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CJIOBO PEOAKTOPA

YBAXAEMDIE HATATEJIN!

ITepen Bamu ouepefHOM 180-1 BBIIIyCK HAyYHO-TeX-
HMYECKOI0 SKypHaJjia «JJIeKTpoHHas TeXHUKa. Cepud 3.
MUKPO3/IeKTPOHHKAY .

M3 HoMepa B HOMED MBI CTapaeMcCs 3aTparuBaTh
TOJIBKO CaMble aKTyajbHBI€ BOIIPOCHI, IIpHjaras Bce
yCHU/IHSI, YTOOBI SKYPHAJI OCTABA/ICS [/Is1 BaC MHTepec-
HBIM U I107Ie3HBIM. MBI pafibl, YTO BBl OBUIM ¢ HaMH
B 2020 romy, ¥ Ha[eeMmcs, YTO OCTaHeTeCh HAIIMMHU
aBTOPaMM U YUTATeIIMHU U B 2021.

B maHHOM HOMepe CZe/laH aKLeHT Ha TAKUX K/Ioye-
BBIX pasfienaX, Kak «Pa3paboTka M KOHCTPyHUPOBAaHUE”,
«ITpoLecchl U TeXHOJIOTUs», «CBOMCTBA MaTepHUaIOB»
U «MaTteMaTH4ecKkoe MOAeIHPOBaHUEY.

BhIIycK >KypHaja IIpPeCTaBJIeH BOCEMbIO OPHUIH-
HaJIbHBIMHU CTaThSIMH, ITOCBAIIEHHBIMHU pe3y/IbTaTaM
aKTyaJIbHBIX Hay4YHBIX UCC/IeJOBAHHUH .

Homep oTKprIBaeTcs pasaenom «Pa3paboTka M KOHCT-
PyHpOBaHHe», B KOTOPOM PacCMOTPEHBI 0COBeHHOCTH
MMIUIEMEeHTAIIUH CPefCTB aBTOMATHYeCKOro caMope-
moHTa O3V B IIJIMC xc3s500e cemelicTBa Spartan3e.
Taxoke B JAHHOM pasjieie PacCMOTPEH METOJ KOppeK-
LIMH Pe3KCTOPHBIX MAaTPHUI] LI (PO-aHAIOTOBOTO IIpeob-
pasoaress (LJAII) ¢ MCIIOTB30BaHKEM KaTHOPOBOUHBIX
HabopoB. PacCMOTpeHa CTPyKTypa CerMeHTHPOBAaH-
Horo 16-paspsimHoro LIAIT B cxeMa KaaHOPOBOYHOIO
Habopa.

B paspene «IIpomecchl M TeXHOJIOTHS» ITPeACTaB-
7leHa 9KCIlepUMeHTasIbHasl paboTa 1o HcCieoBaHUIO
BJIMSHUS MaTepHajia KaTOI0B Ha II0/Iy4YeHHe KOHIIeHT-
para TeTpaMeTHIAMMOHHS THIPOKCHIA MeMOpaH-
HBIM 3JIEKTPOJIM30M BOJHOTO PacTBOpa XJIOpHUJA TeT-
paMeTHIaMMOHUSA. B 3TOM >Ke pasmesie IpHUBeOEHBI
pe3y/IbTaThl UCC/IeNOBAHUS PA3BUTHS IIEPOXOBATOCTH
IIOBEPXHOCTH Si B IIpollecce ee TpaB/leHHsS B IIJIa3Me
Cl,/Ar mpy HU3KOM SHepTUU HOHOB.

B pasgmene «CBOMCTBA MaTepHajoB» aBTOPAMH
9KCIIEPUMEHTAJIbHO [I0Ka3aHo, YTO BBeJeHUe POoTo-

refepaTopa KHCJIOTBI B KOMIIO3HMIMIO aHTHOTPa’Ka-

IOLIEro IIOKPBITHS II03BOJISET YIYYIIHUTh ITPOQUIDL
[IO/Iy4YeHHBIX Ha HeM 37IeMeHTOB GOTOPEe3UCTa, a UMeH-
HO - GOPMHUPOBATH 37IeMeHTHI 6e3 YIIUPeHHs Y OCHO-
BaHUs (footing). Takke B 3TOM pasfiese IpelJIosKeH
cr10co6 Ioy4eHHss HAHOKOMIIO3UTOB Ha OCHOBE CHJIOK-
CaHOBOIO 3JIaCTOMepa C pABHOMEPHBIM pacIipejesie-
HueM HaHo4acTul, CuO,.

