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3 cemecTp

1. Crpykrypa 3k3ameHa
IucsmMeHnHas 4yacThb
1.Hanucanue aHHOTalIUU
2.ITuceMeHHBII TTePeBO] C HHOCTPAHHOTO HA PYCCKHIA SI3BIK CO CIIOBapeM
YcrHas yacth (0uier)
1.YcrHOe onncanue rpaduKka/TabiUIbl/ IuarpaMMBbl
2.YcTHOe pedeprupoBaHre HAa HHOCTPAHHOM SI3bIKE

2.Meroauka oleHKH

DK3aMeH MPOBOUTCS B MMCbMEHHOM U YCTHOH (popme.
Tucvomennas 4acTh BKIKOYALT:
- HAIMCaHNE aHHOTAIIUK K HAYYHOM CTaThe 10 TeME UCCIIeIOBAHMS MarkucTpaHTa (1. 5);
- BBINIOJIHEHUE MMHCBMEHHOIO IEpPeBOJa C HMHOCTPAHHOTO Ha PYCCKUH S3BIK CO CIOBApPEM
PO ECCHOHATLHO-OPHEHTUPOBAHHOTO TeKcTa 00beMoM 1500 medaTHbIX 3HaKOB (11. 6).
Yemuas qacTb BKITFOUAET OTBETHI HAa BOIIPOCHI OMJIeTa.
buner cocTout u3 2 BOIpOCoOB:
- TIEpPBBIM BOMPOC BKJIIOYAET YCTHOE ONMCaHME rpaduka/Tabauibl/AuarpaMMbl, OTpaXkaroeit
pe3ynbTaThl uccienoBanus (1. 7);
- BTOPO#i BOIIPOC BKIIIOYAET YCTHOE pedeprpoBaHie Ha HHOCTPAHHOM SI3bIKE MPOQPECCHOHATBHO-
OPUEHTUPOBAHHOTO TekcTa 00beMoM 2000 reyaTHbIX 3HAKOB (11. 8).

Takum oOpa3zom, TmpoBepseTcsi ypOBeHb C(HOPMUPOBAHHOCTH KOMIIETEHLUH U
COOTHECEHHBIX C HUMU MHIMKAaTOPOB, 3aKPETUICHHBIX 3a AUCIUTLTHHON.
[IpenonaBarens BIIpaBe 3a7aBaTh CTYICHTY YTOUHSIOIINE U IOTIOJIHUTENbHBIE BOIPOCHI 110 TEME
AHHOTHPYEMOM W/uin pedepupyemoii cTaTbu, B paMKax COJIEpKaHUs CTaTbU.
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OK3aME€H CUMTAETCsl CAAHHBIM U OTBET 3aCUMTHIBAETCS Ha NMPOJBHHYTOM YPOBHE, €CIIH
CTY/JIEHT:
- BBIINOJHWI HAIMCAHUE aHHOTALUU U IPEJOCTABWII TEKCT, KOTOPBIA YAOBJIETBOPSET CIECIYIOLIUM
TpeOOBaHMSIM: TEKCT AaHHOTALIMU COOTBETCTBYET CTPYKTYpPE jKaHpa aHHOTAIUK K HAYYHOH CTaTbe;
KJIIIUPOBAHHBIE KOHCTPYKIUU COOTBETCTBYIOT HAYYHOMY CTHIIIO U TMCbMEHHOMN Pa3HOBUIHOCTU
’KaHpa, SA3BIKOBBIE CPEJCTBA COOTBETCTBYIOT CTHJIIO NUCBMEHHOM HAYYHOM peYM; JUana3oH
UCIIOJIB3YEMBIX JICKCUYECKUX U IPAMMATUYECKUX €IMHHULL IIUPOK;
- BBIIOJHWI TNHMCbMEHHBIA II€PEBOJl, KOTOPBIM aJEKBAaTE€H CMBICIOBOMY COJEPKAHHUIO
IIEPBOMCTOYHHUKA,;
- IIpY YCTHOM OTBETE Ha MEPBBIA BOMPOC 3K3aMEHAIIMOHHOTO OMiieTa IEMOHCTPUPYET YMEHHE B
ONMUCaHUM Trpaduka/TabIULBI/AUarpaMMbl, ONUCAHHE  aJIeKBaTHO OTPaXKaeT CoJepKaHHe



Npe/ICTABICHHONW TpaduvecKu WHPOPMAIMH, CTYACHT HCIOJB3YeT Peub, XapaKTePU3YHOILYIOCT
IIMPOKUM JIMAIa30HOM TPAMMATUYECKUX U JICKCHYECKUX CTPYKTYP, UX UCIOJIB3YeT KOPPEKTHO;
UCIIOJIB3YET KIIUIIUPOBAHHBIC KOHCTPYKIMH, COOTBETCTBYIOIINE HAYYHOMY CTHIIIO M YCTHOM
Pa3HOBHIHOCTH PEYH;

