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PHYSICAL PHENOMENA

V.N.Mordkovich

SOME ASPECTS OF STABLE
RADIATION DEFECTS FORMATION
IN [ON IMPLANTED Si

In this work we discussed some aspects of stable radiation defects formation in ion
implanted Si which are effected on defects formation kinetics, defects properties,
concentration and space distribution. Among them are the Si target temperature
during implantation, the chemical reactions on Si surface before implantation, the
additional in-situ excitation of atom-electron system, the influence of elastic and
electric force fields in Siand SiO,-Si structures during implantation, the influence
of bombarded ions chemical nature.

Key Words: lon implantation, radiation defects, Si, SiO,Si system

V.P.Bokarev, E.S.Gornev, G.Ya.Krasnikov, P.A.Todua
ANISOTROPY OF THE ELECTRONIC WORK FUNCTION
AND SURFACE ENERGY OF METALS

Abstract: The specific surface energy of metals anisotropy using coordination
crystal melt simulation has been compared with the anisotropy of these facets
electron work function. It has shown that the surface energies anisotropy results
calculated by this simulation coincide with the experimental values of the anisotropy
of work function of metals.

Key words: anisotropy, surface energy, electron work function

DEVELOPMENT AND DESIGNING

A.A.Chouprik, Ph.D., A.S.Baturin, O.M.Orlov, K.V.Bulakh,
K.V.Egorov, A.A.Kuzin, D.V.Negrov, S.A.Zaitsev,
A.M.Markeev, Ph.D., Yu.Yu.Lebedinskiy, A.V.Zablotskiy

NON-VOLATILE MEMORY CELLS BASED

ON RESISTIVE SWITCH AT THIN GRADIENT TERNARY
OXIDE HfAl-0, FILMS

Prototype of non-volatile resistive switch memory cell based on resistive switch at
thin HfxAl-xOy films with gradient content of Al grown by atomic layer deposition
was designed. This prototype imitate placing of memory cells at metallization layers.

Considerably lower rewrite voltage and considerably faster rewrite speed then
as compared with traditional flash-memory cell was obtained for this prototype.

Key words: resistive switch effect, atomic layer deposition, non-volatile
memory, hafnium oxide, ReRAM

PU3SUNYECKUE ABJIEHUSA

B.H.Mopakosu4

HEKOTOPbIE ACNEKTbI OBPA3OBAHWNA
PAAUALIMOHHDBIX AEGEKTOB B KPEMHWUK
NPV NOHHOW MNNAHTALN

OBCYXZAIOTCS HEKOTOPble aCneKTbl 06Pa30BAHMS YCTONYMBLIX PaAUALMOHHDIX
[eheKToB B KPEMHUM NPU MOHHON UMNAAHTALMN. MPUBOASTCS AAHHbIE O BAK-
SHAM HA KMHETUKY 06Pa30BaHNS PaMaLIMOHHDIX AedeKTOB, X KOHLIEHTPALMIO
W NPOCTPaHCTBEHHOE pacripesenieHu e, a Takxe Ha KOHLEHTpaLMIo 1 pacnpese-
NeHre NerupyloLLer NpuMeck Takmx GakTopos, Kak TeMMepaTypa MULEHK npu
UMNAAHTALMN, XMMUYECKMe PeakLMi Ha NOBEPXHOCTW MOMYNPOBOAHMKA, BO3-
By leHWe INeKTPOHHOM NOACUCTEMbI aTOMOB KPEMHUS B MpoLiecce 06yyeHus,
BAMSIHIE YNPYrOra W INeKTPUYECKOr0 CUNOBLIX MONEN, BOHUKAIOLLNX B KDEMHIM
B NPOLIECCE UMMAGHTALIAM W PUCYLLMX CUCTEME AN3NEKTPUK-KPEMHUIA.

