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Ipenucaosue

J5isi TOATOTOBKU K BCTYIUIEHHIO B MHPOBOE TpodeccHoHaTbHOEe CO00-
LIECTBO, & TaKXe YCHEIUHOro B HeM (YHKUMOHMPOBaHHS, HAaYMHAIOLIAM
CIeUATUCTaM HEOOXOIUMO BJaJleHHE WHOCTPAHHBIM SI3bIKOM, B YACTHOCTH
AHIJIMHACKUM, KOTOPBIA ceroaHsi Oeper Ha ce0st pyHKUMM CpelcTBa MEX-
KyJII)TypHOI‘/'I KOMMYHUKAIUU, ABIISICTCA A3BIKOM ICJIOBOTO O6HICHI/ISI Hn HUH-
CTPYMEHTOM MOJYYEeHHUS HOBBIX 3HAHWl, YTO 0COOEHHO BaXXHO IS Oyny-
IIUX CIIEIAATNUCTOB, 00YUYAIONTNXCS B MATUCTPATYPE.

bnarojapss WHOCTPAaHHOMY SI3BIKY TPHOOPETAIOTCS CrelualbHble 3Ha-
HUSL 110 OTJEJIbHBIM MPEIMETaM, IPOUCXOJUT OCMBICIIEHUE ONPENEIEHHOI0
Habopa MOHATHI, 3aIOMUHAHNE U HAKOIUICHUE aJeKBATHOTO TEPMUHOJIOTU-
YCCKOro amnrapara v ap. BoybmmHCTBO CeuUajaIuCTOB UCHOJIB3YKT HHO-
CTpaHHBIfI SA3BIK U1 U3BJICYHCHUSA U3 AYTCHTUYHBIX UCTOYHUKOB HeO6XOIII/I-
MOii B ipohecCHOHaNBHOI IesITeTbHOCTH HH(DOPMAIIHH.

Taknum 00pazom, pa3BUTHE HABBIKOB aHHOTHPOBAHWS W pedeprpoBaHUs
Ha UHOCTPAaHHOM (aHTJIMHACKOM SI3bIKe), 3aKITI0YAIONINXCSA B HOPMYITUPOBAHUN
U (QUKcauMy TJIABHOIO COJEP)KaHWsi NPOYMTAHHOTO TEKCTa B pe3yJsbTare
CIIOYKHOM aHAJIMTHKO-CHHTETUYECKOW 00pabOTKH HH(OpMAInH, 3aHHMaeT
ocoboe MecTo Mnpu 00yYeHWH MHOCTPAHHOMY SI3bIKYy B paMKax MPOrpaMMbl
MOATOTOBKK MarucTpaHToB. KpoMe Toro, aHHOTUpOBaHUe U pedeprupoBaHHe
00NIaIafoT OTPOMHBIM OOYYAIOIIMM W KOHTPOIUPYIOIMM TOTEHIMATIOM TIPH
00ydeHun paboTe ¢ TEKCTAMH T10 CIIEITUAIEHOCTH 00yUJarOIIerocs.

OCHOBHOI 3a/1aueit MocoOus ABNAETCSA OBNAJCHHE MarkCTPaHTaMHU JKaH-
paMu aHHOTalKHK 1 pedepara Ha OCHOBE KOMIIPECCHH TIEPBUYHOTO TEKCTA.

Meroayeckue yka3aHWs BKIo4aloT pazzien «TeopeTHueckne OCHOBEBI
AQHHOTUPOBaHMsL U peepUpOBaHUs», Pa3lesbl, COAepkKallue TEeKCThl o0Lie-
TEXHHYECKOTO XapaKTepa, a TAK:Ke TEKCThI MO HAPaBJICHUIM «IJIEKTPOIHEp-
reTUKa U JJEKTPOTEXHUKa», «MaTepualoBeieHe U TEXHOJIOTMM MaTepua-
JIOB», «PaIII/IOTeXHI/IKa» C YHOpaKHCHUSAMU, HAIMPABJICHHBIMW Ha OBJIANCHUC
BTOPUYHBIMU JKaHPaMHU aHHOTAIlMM M pedepaTa; TPHUIOKEHHS, CIOBaph-

VYnpaxHeHHs K TeKCTaM MOCOOUs HampaBlieHbl Ha paboTy ¢ 3aroJOBKOM
U JIGKCUKO-TEMaTUYECKOW CETKOW TEKCTa, paclo3HaBaHUE JIOTMYECKOU
CTPYKTYphI CyOTEKCTa M OBIIaJICHUE €ro TUIIOJNOTHEH, BBISBICHUE B OPUTH-



HaJe M WCIOJIb30BaHNE CPENCTB MeX(Pa30BON CBSI3W MPH CO3JIAHWH BTO-
PUYHBIX TEKCTOB, ONpEACIEHUE NUHAMUKU Pa3BUTHS MBICIH B TEKCTE, CEr-
MEHTAalMI0 TEKCTa, BU3yaJIbHOE MOJICIMPOBAHNUE CMBICIOBONH CTPYKTYpbI
[EJIOTO TEKCTa MOCPEJICTBOM H300paXkeHHuss WH()OPMANUOHHOTO Tpada Win
JIOTHKO-CMBICTIOBOH CXEMBI TEKCTa, WCIIONIb30BaHUe TepedpasupoBaHUs U
00600mmenns pu GOPMYJIHMPOBAHUS OCHOBHON MBICII CMBICJIOBOTO KYCKa
W MOJBEICHUN UTOTOB.

B mocobun mcronb30BaHBl OPWUTHHAIBHBIE HAYYHO-TEXHWYECKHE TeK-
CTBI, OTOOpaHHBIE B COOTBETCTBUH C 3asBICHHBIMH HANPaBICHUSIMHU TOJTO-
TOBKY MaruCTPAHTOB.

B momortis o0yvaromuMcs mpeaiiaraeTcs clioBapb-MIHAMYM.

Habop ycToiumBeIX BeIpaXeHWH (KJIHIIE), HCMONB3YEMBIX TIPH aHHOTHPO-
BaHNH W peepHUpOBaHUN TPEUIOKEH B COOTBETCTBUH C KOMIIOHEHTAMH CXe-
MBI-MOJIENN BTOPHYHOTO YKaHPa, OMMCHIBAEMOTO B TTOCOOHH.

B 3aBucuMocTu OT Li€JIE€l, IOCTaBJICHHbIX IpenojaBarejieM, Y KazaHusl,
MOTYT OBITh WCIOIB30BaHBI ISl ayIMTOPHON M CAMOCTOSATENBHON paboThHI
00y4aroLmUXCsl.



PA3JEJ 1
(Section 1)

TEOPETUYECKHUE OCHOBbI AHHOTUPOBAHUS
N PE®@EPUPOBAHMUA (Theoretical Review)

1.1. OcHOBHBIC TOHATHS

AHHOTHpOBaHUE U pedepupOBaHUE SIBIISIIOTCS TBOPUECKUMHU Ipolecca-
MH, CYTh KOTOPBIX COCTOUT B OCMBICJICHUY, aHAIN3€ U OL[CHKE COJICPIKAHUS
OPUTMHAJILHOTO TEKCTa C LEJIBI0 M3BJICYEHUS! HEOOXOAUMbBIX CBEIEHHH.
B pesynbraTe aHANTUTHKO-CHHTETHYECKOH 00pabOTKH WH(OpMAIMU IMOITy-
YaeTcsl BTOPUYHBIA TEKCT, COAEPIKAIIUil OCHOBHBIE MW MEPBOMCTOYHHKA.
K BTOpHYHBIM TeKCTaM OTHOCATCS MaHPBI aHHOTAIMU U pedepara.

OcTaHOBHMCS Ha MX ONIMCAHWH.

PedepaT 1 aHHOTAIMS — KaHPHI TMCbMEHHBIE, epU(epUitHbIe, BTOPHY-
HBlE, Majible, Hay4YHO-MH()OpMATHBHBIE, C OTHOCUTEIBHO (PUKCHPOBAHHON
CTPYKTYypoii [4, c. 146—148].

PedepaTt — 3710 ckartoe M3NOXKEHWE OCHOBHOW MH(OpPMAaLnW NepBOWC-
TOYHHMKA Ha OCHOBE €e CMBICIIOBOM mepepabOTKH, cTposineecs B OCHOBHOM
Ha sI3bIKE OPUTHHANA ¥ BKITIOYaroliee GparMeHThl U3 MEPBOMCTOYHHKA.

Io uenn (Ha3HaYeHU10) pedepaTsl MOAPA3ALIAIOTCS:

— Ha bubnmorpaduaeckue pedepatsr;

— Ha pedepaTbl U1 HAYYHO-TIOIYJISIPHBIX KYPHAJIOB;

— Ha y4eOHBIe pedepaTsl.

Boigensitor ciieayroiue Buibl 0udnorpaduueckux pedeparos:

— B 3aBHCHMMOCTH OT IJIyOMHbI CBEPTHIBAHMS, CTENIEHU KOMIIPECCHH
(c:kaTus) WHQOPMANMU TMEPBHYHOTO JOKYMEHTa W XapakTepa mpe.-
CTABJIEHHS] MaTepHAJIA:

a) ungpopmamuensiii pegpepam (pedepaT-KOHCIIEKT);

0) unouxamuenwili pegpepam (yKazaTeNbHBI — KpaTKuid pedepar, cXo-
HBIN ¢ aHHOTAIIHEH ).

Hexoropsle uccienoBaresin OTHOCSAT pedeparT-KOHCHEKT M yKazaTellb-
HBIH pedepar k penpodykmusnomy BUIy pedepara, TO €CTh BOCIPON3BO-



JSIIeMy COJepXKaHWe TMEPBUYHOTO JOKyMeHTa. K MpoayKTHBHOMY BHIY
pedepara, comepkaimieMy KPUTHUECKOE WM TBOPUYECKOE OCMBICICHUE pe-
(dbepupyeMoro MCTOYHUKA, OTHOCAT pegepam-0630p W peghepam-0oxnao.
Pedepar-noknan, momumo aHanmm3a nHGOPMAIUH, IPUBEIEHHON B TIEPBOUC-
TOYHUKE, 1aeT OOBEKTHBHYIO OLIEHKY COCTOSIHUS MPOOIEeMBI.

HNudopmatuBHblii pedepat onpenensiercs Kak pedepar, coaepiKaiuii
«B 0000IIEHHOM BHJIe BCE OCHOBHBIE ITOJIOXKEHHS MEPBHYHOTO JTOKYMEHTA,
WLTIOCTPUPYIOIIUI €ro MaTepual, BaXXHEHIIYI0 apryMEHTAaIlUI0, CBEJCHUS
0 METOJMKE MCCIIeJJOBAaHMs, UCIOIb3YEMOM 000pYyAOBaHUH, chepe nprume-
HeHus» [3, c. 171]. ITockonbKy Takoil pedepaT crocoOeH «I0 HEKOTOPOM
CTEeTICHH 3aMeHSTh IMEePBUYHBIA JOKYMEHT» OH OKa3bIBaeT OOJNBINYIO IIO-
MOLLb YUTATEIISIM, KOTOPbIE HE MOT'YT BOCIOJIb30BaThCS OPUTUHAJIOM.

NuaukaTuBHblil pedepar XapaKTepu3yeTcs OTCYTCTBHEM JeTajlbHOMN
(dhakrorpaduueckoit WHHOPMAIIUHU, Kacalolleicsl pe3yNbTaTOB W BBIBOIOB
UCCJIE/IOBAHUS, U HAJIMYMEM MHOXKECTBA KJIIOUEBBIX CJOB M CJIIOBOCOYETa-
HUH, OTpa)karolWX Ha3BaHUs pa3leNioB, IJaB, pyOpuk. MIMeHHO 3Ta oco-
OCHHOCTh WHIUKATUBHOTO pedepara MOMOTaeT YHTATENO PEIINTh BOIIPOC O
1es1eco00pa3HOCTH 00palleHus K IEPBOUCTOUHUKY.

— 10 uean ped)epuPOBAHUS WIH [0 YUTATETHCKOMY Ha3HAYEHHIO:

a) obwuil (YHusepcanvhblil), pACCANTAHHBIN Ha MIMPOKHNA KPYT YATATEINeH;

0) cneyuanusuposaniwvlil, OPUEHTUPOBAHHBINA Ha CIIELIMAIUCTOB OIpe/e-
JIEHHOH 00JIacTH 3HAHMUS.

— 0 KoJIn4ecTBY pedepupyeMbIX NEPBUYHBIX JOKYMEHTOB:

a) MoHorpaduyeckuii pedepar (1o 0AHOMY MEPBOUCTOYHUKY);

0) 0030pHEI pedepaT (Ha OTHY TEMY IO HECKOJIBKAM HCTOYHHUKAM);

B pamkax mporpaMmbl MOATOTOBKHA MATHCTPAHTOB IO aHTIHICKOMY
SI3bIKY PEKOMEH/IyeTCsl HallMCaHue UH@OPMAmMUGHOZ0 MOHOZPAPUUECKO20
cneyuanbhozo peghpepama (06eM — 1/8 0T IEPBUIHOT'O TEKCTa) HA OCHOBE
WHPOpPMAIOHHOW TiepepaboTKh  mpodeccHoHaTFHO-OPUEHTHPOBAHHOTO
(HAyYHO-TEXHUYECKOT0) TEKCTA.

[Toctpoenune TekcTa pedepara MOKET UMETh CIEIYIOIIYyI0 KOMIIO3HIIU-
OHHO-CMEICITOBYIO CTPYKTYpPY:

1. bubauorpaduyeckoe onucanue (Ha3BaHWe CTATbH, BbIXOAHbIE
JIaHHbIE, CBEJIeHUA 00 aBTOpe (aBTOpPaX);

2. Tema;

3. N3/10:KeHHEe OCHOBHBIX BONPOCOB, MP00JIeM, MOJO0KEHU 0 KOTO-
PbIX TOBOPUTCH B MEPBOUCTOUHIKE;

4. AHAAM3 caMbIX BAKHBIX, 10 MHEHHIO aBTOpa pedeparta, BONPoO-
COB, NlePeYHCIeHHbIX BbIIIIE;

5. BoiBoabI aBTOpa NMEPBONCTOYHHMKA IO MpodJieMe.



AHHOTaIus, B OTIINYNE OT pedepara, sIBISETCS TEKCTOM, COAECPIKAIIIM
TG TIEPEYUCIIEHUE TIaBHBIX BOTIPOCOB MEPBHYHOTO NCTOYHUKA, yKa3aHUE
HA €ro TEMATHKY U CTPYKTYPY, MPH 3TOM HE JOMYCKAIOIIUM [IUTUPOBAHUSI.

AHHOTANUS — 3TO «HAWKpaTJailiee W3NIOKEHNE COJEepKaHUS TePBUY-
HOTO JOKYMEHTA, Jaromiee ollee mpencTaBieHue o Teme» [3] u xapakrepu-
3ylolleecss HATMYUEM S3BIKOBBIX OIIEHOYHBIX KITHIIIE.

AHHOTAIMM KJIaCCUPUITUPYIOT CIAEAYIOMHUM 00pa3oM:

— IO CONlepXKaHHIO:

a) CIIpaBOYHEIE;

0) onucatelibHbIe (PACKPHIBAIOT TEMATUKY MEPBUYHOIO TEKCTA, HO HE
JAIOT KPUTUIECKON OLIEHKH);

B) PEKOMEH/1aTe/IbHbIC (OLICHUBAIOT EPBOMCTOYHUK C PA3IMYHBIX TOUYEK
3peHHs);

— [0 MOJIHOTE OXBAaTa COJIEPIKAHUS AHHOTUPYEMOr0 JOKYMEHTA U YUTA-
TENbCKOMY Ha3HAYEHHIO:

a) obuiue;

0) crienaaIn3upOBaHHEIC.

Pa3HOBUAHOCTBIO ClELMANIM3UPOBAHHONW aHHOTALIMM SIBJSICTCS U aHAIU-
muyeckas aHHOTAIVS, XapaKTepu3yIolas onpe/Ie]IeHHbIH aclIeKT collepKa-
HUsI TIEPBOMCTOYHMKA. BBIIENSIOT TaKkKe 0030pHyI0 aHHOMAYUio, KOTOpas
COJIEPXKUT 00OOIIEHHYI0 XapaKTepUCTHKY JIBYX U OoJee TOKYMEHTOB, OJH3-
KHX 110 TeMaTHUKE.

— 10 ajipecary:

a) He JyIsl JINYHOTO MOJIb30BaHUS;

0) st ceOs;

— 1o dopme:

a) yCTHBIE;

0) MICEMEHHEIE;

— 110 00Bemy:

a) KpaTKue aHHOTanuu (OOBIYHO CBOJATCS K XapaKTEPHCTHUKE MEePBOMC-
TOYHHMKA [0 OJTHOMY acleKTy);

0) pa3BepHyThIe aHHOTAUH (OoJiee MOAPOOHO MPEICTABISAIOT IEPBOUC-
TOYHHK);

— [0 HAITMYHIO aBTOpA!

a) HeaBTOPCKasi aHHOTAIIMS, COMPOBOXKAIOIIAsI HOBYIO MYyOJIMKAIINIO;

0) aBTOpCKas aHHOTAIWs, HAITMCAHHAS W3BECTHBIM, aBTOPUTETHBIM ITH-
L[OM HJIM AaBTOPOM, HE M3BECTHBIM IIUPOKOMY KPYTYy YMTATEIICH.

[lpu aHHOTHPOBaHNY HAYYHO-TEXHUYECKOTO TEKCTa MAarMCTPAHTAMHU PEKO-
MEHJIyeTCs HalVCaHWe ORUCAMEIbHOIU 00uiell GHHOMAWUU, TIPEICTaBIIO-




e cobor 3—4 YeTKUX TMPEUTOKEHUs, MAIOIINX TPEACTaBICHNE O TIIABHOM
TeMe M IIEpeYHe BOIPOCOB, 3aTPAariBaeMbIX B TEKCTE [IEPBOMCTOYHHKA.
B crpykrype aHHOTalMK BBIACISIFOT CASAYIOUIME YaCTH:

1. Bubauorpaduyeckoe onucanue (Ha3BaHHEe CTATbH, BBIXOAHbIE
JlaHHbIE, CBeJleHUus1 00 aBTope (aBTOPaXx));

2. Tema;

3. IIpoGuemaTuka.

Takum 00pazom, eclii AHHOTALMA JIMIIb NIEPEYUCISIET BOMPOCHI, O KO-
TOPBIX WAET Peub B MEPBUYHOM TEKCTE U OTBeYaeT Ha Bonpoc «O yem 2060-
pumcs 6 nepgoucmoynure?y, To pedepat He TOJIBKO MEPEUUCIAET 3TH BO-
MpOCHl, HO M PAaCKpPbhIBAaeT WX CYIIECTBEHHOE CO/AEp)KaHWe, OTBedas Ha
BoMpoc « Ymo coeopumcs 6 nepgoucmounuxe? ».

Hapsiny ¢ TpaguunoHHBIME XKaHpaMu BTOpHYHOHN HH(pOpManmu — pede-
paToM M aHHOTaluWel, peKOMEHAyeTCS HalMCcaHNe TaK Ha3bIBAEMBIX pe3io-
Me-8b160006, UM CXKATBIX BBIBOJOB, COICPXKAIIMX 2—3 UYETKHX, KPaTKHX,
BBIPA3UTEIIbHBIX MPEJIOKEHUH, OTPaXKAIOIMX BHIBOJA, K KAKOMY TMpHILEI
UCCIIeI0BATeNb IOCIIE IPOYTEHNUS CTaThU (TEKCTA) IO CIIELHaIbHOCTH.

