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IMPEANCJIOBHUE

L[GJ'IBIO JaHHOTI'O MocoOus SIBIAETCS HpI/IO6p€TeHI/I€ N PAa3BUTHUC HABBIKOB
nepeBojja W pedepupoBaHHS TEKCTOB  MIPOQPECCHOHATBLHO-TEXHUYECKOTO
XapakTepa y aCIipaHTOB.

B 1mocoOun NpCaAcCTaBJICHbl TCKCTBI MOJIAA IICPEBOOA, A TAKIKC Pl
yr[pa>KHeHI/II71 Ha Cro YCBOCHHC H 3aKPCIIJICHUC HpOﬁI{GHHOI‘O MaTcpuaiia.
Kpome Toro, ympaxHeHHss Ha MEPEBOJl C PYCCKOTO S3bIKAa Ha AaHTJIMHCKUN
IMO3BOJIAIOT acCIIMpaHTaM TPCHHUPOBATL HABBIKK IIOCTPOCHUA HpeI[JIO}KGHI/Iﬁ
Ha HHOCTPAHHOM A3BIKC. TexcThl l'IOI[O6paHI>I JJII COBMECTHOT'O HUCITOJIb30BaAHUA
C BHIACOMATCpHATIaMHM HAYYHO-IIOIIYJIIPHOI'O CCpHalla «U3 HNCTOPHUU BCJIMKHUX
Hay4YHBIX OTKpeITHi» / «Great moments in science and technology»,
HaxoJIAIIeMCs B CBOOOIHOM JI0CcTyme B cetu IHTepHET [20].

ITocoOue AacT BO3MOKHOCTD 3aKPCIIUTh U er’Iy6I/ITI> 3HaHHA, ITIOJTYUCHHBIC
B IIPOLIECCE U3YUYEHUSI OCHOBHOW IPOTrpaMMBbl By3a.

Marepuan, mpencTaBleHHbII B Yy4eOHOM TOCOOMHM, HAmpaBlieH Ha
dbopMUpOBaHUE Y aCITUPAHTOB:

— CIIOCOOHOCTH K KPpUTHYCCKOMY aHAJIN3y MW OLOCHKC COBPCMCHHBIX
HaY4YHBIX IIOCTH)KGHHﬁ, I'CHCPHUPOBAHUIO HOBBIX Hlleﬁ IIpHu PCIICHUU UCCIICA0BA-
TCIBCKUX W IIPAKTHYCCKUX 3addad4, B TOM YHCIC B MCKIUCHUILIMHAPHBIX
00J1acTsIX

—TOTOBHOCTH YYacTBOBaTb B PabOTE POCCHUUCKUX W MEXKTYHAPOHBIX
HCCICAOBATCIIbCKUX  KOJUICKTHMBOB IIO0 PCIICHHMIO HAYYHBIX HW  HAYYHO-
oOpa3oBaTeIbHBIX 3a/a4,

— I'OTOBHOCTH HCIIOJIb30BaTh COBPCMCHHBLIC MCTOAbI MW TCXHOJOI'MH
HayYHOW KOMMYHHMKAIlMU HAa TOCYJapCTBEHHOM U MHOCTPAHHOM SI3bIKaX.



I''TABA |. TEOPETHYECKHUE OCHOBBI

Hayunas cnenuanusanus — sipKuid IpU3HAaK COBPEMEHHOTO Mupa. B cBsi3u
¢ atuM, kak ormevaeT C.H. 'opennkosa, ceiiyac, «Kak MPaBUIIO, UCCIETYIOTCS
HE SI3BIKK BOOOIIE, @ BXOSIINE B UX COCTaB (DYHKIIMOHATIBHBIC CTHIIH, KOTOPHIC
BBITIOJIHAIOT pa3Hble KOHKPETHbIe (YHKIMH OOHICHUS MEXAY JIOJbMU
(pa3roBOpHBIA, OOIIECTBEHHO-TIOJUTUYECKUM, OPUIIMaIbHO-IETOBOM, XyHI0KeCT-
BCHHBIH, HAYYHBIA U TeXHUICCKUH )»[1].

B HacTtosimiee BpeMs CyHIECTBYET HEOOXOJAMMOCTh B  BbIJICICHUU
TEXHUYECKOTO TMepeBOoJla HE TOJbKO Kak o0co00ro BHJA IEPEBOTYECKOIM
NEATEIIbHOCTHA U CIIEIIUAIbHON TEOPUH, UCCIIEAYIOMIEH 3TOT BUJ JEATEIbHOCTH,
a TaKKe MPUCBOCHUU TEXHUYECKOMY IIEPEBOJly CTaTyca CaMOCTOSATEIbHOM
NPUKIAAHON JucHMIUIMHBL. C TOUYKM 3pEHMS] JIMHTBUCTUKH, XapaKTEpPHBIC
0COOEHHOCTH TEXHUYECKOUW JUTEPATyphl paCPOCTPAHSIOTCS HAa €€ CTHIIUCTUKY,
IrPaMMAaTHUKY U JIEKCHUKY.

Haubonee TUNMYHBIM JIGKCHYECKUM MPU3HAKOM TEXHUYECKOW JIMTEPATyphl
SIBJISIETCS HACBIIIEHHOCTh TEKCTAa TEPMHHAMU M TEPMHUHOJIOTUYECKUMU CIIOBO-
COYETAHUSIMH, & TAKKE HATTUYUE JIEKCUUYECKUX KOHCTPYKIIMI U COKpaIICHUM.

OcHoBHas 3a7aya TEXHUYECKOTO MEPEBOJIa COCTOUT B MPEAEIBHO SCHOM
Y TOYHOM JIOBEJICHUU A0 YMTaTesisi cooliaeMoi mHpopMaIu. ITO JTOCTUTAETCS
JIOTUYECKH OOOCHOBaHHBIM H3JIOKEHHEM (haKTHYECKOro wmartepuana, 0e3
SKCIUIMIIUTHO  BBIPAKEHHOM  3MOLMOHAIBHOCTH.  CTUIb  TEXHUYECKOU
JUTEPATYPBI MOKHO OMIPENETUTh Kak (hOpMaTbHO-JIOTHIECKUH.

Cpenu axTyaldbHBIX TPOOJIEM COBPEMEHHOI'O TMEPEBOJOBEICHUS BaKHOE
MECTO 3aHUMAET Pa3BUTHE TAKOW OTpaCiH, KaK MEPEBOJ] TEXHUYECKUX TEKCTOB,
TaK KaK B CBSA3U C YCKOPSIOUIMMCS TEXHUYECKHUM IPOTrPECCOM JaHHBIA BHUJ
MEePEBOUECKON JIEITEIbHOCTH CTAHOBUTCA Bce Oosiee  BOCTpeOOBAaHHBIM.
Ho, k coxanennro, creneHb M3y4EHHOCTH JAHHOW TEMBI Jajieka OT KEJIaeMOu
MOJHOTHI, B YaCTHOCTH, HEIOCTATOYHO HCCIEAOBAHbI MPUEMBI U CIIOCOOBI
MEPEBO/IA COMMPOBOAUTEIIBHON TEXHUYECKON JOKYMEHTALINH.

1.1. CtwimcTu4eckue 0COOEHHOCTH HAYYHO-TeXHUYECKMX TEKCTOB

CnoBocoyeTaHuE «CTUJIMCTUKA TEKCTa» H3BECTHO JaBHO, OJHAKO €ro
COJIep’KaHuE BBI3BIBACT JIMILIL CaMble OOIIME, pacIlIbIBUAThIC MPECTABICHUS.
Jleno B TOM, 4TO Ha3BaHHWE HAYKHU IMOSBUIIOCH PAHBIIE CAMOW HAYKH, KOTOpAs
TOJIbKO HauumHaeT (GopmupoBaThecsi. CTPEMHUTENIBHO Pa3BUBAIOIIASICS JIMHIBUC-
THKa TEKCTa IOKa3ajla, 4YTO Hapsgy C TIpaMMAaTUKOW, CEMAHTHUKOW TEKCTa
U IPyTUMU acleKTaMHU M 00JacTAMU €ro U3ydeHHUs HeoOXOAMMa U CTUJIMCTHUKA
TEKCTA.



CnoBO «TEKCT» HACTOJBKO MPUBBIYHOE, 3HAKOMOE, YTO, Ka3aJloCh Obl,
U NosicHeHU He TpeOyer. OJHAaKO Takoe BledarieHue oOMaHuMBO. TekcT
(oT naTuHCKOTO tEXIUS — TKaHb, CIUIETEHHE, COCAMHEHHE) MOXHO OIPEACIIUTh
KaK OOBEIMHEHHYIO CMBICIOBOM M TpaMMaTHYECKOW CBS3bIO MOCJEN0BATENb-
HOCTh  PEUYEBBIX  E€IUHUIL.  BBICKa3bIBaHWUW, CBEPX(PA30BbIX  E€IAMHMII
(mpozamyeckux ctpod), ¢dparMeHToB, paszaeynoB U T.Ja. KaxIaoMy TEKCTy
CBOMCTBEH CBOM MHIWBUAYAJIbHBIA (PYHKIIMOHAILHBIA CTUJIb.

Ctunp si3pIKa — 3TO COYETAHUE ABYX (DAKTOPOB — «UYTO TOBOPHUTCS»
U «KaK TOBOPUTCS», T. €. 3TO LEJCHAIPABICHHAs COBOKYITHOCTH SI3BIKOBBIX
cpeacTB. «B OCHOBE MOHATHS CTHIIS SI3bIKA JIGKUT OLICHKA OTHOIIEHUSI CPEICTB
BBIPAKEHUS K BBIPAXKAEMOMY COJICPKAHUIOY.

B ocHOBE CTHIS COBpPEMEHHOM AHIVIMMCKOM TEXHUYECKOM JIMTEPATyphl
JeXaT HOPMBI aHTJIMACKOTO MUCHMEHHOTO $I3bIKa C ONMPEEICHHBIMU CIICI(U-
YECKUMU XapaKTePUCTUKAMU, & UMEHHO:

1) nexcuka. YmorpeOisercs OOJbIIOC  KOJIMYECTBO  CIICHUATBHBIX
TEPMUHOB U CJIOB HE aHTJIOCAKCOHCKOTO MpoucxoxjaeHus. CioBa oTOMparoTcs
c OOJBIION THIATEIBHOCTHIO JUISI MAaKCUMAaJIbHO TOYHOM Tepeladyd MBbICIH.
Bonbiiolt ynenbHBIE BeC UMEIOT CiyKeOHble ((YyHKIIMOHAIBHBIE) CIIOBA
(mpenyoru M CO3bl) U CIOBA, OOECHEYMBAIOIINE JIOTUYECKUE CBSI3U MEXKIY
OT/ICJIbHBIMU JIECMEHTaMU BbICKa3bIBAaHUH (Hapeuws);

2) rpaMMaTHKa. VICIONMb3yrOTCS  TOJNIBKO  TBEPAO  yCTAHOBHMBIIHECS
B MUCBbMEHHOW peurd Tpammatuyeckue HopMbl. Illupoko pacmpocTpaHeHb
MACCUBHbBIC, OE3JIMYHbIC U HEOMPEEICHHO-TMYHbIE KOHCTPYKIMU. bombIieit
YaCThIO  YMOTPEONSIOTCS  CJIOKHOCOYMHEHHBIE U CJIOKHOMOJAYUHEHHBIC
MPEIOKEHHSI, B KOTOPBIX MPE00JaaloT CYIIECTBUTENbHbBIC, TTpUilaraTeIbHbIe
W HenmuuHble ¢Gopmbl raarosia. Jlornueckoe BBIACICHUE YacTO JOCTUTaeTCs
MyTEM OTCTYIUIEHUSI OT TBEPAOTO MOPSIIKA CIOB (MHBEPCHUH);

3) ciocod wm3nokeHuss Matepuana. OcHOBHas 3ajada TEXHHUYCCKOM
JUTEPATYPHI — MPENIETHHO SICHO U TOYHO JOBECTH OMPEEICHHYIO NH(POpMAIINIO
0 4YuTarenaed. DTO JOCTUTACTCS JIOTMUECKH OOOCHOBAHHBIM U3JIOKEHHUEM
dbakTrueckoro Marepuaia, 6e3 MpUMEHEHNs IMOIMOHATIBFHO OKPAIIICHHBIX CJIOB,
BBIDOKEHU M TpaMMaTUYECKUX KOHCTpYKIMH. Takoil cnoco® u3noKeHus
MO>KHO Ha3BaTh (HOPMAJIbHO-JIOTUYECKUM.

Bce Tpu mpuBeneHHbIE BbIIIE XapAKTEPUCTUKU MPUCYIIH €CTECTBEHHBIM
¥ TOYHBIM HaykaM (a TakKe WX NPHUKIAJAHBIM 00JIacTAM) — MAaTEeMAaTHKeE,
acTpoHOMUH, (U3UKE, XUMHUH, T€OJOTUH, METAJUTYpPIUH, OMOJIOruH, OOTaHUKE,
300JI0TUH, T€O0JIE3UU, METEOPOJIOTUH, NAJICOHTOJIOTUH, METULIUHE, DIEKTPOHUKE,
AIEKTPOTEXHUKE, CAaHTEXHUKE, aBUALMM, 3€MJICJICTUI0, JIECOBOJICTBY, TOPHOMY
neny, OOOpPOHHOM TMPOMBINUIEHHOCTH, CTPOUTEIBHONW MPOMBIITUICHHOCTH,
TPAHCIIOPTHOM MIPOMBIILJICHHOCTH, XUMHUYECKOM MPOMBIILJIEHHOCTH,
TE€XHOJIOTUU MEXaHU3MOB.



TexHuueckas nureparypa, B CBOKO O4€pElb, UMEET HECKOIBKO I'paJaluil.
TexHnueckre TeKCThl OTIMYAIOTCS IPYT OT JApyra He TOJBKO MO 00JacTH HAyKU
WM TEXHHUKHU, K KOTOPOU OHU OTHOCSTCS, HO ¥ MO CTENEHU UX CHEUUAN3ALUU.
TeKCT TEXHUYECKNX CHPAaBOYHUKOB, KATAJIOIOB, OMUCAHNUN MOCTABOK, TEXHUYECKHUX
OTYETOB, crieluUKAIMA U UHCTPYKIMM MOXKET MHOTIA COJIEpkaTh MPEAJIOKEHHUS,
B KOTOPBIX OTCYTCTBYET CKazyemoe (MpU MEepeYUCICHUN TEXHUYECKUX JTaHHBIX
MT.0.) WIM TMomjIexamee (eclid OHO TOJpa3yMeBaeTcs IO KOHTEKCTY).
B TexHMYeCKHX CHpPaBOYHMKAX BCTPEYAIOTCA LEIbIE OTPE3KH, COCTOSIIUE
U3 nepeurciiennid. OnucaHus MOCTaBOK, CIeNU(UKAIMU, TEXHUYECKUE OTUYETHI
U KaTaJIOTM COCTABJISIIOTCA OOBIYHO IO TBEPAOMY IIA0JOHY U 3arpyKEHBI
crenuaibHOM TepMuHONOrHe. Jlekcuko-rpaMMaTUyecKuil 1abJIoH MPUCYI
TaKXe SA3bIKY NATEHTHON JTUTEPATYPHI.

[IpuHATO CuMTaTh, 4YTO TEXHUYECKON JIUTEPAType CBOCTBEHEH
HEUTpaJIbHBIA CIOCO0 W3JI0KEHUsI MaTepuaina, WIM HEUTpadbHBIA CTUIIb.
Onnako, mo MHeHuio A.B. @egopoBa, MOHATHE KaKOTO-TO «HEUTPAIBHOTO)
CTWIS, T.€. CTWIS CYXOro, JHUIIEHHOTO OOpa3HOCTH, HMOIMOHAIBLHOCTH,
MOHSITUE OYEHb OTHOCUTENIbHOE, MO0 camMo OTCYTCTBHE OSTHUX CBOWCTB
COCTAaBJISIET OTYETIIMBBIA, XOTA M HETATUBHBIM CTUJIMCTUYECKUN NPU3HAK...
OKa3bIBACTCS HAJIMIIO U TIOJIOKHUTEIbHBIN XapaKTepu3yIoliuii mpu3Hak [8, ¢. 98].

[TockoyibKy TEXHUYECKOHM JMTeparype mpucyiie GopMmaibHOE, JOrHYecKoe,
MIOYTH MAaTEMATHYECKU CTPOroe U3JI0KEHUE MaTepualia, o-BUIMMOMY, IPABOMEPHO
Ha3BaTh M0JI00HOE U3JI0KEHUE (POPMATTBHO-JIOTHYECKUM.

Kak yxe ynoMuHamoch, MOJ CTUJIEM S3bIKa TOHMMAETCA CIOKHOE
nepervieTeHne IByX (aKTOPOB — YTO TOBOPUTCS M Kak rooputcs. [lostomy,
MOJIB3YSICh B JAaHHOM pasliefie TEPMHHOM «CTHJIb» JUIsl OMMCAHMS CIocoOa
W3JI0KEHHUST MaTepuaja aHTJIMHCKONW TEXHUYECKOW IMTepaTyphbl, Mbl Oynem
OJIHOBPEMEHHO PacCMaTPUBATh JIEKCUYECKHUE U TpaMMaTHYECKUE OCOOECHHOCTH
ATOMN JUTEpaTyphbl, U3T0KEHHBIE B MPEAbIAYIIUX pa3zaenax. « CTUIb y4EeHOro —
dbopmanbhbiii, — numet JI. U, bopucoBa, — oH u30eraeT HETOYHBIX OIMpee-
JICHUM, HEeCTeNbIX 0000IICHUM, CeHCallMi, B €ro padoTax BCErna MPUCYTCTBYET
SICHOCTh U TITyOOKOE€ MPOHUKHOBEHUE B CYTh MPEIMETA, KOTOPhIE HEOTACITUMBI
OT YETKOCTH MBIIUICHUSI U (GOpMyIHpOBOK. OCTOPOKHOCTh HEOTIEINMa
OT TOYHOCTHU: YYCHBIH HE YTBEPIKIACT TOTO, YETO HE MOXKET J0Ka3aTh. OOBIYHO
OH HE BBICTYMAET OT MEPBOTO JINIIA; €My BaKHBI (DaKThI, @ HE TO, U4TO «S» mTymaro
nin nenato. OH m30eraer CoKpaiieHud ¥ OO0OpOTOB PAa3TOBOPHOTO SI3BIKA
[1, c. 166].

Wtak, ocHOBHOE TpeOOBaHME K SI3BIKY TEXHUYECKOM JIMTEpaTypbl — 3TO
TOYHOE M YETKOE M3JI0KEHUE, ONMMCAaHne U 00bsicHeHue (akToB. [ TaBHBIN ymop
JiemaeTcsi Ha JIOTMYECKYI0, a HE HMOIMOHAJIBHYI0 CTOPOHY WH(MOpMAaIuu.



ABTOp CTPEMUTCSI HCKIIIOYUTh BO3MOKHOCTH MPOU3BOJBHOTO TOJKOBAHMS
cylectBa npeamera. [1o3ToMy B TEXHHMUECKOUW JUTEpaType MOYTH HE MCIOJb-
3YIOTCSI TaKU€ BBIPA3UTENIbHBIE CPEACTBa, Kak Meradopa, METOHHUMHS U T. II.,
U U3JI0’KEHHE HOCUT HECKOJIBKO CYXOBAThIM, (POpMaIbHBINA XapakTep.

[Ipu oOcyxnenun crnocoda U3I0KEHUS TEXHUYECKOH JUTepaTyphl Halo
YUUTBIBATh, YTO 3Ta JINTEPATypa MMEET OTPAaHUYCHHBIA Kpyr 4HUTaTeNIed, s
KOTOPBIX HWMEHHO (hOpPMaNbHO-JIOTUYECKUN CTHIIb oOecleuyuBaeT Haubosee
noyHyto U 3pdexruBHyro uHbopmanmio. .M. CTpeakoBCckuil moJjaraer, 4To
nojo0HBI  cTUlb OB HaBs3aH yueHbIM  KoponeBckum — O6miecTBoM
(bputanckoit Akagemueit Hayk) [9, €. 78-79]. OmHako 3TOT CTUJIb XapaKTEePEeH
U U IpYTUX 536IKOB. KpoMe TOro, HOpMBI sI3bIKa IEKPETUPOBATH HEBO3MOKHO.
dopMaIbHO-IOTUYECKU  CTWJIb ~ TOSIBUJICS B pe3yJbTaTe  HACYIIHOM
NOTPEOHOCTH B TaKOM CTWJE OoibIIoN Tpynnbl JroAed. OH  sBIgeTCS
€CTECTBEHHBIM CJICJICTBUEM Pa3BUTHS SA3bIKAa TEXHUYECKON TUTEpaTyphl. Te, KTO
KPUTUKYIOT 3TOT CTHJIb, 3a0bIBAIOT, YTO TEXHUYECKHUE TEKCTHI MpeAHA3HAYCHBI
JUTSL CTICIIMAIIMCTOB, KOTOPhIe 00JIaAal0T COOTBETCTBYIOIMMU 3HAHUSMU M JUIS
KOTOPBIX OTCTYIUICHHWE OT MPUBBIYHOTO JIJISl HUX CTI0C00a U3JI0KEHUSI MaTepHraia
3aTpyAHSIET MOHUMaHue (PaKToB.

Cornacuo tepmunonoruu B.B. Bunorpazosa [10, ¢. 271], pasnuuyaromiero
TPU BaXXHEHUIIMX (PYHKIUU 53bIKA, & UMEHHO: OOIIIEHUE, COOOIIEHUE U BO3Cii-
CTBUE, TEXHUYECKasl JUTeparypa MpecienyeT 3agady coobOmenus. Bce, dto
HapylaeT 3Ty 3ajady, 3aTpyAHsIeT UH(POPMALIUIO, SBISIETCS HEECTECTBEHHBIM,
a OTCI0/Ia HETIPAaBOMEPHBIM.

OCHOBHOWM CTWJIUCTHYECKONM YEPTOM TEXHUYECKOTO TEKCTa SIBIISIETCS
TOYHOE M YETKOE W3JIOKEHHE Marepuaja Mpu MOYTH MOJHOM OTCYTCTBHUHU TEX
BBIPA3UTEIBHBIX AJIEMEHTOB, KOTOPBIE MPUIAIOT PEYH dMOIMOHAIBHYIO HACHI-
[ICHHOCTh, TJIABHBIA yMOp JENIaeTcs Ha JOTUYECKOH, a HE Ha AMOIMOHAIBHO-
YyBCTBEHHOW CTOPOHE U3JIAraeMoOro.

ABTOp TEXHUYECKON CTAaTbU CTPEMHUTCS K TOMY, YTOOBI HCKIIOYUTH
BO3MOYKHOCTh TPOW3BOJILHOTO TOJIKOBAaHUS CYIIECTBA TPAKTYEMOTO IMpEeaMETa,
BCJICJICTBME YEro B HAy4YHOW JIUTEpaType IOYTH HE BCTPEUYAIOTCS TaKHe
BBIPA3UTEIbHBIE CPEACTBA, KaK MeTa(opbhl, METOHUMUU U JIPyTrue CTUIUCTH-
yeckue (UTyphl, KOTOpPbIE IIUPOKO HCIONB3YIOTCS B  XYJAO0KECTBEHHBIX
MPOU3BEICHUSX JIJISl IPUIAHUSI PEUYH )KMBOTO, 00pa3HOTO Xapakrepa.

ABTOpPBI HAy4YHBIX TIPOM3BEACHUN W30€TaloT TPUMEHEHUS JTUX
BBIPA3UTEIBHBIX CPEACTB, YTOObI HE HAPYNIUTh OCHOBHOTO MPUHIIUTIA
TEXHUYECKOTO SI3bIKA — TOUHOCTH U SICHOCTH U3JIOKCHHS MBICITH.

OTO MPUBOAUT K TOMY, YTO TEXHUYECKHM TEKCT KaKETCS HECKOIBKO
CYXOBATBIM, JIUIIIEHHBIM JIEMEHTOB YMOIIMOHATHLHON OKPACKH.



Takum 06p8,30M, Hcciacaysa CTHUIMCTHUYCCKHC OCOOCHHOCTH TEXHHYECKUX
TCKCTOB, BAKHO OTMCTHUTL, YTO OCHOBHAA HX XAPAKTCPUCTHKA 3aKIIOYACTCA
B CTPCMJICHUN K YCTKOCTH M CTPOTOCTH H3JIOKCHHUA, OTKA3y OT KOCBCHHBIX,
OITMCATENILHBIX 0003HAUCHUH O6’I)€KTOB, IMUPOKOMY HCIIOJIB30BAHHUIO HITAMIIOB
H CTCPCOTUIIOB CHCHH&J’IBHOﬁ JICKCHUKMH.

CorocTaBUTEIIbHBIM aHaAJINU3 MMEPCBOAOB IIOKA3bBIBACT, YTO IICPCBOAYHKHU
PETYIEIPHO OCYHICCTBIAIOT CTHIIMCTUICCKYIO adallITalluiO IICPCBOAUMOTI'O TCKCTA,
OIIyCKasl OSMOOUOHAJIBbHO-CTUINCTHYCCKHUC JJICMCHTBI OpPHUIHHAJIA, KOTOPLIC
KaXXyTCAd UM HCYMCCTHBIMU B «CCPBC3HOM» HAYUYHOM H3JIOKCHUU.

1.2. JlekcuKO-rpaMMaTH4YeCKHeE 0COOEHHOCTH MepeBoia
TEeXHUYECKHX TEKCTOB

XapakTepHbIMU OCOOCHHOCTSIMH HAYyYHO-TEXHHUYECKOTO CTUJIS SIBISIOTCS
ero MH(OPMaTUBHOCTH (COJIEPKATEIBHOCTD), JIOTHYHOCTh (CTporasi mocieoBa-
TEJIBbHOCTh, YETKasl CBSI3b MEXKJYy OCHOBHOM HJEed W JAeTallIMH), TOYHOCTh
1 OOBEKTUBHOCTh M  BBITEKAIOIIME W3 OTHUX OCOOEHHOCTEH  SICHOCTH
U IOHATHOCTh. OT/ENbHBIC TEKCTHI, TPUHAICKAIINE K JAHHOMY CTHIIIO, MOTYT
o0nazaTh yKa3aHHBIMU 4YepTaMH B OOJbIIEH WM MeHbInel cteneHu. OmaHaKo
y BCEX TaKUX TEKCTOB OOHAPY>KUBACTCS MPEUMYIIECTBEHHOE HCIIOJIb30BaHUE
S3BIKOBBIX CPEJCTB, KOTOPHIE CIOCOOCTBYIOT YJIOBJIETBOPEHHUIO MOTPEOHOCTEH
JTaHHOU cdepbl OOIIEHUS.

CoBepmiatonasicss Ha HaIIMX TJia3aX HAyYHO-TEXHUYECKas PEBOJIIOIMS
BBOJIUT BO BceoOlee ymoTpeOsieHHe OrpoOMHOE KOJMYECTBO TEPMHUHOB.
Ecnu panbiie  TOJNKOBBIE — CIIOBapu  COCTaBSUIMCh HA  OCHOBE  SI3bIKA
XYJI0’)KECTBEHHOM JIMTEPaTyPhl U B MEHBIIICH CTENEeHU MyOIUITUCTUKH, TO ceiidac
OMKCAHUE PA3BUTHIX S3BIKOB MHUpPA HEBO3MOXKHO 0€3 ydeTa HAyYHOTO CTHIIS
M ero poju B xu3HM obmiectBa. Jlocrarouno ckasarb, yto u3 600 000 croB
aBTOpUTETHEMIero anrimiickoro cmoapsi Bebctepa 500 000 coctaBisieT
crieruaibHas JIeKCHKa.

Jlis  clioBapHOTO CcOCTaBa TEXHMUYECKON JHMTEpaTyphl XapaKTepHO
MpUMEHEHNE OOJBIIOr0 KOJUYECTBA TEXHHUYECKHMX TEPMHUHOB, T. €. CIOB WIH
CJIOBOCOYETAHMM, O003HAYAIONIUX TEXHUYECKHE MOHATUA. [IpoBecTH UYETKYIO
IrpaHb MEXAY TCPMHHAMH W CJIOBAaMH OOWMXOJHOTO $3bIKa HEBO3MOXKHO
BCJICJICTBME MHOTO3HAYHOCTH MHOTHX cJIOB. Hampumep, Takue 0O0IIen3BeCTHBIC
MOHSTHUS, KaK «DJICKTPUUECTBO», «TEMIIEPATypay, «IapoBO3)», «aBTOMOOWIIbY,
1 4acTO yMOTPEOIsIEeMbIE CIIOBA «aTOMy, «ITACTMACCA», «BUTAMUHY, «Q@HTHOHMOTHK,
(EHUIWUTAH», «KOCMOC», HE SBJISIOTCS TEPMHUHAMH B OOWXOIHOM  SI3BIKE,
IJIc TEXHUYECKOE HAvallo WIpaeT BTOPOCTEICHHYIO (TIOJYMHEHHYIO) POJIb.



C npyroii CTOpPOHBI, TaKME MPOCTHIE CIOBA, KaK «BOJA», «3EMJIS», «ILIaMs,
(GKUJIKOCTBY, «CUJIa», «TJIMHA», «CEPEOpPO», «JIaBIICHUEY, ABISIIOTCS TEPMHUHAMHU
B TEXHUYECKOM KOHTEKCTE, KOrja HECyT IMepBOCTENEHHYIO0 (OCHOBHYIO)
CMBICIJIOBYIO HAarpy3Ky.

B Tepmmnax ™Mbl uMmeeM Hambojee TOYHOE, KOHIICHTPHUPOBAHHOE
Y DKOHOMHOE OIIPEACIICHUE TEXHUYECKOW uaeu. Hampumep, TepMUH «BOJa» —
ATO HAYyYHOE OIPEACICHUE XUMHUYECKOTO COEIUHEHHMS, MOJIEKYJIa KOTOpPOTo
COCTOMT U3 ABYX aTOMOB BOJOPO/Ia ¥ OJTHOTO aTOMa KHUCJIOPOAA.

TepMuHONOTHST — 3TO SAPO HAYYHOTO CTWJISA, ITOCIEIHHUM, CaMbId
BHYTPEHHUI KpYT, BEAyIUiA, HanOoJiee CyIeCTBEHHBIA MPU3HAK SI3bIKA HAYKH.
MoXHO cKa3aThb, YTO TEPMHUH BOIUIOIIAET B CeOE OCHOBHBIE OCOOEHHOCTH
HAay4YHOTO CTHUJISI U MIPEJEIbHO COOTBETCTBYET 3a/lauaM HaAy4YHOT'O OOIIEHUS.

TepMuH — 3TO CJIIOBO WM CJIOBOCOYETAHWE, TOYHO M OJIHO3HAYHO
Ha3bIBAIOIIIEE MPEIMET, SBJICHUE WIIM TOHSATHE HAYKM U PACKPBIBAIOLIEE €r0
coJiep>KaHue; B OCHOBE TEPMHUHA JISKUT HAYYHO MMOCTPOCHHAs Je(DUHUIIMSL.

CnoxHas B3aMMOCBS3b MEXK]1y CJIOBAMH OOUXOJHOTO S3bIKA U TEPMUHAMU
3aTPYJHSAET BBISIBICHWE TEPMUHOJOTHM OTJEIbHBIX OTpaciei TEeXHUYECKOU
autepatypsl. B cBsa3u ¢ atum A.Jl. llIBeitnep npennaraeT UCKIIOYUTh U3 YUCIa
TEPMUHOB CJIOBAa OOMXOJHOTO SI3bIKA, €CIIM OHU HE HECYT 0co0oi, crenudu-
YECKOM HArpy3KH B S3bIKE TEXHMYECKOW JuTeparyphl. [IpoaHanmn3upoBas
cinoBapb E. Topumaitka u U. Jlopmxka, Bximovaronui 30 000 cios, pacrono-
YKEHHBIX B TOPSJKE YaCTOTHOCTH ynoTpeOnenus, [lIBeiinep cunraet, 4yTo cioBa
B OJHO3HAYHOM TEPMUHOJOTHYECKOM 3HAYEHUU MOSBISIOTCA TOJBKO IOCHE
nepBbix 10 000 cioB. HTEpecHO, uTto B pamkax nepsBbix 6 000 cioB oH Hamen
focus, skeleton, solar, telescope, thermometer; B mpenenax 7 000 cios eclipse,
epidemic, filter, magnet, organic; cpexu 8 000 ciioB — abdomen, anatomy, lens,
protein, sulfuric; B pamkax 9 000 cios — ferment, fungus, parasite, protoplasm,
shale;, m B mnpememax 10000 cmo — calorie, carbohydrate, graphite,
metamorphosis. A.Jl. lIselitiep, oaHaKo, MHUIIET, YTO MpeajgaracMas WM
rpanuna nociie 10 000 cioB siBisieTCs MPOU3BOJBHOW, MOXXHO TaK)KE€ HayaTh
CHCTEMAaTHU3aIMI0 TEPMUHOB, cKakeM, ¢ 5 000 cioB. B kax10¥ cTaThe MO Y3KOU
TEXHUYECKOM CHEIMAIBHOCTH YMCIIO TEPMHHOB He mnpesbimact 150-200 exuHui.
C pa3BUTHEM HAyKU U TEXHUKH OJIHO3HAYHBIC CIICIUANIbHBIC (HOMEHKIIATYPHBIE)
TEPMUHBI MOTYT TNPUOOpPETaTh JOMOJTHUTEIbHBIC 3HAYCHUS W CTAHOBSTCS
MHOTO3HAYHBIMU OOIIEHAYYHBIMA W TEXHUYECKHMMH TEPMHUHAMU, a MHOTO-
3HAQ4YHbIE TEPMHUHBI MOTYT yTpauWBaTh CBOM 3HAYEHUS U CTAHOBSTCA
oxHo3HaYHbIMHE [11].

B xadyecTBe TEpMHUHOB MOTYT HCIIOIB30BATHCS KaK CJIOBA, yIOTPEOISIEMbIC
MOYTH UCKIIFOYUTEIHHO B PAMKaxX JAHHOIO CTHWJISI, TAK M CIEIUAIIbHbIC 3HAYEHUS
oOleHapoaHbIX cioB. Takue, Hampumep, JekcudyeckOue eauHUuIbl, Kak
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coercivity  (kospumtuBHOCTH),  keraumophone  (kepamodon),  klystron
(kMCTpOH), MICroSyNn (MHUKPOCHH) H T. II., IIHPOKO YIHOTPEOJsieMbIe B TEKCTaX
MO DJJIGKTPOHHUKE, TPYAHO BCTPETUTH 3a TpEIeiIaMH HayYHO-TEXHHUECKHX
MaTepHuaaoB. B To ke BpeMs B 3THUX TEKCTaX BBICTYIAIOT B KAY€CTBE TCPMHHOB
U Takue cioBa, kak dead (orkmrodeHHBIN), degeneracy (mereHeparus), ripple
(mynbcarusi), rope (Tpoc) W JAp., HMEIOIIUME XOpOIIO0 BCEM H3BECTHBIC
oOmeynorpeOouTenbHble 3HaUCHUS. TepMUHBI JOJDKHBI OOECIICUMBATh UYETKOE
U TOYHOE YyKa3aHHWE Ha pealibHble OOBEKTHI W SBJICHHS, YCTaHABIUBATH
OHO3HAYHOE TIMOHMMAaHWE CICHUAIACTAMH TepefaBacMoil  MH(GOpPMAIIHH.
[ToaTOMyY K 3TOMY THITY CJIOB IPEIBSIBIISIIOTCS 0COOBIE TPEOOBAHUSI.

[Ipexxae Bcero, TEPMHH TOHKCH OBITH TOYHBIM, T. €. UMETh CTPOTO
OIIPEJIEIICHHOE 3HAYCHHE, KOTOPOE MOXKET OBITh PACKPHITO MYTEM JIOTUYECKOTO
OTIPEIICIICHUS, YCTAHABIMBAIOIIETO MECTO O00O3HAYCHHOTO TEPMHUHOM IOHSITHUS
B CUCTEME TMIOHATHH JaHHOW OOJacTH HAyKdW WIM TeXHUKH. Eciin Kkakas-To
BEJIMYMHA Ha3biBaeTcs Scalar (ckamsip), TO 3HAYEHHE ITOrO TEPMHUHA JIOJDKHO
TOYHO COOTBETCTBOBATh OINpEACIICHUIO MOoHATHA a quantity that has magnitude
but no direction (BenmuumHa, KOTOpass UMEET BEIMYHHY, HO HE PYKOBOJICTBO),
KOTOPOE CBSI3BIBAET €r0 C JPYTUMHU TMOHATHSAMH, COJEPKAIIMMHUCS B OIpeEIe-
aenun Magnitude (Bemuumnua), direction (HampapiieHHE)) ¥ IPOTUBOIOCTABIISACT
noHsturo vector (Bektop) (a quantity which is described in terms of both
magnitude and direction). Ecnu kakas-To JeTajdb ONTHYECKOTO MpHOOpa
umenyetcs viewfinder (Bumouckarenab), TO 3TOT TEPMHUH JOJDKEH 00O3HAYaTh
TOJILKO 3Ty JETallb, BBHITIOJMHSIONIYIO OIpeAeiicHHbIe (DYHKIMWA, W HHUKAKUE
ApYrUe 4acTu JaHHOTO Npubopa UM KaKoro-Imbo MHOTO yCTPOMCTBA.

OJMH M TOT K€ TCPMHUH B Pa3HBIX MOIBI3bIKAX MOXKET BBIPAKATh Pa3HbIC
nousatusi. Tepmun Vvalve (kiamaH) 00O3HAa4YaeT 3JICKTPOHHYIO JIaMIly, KpaH
B TCIUIOTEXHUKE, KJIallaH B MOTOPOCTPOCHUH, MPUOOPOCTPOCHUH, THUAPABIHUKE,
storage (xpaHeHue) — 3alMOMHUHAIOLIEE YCTPOMCTBO WM MaMsTh, B JIPYrUX
chepax akTHMBHO (YHKIMOHHPYET KaK CKJIaJ, XPaHWIWIIEC, HAKOIHUTEb,
akkymysiupoBanue. Texuudueckuit TepmuH frame (kaap) oOo3Hauaer: pamy
B JIFOOOM YyCTpOWCTBE, CTaHMHY B CTaHKaX, KapKac B CTPOHUTEILCTBE, KaJap
B KMHO U TeleBuacHuH. ClieIoBaTe)IbHO, TEPMUH, (PYHKIIMOHUPYS B Pa3IMIHBIX
cdepax, MOKET 0Ka3bIBaThCS MHOTO3HAYHBIM.

3HAYUTEIBHYIO POJIb B TEXHUYCCKOW JINTEPAType WIPArOT CIIy)KCOHBIC
(pyHKIMOHATBHBIE) CIIOBA, CO3/IAONIUE JJOTUICCKUE CBSI3U MEXIY OTACIbHBIMU
9JIEMEHTAaMH BBICKAa3bIBAHHI. DTO TPEUIOTH U COI03bI (B OCHOBHOM COCTAaBHBIC)
tumna: on (mo), up (otHocuTenbHO), IN (Ha), after (mocie), before (mo), besides
(kpome Toro), instead of (Bmecrto), inpreference to (Mo OTHOIIEHHIO K),
apart (aside) from (xpome), except for (3a wuckmrouenmem), inaddition to
(B monosHeHue k), together with (Bmecte c), owing to (Bcieactsue), due to
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(u3-3a), thanks to (6maromaps), according to (B coorBercTBHM c), because of
(mo mpuunne), bymeans of (mocpencrBom), inaccordance with (B cooTBeTcTBHH C),
inregard to (B otuomenun), in this connection (B ces3u ¢ atum), for the purpose
of (c mensto), in order to (s Toro, 4uToOkI), as a result (B pesyibrare), rather
than (ckopee gem), provided (mpu yciosun), providing (obecrieuenwue), either...
or (WJIy ... WIN).

Kpome Toro, B TEXHUYECKOU JINTEPATYPE YaCTO YHOTPEOISIOTCS HAPSUHS
tuna: however (ogHako), also (takxke), again (cHoBa), NOW (B HAacCTOsIICE
Bpemsi), thus (takum oOpa3zom), alternatively (mmoouepemnno), on the other hand
(c Ipyro¥fi CTOPOHBI), SIBISIFOIIMECS HEOTHEMJIEMBIMH 3JICMEHTAMH Pa3BUTHSI
JOTHYECKOTO PACCYKICHHUS.

[TockoIbKY TEXHWYCCKHH TEKCT HACHIIICH TEPMHHAMHM, HECYITUMHU
OCHOBHYIO HArpy3Ky, Mbl PacCMOTPHUM BONPOCHI TEPMHHOJIOTHH HECKOJBKO
noapoOHee.

B oObgHOM peuyn ciioBa, Kak MPaBWIIO, IMOJMCEMAHTHYHBI, T.e. OHHU
MEPENAIOT LENBIA PsIi 3HAYCHHM, KOTOPBIE MOTYT PACXOIUTHCS TOPOU JOBOJIBHO
IIHPOKO.

Bosemem miis mpumepa cymmy 3HaueHuWi cioBa table (ctom), xoTopbie
KOHIICHTPUPYIOTCS BOKPYT CTEPKHEBOTO MOHATHS «IUIOCKOCTBY:

— CTOIT;

— CKpHIKaJIb,

— JIOCKa,

— Ta0JINIa;

— IUTNTA,;

— Tabeb;

— JIOIIEYKA;

— IJIOCKOTOPbE.

Hapsiny ¢ atum cioBo table oGmamaer u psjioM MEpeHOCHBIX 3HAYCHUM,
COXPAHSIOIINX M3BECTHYIO, XOTSA U 0oJiee OTAAJICHHYIO, CBSI3b CO CTCPIKHEBBIM
HOHSTHEM:

— 00IIIECTBO 3a CTOJIOM;

— efa (To, 4YTO MOJIaeTCs Ha CTOJI);

— HaJIMUCh Ha IUTUTE.

Takass MHOTO3HAYHOCTh CJOB B OOIICIUTEPATYPHOM SI3BIKEC SIBJISCTCS
(baxkTopoM, CBHIETEIBCTBYIONIUM O OOraTCTBE S3BIKOBBIX H300pa3HUTEIbHBIX
CPE/CTB.

Nuaye oOCTOMT Ji€JI0 B TEXHHMYECKOM S3BIKC; B HEM TJIABHBIM
TpeOOBAaHMEM OKa3bIBaCTCA IMpeleibHAss TOYHOCTh BBIPAKCHHS  MBICIIH,
HE JIOIYCKArOIast BO3MOXXHOCTH Pa3IMYHBIX TOJKOBAHUM.
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[IoaTOMy OCHOBHBIM TpeOOBaHHMEM, NPEABABISIEMbIM K TEPMHUHY,
CTAHOBUTCS OJAHO3HAYHOCTH, T. €. HAJIMYHME TOJILKO OJHOTO pa3 W HaBcerja
YCTAHOBJIEHHOT'O 3HAYEHUS.

@DakTUYECKH [Jaleko HE BCE TEPMUHBI  YAOBJIETBOPSIOT 3TOMY
TpeOOBAHUIO JaKE B MPEJENax OJHON CHEIUATbHOCTH, HAIIPUMED:

— engine — MarmyHa, IBUTaTelb, TAPOBO3;

— oil — macio, cMa304HBIN MaTepuai, HeTh.

DTO0 00CTOSTENBCTBO, KOHEUHO, MPEACTABISAECT M3BECTHOE 3aTPyJAHEHUE
JUTSI TOYHOTO TIOHMMAHMSI TEKCTa U OCJIOKHAET paboTy MepeBOTUUKA.

[lepeuniciuM  OCHOBHBIE HMCTOYHUKM BO3HUKHOBEHUS  AHTJIMKUCKOU
TEXHUYECKON TEPMUHOJIOTUU.

HaunGomnbiryro rpymimy COCTaBISIOT TEPMUHBI, 3aMMCTBOBAHHBIC U3 MHOCT-
PAHHBIX SI3BIKOB, WM MCKYCCTBEHHO CO3JJaHHBIC YYEHBIMH Ha 0a3e, IJIaBHBIM
o0pa3oMm, JIATUHCKOTO M TPEUECKOTO $S3bIKOB, IO MEpPE pa3BUTHUS HAyKHU
U TEXHUKA ¢ TIOSBJICHUS HOBBIX MOHATUNH. OCOOEHHO MHOTO TEPMHUHOB
nosisusiock B AHrmu B XVIII u XIX Bekax B nepuoa OypHOro pa3BUTHs HayK,
Mpd O3TOM YacTh TEPMUHOB U3 $3bIKA YYEHBIX CTaja MPOHUKATh
B OONIEIUTEPATYPHBIN SI3BIK W clelajlach BceoOmuM aoctosHueM. K Takum
CJIOBaM OTHOCSITCS:

— dynamo (auHamo);

— barograph (6aporpad);

— 0zone (030H);

— centigrade (rpamyc);

— cereal (3epHOBEIC);

— gyroscope (rupockon);

— sodium (copma);

— potassium (moTarm).

B XX Beke BO3HUKIIM TaKHE HOBBIE CJI0BA, KaK:

— penicillin (meauummn);

— hormone (ropmon);

— isotope (u30TOM);

— photon (¢oTon);

— positron (o3uTpoH);

— radar (panmap);

— biochemistry (6noxumus);

— cyclotron (1ukI0TpPOH).

OTH TepMUHBI OBICTPO CTaaM OOIMIEMOHATHBIME OJlarojapsi TECHOU CBSI3H
HOBEUIIIMX OTKPBITUN C TTOBCEIHEBHOM XKU3HBIO. BCe e HY)KHO OTMETUTh, YTO
OCHOBHasg Macca TEXHMYECKOM TEPMHUHOJIOTUU TMPOJIOIKAET OCTABaTHCA
3a mpeaesiaMu  OOIEeTUTEPATypPHOTO S3bIKa M TOHSTHA JIMIIb CHEIUATUCTY
JTAHHOW OTPACIIY 3HAHUA.
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OcHoBHBIMU criOcO0aMu 00pa30BaHMsI aHTJIMACKUX HAYYHO-TEXHHUYECKUX
TEPMHHOB SIBJISIFOTCS CHHTaKCHYCCKUH, CEeMaHTHUYECKUA W MOP(OIOTHUECKUH,
a TaK)Ke 3aMMCTBOBaHHUE U3 JIPYTUX SI3BIKOB U OTPACIICBBIX TEPMHUHOIOTHIA.