KnioyeBble 110Ba: VIOHHAs MMNAAHTALNS, paauaLMOHHbIe AedeKTbl, Kpem-
HuiA, cuctema SiOySi

B.lM.bokapes, E.C.I'opHes, I.4.KpacHuKos, MN.A.Toaya
AHU30TPOMWNA PABOTbI BbIXOJA SJIEKTPOHOB
N TTOBEPXHOCTHASA SHEPT VIS METAJINIOB

MpOBE/IeHO CONOCTABNEHME PACCYUTAHHOW C NPUMEHEHIEM MOAENM KOOPAMHA-
LMOHHOrO NN1aBNEHMS KPUCTANNOB AHU30TPONKMI YAEAbHOI NOBEPXHOCTHOM 3HEP-
FAM METaNN0B C aHM30TPONMeN PAbOTbI BLIXOAA 31EKTPOHOB U3 AAHHDIX FPaHeN.
M0Ka3aHo, 4TO aHU30TPONUS MOBEPXHOCTHLIX SHEPMA, PACCHUTaHHAS N0 AAHHON
MOZEeAN COBMAZAET C 3KCMEPUMEHTANLHLIMM 3HAYEHUSMI AHU30TPONIM PAbOTHI
BLIXOZA INEKTPOHOB.

KntoueBble cnoBa: aH130TpoOMnus, NOBEPXHOCTHAS 3HEPTIAS, pa60Ta BbIX0Aa
3NEKTPOHA

PA3PABOTKA U KOHCTPYUPOBAHUE

A.AMynpuk, A.C.batypuH, O.M.Opnos, E.C.I'opHes,
K.B.bynax, K.B.Eropos, A.A.Ky3uH, [.B.Herpos, C.A.3a1LeB,
A.M.Mapkees, tO.t0./lebeanHckmni, A.B.3abnoLKnimn

AYENKA SHEPTOHE3ABUCUMOW NAMSATH
HA SO OEKTE PE3SUCTUBHOIO MEPEKIIOYEHUS
B OKCVAHDIX TTEHKAX Hf,Al,O,

Pa3paboTaH NPOTOTHM S4EEK SHEPrOHE3aBNCUMOI NAMSTY Ha 3OOEKTE Pe3nCTyB-
HOTO Nepex1io4eHIs B OKCHAHLIX Nerkax HfyAl. O, ¢ nepemeHHbIM (Mo raybuHe)
cofiepXaHuem Al, BbpaLieHHbIX METOZI0M aTOMHO-C/OEBOT0 OCAXAHHS. JLaHHbIlA
MPOTOTUN MOAEAMPYET Pa3MellieHne gueek NamMaTH MeXAY CIOSMA METan3a-
UMW MHTErPabHbIX CXEM. B YACTV MOBBILEHWS CKOPOCTU NEPE3ANMCH 1 CHIXEHUS
HanpAXeHNs Mepe3anicyt MOyYeHHbIE Pe3ynbTaTbl CYLIECTBEHHO MPEBOCXOAAT
napameTpbl TPaAUUMOHHOR GA3L-MAMST.

KntoyeBble cnoBa: 3pdeKT pe3ncTUBHOI0 NepektoyeHIs, aToMHO-C1I0eBOe
0CaX/IeHe, 3HeproHe3aBucMast namaTh, okcua radHus, ReRAM
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A.V.Zablotckii, A.S.Batutin, A.M.Markeev, S.A.Zaitsev,
A.V.Shadrin, S.A.Morozov, R.V.Kirtaev, E.S.Gornev,
O.M.Orlov

FUNCTIONAL ELEMENTS
OF NON-VOLATILE RESISTIVE MEMORY
BASED ON HAFNIUM OXIDE AND TITANIUM NITRIDE

In this work the investigations of technologically compatible materials that allow
realizing the principle of resistive switching in non-volatile memory cells with
accounting the requirements of the production were made. The work demonstrates
the feasibility of integrating functional elements ReRAM based on hafnium oxide
and titanium nitride with CMOS technology up to 0.18 pm.

Key words: Resistance random access memory, resistive switching,
high-k dielectrics, TT-IR architecture.

G.B.Galiev, A.E.Yadmenev, A.S.Bugaev, Yu.V.Fedorov,
R.A.Khabibullin, D.S.Ponomarev, P.P. Maltsev

DEVELOPMENT AND INVESTIGATION
OF METAMORPHIC NANOHETEROSTRUCTURES
ON GAAS WAFERS FOR mm-WAVE BAND (60-90 GHz)

The metamorphic InAIAs/InGaAs/InAlAs nanoheterostructures with the different
indium content (0,30..0,55) have been experimentally investigated. It was also
fabricated the field effect transistor with Shottky gate with a length 0,53 um and
width 2x50 um that demonstrated power gain cut-off frequency of fax=200 GHz.