Ocoboe BHMMaHHE ClIEyeT YACIUTh Y4eOHO-HAYYHOMY HH(OpPMATHB-
HOMY MOHOrpaduueckomMy pedepary, HaMCaHUE KOTOPOTO XapaKTepu3yeT-
Csl BBICOKOW CTETICHBIO TBOPUYECKOM aHATMTUKO-CUHTETHYECKON MepepaboTKu
nHpopmarmn. [Iporecc mocTpoeHns: ydeOHO-HAyYHOTO MOHOTPa()hUIECKOro
pedepata ocHOBBIBaeTCS Ha YTEHHM HAyYHOTO TEKCTa, TJIaBHBIM 00pazoM
HAYYHOI CTaThM MO CHENHMaIbHOCTH C TOCIEAYIOIINM HarMcaHueM coOcCT-
BEHHOT'0 BTOPUYHOI'O TEKCTA, HCKITIOYAIOLIEr0 KOMIWIALIUIO — MEXaHMYECKOE
NEePENUChIBAHUE OTPHIBKOB IEPBOUCTOUHHMKA. [IOCKONBKY TEKCT Y4eOHO-
Hay4dHOro pedepaTa sBISETCS pe3yibTaToM MHGOPMAIIMOHHON mepepaboTKu
AHIJIMIICKOWM HAY4YHOW CTaThH, €ro CTPyKTypa OyAeT MMETb KOMIIOHEHTHI, OT-
paXXCHHBIE B CXeME-MOJIENH yIeOHO-HAYIYHOTO MOHOTpadrueckoro pedepara.

Cxema-Moe/1b y1eOHO-HAYYHOT0 MOHOTpaduueckoro pedepara

1. buGauorpadguyeckoe onucaHue
1.1. Ha3paHue cTaTbH, BRIXOHBIE TaHHBIC
1.2. CBenenus 06 aBTOpe (aBTOpax)

2. Beryngenue (Introduction)

2.1. Tema, ee aktyansHOCTH (Importance of the Study/ Paper)

2.2. CreneHb pa3pabOTaHHOCTH TEMbI:

— HCTOpHS BoIlpoca Hambosee BaKHbIe pabOThl, MOCBSIICHHBIC TaHHOM
Teme, cBegeHus 00 aBTopax (Background of Study);
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— Huepemennbie Bompock (Lack of Knowledge)
— IOCTaHOBKa IleNn uccienoBanns (Statement of Purpose)

3. OcHoBHas yactb (The main body)

3.1. M3105xeH1e OCHOBHBIX BOIIPOCOB, MPOOJIEM, IOJI0KEHUH O KOTOPbIX
TOBOPHTCS B CTaThe

— onucanue metonoB u metoauk (Description of Methods and Tech-
niques);

— onucanue obopynoBanusi 1 marepuanoB (Description of Equipment
and Materials);

— onucaHue ycioBui xona skcnepumenta (Experimental Conditions
and Procedure);

— OMucaHMe MOoNydYeHHBIX pe3ynbraToB (Presenting Results)

3.2. AHanm3 caMBIX BaKHBIX, IT0 MHEHHIO aBTOpa pedepara, BOIPOCOB,
MEPCUYNCIICHHBIX BBIIIC

4. 3akawdenue (Conclusion)

4.1. BbIBOA, OMHMCaHWe 3HAUCHUS PE3yJbTATOB/HCCIEOBAHUS, ClENaH-
Hele aBTopoM ctaThh (Description of the Significance of Results/Study)

4.2. O000IEeHHBI BBEIBOJI O 3HAYCHWH TEMBI WA MPOOJIEMBI CTATHH,
chemaHHbIi aBTopoM pedepara (General Conclusion)

Hanucanue BTOpUYHBIX TEKCTOB HAa AHIJIMHCKOM si3bike TpeOyeT uc-
MOJIb30BaHME yCTONYMBEIX BBIpakeHWe (Kiuiie). B momomp Maructpanrty
npeajaraercs CMCcoK Haubosiee 4acTo ynoTpedssieMblx KiMLIe [PU aHHO-
TUPOBaHUM U pedepUpPOBAHUN B COOTBETCTBHH CO CTPYKTYpPOH >KaHpa (CM.
[Ipu. 4).

[To mpuyrHEe OTCYTCTBHS B OTE€YECTBEHHOW W 3apyOeKHOW MeToImde-
CKOH JIUTEpaType €IMHOTO MHEHHSI OTHOCHUTEIHLHO TEPMHHOJIOTUU HA AHT-
JTUACKOM SI3BIKE, UCIIONB3yeMOM Ui 0003HAYeHHS TOTO WIIM WHOTO YKaHpa
[6, c. 30—32], B JaHHOM TTOCOOMH MPUHUMAIOTCS CIEAYIOIIIE 0003HAUCHUS:

Abstract — onmcatensHas oOmmias aHHOTaUS (00beM — 3-4 TpeIoxKe-
HUs) (HE clenyeT MmyTaTh C aHHOTalMeEH K CTaTke);

Summary (1) — wungopmamusuwiti monocpaghuueckuii cneyuanbHulil
pegepam (06beM — 1/8 OT IEPBUIHOTO TEKCTA);

Summary (2) — pe3toMe-BBIBOABI (00BeM 2-3 TIpeIoKeHNs );

Summary (3) — yuebHO-HayuHBIII MOHOTpadudeckuii pedepar (00b-
em — 1/5 oT nepBUYHOrO TEKCTA), B 3aBUCUMOCTH OT Y4€OHOIrO IjlaHa CIie-
[UaNbHOCTH MOXKeT nMeTh HazBaHune Course Paper — Kypcosas pabota
(cwm. IIpua. 5).
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1.2. PexoMenaanumu no Hanucauuio pedepara
U AHHOTALlUH

[lpu pedepupoBaHny W aHHOTUPOBAHUHM pabOTa BEAETCS MO CIEAYIO-
MM HaTPaBIICHHUSIM:

1) BEIETIEHVIE OCHOBHOM (TJTaBHOM) M OTCEYeHHe BTOPOCTENIEHHON U He-
CYLIECTBEHHOW MHPOpMALMH;

2) nepepaborka (nepedpasupopanue) riiaBHOH HHPOPMALUK B KPATKYIO
(hopMy peueBoro Npou3BeICHHUSI.

st ycrieniHo BBITIOJHEHUS] TIOCTABIEHHBIX 33J]au CleyeT NPUAEpKH-
BaThCs CIEYIOUICTO AI20pUmMMA:

1. ITpocMoTpuTe O€riI0 TMEPBUYHBIM JOKYMEHT, OMpeaenuTe OOLIHii
CMBICII TEKCTa, OMMUPASCh HA 3ar0JIOBOK, TpadUKu, pUCYHKH;

2. ITpounTaiiTe TEKCT BHUMATEIBHO BO BTOPOM pa3 Aisl LEJIOCTHOIO
BOCHIpUATUS WHGOPMAINH, ONpPEeNnTe 3HAYeHHE HE3HAKOMBIX CIIOB II0
KOHTEKCTY U II0 CIIOBApIO;

3. OmpenenniTe OCHOBHYIO TEMY TEKCTa;

4. [lpoBenuTe CMBICIOBOW aHAIHM3 TEKCTa, BBIAENSAS a03alsl (CMBICITO-
Bble OJIOKH, CyOTEKCTHI), collepKaline HHPOPMAIIHI0, KOTOpas pacKphIBaeT
WM TIOITBEPIKIAeT 3arjiaBue TeKCTa (OCHOBHYIO TEMY ); OIpeIelTuTe KOMITO-
3ULIMOHHOE MOCTPOEHUE — CTPYKTYpy ab3aues (aeaykruHyto — deductive,
MHAYKTUBHYIO — inductive, pamounyio — closed-in, crepxkueByto — pivotal);

Ipumeuanue. lIpocneuTs JUHAMUKY W3JI0KEHUSI MaTepualla IIOMOXKET aHa-
TIN3 CTPYKTYpHI ab3ama uim cyOTeKcTa.

A63ay B HAYYHOM TEKCT€ MOXXHO OIPENEIUTh KaK OTHOCHUTEIHLHO CaMOCTOSI-
TENBHBIN, Tpa)U9ecKd BBIICICHHBIA MMOCPEICTBOM KPAacCHOW CTPOKH DIIEMEHT TeK-
cTa, cojepXKaluii OJJHy YacTHYIO MbIC/b MM ee (pparment. Kilaccnueckuii ab3ai
“MeeT a03alHbIi 3a4WH, TTaBHYK ab3amHyro Qpasy (00oOmieHue), comeprKamyto
KITIOYEBBIE CIIOBA WM MPEATIOKECHNE, KOMMEHTHPYIOIIYI0 YacTh, PACKPBIBAIOIIYIO
YTBEpIKAEHHE TJIaBHOM a03amHol dacTH. 3akaHUMBaeTcst ab3ar BeIBogoM. VHorna
a03aIHbI 3a4MH SBISIETCS TIIaBHOM (h)pa30oi, a KOMMEHTHPYIOMas YacTh 3aHIMAET
nBa ik Oostee ab3aleB M BBHIBOJ BBIIEISIETCS] B OTHENBHBIN ab3ar. B aTom ciydae
MO>KHO TOBOPHUTH O CTPYKType CyOTEKCTa.

Cyb6mexcm — KOMIIOHEHT CBSI3HOTO TEKCTa, Pa3BUBAIOIINI ONHY M3 OCHOBHBIX
TEM 1 000010 TEMBI HECKOIBKHX a03a11eB, BXOIAIINX B €I0 COCTaB.

B 3aBuCHMOCTH OT MECTOHAXOXXACHUS B ad3are (CyOTeKcTe) 0000maromero
npeano:xenns (key sentence) BBIICIAIOT:

1) ab3am (CyOTEKCT) ¢ HeAyKTHBHOW CTPYKTYpOH — KITIOYCBOEC TMPEIIOKCHUEC
HaXOAWTCS Ha BEpXHEW rpaHumile ad3ama (CyoTeKcTa);
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1) Mogens oedykmuenoeo (deductive) cyorekcra (ab3ama)

2) ab3an (CyOTEeKCT) ¢ MHAYKTHBHOM CTPYKTYPOil — 3aKIFOUUTEIIFHOE TIPEIIO-
JKCHHE WIIM 3aKJIFOUMTEIBHBIN a03al, cojaepikaiiue OOOOLICHHUE, MOIBOAST HTOT
CO/IEPIKaHMIO BCErO CMBICIIOBOI0 0JioKa (KyCKa) M HaxOASTCsl HA HWKHEW IrpaHuLe
a03ara;

2) Monens unoykmusHozo (inductive) cyorexcra (ab3ama)

3) ab3an (cyOTEeKCT) ¢ paMOYHOI CTPYKTypoil — 0000IIeHre pacrioyiaraeTcs B
Hauaje a03alla ¥ B KOHIE, IIPX 9TOM IepBoe 0000IeHue qyOnupyeTcs MOCpeacT-
BOM Tepedpa3rpoBaHUs B KOHIIE CMBICIIOBOTO KYCKa;

3) Mogaens cybrekcra (ab3aua) ¢ pavounot (closed-in) cTpykTypoit

4) a63a1y (cyOTEKCT) CO CTep:KHEBOH CTPYKTYpOIl — KITIOYEBOE MPEATIOKEHUE,
coziepkalee 0000LIeHHe, pacnoylaraeTcs B cepeliiiHe ab3ala WiH B cpeiHeM ab3a-
11e cyOTeKcTa;
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4) Mogeins cyorekcra (ab3ama) co cmepoicnesou (pivotal) crpykTypoit

B cTpykType TekcTa MOKHO BBIICIUTH a03all, BBIMOJIHSIIOMMN (GYHKIUIO CBSI3-
KM Mexny ab3amamm (cyOrekctamu). Takoil a03arl OOBIYHO COCTOUT M3 OJHOTO
OPpEAJIOKCHNS Y HA3BIBACTCSA KOHCTPYKTUBHBIM.

5. YcraHoBuTe cpeicrtBa MexX(pa3oBoil CBsi3U BHyTpH ab3aua (cyOTek-
CTa) JJISl yCTAaHOBIICHHUS OoJiee TOYHBIX €ro TPaHuII;

IIpumeuanue.

[peanoxenust BHyTpHU ab3a1ieB MOTYT OBITh CBSI3aHBI MOCPEACTBOM:

a) MOBTOPEHUI TepMUHOB (repetitions);

0) CHHOHMMOB (Synonyms);

B) aHTOHUMOB (Opposites);

T') MECTOMMEHUH (pronouns);

J1) WUCIOJIb30BaHMS PA3HBIX 4YaCTC peun ¢ o0ImuM KOpHEM (Hanpumep: to
depend — dependence)

€) COI030B, COIO3HBIX CJIOB, MECTOMMEHHBIX Hapeuwii 1 Hapeunii (Connectives)
(cm. pun. 2) u T. 1.

6. Pacnpenenure matepuan TekcTa NEPBOMCTOYHHUKA HA TPU IPYIHIIBI IO
CTETeHH Ba)KHOCTH:

a) HamOoIee BaxxHas WH(POPMAITHS;

0) BTOpocTeleHHas HHMOpMaIIS;

B) MaJlo3HauMTeNbHAs HHPOPMaLKsi, KOTOPYIO MOKHO OIYCTHTb;

7. Haiizute kiroueBble MpeIoKeHHUs B ab3amax (B Havaje, cepeauHe
WM KOHIIE), COJePIKANINX CYIIECTBEHHYI0 WH(POPMAIHIO, COCTaBbTE JIOTHU-
YecKUi MJiaH (Ha3bIBHOM, BONPOCHBIM, TE3UCHBIH) WM MH()OPMALIMOHHBIN
rpad TeKcTa;

Ipumeuanne. Haubonee parmmoHansHON (GopMoil (uKcanmuy MOHITOTO TJIaB-
HOTO COZEPIKAHUS TEKCTa SBJISIETCS COCTaBICHHE IIJIaHa.

Ilnan — KpaTKasi porpamMMa H3JIOKEHHUS COIEpIKaHUs CTaThU (TEKCTa), coaep-
JKalas MOCIeIoBaTeIbHOE U3NI0KEHIE KOPOTKO c(OPMYIUPOBAHHBIX MBICIIEH-3aro-
JIOBKOB, 1O KOTOPHIM MOXXKHO ITOJYYHTH TIPEICTABICHHE O COAEPKAHWH M CXEMe
TIOCTPOEHHS IEPBOMCTOYHHKA.
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Ilo cTpykType BBIIETSIOT:

1) npocmoii nnaw;

2) cnookcHblil nIaH, CONEPIKAIIIN TIOIITYHKTHI;

3) passeprymoiii, CONEPKAIIUIN HE TOJIEKO TIEPSUNCIICHIEC OCHOBHBIX UICH, HO U
BBIJICPKKH U3 TEKCTa;

ITo ¢opme BbLIEISIOT:

1) Ha3vbl8HOTI, COCTOSIINI N3 HA3BIBHEIX MPEAJIOAKEHNH (CII0BOCOUETaHM);

2) sonpocnwiil, B HOpMeE BOIPOCOB C UCTIOTH30BAHNEM BOIIPOCUTENFHBIX CIIOB;

3) me3ucHulii, COCTOSIIINN W3 YTBEPAUTEIBHBIX PEITI0KECHUI.

HaspiBHBIC Mpeio)KeHNs IUIaHa Jerde Bcero mpeoOpa3oBhIBaTh B pedepaTus-
HBIEe TIpeIUTOKeH s, QOPMYIIHPYIOLINE TIIaBHYIO MBICIB KQXIOTO pas3iena.

Eme omanM crmocoOoM oTpaXeHUs! CTPYKTYPHOW OpraHW3alii COJep KaHHs
TICPBOMCTOYHHKA SBISIETCSI COCTAaBICHNE WH(POPMAIIMOHHOTO epagha nin Tpadude-
CKoif penpeszenTannu Tekcra [1, ¢. 89-90], ocHOBaHHOIT Ha BU3yaJIbHOM MOJIEIHPO-
BaHUU CMBICJIOBOU CTPYKTYpPBI LIEJIOr0 Tekcra. Hanpumep, TekcroBas cxema (rpad)
TEKCTa, COIEPIKAILEro HHHOPMALIUIO O KITaCCU(DUKAINN MATEPUATIOB, MOXKET UMETh
CJIeIy 0L BUIL:

Materials

| <

| Ferrous | | Non-ferrous | Plastics Ceramics

8. [lepedpazmpyiite, UCTONB3ysl KIHUIIE W CIOBa ¢ 00OOIIEHHO-a0CT-
pPaKTHBIM 3HAYCHHEM, MyHKTHI TUTAHA B KpaTkue (pedepaTuBHBIC) MPEio-
KEHUs, POPMYJIUPYIOIINE TIaBHYIO MBICTb KaXKI0TO CMBICIOBOTO OJIOKa U
Ba)KHEHILIME J10KA3aTeNIbCTBA, NOAKPEILISIOUINE 3Ty MBICIIb;

IMpumeuanue. [epedpasuposanve (pedepupoBaHne) MOKET OCYIICCTBIATHCS
10 MPEIOKESHHBIM 00pa3Lam:

X is a material that ... => The author describes X as a material that ...
X is described as a material that ...

X are classified into... =>  The author gives the classification of X.
X are divided into ...
X fall into ...
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X is important ... =>  The author points out to the importance of X.

X is made thoroughly... =>  The author says about thorough X.

X can be described ... =>  [tis said about the opportunity to describe X...
X is bigger than Y. =>  The author compares X and Y.

X consists of ... => Itis said about the construction of X.

X includes ... The author describes the composition of X.
X contains ... The design of X is presented.

X has... Thereis ... . ... is

also present.

X increases ... =>  The author says about higher (increased) X.
It is said about an increase in X/

X decreases ... =>  The author points out to lower (decreased) X.
It is pointed out to a decrease in X.

Thereisa X ... =>  The author says about the availability of X ...

X is used for/in ... => ]t is said about the use of X for/in ...
The use of X for/in ... is considered.

9. 3aBepunre 00pabOTKy BCEX MyHKTOB IJIaHA, COEIUHUB MPEIJIOKEHUS
MIPpY TOMOLIH CpeAcTB ¢BsA3M (cM. Ilpui. 2), B ueabHbIHN, IOTHYHO NOCTPOEH-
HBIH B COOTBETCTBHH CO CXEMON-MOJIENbIO0 )KaHpa BTOPUYHBIA TEKCT.

