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Ha3nauenue u CTpyKTypa AUCIUTUINHBI.

Kparkas ncropus pa3BuThs 1 NPUMEHEHUN MUKPO-

HAHOJ3JICKTPOMCXAaHUYICCKHUX CUCTCM.

OcHOBBI MHUKPOIJICKTPOMCXAHNYICCKUX CUCTCM.

OcHOBHas1 TEPMUAHOJIOTHSL.



MukpocucTeMbl Mo uesu (hyHKUUOHUPOBAHUSI:

ceHcopbl — npeobpasoBaTenn BHELUHEro (uU3nyYeckoro BO3AEWCTBUS B YAOOHbIM NS U3MepeHusa (4ale anekTpu4eckuin)
curHan;

akTioaTopbl (akTuBaTopbl) — npeobpasoBaTenu ynpaenswoWero (4alwie 9SrekTpMyYeckoro) BO3AencTBuMs B Tpebyemoe
domsn4yeckoe;

MWHMWATIOPHbIE YrpaBnaeMble KOMMOHEHTbI (MUKpopene, MMKpo3epKkana, 3aTBopbl, PUNLTPbl U T. 4.);

MUKPOMALLUMHbI U MUKPOMEXaHW3Mbl — MUKPOYCTPOWCTBA, MNpeAHasHadeHHble Ana nepedadn u  npeobpasoBaHus
MeXaHU4eCKon aHeprum (3ybyartble nepegayu, pblyarn, MUKpoaBuraTenu, MMKpOTYpOUHBI, TpaHCNopTepbl U T. 4.);
aHanuMTU4yeckne MUKPOCUCTEMbI — CIIOXKHblE MMWKPOCUCTEMbI, MNpeAHa3HavyeHHble [Ans  AWarHoCTUKM U aHanusa
(MHOroceHCopHbIEe CUCTEMbI, MUKPOCMEKTPOMETPbI, Broumnnsl U T. 4.);

TEXHOMOMMYECKNE MUKPOCUCTEMBI — CIIOXKHblIE MWKPOCUCTEMBI, NpedHasHayYeHHble Ans MpoM3BOACTBa, nepepaboTkn u

npeobpa3oBaHUs BELLECTB (MUKponabopaTtopmm, MUKPOUHCTPYMEHTbI, MMKPOPEaKTopbl U T. A4.);
MWUHMATIOPHbIE ABTOHOMHbIE MWKPOCUCTEMbI, MUKPOPOOOTLI (MUHMATIOPHBLIE TPAHCMOPTHLIE CUCTEMbI, MUKPOPOOOTHI AN
MEANLIMHCKUX W OPYTUX MPUMEHEHWN).

MukpocucteMbl 1o uepapxuveckoli cmpykmype:

npsiMoro npeobpa3oBaHNSA IHEPruKn, curHana

c obpaTHON CBA3LIO

WNHTErpMpoBaHHbIE C CUCTEMOW NpeobpasoBaHus, HaKoOMeHUs,
06paboTkm curHana un ynpasneHust (MHTENNeKTyarnbHble);
pacnpeneneHHble, aganTuBHble (YMHbIE MOBEPXHOCTH,
HenponogoOHbIE CTPYKTYpbI).

Mukpocucrtembl rno gpusudeckoli npupode
¢byHKYUOHUpPOBaHUSs U npeobpa3oeaHusi IHepauU:
MUKPOMEXaAHNYECKME, ANEKTPOMEXAHNYECKUE;
NMHEBMO-, aKyCTOMEXaHU4YeCKUE;
TEPMOINEKTPOMEXaHNYECKNE;
ONTO3NEKTPOMEXaHNYECKNE;

MUKpOdNonaHbIE;

XUMUKO-Oronornyeckmne u T. 4.



