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3 cemectp

1. Crpykrypa 3k3ameHa
I[ucbMeHHAas YacTh
1.Hanucanue anHoTanuu
2.IlucpMeHHBIN IEPEBOJT C UHOCTPAHHOTO HAa PYCCKUH SI3BIK CO CIOBapeM
YcrHas yacth (0MJ1€T)
1.YcTHoe onrcanue rpadrka/Ta0IHIIbl/ qHarpaMMbl
2.YcTtHOe pedepupoBaHre Ha UHOCTPAHHOM SI3bIKE

2. Meroanka oueHKHu

DK3aMeH POBOIUTCS B MMCbMEHHOM U YCTHOM (popMe 1o OuiieTam.
Tucvmennas yacTh BKIIFOYACT:
- HaMKMCaHUE aHHOTALIMU K HAYYHOM CTaThe 10 TeME UCCIICI0BaHMsI MarucTpanra (Ii. 6);

- BBIIIOJHCHUC IIMCbMCHHOI'O IICpCBOAAd C HHOCTPAHHOI'O Ha pYCCKI/Iﬁ SA3BIK CO CJIOBAapeM

podeccoHaTbHO-OPUEHTUPOBAHHOIO TeKcTa 00beMoM 1500 redaTHbIX 3HAKOB (I1. 7).
Yemuas qacTb BKITFOUAET OTBETHI HAa BOIIPOCHI OMJIeTa.
buner cocTout u3 2 BOIpoOCoB:

- TIEpBBIN BOMPOC BKIIIOYAET YCTHOE ONMMCaHHUe rpaduka/Tabiaulbl/AuarpaMmbl, OTpaxaromeil

pe3yabTaThl UccieaoBanHus (1. 8);

- BTOPOM BOIIPOC BKIIIOYAET YCTHOE pedepupoBaHIE HAa HHOCTPAHHOM SI3bIKE MPOPECCHOHATBHO-

OPHEHTUPOBAHHOTO TeKkcTa 00beMoM 2000 neyaTHbIX 3HAKOB (11. 9).

Takum 06pa30M, IMPOBEPAIOTCA PE3YJIbTAaThI o6yquI/1${ MO JUCHHUIIIIMHE, COOTHECCHHBIC C

YCTAaHOBJICHHBIMU B IIPOrpaMM€E€ MHAWKATOpaMU JOCTUKCHUA KOMHCTCHHI/Iﬁ.

HpeHOI[aBaTeJ'IL BIIPAaBC 3adaBATb CTYACHTY YTOUHAIONIUE U HOIIOJIHUTCIILHBIC BOIIPOCHI 110

TEME aHHOTUPYEMOM W/iih pedeprupyeMoii CTaThbH, B PaMKax COAEP)KaHUs CTaThU.



DopMa sK3aMeHaIMOHHOrO OusieTa

HOBOCUBUPCKMI TOCYJIAPCTBEHHBIN TEXHUYECKU YHUBEPCUTET
®akynerer MTO
Buier Ne
K 3K3aMeHYy M0 JucUUIUIMHE «IHOCTpaHHBIN A3BIK U1 HAYYHO-UCCIEA0BATEIbCKON
JIEATEIbHOCTH

Bormpoc 1. Onummure ycTHO Tpaduk/Tabuiy/ iuarpamMmy.
Bormpoc 2. [IpounTaiiTe TEKCT U TOATOTOBLTE YCTHBIN pedepar Ha HHOCTPAHHOM SI3BIKE.

YTBepxaaro: 3aB. kadenpoit noueHt, boukapes A. U.
(TommCh)

(mata)

3. Kpurepuu oueHku pe3yJibTAaTOB 00y4UeHHSI, COOTHECEHHBIX C YPOBHSIMH OCBOEHHS
HHAUKATOPOB JI0CTUKEHUS] KOMIIeTeHIIUii

YpoBenb (B 6aj11ax)
Bup 3apanus Heynosiiersopu- | Iloporosbii ba3oBbrii IIpoaBuHYTHIN

TeJbLHBIA

ITncoMeHnHas yacThb

«Hammucanue <6 8 10 12
AHHOTALUN)

«[IucbMeHHbIHI <4 6 7 8
IepEBO/T CO
CJIOBapeM»

YcrHas yacTh
(Outer)

Bompoc 1 <6 8 10 12
«Omnucanue
rpaduxa»

Bomnpoc 2 <4 6 7 8
«YcTHOE
pedepupoBaHue»

