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SAIINTAHUPOBAHHBIE PE3YJIBTATBI OBYUYEHUS 110 OOII

pe3yJbTara

Kox

Pe3yabTart 00yueHus

(BBINYCKHUK J0JI3KeH ObITh FOTOB)

Hp0¢eccuouaﬂbubte Komnemenuyuu

P1

Cnocoben k opraHuzanuu MnpodecCUOHATbHON JEATeNIbHOCTH B 00J1acTH
NEPEBOJA, MEXKKYJIbTYPHOH M TEXHUYECKONM KOMMYHHMKalUUU (PYKOBOJCTBYSCH
OpUHIHUIIAMH ~ Tpo(ecCHOHANbHOM  STUKM M CIYKEOHOro  JTHUKETa),
CaMOCTOSITEIbHON OLIEHKE €€ pe3ylbTaTOB M MPO(ECCHOHANBHON aJanTalud B
MEHSIOIIUXCS] TIPOM3BOJICTBEHHBIX YCIOBUSX, COOIIIO/Iasd TpeOOBaHUS MPABOBBIX
aKTOB B O0JAacCTH 3allUThl TOCYJApPCTBEHHOW TalHBI W HMH(OPMAIMOHHON
0€30MMaCHOCTH, IPUHATHIX TPEOOBAHUI METPOJIOTMH U CTaHIAPTU3ALMHU, & TAKKe
BJIa/ies OCHOBHBIMH METOJaMHU 3allUThl IMPOU3BOACTBEHHOI'O I€pCOHANA U
HAaceJIeHUs. OT BO3MOXKHBIX IIOCIEACTBUI aBapui, Kartactpod, CTHUXHUHUHBIX
OelICTBUH.

P2

CrocoOeH MpUMEHSTh 3HAHHWE JBYX HWHOCTPAHHBIX SI3BIKOB JJIsi PEHICHHUS
npoecCHOHANBHBIX 3a/lad, OINepupys 3HaHUSIMU B obnactu reorpaduu,
UCTOPUH, MOJIUTHUYECKOU, IKOHOMUYECKOM, COIMATBHON U KYJIbTYPHOW >KH3HU
CTpaHbl M3y4aeMOIo 53bIKa, a TAKXKE€ 3HAHUSIMU O POJIM CTPAaHBl M3y4aeMOTO
S3bIKa B PETHOHAJIBHBIX U TJI00ABHBIX MOJIUTHUYECKUX MPOIECCax.

P3

CriocobeH TpOBOAUTH JIMHIBUCTUYECKUH aHaldM3 JHUCKypca Ha OCHOBE
CUCTEMHBIX JIMHIBUCTMYECKMX 3HAaHUW, pacno3HaBas JIMHTBUCTUYECKHE
MapKephl COLMATIbHBIX OTHOLICHUN U pe4eBON XapaKTEPUCTUKHU YEJI0BEKa B XOIE
CIIyXOBOT'O WJIM 3pUTEIBHOTO BOCIPHUATHSA AyTEHTUYHOW pedYd HE3aBHUCHUMO OT
0COOEHHOCTEN TPOM3HOUIEHUS U KaHala Mepeaadyn HHPOPMalUU U T.11.

P4

CrniocobeH BiazieTb yCTOMYMBBIMM HaBBIKAMU TMOPOXKAEHUS peun (YCTHOH u
NUCHbMEHHOM) Ha paboyux sS3bIKaX C y4eTOM MX (DOHETHYECKOW OpraHU3allvu,
TEMIIa, HOPMBI, y3yca U CTHJIA SI3bIKA, JTMHTBUCTHUECKUX MAapKEpPOB COLIMAJIbHBIX
OTHOLICHMH, a TaKKe€ aJIeKBaTHO MPHUMEHATH NPaBHJIa IOCTPOEHUSI TEKCTOB Ha
pabounx s3bIKaX.

P5

Crioco0eH KaueCTBEHHO OCYIIECTBISITh NHUCHMEHHBIA MepeBoa  (BKIHOYAs
NpEeANepeBOIUECKUI  aHAJIM3  TEKCTa), a TakkKe IMOCIENepeBOIUECKOE
caMOpeaKTUPOBAHKUE U KOHTPOJIbHOE PEAaKTUPOBAHNUE TEKCTA MEPEBOIA.

P6

CrniocobeH oOecrieuynBaTh KaueCTBEHHbBIM YCTHBIA MEPEBOJ C HCIOIb30BAHUEM
NEePEeBOIYECKON 3amUCH MyTeM OBICTPOTO MEPEKIIOYEHHUs] C OJHOTO padouero
A3bIKa HA APYTOM.

P7

CriocoObeH TpUMEHSTh OCHOBHBIE METOJIbI, CIOCOOBI M CpPEJCTBA IMOJyYeHUS,
XpaHeHus1, 00pabOoTKH MH(OpPMAIUH, UCIOIB30BaTh KOMITBIOTEDP KaK CpPEACTBO
pEelaKTUPOBAaHUSI TEKCTOB HAa PYCCKOM M HMHOCTPAHHOM Sf3BIKE, a TaKKe Kak
CPEICTBO JAW3aifHa M yNpaBieHHs WH(POpPMAIUEH, B TOM YHUCIIEC B TI00ATBHBIX
KOMITBIOTEPHBIX CETSAX C yUeTOM TpeOoBaHUs WH(POPMAIIMOHHON OE30MacHOCTH.

P8

CnocobeH paboTaTh C MaTepHallaMH Pa3TUYHBIX HCTOUYHHUKOB: HAXOJUTh,
aHaJU3UpPOBaTh, CHUCTEMAaTU3UPOBATh, HMHTEPHPETUPOBATH  HWH(OpPMAIIUIO,
00O0CHOBBIBATh BBIBOJIbI, MPOTHO3UPOBATH PA3BUTHE CUTYyallMd M COCTABIATH
AHAJIUTUYECKUN OTYECT.




P9

CrnocobeH  OCyHIeCTBISITh  MOWCK,  aHAJIM3UpOBaTh W HMCIOJIb30BATh
TEOPETUYCCKUE  TIOJOKCHUS  COBPEMEHHBIX  HCCIEAOBaHMM B  00JIaCTH
JUHTBUCTHKHU, MEXKKYJIbTYPHOH KOMMYHHMKAIIUU U TICPEBOJIOBEIACHHS, a TaKKe
BBISBJISITh  MPUYHMHBI  TUCKOMMYHUKAllMA B KOHKPETHBIX  CUTYaIlHAX
MEXKYJIBTYPHOT'O B3aUMOICHCTBHS

P10

CriocoOeH BiajeTb METOAOJOTMEH W METOAUKOW Hay4yHBIX HCCIEI0BaHUM,
UCTIONB3YS B MPO(ECcCHOHANBHON JesITeNbHOCTH IOHATHUHHBIN ammapar
¢unocodur U METOAOIOTUHN HAYKH, JJISl IPOBEACHHUS HAYYHBIX HCCIIEIOBAHUIM, a
TaKxKe npu OCYIIIECTBICHUN JMHTBOTIEPEBOTIECKOTO u
JMHTBOKYJIBTYPOJIOTHYECKOTO aHAIN3a TEKCTA, YYUTHIBAasi OCHOBHBIE MTapaMeTPhI
U TCHIICHIIMH COIHAIBHOTO, MOJUTHYECKOTO, SKOHOMUYECKOTO M KYJIBTYPHOTO
Pa3BUTHS CTPAH N3YYaE€MBbIX S3BIKOB.

Oowekynomypnvle KomnemeHyuu

P11

CriocoOeH  OCYHIECTBIISITh  pa3InYHbIC (bopMbI MEXKYJIBTYPHOTO
B3aMMOJICHCTBUS B LENAX OOECHEeYeHUs COTPYAHUYECTBA IMPU PELIECHUU
npodecCHOHAIBHBIX  3amad B coorBercTBUM ¢ Koncrurynueir PO,
PYKOBOJCTBYSICh MPUHILIMIIAMH MOPAJIbHO-HPABCTBEHHBIX W IPABOBBIX HOPM,
3aKOHHOCTH, TATPUOTH3MA, TPOPECCUOHAIBHON 3TUKH U CITYy’KEOHOT0 3TUKETA.

P12

CnocobeH AHAJIM3UPOBATH CONMUAJIBHO 3HAYMMBIC SABJICHHA W IIPOLCCChI, B TOM
YUCJIC MOJIHUTHYCCKOTO W 3KOHOMHUYCCKOI'O XapakKTepa, UX ABHXYIIHUC CHUJIbI U
HCTOPUYICCKHC 3aKOHOMCPHOCTH, MHUPOBO33PCHYCCKHUC )51 (bHHOCO(bCKI/Ie
l'IpO6JICMBI, INPUMCHATL OCHOBHBIC TITOJOXCHUA W MCTOAbI COLUAIBHBIX,
TYMAaHUTApPHBIX W JSKOHOMHWYCCKHX HAYK, a TaKKC OCHOBbBI TCXHUKU H
TEXHOJIOT UM IIpHu pCIICHUHN HpO(l)eCCI/IOHaJIBHLIX 3ajJa4.

P13

CnocobeH k paboTe B MHOTOHAIMOHATBLHOM KOJUICKTHBE, K KOOIIEPAIMH C
KOJUIeTaMH, B TOM WYHCJIE W TIPH BBINOJHEHUH MEKIUCITUIUTMHAPHBIX,
WHHOBAIIMOHHBIX  IIPOCKTOB, CIIOCOOCH B  KaueCTBE  PYKOBOJUTEIIS
MoIpa3iCNICHHs, JINJAepa TPYMIbl COTPYIHUKOB (POPMUPOBATH MEIH KOMaH/IbI,
NPUHUMATHh OPTaHW3AIMOHHO-YIIPABICHYCCKUE PEIICHUS B CUTYaIlUSAX PHCKa U
HECTH 3a HHX OTBETCTBEHHOCTb, BIQJCTh METOJAMH KOHCTPYKTHBHOTO
paspenieHust KOHPJIUKTHBIX CUTYaIUH.

P14

Crioco0eH JOTMYeCKHd BEpPHO, apryMEHTHUPOBAHO U SICHO CTPOUTh YCTHYIO U
IMCBMEHHYIO PEUb HA PYCCKOM SI3BIKE, aHAJU3UPOBAaTh, KPUTHUECKHU OCMBICIIATS,
FOTOBUThH M PEAAKTUPOBATH TEKCThI MPOPECCHOHATBLHOIO Ha3HAUYEHHUs, BKIIIOYas
JOKYMEHTBl ~ TEXHHYECKOHM  KOMMYHMKAlU¥, [MYOJIMYHO  TPEACTABIATH
COOCTBEHHbIE M U3BECTHbIE HAay4HbIE pe3yJbTaTbl, BECTU JUCKYCCHH U
y4acTBOBATH B MOJIEMHKE.

P15

CnocobeH K  OCYILIECTBIEHHIO  00pa30oBaTeNbHOW M BOCHMTATEJIBHOM
NESTENbHOCTH, a TaKXe K CaMOCTOATEIbHOMY OOYYEHHIO C TNPUMEHEHHUEM
METOZIOB M CPEJCTB IMO3HAHUSA, OOYYEeHUS U CAMOKOHTPOJS I MPUOOPETESHUS
HOBBIX 3HAHMM M YMEHMH, JUUIS Pa3BUTHUS COLMAIBHBIX U MPOodeccCHOHATbHBIX
KOMIIETEHIIUH, JI1 U3MEHEHHUs BHJAAa M XapakTepa CBOei MpodeccHoHaIbHON
JEATEIbHOCTH, a TAaK)KE IOBBIIICHMS aJallTallMOHHBIX PE3€pBOB OPraHU3Ma U
YKpEIUJIEHUS 310POBbS.
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TEXHUYECKOE 3AJIAHUE:

Hcxoanbie 1aHHbIE K padoTe

(Ha%weHOSaHLle 00vexma ucciedo8anust uiu NpoOeKmupoeatus,

NnpoU3EOOUMeNbHOCb UMW HAZPY3KA;  pedcum  pabombl
(Henpepvignblll, nepuoOuUHecKull, YukIuyeckult u m. 0.); 8ud
CoIpba UMY MAmMepuan usoenus; mpeGo8aHus K npooyKmy,
U30enUIo UIU npoyeccy, ocodvle mpebo8anusi K 0COOeHHOCMAM
dyHKYUOHUPOBAHUS (SKCHIyamayuu) odvekma um uzoenus 6
naane 6€30nacHOCU SKCAYAMAayuul, GIUAHUS HA OKPYIHCAIOUYIO

cpedy, sHep203ampamam, IKOHOMUHECKUL! AHAAU3 U M. 0.).

O6BekT HccienoBanusi — (parMeHThl HAYYHOI'O TEKCTa Ha

AHTJINACKOM u pyccKkoM SI3BIKAX, cozepKarue
MeTaOPUYSCKUE  CAUHUIBI  ONKCHIBAIOIIAE  IOHATHE
«OHEPTH.

IIpenmer wuccrneqoBaHusi — CIIOCOOBI MeTadOPHUUECKOTO

MOZCIIUPOBAHUA TMOHATUA «OHEPrusaA» W OKBHUBAJICHTHOCTDH

(YHKIIMOHANBHBIX ~ THIIOB  TEKCTOBOW  MeTadopel B

OpUTMHAJIE U NIEPEBOJIC HA PYCCKUM SI3bIK HAYYHOI'O TEKCTa
MarepuaJ uccleIOBaHNASA — Hay4HBIE TEKCTHI 110 (HU3HUKE Ha
AHIJIMIICKOM U PYCCKOM SI3BIKE

Ienp wuccienoBaHuss — BBIABUTH M ONUCaTb IapaMeETPBI
MeTahOpHUECKON KOHIENTYyaTU3allly TOHITUS «IHEPTHI» B
TEKCTe, a  TaKXKe CTCIICHb

HayYHOM YCTaHOBUTH

OKBHUBAJICHTHOCTHU q)YHKI_II/IOHaJ'IBHLIX THUIIOB TEKCTOBOM




MCTa(bOpI)I, MOI[CJ'H/IpyIOHIeﬁ TOHATHUEC «OHEPTUsA», B OpUTHHAJIC
Y TIEPEBO/IE HA PYCCKUH SI3bIK HAYYHOI'O TEKCTA.

Mertoabl U NIpEeMbl aHanusa: IPUEM CIUIOIIHOW BBIOOPKH
CIMHUI] U3 TEKCTa; MPUEM KOMIIOHEHTHOTO aHajIn3a
MeTadopruIecKoro

METO/I MO/ICJTUPOBAHMS;

OTMCATENbHBIA METO/ C IpUéMaMHt, KIACCU(PUKAIINH U

Hepeqem, nmoaJjexamux HCCJaeJ0BaHHUIO,
NMPOEKTHPOBAHUIO H pa3pa60TKe
BOIIPOCOB

(ananumuyeckuii 0030p NO IUMEPAMYPHLIM UCHOYHUKAM C
Yenvlo BbIACHEHUs OOCHUNCEHUI MUPOBOL HAYKU MEXHUKU 8
obnacmu; 3a0a4u

pacc,wampueaelwoﬁ nocmaHoexka

MCCJleaOSaHMﬂ, npoOeKmupoeaHus, KOHCMPYUpOBAHusl,

codepoicanue  npoyedypvl  UCCI008AHUS, NPOEKMUPOBAHU,

KOHCMPYUPOBAHUsL; 0OCYHCOeHUe De3VIbMamos GblNOIHEHHOU
OONONHUMENLHLIX — PA30eil08,

pa60mb1; HaumeHoeaHue

noonedcawux paspabomxe; 3aKOYeHue no pabome).

aHalM3a  Marepuana; OpHUeM  KOJHMYECTBEHHOTO
aHaJN3a; CPAaBHUTEIHHO-COMOCTABUTEIBHBIN METOI.

1. AHaTUTHYECKUNA 0030p
TEOPETUKO-METOI0JIOTHIECKUX WCTOYHHKOB,

(dhopMHpOBaHHE TEOPETUYECKOW Oa3bl HCCIICIOBaHMUS,
HOHSTHITHO-TEPMHHOJIOTUIECKOTO arnapara.

2. Coop wmarepuasa. DopmupoBaHHE MOICIH
OIMCaHMsI CIUHHMII aHAJIN3a, CO3/ITAaHIE AHATTUTUICCKOTO
uHcTpyMeHTapus (tabmuma Excel). Cucremaruzarus,
KJIaccuuKanus AMITUPUYECKOTO
WuTepnperanys JaHHBIX.

3. AHamu3 KOJMYECTBCHHBIX JAHHBIX Ha OCHOBE
Excel. dopmynrpoBaHue
HpeBapUTEIbHBIX pe3yibTaToB. [IpencraBieHue ux
IIPETNOIaBATEII0 B PEKUME KOHCYIIbTALIUMH.

4. AnpoOupoBaHHE TMOJYYCHHBIX pE3yJbTaTOB Ha
koH(pepenuusx. [Tydnukamnus crateei mo Teme padboTsl
5. Ilpexacrasienue pe3ynbratoB B TekcTe BKP.

MaTtcpHraia.

BO3MOKHOCTEN

Ilepeyensb rpaguyeckoro marepuaja

(¢ mounbIM yKazanuem o653amenbHbIxX yepmedicell)

KOHchIbTaHTLI Mo pasaejgam Bbll'[yCKHOﬁ KBaJIl/I(l)I/IKaIH’IOHHOﬁ paﬁoTbI

(ecau Heob6x00UMO, ¢ yKa3anuem pazoenos)

Pazgen

KoncyabTant

I[aTa BbIAAYH 3aJaHuA Ha

BBIINIOJIHEHH €
KBAJIH(UKAIUOHHOHI PadOThI 110 JMHEHHOMY rpauKy

BoinmyckHoii | 01.03.2017 r.
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PE®EPAT

Brimycknas kBanudukanmonnas pabora 162 c., 7 pucynkos, 4 tTabmuipl, 114 ncTOUHUKOB,
1 npunoxenue Ha 77 c.

KitoueBbie coBa: Teopusi KOHIENTYaIbHON MeTadopsl, sI3bIK HayKd, MeTadopudeckast
MoOJieNb, HaydHas MeTadopa, THoceojormueckas (QyHKIMs, (yHKIHOHAIBHBIN TUI MeTa(ophl,
SKBHUBAJIEHTHOCTH MEPEBO/IA.

OOBEeKTOM HCCIEeNOBaHMS SBISIOTCA (ParMEHThl HAYYHOTO TEKCTa Ha AHTJIMHCKOM U
PYCCKOM $I3bIKaX, coJepkaliie Metapopuueckie eMHULbI ONUCHIBAIOLINE TOHATUE «IHEPTU».

Lenb paboThl — BBISIBUTH M ONKMCATh MapamMeTpbl MEeTapOpPHUECKON KOHIETITyaTH3aluu
MOHATHUSI <QHEPrUs» B HAYYHOM TEKCTE, a TAaKXE YCTAHOBUTb CTENEHb 3KBUBAJECHTHOCTH
(YHKIIMOHATBHBIX THUIIOB TEKCTOBOW MeTaopbl, MOAETUPYIOUIEH MOHATHE «IHEPrus», B
OpUTHHAJIE U MIEPEBOJIE HA PYCCKUI SI3bIK HAYYHOI'O TEKCTA.

B npornecce uccnenoBanus ObUINM IPUMEHEHBI Pa3IUYHbIC METOABI U IPUEMBI HAYYHOTO aHAJIU3a!
® [IpUEM CIUIOIIHON BIOOPKU €IMHHUII U3 TEKCTA;
® [IpYEM KOMIIOHEHTHOTO aHaJIn3a;
e MeTo MeTapOpPHUECKOTO MOJICIUPOBAHUS;
® OmUCATEIbHBIN METOJI ¢ TpuéMaMu, Ki1accu(UKAIIU U aHAIM3a MaTepHalia;
® [IPHEM KOJIMYECTBEHHOI'O aHAJIU34;
® CpPaBHUTEJIbHO-CONOCTAaBUTEIbHBIM METO/.

B nporuecce nccnenoBanust ObUH U3y4YeHBI POIIECCH META)OPHUUECKOTO MOACIUPOBAHUS
TIOHATUS «PHEPTUs» W KiacCHUpUKAIMK MeTahOpHUYECKUX Mojelield B TEKCTax Mo (U3MKe Ha
AHTTUICKOM U PYCCKOM s3bIKaX. B pesynbrare riccienoBaHus ObUIO BBISBICHO, YTO B MPOIIECCAX
MeTadoprudecKoil KOHIKNTyalIU3alli 3a/eiCTBOBaHa Hauboliee 4acTo 3ajeiicTBOBaHAa MOJEIhb
SHEPTUS — 9TO ®U3NUYECKHUN OBBEKT. D11 nauusie CIIPAaBEJIMBBI U JUISl aHTJMUCKUX U
JUIS PyCCKHUX TeKcToB o ¢usuke. [Ipu mepeBoae yale BCEro UCHOIb3yeTCs] SKBUBATEHTHOCTH 3
YpOBHS — cHUMMeTpU4Has MeTadopa. OJHAKO KOJMYECTBEHHBIM aHAW3 TMOKa3aj, 4TO MpHU
KAueCTBEHHOM TMapajieIu3Me MOJIEe OTCYTCTBYET WX KOJIMYECTBEHHBIA TapallJIeIN3M, 3TO
CIpaBeNIMBO M JUisi (PEHMOBBIX CTPYKTYp, 3aJeMCTBOBaHHBIX mpu Metadopusamuu. [lpu
MepeBoic HAyYHBIX MeTa(op pa3auyHbIX (DYHKIIMOHAIBHBIX TUIIOB IMPOCIIECKUBACTCS BBICOKAs
CTENEHb HKBUBAJECHTHOCTH. JTO MOXHO OOBSCHUTH TE€M, YTO B (OKYCE€ HCCICIOBAHUA —
MOJICJIMPOBAHNE HAYYHOTO MOHATHUS.

CreneHb BHEApPEHMs /anpoOaluu: pe3ysbTaThl UCCIEIO0BAHUS MPOIUIM anpobanuio Ha 2
KOH(EpEeHIMIX U OTPa’KEHBI B 2 MyOIUKALIHSIX.

O6nacThb NPpUMCHCHUSA: KOTHUTHUBHAA JIMHTBUCTHKA, MeTa(bOpOJ'IOl“I/IH, TCOpHA IIO3HAHUA,
TEKCTOJIOTrUsA, IEPEBOJOBCACHUC, HpaKTI/IV—IeCKI/Iﬁ MEPEBOJ HAYUHBIX TCKCTOB.

B Oyaymiem mnaHupyercst uccienoBath MeTapopUIecKoe MOJESIUPOBAHUE TMOHATUHHOM
00JacTH «3HEPTUs» B MPUPOJHOM JUCKYpCEe Ha MaTepualie aHTJIUHCKOTO U PYyCCKOIO S3bIKOB.



ABSTRACT

Graduate qualification work 162 p., 7 pictures, 4 tables, 114 sources, 1 appendix on 77 p.

Keywords: the theory of conceptual metaphor, science language, metaphorical model,
scientific metaphor, gnoseological function, the functional type of metaphor, the equivalence of
translation.

Object of research: fragments of the scientific text in English and Russian which contain
metaphorical units, describing the concept "energy".

The aim of the work is to identify and describe the metaphorical conceptualization of the
concept "energy" in the scientific text, and to define the level of equivalence of the functional
types of the text metaphor in the original and the translation into Russian of the scientific text.

Different methods of scientific analysis had been used in the process of research:
e method of a continuous sampling of units from the texts;
e method of componential analysis;
e method of metaphorical modeling;
e method of describing, classify and analyze the material;
e method of quantitive analysis;
e method of comparison and collation analysis.

In the process of research, the processes of metaphorical modeling of the concept
"energy" and the classification of metaphorical models in texts on physics in English and Russian
languages were studied. As a result of the research, it was revealed that in the processes of
metaphorical conceptualisation the most popular metaphorical model is ENERGY which IS A
PHYSICAL OBJECT. These data are valid for English and Russian texts on physics. In translation,
the equivalence of the third level (symmetrical metaphor) is used more often. However,
quantitative analysis has shown that qualitative parallelism of models lacks their quantitative
parallelism; this is also true for frame structures involved in metaphorization. In translating
scientific metaphors of various functional types, a high degree of equivalence can be traced. This
can be explained by the fact that the research focuses on the modeling of the scientific concept.

The degree of implementation / approbation: results of the research were tested at two
conferences and are reflected in the two publications.

Field of application: cognitive linguistics, metaphor theory, cognitive theory, textology,
theory of translation, practical translation of scientific texts.

In the future, it is planned to research the metaphorical modeling of the concept «energy»
in the English-Russian language natural discourse.
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Beenenue

Hacrosmiee UCCIIEIOBAHNE IIOCBSILIEHO U3Y4YCHUIO celUPUKU
MeTapopUUecKOd KOHUENTyaIu3aluu MOHATUS «DHEPrus» B HAYYHOM JUCKYpCe U
npobsieMe 3KBUBAJEHTHOCTH IE€PEBOJIa TEKCTOBBIX MeTa(op, OMUCHIBAIOLUIUX ATO
IOHATHE B HAYYHOM TEKCTE.

Ha ceronssmHui 1eHb B3aMMOJEHUCTBUE JIMHTBUCTUKU C APYTMMHU HAyKaMH,
TaKUMU KaK TCHXOJIOTHsI, COLMOJIOTHS, (PUIIOJOTHUS, JIOTMKA, MH)XXEHEepUs U T.A.,
IIPUBEJIa K COBEPILICHUIO BAXKHBIX HAYYHBIX OTKPBITUH U BO3HUKHOBEHHIO HOBBIX
oTpaciieil HayuyHoro 3HaHus. Cerogns OOJBLION MHTEpEC IJs YUECHBIX-TMHIBHCTOB
IIPEACTABIAET HE TOJIBKO U3YUYEHUE PA3JIMYHBIX XapPAKTEPUCTUK SI3bIKOBOM CHCTEMBI,
HO U IIOJIO)KEHUE B HEU YEJIOBEKA, UCCIICJOBAHUE KYJIBTYPOJIOIMUECKUX AaCIIEKTOB
A3bIKA W S3BIKOBOW KAPTUHBI MHUpA. OTOT HMHTEPEC MPEAONPEACIINI IOSBICHUE
HOBBIX  JUCLUMIUIMH:  IICUXOJIMHTBUCTUKHM, KOTHUTMBHOM  JIMHTBUCTUKU W
JIMHTBOKYJIBTYpPOJIOTHH, KOTOPBIE U3y4YaeT S3bIK KaK (PEHOMEH MCUXUKU, MBIIIICHUS
U KyJdbTypbl, Kak CpEICTBO BBIpAXEHHUsS OCOOOM  HAalMOHAJIBHOM WK
VHIUBUAYAJIbHON MEHTAIBHOCTH. HeoTheMJIEMBIM 3JIEMEHTOM JAHHOM HAYKH
ABJISIETCSI M3YYEHHE MPOLECCOB OQPOPMIICHUS, MOJAEIMPOBaHHUS HHPOPMALUU B
KOTHMTUBHOH c(epe uenoBeka, OTpaXeHUs! MpoLECcCOB MOJICIUPOBAHUS B SI3IKOBOM
NEATEIbBHOCTH W JIMHTBOKOTHUTHBHBIX MOJEJIEd KakK €IWHMI] S3BIKOBOM U
KOHLENTYAJIbHOM KapTUH MUpAa.