Key words: nanoheterostructure, A;Bs semiconductors, molecular-beam
epitaxy, field effect transistor with Shottky gate

PROCESSES AND TECHNOLOGY

G. Krasnikov, O. Gushin, V. Bliznetsov, L.Kolobova,
Yu.Gurskiy, A. Elpidiforov, Yu.Gurskiy, Ch.Volk, P. Ignatov

PLASMA ETCHING PROCESSES
FOR TRENCH ISOLATION TECHNOLOGY

The paper presents two production-worthy etching processes for trench isolation
technology: etching of trenches in Si, and topography planarization after trench
filling. The two processes are performed in simple RF diode reactors. Proposed Si
etch process overcomes limitation of Bosch process by using new gas chemistry
of CF;]/SFg with photoresist mask. The process with optimized CFsl content of 50%
has Si/photoresist selectivity of 51 and yields 1.8 um-wide trenches with depth up
to 8 um. The trenches have smooth sidewalls with slight positive slope favorable
forfilling by sequence of dielectric and poly-Si layers. Proposed new planarization
approach for poly-Si, instead of deposition and etchback of photoresist, employs
sacrificial layer of thin SiN, thus, improving throughput and uniformity. For optimal
SiN thickness of 300 nm and selectivity of poly-Si/SiN of 3:1in C;F;Cly-SFg chemistry,
the process with spectral endpoint detection achieves final topography on the
wafer <50 nm.

Key words: plasma etching, trench isolation, planarization, CFsl, etch selectivity

A.B.3abnouknn, A.C.batypuH, A.M.Mapkees, C.A.3anLes,
A.B.WagpuH, C.A.Mopo3sos, P.B.Knptaes, E.C.I'opHes,
O.M.Opnos

OYHKLWOHANBHBIE SIEMEHTbI
SHEPTOHE3ABUCUMOM PE3UCTUBHOW NAMATU
HA OCHOBE OKCUIA TAOHUS U HUTPULA TUTAHA

B paboTe npoBe/eHbI NONCKOBLIE MCCAELOBAHIS TEXHONOMNYECKM COBMECTUMBIX
MaTepuanos, No3BOSOLLMX Peasin30BaTh NPUHLMN PE3UCTUBHOTO NepexiyeHns
MpV CO3AaHMN S4eeK SHEProHe3aBUCMMON NAMSTV C Y4ETOM TpeboBaHHI NPOu3-
BOACTBA. B paboTe NpOAEMOHCTPUPOBAHA NPAKTUYECKAs BOIMOXHOCTb MHTErpa-
LN QYHKLMOHANbHLIX 31emeHTOB ReRAM Ha 0CHOBe OKCuaa radHmus 1 HUTpUaA
TUTaHa ¢ KMOT-TexHonoruein ypoBHs 0,18 MKM.

KntoueBble C10Ba: NamsTh Ha 0CHOBE Pe3VCTUBHOIO NepeKntoyeHns, pesn-
CTUBHble NepekoydeHns, high-k ananekTpukn, apxutekTypbl 1T-IR

I.6.ranves, A.3.94meHes, A.C.byraes, K0.B.®en0posB,
P.A.XabubynnuH, 4.C.IMoHomapes, MN.M.Manbues

PA3PABOTKA U UCCNEAOBAHUE METAMOP®HbIX
APCEHUA-TANNUEBBIX HAHOTETEPOCTPYKTYP
NS TIPUBOPOB Mum-[VAMA3OHA JIMH BOJTH (60-90 M)

SKCNepUMEHTNbHO MCCNel0BaHA Cepys METaMOP(GHLIX HAHOTeTepOCTPYKTYp
INAIAS/INGaAS/INAIAS C pa3nnuHbLIM COREPKaHNEM NHANS B MeTamMOpOHOM bydep-
Hom cnoe (0,30..0,55). Pa3paboTaH Mnoniesoit TpaH3uCTop ¢ Bapbepom LLIOTTKM
C nepudepueit 2x50 MKm, AAMHOW 3aTBOpa 0,53 MKM W NpefenbHoN YacToTou
YCUNEHMS MO MOLLHOCTU fax=200 L.

KntouyeBble cnoBa: HaHOTeTepoCTpyKTypa, AsBs, MONEKYNSPHO-Ny4EBas 3nu-
TaKCKs, NONEBON TPAH3NCTOP C 3aTBOPOM LLIOTTKU

NMPOLLECCbI U TEXHOJIOIUA

KpacHukos I".4., bansHeuos B.H., NywmH O.11.,
Konobosa J1.A., Bonk Y.11., N'ypckumm KO.H.,
Ennngndopos A.B., MrHatos I1.B.