Hroro <20 28 34 40
0 BCeM 3aJaHUSIM

OTBer Ha SK3aMeHe 3aCUMTHIBACTCS Ha MPOABUHYTOM YPOBHE, €CJIH CTY/ICHT:
- BBIOJHAET HANUCAaHUE aHHOTALMM M IIPEIOCTABIISIET TEKCT, KOTOPBIM YIOBJIETBOPSET
CIIEIYIOIUM TpPeOOBaHUSAM: TEKCT aHHOTAlMU COOTBETCTBYET CTPYKType >KaHpa aHHOTAllUU K
HAay4YHOM CTaTbe; KIUIIMPOBAHHBIE KOHCTPYKIUU COOTBETCTBYIOT HAy4YHOMY CTHIIO U
MACBMEHHOW PA3HOBUIHOCTH KaHPA, SI3BIKOBBIE CPEJICTBA COOTBETCTBYIOT CTHJIFO NMHUCHMEHHOMU
Hay4HOH PEeuYH; IMUAINa30H UCIIOIb3YEMBIX JIEKCUUECKUX U IPAMMATUYECKUX €IUHMUI] IIUPOK;
- BBINOJHSAET IIMCBMEHHBIM TIE€pPEeBOJ, KOTOPBIA aJEKBATEH CMBICIOBOMY COJEPKAHUIO
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NEPBOMCTOYHUKA,;
- IPY YCTHOM OTBETE Ha MEPBBIH BONPOC 3K3aMEHAIIMOHHOTO OMJIeTa IEMOHCTPHPYET YMEHUE B
onucaHuM rpaduka/TabIUIbl/AUarpaMMbl, OIMCAaHUE  AJeKBATHO OTPAXKaeT CoOAepIKaHue
Ipe/ICTaBICHHON TpaduuecKky MHPOPMAIHHU, CTYIEHT HCIOIb3YeT pPeyb, XapaKTePU3YIOIIYIOCS
MIMPOKHUM JTHAITa30HOM IPAMMATHUYECKUX M JIEKCHYECKUX CTPYKTYP, UX UCIIONIB3YET KOPPEKTHO;
UCTIONB3YeT KIUIIUPOBAHHBIE KOHCTPYKIIMH, COOTBETCTBYIOIIME HAYyYHOMY CTHJIIO U YCTHOW
Pa3sHOBUHOCTH PEUH;

- IPY YCTHOM OTBETE HA BTOPOH BOINPOC 3K3aMEHAIIMOHHOTO OMieTa JIEMOHCTPHPYET YMEHHE B
pedepupoBanuu, TpPEACTaBIsIsl YCTHBIM pedepar, coiepkKaHWe U CTPYKTypa KOTOPOTO
HOJTHOCTBIO COOTBETCTBYIOT ~ JKaHPY HMH(OPMAaTUBHOTO pedepara, HCIOIb3YET S3BIKOBHIC
CpeACTBa COOTBETCTBYIOUIME CTWJII0 HAYYHOM peYd | YCTHOM pPa3sHOBUIHOCTH JKaHPa,
yInoTpeOysieT  TpaMMaTH4ecKue, JISKCHYeCKHe W CHHTaKCHMYeCKHe  TpaHc(opMaiuy,
OOIIEHAyYHYIO JIEKCHUKY M aJIeKBaTHYIO TEPMHHOJOTHIO, WCHOJb3yeT IIUPOKHI TUama3oH
CPEZICTB CBS3H, YIIOTPEOISIET ICKCUKO-TPAMMAaTHIECKUX EIMHHIIBI KOPPEKTHO;

- cymma OaJIoB MO BCeM 3a7aHusM (MMChbMEHHAs U YCTHAS 9acTh) COCTABISET om 35 do 40 bannos
BKJIFOUUTEITHHO.

COBOKYMHOCTDh pe3yJbTaTOB OOYYEHHUS M0 IUCHUIUIMHE M COOTHECEHHBIX C HHUMH
UH/IMKATOPOB JIOCTHM)KEHUS KOMIIETEHIIMA HE COJEpXKUT MpoOesoB. YCTaHOBJIEHHBIE B
porpaMMe KOMIETEHIIMU c(hopMHpOBaHbI B MOJHOM o0beMe. OueHka cocTtasisieT om 35 0o 40
6ano08.

