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BBEJAEHUE

Hacrosmuii nmpaktukym mo auciuiinae « MTHOCTpaHHBIN S3bIK (TEXHUYECKUIH
nepeBo)»  MpeAHa3HayeH Il TMPOBEJACHUS  MNPAKTUYECKUX  3aHATHH U
CaMOCTOSATENbHONM paboThl MAarucTpaHTOB, OOyYarOUIUXCs IO HAaNpaBICHUSM
noarotoBku: 13.04.01 TemosHepreTuka W TerioTexHuka (mpoduiib: TexHomorus
IPOU3BOJICTBA IIEKTPUUYECKOMN U TETJIOBON YHEPTHUN )

[lear mpakTUKyMa — OBJIaJieHHE OOYyYaroUMMHUCS YMEHUSMHU U HaBBbIKAMU
MepeBOJla HAYYHO-TEXHUYECKOU JINTEPATYPhl MO CHEHUATBHOCTH M (DOPMUpPOBAHUE
KOMIETEHIIUM, TO3BOJISIONINX PEIIATh 33/1a4d MEXIMYHOCTHOTO, MEKKYJIBTYPHOTO U
poeCCHOHATTEHOTO B3aUMOICHCTBHS.

[IpakTHKyM MO3BOJIIET PEMINUTD CIAEAYIOIIME 3a0auHn:

1)  cdopmupoBarh TmpencTaBiIeHHE 00 OCOOCHHOCTSAX SI3bIKA HAYYHO-
TEXHUYECKOU JINTEPATYPHI;

2)  copMupoBaTh MPEACTABICHUE O JEKCUYECKUX, TPAMMATUYECKUX U
CTWJIMCTUYECKUX OCOOCHHOCTSIX MEePEeBOjia HAyYHO-TEXHUUECKOU JTUTEPATYPHI;

3)  chopMupoBaTh yMEHHS U HaBBIKK, HEOOXOAUMBIE VISl IEPEBOJIa HAYYHO-
TEXHUYECKOU JINTEPATYPHI C AHTIIUUCKOTO SA3bIKA HA PYCCKHUIA.

HeobxoauMocTh  pellieHHusT  BBIIICTIEPEUUCICHHBIX  3a7a4  OMpeIessieT
CTPYKTYpPY MPaKTHUKyMa, KOTOpasi COOTBETCTBYET pabouell mporpamme JUCIUTIIMHBI
«HOCTpaHHBIN SI3bIK (TEXHUYECKUI MEPEBOI)».

[IpakTuKyM COCTOMT u3 3 TJiaB, pPacCMaTpPUBAIOIIUX TEOPETUUECKUE U
MPAaKTUYECKUE  aCHeKThl HAYyYHO-TEXHUYECKOTO TMEpeBOJia, JIGKCUYECKHE U
rpaMmaTtuueckue  TpaHcopmauuu.  VMeercss — mpUIIOKEHHE,  COAEpIKallee
nH(pOopManuo, HEOOXOAUMYIO ISl TEXHUYECKOIO MEPEBOA, U IIIOCCAPUl OCHOBHBIX
MEePEeBOTUECKUX TEPMHUHOB. [IpakTMKyM peKOMEHAyeTCs JUisl ayJIuTOPHOH U
CaMOCTOSATENIbHON pabOThl MArUCTPAHTOB.

JlaHHBIM MpakTHKyM COCTaBieH Ha ocHOBe pabor B.B. Ammmona, U.C.
AnexceeBoii, E.B. bpeyc, T.A. Kazakosoii, B.B. Kupwmiosoii, b.H. Kaum3zo, I'.J1.
Opnosoii, P.®. Ilponunoit, I'.B. Tepexoroii, B.C. Cnenosuu, H.K. SAmmuHoi.
Marepuanbl COKpalieHbl W aJanTHPOBAaHbI B y4eOHO-METOJUYECKHX IIEIsIX B
COOTBETCTBUM C paboueld mporpaMMmor Mo aucuurinHe «HOCTpaHHBIA SI3BIK
(TEXHUYECKHUM TIEPEBO)».



1. OCOBEHHOCTHU TEXHUYECKOI'O IIEPEBOJIA

Texnuueckuii nepeeoo0 — OTO TIEPEBOJ, WCIHOJIB3YEeMbI MJii OOMEHa
CHEIHATbHON HAYYHO-TEXHUYECKOW HHPOpMAIIHEe MEX Ty JIF0IbMU, TOBOPSIIUMHU Ha
Pa3HBIX SI3bIKAX.

K nayuno-mexnuueckoit iumepamype oTHOCATCA CIEAYIOIINAE BUIBI TEKCTOB:

1) cobcTBEeHHO HayYHO-TEXHHUYECKas JIUTEpaTypa, T.e. MOHOTrpaduu, COOPHUKU
U CTaThH MO Pa3IUYHBIM MPoOJIeMaM TEXHUYECKUX HAYK;

2) y4yeOHas nuTepaTypa MO TEXHMYECKMM HaykaM (y4yeOHUKH, PYKOBOJCTBA,
CIIPAaBOYHUKH );

3) TexHWYecKas M TOBApPOCONPOBOJMUTENbHAA JOKYMEHTalus (macropTa,
TEXHUYECKUE OINKMCAHUSA, WHCTPYKUHUHU IO SKCIUTyaTalldd U PEMOHTY, OCHOBHBIC
TEXHUYECKUE JTaHHBIE W [Ip.; HAKJIAaJHbIC, YIIAKOBOYHBIE TaJOHbI, KOMIUIEKTOBKA U
ap.);

4) TexHUYecKas pekiama: peKJaMHble OOBSBICHUSA, (PUPMEHHBIE KaTaJOrH,
MPOCIIEKTHI;

5) npoeKTHast JOKYMEHTALMs: IPOEKThI, paCUEThI, YEPTEKU;

6) MaTEHTHI.

Bce >kaHpbl Hay4yHO-TEXHMYECKOW JIUTEPATYyphl HMMEIOT CBOU A3bIKOGblE
ocobennocmu. OgHAKO MO CBOEMY COAEPKAHUIO HAYYHO-TEXHUYECKAs JIUTEpATypa
OPUEHTHPOBAaHA Ha Y3KUU KpYr JIOJEH, T.€. PaCCUMTAHA Ha CIELHAJIUCTA B JAHHOU
OTpaciii 3HAaHUH.

JUist  A3pIKa HAYYHO-TEXHUYECKOM JIMTEPaTypbl XapaKTEpHO OTCYTCTBHUE
SMOLIMOHAJIIBHON HACBIIIEHHOCTH, OOpa3HbIX CpaBHEHHUH, MeTadop, 3IIEMEHTOB
IOMOpa, UPOHUU U T.II.

XOTsI OCHOBHOW OCOOEHHOCTBIO SI3bIKAa HAYYHO-TEXHHYECKOH JHUTEpaTypbl
ABJISIETCSI OTPOMHOE KOJMYECTBO CHEUUATIbHBIX MEPMUHOE, OH BKIIOYAET OOJbIION
MPOLIEHT OOUIEYNOTPEOUTENBHBIX CIOB M CIOBOCOYETAHWW. 3HAYMTENIBbHYIO YaCTh
00LIEYyNOTPEOUTENBHBIX CIIOB COCTABISIIOT MHO203HAUHbIE C106d, TIPEICTABIAIONINE
M3BECTHYIO TPYIHOCTh IpH nepeBojie. [lonmrcemMaHTH3M BOOOIIE XapaKTepeH IS
AHTJIMICKOTO $3bIKA, W HYXKHO BCErja MMETh B BHUJAY, UTO JI000OE, Ka3zajloch Obl
3HAKOMOE, CJIOBO B 3aBUCHUMOCTH OT KOHTEKCTa MOKET UMETh COBCEM MHOE 3HAYEHUE.

Konmexcm — CUHTAaKCUYECKUU U JIEKCUYECKUM, Y3KUU U IIUPOKUM — CIIYKHUT
TEM CpEICTBOM, KOTOPOE CHUMAET y MHOIO3HAYHOW €IMHMIBI BCE €€ 3Ha4YeHUS,
KpoMme ojHOro. B 3TOM 3akiiouaercs ero @ynkuus. Ilpu nmepeBoge MHOTrO3HaYHbBIX
CJIOB CIIEyET YYUTHIBATh UX TPAMMATHUYECKHE U JIEKCHYECKHUE CBSA3U B MPEJIOKEHNN

HayuHo-TexHuueckuil nepeBoj] TpeOyeT XOpOIIero 3HaHUs sI3blka MepeBoja M
opuruHana. IIockoJIbKy HAayYHO-TEXHUYECKHH MEPEBOJ CBSI3aH C ONPEACICHHOU
0o0JacTbl0 HAyKM MW TEXHMKH, OH TpeOyeT XOpOoILIero 3HaHUA THpeaMeTa,
OMKCHIBAEMOTO B OPUTHHAJIE, & TAKKE 3HAHUSI METOJUKH U TEXHUKHU MEPEBOA.

NubiMu  cnoBamMM I KQYECTBEHHOTO HAyYHO-TEXHMYECKOTO IepeBoja
HEOOXOIUMO:

1) 3HaTh XOTS OBl OJIMH HMHOCTPAHHBIM S3bIK B CTENEHM, JOCTATOYHOM IS
MOHUMAaHUS;



2) 3HaTh JpYro s3bIK (OOBIYHO POJHOW) B CTENEHU, JOCTATOYHOW JIJISt
I'PaMOTHOTO U3JIOKCHHUS;

3) yMeThb 10JIb30BaThCsl pa0OUYUMU UCTOYHUKAMU MH(POpMaLUY;

4) yMeThb enath pa3IuyHble BUJIbl TEXHUUECKOIO IIEPEBOAA;

5) ob6nagaTh TEPMUHOIOTUYECKUM MUHUMYMOM;

6) oOnamate OCHOBaMHM HH(OPMALMOHHBIX KOMIBIOTEPHBIX TEXHOJOTHUH,
paboTaTh B peKHME TEKCTOBBIX PEJAKTOPOB.

OcHoBHBbIE TpeOOBaHUS, KOTOPBIM JIOJKEH YAOBIETBOPATH EPEBOI:

- TOYHas Meperada TeKCTa OpUTrHHAIA,

- CTporas SICHOCTb W3JIO)KEHHMS CMbICIA TP MAaKCUMaJIbHO CXXATOU H
JAKOHUYHOM popme, MPUCYIIEH CTUIIIO PYCCKOM HayYHO-TEXHUYECKOU JTUTEPaTYPHhI.

2. TPAHC®OPMAILIMH B ITPOLHECCE IEPEBOJIA

IIpu nmepeBoje € PYCCKOTO sI3bIKa IIPOMCXOAUT MHOYKECTBO IEPEBOLYECKUX
npeoOpa3oBaHUid, MPUYMHA KOTOPBIX Yallle BCETO KPOETCs B MPUCYIIEM aHTJIMHCKOMY
A3BIKY BUJICHHUM MHPA U CBA3aHHOM C 3THUM SBJICHUM S3BIKOBOW M30MPATETHLHOCTH.
OnuceiBasi NpeIMETHYIO CUTYaIlUIO, aHTJIMUCKUN S3BIK MOXET BBIOpATh MHYIO, YeM
PYCCKUM, OTIIPaBHYIO TOYKY B ONUCAHUU. [l HEro, B 4aCTHOCTH, XAapAaKTEPHO
MPEUMYIIIECTBEHHOE HCIOJIb30BAaHUE TJHArojbHbIX QopM. Pycckomy  A3BIKY,
Ha000pOT, CBOMCTBEHHO 00JIee MUPOKOE HCIIOIH30BAHUE ONPEAMEUCHHBIX EHCTBUN
Y MPU3HAKOB, YTO MPOSIBISIETCA B 00Jiee YaCTOM, YEM B aHTVIMMCKOM, HCIIOJIb30BAHUU
CYIIECTBUTEIbHBIX.

['maBHas nenb nepeBoja - JOCTHKEHUE aeKBATHOCTU. AJICKBATHBIA, WM KaK
€ro €Iie Ha3bIBAIOT, DKBUBAJICHTHBIA MEPEBOJA - 3TO TAKOM IIEPEBOJ, KOTOPBIN
OCYUIECTBJISIETCSI Ha ypPOBHE, HEOOXOJMMOM M JOCTATOYHOM JJisi Mepeaadyu
HEM3MEHHOr0 TIUIaHA COJAEp>KaHUs MpU COOJIOJEHUH COOTBETCTBYIOIIETO IUIAHA
BBIPAKEHUS, T.€. HOPM MEPEBOIAIIETO A3bIKA.

CTpyKTypHBIE U JIEKCUKO-CEMAaHTUYECKHE PACXOKICHUS MEKAY IBYMS SI3bIKAMHU
TpeOYIOT TIPH MEPEBOJIE C OJHOTO S3bIKA HA JAPYTrOW MEPEeCTPOUKH CHUHTAKCHUYECKOM
CTPYKTYPBl TPEIIOKEHUSI MO0 JEKCUYECKOW 3aMeHbl aHTJIMMCKOTO CJIOBa, HE
MMEIOIIETO JKBUBAJICHTa B PYCCKOM s3bIKe. [l JOCTHXKEHUsS aJeKBATHOCTH
MepeBojia NPUMEHSIOT — pa3linyHble  TpaHcpopManuu, T.e. MNpeoOpa3oBaHMs,
npeBpaienusi.  Kaxapiii  cimydail  HEOKBUBAJIEHTHOCTU  CTPYKTYp  TpeOyeT
onpeaeneHHon TpaHchopmaluu, KoTopas 0ObIYHO pacCMAaTPUBAETCA KaK TPYAHOCTh
nepeBoja. OCHOBHAs 3aJa4a NEPEBOAYMKA MTPU JOCTHIKEHUH aJICKBATHOCTH - YMEIO
MPOU3BECTH PaA3JIMUHbIC TMEPEeBOAUECKUE TpaHCcPopMaruu, sl TOrO YTOOBI TEKCT
MepeBo/ia Kak MOKHO 0oJiee TOYHO IepefaBaj BCIO MHGOPMAIIUIO, 3aKIIOYEHHYIO B
TEKCT€ OpWUrMHajia, NpH COOJIOJIEHUH COOTBETCTBYIOIIMX HOPM MEPEBOISIIETO
SI3bIKA.

Tuner Tpanchopmariuii B mpoiiecce nepeBoa:

IlepecTaHOBKM - M3MEHEHHUE MOPSAKA CIOB MPU HECOBIIAJIEHUU CMBICIOBOIO
LEHTPa NPENJI0KEHUS.



3aMeHbl, KOTOPbIM MOTYT IMOJBEpPraThCsl KaK YacTH pPEUH, TaK U YJICHBI
npeaioxkenns. YacTo 3aMeHbl COPOBOXKIAOTCS MEPECTPONKON BCETO MPEMJIOKEHHUS
IpU IepeJade aHTJIMUCKON MACCUBHOW KOHCTPYKLIHMH JEHCTBUTENIBHBIM 3aJI0TOM B
pycckoM si3bike. K 3aMeHEe OTHOCHUTCS 1 AHTOHUMHMYECKHMI MepeBo/l, pU KOTOPOM
OTpHULIATENbHAS CTPYKTYypa 3aMEHSIETCS YTBEPAUTENbHOU. JIEKCMKO-CEMaHTUUYECKUE
3aMEHbI - ATO CHOCO0 MepeBoja JEKCUYECKUX €IMHUI]I MHOCTPAHHOIO SI3bIKA MyTEM
UCIIOIb30BaHUsl €IMHULL SI3bIKA MEPEBO/A, KOTOPHIE HE COBMAJAIOT MO 3HAYEHUIO C
HAa4aJbHBIMH, HO MOTYT OBITh BBIBEICHBI JOorH4ecku. IlpuemM CcMBICJIOBOIO
Pa3BUTHSl 3aKIIOYAETCS B 3aMEHE CIOBAPHOTO COOTBETCTBHUS IMPU IEPEBOAC
KOHTEKCTYaJIbHbIM, JJOTUYECKHU CBSI3aHHBIM C HHUM.

Onymenus - BO BCeX CIIy4yasix CEMaHTUYECKOTO TyOJIMpOBaHUS - MPU MEPEBOC
MapHBIX CAHOHUMOB OITyCKA€TCsl TOBTOP.

JloGaBJieHus1 - HE 100aBJIEHHE CMbICIA, a JOOABIECHUE CJIOB ISl COXPAHEHHUS
CMBICJIa IPEIJIOKEHUS.

Bunel nepeBona:

IlepeBoa myTemM HMCHOJIb30BAHUSA PYCCKHX 3KBHBAJIEHTOB, T.€. TIOCTOSIHHBIX U
PAaBHO3HAYHBIX COOTBETCTBHM B JIByX JIaHHBIX SI3bIKaX, B OOJIBIIMHCTBE CIIy4acB HE
3aBUCSIINX OT KOHTEKCTA.

IlepeBox ¢ MOMOIIBIO AHAJIOTOB, T.€. CIOB CHHOHMMHYHOIO psAna. B stom
Cllydya€ OJHOMY HWHOCTPAaHHOMY CIJIOBY COOTBETCTBYET HECKOJBKO PYCCKUX CJIOB.
Heo6xonumo BeIOpaTh BapuaHT, HAanOOJIee MOIXOIAIIUMN 0 KOHTEKCTY.

KanbkupoBanue uiiu 10CJIOBHBIN MepeBOJ COCTOUT B MEPEBOJIEC AHTIIMKHCKOTO
CJIOBA WJIM BBIPAXXEHUSI IyTEM TOYHOIO BOCHPOU3BEACHUS UX CPEICTBAMH PYCCKOIO
A3BIKA, IIPU 3TOM COXPAHSIETCS CTPYKTYpa MPEII0KEHHSI, KaXkKI0€ CI0BO MEPEBOAUTCS
TaK, Kak OHO J1aHO B cioBape. KanbkupoBaHue - BOCIPOU3BENCHHE HE 3BYKOBOTO, a
KOMOMHATOPHOI'O COCTaBa CJIOBA WJIM CIIOBOCOYETAHHUs, KOI/Ia COCTaBHBIE YaCTU
cioBa (Mopdembl) win (pas3bl  (JEKCEMbI) TEPEBOJATCS COOTBETCTBYIOUUMU
AJEMEHTAMH TEPEBOASAIIETO s3bIKa. JIOCIOBHBI TEPEBOJ UCIOIB3YETCS MpPH
COBIIAQJICHUH B QHTJIMMCKOM M PYCCKOM SI3bIKE CTPYKTYpbI MPEITIOKEHUS U MOPSAKa
cinoB. IlepeBox sBasieTCS MTOCIOBHBIM, €CIIM B HEM COXPAHEHbl T€ K€ YJICHBI
MPEUIOKEHHS U TOT K€ MOPSAJOK UX CIEAOBaHUA, Kak U B opuruHaie. OT JOCIOBHOTO
MepeBoia HEOOXOAMMO OTJIMYATh HEJOMYCTUMBIH B TIEPEBOIYECKON TPAKTUKE
OyKBaJIbHBIM TIEPEBOJI, T.€. MPOCTOM MEXAHUUYECKHN TEPEBOJ CIIOB HHOS3BIYHOTO
TEKCTa B TAKOM MOPAJIKE B KAKOM OHH CJENYIOT B HEM, 0€3 yyeTa X CUHTaKCUYECKUX
U JIorMdyeckux cBszed. B OykBaabHOM mepeBoje BcTpeuaercs Haubosee
pacnpoCTpaHEHHOE 3HAYEHHE CJIOBA WM I'PAMMAaTHYECKOW KOHCTpYKIUHU Oe3 ydera
BCEero KoHTekcTa. CUMHTaKCUYeCKOoe yNoI00J€HNEe UM JOCIOBHBIN MEPEBOJ - TaKOU
MepeBO/l, NMPU KOTOPOM CHHTAKCHUYECKas CTPYKTypa OpHUTHHaja mpeoOpasyercs B
a0COJIIOTHO aHAJIOTUYHYIO CTPYKTYPY MEPEBOIHOTO S3bIKA.

OnucareJbHbIA MEePEBOA HCHOJIB3YETCS IS MEPEBOJA AHTJIMUCKUX CIIOB, HE
MMEIOLIMX JIEKCUYECKUX COOTBETCTBUH B pycCKOM s3bike. [lepenaua 3HaueHwHs
AHTJIMHACKOTO CJIOBA MPU MOMOIIHM 00Jiee UM MEHEe PaCIpOCTPAHEHHBIX 00hs CHCHHIMA
UCIIOJIb3YETCs A1l O0BSICHEHUS HEOJI0ru3MoB. OnucaTeabHbIN EPEBO UMEET MECTO,



KOTJa TOJIHOCTBIO pacXOAATCA TIPAMMATUYECKHE CTPYKTYpPbl aHIIIMUCKOTO U
PYCCKOTIO 513bIKOB, BbI3BaH OCOOCHHOCTSIMU COYETAEMOCTH CJIOB aHIVIMHCKOTO S3bIKA.
Tpancanrepanms - nepenaya OykKBaMU PYCCKOTO IHCbMa OyKB aHIJIMICKOTO
[MCbMa, HE3aBUCUMO OT NPOW3HOILIEHUS AHIVIMMCKOro ciioBa. MHbIMU cCllOBaMH,
TpaHcauTepauus - GopManbHOE NOOYKBEHHOE BOCCO3aHUE UCXOJHOU JIEKCUYECKOU
€IMHHULIBI C TOMOUIBIO a(paBUTa MEPEBOIALIETO SI3bIKA, OyKBEHHAs! UMUTALUS (POPMBI
UCXOJQHOTO cioBa. IIpn 3TOM HCXOIHOE CIOBO B IEPEBOIHOM TEKCTE MPEACTABISACTCS
B (hopme, mpHUCTIOCOOICHHON K TPOM3HOCUTENBHBIM XapaKTEPUCTHKAM TIEPEBOISIIETO
a3pika. llpueM TpaHcauTepauuu MOXKHO MCIOJIB30BATH B TEX Cly4asx, KOrja
repenaBacMasl peajiis BhI3bIBACT Y YMTATEN TBEPAO YKPENUBIIHUECS aCCOLMALIMM, B
IIPOTUBHOM CJIy4ae TPAHCIMUTEPALMSA JIOJLKHA COINPOBOXKAATHCA COOTBETCTBYIOIIMM
IIPUMEYAHUEM, PACKPBIBAIOIIMM CMBICI JaHHOW peanuu. TpaHciauTepanus
1eaecoodpasHa Toraa, KOrjaa >KejaaTebHO BOCIPOU3BECTH JIAKOHU3M MOJJIMHHUKA H
COXPAHUTH CHEIU(PUUECKYIO XapaKTEPUCTUKY TAHHOM peaini B UHOCTPAHHOM SI3bIKE.

TpanckpuOupoBaHue - 1iepegaya MPOU3HONIEHUS AHIVIMICKOTO  CJIOBA
pycckuMu OykBamMH. ODTO OCHOBHOM MpueM IepeBoja Npu IMepejaye HMEH MU
Ha3BaHui. IlepeBomueckas TpaHckpumius - 3T0 ¢dopMalibHOEe TOGOHEMHOE

BOCCO3/IaHU€ UCXOJIHOM JIEKCHUECKON €IUHHIIBI C MOMOILBI0 (POHEM NEPEBOISIIETO
A3bIKa, POHETHYECKasT UMUTAIUS UCXOJTHOTO CJIOBA.

YieHenne U OOBEAMHEHUE TMPEIIOKEHUH UCHOJIB3YyEeTCsl MpH  IEPEBOJIE
CrieU(PUYECKUX KOHCTPYKIIUM, HE HMMEIOIINX COOTBETCTBUSI B PYCCKOM S3BIKE.
Pa3nuuaroT BHyTpeHHEe YieHEHHUE (3aMeHa MPOCTOro MPEIOKEHUS CI0KHBIM) WIH
BHEIIIHEE 4JeHEHUE (IpeBpallleHHE Pa3BEPHYTOIO MPEUIOKEHUs B JBa WU Ooiee
MIPEJIOKEHUS).

Konkperuzamusi - 310 croco0 mnepeBoia, Npu KOTOPOM MPOUCXOJUT 3aMeHa
CJIOBA WJIM CJIOBOCOYETAHMSI MHOCTPAHHOIO SI3bIKa C 0OJie€ MIUPOKUM MPEIMETHO-
JIOTUYECKUM 3HAUE€HUEM Ha CJIOBO B MEPEBOJIE C 00Jiee Y3KUM 3HAUCHHUEM.

I'enepanu3zanms (mpoiiecc, oOpaTHBIM KOHKPETU3AIMK) MUCXOJHOTO 3HAYCHUS
MMEeT MECTO B TeX ClydasX, Korja mepa HH(POPMAIMOHHON YHOPSI0YeHHOCTU
VCXOJIHOM €AVHMIIBI BBIIIE MEPbl YHOPSAJOYEHHOCTH COOTBETCTBYIOUIEH €M IO
CMBICITY €IMHUIIBI B TIEPEBOISIIEM SI3bIKE M 3aKJIFOYAETCS] B 3aMEHE YaCTHOTO OOIIUM,
BUJOBOIO NOHATUS pOAOBbIM. [Ipy nmepeBoie ¢ aHIrIMICKOro Ha PyCCKUM 3TOT IPUEM
IIPUMEHSETCS TOPa30 pexe, 4eM KOHKpeTu3anus. JlocTaTOuHO HIMPOKO 3TOT IPHEM
HCIIOJIL3YETCS TIPH MEepPEeBOJIe TAKKMX CJIOB, Kak: t0 be, to have, to get, to do, to take, to
give, to make, to come, to go u T.1.

I'pammaTnyeckne TpaHchopMamuMM 3aKIIOYAIOTCA B MPeoOpa3oBaHUU
CTPYKTYpbl MpEJIOKEHUS B TNpoOLiecce IMEepeBoJa B COOTBETCTBUM C HOpPMaMu
MEepPEeBOJHOrO s3blKa. Eciin paccMaTpuBaTh OTHAENbHBIE BHJIBI T'PAMMATHYECKUX
TpaHchopmalii, To, Moxajiayd, Haubojiee pPacHpOCTPaHEHHBIM NPHUEMOM CIIETYyeT
CUMTATh 3aMEHY aHTJIMMCKUX CYLIECTBUTEIbHBIX PYCCKUMH TJIarojiaMu. ITO SIBIICHHUE
CBSI3aHO C 0OTaTCTBOM U F'MOKOCTBIO IIaroJbHOM CUCTEMBI PYCCKOTO S3bIKA.

Uucto rpaMMaTnyecKasi 3aMeHa PUMEHSETCS, KOrJa eIMHUIA HHOCTPAHHOTO
S3bIKa TIpeodpasyeTcss B EAMHUILYy S3bIKa MEPEeBOJa C HWHBIM TPaMMaTHUYECKHUM



3HAa4YCHUCM, OAHAKO, HMCIHOIIHMM TOXEC CaMO€ JIOI'MYCCKOC. HaHpI/IMep, 3aMCHa
rjaroJja Ha CymeCTBUTCIbHOC, MHOKCCTBCHHOI'O YMCJIa HA CAMHCTBCHHOC U T. 1.

2.1. Jlekcnueckue TpaHchopMannu B mepeBojie
2.1.1. Ilepesooueckuii npuem «00b6asneHusn»

[TepeBon, KOTOPBIN YAOBIETBOPSI OBl CHEIUANKNCTA, OJDKEH MPaBUILHO
nepeaaBaTh CMBICII HHOCTPAHHOTO TEKCTa, COOTBETCTBOBATh HOPMaM PYCCKOTO SI3bIKa
Y CTUJIIO HAYYHO-TEXHUYECKOU IuTepaTyphl. UTOOBI TOOUTHCS ATOTO, HYXKHO BJIA/ICTh
OTpENeICHHBIMA  3HAHUSAMH B 0O0JacTH  TpaMMaTWHKH W MPUOOpecTH
COOTBETCTBYIOIIMI CJIOBapHbIN 3amac. OJHAKO 3TOT0 HEAOCTaTOYHO. JloCTHKEeHHE
MEePEeBOTUECKON SKBUBAJICHTHOCTH WM “a€KBAaTHOCTU MepeBoaa” TpedyeT OoT
MepPeBOIUMKA YMEHUS MPOU3BECTH MHOTOUYUCIICHHbIE U KaY€CTBEHHO Pa3HOOOpa3HbIC
MEXBS3bIKOBbIE ~ MpeoOpa3oBaHMsi —  TaK  Ha3blBaeMble  MepeBOIYeCKHE
TpaHchoOpMaALUM.

Bce Buabl mpeoOpa3zoBanuii Wiin Tpanchopmaiuii, OCyecTBISIEMBIX B IPOIIECcCe
MepeBo/ia, MOKHO CBECTH K YETHIPEM OCHOBHBIM THIIAM: MEPECTAHOBKH, 3aMEHBI,
n00aBIICHUS, ONYIIICHUS.

[Ipu nekcudeckux 3amMeHax B MEPEBOJIC MPOUCXOIUT 3aMEHA OTHAENbHBIX CJIOB
WM CJIOBOCOYETAHWNA HMCXOJHOTO SI3bIKA CJIOBAMHU WM CIIOBOCOUYCTAHUSMHM SI3bIKA
MepeBoa, KOTOPhIE HE SBISIOTCS WX CIIOBAPHBIMH COOTBETCTBUSAMH. [lepeBomunk
moa0upaeT BapHaHT MEPeBOJA, MOIXOMANIUN JJII KOHKPETHOTO Clydas, TaKou
BAPDUAHT TMEPEBOAA HA3BIBAIOT KOHTEKCTyaJbHOM 3aMmeHou. IlepeBomueckas
MpaKkTUKa BBIpadOTajga HEKOTOPHIE TMPHUEMBI, HCIIOIB3YeMbIC JUISI  CO3IaHUS
KOHTEKCTYaJbHBIX 3aMeH. Hanbonee pacripocTpaHeHHBIMU CPEIA HUX SIBJISIOTCS:

IpreM KOHKPETU3AIINH;
IpHeM TeHepaTn3alliu;
IpreM aHTOHUMHUYECKOTO MepeBo/Ia.

[TepeBoguuk MHOTA OBIBAE€T BHIHYXIECH JOOABIATH CIOBAa B TEKCTE MEpPEBOJA,
9YTOOBI HE HAPYIIIaTh HOPMBI PYCCKOTO SI3bIKA.

Hanpuwmep:

The jet airliner carried 78 passengers and 4 crew.

Ha 6opty Bo3aymIHoOrO saitHepa 0110 78 maccaxxupoB U 4 yjieHa dSKUIaxa.

IIpu BbINOJTHEHUM TIePeBOIa HE00OX0IMMO MOMHHTH CJIeyIONIUe MPaBUJIa:

1. Ecnmn B Tpemyio)KeHHWH YIOTPEOIIeTCS COUYETAaHHWE «CYIIECTBUTEIIbHOE +
CYIIECTBUTEILHOE» WM «IIPHJIaraTeIbHOE + CYIIECTBUTEIHLHOE», TO TPH MEPEBOJIC
4acTO  MCHOJIB3YIOT  J00aBjeHUs, OCOOCHHO  €ClIM  COYeTaHue  HOCHUT
TEPMUHOJIOTUYECKHMN XapaKTep.

Hanpumep:

solid engine — aABUTaTENH HA TBEPAOM TOIUIHBE;

2.Ecny aHTIMIACKOE CYIIECTBUTEIHLHOE BO MHOXKECTBEHHOM YHCJIE HE HMMEET
aJICKBaTHOW PYCCKOM (DOPMBI, TO TIPH MEPEBOJIE CIICTYET UCTIOIH30BATh TOOABICHHUS.

Hanpuwmep:
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industries — oTpaciau MPOMBIIIIICHHOCTH;

3. Omnmuntuueckas koHCcTpykiusa 1f any (if anything) xapaktepusyercs
npomyckoM obopoTa there is (are).

Ecnu B aHrnmuiickoM mpejioKEeHUH BCTPETUIIACH DIUTMITHYECKAass KOHCTPYKIIMS
if any (if anything), ucnonp3yiiTe npu rnepeBojie MpueM J00aBJICHUS U B Ka4eCTBE
pabouero BapuaHTa IPUMEHUTE 00OPOT «ECIU TaKOBBIE UMEIOTCS». 3aTEM IMEPEBOJ
OTPEJaKTUPYUTE B COOTBETCTBUU CO CMBICIIOM BCETO MPEIIOKEHHUS.

Hanpumep:

The nucleus determines the radioactive properties, if any, of the atom.

SAnpo ompenenser pagMOAaKTHBHBIE CBOWCTBA aToMa, €CIM OH TaKOBBIMHU
oOnaznaer.

4. Ecam Tnmaronm B QHTIMHACKOM — TPEJIOKEHUH  YIPABISET  OJTHUM
CYIIECTBUTEILHBIM TPU TOMOINM Pa3HBIX MPEAJIOTOB, a B PYCCKOM S3BIKE JTH
npeiorn  TpeOyIOT pa3HbIX Majexel, TO CYIIECTBUTEIBHOE JIOJDKHO OBIThH
MOBTOPEHO TPU  TEPEBOJIC€  JIBAXKIbl WJIM 3aMEHEHO COOTBETCTBYIOIIUM
MECTOMMEHHUEM.

Hanpuwmep:

An antenna radiates most efficiently at or near its fundamental wave.

AHTeHHa u3nydaeT HamOoJsiee d(p(GEeKTUBHO HAa OCHOBHOW BOJHE WM BOJM3U
OCHOBHOM BOJIHBI (HEe).

JlaHHBIM TIpUEM MEPEBOJIA CBSA3AH C TEM, YTO AHIVIMHCKUAM MPEIJIOKEHUAM
CBOMCTBEHHa KoMmripeccusi. To, 4TO SICHO HOCHUTENIO AHTJIMUCKOTO s3bIKa, TPeOyeT
n00aBIICHUS B PYCCKOM BapHaHTE, YTOOBI HE BBIMTH 3a PaMKH HOPMBI PYCCKOTO
S3bIKAa. OJTO OTHOCUTCSA K CJIOBaM, KOTOPBIE HE HOCAT XapaKTeP CMBICIOBOTO
N00aBIICHHUS.

Hanpuwmep:

I saw a face watching me out of one of the upper windows.

A yBUIEN IWIO Yenogexka, HAOIIOMABIIETO 3a MHOW M3 OJHOTO M3 BEPXHUX
OKOH.

The IMF mission is to arrive in Minsk on May 20. The staff will focus on the
general macroeconomic indicators.

20 mas B MuHck pomkHa TpuObITh Muccus MB®. CorpyaHuku ¢onoa
COCpPE0TOYAT 8H UMAHUe Ha OOIIMX MaKPOAIKOHOMUYECKUX MOKa3aTEesIX.

"Jupiter" is 4 Opercent owned by individual shareholders.

Komnanua "IOmurep" ma 40 npoLEHTOB NPHUHAMICKAT HHIAUBUIYAIbHBIM
aKIMOHEpaM.

3ananue 1. Ilpouurtaiite u nepeBeauTe ciaeayoume coderanus. Caesnaiite B
TEKCTe NMepeBoAa Heo0X0AuMbIe 100aBJICHUS:

pay claim; wage strike; oil countries; electricity cut; labour spy; logical computer;
wages demand; the road plans.
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3ananue 2. IlepeBeaure cieaywinue CyleCTBUTEIbHbIE BO MHOKECTBEHHOM
yucJe. Caeaalire He00X0AUMBbIE 100aBJICHNA

weapons, uses, defences, applications, technologies, philosophies, practices,
activities.

3aganme 3. IlpemytokuTe PYCCKYI0 BEPCHI0 IEepPeBOAa, NPHUMEHSAST MeETO.
A00aBJICHUA:

The flowers carpeted the hills and fields.

She has never travelled internationally.

They watched the criminal out of the court room.

Professionally, he can be completely relied on.

According to the company's president, the reorganization is inevitable.
There were no villagers nearby to ask the way.

He stole a look at the girl.

Nownkwpd=

3ananue 4. IlepeBeaure mnpemiioxkenusi. Caesaiite HeoOXoauMble T00aBJIEHMS
Npu nepeBo/e.

1. In industries like steel, machine tools, consumer electronics, and autos, American
firms are confronted with foreign producers that can produce at lower cost than they
can.

2. Many factors, including new technologies like microelectronics and biotechnology,
influence the rate of increase of labour productivity.

3. There are many reasons why management practices vary.

4. The manager directs, motivates, and coordinates people in the various activities
required to get the needed work done right and on time.

5. Efficient generation, transmission and distribution of electricity require alternating
current, but very many applications make use of direct current.

6. The application of electricity to many uses is one of the greatest achievements of
the 19th century.

7. The door is now open to low-cost electronic sensing systems that are accurate,
reliable and versatile in vehicle and other applications.

3aganme S. IlepeBeauTe rpynnbl CJIOB U NPEJIOKEHHS € JIUNTHYCCKOU
koHcTpykuuei if any (if anything).

a) The profits, if any, . . .

The benefit, if any, . . .

The unemployed, if any, . . .

The radioactive products, if any, . . .

The new methods, if any, . . .

6) 1. It would have been too much to expect definite signs of life on Mars, but
scientists have confirmed that Mars has few mountains, if any.
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2. This indicates, if anything, an absolutely new phase in the development of
cybernetics.

3. In the past 20 years the study of flying saucers has little added, if anything, to
scientific knowledge.

4. The laboratory has received very few new devices lately, if any.

5. Over a period the subordinates have asked their managers and supervisors what
advice, if any, they could give them in this matter.

SaHaHne 6. HepeBemlTe NMPEAJIOKECHHUS C JABOMHBIM YHpaBJC€HUEM.

1. At the beginning of the 20th century people did not think of flying at or above

the speed of sound.

2. This method was designed for and will find its widest application in data analysis.
3. The world of tiny things is invisible to and unseen by most of us but is just as real
as we are.

4. Chlorine both combines with and replaces hydrogen.

5. A manager must be able to «read» the people who work for him, and with him,
accurately.

2.1.2. Ilepesooueckuii npuem «OnyuieHus)»

B psane ciayuaeB mepeBomuMK OBIBAC€T BHOpaBe J€JIaTh HEKOTOPHIE OITYIICHUS,
€CIM 3TO HEOOXOAMMO [Jisi HW30€raHusi HapYIICHUS JIMHIBUCTUYECKUX WIH
CTUJIMCTUYECKUX HOPM PYCCKOTO s3blka. B mepeBoje dyamie BCEro OIyCKaroTCs
CEMaHTUYECKU M30BITOYHBIE CJIOBA. DTOT MPHUEM IE€PEBOJIa UCIIOIB3YETCS B Cliydae
M30BITOYHOCTH HWH(OpMALUMK, KOTOpas MpPEeACTaBiseT cOOO0H HapylIeHHEe HOpM
PYCCKOTO SI3bIKA.

Hanpuwmep:

He leaned forward to take the paper. - On HakIOHUIICS, YTOOBI B3SITH Oymary.

NHorga omnyiieHWss MpU  MEPEBOJIE BBI3BAHBI PA3IMUUSIMU B CTPYKTYpE
AHTJIMICKOTO M PYCCKOTO MpEIoKeHUuH. B pycckoM si3bIke HET HEOOXOIWMOCTH B
MOJIHOM HaOope BCEX UJICHOB MPEIJIOKECHNUS

The first thing I did was to give her a call. — ITepBoe, uTo 51 crenan, NO3BOHUII
enl.

YacTo OmycKarTCs MPUTHKATEIbHBIE MECTOUMEHUS, KOTOPhIE B PYCCKOM
MepeBO/IE ABJISIOTCS N30BITOYHBIMU:

He took his bag in his right hand. - On B3s1 cymMKy B mpaByro pyky. OmHako
WCIIONB3Ys TMPUEM OIYIIEHUs], HEOOXOJAUMO TOMHHUTH, YTO OTO HE Jiazehka s
MPOMYyCKa TPYJIHBIX MECT mpu mepeBoje. CMbICT MPEAJIOKEHUS] HE JTOJDKEH OBbITh
HCKaXEH.

[Ipuem omyliieHHs caeayeT NPUMEHSTh TaKXkKe MPHU MEPEBOJIE TaK HA3bIBAEMBIX
“napHpIXx CHHOHUMOB”. [lapHble CHHOHUMBI — TTAPAIJIEIBHO YIOTPEOIIIeMbIe CIIOBA
OJIMHAKOBOTO WJIM OJIM3KOTO 3HAYCHUs, OOBEIUHEHHbIE coro3amu and WM Of.
PycckoMy s3BIKy 3TO SIBJICHHME COBEPIIECHHO HE CBOMCTBEHHO. ECIIM B aHIIIMMCKOM
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MPeJIOKEHUH YIOTPeOIeHbl apHbIe CHHOHUMBI, TO MPH MEPEBOJE PEKOMEHIYETCs
OJIMH U3 HUX OIYCTHUTh, T.€. 3AMEHHTH J[BA CIIOBA — OJTHUM.

Hampumep:

regular and normal oObIYHBIN

happily and fortunately k cuactbio

by force and violence HaCHJILCTBEHHBIM ITyTEM

precision and accuracy TOYHOCTb

The town we stayed in was very nice and attractive. - T'opoa, B KOTOpOM MBI
OCTaHOBWJINCH, OBLT OUeHb VIOMHBIM.

The treaty was pronounced null and void. - JloroBop Obul mnpHU3HAH
HeoellcmeumebHbLM.
3aganue 1. IlepeBenure ciaenywouue MNpeAI0oKeHUs] U CJI0BOCOYETAHMA,
NPUMEHSISI MeTO OMYIIEeHNSI

He jumped to his feet and ran after them.

