BecTHuk JIoHenKOro HAMOHAJIBLHOTO YHUBEPCHUTETA.

Cepus A: EcrecTBeHHbIe Hayku. — 2024. — Ne 1

Aemop(bl)
M Ha3BaHMe CTaTby
Author(s)
and title of the article

AHHOTaUuMA

KnioueBblie cnosa

Abstract

Key words

Kanoepoe C.A., MNonaHckuii M.A.
PelwieHue 3agaum o BA3KOYNpyrom
COCTOSAHUU MHOTOCBA3HOM
Nbe30NNACTUHKKU

Kaloerov S.A., Polyansky M.A.
Solution of the problem on the
viscoelastic state multi-connected
piezo plate

PeweHa 3agaya 3N1EKTPOMArHUTOBA3ZKOYNPYrocTn Ans
NAAaCTMH € NPOWM3BONbHbIMM  OTBEPCTUAMM WU
TpewmHamu. Mpyn 3TOM KOMMAEKCHble MOTEeHUUasbI
3N1EKTPOMArHMTOYnpyrocT1 NpeacTasiaeHbl pagaMmmn rno
ManoMy napameTpy C KoapouuMeHTamn B BUAE
Hen3BecTHbIX GYHKUMIA NPUBAUNKEHUIR; NONyYeHbl
rPaHWYHbIE YCNAOBUA ANA  onpegeneHuna oyHKUUA
NPUBAMMKEHNA U 0blMe  NpeacTaBleHUs  3TUX
dYHKUMI ANnA MHOrocBs3HOM 06/1acTv, coaepralimne
psaabl JlopaHa C Heu3BecTHbIMU KoaddpuumeHTamm,
onpeaeneHne KOTOpbIX M3  TPAHWUYHbIX YC/NOBUMA
0606LWeHHbIM  MEeTOAOM HaMMeHbLKMX KBaZpaToB
CBeAeHO K nepeonpeneneHHON cucTeme JIMHEMHbIX
anrebpavyeckmMx YypaBHEHWH, pelaemor MeToaoMm
CUHIYNApHOro pasnoxeHua. [ocne onpegenexHun
YHKUMI NPUBANIKEHUIA npeacraBneHMem
KoadppuuMeHTOB ynpyron aepopmaunm BpemMeHHbIMU
onepaTopamM M WX  BblYMCNEHMEM  HaxoaaTcA
OCHOBHbIE€ XaPaKTEPUCTUKM 3/EKTPOMATHUTOYNPYroro
COCTOSIHMA NAACTUHKKU B 11060 MOMEHT BpemeHu. Kak
YacTHble C/ly4au U3 NPUBEAEHHONO PeLUeHUs creayoT

peweHus COOTBETCTBYHOLLMX 3agay
3/1eKTPOBA3KOYNPYrocTM  (Koraa He  yuuTbiBatoTCA
MarHUTHble cBoiicTBa martepuana),
MarHMTOBA3KOYNPYyrocTM (Korga He  y4uTbiBaloTCA
aNeKTpuyeckue CBOWACTBa maTepwuana) "
BA3KOYNPYyroctM  (Korga  He  yyuTbiBalOTCA U

aNeKTpPUYECKne, U MarHUTHble CBOMCTBA MaTepuana).
YucneHHole nccnenoBaHuA nposeaeHbl ans
NNACTUHKM C OAHMM WAM ABYMS 3/AIUNTUHECKUMM
OTBEPCTUSAMU, C OAHUM MWAW ABYMA AVHENHbIMM

3N1EKTPOMArHMTO-
BA3KOYNpPYrocTb,
KOMMJ/IEKCHblE
NoTeHLUMAbl, MeTos,
MaJioro napameTpa.
BPEMEHHble
onepaTtopbl,
0606LLEeHHbIN meTog,
HaMMeHbLINX
KBaZpaTos,
KO3pPUUMEHTBI
WMHTEHCMBHOCTH
HanpAXeHUn n
MHAOYKUNIA.

The problem of electromagnetoviscoelasticity
for plates with arbitrary holes and cracks has
been solved. In this case, the complex
potentials of electromagnetoelasticity are
represented by series in a small parameter with
coefficients in the form of unknown
approximation functions; boundary conditions
for determining the approximation functions
and general representations of these functions
for a multiply connected domain are obtained,
containing Laurent series with unknown
coefficients, the determination of which from
the boundary conditions by the generalized

least squares method is reduced to an
overdetermined system of linear algebraic
equations, solved by the singular value

decomposition method. After determining the
approximation functions by representing the
elastic deformation coefficients by time
operators and calculating them, the main
characteristics of the electromagnetoelastic
state of the plate at any time are found. As
special cases, the above solution leads to
solutions to the corresponding problems of
electroviscoelasticity (when the magnetic
properties of the material are not taken into
account), magnetoviscoelasticity (when the
electrical properties of the material are not
taken into account) and viscoelasticity (when
both the electrical and magnetic properties of
the material are not taken into account).
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BKNIOYEHUAMMU.  YCTAHOBNIEHO, 4YTO C TeyeHuem
BPEMEHM 3HAYEHMA HANPAXKEHUN U UHOYKUWUIA OKOMO
KOHTYpPOB  OTBEPCTUA W  TPelWMH  3HAYUTE/IbHO
U3MEHAIOTCA, NPUYEM HambosbluMe U3MEHEHMUA 3TUX
BE/IMYMH Habnopatotca B nepsble 10 yacoB nocne
NPUNOXKEHUA Harpy3ku, 3HauYUTe/bHble W3MEHEeHUsA
3TUX BENIMYUH Habntogatotes BnioTb go 40-50 yacos,
XOTA nepexop B CTaUMOHAapHOEe CcOCToAHME W nocne
3TOro0 3aHMMaeT MHOrO BPEMEHW; Mpu nepexode B
CTaLMOHAPHOE COCTOAHWE 3HAYEHUA HAMPAXKEHUU U
WHOYKUMIA OKONO KOHTYpPOB OTBEPCTUMA W TpeLuuH
npetepnesaloT 6o/blIME  U3MEHEHMS; OCODBEHHO
3HaUUTE/IbHbI 3TU M3MEHEHUA B 30HAX HEBbICOKUX
KOHUEHTpaUMMA  HanpaxeHU U WHAYKUMA;  Ha
3HaYeHUA U XapaKTep W3MEHEHWA 3TUX BENUYMH
3HaYUTeIbHO BANAIOT bu13nKo-mexaHnYeckne
CBOMCTBA maTepwuana " reomeTpuyeckune
XapaKTepUCTUKM OTBEPCTUI U TPELLMH.