OtBeT Ha 5K3aMeHe 3aCUMTHIBACTCS HAa 0230BOM YPOBHE, €CIIU CTYEHT:

- BBIIOJHSET HAIMCAHUE AaHHOTALMU M TPEAOCTABIIAET TEKCT, KOTOPhIH B OCHOBHOM
COOTBETCTBYET CTPYKType >KaHpa aHHOTAllMM K HAY4YHOH CTaThe; HEKOTOPHIE CTPYKTYpPHBIE
KOMIIOHEHTbl aHHOTAI[MM PACKPBITBl HE TMOJIHOCTBIO WM HaOJII0JaeTcd HE3HAuYUTEIbHOE
HapylICHWE JIOTMYHOCTU PACIONIOKEHHUS] CTPYKTYPHBIX KOMIIOHEHTOB; PEIKO BCTPEYAIOTCS
KJIMIIMPOBAaHHbIE KOHCTPYKIMH, HE COOTBETCTBYIOLIUE CTUJIIO MMCbMEHHOW HAay4yHOU peuM WU
JAaHHOMY JKaHpy; JAHAma30H MCIOJIb3YeMbIX JIGKCHUECKUX W TIPaMMAaTUYECKUX €IUHUIL
JIOCTaTOYHO LIMPOK; IPUCYTCTBYET HEOOJIBLIOE KOJIMYECTBO JIEKCUUYECKHX, TPAMMATUYECKUX U
ophorpaduyeckux ommoOOK, He BIUSIONINX HA TOHUMaHUE COJIEP>KaHUS;

- BBINOJIHSIET MUCbMEHHBIN MEPEBO/I, KOTOPBI MOJHBIN, aJ€KBATHBIA CMBICIOBOMY COJIEPKAHHIO
MEPBOMCTOYHUKA U COJEPKUT 2—3 CMBICIOBbIE HETOUHOCTH;

- TIpU YCTHOM OTBETE Ha NEPBBIN BONPOC IK3aMEHAIMOHHOTO OMieTa JEMOHCTPUPYET YMEHHE B
omucaHuu Tpaduka/TabiauIbl/IUarpaMmMbl, KOTOPOE B OCHOBHOM OTpaXkaeT CoJlep:KaHue
IpeJICTaBICHHON rpaduuecku HHPOpMAIUH, UCTIOIb3YET PEeUb, XapaKTEPU3YIOIIYIOCS IMPOKUM
TUANa30HOM TPaMMAaTUYECKUX M JIEKCHYECKHX CTPYKTYp, JOMYCKaeT HeOONbIIOe KOIUYECTBO
JEKCUYECKMX M TIpaMMaTHYEeCKHX OIIMOOK, HE BIUSIOUIMX Ha IOHUMaHHE COJEp’KaHUus;
WCIIOJIb3YET KIMIIMPOBAHHBIE KOHCTPYKIMH, COOTBETCTBYIOIIME HAYYHOMY CTUIIFO M YCTHOM
Pa3HOBUIHOCTH PEUH.

- IpYU YCTHOM OTBETE Ha BTOPOM BOMPOC HK3aMEHAIIMOHHOIO OmiieTa IEMOHCTPUPYET YMEHUE B
pedepupoBaHUM, MpEACTaBIsAs YCTHBIM pedepaT colep:kaHue M CTPYKTypa KOTOpPOro B
OCHOBHOM COOTBETCTBYIOT >KaHpY HH(popmaTtuBHOro pedepara, U aJeKBaTHO OTPAKAIOILIETO
OCHOBHYIO HJICI0 TEPBOMCTOYHMKA, CTYAEHT HUCIOJb3YEeT KIMIIMPOBAHHBIE KOHCTPYKLIUH, HE
COOTBETCTBYIOIIME CTHJIKO YCTHOM HAyYHOH peur WM JAHHOMY JKaHPY, UCIOJIb3YET MPHEMbI
0000meHuss u mnepedpasupoBaHus, JOMYCKaeT HEOONBIIOE KOJIHMYECTBO JICKCUYECKHX,
rpaMMaTHYECKUX OMIMOOK, HE BIUSIONINX HA TTIOHUMAHUE COICPKAHUS;

- cymMMa 0aJuIoB 1O BCEM 33/1aHUsIM (ITMCbMEHHAsl U YCTHAsl 4acTh) COCTaBIsIET om 29 do 34 b6annos
BKJTIOUMTENBHO.

COBOKYITHOCTh PE3yJIbTAaTOB OOyYEHUS] MO JTUCIUIUIMHE W COOTHECEHHBIX C HHUMH
WHIWKATOPOB  JOCTIDKCHUS ~ KOMIIETEHIIUH  COJEPKUT  HECYIIECTBEHHBbIE  MPOOEIHI.
VYcraHoBIIEHHBIE B IporpaMMe KOMIIeTeHIMH chopMupoBaHbl Ha 0a3oBOM ypoBHe. OlieHKa
coctamsier om 29 0o 34 6annos.