Why scratching your left ear with your right hand?
The invaders came to kill and murder civil population.
Working men and women deserve a better life.

We were sick and tired of waiting for hours and hours.

SN =

3ananue 2. IlepeBepure npenoxkeHusa. OOparure BHMMaHHME HA MapHbIE
CHHOHUMBI.

1. The resistance or opposition to the flow of current is measured in ohms.

2. The treaty was pronounced null and void.

3. Alloy grey iron is easy to machine because most of the carbon present is in free or
uncombined state.

4. The proposal was rejected and repudiated.

5. Burning or combustion is the process of uniting a fuel or combustible with the
oxygen in the air.

6. Cylindrical coordinate robots meet requirements for speed, precision and accuracy.

2.1.3. Jlexcuueckue 3amennl. Ilepesooueckuit npuem «KOHKpemu3ayusny

[IpueM NeKCHYECKUX 3aMEH JTOBOJIBHO IMTUPOKO WCIOJIB3YETCs TIPH MEePEBOC B.
TeX CIydasx, KOrJa OTCYTCTBYIOT MPSIMbIC CIIOBApHBIC COOTBETCTBHS. B 3TOM Ccitydae
HEOOXOMMO HAWTH BapHaHT MEPEBOIA, KOTOPBIA MOIXOIUT JJIs JTAHHOTO KOHTEKCTAa,
HaIpuMep:

Privacy was impossible. - Bpls10 HEBO3MOXKHO MOOBITH OTHOMY. Invasion in One's
privacy- BMEIIaTeIbCTBO B YbIO-JI. TUUHYIO KU3Hb.

KoHnTtekcTyanpHas 3aMeHa Kak BHJI JIGKCHUECKOU TpaHC()OpMAITUU UCTIOJIb3YETCs
B TEX CJIyyasx, KOrja HEOoOXOAUMO CJieJlaTh YTOUYHEHHUE (KOHKpemuszayuio),,
0000WeHUe (eeHepanuzayuro), a TaKKe 3aMEHUTh OTPUIIATEIHLHYI0 KOHCTPYKITUIO Ha
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YTBEPAUTEIBHYIO WIH HA000POT (AHMOHUMUYECKUll nepegod) WU TOTHOCTHIO
nepeocmblCaums 8bickasvléanue (HarpuMep, Ipu nepeBojie (pa3eoioru3MoB).

Konkperuzamusi mpenacrtarisier co00il 3aMeHy CJIOBa WM CJIOBOCOYCTAHUS
MCXOJHOTO sI3bIKa C 0oJiee IMIMPOKUM 3HAYCHHEM CIIOBOM WM CIIOBOCOYETAaHHUEM
s3bIKa TEepeBo/ia ¢ Oojiee Y3KUM 3Ha4eHHEM. B aHTIMICKOM S3BIKE MHOTO CJIOB C
OOIMM INMUPOKWM 3HAYCHHEM M JIECEMaHTH3UPOBAHHBIX CJIOB, KOTOpBIC TIpPHU
NIepeBoJie BCeTa B TOM WIIM MHOW MEpe KOHKPETU3UPYIOTCA.

Crnenyroiue cjioBa HanbOJee YacTo MOIBEPTratOTC KOHKPETU3AIUU:

case, failure, nation, thing, effort, formulation, one, trouble, element, industry,
piece, violence, facilities, matter, point, work, to be to leave, to go, to say, to come, to
tell.

Hanpumep:

The curtain went up. - 3aHaBec noousics.

The facilities were downstairs. - Yoo6cmea Hax0IUIKCh BHH3Y.

Put him on the phone please. - [1o30Bu ero, moxanyiicra, k Tenedony.

JIro6oe, kazanoch Obl, XOPOIIO 3HAKOMOE, CJIOBO B 3aBUCHMOCTU OT KOHTEKCTa
(1 OT TOro, B KAaKOM CJIOBOCOYETAHUU OHO BCTPEYAETCS) MOXKET UMETh COBCEM HHOE
3HAYCHHUE.

Hanpuwmep:

the interests of the community wunTepech o6mectBa black community-
HETPUTSHCKOE HACCIICHUE

financial (business) community - (puHaHCOBBIE (JIEJIOBBIE) KPYTH

technological community - TeXHHYECKOE COTPYAHUYECTBO

community of interests - OOIIHOCTbh HUHTEPECOB

European Economic Community - EBponeiickoe 3KOHOMHUYECKOE

CO00IIECTBO

3ananme 1. IlepeBeaurte cieaywmue TMPeIJOKeHUI M CJIOBOCOYETAHMS,
NPUMEHSISI MeTO KOHKPeTH3AIlUU:

1. Things look promising.

2. The meal was served at 6 p.m.

3. It will take me about an hour to drive there.

4. All the hotels in the city provide parking facilities.

3ananue 2. CpaBHMTE AaHIVIMHCKHUI U PyCCKUl BapuaHThl. O0OpaTure BHUMaHHe
Ha CIoco0bl KOHKPEeTH3aIuM a) 1iaroJia to be; 6) cymecrBuresabHoro industry.

a) He is at school. On yuutcs B mkose.

He is in the Army. OH cayXuUT B apMuu.

The book is on the table. Knura nexur Ha cToune.

The TVset is by the wall. TeneBu3op cTOUT y CTEHBI.

0) 1. The automotive industry has been working with the electronics industry,
exploring a wide range of solutions involving microprocessors.
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ABTOMOOWJIbHBIC KOMITAHHM COBMECTHO C TIPEACTABUTEISIMH  DJIEKTPOHHOM
MPOMBIIIUICHHOCTH UCCIIEAYIOT IMHUPOKUH KPYT BO3MOKHBIX ITOJAXO0/I0B K PEIICHUIO
npo6JIeM, CBSI3aHHBIX C MPUMEHEHNEM MHKPOIIPOIIECCOPOB.

2. ... here or there in the semiconductor industry.

.. . HA TOM WJIK HHOM MPEANPHUATHH dJIEKTPOHHOU MPOMBIIIIIEHHOCTH.

3ananue 3. Konkperusupyiite caoBo thing. BepiOepure 0aMH W3 BO3MOKHBIX
BAPHUAHTOB MEepPeBOA.

Thing — Bemp, mpeamer, aeno, ¢pakr, caydaid, 00CTOATETLCTBO, CYIIIECTBO, poOIeMa,
BOIpOC, (hakTop, MPOU3BEACHHE, UepPTa U .

1. How are things?

2.Things look promising.

3.1 want to look into the thing myself.

4. All organizations share one thing in common: they have to be managed.

5. According to one standard definition, a resource is a thing or service used to
produce goods (or services) which can satisfy wants.

6. In economics one thing is obvious: you cannot escape the problem of choice.

7. Many experts believe that the only truly important thing in determining
productivity within a plant is management.

8. Fixing priorities is the most important thing for a manager to save time.

3ananmue 4. /laiiTe pyCCKUIl BAPHAHT CJIEYIOUIUM MPeAJI0KEHUSIM.

1. The college has excellent research facilities.

2. The phone is equipped with a call-back facility.

3. There was also fierce local opposition in June to plans to build the world's
largest nuclear waste facility near Krasnoyarsk.

4. The hotel has its own pool and leisure facilities.

5. Excuse me, I have to use the facilities.

6. The company is ready to meet the challenges of the next few years.

7. I relish the challenge of rebuilding the club.

8. I like the challenge of learning new things.

9. In grade school, Clint was a real challenge to all of his teachers.

10. The president faces a strong challenge from nationalists.

11. Billboard companies say they will challenge the new law in court.

12. Many doctors have challenged the accuracy of his findings.

13. I'm really at my best when I'm challenged.

14. Its performance on mountain roads was impressive.

15. The new program will better evaluate the performance of students and teachers.
16. Targets may be set for any parameter that can be measured as the project
proceeds, such as cost, time and performance.

17. Three criteria have been chosen, attempting to measure the most important
attributes of company performance over the year.
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18. As an employee, his record is outstanding.

19. The department has a long record of high achievement.

20. It (HMA) has a great track record of managing hospitals.

21. The industry's record on conservation is not very impressive.

22. Lawrence promised full commitment in his drive to make Santa Barbara
College the most successful school in the region.

23. Many parents do not get involved in schools because they have too many other
commitments.

24. Thanks to your energy and commitment, the fundraiser was a great success.
25. The US President expressed America's commitment to Africa's economic
development.

26. The governor has a strong commitment to creating jobs in the state.

27. A very high percentage of small businesses fail within their first year.

28. Across the state, corn crops failed due to the drought.

29. If your marriage fails, it can be difficult to make a new start in life.

30. The banks have committed themselves to boosting profits by slashing costs.

2.1.4. Ilepesooueckuil npuem «2eHepaiu3auusy

I'enepaau3anus — 3aMeHa CJIOBa, UMEIOIIETO O0Jiee y3KOe 3HaUCHHUE, CIIOBOM C
0oJiee MHUPOKUM 3HAUYCHHUEM.

Hanpuwmep:

She visits me practically every week-end.

Omna ObIBacT y MCHSI IIOYTH KKIYIO HEJEIIO.

She was Kkilled in a car accident.

OHa nocubna B aBTOKaTacTpode.

To the last ounce of effort - u3 mocnennux cun.

He visits me practically every weekend. — OH e31UT KO MHE TTOYTH KaXKIYIO
HEZEeJIO.

He showed us his old beat-up Navajo blanket. — On mokasan Ham cBoe
MOTPEIAHHOE UHAECHCKOE OCSIIbLIE.

[ saw a man 6 feet 2 inches tall. — 5 yBunen BbICOKOTO mapHs.

3aganue 1. IlepeBeaure cienywoumue MnpeIIOKEHUS M CJIOBOCOYETAHUSA,
NPUMEHsIsl MeTO/l TeHepaJIU3aluu:

1. Two persons were reported shot.

2. The dog sniffed every inch of the ground.

3. A 120-voice choir was performing in the open air
4. The five-minute meeting with reporters was over.

3ananue 2. [lepeBeanTe HA PYCCKHUIl A3BIK CJIeAYONIUE MPEIJI0KEHNS.

1. Then this girl gets killed, because she's always speeding.
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2. "Who won the game?" I said. "It's only the half."

3. Jane used to drive to market with her mother in their La Salle convertible.

4. She closed the bathroom door behind her, sat on the edge of the bathtub, and
smoked a Virginia Slim.

5. The pizza was from Domino's, not some leathery slab of cheese someone threw in
a microwave, but a real pizza Doreen had probably paid for.

6. Did you guys have a little meeting with Judge Roosevelt this morning?

7. It'll be more than a headache, I promise. [...] I'll notify the Equal Employment
Commission, the National Labor Relations Board, the IRS, OS HA, and anybody else
who might be interested. I'll make you lose sleep, Chester. You'll wish a thousand
times you hadn't fired my client.

8. Mark looked at her without blinking for a long minute, and convinced himself she
could be trusted.

9. He weighed somewhere between three and four hundred pounds, and wore the
same outfit every day — black suit, white cotton shirt, and a bow tie which he tied
himself and did so poorly.

2.1.5. Ilepesooueckuii npuem «aHMOHUMUYECKUI NEPEBOO)

AHTOHUMHUYECKHIH TIEPEeBOJ] — IIMPOKO PACIHpPOCTPAHEHHAs B TEPEBOAYCCKOMN
MPAKTHUKE KOMILICKCHAs JICKCUKO-TpaMMmaTHueckas 3ameHa. CyTh €€ 3aKJII0oYaeTcs B
TpaHcHOpMaIK YTBEPIUTSIPHON KOHCTPYKIIMKM B OTPUIATESIIBHYIO (MM Ha000pOT),
COINPOBOXIAEMOK 3aMEHOW OJHOTO W3 CIIOB NEPEBOJMMOIO IMPEIIOKECHUS Ha €ro
AHTOHUM B SI3BIKE TIEPEBO/IA.

Hanpuwmep:

a) He didn’t say anything. On npomomyannt.

OTpHIaTeNIbHAs KOHCTPYKITUS — YTBEPAUTEIbHASL

rJ1aroi say (ckaszaTh) — MPOMOJIYATH

0) Keep off the grass! He xonure no tpase!

YTBepauTenbHAsT KOHCTPYKIUS — OTPHUIIATESIIbHAS

It's not uncommon for families in rural areas to have three and more children.

B cenbckoii MECTHOCTH B CEMBSIX 00bluH0 OBIBACT 1O TPOE U OoJiee JeTel.

Remember to wake me up at 7 a.m. - He 3a6y0s pa30oyautb MeHs B 7 yTpa.

They never found out until afterward what he had to go through.

Onu uws 6nocredcmsuu y3uaiu, 4To eMy TIPUIILIOCH TIEPEKHTb.

NHorna aHTOHMMHYECKHH TEPEBOJ SBISICTCS CIMHCTBEHHO BO3MOYKHBIM
CPEICTBOM ]ISl TOCTHIKEHUS aJICKBATHOTO MIEPEBOIA:

The last thing | would like to do is to spoil our relationships.

MHe ObI ouenb He Xomenoch UCTIOPTUTH HAIlA OTHOIICHUS.

The inferiority of the enemy - Ilpesocxodcmeo HauX BOWCK.

OOpatuTe BHUMAaHWE HAa  IEPEBOJ  CICAYIONIMX  NPEIUIOKCHUH |
CJIOBOCOYETAHUM:

Hang on, please! He xnanute TpyOKy, moxanyiicra!

Stay out of the sun! Ha comniie nexxarp Henb3si!
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Staff only. [TocTOpoHHHUM BXOJ BOCTIPEIIEH.

Keep clear of the door! K aBepu e npucioHsTbes!

To be second to none - He UMeTh cebe paBHBIX

to overlook - He nmpuaBaTh (IpUAATH) 3HAYCHHUS.

to be free of - He comepxkaTh

to be as good as - ye ycrymnarh

to be self-explanatory - He TpeboBaTh 0OBSICHEHUSI

to keep up/pace with - He oTcTaBaTh

to be immune to - He MOAIABATHCSA BO3CHCTBUIO

to disregard/discount - He mpUHUMATH BO BHUMAaHUE

It should be recalled that such discussions create a dangerous precedent.

Henumae HAMOMHUTD, 9YTO TUCKYCCHUU TTOJOOHOTO pO/a CO3/MAt0T OMACHBIN
MpeLeeHT.

It is just as important to comply with treaties already signed.

He MeHee BaxkHO cOOI01aTh YK€ MOAMUCAHHBIE TOTOBOPBI.

Crnenyer mOMHUTh, YTO AaHTOHUMUYECKUN TIEPEBOJI MIPUMEHSETCS TIPU TIepeaaye
Ha PYCCKHMM $3BIK AHTJIMHCKONM KOHCTpyKIMH ¢ not . . . until; mpu stom until
3aMEHSIETCS Ha JIMIIb TOT]Ia; TOJIKO TOT/1a, KOT/Ia.

Hanpuwmep:

It was not until the 17-th century that man began to understand the pressure.

Tonbko B 17 Beke yea0BEeK HadaJl OCO3HABATh, UTO TaKOE JaBJICHHE.

3ananmue 1. [lepeBeaure HA PYCCKUI A3BIK CJIeYOUIHE NMPEIJI0KCHUS.

1. He is no linguist.

2. No two international problems are alike.

3. It was not until he has read for several days that he came upon a story that
quickened his pulse.

4.1 don't at all disbelieve you.

5. They passed no village bigger than a hamlet and no inn better than an alehouse, but
Harry was urgent to stop at one of them and seek better horses.

6. If ever you are anywhere in the province of Bourgogne, don't fail to visit the inn
called "At the Sign of the Reine Pedoque".

7. "A Forsyte," replied young Jolyon, "is not an uncommon animal.

8. " It is not unlike me that in heading toward the West I should travel east.

9. Style is a matter of which a foreigner, even though he knows the language pretty
well, can be but an uncertain judge: the finer points, the music, the aptness, the
rhythm, can hardly fail to escape him.

10. Reggie was no stranger to the apartment.

11. The thumb never left his mouth.

12. Reggie wondered if the poor child had ever left Memphis.

13. I don't completely distrust them.

14. At some point, about halfway to the jet, Mark stopped.

15. He was a tough little kid, raised on the streets and wise beyond his years.
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3ananue 2. IlepeBeaure ciieaywomue MNpPeIJIOKEHUsI M CJIOBOCOYETAHMS,
NPUMeHSsIS1 MeTOJl AHTOHUMHUYECKOr0 MepeBoa:

Their attitude was not unfriendly.

She had not left the reception until after her driver came to pick
her up.

They had little to say to each other.

The permission is not given unless authorized by the dean.

Her name does not sound unfamiliar to me.

SN il

3aganue 3. IlepeBenurte cienymomue npeaio:xkenusa. Hcmoun3yiite mnpuem
AHTOHHMHYECKOT0 TepeBo/ia.

. Your name is not unknown to me.

. Did you remember to post the letters I gave you?

. I believe such stories are not uncommon.

. The tones of her voice were clear and not unmelodious.

. He remembered to be polite.

. Keep out! We are not ready yet.

. He was not old enough.

. Are you awake? — Yes, [ am. I am not well today.

9. It 1s not an unfavourable moment to make use of transducer-based technology.
10.The case is not improbable.

11. Mars and Venus have atmospheres not dissimilar to ours.

12.River and lake deposits also not uncommonly contain remains of organisms which
inhabited waters.

0NN kW

3ananue 4. IlepeBeaurte ciaeaywiue NpeaIoKeHHUsi, o0pamas BHMMaHHE HA
nepeBoJl KOHCTPYKUMHU not . . . until;

1. It was not until around 1610 when Galileo first observed Saturn through his
telescope.

2. It was not until 1600 that it was discovered that glass and certain other materials
could be electrified.

3. It was not until the last quarter of the seventeenth century that some of the
fundamental operating principles of the rocket were explained.

4. It was not until the 20-th century that physicists arrived at a satisfactory theory of
the structure of the nucleus.

5. It was not until 1609 that the German astronomer J. Kepler described planetary
paths correctly for the first time.

6. It was not until Reontgen discovered X-rays that scientists began to take interest in
this subject.
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2.1.6. Ilepesooueckuii npuem «ueaocmHuoe nepeocmuvlciieHue»

HenocTHoe mnepeocmbicjieHHe HauOoyiee TPYIHBIM BHJ KOHTEKCTYyaJlbHOM
3aMeHbl TMpU TEepeBoje. 3aKII0YaeTcs B TMOHMMAHUM AHTJIMICKOTO YCTOWYHMBOTO
cioBocoveTanus ((ppa3eosioru3mMa) u rnepeaade ero No-pyccku COBEPIICHHO IPYTUMU
JIEKCUYECKUMU CPEJICTBAMU:

To be an albatross breiTh 00y301 (spMoMm) (around one's neck)
Work and pleasure IlonesHoe ¢ npusTHbIM

No way! Hu 3a uto! (Hu B koem ciyuae!)

Stretch one's leg ~ Pa3msatbcs

Jack of all trades  Macrep Ha Bce pyku

Still waters-run deep B TuxoMm omyTe uepTu BOASTCS

In the nick of time B nocnennuit MOMEHT

3aganme 1. IlepeBenurte cieaywmue TMPeLJOKeHUST M CJIOBOCOYETAHMS,
NPUMEHSSE MeTO LEeJTOCTHOTO MePe0CMbICIEHUS .

Sleep on it, tomorrow is a new day.
Robbing Peter to pay Tom.

It's easy to be wise after the event.
No gain without pain.

Do as you would be done by.

Black sheep.

Re-inventing the wheel.

When in Rome, do as the Romans do.

A G e

3ananue 2. IlepeBenurte cieaywmue MNpPeNJOKeHUs, HCHOJIb3YS MeETO/
JIEKCHYeCKOM TpaHcopManui, B KaXI0OM H3 CJIy4YaeB YKaKUTe, KaKas M3
Pa3HOBUIHOCTEH JIEKCHYECKON TpaHcGopMalMU MCII0JIb30BAHA BAMHU.

1. Price rise is not unlike to remain in the forthcoming period.

2. The U.S. and EL) remain split over the OECD chief.

3. I can read you like a book.

4. Faithful to their plan, the members of the crew dressed themselves in their oldest
uniforms.

5. The operation was carried out neatly and .smartly.

6. The final result was a minor matter for him.

7. In the country of one-eyed be one-eyed.

8. Meeting such results is vital for the company's development.

9. Andrew Rose, an economist at the University of California, says that being a
member of the WTO makes no difference to how much countries trade with each
other.

10. They also have committed themselves to reforming the costly agricultural policy.
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11. The EU newcomers must attract a new wave of foreign direct investment to
remain competitive.

12. Decision-making in Brussels, already slow and complex, will be more difficult
with 25 members at the table.

13. The one-minute shock was over, and all returned to their duties.

14. That's a 25% jump over the year-earlier period.

15. The models of development are now struggling.

16. A year or two ago, the bank would have granted a loan without a second thought.
17. Most of the company's output is sold domestically.

18. All of the company's offices around the world are staffed with locals.

19. Two dozen countries that kiss the Caribbean Sea seem to be a dream

20. When it comes to the environment, big American companies like to appear green.
21. The UN Center for Economic and Social Information in Geneva publishes
"Development Forum Business Edition", a biweekly newspaper.

22. Actually the decision had been taken hours before the Intel news went public.

23. It'll be a good thing if they are able to stabilize the situation.

3ananme 2. IlepeBenure mnpensio:kenusi. Mcnoub3yidTe Bce HM3BEeCTHbIe BaM
nepeBoJ4ecKue TpaHchopmManum.

1. Compared with the previous methods these offer a great reduction in size, higher
efficiency and lower cost.

2. When many things come together, breakthroughs happen.

3. Some things never change.

4. He had not done badly at his new job.

5. This went nowhere.

6. In many cases, anticipation results in prevention.

7. Touching a bare wire may result in electrical shock, unless mittens or gloves of
some insulating material are used.

8. It wasn’t until almost a decade later that the company began to see the impact of its
inventions.

9. There was a natural marriage between digital and IC technology.

10. Change doesn’t happen in straight lines — there are sharp jumps and very flat
plateaus.

11. A close working relationship between design and manufacturing engineering is
not a naturally occurring phenomenon in all companies.

12. The present data show good agreement.

13. We struggled for months with the name for the new device.

14. The cost of computers becomes prohibitive.

15. It was not until about 1911 that a first really successful theory of atomic structure
was suggested by E. Rutherford.

16. Long chains of chemically linked molecules called polymers are the building
blocks of modern materials ranging from plastics and paints to synthetic fibers.
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17. PC software companies are trying to make customers pay extra for technical
support.

18. Today’s network managers are faced with trying to satisty the growing demand to
connect LANto-LAN based users at different sites and to provide users with dial-out
access to commercial E-mail services.

19. An important future consideration is that PCI and other local-bus systems have
high-frequency loading, which limits the number of slots.

2.2. 'pammaTuyeckne TpaHcopMannu B mepeBojie
2.2.1. Mecmoumenue “It”
Models:

1. IlpenBapsiromee “It”.

a) Itis + adj.

It is necessary to apply for a patent in order to protect a new discovery.

Jiis Toro, 4YToOBI 3alIMTUTh MPABO Ha HOBOE H300pETEHUE, HEOOXOIUMO
0OpaTUTHCSA 32 MATEHTOM.

b) Itis + Part Il + that

It is expected that the first month of the trial will be taken up with selecting the
jury.

Oxupaercs, UTO MEPBBIA MecCsI CyAeOHOro mpoiiecca yiJeT Ha BBIOOp cOcCTaBa
MPUCSIKHBIX.

c) Itis + noun + that

It is a common misconception as to the law of contracts that an agreement is not
binding if it is not in written form.

PacnipocTpaHeHHbIM 3a0yKJ€HHEM B JOTOBOPHOM IIpaBe SIBIAETCS TO, YTO
CoTJiallieHre He 00513aTeIbHO, €CITM OHO HE 3aKJIF0UYEHO B MUCbMEHHOU (popme.

2. ®opmagnbHoe “It”.

Some people disapprove of law that makes it compulsory to fix seat belts to cars.

HekoTtopsle noan He 0100psIIOT 3aKOH, JeNalluid 00s3aTelbHbIM 000py1I0BaHNE
MAIIIFH IPUBS3HBIMU PEMHSIMHU.

3ananue. [lepeBeaure, oopainasi BHUMaHHe HA 000POTHI ¢ MecTOUMeHueM It.

1. It is not usual to haggle about prices in a British shop, as it is in, say, a Turkish
market.

2. It 1s necessary to have a clear picture of a staggering amount of crime and how
various classes and strata are affected by it.

3. It is felt that society cannot work if people are allowed to take the property of
others at will: therefore theft is forbidden and thieves are punished.
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4. People continue to rely on written agreements for years but if a serious
disagreement arises they may decide it necessary to take a legal action.

5. The jury is to decide questions of fact, and it is the judge’s responsibility to
guide them on questions of law.

6. Most countries find it convenient to set up separate systems of criminal and
civil courts.

7. It is important to consider to what extent descriptive and prescriptive laws can
be distinguished from customs and social rules.

8. In many legal systems it is an important principle that a person cannot be
considered guilty of a crime until the state proves he committed it.

9. Under resolutions which were adopted by the UN General Assembly it is the
duty of every state to pursue and punish war criminals.

10. The vagrancy laws, some judges observe, make it a crime to be poor,
downtrodden and unemployed.

11. It should be noted that the phrase “common law” is sometimes used in England
today to describe the whole body of judge-made rules.

12. In order to separate the role of the legislature and judiciary, it was necessary to
make laws that were clear and comprehensive.

13. It is a crime to drink alcohol in Saudi Arabia, but not in Egypt. It is a crime to
smoke marijuana in England but not (in prescribed places) in the Netherlands.

14. For some people, the image of a lawyer i1s someone who leads a very wealthy
and comfortable life; however, it should not be forgotten that there are also lawyers
whose lives are not so secure.

15. If it is thought that one of the parties to a case has further information which
should be disclosed , it is possible to apply for permission to reveal it.

2.2.2. Cnoea 3amecmumenu “That”, “Those”
Model:

The most urgent question everywhere in this country today is that of complying
with the law.

B Hamu nHuM Hambosiee HEOTIIOKHOM MPOOJIeMON BO BCEX YroJikax Hailled CTpaHbl
ABJISIETCS MPOOJIEMa COOJIIOIEHNS 3AKOHHOCTH.

3ananme. IlepeBenure, oOpamass BHUMaHME HAa T[PABHJIO0  «CJIOBA
3aMeCTHUTEeT».

1. According to specialists the two central banks most independent of the
government are those of Switzerland and Germany.

2. Many companies invest their profits in such spheres as sophisticated
technologies and those giving fast returns.

3. Partnerships can be formed easily and the legal position of partners is not very
different from that of sole traders.
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4. Ordinary Americans are much more interested in local politics than in those at
the federal level.

5. The political power of the US Secretary of State is second only to that of the
President.

6. The system of checks and balances is such an arrangement of government
powers where powers of one government branch check and balance those of other
branches.

7. Most legal systems in Europe, including that of Scotland and indirectly those in
many other parts of the world, were strongly influenced by Roman Law.

8. The House of Lords is considered the upper house of the British Parliament,
but its political powers are much more limited than those of the lower house , the
House of Commons.

9. International law comprises the regulation of relations between governments
and also between private citizens of one country and those of another.

10. The definitions of many torts closely resemble those of crimes.

2.2.3. Cnosxcnoe Iloonescawee c Hngpunumueom

Model:

The trial, which has been rumored everywhere for so long, is believed to be nearly
completed.

[Tonarator, 4yTo CyAeOHBIN TpollecC, 0 KOTOPOM MOBCEMECTHO TaK JOJITO XOJSAT
CITyXH, TIOYTH 3aBEPIIICH.

3ananue. llepeBenurTe, oOpaimiasi BHMMAaHHME HA KOHCTPYKIUHM CJI0KHOIO
Nno/JiesKanero ¢ MHGUHUTHBOM.

1. The economic situation in this country is reported to be improving.

2. The conference is expected to be held on the premises of the Academy.

3. When are we supposed to take our exam in international law?

4. The invention is expected to be of great importance for the protection of the
environment.

5. Political stability is generally thought to be a good thing, but economic changes
are usually inevitable.

6. The registration of a company may be cancelled if its objects turn out to be
illegal.

7. Contract damages are merely intended to compensate a plaintiff for his loss.

8. A lot of research has shown that people are more likely to read and believe
publicity than advertising.

9. He seems to have excluded himself from the vice-presidential candidacy at the
time when the public opinion polls report that he is most popular. 10. The British
Queen is expected to be impartial or “above politics” and her political advice to the
Prime Minister is kept secret.

11. A barrister is required to have reached an accepted educational standard and to
have become a member of the Inns of Court.
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12. In recent times lawyers have made efforts to make their profession less
mysterious; after all their job is supposed to clarify matters for the public, not to
make them more complicated.

13. Lawyers try to explain exactly why a judicial decision has been made, even
when the decision appears to be obvious common sense.

14. The overall acquittal rate is said to be increasing now that defendants have the
right to be tried by a jury.

15. Due to the system of checks and balances the President is not as powerful as
many people outside the US seem to think he is.

2.2.4. “For” — ¢ppa3zel ¢ ungpunumueom

Model:

1. It is cheaper for a company to issue bonds than shares.

KoMmmnanuu nemniesiie BBITyCKaTh OOJIMTAIH, YeM aKITHH.

2. Some industrial projects are too sophisticated for experts to evaluate their
effect on the environment.

HekoTopsie MpOMBIIIIIICHHBIE IPOSKTHI CITUIIKOM CJIOKHBI, YTOOBI SKCIIEPTHI MOTJIN
OIICHUTH UX BIUSHUE HA OKPYIKAIOIIYIO CPEIy.

3aganue. IlepeBenute, oOpamasi BHMMaHue Ha mepeBox “for” ¢pa3 c
HH(PUHUTHBOM.

1. The problem under discussion was too complicated for the participants in the
Congress to cope with.

2. All these factors aggravated the debt problem and it was impossible for the
country to meet its external debt service obligations in time.

3. One of the ways to run a business is for two or more people to form a
partnership in which they share management, profits and liabilities to debts.

4. The WTO is a forum for member governments to negotiate trade agreements
and to try to sort out trade problems.

5.Judges do not merely apply the law, in some cases they make law, and their
interpretations may become precedents for other courts to follow.

6.As a first step it is customary for the solicitor to try to settle a dispute without
litigation.

7.1t 1s necessary for at least ten of the twelve jurors to agree in order to find a
defendant guilty.

8.Immediately after judgement has been given, it is usual for the counsel for the
successful party to ask for costs, and this is a matter for the judge’s discretion.

9.Cabinet officials are appointees of the President, so when the President’s service
ends it is customary for the Cabinet to resign.

10.The US Special Courts have been established to handle cases which are
sometimes difficult for a judge to understand.
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2.2.5. I'epynouii ¢ Paznuunvix Cunmaxcuueckux OynKyunx

Models:

1. Rewriting laws is a slow and painstaking process.

[lepecMOTp 3aKOHOB — 3TO JUIUTEIBHBINA U TPYIOEMKUN TIPOIIECC.

2. Sometimes we can break rules without suffering any penalty.

Wuoraa MBI MOYKEM HapyIlaTh IPaBOBBIE HOPMBI, HE MOIBEPrasiCh HaKa3aHUIO.

3. Some people have gone so far as describing political power (a consequence of
lobbying) as one of the main components of marketing.

HekoTtopele Jrony 3amuid Tak JaJiekKO, YTO CYMTAIOT TOJUTHYECKYIO BIIACTh
(pe3ynbTar JT0OOMPOBaHNS) OJTHON M3 OCHOBHBIX COCTABJISIONINX MapPKETHHTA.

3aganue. IlepeBeanTe, oOpamasi BHHMaHHe HAa OCO0EHHOCTH IepeBOjAa
repyHaus.

1. In England the main decision for a future lawyer is between becoming a
barristor or solicitor.

2. Many people believe the distinction between barristers and solicitors should be
eliminated, but there are arguments for maintaining as well as removing the
distinction.

3. Nearly every general area of law is relevant to running a business.

4. Some transactions are so complex that few of us would risk making them
without seeking legal advice: for example, buying or selling a house or setting up a
business.

5. In many countries there are law firms that specialize in dealing with people
who would not be able to pay for legal services out of their own pockets.

6. Legal systems have rules for interpreting contracts in which one or more
contractors made a mistake or was pressed into making an agreement.

7. People are always looking for legal loopholes, a way of avoiding a legal duty
by making use of an ambiguity in law.

8. In countries where there i1s much political corruption certain people are able to
escape justice by using their money or influence.

9. Common law or case law system differs from Continental law in having
developed gradually throughout history.

10. On coming to office the British Prime Minister has to fill about seventy
ministerial positions from the ranks of his supporters in Both Houses of Parliament.

11. If a partnership was set up for an indefinite period, it can be ended by any
partner giving notice to all of the others.

12. Financial legislation may become law within a month of its being passed by the
Commons, regardless of the attitude of the Lords.

13. Courts are often criticized for being biased, and incidents of judges handing
down guilty verdicts to defendents under pressure from prosecutors are widespread.

14. Briefing a case is preparing a short digest of the facts, issues and reasoning
essential to the court in making its decisions.
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15. Reading and discussing “case reports™ are considered especially apt tools for
teaching students the kind of precise reasoning which is instrumental to a lawyer’s
work.

2.2.6. lIpuuacmus |, |1 u Hngpunumue 6 @ynkuyuu Onpeodenenus

3ananme. IlepeBemure, coOJI0gasi NpPaBUJIA IepeBoJa MNPHYACTHS U
UHpUHUTHBA.

1. They were fully aware of the obstacles to be faced and the changes to be made.

2. Against the background of the falling living standards, the profits earned by the
monopolists seemed particularly great.

3. The internal management of a company is regulated by a document called the
articles of association.

4. *Tariff barriers are often imposed to protect infant industries being developed
as a means of import substitution.

5. If you want to set up business under English law, the first question to consider
is to form a limited company or not.

6. The quality of goods received must correspond to the specifications stipulated
in a contract signed by companies.

7. The Chinese government has responded to a growing demand for better quality
goods and set up special courts to deal with customers’ complaints.

8. The contract contains a clause providing that all disputes raised by the
customers should be referred to arbitration.

9. The world monetary system, agreed upon by the Western powers at Bretton
Woods at the end of the Second World war, had collapsed by 1971.

10. The London police are under the control of the Home Secretary, acting through
a commissioner appointed by and responsible to him.

11. Washington was the first city in history to be created solely for the purpose of
governance.

12. In civil proceedings the plaintiff prepares a draft of summons, notifying the
defendant in general terms of the nature of the claim against him.

13. The functions of a judge are to conduct proceedings, point out the problems to
be clarified, put questions to the parties and witnesses and examine relevant
documents.

14. The tort of defamation covers attacks against someone’s reputation through a
written or spoken word.

15. A defamatory statement heard only by a person who does not understand the
language in which it is spoken is not actionable.

2.2.1. lIpuuacmus | u 11 ¢ @ynkyuu Obcmoamenvcmea

Models:
1. Commenting on the resolution, he informed the deputies of the country’s
critical situation.
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KoMMmeHTHpYST pe30IoIuio, OH COOOITMIT IemyTaTaM O KPUTHIECKON CUTyalnu B
CTpaHe.

2.Asked about the claim, he said the dispute would be settled out of the court.

Kornma ero cnpocunu 00 WCKe, OH OTBETHII, YTO CIOp OYyIeT yperyJupoBaH BHE

cyna.

3aganue. BoinmosiHuTE MepeBo, co0/1101as1 MPpaBUJIA.

1. Speaking at the meeting of the shareholders the President of the Bank tried to
explain that the problems caused by inflation would soon be solved.

2. Informed that it was impossible to sack such a number of employees the
executive director suggested reducing the company’s running costs by some other
means.

3. Asked to justify his decision to cut the R and D budget, the head of the
company failed to sound convincing.

4. Working as a block, the opposition parties have been able to formulate
demands for reforming the economic situation.

5. Asked how he got to be so good in the pre-election campaign the candidate
answered “I lost the previous election”.

6. Faced with the necessity to comment on the event, the Prime Minister refused
to express his opinion.

7. Alleging human rights violations, some countries have imposed economic
sanctions against others.

8. Unlike customs, the rules of social institutions tend to be more formal carrying
precise penalties for those who break them.

9. Two youths were fined 25 dollars being found guilty of causing a breach of
peace.

10. Having arrested someone suspected of committing a crime, the police must
decide if they have enough evidence to make a formal accusation.

2.2.8. Hezasucumuwtit Ilpuuacmusiit O6opom

Model:

1. The agreement is drawn up in English and in Russian; both texts being equally
valid.

JIOroBOp COCTaBJIEH Ha aHIJIMMCKOM M PYCCKOM SI3bIKax, mpuyem (M) oda TekcTa
UMEIOT OJIMHAKOBYIO CHITY.

2. The documents not having arrived on time, the trial had to be postponed.

Tak Kak JOKyMEHTHI HE TPUOBUIH BOBpPEMS, CyJeOHOE pa30upaTeIbCTBO MPUIILTIOCH
OTJIOKHUTb.

3ananue. BoinosiHuTE mepeBoj, o0paiiasi BHUMAHHE HA MPAaBWIO NMepeBoaa
HE32aBMCUMOI0 PUYACTHOI0 000pOTA.

1. The question arose on responsibility, some participants pointing out that laws
were neglected everywhere.

29



2. The parties having failed to conclude an agreement, there is no way of telling
what the outcome will be.

3. England appeared only a formal victor in the second world war, its economy
entering the period of stagnation and decline.

4. There are about 100 Federal courts throughout the country, final authority
resting in the Supreme Court.

5. The USA has no national police force, the FBI influence being limited to a
very few federal crimes, such as kidnapping.

6. The American Constitution specifies the powers and duties of each federal
branch of government, with all other powers and duties belonging to the states.

7. In any election year, only one third of the Senate is changed, the remaining two
thirds being members whose terms have not expired.

8. “Upper” and “lower” are commonly applied to the two houses for a bicameral
legislature, the upper being the less numerous and higher in rank of the two.

9. If a dispute arises between two individuals, each believing himself to be in the
right, litigation may ensue.

10. Legal unpredictability usually scares off foreign capital, with changes to the
R.F.Tax Code happening every year.

2.2.9. Cnoscrnoe /lononnenue c Ilpuuacmuem 11

Models:

1. He wanted the writ typed on time.

OH xoTen, yToObI cyZicOHasi MOBECTKA OblIa HarleyaTaHa BO-BpeMs.
2. She had her case heard by a jury.

Ee neno cnymanocs CyoM NPUCSKHBIX.

3aganue. BoinoJiHuTe MepeBoj, o0pamiasi BHUMAHHE HA MEPeBO CJI0KHOIO
JAOMOJTHEHHUS.

1.She wanted her money invested in “wholly ethical companies™.

2.The court ordered him taken into custody on suspicion of participation in a
terrorist act.

3.An over the counter market is a market for young and small companies which do
not want their shares traded on the major stock-exchanges.

4.If a business does badly and cannot pay its debts, any creditor can have it
declared bankrupt.

5.If a person is unable to vote on election day he obtains a ballot within a specified
period of time before the election, marks it, has it notarized and returns it to the
proper officials.

6. In some states, such as California, citizens can petition to have their propositions
put on the ballot in state elections.

7.There are some offences where the defendant is given the choice of having his
case heard in the Magistrates Court or the Crown Court.
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8.It takes much longer to have a case heard in the Crown Court, but sometimes
defendants prefer it because their cases are decided by a jury, that is ordinary people.

9.The Plaintiff can apply to the court for a charging order on the defendant’s land
or shares and if the money is still not paid, he can have them sold to recover his
damages.

10.Where countries have faced trade barriers and want to have them lowered,
negotiations within the framework of the WTO are used to liberalize trade.

2.2.10. Mooanwsnwtii 2nazon “Should” ¢ ocnaéaennom 3nauenuu

Model:

In Britain there are some cases closed to the public, that is a judge may order that
no members of the public (should) be present at the proceedings.

B Bputanum cymecTByIOT CyJAeOHBIE Niena 3aKpbhIThIe I MyOIHKU T.C. CYIbs
MOJKET TIpHKa3aTh, YTOOBl HUKTO W3 MYOJHMKH HE TPHUCYTCTBOBAJI HA Cy/IeOHOM
pa30uparTenbCTBe.

3aganue. BplnojiHuTEe mnepeBoj, c00MI0Aas NMPABUJIO NMepPeBOa MOJAAJIbHOIO
rjaroJia.

1. In order to sustain free trade it is essential that governments should tackle the
unemployment problem.

2. One of the business approaches demands that suppliers, customers, employees
and members of the local community should be represented on a company’s board of
directors.

3. The President suggested that Congress should try harder to pass some drug
control legislation.

4. In the USA lawyers and courts of law have become part of daily life, whereas
in Japan lawyers are few and people tend to rely on informal ways of solving
disagreements; it’s interesting that two highly industrialized societies should be so
different in this respect.

5. Any person may begin and conduct proceedings himself, but because of the
difficulties involved it’s highly desirable that he be given legal advice.

6. In Japan it is possible for the prosecution to appeal that a non-guilty decision
be changed to guilty.

7. If an MP should die or be forced to give up his seat the people of the country
will have to vote again in a by-election to replace him.

8. The countries to the Community Treaty accepted the supremacy of Community
law over their national systems of law if a conflict should arise.