B 3axnounTenbHOM 6510Ke «MaTeMaTH4ecKoe MoO-
JeTHpOBaHMe» IIpefCTaB/leHa CTaThsl 11O pa3paboTke
IpUeMolepefaTyrKa «FHTepHeTa Belen», B KOTOPOH
COIIOCTaB/IEHBI CTAHAAPTHI SKOCHCTEeMEI «MIHTepHeTa Be-
Ier», IIPoBefeHO MOJeTHPOBaHHe IIpHeMo-TlepeJato-
IIlero TpaKTa M TeCTHPOBAaHHE OTJIAJOYHOH IIJIATHI.
Taxke B pasfesie IpecTaBIeHa paboTa 1o MoJenInpo-
BaHMIO 06beMHOM IVIOTHOCTH SHEepPTUH JedopMalliH,
00yC/lI0B/IeHHON OTIHYHEeM TepMHYeCKUX KoddH-
LIMeHTOB INHEHHOI0 pacIllMPeHUsI KOMIIOHEHTOB, /s
KOMIIO3UTOB BHJa HAHOBOJIOKHA IIOJTMBUHUIUIEH-
dTopHuAa B TYTOIIaBKOM NHU31eKTPHUeCKON MaTpHIie
AHOJHOI'0 OKCHJA AIIOMUHUS.

JKmeM HOBBIX TeKCTOB C TBOPUECKUMHU HesiMU!

CysaskeHuem,
2nasHblli pedakmop kypHaaa,
akademux PAH,
I'.A. Kpacruxkos

4 SNEKTPOHHAA TEXHUKA. CEPUA 3. MUKPOSNTEKTPOHNKA

4(180)



AHHOTALNU

\

ABSTRACTS

OCOBEHHOCTU UMMAEMEHTALIUU CPEACTB CAMOPEMOHTA

OMEPATUBHOW MAMSITM B NJIMC CEMENCTBA SPARTAN3E

MpuBeaeHbl 0COBEHHOCTY MMMAEMEHTALMI CPEACTB aBTOMATUYECKOrO CaMOpeMOHTa

03Y B MNNC xc3s500e cemelicTaa Spartan3e. CnpoeKTUPOBAHHbIE 11 U3rOTOBAEHHbIE

CpepcTBa camopemoHTa O3Y no3BOAAT HayaTb TECTUPOBAHME B PeanbHbIX YCIOBMSX

[Nt POBEPKM NPOEKTHbIX PELUEHMIA 1 OPraHM3aLmMm CEpURHOrO NPou3BOACTBa. Cnpo-

eKTMpOBaHHble CPeACTBa 0becneyar aBTOMAaTMYeCKUA CAMOPEMOHT 16-pa3psaHoro

O3Y npu YeTbIpeXKPaTHbIX 0TKA3ax B PasHblx MHOOPMALMOHHBIX pa3psigax Ha Tane

3KCnAyaTaLmm.

KntoueBble ¢n10Ba: 3epkanupoBaHie NamsTh, MHOMOKPATHbIE 0TKa3bl, MMMNAEMeH-
Tauum npoekta B M/IAC, cpefcTBa CaMopemoHTa.

CBepeHus 06 aBTopax:

Bonobyes Ceprevi Bacnnbesuy, BoarorpaCckui rocyAapCcTBEHHbIN arpapHbin
yHuBepcnTet, Poccuvickas Geaepayns. 400002, HOXHbIV GeaepanbHbIi oKpyr,
Bonrorpaackas 06., r. Boarorpag, np. Yrusepcuterckmd, 4. 26,
e-mail: sergey-aspirl4@yandex.ru

Psbuies Bnagnmp [ puropsesuy, JOKTOP TEXHUHECKVX HAYK, Ipogeccop, Boarorpaackmi
[OCYAaPCTBEHHbIN arpapHbiv yHUBEpCUTET, Poccuiickas egepauns, 400002, FOXHbI
(eneparnbHbIv okpyr, Bonrorpaackas oba., r. Boarorpaa, np. Yrusepcutetckuia, 4. 26,
e-mail: akim.onoke@mail.ru

