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CJIOBO PEOAKTOPA

YBAXAEMDIE HATATEJIN!

ITepen BamMu ouepeHOM 182-1 BBIMTYCK HAyYHO-TeX-
HUYeCKOIro U3LaHHUS «DIeKTPOHHAas TeXHHUKa. Cepusd 3.
MHUKPO3/IeKTPOHUKAY.

B HaimeMm >KypHaJle yOIHKYIOTCS CTAThU BeAyIIHX
CIIeIIMAIMCTOB, B TOM YMC/Ie IIOAIMCYUKOB KypHasia
«J7eKTpoHHAas TexHUKa. Cepus 3. MHKPO3JIEKTPO-
HHKa», CTaB HOAIIHUCYHUKOM KYpHaJjia, Bbl CMOXKETE 10~
JeJINTHCS OIIBITOM OpraHM3allMM [IPOM3BOMCTBA, BHe-
IpeHHs HMHHOBAILIMOHHBIX TEeXHOJIOTMM, PpaccKas3aThb
0 HOBBIX pPa3paboTKax B 06/1aCTH MHUKPO3IeKTPOHUKH,
KOMITBIOTEPHOM TeXHUKH. CTaTbU B HallleM >KypHajle
SIBJISIIOTCSL CBOEro pofia peK1aMOoK IIPOAYKLIHMU BaIlIHX
[IPeAIIpUSATUM.

B maHHOM HOMepe BHHMaHHe YHUTaTes el KypHasla
IIPHBJIEKYT TeMAaTHYeCKHe MaTepHabl, OITy6IMKOBAH-
Hble 1107 pybprKkamu: «Pa3paboTka M KOHCTPyHPOBa-
Hue», «ITpolreccel ¥ TeXHOJIOIUs», «MaTeMaTHUYecKoe
MOJeIPOBaHHEY .

BBINyCK >KypHaJia IIPeCTaBlIeH CeMbI0 OPUTHHAJIB"
HBIMH CTaThsIMH, IIOCBSIIIEHHBIMHU pe3y/bTaTaM aK-
TyaJIbHBIX Hay4YHBIX HCCIeOBAaHHH.

Homep oTKpbIBaeTcs pasznenom «Pa3paboTka U KOHCT-
pyHpoBaHHe», B KOTOPOM IIpUBeJeHa MeTOAUKA IIPO-
eKTHPOBAHUSI, SIBJISIIOLIAsICS 0006IeHeM CYIIeCTBYIO-
IIero OIbITa IIPOeKTHPOBAaHMS TPAKTOB TeTepogHHa
JJ1sl KBaJpaTyPHBIX MOZAY/ISTOPOB U JeMOAY/ISTOPOB.

B pasgese «ITpoliecchl M TeXHOJIOTUS» aBTOPOM MC-
C/1eOBAaHBl 0COOEHHOCTH POCTa IIJIEHOK B IIPOIieccax
ATOMHO-CJI0€BOTO0 OCa’KIEHU S TOHKHUX IIJICHOK JHOKCH-
Ja KpeMHUS /11 MUKPO- M HAHO3JIEKTPOHUKH, a B CJIe-
ayiomern paboTe ITPOCIEXKEHO Pa3BHUTHE YCTPOMCTB
BCTPOEHHOT'0 CAMOPeMOHTa 6710KOB CTATHYECKOH OIle-
PaTHUBHOM NaMSTH.

B paspgene «CBOMCTBa MaTepHUaIoOB» aBTOPAMM pac-
CMOTpPeHBI Pe3yJbTaThl CHUHTEe3a KOMIIO3MILIMOHHBIX
MaTepHaJIOB Ha OCHOBe YIJIEBOJIOKHA U OHOCOBMec-
THUMOI'O THAPOKCHAIaTUTa Kaablus Ca; (PO,)s(OH),
B XOe OCaKAEHHS U3 BOOHBIX PAcTBOPOB B CHCTeMe

Ca(OH),-H;PO,-yrneBonokHo-H,0. OnpezeneHo BIUS-
HHe COoCTaBa Ha MOPQOTIOTHI0 HAHOKPHUCTAJIJIOB THI-

poxcHamnaThTa M UX paCTBOPHMOCTb B COCTaBe KOMIIO-
3UIMOHHOI0 MaTepHasa.

