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nocoOue Mo U3y4eHUIO AUCIUIUIMHBI. PEKOMEHI0BAaHO K MCIOJIb30BAHUIO B YYEOHOM
MpoIlecce METOAMYECKOW KOMHMCCHEM WHCTUTYTa PHIOOJIOBCTBA U aKBaKyJIbTYPhI
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«29» nrons 2022 r., mpotokoir Ne5
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nocoOue Mo U3y4eHUIO AUCIUIUIMHBL. PEKOMEH0BAaHO K MCIOJIb30BAHUIO B YUEOHOM
MIPOLIECCE METOIMYECKON KOMUCCUEN NHCTUTYTa MOPCKUX TEXHOJIOTUM, SHEPIeTUKU U
ctpoutensctBa GI'BOY BO «KI'TY» «30» centsadpst 2022 r., mpoTtokoi Ne 1

VJIK 811.111(075)

©denepanbHOE TOCYIaPCTBEHHOE
OromxeTHOE 00pa3zoBaTeNbHOE
yUpEeX/IeHUE BBICIIEr0 00pa30BaHUs
«KanuHuHIrpackuii rocy1apCcTBEHHbBIN
TEXHUYECKNH YHUBEpCUTET», 2022 T.

© Ixomuu JI.B., 2022 r.



COJIEP)KAHUE

| 331531 (=) £ 4 (ST 4
Paznmen 1. YueOHHUKY ¥ METOAMYECKHE MATEPUATIBI IS CTYIACHTOB ....vvvevvennnnnnne. 5
Paznen 2. TEeMATHUECKIM TITAH. . .. ...ttt ettt e e e e et et e et e e eae e e 6
Pasnen 3. Meroanueckre yka3aHusi IO OCBOCHUIO TUCITUTIIAHBL. ... .vuueneennennennnn. 9
3.1 Pexomennauu u TpeboBanus no kypey «Professional English» nns cryaen-
) PO 9
3.2 IloHMMAaHWE aHTIIANCKOTO TIPEITOMKEHMS . . uvvveeeenneteeeennaeeeeennnneeeeennnanns 10
3.3 PexoMeH1anmu no MmoAroTOBKE YTEHUS AHTJIMUCKOTO TEKCTA BCIIYX....veunn.. .. 12
3.4 TpeboBaHUS K COUMHEHUSAM U M3JI0KCHUSIM Ha aHTJIUACKOM SI3BIKE. .............. 12
3.5 PexomeHauu mo moAroTOBKE M KPUTEPUH OIEHUBAHUS TIepecKasa. .............13
3.6 How to prepare the retelling of atext............ccooiiiiiiiiiiiii i, 14
3.7 Requirements to your speech (retelling, summaries, oral topics, etc.)........... 14
4. MeTOINYECKAE MATEPHAIIBL K 3AHATHIIM . . .. .ueeeeneeeeentaeeneeeennaeeaneeennneeennans 14
4.1 Master degree studis. ... .o..viiiriiiiit i e 14
4.2 Vocabulary drill: Using different fuels and energy sources.......................... 15
4.3 Fuels and Energy Sources: Please discuss the topic, speaking/writing in your own
fULL SENEENICES. . . e ettt 15
4.4 Essay on POWET Plant tyPeS....uveennriiitie et e 16
4.5 Sample plan for a written summary or retelling of a conversation.................. 16
4.6 Some useful phrases for written and oral summaries....................c.coevennn. 17
4.7 Some prompts for a written summary or retelling of a business letter..............17
4.8 Presentation StIUCLUIE. ... ..uutetit ittt et e, 18
5. IIpumeps! podecCHOHATBHBIX TEKCTOB ISl MHANBUIYATBHOTO JOMAIIIHETO YTe-
HUAST (Home 1eading).......coooiiiiiii e e 18
5.1 Electricity generation inthe USA....... ..o, 18
5.2 Electric power transmission. Parts A —H..................ooi 22
SBAKITEOUCHUEC . .« ettt ettt ettt et e et e et et et e et et e et e ettt e et e e aae e eaaeenaa 40
1337 (0917 (0 o F=T0)) % e (o103 71 WA 11 (610 S P 41



BBenenue

Llenpr0 OCBOEHUS TUCHUIUIMHBI ABJISIETCS CO3/1aHME /BOCCTAHOBJICHHE/ pa3BUTHE
(B 3aBHCHMOCTH OT CTapTOBOI'O YPOBHS BJIAJEHUS S3bIKOM) SI3BIKOBOM 0a3bl MPOJYK-
TUBHBIX YMEHUU NPO(ECcCHOHATFHOM YCTHOM M MHCHbMEHHON pedyd Ha aHTIHICKOM
A3BIKE, @ TAKXXE Pa3BUTHE PELENTHBHBIX YMEHHUA TOYHOTO MOHUMAHUSA YCTHOIO H
MUCBMEHHOTO aHTJIOS3BIYHOTO TTPO(ECCHOHATEHOTO TEKCTA.

[To okOHYaHUHU U3YYEHUS JUCIUIUIMHBI CTYJIEHT JOJIKEH OBITh CITIOCOOEH:

- TJIyOOKO MTOHUMATh COJEP’KaHUE MPOUYUTAHHOTO HA AHTJIMMCKOM S3BIKE ayTEHTUY-
HOTO TMPO(ECCHOHATILHOTO TEKCTa M BBIMOJHATH €r0 TOYHBIM YCTHBIM MEPEeBOJl Ha
PYCCKUU SI3BIK;

- MepeJaBaTbh OCHOBHOE COEP)KaHHUE MPOUYMUTAHHOIO WJIM MPOCIYIIAHHOTO aHIJIO-
A3BIYHOTO MPO(ECCUOHATBHOIO TEKCTa HAa PYCCKOM W/WJIM AHTJIMICKOM SI3bIKE B YCT-
HOH W IHUChbMEHHOU (hopme,

- IepeaBaTh Ha AHMVIMKMCKOM SI3bIKE YCTHO M NHCBMEHHO OCHOBHOE COZEP/KaHHE
po(hecCHOHAIBHOTO TEKCTA, IPOYUTAHHOTO Ha PYCCKOM SI3BIKE;

- OBITh KOMIIETEHTHBIM YYaCTHHUKOM IPOLECCOB MPO(ECCUOHATBHOTO U MOBCEAHEB-
HOTO OOILIEHUS HA aHTJINKHCKOM SI3bIKE.

Hucuunnumna Wuoctpannbiil s3blk (Professional English/ITpodeccrnonanbhbrit
AHTJIMACKUI S3bIK) SIBISIETCSl 00s13aTEIBbHOM YacThi0 0Opa30BaTENIbHOM MPOrpaMMBbI
MAarucTpaTypbl MO HampaBlieHHWIO noArotoBku 13.04.02 — DnekTposHepreTuka u
anekTporexnuka, mnpodmib «Electrical Power Engineering and Electrical
Engineering» u otHocutcs k bioky 1. ductumuasi(Moaynu). O0s3aTeNbHAs 4acCThb.

Texymuit KOHTPOJIb MPOBOAUTCS B (OPME PETYISIPHOTO YCTHOTO MEPEBOJIA C aH-
TJIMACKOTO fA3bIKA AYTEHTUYHOTO MPOQPECCHOHATBHOIO TEKCTa, & TAKKE €XKEHEElb-
HBIX ME€PECKA30B, U3JI0KECHUM, COYMHEHN HA AHTJIMHUCKOM SI3bIKE HAa OCHOBE NPOW-
JIEHHBIX y4eOHbIX MaTepuanoB. KauecTBo nepeBojia, a TakKe U3JI0KEHUS, COUNHEHHUS
1 MEePECKa3bl CTYJICHTOB OLICHUBAIOTCS MpenoiapaTeieM B 6amnax (ot 2 10 5) B 3aBU-
CUMOCTH OT TOYHOCTH BBIPAKEHHUS CMBICIIA, ITOJHOTHI COJIEPKaHUs U KOJIMYECTBA J10-
nyLeHHbIX omubok. IIpoBepeHHble npenoaaBaTeneM MUCbMEHHBIE paOOThl CTYICH-
TOB TpeOYIOT BBIMIOJHEHHUS 0053aTeIbHON padOThl Haja OMMOKaMU, MOCJIE Yero Mc-
MpaBJCHHBIA BapHaHT MNPEIBSBISAETCA MpernofaBaTeiato B GopMe MOArOTOBICHHOTO
YTEHUS BCIYX.

[IpomexxyTouHas arrecTanus Mo JUCUUIUIMHE MPeACTaBiseT coboit auddepeH-
LMPOBAHHBIN 3a4ET U MPOBOJIUTCA B (DOPME MOATOTOBJICHHBIX CTYJEHTAMU MpPE3EHTa-
MM Ha aHTJIMMCKOM SI3BIKE OJHOW M3 TEM, MIPOMJCHHBIX B TEUCHUE CEMECTPA, C ITO-
CJIETYIOIINUM 00CYKJIEHUEM KaX/I0M MPEe3eHTAlMU Ha aHIJIMHCKOM SI3bIKE B IPYIIIIE.

Orenka 3a cemectp (oT™MeTKa o craade nuddepeHImpoBaHHoro 3auera — 2, 3, 4
WM 5) BBICTABIIAETCS C YYETOM IOJHOTHI OCBOCHUSI CTYAEHTOM yueOHOro MaTepuaa
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ceMectpa (3 — ycnemHo NnpoujeHO He MEHEe IMOJOBUHBI MaTepuana, 4 — HE MEHee
75%, 5 — 100% u Oosnee), a TakkKe y4UThIBasE OOIIMI YPOBEHb BJIAJICHUS aHTTMIUCKUM
SA3BIKOM U IMHAMUKY Pa3BUTHS PEUEBBIX YMEHUM CTY/ICHTA 3a IaHHBINA CEMECTP.

[TocoObue BKIIOYAET 4YEThIPE OCHOBHBIX pasliesia, CoOJAepKaluX Yy4eOHO-
MEeTOANYeCKoe obecreueHrne Heo0xoaumMoe Tl n3ydeHus nuctumuinabl «IIpodeccu-
OHAJIBHBIN AHTJIMACKHUI S3BIK» CTYJIEHTAMH MAaruCTEPCKUX KypCOB IO HAIPABICHHUIO
«INEKTPOIHEPTETUKA M DICKTPOTEXHHKA», a WMEHHO, CHHCOK 00513aTeIbHbIX
Y4eOHMKOB M METOAUYECKHX MATEPUAJIOB JIs cTyAeHTOB (pasnen 1), TemaTuye-
CKMi IUIaH C yKa3aHUEM BHJIOB YY€OHOH AESATEIBHOCTU CTYJCHTOB U CChUIKAMU Ha
oOs3aTeNbHBIC I M3YyYEHMs] CTpaHUIbl 0a30BOTO y4eOHHMKA U COOTBETCTBYIOIIWE
METOIMYECKHE PEKOMEHAIUU JIJIsl CTYJEHTOB M Matepuaisl (paszzaen 2), Meroguye-
CKHMe YKa3aHHMsl TI0 Pa3BUTHIO 0a30BBIX PEUYCBHIX YMEHUH aHTIMHACKOTO SI3bIKAa B
ayIUTOPUU U B XOJI€ CAMOCTOSITEILHON paboThl CTYJEeHTOB (pazaen 3), Meroguye-
CKHe MATePHAJIbI K 3aHITHSM - TEMAaTUICCKHE CITUCKH CIIOB U BEIPAKCHHM, a TAKKE
puMepbl TPO(PECCHOHABHBIX TEKCTOB IS MHAWNBUAYATHLHOTO JOMAIITHETO YTCHHUS
(pazmen 4). Meroanueckue ykazaHus MO BBITIOJHEHUIO CTYJICHTAMH CaMOCTOSITEINb-
HOU paOOoThl BKJIIOYEHBI B pazzaen noapaszaen 3.1 «PekoMeHnnanuu u TpeOOBaHUS 11O
Kkypcy «Professional English»».