METO/ AMCKPETHOWN NA3EPHO KOPPEKLIMM PE3UCTOPHBIX MATPULY
LIM®PO-AHAJIOrOBOIO MPEOBPA3OBATE/NSA /19 YMEHBLUEHUS
HENMHEAHOCTH
B 1aHHOW paboTe paccMOTpeH MeTOZ KOPPEKLMM PE3UCTOPHbIX MATPULL Lindpo-aHano-
rosoro npeoBpasosarens (LIAM) ¢ ucnonb30BaHueM KannbpoBOHbIX HABOPOB. Paccmo-
TPeHa CTPYKTYpa CerMeHTMpoBaHHoro 16-paspagHoro LIAM v cxema kanubposoyHOro
Habopa. MpepCcTaBneH anropuTM pacyeta KoppekTUPOBOYHbIX KOIGHULIMEHTOB, OCHO-
BaHHbIV Ha MPOTHO3MPOBAHIM NEPeAATOYHON XapaKTepUCTUKM C NOMOLLbIO MaTema-
Tiyeckon mogenu LIATI. MpuBeseHsl pesynbTaThbl SKCEPUMEHTAbHbIX UCTbITAHUA
WHTerpanbHbix cxem LIAT, 475 HACTPOKY KOTOPbIX BbIN NPUMEHEH A3HHbIA METOR.
KntoueBble ¢10Ba: cermeHTMpoBaHHbIv LIAT, npeuw3nonHblit LA, R-2R matpuua,
HENVHEAHOCTb, KannbpoBKa.
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FEATURES OF THE IMPLEMENTATION OF RAM SELF-REPAIR TOOLS

IN THE SPARTAN3E FPGA

The features of the implementation of automatic self-repair of RAM in the xc3s500e

FPGA of the Spartan3e family are presented. Designed and manufactured RAM self-

repair tools will allow you to start testing in real conditions to verify design solutions

and organize mass production. The designed tools will provide automatic self-repair of

16-bit RAM with four-fold failures in different information bits during operation.
Keywords: memory mirroring, multiple failures, project implementation in FPGA,
self-repair tools.
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THE METHOD FOR NONLINEARITY MINIMIZATION
OF DIGITAL-TO-ANALOG CONVERTER RESISTOR ARRAYS BY DISCRETE LASER
CORRECTION
Inthis paper, we consider amethod of digital-to-analog converter (DAC) resistor arrays
correcting by utilizing calibration kits. A structure of 16-bit DAC and calibration kit
schematic are given. We then describe a correction coefficients calculation algorithm,
which is based on transfer characteristic predictions using DAC mathematical model.
We present experimental test results of DAC integrated circuits adjusted with this
method.
Keywords: segmented DAC, precision DAC, R-2R ladders, nonlinearity, calibration.
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AHHOTALUU