OTBeT Ha 3K3aMEHE 3aCUUTHIBAETCS HA MIOPOrOBOM YPOBHE, €CIIH CTY/IEHT:
- BBINOJIHAET HAIMCAHWE AHHOTAUMU M IMPEJOCTaBISIET TEKCT, KOTOPBIM TOJIBKO YaCTHYHO
COOTBETCTBYET CTPYKTypE€ ’KaHpa aHHOTALMU K HAy4YHOH CTaThe; COJEp’KaHHE CTPYKTYpPHBIX
KOMITOHEHTOB PACKPBITO YaCTUYHO, OOJIBIIOE KOJIMYECTBO KIIHMIIMPOBAHHBIX KOHCTPYKIMH HE
COOTBETCTBYET CTHJIIO MMCbMEHHOM HAay4HOH peud U JaHHOMY JKaHPY; HaOJI0JaeTCs YaCTUYHOE
HECOOTBETCTBUE HEKOTOPBIX JIEKCMUECKUX W T'paMMaTHYECKMX €IMHUI[ CTUJIK MNHCbMEHHON
HAY4HOH peuu, J1ana3oH UCHOJIb3yEeMbIX JEKCHUECKUX M IPAMMATHUECKUX €IMHHI] OTPAHUYEH;
HaOromaeTcst HeOONIbIIOE KOJIMYECTBO JICKCHUECKUX M I'PAMMATHYECKUX OIIMOOK, MEIIAIOLINX
IOHUMAaHHMIO COJIEPKaHMsI TEKCTa aHHOTALUH.
- BBITIOJIHSIECT HETMOJHBIH (2/3 — 1/2 Bcero Tekcra) MUChbMEHHBIN MEPEBO/I, JOMYCTUI 2—3 OMUOKH
B Ilepe/iaye CMBICIOBOIO CO/IEPKaHMS;
- TIPH YCTHOM OTBETE Ha MEPBBIA BOMPOC IK3aMEHAIIMOHHOTO OHMJIETa IEMOHCTPUPYET OIHCAHUE
rpaduka/TabauLbl/iuarpaMMbl,  KOTOpO€  JIMIIb  YAaCTUYHO  OTpaXaeT  CoJeprKaHMe
OpEICTaBICHHON  rpaduyecku WHPOPMALMHU, HUCHOJIB3YEeT  OrPAaHUYEHHBIH  JMara3oH
IrpaMMaTHYEeCKUX U JIEKCUYECKUX CTPYKTYp, JOIYCKAeT HEOOJIbIIOE KOJUYECTBO JICKCHUECKUX,
rpaMMaTU4eCKUX  OMMOOK, BIMSIOIMX HAa  I[IOHUMAHUE  COJEP)KaHUS;  HCIOJIb3YeT
KJIMIIMPOBAaHHbIE KOHCTPYKIMH, COOTBETCTBYIOIIME HAYYHOMY CTUJIKO U YCTHOM pa3HOBHIHOCTH
peuu.
- IPU YCTHOM OTBETE Ha BTOPOH BOIPOC 3K3aMEHAL[MOHHOI'O OWJIeTa AEMOHCTPUPYET YMEHUE B
pedepupoBaHuy, NPEACTABIISAS YCTHBINA pedepar, coaepKaHUe MU CTPYKTypa KOTOPOTO YaCTUYHO
COOTBETCTBYIOT >KaHPY MH(OpPMaTHBHOrO pedepara, M YaCTUYHO OTPAXKAIOLIETO0 OCHOBHYIO
UJICI0 TIEPBOMCTOYHMKA, HAOII01aeTCsl He 3HAYUTEIbHOE HApYIICHNUE JIOTUKH ITIEPBOUCTOYHHKA, B
peud CTyAEHTa  MCIOJb3YeT B peud JEKCHMYECKMX W TIpaMMAaTUYECKUX €IUHUIbI, He
COOTBETCTBYIOIIME CTUJII0 YCTHOM HAYYHOM pe€4M, HCIOJIb3yeT OIPAaHWYECHHBIM Juana3oH
JIEKCUYECKUX U TPAMMAaTHYECKUX €JUHUL, CTYIEHT YNOTpeOJsieT 3aydeHHble (parMeHThl TEKCTa
NEPBOMCTOYHUKA, HE HCIOJB3yeT TNPUEMBI O00O0OIIEeHUS M mepedpa3upoBaHUs, TOMYCKAET
HEOO0JIbIIIOE KOJIMYECTBO JICKCUUECKUX U IpaMMaTUYECKHX OIIMOOK, BIMAIOLIMX HAa MOHUMAaHUE
COJIEpKaHuUs;
- cymMMa OaJIIOB 1O BCEM 33/IaHMsIM (ITUCbMEHHAs U YCTHas 4acThb) cocTaBisieT om 20 0o 28 6annos
BKJIFOUUTEIBHO.