Numerical studies were carried out for a plate
with one or two elliptical holes, with one or two
linear inclusions. It has been established that
over time, the values of stresses and inductions
near the contours of holes and cracks change
significantly, and the greatest changes in these
values are observed in the first 10 hours after
application of the load; significant changes in
these values are observed up to 40-50 hours,
although the transition to a stationary state and
after that it takes a long time; upon transition
to a stationary state, the values of stresses and
inductions near the contours of holes and
cracks undergo large changes; These changes
are especially significant in areas of low stress
and induction concentrations; the values and
nature of changes in these quantities are
significantly influenced by the physical and
mechanical properties of the material and the
geometric characteristics of holes and cracks.

Kanoepoes C.A., CepowmaHos A.B.
PeweHue 3agaum 06 nsrnbe
MHOrOCBA3HOW Nbe30nonynaoc-
KOCTU C NPUBAUIKEHHbBIM
YAOBNETBOPEHMEM rPaHUYHbIM
YCNI0BUAM HA NPAMO/IMHEUHOM
rpaHuue

Kaloerov S.A., Seroshtanov A.V.
Solving the problem of bending a
multi-connected piezo half-plane
with approximate satisfaction of
boundary conditions on a rectilinear
boundary

C U1CnoNb30BaHMEM  KOMMAEKCHbIX — MOTEHLMANoB
Teopun mn3rmba TOHKUX NMbE3ONUT pelleHa 3agava ob
nsrnbe MOYNI0CKOCTH o NpPOU3BO/IbHO
PacrnonoXKeHHbIMW  OTHOCUTENbHO  Apyr Apyra U
OTHOCUTENbHO NPAMOIMHENHOM PaHMLbl OTBEPCTUAMM
n TpewmHamu. MNpu sTom GyHKLMKM, ronomopdHble BHe
OTBEPCTUI U TPEeLMH, pasnoxeHbl B pagbl JlopaHa, a
bYHKUMK, ronomopdHbIe B HUMKHMX MOAYMNAOCKOCTAX,
BblOpaHbl B BUAE QYHKUMI, TrONOMOPOHbLIX BHe
BOOOpaXKaeMbIX CMMMETPUYHBIX KOHTYPOB B BEPXHUX
nonynnockoctAx.  OnpepeneHne  KoadduuMeHTOB
YKa3aHHbIX pAnos 0606LeHHbIM MeToa0M
HanMeHbLUMX KBaApaTos cBefieHo K
nepeonpeneneHHom cucteme JINHENHbIX
anrebpanyecknux ypaBHEHWM, pelaemolr MeToaoM
CUHIYNAPHOTO  pasfioXeHua. OnucaHbl  pesy/bTaTbl
YUC/IEHHBIX UCCNeOBaHUM  ANA  MOAYNJOCKOCTU €
KPYrosbiM OTBEPCTMEM, B TOM YUC/E BbIXOAALMM Ha

TOHKas Mbe3onauTa,
NoAYNAOCKOCTb,
OTBEpCTHSA, TPELMHBI,
nepemblyka,
KOMIM/IEKCHblE
noTeHuManbl,
0606LeHHbIN  meToz,
HaMMeHbLUNX
KBagpaTos,
KOHL,EeHTpauus
M3rnbaroLLmx
MOMEHTOB,

K03 dUUMEHTDI
MHTEHCUBHOCTY
MOMEHTOB.

Using the complex potentials of the bending
theory of thin piezo plates, the problem of
bending a half-plane with holes and cracks
arbitrarily located relative to each other and
relative to a rectilinear boundary is solved. In this
case, the functions holomorphic outside holes
and cracks are decomposed into Laurent series,
and the functions holomorphic in the lower half-
planes are selected as functions holomorphic
outside the imaginary symmetric contours in the
upper half-planes. The determination of the
coefficients of these series by the generalized
least squares method is reduced to an
overridden system of linear algebraic equations
solved by the singular value decomposition
method. The results of numerical investigations
are described for a half-plane with a circular
hole, including the output to a rectilinear

thin piezo plate,
half-plane,
holes, cracks,
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NPAMOIMHENHYIO TpaHuLy (C/ly4alt NoaynaoCKoCTU ¢
BbIEMOM), MOJYM/IOCKOCTU C KPYroBbIM OTBEPCTUEM W
KpaeBoM TpewWuHOM U3 Hee B NepemMblyKe, B TOM yucie
BbIXOAALWEN Ha MPAMOSIMHENHYO TrpaHuuy (cnydai
MO/IYNIOCKOCTU C KPYroBbIM OTBEPCTUEM U PA3pPe3om
MeXay OTBEPCTMEM U TPaHWULEN MOAYNJIO0CKOCTH).

UccnenoBaHbl 33aKOHOMEPHOCTU U3MeHeHuA
3/1EKTPOMArHMTOYNpyroro  COCTOAHWA  NAWUTbI B
33aBUCMMOCTM  OT TEOMETPUYECKUX  XapPaKTEPUCTUK

OTBEPCTUI U TPELUMH, WX B3aMMOPACTO/IONKEHUS.
YCTaHOBNEHO, YTO C NPUBAUNKEHMEM OTBEpPCTUA WU
TPeWmHbl K MPAMOAMHEMHON [paHMUe 3HaYeHus
MOMEHTOB B TOYKaX MEpPEeMbIYKM PE3KO BO3PACTaloT,
He3HauUTe/IbHO  U3MEHAACb B APYrMX  30Hax
MOMYNAOCKOCTU. Bonbluafd KOHUEHTPaLUMA MOMEHTOB
HabntogaeTcaA M B TOYKaX NPAMOSMHENHON TPaHWLbI
B6/IM3N  MepemMblyKU. 3HAYyeHUA 3STUX  MOMEHTOB
0CODEHHO BENWKM B 3ajave AN MOAYNJOCKOCTU C
KPYroBbIM OTBEPCTUEM, UMEIOLLUM KPaeByto TPELLMHY B
nepembiyke. Ha 3HayeHUA w3rnbaloWUX MOMEHTOB
3HaYUTENbHO BAMAET y4yeT Mbe30CBOMCTB MaTepuana,
ocobeHHO B 30Hax  BbICOKOM  KOHLEHTpaLuu
n3rnbatoWwmx MOMEHTOB, MOSTOMY B 3TUX C/y4asx
He/fb3 OrpaHUuYMBATLCA PelleHMem 3afayuun Teopuu
ynpyrocty o6 nsrmbe nauTbl, @ HYXKHO pelwaTb 3ajadvy
3N1EKTPOMArHUTOYNpPYrocTy.