Nzyuenne cneuuduku MeTtadoOpHUECKON KOHIENTyadu3alud B Pa3iHMYHBIX

AUCKYypcCax )51 JIMHIBOKYJIbTYpax  sABJISCTCA OJHUM u3 CaMBIX YCIICIIHO
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Pa3BHUBAIOIINXCS HAMPABJICHWH JMHTBUCTUYECKUX wWcchaeaoBaHuil. OcoOeHHOCTH
MeTapOpUIECKON KOHIIENTYAIN3aIlliN PACCMAaTPUBAIOTCSI B CAMBIX Pa3HBIX acTCKTaX:
JUHTBUCTUYCCKOM,  (UIocockoM,  KyIbTYpOJIOTHUECKOM, KOMMYHHUKAaTHBHOM,
IICHXOJIOTMYSCKOM M MHOTMX JIpyrux (cM. paboter Anekcee K.M., Ankersmit F.,
Lakoff G., Mumankuna H.A., Ortony A., ITanacenko E.A., ITletpos B.B., Raymond
W. Gibbs Jr., PaxumoBa A.P., Pe3anoBa 3.M1., CenoB A.E., Steen GJ. u ap.). B
HacTosIee Bpems  pa3pabOTaHO  MHOXKECTBO  KIAcCHU(pUKAIMK, METOJO0B
UCCJICIOBAHUS U UHTEPIPETALMI KOHIICTITyaIbHOU METa(OPHI.

Omnako MeTaopudecKue CTPYKTYPHI, PYKHITMOHUPYIOIINE B HAYIHOM TEKCTE
U Hay4yHOM JIUCKYpCE€ BCE €Ie HEe MOJYYMIN JOCTaTOYHOro ocBemieHus. [Ipu towm,
YTO MHOTHE HCCJIEJOBATENM Ha3bIBAIOT KOHIENTYalIbHYI0O METaopy OIHUM U3
0a30BbIX C€IOCOO0B (OpMUPOBAHHUS W MOJETUPBOAHUS AOCTPAKTHBIX TMOHSTHIMA
(Ankersmit F., I'yces C.C., psuenko A.Il., Lakoff G., Mumankuna H.A., Ortega-y-
Gasset J., [Terpos B.B., Uyaunos A.II. u ap.).

[Tonatue «DHeprusi» 3aHUMaeT ocoboe MecTo cpeau  Haubosee
BOCTpEOOBaHHBIX B COBPEMEHHOI HAy4YHON KapTUHE MHpPA, T.K. BeChb XX B. CBSI3aH C
nouckaMu U 3((PEKTUBHBIM HCIIOJIH30BAHUEM HOBBIX HCTOYHHKOB SHepruu. Ero
W3YYCHUEM  3aHUMAIOTCS ~ TPEACTABUTEIIM  pa3HBIX  00JIacTe  3HaHWA,
IPEUMYIIECTBEHHO C€CTCCTBEHHOHAYYHOTO HampasicHus. CBOE ONMCAaHUE MTOHATHE
«OHeprus» HaxomuT B paboTax mo Qu3nke, XUMUHU, HePTEra30BOMYy JETy, OJTHAKO B
KauyecTBe OOBEKTa JIMHTBOKOTHHUTHBHOTO OIMMCAHWS OHO JI0O CHX IIOp He
paccMaTpuBajgoch. B 3TOM cMbICie HEOE3BIHTEPECHBIM SIBIIICTCS PACCMOTPCHHE

COACPIKaHNA U (bYHKL[I/IOHI/IpOBaHI/IH JAHHOT'O KOHIICIITa B HAYYHBLIX TCKCTaxX IIO
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dusuke.

Takum 00pa3oM, aKTyaJdbHOCTb HACTOSIIETO WCCIICIOBAHUS OMPEICISICTCS
HEKOJIbKUMH IapaMeTpaMu:

1. wuccrnemoBaHHME S3bIKa HAYKH C TO3WIMA KOTHUTHUBHOWM JIMHTBUCTHKH
MTO3BOJISIET BBIIBUTH CIIEU(PUKY HAYIHOTO MTO3HAHMS,

2. W3y4YeHUE PpOJM KOHIIENTyalbHOW MeTadophl B pPa3MYHBIX BHJIAX
MBIIUICHHAS, B TOM YHCJE€ HAYYHOTO TIO3BOJUT YTOYHHTH THOCEOJOTUYECKYIO
$yHKIHIO MeTapOpUYECKON KOHIIENTYaIn3allHH;

3. wuccienoBaHue MeTadOpUUECKOW COCTABISIONIEH HAy4YHOTO TEKCTa U
JUCKypca pPa3HBIX S3BIKOB  TO3BOJIAT PEIIUTh TMPOOJIEMBI, CBSI3aHHBIE C
HKBUBAJICHTHOCTHIO IIEPEBO/IA.

NMenHo 5>t mnpoOieMbl 3acTaBUIM HAc OOpaTUTh BHUMaHUE Ha
MeTaopuIeCKuii KOMITOHEHT HAyYHOTO TEKCTa ¢ TOYKU 3PCHUS METaQOpPHUIECKOTO
MOJCITUPOBAHUS TTOHATHUS (QHEPTHS», THOCEOJIOTHICCKOM byHKIIAN
MeTahOpUIECKUX CIMHUIl U UX SKBUBAJIICHTHOCTH B TIPH ITEPEBOJIC.

OO0beKTOM HCCIEOBaHUS SABJISIOTCS (PparMeHTh HAyYHOTO TEKCTa Ha
aHTJIMACKOM W PYCCKOM s3bIKaX, cojepkamue MeTadhopruuecKue €IUHUIIBI
OTIMICHIBAOIITNE TIOHATHE «IHEPTHS.

IIpeamMerom wuccrneAoBaHWs  BBICTYNAIOT  CIOCOOBI  MeTadOPUUECKOTO
MOJICIIUPOBAHUS TIOHSTHUS «IHEPTUS» M KBUBAICHTHOCTh (DYHKIIMOHATIHHBIX THUIIOB
TEKCTOBOM MeTadOophl B OPUTHHAJIE M TIEPEBOJIC HAa PYCCKHH SI3bIK HAYYHOTO TEKCTA.

I'unore3a wuccrnenoBaHUS - OMUCAaHUE AaOCTPAKTHBIX HAYYHBIX TOHSTHIA

OCYUIECTBJISIETCS TyTeM MeTahOpUUECKON KOHLENTyaIN3alluH, peaTu3yIoIencs KakK
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MeTadopudecKasi COCTaBISAIONIas HAYYHOTO TEKCTa.

Heas padoTsl - BBISIBUTH W ONKCAaTh TapamMeTpbl MeTagopuyecKoin
KOHIICTITYQJIN3aIlN TIOHSATUS «IHEPTUS» B HAYYHOM TEKCTE, a TaKKE€ YCTaHOBUTH
CTENEHb JKBUBAJICHTHOCTH (DYHKIMOHAJIBHBIX THUIIOB TEKCTOBOM MeTadophl,
MOJCIUPYIOIICH MOHSATHE «HEPTHs», B OPUTHHAIIC U MEPEBOJC HA PYCCKHUM SI3BIK
HAy4YHOT'O TEKCTA.

JIst MOCTHKEHUST YKA3aHHOM TEJTM CTaBSITCS CICAYIONINE 3aaUH

1. cobGpaTh MaTepural UCIOJIb3Ysl MPUEM CIIOJIONTHON BEIOOPKH;

2. omnucarb MeTtadopudecKue CUHUIIBI, 3a/IeliCTBOBaHHbBIC TUTSI
penpe3eHTaluy TTOHATHS «IHEPIrUs» B HAYYHOM TEKCTE (OpUTHHAJIC U TIEPEBOJIC Ha
PYCCKUH SI3BIK);

3. ONPENCNUTh KIFOUEBbIE MeTa(OPUUECKUE MOJICTH, IMPHUBICKACMBIC IS
OTIMICaHUS TIOHSITHUS «IHEPTUSY;

4. MpOBECTH COTOCTABUTENBHBIM aHAM3 B AaCHEKTe HSKBUBAJCHTHOCTH
MeTahOPUUECKIX MOJIEIICH MOHSATHUS «IHEPTH,;

5. MpoBeCTH COMOCTABUTEIBbHBIH aHAMW3 B acCleKTe (QYHKIHOHATBHON
AKBUBAJICHTHOCTH TEKCTOBBIX MeTadop B HAYYHOM TEKCTE (OpUTHHAJE U TMEPEBOJIE
Ha PYCCKHI SI3bIK).

Marepuajiom 1151 paboThl TOCHYyX U 538 KOHTEKCTOB (Ha aHTJIMHCKOM H
PYCCKOM $I3BIKax), coaepikamuye MeTadopuvIecKoe OMHCAHUE TOHITHS «IHEPTHS,
W3BJICUCHHBIC U3 OPUTUHAJIOB M PYCCKUX TIEPEBOJIOB KHHT:

Bohr N. Atomic Physics and Human Knowledgei. — bop.H. Atomuas ¢u3suka

1 Bohr N. Atomic Physics and Human Knowledge. — New York, 1958.
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Y YEJIOBEUYECKOE MO3HAHUE?.

Sood V. K. HVDC and FACTS Controllerss . — Cyn B.K. IlpumeHenue
CTaTUYECKHUX MpeodpazoBaTesiel B SHEPTeTUUECKUX CUCTEMAaX4.

BenunkoB B.A. Ilepexoanblie MpoLecchl JIEKTPUUECKUX CUCTEM B PUMEPAX U
wmroctpanuaxs — Venikov V.A. and oth. Transient Phenomena in Electrical Power
Systemse.

MeToabl M mpueMbl UCCICIOBAaHUS: MPUEM CIUIOIMIHOW BBIOOPKH E€IWHUIIL
aHajaM3a M3 TEKCTa; METOJ MeTadOopUyYECKOro MOJAEIMPOBAHUS; KiacCU(pUKaIUSL
TUTIOB  (YHKIMOHAIbHOW MeTadopbl; OMHCATENbHBIA METOJ C MpUEMaMH,
KIaccupukalui W aHajlu3a MaTepuaia; MpUeM KOJUYECTBEHHOTO aHaJN3a;
COITOCTABUTEIILHBIN METO/I.

Crpykrypa padorsl. Pabota cocTOUT 13 BBEACHUS, IBYX TJIaB, 3aKIIOYCHUS,

CITMCKa HY6HHK3HHﬁ aBTOpa, CIIMCKa UCIIOJIb3YCMbIX UCTOUYHHUKOB, HpI/IJ'IO)KCHI/ISI.

2bop.H. ATomuast pusuka u yenoBeueckoe no3Hanue. M.: M31-Bo HHOCTpaHHOM JIUTEPATYPHI,
1961.

3 Sood V. K.. HVDC and FACTS Controllers. New York, 2004.

aBumxeit K. Cyn. [IpumeHeHne craTuueckux rpeodpasoBareneil B 3HEpreTHYecKux cucremax. M.:
Wucturyra unxxenepos Kanaast HIT «Hayuno-nnxenepHoe nHopMaIioHHOE areHTcTBOY, 2009.
s Benukos B.A. Ilepexoansie mpoueccsl MEKTPUIECKUX CUCTEM B IPUMEPAX U UILTFOCTPALMSIX.
Mocksa, 1962.

6 Venikov V.A. and oth. Transient Phenomena in Electrical Power Systems, Oxford, New York:
Pergamon Press, International series of monographs in electronics and instrumentation, 1965.
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I'maBa 1. TeopeTuKo-MeTON0JIOTHYECKHE  OCHOBAHUSI  HCCJIEOBAHUS
MeTagopuUYeCKO KOHIENTYATU3AIUM MOHATHSA «IHEPTUS» B HAYYHOM TEKCTe.

B menom, noHsATHE «3HEpPrus» OBLUIO OMMCAHO B paMKax OTACJIBbHBIX HAyK
JIOCTaTOYHO TMOJIHO M sicHO. OJHAKo, €clid Mbl O00paTUMCS K HAy4YHOMY TEKCTY,
KaKUM-TO OOpa3oM OIKCHIBAIOIIEMY 3TO MOHATHE, TO OOHAPYKUM IIEJbII CHEKTp
TEeKCTOBBIX MeTadop. Hampumep, TekcThl 1o pusuke comepxaT TaKhue KOHTEKCTHI:
Here the power output of the generator is greater than the power developed by the
turbine, the generator brakes, but the angle continues to increase corresponding to
the energy stored by the generator / 3mech ayekTpryeckas MOIHOCTh, OTJaBacMast
reHepaTopoM, OOJIbIlIe MOIIIHOCTH, PA3BUBAEMOU TYpOUHOMN, TEHEPATOP TOPMO3UTCH,
HO YTOJ MPOJOJIKAET YBEJIWYMBATHCA B COOTBETCTBUU C HAKOILUIEHHOH POTOPOM
JHEPIHH.

B KoTOpBIX MBI BcTpeuaeMcsl ¢ MPE/ICTaBICHUEM 00 PHEPTrUU KaK O BEIECTBE,
KOTOPOE MOXKET ObITh COOPAHO U COXPAHEHO B KAKOM-JTHOO MECTE IIPOCTPAHCTBA.

[TomoOGHBIE KOHTEKCTHI TOKA3bIBAIOT, YTO aOCTPAKTHOE MOHSITHE «IHEPTHS» B
HAYYHBIX TEKCTaxX MO (PU3HKE MOJACIUPYETCS HA OCHOBE KOHIIENTYaJIbHON MeTadophl,
JAIoEel BO3MOXKHOCTh MPEJCTaBIATh a0CTPAKTHBIE CYHIHOCTH Kak (usmueckue. B
Haiield paboTe Mbl pacCMOTPUM OCHOBHBIC METa(OpUUECKHUE MOJENHM, Ha OCHOBE
KOTOPBIX (POpMHpYETCS TMOHSTHE «IHEPTUs» B HAay4YHBIX TEKCTax Mo ¢usmke. A
TaK)X€ COMOCTaBUM U OMNPEJEIUM CTENEeHb JKBUBAJEHTHOCTU METa(OPUUECKUX
MOJIeJIel B TEKCTaX Ha JIBYX SI3bIKaX.

Ho npenBaputensHO onpenenuM 6a30Boe I HAIIETO UCCICAOBAHMS TIOHITHE

QHEPIrusa», a TAKIKS OCHOBHBIC TCOPCTUKO-MCTOJOJIOTUICCKUC IIOHATHA! Hay‘-IHblf/‘I
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TEKCT H €TI0 OCO6CHHOCTI/I, KOHICIITyaJlbHasd MeTaQ)opa N JIMHIBOKOTHHTHBHOC
MOACIIUPOBAHUC, PACCMOTPHUM KaK HCCIICOAOBAIACh THOCCOJIOTHYCCKAs q)YKHHH}I
KOHHCHTyaHLHOﬁ MCTa(I)OpI)I B HAYYHOM TCKCTC, OIIPCACIUM MCTOAUKY M MOICIIb

OIIKMCaHHuA MeTa(l)OpLI B HAYYHOM TCKCTC.

1.1 Tlonsitue «3Heprus». Ucropusi Bo3HMKHOBeHUsA. OCHOBHbBIE OIpe/ie/IeHUs

AHanmu3 copepKaHus M CTPYKTYpPHI TIOHSTHSI HEBO3MOXKEH 0e3 oOpareHus K
CIIOBapHOMY TOJKOBAaHUIO JIEKCHYECKOW €AWHUIBI, HWMEHYIOIIEH TMOHSTHE.
JlebMHUIIMOHHBIN aHANIU3 CJIOBA SHepeuss OCYIIECTBIISUICS HA MaTepuase TOJIKOBBIX
CJIOBapel pPYCCKOro s3blKa; B pe3yJbTaTe aHali3a CIOBApHBIX CTaTed ObLIO
YCTAaHOBJIEHO, YTO B PYCCKOM SI3bIKE€ MPEJICTABICHO TPU OCHOBHBIX 3HAUCHHS CJIOBA
«QHEPTHUS»:

1. OI[HO 13 TJIaBHBIX CBOMCTB MAaTCpUU — KOJIMYCCTBCHHAA MCpa JIBUKCHUA

U B3aMMOJICHCTBUSI MATEPUATILHBIX TeJ (MMEET pa3InyHbie POPMBI: MEXaHUYECKYIO,

TEIUIOBYIO, 3JIEKTPOMArHUuTHYIO, SICPHYIO U JIp.).

2. CnocoOHOCTBH Kakoro-jl. Teja, BEIECTBA U T. I1. IPOU3BOAUTH _ KaKYIO-JI.

paboTy Wi OBITh HCTOYHUKOM TOM CHUJTBI, KOTOPAsi MOXKET IPOU3BOIUTH PadoTy.

3.  CnocoOHOCTh AaKTHMBHO, HACTOMYHMBO IEHCTBOBATH, TPYAUTHCA M T. IL.;

NesTeNIbHAs Cujla 4esioBeKar. B 11es1oM sHeprus mpucyiina MaTepruaibHbIM O0bEKTaM,
OHAa CBfA3aHa C JIBU>)KEHUEM, TPOU3BOIUTEIIBHOCTHIO, aKTUBHOCTHIO.
B Hay4yHBIX TEKCTaX, Kak MPaBWIO, aKTYaJIU3UPYETCS JIUIIH TIEPBOE U3

YKa3aHHBIX 3HAYEHUW M TOJBKO B HEKOTOPBIX Ciy4dasx — BTOpoe. Tperbe ke

7 TonkoBeIii cioBapsk. [InexTponHsblil pecype] — URL: http://www.gramota.ru/slovari/info/bts/ (zata
obparuenust: 15.02.2017)
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OTHOCHUTCS K cpepe 0OBIJIEHHOTO YIIOTPEOJICHUS U 0OBIYHO HE BKIIFOYAETCS B
HAy4YHBIN TUCKYPC.

CaM0 TOHATHE «IHEPIHsD» CTaN0 OOBEKTOM HAYYHOTO OCMBICICHHS €Ile BO
BpEMEHAa AaHTUYHOCTU. B KaTeropuaJibHOM cucteMe ApHUCTOTENS JHEepPrus
NEPBEHCTBYET 110 OTHOIIEHHUIO K Marepuu. Bce cymee, mo Apucrorento,
oOHapy>KHUBaeTcs yepe3 3Hepruto. [Ipu 3ToM BaXKHO OTMETUTH, YTO MPEJCTABICHUE O
OpUPOJE TAKXKE pacKpbIBaeTCsl y ApPUCTOTENs uyepe3 MOHSTHE SHEepruu. Tak Kak
JIBUKEHUE €CTh CYIIHOCTh MPHUPOAbI, a IBMKEHHE OTOXKICCTBISIETCA C UAeeH
U3MEHEHUS, IPUYEM HAYaJIOM U LEJIBIO 3TOT0 JBMKEHHUS SIBISIETCS caMa «(PU3UCH, TO
IPUPOJIa ECTh CAMOOCYIIECTBIIEHNE. bbITHE Kak SHEPrusi CaMOOCYILECTBICHUS — 3TO
(opMa, MbICIHMas CO CTOPOHBI «(HU3UC». DHEPTHUsl BOCIPUHUMAETCA APHUCTOTENEM
KaK crnoco0 >XKU3HHU (IIPOSBIIEHUS]) PACTUTENLHOTO, >KUBOTHOTO, YEJIOBEYECKOTO U
KOCMHUYECKOI'0 MUPOBS.

OO1ieHayyHOE OIpeAesieHue »HHEpPruM B paMKaxX €CTEeCTBEHHBIX HayK
amneJIMPYeT B MEPBYIO O4Yepelb K €€ PU3NUECKON XapaKTepUCTUKE. DHEPIUs — 3TO
oO0I1asi KOMMYECTBEHHAs Mepa Pa3IMYHBIX (POPM JBIKEHUS MaTepuu9. JHEPTUs HE
BO3HMKAET W3 HUYETO M HUKyJa HE MCYE3aeT, OHa MOXET TOJBKO MEPEXOIUTh H3
OIHOTO BHJA B Apyroil. OHa mpencTaBiseT B 3aKOH coxpaHeHusl dHeprun. [lonarre
SHEPTUHM CBSI3bIBACT BCE SBJICHHS MPHUPOABI B OJHO IIeNIoe, SBISETCS O0OImei
XapaKTEPUCTUKON COCTOSIHUS (PU3MyecKux Tenl U (usmyeckux nosieil. Benencteue

CymCCTBOBAHUA 3aKOHA COXPAHCHHUA OHCPIUU IMOHATHA «OHCPIHsA» CBA3LIBACT BCC

8 DOHeprus, ucropusi TepMuHa. [InekrpoHHslii pecypc] — URL: https://ru.wikipedia.org (nara obpamenus
15.02.2017)

9 CroBapn W DBHIHKIONennn Ha  Axagemuke. —  [OnektponHeni  pecypc] —  URL:
http://dic.academic.ru/dic.nsf/astro/2220 (nata oopamienus: 15.02.2017)
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SBJICHUS IPUPOJIBI.

B xumuun sHeprus NOHMMAETCS TOJNBKO KaK «3HEPIUs aKTUBALMN», KOTOpas
UMEET MUHUMAJIbHOE KOJIMYECTBO HEPTUU U TPEOYEeT COOOIUTh cucTteMe (B XMMHUU
BBIPAXAETCs B JKOYJIAX Ha MOJIb), YTOOBI IPOU30IIJIA PEAKIIUSL.

Ba)XHBIM acrekToM B paMKax BCECTOPOHHErO0 HAy4YHOI'O M3YYEHUS SHEPIHH
ABJISIETCSI COLMAJIBHBIN aCIEKT €€ COJEP)KAHMsI. ODHEPIUs SIBISETCS HE IPOCTO
TOBApOM, €r0 INPUMEHEHHE IIOMOTraeT pelaTh COLMAIBHBIE 3aJadd. ODHEPIus B
’KU3HU BCEro OOLIECTBAa U TOCYAAPCTBA SIBIAETCA COLMaIbHBIM OjaroM. OHa BIHSET
Ha 4eJoBeKa U JESATEeNbHOCTH XU3HU. Takum o0pa3oMm, Oosblias 3ajada dHEPruu
OTHOCHUTCS K Pa3BUTHUIO CTPAHBI.

B ¢usuke nousarue «3Heprus» oObIYHO 0003HaUaeTcs JaTuHCKor OykBoi E. B
aTOMHOM U si7epHON (DU3MKAX FIEMEHTApPHBIX YACTHIl MOHITHE YHEPTHI0 U3MEPSIOT
AJIEKTPOH-BOJIBTAMM, B XMMHUHU KaJIOPHUSIMH, B (PU3UKE TBEPAOrO Teia IpagycaMu
KenpBrHa, B onTHKe OOpallleHHBIMM CAHTUMETPAMM, B KBAaHTOBOW XUMHUH B

CaMOCOI'JIaCOBAHHOI'O.

1.2. Hay4Hblii TeKCT B acnekTe crnenuuKH A3LIKOBOH peajn3auuu
1.2.1 IoHsATHE HAYYHOTI'O TEKCTA.

[Tonsitue Texcra chopmupoBasioch Bo BpemMeHa AHTHYHOCTU. COBpEeMEHHas
JUHTBUCTUKA, C OJHOW CTOPOHBI, OOpamaercs K 3ITOMYy NOHHUMAaHUIO TEKCTa,
ONMMpasch Ha BHYTPEHHIOIO ¢opMmy TepmuHa: «Tekct (oT naT. textus — TkaHb,
CIUICTEHHE, COCIMHEHNE) - 00beqMHEHHAS CMBICJIOBOM CBSI3bIO

IIOCJICAOBATCIBHOCTh 3HAKOBBIX CAHWHUII, OCHOBHBIMU CBOMCTBAMU KOTOpOI>’I
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ABJISIFOTCSL CBA3HOCTh M LENBHOCTH» 10 . C JApyrou, pa3MbllUIsi€T O KIKOYEBBIX
CBOMCTBaX TEKCTAa M IMBITAETCS IEPEOCMBICIUTh M YTOYHUTH 3TO MOHATHE. B
JUTEpAType MPEACTABICHbl OCHOBHBIE NMPU3HAKU TEKCTA: KOTe3Usl, KOTEPEHTHOCTb,
UH(OPMATUBHOCTh,  WMHTEHUUOHAIBHOCTb,  aJPECOBAHHOCTh,  CHUTYaTUBHOCTD,
UHTEPTEKCTYaJIbHOCTh, KXKJIBI U3 KOTOPBIX SBIISIETCS SIBIAECTCS 00A3aTEIbHBIM IS
TEKCTa JII000T0 TUIALl.

Eme ogHMM M3 3HAYUMBIX CBOMCTB TEKCTa IMPEICTABISAECTCS €ro CBS3b C
KOHKPETHBIM aKTOM KOMMYHUKAIIMM, OTPa)KaloIIasicsi B S3bIKOBOM crenuduke
TEKCTOB, (PYHKIIMOHUPYIOIINX B pA3HBIX KOMMYHUKATUBHBIX 00IACTSIX.

Hanpumep, HaydHBIN TEKCT CO3A€TCs, KOTIa B XOJE€ HAYYHOU JEATEIBHOCTH
VUYEHBIM TPUAYMBIBAET CBOKD TEOPUIO M BBIPAXKAET €€ B TEKCTE. TaKou TEKCT
oOnmagaeT psaOM  OCOOCHHBIX  NPHU3HAKOB, OIHUCAHHBIX B  COBPEMEHHOM
(GYHKIIMOHATBHOM CTUIIMCTUKE, KaK OCOOBIN HayYHBINA CTUIIb12.

