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lar-electronic transduction in the solid-state and liquid microsystems SEISMOLOGY

B0 3% BPEMA, COBPEMEHHBIE W TICPCTIEKTHBHbBIC HORLIC METO/LbI
LgiicvopasBe/IKe 3a4acTylo NojpasyMesaior Hosee KecTkne, 1o | ¢
GHITIO € BOSMOKHOCTAMM TPR/IHITHOHHBIX TexHoMornil, Tpebo- | pr
4K WICHTHMHOCTH AATYMKOB, JUTHAMIHCCKOMY H HACTOTHOMY |
JEB0HAM M3MEPEHHiT, BO3MOKHOCTAM HOJYHEHHST JIOTO/IH- \
B0 1HBOPMAITHH [1YTEM POBE/CHIS MHOTOKOMTIOHEHTHBIX
Hi.
[ak cesieTBIE TOrO, OCHOBHbBIE TPOUIBOIUTC/IH ceiicMUUYecKo-
pyzoBans 3a pyGesKom commanmii Sercel 1 [ONgeo B0~
ETEIbHBIE (PHHANCOBDLIE CPE/ICTBA B COBANME TPEXKOMITO®
wix cefiemmueckinx MEMS-akceiepoMeTpos 0 B HACTOSIEE | OPINETE OF s seismic b S-accelerometers, and now have
¢ S Rl A result of this researcl

|
| mificant technical ad tage in this A

Sercel and TONgeo ested su

3 IMEIOT 3HATHTETbHOE TEXHOMOTHYECKOE [PEHMYIIECTBO B
il 0bacTi. Peay IsraToM HPOBEIEHHBIX HCCTC/0BATE/hCKIX 1 |
T10-KOHCTPYKTOPCKIX PAfoT ABIIOCH CO3/ANUE ceiicmopas- | |
Unite» (Sercel) u «FireFly» (ION).
tormuibix paboT B komnanmi Hewlett- | Hinan:
qactun Shell. | micr

{04HBIX KOMIIJIEKCOB <
HO O [[POBE/ICHIH aHa
ard pu GPUHAHCHPOBAIMH U TEXHUYECKOM ¥
WieMieCKie TATIHKM, CO3/IAHHBIE HA OCHOBE TBEPLOTE/IBHBIX | HICT
IMC BechMa IOPOLH, UTO CBA3AHO € BBICOKOIT CTOMMOCTBI0 0CHOB- | technology are qUIte EXpenst Higl
X B0KeHIT B CO3/1aHIe BHICOKOTOHHOTO MUKPOIEKTPOHHOTO ' "W, MOTC §
poizBoacTBA. B cBOIO Ouepe/lb, BHICOKAA 1eHa OrpaHuYHBaET
T HCTIOJIb3OBAHIS T104001BIX HOBBIX, 60J1ee KaueCTBCHHDIX,
MOpA3BESIOUHBIX cHeTeM. BITHZKHC L0 HapaMeTpam oTeuecTBeH-
e MOMC axcesiepoMeTphbl OTCYTCTBYIOT. ‘
B 1o e BPEM#, POCCHITCKNE MCCIIENOBATENH HMEIOT cyuie-
ppifi HayuHbl 1 TCXHMUECKHIT 3aj1ed B AJNBTEPHATUBHOM
1 JUISE M3MepeH st

tate M1 M S

issian MEMS accelerometers

v

MABICHIH, CBA3AHHOM € MCIOJL30BAHNEN
JMETPOB IBIDKEHMSA IPHHIIMITOB MOJIEKY IS PHO-2JIEKTPOHHOTO
oerioca, B UaCTHOCTH, B pesybTaTe (yH/IaMeHTAILHEIX HCCACI0-
Gl BHITIOTHEHHBIX B PA3HbIe TO/bl B VIHCTUTYTE DJIEKTPOXI™
i drsuueckoil xumin PATL MocKoOBCKOM (PU3HKO-TEXHIYE-
o macturyTe, Mneruryre npodeM TEXHONOTHH MHKPOSJIEK-
TOHIKH 71 0COOOUMCTBIX MATCPHATOR PAH, OO0 «P-cencoper» n
meiegopasmux OKP, ma poc-
fickoM pbIHKE [OSABHICS
fi MOZIeTBHBITT PsiL ceiieMu-
RIX JATYMKOB PA3/IYHOrOo
quenitst [ 1], ocHOBAHHBIX Ha
HIIAX MOJIEKY TIAPHO-DIIEK-
OO TIepeHoca.
BakneiiMi OTIHUITE/Th-
OCOBEHHOCTSIMM ITHX [IAT=
0B SIBJISTETCS 3AMETHOE pac-
§meiiie YACTOTHOIO Padoucro
Wanazona 1o CpaBHEHnio co
PTHBIMI DITEKTPOLHITAMH -
QM CEIiCMO/IATIKAM I (Te0-
| M), ocoberio B 0bacti
- Kiix uACTOT, O0JICe BRICOKHIT
'::T;B%C:-e{m BuILenT ]‘I'pt'?Oﬁp'dB() BaHunsd,
HAMITYEC KU Jnanasou
EMEPUMBILL € JIHAMIHECKITM
cenepOME Tp..x nzs0OM ulﬂbp()ﬂblf ceiicmo-
_ [EBEAOYHBIX CTAHIUAH, HEuyB-
i nepeHos, e HOCTD K HAK/IOHAM [1PH
CTAX, ~ iatoBKe. Kpome TtoTO, €
an auddy3ns, WHonB30BaHUEM CIIELHALIO

1
« jigher conversion factor;

10Ns, In cOomparts

seismic MEMS th

clectronic sensors

ork, in particulal
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b he widening ol TRe it

EpaboTatbIX CEHCMOMATIIROB  pyyeypor 1. Hexomopbie 13 COBPEMENHBLT npubopoa, paspadomaniivie

AM0BBIX JIBUZKEHH, BO3MOZKHA g 000 «P*(T’H('()‘U('». I 1
irements, which

onoruns.
i
A perucTpalis KpyTiiab- - q), ) KOMRAKMHbIE BHICOKOYYBCMEBUMELLHDIE ceticmodamuuxu MTSS-

goseCarii. [1o cpaBHeHHIO 1001 / MTSS-1003 ¢l
ne St . — ;i

g evirgeckrv MOMC modte- 8) MPEXKOMNOHENMHBL CCUCMUNECKUL damuux MTSS-2003; 1ax /1
lectronic W EpHO-a/IEK TPOH HbIE AT KM 2) WeCmUKOMIONEHMHbL cesicmodamuurx CME-106C

Ianed 1n R-sensors LLC

ha in liguids, L diessie, IPH BTOM He YCTYIaIoT 1 .

o diffusion, 710 TEXHIUECKHM TapaMeTpaM. ), 1) o y , < MTSS- 10071 / MTSS-1003 i
lobeHHOCTH MOJIEKYTAPHO- ) \ ismi TSS-200

blogy- LEKTDOHHBIX CEeHCMOATYHKOB 1) 6 { 1l g e CME-106¢ |
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CEMCMONIorng