Pasznes 1. Y4eOHMKH U MeTOAUYECKHE MATEPHAJIBI VI CTYJACHTOB

1. Campbell, Simon. English for the Energy Industry: Express series / Si-
mon Campbell. — Oxford: Oxford University Press, 2015. — 80 c.

2. [Mxonuy, JI.B. MHocTpanHbIit s3bIK (aHTIUACKH). CIIpaBOYHUK IO KYP-
Cy aHTJUHCKOTO si3bIKa: yueb. mocooue / JI.B. Illkoanu. — Kanununarpan: Uzna-
tenscTBO PI'BOY BO «KI'TY», 2018. — 214 c.

3. [Mxonuy JI.B. Meroanueckue pekoMeHAAIMN U TPEOOBAHUS MO KYypCy,
M0 HAITMCAHUIO COYMHEHUHN U U3JI0KEHUH, TOATOTOBKE YTEHUS BCIIyX, MOJATOTOB-
Ke nepeckasa u ap. (Pa3zgen 3 manHoro mocobus), a TakkKe METOJAMYECKUE MaTe-
puansl k 3ansatusm (Paznen 4) / JI.B. lllkoauy.



Pasznea 2. TemaTu4ecKui 1mjian

IlepBoIii cemecTp

Tema (akag.uac.)  Bompocsl qst PexoMm-e Buabpl  bazoBsie yu.
0OCYKICHHSI yd. JIeT. MaT-JIbl, CTP.
1. Introductions - Getting to know each other - discussion,
4) - Course objectives, target skills gr. drills - 2, cc. 19-34;
- TpeGoBanus k peueBbIM YMEHUSIM -discussion -3.1;3.2;3.3
- My Master Degree studies -discussion, essay  -4.1; 3.4
2. Fuelsand - Renewables, fossil fuels - discussion, -1, ¢.5
energy sources - Imports and exports in RF and - essay, reading, -3.4;4.2;:4.3
(8) in the world dictation
- Advantages and disadvantages -1,c. 8
- -3.2;3.3;3.5

Individual Home Reading Ne 1 — translation, reading aloud, retelling

3.Power plant - Hydro and solar power plants  -discussion, vocab. -1, cc. 6-7;

types (16) - Wind power plants - drilling, dictation, -4.4

Gas- and coal-fired plants - listening-in, -1, c. 6-9;
1, c. 64 script 2

- - retelling, - 3.6; 3.7; 4.5; 4.6
- - written summary - 3.4
Biomass- fired plants -1,c.9.

Individual Home Reading Ne 2,3 — trans-n, reading aloud, retelling

4. Energy industry — ELEC: generation capacity - reading, discussion - 1, cc. 10-11
companies (16) - company structure -listening-in, - 1, cc. 64-65 script 3,
retelling -1,c.12

- Gas and oil in Europe and US - reading,
discussion, essay, - 1, cc. 12-13



gr. drills, dictation - 1, cc. 10-11
Individual Home reading NoNe 4,5 - translation, reading aloud, retelling
HToro koHT. yac. - 44

Bropoii cemecTp

Tema (akag.uac.)  Bompocsl qis Pexom-e Bunbpl  ba3oBbie yu.
00CYKICHHS y4. JIesT. MaT-JIbl, CT.
1.Introduction - 3agaun cemecTpa - discussion,
(2) -nauBuayanbHbeie yueOHbIE - planning individual
PUOPUTETHI CTYJEHTOB learning activities
- CTtpykTypa u TpeOOBaHUS K - analysis -2,¢c.95-101;
npod. Mpe3eHTaIlUU Ha aHTJ 513 2,c.102

2. Partners and clients - Residential and industrial - discussion, essay, - 1, cc. 14-15

of energy industry customers
companies - ELEC: negotiations with - listening-in, - 1, c. 65 script 4;
(10) a big new partner translation, I,c. 15

discussion, retelling, - 3.7; 4.6

--- Individual Home Reading Nel - translation, reading aloud, retelling

3. Graph reading - Dynamics of electricity - discussion, vocab. drills,- 1, cc. 16-17
and presenting  prices and costs dictation, essay,
(6) mini-presentations - 4.8

- Individual Home Reading No2 - translation, reading aloud, retelling

4. Accidents in the - The crisis between ELEC - listening-in, - 1, c.64 script 5;
Electricity Sector and its new partner translation , 1,c.18

vocab. drills, disc-n



(12) -Business letter - reading, -1,¢.19

retelling -4.7
essay, (complaint) - writing a reply -1,¢.20
- Consumer problems - reading, retelling - 1,c. 21

Individual Home Reading Ne3 - translation, reading aloud, retelling

5. Energy industry - Invitation letter: - vocab. drills, translation, -1, ¢.23;

conferences (6) the venue, the reading aloud, discussion, essay 3.3; 3.7;
agenda, etc. 3.4
-Replying to invitations -business letter writing -1, c. 23

-Chair person’s welcome address — transl., discussion, -1, ¢.24
retelling
-Students’ conference experience - discussion, essay -3.7

and plans

Individual Home Reading Ne4 - translation, reading aloud, retelling

6. Business and - The structure and links -discussion, drilling - 2, cc.95-101;
Scientific choosing the topics, 4.8
presentations designing the structure,
(8) selecting the links

- Slide composition filling out the slides, -2,¢.107

analysis of slide designs
- Discussion ethics and - presenting and discussion - 2, ¢.108
vocabulary for a business

or scientific presentation

-Individual Home Reading Ne5 - translation, presentation of the topic

Hroro xoHT. yac. — 44




Paznen 3. MeToanueckue yKa3aHus 0 OCBOCHHUIO THCUUIIIMHBI
3.1 Pexomenganum u TpedoBanus no Kypcey «Professional English»
JJI51 CTYJIeHTOB
JI1st u3ydeHus TMCUUILTMHBI CTYJeHTaM HE00X0IUMO:
1. B3saTp B OMOMMOTEKE M HA KKIIOM 3aHATUU UMEmb npu cede PeKOMEH-
AyeMble MpenojaBaTesieM YIYeOHUKH U yueOHbIe TOCOOHs, a TaKkke pabouyro TeT-

panb.

2. Iloopoono 3anucvieamp B pabouyio TETPab 3ByYallUe B XOJ€ 3aHITHUS
npodeccruoHanbHble TEPMUHBI, a TAK)Ke OOIICYNOTPEOUTENbHbBIE CJI0BA U CIIOBO-
COUETaHUA 017 UX Oa/IbHellule20 UCNOIb306aHUsA B COOCTBEHHON peyd Ha MHO-
CTPaHHOM SI3BIKE.

3. PerynsipHo mpocmaTpuBaTh ciaeflaHHble 3anucu. K kaxxaomy mocneny-
IOILIEMY 3aHSTUIO MPEHUPO8amsd HOBblE C/106d, TIPOTOBAPUBAS UX BCIyX, MpeBa-
PUTENILHO YTOUHUB HPAGUIbHOE NPOU3HOUieHue, oopaiasi oco0oe BHUMaHUE Ha
yJlapeHue.

4. CrapaTbCs MAKCUMAIbHO YACHIO UCHOJIB308AMb HOBbIE C/1064 B CBOUX
€KCHEICIIbHBIX COUNHCHUSAX U M3JI0KEHUAX Ha aHTIMICKOM s3bike. Cm. Tpebora-
HUSI K COUMHEHUAM U u3noxxkeHusiM (Essays).

5. TimiarenbHO TOTOBUTH TEKCTHI, MpeIaraeéMbple MpernojgaBaTeieM B Kade-
CTBE UHOUBUOYATIbHO20 OOMAUIHE20 YmeHUusA (KaXI0e YETBEPTOE 3aHITHE Kypca),
a UMEHHO:

5.1 TOTOBUTH YCHIHbBLI NEPE600 TEKCTA C ONOPOM Ha BBIITMCAHHBIE B UCX00-
HbIX popmax Hoewle 1064, NEMOHCTPUPYS HOHUMAHUE CHPYKMYPbl AHTIUNCKUX
MPEAIOKEHUM, 3HaHHe (POPMAJIbHBIX MPU3HAKOB M IPAMMATUYECKUX 3HAYEHUH rIa-
TOJIBHBIX U JIp. GOpPM, a TAaK)KE YUUTHIBAasi 0COOCHHOCTU NMPOPECCUOHAITBLHOTO U 00II1e-
ro KOHTEKCTa;

5.2 onupasch Ha CIUCOK CJIOB K TEKCTY, TOTOBUTb HA KOHMPO/b UMeEHUe
ecayx yactu nepeBeneHHOro Tekcra (CM. PekoMeHjanuy 1o MOATOTOBKE YTEHUS
BCITyX);

5.3  TOTOBUTH YCMHBLI NEpecKa3 U/Uiu NUCbMEHHOE U3N0MceHue Ha aH-
TJIMMCKOM SI3BIKE KaKIOTO MpoYuTaHHOTO TekcTa (Cm. Pekomenmammu mo moaroTos-
Ke MepecKasa).



3.2 IloHuMaHMe AHTJINICKOTO MPeIJI0KEeHUsA

1. Yuras npeasioxkeHUe, BHIMUCHIBANTE BCe HE3HAKOMBbIE CJIOBA C YKa3aHHUEM
YacTH _pPeyM, K KOTOPOH JaHHOE CJIOBO MPUHAIICIKUT B JAHHOM MPEIIOKEHUU (N —
CYIIECTBHUTENbHOE, V — riaroi, a(adj) — npunararensHoe, adv — Hapedne), C OAHUM
3HaYeHHeM, KOTOpOE MPOSBIIOCH B JIAHHOM IPEIJIOKCHUH, ¢ TPAaHCKPUINIHed —
JUTSI TEX CJIOB, KOTOphIe BaMm HyXHO 3aITIOMHUTb.

2. Onpenensiite 4acTh pedd HOBOTO i Bac cioBa, yuuThiBas a/ UMeEroue-
csl y cioBa cyghghukcer (H-p, -tion, -ment, ture, - €r/or — CyIeCTBUTENBHBIC - ; -able,
-ic, ical — mpunaratensHbIe -. a(adj); - ize/ise, -fy — riaromsl - v); apyrue cypduKch
cM. B pazjeine 6 CrpaBoYHHUKA [0 KypCy aHTIMICKOTO si3bika, 2018 1.); 6/ yuuThIBas
MECTO CJIOBa B MPEJIOKEHUHU U 3aJ]aBasg K HEMY BOIPOC (T.€. OMpeeNuB ero GyHK-
IIUIO0 B JAaHHOM MPEJI0KEHUN ), Hanpumep, She criticizes everybody — OHa umo Oe-
Jlaem?- TIaroyi-CKazyemMoe «KpUTHUKYET».