9. Company directors, partners and sole traders alike have to consider the legal
implications of the torts they may face should their products injure a customer.

10. The Supply of Goods and Services Act implies that services be provided with
reasonable care, at a reasonable cost and within a reasonable time.
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2.2.11. Mooansnuwie I'nazonwsr, “May”, “Must” Beipascarowue Ilpeononosicenue,
Yeepennocmo

Models:

1. You may (might) have read his account of the case.

BbI BO3MOXKHO (MOKET OBITH) YMTAJIHM €r0 OTYET 00 ITOM JIeIC.

2.The parties concerned must have stopped debating the claim.

3anHTEpECOBAHHBIE CTOPOHBI, OYEBUAHO, (IOJDKHO OBITh, HABEPHOE) MPEKPATUIIH
00CYXIEHHE UCKA.

3aganue. [lepeBeaure, co0/1104as1 MPABUJIO MePEeBOAA MOJATbHBIX IJIAT0JI0B.

1. Economists say that inflation might double and even treble in the near future.

2. The Prime Minister mentioned that a more radical stand on the issue must have
enabled his party to avoid defeat.

3. Individual companies might have been more efficient if they had been liberated
from central management.

4. Without a constructive means of tackling disputes among WTO member
countries, some of them might have led to a serious political conflict.

5. The court can never know exactly what was in the head of a criminal at the
time of committing the crime, so it has the difficult task of deciding what his
intentions must have been.

6. In most countries a person cannot be found guilty if in a doctor’s opinion he
might not have been responsible for his action because of mental illness.

7. Civil law determines which of the 2 parties to a dispute is in the right and the
party in the wrong is often obliged to compensate the other for any loss that may have
been caused.

8. The European Court of Justice is made up of a mixture of professional judges,
academic lawyers and public servants unlike the British courts where the judges must
all have been practising barristers.

9. Court justices may have been Senators, Attorney Generals or teachers in law
schools, before their appointments not all of them were judges or lawyers in private
practice.

10. Some countries must have reached advantageous trading positions by
achieving low-cost production with methods that are not politically acceptable in
many democracies.

2.2.12. Mooansuwie I'nazonst “Will”, “Would” o12 Beipasrcenus Iloemopaemocmu
Heiicmeusn unu Ipueviunozo Cocmosanusn

Models:
In any community man-made rules will develop to control the relationships
between its members.
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B mo0om coobmiecTBe cO3qaHHBIE YEJIOBEKOM IPaBOBbIE HOPMBI (OOBIUHO)
pPa3BUBAIOTCS JUIS TOTO, YTOOBI KOHTPOJMPOBATH B3aWMOOTHOIICHUS MEXIY €ro
YJICHAMH.

3aganue. BpinoyiHUTE TepeBOa, COOJII0NAas MPABUJIO 0 MEpeBoie MOAAIBHBIX
IJ1aroJioB.

1. In cases where a jury is present in civil proceedings, the judge will sum up the
case for jurors, if there is no jury, the judge will deliver his judgement.

2. The judge does, in fact, two things: he gives his actual decision between the
parties, and he will also give his reasons for reaching that decision.

3. In High Court there are various ways by which money can be obtained from a
debtor who will not pay.

4. In an accident claim the negotiations will usually be between the injured
person’s solicitor and the other party’s insurance company.

5. A defendant found guilty by the magistrates may appeal to the local Crown
Court and the Crown Court judge will hear the appeal without a jury.

6. Appeals heard by the House of Lords require a minimum of three judges but in
practice five will usually sit.

7. A newly-called barrister will take a room in existing chambers and wait for
work to be given to him by a solicitor.

8. When the solicitor does not appear an advocate himself, he will be responsible
for matters preparatory to the trial.

9. Discovery of documents means that each side will give the other the
opportunity to inspect documents relevant to the case.

10. In England the courts of common law and of equity existed alongside each
other for centuries but if an equitable principle would bring a result different from a
common law decision on the same case it prevailed.

2.2.13. Imppamuueckue Koncmpyxkuuu “It is/was ... Which/That/Who/When”,
‘(Do,’, (‘Does’,’ “Did”

Models:

1. It is education that economists regard as the best investment in the future.

Nmenno (nuinbp) oOpa3oBaHUE paccMaTpUBAETCS SKOHOMHCTAMU KaK HAWITy4IIun
BKJIaJ B Oyy1iee.

2. Freedom cannot be absolute, as we do live in an independent society.

CB000/1a HE MOXKET OBITh A0COJIIOTHOM, TaK KaK Mbl JIEMCTBUTENIHHO (BCE-TaKH)
’KHBEM BO B3aMMO3aBHUCHUMOM OOIIIECTBE.

3aganue. BoinosnuTe nepeBos, cod/oaasi NpaBuio nepeBoaa dMpaTnyecKux
KOHCTPYKLHUIA.

1. It is seats which are important in Parliament, not votes, and it is easy to see
why smaller parties would like a system of proportional representation.
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2. The Prime Minister is usually leader of the majority party as well as head of
Government and it is he who appoints other members of his team.

3. It was not until 1989 when Belgium outlawed corporate political donations.

4. The vast majority of claims in tort are settled without actual resort to the courts
and it is only where a settlement proves impossible that proceedings have to be
started.

5. [If the defendant wishes he can make a counterclaim, alleging that it is he who
is the injured party and that it is the plaintiff who has broken a contract or committed
a tort.

6. The work of English Magistrates Courts is largely criminal, but they do have a
limited civil jurisdiction.

7. In criminal cases the prosecution must prove that the accused did commit the
offence: it is not for him to prove that he did not.

8. The WTO cannot claim to make all countries equal, but it does reduce some
inequalities, giving smaller countries more voice.

9. Most countries do feel that it’s better to be in the WTO system than outside it.

10. It is not the comfort of big city lights but the economic position of the Russian
regions that account for the imbalance between Moscow and the regions in terms of
foreign investments.

2.2.14. IIpuoamounwie Ilpeonoxncenusn, Beooumsie Corozamu “Provided”, “Unless”

Provided — npwu ycji0BuH, YT0; B TOM cJIy4ae, eCau
Unless — ecan He

3ananue. IlepeBeaurTe, coOJM0Oaasi NPaBWJIO MNeEpeBoJa NPHUIATOYHBIX
KOHCTPYKIUI.

1. Large meetings can be productive as brainstorming sessions for ideas, provided
participants can speak freely.

2. Ground can be gained in the solution to this problem, provided there is mutual
desire.

3. The task of improving the living standards is quite feasible, provided all
national efforts are concentrated on economic development.

4. Individuals and groups of people, who run business as a partnership, have
unlimited liability for debts, unless they form a limited company.

5. Death or bankruptcy of any partner automatically dissolves the entire
partnership, unless otherwise provided.

6. One of the remedies the unpaid seller can have against the buyer is an action
for the contract price, provided the property in the goods has passed to the buyer.

7. Under British land laws the landholder owns the land throughout his life,
unless he sells or gives it to someone else.

8. The magistrate may agree to conditional bail, that is release the suspect,
provided he puts up some money as security.
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9. English Courts are bound by the decisions of previous courts, unless it can be
shown that the facts differ from previous cases.

10. Under the WTO system rulings are automatically adopted unless there is a
consensus to reject a ruling — any country wanting to block a ruling has to persuade
all other WTO members to share its view.

2.2.15. Ycnosnvie npeonoxcenusn “If Smb Is to Do smth ...”, “If Smth Is to Be
Done ...: ona Buipasccenus Hamepenus

Models:

1. If we are to make inroads on crime and delinquency we must make inroads on
poverty.

Ecnu Mbl HaMepeHbl HAHECTH yAap 110 OPTaHU30BAHHOM M IETCKOM NMPECTYITHOCTH,
MBI JIOJDKHBI O0POTHCS C O€THOCTBIO.

2. The need for measures to protect the environment becomes more urgent every
day if nature is to be preserved.

HeoOxoaumocTh B Mepax MO 3alIUTe OKpPYKaloUIeH Cpenbl C KaxIbiM JHEM
CTAaHOBUTCS Bce Oojiee HACYIIHOM, €CIM Mbl XOTHUM, YTOOBI (JIJIT TOTO, YTOOBI)
npupojia OblIa COXpaHeHa.

3aganue. BoinmosnuTe nmepeBoa, co0/04asi NMPaBUJIO O NepeBoAe YCIOBHBIX
NpeAJI0KeHHUI.

1. Man-made rules are essential if the community is to work properly.

2. If the Government is to handle the problem of poverty, there are a number of
measures to be urgently taken.

3. If civilization is to survive, we must cultivate the science of human relationships
— the ability of people to work together at peace.

4. Science is essential if environmental concerns are to be translated into practical
actions.

5. Governments had to make and enforce appropriate law, if social control was to
be exercised.

6. If statutes are to fit particular cases, they need to be specially interpreted by the
courts.

7. If an appeal is to be made against the judgement, it must be made within a
limited period of time.

8. The applicant must satisfy a few requirements if he is to qualify for free legal
aid.

9. The WTO dispute settlement agreement stresses that “prompt compliance with
recommendations of the DSB* is essential if effective resolution of disputes is to be
to the benefit of all Members”.

10. The GATT rules are helpful in ensuring nondiscrimination, but much more is
required if transaction costs are to be reduced significantly.
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2.2.16. ITIpuoamounvie Ipeonorcenus Ioonencamue (Subject Clauses) u
Ilpuoamounvwie Ilpeonoacenusn Craszyempie (Predicative Clauses)

Models:
I. .a) What the country needs to solve its economic problems is peace.
Mup — BOT B 4YeM HYXJAeTca CTpaHa IS TOro, YTOOBI PEHIMTH CBOU

HKOHOMHYECKHUE MPOOIIEMBI.

b) What is needed is the reduction in the company’s staff.

Heo0xonumo cokpailieHue mrara KOMIIaHUH.

II. One principle of English contract law is that there must be offer and
acceptance.

OnvH U3 MPUHIUIIOB AHTJIMACKOTO KOHTPAKTHOTO MPaBa 3aKIF09aeTcs (COCTOUT) B
TOM, YTO JJOJDKHBI CYIIECTBOBAThH O(hepTa M aKIIeTIT.

3ananme. IlepeBeaurte, oOpamasi BHUMaHMe Ha MepPeBOA MNPUAATOYHBIX
npeaJi0KeHu .

1. Whether the company could reduce its current expenses was uncertain.

2. What is needed is education and training to help people find the best solutions
to their problems.

3. The question is now whether the government can start making the right
decisions.

4. The basic theory of monetarists is that any change in policy that raises the
money supply leads immediately to higher prices.

5. Whether the tax increase is the right solution to the budget problems is
something economists have recently begun to doubt.

6. The reasons why it is hard to reform fine collecting courts is that traffic fines
are a major source of income for many communities.

7. Whether a person is an employee or an independent contractor is determined
by the degree of control exercised by the employing body.

8. What needs to be considered more than the nature of human rights is to whom
they apply.

9. The advantage of forming a company is that it offers its members some
protection in case of bankruptcy.

10. The essential difference between torts and crimes is that the former are the
subject of civil law disputes between private individuals, and the latter are prosecuted
by the state.

11. What is necessary in many cases is a more effective use of the United Nations
as an instrument for joint political actions.

12. The separation of powers means that President and Congress are elected
separately.

13. What is now required is the implementation of technology and organizational
means to avoid many environmental problems.

14. The major macroeconomic argument for the past 60 years has been whether
governments can effectively intervene in the business cycle.
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15. How much worse things will get depends entirely on our economy.

3. MIPAKTHUKA IIEPEBOJIA HAYYHO-TEXHUYECKOM JIUTEPATYPBI

Boiler engineering

Boiler, also called Steam Generator, apparatus designed to convert a liquid to
vapour. In a conventional steam power plant, a boiler consists of a furnace in which
fuel is burned, surfaces to transmit heat from the combustion products to the water,
and a space where steam can form and collect. A conventional boiler has a furnace
that burns a fossil fuel or, in some installations, waste fuels. A nuclear reactor can
also serve as a source of heat for generating steam under pressure.

Boilers were built as early as the 1st century AD by Hero of Alexandria but
were used only as toys. Not until the 17th century was serious consideration given to
the potential of steam power for practical work. The first boiler with a safety valve
was designed by Denis Papin of France in 1679; boilers were made and used in
England by the turn of the 18th century. Early boilers were made of wrought iron; as
the advantages of high pressure and temperature were realized, manufacturers turned
to steel. Modern boilers are made of alloy steel to withstand high pressures and
extremely high temperatures.

Most conventional steam boilers are classed as either fire-tube or watertube
types. In the fire-tube type, the water surrounds the steel tubes through which hot
gases from the furnace flow. The steam generated collects above the water level in a
cylindrically shaped drum. A safety valve is set to allow escape of steam at pressures
above normal operating pressure; this device is necessary on all boilers, because
continued addition of heat to water in a closed vessel without means of steam escape
results in a rise in pressure and, ultimately, in explosion of the boiler. Fire-tube
boilers have the advantage of being easy to install and operate. They are widely used
in small installations to heat buildings and to provide power for factory processes.
Fire-tube boilers are also used in steam locomotives.

In the watertube boiler, the water is inside tubes with the hot furnace gases
circulating outside the tubes. When the steam turbogenerator was developed early in
the 20th century, modern watertube boilers were developed in response to the
demand for large quantities of steam at pressures and temperatures far exceeding
those possible with fire-tube boilers. The tubes are outside the steam drum, which has
no heating surface and is much smaller than in the fire-tube boiler. For this reason,
the drum of the watertube boiler is better able to withstand higher pressures and
temperatures. A wide variety of sizes and designs of watertube boilers are used in
ships and factories. The express boiler is designed with small water tubes for quick
generation of steam. The flash boiler may not require a steam drum, because the
tubes operate at such high temperatures that the feed water flashes into steam and
superheats before leaving the tubes. The largest units are found in the central-station
power plants of public utilities. Units of substantial size are used in steel mills, paper
mills, oil refineries, chemical plants, and other large manufacturing plants.

(https://www .britannica.com/technology/boiler)
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Thermoelectric power generator

Thermoelectric power generator, any of a class of solid-state devices that either
convert heat directly into electricity or transform electrical energy into thermal power
for heating or cooling. Such devices are based on thermoelectric effects involving
interactions between the flow of heat and of electricity through solid bodies.

All thermoelectric power generators have the same basic configuration, as
shown in the figure. A heat source provides the high temperature, and the heat flows
through a thermoelectric converter to a heat sink, which is maintained at a
temperature below that of the source. The temperature differential across the
converter produces direct current (DC) to a load (RL) having a terminal voltage (V)
and a terminal current (I). There is no intermediate energy conversion process. For
this reason, thermoelectric power generation is classified as direct power conversion.
The amount of electrical power generated is given by I2RL, or VI.

A unique aspect of thermoelectric energy conversion is that the direction of
energy flow is reversible. So, for instance, if the load resistor is removed and a DC
power supply is substituted, the thermoelectric device shown in the figure can be
used to draw heat from the “heat source” element and lower its temperature. In this
configuration, the reversed energy-conversion process of thermoelectric devices is
invoked, using electrical power to pump heat and produce refrigeration.

This reversibility distinguishes thermoelectric energy converters from many
other conversion systems, such as thermionic power converters. Electrical input
power can be directly converted to pumped thermal power for heating or
refrigerating, or thermal input power can be converted directly to electrical power for
lighting, operating electrical equipment, and other work. Any thermoelectric device
can be applied in either mode of operation, though the design of a particular device is
usually optimized for its specific purpose.

Systematic study began on thermoelectricity between about 1885 and 1910. By
1910 Edmund Altenkirch, a German scientist, satisfactorily calculated the potential
efficiency of thermoelectric generators and delineated the parameters of the materials
needed to build practical devices. Unfortunately, metallic conductors were the only
materials available at the time, rendering it unfeasible to build thermoelectric
generators with an efficiency of more than about 0.5 percent. By 1940 a
semiconductor-based generator with a conversion efficiency of 4 percent had been
developed. After 1950, in spite of increased research and development, gains in
thermoelectric power-generating efficiency were relatively small, with efficiencies of
not much more than 10 percent by the late 1980s. Better thermoelectric materials will
be required in order to go much beyond this performance level. Nevertheless, some
low-power varieties of thermoelectric generators have proven to be of considerable
practical importance. Those fueled by radioactive isotopes are the most versatile,
reliable, and generally used power source for isolated or remote sites, such as for
recording and transmitting data from space.
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Major Types Of Thermoelectric Generators

Thermoelectric power generators vary in geometry, depending on the type of
heat source and heat sink, the power requirement, and the intended use. During
World War II, some thermoelectric generators were used to power portable
communications transmitters. Substantial improvements were made in semiconductor
materials and in electrical contacts between 1955 and 1965 that expanded the
practical range of application. In practice, many units require a power conditioner to
convert the generator output to a usable voltage.

Fossil-fuel generators

Generators have been constructed to use natural gas, propane, butane, kerosene,
jet fuels, and wood, to name but a few heat sources. Commercial units are usually in
the 10- to 100-watt output power range. These are for use in remote areas in
applications such as navigational aids, data collection and communications systems,
and cathodic protection, which prevents electrolysis from corroding metallic
pipelines and marine structures.

Solar-source generators

Solar thermoelectric generators have been used with some success to power
small irrigation pumps in remote areas and underdeveloped regions of the world. An
experimental system has been described in which warm surface ocean water is used
as the heat source and cooler deep ocean water as the heat sink. Solar thermoelectric
generators have been designed to supply electric power in orbiting spacecraft, though
they have not been able to compete with silicon solar cells, which have better
efficiency and lower unit weight. However, consideration has been given to systems
featuring both heat pumping and power generation for thermal control of orbiting
spacecraft. Utilizing solar heat from the Sun-oriented side of the spacecratft,
thermoelectric devices can generate electrical power for use by other thermoelectric
devices in dark areas of the spacecraft and to dissipate heat from the vehicle.

Nuclear-fueled generators

The decay products of radioactive isotopes can be used to provide a high-
temperature heat source for thermoelectric generators. Because thermoelectric device
materials are relatively immune to nuclear radiation and because the source can be
made to last for a long period of time, such generators provide a useful source of
power for many unattended and remote applications. For example, radioisotope
thermoelectric generators provide electric power for isolated weather monitoring
stations, for deep-ocean data collection, for various warning and communications
systems, and for spacecraft. In addition, a low-power radioisotope thermoelectric
generator was developed as early as 1970 and used to power cardiac pacemakers. The
power range of radioisotope thermoelectric generators is generally between 10—6 and
100 watts.

Principles Of Operation

An introduction to the phenomena of thermoelectricity is necessary to
understand the operating principles of thermoelectric devices.

Seebeck effect
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In 1821 the German physicist Thomas Johann Seebeck discovered that when
two strips of different electrically conducting materials were separated along their
length but joined together by two “legs” at their ends, a magnetic field developed
around the legs, provided that a temperature difference existed between the two
junctions. He published his observations the following year, and the phenomenon
came to be known as the Seebeck effect. However, Seebeck did not identify the cause
of the magnetic field. This magnetic field results from equal but opposite electric
currents in the two metal-strip legs. These currents are caused by an electric potential
difference across the junctions induced by thermal differences between the materials.
If one junction is open but the temperature differential is maintained, current no
longer flows in the legs but a voltage can be measured across the open circuit. This
generated voltage (V) is the Seebeck voltage and is related to the difference in
temperature (AT) between the heated junction and the open junction by a
proportionality factor (a) called the Seebeck coefficient, or V = aAT. The value for a
is dependent on the types of material at the junction.

Peltier effect

In 1834 the French physicist and watchmaker Jean-Charles-Athanase Peltier
observed that if a current is passed through a single junction of the type described
above, the amount of measured heat generated is not consistent with what would be
predicted solely from ohmic heating caused by electrical resistance. This observation
1s called the Peltier effect. As in Seebeck’s case, Peltier failed to define the cause of
the anomaly. He did not identify that heat was absorbed or evolved at the junction
depending on the direction of the current. He also did not recognize the reversible
nature of this thermoelectric phenomenon, nor did he associate his discovery with
that of Seebeck.

Thomson effect

It was not until 1855 that William Thomson (later Lord Kelvin) drew the
connection between the Seebeck and Peltier effects, which was the first significant
contribution to the understanding of thermoelectric phenomena. He showed that the
Peltier heat or power (Qp) at a junction was proportional to the junction current (I)
through the relationship Qp = nl, where m is the Peltier coefficient. Through
thermodynamic analysis, Thomson also showed the direct relation between the
Seebeck and Peltier effects, namely that m = oT, where T is the temperature of the
junction. Furthermore, on the basis of thermodynamic considerations, he predicted
what came to be known as the Thomson effect, that heat power (Qt) is absorbed or
evolved along the length of a material rod whose ends are at different temperatures.
This heat was shown to be proportional to the flow of current and to the temperature
gradient along the rod. The proportionality factor 1 is known as the Thomson
coefficient.

Analysis of a thermoelectric device

Practically, the thermoelectric property of a device is adequately described using
only one thermoelectric parameter, the Seebeck coefficient a. As was shown by
Thomson, the Peltier coefficient at a junction is equal to the Seebeck coefficient
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multiplied by the operating junction temperature. The Thomson effect is
comparatively small, and so it is generally neglected.

While there 1s a Seebeck effect in junctions between different metals, the effect
is small. A much larger Seebeck effect is achieved by use of p-n junctions between p-
type and n-type semiconductor materials, typically silicon or germanium. The figure
shows p-type and n-type semiconductor legs between a heat source and a heat sink
with an electrical power load of resistance RL connected across the low-temperature
ends. A practical thermoelectric device can be made up of many p-type and n-type
semiconductor legs connected electrically in series and thermally in parallel between
a common heat source and a heat sink. Its behaviour can be discussed considering
only one couple.

An understanding of the thermal and electric power flows in a thermoelectric
device involves two factors in addition to the Seebeck effect. First, there is the heat
conduction in the two semiconductor legs between the source and the sink. The
thermal flow down these two legs is given by

2x(a/L)AT,

where « 1s their average thermal conductivity in watts per metre-kelvin, a (or
w2) is the area in square metres of the base of each leg, L is the length of each leg in
metres, and AT is the temperature differential between source and sink in kelvins.
The second factor is the ohmic heating that occurs in both of the legs because of
electrical resistance. The heat power produced in each leg is given by

pl2(L/a),

where p is the average electrical resistivity of the semiconductor materials in
ohm-metres and I is the electric current in amperes. Approximately half of the
resistance-produced heat in each of the two legs flows toward the source and half
toward the sink.

In a thermoelectric power generator, a temperature differential between the
upper and lower surfaces of two legs of the device can result in the generation of
electric power. If no electrical load is connected to the generator, the applied heat
source power results in a temperature differential (AT) with a value dictated only by
the thermal conductivity of the p- and n-type semiconductor legs and their
dimensions. The same amount of heat power will be extracted at the heat sink.
However, because of the Seebeck effect, a voltage Vo = aAT will be present at the
output terminals. When an electrical load is attached to these terminals, current will
flow through the load. The electrical power generated in the device is equal to the
product of the Seebeck coefficient a, the current I, and the temperature differential
AT. For a given temperature differential, the flow of this current causes an increase in
the thermal power into the device equal to the electric power generated. Some of the
electric power generated in the device is dissipated by ohmic heating in the
resistances of the two legs. The remainder is the electrical power output to the load
resistance RL.

The leg geometry has a considerable effect on the operation. The thermal
conduction power is dependent on the ratio of area to length, while ohmic heating is
dependent on the inverse of that ratio. Thus, an increase in this ratio increases the
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thermal conduction power but reduces the power dissipated in the leg resistances. An
optimum design normally results in relatively long and thin legs.

In choosing or developing semiconductor materials suitable for thermoelectric
generators, a useful figure of merit is the square of the Seebeck coefficient (o)
divided by the product of the electrical resistivity (p) and the thermal conductivity
().

(https://www.britannica.com/technology/thermoelectric-power-generator)

Combined Heat and Power (CHP)

Combined heat and power (CHP) systems, also known as cogeneration, generate
electricity and useful thermal energy in a single, integrated system. CHP is not a
technology, but an approach to applying technologies. Heat that is normally wasted in
conventional power generation is recovered as useful energy, which avoids the losses
that would otherwise be incurred from separate generation of heat and power. While
the conventional method of producing usable heat and power separately has a typical
combined efficiency of 45 percent, CHP systems can operate at levels as high as 80
percent.

Conventional generation is inherently inefficient, only converting on average
about a third of the input fuel's potential energy into usable energy. Engineers have
long appreciated the tremendous efficiency opportunity of combining electricity
generation with thermal loads in buildings and factories, capturing much of the
energy that would otherwise be wasted. When the word "cogeneration" was coined in
the 1970s to describe this practice, the dominant configuration of systems was a
boiler that generated steam, some of which was used to turn a steam turbine that
generated electricity. Due to the cost and complexity of these systems, they were
largely confined to systems of over 50 MW, thus precluding their installation at most
manufacturing facilities. However, recent advances in electricity-efficient, cost-
effective generation technologies—in particular advanced combustion turbines and
reciprocating engines—have allowed for new configurations of systems that combine
heat and power production, expanding opportunities for these systems and increasing
the amount of electricity they can produce. These CHP systems now come in many
more configurations, and can even satisfy compressed air requirements by bleeding
high-pressure air off the compressor stage of a combustion turbine.

New turbines are now cost effective for systems down to 500 kW and
reciprocating engines for systems down to 50 kW, dramatically expanding the
number of sites where CHP can be installed. In fact, many existing industrial boilers
can be re-powered with advanced generation equipment, replacing existing fuel
burners and adding electricity generation capability while reducing pollutant
emissions.

New generations of turbines and reciprocating engines are the result of an
intensive collaborative research by government and industry that uses advanced
materials and computer-aided design techniques that have dramatically increased
equipment efficiency and reliability while reducing costs and pollutant emissions.
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These technologies, applied in CHP, are poised to satisfy a significant portion of the
U.S.'s growing electricity needs, while continuing to meet our thermal demands.
According to a 2012 joint report from the U.S. Department of Energy and U.S.
Environmental Protection Agency (EPA), CHP currently makes up about 8 percent of
U.S. total generating capacity. The present installed capacity of CHP in the U.S. is
about 82 GW, and the Obama administration has set an official goal of 40 GW of
additional CHP capacity by 2020. Additionally, as the U.S. EPA establishes new
rules to reduce CO2 from power plants, CHP has been identified as a critical tool to
reduce CO2 cost-effectively.

Several barriers impede the full realization of the country’s CHP potential.
These include electric utility rate structures that discourage utility investment in CHP,
a lack of common and fair interconnection andnet metering standards, discriminatory
utilitystandby rates, and emissions regulations that do not recognize the improved
efficiency and pollution benefits of CHP systems.

(https://www.britannica.com)

MAN Energy hands over new CHP plant in Germany

New combined heat and power technology has replaced coal-fired operations at a
power plant in Germany.

The plant operator, EnBW Energie Baden-Wiirttemberg, have overseen a significant
modernization programme at the plant’s HKW3 unit.

This project saw Germany technology company MAN Energy Solutions install three
of its MAN 20V35/44G gas engines, which produce not only electrical energy but
also 30 MW of district heating.

In addition to the CHP plant, EnBW has also constructed a heat storage and a boiler
plant with up to 175 MW thermal energy output to cover fluctuations in supply and
demand. The existing coal power plant was decommissioned in December.

Jens Rathert, Project Manager at EnBW, said: “The reconstruction of HKW3 is part
of EnBW’s strategy for the energy transition, replacing an existing coal-fired plant
with a modern gas-powered CHP and boiler plant. By doing this, we are significantly
reducing the emissions of CO2 and other pollutants, which is particularly important
given the urban surroundings of the power plant. Looking at the bigger picture of the
energy transition, we regard facilities like the HKW3 as a blueprint for further fuel-
switch projects and relish the opportunity for more projects along these lines.”

The CHP plant is a core element of the new construction: While gas boilers produce
exclusively heat and are primarily designed to cover the peaks in demand over
winter, the gas engines will ideally be run continually to provide both electricity and
heat.

By combining the facility with a district heating accumulator, EnBW said it can fully
utilize the flexibility offered by the engines and react to price signals. When demand
for heat is low, the waste heat from the engines can be stored. This flexibility is made
possible by the high reaction speed of the MAN gas engines, which reach their full
output in less than five minutes and can handle load changes with ease.
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Dr. Tilman Tiitken, Vice President of the power plant division of MAN Energy
Solutions, said: “Large gas engine power plants are a new but important technology
in Germany. They help to reduce harmful emissions and guarantee an extremely
reliable supply.

“Gas engine power plants have the potential to replace coal power stations in a way
that is not only effective but better for the environment. Our modular power plant
concept for cogeneration is being brought to fruition in Stuttgart Gaisburg. The
concept works on the modular principle and can be scaled up as required from 7
MW.”
(https://www.powerengineeringint.com/articles/2019/02/man-energy-hands-over-
new-chp-plant-in-germany.html)

Integrating renewables into a reliable power ecosystem

Balancing renewables represents the most efficient and sustainable approach to
meeting the energy needs we have now, and those of the next generation. Efficient
control hardware combined with the management and optimization offered by virtual
power plants provides an opportunity to meet that challenge today.

The evolution of control software and electrical hardware solutions for renewable and
distributed power generation are two major drivers for potential improvement in
energy efficiency in the power industry.

Combined solutions such as Virtual Power Plants move the concept on further again:
they can be used to support the transition from traditional energy generation to
renewables by offsetting some of the constraints and variability experienced with
green power sources.

Given recent trends in the power generation sector and our corporate philosophy of
contributing to a greener tomorrow, we have intentionally focused on control and
electrical solutions for renewable and distributed power generation.Integrating
renewables into a reliable power ecosystem with virtual power plants

These are two major drivers for improved generating and operational energy
efficiency in the power sector. Over recent decades, we have engineered successful
products and projects for energy from waste (EfW), combined heat and power (CHP)
as well as combined cold, heat and power plants; helping them become the most
efficient sources of energy generation and transformation they can be.

The other aspect of our contribution towards energy efficiency lies in how our
solutions help end users and small generators to operate more efficiently.

Whereas one category of customer includes energy producers, the other also contains
energy consumers. With our integrated automation and electrical solutions, we aim to
enable both categories to operate with the highest levels of energy efficiency.

We set out to help power producers and consumers to optimize their internal
consumption by offering them more efficient and reliable process control options, as
well as electrical balance of plant, solutions.
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Are virtual power plants part of Industry 4.0?

The Virtual Power Plant (VPP) concept wasn’t consciously developed as an Industry
4.0 solution. It is more, one of many evolutions in the automation and data processing
path which coincides with within the arena of Industry 4.0. That said, energy
management and monitoring, and Industry 4.0 should not be judged as occupying two
mutually exclusive spaces.

There has been and will always be the need for energy management and monitoring.
The quality and capabilities of that functionality however are subject to continuous
enhancement with further developments in data sensing, measuring, transmitting and
processing technologies.

The pace of this development has been exponential in the last few years preparing the
ground to create more value-added solutions like Virtual Power Plants. The catch
word for this last phase of development is Industry 4.0 these days.

The transition to renewables

We believe Virtual Power Plants can to a great extent support the transition from
traditional energy generation to renewables. Renewable energies, despite all their
indisputable advantages do also come with considerable disadvantages, limiting the
net benefit for some end users. Integrating renewables into a reliable power
ecosystem with virtual power plants

For most users, individual renewable energy sources are quite inflexible, you have
power when there is sun shining or the wind blowing, but your energy consumption
patterns do not necessarily follow the sun or wind.

Secondly, their availability is not fully predictable - just imagine the situation when
you have a blanket dust storm in a desert where you have installed hundreds of
megawatts of solar power.

Renewable energies are of course the most environmentally friendly sources of power
and are becoming cheaper to produce as well. But every professional in the power
industry knows, when it comes to power, reliability of supply comes first.

This was for a while where conventional power had a dominant position, flexibility.
Our Virtual Power Control however makes a combination of renewable energies
flexible too and therefore makes them a secure source of power supply. This is done
by coordinating the most economical and available energy generation and storage
sources to meet a certain load at any point of time. This remove a major barrier to
maximizing renewable integration on the grid.

Is blockchain technology relevant?

Blockchain technology is a current hot topic and does have the potential to contribute
tremendously to a transition by the power sector from a conventional centrally
controlled system to a distributed and yet secure power matrix.

Since in a blockchain there is no central data storage and processing location, there
are no copies, there is one single entity of any specific block of data which is
distributed between different participating nodes. This unique feature can increase the
robustness of the control and data processing system to outside cyber threats as one
needs to copy the entire distributed system to be able to manipulate it.

So, blockchain technology can potentially be used to address the biggest concern of
policy makers and regulators with respect to vulnerability of the power systems of the

45



future to cyber-attacks. However, I must also issue a word of caution and say we are
at the early stages of exploring how blockchain can be used in our industry. We
should take the time and test solutions before speculating too much about the
outcomes.Morteza Seraj, Director Process Automation, Factory Automation EMEA,
Mitsubishi Electric Europe B.V.

The combination of currently available technology has the potential to make far
reaching improvements to overall energy efficiency, both from a generation capacity
and distribution point of view. The application of the latest automation controllers,
power management equipment and software solutions, including combination
systems such as Virtual Power Plants, can be used to integrate diverse power sources
and optimize our power landscape.
(https://www.powerengineeringint.com/articles/2019/05/industry-opinion-
Integrating-renewables-into-a-reliable-power-ecosystem.html)

Promising results from carbon capture project for biomass CHP plants

A new research project is studying the feasibility of using carbon capture technology
at biomass CHP plants in Denmark.

The project is a collaboration between Danish engineering, design and consultancy
company Ramboll, theGeological Survey of Denmark and Greenland (GEUS),
Technical University of Denmark (DTU) and SINTEF Energy Research.

Previous attempts at implementing carbon capture and storage at CHP plants have
been abandoned, not least because the technology has been too expensive.

But now the four research partners are underway with a techno-economic study of the
feasibility of a future integrated CO;-neutral energy system, where the subsurface is
utilized for thermal energy supply and storage, as well as temporary CO, storage.
“The study looks very promising so far, and the technology used seems to be
technically feasible for major CHP plants based on biomass, and with heat recovery
for district heating, the economic feasibility has improved dramatically”, said
Ramboll engineer Thomas Paarup Pedersen, who is part of the core research team.
The study analyses a generic bio-plant retrofitted with a CO, capture. The generic
bio-plant is benchmarked against a reference power plant, the biomass-fired Avedere
1 CHP plant, located in the outskirts of Copenhagen. The plant has a capacity of 640
MWth, with net electric power output of 219 MW and district heating production of
352 MWth at full-load conditions. The plant operates with 100 per cent wood pellets.
Ramboll said the Avedere plant is considered representative of a state-of-the-art
power plant that has been converted from operating with coal to biomass.

In the modelling work, the bio-plant is retrofitted with so-called Monoethanolamine
(MEA) capture technology, a well-known carbon capture technique of
CO; absorption by using amines. In the process, steam from the CHP production is
used to regenerate the amine used to capture CO..

When leaving the capture plant, the CO; is compressed to 110 bar, transported by
pipeline 3 km towards northeast, and injected into a storage reservoir which is 1300
metres deep. 30 years injection of 1 million tonnes/year of CO, is feasible from one
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injection well. The transport and injection case is based on capture from
Nordjyllandsverket CHP plant after possible conversion to biomass-firing.

The research partners say that so far the results show that it is possible to recover a
considerable amount of heat from the capture process for use in the district heating
system, significantly improving the thermal efficiency of the bio-plant and
consequently reducing the cost of CO; capture by roughly 30 per cent, or from €77 to
€52 per tonne of CO; captured.

In Denmark, 30 per cent of all energy consumed comes from renewables, and the
country intends to increase this to 50 per cent by 2030 with the long-term goal of
becoming a low-emission country, independent of fossil fuels by 2050.
(https://www.powerengineeringint.com/articles/2019/06/promising-results-from-
carbon-capture-project-at-chp-plant.html)

UK engineers outline transition path to hydrogen

The UK’s leading engineering bodies have jointly agreed that it should be possible to
safely replace natural gas with hydrogen for domestic and industrial energy use.

“We are now in a position to seriously consider the viability of using hydrogen in the
UK’s gas grid for homes and businesses, which could significantly contribute to the
decarbonization of the UK’s energy sector,” said Dr Robert Sansom of the Institution
of Engineering and Technology (IET).

The IET led a study which also included the Health and Safety Laboratory plus the
engineering institutions for Chemical Engineers, Mechanical Engineers, and Gas
Engineers and Managers. They were tasked by the UK government to assess the
engineering risks and uncertainties around using hydrogen in homes, businesses and
industry, and they have now published the results of their investigations in a research
study.

In the UK, natural gas accounts for 85 per cent of domestic heating and cooking,
more than 50 per cent of energy consumed by industry, as well as 40 per cent of
Britain’s electricity.

In the new study, ‘Transitioning to hydrogen — Assessing engineering risks and
uncertainties’, the engineers stress that “the key feature of hydrogen is that when
combusted it produces no carbon emissions and is therefore a low carbon alternative
to natural gas”.

Dr Sansom of the IET’s energy policy panel said: “Hydrogen has not been deployed
at scale anywhere in the world and so any proposal will need to compensate for this
lack of experience.

“Our report identifies key risks and uncertainties, such as ensuring that we understand
the impact on the public from a transition to hydrogen and can minimise any
disruption that arises.

“We know hydrogen produces no carbon emissions when burned, but it is also
important to fully investigate and understand the overall environmental impact a
switch to hydrogen is likely to make.”
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He stressed that “it is fundamental that these areas as well as others identified in the
report are comprehensively addressed before a programme of large-scale deployment
1s considered”.

The report highlights that one of the benefits of hydrogen is its ability to be produced
in large volumes from natural gas using a process called gas reforming. However, a
by-product of this process is carbon dioxide and the study calls for a committed
infrastructure plan for carbon capture, utilisation and storage.

The report points out that while hydrogen can also be produced using electrolysis, at
present, this is less suited for producing large volumes of hydrogen and costs are
currently higher.

The engineers also highlight that to enable any roll-out of hydrogen, most of the
UK’s iron mains gas networks will have to be replaced with hydrogen-safe
polyethylene pipes by 2030.

Existing gas boilers in homes will also need to be replaced — but the report points out
that boilers have a working life of 10 to 15 years and therefore, these could be phased
in with ‘hydrogen-ready’ boilers at little additional cost to consumers.

Dr Sansom acknowledged that a switch to hydrogen was ambitious. “To make a
significant contribution to meeting the UK’s 2050 carbon reduction target, the
transition to hydrogen would need to be implemented over the next 30 years. This
may seem a long time — but in terms of the infrastructure required and millions of
homes and businesses affected, it is relatively short. Action is required now and we
hope that our findings and subsequent recommendations can make a significant
contribution to advancing the decarbonization of the UK.”
(https://www.powerengineeringint.com/articles/2019/06/uk-engineers-outline-
transition-path-to-hydrogen.html)

Siemens inaugurates world’s largest electrothermal energy storage system

A 'milestone’ electric thermal energy storage system operated by Siemens Gamesa
Renewable Energy is now operational.

The heat storage facility is located in Hamburg-Altenwerder in Germany and contains
around 1000 tonnes of volcanic rock as an energy storage medium.

It is fed with electrical energy converted into hot air by means of a resistance heater
and a blower that heats the rock to 750°C. When demand peaks, electric thermal
energy storage (ETES) uses a steam turbine for the re-electrification of the stored
energy. The ETES pilot plant can thus store up to 130 MWh of thermal energy for a
week. In addition, the storage capacity of the system remains constant throughout the
charging cycles.

The aim of the pilot plant is to deliver system evidence of the storage on the grid and
to test the heat storage extensively. In a next step, Siemens Gamesa plans to use its
storage technology in commercial projects and scale up the storage capacity and
power. The goal is to store energy in the range of several gigawatt hours in the near
future - 1 GWh is the equivalent to the daily electricity consumption of around
50,000 households.
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"With the commissioning of our ETES pilot plant, we have reached an important
milestone on the way to introducing high-performance energy storage systems," said
Markus Tacke, Siemens Gamesa Renewable Energy chief executive.

"Our technology makes it possible to store electricity for many thousands of
households at low cost. We are thus presenting an elementary building block for the
further expansion of renewable energy and the success of the energy transition."

The technology reduces costs for larger storage capacities to a fraction of the usual
level for battery storage.

The Institute for Engineering Thermodynamics at Hamburg University of
Technology and the local utility company Hamburg Energie are partners in the
innovative Future Energy Solutions project, which is funded by the German Federal
Ministry of Economics and Energy.

Hamburg Energie is responsible for marketing the stored energy on the electricity
market. The energy provider is developing highly flexible digital control system
platforms for virtual power plants, it said. Connected to such an IT platform, ETES
could optimally store renewable energy at maximum yield, said Siemens.
(https://www.powerengineeringint.com/articles/2019/06/siemens-inaugurates-world-
s-largest-electrothermal-energy-storage-system.html)

Bridging the renewables gap - What role can gas hybrids play?

While the energy landscape seemed frozen in time for several decades from the 1950s
until 2000, we have certainly come out of the ice age and are now headed, perhaps a
little too quickly, to much warmer times.

Awareness of the impact of global warming has led to an acceleration of the change
to the energy sector which has been compared to the changes seen in the great
industrial revolution of the 18th and 19th centuries.