NMPOLECCHI NM/IASMEHHOIO TPABJEHUA
LNATEXHONOM VN LENEBON M30NALMNN

B cTaTbe KpaTko NpeaCTaBeH pa3paboTaHHbiii MPOMBILEHHDIA NPOLECC GOpMIA-
POBAHA LLENEBOIA M30NLMN My TEM TTYBUHHOTO TPaBNIEHUS KPEMHI C nocesy-
OLLIVIM 3aM0/HEHIMEM KaHaBOK MOAMKPEMHIIEM 11 ero nna3MeHHON naHapu3aumnei.
OnKCaHbl 1 NPOaHaNM3MPOBAHDI IKCMEPUMEHTaNbHbIE AaHHbIE, MOMyYeHHbIE Ha
FPYMMOBO YCTAHOBKE PEAKTUBHOTO UOHHOTO TPAB/IEHWS MPH TPaB/IEHUM KaHaBOK
B KPEMHMM. YCTAHOB/IEHA BaXHas pofib rafioreHa iofa B nasme ra3oBoil cMeck
AN YIYHLWEHNS CeNeKTUBHOCTM U aHW30TPOMNN, & TAKKe MPOGIS KaHaBKy
C TTIAIKMM 1 POBHbIM KPaem.

KnioueBble cnoBa: nna3mMeHHoe TpasseHue, wenesas usonaums, Crl, cenex-
TUBHOCTbL TPAB/EHNS
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Yayi Wei, Chao Zhao, Tianchun Ye

ANALYSIS OF MIX-AND-MATCH

LITHO APPROACH

FOR MANUFACTURING 20nm LOGIC NODE PRODUCTS

Due to resolution limitation of 1.35NA 193nm immersion lithography, double-
exposure and double-patterning (DP) are widely used in 20nm logic process. We
propose to replace these DP layers with multi e-beam lithography, i.e. combining
two photo masks into one e-beam exposure layer. Our analysis suggests that
current multi e-beam tool has the resolution capability to expose these combined
layers. The major concern is the mix-and-match overlay, which should be addressed
by further improvement of alignment hardware and establishment of an advanced
process control system. Wc believe that the mixing of e-beam and photolithography
offers an alternative lithography solution for manufacturing 20nm logic products
in small volume.

Key words: 20nm logic node, e-beam lithography, maskless, mix-and-match

Mikhail R. Baklanov
MATERIALS WITH LOW DIELECTRIC CONSTANT
FOR NANOELECTRONICS

Abstract: The paper is an introduction to technology of materials with low dielectric
constant developed for interconnects in modern integrated circuits with the purpose
of increasing their speed. Different types of low-k materials have been studied
and developed during the last 15 years for the technology nodes from 65 to 10 nm
when the role of low-k materials has been becoming more and more important.
It is shown that the industrial implementation of these materials has been very
challenging although the materials with k >2,5 are already used in production. The
main challenges of low-k integration are discussed as well as the general tendencies
in selection and development for different technology nodes.

Key words: interconnects, integrated circuits, low-k materials

MATHEMATICAL SIMULATION

THE ION-FLYING MODEL OF IMPLANTATION
FORMULATED BY MEANS OF CELLULAR AUTOMATA

The article describes the ion-flight part of the cellular automaton model of ion
implantation. Computational experiments were carried out in two-dimensional
space on a hexagonal grid. The results obtained are in good agreement with
published data on the spatial distribution of stopped ions that speaks aboutthe
applicability of the cellular automata in the field of ion implantation.