boundary (the case of a half-plane with a recess),
a half-plane with a circular hole and an edge
crack from it in a jumper, including the output to
a rectilinear boundary (the case of a half-plane
with a circular hole and a crack between the hole
and the boundary of the half-plane). The
regularities of changes in the electro-magneto-
elastic state of the plate depending on the
geometric characteristics of holes and cracks,
their mutual locations are investigated. It has
been established that as the hole or crack
approaches the rectilinear boundary, the values
of the moments at the points of the jumper
increase sharply, slightly changing in other zones
of the half-plane. A large concentration of
moments is also observed at the points of the
rectilinear boundary near the jumper. The values
of these moments are especially large in the
problem for a half-plane with a circular hole with
an edge crack in the jumper. The values of
bending moments are significantly affected by
taking into account the piezoelectric properties
of the material, especially in zones of high
concentration of bending moments, therefore, in
these cases, one cannot limit oneself to solving
the problem of elasticity theory of plate bending,
and one must solve the problem of electro-
magneto-elasticity.

Kapacee f1.C., Cmoposes C.B.,
domeHKo M.B. MeTtoguKa
aHaNU3a cneKTpa CABUTroBbIX
3N1eKTPOYNpYyrux BoJIH B
Nbe30aKTUBHOM CJI0€ C
CMMMETPUUYHOI nonepeyHon
Heo4HOPOAHOCTbIO

Karasev D.S., Storozhev S.V.,
Fomenko M.V. Method for

MpeactaBneHa cxema MOMyYeHUA OUCMEPCUOHHbIX
COOTHOLLEHWUI, ONUCBLIBAIOWMX CNEKTPbl HOPMAAbHbIX
3N1eKTPOynpyrux BOAH B BOJNHOBOAE B BUAE COA
dYHKUMOHANbHO-TPagMeHTHOM AHU30TPOMNHOM
Nbe3oKepamMmMKM Kaacca 6mm C  onucbiBaemom
3KCMOHEHUMANbHbIMUN 3aBUCUMOCTAMMU CUMMETPUYHOM
no TONWMHE HEeoAHOPOAHOCTbLIO dusmko-
MexaHWYecKMx CBOMCTB.  Peanusyemblit  noaxon
6asupyeTcs Ha BblAeNeHWMU COCTAaBNAIOWMX BOHOBOAA
B BMAE MNOAYCNOEB C 3€pKaNbHbIMKM KapTUHaMu

cnou
dYHKUMOHANbHO-
rpafAveHTHoOM
Nbe30KepPammKm,
CMMMeTpUYHan
3KCMOHeHUManbHan
HEeoAHOPOAHOCTb MO
TONWMHE,
aneKTpoynpyrue
CABUroBble

A scheme for obtaining dispersion relations
describing the spectra of normal electroelastic
waves in a waveguide in the form of a layer of
functional-gradient anisotropic piezoceramics
of class 6 mm with a thickness-symmetrical
inhomogeneity of physical and mechanical
properties described by exponential
dependences is presented. The approach being
implemented is based on identifying the
components of the waveguide in the form of

layer of
functional-
gradient
piezoceramics,
symmetrical
exponential
inhomogeneity
in thickness,
electroelastic
shear normal




analysis of the spectrum of shear 3KCMOHEHLMAbHON HEOAHOPOAHOCTM MO TOJUMHE, HA | HOpManbHble BonHbI, | half-layers with mirror patterns of exponential | waves,
electroelastic waves in a NHTErpUpOBaHUN ypaBHeHUM pacnpocTpaHeHnsa | AUCMEPCUOHHbIE inhomogeneity in thickness, on integrating the | dispersion
piezoactive layer with symmetrical | sanekTpoynpyrux BOAH cABura B  BblAE/IEHHbIX | COOTHOLIEHMA, equations for the propagation of electroelastic | relations,
transverse inhomogeneity KOMMNOHEHTax C NpUMeHeHnem meTofa dinepa AmMbo | MHTerpuposaHue shear waves in the selected components using | integration of
YNC/IEHHO-aHaA/IUTUYECKOTO BEKTOPHO-MaTPUYHOIO | CUCTEM BOJIHOBbIX the Euler method or a numerical-analytical | systems of wave
UTepaunoHHOro anroputma 7 NONYYEHUU | YpaBHEHUN, vector-matrix iterative algorithm and obtaining | equations,
OMCNEepPCUMOHHbIX QYHKLMIA B KayecTBe CNeAcTBUM M3 | YUNCNEHHO- dispersion functions as consequences of the | numerical-
3NEKTPOMEXAHNYECKMX KPAEBbIX YCIOBUN Ha BHELWHUX | aHAaNUTUYECKas electromechanical boundary conditions on the | analytical
rPaHMYHbIX MJIOCKOCTAX BOJIHOBOAA M HA NOBEPXHOCTM | METOAMKa, outer boundary planes of the waveguide and on | technique,
KOHTaKTa BblAe/AeMbIX KOMMOHEHTOB C01A. UTEPALMOHHbBIN the contact surface of the selected layer | iterative vector-
BEKTOPHO- components. matrix
MaTPUYHbIN algorithm.
ANTOPUTM.
Heckopodee P.H., 3b13a A.B. OauH | B paboTe npeasioxeH cnocob WHTerpupoBaHus | aHM3oTponHoe Teno, | The paper proposes a method for integrating | anisotropic
13 cnocob60oB UHTErpUpoOBaHUA TPEXMEPHbIX YypaBHeHUM Teopumn YyNpPYyrocT | NAOCKOCTb YNpyrom three-dimensional equations of the theory of | body, plane of
TPEXMepHbIX YypaBHEHUI Teopumn aHM30TponHoro Tena, obnagatowero MAOCKOCTbIO | CUMMETPUM, elasticity of an anisotropic body with a plane of | elastic
YyNpyroctTu aHU30TPOMHOIO TeNa, ynpyron cummeTpun. HangeHbl npeactaBieHUa A48 | KOMMJAEKCHble elastic symmetry. For the cases of bending and | symmetry,
obnapatowwero NN0CKOCTbIO nepemeLLeHnii M HanpaXKeHui, yaosaeTBopAlOWME | NOTEHUMaN., stretching-compression of an anisotropic plate, | complex
ynpyrou cummeTpumn ypaBHEHMAM paBHoBecus. [na cnyyaeB wu3rmba M | NPOEKLUOHHO- expressions for stresses and displacements | potentials,