B 3aK/II0YMTEIBHOM paszesie «MaTeMaTH4YecKoe MO~
IenupoBaHUe» IIpUBelleH 0630p COBpeMeHHBIX pabor
I10 MOZIeTTMPOBAHHUIO CBOMCTB MeMPHCTOPHBIX CTPYKTYP
Ha OCHOBe HUTpHJA KpeMHHS. KpaTKO pacCMOTPEHBI
du3HYecKye IIPUHIIUIIBL, II0JI0’KeHHEBIE B OCHOBY CEMU
KCII0/Ib3YeMBIX Pa3HBIMH aBTOPAMH MOJeJel, U cae-
JIaH BBIBOJI O HEOOXOAMMOCTH pa3paboTKU CUHTeTHYe-
CKOF MOZe/Id, BAJIMAHOM Ha BCeX Y4acTKax MeT/IH Iu-
CTepe3rca BOJIbTAMIIEPHOK XapaKTepHUCTHUKU. Takke
B pa3jese pacCMOTPeHEI CTaHJapTH3HpoBaHHbIe 3GPP
n3MeHeHUs TexHonoruu NB-IoT B cetsax 4G/5G, npu-
BeZleHHEBIe B Release 16 1 Release 17. IIpuBeneH pac4ueT
[0TePb PafHOIMHUU CIIyTHUK ~ MOOM/IbHAS CTAHIIHS
B paMKax peayiM3aliuH CIIyTHUKOBOrO cermenTa 5G s
HHTepHeTa Beler. Kpome Toro, B fTaHHOM 6110Ke pe-
LIAETCS 33aa4a MOLeIUPOBAHHUS 3QPEKTUBHBIX YIIPY-
THX XapaKTePHUCTUK Me30IIOPUCTEIX CTPYKTYP Ha OCHO-
Be KpeMHHUS C a[ICOPOHPOBAHHON BOJOM, 3aMep3IIer
B YCJIOBUSIX IIPOCTPAHCTBEHHOI'O OFPaHHUYeHH .

ITpurnanaemM BceX 3aMHTepeCOBAaHHBIX UHTATelel
K COTPYIHHYeCTBY!

Cysasxkenuem,
2Aa8Hblil pedakmop KypHaaa,
akademuk PAH,
I'.4. KpacHukos
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AHHOTALNU