Keywords: ion-implantation, cellular automata

Maw B3, Yao [xao, TaHbuyH Ve

AHANN3 CMELIAHHOTO (MIX AND MATCH)
NUTOrPA®UYECKOI0 NOAXOAA
AN18 TIPON3BOLCTBA 20-Hm TOT UK

13-3a OrpaHn4eHnin IMMEPCUOHHOM IUTOrPaduu Ha AMHE BOAHGI 193 HM C OTHO-
cuTenbHbIM oTeepcTiem (NA) 135 npu npow3soacTse 20-HM IOTUKH LWMPOKO
MCMONb3yeTCs ABOMHOE 3KCMIOHMPOBAHME 1 ABOIHAS TOrpadus. Mol npesiaraem
3aMeHTb ABOVHYI0 MMTOrPAIO Ha MHOrONY4EBYHO 3NEKTPOHHYI0 IMTOrPaduio, TO
€CTb UCMoNb30BaTL BMECTO 4BYX MACOK OFHOKPATHOE 3KCMOHMPOBAHIE 3NeKTPOH-
HbIMM y4amu. Haw aHanu3 nokasbIBaeT, YTO CYLUECTBYIOLAS HA CErOAHALIHMA
[ieHb YCTAHOBKA MHOrO/y4eBOW 3N1eKTPOHHON AnTorpadum 06naaaet fOCTaToy-
HbIM pa3peLLerieM s 3KCIOHMPOBAHWA TakuxX CoeB. OCHOBHOW Npobnemon
SBNSIETCS COBMeLLEHE CNIOEB, NOMYYEHHbIX NPY NOMOLLY 0BbIYHOR UTOrpadun
1 3NeKTPOHHOM IUTOrpaduin. COBMELLEHIE MOXET BbITb YNIyULLeHO AaNbHEMWNM
MPOrpeccoM Kak B anNNapaTHOM YaCTv Tak M B NPOLECCaX NPOU3BOACTBEHHOTO KOH-
Tpons. Mbl yBeXAeHbl, YTO COBMECTHOE MCMONb30BAHME KNACCUYECKON W MHOrO-
Ny4eBoit 30eKTpOHHOM uTorpadmn (Mix and Match) sBnseTcs 3ddekTuBHbIM
QNLTEPHATMBHDLIM PELLEHINEM B MPOU3BOACTBE HEBONbLUMX 06bEMOB 20-HM NOTUK.

Kntouesble cnoa: noruka 20-HM, 31eKTpoHHas ﬂVITOI'Da(DVIﬂ, 6e3macoyHas
ﬂVITOI'Da(I)VIﬂ, CMeLLeHne 1 NMOATroHKa, 0CHOBAHUA-CTEPXHN (MEHﬂ,DEHbI)

Mwuxawun P. baknaHoB

MATEPUANbI C HU3KOW AUINEKTPUYECKOW
NMPOHULLAEMOCTbIO I/14 HAHOS/TEKTPOHWMKW

HacToswas cTatbel SBNAETCS BBEAEHMEM B TEXHOMOTMIO MATEPUASIOB C HU3KON
AM3NeKTPUYECKON NPOHMLAEMOCTLIO pa3pabarTbiBaeMblX A1 MEXCOEAUHEHMN
COBPEMEHHbIX MHTETPANIbHBLIX CXeM C LIeIbK0 YBENMYEHINS UX DbICTPOAENACTBHS.
B cTarbe paccMaTpuBaioTCs pasHbie TUMbl MaTepUasIos, KOTOPLIE UCCEL0BANCH
B TeyeHune nocaesHnx 15 net. AHAIM3NPYIOTCA pasHble low-k mMatepuans, pas-
paboTaHHbIe 418 reHepaLyi TeXHONOrUN 0T 65 Z0 10 HM. M0KA3aHO, YTO WX BHe-
LPEHVEe B NPOMBILLIEHHOCTb OCTAETCS YPe3BLIYANHO TPYAHbIM, XOTS MaTepuabl
C AN3NeKTPUYECKOI NOCTOSHHOM >2,5 yXe BHeAPeHbl B NPOM3BOACTBO. B paboTe
YMOMSHYTbI MPUYMHbI STUX TPYAHOCTEN, NOKA3aHbl [aBHbIE TEHAEHLMN B WX NOA-
bope 1 pa3paboTke Ast PA3AUYHbLIX FeHepaLyi TEXHONOT M.

KnioyeBble C/10Ba: MHTErpanbHas CXema, MexcoeauHeHIs, MaTepuansl ¢ Hus-
KOW A3NEKTPUYECKOM MOCTOSHHOM

MATEMATUYECKOE MOAE/INPOBAHUE

MaTrowkmH MN.B., Kopobos C.B., Muxannos A.H.,
lycenHos [.B.