3aMMCTBOBaHHMEM CYHMTAETCSA CIOBO WMIM TEPMHH, KOTOPBIM MEPEeXOIUT
B IPYTOM SI3BIK CO CBOMIM MOHSATHEM (COMPULEr — KOMMBIOTEP) WIIM KOTOPBIMA
UCTIONB3YETCSI ISl TEPMUHUPOBAHUS TOTO KE MMOHSITHS.

JIeKCUKO-CEeMaHTUYECKUI CI0Cco0: TPHOOpEeTEHHWE OJHUM H TEeM XKe
CJIOBOM Pa3HbIX 3HAYEHUM (pacrajieHue clioBa HA OMOHHUMBI). [[s1 aHrIuicKuX
HAYyYHO-TEXHUUYECKUX TEKCTOB OYEHb BAaXKHO CIOBOIPOU3BOJICTBO CIOCOOOM
KOHBEPCHH: TIEPEXO0JI CJIOBA M3 OJHOM YacTH Peud B JIPYryl0 0e3 KaKuX-Tuoo
MOP(}OIOTHUECKUX H3MEHEHHH B COCTaBE CIIOBA.

Haubonee pacnpocTpaHeHHBIM BHJIOM TaKOro Mepexofa SBISETCs
00pa30BaHKE TJIAr0JIOB OT HMEH CYIIECTBUTENBHBIX U HA000POT, HAIIPUMED:

motor (aBuraTesb, MOTOP);

— to motor (paboTaTh B peKUME JIBUTATES);

— a handle (pyuka ympasiieHusi, pykosiTka);

— to handle (onepupoBatb, MaHHITYTUPOBATH, 0OCITY)KUBATH);

— a generator (renepatop);

— 1o generator (paGoTath B reHEPATOPHOM PEKUME);

— to increase (yBenMunBaTh, TOBBICUTB);

— increase (yBenuueHue);

— to record (perucTpupoBath, 3aKCHIBATH);

—a record (3amuch, perucTparus);

— empty (mrycrtoit);

— to empty (OomOpOKHATH).

Mopdonoruueckuii cnocod — coderanue MopdpeM Ha Oa3ze UMEIOIIUXCS
B SI3bIKE OCHOB M CJIOBOOOpa30BaTelIbHBIX a)(PUKCOB MyTEM:

1) npedukcanuu: npubdaBicHUEM MpeduKca K MPOU3BOIAIICH OCHOBE.

B HaydHO-TeXHHUECKHX TEKCTaX HauOOJee YacTO BCTPEYAIOTCS CIEAYIOIINE
peUKCHI:

@) C OTPUIIATEIILHBIM 3HaYECHUEM

un- unequal HEpPaBHBIN
in- inaccuracy HETOYHOCTh
il- illegal HeJIeTaTbHBIN
ir- irregular HEPETYJISIPHBIN
im- impossible HEBO3MOXKHBIT
dis- to disconnect pa3beIUHATh
de- detonation JICTOHAIIHS
non- non-conductor HEMPOBOTHUK, U3OJISTOP




6) C pa3JIMYHbIMU 3HAYCHUAMU
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CO- co—channel COBMEIIICHHBIN KaHAaJl
MIPOTHUBOJICICTBOBATD,
counter- to counteract P A
YPaBHOBEIINBATH
Cross- crossheam nomnepevHas caika
down- to downgrade CHH3HTD, YXYAIIUThH
in- input BBOJI TAHHBIX, BXOJTHOW KaHA
inter- interphone BHYTPCHHSIS CBSI3b
: . HENPABUJIBHO CUUTHIBATH
mis- to misread
noKaszaHust npudopa
off- to offload pasrpy3uTh, BHITPY3UTh
on- to onload 3arpy3uTh
over- to overload neperpy3uTh
BBIBOJI IAHHBIX, BBIXOAHOU
out- output ala ’ A
KaHaJ
en- to enlarge YBEIUYUTh
re- to restart ITIOBTOPHBIN 3aITyCK
CaMOKOHTpPOJIb, aBBTOMAaTUYECKUN
self- self—test P
KOHTPOJIb
semi- semiaxis IOJTyOCh
sub- subsonic JT03BYKOBOM
ITOJCUCTEMA, BCTIOMOTaTENIbHAS
sub- subsystem
cucrema
super- supersonic CBEPX3BYKOBOH
ultra- ultrasound YIIbTPa3BYK
under- to underestimate HEJI0OIICHUBATh

2) cydukcanuu: npucoeauHeHrneM cyhdrkca K MpoU3BOISIICH OCHOBE.

B  Hay4yHO-TEXHMYECKMX TEKCTaX Haubojiee  YyNnoTpeOUTETbHBIMU
cyddukcamu SBISIOTCS:
@) 71 00pa30BaHMsI UMEH CYIIECTBUTEIbHBIX:
-er heater oborpeBaTelib
(-or) sensor CCHCOP
-tion acceleration YCKOpEHHUE
-ance :
(-ence) maintenance TEXHUUYECKOE 00CTyKBaHUE
-ment equipment o0opymoBaHue
-Ness stiffness KECTKOCTD
-ture mixture CMECh
(-sure) measure U3MEPCHHE
-age voltage HaAIPSDKEHUE
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-ing shielding 3aInTa
-back feedback oOpaTHas CBS3b
-though feedthrough OTBEPCTHUE JIJIS TPOCa

0) st 00pa30BaHUs TJ1Ar0JIOB:

-ize(-ise) to energize HOKITIOYATh K HICTOYHUKY ITHTAHUS
-fy(-ify) to verify IIPOBEPATH, KOHTPOJIUPOBATH

-en to lengthen YITHHSTh

-ate to separate OTJICNISATh

6) JJI1 06p330BaHI/I$I HMCH IIpHWJIaraTCJIbHbIX!

-ic periodic TIEPUOTMYECKUN
-able measurable MU3MEPUMBIiA
-ible audible CIBIIITUMBIH
-al(-ial) axial OCeBOM
-ful useful TIOJIC3HBIH
-less useless Oecroe3HbIi
-ive active AKTHUBHBIH
-by standby BCIIOMOTI'aTeIbHBII
2) y1si 0Opa30BaHUs HApEUHil:
-ly directly PSIMO
-ward forward BITEpE/T
(-wards) backward Ha3aJ

CTpyKTYpHO aHIVIMICKHE TEPMUHOJIOTUYECKHUE €TMHULBI IEIATCS Ha!

1) ogHOCTIOBHBIE (OAHOKOMIIOHCHTHBIC):
@) TIPOCTbBIE WU HEMPOU3BOIHBIE (OAHOKOPHEBHIE):
— circuit (uemp, cxema, KOHTYD);

— code (kox);

— bug (ommoka, nedexr);
0) pou3BOAHbIE, 00PA30BAHHBIE OT OJJHOKOPHEBBIX CJIOB U a)(PUKCOB:
— driver (3agaroriee yCTpOMCTBO);
— equipment (obopymoBanue);

— on-off control (AByXMO3UIIMOHHOE PEryIMPOBAHHE);
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8) CJIOKHbIE, UMEIOIIUE B CBOEM COCTaBE HE MEHEE JIBYX KOPHEIl:

— flywheel (maxoBuk);

— aerodynamics (a’poarHaMuKa);

— velocity (ckopocTs);

2) MHOTOCIIOBHBIE (MHOTOKOMITOHCHTHBIC HJI COCTABHBIC), CBSI3U BHYTPHU
KOTOPBIX PEANTU3yIOTCS:

@) IpUMBIKAHAEM, TPH KOTOPOM  aTpUOyTHBHBIE H  HEKOTOPHIC
peNATUBHBIE (B OCHOBHOM HapeyHbIe) KOMIIOHEHTHI COUETAIOTCS MEXAY COOOM,
a TaKXKe C OINpEeAeNIIeMbIM KOMIIOHEHTOM, W OOpa3yloT TEPMHHOJOTHYECKHE
CJIOBOCOYETAHUS:

— control key (kHomKa, KJIaBHIIIa YIIPABJICHHUS);

— direct digital control (mpsimoe udpoBoe yrpasieHue);

—radio range finder remote control switch (mepexmrouaTens
JUCTAHLIMOHHOIO YIPABJICHUS pagHOIEIeHraTopa);

0) pa3IMYHBIMA ~ TPAMMATHYCCKHMHU  CPEICTBAMHU, CPEIU  KOTOPBIX
OCHOBHYIO POJIb UTPAIOT PEIIIOTH:

— call to subroutine (Be130B OATIPOTpaMMBEI);

— correction for displacement (monpaBka Ha cMmerienue); delay per logic
function (3agep»kka Ha OHY JIOTHUECKYIO (DYHKITHIO);

— digits with place values (1udpb1 oquHAKOBBIX Pa3psoB). OTHOCIOBHBIC
TEPMUHBI  (MPOCThIE, MPOU3BOJHBIE M  CIOXHBIE) HMEIOT OOBIYHYIO
CJIIOBOOOPA30BATENBHYIO CTPYKTYPY, U MX IEPEBOJI MOXKET OBITh OCYILECTBJIECH
OpsIMBIM ~ CIIOCOOOM € TMOMCKOM WX OKBUBAJIEHTOB B CIIOBapsX WIHU
OMpeaeeHUEM UX 3HAUYEHUW MO CeMaHTHKE KOpHEBOW MopdeMbl U apUKCOB.
bonee cnoxeH nepeBoJ MHOTOCIOBHBIX TEPMHUHOB, ISl KOTOPBIX XapakTepHa
CTporasi uepapxusi KOMIIOHEHTOB CO CTPOTMMM CMBICIOBBIMH CBSI3SIMH MEXKIY
nocieAHUMHA. KOMIOHEHThI MHOTOCIIOBHBIX TEPMUHOB, OOpasyemble JH00
CBOOOJHBIMHM,  JMOO  YCTOMYMBBIMH  CJIOBOCOYETAHHMSIMHU,  BCTYIMAIOT
B (DYHKIIMOHAJIBHO OOYCJIOBJIEHHYI0O MOP(OJIOTHYECKYI0O M CHUHTaKCUYECKYIO
CBS3b M CBOMM pa3lielbHO-CYMMApHBIM 3HadyeHHEM OOpa3yloT HOBYIO
TEPMHUHOJIOTUYECKYIO €IMHUILY.

B aHrnuiickoM si3bIK€ HET COOTBETCTBUSI PYCCKOMY TEPMHHY «KaydyK»,
KOTOpbIH BMECTE€ C TEPMUHOM pE€3MHA MEPEBOAMUTCS OJHUM AHTJIUICKUM
tepMuHoM rubber (kayuyk). CrieoBaTelibHO, TOCIECIHHA MOXKET OBbITh
NepeBe/IeH Ha PYCCKUM s3bIK KaK pe3rHa WM Kak kayuyk. Kaydyk ke MOXeT
OBITh TIEpe/laH Ha aHTJIMHCKUH 3bIK Kak raw rubber (cwipoit kay4yk), KOTOpBIH
SIBJISICTCSI BUJIOBBIM ITOHSTHEM TI0 OTHOIICHHMIO K rubber.

C ompeneleHHBIMH  TPYJHOCTSMH  CBSI3aH  NEPEBOJ  AHIVIMMCKUX
IIPOU3BOJHBIX TEPMHHOB, KOTOPBIE XapaKTEPHU3YKOTCS MHOIO3HAYHOCTBIO Kak
KOpHs, Tak U cyddukca. Tak, mampumep, TepmuH bearing (HmOIIMITHYK)
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(ot rmarosia to bear — HecTH, HeCTH HaArpy3Ky, MOJJIEPKUBATH) JTAXKe B OJTHOM
TEPMUHOCHUCTEME, €CJIM OH ymnoTpeomnserca ©0e3 auddepeHIupyromnero
OTIPEEIISIIONIETO DJIEMEHTA, B PYCCKOM SI3BIKE MOXET HMMETh COOTBETCTBUS:
MOIIUITHUAK, BKIAABII (TIOIIIUITHUKA), OTIOpa, OMOpHas MOBEPXHOCTh W T. II.
Jlnst mogbopa MepeBOAHOTO SKBHBAJICHTA MEPEBOMAUYMK JOJDKEH HCIOIh30BATh
HIMPOKUM KOHTEKCT, MMEIOIIMECS B OpUTHMHANE WIUIIOCTPAllMU, a TaKxKe
oOpaTUThCS 3a MOMOUIBI0 (KOHCYJbTallMeH) K crnenuanucty. Bmecre ¢ Tewm,
MEepPeBOI TAaKUX TEPMHUHOB OKAa3bIBACTCS OYCHb TMPOCTHIM, €CIU OHH
YIOTPEONSIOTCS KaK BHJIOBOE IOHSATHE BMECTE C OTPAHWYMBAIOIMIUMH WIIH
U pepeHIUpYIOIIMMEI 3JIEMEHTAMHU:

— ball bearing (1rapuKonOaIMIMITHUK);

— sliding bearing (ckomb3smas oropa);

— antifriction bearing (MOAMMIHUK KaYEHUs);

— thin-shell bearing (TOHKOCTEHHBIN BKJIa IBIIII).

MHOTOCIOBHBIE TEPMHUHBI COCTOSAT M3 ONPEICISIEMBIX M OMPEIEIISIOMUX
AJIEMEHTOB, OOBEAMHEHHBIX CEMAHTHYCCKUMU M CHHTAKCHUYCCKUMH CBSI3SMH.
[TepBbIe, Kak TPaBUIIO, BEIPAKAIOT POJAOBBIC TIOHITHS, BTOPHIC BBITOTHSIIOT PSJT
byakuuii 1o auddepeHIManuu  poJOBOTO TOHATHS Ha PSSl BHUJIOBBIX
W YKa3bIBAIOT HAa pa3lIMYHbIE TMPU3HAKK  ONPEJCISIEMOr0  KOMIIOHEHTa
(Ha3HayeHWE, KOHCTPYKTHMBHOE WCMOJHEHUE, ¢(opma, IBET, MaTepuaibHas
OCHOBA, PaCIOJIO)KCHHE OTHOCHUTEIBHO IPYTUX TPEIMETOB, NMPHHAIICKHOCTD
K pa3IMYHBIM OOBEKTaM WJIM OTpACIsAM TEXHUKH M TEXHOJOTHHU, XapakTep
GyHKIMOHUPOBAHUS, KAYECTBEHHBIE MOKa3aTeNu U T. 11.). PackpbiTe 3HaUYeHUS
TEPMUHOJIOTHYECKOTO  CJIOBOCOYETAHHUS, B  KOTOPOM  CBSI3b  MEXKIY
KOMITOHEHTaMU oQopMJIeHa TPaMMAaTHYSCKUMH CPEACTBAMU (TIpeIoraMu WA
drexcuel poIMTEILHOTO Ma/IeKa C-S), HE COMPSIKEHO ¢ 0COOBIMU TPYAHOCTSIMHU:

— correction for displacement (koppekiivsi Ha CMEIICHHE);

— Kepler’s law (3akon Kermepa);

— return-to-zero recording (3amuch ¢ BO3BpallleHUEM K HYJIIO).

[Tpennoru for(x), with(c), to(k) u daekcus -S ¢ J0CTaTOYHOW TOUHOCTHIO
YKa3bIBaIOT Ha KOHKPETHOE 3HAYEHHE ITHX clioBocoueTaHuid. OJIHAKO CIIOBO-
COUYeTaHHs, KOMITOHEHTHI KOTOPHIX TPUMBIKAIOT APYT K APYTY B cOYeTaroTcs 0e3
rpaMMaTH4eckoro oGOpMIICHUS, MOTYT JOMYyCKaTh pa3IMYHOE TOJIKOBAHUE.
PaccMoTpuM BHawane Tak Ha3bIBaeMbIE JIBYXKOMIIOHCHTHBIE CIIOBOCOYCTAHUS,
JOIyCKAIOIMe HEOHO3HAUHbIe TOJNKOBaHMs. Tak, TepmuH treatment of water
(o6paboTka BO/BI) (OpraHW30BAHHBIN 1O BBINICYKa3aHHON MOJIEIN) UMEET OJHO
3HaueHue: o0paboTKa BOJbI; B TO e BpeMs Water treatment (oOpaboTka Bozbl),
COCTOSIIIEE M3 TEX JK€ JBYX KOMIIOHEHTOB, JOIMYCKAeT IBOSKOE TOJIKOBAHUE:
o0paboTka BOABI — KaK W B IEpPBOM ciydae U oOpaboTka Bojow. [lepBbie
KOMITOHEHTHl TEPMHUHOJOTHYECKOTO CJIOBOCOYETAaHUS JAHHOTO THUIMA — OTO
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OOBIYHO  ONpEeleNMUTENIbHbIE  €AMHMLBI  (IpWiIaraTejbHOE,  IPUYACTHE,
CYLIECTBUTENILHOE), KOTOPBhIE BCTYMAIOT B Camble Pa3HOOOpPA3HBIE CMBICIOBHIC
OTHOIIEHUs. BpIABIEHHE XapakTepa OSTUX OTHOILUEHWH, ONpeaesieMbIX
CEMaHTUUYECKON CTPYKTYpOl BXOJSIIMX B TEPMUH KOMIIOHEHTOB, SIBISETCS
UCXOAHOW wuH(pOpManmend s TEepeBOJYMKA B TOUCKE SKBHUBAJICHTHOTO
IEPEBOAYECKOr0 COOTBETCTBUs. [lo XapakTepy CMBICIOBBIX CBSI3€M MEXIY
KOMIIOHEHTaMH aHIJIMMCKOTO JBYXKOMIIOHETHOTO TEPMHMHA, a TaKXe II0
CHOCO0Y PacKpbITUS UX 3HAUYEHUS U TIOJ00pa UM MEPEBOTUECKUX COOTBETCTBUI
BBIJICTISIIOTCS CIEAYIOIINE CITy4Yan:

1) o6a xoMmOHEHTa O0O03HAYAIOT TMPEIMETHl, BTOPOH W3 KOTOPBIX
SIBJISIETCSl YacThio mepBoro (tuma machine frame — xopmyc marmnser). Pycckuii
HKBHUBAJICHT UMEET BUJ: TICPBBI JIIEMEHT — CYIIECTBUTEIILHOE B UMEHUTEIHHOM
najze’xe, a BTOPOW — CYIIECTBUTEIbHOE B poauTenbHOM. [Ipu moBTOpHOM
Y TIOCJIETYIOUIEH BCTPEYAEMOCTH IO TEKCTY NEPBbI KOMIOHEHT MOKET OBITh
OIYIIEH, MOCKOJbKY M3 KOHTEKCTa SICHO, YTO pedb UIET O KOPIyCe, KOTOPHIi
SBJISIETCS YaCThIO MAIIMHBbI;

2) 0ba KOMIOHEHTa O0O3HAYAIOT MPEIMEThl, HO TENeph TEPBBIA
KOMITOHEHT SIBJISIETCSl 4acThi0 BTOporo: commutator machine (xomnextophas
mammHa), valve amplifier (mammoBerii ycunurens). IlepBblii  KOMIOHEHT
NEPEBOJUTCS MpUIIaraTebHbIM, BTOPOl — CYIIECTBUTEIbHBIM B UMEHUTEIIBHOM
najie’xe. AHaJOTUYHO TIEPBOMY CIIy4aro, U 371€Ch NEPBbIN 3JIEMEHT MOXKET OBITh
OTIYIIIEH;

3) mepBbIii  KOMIIOHEHT 0003HAayaeT MPEIMET, a BTOPOM €ro xapakre-
PUCTUKY Bec, TUIOIIAb, TOJIIUHY, JAaBICHHE, CKOPOCTh | T.IL.: Machine weight
(Bec mamnHbl). BTopoil KOMIOHEHT NEPEBOAUTCS CYIIECTBUTEIbHBIM B POJIHU-
TETHHOM Ta/IeKe, a IEPBBINA — CYIIECTBUTEIHLHBIM B UMEHUTEIILHOM TaJIeXKeE;

4) mepBbIil KOMIIOHEHT, KaK M B TPEThEM CIlly4dae, BBIPAXKACT MpPEIMET,
a BTOPOMl — CBOMCTBO WJIM KakoW-IuOO apyrod mapamerp: chamber pressure
(maBnenue B kamepe). HeoOxomumo pazoOpaThes, €CTh OTHOIICHHUE MPUHAJ-
JISKHOCTH BTOPOTO KOMIIOHEHTa K MEPBOMY WJIM HET. B maHHOM ciydae Takoro
OTHOIIICHUS] HET U TEPEBOJ «JIaBJICHUE KaMepbl» omuoOoueH. Takol mepeBoa
MOKET OBITh MO BIMSIHHEM MEpPEBOJA JIBYXKOMIIOHETHBIX TEPMUHOB THMa §as
pressure  (maBieHWe Ta3a), TJ€ OTHOIIEHUS MEXJIy KOMIIOHEHTaMHU
B JICICTBUTENHFHOCTH SIBJISIOTCS OTHOIICHUSMHU TPUHAJICKHOCTH TIO TPEThEMY
CIIy4aro;

5) mepBbIii KOMIIOHEHT O0O3HAYaeT MpeaMET, BTOPOHW — JEHCTBHE,
MPOUCXOSIIEe ¢ 3TUM IPEAMETOM WM HalpaBJICHHOE Ha Hero: tuma motor
vibrations (BuOpanusi apuratens) wiaud MOtOr repair (peMOHT JBUraTelis).
[lepBBIii KOMIIOHEHT TEPEBOAUTCSA CYIIECTBUTEIBHBIM B HMEHUTEIBHOM
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najie’xe, a BTOPOW CyIIECTBUTEIbHBIM B poauTenbHOM. UM 31ech HE0OXoaumo
BBISICHUTH XapaKTEp CMBICIOBBIX OTHOIICHUH MEXIy KOMIIOHEHTaMH TEpMHHA,
MIOCKOJIbKY TPH OJHOH M TOW K€ CTPYKTYpPE MOTYT OBITh WHBIC CMBICIOBBIC
CBs3M, HanpuMep, drum recording — 3anuch Ha OapabaHe, a He 3amuch OapabaHa;

6) mepBbIii dNIeMEHT 0003HaYaeT BEUIECTBO — METAJLI, IEPEBO, KUIKOCTH,
ra3 M T.IL., a BTOpoil — mpeamer: tuma bronze washer (6pon3oBas 1aii0a).
[lepeBogHON SKBHBAJEHT TEepMHUHA OyJIeT WMETh BHJ «OmpeieieHue +
CYIIECTBUTEIBHOE». TakoM IepeBOJ] NPABUJIEH, €CJIH IEPBBIA KOMIIOHEHT
BbIpaXaeT MaTepuand (BELIECTBO), H3 KOTOPOTO W3TOTOBJCH IMpPEIMET,
BBIPQXEHHBI BTOPHIM KOMIOHEHTOM. OHAKO, MPU aHATOTUYHON CTPYKTYpE
TEPMHHA BO3MOXXHBI W JIpYTHE€ CMBICIIOBBIE CBSI3M, a WMEHHO. BTOPOU
KOMITOHEHT SIBJISICTCSI MCTOYHHKOM JEHCTBUS, HAIpPABJICHHOTO HA MaTepua,
BBIDQKEHHBIA IIEPBBIM KOMIIOHEHTOM. B TakoM ciydyae HepeBOAHOE
COOTBETCTBHE NMPUHUMAET BUJ| «CYHIECTBUTEIHLHOE B UMEHHUTEILHOM MaJexe +
CYIICCTBUTEIILHOC B POJUTEIBHOM TMajaexke», Hampumep: pulse shaper —
dbopMupoBaTEIh UMITYJIHCOB, HO HE UMITYIBCHBINA (HOPMUPOBATEIb.

Btopas mo BenuumHe Trpymnma TEPMHUHOB MpPEACTaBIseT Cco0OO0i
oOlIeUTepaTypHbIE AHTJIMICKHAE CIIOBA, YHOTpeOisieMble B CHEIHAIBHOM
3HaueHuu. K Takum clioBaM OTHOCSITCS, HAIPUMED:

— jacket (kypTka 1, BMECTE C TEM — KOXKYX);

— jar (KyBIIMH 1 KOHACHCATOD);

—to load (marpy»xatp u 3apsKarp).

[Ipu »TOM BcTpewaercss yHOTpeOJICHHE OJIHOTO CJI0OBa B Pa3HBIX
CIICIMATBHBIX 3HAYCHUSX, B 3aBUCUMOCTH OT OTpaciii 3HaHUs; CIoBO pocket
(kapMaH), HaIPUMEP, UMEET CIEAYIOINE CTIeNaIbHbIC 3HAYCHMS:

— BO3JIyIIHAS siMa (B aBUAIUH ),

— OKpYyXeHue (B BOCHHOM JIeTie);

— MepTBasi 30Ha (B pajuo);

— THE3/I0 MECTOPOXK/ICHHUS (B T€OJIOTHH);

— KaOebHBIN KaHa (B AJIEKTPOTEXHUKE).

B cTpykTypHOM OTHOIIEHMH BCE TEPMUHBI MOXKHO KJIacCHU(PHUIIMPOBATh
CJIEAYIOIINM 00pa3oM:

[Ipocteie TepMHHBI THIIA: OXYJen (Kuciopo), resistance (CompoTHBIICHHE),
velocity (ckopocTs).

Crno>xHble TEPMUHBI, 00pa30BaHHBIC MyTeM CJIOBOCTIOXeHUs. CoCcTaBHbBIE
YacTH TAaKOTO0 TEPMHHA YaCTO COCAMHSIOTCS C TOMOINBIO COCTUHUTEIHEHOTO
rJIacHoro: gas + meter = gasometer (razometp).

[Ipu 3TOM MHOT1a TPOUCXOAUT YCEUCHHE KOMITOHEHTOB:

turbine + generator = turbogenerator (TepborenepaTop),

ampere + meter = ammeter (amMmnepmeTp).
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CrnoBocoueTaHusi, KOMIIOHEHTHl KOTOPBIX HAaXOAATCS B aTpUOYyTHBHOU
CBSI3H, T. €. OJIMH U3 KOMIIOHEHTOB OIPEIeIseT IPYTOM:

— direct current (IOCTOSIHHBIN TOK);

— barium peroxide (mepekuce O6apust).

Hepenko arpuOyTHUBHBIM JJIEMEHT CaM BBIPAKEH CIOBOCOYETAHUEM,
NPECTABISIONIMM COOOH CeMaHTHYeCKOe €AMHCTBO. JTO €IMHCTBO opdorpa-
(UYIECKHU YacTO BBIPAKAETCS HAMMCAHUEM Yepes3 ACQHUC:

low-noise penthode (MasouIyMHBI# IEHTO).

AOGGpeBuatypa, T.e. OyKBEeHHBIE COKPAIIICHHUs CIIOBOCOUYCTAHHMIA:

—e.m.f. (electromotive force) ( aaexTpoABHKYIIAst CHJIa);

— AA (antenna array) (aHTEHHas pEIIETKA);

— RWM (read-write memory) (onepaTHBHAS AMSITh);

— kVA (kilovolt-ampere) (kuoBoJIbT-amIiep).

AKpOHUMBI (aCronyms) mpeacTaBisiIOT CO0O0M COKpallleHUs, KOTOpPbIE,
B OTJINUKE OT abOpeBHATyp (YUTAEMbIX, MPOU3HOCHUMBIX M BOCIPUHUMAEMBIX
10 Ha3BaHMAM OYKB), UATAIOTCS M BOCIIPUHUMAIOTCS KaK OOBIYHBIC JIEKCUUECKHE
CAVHUIBI. AKPOHUMBI OOpa3yrOTCsS W3 Pa3HbIX COYETaHUM OYKB (M3 MEPBBIX
OyKB, OT TEPBbIX HECKOJIbKUX C mocieaHed u jap.). K HuM oTHOcsATCA
NIPUBE/ICHHBIC BBIIIC TEPMHUHBI-COKpalieHus radar (pamap), laser (;asep), maser
(mazep). OTmeTHM, UYTO TIEPEBOMYECKHMMHU COOTBETCTBUSIMU JTUX €IMHMII
B PYCCKOM SI3bIKE SIBJISIOTCS MMEHHO 3TH aKpPOHHMbBI, & HE MHOTOCIIOBHBIC
TEPMUHBI:

—radar (Radio Detection and Ranging — pagnooOHapyxeHHe U Ompee-
JICHUE PACCTOSHUS );

—laser (Light Amplification by Stimulated Emission of Radiation —
ONTUYCCKHUI KBAaHTOBBIN T€HEPATOP);

— maser (Microvave Amplification by Stimulated Emission of Radiation —
MHUKPOBOJIHOBOE YCHJICHHE C MIOMOIIBI0 UHAYIIUPOBAHHOTO U3ITyUCHUS ).

OTu cokpaiieHus (aKpOHHMbI) MEPEHECEHbI B PYCCKUM SI3bIK KaK HOBBIC
TEPMUHBI METOJIOM TpaHCIUTEpaluu. Takue eIWHUIIBI JIETKO BXOIST
B TEPMUHOJIOTHIO U OBICTPO aCCUMUITUPYIOTCS B SI3BIKE.

K akpoHuMam crenyer OTHECTH TEPMUHUPOBAHHE METOJOM CTSHKCHHS
WM yCEUCHHUs JIBYX CJOB W 00beIWHEHHS uX B OoAHO. [lo Mopenu CioXHBIX
cioB: blends wmu portmanteau words (cioBo-rudOpua, 00pa3oBaHHOE MyTEM
KOHTpaKTallud JBYX OCHOB), BOSHUKAIOT HOBBLIC CJIOKHBIE TEPMHUHBI U3 JBYX
CJIOB MyT€M COCIWHEHUS HAYaJIbHOW YaCTH OJHOTO CJIOBA C MOCJIEIHEH YacThIO
BTOPOTO CJIOBA!

— tranceiver (mpuemonepeaatuuk) (transmitter + receiver);

— informatics (uadopmaruka) (information + electronics).
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B Hay4HO-TEeXHHUYECKUX TEKCTaX MCIIOJIb3YIOTCS COKPAILCHHS IBYX BHJIOB.

TekcToBbie (aBTOPCKHUE), KOTOPbIC (PYHKIMOHUPYIOT B TpEaesiaX TOJIBKO
JTAHHOTO TEKCTA; TCKCTOBBIC (aBTOPCKHE) COKPAIICHHUS IMOSICHSIOTCS B TEKCTE
WINA TIPEICTABJIAIOTCA B BHJE OTICIBHOTO CIHMCKA COKpAIEHWH K JaHHOMY
TEKCTY; OOIIEIPHUHSATHIC, KOTOPbIE (UKCUPYIOTCS B O(QHIUATIBHBIX CIPABOYHUKAX
Y SBJITFOTCS. YaCThIO JIGKCHYECKOM CHCTeMbI si3bika. COKpallleHHOE YIOTpeOIieHHE
JUTMHHBIX OJIHOCJIOBHBIX U MHOTOCJIOBHBIX TEPMHUHOB €CTh PE3yJbTaT JICHCTBUS
TEHJICHIUM, MPHUBOISMICH K CO3MaHUIO YJOOHBIX JJIS MPOHW3HOIICHUS, YTCHUS
Y BOCIIPUSATHUS TEPMHHOB-COKPAILICHHI.

[To cTpyKType HayYHO-TEXHUYECKUE COKPAILICHHUS MOXKHO Pa3zeiuTh Ha:

1) OyKBEHHBIE:

— B (bandwidth — mmpuna mosockr yacToT),

— E (electric field strenght — HanpsbkeHHOCTD IEKTPUUECKOTO TM0JIS),

— PP (periferal processor — nepudepuiiHbiii mpoieccop),

—DOS/VS (disk operating system/virtual storage — nuckoBasi orneparoHHast
cHCTEMa, PeaTU3yoIas BUPTYATbHYIO IaMSITh),

— Dwg (drawing — yeptesx, prucyHOK), tmtr (tr) (transmitter — nepeaTauK);

2) CIIOTOBBIC:

— magamp (magnetic amplifier — MarHUTHBIN yCHUIIUTEIB),

— magtape (magnetic tape — MarHuTHas JICHTA),

— preamp (preamplifier — npeaBapUTEIBHBIN YCHIUTEI);

3) ycedeHHBbIE CII0Ba:

— rect (rectifier — ycunurens),

— app (apparatus — npudop, anmnapar),

— aut (automatic — aBromaTuveckuii),

— man (manual, manually — py4noe, BpyuHy10);

4) 6ykBa (cior) + CJI0BO:

— compole (commutating pole — BcriomMorarenbHbIi WA JOMOJHUTEIbHBIHN
TIOJTIOC),

— NC programming language — s13bIk NPOrpaMMHUPOBAHHS JJII CHCTEM
YHCIOBOTO MPOrPAMMHOIO YITPABIICHUS);

5) OykBbI 1 CJIOTH (CJOTH U OYKBBI):

— Abs E (absolute error — abcomnroTHast ommoka),

— Bur(of)Stds (Bureau of standards — 6ropo ctanmapToB),

— cir bkr (circuit breaker — BbIkTFOUaTEND);

6) OykBeHHO-IM(POBHIE:

— Al (A one) — nmepBOCOPTHBIH,

—PC (microprogrammable computer — DBM ¢ MuKpomporpaMMHBIM
YIPABJICHUEM).
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COKpAIIICHHUIO MOYKET MOJIBEPTHYTHCS YaCTh CIIOBOCOYETAHMsI, HAIIPUMED:
D.C. amplifier = direct current amplifier — ycuaurens mocToSHHOTO TOKA.

CoroBBIC COKpAIICHUS, IPEBPATUBIINECS B CAMOCTOSITEIILHBIE CIOBA:

—loran (long range navigation) — cuctema maibHEH paJlOHABUTALIUN
«Jlopan»;

— radar (radio detection and ranging) — paauosokarusi.

JlutepHbIC TEPMHHBI, B KOTOPBIX aTpHOYTHUBHAS POJb IMOPYYAETCs
oTpesieNieHHON OYKBE BCIIECTBUE €€ rpaduueckoil Gopmbi:

— T-antenna — T-oOpa3Hasi aHTEHHa;

— V-belt — KTHHOBUIHBII peMEHb.

WuHorma sTa OyKBa SBIISETCSA JIMIIb YCAOBHBIM, HEMOTHBHPOBAHHBIM
CHMBOJIOM, HarmpuMmep: X-rays — peHTTeHOBCKHUE JTYYH.

[lpu mepeBose TEPMUHOB MBI MOXKEM BCTPETHTBCS CO CICIYIONIUMH
MOMEHTaMH:

@) 4aCTh TEPMHUHOB, MMEIOIINX MEXIyHAPOIHBIA XapakTep, MepeaaeTcs
IyTeM TPaHCIUTEepaIMK U HE HYXIaeTCs B IEPEBOJIC:

— antenna (aHTEHHA);

— feeder (punep);

— blooming (61toMuHT);

6) HEKOTOpBIE TEPMHUHBI HUMEIOT MPSIMbBIC COOTBETCTBHUS B PYCCKOM SI3BIKE
U MEPEIat0TCsl COOTBETCTRYIONIMMHU KBHBAJICHTAMU:

— hydrogen (Bogopon);

— voltage (HanpspkeHue);

6) U3BECTHASI YacTh TEPMHUHOB TIPU TMEPEBOJC KaJIbKHPYETCs, T. €.
nepefacTcss C  [OMOINBKD PYCCKUX CIIOB W BBIPAXKCHUH, JOCIOBHO
BOCITPOM3BO/ISIIUX CIIOBA U BHIPAKCHUS aHTJIMICKOTO S3bIKA:

— single-needle instrument (0JHOCTPEIIOYHBIH arapar);

— superpower system (cBepxMoOIIIHasi CHCTEMA);

2) HEepelIKO CIIydaeTcs, 4TO CJIOBaph HE JaeT NPSIMOTO COOTBETCTBHS
AHIJIMACKOMY TepMHHY. B 3TOM ciydae mepeBOMYMK JOJKEH MPHOETHYTH K
OIUCATEILHOMY TIEPEBOY, TOYHO MEPEAAIOIIEMY CMbICT WHOS3BIYHOTO CJIOBA B
JTAHHOM KOHTEKCTE:

— video-gain (peryyimpoBKa SpKOCTH OTMETOK OT OTPaKEHHBIX CUTHAJIOB);

— combustion furnace (meus 1151 OpraHUYECKOTO aHaIN3a);

— wall beam (6arnka, ynoxeHHas BIOJb MOTIEPEYHON CTCHBI).

[Ipu mepeBojie TEPMUHOB CIIEAYET 110 BO3MOXXHOCTH M30eraTh ynorpeoiie-
HHSI HHOSI3BIYHBIX CJIOB, OT/IaBast MPEANOYTCHUE CJIOBAM PYCCKOTO TPOUCXOMKICHHMS:

— MPOMBIIIIIEHHOCTh BMECTO MHYCTPHSL

— CEIIbCKOE X03HUCTBO BMECTO arpuKyJIbTypa;

— MOJTHOE COTPOTHUBIICHHE BMECTO UMITEAHC U T.JI.
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[TockonpKy XapakTEpHOW YEPTOU TEPMHUHA SIBJISIETCS YETKOCTh CEMaHTH-
YECKUX TpaHUll, OH 00JIaJlaeT 3HAYUTEIbHO OOJBIIECH CaMOCTOSITEIBHOCTHIO
M0 OTHOIIEHHUIO K KOHTEKCTY, YeM OOBIUHBIE CJIOBA.

[To TeM >xe mpUYMHAM TEPMHUH JTOJDKEH OBITH OAHO3HAYHBIM M B 3TOM
CMBICJIE HE3aBUCHUMBIM OT KOHTEKCTa. MlHaue roBopsi, OH JOJDKEH HUMETh CBOE
TOYHOE 3HAYEHUE, YKA3aHHOE €ro OIpEAEeICHUEM, BO BCEX CIIydasX €ro
ynoTpeOsieHusl B JOOOM TEKCTe, YTOOBI MOJIb3YIOMIMMCS TEPMHHOM HE HAJO
OBUTIO KaXKIbId pa3 peliarb, B KaKOM M3 BO3MOXHBIX 3HAYEHUU OH 3/eCh
ynotpebsneH. HemocpeacTBEHHO CBSI3aHO C TOYHOCTBIO TEPMHUHA M TpeOOBaHUE,
YTOOBI KaKJIOMY TOHSTHIO COOTBETCTBOBAJ JIUIIL OJAWH TEPMHH, T. €. YTOOBI
He ObLJI0O TEPMUHOB-CUHOHMMOB C COBIMAJIAIOIIMMH 3HaYeHUsAMHU. [IOHATHO, YTO
TOYHAsI UACHTU(DUKAINSA 00OBEKTOB U MOHATUN 3aTPyIHEHA, KOTJa OJHO U TO KE
MMEHYETCA MO-PA3HOMY.

TepMuH MOKEH OBITH YaCThIO CTPOTOM JIOTUYECKON CHUCTEMBI. 3HAUYCHHUS
TEPMHUHOB M HUX OINPEIEICHUS NOJKHBI MOMYMHATHCA IMPAaBWIAM JIOTUYECKOU
KJ1IacCU(UKAIIMU, YETKO pa3inyasi 00bEKTHI U MOHATHS, HE JOMYyCKas HEICHOCTH
WM TPOTUBOPEYMBOCTU. M, HaKOHEN, TEPMHUH [OJDKEH OBITh CYyryoo
OOBEKTUBHBIM HAUMEHOBAHHEM, JIUIICHHBIM KaKUX-THMOO0 MOOOYHBIX CMBICIIOB,
OTBJICKAIOIIMX BHUMAHHUE CIIEIUAIIUCTA, IPUBHOCAIINX JEMEHT CYOhEKTUBHOCTH.
B cBsi3U ¢ 3TUM TEPMUHY «IIPOTUBOIOKA3aHb» IMOIIMOHAIBHOCTH, MeTa(opuy-
HOCTb, HAJIMYME KaKUX-JIMOO acCOIMAIIH U T. II.

3aBUCHUMOCTh 3HAYE€HUsI TEPMHUHA OT KOHTEKCTa BO3HUKAET JUIIb MPH
HAJIMYUU B HEM TOJMCEMUH, T. €. €CIIU B JIAHHOW 00JIaCTU 3HAHUS 32 TEPMUHOM
3aKperIeHo 00Jee OJJTHOTO 3HAYEHUS.

OnHako TEpPMUHBI, €CTECTBEHHO, HE SIBJISIOTCS €IWHCTBEHHON COCTaB-
JISTFOLIEH JICKCUKMU.

BpIsSBIIEHO BIIOJIHE YETKOE JIEJIEHUE JIEKCUMUYECKOIO0 COCTaBa aHTJIMKUCKOU
HAYYHOW U TEXHUYECKOU JIUTEPATYPHI Ha!

@) COOCTBEHHO TEPMHUHBI;

0) ClIOBa M COYETaHUsS, KOTOPBIC SIBISIOTCSA «CITY)KCOHBIMH»: apTHUKIIH,
CITy>KeOHBIE TJIaroJibl, pUiaraTesibHble, HapEeUHs, COI03bl, MECTOMMEHHUSI, TIPEJIJIOTH,
TO €CTh CJIOBA, HE 3aBUCSIIUE OT CTUJIS PEYU U KOTOPbIE MPUCYTCTBYIOT B JIIOOOM
CTUJIE;

8) OOIIeHayYHAas! JICKCHKA.

OnHako MOpPHUCYTCTBUE TEPMUHOB HE HMCYEPNBIBAET JIEKCHYECKHUE
O0COOEHHOCTH CTHUJIS.

Ecnu cneumanbHbiX (HOMEHKIATYpPHBIX) TEPMHHOB OECKOHEYHO MHOTO,
TaK KaK OHU CBSI3aHbI C HEOTPAHUYEHHBIM KOJUYECTBOM OOBEKTOB U MPEAMETOB
HAyYHOW W TEXHUYECKOW JIeATeNbHOCTH YeJIOBEKa, TO OOIIEHAYyYHBIX
U OOIIETEXHUYECKUX TEPMUHOB OOBIYHO MaJIO, T. K. CYIIECTBYET OIPaHUYCHHOE
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KOJIMYECTBO HAYYHBIX U TEXHUYECKUX MOHATHH. OHM TO CBOEMY
IPOUCXOXKICHUIO YK€ MHOTO3HAYHbl U HEPA3PBIBHO CBSI3aHBI C OOLIUM SI3BIKOM.
OCHOBHYI0O KOMMYHUKATHBHYIO Harpy3Ky B CHELHMAJIbHBIX TEKCTaXx HECYT
o01IeynoTPEOUTENbHBIE CI0Ba U OOLIEHAayYHas TEPMHUHOJOTUS, T. €. IPUMEPHO
600 oO1IeTEXHUYECKUX TEPMHUHOB.

[upokoe ynoTpediieHne CrenuaaIicTaMi TaK Ha3bIBAEMOW CHEHAIbHOM
OOLIETEXHNYECKON JIEKCUKH, KOTOpas TaKXe COCTaBJSIET OAHY U3 creuudu-
YEeCKUX UYEepPT HAay4YHO-TEXHHUYECKOTO CTHJISA, B 3HAUUTENBHON CTENEHU
CHOCOOCTBYET MX B3aMMOIMOHUMAHHUIO. DTO CJIOBA M COYETAHHUSA, HE 001 Jat0IIHe
CBOMCTBOM TEpMHHA UACHTU(ULIUPOBATH MOHIATHUS U OOBEKTHI B ONPEACICHHOM
o0yacTy, HO ynoTpeOasieMble MOUTH UCKIIOUUTEIBHO B JAHHOU cdepe o01eHus,
OTOOpaHHBIE Y3KUM KPYIOM CHEIHATUCTOB, MPUBBIYHBIC [JISI HUX, MO3BO-
JISIONINE UM HE 3a{yMBIBATHCS HaJ CIIOCOOOM BBIPAKEHHS MBICIIH, & COCPEIOTO-
yyBaThCsl Ha CyTu Jena. CrnenuanbHas JIEKCHMKa BKJIIOYAET BCEBO3MOXKHBIE
IPOU3BOJHBIE OT TEPMHUHOB, CJIOBA, HUCIOJIb3yE€MbI€ NpPU OMHCAHUU CBsI3EH
Y OTHOIIEHUH MEXIy TEPMHUHOJOTMYECKH OOO3HAYEHHBIMU TOHSATHSIMHU
1 00BEKTaMM, UX CBOMCTB U OCOOCHHOCTEM, a TAaK)Ke LIEJbIA psiJl 0OIIEHAPOIHBIX
CJIOB, yHOTPEOJSEMBIX B CTPOTO ONPEACIECHHBIX COUYETAHUSX U TEM CaMbIM
CHELMATM3UPOBAHHBIX. Takas Jiekcuka 0ObIYHO HE (DUKCUPYETCS B TEPMUHOJIO-
THYECKHUX CIIOBApsX, €€ 3HA4YeHHWs HE 3a7al0TCs HAyYHBIMU OTpEACIICHUSMHU,
HO OHA HE B MCHBIIEH CTENEHU XapaKTepHa JJIs Hay9HO-TEXHUYECKOTO CTHIIA,
4YeM TePMHUHBL. B aHTIIMIICKUX TEeKCTax Mo 3JE€KTPUUECTBY, HallpUMeEp:

— the voltage is applied (HanpspkeHre ogaercs);

— the magnetic field is set up (MarHuTHOE 1OJIE CO37aETCS);

— the line is terminated (1ienb BBIBOJUTCS HA 3a’KUMBI);

— the switch is closed (mepexirouarens 3aMbIKaeTCs ).

VIMeHHO Tak 3TU SIBJIEHMS OMUCBHIBAIOTCS B CaMbIX Pa3JIMYHBIX CIydasx
¥ cCaMbIMU pa3nuuHbiMH aBTOpaMu. CoOmofeHre HOpPM  yHoTpeOIeHUs
CHEIMATbHON JIEKCUKHA CTaBUT TMEpell TEePeBOAYMKOM OCOObIe 3amadl MpH
CO3/IaHHU TEKCTa MepeBo/a.

