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HEOKNIACCUYECKAS TEOPUS SODEKTA KOMMNTOHA
W HEKOTOPBIE CJIEACTBUA U3SMEHEHUA ETO
WHTEPMPETALUNA
MHOrOUMCAEHHbIE NOMBITKM W3MEHeHWs KBAHTOBOW WHTepnpeTauun 3ddekTa
KoMnTOHa 0 CMX NOP 0KA3bIBAMCh HEYAAYHBIMA. B HACTOALLEN paboTe NoKasaHo,
470 06LLeNPUHATAS GOTOHHAS KOHLENLMS 0BLACHEHMS 3TOr0 3ddEKTa OWMBOYHA.
OBCyX[AeTCs HOBas Teopusl, OCHOBaHHAs Ha NPeACTaBAeHNM O PACCeAHUN dnek-
TPOMArHUTHOTO W3/y4eHns Ha 3NeKTPOHHLIX BOMHAX Aie Bpong. AHaIM3MpyIoTCs
MOC/EACTBUS M3MEHEHMSI MHTEpNpeTaumn 3ddekTa KOMNTOHA Ha NpeACKka3anmst
0C0BEHHOCTEN ANHAMUKIA PENSTUBMCTCKIX 3M1€KTPOHOB MU VX B3aMMOAEACTBUN
C INeKTPOMArHATHBIM U3/1y4eHrem.
Kntouesble cnosa: 3¢pdekt KomnToHa, GOTOHHAS KOHLENLNAS, 3N1eKTPOHHbIE
BO/HbI e Bpoiins, pensTuBUCTCKIE 3N1eKTPOHDI, 3NEKTPOMArHUTHOR U3NyyeHme
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mamepuanos Poccutickol akademuu Hayk, 142432, Mockoeckas
0bnacme, HozuHcKul patioH, YepHozonoeka, MIHcmumymckas ya., 0.6,
e-mail: aristov@iptm.ru.

MPUMEHEHWE MbE303JIEKTPUYECKOIO

MU3rMbHOIO NMPEOBPA3OBATEI BAIOYHOIO TUMA

B UHTEJIEKTYAJIbHBIX JATYUKAX BUBPALIUU

B CTaTbe paccMarpuBaeTcs MpyHLMAN 1 YCTPOACTBO NbE303NEKTPUYECKOro U3rnbHoro

npeobpasosarens 6an04Horo Tuna. MokasaHbl NPeuMyLecTsa AAHHOTO THNa KOH-

CTPYKLMI 1O CPABHEHMIO C OCTNbHLIMM MY BLIGOPE HyBCTBUTENLHONO 3eMeHTa

NSt MHTENNEKTYANbHOMO AaT4ika BUOpaLMK. MOKa3aHa BOIMOXHOCTb MCMONbL30-

BaHNS NpeobpasoBaTens As CaMoKanMbpoBKM AaT4NKa. TpuBeeHb! BApHaHTLI

CTPYKTYPHBIX CXeM MHTENNEKTYaNbHOrO AaT4mka BUOpaLnm 1 NpoBejeHa oLeHka

CXEMOTEXHUYECKON CIOXHOCTI aHANI0roBOW YacTy ANt KOHAWLMOHUPOBAHNS CUT-

Hania C JaHHOro npeobpasosarens.

KntoueBble cnoBa: BuOpaLms, AaTynk, nbe3oanekTpuyeckii, analog front-
end, 4yBCTBUTENLHDINA 31EMEHT

CBepeHus 06 aBTOpax:

Jons Baadumup KoHCmMAanmuHosuY, KaHAUOAMm mexHU4ecKUx Hayk,
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THE NEOCLASSICAL THEORY OF COMPTON EFFECT AND SOME
CONSEQUENCES OF ITS INTERPRETATION CHANGING
Numerous attempts to change quantum interpretation of Compton effect till now
was unsuccessful. In the present work it is shown that the standard photon con-
cept for an explanation of this effect is incorrect. The new theory based on represen-
tation about scattering of electromagnetic radiation on de Broglie electron waves is
discussed. Consequences of Compton effect interpretation changing are analyzed
in connection with relativistic electron interaction with electromagnetic radiation.
Keywords: Compton effect, the concept of the photon, de Broglie electron
waves, relativistic electrons, electromagnetic radiation
Data of authors:
| Aristov Vitaliy Vasilievich,| Doctor of physical and mathematical Sciences,
Corresponding Member of Russian Academy of Sciences, Institute
of Microelectronics Technology, Russian Academy of Sciences, 6,
Institutskaya, Chernogolovka, Noginsk district, Moscow, 142432,
e-mail: aristov@iptm.ru.