- IPH YCTHOM OTBETE Ha BTOPOI BOMPOC IK3aMEHAIIMOHHOTO OMjieTa JIEMOHCTPUPYET YMEHHE B
pedepupoBanum, IpeACTaBIss YCTHBIN pedepaT, CoaepKaHue U CTPYKTYpa KOTOPOT'O MOJTHOCTHIO
COOTBETCTBYIOT ~ JKaHPy HH(POPMATHBHOrO pedepara, HCIOIb3YyEeT S3BIKOBBIE CpPEACTBA
COOTBETCTBYIOIIIME CTHJIIO HAyYHOW pPEYM W YCTHOM pPa3HOBUIHOCTH JKaHpa, YIOTPeOIseT
rpaMMaTHYEeCKHE, JICKCUYECKUE U CHHTAKCHUYCCKHUE TpaHC(hOpMAIliK, OOIICHAYYHYIO JICKCHKY U
aJICKBaTHYI0 TEPMHHOJIOTHIO, UCIIOJIb3YyeT UIMPOKUI JWAIa30H CPEICTB CBSI3H, YIOTPEOIsIeT
JIEKCUKO-TPaMMATHYECKUX €AUHHUIIBI KOPPEKTHO;

- cymMma OaJyIoB IO BCeM 3aaHusM (MMChbMEHHAS U YCTHAS 4acTh) cocTaBisier om 35 0o 40 bannos
BKJIFOUUTENIbHO. KOMIIETEHIIMM W COOTHECCHHBIE € HHMH WHIMKATOPBI, 3aKpeIICHHBbIC 32
JTUCHUTUTMHOM, cpopMupoBansl B moiaHOM oObeme. OueHka cocrasisier om 35 do 40 bannos
BKJIFOUHUTEITHHO.

DK3aMeH CUUTAETCsl CAAHHBIM U OTBET 3aCUMTHIBACTCS HA 0230BOM YPOBHE, €CIIU CTYICHT:
- BBIMTOJTHIJI HAIMCAaHNE aHHOTAIMH M NMPEAOCTaBUI TEKCT, KOTOPBI B OCHOBHOM COOTBETCTBYET
CTPYKType >KaHpa aHHOTAllUU K HAyYHOM CTaThe; HEKOTOPbIE CTPYKTYPHbIE KOMIIOHEHTHI
AQHHOTAIIMM PACKPBITBI HE TMOJHOCTHIO WM HAONIONAeTCs HE3HAYMTEIIFHOE HapylIeHHe
JIOTUYHOCTH PACIOJIOKEHUS CTPYKTYPHBIX KOMIIOHEHTOB; PEIKO BCTPEYAIOTCS KIMIIUPOBAHHBIC
KOHCTPYKIIMH, HE COOTBETCTBYIONINE CTHIIIO MUCHMEHHOW HAyYHOH peYH WIIU JAHHOMY XKaHPY;
JUANa30H MCMOJIb3yeMbIX JIGKCHUECKUX W TpaMMaTHYECKUX €IUHUI[ JOCTATOYHO IIHUPOK;
IPUCYTCTBYET HEOOJBIIOE KOJUYECTBO JIEKCMUECKHX, T'paMMaTHUYEeCKUX U op¢orpapuieckux
OIIMOOK, HEe BIUSIONINX HA TOHUMAHUE COACPKAHUS;
- BBIIIOJIHUJI [TUCbMEHHBIN MEPEBOJI, KOTOPHIM MOJHBIN, aJI€KBATHBIM CMBICJIOBOMY COJECP/KAHUIO
MIEPBOMCTOYHUKA U COJIEPKUT 2—3 CMBICIIOBBIE HETOYHOCTH;
- TIpH YCTHOM OTBETE Ha TIEPBBIA BOMPOC IK3aMEHAIIMOHHOTO OHMJIETa IEMOHCTPUPYET YMEHUE B
omucaHuu Trpaduka/TabiauIbl/uarpaMmbl, KOTOPOE B OCHOBHOM OTpaXkaeT CoJep KaHue
NPEJICTaBICHHON TpaduuecKku WHPOPMAIMH, UCTIOIB3YET pedb, XapaKTEPU3YIOIIYIOCS ITHPOKIM
JUATa30HOM TPAaMMATHYECKUX M JIGKCHUECKUX CTPYKTYp, JOMycKaeT HeOONbIIOe KOJIUYECTBO
JCKCHYECKUX M TPaMMAaTHYCCKUX OMMUOOK, HE BIUSAIONIMX HA TOHWMAHHE COJCPKAHUS;
HCIONB3YET KJIMIIMPOBAHHBIE KOHCTPYKIIMHM, COOTBETCTBYIOIIME HAyYHOMY CTHJIIO M YCTHOU
Pa3HOBHIHOCTH PEUH.
- IpY YCTHOM OTBETE Ha BTOPOW BOMPOC IK3aMEHAIMOHHOTO OWIieTa EMOHCTPUPYET YMEHUE B
pedepupoBaHuH, IPEACTABISAS YCTHBIN pedepaT copepikaHue U CTPYKTypa KOTOPOTO B OCHOBHOM
COOTBETCTBYIOT KaHpPy WH(GOPMATUBHOTO pedepara, U aJ€KBATHO OTPAXKAIOUIETO OCHOBHYIO
UCI0  TMEPBOMCTOYHHMKA, CTYJIEHT  WCIOJB3yeT  KIWUIIMPOBAHHBIE KOHCTPYKIIUH, HE
COOTBETCTBYIOIIME CTUJII0 YCTHOM HAYYHOW peud WM JTAaHHOMY >KaHPY, HCIOJIB3YeT MPUEMBI
0000meHnss u mnepedpasupoBaHus, JTOMYCKAaeT HEOOIBIIIOE KOJUYECTBO JIEKCHUYECKHX,
rpaMMaTHYECKUX OMHUOOK, HE BIUSIONINX HA TTIOHUMAaHUE COJepKaHMUS,
- cyMMa 0aJuToB IO BCEM 33/IaHUSIM (ITUCbMEHHAs W YCTHAS 9acTh) cocTaBisieT om 29 0o 34 6annog
BKJTFOUUTEIIHHO.
KommereHIin 1 COOTHECEHHBIE C HUMH HHIUKATOPbI, 3aKPETUICHHBIE 33 TUCIMITIMHOM, COAep KaT
HECYIIIECTBEHHBIE TTPOOEIBI M CPOPMUpPOBaHbI Ha 6a30BOM ypoBHe. OlieHka coctaisieT om 29 do
34 6ann06 BKIFOUUTEIHHO.