pacTaXKeHMA-CxKaTUa aHU30TPONHOM NNACTUHbI | CETOYHbIN MeToa, satisfying homogeneous boundary conditions | projection-grid
Neskorodev R.N., Zyza A.V. One of | nonyyeHbl  BbIPaXKeHUA  ONA  HanpsXeHuh M | PUHUTHbIe dyHKUMK. | on flat faces are obtained. method, finite
the methods to integrate three- nepemeLlLeHnii, yLooBAETBOPAOLLME  OAHOPOLHbIM functions.
dimensional equations of the FPAHUYHBIM YC/IOBUAM Ha NNOCKUX FPaHAX.
theory of elasticity of an
anisotropic body with a plane of
elastic symmetry
Cmopoxces B.U., [nyxoe A.A. MpeacrasneHa MeTogMKa nccnegosaHma | GyHKUMOHaNbHO- A technique for studying the dispersion | functional-
Oucnepcra HOpMmanbHbIX AMCNEepPCUOHHbIX XapaKTepPUCTUK HOPMasbHbIX | FPAANEHTHbIN characteristics of normal horizontally polarized | gradient
CABUTOBbIX BOJIH B FOPU30HTaNbHO NOMAPU30BAHHBIX CABUIOBbLIX YNPYrnx | TPaHCBepcanbHO- shear elastic waves propagating along an | transversely
$YHKLMNOHANBHO-TPAAUEHTHOM BOJIH, PacnpoCTPaHAIOWMXCA BAOAb MPOU3BOABHO | U3OTPOMHBINA CNOW, arbitrarily oriented direction in the plane of a | isotropic layer,
TPaHCBEepPCa/ibHO-U30TPONHOM OPUEHTUPOBAHHONO HAMpPaBAEHUA B NJAOCKOCTU C0OA | SKCMOHEHUMabHaA layer made of a  functional-gradient | exponential
cnoe 13 QPYHKLMOHANbHO-TPaIMEHTHOTO TPaHCBepCcaNbHO- | HEOAHOPOAHOCTL No | transversally isotropic material with different | inhomogeneity

TONWMHE, exponential laws of change in the elastic | in thickness,

Storozhev V.l., Glukhov A.A.
Dispersion of normal shear waves
in a functional-gradient
transversal-isotropic layer

M30TPOMHOTO maTtepuana c PasANYHbIMU
3KCMOHEHUMANbHbIMKN 3aKOHAMWN U3MEHEHUA Moaynei
YMpYroctTu u napameTpa NAOTHOCTU MO TO/LWMHE COA.
MpuBeaeHbl  NpUMepbl  pacyeTHOW  peanusauuu
MEeTOAMKM.

HOpMa/ibHble
caBuUrosble ynpyrue
BOJIHbl,
ANCNEepPCUOHHbIe
YpaBHeHMS,

modulus and density parameter along the
thickness of the layer is presented. Examples of
computational implementation of the
methodology are given.

normal shear
elastic waves,
dispersion
equations,
computational




pacyeTHbI aHanu3

analysis of

CMEeKTPOB, BAUAHME spectra,
napameTpos influence of
HEOAHOPOAHOCTH. inhomogeneity
parameters.
benoycoea E.E., Xomymoea E.B., MpegnoxeHbl  ONTMManbHble  YCNOBMA  CUHTE3a | PpusMKo-xmmudeckme | Optimal conditions for the synthesis of sodium | physico-
A6noykoea H.B. CuHTes n nepboparta HaTp1A NPU XMMUYECKOM B3aUMOLENCTBUKN | UCCneaoBaHus, perborate are proposed through the chemical | chemical
$pusmko-xmmmnyeckue ceoiictea TeTpabopaTa HaTpWA, NepoKcMAa BOJOPOAa W | Xummdeckmi coctas, | interaction of sodium tetraborate, hydrogen | studies,
nep6opata HaTpus TMOPOKCMAA HATPWMA B MEPOKCUAHONM cpede. Ha | mepbopat HaTpus, peroxide and sodium hydroxide in a peroxide | chemical
OCHOBaHUM  AaHHbIX XUMMWYECKOro aHanv3a n | Tepmuueckas environment. Based on the data of chemical composition,
Belousova E.E., Khomutova E.V.,, GUBMKO-XMMMUYECKUX UCCAel0BaHUI NpoBeAeHa ero | YCTOMUMBOCTS, analysis and physicochemical studies, its | sodium
Yablochkova N.V. Synthesis and WAEHTUOUKALMSA, YCTaHOB/IEHO, yTo | rMAapOKcHanaTuT identification was carried out, it was perborate,
physical-chemical properties of cTexvomeTpudeckmii coctas NaBO;-4H,0 3asmcut ot | Kanbuus, koppekuus | established that the stoichiometric composition | thermal
sodium perborate KOHLLEHTPaLMM UCXOAHBIX peareHToB M TemnepaTypbl | LBeTa 3y6os, of NaBO3.°4.1IT|20 depends on the concentratlo.n stability,
CMHTe3a. MeTogamu  TepmorpaBMMeTpUUYecKoro, | CTOMATosIornyeckune ?;mgzeratijr:?aIUszizgi?wSrer:gc:av??nitr?znt;—erjys/ calcium .
peHTreHodaszoBoro aHanamM3a M MK-cnektpockonuy | KOMNO3ULUK. phase analysis and IR spectroscopy m('ethods, rYdr}?Xyalpahte'
npoBeAeHbl  TEPMOAHANIMTUYECKME  UCCNEeA0BaHUSA thermoanalytical studies of tetrahydrate oot C? or
YeTbIPEXBOAHOIO KpUCTainoruapaTa, oOnpeaeneHbl crystalline hydrate were carried out, the correction,
ycnosua  ero TEPMUYECKON  YCTOMUMBOCTM M dental

06pasoBaHMA NepbopaToB C MEHbLIMM COAEpPKaHNEM
KpucTannormapaTHoi Bodbl. PU3NMKO-XMMUYECKMMM
MeTo4amMmu  UM3yyeHo B3aumogeiicTeme nepbopaTta
HaTpuA ¢ BUONOrMYECKM aKTUBHbIM M’MAPOKCMANATUTOM
KaNbUMA M PEKOMEHZOBaHbl COCTaBbl AN KOPPeKuuu
ugeTa 3ybos.

conditions for its thermal stability and the
formation of perborates with a lower content of
crystalline hydrate water. The interaction of
sodium perborate with biologically active
calcium hydroxyapatite was studied using
physicochemical methods and compositions for
correcting the color of teeth were
recommended.

compositions.