1.3. CtuieBble U sI3bIKOBbIE XapaKTepUCTHKH pedeparta
H AaHHOTAUH

PedepaT 1 aHHOTAIUS KaK JKaHPbl HAYYHOTO CTHIIS UMEIOT CIeyoIHe
CTHJICBbIC XapPaKTEPUCTUKH:

— 00001IEHHO-0TBJI€YeHHOCTh — B OCHOBE peepupOBaHUS JISKHUT HC-
I0JIb30BaHME IIPUEMOB Tiepedpasza u 000O0IICHIS:

a) peslomupyiouje2o, 3aKIIYalOIerocs B 3aMEHE 4aCTHOro0 O0UIMM, BU-
JIOBOTO TIOHSTHUS POJOBBIM, BCKPBITUH OOIIUX TMPH3IHAKOB y psla SBICHUH
JUIS X OOBEIMHEHHUsS, CBEJCHUU Psla SIBICHUN K MX CYI[HOCTH, JIOTHYE-
CKOM Pa3BUTHUM MOHITUN, HAMPUMEP 3aMEHE OJIHOTO MPU3HAKA JAPYIUM, 3a-
MeHe MPUYHHBI UK CIIeICTBHUE TPOLIECCOM H T. 11.;
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0) 6vibopouHO20, O3HAUYAIOUIETO BBIJCICHHE OJHOr0 Haubosee THINY-
HOTO W TIOKa3aTelbHOTO (pakTa B KadyecTBe 0OOOIIEHHON XapaKTepHUCTUKU
MOJIOKEHUI MaTepuaa;

— JIOTHYHOCTDh M3JIOKEHHMSI — B TEKCTE MPOCIEKUBACTCS JBUKEHHE OT
MPOCTOrO K CIOXKHOMY, OT CTAPOTO 3HAHUS K HOBOMY, OT HOHSTHS K CyXKJIe-
HUIO ¥ BbiBOsIaM. Kpome Toro, xaHp pedepara U aHHOTAllMU UMEIOT CTPYK-
TYpY, COOTBETCTBYIOIIYIO MOJENU KaHpa W COeJIUHEHHE KOMIIOHEHTOB
BHYTPH TEKCTa JJOCTUTAETCS MMOCPEICTBOM MHOTO00pa3ns CpeacTB Mexdpa-
30BOM CBS3H;

— TEPMHUHOJIOTHYHOCTb — TEPMHUH — 3MOIMOHATBHO-HEHTpabHOE CIIO-
BO (CIIOBOCOYETAHHUE), TOYHO Iepeatoliee Ha3BaHUe OMPEAEICHHOTO MOHS-
THSI, OTHOCSIIETroCsS K TOM WM MHOW 00JacTH HAyKW M TeXHUKH. HaydHo-
TEXHUYECKUI TEKCT COMEPIKHUT OOJIBIIOE KOTMYECTBO CHEIHUATbHOW TepMHU-
HOJIOT'HMH, TO3BOJIsIIOIIEH Haubosee 4eTKO M SKOHOMHO M3Jarath cojepika-
HHe TJAHHOTO TIpeIMeTa M obecneunBaroleil MpaBUIIbHOCTh TOHUMAaHUS Cy-
TH paccMmarpuBaeMoro Bompoca. OTCloJa BBITEKAIOT Takue O0COOEHHOCTH
pedepara u aHHOTaUMM KaK, OJHO3HAYHOCTb, NMpeAesibHAs KPAaTKOCTb,
SICHOCTD.

st si3pika ¥ cTHIIS pedepaTa U aHHOTAIIMK XapaKTEePHO:

— mpeobnanaHue CIOB ¢ 00OOIIEHHBIM, aOCTPAKTHBIM 3HAYEHHUEM (eX-
planation-o0nscHeHne, description-onucanne, conditions-yciaoBus, estima-
tion-oiieHka (pe3yJ/ibTaToB), etc.);

— HaJW4Khe CIeNUANTbHOTO JIEKCHYECKOTo ammaparta — TepMHHOJIOTHH
(AC generator-reHepaTop nmepeMeHHoro Toka, electromotive force-anexTpo-
JBIKYLLAsl CUIIA, Tesistivity-yaeibHoe CONPOTUBIICHUE, etc.);

— mpeoOiaaHue OTIIIArOJbHEIX HMEH CYIIECTBUTENBHEIX (determining-
omnpenenenne, implementing-saenpenue, conducting-mposenenue, etc.);

— B ruarosibHbIX popmax npeobiiaganue Hacrosiero npocroro (Present
Simple), NpeUMyIIeCTBEHHO B CTPaJaTEIbHOM 3all0Te; UCIOIb30BaHUE Tac-
cuBHBIX kKoHCTpYKuni (The results of the experiment are presented. It is said
about materials with high resistivity, etc.);

— aKTHBHOE HCIOJbh30BaHUE MTOBTOPEHUH, IEKCHUECKMX U FpaMMaTHye-
CKUX, JiJIsi 00ecrieYeHus JIOrTMKO-CMbICIIOBOM CBSI3M MEX/Y YacTSIMU TEKCTa
U OTJAENbHBIMU (pazamMu, HampuMep, JUYHBIX, yKa3aTeJbHBIX, MPHUTIKA-
TEJILHBIX U OTHOCHUTENIFHBIX MECTOMMEHHIT; COFO30B U COIO3HBIX CJIOB H JPY-
rux cpeacts cesizu (however-oanako, besides-kpome Toro, thus-rakum 00-
pazowm, etc.)

— ymnoTpebieHne MPUYaCcTHii ¥ PUIACTHBIX 00OPOTOB;
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— TpPUBHECEHHE B TEKCT KIMIIUPOBAHHBIX KOHCTPYKIHMH, OTCYTCTBYIO-
mmx B mepBuuHOM Tekcte (The experience of ... is summarized in the
article. The methodology of ... is described in the paper., etc.);

— OTCYTCTBHE CYyOBEKTHBHO-OIIEHOYHOM JICKCHKH.

Taknm oOpa3om, coOirofeHre BhIIIE MEPEUNCIEHHBIX 0COOeHHOCTEH
MIOMOTaeT CO3/1aBaTh TEKCTHl BTOPUYHBIX JKaHPOB aHHOTAIMU U pedepara B
COOTBETCTBHU C TPeOOBAHMSMH, NPEABSIBIIEMbIMH K HAMMCAHUIO TEKCTOB
HAay4YHOTO CTHIIS, @, CIe0BaTeNbHO, 3(p()EeKTUBHON TEKCTOBOW JeSTebHO-
CTH.



PA3JIEJ 1I

TEKCTbI OBIIETEXHUYECKOI'O XAPAKTEPA
(General Engineering)

Text 1

1.1. What does physics deal with?
1.2. Read the text and find the answer to the question.

CLASSICAL AND MODERN PHYSICS

1. The earliest recorded efforts to systematically assemble knowledge
concerning motion came from ancient Greece. In the system of natural
philosophy set forth by Aristotle (384-322 B.C.), explanations of physical
phenomena were deduced from assumptions about the world, rather than
derived from experimentation. For example, it was a fundamental assump-
tion that every substance had a "natural place" in the universe. Motion was
ruled to be the result of a substance trying to reach its natural place. Because
of the agreement between the deductions of Aristotelian physics and the
motions observed throughout the physical universe, and because there was
no tradition of experimentation that could overturn the ancient physics, the
Greek view was accepted for nearly 2000 years. It was the Italian scientist
Calileo Galilei (1564-1642) whose brilliant experiments on motion
established for all time the absolute necessity of experimentation in physics
and initiated the disintegration of Aristotelian physics. Within 100 years,
Isaac Newton had generalized the results of Galileo's experiments into his
three spectacularly successful laws of motion, and the natural philosophy of
Aristotle was gone.

2. Experimentation during the next 200 years brought a flood of
discoveries, inspiring the development of physical theories to explain them.
By the end of the nineteenth century, Newton's laws for the motions of
mechanical systems had been joined by equally impressive laws from
Maxwell, Joule, Carnot, and others to describe electromagnetism and
thermodynamics. The subjects that occupied physical scientists through the
end of the nineteenth century — mechanics, light, heat, sound, electricity,
and magnetism — are usually referred to as classical physics.
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3. The remarkable success of classical physics led many scientists to
believe that the description of the physical universe was complete. How-
ever, the discoveries of X rays by Roentgen in 1895 and of nuclear radioac-
tivity by Becquerel in 1896 seemed to be outside the framework of classical
physics. The theory of special relativity proposed by Albert Einstein in
1905 contradicted the ideas of space and time of Galileo and Newton. In the
same year, Einstein suggested that light energy is quantized; that is, that
light comes in discrete packets rather than being wavelike and continuous as
had been assumed in classical physics. The generalization of this insight to
the quantization of all types of energy is a central idea of quantum
mechanics, one that has many amazing and important consequences. The
application of special relativity and, particularly, quantum theory to such
microscopic systems as atoms, molecules, and nuclei has led to a detailed
understanding of solids, liquids, and gases and is often referred to as modern
physics.

4. Except for the interiors of atoms and for motions at speeds near the
speed of light, classical physics correctly and precisely describes the
behavior of the physical world. Modern physics is itself built on the
concepts of classical physics. For example, it is not possible to understand
quantum theory without knowledge of such classical concepts as energy,
momentum, angular momentum, wave functions, and standing waves.

1.3. a) What two parts can the text be divided into? Why do you think
so? b) Find key sentences in each part.
1.4. Read the text again and complete the table:

Scientist Aristotle, ...
Discoveries veey .ouy X1QYS, ...
Periods of time ..., 1896, ...
Physical phenomena light, ...

.5. Find the means of connection within and between paragraphs 2, 3,4
.6. Make up a complex nominative plan of the text.

.7. What conclusion can you come to after reading the text?

8.

1
1
1
1.8. Write a summary (2).
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Text 2

2.1. What is electronics?
2.2. Read the text and find the answer to the question.

LEARNING ABOUT ELECTRONICS

FElectronics is quite a complicated subject, taking in some physics, some
chemistry, some mechanical engineering, and even some drawing. There is
a lot to learn, but the most important part of learning the subject is
understanding the underlying principles. Once you have mastered these,
learning the rest of it is relatively easy.

It is possible to put a lot of mathematics into electronics, but it isn't
necessary to an understanding of the subject. Of course, mathematics is
necessary when calculating what voltages, currents and components your
circuits use, but the calculations are really very simple: more 'arithmetic'
than 'mathematics'.

A dx—o

Electricity is basic to the whole thing; you need to know a certain
amount about electricity before you can begin to understand anything about
the way electronic devices work. And before you do much work with elec-
tricity, you must learn about safety.

Analogue electronics (or analog, which is the American spelling) is the
study of systems in which electrical quantities vary continuously. Examples
are radio, record and tape players, and television receivers.

Digital electronics is the more recent aspect of the subject, and deals
with electrical quantities that vary in discrete steps instead of smoothly.
Many digital systems deal with only two possible values. The most
important example is digital computers.

2.3. Complete the graph of the text:

- v ——

2.4. Divide the text into two subtexts. What are they? What is the
function of the crossed sentence in the structure of the whole text?
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2.5. Summarize the underlined sentences using the patterns:

X is a material that ... =>  The author describes X as a material that ...
X is considered as a material that ...

2.6. Write a summary (1). Use Appendix 4.
Text 3

3.1. Look at the title of the text. What do you thing the text is about?
3.2. Read the text and fill in the gaps (1-4) with the sentences (A-D)
below. Pay attention to the means of connection.

GENERATION OF ELECTRICITY

Historically, knowledge of electrical manifestation goes back to the
early Greeks who noticed that amber, after being rubbed, had the power to
attract feathers or small bits of straw. Through the ages many people have
experimented with and studied the nature of this strange power, and by their
efforts it has been brought under control and made one of man's most useful
servants.

(1) .The
explanations given here are made as simple and nontechnical as possible.

Electromotive force (emf) is the force or pressure that causes electric
current to flow. The unit of measure of this force is the volt. Electromotive
force is sometimes called "potential" or "voltage". Electric current will flow
in a wire when sufficient voltage is present. (2)
. Volts and amperes are measured by dial
instruments called voltmeters and ammeters.

The amount of electric power that is delivered by a generator or is con-
sumed by a motor or other power device is the product of the pressure and
the flow. (3) . The unit of measure of power is the watt.
Therefore, watts = volts x amperes. Instruments for indicating or recording
watts are called wattmeters. (4)

A. Thus, power = volts x amperes.

B. Before studying the way in which electrical power is generated,
certain terms must be explained and certain manifestations must be dis-
cussed in order to make the study meaningful.

C. The unit of measurement of electric current flow is the ampere.

D. For designating large amounts of power the term "kilowatt" or kw,
which means one thousand watts, is used.
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3.3. Read the whole text, find keywords in the paragraphs and make up
a plan.

3.4. What structure does the text have? Deductive, inductive, closed-in
or pivotal? (See Section 1).

3.5. Give another title to the text.

3.6. Write a summary (1). Use Appendix 4/

Text 4
4.1. Match letters to the numbers:

1.) resistance a) volt
2.) current b) ohm
3.) voltage c) ampere

4.2. What formula expresses the relationship between 1, 2, 3, from 4.1.?
4.3. Read the text and find this formula.

RESISTANCE

1. A. Resistance is the property of any material to oppose the flow of
electricity through it. The unit of measure of this resistance is the ohm.
B. The resistance of a conductor varies directly to its length and inversely to
its cross-sectional area. Thus a long thin wire would have a high resistance
in ohms and a short thick wire would have a low resistance.

2. C. The voltage required to make a current flow in a conductor
depends upon the resistance. A pressure of 1 volt will make a current of 1
ampere flow through a resistance of 1 ohm. This relationship is expressed in
the formula [ = V/R, where [ is the current in amperes, V — pressure in volts
and R — resistance in ohms. D. This formula may be transposed V = IR or
R = V/I, so that when any two of the values in the formula are known the
other may be found. This formula is known as Ohm's Law.

3. Electric conductors usually consist of wires or cables made of copper.
Copper is used because it is the best conductor and relatively cheap. Every
substance is a conductor to some degree, but the metals are the best.

4. Electric insulators are materials that allow almost no electricity to
pass through them. These materials are also called nonconductors. Typical
commercial insulators are rubber, silk, cotton, mica, porcelain, glass, dry
paper and etc. Dry air and oils are good insulators too. Wire conductors are
usually covered with insulation.

23



5. Electric circuits. — In order to use electric currents for transmitting
power they must be sent through insulated conductors arranged to form
complete paths. That is, the conductor must start at the generator, go to the
motor, through it and return to the generator. If there is a break in the path,
current will not flow. These paths are called electric circuits. Circuits may
be series, shunt or compound.

4.4. a) Read paragraph 1 and 2. What means of connection are used
within and between these paragraphs? b) Match the summarized sentences
(1-4) below to the underlined ones (A-D) from paragraphs 1 and 2 and
complete them.

1. The author underlines the dependence of the resistance of a conductor
on....
2. It is said about relationship between voltage and ... .

3. The author gives the definition of ... .
4. It is mentioned about the possibility of transposing the formula
I=V/Ras....

4.5. a) Read paragraphs 3,4,5 and find the keywords within these para-

graphs. b) Summarize the underlined sentences according to the patterns:

X is a material (that) ... =>  The author describes X as a material (that) ...

X is described as a material (that) ...

4.6. Read the whole text again and divide it into two subtext. What are
they about? Give subheadings to them. Make up a complex plan of the text.
4.7 Write a summary (1) and an abstract of the text.

Text 5

5.1. Give the formula expressing Ohm’s law.

5.2. Read the text and check up if you are right.

5.3. Read the text again and complete the sentences (1-5) with the
endings (A-E).

OHM’S LAW

The flow of electric current through a circuit depends on two factors: the
e.m.f. (electromotive force) and the resistance of the circuit. (1) To get a
visual picture of resistance, it is convenient
. Figure 1. shows just such a comparison.
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Pressure (V)

R

Voltage (V) l Current (/)

Resistance +
to flow (R)

<

Resistance (R)

Figure 1. Plumbing analogy of an electric circuit: voltage, current
and resistance all have their equivalent in the system

If the current flow is equivalent to a flow of water through the system,
then the e.m.f. of the battery (in volts) is equivalent to the water pressure in
the top tank (in kilograms per square metre). (2) The flow of current (in am-
peres) in the circuit is equivalent to . There is a
restriction in the pipe that limits the flow. The amount of water that can
flow out of the end of the pipe depends on the size of this restriction. If it is
very thin, only a trickle of water will escape.

(3) In the electrical system, the equivalent of the restriction is
. The resistor has a greater resistance
to the flow of current than the wires, just as the narrow part of the pipe 're-
sists' the flow of water more than the rest of the pipe. Without the resistor, a
much larger current would flow in the circuit, just as more water would flow
out of an unrestricted pipe. But notice that the amount of water would still
not be unlimited; the pipe itself puts a limitation on the flow. (4) It is the
same in the electrical circuit, for the wires and even

It is clear that, if the analogy holds good, there will be a relationship
between pressure (e.m.f.), flow (current) and the size of the restriction
(resistance). For example, if the water pressure were increased, you would
expect a greater flow through the same restricted pipe. The relationship
between current, voltage and resistance was first discovered by George
Simon Ohm in 1827. It is called Ohm's law after him. (5) Ohm's law states
. Ohm's law is usually written
in the form V = IR In words, this says that the voltage (in volts) equals the
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current (in amperes) times the resistance (in ohms). The unit of resistance,
the ohm (Q), is of course, named in honour of Ohm's discovery.

A. ... the battery exhibit a certain amount of resistance that would, in
the absence of anything else, limit the current to some extent.

B. ... the flow of water in the pipe (in litres per minute).

C. ... that the current (I) flowing through an element in a circuit is
directly proportional to the p.d. (V) across it.

D. ... to think of the electric circuit as a plumbing system.

E. ... a component called a resistor (because it resists the flow of
electric current).

5.4. Complete the table

VERB NOUN

resist | e J—
"""""" limitation, -----------
restrict | e

discover | s

5.5. Answer the questions:

a) What technique does the author of the text use to explain the
phenomenon of resistance?

b) What conclusion is provided in the second paragraph?

¢) What is the third paragraph about?

5.6. Which structure does each paragraph have? (Inductive, deductive,
closed-in or pivotal?)

5.7. Find a key sentence in each paragraph and make up a thesis plan of
the text.

5.8. Write a summary (1) and an abstract of the text.

Text 6
6.1. Look at the title of the text. What do you think the text is about.
6.2. Read the text and write down keywords.
ELECTRICITY

Although the spectacular advances have been in electronics, it would be
wrong to underestimate the benefits that electricity has brought to communi-
ties everywhere. Electric power is now available in almost every corner of
every nation, and has been responsible for great improvements in the living
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the living standards of millions of people. In most parts of the world reliable
electric lighting is taken for granted; people are so used to it that they get
quite angry if there are a lot of power cuts.

Electric power is easy to use, safe (if simple safety rules are followed
properly), clean, and very flexible. It can be used for everything from
lighting to railways. It can be generated from oil, gas, coal, falling water
(hydroelectricity), atomic fission, waves, wind, or even sunlight.

There has been no 'revolution' in electric power, but there has been a
steady improvement in the design, efficiency and reliability of electric
appliances and machines. Electric motors, in particular, have improved
almost beyond recognition in the last 50 years. Electric motors are more
efficient (more power, less noise and heat) and — a given power output —
about half the size they were 30 years ago. The basic principles are still the
same, but there have been advances both in materials and in design. And, of
course, electronics are now used in motor and power control.

Electric lighting is also more efficient than it used to be (more light, less
heat), thanks to advances in design and manufacturing technology.

Domestic and industrial electrical installations are now much safer than
they were. Better design and materials, better working practices (through
proper training), and strict safety regulations in almost all countries have all
helped to reduce the number of accidents.

If any area should be singled out as one in which there have been big
advances in electrical — as opposed to electronic — technology, it is in
batteries. A modern manganese-alkaline dry cell (for example, type
MN1500) contains about ten times as much energy as its equivalent of
40 years ago. Rechargeable batteries of all types, from single cells to car
and traction batteries, are much lighter, more efficient (less difference
between the energy you put in and the energy you can take out), and have
higher capacities.

6.3. What is the text about?

6.4. Give another title to the text.

6.5. How many subtexts can the text be divided into? Define their
structure. (Are they deductive, inductive, closed-in or pivotal?) Find the
means of connection within each subtext.

6.6. What do you think is the function of the underlined sentence?

6.7. Make up a complex plan of the text.

6.8. Write a summary (1) and an abstract of the text.
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Text 7

7.1. a) Read the text and find the sentences that introduce a new idea. b)
Divide the text into paragraphs. Find the means of connection in each para-
graph.

7.2. Define the structure of each paragraph. (Are they deductive,
inductive, closed-in or pivotal?)

We have always been curious about the world around us. Since the
beginnings of recorded thought, we have sought ways to impose order on
the bewildering diversity of events that we observe. This search for order
has taken a variety of forms, and has given birth to religion, art, and science.
Although the word "science" has its origins in a Latin verb meaning "to
know," science has come to mean not simply knowledge in general, but
more specifically, knowledge of the natural world. Most importantly,
science is a body of knowledge organized in a specific and rational way.
Today we think of science divided into separate fields, although this
division occurred only in the last century or so. The separation of complex
systems into smaller categories that can be more easily studied is one of the
great successes of science. Biology, for example, is the study of living orga-
nisms. Chemistry deals with the interaction of elements and compounds.
Geology is the study of the earth. Astronomy is the study of the solar system,
the stars and galaxies, and the universe as a whole. Physics is the science of
matter and energy, and includes the principles that govern the motion of
particles and waves, the interactions of particles, and the properties of mole-
cules, atoms, and atomic nuclei, as well as larger-scale systems such as gases,
liquids, and solids. Some consider physics the most fundamental science
because its principles supply the foundation of the other scientific fields.
Physics is the science of the exotic and the science of everyday life. At the
exotic extreme, black holes boggle the imagination. In everyday life,
engineers, musicians, architects, chemists, biologists, doctors, and many
others routinely command such subjects as heat transfer, fluid flow, sound
waves, radioactivity, and stresses in buildings or bones to perform their
daily work. Countless questions about our world can be answered with a
basic knowledge of physics. Why must a helicopter have two rotors? Why
do astronauts float in space? Why does sound travel around corners while
light appears to travel in straight lines? Why does an oboe sound different
from a flute? How do CD players work? Why is there no hydrogen in the
atmosphere? Why do metal objects feel colder than wood objects at the
same temperature? Why is copper an electrical conductor while wood is an
insulator? Why is lithium, with its three electrons, extremely reactive,
whereas helium, with two electrons, is chemically inert?
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7.3. Read the text again and define what each paragraph is about.
7.4. Give a title to the text.