Ha NPUIIHTTHATBIOM YPOBHE HO3BOJSIOT KAYECTBCHIO NOBBICHTD

5(h(heKTHBHOCTD CEHCMOPASBEL0THBIX paboT, B YACTHOCTH:

«  pacmipenyie YacTOTHOTO INAa30Ha HOSBONAET YIYHIINTD Pas-
PEMIAIONLY 10 CITOCOOHOCTD M3MEpEeHnit, OTIPee/IACMYI0 OTHOLIe-
mmem Fmax/Fmin, sepxueii n HHKHEH 4acTOT PEricTpHpye-
MBIX CHIHAJIOB W YJIYSTIAT COOTHONICHUE CHTHANL/TIYM JUIA
OTpaKeHHIl OT TIYOHHHBIX C/IOCB, 4TO CBZAHO € MCHBIIHM 3aTy-
XaHUeM HH3KIX YACTOT IPH PacipoOCTPaHEeHUH CHIHATIA;

o puicoKit koadhumenT npeodpasoBaits, B COUETAHHH € HI3-
KHMH COOCTBEILIBIMI IITYMaMH, NO3BOJIACT PErMCTPHPOBATD CJid-
Oble CHIHAIBE C NCTOJb30BAHICM MEHBIIEr0 YHCIA IaT1HKOB B
pacuere Ha OIMH KaHall perucTpaimm. B cBolo ouepesib, MpH

f MPOBEACHIH CEICMOPA3BE0THRIX PabOT yMEHBINAIOTCS PACX0-
|! Jibl, KAK B YACTH CTOMMOCTH CaMUX JIaTYHKOB, TaK W CBA3AHHBIC
1 ¢ I0CTABKOIT M PacCTaHoBKOIH ceiflcMoKoC ¢ OOJBITUM KOJIHYC-
| cTBOM ceiteMofarunkos. HeuyBeTBHTEIbHOCTD K HAKJIOHAM CHH-

| saer TpeGoBaus K TOTHOCTH YCTAHOBKN CEHCMOIaTIHKOB 1
| [I03BOJIACT YCKOPHTh CCHCMOPA3BE/I0UHbIE paboThI 32 CYET YMEHD- | ¢
WEHns BPeMer, HeoOXOAMMOTO LIS PACCTANOBKH aTHHKOB; :
i ¢ HCIONB30BAHUE BHICOKOYYBCTBUTE/ILHBIX AQTHHKOB YIVIOBBIX [ 1
1
|
|

i & “
’ Kkosebannii MO3BOJISICT IIPOBO/INTH pa3le/IicHHe CeHCMHUYECKOro
T.‘ CHTHAMA Ha COCTABJAIOIINE, COOTBETCTBYIOLINE pa3uiHbIM ;
THIIAM BOJIH ¢ UCTTOIB3OBAHHEM HII(I)U])MHI[HI[ O NoJisApHU3annm

AMHEHHEBIX M YII0BBIX KoeDannii Kak MCKPUMHHUPYIOWETo | |
(paxTopa. (
I Takim obpasoM, HCTIOAL3OBAHIE HOBOIO THIA CEHCMOATIHKOB
BIIOJHE CHOCOOHO OKa3aTh CYMIECTBEHHOE KOMILIEKCHOC BJAHSHUE Ha
ahheKTHBHOCTD CeficMOpPasBe 10 HbIX paboT B YACTH UX YCKOPC-
HISL, CHIGKCTTHE CTOMMOCTH, [OBBINEHHS paspelnaronieii crnocotuo-

CTH, YBETHUens rayOHHHOCTH PA3BeIKH.
B nactosiiee BpeMs CYUICCTBYET MHOKECTBO JICKTPOXHMUYC: ‘
ckix npeoBpasoparesieil 1 cencopos, paboTAIONMX Ha NPHHLMIAX
MostekyaspHOit aertpornki. OCHOBY ACHCTBIA J1CKTPOXHMIC-
CcKUX IpeobpazoBaTencii nidOPMALITI MOTY T COCTABIATD KOHICHT
I PALIMOHHASA [OJIAPU3AITHA DIEKTPO/IOB, EKTPOKHHETHUCCKIE ABJIC-
HIS, AHOHOC PACTBOPeHIe (M KaTO/AHOe 9JTEKTPOOCAIK/ICHHE), KOH-
BEKIUTS HeOHOPOIHOTO HIEKTPOINTA B ITOJIE TAKECTH U /IPYrIe. '
Bosee 10pofHO ¢ pasmiUHBIMK clocofami 11 peobpazoBalins Mexa- ‘
pgecknx (M APyrux) CUIHAIOB B BJICKTPOXHMHUCCKIX CHCTEMAX
MOJKHO 03HaKoMITECH B [ 2-4]. B cefiemoznornm nanQoJibiee pactipo- ‘
CTpanenie Hoay i Tpubopel Ha OCHOBE MOJIEKYJIAPHO-DIACK:
Tpombx mpeobpasosareeii (MITT). ‘

Mpurnun aeiictsis MOTL 1erko NOACHATS, HCNOIb3YA HpH-
GuiKe e TOCKHX <[T0NYTPOHAIAeMBIX> (IIPOHHILAEMBIX JUIH
SKUAKOCTI, HO He s sapsana) anexkrpoios [5] Ipocteiimas
mozens MOTT npeacrasaser coboii I HpAUYecKnii Kana,
SAMOTEHH B MeKTPOJINTOM | EPETOPOKEHHbII «[10JTyIPOo-
HILACMBIMI> 3NCKTPOIAMH (AHO/BL M KATOZHL Ha puc. 2 o6o-
aHaueHbl Oyksamn «A» 1 «Ks), Taknm 06pazoMm, 4T JICKTPOJIUT
MOZKET TIPOTEKATD Yepes CUCTeMY 3JIeKTPO0B MO/ BO3/EICTBI-
€M CHJl HHEPLUH.