ABSTRACTS

METOAWUKA MPOEKTUPOBAHWUSA TPAKTA FETEPOAUHA CBY KBALIPATYPHbIX
MOAYNATOPOB U JEMOJYNIATOPOB C PEr'Y/INPYEMbIM PA3BAJIAHCOM
B paboTe npuBeaeHa MeTOANKA NPOEKTMPOBAHMS, 0606WAKOLAS HAKOMAEHHDIA OMbIT
MPOeKTUPOBAHNSA TPAKTOB reTepOANHa ANA KBAAPATYPHBIX MOAYASTOPOB W AeMOAYNS-
TOPOB. B 4nCNI0 OCHOBHBIX 3TAaNOB METOAMKM BXOASAT: BLIOOP apXMTEKTYpbl pacLLenuTens
(asbl; NPOEKTMPOBAHME 1 HACTPOMKA NOANGA3HOrO GUALTPA MAM LENUTENS YacTOTbl;
MPOeKTUPOBaHME CXeMbl PeryaMpoBaHus dasbl; MPOEKTUPOBAHME YCMAUTENEH, Ha-
CTPOMKa AYX, BbIXOAHOW aMAANTYAbI 1 YPOBHS CUTHANA FeTEPOANHA; NPOEKTUPOBaHHE
LIAN ans perynnpoBanus pasbanaHca das v aMmnanTya, NpoeKTMpOBaHe TONOAOT M.
KntoueBble cnoBa: KBafpaTypHbI MOLYNATOP, KBaAPATypHbIA AEMOLYAATOP,
TPaKT retepoauHa, CBY.
CBepeHus 06 aBTopax:
Jloces Bragnmmp BayecnaBosmy, JOKTOP TEXHUYECKUX HAYK, AOLIEHT,
(enepanbHoe rocyaapCTBEHHOE aBTOHOMHOE 06pa30BaTENbHOE Y4peXAeHMe
BbICLUEr0 06pa30BaHNA (HaLMOHAIbHbLIA NCCAA0BATENbCKIN YHUBEDCUTET
«NMOCKOBCKUA MHCTUTYT INEKTDOHHO TeXHMKuY, 124498, r. Mockaa,
r. 3enexorpag, nowagb LLokuna, 4. 1, e-mail: dsd@miee.ru
Henatukockui JleoHns Bragummposny, ®eqepasbHoe rocyAapcTeeHHoe
ABTOHOMHOE 06pa30BaTe/IbHOE y4PEXAEHNE BbICLIEr0 06pa30BaHms
(HaLMOHa IbHbIA NCCAER0BATENLCKUIA YHNBEPCUTET (MOCKOBCKIY MHCTUTYT
/IEKTPOHHOW TexHukiy, 124498, r. MockBa, r. 3eneHorpag, naolwagb LLokuHa, 4. 1,
e-mail: leo_ned@mail.ru
LLlabapauH PycnaH Cepreesuy, KAHAMAAT TEXHUHECKUX HAYK, AKUMOHEPHOE
061LecTBO Hay4HO-UCCAER0BATENLCKUA MHCTUTYT MUKPOI/IEKTPOHHOM
annaparypsl «[Iporpecc», 125183, r. Mocksa, npoe3s YepenaHosbix, 4. 54,
e-mail: shabardin@mri-progress.ru

ATOMHO-C/IOEBOE OCAX/AEHWUE TOHKUX NJIEHOK AMOKCHAA KPEMHUSA
418 MUKPO- U HAHOS/IEKTPOHUKMN.
Yactb 5. OC06eHHOCTH POCTa NEHOK B COOTBETCTBUM € MOAEAAMM FMAPOKCUAA
Ha KpeMHeseme
B naToit YacT 0630pa NpoaHanM3WpOBaHbI MOAEAN MOBEPXHOCTHOTO rMAPOKCMAA
Ha KpemHe3eme C LieNbio OLEHKN WX NPUMEHUMOCTY LS Ka4eCTBEHHOrO 06bACHEHNSA
BblAE/IEHHbIX TEMMEPaTYPHbIX 3aBUCMMOCTER POCTa v NAOTHOCTY TMAK npy nx nonyye-
HI MeToaamm ACO.
Kntouesble cnoBa: 110KCUA KpeMHUA, TOHKas NAeHKa, aTOMHO-CI0eBOE OCaX/EHMe,
MOZeM TAPOKCIAIA Ha KpeMHe3eme, TeMMepaTypHbIe 3aBUCUMOCTHA, CKOPOCTb OCaX-
[LEHWS, NNIOTHOCTb NAEHOK.
CBepeHus 06 aBTope:
Bacwibes Briaaucias Opbesny, SOKTOD XUMUYECKMX HAYK,
npogeccop HoBOCMOMPCKOro rocyAapCTBEHHOIO TEXHUYECKOrO YHUBEDCHTETA,
3amecTuTenb reHepasbHoro gupektopa 000 «Cnbno,
630049, r. Hosocubumpck, a/a 68,
e-mail: vasilev@corp.nstu.ru

DESIGN PROCEDURE OF RF QUADRATURE MODULATORS

AND DEMODULATORS WITH CONTROLLABLE UNBALANCE LO-PATH

The paper presents a design procedure that is a generalization of the existing experience

in design local oscillator paths for quadrature modulators and demodulators. The main

stages of the procedure are the choice of the phase splitter architecture; design and
adjustment of a polyphase filter or frequency divider; phase control circuit design;
amplifiers design, tuning the frequency response, output amplitude and level of the local
oscillator signal; DACs design for phase and amplitude unbalance control, layout design.
Keywords: quadrature modulator, quadrature demodulator, LO-path, RF.