7.5. Make up a question plan of the text.

7.6. What is the text about?

7.7. What conclusion can you come to after reading the text?
7.8. Write a summary (2).

Text 8

8.1. What magnetic materials do you know? Where are they used?
8.2. Match numbers to the letters. Pronounce the names of chemicals
properly. (See Appendix 1).

1) carbon a) HUKEJIb

2) tungsten b) xene3o

3) chromium C) THTaH

4) nickel d) yrnepon
5) cobalt €) MeJb

6) iron f) amromuHUH
7) aluminium g) Bosb(pam
8) copper h) kobasbT
9) titanium i) Xxpom

8.3. Find the meaning of the underlined words in the text. Use a
dictionary.

8.4. Read the extracts (A-E) of the text “Hard and Soft Magnetic
materials” and put them in the logical order to make up the text. Pay
attention to the means of connection to link the extracts into the whole text.

HARD AND SOFT MAGNETIC MATERIALS

A .Hard ferrites are ferrimagnetic and considering the proportion of iron
within the material have quite a low remanence (~400mT). The coercivity of
these magnets (~250kAm-1). The magnets could also be exposed to moderate
demagnetizing fields and hence could be used for applications such as
permanent magnet motors. Permanent magnetic materials have a wide range
of applications: automotive, telecommunications, data processing, consumer
electronics, electronic and instrumentation, industrial, astro and aerospace,
biosurgical.
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B. Soft magnetic materials are those materials that are easily magnetized
and demagnetized. They are used primarily to enhance and/or channel the
flux produced by an electric current. The main parameter, often used as a
figure of merit for soft magnetic materials, is the relative permeability
(m,;, where m,, = B/m,H), which is a measure of how readily the material
responds to the applied magnetic field. The other main parameters of
interest are the coercivity, the saturation magnetization and the electrical
conductivity. Soft materials are essentially composed of iron atoms and the
industrial products include pure iron, the silicium-steels and iron-nickel
alloys.

C. Hard magnets, also referred to as permanent magnets, are magnetic
material that retain their magnetism after being magnetized. It is believed
that permanent magnets have been used for compasses by the Chinese since
~2500 BC. However, it was only in the early twentieth century that high
carbon steels and then tungsten / chromium containing steels replaced
lodestone as the best available permanent magnet material. The present
industrial permanent magnetic materials fall essentially in 3 groups: Alnico,
Ferrite and Neodymium iron boron compounds.

D. The types of applications for soft magnetic materials fall into two
main categories: AC and DC. In DC applications the material is magnetized
in order to perform an operation and then demagnetized at the conclusion of
the operation, e.g. an electromagnet on a crane at a scrap yard will be
switched on to attract the scrap steel and then switched off to drop the steel.
In AC applications the material will be continuously cycled from being
magnetized in one direction to the other, throughout the period of operation,
e.g. a power supply transformer. A high permeability will be desirable for
each type of application but the significance of the other properties varies.

E. Alnico alloys are based mainly on the elements nickel, cobalt and
iron with smaller amounts of aluminium, copper and titanium (Typical
weight%: Fe-35, Co-35, Ni-15, Al-7, Cu-4, Ti-4). The alloy composition
and processing were developed over the years and they are used today as
they have a high Curie temperature (~850°C), and as a result can operate at
higher temperatures as well as having more stable properties around room
temperature than some of the more modern alloys. However, their main
disadvantage is that they have low intrinsic coercivity (~50kAm-1) and as a
consequence must be made in the form of horseshoes or long thin cylinders,
which cannot be exposed to significant demagnetizing fields.

8.5. Find a key sentence in each paragraph.
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8.6. Give a general word to each group of the words (word com-
binations) below:
a) Alnico, Ferrite and Neodymium iron boron compounds —

b) Carbon, tungsten, chromium, nickel, cobalt, iron, aluminium, copper,
titanium — .

¢) High Curie temperature, low intrinsic coercivity, having more stable
properties around room temperature, low remanence, easily magnetized and
demagnetized, relative permeability, saturation magnetization, electrical
conductivity — .

d) Automotive, telecommunications, data processing, consumer
electronics, electronic and instrumentation, industrial, astro and aerospace,
biosurgical — .

8.7. Make up a complex plan of the text.

8.8. Draw a graph of the text. (See Section 1).

8.9. Write a summary (1) and an abstract of the text.




PA3AEJ III

TEKCTBI 1O HATITPABJIEHUIO
«JIEKTPOSHEPI'ETUKA U DJIEKTPOTEXHUKA)>
(Electro-power and Electrical Engineering)

Text 1

1.1. What is a conductor? How are the terms “conductors” and “cables”
linked?
1.2. Read the text and find the answer to the question.

CONDUCTORS AND CABLES

1. A conductor is a material that electric current will flow through quite
easily. All metals are good conductors, as are some other materials such as
carbon. Almost all plastics are very poor conductors — insulators, in fact. An
insulator is simply a material that is a bad conductor of electricity. One of
the best insulators is glass. Most ceramics are insulators, along with rubber,
oil and wax.

2. A flow of electric current through a conductor consists of free
electrons moving from atom to atom through the material. In order for there
to be a useful amount of current, a very large number of electrons must
flow. Accordingly, the basic unit of electric current flow is equivalent to
around 6.28 x10™ electrons per second moving past a given point in the
conductor. This unit of electric current is called the ampere (often abbrevi-
ated to ‘amp’), and is named after André Marie Ampere, a French who did
important work on electricity and electromagnetism. The ampere is given
the symbol A.

3. We are all familiar with electrical wires. Figure 2 illustrates a cross-
section through two different types. Look first at Figure 2 (a). The wire con-
sists of a central conductor that is surrounded by flexible plastic insulation.
The conductor is most likely to be made of tin-plated copper. Copper is one
of the best conductors of electricity (only silver is better) and is also fairly
flexible and relatively cheap. It is tin-plated to prevent the surface of the
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surface of the copper from oxidizing; copper oxide is a poor conductor of
electricity, which could give trouble if you used the cable with a screw-type
connector. An oxidized surface is also difficult to solder.

Plastic
insulator

Tinned
copper
conductor

Sheath

Insulator

Stranded copper
conductor

Figure 2. A cross-section through two types of cable.

4. The insulation surrounding the conductor is usually made of poly-
vinyl chloride (PVC), a flexible plastic with excellent insulating properties
and an extremely long life in normal use. In the past, rubber insulation was
used, but rubber eventually perishes and cracks .

5. Figure 2 (b) shows a typical cable used in house wiring. This cable
has three cores, or conductors. There are two insulated conductors, with the
insulation coloured red and black to indicate which is which. A third (earth)
conductor is also present, but this does not have any insulation as it is not
meant to carry current under normal circumstances. Mains three-core elec-
tricity cables always have the core colour-coded so you can tell which are
which.

6. The live (dangerous!) core is coded red, or in some countries (in-
cluding Europe), brown. The neutral core is coded either black or blue. The
earth is either uninsulated or coded green; sometimes it has green and yel-
low stripes. A second layer of insulation, the sheath, covers the three cores.
The current-carrying conductors are thus insulated by two layers of PVC.
The sheath not only provides insulation, but also gives mechanical protec-
tion to the insulated cores inside.

7. The types of cable shown in Figure 2 will bend, although they are
quite stiff. If a more flexible cable is needed, the cable to an electrical
appliance for example, the conductor is manufactured with several strands
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of thinner wire. This allows the cable to bend more easily and to be bent
more often without danger of the cores fracturing.

Cables come in all sorts of different types. There are cables, ranging
from simple insulated wires to multicored ‘ribbon cable’ used for carrying
data signals.

1.3. a) How many subtexts can the text be divided into? What are they
about? b) Which paragraphs do they include? Find the means of connection
within and between paragraphs to prove your idea.

1.4. Read the text and find an odd word in each group:

a) carbon, plastics, silver, copper;

b) ceramics, rubber, oil, wax, copper;

¢) current, electron, atom, physicist, conductor, electricity;

d) wire, conductor, ampere, insulator, copper;

e) red, brown, purple, black, blue, green, yellow.

1.5. Summarize the underlined sentences according to the patterns:

a) X is a material that ... => The author describes X as a material that

X is described as a material that ...

b) X consists of ... => It is said about construction of X
X includes ... The author describes the composition of X
X contains ... The design of X is presented.

X has... Thereis ... .
... is also present.

1.6. Find key sentences in the paragraphs and make up a complex
nominative plan of the text.
1.7. Write a summary (1) and an abstract of the text. Use Appendix 4.

Text 2

2.1. What is a transformer? What is it used for?
2.2. Read the text and find the answer to the question.

TRANSMITTING ALTERNATING CURRENT

Alternating current is used more than direct current because it is best
suited to long-distance transmission. Alternating current has the advantage
over direct current in this because it may easily be generated at low
voltages, raised to higher voltages suitable for transmission, and then
reduced again by means of transformers to voltages suitable for general use.
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High voltage is best for transmission over long distances because with high
voltage more power may be carried over small wires. A transformer is a
stationary device by which the voltage in an alternating-current system may
be raised or lowered. It consists of an iron core surrounded by coils of
insulated copper wire. There are two coils: the primary, to which current is
supplied, and the secondary, from which current is led away. The voltage is
“stepped up” or “stepped down” in exact proportion to the number of turns
of wire in each coil. For instance, if the primary winding has 1,000 turns
and is connected to a 2,200-volt supply, a secondary winding of 100 turns
would give 220 volts (this would be called a "step down" transformer. See
Figure 3 for a simple diagram of a single-phase transformer). Transformers
are made single-phase and connected in groups of three for use with three-
phase current, as shown in Figure 4, or they are made as special three-phase

transformers.
(71;ORE )
u q

Figure 3. Diagram of transformer (single-phase)

0

PRIMARY
Y’V “z— tﬁ
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e e— [
SECONDARY

Figure 4. Diagram of three single-phase transformers
(connected three-phase)
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2.3. Read the text again and divide the text into several paragraphs. Pay
attention to the key sentence to find a new fact or idea. Point out to the
means of connection within a paragraph to define its boundaries.

2.4. Summarize the underlined sentences according to the patterns:

a) X is bigger than Y. =>  The author compares X and Y.
b) X is atool by which ... =>  The author describes X as a tool by which ...
X is described as a tool by which ...
¢) X consists of ... =>  Itis said about the construction of X
X includes ... The author describes the composition of X
X contains ... The design of X is presented.

X has... Thereisa ....
... 1s also present.

2.5. Make up a plan of the text.
2.6. Write a summary (1). Use Appendix 4.

Text 3

3.1. What abbreviation for an alternating current motor is used?

3.2. What types are alternating current motors divided into according to
the principle of operation?

3.3. Read the text and find the answer to the question from 3.2.

ALTERNATING-CURRENT MOTORS

Nearly all three-phase, alternating-current motors depend for their
operation upon the production of the revolving magnetic field which is
developed by the rotating part or rotor of the motor. (1)

is set up by rising and falling currents in the three evenly
distributed windings of the three-phase motor. When the (2)
is rising in the first phase the magnetic field is produced only by the first
winding. As the current decreases in the first phase and increases in the
second the field shifts along until it is all produced by the second winding.

A similar (3) of field is produced when current rises in the third
phase. The windings are so distributed that the shifting is uniform and con-
tinuous, and (4) the rotating field is produced.

Alternating current motors may be divided according to the principle of
operation into two general classes: synchronous and induction motors.
A synchronous motor is one which rotates at the same speed as the

36



generator. In (5) , current from the generator is supplied
to the windings of the stator or outer part and the windings of the rotor are
“excited” by a source of direct current. Thus the magnetized (6)
____is pulled around by the revolving three-phase field. A three-phase
generator will operate as a synchronous motor without any changes being
made in its construction.

(7 are usually made in very large sizes for
service requiring constant speed. Very small synchronous motors such as
those used in electric clocks and scientific instruments where constant speed
is necessary are made similar to the large ones except that the rotor is made
of a simple, toothed iron wheel and is not magnetized by an outside source
of direct current. (8) is satisfactory where only very
small amounts of power are needed.

3.4. Read the text again and fill in the gaps (1-8) with the words (nord-
scompinations) below performing the function of connectives in the text.

a) shift

b) this type of motor

¢) This revolving magnetic field

d) current

e) thus

f) This arrangement

g) rotor

h) Synchronous motors

3.5. Find the key sentences in each paragraph and define their structure.
Are they deductive, inductive, closed-in or pivotal?

3.6. Make up a plan of the text.

3.7. Write an abstract of the text.

Text 4

4.1. What is the difference between motors and generators?
4.2. Read the text and find the answer to the question.

TYPES OF DIRECT-CURRENT MOTORS

Direct-current motors (which may be used as generators) are made in
the same types as the generators, namely, series, shunt and compound.
These all operate on the principle that is quite opposite to the principle of
electromagnetic induction upon which the operation of the generator
depends. This principle is that a current-carring conductor placed in a mag-
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magnetic field will tend to move across that field. The direction of
movement depends upon the direction of the current.

Motors of all types differ from generators in that all but the very small
sizes require some form of control device for regulating the amount of
current used in starting. These devices are called starters or starting-boxes.
Starters are necessary to regulate the current fed into a motor when starting,
because a motor has a much lower resistance when at rest than it has when
running. This difference in resistance is due to the fact, that when running,
the conductors on the rotor are cutting the magnetic field and the machine is
really a generator at the same time as it is a motor. The voltage generated is
of opposite polarity to that being led into the motor and consequently acts as
a resistance to it. This generated voltage is called counter electromotive
force.

Counter electromotive force really acts as an automatic speed control in
shunt and compound direct-current motors. One may easily see that the
faster a motor tends to run the more counter electromotive force it would
generate. Thus more and more opposition to incoming current would be
developed at the point where the motor would be obliged to slow down be-
cause of lack of current. Series motors, however, take less current with less
load and so generate less and less counter electromotive force with the
increasing speed that they develop when running free. Consequently these
motors do not have automatic speed regulation.

4.3. Read the text and complete the table. What function do the words
perform to make the text logical?

VERB NOUN
move | meemm—e——-
differ | e
---------- starter
generate | mmemmmeee-

4.4. How many facts (ideas) are mentioned in the text. What are they?
Which paragraph contains the key sentence? What another title of the text
do you think can be?

4.5. What conclusion can you come to after reading the text. Find the
sentence that expresses the conclusion. Formulate your own conclusion.

4.6 Write a summary (2) of the text.
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Text 5

5.1. Read the text and captions to the pictures, find key words in the
text. What are they?

5.2. What is the text about?

5.3. Give the title to the text.

5.4. Read the text again and fill in the gaps (1-6) with the sentences
(A-F) after the text. Pay attention to the means of connection.

In a three-phase generator, three single-phase windings are combined on
a single rotor and rotated in the same magnetic field. (1)
. The diagram in Figure 5 shows this.

P

Figure 5. Distribution of phases in a three-phase generator

() . As a
rule, the end of each phase winding is not brought out to a separate slip ring,
but the windings are connected together inside of the machine and only
three leads are brought out as shown in Figure 6.

L— LOAD

Figure 6. Diagram of three-phase revolving armature generator

This makes only three wires necessary for transmitting three-phase
current. (3)

39



In present-day commercial practice single-phase generators are very
seldom used because three phase generators are more economical.

4 .

Modern alternating-current generators are built with revolving fields,
that is, the magnetic field is produced in the rotating part or rotor, and the
conductors in which the current is generated are located in the stationary
outer part which is called the stator. (5)

Practically all present-day alternating current generatlng systems operate
to supply three-phase, 60-cycle power, at voltages of 110, 120 and 440.

6 .

A. Compare this diagram with the single-phase diagram.

B. When single-phase current is wanted it may be had by just using any
two wires of the three that are led out of a three-phase generator.

C. This practice is followed because it means that only two slip rings
may be used and they must carry only the low voltage “exciting” current.

D. The 110-volt power is usually taken off as single-phase.

E. The voltage in each winding alternates exactly one-third of a cycle
after the one ahead of it, due to the arrangement of the windings.

F. Perhaps you have noticed some three-wire transmission lines.

5.5. Make up a plan of the text in the form of questions.
5.6. Write an abstract of the text.

Text 6

6.1. Look at the title of the text and say what you think the text is about.
What is the difference between AC and DC generators?

6.2. Read the extracts (A-D) of the text “Difference between
Alternating- and Direct-Current Generators” and find the one that contains
the answer to the question.

DIFFERENCE BETWEEN ALTERNATING —
AND DIRECT — CURRENT GENERATORS

(A) Keep in mind that the direct-current generator, like the alternating-
current generator, is a device to convert mechanical power into electrical
power, and that the direct-current motor like the alternating-current motor
reverses this process. Just as the alternating-current generator may be used
as a synchronous motor without any changes being made, the direct-current
generator will operate as a motor. The difference here is that any direct-
current generator will operate as a motor (and vice versa), whereas the al-
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alternating-current generator will only operate as a synchronous motor.
None of the other alternating-current motors will operate as generators.

(B) The answer to this in that there is usually what is called a little
“residual magnetism” present in the field poles. This furnishes a weak field
upon which the generator “builds up”. If a field becomes completely
demagnetized so that the generator will not build up, it is necessary to
connect a battery or wires from another running generator to the terminals
of the dead generator for an instant to furnish field excitation.

(C) One important difference between alternating- and direct-current
generators is that the exciting current for the field of the direct-current
generator is usually taken from its own rotor (since it is direct current) while
the exciting current for the field of the alternating-current generator must
always come from some outside source, usually a small direct-current
generator. From this one may see that the direct-current generator is
indispensable to the operation of the alternating current generator.

(D) One might ask where the direct-current generator gets the current to
supply the field coils in the beginning.

6.3. Read the extracts (A-D) again and put them in the logical order to
make up the text. Pay attention to the means of connection to link the
extracts into the whole text.

6.4. Find key sentences in the paragraphs (A-D). Do all of them contain
a key sentence ? What function does the paragraph (D) perform in the struc-
ture of the text?

6.5. What structure does the whole text have? (Inductive, deductive,
closed-in or pivotal?)

6.6. Summarize the underlined sentences in the text using the
beginnings below:

a) The author comes to the conclusion that ...

b) Special attention is given to the fact that ...

¢) The author points out to the difference between ... and ... .

d) The necessity of ....-ing ... is underlined.

6.7. Draw a graph and make a plan of the text.

6.8 Write a summary (1) and an abstract of the text.



PA3JEJ IV

TEKCTBI 10O HAITPABJIEHUIO
«MATEPHUAJIOBEJAEHUE
N TEXHOJIOTUN MATEPUAJIOB»
(Engineering Materials and Materials Technology)

Text 1

1.1. What is a conductor?
1.2. Read the text and find the answer to the question.

CONDUCTOR

In science and engineering, conductors are materials that contain
movable charges of electricity. When an electric potential difference is im-
pressed across separate points on a conductor, an electric current between
those points appears in accordance with Ohm’s law. While many conductors
are metallic, there are many non-metallic conductors as well.