Knaccudmkaumsa MUKPOCUCTEMHOU TEXHUKMU

KOMMNOHeHThI
MUKPOCUCTEMHOM
TeXHUKU
(MuKpogBsurartenu,
MUKpoperne,
MUKPOBEHTUNN )

KomnnekcupoBaHHbIe
n3gernus

MUKPOCUCTEMHOM
TEeHUKM
(KOCMUYECKNE MUKPO
annaparbl,
MUKPOCMYTHUKMA, )

Yanbi

TeXHUKH

YITIOMEpHhI)

MMKpOCMCTeMHOﬁ

(MMKpoaBUraTen,
MUKPOCMEKTPOMETHI

U3penusa
MUKPOCUCTEHOW
TeXHUKU
(MUKpOBEPTONET,
MUKpPOPOOOT,
MUKpopakeTa)




MuHuaTiopHbie
3ICKTPOPAIHOMEXaHHUECKHE
U ONITO3JIEKTPOMEXaHHUECKHE
yIpaBlisieMble KOMIIOHEHTHI MuKpoOMeEXaHU3MBI,
MUKPOTIPHBO/,

AKTIOATOPBI
MUKPOMAIITHHEI

MiukpocucteMHas
TEeXHHKA
AHaTATHYECKHE
MUKPOCHCTEMBI

CeHcopbl

MuHHaTIOpHBIE
poBoToTEXHUYECK
M€ CUCTEMBI

TexHoJIorHuYecKue
MUKPOCHCTEMBI




| St.Petersburg State Polytechnical | NMST Laboratory
| University

R&D Lab “Nano&MicroSystemsTechnologies” MicroNozzles

Inertial sensors Pressure sensors

www.mems.ru



KPOTCXHOJIOI'NH

AKTIOATOPE 1)

HUcnoaHuTE/IbHBIC
yCTpoOuCTBa , - CeHcopbl

N

MuxpoCucreMHad
eXHUKA




MHKDPOTCXHONOTH!  yyenoyerrponnia

AHATHA3A 1
TIPHHATHA pellenuil

‘ TloncHerera h

[HapaienbHoe (“rpymnmnosoe”)
M3IrO0TOBJICHHE 00JILIIIEr0

KOJINYECTBA OANHAKOBBIX
yCTpOﬁCTB OnHOTUITHOE U OAHOBPCMCHHOC CO3JaHNC

CJIIO’KHBIX KOMIUIEKCHBIX CTPYKTYP

YCII0)KHEHHUE TEOMETPUUECKOM ‘ CHIDKEHHE CPOKOB Pa3pabOTKH 1
KOH(UIypaluy He sSBIISETCS 10 CTOMMOCTH ITPOU3BO/ICTBA
OTpaHUYCHHEM U HE BEJIECT K S = —

Hu3zkass cTOoUMOCTH

YIOPOXKaHUIO yCTPOHCTBA N eAMHUYHOI0 U3aeIusl
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MHuUKpPO3JIEeKTPOHUKA

MuUKPOTEXHOJIOT MU

Technology, Device & Circuit // o
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Sensing

applications
., S
— =%
Motion / Pressure Projecting / RF related Managing Emerging
Voice / Sound position monitoring  receiving Light ~ functions fluids i
- Silicon . Gyroscopes * Pressure- Micro- - Oscillators /| | [« InkActMEMS | H-Displays,
microphones sensors mirrors Resollators m—Oduéer M-EMS
* Accelerometers *+ RF-MEMS T « Auto-focus
‘ o switches * Microfluidic & actuators
+ TPMS » Micro- Bio-chips i
modules bolometers < ’ — /
* Magnetometers * FBAR / BAW ~
/ e filters ~ 4 | -
= s/ «  Humidity
£ | { sensors
+ Fusion sensor d -
combos & IMUs « SAW filters
\‘\-.__—//@

« The application scope of MEMS is broad but rather fragmented and diversified!