APPLICATION OF PIEZOELECTRIC BENDING TRANSDUCER OF

BEAM TYPE IN INTELLIGENT VIBRATION SENSORS

The article deals with the principle and device of piezoelectric bending transducer

of beam type. The advantages of this type of construction in comparison with the

others are shown when selecting a sensing element for an intelligent vibration
sensor. The possibility of using the transducer for self-calibration of the sensor is
shown. The variants of the structural schemes of the intelligent vibration sensor
and the evaluation of the circuit complexity of the analog part for conditioning the
signal from this Converter.

Keywords: vibration, sensor, piezoelectric, analog front-end, sensing element
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HAaHomexHoAo2uYecKul ueHmp», 124527, 3eneHozpad, ConreyHas, 0. 6,
e-mail: lebedev_svSi@mail.ru.

TEHEPATOP, YMPAB/SIEMbIA HAMPSXKEHWEM, C TOKOBOW
KOMMEHCALMEN BNUAHMA TEXHONOMMYECKOTO NPOLIECCA
1 PABOYEW TEMMEPATYPbI

[pefnoXeH BapuaHT CXeMOTEXHIYECKOW peani3aLiy reHeparopa, ynpasnsemoro

HanpskeHuem, C NpUMeHeH1eM TexHIKI TOKOBOW NapamMeTpuyeckon crabunmsa-

LV KPYTU3HbI BONILT-4ACTOTHOW XapaKTepUCTUKA B 3aBIUCUMOCTM OT pa3bpoca napa-

METPOB 371eMeHTOB 1 paboyen Temneparypbl.

KntoueBble cnoBa: 'YH, TOKOBOE 3epKano, KONbLIBOW reHepaTop

CBefeHus 06 asTope:

Jomoxakos [leHuc Anekcandposud, @edepanbHoe 20cydapcmeeHHoe
aemoHOMHOe 06pazosamenbHoe ypexdeHue 8biciue20 06pa308anus
«HauuoHanbHbIli UCCAe008aMeAbCKUL S0epHbIU YHUsepcumem «MUDU,
115409, Mockea, Kawupckoe w., 0. 31, e-mail: dadomozhakov@mephi.ru.

BUBIUOTEKW SJIEMEHTOB A1 NPOEKTUPOBAHUSA
PAAVUALIMOHHO-CTOMKMX CBUC TUNA
«CUCTEMA-HA-KPUCTANINTE»

PacCMaTpUBAIOTCA BONPOCHI CO3AaHMS PAAUALIMOHHO-CTONKIX B1banoTek umdpo-

BLIX 11 M/IOWAL0YHLIX 3NEMEHTOB A8 NpoekTpoBaHus CbC Tuna «cuctema-Ha-

kpuctanne» (CHK) no 6a3oBbiM oTeyecTBeHHbIM KMOT-TEXHONOMMSAM 0GbEMHOT0

KpemHus ypoBHs 180 1 90 HM. Ha OCHOBE aHau3a 1 ONTUMU3ALIAN COBOKYMHOCTY

NpaBiA paAMALMOHHO-CTONKOTO NPOKTAPOBAHMS 1 METOAMK ONTUMMU3ALMM OCHOB-

HbIX 3/1EKTPUYECKUX 1 reoMeTpIyeckwx napametpos ChIAC paspaboTtaHbl bubmareu

3N1eMeHTOB st npoekTpoBaHmust CBAC CHK. bubnmotekn aTTecToBaHbl Ha TecTo-

BbIX KpUCTanaax u B coctaBe CHUC, ypoBHM CTOMKOCTY K BHELUHIM BO3AEACTBYIO-

LM $aKTopam COOTBETCTBYIOT TPEOOBAHUSAM, NPEAbABASEMbIM K 6OPTOBOM 3nek-

TPOHHOM KOMMOHEHTHOM 6a3e (IKE) aBUaKOCMIUYECKOrO Ha3HAueHNS.