ABSTRACTS

NOAYYEHME KOHLIEHTPATA TETPAMETUNAMMOHUSA TMAPOKCUIA
CUCNONb3OBAHWEM KATOA0B U3 PA3/TINYHbIX KOHCTPYKLIMOHHBIX
MATEPUA/IOB
B paboTe npeACcTaBaeHbl pe3yabTaThl NPUMEHEHMS KATOAO0B M3 PA3IMYHBIX KOHCTPYK-
LIMOHHbIX MaTepKasos ANS MONYYEHNA KOHLEHTPaTa TeTpaMeTIaMMOHNA TAPOKCMaA
MeMBPaHHbIM 31eKTPONM30M BOSHOIO PacTBOpa XN0pKAa TETpaMeTUNaMMOHKS. 10~
Ka3aHo, 4TO AN NONYYEHWNS KOHLEHTpaTa TeTpamMeTuNaMMOHNS MMAPOKCMAA Npes-
NaraeTcs MCnonb3oBaTh B KAYECTBE KATOAHOTO MaTepUana NAATMHMPOBAHHbIN TUTAH,
XapaKTepu3yIoLLMACS BbICOKON XMMWUYECKOW CTORKOCTbIO B CUALHOLLEN0YHON Cpefe,
MEXaHW4eCKoM MPOYHOCTBIO 11 HA3KMM NepeHanpsXeHneM BblLeneH1s BOSOPOaA Npy
KaTOAHON NOASPU3ALIMK, YTO MOXET 06eCneynTs NONYYeHNe NPOAYKTa COBPEMEHHOT0
VPOBHS Ka4ecTsa.
KntoueBble €n0Ba: KaTod, MAATUHMPOBAHHBIA TWTaH, TeTpaMeTUNaMMOHMI
TUAPOKCUA, X7I0PUA TETPAMETUNAMMOHNS.
CsepieHus 06 aBTopax:
KoHapes AnekcaHap AHEPEeBuY, LOKTOP TEXHNYECKMX HAYK,
Hay4Ho-1ccnenoBatensCkm MHCTUTYT MOAYAPOAYKTOB M KPACUTENEN,
141701, r. JonronpyaHbivi MockoBckov 06aactu, Jiuxavesckui np-4, 4. 7,
e-mail: lab32@niopik.ru
Bapnamos [JeHnc Anekcanaposuy, akymoHEPHOE 0614ecTBo
«Hay4HO-MCCAIeR0BATENCKIY MHCTUTYT MOJIEKYISPHOV 31EKTPOHNKUY,
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IN SITU KOHTPO/1b PA3BUTUA LLEPOXOBATOCTU NOBEPXHOCTW KPEMHUA
MPY TPAB/IEHUU B X/IOPCOAEPXKALLEN NNASME
MpVBeAeHbI Pe3yNbTaThbl UCCIELOBAHWS Pa3BUTUS LIEPOXOBATOCTM MOBEPXHOCTH Si
B npoviecce ee Tpasnenus B nnasme Cl,/Ar npu HU3KOA 3HEPTUN MOHOB. KOHTPONb
Pa3BUTIA LLEPOXOBATOCTM OCYLLECTBAANCS iN SitU MO BEAUYMHE CUTHANA OTPaXeHs
Na3epHOT0 NIy4a OT MOBEPXHOCTH Si B COYETAHMN C M3MEPEHMSMM LIepOXOBATOCTH
METOLOM CKaHWPYIOLLEH 3N1eKTPOHHOI MUAKPOCKONWK. M0Ka3aHO, YTO MO M3MEHEHHI
OTPaXEHHOr0 CUTHANA MOXHO PEruCTpUpoBaTh LIEPOXOBATOCTL MOBEPXHOCTU OT
eaNHL, 4O COTEH HaHOMeTPOB. OBHAPYXEHO, YTO BENNYMHA HAHOMETPOBOW LIEPOXO-
BATOCTY He 3aBUCKT OT copepXanus Ar (< 80% Ar) B nna3me. OBCYXAAIOTCH MPUYMHbI
BO3HMKHOBEHWS TaKOW MeNKOMACLITabHOM LIepOX0BATOCTH, @ TakKe MPUUMHLI 06pa-
30BaHNA CYBMUKPOHHbIX CTPYKTYP Ha NOBEPXHOCTH, BO3HWUKHOBEHME KOTOPbIX MOXHO
0XapakTepK30BaTb kak NPOSBNEHNE KPYNHOMACLITAOHOW LEPOX0BATOCTH.
KntoueBble cnoBa: Tpasnenue, XN0pCofepxallas naasma, KOHTposb, Lepoxosa-
TOCTb OBEPXHOCTY KPEMHMS.
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SYNTHESIS OF TETRAMETHYLAMMONIUM HYDROXIDE CONCENTRATE
USING CATHODES OF VARIOUS STRUCTURAL MATERIALS
The research paper presents the results of using various cathode structural materi-
als to produce a tetramethylammonium hydroxide concentrate by means of a mem-
brane electrolysis of an aqueous solution of a tetramethylammonium chloride. It was
shown that in order to produce a tetramethylammonium hydroxide concentrate,
aplatinum titanium is proposed to be used as a cathode material which is featured with
a high chemical resistance in a strongly alkaline medium, a mechanical strength and
a low stress of hydrogen release in the course of a cathode polarization - all of these
allows producing a product of the required quality.
Keywords: cathod, platinum titanium, tetramethylammonium hydroxide, tetra-
methylammonium chloride.
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IN SITU CONTROL OF DEVELOPMENT OF SLICON SURFACE ROUGHNESS
DURING ETCHING IN A CLORINE-CONTAINING PLASMA
The results of a study of the roughness development of the Si surface during its etching
by the plasma of RF inductive discharge in a Cl,/Ar mixture at a low energy (25, 50 eV)
are presented. The roughness development was monitored in situ by the magnitude of
the reflection signal of the laser beam from the Si surface in combination with measure-
ments of roughness using scanning electron microscopy. It is shown that the change
in the reflected signal from a surface can be used to study the development of surface
roughness from nanometer to few hundred nanometers. It was found that the magni-
tude of the nanoscale roughness does not depend on the Ar content (< 80% Ar) in the
plasma. The reasons for the appearance of such a small-scale roughness are discussed,
as well as the reasons for the formation of submicron structures on the surface, the ap-
pearance of which can be characterized as a manifestation of large scale roughness.

