hpkug nEpwjuwmnwpnudp:

Ujpdwt hwdwpinwthop Jupnn £ phndb] npybu wpjuwnwtiphg
wnwowgwd uppbuh hbnbwbp: Twutwghnwlwb uppbup Jbpniénng
wuwpunhquut (hwpwgnygp) hhdudnud £ wdbkphlwugh hnghpwi (k. Lw-
qupniuh wpwowplws upnpkuh dnnkih Yypw, npp phunnud E uppbup np-
whu gnpéniutnipyub pwupny wuydwbubpht hwupdwpdwt wthwnwlwb
ab, npp quwnp pununphsttpt ko hpuhdwyh Ynqupinpy quuthw-
wnwlwip b ukppht Uhongubph wpphwljubwgnudp (wjnniwjugnudp)”
ndjupnipniutippn hwppwhwplnt btywwwlyng [5]: Upj punkpny
wuws upplul wypdw Juplnp pununphst b Ujt hopjjuywlgus b
wdh Juppwugsh, wuhwiuquinnipjut, htiptwquuhwwnwlwuh b jaunhp-
ubkph hwnpwhwpdwlt pwquuywpnipnibubph hbkn b, pun uppbuh
wnwowguwl b qupqugdwt huykguljupgh, uppbuwhtt thowdupnid
wohuwwnkip hwigkgunid E ttipphtt nkunipuibpnh YEtnpniwgdwt (Unph-
1hquguw), [14]:
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Ujuyhuny, wypnudp sh Jupnn qupqubu) wnwtg wpnwpht upnb-
uwshtt gnpénuutiph (4. dhunynip, 4. Ugquuynyuw, 2013 p.): Puyg wyp-
dwl hwutbnt wpwgnipinitp, npu nidqunipnitt nt hwnpwhwpnudp
Jud wybt nwqUuwpnipnitubpp, npnup wthwwnttpp Jupnn o hk-
nwuyintk] wpnidhg untuwttne hwdwp, dkswubu jupnn kb juju-
Jwsd 1hub] b wqnyl) wtdh nhywpwbulut wpwidtwhwnlnipmniuuk-
nhg:

Uudh wtuhwwnwlub-hngbnhywpwtwlwt hwwnlnippniubtpp b
hwdwh puulwuht pungdjusd twpwwnpudunpyuénipniup jupbnp
ntp kb juwnnid uppbuh U hbnbwpup wpdwh wpwgwgdwh Junubgh
Uko: Muwndwnubpp, pk wyju hwwnlnipnibubpt htynt tu phnnwplynid
npybu wpdwt dnpbpwwnnpubp, hbnbyjut o wypdwb thnpd nitkbw-
1hu dwpnhl wwppbp uppbuwghtt hpuwyhdwljubphtt wpdwquupnid
punn hpkug wihwwnwlwt hwnubhsubph, npnup nbp o jupwunnud
uppbuh thnpdh, uvywntwhph puuidwb b ninklgnn hniquljui nt bh-
qhninghwljwt hwwgnnudutph gnpépupwugnid [10]:

Yhwwpwtuljut mbuwilnithg tuyting wju hwpghtt™ upnn Lup
wukb], np punhwinip hwpdwpynnujut hwdwpiwnwuhoh dnpbip nwhu
E hunwl] jEiuwpwbwut pugunpnipnit wjt hwpght, ph husybu k&
dupuhutt mpdwquipnid b hwpdwpynid upptuht: EYnpnighnt b $h-
qhnnghwwt wkuwlnitutphg dwpnhly hwpdwpynud Bu uppbuht”
nput wpdwquipkiny npnpwlh dubkpny: Uw dwnwiquljubt yuownww-
twljut dbjuwtthqu £ ny wyiput hngkjwth, nppwt yupnuyhtt hwdw-
Junpgh: Uy «atipuuinnid b» qquynitinipinibp, Epp jupnudp swthwuqubg
pupdp k:

“Yhunwplbup dh thwun. pupdpugnyb yupnuyhtt gnpénittnipjub
wnbuwlp jpuntwsph dhqhninghwljut hhdptu t [2]: Uy ywpnught
qnpéniiknipyub piwsht wkuwl b ghinnhuy, npp opewljw thewjuyph
wnwppbp wqpbgnipnibubph nwl] depwésynd £ dkunnhuh, phwyn-
pnipjul [6]: Zkug wyu ptwsht hwwnlwuhoubpt G npnonid wdh wl-
hwwnwljwi pintpugpbpp tyupyught winhdnpnip b spewljw dhew-
Juynh htinn dwpduh thnjowgpbgnipjut punypen [1]:

Pupdpwugnyt upnuhtt hwdwljwpgh pny; mhyhtt Wunwing
whdt wnwyk) qquynit k, nddupnipjudp E Jkpuljutquynid, hul, h hw-
Junpmpinil gpu, mdtn whyp pnipugpynid b ijupnuyh pphoitnh
wybkh pupdp phdwnpnpujuinipyudp, nbujut b jwupjus wrhw-
nwipwjhtt uydwutbpnid wohwnnitwlnipyut pupdp dwljuppuh
wuwhywidwdp b wpug Jpujubqunqulijuunipjudp: Uju wpumnwb-
pp, npp tbpwnnid £ pupdp hniquju jupjwénipinil, dhtunytu dudw-
twl] wwhwignid k bwl nidtn wpnuyhtt hwdwlwpg ™ nput ghhdwlw-

104



jEnt hwdwip: Nrunp ny pundwpup pkuniputbp niubbwnt nhwpnid op-
quihqup hwdbdwwnwpup wybih gddupnipjudp £ phdwgqpuynid
untndyws hpudhfwlht b wkh wpwg b hnisdnid: Zknbwpwp ghp-
Jupjus wohumwnwipuyhtt uwydwbtbpnid pny upguyhtt hwdwlwp-
gh wnhwy mukgnn hnghnbuwlubph ubpluyugnighsubpp hkonnipyudp
El Eupwplynid upptuh:

Uudh nmhywputwjut wnwtdtwhwwnlnipniuubph opowtiwljuk-
nnud nphunnwplynid Bbu yuppujht hwdwlupgh JEtuwgnpéniitnipjub
(muntgwsdpp) b ptwynpnipjut wnwdtwhwwnlnipmititpp (phwyn-
pnipjul ohonjuwdnmipiniup b ppubnpmudubpp), wthwnwlwi Jupn-
nnipnibubpp «Uwpnp-dwpp woluwnwbpughtt npnpuinud hupuhpug-
dwl opowbwlubpnid wpwyk) twhiptinpbih Eb wtdbwght mhywpw-
twlwt wyghuh hwnljwihskp, husyhuhp kb op. nidn, swpdnit b
Juynit wppujhtt hwdwluwpg, Epumpwdbpunnipinil, wnwquuw)-
unipjwtt guwsép dwlwpnul], hwnnppulgdwt b juquulbpyswlub
pupdp punpnibwynipniuttp, uppbuwnhdwgyniinipjut pupdp dw-
Jupnul b wyt:

Mujmp tywpnughtt hwdwlwpgh poiyp whyp pinpngty b opgwlju
dhowyuyph wuydwuubphtt Juwn hupdwpynn b tbpnnpl pwbqupnid-
ubph Eupwlw: Ujuyhuny, Jupbh £ wunk], np wthwnwlwiunipjub
wjuwhuh gdtph wnwynipniup, htyyhuhp b pupdp wthwbquunnip-
miup b qqunitnipiniup, tyyuwuwnnid B uppbuwght b nphyptuhy mpw-
dunpnipjniuipht: Uypjwénipjutt hwdwpwnwihop, npuybu juunt,
wqnnid E wytt hngknmhwbph 4pw, nypkp pug L, hnquunwp b hwljdus
ku Jupklygtnt b hnbwihquh: 2. dpnpkupipgbptt wypnud niikgnn w-
dwtg tjwpwugpnid E npybu qqugnn, dwpnuubp, tnipp, wnwpynn,
hnptwihuwn, duppubg Ynnuunpnogws b dhbtinyt dwudwbwl wuljw-
i, htnpnybpw, Jusnit qunuthwpibpny wwwpynn [11]:

Nuunidtwuhpnipiniuikpp gnyg kbt wyk), np pnidwppuwnnnubkph
opowinid wypdwt hwdwjpinnwihohtt wowyl] Gupwlw bt hbwnbjuyg
widtughlt hwinfubhoubpny dwubwgbnibpp pupdp wunwupw-
twnynipjut qqugnid, hhwiunhtt dhpnn oqunipjutt hwutbknt wyuwn-
puunnwljudnipinil, hnghpuwtwjuwt wewlgnipjnit gnigupbpkint gut-
Ynipjutt pupdp wunhdwt, hhuinh tjundwdp pupnjulut wwup-
nwljwunipinibutph b npnowlh tphijujwt b pntwnninghujuwb ww-
hwuotubtph pmjupupdwt guulnipnil, dwubwghnwljwb hpujwunip-
jutt YEpwpbpju) dnnwhngnipniuttp b wyh [4]:

Puwljwbwpwp hniquljut wypnidp pdholjukph opowtinid Yupnn k
1huk] puquuphy gnpénuubph htnbwbp, vwljuyt wyju hklnwgnunnipjut
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opowbwljubpnid dbkp nhunwplt] Eup wypdwt thnjuhwpwpbkpulgnip-
miult wmbdh mhywpwbwlwubh wnwdtwhwnlnipniuubph htwn:

Ujpdwt hwdwhinwithph b wmdh mhywpubwljut wnwbdtwhwwn-
Ynipjniuubph dhol juuh ntuntdbwuppnipyut hwdwp Yhpunyt) Bu 9.
Pnjynjh wbdtuwghtt b 6. Uyhphgujh' wtdh hngknhwbtph Eiphwudwi
hwpgupwuubpp [7]: ZEnwgnunipniutt hpwjuwtwgyt) £ «Updwdhph
pdouljutt YEwnpnu» OFC-h wnwppkp dwubwghiwugnid niikgnn 50
pdholjukph opewtinid: Zkwnwgnunnipjutip vwutwlghy ko U Yubwgp, U
wnnudwpnhly, npntg mwphpp tnkp £ 27-73-h dhowljuwypnid, hulj wphiw-
wnwbpwjhtt thnpdp' 1-50 mwph: Uwubwlhgutpp gqpuynp mwuppbpw-
Uny wuwuwupmbl) bt hwpgupwubtph hwpgunpnidubpht: Uwnnpl
ubpjuyuginid Gup wjtt hEnmwgnunuljwt wpynitpubpp, npnup utnwg-
b1 B wyn juuyh ntunmiduwuhpnipjut gnpdplipwugnid:

Unniuwy

zniqujut wypuwt whinwthyubph b thnybph gpubnpnidubpp
(n1+n2+n3+n4+n5+n5+n6+n7=50)

M M M M M M M
n=1 | n=20 | n=9 | n=5 | n=12 | n=2 | n=1

Zngtuwuywspuyhtt hpwhgwlukph

wuypnid 23 298 | 175 | 25 140 12 22
Ubpwqupupjuénipinit ubthwulwb widhg 10 112 97 25 35 3 8
Utntuugdudnipinil 1 123 | 104 | 28 65 0 11
Swquuy b phypbluhw 13 187 | 122 | 37 81 8 16
Lupjwdnipjub thny 47 | 720 | 498 | 115 | 321 23 57
Ny hudwpdtp hniqujub wpdwgquip 15 265 | 170 | 40 210 36 17
Punpnjuhniqujut wywlnndunpnonud 7 274 | 125 | 79 180 36 18
Znyqliph pbuynod 25 | 502 | 248 | 84 266 8 38
Uwutwghinwlwl yupunwlwinipnitibph

Ypdwwnnid 25 348 | 431 | 36 182 27 6
Thuwunpmpjub thny 72 | 1389 | 974 | 239 | 838 | 107 | 79
Znquijwunipjut yuuu 18 172 96 59 100 5 7
Znmqujut dkniuwmgdubdnipni 17 253 | 120 | 55 182 16 5
Ubduwlwi dEiniuugdusnipini 5 206 | 146 | 54 64 0 15
Zngbdwpduwlui b hnghykqhnunpy

huwiqupnidubp 15 245 | 141 | 43 115 7 4
2ymdjwdmpyui thny 55 | 876 | 503 | 211 | 461 | 28 31