K oOmeyrnorpeOuTenpHON JIGKCUKE OTHOCSTCS CJIOBa OOINEro s3bIKa,
KOTOphIe Hamboyiee 4YacTO BCTPEUAIOTCS B HAydHBIX TeKCcTax. Pasymeercs,
B HAyYHO-TEXHUUYECKUX MaTepuajax HCIHOJb3YyeTCsl OTHIOAb HE TOJBKO
TEPMHUHOJIOTHYECKass U CIelUalbHas JIeKCuka. B HuxX BcTpeuaercs Ooiblioe
YHUCIIO OOIICHAPOJHBIX CJIOB, YMOTPEOISIEMbIX B JIOOBIX (DYHKIIMOHATIBHBIX
CTHIIAX. B 11000M HAay4HOM TEKCTE€ Takue CJIOBa IMPEOOIagaroT, COCTABIISIIOT
OCHOBY M3JI0KeHUs. braromapsi oOmeynoTpeOuTENbHON JTEKCUKE S3BIK HAYKH
COXpPAaHSET CBSI3b C OOUICTUTEPATYPHBIM SI3bIKOM M HE NPEBPAILAETCs B S3bIK
MYJIpEIOB WM, KaK WHOTJA TOBOPAT, B S3bIK JKPELOB, MOHSITHBIA TOJBKO
MOCBSIICHHBIM, YYeHbIM. B 3aBucuMOCTH OT cocTaBa 4YHWTaTeled oI
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o0IIeynoTpEeOUTENHbHON JIEKCUKH MEHSETCA: OHa yMEHbIIaeTcss B paborax,
NpeIHA3HAYCHHBIX JUISI  CICIUAIMCTOB (MOXKET COCTaBIISATH HE OOJIbIIe
MIOJIOBUHBI BCEX CJIOB), M BO3pAacTaeT B COYMHECHUSAX, OOPAIIEHHBIX K IMTUPOKOMH
ayJUTOPHUH.

OOmiasi xapakTepuCTHKa JIEKCHYECKOTO COCTaBa HAy4YHOTO TEKCTa
BKJIIOUAET CJICAYIOIIHUE YEePTHI: CJIOBa YHOTPEONSIOTCS JTHUOO B OCHOBHBIX
OPSIMBIX, JTHOO B TEPMUHOJIOTMYECKUX 3HAYCHUSX, HO HE B DKCIPECCHBHO-
oOpa3HbIX.

[ToMuMO HEWTpalbHBIX CJIOB M TEPMUHOJIOTMU YHOTPEOIAIOTCA TakK
Ha3bIBacMble KHIDKHBIE citoBa: perform (semmomnsts), calculation (pacuer), circular
(kpyroBoii), phenomenon (sBaexue), maximum (Makcumym), etc (u 1. 1.). Kamkubie
CJIOBAa — 3TO OOBIYHO JJIMHHBIC, MHOTOCJIOJKHBIE 3aMMCTBOBAaHHBIE CIIOBA, WHOTTA
HE TIOJIHOCTHIO aCCHMMJIMPOBAHHBIE, YaCTO UMEIOIIHE B HEUTPAILHOM CTHIIE OoJiee
NPOCThIC U KOPOTKKE CHHOHUMBI, Harp.: phenomenon — phenomena.

B kauecTBe MCKITIOUEHHSI BCTPEYAIOTCS B HAyYHO-TEXHUYECKUX MaTepuaax
U JIGKCHUECKHUE DJIEMEHTHI, OoJiee XapakTepHbIE IS Pa3TOBOPHOTO CTHIIA,
IIPU MIEPEBOJIE KOTOPHIX MEPEBOAUUKY MPUXOAUTCA CTAIKUBATHCS C HEOOXOIH-
MOCTBIO BBIOOpA SKCIPECCUBHO-CTUIMCTUUECKUX BAPUAHTOB.

HayuyHo-TexHMuUeCcKOoe  H3JI0)KEHHE  OKa3blBA€TCA  IMOJ4ac  OTHIOJb
HE HEUTPAIbHO-0ObEKTUBHBIM.

1.3. Oco0eHHOCTH NepeBOa HAYYHO-TEXHUYECKUX TEKCTOB

1.3.1. Dkeusanenmuocms u adeK6amHOCHLb nEPesoOa
HAYYHO-MEXHUYEeCKUX MeKCM 08

HayuyHo-TeXxHMYECKHE TepeBOJIbl, B CBSI3M C OCOOBIMU TPEOOBAHUSIMH,
MPEABSIBISIEMBIMA K HUM, TPEOYIOT 3HAUYNTEIHLHOTO BHUMAHHUS K JOCTHKCHUIO
DKBUBAJICHTHOCTH Y aJICKBAaTHOCTH MEPEBO/IA C aHTJIMICKOTO S3bIKAa HAa PYCCKUH.

B mepeBogueckoM Jeie CymecTBYET psii  CHCIUAIBHBIX METOJIOB,
HalpaBJICHHBIX Ha CO3JIaHWE aJICKBAaTHOrO TiepeBoda. Tak, BBIACISAIOT JIBa
METOo/1a NepeBoa — MPsIMOil MepeBO/] U MEPEBOJ KOCBEHHBIN (HEMPSIMON).

JleicTBUTENBLHO, MOXKET HMETh MECTO Cliydail, Korja CcooOIleHue
Ha HCXOJHOM SI3BIKE MPEKPACHO TIEPEBOAUTCS B COOOIIICHHE Ha S3BIKE IIEPEBO/IA,
n0O0 OHO OCHOBBIBACTCS JMOO Ha MapaUICNBbHBIX KaTEropusax (CTPYKTYPHBIHA
napajieiu3M), JU00 Ha TMapajuieIbHBIX TOHATHIX (METAIMHTBUCTUYECKHMA
napauienu3M). Ho MoXXeT CIyduThcs M TaK, YTO TMEPEBOMUYMK KOHCTATHPYET
HaJW4Yue B S3BIKE IIepeBOJia «Ipodenia», KOTOPBIM HEOOXOAMMO 3arOJHUTH
AKBUBAJICHTHBIMH CPEJICTBAMHM, JIOOMBASCh TOTO, YTOOBI OOINEEe BIICYATIICHHE
OT IByX COOOIIEHUNH OBUIO OJWHAKOBBIM. MOXKET CIy4YuThCS M Tak, 4YTO
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BCJICJICTBUE CTPYKTYPHBIX WJIM METAJMHTBUCTUYECKUX PAa3IMYUi HEKOTOpPbIC
cTwrcTuueckue 3¢GGeKThl HEBO3MOXXHO TMepenaTh Ha s3bIKe IepeBoja,
HE U3MEHUB B TOM WJIM WHOM CTENEHU MOPSAOK CIIECTOBAHMS SJIEMEHTOB WIIN
Jake JeKCH4Yeckue eAuHULbl. [IOHATHO, YTO BO BTOPOM Cllydae HEOOXOIUMO
npuberath K 6oJiee U30MIPEHHBIM CIIOCO0aM, KOTOPbIE Ha MEPBBIA B3I MOTYT
BBI3BaTh yIMBJIEHUE, HO XOJ KOTOPBIX MOXHO MPOCIEAUTH C LI CTPOTrOro
KOHTPOJSL 32 JOCTH)KEHHEM OHKBUBAJECHTHOCTU. IJTO CHOCOOBI KOCBEHHOTO
(mempsimoro) mnepeBoga. CrnocoOwl 1, 2 u 3 sBisitoTcss npaMbiMU. OcTaibHBIC
CIIOCOOBI OTHOCSITCSI K KOCBEHHBIM.

1. 3aumcmeosanue.

Korga B mporiecce nepeBoia 3aMMCTBYIOTCSL 1 CEMAHTHKA, U CTPYKTYpA,
u dopMa (3ByKOBOW COCTaB M HAIMCAaHWE) TEPMHHA, MBI HMEEM IO
C 3aMMCTBOBaHHEM, KOTOPOE MO3BOJISIET 3aOJHUTH MPOOEI, OOBIYHO METAJIMHT -
BUCTMYECKOTO  XapakTtepa (HOBas TEXHUKA, HEU3BECTHHIC  IOHSTHSA).
3auMCTBOBaHUE Jlake HE ObLIO OBl TaKUM CHOCOOOM MepeBO/a, KOTOPBIA Hac
MOKET 3aMHTEPECOBATh, €CJIM Obl MEPEBOUUK HE HYKAAJICA B HEM MOPOIO IS
TOrO, 4YTOOBI CO3/1aTh CTHIMCTUYECKUN 3P dekT. Hanmpumep, 4ToObl TPUBHECTH
TaK Ha3bIBa€MbId MECTHBIH KOJIOPUT, MOKHO BOCIIOJIb30BaThCd MHOCTPAHHBIMHU
TEpMHHAMHU U TOBOPUTH O BepCcTax W mynax B Poccuu, o nomiapax u mapTUu
B AMEpPHKE, TEKUJIE U TOPTUIIbE B MEKCHKE U T. 1.

HNMmeroTcss W crapple 3aMMCTBOBAaHMS, KOTOpPBIE [0 CYIIECTBY YXKe
TAaKOBBIMH JIJIs1 HAC HE ABJIAIOTCS, OO OHU (PUTYpUPYIOT B JIEKCUYECKOM COCTaBE
HallleT0 $3blIKa W CTAJIM YK€ NPUBBIYHBIMHU. llepeBogumka, mpexkie BCEro,
MHTEPECYIOT HOBbIE 3aMMCTBOBAHUS, U JAK€ 3aMMCTBOBAHUS UHIMBU1YaIbHOTO
xapaktepa. Cieayer OTMETHTb, YTO 3a4acTyl0 3aMMCTBOBAHHS BXOJIAT B SI3bIK
yepe3 MepeBosl, cpear HUX (QUIypUPYIOT CEMAHTUYECKHE 3aMMCTBOBAHUS, WU
«JI0’KHBIE JIPY3bsl IEPEBOIUNKAY», KOTOPBIX CIETYET OCOOEHHO OMacaThCsl.

[IpobGnaema MECTHOTO KOJIOpUTA, pelraemMasi ¢ MOMOIIbI0 3aMMCTBOBaHUMH,
3aTparuBaeT, MPexJie BCero, chepy CTHIIS U, CIIEA0BATENBHO, CAMOTO COOOLICHHUS.

OCHOBHBIMH ~ OCOOCHHOCTSIMM  T€pEeBOJA  HEOJIOTU3MOB  HAay4HO-
TEXHUYECKUX TEKCTOB SIBJIIETCS 3aMMCTBOBAHHME HOBBIX TEPMHUHOB JIMOO HX
KajabkupoBanue. OrpoMHasi BOJIHA 3aMMCTBOBaHUM, nipuienmasica Ha 90-e roasl
XX Beka, TNOMOJHUIA JEKCUYECKUA COCTaB PYCCKOro S3blKa MHOXXECTBOM
OOIIETEeXHUYECKUX, HHXKEHEPHBIX U OCOOCHHO KOMIIBIOTEPHBIX TEPMHUHOB,
MHOTHME U3 KOTOPBIX 3aJIOKyMEHTHUPOBAHBI CJIOBapsIMU, HaMpuUMep YHIl,
WNurepner-cailt u apyrue. OpHako 4pe3MepHOE 3aUMCTBOBAHHWE TEPMHHOB
Ha CErOJHALIHUN JE€Hb, K CYACThIO, YCTYNAeT MECTO JIEKCUYECKUM 3aMEHaM.
Hecmotpst Ha 37O, emie yacTo BCTpedaeTcss HEOOOCHOBAHHOE 3aMMCTBOBAaHHE
YK€ CYLIECTBYIOIIMX B PYCCKOM SI3bIKE TEPMUHOB WIM peanuil. B 3Tol cBsA3mM
HE00XOJAMMO aKIIEHTUPOBATh BHUMAHUE HA HAJTMYUU B PYCCKOM SI3bIKE BapHaHTa
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nepeBoja M Ha OTCYTCTBUM HEOOXOAMMOCTH 3auMcTBoBaHMs. Hampumep, to
upgrade — 0OHOBHUTB, YJIYUIIIMTh, YCOBEPIICHCTBOBATh, HO HE C/IEIAaTh alllPEH/I.

2. Kanvkuposanue.

KanpkupoBanue sBIs€TCd 3aMMCTBOBAHMEM OCOOOro  poja:  Mbl
3aMMCTBYEM W3 HHOCTPAHHOIO S3bIKAa Ty WJIM HWHYIO CHHTarMy M OyKBaJbHO
MIEPEBOIUM JIEMEHTBI, KOTOPBIE €€ COCTaBISAIOT. MBI MmodydaemM TakuM 00pazom
a1n00 KaJbKHUpPOBAaHHE BBIPAXKECHHS, NPUYEM HCIOJIb3YeM CHHTAKCHUYECKUE
CTPYKTYpbl S3bIKa II€PEBOJA, IPUBHOCA B HErO0 HOBBIE 3SKCIPECCHUBHBIC
AJIEMEHTHI, TH00 KaIbKUPOBAHUE CTPYKTYPHI, IPUYEM MPUBHOCHM B S3bIK HOBBIC
KOHCTPYKIWH, HartpuMep: science-fiction (Oyks. Hayka-(aHTacTHKA).

Tak ke Kak W B OTHOIIEHWM 3aMMCTBOBAHMI, CYIIECTBYIOT CTapble
YCTOWYMBBIE KAJIbKM, KOTOPHIE MOYKHO JIMIIb YINOMSHYTh MHMOXOJIOM,
MIOCKOJIbKY OHH, KaK M 3aMMCTBOBaHHUS, MOTYT MpPETEPHEBATh CEMAaHTUYECKYIO
HBOJIIOLMIO, CTAHOBACH «JIOKHBIMU APY3bsIMU». boliee HHTEPECHBIMU OCTAIOTCS
JUIsl TEpEeBOJYMKAa HOBBIE KaJlbKH, C TOMOULIBIO KOTOPBIX OH u30eraer
3aMMCTBOBAHUS, 3amoJiHAs MpoOenbl. B Takux cioydasx, BUAUMO, JIy4Ile
npuberatb K CJIOBOOOpPA30BAHMIO HA OCHOBE TI'PEKO-JIATHHCKOTO (OHIA WIH
UCIIOJIB30BaTh TUIIOCTa3uc (MEepexo] OJHOM 4YacTh peyd B JPYIyIo
110 KOHBEPCHM).

Ecnu ctpykTypa nmepeBoIMMOM JIEKCMYECKON €IMHULIBI B 00OUX SI3bIKAaX
COBMAJaeT, Mbl MMEEM JI€J0 C TaK Ha3bIBAEMOM CEMAaHTHUYECKOM KaJbKOM.
Ha ocHOBe BBINIEIPUBECHHOTO AHTIUMHUCKOTO TepMHUHA Iree (mepeBo) coszpaH
TepMuH tree Structure, xOTOpbId NEpPEeNacTCs Ha PYCCKOM SI3bIKE TEPMHHOM
JIpEeBOBUAHAS CTPYKTypa (a HE JapeBecHas CTPYKTypa WM CTPYKTypa JepeBa,
KaKk MOXHO Obulo Obl oxujath). IIpum uUCHoONB30BaHMM CEMAaHTUYECKOTO
KAJIbKUPOBAHMSI CTPYKTypa TEPMHHA, CO3/1aBAEMOr0 Ha S3bIKE OPHUTHMHANA,
COOTBETCTBYET HOpMaM SI3bIKA-OPUTHUHAJA, & CTPYKTypa TEPMHUHA, CO3/IaBAEMOT0O
Ha sI3bIKE MEePEeBOJIa, COOTBETCTBYET HOpMaM s3bIka rnepeBoaa. OO0uieit apisercs
TOJIbKO CEMaHTHKa TEPMUHOB OOOHX S3BIKOB, MOYEMY 3TOT CIOCOO IMepeBoja
Y Ha3bIBA€TCAd CEMAHTUYECKMM KaJlbKUPOBAaHHEM. B TeXHHMYECKHX HayKax
MO3JIEMEHTHBIN MEepeBOJl (KaJbKHUPOBAHUE) CIOXKHBIX MO CTPYKTYpe TEPMHUHOB
TaKKe IIMPOKO PACIpPOCTpaHeH: aHriauiickuii Swithing diagram — kommyTa-
IMOHHas cxema, Motor selector — moropHbIii uckarenb, hard disk — sxecTkuit
JTUCK.

3. Jlocnosuwiii nepesoo.

JIOCTIOBHBIN TIEpeBO/, WM MEpPEBOJ «CJIOBO B CIOBO», 0003HA4aeT
nepexoq OT HCXOJHOTO S3bIKa K SI3bIKY TME€pPEBOAA, KOTOPBIA MPUBOIUT
K CO3/IaHUIO MTPaBUIIBHOTO U UJIMOMATUYECKOTO TEKCTa, a MEPEBOAUMK MTPU ITOM
CJIEUT TOJILKO 3a COOJIIOZIEHNEM 00s13aTEIbHBIX HOPM SI3bIKA.
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B npuHnune KOCIOBHBIM TEPEBOJ — 3TO EIUHCTBEHHOE O0paTuMoe
U MIOJHOE pelIeHHe Bompoca. ToMy OuY€Hb MHOIO IMPUMEPOB B IEPEBOMAX,
OCYILIECTBIIEHHBIX C SI3bIKOB, BXO/SIINX B OJHY U Ty K€ CEMbIO ((ppaHIly3CKuil —
UTAIBSHCKUI), 1 B OCOOCHHOCTHU MEXY S3bIKaMH, BXOJASIIMMU B OJIHY U Ty K€
KyJIbTypHYIO 0opOuTy. ECAM M MOXHO KOHCTaTUpOBaTh HAJMYUE HEKOTOPBIX
CllydaeB JIOCIOBHOIO II€pEeBOJA, TaK JTO IOTOMY, 4YTO CYLIECTBYIOT
METAJIMHIBUCTUUECKUE TMOHATHS, KOTOPBIE MOTYT TaKKe OTpakaThb (HaKThI
COBMECTHOT'O CYLIECTBOBaHHUA, MEPHOAbl OMIMHIBH3MA M CO3HATEIIBHOIO WM
0eCcCcOo3HATENbHOTO TOJpakaHus, KOTOPOE CBA3AHO C TOJUTHUYECKUM WIIH
MHTEIUVIEKTYaJbHbIM MPECTIXKEM. DTO MOXKHO OOBSICHUTH TAK)KE CBOECOOpA3HOI
KOHBEPIreHIIMEN MBICIEH, a UHOIZIa U CTPYKTYp, KOTOPYIO MOKHO HaOJIOAaTh
cpenu s3bIK0B EBponbl (Cp., Hanmpumep, 00pa30BaHKUE OMPEAEIIEHHOIO apTHKII,
CXOJICTBO KOHLEMIHNA KYJIbTYPbl U HUBUIU3ALMH U T. 1.), YTO BBI3BAJIO B )KU3HU
NOSIBJICHWE  HEKOTOPbIX  MHTEPECHBIX  CTaTel, MpUHAAISKAIUX Mepy
croponHukoB "General Semantics” («OO01eit ceMaHTHKI).

Jlo nmaHHOrO crnoco6a MOXHO OBLJIO OCYILIECTBIIATH IMPOLIECC NEPEBOAA,
He puberas K CHEelUaJIbHO CTUJIMCTHYECKUM mpuemaM. Eciu Obl 3TO ObLIO
BCEI/la Tak, TO Hacrosuas paboTa He JOJbKHA Obula Obl MOSBUTHCS HAa CBET,
a IEpPEBOJ, CBEJIEHHBI K MPOCTOMY IE€PEXONY «HMCXOIHBIA S3BIK — S3BIK
NEepeBOIa», HE MPEACTABIISUT Obl HUKAKOI0 MHTEpeca. Pelienus, npenioKeHHbIe
rpynmnoil MaccadyceTckoro TeXHOJIOTHYECKOT0 HHCTUTYTA, CBOJSAIIUECS K TOMY,
YTO TEPEBOJ CJIENYEeT MOPYUYUTh AJIEKTPOHHBIM BBIYMCIIUTEIbHBIM MallllHaM,
KOTOpBIE MOTYT OCYUIECTBIIATh €r0 Ha HAyYHBIX TEKCTaX, MOKOUTCS B OOJIbLICH
Mepe Ha CYIIECTBOBAaHMM B JaHHBIX TEKCTax MapaulesIbHbIX CETMEHTOB,
COOTBETCTBYIOIIMX MapajIeIbHBIM UAESIM, KOTOPbIE, KaK U CJIEI0BAJIO OXKUAATh,
BBISIBJISIIOTCS. BO MHOTHX ClydasX B Hay4dHoM s3bike. Ho ecnm, nelicTBys
B COOTBETCTBUHU CO CIIOCOOOM 3, MEPEeBOAYMK NPU3HAET JOCIOBHBIM NEpPEeBOJ
HEMPUEMIIEMBIM, TO HEOOXOJAMMO MPUOETHYTh K KOCBEHHOMY (HEMPSIMOMY)
nepeBoay. Iloa HenmprueMsIeMOCTBI0O UMEETCSI B BUJY, UTO COOOIIEHUE, KOTOPOE
MIEPEBEIEHO TOCIOBHO:

@) NaeT APYyrou CMbICI;

0) HE UMEET CMBICIIA;

6) HEBO3MOXKHO IO CTPYKTYPHBIM COOOPaKEHUSIM;

2) HE COOTBETCTBYET HUYEMY B METAIIMHIBUCTHKE SI3bIKA IIEPEBOA;

0) COOTBETCTBYET YEMY-TO, HO HE Ha TOM K€ CTUJIMCTUYECKOM YPOBHE
A3BIKA.

DKBUBAJIEHTHOCTh COOOIIEHUN OCHOBBIBAETCSA, B KOHEYHOM CUETE,
HA UJIGHTUYHOCTH CUTYallUui, KOTOpas OJIHA MO3BOJSET YTBEPKAAaTh, YTO S3BIK
MIEPEBO/IA COAEPIKUT HEKOTOPBIE XapaKTEPUCTUKU JEHCTBUTEIBHOCTH, KOTOPBIX
B MCXOJIHOM $I3bIKE HET.
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Pasymeercs, ecnu Obl Mbl pacrojarajiyd CJIOBapsSIMU O3HAYAEMbBIX CIIOB,
TO IOCTATOYHO OBUIO OBl HAWTH HAIl TEPEBOJl B CTaThe, COOTBETCTBYIOIICH
CUTYallUH, UIECHTUDUIIMPYEMOU COOOIIEHHEM HAa UCXOJHOM si3bIke. [locKkobKy
B JICHCTBUTEIBLHOCTH TaKUX CIOBapel HET, TO Mbl HCXOJIUM U3 CIIOB WJIH
U3 €IMHUIl TIEPEBO/A, KOTOPbIe MBI JOJDKHBI MOABEPTHYTh CHEIUATBHBIM
npoleaypaM IJisi TOro, YTOObl IPUUTH K XKenaeMoMy cooOiieHuto. [lockonbky
CMBICII CJIOBa sIBJIsieTcsl (DyHKIMEW ero mecra B BBICKa3bIBAaHWU, TO HHOTAA
BO3HHMKAET HEOOXOJUMOCTh TaKOM MEpPEeCTpPOMKH, KOTOpas OKa3bIBACTCS
CJIMILIKOM YJIaJIECHHOM OT MCXOJHOTO IMYyHKTAa, U HU OJUH CJIOBaph HE MOXKET
3TOro yuecthb. [lockoibKy cyliecTByeT 0€CKOHEUHOE KOJIMYECTBO KOMOHMHAIIMIMA
MEXIYy O3HAYaONIMMH, HETPYAHO MOHATh, MOYEMY MEPEBOIYUK HE MOXKET
HalTH B CJIOBapsX TOTOBBIX pEHICHUN CBOUX IMpoOieM. ToJbKO OH OJHH
MOJIHOCTBIO BJIQJICET CMBICJIOM COOOIIEHHUSI B 1EJIOM, [JIi TOTO YTOOBI,
PYKOBOJICTBYSCh WM, HPOU3BECTH HEOOXOIUMBIM BBHIOOP, U TOJBKO CaMo
COOOIIIEHHE, OTpaxaroliee CUTYyalluio, T[O03BOJIIET, B KOHEYHOM CYETE,
BBICKA3aTh OKOHYATEJIHLHOE CYXICHHUE O MapalieIbHOCTH IBYX TEKCTOB.

4. Tpancnosuyusi.

Mp1 Ha3piBaeM TaK CMOC00, KOTOPBIM COCTOMT B 3aMEHE OJHOM YacTu
peuyn JIpyroil 4YacTtbi0 peud 03 M3MEHEHHS CMbICIa BCEro COOOIICHUS.
OTOT c10cO0 MOXET MPUMEHSTHCS Kak B IMpeAesiax OJHOTO S3bIKa, TaK U IPH
nepeBo/ie.

OCHOBHOIl U TpPAaHCIIOHUPOBAHHBIM 00OPOTHI HE 00s3aTEIHLHO HKBUBA-
JICHTHBI CO CTHJIMCTUYECKOU TOUKM 3peHusi. [lepeBoqurK TOKEH MOJb30BaThCs
CIIOCOOOM TPAHCTO3UIUHU, €CITU TMOJIYy4aeMbIi OOOpOT JIydYIlle BIHMCHIBACTCS
BO BCIO (Ppa3y WM TMO3BOJIIET BOCCTAHOBUTH CTUJIUCTHYECKHUE HIOAHCHI.
Cnegyer OTMETHTh, UYTO TPAHCIIOHUPOBAHHBIM 000POT OOBIYHO HMMEET Ooliee
auTeparypHbii xapaktep. Oco00 YacTHBIM CIy4aeM TPAHCIIO3HIIUH SBIISETCS
«TEePEKPEUTUBAHUEY.

5. Mooynayus.

Monynsiiuss  mipencraBiisieT  co0Oil  BapbUpOBAaHWE COOOIICHHS, YEro
MO>KHO JIOCTHYb, U3MEHHUB YTOJ WU TOYKY 3peHus. K aTtoMy crmocoOy MOKHO
NpUOETHYTh, KOTJIa BHUJIHO, YTO JOCIOBHBIM WIIM Ja)Xe TPaHCIIOHUPOBAHHBIM
NepeBol TMPHUBOAUT B  pe3ysbTaTe K BHICKA3BIBAHUIO TPAMMATHUYCCKH
MPaBUILHOMY, HO MPOTUBOPEUAIIEMY TyXY S3bIKa MEPEBO/IA.

6. Dxeusanenyus.

Mpbl yke He pa3 MOAYCPKHBAIM BO3MOXKHOCTH TOTO, YTO JBa TEKCTa
ONMKCHIBAIOT OJHY W Ty JK€ CHUTYyaIllMi0, WCIOJB3YysS COBEPIICHHO pa3HbIC
CTWJIMCTUYECKHE W CTPYKTYpHBIC CpelcTBa. B 3TOM ciiydae MBI rOBOpUM 00
SKBUBAJICHIIMHU. KiacCMYecKuM NPHUMEPOM DKBUBAJICHIIMHU SIBJISCTCS CUTYAIWS,
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KOTJIa HEJIOBKUH YeJIOBEK, 3a0MBAIOIIMI I'BO3/b, IOMAaAacT ceOe MO majabliaM —
o-(hpaHIly3CKH OH BOCKIMKHET Ale, mo-aHrIMiCKH OH BockaukaeT Ouch.

DTOT NpHUMEp, XOTS H SIBJISACTCS TPYOBIM, ITOAYCPKUBACT OCOOBINH XapaKTep
SKBUBAJICHITMU: OHA HOCHUT Yallle BCEr0 CHHTArMaTHYECKHUI XapaKTep W 3aTparu-
BaeT BCE COOOIICHHE EITUKOM. [[0CTOBUITBI i TOTOBOPKH MPEICTABIISIOT COOO1,
KaK TpaBUJIO, MPEKPACHYIO HILIIOCTPAIIMI0 3TOro SABJACHUSA. To ke Kacaercs
uarnomaTuaeckux Beipaxkenwmii: to talk through one's hat, as like as two peas,
KOTOpPBbIE HUKOUM 00pa30M HE JIOJDKHBI KaJTbKHPOBATHCS;, M, OJHAKO, HMEHHO 3TO
MBI Ha0JI0/IaeM Yy TaK HAa3bIBAEMBIX JIBYSI3BIYHBIX HAPOJOB, KOTOPHIC SIBISIOTCS
KEPTBAaMHU IIOCTOSSHHOTO KOHTAaKTa HX S3BIKOB, B pe3yJbTaTe dYero OHH
HE BJIQJICIOT TOJKOM HH TeM, HH JpyruM. OIHAKO IMepeBOAYHK HE JOJIKEH OpaTh
Ha ce0s1 OTBETCTBEHHOCTH 3a BBEJICHHE KAJICK B XOPOIIIO OPTaHM30BAHHBIN S3BIK:
TOJIBKO aBTOP MOXET ceOe MO3BOIMTH MOT00HYI0 (haHTa3HI0, OTBETCTBEHHOCTH
3a ycIieX WM HeyJady KOTOPOW IMOJHOCTBIO BO3jIaraeTcs Ha Hero. B mepeBoje
ciaeayeT TpHUAEPKHBAThbCS Oojee KiaacCHyeckux (opM, Tak Kak BCSIKHE
HOBIIICCTBA B KaJbKHUPOBAaHWW BBHI3BIBAIOT OOBMHEHUS BO BHECECHUU B S3BIK
AHTJIIIA3MOB, TEPMAaHNU3MOB HJTA UCTIAHU3MOB.

7. Aoanmayusi.

Cenpmoil croco0 sIBIsSETCS KpalHUM TIPEACIOM B IIPOIecCe IMEepeBoja.
OH IpuUMEHUM K CIydasM, KOTJIa CHTyaIlus, O KOTOPOU HJIET PeUb B MCXOJTHOM
S3BIKE, HE CYIIECTBYET B SI3bIKE TEPEeBOJAa W JODKHA OBITh TepelaHa depes
MOCPEACTBO JIPYrOM CHUTyallud, KOTOPYIO MBI CUMTaeM SKBHUBAJICHTHOM.
DT0 npeacTaBisgeT coOoi 0COOBIM clydall SKBHBAJICHTHOCTH, TaK CKasaTh,
AKBUBAJICHTHOCTH CUTYyaITUH.

[Ipomecc aganTaiui MOKHO YCJIIOBHO Pa30MTh Ha HECKOJIBKO ITAIOB:

1) MOArOTOBHUTEIBHBIN: COCTABIAETCS CIMCOK MH()DOPMAIMOHHBIX HCTOY-
HHUKOB, KOTOPBIE MOTYT TIOMOYb IEPEBOTUMKY B IIporiecce paboThl; MPOBOIUTCS
aHaM3 HauOoJee TPYAHBIX MECT; COCTABIISCTCS TIJIaH peajnu3allid BCEX CTaIHi
MIPOCKTA,

2) IepeBO: COBMECTHas padoTa CIEHHATH3UPOBAHHOIO IIEPEBOIUMKA,
peIaKkTopa U TEXHUYECKOTO CIEIUAIIICTA;

3) 3aBepIIArOIINI: CO3JJaHUE YETKOM JIOTHYECKOW CTPYKTYpPHI TIOKYMEHTA,
MMOMCK BO BHEITHUX MCTOYHUKAX HEAOCTAIOIICH MH(POPMAIIMA U WHTETPAIHS €¢
B JIOKyMEHT, pa3paboTKa JOMOJHUTEIBHBIX TJIOCCAPHEB, CIOBAPEH M CITPABOUHBIX
CHCTEM.

OTka3 OT aganTHUPOBaHUSA, KOTOPOE 3aTparuBacT HE TOJBKO CTPYKTYPHI,
HO TaKXe M CaMO pa3BHUTHE WJEH, MBICICH, M CImoco0 HX (PaKTHIECKOIO
U3JIOKCHUS B ab3arle MPUBOJIUT K HAIMUYHIO B «IIPABHIIBHOMY» TEKCTE KaKOW-TO
HEONPEICICHHON TOHAJBLHOCTH, 4Yero-To (aJbIIMBOrO, YTO HEU3MEHHO
posiBIIsIETCS B TiepeBoje. K coxkaneHuro, Takoe BIEYATIICHHE OYEHb YacTo
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NPOU3BOAST TEKCThl, MNYOIMKYEeMble COBPEMEHHBIMU  MEXKIyHAPOIHBIMU
OpraHu3alUsIMH, YJIEHBI KOTOPBIX MO HEBEJCHUIO UM U3 CTPEMJICHUS K HEBEPHO
MOHMMAEMON TOYHOCTH TpeOyIOT OYKBaJbHOCTH NEPEBOJIOB, MAaKCUMAaIbHOTO
KaJIbKUpoBaHUs. TeKCT He [ODKEeH OBITh KallbKOM HHU B CTPYKTYpPHOM,
HU B METaJIMHTBUCTUYECKOM IJIaHE.

1.4. OcHOBHBIE CJIOKHOCTH nmepesoaa HAYYHO-TEXHUIECCKUX TEKCTOB

B 1O BpeMs kak OCHOBHasi TPYAHOCTb MEPEBOAA XYyI0KECTBEHHOU MPO3bI
3aKJII0YaeTCsl B HEOOXOJUMOCTH HWHTEPIpPETAllMd HaMEpEeHUl aBTopa, T.e.
B TIepeade HEe TOJbKO BHEITHUX (PAKTOB, HO U B COXPAHEHUH TCUXOJIOTHICCKUX
Y OMOLMOHAJIBHBIX 3JIEMEHTOB, 3AJI0KEHHBIX B TEKCTE, 3a7a4a, CTOALIAsS Iepe]
IIEPEBOAYMKOM TEXHUUYECKOIO TEKCTa, JIMIIEHHOIO AMOLMOHAIBHOM OKPaCKH,
OKa3bIBaeTca Oojiee MPOCTOM — TOYHO TEpelaTh MbICIb aBTOpa, JIHIIb
10 BO3MOXXHOCTH COXPAHUB OCOOEHHOCTH €T0 CTHIIS.

Jlyist Toro 4ToOBI MPABUIIBHO MOHATH TEXHUYECKUN TEKCT, HAZIO0, KaK YyxkKe
YKa3bIBaJIOCh paHee, XOpPOLIO 3HATh JAHHBIM MPEIMET U CBA3AHHYK) C HUM
AHTJIMMCKYIO TEPMUHOJIOTHIO.

Kpome Toro, mis npaBuiapHOM NEpEadn COAEPKaHMs TEKCTAa HA PyCCKOM
A3bIKE HYKHO 3HaTh COOTBETCTBYIOIIYIO PYCCKYI0 TEPMHUHOJOTHIO U XOPOIIO
BJIAJIETh PYCCKUM JIMTEPATYPHBIM SI3BIKOM.

[TepeBoa ¢ MOMONIBIO CIIOBapsi 3HAKOMBIX OJHO3HAYHBIX TEPMUHOB THUIIA
oxygen, ionosphere He mpeacTaBIseT 3aTPyTHCHU.

Nuaue ob6ctour geno, Korga OJHOMY —aAHIVIMMCKOMY TEPMHUHY
COOTBETCTBYET HECKOJBKO PYCCKHMX. B 9TOM ciyuyae co3HaTeIbHBIM BBIOOD
aHaJIora MOYKET TMKTOBATHCS JIMIIb XOPOILIUM 3HAHUEM JAHHOIO IIPEAMETA.

Bo3bmeMm npemsioxenue:

Hcxoonwii mexem: Most of the modern radio-transmitters can communicate
both telegraph and telephone signals.

[TepeBOqUMK, OCHOBATEIbHO HE 3HAKOMBIM C PAaUOJEIOM U COOTBET-
CTBYIOILIEH pyCCKOM TEPMHUHOJIOTHEHN, TIepeBesT Obl 3TO MPEIOKEHHUE TaK:

llepesoo 1. BONbIIMHCTBO COBPEMEHHBIX PAJAUONEPEIATUNKOB MOMKET
MOCBhUIATh KakK TenerpadHsbie, Tak U Teae(OHHbBIE CUTHAIBI.

OnHako TEXHUYECKH TPaMOTHBIN MEPEBOJ I0KEH OBITh CJICTYIOIINM:

llepesoo 2. BONBIIMHCTBO COBPEMEHHBIX PAJAHONEPEIATUNKOB MOMKET
paboTtath Kak B TenerpadHOM, TaK U B TEICPOHHOM pEKUME.

OCHOBHBIMM YEPTaMU PYCCKOTO TEXHUYECKOTO CTUJISA SIBIISIFOTCS CTporas
SICHOCTb M3JIOKCHHSI, YeTKOCTh OMPEIeTICHUH, TAKOHUYHOCTH (POPMBI.
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[Ipu nepeBoae aHIIIMIICKOTO TEKCTa NEPEBOAYMK JOJKEH IMOJTHO U TOYHO
nepenaTtb MbICIbL aBTOpa, o0Jekas ee B (opmy, MPUCYIIYI0 PYCCKOMY TE€XHU-
YECKOMY CTHIIIO, M OTHIOJb HE MEPEHOCS B PYCCKUN TEKCT CENU(DUUECKUX YepT
AHTJIMICKOTO MOIJIMHHUKA.

Jns  wuirocTpauMyM  OCTAaHOBHMMCST HA  HEKOTOPBIX  CTHIIMCTHKO-
rpaMMaTUYECKUX OCOOEHHOCTSAX AHTJIMMCKOTO TEKCTa, UYXKIbIX CTUIIIO PYCCKOM
TEXHUYECKOU JINTEPATYPhI:

@) B aHTJIMHACKOM TEKCTE MpeoOJIaaroT JUYHbIE (OPMBI IJIarojia, TOT/Ia
KaK pPYCCKOMY HAy4YHOMY CTHJIFO OOJiee CBONCTBEHHBI O€3JIMYHBIC WIIH
HEONPEICTICHHO-TUIHBIC 000POTHI, HATIPUMED:

Ucxonubrii TekeT: You might ask why engineers have generally chosen to
supply us with a.c. rather than d.c. for our household needs.

llepe6oo: MOXHO CHPOCHUTH, TIOYEMY [IJIsl JIOMAITHUX HaJA00HOCTEH
OOBIYHO UCIOJIB3YETCSI IEPEMEHHBIN, a HE MOCTOSTHHBIN TOK.

Hcxoonwvnit mexem: We know the primary coil in the ordinary transformer
to have more turns than the secondary one.

Ilepesoo: N3BecTHO, YTO nepBUYHAs o0OMOTKa OOBIYHOTO
TpancpopmaTopa uMeeT OOJIbIIIE BUTKOB, YEM BTOPUYHAS.

B aHrimickuMx ~— TEKCTax  OMUCATEIBbHOTO  XapakTepa  HEPEIAKO
ynoTpeosiseTcst Oy yniee BpeMst 1Jis BbIpaXXKE€HUsI OOBIYHOTO JCHUCTBUS.

PyKkoBOJCTBYSICH KOHTEKCTOM, CIEAYET NMEPEBOIUTh TaKUE MPEIAJIOKEHUS
He OyaylIrM, a HACTOSIIIUM BPEMEHEM, MHOTIa C MOJAIbHBIM OTTEHKOM:

Hcxoonwriit mexcm: The zinc in the dry cell accumulates a great many
excess electrons which will move to the carbon electrode.

llepesoo: 1lMHK B CyXOM DdJEMEHTE AaKKyMYJIHUPYET OOJbIIOE YHCIIO
M30BITOYHBIX JIEKTPOHOB, KOTOPHIE ABMKYTCS K YTOJIBHOMY DJIEKTPOY.

Hcxoonwii mexcem: Fig. 10 gives a drawing of a bulb; the filament will be
seen in the centre.

Ilepesoo: Ha puc. 10 mpuBOIUTCS Y4epTEkK DISKTPUUCCKON JIaMITBl; HUTh
Hakaja BUJIHA B IICHTPE;

0) B aHTJIMHCKHAX TEXHUYECKMX TEKCTaX OCOOCHHO YacTO BCTPEUAIOTCS
MacCUBHbIE O0OOPOTHI, TOTJAa Kak B PYCCKOM S3bIKE CTpaJaTeIbHBIA 3ajioT
ynoTpeoJisieTcsi 3HauuTelbHO pexe. [lpu mepeBoje, cleq0BaTEeIbHO, MBI
HEpPEIKO OJDKHBI MpubOeratb K 3aMEHE MACCHUBHBIX KOHCTPYKIIUNA WHBIMU
CpeACTBaMH BBIPAKEHUS, 00JIee CBOMCTBEHHBIMU PYCCKOMY SI3BIKY;

6) aBTOPBI AHTJMICKONH TEXHHUYECKOW JHMTEPATYpPhbl HMIMPOKO HCIOIb3YIOT
pa3IUYHBIC COKPAIEHUS, KOTOPHIE COBEPIIIEHHO HE YIOTPEOUTEIBHBI B PYCCKOM
S3bIKE, HAPUMED:
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1. d.c. (direct current) — mocTOSIHHBI TOK;

2. a.c. (alternating current) — mepeMeHHbBIH TOK;

3. s.a. (sectional area) — ruroIa b MOMEPEUHOTO CCUCHHUS;

4. b.p. (boiling point) — Touka KUTICHHS 1 Ip.

Takue cokpaieHus B MepeBojie JTOJDKHBI paciu(pOBBIBATHCS U 1aBAThCS
MOJIHBIM 0003HAYEHUEM;

2) HEKOTOpPBhIC CJIOBA WJIM BBIPQKCHUS B AHIJIMHCKOM TEKCTE COJEPIKAT
qy)KIbIM Halmemy s3bIKy oOpa3. [Ipu mepeBoje OHM JODKHBI 3aMEHSATHCS
aHalloraMu, T. €. BBIPAXCHHUSIMH, COOTBETCTBYIOIIMMH IO CMBICTY, HO OoJjee
OOBIYHBIMU JJISI PYCCKOTO TEKCTa, HAIIPUMED:

Hcxoonvii  mexcm: We have learned to manufacture dozens of
construction materials to substitute iron.

Bmecto dozen (mroxuHa) B pYCCKOM SI3BIKE OOBIYHO B TaKWX CITydasx
YHOTPEOIISIETCS CIIOBO JIECSTOK, IOATOMY ATO MPEAJIOKEHUE MbI IEPEBOIUM:

llepesoo: Mpl HaydywiIHCh TPOUZBOJAUTH JIECSITKA  CTPOUTEIBHBIX
MaTepHaoB, 3aMEHSIOLINX JKEJEe30.

Bo MHOrmX ciy4asx oOmpaBJaHHBIM H HEOOXOAWUMBIM  SBISICTCS
MPUMEHEHUE TEePEBOTYECKUX TpaHChOpMaIliii, BEellb 3a4acTyi0 BCTPEUYAIOTCS
HAyYHO-TEXHUUYECKHUE TEKCThI, YACTH U JaXKe OTICIIbHBIC MPEAJIOKEHHUS KOTOPHIX
HE MOAJAI0TCS JOCIOBHOMY MEPEBOJY, MO0 B CHIIy OCOOEHHOCTEH KOHCTPYKIIHH,
HECBOMCTBEHHBIX PYCCKOMY SI3BIKY, JINOO B CBSI3H C TIPUCYTCTBUEM B TEKCTE TEX U
WHBIX HE TIOJYIAIOIIUXCS TIEPEBOTy 000POTOB, BHIPAKEHUH WIIM TEPMUHOB.

Bce Buawsl npeobOpazoBanuii wim TpaHchopmaiuii, OCYIIECTBISIEMbIX
B IIPOIIECCE TEPEeBOJa, MOXKHO CBECTH K YETBIPEM DJJIEMEHTApHBIM THUIIaM,
a UIMEHHO:

1. IlepecTaHOBKH — 3TO U3MEHEHHUE PACIIOJIONKEHUS SI3BIKOBBIX AJIEMEHTOB
B TEKCTE TEPEeBOJIa IO CPABHEHUIO C TEKCTOM TOJJIMHHUKA. DJIEMEHTaMH,
MOTYIIIUMHU TIOJABEPTaThCA TEPECTAaHOBKE, SIBJISIOTCS OOBIYHO CJIOBA, CIIOBO-
COUYCTaHUs, YACTH CJIOKHOTO TMPEIOKEHUS U CaMOCTOSATEIBHBIC TIPEIIOKCHHS
B CTPOE TEKCTAa.

2.3ameHbl — HauboJsiee pacIpOCTPAHEHHBIH M MHOTOOOpA3HBIA BHU]T
nepeBoaueckor Tpancopmanuu. B nporecce nepeBoaa 3aMeHe MOTYT MOABEP-
raTbCsl KaKk TpaMMAaTHYECKHUE CIUHUIIBI, TaK M JICKCUMYECKHE, B CBS3U C YEM
MO>XHO TOBOPHUTH O TPAMMAaTHUYECKHX M JICKCHYECKUX 3ameHax. K rpammaru-
YECKUM JK€ OTHOCSITCS CJICIYIONTUE TUTIBI: 3aMeHa (popM CiI0Ba, 3aMeHa YacTe
peur, 3aMeHa WICHOB MPEII0KEeHUS (TIEPEeCTPOKa CHHTAKCHIECKON CTPYKTYPhI
MIPEIIOKECHHMS ), CHHTAKCHYECKUE 3aMEHBI B CIIOYKHOM TIPE/ITIOKEHHUMU.

3. loGaByieHus. DTOT THI TMEPEBOAYECKON TpaHcopmamu OCHOBaH
Ha BOCCTAHOBJICHHH TIPH TEPEBOJIC OMYIIEHHBIX B MHOCTpaHHOM s3bike (M5)
«YMECTHBIX CIIOBY.
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4, OHYH_ICHI/IG — SBJICHHUC, IIPSAMO IIPOTHBOIIOJIOXKHOC I[06aBJIeHI/I}O.
HOI[ OIMMYIICHUECM HMCCTCA B BHUAY OIIYIICHUC TCX HIIM HHBIX «U30BITOYHBIX))
CJIOB IIpU IIEPEBOJE.

PaccmoTpuMm npumeHeHue ATUX TpaHchopmanuidi Ha - CIEAYIOIIMX
npumepax. [loa kaxapIM U3 MPUMEPOB MPUBEIEM aHATU3 TpaHCHOPMALIHA.

1. Ucxoouwii mexcm: The installation includes four closed circuit grinding
lines regulated by individual control systems, plus separate Belt-Meter units that
measure and record total tonnages of plan output — iron concentrates and pyrites.

llepe6oo: YcTaHOBKa BKJIIOYAET B C€€0S YETHIPE 3AMKHYTHIX JIMHHUH
IHJ'II/I(i)OBKH, KOTOPBIC PCTYIHUPYIOTCA OTACIbHBIMH CUCTCMaMU VYIIPABJIICHHA, a
TAKXKXE OTACJIbHBIC KOHBeﬁepHBIC JICHTBI, YTO TIIO3BOJISACT IIPOU3BOAUTDH
U3MCPCHUA W yUCT 06]].[61“0 TOHHAa>xa IIJIAaHOBOI'O BbIXOJad KCIJIIC3HBIX
KOHICHTPATOB U IIMPUTOB.