Keywords: etching, chlorine-containing plasma, silicon surface roughness.
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BAUAHUE ®OTOTEHEPATOPA KMC/IOTbI B AHTUOTPAXAIOLLEM
NOKPBITUU HA NPODUb SNEMEHTOB, ®OPMUPYEMbIX B ®OTOPE3UCTE
JKCNEPUMEHTANbHO MOKA3aHO, YTO BBeAEHWe GOTOreHepaTopa KMCOTbl B KOMMO-
3UUMI0 QHTUOTPAXAIOLLErO MOKPLITUS NO3BONSET YAYYINTL NPODUAL MOMYYEHHbIX
Ha HeM 31eMeHTOB (OTOpe3CTa, a UMEHHO — GOpMMPOBATH 31EMEHTLI 6E3 YLWMPEHNS
y ocHoBaHu (footing).
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KACNOTbI.
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MONYYEHWE U TEPMUYECKWE XAPAKTEPUCTUKU HAHOKOMMO3UTA

HA OCHOBE MO/IMANMETUNICUNIOKCAHA U HAHOYACTULL CuO,

MpeanoxeH cnocob noy4eHns HaHOKOMMO3UTOB Ha OCHOBE CUNOKCAHOBOr0 31acTo-

Mepa C paBHOMepHbIM pacrpeseneHneM HaHoyacTuy, CuO;. MpoLecc oTBepxAeHNs

CUNIOKCAHOBOTO O/IMTOMEpa B MPUCYTCTBUN HaHOYACTUL, CuO, 1 TepMUYeCKkue CBOM-

(TBA HAaHOKOMMO3MTOB B MHTepBane Temnepatyp ot —70°C 4o 550°C nccnesoBaHbl

METOZOM AMdOEPEHLIMANLHON CKAHMPYIOLLEN KanopUMETPUM U TepMOrpaBuUMeTpy-

4ecKkoro aHanusa. OBCyXAAeTCA BANAHME HAHOYACTAL HA TeMMepaTypHble XapakTe-

PUCTUKM HU3KOTEMNEPATYPHLIX Ga30BbIX NEPEXOAOB W TEPMUYECKYIO CTABUNLHOCTb

NONMMEPHOM MATPULbI.