[Ipu mepeBojie HE3HAKOMOTO CJIOBAa BHIOMpANTE M3 €ro 3HAaYCHUN MMEHHO B
TOM 4acTH pe4H, KOTOpasi HCIIOJIb30BaHA B JAHHOM MPeIJI0KEeHUH.

3. Haubomnpliryto TpyAHOCTh MPU MEPEBOJIE aHTJIMICKOTO MPEI0KEHUST 00bIY-
HO IMPEACTABIISIIOT J1Ba THUIA CMBICJOBBIX IPYIII CJIOB: 2PYHAA CYULECHIBUNLENbHO20
u zpynna 21az20.a.

4. IlepeBoa rpynnbl CyleCTBUTEJbHOIO - HAYUHAEM C NOC/IEOHE20 Ccyuie-
CH18UMENbHO20 OAHHOIL 2DYRNbL.

4.1. I'pynna CymEeCTBUTENBHOTO — 3TO CYLIECTBUTEIBHOE, IMEPEN KOTOPBIM
(creBa OT Hero) croAT ero onpenaeseHus. OHU MOTYT OBITh BBIPAKEHBI TIPHUJIaraTeb-
HBIMH WJIH CYIIECTBUTEIbHBIMH.

4.2. O Hayaje TPYIIbl CYIICCTBUTEIHHOTO CHUTHAJIU3UPYIOT OCOOBIC CIIOBA —
OTIPENIEIUTENIN CYIIECTBUTEIILHOTO, HAaNOO0JIee XapaKTePHbIMU U3 KOTOPBIX SIBIISIIOTCS
aptuxi (a, the), npemioru (of, to, by, with, on, in, at, from u ap.) npuTsKaTEIHHBIC
MecTouMeHus (my, your u Jip.), YucautensHble (one, a thousand u np.).

OO0 OKOHYAHWH JAHHOW TPYIIBI CYIIECTBUTEIHHOTO TOBOPHUT TOSIBICHHE
HOBOT'O apTUKJIS, Ipeaiora u T.1. (cM.4.2) Wiy riaroja, Hanpumep:

Very difficult texts about ship structure are most useful for him.

A very long text was given to us.

4.3. OnpeaenuB (pakT HAIMYKS TPYNINbI CYyLIECTBUTEIBLHOI0, CJICIyeT HEMO-
CPEIICTBCHHO MepeldTH B KOHEIl JaHHOI IPyNNbl U HAYaTh MEPeBOA ¢ MOCJIeTHEro
CYILIECTBUTEILHOIO B Hel, T.K. UMEHHO OHO SIBJIICTCS KJIFOYEBBIM CJIOBOM M OCTAaeT-
Csl CYIIIECTBUTEIILHBIM B TIEPEBOJIC.

-a very long and difficult English text - Texer
-this year figure skating golden medal holder — o6nanatens

4.4. CioBa, pacroJIO)KEHHbBIE CJIeBa OT MOCJEAHEro CyleCTBUTEIbHOIO, SB-
nst0TCs onpeeseHussMu. OHU TIEPEBOJIATCS TIOCIEOBATEIHHO B 0OPATHOM MOPSA/I-
Ke (cieBa HampaBo, OT MOCEAHETO CJIOBA K HaYally TPYIIIIbI), HAPUMED:

a very long English text - Kto/uto? — mexcm

Kakoit TekcT? — anenuvckut mexcm

Kaxkoi aHrmuickuit TeKCT? — mpyOoHblil AH2AULICKULL MEKCN

U eme kakon? — ouersb ONUHHBLU U MPYOHBIU AHRIUUCKUL HEeKCH
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Kto/uto? — obnraoamens
Oo6manarens yero? — obaadamensb Meoaau
OO0namaresnb Kakou Menanu? — obnaoamens 30J40mMou meoaiu W T.1.

4.5. Ilpu BpIOOpE 3HAYEHUS CJIOBA YUUTHIBAWTE TOYHBIN KOHTEKCT, B KOTOPOM
ynoTpeOJIEHO 3TO CJIOBO B JIaHHBIM MOMeHT. Hampumep, distance B cmopTHBHOM cH-
Tyaluu OyJleT MEepeBOJUTHCS KaK «IUCTaHIHUs», a B 3ajaye Mo apupMeTuke — Kak
«PACCTOSIHUE.

S. I'pynna riaroga (cioxxHas gopma riarosa)

5.1. Halinure CMBICJI0BOM IJIAr0J — MOCJIEAHee CJI0BO JAaHHOM IpynIbl. Bel-
Oupasi 3HaYCHUE TJIarojia Jyisl TIEPEBOJIA, 00A3AmMEIbHO YUUmbléaiine 3HaYCHUS OT-
HOCSIIIXCS K TAHHOMY TJIarojly CYIIECTBUTEIbHBIX.

5.2. Onpenenure 3aJ10r.

Crpanareabnblii 3anor (Passive) = Be (i1w0b6as u3 peueBsix Gopm — is, are,
was, etc.) + Ved (wiu, 1y Henpas 1., - I ocH. hopma, H-p, see, saw, seen).

[Tpumeps! riarosioB B Passive : is translated — nepeseneH, nepeBoautcs; will
be published - 6ynet ony6inkoBaH, OyAeT MyOJIMKOBATHCA.

HO translated, published - riarosybl B 1€MCTBUTEILHOM 3aJI0TE, T.€. «II€-
PEBE/KIEPEBOANIDY, «OIYOIUKOBAIDY/«ITyOIMKOBAI.

5.3. Onpenenure BpeMs - HACT, PO WJIK OyAyllee: 0 ePBOMY CJIOBY IJa-
TOJIBHOW TPYTIIIBL.

Is translated — nacrosiee (mepeBeneH, mepeBoauTcs); was translated -
npoieniiee (ObUT MepeBeeH, NEPEBOIUICS).

5.4. Onpenenure AOMOJHUTENbHBIH OTTEHOK cMbicia (ACHEKT), KOTOPbIH
BBIPAXKAIOT CJIOXKHBIE (POPMBI riarojia - BpemeHa rpymmbl [IpoloiKeHHBIX BpeMeH
(Continuous), 3aBepmieHHsix BpemeH (Perfect), JlmuTenbHO-3aBepIlIeHHBIX BPEMEH
(Perfect-Continuous). B Takux ciy4asx nepBoe cJ10BO rjarojibHOM IPyMIbl BeIpaxka-
€T BpeMs - HacTosIIee, Mpoleaiiee uin Oyayiiee, a Bea rpynna (ee «gopmyJian)
MPUAAET JOMOJHUTEIbHBIN OTTEHOK CMBICHIA, TIOTYEPKUBAs MPOTEKAIOIIMIA MpoLecc
WM 3aBEPIICHHOCTE/PE3yabTAT ICUCTBUS K ONPEICICHHOMY MOMEHTY.

Continuous (ITpomomxkenusie BpemeHa) = be (B mwo0oi dopme)+ Ving —
00bIYHO NoOduepKusarom npomexkarowuil npoyecc: was reading — yuran, ynrana; will
be writing — Oynet nucaTh, HalUIIET

Perfect (3aBepiiennbie BpemeHa) = have (g oot hopme) + Ved (umu_I11
ocH. (hopma Hempas. 171.)

- 00bIYHO NOOUEPKUBAIOM OOCMUSHYMbIL K ONPEOesIeHHOMY MOMEHMY pe3yib-
mam.

They have seen me today — Onu (y>ke) BUJeJIM MEHS CErOJTHS.

11



Perfect-Continuous (/{nurenbHo-3aBepiieHHble BpemeHa) = have been +
Ving — guipasicarom npoyeccol, npomexkarowue ¢_Kakoeo-mo epemeHu (since) uiu
meyeHue onpeoeieHHo2o epemeHu (for some time).

3.3. PexoMeHaalMu 110 MOATOTOBKE YTEHHSI AHIJIMHCKOI0 TEKCTA BCJIYX

1. IlepeBenure npenoKeHUe, ONUPasCh Ha CIIUCOK BHIITUCAHHBIX BaMu He3Ha-
KOMBIX CJIOB.

2. Y0enurech B HAIMYUY TPAHCKPHUIIIUH C yAapPeHUeM sl KaXJ0ro HOBOTO
s Bac ciosa.

3. Paznenute npeasio)keHue Ha CMbICJI0BBIe TPyNNbl, 0003HAYUB X I'PAHULIBI
KapaHJalloM B TEKCTE.

4. B kaxa0i CMBICJIOBOW IPYIIE ONPEACIUTE IJIABHOE MO CMBICIY CJIOBO U
TOT €JIOT, Ha KOTOPBIN OyAeT najaTh IVIABHOE YJIapEHUE JAHHOW CMBICIIOBOM TPYIIIBI
cnoB. I[loguepkHuTe HX.

5. Tpenupyire 11 KaXKJA0W CMBICJIOBOM I'PYNIbI CJIUTHOE YTEHUE C BhIpaxe-
HueM. CnyorcebHule cnioga (IPENIoTH, CO03bl, APTUKIIH, BCTIOMOTaTeJIbHbBIE TJIaroJibl 1
T. I1.) IPY YTCHUH yJAapeHHUs] He UMEIOT.

6. Haiimure cjoBa, KOTOpPbIE HECYT IJIABHBIA CMBICJ BCETO MPEIJIOKEHHUS.
TpeHupynTe YTeHHUE LEI0T0 MPEAI0KEHUS C May3aMU MEXIAY CMBICIOBBIMU I'PyIIa-
MH CJIOB, 0000 BbIJEJAS CIIOBA, NEPEAAIOIINE TJIABHBIM CMBICJI JAHHOTO MpPeaJIo-
JKeHMUSI.

7. VIHTOHauuWs: B QHIJIMHACKOM TEKCTE CMBICJIOBBIE TPYMIBI CIOB B HAYaJe
MPEIIOKEHUS] OOBIYHO MPOU3HOCATCA C MOJBEMOM T0J0Ca Ha TJIABHOM CJOBE (TaK
Ha3bIBa€MbI BOCXOJSIINNA TOH). B KOHIIE MpenioKeHus rojoc «omyckaeTcs» (Huc-
XOJISIIIUM TOH).

3.4. TpeOGoBaHusi K COMMHEHUSIM U M3JI0’KEHUSIM HA AaHTJIMICKOM SI3bIKE

1. CouuHEHMS/U3T0KEHHUSI HAa aHTJ s3 (essays) CIeAyeT MUCATh PeYiApHO He
perice 00H020 pasza 6 HeoeJio.

2. B cBoux counHeHusix Bam HE0OXOIMMO CTPEMUTHCSI MAKCUMAJIBHO HCIIONb30-
BaTh 6eCb A3bIKOGOU MAMEPUAI, KOTOPbIA U3y4aeTCs W/WUIW MOMYTHO JA€TCs MPEerno-
JlaBaTeJIeM Ha 3aHSTUSIX.

3. Ilpu U3NOXKEHUH COJIEPKAHUS AHTIIUUCKUX TEKCTOB HUKO020a He 3auMCmeyiine
HeNbIX npeaioxkennil. CTpoiTe Kax10€e NPeyIoKEHUE camMoCmoamenbHo 1o npaBu-
JIaM aHTJIMHACKOTO SI3bIKa, UCTIONIBb3YS (POpMBI, KOTOpBIe BBl XOpo1110 moHnMaeTe.