Ha »tom npuMepec ™Mbl BHIHUM, YTO MHOT'OKOMIIOHEHTHBIHN TCPMUH
«Belt-Meter», He uMeromuMii SKBHBAJICHTA B PYCCKOM sI3bIKE, OBUT 3aMEHEH
Ha OJIN3KOE 110 CMBICITY CJIOBOCOYCTAHHUC «KOHBGﬁGpHLIG JICHTBD). CJ'IGI[yeT
OTMCTUTDL, 4YTO JdaHHAasd 3aMCHa HC H3MCHHJIA CMBICJIA IPCIOKCHHA, TAK KaK
tepmuH «Belt-Meter» B 10CIIOBHOM IepeBojie 03HAYaeT TO SIBICHHE, KOTOPOE
B PYCCKOM 3BbIKY HOCUT HAa3BaHHC ((KOHBeﬁepHaH JICHTa».

Takke B JaHHOM IpUMepe HaONIOAAeTCsl 3aMeHa CYIIECTBUTEIbHOTO
«plan» NpHUJIaraTCJIbHbIM «IIJIAHOBOI'O», 4YTO o0BgcHAETCS Tpe60BaHI/I$IMI/I,
JUKTYCMBIMHU KOHTCKCTOM IIPCAJIOKCHUA.

2. Ucxoomnvitt mexem: One proposal for the mechanism of initiation of
detonation involves grain burning started by means of the compressional heating
of interstitial gases in the pressing.

llepesoo: OnHO U3 TPEMJIOKEHUM 10 MEXaHU3MY HWHUIMUPOBAHUS
ACTOHALIMK HPCAIIojaract CXXUraHuc 3C€pHA IIpU ITOMOIOW KOMIIPECCHMOHHOTO
Harp€Ba MCKY3CJIbHBIX I'a30B B IIPOLCCCC IIPCCCOBAHUA.

[MpousBenena 3amena ciioBocoueTanus «Startedbymeansy, nmepeBoaumoro
KaK «HayaJ C [OMOIIbIO», Ha O0Jee XapaKTepHOE pPYCCKOMY SA3BIKY
CJIOBOCOYCTAHHC «IIPH ITOMOIIIN).

[Mpoussenena amanranwms TepmuHa «lnterstitialy — «uHTEpCTUIIMATBEHBII
Ha PYCCKHM aHAJIOT «MEXKY3I0BOMN.

3. Ucxoouwiti mexcm: Regardless of these details, the temperature can be
altered at least 500° Cby choosing gases with widely different hydrodynamic
and thermodynamic properties.

Ilepesoo: HezaBucumMo OT 3TUX OCOOEHHOCTEH, TeMIepaTypa MOKET OBbITh
MOBBIIIIEHA, MO KpadHei wMepe, no 500° C, mpu ycioBuu BbIOOpa Tra3oB
C CaMbIMHM  PA3JIMYHBIMU THAPOAVMHAMHUYCCKUMHU W TCPMOJMHAMHWYCCKUMU
CBOMCTBaMH.
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B manHoM mpumepe mpousBeleHa 3amMeHa CIIoBa «details» — «nerann,
JJICMECHTHBI» Ha CJIIOBO OCO6CHHOCTI/I, TdK KaK B OdHHOM CcCJIydaC pCib HIACT
AMEHHO 00 O0COOEHHOCTIX MMOBCACHUA TIada IIpH IIPOBCACHHUHU PCaKIUU.
Bo BTOpOﬁ HJacTu IPCAJIOKCHHUA  CACIAHO YTOUYHCHHC  CJIOBOCOUYCTAHUSA
«bychoosing» — «BbIOOp Tra3a», B pe3ylbTaTe 4Yero ObLIO IMOJYYECHO «IIPH
YCJI0BHUHA BBI60pa ra3oB», TaK KaK B JdaHHOM IIPCIJIOKCHHH PCYb UICT O TOM,
9TO UMCHHO O BO3MOXHOCTAX HM3MCHCHHA TCMIICPATYPbI IIPH BBIIIOJHCHHUU
YCJIOBI/Iﬁ IMOCJIC HCIIOJIBb30BAHUA TI'a30B C PA3JIMYHBIMHU THAPOAWMHAMHUYCCKHUMHU
U TCPMOIMHAMHUYCCKUMHA CBOMCTBaMH.

4. Ucxoonwvii mexcm: The results of these tests are shown in Fig. 6; the
fact that these depths of initiation agree within experimental error with the
values for air is taken as strong indication that the temperature of the inter-stital
gas has nothing to do with the mechanism of initiation.

Ilepesoo: Pe3ynbTaThl 3TUX UCIBITAHUHN MpUBENEHBI Ha puc. 6. ToT daxr,
4TO 3TH 3HAUCHHUSA COITIACYIOTCA B IIPCACIaAxX HOI‘pGHIHOCTCfI CO 3HAUCHUAMMU OJIs1
BO3yXa IIPHHATO B KadCCTBC [JOKA3aTCJIIbCTBA TOI'O, YTO TCMIICpATypa
MCIKY3JIOBBIX I'a30B HC HMCCT HHUYCTO 06HI€I‘O C MEXaHU3MOM MHUIIHUAIINN.

HpOI/ISBOI[H I[&HHLIIZ IICpCBOI, OBLIO IMPOU3BCIACHO PA3BCAUMHCHHUC
HCXOOHOI'O IMPCAJIOKCHUA Ha 2 MNpCAIOKCHUA B IICPCBCACHHOM BapHAaHTC, YTO
IIO3BOJINJIO BbBIACIUTH 3HAYHUMOCTDH 000MX 4YacTell aHIJIMHUCKOIO CII0XKHOTO
MMpCaJIOKCHUSI. Takum 06pa30M, OBLI CACJIaH aKIOCHT Ha 00e ero qacTu, 4ToO
oOecrieunsio 6oJiee eCTECTBEHHYIO JUIsl pYCCKOTO s3bIKa (hopMy.

Taxxke B JaHHOM TPEIIOKEHUHN HEOOXOIUMO OBLIIO MPOU3BECTH 3aMEHY
TepMuHa «inter-stitaly, He uMerolero aHajora B pycCKOM si3bIKe, Ha OJHM3KOE
I10 CMBICIIY CJIOBO «MCIKY3JIOBLIX», YTO U 6I>IJ'IO IMPpOACIIAHO.

5. Ucxoounwiti mexem: Temperature differences of several hundred degrees
would have a profound effect on the rate of grain burning or on the rate of
chemical reaction if such temperature changes could be brought to bear on these
processes.

llepesoo: Paznuuusi B TemMmeparype B HECKOJBKO COT TI'PaJlyCOB MOXKET
0Ka3aTb CYIICCTBCHHOC BJIIMAHHNC HAa CKOPOCTb I'OPCHUA 3CPHA UM HAa CKOPOCTH
XUMUYECKON pEeaKIMK, €CIM TaKhue HW3MEHEHUs TEeMIEpaTypbl MOTYT OBITh
IMIPUMCHHUMEI B JaHHBIX IIPOLICCCax.

PaccmarpuBasi maHHBIA TIpUMEp MEpPeBOJA, OTMETHM, YTO 37eCh ObLI
IMIPUMCHCH croco0 MEPpECTAaHOBKH, KOI'JJda HCCKOJBKO CJIOB, B JAHHOM CJIy4dac
«temperature» wu «differences», ObLIM TMepecTaBiICHbl MECTAMH C IIEJIbIO
AOCTHKCHUS JIOTHYHOCTH IIPCIJIOKCHUA IIPpHU IICPCBOJAC HA pyCCKI/Iﬁ A3bIK.

6. Ucxoonwiti mexcm: This low-pressure shot is also shown in Fig. 6, and
again demonstrates that the interstitial gases did not affect the initiation process.
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Ilepesoo: BeicTpen HM3KOTO AaBJEHUS IMOKa3aH TakKe Ha puc. 6, 4To
B O‘IGpG,IIHOfI pa3 ACMOHCTPUPYCT OTCYTCTBHUC BJIMAHUSA IIPOMCIKYTOYHBIX I'a30B
Ha Ha4aJIo IIponecca.

B JaHHOM IICPCBOAC ObLIa IIPOU3BCACHA 3aMCHA MHOT'OKOMIIOHCHTHOI'O
TCPMHUHA «Iow—pressure shoty wHa wHaubosee nmoaxogaAmee CJI0BOCOUECTAHUE
«BBICTPCII HU3KOI'O JAaBJICHUA, YTO 00BsICHIETCH H€O6XOI[I/IMOCTLIO aJgariTalinimn
JAaHHOI'O MHOT'OKOMIIOHCHTHOT'O TCpMHWHA OTCYTCTBHUCM 3KBHUBAJICHTA B PYCCKOM
A3BIKE.

7. Ucxoonwii mexcm:. For this discussion, static compression stress or
static shear stress can be considered the stress which is exerted on the elastomer
by normal rated torque delivery.

Hepeeod: B »tom ClIydyac CTAaTHYCCKUM HAIIPSIKCHHUCM CXKaTHuA HWIIN
CTaTHUYCCKHUM HAIIPSIKCHHUCM CIABHUI'd MOJKHO CUHHUTATL TO HAIIPAKCHHC, KOTOPOC
OKa3bIBACTCA Ha 3JIaCTOMCP HOPpMAJIbHBIM HOMUHAJIBHBIM KPYTAIIUM MOMCHTOM.

B AJaHHOM CJIydaC IIPOHU3BCACHA 3aMCHa CJIOBOCOYCTAHUA «for this
discussion» — «B 3ToM 00CYyKIeHUN» Ha O0Jiee XapaKTepHOE PYCCKOMY Hay4HO-
TCXHHYCCKOMY CTHIIIO CJIOBOCOYCTAHHUC «B 3TOM CJIYdac».

9. Ucxoonwii mexcm: Static stress, if held to practical limits, is not the
major criterion for determining service life of the elastomer.

Hepeeod: CraTtuueckoe HAIIPAKCHUC HE SABJLACTCSA OCHOBHBIM KPHUTCPUCM
AJI OIIPCACIICHUSA CPOKa CJIy>K6LI 9JIaCTOMCPOB.

HpI/I IePeBOAC HAHHOI'O IIPCHIOKCHHA HCIIOJIb30BAH MCTOJ OIIYIICHHA,
B pe3ynbrate KoToporo (pasa «if held to practical limitsy — «B caydae
MIPAKTUYECKUX OIPAHUYECHHI» OIIyIlEHAa, TaK KaK IPU IEPEBOJIE HA PYCCKUU
SI3BIK BUAUTCS HE BaXKHOM.

10. Ucxoouwiti mexcm: Important, too, in obtaining maximum service life,
is prevention of a return to zero strain once the initial strain due to normal
operation is applied.

Ilepesoo: Kpome TOro, BaXXHO TOOMTHCS MaKCUMAJIBHOTO CPOKa CITY>KOBI,
KOTOPBIM 3aKJII0YaeTcs B MPEAOTBpAIICHUH BO3BpaTa K HYJIO AehopMaiiiu
MOCJIe HavaIbHOU ehopMaIiuu B poliecce HOPMaIbHON IKCILTyaTallHH.

B naHHOM mnpumepe mepeBod MPEIOKEHHUS OCYLIECTBIEH METOA0M
KaJIbKUPOBAHUA, T.C. IIPU MEPCBOJAC MAKCUMAJILHO COXpAaHCHA CTPYKTypPa UCXOAHOI'O
MNpCAJIOKCHUA, YTO BO3MOKHO O6’b}ICHI/ITB BCJICACTBHUC CXOKCCTH KOHCTPYKIHU
npeutokenus, kak B S, Tak u B si3bike nepesosa (I1151).

11. Hcexoonwiti mexcem: Selection of a specific elastomer to perform the
specific duties must include consideration of many factors.

Ilepesoo: Tlponecc BbIOOpa KOHKPETHOTO 3jacToMepa ISl BHIIOJHEHUS
KOHKPETHBIX 3a7a4 JIOJKEH BKJIIOUYATh B ce0s1 paCCMOTPEHHE MHOTHX (paKTOPOB.
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HpI/I epeBoac JaHHOT'O MPCIJIOKCHHA IMPpHUIIOCH CTOJIKHYTBCA
C IOBOJIbBHO PpPCAKMM I IICPpCBOAA HAYYHO-TCXHHYCCKHUX TCKCTOB, BHIAOM
nepeBoYecKo Tpanchopmaiuu — jnoOaBiaeHueM. Tak, ¢ IENbI0 YTOYHEHUS
CMBbICJIa MTPCAJIOKCHHA B HETO OBLIIO BBCACHO CJIOBO «IIPOLECCCH», OTCYTCTBYIOIICC
B UCXOJJHOM BAapHUAHTC TCKCTA.

12. Ucxoomnwiti mexem: There is no one material which will satisfy all
requirements in all applications.

llepesoo: CyliecTByeT MHOXXECTBO MAaTEpUANIOB, KOTOPHIE YJIOBIECTBOPSIOT
BCEM Tpe60BaHI/I$IM BO BCEX 3aJaydax.

B mannom ciygae ¢pasa «There is no one material», nepeBoaumast kak
«CymeCcTByeT HC OJIMH Marcpualln», HC BIIMCBIBACTCA B Tpe60BaHI/IH,
NpCABbABIICMBIC K HAYYHO-TCXHHUYCCKOMY CTUJIKO PYCCKOI'O SA3bIKa, B PC3YyJILTATC
yero ObUIO MPUHSTO pellIeHHE O €€ 3aMeHe Ha (Ppa3y «CyllecTByeT MHOKECTBO
MaTCpUuajIoB», 4TO OoJtee IIPpaBHUJIBHO. B >ToMm xe IMIpUMECPC UCIIOJIb30BaH MCTOJ
3aMEHBI, MPH HCIOJb30BAHUN KOTOpOro cioBocoderanue «in all applicationsy
(«Bo Bcex mporpaMmax») ObUIO 3aMEHEHO Ha CIIOBOCOYETAHHUE «BO BCEX 3aa4axy.

13. Ucxoonwiti mexcem: One of the major problems encountered in the
operation of high-enthalpy test facilities is the determination of high stagnation
temperatures (T =4,000° R).

llepeeoo: OnHON W3 OCHOBHBIX MPOOJEM, BO3HHUKAIOIIUX IpPU padoTe
BBICOKOM JHTAJIILINU OOBEKTOB I/ICHBITaHI/Iﬁ, ABJISICTCSA YCTAHOBJICHHMEC BBICOKHX
temriiepatyp Topmoxkenus (7 = 4000 ° K).

B nmanHOM mnpuMepe HCHOJIB30BaH METOJ KallbKUPOBAHUSA, KOTOPBIU
IMOJIHOCTBIO COXPAaHWJI CTPYKTYPY U CMBICI HCXOIHOI'O IIPEJIOKEHUS.

14. Ucxoonwiti mexcm: Since these temperatures normally exceed the
capabilities of available thermocouples, it is often necessary to resort to one of
the various optical methods — such as pyrometry or the sodium-line reversal
technique — for the determination of these temperatures.

llepesoo: TlockonbKy 3TH  TeMHeparypbl OOBIMHO  MPEBBILIAIOT
BO3MOJKHOCTH HMEIOIIUXCS TepMomap, I OIpPEACIICHUS DTUX TEMIIEpaTyp
9aCTO IIPUXOIUTCA HpI/I6eFaTB K OIJHOMY M3 PA3JIMYHBIX OIITHYCCKUX MCTOIOB,
HaIlpuMep K TUPOMETPUH WIIM METOAY HATPUU-ITMHEHMHOro 00palleHus.

IIpu ocymiecTBieHHH JaHHOTO TMEpeBojAa ObLIa MPOU3BEICHA TepecTa-
HOBKa, B pe3y/jbTare KOTOpoil uacTh mpemiaoxenus «for the determination of
these temperatures» ObuTa TIepeBeieHa U TIepecTaB/icHa B HAYAI0 MPEIOKECHUS
C ILEJBI0 ajanTaluy IIEpeBOoJa I0J IIpaBMJla PYCCKOTO S3bIKA WU IIOCJIENO-
BAaTCJIbHOCTH U3JIOXKCHHA MaTCpHaia.

15. Ucxoonwii mexcm: In the present analysis this method was applied to
determine stagnation temperature for stagnation pressures ranging from 100 to
1,000 atm.
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llepesoo: B panHoMm aHanmmu3e OTOT MeToA ObUl TPUMEHEH JJIs
OTNpENCIICHUS] TEeMIEpaTypbl TOPMOXKEHUS TIPU TOPMOKEHUU JABJICHUS
B nuamna3oHe ot 100 mo 1000 aTm.

B nmanHOM ciydae Obuia mpou3BeneHa 3ameHa (paser in the present —
«B HACTOSILIEM aHaimu3e» Ha ¢pa3y, Ooybllle MNOAXOAANIYIO [JIi HAy4dHO-
TEXHUYECKOTO CTUJISI PYCCKOTO SI3bIKa, @ UMEHHO Ha «B TAHHOM aHAaJIU3e».

16. Ucxoonwiti mexcm: A one-dimensional analysis of the flow is used to
evaluate the mass flow per unit area at the throat of a nozzle for various
stagnation pressures and temperatures.

Ilepesoo: ONHOMEpHBIA aHaIW3 MOTOKA ra3a MCHOJIb3YEeTCS ISl OLIEHKU
NOTOKA MAaCChl HA €UHUILY ILUTONIAAN B TOPJIE€ COILIA MPU PA3IMYHbIX JABICHUIX
Y TeMIIepaTypax 3acTosl.

JlaHHBIN npuMep SIBISIETCS 00pa3lioM KalbKUPOBAHUs, TaK KaK MPU €ro
MepeBOJIc yAal0Ch MOJHOCTBIO COXPAHUTh U CTPYKTYPY, U CMbICA. EauHCT-
BEHHOU TpaHc(opMaleid, UCII0JIb30BaHHOM B JaHHOM IEpEBOjIE, CTaja 3aMeHa
TepMuHa «One-dimensional» Ha pycckoe COOTBETCTBHUE «OJHOMEPHBI.

17. Uexoonwiti mexem: Starting with an assumed stagnation pressure and
temperature, an initial value of stagnation entropy was obtained from published data.

llepesoo: HaumHasi ¢ TpeAnoioKUTEIbHBIX JaBICHUS U TEMIIEpPaTyphl
TOPMOXXEHUSI, HAyaJlbHOE 3HAYEHHUE DHTPONUM 3acTOS OBLJIO TOJIYYEHO
13 U3BECTHBIX JIAHHBIX.

Ha nanHom npumepe MOKHO OTCIIEIUTh MPUMEHEHUE 3aMeHbl. Tak, CJI0BO
«publishedy, mepeBoauMoOe Kak «OMyOJIUKOBAaHHBIX», OBLIIO 3aMEHEHO Ha CJIOBO
«U3BECTHO», UTO 00Jie€ YMECTHO Y4YWUTHIBasi KOHTEKCT M TpaBUjia HAY4YHO-
TEXHUUYECKOTO CTUJISL PYCCKOIO SI3bIKA.

18. Ucxoonwiti mexem: The spread between the ideal-gas and real-gas
curves becomes larger as the stagnation pressure is increased.

Ilepesoo: PazHuiia Mexay KPUBBIMU HJI€AJILHOTO ra3a U pealibHbIX T'a30B
CTaHOBUTCS BCe OOJIbIIE, KOTJA JaBICHHE TOPMOKEHUS YBETUINBACTCS.

Ha nannom mpumepe MOXHO HabmoAaTh 2 BUJa TpaHchopmaiuidi — 3TO
3aMeHa M TIepecTaHoBKa. Tak 3ameHa Obuta caenaHa Il TOTO, YTOOBI
HE COBEPIIIMTh HEONpaBIaHHOE 3aMMCTBOBaHHME cjoBa Spread — «cmpamy. s
3TOr0 OBLIO TOJ00paHO HauboJee MOAXOJAIICE IO CMBICIY PYCCKOE CJIOBO
«pazuuliay. B pesynbpTaTe Npou3BeAeHHON 3aMEHbI PEAJIOKEHUE HE TTOTEPSIIO
CBOETO CMBICJIA, YTO TO3BOJIIET TOBOPUTH 00 YJAYHOCTU MPUMEHCHUS
TpaHcopmaruu.

Bropeim BuaoMm TpaHchopmaruii, HCHOJB30BAaHHBIX TIPH TIEPEBOJIC
JAHHOT'O TIPEJIOKEHHUsI, cTajla TepecTaHoBKa. [lepecTaHOBKa KOCHYJAach CJIOBa
CUIves, KOTOpOe B MCXOAHOM TEKCTE CTOSUIO TIOCJIE MpHUilarareibHbIX, HO OBLIO
MEPEHECEHO Mepel HUMU, YTO TO3BOJIMIIO CACNATh MPEAJI0KEHUE OCMBICIICHHBIM
Y 3aKOHYEHHBIM.
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1.4.1. Ilpasuna pepepuposanusn

B coBpemeHHOM Mupe crenuaiucty HEOOXOAMMO YCBauBaTh OTPOMHOE
KOJIMYECTBO WHGOpMAIMU KaKk Ha POJHOM, TaK M HAa WHOCTPAHHOM S3bIKE.
BakHpIMM MHCTpYMEHTaMH B Ipoliecce oOMeHa MHpopMalueil U ee YCBOCHMUs
CTaHOBATCS aHHOTAIMS U pedepar, OCHOBHBIM Ha3HAUEHUEM KOTOPBIX SIBISIETCS
nepesaya OCHOBHOTO COJEpXKaHUS B MAaKCHUMAJIBHO CXXAaToM U 0000IIEeHHOM
BHJIC.

B nanHOoM mocoOum MBI yXKe paccMaTpUBaIM TEOPETUYECKHUE OCHOBBI
U OTIpeNieTICHUs] aHHOTauuu u pedepara. OCTaHOBUMCS Ha MPAKTUUYECKOM
COCTaBJISIFOLIEH MMPOLIECCOB aHHOTUPOBAHUS U pepepupoBaHus.

Pedepar cocrtaBnsiercss myTeM CBEpThIBaHHMS OCHOBHOM WH(MOpManuu
NEPBOMCTOYHUKA, BbIOOpa U pedepaTuBHOM QOpMBI Mepesadr HaydHOU
uH(GOpMaIMU TI0 CIEIYIOIIENH CXEME:

1. BBogHas yacTe. WM3mararorcsi MCXOJHBIE JIaHHBIE IEPBOMCTOYHHKA
(Ha3BaHUe, aBTOp, MECTO MU3JIAHWSI, TO U3AHUS U T. 11.)

2. OcHoBHas yacTh. M3naraercs OCHOBHOE COJIEp)KaHUE [IEPBOUCTOUYHHUKA.
[lepenaya OCHOBHOrO coOJEpKaHUSl HAUMHAETCS C YKa3aHWs TJABHOM TEMBI
Y TJIAaBHOM MBICIIM  pedepupyeMoro NepBOMCTOYHMKA. Takas mocneaoBa-
TENbHOCTh H3JIOKEHUS HeoO0XoAuMa sl TOro, 4ToObl C camMoro Hauaja
COPUEHTUPOBATh YWTATEISl OTHOCUTENIBHO OCHOBHOIO COJEpXaHUs NEpBO-
UCTOYHMKA MW €ero HMHPOPMALMOHHOM UeHHOCTH. MHorma B camoMm
IIEPBOMCTOYHUKE TJIABHASI MBICIIb CTAHOBUTCS SICHOM JIMIIb IIOCJIE MPOYTECHHS
BCcero Marepuaia. B Tex ciydasx, Korjaa riiaBHasi MbICJIb B IEPBOMCTOYHHUKE HE
chopMyIMpOBaHa, HEOOXOAUMO CAMOMY CXaTo C(HOPMYJIUPOBATh TJIABHYIO
MbIC/Ib. M3JI0)KEHWE OCHOBHOTO COJEpKaHUS NEPBOMCTOYHUKA ITPUBOJMUTCS
B COOTBETCTBUU C JIOTMYECKUM IUIAHOM, OTPAKAIOMIMM JIOTUKO-CMBICIOBYIO
CTPYKTYpY TekcTa nHpopmannu. OJIHAKO JOTHUKA U3JI0KEHHUS B pedepare MOXKeET
HE COBHAAaThb C JIOTUKOW W3JIOKEHUS MaTepuansa B IIEPBOUCTOYHHKE.
Mo>kHO neperpynnupoBath  MOCIEAOBATENbHOCT  M3JIOKEHHs  UH(pOpMa-
LIMOHHBIX MOJIOKEHUI MepBoUCcTOYHUKA. ClieyeT MOMHUTh, 4TO pedepar — 3To
CaMOCTOATENBHBI TEKCT CO CBOEH JIOTUKOW W3JI0KEHUs WH(POpMaIlUn
NEePBOUCTOYHUKA. BOT moyemy pexoMeHyeTcsl CHayana COCTaBUTh JIOTUYECKUMA
iaH pedepara, a TOTOM NEPEXOAUTH K pePepupOBaHUIO.

3. 3axmouenue. Jlaercs oleHKa MNEPBOMCTOYHUKA: MOJYEPKUBACTCS
aKTyaJIbHOCTb TEMbI, YKa3bIBAE€TCS HOBU3HA U LIEHHOCTh MH(OPMAIUH.

XapakTepHoil uepToil pedepara sIBIsIETCS YETKOCTbh, SICHOCTh U KPATKOCTh
U3JI0KEHMS COJIEPKAHMS IEPBOUCTOYHHKA.
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1.4.2. Ilpasuna cocmasnenusn annomayuu

AHHOTaHI/IH JAO0JDKHAa BKIHOYATh XaPaKTCPUCTUKY OCHOBHOU TCMBI,

npo0iieMbl HAYYHOM CTaThM, IeIM padOThl U ee pe3ynbTaThl. B aHHOTammu

YKa3bIBarOT, YTO HOBOI'O HCCCT B cebe JdaHHaA CTAaTbia B CPABHCHHUH C APYI'UMU,

POACTBCHHBIMHU I10 TCMATUKEC U LICJICBOMY HA3HAYCHUIO.

AHHOTALMSA JOJKHA OBITH:
1) TaKOHUYHON;

2) KIUIIAPOBAHHOM (COOTBETCTBOBATH HOPMaM H3JI0KCHHS);

3) yYUTBIBATh BUJ HAYYHO-TEXHUYCCKOM JTUTEPATYPHI;

4) co0ar0aaTh TOYHOCTH IIEPEBOJIA;

5) UCOap30BaTh OOIICTIPUHATEHIC COKPAIICHHUS,

6) ©UMETh €IUHCTBO TEPMHHOB U 0003HAUYCHHUI.

[Ipu cocraBneHun pedepara U aHHOTAIUH MOTYT OBITH HCIIOJIb30BaHBI

CICOAYIOIHC KIINIIIC:

BBoaHas yacthb

3aroJioBOK TeKCTa (CTaThH)...

The title of the text (article) is...
The headline of the article is...

TekcT (cTaThs) o3arnasiieH(a)...

The text (paper) is entitled. ..

[TpounTaHHBIH(as1) MHOIO
TEKCT(CTaThs) HA3BIBACTCH. ..

The text (article) | have read is
called...

Tekcr (cTaThs), KOTOPHIN(YIO) MHE
ceifuac xouercs 0OCyAUTb, ....

The (text) article under discussion
s ..

3aroJ0BOK MPUOTKPHIBAET. . .

The headline foreshadows...

Ony6nukoBan(a) Ob11(a) B
<HCTOYHUK> B <Jgara~>

It was published in... on...

TekcT (cTaThst), KOTOPHIHA(YIO)

s cefyac Xouy NpOaHAIM3UPOBATh M3. . .

The text (article) I’'m going to give
a review of is taken from...

ABTOp 3TOr0(0i) TEKCTA(CTATHH)...

The author of this text (article) is...

Omn(a)nanucan(a) ...

It is written by...

OcHoBHAA 4aCTh

Tekcr (cTaThs1) ”HGOPMHUPYET O...

The text(paper) provides information on. ..

Tekct (cTaThs) BBIIBUTAaeT IpoOsIemy...

The text (paper) suggest the problem...

B tekcTe (cTatbe) comepKUTCs camas
HOBeHas nHdopmalys o...

The text (paper) contains the most
up-to-date information on...

B tekcte (crathe) obcyxmaaeTcs...

The text (paper) discusses...

paccMaTpHUBaAETCA. ..

considers...

aHaJIM3UPYETCH...

analyzes...

coo01aercd o...

reportson. ..
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3aTparuBacTCA...

touchesupon...

B tekcre (cTrathbe) uccienyrorcs
o0111e MpoOIEMBI...

This text (paper) explores common
problems...

TiaTenbHO paccMaTpUBAETCS. ..

A careful account is given to...

IToapoOHO (KpaTKO) ONMHUCHIBAETCH. ..

A detailed (brief) description is given to...

L[eJIBIO HCCICA0OBaHUA ABUIIOCH...

The objective of the study was...

Ilenb TekcTa (CTAaThN)...

The purpose of the text (paper) is...

MHoro (MaJio) BHUMaHUs YACJICHO...

Much (little) attention is given to...

B tekcre (crarhe) BHUMaHUE
CKOHIICHTPUPOBAHO HA...

The text (paper) concentrates on...

B tekcre (cTarhe) BBIIBUTACTCS HIEA. ..

The text (paper) puts forward the
ideas. ..

JlenaeTcs nomnbITKA. ..

An attempt to... is made.

Hacrosmiee ucciaenoBanue aBiasgeTCs
MOIIBITKOM. ..

The study is an attempt to...

OO6Cy>X1ar0TCs TaHHbBIC TI0...

Data on... are discussed.

OOGcysxmaeTcst BIUSHHUE. ..

The effect of... on... is discussed.

IIpoBOoaUTCS CpaBHEHUE C...

A comparison of... with... is made.

OnuceIBalOTCS METOJIBI,
HCTOJIb3YEMBIC JIJIS...

The methods used for... are discussed.

IIpemiaraercst METOLL. ..

A method of... is proposed.

IIpencraBiieHbl pe3yabTaTHL...

The results of... are presented.

Tekct (CTaTbﬂ) OXBAaTbIBACT TAKHC
BOIIPOCHI, KaK...

The (text) paper covers such points
as..

Oco0bIil HTHTEPEC NMPEICTABIISET. .

Of particular interest is...

IIpenmonaraercs, 4ro...

It is assumed that...

YTBepxkaaercs, 4uro...

It is claimed that...

IToguepkuBaercs, 4To...

It is pointed out that...

OcoOBbIii aKIIEHT ClIeIaH Ha...

Particular emphasis is placed on...

3aKJII0YUTEIHbHAA YACTh

IIpu3HaHo, 4ToO...

Itisrecognizedthat. ..

IToka3zano, 4To...

It is shown that...

Haiineno, gto...

It is found that...

TekcT (cTaThsl) IpeACTaBISIET UHTEPEC,
IIOTOMY YTO...

The text (paper) is of interest,
because...

Texcr (cTaThs) mpeacTaBiIseT OOJIBIION
MHTEPEC, IOTOMY YTO...

The text (paper) is of great interest,
because...

Nudopmanus Tekcra (CTaThu)
3Ha4YMMa, MOTOMY YTO...

The information is of value,
because...

TekcT (cTaThsl) HE IPEACTABIISACT
MHTEpECa, MOTOMY YTO...

The text (paper) is of no particular
interest, because...

Hackosbko s Mory cyauTs. ..

As far as [ am able to judge...
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S HaX0XKy TEKCT (CTaThIO)

CKy4HBIM(OH1) | have found the text (article) dull
/BasxHbIM(0H )/ HHTEpECHBIM(0 )/ / important / interesting /of great
uMeronuM(eit) 6oJIbIIoe 3HAaYCHUE value

(1IEHHOCTB)

PaGora mo pedepupoBaHHIO HCTOYHWKA WH(POpPMAIUK TPEICTABISET
co00¥i ONpeIeICHABIN aTOPUTM MOCIEA0BATEIbHBIX JICHCTBUIA:

1. Yrenne 3arosioBka (C 1EJbIO MPOTHOUPOBAHUSA TEMBbI, UJIEH,
OCHOBHOI'O COAEPKaHUS CTAaTbH).

2. O3HaKOMUTEJIBHOE UYTEHUE TEKCTa (C IEbI0 MOJIYYUTh MPEICTABICHHE
0 €ro OCHOBHOM COJICP’KaHUH).

3. BHnMarenpbHOE W3yYeHHE KOMIIO3UIIMOHHO-CMBICIOBONW CTPYKTYPHI
TEKCTa, BEIYJICHEHHUE €r0 CMBICTIOBBIX OJOKOB.

4. BolusieHEHHE KITIOYEBBIX CJIOB M CJIOBOCOYETAHHUH, BBIPAKAIOIINX
OCHOBHBIE HH()OPMAIIMOHHBIE TIOJIOKEHUSI.

5. CocTaBieHre JOrMYeCcKOro TIIaHa.

6. CocraBneHus miaHa pedepara.

7. CocraBnenue pedepara.

AJTOPUTM COCTABJICHWS AHHOTAIIMA MOXKHO MPEACTABUTH CIEAYIOIINM
o0Opazom:

1. UteHue Tekcra.

2. OmnpeneneHne TeMbl U aKTYaIbHOCTH COOOIICHHS.

3. OnpenenceHue MO3UITMN aBTOPA K pacCMaTpuBaeMou IIpodieme.

4. BeisiBneHue  HeoOXOJMMOW  HMHTEpPECHOH, HOBOM  uH(Opmanuu
II0 PACKPBIBAEMOU TEME.

5. Ompenenennie pe3ynbTaToOB, K KOTOPBIM MPUXOIUT aBTOP.

6. V3noxxeHne cienaHHbIX aBTOPOM BBIBOJIOB.

K kaxmoMy KOMIIOHEHTY aHHOTAIlMU CIIeyeT mucaTh He 0ojee OgHOro—
ABYX TpemsiokeHUi. B OONBIIMHCTBE ClydaeB MPU COCTABICHUN AHHOTAIUH
HCIIONIE3YIOTCSI HE BCE €€ KOMITOHEHTHI. BEIOOpD KOMIIOHEHTOB M MX KOJHMYECTBO
3aBHCHT OT 00beMa U COAepKaHMs TEKCTa / CTaThH.
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I'JIABA |l. TIPAKTUKA IIEPEBOJIA

Text A

llepeseoume mexcm.

Theories of gravitation

Part 1

One of the most obvious properties of the world is that if you hold a stone
in your hand and release it, then the stone falls. Although we now know that the
Moon orbits the Earth and the planets orbit the Sun because of the same force
that makes the stone fall, this was not suspected by early scholars. Aristotle put
forward his ideas on why objects fall to Earth, and also on motion in general,
in works written around 330 BC.

Avristotle argues that the stone falls because it has a "nature within it"
which causes its motion to its natural place which is the centre of the Earth.
Natural motion of the heavenly bodies, according to Aristotle, is circular. Other
ideas which he put forward were that an object moving at constant speed
requires a continuous force acting on it to maintain that speed. He also argued
that force can only be applied to an object through contact.

As well as natural motion there is unnatural motion, as for example when
a stone is thrown upwards. However such unnatural motions are short lived
(since continual application of force is required to maintain motion) and the
"natural desire" of the stone to return to the Earth takes over and then natural
motion returns the stone to Earth. Aristotle also believed that heavier objects fell
more rapidly than lighter ones. This of course is a reasonable assumption, for if
you hold a feather in one hand and a brick in the other and let go each at the
same time then the brick will certainly hit your toe first. This, of course, is
because of resistance of air, but to Aristotle it was simply clear that the heavier
object fell more rapidly.

Although these ideas of Aristotle are completely wrong, they are
important since they were accepted for nearly two thousand years. Perhaps most
significantly for the development of science in Europe, Aristotle's ideas of
physics were taken on board by the Christian Church. This had the effect of
making it much more difficult for scientists to demonstrate that Aristotle's
physics was false.

Although Galileo and Kepler did not put forward theories of gravitation as
such, nevertheless they each made significant contributions which set the scene
for later developments in gravitational theory. Their contributions which we
now discuss were not thought at the time to be in any way connected, for
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Kepler's contribution concerned the orbits of the planets round the Sun while
that of Galileo concerned motion and the acceleration of falling objects. We now
know that both contributed to an understanding of gravity, but at the period
when they worked no connection between falling objects and planetary motion
was suspected.

Kepler's first two laws of planetary motion are: (1) a planet moves round
the Sun in an ellipse with the Sun at one focus, and (2) a line joining the planet
to the Sun sweeps out equal areas in equal times as the planet describes its orbit.
As well as giving a simple mathematical model for planetary motion, these laws
were highly significant since they stated for the first time that the motions of the
heavenly bodies are not composed of circular motion.

Galileo showed that Aristotle was wrong to claim that for a body to
continue to move at a constant speed, a force must be applied. On the contrary,
he showed that a body which is not acted on by any force will continue in
constant motion. Galileo experimented by letting objects fall toward the Earth,
and he discovered that they underwent constant acceleration. Carrying out
experiments, Galileo showed that the distance a body travels as it falls is
proportional to the square of the time. However, stating the results in this way
does little to show how brilliant they were, for they overturned the ideas of
gravity as put forward by Aristotle which had been accepted as fact for nearly
2000 years.

It was not just experimental evidence that Galileo used to show that
Aristotle's theory of falling objects was incorrect, he showed by logical
argument that Aristotle's ideas do not make sense. In Dialogue Concerning the
Two Chief Systems of the World (1632) Galileo argues as follows. Suppose we
have two stones, the first being lighter than the second. Release the two stones
from a height to fall to Earth. Stone 2, being heavier than stone 1, falls more
rapidly. If they are joined together, argues Galileo, then the combined object
should fall at a speed somewhere between that of the light stone and that of the
heavy stone since the light stone by falling more slowly will retard the speed of
the heavier. But if we think of the two stones tied together as a single object,
then Aristotle says it falls more rapidly than the heavy stone. How do the stones
know if they are one object or two? Aristotle's theory is inconsistent. Galileo had
produced a stunningly clever "thought experiment" which is always more
significant in experimental evidence which could easily have been incorrectly
collected.

There are other stunningly innovative ways of thinking by Galileo.
Up until this time people had watched a pendulum swinging and seen the bob of
the pendulum going back and forward. Galileo, however, saw that the bob went
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up and down. He essentially saw the movement as composed of vertical and
horizontal components with gravity being the force in the vertical direction.
Although the time taken for the bob to rise and fall depended on the length of
the pendulum, it did not depend on the weight of the bob. Again his argument
showed that, ignoring the resistance of the air, the time taken for an object to fall
from a given height did not depend on its weight. Rolling balls down inclined
planes also allowed Galileo to examine the downwards component of the speed
of fall.

We should realise that there are two aspects to questions about gravity.
There is the physics of the situation which involves finding the equations which
govern bodies acted on by gravity, and for this a proper understanding of the
laws of mechanics is required. Then there is the more philosophical question of
why the laws hold, what is the mechanism which leads to the observed
gravitational effects. Aristotle's theory covered both aspects with a description
of how bodies reacted under gravity and also a reason for the effects, namely the
"natural tendency" of a stone to produce motion to bring it to its natural place on
the Earth. Both aspects are, of course, quite incorrect. Galileo made a staggering
advance in understanding mechanics and the way bodies move under gravity,
but he did not tackle the reasons for objects to behave as they do. Descartes, on
the other hand, produced an explanation of gravity based on his philosophical
principles.

Exercise 1. [lepeseoume cnosa.

OYEBUJIHBIC CBOMCTBA COIIPOTHUBJICHUE BO3/yXa
BpaIaThCA OYEBUIHO

YUYEHBIN 3HAYUTEIBLHO

710 H.9. OIIMOOYHBII

yTBEPKAaTh BBIJIBUTATh

3aCTaBJIATh BKJIa/]1

KPYTrOBOM KacaTbCs

BBIJIBUTaTh YCKOpPEHUE

MOCTOSIHHAS CKOPOCTh TJIAaHETApHOE JIBH)KEHUE
OpaTh BBEpX HeOeCHBIC Telia
MPUMEHATHCA K Ha00O0pOT, C APYTOM CTOPOHBI
MyHIEYHbIE SIApa HCTIBITBIBATD, MOJIBEPraThCs
yra 3aMeIJIATh

€CTECTBEHHOE JIBUKCHUE MIPOTHUBOPEUMBBIN
pPa3syMHOE MPEANOJIOKEHUE MasiTHUK

Exercise 2. Cocmasbme nian mexcma.
Exercise 3. Boinoinume pegepuposanue mexcma.
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Text B

llepeseoume mekcm.

Theories of gravitation

Part 2

Descartes believed in rationalism. Thus he believed that knowledge must
be acquired by reasoning rather than by using the senses which can, he argued,
be easily deceived. Galileo's thought experiment is a good example of the use of
logical reasoning. He did not entirely reject the idea of using observations and
conducting experiments but rather used these to guide his intuition which
provided him with first principles from which mathematical and logical
deduction would then lead to knowledge.

In many ways these ideas by Descartes were of fundamental importance
in the development of science since he claimed that everything could
be analysed mathematically. All one needed to do was to construct a
mathematical theory of mechanics and all would be understood. He proposed
two forces, one associated with the rest state of a body dependent only on its
mass, and one associated with maintaining the motion of a body associated with
motus, the product of its speed and mass. (Motus is not momentum since mass
times speed has no direction). To Descartes the only properties that a body
possessed were a mass and a speed and his mechanics was based on a
conservation of motus. From this he deduced seven rules of motion which
described how movements between bodies could be communicated.

Where did this take Descartes in thinking about gravity? Most obviously
if a stone is released and falls to earth, then some matter must act on it to force it
to do so. However, since we are not aware of such matter, it must be of a new
form of matter, call it the ether. Another deduction which followed from
Descartes' way of thinking was that a vacuum could not exist. This was in no
way deduced from any experiment, just simply a logical deduction that the
concept of a vacuum was meaningless since if something existed it could not be
nothing. All of these ideas were put forward by Descartes in 1644.

Now once everything was filled with ethereal matter one had to consider
what happened when a solid body, such as a planet, moved through the ether.
Clearly the ether must be forced away from the front of the object and it will
then flow round it in a circular motion. As bodies were in motion, the universe
must consist of eddies, vortices and whirlpools. If, Descartes argued, the ether
was perpetually in vortex motions caused by bodies passing through it, then the
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ether in turn would cause motion in bodies situated in it. These vortices were the
cause of gravity; they held the planets in their orbits round the Sun. The Earth
was surrounded by ethereal material which circulated rapidly round the Earth.
This light, rapidly moving material would flow away from the Earth, and heavy,
slow moving bodies like a stone would fall towards the centre of the Earth to
replace it.

This theory of gravitation was certainly a pleasing one. Gone were the
"natural tendency" and "desire" of a stone to move to the Earth as Aristotle had
suggested. It had been replaced by a purely mechanical system which explained
gravity in terms of purely mechanical terms concerning interactions between
matter. It was quickly accepted as a good metaphysical system, but when the
details were closely examined they did not quite match with observations.
Huygens pointed out in 1669 that if the ether flowed in a circular motion round
the Earth's axis then gravitational attraction should be towards the axis rather
than towards the centre of the Earth. He tried to give a modification of the
vortex motion which was equal in all directions. He failed to explain, however,
how the ether could move in all directions without interfering with itself.

In 1675 Malebranche published Recherche de la vérite which revised
Descartes' theory of forces, showing that no force could be associated with the
rest state of a body, so everything depended on Descartes' motus force. As a
result he was only left with four of Descartes' seven rules for motion. He also
modified the theory by assuming that apparently hard bodies were permeated by
the ether. Leibniz came up with other objections, proposing new ideas in
Actaerditorum in 1686. He showed that motus is not conserved in collisions,
forcing Malebranche to replace motus by momentum. (This is mass times
velocity and has a direction.) Leibniz returned to the idea of two forces, one
being a "dead force™ which will produce motion in a stone released from rest
above the Earth, the second force being a "live force" which he defined to be the
mass times the square of the velocity. In some respects Leibniz's first force
marked a return to Aristotle's "natural tendency" of a stone to move to the Earth.
It was a theory which explained observational evidence of gravity well, but it
was strongly rejected by followers of Descartes since it was not based on
rational explanations.

One year after Leibniz published his article in Actaerditorum, Newton
published the Philosophiaenaturalis principia mathematica or Principia as it is
always called. In it Newton proposed universal gravitation and the inverse
square law of attraction between any two bodies even separated in a vacuum.
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The attraction was the product of the two masses divided by the square of their
distance apart. A stone falling to Earth was subject to precisely the same force
which kept the Moon in its orbit about the Earth and the planets in their orbits
around the Sun. Newton deduced Kepler's three laws of planetary motion from
the inverse square law of attraction. Comets, he showed, were subject to the
same gravitational forces and these forces gave a simple explanation of tides.
See the article Orbits and gravitation for more information on how Newton
discovered his theory of gravitation.

The Principia also gives arguments against Descartes' theory of
gravitation. Newton showed that Kepler's first and second law could not both
hold under Descartes' theory. He also asked how comets were able to cross
vortices strong enough to keep the planets in their orbits without any effect on
their own orbits. It was a devastating attack on Descartes' vortex theory of
gravitation and put forward a brilliantly simple theory from which so much
could be explained. It had one major problem, however. How could two objects
attract each other across a vacuum? This was a theory like that of Aristotle's, but
now a stone did not have just a "natural tendency" to fall to Earth, far more
incredibly it had a "natural tendency" to be attracted to every other object in the
universe. Descartes had a rational explanation for why stones fell to Earth and
why planets orbited the Sun. Newton's theory, however, was based on some
magic power of matter to be attracted to all other matter and this was anything
but rational.

How did Newton answer the critics who asked: how is action at a distance
possible? He did not try to. Rather he said that he was explaining how things
worked but not attempting to explain why they worked that way. For some this
was good enough, for others this was such an unsatisfactory state of affairs that
they had to reject Newton's theory.

There was no simple solution to the problems that the different theories
posed. Many, such as Huygens, accepted the inverse square law but rejected the
idea of attraction. Such people looked for other mechanisms which would lead
to the inverse square law but produced by a modification of the vortex ideas of
Descartes. Malebranche, for example, proposed little vortices within bigger
vortices which made the Earth look as if it were producing a "boiling" effect on
the ether which produced a radial flow of ether to explain the stone moving
towards the centre of the Earth when released. Despite many attempts to modify
Descartes' vortex theory, it could never satisfactorily account for the observed
world and eventually Newton's theory became universally accepted.