“Yhnwplbnyg jnp hngbnhwbph wpnuihtt hwdwlwpgh wnwbd-
twhwwnlmpnibubpp” Jupnn Eup wub), np hhunbpnhy, Ednunhy, oh-
qnpn b muquwuuyhtt hngknhwbpb niukt pny] nhwh tywpnuyhtt hw-
dulung, tuyhitupnnhnp” poijwgws, hul wwpwbnjup b hhykpndp®
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nidbn: Uhlitnyb dudwbwl) pungstny wyt hwiqudwlpp, np uppbup’
npyhku Jhunwuh opquuhquh punhwtnip YEuwpwbwlwt $hqhnin-
ghwlwl ptwhghw, juuyjws £ dwpyne wlih pupdp bywpguygh gnp-
dnitiinipjutt htw, hul] upptuwnhdwglniunipyutt hhupnid pujwsd ku
uwpnuwiht hwdwupgh wpwbdbwhwwnlnipniuttpp, Jwpnn Gup
wukb], np wyt hnginhwbpp, npnup niukt nidbn Wwpnwihtt hwdwlwnpg,
wybh phdwglynit &t uppbuwght b jupdws wohwwnwiupwhtt hpuyh-
guljutph nlypnud, hbnbwpwp wkih Juynh kb hmqujub wjpdwb
tjuundwdp: bull wyu hnghnhwkbpp, npnug punpny k pny; Wwpnughb
hwdwljwpgp, phs uppluwluynit b, htnbwpup jwplws wouunwi-
pughltt wuydwbtbtph wwpuqund wewyt) jungbih o b wowyb) Uks
hwljwénipinit nittkt wypusdnipyjuip:

Ujuyhuny, pun dbkp juunwpws hbnwgnunnipjutt wpnyyniupubph,
pdholutph opowtinid hniquljwt wypdwt uhunpndh wwwnlbpmd gqk-
pulopnid Lu phdwnpnipyut thnyh whnwuhoubpp: Epypnpn mbknnud
wpiynibpubph gnigutihpny hnisqudnipjut thnyu k, wjunthtnb jup-
Jwoénipjwt thnyp:

Unniuwlnid tkpjuyugus wpyniupubphg tpunwd E, np jupdw-
dnipjut thnyp dAbwynpdws £ dhuyt Edninhy b tnuquwuyht hngliwnh-
wbph opowtnid: Thuwnpnipjut thnyp dbwynpjws E pnjnp hngliwnh-
wtinh opowunid (50-hg 34-h Unwn): bulj hjnidjwsnipjut thnip dbiwynp-
Jws E bUnnhy b muquuwuyhtt hngknhwbph dnwn: Ujuyjhuny, wypdwu-
dnipjutl pupdp gniguihoubp tu gqpuiugyl] dhuyt bUnnhy b muqhw-
wujht hnghnbtuwlubphtt wwwnlwiunny dwubwgbntbph opowtnud:
Zmidjudnipjuwt whinwuhoubpp gnyg ki mmwhu, np dwutwugbnt wp-
nkt Ynpgpky £ php dwubwghnwljut gnpéniubnipyut hbn juuduws
uppluwght gnpdnuttpht phdwluytnt nittwnipiniup:

Ednwnhy hngbwnhwyh opowtnid jupuédnipjuit thnryp dbuwdnpusd
Ep 15%-h dnwn, ghdwnpnipyub thoyp™ 65%-h, huly 35%-h dnnn wnljw Ep
wjpdwt hwdwpinwthy: Smquwwwyht hnginhuyh oppwtnid jupdw-
dnipjul thnyp dwynpdwsd kp 44%-h Unwn, nhdwgpoipjut toyp” 77%-h,
hulj 33%-h Unwnn wnjw kp wypdwbt hwdwhinwtithy: Mupwtnu) hnglwnh-
wh opowtnid jupjuwédnipjut thnyp dbwynpyws skp: Fhdwnpnipjub
thnyp dbwynpuws kp 20%-h dnwn, hnisqusnipjut thnyp unyuybu
Aliwynpws skp: Zhytipnhd hngknhyh opownid jupdudnipjut thn-
1n dbwynpdws skp: Thdwnpnipjut thoyp dbwynpdus kp 75%-h Unw,
hulj hjpisdwébnipyut thnyp tnyuybu Abwynpwsd skp: Eypibkuywnnhn
hngbwnhwh oppwtnid jupdwénipjut thnyp dbwynpdws skp: Yhdwn-
pnipjut thniyp dbwynpyws kp 100%-h Unwn, hull hjnisjwsdnipyjut thnyp
unyuybu dbwynpdws skp:
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Ujuyhuny, wpmyniupubpp gnyg kb mmwhu, np npny hngknhwbkph
pny] Wupnuihtt hwdwlwpgh, gusdp upptuwnhdwgyniunipyut b wyp-
dwl pupdp huljyusdnipjut vk ju §nnkjjughnt juw:

Udthnthbny Jupnn tup wubky], np wypnidt woiwwnwiph dudwbtiuly
tpupwnb upptuh wpyniup k [13]: Rdholubph opowtinid hniquljut
wjpdwt dwuwpnuyh b tpuwig wudh mhywpubwlwb punipwugpbph
Uholi uwyh Jhdwjugpnipjutt ntuniduwuhpnipiniip htwpwynpnip-
it £ nmwhu hwuljwbwnt b wupgqbnt npnowljh wnwbduwhwwnynip-
jnittkp, npnug hdwgnipjut nhwypnid htwpwynp Yihuh dowll) hniqu-
Jut wypdwb jubjpwpgbdwip b wbdh JEpuljubqudwtt ninndws
gnpshputp, npntg Yhpwenipniup hbtwpwynpnipinit juw uppluwght
gnpénuiikph wqpkgnipyutt uwpwquynid dwutwgbnh wtdh hngbpu-
twlwt pupblbgnipjut hwdwp woiwwnwbpwhtt dhpwjuypnid pw-
phutyuwun yuwypdwutbp unbnskint b wpghjuljtnt uppbuwjht gnpént-
ubph puguuwlwt wqnbgnipniup:

612, pughwnip hngbpwtnipyut wdphnt
E-mail: hrach.hovhannisyan@ysu.am,

G2, pughwnip hngbpwtnipjut wdphnt
E-mail: aida.vardanyan@ysu.am,

2.0}, Zngyhwtthujul, U.Q. Jupguibyubh

Ugjuwnwipuyhtt upptuh, dwubttwghnujut wypdwt b wtdh
nhywpwhwljwt wpwbdtwhwnlnmpinitukph

thnjuhwpwptpuygnipimp (pdhojubph ophulnd)

znjush opowtwmfutipnid thnpd t wpydt] ntunmidbwuhpl) uppbuh,
dwutmghnwlwt wypdwb b wbdh nhywpwitujut wpwidbwhwwn-
Ynipjniuukph dhol Ynnkjjughnt Juwnp:

Quunuwupjws ghnwlwt htnwgnunipjnittiph hhdwb Jpw, hw-
dunpliny ghnnwljwunpbt hhdttwynpdws dninbgnidubpt nt jupshpuk-
np, ubpuyugyl] kb dbpnidnipiniuttp: dkpngpjuy ntuntduwuhpnip-
jut b hudbdwwnwlu dbpnisnipiniutitiph wpyniupnid JEp hwiudus
Juwp pny] £ vnwjhu Eupwnply, np pdholutph opowtinid uppbuwsh
wpfuwnwipwyhtt thowjuypp qquijhnpkt wmgnnud £ dwubwglnh wbdh
Ypw, hwnjuybu wjt whdwtg, npnup nuklh pny] Wuppuihtt nhy b
guédn upphuwnhdwgynitnipinit: Fw k) hp hipphtt hwugkgunid E hni-
quljub hym&Jwsnipjul, hbnbwpup hny twhwyuwinpuunnd wyp-
dwl hwdwp: Upjumnwtiph wppnitwybnnipjut mbkuwtlyniithg wju

108


mailto:hrach.hovhannisyan@ysu.am,
mailto:aida.vardanyan@ysu.am,

huunhpt hp wpunwgninid £ gninid dwubtwgbnttph Ynnudhg dwwnnig-
Jwd Swnwynipinitubpnh npulh dky:

Zwoyh wpubiny htnnwgnuinipjut wpyniupnid YEp hwtdus Juwp
U hhdudtny] wolw hpngmpniutbph Jpu jupkh b Juinwhnpbi
wunk], np «dwpp-dwuprpy wohwmnwiupwhtt hwpwpbkpnipmnitubpnud
dwutmgbnubph hnghpuwtwlwb oqunipjut b wowlgnipjut fjuinhpp
dunud £ juhuwn opwjupquyhtt b wuwhwbenid £ hnghputiwljub oqunip-
jut mpudwnpdw wpynibwybn nktininghwubkph b ghttwtungh npn-
und:

Nrunh wyju hwdwwnbpunnid pwwn Jupbnp E bwppwdbntb] hwudw-
1hp dhongunnidubp b wnwewnll) Uninbgnidubp dwutwgbnubph hn-
gbhniqujuitt Jpwljh b wnnponipjut pupbjuydwt ninnnipjudp:

I'.P. Oranucsin, A.I'. Bapnanusin

CBsi3b M€Ky TPYIAOBBIM CTpeccoM, NPogecCHOHATbHBIM
BbITOPAHMEM M THUIIOJIOTHYeCKUMHU 0COOEHHOCTSIMU JIMYHOCTH
(Ha mpuMepe Bpaueii)

B pamkax maHHOHM cTaThil OblIa MPENPHUHSITA MONBITKA U3YyYUTh B3aUMO-
CBSI3b cTpecca, MPOPECCHOHATBHOTO BBHITOPAHUS M THITOIOTHUYECKHX OCOOEH-
HOCTEW JINYHOCTH.

AnHanu3el ObUIM TIPECTABICHBI HA OCHOBE MPOBEICHHBIX HAYYHBIX HCCIIE-
JIOBaHH, COYETAIONINX HAYYHO OOOCHOBAaHHBIE TIOAXOJIbl 1 MHEHHUsI. BbIsiBiIeH-
Hasi B pe3yibTaTe MPUBEICHHOTO HCCIENOBAHUS W CPABHUTEIHHOTO aHAM3a
B3aMMOCBSI3b MTO3BOJISIET MPEAIOI0KHTh, YTO CTpEccoBasi padodasi 00CTaHOBKA
Cpeiu Bpadeil CyIIECTBEHHO BJIMSET Ha JIMYHOCTh CHEIMAINCTA, OCOOCHHO TeX,
KTO UMeeT clalOblii HEpBHBINA THIT M HU3KYIO CTPECCOYCTOHYMBOCT. ITO, B CBOIO
odepelb, IPUBOIUT K SMOIMOHAILHOMY HCTOIICHHIO, TTOIrOTABIIUBAs TEM ca-
MBIM TIOYBY 151 BeiTOpaHusi. C Touku 3peHus 3ddexkruBHOCTH pabOTBI ATOT
BOIPOC OTpaXkaeTcs Ha KauecTBE YCIyT, OKa3bIBAEMbIX CIECIIUAIACTAMH.

[IpuHuMast BO BHUMaHUE BBISBICHHBIC MCCIICIOBAHUSIMU B3aUMOOTHOIIIE-
HUSI 1 MCXO/S M3 CYINIECTBYIOIIMX pealiuii, MOXKHO C YBEPEHHOCTBIO YTBEpXK-
JaTh, 9TO MPOOIEMa NICHXOIOTMYECKON MTOMOIIN U TIOJICPIKKH CIICIIHATIICTOB B
paboUYMX OTHOIICHHUSX «YETIOBEK—UEIIOBEK» OCTAeTCsS Ha TIOBECTKE JHS M Tpe-
Oyer morcka 3(QEKTUBHBIX TEXHOJOTHI W apceHalla OKa3aHHs TICHXOJIOTHYe-
CKOM ITOMOIIIH.

[ToaTOMY B 3TOM KOHTEKCTE OUCHb Ba)XKHO MHUIIMMPOBATH KOMILJICKCHBIC
MephI U TIpeIIaraTh MOAXOAbI B HAMPABICHUH YIIyUIIEHHUS MCHXUYECKOr0 COC-
TOSIHUS ¥ 3/I0POBBSI CIICI[HAITUCTOB.
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H.R. Hovhannisyan, A.G. Vardanyan

The Relationship between Work Stress, Professional Burnout and
Personality Typological Features
(On the example of doctors)

Within the framework of this article, an attempt was made to study the
correlation between stress, professional burnout and typological characteristics
of the person.

The analyses were grounded on scientific researches, combining
scientifically based approaches and opinions. The relationship revealed by the
study and comparative analysis suggests that the stressful working environment
among doctors significantly affects the personality of the specialist, especially
those who have a weak nervous type and low stress resistance. This, in its turn,
leads to emotional exhaustion, thus preparing the ground for burnout. In terms
of efficiency, this issue affects the quality of services provided by specialists.