4. Bamry UCXOIHYI0 MBICIIb Ha PYCCKOM SI3BIKE, KaK MPaBHIIO, HEOOXOAMUMO TIPEI-
BAPUTEIIBHO pa3zdums HA HECKOIbKO NPOCMbIX, JTETKUX JJIs IEPEBOIA NPEIJI0KEHUN.
IIpu nmoAroTOBKE HMepeckaza He 3anuchléaiime NOJIHbIH PYCCKUN WIN AHTJIUHACKAN
TeKCT. TpeHupynTe naMsaTh, JeIaiTe BCce MpeoOpa3oBaHus B yMe.

5. B kaxmom coOCTBEHHOM AaHTJUWUCKOM TMPEIJIONKEHUU TMPOBEPSIUTE Hpasusib-
Hocmb opmbl 21a201a CKA3YemMo20 N €€ CO2NAc08aHue nO YUCay C TOIJIEKAIUM
JTAHHOT'O MPEJITIOKCHUSI.
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6. IlomroroBneHusli Bamu 4YepHOBUK COUYMHEHUS HEOOXOIWMO HMLU{AMIENbHO
npogepums, ucnpagums 0OHAPYKEHHbIE OITUOKM U TTIOMETUTh Ha IMOJISIX BO3HUKIIINE
y Bac Bompocsl.

7.  OKOHUATENbHBIN TEKCT Baliero COUMHEHUs CIeayeT MOATOTOBUTh HA YTEHHE
BCJIYX, JUIA 4ero: a/ yTOYHUTh M, €CJIM HaJ0, OTMETUThH MPABUIBLHOE yAapEHUE HIIU
BBINIMCATh Ha MOJISX MOJHYIO MPAHCKPURYUIQ HOBBIX CIIOB, O/TOMETUTH B TEKCTE Ka-
paHJalIoM HEOOXOAUMBIE JIJIi OCMBICIIEHHOTO YTEHUSI HAY3bl MEXKIY IPYIIIIaMU CIIOB,
a TakKe B/ MOTYEPKHYTh 21A6HblE €108 TIPEIIIOKEHUS, KOTOPhIE MOTPEOYIOT UHTO-
HAIIMOHHOTO BBIJICJICHUS.

8. TotoBble counmHEeHUsT OHOPMIISIFOTCSI B TOHKOW TETPAJKE U COAlOmcs Ha npo-
6epKy TIPENoJIaBaTellto, JAuO0 TPENABSBISIIOTCS YCTHO 6 ¢(hopme no020moeneHHo20
Ymenusa — 1o BEIOOPY MpEenojaBaTes.

9. Ilo pe3ynbraram MPOBEPKH MOCIE KAXAOTO COYMHEHHUS HEOOXOIUMO BBINOJI-
HUTb HUCLMEHHYI padomy HAO owiudKamu (H-p, JOIOJHUTEIBHO COCTABUTH He-
CKOJIBKO TPOCTHIX MPEIOKEHHH ¢ PopMoil riarosia, TpeOyroIe TPEeHUPOBKH ).

3.5 PexoMeHAaLUM 110 MOATOTOBKE U KPUTEPHH OLICHUBAHUS NepecKa3a

1. ITepecka3 Ha MHOCTPAHHOM SI3BIKE JOJDKEH OTPa)KaTh OCHOBHOE COJEP)KAHME
IIPOYUTAHHOTO TEKCTA.

2. Ilepecka3 BBINONHSETCA YCTHO CBOMMH CIIOBaMH, UCIOJb3ysl COOCTBEHHbIE
IIPEUIOKEHNS, JUIMHA U CIIOKHOCTHh KOTOPBIX JOJDKHBI COOTBETCTBOBATH YPOBHIO
BJIaJICHUs] BaMK JaHHBIM MHOCTPAHHBIM A3BIKOM: YEM HUKE YPOBEHb BIIAJICHHS SI3bI-
KOM, TEM KOpOYE JOJKHBI OBITh MPEMIOKEHHS], TEM OO0JIbllIe BHUMAaHUS HYKHO Yie-
79Tk (hOpME raroja-cka3yeMoro U €ro COrjlaCoBaHUIO MO YUCITY U JHIY ¢ (HopMoid
ITOJIEKAILIETO.

3. OTMeTKa, BhICTaBisieMas 3a nepeckas (2,3,4,5), HenmocpeACTBEHHO 3aBUCUT
OT ITOJIHOTHI U TOYHOCTH M3JIOKEHHUS COAEPIKAHUA IPOYUTAHHOIO TEKCTA, & TAKXKE OT
rpaMMaTu4eckoi, (POHETHUYECKON MpaBUIBHOCTH M OOraTrcTBa CJIOBApHOrO 3araca
Bamel peun Ha MHOCTPAHHOM SI3BIKE.

4. OT™MeTKa «5» BBICTABIISIETCS 3a MEPECKA3, OTPAKAIOIINUNA BCE OCHOBHBIE I10-
JIO’KEHUS IPOYUTAHHOTO TEKCTa, JEMOHCTPUPYIOIIUNA CBOOOIHOE BiaieHnEe Haubosee
YHOOTPEOUTEIHHBIMA TPAMMATUYECKUMHU (OpPMaMH JAaHHOTO HHOCTPAHHOTO Sf3bIKa,
MOKa3bIBAIOLINI JOCTATOUHOE Pa3HOOOpa3ue CIOBAPHOIO 3amaca U ClOCOOHOCTh €ro
KOPPEKTHO NPUMEHSTh B YCTHOM pedH (COOTBETCTBYET BIAJEHUIO MPOAYKTUBHOM pe-
YbI0 Ha ypoBHE B2 mnu BhiiIe).

OTMmeTKO# «4» OllEeHUBAeTCs Mepeckas, OTpakarouuil OOJBIIMHCTBO BBIPAXKEH-
HBIX B TEKCTE HUJIEH U BBHIMOJHEHHBIN 0e3 O0JbIIOro KoJu4ecTBa rpyObIX rpaMmaTu-
YECKUX U JIEKCUYECKUX OIIHUOOK, YTO MPUMEPHO COOTBETCTBYET BIAJACHUIO MPOAYK-
THBHOMW peublo HA YpoBHE He HIke B1/B1+.

OtrmeTka «3» BBICTABISIETCA 3a MEpPEcKa3, OTPAXKAIOIUNA HE MEHEE MOJOBUHBI
COZIEPKaHMS IPOUYUTAHHOIO TEKCTA, BBIMIOJHEHHBIM C TOCTATOYHOM CTENEHBIO I'paM-
MaTU4YECKOW M (POHETUUYECKOW MPABUIHLHOCTH, MO3BOJISIONIEH O€3 3aTpyaHEHUs TO-
HUMAaTh pe4b rOBOPSIIETo (YpOBEHb KadecTBa peun - A2+/B1 wium Boie).
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3.6 How to prepare the retelling of a text

1. Translate the text understanding the structure of each sentence.
2. Look at it again and pick up the key words (the main ideas).
3. Check and learn the pronunciation of the key English words.
4. Formulate the main ideas in your own short, clear and simple sentences.
5. Try and use various synonymous structures, €.g.:
- a review of a book about transformers, a book review...
- There is some information about..., the book gives some facts
about...
- There are different materials for transformers (to produce
transformers), various materials are available...
- Various materials are used ... They use various materials
- in the construction of transformers, to construct transformers,
for constructing transformers

3.7 Requirements to your speech (retelling, summaries, oral topics, etc.)

1/ Your own short sentences, please.

2/ Strict control of grammar: the verb forms, all the other forms you are using.
3/ Correct stresses and pronunciation.

4/ No reading from paper.

4. MeToanueckue MaTepuajbl K 3aHATHAM
4.1 Master degree studies

1. I entered a Master Degree course in Electrical Engineering.
When did you enter the course?
Why ... .... at this university?
How... ... ... ?
2. I completed a Bachelor Degree course in... ... ... (a Specialist Diplo-
ma course)
Where ... ?

What for ... ... ... ?
3. I graduated from the Kaliningrad State Technical University (this year,
last year, ... years ago).
Where did you graduate? (from a university or a department; in some city, in

some year)
4, What course are you taking now?
5. A Master Degree thesis/dissertation: When? What about?
6. Research adviser: Who? The titles and affiliations. Research interests.
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4.2 Vocabulary drill: Using different fuels and energy sources

1. Based on exercise 1 on page 5, use the phrases below in your own full sentences

... burn/burns (gas, coal, lignite, nuclear fuel)

...use/uses/utilizes ... as its primary fuel/sources of energy

... generate/generates electricity using/utilizing...

Please use frequency adverbs when needed: always, never, rarely, often, etc. See
p.35 in «CrpaBOYHUK IO KYpCY aHTJI 5I3».

E.g.: A hydro power plant always uses water energy.

2. Characterize all the power plants in Kaliningrad and the region using the above
phrases from point 1/ and those given below:

... 1s a gas-fired power plant

...are coal-fired power plants

3. Give some other examples of power plants which you know about. Characterize
each of them.

4.3 Fuels and Energy Sources: Please discuss the topic, speaking/writing in your
own full sentences

1. What is the difference between a fuel and an energy source (a source of
energy)?

2. Looking at the Starter on page 5, which is a fuel and which is an energy
source, why? Where and how is it produced/extracted? Where and which way
can it be found in nature? How is each kind used?

3. How much do people use fossil fuels today? Why?

4. How and where are fossil fuels produced in our country and abroad?

5. Where and how are renewables (renewable sources of energy) used or
can be used?

6. Who and how uses renewables today (in our country, abroad)?

7. What do you know about fuels and energy exports and imports? Who
exports/imports them? How much? Which way are they transported (by rail-
way, by the sea, by pipelines, etc.)

8.  Please think of companies, organizations, households as users of fuels
and energy: What fuels and energy sources do they use? What for do they use
fuels/energy sources?

- For heating / to heat their premises
- For production (What do they produce? How exactly is fuel used?)
- For ventilation / air conditioning? etc.
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4.4. Essay on power plant types
1. The....... power plant is a plant which....

Such plants are usually built ... (where)...

The capacity can be from... to...
The necessary conditions for such a plant include...

2. The main advantage of a ...power station is...

Besides, ...
.... benefit from such plants.

3.  On the other hand,...

One of the drawbacks of these plants is
Another disadvantage is ....

The negative impact on ....

4.5. Sample plan for a written summary or retelling of a conversation
(based on listening script 2 on page 64)

1. Introduction: What kind of text is it?
E.g.: This is a conversation between X. and Y. . X. is ... . She is working for... Y. is

... . He is responsible for...
2. What does the initiator of the conversation want to know (asks about, would

like to learn about)? Why?
3. The first issue, matter, question, etc. they are discussing is ...

4. Give the answer, render the reply in your own words.
E.g.: ELEC has...
They are used for...

Fossil fuel plants: lignite-fired, gas-fired, nuclear plants; are used for.../ to pro-
duce...; load ranges

5. The next part of their conversation was about emissions.

6. After that C. asks M. to give him some exact figures, but...
7. The largest of ELEC’s power plants is... It is located ... It produces...

8. ELEC’s older power plants.

9. ELEC’s policy and attitude concerning wind power.
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4.6. Some useful phrases for written and oral summaries:

The text|/passage/article tells us about.../ is about...

It ‘analyzes ...

It discusses the problem of ..., the possibility of using ... for...
According to the Author/s, ...

The Author claims (yrBepxnaet, 3asBisieT) that...

The authors classify...