Under normal conditions, all materials offer some resistance to flowing
charges, which generates heat. Thus, proper design of an electrical
conductor includes an estimate of the amount of heat that the conductor is
expected to endure without damage, as well as the quantity of electrical cur-
rent. The motion of charges also creates an electromagnetic field around the
conductor that exerts a mechanical force on the conductor. Consequently, a
conductor of a given material and volume (length x cross-sectional area) has
a limit to the current it can carry without being destroyed thermally or me-
chanically.

Non-conducting materials are insulators. A material can be an electrical
conductor without being a thermal conductor, although a metal can be both
an electrical conductor and a thermal conductor. Conducting materials are
usually classified according to their electrical resistance; ranging from high
to null resistance, there are semiconductors, ordinary metallic conductors
(also called normal metals), and superconductors.
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1.3. Read the text and find key sentences. Define the structure of the
paragraphs (inductive, deductive, closed-in or pivotal). Find the means of
connection within the paragraphs.

1.4. Make up a plan of the text and draw a graph of it.

1.5. Summarize the underlined sentences in the text using the patterns:

a) X is a material that ... =>  The author describes X as a material that ...
X is described as a material that ...

b) X are classified into... =>  The author gives the classification of X.
1.6. Write a summary (1) of the text. Use Appendix 4.
Text 2

2.1. What properties do metals have?
2.2. Read the text and complete the table;

Properties of metals strength, ...

Names of metals coppet, ...

Heat treatment (procedures) ..., hardening, ...
METALS

1. Why does man use metals still so much today when there are other
materials, especially plastics, which are available? A material is generally
used because it offers the required strength, and other properties, at
minimum cost. Appearance is also an important factor. The main advantage
of metals is their strength and toughness. Concrete may be cheaper and is
often used in building, but even concrete depends on its core of steel for
strength.

2. Plastics are lighter and more corrosion-resistant, but they are not
usually as strong. Another problem with plastics is what to do with them
after use. Metal objects can often be broken down and the metals recycled;
plastics can only be dumped or burned.

3. Not all metals are strong, however. Copper, for example, is very
malleable, aluminium is ductile and highly conductive. Copper and alumi-
nium are both fairly weak — but if they are mixed together, the result is an
alloy called aluminium bronze, which is much stronger than either pure
copper or pure aluminium. Alloying is an important method of obtaining
whatever special properties are required: strength, toughness, resistance to
wear, magnetic properties, high electrical resistance or corrosion resistance.
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4. The properties of a metal can be further improved by use of heat
treatment. Heat treatment is the term given to a number of different proce-
dures in which the properties of metals and alloys are changed. It usually
consists of heating the metal or alloy to a selected temperature below its
melting point and then cooling it at a certain rate to obtain those properties
which are required. For example, hardening is used to make metals harder
and more durable. Tempering makes them softer and less brittle.
Annealing is carried out to make a metal soft so that it can be machined
more easily. In this way, metallic materials can be produced to meet every
kind of engineering specification and requirement.

5. When Concorde was built, a material was needed which could
withstand extreme aerodynamic conditions and would have a life of at least
45,000 flying hours. To achieve this, a special aluminium alloy was deve-
loped which is tough and lightweight and is used in over 70 % of
Concorde’s structure. Another 16 % is made of high-strength steel, and
titanium alloys are used in the engine surrounds to withstand temperatures
of' 4000 degrees centigrade.

6. Methods of extracting, producing and treating metals are being
developed all the time to meet engineering requirements. This means that
there is an enormous variety of metals and materials available from which to
choose.

2.3. Read the text again and find key sentences.

2.4. Draw a graph of the text.

2.5. Summarize the underlined sentences using the patterns:

a) X is a material that ... => The author describes X as a material that ...
X is described as a material that ...

b) X is bigger than Y. => The author compares X and Y.

¢) X can be improved by... The author points out to the opportunity
of improving X by ...

d) Thereisan X ... The author says about the availability of X ...

2.6. Write a summary (1) and an abstract of the text.
Text 3

3.1. What is the difference between the terms ‘resistance’ and
‘resistivity’?

3.2. Read the text and find the definition of resistivity. Compare it with the
definition of resistance (See Section 2, Text 4) to find out if you are right.
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RESISTIVITY

Resistivity is the resistance in ohms offered by a unit cube of a
substance to the flow of electric current.

Resistivity (also known as specific resistance) is a measure indicating
how strongly a material opposes the flow of electric current. A low
resistivity indicates a material that readily allows the movement of
electrons. The SI unit for resistivity is the ohm metre.

The resistance of a conductor of a uniform cross-section varies directly
as the product of the length and the resistivity of the conductor and
inversely as the cross-sectional area of the conductors. (1)

Resistivity is given the Greek symbol p (pronounced rho). The re-
sistance of a material is usually defined by:

R=pl/A
where
p is the resistivity (measured in ohm metres)
(2)

[ is the length (measured in metres)

A is the cross-sectional area (measured in square metres)

Typical values for the resistivity of materials used in electrical
engineering are given in Table 1. The materials manganin and constantan
have high resistivity combined with a low temperature coefficient of resis-
tance, and are widely used in ammeter shunts and in voltmeter multiplier
resistors. (3) .

It should be noted that Table 1 may vary with temperature. (4)

Table 1
Resistivity of metals at 0 °C
Material Resistivity (Qm)
Silver 1.47x10°*
Copper 1.55x 1078
Aluminium 25x%x10°
Zinc 55x10°
Nickel 62x10°°
Iron 8.9x10°"
Manganin 41.5%x107°
Constantan 49.0 x 10°®
Nichrome 1083 x10°®
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)

Glass 10° — 10"

Mica and mineral oil 10 — 10"
Plastic 10" -10°

Wood 10%—10"

Water (distilled) 102 -10°

Resistivity is the reciprocal of conductivity. (6)

A substance that has a high resistivity will have a low conductivity, and
vice versa.

3.3. Read the text again and and fill in the gaps (1-6) with the sentences
(A-F) after the text. Pay attention to the means of connection underlined.

A. Nichrome has a very high resistivity and is used as a conductor in
heating elements in fires and ovens, and operates satisfactorily at
temperatures up to 1100°C.

B. Insulators have much higher values of resistivity, typical values in
Qm being

C. Therefore, you can calculate the resistance of a conductor if you
know the length, cross-sectional area and resistivity of the substance.

D. It is given the Greek symbol ¢ (sigma) and has the units siemens per
metre (s/m).

E. R is the electrical resistance (measured in ohms)

F. For example, the resistivity of copper increases to 1.73 x 10® Qm at
20°C, but the resistivity of constantan remains unchanged when the tem-
perature changes from 0° to 20 °C.

3.4. Read the whole text and find key sentences.
3.5. Make up a plan of the text in the form of questions.
3.6 Write an abstract of the text.

Text 4
4.1. What do you know about cadmium copper? Where is it used?
4.2. Read the text and find the answer to the second question from 4.1.
CADMIUM COPPER

Cadmium copper has greater strength than ordinary copper under both
static and alternating stresses and it has better resistance to wear. It is
particularly suitable for the contact wires in electric railways, tramways,
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trolley buses, gantry cranes and similar equipment, and it is also used in
overhead telecommunication lines and transmission lines of long span. It
retains its hardness and strength in temperatures at which high-conductivity
materials would soften, and is used in electrode holders for spot and seam
welding of steel, and it has also been used in commutator bars for certain
types of motor. Because it has a comparatively high elastic limit in the
work-hardened condition, it is also used in small springs required to carry
current, and it is used as thin hard-rolled strip for reinforcing the lead
sheaths of cables which operate under internal pressure. Castings of
cadmium copper have some application in switchgear components and in
the secondaries of transformers for welding machines. Cadmium copper can
be soft soldered, silver soldered and brazed in the same way as ordinary
copper, although special fluxes are required under certain conditions, and
these should contain fluorides. Since it is a deoxidized material there is no
risk of embrittlement by reducing gases during such processes.

4.3. Read the text again and find key words. What is the text about?

4.4. Find the repetition of the construction ...it is used .... What is the
construction used used for?

4.5. Complete the graph of the text:

Cadmium copper

|

4.6. What conclusion can you come to after reading the text?
4.7 Write a summary (2) of the text.

Text 5

5.1. Look at the title of the text. What do you thing the text is about?

5.2. Read the text and say what the text is about. Pay attention to the
keywords in the text.

5.3. Give another title to the text.
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ALUMINIUM AND ITS ALLOYS
I

For many years aluminium has been used as a conductor in most
branches of electrical engineering. Several aluminium alloys are also good
conductors, combining strength with acceptable conductivity. Aluminium is
less dense and cheaper than copper, and its price is not subject to the same
wide fluctuations as copper. World production of aluminium has steadily
increased over recent years to overtake that of copper, which it has replaced
in many electrical applications.

There are two specifications for aluminium, one for pure metal grade 1
E and the other for a heat-treatable alloy 91E. Grade IE is available in a
number of forms which are extruded tube (E1E), solid conductor (CIE),
wire (GIE) and rolled strip (D1E). The heat-treatable alloy, which has
moderate strength and a conductivity approaching that of aluminium, is
available in tubes and sections (E91E). The main application areas are as
follows.

1T

a)

Although aluminium has been used as busbars for many years, only
recently has it been accepted generally. The electricity supply industry has
now adopted aluminium busbars as standard in 400 kV substations, and they
are also used widely in switchgear, plating shops, rising mains and in UK
aluminium smelting plants. Sometimes busbars are tin-plated in applications
where joints have to be opened and re-made frequently.

b)

Aluminium is used extensively in cables rated up to 11 kV and house
wiring cable above 2.5 mm is also available with aluminium conductor.

<)

The Aluminium Conductor Steel Reinforced (ACSR) conductor is the
standard adopted throughout the world, although in USA Aluminium
Conductor Aluminium alloy wire Reinforced (ACAR) is rapidly gaining
acceptance; it offers freedom from bimetallic corrosion and improved con-
ductance for a given cross section.

d)

Aluminium is cast into the cage rotors of induction motors forming the
rotor bars and end rings. Motor frames are often die-cast or extruded from
aluminium, and shaft-driven cooling fans are sometimes of cast aluminium.
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e)

These are suitable for transformers, reactors and solenoids. They offer
better space factor than a wire-wound copper coil, the aluminium conductor
occupying about 90 per cent of the space, compared to 60 per cent occupied
by copper. Heat transfer is aided by the improved space factor and the
reduced insulation that is needed in foil windings, and efficient radial heat
transfer ensures an even temperature gradient.

These have been developed in aluminium but they are not widely used
at present. Applications include foil film wallpaper, curing concrete and
possibly soil warming.

8)

They are an ideal application for aluminium because of its high thermal
conductivity and the ease of extrusion or casting into solid or hollow shapes
with integral fins. They are used in a variety of applications such as
semiconductor devices and transformer tanks. The low weight of aluminium
heat sinks makes them ideal for pole-mounted transformers and there is the
added advantage that the material does not react with transformer oil to
form a sludge.

5.4. Read the second part of the text and fill in the gaps (a—g) with the
subheadings (1-7) below:

1) Motors.

2) Busbars.

3) Heat sinks

4) Foil windings

5) Cable

6) Heating elements

7) Overhead lines.

5.5. Make up a complex plan of the text.

5.6. Write a summary (1) and an abstract of the text.

Text 6

6.1. What do you know about magnetic materials? What categories are
they classified into?

6.2. Read the subheadings of the text and answer the second question
from 6.1.

6.3. Read the underlined names of materials properly, consult Appen-
dix 1.
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MAGNETIC MATERIALS

All materials can be classified in terms of their magnetic behavior
falling into one of five categories depending on their bulk magnetic suscep-
tibility. The two most common types of magnetism are diamagnetism and
paramagnetism, which account for the magnetic properties of most of the
periodic table of elements at room temperature.

Materials respond differently to the force of a magnetic field. A magnet
will strongly attract ferromagnetic materials, weakly attract paramagnetic
materials, and weakly repel diamagnetic materials. The orientation of the
spin of the electrons in an atom, the orientation of the atoms in a molecule
or alloy. and the ability of domains of atoms or molecules to line up are the
factors that determine how a material responds to a magnetic field.
Ferromagnetic materials have the most magnetic uses. Diamagnetic mate-
rials are used in magnetic levitation and MRI.

Ferromagnetic materials

Ferromagnetic materials are strongly attracted by a magnetic force. The
elements iron (Fe), nickel (Ni), cobalt (Co) and gadolinium (Gd) are such
materials.

The reasons (1) metals are strongly attracted are because their
individual atoms have a slightly higher degree of magnetism due to their
configuration of electrons, their atoms readily line up in the same magnetic
direction, and the magnetic domains or groups of atoms line up more
readily.

Iron is the most common element associated with being attracted to a
magnet. Steel is also a ferromagnetic material. (2)  is an alloy or
combination of iron and several other metals, giving it greater hardness than
iron, as well as other specialized properties. (3) its hard-
ness, steel retains magnetism longer than iron.

Alloys of iron, nickel, cobalt, gadolinium and certain ceramic materials
can become "permanent" magnets, such that they retain their magnetism for
a long time.

Strongly magnetic ferromagnetic materials like nickel or steel lose all
their magnetic properties if they are heated to a high enough temperature.
The atoms become too excited by the heat to remain pointing in one direc-
tion for long.

The temperature at which a metal loses its magnetism is called the Curie
temperature, and it is different for every metal. (4) for
nickel, for example, is about 350 °C.
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Antiferromagnetism

In the periodic table the only element exhibiting antiferromagnetism at
room temperature is chromium. Antiferromagnetic materials are very
similar to ferromagnetic materials but the exchange interaction between
neighbouring atoms leads to the anti-parallel alignment of the atomic mag-
netic moments. (5) , the magnetic field cancels out and the
material appears to behave in the same way as a paramagnetic material. Like
ferromagnetic materials these materials become paramagnetic above a
transition temperature, known as the Néel temperature, Ty. (Cr: Ty =37 °C).

Paramagnetic materials

Paramagnetic materials are metals that are weakly attracted to magnets.
Aluminum and copper are such metals. These materials can become very
weak magnets, (6)  their attractive force can only be measured with
sensitive instruments.

Temperature can affect the magnetic properties of a material. Para-
magnetic materials like aluminum and copper become more magnetic when
they are very cold.

The force of a ferromagnetic magnet is about a million times that of a
magnet made with a paramagnetic material. Since the attractive force is so
small, paramagnetic materials are typically considered nonmagnetic.

Diamagnetic materials

Certain materials are diamagnetic, which means that when they are
exposed to a strong magnetic field, they induce a weak magnetic field in the
opposite direction. (7) , they weakly repel a strong magnet.
Some have been used in simple levitation demonstrations.

Two of the strongest diamagnetic materials are carbon graphite and
bismuth. Other weaker diamagnetic materials include water, diamonds,
wood and living tissue. Note that the last three items are carbon-based.

The electrons in a diamagnetic material rearrange their orbits slightly
creating small persistent currents which oppose the external magnetic field.

() the forces created by diamagnetism are extremely weak —
millions of times smaller than the forces between magnets and
ferromagnetic materials like iron, there are some interesting uses of those
materials.
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Ferrimagnetism

Ferrimagnetism is only observed in compounds, which have more
complex crystal structures than pure elements.

6.4. Summarize the underlined sentences using patterns from Section 1.
6.5. Fill in the gaps (1-8) with the means of connection (a—h) below:
a) Because of

b) but

c) these

d) Therefore

e) Although

f) It

g) In other words

h) The Curie temperature

6.6. Read the text again and make up a plan of the text.

6.7. Draw a graph of the text.

6.8. Write a summary (1) and an abstract of the text.



PA3JIENI V

TEKCTbBI 10O HAITPABJIEHUIO «PAIMOTEXHUKA»
(Radio Engineering)

Text 1

1.1. What semiconducting materials do you know? Do you know the
names of scientists who made great contribution to the study of
semiconductor physics?

1.2. Read the text and find these names.

1.3. What do Ge, Si and Se stand for?

SEMICONDUCTING MATERIALS ENGINEERING PROGRESS

Semiconductors are used in a wide variety of solid-state devices in-
cluding transistors, integrated circuits, diodes, photodiodes and light-
emitting diodes.

Several elements in and around group IV of the Periodic Table show
intrinsic semiconductor properties but of these Ge and Si (and to a lesser
extent Se) alone have shown chemical and electrical properties suitable for
electronic devices operating near room temperature.

Germanium and silicon were the first semiconductor materials in
common use.

A great contribution to the study of semiconductor physics has been
made by the prominent Soviet scientist A. F. Yoffe. It was in 1930 when
Academician A.F. Yoffe and his co-workers started a systematic research in
the field of semiconductors.

The diffusion theory of rectification on the boundary of the two
semiconductors was elaborated by B. 1. Davydov, a Soviet physicist, in
1938. Experimental support of his theory was of great importance in the
investigation of processes occurring in p-» junctions.

Right after World War II, physicists John Bardeen, Walter Brattain and
William Shockley, and many other scientists, turned full time to semi-
conductor research. Research was centered on the two simplest semicon-
ductors — germanium and silicon.
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Experiments in question led to new theories. For example, William
Shockley proposed an idea for a semiconductor amplifier that would
critically test the theory. The actual device had far less amplification than
predicted. John Bardeen suggested a revision theory that would explain why
the device would not work and why previous experiments had not been ac-
curately foretold by older theories. In new experiments designed to test the
new theory they discovered an entirely new physical phenomenon — the
transistor effect. In 1948, W. Shockley patented the junction transistor.
Junction transistors are essentially solid-state devices having three layers of
alternately negative or positive type semiconductor material.

The early history of modern semiconductor technology can be traced to
December 1947 when J. Bardeen and W. Brattain observed transistor action
through point contacts applied to polycrystalline germanium. Germanium
has become the material in common use. It was realized that transistor
action occurred within the single grains of polycrystalline material.

G. Teal originally recognized the immense importance of single-crystal
semiconductor materials as well as for providing the physical realization of
the junction transistor. G. Teal reasoned in 1949, that polycrystalline ger-
manium's uncontrolled resistances and electronic traps would affect transis-
tor operations in uncontrolled ways. Additionally, he reasoned that poly-
crystalline material would provide inconsistent product yields and thus be
costly. He was the first to define chemical purity, high degree of crystal per-
fection and uniformity of structure as well as controlled chemical
composition (i.e. donor or acceptor concentration) of the single-crystal
material as an essential foundation for semiconductor products.

The next decade witnessed the ‘“universal” semiconductor material,
silicon. Silicon gradually gained favour over germanium as the “universal”
semiconductor material.

1.4. a) Read the text again and divide it into the parts that could be
defined as ‘Introduction’, ¢ The main body’ and ‘Conclusion’. How did you
learn it?

b) Give subheadings to the parts. Pay attention to the key sentences.

1.5. Complete the table using the information from ‘ The main body’:

Scientist Contribution

1.6. Make up a complex plan of the text.
1.7. Write an abstract of the text.
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Text 2

2.1. What is a semiconductor? Where are semiconductors used?

2.2. Read the text and fill in the gaps with the correct word derived from
the words in the box.

2.3. Read the text again to find the answers to the questions from 2.1.

conduct various  suit  homogeneity  apply consume  rectify
detect characterize  consequence exhibition

SEMICONDUCTOR

A solid crystalline material whose electrical (1) is intermedi-
ate between that of a metal and an insulator is a semiconductor.
Semiconductors (2) conduction properties that may be tem-
perature-dependant, permitting their use as thermistors (temperature-
dependant resistors), or voltage-dependant, as in varistors. By making
3) contacts to a semiconductor or by making the
material suitably (4) , electrical rectification and am-
plification can be obtained. Semiconductor devices, (5) and
transistors have replaced vacuum tubes almost completely in low-power
electronics, making it possible to save volume and power (6)
by orders of magnitude. In the form of integrated circuits, they are vital for
complicated systems. The optical properties of a semiconductor are
important for the understanding and the (7) of the material.
Photodiodes, photoconductive (8) of radiation, injection
lasers, light-emitting diodes, solar-energy conversion cells, and so forth are
examples of the wide (9) of optoelectronic devices. From the
standpoint of their use in electronics semiconductors are distinguished from
other classes of materials by their (10) electrical
conductivity c. The electrical conductivity of materials vary by many orders
of magnitude, and (11) can be classified as: (a) the perfectly
conducting superconductors; (b) highly conducting metals (o=~ 10%*
mho/centimeter); (c) the somewhat conducting semimetals (o=~ 10"
mho/centimeter); (d) the semiconductors covering a wide range of
conductivities (10° > 6 > 107** mho/centimeter); and (e) the insulators,
also covering a wide range (10™'° > 6 >10">" mho/centimeter).