COBOKYMHOCTb pe3yJbTaTOB OOYyYEHHUS IO IUCHUIUIMHE M COOTHECEHHBIX C HHUMH
MHAUKATOPOB JTOCTH)KEHUS KOMIETEHIMH COAEPKUT MpoOenbl. Y CTAaHOBJIEHHBIE B IpOrpaMMe
KOMIIETEHIIMH c(hOPMHUPOBAHBI HAa MOPOroBoM ypoBHe. OueHka cocrasisier om 20 do 28 6annos.

OTBeT Ha 9K3aMEHE CUUTAETCS HeY/I0BJIeTBOPUTEIbHBIM (HI)KE TIOPOrOBOTO YPOBHS), €CIH
CTYJICHT:
- BBINOJIHSCT HAMKMCaHUE AaHHOTAllMM M TPENOCTaBIIeT TEKCT, KOTOPBHIH HE COOTBETCTBYET
CTPYKTYpE JaHpa aHHOTAlMM K HAy4yHOM CTarbe, B KOTOPOM JIMAINla30H HCIOIb3YEMBIX
JEKCHUYECKUX UM TpaMMaTHYECKUX €IMHHUL[ OrpaHHueH, [JOIYyLIEHO OO0JIbIIoe KOJIUYECTBO
JICKCHUYCCKUX U I'paMMaTHYCCKUX OHII/I6OK, BIMAOINIUX HA ITIOHUMAaHUEC,
- BBIMOJIHSAET HETIOJIHBIN (MeHee 1/2 Bcero TekcTa) MMCbMEHHBIN MEepeBo/], YACTUYHO aJIeKBAaTHBIN
CMBICJIOBOMY COJIEpXKAHHUIO MEPBOMCTOYHHUKA, AONMyCcTUN Oonee 3 omubOOK MpH mepenaye
CMBICJIOBOT'O COJICPIKAHUS;
- IPH YCTHOM OTBETE Ha TEPBBIA BOMPOC SK3aMEHAIIMOHHOTO OMJIeTa JIEMOHCTPHUPYET ONMHCAHNE
rpaduka/Tabaubl/iuarpaMMbl, KOTOpO€ HE  OTpakaeT CoJep)KaHHe NpeACTaBICHHOM
rpadpuueckn uH(pOpMaLKMK, B KOTOPOM JHANa30H HCIOJb3yeMbIX TIpaMMaTH4YEeCKUX U
JEKCUYECKUX CTPYKTYP OTpaHMYeH, MPUCYTCTBYET OOJIbIIOE KOJUYECTBO JIEKCHUYECKUX,
TpaMMaTHYCCKUX OHII/I6OK, BJIIMAIOINUX HA IOHUMAHUE COACPKAHUSA.
- IPY YCTHOM OTBETE Ha BTOPOW BONPOC 3K3aMEHALMOHHOTO OUJIeTa He IEMOHCTPUPYET YMEHUE
B pedeprpOBaHNH, ITOCKOIBKY COJEp)KaHWEe M CTPYKTypa IIPEACTAaBIEHHOTO YCTHOTO pedepara
JMIIb YAaCTUYHO COOTBETCTBYIOT >KaHPY MH(OpPMATHBHOTO pedepara, He OTpaK€Ha OCHOBHas

4



uzes MEepPBOMCTOYHMKA, HAOIOJAeTCsl HapyIIEHUE JIOTUKU TEePBOMCTOYHHKA; CTYACHT B peud
UCTIONIB3YeT JIGKCHYECKHE W I'PAaMMATHUECKHE €MHUIIBI, HE XapaKTEepPHbIC Ul CTHIS YCTHOH
HAYYHOH pe4H, UCTIOIb3yeT OTPAaHUYCHHBIN JHANa30H JIGKCHYECKUX M TPAMMATHUECKUX €IUHHII,
HE UCTIOJIB3YET NPHEMBI 0000IICHHUS U ITepedpa3supoBaHus, yoTpeOsieT 3aydeHHbIe (hparMeHTHI
TEKCTa MEPBOMCTOYHHUKA, TOMYCKAaeT OOJIBIIOE KOJMYECTBO JIEKCHYECKUX W TPaMMaTHUYECKUX
OIIMOOK, HETATUBHO BIIMSIOIINX HA TOHUMAaHHE;

- cymma 0ajuioB 1O BCEeM 3aJaHusiM (IMChbMEHHAs U YCTHAsl 4acTh) COCTaBIsICT menee 2()
6annos.

COBOKYMHOCTh pPe3yJbTaTOB OOYyYEHHUS IO JUCHMIUIMHE ¥ COOTHECEHHBIX C HHUMHU
WHJIMKaTOPOB JOCTHKEHUSI KOMIIETCHIIUH COIEPIKUT CYIIECTBEHHBIC MPOOENbI. Y CTaHOBICHHBIC
B IIpOrpaMMe KOMITeTeHIIUU He chopmupoBanbl. OLeHKa cocTaBisieT meree 20 bannos.