[Ipu ITPHJIOKEHHI 9/IEKTPUYECKOTO HANPSKEHNS MEHILY aHo-
JAMH M KaTOJaMK B CHCTEME BOSHHKACT PPAIMEHT KOHIEHTPAIHH
OCHOBHDBIX HOCHTEICH 3aps/ia i IPOTEKAET CTAIMOHAPHBIH 3JIEK-
TPOXHMHUECKHIT TOK (T.1. «chonoBwIil TOK»), He 3aBUCATIMIL OT
Hasuuns Mexanudeckoro arusenus (cM. pucynok 2A).
DACKTPUUECKHIT TOK YePE3 HMECKTPO/L B TAKOI CHCTEME 3aBHCHT OT
rpaiuenTA KOHUEHTPAIHN BOIUSH [IOBEPXHOCTH HMEKTPOA ¢

AyionmM odpasom:

I=-Dg§(Vc-ds) |
l'[pu HAJIMYWUK MEXaHMYeCKOTO CHIHaNa ANEKTPOSINT ﬂl)!-l.\’OJll-iT ‘
B /IBUJKeHHE T10/L .BO(}ABEH‘TBH(‘M CHJT MHEePIH, 1 B()SI'[HKHIOI!I.HH
B pe3yJbrare MEXAaHMYEeCKOTO JABHIKCHHA TTOTOK HKHUAKOCTH MCKa- ‘
Kaer :\’CTFI‘H()BI‘IBII.](_‘('_'(‘SI <HCIOJABUKHOE> pa(‘szpeneﬂmme KOH-
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other) signals in the electrochemical systems. I

the medi-

s propagating through

yecause when the sig

crust

um low frequencies has less attenuation;
High conversion factor in ¢ ombination with low intrinsic noise
allows to measure weak signals using less amount of sensors rel-

stration channels. As a result, the cost

ative to the number of reg
of seismic surveying is reduced by both lowering the sensors cost,
and lowering the expenses, specified by the delivery and arrange
ol hl;ﬂ\ amotnt of sensors in the seismic surv y g Systems
the requirements

ment
Absence of sensity Iy tot he \hliu ‘\ll_‘_‘]l‘ |'f-(§m'<--.

to the accuracy of the sensors installation and thus reduces the

time required to sensors arrangement

High sensitive angular sensors in combination witlrthe traditions

al linear sensors allow obtaining information about the polariza-

tion of the seismic wave, and therefore allow separating the seis:

mic signals to the components that correspond to the various
wave types.

Thus, usage of the sensors of the new type ould exert significant
Hlll])]i'\ \'IH'LLIt‘l'H'L‘«:il the etficient Y of the seismic surveying m such
ispects as an enhancement of the speed of surveying, reducing it cost
nereasing the definition and depth of measuring

At the current time there exist a lot of electrochemical transduc

s and sensors, based on the principle of molecular electronics

arizationof

W)

[he basis of this transducers could be concentration |
he «,'h'\ trodes, \‘%: Cl MIHIH'TIV Mh nomena, .ii!mll\ solution (or :'(L[h-
e elect \'lnh-in sition), he convection of the |Il’11_'i'u;_'i‘|:\'ulh elecs

trolvte in the gravity field, and so on. [2-4] give more details about

different technologies of converting the mechanical motion (and the

1 ~<‘1\|Ik*l|'1:4}‘ the

highest distribution was achieved by the devices based on the

molecular electronic transducers (MET)

The principle of operation of MET can be easily explained in the
flan semi permeable (permeable for the liquid, not for the charge)
electrodes [5]. The simple model of MET represents the cylindris
cal channel filled with the electralyte and obstructed by the semi per
meable electrodes (anodes and cathodes are marked as “A" and “K");
When the inertial forces act on the electrolyte. it flows through the
electrode system

When the voltage is applied between anodes and cathodes
the gradient of concentration of main charge carriers appeans
in the svstem, and thus the permanent electric current (sos
called background current) flows. The background current
doesn’t depend on the mechanical motion of the liquid. In this
£l

system the relation between the electric current and the
dient of concentration of the electrolyte is desc ribed by the fol

lowing equation:

I =—Dq§(Vc-ds)
If there is a mechanical signal the electrolyte begins to moye
under the impact of inertial forces. The emerging flow of the eleg
l‘lllil]lﬁll

trolyte distorts the balanced distribution of concent
charge carriers in the space between electrodes. This leads to high
alteration of the gradient concentration near the ele trodes sur
face. And thus there appears the additional (to th background)
he me hanical \i;.;IIitl

electric current, which is propertional to tl

Such electrochemical system is characterized by high sensitivig
to the mechanical action.
reactions

Besides, the eled

qnt tvpes of oxidation-reduction

Hg« re | uui.! H‘ WIE

t
for example: iodine-iodide, ferro-ferrocyanide et

trodes are made from the metal that doesn't take part in the catiog
exchange, but carry out only the exc hange of electrons. This in thes
rv allows the device to work infur time without ILK'L‘I"”I:'HI'HU]-ﬂ.[k.']"

wetical disad

formance characteristics At the present time the main pi

vantage ot m

perature range that 1s I
boiling of electrolvte. However modern low-temperature

UHWUPUHI  CrieuvansHbiia Boinyck N2 3: utorn-2012




Molecular-electronic transduction in the solid-state and liquid microsystems

the medi-

nsic noise
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t, the cost
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uirements
duces the

tradition-
¢ polariza-
¢ the seis-
he various

significant
ing in such
ing it cost,

| transduc-
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rization of
n (or cath-
weous elec-
tails about
m (and the
nology the
sed on the

ined in the
he charge)
e cylindri-
ie semi per-
\" and “K").
hrough the

d cathodes
TS appears
irrent (so-
hvd current
uid, In this
1d the gra-
| by the fol-

ins to move
of the elec-
ntration of
pads to high
rtrodes sur-
ackground)
nical signal.
} sensitivity

N reactions,
des, the elec-
in the cation
This in theo-
tion of it per-
actical disad-
ly small tem-
freezing and
p electrolytes

| PEK JAMDJICKTPUYCCKOTO KaHagd,

IeHTPAIlH HOCHTEICH sapsi@a B |
MEKDNEKTPOSHOM TPOCTPAH- | ¢
(TBE, 4TO MPUBOJAHT K CHJIbHO- i
My H3MEHEHMIO TPA/IHCHTa KOH-
IeRTpaI K BOIN3N OBEPXHO-
¢ri asiekTposlok. B cucreme
BO3HHKACT JIOMOJTHNTETLHBIH (K
«poHOBOMY » ) BIEKTPUYECKHI
10K, KOTOPLILIL [IpOTOpIUOHAIEH = =
BHENTHEMY MCXAHHUCCKOMY CUT-
iy, Takast 2/1CKTPOXHIMHYECKas
gicTemMa 00J1a/1acT BBICOKOH YyB- | m—
CIBHTEBHOCTBIO K MEXaHuJe-
(KOMY BO3/ICHCTBHIO.