Inertial sensors value chain in 2011

Technology, Device & Circuit

Innovations, S $2. 6B industry! (consumer + auto)
System Integration .
‘~ $450M ~ $350M ~ $420M ~ $270M ~$30M

Investment functionality, Packaging Calibration | Software

dlor lower Cost
\ y ) ’ ' an - 4 Iﬁ i~ — ot |
a7 " W,
Market Growth [ ‘ e [ ©]

+ $1 1B gross margin (Cost of sales, G&A, R&D, Operational margin)




MugkpocucTeMHass TEXHUKA

MoOnJIbHad CBA3h
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Technology, Device & Circuit

Innovations,
System Integratlon

Increased
Investment functionality,

or lower Cost
Market Growth Qj'



MugkpocucTeMHass TEXHUKA

MoOnJanbHada CBA3b

*BAW filters & duplexers
*RF switch / variable capacitor
*TCXO oscillators

MEMS micro-mirror

«Accelerometer
*Gyroscope

*Electronic compass
*Pressure sensor

+CMOS Image Sensor
«Auto-Focus actuator

» Front camera
-ALS & Proximity sensor

e . ‘MEMS Microdisplay
Silicon microphones

Technology, Device & Circuit

Innovations,
System Integration .
/' \ Standard IC / passive content

Increased
Investment functionality,

" yc B MEMS & Sensor content
Market Growth

N



MugkpocucTeMHass TEXHUKA

MoOnJanbHada CBA3b

BY MOMC
NuepunanbHbie RF MEMS
MOBMC
INS MEMS

BAW filters & duplexers
*RF switch / variable capacitor
*TCXO oscillators

MEMS micro-mirror

*Accelerometer
*Gyroscope
*Electronic compass
*Pressure sensor

+CMOS Image Sensor
«Auto-Focus actuator

« Front camera
*ALS & Proximity sensor

i : *‘MEMS Microdisplay
Silicon microphones

N

MOBMC
MOEMS

buo -MDMC
BioMEMS

DHEPreTUIeCKue
MOMC —

Power MEMS



MCT - MOMC

NuepnuanbHbie
MOMC

INS MEMS

Muxkpo —
(aronauKa
Microfluidics

DHEPreTUYECKHUE
MOMC

Power MEMS

MOSMC
MOEMS

brno-MDHDOMC
Bio-MEMS

BY MOMC
RF MEMS



TePMUHOMNOMUS
=5P0lNA
MuxkpocucreMHas TEXHUKA
MCT MST

MUKpPOIIEKTPOMEXAHUYECKHUE
cucteMbl  MOMC MEMS

;Irlo}'l'/l;] MI/IKpOMaHII/IHbI
Micromachines

MHuUKpOTEXHOJI0I U HaHoTexHoJI0run



MukpocucreMHasi TEXHUKA

MacmaTadbl M IIKAJBbI

A nm 0.1um 10um Imm | 100mm 10m

|

ATOM DNA

BoJioc
_ Ye10BeK

bakrepus

MSMC Me3o

- « > | % >

Hanorexnoiaorunu MI/IKpOCI/ICTEMbI MaxkpocucremMbl




MuKpOTEXHOJI0TruH
MukpocucTeMHasi TEXHUKA

[HapasienbHoe (“rpynmosoe’)

M3TOTOBJICHHE DOJIbIIEr0 OHOTHUITHOE M OJHOBPEMEHHOE CO3/IaHHE
KOJIM4€eCTBA OAMHAKOBBIX YCTPOICTB CIIOPKHBIX KOMILIEKCHBIX CTPYKTYD

YCIIO)KHEHUE TEOMETPUYECKON
Bo3MOXKHOCTE 0IHOBPEMEHHOTO KOH(QUI'YPALUU HE ABJISAETCS OrPAHNYEHHEM

(hopMHUPOBAHHUS MEXAHHUECKHX, M HE BEJCT K YIOPOKAHUIO YCTPOMCTBA
SIEKTPUYECKUX, XUMUIECKUX U IP-IP.