With this, the advent of intermittent renewables has ushered in a brand-new set of
challenges that stakeholders had never faced before. Technologies and sources of
energy glorified one day, fall out of grace the next day. Gas power is one of those,
but as [ will argue, there is a way that we can bring it back into favour: the intelligent
deployment of battery storage.The Gold Fields Granny Smith gold mine in Western
Australia is to install one of the world’s largest renewable microgrids

A much cleaner fuel than coal or liquid fossil fuels, gas quickly rose to the top of the
energy mix in many countries in the millennium. Combined-cycle gas turbines
became the most popular form of centralised electricity generation, driven by the low
cost of gas and their high efficiency. This is borne out in figures from Bloomberg
New Energy Finance (BNEF), which show that between 2008 and 2015, 250 GW of
new gas capacity was installed across about 2000 sites worldwide.

However, as the need for flexible generation increased due to rising volume of solar
and wind power installations, CCGT got into trouble; although efficient, they are not
able to move fast enough to compensate for the variations in supply associated with
renewables. So the sector responded with more gas technology: fast-acting open
cycle gas turbines (OCGT) came back into fashion.
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This presented new challenges when it came to the integration of renewables. Firstly,
the marginal cost of renewables production is effectively zero, leading renewables to
compete strongly with CCGT on wholesale electricity markets, thereby displacing the
cleanest thermal generation of the system. Secondly, the increase in renewables led to
an increased demand for fast responding OCGTs which could keep up with the
associated intermittency but were also less efficient than CCGTs.

In short, the most efficient form of gas generation was being displaced by renewables
combined with much less efficient OCGT gas turbines.

Surely we can do better?

The answer comes in the form of energy storage. The price of batteries has dropped
considerably in the past 10 years — according to BNEF the price of battery cell packs
have dropped from almost $1200 in 2010 to less than $200 in 2018. Batteries are now
a more competitive (and cleaner) alternative to OCGT, which is now being
recognised in legislation.

For example, California’s two landmark energy storage bills require California’s
Investor-Owned Utilities (IOUs) to procure and install nearly 2 GW of storage by
2024. The assessment carried out by the state government of the cost vs benefits of
batteries compared with gas turbines has found batteries to be more economical.
Centralised electricity generation seems to have also found its stride. We now have
higher levels of renewables than ever before, enabled by grid-scale energy storage
and efficient thermal generation thanks to the use of gas as a controllable baseload
power.

At Aggreko, we believe the lessons learned from centralised power generation can be
applied to distributed generation to provide our customers, wherever they are, with
the best balance of clean, cheap and reliable power. Our ‘CCGT’ is our fleet of gas
engines; our storage technology is our new Y.Cube, a fully containerised 1 MW
battery; and the grid operator is our smart YQ energy management system.

There are a range of examples where we have seen this work across the world. The
Gold Fields Granny Smith gold mine in Western Australia is set to install one of the
world’s largest renewable energy microgrids. It will be powered by a combination of
gas generators and 20,000 solar panels and supported by the Y.Cube battery system.
The use of battery storage will enable the mine operators to use more solar while also
running gas engines more economically.

Gold Fields is just the beginning. In many in off-grid locations the right combination
of gas, batteries and solar is already the most economically attractive technology mix.
Gas-battery hybrids have an even wider application than remote off-grid projects.
Access to reliable power can also be an issue in countries with a reliable electricity
system. Data centres for example are often built faster than the grid can keep up with;
on top of that the computers in each centre are also extremely sensitive to power
quality and can require very sudden spikes in demand.

We have helped our customers who run data centres to meet this challenge by
supplying one such centre in Ireland with gas generators and a battery, guaranteeing
both a stable energy supply and the highest possible power quality. It also provides an
easy-to-implement and reliable solution to keep the business running.
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Huge strides have been made in the past few years to establish greener power
solutions as a source of energy. However, the energy transition is far from complete.
New technologies keep emerging, and there is still little knowledge of what the end
point will look like and how long it will take to reach it.

But despite all the uncertainty there are some things we do know. One is that
combining batteries with gas will go a long way to making cheaper, cleaner and more
reliable power more accessible.
(https://www.powerengineeringint.com/articles/2019/06/industry-opinion-can-
batteries-give-gas-generation-a-second-chance.html)

Women in engineering: Inspiring the female future

On 23 June 1919, a committee of influential women sensed a new dawn. The First
World War had ended, and significant steps had been taken towards women’s
suffrage.

The group, ranging from designers and munitions factory managers to wives of
eminent engineers, rallied to found the Women’s Engineering Society (WES).Only
11 per cent of the UK’s engineers are female

One hundred years later, progress for women in industry has often felt stagnant. As
we celebrate the centenary of the Women’s Engineering Society and International
Women in Engineering Day on June 23, the fact that only 11 per cent of the UK’s
engineers are female is a tough pill to swallow.

The Society’s initial journal outlined its aims to “encourage and stimulate all women
who are interested in engineering”, but today’s figures show that it’s often hard to see
these efforts come to fruition. So, what can be done to nurture talent in this milestone
year?

The state of industry

The UK has the lowest percentage of female engineers in Europe. As it stands, this
figure isn’t set to rise any time soon. It’s estimated that less than eight per cent of
engineering and manufacturing apprentices are female, with figures plunging to as
low as two per cent in the building and construction sector.

But the UK needs to significantly increase its number of engineers. The STEM skills
shortage is costing businesses £1.5bn in recruitment every year. For the engineering
sector to reduce its skills shortage, it needs to employ around 186,000 recruits each
year until 2024.

To inspire the future, we should reflect on the past. A lack of role models is often
cited as a reason why women shy away from a career in this industry. However, the
reality is that our engineering heroines are often unsung.

The pressures of war drew many women to the home front, only for them to
experience rebuke once men returned. In resistance, the founders of WES created a
committee that promotes engineering as a rewarding profession for women as well as
men.

The original members of the group paved the way for women in industry. Renowned
for her adventures as a pilot, Amy Johnson was a qualified engineer and WES
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president from 1933-34. Johnson’s campaigning inspired others such as Dorothy
Spicer, another society member and the first person to hold all four types of
aeronautic licenses.

Whether it’s a female Doctor Who at the helm of the Tardis, or a woman encouraging
the next generation of engineers, prominent role models need to be realised as figures
of inspiration.

Striking the balance

If we are to progress, we must strive for a more balanced workforce that reflects the
diversity of our society and invests in the development of all talented workers.
McKinsey’s Delivering Through Diversity report states that many companies struggle
to increase the representation of diverse talent and create truly inclusive
organisational cultures to profit from diversity.

Yet data from 2017 found that companies in the top-quartile for gender diversity on
their executive teams were 21 per cent more likely to have above-average
profitability than companies in the fourth quartile. To address the skills gap and boost
productivity, companies need to act to diversify.

International Women in Engineering Day takes place on June 23. To encourage
women to pursue a career in engineering, action has to begin as early as possible.
Professor Karen Holford, Deputy Vice Chancellor at Cardiff University and voted
one of WES’s most influential female engineers in 2016 explains that “the stumbling
blocks are there from a very young age, such as girls not being given toy trains and
cars to play with. It may sound like a small thing, but unconscious stereotyping is still
holding girls back, without them even realising it.

“Schools must ensure that teachers have the critical skills to teach the subjects needed
for a career in engineering. Finally, companies need to do more to promote flexible
working for both men and women. This way we can ensure that the burden of
childcare is equally shared so that women aren’t out of the workplace for long
periods. If we can solve these problems, I believe we’ll see a big increase in women
choosing engineering careers and, even better, staying in them.”
(https://www.powerengineeringint.com/articles/2019/06/women-in-engineering-
inspiring-the-female-future.html)

Running transformers in extreme climates

A focus on some of the world’s most extreme transformer environments and what
they can teach us for everyday applications

The world’s first liquified natural gas project within the Arctic Circle, the $27 billion
Yamal facility, sits on permafrost in a region where temperatures can fall past -500C.
Such extreme conditions pose many engineering challenges, not least those relating
to the 20 or so power transformers charged with keeping the project running.
Transformers are critical pieces of equipment, required to reliably operate in some of
the world’s most extreme environments. This has led to engineering innovations to
help them operate safely and effectively under a wider range of operating situations,
such as the use of synthetic ester fluids in place of mineral oil. Just as yesterday’s
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Formula One tech influences today’s commuter cars, there are lessons here we can
apply to more mainstream environs in future.

And it’s vital that lessons are learned: because tomorrow’s normal may well be more
extreme than todays. As the Intergovernmental Panel on Climate Change’s latest
report warns, climate change will “significantly worsen the risks of drought, floods,
extreme heat and poverty”, and as the frequency and severity of extreme weather
events increases and urbanisation ups the stakes in terms of transformer safety risks,
extreme may well become more every day.

Frozen fluids

In the case of Yamal LNG, a synthetic ester fluid with a pour point of -560C was
used to mitigate freezing and fire risks; with higher flash and fire points, an external
fault would be far less likely to lead to a failure or fire, therefore reducing the chances
and potential severity of an incident, in a location where billions of dollars of
investment have been made.

It’s not just the Arctic Circle where this is an issue; wind turbines in locations such as
Canada, Northern China and the North Sea also suffer from the cold. Owing to the
intermittent nature of renewable energy, there is increased risk of freezing when the
turbine isn’t running. Using an ester fluid with a very low pour point would then help
with “cold starting” the transformer when the turbine is energised.

Conversely, synthetic esters offer equal advantages in the opposite extreme. Consider
Kuwait, where the mercury behaves quite differently than in Yamal, with ambient air
temperatures rarely dipping below 500C in the summer months. In fact, engineers
design transformers assuming 580C.

This is the air being used to cool the equipment. In practice, once it has been taken
into the transformer, it is probably closer to 700C. As such, you have assets running
very close to their maximum permitted temperature. If any faults occur that restrict
liquid flow — causing hot spots in the transformer — then localised overheating can
happen.

That’s when mineral oil transformers explode and burn — a phenomenon known in
Kuwait as ‘popping’. With a fire point considerably exceeding that of mineral oil,
synthetic esters again mitigate the safety and financial risk of failure. However, there
are also additional benefits in terms of reduced maintenance costs, as the extreme
heat accelerates chemical reactions that cause degradation. The use of an ester fluid
could potentially compound cost savings on auxiliary cooling equipment that would
otherwise be needed. In the midst of this extreme environment, the Kuwaitis have
proactively embraced risk mitigation and adopted synthetic ester transformer fluids
on a national basis.

Deepsea dangers

Not all transformers are air-cooled though. Some aren’t even exposed to air at all.
Subsea transformers are used in powering subsea oil and gas facilities (and perhaps
renewables in future) and though fire risk isn’t an issue, this gives two key
requirements.

First, the transformer fluid must stand up to extreme pressure without changing
properties. Second, it must be environmentally benign and non-toxic in case of leaks.
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Biodegradable synthetic esters are used in transformers up to five kilometres below
sea level to deliver exactly these solutions.

From deep below sea-level, to the slopes of your favourite ski resort: altitude also
poses challenges for transformer design. Despite the usual association with cold, air-
cooled, high altitude transformers are actually at increased risk of overheating. The
thinner air is less effective at transferring heat away from the transformer, meaning
the increased fire protection of ester fluids are ideal.

Another major risk to transformers is water ingress. As such, extremely humid
environments are challenging for transformers. Here, unless the maintenance regime
is absolutely flawless, there is a high chance that water will enter the transformer.
Transformer fluids all have a moisture saturation point, up to which they can absorb
the water without problem. However, while esters offer a saturation point of
2700mg/kg, mineral oil can only manage 55mg/kg.

This problem is exacerbated in humid environments that also threaten extreme swings
in temperature, such as during tropical rainstorms. As the liquid cools, its saturation
point falls, meaning it may expel water that had been absorbed earlier at warmer
temperatures.

Extreme weather

Extremity isn’t only about ambient characteristics though, it can also be seen in the
increased frequency of extreme weather events. Though choice of ester fluid won’t
contribute to a transformer’s ability to withstand a hurricane’s onslaught, for
example, it can offer a significant boost to environmental and societal resilience.
Firstly, as a more fire-safe fluid, esters offer a degree of protection where storms or
flooding cause electrical faults within the transformer. Secondly, as a non-toxic,
biodegradable option, if the transformer is damaged and leaks, the environment is
protected.© Siemens

However, ester fluids also contribute to resilience in other ways. New York utility
Con-Ed has invested in a mobile ‘resilience’ transformer. Made by Siemens, this is
small enough to be loaded on a flatbed and moved quickly to blackout sites to restore
power in days rather than weeks or months. This is possible as, by enabling operation
at higher temperatures, ester fluids reduce the necessary size and weight of the
transformer. The concept of making and deploying smaller transformers is growing in
popularity and promises to be a real-world growth trend.

Climate change is upon us and the experts tell us to expect more of these types of
extreme weather events. But for many, everyday environments will become more
extreme too. The UK’s Met Office warns that climate change will mean that
conditions such as the summer heatwave of 2018 become more frequent in future.
Though uncomfortable in the UK, in Spain temperatures peaked above 450C and
northern Europe saw forest fires rage out of control, as did California and Australia.
At the same time, urbanisation and ever denser built environments are upping the
strain placed on transformers and increasing the demands on infrastructure. Utilities
will find that it becomes more important than ever to find ways to build resilience
into their assets. As the extreme becomes more everyday and the everyday more
extreme, today’s best practice will be tomorrow’s standard practice.
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(https://www.powerengineeringint.com/articles/2018/12/feature-running-
transformers-in-extreme-climates.html)

CFB technology in a low carbon world

How does CFB boiler technology sit in an energy landscape that is looking for
renewable and low carbon solutions?

Last year Sumitomo Heavy Industries acquired Amec Foster Wheeler's fluidized bed
businesses, creating a new company, Sumitomo SHI FW.

We spoke to Robert Giglio, Senior Vice-President of Strategic Business Development
for Sumitomo SHI FW, about the acquisition, the market potential for CFB boiler
technology, and how it fits into an energy world that is increasingly looking for low
carbon solutions.

Q: Why was the acquisition a good fit for both companies?

A: For over 30 years, Sumitomo's SHI Company had been a licensee of Foster
Wheeler's CFB boiler technology, supplying 67 CFBs in the small to medium-size
range, mostly to their home market in Japan. Whereas, Amec Foster Wheeler's CFB
business was truly global, delivering the full range of CFBs from small industrial,
CHP and WTE units to very large ultra-supercritical CFBs for utility power plants.
Sumitomo saw the acquisition as an opportunity to go global and greatly expand the
size of their CFB boiler market and business. In addition to the CFB boiler
technology, the acquisition included AmecFW's BFB boilers, fluid bed gasifiers,
CFB scrubbers, fabric filters, specialized metallurgical waste heat boilers and a broad
spectrum of aftermarket services. Like the CFB boilers, these additional products and
services had unique market positions driven mainly by their fuel, application and
operational flexibility.

Q: What is the market potential for SFW's CFB boiler technology?

A: Today, about 80-85 per cent of the global boiler market continues to stay with
conventional pulverized coal (PC) technology. PC technology hasn't changed much
over the last 50 years and still carries three fundamental disadvantages: very limited
fuel flexibility, high air emissions and expensive emission control.

Over the last 40 years, SFW's CFB boilers have redefined the meaning of fuel
flexibility, reliability and clean combustion without back-end controls. This has been
noticed by utilities, IPPs, developers and industrial companies who have been
selecting CFB boilers more and more.

So the CFB has lots of room to grow into the global boiler market because of the
higher values it offers over PC technology. Even if the boiler market remains flat or
even declines, CFB still has an upside growth potential of 80-85 per cent.

Q: Why hasn't CFB technology already taken more of the overall boiler market
share?

A: Most of the global boiler market is in the large coal utility sector. Like most other
energy markets, this capital-intensive sector is slow to accept change mainly because
people tend to stay with what they know and have experience with.
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The CFB market is still predominantly in the small to medium size range serving
multiple sectors like industrial, WTE, CHP, district heating and cooling. This is
where the CFB was born and is the market segment we still serve the most, because
our CFBs are best able to reliably fire a diverse and wide range of challenging fuels
demanded by these sectors.

But change is happening. Our first large 460 MW supercritical CFB went online at
the Lagisza plant in Poland eight years ago. At that time, this was the world's first
supercritical and largest CFB unit in the world. Last year, we commissioned 2000
MW of our ultra-supercritical CFBs at the Green Power Plant in Samcheok, South
Korea. As of today, we have delivered 38 CFBs, each over 200 MW in capacity,
totaling over 11 GW of electric capacity.

Q: What benefits does CFB boiler technology bring to the market?

A: Our CFBs offer value in multiple dimensions. Their fuel flexibility provides
power generators and industrial plants with the ability to shop for the lowest cost
coals, petcokes and lignites keeping power prices at the lowest levels. They can co-
fire carbon neutral fuels up to high levels and employ highly efficient ultra-
supercritical steam technology providing a flexible carbon reduction solution without
turning to expensive carbon capture and sequestration (CCS) technology. Our CFB's
can convert the environmental liability of industrial byproducts and waste into
valuable power, steam and heat. Their clean burning process produces the lowest
emission without needing expensive air pollution control equipment saving millions
in plant construction and operating cost. And finally, they provide these benefits as a
highly reliable and dependable base load capacity option to maintain grid stability.

Q: How do you see the CFB technology fitting into the global trend of carbon
reduction?

A: Our CFB's can achieve a closed loop on carbon emissions by fully firing carbon
neutral biomasses in both small and large plants. This provides a near net zero carbon
solution without going to the expensive and uncertain carbon capture and
sequestration (CCS) solution. Further, biomass is a renewable energy source. But
unlike wind and solar, biomass plants can provide dependable energy on-demand
which is a big advantage for a renewable energy source.

Looking beyond new build thermal plants, our fluid bed gasifiers can be retrofitted to
existing PC coal plants to allow them co-fire the highest levels of carbon neutral fuels
and waste, significantly reducing their carbon profile. Crossing over to the
transportation sector, these gasifiers can also be integrated into biomass-to-liquid
solutions to produce renewable biofuels and green chemicals.

But the 100 per cent biomass solutions are not a good fit for all markets since the
logistics and cost of sourcing large and continuous supplies of biomasses and wastes
can be very challenging. This is where our CFBs provides the flexibility to co-fire
carbon neutral fuels with more dependable fuels like coals, lignites and petcokes that
have well establish large scale supply chains.

In essence, the CFB allows each project to set the balance point between carbon
emissions, fuel security and cost of energy. Since biomass supplies also vary
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seasonally, the fossil fuels can fill in as needed, providing energy security to
consumers and financial security to project investors.

Q: And how do you see the CFB technology fitting into the global trend of
renewables?

A: Globally we see nearly all markets strongly embracing solar and wind, which offer
a true zero carbon solution, and with dropping prices, renewables are growing faster
than ever before. But like biomass, too much wind and solar may not be a good thing.
We are seeing a growing trend of rising energy costs and declining power reliability
in markets that have high penetration levels of over 30 per cent of wind and solar
energy, like in Spain, Germany, and Australia. Without large scale energy storage,
grid operators scramble to meet load when the winds dies down or clouds cover the
sky. They are relying more and more on expensive fast-moving peaker-plants fueled
by natural gas and oil to manage the growing intermittent capacity. The unwanted
result of this is a direct relationship of increasing energy prices with increasing wind
and solar capacity.

We at SFW have always believed in keeping all technology and fuel options in the
generation mix for a balanced energy portfolio. As with any investment, a balanced
portfolio provides the best protection against uncertainty of the future. As we all
know too well, the energy sector has significant uncertainty related to changing
policy, regulation, fuel availability and technology.

This is another area where the CFB provides value, since the same unit can burn the
widest range of fuels, it provides the ability to rebalance the fuel mix without having
to build another plant. And, it provides these benefits as a highly reliable and
dependable base load capacity option to maintain grid stability.

Q: Where do you see the CFB option providing the most value in today's markets?

A: CFB can bring high value to countries that have large reserves of low quality
lignites, coals and waste coals from mining operations, like: Colombia, Germany,
Turkey, Russia, South Africa, Vietnam, Thailand, Indonesia, India, China and
Australia. Using conventional PC technology, these low-quality fuels drive boiler
size, cost, and maintenance and plant downtime way up.

After a long difficult experience with these fuels, many countries simply turn to
importing high quality coals or LNG. Today, CFB technology has been proven at the
large scale to economically, cleanly and reliability convert these low rank fuels into
power and steam, lowering the countries energy cost and improving their energy
security. The CFB technology also keeps the door open for co-firing coals, petcokes
and biomass from either import or domestic sources, when prices or regulations is
right, so you don't have to lock yourself into one fuel source.

In broader Asia, over the last 10 years, high moisture sub-bituminous Indonesia coal
exports have exploded, driven by deep price discounts in the 15-40 per cent range.
The same CFB boiler can fire the full range of these fuels with heating values
spanning the 5000-3900 kcal/kg range, as well as, high quality Australian coals in the
5500-6000 kcal/kg range, capturing the full arbitrage of this fuel market. PC plant
operates are forced to trade reduced plant performance, higher downtime and
maintenance cost to capture a much smaller range of these fuels. Staying with PC

57



technology, their only other option is to build another PC plant designed for another
narrow fuel range.

India has very low quality domestic coals, which represents their most affordable
energy source. Plant operators have struggled for years to burn these coals with
conventional PC technology and like Turkey has turned to importing higher quality,
more expensive coals. Concerned about fuel security and raising energy costs, India's
government has begun prioritizing the use of domestic coal over imported coal for
future power projects. Some projects are forced to burn a mix of Indonesian and
domestic coals, which is a struggle for PC boilers. CFB technology dovetails
perfectly with the country's energy goals and objectives, including India's ultimate
goal for being energy independent.

Japan is another good example where CFB technology can make a difference. The
energy situation in Japan is critical right now, given that the country has shut down
all but two or three nuclear units.

The huge power gap is being filled with expensive LNG and liquid oil. Coal is a very
economically attractive base load alternative for Japan. Historically, Japan has been
firing the most premium grade 6,000 kcal Australian coals in its fleet of ultra-
supercritical PC boilers to achieve the highest plant efficiency to minimize operating
cost.

Here, the CFB option can provide high plant efficiency with its ultra-supercritical
designs, but more importantly, can tap into the much higher cost savings of utilizing
lower cost, lower quality Indonesian coals. Further, we are seeing a declining supply
of premium coals globally limiting supplier competition and Japan negotiating
position. Large utility scale CFBs would break Japan out of this procurement box.

Q: What trends have you been seeing in the biomass energy markets?

A: Over the last 10 years, we have witnessed a competition for clean wood between
the energy, construction, and furniture industries. After successful lobbying by the
construction and furniture industries, governments have shifted their biomass energy
program away from clean woods toward lower quality, recycled and demolition
woods, as well as, agricultural waste streams and byproducts like palm kernel shells
and bagasse.

These fuels are much more difficult to burn due their higher level of corrosive alkalis,
chlorine and non-combustible debris. Responding to this change in policy, we
developed robust CFBs designs to help our clients utilize these more challenging
fuels.

The impact of this change in policy can best be seen at the low end of the size scale
(50-100 MW), where we are seeing a growing market for multi-fuel CHP plants.

As an example, we are currently suppling a CFB to a 75 MW CHP plant that will
provide power and heat to the town of Zabrze in Poland. The plant will be fueled by
locally sourced municipal waste, biomass and coal.

It is a sustainable, closed-loop energy solution providing energy security, waste
recycling and low carbon emissions at the community level.

In Korea and Japan, we are seeing a number of similar multi-fuel power and CHP
plants using a combination of local waste and recycled woods, as well as, imported
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biomass pellets and agricultural byproducts. In Dangjin, Korea, we recently provided
a CFB to a 105 MW power plant in Dangjin, Korea that fires wood pellets, recycle
furniture chips and imported palm kernel shells. This plant originally fired coal as
well, until the government changed its fuel import policy.

At the large end of the scale (150-300 MW), we are seeing some governments
supporting large scale utility power projects fueled by dedicated biomass and
agricultural sources. In Polaniec, Poland, we recently built a 200 MW power plant
that fires biomass and agricultural byproducts and in Teesside, UK we are building a
299 MW plant that will fire imported wood pellets from the US.
(https://www.powerengineeringint.com/articles/print/volume-26/issue-3/features/ctb-
technology-in-a-low-carbon-world.html)

CFB in Turkey: The right timing for the right technology

Turkey's GDP is predicted to grow nearly 60 per cent over the next five years,
ranking as one of the fastest growing economies in the world. This high level of
economic growth, coupled with Turkey's strongly growing industrial base, is
expected to drive electricity demand growth from 95 TWh to 132 TWh, nearly a 40
per cent increase over the same five-year period. To keep up with this insatiable need
for power, Turkey's energy imports are expected to grow considerably, causing both
an energy security and economic burden concern.

In 2016, 33 per cent of Turkey's electric power was produced from imported natural
gas, half of that from Russia and more than half of its coal and lignite power was
from imported hard coal. Only 16 per cent of Turkey's total electric power was
generated using local lignite

When commissioned in late 2018, the 2 x 255 MW Soma Kolin Power Plant will
become the largest CFB plant in Turkey. Source: Sumitomo SHI FW

The situation is even worse when looking at the total primary energy demand of the
country, as only 30 per cent is sourced from domestic sources such as hydro, lignite,
and renewables. Said another way, 70 per cent of Turkey's economy is fueled by
imported energy, costing Turkey $27.2 billion in 2016.

Turkey has 17.2 billion tonnes of proven lignite reserves, enough to power its
growing economy well into the future. But ironically, over the past five years,
imported coal capacity grew 3.5 times more than lignite power capacity (4.9 GW vs
1.4 GW). Policymakers in Turkey want to change this to improve Turkey's energy
security while lowering its energy cost.

Tapping into Turkey's massive lignite reserves is a key part of Turkey's Vision 2023
energy plan, timed to mark the 100th anniversary of the founding of the Republic.
The plan calls for increased use of lignite for meeting rising electricity demand while
improving Turkey's energy security. The plan calls for more than doubling domestic
lignite power capacity over the next 10 years, amounting to 10 GW of new power
capacity from Turkey's lignite.

The good news is that Turkey's huge lignite reserves can solve its energy security
problem. The bad news is that 68 per cent of the total lignite reserves in Turkey have
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low calorific value (1.000-2.000 kcal/kg) which is a very challenging fuel for today's
conventional coal power plant technology.

It is no coincidence that Turkey has not turned to its lignite reserves earlier, and you
don't need to look very hard to find power plants that struggle every day to burn its
low quality lignite.
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Figure 1. Annual average plant availability of SFW CFBs and coal plant fleets

Right time for the right technology

Today, the timing couldn't be better for aligning the right technology to Turkey's
energy strategy. Over the last 40 years, circulating fluidized bed (CFB) combustion
technology has grown in both scale and experience. Today, CFB has become the best
choice for reliably and cleanly converting low quality fuels into power.

In a broader sense, CFB's fuel flexibility and ability to control pollution during the
burning process has caused many utilities, IPPs and developers to choose CFB
technologies for their new coal, lignite, biomass, petcoke, and waste-to-energy plants.
But for Turkish lignite, the key words are ash and moisture, since Turkey's low
quality lignite has the highest levels of them, in the 3050 per cent range. Moreover,
the ash has very low melting temperatures making quite a slagging mess in
conventional boilers.

In a conventional pulverized coal (PC) or PF boiler, this ash melts causing slagging
and fouling throughout the boiler. These boilers are oversized, use a lot of soot
blowing, and are frequently down for maintenance, resulting in elevated plant capital
and operating cost and lower plant reliability.

The CFB technology avoids all these pitfalls, since the ash doesn't melt due to its
flameless low temperature combustion process. Instead, the ash is circulated
throughout the boiler, cleaning the boiler's heat transfer surfaces and evenly
spreading the fuel's heat while completely combusting the fuel.
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This one difference is the main reason that CFB boilers can achieve reliability levels
unreachable by conventional PC boilers. Figure 1 shows average annual plant
reliabilities between plants with SFW CFBs as compared to coal plant fleets in
several world regions reported by multiple sources.

There are many other advantages of the CFB combustion process. For instance, the
CFB does not need fuel dryers, pulverizers, conduits, or burners. Instead, the fuel
needs to be only coarsely crushed and dropped into chutes in the lower furnace. Most
of the time, expensive SCR DeNOx or downstream FGD DeSOx systems are not
needed to meet permitted emission limits.

Combustion stability and efficiency is another area where CFB excels. Since the CFB
circulates the fuel over and over in a bed of hot solids, it completely burns all fuels,
even the most difficult low volatile fuels, like anthracites and petcokes. Fuel particles
can stay in the CFB hot loop for as long as 30 minutes as compared to a PC with
burning times of only three-to-four seconds.

Further, the bed of hot solids in the CFB provides a large thermal inertia. This makes
the combustion process very stable, allowing wide variations in fuel properties
without upsetting boiler emissions or steam capacity. In contrast, the PC burning
process has no thermal inertia since the fuel is instantly converted to a hot gas and
molten ash particles.

The Soma Kolin project

The new Soma power plant is located in Soma Basin, 135 km north of Izmir. The
owner, Hidro-GEN Enerji Ithalat Thracat Dagitim ve Ticaret, is a subsidiary of
Turkish construction company Kolin Holding.

Hidro-GEN is following through with its plan to open the new lignite mine and build
the 510 MW lignite CFB power plant designed around SFW's CFB boiler technology.
When operational in 2018, the plant will become Turkey's largest lignite power plant
utilizing CFB boiler technology. The plant is configured with 2 x 255 MW CFB
boilers and steam turbine generators.

The contract for the supply of two CFB boiler islands with auxiliary equipment and
the two CFB scrubber systems was awarded to SFW in January 2014 by EPC
contractor Harbin Electric International. A number of local Turkish subcontractors
are working on the plant site in different areas of the power plant and mine.

After a short project delay related to final site selection approvals, construction began
on the plant in January 2016. Boiler hydro is scheduled for late 2017 and plant
commercial operation is scheduled for mid-2018.

Building a lignite-burning power plant in the Soma region makes good economic and
fuel security sense, but the challenge was finding the right technology to fire this very
low quality lignite with a higher heating value of 6770 klJ/kg (1618 kcal/kg),
containing 23.3 per cent moisture, 42.9 per cent ash and 1.2 per cent sulphur.

Each CFB is a natural circulation steam generator with reheat rated at 255 MWe (545
MWth). Main steam conditions of the CFBs are 173 bar abs/5650C with reheat
conditions of 53 bar abs/5650C. The CFB boiler design includes steam-cooled solid
separators and special INTREX heat exchangers, which are utilized as the final
superheating stage. Due to the high ash content in the fuel, the CFBs are equipped
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with high capacity drum coolers which drop the bottom ash into redundant drag chain
conveyors.
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Emission flexibility

Since Turkey's government has been considering accession to the European Union,
flexibility in plant emissions was important to the Kolin Group, the owner or the
plant. They wanted to have the flexibility to achieve a wide range of stack emissions,
while at the same time allowing a wide range of fuel sulphur contents expected from
the lignite mine over the long term.

Currently, Turkish environmental regulation is based on Europe's large combustion
plant directive (LCP) with SOx/NOx/PM emission limits of 200/200/30 mg/Nm?.

But current EU environmental rules are based on the Industrial Emissions Directive
levels which recently have been updated by the BREF BAT document. The BREF
lowers yearly SOx limits down to the 10-75 mg/Nm? range, NOx down to the 5085
mg/Nm? range and PM down to the 2-5 mg/Nm?® range for large new coal and lignite
plants. In addition, the BREF adds strict limits in the 1-3 mg/Nm? range to several
new pollutants, such as, HCI, HF, Hg, and NH3.

For this flexibility, a CFB 'polishing' scrubber (CFBS) was added behind the CFB
boiler for the Soma Kolin plant. This will allow the CFB ash to be used as a reagent
in the CFBS to reduce emissions while also reducing the use of expensive reagents
such as hydrated lime.

Two ash hydrators on-site will condition the recycled fly ash before injection into the
absorber. The CFBS will also capture HCI, HF, Hg, and NH3 so the plant will be able
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to comply with the EU's strict BREF limits providing multi-pollutant emission
control very economically.

The Soma Kolin project is very important to Turkey as well as other countries with
large resources of low quality coals and lignites. CFB technology is the best choice
for tapping into Turkey's vast lignite reserves, as underscored by the project.

The success of Soma Kolin will encourage countries, such as India, Germany,
Thailand and Pakistan to reconsider their plans for using their low quality indigenous
fuels for secure, affordable and clean power.

Bob Giglio is Senior Vice-President for Global Business Strategy, and Boguslaw
Krzton is Vice-President for Strategic Business Development in Central and Eastern
Europe and Turkey, at Sumitomo SHI FW.
(https://www.powerengineeringint.com/articles/print/volume-25/issue-

1 1/features/ctb-in-turkey-the-right-timing-for-the-right-technology.html)

Why fuel flexible CFBs are the future

Only circulating fluidized bed combustion technology satisfies all of the often
contradictory design requirements of modern solid fuel plants, writes Robert Giglio
New wind and solar projects continue to dominate recent global capacity increases.
But when dispatchable power is required, particularly in developing countries, coal
remains the fuel of choice for utility-scale plants. Global coal use for power
generation continues to rise primarily due to rapid growth of the Indian, African, and
Asian power markets that value low cost solid fuels.

Every steam plant built today has unique design fuel requirements. For example,
economic and policy constraints often dictate use of difficult to burn indigenous fuels
or co-firing with biomass or agro fuels.

Also, in most power markets, flexible yet reliable plant operations — such as rapid
dispatch rates and spinning reserve — are essential because renewable assets,
particularly rapidly fluctuating solar and wind generators, are positioned higher in the
dispatch order.

Finally, plant owners desire the least expensive fuel available, often sourced globally,
to avoid being tethered to a single fuel for the life of the plant. Only circulating
fluidized bed (CFB) combustion technology satisfies all of these often-contradictory
design requirements.

Fuel markets in flux

The traditional 6000 kcal/kg global steam coal market has flourished for the past 50
years but lately the market has experienced a rapid transition where price often
trumps quality.

As coal mines mature, mining operations move to lower quality coal seams.
Indonesian coal, for example, dominates the global coal market with about 50 per
cent of its exports being high-moisture, sub-bituminous coals with gross-as-received
higher heating value (HHV) ranging between 3,900-4,200 kcal/kg.

Furthermore, the best-quality Indonesian coal reserves are expected to produce coals
with average HHV no greater than 5200 kcal/kg (with economical washing levels) in
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the future. The resulting trend is a growing supply of discounted coals, domestic
lignites, and waste coals that provide a significant economic advantage for fuel-
flexible plants capable of burning these lower rank, less expensive fuels.

The shift toward a more flexible solid fuel market, where buyers and sellers are
pleased to trade fuel quality for price, appears to be permanent.

Expanding low quality solid fuel markets have dramatically increased the value of
fuel flexibility for utility-scale power plants and have been the primary driver behind
the large CFB power plants coming on-line over the last 10 years, examples of which
are included at the end of this article.

CFB plants, unlike pulverized coal (PC) plant designs, give plant owners a choice
whether to stay with premium steam coal or to venture into the broader fuels market
and leverage the available price discounts for lower rank coals, even for ultra-
supercritical plant designs.

Fuel combustion flexibility

Changes in the global solid fuel market provide a market advantage to owners of
plants that are fuel agnostic. But fuel flexibility means more than just being able to
burn a wide range of coals or even coal and biomass mixes. It also means that plant
reliability, maintenance, ease of operation, and stack emissions must be largely
unaffected over a very wide range of fuel quality including coal and biomass fuel
mixes.

PC boilers have trouble burning low quality fuels due to its narrow fuel specification
that typically demands 5500 kcal/kg (23 MJ/kg) HHV or higher energy content, fuel
moisture below 30-35 per cent, and volatility above 20 per cent.

Lagisza CFB Power plant is the longest-operating supercritical CFB power plant in
the world

Lagisza CFB Power plant is the longest-operating supercritical CFB power plant in
the world

However, this is not the case for CFB technology. Modern CFBs can efficiently burn
both low rank coals and lignites with heating values ranging from 1000 to 8500
kcal/kg (4 to 35 MJ/kg), fuel ash and moisture levels as high as 60 per cent and
volatiles down to 5 per cent.

The CFB's high reliability when burning low rank coals is based on its unique
flameless, low-temperature combustion process. Unlike conventional PC boilers that
rely on an open flame, the CFB's circulating solids are used to achieve high
combustion and heat transfer efficiency. Fuel circulates until completely burned. The
ash in the fuel does not melt or soften at low bed temperatures which allows the CFB
to avoid the fouling and corrosion problems encountered in conventional boilers.
From an environmental aspect, the low temperature CFB combustion process
minimizes NOx formation and allows limestone to be fed directly into the furnace to
capture SOx as the fuel burns. In most cases, SCR and flue gas desulphurization
(FGD) systems are not needed for NOx and SOx control, dramatically reducing the
plant's first cost, annual O&M cost, and water consumption while improving overall
plant reliability and efficiency.
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For a PC boiler to control fouling, slagging, and corrosion when burning low rank
coals, such as high sodium lignite, the furnace cross section and height must increase
considerably, as much as 45 per cent in height and 60 per cent in footprint.

Also, unlike a PC, a CFB doesn't need soot blowers to control the build-up of
deposits and slag in the furnace since the circulating solids keep the furnace walls,
panels and steam coils clean, allowing for the most efficient heat transfer possible
while reducing boiler maintenance.

Thermographs of CFB and PC furnaces illustrate the thermodynamic differences
between the two combustion technologies (Figure 1). The green regions are where the
combustion temperature is around 850C while the red regions show temperatures
nearly at 2000C.

The key design criteria for the CFB is that the combustion temperature (everywhere)
is well below the fuel's ash melting temperature. Since the ash doesn't melt, fouling
and corrosion is minimized throughout the entire boiler (furnace and convection pass)
allowing the CFB to achieve reliabilities unreachable by PC boilers.

The lower combustion temperatures minimize the amount of NOx formed, often
allowing the plant to avoid the expense of an SCR. In addition, limestone can be
added directly into the furnace to capture acid gases like SO2, SO3, HCI, and HF
preventing these corrosive elements from causing corrosion and fouling for
throughout boiler, air heater and particulate matter control equipment. In most
projects, adding limestone to the CFB can achieve the required SO2 stack emission
without the need for a downstream FGD.

Finally, unlike PC boilers, the fuel doesn't have to be finely ground, dried or
dispersed into the furnace by burners avoiding the cost and maintenance of fuel
dryers, mills, coal pipes and burners. For the CFB, the fuel is coarsely ground and
dropped into fuel chutes using gravity to get the fuel into the boiler.

Superior life-cycle economics

It's a well-known industry fact that steam generator outages are the single largest
contributor to reduced plant availability, which therefore determines the project's
financial success (Figure 2). For example, consider a 600 MW supercritical coal plant
that burns $50/tonne (4500 kcal/kg) Indonesian coal and sells power at $100/MWh at
a base 90 per cent capacity factor.

A loss of four percentage points in annual capacity factor will reduce the plant's
bottom line economics $13.8 million for the first year, or $212 million over its 30-
year operating life. The CFB demonstrates up to an average 5.5 percentage point
superiority in plant availability factor over 15 years, depending on fuel selection.

The cost of fuel is the largest line item on the balance sheet for any power plant so
the economic advantage often goes to the plant that can operate reliably with lower
rank, and therefore lower cost, fuels.

The magnitude of the fuel cost savings can be demonstrated by using the same
supercritical plant example above firing $70/tonne (5,500 kcal/kg) coal as a base.
Reducing the cost of fuel by $10/tonne will add $7 million to the plant's bottom line
for a single year and $102 million over 30 years.
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Plant case studies

There are many recent projects that illustrate the successful application of Sumitomo
SHI FW CFB technology in circumstances much like the above case study. The
following four projects illustrate the fuel flexibility of the CFB, each in unique
applications.

The Lagisza CFB Power plant is the longest operating supercritical CFB power plant
in the world today. Located at Tauron's Lagisza power plant in Bedzin, Poland, the
plant has been in operation since 2009.

At the heart of the plant is a 460 MW supercritical SFW CFB featuring many unique
first-of-a-kind design features and a very impressive net plant efficiency of 43.3 per
cent (LHV) on bituminous coal.

Perhaps most importantly, the plant meets its permitted stack emissions without SCR
or FGD equipment, thereby saving Tauron over $100 million in its construction cost
and millions more each year in avoided O&M costs.

CLECO's Brame Energy Center, located in Boyce, Louisiana, in the US, is noted for
its ability to burn a wide-range of market fuels. The plant consists of twin CFB
boilers feeding a single steam turbine generator the produces 660 MWe.

The plant 1s designed to burn multiple fuels, including 100 per cent petroleum coke,
100 per cent Illinois No. 6, 100 per cent sub-bituminous Powder River Basin coal,
and can co-fire up to 92 per cent lignite or co-fire up to 5 per cent paper sludge or
wood waste. The plant entered commercial service in February 2010.

The DGF Suez Energia Polska Polaniec Plant, located in Polaniec, Poland, is the
world's largest biomass CFB power plant. The 205 MWe (gross) plant burns a
spectrum of wood biomass and agricultural crops and byproducts. The net plant
efficiency is 36.5% (LHV).

Perhaps the most impressive example of a utility-scale CFB plant is the 2200 MW
Samcheok Green Power Plant currently being commissioned in Samcheok, South
Korea.