Article by: J J O'Connor and E F Robertson
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Exercise 1. Ilepeseoume cnosa.

palMoOHAIN3M BUXPH

pUOOPETEHHBIE MTyTEM BOJIOBOPOT

paccykJIeHun OChb

OBITb 0OMaHYThIM BUXPEBOE JIBIKEHUE
JIOTUYECKOE PACCYKACHHUE CKOPOCTb

MaTeMaTU4YecKasi TEOPUs JTaHHbIE HAOJIOIEHUI
COCTOSIHHE MTOKOS MPUTSHKECHUE

BBIBOJIUTH, IEyIIUPOBATH MOTOK, HAMpaBJICHUE
JIEHCTBOBAThH Ha pa3pyluTenbHas aTaka
OECCMBICIIEHHO 3aKOH OOPATHBIX KBAPATOB

aupHas MaTepus

Exercise 2. [lepeseoume na anenutickuil A3vik.

3akoH BceMupHOro TsaroreHus HproToHa roBOopuUT, dYTO cuia
I'PaBUTAIIMOHHOTO TIPUTSIKEHUS MEXIY JBYMS TOUKAMHU MAcCChl, pa3/eiIeHHbIMU
paccTostHueM, OOpaTHO NPOIMOPIMOHATIBHA KBAJpaTy PACCTOSHHUS U MPSIMO
mpornopiuoHanbHa  obeum  Maccam.  Cuia  TpaBUTallUM  SBJISETCS
nanbHONeHcTBYIOMEH. TO ecTh BHE 3aBUCUMOCTH OT TOTO, KaK Oy/eT ABUTAThCS
Teo, 00Jaarolee Maccoil, B KJIACCMYECKON MEXaHHMKE €ro T'PaBUTAIIMOHHBIN
MOTEeHIMaN OyAeT 3aBUCETh CYry00 OT MOJIOKEHHS A3TOr0 OOBEKTa B JaHHBIM
MOMEHT BpemeHu. Yem Oonbimie wMacca 00beKTa, TeM OOJbIlIE €ro
IpaBUTAIIMIOHHOE TM0J€ — TeM Oojee MOIIHOW TPaBUTALMOHHOM CHJIOW OH
obnamaer. Takue kocMuueckre OOBEKTHI, KaK TaJTAKTUKU, 3BE3/bl U ILIAHETHI
o0naaroT HauOOJBIIEH CUJION TPUTSKEHUS M, COOTBETCTBEHHO, TOCTATOYHO
CHWJIbHBIMH TPABUTAIMOHHBIMHU TTOJISIMHU.

Exercise 3. Cocmasbme nian mexcma.
Exercise 4. Boinonnume pegpepuposanue mexkcma.

Text C

Ilepeseoume mexcm.

On September 14, 2015 the US-based Laser Interferometer
Gravitational-wave Observatory (LIGO) registered gravitational waves,
as foreseen by Albert Einstein a century ago.

What was discovered?

Gravitational waves are ripples inthe curvature of space-time which
propagate as waves, travelling outward from the source. Predicted in 1916
by Albert Einstein on the basis of his theory of general relativity, gravitational
waves transport energy as gravitational radiation.
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The groundbreaking discovery was made by supersensitive LIGO
observatory detectors in the states of Louisiana and Washington.

What are they all about?

Ripples in the fabric of space-time called gravitational waves, produced
by the merger of two black holes 1.3 billion years ago, were detected for the first
time Dby scientists working at Massachusetts Institute of Technology and
California State University at Fullerton.

Origins

The catastrophic collision of the two black holes 29 and 36 times the mass
of the sun respectively, created a single, more massive spinning black hole.

In just a fraction of a second this huge mass turned into gravitational
waves radiating about 50 times as much energy as the entire visible Universe.

What is a black hole?

A black hole is a place in space where gravity pulls so much that even
light cannot get out. The gravity is so strong because matter has been squeezed
into a tiny space. This can happen when a star is dying.

Because no light can get out, people can't see black holes. They are
"invisible." However, space telescopes with special tools can help find black
holes. The special tools can see how stars that are very close to black holes act
differently than other stars.

Why do we need gravitational waves?

The discovery of the gravitational waves proved once again that black
holes really exist.

The development of more sensitive gravitational wave detection antennas
will allow for more accurate measurements of the accelerated expansion of the
Universe, observe the spherical changes in the neutron stars and discover space-
time defects which have happened since the time of the Big Bang.

The LIGO study of the gravitational waves is being done as part of a joint
project which involves over a thousand scientists from the United States and 14
other countries, including Russia.

Exercise 1. Ilepeseoume cnosa.

IPaBUTALMOHHBIE BOJIHBI MIPOUCXOKICHUE
MPEICKa3bIBATh CTOJIKHOBEHHE
IyJIbCalus BTUCHYTbHCS
PacIpOCTPAHATHCS HEBHUIUMBII
PEBOIIOIIUOHHOE OTKPBITHE TOYHOE U3MEPEHUE

CJIIMAHUC
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Exercise 2. Cocmasbme nian mexcma.
Exercise 3. Boinonnume pegepuposanue mexkcma.

Text D

llepesedume mexkcm.

Scientists from the Laser Interferometer Gravitational-Wave
Observatory (LIGO) Scientific Collaboration have for the second time in
history detected gravitational waves predicted by Albert Einstein, the
Moscow State University said Wednesday.

MOSCOW (Sputnik) — The gravitational waves, or ripples in space-time,
were detected from the collision of two black holes.

"During a press briefing held simultaneously at the Lomonosov Moscow
State University and the American Astronomical Society in San Diego,
scientists from the LIGO collaboration have presented another piece of evidence
in support of Einstein's theory on gravitational waves, they were registered by
both LIGO detectors located in Livingston, Louisiana and Hanford,
Washington," the MSU said in a statement.

The first gravitational wave signals were detected in February. LIGO
Executive Director David Reitze said that the signal of two colliding black holes
producing gravitational waves was picked up on September 14, 2015, by two
LIGO detectors in Louisiana and Washington states.

"The second detection of gravitational waves from merging black holes by
LIGO detectors is very important. The foundation for gravitational-wave
astronomy is becoming ever more solid and reliable,” Valery Mitrofanov, who
heads one of two Russian groups in the LIGO collaboration, said.

The black hole collision, which took place some 1,4 billion years ago,
released an amount of gravitational energy equivalent to one solar mass,
according to LIGO. The detectors recorded the last 27 black holes' rotations
around each other before the merger.

According to Einstein’s theory of general relativity, two black holes
orbiting each other lose energy as they send out gravitational waves. As a result,
the two bodies approach each other over a billions of years, ultimately speeding
up and colliding into a single "black star" and emitting gravitational waves.

The LIGO Scientific Collaboration includes over 1,000 scientists from 15
countries, including Russia. Some 90 universities and scientific research centers
are taking part inthe project, with around 250 students also contributing
to the work.



52

Exercise 1. Ilepeseoume cnosa.

OOHapyXKHBaTh qyepHasi IpIpa
OJTHOBPEMEHHO, BMECTE CIIUSTHUC
COTPYAHUYECTBO TEOpHsI OTHOCUTEILHOCTH
CTOJIKHOBEHHE macca ComnHia
oOHapyXeHHe BBICBOOOXIaTh
HaJICKHBIH OTHOCHUTEILHOCTD
U3Ty4aTh, UCITyCKaTh BpalleHue

Exercise 2. Cocmasbme nian mexcma.
Exercise 3. Boinonnume pegpepuposanue mexkcma.

Unit 2
Text A
llepeseoume mexcm.

Electromagnetic spectrum

You might think the world is essentially what you can see in front of you,
but think for a moment and you'll realize this isn't true. When you close your
eyes, the world doesn't cease to exist just because there's no light to see by.
If you were a rattlesnake or an owl, you could see perfectly well by night.
Thinking more laterally, what if you were a radar set mounted on an airplane?
Then you could help pilots see in darkness or bad weather by detecting reflected
radio waves. And if you were a camera sensitive to X rays, you could even see
through bodies or buildings! The light we can see is only one part of all the
electrical and magnetic energy buzzing around our world. Radio waves, X rays,
gamma rays, and microwaves work in a very similar way. All together, this
energy is called the electromagnetic spectrum. Let's take a closer look at what
that means!

What is electromagnetic radiation?

Light waves and other types of energy that radiate (travel out) from where
they're produced are called electromagnetic radiation. Together, they make up
what's known as the electromagnetic spectrum. Our eyes can see only a limited
part of the electromagnetic spectrum — the colorful rainbow we see on sunny-
rainy days, which is an incredibly tiny part of all the electromagnetic radiation
that zaps through our world. We call the energy we can see visible light (we
discuss it in detail in our main article on light) and, like radio waves,
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microwaves, and all the rest, it's made up of electromagnetic waves. These are
up-and-down, wave-shaped patterns of electricity and magnetism that race along
at right angles to one another, at the speed of light (300,000 km per second or
186,000 miles per second, which is fast enough to go 400 times round the world
in a minute!). The light we can see stretches in a spectrum from red (the lowest
frequency and longest wavelength of light our eyes can register) through orange,
yellow, green, blue, and indigo to violet (the highest frequency and shortest
wavelength we can see).

Artwork: How an electromagnetic wave travels: If we could peer inside
a light ray (or other electromagnetic wave), this is what we'd see: an electrical
wave vibrating in one direction (blue in this case, and vibrating up-and-down)
and a magnetic wave vibrating at right angles to it (red in this case, and vibrating
from side to side). The two waves vibrate in perfect step, at right angles to the
direction they're traveling in. This diagram shows us something scientists only
really understood in the 19th century: electricity and magnetism are equal
partners that work together closely at all times.

Who discovered the electromagnetic spectrum?

Up until the 19th century, scientists thought electricity and magnetism
were completely separate things. Then, following a series of amazing
experiments, it became clear that they were linked together very closely.
Electricity could cause magnetism and vice-versa! Around 1819/1820, a Danish
physicist called Hans Christian Oersted (1777-1851) showed that an electric
wire would create a pattern of magnetism around it. About a decade later,
English chemist Michael Faraday (1791-1867) proved that the opposite could
happen too — you could use magnetism to generate electricity — and that led him
to develop the electric motors and electricity generators that now power our
world.

Thanks to the pioneering work of people like this, another great scientist,
James Clerk Maxwell (1831-1879) was able to come up with a single theory
that explained both electricity and magnetism. Maxwell summed up everything
people had discovered in four simple equations to produce a superb theory of
electromagnetism, which he published in 1873. He realized that
electromagnetism could travel in the form of waves, at the speed of light, and
concluded that light itself had to be a kind of electromagnetic wave. About a
decade after Maxwell's death, a brilliant German physicist named Heinrich
Hertz (1857-1894) became the first person to produce electromagnetic waves in
a laboratory. That piece of work led to the development of radio, television
things like wireless internet.
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Exercise 1. Ilepeseoume cnosa
10 CYILIECTBY
MIPEKPaIaTh
OTPaKCHHBIN
PaarOBOIHBI
PEHTTEHOBCKHUE JTy4H
raMMa-iyqu
MHUKPOBOJIHBI
U3JIyYEHUE
CBETOBBIC BOJIHBI
OTpaHUYCHHBIN
KpacoyHas paayra
BOJIHOOOpa3HbBIN

MIPSIMOU YT OJT

CKOPOCTb CBETa

4acToTa

JUTMHA BOJIHBI

3arjasiHyTh

Jy4 CBeTa

BHOpUPOBATH

OBITH CBSI3aHHBIM BMECTE
Hao000pOT

CYMMHPOBATh
BEJIMKOJICTIHBIN
0ecrpoBOAHON UHTEPHET

Exercise 2. Cocmasbme nian mexcma.
Exercise 3. Boinonnume pegpepuposanue mexkcma.

Text B

Ilepeseoume mexcm.

What kinds of energy make up the electromagnetic spectrum?

What are the other kinds of electromagnetic radiation that objects give

off? Here are a few of them, ranged in order from the longest wavelength to the
shortest. Note that these are not really definite bands with hard edges: they blur
into one another with some overlap between them.
Radio waves: If our eyes could see radio waves, we could (in theory) watch TV
programs just by staring at the sky! Well not really, but it's a nice idea. Typical
size: 30cm-500m. Radio waves cover a huge band of frequencies, and their
wavelengths vary from tens of centimeters for high-frequency waves to
hundreds of meters (the length of an athletics track) for lower-frequency ones.
That's simply because any electromagnetic wave longer than a microwave
is called a radio wave.

Microwaves: Obviously used for cooking in microwave ovens, but also
for transmitting information in radar equipment. Microwaves are like short-
wavelength radio waves. Typical size: 15¢cm (the length of a pencil).

Infrared: Just beyond the reddest light we can see, with a slightly shorter
frequency, there's a kind of invisible "hot light" called infrared. Although we
can't see it, we can feel it warming our skin when it hits our face — it's what we
think of as radiated heat. If, like rattlesnakes, we could see infrared radiation,
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it would be a bit like having night-vision lenses built into our heads. Typical
size: 0.01mm (the length of a cell).

Ultraviolet: This is a kind of blue-ish light just beyond the highest-
frequency violet light our eyes can detect. The Sun transmits powerful
ultraviolet radiation that we can't see: that's why you can get sunburned even
when you're swimming in the sea or on cloudy days — and why sunscreen is so
important. Typical size: 500 nanometers (the width of a typical bacteria).

X rays: A very useful type of high-energy wave widely used in medicine
and security. Find out more in our main article on X rays. Typical size: 0.1
nanometers (the width of an atom).

Gamma rays: These are the most energetic and dangerous form of
electromagnetic waves. Gamma rays are a type of harmful radiation. Typical
size: 0.000001 nanometers (the width of an atomic nucleus).

The electromagnetic spectrum

All the different kinds of electromagnetic radiation are essentially the
same "stuff" as light: they're forms of energy that travel in straight lines, at the
speed of light (300,000 km or 186,000 miles per second), when electrical and
magnetic vibrations wiggle from side to side. Together, we refer to these forms
of energy as the electromagnetic spectrum. You can think of it as a kind of
super-big spectrum that stretches either side of the smaller spectrum we can
actually see (the rainbow of light colors).

There are lots of images of the electromagnetic spectrum available online,
so we won't bothering drawing it out for you again. Click the small image on the
right to see quite a nice diagram of the spectrum from NASA.

Exercise 1. Ilepeseoume cnosa.

COCTaBJISITh W3JIy4aeMO€ TETI0
OIpeJICJICHHAs TpyIina JIMH3BI HOYHOT'O BUCHUS
MHKPOBOJIHOBAs ME€Yb roJiy0OOBaThIi CBET
nepeaaBaTh HIAPOKO UCTIOJIB3yEMBIN
HEBUJIUMBIN

Exercise 2. [lepeseoume na anenutickuil.

DJICKTPOMAarHUTHHIC BOJIHBI, 3JIEKTPOMArHATHOE U3ITy4CHUE —
pacmpocTpaHsIonieecss B MPOCTPAHCTBE BO3MYIICHHE (M3MEHEHUE COCTOSHUSA)
9JIEKTPOMArHUTHOT'O TOJIS.

Cpean 3JIEKTPOMArHUTHBIX TIOJIEH BOOOINE, MOPOXKIAEHHBIX SJICKTPHU-
YECKMMM 3apsJgaMHM M HX JABHKCHHEM, IIPHHAITO OTHOCHTh COOCTBEHHO
K U3JTy4EHUIO Ty YacTh IEPEMEHHBIX JJIEKTPOMArHUTHBIX TIOJIEH, KOTOopas
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CIIOCOOHA pacHpoCTpaHATbCS HauOoyiee [ajJeKko OT CBOMX HCTOYHUKOB —
JABWOKYIIUXCS 3apsA0B, 3aTyXas Haubosee MEJUIEHHO C PACCTOSIHUEM.

DJEKTPOMAarHUTHbIE BOJIHBI IOPA3ACIAIOTCS Ha!

— paauoBOJIHBI (HAYMHAS CO CBEPXUIMHHBIX);

— TeparepLoBOE U3ITyUEHUE,

— UH(PaKpaCHOE U3ITyYCHHUE,

— BUJIUMBIN CBET,

— yAbTpaduoNIeTOBOE U3ITyUCHUE,

— PEHTT€HOBCKOE M3IIyYEHHE U KECTKOE (TaMMa-u3IyyeHue).

DJEKTPOMarHUTHOE HU3IyYEeHUE CIIOCOOHO PACIPOCTPAHITHCS MPAKTH-
YecKH BO Bcex cpenax. B Bakyyme (mpocTpaHCTBE, CBOOOJHOM OT BEIIECTBA
U Tell, TMOMIOMAIINX WM MCIYCKAIOIUX 3JEKTPOMArHUTHBIE  BOJIHbI)
AJIEKTPOMArHUTHOE W3IyYEHUE PpaclpocTpaHsercs Oe3 3aTyXaHUl Ha CKOJb
YyrofHO OOJbIIME PpACCTOSHUSA, HO B psA€ CIy4aeB JOCTATOYHO XOPOILLIO
pacrnpocTpaHsieTcsi U B IPOCTPAHCTBE, 3aIOJHEHHOM BEIIECTBOM (HECKOJIBKO
W3MEHSS [IPU 3TOM CBOE MIOBEJICHUE).

Exercise 3. Cocmasvme nian mexcma.
Exercise 4. Boinonnume pegpepuposanue mexcma.

Unit 3
Text A
Ilepeseoume mexkcm.

The X-ray: Wilhelm C. Roentgen's breakthrough discovery

On November 8th, 1895, German scientist Wilhelm Roentgen was
conducting experiments in his laboratory on the effects of cathode rays.
Specifically he was observing the effect of passing an electrical discharge
through gases at a low pressure. While doing so, Roentgen noticed something
that earlier studies had not picked up. While passing current through the cathode
ray, rays were given off that passed through every day materials such as wood,
paper and aluminium. Roentgen further observed that a surface that he had
coated with barium platinocyanide and which was placed outside of the cathode
discharge tube would give off light despite the fact that it was hidden from the
light of the discharge. The conclusions that Roentgen came to were ground
breaking: a previously unknown type of radiation had passed through the air and
lit up the screen.
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Roentgen's discovery was to open up an exciting field for doctors. It was
now possible to use this new form of radiation in the study of the human body.
Broken bones, for example, could now be looked at by using the rays to see
straight through flesh. To underscore the unknown nature of his new discovery,
Roentgen decided to call them x-rays.

Roentgen spent the next two months carefully investigating the properties
of the new radiation he had discovered. He then made a formal correspondence
to the University Physical-Medical Society informing them of his discovery. In
1901 he was to receive the Nobel Prize for his work. The award was
officially, "in recognition of the extraordinary services he has rendered by the
discovery of the remarkable rays subsequently named after him". It was the
crowning achievement of a career that saw him rise from obscurity.

Exercise 1. [lepeseoume cnosa.

IPOBOJUTH IKCIIEPUMEHTHI paHee U3BECTHBIN
KaTOJHBIC JTy4r CBETUTHCS
ANEKTPUUECKUHN 3apsiT nepesioM

HU3KOE JIaBJICHUE PsIMO Yepe3 IMJI0Th
OTMEYaTh MOYEPKHYTh

HAXOJIUTh PEHTI€HOBCKUE JIy4H
BBIJICIIATD THIATEIBHOE UCCIIEAOBAHNE
MOBEPXHOCTh CBOMCTBA

OBITH MMOKPBHITHIM oduIMatbHas epenucKa
pacroJiaraTbcs 3a Harpaja

HECMOTpS Ha MIPU3HAHUE

OBITH CKPBITHIM OKa3bIBATh

3aKITIOYCHUE BIIOCJICICTBHUHU
HOBATOPCKOE OBITh Ha3BAaHHBIM B YECTh

Exercise 2. [lepeseoume na anenuiickuil.

OTU 3JIEKTPOMArHUTHBIE BOJIHBI MCIYCKAIOTCA TIPH YY4aCTUU DJIEKTPOHOB
B OTVINYKE OT TaMMa-U3Iy4eHUs, KOTOPOE SIBISETCS sAIepHBIM. VICKyCCTBEHHO
PEHTIC€HOBCKOE M3ITyUYCHHUE CO3ACTCs MyTeM CHIIBHOTO YCKOPEHUS 3apsKCHHBIX
YaCTHUI[ U MyTEM Iepexo/ia dIECKTPOHOB C OJHOTO DHEPTEeTHYECKOTO YPOBHSA HA
JPYTOl C BBICBOOOXKJEHHWEM OOJBIIOT0 KOJIUYECTBA DHEPTUU. Y CTPOMCTBA,
Ha KOTOPBIX MOYKHO TIOJyYUTh PEHTI€HOBCKOE U3IIyYCHHE, — 3TO PEHTTEHOBCKHE
TPYOKH M YCKOPUTEH 3apsHKEHHBIX YacThIl. ECTECTBEHHBIMU MCTOYHUKAMU €T0
SBJISTIFOTCSL PAJIMOAKTUBHO HECTAOWJIbHBIE aTOMBl M KOCMHYECKHE OOBEKTHI.
PeHTreHoBCcKOe N3IydeHne UMEET CIIENYIOIIME CBOMCTBA!
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1) oTpaskeHue. DTH BOJIHBI MPAKTHUECKHA HE OTPAXKAOTCS NMPH NMaJCHUN
Ha MOBEPXHOCTh TEPIEHANKYISIPHO. YCTAHOBIEHO, YTO MPH OIpPEIeICHHBIX
YCIIOBHUSIX CBOMCTBOM OTpaXkaTh JIy4d 00JalaeT aiMas;

2) mpoHUKamas crnocoOHoCTh. OHM MPOXOASIT CKBO3b HEMPO3pPAvHBIC
OOBEKTHI, TAKKE KaKk MeTasll, Oymara, IepeBo, )KUBbIC TKaHH;

3) noryomaeMocTh. YeM IJIOTHEE MaTepuai, 4epe3 KOTOPBIA MPOXOIST
UKC-TIy4d, TEM BBIIIC CTENCHb WX IMOTJOMEHUS. MOryT BBI3bIBATh
(bayopecieHIIMI0 (CBEUYEHHME) HEKOTOphIX BemlecTB. (OHa wHcUe3aeT IMocIe
NpeKpaIIeHus] JTCUCTBUS Jy4dei; €CIM K€ CBEUYCHHE IMPOJOJDKACTCS W TIOCTe
3TOTO, TO 3TOT 3(PpdeKT HazpIBatOT hochopecieHITnel;

4) CriocoOHOCTh 3acBeUMBaTh (DOTOIUICHKY IOJO00HO BHIMMOMY CBETY.
HNonmzanmst Bo3ayxa MpU NPOXOXKIEHUU dYepe3 Hero. B pesynbrate OH
CTAHOBUTCS DJIEKTPOIPOBOHBIM, 3TOT 3P(HEKT UCHOIB3YIOT ISl YCTaHOBICHUS
JI03bI U3TYYEHUS C TIOMOIIBIO TO3UMETPOB.

Exercise 3. Cocmasbme nian mexcma.
Exercise 4. Boinonnume pegepuposanue mexkcma.

Text B

Ilepeseoume mexcm.

World's Brightest X-Ray Laser Set to Get 10,000 Times Brighter

The world's brightest X-ray laser is getting a second beam that is 10,000
times brighter than the first one and fires 8,000 times faster.

The world's brightest X-ray is getting an upgrade that will add a second
beam that's approximately 10,000 times brighter than the first one and fires
8,000 times faster, up to a million pulses per second.

"The upgrade will benefit X-ray experiments in many different ways, and
I'm very excited to use the new capabilities for my own research,” Brown
University Professor Peter Weber commented on the new laser, which is called a
Linac Coherent Light Source (LCLS) and is located atthe SLAC National
Accelerator Laboratory at Stamford University in California.

"With LCLS-II, we'll be able to bring the motions of atoms much more
into focus, which will help us better understand the dynamics of crucial
chemical reactions," Weber said.

The LCLS laser is used by hundreds of scientists each year to look
in detail at nature's fundamental processes, for example at how chemical bonds
form and break, to capture electric charges as they rapidly rearrange in materials
and change their properties, and to take 3-D images of disease-related proteins
that could hold the key for discovering potential cures.
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LCLS-II will use a superconducting accelerator which has metal cavities
that conduct electricity with nearly zero loss when chilled to minus 456 degrees
Fahrenheit (minus 236 degrees Celsius).

Accelerating electrons through a series of these cavities allows the
generation of an almost continuous X-ray laser beam with pulses that are
on average 10,000 times brighter than those currently produced by LCLS and
arrive up to a million times per second, Stanford reported.

Exercise 1. Ilepeseoume cnosa.

TIOBBIITICHHE, YCOBEPILICHCTBOBAHHE OCMOTPETh MOJIPOOHO
pUOIU3UTEIIBHO dbopMHpoOBaHUE U Pa3pbIB

CTPEJATh XUMHUYECKUX CBSI3EH

0OHOBJIEHUE NEPECTABUTh

MO-pa3HOMY 3a00JIeBaHUs, CBSI3aHHBIC C OeNKaMu
BO3MO>KHOCTH MOTEHIMAIbHBIC JIEKAPCTBA
KOMMEHTHUPOBATh CBEPXITPOBOSAIINN YCKOPUTEIb
TIBIKEHUE METAITTNYECKHE TTOJIOCTH
BOKHEMIIAE XMMUYECKUE PEAKLIN OXJIQXKAATh

Exercise 2. Cocmasvme nian mexkcma.
Exercise 3. Boinonnume pegpepuposanue mexkcma.

Unit 4
Text A

Ilepesedume na anenutickuil s3vix.

Lasers

Lasers are amazing light beams powerful enough to zoom miles into the
sky or cut through lumps of metal. Once the stuff of science fiction, they have
proved themselves to be among the most versatile inventions of modern times.
The miniaturized laser beam that reads music in a CD player can also guide
missiles, send emails down fiber- optic telephone lines, and barcode scan goods
at the supermarket checkout.

The basic idea of a laser is simple. It's a tube that concentrates light over
and over again until it emerges in a really powerful beam. But how does this
happen, exactly? What's going on inside a laser? Let's take a closer look!
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How is laser light different from ordinary light?

Lasers are more than just powerful flashlights. The difference between
ordinary light and laser light is like the difference between ripples in your
bathtub and huge waves on the sea. You've probably noticed that if you move
your hands back and forth in the bathtub you can make quite strong waves.
If you keep moving your hands in step with the waves you make, the waves get
bigger and bigger. Imagine doing this a few million times in the open ocean.
Before long, you'd have mountainous waves towering over your head!

A laser does something similar with light waves. It starts off with weak
light and keeps adding more and more energy so the light waves become ever
more concentrated. The "white" light produced by an ordinary flashlight
contains many different light rays of different wavelengths that are out of step
with one another (scientifically, that's known as "incoherent™). But in a laser,
all the light rays have the same wavelength and they are coherent (absolutely in
step). This is what makes laser light such a powerful concentration of energy.

How lasers work.

A laser is effectively a machine that makes billions of atoms pump out
trillions of photons (light particles) all at once so they line up to form a really
concentrated light beam.

A red laser contains a long crystal made of ruby (shown here as a red bar)
with a flash tube (yellow zig-zag lines) wrapped around it. The flash tube looks
a bit like a fluorescent strip light, only it's coiled around the ruby crystal and it
flashes every so often like a camera's flash gun .

How do the flash tube and the crystal make laser light?

1. A high-voltage electric supply makes the tube flash on and off.

2. Every time the tube flashes, it "pumps" energy into the ruby crystal.
The flashes it makes inject energy into the crystal in the form of photons.

3. Atoms in the ruby crystal (large green blobs) soak up this energy in a
process called absorption. When an atom absorbs a photon of energy, one of its
electrons jumps from a low energy level to a higher one. This puts the atom into
an excited state, but makes it unstable. Because the excited atom is unstable, the
electron can stay in the higher energy level only for a few milliseconds. It falls
back to its original level, giving off the energy it absorbed as a new photon of
light radiation (small blue blob). This process is called spontaneous emission.

4. The photons that atoms give off zoom up and down inside the ruby
crystal, traveling at the speed of light.

5. Every so often, one of these photons hits an already excited atom.
When this happens, the excited atom gives off two photons of light instead of
one. This is called stimulated emission. Now one photon of light has produced
two, so the light has been amplified (increased in strength). In other words,
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"light amplification” (an increase in the amount of light) has been caused by
"stimulated emission of radiation" (hence the name "laser", because that's
exactly how a laser works!)

6. A mirror at one end of the laser tube keeps the photons bouncing back
and forth inside the crystal.

7. A partial mirror at the other end of the tube bounces some photons back
into the crystal but lets some escape.

8. The escaping photons form a very concentrated beam of powerful laser
light.

Exercise 1. Ilepeseoume cnosa.

nocjiaTh CUTHAN BBICTPANBaThCS
YHUBEpCAIbHOE N300pETeHHE BCIIBIXUBATh

pakera TaCHYTb

CKaHUPOBAaHUE IITPUX-KOJOB Karuis, CTyCTOK

Kacca CIIOHTAaHHOE W3JIy4YCHUE
BCIIBIIIKA BBIHYKJICHHOE U3Ty4YCHUE
CXOXUH, OJOOHBIN YCUJICHHUE CBETA
IIOCJIEIOBATEbHBIN

Exercise 2. Cocmagvme nian mexcma.
Exercise 3. Buinoanume pegepuposanue mexcma.

Text B

Ilepeseoume mexkcm.
Who invented lasers?

Lasers evolved from masers, which are similar but produce microwaves
and radio waves instead of visible light. Masers were invented in the 1950s by
Charles Townes and Arthur Shawlow, both of whom went on to win the Nobel
Prize in Physics for their work (Townes in 1964 and Schawlow in 1981). They
applied to protect their invention on July 30, 1958 and were granted US Patent
Ne 2,929,922 (Masers and maser communication system) on March 22, 1960
(you can see one of the drawings from it here).

But did they invent the laser? In 1957, one of Townes' graduate students,
Gordon Gould, sketched in his lab notebook an idea for how a visible light
version of the maser could work, coining the word "laser" that we've used ever
since. Unfortunately, he didn't patent his idea at the time and had to devote the
next 20 years of his life to legal battles, eventually gaining a patent for part of
the laser invention (Method of energizing a material) and substantial back
royalties in 1977.
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Although Townes and Schawlow are often credited with inventing lasers,
the first person to build a working, visible light laser was actually Theodore
Maiman, who has never really gained the recognition he deserved: his original
write up of his work was rejected by the journal Physical Review Letters and,
despite twice being nominated for the Nobel Physics Prize, he never won the
ultimate accolade.

Exercise 1. Ilepeseoume cnosa.

IBOJIFOLIMOHUPOBATH OT cenaTh HaOpPOCOK
aBTOPCKHE IpaBa IIOCBSITUTH

BBICIIAS MIOXBaJIa IOJIYYUTh IPU3HAHUE
CXOKHAU 3aCi1y’KUBATh
BUJIUMBIN CBET OTKJIOHUTh

Exercise 2. Ilepeseoume na anenutickuil.

Jlazep COCTOMT U3 TpEeX OCHOBHBIX KOMIIOHEHTOB: aKTHBHas Cpenaa,
B KOTOPOW OCYIIECTBIISIETCSI HMHBEPCHAsI HACEJIEHHOCTb ATOMHBIX YPOBHEHN
Y IPOUCXOJUT TEHepaluus, CUCTEMa HaKayk{h, Cco3Jarouias HHBEPCHYIO
3aCENIEHHOCTh, M ONTHYECKHMHM pPE30HATOpP — YCTPOWCTBO, CO3JAIOLIEE
MOJIOKUTENBHYIO OOPATHYIO CBSI3b.

AKTHBHas cpeja — CMECh Ia3oB, IIapOB WJIH PacTBOPOB, KPHUCTAJLIBI
U CTEKJIa CJIOXKHOTO cocTaBa. KOMIIOHEHTBI aKTMBHOM cpeabl moJo0paHbl Tak,
YTO HHEPreTUYECKHE YpPOBHU HMX aTOMOB 00pa3ylOT KBAHTOBYIO CHUCTEMY,
B KOTOPOW €CTh XOTS Obl OJJUH METAacTaOWJIbHBIM YPOBEHb, 00€CIIEUMBAIOIIMIA
MHBEPCHYIO HACEJIEHHOCTb.

Haxayka — BHEITHUN UCTOYHHUK DYHEPTUM, IEPEBOJSAILNN AaKTUBHYIO CPELY
B BO30YyXIEHHOE cocTossHMe. B ra3oBeIX Js1azepax HakaukKy OOBIUHO
OCYLIECTBJISIET TJICIOIIMI JJIEKTPUYECKUM pa3psal, B TBEPAOTEIBHBIX —
UMITyJIbCHAsl JIaMIIa, B JKMJKOCTHBIX — CBET BCIIOMOTATEJILHOTO Jia3epa,
B [TOJIYIIPOBOIHUKOBBIX — 3JIEKTPUUYECKUNA TOK UM MOTOK 3JEKTPOHOB.

OnTryeckuil pe3oHaToOp — Mapa 3€pKajl, MAPAIUIENbHBIX OJHO APYroOMy.
OnHo 3epKajo cAenaHo MONYIIPO3PAaYyHbIM WM UMEET OTBEPCTHE; YEPE3 HETO U3
Ja3epa BBIXOAMT CBETOBOW Jyd. 3a CYeT OTpaxeHHs (POTOHOB B 3epKaiax
PE30HATOp 3aCTaBIIIET CBETOBYIO BOJIHY MHOTOKPATHO MPOXOAMTH 10 AKTUBHOMN
cpene, mnosblmas 3((PEKTUBHOCTh €€ UCHOJIb30BaHUS. B MoMeHT Haudana
reHepaluy Jiazepa B PE30HATOPE OJHOBPEMEHHO W HE3ABUCHUMO MOSBISETCA
MHO€eCTBO BOJIH. [locne oTpakeHHs OT 3epKall pe30HaTopa YCHIMBAKOTCS IO
MPEUMYILECTBY T€, JJI1 KOTOPBIX BBIMOJHAETCA YCIOBHE 00pa30BaHUs CTOSYUX
BOJH: Ha JUIMHE pEe30HAaTOpa YKJIAAbIBA€TCAd LEJI0€ YHUCIO ITOJYBOJH.
Bce octanpHbie 4acTOThI OYyT NOJIABICHBI, U3TYyYEHHE CTAHET KOTEPEHTHBIM.

Exercise 3. Cocmasbme naan mexcma.
Exercise 4. Boinonnume pegpepuposaniue mexkcma.
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Text C
Ilepeseoume mexcm.
What do we use lasers for?

Cutting tools.

Lasers produce such intense and precisely focused energy that they can
cut through metals, ceramics, plastics and cloths. They have become popular in
many industrial operations because high-precision computer-controlled lasers
are much more accurate than human-operated cutting tools and, unlike
traditional tools, laser beams never become blunt. A typical application involves
simultaneously cutting hundreds of thicknesses of cloth according to a
preprogrammed garment pattern.

Eye surgery.

The pinpoint precision of lasers makes them particularly suitable for
"welding" detached retinas and sealing broken blood vessels in the eye. The
procedure is painless because the laser light passes straight through the patient's
eyeball. Laser surgery can also help to correct eye problems such as short sight.
Read more in our main article on laser eye surgery.

Scientific research.

In the 60 years or so since lasers were developed, they've become smaller,
more precise, and more powerful. At Lawrence Livermore National Laboratory
in California, scientists have developed the world's most powerful laser, the
National Ignition Facility (NIF), for nuclear research. Costing $1.2 billion, it's
housed in a 10-story building occupying an area as big as three football fields,
uses 192 separate laser beams that deliver 60 times more energy than any other
laser, and it can generate temperatures of up to 100,000,000 degrees!

What other kinds of lasers are there?

The tiny laser beams used in small electronic devices such as CD players
work a bit differently. Read all about them in our article on semiconductors
lasers.

Exercise 1. Ilepeseoume cnosa.

PEXYILIUE UHCTPYMEHTBI 0JIM30PYKOCTh
KepaMuKa BBICOKOTOYHBI
TYNOU rj1la3Hoe sI0JI0KO
BBIKpPOWKA OEKIbI KPOBEHOCHBIH COCY/
OTCJIOUBIIIASICS CETYATKA KPOILICYHBIN
0e300J1e3HeHHAs MOJIYITPOBOTHUK

Exercise 2. Cocmasbme nian mexcma.
Exercise 3. Boinonnume pegpepuposanue mexkcma.
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Unit 5
Text A

llepeseoume mekcm.

Radar

Imagine trying to land a jumbo jet the size of a large building on a short
strip of tarmac, in the middle of a city, in the depth of the night, in thick fog.
If you can't see where you're going, how can you hope to land safely? Airplane
pilots get around this difficulty using radar, a way of "seeing" that uses high-
frequency radio waves. Radar was originally developed to detect enemy aircraft
during World War I, but it is now widely used in everything from police speed-
detector guns to weather forecasting. Let's take a closer look at how it works!

What is radar?

We can see objects in the world around us because light (usually from the
Sun) reflects off them into our eyes. If you want to walk at night, you can shine
a torch in front to see where you're going. The light beam travels out from the
torch, reflects off objects in front of you, and bounces back into your eyes. Your
brain instantly computes what this means: it tells you how far away objects are
and makes your body move so you don't trip over things.

Radar works in much the same way. The word "radar" stands for radio
detection and ranging — and that gives a pretty big clue as to what it does and
how it works. Imagine an airplane flying at night through thick fog. The pilots
can't see where they're going, so they use the radar to help them.

An airplane's radar is a bit like a torch that uses radio waves instead of
light. The plane transmits an intermittent radar beam (so it sends a signal only
part of the time) and, for the rest of the time, "listens™ out for any reflections of
that beam from nearby objects. If reflections are detected, the plane knows
something is nearby — and it can use the time taken for the reflections to arrive
to figure out how far away it is. In other words, radar is a bit like the
echolocation system that "blind" bats use to see and fly in the dark.

Who invented radar?

Although many scientists contributed to the development of radar, best
known among them was a Scottish physicist named Robert Watson-Watt
(1892-1973). During World War I, Watson-Watt went to work for Britain's
Meteorological Office (the country's main weather forecasting organization) to
help them use radio waves to detect approaching storms.

In the run up to World War 1l, Watson-Watt and his assistant Arnold
Wilkins realized they could use the technology they were developing to detect
approaching enemy aircraft. Once they'd proved the basic equipment could
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work, they constructed an elaborate network of ground-based radar detectors
around the south and east of the British coastline. During the war, Britain's radar
defenses (known as Chain Home) gave it a huge advantage over the German air
force and played an important part in the ultimate allied victory. A similar
system was developed at the same time in the United States and even managed
to detect the approach of Japanese airplanes over Pearl Harbor, in Hawaii,
in December 1941 — though no-one figured out the significance of so many
approaching planes until it was too late.

Exercise 1. [lepeseoume cnosa.

a’po0lyc obopynoBaHue

acanpT BpaXKECKUN
BBICOKOYACTOTHBIM OTpaxaThCs

IPOTHO3 TTOTO/IbI BO3JIYIIHBIC CHJIBI
IPEPHIBUCTHIM OTPOMHOE MTPEUMYIIECTBO
CJIOXKHAas CETh 3HAYUMOCTh

OTpeNesITh CBETOBOI JTy4

dboHapp 3amumTa

Exercise 2. Cocmasbme nnan mexcma.
Exercise 3. Boinonnume pegepuposanue mexkcma.

Text B

Ilepeseoume mexcm.

How radar works

Whether it's mounted on a plane, a ship, or anything else, a radar set needs
the same basic set of components: something to generate radio waves,
something to send them out into space, something to receive them, and some
means of displaying information so the radar operator can quickly understand it.

The radio waves used by radar are produced by a piece of equipment
called a magnetron. Radio waves are similar to light waves: they travel at the
same speed — but their waves are much longer and have much lower frequencies.
Light waves have wavelengths of about 500 nanometers (500 billionths of a
meter, which is about 100-200 times thinner than a human hair), whereas the
radio waves used by radar typically range from about a few centimeters to a
meter — the length of a finger to the length of your arm — or roughly a million
times longer than light waves.
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Both light and radio waves are part of the electromagnetic spectrum,
which means they're made up of fluctuating patterns of electrical and magnetic
energy zapping through the air. The waves a magnetron produces are actually
microwaves, similar to the ones generated by a microwave oven. The difference
Is that the magnetron in a radar has to send the waves many miles, instead of just
a few inches, so it is much larger and more powerful.

Once the radio waves have been generated, anantenna, working as a
transmitter, hurls them into the air in front of it. The antenna is usually curved so
it focuses the waves into a precise, narrow beam, but radar antennas also
typically rotate so they can detect movements over a large area. The radio waves
travel outward from the antenna at the speed of light (186,000 miles or 300,000
km per second) and keep going until they hit something. Then some of them
bounce back toward the antenna in a beam of reflected radio waves also
traveling at the speed of light. The speed of the waves is crucially important. If
an enemy jet plane is approaching at over 3,000 km/h (2,000 mph), the radar
beam needs to travel much faster than this to reach the plane, return to the
transmitter, and trigger the alarm in time. That's no problem, because radio
waves (and light) travel fast enough to go seven times around the world in a
second! If an enemy plane is 160 km (100 miles) away, a radar beam can travel
that distance and back in less than a thousandth of a second.

The antenna doubles up as a radar receiver as well as a transmitter. In fact,
it alternates between the two jobs. Typically it transmits radio waves for a few
thousandths of a second, then it listens for the reflections for anything up to
several seconds before transmitting again. Any reflected radio waves picked up
by the antenna are directed into a piece of electronic equipment that processes
and displays them in a meaningful form on a television-like screen, watched all
the time by a human operator. The receiving equipment filters out useless
reflections from the ground, buildings, and so on, displaying only significant
reflections on the screen itself. Using radar, an operator can see any nearby ships
or planes, where they are, how quickly they're traveling, and where they're
heading. Watching a radar screen is a bit like playing a video game — except that
the spots on the screen represent real airplanes and ships and the slightest
mistake could cost many people's lives.

There's one more important piece of equipment in the radar apparatus. It's
called a duplexer and it makes the antenna swap back and forth between being a
transmitter and a receiver. While the antenna is transmitting, it cannot receive —
and vice-versa. Take a look at the diagram in the box below to see how all these
parts of the radar system fit together.
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Here's a summary of how radar works:

1. Magnetron generates high-frequency radio waves.

2. Duplexer switches magnetron through to antenna.

3. Antenna acts as transmitter, sending narrow beam of radio waves
through the air.

4. Radio waves hit enemy airplane and reflect back.

5. Antenna picks up reflected waves during a break between
transmissions. Note that the same antenna acts as both transmitter and receiver,
alternately sending out radio waves and receiving them.

6. Duplexer switches antenna through to receiver unit.

7. Computer in receiver unit processes reflected waves and draws them on
a TV screen.

8. Enemy plane shows up on TV radar display with any other nearby
targets.

Exercise 1. Ilepeseoume cnosa.

CBETOBas BOJIHA AHTEHHBIN ITEPEKIII0YaTEIb
nepeaaTynk yCTaHaBJIMBATh
0TOPOCUTH, OTIPABUTH 4acToTa

KPUTUYECKH BAXKHO JKpaH

coJiepkartenbHas popma OnvoKaifias 1enb
OT(QUIBTPOBBIBATH nepegaya

Exercise 2. Ilepeseoume na anenutickuil.

Jlumap (cBeToBOe OOHApy)KEHHE W  ONpPEACICHHUE JaTbHOCTH) —
TEXHOJIOTHUS TOJydeHHs] U 00paboTKu MH(pOpMauu 00 yNan€HHBIX O0BEKTax
C IOMOIIBI0 AKTUBHBIX ONTHYECKUX CHUCTEM, HCIHOJB3YIOIIUX SIBJICHUSA
OTpaXXEHUS CBETA U €r0 PacCcesiHUs B MPO3PAUHBIX U MOIYIPO3PAUHBIX cpeaax.

Jlumap xak mnpubop mpencraBiseT co0Oil, KaKk MHUHUMYM, aKTHUBHBIN
JaTbHOMEpP ONTHYECKOTo auana3zoHa. CKaHUpYIOUIME JHIaphl B CHUCTEMax
MaIIUHHOTO 3peHHs (POPMUPYIOT JBYMEPHYIO WA TPEXMEPHYIO KapTUHY
OKPY’KaIOIIEro MpOCTpaHCTBAa. ATMOC(hEpHbIEC JIUJAphl CIOCOOHBI HE TOJBKO
ONpENENATh  PACCTOSHUA [0  HENPO3PAaYHbIX  OTPAXKAKOIIMUX  LENEH,
HO ¥ aHAJIM3UPOBATh CBOWCTBA MPO3PAYHOM CpElbl, pPACCEUBAIOIICH CBET.
Pa3sHOBHAHOCTBIO aTMOC(HEPHBIX JIUIAPOB SBISIOTCS JOIJICPOBCKUE JIAIAPHI,
ONPEEIISIONINE HAMPABJICHUE U CKOPOCTh MEPEMEIEHUs BO3AYIIHBIX MOTOKOB
B Pa3UYHBIX CJIOSX aTMOCQEPHI.

Exercise 3. Cocmasbme nian mexcma.
Exercise 4. Boinonnume pegpepuposanue mexkcma.
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Text C
Ilepeseoume mexcm.
Uses of radar

Radar is still most familiar as a military technology. Radar antennas
mounted at airports or other ground stations can be used to detect approaching
enemy airplanes or missiles, for example. The United States has a very elaborate
Ballistic Missile Early Warning System (BMEWS) to detect incoming missiles,
with three major radar detector stations in Clear in Alaska, Thule in Greenland,
and Fylingdales Moor in England. It's not just the military who use radar,
however. Most civilian airplanes and larger boats and ships now have radar too
as a general aid to navigation. Every major airport has a huge radar scanning
dish to help air traffic controllers guide planes in and out, whatever the weather.
Next time you head for an airport, look out for the rotating radar dish mounted
on or near the control tower.

You may have seen police officers using radar guns by the roadside to
detect people who are driving too fast. These are based on a slightly different
technology called Doppler radar. You've probably noticed that a fire engine's
siren seems to drop in pitch as it screams past. As the engine drives toward you,
the sound waves from its siren arrive more often because the speed of the
vehicle makes them travel a bit faster. When the engine drives away from you,
the vehicle's speed works the opposite way — making the sound waves travel
slower and arrive less often. So you hear quite a noticeable drop in the siren's
pitch at the exact moment when it passes by. This is called the Doppler effect.

The same science is at work in a radar speed gun. When a police officer
fires a radar beam at your car, the metal bodywork reflects the beam straight
back. But the faster your car is traveling, the more it will change the frequency
of the radio waves in the beam. Sensitive electronic equipment in the radar gun
uses this information to calculate how fast your car is going.