DIIEMEHTOB JIaTYMKOB
Huzkass cTouMoCTh
e ANHUYHOTO U3JIEIINI



MukpocucTeMHass TEXHUKA
Energy Harvesting

///”’_-\\ C6op
Sensor «3HepreTnyeckor

Fusion 0

Mycopa»

BY MAMC \ T /

RF MEMS
QHepreTnyeckoe

obecneyeHune
DHEPreTU4eCcKue

MOMC —
Power MEMS




MacmrTadobl M IIKAJbI

JATUYUKU JIABJIEHUS
TMPOCKOIIBI

MUKPO®OHbI PE3OHATOPBI

0 o

How Can We Roadmap MEMS?



OT ncTokoB
JTATUUKU JABJIEHUSA TEH3OMETPUUECKOI'O TUIIA

CQ-030 Series

0.15x0.4 x 0.9 mm




[aTynkn paBneHus
N

LIAM M/

KpemHunesble
YUNbI

1978

HuskonpodunbHble gaTtymnkm ans
YCTaHOBKU Ha NOBEPXHOCTU
a’s’poaAUHaMU4YeCKUX mopenen

KpeMHueBbIv ymn

TonwuHa 0,4 mm MembpaHa
Mnowanb 7*2,8 Mm TonwmHa 5..50MkMm
Mnowapsb 1,2%0,8

MKM

[Jnanasonbl gasnenmn 0...10 kla, O...1
Mla, YacTtoTtHbin anana3oH 0...20 klMu;

www.mems.ru



JNATUNKHU JABJIEHUA
JJIS1 QAPOAUHAMUYECKUX UCCIETOBAHUMA

200 pm

.
L

Il

ENDEVCO
KULITE T Nitride diaphragm Poly strain gauges
Belt Segment CALTECH

< 127 >

Multichip
Module

Segment-to-Segment Connection

MTO MEMS



JATUUKU JABJEHUA TEH3OMETPUYECKOI'O TUITA

KareTepHbIi JaTyuK
[ImacTuHa u

1150 x 725 MKM . KpCMHHCBBIC YHIIbI

- Cellophane diaphragm

 Catheter lead

1500 wt/nn | 3F Gauge Pressure Sensor Die

GE Sensing & Inspection Technologies



MUKPOMEXAHUYECKUE JATUUKHU JIABJIEHUSA
ABTOMOOWIb

: :\-?
K =4 ) fbeondy ZANE iy .\,-J.-A.,_';-:
7 7 £
: i i ) o \
B LS
;
y
#x‘, - f |
] . A 0~ N
Metannnyeckminys— CTeknaHHoe =

Kopnyc 1 [ OCHOBaHue

Moasoa
n3MepAEeMoro
AasnexnA

UyBCTBUTENBHBI 3NeMEHT



MukpocucreMHass TEXHUKA

ABTOMOOUNBb
IliioTHOCTH 3apsiia JInneiinoe AJIKOrONIB
(akKymyJasiTop) YCKOpeHue (BozmTeJIb) T
(momymka 0e30IacHOCTH) eMIiepartypa
(komopT)
/laBjieHune \fares
(MAP, Tonimso, : i AKYCTI/IKa
EGR) (CTOIKHOBEHMS1)
Kucaopon
(Bo3TYX/TOmIEO) YriioBoe ycKOpeHue

(moaBecKa)

NOX /aBienue

Pacxoa Bo3ayxa I'vpockonbl (mmubl, ABC)

(BO31yX / TOILIHBO) (BBIXJION)

(HaBHUTranus)