KntoueBble €n0Ba: paAnaLOHHO-CTONKOE NPOEKTMPOBAHMeE, brbmnoTeka ane-
MEHTOB, LiPOBLIE CXeMbI, CACTEMa-HA-KPUCTA/IIE, PAAMALIMOHHAS CTOMKOCTb

CBepieHus 06 aBTope:

Kobbinsukuti Andpeti Badumosuy, ®edepanbHoe 20cydapcmeeHHoe
A8MOHOMHOE 06pa3osamenbHoe yupexadeHue 8biClue20 06pa308anus
«HauuoHanbHbll Uccredosamenbckull 0epHbill yHusepcumem «MUADU,
115409, Mockea, Kawupckoe w., 0. 31, e-mail: andreykob@elvees.com.

METOANKA U3MEPEHUSA NOTEPb PACMPOCTPAHEHUSA
NOBEPXHOCTHbIX AKYCTUYECKKX BOJIH B CJIOUCTbIX
CTPYKTYPAX C NIEHKAMW NEPEMEHHOW TO/LLMHDbI
Pa3paboTaHa MeToAMKa M3MepeHnst NoTepb PacnpoCTpaHeHns NOBEPXHOCTHbIX
aKYCTUYECKWX BONH B CTPYKTYPAX C NAIeHKaMU NepemMesHo ToALMHb. MpoBe/eHa
anpobauwst 3T/ METOAMKIA Ha CTPYKTYpax Co cnosiMi ZnO CTyneHyaToro npoduns
¥ NOANOXKAMIA MOHOKPUCTAAIMYECKOTO KPEMHIS, KOTAa CIOM NOAHOCTLIO YAaseH
B 3330pe MEXZY BXOAHbIM 11 BbIXOAHLIM Npeobpasosatenami. VccnefoaHsl ga
BapUaHTa NPOXOX/EHMS TakuX CTYMEHeK: B NEPBOM — MPOXOXAEHNE CTyNeHbKM
He COMPOBOXIAETCS M3MEHEHWEM THMa akyCTUECKOIA BONHDI, BO BTOPOM — BONHA
MeHseTcs ¢ Ce3aa Ha Panes 1 06paTHO. M3MepeHms NOKa3anu, YTo akyCTUYeckue
N0TepU B 060X CTy4asx COMOCTaBIMbI APYT C APYrOM W PUMEPHO PaBHbLI MOTEPSIM,
KOTOPbIE UCTILITLIBAIOT TE X BOSIHbI MPY PACIPOCTPAHEHUH B CTPYKTYPaX C MiieH-
Kami MOCTOSHHOM TOMLLMHBI HA BCEM NYTU MEXZy Npeobpa3oBaTensmy.

VOLTAGE CONTROLLED OSCILLATOR WITH CURRENT PT

COMPENSATION

In this paper, a process stabilization scheme for VCO frequency slope is proposed. The

process-dependent current source supplies the oscillator with compensating current.
Keywords: \/CO, current mirror, ring oscillator

Data of author:

Domozhakov Denis Aleksandrovich, National Research Nuclear University
MEPAhI, 31, Kashirskoe sh.Moscow, 115409, Russian Federation,
e-mail: dadomozhakov@mephi.ru.

RHBD LIBRARIES FOR NANOMETER SYSTEM-ON-CHIP DESIGN
The issues of radiation-hardened standard cell and 10 libraries design for the devel-
opment of the system-on-chip (SoC) using bulk silicon of 180 nm and 90 nm are con-
sidered. The set of radiation-hardened-by-design methods and techniques for opti-
mizing basic electrical and geometric parameters of VLSI are designed. Libraries are
certified on test chips and as part of VLSI, the levels of radiation hardness comply
with the requirements imposed on the onboard electronics for aerospace purposes.
Keywords: Radiation-Hardening-By-Design, standard cell library, digital circuits,
system-on-chip, radiation hardness
Data of author
Kobylyatskiy Andrey Vadimovich, National Research Nuclear University
MEPAhI, 31, Kashirskoe sh.Moscow, 115409, Russian Federation,
e-mail: andreykob@elvees.com.