Radar has many scientific uses. Doppler radar is also used in weather
forecasting to figure out how fast storms are moving and when they are likely to
arrive in particular towns and cities. Effectively, the weather forecasters fire out
radar beams into clouds and use the reflected beams to measure how quickly the
rain is traveling and how fast it's falling. Scientists use a form of visible radar
called lidar (light detection and ranging) to measure air pollution with lasers.
Archeologists and geologists point radar down into the ground to study the
composition of the Earth and find buried deposits of historical interest.

One place radar isn't used is on board submarines. Electromagnetic waves
don't travel readily through dense seawater (that's why it's dark in the deep
ocean). Instead, submarines use a very similar system called SONAR (Sound
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Navigation And Ranging), which uses sound to “see™" objects instead of radio
waves.

Countermeasures: how to avoid radar.

Radar is extremely effective at spotting enemy aircraft and ships —
so much so that military scientists had to develop some way around it! If you
have a superb radar system, chances are your enemy has one too. If you can spot
his airplanes, he can spot yours. So you really need airplanes that can somehow
"hide" themselves inside the enemy's radar without being spotted. Stealth
technology is designed to do just that. You may have seen the US air force's
sinister-looking B2 stealth bomber. Its sharp, angular lines and metal-coated
windows are designed to scatter or absorb beams of radio waves so enemy radar
operators cannot detect them. A stealth airplane is so effective at doing this that
it shows up on a radar screen with no more energy than a small bird!

Exercise 1. [lepeseoume cnosa.

U3BCECTHBIN KaK MIPOTHBOJICHCTBHE
yCTaHABJIMBATh, MOHTHPOBATH YTJI0BAThIC INHUN
BpAIIAIOIIasICcs Tapelika pajaapa BOCHHBIC TEXHOJIOTHH
JUCIIeTYepCKast OarHs pakera
JOILICPOBCKUI paaap YYBCTBUTCIIHHBIN
addekt Jomaepa MpavHbIN

IIPOTHO3 TIOTO/IBI MOTJIONIATh
IIOJIBOJTHAS JIOJIKa IJIOTHBIR

Exercise 2. Cocmasbme nian mexcma.
Exercise 3. Boinoinume pegepuposanue mexkcma.

Unit 6
Text A
Ilepeseoume mexcm.

Four Stroke Engine

The History: Many people claimed the invention of the internal
combustion engine in the 1860's, but only one has the patent on the four stroke
operating sequence. In 1867, Nikolaus August Otto, a German engineer,
developed the four-stroke "Otto" cycle, which is widely used in transportation
even today. Otto developed the four-stroke internal combustion engine when he
was 34 years old.
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The Diesel Engine came about in 1892 by another German engineer,
Rudolph Diesel. The Diesel engine is designed heavier and more powerful than
gasoline engines and utilizes oil as fuel. Diesel engines are a commonly used in
heavy machinery, locomotives, ships, and some automobiles.

It is important to mention that the basic operating principles of these
engines have been around for more than a hundred years and they are still in
place. Some people get discouraged when they look under the hood and cannot
recognize a thing on their automobile. Rest assured that underneath all of those
wires and sensors lies an engine with the same basic operating principles of that
"Otto" engine over a century old.

The Internal Combustion Engine: Before explaining the operation of the
four-stroke engine, some of the internal parts must be identified. The Intake
Valve opens at a precise time to allow the air/fuel mixture to enter the cylinder.
The Exhaust Valve opens at a precise time to allow the burned gases to leave the
cylinder. The Spark Plug ignites the air/fuel mixture in the cylinder, which
creates an explosion. The force of the explosion is transferred to the Piston.
The piston travels up and down in a Reciprocation Motion. The force from the
piston is then transferred to the Crankshaft through the Piston Rod (connecting
rod). The piston rod converts the reciprocating motion of the piston, to the
Rotating Motion of the crankshaft. Now that the basic parts are identified, lets
go through the four strokes of the internal combustion engine, which are Intake,
Compression, Power, and Exhaust

The Intake Stroke: On the intake stroke, the intake valve has opened. The
piston is moving down, and a mixture of air and vaporized fuel is being pushed
by atmospheric pressure into the cylinder through the intake valve port.

The Compression Stroke: After the piston reaches the lower limit of its
travel, it begins to move upward. As this happens, the intake valve closes.
The exhaust valve is also closed, so the cylinder is sealed. As the piston moves
upward, the air/fuel mixture is compressed. On some small high compression
engines, by the time the piston reaches the top of its travel, the mixture is
compressed to as little as one-tenth its original volume. Thus, the compression
of the air/fuel mixture increases the pressure in the cylinder. The compression
process also creates the air/fuel mixture to increase in temperature.

The Power Stroke:As the piston reaches the top of its travel on the
compression stroke, an electric spark is produced at the spark plug. The ignition
system delivers a high voltage surge of electricity to the spark plug to create the
spark. The spark ignites the air/fuel mixture. The mixture burns rapidly and
cylinder pressure increases to as much as (600psi). All of this pressure against
the piston forces it down in the cylinder. The power impulse is transmitted down
through the piston, through the piston rod (connecting rod), and to the
crankshaft. The crankshaft is rotated due to the force
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The Exhaust Stroke: As the piston reaches the bottom of its travel, the
exhaust valve opens. Now, as the piston moves up on the exhaust stroke, it
forces the burned gases out of the cylinder through the exhaust port. When the
piston reaches the top of its travel, the exhaust valve closes, and the intake valve
opens. The cycle repeats again with the intake stroke. The four strokes are
continuously repeated during the operation of the engine.

The Diesel Engine: Not much is different in the Diesel engine. In the
Diesel, the fuel is not mixed with the air entering the cylinder during the intake
stroke. Air alone is compressed during the compression stroke. The Diesel fuel
oil is injected or sprayed into the cylinder at the end of the compression stroke.
In Diesel engines, compression ratios are as high as (22.5 to 1) and provide
pressures of (500psi) at the end of the compression stroke. Through the
compression process, the air can be heated up (1000 degrees F).
This temperature is high enough to spontaneously ignite the fuel as it is injected
into the cylinder. The high pressure of the explosion forces the piston down as in
the gasoline engine.

Summary: The four strokes of the internal combustion engine are as
follows (and in order): Intake, Compression, Power, and Exhaust. These four
strokes require two revolutions of the crankshaft. The process continuously
repeats itself during the operation of the engine. So, if a four-cylinder engine
requires two complete revolutions of the crankshaft to ignite all of its cylinders,
how many revolutions does an eight-cylinder engine require. Hopefully you
answered two. It only takes two revolutions of the crankshaft to fire all of the
cylinders of any four-stroke engine. The connecting rod converts the
reciprocating motion (up and down) of the piston to the rotating motion of the
crankshaft. The Diesel engine differs from the gasoline engine in that the intake
stroke only pulls in air, not air and fuel. The fuel is injected into the cylinder at
the end of the compression stroke. The fuel burns immediately (without the use
of a spark plug) because of the high temperature of air in the cylinder.

Exercise 1. Ilepeseoume cnosa.

YTBEPKIATh BBITTYCKHOM KJIanaH
JIBUTATEI b BHYTPEHHETO CTOPAHUS CBEYa 3a)KUTaHUs
4-TaKTHBIN BOCILIAMEHSTh

OCH3MHOBBIN JBUTATEIIb B3pBIB

nOTpeOIISITH NOpIIEHB

MPUHIAT paOOTHI BO3BPATHO-TIOCTYIATEIbHOE
OTYAsIThCS JIBMDKECHUE

KaroT KOJICHYATBhIN Basl
OTPEICIISITh MOPIIIEHb CTEPIKHS

BITYCKHOM KJ1anaH notpebaeHue
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coKaTHe BIIPHICKHBATH
MOIIHOCTH pacTbUIATh
BBIXJIOT 000opoT

HIDKHUU NPEIeNT

Exercise 2. Ilepeseoume na anenutickuil.

PaGounii UK qBUTATENSI COCTOUT U3 4 3TAIOB (TaKTOB):

@) BIryck. ITopIiieHb omyckaeTcs 10 HYKHEH MEPTBOM TOYKH, B 3TO BpeMs
B LIWJIMHJIP MTOCTYNAET CBEXKAasi TOIUIMBHO-BO31YyIIIHASL CMECH;

0) cxkatue. [lopmieHs moTHUMAETCS 10 BEpXHEH MEPTBOM TOYKH, CKUMAS
pabouyro CMecCh;

8) CrOpaHue U pacmmpenue, pabouunii xo mopirHsa. Hesamonro 1o koHIa
LMKJA CKATUS TOIUIMBOBO3AYIIHAS CMECh ITOKUTAETCA HCKPOW OT CBEYH
3axxuranus. Bo Bpems nytu nopuHs u3 BMT B HMT Ttormmso cropaet, u nox
JEHUCTBUEM TeIlla CrOPEBIIEr0 TOIUIMBA padoyas CMECh PACIIUPSIETCS, TOJKAs
nopuieHb. CTEMEeHb «HEIOBOPOTA» KOJEHYATOro Baja japuratens 1o BMT npu
MOJPKUTAaHUU CMECU HA3bIBAETCS YIJIOM OMNEPEXEHUs 3akuranus. OnepekeHue
3QKUTaHUusl HEOOXOAMMO [UJIsi TOTO, YTOOBI CrOpaHue TOIUIMBA YCIEJO
MOJTHOCTBIO 3aKOHYUTCA K MOMEHTY JOCTHXKEHUS MOPIIHEM HUXHEU MEPTBOMU
TOYKH;

2) Beimyck. [Tocne HKHEH MEPTBOM TOUKH pabodero MUKIa OTKPHIBACTCS
BBIITYCKHOM KJ1amaH, U ABMXKYIIUNCS BBEPX MOPILIECHb BHITECHIET OTPAOOTaHHBIC
raspl U3 MUIMHApPaA ABUraTels. [Ipy JOCTHKEHUU TOPIIHEM BEPXHEU MEPTBOMU
TOYKH BBIITYCKHOM KJIAIIaH 3aKPBIBAECTCS M IMKJI HAUMHAECTCS CHAJyaja.

Exercise 3. Cocmasvme nian mexcma.
Exercise 4. Boinonnume pegepuposanue mexcma.

Text B
Ilepeseoume mexcm.

Bruce Crower’s 6 stroke Crower cycle engine

As we all know, the combustion engine does not really convert the
potential energy in fuel to kinetic energy to move the car efficiently. We lose
alot of that power — roughly 76 % — in the form of heat. BMW has tried to
salvage some of this lost energy with their Turbo Steamer system which
harnesses heat from the exhaust flow and uses steam to power an expansion unit
connected to the crankshaft.
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Someone in the engine business has another idea. Bruce Crower, the
owner of Crower Cams and Equipment Company builds camshafts, crankshafts
and connecting rods, including titanium rods for Formula 1 customers. He lets
his company run itself while doing intensive R&D work in his 13-acre backyard
in Jamul.

And his idea is a 6-stroke engine. He calls it the Crower cycle engine.
The combustion engines we find in the modern automobile are Otto/Miller cycle
4-stroke units. Intake, compression, power and exhaust. What Crower has done
is take an old single cylinder diesel powerplant, and converted it to use petrol.
The previous diesel injection system was modified to inject water instead of
diesel. Crower has added 2 strokes to the 4-stroke cycle. The 5th stroke is an
intake stroke where water is injected into the really hot combustion chamber.
The water is turned instantly into steam. Water expands about 1600 times when
converted into steam gas, so that is the last stroke called the steam power stroke.

An accidental benefit of the steam stroke is it effectively cools down the
engine, eliminating the need for a radiator or other cooling systems. Crower says
this would benefit large 18-wheeler trucks which have massive radiators that
weigh about 450 kg. Other benefits would be the possibility of increasing
compression ratio to a higher ratio like 13:1 without the fear of engine pinging
as the combustion chamber would be alot cooler. As a comparison, the 2006
HondaCivic’s 1,8 litre engineruns a 10,5:1 compression ratio.

The result is a supposed 40 % higher fuel efficiency for the 6-stroke
Crower cycle engine as compared to the conventional 4-stroke combustion
engine.

Of course the downside is the car would have to carry both fuel and water.
There’s still alot of experimentation to be done, but Bruce Crower is happy with
his R&D work and even though there’s a possibility that the project might just
not be commercially feasible, he doesn’t mind. “If it turns out to be great, fine.
If it doesn’t, it’s just another year out of my life that I’ve had a lot of fun doing
something”.

Exercise 1. Ilepeseoume cnosa.

KMHETHYECKasi SJHEPTUs U3MEHSTh, 10padaThIBATh
IPUMEPHO KaMmepa CropaHus

CHacTu Clly4ailHOe MPEeUMYIIECTBO
UCII0JIb30BaTh yCTpaHEHHE

0JIOK pacHIMpeHuUs CUCTEMA OXJIAXKICHHUS
pacnpeneauTeNbHbINA Bajl HEJ0CTaTOK

COE€IMHUTENBHBIN IIITOK

Exercise 2. Cocmasbme nian mexcma.
Exercise 3. Boitnonnume pegpepuposanue mexkcma.
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Unit 7
Text A

llepeseoume mekcm.

A Brief History of Telecommunications

‘Telecommunication' is a term coming from Greek and meaning
‘communication at distance' through signals of varied nature coming from
a transmitter to a receiver. In order to achieve effective communication, the
choice of a proper mean of transport for the signal has played (and still plays)
a fundamental role.

In ancient times, the most common way of producing a signal would be
through light (fires) and sound (drums and horns). However, those kindsof
communications were insecure and certainly left room to improvement as they
did not permit message encryption nor a fast transmission of information on
a large scale.

The true 'jJump’ in terms of quality came with the advent of electricity.
Electromagnetic energy, in fact, is able to transport information in an extremely
fast way (ideally to the speed of light), in a way that previously had no equals in
terms of costs reliability. Therefore, we may say that the starting point of all
modern telecommunications was the invention of the electric cell by Alessandro
Volta (1800).

It was shortly thereafter that the first experiments on more advanced
communication system begun. In 1809, Thomas S. Sommering proposed
a telegraphic system composed of a battery, 35 wires (one for each letter and
number) and a group of sensors made of gold, which were submerged in a water
tank: when a signal was passing from one of those wires, electrical current
would split water molecules, and small oxygen bubbles would be visible near
that sensor. Many other experiments were soon to follow: Wheatstone, Weber
and Karl Friedrich Gauss tried to further develop Sommering's idea in a product
that could be mass-distributed, but their efforts were without success.

For the next step we would have to wait until 1843, the year in which
Samuel Morse proposed a way to assign each letter and number to a ternary
code (point, line, and space). This way turned out to be extremely convenient
and more affordable than Sommering'sidea, especially in terms of reduced
circuitry (you wouldn't need anymore a wire for each symbol). Meanwhile,
technology became advanced enough to find a way to convert those signals in
audible (or sometimes graphic) signals. The combination of these two factors
quickly determined the success of Morse's symbol code, which we can still find
used today.
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The system was further developed and improved in the following years by
Hughes, Baudot, and Gray (1879), who theorized other possible codes
(Gray's code has still applications today in the ICT industry and in barcodes
technology).

However, the telegraph could still be used just by trained personal and in
certain buildings like offices, so it could only be used by a limited amount of
people. Research of the time therefore took another direction and aimed at
producing a machine that could transmit sounds, rather than just signals. The
first big step in this direction was the invention of transducers which could
transform an acoustic signal into an electric one and vice versa (microphone and
receiver) with acceptable information loss, in 1850.

Seven years later, Antonio Meucci and Graham Bell independently
managed to build a prototype of an early telephone (‘sound at distance’)
machine. Since Meucci didn't have the money to patent his invention (the cost
was $250 at the time), Bell managed to register it first.

Both with telegraphs and telephones, the need for a distributed and
reliable communication network soon became evident. Routing issues were first
solved by means of human operators and circuit commutation: the PSTN (Public
Switched Telephone Network) was born. However, this system didn't guarantee
the privacy and secrecy of conversations, and efforts towards the development
of an automatic circuit commutation were made.

In 1899, AlmonStrowger invented an electro-mechanic device simply
known as 'selector’, which was directed by the electrical signals coming from the
calling telephone device, achieved through selection based on geographical
prefixes.

Many other innovations were soon to come:

In 1985, Guglielmo Marconi invented the 'wireless telegraph’ (radio);

In 1920, valve amplifiers made their first appearance;

In 1923, the television was invented;

In 1947, the invention of transistors gave birth to the field of electronics;

In 1958, the first integrated circuit was built;

In 1969, the first microprocessor was invented.

With the last step, electronics becomes more than ever a fundamental part
in the telecommunication world, at first in the transmission, and soon also in the
field of circuit commutation.

Moreover, in 1946 the invention of ENIAC (Electronic Numerical
Integrator and Computer) starts the era of informatics. Informatics and
telecommunications inevitably begun to interact, as it was to be expected: the
first made fast data processing possible, while thanks to second the data could
then be sent to a distant location.
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The development of microelectronics and informatics radically
revolutionized techniques both in telecommunication networks and performance
requirements for the networks. Starting from 1938, an innovative technology
called PCM (Pulse Code Modulation) started to grow more and more popular.
This technology could achieve the digital transmission of a voice signal by
digitally encoding and decoding, rather than by means of transducers: however,
PCM was first used on a large scale only in 1962 in the United States (the so-
called 'T1").

During the mid Sixties Paul Baran, a RAND Corporation employee
working on communication problems concerning the US Air Force, first gave
birth to the concept of 'packet switching network' rather than the conventional
idea of circuit commutation network. According to this model, there should be
no hierarchy in the nodes of a network, but each node should rather be
connected to many others and be able to decide (and, in case of need, modify)
the packet routing. Each packet is a bulk of data which consist of two main
parts, a 'header' containing routing information and a 'body' containing the actual
data.

In this context Vincent Cerf, Bob Kahn and others developed, starting
from the 70s, the TCP/IP protocol suite, which made possible communication of
computers and heterogeneous machines through a series of physical and logical
layers. Packet switching network and TCP/IP were later chosen by the military
project ARPANET. The rest of the story is widely known: in 1983, ARPANET
became available to universities and research centers, among which NSFNET
(National Science Foundation + NET), which finally gave birth to the Internet.

In the latest years, the importance of the Internet has been constantly
growing. The high flexibility given by the TCP/IP suite and the 1SO/OSI
protocols provide a strong foundation on which communication among devices
of different kind be it a laptop or a cell phone, an iPod or a GPS navigator — has
finally been made simple and easy to achieve.

Exercise 1. Ilepeseoume cnosa.

pa3HOOOpa3HbBIH MacCOBOE pacIpOCTPaHCHUE
nepeaTInk IIPUCBANBATh

MIPUEMHUK TPOUYHBIN KO
OCHOBOTIOJIAraroIIas Pojib JOCTYITHBIN

HeOe30IacHBII cxema

mudpoBaHKe 3BYKOBast

CKOPOCTb CBETa TATYUK

npearaTb Hao00poT

MOTPY’KaTh JAMTIOBBIE YCUITUTENN

paclIeIIsiTh HEN30€KHO
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nudpoBas nepegava TUOKOCTh
1 poBOe KOAUPOBAHHE U CETh TAKETHONH KOMMYHUKAITHH
JICKOTUPOBAHUE duznyecKre 1 JOTHIECKUE YPOBHU

Exercise 2. [lepeseoume na anenutickuil.

CoBpeMeHHbIE TEICKOMMYHHUKAITMOHHBIC CUCTEMBI M CETH TPEICTABIISIOT
CJIOHBIM KOMIUIEKC Pa3HOOOPA3HBIX TEXHUUECKUX CPEJCTB, 00€CIIeUnBaIOINX
nepefavdy pasiuYHbIX COOOIIEHHWH Ha JI0ObIe PAcCTOSHUSA C 3aJaHHBIMH
napameTpamu kadectBa. OCHOBY TEIEKOMMYHHUKAIIMOHHBIX CUCTEM COCTaBIISIOT
MHOTOKAHAJIBHBIE CHUCTEMBI TEpeaydl IO JJICKTPUYECKUM, BOJIOKOHHO-
ONTUYECKUM KaOeJsiM U PauOJIMHUAM, MPEJHA3ZHAUYCHHBIE i1 (POPMUPOBAHUS
TUTIOBBIX KaHAJlOB W TpakToB. Ha oOcCHOBe cucTeM Tepenadyd CTPOUTCS
TEJICKOMMYHUKAIIMOHHAA CETh CTpaHbl, peaju3yeMas B BHUJE KOMILUIEKCOB
TEXHOJIOTUYECKH COMNPSKEHHBIX CETEH 3JIEKTPOCBSI3W OOIIEro MOJIb30BaHUS,
BEJIOMCTBEHHBIX M YAaCTHBIX CETEH SJIEKTPOCBS3M Ha TeppuTopuu Poccum,
OXBaueHHAs OONMM IICHTPAJIM30BAaHHBIM VIPABICHHEM W  Ha3bIBaeMas
B3aumoyssizanHou cetwto cBsizu Poccuiickoit deneparu (BCC PO).

B3anMoyBsizanHas ceThb CBsI3W Kak HWH(POPMAIMOHHAS TpPAHCIIOPTHAs
cpella KpoMe CEeTell mepeadl MPUBBIYHBIX COOOIICHUI MO3BOJIIET CO3/IaTh:

1) tudpoByO CeTh CBS3M C HHTETpaIe Cay)0, 00eCIeYrBaIONIINX
MOJIHOCTBIO IU(POBBIE COCTUHEHUS MEXKJIY OKOHEUYHBIMU YCTPOHMCTBAMHU
(TepMuHaIaMU) JJIs1 IPEOCTABICHUSI AOOHEHTaM IIMPOKOTO CHEKTpa YCIYT IO
nepenade TeneOHHBIX M HETEeNePOHHBIX COOOMICHHM, JOCTYN K KOTOPBIM
OCYLIECTBJISIETCS.  4Y€pe3  OrpaHMYEHHBI HAOOp  CTaHAAPTU3MPOBAHHBIX
MHOTO(YHKIIMOHATLHBIX UHTEP(HENCOB;

2) MHTEJUICKTYaIbHYIO CETh, KOTOpas MOXET IMPEIOCTaBUTh a0OHEHTaM
pacIHIMpPEeHHBIN HA0Op YCIYT B 3aJJaHHOE BpPEMS B 33JJaHHOM MeECTe, Harpumep,
YCTAaHOBJICHHE TENE(POHHOTO COEAMHEHMSI C OIUIATOM 3a CYET BBI3BIBAEMOTO
aOOHEHTa, BBI30B MO KPEAUTHOW KapTe, OOIIEHHE MO COKpPAIIEHHOMY Habopy
HOMEDPA, TEJIET0JI0COBaHUE U p.;

3) coToBbIC MOOWJIBHBIE CETH CBSI3M, MPEIOCTABIAIONINE aOOHEHTY,
HaxXOJIAMEMYCSl B JBMIKEHUH, BO3MOXKHOCTh TOJYYNUTh YCIYyTH CBS3U B JTFOOOM
MECTE;

4) MUPOKONOJIOCHbIE  IU(GPOBBIE CETH €  HMHTErpalued  yCiyr
CO CKOpPOCTBIO 0OMeHa nH(popManueit coite 140 Mout/c;

5) BBICOKOCKOPOCTHBIC ~ CETH  Ha  OCHOBE  TPaHCIOHUPOBAHHMSI
uH(OpPMAITUU C TIOMOIIBI0 TEXHOJIOTHH ACHHXPOHHOTO pPEeXHMa IepeHoca
(AsynchronousTransferMode-ATM) u ap.

Exercise 3. Cocmasvme nian mexkcma.
Exercise 4. Boinonnume pegepuposanue mexkcma.
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Text B
Ilepeseoume mexkcm.

Components of Telecommunication Systems

Telecommunication systems use electronic signals to communicate
information. Telecommunication systems also use a variety of compatible
hardware and software to enable communications. Digital technology has made
telecommunication systems an important part of daily life for most people.
Required components of telecommunication systems include signals,
communication channels and communications networks.

Components.

Modern telecommunications systems can transmit video, voice, graphic
Images and text information. The components required to transmit information
include computers to process information, terminals to send and receive data,
processors and software. The support system of a telecommunication system
helps to ensure the safety of data transmission. Additionally, telecommunication
systems require failsafe, redundant components to ensure round-the-clock
operation.

Signals.

The data traveling through a telecommunications system uses analog and
digital electromagnetic signals. The analog signal is a continuous waveform
used for voice communication that goes through a communication medium.
Digital signals, on the other hand, transmit data coded as one bits and zero bits
or on-off electric pulses. Computers communicate using digital signals.
Whenever a computer needs to communicate over an analog line it needs
a modem to translate the signals. A modem translates analog signals into digital
and digital signals into analog.

Communication Channels.

The transmission of information over a telecommunications system also
requires communication channels. Communication channels use different
mediums to transmit information from one device to another. The speed in
which the information flows depends on the transmission media. High-speed
transmission is more expensive because the infrastructure to support the high-
speed transmission costs more than the infrastructure used to support low-speed
transmission. Examples of media used for transmission include wireless, fiber
optics, coaxial cable and twisted wire.

Communications Networks.

Telecommunication networks provide a variety of functions and receive
a classification based on their geographic capacity and the type of service they
provide. The topology of a network and the network connections indicate how
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a specific network performs its tasks. The most recognized topologies are star,
bus and ring networks. The star network uses a central computer connected to
different terminals or small computers. The bus network uses a single circuit to
link computers. The ring network, on the other hand, is the most independent
type of network and does not rely on a central host computer.

Exercise 1/ Ilepeseoume cnosa.

COBMECTUMOCTD KPYTJIOCYyTOYHAs paboTa
anmapaTHOE W IPOrPaMMHOE aHAJIOTOBBIC U ITU(POBBIC CUTHAJIBI
oOecrieueHue HENPEPBIBHBIN CUTHAI

OTIIPABIIATH U TIOJTy4aTh JAHHBIC KaHaJbl CBSI3H

oOecnieueHne 6e30MacHOCTH OIITOBOJIOKHO

JTAHHBIX KOAKCHaIbHBIA Ka0ellb
0€30TKa3HbIN BUTAs TIPOBOJIOKA

pe3epBHBIC KOMIIOHCHTBI TOIIOJIOTHS CETH

Exercise 2. Cocmasvme nian mexkcma.
Exercise 3. Boinonnume pegepuposanue mexkcma.

Unit 8
Text A

llepeseoume mexcm.

A brief history of computers

Computers truly came into their own as great inventions in the last two
decades of the 20th century. But their history stretches back more than 2500
years to the abacus: a simple calculator made from beads and wires, which is
still used in some parts of the world today. The difference between an ancient
abacus and a modern computer seems vast, but the principle is making repeated
calculations more quickly than the human brain is exactly the same.

Cogs and Calculators

It is a measure of the brilliance of the abacus, invented in the Middle East
circa 500 BC, that it remained the fastest form of calculator until the middle of
the 17th century. Then, in 1642, aged only 18, French scientist and philosopher
Blaise Pascal (1623-1666) invented the first practical mechanical calculator, the
Pascaline, to help his tax-collector father do his sums. The machine had a series
of interlocking cogs (gear wheels with teeth around their outer edges) that could
add and subtract decimal numbers. Several decades later, in 1671, German
mathematician and philosopher Gottfried Wilhelm Leibniz (1646-1716) came
up with a similar but more advanced machine. Instead of using cogs, it had a
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"stepped drum™ (a cylinder with teeth of increasing length around its edge), an
innovation that survived in mechanical calculators for 300 hundred years. The
Leibniz machine could do much more than Pascal's: as well as adding and
subtracting, it could multiply, divide, and work out square roots. Another
pioneering feature was the first memory store or "'register."

Apart from developing one of the world's earliest mechanical calculators,
Leibniz is remembered for another important contribution to computing: he was
the man who invented binary code, a way of representing any decimal number
using only the two digits zero and one. Although Leibniz made no use of binary
in his own calculator, it set others thinking. In 1854, a little over a century after
Leibniz had died, Englishman George Boole (1815-1864) used the idea to
invent a new branch of mathematics called Boolean algebra. In modern
computers, binary code and Boolean algebra allow computers to make simple
decisions by comparing long strings of zeros and ones. But, in the 19th century,
these ideas were still far ahead of their time. It would take another 50-100 years
for mathematicians and computer scientists to figure out how to use them.

Engines of Calculation.

Neither the abacus, nor the mechanical calculators constructed by Pascal
and Leibniz really qualified as computers. A calculator is a device that makes it
quicker and easier for people to do sums — but it needs a human operator. A
computer, on the other hand, is a machine that can operate automatically,
without any human help, by following a series of stored instructions called a
program (a kind of mathematical recipe). Calculators evolved into computers
when people devised ways of making entirely automatic, programmable
calculators.

The first person to attempt this was a rather obsessive, notoriously
grumpy English mathematician named Charles Babbage (1791-1871). Many
regard Babbage as the "father of the computer” because his machines had an
input (a way of feeding in numbers), a memory (something to store these
numbers while complex calculations were taking place), a processor (the
number-cruncher that carried out the calculations), and an output (a printing
mechanism)—the same basic components shared by all modern computers.
During his lifetime, Babbage never completed a single one of the hugely
ambitious machines that he tried to build. That was no surprise. Each of his
programmable "engines" was designed to use tens of thousands of precision-
made gears. It was like a pocket watch scaled up to the size of a steam engine,
a Pascal or Leibniz machine magnified a thousand-fold in dimensions, ambition,
and complexity. For a time, the British government financed Babbage — to the
tune of £17,000, then an enormous sum. But when Babbage pressed the
government for more money to build an even more advanced machine, they lost
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patience and pulled out. Babbage was more fortunate in receiving help from
Augusta Ada Byron (1815-1852), Countess of Lovelace, daughter of the poet
Lord Byron. An enthusiastic mathematician, she helped to refine Babbage's
ideas for making his machine programmable — and this is why she is still,
sometimes, referred to as the world's first computer programmer. Little of
Babbage's work survived after his death. But when, by chance, his notebooks
were rediscovered in the 1930s, computer scientists finally appreciated the
brilliance of his ideas. Unfortunately, by then, most of these ideas had already
been reinvented by others.

Babbage had intended that his machine would take the drudgery out of
repetitive calculations. Originally, he imagined it would be used by the army to
compile the tables that helped their gunners to fire cannons more accurately.
Toward the end of the 19th century, other inventors were more successful in
their effort to construct "engines™ of calculation. American statistician Herman
Hollerith (1860-1929) built one of the world's first practical calculating
machines, which he called a tabulator, to help compile census data. Then, as
now, a census was taken each decade but, by the 1880s, the population of the
United States had grown so much through immigration that a full-scale analysis
of the data by hand was taking seven and a half years. The statisticians soon
figured out that, if trends continued, they would run out of time to compile one
census before the next one fell due. Fortunately, Hollerith's tabulator was an
amazing success: it tallied the entire census in only six weeks and completed the
full analysis in just two and a half years. Soon afterward, Hollerith realized his
machine had other applications, so he set up the Tabulating Machine Company
in 1896 to manufacture it commercially. A few years later, it changed its name
to the Computing-Tabulating-Recording (C-T-R) company and then, in 1924,
acquired its present name: International Business Machines (IBM).

Bush and the bomb.

The history of computing remembers colorful characters like Babbage,
but others who played important — if supporting — roles are less well known.
Atthe time when C-T-R was becoming IBM, the world's most powerful
calculators were being developed by US government scientist VVannevar Bush
(1890-1974). In 1925, Bush made the first of a series of unwieldy contraptions
with equally cumbersome names: the New Recording Product Integraph
Multiplier. Later, he built a machine called the Differential Analyzer, which
used gears, belts, levers, and shafts to represent numbers and carry out
calculations in a very physical way, like a gigantic mechanical slide rule. Bush's
ultimate calculator was an improved machine named the Rockefeller
Differential Analyzer, assembled in 1935 from 320 km (200 miles) of wire and
150 electric motors. Machines like these were known as analog calculators
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analog because they stored numbers in a physical form (as so many turns on a
wheel or twists of a belt) rather than as digits. Although they could carry out
incredibly complex calculations, it took several days of wheel cranking and belt
turning before the results finally emerged.

Impressive machines like the Differential Analyzer were only one of
several outstanding contributions Bush made to 20th-century technology.
Another came as the teacher of Claude Shannon (1916-2001), a brilliant
mathematician who figured out how electrical circuits could be linked together
to process binary code with Boolean algebra (a way of comparing binary
numbers using logic) and thus make simple decisions. During World War 11,
President Franklin D. Roosevelt appointed Bush chairman first of the US
National Defense Research Committee and then director of the Office of
Scientific Research and Development (OSRD). In this capacity, he was in
charge of the Manhattan Project, the secret $2-billion initiative that led to the
creation of the atomic bomb. One of Bush's final wartime contributions was to
sketch out, in 1945, an idea for a memory-storing and sharing device called
Memex that would later inspire Tim Berners-Lee to invent the WWW. Few
outside the world of computing remember Vannevar Bush today — but what a
legacy! As a father of the digital computer, an overseer of the atom bomb, and
an inspiration for the Web, Bush played a pivotal role in three of the 20th-
century's most far-reaching technologies.

Turing — tested.

Many of the pioneers of computing were hands-on experimenters — but by
no means all of them. One of the key figures in the history of 20th-century
computing, Alan Turing (1912-1954) was a brilliant Cambridge mathematician
whose major contributions were to the theory of how computers processed
information. In 1936, at the age of just 23, Turing wrote a groundbreaking
mathematical paper called "On computable numbers, with an application to the
Entscheidungsproblem,” in which he described a theoretical computer now
known as a Turing machine (a simple information processor that works through
a series of instructions, reading data, writing results, and then moving on to the
next instruction). Turing's ideas were hugely influential in the years that
followed and many people regard him as the father of modern computing—the
20th-century's equivalent of Babbage.

Although essentially a theoretician, Turing did get involved with real,
practical machinery, unlike many mathematicians of his time. During World
War |1, he played a pivotal role in the development of code-breaking machinery
that, itself, played a key part in Britain's wartime victory; later, he played a
lesser role in the creation of several large-scale experimental computers
including ACE (Automatic Computing Engine), Colossus, and the
Manchester/Ferranti Mark | (described below). Today, Alan Turing is best
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known for conceiving what's become known as the Turing test, a simple way to
find out whether a computer can be considered intelligent by seeing whether it
can sustain a plausible conversation with a real human being.

Exercise 1. Ilepeseoume cnosa.

MIPOCTUPATHCS BBIYHCIINTEIbHAS MallInHA
CUETBI JAHHBIE TTEPENUCU

OKOJIO IPOMO3JIKHE MPUCITOCOOIEHUS
JIeNIaTh BIYUCICHUS HIECTEPHU

MOAIIUITHAK peMeHb

AeCSITUUHBIE UGPBI ppIyar

YMHOXAaTh Baj

KBaJpaTHBIN KOPEHb uugpa, CUMBOJI

OMHapHBIN KOA 00paboTka nHpoOpMaLIHH
IIEHUTD HOBATOPCKHM

pyTHHA KIIFOUEBast pOJIb
COCTAaBJISITh TaOJIUIIbI BpPa3yMUTEIbHBIN pa3roBop

Exercise 2. Cocmagvme nian mexcma.
Exercise 3. Buinoanume pegepuposanue mexcma.

Text B
llepeseoume mexcm.

The first modern computers

The World War 11 years were a crucial period in the history of computing,
when powerful gargantuan computers began to appear. Just before the outbreak
of the war, in 1938, German engineer Konrad Zuse (1910-1995) constructed his
Z1, the world's first programmable binary computer, in his parents' living room.
The following year, American physicist John Atanasoff (1903-1995) and his
assistant, electrical engineer Clifford Berry (1918-1963), built a more elaborate
binary machine that they named the Atanasoff Berry Computer (ABC). It was a
great advance — 1000 times more accurate than Bush's Differential Analyzer.
These were the first machines that used electrical switches to store numbers:
when a switch was "off", it stored the number zero; flipped over to its other,
"on", position, it stored the number one. Hundreds or thousands of switches
could thus store a great many binary digits (although binary is much less
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efficient in this respect than decimal, since it takes up to eight binary digits to
store a three-digit decimal number). These machines were digital computers:
unlike analog machines, which stored numbers using the positions of wheels and
rods, they stored numbers as digits.

The first large-scale digital computer of this kind appeared in 1944 at
Harvard University, built by mathematician Howard Aiken (1900-1973).
Sponsored by IBM, it was variously known as the Harvard Mark | or the IBM
Automatic Sequence Controlled Calculator (ASCC). A giant of a machine,
stretching 15m (50ft) in length, it was like a huge mechanical calculator built
into a wall. It must have sounded impressive, because it stored and processed
numbers using “clickety-clack" electromagnetic relays (electrically operated
magnets that automatically switched lines in telephone exchanges) — no fewer
than 3304 of them. Impressive they may have been, but relays suffered from
several problems: they were large (that's why the Harvard Mark | had to be so
big); they needed quite hefty pulses of power to make them switch; and they
were slow (it took time for a relay to flip from "off" to "on" or from 0 to 1)..

Most of the machines developed around this time were intended for
military purposes. Like Babbage's never-built mechanical engines, they were
designed to calculate artillery firing tables and chew through the other complex
chores that were then the lot of military mathematicians. During World War 11,
the military co-opted thousands of the best scientific minds: recognizing that
science would win the war, Vannevar Bush's Office of Scientific Research and
Development employed 10,000 scientists from the United States alone. Things
were very different in Germany. When KonradZuse offered to build his Z2
computer to help the army, they couldn't see the need — and turned him down.

On the Allied side, great minds began to make great breakthroughs. In
1943, a team of mathematicians based at Bletchley Park near London, England
(including Alan Turing) built a computer called Colossus to help them crack
secret German codes. Colossus was the first fully electronic computer. Instead
of relays, it used a better form of switch known as a vacuum tube (also known,
especially in Britain, as a valve). The vacuum tube, each one about as big as a
person's thumb and glowing red hot like a tiny electric light bulb, had been
invented in 1906 by Lee de Forest (1873-1961), who named it the Audion. This
breakthrough earned de Forest his nickname as "the father of radio™ because
their first major use was in radioreceivers, where they amplified weak incoming
signals so people could hear them more clearly. In computers such as the ABC
and Colossus, vacuum tubes found an alternative use as faster and more compact
switches.
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Just like the codes it was trying to crack, Colossus was top-secret and its
existence wasn't confirmed until after the war ended. As far as most people were
concerned, vacuum tubes were pioneered by a more visible computer that
appeared in 1946: the Electronic Numerical Integrator and Calculator (ENIAC).
The ENIAC's inventors, two scientists from the University of Pennsylvania,
John Mauchly (1907-1980) and J. Presper Eckert (1919-1995), were originally
inspired by Bush's Differential Analyzer; years later Eckert recalled that ENIAC
was the "descendant of Dr Bush's machine.” But the machine they constructed
was far more ambitious. It contained nearly 18,000 vacuum tubes (nine times
more than Colossus), was around 24 m (80 ft) long, and weighed almost 30 tons.
ENIAC is generally recognized as the world's first fully electronic, general-
purpose, digital computer. Colossus might have qualified for this title too, but it
was designed purely for one job (code-breaking); since it couldn't store
a program, it couldn't easily be reprogrammed to do other things.

ENIAC was just the beginning. Its two inventors formed the Eckert
Mauchly Computer Corporation in the late 1940s. Working with a brilliant
Hungarian mathematician, John von Neumann (1903-1957), who was based at
Princeton University, they then designed a better machine called EDVAC
(Electronic Discrete Variable Automatic Computer). In a key piece of work, von
Neumann helped to define how the machine stored and processed its programs,
laying the foundations for how all modern computers operate. After EDVAC,
Eckert and Mauchly developed UNIVAC 1 (UNIVersal Automatic Computer)
in 1951. They were helped in this task by a young, largely unknown American
mathematician and Naval reserve named Grace Murray Hopper (1906-1992),
who had originally been employed by Howard Aiken on the Harvard Mark I.
Like Herman Hollerith's tabulator over 50 years before, UNIVAC 1 was used
for processing data from the US census. It was then manufactured for other users
—and became the world's first large-scale commercial computer.

Machines like Colossus, the ENIAC, and the Harvard Mark | compete for
significance and recognition in the minds of computer historians. Which one
was truly the first great modern computer? All of them and none: these — and
several other important machines — evolved our idea of the modern electronic
computer during the key period between the late 1930s and the early 1950s.
Among those other machines were pioneering computers put together by
English academics, notably the Manchester/Ferranti Mark 1, built at Manchester
University by Frederic Williams (1911-1977) and Thomas Kilburn (1921-
2001), and the EDSAC (Electronic Delay Storage Automatic Calculator), built
by Maurice Wilkes (1913-2010) at Cambridge University.
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The microelectronic revolution.

Vacuum tubes were a considerable advance on relay switches, but
machines like the ENIAC were notoriously unreliable. The modern term for a
problem that holds up a computer program is a "bug."” Popular legend has it that
this word entered the vocabulary of computer programmers sometime in the
1950s when moths, attracted by the glowing lights of vacuum tubes, flew inside
machines like the ENIAC, caused a short circuit, and brought work to a
juddering halt. But there were other problems with vacuum tubes too. They
consumed enormous amounts of power: the ENIAC used about 2000 times as
much electricity as a modern laptop. And they took up huge amounts of space.
Military needs were driving the development of machines like the ENIAC, but
the sheer size of vacuum tubes had now become a real problem. ABC had used
300 vacuum tubes, Colossus had 2000, and the ENIAC had 18,000. The
ENIAC's designers had boasted that its calculating speed was "at least 500 times
as great as that of any other existing computing machine." But developing
computers that were an order of magnitude more powerful still would have
needed hundreds of thousands or even millions of vacuum tubes — which would
have been far too costly, unwieldy, and unreliable. So a new technology was
urgently required.

The solution appeared in 1947 thanks to three physicists working at Bell
Telephone Laboratories (Bell Labs). John Bardeen (1908-1991), Walter Brattain
(1902-1987), and William Shockley (1910-1989) were then helping Bell to
develop new technology for the American public telephone system, so the
electrical signals that carried phone calls could be amplified more easily and
carried further. Shockley, who was leading the team, believed he could use
semiconductors (materials such as germanium and silicon that allow electricity
to flow through them only when they've been treated in special ways) to make a
better form of amplifier than the vacuum tube. When his early experiments
failed, he set Bardeen and Brattain to work on the task for him. Eventually, in
December 1947, they created a new form of amplifier that became known as the
point-contact transistor. Bell Labs credited Bardeen and Brattain with the
transistor and awarded them a patent. This enraged Shockley and prompted him
to invent an even better design, the junction transistor, which has formed the
basis of most transistors ever since.

Like vacuum tubes, transistors could be used as amplifiers or as switches.
But they had several major advantages. They were a fraction the size of vacuum
tubes (typically about as big as a pea), used no power at all unless they were in
operation, and were virtually 100 percent reliable. The transistor was one of the
most important breakthroughs in the history of computing. By that time,
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however, the three men had already gone their separate ways. John Bardeen had
begun pioneering research into superconductivity, which would earn him a
second Nobel Prize in 1972. Walter Brattain moved to another part of Bell Labs.

William Shockley decided to stick with the transistor, eventually forming
his own corporation to develop it further. His decision would have extraordinary
consequences for the computer industry. With a small amount of capital,
Shockley set about hiring the best brains he could find in American universities,
including young electrical engineer Robert Noyce (1927-1990) and research
chemist Gordon Moore (1929-). It wasn't long before Shockley's idiosyncratic
and bullying management style upset his workers. In 1956, eight of them —
including Noyce and Moore — left Shockley Transistor to found a company of
their own, Fairchild Semiconductor, just down the road. Thus began the growth
of "Silicon Valley," the part of California centered on Palo Alto, where many
of the world's leading computer and electronics companies have been based
ever since.

It was in Fairchild's California building that the next breakthrough
occurred — although, somewhat curiously, it also happened at exactly the same
time in the Dallas laboratories of Texas Instruments. In Dallas, a young engineer
from Kansas named Jack Kilby (1923-2005) was considering how to improve
the transistor. Although transistors were a great advance on vacuum tubes, one
key problem remained. Machines that used thousands of transistors still had to
be hand wired to connect all these components together. That process was
laborious, costly, and error prone. Wouldn't it be better, Kilby reflected, if many
transistors could be made in a single package? This prompted him to invent the
"monolithic" integrated circuit, a collection of transistors and other components
that could be manufactured all at once, in a block, on the surface of a
semiconductor. Kilby's invention was another step forward, but it also had a
drawback: the components in his integrated circuit still had to be connected by
hand. While Kilby was making his breakthrough in Dallas, unknown to him,
Robert Noyce was perfecting almost exactly the same idea at Fairchild in
California. Noyce went one better, however: he found a way to include the
connections between components in an integrated circuit, thus automating the
entire process.

Integrated circuits, as much as transistors, helped to shrink computers
during the 1960s. In 1943, IBM boss Thomas Watson had reputedly quipped:
"I think there is a world market for about five computers.” Just two decades
later, the company and its competitors had installed around 25,000 large
computer systems across the United States. As the 1960s wore on, integrated
circuits became increasingly sophisticated and compact. Soon, engineers were
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speaking of large-scale integration (LSI), in which hundreds of components
could be crammed onto a single chip, and then very large-scale integrated
(VLSI), when the same chip could contain thousands of components.

The logical conclusion of all this miniaturization was that, someday,
someone would be able to squeeze an entire computer onto a chip. In 1968,
Robert Noyce and Gordon Moore had left Fairchild to establish a new company
of their own. With integration very much in their minds, they called it Integrated
Electronics or Intel for short. Originally they had planned to make memory
chips, but when the company landed an order to make chips for a range of
pocket calculators, history headed in a different direction. A couple of their
engineers, Federico Faggin (1941-) and Marcian Edward (Ted) Hoff (1937-),
realized that instead of making a range of specialist chips for a range of
calculators, they could make a universal chip that could be programmed to work
in them all. Thus was born the general-purpose, single chip computer or
microprocessor — and that brought about the next phase of the computer
revolution.

Exercise 1. Ilepeseoume cnosa.

TUTaHTCKHMN 3aBEI0MO

MPOTyMaHHBIM KOPOTKOE 3aMbIKaHUE
W3PSIIHBIA ITPOMO3IAKHAN
MpeaHAa3HAYaThCS HEHAJCKHBIN

BOEHHBIE LIEJTN CPOYHO

MPOPHIB, IOCTUKECHUE MOJTYTIPOBOTHUK
BaKyyMHasl TpyOKa YCUJIUTEIIb
PaTUOTIPUEMHUK CBEPXIIPOBOAUMOCTD
YCUJIUBATH UHTETpajbHas cxeMa (1IeThb)
NEPEKITI0YaTENb YMEHbIIIAaTh, COKpaIlaTh
MOTOMOK YHUBEPCAITbHBIN YUI o011ero
3HAYUMOCTh Ha3HA4YCHUS

MpU3HaAHUE

Exercise 2. Ilepeseoume na anenutickuil.