AN et e

7.  The text contains some information concerning/regarding (KacaroIryrocs,
OTHOCHUTENIBHO) something or somebody

8. As to/ concerning something/somebody ... (Uto xacaercs...)

9. Besides that, - kpome 3TOTO

10. There are some figures (characterizingto...sth)

11. A comprehensive (rimyOokuit, ucueprbiBaroiinii) analysis is given of ...
(something)

12. Nevertheless — Tem He MeHee

13. The Author’s conclusion is that...

14. The researcher points at... (yka3bIBaeT Ha)

15. He/she emphasises - nmomguepkuBaer

4.7. Some prompts for a written summary or retelling of a business letter
(based on the letter of complaint on page 19)

1. A letter of complaint from X to Y

2. Xis... : Yis... (positions in their companies)

3. Situation description

4. The reasons of the accident according to ELEC’s engineers (surges and
outages)

5.  No severe damages due to...

6. What is ELEC’s team doing to correct the situation?

7.  Force majeure or not?

8. ... 1s concerned about the situation

9. ...isnotsureif ELEC...

10. ... suggests to hold a meeting (where and when)
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4.8. Presentation structure
1. Introduce the topic. Explain why you have chosen it.
2.  Demonstrate the plan (3-5 main points).

3. Disclose each point one by one. Use connectors.

4. Summarize your presentation. Make your general conclusions.
5. Invite questions.
The slide
Only the key words (notions), names and dates.
No long text!

Schemes and|or pictures — If and when needed.

5. llpumepsbl npodeccHOHATBLHBIX TEKCTOB JIs1 MHAMBHAYAJBLHOTO JIOMAIIIHEr0
yrenusi (Home reading)

5.1 Electricity generation in the USA

https://www.publicpower.org/policy/electricity-generation

Electricity is created from the conversion of a fuel or other source of energy into
electrons. This process occurs on a large scale at an electricity generating plant, and
on a smaller scale through distributed energy resources. Even with continuing ad-
vances in, and increased deployment of, energy storage technology, most electricity
must be generated the instant it is used, requiring forms of generation that must al-
ways be available to “keep the lights on.” Electricity in the United States is generated
by a range of fuels and technologies, including natural gas, coal, nuclear, hydropow-
er, and non-hydropower renewable resources, such as solar, wind, biomass, and geo-
thermal power. Each fuel source and generating technology has advantages and dis-
advantages, which is why having a diverse portfolio of fuels is a priority for electric
utilities.

Of total U.S. power generation in 2020, natural gas produced 1.6359 billion
megawatt-hours (MWh) of electricity, coal produced 773.4 million MWh, nuclear
produced 789.9 million MWh, hydro produced 280 million MWh, non-hydro renew-
ables (wind, solar, biomass, geothermal, and other sources) produced 497.7 million
MWh, and oil provided 17.3 million MWh.
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For generation owned by public power utilities in 2020, 124.3 million MWh of
electricity were produced from natural gas, 91 million MWh of electricity were gen-
erated from coal, 75.1 million MWh were generated from hydro, 61.5 million MWh
were generated from nuclear, and 7.1 million MWh were generated from non-hydro
renewables.

It 1s important to note, however, that public power utilities supply approximately
15 percent of electricity to end-users in the United States, but they only produce ap-
proximately 9.3 percent of the MWh generated. Collectively, end-use public power
utilities are net purchasers of power from other sources (i.e., investor-owned utilities,
independent power producers, rural electric cooperatives, federal power marketing
administrations, and the Tennessee Valley Authority).

The two leading fuel sources used to generate electricity in the U.S. are natural
gas and coal — in 2020, natural gas was responsible for 40.8 percent of total U.S. gen-
eration and 34.4 percent of total generation owned by public power, and coal ac-
counted for 19.3 percent of the nation’s generation and 25.2 percent of generation
owned by public power. Oil was responsible for 0.4 percent of total U.S. generation
and 0.045 percent of generation owned by public power in 2020.

The demand for natural gas in the electric sector has grown immensely in recent
years. This is partly a result of large amounts of natural gas capacity built by mer-
chant generators in areas served by regional transmission organizations because of
lower capital costs and faster build time. The increased demand is also due to the
lower carbon dioxide (CO,) emissions profile of natural gas (it produces approxi-
mately half the CO, emissions as that produced by coal, on average). Despite these
benefits, concerns with natural gas include significant historic price volatility; the
need for additional pipeline construction in certain parts of the country; limitations on
natural gas storage capabilities; and emissions.

For many decades, coal was the leading fuel used to generate electricity because it
was cheaper than other fuels and it provides reliable baseload generation. Its use has
steadily declined due to several factors, such as lower natural gas prices and the cost
of compliance with current and proposed environmental regulations on CO, and crite-
ria pollutant (such as sulfur dioxide (SO,) and nitrogen oxides (NOx)) emissions re-
sulting from coal combustion. Coal also faces the major obstacle of its CO, content
and the current lack of affordable technology to capture and sequester CO, on a
commercial scale from power plants. The major unknown going forward is the viabil-
ity of carbon capture and sequestration or another, unknown technology that may re-
duce the CO, emitted from coal combustion.
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Oil is primarily used for emergencies, peak shaving, and as a source of backup gen-
eration in times of high electricity demand. It is also used as baseload generation in
areas that have limited access to other generation resources, such as Alaska and Ha-
waii, and the territories of the U.S. (Note however, that the latter are not included in
EIA’s data.)

Nuclear

Nuclear was responsible for 19.7 percent of total U.S. generation and 17.0 percent
of total generation owned by public power utilities in 2020. Nuclear power is an ex-
tremely reliable source of baseload generation that produces no CO2 or other air
emissions (e.g., SO, and NOx). The main challenge associated with existing nuclear
facilities is the disposal of nuclear waste. Nuclear facilities also have high capital
costs given the complexity of the units and safety features that must be included and
monitored on an ongoing basis.

The construction of new, large-scale, nuclear facilities is challenging due to financ-
ing difficulties and rigorous regulatory hurdles. In addition, continued low natural gas
prices make construction of combined cycle natural gas turbines far less expensive
than constructing a nuclear power plant. The most recently completed plant is the
Watts Bar 2 nuclear power plant, which started operation in October 2016. Construc-
tion is ongoing on new reactor units Vogtle 3 and 4 in Georgia.

A promising new technology in nuclear is small modular reactors. These smaller
scale plants are less expensive and require less infrastructure. Because of the potential
benefits, the Department of Energy has provided significant funding to accelerate the
development and commercialization of this technology. Several APPA members are
actively engaged in the development and deployment of this technology.

Hydropower

Hydropower is the nation’s second largest source (behind wind) of emissions-free,
renewable electricity, accounting for approximately 36.0 percent of domestic renew-
able generation and 7 percent of total electricity generation in 2020. For generation
owned by public power utilities in 2020, hydro was responsible for 20.8 percent of
total generation. It is a reliable source of baseload energy.

While hydropower is expanding into exciting new areas like tidal and in-stream,
large dams still provide the bulk of the resource, and the impacts of those dams on
fish and other wildlife will continue to be a concern for some stakeholders. Further-
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more, as environmental mitigation measures have been addressed, hydropower output
from these large dams has been reduced. Federal permitting has been, and will con-
tinue to be, a hurdle to any new hydropower development, large or small. With less
than three percent of the nation’s more than 80,000 dams generating electricity, this is
problematic.

Non-Hydro Renewables

Non-hydro renewables were responsible for 12.4 percent of total U.S. generation
and 2.0 percent of total generation owned by public power utilities in 2020. The main
challenges facing non-hydro power renewables are the intermittent nature of wind
and the sun; the need to have them backed up with baseload generation (typically
natural gas); limited access to transmission lines; and financing. Concerns about inte-
grating wind have arisen because the wind often blows when demand is not high,
which thereby requires a ratcheting down of other resources that can often be uneco-
nomic and cause stresses to the operation of a regional or sub-regional system. Some
of these challenges may be mitigated in the future as more energy storage technolo-
gies are deployed. The benefits of renewable resources include that most of them do
not emit pollutants or CO2 and their ongoing fuel costs are low or non-existent.

Distributed Generation

As of October 2021, approximately 37,000 MWs of distributed solar capacity have
been installed in the United States.2 DG is power produced at the point of consump-
tion. More than 90 percent of DG is rooftop solar, but it can include small wind tur-
bines, combined heat and power, fuel cells, microturbines, and other sources. Under a
policy called net-metering, customers with on-site generation are credited for the
amount of kilowatt-hour sales sold back to the distribution grid. This rate can vary
per utility, but is generally set at the retail rate, as opposed to the wholesale rate,
which is the rate utilities use to purchase power for their customers.

Due to this rate structure, concerns have arisen that net metering customers are not
paying their fair share of the costs of keeping the grid operating safely and reliably.
DG also has operational issues that pose challenges for utilities, such as maintenance
of electric grid system balance, safety issues for line-workers, load forecasting im-
pairment, and increased strain on the distribution system. Potential benefits of DG in-
clude the need to build less new generation, reduced air pollution and greenhouse gas
emissions, and in some cases, mitigation against outages on the distribution grid. For
more information on DG, see APPA’s issue brief, “Distributed Energy Resources.”
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Every fuel type has its advantages and disadvantages that require substantial risk
management planning. Therefore, it is very important for today’s electric utilities
(where possible) to have a balanced generating portfolio with multiple fuel types, par-
ticularly dispatchable resources. An over-reliance on one fuel can and will create po-
tential risk that could substantially increase prices to consumers and reduce reliabil-

ity.

5.2 Electric power transmission. Parts A - H

Part A (3 passages)

Cchuika Ha 3ByKOBoe BocmpousBeneHue TekctoB A-G u3 Electric power transmis-
sion

https://www.youtube.com/watch?v=hg70clk2R-
A&list=PLWKHFSV9QchCT6U1n5ZH{NEIngl KXmp4Mé&index=3

Electric  power  transmissionis the  bulk  movement  of electrical
energy from generating power plants to electrical substations located near demand
centers. This is distinct from the local wiring between high-voltage substations and

customers, which is typically referred to as electric power distribution. Transmission
lines, when interconnected with each other, become transmission networks. The

combined transmission and distribution network is known as the "power grid" in the
United States,or just "the grid". In the United Kingdom the network is known as the
National Grid.

A wide area synchronous grid, also known as an '"interconnection" in North
America, directly connects a large number of generators delivering AC power with

the same relative phase, to a large number of consumers. For example, there are three
major interconnections in North America (the Western Interconnection, the Eastern
Interconnection, and the Electric Reliability Council of Texas (ERCOT) grid), and
one large grid for most of continental Europe.

Historically, transmission and distribution lines were owned by the same company,
but starting in the 1990s, many countries have liberalized the regulation of
the electricity market in ways that have led to the separation of the electricity
transmission business from the distribution business.

System

Most transmission lines are high-voltage three-phase alternating current (AC), alt-
hough single phase AC is sometimes used in railway electrification systems. High-
voltage direct-current (HVDC) technology is used for greater efficiency at very long
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distances (typically hundreds of miles) or in submarine power cables (typically longer
than 30 miles (50 km)). HVDC links are also used to stabilize and control problems
in large power distribution networks where sudden new loads, or blackouts, in one
part of a network can otherwise result in synchronization problems and cascading

failures.
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Diagram of an electric power system, transmission system is in blue.