KnioyeBble €n0Ba: MOAVMEPHbIA HAHOKOMMO3UT, HAHOYACTULIbLI, NOAMAMMETUN-
CUNOKCAH, TepMiYeckas CTabunbHOCTb, AnddepeHLManbHas CkaHupylowas Kano-
pUMETpUS.
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EFFECT OF THE ACID PHOTOGENERATOR IN THE ANTIREFLECTIVE
COATING ON THE PROFILE OF THE PHOTORESIST ELEMENTS
It was experimentally shown that the introduction of acid photogenerator in the com-
position of antireflective coating canimprove the profile of upper photoresist elements,
particularly to obtain lithographic profiles without footing.
Keywords: antireflective coating, photoresist, acid photogenerator, footing.
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SYNTHESIS AND THERMAL CHARACTERIZATION
OF POLYDIMETHYLSILOXANE-CuO, NANOCOMPOSITES
We report the synthesis and characterization of elastomeric nanocomposites based
on polydimethylsiloxane matrix with uniformly distributed CuO, nanoparticles.
We have analyzed the thermal behavior of nanocomposites in the temperature range
from =70°C to 500°C using differential scanning calorimetry and thermogravimetric
analysis. The effect of CuO, nanoparticles on temperature characteristics of low-
temperature phase transitions and the thermal stability of polymer matrix is discussed.
Keywords: polymer nanocomposite, nanoparticles, polydimethylsiloxane, thermal
stability, differential scanning calorimetry.
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ACMEKTbI IPOEKTUPOBAHMS NMPUEMOMEPE/JAIOLLEEFO YCTPOVICTBA
«MHTEPHETA BELLEM»
PaboTa nocasLLeHa pa3paboTke NpuemonepeaaTymka ang «MHTepHeta Beweit. B Ta-
Tbe NPUBeAEH 0630p CYLLECTBYIOLLAX CTAHAAPTOB 3KOCUCTeMbI «VHTepHeTa Bewei. OT-
[enbHO NPOBefeH 0630p, TECTUPOBAHME OTAAA04HOM NAAThI M MOLEANPOBAHIE NPUEMO-
nepeAatoLLiero TpakTa B COOTBETCTBIM CO CTaHAapToM NB-IoT. Ha 0cHoBe TecTupoBaHua
0TNAJ04HOM MNaTbl MOMYYEHbI TECTOBbIE CUTHAMbI, UCMONb3yeMble Ans BepUdMKaLmm
MOAENM NpYemMonepeaatoLLero TpakTa. B pamkax MOAeMpoBaHNS OnpeaeneHbl napamer-
Pbl {37108 NPYEMONepPeAAIoLLEro TpaKTa AIsl CO3aaHMs By AyLLER CUCTEMbI Ha KpUCTAnNE.
KntoueBble cnoBa: VHTepHeT Beweit, NB-loT, LTE, oTnagounas nnata, 3GPP,
npvemonepeaaTyuk, MOLeMpoBaHme.
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MOZENNPOBAHUE OBbEMHOM NIOTHOCTW SHEPTUN LEGOPMALIUMN
B AHOAHOM OKCUAE ANIOMUHUA C MOPAMMU, 3ANOJIHEHHBIMK
NOJMBUHUNUAEHGTOPUIOM
[ing KOMNO31TOB BKAA HAHOBONOKHA NONMBUHUMMAEHOTOPIAA B TYrONNABKOM AN3NEKT-
PUYECKOW MATpuLEe aHOBHOMO OKCMAA aniOMUHMS PELIaeTcs 3aaya MOAEMpoBaHs
06BEMHON MAOTHOCTY 3HEPrN AehopmMaLymy, 06YCNOBAEHHON OTANYMEM TEPMUYECKNX
K03OULMEHTOB IMHEAHOTO PaCLUMPeHKs KOMMOHEHTOB. pOBE/eHbI YMCIEHHbIE pac-
YeTbl YKa3aHHO SHEPreTUHECKOV XapaKTEPUCTVKIA, Y4MTBIBAIOLLME CTPYKTYPY paccMaTpy-
BAEMOr0 KOMMO3WTHOrO MaTepuana 1 06beMHOe COAEPXaHIe HaHOBOOKOH B MATpHLE.
Kntouesble cnoBa: MoaenvpoBaHite, aHOAHI OKCHA ANIOMIUHIS, NOAMBUHIANAEH-
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ASPECTS OF THE TRANSCEIVER DEVICE DESIGN
FOR "INTERNET OF THINGS"
This article is devoted to the development of the “Internet of Things" transceiver.
The article provides an overview of the existing standards of the Internet of Things
ecosystem. A separate review, testing of the evaluation board and simulation of the
transceiver deviceinaccordance with the NB-loT standard are carried out. During testing
of the evaluation board, test signals were obtained, then they were used for verification
of the transceiver model. As part of the simulation, the developing transceiver module”s
nodes parameters were determined.
Keywords: Internet of Things, NB-loT, LTE, evaluation board, 3GPP, transceiver,
transceiver modeling.
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MODELING OF THE BULK DENSITY OF THE DEFORMATION ENERGY

IN POROUS ANODIC ALUMINA FILLED WITH POLYVINYLIDENE FLUORIDE

For the nanocomposites based on polyvinylidene fluoride nanofibers embedded

in the refractory dielectric matrix of anodic alumina, we have solved the problem

of modeling the bulk density of the deformation energy resulted from the difference
in the thermal coefficients of linear expansion of the components. Numerical calculations
of the indicated energy characteristic have been carried out, taking into account
the structure of the considered nanocomposite material and the volumetric content
of nanofibers in the matrix.
Keywords: modeling, anodic alumina, polyvinylidene fluoride, matrix composite,
thermoelastic properties, stress concentration operator, bulk density of the
deformation energy.
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