B Hameit pabGoTe MBI paccMaTpMBaeM Kaue€CTBEHHBIE XapaKTEPUCTUKU
HAay4yHOro Tekcra. B jmreparype 13 mnpemiaraerca B KadeCTBE OCHOBHBIX

XapaKTCPUCTHUK CIICAYIOIIHUC!

10 Hukomaesa T.M. Tekct // JIMHrBUCTUYECKHM SHIMKIIONEIUYECKU croBapb. M.: CoBeTckas
sHuukioneaus, 1990. C. 507.

11 Tanpriepun W.P. TekcT kak 0OBEKT JIMHIBUCTHUECKOTO uccienoBanus. M., 1981; UepHsasckas
B.E. JIunreucTtuka Tekcra: MOJUKOAOBOCTb, HHTEPTEKCTYAIIbHOCTh, HHTEPIAUCKYPCUBHOCTD: YU.
noc. M.: Kamxnueiii joMm «JIMBEPKOM», 2009.

12 Koxxnaa M.H. Crunmncruka pycckoro s3sika. M., 1993. C.21.

13 baxxenosa E.A. CpencrtBa afgpecaniui B HAy4HOM TEKCTe [ DJIEKTPOHHBIHN pecypc]. Meaunackor,
2012. Beim. Ne4. URL: http://www.mediascope.ru/node/1240; BacunbeBa A.H. Kypc nexmmii mo
CTHJIUCTHKE pyccKoro si3bika. M.: Pyc.a3., 1976; I'ummanu H.b. SI3p1x HayuHOoTro 0OIICHUS
(Bompockl  Metomonoruu). M.: Beicmmas mkona, 1986; Koxwna M.H. K mnpobrneme
IKCIIPECCUBHOCTU Hay4dHOU peun // MccnenoBanus nmo crunuctuke. Beim.3. [lepms, 1971. C.25-41;
Koxmra M.H. Crmmuctuka pycckoro s3pika. M., 1993; KortropoBa M.II. Tsopueckas
UHIUBUIYTbHOCTh U nuTHpoBaHue // CTepeoTHITHOCTh U TBOpUECTBO B Tekcte. [lepmb, 2001;
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1. SIcnoctn ™Mbl Been 3a E. C. TposiHCKOI, B 00111eM BHIe OompeeseM Kak
JOCTYTIHYIO JJISI BOCIPUATHS «IIOHATHOCTBY 14.

2. JIorM4HOCTH — JIOTMYHOE - TOCIEAOBATEeIbHOE W HENPOTHUBOPEYMBOE -
U3JI0KEHNE, KOT/la OJHA MBICIb BBITEKAET M3 JPYroM M KOrJa SICHO YJIAaBIMBACTCS
IJIABHOE ¥ BTOPOCTETIEHHOE.

3. CKaTOCTh — 3TO ONTUMAJIBHBIN BapUAHT BBIPAXKEHHUS, IPU KOTOPOM, «HET
HU OJHOTO JIMIIIHETO U HA OJHOTO HEJOCTAIOIIETO CIIOBAM1S.

4. To4yHOCTH — 3TO ONTHUMAJBHBIA BAPUAHT BBIPAKEHUS C TOYKU 3PEHHUS
TIIATENBHOrO BBIOOpa HaubOoyee MOIXOAIIEr0 B JIaHHOM KOHKPETHOM Cy4ae
CJIOBa WJIM TI'pPaMMaTH4YeCKOW KOHCTUTYLMH, HauboJiee aJeKBAaTHO W OJHO3HAYHO
OTPAKAOLIUX CMBICII.

5. HeifTpasibHasi 3KCIIPeCCMBHOCTb. B OCHOBY MOHMMAaHMSI SKCIIPECCUU, KaK
KaTerOpuM KauvecTBa peud, Mbl nojoxwin Touky 3peHus E.C. TposgHckoi:
«IKCIPECCUBHOCTD — YBEJIMYEHUE BBIPAZUTENBHON CUJIBI PEYH 3a CUET 0TOOpa

SA3BIKOBBIX CPCACTB HUJIU onpeﬂeneHHoﬁ OpraHu3alnmn 16.

Kpacunbaukosa JI.B. Cemantuka u nmparmatuka: JKanp HayuHoil peuensuu. M.: uamor-MI'Y,
1999; Kpxwmxkanosckass E.M. KommyHHKaTHBHO-TIparMaTH4ecKasi CTPYKTypa Hay4HOTO TEKCTa:
AK]JI Tlepmb, 2000; MunoBanoBa H.5l. DkcrnpeccuBHOCTD B CTHIIE HAYYHOM MPO3bI [ DJIEKTPOHHBII
pecypce]. Pexxum mocryma: http://cheloveknauka.com/ekspressivnost-v-stile-nauchnoy-prozy. Jlata
obpamenus: 20.05.2015 r.; CenkeBuu M.II. CtunmcTuka HaydHOM peyd M peJakTHPOBAHUE
HayyHOW usurepatypsl. M., 1976; Tposuckas E.C. JIMHIBOCTMIMCTHYECKOE HCCIIEIOBAHUE
HEMELKOI Hay4HO! JuTeparypsl. M., 1982.

14 Tpostackas E.C. Hay4nblil 1 001I€CTBEHHO-TTOIUTUYECKHM TEKCT: JIMHIBUCTUYECKUE U JIUHTBO-
TUJAKTHYECKHE acreKkTol n3yuennsd. M.: Hayka, 1991.

1s Kynbras M. [1. CuHTakcudeckue cpeicTBa peaau3aliy C)KaToCTH / KPaTKOCTH B COBPEMEHHOU
HeMeNKoW HayuHo-TexHuueckor peun [Tekct] // Yuenwie 3anucku MITIMUSA um. M. Topesa.
1963. T. 28. 4. 2. C. 309-337.

16 YK.COH.
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6. CyO0bekTHMBHAsl OIEHOYHOCTHL — OTO KauyeCTBO W3JIOKCHUS, T/
OTIpe/IeNICHHO OIIYIIAeTCs TO3UIIHSI aBTOPA, €ro OIeHKa (HaKToB17.

7. O0beKTHBHOCTb - YepTa, MOJSpHAs CYOBEKTUBHOW OLIEHOYHOCTH (ITO
U3JI0’KEHUE, TJIe aBTOP U €T0 OICHKA OTOJBUTAIOTCS HA 3aHHH TUTaH, HA TIEPETHUMI
€ TIJIaH BBIJIBUTAETCS caM IPOILIECC).

8. CTaHAapTHU3MPOBAHHOCTH (OTCYTCTBHME WHJIUBHUAYaTbHOCTH) — KayeCTBO
peun, cBsi3aHHOEe ¢ yHU(UKanmWed ¢GopM BBIPAKEHUS U HHUBEIMPOBKOU
WHIUBUTYTBHBIX OTIWYUN PEUH, OMPEACIICMbIX JIMYHOCTHIO OTIPABUTENS U HE B
MOCJICTHIOID OuYepeflb, TakKe YHU(MUIHUPOBAHHBIM MPEICTABICHUEM O THUIIOBOM
MoJIy4aTesie peyu.

10. be306pa3HocTh — OTCYTCTBHE OOPA3HBIX CPEICTB B HAYYHOM TEKCTA.

11. HeaMOIHMOHAJIBLHOCTh- B HAYYHOM TEKCT€ HE MPHHITO HCIOJIb30BaTh
CAUHUIIBI U SA3BIKOBBIE CTPYKTYPHI, IMEpEJalolue HMOIMOHAIBLHOE OTHOIICHHE
aBTOpA.

OTH S3BIKOBBIC XAPAKTEPUCTHUKHA HAYYHOTO CTWIS CHOPMHUPOBAIHNCH B
pe3ynbTaTe HWCIONB30BAHUS CTHJIMCTUYECKHX IMPUEMOB, T. €. TPH CIEIUATLHOM
0TOOpE S3BIKOBBIX CPEICTB [JISl JOCTHUKEHUS OMNPENEICHHOTO CTHJIMCTUYECKOTO
addekTa, a UMEHHO, JKEJIAeMbIX Ka4eCTB PEUH.

Kpome yka3aHHBIX XapaKTEpUCTHK OOpaTMM BHHMaHHE Ha e€Ile OJWH
napameTp TeKCTa - HHTePTEKCTYaTbHOCTh, OOBEANHSIONINN MTOHATHE TEKCTA U CTUJIS.

JIisi HaydHOTO TEKCTa 3TO TOHATHE OCOOEHHO 3HAYMMO, T.K. 3TO 0a3oBas

7 [opeiruna JI.A. HesiBHas olileHKa B HAyYHBIX TEKCTaX, CO3/laBaeMasi CTUIIMCTUYECKHM ITPUEMOM
metadopsl / JILA. lopsiruna // Bectauk MIJIY. 2007. N 521. C.28-35.
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XapaKTEPUCTHKA HAYYHOIO TEKCTa, YTO OTMEYAKT MHOTHE HCCIEAOBATEIH 18 .
«YHHUBEPCATBHBIN NIPUHILIMI ITOCTPOEHUSI HAYYHOI'O TEKCTA HA YPOBHE COACPKAHUS,
- tak xapakrtepusyer ee B.E. UepHsaBckasis. HTEpTEKCTyalnbHOCTh pEANU3yETCS
JIBYMSl CrocoO0amMu: LMUTHPOBaHUE (MPSAMOE, KOCBEHHOE, pedepeHIMalbHOE) U
CChUIKM Ha n3fanue. [IpsiMmoe nuTupoBaHuE — 3TO BKIIOUYECHHE B TEKCT UY>KOU peuH,
a KOCBEHHOE - 3TO aBTOPCKOE BBICKA3bIBAHHE, KOTOPOE COAEPIKAECT TOUKY 3PECHUS
aBTOpa UUTHUPYEMOTO TEKCTA20.

NuTepnperansi  A3bIKOBBIX CBOWCTB HAYYHOTO TEKCTa, B YaCTHOCTH,
UHTEPTEKCTYaJIbHOCTH, ceiuac HEBO3MOXHa 0€3 YyKa3aHus €ro JUCKYPCHUBHBIX
napameTpoB. KpaTko paccMoTpuM 0COOEHHOCTH HAYYHOTO TUCKYpCa.

1.2.2. Hay4Hblii AUCKYPC M HAYYHBIH TEKCT.

HayuHbplii nHMCKypC JaBHO BBICTYNET OOBEKTOM HHTEpEca M BHHUMAaHUS
JIMHTBUCTOB. Bce aBTOpPBI, MCCIEIOBABIIME HAYYHBIM AUCKYPC KaK LIEJIOCTHYIO
CUCTEMY KOMMYHHMKAIIMM, OTMEYAIOT, YTO KOMMYHHMKATHBHAas CTpPATErus aBTOpa
WrpaeT BAXHYIO poiib B HaydHOM Tekcrte. [lo muenuto B.U. Kapacuka, crpareruun
HAY4YHOTO JIUCKypCa OMPEAESIOTCA YACTHBIMU IEISIMH, OJHA W3 KOTOPBIX -
omnpeneneHrue NpoOJEeMHOW CHUTyalldd W H3y4Y€HHE MHCTOPUM BoOmpoca. ITO
HEOOXOAMMO JJIA ONpeNeieHusl MpeaMeTa HccleqoBaHus, (popMylIupoBaHuUs

TUIIOTE3bl U 1ENU HuccieAoBaHusi2i. Kak MOXHO yBHAETh, OAHOM W3 CTpaTeruu

18 Kapacuk B.W. SI3b1K0BOM KpyT: TUYHOCTh, KOHUENTHI, AUCKYpc. M.: ['nHo3uc, 2004; UepHaBckas
B.E. Uurtepnperanus HayuHoro tekcra. M.: KomKaura, 2006.

19 Yepnssckas B.E. Marepnperanus HayuyHoro tekcra. M.: KomKnura, 2006. C.49.

20 KoTropoBa M.II. TBopueckast HHIUBUAYAILHOCT U UTHpOBaHue // CTepeOTUITHOCTD U
TBOpuecTBO B TekcTe. [lepmp, 2001. C. 248.

21 Kapacux B.U. fI3p1K0BOM KpyT: TMYHOCTB, KOHLENTHI, TUCKypce. M.: I'Ho3uc, 2004. C. 231.

22



SBJISIETCA 00s3aTebHOE OOpalleHne K MCCIIEIOBaHUsIM, KOTOpBhIE YK€ ObUIH
C/IeNaHbl, K YK€ CYIICCTBYIOIIMM B OMPEICICHHON MPEeIMETHOW 00JIaCTH HayYHBIM
TeKCTaM. ABTOP-yYCHBIH 0053aTEIBHO JOJDKEH BKJIIOYATh B CBOM TEKCT 3HAHUS,
MOJTyYEHHBbIE IPYTUMH YUYEHBIMH JI0 HETO. 3a4acTyI0 3TH 3HAHUS BIIOYAIOTCS B BUJIE
TEPMHUHOB M CXKATBIX OTPEICITICHHM.

B pabote22 mumerca o0 00s3aTeTbHOM YCIOBUHU CXKaTUs HHoOpMmanuu B
HAyYHOM TEKCTE, T.K. KOKJIBIA CICAYIOIINN HAYYHBIM TEKCT JOJKEH BKJIIOYATh BCE
Oospilie UHGOPMAITUK U TTOATOMY TpeOyeT OoJbIero WH(POPMAIIMOHHOTO CHKATHSI.
Takum 00pa3oMm, «KOHIEMHIHUS «CBOPAUMBACTCS», «CHKUMAETCS» JO BBICKA3bIBAHUS
WIK TEPMUHOJOTHYECKOTO CJIOBOCOYETAHMS, CHCTEMbl TEPMHUHOB (Hampumep,
HeOecHasi MEXaHWKa), OTCHUIAIOIIMX K IE€JOCTHOM 00JIacTU HAy4YHOTO 3HAHUS,
HAY4YHOU Mapagurme, J0CTaTOYHO M3BECTHOM M MOITOMY HE BKIIFOUaeMOW B TEKCT B
BUJIE TIPSMOTO LUTUPOBAHUS» 23 . [IpeneapbHbIM cilydyaeM CBEPHYTOW KOHIICTIIUU
sapiusietcss  TepMuH.  [lo  MHeHWI0O  aBTOpa, HWMEHHO  Metadopudeckas
KOHIICTITYaJTH3aIIHs TTO3BOJISET MAKCUMAITBHO 3P (HEKTUBHO «CKUMATh) MOHATUHHYIO
MH(}OpMaINI024.

CrpaTeruu HAQy4YHOTO TEKCTa PEAM3YIOTCS B €0 KaHPOBOM MaJHUTpE.

WTak, MBI pacCMOTpPENI OCHOBHBIE XapaKTEPUCTHUKNA HAYIHOTO TEKCTa, HO IS
00BsSICHEHUS €r0 MeTapopUUECKON COCTABISIONICH HaM HEOOXOIUMO OOpaTUTHCS K

pa60TaM, CBs3aHHBIM C TIOHUMAHHUEM HAYYHOI'O MBIIIJICHHUS.

» Mumankuna H.A. Metadopa B Hayke: napanokc uian Hopma?. Tomck: U3n-Bo Tomckoro
rocyJapcTBeHHoOro yHusepcurera, 2010.

23 Tam xe. C. 87.

2 TaM xe.
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1.3 CoBpeMeHHbIe KOHIENIIUM HAYYHOr0 MbllieHUsA. Ero c¢Bsi3b ¢ Hay4YHbIM
JHCKYPCOM.

1.3.1. Tlo3HaHue Kak 00bEKT HAy4YHOTro u3ydeHus. Poab Mmeradgopsl B
NMO3HABATEJILHBIX MPOLIECCAX

OO0bexkT - 23TO sABJIEHME, NPEIMET, Ha KOTOPBIM HaIlpaBJIeHA 4Ybs-H.
JeSITeIbHOCTD, Ybe-H. BHUMaHue (KHIKH.). O. uzydenus, onucanus. O. [Ipombicnazs.
Hayynoe mo3HaHue TOXE MOXET  BBICTyNaTh O0OBEKTOM  HAy4HOM,
UCCIICZIOBATEIbCKON JesaTeNbHOCTH. Kak mMpaBuiio, B KadyecTBe OOBEKTAa HAYyYHOE
NO3HAHWE BHICTYMAaeT B pustocoduu, TouHee, B Teopuu no3HaHusi. OcoOblil UHTEpeC
JUISL HAC 2Ta MpoOJieMaTHKa MPEACTABISIET B CBS3M C POJIbI0 MeTadopbl B HAyYHOM
MO3HAHUH.

C TOUYKM 3peHHSI TEOPUU MO3HAHUSI, CYIIECTBYET JBa YpPOBHS Hay4HOTO
ITO3HAHUS: SMIIUPUUECKUN U TEOPETUUECKUI. B aMIIMpriecKOM Hay4YHOM MO3HAHUU
uccienyTiocs (akTel W 3aKOHBI, YyCTaHaBIMBaeMble TIyTeM OO0OOIIECHUS U
CUCTEMATHU3AlMKN TEX Pe3yJIbTaTOB, KOTOpPHIE MOJYYAIOTCS IMyTeM HAOIIOJCHUN U
AKCIIEPUMEHTOB. B TeopeTrnueckoM — OCYIIECTBISETCS 0000IIEHHE TMOTYyYEHHBIX
JAHHBIX U (OPMYJIUPYIOTCS TEHIEHIIMM M 3aKOHbI, Ha OCHOBAaHUU KOTOPBIX
CYILIECTBYET, pa3BUBACTCS U T.I. 00BEKT UCCIEIOBAHUSI.

B oTHOmIEHMU MO3HAHUS JOJITOE BPEMsl MCCIEIOBATEIM OTPAHUYUBAIHUCH
JUIIb  TEOPETUYECKUMHU TOCTPOCHMSIMU, T.K. TPOIECC TO3HAHUS  TPYAHO

3aukcupoBath. Ho B XX B. nmossistrorest pabotsr (Ankersmit F., I'yces C.C., Kyu T.,

25 TonkoBeli  croBapb  pycckoro  si3blka. —  [Onektponsblii  pecypc] —  URL:
http://ozhegov.info/slovar/?ex=Y &q=%D0%9E%D0%91%D0%AA%D0%95%
D0%9A%D0%A2 (mara oopamenus: 19.02.2017)
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Optera-u-I'accer X., [lerpoB B.B., Crenun B.C., Cyxotun A.K.), B KOTOpBIX Ha
OCHOBE aHAJIN3a JIaHHBIX, B T.4. U MOJYYECHHBIX U3 HAYYHBIX TEKCTOB ONPEICIICHBI
CrocoObl Hay4HOTO IMO3HaHMs26. B ATHX paboTax B KauecTBE OJHOTO M3 0A30BBIX
MEXaHM3MOB T[O3HaHUS W MBIIUICHUS paccMaTpuBaeTcss MeTadopudeckas
KOHLICNITyaJIn3allUs.

MeTtadopa uMeeT IIUTENbHYI0 HCTOPHIO N3ydeHus. MeTtadopa, Kak S36IKOBast
CTPYKTYpa, OblJla 0OCO3HAHA B AHTUYHOCTH, C TE€X MOp €€ MOHMMaHUuE U3MEHUIIOCHO.
Kax numer B. B. IlerpoB, metadopa sBIsSETCS 30JI0TOM KUIOH, B KOTOPOH «MHOTO
CaMOpOJIKOB M caMble KpPYIIHbIE €lle He HahAeHb» 27 . Ha coBpeMeHHOM »3tare
pa3BuTHs Hayku MeTadopa cTajga KIIOYEBBIM TOHATHEM IMPU  HU3YYCHHUH
KOHIIENTYJIbHBIX CUCTEM.

Cama uges o ToMm, uro Metadopa KOHIENTyalbHa, HE HOBa. B 0030pe,
MOCBSIIIIEHHOM KOHIIENTYaJIbHOM MeTadope, MpelCTaBlieH JKCKypC B HCTOPHIO
JaHHOTO (PEHOMEHa, B KOTOPOM YKa3bIBAETCs, YTO €Ile ApPHUCTOTENh «B CBOEM
JIETATbHOM HWCCJIEJIOBAHUM OOpa3HOro s3blIKa TOBOPWJI (YTO JJII  MHOTHX
UCCIIeIoBaTeNIel ero TBOPUECTBA MOKAKETCS HOBBIM), YTO MPU MeTadopu3aIuu Kak
NEePeHOCce HEKOTOPOro MPU3HAKA KaK OAHOTO O0OBEKTa K JAPYromy, JaHHBIN Mpolecce

OCYHICCTBIIACTCA HAa OCHOBC KOHICIITYAJIbHBIX OTHOIIICHUMN — KaTCTOpHUaJIbHbIX HJIN

s Ankersmit F. A Semantic Analyses of the Historian Language: Narrative Logic. The Hague,
1983; I'yce C.C. Hayka m wmeradopa. JI.: Mzn-Bo JII'Y, 1984; Kyn T. Ctpykrypa HaydHBIX
peBomonmii. M., 1975; Oprera-u-I'accer X. JIe Benukue meradopsl // Teopus meradopsl. M. :
[Iporpecc, 1990. C. 68-82; IletpoB B.B. Hayunsie Metadopsl: mnpupoga M MeXaHU3M
¢byHnkunonupoBanus // @unocopckue ocHoBaHUs HaydyHoW Teopuu. HoBocuOupcek: Hayka, 1985.
C. 196-220; Crenun B.C. Ilpupoma nHayuHoro mno3Hanus. Mwunck, 1979; Cyxotun A.K.
[Tapanmoxcer Hayku. M.: U3a-Bo «Monogas rBapausi», 1978.

27 IlerpoB B. B. Meradopa: OT cemaHTHUECKHUX MPEJCTaBICHUH K KOTHUTUBHOMY aHanuzy //

Bomp. s3piko3nanus. M., 1990. Ne 3; ¢ 143
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10 aHAJIOTUM28.

C cepenunbl XX 1101 U3y4ar0T MeTaopy Kak «Crnocod co3gaHus I3bIKOBOM
KApTUHBI MUPA, BOBHUKAIOUIEH B PE3YJIbTATE KOTHUTUBHOTO MAHUITYJIMPOBAHUS YKE
UMECIOIIUMHUCS B S3bIKE 3HAYEHUSIMH C LEIbI0 CO3JaHUS HOBBIX  KOHIEITOB,
0COOEHHO Il TeX cdep OTpaKeHUsI NNEUCTBUTEIIBHOCTH, KOTOpPbIE HE JIaHbl B
HEIMOCPEACTBEHHBIX OLIYHIEHUAX»29. C 3TOr0 BPEMEHH, TEOpHsl KOHLENTYaJbHOU
MeTadopbl UCMIOJIB3YETCSI IUPOKO.

B coBpeMEHHBIX JIMHTBUCTUYECKUX pa3pabOTKax UCIOIb3YIOTCS JBa
PaBHO3HAYHBIX TepMHHA (KOHIIETITyaJibHAsi MeTaopa U KOTHUTHBHas meTadopa).
[lepBblii TEPMUH CB3STHHO C TE€PMUHAMHM KOHLIENITyalIM3alUsi U KOHIIENT, BTOPOM
TEPMUH C TOHSITUEM KOTHUTHUBU3MA, OJHAKO OHM YaCTO HCHOJB3YIOTCA KakK
CUHOHHUMBI. TepMUH KOHIeNTyallbHass MeTadopa MPEICTaBICH B paMKaX KOHIEHIIUH
Jbx. Jlakopda u M. JIKOHCOHA, KOTOPYIO aBTOPHI TMO3UIMOHUPYIOT Kak
KOTHUTUBHYIO Teopuio MmeTadopbl, pa3paboTaHHYI0O B paMKaxX METOAOJIOTHH
KOTHUTUBHOTO TMOAX0/1a, KOTHUTUBHOM JIMHTBUCTUKHU. TakuM 00pa3oM, 3TU TEPMUHBI
BBICTYIAIOT KaK CHHOHUMBI.

B pa6ore [Ix. Jlakobda u M. [xoHCOHa ompeneneHbl THUIMBI 0a30BbIX

KOHILICTITyaJIbHBIX MeTadop:

28 IllabGanoBa E. JI. KonmentyansHas mertadopa: Hampanenuss B ucciemoBanuu (0030p) //
Pedeparusnslii xxypHai. S3piko3nanue. 1999. Ne 1. C 161

20Tenuss B. H. Meradopa kak Mojenab CMBICIONPOU3BOJCTBA U €€ 3KCIPECCUBHO-OLIEHOUHAs
¢byukus // Meradopa B s3bike u Tekcre. M., 1988a.; Tenusa B. H. Meradopuzanus u e€ pons B
CO3JIaHWH SI3BIKOBOW KapTHHBI Mupa // Pomb dyenoBedeckoro ¢akropa B si3bIKe. SI3BIK UM KapTHHA
mupa / OtB. pen. b. A. CepebpennukoB. M.: Hayka, 19886.C. 173-207.
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1. CrpykTypHble — CTPYKTypa OJHOIO TOHATHUS METapOpUYECKU YIO-
psourBaeTcs Mo oopasiyy Apyroro. B 3ToM ciydae KOHIENTYyalH3UPYIOTCS Kak
NpeICTaBleHUs 00 OTHENbHBIX OOBEKTaX, MYTEM IMPOCIUPOBAHUS CTPYKTYPHOMH
OpraHU3alluy JPYTUX 00BEKTOB, TaK U IEJOCTHBIC MMOHATUIHBIE 001acTH (J11000Bb /
KU3Hb — ITO MyTEIIECTBUE),

2. OpueHTalMOHHBIE — B 3TOM CJy4ae peyb UIET 00 OpraHU3alui CHUCTEMBI
NOpEACTaBIICHU WJIM TOHIATHM 10 00pasily CHCTeMbl MPOCTPAHCTBEHHBIX
NpeICTaBlICHU. AKTHUBHO UCIOJIB3YIOTCS B O3TOM ciydae 0a3oBble MPOCT-
PAHCTBEHHBIE OIIO3UIINHN «BEPX-HU3», KBHYTPU-CHAPYKIY, «IIPABBIA-JIEBBIN» U T.II.

3. OHronormyeckne — MeTaQopuUUecKue MOJACIH, HaIpaBICHHBIC Ha
OCMBICTICHUE TIEPLENTUBHOTO OMbITa (MHMISALUUS — 3TO CYIIHOCTh, MCUXUKA — HTO
XPYIKHI MPEMET)30..