The Samcheok plant has four 550 MW Sumitomo SHI FW CFBs utilizing ultra-
supercritical steam conditions (257 barg, 603C/603C). The plant will meet even
tighter stack emissions without using FGD equipment, saving Korea's Southern
Power Company (KOSPO) over $250 million in construction costs.

The plant is designed to burn a wide range of import coals, including sub-bituminous
high-moisture coals (20-42 per cent). The CFBs are also capable of co-firing
indigenous bituminous coal and up to 5 per cent biomass. The plant is designed to
operate with a 42.4 per cent net efficiency (LHV) and went into full commercial
operation in December 2016, taking their place as the most advanced CFB units in
the world.

(https://www.powerengineeringint.com/articles/print/volume-25/issue-
9/features/why-fuel-flexible-cfbs-are-the-future.html)
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Mapping coal plant emissions

Mapping software can be used to bridge the gap between the science needed to
understand air pollution and the engineering required to mitigate it, writes Arne
Berndt

Since we began extracting and burning coal on a large scale back in the 17th century,
it has proved to be both a blessing and a curse — providing cheap energy for millions
on one hand, but blighting our environment on the other.

Tackling the emissions produced through coal production is a challenge we need to
rise to — until viable energy alternatives are implemented on a wide scale — to protect
our health, our planet and our businesses,

The World Health Organization estimates that ambient (outdoor) air pollution in both
cities and rural areas caused three million premature deaths worldwide in 2012 (the
latest figures available), and despite some efforts, things won't have improved since.
For instance, London breached its annual air pollution limits just five days into 2017.
Alongside the fatalities, many millions more people are affected by respiratory
diseases caused by air pollution. There is also a strong correlation between exposure
to air pollution and cardiovascular diseases. At the other end of the scale, air
pollution can cause temporary ailments like headaches and skin rashes.

That's enough problems without even delving into the climate change debate.

Coal, of course, is not the only source of air pollution, but it is considered to be the
most significant by some degree. Burning coal is the biggest single source of carbon
dioxide emissions from human activity according to international environmental
organization Greenpeace. It reports many harmful pollutants in the air from coal,
which pose a serious threat to our health and environment, including issues such as
smog and acid rain. The continuous nature of energy production in coal plants just
adds to the problem.

A changing approach

Across the world, alternatives to coal power are being explored and developed. Along
with solar and wind power initiatives, there are various trials of new batteries that can
store renewable energy and increase reliability.

In China, where air pollution has become a significant public health issue in some
areas, not least Beijing, they will begin turning coal plants into nuclear reactors next
year, but we are a long way from reducing our reliance on coal, which is used for 44
per cent of electricity generation in the US, for example.

As coal plants are to continue, emissions need to be reduced, so it is important to
fully understand where they come from and where they go following release. The
source of the outputs of the plant may be largely obvious, but the dispersion after that
is also important if it is to be effectively mitigated.

'Dispersal' refers to what happens to the pollution during and after its introduction
into the atmosphere, factoring in wind conditions and atmospheric changes.
Understanding this can help people identify and control it. The pollution may be
visible as it leaves the plant, but it soon becomes an invisible problem, except where
it forms as smog.
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Bridging the gap

While mapping technology can't directly reduce emissions, the ability to accurately
map their sources and distribution can be invaluable, as can virtual testing of
mitigation options before committing time and expense to solutions.

Mapping software can be used to bridge the gap between the science needed to
understand air pollution and the engineering required to mitigate it. Air pollution
dispersal is a central focus for environmental conservationists and governmental
environmental protection agencies (local, state, provincial and national) in many
countries as a means of air pollution control.

Accurate wide-scale measurements of air pollution are difficult to get as, even when
assessed at several monitoring stations in different locations, the terrain and weather
factors mean that levels can vary greatly even in small areas. Therefore, instead of
relying on potentially inaccurate measurements, mapping software allows a number
of models to be used to map air pollution dispersal. These range from base models to
'simple' Gauss models — for approximate calculations, e.g., to estimate background
concentrations or to make worst case studies, whenever free flow conditions can be
assumed around emission sources — up to complex prognostic models. The model
selection depends strongly on the task and the available data.

Air pollution models are highly dependent on the meteorological situation for the
dispersal calculation, requiring multiple meteorological scenarios. In order to
correctly assess the pollution load for average and various percentiles, the principal
concern is simulating the dispersal of the pollutants for a wide variety of wind
directions and scenarios. An added variant is that the air pollutants are often reactive
gases which change over time under the presence of UV light.

Critical tools

As well as looking to improve the environmental situation, the results of air pollution
models are often critical in planning processes and need to be robust enough to
withstand the scrutiny of the court system. It is essential that they can be validated
and have well-defined boundary conditions, are supported by a team of experts and
are used by well-trained people.

The management of meteorological conditions and the control of different scenarios
are a constant focus for developers and software improvements regularly mean what
was impossible yesterday might be possible today. Measured meteorological data
must be extremely well assessed and modified very cautiously, especially if the
reference meteorological station is outside the investigation area. Developers
continually add tools to assess, complete and modify data.

Consequently, air pollution mapping software has become a powerful tool to save
time and avoid nasty surprises when inspecting calculation results. Some software
includes diagrams to analyze background pollution measurement and to deliver
supporting arguments to why the background concentrations need to be adjusted.

If poor measurements cannot be rectified, this software helps visualize data problems
and supplies good arguments for better data.

Once air pollution has been accurately mapped, then the software can be used to test
different mitigation options, which may include carbon capture initiatives. Using the
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software to test in this virtual way means that all options can be tested without
incurring costs and the best methods can be selected.

Noisy neighbour

Air pollution isn't the only emission to be concerned about in coal plants. Like the
vast majority of industrial premises, they are also noisy. Noise emissions are
considered harmful if people are exposed to levels of 85 decibels (dB) or above for a
continuous period; a sudden louder noise can also be detrimental.

Whether the impact is temporary or permanent hearing loss or other physiological or
psychological effects, it can have serious repercussions for the victim(s).

Mapping software can once again help. Noise can be displayed in coloured maps,
making it easy to understand the sources and propagation. They can also be produced
in 3D and animated form so that the problem is truly understood. The most advanced
software is sophisticated enough to map a single room or an entire country.

Using the maps in coal plants, mitigation measures, such as replacing turbine
equipment with quieter models, for example, can be tested and the noise contour line
established. The line is the point at which noise levels reach 85 dB and anyone
crossing it should be wearing personal protective equipment, such as ear defenders.
Noise sources in coal plants vary widely in sound power, emitted frequency spectra
and directivity, and also in their time dependency. Using mapping software is more
effective than taking measurements as the software can break down the sources and
doesn't just work with the overall sound.

Controlling air pollution and noise emissions from coal plants is not just about being
good for the environment, as important as that is. Without taking action, the health
and safety of employees, visitors and local residents is threatened. As well as the
personal impact, this can mean costly downtime and potentially expensive litigation.
Mapping the issues and demonstrating the mitigation measures taken can help reduce
those risks.

(https://www.powerengineeringint.com/articles/print/volume-25/issue-
7/features/mapping-coal-plant-emissions.html)

How to cut mercury emissions in coal-fired power plants

Both the development of mercury control technology and its installation in power
plants follow the evolution of emissions regulations. With a new standard in the
works for Europe, Tildy Bayar investigates what it will mean for mercury control
technology companies and Europe's power plant operators.

New EU rules on mercury control are expected

In a March note, Greenpeace EnergyDesk editor Christine Ottery wrote that
European environmental regulations for power plants, which are expected to be
finalized by 2016 and come into force by 2020 as part of the Industrial Emissions
Directive (IED), "could change the face of Europe's energy system ... though hardly
anyone knows they exist."

69


https://www.powerengineeringint.com/articles/print/volume-25/issue-7/features/mapping-coal-plant-emissions.html
https://www.powerengineeringint.com/articles/print/volume-25/issue-7/features/mapping-coal-plant-emissions.html

Analysts have speculated that the regulations, known as the large combustion plant
best available techniques reference document (LCP BREF), could force large
numbers of coal-fired power plants across the EU into retirement by 2025.

Along with establishing stricter limits for SOx, NOx and particulate emissions, the
regulations, known as the large combustion plant best available technology reference
document (LCP BREF), will likely set standards for mercury emissions from power
plants. Unlike the US, Europe currently has no set standard for these emissions, and
thus the major market for mercury control technologies to date has been North
American. In Europe, the need for legislation specifically dealing with mercury has
largely been addressed by the mercury reduction co-benefits available from
technologies used to comply with existing legislation (the Large Combustion Plant
Directive and the current version of the IED) on SOx and NOx removal.

The mercury emissions limits being considered in the draft BREF for plants over 300
MW range between 0.2 wm3 and 10 p/m3. Dr Lesley Sloss of the International
Energy Agency's Clean Coal Centre said in May that while "the actual value has yet
to be agreed and the applicability of the proposed limits has yet to be defined," the
new BREF "could mean ... there may be a new mercury control market opening up in
Europe within the next few years."

And this market could expand even further. Mandar Gadgil, Air Quality Control
Systems Engineer with Babcock & Wilcox (B&W), notes that "in the next four to
five years, Germany will enact the BREF regulation, and Europe may follow. China,
India, South Africa, and other coal-burning countries will implement new regulations.
It may take five years or so, but by 2025 I think all plants will have to control
mercury all over the world."

However, Jorgen Grubbstrom, Product Marketing Manager for Dry FGD
Environmental Control Solutions with Alstom's* Steam Business, says the European
market may be slower to develop than expected. "Suppliers, member states and
different stakeholders understand that it's very important to have the correct
conclusions as they may drive a lot of changes for the power industry," he says. "[The
BREF] is taking more time than expected - it's a tedious process - so they are in
delay."

Bernd Volmer, Process Engineering & Design AQCS at Mitsubishi Hitachi Power
Systems Europe (MHPSE), says his firm will be ready when the time comes. "The
US, compared to Europe in regard to mercury reduction, is in front of us," he says,
"so we learn from our partners in the US about the technologies and will implement
these also on the European market - the emission values will come into force in 2016-
17, and plants will be required to comply in 2020-21."

Standards development, Volmer notes, is "an ongoing, rotating process". While
power plant operators will be given four years to implement the expected BREF
standard, he explains, a subsequent revision will be issued in eight years. "So there is
a time interval between a revision of eight years and compliance duration of four
years. Every four years a utility will comply with the regulation, then it has another
four years' time to implement a new revision of the standard reflecting the updated
technology.
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"We have to continuously improve the technology in response to the continuous
challenge of emission values," he says.

How it works

The basis of the control process is the oxidation of mercury, and then its removal
within downstream equipment before it is emitted through the stack into the
atmosphere. The most common technology involves injection of activated carbon into
the plant's exhaust stream.

Mercury comes in three forms: metallic, ionic and particulate. "The goal is to oxidize
all metallic mercury to ionic mercury so it can be removed in the flue gas
desulphurization (FGD) system," explains MHPSE's Volmer.

According to B&W's Gadgil, "the main workhorse of the industry for mercury
control in the US is powdered activated carbon (PAC) - both halogenated (usually
bromine is the halogen of choice) or non-halogenated depending on how much
mercury is in the gas phase." Another "very efficient" and widely used technology is
halogen injection into the coal itself.

"It's very simple," Gadgil says. "Calcium bromide or sodium iodide is added to the
coal. It's an inexpensive process and results in very high mercury oxidation. The only
catch 1s that for halogen addition to work on its own as a mercury control technology,
there has to be some sort of FGD system. Oxidized mercury is very soluble and can
be taken out in the FGD."

There are other sorbents in use, Gadgil adds, such as amended silicate, which 1s "as
good as activated carbon but has not been as widely used due to economic reasons."
Gadgil also confirms that "sometimes there is re-emission of mercury - this has
happened in some plants. If there are 2ug of elemental mercury going inside a wet
scrubber and 3ug coming out, that's re-emission," he explains. "This happens because
of the chemical nature, processes and the atmosphere inside the scrubber, and as a
result some of the oxidized mercury goes from the oxidation phase to the elemental
phase. To address that, we have a sulphide-based additive, sodium hydrosulphide,
which has proved very effective in controlling re-emission. Other companies have
their own re-emission control additives."

Alstom's Grubbstrom notes that, "since re-emission is a function of the chemistry of
the slurry, in particular the sulphite content is of importance to monitor and control
this parameter." To this end, his firm has recently launched a sulphite analyzer which
also measures oxidation reduction potential (ORP) and controls the flow rate of
oxidization air to the wet FGD.

MHPSE's Volmer says the mercury reduction process involves looking at existing
plant equipment and "how you can optimize it to meet requirements. For a system
where you already have [mercury] mitigation through selective catalytic reduction
(SCR), the use of SCR with special types of catalyst is a very low-cost mitigation
process, together with a downstream wet FGD equipped for mercury removal."
Control technologies oxidize mercury for removal in the flue gas desulphurization
(FGD) system
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Alstom's Grubbstrom says his firm takes two main approaches. First, a system based
on injecting an adsorbent such as PAC upstream of the air preheater in a high-
temperature area and collecting it later in an area of at least 50 degrees lower to
enhance adsorption. A milling system reduces the size of the PAC to increase the
surface area of the sorbent and enhance mercury capture on the surface of the carbon
particles, Grubbstrom says.

Secondly, an enhanced PAC process which includes a sorbent storage silo and an
injection system comprised of a series of lances in the ductwork, designed to
optimize contact between flue gas and PAC. The mercury, PAC and fly ash are
removed in a fabric filter.

Gerhard Heinz, Director of Sales & Marketing for Alstom Thermal Services Central
Europe & CIS, notes that higher temperatures favour the kinetics of oxidizing
elemental mercury and increase the extent of chemical absorption. In addition,
"injecting in a high-temperature area before the air heater increases absorption
because the mercury is in contact with the flue gas for a longer time," he says. The
mercury is then collected in the electrostatic precipitator (ESP), which "might need to
be upgraded a bit to fulfil lower particle emission requirements," he notes.

Different strokes for different plants

Daniel Chang, Air Quality Control Service Area Leader with Black & Veatch Energy
(B&V), notes that attention to site-specific constraints is needed to determine the best
mercury compliance solution. "We take into consideration the performance of
emissions control technology to reduce emissions to required limits, the ease of
integrating into an existing power plant, and then the cost to implement the
technology," he explains.

"For example," he says, "two different power plants located in different regions may
be combusting different kinds of coal. This usually means a difference in the amount
of mercury emitted, which could be in terms of quantity as well as composition.
Secondly, coal-fired power plants can be configured very differently in terms of the
way coal is combusted. The back end of the unit is also very different in terms of
types of equipment installed for capturing emissions of SO2, particulate matter and
NOx."

Power plants burning bituminous coal, which has a higher sulphur content, are
prevalent in the eastern US, Chang notes. This type of plant is generally equipped
with a NOx reduction system such as an SCR. Depending on the age of the unit,
some will have ESPs or, if built later or retrofitted, a pulse jet fabric filter (PJFF) to
reduce particulate emissions from the flue gas stream, followed by a FGD system.
Wet FGD is the most typical, Chang says.

When injected into the flue gas, PAC captures mercury in the pores of the carbon
particles, he explains. Collection usually takes place within the ESP or the PJFF as
well as within the wet FGD system, where water sprays collect it in the by-product
area.

"This is a commonly used approach to mercury reduction," says Chang. "However,
there may be other approaches within this kind of configuration where PAC could be
avoided or its consumption reduced" through co-benefit. "This happens when you
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have an SCR which has a catalyst system that will help oxidize mercury, and then the
oxidized mercury can be captured in the wet FGD system," he explains.

For the low-sulphur coal that comes from the western US, a typical power plant could
be configured with a boiler, NOx reduction system, SCR, then a dry FGD system
paired with a PJFF to collect particulate matter as well as by-product from the SO2
removal process. The primary mercury removal method for these plants is PAC. For
these plants, Chang says, "due to the composition of the coal, the forms of mercury
are usually less oxidized so you always need to consider a halogenated form of PAC
where the halogens help promote a reaction that converts it to oxidized mercury to
improve the capture rate." For a lignite-fired plant, he notes, the optimal mercury
compliance solution would be equivalent to this US example.

B&W's Gadgil concurs that existing equipment installed at a plant can affect
technology choices. "For example," he says, "if the only air quality control equipment
a plant has is an ESP for particulate control, even if there is a high degree of mercury
oxidation, the plant will still need PAC or some other kind of sorbent. So you still
need to install a carbon injection system and a halogen injection system - but instead
of two systems, why not use brominated carbon? One system is better than two, and
you can get the same effect as a bromine system and some kind of sorbent.

"The same goes for a baghouse as well. If you have SCR or FGD such as a
circulating dry scrubber, then you might not need to use carbon at all. You may have
enough high oxidation of mercury either with SCR or halogen addition to coal, so it
can be removed almost 100 per cent by FGD equipment. This will save a lot of
money on capital costs, and to a certain extent on operating costs as well."

Chang notes that the capital cost is less intensive for mercury emissions reduction
than for other pollutants. "Activated carbon is less capital-intensive than a wet FGD
or SCR system," he says - but this is then balanced by operating costs "because you
have to buy activated carbon from a vendor and [the cost of] injection is
considerable." When selecting mercury removal technology, he advises that plant
operators take into consideration both the capital and operating cost, including
lifecycle costs, in order to "make sure they're not spending a lot of capital on a unit
that won't have 20 years of remaining operation".

Heinz concurs: "The main driver for total cost of operation of mercury reduction
systems is the ongoing OPEX - mainly the cost of sorbents. The CAPEX for
installations is a secondary driver," he says.

When to implement?

Should plant operators wait until they are within the compliance period to purchase
new mercury control equipment, or begin before the legislation comes into force?
Alstom's Grubbstrom says, "Those customers that have a large fleet need to look into
the various options right now in order to spread out the investment. We have already
had contact with customers - some larger utilities, for example - that would like to
discuss it, even if it will be one year until the [BREF] is published and then [they can]
take four more years [to upgrade]."

What does the upgrade involve, and how easy is it? Alstom's Heinz says his firm's
technology is designed for upgrading existing plants. "We can implement it in the
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existing environment [as it is] not very space-consuming. Especially when the
customer is currently on the way to implementing retrofit measures to improve the
plant's performance, then he already has to consider the necessary steps for reduced
mercury emission so as not to be in a position two years after a retrofit to start the
next steps."

B&V's Chang says: "When you implement a compliance solution you have to take
into account other anticipated future rules. We want to make sure our clients invest in
a solution which will remain part of the overall compliance scheme in future."

Future developments

Current technology can remove around 90 per cent of the mercury emitted during the
coal combustion process. Can this figure be improved - and could it ever reach 100
per cent?

MHPSE's Volmer says that, from a technology perspective, "I cannot say 100 per
cent - I can say 99.999 per cent (just joking). It's a question between the possible
technology and investment in its implementation," he explains. "If [power plant
operators] have to comply [with standards], they have to invest or close down the
plant. Reaching 99.99 per cent is possible, but it also has to be economically feasible.
The operator may not want 99.99 per cent mercury removal technology."

Michael Wende, Process Engineering & Design AQCS with MHPSE, adds: "With
the technologies required to cope with the regulations coming into force in 2016-17, a
highly sophisticated standard for mercury removal will already be reached. In
addition, the BREF revision in an eight-year cycle will be the driving force for
additional efforts to improve mitigation technologies."

Emissions rules drive technology R&D

Volmer says his firm is working on a different composition of their product for
different coal applications, aiming to increase the removal efficiency of mercury in
the wet FGD system. "Our goal is not to build new equipment for modernization," he
notes. "We want to improve existing equipment, which is more cost-effective for the
operator. Our improved technology can reach up to 90 per cent. But this always
depends on the incoming mercury in coal, and on the requested emissions values. The
lower emissions values are necessary - they are the incentive for all technology
improvement."

Wende adds that high US and European standards represent an impetus for
continuous improvement in emissions reduction technology and optimized emissions
mitigation in these regions. "However," he adds, "from a global point of view, one of
the next required steps for emission reduction is to focus on the implementation of
the applicable flue gas cleaning technologies in countries and regions with less
stringent standards." For this purpose, he says "a huge portfolio of effective
technologies is available."
(https://www.powerengineeringint.com/articles/print/volume-23/issue-
11/features/mercury-falling.html)
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CCS edges closer to commercialisation

Recent technological breakthroughs are fuelling hopes that CCS will fulfil its
decarbonising potential, writes Frank Ellingsen of CO2 Technology Centre
Mongstad.

The International Energy Agency estimates that fossil fuels will account for 60 per
cent of energy generation by 2030, making carbon capture and storage (CCS) a vital
technology for decarbonising the world's energy supply.

According to the United Nation's Intergovernmental Panel on Climate Change,
exceeding a global temperature rise of 2°C would be 'catastrophic' for the global
economy, and there has been international accord that a pathway to keep global
warming within that level to 2050 must be set.

The IEA, the EU and the IPCC indicate that a fifth of the carbon reduction target
needed to keep to the 2 Degrees Scenario (2DS) by 2050 could come from CCS
alone. CCS is capable of reducing CO2 emissions from fossil fuel power stations by
up to 90 per cent, so the race to commercialise and industrialise the technology is on.
Technology testing is necessary for verifying capture technology, which in turn
reduces costs, plus technical, environmental and financial risks, thereby creating the
preconditions for the industrialisation of CCS.

The UK Energy Research Council (UKERC), which spent two years researching the
means for establishing CCS as a mainstream technology, came to the same
conclusion: a regulatory approach making CCS compulsory in all fossil plants will
only work if the technology is more advanced. So what are the greatest barriers from
a technology perspective and what advancements have been made?

Energy companies and CO2 suppliers have been capturing CO2 in large-scale plants
for decades; a technique that has been utilised in Enhanced Oil Recovery (EOR), as
well as the production of commercial products like carbonated drinks. But capture
remains the hardest aspect of CCS: up to 80 per cent of the costs of CCS are related
to the capture process, so it is one of the main barriers holding the technology back
from being developed at commercial scale. Currently, carbon capture is costly; the
GCCSI estimates that each MWh supported by CCS costs energy generators an
additional $50-100, as well as substantial capital costs for development.

To meet the need to evolve cost effective capture methods, CO2 Technology Centre
Mongstad (TCM) a $1 billion joint venture part owned by the Norwegian
government, Statoil, Shell and Sasol has been set up for vendors to test their
technologies and to increase knowledge on capture technologies, in order to reduce
technical and financial risk, and accelerate the development of qualified technologies
which are capable of wide scale international deployment.

One of the technologies which has been tested since TCM opened in May 2012 is
amine solvent carbon absorption, which has been tested in collaboration with
technology partner, Aker Solutions.

In amine processing, CO2 is captured by an amine solvent, a liquid comprising water
and amines, which is used to absorb the CO2 from the flue gas.
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Amine technology has been used for decades in other applications and is therefore
considered to have a moderate technical risk. However, at TCM the vendors will
evaluate opportunities for improvements in process design, construction methods and
operations with the purpose to qualify the technology for use in large scale post-
combustion plants.

Based on the findings from the amine plant, TCM and Aker Clean Carbon have
launched papers, which verify safe amine carbon capture from flue gases. The TCM
amine plant is capable of processing 100 000 tonnes of CO2 per year. The sources are
the a refinery with equal CO2 content to coal fired power plant and combined heat
and power (CHP).

Off the back of the operational experience built up at among others TCM, Shell is
developing Quest; one of the world's largest full-scale CCS project that will be
operational in 2015. Shell is constructing the project on behalf of the Athabasca Oil
Sands Project joint venture owners, which are Shell Canada Energy (60 per cent),
Chevron Canada Limited (20 per cent) and Marathon Oil Canada Corporation (20 per
cent). The project has also received funding from the governments of Alberta and
Canada.

Beginning in 2015, Quest will capture more than one million tonnes per year of CO2
from Shell's Scotford oil sands upgrader near Fort Saskatchewan, Alberta, Canada -
the equivalent of taking 175,000 cars off the road annually. The CO2 will be sent by
an 80-km pipeline to a suitable storage site where it will be injected and permanently
stored more than two km underground. Shell's patented ADIP-X amine-based capture
technology has been a worldwide gas processing industry standard for extracting
hydrogen sulphide and CO2 from natural gas for more than 40 years.

It is important to remember that CCS technology is an evolutionary process, which
must be started now, to enable us to decarbonise existing fossil fuel reserves, as well
as future fossil fuel excavations. As well as amine processing which is far along the
evolutionary scale, and also chilled ammonia technology developed by Alstom,
TCM's facilities enable future technology evolution, by providing the available area,
utilities and infrastructure for the construction and testing of further carbon capture
technology.

CCS technology has a vital role to play in the decarbonisation of global energy
supply between now and 2050 and will have an even greater role to play beyond that,
as unconventional energy sources take on an even greater resonance. It is not a case
of if, but when these technologies are developed and the longer we wait, the more
expensive they become. These projects will only work through the sharing of
knowledge allowing each project to stand on the shoulders of the previous, in order to
develop the market.

Recently, the world's first international test centre network for carbon capture test
facilities was launched, to share knowledge and accelerate the commercialisation of
technology. The key aims of the network are: to share technological developments,
construction and operational experience, establish performance indicators, promote
technology certification and standardisation. For the first time, a collaborative
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playing field has been established allowing technologists to advance technology
innovation, secure public support for and develop awareness of CCS benefits.

It is encouraging that technologies are advancing, and that knowledge sharing is
taking place. The lead time for any new energy technology, from pilot to the
beginnings of commercial deployment and then to materiality in the energy system
(>1 per cent) typically takes some 25-30 years. That seems a long time, but the CCS
industry also has in its favour the benefit of scaling up existing methods known to the
oil and gas industry, such as amine processing. We cannot predict exactly which
technologies will be used by 2050, but what is clear is that each of the various
technology stages are vital for industrialisation, including the need for commercial
demonstration programmes.

This process begins to de-risk the technology for future business investment, bringing
some level of certainty to expected capital expenditure and ongoing operating costs.
This evolution of technologies helps to establish infrastructure, which in turn lowers
the cost for the next projects.

5000 hours and counting...

Since TCM's test activity started in July 2012, the facility has been in operation for
more than 5000 hours.

The TCM core utility infrastructure has operated with more than 98 per cent
availability and this has made it possible to supply the two absorption plants with
exhaust gas and other utilities as requested by the two technology owners utilising the
large scale test units.

TCM is currently testing Aker Solutions amine technology in the amine plant and
Alstom Chilled Ammonia technology the ammonia plant.

Once the plants were tested and accepted by TCM, each vendor is allowed an agreed
period to test and improve their technologies. The tests in the amine plant have been
performed according to the vendor's test plan, with two different solvents, including
transient tests and reclaimer operation. Similarly, testing, optimisation and
modification of the ammonia plant is on-going in co-operation with Alstom.

As well as testing technologies, rigorous air sampling undertaken during plant
operations has made a major contribution to CCS by gaining real life results from
industrial testing related to the formation, degradation and dispersion of amine
solvents. Based on the TCM programme, three scientific reports have been published,
which for the first time have independently recommended the viability of safe amine
carbon capture.

To enable technology verification, TCM's industrial-scale laboratory collects a vast
amount of data from more than 4000 measuring points connected to online
instruments. The lab tests around 100 samples each day, providing vital information
on the selection and use of amine and ammonia chemicals for absorbing and releasing
CO2 with minimum energy use. Instruments and sampling systems have been
successfully verified and optimized, which is an important achievement for
technology development and verification of CCS technologies.

A further development is that tests are soon to be performed with a solvent mix of the
amine, monoethanolamine (MEA), and water.
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An absorption process using MEA is used as a base case when different CCS
technologies are evaluated and tested. The MEA based chemical absorption process
is used as a baseline when comparing different carbon capture technologies. TCM's
MEA test will provide a new and improved baseline from an industrial size 'lab'
facility. The baseline will be valid for a variety of CCS applications, both in the
process industry and in power production.

From 2014, the next round of testing of other absorption solvents will begin at TCM's
amine plant, which is capable of processing up to 80,000 tonnes of CO2 per year.
Aker Solutions, Hitachi, Mitsubishi and Siemens have all registered their interest in
this first invitation cycle. Negotiations are currently underway to finalise the next
users. TCM 1is also offering available space designated for installing further
technology test unit(s), either for the construction of a new generation solvent test
facility, or for entirely new technologies. Companies can register their interest for
utilisation of this additional space with TCM until July 1 2013.

Vendor support for TCM

"At a time when so many full-scale projects are being delayed, the importance of
R&D, testing and demonstration is even greater. TCM is unique in a global context.
We believe TCM will play an important role going forward. The Norwegian
government involvement is essential for TCM's existence."

Tore Amundsen, chief executive of Gassnova

"Our advanced carbon capture technology is being demonstrated every day at
industrial scale with a high plant uptime and at a capture rate of the predefined 85-90
per cent. Results from emission monitoring campaigns at TCM have been excellent,
which was one of the most important issues before scaling up the technology to full-
scale carbon capture at Mongstad. We are very proud of this achievement."

Henning Ostvig, senior vice-president, Aker Solutions

"We are proud to be part of the world's most advanced test centre for development of
CO2 capture technologies. Our experiences so far with our Chilled Ammonia Process
at Mongstad have confirmed our view of the Chilled Ammonia technology as a viable
and very competitive technology."

Eric Staurset, country president, Alstom Norway

"CO2 Technology Centre Mongstad is a great asset to the worldwide CCS
community. At a time when it is proving difficult to finance a large-scale CCS
demonstration, due in part to the current economic concerns as well as uncertainty in
climate policy, TCM provides a path forward for technological innovation."
(https://www.powerengineeringint.com/articles/print/volume-21/issue-5/opinion/ccs-
edges-closer-to-commercialisation.html)

Building the next generation of energy-from-waste facilities
An increase in municipal solid waste and advancements in sustainable recycling have

led to a growing need for energy-from-waste plants. Paul Gouland explores the
challenges of delivering the next generation of large-scale projects
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Backed by increased investment under the Public Private Partnership/Public Finance
Initiative regime, the UK’s energy-from-waste (EfW) capacity has grown
considerably over the past decade, consuming around

12 mtpa of waste annually and generating some 5.57 TWh of electricity per annum,
according to a report from Tolvik Consulting.

And with 27 million tonnes of municipal solid waste and 47 million tonnes of waste
from businesses produced every year, there is huge potential for growth and further
investment in the UK waste-to-energy sector in years to come.

Despite such significant growth, the UK still falls behind the rest of Europe when it
comes to EfW. Across the European continent, there are currently 430 operational
plants providing sufficient energy to power seven million homes.

Although questions have been raised about future capacity requirements — with Suez
recently predicting a 14 million tonne shortfall in processing capability (contrary to a
Eunomia report suggesting oversupply in EfW) — a predicted annual residual waste
output of

6.8 million tonnes between 2017 and 2025 suggests there remains a strong case for
waste-to-energy facilities.

Conventional EfW technology is now well established across the UK and Europe.
However, as the processes involved with converting waste to energy continue to
evolve, so do the facilities in which they are housed. In recent years, EfW plants have
undergone a fundamental shift towards smarter, automated and more efficient
working environments.

Constructing the new breed of EfW projects in the UK and Europe brings its own
unique set of challenges. Today’s modern facilities not only house a surplus of
pioneering technology, from advanced turbines to automated material processing
equipment and combustion apparatus, but also present several trials when it comes to
their design.

Increasingly EfW plants are moving away from the traditional ‘square box’ designs
and implementing modern architecture to build eye-catching facilities, which better
depict the modern hi-tech facilities they house. This is especially the case when
facilities are located within close proximity of residential areas, such as the UK and
Europe’s highly-populated cities.

Whilst the advent of such modern facilities presents considerable benefits for the
UK’s energy infrastructure, it also brings a number of challenges when it comes to
building the next generation of plants. Modern construction companies, therefore, are
adapting their building practices and techniques to meet the demands of the smart
EfW plant.

One of the companies heavily involved in supporting the sector and delivering the
next generation of plants is Clugston Construction. The company has established a
strong track record of providing building and civil engineering services to the waste
recovery and energy sector — stretching back to the company being established in
1937 when it set up an operation to recycle waste slag from the North Lincolnshire
steel industries.
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In more recent years the company has focused efforts on the mass burn market,
working closely with French process specialists CNIM. Together, the firms have
delivered a large number of major EfW plants across the UK.

The award-winning Leeds Recycling and Energy Recovery Facility (RERF) is a
prime example of one such project. Awarded the Project of the Year at the National
Structural Timber Awards, the innovative facility features a striking 42-metre-high
arched timber frame which houses the process hall and is visible from many points of
the city.

A mix of innovative and sustainable materials and techniques are incorporated
throughout the construction and design, reflecting the environmental role the facility
plays. The

123 metre-long and 35 metre-wide timber arch, for instance, is manufactured using
Glulam laminated timber, one of the most sustainable construction materials
available, whilst the building structure, in keeping with the environmental aspects,
also includes a living green wall which is also believed to be the longest on any
building in the UK.

Sustainability remains at the very core of the building’s structure; in fact, the
construction of the site also used recycled products in its foundations. The old
concrete slabs which had been covering the brownfield site were broken up and
crushed for reuse, which saved importing new aggregate and disposing of the old
concrete to landfill, thereby cutting out hundreds of wagon movements.

Leeds RERF is more than just a remarkable architectural feat, however, with the
facility having the capacity to divert and process approximately 214,000 tonnes of
waste annually. Of this waste, around 20 per cent is recycled and the remainder
incinerated to generate up to 15 MW of electricity, exported to the National Grid. The
facility also has the potential to capture steam from the processes and provide it to
local businesses in the district.

Wheelabrator Parc Adfer EfW plant in Flintshire, North Wales, is another example of
a move towards a smarter waste-to-energy facility. Once constructed, it is expected to
process up to 200,000 tonnes of non-recyclable waste per year that would have
otherwise be sent to landfill, and to generate up to 19 MW (gross) of electricity
annually for the National Grid. It will also be capable of providing valuable steam or
heat to local industry and housing when plant operations commence in 2019.

Situated next to the Shotton Paper Mill, Clugston’s building and civil works include
construction of a 3300 m2 central process building, including a waste storage bunker
which had to be cast in situ and a tipping hall which incorporates high speed roller
shutter doors, as well as a 3722 m2 main boiler hall which incorporates bottom ash
storage, flue gas treatment, turbine hall, and associated industrial waste water pit and
electrical rooms.

Waste transported to the facility will go through an initial periodic inspection to
ensure only acceptable waste is treated. Any recyclable materials such as cardboard,
plastic or ferrous and non-ferrous metals will be removed. Following the initial
inspection, suitable waste is loaded into the energy recovery facility by overhead
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cranes and stored within large waste hoppers, from where it is fed into the integrated
fast boiler units for combustion.

Integration of the building and process equipment has been fundamental to the
construction of the facility. In order to house such advanced processing equipment,
careful consideration has to be given throughout the design and build process, not
only to ensure optimum performance, but also to safeguard employee safety.
Clugston and CNIM utilized a range of collaborative software packages and BIM
design protocols to ensure the facility not only met the requirements of Wheelabrator,
but also the 30,000-plus homes to which it will supply energy.

Following the example of many plants across Europe, the objective of the UK
government is to see EfW facilities connected to urban district heating networks.
Although it presents countless challenges for developers in terms of planning,
coordination and costs, locating EfW plants near existing or proposed heat networks,
such as industrial and commercial sites, also presents countless opportunities — as
demonstrated at Wheelabrator’s Kemsley plant in Kent.

The new advanced plant is designed to process up to 550,000 tonnes of residential
and business waste fuel annually — which would otherwise have been sent to landfill
or pre-treated and then exported to European EfW plants — generating up to 50 MW
(gross) of clean, renewable energy to power UK homes and businesses. The
electricity generated is then exported to the National Grid transmission network with
renewable steam supplied directly to the adjacent Kemsley Paper Mill, owned and
operated by DS Smith. This will help to reduce the mill’s reliance on fossil fuels, as
DS Smith looks to decarbonize the production of recyclable packaging for the retail
industry.

At Kemsley, Wheelabrator sought to utilize the latest advances in technology within
the facility. As such, the plant will incorporate a two-line moving grate with a
combined thermal combustion capacity of 100 MW.

Whilst the core elements of EfW plants are relatively consistent, the required process
capacity, site constraints and local planning all impact the layout and building design.
As a result, no two facilities are the same, with several eye-catching architectural and
structural solutions recently being constructed.
(https://www.powerengineeringint.com/articles/print/volume-26/issue-
6/features/building-the-next-generation-of-energy-from-waste-facilities.html)

Data centres: planning for power

The charge towards the cloud has helped fuel substantial growth in new data centre
developments as well as expansion of existing facilities around the world.
Centralization, shared services and economies of scale are the name of the game now.
That means even the largest of organizations need to build or leverage large data
centre facilities to unlock savings or make use of processing and storage on-demand.
The modern data centre is therefore tasked with two key roles: delivering a
seemingly-unending level of capacity; and maintaining high levels of operating
performance.
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Whether you are charged with building or remodelling a data centre exclusively for
your organization, or doing the same for a larger shared services facility with
multiple tenants, the same considerations apply. Planning is critical to ensure that you
have and can deliver the capacity that people need, when they need it. Moreover, that
you can deliver the performance levels expected, be that fast storage or processing
horsepower, or simply the speed at which you can provision services when requested
by a customer.

Modern data centres are vast and contain a substantial amount of technology. Yet the
space is finite and there are thresholds that ultimately impose hard limits on just how
much can be held inside one facility, and how the contents can operate effectively
24/7.

True capacity planning means being able to crystal ball gaze and predict future IT
needs — what the data centre must provide in CPU cycles, storage, space, and power
in order to support the business or, in the case of a shared services facility, support a
broad range of clients scaling up and down across the year.

The latter is the real challenge. With a constantly fluctuating overall customer base,
each with fluctuating demands, a degree of over-specifying of resources is needed to
ensure enough of a reserve is on-hand when customer demand jumps, but not so
much that if customers scale back, you as the data centre operator are left nursing
costly over-capacity and recurring bills for bandwidth, energy, as well as the physical
cost of unoccupied floor space.

Performance management

Data centres are growing in size and number in all markets, but particularly in the EU
where existing and forthcoming legislation is having a profound impact on where
data is stored. In-country data storage is creating substantial demand for additional
data centre capacity across the region, particularly in markets such as the UK and
Germany. This also means there is high demand for additional energy to power these
data centres and the hardware sitting in them.

Compounding the challenge is the fact that as data centre demand and new site
construction is sky rocketing, energy networks across Europe and elsewhere are
under their greatest pressure to service demand.

There is only a finite amount of power available in a local electricity sub grid,
potentially limiting the scope for a data centre to draw down as it reaches full
capacity. In order for a local power provider to maintain continuity of service to
everyone on the same subnet, including homes, hospitals and street furniture, a data
centre may well find itself at the back of the power queue unless it has its own
generating capability in the form of solar, wind or standalone generators.

With power demands growing, the extremely small margin for overcapacity in most
electricity markets may not be able to fully satisfy the needs of the data centre,
hampering business as well as operational performance.

Power needs

The peak power consumption of a data centre is a key consideration when
architecting everything from the cabling to networking infrastructure, to how many
server racks you place on each floor or segment of the facility. Get it right, and you
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will ensure that the facility can scale without interruption. Get it wrong, and you will
fight a constant battle between a shortage of power and an inability to keep the
facility cool enough to operate, itself putting further pressure on power needs and
operating performance.

It is also a reason why deploying the latest, energy-efficient infrastructure technology
is factored into capacity planning. Doing so will ensure energy use is as low as
possible. Modern switches and interconnect technologies are now delivering
substantial advances in power use, enabling them to deliver substantially lower power
consumption per port or per Gb compared with previous generations of the same
hardware.

Meticulous power performance monitoring and planning is needed because electricity
generating capability across Europe is actually falling. This is due to the
decommissioning of coal-fired power stations. The exception is France, which
remains largely reliant on an established nuclear power programme and therefore has
a much lower exposure to fossil fuel-based electricity generation.

This move away from coal, intended to improve air quality, is removing electricity
generating capability from Europe’s major nations at a rate faster than nuclear, solar,
biomass, wind and wave power can fill the void.

For example, in the UK, generating capability has been steadily declining for over a
decade. In 2014, data from the Department of Energy and Climate Change showed
total electricity production stood at 335 TWh, while consumption was 302 TWh. This
is down from peak generation of 385 TWh against consumption of 285 TWh in 2005.
Add to this that energy prices have risen steadily from 2010. For data centres, this
represents a major OpEx challenge to overcome and a dwindling level of grid
capacity nationwide that can be leveraged for new and expanding facilities.

Data centres are not the only energy consumers having a big impact on local and
national power infrastructure load. Everything from the growing Internet of Things to
smart motorways are putting pressure on power grids.

Application performance

Any data centre ops team needs to focus on ensuring the performance of what is
being served from the facility, whether its running on the customer’s own hardware,
or rented hardware provided by the facility itself. Maximizing the performance of
cloud or private applications while maximising the use of available infrastructure.
Every activity that is undertaken in a modern data centre including provisioning,
monitoring, capacity management, and automation supports this goal.

With the advent of widespread server virtualization, the process of provisioning,
deploying and configuring a server resource is increasingly a software action, rather
than that of physically installing a server in a rack.

Nonetheless, the rise of virtualization has implications for data centre operators.
Densely packed racks of physical servers all running at 100 per cent load, each with
multiple virtual instances in play, will test any facility’s ability. Be it to maintain
operating temperature, deliver energy as well as ensure enough bandwidth is coming
into the building to service traffic to and from those servers.
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Tools for capacity planning

Capacity planning tools are essential for today’s data centre operators to help them
calculate the resources and power draw that a data centre will require, based on
current and future projected use.