THE METHOD FOR MEASURING SURFACE ACOUSTIC WAVE
LOSS IN LAYERED STRUCTURES WITH VARIABLE FILM PROFIEL
Experimental method for measuring surface acoustic wave loss in layered structures
with variable film profile is developed. The method is approved using the step-like
Zn0 films deposited on silicon substrate, when the films are totally removed from
the gap between input and output transducers. Two variants of the propagation
through the steps are examined: in the first one the wave transmits the steps with-
out type transformation; in the second - the Sezawa-type wave transforms to the
Rayleigh-type counterpart and back at the steps. The losses of the waves in both
cases are measured to be comparable with each other and with those for the same
waves propagating in common structures when films have permanent thickness
along the propagation path.

Keywords: surface acoustic wave, propagation loss, substrate, film profile,

film step
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CPABHEHWE XAPAKTEPUCTUK KMOIM U CML LIU®POBBIX
CXEM HA OCHOBE KHW KMOT 0,18-MKM TEXHOJIOTUW A1
PABOYNX YACTOT A0 2 Ty
B cTarbe npecTaBneHbl pe3ynsrarbl NPOBeAEHHOr0 CpaBHeHNs naeHTUYHbLIX KMOTT
1 CML (Current Mode Logic) LGpOBLIX CxeM. [Ing NPOBEAEHIS CPABHUTENLHOTO
aHanm3a bbinn CnpoekTUpoBaHbl 10-paspsaHble AeUTenm YacToTbl Ha 0CHOBe faH-
HbIX TUMOB N10rMK. CPaBHIBANMCH CIIEAYIOLLME XapAKTEPUCTUKI CXEM: 3aHMMAeMast
MA0WaAb, TOK NOTPeBAEHNS HA Pa3INYHLIX YACTOTAX BXOAHOTO CUTHANA, MAKCUMANb-
Hast paboyas YacToTa, MaKCUManbHasi aMIANTYAA MOMEXI, TeHEpUpYeMas B pe3ynb-
TaTe nepeksiodenus U nepeaaBaemas no WiHam NUTaHWs.
Kntouesble cnosa: CML, Cxembl CMeLLaHHOMO CUrHaNa, ManoLLyMsLLMe CXembl,
LeNUTeNV 4acToTbl
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UCCNELOBAHWUE TEXHOJIOTUN U PA3PABOTKA
ObOPYIOBAHUA ANd TNYBOKOI 0 TPABJIEHUSI KPEMHUSA

HA MAACTUHAX ANAMETPOM [0 200 MM

[pu W3roTOBNEHMN TPEXMEPHDIX CTPYKTYP C MPUMEHEHMEM TEXHOMOr K (POPMUPOBa-
HWS [YBOKMX OTBEPCTUIA B KpeMHUm (through-silicon vias, TSV), a Takoe npi u3ro-
TOB/EHYI MUKPO3NEKTPOMEXaHIIECKIX cvcTem (MIMC) Wwipokoe pacnpocTpaHeHme
MOAYYMA NMPOLECC FYBOKOro aHM30TPOMHOIO TPaBAEHWSt KPEMHIAS C MPUMEHEHIeM
nonepeMeHHbLIX MPOLIECCOB TPpaBneHus 1 naccvBauy (Bosch-npotiecc). CyTb npo-
LIeCCa 3aKII04AeTCS B YepeA0BAHM CTaauM PeakTUBHO-YOHHONO TPaBeHNs MOBEpX-
HOCTY KpemHus (kak npasuno, B SF6) 1 naccvsauyu noBepxHOCTY (Kak npasiio,
C NpuMeHeHiem C4F8) (1, 2]. T 3TOM Ha CTauy TPaBeHUs NACCUBMPYIOLLIA CNOV
YAANAETCS CO AHA KaHABOK BbICTpee, Yem CO CTEHOK, YTO B UTOre MO3BOASIET NOAY-
YUTb AHM30TPOMHOCTL MPOLIeCCa Tpas/eHus. K npenmyLLecTBam npoLecca MOXHO
OTHECTI: NPOBEfieHNE MPOLECC NPY KOMHATHDLIX TEMMepaTypax, BLICOKYIO cenek-
TUBHOCTD K dhaTope3ncty (okono 80 11 Bonee), noyyeHe CTPYKTYp C ACTIEKTHbIM
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COMPARISON OF CHARACTERISTICS OF CMOS AND CML
DIGITAL CIRCUITS BASED ON SOI CMOS 0.18 MICRON
TECHNOLOGY FOR OPERATING FREQUENCIES UP TO 2 GHz
This paper presents the results of the comparison of identical CMOS and CML (Current
Mode Logic) digital circuits. For comparative analysis, 10-bit frequency dividers were
designed based on these types of logic. The following circuit characteristics were
compared: occupied area, current consumption at various input signal frequencies,
maximum operating frequency, maximum interference amplitude generated as a
result of switching and transmitted over the power buses.