* (**) Read the expressions properly:

* 6~ 10* — sigma approximately equals ten to the fourth (power);
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#* 10° > 6> 10" — sigma is equal to or less than ten to the third (power)
and is equal to or greater than ten to the minus seventh (power).

2.4. How many parts can the text be divided into? What are they? Pay
attention to the keywords and means of connection to define the boundaries
of the parts (paragraphs).

2.5. Make up a plan of the text.

2.6. Summarize the underlined sentences using the patterns from
Section 1.

2.7. Write a summary (1) and an abstract of the text.

Text 3

3.1. What semiconductor materials do you know?
3.2. Read the text and say what semiconductor materials are mentioned in
the text. To pronounce the names of materials properly, consult Appendix 1.

MATERIALS USED IN SEMICONDUCTOR MANUFACTURING

I. Silicon, symbol Si, is the most commonly used basic building block
of integrated circuits. (1) , silicon is a semiconductor, which
means that its electrical behavior is between that of a conductor and an
insulator at room temperature. With the proper addition of dopant elements,
p-n junctions can be formed on silicon. Useful electronic components and
integrated circuits can be built from p-n junctions. Aside from being used as
semiconductor substrate, silicon is (2) widely used as dielectric in
integrated circuits, usually in the form of silicon dioxide. (3) ,
dielectric layers are used to isolate conductive lines and the individual com-
ponents in the circuit from each other. (4) polycrystalline
silicon, or polysilicon, is used for making resistors or conductors in in-
tegrated circuits.

®)] silicon is widely used in semiconductor packaging,
being the main ingredient of plastic encapsulants for integrated circuits.
(6) , it is used in die overcoats. Silicon is obtained by heating

silicon dioxide (Si0,), or silica, with a reducing agent in a furnace. Silicon
dioxide is the main component of ordinary sand.

II. Aluminum, symbol Al, is a lightweight metal with silvery ap-
pearance. It is the most abundant metallic element on earth.

Aluminum is used in many aspects of semiconductor manufacturing. On
the integrated circuit, Al metal lines are commonly used as the main
conductor between components, mainly because of its low resistivity
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(2.7 mohm-cm). As a thin film, it also has good adherence to silicon
dioxide. When used for IC metallization, Al is usually very lightly doped
with other elements such as Si and/or Cu to improve its characteristics and
reliability.

In semiconductor assembly, ceramic packages are composed mainly of
alumina. Aluminum is also used for wire bonding integrated circuits in
ceramic packages.

I1. Gold, symbol Au, is a soft metallic element that is bright yellowish
in _color. A good conductor of heat and electricity, it is also the most
malleable and ductile of all metals.

Gold is used in many aspects of semiconductor manufacturing, par-
ticularly in the assembly or packaging processes. Its most widespread use is
in wire bonding. Because of gold's excellent conductivity and ductility, it is
extensively used in making wires for the connection of the integrated circuit
to the leads of the package. Aside from manufacturability, the ductility of
gold wires offers one more advantage when used in plastic-encapsulated
devices, i.e., it makes the wires resistant to wire breaking during the encap-
sulation process.

3.3.Read Part I. of the text and fill in the gaps (1-6) with the
connectives (a-f) below:

a) Moreover

b) For example

¢) In addition

d) First of all

e) Finally

f) also

3.4. Complete the table:

Material Uses

3.5. Make up a complex plan and draw a graph of the text.
3.6. Summarize the underlined sentences using the patterns:

X is a material that ... =>  The author describes X as a material that ...
X is described as a material that ...
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3.7. Find the sentences about materials application. Summarize them
using the patterns:

1t is mentioned about the use of ... for different purposes: ....

The author describes a wide range of ... application of ..., for example
in ...

3.8. Write a summary (1) and an abstract of the text.

Text 4

4.1. a) Read the text and find the sentences that introduce a new idea.
b) Divide the text into several paragraphs. Find the means of connection in
each paragraph.

4.2. Define the structure of each paragraph. (Are they deductive,
inductive, closed-in or pivotal?)

A printed circuit is an electrical circuit made by printing and bonding
conducting material as a network of fine threads on a thin ceramic or
polymer insulating sheet. This replaces the wiring used in conventional
circuits. Other elements such as transistors, resistors and capacitors can be
deposited onto the same base as the printed circuit. An integrated circuit is
effectively a combination of many printed circuits. It is formed as a single
unit by diffusing impurities into single-crystal silicon, which then serves as
a semiconductor material, or by etching the silicon by means of electron
beams. Several hundred integrated circuits (ICs) are made at a time on a thin
wafer several centimetres in diameter, and the wafer is subsequently sliced
into individual ICs called chips. In large scale integration (LSI), several
thousand circuit elements such as resistors and transistors are combined in a
5 mm square area of silicon no more than 0.5 mm thick. Over 200 such cir-
cuits can be arrayed on a silicon wafer 100 mm in diameter. In very large
scale integration (VLSI), hundreds of thousands of circuit elements fit onto
a single silicon chip. Individual circuit elements on a chip are intercon-
nected by thin metal or semiconductor films which are insulated from the
rest of the circuit by thin dielectric layers. This is achieved by the formation
of a silicon dioxide layer on the silicon wafer surface, silicon dioxide being
an excellent dielectric. Metal Oxide Semiconductor Field Effect Transistors
(MOSFETSs) are made using this technique. These transistors are used for
high-frequency switching applications and for random access memories in
computers. They have very high speed and low power consumption.

4.3. Read the text again and define what each paragraph is about.
4.4. Give a title to the text.
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4.5. Make up a question plan of the text.

4.6. What is the text about?

4.7. What conclusion can you come to after reading the text?
4.8. Write a summary (2).

Text 5

5.1. What semiconductor devices do you know?
5.2. Read the subheadings of the text and say what semiconductor
devices are mentioned in the text.

SEMICONDUCTOR DEVICES

Anod There are a number of semiconductor devices —
other than bipolar and unipolar transistors — that are
in common use. This section gives short descriptions
of what they do and what they are for.

Thyristors. The thyristor, also known as a

\ 4 silicon-controlled rectifier (SCR), is a component
that has wide applications in the field of power con-
trol. In essence it is very simple, easy to use and easy
to understand. The circuit symbol for the SCR is gi-
ven in Figure 7.
Gate Cathod A§ you can te.ll by looking at the. symbol, the
SCR is a form of diode. Under normal circumstances,
however, it will not conduct current in either direc-
tion. If a voltage is applied to the SCR in such a way
that, if it were on ordinary diode, would conduct
(forward-biasing it), a small current made to flow between the gate and the
cathode will make the SCR change abruptly from a non-conducting to a
conducting state. It then has characteristics the same as those of a forward-
biased silicon diode, with a somewhat higher forward wvoltage drop
(typically 0.7-1.3 V).

Turn-on takes place extremely rapidly, within a few microseconds of the
application of the gate current. Once it has been turned on, the SCR will
stay in the conducting state even if the gate current is stopped. It will turn
off again only when the current flowing through it is reduced below a
certain (quite low) value. This minimum current required to maintain
conduction is called the holding current, and is between a few microamps
and a few tens of milliamps, according to the type of device.

Figure 7. The circuit
symbol for
a thyristor (SCR)
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SCRs can be made to withstand high voltages, and are readily ob-
tainable for use with peak voltages from 50 V to tens of k V.

SCRs are power-control devices, and are made in a variety of current-
carrying capacities, from small devices capable of handling a few hundred
milliamps at 50 V to huge units designed to deal with hundreds of amps at
hundreds of volts. Small SCRs used in electronic circuits likely to be
encountered by the engineer range from T092 encapsulated 300 mA ver-
sions up to about 40 A. Voltages are usually in the range 50—1200 V, with
400 V types preferred for control of mains electricity at 220-240 V.

The size of the gate current — the minimum amount needed to trigger the
SCR — can range from a few hundred microamps in sensitive low-voltage
SCRs to a few tens of milliamps for the larger ones.

The fact that a thyristor, once triggered, remains on until the current
flowing through it is interrupted does not necessarily mean it can’t be used
in d.c. circuits. The circuit in Figure 8 illustrates how it can be turned on and
off to control a relay, motor or lamp. Momentarily connecting T, to the
positive line switches the thyristor on by providing a gate current. When the
thyristor is on, the 1 uF capacitor charges up through the 1 kQ resistor, so
that its left side (in the diagram) is positive.

ov
Relay []1 k
! I—
On 1 k I
o7,
12V Off
1A o
9V ®

Figure 8. A thyristor circuit to give ‘on’ and ‘off” contril

The thyristor can be turned off by momentarily connecting T, to the
positive line. Until the capacitor has discharged (which takes less than a mil-
lisecond) this provides a voltage that opposes the direction of current flowing
the thyristor, and the current drops to zero for long enough to turn it off.

This circuit will drive any suitable relay or lamp.

60



Anode 2

Gate  Anode 1

Figure 9. The circuit
symbol for a triac

Triacs

The triac, to give the more usual (but less
informative) name for the bidirectional thyristor,
is an SCR that will conduct in either direction,
with the gate current flowing between anode 1
and the gate in either direction: a very accommo-
dating component! The circuit symbol is given in
Figure 9.

Like the SCR, the triac will remain on, once
triggered, until the current passing through it falls
below the level of the holding current. Triacs are
often used with mains electricity, for controlling
the brightness of electric lamps. When used with
the mains a.c. supply, the triac will automatically
turn off 100 times a second with a 50 Hz supply

frequency.

Diacs

The diac is a specialised component, specifically

designed for use with SCRs and triacs, though it has
inevitably found its way into various other circuits. The
‘long’ name for the diac is the bidirectional breakdown
diode, and its circuit symbol is given in Figure 10.
A diac normally blocks the flow of current in either
direction, but if the voltage across it is increased to the
breakover voltage, usually about 30 V, the diac begins
to conduct. It does in fact exhibit a phenomenon known
as negative resistance, for as breakover occurs the
voltage across the diac actually drops by a few volts. If
the diac is connected in a circuit in which a steadily
increasing voltage appears across it, it will, at
breakover, allow a sudden current ‘step’ to flow in the
circuit.

The diac is an ideal device for providing a suitable trigger pulse for an

Figure 10. The
circuit symbol
for a diac.

SCR or triac. The circuit in Figure 11 is a typical triac/ diac application: a

circuit for a mains-lamp brightness controller.
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VR,
470 k , Mains voltage

d lamp

as V R2
mains 22 k

supply %

100 n T

Figure 11. A simplified but functional circuit to control
the brightness of an a.c. lamp.

The circuit works by means of what is loosely known as ‘phase control’.
As the voltage across the circuit rises, following the sine wave of the mains
electricity supply, the capacitor charges up at a rate controlled by VR; and
VR,. At a certain point in the a.c. half-cycle the voltage across the capacitor
will reach the breakover voltage of the diac; the diac applies a pulse of
current to the triac gate, triggering the triac into conduction and allowing
current to flow through the load. At the end of the mains supply half-cycle
the triac will switch off.

During the next half-cycle, the same sequence will occur, but with all
the polarities reversed (unimportant, because all the circuit components will
work with a voltage applied in either direction). Once again, the triac will
trigger after a certain delay, allowing a current flow through the load.

If the resistor VR is set to a high resistance, the capacitor will charge up
slowly and the triac will be triggered near the end of each half-cycle. If the
resistor VR, is set to a low resistance, the triac will be triggered near the
beginning of each half-cycle, applying almost full power to the load. The
amount of power flowing through the load is controlled by VR, so the
brightness of a lamp can be regulated over a wide range. The graph in Fig-
ure 12 illustrates this. Because the circuit works by switching the power on
and off, little heat is dissipated and the control is efficient in terms of power
used. VR, is included in this circuit to set the maximum brightness level
according to the characteristics of diac and triac.
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a.c. volts
+

‘_

Almost full power  Half power Almost off

Figure 12. A graph illustrating the way in which the triac can be used with
an a.c. supply to control the amount of power flowing through a load

5.3. Read the text and complete the table:

Semiconductor device Function Use

5.4. Summarize the underlined sentences using the patterns from
Section 1.

5.5. Write a summary (1) of the text using information from the table
above.

Text 6

6.1. What types of diode do you know?

6.2. Read the subheadings (1-4) after the text and say what types of
diode are described in the text.

6.3. Read the text and fill in the gaps (a-d) with the sab headings (1-4)
after the text/

SPECIAL TYPES OF DIODE
a)

The Zener diode makes use of a form of breakdown to provide a
constant ‘reference’ voltage, as required by many circuits. The circuit of
Figure 13 shows the symbol for a Zener diode and also a suitable circuit to
demonstrate its properties. In this circuit the diode is reverse-biased (Zener
diodes are always used this way) and the meter is showing a drop of 2.8 V
across it.
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470 Q

Figure 13. A Zener diode in a typical circuit

The voltage drop across a reverse-biased Zener diode will be sub-
stantially constant for all values of current up to the diode’s limit, and for all
values of p.d. higher than the Zener voltage.

A resistor is necessary to limit the current through the circuit. In this
case the current is calculated by Ohm's law:

(12-2.8)/470 = 19.6 mA

If we were to double the battery voltage to 24 V, the current through the
circuit would increase to

(24 -2.8)/ 470 = 45 mA

but the voltage across the Zener diode still remains constant at 2.8 V.
The Zener diode is therefore a valuable device for voltage regulation, giving
a fixed reference voltage for a range of input voltages. According to the
doping and the construction used, Zener diodes can be made with any of a
range of forward voltage drops.

Zener diodes are named after C.M. Zener, who in 1934 described the
breakdown mechanism involved. In fact, Zener's description applies only to
diodes with a Zener voltage of less than about 3 V. Above this, a
mechanism called avalanche breakdown begins to take over. However, both
types are generally lumped together under the heading ‘Zener diodes’, and
are available in a range of voltages from 2 to 70, and with power ratings
from 500 mW to 5 W. The power dissipation of the Zener diode is calcu-
lated by the usual formula

P=V.I
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where V, is the Zener voltage. By way of example, the Zener diode in Fig-
ure 13 is dissipating

2.8x19.6 =549 mW
b)

The junction of a reverse-biased diode has a measurable capacitance.
The p-type and n-type regions form the plates of the capacitor, and the
depletion region acts as a dielectric. You will remember that the capacitance
of a capacitor depends (among other things) on the thickness of the
dielectric, and it is this fact that makes the pn diode useful as a variable ca-
pacitor with no moving parts.

The diode is reverse-biased. If the biasing voltage is then increased, the
difference in the energy levels of the p and » regions is made greater. As
this happens, a greater thickness of the junction is depleted of charge
carriers, increasing the width of the depletion regions. Effectively, the
capacitor’s dielectric has become thicker, and this lowers its capacitance.

A varicap diode (a composite word from ‘variable capacitance’) is a
diode in which the change of capacitance with applied reverse voltage is
enhanced as far as possible by the diode's physical construction. The
maximum capacitance and the amount of change are both small, although
they are sufficient to enable the varicap diode to be used in the tuning
circuits of a television, for example.

©)

A photodiode is structurally very similar to a normal pn junction diode,
though there may be a mechanical difference brought about by the necessity
to maximise the area of the junction that can be exposed to light. Photo
diodes are used in reverse-biased mode, and the leakage current will then
depend on the amount of light falling on the device. Photodiodes are useful
for measurement applications, since the leakage current is directly
proportional to the light intensity over a wide range.

Silicon is generally used for photodiodes, so the peak response to light
is in the infrared region. The actual amount of current is also rather small. A
typical photodiode might have a dark current of 1.5 pA, and an output
current in bright sunshine of 3.5 pA. Substantial amplification is therefore
required for most applications.

d)

A light-emitting diode (LED) is an extremely useful device, and can be
used instead of a miniature incandescent lamp in a whole range of appli-
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applications. LEDs are usually ruby red, but green and yellow versions are
available, although they are a little more expensive and therefore less
common.

Like ordinary pn diodes, LEDs nave no inherent current limiting
characteristics, and must be used with a resistor to limit the current flowing
through them, generally to around 20 mA for a small LED indicator. LEDs
are used in the forward-biased mode: indeed, they must be protected from
reverse bias as they usually have a reverse breakdown voltage of only a few
volts. If breakdown occurs, the LED is destroyed.

1. The varicap diode

2. Light-emitting diodes
3. Photodiodes

4. The Zener diode

6.4. Find key sentences in each part of the text. Define the structure of
tne parts. (deductive, inductive, closed-in or pivotal)
6.5. Read the text again and complete the table

Type of diode Use

6.6. Write down four sentences to characterize each type of diode using
the patterns below. Use the information from the table above:

The author characterizes X as a ... device that can be used for/in ...

X is described as a ... device that can be used for/in ...

It is said that X is ... device that has a variety of uses in ...