Data of authors:

Losev Vladimir Viyacheslavovich, Doctor of technical science, Associate Professor,
National Research University of Electronic Technology; Bld. 1, Shokin Square,
Zelenograd, Moscow, Russia, 124498, e-mail: dsd@miee.ru

Nedashkovskiy Leonid Viadimirovich, National Research University of Electronic
Technology; Bld. 1, Shokin Square, Zelenograd, Moscow, Russia, 124498,
e-mail: leo_ned@mail.ru

Shabardin Ruslan Sergeevich, candidate of Engineering Sciences,

"Progress Microelectronics Research Institute” joint Stock Company; Bld. 54,
Cherepanovykh Ave., Moscow, Russia, 125183, e-mail: shabardin@mri-progress.ru

ATOMIC LAYER DEPOSITION OF SILICON DIOXIDE THIN FILMS
FOR MICRO- AND NANOELECTRONICS.
Part 5. Film growth in light of the models of surface hydroxyl on silica
Inthefifth part of the review, the models of surface hydroxyl onssilica are analyzed in order
toassess theirapplicability for a qualitative explanation of the temperature dependences
of the growth and density of silicon dioxide thin films obtained by ALD methods.
Keywords: silicon dioxide, thin film, atomic layer deposition, hydroxyl models
onsilica, temperature dependence, deposition rate, film density.
Data of the author:
Vasilyev Viadislav Yurievich, doctor of chemistry, Professor of Novosibirsk
state technical university, Deputy Director General SibIS LLC, Novosibirsk,
Russian Federation, PO Box 68 Novosibirsk, 630049, e-mail: vasilev@corp.nstu.ru
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AHHOTALUU

ABSTRACTS

PA3BWUTUE YCTPOWCTB BCTPOEHHOr O CAMOPEMOHTA B/IOKOB

CTATUYECKOV OMEPATUBHOM MAMSTH

MpeanoxkeHa HOBas CTPYKTYPa aHanM3aTopa PEMOHTA, XpaHALAs MHOOPMALMKD O He-

paboToCNOCOBHBIX 3NeMeHTax CTaTUYECKOW OnepaTWBHOW MamMsTU B BUAE BeKTOpa

owmbKu. MpoBeaeHO CPaBHEHME TEXHONOTMYECKMX XapaKTepUCTUK YCTPOACTB BCTPO-
eHHOr0 CaMOPeMOHTA NaMATY, Peanu30BaHHbIX Ha Ha3e Pa3nnyHbIX aHAM3aTOPOB pe-

MOHTa. T10Ka3aH0 NPeNMYLLECTBO MPEANIOKEHHON CTPYKTYPbI Haf M3BECTHLIMM paHee

Peanu3aLMamu, 3aKII04aI0LLEeeCs B COKPALLEHUN [AMH KPUTUYECKMX NyTel, a Takke

NOLLAAM, 3aHNMAEMOW Ha KpuCTanse.

KnroueBble cnoBa: CTaTv4eckoe onepaTBHOE 3anomMuHaloLLge ycTpoicTao (CO3Y),
pe3epBMpOBaHIe, Pe3epBHble CTONBLbI, YCTPOMCTBO BCTPOEHHOTO CaMOPEMOH-
Ta namati (YBCP), yCTpOiCTBO BCTPOEHHOTO CaMOTECTUPOBaHNS namaTy (YBCT),
0TKa30YCTOMMMBOCTb, CUCTEMA Ha KpucTanse (CHK).