Keywords: CML, mixed-signal circuits, low-noise circuits, frequency dividers
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RESEARCH AND DEVELOPMENT OF EQUIPMENT AND
TECHNOLOGY FOR DEEP SILICON ETCHING ON PLATES WITH
DIAMETER OF UP TO 200 MM

Process of deep anisotropic silicon etching with alternating steps of etching and
passivation ("Bosch” process) is widely used for forming three-dimensional struc-
tures with through-silicon-vias (TSV), as well as in the manufacturing of micro
electromechanical systems (MEMS). The essence of the process lies in alternating
steps of reactive-ion etching of silicon (usually SF6) and passivation of the surface
(typically by using C4F8) [1, 2]. Herewith the step of etching the passivation layer
removing from the bottom of the grooves are faster than from the walls, with the
result that allows to obtain anisotropic etching process. Advantages of the process
include: carrying out the process at room temperatures, high photoresist selec-
tivity (about 80:1 and more), the preparation of structures with an aspect ratio
0f 30:1[3], the etch rate up to 20 um/ min and controlled etching profile [4]. The
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OTHoLeHnem 0 301 [3], ckopocTb TpaBneHia A0 20 MKM / MIAH, & TakXe KOHTPO-
MpYeMbii NpodubL TpasneHns [4]. OCHOBHbIM HEAOCTATKOM NPOLIECCA SBASETCS
(LIePOXOBATOCTb CTEHOK (callops) B CBA3M C LIMKAMYHOCTbIO MPOLiecca.

B HacToswwee BpeMs TexHonorus GOpPMMPOBAHNS MYOOKIX OTBEPCTU B Kpem-

Hun (through-silicon vias, TSV) npeacTasnseT 6oMbLIOA UHTEPEC NS OTe4eCTBeH-

HOW MUKPOINEKTPOHMKN. OCHOBHLIM NPENMYLLECTBOM TeXHOAOTMM TSV ABNAETCS

YNYHLLUEHME XapaKTepUCTIK M3LeANIA NPY YMeHbLLeHNM 3aHUMAeMOi naowwaan. Tak,

dupmbl Samsung Electronics [5] (FOxHas Kopes) u Micron Technology [6] (CLLA)

pa3paboTany Ynnbl NAMATY C NPUMEHEHMEM TeXHONMOrm TSV, nponyckHas cnocob-

HOCTb KOTOPLIX Bbina yBeNu4eHa BnAoTL 40 320 b / ¢. Mpy 3TOM AaHHbIe YMNbl Tpe-

Byt0T MPUMEPHO Ha 70% MeHbLLIe SHEPTIAW, YeM CYLLIECTBYHOLLME HA AAHHbIA MOMEHT

yunel DDR3. OfiHako Heobxoanumoe NpoMbILIIeHHOE 060pYA0BaHIMe MOXET ObiTb

NPe/CTaBAEHO TONbKO MMMOPTHLIMIA 06Pa3LaM¥ BeayLMX pa3paboTunkos (LAM,

SPTS) 1 UMeeT 6OMbLLYI0 CTOUMOCTD.