B npeoGpazorarene MOTYT
(biTb HCTIOTL3OBANDI PAI/IHIHEIE
OKHCTHTETBHO-BOCCTAHOBUTE b+
e PeaKIlK, HarpumMep: Hoj- =
i1, heppr-(heppor AL Ip.
Tpu srom aviekrpost MOIT naro-

allows to produce the devices with

>

= the temperature range of -39
H i +75C, which is usuallv enough for
3 <(x) the seismic sUrvey purposes,
3 = The electrolyvtic cell is placed
x crosswise to the dieleetrie channel
filled with the operating liguid
. Ihe schematic view of the seismic
J sensors is shown in tig, 3

In the series of publications
n jhtliit I}j;:l']“-‘; MMM‘!! nt geo

metrical parameters of the MET

electrolytic cells were investi

gated. It was shown, that in part
of the performance characteris
tics the svstem with planar elec

trodes has a list of advantages
against the other electrodes con-
Ad \iit' same Lime the

ol

rguration

c=0 c=c¢,

reduction dimensions ol

TORIAIOTCS 13 METAILIA, KOTOPbIF
e yuacTByeT B 0OMEHE KaTHOHA-
Mi, & OCYIIECTBIISIET TOJIHKO BJICK-
TPOHHBIIH OOMEH, YTO TCOPEeTHYe-
(K TIO3BOJISACT YCTPOiteTBY pado-
TaTh GECKOHEYHO JIONTOEe BPEMS
fea maMerer s padOUIX rMapamer-
poB. OCHOBHBIM Ha TEKYULHH
NOMEHT OKCTIIYATATHOHHBIM
HEAOCTATKOM MOJICKY.IAPHO-2TTEK-
ponnbix  peobpasopareeil
fBIAETCSL OTHOCHTEIBHO Y3KHIH

Cioure 2
LEUTE

tration of elecrrolyte, c(x)

Pucynox 2. Pacnpedeienue Konyenmpayuu S1eKmpoiuma 6 3AeKmpo-
dHoM yaie ¢ HIOCKUMU NPOHULAEMBIMU AEKMPOOaMiL. Co -
HAS KOHUEHIMPAUUSL JTeKMPOIUMA, ¢(X) — yemanosuswasca npu
HAAUYUL HANPANCENUS CMEULCHUS. KOHUEHMPAYU, HA HUNCHEM PUCYH-
Ke NOKAZANO KaK UBMEeHAemcs pacnpedeierue Kouyenmpayiu c(x) nod

gosdeticmeues Habezaiouezo NOMoKa JHCUOKOCMU.
The distribution of concentration of electrolyte in the elec

frode « r't’/' IS 'i[‘jr H'r:.’ \'f'!.’!ﬂ','r‘l 1TE U,"Jff r/p r'r'fr:fr"r“w i

age is applied to the electrodes. The lower figure represents the alter-

ation of the c(x) when the rf“.fﬂ-’fr!" is moui

transduction system main ele

me allows widen

pasnosec-

quency range, Increasing

earity, and, probably, increasing

I|H‘*.x‘i\\|1l\ 1tv. OUne ol the

parameter of the planar elec

| rf)c|u_‘ structure that mostly
the balanced concen-  defines the transducer’s cha
concentration that is set in when the volt teristics is the distance between

anode and cathode

The widest prevalence got
the technology of MET m:

TeMHepaTypHbLI  IMAnason
HCHO/b30BAHILA PHOOPOB, Orpa-
HHEHHBIH TeMIIEPATY PAMI 3aMep-
SHIA M KMIECHHS SJIEKTPOJHTA.
Teu He MeTiee, COBPEMEHTTBIe HH3-
fOTeMTIEPATYPHBIC 2JICKTPOTHThI
103BOJIAIOT  M3TOTABJIHBATH
JCTPOICTBA ¢ TeMIIECPATY PIHBIM
manasoHoM -5 .. +75°C, xoTo-
JOT0, KaK ITPABILIIO, BIIOJIHE 10CTa-
T0YHO LISt HCITOJIb30BAHUs B
(0CTABE CUCTEM CeHCMOpa3BeIov-

eramic

ufacturing where ¢
housing and grid electrodes
(Figure 4)

At present (ime R-Sensors

LLC is

al !ll‘:uilh ed ele H'”-l:‘ cells for

manufacturing the seri-

MET sensors with the grid elec

trodes in micro-ceramic hous

mng Electrode cells for MET are

AK KA made from the ‘i“ii-ll gridl with
the diameter of 30 100 pm.
1) ['here are quite a number of

{Oro Ha3HAYEHHSL.

[Ipu u3roTOBICHUM CEIICMM-
UCKOTO JIATYHKA Y4YBCTBUTE b~
HBI 9JIEMEHT TIOMEIIIaeTCs [o11e-

Figure. 3

snoaHennoro paboueit xuji-
goctbio. CxemaTHueckoe n3od-
paKeHMe CeiicMUYEeCKHX IaTdH-
k0B TTOKazaHo Ha Pucynke 3.

B pajte paor, B wactnoctit [6-7], iec/ieioBanien pasimHbie reo-
MeTpH 31eKTPOAHBIX Y3708 MOIL, 1 GHLIO MOKA3AHO, HTO B HaCTH
pafOUHX XAPaKTEPUCTHK ANEKTPO/IHAS CHCTEMA € ILIAHAPHLIMH D/1€K-
TOLAMH HMEET Psijl IPEHMYLIECTR Tepe/L IPYTUMH KOH(HTYpartis-
Wit aekTpo0B. [lpy 9TOM yMelblienne XapakTePHbIX PasMepoB
CHOBHEBIX 2/1CMEHTOB NPeodpasyonieil CHCTeMbl MO3BOJIsIET Paciii-
PHTH YACTOTHBII HAITA30H TPeodpasoBaHmsl, HOBBICHTH JIMHEITHOCT,
i1, BOBMOSKHO, 00ECTICUTH GOJ1EE BBICOKYIO 4y BCTBUTETBHOCTD. OJIHIM
3 BUKHEH X NapaMeTpoB MJIaHapHoH CTPYKTYPbL, B 3HAYHTE/b-
Wi CTeNen i OmpeIesIoNNM XapaKTePHCTHRN nTpeodpasoBaTess,
ABIACTCS PACCTOSHNE MEAKILY KaTOJ0M H aHO/I0M.

Hanboaee HIMpoKOe paciipocTpaHerne Moy sid TeXI0/I0THs
msrorossctus MATT B kepaMIUecKOM KOPIVCE ¢ CETOUHbBIME DJ1eK-
poramu (Pucynox 4).

|-

Pucynox. 3. Tunwi damuukos na ocuose MIIIL.
a) damuuK GpaAMeIsHLIY dsudcenuil; 0) 20PU30HMATLHbILL
6) sepmuxatoubiil. A — anoodvl, K — xkamodsi. 1 — xopnyc,
2 — npeofipazoeameny, 3 — Kana, 3ANOAHEHNDIN JNEKMPOIUTNOM,
4 — memOpanst
Different types of the MET seismic sensors
A) Angular motion sensor: B) [Horizontal axis finear sensor;

C) Vertical axis linear sensor. A
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original devices and systems

based on these converting cells
and intended for various appli

Some of the

shown

cations COMMEeT -

cial devices ar on the

I, In general there is about

several Lin,-s-‘-\ different devices

e ) z Lo I .
anodes, K — cathodes and their moditications. Amorn

them there are some unique

1 the world, for example the

developments that have no analogu

device for high precision azimuth determination, the bore-hole 3
axis seismometer, 6-axis sensors with both linear and rotational sen
w:['wﬂ'n\\‘u‘“'w':'-;IH(Hiu‘!r‘ixii:!lne sealed case toy underwater instal
lation to the depch up to 10 meters