CsepieHus 06 aBTope:

LUinropes JleoHng Anekceesuy, 3aKpbiToe akMOHepHoe 06L4ecTBo
Hay4HO-TexHUYeckui LeHTp «Moaynby, 125190, r. Mocksa, 4-9 ymvua 8 Mapra, 4. 3;
HawmOHaNbHbIN NCCAEA0BATENLCKUV SAEDHBIN YHUBEPCUTET (MUY
(MOCKOBCKMI MHXEHEPHO-(PM3NIECKIA MHCTUTYT),

115409, Mockaa, Kawwpckoe ww., 31,
e-mail: I.shchigorev@module.ru

KOMMO3ULNOHHBIE MATEPUAIbI
TMAPOKCUANATUT KANbLINA - YTIEBOJIOKHO
CMHTE31POBAHbI KOMMO3MLMOHHbIE MaTepuanbi (KM) Ha ocHoe yriesonokHa (YB)
1 6110COBMECTIMOTO rApOKCUanaTITa kanbums Ca,(PO,),(OH), (TA) B xope ocaxze-
Husi M3 BOBHbIX pacTBopoB B cucteme Ca(OH),~H,PO,~YB-H,0. OnpezeneHo BansHue
€0CTaBa Ha MOphoNorio HaHoKkpucTannos A (HKFA) 1 vx pacTBopuMOCTb B COCTaBe
KM TA/YB.
Kniouesble cnoBa: ruapoKcManaTiT, yraeBONOKHO, KOMMO3WTHI, CWUHTE3bI,
CBOWCTBA.
CsepieHus 06 aBTopax:
3axapos Hukonas Anekceesid, JOKTOP GU3MKO-MATeMaTNYECKMX HayK,
VIHCTUTYT 06LL€l 1 HeopraHndeckon xummm um. H.C. KypHakosa PAH, 117907, PO,
[Cl1-1, MockBa, JlennHcknii npocriekT, 4. 31, e-mail: zakharov@igic.ras.ru
bokapes Banepun [1aB10BNY, JOKTOP TEXHUYECKMX HAYK, AKUMOHEPHOE 06L4eCTBO
«Hay4HO-1CCAIeR0BATENCKIV MHCTUTYT MOJIEKYISPHOV 3EKTPOHUKUY,
124460, Poccns, Mocksa, 3enerorpag, ynnua Akagemuka Banmesa, 6/1,
e-mail: vbokarev@niime.ru
LLlenexoB EBreHuii BAaauMupoBuY, KaHAMAAT GU3MKO-MATeMaTUYECKMX HayK,
®egepanbHoe rocynapCTBEHHOE aBTOHOMHOE 06pa30BaTENLHOE yYPEXAEHUE
BbICLLIEr0 06pa30BaHuA “HauMOHabHbIN MCCAIEA0BATENbCKIY TEXHONOMMYECKMI
yHmBepcutet "MNCuC™, 117907, PO, [Cl1-1, Mockga, JleruHckm npocnexT, 4. 31,
e-mail: zakharov@igic.ras.ru
MarBees Bragnmmnp Bacunsesny, KaHAUAAT GU3NKO-MATEMATUIECKMX HAYK;
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SRAM BUILT-IN SELF-REPAIR DEVICES EVOLUTION
A new structure of the repair analyzer is proposed. It stores information about faulty
SRAM elements with the assistance of an error vector. A comparison of the technological
characteristics of built-in self-repair devices implemented on the basis of various repair
analyzers is made. The advantage of the proposed structure over the previously known
realizations is illustrated, which consists in reducing area and timing penalties.
Keywords: static random access memory (SRAM), redundancy, redundant
columns, built-in self-repair (BISR), built-in self-test (BIST), fault tolerance, system
on chip (SoC).
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COMPOSITE MATERIALS CALCIYUM HYDROXYAPATITE - CARBON FIBERS

Composite materials (CM) on the base of carbon fibers (CF) and biocompatible

calcium hydroxyapatite (HA) in the course of water solution precipitation in system

(Ca(OH),~H,PO,~YB~H,0 synthesized. The influence of composition on morphology HA

nanocrystals (NCHA) and their solubility in CM HA/CF were estimated.
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CPABHUTE/IbHbIA AHANN3 MOAENEN NPOBOAUMOCTH