Kpome Ttoro, JIx. Jlakopd m M. JIKOHCOH YTBEp>KIAIOT, YTO OTHOLICHHUE
MeTadopsl U KyJIbTYpbl UMEET OOJIbIIIOE 3HAYEHUE B IOHWUMAHUK COTIOCOOB BUICHUS
MHpA TPEACTABUTEISIMA TOM WJIM HWHOW KyJIbpYThl. [I€HHOCTHM KyJIbTYpBI
CYLIECTBYIOT HE OTJEJIbHO, HO BBIPAXKAIOTCAT Yepe3 METa(pOpUUECKYI0 CUCTEMY C
caMoil Hamiel Ku3HM. TakuMm oOpasom, Meradopa SBISETCS HWHCTPYMEHTOM
MBIIICHUS U TIO3HAHUS MHPA.

DOTa KOHULEMIHUS TMOJy4Yusia pa3BUTHE B IEJIOM psae paldOT, MOCBSIIECHHBIX
MCCJICIOBAHUIO MeTaOpUIECKON KOHIIENTYyaTu3aliy B 11€JIOM U B HaAy4HOU cdepe,
B YaCTHOCTH. B 3TOM ciyyae Hay4HBIN TEKCT pacCMaTpUBaTECs HE TOJBKO B paMKax

HAY4YHOT'O CTUJISI, HO KaK CeU(DUUECKHU TEKCT, OTPAXKAOIINN U MOACIUPYIOUTUI

soJlakod, I. Meradopsl, koTopeiMu MbI kxuBeM. M.: Enutopuan YPCC, 2004.
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HAYYHYIO KapTUHY MHpPA. ACIHEKTBI 3TOTO MOACIIMPOBAHNA MBI PaCCMOTPUM B

cienyroieM naparpade.

1.3.2 Hay4HbIil TEKCT KaK JJUHTBOKOTHUTHUBHOE SIBJICHHE.

B pycie KOTHUTUTUBHO-IUCKYPCHUBHOTO TOAXOAA HAYYHBIA  TEKCT
paccMaTpuBaeTcs Kak CIoco0 BBIPAXKEHUST OCOOCHHHOrO MOHMMaHus Mmupa. OH
BBIPAKaeT HAYYHYI0 KapTUHY MHpa — CUCTEMY MPEIACTABICHHI O MHUpE, KOTOpas
OCHOBaHa Ha pAIMOHAIBLHOM MHTEpIpeTaluu (PakToB M HMX JIOTHYECKOM
cuctematuzanuu 31 . bJI. Yopd 32 mucan o paznuuusix OOBIIEHHON M HAay4HOU
KapTuH Mupa: HayuyHas KM — pe3ynbraT OeATENbHOCTH YYEHBIX WU OTpa)Kaer
Hay4yHOE CO37aHue, a OOBIJICHHAS — PE3YJIbTAT JEATEIbHOCTH OOBIUHBIX JIIOJICH U
oTpakaeT OOBIZICHHOE, HaWBHOE TMpEJCTaBICHUE O MHUpe. B coBpeMeHHBIX
JMHTBUCTUYECKHUX HUCCIIEIOBAHMIX UX TOXKE MPUHATO pa3rpaHUYNBAThH33.

Ho B monorpadun O.A. KopHunoBas4 neTaqbHO pacCMaTPUBAIOTCS ACIIEKTHI

UX COOTHOLIEHHUS. ABTOp, C OJHON CTOPOHBI, OTMEYAET PAJl 3HAUMMBIX apaMeTpOB

x Ortony A. Metaphore and Thoucht. Camridge university press, 2002; 3yokosa O.C.
JIuarocemmuoTuka mnpodeccuoHanbHOM MeTadopsl: aBTopedepar Auc. A-pa (UION. HayK:
10.02.19, Kypck, 2011; KopammoB O.A. SI3bIkOBbIE KapTUHBI MHpa KakK IPOU3BOJHBIE
HallMOHAJIbHBIX MEHTAJIUTETOB. 2-¢ u3M., ucnp. u pon. M.: YePo, 2003; MakapoB M.JI. OcHOBBI
teopun auckypca. M.: UTHAI'K «'Ho3uc», 2003; Mumankuna H.A. Ilparmatuka Hay4HOTro
muckypca // Becthuk HoBocHOMPCKOTO roCyAapcTBEHHOTO Nieqarornyeckoro ynusepeurera. 2015.

No 2 (24). C. 126-133; CenoB A.E. Metadops! B reHeTuke // Bectauk Poccuiickoit akageMun HayK.
2000. Tom 70. Ne 6. C.526-534; Yopd Bb.JI. Hayka u s3piko3Hanue // HoBoe B 3apyOeixHOI
nuHrBucTrKe. M., 1960. C.169-183.

32 Yopd b.JI. Hayka u s3piko3nanue / HoBoe B 3apyOexHoi nunreuctuke. M., 1960. C.169-
183.

33 Ponp uenoBeueckoro Qakropa B si3bike: S3bIk M kapTuHa mupa. b. A. Cepebpennukos, E. C.
Ky6psxosa, B. U. TlocToBanosa u np. M.: Hayka, 1988. C.16.

34 KopuusnoB O.A. SI3pIKOBbIE KapTHHBI MHUpa KaK MPOU3BOJHBIC HAIIMOHATHHBIX MEHTAIUTETOB.

M.: YePo, 2003.
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HAy4YHOM KapTUHBI MHUpA B 1I€JIOM, a UMEHHO: 1) Hay4yHas KapTUHA MHpa OTPa’Kaer
MO3HABATENIbHYIO JIEATEILHOCTh YeJliOBeKa B IIeJIoM, 03 OpHeHTaluu Ha
HAIlMOHAJIBHYIO KYJNbTYpYy; 2) HM3-3a TOT0, YTO Hay4Has KapTHHAa MHpa JIOJDKHA
MaKCUMaJIbHO TOYHO W TMOJHO OTpakaTb 3HAaHUE O MHUpPE, OHA IOCTOSHHO
u3Mmensiercs. Ho, ¢ apyroit croponbl, 3) HaydHas KapTMHa MUpa, HECMOTPS Ha
CTPEMJICHHE K YHHUBEPCAJIIbHOCTH, HE MOXET u30exaTh HalMOHAIbHOU
cnenu@UIHOCTH, MOTOMY 4YTO pa3BUBAETCSd B paMKaX HalMOHAIBHOTO SI3bIKA.
Oco0eHHO [pKO 3TO HpOsBISAETCS B  MeETapOPUUYECKOM  COCTaBISAIOLICH
HAallMOHAJIBHOTO f3bIKA HAyKW, 4YTO MOKAa3aHO B LEJIOM psli€ HUCCIEAOBAHUM,
Hanpumep, B paboTaxss.

Kak xe meradopa ydyacTByeT B MOJAEIMPOBAHUU HHPOPMALUA B HAYYHOM
tekcte? Llenblit psin paboT MOCIEeIHEro NeCATUNIETHS, TOCBAIICHHBIN UCCIIEIOBAHUIO
MeTadOopHUUEeCKON KOHIIENTYaInu3allui B HAYYHOM TEKCTE U JUCKYPCE, MOKa3bIBaeT,
YTO MPAKTUYECKU BCSI MOHATHIHAS COCTABJISIONIAs PEATU3YETCS 4YEpe3 CHCTEMY
MeTadoprUeCKUX Mojesied W TekcToBbiXx MeTadop. OOpamasice Kk paboram
(Ankersmit F., Boyd R., Fauconnier G., Turner M., I'oronenkosoii E.A., JleeBoit
A.N., Mumankunoi H.A., Mumnanosoi C.J1., Ilanacenko E.A., PaxumoBoii A.P. u

Ip.) 36 Mbl yOEXJIaeMCsl, 4TO Hay4YHBI TEKCT BKJIIOYAET OIPOMHOE KOJHYECTBO

35 Ankersmit F. Narrative Logic: A Semantic Analyses of the Historian Language. The Hague,
1983; Mishankina N.A., Deeva A.l. Lingvocognitive Specificity of Metaphorical Modeling in
Russian Oil and Gas Terminology // Procedia — Social and Behavioral Sciences. 2015. Volume 215.
P. 293-300; 3y6koBa O.C. JIunrsoceMuoTrka npodeccuoHanbHOU MeTadophl: aBTOpedepat auc.
n-pa ¢umon. Hayk: 10.02.19, Kypcek, 2011.

36 Ankersmit F. A Semantic Analyses of the Historian Language: Narrative Logic. / F. Ankersmit.
— The Hague, 1983; Ankersmit F. Narrative Logic: A Semantic Analyses of the Historian
Language. The Hague, 1983; Boyd R. Metaphor and Theory Change: What is "Metaphor" a
Metaphor for? // Metaphor and Thought. Cambridge: University Press, 1993. P.  481-533;
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TEKCTOBbIX  MeTadop,  QopmMupyromuxcs  Ha  OCHOBE  ONPEIEICHHBIX
MeTahopHUUeCKUX MOJeNel, OTpakarolMX, B CBOIO O4Yepelb, KOHIIENTyaJbHbIC
metadopsl. Ponap  Meradopuuekoro MOAENIUPOBAaHUS B  HAYYHOM  TEKCTE
oTnpeeNsieTcs Mpe/ICTaBIeHueM U 00bSICHEHHEM HOBOT'O 3HAHUS.

B 53TOM ciydyae B KauecTBEe KIIIOYEBOIO METOHOJOTMYECKOrO0 MNpoAXoAa
UCIIOJIb3YETCSl TeOpUsI KOHLENTYyalbHOU MeTadopbl U MPOLECC KOHIENTyaIn3aluu
OTIpE/ICTSACTCS TPHUHATHIMU B TPEAMETHOW 00JacTH, HAIMOHAJIBHOW KYJIbTYpe
MeTapOPUUECKUMU MOJICTISIMUsr.

B nHacTosieir paboTe Mbl MPUHUMAEM B KadecTBe pabOYero ompeneseHue,
nanHoe H.A. MumaHkuHO#N «KOHIeNTyanbHas MeTtadopa - 6a308as KOSHUMUBHAS
MOOeb, OCHOBAHHAS HA AHATIO2UU U NO3BOJIAIOUIASL OCMBICTAMb 00beKmbl (A61eHUs,
CYWHOCMU) HA OCHOBE 3HAHULL O OpY2UX 00BEKMAXx (ABNEHUSX, CYUHOCTISX)»38.

KoneunryanbHas wMeradopa peanusyercs B TEKCTE UYepe3 CHUCTEMY

Fauconnier G., Turner M. The Way We Think: Conceptual blending and the mind's hidden
complexities. New York: Basic Books, 2002; Mishankina N.A., Panasenko E.A. Metaphorical
Modelling of the Concept “Technology”. Procedia - Social and Behavioral Sciences. Volume
236, 14 December 2016, Pages 101-106.; Ortony A. Metaphore and Thoucht. Camridge university
press, 2002; TI'oronenkoBa E.A. O mecte MeTadopsl B HaydHOM AMCKYpCE: MOCTHEKJIACCHUYECKHN
nogxon // Beicee oOpa3oBanme B Poccum. 2005. Nel. C. 141-147; JleeBa A.W.
JIMHIBOKOTHUTHBHAS cneunpuka MeTadhopruIecKoro MOJIETTUPOBaHUs TEXHUYECKUX
TEPMUHOJIOTMUECKUX CHCTEeM (Ha Marepuajie pycckod HedTerazoBoil TepMHHOIOTUH) //
aBTopedepar nuc. ...x. ¢punon. Hayk: 10.02.01.Tomck, 2015; Mumankuna H.A., Paxumosa A.P.
Mertadopudeckoe MOJEIUPOBAHUE CTPYKTYPhI IICUXUKH YEJIOBEKa B HAYYHOM IICHUXOJIOTHYECKOM
mickypee // Bectnuk Tomckoro rocynapctBeHHoro yuusepcurera. @unonorus. Ne 3 (35). 2015. C.
57-72; Munuianosa C.JI. KOTHUTHBHO-TUCKYPCUBHBIN aHAJIN3 PEIEIUU CICIIHAILHOTO 3HAHUS //
Bectauk TroMEHCKOro rocyJapCTBEHHOTO YHUBEpPCUTETA. ['yMaHUTapHbIE HCCIEIOBaHUS.
Humanitates. 2011. Ne 1. C. 96-102; ITanacenko E.A. ['Hoceonoruyeckas ¢pyHkius metadopsl B
HOMHHHMpPOBAaHMM HOBOM mpenmetrHoil o6mactu // BectHuk Tomckoro rocyaapcTBEHHOTO
yauBepcureta. 2014. Ne 387. C. 27-33.

37 Jlakodd ., xoncon M. Mertadopsl, kotopbimMu Mbl xkuBeM. M.: Enutopuan YPCC, 2004.

ssMumankuaa H.A. Mertadopa B Hayke: nmapanokc uia Hopma? Tomck: U3n-Bo Tom. roc. yH-Ta,
2010. C.124.
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MeTapOpUIECKUX MOeNel, KOTOpPhIe, B CBOK OYepellb, OTPAKECHBI B TEKCTE Kak
peyeBbIe PEIPE3EHTAHTHI — TEKCTOBBIC METaOPHI.

[Tpu sTOM TekcroBas MeTadopa MMEET YCTOWUMBYIO M BOCIPOHM3BOJUMYIO
CTPYKTYPY, T.€. SABIISCTCS S3IKOBOW — PETYJISIPHOM, TTOBTOPSIEMOM, BCEM M3BECTHOM,
WIA OKKAa3MOHAJHHOW, B KOTOPOW MPHBIICKAIOTCS HOBBIC PEMPE3CHTAHTHI MOJCIH,
€/IMHUIIBI, paHee HE BHITIOTHSBIINE JaHHYIO (DYHKIIAIO39.

B uccnenopanum H.A. MummankuHON OBIIIO BBISABJICHO, YTO METa(OPUUECKHE
C/IMHUIIBI B HAYYHOM TEKCTE BBIITOJHSIOT TPH OCHOBHBIX (DYHKIIUH:

1) MoaeqMpyOT NMPOCTPAHCTBO HAYYHOI AesATeJbHOCcTH. 11 (popmupoBaHus
[IpencraBiacHUs O HAYYHOM JCATCIBHOCTH, IIpolleccaX, MPOUCXOIAIINX B
HCCIICyeMOM OOBEKTE, U3 OOINEA3BIKOBBIX METa(POPHUCSCKUX MOJIEIICH BRIOMpACTCS U
UCTIONB3YEeTCST YCTOWUYMBAas CHCTEMa TEKCTOBBIX MeTadop, HOMHHHPYIOIIHX
OpraHU3aIlMi0 HAYYHOTO MPOCTPAHCTBA M CIOCOO0B neiicTBus B HeM: ([lo smoiu
meopuu céem nPeOCmasisnen >1eKmpuiecKue U MacHUmHble KoJeOaHus, C6A3aHHble
Mmedcoy coboll u omaudaouwuecs om O0ObIUHBIX PAOUOBONH MOIbKO OoJbuLel
yacmomoul Konebanuti u Menvbiuel OIUHOU GOHbL), OOBEKThI M CYOBCKTBHI —
o01eancKypcuBHas Metagopa,

2) TPeACTABIAIOT MeTa(popHYEeCKYH) THNOTETHYECKYI0 MOJCIIb OOBEKTA
uccienopanus. [Ipu 3ToM MoAeIUpyeTCcsl Kak caM OOBEKT, TAK U HEKOTOpas CUCTeMa
MOHIATHI, HeoOXomuMmasl JUIS €ro TpEICTaBICHHs, OToOpakaeMas B CHCTEME
TepMUHOB: (Kpome moeo, pa3 6 npoyecce nepexooa, 8 KOMopom amom no2iouaem

umu ucnyckaem ceem, I/IPOMCXOOI/H’I’Z 0OMeH MOIbKO OOHUM CEEeMOBbIM KeaHmMom, Mbvl

39 Tam xe.
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ModHCeM Npu  NOMOWU CNEeKMPOCKONUYEeCKUX HAabn00eHuti HenocpeocmeeHHo
UBMEpUMb  SHEPeUr0  Kan#coo2o0 U3  OMUX  CMAYUOHAPHLIX  COCMOSHUL) ——
THOCE0JIOTHYECKAsl 1 TEPMHUHOIOTHYecKasi MeTadopa;

3) aganTUPYIOT HOBYIO MOJICIh K KOTHUTHBHBIM BO3MOXKHOCTSIM aJIpeCaToB —
KOMMYHHKATUBHasA MeTadopaso.

Wns Bcnen 3a Ha3BaHHBIMH HMCCIIEIOBATENSIMH, MBI CTaBUM CBOCH 3amaucit
OmpenenuTh MeTadhopuyeCKue MOJACIH, 3aJeHCTBaHHBIE B  (HOpMHpPOBAHUH
MIPEACTABICHU 00 «IHEPTHM» B HAYYHOM TEKCTE MO (PU3HKE, & TAKKE MOMBITACMCS
OTIPENETUTh MX (DYHKIIMOHATBLHYIO POJIb B paMKax BBINICYKa3aHHON TCOPHUH.

Bmecte ¢ Tem emie ofHON akTyalbHOW MpoOJeMOl sBIAeTCS Mpobdiiema
SKBUBAJICHTHOCTH TMpU TepeBojie. IJTa mpobdjeMa OCOOCHHO OCTPO CTOUT st
HAy4YHOTO TIEPEBOJA, T.K. B 3TOM ciiydae TpeOyeTcst ocobasi TouHOCTh. [1oaTOMY MBI
oOpaTUMCSI K PaCCMOTPEHUIO TMOHSATHS «IKBUBAJIEHTHOCTHY B TIEPEBOJIC B IIEJIOM H

MepeBO/I€ HAYYHOU MeTa(OpHI.

1.4 DKBUBAJIECHTHOCTH B IlepPeBOA0BeICHUN: NlepeBO HAYYHOI MeTadopsbl
[TepeBon Kak BUJ YEIOBEYECKOU JESITEILHOCTH CYIIECTBYET OUYE€HBb JaBHO. U,

HECMOTps, Ha JABHOCTh CBOETO CYILIECTBOBAHUS OCTAETCS OJHUM M3 CIOKHEHIINX

BUJIOB JACSTEIBHOCTU. DTy CUTYAlUIO0 MOKHO OOBSCHUTH TE€M, YTO B MPEBOJE HE

IMPOCTO CTAJIKUBAIOTCA PA3HLIC A3BIKKM, B IICPCBOAC «CTAJIKHUBAIOTCA PA3HLBIC

40 Tam xe. C. 126-128.
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KYJbTYpPBbI, pa3Hbl€ JMYHOCTH aBTOPOB, PA3HbIE MBILUICHMS, pa3HbIEC TPAIAULIUU U
YCTaHOBKH»41.

TeopeTnkn nepeBOAOBEACHUS MUIIYT O TOM, YTO OLIEHKA KaueCTBa MEpPEBO/IA
3aBUCUT OT ero uemu. s oOmiel XapaKTepUCTUKU Pe3yJIbTAaTOB HCIOIb3YIOTCS
TEPMUHBI «aJE€KBAaTHBIN NEPEBOY, «IKBUBAICHTHBIN NEPEBOAY, «TOUHBIN IIEPEBOIY,
«OyKBAJIbHBIN TIEPEBOI» U «CBOOOIHBIN (BOJIBHBIN) TIEPEBOI»42.

OKBUBAJICHTHBI MEPEBOJ - 3TO IEPEBOJI, BOCHPOU3BOIAIINN COJIEPIKAHUE
MHOSI3bIYHOIO OPUTHHAJIA HA OJTHOM U3 YPOBHEM 3KBUBAJIEHTHOCTHU43. B 3TOM cirydae
1101 COJIEpKAHUEM UMEETCS B BULY BCS CMBICIIOBAast CTPYKTYpa UCXOJHOI'O TEKCTA.

[IpoOnemMe SKBUBAJIEHTHOCTH, €€ YPOBHSIM MOCBsIIEHbl paborsl B.H.
KomuccapoBa 44 . HccnemoBarens mpeqiaraeT CBOK TEOPUIO  YPOBHEH
SKBUBAJICHTHOCTH, BBIAEISAA IIITh OCHOBHBIX YPOBHEW: LEIM KOMMYHHUKAIWH;
ONHCaHUs CUTYallMH; BBICKA3bIBAaHUS; COOOLICHUS; SI3bIKOBBIX 3HAKOB.

CorymacHO 53TOHM TEOPUM, IKBUBAJICHTHOCTH IIEPEBOJA OCHOBBIBAETCA Ha
JOCTH)KEHHH MAaKCHUMAaJbHOM HWACHTUYHOCTH KAXKIOrO0 W3 YPOBHEH COAEpIKAHUS
NIEPEBOAUMBIX TEKCTOB. KOMIIOHEHTBI MCXOQHOIO M BTOPUYHOIO TEKCTOB MOIYT
OBITh PKBUBAJICHTHBI JAPYT IPYry Ha BCEX MSATH YPOBHSX, @ MOTYT OBITh TaKOBBIMU
JIMIIb HA HEKOTOPBIX.

HTak, oxapakTeKpu3yeM YPOBHU SKBHUBAJIEHTHOCTH MEPEBOJA :

a1 Komuccapos B.H. Copemennoe mnepeBopoBeaenue 19/02/2017/3nexkrpon. man. URL:
http:/library.durov.com/Komissarov-089.htm

» Tam xe.

s Komuccapos B.H. Teopus nepeBoga (JimHrBuctTuueckue acnektsl). M., 1990.

s Komuccapos B. H. Croso o nepeBoze. M., 1973; Komuccapos B.H. O6mas teopust nepeBoa:
poOJIeMBbl MIEPEBOIOBEICHUSI B OCBEIICHUH 3apyOekHbIX yueHbIX. M., 1999; Komuccapor B.H.
CoBpemennoe mnepeBogoBenenne. M., 2004; KomwmccapoB B.H. Teopus nepeBoaa
(nmuHrBHCTHYECKHUE acnekThl). M., 1990.
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1) Lenu KOMMYyHHKAIMd. OKBHUBAJICHTHOCTh B O3TOM Cllyyae CBsi3aHa C
peanuzarnuenr  oOmield  peueBoi  ¢dyHumer Tekcra. IlepeBox  mpusHaeTcs
SKBUBAJICHTHBIM, €CJIN KOMMYHHUKATUBHAs 1IE€JIb aBTOPA JOCTUTHYTA.

2) OnwucaHue cUTyald. DKBUBAJICHTHBIM IPHU3HAETCS IEPEBOJ], HE TOJBKO
JIOCTUTAIOIIEH 11eJI KOMMYHUKAIIMU, HO M OTpa)kalolled Ty Ke CUTyaluio, HO 0e3
yueTa OJIM30CTH SI3bIKOBBIX CPEJICTB.

3) BrickazpiBanme. Ha 3TOM ypoBHE JKBHUBAJICHTHOCTH BO3MOXHa 0e3
JEKCUYECKOr0 M CHHTAKCHUYECKOro  Mapajuleiu3Ma, HO  00s3aTeNbHO
BOCIPOU3BEAECHUE IOHATUMHON CTPYKTYpPbI OPUTHUHAIIA.

4) CooOmieHue. OKBHMBAJICHTHOCTh IIOHMMAaeTCs 37eCh Kak 0oJjee
MOCJIEIOBATEIbHOE OTpPaXEHHE HE TOJNbKO OOIIe KOMMYHHUKATUBHOM IIE€JH,
KOHIICTIIMA W TIOHSATUWHOM CTPYKTYphl, HO OoJiee JIeTaJbHO BOCIPOU3BOJSATCS
3HAYEHMS] CHHTAKCUUYECKUX CTPYKTYP. IleepBo TOKEH OTpakaTh CUHTAKCUYECKYIO
CTPYKTYpYy OpWIWHajna, T.K. OHa TOXE SBJISETCS WHMOPMATHBHOM COCTABISIONICH
TEKCTa B LIEJIOM.

5) SI3pIKOBBIC 3HAKW. DTO CaMBIi MOJIHBIM THIT SKBUBAJICHTHOCTH, T.K. B 9TOM
cilydae HaOJIoaeTcsi MakcuMaibHas OJMM30CTh OpUTHHAIA M TEepeBOjaa. 311eCh
HAOI0JaeTC BBICOKAsl CTEMEHb CHHTAKCHYECKOTO TMapajuien3Ma, MaKCHMalbHas
COOTHECEHHOCTD JICKCUKHU, OTPAKECHUE CTUIIUCTUYECKUX YEPTA45.

HNrak, mnepeBogueckass dKkBUBaJeHTHOCTh, 1o B.H. Komuccaposy,
MPEAINOJIaraeT BO3MOXXHOCTh BapbUpPOBAHUS B COOTBETCTBUM C 3aJa4amMu

ompenelieHHOro mnepeBoaa. Ilpu mepeBojie HAYYHOrO TEKCTa, OCHOBHAs IIEJb

»s Komuccapos B.H. Teopus nepeBoga (JimHrBucTuueckue acnektsl). M., 1990.
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KOTOPOTO — MAaKCUMAJIBHO TOYHAs Iepeaada HaydyHOTro 3HaHMs, HO HE o0s3areibHa
nepeada JMIHOKOTO CTHUJISL aBTOPa, KaK MPABHIIO, BEIOMPACTCS] TPETHI M YETBEPTHIH
YPOBHU SKBHUBAJICHTHOCTU TepeBojia. OpHaKko, 0 MHEHHMIO MCCIE0BAaTENe, 4acTo
NPUYUHON CIOXHOCTEH B YCTAHOBJICHWW 3KBHUBAJICHTHOCTH TIPU TIEPEBOJIC SBISCTCS
nepeBoji TepMUHOB. Hayka TO3UITMOHMpYETCS Kak o001acTh, T/€ CHUMAIOTCS
HaIlMOHAJIBHBIC U KyJIbTYPHBIC Pa3INuus, HO HECMOTPS HA 3TO, S3bIK HAIIMOHATHHBIX
HAayK U TEPMHHOCUCTEM, COPMUPOBAIINXCS B UX paMKaX, HECyT Ha cebe OTIeYaToK
S3BIKOBOM KYJIBTYpPhI HApOIa46, UTO BIICUET MPOOJIEMBI B IEPEBOJIE, U, CJIEIOBATEIBHO,
po0JIeMbl B HAYYHON KOMMYHHKAITHH.

B oaTOlf CBsA3m cumTaeM HEOOXOAMMBIM OOPATHTHCI K PACCMOTPEHUIO
MeTahOpPUUECKOM COCTABISIONIEH HAyYHOTO TEKCTa B ACHEKTE SKBUBAJICHTHOCTH
nepeBoa.