Electricity is transmitted at high voltages (120 kV or above) to reduce the energy
losses in long-distance transmission. Power 1s usually transmitted through overhead

power lines. Underground power transmission has a significantly higher cost and
greater operational limitations but is sometimes used in urban areas or sensitive loca-
tions. A key limitation of electric power is that, with minor exceptions, electrical en-
ergy cannot be stored, and therefore must be generated as needed. A sophisticated
control system is required to ensure electric generation very closely matches the de-
mand. If the demand for power exceeds the supply, generation plant and transmission
equipment can shut down, which in the worst case may lead to a major regional
blackout, such as occurred in the US Northeast blackout of 1965, 1977, 2003 and
other regional blackouts in 1996 and 2011. It is to reduce the risk of such failure that
electric transmission networks are interconnected into regional, national or continent
wide networks thereby providing multiple redundant alternative routes for power to
flow should such equipment failures occur. Much analysis is done by transmission
companies to determine the maximum reliable capacity of each line (ordinarily less

than its physical or thermal limit) to ensure spare capacity is available should there be
any such failure in another part of the network.

Overhead transmission

High-voltage overhead conductors are not covered by insulation. The conductor ma-
terial is nearly always an aluminum alloy, made into several strands and possibly re-
inforced with steel strands. Copper was sometimes used for overhead transmission,
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but aluminum is lighter, yields only marginally reduced performance and costs much
less. Overhead conductors are a commodity supplied by several companies world-
wide. Improved conductor material and shapes are regularly used to allow increased
capacity and modernize transmission circuits. Conductor sizes range from
12 mm” (#6 American wire gauge) to 750 mm?*(1,590,000 circular mils area), with
varying resistance and current-carrying capacity. Thicker wires would lead to a rela-
tively small increase in capacity due to the skin effect, that causes most of the current
to flow close to the surface of the wire. Because of this current limitation, multiple

parallel cables (called bundle conductors) are used when higher capacity is needed.
Bundle conductors are also used at high voltages to reduce energy loss caused
by corona discharge.

Today, transmission-level voltages are usually considered to be 110 kV and
above. Lower voltages, such as 66kV and 33kV, are usually consid-
ered subtransmission voltages, but are occasionally used on long lines with light
loads. Voltages less than 33 kV are usually used for distribution. Voltages above

230 kV are considered extra high voltage and require different designs compared to
equipment used at lower voltages.

Since overhead transmission wires depend on air for insulation, design of these
lines requires minimum clearances to be observed to maintain safety. Adverse weath-
er conditions of high wind and low temperatures  can lead to power outages. Wind
speeds as low as 23 knots (43 km/h) can permit conductors to encroach operating
clearances, resulting in a flashover and loss of supply. Oscillatory motion of the phys-
ical line can be termed gallop or flutter depending on the frequency and amplitude of
oscillation.

Underground transmission

Electric power can also be transmitted by underground power cables instead of
overhead power lines. Underground cables take up less right-of-way than overhead
lines, have lower visibility, and are less affected by bad weather. However, costs of
insulated cable and excavation are much higher than overhead construction. Faults in
buried transmission lines take longer to locate and repair.

Underground lines are strictly limited by their thermal capacity, which permits
less overload or re-rating than overhead lines. Long underground AC cables have
significant capacitance, which may reduce their ability to provide useful power to
loads beyond 50 miles (80 kilometres). Long underground DC cables have no such
issue and can run for thousands of miles.
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Electric power transmission. Part B (2 passages)
Ccpbuika Ha 3ByKOBOe BocnpousBeneHue TekctoB A-G u3 Electric power transmis-
sion

https://www.youtube.com/watch?v=hg70clk2R-
A&list=PLWKHFSV9QchCT6U 1n5ZH{NEIngl KXmp4M&index=3

History

New York City streets
in 1890. Besides tele-
graph lines, multiple @ = 2 :
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In the early days of commercial electric power, loads restricted the distance between
generating plant and consumers. In 1882, generation was with direct current (DC),
which could not easily be increased in voltage for long-distance transmission. Differ-
ent classes of loads (for example, lighting, fixed motors, and traction/railway sys-
tems) required different voltages, and so used different generators and circuits.

Due to this specialization of lines and because transmission was inefficient for
low-voltage high-current circuits, generators needed to be near their loads. It seemed,
at the time, that the industry would develop into what is now known as a distributed
generation system with large numbers of small generators located near their loads.

In 1886 in Great Barrington, Massachusetts, a 1 kV AC distribution system was
installed. That same year, AC power at 2 kV, transmitted 30 km, was installed at Cer-
chi, Italy. At an AIEE meeting on may 16,1888, Nikola tesla delivered a lecture enti-
tled A New System of Alternating Current Motors and Transformers, describing the
equipment which allowed efficient generation and use of polyphase alternating cur-
rents. The transformer, and Tesla’s polyphase and single-phase induction motors,

were essential for a combined AC distribution system for both lighting and machin-
ery. Ownership of the rights to the tesla patents was a key advantage to the Westing-
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house Company in offering a complete alternating current power system for both
lighting and power.

Regarded as the most influential electrical innovations, the universal system used
transformers to step-up voltage from high-voltage transmission lines, and then to
step-down voltage to local distribution circuits or industrial customers. By a suitable
choice of utility frequency, both lighting and motor loads could be served. Rotary
converters and later mercury-arc valves and other rectifier equipment allowed DC to
be provided where needed. Generation stations and loads using different frequencies
could be interconnected using rotary converters. By using common generating for
every type of load, important economies of scale were achieved, lower overall capital
investment was required, load factor on each plant was increased allowing for higher
efficiency, a lower cost for the consumer and increased overall use of electric power.

By allowing multiple generating plants to be interconnected over a wide area,
electricity production cost was reduced. The most efficient available plants could be
used to supply the varying loads during the day. Reliability was improved and capital
investment cost was reduced, since stand-by generating capacity could be shared over
many more customers and a wider geographic area. Remote and low-cost sources of
energy, such as hydroelectric power or mine-mouth coal, could be exploited to lower
energy production cost.

The first transmission of three-phase alternating current using high voltage took
place in 1891 during the international electricity exhibition in Frankfurt. A 25 kV
transmission line, approximately 175 km long, connected Lauffen on the Neckar and
Frankfurt.

Voltages used for electric power transmission increased throughout the
20th century. By 1914, fifty-five transmission systems each operating at more than 70
kV were in service. The highest voltage then used was 150 kV.

The rapid industrialization in the 20th century made electrical transmission lines
and grids a critical infrastructure item in most industrialized nations. Interconnection
of local generation plants and small distribution networks was greatly spurred by the

requirements of World War I, with large electrical generating plants built by govern-

ments to provide power to munitions factories. Later these generating plants were
connected to supply civil loads through long-distance transmission.

Electric power transmission. Part C (2 passages)

Bulk power transmission
Ccpuika Ha 3ByKoBoe BocmnpousBenaeHue tekctoB A-G u3 Electric power transmis-
sion
26


https://en.wikipedia.org/wiki/Critical_infrastructure
https://en.wikipedia.org/wiki/World_War_I

https://www.youtube.com/watch?v=hg70clk2R -
A&list=PLWKHFSV9QchCT6U 1n5ZH{NEInglL KXmp4M&index=3

A transmission substation decreases the voltage of incoming electricity, allowing it
to connect from long distance high voltage transmission, to local lower voltage dis-
tribution. It also reroutes power to other transmission lines that serve local markets.

This is the PacifiCorpHale Substation, Orem, Utah, USA

Engineers design transmission networks to transport the energy as efficiently as
possible, while at the same time taking into account the economic factors, network
safety and redundancy. These networks use components such as power lines,
cables, circuit breakers, switches and transformers. The transmission network is usu-
ally administered on a regional basis by an entity such as a regional transmission or-
ganization or transmission system operator.

Transmission efficiency is greatly improved by devices that increase the voltage
(and thereby proportionately reduce the current), in the line conductors, thus allowing
power to be transmitted with acceptable losses. The reduced current flowing through
the line reduces the heating losses in the conductors. According to Joule's Law, ener-
gy losses are directly proportional to the square of the current. Thus, reducing the
current by a factor of two will lower the energy lost to conductor resistance by a fac-
tor of four for any given size of conductor.

The optimum size of a conductor for a given voltage and current can be estimated
by Kelvin's law for conductor size, which states that the size is at its optimum when
the annual cost of energy wasted in the resistance is equal to the annual capital charg-
es of providing the conductor. At times of lower interest rates, Kelvin's law indicates

that thicker wires are optimal; while, when metals are expensive, thinner conductors
are indicated: however, power lines are designed for long-term use, so Kelvin's law
has to be used in conjunction with long-term estimates of the price of copper and
aluminum as well as interest rates for capital.

The increase in voltage is achieved in AC circuits by using a step-
up transformer. HVDC systems require relatively costly conversion equipment which
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may be economically justified for particular projects such as submarine cables and
longer distance high capacity point-to-point transmission. HVDC is necessary for the
import and export of energy between grid systems that are not synchronized with
each other.

A transmission grid is a network of power stations, transmission lines,
and substations. Energy is usually transmitted within a grid with three-phase AC.
Single-phase AC is used only for distribution to end users since it is not usable for
large polyphase induction motors. In the 19th century, two-phase transmission was

used but required either four wires or three wires with unequal currents. Higher order
phase systems require more than three wires, but deliver little or no benefit.

The price of electric power station capacity is high, and electric demand is varia-
ble, so it is often cheaper to import some portion of the needed power than to gener-
ate it locally. Because loads are often regionally correlated (hot weather in the
Southwest portion of the US might cause many people to use air conditioners), elec-
tric power often comes from distant sources. Because of the economic benefits of
load sharing between regions, wide area transmission grids now span countries and
even continents. The web of interconnections between power producers and consum-
ers should enable power to flow, even if some links are inoperative.

The unvarying (or slowly varying over many hours) portion of the electric demand
1s known as the base load and is generally served by large facilities (which are more
efficient due to economies of scale) with fixed costs for fuel and operation. Such fa-
cilities are nuclear, coal-fired or hydroelectric, while other energy sources such
as concentrated solar thermal and geothermal power have the potential to provide
base load power. Renewable energy sources, such as solar photovoltaics, wind, wave,
and tidal, are, due to their intermittency, not considered as supplying "base load" but
will still add power to the grid. The remaining or 'peak' power demand, is supplied
by peaking power plants, which are typically smaller, faster-responding, and higher
cost sources, such as combined cycle or combustion turbine plants fueled by natural
gas.

Long-distance transmission of electricity (thousands of kilometers) is cheap and ef-
ficient, with costs of US$0.005-0.02 per kWh (compared to annual averaged large
producer costs of US$0.01-0.025 per kWh, retail rates upwards of US$0.10 per kWh,
and multiples of retail for instantaneous suppliers at unpredicted highest demand
moments). Thus distant suppliers can be cheaper than local sources (e.g., New York
often buys over 1000 MW of electricity from Canada). Multiple local sources (even
if more expensive and infrequently used) can make the transmission grid more fault
tolerant to weather and other disasters that can disconnect distant suppliers.
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Long-distance transmission allows remote renewable energy resources to be
used to displace fossil fuel consumption. Hydro and wind sources cannot be moved
closer to populous cities, and solar costs are lowest in remote areas where local power
needs are minimal. Connection costs alone can determine whether any particular re-
newable alternative is economically sensible. Costs can be prohibitive for transmis-
sion lines, but various proposals for massive infrastructure investment in high capaci-
ty, very long distance super grid transmission networks could be recovered with
modest usage fees.