Muxalinosa H.B., benasa H.!.,
Benvlli A.B., KoHalineHKko B.A.
3¢ deKTbl cCBEpPXaAANTUBHOCTU
KOMMO3ULMIA rannoBoii u napa-
KYMapoOBOW KUCNOT B peaKLuax
PaAUKaNbHOro OKUC/IeHUA

Mikhaylova N.V., Belaya N.I., Belyi
A.V., Konailenko V.A. Effects of
superaddictiveness of
compositions of gallic and para-

MeTtogamu doToKkonopumetpun, AMP-cnekTpockonum
M  KBAHTOBOM XMMWUWU WUCCNeOBaHbl KUHETUKA W
MeXaHW3M peakLMM KOMMO3UUMIA rannoBo M napa-
KYMapoBOW KWUCNOT C pagukanom 2,2'-anderHnn-1-
nukpuarngpasmaom B 6eHsone. MaKcumasbHble
aHTUpaauKanbHble CUHepruyeckune adpdeKTbl
NPOABW/IM CMECHU FasNI0BOM M Napa-KymMapoBOM KUCNOT
B8 cooTHoweHuA 10 : 90 06.%. BO3MOXKHbI MexaHU3m
CMHeprMama 3akatuvaetcds B obpasoBaHuu 43
NPoAyKTOB NepBUYHOro npespalieHns GeHoNoKUCNoT
(peHOKcHNbHBIX paauKkanoB) ¢GEHOMbHbIX AUMEpPOB,

rannoBas KMCIoTa,
aHTMpaauKanbHana
aKTUBHOCTb,
CUHeprusm, 2,2'-
andennn-1-
NUKPUATMAPA3sU.

The kinetics and mechanism of the reaction of
compositions of gallic and para-coumaric acids
with the 2,2'-diphenyl-1-picrylhydrazyl radical in
benzene were studied using photocolorimetry,
NMR spectroscopy and quantum chemistry. The
maximum antiradical synergistic effects were
demonstrated by mixtures of gallic and para-
coumaric acids in a ratio of 10:90 vol.%. A
possible mechanism of synergy is the formation
of phenolic dimers from the products of the
primary transformation of phenolic acids

gallic acid,
antiradical
activity,
synergism, 2,2'-
diphenyl-1-
picrylhydrazyl.




coumaric acids in radical oxidation
reactions

CNOCOBHbIX B3aMMOLEWNCTBOBATL C  TMAPA3U/bHBIM
paguKanom bbiCcTpee, YeM UCXOAHbIE aHTMOKCUAAHTbI.
KBaHTOBO-XMMMUYECKUM MONYIMIUPUYECKUM METOL0M
PM6 yctaHOBNeHO, 4YTO Haubosee BePOATHO
obpasoBaHne  0opT0,0pTO-CC-AUMEPOB,  MOJIEKY/bI
KoTopbIxX copepaT O—H-rpynnbl ¢ HU3KOM 3Hepruen
rOMOJINTUYECKOTO pa3pbiBa CBA3M.

(phenoxyl radicals), which can interact with the
hydrazyl radical faster than the original
antioxidants. Using the PM6 quantum-chemical
semi-empirical method, it was established that
the most probable is the formation of ortho,
ortho-CC dimers, the molecules of which
contain O-H groups with low energy of
homolytic bond cleavage.

KopHueHko B.O., Aedeesa K.A.,
Auykuli A.C. BauaHue
COYETaHHOro aeicTeus
nepemMeHHOro MarHUTHOro NonA n
HU3KOYACTOTHOI BUBpaLmumM Ha
paHHMe CTaauMN OHTOreHe3a n
MopPOMETPUIO KYKYypy3bl
caxapHoi

Kornienko V.0, Avdeeva K.A,
Yaitsky A.S. The effect of the
combined action of an alternating
magnetic field and low-frequency
vibration on the early stages of
ontogenesis and morphometry of
Zea mays L.

B pa60Te onpegeneHbl 3KON0rn4yeckun 6e3onacHble

napameTpbl ¢u3nMYeckMx GaKkTopoB, MNpU  KOTOPbIX
HabloganM  CTUMyAUpyowMe OTBETHblE peakuuu
pacteHuit. [Ona Bblbopkn 6 u 10 nepemeHHoe

MarHUTHOe noje HeWTpann3oBano WHrnbupylouee
Aaevicteme BMbpauum yactotol 8 u 13 Iy, Ans BbibOpoK
8, 14 n 16 nepemeHHOe MarHUWTHOe MoJie yCUAUBaIO
cTUMynunpytollee gencrtene Bubpaumn. Mpu BAMAHUK
MeMN u Bubpaumm 55 T coBmecTHoe pencTeue
$aKTOpOB CHMKAeT pocToBble NokasaTenu. Hanbonee
LeHHble, o TOYKM 3peHun 3KON0OrNYecKom
6e3onacHocTy, 310 BbIAABIEHHblE napameTtpbl
du3nYecknx GakTopoBs, NpMBOAALLME K TMBENU YacTu
BbIOOPKM, 3HAYUTENBHOMY TOPMOMKEHMIO POCTOBbIX
NPOLECCOB  BbIXMBLUMX  OPraHUM3MOB, a TaKXkKe
CHUXEHWIO buonornyeckon npogyKTuBHocTU. MMpwm
OUEHKe TMONYYEHHbIX JAaHHbIX KPUTUYECKUMU AnA
pacTeHuin okasanucb BMbpaumm c yactotoit 5 My, 8 Iu,
13 Tu, a Tak¥e co4yeTaHHoe peicteue MMeMM wu
Bnbpaunm 5m 16 lu.