However, the expensive Wm'i\x‘ seismometers still remain the
"‘L‘(rH Aecess Lo |

dative expensiveness of the con

main application of MET sensors witl the other

markets is restricted primarily by the r
verting cell, manufactured by this technology. Furthermore, the exist

ing technology constrains the further reduction ol dimensions of

clectrode cell, which makes it impossible to achieve the high limit of

frequency range up to 1 kHz
Currently the companies Mettech LLC and R-sensors LLC are

| testing the technology of laver-by layer printing of the convert




3 nacrosutee Bpems 000
«P-cencopes cepuiino npon3so-
AT npeobpasyIole aIeMeHThl
Jutst MATT ¢ ceTuaThiMm SJIEKTPO-
JAAMH B MHKPOKEPAMHYCCKOM
HCHOIHEHHH, DIEKTPOHbBIE VAIIbI
s MOIT maroragansaoTes 13
METALTHUECKOI CTKI ¢ /iaMeT-
pom ripososioki 30100 mrm. Ha
OCHOBE HTHX PeoOPA3YIONINX
aeMeNTOB paspaboTan psjLopH-
FHIEUBHBIX TPHOOPOR 1 CHETEM,
HPEAHASHAMCHHBIX JLTA PEHTeH A
campix pastbix 3azad. Hexoropeie
13 BITTYCKACMBIX
yerpolicTs nsoldpameHsl 1Ha

CepHiino

pucvike 1, obiee ynesio pasu-
HBIX pa3paboTAHHDBIX YCTPOICTE
n MojaudHKaluil cocTasusier
HECKOJIBKO /ICCATKOB, CPe/iM KOTO-
PBIX BCTPEUAIOTCS YHUKAIbHbIE,
e UMCIONHE B MHPE aHAIOIOB
paspaboTKi, HampUMep, YeTpoii-
CTBO JU15 OIPE/Ie/ICH NS HarpaBJie-
Hus hia reorpadpuueckuii cesep,
CKBAKHUHHBIT TPEXKOMIIOHEHT-
HBIT CEHCMOMETD, IHEeCTHKOMIT0-
HEHTHBIE CCHCMMYCCKHE JaTyii-
KH, CIIOCOOIBIC PErHCTPHPOBATD
KAK JIHTCHHbIC, TAK U BPalaTe/b-
Hble koedanns, nian nesbho-
BBIC M CKBAMKHIHBIC MO/IBOJIHDIC
CeHCMOMETPbI, TTO3BOJSIONNE
NPOMBBONTE MO/IBOJIIYIO yCTa-
noBky Ha rayoune 1o 300 met-
poB 03 JI0HOAHUTETbHBIX FepMe-
THYHBIX KOPIYCOB.

NPUMEHEHHEM JUIsl CeTOMHBIX alogy of lr
M3II octalores goporue mpe- Nikon Eclipse LV150, equiy
HUBHOHHBIE CEHCMOMETPBI, The distance bel f
Bhix0j Ha Oojee mmpokme

PBIHKHN B HEPBYIO 04ePE/h OTPAHIYHBAET OTHOCHTEIhHAA 10POTO-
BH3HAa [|p(*()6]3;13_\’1(1|lL:L\ HIEMEHTOB, BHITOJIHEHHBIX 110 IaHHOi TeX-
nomorun. Kpome Toro, cyuecTByonias TeXoa0rna Hakia/biBact
OTpaHHHEHNS Ha JabHeiinee yMeHbIIeHHe TeOMeTPIYCCKIX Tapa-
METPOB 21EKTPOAHOTO YAJIA, YTO HE MO3BOIACT J0CTHb BepXHeil
paboueii uactorel Gosee 1 kI '

B nactosinee spems koMuanuamu Mettech u P-cencope neribi-
TRIBACTCS TEXHOIOMS 1OCAOHOI neuarh rpeodpasylomero aiemen-
ta Kepamuueckoil nacroii (Pueynok 5), HO, XOTs 11poBe/iet psl
SKCTIEPHMEHTATLHBIX PaboT, Ha TEKVIHIT MOMEHT reo)oHbl ¢ mpe-
00OPA30BATEIAMM, BINOIHEHHBIMH 110 JIAHIIOH TEXHOTOTHH, OTCYT-
CTBYIOT B 1pojazke. B nepeiiextise ocnontas npobaema Texioio-
MM HOCAOHHON TeYaTH cOCTONT B TOM, UTO OHa He [O3BOJACT
JIOCTITYh PACCTOSTHIS MEK/LY 2ICKTPOJAMI MEHee HECKOIBKNX JIeCAT-
KOB MUKDOMETPOB, H TIPH 9TOM M3-32 BLICOKOTO Y/IEABHOTO COTIPO-
THBJAECHMA MCHOAb3YEMBIX MATEPHAIOB JONOJHUTEIbLIIOE COTIPO-
TUBACHHE HJIEKTPOAOB TOAYUACTCS OTHOCUTENBHO BbICOKHM.
(_)I[]_j(‘_.’[(‘_fi(‘]]jf[,|M HPENMYTIIECTBOM JIAHHOI TEXHOJTOMMH MOKHO CYH-
TATH TEOPETHUECKYIO BO3MOKHOCTE JOCTHYL MEHbIIEro pazdpoca
MAPAMETPOR MPH CCPHHHOM ITPOH3BOACTBE, HeM TIPH HCTIOTb30BANY
KAACCHYECKOE CeTOUHOIT TEXHOJIOTIH.

JLtst nepereKTHR THUPOKOTO [IPAKTHUECKOTO HTPUMEHEHHS MoJie-
KYISTPHO-AMCKTPOHHIX CECMITICCKIX IaTYHKOB BaKHEd e 3naUe-
HHE HMCET CO3/IAHIE TEPBbIX 00PA3II0B YCTPOIICTE, OCHOBAHHBIX HA
HPUHITTHAIBHO HOBOTE TEXHOI0MHH H3TOTOBJICHIA Yy BCTBHTEILHO-

Pucynox 5. CHUMOK GHYMPENHezo YCMPOicmea s1exmpooinozo naxe-
ma npeolpasosamens, HNOAHENHO20 110 MEXHON0ZUN NOCTIOUHOU Netd-
mu, nocmpoenibii ¢ nosmougio smukpockona Nikon Eclipse LV150,
acnaennozo BWH-501 3D surface profiler. Paccmosnue mexncdy mon-
KM NPOBOJSUUMIE CROSIMU — 40 MKM.

Tem ne Menee, OCHOBHBIM ! The internal structure of the electrod

Pucynor 4. CHUMOK 31eKmpodnozo nakema cospesMentozo MIII,
coadanmiic ¢ novowsio murpockona Nikon Eclipse LV150.