ENME 489F / 808K



MukpocucreMHasi TEXHUKA
ABTOMOOUNb

Throttle position sensor Fusllemporatiresansor

Intake air temperature sensor

' Fuel pump_—] EGR gas temperature sensor

Air flow sensor | -

Manifold absolute
pressure sensor

Fuel pressure sensor

Air/fuel ratio sensor

| —— W
Knock sensor < -

/ | ) %
Engin
‘ / ; Sk Exhaust gas

temperature sensor

Caml/crank angle sensor L — e
9 Oxygen sensor

r

L —



MukpocucreMHas TEXHUKA
BoeHHasi TeXHHKA

VY3en MHEepIUAILHOTO JleToHarop
JATYHKa

' MUKPOTEXHOJI0Tr A
T : 00ecrneYynBaloT
¥ YMeHbIlIeHHEe 00beMa
B 17 pa3
MODMC B3pbiBaTeb ke
3 - NPy YMEHbIIICHUH
110 em B3pbiBatrear MK 48 puy
1850 v’ cedecroumocTH B 4 pasa
MOMC npenoxpaHuTeabHO- i i e s

- HCTIOJIHUTEJIbHOE YCTPOMCTBO JI51 TOpPIIE/]

w Microsystems Technology Office Indian Head Division

Naval Surface Warfare Center




MOMC

MUKPOMEXAHUYECKHUE UHEPIINAJIBHBIE

JATUUKU
AKceJiepoMeTphbl I'Mpockonbl
NHC - GPS
2000
T'ogoBou BeINyCK T'ogoBou BHIyCK
ooJiee S00 MuIH Ob6neml ooJiee 5, 00 MmJIH

6 cm>

Cumxenue CKO B 10 pa3




» CucTembl NO3MLMOHMUPOBAHUS
» CucTtemMbl KOOpanHaLUmn

» CeHcopuKa

» CBA3b

* YnpaBneHue noapbiBom




SHEPIETUYCCKHUE

MIT Microengine Project MHOMC —
Power MEMS

MukpoypbuHa
D4MM

Pac4yeTHble napamMeTpbl
2.2 MnH o6/muH 60 BT




Micro-Turbo-Generator M 3 M C - ACTOYHUKHN
?g}ﬁ,‘: 9 Thrust Inlet Corrrngtrrs o D\i/lelr'\séercombustor WM % i n e P rOj e Ct
I \\\\\\’ e 3 ’

bearing
= pynnoBoe usrotoBneHue

ANIeMeHTOB

d
a
.
™
[_._
37 mm

Journal Exhaust Turbine Nozzle guide vane
i bearing 21 mm —otor 5

HemoBepcus: 1,2 MnH 06/MuH 17 Bt

TonauBHLIA KJIaNaH
2*2mM, D1MM h3mxm
5000 T ¢ 1 mIacTUHEL

=

n‘\\‘ ® e .= ™~ Tonatku h250MKkM

Phase Intefconnect
“Bus-Bar”

Komnpeccop D8MM
U2 - 500 m\c

(11cf @ach
of 6 phasas)

TypO6uHa D4mm

DJIeKTPOMHIAYKIUOHHBII MOTOP — reHepaTop

Bo3AyLuHbIE NOAWMMHUAKM ctatop D4 mm , 131-nontoc, 6-chas

D700MKM
'vaopoonHammnyeckue:
cnuparnbHble KaHaBku h1,5MKM
vopocTaTtnyeckume:
oTBepCcTUA n12 d12MKm

PacyeTHble napamMeTpbl

HaTumnk o60poTOB M TEMNepaTypbI

PolySi 50*50 MKM h,MeHee 1MKM 2.2 MIH OGIMMH 60 BT



MIT Microengine Project

TonmJuBHBIN KJIAIIAH

2*2vM, D1Mm h3Mkm
5000 orr ¢ 1 mIacTUHEI




MOMC - pBuratenu

MIT Microengine Project

MukpoXP[

Macca 1,2 r, rabaputbl 18*13,5*3 mm

Pac4yeTHble napameTpbl
Tara 15H, naBneHuve B kamepe 125 atm
Tara/sec 1000:1
Taroas MowHocTb 20 KBT , yaernbHbIn UMNYNbC
300 c