Taking into account, the relationship identified by the research and based
on the existing realities, it can be confidently asserted that the problem of
psychological assistance and support of specialists in “person-to-person”
working relationships remains on the agenda and requires a search for effective
technologies and an arsenal of providing psychological assistance.

Therefore, in this context, it is very important to initiate complex measures
and propose approaches towards improving the mental state and health of
professionals.
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1. “oxnmaap HarmonanpHOI akageMun HayK ApMeHUN ™ BBIXOIAT 4 pa3a B
TOJl U MIOMENIAl0T KpaTKUe OpUTMHAIBHBIE CTaThH, COAEP)KAIe HOBBIE, HUTE
HE ONYyOJIMKOBaHHBIC PE3yJbTaThl HAYYHBIX UcclienoBaHni. CTaThl MOTYT OBITH
MIPEeCTaBIEHbl Ha apMAHCKOM, PYCCKOM MJIM AQHIJIMACKOM SI3BIKAaX; JOJKHBI
OBITH MTPE/ICTABIICHBI TAKKe pedepaThl HA ITHX TPEX SI3BIKAX.

2. AxanemMHKH, 4IEHBI-KOPPECTIOHAEHThI W WHocTpanHble wiensl HAH PA
MIPECTaBIISIIOT CBOM CTaThbU HEMOCPEACTBEHHO, BCE OCTAIBHBIE CTaThU MPEACTaB-
nstotest yepes uwineHoB HAH PA. Bcee pykomucu mpoxonsT pelieH3upoBaHue.
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Hcnonb3yemblii TekcToBbIA peakTop: MS Word mis pycckoro u aHriimid-
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Tabmuipl He JOJKHBI MPEBBIIATH pa3Mepa CTaHAapTHOH crpanuibl (A4). Pu-
CYHKH MPEACTABIISIOTCS B YepHO-OesioM BapuanTe, B popmarte bmp wmm wmf TIF,
JPG. Lurupyemast JiurepaTypa MPUBOJUTCS B MOPSIKE BCTPEYAEMOCTH U JIACTCS
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Rules for authors

1. “Reports of the National Academy of Sciences of Armenia” journal is
issued 4 times a year and presents brief original articles containing new,
nowhere published results of scientific research. Articles can be submitted in
Armenian, Russian or English. Abstracts must also be submitted in these three
languages.

2. Academicians, corresponding members and foreign members of NAS
RA submit their articles directly, all other articles are submitted through NAS
RA members. All manuscripts are peer reviewed.

3. An electronic version of the article is submitted by e-mail (rnas@sci.am)
with two printouts in the final version. The total volume of the article should not
exceed 10 pages (15,000 characters). On the first page of one of the printouts,
there must be the signature of the member of the NAS RA submitting the article
(I present for publication in the “Reports of the NAS RA”, date, signature), and
on the last page, the signatures of all authors.

Text editor used: MS Word for Russian and English and Sylfaen for
Armenian, size 12 pt, spacing 1.5. The text of the article is preceded by the title
of the section and the UDC index. Key words are placed immediately before the
text, and after the text — the name of the institution in which the work was
performed, and the e-mail addresses of the author/authors. Formulas should be
typed with the MathType program (simple mathematical expressions included
in text strings should preferably be typed and formatted using a text editor,
without using MathType). Tables and figures are attached along the text or
separately. Tables should not exceed the size of a standard page (A4). Figures
are submitted in black and white, in bmp or wmf TIF, JPG format. Cited
literature is presented in the order of occurrence and is given in the enumeration
of the general list at the end of the article. The reference number is given in
square brackets in the text without mentioning the author’s name. In the list of
references, it is necessary to indicate: a) for monographs — the surname and
initials of the author, title, city, publisher, year, number of pages; b) for a
periodical publication — the surname and initials of the author, the name of the
journal, year, volume, issue, first and last pages; c) for the collection — the
surname and initials of the author, the name of the collection, city, publisher,
year, first and last pages.

4. The editorial board sends one proof to the author, which must be
returned within 2-3 days.

5. The electronic version of the journal is placed on the journal’s website —
http://elib.sci.am immediately after the issue is published. The author transfers
to the editors of the journal “Reports of NAS RA” the exclusive right to
reproduce and distribute the article in the periodical press. Abbreviated name of
the journal RNAS RA.
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