DK3aMEeH CUMTAETCs CIAaHHBIM 1 OTBET 3aCUHUTHIBAECTCS HA IOPOrOBOM YPOBHE, €CIIH CTY/IEHT:
- BBIIIOJIHWJI HAIMCaHUE AaHHOTAlUU U IMPEAOCTaBUI TEKCT, KOTOPBIA TOJBKO YacTUYHO
COOTBETCTBYET CTPYKTypE€ KaHpa aHHOTAMM K HAYYHOH CTaThe; COJEpKaHUE CTPYKTYPHBIX
KOMITOHEHTOB PACKPBITO YaCTUYHO, OOJIBLIOE KOJIMYECTBO KIMIIMPOBAHHBIX KOHCTPYKLIMH He
COOTBETCTBYET CTUJIIO MMCbMEHHON HAyYHOUW pPeyYd U TaHHOMY >KaHpPY; HaOII0AAaeTCs YaCTUYHOE
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HECOOTBETCTBHE HEKOTOPBIX JIEKCHYECKMX M TPAMMATHYECKUX EIMHUI] CTHIIIO TTHCbMEHHON
HAYYHOW peuu, AUana3oH HCIOJIb3yEeMbIX JTEKCHYeCKUX M IPAMMATHYECKUX €IMHUIl OTPAHUYEH;
HaOJr01aeTCsl HEOOJBIIOE KOJIMYECTBO JICKCHUECKUX M TPAMMATHYECKUX ONMIMOOK, MEIIAIOIIIX
MOHUMAHHMIO COJICP)KAHMSI TEKCTa aHHOTAIUH.

- BBITIOJTHUJT HETIOJIHBIN (2/3 — 1/2 Bcero TekcTa) MUChbMEHHBIN MIEPEBO/I, TOMYCTHI 2—3 OIIMOKHU B
nepeaaye CMbICIOBOTO CO/ICPIKaHUS,