B pab6ote II. Hpromapka oTMeuaercsi, 4To peIICHHE MpoOJieMbl MEpeBOaa
MeTadopsl oNnpeaessieTcs TUMOM nepeBoAuMoro Tekcra. OH mpejiaraet pa3iandarhb
nH(GOPMATUBHBIE M DKCIPECCHUBHBIE TEKCTHI47 . B pabotess pemiaercs mpobdiiema
COOTHOIICHHSI MeTapOopHUIECKUX M HeMeTapOpUUECKUX TEPMHUHOB B PYCCKOM H

aHTJIMACKOM  TeKcTaX. ABTOpbl oOpamaroT BHMMaHHUE Ha  OYEBHJIHYIO

s Kopannos O.A. SI3pIKOBBIE KapTHHBI MHpa KaK IPOU3BOJHBIE HAIIMOHAJIBHBIX MEHTAJIHUTETOB.
M.: YePo, 2003; Mumankuna H.A., Jleea A.1. Hedrerazosas meradopuueckass TEpMHUHOJIOTHUS:
aCUMMETPUYHOCTh M SKBUBAJIEHTHOCTH I1€peBO/Ia (Ha MaTepuase pycCKOro U aHTJIIMUCKOTO S3bIKOB)
// Bectauk Tomckoro rocyaapctBeHHoro ynusepcureta. ®@umnonorus. 2013. Ne 6 (26). C. 29-37,
Mishankina N.A., Deeva A.l. Lingvocognitive Specificity of Metaphorical Modeling in Russian
Oil and Gas Terminology // Procedia — Social and Behavioral Sciences. 2015. Volume 215. Pages
293-300.

~Newmark P. The Translation of Metaphor / P. Newmark // Approaches to Translation. N.Y., 1998.
P.56; Newmark P. A Textbook of Translation. Harlow: Pearson Education Limited, 2008.

s Mumankuna H.A., Jleeea A.M. Hedrerazosas wmeradopuueckas TEpMHUHOIOTHA:
aCUMMETPUYHOCTh M 3KBUBAJICHTHOCTb IepeBo/ia (Ha MaTepHaje pycCKOro M aHTJIMICKOTO S3bIKOB)
// Bectauk Tomckoro rocynapctBenHoro yuusepcurera. @umonorus. 2013. Ne 6 (26). C. 29-37.
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HECUMMETPUYHOCTh MeTadopuyeckux (pparMeHTOB TEPMHHOCUCTEM He(TEra3oBoi
orpaciu. C 0JIHOM CTOPOHBI, HAYUHBIN IEPEBOJ TEPMHUHA TPEOYEeT OAHO3HAYHOCTH,
HO  CONOCTaBieHHE  MeTaopuueckux  (parMEHTOB  IMOKAa3bIBae€T,  4TO
DKBUBAJIECHTHOCTh CIIOPHA B CBS3M C TEM, YTO IPEXKAE YEM IEPEBECTH TEPMHUH
HEOOXOAUMO TMOHATh MeTadopuyecKuid 00pa3, CKPHIBAIOLIUICS B CMBICIOBOM
CTPYKType TepMuHa49. Bmecre ¢ tem, 1I. Hemapk mumer o ToM, 4TO IEpEeBOIUMK
JOJDKEH MepeaTh CEMaHTHUECKUN 00beM MeTaophl, a HE TOJIBKO €r0 BHYTPEHHIOIO
dbopmyso.

B ykazannoit pabore H.A. Mumankunoii 1 A.W. JleeBoil aBTOpbI IpeagaratoT
OTPaHUYMTHCS TpeMs YPOBHSAMH HKBUBAJIECHTHOCTU TEXHUYECKOTO
MeTapOpUIECKOr0 TEPMHUHA.

TpeTnii ypoBeHb 3KBHBAJEHTHOCTH JOCTUTAETCS MPU MOJIHOM COBIAJCHUU
MeTadopbl: Korjga ob0e KOoHIenTyalibHble cepbl — cdepa-uctouyHuk u chepa-
MUIIEHb MeTa()hOPUUECKON KOHIIENTYaInu3alui B 000UX S3bIKaX COBIMAJAIOT.

Bropoii ypoBeHb JSKBUBAJEHTHOCTH IPEACTABIACT ACUMMETPUYHBIE
Metadopuueckue TepMUHBL. HeIsKBUBaJIEHTHOCTh (HEMOJIHAS HKBUBAJICHTHOCTD)
UcxXoHON cdeprl (00paza) meTadOpUYECKOW HOMHUHAUMU MPUBOAUT K MOUCKY
MeTa(pOpUUIECKOro SKBUBAJICHTA.

IlepBblii ypOBeHb JKBUBAJIECHTHOCTHM, CaMbld HU3KUH, NPOSBISIETCA B
cilyvasix, Korjga MeTaQOpuyYeCKUil TEPMUH B OJTHOM SI3bIKE MEPEBOAMUTCS HA IPYrou

pAMOU HOMMHAIKUEH, OITUCATENIBHO. Takum o0pa3oM, MPOUCXOAUT

a Tam xke.
so Newmark P. The Translation of Metaphor // Approaches to Translation. N.Y., 1998.
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Ooememacgpopusayus, yrpata IepBOHAUYAIHLHOTO MeTahOPUIESCKOT0 00pa3asi.
Mpbl  mombITaeMCsi  MPOCIICANTh AKBUBAJICHTHOCTh IEPEBOJA HAyYHBIX
Metadop, 3aJCHCTBOBAHHBIX B MOJICIIMPOBAHUM TOHITHUS «IHEPTHS» B HAYYHOM

TEKCTE Ha Pa3HbIX (PYHKIIMOHAIBHBIX YPOBHSIX.

BriBOaLI.

[ToHsiTHE «3HEPrUs» PACHPOCTPAHEHO HE TOJBKO B HAYKE, HO U B SI3BIKE U
KyJabType B 1esioM. OnHako B XX B. OHO MPUOOPETaeT 0COOYI0 3HAUMMOCTh B CBSI3H
C CTPEMHTEIBHBIM PA3BUTHEM TEXHUKH M TEXHOJOTWMH. B 3TOW CBSI3M OHO
TpaHcopMUpyeTCs U B HAy4YHOU cepe Toxe.

[loHaTHE HAYYHOTO TEKCTa MPEJCTBIISIET OCOOBIM MHTEpEC JIsi JTUHTBUCTOB,
T.K. OH OTPaXaeT pe3yJIbTaTbl HAYYHOU JCITEIbHOCTH U HAYYHBIE MOHATHUSA, & TAKKE
CTPYKTYPY HAy4YHOrO MBbIIUICHUS. Bce 3TH mapaMeTphl MOJYy4YarOT OTPAKEHUE B
XapaKTEKPUCTUKAX Hay4yHoro Tekcta. OJHAKO HEKOTOpbIe XapaKTEPUCTHUKH,
HalpuMep, HUCKIIOYCHHWE W3 HAYYHOrOo TeKCTa MeTaQOpHUUYECKHX CTPYKTYp, HE
COOTBETCTBIOT pPEaJbHOM MPaKTUKE CO3JaHMS HAy4YHBIX TEKCTOB. JTa CHUTYyalus
OOBSICHSCTCS C TIO3UIMK JIBYX METOAOJOTHYECKUX TOIXOJOB: HCCIASAOBAHUS
HAyYHOTO MBIIUICHUS M TEOPUU KOHIENTYaabHOM MeTadophl, B paMKax KOTOPHIX
MeTadopa paccMaTpuBaeTCs KaK MEXaHW3M MBIIUICHUS U 33JICMCTBYETCS BO BCEX
BHJIaX TIO3HABATEILHON JEATENBHOCTHU, B T.4. HayuHou. B XX B. duocodpsr u

JUHTBUCTHI OOHAPYXXWJIM THOCEOJIOTHUECKYI0 (yHKIMIO MeTadopsl, KOTOpas |

51 Mumankuna H.A., Jleeea A.M. HedrerazoBas wmetadopudeckass TEPMHUHOIOTHUS:
aCUMMETPUYHOCTb U SKBHUBAJIEHTHOCTb MEPEBO/Ia (Ha MaTepHaje pycCKOro U aHIITMHCKOTO SI3bIKOB)
// Bectauk Tomckoro rocynapctBenHoro yauepcurera. ®umonorus. 2013. Ne 6 (26). C. 29-37.
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pPCaIn3yCTCA B HAYYHOM TCKCTC.
OI[HaKO MeTa(i)OpI/I‘-ICCKa}I coCTaBpromiass HAy4YHOIoO  TCKCTa CO34acT

HpO6HCMLI IIpHu IICPCBOJAC HAYUHBIX TCKCTOB.
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I'nmaBa 2. Meradopuueckoe Moie TUPOBAHNE NIOHATHS «IHEPTrHs» M MPOOIEeMBbI
JKBHBAJICHTHOCTH IepeBoia
2.1 MeToauka u MojeJib onucanusi Metagopbl

Crosiias nepes HaMu 11eJ1b TpeOyeT CUCTEMHOTO MoAX0/1a K (POPMUPOBAHUIO
METOJUKA M MOJEIM OMNHCAHUS MeTapOpUUYECKOro MOJEIMPOBAHUS B HAyYHOM
tekcre. [loaToMy, Ha IepBOM 3Tale Mbl CUUTAEM HEOOXOAUMBIM IPEICTaBUTh BCHO
MO/I€JIb OITUCAHUSI IOJIHOCTBIO.

1. Ha mnepBom »5rame ObUla MNPOM3BENECHA BBHIOOPKA MapATIIEIBHBIX
KOHTEKCTOB, COJAEpXKaIlUX MeTaQopuuecKHe HOMUHAIUHM, XapaKTKEPUCTUKH
HOHATHUS «IHEPTUSD B TEKCTaX OPUTHHAIIOB U IEPEBOIOB.

2. 3areM B HHUX OINpeNesUINCh TEeKCTOBble MeTadopel. Hampumep, B
Tabsuue 1 mpelcTaBiIeHO COMOCTaBICHNE NapaJUIeIbHBIX KOHTEKCTOB:

Taoauna 1.

TekcT opuruHasa TekcT nepesona

From a physical standpoint, light may | C ¢wu3ndeckoii TOYKH 3pEHHUS CBET

be defined as transmission of energy | Mo)kHO ompenenuTh Kak Hepeaavy
between material bodies at a distance JHEPIrHHM ___HA  PACCTOSIHUE  MEXIYy
MaTCprUaJIbHBIMUA TCIIaAMU.

The information thus derived has also | [TonydenHble TakuM 00pa3oM CBEICHHS

been most instructively corroborated by | Giu BeChMa yOeIUTETBHO

the study of the energy exchanges | moaTBepxaeHbI U3y4CHHEM  TOrO

which take place in atomic collisions | eomena JHEepruei, KOTOPBIH

and in chemical reactions. TPOUCXOTUT npu aTOMHBIX
CTOJJKHOBCHHAX W IIPH XHUMHYCCKUX
peaKkumix.

In fact, any energy transfer by light | JlelictButensHo, Bcskas — mepeaayda
can be traced down to individual |pHeprum  cBeTOoM  MOXET  OBITH

processes in each of which a so-called | mpocaexena BILIOTh 70
light quantum is exchanged whose | uHAMBHIYaTBHBIX aKTOB, B KaKIOM W3
energy is equal to the product of the | koTopsix mepemaeTcsi Tak Ha3bIBASMbIi
frequency of the electromagnetic | cBeT0-BOMi KBaHT; SHEPrus €ro paBHa
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oscillations and the universal quantum | npou3BeacHUIO 4aCTOThI

of action or Planck's constant. 9JIEKTPOMArHUTHBIX ~ KOJICOaHUH Ha
KBaHT JCHCTBUS (ITO-CTOSIHHY'FO
Ilnanka).

Conversely, any investigation of such |  oOpartHo,  MOCKOJIbKY  camas

regularities, the very account of which | popmymupoBka 3THX 3aKOHOMEpHOCTEH

implies the conservation laws of | TpeOyer IPUMCHCHUS 3aKOHOB

energy and momentum, will in principle
Impose a renunciation as regards the
space-time  coordination  of  the
individual electrons in the atom.

Coxpa"HeHmst JHepzuu N KOJINICCTBA
JABHKCHHS, UCCIICIOBAHHUC UX CBA3aHO C

IMPUHOUITNAJIbHBIM OTKa30M oT
JIOKaJIn3alny OTACJIBbHBIX 3JICKTPOHOB

aToMa B IIPOCTPAHCTBC U BPpCMCHU.

3. Ha Tperhem dTame mNpUMEHSJICS TPHEM KOMIIOHEHTHOTO aHalIHu3a C
IEJIBIOJT U OTIpeiesieHHs] MeTadOpUIeCcKOrl MOJIENN KaKI0M TEKCTOBOIM MeTadOpBhl.

Hampumep, paccMOTpuM aHamu3 TEKCTOBOM MeT(OpPBI obOMen dHepauell.
Jlanubpie Oonblioro TONKOBOTO cioBaps mnoj pepakuuer C.A. KysHenosa
MOKAa3bIBAIOT CJICIYIONIUE 3HAYCHUS:

Konrekcer: [lonyuennvie makum o06pazom ceedeHus Obliu  8ecbMda
ybeoumenbHo NOOMBEPIHCOeHbl U3YUeHUeM mo20 00MeHa IHepuel, KOmopbwlil
nPOUCXO0Um NPU AMOMHBIX CHOJKHOBEHUAX U NPU XUMUYECKUX PEeAKYUSIX.

CaoBapuoe 3navenue: OBMEH, -a; m. 1.k Qomenamo, QoOmeHumby,
Oomenumuvca u Oomenamuca. Bewu onsa oomena. Ilpunocam moesaput na o.

Kak mpaBuio, 3Ta eawHWIIAa B HCXOJHOM 3HAYCHUHM WCIIOIB3YETCS IS
0003HaueHUs Olepalyy, OCYIIECTBIAEMON IO OTHOUICHUI0 K (PU3MUYECKUM
oO0bekTaM. TakuM 00pa3oM, MOXKHO CJIeJIaThb BBIBOJ O IOHSATHHHBIX 00JIAaCTSX,
3aJIeWCTBOBAHHBIX TIPU METAPOPUIECKOM MOICITUPOBAHUH:

1. Coepa-mumenv memagopuueckoii Konyenmyaniuzayuu — IHepeus

2. Cgepa-ucmounuk memaghopuieckou KOHyenmyauzayuu — Qusuyeckull

00beKm
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VYcroitunBasi accolMaTUBHASI CBA3b ATHUX MOHATUMHBIX 00JacTeil Mmo3BOJSET
TOBOPUTH O peaju3allii B JIaHHOM TEKCTOBOM MeTadope meTadopuyecKkord MoAeu
M, COOTBETCTBEHHO, KOHuUentyaidbHo wmetadopel: OHEPITUA - 3TO
®U3UYECKUN OB BEKT.

4. Ha cnegyromem »3Tane MNOCPEACTBOM  METOJA  TEKCTOJIOIMYECKOrO
aHanu3a MeTapOpUYECKUX EIUHUIl OCYIIECTBISIOCh OmpeneseHne (QyHKIUU
TEKCTOBOM MeTaophl. A UMEHHO, KaKyl0 (PYHKIIMIO: MOJIETUPOBAHUS TPOCTPAHCTBA
HAYyYHOU JESTEIBHOCTU, HCCIEAYEMOIro OOBEKTa WM OIPEACIICHHOTO MOHSTHS,
BBITIOJIHAET TekcToBass meTadopa. [lomodbHbIM 00pa3oM OBLT OCYIIIECTBICH aHAIH3
JUISI PYCCKOM W  aHTJIMHCKOM TEKCTOBBIX MeTadop, a 3areM MpOBOAMIICA
CONIOCTaBUTEJIbHBIN aHAJIU3 U ONPEICIICHUE CTETIEHU SKBUBAJICHTHOCTH.

s ynoOctBa paboThl ¢ MaTepuasioM B mporpamme Excel Owvima co3mana
TabiMIla C OmMpenesieHHON CcTpykTypoil. [lomydeHHBbIE AaHHBIE 3aHOCHIINCH B
TaOJIMILy TIO CIIEYIONIEH cxeme:

Mpi1 3aUKCUPOBAIIM UCXOJHYIO TEKCTOBYIO €UHUILY aHAJIM3a — KOHTEKCT. B
OJIHy CTPOKY, HO pa3Hble CTOJIOIBI TAaOJUIBI MMOMENIATNCh COOTHOCHTEIIbHbBIE
KOHTEKCThl M3 TEKCTa OpUTMHAla U TEPEeBOAA, B pa3HbIC SYEHKH C Ha3BAHUSIMU
«Kontekcr anrm» u «KoHTEKCT pycy.

Jlanee u3 KOHTEKCTa BRIOUPATUCH TEKCTOBBIE METadOPhI, KAKIAs U3 KOTOPHIX
COTIOCTAaBIISJIACh C AHAJIOTUYHOM M3 TEKCTa mepeBojia (eciu 3TO ObUIO BO3MOXKHO B
cllydae CHUMMETPUYHOM WM YaCTUYHO CUMMETpUYHON wmeTadopbl). CTonOibl
COOTBETCTBEHHO o00Oo03Hauanuch «TekcroBas wmeradopa anrm» u  «TekcroBas

MeTtadopa pyc».
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JIns MOJIHOUEHHOTO KOHUENTYaJIbHOTO aHajlnh3a Ha MEPBOHAYAIBHOM 3Tarle
IPUMEHSJICS TTPUEM KOMITIOHEHTHOTO aHaM3a, JJIS €ro OCYLIECTBICHUSI B TaOIUILy
ObIM  700ABJIEHBI CTOJOIBI, IO3BOJIAIONIME 3auKCUpoBaTh HHGOpPMAIUIO 00
UCXOJTHOM M TEKCTOBOM 3HA4eHUM MeTadopuyeckod eauHuIpl. HaspiBasiuch OHW,
COOTBETCTBEHHO»: «3HAYEHUE HCXOJHOE aHI» - «3HAUYEHUE HCXOJHOE pyC»;
«3HauUeHUE TEKCTOBOE aHI» - «3HAYEHUE TEKCTOBOE pyc». AHAIU3 3HAYEHUU
MO3BOJIMJI  YCTAaHOBUTH CEPY-UCTOUHHK U cdepy-MUIlIeHb MeTadopruecKon
KOHIIETITyaJIu3allii, KOTOphIE€ Takke ObUlM 3apUKCUPOBAaHBI B  TabIUIE.
HaumenoBanue cton6mo: «CH anrm» - «CU pyc»; «CM anrn» - «CM pyc». 3atem
B TaOJUIE MOJyYHJia OTpakeHre MeTadopudeckas MOJeNb, GYHKIIMOHUPYIOIIAs B
aHTJIMIICKOM M PYCCKOM TekcTax: «Mopenb aHrim», «Moaenb pyc». PasgenbHas
dukcanus MOHATUHUHBIX chep MeTapopUUYECKON KOHIENTyalu3alud U MOJENu
MO3BOJIUJIO OMPENEIUTh HE TOJBKO YAaCTOTHOCTh MOJEIH, HO U YacCTOTHOCThb
OTEJIbHBIX MOHITUHHBIX 00/1aCTEMH.

B uToroBsix cTo011ax, UMEIOIIMX OTHOIIEHUE KO BCEMY MaTepuaty TaOIUIlbI
OTPAXKAIIUCHh Pe3yJbTaThl cpaBHEeHUs AaHHBIX. Cronben; «OM» BKIIOYAET JaHHbBIC
CpaBHEHMS TEKCTOBOM MeTaophl B ACMIEKTE SKBUBAJICHTHOCTU. EC/IM B aHTIIMICKOM
U PYCCKOM TEKCTE TMpEJCTaBIeHbl MeTapopuyecKue KOHTEKCThl, TO B SUCHKe
oToOpaxkanoch 3HadeHue «1», ecnmu HeT — «0». B cronbue «3MM» oTpaxeHsbl
pe3yJbTaThl CPaBHEHUS COOTBETCTBUS METa(OpUUECKONW MOJIENH, IO KOTOpOH
oOpa3oBaHa TekcToBas Metadopa. B cronbdie «3D» - pe3ynbraThl COOTBETCTBUS
UCXOJIHBIX (PPEMMOBBIX CTPYKTYp, 3aJ€HCTBOBaHHBIX MpU MeTadopuzaiuu, T.K. B

X0JIe aHaliKu3a BBISICHWIOCH, YTO MpU OOpa30BaHUM TEKCTOBOM MeTadopbl MOXKET
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ObITh 3aJIeCTBOBAHA OJIHA MOJIENb, HO pa3Hble CTPYKTYpbl MOHATHUHHOWU Cdepbi-
uctounrka. CoBmajaronye Wik pa3inyaroluecs pe3yibTaThl ObUIM 0003HAUYEHBI,
COOTBETCTBEHHO, 3HadeHUsIMU «1» u «O». Cronben «3DPT» 3aduxcuposai
pe3yNbTaThl COMOCTABIICHUS! (COBIA/ICHUS/HECOBMNAIeHNSI) (DYHKIITMOHAIBHBIX TUIIOB
MeTadophl.

B Ilpunoxenun k paboTe Bcs Tabiuia MpeACTaBleHa MOJHOCTHIO, K HEH
MO>KHO 00paTUTHCA, HO B CBSI3U € Je(UIIUTOM MECTa, Mbl BRIHYXJACHBI ObLIIA CKPHITh
HEKOTOpPBIE JIaHHbIE, & UMEHHO: CTOJOLbI «3HaYECHUE UCXOJHOE aHI» - «3HAUCHUE
UCXOJHOE PYyC»; «3HAYEHUE TEKCTOBOE AHIN» - «3HayeHUe TEKCToBoe pyc». Ho
Ja)ke B COKpAllEHHOM BHJAE TaliMLa MOJHOCTBIO OTPakaeT pPe3yJIbTaTbl
OPOEJACHHOTO aHalu3a M  [03TOMY MOXET OBbITh  HCIOJNb30BaHA  Kak
MH(POPMAILIMOHHBIN pecypc.

B cnenyromux naparpadax JaHHOM I1aBbl Mbl MPEJICTABUM MOJHOE OMMCAHUE

PE3YJIbTATOB aHAJIN3a JaHHBIX.

2.2 TIpoueccbl MeTadopuuecKoro MoAeJMPOBAHUA OHATHS «IHEPTHUS»

2.2.1 YpOoBHH 3KBMBAJIEHTHOCTH BbISIBJIEHHBIX TEKCTOBBIX MeTadgop

B uenom, aHanM3 CTENEHM SKBUBAJIEHTHOCTH TEKCTOBBIX MeTadop B
OPUTMHAJIFHOM M TEPEBOJHOM HAyYHOM TEKCTE MO (PU3MKE BBIABUI 3 CTENEHU
HKBUBAJICHTHOCTH:

1) CummeTpuuHslii (3 ypOBEHb 3KBUBAJICHTHOCTH) ITEPEBOJ] — HAOIIOAaETCS B
TOM Cly4ae, KOrja TEKCTOBOM MeTaope aHIIIMHCKOrO TEKCTa COOTBETCTBYET

TEeKCTOBasi Metadopa, oOpa3oBaHHAsA MO TAKOM K€ MOJEIN B PYCCKOM TekcTe: At
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point b, the electrical and mechanical powers are equal, but the rotor of the
generator, due to its inertia, passes this point and reaches the point ¢, where the
Kinetic energy, stored by the rotor from the accelerated motion from a to by is
completely used up in the section be. / B mouke b anexmpuueckas u mexanuueckas
MOWHOCMU PABHblL, HO POMOP 2eHepamopa No UHEPYuu Npoxooum dmy mMouKy u
00xX00um 00 MOUYKU ¢, 20e KUHEMUYeCKas IHep2us, 3andceHHas pomopom npu
VYCKOPEeHHOM 08UdCeHUU om a K b, noniHocmuio pacxodyemcs Ha ydacke bc.

Kak MoxHO yOeauThCs, B aHTJIMMCKOM TeKcTe (PYHKIHOHUPYET Metadopa,
obpazoBanHas mo wmoxaenmun OHEPTUSA — O3TO OUBNYECKUI OBBEKT, B
pycckoM TekcTe — aHaimoruyHas. [Ipu sTom coBmamaroT U (ppeiMOBBIE CTPYKTYPHI:
BUJT 00BEKTA — pecypc.

2) YacTHYHO CHMMETPUYHBIA (2 YpPOBEHb AKBUBAJCHTHOCTH) IIEPEBOJ —
HaOI0aeTcs B Ciydasx, Korjga obe mertadopsl oOpa3oBaHbl Ha OCHOBE OJIHOM
MeTadhopruecKoil MOJENH, HO B MPOIECCE KOHIENTYyaTu3allud 3a]1eCTBOBAHbI
pasubie (peiimoBbie cTpykTypbl: The utilization of these complex ramps is justified
because they optimized the reactive power capability of the receiving end ac system
to support the ac voltage whilst accepting the maximum dynamic energy / umobet
nO00EPI’CUBAMb  HANPSJICEHUEe  NEePeMEeHHO20  MOKA  NpU  NO2I0W,eHUU
MAKCUMAIbHOIU IHEPZUU 8 nepexo0Hom npouecce (MBm/c).

B ostom cnydae wucnosnb3zoBaHa ogHa wmonens OHEPITUA — 3OTO
®UBNYECKNIN OBBEKT, HO Ipu 3TOM HJET omopa Ha pa3Hbie ¢GperHMOBbIC
CTPYKTYpbI: JI000M (HU3NUEeCKUui TpeAMeT W MHIla, T.K. COOTHOCSTCS TIJIaroJjbl

ACCEPT - npunumamo, 6pame u I[IOU'JIOTUTD, - Bobpath, NpUHATH, 3aKIHOYUTH
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B ce0s1, TPOTJIOTUTb.

3) HecumMmetpuunblii (1 ypoBeHb 3KBUBAJCHTHOCTH) IMIEPEBOJI — HAOIIOAaeTCS
B clIydae, KOIjia B OJIHOM U3 TeKCTOB MeTadopa oTcyctByeT: The implementation of
a dc distribution system for city centres is still awaiting further developments in
equipments such as electronic transformers and current limiting devices to
maximize flexibility and optimize the utilization of fixed assets. / Obopydosanue 013
PpAacnpeoeiumenbHblX cucmem NOCMOSIHHO20 MOKA OJisl IHEP2OCHAOMCEHUS YEeHMPO8
20p0008

[Tpu aHanmM3e HaM BCTPETHIIMCH 2 BapruaHTa HECUMMETPUIHOCTH: Memagopa
— Hememacgopa 1 Hememaghopa — memaghopa.

AHanu3 ToKasall, YTO Yallle BCEro BCTPEUYAETCs CUMMETpHYHas Metadopa
(205 u3 269), yacTuyHO CUMMETpHUYHAs — B 37 ciydasx, a HECUMMeTpuyHas — B 43.
JlaHHbIe TIpecTaBiIeHHbIC Ha PrucyHke 1.