4, IIlkana omeHKH
DK3aMEH CUMTAaeTCsA CIaHHBIM, €CJIM CyMMa Oa/UIOB MO BCEM 3aJaHUsAM (IMMCbMEHHAs U
yctHast yactu) coctaBisieTr or 20 go 40 OamnoB BrmountenbHo. Cymma menee 20 6amios
MPU3HAETCS  HEYAOBICTBOPUTEIBHBIM  PE3YIbTATOM  IMPOMEXKYTOUHOW  aTTECTAIlUU IO

JNUCILIUILINHE.

B o0mel omneHke 0O IUCHMIUIMHE 3K3aMEHALMOHHbIE Oalibl YYUTHIBAIOTCS B
COOTBETCTBUHU C IIPaBUIIAMU OAJIJIbHO-PEUTUHIOBON CUCTEMBI, ycTaHOBIeHHbIMU B HI'TY.

5. Bompocsl K 3k3aMeHy 10 AucuMIInHe « THOCTpaHHBIN S3bIK U1 HAyYHO-
HCCJIEI0BATEIBCKOM NEATEIbHOCTI»

Tematuka  mpodeCcCHOHATbHO-OPUEHTUPOBAHHBIX  TEKCTOB (pedepupyembix u/uiu
AHHATUPYEMbIX HAyYHBIX CTAaTel) COOTBETCTBYET HAMPABICHUIO MOJTOTOBKH MaruCTPaHTa.

6. IIpuMepHBIii TEKCT HAYYHOI CTATHU /151 HATIMCAHUS AHHOTALMH

IIpouuTaiiTe CTaTHI0 U HANMILUTE AHHOTALUIO K Hel.



HIGH-PERFORMANCE PERFLUORINATED POLYMER ELECTRET FILM
FOR MICRO POWER GENERATION

Yoshihiko Sakane'", Yuji Suzuki’, and Nobuhide Kasagi’®
'Chemicals Company, Research & Development Div., Asahi Glass Co., Ltd.
Hazawa-cho 1150, Kanagawa-ku, Yokohama, Kanagawa, 221-8757, JAPAN
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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 E{'op:ni:!t. 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 iniﬂrﬂhlymer. The chamge
density of 1.5 mC/em®, 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 conventional secondary
batteries attracted much attentions. It is known
that the devices applying to RFIDs and mobile
sensor networks consume a low clectrical 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 Hz, clectret
power generators should have higher performance
than electromagnetic ones [4-8].

We recently reported that CYTOP™ CTL-M
{Asahi  Glass Co., Lud). MEMS-friendly
amorphous  perfluonnated polymer, can possess
high surface charge density, which 15 stable
enough for clectret material [7.8). We also found
that up 1o 0.28 mW can be oblained with the
CYTOP™ electret at an oscillation frequency as
low as 20Hz. However, higher surface charge
density is required for beter performance, and
charge stored in CTL-M becomes unsiable at
relatively low temperature. In the present slu-_‘iel_ a
novel electret material based on CYTOP™ is
proposed for higher surface charge density and
thermal stability, and its electret propertics arc
systematically investigated.

2. ELECTRET POWER GENERATOR

Figurec | 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 1o 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 sofl springs made of Parylene [9]),
which enables large amplitude of vibration and
low resonance frequency.

Fig. I: Schematic of micro seismic eleciret power
peneralor.
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Fig. 2: Model of electrer power penerator

Figure 2 shows a schematic of the simplified
generator structure, where o, d, g, and A are
respectively  the surfaice 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 Py 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 Ryay is independent of a,
but linearly dependent on  and g. Py is also
propoertional  to  the time derivative of the
overlapping arca dd{t)/dt. Thus, the vibration
frequency, the amplitude of vibration, and the
number of poles should alse have large impact on
the generator performance.

A PFOLYMER ELECTRET MATERIAL

Various kinds of materials have been examined
for electrets [10]. Among them, polymer dielectric
materials, especially fluorinated polymers such as
FTFE, are gpenerally 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., L),
which is amorphous perfluorinated polymer, can
be also 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

LF;y _CF3 CTL-A : COO0OH
"GF=CF CTX-S - -CF,
F’c\. fﬂ CTL-M : -CONH-Cy -5l 0C sH. )
F, i

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

multiple spin-coating. In addition, coated films
can be patterned easily with photolithography
process and Oz 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 outpul of
clectret generator is proportional to the square of
the surface charge density, clectret generators with
CYTOP™ can produce clectricity nine times
larger than generators with Teflon™ AF.