- IIPU YCTHOM OTBETE Ha MEPBBIA BOMPOC IK3aMEHAI[MOHHOTO OHMJIETa IEMOHCTPUPYET ONHCAHUE
rpaduka/Tabaunbl/AnarpaMMbl,  KOTOpPOE  JIMIIb ~ YacTUYHO  OTPAKAeT  COJCp)KaHHe
NpEeJCTaBICHHON rpaduyecku  WHGPOpPMAIMK, HCIOJIB3YeT  OTPAHWYCHHBIA  JHAIa30H
rpaMMaTUYEeCKUX U JIEKCHYECKUX CTPYKTYDP, JOIYCKaeT HEOOJbIIOEe KOJINYECTBO JIEKCUYECKUX,
rpaMMaTH4YeCKiX  OMHUOOK, BIMSAIONIMX HA  [OHMMaHUE  COJCPIKAHUS;  HUCIIOJIBb3YeT
KIMIIAPOBAHHBIC KOHCTPYKIIMH, COOTBETCTBYIOIUE HAYYHOMY CTUJIIO U YCTHOW Pa3HOBHIHOCTU
peun.

- IPU YCTHOM OTBETE Ha BTOPOH BOIPOC SK3aMEHAIIMOHHOTO OWJIeTa IEMOHCTPUPYET YMEHUE B
pedepupoBanuu, NpeACTaBiIsisl YCTHBIN pedepar, collepkaHue | CTPYKTypa KOTOPOTO YaCTUYHO
COOTBETCTBYIOT KaHPY HH(POPMATUBHOTO pedepara, 1 YaCTHIYHO OTPAXKAIOIIETO OCHOBHYIO HJICIO
NIEPBOMCTOYHUKA, HAOJIOIAETCSl HE 3HAYUTEIPHOEC HAPYIIICHHE JIOTUKU MIEPBOMCTOYHUKA, B PEUH
CTYJICHTa WCIIOJIB3YET B PEUH JICKCUYCCKUX M IPAMMATUYCCKUX CIUHUIIBI, HE COOTBETCTBYIOIINE
CTHJIIO YCTHOH HAy4YyHOH peuYd, WHCIOJb3yeT OrPAaHMUYCHHBIN JHana3oH JICKCHYECKHX U
rpaMMaTHYCCKUX  CIUHUII, CTYISHT YIOTpeOJiseT 3aydeHHbIEe (parMeHThl TEKCTa
NIEPBOMCTOYHUKA, HE HCIOJb3yeT NpUEeMbl 0000IIeHUS U mepedpasupoBaHusi, OIYCKACT
HEOOJIBIIIOE KOJIMYECTBO JIEKCHUYCCKUX M TPAMMATHUECKHUX OIIMOOK, BIIMSIIOIIMX HA TTOHMMAHUC
COJIepKaHus,

- cymma 0aJiIoB TIO BCEM 33aHusIM (ITMCBMEHHAS U yCTHAsI 9acTh) coctapisier om 20 do 28 banios
BKJIFOYHMTENIbHO. KOMIIETCHIIMM M COOTHECEHHBIE C HHUMHU HMHIUKATOPBI, 3aKpEIUICHHBIC 3a
JTUCIATUTMHOM, COAep KaT MpoOeItbl U cpopMUPOBaHBI Ha TOPOTOBOM ypoBHE. OIIeHKa COCTaBIISIET
om 20 0o 28 6a106 BKIIOUUTENBHO.