The tools for the job range from simple Excel spreadsheets to custom 3D renderings
of the data centre floor map, complete with automated asset discovery, integration
with power and cooling systems and other sensors around the facility. Sophisticated
capacity management tools can even suggest outsourcing options when major power,
space and cooling upgrades to the physical site are cost or time prohibitive. The same
tools can also be used to provide information to customers of shared data centres,
helping to automate some of the management of collocated hardware, or provisioning
of virtual services on rented hardware.

Going forward, new and revamped data centre facilities need to be carefully
architected to make most efficient use of the available resources. Alongside this,
operators must ensure that high-energy functions such as cooling are up to the task.
Most critically, communications infrastructure will operate 24/7/365, with customers
and end users expecting a consistent and high degree of operating performance and
data throughput. This can’t be compromised by overheating servers, power outages or
an inability of a customer to scale up their installation on short notice to address a
spike in demand.
(https://www.powerengineeringint.com/articles/2018/08/data-centres-planning-for-

power.html)

South Korea flies flag for fuel cells

Korea’s enthusiasm for fuel cells continues unabated, with domestic and international
providers prospering in the market.

In economic terms, South Korea is a country quite unlike any other.

A largely agrarian economy until the middle of last century, the rise of its trillion
dollar economy has been described as a miracle. Korea has become an economic
superpower, propelled forward and upward by its leadership in electronics and
semiconductors.

Now South Korea can claim another distinction: it is the new world champion in
deployments of fuel cells for utility-scale power generation.

By latest estimates, its six generating companies have deployed almost 300 MW of
fuel cell power to date, including the world’s tallest, most energy-dense, and largest
fuel cell parks.South Korea flies flag for fuel cells

The national fuel cell boom has its origins in Korea’s Renewable Portfolio Standard.
The RPS required all GenCos and Independent Power Producers with more than 500
MW of generating capacity to increase the proportion of power derived from
renewable and ‘new’ technologies (including fuel cells and batteries) from 2 per cent
at the start of this decade, to 10 per cent by 2023.
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Responsibility for implementing the RPS has fallen to Korea’s six generation
companies, and the race between them to claim credits and avoid penalties, has given
rise to some highly creative power projects.

For example, KOEN (formally known as Korea Southeast Power Company) recently
built a triple-decker fuel cell park in Bundang, 25km to the southeast of Seoul. The
park claims to be the world’s most energy-dense power plant.

Colloquially known as the Bundang ‘Power Tower’, the design of the fuel cell park
pays homage to neighboring high-rise residential apartments in what has become one
of Seoul’s most desirable exurbs.

The installation also claims another first: it is the first deployment of Solid Oxide
Fuel Cell (SOFC) systems in the country, featuring 8.35 MW of SOFC-based Bloom
Energy Servers.

The ambitious project is not out of character for KOEN, which is regarded as one of
Korea’s most progressive GenCos. KOEN has led in the adoption of robotics,
artificial intelligence and other emerging technologies, which Korea refers to as the
‘Fourth Industrial Revolution’.

While the country’s love of technology has certainly inspired its leadership in the fuel
cell domain, Korea’s unique economy, topology, connectedness, and energy sector
structure have also all contributed greatly.

Korea is the most densely populated of the world’s major economies, with more than
fifty million people inhabiting just 100,000 square kilometers, an area about the size
of Kentucky or Iceland.

Its electricity consumption in kWh per capita is the highest in Asia, rivaling the US,
and far exceeding that of France and Germany.

The day-to-day lives of Koreans are digital and power-hungry. Its population is one
of the most connected: 85 per cent are online, and 88 per cent have a smart phone —
the highest penetration in the world.

The price of real estate in the country factored significantly into the design of the
Bundang Power Tower, which had to be deployed within the footprint of KOEN’s
existing combined thermal power plant.

To achieve the sought-after capacity within that footprint, the only way was up, and
designers SK Engineering & Construction created the three-story structure to meet
the challenge.

The KOEN Power Tower generates 1.34kW per square foot, or approximately one
megawatt for each 787 square feet, a stunning advance of 3X in energy density versus
the world’s newest and most efficient combined cycle gas turbine plants.

To be clear, gas-powered centralized generation — as well as coal power - remains an
important source of electricity in Korea. The country generates about two-thirds of its
power from fossil fuels, and one third from nuclear power, according to KEPCO, the
national utility.

However, two events in the country’s recent energy history have accelerated the
major overhaul of energy strategy.

In late 2012, several incidents of falsified nuclear power plant components emerged,
fueling considerable anti-nuclear sentiment in a country that was already on alert
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following the Fukushima nuclear disaster in neighboring Japan.South Korea flies flag
for fuel cells

It was no surprise when a national energy plan unveiled in 2014 lowered targets for
nuclear capacity.

Concurrently, Korea’s economic miracle had earned it a new, unwanted accolade: the
country had become one of the world's top ten polluters, according to Reuters.

Its new energy plan therefore also promoted measures to reduce greenhouse gas
emissions and fossil fuel imports by encouraging greater demand-side management,
energy efficiency measures, and use of renewable and new energy technology.
President Moon Jae-in’s plan quickly became known as the ‘30-20° plan by which
Korea would seek to increase the amount of power it generated from renewable and
new sources to 20 per cent by 2030.

So, why fuel cells? Well, remember that high population density? Korea is an
extremely hilly and mountainous country, with only about 30 per cent of its area
considered lowland. Its terrain and corresponding high property development costs
make it largely unsuitable for large scale solar PV and wind power deployments.
Korea’s RPS has therefore provided the greater credits to GenCos for the deployment
of energy-dense solutions, such as fuel cells and energy storage systems. GenCos
receive twice as many RPS credits for fuel cells as they would for the deployment of
solar PV.

Korea’s ubiquitous and well-maintained natural gas infrastructure has also supported
the rapid proliferation of fuel cell projects.

While the rapid growth of the country’s fuel cell sector has provided valuable energy-
dense solutions to Korea’s rising energy demand, it has also delivered notable
opportunities for the world to evaluate the promise of each of the three main types of
fuel cell technology.

All of the main types of stationary fuel cell have fundamentally the same promise: to
generate electricity (and sometimes heat) from an electrochemical reaction between
natural gas or hydrogen, and oxygen, without combustion. With efficiencies of
approximately 60 per cent, the systems are energy-dense, and generally have lower
greenhouse gas emissions than legacy fossil-fuel based generation.

It is the variations in the type of electrolyte used by the major fuel cell producers
which impacts their price, performance and operating reliability.

For example, Solid Oxide Fuel Cells such as those deployed at Bundang generally
operate at higher temperatures than other fuel cells, but also have the advantage of
achieving the highest efficiency in terms of converting fuel to electricity, at up to 65
per cent.

The Gyeonggi Green Energy fuel cell park — a flagship project built by POSCO
Energy in Hwasung City - uses molten carbonate fuel cells (MCFC). MCFCs have
efficiencies in the high 40 per cent range, and can run on a variety of fuels, including
coal-derived fuel gas, methane or natural gas, eliminating the need for external
reformers. While MCFCs tend to have a lower upfront capital cost, their stacks tend
to have a shorter life expectancy.
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Meanwhile, the 31 MW fuel cell park developed by Korea Hydro & Nuclear Power
to power 71,500 homes in Busan was built using phosphoric acid fuel cells (PAFCs)
provided by Doosan. Like MCFCs, PAFC’s have the benefit of being a source of
both heat and power. However, fuel cell research firm Fuel Cell Today, describes
PAFCs as having “lower efficiency than other fuel cell types in producing
electricity”.

A combination of capital cost, operating efficiency and fuel cell life expectancy
seems most likely to determine the long-term winners and losers in the Korean fuel
cell market.

In a country with no domestic gas supplies, where 100 per cent of fuel is imported as
LNG via tankers, efficient use of fuel certainly matters.

However, fuel cell life expectancy has recently emerged as the most critical
determinant of project success or failure.

For example, in a February 2018 article, Korean business newspaper DK Ilbo
reported that of the 21 fuel cell units POSCO supplied to the Gyeonggi Geen Energy
project, in less than two years, one third had stopped operating and required
replacement.

The MCFC technology that POSCO had developed in Korea had failed to deliver the
economically-critical five years of guaranteed quality, hurting the economic return of
several POSCO fuel cell projects.

DK Ilbo reported that as a result of having to replace stacks prematurely, POSCO
recorded a loss of 235.7 billion Korean Wan since 2014.

Not long after news of its losses emerged, POSCO announced that it would end its
relationship with a US MCFC fuel cell maker and exit the fuel cell business entirely
during 2018.

POSCO’s exit was certainly notable, but its MCFC performance issues seem to have
been unique to the GenCo’s technology choice. Korea’s enthusiasm for fuel cells
continues unabated. Several domestic and international providers continue to prosper
in the market.

The enthusiasm of those vendors will no doubt be buoyed by the Ministry of Trade,
Industry, and Economy’s 8th Electricity Supply Demand Plan which calls for
expanding fuel cell deployments from today’s ~300MW level to some 800MW by
2022.
(https://www.powerengineeringint.com/articles/2018/08/feature-south-korea-flies-
flag-for-fuel-cells.html)

Green and economic credentials set to win wider audience for Ener-Core’ Power
Oxidizer

A recent meeting between Mike Cormier and a Manager at one of Los Angeles’ 14
Air Quality Management Districts (AQMD) is instructive in understanding not just
the incredible qualities of Ener-Core’s new Power Oxidizer technology, but also how
much the product’s backers have to do to get the message out to the right audience.
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“I was talking to him about the project and he kept staring at me until eventually I
asked him if there was a problem,” says Cormier, Director of Sales for the KG2 Gas
Turbine and Power Oxidizer technologies for Siemens’s Dresser-Rand business.

The AQMD Chief said, ‘there’s no problem, this is just too good to be true.’

“I said I agree - making power with less than 1ppm NOx, and with no post-exhaust
treatment is pretty amazing. He replied that in his territory alone they have hundreds
of flares. What we’re hoping is once we get some hours on the reference units this
will take off; as it’s a power-generation solution that can literally eliminate flares.
While the technology now has a high profile reference case in the Pacific Ethanol
Stockton 60 million gallon per year ethanol plant in Stockton, CA, it shows just how
hard companies have to work to drive interest in a new technology, when its merits
seem relatively obvious.

The conservative nature of the power industry means, regardless of the claims being
made for the technology, they want to see a longer-term proof of it working in the
field before committing.

To summarize, Ener-Core’s Power Oxidizers are designed to replace the traditional
gas-fired combustion chamber within) gas turbines. The resulting gas turbine solution
enables industrial sites to convert their low-quality waste gases directly into useful
clean power.

Under a license agreement with Ener-Core, the Power Oxidizer technology allows the
Dresser-Rand business, part of Siemens Power & Gas, to provide industrial clients
with a first-of-its-kind solution as a combined system with its KG2-3G gas turbine
that can substantially reduce their purchases of energy from the grid while also
reducing carbon and nitrogen oxide (NOx) emissions, and reducing the typical costs
of running a pollution abatement system (flares, and others).

Right now, it’s a proven technology with a high profile client. Once it becomes more
established at that client, Cormier expects to see momentum in its fortunes.

“While we were building the Pacific Ethanol project we were also developing post-
sales customers who are anxiously awaiting results and they’re going to see them
now,* Cormier told Decentralized Energy.

“While no decision has yet been made, we are taking a look at the market and seeing
if there is a need for the Power Oxidizer in larger gas turbines. Right now we are
offering it at a 2 MW level and there is certainly a market for it at that size, though
we’re not yet sure just how large the market will be for larger units.”

Industry versatility

While internal research continues into the suitability of the Power Oxidizer integrated
within larger gas turbines, the Dresser-Rand business team is promoting the 2 MW
standard to clients across a broad range of industries, many of whom are, up until
now, oblivious to its virtues, but ideally placed to benefit greatly from its application.
“We are currently promoting it to landfills, wastewater treatment plants, and
pharmaceutical companies among others that generate waste gas. There is also the
automotive industry where they do a lot of high-volume painting and with this new
solution, gas from the waste fumes can be used to generate power. This is uniquely a
solution for using low quality waste gas fumes, but one of the challenges with new
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technology is client references. Everyone wants to see performance data for already
running units.”

“With it now under commissioning (at Pacific Ethanol) to make power and steam, we
want to make use of this reference and establish a good size installed base. After that
we could look at expanding up to the next size (megawatt turbines).”

Apart from the usual difficulty in bringing a new product to market, are there any
other reasons that might explain why this product hasn’t been heralded more?

“We’re focusing on customers that have waste gases that they have little or no other
use for. It’s a matter of how much waste gases a customer generates, and you
certainly have to have enough to operate the unit, which is what motivated Pacific
Ethanol to install at its Stockton ethanol plant.”

The Sacramento-based company has enough waste gas to operate approximately 6
per cent of their required gas requirements. Pacific Ethanol Stockton purchased two
power oxidizers connected to two 1.8 MW combustion turbines with heat recovery
steam generators and supplement a waste gas stream with natural gas. This creates a
benefit to reduce operating cost of fuel supply, displacing expensive electricity
purchases from the utility, producing low NOX electricity, and shutting down their
previous pollution abatement system.

“If they’re using 6 per cent less fuel in their gas turbine they’ll still save a lot of
money because once you get any type of gas turbine installed, whether it has a Power
Oxidizer or not, your largest operating cost is fuel. In fact, it’s fairly well recognized
that 66-70% of the total life-cycle cost of a gas turbine is the cost of fuel, whereas the
capital expenditure for the turbine only represents approximately 20-25% of the total
life-cycle cost.”

International opportunities

The Dresser-Rand business is keen to take the KG2-3G Power Oxidizer system into
international markets. Even though ethanol is an area of breakthrough, that industry is
relatively limited in the US.

Landfills are certainly a great fit and are numerous throughout the world. Although
Europe, for example, is moving away in favour of digesters, landfills continue to
produce gas for around 100 years after they are closed. Digesters also work well with
the Power Oxidizer technology.

“Once you close a landfill, you’ve got enough volume of gas to operate a gas turbine
or gas engine but only for a limited period of time — there is only enough high-quality
methane for a minimal number of years after closure; whereas this technology can
enable a closed landfill to continue generating power for decades.”

“It can operate on very low energy fuels and the initial reviews show that we can
extend the life of the landfill for producing electricity for probably 50 or 60
additional years beyond what a standard gas turbine or reciprocating engine is able to
do. That’s just free energy - 100 percent free gas that can be used productively to
generate power with low to no emissions instead of flaring it off.”

Environmentally and economically the product makes sense. When Power Oxidizers
are installed, flares can be shut off and the client can make electricity with
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substantially less NOx emissions.- They are reducing emissions while simultaneously
producing electricity, something a flare won’t do.

ENER-CORE CHP from above

Similarly with the more prevalent digesters available today, the Power Oxidizer can
use the waste gas produced and make electricity with ultra-low emissions.

“Pretty much every wastewater treatment plant around the world is using digesters
now and those digesters are also forming gas that we can use in the Power Oxidizer
and the beauty of it is that the Power Oxidizer is more tolerant to the H2S being
generated in the digesters, so customers can potentially reduce the cost of clean-up. If
you have H2S and you oxidize it, it turns into SO2 and SO3. You decide whether to
take the H2S itself and the customer starts to have some options they can look at
because fuel gas clean up can be incredibly expensive.”

One recent example of where the Power Oxidizer was trialled by Ener-Core involved
a landfill in the Netherlands where a 250 KW microturbine was utilised to good
effect.

The available energy at the landfill was no longer enough to run the reciprocating
engines, which would continually shutdown due to the low-quality of the gas. The
installation of the Power Oxidizer allowed for re-commencement as it was capable of
using the available lower quality gases.

Cormier says the potential for the Power Oxidizer technology may not remain under-
appreciated for very long.

“I think people don’t realise how much waste gas is out there, not just in North
America, but throughout the world.”

“What we, as a global society, are either flaring or venting into the atmosphere can be
used to power the whole USA. We are trying to be as environmentally friendly as we
can, but we are ignoring this potentially huge stream of waste gas, and are not
realizing the significant benefits as we could.”

“The fact is emissions are much higher from flaring than using a Power Oxidizer to
eliminate those emissions, and the Power Oxidizer actually generates valuable
energy, which results in a much more interesting equipment investment than an
investment with associated flaring which is wasteful and adversely impacts the
environment.”
(https://www.powerengineeringint.com/articles/decentralized-energy/2018/05/green-
and-economic-credentials-set-to-win-wider-audience-for-ener-core-power-
oxidizer.html)

How energy bosses are underestimating the potential of intelligent automation

The global energy and utilities sector is embracing the use of intelligent automation,
particularly artificial intelligence — but executives are still underestimating its full
potential.

That’s the verdict of the Capgemini Research Institute, which surveyed more than
500 energy business bosses and found that nearly half of them have under-estimated
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the benefits they derived from their intelligent automation initiatives, while only 18
per cent are deploying quick-win use cases.

And just 15 per cent of those surveyed said their company is deploying multiple
intelligent automation use cases at scale.

“Having tasted the benefits of automation, energy and utility companies must now
redouble their investment to reap the full rewards,” said Philippe Vi¢, Global Head of
Energy & Utilities at Capgemini.

A report based on the survey results highlights that the traditional energy and utilities
business model is under pressure worldwide, with technological changes and
increased competition making their presence felt. It cites that automation and Al will
also be instrumental in helping these companies to meet climate change goals and the
growing demand for clean, cheap, reliable energy.

The report also shows significant regional and sub-sector disparities in the scaling of
automation. In the US, 23 per cent of energy and utility companies have deployed
intelligent automation initiatives widely at scale, as have 16 per cent in both France
and India, compared to just 8 per cent in the UK.

Capgemini says that while the sector is deriving significant value from intelligent
automation compared to other industries, “scaling, seizing quick-wins and
overcoming the critical digital skills gap will be key to bringing it into the
mainstream”.

Philippe Vié said that the energy and utilities sector “is already seeing the difference
that intelligent automation can make in improving business efficiency, customer
satisfaction, and revenue. Executives are quite rightly making the deployment of
automation one of their top priorities.”

However, he added that the focus must now “shift to the factors that will enable the
scaling of multiple use cases including an investment in specialist talent, more
integrated co-ordination between business units, and a stronger commitment from
leadership.”

The study surveyed 529 leaders at manager level or above in energy and utility
companies based in the US, Germany, India, the UK, France, Netherlands and
Sweden. It found that the sector is already seeing significant value from automation,
in terms of boosting operations, topline growth and engaging customers, compared to
other industries. A consistently higher percentage of executives in the energy and
utilities sector said they’d achieved benefits from their intelligent automation
initiatives compared to the response for ‘all sectors’.

Abhijeet Bhandare, Chief Automation Officer at GE Power, explains. “We have a
very clear filtering criteria defined for automation use cases. We have close to 200
automation ideas in the pipeline, and on average about 50 per cent to 60 per cent of
them will be rejected. It is important to focus your attention on the remaining 50 per
cent, as they will give you the most value. And you must have the right criteria —
whether it is value, efficiencies, cost savings or the opportunity cost. Organizations
should focus on quality over quantity of use cases.”

In core functions, Capgemini found that only 18 per cent of energy and utility
organizations are deploying quick-win use cases — those that are low on delivery
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complexity but high in terms of benefits achieved, such as forecasting, energy
trading, yield optimization, grid behavior interfaces and complaints management.
Instead, just over a third of the energy and utility organizations are focusing their
efforts on use cases that are easy to implement but which have a low-benefit upside.
And while overall adoption of Al has matured in the sector, with 52 per cent of
respondents having deployed a number of use cases, only 15 per cent of executives
said their company was deploying multiple intelligent automation use cases at scale.
Business-related challenges were cited by respondents as barriers to scaling,
including a lack of co-ordination across different business units, a lack of leadership
commitment, and an organizational reticence to experimenting with technology that
could replace human workers.

Many executives also pointed to a shortage in skills as a challenge. Some 55 per cent
cited a lack of talent skilled in automation technologies, with 47 per cent identifying
limited efforts to reskill employees, 42 per cent the difficulty of retaining employees
with the right skills, and 41 per cent employee resistance to learning new skills.
(https://www.powerengineeringint.com/articles/2019/06/how-energy-bosses-are-
underestimating-the-potential-of-intelligent-automation.html)

Digital transformation puts clean energy goals within reach

In March 2017, power generated from the sun and the wind reached a significant
milestone in the US. For the first time ever, solar and wind energy accounted for 10
per cent of the country’s electricity generation (8 per cent wind and 2 per cent solar),
according the US Energy Information Administration.

According to the Solar Energy Industry Association, installation of solar generation
capacity has grown at an average annual rate of 54 percent since 2006, while solar
costs have come down 70 per cent since 2010, making them increasingly cost
competitive with other resources. That’s why nearly 60 per cent of installed solar
capacity last year was utility-scale. It’s also why some industry projections have solar
and wind generation surpassing coal and nuclear on a combined basis as early as
2030.

These numbers and trends should not come as a surprise to anyone. The more
pressing topic is how utilities are going to evolve their planning, operations and
business models to enable this profound change and turn it into a growth opportunity.
Of course, solar and wind energy come with three key challenges. First, they are
intermittent, when the sun sets or goes behind a cloud, or the wind stops blowing,
there’s no production, affecting up to 100 per cent of capacity for these resources.
Second, these resources tend not to be co-incident with peak load. And lastly,
significant resources are often located long distances from the loads they serve. While
10 per cent renewable penetration is proving entirely manageable, 30, 40, and even
50 per cent penetration (the goal of many state-level renewable portfolio standards)
compounds the challenges. These challenges can be organized into three broad
categories:
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Forecasting: In an electricity market rich in renewables, it’s difficult to overstate the
importance of an accurate and timely demand forecast. The technical stakes (grid
stability and power quality) and the economic stakes (the costs of procuring and
summoning alternative generation resources) are significant. Accurate forecasting,
including the system-wide and localized impacts of distributed generation, on a daily,
hourly and even on a near-real-time basis in some cases, becomes an operational and
business imperative. Thanks to high-resolution data sets, better algorithms, and
statistically adjusted end use modeling tools, it’s now possible to gather and apply
this business intelligence at both bulk power and distribution system levels,
significantly mitigating these risks.

Operations: To manage the challenges posed by intermittent and distributed energy
resources, distribution utilities are going to need to extend visibility, intelligence and
control to the edge of the grid. That means deploying connected, intelligent and
secure devices -- from distribution automation equipment, to grid sensors to smart
meters — ubiquitously throughout their networks. This includes enabling IoT
capabilities such as distributed computing, artificial intelligence and machine
learning to not only sense changing grid conditions and load volatility in real time,
but to quickly take appropriate and coordinated corrective action in an autonomous
manner. These capabilities will be critical to managing an increasingly distributed
and intermittent resource portfolio.

Planning: After rising continually over the past two decades, investor-owned capital
expenditures are projected to level off and even trend downward a bit in the next few
years. That has big implications for grid planning. Depending on the location, you
can either create problems or solve problems by deploying DERs. Ultilities are going
to have to migrate from a static to a dynamic grid planning approach that accurately
reflects the impact and business value of renewable energy based on location. This
will require utilities to adopt new planning tools and high-performance computing
capable of modeling grid behavior and DER impacts on a system-wide and localized
basis, along with business case models that capture the true value of renewables
across a full spectrum of metrics. This will enable utilities to transition from
mitigating renewable impacts to actually leveraging these assets to improve grid
resiliency and reliability.

The evolving role of the CI1O

In meeting with our utility customers, I often discuss how the role of the chief
information officer is evolving closer to that of a Chief Digital Officer or “CDO,” and
how their organizations will benefit if they embrace the role. Computing resources
and traditional IT functions are increasingly becoming commoditized, and as a
byproduct so is the traditional role of the CIO, whereas technology investments are
increasingly being applied to the front office or at the point of customer experience
where it’s literally helping the business transform to service new markets and
products.

The management of horizontal and commodity IT services is increasingly an exercise
in strategic supply chain management. With the advent of cloud computing (aka
“utility computing”) there are a plethora of technology options that will drive down
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costs, increase uptime and enable CIOs to use the savings to self-fund new
technologies that drive new business initiatives. Embracing these mediums to save
money and spend it more wisely in new ways will impact the business materially.
And there’s some irony in the fact that utilities are slow to embrace a business model
(commoditizing of traditional IT and computing services) that their contemporaries in
other markets have mastered over the course of decades to create headroom for new
technology investment that increases business agility and enables more high-value,
service-oriented offerings. Renewable energy represents an opportunity for utilities to
re-invent themselves, redefine their growth strategy, and create new value for their
customers and their shareholders.

Utilities can learn from digital transformation efforts in other industries

There’s a playbook for this digital transformation. Many other sectors, their business
models disrupted by new technology, innovation, and latent customer needs, have re-
imagined their businesses and applied technology and data to drive new growth.
We’ve seen it in banking, telecom, retail, and investing. I’'m seeing more and more
utilities charter cross functional working groups focused on developing new revenue
streams, bringing new products and services to market, and turning the threats posed
by customers generating their own power into growth opportunities by leveraging
their brand as trusted energy advisors.

The characteristics of renewable energy require change: putting in place the
technology, operational procedures, planning processes, and regulatory and policy
reform to assure that the costs and benefits are allocated appropriately across the
stakeholder community. Digital transformation of the utility represents the most
important and fundamental step of harnessing the value these clean energy resources
offer. Let’s begin the journey.
(https://www.powerengineeringint.com/articles/2019/01/digital-transformation-puts-
clean-energy-goals-within-reach.html)

How will the energy landscape change in 2019?

It’s 2019 — that’s nearly 2020! It doesn’t seem long ago that the EU was setting what
seemed like fairly radical targets for 2020; for decarbonization, for renewable energy
use and for energy efficiency.

However, time runs fast and looking back, it was 12 years ago in 2007. Despite the
good work by EU member states, concerns over climate change are growing and the
expectation is these concerns will grow faster in the coming year.

Now we often talk of the three Ds of energy; decarbonization, decentralization and
digitalization (sometimes a couple more Ds are added for good measure; deregulation
and democratization). Do these three Ds have the same imperative?

Decarbonization of the power sector still seems fairly clear — the options haven’t
changed so much; energy efficiency, renewables, nuclear and CCS. Although, the
costs and policies have changed enormously over time and renewables have made
great advances.
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For 2019 we can expect to see further advances and more geographies around the
world in which renewables can out-compete traditional forms of generation and face
the market more and more. This means renewables developers and investors getting
comfortable with more market and less regulatory risk.

Decentralization and digitalization

Decentralization means different things to different people. For some its behind-the-
meter investment, for others its generation and storage embedded in distribution
networks. The drive for renewables produced a lot of energy from the latter as
onshore wind and solar PV took off.

This decentralization trend is set to continue next year with a return in some countries
to onshore wind. More battery storage will be built and it will be performing different
roles. The first wave of batteries was fulfilling near instantaneous response
requirements, but as that is saturated, batteries will provide response more generally
and play a role in alleviating grid constraints. But pure energy arbitrage opportunities
are some way off requiring greater levels of renewables on the system.
Behind-the-meter investment will continue into generation and storage but, as tariffs
structures are reviewed and amended to be more cost-reflective, then care will be
needed when making long-term investments. But decentralization is not an objective
in itself, it is an outcome.

When thinking of the end user more corporate PPAs are expected, although solutions
will need to be found to manage counterparty risks if these are going to form an
enduring option for bankable renewable investments. In addition, some corporates
need to understand better what they are signing up to. Ultimately it comes back to the
market.

And so inevitably to digitalization

Over our working lives, change from digitalization has always been there. Laptops,
email, the internet, vast improvements in computing power; plus and an increasing
reliance on algorithms and access to more data than we can manage. And now the
extremely high interest — and some would say hype — in digitalization.

But perhaps one’s hope should be tempered by, for example, the utilities failures in
the past to combine and manage simple customer data and billing systems adequately.
What will they make of big data?

In last year’s article looking to 2018, Steve Martin of GE quoted the IEAs
Digitalization and Energy report as saying that digitalization could save 5 per cent of
annual power generation costs.

Given the fall in renewable and battery technology costs we’ve witnessed, this
doesn’t sound very exciting; nor in the light of increasing volatility of commodity
prices. Perhaps those technology cost falls have themselves have resulted from
greater digitalization, but does that make the energy sector largely a recipient rather
than a participant in the digitalization journey?

What can we expect from digitalisation in 20197

The step-change that we see is two-fold: on the one-hand, computing power
increasing and enabling greater levels of Al and machine learning; and secondly, the
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amount of data available for those computers to analyse. These two combine to mean
that better decisions are made and are also automated.

These are the key areas we expect to see further progress in 2019 in digitalization in
energy:

Fault prediction and dynamic maintenance: This is one of the clearest uses of Al
which enables operators to predict equipment failures by using sensor data from
various units to significantly reduce their costs of downtime and maintenance. Poyry
has an offering for this called KRTI4.0. On the retail side, a startup Verv is offering a
meter device which identifies individual home appliances and tries to predict faults or
a device being accidentally left on by building up individual profiles from the meter
data.

Investment optimisation: BP’s venture arm invested in an Al startup called Beyond
Limits to dig through seismic images and geological models to increase the chances
of success when drilling wells. Another example of longer-term investment decisions
is the US Department of Energy project where machine learning is being used on
satellite imagery and operation data to prioritise reinforcement at vulnerable points of
the grid to improve resiliency.

Energy efficiency: Deepmind, which is a part of Google, has championed the use of
Reinforcement Learning to reduce energy use in its data centres by a claimed 15 per
cent. The model learnt by looking at years of operational data and then issued
changes to individual units within the operating constraints of the plant.

Better prediction: Deepmind is also currently in talks with National Grid of the UK to
better forecast demand of the system with the stated goal of reducing the entire
country’s energy usage by 10 per cent. Another example is improved prediction of
wind power production to reduce imbalance costs by 50 per cent which was achieved
by a company called Swhere.

Trading: According to the FT, systematic and algorithmic trading now account for
nearly 60 per cent of the traded volume on just the CME energy product group —
highest level of any commodity group. Anecdotal evidence from mid-2018 is that
over 50 per cent of trades on the EPEX Spot intraday market are algo-trades
(although the total volumes are still smaller than trades executed by human).
Sophisticated machine learning models are also being deployed by speculators which
are relying on large streams of diverse data to respond to the market changes quickly.

A more commercial example is Origami Energy using machine learning to predict
asset availability and balancing mechanism market prices in near real time to
successfully bid into the Frequency Response markets. Poyry is exploring a deep
learning algorithm to support trading and dispatch decisions for generation assets in
the prompt trading markets, focusing on the issue ‘when should I commit a trade’ (to
maximise the option value of flexible capacity).

Retail: retailers are using machine learning to understand patterns of customer
behaviour, to attract and retain customers and even to predict bill (non)-payment.
Customer call centres are being fronted by algorithms which chat to customers
(verbally or online) and deal with queries.

96



Customers: For customers, Al solutions are also gaining traction, and many retailers
are offering these systems as part of an integrated package. Devices such as
Amazon’s Alexa enable the customer to seamlessly interact with their thermostat
(such as Centrica’s Hive). This increasing customer interaction with the device leads
to the development of a more personalised usage profile, which reduces bills for the
consumer and also helps the energy provider to accurately forecast demand.

It would seem then that the digitalization opportunities in energy are large. It will be
a vital enabler of decarbonization is some areas in the future such as flexible demand
shifting to meet supply.

The opportunities available rely heavily though on sufficient volumes of good quality
data being available. So, expect more sensors and more data acquisition throughout
the energy sector in 2019. And in time with growing autonomy expect the focus to
switch to the appropriate monitoring, alerts and controls.

As succinctly put by computer scientist Andrew Ng: “Al is the new electricity —
enabling us to do more.”
(https://www.powerengineeringint.com/articles/2019/01/how-will-the-energy-
landscape-change-in-2019.html)

Emerging digital patterns for the next-gen energy market

This article discusses the emerging design patterns for the next-gen energy market
and carbon energy tokens, all of which seek to serve the goal of meeting global zero
carbon emissions

The climate change act of 2008 has mandated the UK to reduce greenhouse emissions
by at least 80 per cent by 2050.

Recently, a legislation has been passed in the UK making it mandatory for private
heavy industries to declare carbon reporting as part of their annual fiscal reports with
effect from April 2019. These are reminders to accelerate the drive towards carbon
neutral economy of the new Digital future.

The traditional electricity production, transmission and distribution pattern which has
been primarily unidirectional in flow of value is slowly diminishing. The new age
paradigm is multi-directional, distributed grid with many application programming
interface (API)-enabled integration touchpoints with customers, value-added service
providers such as suppliers, and connected Internet of Things devices.

As the API economy matures with greater secured interoperability between
businesses, large residential communities, IoT device manufacturers of smart meters
and better ability to control and balance the digital grid, the possibilities of the next
generation of Energy market is immense.

The emerging design pattern for the next gen energy market would be based on the
four core principles:

- Interoperability with open an API which is secured and complied to energy data
communication standards

- Decentralisation of transactions to enable more participation by customers be it at
industrial scale, or by medium to large communities of distributed producers
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- Motivation for digital energy market participants to monetise energy that is being
sold to the distributed grid using renewables and earning carbon credits from them

- Control and transparency at the fingertips of the next generation communities who
can see for themselves the power of digital data and business analytics

The new grid economy combined with new age technology catalysts such as
distributed ledger technology, IoT & edge computing and machine learning will pave
the way for rapid realisation of industrial scale solutions in the digital power sector.
The energy suppliers, regulators, carbon exchange traders and large to medium-scale
manufacturers can all mutually gain from the participation in the new age energy
ecosystem.

EU Emissions Trading System has been the EU strategy for reducing greenhouse gas
emissions from industries and power sector. It contributes significantly to the EU
target of cutting GHG emissions by 20 per cent 1990s to 2020s.

The strategy involves: Capping allowances on GHG put in circulation over a trading
period. The cap reduces each year by 1.74 per cent year on year; Achieving emissions
targets; Following a framework for common, robust accounting rules; Linking of
multiple ETS across EU zones enables one system to use units from another system
for compliance (EU & Switzerland are planning to link their ETS); and harmonizing
carbon pricing.

The Emission Trading System sets carbon emission cap for the majority of large and
medium scale manufacturing plants in the EU across 25-member nations. The current
Phase 3 of the EU ETS (currently in effect from 2013 till 2020) aims to reduce the
carbon emission cap across EU and extend the low carbon emission scheme to
different industry segments which were previously outside its ambit such as aviation,
shipping, production of metals such as aluminium and hospitals in the UK.

A novel scheme has been introduced to ensure carbon credit allowances are auctioned
in the market to encourage competitiveness amongst carbon intensive industries to
adopt Clean Development Mechanisms.

In the above context, it makes sense to have carbon emission regulation agencies who
control and monitor carbon allowances against the specified cap as well as the
broader carbon exchange traders, energy suppliers and manufacturers to be a part of a
common digital platform.

This very common platform can enable various entities to buy and sell carbon tokens
amongst each other. A typical value chain can be realised as follows:

Large Manufacturing Organisations can be enabled by the digital platform to buy and
sell renewable energy at competitive tariffs and claim carbon credits. In case these
organisations have capability to store excess energy then it can be easily monetised
using crypto carbon tokens.

Carbon Exchange Traders can be enabled by the digital platform to aggregate excess
units of energy to anyone who needs carbon offsetting, including manufacturers,
energy suppliers and producers, and even individual homes.

There is also a great deal of carbon consumption vs generation pattern that can be
analysed for predictive and prescriptive purposes. The sources of data can be
provided by smart [oT devices through an IoT hub. Potential big data analytics can
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predetermine carbon trade cap and allowances that will be necessary to maintain
carbon pricing balance and fairness in trade. It would also help in rewarding
industries adopting cleaner and greener development techniques and imposing
penalties on carbon offenders.

The Distributed Ledger Technology can enable each of the carbon ecosystem entities
to register on a common platform and execute carbon trade on a real time basis. The
issuance of digital carbon certificates to prove the authenticity of the carbon sellers
can be achieved through third party digital notaries or the platform itself.

This will result in reducing the cycle time for carbon token exchange between
multiple businesses where each party can instantly report to the broader ecosystem on
its contribution to the low carbon economy.

The different enablers for realising a digital platform for the new age energy market
essentially comprises of blockchain nodes where each node can represent the
different entities and smart contracts for the different carbon trading algorithms.

The renewables energy tokens would be traded between multiple parties and settled
in real time. The carbon reporting system would be tightly integrated with the
platform for every buyer and seller and get updated instantly upon settlement.

The rapid democratisation of carbon token exchange between those with excess and
those in need with minimal overhead and zero manual intervention will pave the way
for accelerated low carbon economy that, the United Kingdom, EU and the rest of the
free market economy aspires to achieve.
(https://www.powerengineeringint.com/articles/2018/12/emerging-digital-patterns-
for-the-next-gen-energy-market.html)

Electrification and renewables boom across Europe will require huge grid
resilience

Grid companies will need to deliver around 90 GW of new transmission lines across
Europe by 2040 to cope with a boom in renewables generation and a significant surge
in the electrification of transport and heating.

And this huge grid upgrade will need to be complemented by a range of flexible
power sources, including gas engines, storage, and demand flexibility.

That’s the conclusion of new research published today that claims that renewables
will provide over 60 per cent of Europe’s total power supply by 2040, representing a
400 GW, €400bn investment opportunity into clean energy capacity.

And the study adds that by 2050, total European power demand could rise by as
much as 85 per cent, mainly due to the electrification of heating and transportation.
The findings by energy market analysis firm Aurora Energy Research highlight a
rapid shift towards electric vehicles and renewable generation in a highly-
interconnected European grid.

“The European power system is set to change dramatically in the coming decades as
a result of the drive to reduce our carbon emissions, as well as the electrification of
transportation and possibly heating,” said Richard Howard, research director at
Aurora.
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He added that of the anticipated 400 GW of renewables generation capacity to be
deployed across Europe between now and 2040, “much of this will be delivered
without government subsidies, as the falling cost of renewables brings them to grid
parity”.

“Making this a reality will require significant investment in grid infrastructure and
flexible capacity, as well as ongoing policy and regulatory reforms to ensure that this
is delivered at the lowest cost to consumers.”

The report was unveiled today at Aurora Energy Research’s Spring Forum event in
Oxford, England, and it states that taking ‘merchant risk’ on renewables projects has
become a necessity in most European countries as subsidies are being withdrawn.

It adds that this puts significant value at risk for developers and Europe as a whole,
but adds that major corporate energy users could play a crucial role in carrying some
of this market risk through the provision of long term power purchase agreements
(PPAs).

“In Germany alone we estimate that PPAs with major industrial power users could
bring forward 12 GWs of new renewable capacity,” states Aurora. “For renewables
developers and utility companies, understanding industry off-takers and building
products and relationships fit for their needs will be a key competitive advantage in
the next five years.”

Alongside the growth in renewables supply, Aurora also predicts a significant
increase in power demand due to the electrification and digitalisation of many aspects
of economies and society.

In particular, the analysis shows that electric cars are rapidly entering the mainstream,
with more than 25 per cent of new cars launched in Europe this year being battery
electric or hybrids. Aurora predicts that almost full electrification of personal and
light commercial transportation could be achieved by 2050, increasing power demand
across Europe by approximately 20-25 per cent above current levels.

Electrifying heating is also anticipated to see significant growth, but the report warns
that this “would place even more significant demands on the power system, both in
terms of the amount of electricity required, and due to the fact that heating demand is
concentrated on colder days during the winter months™.

“Taken together, the electrification of heating and transport could result in as much as
an 85 per cent increase in power demand across Europe.”
(https://www.powerengineeringint.com/articles/2019/03/electrification-and-
renewables-boom-across-europe-will-require-huge-grid-resilience.html)
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3AK/IIOYEHUE

Hacrosimmii  mpakTukyM HampaBlieH Ha (OpPMHUPOBAHHE Yy OOYYarOIIUXCS
MPEJICTABJICHUSI O CYIIHOCTH MpPOLECCa TEXHUYECKOTO IIEPEBOJA, OCHOBHBIX
MPUHIIMIIAX W TIOHATHUAX TEOPUM M TPAKTUKKM TEXHUYECKOTO TIEPEBOJIA;
dhopMUpOBaHHE YMEHUM W HABBIKOB, HEOOXOIUMBIX ISl KQUYECTBEHHOTO IEPEBOjIa
TEXHAYECKOTO TEKCTa C AaHTJIMKUCKOTO SI3bIKAa HA PYCCKHUM.

ABTOpBI HAQJCIOTCS, UYTO TMpeajiaraeMoe u3JaHue OyJeT CcrnocoOCTBOBATH
YCIIEIIHOMY OBJIQJICHUIO CTYJAEHTAMU NporpaMmbl Kypca «MHOCTpaHHBIN S3bIK
(TEXHUYECKUM TIEPEBO)».
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HNPUJIOKEHHUE 1
METOIUYECKHUE YKA3ZAHUA JJIAA OBYUYAIOIIIUXCA

JUIs yCHEemHOro YCBOEHHUS o00s3aTeIbHOr0 MaTepHuaia, MHpeJyCMOTPEHHOTO
y4yeOHOH mporpaMmMoil M TOCYJAapCTBEHHBIM 00pa30BaTEIbHBIM CTAHJAPTOM,
HEeoOXOoAuMa CaMOCTOsITENbHAass padoTa CTYJEHTOB B BHJE IUIAHOMEPHOTO U
PETYJIIPHOTO BBIIIOJIHEHUS! JIOMAIIHErO 3aJaHusl.