6.7. Make up a complex plan of the text.

6.8. Write a summary (1) and an abstract of the text.



argentum
aluminium
argon
arsnic
aurum
boron
barium
beryllium
bismuth
bromine
carbon
calcium
cerium
cadmium
chlorine
cobalt
chromium
caesium
copper
fluorine
ferrum
gallium

germanium

[a:'dzentom] = silver ['s1lva]

[@lju'mintom]
['a:gon]
['a:s(a)nik]
['o:rom] = gold [gould]
['bo:ron]
['beartom]
[ba'riliom]
['b1zmaB]
['broumi:n]
['ka:ban]
['keelstom]
['s1(a)rrom]
['keedmiom]
['klo:ri:n]
['koubo:1t]
['kroumiom]
['si:ziom]
['kopa]
['flu(o)ri:n]
['ferom] = iron ['aron]
['geeliom]

[d39:'meintom]
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Ipunoxenue 1
(Appendix 1)

CnHCcoOK XUMHYECKHX YJIeMEHTOB*
(The list of chemical elements)

cepedpo
AITIOMUHUI
aproH
MBIIIBSIK
30J10TO
6op
Gapmit
Oeprnmii
BHCMYT
Opom
yrIepon
KaJbLIUK
Lepuit
KaaMUKi
XJI0p
KOOambpT
XpoM
Le3ui
Mepb
¢rop
KeIre30
TaJlInit

repMaHui



Pb
Pt

Pu
Ra
Rb

Sb
Sc
Se
Si

Sn

hydrogen
helium
hydrargyrum
iodine
iridium
kalium
lithium
magnesium
manganese
molybdenum
nitrogen
natrium
neon
nickel
oxygen
phosphorus
plumbum
platinum
plutonium
radium
rubidium
sulphur
antimony
scandium
selenium
silicone

stannum

['hardradzon]
['hi:lrom]

[har'dra:dzirom] = mercury ['ma:kjuri]

['arodi:n]

[1'ridrom]

['kerltom] = potassium [po'teesiom]

['l1Brom]

[ meegni:ziom]

[maengao'ni:z]

[ma'libdonom]

['nartradz(o)n]

['nertrrom] = sodium ['soudiom]

['ni:on]
['nik(9)]]
['Dksid3(o)n]
['fosf(o)ras]

['plambom] = lead [led]

['pleetinom]
[plu:'tountom]
['rerdiom]
[ru:'bidiom]
['salfo]
['@ntimani]
['skeendiom]
[si'li:ntom]

['stlikoun]

['steenam] = tin [tin]
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CBHHEI]
TIaTUHA
ULy TOHUI
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cepa
cyppMa
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0JIOBO



Sr
Te
Th
Ti

c

/n
Zr

strontium
tellurium
thorium
titanium
uranium
wolfram
zinc

zirconium

['strontrom]

[ta'l(G)u(o)rrom]

['@o:r1om]
[tr'teiniom]

[ju'remrom]

['wulfrom] = tungsten ['tapston]

[z1pk]

[za:'kountom]

CTPOHLMI
TEILTyp
TOopuUil
TUTaH
ypaH
Bosb(pam
LIMHK

LMPKOHUI

* B cnucok BXOAAT Hanboee pacrpoCcTPaHEHHbIE XMMUUECKUE YIIEMEHTHI
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IIpunoxenne 2
(Appendix 2)

Cpencrsa cBsi3u
(Means of connection)

3HaueHHne

CpenctBo cBs3U

YkazaHue Ha OPsIIKOBYIO
IOCJIEA0BATEILHOCTh MBICIICH
U JeWCTBUH (CHaYasa, IIOTOM,
HAKOHeII)

First, at first, first of all, at the beginning, to
begin with — Bo-iepBBIX, CHadana, mpexe
BCETO;

second, secondly — BO-BTOpBIX;

next, further, then — nanee, 3arem;

finally, lastly, at last, in the end — (u) Hako-
Hell

IIpucoesuneHue K BbICKa3bl-
BAHUIO HOBOTI'O IIPEJI0KECHMUS],
COJEPIKALLETO JOMOJHUTEb-
HBIE 3aM€YaHus, WA Pa3BU-
BaloIIlee MBICIIH JanbIe (Kpo-
M€ TOTO, TIOMHUMO TOTO)

in addition — B monoHeHne (K CKa3aHHOMY);
consequently — ciie10BaTeNbEHO, BCIEICTBIE
3TOTrO;

accordingly — B COOTBETCTBUH C 3TUM;
therefore — nmosromy

moreover — Kpome Toro, 6oiiee Toro;
furthermore — nanee, 6osee Toro, Kpome TO-
0, K TOMY XKe€;

also — kpome ToTO, OOJIEE TOTO, A TAKXKE;
likewise, similarly — Touno Tax ke, anaso-
THYHBIM 00pazoMm;

besides — kpome TOTO

what is more — 6osiee Toro

BBIpa)KCHI/IC MIPpOTUBOIIOCTAB-
JICHUA

however — ogHako;

still — ogHaKo, TeM He MeHee;

yet — 0JTHaKO, OJTHAKO XKeE;

on the contrary, in (by) contrast — u Ha000-
POT, HAIIPOTHUB, B IPOTHBOIOJIOKHOCTE ITOMY;
conversely, alternatively — ¢ npyro#i cTOpoHET,
on the one hand — ¢ ogHOIi CTOPOHBT;

on the other hand — ¢ npyroii cTOPOHBL;
nevertheless — TeM He MeHee, HECMOTPS Ha
3TO, OTHAKO;

otherwise — WHaye, MPOTUBHOM CIIydac
although — xorst
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OKoHYaHHUE TAaOIHIbI

3HaueHne

CpencTBo cBsizu

YkazaHue Ha clIeCTBUE, CYyM-
MHUPOBaHHME CKa3aHHOTO paHee

hence — orcrona;

therefore — moaTomy

consequently, as a consequence

thus — Takum o6pazom;

as a result — B pe3ysbrare 310ro;

in brief, in short, briefly, in a few words
BKpariie Kopoue rOBOPsi, — BKPATIIE;

in sum, to sum up, to summarize — UTaK,
CyMMUPYsi CKa3aHHOE BBIIIIE, MOKHO CKa3aTh,
4qTo0...

BripaskeHue CCBUIKM Ha 4TO-
1160

according to, with reference to — corracHo
..., B COOTBETCTBHHU C ...

as for — uro Kacaercs...

with respect to, with regard to, regarding —
OTHOCHTEJIBHO ...

Bripaskenne mpuIuHbI

because of, owing to, due to — u3-3a, Oaaro-
Aapsi;
for this reason — mo 3To# MpuUKHE

IIpuBenenne npuMepoB

for example, for instance — HarTpuMep
as an example — B kauecTBe npumepa
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IIpunoxenne 3
(Appendix 3)

Cnucok rJ1aroJioB 1Jis1 pepepupoBanus

account for — 0OBSICHATH

agree with — cormamarscs (c )

analyze — aHanM3MpoBaThH

argue — JIOKa3bIBaTh

assume — JI0MyCKaTh

be concerned with — kacaTbcs

believe cuntaTh, ojaraTh

compare — CpaBHHBATh

concentrate on — COCPEIOTOYUBATHCS
concern — Kacatbcsi

conclude — nemaTte BEIBOI

confirm — noATBEPXKAaTh

consider — paccMaTpHUBaTh

contradict — NPOTUBOPEUUTD

deal with — umeTs memo ( ¢)

define — onpenensiTe

design — ckoHCTpYHpOBaTh

determine — onpeenATH

develop — pa3BuTh, pa3paboTaTh (TEOPHIO, HILHO, METO)
disagree with — He cormamarscs (¢)
discover — OTKpBITh, clieNaTh OTKPBITHE
discuss — o0cyxnatp

distinguish — paznuuatsb

draw attention to — 0OpaTUTh BHUIMaHHE
emphasize — no4epK1BaTh

evaluate — OIleHUBATh

examine —McCiIe10BaTh

explain — oOBICHATH

find — HaiiTn, 0OHApPYKUTb, CTAHOBUTD
illustrate — mTHOCTPHPOBATH

indicate — yka3bIBaTh

interpret — OOBSICHUTH, UHTEPIPETUPOBATD
investigate — ccie0BaTh

lead to — BecTH (k)
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pay attention to — oOGpaTuTh (CBOE) BHUIMaHUE HA YTO-THOO
point out — yka3aTh Ha 4TO-THOO

predict — mpenckazaThb

present — U3naraTh, IPEJICTABUTh

produce — BEI3BIBATH

provide — obecnieunBaTh

recognize — MPU3HABAThH

refer to — cooOI1aTh

regard — cuuTaTh

report — coo0uiarh

respond to — pearupoBaTh, OTBEYATh Ha

reveal — packpbiBaTh

review — pelieH3upoBaTh, IeNaTh 0030p

show — nokazatb

solve — pemuTs ( MpobiIeMy, ypaBHEHHE, 3a71a4y )
suggest — NpeIOKUTh

touch upon — 3arparuBarth

treat smth. as — canTaTh, TPaKTOBATH YTO-TO KaK
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(Appendix 5)

Oo0pa3zen yueOHO-HAYYHOr0 MOHOTpanueckoro pegepara
K cratbe ([TlepBuuHbIi TEKCT NMpuUaraeTcs)

The title of the paper is “High-performance perfluorinated polymer
electret film for micro power generation”. The authors of the paper are Yo-
shihiko Sakane, Yuji Suzuki and Nobuhide Kasagi, Japan.

The present paper describes the development of a new high-
performance polymer electret material for electret power generator. In
recent years much interest has been centered on the use of micro power
generation systems as the alternatives of conventional secondary batteries.
Since the vibration-driven energy harvesting devices are applied to RFIDs
and mobile sensors networks consuming a low electrical power, electret
power generators with higher performance should be used. According to
the data presented by the authors in their previous reports, CYTOP™
CTL-M (Asahi Glass Co., Ltd.), MEMS-friendly amorphous perfluori-
nated polymer, can possess high surface charge density, which is stable
enough for electret material. However higher surface charge density is
required for better performance. Thus a novel electret material based on
CYTOP™, type CTL-NMD, is proposed.

The paper under consideration is mainly focused on three issues: the
design of the electret power generator, polymer electret material and power
generation experiment.

Firstly, the design and operation of the micro electret generator de-
veloped in the authors’ previous study are presented. Also, referring to the
information presented by Boland et al. in 2003 the authors come to the
conclusion about the factors that have large impact on the generator
performance. So it was concluded that the maximum output power is
proportional to the squared surface change density and is increased with the
thickness of electret.

Further the requirements for materials to be dielectric for electret are
discussed. These requirements are as follows: compatibility with MEMs
fabrication technique, easiness to be formed into thick films and having high
dielectric strength. It is proved that CYTOP™ meets the requirements
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described. In other words it is compatible with MEMs fabrication process; it
is soluble in perfluorinated solvents, and thus thick films can be obtained by
multiple spin-coating. In addition the unique properties of CYTOP™ as the
perfluorinated polymer are enumerated.

Then different types of CYTOP™ were examined and compared. The
performance of the electret materials based on CYTOP™ was evaluated by
means of measuring temporal change of the surface charge density. Also the
thermal stability of charged electret was examined by performing the open
circuit thermally-discharged (TSD) measurement. As result it was defined
that a new material developed, CYTOP™, type CTL-NMD, has the highest
surface charge density, moreover, the thermal stability of charges can be
improved with the doping of silane coupling reagent.

Finally the experimental set up for power generation is considered. It is
pointed out that corona charging technique was applied to acquire surface
potential of more than —550V. Besides, it is underlined that peak power out-
put that is about twice of the previous data was obtained.

In conclusion, the authors underline that as a consequence of examining
MEMs-friendly perfluorinated polymer CYTOP™ with different functional
end groups for electret generator applications, the aminosilane end group
provides better surface charge density and thermal stability. Hence a novel
high-performance polymer electret material has been developed.

All things considered we can come to the conclusion that the results ob-
tained in the study can be of great importance for further development in
micro power generation systems.
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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

*Department of Mechanical Engineering, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8656, JAPAN

Abstract: The development of a new high-performance palymer elecret material with high surface
charge density, stability, and high thermal resistibility of electric charge was studied. Previously, we found
that MEMS-friendly perfluorinated pelymer 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 ianth])'mer. The charge
density of 1.5 mC/em”, which is 1.6 times larger than that of the undoped CYTOP 1, 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 achicved at a low seismic frequency of 20Hz.

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

L INTRODUCTION

Recently, the micro power generalion systems
as the alternatives of conventional secondary
batteries attracted much attentions. It is known
that the devices applying ro RFIDs and mobile
sensor networks consume a low cleetrical power.
The vibration-driven energy harvesting devices
are proposed for these applications [1-3]. Since the
frequency range of vibration existing in the
environment is below a few tens of Hz, electret
power generators should have higher performance
than electromagnetic ones [4-E].

We recently reported that CYTOP™ CTL-M
(Asahi  Glass Co., Lid), MEMS-friendly
amorphous perfluorinated polymer, can possess
high surface charge density, which is stable
encugh for electret material [7,8]. We also found
that up to (.28 mW can be obtained with the
CYTOP™ clectret at an oseillation frequency as
low as 20Hz. However, higher surface charge
density is required for better performance, and
charge stored in CTL-M becomes unstahle at
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 eleciret properties arc
systematically investigated.
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2. ELECTRET POWER GENERATOR

Figure | shows a schematic of the micro
electret generator designed in our previous study
[7]. When the in-plane vibration is generated, the
seismic mass with the electret brings about 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. {: Schemaiic of micro seismic electret power
generaton
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Fig. 2: Model of electrer power genérator

Figure 2 shows a schematic of the simplified
generator structure, where o, 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 Py I8 proportional o the squared
surface charge density {#°), and is increased with
the thickness of electret (). On the other hand, the
optimal external load Ruar 18 independent of o,
but linearly dependent on d and g. Py is alse
proportional to the tme derivative of the
overlapping arca dA(r)ide. Thus, the vibration
frequency, the amplitude of vibration, and the
numnber of poles should alse have large impact on
the generator performance.

3. POLYMER 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., Ltd.),
which is amorphous perfluorinated polymer, can
be also used for electrets. The candidates of
dielectric for electret need to meet the following
three requirements;

(1) Compatible with MEMS fabrication technigque

(b} Easy to be formed into thick flm

{c) Having hi&h dielectric strength
CYTOP™ s compatible with MEMS

fabrication process; it is soluble in perfluorinated

solvents, and thus thick films can be obtained by
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CFz ~CF3 CTL-A : COOH
CF—CF CTHS - CF,
F CTL-M - - CONHC H-Si{0C Ha),
N '

F; n
Fig. 3: The molecwlar structure and the end
groups of CYTOPT™,

multiple spin-coating. In addition, coated films
can be patterned casily with photolithography
process and O plasma etching.

Tsutsumine et al. [7] found that the surface
charge density of CYTOP™ is threc times larger
than that of Teflon® AF. Since power output of
clectret generator 1s proportional to the sguarc of
the surface charge density, electret 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 perfluarinated polymer,
50 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,
(i} low surface energy (17 dynefem), (i) high
thermal stability (thenmal decompesition temp is
over 350 °C 7, {iv) low dielectric constant (2.1),
{v) high volume resistivity (>10'"Ccm). There are
three different types of CYTOP™, which end
groups are different respectively; the carboxylic
acid type (CTL-AJ, trifluoromethyl type (CTL-S),
and aminosilane type (CTL-M) [13].

To cvaluate the performance of the electret
material, we have measured temporal change of
the surface charge density o by using a surface
voltmeter (Model279, Monrce Elecironics). 16
-pm-thick CYTOP™ was spin-coated on 0.3-mm-
thick copper substrate with arca of 30x30 cm’.
The sample was charged by corona chatging with
-8 kV needle voltage for 3 minutes at 120 "C.
Figurc 4 shows the surface charge density data
obtained for CTL-S, CTL-A, CTL-M, and
CTL-NMD, which is a new material 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 charpe density is reduced to about 30% of
its initial value in 1300 hours, On the other hand,
small ameunt of functional end groups like
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Fig. 4 Time troce of the surfoce charge densiny of
Perfluorinased polviner electret films, CYTOP™
CTL-8, CTL-4, CTL-M and CTL-MAMD.

carboxylic acid or aminosilane  significantly
enhance the electret performance; the surface
charge density becomes higher, and the charge
decay is suppressed. Especially, aminosilane end
group (CTL-M) has the best performance w
promote the surface charge density. To introduce
more aminosilane into the CYTOP™ electret, we
doped  silane  coupling  reagent to CTL-A,
aceomplished the highest surface charge density of
1.5 mCiem’ (CTL-NMD)

To examine the thermal stability of charged
electret, the open circuit thermally-discharge
(TSD) measurement [14] has also been performed.
Different TSD spectra peaks correspond  to
different charge trap mechanisms in dielectric
materials [101, 14]; the peak comesponding to the
dipole appears at the lowest temperature near the
glass transition temperature (T,=/08 "C). Peaks at
the higher temperatures correspond to the surface
and bulk traps. Therefore, TSD spectra are very
useful for optimizing charging conditions and
materials for more stable clectrets.

The electret sample (e.g. copper substrate) and a
facing probe were conneeted as shown in Fig.3,
and heated up at the rate of 1 "C/min. Since the
temperature increased, thermal energy was applied
to electrzt and the trapped charges were released,
The discharged current was measured with an
electrometer (Model BI1TA, Keithley
Instruments) set into the cireuit, As shown in Fig.
6, TSD speetra of CTL-S has a peak at 135 °C,
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Electrometer

elecirode

Fig. 5

Experimental
stinmlated-discharge (TSD) measurement.

setup  of  Thermally-

El
u:h
S
a0 1041 150 200 250
Temperature ()
Fig. 6 Thw1:r.r.:.;gra-.uEmi:i'a!ed-dirdra:ge (TSI
spectra of CYTOP™ gleciret films.

which is the lowest among four samples examined.
The peak shifted to higher temperature, when the
functional end growp is introduced into the
chemical structure of CYTOP™. Especially,
aminosilane promotes the thermal stability af
trapped charge  effectively, and the peak
temperature of CTL-NMD TSD spectra has been
improved to 183 “C, which is even higher than
that of CTL-M and CTL-A. Therefore, not only
the surface charge density, 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 expermental setup for
power gencration, which consists of a patterned
clectret, a counter electrode, an alignment XYZ
stage, and an electromagnetic shaker [7,8]. The
electret  and  the counter electrode  were
microfabricated with standard lithography process.
By using multiple spin coating techmgue, 16
pm-thick electret film was obtained after curing,
followed by O plasma etching for patterning.
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Fig. 8: Power outpur versus exterma! lond,

Finally, corena 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
linadspace is 150 pm.

Figure ¥ shoews the output power with the
CTL-M elecret thus fabricated versus the external
load for the oscillation amplitude of 1.2 mmy, at
20Hz. Pcak power output of 0.395 mW, which is
about twice of our previous data [8], has been
obtained at the external load of 4 ML Fower
gencration experiment using the new electret
material is mow undertaken,

5. CONCLUSION

We examined MEMS-friendly perfluorinated
polymer CYTOP™ with different functional end
groups for electret genetator applications through
measurements of surface charge density  and
thermally-stimulated discharge. We have found
that the aminosilane énd group provides better
surface charge density and thermal stability, and
developed a novel electret imaterial with the
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doping of silane coupling reagent. We also have
obtained 0.39 mW at a low seismic frequency of
20Hz in our prototype power gencratar, which is
ahoul twice of our previous data.
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AC (a.c.) — alternating

current (n.)
adherence (n.)
advance (n.)
alignment (n.)

alkaline (adj.)
alloy (n.)
alnico (n.)

alternating current
motor (n.)

amber (n.)
amount (n.)
ampere (n.)
amplification (n.)

amplifier (n.)

angular momentum (n.)

annealing (n.)

antiferromagnetism (n.)

appearance (n.)
appliance (n.)
array (v.)
available (adj.)

bewildering (ad;.)

bidirectional break-
down diode (n.)

CaoBapb-MHHHUMYM

A

HEepEeMEeHHBIN TOK
CLIEIUICHUE
NPOJIBHKEHHE BIIEPE/I, POrpecc

pacrnosioxkKeHue Ha OAHOW MPSIMOiA, BEICTpaUBa-
HUE BpsI

LIEJIOYHOU
CILIaB

ANBHUKO ( MAarHWTHBIN KEeNE30HNKENbKOOaIb-
TaIIOMUHHEBBIH CIIIaB)

JIBUTATENh MEPEMEHHOTO TOKa
SIHTaph

KOJINYECTBO, CyMMa; BeJINYMHA
amIep

ycusenue, ko3 QumenT ycunenus; ypeiamude-
HUE, pacliupeHne

YCHIINTEIb

MOMCHT KOJIMYCCTBA ABUKCHUA, KAHETHYICCKHI
MOMCHT, yrHOBOﬁ MOMCHT, MOMCHT UMITYJIbCa

OTXKHT, OTITYCK; OOXKHUT(CTEKIIA)
aHTU(hEePPOMArHETH3M
HapPY>KHbII, BHELIHUNA BUJ|
npubop, NpUcrnocodIeHne, yCTPOHCTBO
BBICTPanBaTh B MOPSIOK
MOJTyYEeHHBIN, TOCTYTHBIN, TOAHBIN, UMEIOIIIUMA-
Csl B HAJIMYUHU, IPUMEHUMBbIT

B

CMYIIAIOIINMA, CTABAIINN B TYIHK, CONBAIOIIHIA
C TOJIKY

Ao ¢ AByCTOPOHHHM OIrpaHU4YCHHEC
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bimetallic (adj.)
braze (v.)
breakover voltage (n.)

brittle (adj.)
build up (v.)
busbar (n.)

cage rotor (n.)

capacitance (n.)
capacitor (n.)
capacity (n.)

casting (n.)
cell (n.)
charge (n.)

(v.)
circuit (n.)
coercivity (n.)
coil (n.)
commutator bar (n.)
compound (adj.)
compound (n.)
compound genera-
tor (n.)
compound motor (n.)
conduct (v.)
conductor (n.)
constantan (n.)
cooling (n.)
core (n.)
corrosion-resistant

(adj.)