MET
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remax
R |

his

}

) et

wanemerta. |8, 9] C nenoms3o-
gaieM Habopa MUKPOAIEKTPOH=
HHIX TEXHOJIOTHUeCKUX orepa-
it GbLIH CO3AHBE IIIAHapHbIC
fpeobpasyiomme CTpyKTypbl €
JEKOD/LHO MAJIBIM PACCTOANI-
oM MeAJLY BTEeKTPOIaMH Tpe-
afpasyioiieii MUKPOCHCTEMDI
(Pucynox 6). B cpolo ouepeitb,
90 IPHBEJIO K CYILECTREIIOMY
PACHIUPEH IO 4ACTOTHOTO JIMa-
[a3oHa M3MepeHunii, yayuiie-
{0 TUHENHOCTH OTK/IHKA.
OmOBPEMCHHO, HCTI0/Ib30BAHIE
IAHAPHBIX TEXHOJOTHIT CO3/1aCT
OCHOBY /U151 KAUCCTBEHHOTO CHH-
®eird ce0CCTOMMOCTH CeileMO-
WIHKOB, CO3IANNBIX Ha Basc
j0BbIX TexHosornii, Yae B G-
Kailiee BPeMA BO3MOJKHO COB/1a-
fiie YCTPOICT 110 11eHe OIHBKIY
§ CranapTHBIM reohoHaM, npu
(OXpaHEHHI 3HAUNTCIBHBIX [pe-
INYTIECTB B 4ACTH TEXTTHYECKHX
JAPAKTEPHCTHE.

Cpetst HATIPABJICHITH NCHO/Tb-

J0BAHMA HOBBIX THTIOB CCHCMMYECKIX AT
Jarb manbobiuii adderT cTONT BHIAEANTD €. 1e/1yI0TIHe:
SIS UCTIOJNB30BAHILT B

Pucynox 6. Thexmepiivitl CHUMOK npeotpasiyrouen AeKmpoonoil CmpyK-

Molecular-electronic transduction in the so

lid-state and liquid microsystems

MypLL, HOCMPOEHHbIEL ¢ HOMOUIO MURPOCKON Nikon Eclipse LV150,
ocnawennozo BWH-5013D surface profiler. Paccmostiie MENCOY 1K

mpodamu

2

J

MKM, BOICONG

1 3. F(’hﬁlﬂr)(i(m’ Had nosepx HOCTBIO MAACTIUHBL

200 nam (pacumad no ePIMUKANL t 2OPUSOHINATL Pa3 THbIIL).

' CO3/1IdHuC lll!?\'[L‘ﬂil'i'L'AIl>|||ﬂX KOMILJICKCOB
TEXHOJIOTHAX, OCHOBAHHBIX Ha IIEll‘L'l[HIIH]”I CcelicMHKE, ;‘l.'l

IMKOB, KOTOPbIE C1 “)('(]l/ﬂllrl

g ATUX

obmacTeil mprMenenst HanboJIbIIEe 3HAYCHHE HMEET perucTparms
CHTHAJIOB B IIMPOKOI1 110/10C€ YACTOT, € OXBATOM HU3KOYACTOTHOI
obsacty 63K 1 daxke Huoke | lepiia, a TakKe BhICOKAS yyB-
CTRHTEBIIOCTD JIATYHKOR, TT03BOJISIONLAs, PEIHCTPHPOBATH 0CTA”
TOUHO HUZKHE YPOBHH MUKPOCEHCMITIECKOIO hona;

noJiBO/IHAA ('(‘ﬁ('Mi_)[)il'ii!l_‘.‘ll(}l. aKTUBHAA W llaCCUBHAA, B TOM

GHCTIe € HCTIOMH30BAHUEM ABTOHOMHDBIX IOHHBIX CTAHILI. 3nechb
IPUHITMITHATBHBIM ABJISCTCS, HAPSLY ¢ BLICOKMMH OCHOBHBIMH
paBouMMI XapAKTePHCTHRAMH, HEUYBCTBHTENBHOCTD aTHH-
KOB K YT/TaM YCTAHOBKH, YTO TO3BOJIAET 3HAUHTEILIO YIPOCTHTE
KOHCTPYKILIIO TOABOAHON CTAHIHIL, HCKJIOYIB CHCTEMBI
BLICTABICHIS OCE]i TYBCTBITCABHOCTH IATHHKOB OTHOCHTE, 1HHO
CHJTBI TAAKCCTH;

MIHOFOKOMITOHEHTHAS CeHCMOpasBellka, B TOM HHC/E € HCIOb
SORAHNEM ATIHKOB YITOBBIX JIBUGKEHII. JlanHoe HanpasJie-
Hie B MUPE TOJABKO HAUHHACT PasBHBATLCA. B camom o0iem
BIJIC OCHOBHAS W/ES MITOTOKOMIOHEHTHOH CeiicMOPasBe/IKH
COCTOMT B OLHOBPEMEH IO PETHCTPALI HECKOTbKIX KOMTIOHEHT
cefeMMUECKOTO 11015 (JIMHEITHBIX 1 YTI0BbIX KkoaebaHui OTHO=
CUTEMBIO BEPTUKAIBHBIX H TOPH3OHTAJILHBIX oceil, namMeHennil
IABACHUA U TPAMEHTOB JaBIeHHA B KIJICHX CPe/iaX B ceilcMN-
geckoM 1osie) O6paboTia Moy e HHBIX JAMHbIX H03BOAET Pas®
JeITh cefiCMUHeCKnil CHITall Ha COCTaB/IAIONIINE, COOTBET-
CTBYIONLIE PAS/TIHBIM THIIAM BOJIH MPOJLOJIBHBIC, TIOIEPEUILIC,
BOJII, PACIIPOCTDPAHSIONMECS BLOL HE JAAHOPOAHOCTE CPe/bL.
Tocue aToro MaouH(GopMaTHEHDIE COCT apJsTion e OThHIBIPOBbI-
BAIOTCA, A HECYILIE T0JC3HYI0 MHDOPMAILIO obpabaTbIBAIOTCA
croco6oM, ONTHMU3HPOBAHHBIM I Kak10r0 THild BOJTH.
SHAMITEITHHBI MHTEPEC K PA3BHTHIO MHOTOKOMIIOHEHTHBIX METO™
0B NPOSBISET Pl BEAYIIHX MEAIY HAPOLHBIX KOMITAHH
(Shlemburger, Geokinetics, Seismic Source), 1 MHAITMIPOBABIIMX
CEPHIO HKCTIEPUMEHTA/ILHBIX paboT, HAIPABICHHBIX HA BHIABICHAC
nanfonee aPEeKTHBHBIX METOA0B cHhopa u 06pabOTKY MHOTOKOM-
bTaThl

MOHEHTHBIX ceficMUYeCKNX JTaHHbIX. I[().'I}.-"IL'HIH)!(‘ pesy
(’)bl. 1 UCHOJIB30BAHDI TTPH [MOJIFOTOBKE HOBBIX [NaTeHTOB Ha METO/IbI
C(‘ilL‘Nl(lpﬁ].iH(E |KH, OCHOBaHHBIC Hd H!}H\I(_'H(‘HHII MHOIOKOMITOHEHT-