Puc. 1.

DKBMBAJIEHTHOCTb TEKCTOBOM MeTadopbl

250
200
150
100

50

0 - -

CUMMETPUYHaA MeTadopa  YacTUYHO CUMMETPMYHAA HecummeTpudHaa metadbopa

N3 o0mero koiguuecTBa KOHTEKCTOB (269) B  aHIIMHCKOM  TEKCTE
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HeMeTapopUIeCKUMH OKa3anuch 38, a B pycckom — 16.
Takum 00pa3oM, KOJIWYECTBEHHBIC JAHHBIE MO3BOJSIOT KOHCTaTUPOBAThH

HapylUIeHUE MPUHIIUIA SKBUBAJICHTHOCTH MPHU MEPEBOIC HAYYHOU MeTaophbI

2.2.2 Metadopuueckue Mo/ieJIu NOHATHSA "'IHeprus' B aHIVIMHCKOM U PYCCKOM
TeKCTe

B  nmamnom maparpade MBI TPEACTaBUM  ONKMCAHHWE  IPOLIECCOB
MeTapOpUYEeCKOl KOHILENTyalu3allud MOHATUS <«OHEPrus» B AHIJMHUCKOM U
PYCCKOM TEKCTax B acleKTe c(hepbl-MUILIEHU U CPEpbI-UCTOUHHUKA.
Cdepa-mumens metadopuyeckoil KOHIENTYAJIN3aAUH

B xome aHanmu3a ObUIM BBIABICHBI CIEAYIOIIME MOHSTUHHBIE CQEPBI,
BBICTYMAIOIIME MUIIEHBIO METAPOPUUECKOE KOHILIENTyalnu3auuu. B 3ToM citydae mMbl
He nuddepeHIMpoBaId JAHHBIE OpUTHHANIA TEKCTa U €ro MepeBojia, T.K. peub UJET
O CMBICIIOBBIM €AMHCTBE. B pe3ynbpTaTe ObLIO BBISBICHO 3 chephl-MUILIECHH, XOTS B
HEKOTOPBIX CIIy4asX pedb UAET 00 OTIEIbHBIX ()parMeHTax MOHATUHUHBIX chep, Kak
OTJENbHBIX BHUJIAX SHEPIUHU, Mbl PEIIWIN 0003HAYUTh UX KaK OTAEIbHBbIE C(hepbl-
MUIIEHU.

Ha pucynke 2 oTpa)keHO 4aCTOTHOE pacrpezeneHue 3Tux chep.

Puc. 2.
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Chepa-muweHb metadpopuueckom
KOHLeNnTyanm3auum

21 2

M 3Heprma B CBETOB2A 3HEprusa SNEKTPHUHECKIA HEPINA

Kak MoxxHO yOenuThcs, HanboJsee akTUBHO METa(pOPUUECKH HOMHUHUPYETCS
IHEPIusi B LIECJIOM.

In fact, any energy transfer by light can be traced down to individual
processes in each of which a so-called light quantum is exchanged whose energy is
equal to the product of the frequency of the electromagnetic oscillations and the
universal quantum of action or Planck's constant. / /leiicmsumenvho, ecsxas
nepedalm JHepcuu ceeniom  MoaHcen ObImb npocneslceHa  6njoniob 00
uHOueudyaﬂbezx aKkmoe, 6 KAMCOOM U3 KOmopblx nepedaemcg maxk Hazvléaembvill
c6emoesoul KeAHm, 9Hep2Usl €20 pasrHa np0u3eeaenmo yacmomsl 31€eKmpOoMAaAcHUMHBbIX
Konebanuil Ha keawm oelcmausi (no-cmosaunyro Ilnanxa).

Crnenytoluii Mo 4aCTOTHOCTU OOBEKT — «CBETOBASI IHEPT U

These interference patterns offer so thorough a test of the wave picture of
light propagation that this picture cannot be con-sidered as a hypothesis in the
usual sense of this word, but may rather be regarded as the adequate account of the
phenomena observed. / Omu unmepgeperyuontnvie nOIOCHL NPEOCMABNIAIOM MAKYIO

YbeoumenvbHyo nposepKy 80JHOBOL KAPMUHbL PACRPOCMPAHEHUA C6ema, umo ee
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yarce Helb3s paccMampueams Kak 2unomesy 8 00bIYHOM CMbICIIe IMO20 ClO8A,

N x nmocnenHerd mo 4aCTOTHOCTH OTHOCHUTCSI MOJICJIMPOBAHUE ITPEICTABICHUMN
00 snekTpudeckoi sHepruu: The capacitor derives its energy directly from the dc
line. / Konoencamop 3apsoicaemcsi nenocpeOcmeeHno om JAuUHUU HOCHOSAHHO2O
moka.

Jlanee paccMOTpUM, Kakue TMOHSATUHHBIE cdepbl Yalle BCEro BBICTYMAIOT
HUCTOYHUKOM MeTapOpUUYECKONW KOHIENTyaIN3allid B aHTJIMHCKOM M PYCCKOM
TEKCTax.
2.2.2.1 AHrimiickuii Hay4Hblii TekcT: MeTadopuyeckue MoAeaH MOHIATHS
«HEePrus»

B kadectBe mcTouHrnka MeTaOPUIECKON KOHIICTITyaIH3aIlii B aHTJIMACKOM
TEKCTE MPUBJICKAIOTCS MOHSATUIHBIE 00JIaCTH, OTOOpaKeHHBIE HA PUCYHKE 3.

Puc. 3.

Coepa-ucrouHuk meradpopuueckomn
KOHUEeNTyanusauun: aHrMunucKkum

B Gu3nyeckmnin obberT

M KMBOE CYLLEeCTBO

B YyenoBseK

H BellecTBo

B NPOCTPaHCTBO

B reomeTpu4eckmnii ob6beKT
4yncno
3HaK

pPacTeHMe

I[HarpaMMa IMOKAa3bIBACT, YTO dYalmic JApyIrux B KadCCTBE HMCTOYHHUKA
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MeTagopUUeCKON KOHIENTyalIu3alMi TPUBJICKACTCS ctepa busnyeckux
00bEKTOB.

Panee IMOJIYYCHHBIC JTaHHBIC HC IIPOTHUBOPCHAT OIOTHUM PpE3yJibTaTaM O
MeTagopuueckoM MOJICIMPOBAaHUH B Hay4HOU cdhepe. Hanmpumep:

A HVDC system requires an electronic converter for its ability of converting

electrical energy from ac-dc or vice versa; A dc capacitor C_dc acts as its energy
storage/ source, and provides the reactive and harmonic powers for the non-linear
load and a small amount of active power to meet internal losses occurring in the
form of switching and dielectric losses; A hydro-electric station is transmitting
energy into a powerful system.
Ms1 BbIssBIIM  MeTaQOpPUUECKHE €IUHUIbI, O003HAYAIOIIME CaMble pa3IuYHbIC
bu3ndyeckre oO0bekThl. [lo mpewmyiiecTBy 3TO camoe o00Iee «IpPeaIMEeTHOS»
MOACIIMPOBAHUC, IIPHU KOTOPOM OHCPIHUA IPCACTABJICHA KaK IIPCAMCT, C KOTOPBIM
COBEPILAIOTCS OIpe/IeIeHHbIe MaHUTY/ISIIMK: transmission, exchanges, conservation.
DHeprusi MOKET paccMaTpUBATHCS KaK PECYpCHBIN OOBEKT, €€ MOXXKHO HaKaIuIMBaTh
u 3amacath (Kinetic energy, stored), kak mumia (absorption). DHeprust Kak 00BEKT
obmamaer pasmepom (measure directly the energy), dopmoii, mpuuemM HU3MeHsEMOMR
(converting electrical energy from ac-dc), cTpykTypoH, NPOCTPaHCTBECHHBIM
nojoxxenreM (energy balance) u mox. (moapoduee cm. IpunoxeHue)

Jlanee 10 HJaCTOTHOCTH CJIeayer MOACIIb «KHUBOC CymecrBo»,
NpCACTABIAOIIAA IIOHATUC KOHCPI'UA» B aACIICKTC CBOMCTB JKHUBOTO.

With recent advances in control techniques, these interconnections are being

increasingly made at weak ac systems; This improves the utility supply system
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power factor as the ac source provides only active fundamental frequency currensts;
If, however, sufficient account is taken of the circumstance that the free energy
necessary to maintain and develop organic sys-tems 1S continually supplied from
their surroundings by nutrition and respiration, it becomes clear that there is in
such respect no question of any violation of general physical laws.

B »sToM ciiyqae mpu MeTagoprUUECKON KOHIICTITyau3alliu 3aJCHUCTBYIOTCS
Takde IMPEJCTABICHUS O XUBOM, Kak ¢usnueckue crocodnoctu (utility supply
system power) u gBuxeHue.

[IpakTyeckn paBHOM MNPEABIAYIIEN II0 YaCTOTHOCTH SBISIETCS MOJEIND,
O6T)GIII/IH5HOH1351 MeTa(i)OpI/ILIeCKI/Ie CANHHNIIBI, MMCHYIOIINC B UCXOAHOM 3HAYCHUHU
yejgoBekas2. Kak IMpaBHUJI0, HOMUHHUPYIOTCA €TO COINAJIBHBIC KAaYCCTBA 1 OTHOIICHU A
The recognition of this situation suggested at once the description of the binding of
each electron in the field around the nucleus as a succession of individual processes
by which the atom is transferred from one of its so-called stationary states to
another of these states, with emission of the released energy in the form of a single
guantum of electromagnetic radiation; As a typical example, | need only mention the
interference patterns which appear when light from one source can travel to a
screen along two different paths.

AHanu3 QpelMOBBIX CTPYKTYP MOKAa3al, YTO B MOJIE KOHIENTYaTu3aIiu

BOBJICUCHBI ITPEICTABJICHMS 00 0OIECTBEHHBIX CBA3IX U oTHomeHus X (the released

s2OTMETHM, YTO KayecTBa YeloBeKa, Kak OMOJIOrMYecKOro Bua, He OTIMYAIOIIUE €ro OT APYTUX
HUBBIX CYIIECTB, Mbl OTHECIIN K MOHATHUIHON 00JIaCTH «GKUBOEY, T.K. HEBO3ZMOKHO
muddepeHIpoBaTh CyObEKTa 3TUX KayecTB. BeposiTHO, NMEHHO MOATOMY MOHATHIHYIO 00J1acTh
«UEJIOBEK» PENPE3EHTUPYIOT MeTaPOphl, OCHOBHHBIE HA MPECTABJICHUAX O COLIUYME U
MEHTAJILHOM JEATEIbHOCTH.
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energy, relationship between energy and mass), coruanbubix gerictusx (light from
one source can travel) u moseaenuu (control the energy), ¢pusnueckux (recover from
disturbances) um mncuxmueckux xapakrepucThkax deimoBeka (can delay system
recoveryfrom perturbations).

Ha geTBepToM MecTe IO YaCTOTHOCTH HaxoauTcs Mojnenb «BemectBo»: The
flow of energy over HVDC Light facilities can be precisely defined and controlled,
thereby meeting NECA's Safe Harbour Provisions; The ability to control power flow
over the facility also means that the capacity rights required for fully commercial
networks service are readily defined.

B nmanHOM ciydae MbI HMMEEM JENI0 TOJBKO C JByMA (peiiMOBBIMU
CTPYKTYpaMH, Ha OCHOBC KOTOPBIX MOACIUPYCTCA IIPCACTABICHHUC 00 OHCPI'MH KaK O
asmkyieics xuakoctu (flow, a current, source).

IIpocTpaHcTBeHHAast MOJEIIb SBJISIETCS CIEAYIOLIEH MO YACTOTHOCTH:

Due to its fast controllability, a dc transmission has full controll over

transmitted power, an ability to enhance transient and dynamc stability in
associated ac networks and can limit fault currents in the dc lines; Modelling of
power system transient and dynamic phenomena is essential to study their impact
on the network design and operation.
Hpe)ICTaBJ'ICHI/ISI 00 OHCPIrur MOryT MOJCIUPOBATHECA HAa OCHOBC IMOHHMMAaHUA €€ KakK
OTACJIbHOIO IMPOCTPAaHCTBA-BMCCTHUIIMIIA, 3daKPBLITOIO IIPOCTPAHCTBA, OOBIYHO KakK
TaKOBOE pacCMaTpUBaEeTCs 3Heprocuctema (an isolated ac system).

Eme MeHee 4YacTOTHOM SBIIIETCA TpylIla €AUHUL, HOMHUHUPYIOIIUX

reomMeTrpuueckmne 00beKThI: The capacitor derives its energy directly from the dc
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line; Adding new transmission capacity by ac lines into city centres is costly and in
many cases the permits for new ROWSs are difficult to get.

Kak mpaBmio B 3TOM ciy4ae HCIOJIB3YETCS TOJBKO oOnHA (peiimMoBas
CTPYKTypa — OPEACTaBICHUE O JINHUH.
Meradopuueckyro Moaenb U (PPEeMOBYIO CTPYKTYPY, CBA3aHHYIO C MOHSATUHHOM
00JIaCThIO «UMCJIO» U «3HAK) PEIPE3CHTUPYIOT TEKCTOBBIE MeTadophl sum of the...,
allows, value: Thus, for successful synchronization, the braking energy, determined
by the braking area Fbrake, must be larger than the sum of the kinetic energy of
the rotor of the synchronous machine before switching-on and the energy,
determined by the acceleration area Facccl; where the left side allows,
approximately, for the kinetic energy of the rotor, and the right side for the
operating forces applied to the rotor, where the non-periodic components give the
mean operational value, which corresponds to the mean value of the kinetic energy
of the rotor; where the left side allows, approximately, for the kinetic energy of the
rotor, and the right side for the operating forces applied to the rotor, where the non-
periodic components give the mean operational value, which corresponds to the
mean value of the kinetic energy of the rotor

EnunuuHbiMU  TEeKCTOBBIMU MeTadopaMu TipefcTaBiieHa MeTtadopudecKast
MOJEIL «pacTeHue»: AS power systems grow and become more integrated,
interconnections to neighboring ac systems are becoming increasingly necessary to
enhance stability, security of supply, flexibility and for other; One of the limiting
factors is the existence of the low order harmonic component in the V_error signal

when the tree-phrase ac source contains harmonics.
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PenpesenTanuss B TEKCTe CBsi3aHA C YMOTPEOJEHUEM JIEKCUYECKUX EIUHUIL
grow u the tree-phrase.

Takum 06pa3om, B KaueCTBE UCTOYHMKA METAQOPUIECKON KOHIETITyIU3aIl[u1
B OoJblIe YacTH Ciy4aeB BBICTyHaeT (puanyeckuil Mup: (U3M4ecKuid OOBEKT,
KUBOE CYIIIECTBO, YEIIOBEK.

Jlanee BbIABICHHBIE CHEPHI-MCTOYHUKN METaOPUUECKON KOHIETITyTH3aI[uu
ObIM  COOTHECEHbI C cdepaMU-MUIICHSIMH, ObUTa OIpejereHa CHCTeMa
MeTaopruIecKuX MoJieseil, HA OCHOBE KOTOPBIX MOJACIHUPYETCS Mpe/ICTaBlIieHne 00
«Heprun». Ha pucyHnke 4 npecraBieHbl pe3yabTaThl KOJUYECTBEHHON 00paboTKH
JAHHBIX, OTPAKEHUE TOTYUUITH MOJIENIN C YaCTOTHOCTHIO OoJiee 5.

Puc. 4.

MeTtadopuueckme mogenm NnoHATUA "sHeprmna" B
AHIMTUUCKOM TEKCTe

B 3Heprusa - 3To GUsnyecknin obbeKT

B 3Heprua- 31O }KKMUBOE CYLLECcTBO

N 3Heprua - 3T0 YenoBeK

H 3HepruAa - 3To BELLEeCcTBO

B CBETOBaA 3HEPTMA - 3TO GUIMYECKMIA
00BbeKT

H 3HepruAa - 310 NPOCTPaHCTBO

CBETOBaA 3HEPTHA - 3TO
NPOCTPAHCTBO
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Wtak, kak MOXHO yOenuThCsl, Hanbosiee yacToTHast Mmojieis - 510 JHEPTUSA
—9TO ®U3NYECKU OBBEKT.

B npenpinymniem naparpade mMbl yxe NPUBOAMIA KOHTEKCTHI peau3aliu BCexX
BBISIBICHHBIX ~ MOJIEei, a TakkKe NPeICTaBIsuid (PpeMOBBIE CTPYKTYpHI,
3a/IeiCTBOBaHHbIE B METa()OPUUECKON KOHIIENITyaIN3allud B paMKax TOW WM UHON
mozenu. Iloaromy Oosibllie HE CYUTAEM HYXKHBIM TMOBTOPSTH YK€ MPUBEACHHYIO
uH(bOpMAIUIO U 00paTUMCS K paCCMOTPEHHIO MeTadhOpUIECKOro MOJICIMPOBAHUS B
PYCCKOM TEKCTE.
2.2.2.2 Pycckmii HaydHbIi TeKcT: MeTadopuyeckue MoOAeJNd TOHATHSA
«Heprus»

[IpunepxuBasch 3alaHHOW CXEMbl OIHUCAHUSA, PACCMOTPUM TMOHSTUHHBIC
oOjacTy, BBICTyHAlOIIME B KadecTBe C(HEphl-UCTOYHUKA MeTapopUuecKon
KOHIIETITyaJIU3aI1H.

Ha pucyHke 5 npeacraBieHbl 3a1€iICTBOBaHHbIE B IIpoLiecce MeTa(hopruiecKoit
KOHIIENTyaJIU3allK B TEKCTE PYCCKOT0 MepeBoa MOHATHIHbBIE 001acTH.

Puc.5.
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Coepa-uctouHuk metadpopuyeckomn
KOHLLeNTyaAn3aLummn: pycCKum

5 o1 B pr3nyecKuid 0ObeKT

16

M ¥MBOE CYLUECTBO
HyenoBek
M BelecTso

141
H NpoCTPaHCTBO

B reomeTpryeckuii o6bekT
4yncno
3HaK

pPacTeHMe

[Toka3aTenbHO, YTO B TEKCTE MEPEBOJIA TaK K€, KaK U B TEKCTE HA aHTJIUHCKOM
A3bIKE, HauOoJIee MOCIeI0BaTEILHO PUBJICKAETCS cPepa-UCTOUHHUK «(Pu3nyecKue
o0bekTb. [lpuBenem npumepsl: C Qusuueckoli mouku 3peHusi ceem MON*CHO
onpederums Kax nepeoawy IHEPZUU HA PACCMOSAHUE MeNCOYy MAmepudibHbiMu
menamu;, Mvl MOXNCeM NPU  NOMOWU  CHEeKMPO-CKONUYECKUX  HaOa0O0eHUll
HENnocpeoCmeeHHO U3MEPUMb IHEPIUID  KadXHCO020 U3 OMUX CMAYUOHADHBIX
cocmosaHuil, /[ nonyyeHus 3pumesbHo20 enedamieruss 00Cmamo4Ho HO210UeHUA
COUHUYUHO20 CBEMOBO20 KBAHMA KAJCOOU MAKOU Hacmuyel, NOIMOMY MOICHO
CKA3amy, YmMo YY8CMBUMENbHOCMb 21a3a Oocmuzaem npeoend, NOCMABLEeHHO20
AMOMHBIM XAPAKMEPOM CEEMOBbIX NPOYECCOB.

Kak MoxHO yOemuThbcsi, B PYCCKOM TEKCTE aKTYyaJIU3UPYIOTCS TE€ IKE
(¢peliMOBBIE MOJIEIM HA3BaHHON MOHATUHHONW 00JACTH, YTO U B aHTJIUHCKOM.
«HEprus» MOACIUPYETCS B IEPBYIO 0YEPEIb KaK MPEAMET, KOTOPHIM MOKHO

OTIEpUPOBAThL: Hecmu, nepedasams JIPYT IPYTY, O0OMeHUBAmMbCs, COXPAHAMD,
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3auuwams. ITOT O00BEKT obsamaer pasmepoM (uzmepsmo, Ooavuias), (Gopmon
(popmol snepeuu), cTpykTypoit (mpocmas, cnodcnas), 3aHAMATh OIPEICICHHOE
IPOCTPAHCTBEHHOE TMOJIOKEHUE (Oananc sHepeuu, sHepeemuueckoe pPaGHOBeCUe).
OHepruss MOXET OBITh OCMBICJICHAa KaK pecypcHbIi 00BeKT (3anacamo,
HaKaniueamo) W Muia (no2nowams).

Jlanee 1O  YAaCTOTHOCTH  CJEAyeT Tpymma TEKCTOBBIX  meTadop,
OCHOBBIBAIOIIMXCS HAa TMPEACTABICHUSIX O <«OKHBOM CYIIeCTBe»: B xauecmee
MUNUYHO20 NpuMepa st YROMAHY Jullb 00 UHmMephepeHYUOHHbIX NOI0CAX, KOMOopble
B03HUKAIOM, eClU C8em OMm O00HO20 UCMOYHUKA MOMCEm UOMU K IKPAHY O08YMs,
paznuunvivu nymsamu, Ilocieonue docmudicenus 8 obracmu cucmem YnpasieHus u
peeyauposanus BTB cmanu 6ce 6Oonee aKmu8HO NPUMEHAMb OISl CA3U MeNCOY
coO0U cnadvIx IHEpzocucmem; Komopas obecneyusana Ovl omoeneHue CUcmemvl
Yn-paeienus npeoopazosamenem om KOMMYMUPYIOULE20 HANPANCEHUA HA 8PeMs.
nepexo0H020 Npoyecca 8 dHepeocucmeme.

Jnst  MomenupoBaHUSI  TOHSTHUS — «IHEPTHs  MPUBICKAIOTCS  TaKUe
XapaKTEPUCTHKU KUBOTO KaKk (DU3UYECKUE CIOCOOHOCTH (cunbHbli-c1aoObll,
Hanpsiyicenue, MOWHOCMb), CIIOCOOHOCTh K  JBWXKCHHIO (udmu, nepexoo),
(U3MYCCKUM TCUCTBUAM (C8513616aMb).

[TonsiTuiinas 001aCTh «YeJOBEK» TPEThs 10 YACTOTHOCTHU: 30ech, Mbl 8UOUM,
umo 3¢hghexmul, komopvie ObLIU Obl BbI36AHBL KAXCOLIM U3 08YX JIy4ell ceemd 8
OmOoenbHOe, YCUTUBAIOMCS 8 meX MOouKax 3xkpana, llpusHanue maxoeo noniodiceHus
MOmMuyac dce HAeo Ha MbICb ONUCHIBAMb YOEPHCAHUE KAHCO020 INEKMPOHA NOSIeM

B0KpY2 A0pa KAaK HenpepuleHbulll ps0 UHOUBUOYALHLIX NPOYUECccos, KOmopbvle
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nepegoosim amom u3 00H020 U3 MAK HA3bl-8AeMblX €20 CIAYUOHAPHBIX COCMOAHULL 8
opy2oe makoe dce COCMOSIHUE ¢ UCHYCKAHUEM 0C8000NCOEHHOU IHEPZUU & BUOe
€OUHUYHO20 KBAHMA OINeKMPOMASHUMHO20 U3NyueHus;, B uacmnocmu, obwas
3A8UCUMOCIb MeNHCOY IHEPZUECH U MACCOI, BbIPANCEHHAS] 3HAMEHUMOU GopmYaou
Qun—wmeuna E — mc2.

B 3TOM ciiyyae Takxke akTyanu3pyercsl aCleKT COUUAIBHBIX B3aUMOICHCTBUN
YeJoBEeKa M, COOTBETCTBEHHO, (PpEeMOBbBIE CTPYKTYpPbI, CBA3aHHBIE C COI[MATbHBIMU
OTHOUICHUSIMU: COLIMAJIbHAS TO3UIUS  (C8000OHbIU, AKMUBHBILL), COLUATbHAS
byHkuus (pabomams, CcaydxHcums), COIUANbHBIC OTHOILICHUSA (9KCHIyamayus,
go30eticmaue, cHabdiceHue, nogeoenue), ColmaabHble KadecTBa (HadedxcHwiti). Ho B
paMKaX pPyCCKOTO TEKCTa OKa3bIBAIOTCS 3a/JICMCTBOBAaHHBIMH U Apyrue (HpeMOBbIC
CTPYKTYpBL: (usnueckoe paecTBue (nepedamsv, npuHAms), KOMMYHUKATUBHOE
ICHCTBHE (6b136amb), ICUXUIECOE COCTOSHUE (6030VarcOeHue).

IIpencraBieHuss 0 BewlecTBe 33JCHCTBOBAHBI B YETBEPTOW MO YaCTOTHOCTH
meTtadopuueckoit Moaenu: Ilomox mownocmu uepes 1T moocem 6vimb MouHO
3a0aH U  pe-eyIuposamvpCsa, uUmo omeeuaem mMpeoosaHusiM — Oe30nacHOCmu
cmanoapma NECA; Kaowcoviti snemenm npedcmasien pe3ucmopom, napaiieibHO
KOMOpOMy — 6KIlIOYeH UCMOYHUK moka. Hcemounux moka npedocmasisem
npeobICMOpUI0 OAHHO20 2JIeMEHMA U COOEPHCUM DHEPeUlo, HaKONJIEHHYI0 paHee 8
PEaKmu8HOM dlleMeHme.

[Tpu MomenupoBaHNM YHEPTUU KAaK BEIIECTBA B TEKCTE MEPEBO/IA, TAKKE KaK U
B TCEKCTC OpWUTHHANIA OKAa3bIBAIOTCS 3aJICHCTBOBAHHBIMU TIPEICCTABICHUS O

JABHMXKCHHUHN KUJKOCTHU.
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[IpeacraBienn 0 MPOCTPAHCTBeE JIeXKAT B OCHOBAaHUM MATOM Mojenu: Takxoe
npeonosodceHue O03Hauaem CyujeCmeeHHyl0 HeOnpeoeleHHOCMb 6 IHepIUu U
Konuyecmee O08udiceHus smux mei...;, OuesuoHas NpPomMuU8ONONONCHOCIL MeEHCOY
makoz2o pooa amoMUCMUYHOCHbIO C8emo8020 3Phgekma u evlmeKaroujen u3
INEKMPOMACHUMHOU  MeOPUU  HeNnpepbleHOCMbI0  PACHPOCHMPAHEHUA IHePUuU
cmagum nepeo HaAMu OUleMMy MAaKo2o Xapaxkmepa, Kakou 00 cux nop He ObuLl
us-gecmen 6 ¢Qusuke; Ilo Mmepe nossneHus  cuyyaed  NPUCOEOUHEHUS
npeobpazosamenei K ClAObIM dHepeocucmemam nompedosanacs  papabomka
cxemvl OISl MAKOU CUHXPOHU3AYyUU, Komopas obecneyusaia Obl omoeneHue
cucmemsl Yn-pasiieHus npeoopazosamenem 0m KOMMYMupyowe20 HanpaxceHus Ha
8peMs nepexo0H020 npoyecca 6 IHepzocucmeme.