PackpbiBas OHATHE KOMITBIOTEPHOW PEBOIOINH, CIIEAYET OTMETHTh, YTO
B €€ OCHOBE JICKUT MPUBS3aHHOCTH M 3aBUCHMOCTDh OT HAYKOEMKHX TEXHOJIOTHH.
KommbproTepHas peBostonus, KOTOpas IIO3BOJIMIA TEpedTn K uHbOpMa-
IIMOHHOMY KOHTPOJIIO 3a TIPOM3BOJCTBOM W 3HAYHUTEIILHO HW3MCHHTH
KOMMYHHUKAITIOHHBIE TPOIECChI, TpEeJCcTana KakK CIEJACTBHE MOTYIIIEeCTBa
gyenoBeyeckoro pazyma. C Jpyroil CTOPOHBI, KOMITBIOTEpHAs PEBOJIOIHUS
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obecrnieuniia OCHOBaHUE JUIS JaJbHEHIIEr0 PACKPBITHS €ro BO3MOXHOCTEH.
Ecnu x HanOosee (GyHIaMEHTAIBHBIM IICHHOCTSAM YEJIOBEYECKOrO CYIIECTBO-
BaHUS OTHECTH PEaTM3alii0 COOCTBEHHBIX BOBMOYKHOCTEH (T. €. caMOpeaIu3aliuio),
TO HMH(OPMAIIMOHHBIC TEXHOJOIHMH B MHOTOKPATHOW CTEICHH YCHJIMBAIOT MOIIb
U MOTYIIECTBO 4YEJIOBEKa, TaK KaK BEAYT K CO3JAaHUI0 HHTEIUICKTYaIbHBIX
KOMIIBIOTEPHBIX CHCTEM C 3JIEMEHTAaMH HCKYCCTBCHHOI'O HMHTEJIEKTa Ha 0ase
UHGOPMAIIMOHHBIX TEXHOJIOTHH. BOJbIION MHTEHCHMBHOCTH JOCTHUIJIA HAay4HAs
JESATCIIBHOCTh, KOTOpasi OOHApY KUJIa TCHACHIIMN K MHTEIPAIlid, MK IACIIUATLIH-
HApPHOCTH, K KOJUICKTHMBHBIM ()OpMaM CBOETO IPOSBICHHUS M PE3KOMY B3PBIBY
COBMECTHBIX HAy4YHBIX Pa3pa0OTOK B 00JaCTH I'yMaHHUTAPHBIX U TECXHHYECKUX
Hayk. ClencTBHeM UX TPUMEHEHHUS CTaJl0 IPOTPECCHBHOE Pa3BUTHE
TEXHOC(EPBhI, MHTCIUICKTYaIbHOM M SKOHOMHUYECKOH O0OJIACTH >KH3HEICATEIIb-
HOCTH OOIIEeCTBA.

Exercise 3. Cocmasbme nnan mexcma.
Exercise 4. Boinonnume pegpepuposanue mexkcma.

Text C

llepeseoume mexcm.

Personal computers

By 1974, Intel had launched a popular microprocessor known as the 8080
and computer hobbyists were soon building home computers around it. The first
was the MITS Altair 8800, built by Ed Roberts. With its front panel covered in
red LED lights and toggle switches, it was a far cry from modern PCs and
laptops. Even so, it sold by the thousand and earned Roberts a fortune. The
Altair inspired a Californian electronics wizard name Steve Wozniak (1950-) to
develop a computer of his own. "Woz" is often described as the hacker's
"hacker" — a technically brilliant and highly creative engineer who pushed the
boundaries of computing largely for his own amusement. In the mid-1970s, he
was working at the Hewlett-Packard computer company in California, and
spending his free time tinkering away as a member of the Homebrew Computer
Club in the Bay Area.

After seeing the Altair, Woz used a 6502 microprocessor (made by an
Intel rival, Mos Technology) to build a better home computer of his own: the
Apple I. When he showed off his machine to his colleagues at the club, they all
wanted one too. One of his friends, Steve Jobs (1955-2011), persuaded Woz
that they should go into business making the machine. Woz agreed so, famously,
they set up Apple Computer Corporation in a garage belonging to Jobs' parents.
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After selling 175 of the Apple | for the devilish price of $666.66, Woz built a
much better machine called the Apple ][ (pronounced "Apple Two"). While the
Altair 8800 looked like something out of a science lab, and the Apple | was little
more than a bare circuit board, the Apple ][ took its inspiration from such things
as Sony televisions and stereos: it had a neat and friendly looking cream plastic
case. Launched in April 1977, it was the world's first easy-to-use home
"microcomputer.” Soon home users, schools, and small businesses were buying
the machine in their tens of thousands — at $1298 a time. Two things turned the
Apple ][ into a really credible machine for small firms: a disk drive unit,
launched in 1978, which made it easy to store data; and a spreadsheet program
called VisiCalc, which gave Apple users the ability to analyze that data. In just
two and a half years, Apple sold around 50,000 of the machine, quickly
accelerating out of Jobs' garage to become one of the world's biggest companies.
Dozens of other microcomputers were launched around this time, including the
TRS-80 from Radio Shack (Tandy in the UK) and the Commodore PET.

Apple's success selling to businesses came as a great shock to IBM and
the other big companies that dominated the computer industry. It didn't take a
VisiCalc spreadsheet to figure out that, if the trend continued, upstarts like
Apple would undermine IBM's immensely lucrative business market selling
"Big Blue" computers. In 1980, IBM finally realized it had to do something and
launched a highly streamlined project to save its business. One year later, it
released the IBM Personal Computer (PC), based on an Intel 8080
microprocessor, which rapidly reversed the company's fortunes and stole the
market back from Apple.

The PC was successful essentially for one reason. All the dozens of
microcomputers that had been launched in the 1970s — including the Apple —
were incompatible. All used different hardware and worked in different ways.
Most were programmed using a simple, English-like language called BASIC,
but each one used its own flavor of BASIC, which was tied closely to the
machine's hardware design. As a result, programs written for one machine
would generally not run on another one without a great deal of conversion.
Companies who wrote software professionally typically wrote it just for one
machine and, consequently, there was no software industry to speak of.

In 1976, Gary Kildall (1942-1994), a teacher and computer scientist, and
one of the founders of the Homebrew Computer Club, had figured out a solution
to this problem. Kildall wrote an operating system (a computer's fundamental
control software) called CP/M that acted as an intermediary between the user's
programs and the machine's hardware. With a stroke of genius, Kildall realized
that all he had to do was rewrite CP/M so it worked on each different machine.
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Then all those machines could run identical user programs — without any
modification at all — inside CP/M. That would make all the different
microcomputers compatible at a stroke. By the early 1980s, Kildall had become
a multimillionaire through the success of his invention: the first personal
computer operating system. Naturally, when IBM was developing its personal
computer, it approached him hoping to put CP/M on its own machine. Legend
has it that Kildall was out flying his personal plane when IBM called, so missed
out on one of the world's greatest deals. But the truth seems to have been that
IBM wanted to buy CP/M outright for just $200,000, while Kildall recognized
his product was worth millions more and refused to sell. Instead, IBM turned to
a young programmer named Bill Gates (1955-). His then tiny company,
Microsoft, rapidly put together an operating system called DOS, based on a
product called QDOS (Quick and Dirty Operating System), which they acquired
from Seattle Computer Products. Some believe Microsoft and IBM cheated
Kildall out of his place in computer history; Kildall himself accused them of
copying his ideas. Others think Gates was simply the shrewder businessman.
Either way, the IBM PC, powered by Microsoft's operating system, was a
runaway Success.

Yet IBM's victory was short-lived. Cannily, Bill Gates had sold IBM the
rights to one flavor of DOS (PC-DOS) and retained the rights to a very similar
version (MS-DOS) for his own use. When other computer manufacturers,
notably Compag and Dell, starting making IBM-compatible (or "cloned")
hardware, they too came to Gates for the software. IBM charged a premium for
machines that carried its badge, but consumers soon realized that PCs were
commodities: they contained almost identical components an Intel
microprocessor, for example no matter whose name they had on the case. As
IBM lost market share, the ultimate victors were Microsoft and Intel, who were
soon supplying the software and hardware for almost every PC on the planet.
Apple, IBM, and Kildall made a great deal of moneybut all failed to capitalize
decisively on their early success.

The user revolution.

Fortunately for Apple, it had another great idea. One of the Apple IlI's
strongest suits was its sheer "user-friendliness." For Steve Jobs, developing truly
easy-to-use computers became a personal mission in the early 1980s. What truly
inspired him was a visit to PARC (Palo Alto Research Center), a cutting-edge
computer laboratory then run as a division of the Xerox Corporation. Xerox had
started developing computers in the early 1970s, believing they would make
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paper (and the highly lucrative photocopiers Xerox made) obsolete. One of
PARC's research projects was an advanced $40,000 computer called the Xerox Alto.
Unlike most microcomputers launched in the 1970s, which were programmed
by typing in text commands, the Alto had a desktop-like screen with little
picture icons that could be moved around with a mouse: it was the very first
graphical user interface (GUI, pronounced "gooey") — an idea conceived by
Alan Kay (1940-) and now used in virtually every modern computer. The Alto
borrowed some of its ideas, including the mouse, from 1960s computer pioneer
Douglas Engelbart (1925-2013).

Back at Apple, Jobs launched his own version of the Alto project to
develop an easy-to-use computer called PITS (Person In The Street).
This machine became the Apple Lisa, launched in January 1983 — the first
widely available computer with a GUI desktop. With a retail price of $10,000,
over three times the cost of an IBM PC, the Lisa was a commercial flop. But it
paved the way for a better, cheaper machine called the Macintosh that Jobs
unveiled a year later, in January 1984. With its memorable launch ad for the
Macintosh inspired by George Orwell's novel 1984, and directed by Ridley Scott
(director of the dystopic movie Blade Runner), Apple took a swipe at IBM's
monopoly, criticizing what it portrayed as the firm's domineering — even
totalitarian approach: Big Blue was really Big Brother. Apple's ad promised
avery different vision: "On January 24, Apple Computer will introduce
Macintosh. And you'll see why 1984 won't be like '1984'." The Macintosh was
a critical success and helped to invent the new field of desktop publishing in the
mid-1980s, yet it never came close to challenging IBM's position.

Ironically, Jobs' easy-to-use machine also helped Microsoft to dislodge
IBM as the world's leading force in computing. When Bill Gates saw how the
Macintosh worked, with its easy-to-use picture-icon desktop, he launched
Windows, an upgraded version of his MS-DOS software. Apple saw this as
blatant plagiarism and filed a $5.5 billion copyright lawsuit in 1988. Four years
later, the case collapsed with Microsoft effectively securing the right to use the
Macintosh "look and feel" in all present and future versions of Windows.
Microsoft's Windows 95 system, launched three years later, had an easy-to-use,
Macintosh-like desktop and MS-DOS running behind the scenes.

From nets to the Internet

Standardized PCs running standardized software brought a big benefit for
businesses: computers could be linked together into networks to share
information. At Xerox PARC in 1973, electrical engineer Bob Metcalfe (1946-)
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developed a new way of linking computers "through the ether" (empty space)
that he called Ethernet. A few years later, Metcalfe left Xerox to form his own
company, 3Com, to help companies realize "Metcalfe's Law™: computers
become useful the more closely connected they are to other people's computers.
As more and more companies explored the power of local area networks
(LANS), so, as the 1980s progressed, it became clear that there were great
benefits to be gained by connecting computers over even greater distances into
so-called wide area networks (WANS).

Today, the best known WAN is the Internet a global network of individual
computers and LANSs that links up hundreds of millions of people. The history
of the Internet is another story, but it began in the 1960s when four American
universities launched a project to connect their computer systems together to
make the first WAN. Later, with funding for the Department of Defense, that
network became a bigger project called ARPANET (Advanced Research
Projects Agency Network). In the mid-1980s, the US National Science
Foundation (NSF) launched its own WAN called NSFNET. The convergence of
all these networks produced what we now call the Internet later in the 1980s.
Shortly afterward, the power of networking gave British computer programmer
Tim Berners-Lee (1955-) his big idea: to combine the power of computer
networks with the information-sharing idea Vannevar Bush had proposed in
1945. Thus, was born the WWW an easy way of sharing information over a
computer network. It's Tim Berners-Lee's invention that brings you this potted
history of computing today!

Exercise 1. Ilepeseoume cnosa.

3aIyCcKaTh pazobparbcest

JTHOOUTEND TAJIEKO

TyMOJIep COCTOSIHUE

BJOXHOBEHHE IIOXBACTaThCs

MporpaMMa AJIEKTPOHHBIX pEIIUTETHHO

Ta0JIHIL yCTapeBILINe

PUOBLTEHBIH 3alymMaTh

00TeKaeMbIil MPOEKT OTKpPBbITh, 00HAPO10BAThH
HECOBMECTHMBIC SIBHBIN TIJIarvat

IporpaMMHOE 0OecTieueHHEe rio0anpHas BEIYUCIUTEIbHAS CETh

Exercise 2. Cocmasbvme nian mexcma.
Exercise 3. Boinoinume pegepuposanue mexkcma.
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Unit 9
Text A
Ilepeseoume mexcm.
Dynamos

Dynamos convert mechanical rotation into electric power. Dynamo —
a device that makes direct current electric power using electromagnetism. It is
also known as a generator, however the term generator normally refers to an
"alternator” which create alternating current power.

Dynamo is an older term used to describe a generator that makes direct
current power. DC power sends electrons in only one direction. The problem
with a simple generator is that when the rotor rotates it eventually turns
completely around, reversing the current. Early inventors didn't know what to do
with this alternating current, alternating current is more complex to control and
design motors and lights for. Early inventors had to figure a way to only capture
the positive energy of the generator, so they invented a commutator.
The commutator is a switch that allows current to only flow in one direction.

The Dynamo consists of 3 major components: the stator, the armature, and
the commutator.

The stator is a fixed structure that makes magnetic field, you can do this
in a small dynamo using a permanent magnet. Large dynamos require an
electromagnet.

The armature is made of coiled copper windings which rotate inside the
magnetic field made by the stator. When the windings move, they cut through
the lines of magnetic field. This creates pulses of electric power

The commutator is needed to produce direct current. In direct current
power flows in only one direction through a wire, the problem is that the
rotating armature in a dynamo reverses current each half turn, so the
commutator is a rotary switch that disconnects the power during the reversed
current part of the cycle

Brushes are part of the commutator, the brushes must conduct electricity
as the keep contact with the rotating armature. The first brushes were actual wire
"brushes™ made of small wires. These wore out easily and they developed
graphic blocks to do the same job.

Since the magnets in an dynamo are solenoids, they must be powered to
work. So in addition to brushes which tap power to go out to the main circuit,
there is another set of brushes to take power from from the armature to power
the stator's magnets. That's fine if the dynamo is running, but how do you start a
dynamo if you have no power to start?
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Sometimes the armature retains some magnetism in the iron core, and and
when it begins to turn it makes a small amount of power, enough to excite the
solenoids in the stator. Voltage then begins to rise until the dynamo is at full
power.

If there is no magnetism left in the armature's iron, than often a battery is
used to excite the solenoids in the dynamo to get it started. This is called "field
flashing".

Exercise 1. Ilepeseoume cnosa.

peoOpa3oBLIBATH MEPEKITI0YATENb
BpAIllCHUE SIKOPb

MOCTOSIHHBINA TOK IMOCTOSIHHBIN
OTHOCHUTBCS cCridpajbHas MeaHast 0OMOTKa
npeodpazoBaresb IIPOBOJI

MIEPEMEHHBIN TOK 1oJ1 00opoTa

TEPMUH OTCOCIUHUTH
HAIpaBJICHUE IIETKH

B UTOIC W3HOCHUTBCS

U3MEHSITh MIPUBOJIUTH B IBUKECHUE
CJIOKHBIN COXpaHAThH

3axBar YKEJIE3HBIN CEpCYHUK
KOJUIEKTOP

Exercise 2. [lepeseoume na anenuiickuil.

JluHaMo-MalliuHa TEeHEpUpPyeT DJJICKTPUUYECKYI0 DHEpPruto Osaromaps
OPUHITUIY  DJEKTPOMArHUTHOW MHAYKIUH. OOBIYHO TaKoe YCTPOMCTBO
KOHBEPTUPYET UMEHHO MEXaHUYECKHE BO3JCUCTBHUS MPSIMO B DIICKTPUUECKHE
UMITYJIbCBI. B ero coctaBe — poTop (OTKphITast MPOBOJIOYHAS OOMOTKA) U CTaTOD,
B KOTOPOM PACIOJIOKEHBI MoJoca Maruuta. Potop, He mpekpaiias ABHKCHHUS,
BCE BpeMsI BPAIIACTCS B CHJIOBOM MAarHUTHOM I10JI€, YTO HEM30EHKHO MPUBOIUT
K BO3HUKHOBEHHUIO TOKa B 00MOTKe. CXeMy CBOETr0 yCTPONCTBA TUHAMO-MAIITMHA
MPEJICTaBISIET CACAYIONIYIO: BpAIatOINACS TPOBOIHUK, HIIH POTOP, IEPECEKACT
MarHuTHOE TI0JI¢ M B HEM TeHEpHpyeTCs TOK. KOHIBI poTOpa IOJIBEICHBI
K KOJIbITY (KOJUIEKTOp), Yepe3 HUX M NPMKHUMHBIC MIETKH TOK TEpEeMEIIacTcs
B DJIGKTPUYECKYIO CETh.

Exercise 3. Cocmasvme naan mexcma.
Exercise 4. Boinonnume pegepuposanue mekcma.
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Text B

Ilepeseoume mexcm.
Discovery of the dynamo-electric principle

The Englishman Henry Wilde attempted for the first time in 1864 to
replace the weak steel magnets used in generators with electromagnets that were
in turn produced by the conventional dynamos of that era. However, this
technically incomplete solution did not satisfy Werner von Siemens. In
September 1866 he had a double-T anchor of a generator connected in series
with an electromagnet so he could explore the effect of self-induction. If the
double-T anchor was then cranked by hand, the slight magnetism of the Earth
was sufficient for initial low-level generation of electricity (self-induction),
which then gained its full strength after a few rotations. As a result, a connected
electroscope measuring device immediately burned through, and a one-meter-
long iron wire secured between the generator clamps even melted.

After several weeks of testing, Werner von Siemens was certain that his
new dynamo-electric machine had the potential for major development.
Compared with dynamos using permanent magnets, it could reduce the weight
of the drive unit by 85 percent, the necessary drive power by about 35 percent,
and the price of the machine by 75 percent — while maintaining the same power.
A great technological advance! Now electric power could be generated
inexpensively and used at much higher capacities. This was the first time that
electromotor drives were possible — and economical — for technical applications.
The foundation had been laid for today’s use of electric energy in all areas
of life.

In early December 1866, Werner von Siemens reported to his brother
William about his experiments with the new dynamo. Looking at the
commercial potential of his invention, he wrote: “The effects will be colossal,
given the right construction. This whole thing has great potential for
development and can pave the way for a new era in electromagnetism ! [...]
Magnetic electricity will be cheaper as a result and now light, galvanic
metallurgy, etc., and even small electromagnetic machines that get their power
from large ones will be possible and useful !"

At the same time, Werner von Siemens was preparing his report “On the
transformation of mechanical energy into electric current without the application
of permanent magnets,” which was presented by his friend Heinrich Gustav
Magnus before the Prussian Academy of Sciences on January 17, 1867.
This brought the brilliant discovery by Werner von Siemens to the attention
of experts in the field.
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Exercise 1. [lepeseoume cnosa.

3aMEHUTH IIPOBEPHYTh

B CBOIO OY€pE/Ib U3MEPUTEIBHOE YCTPONUCTBO
OOBIYHBIN XOMYT, KJIeMMa

pelieHue IJIaBUTHCS

YIOBJIETBOPSATH OBITh YBEPEHHBIM

nBoMHOU T-AKOPH y3€J1 IIPUBOJA

COEIMHEHHBIN MOCTIEIOBATEIILHO MONTHOCTh IPUBOJA
CaMOWHIYKIIHUS IIPOJIOKUTH ITYTh

Exercise 2. Cocmasbme nian mexcma.
Exercise 3. Boinonnume pegepuposanue mexkcma.

Unit 10
Text A

llepeseoume mexcm.

Nuclear fission

Fission may take place in any of the heavy nuclei after capture of a
neutron. However, low-energy (slow, or thermal) neutrons are able to cause
fission only in those isotopes of uranium and plutonium whose nuclei contain
odd numbers of neutrons (e.g. U-233, U-235, and Pu-239). Thermal fission may
also occur in some other transuranic elements whose nuclei contain odd
numbers of neutrons. For nuclei containing an even number of neutrons, fission
can only occur if the incident neutrons have energy above about one million
electron volts (MeV). (Newly-created fission neutrons are in this category and
move at about 7 % of the speed of light, while moderated neutrons move a lot
slower, at about eight times the speed of sound.)

A neutron is said to have thermal energy when it has slowed down to be in
thermal equilibrium with the surroundings (when the kinetic energy of the
neutrons is similar to that possessed by the surrounding atoms due to their
random thermal motion). Hence the main application of uranium fission is in
thermal reactors fuelled by U-235 and incorporating a moderator such as water
to slow the neutrons down. The most common examples of this are Light Water
Reactors (there are two main varieties, Pressurised Water Reactors and Boiling
Water Reactors).

Other heavy nuclei that are fissile (implying thermal fission) are U-233,
Pu-239 and Pu-241. Each of these is produced artificially in a nuclear reactor,
from the fertile nuclei Th-232 (in certain reactors), U-238 and Pu-240
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respectively. U-235 is the only naturally occurring isotope which is thermally
fissile, and it is present in natural uranium at a concentration of 0.7 percent.
U-238 and Th-232 are the main naturally-occurring fertile isotopes.

The probability that fission or any another neutron-induced reaction will
occur is described by the neutron cross-section for that reaction. This may be
Imagined as an area surrounding the target nucleus and within which the
Incoming neutron must pass if the reaction is to take place. The fission and other
cross-sections increase greatly as the neutron velocity reduces from around
20,000 km/s to 2 km/s, making the likelihood of some interaction greater.
In nuclei with an odd number of neutrons, such as U-235, the fission cross-
section becomes very large at the thermal energies of slow neutrons.

As implied previously, high-energy (> 0,1 MeV) neutrons are travelling
too quickly to have much interaction with the nuclei in the fuel. We therefore
say that the fission cross-section of those nuclei is much reduced at high neutron
energies relative to its value at thermal energies (for slow neutrons). It is
nonetheless possible to use this so-called fast fission in a fast neutron reactor
whose design minimises the moderation of the high-energy neutrons produced in
the fission process. See section below.

Text B

Ilepeseoume mexcm.
Nuclear fission — the process

Using U-235 in a thermal reactor as an example, when a neutron
(the chain reaction is started by inserting some beryllium mixed with polonium,
radium or other alpha-emitter. Alpha particles from the decay cause a release of
neutrons from the beryllium as it turns to carbon-12) is captured the total energy
is distributed amongst the 236 nucleons (protons & neutrons) now present in the
compound nucleus. This nucleus is relatively unstable, and it is likely to break
into two fragments of around half the mass. These fragments are nuclei found
around the middle of the Periodic Table and the probabilistic nature of the
break-up leads to several hundred possible combinations. Creation of the fission
fragments is followed almost instantaneously by emission of a number of
neutrons (typically 2 or 3, average 2,5), which enable the chain reaction to be
sustained.

About 85 % of the energy released is initially the kinetic energy of the
fission fragments. However, in solid fuel they can only travel a microscopic
distance, so their energy becomes converted into heat. The balance of the energy
comes from gamma rays emitted during or immediately following the fission
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process and from the kinetic energy of the neutrons. Some of the latter are
immediate (so-called prompt neutrons), but a small proportion (0,7 % for U-235,
0,2 % for Pu-239) is delayed, as these are associated with the radioactive decay
of certain fission products. The longest delayed neutron group has a half-life of
about 56 seconds.

The delayed neutron release is the crucial factor enabling a chain reacting
system (or reactor) to be controllable and to be able to be held precisely critical.
At criticality the chain reacting system is exactly in balance, such that the
number of neutrons produced in fissions remains constant. This number of
neutrons may be completely accounted for by the sum of those causing further
fissions, those otherwise absorbed, and those leaking out of the system. Under
these circumstances the power generated by the system remains constant. To
raise or lower the power, the balance must be changed (using the control system)
so that the number of neutrons present (and hence the rate of power generation)
is either reduced or increased. The control system is used to restore the balance
when the desired new power level is attained.

The number of neutrons and the specific fission products from any fission
event are governed by statistical probability, in that the precise break up of a
single nucleus cannot be predicted. However, conservation laws require the total
number of nucleons and the total energy to be conserved. The fission reaction in
U-235 produces fission products such as Ba, Kr, Sr, Cs, | and Xe with atomic
masses distributed around 95 and 135.

In such an equation, the number of nucleons (protons + neutrons) is
conserved, e.g. 235 + 1 = 141 + 92 + 3, but a small loss in atomic mass may be
shown to be equivalent to the energy released. Both the barium and krypton
isotopes subsequently decay and form more stable isotopes of neodymium and
yttrium, with the emission of several electrons from the nucleus (beta decays). It
is the beta decays, with some associated gamma rays, which make the fission
products highly radioactive. This radioactivity (by definition!) decreases with
time.

The total binding energy released in fission of an atomic nucleus varies
with the precise break up, but averages about 200 MeV* for U-235 or 3,2 - 101
joule. This is about 82 TJ/kg. That from U-233 is about the same, and that from
Pu-239 is about 210 MeV per fission. (This contrasts with 4 eV or 6,5 x 107 3 per
atom of carbon burned in fossil fuels.)

About 6 % of the heat generated in the reactor core originates from
radioactive decay of fission products and transuranic elements formed by
neutron capture, mostly the former. This must be allowed for when the reactor is
shut down, since heat generation continues after fission stops. It is this decay
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which makes used fuel initially generate heat and hence need cooling, as very
publicly demonstrated in the Fukushima accident when cooling was lost an hour
after shutdown and the fuel was still producing about 1,5 % of its full-power
heat. Even after one year, typical used fuel generates about 10 kW of decay heat
per tonne, decreasing to about 1 KW/t after ten years.

Exercise 1. Ilepeseoume cnosa.

paclerieHue IETTHAs PEaKIIUsI
SAJIPO BBICBOOOXKICHHE
3aXBaT COCTaBHOE fJIpO
HEYETHBIC YHCIIa MI'HOBEHHO

TCPMHUUCCKOC PACHICIIIICHUC
YCTHOC 4YHUCJIIO

OJIJIEP>KUBATh, COXPAHUTh
permaronuii paxkTop

CKOPOCTb CBETa M 3ByKa CJIEJOBATEILHO
TEIJIOBOE PAaBHOBECHE CKOPOCTh

CITy4alHbBIN MPOJYKT PaCICTUICHHUS
JIETKOBOJIHBIE PEAKTOPBI pacraj

PEaKTOpBI Ha BOJIE TIOJT IABICHUEM npeacKa3aTh

pPEaKTOpHI Ha KUIISIIEH BOJIC 3aKOH COXpaHCHUS
HUCKYCTBEHHO ypaBHEHHE
TIJI0IOTBOPHBIT BIIOCJIEACTBHU
MONIePEYHOE CCUCHUE PaTMOaKTHBHOCTD
LEIb 10 OTPEICIICHUIO
CKOPOCTh HMCKOIIAEMOE TOILTHUBO
BEPOSTHOCTD KPUTHYHOCTD
oApa3yMeBaTh [IOTJIONIATh

TEM HE MEHee 00CTOSITENLCTBA

pacmnan

Exercise 2. Ilepeseoume na anenuiickuil.

ATomHas snektpocTanius (ADC) — anekTpocTaHIys, B KOTOPOH aTOMHAs
(snepHasi) sHEprusi mpeoOpasyercsi B 3JICKTPUYECKYIO. ['eHepaTopoM SHEpPruu
Ha ADC sBISIETCA aTOMHBIA peakTop. Terno, KOTOPOE BBIACISIETCS B PEAKTOPE
B PE3yNbTATE LEMTHONW PEAKIIUU ACICHUS SJIeP HEKOTOPBIX TSKENBIX 3JIEMEHTOB,
3aTeM TaKXe, KaKk U Ha OOBIYHBIX TEIJIOBBIX AJICKTPOCTAHIIUSAX, TIpeoOpasyeTcs
B asiekTposHepruto. B ormmume ot TOC, paboraromux Ha OpPraHUYECKOM
tormree, ADC pabortaer Ha simepHOM roprodem (B ocHoBHom 233U, 235U,
239Pu). Ilpu menenun 1 r M30TONOB ypaHa WM IUIYTOHHS BBICBOOOKIAETCS
22500 KBT-4, 4TO 3KBUBAJICHTHO dHEprHH, conepxanieiicss B 2800 kr ycioBHOTO
TOIUTMBA. YCTAaHOBJICHO, YTO MHPOBBIE SHEPTETUUYECKHE PECYpPChl SIIEPHOTO
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roprodero (ypas, IUTyTOHHWA H JIp.) CYIIECTBEHHO IMPEBBINIAIOT dHEPTOPECYPCHI
IPUPOJTHBIX 3aIIACOB OPTaHMYECKOTO TOIuMBA (He(Th, Yroyb, MIPUPOAHBIN ra3 U
ap.). DTO OTKpBIBAaET INMUPOKHE TMEPCHEKTHBBI JJIS YIAOBICTBOPEHUSI OBICTPO
pacTyumx norpeOHocTel B Tormee. Kpome TOro, He00X0AMMO YUUTHIBATh BCE
YBEJIMYUBAIOLIUICS 00bEM MOTpeOIeHHUs yriisi U He(pTU A TEXHOJOTHYECKHX
LHeJed MHUPOBOM XMMHWYECKOW NPOMBILUIEHHOCTH, KOTOpas CTaHOBUTCS
CEPBE3HBIM KOHKYPEHTOM TEIUIOBBIX JJIEKTPOCTaHIMMU. HecMOTpss Ha OTKpbITHE
HOBBIX MECTOPOXKIEHUN OpPraHMYECKOrO TOIUIMBA M COBEPLICHCTBOBAHME
coco0oB €ro Jo0buM, B MHUpPE HAOMIOJAETCSl TEHACHLMS OTHOCUTEIIBHO
YBEJIIMYEHUSI €r0 CTOMMOCTU. JTO CO34a€T HauboJiee TSHKEIbIE YCIOBHS s
CTpaH, MMEIOUIMX OlpPAaHWYCHHBIC  3amachbl TOIUIMBA  OPraHUYECKOIO
npoucxoxaeHus. OueBuaHa HEOOXOIUMOCTh OBICTPEHINIEro pa3BUTHSI ATOMHOMN
DHEPreTUKH, KOTOpas YK€ 3aHUMAECT 3aMETHOE MECTO B DJHEPreTHYECKOM
OanaHce psja MPOMBIIUIEHHBIX CTPaH MUDA.

Exercise 3. Cocmagvme nian mexcma.
Exercise 4. Boinonnume pegepuposanie mexkcma.

Text C
llepesedume mexkcm.

How Nuclear Power Works

) Containment Structure (&) Generator

® Control Rods ) Turhine

D Reactor ) Cooling Water Condenser
) Steam Generator @ Cooling Tower

3 Steam Line ) Fuel Rods

3@ Pump O Transformer

This diagram shows all the parts of a nuclear reactor

In order to turn nuclear fission into electrical energy, nuclear power plant
operators have to control the energy given off by the enriched uranium and
allow it to heat water into steam.
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Enriched uranium typically is formed into inch-long (2,5-centimeter-long)
pellets, each with approximately the same diameter as a dime. Next, the pellets
are arranged into long rods, and the rods are collected together into bundles.
The bundles are submerged in water inside a pressure vessel. The water acts as a
coolant. Left to its own devices, the uranium would eventually overheat and melt.

To prevent overheating, control rods made of a material that absorbs
neutrons are inserted into the uranium bundle using a mechanism that can raise
or lower them. Raising and lowering the control rods allow operators to control
the rate of the nuclear reaction. When an operator wants the uranium core to
produce more heat, the control rods are lifted out of the uranium bundle
(thus absorbing fewer neutrons). To reduce heat, they are lowered into the
uranium bundle. The rods can also be lowered completely into the uranium
bundle to shut the reactor down in the event of an accident or to change the fuel.

The uranium bundle acts as an extremely high-energy source of heat.
It heats the water and turns it to steam. The steam drives a turbine, which spins
a generator to produce power. Humans have been harnessing the expansion
of water into steam for hundreds of years.

In some nuclear power plants, the steam from the reactor goes through a
secondary, intermediate heat exchanger to convert another loop of water to
steam, which drives the turbine. The advantage to this design is that the
radioactive water/steam never contacts the turbine. Also, in some reactors, the
coolant fluid in contact with the reactor core is gas (carbon dioxide) or liquid
metal (sodium, potassium); these types of reactors allow the core to be operated
at higher temperatures.

Given all the radioactive elements inside a nuclear power plant, it
shouldn't come as a surprise that there's a little more to a plant's outside than
you'd find at a coal power plant.

Exercise 1. Ilepeseoume cnosa.

JUTSL TOTO YTOOBI IJIaBUTHCSA

0OOTallleHHbII ypaH penoTBpallaTh

JIOMMOBasi rpaHyJia peoOpa3oBbIBaTh
IpUOIU3UTENIBHO IPUBOJIUTH B IBUOKCHHE

CTEP’KEHb Bpalath

My40K ADC

NOTPY>KaTh IPOMEKYTOUYHBIN TEMII000MEHHUK
COCY/1 11O/ JaBJICHUEM BUTOK

XJIaJIar€HT

Exercise 2. Cocmasvme naan mexcma.
Exercise 3. Boinonnume pegpepuposanue mexcma.
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Unit 11
Text A
Ilepeseoume mexcm.

Transistors

Your brain contains around 100 billion cells called neurons — the tiny
switches that let you think and remember things. Computers contain billions of
miniature "brain cells" as well. They're called transistors and they're made from
silicon, a chemical element commonly found in sand. Transistors have
revolutionized electronics since they were first invented over half a century ago
by John Bardeen, Walter Brattain, and William Shockley. But what are they —
and how do they work?

What does a transistor actually do?

A transistor is really simple — and really complex. Let's start with the
simple part. A transistor is a miniature electronic component that can do two
different jobs. It can work either as an amplifier or a switch:

When it works as an amplifier, it takes in a tiny electric current at one end
(an input current) and produces a much bigger electric current (an output
current) at the other. In other words, it's a kind of current booster. That comes in
really useful in things likehearing aids, one of the first things people used
transistors for. A hearing aid has a tiny microphone in it that picks up sound
from the world around you and turns them into fluctuating electric currents.
These are fed into a transistor that boosts them and powers a tiny loudspeaker,
so you hear a much louder version of the sounds around you. William Shockley,
one of the inventors of the transistor, once explained transistor-amplifiers to a
student in a more humorous way: "If you take a bale of hay and tie it to the tail
of a mule and then strike a match and set the bale of hay on fire, and if you then
compare the energy expended shortly thereafter by the mule with the energy
expended by yourself in the striking of the match, you will understand the
concept of amplification."

Transistors can also work as switches. A tiny electric current flowing through
one part of a transistor can make a much bigger current flow through another
part of it. In other words, the small current switches on the larger one. This is
essentially how all computer chips work. For example, a memory chip contains
hundreds of millions or even billions of transistors, each of which can be
switched on or off individually. Since each transistor can be in two distinct
states, it can store two different numbers, zero and one. With billions of
transistors, a chip can store billions of zeros and ones, and almost as many
ordinary numbers and letters (or characters, as we call them). More about this in
a moment.
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The great thing about old-style machines was that you could take them
apart to figure out how they worked. It was never too hard, with a bit of pushing
and poking, to discover which bit did what and how one thing led to another.
But electronics is entirely different. It's all about using electrons to control
electricity. An electron is a minute particle inside an atom. It's so small,
it weighs just under 0,000000000000000000000000000001 kg! The most
advanced transistors work by controlling the movements of individual electrons,
S0 you can imagine just how small they are. In a modern computer chip, the size
of a fingernail, you'll probably find between 500 million and two billion separate
transistors. There's no chance of taking a transistor apart to find out how it
works, so we have to understand it with theory and imagination instead. First
off, it helps if we know what a transistor is made from.

Who invented the transistor?

Transistors were invented at Bell Laboratories in New Jersey in 1947 by
three brilliant US physicists: John Bardeen (1908-1991), Walter Brattain
(1902-1987), and William Shockley (1910-1989).

The team, led by Shockley, had been trying to develop a new kind of
amplifier for the US telephone system — but what they actually invented turned
out to have much more widespread applications. Bardeen and Brattain made
the first practical transistor (known as a point-contact transistor) on Tuesday,
December 16, 1947. Although Shockley had played a large part in the project,
he was furious and agitated at being left out. Shortly afterward, during a stay in
a hotel at a physics conference, he single-handedly figured out the theory of the
junction transistor — a much better device than the point-contact transistor.

While Bardeen quit Bell Labs to become an academic (he went on to
enjoy even more success studying superconductors at the University of Illinois),
Brattain stayed for a while before retiring to become a teacher. Shockley set up
his own transistor-making company and helped to inspire the modern-day
phenomenon that is "Silicon Valley" (the prosperous area around Palo Alto,
California where electronics corporations have congregated). Two of his
employees, Robert Noyce and Gordon Moore, went on to found Intel, the
world's biggest micro-chip manufacturer.

Bardeen, Brattain, and Shockley were briefly reunited a few years later
when they shared the world's top science award, thel956 Nobel prize for
physics, for their discovery. Their story is a riveting tale of intellectual brilliance
battling with petty jealousy and it's well worth reading more about. You can find
some great accounts of it among the books and websites listed below.
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Text B

llepeseoume mexcm.
How is a transistor made?

Transistors are made from silicon, a chemical element found in sand,
which does not normally conduct electricity (it doesn't allow electrons to flow
through it easily). Silicon is a semiconductor, which means it's neither really a
conductor (something like a metal that lets electricity flow) nor an insulator
(something like plastic that stops electricity flowing). If we treat silicon with
impurities (a process known as doping), we can make it behave in a different
way. If we dope silicon with the chemical elements arsenic, phosphorus, or
antimony, the silicon gains some extra "free" electrons — ones that can carry an
electric current — so electrons will flow out of it more naturally. Because
electrons have a negative charge, silicon treated this way is called n-type
(negative type). We can also dope silicon with other impurities such as boron,
gallium, and aluminum. Silicon treated this way has fewer of those "free"
electrons, so the electrons in nearby materials will tend to flow into it. We call
this sort of silicon p-type (positive type).

Quickly, in passing, it's important to note that neither n-type or p-type
silicon actually has a charge in itself: both are electrically neutral. It's true that n-
type silicon has extra "free" electrons that increase its conductivity, while p-type
silicon has fewer of those free electrons, which helps to increase its conductivity
in the opposite way. In each case, the extra conductivity comes from having
added neutral (uncharged) atoms of impurities to silicon that was neutral to start
with — and we can't create electrical charges out of thin air! A more detailed
explanation would need me to introduce an idea called band theory, which is a
little bit beyond the scope of this article. All we need to remember is that "extra
electrons” means extra free electrons — ones that can freely move about and help
to carry an electric current.

Silicon sandwiches.

We now have two different types of silicon. If we put them together in
layers, making sandwiches of p-type and n-type material, we can make different
kinds of electronic components that work in all kinds of ways.

Suppose we join a piece of n-type silicon to a piece of p-type silicon and
put electrical contacts on either side. Exciting and useful things start to happen
at the junction between the two materials. If we turn on the current, we can
make electrons flow through the junction from the n-type side to the p-type side
and out through the circuit. This happens because the lack of electrons on the
p-type side of the junction pulls electrons over from the n-type side and
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vice-versa. But if we reverse the current, the electrons won't flow at all.
What we've made here is called a diode (or rectifier). It's an electronic
component that lets current flow through it in only one direction. It's useful
If you want to turn alternating (two-way) electric current into direct (one-way)
current. Diodes can also be made so they give off light when electricity flows
through them. You might have seen these light-emitting diodes (LEDs) on
pocket calculators and electronic displays on hi-fi stereo equipment.

How a junction transistor works.

Now suppose we use three layers of silicon in our sandwich instead of
two. We can either make a p-n-p sandwich (with a slice of n-type silicon as the
filling between two slices of p-type) or an n-p-n sandwich (with the p-type in
between the two slabs of n-type). If we join electrical contacts to all three layers
of the sandwich, we can make a component that will either amplify a current or
switch it on or off-in other words, a transistor. Let's see how it works in the case
of an n-p-n transistor.

So we know what we're talking about, let's give names to the three
electrical contacts. We'll call the two contacts joined to the two pieces of n-type
silicon the emitter and the collector, and the contact joined to the p-type silicon
we'll call the base. When no current is flowing in the transistor, we know the p-
type silicon is short of electrons (shown here by the little plus signs, representing
positive charges) and the two pieces of n-type silicon have extra electrons
(shown by the little minus signs, representing negative charges).

Another way of looking at this is to say that while the n-type has a surplus
of electrons, the p-type has holes where electrons should be. Normally, the holes
in the base act like a barrier, preventing any significant current flow from the
emitter to the collector while the transistor is in its "off" state.

A transistor works when the electrons and the holes start moving across
the two junctions between the n-type and p-type silicon.

Let's connect the transistor up to some power. Suppose we attach a small
positive voltage to the base, make the emitter negatively charged, and make the
collector positively charged. Electrons are pulled from the emitter into the
base — and then from the base into the collector. And the transistor switches to
its "on" state:

The small current that we turn on at the base makes a big current flow
between the emitter and the collector. By turning a small input current into
a large output current, the transistor acts like an amplifier. But it also acts like
a switch at the same time. When there is no current to the base, little or no
current flows between the collector and the emitter. Turn on the base current and
a big current flows. So the base current switches the whole transistor on and off.
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Technically, this type of transistor is called bipolar because two different kinds
(or "polarities™) of electrical charge (negative electrons and positive holes) are
involved in making the current flow.

We can also understand a transistor by thinking of it like a pair of diodes.
With the base positive and the emitter negative, the base-emitter junction is like
a forward-biased diode, with electrons moving in one direction across the
junction (from left to right in the diagram) and holes going the opposite way
(from right to left). The base-collector junction is like a reverse-biased diode.
The positive voltage of the collector pulls most of the electrons through and into
the outside circuit (though some electrons do recombine with holes in the base).

How a field-effect transistor (FET) works.

All transistors work by controlling the movement of electrons, but not all
of them do it the same way. Like a junction transistor, a FET (field effect
transistor) has three different terminals — but they have the names source
(analogous to the emitter), drain (analogous to the collector), and gate
(analogous to the base). In a FET, the layers of n-type and p-type silicon are
arranged in a slightly different way and coated with layers of metal and oxide.
That gives us a device called a MOSFET (Metal Oxide Semiconductor Field
Effect Transistor).

Although there are extra electrons in the n-type source and drain, they
cannot flow from one to the other because of the holes in the p-type gate in
between them. However, if we attach a positive voltage to the gate, an electric
field is created there that allows electrons to flow in a thin channel from the
source to the drain. This "field effect” allows a current to flow and switches the
transistor on:

For the sake of completeness, we could note that a MOSFET is a unipolar
transistor because only one kind (“polarity”) of electric charge is involved in
making it work.

Exercise 1. Ilepeseoume na anenuiickuil.

Tpan3ucTopoM Ha3bIBaETCS MOIYNPOBOJIHUKOBBIN MPHOOpP, MpeaHa3HA-
YEHHBIA JJI8 YCWICHHS W TEHEPUPOBAHUS DIICKTPUUECKHX KOJICOAHUM.
Own npencraBnsger coOOW KpUCTAUI, MOMENIEHHBIM B KOPIYC, CHA0XCHHBIN
BbIBOJlaMH. Kpucramn H3roToBISIOT W3 IMOJYIPOBOJHMKOBOIO MaTepuaia.
[To cBOMM 3IEKTPUYECKUM CBOICTBAM IMOIYMPOBOJHUKU 3aHUMAIOT HEKOTOPOE
MPOMEKYTOUYHOE TOJIOKEHUE MEXK]Yy MPOBOJHUKAMHU U HENPOBOJHUKAMHU TOKa
(u30m5iTOpaMN).

HeGomnp110#1 kKpucCTaI moyrnpoBOIHUKOBOTO MaTepraia (TIOTyIPOBOIHUKA)
MOCJIe COOTBETCTBYIOIIECH TEXHOJIOTUYECKOW OOpPaOOTKM CTAaHOBUTCS CHOCOOHBIM
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MCHATb CBOIO DOJICKTPOIIPOBOAHOCTb B OYCHb IMIHMPOKHUX IIPEACIax IIpU
IMOABCACHUMN K HCMY cl1a0bIX QJICKTPUICCKUX KOJICOAHUH W TIOCTOSIHHOTO
HaIIPSKCHUA CMCIICHUA.

KpI/ICTaJ'IJ'I IIOMCIIIAIOT B METAJJIMYECKUN WX IJ1aCTMAaCCOBBIM KOpIryC
Y CHa0KaroT TpEMs BbBIBOJAMH, KCCTKHUMU HIIN MATKUMHU, IIPUCOCINMHCHHBIMH
K COOTBCTCTBYIOIIMM 30HaM KpHUCTAJJIA. MeTtaummuecKui KOpPIIyC HHOTrAa UMCCT
COOCTBEHHBIN BBIBOJ, HO Yalmc C KOpIyCoOM COCIHHAIOT OIWH H3 TpPEX
QJICKTPOAOB TPaH3UCTOPA.

B HaCTOAIICC BPCMA HAXOIAT IIPHUMCHCHUC TPAH3UCTOPBI ABYX BHIOB
6I/IHOJI$IpHI>I€ N TIOJICBEBIC. BI/IHOJIHpHI)IC TPAH3UCTOPHI IIOABHIIUCH IICPBBIMU
U IMOJIYYHJIN HanOOoJIbIIICE PaCIIpOCTPpaHCHHUC. HOBTOMy OOBIYHO WX HAa3BIBAIOT
IIPpOCTO TPAaH3UCTOpPaAMHU. [ToneBbie TPAH3UCTOPLI ITOABUIIMCH IIO3KC M IIOKa
HCIIOJIB3YIOTCA PCIKC 6I/IHOJ'I}IpHBIX.