Typ6oHacoc
MpounssoanTenbHoOCTb 2,5 r/c

OrHeBbIe MCNILITAHUA:
1ara |H naBnenue B kamepe 10 12 atm,
Tsara/sec 85:1
TsiroBasi MoIHocTh 750 BT
Kucnopon —meran
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Miror,

\\\ P \
Loy TP\ Toon g
Yoke and
MOEMS

Elcirode &

Mirror Address \/;)

Nemory Cell
b (CMOS SRAM)
Hudposoe Mukpo3epkajIbLHOE : Preciaun kes meure
ycrpoiicTBo pupmbl TI

o1e 8

R —
Mwukpo OnTtundeckast ckamba  Wu 1996




Fully integrated mems|cam module MODOMC
| MOEMS

250M phones shipped with DOC technology

aolchALoptics




Voice coil autofocus Mems cam autofocus
Versus

250M phones shipped
with DOC technology




MULTIPLE DEGREE OF FREEDOM
ACTUATOR US 2013/0077168 A1l




MHUKPOMEXAHUKA

JJIeMEeHTbI 3y0UarbIX
3alerJIeHUu

~ Guckel Sandia National Labs

482184 20KV %300 " 10bum

Muxkpopeaykropsl



BY MOMC
RF MEMS

CBUY nepexmntoyarenu CBY MOMC B AP

CTOJIOEI] MaccuBa

CBY konaeHcaTopbl
~ = |

CBY uHayKTUBHOCTH

4-bit. 20 GHz Phase Shifter

CBY nepecTpanBacMble CXEMBI B03MOKHOCTH CO3TaHUSA
DAP HOBOM AaPXUTEKTYPbI U
KOMIIOHOBKH.

> Microsystems Technology Office

CU MEMSweb



MHUKpPO — dqunronauka brno-MAOMC
Microfluidics B1o-MEMS

buodpuanTp ¢
MMMYHOCEHCOPOM

MuKpoKJIanaH

MarauTHbI TOMOT€HU3ATOP
C JCHAPOMEpPOM

BeTpoeHHBIE—

buo - yun

[
i ‘/'

. NHTerpajbHass MUKPOQIOUIHAA CUCTEMA 1JIA
od Microsystems Technology Office
OMOXHMHMYECKOI0 aHAJIN3a




MukpocucTeMHass TEXHUKA
Energy Harvesting

///”’_-\\ C6op
Sensor «3HepreTnyeckor

Fusion 0

Mycopa»

BY MAMC \ T /

RF MEMS
QHepreTnyeckoe

obecneyeHune
DHEPreTU4eCcKue

MOMC —
Power MEMS




FOR

TRILLION SENSOR ROADMAP

Sensors/year

100,000,000,000,000

10,000,000,000,000

Trillion Sensor Visions

&=
A

1,000,000,000,000

100,000,000.,000
10,000,000,000 o, I\l 0 “"Abundance™”
y = 2 A QCOM Swarm Lab, UCB
< Bosch
1,000,000,000 m Hewlett-Packard
@  Intel
Bl TIlInternetdevices
100,000,000 Yole MIEMIS Forecast, 2012
TSensors Bryzek's Vision
10 vyear slope
10,000,000 Mobile Sensors Explosion
2007 2012 2017 2022 2027 2032 2037

Figure 1. Mobile sensor market for volumes not envisioned by leading market research
organizations in 2007, grew exponentially over 200%/y between 2007 and 2012.

Several organizations presented their visions for a continued growth to trillion(s).
Viarket research companies don’t yet see this growth (see Yole’s forecast). So the
explosion to trillion(s) is likely to be driven by applications not yet envisioned by
leading market research organization.

As sensor development has been historically much longer than pure semiconductor
technologies, TSensors Roadmap development is being launched to improve visibility
of needed sensors to enable their accelerated development.