DK3aMEH CUMTACTCsl HE CAAHHBIM U PE3yJbTaT MPOMEXKYTOYHOM aTTecTaly MpU3HAeTCs
HeYI0BJIeTBOPUTEIbHBIM, €CIIH CTY/ICHT:
- BBIIIOJIHUJI HAITMCaHNWE aHHOTAIMM U TIPEAOCTaBUI TEKCT, KOTOPbI HE COOTBETCTBYET CTPYKTYpE
JKaHpa aHHOTalluMu K Haquoﬁ CTaTbC, B KOTOPOM AWAITa30H HCIIOJIb3YCMbIX JICKCUYCCKUX U
rpaMMaTHYeCKUX €IWHUI] OrpaHUYyeH, JOMYLIEHO OO0JIbIIOe KOJUYECTBO JIEKCHUYECKHX MU
TpaMMaTHYCCKUX OHII/I6OK, BJIIMAIOIUX HA MTOHMMAaHUE,
- BBIIIOJIHUJI HEMOJIHBIA (MeHee 1/2 Bcero Tekcra) MMCbMEHHBIN NMEPeBOJl, YACTUYHO a/IeKBATHBIN
CMBICJIOBOMY COJIEpYKAaHUIO IEPBOUCTOYHHMKA, AOMyCTHJ Oojee 3 omuOOK MNpu nepenayde
CMBICJIOBOTO COJICPKAHUS;
- Y YCTHOM OTBETE Ha TEPBBIM BOMPOC SK3aMEHAIIMOHHOTO OMJIeTa JIEMOHCTPHUPYET OMUCAHNE
rpaduka/Tabauibl/ AnarpaMMbl, KOTOpPOE He OTpaXkaeT coJlepKaHue MpeICTaBIeHHON rpaduyecku
uH(popMalny, B KOTOPOM JHMAINa30H UCHOIb3YEMBIX TPAMMATUYECKUX U JIEKCUYECKUX CTPYKTYP
OTpaHUYEH, MPHUCYTCTBYET OOJBIIOE KOJWYECTBO JIEKCHUYECKMX, I'pPaMMAaTHYECKUX OIIMOOK,
BJIMAIOIIMX HA TIOHUMAHUE COACPKAHU.
- IpY YCTHOM OTBETE Ha BTOPOIl BONPOC IK3aMEHALIMOHHOT0 OMJIeTa He IEMOHCTPUPYET YMEHHE B
pedeprupoBaHnH, TTOCKOIBKY COAEPkKAHUE U CTPYKTYpa MPEICTAaBICHHOTO YCTHOTO pedepaTa JUIIb
YaCTUYHO COOTBETCTBYIOT KaHPY HH(opMaTHBHOrO pedepara, He OTpakeHa OCHOBHas Hjaes
NEPBOMCTOYHUKA, HAONIOAAETCS HapylIEHUE JIOTHMKM MEPBOUCTOYHMKA; CTYIAEHT B peuu
UCTOJIBb3YeT JIEKCUYECKHe M TpaMMaTH4YeCKHUE €IUHMIIbI, HEe XapaKTepHbIe JIJIsl CTHJS YCTHOM
HaquOfI peUH, UCIIOJB3YET OFpaHquHHBIﬁ Auarna3oH JCKCHUYECKHUX U I'PaMMAaTUYCCKUX CANMHUIT,
HE UCIIOJIb3YeT MpueMbl 000011IeHus U nepedpazupoBaHus, yoTpeOseT 3aydeHHbIe (parMeHThI
TEKCTa TEPBOMCTOYHHUKA, OIMyCKAeT OOJBIIOE KOJHYECTBO JIEKCHYECKUX W TPAMMATHUECKUX
OLIMOOK, HETATUBHO BIUSIOMINX HA TOHUMAHUE;



- cymma 0ayioB MO BCEM 3a7aHusM (IMMChbMEHHAs M YCTHAsl 4acTh) cOCTaBisieT menee 20
bannos. KOMIeTeHIIuN U COOTHECEHHbIE ¢ HUMU MHIUKATOPbI, 3aKpEIUICHHBIE 3a JUCIUIUIMHOMN,
He copmupoBanbl. OrieHka cocrapisiet menee 20 b6annos.

2. Illlkana oneHKu

DK3aMEH CUUTAETCS CIAaHHBIM, €CJIM CyMMa 0aJlIoB 10 BCEM 3aJIaHUSIM (ITUCbMEHHAsS U yCTHAS

yactu) cocraBisier oT 20 no 40 OawuoB BrmountenbHo. Cymma menee 20 0ayuioB mpu3HAETCA

HEYAOBJICTBOPUTCIBbHBIM PE3YJIBTATOM HpOMe)I(YTO‘IHOﬁ arrecraguu 1o JUCHUIIIINHEC.

B o0meit onieHke 1o JUCHUILIMHE 3K3aMEHAIOHHbIE 0a/lIbl YYUTHIBAIOTCS B COOTBETCTBHU
C IpaBuUiIaMH 0aNIbHO-PEHTUHTOBOM CUCTEMBI, yCTaHOBICHHBIMU B HI'TVY.

3. HpHMeprlﬁ TECT Hay'lHOi;l CTAaTbHU JJIsd HAIMMCAHUA AaHHOTAIUHU

IIpoyuTaiiTe CTAaTHI0 U HANMIIMTE AHHOTALUIO K Heil.



HIGH-PERFORMANCE PERFLUORINATED POLYMER ELECTRET FILM
FOR MICRO POWER GENERATION
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Abstract: The development of a new high-performance polymer clectret material with high surface
charge density, stability, and high thermal resistibility of clectric charge was studied. Previously, we found
that MEMS-friendly perfluorinated polymer CYTOP™ CTL-M (Asahi Glass Co., Ltd.) shows excellent
electret properties. In the present study. it is reported that the electret property and the thermal stability of
CYTOP' electret are markedly improved by doping silane coupling reagent inmrﬂalymer. The charge
density of 1.5 mC/cm®, which is 1.6 times larger than that of the undoped CYTOP ™, has been obtained
on 16 pm-thick film. In addition, the power generation of 0.585 mW, which is about twice of our previous

data, has been achieved at a low seismic frequency of 20Hz.