B MEMPUCTUBHbIX CTPYKTYPAX HA OCHOBE TOHKMX MJEHOK

HUTPUAA KPEMHUSA

HWTPUZ KpeMHUA, BKIoYas HecTexvomeTpuyeckuii SiN, (x < 4/3), ocTaetcs 6a3oBbiM

MaTepuanom B HaHOINEKTPOHMKE, YTO AeNaeT akTyanbHbIM UCCIEL0BAHME MEMPUCTO-

POB Ha €ro 0CHoBe. Hamu npoBeseH 0630p COBPeMeHHbIX paboT B 3TV 06/1aCTH C ak-

LIEHTOM Ha BbISIB/IEHHbIE UX aBTOPaMV MeXaHW3Mbl U MOZE/N MPOBOAMMOCTY; NPOBEAEHa

cucTeMaTv3auns B TabanyHon Gopme. KpaTtko paccMOTpeHbl G13nyeckme MpUHLMNbI,

NONMOXEHHbIE B OCHOBY CEMY WCMONb3YEMbIX PasHbIMI aBTOPaMKU MOAENEN, W CAenaH

BbIBOA O HEODXOAMMOCTI Pa3paboTKu CUHTETUYECKOW MOJENN, BAMAHOM Ha BCeX

y4acTkax et rucTepesnca BOAbTaMNepHoi xapakTepucTukiA. Mo cpasHeHuIo C Mem-

PUCTOPaMM Ha OCHOBE OKCUA0B NEPEXOAHDLIX META/IIOB Takas CUHTETUYECKas MOZeNb

0653aTeNbHO OMKHA Y4UTbIBATH: 1) MPLIXKY HOCUTENEN 33pSAa MEXay NOBYLIKaMY,

2) NpOLeCchl 3apsKIA/MePE3apSAKA NI0BYLLEK; 3) M3MEHEHWS JIOKa/IbHBIX XapaKTepuc-

TUK (NOABIXHOCTb, AM3NEKTPUYECKAS MPOHULIAEMOCTb, TEMNEPATYPa) NPH 31eKTPONo-

NeBOM BO3AENCTBHN.

Kntouesble cnosa: mempuctop, MAM-CTPYKTYPa, HUTPUA KDEMHUS, MexaHu3m
MPOBOAMMOCTY, MaTeMaTuyeckie MOAesu.
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W3MEHEHWA TEXHO/IOT W NB-loT B RELEASE 16 N RELEASE 17

B cTaTbe paccMOTpeHbl CTaHAapTU3MPOBaHHbIe MapTHepckim npoekTom 3GPP n3me-

HeHvs TexHonorun NB-1oT B cetax 4G/5G, npusefeHHble B Release 16 1 Release 17.

TpVBEAEH pacyeT NoTepb PaAMOMHUN KCNYTHUK-MOBMAbLHAS CTRHLMS? B pamMKax pea-

M33LMM CYTHUKOBOTO CermerTa 5G Ang VIHTepHeTa Bellen.

Kntouesble cnoBa: uHTepHert sellert, NB-loT, 5G, LTE, 3GPP, 6ecnpoBoaHas Casisb.
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COMPARATIVE ANALYSIS OF CONDUCTIVITY MODELS IN MEMRISTIVE

STRUCTURES BASED ON THIN FILMS OF SILICON NITRIDE

Silicon nitride, including the non-stoichiometric SiNx (x<4/3), remains the basic material

in nanoelectronics, which makes the study of memristors based on it relevant. We have