PASBBUTUE MUKPOCUCTEMHOM TEXHUKHA

NuTepHeT Bemeu

What the Internet of Things (loT) Needs to Become a

Reality

Smart
Lighting

Pedestrian
Navigation
& Smart

Cars +

M2M

Smart
Tags

Auto
Safety

Supply Chain
Automation

Smart
Health

Sensing Sracessinaiphconnectivity

Accelerometer MCU NFC GPS
Magnetometer MPU 6LoPAN BT/BTLE
Gyroscope Hybrid MCU/MPU Sub-Gig  Wi-Fi®

Prassura Natwork Processor ZigBee®  RFID
Altimeter Callular

Temperatura etc.

« Miniaturization and advances
in packaging technologies

= Advances in flash

= New class of powerful, but
low-cost and low-power MCUs

« Cloud-based sarvices

Applications

Software

Technology



PASBBUTUE MUKPOCUCTEMHOMUM TEXHUKHN
YpOBEHB U IIPOTHO3

10"

Yaarwiarne BpHEIRTANRHEY BOIMHIESOC TS

N\

1 09} T= 10" =10 M=1p" Th=10"
& M=10%... 10°
im"
1* T=10"... 10°
il Poct yucna
3JIEMEHTOB —

HOBOC Ka4dCCTBO

AECEJEFMIMETF YOOBREPIIEHCTEOEAHBOE
HA DCHOBE M0 TEXHOA0THA AFHDIHHAMAYECKDE ¥TIFABREHHE
okl ¢

Pacnpenenennsie
CUCTEMBI




MeTepbyprckun NocynapcTBeHHbIN Na6opatopusi HaHO- U
MonutexHuyeckum YHUBepcuteT

MUKPOCUCTEMHOMN TEXHUKMU

HanpaBneHusa pabot

 [MpocKorbl U akcenepomMeTpbl

* MukpomexaHnyeckne ycTpomucTea
» beTaBonbeTanka

» MeTponorunyeckne npubdopbl

* MnkpoycTpocTBa yrnpaBneHus

* MukpoakTyartopsl

* Mukpodontonaunka

« CBY kommyTaTOopb!




CaHk -lMeTtepbyprckun NocynapcTBEHHbIN Na6GopaTopusi HaHO- M

| T NonutexHuuyecku YHUBepcuTeT MMKPOCHUCTEMHOM TEXHMKM
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Fig. 5 — 3D integration of a “More-than-Moore” photodetector with “More Moore”

read-out and digital signal processing ICs (courtesy of Piet de Moor, IMEC)
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B Poccun cyuwecTtByeT HaydyHO uUccrepoBaTenbCKas
O6a3a gna paspabotkn MOMC-ycTpouncrs.

MaccoBoe npoussoactBo MOMC ycTtponcts B Poccum
HaxoaMTCs Ha paHHen cTaaun CTaHOBIEHUS.

Bce CyLLEeCTBYHOLLNE npounsBoauTenu MOMC-
YCTPOUCTB  BbINYCKAT  Yy3KOCNeumanusnpoBaHHYIO
NpPOAYKUMIO ANS1 KOHKPEeTHbIX NoTpeouTtenemn.

Ha cerogHaAwHUn pgeHb B Poccum OTCYTCTBYHOT
NpPOon3BOACTBEHHbIE MOLLHOCTU, CMOCOOHbIE MOKPbITh
noTpedHoOCTHN NMPOMBbILUSIEHHOCTH B MOMC-
yCTpONCTBaX.
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NpunoXxeHune

Auyenka atToOMHbLIX YacoB

Avyenka aToMHbIX YacoB
3anosiHeHa NHEPTHbIM ra3om
N napamun akTUBHOIO
MeTanna.

OTtpaboTaHa TexHosnorms
3anosriHeHuss HeoHom n
napamu Lle3uns nnn Pybugus.
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TypbopeaKkTuBHbIE

aBuraTenu
Active Stall & Surge Controle
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Dynamic Pressure Measurements
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KpCMHI/ICBBIC YUIIbI
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