The molecular structure of CYTOP™ is shown
in Fig. 3. CYTOP™ is the perfluorinated polymer,
50 there are no hydrogen atom in the main chain,
and that leads to unique properties as follows; (i)
high chemical stability in any acids, alkalis, and
organic solvents except for perfluorinated solvents,
(1) low surface energy (17 dynefem), (iu) high
thermal stability (thermal decomposition temp is
over 350 “C ), {iv) low dielectric constant (2.1),
{v) high volume resistivity (=10'"0cm). There are
three different types of CYTOP™, which end
groups are different respectively; the carboxylic
acid type (CTL-AJ, trifluoromethyl 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
volmeter (Model2792, Monroe Electronics). 16
-um-thick CYTOP™ was spin-coated on 0.3-mm-
thick copper substrate with arca 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 data
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-§ 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 Thme trace of the surface charge densiny of
Perfluarinated palymer electret films, CYTOP™
CTL-5 CTL-A, CTL-M and CTL-NMD.

carboxylic acid or aminosilane  significantly
enhance the electret performance; the surfagce
charge density becomes higher, and the charge
decay is suppressed. Especially, aminosilane end
group (CTL-M} has the best performance o
promote the surface charge density. To introduce
more aminosilane imo the CYTOP™ clectret, we
doped  silane  coupling  reagem 1o CTL-A,
accomplished the highest surface charge density of
1.5 mClem® (CTL-NMD)

To examine the thermal stability of charged
clectret, the open circuit  thermally-discharge
(TSI mensurement | 14] has also been performed.
Different TSID  spectra peaks  correspond to
different charge trap mechanisms in dielecine
materials [10, 14]); the peak corresponding to the
dipale appears at the lowest tempersture near the
glass trnsiton Wemperature { F,= 108 "C). Peaks m
the higher temperatures correspond to the surface
and bulk traps. Therefore, TS spectra are very
uselul for oplimizing charging conditions and
malerials for more stable electres,

The electren spmple (e.g. copper subsiratey and a
facing probe were connccted as shown m Fig 5,
and heated up at the rate of 1 "C/min. Smnce the
temperature increased, thermal eénerpy was applied
1o electret and the trapped charges were released.
The discharged current was measured with an
electrometer (Model GA1TA, Keithley
Instrumrents) set into the circuit. As shown in Fig.
6, TSI spectra of CTL-5 has a peak an 135 °C,

Eleciromerer

— clecirode

Fig. 5

Experimental
stimeelated-discharge (TS0 measurement,

setup  of  Thermalfy-
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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,
aminosilang promotes the thermal stability of
trapped  charge  effectively, and  the peak
temperature of CTL-NMD TSD specira has been
improved to 185 °C, which is ¢ven 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
clectret, a counter ¢lectrode, an alignment XYZ
stage, and an electromagnetic shaker 78], The
clectret  and  the  counter  electrode  were
microfabricated with standard lithography process.
By wsing muliple spin coating technigue, 16
pm-thick electret film was obtained after curing,
followed by (3: plasma elching for palterming.
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Finally, corona charging technique was applicd to
acquire surface potential of more than -550V.
Total arca 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 (L5955 mW, which is
aboul twice of our previous data [R], has been
oblained at the exiermal load of 4 MO, Power
gencration  expenment wsing the new  clectret
material is now undertaken.

5. CONCLUSION

We examined MEMS-friendly perfluonnated
polvmer 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 growp provides better
surface charge density and thermal stabality, and
developed a novel eclectret material with the

doping of silane coupling reagent. We also have
oblained 0,59 mW al a low seismic frequency of
20Hz in our prototype power generator, which is
aboul twice of our previous data,
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7. TlpuMepHBbI TeKCT 1Jisl IUCbLMEHHOTI0 MepeBoia

IlepeBeanTe TEKCT HA PYCCKUH A3BIK MUCBMEHHO €O CJIOBapeM

What Is Mechanical Engineering?

Technically, mechanical engineering is the application of the principles and problem-solving
techniques of engineering from design to manufacturing to the marketplace for any object.
Mechanical engineers analyze their work using the principles of motion, energy, and force—
ensuring that designs function safely, efficiently, and reliably, all at a competitive cost.
Mechanical engineers make a difference. That's because mechanical engineering careers center
on creating technologies to meet human needs. Virtually every product or service in modern life
has probably been touched in some way by a mechanical engineer to help humankind.

This includes solving today's problems and creating future solutions in health care, energy,
transportation, world hunger, space exploration, climate change, and more.