3KosorMyeckasn
6e30MacHOCTb;
KYKYpy3a caxapHas;
nepemeHHoe
MarHuTHoe none;
MarHuTHas
WUHAOYKLMSA;
OHTOTeHe3;
mopdomeTpus.

The work identifies environmentally safe
parameters of physical factors under which
stimulating plant responses were observed. For
samples 6 and 10, an alternating magnetic field
neutralized the inhibitory effect of vibration
with a frequency of 8 and 13 Hz. For samples 8,
14 and 16, the alternating magnetic field
enhanced the stimulating effect of vibration.
Under the influence of an alternating magnetic
field and 55 Hz vibration, the combined effect
of factors reduces growth rates. The most
valuable, from the point of view of
environmental safety, are the identified
parameters of physical factors that lead to the
death of a part of the sample, a significant
inhibition of the growth processes of surviving
organisms, as well as a decrease in biological
productivity. When evaluating the data
obtained, vibrations with a frequency of 5 Hz, 8
Hz, 13 Hz, as well as the combined effect of an
alternating magnetic field and vibrations of 5
and 16 Hz, turned out to be critical for plants.

environmental
safety; Zea
mays L.;
alternating
magnetic field;
magnetic
induction;
ontogenesis;
morphometry.

KopHuenko B.O.
PeTpocneKkTUBHbI aHanu3
AHTPONOreHHOro 3arpsasHeHusa
ropoga [oHeuKa. BUbpaumMoHHo-
aKyCcTUyecKoe 3allymneHue

Kornienko V.O. A retrospective
analysis of anthropogenic

B pabote wuccnegoBaHO 3allyM/ieHME TeppuUTopun
ropoga [oHeuka B nepuog ¢ 1995 po 2023 rog,.
BbisiBneHbl  aBTOMArucTpaam  co  3Ha4yuUTeNbHbIM
npesblleHNEM YpPoOBHA Wyma B cpegHem oT 30 go
50 %. B ycnoBuax ropoga ypoOBeHb aKyCTUYECKOro
Wyma cocTtaBnfaet B cpeaHem 7813 abA. YcTtaHOBAEHO,
YTO B LEHTPaNAbHOW YacTu ropoaa 6o0/bluMiA BKAAL B
YPOBEHb BMOPALMOHHO-AaKYCTUYECKOTO 3arpasHeHun

AKYCTUYECKUI LIYM,
TEXHOreHHas
BUbpauuA,
3K0JIOTMYECKUi
dakKTop, ApeBecHble
pacTeHus,
3Konoruyeckas
6e30MacHoOCTb,

The paper studies noise pollution in the city of
Donetsk from 1995 to 2023. Highways with
significant excess noise levels by an average of
30 to 50% are identified. In urban conditions,
the average acoustic noise level is 78+3 dB. It
has been established that in the central part of
the city, the greatest contribution to the level of
vibration-acoustic pollution is made by the

acoustic noise,
vibration,
environmental
factor, woody
plants,
environmental
safety, organism
and




pollution of the city of Donetsk.

BHOCUT WHTEHCUBHOCTb TPAHCNOPTHOTO MNOTOKa WU

opraHv3m v cpeaa,

intensity of the traffic flow and the duration of

environment,

Vibration and acoustic noise AJIMTENIBHOCTb CBETOBOIO LMKAQ, NPWU yAaneHuu oT | [loHeuK. the light cycle; when moving away from the | Donetsk.

LEHTPa/ibHbIX aBTOMArucTpanen AONOAHUTENbHbBIM central highways, an additional factor is the

GaKTOPOM CAYKUT HasMuMe 3HaunuTeNbHbIX AedeKTOB presence of significant road surface defects, the

AOPOXKHOIo NOKpPbLITUA, OTCYTCTBME CBETOBONO LUMKNa U absence of a ||ght cyc|e and, as a result, an

KaK cneactsne ysennveHUe CKOPOCTU aBTOMOTOKa, a increase in the speed of the traffic flow, as well

TakKe NOBbIIEHWE  AO/N  TAXKE/Oro  rpy30BOTO as an increase in the share of heavy trucks. The

TPaHCMopTa.  YpoBeHb  3BYKOBOTO  A3BNEHWA sound pressure level correlates with the

Koppeavpyetr ¢ MHTEHCMBH(gCTbIO aBTOMOTOKA B intensity of the traffic flow in a power-law

cTeneHHon 3aBucumoctn (R°=0.85). [peBbllieHne dependence (R2=O.85). The excess of

MaKCMMyMOB Ha TEpPUTOPUN TOPOAA COCTABNIAIOT ANA maximums in the city for the central streets is

ueHTpanbHbix yauy ot 30 go 50 %. JononHuTenbHO from 30 to 50 %. Additionally, the vibration

OLEHEHbI B16paUMOHHbIe CNEKTPel, spectra propagating from the noise source to

PacnpoCTPaHAIOWMECA O — MCTOUHNMKA — Lyma K phytocenoses and woody plants in particular

dUTOLEHO3aM U ApeEBECHBIM PACTEHUAM B YAaCTHOCTM. are estimated. It was established that the

YcTaHoBUAN, yTo AnanasoH yacrtot . .

3aperncTpMpoBaHHbIX BMbpaumi nepesaHHbIX frequer.wcy range  of rc.ecorded. V|brat|or.1$

[EpEBLAM OT aBTOMArUCTPAneil pacnonaraeTca B tran§m|tted to trees f.rom highways is Iocated. in

npoMexyTKe oT eankny (15 M) 40 1 KW, Npu 3Tom the |nter\{al fro'm units (15 Hz) to 1 kH.z, with

MaKCMMYyMbl B CMeKTpax MPUXOAATCA Ha 4acToTbl A0 the maxima in the spectra occurring at