Key words: Electret, Energy harvesting, Micro power generation, Perfluorinated polymer, CYTOP

L INTRODUCTION

Recently, the micro power gencralion syslems
as the altematives of conventionmal secondary
batteries attracted much attentions. It is known
that the devices applying to RFIDs and mobile
sensor networks consume a low ¢lectrical power.
The wvibration-driven energy harvesting devices
are proposed for these applications [1-3]. Since the
frequency range of vibration cxisting in the
environment is below a few tens of He, clectret
power generators should have higher performance
than electromagnetic ones [4-8].

We recently reported that CYTOP™ CTL-M
{Asahi Glass Co., Lid), MEMS-friendly
amomphous  perfluonnated polymer, can possess
high surface charge density, which is stable
enough for electret material |[7.8]. We also found
that up 1o 0.28 mW can be oblained with the
CYTOP™ clectret at an oscillation frequency as
low as 20Hz. However, higher surface charge
density is required for better performance, and
charge stored in CTL-M becomes unstable al
relatively low temperature. In the present study, a
novel electret material based on CYTOP™ is
proposed for higher surface charge density and
thermal stability. and its elecirel propertics arc
systematically investigated.

2. ELECTRET POWER GENERATOR

Figurc | shows a schematic of the micro
electret gencrator designed in our previous study
[7). When the in-plane vibration is generated, the
seismic mass with the electret brings aboul a
relative motion to the counter electrode on the
bottom substrate. Thus, the amount of induced
charge on the counter clectrode is changed
corresponding  to  the overlapping  area
Consequently, electric current is generated in the
external circuit. The seismic mass is supported by
high-aspect-ratio soft springs made of Parylene [9],
which enables large amplitude of vibration and
low resonance frequency.

Fig. I: Schematic of micro seismic eleciret power
generalor,
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Fig. 2: Model of electret power generator.

Figure 2 shows a schematic of the simplified
generator structure, where o, &, g, and A are
respectively  the surface charge  density, the
thickness of electret, the gap between the electret
and the counter electrode, and the overlapping
area. Boland et al, [5] show that the maximum
output power Fiay is proportional to the squared
surface charge density (o), and is increased with
the thickness of electret (). On the other hand, the
optimal external load Ryqy is independent of a,
but linearly dependent on o and g. Puyyy is also
proportional to  the time derivative of the
overlapping area JAy)dr. Thus, the vibration
frequency, the amplitude of vibration, and the
number of poles should also have large impact on
the generator performance.

A FOLYMER ELECTRET MATERIAL

Various kinds of materials have been examined
for electrets [10]. Among them, polymer dielectric
materials, especially fluorinated polymers such as
PTFE, are generally employed. Hsich et al. [11]
use Teflon” AF (Du Pont) as the electret material
for their MEMS microphone,

In our previous work [12], we found that
CYTOP™ CTL-809M (Asahi Glass Co., Lid.),
which is amorphous perfluorinated polymer, can
be alse used for electrets. The candidates of
dielectric for electret need to meet the following
three requirements;

{a) Compatible with MEMS fabrication technique

(b} Easy to be formed into thick film

{¢) Having hlj&h dielectric strength
CYTOp is compatible  with MEMS3

fabrication process; it is soluble in perfluorinated

solvents, and thus thick films can be obtained by

CF; ~CFy CTL-A : -COOH
TF"-EF CTX-5 - -‘:F!.
F’c‘x _.-*'D CTL-M - -CONH-C -5 0C Haly
F, ]

Fig. 3: The molecular structure and the end
groups of CYTOP™

multiple spin-coating. In addition, coated films
can be patierned easily with photolithography
process and 0: plasma etching.

Tsutsumino et al. [7] found that the surface
charge density of CYTOP™ is three times larger
than that of Teflon® AF. Since power output of
electret generator 18 proportional o the square of
the surface charge density, clectret generators with
CYTOP™ can produce electricity nine times
larger than generators with Teflon™ AF.

The molecular structure of CYTOP™ is shown
in Fig. 3. CYTOP™ is the perfluorinated polymer,
s0 there are no hydrogen atom in the main chain,
and that leads o unique properties as follows; (i)
high chemical stability in any acids, alkalis, and
organic solvents except for perfluorinated solvents,
{ii} low surface emergy {17 dynefcm), (i) high
thermal stability (thermal decomposition temp is
over 350 "C ), (iv) low dielectric constant (2.1),
(v) high volume resistivity (>10""Qcm). There are
three different types of CYTOP™, which end
groups are different respectively; the carboxylic
acid type (CTL-AJ, rrifluoromethyl type (CTL-8),
and aminosilane type (CTL-M) [13].