Llenbto AaHHON paboTbl bbina pa3paboTka peaktopa Anst [yboKoro TpasneHns Kpewm-

HUS HA NNIACTUHAX AnameTpom 40 200 MM, aHAN0rM4HOro No CBOVM XapakTepucTy-

Kam MMMOPTHOMY, 1 pa3paboTka TexHONOorK ryboKoro TpaBAeHUs KpeMHUS Anst

€e NPYMEHEHS B U3rOTOBNEHMI TPEXMEPHBIX TSV-CTPYKTYP.

Knio4eBble cnosa: rnybokoe TpasneHue kpemHus, Bosch-npouecc, Tpexmep-
Hast cbopka, 3D-cbopka, maakme wenm
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main drawback of the process is the roughness of the walls (scallops) in connec-

tion with the cyclical process.

Currently, technology of deep holes etching is of great interest to the domestic micro-

electronics. The main advantage of TSV technology is improving the characteristics

of devices while reducing occupied area. Samsung Electronics [5] (South Korea) and

Micron Technology [6] (USA) have developed memory chips using the TSV technol-

ogy which has a max bandwidth up to 320 GB/ sec. This data chips use approxi-

mately 70% less power than currently existing DDR3 chips. However, the necessary
industrial equipment for 200 mm wafers can be represented only imported models
leading developers (LAM, SPTS) and has a greater cost.

The aim of this work was to develop a reactor for deep silicon etching on plates

with diameter of up to 200 mm, similar in their characteristics with import and

development of technology deep silicon etching for its use in the manufacture of
three-dimensional TSV assembly.
Keywords: deep silicon etching, “Bosch” process, three dimensional assembly,
3D-assembly, smooth sidewalls trenches
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BJIMAHWUE YTNEPOAHbIX HAHOTPYBOK HA