Being ingrained in many challenges and innovations across many fields means a mechanical
engineering education is versatile. To meet this broad demand, mechanical engineers may design
a component, a machine, a system, or a process. This ranges from the macro to the micro, from
the largest systems like cars and satellites to the smallest components like sensors and switches.
Anything that needs to be manufactured—indeed, anything with moving parts—needs the
expertise of a mechanical engineer.

What do mechanical engineers do?
Mechanical engineering combines creativity, knowledge and analytical tools to complete the
difficult task of shaping an idea into reality.
This transformation happens at the personal scale, affecting human lives on a level we can reach
out and touch like robotic prostheses. It happens on the local scale, affecting people in
community-level spaces, like with agile interconnected microgrids. And it happens on bigger
scales, like with advanced power systems, through engineering that operates nationwide or
across the globe.
Mechanical engineers have an enormous range of opportunity and their education mirrors this
breadth of subjects. Students concentrate on one area while strengthening analytical and
problem-solving skills applicable to any engineering situation.
Disciplines within mechanical engineering include but are not limited to:

e Acoustics

o Aerospace

e Automation

e Automotive

e Autonomous Systems

« Biotechnology

o Composites

o Computer Aided Design (CAD)

o Control Systems

e Cyber security

e Design

o Energy

« Ergonomics

e Human health

e Manufacturing and additive manufacturing

e Mechanics

e Nanotechnology

e Production planning
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e Robotics

« Structural analysis
Technology itself has also shaped how mechanical engineers work and the suite of tools has
grown quite powerful in recent decades. Computer-aided engineering (CAE) is an umbrella term
that covers everything from typical CAD techniques to computer-aided manufacturing to
computer-aided engineering, involving finite element analysis (FEA) and computational fluid
dynamics (CFD). These tools and others have further broadened the horizons of mechanical
engineering.

8. IlpumepHoe 3a1aHue 1JIs1 ONMCAHUS rpaduka
YCTHO ONUIINTE MPEICTaBICHHBIN rpaduK.
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Figure 15. (a) Normalized optical spectrum and (b) an autocorrelation trace of a frequency-doubled soliton fibre
laser. The conversion efficiency is about 50%.

9. TIpuMepHBIi TEKCT 1Jisl yCTHOTO pedeprpoBaHust

IIpouuTaiTe TEKCT M COCTABbTE YCTHBIN pedepar K TEKCTY.
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Electric vehicles

Generally speaking, EVs can be classified into three main categories: hybrid electric vehicles
(HEVs), plug-in hybrid electric vehicles (PHEVS), and battery electric vehicles (BEVS). These
three alternatives have a decreasing reliance on an internal combustion engine and an increased
reliance on grid power. HEVs are dually powered by electricity and gasoline, requiring only gas
tank refills, and no electric plugs. The battery is recharged by the car’s regenerative braking
system. PHEVs also require gas refills, but the battery can be recharged both through the car’s
braking system and external sources of electricity. Finally, BEVs are comprised of only a
rechargeable battery, which requires plugging into an external electrical energy source.” Since an
increasing amount of grid power comes from renewable sources, the BEV is more
environmentally friendly than the PHEV, which, in turn, is more environmentally friendly than
the HEV. Additionally, BEVs use cheaper fuel (electricity vs gasoline), require less
maintenance, score their owner a tax credit as high as $7500, and hold the privilege of cruising in
the HOV lane at any time.

However, owning a BEV does come with downsides. First and foremost, the initial investment is
not always the most affordable, since the prices of new BEVs range from $30,000 to
$80,000+. One of the most economic BEVs, the 2020 Tesla Model 3 starts at $35,000. In
addition, an electric-powered transportation system is not necessarily the most convenient.
Rather than being able to spend less than 10 min at the nearest gas station, EVs require hours of
charging time. After that, a full battery can last an average of 200—400 miles, with the Model 3
driving up to 250 miles on one full charge. This range degrades with battery usage and with cold
weather resulting in ranges substantially shorter than their gasoline counterparts.

Despite these shortcomings, EVs comprised 2.5% of new vehicles that were sold globally in
2020. The market share from EVs is expected to grow significantly with an expected market
share of 32% by 2030. Much of this growth is seen in three regions — China, Europe, and the
United States. Past 2030, the growth of EVs is likely to decrease, as other regions lack the wealth
to develop the infrastructure necessary to support EVs. These infrastructure changes, including
charging stations and increased electricity capacity, will require multi-billion-dollar capital
investments, which is not feasible for numerous countries. Even with the infrastructure changes,
the high costs of EVs will limit their usage in poorer countries. Unfortunately, to make a long-
term, environmental impact, EVs will need to phase out gasoline-powered vehicles. With the
current limitations and costs of the EV, this is not possible.
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