WOHHO-MPONETHAS MOAE/b UMNAAHTALINN,
COOPMYNUPOBAHHAS HA A3bIKE KNETOYHbIX
ABTOMATOB

B cTatbe paccMoTpeHa MOHHO-MpO/IeTHAs YacTh KNeTOYHO-aBTOMATHOM Mojenn
fpotecca NOHHOW MNNAHTALMM. Bbl4MCAUTebHDIE 3KCNEPUMEHTLI NPOBOANANCD
B IBYyMEPHOM NPOCTPAHCTBE Ha rekcaroHanbHoM ceTke. lonyyeHHble pesynbrarbl
XOPOLLO COrNnacytoTca C NATepaTypHbIMA JaHHLIMIA MO NPOCTPAHCTBEHHOMY paC
npeaeneHnto 0CTaHOBEHHLIX NOHOB, 4TO FOBOPUT O MPUMEHUMOCTU KNETOYHOTO
dnnapatd B 061aCTV MOHHOW MMNNAHTALNM.

Kniouesble cn10Ba: YOHHASA UMNNAHTALNSA, KNETOYHLIE ABTOMATbI
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Vysikaylo P.1., Mitin V.S., Mitin A.V., Krasnobaev N.N.,
Belyaev V.V.

ON THE COATING ADHESION MECHANISM

FOR INORGANIC DIELECTRIC SUBSTRATE

TO ENHANCE METALLIZATION QUALITY OF MICROWAVE
TRANSISTORS COOLING

Part 1. THEORETICAL APPROACH TO THE PROBLEM OF MICROWAVE
TRANSISTORS COOLING BY USING CERAMIC HEAT SINKS

Analytically analyzed , and the mechanism of adhesion of the metal coating to
a ceramic substrate for example beryllium oxide . This adhesion mechanism is
based on the increase in the concentration of structural defects (vacancies) and
electron exchange interaction couples metal-oxide beryllium thermal activation
process. An analytical dependence on it calculated the boundary conditions on the
example of titanium atoms and beryllium oxide , justifying the optimum mode of
coating deposition ( heating temperature , deposition time , the activation enerqy).
The substrate temperature for a perfect surface in the case of beryllium oxide,
according to the analytical calculations is 1230K

Keywords: high power microwave devices, diffusion of vacancies, the
mechanism and kinetics of the formation of adhesions, the power plane

Vysikaylo P.1., Mitin V.S., Mitin A.V., Krasnobaev N.N.,
Belyaev V.V.

ON THE COATING ADHESION MECHANISM

FOR INORGANIC DIE-LECTRIC SUBSTRATE

TO ENHANCE METALLIZATION QUALITY

OF MICROWAVE TRANSISTORS COOLING

Part 2. EXPERIMENTAL STUDIES OF METAL COVER ADHESION AND
SOLUTIONS OF COOLING POWER MICROWAVE TRANSISTORS

It is experimentally investigated previously proposed mechanism of adhesion of
the metal coating to a ceramic substrate for example beryllium oxide. This adhe-
sion mechanism is based on the increase in the concentration of structural defects
(vacancies ) and electron exchange interaction couples metal-oxide beryllium
thermal activation process. Previously proposed analytical dependence and the
set-tlement of its boundary conditions on the example of titanium atoms and
beryllium oxide , justifying the optimum mode of coating deposition ( heating
temperature , deposition time , the activation energy ) with a maximum adhesion
of the metal coating in good agreement with experimental studies . The substrate
temperature for the ideal surface and the maximum adhesion of the metal coating
in the case of beryllium oxide , according to the analytical calculations is 1230K and
the tem-perature observed in experiments about 1380K.

Key words: high power microwave devices, diffusion of vacancies, the
mechanism and kinetics of the formation of adhesions, the power plane.
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®.U.Bbickanno, B.C.MUTUH, A.B.MUTUH,
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O MEXAHU3ME AATE3NU NMOKPbITUA