reviewed the current works in this field with an emphasis on the mechanisms and models
of conductivity identified by other authors; we have systematized them in a tabular
form. The physical principles underlying these seven models used by researchers are
briefly considered, and it is concluded that it is necessary to develop a synthetic model
that is valid for all regions of the hysteresis loop of the current-voltage characteristic.
In comparison with memristors based on transition metal oxides, such a synthetic model
must necessarily take into account: 1) jumps of charge carriers between traps; 2) processes
of charging/recharging of traps; 3) changes in local characteristics (mobility, permittivity,
temperature) under electropole action.
Keywords: memristor, MDM structure, silicon nitride, conduction mechanism,
mathematical models.
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NB-loT TECHNOLOGY CHANGES IN RELEASE 16 AND RELEASE 17
The article discusses the NB-loT technologies standardized by the Partnership Project
3GPP technology changes in 4G/5G networks, given in Release 16 and Release 17.
The radio link lossescalculation from a satellite to a mobile station as part of the
implementation of the 5G satellite segment for the Internet of Things is presented.
Keywords: internet of things, NB-IoT, 5G, LTE, 3GPP, wireless communication.
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SOOEKTUBHBIE YMPYTUE XAPAKTEPUCTUKN KPEMHUEBBIX
B/IATOHACDILLEHHbIX ME3OMOPUCTbIX CTPYKTYP BBAN3U TOYKKU
®A30BOr0 MEPEXOAA MPU HANMYUM NPOCTPAHCTBEHHOIO
OFPAHUYEHMA
PewwaeTcs 3afaqa MOAENMPOBAHNS SOQEKTUBHDLIX YIPYriX XapakTepucTiK Me3ono-
PUCTBIX CTPYKTYP Ha OCHOBE KPEMHMS C aACOPOUPOBAHHON BOLOM, 3aMep3Luei B yCno-
BUSIX NPOCTPAHCTBEHHOMO OrpaHMYeHus. TOCTPOEHa TeOpeTUYeckas MOAeNb, YuMTbI-
BaloLLas BAMSHHME HA 3HaUeHNs 3DEKTMBHLIX MOZYNEN YNPYrocTh BOAOHAChILLEHHbIX
Me30MOPUCTbIX MATEPUANIOB HANMYNA HA MOBEPXHOCTY MOP ECTECTBEHHOO (/1051 AMOK-
CUAA KPEMHHS, CTPYKTYpPbI CPezbl (OTHOLIEHNS TOMLLMHBI OKCMAHOTO CIIOS K Paamycy
HWTEBMAHOM NOPbI, & TAKXXE OPUEHTALM NP B MPOCTPAHCTBE KPEMHMEBO MeMBPaHbI)
1 06BLEMHOTO COAEPXaHHS 31EMEHTOB HEORHOPOAHOCTH. MPOBEAEHbI YXACNEHHbIE MO-
[eNbHble pacyeTbl KOMMOHEHT TeH30pa IPEKTUBHbIX MOAYAeN YpyrocTy 1ccenye-
MbIX BOAOHACILLEHHbIX ME30MOPUCTBIX CTPYKTYP. MOLeANpOBaHHe NoKasano, Yto yBe-
JM4YEHVE XaPaKTEPHOrO Pa3mMepa BKIOYEHNIA (OTHOLLEHWE TOMLUMHbI OKCMAHOTO (oS
K PaZyyCy nopbl) MPUBOAMT K YMEHbLIEHMIO 3HA4EHNIA KOMMIOHEHT TeH30pa IOdEKTHB-
HbIX MOY/1e/ yIpyrocTt M0 3aK0HY, 613KOMY K IMHEHOMY.
Kntoyesble cnoBa: NOPUCTLIN KPEMHUIA, AUOKCUA KPEMHUS, LEVOHN3NPOBAHHAS
BO/Aa, N1ef, MATPUYHDIV KOMMO3UT, 3QHEKTUBHbIE MOAYM YNPYrOCTH, MOAENPO-
BaHve.
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EFFECTIVE ELASTIC CHARACTERISTICS OF MOISTURE-SATURATED
MESOPOROUS SILICON NEAR THE CONFINEMENT PHASE TRANSITION
The problem of modeling the effective elastic characteristics of mesoporous structures
based on silicon with adsorbed water frozen under confinement is solved. A theoretical
model is developed that takes into account the effect of the native silicon dioxide
layer on the pore surface, the medium structure (the ratio of the oxide layer thickness
tothe filamentary pore radius, as well as the spatial orientation of the poresin the silicon
membrane, and the volumetric content of inhomogeneous elements on the effective
elastic moduli of water-saturated mesoporous materials. Numerical model calculations
of the components of the effective elastic moduli tensor of investigated water-saturated
mesoporous structures are carried out. Modeling showed that an increase in the
characteristic size of inclusions (the ratio of the oxide layer thickness to the pore radius)
leads to a decrease in the values of the components of the effective elastic moduli tensor
according toa law close to linear.
Keywords: porous silicon, silica, deionized water, ice, matrix composite, effective
elastic modules, modeling.
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