Electric power transmission. Part D (3 passages)

Ccpuika Ha 3ByKOBOe€ BocnpousBeneHue TekctoB A-G u3 Electric power transmis-
sion

https://www.youtube.com/watch?v=hg70clk2R-
A&list=PLWKHFSV9QchCT6U1n5ZHINEIngl KXmp4M&index=3

Grid input

At the power stations, the power is produced at a relatively low voltage between

about 2.3 kV and 30 kV, depending on the size of the unit. The generator terminal
voltage 1is then stepped up by the power station transformerto a high-
er voltage (115 kV to 765 kV AC, varying by the transmission system and by coun-
try) for transmission over long distances.

Losses

Transmitting electricity at high voltage reduces the fraction of energy lost
to resistance, which varies depending on the specific conductors, the current flowing,
and the length of the transmission line. For example, a 100 mi (160 km) span at
765 kV carrying 1000 MW of power can have losses of 1.1% to 0.5%. A 345 kV line
carrying the same load across the same distance has losses of 4.2%. For a given
amount of power, a higher voltage reduces the current and thus the resistive losses in
the conductor. For example, raising the voltage by a factor of 10 reduces the current
by a corresponding factor of 10 and therefore the losses by a factor of 100, provided
the same sized conductors are used in both cases. Even if the conductor size (cross-
sectional area) 1s reduced ten-fold to match the lower current, the 12R losses are still

reduced ten-fold. Long-distance transmission is typically done with overhead lines at
voltages of 115 to 1,200 kV. At extremely high voltages, more than 2,000 kV exists
between conductor and ground, corona discharge losses are so large that they can off-
set the lower resistive losses in the line conductors. Measures to reduce corona losses
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include conductors having larger diameters; often hollow to save weight, or bundles
of two or more conductors.

Transmission and distribution losses in the USA were estimated at 6.6% in
1997, 6.5% in 2007. By using underground DC transmission these losses can be cut
in half. Underground cables can be larger diameter because they do not have the con-
straint of light weight that overhead cables have, being 100 feet in the air.

In general, losses are estimated from the discrepancy between power produced
(as reported by power plants) and power sold to the end customers; the difference be-
tween what is produced and what is consumed constitute transmission and distribu-
tion losses, assuming no utility theft occurs.

As of 1980, the longest cost-effective distance for direct-current transmission
was determined to be 7,000 kilometres (4,300 miles). For alternating current it was
4,000 kilometres (2,500 miles), though all transmission lines in use today are substan-
tially shorter than this.

In any alternating current transmission line, the inductance and capacitance of
the conductors can be significant. Currents that flow solely in ‘reaction’ to these
properties of the circuit, (which together with the resistance define the impedance)
constitute reactive power flow, which transmits no ‘real’ power to the load. These re-
active currents, however, are very real and cause extra heating losses in the transmis-
sion circuit. The ratio of 'real' power (transmitted to the load) to 'apparent' power
(sum of ‘real’ and ‘reactive’) is the power factor. As reactive current increases, the
reactive power increases and the power factor decreases. For transmission systems

with low power factor, losses are higher than for systems with high power factor.
Utilities add capacitor banks, reactors and other components (such as phase-shifting
transformers; static VAR compensators; physical transposition of the phase conduc-
tors: and flexible AC transmission systems, FACTS) throughout the system help to
compensate for the reactive power flow, reduce the losses in power transmission and
stabilize system voltages. These measures are collectively called 'reactive support'.

Subtransmission

Subtransmission is part of an electric power transmission system that runs at
relatively lower voltages. It is uneconomical to connect all distribution substations to
the high main transmission voltage, because the equipment is larger and more expen-
sive. Typically, only larger substations connect with this high voltage. It is stepped
down and sent to smaller substations in towns and neighborhoods. Subtransmission
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circuits are usually arranged in loops so that a single line failure does not cut off ser-
vice to many customers for more than a short time.

There 1s no fixed cutoff between subtransmission and transmission, or subtrans-
mission and distribution. The voltage ranges overlap somewhat. Voltages of 69 kV,
115 kV, and 138 kV are often used for subtransmission in North America. As power
systems evolved, voltages formerly used for transmission were used for subtransmis-
sion, and subtransmission voltages became distribution voltages. Like transmission,
subtransmission moves relatively large amounts of power, and like distribution, sub-
transmission covers an area instead of just point-to-point.

Transmission grid exit

At the substations, transformers reduce the voltage to a lower level
for distribution to commercial and residential users. This distribution is accomplished
with a combination of sub-transmission (33 to 132 kV) and distribution (3.3 to
25 kV). Finally, at the point of use, the energy is transformed to low voltage (varying
by country and customer requirements). See Mains electricity by country.

Electric power transmission. Part E (2 passages)

Ccblika Ha 3ByKOBO€ Bocripon3BeneHue TekctoB A-G u3 Electric power
transmission

https://www.youtube.com/watch?v=hg70clk2R A &list=PLWkKHFSV9QchCT6
Uln5ZHINEIngl KXmp4M&index=3

High-voltage direct current

High-voltage direct current (HVDC) is used to transmit large amounts of pow-
er over long distances or for interconnections between asynchronous grids.
When electrical energy is to be transmitted over very long distances, the power
lost in AC transmission becomes appreciable and it is less expensive to
use direct current instead of alternating current. For a very long transmission
line, these lower losses (and reduced construction cost of a DC line) can offset
the additional cost of the required converter stations at each end.

HVDC is also used for long submarine cables over about 30 km (19 mi)
lengths when/where AC cannot be supplied. In these cases special high-voltage
cables for DC are used. Submarine HVDC systems are often used to connect the
electricity grids of islands, for example, between Great Britain and mainland Eu-

rope, between  Great Britain  and Ireland, between Tasmania and
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the Australian mainland, between the North and South Islands of New Zealand.
Submarine connections up to 600 kilometres (370 mi) in length are presently in
use.

HVDC links can be used to control problems in the grid with AC electricity
flow. The power transmitted by an AC line increases as the phase angle between
source end voltage and destination ends increases, but too large a phase angle
will allow the systems at either end of the line to fall out of step. Since the pow-
er flow in a DC link is controlled independently of the phases of the AC net-
works at either end of the link, this phase angle limit does not exist, and a DC
link 1s always able to transfer its full rated power. A DC link therefore stabilizes
the AC grid at either end, since power flow and phase angle can then be con-
trolled independently.

As an example, to adjust the flow of AC power on a hypothetical line
between Seattle and Boston would require adjustment of the relative phase of
the two regional electrical grids. This is an everyday occurrence in AC systems,

but one that can become disrupted when AC system components fail and place
unexpected loads on the remaining working grid system. With an HVDC line
instead, such an interconnection would:

1. Convert AC in Seattle into HVDC;

2. Use HVDC for the 3,000 miles (4,800 km) of cross-country transmis-
sion; and

3. Convert the HVDC to locally synchronized AC in Boston,

(and possibly in other cooperating cities along the transmission route). Such a sys-
tem could be less prone to failure if parts of it were suddenly shut down. One exam-
ple of a long DC transmission line is the Pacific DC Intertie located in the West-
ern United States.

Transposition (No sound track!)

Current flowing through transmission lines induces a magnetic field that sur-
rounds the lines of each phase and affects the inductance of the surrounding conduc-
tors of other phases. The mutual inductance of the conductors is partially dependent
on the physical orientation of the lines with respect to each other. Three-phase power
transmission lines are conventionally strung with phases separated on different verti-
cal levels. The mutual inductance seen by a conductor of the phase in the middle of
the other two phases will be different than the inductance seen by the conductors on
the top or bottom. An imbalanced inductance among the three conductors is problem-
atic because it may result in the middle line carrying a disproportionate amount of the

total power transmitted. Similarly, an imbalanced load may occur if one line is con-
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sistently closest to the ground and operating at a lower impedance. Because of this
phenomenon, conductors must be periodically transposed along the length of the
transmission line so that each phase sees equal time in each relative position to bal-
ance out the mutual inductance seen by all three phases. To accomplish this, line po-
sition 1s swapped at specially designed transposition towers at regular intervals along
the length of the transmission line in various transposition schemes.

Electric power transmission. Part F (3 passages)
Cchuika Ha 3ByKOBoe BociiponsBeneHue TekctoB A-G u3 Electric power transmis-
sion

https://www.youtube.com/watch?v=hg70clk2R-
A&list=PLWKHFSV9QchCT6U 1n5ZHfNEIngl KXmp4M&index=3

High-voltage direct current

High-voltage direct current (HVDC) is used to transmit large amounts of pow-
er over long distances or for interconnections between asynchronous grids.
When electrical energy is to be transmitted over very long distances, the power
lost in AC transmission becomes appreciable and it is less expensive to
use direct current instead of alternating current. For a very long transmission
line, these lower losses (and reduced construction cost of a DC line) can offset

the additional cost of the required converter stations at each end.

HVDC is also used for long submarine cables over about 30 km (19 mi)
lengths AC cannot be supplied. In these cases special high-voltage cables for
DC are used. Submarine HVDC systems are often used to connect the electricity
grids of islands, for example, between Great Britain and mainland Europe, be-
tween Great Britain and Ireland, between Tasmania and
the Australian mainland, between the North and South Islands of New Zealand.
Submarine connections up to 600 kilometres (370 mi) in length are presently in

usc.

HVDC links can be used to control problems in the grid with AC electricity
flow. The power transmitted by an AC line increases as the phase angle between
source end voltage and destination ends increases, but too large a phase angle
will allow the systems at either end of the line to fall out of step. Since the pow-
er flow in a DC link is controlled independently of the phases of the AC net-
works at either end of the link, this phase angle limit does not exist, and a DC
link is always able to transfer its full rated power. A DC link therefore stabilizes
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the AC grid at either end, since power flow and phase angle can then be con-
trolled independently.

As an example, to adjust the flow of AC power on a hypothetical line
between Seattle and Boston would require adjustment of the relative phase of

the two regional electrical grids. This is an everyday occurrence in AC systems,
but one that can become disrupted when AC system components fail and place
unexpected loads on the remaining working grid system. With an HVDC line in-
stead, such an interconnection would:

l. Convert AC in Seattle into HVDC;

2. Use HVDC for the 3,000 miles (4,800 km) of cross-country
transmission; and

3. Convert the HVDC to locally synchronized AC in Boston,

(and possibly in other cooperating cities along the transmission route). Such a sys-
tem could be less prone to failure if parts of it were suddenly shut down. One exam-
ple of a long DC transmission line is the Pacific DC Intertie located in the West-
ern United States.

Capacity

The amount of power that can be sent over a transmission line is limited. The or-
igins of the limits vary depending on the length of the line. For a short line, the heat-
ing of conductors due to line losses sets a thermal limit. If too much current is drawn,
conductors may sag too close to the ground, or conductors and equipment may be
damaged by overheating. For intermediate-length lines on the order of 100 kilometres
(62 miles), the limit is set by the voltage drop in the line. For longer AC lines, system
stability sets the limit to the power that can be transferred. Approximately, the power
flowing over an AC line is proportional to the cosine of the phase angle of the voltage
and current at the receiving and transmitting ends. Since this angle varies depending
on system loading and generation. It is undesirable for the angle to approach 90 de-
grees. Very approximately, the allowable product of line length and maximum load is
proportional to the square of the system voltage. Series capacitors or phase-shifting
transformers are used on long lines to improve stability. High-voltage direct cur-
rent lines are restricted only by thermal and voltage drop limits, since the phase angle
1s not material to their operation.