K AU3NEKTPUYECKOM NOA/OXKE

N3 HEOPTAHWYECKWX MATEPUANIOB

[J15 OBBILLEHNA KAYECTBA METAIT3ALINN

MPU OXNAKAEHWW CBY-TPAH3NCTOPOB

Y.1. TEOPETUYECKME NMPEANOCHIIKA PELLEHMS MPOBNEMDI
OXNAXLEHNA CBY-TPAH3UCTOPOB HA MPUMEPE KEPAMUYECKIMX
TENIOOTBOAOB

AHaNUTUYECKN MPOBEAEH aHAM3 W MPeLNOXEH MeXaHW3M aare3un MeTannye-
CKOro MOKPLITUS K KePAMUYECKO NOAJOXKE Ha MpUMepe okcuaa bepuaang. 1ot
MeXaHu3M aAresun OCHOBLIBAETCH HA YBENMYEHINM KOHLIEHTPALMIA CTPYKTYPHbIX
fedeKToB (BAKAHCHI) W 3MEKTPOHHO-0BMEHHOM B3aMMOZEIACTBIN Mapbl MeTan-
OKCUA Bepuanus Npu TemMnepaTypHoit akTusaLmi npouecca. MpeaoxeHa aHa-
NTUYeCKas 3aBUCUMOCTD U MPOBRAEH PACYeT MO Heil rPAHUYHLIX YCI0BIM Ha
npyMepe aTOMOB TUTaHa ¥ OKCuAa bepusnng, 060CHOBLIBAIOLA ONTAMANLHDIN
PEXMM 0CRX/EHIUS MOKPLITIA (TEMMEpaTypa Harpesa, BpeMs 0Cax/eHus, 3Hep-
T akTUBaUMK). TeMnepaTypa NOANOXKM AN UAeaNbHOA MOBEPXHOCTH B C/Tyyae
OKCWZA HEpUNINA COTNACHO aHANMTUYECKMM pacyeTam pasHa 1230 K.

Kntouesble cnoBa: MollHble CBY-ycTponCTBa, AMdQY31s BakaHCi, Mexa-
HIU3M 11 KUHETMKA 06PA30BaHIS aAre3ui, CUNoBoW CIIo

®.N.Bbicnkanmno, B.C.MUTUH, A.B.MUTKH,
H.H.KpacHobaes, B.B.Gensie

O MEXAHU3ME AATE3UK NOKPLITUA

K AUINEKTPUYECKOW NOANOXKE

U3 HEOPTAHWYECKWUX MATEPUANIOB

LN TTOBBIWEHWS KAYECTBA METAITU3ALMN
NP OXNAXAEHMW CBY-TPAH3NCTOPOB

Y.2. SKCMEPMMEHTANBLHDBIE MCCNELOBAHNSA ALIE3NN
METAITMYECKOTO NOKPLITUS N PELIEHNSA MPOBNEMDbI
OXNAXAEHNMSA MOLLHbIX CBY-TPAH3NCTOPOB

IKCMepUMEHTANLHO UCCNIEI0BAH PaHee NPEAOXEHHI MEXaHU3M aAre3un MeTan-
INHECKOrO MOKPLITUS K KEPaMIYECKOM MOANOXKE HA MpUMepe OKCUAA bepuanus.
JTOT MeXaH!3M aAre3ni OCHOBLIBAETCS Ha YBEAMYEHIM KOHLEHTPALIM CTPYKTYPHBIX
fecheKToB (BAKAHCHIA) 1 HNEKTPOHHO-OBMEHHOM B3AMMOZAEHCTBIN Mapbi MeTas-
OKCVZ bepunAMs Npy TeMnepaTypHON aKTUBALMYM NPOLECCa. TpeAN0XeHHas paHee
aHaMTNYECKAs 3aBUCUMOCTD U NPOBEAEHHDIA PACYET MO HEl rPaHNYHbLIX YCI0BMIA
Ha NpuMepe aTOMOB TUTAHA 1 OKCUAA bepUANAS, 060CHOBLIBAIOLLIA ONTUMABHBIN
PEXUM 0CAX1EHMS NOKPBLITIS (TEMNepaTypa Harpesa, BPems 0Cax AeHNs, 3Hepring
aKTMBALMMA) C MAKCMMANbHBIM 3HaYeHVeM AZresun MeTanInyeckoro noKpbiTus
XOPOLLO COrNACYIOTCS € IKCNEPUMEHTANLHBIMI MCCNEA0BAHNAMIA. TeMAepaTypa nog-
NOXKM ANt MAEANLHON NOBEPXHOCTM M MAKCUMANbHDLIM 3HAYEHVEM aire3un MeTan-
INYECKOr0 MOKPLITIS B Cly4ae OKCMAA bepPUAINS COMNACHO aHAMUTIAYECKIM pacye-
Tam paBHa 1230 K, a B IKCnepumeHTax HabtogaeTcs Temneparypa nopszka 1380 K.

Kntoyesble cnoBa: MOLHbIe CBY-yCTPONCTBA, AM(GY3NS BAKAHCAM, MeXa-
HIU3M W KMHETVKA 06PA30BAHIS aAre3ni, CUN0BOW CNON
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