HBIX H3MEPEHHH.
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CEMCMOnorus

AHanna COBpeMeHHBIX TyOIHKaIMI HOKa3bIBaeT, 4TO B HACTOA-
lee BpeMs B CeHeMOPa3Be/lKe TIPOHCXOINT HOBBLIT TEXHOJI0THYe-
CKMiTl BUTOK B pasBuTHH, Da3UpPYIONIHIics Ha LIMPOKOM NCTIONB30-
BAHIH CAMBIX COBPEMEHHBIX TexHogorni chopa nrdopmainn n
00paboTKH ONYIEHHBIX JIAHHBIX ¢ TPHMEHEHHEM MOIHbBIX BBIYHC-
JIMTENLHBIX CPe/ICTB. B COBOKYITHOCTH, HOBbIE BO3MOMAKHOCTH 1103~
BOJISIOT CO3/IaBATH CBEPX-MHOTOKAHAIbHBIE CElcCMOPa3BEI0YHBIX
KOMILIEKCOB ¢ YHCJ0M 1IH(IPOBLIX KAHAIOB BLICOKOTO paspelieis
B HCCKOJLKO COTEH THICAY, B TOM HHCJIE¢, KOMILICKCDI, OCHOBaHHbIC
Ha H3AMEPEHHAX HECKOIBKHX KOMIIOHEHT CeilCMUYeCKOro HoJis, U
apper THBHO HCTI0JIB30BATL TOTyHeHHble JaHtble. B csowo ouepein,
kauecTBeHHO Dojee jetaqbHas WHAOOPMaIH O celicMHYeCKOM
10J1e, TO3BOJMET HCCJAEN0BATh Fe0JOTHYECKHE CTPYKTYPbI ¢ Goee
BLICOKHM Paspenieies i TOUHOCTBIO, ¢ TOM YHCJ/Ie B CIOKHBIX Ie0-
TOTHYECKNX YCIOBUSIX.

JLOCTOMHCTBO MOJICKY I PHO-2JICKTPOHHOI TEXHOTOTHH HE TOJIb-
KO B TOM, 4TO OHZ JIAET B PYKI CHCLHATICTOB B 001aCTH celicMopas-
BCJIKI HOBBIT BBICOKOKAYECTBEHHbIIN 1, K TOMY K¢, BEChMa pasnoot-
pasHbii HHCTPYMEHTAPHIL, TIe0OX0IHMbIH /U151 HOIYMEHIS TICPBHYIHBIX
JIAHHbLIX O ceficmmgeckom rnose. [omumo aToro, COBpeMeHHOE IMOHH-
MAHHE TEXHOAOTHI OTKPBIBACT HINPOKUE TEPCHCKTHBLI HHTerpalii
HEPEHYHBIX JIATUIKOB ¢ [ poBbIMU cpejicTBaMi chopa u o6padoT-
K1 MEOPMAILLHH, KOT/IA Peofpasyioninii aeMenT 1 MUKPOCXeMa JLIH
00paboTKN CHTHANOB CO3/IAI0TCA Ha einHoM KpucTaie. Takoil noza-
X071, 110 BCeiT BHANMOCTH, SBJisteTest Hanbosee adiheKTHBHBIM 11PH CO3-
JIAHHH MACCOBBIX H3MEPUTEIBHBIX VCTPOHCTR, HCIIOJI3YEMbIX B COCTA-
BE CBEPX-MHOTOKAHAIBHDIX CeIiCMOPa3BE0UHBIX KOMILIEKCOB.

Viasannpie 00CTOATENBCTBA MO3ZBOJAIOT MPEATION0KUTD, YTO
Oyayuiee npejctaBJeHHol B paboTe TeXHOJIOrHH B HeTAHON 1
ra30BOH MHYCTPHI MOKET ObITh BECbMa MHOTOOGCIIAIONIHM.

Meceneposanig i paspaboTKH, HPUBCILINE K CO3/IaHIHI0 OITHCAH-
1ot B pabore Texnoorny Ouian O HeBo3Mozkibl He3 punancooil
noepxkkn POMU (rpanrst NeNe 11-07-00663-a, 12-07-12057-
obn_m, 12-07-33101-mom-a-sex) 1 Munncrepersa 06pasoBaHHa 1
nayixn PO s pamkax Deaepanpnoil menesoil nporpaMmbl
«Meeneposannsa 1 pazpaboTKU 10 TPHOPUTETHBIM HATPABICHMUAM
PA3BUTHS HAYUHO-TEXHOJOTMHECKOro KoMiLiekca Pocenn na 2007 —
2013 roawt» (konrpaktsl NeNe 16.513.11.3016, 11.519.11.5003) a
Takxke B pavkax npoexra [1218. O
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%wecmuaemmunﬂmuﬂemuw axademuxa
gﬂQKCGHapd CINQTIGHOBIMG CEyzaeea.’

AnekcaHap CrenaHoBuy Byraee poauncs B 1947 rofy B
[loHeLKo# 06n1acTH (fopnoska). B 1971 rogy A.C. byraes OKOH-
yun GarynbTeT ¢M3MHecr(oﬁ Y KBAHTOBOW 3N1EKTPOHUKH
MOCKOBCKOTO GUINKO-TEXHUHECKOTO uHeTUTYTa (MPTH).
AniecaHzp CrenaHosuy 3aLiuTi KaHAWOaTCKYIO AnccepTaLuio
51974 rogy no teme «{ TeopHu pasorpeBHbIX AKYCTONEKTPOH-
HbIX SBAEHWA B MONYNPOBOAHUKAK:. B 1984 ropy A.C. Byraes
3aLUTHI IOKTOPCKYIO [ouccepTauuio «MaKpocKonu4ecKas Teo-
pus B3aMMOAEHCTBUA ybTpa3ByKa ¢ BONHOBbIMU BO36YHIE-
HUSIMM NONYNPOBOAHUKOB Y MarHWTHbBIX AU3NEKTPUKOB. 3BaHve
npogeccopa emy 6bIN0 NPUCBOEHO B 1987 rogy. A.C. byraes
n3bpaH 4NEeHOM-KOPPECTIOHAEHTOM POCCHIACKOM aKafeMuu HayK
31 mapra 1994 roga no OTneneHuto MHGOPMATURK, BbIYUCIH-
TenbHOW TEXHWKK U asromarvMsaumnu (HHCDOpMaTMKa).

Anexcanap CrenaHoBu4 byraeg — CreLuanict B obnactu
uHOpMaTUKK U MATEMATUHECKOTO MOAENMPOBaHHA nonynpo-
BOAHMKOBBIX U TBepnorenthlxycrpoﬁmB 06paboTKy MHbOopMa-
LU 1 anemeHTHoM 6a3bl. A.C. ByraesbiM paspaboTaHbl Teope-
TYECKME OCHOBbI pasorpeBHbIX aKyCTO3NEKTPOHHbBIX ABNEHUM.
M 66110 NMPEACKa3aHo BO3HWKHOBEHME B NOMYNPOBOAHNKEX noa
[eficTBHEM YNBTPa3BYKa BOMH NEKTPOHHOM TemnepaTypel 1
aKYCTUUECKOW neperpeBHoN HeyCTONYMBOCTH. AnexcaHapom
CrenaHoBWHeM NPOBEAEH aHann3 NPUHLMNHANIbHBIX 0CcoGEeHHO-
cTei IPUBOPOB C aKYCTUHECKMM nepeHocoM 3apaaa, aKycTnie-
CHAX IAHW 330EPHKN W GUIETPOB CBY-curHanos 1 passura Teo-
pust pacnpocTpaHeHns aKyCTU4ECKWX BOH B HY nepemMeHHbIX
gHetwHux nonsx. A.C. byraegsim nocTpogHa Teopus B3anUMO-
[ENCTBNA YETPa3BYKOBbIX Korne6aHwi ¢ aBTOBOTHOBLIMU cucTe-
Mamu, BoHam1 2NEKTPOHHO-ABIPO4HOMA MNa3mbl 1 BONHAMH
npompchrBeHHoﬂ nepesapsaKy NoBYLIEK.