Exercise 2. Cocmasbme nian mexcma.
Exercise 3. Boinonnume pegpepuposanue mexkcma.

Text C

Ilepeseoume mexcm.
How do transistors work in calculators and computers?

In practice, you don't need to know any of this stuff about electrons and
holes unless you're going to design computer chips for a living! All you need to
know is that a transistor works like an amplifier or a switch, using a small
current to switch on a larger one. But there's one other thing worth knowing:
how does all this help computers store information and make decisions?

We can put a few transistor switches together to make something called
a logic gate, which compares several input currents and gives a different output
as a result. Logic gates let computers make very simple decisions using
a mathematical technique called Boolean algebra. Your brain makes decisions
the same way. For example, using "inputs” (things you know) about the weather
and what you have in your hallway, you can make a decision like this: "If it's
raining AND | have an umbrella, I will go to the shops”. That's an example of
Boolean algebra using what's called an AND "operator" (the word operator is
just a bit of mathematical jargon to make things seem more complicated than
they really are). You can make similar decisions with other operators. "If it's
windy OR it's snowing, then I will put on a coat” is an example of using an OR
operator. Or how about "If it's raining AND | have an umbrella OR | have a coat
then it's okay to go out". Using AND, OR, and other operators called NOR,
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NOT, and NAND, computers can add up or compare binary numbers. That idea
is the foundation stone of computer programs: the logical series of instructions
that make computers do things.

Normally, a junction transistor is "off" when there is no base current and
switches to "on" when the base current flows. That means it takes an electric
current to switch the transistor on or off. But transistors like this can be hooked
up with logic gates so their output connections feed back into their inputs. The
transistor then stays on even when the base current is removed. Each time a new
base current flows, the transistor "flips" on or off. It remains in one of those
stable states (either on or off) until another current comes along and flips it the
other way. This kind of arrangement is known as a flip-flop and it turns
a transistor into a simple memory device that stores a zero (when it's off) or
aone (when it's on). Flip-flops are the basic technology behind computer
memory chips.

Unit 12

Text A
llepeseoume mexcm.

Computers (Part 1)

It was probably the worst prediction in history. Back in the 1940s,
Thomas Watson, boss of the giant IBM Corporation, reputedly forecast that the
world would need no more than "about five computers." Six decades later and
the global population of computers has now risen to something like one billion
machines!

To be fair to Watson, computers have changed enormously in that time.
In the 1940s, they were giant scientific and military behemoths commissioned
by the government at a cost of millions of dollars apiece; today, most computers
are not even recognizable as such: they are embedded in everything from
microwave ovens to cellphones and digital radios. What makes computers
flexible enough to work in all these different appliances? How come they are so
phenomenally useful? And how exactly do they work? Let's take a closer look!

What is a computer?

A computer is an electronic machine that processes information — in other
words, an information processor: it takes in raw information (or data) at one end,
stores it until it's ready to work on it, chews and crunches it for a bit, then spits
out the results at the other end. All these processes have a name. Taking in
information is called input, storing information is better known as memory
(or storage), chewing information is also known as processing, and spitting out
results is called output.
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Imagine if a computer were a person. Suppose you have a friend who's
really good at math. She is so good that everyone she knows posts their math
problems to her. Each morning, she goes to her letterbox and finds a pile of new
math problems waiting for her attention. She piles them up on her desk until she
gets around to looking at them. Each afternoon, she takes a letter off the top of
the pile, studies the problem, works out the solution, and scribbles the answer on
the back. She puts this in an envelope addressed to the person who sent her the
original problem and sticks it in her out tray, ready to post. Then she moves to
the next letter in the pile. You can see that your friend is working just like
a computer. Her letterbox is her input; the pile on her desk is her memory; her
brain is the processor that works out the solutions to the problems; and the out
tray on her desk is her output.

Once you understand that computers are about input, memory, processing,
and output, all the junk on your desk makes a lot more sense:

Input: Your keyboard and mouse, for example, are just input units — ways of
getting information into your computer that it can process. If you use
microphone and software, that's another form of input.

Memory/storage: Your computer probably stores all your documents and
files on ahard-drive: a huge magneticmemory. But smaller, computer-based
devices like digital cameras and cellphones use other kinds of storage such as
flash memory cards.

Processing: Your computer's processor (sometimes known as the central
processing unit) is a microchip buried deep inside. It works amazingly hard and
gets incredibly hot in the process. That's why your computer has a little fan
blowing away — to stop its brain from overheating!

Output: Your computer probably has an LCD screen capable of displaying
high-resolution (very detailed) graphics, and probably also stereo loudspeakers.
You may have an inkjet printer on your desk too to make a more permanent
form of output.

Text B

Ilepeseoume mexkcm.
Computers (Part 2)

What is a computer program?

The first computers were gigantic calculating machines and all they ever
really did was "crunch numbers”: solve lengthy, difficult, or tedious
mathematical problems. Today, computers work on a much wider variety of
problems — but they are all still, essentially, calculations. Everything a computer
does, from helping you to edit a photograph you've taken with a digital camera
to displaying a web page, involves manipulating numbers in one way or another.
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Suppose you're looking at a digital photo you just taken in a paint or
photo-editing program and you decide you want a mirror image of it (in other
words, flip it from left to right). You probably know that the photo is made up of
millions of individual pixels (colored squares) arranged in a grid pattern.
The computer stores each pixel as a number, so taking a digital photo is really
like an instant, orderly exercise in painting by numbers! To flip a digital photo,
the computer simply reverses the sequence of numbers so they run from right to
left instead of left to right. Or suppose you want to make the photograph
brighter. All you have to do is slide the little "brightness"” icon. The computer
then works through all the pixels, increasing the brightness value for each one
by, say, 10 percent to make the entire image brighter. So, once again, the
problem boils down to numbers and calculations.

What makes a computer different from a calculator is that it can work all
by itself. You just give it your instructions (called a program) and off it goes,
performing a long and complex series of operations all by itself. Back in the
1970s and 1980s, if you wanted a home computer to do almost anything at all,
you had to write your own little program to do it. For example, before you could
write a letter on a computer, you had to write a program that would read the
letters you typed on the keyboard, store them in the memory, and display them
on the screen. Writing the program usually took more time than doing whatever
it was that you had originally wanted to do (writing the letter). Pretty soon,
people started selling programs like word processors to save you the need to
write programs yourself.

Today, most computer users rely on prewritten programs like Microsoft
Word and Excel or download apps for their tablets and smartphones without
caring much how they got there. Hardly anyone writes programs any more,
which is a shame, because it's great fun and a really useful skill. Most people see
their computers as tools that help them do jobs, rather than complex electronic
machines they have to pre-program. Some would say that's just as well, because
most of us have better things to do than computer programming. Then again, if
we all rely on computer programs and apps, someone has to write them, and
those skills need to survive. Thankfully, there's been a recent resurgence of
interest in computer programming. "Coding” (an informal name for
programming, since programs are sometimes referred to as "code") is being
taught in schools again with the help of easy-to-use programming languages like
Scratch. There's a growing hobbyist movement, linked to build-it yourself
gadgets like the Raspberry Pi and Arduino. And Code clubs, where volunteers
teach kids programming, are springing up all over the world.

What's the difference between hardware and software?
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The beauty of a computer is that it can run a word-processing program
one minute — and then a photo-editing program five seconds later. In other
words, although we don't really think of it this way, the computer can be
reprogrammed as many times as you like. This is why programs are also called
software. They're "soft" in the sense that they are not fixed: they can be changed
easily. By contrast, a computer's hardware — the bits and pieces from which it is
made (and the peripherals, like the mouse and printer, you plug into it) — is
pretty much fixed when you buy it off the shelf. The hardware is what makes
your computer powerful; the ability to run different software is what makes it
flexible. That computers can do so many different jobs is what makes them so
useful — and that's why millions of us can no longer live without them!

What is an operating system?

Suppose you're back in the late 1970s, before off-the-shelf computer
programs have really been invented. You want to program your computer to
work as a word processor so you can bash out your first novel — which is
relatively easy but will take you a few days of work. A few weeks later, you tire
of writing things and decide to reprogram your machine so it'll play chess.
Later still, you decide to program it to store your photo collection. Every one of
these programs does different things, but they also do quite a lot of similar
things too. For example, they all need to be able to read the keys pressed down
on the keyboard, store things in memory and retrieve them, and display
characters (or pictures) on the screen. If you were writing lots of different
programs, you'd find yourself writing the same bits of programming to do these
same basic operations every time. That's a bit of a programming chore, so why
not simply collect together all the bits of program that do these basic functions
and reuse them each time?

That's the basic idea behind an operating system: it's the core software in a
computer that (essentially) controls the basic chores of input, output, storage,
and processing. You can think of an operating system as the "foundations” of the
software in a computer that other programs (called applications) are built on top
of. So a word processor and a chess game are two different applications that
both rely on the operating system to carry out their basic input, output, and so
on. The operating system relies on an even more fundamental piece of
programming called the BIOS (Basic Input Output System), which is the link
between the operating system software and the hardware. Unlike the operating
system, which is the same from one computer to another, the BIOS does vary
from machine to machine according to the precise hardware configuration and is
usually written by the hardware manufacturer. The BIOS is not, strictly
speaking, software: it's a program semi-permanently stored into one of the
computer's main chips, so it's known as firmware (it is usually designed so it can
be updated occasionally, however).
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Operating systems have another big benefit. Back in the 1970s (and early
1980s), virtually all computers were maddeningly different. They all ran in their
own, idiosyncratic ways with fairly unique hardware (different processor chips,
memory addresses, screen sizes and all the rest). Programs written for one
machine (such as an Apple) usually wouldn't run on any other machine (such as
an IBM) without quite extensive conversion. That was a big problem for
programmers because it meant they had to rewrite all their programs each time
they wanted to run them on different machines. How did operating systems
help? If you have a standard operating system and you tweak it so it will work
on any machine, all you have to do is write applications that work on the
operating system. Then any application will work on any machine.
The operating system that definitively made this breakthrough was, of course,
Microsoft Windows, written by Bill Gates.

Exercise 1. Ilepeseoume na anenutickuil.

Onepaunonnsie cuctembl (OC) — COBOKYMHOCTh IPOrPaMMHBIX CPEJCTB,
OCYUIECTBJISIONIMX yMpaBiieHne pecypcamu OBM, 3amyck MOpUKIaJIHBIX
porpaMM M WX B3aMMOJICHCTBHE C BHEIIHHUMH YCTPOWCTBAMH U C JAPYTUMH
porpaMmamu, a TaKke 00eCreynBaIOIIUX JUAIIOT Mojib30oBaTess ¢ OBM.

K ocHOBHBIM QyHKIIUSAM OTNEPAIMOHHON CUCTEMBI OTHOCSTCS:

1) ynpaeienue pecypcamu OBM (mporieccopoM, ONEpaTUBHON MaMAThIO
(OII), BHEIIHUMH YCTPOUCTBAMMU );

2) obecrieueHre 3aycka | BBITIOJTHEHUE CUCTEMHBIX U TI0JIh30BATEIbCKUX
Iporpamm;

3) opranuzaiysi oOMeHa MH(pOPMAIUEH MEXIy pa3sHbBIMH yCTPOHCTBAMH
OBM (mporieccop — OII, nmporieccop — conpoueccop u T.1.);

4) BBINIOJHEHHE PAa0bOT MO XpaHEHHI0 MH(OPMAIMK BO BHEIIHEH MaMATH
1 00CITY>KUBAHUIO JTUCKOB;

5) obecnieueHue auasora nojn3oBareis (naTepdeiica) c DBM.

OmneparoHHas cucTema 3arpykaeTcsi Ipyu BKIIOYEHUU KOMITBIOTEPA.

JleficTBUsA, KOTOpbIE HEOOXOAMMBI TIOJB30BATENI0 M  IPHUKIAJIHBIM
mporpaMmamM, COCTOST M3 HECKOJBKHX COTEH WJIA ThICSY JJIEMEHTAPHBIX
omeparnuii. OnepaliioHHasi CUCTEMa CKPBIBACT OT MOJIb30BATENS 3TH CIIOKHBIC
noipo6HOCTH. B 3TOM — OCHOBHas MpUYMHA HEOOXOAMMOCTH OTEPAI[MOHHOM
CUCTEMBI.

Exercise 2. Cocmasbme nian mexcma.
Exercise 3. Boitnonnume pegpepuposanue mexkcma.
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Text C

llepeseoume mexcm.

Computers for everyone?

What should we do about the digital divide — the gap between people who
use computers and those who don't? Most people have chosen just to ignore it,
but US computer pioneer Nicholas Negroponte and his team have taken a much
more practical approach. Over the last few years, they've worked to create a
trimmed-down, low-cost laptop suitable for people who live in developing
countries where electricity and telephone access are harder to find. Their project
is known as OLPC: One Laptop Per Child.

What's different about the OLPC?

In essence, OLPC is no different from any other laptop: it's a machine
with input, output, memory storage, and a processor — the key components of
any computer. But in OLPC, these parts have been designed especially for
developing countries.

Here are some of the key features:

Low cost: OLPC is designed to cost just $100 — much less than
a traditional laptop.

Inexpensive LCD screen: The hi-tech screen is designed to work outdoors
in bright sunlight, but costs only $35 to make — a fraction of the cost of a normal
LCD flat panel display.

Trimmed down operating system: The operating system is like the
conductor of an orchestra: the part of a computer that makes all the other parts
(from the processor chip to the buttons on the mouse) work in harmony. OLPC
uses Linux (an efficient and low-cost operating system developed by thousands
of volunteers) instead of the more expensive Windows system.

Wireless broadband: In some parts of Africa, fewer than one person in a
hundred has access to a wired, landline telephone, so dialup Internet access via
telephone would be no use for OLPC users. Each machine's wireless chip will
allow it to create an ad-hoc network with other machines nearby — so OLPC
users will be able to talk to one another and exchange information effortlessly.

Flash memory: Instead of an expensive and relatively unreliable hard
drive, OLPC uses a huge lump of flash memory — like the memory used in USB
flash memory sticks and digital camera memory cards.

Own power: Home electricity supplies are scarce in many developing
countries, so OLPC has a hand crank and built-in generator. One minute of
cranking generates up to 10 minutes of power.
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Is OLPC a good idea?

Anything that closes the digital divide, helping poorer children gain
access to education and opportunity, must be a good thing. However, some
critics have questioned whether projects like this are really meeting the most
immediate needs of people in developing countries. According to the World
Health Organization, around 1,1 billion people (18 percent of the world's
population) have no access to safe drinkingwater, while 2,7 billion (a staggering
42 percent of the world's population) lack basic sanitation. During the 1990s,
around 2 billion people were affected by major natural disasters such as floods
and droughts. Every single day, 5000 children die because of dirty water — that's
more people dying each day than were killed in the 9/11 terrorist attacks.

With basic problems on this scale, it could be argued that providing access
to computers and the Internet is not a high priority for most of the world's poorer
people. Then again, education is one of the most important weapons in the fight
against poverty. Perhaps computers could provide young people with the
knowledge they need to help themselves, their families, and communities escape
a life sentence of hardship?

Unit 13

Text A
llepesedume mexkcm.

How the World Wide Web (WWW) works

Twenty or thirty years ago, there was something you could take for
granted: you could walk into a public library, open up a reference book, and find
information on almost any subject you wanted. What we take for granted
nowadays is that we can sit down at practically any computer, almost anywhere
on the planet, and access an online information library far more powerful than
any public library on Earth: the World Wide Web. Twenty-first century life is so
dependent on the Web that it seems remarkable we ever lived without it. Yet the
Web was invented less than 20 years ago and has been a huge popular success
for only about half that time. One of the greatest inventions of all time... is also
one of the newest!

What's the difference between the Web and the Net?

Let's get one thing straight before we go any further: the Web and the
Internet are two totally different things:

The Internet is a worldwide network of computers, linked mostly by telephone
lines; the Web is just one of many things (called applications) that can run on
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the Internet. When you send an email, you're using the Internet: the Net sends
the words you write over telephone lines to your friends. When you chat
to someone online, you're most likely using the Internet too — because it's the
Net that swaps your messages back and forth. But when you update a blog or
Google for information to help you write a report, you're using the Web over the Net.

The Web is the worldwide collection of text pages, digital photographs, music
files, videos, and animations you can access over the Internet. What makes the
Web so special (and, indeed, gives it its name) is the way all this information is
connected together. The basic building blocks of the Web are pages of text, like
this one — Web pages as we call them. A collection of Web pages on the same
computer is called a website. Every web page (including this one) has
highlighted phrases called links (or hypertext links) all over it. Clicking one of
these takes you to another page on this website or another website entirely.
So far, so simple.

How computers can talk the same language.

The really clever thing about the Internet is that it allows practically every
computer on the planet to exchange information. That's a much bigger deal than
it sounds. Back in the early days of computers, in the 1960s, 1970s, and 1980s,
itwas rare for computers to be able to exchange information at all. The
machines made by one manufacturer were often totally incompatible with those
made by everyone else. In the 1970s, early personal computers (which were
called microcomputers) could not even run the same programs. Instead, each
type of computer had to have programs written specially for it. Hooking
computers up together was possible, but tricky. So most computers were used as
standalone machines, like gigantic pocket calculators. Things like email and chat
were all but impossible, except for a handful of scientists who knew what they
were doing.

All this began to change in the 1980s. The first thing that happened was
that IBM — the world's biggest computer company, famous for its "big blue"
mainframes — introduced a personal computer for small businesses. Other people
started to "clone" (copy) it and, pretty soon, all personal computers started to
look and work the same way. Microsoft came up with a piece of software called
Windows that allowed all these "IBM-compatible” computers to run the same
programs. But there was a still a problem getting machines like home computers
talking to giant machines in science laboratories or big mainframes in large
companies. How could computers be made to talk the same language?

The person who solved that problem was English computer scientist Tim
Berners-Lee (1955-). In the 1980s, he was working at CERN, the European
particle physics laboratory, which is staffed mostly by people from universities
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around the world who come and go all the time, and where people were using all
kinds of different, incompatible computers. Berners-Lee realized CERN had no
"memory": every time people left, they took useful information with them.
A related problem was that people who used different computers had no easy
way of exchanging their research. Berners-Lee started to wonder how he could
get all of CERN's computers — and people — talking together.

Text B

llepeseoume mexcm.

What's the difference between HTTP and HTML?

Although early computers were pretty incompatible, almost all of them
could store or process information using ASCII (American Standard Code for
Information Interchange), sometimes known as "plain text." In ASCII, the
numbers 0-255 are used to represent letters, numbers, and keyboard characters
like A, B, C, 1, 2,3, %, & and @. Berners-Lee used ASCII to come up with two
basic systems of rules (known in computer terminology as protocols). If all the
computers at CERN followed those two rules, he realized they could exchange
any information very simply.

He called the first rule HTTP (HyperText Transfer Protocol). It is
essentially a way for two computers to exchange information through a simple
"conversation,” whether they're sitting next to one another in the same room or
on opposite sides of the world. One computer (which is called a client and runs a
program called a web browser) asks the other computer (which is called a server
or web server) for the information it needs with a series of simple messages.
The web browser and the web server then chat away for a few seconds, with the
browser sending requests for the things it wants and the server sending them if it
can find them. The HTTP conversation between a web browser and and a web
server is a bit like being at a dinner table when someone says: "Pass the salt,
please™, someone else says "Here it is", and the first person says "Thank you."
HTTP is a sort of simple, polite language that all computers have learned to
speak so they can swap files back and forth over the Internet.

A computer also needs to be able to understand any files it receives that
have been sent by HTTP. So Berners-Lee introduced another stroke of genius.
His second rule was to make all the CERN computers exchange files written in a
common language called HTML (HyperText Markup Language). It was based
on ASCII, so any computer could understand it. Unlike ASCII, HTML has
special codes called tags to structure the text. A Web browser can read these
tags and use them to display things like bold font, italics, headings, tables, or
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images. Incidentally, for the curious among you: you can see what the "secret"
HTML behind any web page looks like by right clicking your mouse on a web
page and then selecting the View source or View page

HTTP and HTML are "how the Web works": HTTP is the simple way in
which one computer asks another one for Web pages; HTML is the way those
pages are written so any computer can understand them and display them
correctly. If you find that confusing, try thinking about libraries. HTTP is like
the way we arrange and access books in libraries according to more or less the
same set of rules: the fact that they have books arranged on shelves, librarians
you can ask for help, catalogs where you can look up book titles, and so on.
Since all libraries work roughly the same way, if you've been to one library, you
know roughly what all the others are like and how to use them. HTML is like
the way a book is made: with a contents at the front, an index at the back, text on
pages running left to right, and so on. HTML is how we structure information
so anyone can read it. Once you've seen one book, you know how they all work.

When Browser met Server.

Web browsers (clients) and servers converse not in English, French, or
German — but HTTP: the language of "send me a Web page", "Okay, here it is."
This is a brief example of how your browser could ask to see our A-Z index
page and what our server would say in response. The actual page and its
information is sent separately.

What the browser asks for

GET /azindex.html HTTP/1.1

Host: www.explainthatstuff.com,

User-Agent: Mozilla/5.0 (X11; Ubuntu; Linux i686; rv:44.0)
Gecko/20100101 Firefox/44.0

Accept: text/ntml,application/xhtml+xml,application/xml; g = 0,9,*/*;q = 0,8,

Accept-Language: en-gb,en;g=0,5,

Accept-Encoding: gzip,deflate,ccept-Charset: 1ISO-8859-1,utf-8; g = 0,7,*;
q=20,7,

Keep-Alive: 300,

Connection: keep-alive,

What the server replies

HTTP/1.1 200 OK

Date: Mon, 08 Feb 2016 09:03:23 GMT

Server: Apache

Expires: Wed, 09 Mar 2016 09:03:23 GMT

Content-Encoding: gzip

Content-Length: 19702
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Content-Type: text/html; charset=UTF-8.

What does it all mean? Briefly, the browser is explaining what software it
is (Firefox), what operating system I'm running (Linux Ubuntu), which
character-sets (foreign fonts and so on) it can accept, which forms of
compressed file it can understand (gzip, deflate), and which file it wants
(azindex.html). The server (running software called Apache) is sending a
compressed file (gzip), along with data about how long it is (19702 bytes) and
what format it's in (text/ntml, using the UTF-8 character set).

Http status codes

Right at the start of the server's reply, you can see it says HTTP/1.1 200 OK:
the 200 "status code" (sometimes called a response code) means the server has
correctly located the page and is sending it to the browser. A server can send a
variety of other numeric codes too: if it can't find the page, it sends a 404
"Not Found" code; if the page has moved elsewhere, the server sends a 301
"Permanently moved" code and the address of the page's new location; and if the
server is down for maintenance, it can send a 503 "Service Unavailable" code,
which tells browsers they should try again later.

What is a URL?

There was one more clever thing Berners-Lee thought of — and that was a
way for any computer to locate information stored on any other computer. He
suggested each web page should have something like a zip code, which he called
a URL (a Universal or Uniform Resource Locator). The URL is the page address
you see in the long bar at the top of your Web browser.

The address or URL of this page is: http://www.explainthatstuff.-
com/howthewebworks.html

What does all that gobbledygook mean? Let's take it one chunk at a time:

The http:// bit means your computer can pull this page off my computer
using the standard process called HTTP.

www.explainthatstuff.com is the address or domain name of my computer.

howthewebworks.html is the name of the file you're currently reading off
my computer.

The html part of the filename tells your computer it's an HTML file.

Taken all together, that stuff tells your computer where to find this page
on my computer, how to access it, and what to do with it to display it correctly.

And that's how the Web works!

Exercise 1

llepeseoume Ha anenuiickui.

Bcemupnyro naytuHy oOpa3yroT MWIUIMOHBI BeO-cepBepoB ceTtu MHTepHer,
PAcCIONOKEHHBIX TI0 BceMy MHpPY. Beb-cepBep sBisieTCs mporpamMmmoit, 3armyckaeMon
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Ha MOJAKIIIOYEHHOM K CETM KOMIIBIOTEPE M MCHOJb3yromen nporokoa HTTP s
Iepesayu TaHHbIX. B mpocreimieM Buae Takas mporpaMma IOJIy4yaeT IO CETH
HTTP-3anmpoc Ha ompenenéHHBIM pecypc, HaXOIUT COOTBETCTBYIOIIMM (haii
Ha JIOKaJbHOM >KECTKOM JUCKE M OTHPABISIET €ro MO CETH 3alpOCUBIIEMY
KOMIIbIOTEpYy. bosiee  cnokHbie BeO-cepBepbl  CHOCOOHBI  JIMHAMHYECKH
dbopmupoBath pecypchl B oTBeTr Ha HTTP-3ampoc. s wuaeHTHdUKaMH
pecypcoB (3auactyro ¢aiyioB WM UX dYacTel) Bo BcemupHOW mayTuHe
UCIIOb3YIOTCS €AMHO00pa3HbIC UIACHTU(UKATOPBI  PECYPCOB URI
(amrn. Uniform Resource Identifier). s ompeneneHHs MeCTOHAXOXKICHUS
pPECYpCOB B CETU HCHOJB3YIOTCS €QuHOO0Opa3Hble JokaTopel pecypcoB URL
(aarn. Uniform Resource Locator). Takme URL-nmokatopsr coueraror B cebe
texHojoruto uaeHtudukamuun URI u cucremy npomennsix umén DNS
(arrn. Domain  Name System) — nomeHHoe wMsS (WM HEHOCPEICTBEHHO
IP-anpec B uucnoBoit 3amucu), Bxojsiiee B coctaB URL s o6o3HaueHus
KOMIIbIOTEpa (TOYHEE — OJHOTO U3 €ro CeTEeBbIX HHTEP(ENCOB), KOTOPBHI
UCIIOJIHSIET KOJI HY’KHOTO BeO-cepBepa.

Bcemupnas naytuna Muarepuera (WWW) npencrasisier co0oil equHyro
CBA3HYIO CHUCTEMY THUIIEPTEKCTa, OOBEAMHSIONYI0 B ce0€ MUJUIMOHBI
BEO-CTpaHMI], KOTOPBIE SABISIIOTCS «DJIEMEHTAPHBIMH YaCTULIAMH» 3TOU
MayTUHBI.

Exercise 2. Cocmagvme nian mexcma.
Exercise 3. Boinonnume pegpepuposanue mexcma.

Text C
Ilepeseoume mexcm.

How to set up your own website

The famous American inventor and publisher Benjamin Franklin once
said that two things in life are certain: death and taxes. These days, he might add
something else to that list: websites — because just about everybody seems to
have one! Businesses promote themselves with websites, television soaps have
spinoff sites devoted to their characters, newlyweds set up sites for their
wedding photographs, and most kids have profiles (statements about themselves
and what they like) on "social-networking sites" such as Facebook. If you feel
like you're getting left behind, maybe it's time to set up a site yourself? How do
you go about it?

What is a website?

The basic idea of the Web is that you can read information that anyone
else has stored on a publicly accessible space called their website. If you're
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familiar with using computers for wordprocessing, you'll know that when you
create a document (such as a letter or a CV/resumé), it exists on your computer
as a file, which you store in a place called a folder (or directory). A website is
simply a collection of interlinked documents, usually stored in the same
directory on a publicly accessible computer known as a server. Apart from the
main documents (text pages), a website generally also contains images or
graphic files (photographs, typically stored as JPG files, and artworks, usually
stored as GIF or PNG files). So the basic idea of creating a website involves
writing all these text pages and assembling the various graphic files you need,
then putting them all together in a folder where other people can access them.

What do you need to host a website?

Theoretically, you could turn your own computer into a server and allow
anyone else on the planet to access it to browse your website. All you have to do
Is configure your computer in a certain way so that it accepts incoming traffic
from the Internet and also register your computer with all the other servers on
the Internet so they know where to find it. There are three main reasons why this
is not generally a good idea. First, you won't be able to use your computer for
anything else because it will be spending all its time serving requests for
information from other people. (But if you have more than one computer, that's
not such a problem.) Second, you'd have to make sure that your computer was
switched on and available 24 hours a day — and you might not want to do that.
Third, making your computer available to the Internet in this way is something
of a security risk. A determined hacker might be able to access all the other
folders on your machine and either steal your information or do other kinds
of malicious damage.

So, in practice, people rent web space on a large computer operated by an
Internet service provider (ISP). This is known as getting someone to host your
website for you. Generally, if you want to set up a website, you will need
a hosting package (a basic contract with an ISP to give you so much disk space
and bandwidth (the maximum amount of information that your website can
transfer out to other people each month). The web space you get is simply
a folder (directory) on the ISPs server and it will have a fairly obscure and
unmemorable name such as: www.myownpersonallSP.com/ABC54321/ That's
not exactly the sort of thing you want to paint on the side of your truck, if you're
in business. So you'll need a more memorable name for your website—also called
a domain name. The domain name is simply a friendly address that you give to
your website so that other people can find it more easily. The domain address is
set up to point to the real address of your site at your ISPs server
(www.myownpersonalISP.com/ABC54321/ ), so when people type your domain
name into their Web browser, they are automatically redirected to the correct
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address without actually having to worry about what it is.

Some ISPs offer a user-friendly system where you simply purchase a
domain name and hosting package for a single annual payment (generally, it will
be less than about $60 or £30 per annum). With other ISPs, you have to buy the
domain name and the hosting package separately and that works out better if
you are hosting several different domains with the same ISP. Buying a domain
name makes you its legal owner and you'll find that you are immediately
registered on a central database known as WHOIS, so that other people can't use
the same name as well.

How do you create web pages?

Setting up a domain name and Web hosting package takes all of five
minutes; creating a website can take an awful lot longer because it means
writing all the information you need, coming up with a nice page layout, finding
your photographs, and all the rest of it. Generally, there are three ways to create
web pages.

Raw HTML.

The most basic way of creating web pages is to use a text editor such as
notepad or WordPad on Windows and build up your pages from raw HTML
web page coding as you go. Generally, this gives you a much better
understanding of how web pages work, but it's a bit harder for novices to get the
hang of it — and unless you're a geek you may not want to bother. Instead of
creating pages from scratch, you can use ready-made ones called templates.
They're bare-bones, pre-designed HTML files into which you simply insert your
own content. Just change the bits you need and you have an instant website!
The main drawback of templates is that you can end up with a me-too site that
looks the same as everyone else's.

WYSIWYG editors.

Another approach is to use an editing program that does all the hidden
Web-page coding (known as HTML) for you. This is called a WYSIWYG
(what you see is what you get) editor because you lay out your pages on the
screen broadly as you want them to appear to everyone who browses your site.
Popular programs such as Dreamweaver work in this way. Most word
processors, including Microsoft Word and OpenOffice, let you convert existing
documents into web pages ("export HTML files") with a couple of mouse clicks.

Content management systems.

The final method is to use what's called a content-management system
(CMS), which handles all the technical side of creating a website automatically.
You simply set up a basic page template, style its visual appearance with what's
called a "theme," create your various interlinked pages based on the template,
and then upload them. CMS systems like Wordpress, Drupal, and Joomla work
this way. You can add various extra functions to them using what are called
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plugins.

How do you upload web pages?

Once you've created your web pages and you have your domain name and
web space, you simply need to upload the pages onto your web space using
a method called FTP (file transfer protocol). It's very easy: just like copying files
from one folder of your computer to another. When you've uploaded your files,
your website should be publicly accessible within seconds (assuming that your
domain name has already been registered for at least a couple of days first).
Updating your web pages is then simply a matter of updating them on your local
computer, as often as you wish, and copying the changes onto your web space as
necessary. Generally it's best to do all your updating on copies of your pages on
your own computer rather than editing live pages on the server itself. You avoid
embarrassing mistakes that way, but you also have a useful backup copy of the
entire site on your computer in case the server crashes and loses all your files.

How can you promote a website?

You want lots of other people to find your website, so you'll need to
encourage other websites to make links to yours. You'll also need to register
your site with search engines such as Google, Bing, and all the dozens of others.
Sooner or later, search engines like Google will pick up your site if it's linked by
other sites that they're already indexing, because they're constantly “crawling"
the web looking for new content.

And that's pretty much all there is to it. The best way to learn about
websites is to build one for yourself. So, off you go and do it! You can learn all
about building basic web pages by playing with HTML files on your computer.
Once you're confident about what you're doing, it's easy to take the next step and
make a world-wide website for the whole wide world!

Unit 14

Text A

Ilepeseoume mexcm.

Energy

Try to think of something that doesn't involve energy and you won't
get very far. Even thinking — even thinking about energy! — needs some energy
to make it happen. In fact, everything that happens in the world uses energy
of one kind or another. But what exactly is energy?

Energy is a bit of a mystery. Most of the time we can't see it, yet it is
everywhere around us. Revving car engines burn energy, hot cups of coffee hold
energy, street lights that shine at night are using energy, sleeping dogs are using
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energy too — absolutely everything you can think of is using energy in one way
or another. Energy is a magical substance that makes things happen. Everything
in the world is either energy or matter ("stuff" around us) and even matter, when
you really get down to it, is a kind of energy!

Potential energy and kinetic energy.

Although there are many kinds of energy in the world, they all fall into
two broad categories: potential energy and kinetic energy. When energy is
stored up and waiting to do things, we call it potential energy; "potential™ simply
means the energy has the ability to do something useful later on. When stored
energy is being used to do something, we call it kinetic energy; "kinetic" means
movement and, generally, when stored energy is being used up, it is making
things move or happen.

It's easy to find examples of both potential energy and kinetic energy in
the world around us. If you push a boulder up a hill, you'll find it's a real effort
to get to the top. This is because the force of gravity is constantly trying to pull
you (and the boulder) back down. In science, we say you have to do work
against the force of gravity to push the boulder up the hill. Doing work means
you have to use energy: the muscles in your body have to convert sugar and fat
to make the energy you need to push the boulder. Where does this energy go?
Although you use energy as you climb, your body and the boulder also gain
energy — potential energy. When the boulder is at the top of the hill, you can let
it go so it rolls back down again. It can roll down because it has stored potential
energy. In other words, it has the potential to roll down the hill all by itself.

As the boulder starts to roll down the hill, the potential energy it had at the
top is gradually converted into kinetic energy. When we talk about Kinetic
energy, we usually mean the energy something has because it is moving.
Anything that has mass (contains some matter that takes up a volume) and
moves along at a certain velocity (or speed) has kinetic energy. The more mass
something has and the faster it goes (the higher the velocity), the more kinetic
energy it has. If a truck and a car are driving parallel to one another down the
freeway, at the same speed, the truck has more kinetic energy than the car
because it has much more mass.

A lot of things we do each day involve converting energy between
potential and kinetic. Pull yourself up a cliff on a rope and you have more
potential energy the higher you go up. If you abseil down, your potential energy
Is converted into kinetic energy as you move. By the time you reach the bottom,
the kinetic energy has turned to heat (your climbing equipment and the rope will
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get surprisingly hot) and sound (the rope will make a noise as you whiz down).

Other kinds of potential and kinetic energy.

Things can have potential and kinetic energy for other reasons. Here are
some more examples. A thundercloud passing overhead has "the potential”
to release electrical energy as huge bolts of lightning. In other words, we say it
has electrical potential energy. Suppose you want to fire an arrow from a bow.
When you pull back the elastic bowstring, you have to stretch it well beyond its
natural shape. As you do this, you give it what's known as elastic potential
energy (it is sometimes also called mechanical potential energy). When you
release the bowstring, it uses the stored potential energy to fire the arrow
through the air.

Just as there are several kinds of potential energy, so there are different
kinds of kinetic energy too. When a thundercloud releases its electrical potential
energy as lightning, giant sparks fly from the sky to the ground. A bolt of
lightning is a huge electric current (flow of electricity) moving through the air —
in other words, it is what we might refer to as "electrical kinetic energy". We can
also think of sound, heat, and light as examples of kinetic energy because they
involve energy moving from one place to another.

Heat energy.

Heat is one of the most familiar kinds of energy in our world—but is it
potential energy or kinetic energy? Actually, it can be both. Suppose you heat an
iron bar in a fire so it glows red hot. If you plunge it into a bucketful of cold
water, you'll make a huge amount of steam. The energy from the hot bar goes
into the water and heats that up too, losing some of its own energy in the
process. This means that a hot bar — a bar with heat energy — has potential
energy: it has the potential to heat something else up.

But a hot bar also has kinetic energy. Inside an iron bar, there are billions
of iron atoms at held together in a rigid structure called a crystal lattice. It's a bit
like a climbing frame with atoms at the joints. Although the atoms are pretty
much fixed in the same place, they are constantly jiggling about. Each atom has
a little bit of kinetic energy. The more you heat an iron bar and the hotter it
becomes, the more the atoms jiggle about — and the more Kinetic energy they
have. In other words, heat is held inside the bar by the jiggling atoms and their
kinetic energy. The idea that heat is caused by atoms and molecules moving
around is known as the kinetic theory of matter.

Hot objects like to pass their heat energy to other things nearby. If you
touch something hot, some of its heat energy flows into you — and you get
burned. This is called heat conduction. But you don't have to touch something to
feel its heat. If you sit some distance from a roaring fire, you'll be able to feel its heat
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energy on your cheeks even though the flames are not actually touching you.
This happens because the fire passes its energy through empty space by a
process called heat radiation. Radiation is the way the Sun passes its energy
through about 150 million km (93 million miles) of empty space to earth in a
journey that takes a little over 8 minutes.

Heat energy also moves in a third way, known as heat convection. If you
put a pan of soup on top of the stove and heat it up, heat travels from the stove to
the pan by conduction. The soup at the bottom of the pan quickly warms up.
This makes it less dense (“thinner™) than the soup above it, so it rises upward. As
the warm soup rises, it pushes the colder soup at the top out of the way, and the
cold soup falls back down to take its place. Pretty soon, there's a kind of
invisible loop forming inside the soup, with heat energy constantly being carried
up from the stove and circulating through the liquid up above. This process is
also how heat travels through a hot air balloon, from the burner at the bottom, so
it systematically heats up all the gas inside.

Text B
llepeseoume mexcm.

Making and using energy

Where does energy come from? Well, if you have a hot cup of coffee
sitting on your desk, the heat energy it contains originally came from the hot
water you used to make it. The hot water got its energy from the kettle you put
on the stove or plugged into the electricity outlet. And where did the electricity
come from? Most likely, from a power plant, which burned a fuel such as gas,
coal, or oil to release the energy it contained. But where did the energy in that
fuel come from originally?

You can play this energy game forever, tracing energy from one thing to
another — all the way back to its original source. Wherever you start from and
however you go, you pretty much always end up at the same point: the Sun. This
giant fireball in space provides over 99 percent of the energy we use on earth.
You may think solar power is futuristic and impractical, but in fact the world has
been solar powered ever since it was created. Playing the energy game reveals
something else as well: we can never actually create energy or destroy it.
Instead, all we can do is convert it from one form to another. This idea, which is
one of the most basic laws of physics, is known as the conservation of energy.

The energy we use in our daily lives falls into three broad categories: the
food we eat to keep our bodies going, the energy we use in our homes, and the
fuel we put in our vehicles. The food we eat comes from plants and animals,
which our stomachs digest to make a sugary substance called glucose that blood
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transports around our bodies to power our muscles. All animals ultimately get
their energy from plants, which are themselves powered by sunlight. Plants are
like living solar panels that absorb the Sun's energy and convert it into food.
The energy we use in our homes tends to be provided by coal, gas, and oil.
These three "fossil fuels" are underground supplies of energy, created millions
of years ago, that wedrill, mine, or pipe to the surface to satisfy our energy needs
today. Most of the energy we use in our vehicles also comes from oil.
The trouble with fossil fuels is that we are using them much more quickly than
we are creating them. Another problem is that burning fossil fuels creates a gas
called carbon dioxide that is building up in Earth's atmosphere and causing
a problem known as global warming (climate change).

Electricity — the best kind of energy?

Fossil fuels such as oil, gas, and coal have been enormously helpful
to humankind's economic development. Coal powered the industrial revolution
in the 18th and 19th centuries, while oil made possible a huge growth in
personal transportation following the invention of the internal combustion.
Gas, a much cleaner and more efficient fuel, has become an increasingly
important source of power since the mid-20th-century. Yet all these fuels have
their drawbacks. Coal is dirty and inefficient. Oil exists in limited supplies in
places such as the Middle East and growing demand for it is a major source f
world tensions and wars. Gas, though easy to move from place to place, can be
dangerous when it leaks or escapes. Turning coal, gas, oil and other fuels into
electricity is a way to make them much more versatile and useful.

Electricity is a kind of energy usually made in power plants by burning
fuels. Around 40 percent of the electricity made in the United States comes from
coal. Inside a power plant, coal is burned in a huge furnace to release the energy
it contains as heat. The heat is used to boil water and produce steam, which turns
a rotating propeller-like mechanism called a turbine. The turbine is connected to
an electricity maker or generator, which produces electricity as the turbine spins
it around.

The great thing about electricity is that it is so versatile. Almost any kind
of fuel can be turned into electricity. Once electricity has been made in a power
plant, it is easy to transmit from one place to another either overground or
underground along cables. Inside homes, factories, and offices, electricity is
turned back into other kinds of energy by a wide range of appliances. If you
have an electrical stove or toaster, it takes electricity supplied by a power plant
and converts it back into heat energy for cooking food. The lights in your home
convert electrical energy into light energy (and, unless you are using energy-
efficient light bulbs, quite a lot of heat). Your stereo or MP 3 player turns
electricity back into light, while your cellphone (mobile phone) uses it to make
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radio waves.

Exercise 1. Ilepeseoume na anenutickuil.

PaGota OecrmpoBOMHOTO AJIEKTPUYECTBA OCHOBAHA HA MAarHeTH3Me
Y DJIEKTPOMAarHeTu3Me, Kak ¥ B Ciy4yae C pajguoBenianueM. becnpoBoaHas
3apsiKa, TAK)KE U3BECTHAS KaK MHAYKTUBHAs 3apsi/ika, OCHOBaHA HA HECKOJIBKUX
MPOCTHIX MPUHIUIAX PAaOOThI, B YACTHOCTU TEXHOJOTHUS TpeOyeT HaIU4us IBYX
KaTynleK, IepeaTynka MW NPUEMHHUKA, KOTOPbIE BMECTE TI'€HEPUPYIOT
[IEPEMEHHOE MATHUTHOE I10JIE HEMOCTOSHHOTO TOKa. B cBOIO ouepenp 3To mose
BBI3bIBACT HANPSDHKEHUE B KATYIIKE MPUEMHHKA; 3TO MOXET OBITh MCIOJIB30BAHO
JUTSI TUTAaHKUSI MOOMJIBHOTO YCTPOMCTBA WIIH 3apAJIKH AKKYMYJISITOPA.

Ecnu HanmpaBHUTh 3JEKTPUYECKHA TOK 4Y€pe3 MPOBOJ, TO BOKPYI Kalems
CO3JaeTCsi KpyroBo€ MarHuTHoe mosie. HecMoTpst Ha TO, 4TO MAarHUTHOE IOJIE
BO3JICWCTBYET U Ha NETJIIO, U Ha KaTYIIKY, CHJIbHEE BCErO0 OHO MPOSIBISIETCS
MMEHHO Ha kabene. Korma Bo3bMeTe BTOPOM MOTOK MPOBOJIOKH, HA KOTOPBIN HE
ITOCTYNAET DJIEKTPUYECKUN TOK, MMPOXOIALIMN Yepe3 HEro, U MECTO, B KOTOPOE
MBI YCTAHOBUM KaTyIIKy B MarHUTHOM I10JI€ TEPBOM KaTYIIKH, JIEKTPUYECKUMA
TOK OT MEPBOM KaTyIIKU OyJeT mepeaaBaTbcs 4epe3 MarHUTHOE TO0JIe U Yepes
BTOPYIO KaTYIIKY, CO3/1aBas UHIYKTUBHYIO CBS3b.

Exercise 2. Cocmagvme nian mexcma.
Exercise 3. Buinonnume peghepuposanue mexcma.

Text C
Ilepeseoume mexcm.

Energy future

According to the US Department of Energy, world energy use is forecast
to grow by 71 percent between 2003 and 2030. Around 80 percent of the energy
we use on Earth today comes from fossil fuels, but that cannot continue much
longer. Fossil fuels will run out sooner or later and, even if they last longer than
expected, they could make global warming run out of control.

Fortunately, because much of the power we use comes from electricity,
we have alternatives. We can make electricity from wind power, for example, or
solar panels. We can incinerate trash to generate heat that will drive a power
station. We can grow so-called “energy crops™ (biomass) to burn in our power
stations instead of fossil fuels. And we can harness the huge reserves of heat
trapped inside Earth, known as geothermal energy. Together, these energy
sources are known as renewable energy, because they will last forever (or, at least as
long as the Sun keeps shining) without running out. Earth's supplies of
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renewable energy are vast. A 3m (10ft) high ocean wave has enough power per
meter (3,3ft) of its width to power 1000 light bulbs. If we could cover just one
percent of the Sahara Desert with solar panels (an area slightly smaller than the
United States), we could make more than enough electricity for our entire
planet.

We'll also need to be smarter in the way we use energy. By designing
machines and appliances that do the same jobs but use less power, we can make
the energy we have go much further. This is called energy efficiency (saving
energy) and it's like a completely free way of making power. Energy companies
often find it cheaper to give away thousands of energy-efficient light bulbs than
build new power plants.

What about cars? In the future, most of our vehicles will be powered by
electricity from onboard batteries or battery-like devices called fuel cells, which
use hydrogen gas to generate electricity and power electric motors. Electric
vehicles are already becoming popular in places like California. There and
elsewhere, hybrid vehicles are helping to make oil go further. Unlike a
conventional car, a hybrid car has two engines: one of them, a standard petrol
engine, is used for high-speed driving — down the freeway, for example; the
other, a compact electric motor, powers the car cleanly, quietly, and efficiently
in cities.

Today, most of our electricity comes from far-off power plants
transmitted down huge lengths of cable. It takes energy to move energy from
one place to another. Making electricity in remote power plants and transmitting
it down wires wastes around two thirds of its energy. In other words, if you burn
three tons of coal in a power plant, you waste two tons of it getting the energy
out of the coal, making electricity, and transmitting the electric power to
customers. This is why buildings of the future are likely to make more of their
own local power, for example, with solar panels or small wind turbines on their
roofs.

Each second, the Sun sends out more power than all the energy people on
Earth would use in a million years. Not all of this energy reaches our planet and
it's not all in a form we can capture. But if we think about the energy we use,
and use it more wisely, there's no reason why we should ever run out or why we
should spoil our planet for tomorrow's children when we make the energy we
use today.
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