To evaluate the performance of the electret
material, we have measured temporal change of
the surface charge density o by using a surface
voltmeter (Model2792, Monroe Electronics). 16
-um-thick CYTOP™ was spin-coated on 0.3-mm-
thick copper substrate with area of 30x30 cm’.
The sample was charged by corona charging with
-8 KV needle voltage for 3 minutes at 120 "C.
Figure 4 shows the surface charge density datwa
obtained for CTL-5, CTL-A, CTL-M, and
CTL-NMD, which 15 a new matenal developed in
the present study. Samples were stored at 23 *C
and 60 % humidity. This figure shows that “pure’
CYTOP™ CTL-S is the least stable, and the
surface charge density is reduced to about 30% of
its initial value in 1500 hours, On the other hand,
small amount of functional end groups like
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Fig. 4 Time trace of the surface charge densine of
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carboxylic  acid or aminosilane  significantly
enhance the clectret performance; the surfage
charge density becomes higher, and the charge
decay is suppressed. Especially, aminosilane end
group (CTL-M} has the best performance to
promote the surface charge density. To introduce
more aminosilang imo the CYTOP™ clectret, we
doped  silane  coupling  reagem 10 CTL-A,
accomplished the highest surface charge density of
1.5 mCiem® (CTL-NMD)

To examine the thermal stability of charged
glectret, the open circuit thermally-discharge
{TSD) measurement | 14] has also been performed.
Dnfferent TSIY  spectra peaks  correspond 1o
different charge trap mechanisms m dielectne
materials [10, 14]; the peak corresponding to the
dipale appears at the lowest tempersture near the
glass trnsiton Wemperature { = /08 "C). Peaks a
the higher temperatures correspond to the surface
and bulk iraps. Therefore, TSI spectra are very
useful for oplimizing charging conditions and
malerials for more stable elecirers,

The electren somple (e.g, copper subsiratey and a
facing probe were connected as shown m Fig 5,
and heated up at the rate of 1 "C/min. Since the
temperature mcreased, thermal eénerpy was applied
1o electret and the trapped charges were released.
The discharged current was measured with an
electrometer (Model GS1TA, Keithley
Instrunrents) set into the circuit. As shown in Fig.
6, TSI spectra of CTL-5 has a peak at 135 °C,

Eleciromerer

Fig. 5

Experimental
stimeedated-discharge (T5D) measwrement,

setup  of  Thermally-
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Fig, 6 Thermally-stimulared-discharme (TS50
specir of cyrop™ eleciret films
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200

which 15 the lowest among four samples examined,
The peak shified o higher temperature, when the
functional end group is introduced into  the
chemical structure of CYTOP™. Especially,
aminosilane promotes the thenmal sability of
trapped  charge  effectively, and  the peak
temperature of CTL-NMD TSD specira has been
improved to 185 °C, which is even higher than
that of CTL-M and CTL-A. Therefore, not only
the surface charge demsity, but also the thermal
stability of charges can be improved with the
doping of silane coupling reagent,

4. POWER GENERATION EXPERIMENT

Figure 7 shows the experimental selup for
power generation, which consists of a pattermed
cleciret, a counter electrode, an alignment XYZ
stage, and an electromagnetic shaker 78], The
clectret  and  the  counter  electrode  were
microfabricated with standard lithography process.
By wsing mulple spin coating technigue, 16
pm-thick electret film was obtained after curing,
followed by (3: plasma etching for palterming.

8
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Finally, corona charging technigue was applied to
acquire surface potential of more than -550V.
Total area of the electret was 20 x 20 mm’ with an
interdigital electrode configuration, where the
line/space is 150 pm.

Figure § shows the owput power with the
CTL-M electret thus fabricated versus the extemal
load for the oscillation amplitude of 1.2 mm,., at
20Hz, Peak power output of (0.595% mW, which is
aboul twice of our previous data [8], has been
olained at the cxiernal load of 4 MO Power
generation  expenment wsing the new  clectret
material is now undertaken.