AnexcaHgp CrenaHosuy npoLuen TBOPYECKWUA NyTb B MPTH
0T aCUpaHTa A0 3aBE/YIOLLETO Kadenpon BaKyyMHOW 3M1eKTPO-
HitkK. A.C. Byraes AB/AETCA TAKHKE 3apefytoLnmM naboparopuen
MHCTVTYT@ PaarOTEXHUKW W NEKTPOHWUKM UM. B.A. KotenbHuKoBa
(MP3) PAH. AneKcahip CrenaHoBu4 MOAroToBWi 15 KaHauaa-
TOB HayK W [BYX [IOKTOPOB Hay. A.C. Byraes — ynex UHCTUTYTa
YHEHEPOB PaAMO3NEKTPOHUKA W 3NEKTPOTEXHUKA (IEEE), BMUE-
npesuaeHT POGCHICKOTO HayHHO-TEXHAHECKOTO o6LLecTBa paavo-
TEXHUKM, ANEKTPOHWUKNA 1 CBA3K M. A.C. ToroBsa, 4neH YHeHbix
coseToB MOTU M UP3 PAH, npeacenatent Hay4HO-TEXHWU4ECKO-
ro coBeTa no KOMMMEKCHOM IKeNepTU3e WHHOBALIMOHHBIX NPO-
exTo8 MOCKOBCHOTO NpaBUTeNbCTBa, 3 fMccepTalMOoHHbIX AOK-
TOPCKUX COBETOB 1 npeacesaresb 0AHOro 13 AKCnepTHLIX COBe-
108 BAK MutHo6pHayKu POCCHM.

AnekcaHap CtenaHosuy — aBTOP W COABTOP 6onee
200 Hayd4HbIX pacoT ¢ nzo6peTeHni, naypeat npeMuu
Mpaewtenscrsa PP B 06NaCTH HayKW U TEXHWKW, focyapCTBEHHON
npemuu Pd ¥ npemun JIEHUHCKOTO komcomona. A.C. byraes
u3bpaH aKajieMUKOM POCCHICKOM aKapemuu Hayk 26 masq
2000 ropa no OtaeneHuio MHGOPMATHKY, BbIYUCTIATENBHOM TEX-
HUKU M aBTOMaTU3aumni (MHdopmaTUKa).

PatkuH /1.C.

PegaKkums MexayHapoaHOro Hay4HO-TeXHW4ECKOro
mypHana «He¢rerasonpomucnoauﬁ MHKHHHUPHHIY
cepaeYHo No3Apasnser C jo6uneem aKageMHKa
A.C. ByraeBa U wenaet NPpHYMHOXEHHRA y4eHHKOB
Hay4HOW WKONbI B MocKoBCKOM HINKO-TEXHUYECKOM
HHCTHTYTE U HHCTHTYTE pagHuOoTEXHHKHA H INEKTPOHUKH
um. B.A. KotensHHKOBa PoccuiicKO#H aKagemMun HayH!

Ty the 65" anniversary of academician

Dlexander . Bugaeo!

Alexander S. Bugaev was born in 1947 in Donetsk region
(Gorlovka). In 1971 A.S. Bugaev graduate in 1971 Faculty of
physics & quantum electronics of Moscow physical & techni-
cal institute (MPTI). Alexander S. Bugaev became candidate of
sciences (PhD) in 1974 (Theory of warmed acoustic & electron-
ic appearance in semi-conductars). In 1984 A.S. Bugaev
became Doctor of Sciences (Macroscopic theory of coopera-
tion of ultrasonic with the wave impedance of semi-conductors
& magnetic dielectric). He became professor at 1987.
A.S. Bugaev was elected as a corresponding member of Russian
Academy of Sciences March 31,1994 by Department of infor-
matics, calculating technical and automation (informatics). ;

Alexander S. Bugaev is well-known specialistin the field of
informatics and mathematical modeling of semiconductors &
solid state devices for information treatment and components.
A.S. Bugaev designed the theoretical bases of warmed acoustic
& electronic appearance. He decided the appearance of elec-
tronic temperature & acoustic warmed non-stability in semicon-
ductors under ultrasonic waves. Alexander S. Bugaev ana-
lyzed the principal features of devices with acoustic transmis-
sion, acoustic lines of stop and filters of su per-high-frequency.
He develops the theory of distribution of acoustic waves inlow
frequency inner fields. A.S. Bugaev constructs the theory of coop-
eration of ultrasonic processes with auto-wave systems, waves
of electronic plasma and waves of space recharge.

Alexander S. Bugaev became from aspirant to leader of
Cathedra of vacuum electronics of Moscow physical & tech-
nical institute. Alexander S. Bugaev is also the leader of lab-
oratory of Kotelnikov Institute of Radio Engineering &
Electronics of Russian Academy of Sciences. Alexander
S. Bugaev prepared 15 candidates of sciences (PhD) and
2 Doctors of Sciences. A.S.Bugaev is a member of Institute
of Engineers of radio Electronics & Electro-technical (IEEE).

He is the vice-president of Russian scientific & technical soci-
ety of radio engineering, electronics & communications
named after A.S. Popov. He is the member of Scientific
Councils of Moscow physical & technical institute .and
Kotelnikov Institute of Radio Engineering & Electronics of
Russian Academy of Sciences. He is the Chairman of
Scientific & technical Council for complex expertise of inno-
vation projects of Moscow Government. A.S. Bugaev isthe
Chairman of 3 dissertation doctor councils and the Chairman
of one of Expert Council of Highest Attestation Commission
of Ministry for Science & Education of Russian Federation.
Alexander S. Bugaev is the author and coauthor over
200 scientific works. He is laureate of Prize of Russian
Government in the field of science & technical, Government
prize of Russian Federation and Leinskiy komsomol prize.
A.S. Bugaev was elected as an academician of Russian
Academy of Sciences May 26, 2000 by the Department of infor-
matics, calculating technical and automation (informatics)-

Leonid Rathkeen

Editorial Council and Management Committee of the
International scientific and technical journal «0il & Gas
Field Engineering» warmly congratulate academician
A.S.Bugaev and wish an enhancement the number
of students in Moscow physical & technical institute
and Kotelnikov institute of Radio Engineering &
Electronics of Russian Academy of Sciences!