200 T, frequencies up to 200 Hz.
Jlemyxoea B.10., Kopwukos U.U., M3yyeHa WM3MEHYMBOCTb HaATypHbIX W pacyeTHbiX | Crataegus orientalis; | The variability of natural and calculated fruits | Crataegus
Momanenxko U.J1. MEeTPUYECKMX XapaKTepUCTmK nnoaos Tpex | Crataegus parameters of three closely related taxa of the | orientalis,
Mopdonoruyeckaa gusepreHuna | 6AM3KOPOACTBEHHbLIX TakcoHoB poaa Crataegus: C. | pojarkovae; genus Crataegus was studied: C. orientalis Pall. | Crataegus
nnopoB 61M3KOPOACTBEHHbIX orientalis Pall. ex Bieb., C. pojarkovae Kossych wu | Crataegus ex Bieb., C. pojarkovae Kossych, and C. | pojarkovae,
BuA0B poaa Crataegus B ropHoi C. tournefortii Griseb. Nx TakcoHomunyeckuin cratyc B | tournefortii; tournefortii Griseb. Their taxonomic status in | Crataegus
yactu BoctouHoro Kpblma 6oTaHMyeckomn nnTepartype HOCUT AMCKyCCMOHHbIVI BocTouHbIN KpblM,‘ the botanical literature is a contentious issue. tournefort'ii,

xapakTep. [lna aHanu3a cxoAcTBa M pa3nnuma Nnogos | mopdometpuyeckas | To analyze the fruits similarity and difference of | Eastern Crimea,
Letukhova V.Yu., Korshikov I.1I., 3TUX TAKCOHOB-MPUMEHANN METOAbl CTAaTUCTUYECKOTO | M3MEHYMBOCTb these taxa methods of statistical analysis were | fruit

Potapenko I.L. Fruits
Morphological Divergence in
Closely Related Species of
Crataegus Genus in the
Mountainous Part of the Eastern
Crimea

aHaNM3a: KOppPensauMOHHbIN, AUCMEPCUOHHbIN, TaKXKe
6bin MCMNONb30BaH Kputepuii WAEHTUYHOCTHU
’KusoToBckoro. pu  CpaBHUTENbHOM  aHanuse
M3MEHYMBOCTM nnofoB B  ueHononynauuax C.
orientalis, C. tournefortii w C. pojarkovae 6bino
YCTaHOB/MIEHO, 4YTO MO 6ONbWWUHCTBY WUCCAeAyEMbIX
MoKasaTenel OHW [OCTOBEPHO OTAMyatoTcA. He
0bOHapyKeHo rmbpuaHbIX Gopm 3TUX MOpPdOIOrNYecKn
OMBEPreHTHbIX  TAaKCOHOMMYECKMX  eauHuy.  C

NA0A40B; NONYAALMMN.

applied: correlation, dispersion, as well as
Zhivotovsky's identity test. The comparative
analysis of C. orientalis, C. pojarkovae, and C.
tournefortii fruits shows, that they differ
significantly in most of the studied parameters.
No hybrids of these taxa have been found. C.
pojarkovae has a low expansive activity and
retains in generations morphotraits typical of
this species. Based on the obtained results, we

morphometric
variability,
populations.




pojarkovae B ero eAMHCTBEHHOM MeCTOOb6UTaHUK B
KpbiMy  MMeeT  HW3KYO  PEenpoayKTUBHYIO WU
9KCMAHCMBHYIO aKTUBHOCTb U COXPAHAET B NMOKO/NEHUAX
TUNU4YHbIE ANA 3Toro Buaa mopdonpusHaku. Ha
OCHOBaHWM MOJIyYEHHbIX pe3ynbTaToB CAenaH BbIBOA,
yto C. pojarkovae w C. tournefortii MO}XHO OTHECTU K
KaTeropum CamoCTOATE/IbHbIX BUAOB.

concluded that C. pojarkovae and C. tournefortii
can be assumed as distinct species.

Maenoe B.H., /lezeHbKuii FO.A., MeToAoM YMCNEHHOTO MOAEANPOBAHUA UCCAef0BaHO | marHMTomapkuposaH | The distribution of gradients of magnetic | magnetically
becnanosa C.B. Ucnonb3oBaHue pacnpeaeneHue  rpaAMEHTOB  MarHUTHbIX  Monen | Hble BUOKNETKY, scattering fields gradients of the strip domain | labeled biocells,
MarHMTHOro XpanoBuKa Ans paccesHWs MONOCOBOW [AOMEHHOMN CTPYKTypbl MNpW | TPAHCMOPTUPOBKA structure under the superposition of a control | transportation
nepemelyeHus HaNOXeHNM  YNPaBAAKOLWEro  MarHUTHOro  nonsA. | marHMTomapkuposaH | magnetic field has been investigated by the | of magnetically
MArHMTOMapKMPOBAHHbIX KNETOK | DKCMEepMMEHTaNIbHO  UCCefoBaHbl  OCOHBEHHOCTU | HbIX KNETOK, numerical modeling method. The peculiarities | labeled cells,
Hap, N0N1I0COBOWN AOMEHHOMU [OBMKEHWA MarHUTOMapKMpPOBaHHbIX KNeTOK Hag | nonocosas cTpykTypa | of the motion of magnetically labeled over the | strip structure
CTPYKTypoOi NOBEPXHOCTbIO  heppUT-rpaHaToBoM NAEHKU  C | MarHuUTHbIX surface of a ferrite-garnet film with a strip | of magnetic
NOMOCOBOI [JOMEHHON CTPYKTYpOl nog, AeiictBrem | AOMEHOB. domain structure under the action of an | domains.
Paviov V.N., Legenkiy YA, BHelWHero nepemeHHoro MarHUTHoOro nons. external alternating magnetic field have been
BESPGIOVG S.V. Using a magnetic YcTaHoBANEHO, yTo CKOpOCTb HanpaB/JeHHOro experimentally investigated. It is found that the
ratchet to move magnetically NOCTYNaTeNbHOTO ABUMKEHUA MArHUTOMApPKUPOBAHHBIX speed of the directed translational motion of
labeled cells over the strip KNETOK  BO3pPacTaeT C  YBE/MYEHWEM  4acTOTbl magnetically labeled cells increases with
structure of magnetic domains YNPaBAAIOWEr0 MOAA HE MOHOTOHHbIM 06pas’om W increasing frequency of the control field in a
HabAIOJAETCA [OAA  YacTOT MEHbLWX HEKOTOpOii non-monotonic manner and is observed for
MaKCUMaNbHOI YacTOTbL. frequencies smaller than some maximum
frequency.
Coiwjukoe [1.B., Aeyposa U.B., B cTaTbe npuBeneHa KOMMAEKCHAA arpoXMmMyecKas | anemeHTbl The article provides a comprehensive | mineral
bepe3oeckKuii A.C., Tpuckuba C.A. OLLeHKa MOoYB /NaHAWAPTHO-PEKPEALUMOHHOIO MapKa | MUHEepPasbHOro agrochemical assessment of the landscape and | nutrition
ArpoxmmuyecKan xapakTepucTuka | «JloHeukui KPSXK»: M3yyeHbl OCHOBHbI€ | MUTaHMA, TYMyC, recreational park “Donetskiy Kryazh” soils: the | elements,
M 6UonormyecKkas akTMBHOCTb arpoXMMMYeckMe  MnokasaTenu, a  TaKXKe  MX | NornoTuTenbHas main agrochemical indexes, as well as their | humus,
noys naHpawadTHO- MUKpoburonormyeckan n pepmeHTaTMBHANA aKTUBHOCTb. | CNOCOBHOCTD, microbiological and enzymatic activity, have | absorption
peKpeauMoHHOro napKa B pesynbTaTe NpoBeAeHHbIX MCCedoBaHUM No pagy | depmeHThl, been studied. As a result of carried out | capacity,
«[JOHELKUIA KPAXK» arpoOXMMMYECKUX NOKasaTeNeln TakKMX Kak CoAep)KaHWe | MMKPOOPraHMU3MbI, researches on a number of agrochemical | enzymes,