[IpocTpaHCTBEHHBIE MOJEIM B OCMBICICHUU IIOHATHSA <«QHEPrUs» He
OTJIMYAIOTCA Pa3HOOOPA3UEM U, B LIEJIOM, KOPPEIUPYIOT C aHTJIMUCKUM OPHUTHUHAJIOM.
OHeprusi TOHHMMAeTcsl Kak OOBEKT, MNpUHUMAKIMUKA (opMy MNpOCTpaHCTBA
(pacnpocmpanenue), W30IMPOBAHHOE/OTPAHUUEHHOE 3aKPBITOE  MPOCTPAHCTBO
(usonuposams, ocpanuuums), TPOCTPAHCTBO-BMECTHIIUIIE, B KOTOPOM MPOUCXOMIST
KaKhe-TO TMpoueccel (8 JHepauu, nepexoovl & IHepaocucmeme, MNOJHAA,
NONOJHAEMCSL).

[IlecTol MO YaCTOTHOCTH SIBJSIETCS MOHATUHHASA 00JIACTh «TeOMeTPUYecKHii
00beKkT». FEe HomunanbHoe JuHelHoe pabouee Hanpsixcenue 100 B u
MAKCUMANbHLIL MOK K. 3. cucmemsl 5 A Ovliu evlOpanvl max, umoobwl ceecmu K
MUHUMYMY NOmMepu U CMOUMOCHb MOOEIUPOBAHUSL IHEP2OCUCEM 6 OUANA30He

VYBH u CBH; B nauane 1960-x 20006 nossunuce nyoauxayuu [2, 3, 4], 6  komopuwix
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00CYIHC-0anUCy NpobeMbl CUHXPOHUZAUUU YAPAGTIAIOWUX UMNYIbCO8, KOMOpbvle
BO3HUKAAU U3-3A UCKAXNCEHUU (hopmbl KPUBOU HANPINCEHUS NPUMbBIKAIOWell
OHEPeOCUCeMbl  BbICUUUMU — CAPMOHUKAMU U NOSIBACHUS — CAPMOHUYECKOU
He-yCMOou4UsoCmu.

B nmaHHOM ciyuyae 3ameilCTBOBaHBI TONBKO 2 (PPEUMOBBIC CTPYKTYPHI:
IpeACTaBIECHUE O JIMHUM (uHelinblll moK) U 0 ee Gopme (kpusas). lymaem, 4yTo B
MOCJICTHEM CiIydae pedb HIAST HE O YHCTOM MeTaopHUYecKor MOJenu, a o
MeTapOPOHUMHH, T.K., BEPOSTHO, Ha (HOPMHUPOBAHHUE OTOTO MPEACTABIISACHUS
NOBJIMsITIa PperiMOBasi CTPYKTypa «rpadux».

Kak u B ciay4yae ¢ aHIJIMICKHUM TEKCTOM, CAMHHYHBIC TEKCTOBBIE MeTadOopbl
o0pa30BaHbI C OMOPOH HAa MOHITHHHYIO 00J1aCTh YHCIA0», «3HAK» U «PACTEHHE»:

Taxum obpazom, 011 YCnewHou CUHXPOHUZAYUU IHEPeUsl MOPMONCEHUS,
onpeodensemas NIowWaoKou mopmodcenuss F_mopm, oondxcna dvims 6oavuie cymmol
KUHEMUYeCKOll IHEPeUU pOmOopa CUHXPOHHOU MAWUHbL nepeod GKIIYeHUeM U
9Hepeus, onpeodensemol niowaokou yckoperus F yck.; ... 20e Jlesas 4acmo
NPUOTIUNCEHHO YUUMBIEAEM KUHEMUYECKYI0 IHEPZUI0 pomopa, a npasas - pabomy
CUJL, NPUTOINCEHHBIX K POMOPY, NpuieM Henepuooudeckue ciazaemvle 0aom cpeoHee
3HaueHue pabomsl, KOMOPOMY COOMBEMCMBYem CpedHee 3HAYeHUe KUHeMmUuecKoll
SHepeuu pomopa

20e Jesas uYacmv NPUOIUICEHHO Npudem  Henepuoouyeckue  clazaemvle
oarom cpeonee 3HayeHue pabomol, KOMOPOMY COOMBEMCmMaEyem cpeoHee 3HaUeHue
KUHEemuUu4ecKoll IHepzZuU pomopa

Ilo mepe pocma u uHmezpaunuu 3I1ICKmpoInepcemud4ecCKux CuCmem CceA43u ¢
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COCEOHUMU DHEP2OCUCTEMAMU NePEMEHH020 MOKA CMaHosamcs 6ce 0Ooee
He-00X00UMbLMU MedHCCUCMEMHbIe C853U OJISl NOBbIULEHUS YCIMOUYUBOCTU...

Crnenys MPUHATON CXEME OIMMCAHWS, MPEACTAaBUM METaQOpHUIECKHUE MOJCIIH,
BBISIBJICHHBIE HAMU B TEKCTE PYCCKOT'0 MEPEBOAA AHATU3UPYEMBIX HAYYHBIX TEKCTOB.
OrpanuueHus, CBA3aHHBIE C YaCTOTHOCTBIO MojeJied, ObUIM MPUMEHEHbI U B ATOM
ciydae. Hanbose yactoTHbie MOJIENIH MPEACTABICHBI Ha PUCYHKE ©.

Puc.6.

Metadopuueckue mogenm noHATUA "sHeprua” B
PYCCKOM TeKcTe

M 3HEprMA - 3T0 QU3MYECKMI 0ObeKT

M SHEPTUA- STO MUBOE CYLLECTBO

M 3Heprua - 3To Ye/10BEK

Hl 3Heprua - 3To BELLECTBO

M 3Heprua - 3To NPOCTPaHCTBO

W CBETOBaA 3HEeprus - 310 GU3ndeckunii
00beKT

CBETOBasA 3Heprua - 3to
NPOCTPaHCTBO

JHEPIMA - 3TO FTeOMETPUYECKUIA
0b6beNT

Kak u B mpenpiaymem mnaparpade, mpencTaBiCHHbIE JaHHBIE MO3BOJSIOT
ClleJIaTh BBIBOJl, YTO JUII PYCCKHUX IMEPEBOJHBIX TEKCTOB TAaKXE XapaKTEPHO
mmpeoliialanie MOJICTH IHepPrusi — 3To (Gu3uYecKHii 00bEKT, YTO MOXKET OBITh
MIPOMHTEPIPETUPOBAHO KAK MapaMETp COOTBETCTBHUS HCXOJHOMY TEKCTYy Ha
AHTJIMMCKOM SI3BIKE:

Takum O6p8,30M, moaBoasd HTOIru, OTMCETHUM 3HAYUTCIBHOC CXOICTBO B
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Imponeccax MeTa(i)OpH‘ICCKOﬁ KOHIOCHITYAJIN3alu IIOHATHUA  «OHCPITHUS» B
AQHTJIUNCKOM U PYCCKOM TCKCTAax. bonee I[eTaJ'II)HLIﬁ CONOCTABUTECIILHBIM aHaIn3

IpEe/ICTaBIICH B CIEAYIOIIEeM maparpade.

2.2.3 CpaBHHUTe/IbHBIH aHAJU3 MeTaOpUYECKUX Mojesell MoHATUSA '"IHeprus'
B AHIVIMIICKHUX U PYCCKHUX TEKCTaxX

[Ipn comocraBieHMM JaHHBIX IO MeTaQOpPHUYECKOMY MOJACIUPOBAHUIO B
AQHTJIMICKUX W PYCCKUX TEKCTax ObLIO BBIABAJICHO, YTO MPHU MEPEBOJE MPUHIUI
AKBUBAJIEHTHOCTH COOJIIOAETCSI HEMOCIEA0BATEIBHO.

KonmuuectBeHHblit aHamu3 mokasain, 4ro 231 Meragopuyueckoil eIuHHIIC
AHTJIMMCKOTO TEKCTa COOTBETCTBYET 253 B pycCKOM. TO €CTh, BO MHOTHX CIIy4asiX B
pycCKOM TeKcTe MeTradopamMu MEpeBOASITCS HEMETAPOPUUYECKHUE BBIPAKECHUS
AHTJIMKACKOTO, T.€. Mbl UMEEM JIeJIO0 C HECUMMETPUYHOUN MeTadopoi, COOTHOLIEHUEM
EAVHUI] «TpsiMasi HOMUHAIMS — Metadopay. [IpomwmmocTpupyemM 3Ty CUTYaIMIO:
The amplitude of this deflection rapidly diminishes with the increase in speed, since
the rotor possesses a considerable amount of mechanical energy / Cunxponnuwiii
MOMeHm 00yCN08IUBaAem M2HOBEHHble NePUOOUYECKUE OMKIOHEHUsSI CKOJIbIHCEHUS
pomopa om cpeone20 3HaAUeHUs, [npuuem amnaumyoa dMmux OMKIOHEHUU ¢ pOCMOM
cKopocmu dOvicmpo yovlieaem, maxk Kak pomop oobaaoaem 0601bULOU MEXAHUUECKOU
unepuyueii].

B sTtom crmydae Mbl Habm0aeM, C OJJHOM CTOPOHBI, HEIKBUBAJIECHTHOCTh Ha
YpOBHE CHHTakcuca. A ¢ Jpyroil, ropaszno OoJbllle HAaC HHTEPECYINYIO,

HEAKBUBAJIEHTHOCTh MeTadopuueckyo. B aHrMiickoM TeKcTe UCIOoJIb30BaHa
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TeKCTOBasi Meradopa THoceosnorndeckoro tuma amount of mechanical energy,
37mech 3ajieiicTBoBaHa Mmoxens DHEPTHS — OTO ABCTPAKTHBIM OBBEKT
(HHUCJIO). B Tekcte pyccKoro nepeBoja HeT YIOMUHAHUS MOHATUS «IHEPTUSD), HET
MeTadOpUIECKOro KOHTEKCTA.

Bo3smoxkabl u oOpaTHble ciydau: Snubbers with energy recovery are also
feasible / Bozmoorcno npumenenue demngupyrowux ueneii ¢ pekynepayuei SHepeuu.
B aHrnmiickoM TeKcTe MCIOJIb30BaHA TEPMHHOJIOTUYECKAs €IMHUIA, & B PYCCKOM
TEKCTE MPHUBJICYCHA PyCCKasi TEPMHUHOJIOTUYECKAS €IMHUIA METaOPUIECKOTO THUTIA
- demngupyrowue yenu.

MBI  mpoBenM  CONMOCTABUTENBHBIA  aHaliW3, OCTaBasCh B  paMKax
CUMMETPHYHOH W YaCTUYHO CUMMETpHUYHOW MeTradopsl (mepeBon «Mmetadopa —
Metadopa»).  PesynpTaThl  aHamu3za  c(Pep-UCTOUHMKOB  MeTadOpHUECKOM

KOHIICTITYaJIM3aIli1 PEICTABJICHHBI B TAOJIHIIE 2.

Tabuuuna 2.

AHIJIMHCKHHA TEKCT Pycckuii Teker
Ha3zBanue Koun-Bo Ha3zBanue Kou-Bo
busznueckuit 140 busznueckuit 141
O00BEKT 00BEKT

KUBOE CyIlecTBo | 27 KHUBOE CyliecTBo | 39
YeJI0BEK 26 YeJI0BEK 29
BELIECTBO 18 BEIIECTBO 16
MIPOCTPAHCTBO 12 MPOCTPAHCTBO 16
reOMEeTpUYECKuil | 2 reOMETpUYECKUd | 5
00BEKT 00BEKT

YUCIIO 2 YUCIIO

pacTeHue 2 pacTeHue

3HaK 1 3HaK
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Wtak, MO’)XKHO HaOJI01aTh, YTO CONOCTABUTEbHBIN aHAIN3 ITOKa3bIBAET [TOYTU
[IOJIHOE COBIAJICHUE IPUBJIEKAEMbBIX NOHATUUHBIX oOsiacTedl. EnMHCTBEHHOE, 4YTO
OTJINYAET AHTIIMUCKUN U PYCCKUM TEKCTHI — KOJIMYECTBEHHBIN [10KA3aTEllb.

ConocTaBUTENbHBIN aHATU3 METAPOPUUECKUX MOJENeH, (PYyHKIIMOHUPYIOIIUX

B QHTVIMICKUX U PYCCKUX TEKCTaX MOKa3aj MoJoOHbIe pe3ybTaThl (Tabnuia 3).

Taduamnuna 3.
AHIJIMHCKHHA TEKCT Pycckuii Teker
Mopenn Kon-Bo Mopenn Kon-Bo
sHeprus - 3To pusmyeckui | 127 sHeprus - 93710 ¢usznueckuii | 133
OOBEKT OOBEKT
SHEprus - 93T0  xuBoe | 27 sHEprus - 3TO0  xKuBoe | 37
CYILIECTBO CYILECTBO
SHEPIHUs - ITO YEIOBEK 21 AHEPIHUsA - ITO YEIOBEK 27
SHEPrus - 3TO BEMIECTBO 16 SHEPIUs - 3TO BEIIECTBO 15
cBeroBasi JHeprusi - 310 |11 JHepPrus - 3TO NpocTpancTeo | 11
¢usnyecknii 00beKT
IHEprus - 310 | 7 cBeTOBasi JHeprust - 9T0 |8
MPOCTPAHCTBO (pusnuyecknii 00beKT
CBETOBas DHEpPrusi - O9TO |5 CBETOBas OJHEPrus - 9370 |5
IPOCTPAaHCTBO IPOCTPAHCTBO
cBeTOBasi JHeprusi - 310 |4 JHEPrus - ITO | 5
YyeJI0BeK reoMeTpuyeckuii  00beKT
JHeprus - ITO | 2 cBeTOBasi JHeprust - IT0 |2
reoMeTpu4ecKuid 00beKT 4eJI0BEK
SHEPTHS - ATO YUCIIO 2 DHEPTHS - ATO YUCIIO
CBETOBasg DHEprusi - 9710 |2 cBeToBasg odHeprus - 9310 |1
BEIIECTBO BEILECTBO
SHEPTHS - ITO PACTCHUE DHEPTHS - ITO 3HAK
DHEPTHS - ATO 3HAK 1 DHEPrHs - ITO PaCTCHUE
CBETOBas PHEPTHS - 3TO KUBoE | 1
CYILECTBO
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CBCTOBAasA OHCPIHUs - 10 | 1

KHUBOTHOC

B nmaHHOM ciywyae Takke HaOJMIOAAeTCsl MPAKTUYECKH MOJIHOE COBIAJCHHE
MoJjienel (HecoBnanarT 4 Mojaenu). B aHrmuiickux v B pyCCKUX TEKCTax HamboJiee
pacmpocTpaHenHas ~ momens JHEPTHMSI - DJTO  @®HU3MYECKHU
OBBEKT(127/133). Peub naer no npeuMyIiiecTBy O KOJIMYECTBEHHOM Pa3JIMYUU,
T.K. KOJJMYECTBEHHAs peasin3allis MoJieJiel B TEKCTE pa3iinyHa.

[Tonarem, 4tro aHamu3 OyaeT 0OoJiee MOJHBIM, €CIM NPUBJIEYL JaHHBIE O
3a/ICICTBOBAaHHBIX B TMpolleccax MOJECIUPOBaHUS (PpEeMOBBIX CTpyKTypax. B

Tabnuie 4 mpeACTaBIEHbI JaHHBIE O COMOCTaBICHUHN (PEHMOBBIX CTPYKTYP.

Tabimua 4.

AHIIMACKMH TEKCT Pycckuii Teker

Openm Kon-so | ®peiim Koui-Bo
npeaIMeT 59 | mpeamer 54
¢uznyeckas CnocoOOHOCTh 26 | pusmgeckas ciocoOOHOCTD 35
JKUIKOCTh 16 | )xuaKocTh 15
pa3mep 13 | ob61mecTBO 14
00111eCcTBO 12 | nBmwxeHue 12
JIBH)KCHUE 12 | pasmep 12
MOJIOKEHUE B TPOCTPAHCTBE 12 | mumia 10
TUOKUM TpeaMeT 11 | rubkuit npeameT 9
pecypc 8 | BMecTHIIHIIE 8
aptedaxT 6 | apredakt 6
dopma 6 | moyiokeHue B MPOCTPAHCTBE 6
MU 5 | pecypc 6
3aKpBITOEC 4 | nelicTBUE 5
BMECTHIIHIIE 3 | 3aKphITOE 5
a0CTpaKTHBIA OOBEKT 3 | cTpoeHue 4
CTPYKTYypa 3 | bopma 4
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CTpPOCHHE 2 | aOCTpaKTHBIN OOBEKT 3
TICUXUKA 2 | CTpyKTypa 3
TIEUCTBHUE 1| Bec 2
BEC 1 | MmexaHu3zm 2
MEXaHU3M 1 | ncuxuka 2
Ips3b 1 | peueBoe moBeneHNE 2
BHEIITHUNA BUJ 1 | ToBap 2
U3MEHEHHE 1| rps3p 1
HaTypdakT 1 | BHELIHMI BUT 1
OpraHUYeHUE JBHKCHUS 1 | usMeHeHue 1
OIICHKA 1 | matypdakt 1
MIOBEJICHHE 1 | oprannueHue JBUKEHUS 1
MPEIMET UCKYCCTBA 1 | onieHka 1
JIEPEBO 1 | noBeneHue 1
NEATEIBHOCTD 1 | npeaMet uckyccrTpa 1
MHTEJUIEKTYAJIbHOE AEHCTBUE 1

MEHTaJIbHOE JIEHCTBUE 1

OTKPBITOE MPOCTPAHCTBO 1

OTHOIICHHUS 1

CyJHO 1

Kak moxxHO yOeauThes, Ha ypoBHE (DpEeWMOBBIX CTPYKTYP, 3aJ€HCTBOBAHHBIX
B Ipolieccax MeTa(hopruuecKoil KOHIENTyaau3alu, HaOI0JaeTCsl paCXOKIEHUE.

Ecnu cample 4dacToTHhie (peliMOBBIE CTPYKTYpHl (TpeaMer, Quznueckas
CIIOCOOHOCTB, KMJIKOCTh) B TEKCTAaX COBNAAAIOT U X YAaCTOTHOCTh OJIM3Ka, TO Aajiee
Ha0II0AAeTCsl HECOOTBETCTBUE KaK B KOJMYECTBE 33/J€MCTBOBAaHHBIX (HPEHMOBBIX
CTPYKTYp, TaK U B KaUeCTRBE.

[logBomss WTOT, OTMETHM 3HAYUTENBHYIO OJM30CTh, HO HE HJICHTUYHOCTH
npoLeccoB MeTahOprUUecKOro MOJACIUPOBAHUS B aHIIMMUCKUX HAYYHBIX TEKCTaxX IO
(u3HKe U TEKCTaX PyCCKOro MepeBoa.

Jlanee mepeiiieM K pPacCMOTPEHHUIO SKBUBAJICHTHOCTH (PYHKIIMOHAIBHBIX
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TUTIOB METa(OPHI B AHTTIUICKUX U PYCCKHUX TEKCTaX.

2.3 JKBHBAJIEHTHOCTh (YHKIMOHAJIbHBIX THIIOB Hay4yHoOl Metadopbl B
AHTJIMHCKUX U PYCCKHMX NEPEeBOAHBIX TEKCTAX 10 pu3nKe

[lepeiineM k cneayroliemMy dTaly Hallero UCCiaeqoBanus. B xo/1e anammsa mMbl
OTIpEAEIISIIN MIPUHAJIEKHOCTh KaKJIO0U TEKCTOBOW MeTapophl K (PyHKIHUOHATIBHOMY
TUITYy C TOYKU 3pEHUS €€ THOCEOJIOTHYECKON PYHKIIHH.

Ha nmnpuBeneHHOM HHMXKE pUCYHKE [ TIPEACTaBICHO paclpeiesieHue
(GYHKIIMOHATBFHBIX TUIOB MeTadop B aHTTUICKUX U PYCCKUX MEPEBOJIHBIX TEKCTaX.

PucyHnok 7.

PacnpepgeneHune pyHKUMOHANbHbLIX TUNOB
meTadop

180

164

160

140

120

100

B IHIAMACKKMA
80

M pyCcCHMKA
60

40

20 14

OGLLI'E,[I'HCHVF)CHEIHBQ rHoceonorvyecKan TEPMHMHOMNOMNM4YeCcKas

[TepBoe, 4TO cieayeT OTMETUTh, TEKCTOBbIE MeTadopbl, HA OCHOBE KOTOPBIX
(dopMupyeTcssi NpEeACTaBICHUE 00 «HEPrMM» IO NPEUMYILIECTBY OTHOCATCA K
TEPMHHOJIOTMYECKOMY THUITY.

AHanu3 nokasai, 4to, (pyHKIHOHAJIbHAs YKBUBAJIEHTHOCTh B 218 ciydasx u3
269, COOTBETCTBEHHO, HEAKBUBAJIEHTHOCTh — B 51. Ho mpu 3ToM mpeoOrnanatoiiee

KOJIMYECTBO CIy4acB HCEIKBUBAJICHTHOCTH CBA3aHO € HCECUMMCTPHUYHOCTBLIO
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IepeBoaa U TOJIbBKO B 6 CIIyuiax Ha6moz{aeT051 (l)yKHIII/IOHaJILHaH HEOKBHUBAJICHTHOCTH
B cutyanuu «Mmetadopa — metadopay.

[lpuBenem mpuMep Takoil HedKBUBaJIeHTHOCTH: Since evidently the
interpretation of the spectral laws implies that an atom in an excited state in general
will have the possibility of transitions with photon emission to one or another of its
lower energy states. / monkosanue cnekmpaibHbIX 3AKOHO8 S6HO NPEONoaazaem,
ymo amom 6 6036y9fca€HHOM COCMOARUU Umeem, 6’0067/146 20B0pA, BO3IMOIHCHOCNb
nepeumu ¢ UCHYCKaHuem @QOmMoHO8 6 O00HO U3 CB0UX COCMOSAHUL ¢ MeHbulell
JHepzuel.

Kak wMoxHO y6€I[HTI>CSI, B JdaHHOM CJIy4aCT pCdb HACT O CTCIICHH
TCPMHUHOJIOTU3UPOBAHHOCTHU BBIPAKCHHA.

Taxkum o6pa30M, MOXXKHO TOBOPHUTb O COXPAaHCHHHU q)YHKHHOHaHLHOfI
SKBUBAJEHTHOCTH TMpU  TMEpPEeBOAE TEKCTOBBIX  MeTadop, (QOopMUPYIOMIMX
MIPEACTABICHUE 00 «IHEPTUW» C AHTJUNCKOIO HAa PYCCKUU A3BIK HAYYHBIX TEKCTOB

1o pu3MKe.

BbiBoabI.

[IpoBeneHHBI aHAMU3 TMO3BOJIMJI  CAENAaTh BBIBOJBI O TMapaMmeTpax
MeTaoprUIeCcKO KOHIENTyalnu3aliil TOHITHS «QHEPrUs» B HAYYHOM TEKCTE, a
TaK)K€ YCTAaHOBUTH CTENIEHb PKBUBAJICHTHOCTH (DYHKITMOHAIIBHBIX THUIIOB TEKCTOBOM
MeTadopsl B OpUTHHAJIE U TIEPEBOJIC HA PYCCKHI SI3bIK HAYIHOT'O TEKCTA.

1  HaubGomee wuactoTHass wmeTadopuyeckass MOMACNb, TOCIEAOBATEIHHO

peanu3yemMbie MPU MPOYIHUPOBAHUN TEKCTOBBIX MeTadop KaK B TEKCTE OpUTHHAJA,
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tak u B Tekcte nepeBoja: DHEPTUA — DTO OU3NYECKOE OBBEKT (127/133).
Kpome Toro, ObL1 BBISIBJIEH KaU€CTBEHHBIN NapalieaIn3M MeTaQOpUIECKUX MOJIeTeH,
O(OPMIISIIOIIUX TIOHATHE «IHEPTUs» B TEKCTaX OpUTHMHAIA HA aHIJIMHUCKOM H
NEPEBOJIOB HA PYCCKUM SI3bIK, YTO MO3BOJIIET TOBOPUTH O CYIIECTBEHHOM CXOJICTBE B
npoleccax KOHIENTYalIbHOrO MeTa(OprUIeCKOTro MOJICTUPOBAHMS.

2. OmgHako KOJMYECTBEHHBIM aHAIW3 METa(QOPUUECKUX CIMHMI] B TEKCTaX
OpUTrMHala W TepeBojia IMOKa3ald, 4YTO MPU MEePeBOJE MPUHILHUI IKBUBAJICHTHOCTH
cobmoaercs HETOCIEA0BATEIBHO: OBLIIO0 BBISIBIICHO HECOOTBETCTBUE
MeTahopUUeCKUX €IMHUII — TEeKCT IMepeBoja okaszajicsi Ooyiee MeTaQopUUHBIM,
HEXEJIU TEeKCT opuruHaia (231 meraQopuyecKuM €IUHUIIAM aHTJIMMCKOTO TEKCTa
COOTBETCTBYET 253 B pyCCKOM).

3. OrMeTruM MpW 3TOM, YTO TPH IEPEBOJE MpeodiIamaeT CUMMETpHUIHAS
metadopa, CBUICTEIBCTBYIOIIASS O 3 ypOBHE OJKBUBAJICHTHOCTH TEPEBOJA
meTtadopuueckux enunuil (205 u3 269), yacTHYHO CUMMETpUYHAs BCTpeyaeTcs B 37
ciyvasx, a HecummeTpuuHasi — B 43. [locneqnuii mokaszaTeinb CBUAETECTBYET O TOM,
YTO 3KBHBAJIEHTHOCTH MEPEBO/Ia BCE K€ HAPYIIAETCH.

4, KonuyecTBEHHBIM aHalW3 TMOKa3aJl TakkKe, 4YTO NpPU Ka4eCTBEHHOM
napayenusMe  MetaQopudyecKux — Mojesiel  HaOJIoJaeTcsl  KOJIMYECTBEHHBIN
nucbananc. Meradopudeckue MOICNN MPEACTABICHBI B TEKCTaX HA aHTJIMICKOM U
PYCCKOM SI3bIKaX HEPaBHO.