[lenp caMOCTOSTENBHOM padOThl: COBEPIICHCTBOBAHUE 3HAHWM, YMEHUU H
HAaBBIKOB B TMpOIECCe MHCbMEHHOTO U YCTHOTO  TEpeBoJa U MPUMEHEHUU
MOJIy4YE€HHBIX 3HaHUH Ha MPaKTUKE.

CamocTosiTenbHas padoTa CTYJICHTOB TPEyCMaTpUBAET:

- TMOATOTOBKY K TMPAKTUYECKUM 3aHATUSM: U3Y4YCHHE OCHOBHOM W
JOTIOJIHUTEIPHON JTUTEPATyphl, UCXOAS M3 TEeMaTUYECKOW HAMpaBICHHOCTH U 3aad
JUCLUILIIUHBL;

- U3yYEHHE MAaTEepUaIOB MPAKTUYECKUX 3aHATUHA C Lenbio (pOopMHpOBaHUS
YMEHUH U HaBBIKOB NPAKTUYECKOTO MEPEBOJIA;

- BEJICHUE TJI0CcCapus;

- paboTy cO cIoBapsMHU, CIPABOYHUKAMU U UHTEPHET-PECYPCAMU;

- BBIOJIHEHHWE YCTHBIX M NHUCBMEHHBIX YINPaXXHEHUH 10 (HOPMUPOBAHUIO
pa3IMyYHbIX HAaBBIKOB,

- HUCIIOJIb30BAaHUE  IOMCKOBOTO,  M3YYalOIIEro, O3HAKOMHTEIBHOIO |
MPOCMOTPOBOTO YTEHUSA TpU paboTe HaA HCTOYHHKAMHU; CHCTEMaTH3WPOBAaHUE
MaTrepuaa ¢ UEJbI0 MPEAbIBICHUS;

- pedepupoBaHye 1 aHHOTUPOBAHNE TEKCTOB;

- peAaKTHpOBAaHUE TEKCTOB (UCTHpaBleHUE (PAKTUUYECKHUX, SI3bIKOBBIX,
CTHJIMCTHYECKUX U JPYTUX OMIMOOK U HEJJOUETOB);

- IOATOTOBKY K KOHTPOJIbHBIM paboTaM U  3adeTaM.

Oﬁmne METOAUYCCKHUEC YKAZAHUA 110 NOATOTOBKE K NPAKTHYCCKHUM
3aHATHUAM.

. HM3yuuTh COOTBETCTBYIOUIUMN TEOPETUUYECKHN Marepual, HCIOIb3ys
KOHCIIEKThI 3aHSTHI, OCHOBHYIO U JIOMIOJIHUTEIbHYIO JTUTEPATYPY.

2. OcyniecTBUTh CAMOKOHTPOJIb U CAMOOLIEHKY MPOJIEIaHHON pabOTHI.

3. BbINONHUTH MpaKTHYECKUE 3aJaHusl, JaHHbIE I CaMOCTOSITEIIBHOTO
BBITTOJIHEHHS.

MeToanyeckue yka3aHusi IO MOAroTOBKe pedepaTos, 10KJIAT0B.

Pedepar — xpaTkoe H3I0KEHHE COJCP)KAHHMSA OJHOTO WM HECKOJBKUX
HWCTOYHHUKOB, PACKPBIBAIOLINX ONPEICICHHYIO TEMY.

KoMnoneHTsI conepxanus:

1. ITnan.
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2. Beenenue (moctaHoBKa mpooieMbl, 00ObSICHEHHE BHIOOpA TEMBI, €€ 3HAYCHMUS,

aKTyaJlbHOCTH, OMNpeJeieHue Lead MW 3agad  pedepara, Kparkas
XapaKTepUCTHUKA UCTIOIb3YEMOM JIUTEPATYPHI).

3. OcHoBHas 4acTh (Kaxngas nmpoOjieMa WM YacTU OAHOW MPOOJIEMBI

paccMaTpuBalOTCs B OT/AEIBHBIX pa3jeniax pedepara u ABISIIOTCS JOTUYECKUM
MPOJIOJKEHUEM JPYT IPYyTa).

4. 3akIIroueHHueE.

. Cucok nurepaTyphl.

Jloknman — myOnam4HOE COOOIIEHHWE Ha OMPEACICHHYI0 TeMy, B IpoIecce

MOJATOTOBKA  KOTOPOTO  CTYIEHT  HCIONb3yeT T€ WIM  HHBIE  HaBBIKU
MCCIIEI0BATENBbCKOM PaOOTHI.

p—

bl

KomrmionenTs! conepxanus:

1. TIlnan paboThI.

2.  CucreMaTu3aius CBEICHUI.
3.  BrIBOaBI 1 00001IEHUS.

MeToanueckune YKa3aHud 110 PCAAKTHPOBAHHUIO TEKCTOB

O3HaKOMUTBCS C TEMAaTUKOHN pEeJaKTUPYEMOTO TEKCTA.

[TonroToBUTH HEOOXOAUMEBIE CIIOBApU M CIIPABOUYHYIO JINTEPATYPY.

CpaBHUTh TEKCT OpWUTHMHAIa U TEKCT mepeBoaa. OOpaTHUTh BHUMAaHHE Ha
KayecTBO TEPEBOMA, COJEP)KaHWE W CTHIIMCTUYECKOE COOTBETCTBHE TEKCTa
nepeBojia TEKCTY OpUTHUHATA.

ObecnieunTh TIpaduueckoe U JEKCHYECKOE €IMHO00pa3ue paziIuyHbIX
AJIEMEHTOB TEKCTA.

VYnenuts ocoboe BHHMaHHE GOpMyIHpoOBKaM, dopMmynaM U TabIuIaM.
O0o03HaueHMs MEPEBECTH B METPUUECKYIO0 CHUCTeMY Mep. TepMuHOIOTHIO U
JIEKCUKY HCIOJIb30BaTh TaKHe, KOTOPbIE MPHUHATHI B CTpaHe, [JIsi KOTOPOM
JieJ1aeTcsl IepeBo.

BHeceHHbIe H3MEHEHHUS COTIacoBaTh C MEPEBOAUNKOM.

MeToanueckue yKazaHusi 1mo pegepupoBaHNI0 U AHHOTHPOBAHUIO TEKCTOB

Pegpepuposanue — xpatkoe U3JI0KEHHUE COACPKaHUS UCTOYHUKA HH(DOpMALIIH C

yKa3aHHEM Ha XapakTep, METOAUKY U pe3yJibTaThl UcciaeAoBaHus. Pedepar momxeH
yKa3aTb, 4YeM HMMEHHO OTJIMYAeTCs HOBOE, JAHHOE B HMCTOYHHKE, OT METOJ0B U
CPEACTB, IPUMEHSIEMBIX paHee B COOTBETCTBYIOIIEH 00JIacTH.

PCKOMeHleeMaH IMOCJIICEAOBATCIBHOCTh BBIIIOJTHCHU A pa6OTBI II0 COCTaBJICHUIO

pedepara:

®  [IPOCMOTPOBOE (WM O3HAKOMUTEIBHOE) UTEHHE C IEJIbI0 BBIABICHUS

TCEMATHUKHN TCKCTa,

®  [IOBTOPHOE YTEHHE TEKCTA;
®  CMBICJIOBOM aHAJIM3 TEKCTA C IEJIbIO BBIJICICHUs HanboJiee BaXKHBIX (DAKTOB;
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® BHUMATEIBHOE MPOCMOTPOBOE UYTEHUE OTPHIBKOB, 3aKIIOYAIONINX B cebe
HanboJiee BaKHYIO0 HH(GOPMAITHIO;

e  cocTaBlieHUE IIaHa pedepaTa;

e  s3bIKOBasg 00paboTKa M MHUCbMEHHOE U3JI0XKEHHUE pedepara.

AnHomayus — KpaTkas CIpaBKa O I€YaTHOM TPOU3BEIACHUM, €ro OOIIeH
XapaKTePUCTHKH, CBEIECHUSX O €ro IEHHOCTH, 00 aBTope. llpu aHHOTHpOBaHHMHU
TEKCTa TaKXKe BBIWICHSCTCS TJIaBHAs HH(POPMAITHs, COJCPIKAIIAACS B UCTOUHHUKE.

ToyHOro mMOHWUMAaHWSI TEKCTa M BCEX €ro CYIMECTBEHHBIX TIOJIOKEHUH He
TpedyeTcsi. AHHOTaIM J0JKHA OBITh HEOOJIBIIION IO 00BEMY.

PexoMeHyeMasi TOCIeI0BaTEIBPHOCTh BBITIOJHEHUSI PAOOTHI TIO COCTaBICHHUIO
aHHOTAIUH:

®IIPOCMOTPOBOE (MM O3HAKOMHTEIHHOE) YTCHHE C MEeJbI0 IMOJyYeHUs
MpEACTABICHHUS 00 O0IIEM CoJepKaHUN UCTOYHUKA,

®[IOBTOPHOE UTECHHE OTPHIBKOB W TIPEIJIOKCHUM, COJCP)KAIMUX TJIaBHYIO
uH(bOpMaIHIO;

®s3bIKOBasi 00pabOTKa M MUChbMEHHOE U3JI0’KeHUE HH(OpMAIIUU B UJlee KpaTKOU
XapaKTEPUCTUKU UCTOYHUKA TIO CIEAYIOIIEMY IJIaHy: BXOJIHbIC JaHHbIC, OCHOBHbBIC
MTOJIOKEHUS U JIOTIOTHUTEIIbHBIC CBEICHUS.
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MMPUJIOXKXEHUE 2
Iopsiaok padoThbl HAJ TEKCTOM HAYYHO-TEXHUYECKOH JUTEePATYyPhI

1. TIlpocMoTpuTe BeCh TEKCT MM ab3all U IMOCTapalTech MOHSTh, O UYéM MJIET
peusb.

2. Ilpoananu3upyiite npeioxkenus. Ecnu mpemioxkeHue ciokHoe, paz0OeiTe
€ro Ha OTAEIbHBIE IPEAJIOKEHUS:

- CJIO)KHOMOAYMHEHHBIE — HA TJIABHOE U NMPUJATOYHOE (MPUIATOYHBIC);

- CJIOJKHOCOYMHEHHBIE — Ha IIPOCTHIE.

[Ipenyioxenust OTAEIAIOTCS APYT OT APYra 4aile BCEro CO3aMHu.

3. DbonbmMHCTBO  MPEMIOKEHUM  HAYYHO-TEXHUYECKOrO  TEKCTa  —
MOBECTBOBATENIbHBIC, B KOTOPBIX TBEPJBIA TOPSIOK CJIOB (32 HCKIIOYCHUEM
HEKOTOPBIX CIIyYaeB):

- Ha | mecTe — nmoaiexaree (rpyrmnna mojJjeKamiero),

- Ha Il MecTe — ckazyeMoe (TpyIina cKazyemoro),

- Ha III mecte, cpa3y nocie ckazyemoro — JOMOJHEHHE (€CIIU OHO €CTh B
KOHKPETHOM TPEIJIOKEHHH ),

- Ha IV wMecre — oOcrositenbcTBa: MecTa, 3arem Bpemenu (MHorma
00CTOSITEILCTBA BBIHOCSATCS HAa TaK Ha3bIBAEMOE HYJIEBOE MECTO, TO €CTh Mepen
IPYIIION MOJJIEXKAIIETO).

4. HaunHaliTe aHamv3 MPEIJIOKEHHS C MOUCKA TPYIIbI ckazyeMoro. Ero snerue
BCEr0 HAWUTHU MO ONPEICIEHHBIM MPU3HAKAM.

5. CneBa oT cka3zyeMoro — rpyrmna nojyiexaniero. Hanaure ero.

6. CrpaBa OT CKa3yeMoOro — JIOMOJIHEHHE, 3aTeéM — OOCTOSITENbCTBA. TaKuM
o0pa3zom, TBEPABINA MOPSATOK CIOB TOMOTAeT HAM HAWTHU BCE WICHBI MPEJJIOKECHHUS.

7. HaunHaiiTe nepeBoj BCEro MPEIJIOAKEHUS C TIEpeBOAa MOAJICKAIIETO

8. Ilpexxne yeM HauyMHATH MOMCKH TEPEBOAA OTHAEIBHBIX CJIOB B CIIOBapeE,
YTOUYHUTE, KaKasi 4aCTh PEYU BaM HY>KHA B JAHHOM IPEIJIOKEHUH.
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ITPHJIO’)KEHUE 3
Jransl padoTbl HAJI OJHBIM NMCbMEHHBIM IIEPEBOAOM

1. 3HaKOMCTBO C OpUTMHAJIOM. BHHMMaTelbHOE UYTEHHE BCErO TEKCTa ¢
UCIIOJIb30BaHUEM, IO Mepe HaJO00HOCTH, pabdOo4YMX HMCTOUYHMKOB HH(MOPMAIIUU:
CJIOBapel, CIpaBOYHUKOB, CIIEIUAIbHON JTuTepaTypsl. [Ipexe, yeM HauaTh mepeBo,
HEOOXOJUMO TOHATh, YTO BBIPAXKEHO Ha sI3bIKE OpuruHama. st sToro ciemyer
BHUMATEIbHO, U MOXET ObITb HE OJWH pa3, MpPOYUTaTh BeCh TeKCT. [lomHuTe,
3aMBbICEN aBTOPA BHIPAKEH C MOMOIIBIO BCETO TEKCTA.

2. Bpigenenue JIOTMYECKHX YacTed oOpurvHana. JleneHme TekcTta Ha
3aKOHYEHHBIE CMBICIIOBBIE OTPE3KH - MPENIoKeHus, ab3aupl, nepuojanl. Cremyer
MIOMHHUTb, YTO BEJIMYMHA OMPEEIIeMON JJIsl IEPEBOa YaCTH TEKCTa 3aBUCUT OT 3-X
(hakTOPOB: CMBICJIIOBOM 3aKOHYEHHOCTH, CJIOKHOCTU COJEP>KaHUS, BO3MOKHOCTEH
MaMATH TIEPEeBOAUMKA. Takod YacThIO TEKCTa MOXKET OBITh MPEIJIOKEHHUE, Tpyra
npeuIoKeHn, abd3ar, 1/2 ab3ama U T.I., HO 3Ta YacTh JOJDKHA OBITh 00s3aTEILHO
3aKOHUYEHHON IO CMbICIy. UeM CJI0o)KHEe TEeKCT - TeM MEHbIIE Takas 4acTb, YeM
Jy4IlIe MaMsTh MepeBOIUHKA - TEM OHA OOJIbIIIE.

3. UYepnoBoii mepeBon Tekcta. llociemoBarenpHas paboTa HaJ JIOTHYSCKH
BBIJICJICHHBIMUA 4YacTsMu opuruHaia. Ilocie Toro, xak coaepkaHU€ BBIJACICHHON
YaCTH TEKCTa MOHATO U YCBOCHO, €r0 HY>KHO BBIPA3UTh MO-PyCcCKU. [Ipu mucbMeHHOM
M3JIO)KEHUM BaXXHO TOJIHOCTBHIO OTBJICUBCS OT OpUTMHAJA, T.K. HENb3s YUTaTh U
JyMaTh Ha OJTHOM $SI3bIKE U OJTHOBPEMEHHO MUCATh U IyMaTh Ha IPYTOM.

4. TloBTopHO€ (HEOJHOKpPATHOE) YTEHUE OpHUTMHAIA, CBEpPKa €ro C
BBITIOJTHEHHBIM MEPEBOJIOM C 1IE€JIbI0 KOHTPOJISI MPAaBUIBLHOM Tepeiauu CoAep KaHusl.
ITocne TOro, KaKk MUCBMEHHO M3JIOKEHO COJIEPKAHUE BBIJICICHHOW YacTHU TEKCTa,
HY>KHO 0OpaTUThCS K OpUTMHANy JUisl cBepku. lIpu mepeBoae mociaenyromux yacten
TEKCTa HEOOXOJMMO TIOCTOSHHO CJIEIUTh 3a CTHJIEM, T.€. 3a KadeCTBOM,
eauHooOpa3sueM M JIOTHKOW W3JIOKeHUs. EnuHooOpaswe TEepMHUHOJIOTHU JIOJKHO
coOJIIOAaThCS Ha TIPOTSHKEHUU BCero Tekcta. Hampumep, eciii B Havajie TEKCTa 4acTh
KopIyca Kakoro-To arperara Ha3BaHa “JHOM’, TO B JJaJIbHEHIIIEM HEIb3s1 Ha3bIBaTh €€
“ocHoBanueM”, “muuieM”’ U T.II. HeoOX0AUMO MOCTOSHHO CJICIHUTHL 32 TEM, YTOOBI
MEXKTy KaKIOW MOCISAYIOMeH W IMPeAbIyIIeH YacThi0 IepeBoa Obliia JIOrHYecKast
CBSI3b.

5. OxoHuaTenbHOE pEJAKTUPOBAHUE TMEPEBOJA C BHECEHHEM IOMPABOK.
IToMHMTE, OKOHYATEIHLHO OTPEAAKTUPOBATH IMEPEBOJI — 3HAYUT CTUIMCTUYECKHU
00paboTaTh €ro B IEJIOM.

[Ipu penakTUpoBaHUU 11€JIECOOOPA3HO PYKOBOACTBOBATHCS  CIEAYIOIIUMHU
MpaBUJIAMH:

a) €ClId OJIHY M Ty K€ MBICJIb MOKHO BBIPa3UTh HECKOJBKHMH CIIOCOOaMU, TO
MIPEAMOYTEHUE OTAETCS O0Jiee KPAaTKOMY CIIOCO0Y;

0) ecnu CJIIOBO MHOCTPAHHOTO TPOUCXOXKIEHUS MOXXHO 0e3 yriepOa 3aMEHHTH
CJIOBOM PYCCKOTO TPOUCXOKICHUS, TO TIEPEBOTUMK 0053aH 3TO CIEIATh;

B) BCE TEPMHHBI ¥ HA3BAHUS JJOJDKHBI OBITH CTPOTO OJTHO3HAYHBI.
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6. IlepeBon 3aronoBka. IlepeBoj 3arosioBka JOJDKEH OTPaKaTb CYTh
COJEp)KaHUsl TEKCTa, CTATbH, MaTeHTa U T.N. [lo3TOMy 3arosioBOK NEpeBOAUTCS B
IOCJIETHIOK0 OYEPEb C YUETOM BCEX OCOOEHHOCTEHN TEKCTA.
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ITPUJIO’)KEHUE 4
HMHcTpyKIus 110 BBINOJHEHUIO II0JTHOI0 NMCbMEHHOI'0 IIepeBo/a

[Tpexxne, ueM HauMHATH INEPEBOA, IPOYUTANTE BeCh TEKCT, ab3al WiIu
3aKOHUYEHHYIO YacTh TEKCTA; IOCTApANTECh MOHATH O0IIEE COIEPKAHUE TEKCTA.

e[[pounTaiiTe TEKCT BTOPOW pa3 IO OTACIBHBIM HPEIIIOKEHUAM,
IIONBITAUTECh  NOHATH CUHTAKCHYECKMM CTPOM M CMBICH  KaXKJIOIO
npeuioKenus. llepesennure TEKCT IO MPEIIOKEHUSM.

elClM CHMHTAaKCHYECKMM CTpOM mpemioxkeHus Bam He sceH, u Bwl He
INOHSUIM  CMBICH  IPEUIOKEHUsS, CHelNaiTe TIpaMMATHYECKUM  aHaIM3:
ONpPENEIUTE BHJ IPEMIOKECHMS, HaWAUTE IOAJIeXkKallee, CKa3yemoe,
BTOPOCTEIIEHHBIE WICHBl. ECIM NmpenokeHne CI0KHONOJYMHEHHOE, HAIUTe
IJIABHOE U MPUIATOYHOE MPEJIOKEHHUS, ONUPAsCh Ha (POpMalIbHbIE IPU3HAKH.

eO0pamiaiiTech K cIoBapi0 B TOM ciydae, eciau Bbl Mcrosnb3oBaiu Bce
CPEACTBAa PACKPBITHS 3HAYEHUS HE3HAKOMBIX CJIOB, BKIIIOYAs JOTANKY U
rpaMMaTHYECKUN aHAIIN3.

e[Ipu mepeBoje MOCIEAYIONIETO MPENIOKEHUSI HEOOXOIUMO MOCTOSHHO
YAEPKUBATh B IAMATH CMBICI IPEIBIAYILIEr0, UHAaYe TEpsAETCs JIOTHYeCKas
CBSI3b MEXKY OTACIIBHBIMU IIPEIJIOKEHUSAMMU.

el136eraiite nocimoBHOro meperoda. llocrapaiitech mnepeaatb MbICIb
OpPUIMHAJIA CPEACTBAMH POJIHOIO f3bIKA, HE HAPYILIasl €r0 CUHTAKCHYECKOTO
CTpPOSL.
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IMPUJIOXEHME 5
NHcTpyKkums 1151 HAX0KICHUS UCXOAHOU (POPMBI CJI0BA

YroObl HAWTH UCXOAHYIO (OpPMY CJIOBa, HY)KHO OTOPOCHTH TpaMMaTHYECKOE
OKOHYaHHUE.

1.Eciu mepen oxonvanusmu -(e)s, -e(d), -(e)r, -(e)st croar OykBel g, C, V,
otbpockTe Hb -, -d, -r, -st. Hanpumep: changes - change; placed - place; larger -
largest - large.

Ecnu cnoBo okaHumMBaeTcs Ha -ing, TO -ing OTOpackiBaeTcs U 100aBisETCS
OykBa -e, Hanpumep: producing - produce.

2. Ecmu mepen -(e)s, -e(d), -(e)r, -(e)st crout OykBa 1 C MPEAIICCTBYIOIICH
COTJIACHOM, OTOpOChTE OKOHYAHWE, a OYKBY 1 3ameHHTe Ha y. Hampumep: supplies -
supplied - supply; earlier - earliest - early.

3.Ecnu B 0IHOCTIOKHOM CJIOBE TEpe/ -Ing CTOUT OYKBa y, OTOPOChTE OKOHYAHHE
- ing, a OykBYy y 3aMenuTe Ha ie. Hanpumep: lying - lie; dying - die.

4.Ecmu mepen -e(d), -(e)r, -(e)st cTOMT yABOEHHas CcOIJIacHasi, OTOPOCHTE
OKOHYaHHE W OJIHY M3 yJIBOCHHBIX corjacHbiXx. Hanmpumep: stopped - stop; hotter -
hot; getting - get.

VYnBoennsie cormacHeie dd, 1l, ss coxpaHsioTcs mocie OTOpachIBaHUS
okonuanus, Hampumep: called - call; adding - add; passed - pass. Bo Bcex
OCTaJIbHBIX CTyYasiX OKOHYaHHs OTOpachIBalOTCSA MOTHOCTHIO; KOPHEBAs YacTh CIOBA
ocraeTcsl Hem3MeHseMoi, HanpuMep: tested - test; examples - example.
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HHPUIIOXKEHHUE 6

CnMcoK NpUHATBIX COKPAalleHU

Coxpamenue | I[loaHoe 0603HaUYeHME IlepeBon,

abr, abridgment KpaTKOE U3JI0KEHHE

a. h. ampere-hour ammep-Jac

a.T. ante meridiem (7aT.) 710 TIOJTYTHS

amp ampere amrep

at. wt atomic weight ATOMHBIN BEC

b. p. boiling point TOYKA KUTICHUS

Br. P. British Patent bpurtanckuili naTeHT

b. s. both sides 1. o6e cTOpOHBI, ABYCTOPOHHMIA;
2. CMOTpH Ha 000pOTE

bu bushel oymens = 36,3 n

C. centigrade CTOTpayCHas TeMIIEpaTypHas IIKaia
(Llenbcust)

C. cent LICHT

cal calorie KaJIOpHsl, TpaMM-KaJIopus

cap capacitance 1. emKOCTB;
2. EeMKOCTHOE COMPOTHUBJICHUE

C. C. cubic centimeter KyOMYeCKU CAaHTUMETP

C.C.W. counterclockwise MIPOTHUB YaCOBOM CTPEIKH

cf. confer CpaBHU

Cfm cubic feet per minute | KyOu4eckux yToB B MUHYTY

Cg center of gravity LEHTP TAKECTU

Ch. chapter riiaBa

cu. cubic KyOu4ecKui

CW clockwise 10 YaCOBOM CTpesKe

d. density IJIOTHOCTh

db decibel nenuoen

d.c. direct current MOCTOSTHHBIN TOK

deg. degree 1. crenens; 2. rpagyc

doz. dozen JroxruHa

Dwg drawing YEPTEXK, PUCYHOK

€. g. exempli gratia (J1at.) Harpumep

E.M. F electromotive force AIEKTPOABMIKYIIAsS CUJIa

etc. et cetera (71at.) U TakK Jiajee

F Fahrenheit TemrneparypHas mkaina Oapenreiita

f. 1. feet, 2. Foot 1. ¢yt 2. OyT

fig figure PUCYHOK, YEPTEXK

FM frequency modulated YacTOTHAsI MO JISIIIUS

f.p.m feet per minute (GyTOB B MUHYTY

f/s factor of safety kod(hdunrieHT 6€30MacHOCTH, 3amac
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GAT Greenwich Apparent UCTUHHOE BpeMs 1o [ puHBHUCKOMY
Time MepHUIUaHy
Gr Gramme rpaMm
hf. h. half-hard CpeaHel TBEpIOCTH
Hi-Fi, hi-fi | high-fidelity BBICOKAsl TOUHOCTD
h. p. horse power JOIIauHAs CUila
1. e. id est (aT.) TO €CTh
Kg kilogram KWJIOTPaMM
Km kilometer KHJIOMETP
kw. kilowatt KIJIOBATT
kwhr. kilowatt-hour KHJIOBATT-4ac
1. litre JUTP
1b. libra (pound) ¢byHT (453,6 1)
LH left-hand JIEBBIN, JIECBOCTOPOHHUM, C JIEBBIM XOJ0M
m. metre METP
mi mile MUJIS
mm millimeter MUJITUMETP
mol. wt. molecular weight MOJIEKYJISIPHBII BeC
m. p. melting point TOYKA TUIABJICHUS
m. p. h. miles per hour MUJIb B Yac
N normal HOPMAaJIbHBIN
No. number HOMED
o.d. outer diameter BHEIIHUHN JUaMETP
P. power MOIIIHOCTh
p. m. post meridiem (J1at.) (BO CTOJIBKO-TO) YaCOB MOMOJIYJHU
p. s. per second B CEKYH/LY
psi. pounds per square (GbyHTOB Ha KBaJpaTHBIN AIOWM
R. H. inch
r. p. m. relative humidity OTHOCHUTENIbHAS BIIAXKHOCTh
sp. gr. revolutions per minute | 060pOTOB B MUHYTY
sq. ft. specific gravity yIeIbHBIN BeC
tn square foot KBaJpaTHBIN QyT
vol. ton TOHHA
VS. volume TOM
yd. versus (J1at.) IPOTHUB; B CPABHEHUHU C
yard SIPIT

IMPOYHOCTH

112




HNPUJIOKEHHUE 7

Yrtenue GopMyJ1 HA AHTJIUHCKOM SA3BIKE.
Reading formulae

Addition (Cno:xenue)

a+ b+ cisread:

a plus b equals c;

a and b is equal to c;

a added to b makes c;

aplusbisc.
a, b are called “addends” or “summands” (ciaraemsie);
C is the “sum”.

Subtraction (Beruntanue)

4 -3 =11sread:

three from four is one;

four minus three is one;

four minus three is equal to one;

four minus three makes one;

the difference between four and three is one;

three from four leave(s) one.
4 1s called “a minuend” (ymeHsbI1a€MO€);
3 is “a subtrahend” (BelunTaEMOE);
1 is “a difference” (pa3HOCTB).

Multiplication (Y mMHo:kenue)

2x3=6;2-3=61sread:

two multiplied by three is six;

twice three is six;

three times two 1s Six;

two times three make(s) six.

5-3=151sread:

five threes is (are) fifteen.
2, 5 are “multiplicands” (MHOXkuMOE);
3 is “a multiplier” or “factor” (MHOXUTEID);
6, 15 are “products” (pe3ynbTar).

Division ([Iexenue)

35+5-71sread:

thirty five divided by five is 7;

five into thirty five goes seven times;

35 divided by 5 equals 7.
35 is “a dividend” (menmmmoe);
5 is “a divisor (menuTens);

7 is “a quotient” (4acTHOE).
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Involution or Raise to power (Bo3Benenue B cTeneHn)

3?is read:

three to the second power;

3 squared.
53is read:

five cubed;

5 to the third power;

5 to power three.
X2 — X is called the “base of the power”;
2 is called “an exponent or index of the power”.

Evolution (U3Bj1eyenne u3 KOpHs)
V9 =3 i read:
the square root of nine is three.
V27 =3 i read:
the cube root of twenty seven is three.

v is called “the radical sign” or “the sign of the root™.
To extract the root of ... - U3BIEKaTH KOPEHH U3...
Fractions (apoon)
1/9 - a ninth, one ninth
3/7 — three sevenths
5/8 — five eighths,

2
123 - two one hundred and twenty-thirds
3/4

- three quarters, three fourths

34/78 _ thirty-four seventy-eighths

2/3._ two-thirds, etc.

3 2/5 — three and two fifths

10 2/7 — ten and two sevenths

51/2 - five and a half

7 1/3 - seven and a third

247 86/93 - two hundred and forty-seven and eighty-six ninety-thirds
347/1000 - three hundred and forty-seven thousandths

The reading of small fractions is often simplified:
1/2 - a half, one half
1/3 - a third, one third

1/4 - a quarter, one quarter, a fourth, one fourth

Reading formulas (urenue dopmy.n)
a+b=c adivided by bisequal toc

2x2=4 twice two is four
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cxd=b ¢ multiplied by d equals b

dx  differential of X
a+b c+d

a-b =c-d a plus b over a minus b is equal to ¢ plus d over ¢ minus b

Vab * Xbc = 0Y sub @ minus b multiplied by X sub b
minus C is equal to zero

d2y

ds2 +[1+b(s)]ly=0 the second derivative of y with respect to S
plus y times open bracket one plus b of s
in parentheses, close bracket is equal to
Zero

Jf(x)dx the integral of f(X) with respect to X

b

I f (x)dx
a the definite integral of f(X) with respect to
X from a to b (between limits a and b)
c(s)=Ka cofsisequal to Ksubab
Xab = C X sub a minus b is equal to €
a b a varies directly as b
28° 28 degrees (angular measure and
temperature measure)
56' 1) 56 minutes (angular measure);
2) 56 feet (linear measure)
45" 1) 45 seconds (angular measure);
2) 45 inches (linear measure)

VT the square root (out) of 7

5% 5 per cent

2/9 % 1) two ninths per cent;
2) two ninths of one per cent

72 % 1) a half per cent;
2) a half of one per cent

0.47% 1) point four seven per cent;
2) zero point forty-seven per cent;
3) nought point forty-seven per cent;
4) o point four seven of one per cent

7 %0 7% seven per mille

b ¢ is equal to (dash, line of division) a
over (divided by, by) b
Note: The words dash and line of division
are often omitted.
c(atb) 1) ¢ parenthesis a plus b close parenthesis;
2) ¢ round brackets opened a plus b round
brackets closed;
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3) c times (multiplied by) the quantity
aplushb
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HNPUJIOKEHHUE 8

Cnucok ¢j10B HHOCTPAHHOTO NMPOMCXO0KIEHHS ¢ 0C00bIMU (POpMAMHU
o0pa3oBaHMs MHOKE€CTBEHHOT'0 YHCJIA

analysis analyses aHaJu3, -bl
apparatus apparatus (-es, penko)  npubop, -bl

axis axes 0Ch, OCH

basis bases 0a3a, -bI, OCHOBaHUE, -
crisis crises KPHU3HUC, -bl
criterion criteria KPUTEPUH, -H
curriculum curricula IporpaMma, -bl
datum data JTAaHHOE, -bI€
erratum errata orieyarka, -u
foot feet HOTa, -, PYT, -bI
formula formulae dbopmyna, -bt
helix helices criipaib, -u
index indices UHJICKC, -bI
lamina laminae TOHKHUM CJIOM, TOHKHE CJIOU
locus loci TpaeKToOpHsl, -U
maximum maxima MaKCHUMYM, -bI
medium media CPEACTBO, -a
minimum minima MUHHUMYM, -bl
phenomenon phenomena SIBIICHUE, -5
radius radii paaunyc, -bl
stimulus stimuli CTUMYIL, -bl
stratum strata CIION,-1
terminus termini 1IEJIb, -U

thesis theses TE3HC, -bI

tooth teeth 3y0, -bl

vertex vertices
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HHPUIIOXKXEHUE 9

AHIJIO-PYCCKMH NMOJUTEXHUYECKHHA CJI0Baphb (BOKaOyJIsAp)

A
accelerate YCKOPSITh
accord 1. cormacue 2. cooTBETCTBUE, TapMOHHUA 3. HEOPHUIMAIBHOE
corjamieHue 4. My3. akKopJ, CO3ByYne
acetic YKCYCHBIT
acetoacetate 1. conmp aneToykCcycHOM KHUCIOTBHI 2. 3(Up aleTOyKCyCHOU
KHUCJIOTBI
adjacent 1. npuMBIKaIOMIMI, CMEKHBIN, COCETHUIN 2. MAT. CMEKHBIN
administer 1. ympaBiaTh; BECTH jeina 2. OTHpaBiATh (MpaBoCyaue);
HajaraTh (B3bIcKaHue) 3.coBepuiaTh (00psiabl) 4. cHAOXKAaTh;
OKa3bIBaTh MOMOIIb 5. HA3HAYaTh, 1aBaTh (JIEKAPCTBO)
affect ncuxon. Addekt 2. neiicTBOBaTh; BO3JAEHCTBOBAaTh; BIUATH 3.
nopaxath ( 0 Oone3Hu) 4. Tporathb, BOJHOBATh 5. 3aJ€BaTh,
3aTparuBaTh 6. MPUTBOPATHCS, JI€JIaTh BUJ, IPUKUABIBATHCS 7.
JTOOUTh, TPEANOYUTATh
again 1. cHOBa, omsATh 2.c IPYyrol CTOPOHBI; K€ 3. KpOME TOro, K
TOMY K€
also TOXKE, TAKKE, K TOMY KE
antiknock aBTO, aB. AHTHUJIETOHATOP
appear 1.moka3bIBaTHCS; MOSBISITHCS 2. MPOSABIATHCS 3. IBCTBOBATH 4.
MIPOU3BOJIUTH BIIEUATIICHUE; KA3aThCA 5. BHICTYNATh Ha ClIeHE O.
BBICTYNAaTh O(UIMATIbHO, NyOnuYHO 7. mpencratb (mepen
cyoM) 8. BBIXOJIUTh, U3J]ABATHCS; TTOSBIISITHCS (B MEYATH)
arise I. BO3HUKATh, TOSBISATHCS 2. TIPOUCTEKATh, SBJISATHCS
pe3yJIbTaTOM
assume JOMYCKaTh; NPENoaraTh
assumption JOMYIIEHHUE, MPENOI0KECHUE
attempt ITOIBITKA
B
Bond CBSI3b; COEAUHEHHE, CLIEILIEHNE
butyl 1. Oytun 2. OyTHII-Kay4dyK
C
catalyst KaTaJIn3aTop
cause l. mpuunHa 2. OCHOBaHME; MOTHB; MOBOJ 3.1€510 4.10p. AENO0,
npouecc  5.0bITb  MNPUYMHON,  TPUYUHATH,  BBI3bIBATh
6.3aCTaBISATh
citric JIUMOHHBIN
concise 1 .xpaTkuii; CXKaTbI; HEMHOTOCJIOBHBIN 2. YEeTKUH;
BBIPA3UTENIbHBIN
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confine 1. orpaHn4MBaTh 2.MPUAEPKUBATHCS (4ET0-T100)

conventional 1.00b1YHBIM,  OOMICTIPUHATBHIA  2.MPUJIWYHBIA,  CBETCKHI;
00YCIIOBJICHHBIN; JIOTOBOPEHHBIN 3. yCIOBHBIA 4.
TPaAULHOHHBIN; 1a0JTOHHBIN 5.Tex. CTaHJapTHBIN;
YIOBJICTBOPSIONINI TEXHUYECKUM YCIOBUSIM

copper 1. Menp || TOKpBIBaTh MEAbIO, OMEIHSTH|| METHBIA 2. MEIHOE
MTOKPBITHE

corpuscle 1. yactuma, Tenblie; Kopmyckyna 2. ¢u3. aToM; 3JIEKTPOH;
KOPIYyCKyJia

correlation 1.  B3auUMOCBS3b, COOTHOIIICHHUE; KOPPETSIHS;
B3aMMO3aBUCUMOCTb 2. COIOCTaBJICHHE 3. KOppeIslMOHHas
byHKIUSA

corrosion KOPpO3usl; p>KaBlieHUE; pa3beJaHNe; OKUCICHHUE

curve 1. kpuBas 2. u3ru0; 3aKpyrieHue; KpuBu3Ha || HU3rudathb (cs);
3aKpyrasaTh  (cs) 3. (xapakTepucTuueckasi) KpuBasd,
XapaKTepUCTHKA; TpaduK; quarpamma
4. nexaino 5.10p. pa3OuMBaTh KPUBYIO

cyclohexane IIUKJIOT€KCaH

D

degradation 1. nerpananus, yxyaiieHue, CHuxKeHue (PU3NIECKNX CBOMCTB,
napameTpoB) 2. ropH. M3menvuenue; apodiieHue, pazmois 3.
paspylieHue; IeCTPYKUUs; pasiloxkeHue 4 pacuierieHue 3S.
MOTEPsI SHEPTHH (YACTHI]) PU CTOJKHOBEHUHU

derive 1. BBIBOIUTH 2. MaT. OpaTh MPOU3BOAHYIO 3. MaT. OTBETBIIATH

dimer TIMep

distil NEPErOHSTh, AUCTUIUIMPOBATH

distortion 1. nedbopmarus 2. HICKpUBJICHHUE; TIEPEKAITMIBAHUE; KOPOOJICHNE
3. HCKa)KEHHE; UCKAKEHUS 4. ONT. TUCTOPCUS

drop 1. mnaneHue, CHWKEHHE, TOHMXEHUE, CMaja || magatsk,
CHIDKATBCS, IOHWKATHCS; CIAIaTh 2. Mepenaj, TpaaueHT 3. 3I1.
copoc (Harpy3ku) 4. runp. nepemnaa; BOJOCIMB S.Karis ||
KanaTh 6. NaJarolnid MOJIOT