OMMeTaTHIeCKAN
MasTh TBEPABIM MTPUTIOEM
HaMpsDKCHHUE MEPEKITIOUEHUs (BKIIOUCHUS) TH-
pucropa
XpYy KU
MOJAHUMATH (HAPSDKCHUE, TABJICHHE)
mwHA (371.), COOMpaTeNnbHas IIHHA
C
KOPOTKO3aMKHYTEI pOTOp, POTOP € «Oenndbeit
KJIETKOM
€MKOCTbh, EMKOCTHOE CONPOTUBIICHUE
KOHJIEHCATOP

€MKOCTb, 00beM; IPOU3BOIUTEILHOCTD, BEIPA-
00TKa, MOLIHOCTb; 3JICKTPUYCCKAsi €MKOCTb;
CHOCOOHOCTH

OTJINBKA

3JIEMEHT (3J1.)

3apsin

3apsKaTh

1ernb, KOHTYP, cxeMma (311.)
KO3PLMTUBHAS CUJIA

KaTyIIKa; BUTOK, HAMOTKa, OOMOTKa
IUIACTHHA KOJJIEKTOPa

CMeIaHHoe (COeANHEHNE)
COeMHEeHNE (X1M.)

TeHePaTop CO CMEIIaHHBIM BO30YKIEHUEM
JBUraTelb CO CMELaHHBIM BO30YKICHUEM
HPOBOJUTH

MIPOBOJTHUK (3I1.)

KOHCTaHTaH (CIIIaB)

OXJIaXKIICHHE

xuna (kabens); cepiedHuK (TpaHchopMaTopa)

YCTOMYMBBII POTHUB KOPPO3HUH, KOPPO3HE-
YCTOWYMBBIN
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counter electromotive

force (n.)
crack (v.)

cross-sectional area (n.)

current (n.),

(adj.)
concrete (n.)

DC (d.c.) — direct cur-

rent (n.)
dense (adj.)

depletion (n.)
designate (v.)

diac (n.)

dielectric (n.)
(adj.)

diffuse (v.)

direct-current mo-
tor (n.)
discrete (adj.)

domain (n.)

dopant element (n.)
dope (v.)

ductile (adj.)
ductility (n.)

durable (adj.)

efficiency (n.)

MMPOTUBOAJIEKTPOABUKY1LIAs cUjla
TPECHYTb, TPECKAThCS

MJI01A/1b MOTEPEYHOTO CEUECHUSI
TOK (3J1.), TIOTOK;

COBPEMEHHBIN, HACTOSIINMI, TaHHBIN
0eToH

D

MOCTOSIHHBINA TOK

TyCTOM, MJIOTHBIN, KOMITAKTHBIN, HETPOHUIIAE-
MBI

YMEHBIICHUE, UCTOICHUC

Ha3zHaydaTb, O603Ha‘{aTI>, MapKHUpoBaThb, Ha3bI-
BaTb

JUHUCTP, MEePEKITOYAIOUINN U0
JIUDJIEKTPUK
JIUDJIEKTPUUECKUIA

paccenBath (CBET); paclbUIATh; THOPYHIAPO-
BaTh

JABUTIaTCIIb IMTOCTOSHHOTO TOKA

JIACKPETHBIN, IPEPBIBHBIN, TPEPBIBUCTHIM, pa3-
PBIBHBIN

o0acth
MPUMECH, JIETUPYIOIINHI 3JIEMEHT, TOTaHT
JIETUPOBaTh (MOIYIPOBOIHUK)

TJIACTUYHBIN; BSI3KUH, TATYUYUH; TYKTUIbHBIN,
KOBKHI

IIAaCTUYHOCTD, BA3KOCTD, TATI'YUCCTb, IYKTHJIb-
HOCTb, KOBKOCTb

JOJTOBEYHBIN
E

MPOU3BOAUTENHHOCTB, 3P (HEKTUBHOCTE; KO3(]-
(ULUEHT MOJEe3HOTO NeHCTBHSA (K.I1.1.). TPO-
IyKTHBHOCTb
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efficient (adj.)

elaborate (v.)

electromagnetic in-
duction (n.)

electromotive force
(emf) (n.)
embrittlement (n.)
encapsulant (n.)
endure (v.)
enhance (v.)
estimate (n.)
etching (n.)
excitation (n.)

excite (v.)
exert (v.)
exhibit (v.)
expose (v.)
extracting (n.)
extrude (v.)

extrusion (n.)

fan (n.)

feed (v.)
ferromagnetic (adj.)
fission (n.)
fluctuation (n.)

fluoride (n.)
flux (n.)

3¢ pexTUBHEIN, NEHCTBEHHBIN, MPOIYKTUBHBIH,
SKOHOMUWYHBIN

pa3pabaThiBaTh. yTOUHATE
3JICKTPOMArHUTHAS! UHAYKITUS

3JIEKTPOJBUIKYLAS CUJIa
XPYIIKOCTb, TPUIABAHUE XPYITKOCTH
TEPMETHK

BBIHOCHUTb, TEPIIETH,

YBEIUYUTh, YBEINUHUBATh

OIICHKA

TpaBlieHHE

B036Y)K]Z[6HI/IG; HaAMarHn4ymBaHUC TOKOM, MarHu-
TOABWIKYLIAad CHJla, HAMarHM4rBaromias cuijia

BO30Y>KAaTh (31.)
OKa3bIBaTh, OKa3aTh
MOKAa3bIBaTh, MPOSBIIATH
MOJIBEPraTh
U3BJICYCHUE

BblJIaBJIMBATh, IPCCCOBATH, ITAMIIOBAThH; Bbl-
TaJIKUBaTb, BBITCCHATDH

BBITAJIKNBAaHUE, BRITECHEHHE; TIpeccOBaHUe (Ue-
pe3 MaTpuILy); BEIIABJICHHOE WIIN MMPECCOBAHHOE
u3nenve

F

BEHTHJIATOD, JIONACTh BEHTHIIATOPA
MoJIaBaTh, MNTaTh, HATHETaTh, CHAOKATh
(heppoMarHUTHBII

JIeJIeHue, pacileruieHne (ATOMHOTO s/Ipa)

MyJbCUPOBaHUE, KojeOaHue, KayaHue; OTKIIO-
HeHue (0T 3aJaHHOTO peXXrMa WM apameTpa)

¢TopucToe coennHEHNE
MOTOK (MarHUTHBIN)
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forward-biased

fracturing (n.)
furnish (v.)

gadolinium (Gd) (n.)

hardening (n.)
heat (n.)

v)
heat sink (n.)
heat treatment (n.)
heating (n.)
holding current (n.)
hydrogen (n.)

impurity (n.)
indispensable (adj.)
injection (n.)

installation (n.)

installations (n.)
insulator (n.)
interior (n.)

inversely (adv.)

junction transistor (n.)

lead (n.)

HpHMOCMCHIeHHBII;'I, C IIOJIOKHUTECJIbHBIM CMEIIC-
HHUEM

pacTpecKiBaHHE, H3JIOM, Pa3phIB, IEPEIIOM
MOCTaBIIATh, CHA0XKaTh

G
TraJoJIMHUAN
H

yBeJTMYEHHE )KECTKOCTH, YIIPOYHEHHE, 3aKajKa
TeIIo

HarpeBath

CTOK TerIa

TepMHuYecKas o0padoTka

Harpes, HarpeBaHUE

TOK yJI€p)KaHHUsl, YACPKUBAIOIIUI TOK
BOJIOPOJL

MPUMEChH
HEOOXOAUMBII

WHKeKIws (HocuTeNel 3apsiyia); BBeICHNE,
BBO/I; BIIPHICKUBAHUE

yCTaHOBKa, YCTPOUCTBO; 000pyAOBaHKE, MOH-
Ta)kKHbIE MPUOOPHI ¥ TPHHAIEKHOCTH,

COOpPYKEHHUS
H30JISTOP; U3OJSIIMOHHBINA MaTepuan

BHYTpPEHHSS 00J1acTh, BHYTPEHHSS YacTh, BHYT-
PEHHOCTh, BHYTPEHHEE CTPOEHHNE

O6paTHO, MMPOTUBOIIOJIOXXHO
J

[JIOCKOCTHOM TPaH3UCTOP, MJIOCKOCTHOM MOJLy-
MPOBOJHUKOBBII TPUOJ

L

MPOBOJHUK (311.), TUTAIOIINI MPOBOJI; TIOABO-
IS Ka0elib; BBOJI, BBIBO/I; ONEPEIKEHHUE 110

daze (311.);
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lead (n.)
leakage current (n.)

length (n.)
levitation (n.)
light-emitting di-
ode (n.)
lightweight (adj.)
load (n.)
lodestone (n.)

machine (v.)
mains (n.)
malleable (adj.)

manganin (n.)

master (v.)
meaningful (adj.)
measure (v.)
measurement (n.)
measurements (n.)
melting (n.)

mica (n.)
miniature incandes-
cent lamp (n.)
moderate (adj.)
momentum (n.)

motion (n.)
motor (n.)

neodymium (n.)
nichrome (n.)

CBUHEI]

TOK yTEUKH; TIEPEMEHHEII TOK, HE BEITIPSIMIICH-
HBIW BBHITIPSIMUTENEM; OOpaTHBIA TOK B BBITIPSI-
MHUTETIE

JUIMHA
BCILIBIBAHHE

CBETOU3JIYyYAOUMH J1O0/]

JIETKUM, TeTKOBECHBIN

Harpyska; 3apsj

OPUPOAHBIIA MArHUT, MArHUTHBIN HKEJIE3HAK

M

o0OpabaTbiBaTh
SIIEKTPHYECKAS CETh

KOBKHIA, TATY4YHH; CTIOCOOHBIN AeOpMHUpOBATh-
Csl B XOJIOJIHOM COCTOSIHUU

MaHTaHWH (MEeTHOMAaPTaHI[eBOHUKEIIEBBIi BbI-
COKOOMHBIH CILIaB)

CIIPaBIIATHCS, OBJIa/IEBaTh, IPEOJA0JIEBATh
3HAQYUTEJILHBIN

U3MEPATH

U3MepeHne

pa3mepsl

IJIaBKa, TUIaBJI€HHUE, pacIllaBlIeHUE
CIII0J1a, MUKAQHHUT

MajiorabapuTHas JlaMIia HaKaJuBaHUS
YMEPEHHBIH, CpEeHUN

KOJINYECTBO JABWKEHUSI, UMITYJIbC; UMITYJIbC CH-
TIBI

JIBIKEHHE

JIBUTATEIh, MOTOD; 3JEKTPOIBUTaTENb
N

HEOIUM

HUXPOM (CIIaB)
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nuclear (adj.)

nuclei — pl. ot nucleus
nucleus (n.)

null (n.)

ohm (n.)
operation (n.)

oppose (v.)
oxide (n.)
oxidize (v.)

perish (v.)
permeability (n.)
pipe (n.)

plating shop (n.)
plumbing (n.)

pn junction diode (n.)
pole-mounted trans-
formers (n.)
porcelain (n.)
potential (n.)
potential difference (n.)
power (n.)

power supply (n.)

power supply (n.)
transformer (n.)

practice (n.)
precisely (adv.)
pressure (n.)
procedure (n.)

propose (v.)
pure (adj.)

SIAEPHBIN

SIIPO
HYITb
(0]

oM
pabota, TpuBEeACHNE B ICHCTBHE; IPOIIECC; pa3-
paboTKa, SKCILTyaTaIus; PexnM
HpOTPIBOZ[CfICTBOB&TL, MpernsATCTBOBATH

OKHCh

OKHCIIATH, OKHCIISATHCS

P

HOPTHUTHCS
MarHuTHasi IPOHULIAEMOCTh

TpyOa, TpyOKa, TpyOOIIpOBO
raJbBaHUYECKUH [eX

BOJIOIIPOBOJL

P-n-KOHTAaKTHBIH (KPUCTAIUTHIECKHIA THO)

CTONOOBO# (MaYTOBBIi) TpaHCHOPMATOP
dapdop

MOTEHIIMAJI, HANPsKeHHE (3I1.)

Pa3HOCTh MOTEHIIMANIOB; HATIPSXKEHHUE (311.)

CHJia, MOIITHOCTb, DHEPT U, CHOCO6HOCTL; mnpo-
HU3BOJUTCIIBHOCTD

3J'IeKTpOCHa6)I(eHI/Ie

CUJIOBOH TpaHCHOPMATOP

IMMpaKTuKa, TEXHOJIOI'ust

TOYHO

JIaBJICHUE, IPECCOBaHNE; HANIPsDKEeHUE (3I1.)
orneparus, mpoLeaypa, NopsI0K ASUCTBUS; Me-
TOJI, METOINKA; TEXHOJIOTHYECKHUH Mpo1iecc
npearaTh, MPeano/araTh

YUCTHIN
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Q

quantity (n.) — KOJHMYECTBO, pa3Mep, BeTnYrnHa (MaT.), mapa-
METp
quantization (v.) — KBAHTOBaHUE
quantized (adj.) — KBAHTOBaHHbIN
quantum (n.) — KBaHT
R
random access — 3aMoOMHHAIONIee YCTPOWCTBO C MPOU3BOJIBHBIM
memories (RAM) (n.) MOPSIAKOM BEIOOPKH
rate (n.) — TeMII, CKOPOCTh; BeJIMUNHA, PACXOJT; IPOU3BO-
JUTEIbHOCTD; OTHOLIEHHE, IIPOIIOPLHS
readily (adv.) —  JIeTKO

reciprocal (n.)
rectification (n.)

oOpaTHas BelUYMHA

HCIIpaBJIeHHE; BBIIPSIMIIEHHE (3I1.); TeTeKTHPO-
Banwme (pan.)

rectifier (n.) BBIIPAMUTEIND (311.); AeTEKTOp (paz.)

reducing agent (n.) — BOCCTaHOBHTEJIb

relativity (n.) OTHOCHUTEIHHOCTh, TEOPHUS OTHOCUTEIEHOCTH
remanence (n.) OCTAaTOYHBI MarHeTU3M

repel (v.) — OTTaJKUBaTh, 0TOPachIBaTh, OTPAXKATH

resist (v.) —  CONPOTHUBIATHCS, TIPOTUBOCTOSATH ; OTTAJIKH-
BaTh,

resistance (n.) — compoTtuBIeHne (311.)

resistance to wear (n.) — HW3HOCOCTOHKOCTh, COMPOTHUBIIEHHE U3HOCY

resistivity (n.) —  yIeNbHOE COIPOTHBIICHHE

restrict (v.) — OIrpaHHYHBAThH

restriction (n.) — OTrpaHUYeHHUE

reverse-biased (adj.) — oOpaTHOCMEIIECHHBIN, C OTPUIIATEIIEHBIM CMe-
HIeHHEeM

revolve (v.)
ribbon-cable (n.)

BpallaTbCia, BEPTETHCA
JIEHTOYHBIN Kabesb

rising mains (n.) —  CTOSK (3JIEKTPOTIPOBOAKH)
rolled strip (n.) —  XOJIOJHOKATHasl JIEHTa
rotate (v.) —  BpallaThCs, 00pallaThCs BOKPYT LEHTPa
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rotor (n.)
rub (v.)
rubber (n.)

saturation (n.)
screw (n.)

seam welding (n.)
secondary (n.)
semiconductor (n.)
series (adj.)

series motor (n.)

sheath (n.)
shunt (adj.)
shunt motor (n.)
solder (v.)
solenoid (n.)
solid (n.)

Solid (adj.)

solid-state device (n.)

spin (n.)

spot welding (n.)
spring (n.)
starter (n.)

’step down’ trans-
former (n.)

strand (n.)

strength (n.)

strip (n.)

strong (adj.)
substation (n.)
superconductor (n.)

poTop
TEpeTh, HATUPATH; MOJIMPOBATH, LUIM(POBATH
pe3uHa, KaydyK

S

HachIlleHHe

BUHT, 3aBUHUMBATD, 3aKPEIUISATH BAHTOM
POJMKOBasi CBapKa

BTOpHUYHast 0OMOTKa (Tparchopmaropa)
HOJTYTIPOBOIHUK

HocleoBaTeIbHOe (COeTNHEHHE)

JABHUI'aTCJIb C MOCJICA0OBATCIIbHBIM BO36y>K,I[CHI/I-
€M

3alIATHas 000I0YKa Kabes

napauienbHoe (CoeMHEHHE)

JIBUTaTeNb ¢ HapajieIbHbBIM BO30YKICHHEM
[asATh, CIIANBATh

COJIEHOW]]

TBEPJIOE TEJIO0

TBEP/bli; IPOCTPAHCTBEHHbIH, TPEXMEPHBIIL;
CILJTOIIHOM, MPOYHBIN

MOJIYITPOBOTHHUKOBOE YCTPOKUCTBO (TIpHOOp)
CITUH, COOCTBEHHOE BpAIllEHNE

TOYeuHas CBapKa

npy’KuHa, peccopa

MyCKaTellb, CTapTep; MyCKOBOE YCTPOHCTRO

MOHIDKAIOIIHKA TpaHCHOPMATOP

MTPOBOJIOKA, MyYOK MHOTOXKHIIBHOTO KabeJs;
CTpPEHTa, IPAb, JKUIA

MIPOYHOCTbD, KPEMIOCTh

oJIoca, JIeHTa

MPOYHBIN, KPEMKUM, HKECTKUN

MOJICTaHLINS

CBEPXIPOBOIHUK
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supply (n.)

switchgear (n.)

take for granted (v.)

tempering (n.)

terminal (n.)
thermistor (n.)
thyristor (n.)
tin-plated (adj.)
toothed wheel (n.)
tough (adj.)
toughness (n.)
transmission (n.)
transpose (v.)

trap (n.)

treat (v.)
triac (n.)

variable capaci-
tance (n.)

variable capacitor (n.)

varicap diode (n.)
varistor (n.)

vice versa (adv.)
volt (n.)

voltage (n.)
volume (n.)

CHaOXKeHHUE, 01a4a, NUTaHue;, CHA0XKaTh, [10/1a-
BaTb, INTATh

pacnpenenuTensHoe yCTPOHCTBO, KOMMYTall-
OHHOE YCTPOWCTBO
T

JOITyCKaTb, CYUTATh JOKa3aHHbIM, HC TpeGy}o-
UM JOKa3aTCJIbCTBa, CYUTAaTh CaMO co0oii pa-
3yMCIOIIUMCA

OTITyCK; 3aKaJIKa C TTOCIEAYIOINUM OTITYCKOM
(Meranna)

32)KMM, KJIeMMa; BBOJI, BBIBOJL
TEPMHUCTP

THPHUCTOP

Jy>KEHHBIH raJlbBAHUYECKHM CIIOCOO0OM
3y04JaToe Koieco

JKECTKUU, TPOYHBIN, TBEPIBII

KECTKOCTb, IPOYHOCTh. KPEHOCTb

nepenaya (SHEPIHH )

nmpeoOpa3oBaTh, TPaHCHOPMHUPOBATH
JIOBYILIKA, yJIABJIMBATEb; 3arpak Jarolnii
¢buibTp, PuabTp-npodKa;

00pabaTeIBaTh, IOABEpraTh 00padboTKe
CUMUCTOP, CAMMETPUYHBIA TPHOIHBIN THPH-
cTOp

v

NepeMeHHasi eMKOCTh
[EPEeMEHHBIN KOHAEHCATOP
BapakTop

BapUCTOP, PEOCTAT, PEryJIMPYEMOE COMPOTUB-
JeHue

HaobopoT

BOJIBT

HANPSHKEHUE

00beM, Macca; EeMKOCTh BMECTHMOCTh
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wafer (n.)
watt (n.)
wave (n.)

wave standing
wave (n.)

wax (n.)

winding (n.)
wire (n.)

wire bonding (n.)
wiring (n.)

withstand (v.)

Zener diod (n.)

W

MOJITTOXKKA
BarT (311.)
BOJIHA, KOJIeOaHue, CUTHAI

CTOsYAas BOJHA
BOCK, MapauH, 030KEPUT

obmoTKa (311.)

MPOBOJIOKA, TPOBOJIOYHAS CETKA, TPOBOJ
NPOBOJHOE COCMHEHHE

QJICKTPOIPOBOAKA, DJICKTPUUICCKAsE MOHTAXHas
cXxeMma

BBLIEPIKUABATH
V4

CTaOMIIMTPOH
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