5. CONCLUSION

We examined MEMS-friendly perfluoninated
polyvmer CYTOP™ with different functional end
groups for electrel generator applications through
measurements of surface charge density and
thermally-stimulated discharge. We have found
that the ammosilane end group provides better
surface charge density and thermal stabality, and
developed a novel electret material with the

doping of silane coupling reagent. We also have
oblained 059 mW at a low seismic frequency of
20Hz in our prototype power generator, which is
aboul twice of our previous data.
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4. IlpuMepHBIii TEKCT I MHCbLMEHHOI0 NepeBoaa

IlepeBeauTe TEKCT HA PYCCKU SI3bIK MMCbMEHHO CO CJIOBapeM

AIR CREW LIFE SUPPORT SYSTEMS

Pressure Suit Maintenance

At 43,000 feet altitude, pilots experience temperatures of about minus 66 degrees
Fahrenheit. However, at 63,000 feet, the atmospheric pressure is so low that fluids in the pilot’s
body, such as blood, would boil without a protective suit and equipment. In these conditions, lungs
also cannot absorb enough oxygen for the individual to remain conscious requiring the use of a
pressure suit. Pressure suits form a protective layer around the pilot, inflating when necessary to
maintain reasonable atmospheric pressure on the human body.
NASA’s use of pressure suits became critical when the National Advisory Committee for
Aeronautics, NASA's predecessor, began flying early experimental planes, or X-planes, at above
50,000 feet. The life support team conducts research to effectively design pressure suits and
ensures that they are being maintained during use.

To learn more about the pressure suits, visit Celebrating 50 Years of Spacesuits, Featuring
the Early Pressure Suits and NASA Armstrong Suits Up for the 50th Apollo Anniversary.

Explosives Maintenance

The Life Support team is responsible for the removal and replacement of pyrotechnics
onboard aircraft. Pyrotechnics are used to launch ejection seats and release items like a fuel tank
from the pylon in case of an emergency.

Aircrew Training

Life support conducts a variety of training sessions for the aircrew that includes care and
use of all life support equipment, land and water survival training, an introduction to the ejection
systems, ejection seat capabilities, limitations, and ejection/bailout procedures. The aircrew also
receives physiological training to learn how to detect and prepare for any physiological episodes,
such as lightheadedness, fatigue or numbness.

Survival Training

Survival kits are an integral part of the ejection seats and are extremely important to the
aircrew member during post ejection while waiting for rescue. They contain a survival radio, a
locator beacon, raft (in certain kits), food, water, a first aid kit, fishing gear, signaling mirror/flares,
compass, shelter and manuals on how to survive in different climates or terrain. They also provide
emergency oxygen to the aircrew member in flight in case of an aircraft oxygen system failure and
during parachute descent after ejection. Because maintaining these kits is critical to a person's
survival, they are inspected/repacked and tested at specified periods to ensure that all components
meet or exceed existing guidelines.

7.IIpumepHoe 3a1aHMe /18 ONMCAHUSA rpaduKa
VYCcTHO onuIIKTE NPECTaBIEHHBIN rpaduK.
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8.IlpuMepHBIi TEKCT AJs YCTHOro pedpepupoBaHust

IIpouynTaiiTe TEKCT M COCTABbTE YCTHBIN pedepar K TEKCTY.

HOW TO BECOME AN AIRCRAFT MAINTENANCE ENGINEER

Aircraft maintenance engineers install, maintain and repair aircraft engines; airframes;
airframe systems; electrical, instrument and radio systems; and aircraft structures and surface
finishes.

Personal requirements for an Aircraft Maintenance Engineer:

e Enjoy technical and engineering activities

e Medically fit, with good hearing and vision (colour blindness may make people unsuitable
for some aircraft trades)

e Good hand-eye coordination

e Able to concentrate for long periods

e Neat and accurate

11



Attention to detail

Able to work in confined spaces and at heights on platforms around aircraft (for some
specialisations)

Education & Training for an Aircraft Maintenance Engineer:

To become an aircraft maintenance engineer you usually have to complete an

apprenticeship or traineeship. Entry requirements may vary, but employers generally require Year
10.You can also become an aircraft maintenance engineer by completing a VET qualification in
aeroskills. As subjects and prerequisites can vary between institutions, you should contact your
chosen institution for further information.

Duties & Tasks of an Aircraft Maintenance Engineer

Aircraft maintenance engineers:

Dismantle, inspect, repair and reassemble aircraft engines, airframe components and
systems, electrical components and systems, avionic components and systems, and aircraft
structures

Test aircraft communication equipment, instruments and electronic systems

Conduct routine pre-flight inspections.

Tasks

Dismantling, inspecting, testing, repairing and reassembling aircraft engines, ancillary
motors and engine accessories, electrical systems, and subassemblies of aircraft frames.
May manufacture aircraft electrical, instrument and radio hardware components.
Assembling parts and subassemblies of aircraft frames.

Testing aircraft communication equipment, aircraft instrumentation and electronic systems
using electronic testing equipment and specialised test apparatus.

Conducting routine pre-flight inspections of engines, aircraft frames and mechanical
systems.

Installing electrical circuits and equipment.

Replacing and testing aircraft oxygen system components.

Maintaining records of action taken.

12