E

eliminate YAQISTh, YCTPAHSTh; UCKIKOYATh; SITUMUHUPOBATh

elution AIIOUPOBAHKE, M3BJICUCHHE U3 aJICOPOCHTA, BBIMBIBAHUE

eq. ypaBHEHUE

equation 1. ypaBHMBaHNE; BBIpABHUBAHUE 2. YPABHEHHUE 3.paBEHCTBO

ester CJIOXKHBIN 2Qup

estimate l. ouenka | oueHuBaTh 2.NpUOJTMKEHHBIM  pacyerT;
MpEABAPUTEILHBIN pacueT || pacCUMThIBaTh 3. Takcaius (Jieca)
|| TakcupoBaTh (J1eC

eXcess 1. u30BITOK, U3JIMIIEK 2. MAaT. OCTATOK
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exert NerlcTBOBaTh (0 CuIIe)
F
ferrocene deppolieH
fission 1. nenenue; pacmerieHue 2. 0TX ¢parMeHTanusl, MOMEPEIHOES
JieJieHue
fluid 1. )KMAKOCTH || XKUAKHUH; XKUAKOCTHBIM 2. Tekyuas cpena ||
Tekyuuit 3.HeT. Qurona (KUIKOCTh, Ta3, CMECh KHUIAKOCTEH H
ra3oB) 4. ra3 || ra3000pa3HbIi
fusion 1. mnaBka; TUIaBJCHHWE; CIUIABJICHHWE; OIUIABIICHUE 2. BaHHA
KUJKOTO METallla; paclliaBlieHHas Macca; CIiaB 3. sAepHBIH
cuHTe3 4. OTX BCTpanBaHUE; BCTaBKa 5.0TX, TIB CIUSHUE
G
glacier JICTHUK
glucose TJII0K03a; BUHOTPAHBIN caxap; JEKCTpo3a
H
halide raJOT€HU/T; TAJJONHOE COEIMHEHUE; TATIOU]T
head 1. ronoBa (Hampumep, J0Ka, cBau) 2. TOJOBKa (Hampumep,
0onTa, 3aKJIENKU, pebca); NUISIKA (TBO3/s) 3. BEPXHsIS YacTh;
BEPXHHUM dleMEeHT (KOHCTPYKIMH, amrmaparta) 4. mnepemaHss
4acTh (KOHCTPYKIIMHU) 5. roJIOBHAs 4acTh (TOHHENA) 6. IITpEeK
7.MH. pyna, TocTynaromas Ha oOoratutenbHyro (adpuky 8.
MpUOBLIL 9.HAKOHEYHUK (Ta30BOM WM CBapO4HOM ropeiku) 10.
HacaJKa
I
identify l. wuaeHTHGUIUPOBATH;, OTOXIECTBISATH 2. OINO3HABATH;
pacno3HaBath 3.0003Ha4aTh; MAPKUPOBATH
impurity 1. mpumecs; (MOCTOPOHHEE) BKIIIOUECHUE 2. 3aTPSI3HEHHE; TPA3b
indole WHJ0JI
inductive MHJYKTUBHBIN; TPOHUIIAEMBIN
inertia MHEPLHS]; CUJla UHEPIUHU
be of interest MHTEPECOBATh
intermediate 1. MPOMEKYTOUYHOE XUMHYECKOE COCIMHEHUE;
IPOMEKYTOUYHBIN TPOIYKT; MOIYNPOAYKT 2. MPOMEXKYTOUHOE
3BEHO; MPOMEXKYTOUHAs CTAUS || MPOMEKYTOYHBIA 3. TEKCT.
NeperoHHass pOBHWUYHAs MamHa 4. monurp. JayOnukar
opuryHaia Ha  (QOTOIUIEHKE, MPOMEXyTouHas  (opma;
dboTtodopma
irradiation 1. u3nyyenue; ucmyckanue 2. oOnydeHue 3. sHepreTuyeckas
OKCIIO3UIUS (PHEPTHUsl M3IydeHUs Ha CIWHUIYy TUIOMIATu 3a
OTIpeICTICHHBINA MMPOMEKYTOK BPEMEHH)
K
Kcal KWJIOKaJI0pus
L
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linkage 1. cBs3p 2. coenuHeHUe; clerieHne 3.(XuMUuecKas) CBSI3b;
MOCTHK 4. cOolika (CKBaKMH IPH MOA3€MHOM Trazudukamum) 5.
pPBIUQXHOM  MeXaHW3M; pblYaXHas nepemada 6. O
[ToTokocuenyieHne; MOJHBIM TOTOK WHAYKIUU 7. CBS3b,
YCTAHOBJICHHE [OpraHu3alysl | CBsI3U
locus 1. mecromnonoxeHnne 2. MaT. FEOMETPUUECKOE MECTO TOYEK 3.
rogorpad 4.kpuBas 5.10KycC (IMOJOKEHUE T€HA WM MYyTalluu
Ha XpOMOCOME)
loss 1. moteps 2.yrap (Meranna) 3. 3aTyxaHue; ociadieHue 4. cpbiB
(B ceAsmux cucteMax) 5. BUT MPOUTPhII 6. yiiepO; yObITOK
M
monomer MOHOMEp
N
novel HOBBIN
O
occur 1.BCTpeuaThCst; MonagaThes 2. MPOUCXOANTH; CIIYIaThCs; UMETh
MecTO 3. 3anerath (0 MECTOPOKICHUH
P
parent 1. pu3. UCXOIHBIN >IEMEHT 2. BUT POJAUTENH, POIUTEIBCKUN
[MOpoXaaronuii| 3JIEMEHT; POJUTENbCKAas [MOPOXKIAIOIAs ]
3aMKCh
potassium KaJInit
procedure 1. mpouenypa; mporuecc; onepanus 2. mopsaok (aercTauil) 3.
METOJ; METOoAWKAa 4. ajnropuT™M 5. NpaBWIA; TEXHOJOTUS
(TEXHUYECKOTro 00CITy>)KBaHUS)
R
ratio 1. oTHoOIlIEHWE; COOTHOIICHHE;, MpOomopIus 2. KOIPPUIUEHT;
CTENEeHb; KpPATHOCTh 3. MEpelAaToyHoe OTHouieHue 4.
nepeJaTOYHOe YUCTIO
reaction l. (xumuueckasi) peaxuus; 2. peakius; MPOTHUBOICHCTBUE;
oOpaTtHOoe JeilicTBUe 3. simepHas peakius 4.MOJOKUTENIbHAs
oOpatHast cBsi3b 5. oxp. Peaknus opraHusMa Ha cpeny
obuTaHus
Reduction l. yMmeHbIIEHHE; CHIKEHHE, COKpalleHUe; peaykuus 2.
KO2(DPHUIIMEHT BBITSHKKH 3. 00)KaTHe
reestablished BOCCTaHABIIMBATh
reflux l.rugp. OtrTok; oTauMB 2.0pomieHue (peKTU(UKAITMOHHOU
KOJIOHHBI) 3. hrrerma
residue. l.octaTok 2. 0CaJOK; OTCTOM; IIJIaM 3. OTXO0Abl 4. XUM.
paaukan 5. Mar. BbIYET
resonator 1. pe3oHaTOp 2. peaKTUBHBINA TTYIITUTENb BBIITYCKA 103
roentgen PCHTICH
S
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secure I. kpenuth; 3akpemwyisiTh 2. MoOp. 3aapauBaTth 3. MOP.
[IIBaproBath 4. rapaHTHpPOBaTh; OOECIeUnBaTh 5. HAJACKHbIN;
0e3omnacHbIN
sedimentation OCQXJICHUE; CETMMEHTAIIMS;, OTCTAUBaHUE
sintering 1. armomepanusi; ciekanue 2. 00Xur (pyabl) 3. MH. CIICYCHHBIC
METaJUIOKePAMHUYCCKHE H3ICITHS
shift l.3aMeHa; cMeHa; WU3MEHEHHE 2.MEePEeMEIICHUE; CMEIICHUE;
CIABUT TIEPEMEIATh; CMEIIATh, CIBHUTaTh 3. MET. IMEPEKOC
(medext ornuBkM) 4. epekIOYeHNEe 6. aBTO OTKJIOHEHHE (OT
3aJlaHHOTO  pekuMma) 7. mepeBoa (B tenerpadum) 8.
NEPEeKIoYeHUEe [CMeHa] perucTpoB (KJIaBUATYphl MUIIYHIEH
MallMHKKA); BYT  YCTaHOBKa  peructpa  (meyaTarouiero
ycTpoiicTBa) 9.(paboyas) cMeHa
smooth 1. crmakuBaTh; BEIPABHUBATH 2. NUIM(OBATH; MOJIUPOBAThH
solid. 1. TBepao€ Tenmo 2. cyxoe BemecTBo 3. MaccuB 4. CIUIOMIHOM (O
JIMHUMN)
solvent pacTBopuTelNb species 1. BUJ; pa3HOBUAHOCTH 2. U30TOIBI 3.
OHOJIOTUYECKNI BU/
split 1EJb; TPELIUHA; pasphIB|| paspesars; pope3aTh
2.pacciauBaThbCs
T
tar l. rynpoH || ryapoHupoBath 2. AETOTh || MPONUTHIBATh AETTEM
3. cMoJia || IpOonUTHIBATH CMOJION, CMOJIUTh
technique 1. TexHuKa, METOAUKA, METOJ; CII0CO0 2. TEXHOJIOTHS,
TexHojoruueckut (mpuem) 3. anroput™ 4. 000pyHOBaHUE;
TEXHUYCCKHE CPEICTBA; TEXHHUKA
tertiary Tperuunas o6MOTKa
transient 1. mepexonHO€ [HEYCTAaHOBUBUIEECS| COCTOSIHUE; TEPEXOIHBIN
[HEyCTaHOBUBILIMICS | MPOLIECC 2. MIEPEXOIHBIN
[HEyCTaHOBUBIIUICS| pEXUM 3. HEYCTAHOBHUBIIUMHCS TOK 4.
HEYCTAHOBHBIIICECS] HAPSKCHUE
\
valence, valency | BaJIeCHTHOCTh
vapour(vapor) 1.map (v1) || mpeBpamath (cs1) B map; UCHapsATHCS 2. BHITIAPUBATh
velocity 1. CKOPOCTH 2.BEKTOP CKOPOCTHU 3. OBICTPOICHCTBUE
vessel 1. cocyn; pe3epByap; OaJIOH; KOHTEHHEp (U1 )KUIKOCTEH WIIN
ra3zoB) 2. cyaHO 3. KoHBepTep 4. peTopTa 5. K.-1. IucTepHa 6.
KOTEN 7. TUIPOCAMOJIET
Y
yield 1.100bI"a; n1eOWUT; W3BJICUYCHHE, ormada | J100BIBaTh;

W3BJIEKaTh, OTAaBaTb  2.BBINYCK;  IPOU3BOJUTEIBHOCTH;
BbIpa0OTKa (HAaMpUMeEp, HJIEKTPOSHEPTHUH); BBIXOJ TOTOBBIX
(w3nmenwmii) || mpou3BOANTH; BhIpAOdATHIBAThH 3.T0JIE3HAS paboTa
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4.ctok (Hampumep, BojgocOpoca) 5. oTaaBaTh (Boay U3
BOJIOXpAHWINIIA) 6. BBIXOJ MPOAYKTOB JENEHUs 7. BYT
BbIJIaBaTh (3HaueHue) 8. KOADPUIMEHT BTOPUUHONW SMHUCCUHU
(anexTpoHoB) 9. ocaaka 10.y10B (pbIOBI)
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I'JIOCCAPUM

Aoanmuenoe mpanckooupoeanue - BUJI S3bIKOBOTO IOCPEIHUYECTBA, MPH
KOTOpPOM COJIep)KaHHWE OpHUTHHala I[epefaeTcss B IpeoOpa3zoBaHHON  (dopwme,
oOecreunBaroNiel 3aaHHbli 00bEM U XapakTep rnepeaaBaeMon nHhopMaIuu.

Aoanmupoeannslii nepeeod - BUJ ANANTHUBHOIO TPAHCKOAUPOBAHUA, NPH
KOTOPOM B TMIPOLECCE MEPEBOAA OCYILIECTBISIETCA YIPOILIEHUE CTPYKTYpPhl H
COJIEpKaHHWSl OpUTMHAJIA C LEJbI0 CIeNaTh TEKCT IEepeBOJa JOCTYIHBIM JIS
PeneniropoB, He 001a1af0MMX MO3HAHUSAMU, KOTOPBIE TPEOYIOTCS IS OTHOIICHHOTO
MMOHUMAaHUS COOOIIIEHHUS, COJIEPIKAIIETOCS B OpUTHHAJIE.

AoexeamHblit nepeeoo - NEPEBOJI, OOCCIICYNBAIOIINN TPArMaTHIECKUAE 3aaUH
MEePEBOTYECKOT0 aKTa HAa MAaKCUMAJIbHO BO3MOXXHOM IS JIOCTHUXKEHHUS ATOW IEIn
YPOBHE IKBUBAJICHTHOCTH, HE JOMyCKas HapylieHus HopMm u y3yca IIS, cobmonas
KAHPOBO-CTUJIMCTUYECKUE TpeOOBaHUSI K TEKCTaM JIAaHHOTO THIA U COOTBETCTBUS
KOHBEHIIMOHAJILHOM HOpMeE mepeBoja. B HecTporoMm ymorpebiieHnn Am. - 3TO
«TIPABUIILHBIN» IEPEBO.

AHmoHUMUYecKUuili nepeeoo - NEKCUKO-TpaMMaTHYecKas TpaHchopmarus, mpu
KOTOpPOM 3aMeHa yTBEPAUTEIbHON (OPMBI B OpUTHHAJIE HA OTPULIATEIBHYIO (OopMy B
MepeBojie WIM, HA00OpOT, OTPUILIATEIHLHOM Ha YTBEPAMTEIBHYIO COINPOBOXKIAETCS
3aMeHOM Jiekcndeckor emuHuubl WS Ha emuauny IS ¢ npoTUBOINOIOXKHBIM
3HaueHuEeM. be3dKBUBaNIeHTHAs JIEKCUKA - JIEKCHYeCKue enuHuIbl 1S, He nMeronme
PEryJIpHBIX (CIOBapHBIX) COOTBETCTBUI B 1141.

be3Ikeusanenmnole cpammamuyeckue eOUHUYbl - TpaMMaTHIECKue POpMbI U
cTpyKTyphl U5, He nmeronue OJHOTUITHBIX COOTBETCTBUM B [151.

byxeanvuwiit nepeeod - TEpeBON, BOCIPOU3BOIAIINM KOMMYHHKATUBHO
HEpEJIEBAHTHBIC DJIEMEHThI OPUTHHAJIA, B PE3YJIbTATE YEro JIMOO HAPYIIAIOTCS HOPMBI
n y3yc IIS, nubo oka3biBaeTCsi MCKaXXEHHBIM (HEMEpEeAaHHbIM) ACHCTBUTENBHOE
COJIepKaHKe OpUTHHAA.

T'enepanuzayus - JIEKCUKO-CEMaHTUYECKasl 3aMeHa eauHuipl S, nmeromen
Oonee y3koe 3HaueHue, eauauiei [15 ¢ 6onee mmpokum 3HAaYCHHUEM.

I'pammamuueckasa 3amena - rpaMMmatnydeckas Tpancopmarus, Ipu KOTOPOu
rpaMmaThyeckas €JMHUIlAa B OpHUTuHaje mpeoOpasyercs B eaunuily [1S1 ¢ uHBIM
rpaMMaTHYE€CKUM 3HAYEHUEM.

Eounuya mnecoomeemcmeusn - DIEMEHT COACPX AHHUS OpUTHMHANA, HE
MepeJaHHbId WM MCKaKCHHBIM MPU TEpPEBOJE, WJIM BJEMEHT COACPKaHUSI TEKCTa
nepeBo/ia, HEMPaBOMEPHO J00ABICHHBIN MPU MEPEBOJIE.

Eounuuya nepeesooa.

1. MunuManbHasi €AWHUIIA TEKCTa OpUTHMHANIA, KOTOpas IEpPeBOJUTCS Kak
€IMHOE 11€JI0€, B TOM CMBICJIE, UTO €l MOKHO OTBICKaTh COOTBETCTBHE B IIEPEBO/IE, HO
HeNb3sl OOHApYyXUTh B TMepeBojae eauHul] [15, BoCHpOUZBOIANINX 3HAYCHHE
COCTaBHBIX YacTEel JaHHOUN €AUHULIBI, €CJIN TAKOBBIE Y HEE€ UMEIOTCHI.

2. Enununa mepeBOJYECKOro TMpolecca - MHUHHMAIbHBIA OTPE30K TEKCTa
OpUTMHAJIa, BBICTYMAIONIMNA B KA4YECTBE OTIEIBHON «IOpPLHH» IEPEeBO/a, B TOM
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CMBICJIC, 9YTO IICPCBOAYUK IMPHUCTYIIACT K ICPCBOAY KAXKIAOI'0 TAKOI'O OTPE3Ka ITOCIIC
3aBCPIICHUA IIEPCBOAA OTPE3KA MPCABIAYILICTO.

3. Engununa SKBUBAJICHTHOCTHM - MUHHMMAajlbHasg €IWHUIIA COJSp KaHUs
OpUTHHAJIa, COXpaHsieMas B TIEPEBOJIC.
Eounuunoe (nocmosannoe) coomeemcmeue - HauOoiee YCTOWUYMBBIMA

(mocTostHHBIN) criocod neperoaa JaHHOW eauHuIbl S, OTHOCUTEIbHO HEe3aBUCUMBIM
OT KOHTEKCTA.

/Kanpoeo-cmunucmuueckana kKnaccugukayua nepeeoooe - TOIPa3JCICHUE
MIEPEBOJIOB B 3aBUCUMOCTH OT >KaHPOBO-CTWJIMCTHUYECKUX OCOOCHHOCTEH OpUTHHAaja
Ha XYJOKECTBEHHBIH TMepeBOJ W WH(OOPMATHBHBIN TMEepeBOA W (YHKIIMOHATHHBIC
MOABU/IBI TIEPEBOA.

Kaupoeo-cmunucmuueckas nopma nepegooa - TpebOBaHUs, KOTOPHIM JOJKEH
OTBEYaTh IMEPEBOJI B 3aBUCMMOCTU OT TMPHUHAJICKHOCTH OpHUTHMHAIA K
ornpeeneHHOMY (GYHKIIMOHATBHOMY CTHIIIO.

Hnghopmamuenwlit nepeeod - TNepeBO]l OPUTHMHAIIOB, HE NPUHAICKAIINX K
XYJ0)KECTBEHHOM JuTeparype (0OIeCTBEHHO-MIOJIUTHUYECKUX, HAYYHO-TEXHUYECKUX,
opUIIMATBHO-JIEOBBIX W Tp.), T.€. TEKCTOB, OCHOBHas (YHKIUS KOTOPBIX
3aKJII0YAETCS B COOOIIEHMM KaKUX-TO CBEJIEHHWN, a HE B XYJI0XKECTBEHHO-
ACTETUYECKOM BO3JielicTBUU Ha Perientopa.

Hcmounuk (ungpopmayuu) - coszparens (aBTOp) TEKCTa OpPUTHHAIA,
OTHpPABUTEb COOOIIICHHUS.

Hcxoonwiit azvik (MA) - 1361k OpUTHHANA, SI3BIK C KOTOPOTO JIEJIAETCS IEPEBO.

Kanvkupoeanue - ciocod nepeBoja JEKCUUECKON €MHUIIBI OPUTHHAIA MTyTEM
3aMEHbl €€ COCTaBHBIX YacTell - Mopdem uiM ciloB (B Ciy4ae YCTOWYUBBIX
CJIOBOCOUYETAHMM) - UX JIEKCUUYECKUMH COOTBETCTBUAMU B [141.

Kommynuxamuenasa pasnoueHHocmp - CIOCOOHOCTh TEKCTa BBICTYyNaTh B
KauecTBe TMOJIHOMPABHOM 3amMeHbl (B (PYHKIIMOHAIBHOM, COJEPKATEIBHOM H
CTPYKTYPHOM OTHOILIEHHH) APYTroro Tekcta. KOMMyHHKAaTUBHO paBHOIIEHHBIE TEKCTHI
ABJISIFOTCSL (hOpMaMu CYIIIECTBOBAHMSI OJTHOTO M TOTO K€ COOOIIECHUS U O0BEUHSIIOTCS
BOEJIMHO (OTOXKIECTBIISIOTCS) B MPOIIECCE KOMMYHHUKAIIUU.

Komnencayus - cnoco0d 1miepeBofa, NpU KOTOPOM DJIEMEHTHI CMBICIA,
yTpaueHHblE TIpU TepeBojJe eauHuilbl M B opurunHane, mepenaroTcs B TEKCTE
nepeBoia KakKuM-Iu00 IPYTuM CPeJICTBOM, MPUYEM HEOOS3aTeIbHO B TOM K€ CaMOM
MeCTE TEKCTa, YTO U B OpUTHHAJIC.

Koneenyuonanvnan nopma nepegeoda - TpeOOBaHMS, KOTOPBIM JIOJKEH
OTBEYATh MEPEBOJI B CBSI3U C OOIICTIPUHATHIMU B TAHHBIN NIEPUOJ B3TJIsAaMU Ha POJIb
Y 3a/1a44 MEPEeBOIUECKON IESITEILHOCTH.

Kounkpemuszayus - nekcuko-ceMaHTHYecKas 3amMeHa enuHuIpl WS, umeromeit
OoJiee mupoKoe 3HaueHue, eauHutien [15 ¢ 6osiee y3kuM 3HaYEHUEM.

Jlekcuko-cemanmuyeckasn 3amenHa - criocod TepeBoAa JEKCUUYECKHX €IMHHMII
OpUrMHAJIa TyTEM HUCIOJb30BaHUs B mepeBojie eauuull [, 3HaueHnss KOTOphIX HE
COBMAJAIOT CO 3HAYCHUSIMU MCXOJHBIX €IUHUII, HO MOTYT OBITh BBIBEJICHBI U3 HUX C
MTOMOIIIBIO JIOTHYECKUX MPe0oOpa30BaHMM OMPEIETICHHOTO TUTIA.
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Jlexcuueckuii KOHmeKcm - COBOKYITHOCTD JIGKCUUECKUX €IMHUII, B OKPYKEHUU
KOTOPBIX MCIIOJB3YETCS JaHHAs €AWHUIIA TEKCTA.

Jlunzeéucmuka nepesoda unu NUHZEUCHMUUECKOE NEPEBO00GedeHUe - PA3NEN
A3bIKO3HAHUS, U3yYarONIUi MEPEBO]] KaK JUHIBUCTUUECKOE SIBJICHHE.

Jlunzeéucmuueckan meopus nepeeoda - TEOPETUYECKAs YaCThb JIMHTBUCTUKU
nepeBoa.

Jlunzéucmuueckuit KOHmekcm - S3bIKOBOE OKPYKEHHE, B KOTOPOM
yHnoTpeOJigeTcsl JaHHAs €IUHUIA SI3bIKA B TEKCTE.

Jumepamypnoe nepesooosedenue - pa3iei JIUTEPATYPOBEACHUS, U3YUAOIIHN
MepEeBO/I KaK BUJI JIMNTEPATYPHOTO TBOPUECTRBA.

Merncvazvikosas (08yA3bIYHAA) KOMMYHUKAUUA - PEUYCBOE OOIICHUE MEXKITY
KOMMYHUKAHTaMU, MOJIb3YIOIIUMUCS PA3HBIMU SI3bIKAMU.

Mmuoowcecmeennoe (eapuanmuoe) coomeemcmeue - OIUH U3 PETYISPHBIX
croco0oB mepeBosia naHHoM eauHuIbl WS, wactuuno BocnpousBoasimen B 115 ee
3HA4YECHHUE.

Mooens nepegoda - yCIOBHOE OIMCAHHUE PsSJa MBICIUTEIbHBIX OIEpalui,
BBITIOJIHSA KOTOPBIE, MOKHO OCYIIECTBUTh MPOLIECC MEPEBOIA BCErO OPUTHHATIA WU
HEKOTOPOM €ro 4acTH.

Mooynayusa (cmwviciosoe pazeumue) - JIEKCUKO-CEMAaHTUUECKasl 3aMEHA CIIOBA
wim cioBocoueranus M equaunuent 115, 3HaueHne KOTOPOU SIBISETCSA JIOTMYECKUM
CJIEICTBUEM 3HAYEHUS UCXOTHOMN €UHUIIBI.

Hopma nepesoda - COBOKYNHOCTh TpeOOBaHMI, KOTOPHIM JIOJDKEH OTBEYATh
MEPEBOJL.

Hopma nepeeooueckoii peuu - TpeOOBaHUs, KOTOPHIM JOJIKEH YIOBJIETBOPSTH
SI3BIK MIEPEBO/IA.

Hopma xeusanenmnocmu nepeeooa - TpeOOBaHNE MaKCUMaIbHO BO3MOXKHOM
CMBICJIOBOM OJIM30CTH MEPEBOIA K OPUTHHAITY.

Hyneeoit nepe6oo - 0Tkas oT nepeaadyu B NEPEBOJIC 3HAYEHUS] TPAMMaTUYECKOU
equauIsl S, BenencrBue ero n30bITOYHOCTH.

Oouan meopus nepeeoda - paziei JMHIBUCTUYECKOM TEOpUHU TIEpeBOjA,
u3ydaromuii HauOosiee oOOIMe JUHTBUCTUYECKHME 3aKOHOMEPHOCTH IEpeBoja,
HE3aBUCUMO OT OCOOCHHOCTEW KOHKPETHOMU IMaphl S3bIKOB, YYACTBYIOIIMX B MIPOIIECCE
MepeBojia, crmocoba OCYIIECTBIEHUS HJTOr0 MpoIecca ¢ WHIAWBUIYATbHBIX
0COOCHHOCTEM KOHKPETHOTO aKTa MepeBo/ia.

Obvedunenue npeonoriceHuil npu nepeeoode - criocod mnepeBojia, Mpu KOTOPOM
CHUHTaKCHUYeCKasi CTPYKTypa B OpUTHHaje MpeoOpasyercss MyTeM COEIUHEHUS ABYX
MPOCTHIX MPEIOKEHUIN B OTHO CIIOKHOE.

Oonomunnoe coomeemcmeue - TpaMMaTUYecKoe cooTBeTcTBUe B [I4,
MMeEIolee HaMMEHOBaHUE, OINpe/ie/IeHHe U TPaMMaTHYECKOe 3HAUCHUE, aHATIOTHYHOE
3ameraeMon enquaune MA.

OKKa3uonanvHoe  coomeemcmeue  (KOHMEKCMYaiabHAs  3aMeHa) -
HEPETYJSIPHBIA, HMCKIIOYUTENBHBIA CIMOCOO TIEpeBOJla CAWMHUIIBI  OpUTHHAJA,
MIPUTOIHBINA JTUIIb JJIsl JAHHOTO KOHTEKCTA.
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Oduyuanvustii (20moswlii K 0OnyoNUKOBAHUI)) NEPE6OO - OKOHYATEIIbHBIN
BapUaHT NEPEeBOJia, MPEACTABISIEMbId MEPEBOAYUKOM B KayeCTBE IOJIHOLIEHHOIO
BOCIIPOU3BECHUS] OpUTHHAIIA.

Ilepeeoo - Buj S3BIKOBOTO TMOCPEAHUYECTBA, IMPU KOTOPOM COIECpKaHHE
MHOSI3BIYHOTO TEKCTa OpPUTHUHAJNA TIEpe/laeTcsad Ha APYrod s3bIK MyTEM CO3JaHus Ha
ATOM SI3bIKE KOMMYHUKATHUBHO PABHOILIEHHOTO TEKCTA.

Ilepeeooosedenue - COBOKYNHOCTb HAyUYHBIX JUCHHUIUIMH, H3YyYaIOIINX
pa3JIMYHbIC aCTIEKTHI IEPEBOA.

Ilepesooueckan (meincvazvikosas) mpancgopmayus - TpeoOpa3oBaHUE, C
MOMONIBI0 KOTOPOTO MOXHO OCYIIECTBUTH IMEPEXO0J OT EAUHUIl OpUTHHAlIa K
equHuniam nepeBoga. llepeBogueckoe cooTBercTBUE - enununa IS, perymspHo
MCIIONb3yeMas Ul IeEPEBoAa JaHHOU eauHuLb! V4.

Ilepesooawuii azvik (IIA) - 361K, HA KOTOPBIN JIEIIAETCA MEPEBOJ.

Ilucomennwlit nepeeod - BUJ TEPEBOAA, IPU KOTOPOM OPUTHMHAI U IEPEBOJ
BBICTYMAIOT B IMpoIlecce IepeBoja B BUJEe (UKCHUPOBAHHBIX (TJIABHBIM 00pa3om,
MMCbMEHHBIX ) TEKCTOB, K KOTOPHIM MEPEBOTYMK MOKET HEOJHOKPATHO 0OpaIaThCsl.

Ilpazmamuka nepeeooda (npazmamuyecKuii acnekm nepeeooa) - BIVSIHUE HA
XOJl U Ppe3yldbTaT IMEepPeBOAUYECKOro Ipoilecca HEOOXOJIMMOCTH BOCIPOU3BECTU
MparMaTMuecKuii MOTEHIIMAJl OpUTMHAIa U O0ECIEUYHUTh JKellaeMoe BO3JIEHCTBHUE Ha
Penenropa nepesona.

Ilpazmamuueckaa adanmayua nepeooa - U3MEHCHHS, BHOCHUMBIE B TEKCT
MepeBoJia C IEJbI0 JOOUTHCS HEOOXOJAMMOUN peakiuu CO CTOPOHBI KOHKPETHOTO
Penenropa nepesopa.

Ilpazmamuyeckan  Hopma  nepeeoda -  TpeOoBaHME  OOeCIEUCHHUS
MparMaTU4yeCcKou IIEHHOCTH NIEPEBO/IA.

Ilpazmamuyeckan uennocms nepeeoda - CTENIEHb COOTBETCTBUSI TEKCTA
nmepeBojia TeM 3ajadaM, [JIs PelIeHUsT KOTOPhIX ObLI OCYIIECTBICH MPOIECC
repeBoaa.

Ilpacmamuyeckuii nomenyuan mekcma - CIOCOOHOCTh TEKCTa OKa3bIBaTh
Bo3zelicTBue Ha Penentopa, BBI3BIBATE Yy HENO HHTEUIEKTYaJbHYK WU
SMOLIMOHAIBHYIO PEAKIIUIO Ha MEepeIaBaeMoe COOOIEHHE.

Ilpubnusrncennvtii nepeeod - WCHOJIb30BAHHE B IEPEBOJIE T'PAMMaTHYECKOU
equaubpl  [I5I, koTopas B JAHHOM KOHTEKCT€ YacCTUYHO COOTBETCTBYET
0€39KBUBAJICHTHOM TpaMmaTudecko enuuuiie M.

Ilpuem  nexcuueckux 000agienuil - WCIOJIb30BaHWE B  IEPEBOJE
JOTIOJTHUTENBHBIX JIEKCUYECKUX €IWHHUIL JUIsl Tepeladyd MUMIUIMLMTHBIX 3JIEMEHTOB
CMBICJIa OpUTUHAJA.

Ilpuem mecmoumennozo noemopa - MOBTOPHOE YKA3aHHUE B TEKCTE IMEPEBOJA
Ha YK€ YINOMHUHABIIMHCA OOBEKT C 3aMEHOW €ro MMEHM Ha COOTBETCTBYIOILIEE
MECTOMMEHHUE.

Ilpuem onywenusn - OTKa3 OT TIEpeladyd B IIEPEBOJE CEMAHTUYECKU
M30BITOYHBIX ~ CJIOB,  3HAUEHUS  KOTOPBIX  HEPENEBAaHTHBI  WJIM  JIETKO
BOCCTaHABIIMBAOTCS B KOHTEKCTE.
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Ilpuem nepemewienus neKcudecKkux eOUHUY - VCTOJIb30BAHUE OJFKANUIIETO
COOTBETCTBUS NepeBoauMoi equnuie U5 B Apyrom mMecte BbICKa3bIBaHUS B TEKCTE
nepeBoa.

Ilpuem nocnoenozo nepeeoda - TOJCTAHOBKA OJIMKAUIIUX COOTBETCTBHM
BMECTO JIEKCUUYECKHX €JIMHUIl OPUTHHAJIA NPU COXPAHEHUHM CUHTAKCUYECKHUX CBSI3EH
MEXIAy HUMHU B KQUECTBE MPOMEKYTOYHOM CTa/IMK B MPOIIECCE MOUCKA ONTUMAIILHOTO
BapuaHTa IepeBo/ia.

Ilpouecc nepesoda (cobcmeenno nepeeood) - JIEUCTBUSA TEPEBOAYMKA IO
CO3/IaHHIO TEKCTa MEPEBOIA.

Ilcuxonunzeucmuueckas Kiaccupukayus nepeeooos - TOAPA3IACICHUAEC
MEepPeBOJIOB Ha BHUABI M TOABUABI MO crmocoly (pedeBodr (opme) BocmpusTUA
OpUTMHAJIA U CO3/IaHUS TEKCTa EPEBO/IA.

Pabouuit nepeeod - npenBapUTENIbHBIN MEPEBOJI, SKBUBAJIECHTHOCTh KOTOPOIO
orpaHUyYeHa JIMIb Tepeadyeid Ha YpOBHE CIOc00a ONMUCAHUSI CUTYallUU MPEIMETHO-
JIOTUYECKOTO COAEPKAHUSI OpUTHHAIIA.

Paznomunnoe coomeemcmeue - rpaMmaTuiyeckoe coorBerctBue B IS, He
COBIIAIAIOIEE C UCXOIHOM €IMHHUIICH MO HA3BAHUIO U ONPEACICHUIO.

Peuyenmop (ungpopmayuu) - mnoiydaTenab COOOIICHHS, CIYMIAMOIIUNA WU
YUTAIOUUN YYaCTHUK KOMMYHHKAIIUU.

C60000HnbLIl (80/1bHBLIL) nEepeeod - TICPEBO/I, BHITIOJIHEHHBIN Ha 0ojiee HU3KOM
YpPOBHE DJKBUBAJIEHTHOCTHU, Y€M TOT, KOTOPOrO MOXHO JOCTUYb TMPU JTaHHBIX
YCJIOBUSIX MEPEBOTYECKOTO aKTa.

Cunmakcuueckuilt KOHmMeKcm - CAHTAKCUYECKasi CTPYKTYpa, B paMKaxX KOTOpOH
yIOTpeOJICHO JaHHOE CIOBO B TEKCTE.

Cunmakcuueckoe ynoooonenue (00cn106Hwlil nepesos) - cnocod nepeojia, npu
KOTOPOM CHHTAaKCH4YeCKas CTPYKTypa OpUTHMHAlIa MpeoOpazyeTcsi B aHaJOTHYHYIO
ctpykrypy IISl ¢ coxpanenwem HaOoOpa TOJHO3HAYHBIX CJIOB W TOpSIKAa MX
PaCIIOJIOKEHUSI B OPUTHHAJIE U TIEPEBOJE.

Cumyamugnaa moodeib nepeeoda - MOJIEIb TEPEBOAA, MPEACTABIAIONIAS
MpOLIECC MEPEeBOJa KakK MpOILECC omucaHus npu nomoiu IIS Tou ke curyauuwu,
KOTOpasi OTNMCaHa B OpUTHUHAJIE.

Cumyamuenulii (IKCmpaauHzeucmuieckuii) KOHmekcm - 00CTaHOBKa, BpeMs
MU MECTO, K KOTOPBIM OTHOCHUTCSI BBICKAa3bIBaHUE, a TaKKe JII0Oble (PaKThl peanbHOU
NEeUCTBUTEILHOCTH, 3HAHME  KOTOPBIX momoraer Peuentopy  NpaBUIBHO
WHTEPIPETUPOBATH 3HAUCHUS SI3BIKOBBIX CAMHUI] B BHICKA3bIBAHHH.

Cumyayus - COBOKYITHOCTb WJICAJIbHBIX WM MaTepUaIbHBIX OOBEKTOB U, CBA3EH
MEXy HIMH, OTTUCBIBAEMBIX B COJICPYKAHUHU BHICKAa3bIBAHUSI.

Cmuicnosas oomunanma - HauOosee BaKHAs YacTh COJEP)KaHHS OpUTHHAIIA,
KOTOpasi JOJDKHA OBITh HEMPEMEHHO COXpaHEHa B MEPEBOAC M Paad COXpaHEHUS
KOTOpPOH MOTYT OBITh TPHUHECEHBI B JKEPTBY JPYrue DJIEMEHTHI IMEPEBOIUMOTO
COOOILIEHUS.

Cokpawiennnlii nepegoo - NepeBoi, MPU KOTOPOM OCYLIECTBIISIETCS OMYIICHUE
OTIENBHBIX YacTel OpUTHHANIA TI0 MOPAJIbHBIM, TMOJIUTHYECKUM WA HHBIM
COOOPaKEHUSIM MPAKTHIECKOTO XapaKTepa.
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ConocmaeumenvHblil ananu3 nepeeooa - anaaus GOpMbI U COIEPKAHUSI TEKCTA
nepeBojia B COMOCTABICHUH ¢ (POPMOM U COJIepKaHUEeM OpUTHHAaIA.

CneyuanvHas meopus nepeeooa - pasyiell TUHIBUCTHUYECKON TEOPUH MEePEeBO/Ia,
U3YYaIoIIiil 0COOEHHOCTHU TIpoIlecca MepeBojia TEKCTOB Pa3HOTO THUIIA U BIUSHHE HA
ATOT MPOILIECC PEeUEBBIX (DOPM U YCIOBUM €ro OCYIIECTBICHHUS.

Cnoco6 onucanus cumyayuu - 4YacTb COJIEpKAHUS BBICKA3bIBAHUA,
yKa3pIBaOIIas Ha TPU3HAKU CUTYallUM, 4Yepe3 KOTOpble OHa OTpa)kaeTcs B
BBICKA3bIBAaHUHU.

Tounwtii nepe6oo - NepeBo, B KOTOPOM SKBHUBAJICHTHO BOCIIPOW3BE/ICHA JIUIIIH
MPEAMETHO-JIOTHYECKAass  4YacTh  COJAEpXKAHUS  OpWUTHMHAJIa TPU  BO3MOKHBIX
OTKJIOHCHHUSX OT JKaHPOBO-CTHJIMICTHYECKOM HOPMBI ¥ y3yallbHBIX TIPaBHII
ynotpeonenus 1151.

Tpanckpunyusa - crioco® TepeBoIa JEKCUYECKON CIMHHIIBI OPUTHHANA ITyTeM
BOCCO3/IaHUS €€ 3ByKOBOM (popMbI ¢ momoribio Oyks T14].

Tpancnumepayus - croco0 TMepeBoAa JIEKCUYECKON €IMHMIIBI OpHUTHhHAaja
MyTeM BOCCO3/1aHus ee rpaduyeckoit hopmbl ¢ momorisio Oyks [14.

Tpancgopmayuonno-cemanmuyeckan mooenb nepeeooa - MOJCIb TIEPEeBOJIa,
MPEACTABISIONIAs TPOIECC TNEpeBojla KaK psj MpeoOpa3oBaHUM, C TMOMOIIBIO
KOTOPBIX MEPEBOTUMK TIepexoauT oT eauHul] M5 k enununam [14.

Tpancgpopmayuonnwlii. nepeeod - TEPEBOA C HCIOIH30BAHUEM OJHOU U3
MepPEeBOTUECKUX TpaHCHOpMaIUH.

Y3kuit kommexkcm (Mukpoxonmekcm) - JIAHTBUCTHYECKHN KOHTEKCT B
npejenax OJJHOTO CIOBOCOYETAHUS WU TIPEJIOKEHHUS.
Yposenv (mun) sxeusanenmmnocmu - CTENEHb CMBICIOBON  OJU30CTH

OpUTMHAJIa U TEpPeBOJa, OIpeesieMas YacThl0 COJEpKaHUS OpUTHHANA,
COXpaHsEMOM MIPU MEPEBOJE.

Yemmuwoiit nepeeoo - Bun mepeBonma, mpu KOTOPOM OPUTHMHAI U €TI0 IMEPEBOL
BBICTYIIAIOT B TIpollecce TepeBoda B HedHKCHUpOBaHHOW (yCTHOH) ¢opme, UTo
MpENONpeneIIieT OAHOKPATHOCTh BOCHPHITHUSI IEPEBOAYMKOM OTPE3KOB OPUTHHAJA U
HEBO3MOXHOCTb IMOCJIEAYIOIIETO COMOCTABICHUS WM UCIIPABIICHHS TIEPEBOAA MOCIE
€ro BBITNOJHEHHS.

Xyoorcecmeennnvlii nepeeoo - TIEPEBOJI TPOU3BEACHUN XYI0KECTBEHHOU
autepatypbl, T.e. TEKCTOB, OCHOBHas (YHKIUS KOTOPBIX 3aKIIOYaeTCs B
XYJI0’)K€CTBEHHO-ICTETUYECKOM BO3JICHCTBUU HA YUTATES.

Ilenvy Kommynukauyuu - 4YacThb COJIEpXKaHUSI TEKCTa (BBICKA3bIBAHUS),
yKa3bIBaroIIasi Ha 0OIIYI0 peueByrO (DYHKIIHUIO TEKCTA B aKT€ KOMMYHUKAIUU.

Yacmuasa meopusa nepegoda - pa3lei JUHTBUCTUUECKOW TEOpHUM TEpPEBOja,
M3YYalIIUi JIMHTBUCTUYECKUE AaCTHEKThl MEpPeBOJia C OJHOTO JAaHHOTO S3bIKa Ha
APYTrOW TaHHBIN S3BIK.

Yepnoeoit nepeeod - NpeBAPUTEIIBHBIN MEPEBOJ, SKBUBAIEHTHOCTh KOTOPOTO
OTpaHUYCHA JHIIb [epelayeii Ha YpPOBHE YKa3aHUSl Ha CUTYyalUIO0 MpPEIMETHO-
JIOTUYECKOTO COAEPKAHUSI OpPUTMHAJIA TTPU BO3MOKHBIX MPOIYCKAX W OTKIOHEHUAX
oT HOpMmbI [141.
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Ynenenue npeonoxcenusa - cnocod mnepeBosa, Mpu KOTOPOM CHHTAKCHUECKas
CTPYKTypa MpEIJIOKEHHs B OpUTMHale MpeoOpa3yercs B JABE WU Ooiee
peIuKaTUBHbIE CTPYKTYphI B 1151

Hlupoxuini xonmexcm (MaKpoKonmeKkcm) - JUHTBUCTUYECKUII KOHTEKCT,
BBIXOJSIIUI 32 MPEAesbl NMPEAIOKEHUs, B KOTOPOM YIOTpeOsieHa JaHHas S3bIKOBas
€IMHULIA.

IKeusanenmnocmsy nepeooa - OOIHOCTb COAEPKaHUs (CMBICIOBas OJIM30CTh)
OpUTMHAJIA U [IEPEBOJA.

JKeusanenmmuvlit. nepesood - TEPEBOJ, BOCHPOU3BOASIIUN COACPKAHUE
OpUTMHAJIa HA OJJHOM U3 YPOBHEU SKBUBAJICHTHOCTH.
IKcnauxkayus  (onucamenvHvlii  nepeeod) -  JEKCUKO-TpaMMaTHyecKas

TpaHchopmarisi, TP KOTOPOM  JeKcuyeckas eauHuna WS 3amensercs
CJIOBOCOYETAHHMEM, SKCIUTHIUPYIONIUM €€ 3HAYCHUE, T.C. JAIONIUM OoJiee I MEHEe
MoJIHOE 00BSCHEHHE ATOT0 3HaueHus Ha [151.

Oman nepeeooueckozo npowecca - 4YaCTh TIEPEBOJIYECKOr0 MPOIECCa,
XapakTepusyemasi I1eMCTBUSIMU NIEPEBOIUMKA OMPEICIICHHOTO TUTIA.

A3zviko60e nocpeonuuecmeo - npeodOpa3oBaHUE B MPOLIECCE MEXKbBIZBIKOBOM
KOMMYHHUKAIIMH UCXOJHOTO COOOIICHUS B TaKYIO SI3bIKOBYIO (hOpPMY, KOTOpass MOXKET
ObITh BocTipuHsTa PenenropoM, He Binaaetomum M.
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