Up to now, it has been almost impossible to foresee the temperature distribution
along the cable route, so that the maximum applicable current load was usually set as
a compromise between understanding of operation conditions and risk minimization.
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The availability of industrial distributed temperature sensing (DTS) systems that

measure in real time temperatures all along the cable is a first step in monitoring the
transmission system capacity. This monitoring solution is based on using passive op-
tical fibers as temperature sensors, either integrated directly inside a high voltage ca-
ble or mounted externally on the cable insulation. A solution for overhead lines is al-
so available. In this case the optical fiber is integrated into the core of a phase wire of
overhead transmission lines (OPPC). The integrated Dynamic Cable Rating (DCR) or
also called Real Time Thermal Rating (RTTR) solution enables not only to continu-
ously monitor the temperature of a high voltage cable circuit in real time, but to safe-
ly utilize the existing network capacity to its maximum. Furthermore, it provides the
ability to the operator to predict the behavior of the transmission system upon major
changes made to its initial operating conditions.

To ensure safe and predictable operation, the components of the transmission
system are controlled with generators, switches, circuit breakers and loads. The volt-
age, power, frequency, load factor, and reliability capabilities of the transmission sys-
tem are designed to provide cost effective performance for the customers.

Electric power transmission. Part G (3 passages)

Ccpuika Ha 3ByKOBOe BocnpousBeneHue TekctoB A-G u3 Electric power transmis-
sion

https://www.youtube.com/watch?v=hg70clk2R-
A&list=PLWKHFSVIQchCT6U 1n5ZHfNEIngl KXmp4M&index=3

Load balancing

The transmission system provides for base load and peak load capability, with safety
and fault tolerance margins. The peak load times vary by region largely due to the in-
dustry mix. In very hot and very cold climates home air conditioning and heating
loads have an effect on the overall load. They are typically highest in the late after-
noon in the hottest part of the year and in mid-mornings and mid-evenings in the
coldest part of the year. This makes the power requirements vary by the season and
the time of day. Distribution system designs always take the base load and the peak

load into consideration.

The transmission system usually does not have a large buffering capability to match
the loads with the generation. Thus generation has to be kept matched to the load, to
prevent overloading failures of the generation equipment.
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Multiple sources and loads can be connected to the transmission system and they
must be controlled to provide orderly transfer of power. In centralized power genera-
tion, only local control of generation is necessary, and it involves synchronization of
the generation units, to prevent large transients and overload conditions.

In distributed power generation the generators are geographically distributed and the
process to bring them online and offline must be carefully controlled. The load con-
trol signals can either be sent on separate lines or on the power lines themselves.
Voltage and frequency can be used as signaling mechanisms to balance the loads.

In voltage signaling, the variation of voltage is used to increase generation. The
power added by any system increases as the line voltage decreases. This arrangement
is stable in principle. Voltage-based regulation is complex to use in mesh networks,
since the individual components and setpoints would need to be reconfigured every
time a new generator is added to the mesh.

In frequency signaling, the generating units match the frequency of the power
transmission system. In droop speed control, if the frequency decreases, the power is

increased. (The drop in line frequency is an indication that the increased load is caus-
ing the generators to slow down.)

Wind turbines, vehicle-to-grid and other locally distributed storage and generation
systems can be connected to the power grid, and interact with it to improve system
operation.

Failure protection

Under excess load conditions, the system can be designed to fail gracefully ra-
ther than all at once. Brownouts occur when the supply power drops below the
demand. Blackouts occur when the supply fails completely.

Rolling blackouts (also called load shedding) are intentionally engineered elec-
trical power outages, used to distribute insufficient power when the demand for
electricity exceeds the supply.

Communications

Operators of long transmission lines require reliable communications
for control of the power grid and, often, associated generation and distribution
facilities. Fault-sensing protective relays at each end of the line must communi-
cate to monitor the flow of power into and out of the protected line section so
that faulted conductors or equipment can be quickly de-energized and the bal-
ance of the system restored. Protection of the transmission line from short cir-
cuits and other faults 1s wusually so critical that common carri-

er telecommunications are insufficiently reliable, and in remote areas a common
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carrier may not be available. Communication systems associated with a
transmission project may use:

. Microwaves
. Power-line communication
. Onptical fibers

Rarely, and for short distances, a utility will use pilot-wires strung along the
transmission line path. Leased circuits from common carriers are not preferred
since availability is not under control of the electric power transmission organi-
zation.

Transmission lines can also be used to carry data: this is called power-line car-
rier, or PLC. PLC signals can be easily received with a radio for the long wave
range.

Optical fibers can be included in the stranded conductors of a transmission line, in
the overhead shield wires. These cables are known as optical ground wire (OPGW).
Sometimes a standalone cable is used, all-dielectric self-supporting (4DSS) cable, at-
tached to the transmission line cross arms.

Some jurisdictions, such as Minnesota, prohibit energy transmission companies
from selling surplus communication bandwidth or acting as a telecommunica-
tions common carrier. Where the regulatory structure permits, the utility can sell ca-
pacity in extra dark fibers to a common carrier, providing another revenue stream.

Electric power transmission. Part H (No sound track) (3 passages)

Losses

Transmitting electricity at high voltage reduces the fraction of energy lost
to resistance, which varies depending on the specific conductors, the current flowing,
and the length of the transmission line. For example, a 100 mi (160 km) span at
765 kV carrying 1000 MW of power can have losses of 1.1% to 0.5%. A 345 kV line
carrying the same load across the same distance has losses of 4.2%. For a given
amount of power, a higher voltage reduces the current and thus the resistive losses in
the conductor. For example, raising the voltage by a factor of 10 reduces the current
by a corresponding factor of 10 and therefore the losses by a factor of 100, provided
the same sized conductors are used in both cases. Even if the conductor size (cross-
sectional area) is decreased ten-fold to match the lower current, the losses are still
reduced ten-fold. Long-distance transmission is typically done with overhead lines at
voltages of 115 to 1,200 kV. At extremely high voltages, more than 2,000 kV exists

between conductor and ground, corona discharge losses are so large that they can off-
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set the lower resistive losses in the line conductors. Measures to reduce corona losses
include conductors having larger diameters; often hollow to save weight, or bundles
of two or more conductors.

Factors that affect the resistance, and thus loss, of conductors used in transmission
and distribution lines include temperature, spiraling, and the skin effect. The re-
sistance of a conductor increases with its temperature. Temperature changes in elec-
tric power lines can have a significant effect on power losses in the line. Spiraling,
which refers to the way stranded conductors spiral about the center, also contributes
to increases in conductor resistance. The skin effect causes the effective resistance of
a conductor to increase at higher alternating current frequencies. Corona and resistive
losses can be estimated using a mathematical model.

Transmission and distribution losses in the USA were estimated at 6.6% in
1997, 6.5% 1n 2007 and 5% from 2013 to 2019. In general, losses are estimated from
the discrepancy between power produced (as reported by power plants) and power
sold to the end customers; the difference between what is produced and what is con-
sumed constitute transmission and distribution losses, assuming no utility theft oc-
curs.

As of 1980, the longest cost-effective distance for direct-current transmission was
determined to be 7,000 kilometres (4,300 miles). For alternating current it was 4,000
kilometres (2,500 miles), though all transmission lines in use today are substantially
shorter than this.2!

In any alternating current transmission line, the inductance and capacitance of the
conductors can be significant. Currents that flow solely in ‘reaction’ to these proper-
ties of the circuit, (which together with the resistance define the impedance) consti-
tute reactive power flow, which transmits no ‘real’ power to the load. These reactive
currents, however, are very real and cause extra heating losses in the transmission
circuit. The ratio of 'real' power (transmitted to the load) to 'apparent' power (the
product of a circuit's voltage and current, without reference to phase angle) is
the power factor. As reactive current increases, the reactive power increases and the

power factor decreases. For transmission systems with low power factor, losses are
higher than for systems with high power factor. Utilities add capacitor banks, reactors
and other components (such as phase-shifting transformers; static VAR compensa-
tors; and flexible AC transmission systems, FACTS) throughout the system help to
compensate for the reactive power flow, reduce the losses in power transmission and
stabilize system voltages. These measures are collectively called 'reactive support'.
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Subtransmission

Subtransmission is part of an electric power transmission system that runs at rela-
tively lower voltages. It is uneconomical to connect all distribution substations to the

high main transmission voltage, because the equipment is larger and more expensive.
Typically, only larger substations connect with this high voltage. It is stepped down
and sent to smaller substations in towns and neighborhoods. Subtransmission circuits
are usually arranged in loops so that a single line failure does not cut off service to
many customers for more than a short time.

There 1s no fixed cutoff between subtransmission and transmission, or subtransmis-
sion and distribution. The voltage ranges overlap somewhat. Voltages of 69 kV,
115 kV, and 138 kV are often used for subtransmission in North America. As power
systems evolved, voltages formerly used for transmission were used for subtransmis-
sion, and subtransmission voltages became distribution voltages. Like transmission,
subtransmission moves relatively large amounts of power, and like distribution, sub-
transmission covers an area instead of just point-to-point.

Transmission grid exit

At the substations, transformers reduce the voltage to a lower level
for distribution to commercial and residential users. This distribution is accomplished
with a combination of sub-transmission (33 to 132 kV) and distribution (3.3 to
25 kV). Finally, at the point of use, the energy is transformed to low voltage (varying
by country and customer requirements). See Mains electricity by country.

Advantage of high-voltage power transmission

High-voltage power transmission allows for lesser resistive losses over long dis-
tances in the wiring. This efficiency of high voltage transmission allows for the
transmission of a larger proportion of the generated power to the substations and in
turn to the loads, translating to operational cost savings.
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3akiao4enue

B pesynbrare 0CBOEHUs TUCLMUIUIMHBI CTYJECHTBI Pa3BUBAIOT PEUYEBBIE YMEHMS
TOYHOTO MOHMMaHUS MPOPECCHOHATHFHOTO AHTJIMICKOTO TEKCTa B 0OJACTH 3JIEKTPO-
DHEPIreTUKHU U IEKTPOTEXHUKN M YMEHUS IPOLYKTUBHON pE€UYU HA AHTJIIMICKOM SI3bI-
K€ B HanOoJiee paclpOCTPAHEHHBIX, a TAK)KEe HanOoJiee aKTyaJbHbIX JUIsl CTYACHTOB
CUTYalUsIX MPOQPECCUOHANTBHOTO U MOBCEIHEBHOTO OOIIIEHUSI.

B xone nzyuenus nucuuruinabl «lIpodeccruonanbHbI aHTTTUHCKUN S3BIK» CTY-
JICHTHI OBJIQZIEBAIOT PEYEBOM TEXHOJOTUEHN NMPOPECCUOHAIbHON MPE3EHTAllMM Ha aH-
IJIMHACKOM f3BIKE M OCBAMBAIOT MPUHATHIE CETOJHS B MEXIYHApOJHOM COOOIIECTBE
KOPPEKTHBIE CIOCOOBI BEAEHUS TPO(ECCUOHATIBHON TUCKYCCUU Ha aHTJINHCKOM S3bI-
KeE.
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