Syshchykov D.V., Agurova I.V.,
Berezovskiy A.S., Triskiba S.D.
Agrochemical characteristics and
biological activity of soils
landscape and recreational park
“Donetskiy Kryazh”

3/1IEMEHTOB  MWHepasibHOro nuTaHus, rymyca,
NorfoTUTENbHOM cCNocobHOCTM NoyB, Buonornyeckomn u
depmeHTaTUBHOM  AKTMBHOCTM  AaHHble  MOYBbI

OXapaKTepu3oBaHbl Kak KpaiHe 6eaHble. 3To Aaet
OCHOBaHMe paccMaTpMBaTh MOYBbLI Kak 06pa3oBaHms, B
KOTOpPbIX 3ameaneHbl noysoobpasosaTesibHble
NpoLEecChl, YTO B Aa/ibHellIeM MOXeT cnocobcTBoBaTb
YCUNEHUIO Aerpajaumu, NpuMBOAALWLEN K UCTOWEHMIO

no4yseHHOE AbiXaHue

indexes such as the content of mineral nutrition
elements, humus, soil absorption capacity,
biological and enzymatic activity, these soils are
characterized as extremely poor. This gives
reason to consider soils as formations in which
soil formation processes are slowed down,
which can further contribute to increased
degradation, leading to soil depletion, loss of

microorganisms
, soil respiration




NoyBbl, MOTEpe CTPYKTYPUPOBAHHOCTU U CHUNKEHWUIO
arpOHOMMYECKM LIEHHbIX NOKa3aTenen.

structure and a decrease in agronomically
valuable indexes.

Xox A.H., 3ea2uHyes B.b.
KomnneKcHblii aHanus xsom
COCHbl 06bIKHOBEHHOI (Pinus
sylvestris L.) B . MnUHcke

Khokh A.N., Zvyagintsev V.B.
Comprehensive analysis of scotts
pine needles (Pinus sylvestris L.) in
Minsk

B paboTe npuBeaeHbl pesynbTaTbl CPABHUTENLHOIO
nccnefoBaHMA XBOM COCHBI OOBIKHOBEHHOH M3 Pa3HBIX
paifoHOB Topoma MmHCKa. YCTaHOBNEHO, 4TO ANA
nccnefoBaHHbIX TEPPHUTOPHI XapaKTepeH LWMPOKUIA
OManasoH  KonebaHuii  uHAekca  GAyKTympytowen
acummeTpun (0T 2 A0 6), T.e. BAUAHUE aHTPOMNOTEHHbIX
¢bakTopoB oueHMBaeTcA OT €1aboro A0 KPUTMUECKOro
ypoBHei. JIokazaHo, UTO yXyAIIEHHUE KaueCTBa CPEIIbl,
MOMHUMO HapyIIeHHs OWiaTepanbHBIX IPH3HAKOB,
HETIOCPEICTBEHHO BO3ICHCTByeT Ha  Mopdonoro-
aHaToMu4yeckme napametpbl xBou. C nomowpto BUK-
CMeKTpockonun 1 (OpPMAIBHOTO  HE3aBUCHMOTO
MOJICTIMPOBAHUSl ~ aHAJOTMHA  KJIACCOB  MOCTPOEHbI
KNacCUPUKaLMOHHbIe moaenu, nossonsaoLwme
ocywecTButb  gudpdepeHumaLmio  XBOM MO YPOBHIO
aHTponoreHHom Harpysku. CpegHssa TOYHOCTb
paspabotaHHOW KnaccuduKaumoHHo SIMCA-moaenm
coctaBuna 85,416,2 (%) — Ha obyuvatowein BblbopKe U
84,049 (%) — Ha BanAMAaUMOHHOW. [losydeHHble
pesynbtatbl  MOryT  ObiTb  UCMONb30BaHbl  MpU
B6UOMHAMKALMOHHbIX nccnepoBaHUAX KauecTBa
OKpY*KatoLLel ropoacKoi cpeapl.

COCHa
0b6bIKHOBEHHaA,
xBoA, mopdonoro-
aHaTomM4yeckue
napametpbl,
bnykTympyowasn
acummeTtpusa, BUK-
cnekTpsol, SIMCA,
QHTpPONOreHHbIe
daKTopbI.

The paper presents the results of a comparative
study of Scots pine needles from different
districts of the city of Minsk. It has been
established that the studied territories are
characterized by a wide range of fluctuations in
the fluctuating asymmetry index (from 2 to 6),
i.e. the influence of anthropogenic factors is
assessed from weak to critical levels. It has
been proven that deterioration in
environmental quality, in addition to disruption
of bilateral characteristics, directly affects the
morphological and anatomical parameters of
needles. With the help of NIR spectroscopy and
formal independent modeling of class
analogies, classification models were built that
allow differentiation of needles according to the
level of anthropogenic load. The average
accuracy of the developed SIMCA classification
model was 85.416.2 (%) on the training set and
84.0%4.9 (%) on the validation set. The results
obtained can be used in bioindication studies of
the quality of the urban environment.

Scots pine,
needles,
morphological
and anatomical
parameters,
fluctuating
asymmetry, NIR
spectra, SIMCA,
anthropogenic
factors.