KPUCTANIU3ALMIO U CBOMCTBA HAHOPA3MEPHOTO

TMAPOKCUANATUTA KAIbLINA

[pUMeHeHNe YIepoaHbIX HAHOTPYBOK HaXOAMT BCe bonee WMPOKOe MpUMeHe-

HVe B NPOMBILLNEHHOW TeXHONOMW. OfIHAKO UX BAWSHWE HA OpraHM3M Yenopeka

J10 CX 11O HeZI0CTATO4HO M3y4eHO. B AaHHOM paboTe NpoBe/eHa OLieHKa BANSHMS

MHOTOCTEHHDIX YITIEPOAHbIX HAHOTPYEOK (YHT) Ha 06pa3oBaHue HaHOKpUCTanIM-

yeckoro (HK) rugpokcuanatiuTa kanbims Cay(PO,):(OH), (TA) B xoze CvHTe3a KoM-

MO3WLIMOHHbIX MaTepnanos (KM) A/ YHT (0,1; 11 5 Macc.% YHT), MofenmpyioLLiero

B3aumopencTaue YHT ¢ docharamu kanbunst KOCTHOI TKaHN B Xoe boMUHepa-

nuzaumn. Onpegenero BausHue YHT Ha kpuctannorpaduyeckie, Mopdonoruye-

CKue XapakTepucTuky 1 pactBopumocTb HK TA B coctase KM A/ YHT.
KntoueBble c10Ba: yrnepoaHbIe HAHOTPYOKN, TMAPOKCMANATIT, KOMMOMLUMOH-
Hble MaTepuabl, CUHTE3, CBOMCTBA
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HAMPSXEHHOE COCTOAHUE MATPUYHbBIX CTPYKTYP
B YCNOBUSAX BO311EI7ICTBVI$I TEPMOAUHAMWYECKKX
GAKTOPOB
M0oCTpOeHa MofeNb MPOrHO3MPOBAHNS BANAHNS TOKNbHDLIX HANPSKEHWIA, 0BYCNOB-
NIeHHbIX M3MEeHeHNAMN 06LEMOB 31EMEHTOB HEOAHOPOAHOCTM [ABYXKOMMOHEHTHBIX
MATPUYHbLIX KOMMO3UTOB, HA CPEAHME N0 MaTepUany HanpsbkeHus. Mpu NocTpoeHnm
MOZeNM NONAraeTcs, YTO BK/KOHEHMS B KOMNO3MTAX MMEOT GOPMY IMIMNCOMAOB BPa-
LLHNS M OPNEHTUPOBAHLI CBOUMY TIABHLIMI MONYOCIMY B TPEX B3aUMHO neprieH-
LVKYNSIPHbIX HAMpaBeHusx. Mony4eHo pacyeTHoe COOTHOLLIEHE NS OnpedeneHus
CPeIHMX HaNPSHXKEHMA B PACCMATPUBAEMbIX MATPUYHBIX CTPYKTYpaX. BbiBeaeHHoe
COOTHOLLUEHME YYMTLIBAET OPUEHTALMIO BKMIOYEHMA B MATpULLE, TepMOynpyrie
XapaKTepUCTUKK W KOHLEHTPALMIO KOMMOHEHTOB KOMMO3MTOB, @ Takke OTauyne
B BE/IMYMHE M3MEHeHNS TeMnepaTypbl AN BKIOYEHUA N MATpULLLl. [N MOZenb-
HbIX KOMMO3MTOB HA OCHOBE MOMUMEPHOO CBs3ytoero 3/-20 € BKIOYeHNSMH
113 Me/ NPOBEAEHLI YNCTEHHBIE PACYETLI N0 OMPeAeNeHNI0 CPeLHMX HANPSKeHNI
B HaMpaBNeHNAX TPEX 0Celt CACTeMbI KOOPAMHAT. MCCNen0BaHbl 3aBUCAMOCTY Cpef-
HUX N0 MaTepuay HanpskeHnin oT GOPMbI, OPUEHTALMN W KOHLIEHTPALIMM BK/IO-
YeHWH, a TaKoke 0T BapUaLWi BEMYMHDI M3MEHEHMS! TEMNepaTypbl B Pa3NYHbIX
KOMMOHEeHTaX KOMMO3MTOB.

Kntoyesble €10Ba: MATpPUYHbLIA KOMNO3WT, TEPMOYNPYIue XapakTepucTuky,

CpeSHe HanpshkKeHns, MOZeNpoBaHue

/

THE EFFECT OF CARBON NANOTUBES ON CRYSTALLIZATION
AND PROPERTIES OF NANOSIZED CALCIUM HYDROXYAPATITE
The application of carbon nanotubes is increasingly used in industrial technology.
However, their impact on the human body is still insufficiently studied. In this work,
we assessed the influence of multi-walled carbon nanotubes (CNTS) on the forma-
tion of nanocrystalline (NC) of calcium hydroxyapatite Cal0(P04)6(Oh)2 (HA) dur-
ing the synthesis of composite materials (KM) HA / CNT (0.1 1and 5 of the masses %
CNT), modeling the interaction of CNTS with the phosphate of bone calcium in the
course of biomineralization. The influence of CNTS on the crystallographic, morpho-
logical characteristics, and the solubility of HA in NK, composed of KM HA/ CNT.
Keywords: carbon nanotubes, hydrohyapatite, composite materials, synthe-
Sis, properties
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STRESSED STATE OF MATRIX STRUCTURES IN THE CONDITIONS
OF EXPOSURE TO THERMODYNAMIC FACTORS
A model for predicting the effect of local stresses due to changes in the volume of
the elements of the inhomogeneity of two-component matrix composites on the
average stress material is constructed. When building the model, it is assumed
that the inclusions in the composites have the form of ellipsoids of rotation and
are oriented with their main semi-axes in three mutually perpendicular directions.
The calculated ratio for determining the average stresses in the considered matrix
structures is obtained. The derived relation considers the orientation of inclusions
in the matrix, the thermoelastic characteristics and the concentration of the com-
ponents of the composites, as well as the difference in the magnitude of the tem-
perature change for the inclusions and the matrix. For model composites based on
the ED-20 polymer binder with copper inclusions, numerical calculations were per-
formed to determine the average stresses in the directions of the three axes of the
coordinate system. The dependences of the material averages of the stresses on
the shape, orientation, and concentration of the inclusions, as well as on the vari-
ations in the magnitude of the temperature change in the various components of
the composites, are investigated.

Keywords: matrix composite, thermoelastic properties, average stress, modeling
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ABTOPOB CTaTen. PyKOMMUCKY peLeH3npyTCs, HO He BO3-
BpawatoTca. CpoK pacCMOTpeHust pykonucen — 5 Hegenb.
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