5. HenBUBaIEHTHOCTH MPOCIICKUBACTCS U HA YpOBHE (DPEUMOBBIX CTPYKTYD,
3a/ICCTBOBAHHBIX MPU METahOPUUECKOM MOJCIUPOBAHUU TOHATUS <«DHEPTHUS»: B

AHTJIMACKUX U PYCCKUX TEKCTaX 3aJeMCTBOBAH OJM3KUINA, HO HE TOXK/IECTBEHHBIN PsiI
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(bpEeMOBBIX CTPYKTYP, BAPHUPYETCS UX KOJINYECTBEHHAS MPEICTABICHHOCTD.
6. OpnHako ¢ TOYKH 3peHHs QYHKIMOAHJIBHBIX THUIIOB MOXKHO TOBOPHUTH O
COOJIOJICHUM  TpPUHIUIA HKBUBAJIEHTHOCTH, T.K. CIy4al HECOOTBETCTBUS

Q)yHKHHOHaJIBHBIX THUIIOB B OpUTHUHAJIAX U IICPCBOAAX CAUMHUYIHEI.
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3axioueHue

HayuHblil TEKCT TIpenCTaBiIIeT 0COOBIA UHTEPEC ISl UCCleloBaTel B 00J1acTH
TEOpPUU TO3HAHUSI U KOTHUTBHOM JIMHTBUCTUKH, T.K. OH OTpakaeT pe3yibTaThl
HAy4YHOM JEATEIbHOCTH M HAYYHOTO MBIIUICHHUS, OCOOEHHOCTH KOTOPBIX
IOPOSBIISIIOTCS. B UX CTPYKTYpe U 0CO00M s3bIKOBOM opraHuzanuu. [IpuHIUIIEI
S3BIKOBOM OpraHu3aIuu HAy4YHOTO TEKCTa, OTpe/ICIICHHbIE
(GYHKIMOHATBHO-CTUIIUCTUYECKH HAMPBICHUEM BKJIOYAIOT TKAaKUE MapamMeTphbl
JIOTUYHOCTh, TOYHOCTh, AOCTPAKTHOCTb M OOBEKTUBHOCTH W HEUTPAIBHOCTD.
VY4eHble 0TMEYAIOT, YTO HAYYHBIN TEKCT HE IOJKEH COAepKaTh MeTadopy.

Ho HoBble Teopuum wmetadopbl, B YACTHOCTH, TEOPHsl KOHIICNTYaJIbHOM
meTadopsl, MoKa3ana, 4YTO HaydHOE MBIIUICHHE MeTa(OpPUYHO U, COOTBETCTBEHHO,
Hay4YHBIN TEKCT COJEPKUT MHOTO MeTadop.

Mertadopa Kak CTUIMCTUYECKOE CPEJCTBO M3BECTHA YK€ JIaBHO, HO TOJIBKO
XX B. OblJIa OTKpBITA THOCEOJOTHUECKass (QyHKIUA MeTadopbl — PyHKIIUSI, KOTOpas
nenaet Metadopy HE TPOCTO CTHWIMCTHYECKOM (QUTYypol, HO MEXaHU3MOM
MbIUIeHUs. IMEHHO ATOT MEXaHW3M y4acTBYEeT B ()OPMUPOBAHUU MPEICTABICHUMN
00 a0CTPaKTHBIX MOHATHUSX, K KOTOPHIM OTHOCUTCS Y TIOHSITUE «IHEPTUS.

[IpoBeneHHBIN HAMHM aHAJIW3 MO3BOJIII CHIETATh BBIBOJBI O MeTa(OPUIECKOM
MOJICTUPOBAaHUM JTOro mMoHATUSA. Korja yd4eHbll ONHCBHIBAET DSHEPTrUI0 OH
oOpamiaercss K TMPEJACTaBICHUSM O pPa3IUYHbIX (PU3NYECKUX OOBEKTaX H HUX
CBOMCTBAX, aKTyaJIM3UPYET 3HAHUS U3 OOJACTH (GKUBOE CYIIECTBO» U «UEIOBEK.
OnuchiBa€T DSHEPrUI0  KaK  JIBIKYIIYIOCS — KUJKOCTh, IIPOCTPAHCTBO U

reomeTpudeckre o0bekThl. Yarie Bcero ucnosb3yercs mojens DHEPITUA —  OTO
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OUBUYECKUI OB BEKT(127/133).

[TonoGHBIe pe3ynbTaThl ObUIM MOJYYEHBl M JUISl aHTJIMUCKUX U I PYCCKHX
TEKCTOB M0 (U3HKE.

[IpuMeHeHUE KOJUYECTBEHHOTO AaHajau3a IO3BOJWIO MOJIYYUTh JIaHHBIE O
YacTOTHOCTH  MeTadopuueckux Mojened U (GpelMOBBIX  CTPYKTYp IpHU
MOJICTMPOBAHUU TOHATHUSL «IHEprus». CONMOCTaBUTEIbHBIM aHAINU3 ATUX JTAHHBIX
Jan  BO3MOXKHOCTb BBISIBUTh HapylIeHUE JKBUBAJICHTHOCTH TIPU TEPEBOJE,
MPOSBIISIIOIIEECS B KOJIMYECTBEHHOM HECOOTBETCTBUHM METAPOPUUECKUX MOJIETEH U
(GperMOBBIX CTPYKTYp, HECUMMETPUYHOCTH TEKCTOB B aCIEKTE MCIOJIb30BAHMS
TEKCTOBBIX MeTadop.

OmHako MOXHO TrOBOPUTH O TOM, 4YTO BBIBJICHHOE HapylIECHUE
HE3HAYUTEIHHO, T.K. BCE K€ MpeobiiaiaeT CMMMeTpruyHas Metadopa u coOo1aeTcs

O9KBHUBAJICHTHOCTL C TOYKH 3PCHUA (1)YHKI_II/IOH3J'II>HI)IX THIIOB.
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Ipuioxenue 1.

KOHmMEKCm anenuiicKui mexkcmo | MOJ] | CH | CM | ®dpe | O | I T KOHmeKcm pyccKuil mexkcmo | MOJJ | CH | CM | @pe | O | T’ T e 2 19 |3
easn EJIb aumen | anen | im aume | ame | ame easn EJIb pyce | pyce | im pye |pyc \pyc | M | M | ® | @
memad) | amenu | wiic | wiic memagh | pycck | Kuil | Kuit M T
opa Hckuil | Kuii | Kuil opa uu
ananuiic PyccKuii
Kuiu
From a physical transmi | smepr | ¢u3 | sHep | mpe | O 0 1 C ¢usuueckoit TOUKH nepexa | sHepr | ¢u3 | smep | mpe | O 0 1 1 1 1 1
standpoint, light may be ssion of | us- uye | rus | OMe 3pEHHUS C8ent MOKHO qy us - nue | rus | ame
defined as transmission energy | ato CKH T OIPEICITUTh KaK JHepru | 310 CKH T
of energy between ¢bm3my | # nepenavy sHepauu Ha U ¢bm3my | #
material bodies at a eckuii | 00be PacCTOSIHUE MEKITY eckuii | 00b
distance 00BeK | KT MaTepuaIbHbIMH 00BeK | eKT
T TeJIaMH. T
According to this theory, light is cBeToB | yeno | cer | mHT | O 1 0 ITo sToit Teopuu ceem CBeT cBeto | ywem | ceer | obm | 1 0 0 1 1 0 1
light is described as describe | as BEK oBas | eie MpeACTABIISIET npejacra | Bas OBEK | OBast | eCTB
coupled electric and d JHEpr 9HEp | KTya JIIEKTPUIECKHE BJISIET SHEpPT SHEp | O
magnetic oscillations us - rus | JbH MarHuTHBIE KOJIeGaHusl, ust - rust
differing from ordinary 3TO oe CBSI3aHHBIE MEXIY 3TO
electromagnetic waves of 4eJ0B neiic c0o00ii ¥ OTIHYAIOIHECS 4e0B
radio transmission only by eK TBHE OT OOBIYHBIX PAJUOBOJIH eK
the greater frequency of TOJIBKO OOJTBIIeH
vibration and the smaller 4acToTOit KoebaHuil 1
wave-length. MEHBIICH TTMHON
BOJTHBI.
In fact, the practically propaga | ceeroB | mpo | cer | gBu | O 0 1 B camowm gere, pacnpo | ceeto | mpo |ceer | gBu | O 0 1 1 1 1 1
rectilinear propagation of | tion of ast cTpa | oBas | ke NPAKTHYECKH crpame | Bas crpa | oBas | ke
light, on which rests the light SHEpr | HCTB | SHep | H NPSMOJIMHEHHOE HHUe 9HEPr | HCTB | DHep | H
location of bodies by us - 0 Tl | ue pacnpocTpaHeHnue cBeTa us - 0 rus | ue
direct vision or by suitable 3TO céema, Ha KOTOPOM 3TO
optical instruments, IPOCT OCHOBAHA JIOKAIU3aLHsI pOCT
depends entirely on the pascT TEJT IPSIMBIM BHICHUEM paHcT
smallness of the BO BO

wave-length compared
with the dimensions of the
bodies concerned and of
the instruments.
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At the same time, the wave CBETOB | BELl | CBET | JKHI B T0 e Bpemst BOJIHOB | CBETO | Bell | CBET | XKHI
wave character of light charact | as ecTB | oBas | KOCT BOJIHOBOJi XapakTep oit Bas €CTB | oBas | KOCT
propagation not only er of SHEpPr | o JHEp | b pacnpocTpaHeHUs Xapakr | 2Hepr | o 9HEp | b
forms the basis for our light us - rus céema BaXKeH B JIBYX ep us - rus
account of colour propagat | sro OTHOLICHHUSX. pacmpoc | 3TO
phenomena, which in ion BeIEeC TpaHEHH | Belec
spectroscopy have yielded TBO s CBEeTAa | TBO
such important
information of the
constitution of material
bodies, but is also
essential for every refined
analysis of optical
phenomena.
As a typical example, | light CBETOB | 4eJo | CBET | IBH B xayecTBe THIIMYHOTO | CBET OT | CBETO | )KMUB | CBET | IBH
need only mention the from ast BEK | oBas | ke npuMepa s YIOMSHY OZIHOTO | Bas oe oBasg | ke
interference patterns one SHEPT SHEP | H Tk 00 HMCTOYHHU | DHEPr | Cyll | DHEp | H
which appear when light source us - s | ue UHTEPEPEHIINOHHBIX Ka us - ecTB | rus | ue
from one source can can 3TO nojocax, KOTOpbIC MOXKET 3TO o
travel to a screen along travel 4eJoB BO3HMKAIOT, €CIIU C6em MITH K 5KUBOT
two different paths. eK OT OJIHOTO UCTOYHUKA JKpaHy HOE

MOKeT HATH K OKpaHy | JABYMS

IBYMSI, Pa3IHIHBIMA

MyTSMH.
Here we find that the produce | cBetoB | ueno | cBeT | gesT 311ech, MBI BUAUM, YTO BbLI3BAH | CBETO | Yel | CBET | peue
effects which would be d by the | as BeK | oBas | enb 3¢ dexTsI, KOTOpHIE bl Bast OBEK | OBas | BOe
produced by the separat | sHepr 3HEp | H ObLH OBI BBI3BAHBI KaXKIbl | SHEpT 9HEp | moBe
separate light beams are | e light s - rus | ocTh KaXKIIbIM M3 IBYX Jiyueil | M u3 ust - ras | JIeH
strengthened at such 3TO ceéema B OTIENLHOE, JABYX 3TO ue
points of the screen where 4e0B YCUIIUBAIOTCS B TEX Jy4eif 4eII0B
the phases of the two wave eK TOYKaX SKpaHa, cBeTa eK

trains coincide, that is,
where the electric and
magnetic oscillations in
the two beams have the
same directions, while the
effects are weakened and
may even disappear at
points where these
oscillations have opposite
directions and where the
wave trains are said to be
out of phase with one
another
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These interference picture | ceeroB | ¢u3 | cBer | mpe Ot BOJIHOBO | cBeTo | ¢u3 | cBer | mpe
patterns offer so thorough | of light | as uye | opast | OMe uHTEp(EepPEHIIHOHHbIC i Bast nue | oBas | OMe
a test of the wave picture | propagat | sumepr | cku SHEp | T ITOJIOCKHI PEACTABIAIOT | KAPTHH | OHEpr | CKH | SHep | T
of light propagation that | ion usi - i rus | HMCK TaKylo yOequTebHyI0 bl us - i rus | HCK
this picture cannot be con- 3TO obbe yecr MPOBEPKY BOJIHOBOM pacmpoc | 3T0 00b ycer
sidered as a hypothesis in ¢Gusuy | KT Ba KAPTHHBI TpaHeHW | GU3HY | €KT Ba
the usual sense of this ecKuit pacCIpoCTPaHEeHUs s cBeTa | ecKui
word, but may rather be 00BeK ceéema, 4TO €€ YKC 00BeK
regarded as the adequate T HeJIb3s pPaccMaTpUBaTh T
account of the phenomena KaK TUIOTE3y B
observed. OOBITHOM CMBICIIE 3TOTO

CIIOBa;
Still, as you all know, the | energy SHepr | ¢u3 | sHep | mpe Hecmotpst Ha 310, B nepena | sHepr | ¢u3 | sHep | mpe
problem of the nature of transmi | us - nye | rug Me HEJaBHUE TOJIbI un us - nye | rus iMe
light has been subjected to | ssion 3TO CKH T npoGJieMa pUpoIbI JHepru | 31O CKH T
renewed discussion in bus3nu | i CBETa MMOJBEPIIIach, Kak | W ¢bmna | i
recent years, on account of eckuil | 00Be BBI BCE 3HAETE, HOBOMY eckuii | 00B
the discovery of an 00BeK | KT 00CY)X/ICHHUIO B CBSI3H C 00BeK | eKT
essential feature of T o0HapyKeHHEM B T
atomicity in the MEXaHU3Me mepeaavn
mechanism of energy IHEPrUH BXHOTO
transmission which is CBOWCTBA
quite unintelligible from ATOMHUCTHYHOCTH,
the point of view of the COBEPILICHHO
electromagnetic theory. HETMOHSTHOTO C TOYKH

3peHust

3JIE€KTPOMArHUTHOM

TCOPHH.
In fact, any energy energy sHepr | ¢us | sHep | mpe JleficTBUTeNBHO, BCAKas | mepeaa | »Hepr | ¢u3 | sHep | mpe
transfer by light can be transfer | us - nue rust iMe nepeaava ynepzuu gy us - nue | rus iMe
traced down to individual 3TO CKHM T CBETOM MOXKET OBITH 3HEepPru | 310 CKH T
processes in each ofwhich ¢mny | # MPOCIIEKCHA BIUIOTh 10 | H ¢y | #
a so-called light quantum eckuil | o0be HH/THBUTYaITbHBIX eckuii | 00b
is exchanged whose 0o0beK | KT AKTOB, B K&XKIIOM U3 00beK | eKT
energy is equal to the T KOTOPBIX IepeaeTcs T

product of the frequency
of the electromagnetic
oscillations and the
universal quantum of
action or Planck's
constant.

TaK Ha3bIBACMBbIM
C6emogoll KBaHT,
9Hepeus ero paBHA
NIPOU3BEICHUIO YACTOTBI
3JIEKTPOMAarHUTHBIX
KOJIcOaHM Ha KBAHT
JieicTBHS (IIOCTOSTHHYIO
[Tnanka).
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The obvious contrast energy | sHepr | ¢u3 | smep | mpe OueBuHast pacnpo | Hepr | mpo | sHep | IBH
between this atomicity of | transfer | us - uye | rus | ame HPOTHUBOIIOJIOKHOCTD crpane | us- crpa | rus | ke
the light effect and the 3TO CKH T MEXIy TaKOTO pojia HHUSI 3TO HCTB H
continuity of the energy ¢busny | # ATOMUCTHYHOCTBIO JHepru | MpPOCT | o ne
transfer in the eckuii | 00be c6emosozo 3¢ dexra u " paHcT
electromagnetic theory 0o0beK | KT BBITEKAIOIICH 13 BO
presents us with a T ANIEKTPOMArHUTHOH
dilemma of a character TEOpHU
hitherto unknown in HETIPEePBIBHOCTHIO
physics. pacnpocmpanenus

9Hepzuu CTaBUT mepe]

HaMH JIUIEMMY TAKOTO

XapakTepa, Kakoi 10

CHX TIOp HE OBLT H3-

BECTCH B (PHU3HKE.
Especially, it should be light cBeroB | Gu3 | cBer | BHE Crenyet 0co6o ceemoe | cBeto | ¢u3 | cer | BHE
emphasized that light guanta | as uye IIHA HOTXYEPKHYTh, YTO ble Bast uye | oBas | LIHH
guanta cannot be cannot SHEpPr | CKH 51 ceéemogvie KBAHTHI He KBaHTBI | PHEpr | cku | dHep | H
regarded as particles to be us - i BUJL MOryT He ust - i rus | BUJ
which a well-defined path | regarde | sto o0be paccMaTpUBaTbCS KaK | MOCYT 3TO 00b
in the sense of ordinary d ¢u3nya | KT YacTHIbI, KOTOPHIM pacema | usuy | exr
mechanics can be eCKHit MOIKHO OBLIO GBI TPUBAT | €CKui
ascribed. 00BeK HPUNUCATH TOYHO best 00BeK

T OTIpeIeTICHHBIH Iy Th B T

CMBICIIe OOBIYHON

MEXaHHKH.
Just as an interference light CBETOB | 4eyo | dHep | JBH Ecau ObI MBI, sKenas c6emoea | CBETO JKHB | CBET | ABU
pattern would completely | energy ast BeK | rus | xe yOeAUTHCS B TOM, YTO A Bast oe oBas | xe
disappear if, in order to travelle | suepr H ceemoesas InepIus 9Hepeus | PHEpr | Cyml | SHep | H
make sure that the light d us - ne HAeT TOJBKO 10 OJHOMY | MAET us - eCcTB | rus e
energy travelled only 3TO U3 JIBYX MyTEH MEXIy 3TO 0
along one of the two paths 4eJIoB MCTOYHUKOM U DKPAHOM, KHUBOE
between the source and eK 3aJIepIKad OIUH U3 cyiec
the screen, we would stop Jy4deill Hempo3pauHbIM TBO

one of the beams by a
non-transparent body, so
is it impossible in any
phenomenon for whichthe
wave constitution of light
is essential to trace the
path of the individual light
quanta without essentially
disturbing the phenom-
enon under investigation.

TEJIOM,
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At the same time, this very | energy | suepr | ¢u3 | smep | mpe ANEKTPOMArHUTHOE nepexna | sHepr | ¢u3 | sHep | mpe
situation forces us to re- transfer | us-3T0 | Mue | rus | aMme OITMCaHKE mepeIavn qu us - nye | rug e
nounce on a complete buzma | cku T IHEPTHH OCTACTCS 3HEpru | 3TO CKH T
causal account of the light ecKkui | U CIIPaBeUIUBBIM B n ¢buzny | #
phenomena and to be o0beK | 00be CTaTHCTUYECKOM eckuii | 00B
content with probability T KT CMBICIIE. 00BeK | €KT
laws based on the fact that T
the electromagnetic
description of energy
transfer remains valid in a
statistical sense.
Moreover, since just one light is sHepr | ¢u3 | cBeT | muiy Kpowme toro, pa3 B aTrom sHepr | ¢u3 | cBer | mmi
light quantum is emitted | wus - uue | oBas | a npolriecce nepexona, B norJjious | us - uue | oBas | a
exchanged in a transition | or 31O CKH | 3HEp KOTOPOM aTOM aeT WIH | 3TO CKH | BHep
process by which lightis | absorbe | ¢usuu | it rHst MOrJI0IIAET WK uenyck | usuu | # rus
emitted or absorbed by dbyan | eckuit | 0Obe UCIYCKaeT ceem, aer eckuii | 00b
an atom, we are able by atom 00beK | KT HPOHCXOIUT OOMEH cBeT 00BEK | €KT
means of spectroscopic T TOJIBKO OJTHUM T
observations to measure C6emoe6vim KBAHTOM, MBI
directly the energy of each MOJKEM PH TTOMOIIH
of these stationary states. CIIEKTPOCKOMUYECKHX

HaOJfoieHnit

HETOCPEACTBEHHO

U3MEPHUTDH dHepauIo

KaXI0ro U3 3THX

CTaI[MOHAPHBIX

COCTOSIHU.
Moreover, since just one measur | sHepr | ¢u3 | sHep | pa3s MBI MOXEM TIpH uzmepu | sHepr | ¢u3 | sHep | pas
light quantum is e us - nue | rus | mep MOMOII CIIEKTPO- T us - uue | rust | mep
exchanged in a transition | directly | ato CKHM CKONUYECKHX 3HEepPru | 310 CKH
process by which light is the Gusny | i HabJroIeHn i 0 Gusny | i
emitted or absorbed by an | energy eckuii | 00be HETOCPE/ICTBEHHO eckuii | 00b
atom, we are able by 00BeK | KT U3MEPUTD IHEPZUID 00BeK | eKT
means of spectroscopic T KQKJIOTO M3 3TUX T
observations to measure CTaIMOHAPHBIX
directly the energy of COCTOSIHHIA.
each of these stationary
states.
The information thus energy sHepr | ¢m3 | sHep | mpe IMomy4yeHHbIe TAKUM oomena | sHepr | ¢u3 | sHep | mpe
derived has also been most | exchang | ms - uue | rus | Ome 00pa3oM cBeneHus JHeprue | us- ude | rus | ame
instructively corroborated | es 9TO CKH T ObLIM BECbMa 71 9TO CKH T
by the study of the energy Gusny | i yOeanuTebHO Gusny | i
exchanges which take eckuii | o0be MOATBEPIKICHBI eckuii | 00b
place in atomic collisions 00BeK | KT H3YYCHHEM TOTO 00BeK | eKT
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and in chemical reactions. T o0MeHa Iuepeueil, T
KOTOPBIA IPOUCXOIUT
TIPH ATOMHBIX
CTOJIKHOBEHHSX U TIPA
XUMHYECKHX PEAKIIHIX.
Notwithstanding the simpler | cBeroB | ¢u3 | cBer | crpy Hecmortps Ha BCio 6oJee cgeto | ¢u3 | cBer | crpy
greater complexity of the | light as u4ye | oBasg | KTyp CII0’KHOCTB 00X npocTsl | Bas uye | oBas | KTyp
general problems of SHepr | CkM | JHep | a npoOJieM aTOMHOM b 9HEpr | CKM | 3Hep | a
atomic mechanics, the us - 54 rus MEXAHUKH, IS €€ CBETOB us - " s
lesson taught us by the 3TO o0be Pa3BHUTHS OKa3aJics bIX 3TO 00b
analysis of the simpler ¢usny | KT YpE3BBIYANHO BXKHBIM | 3(eKT | Gu3ny | eKr
light effects has been most ecKuit YPOK, MPENOAAHHBII 0B ecKuit
important for this 00BeK HaM aHAJIu30M Goree 00BeK
development. T HPOCTBIX CEEMOBbIX T
3¢ dexToB.
Thus, the unambiguous light cBeToB | ¢u3 | ceer | mon Tak, Mexay mexay | ceero | ¢us | cmer
use of the concept of quanta | as uye | oBasg | Oxe OJJHO3HAYHBIM CBeTOB | Bad uue | opas
stationary states stands in | to the SHEPr | CKU | BHep | Hue HNPUMEHEHHEM TOHATHSA | bIM 3HEPr | CKH | dHEp
a similar relation of electro us - i s | B CTaI[MOHAPHBIX KBaHTO | Wi - i rus
complementarity to a magneti | sTo o0be npo COCTOSTHUH U MH 3TO 00b
mechanical analysis of c theory | ¢msma | kT cTpa MEXaHHIECKUM MeKTp | GM3HY | eKT
intra- atomic motions as of €CKHii HCTB aHaM3aM o- €CKHi
do light quanta to the radiatio | o6bex e BHYTPHATOMHBIX MAarHuT | o0BeK
electromagnetic theory n T JBIDKEHHUH CyIIECTBYeT | HOIf T
of radiation. TO K€ COOHIOIIICHHE Teopue
JIOTIOJTHUTENBHOCTH, i
KaKoe CYIIECTBYeT u3iyde
MEKIY C6entoGbIM HUS
KBaHTOM H JJIEKTPO-
MArHMTHONM TeopHuei
H3JTyUeHHSs.
Indeed, any attempt to exchang | smepr | ¢u3 | smep | mpe JleicTBUTENBHO, BCAKas | 0OMeH sHepr | ¢u3 | smep | mpe
trace the detailed course of | e of us - ude | rus e TOTIBITKA OAPOOHO JHeprue | us- nye | rus e
a transition process would | energy 3TO CKH T MPOCIIETUTh, KaK i 3TO CKH T
involve an uncontrollable buzny | i MPOTEKAET MPOIECC buzny | i
exchange of energy eCKuii | 00Be nepexo/ia, MOBJIEKa Obl eCKHif | 00B
between the atom and the 00BeK | KT 3a coboii 0o0BeK | eKT
measuring instruments T HEKOHTPOJIHPYEMBIit T

which would completely
disturb the very energy
balance we set out to
investigate.

o0MeH 2Hepzueii MexIy
aTOMOM H
U3MEPHTEIEHBIM
npudopoM,
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Indeed, any attempt to energy sHepr | ¢u3 | sHep | mon YTO COBEPLICHHO G6amanc | sHepr | ¢u3 | sHep | mon
trace the detailed course of | balance | wus - uue | rus | Oxe HApYLIHIO GBI TOT JHepru | usf- u4e | rus | oxe
a transition process would 3TO CKH HHE caMBblii OayaHC sHepeuu, | u 3TO CKH HUE
involve an uncontrollable ¢buzpa | # B KOTOPBIi MBI ¢bm3na | i B
exchange of energy eckuii | 00Be npo cobupanich eckuii | 00B po
between the atom and the 0o0beK | KT cTpa HCCIIe/IOBATb. 00BeK | €KT cTpa
measuring instruments T HCTB T HCTB
which would completely e e
disturb the very energy
balance we set out to
investigate.
An instructive illustration | the cBetoB | ¢u3 | ceer | crpy IMoyunTenbHBIA IpUMep | IPOCTOT | cBeTo | Gu3 | cBeT | cTpy
of the degree to which this | simplici | as udye | oBasg | KTyp TOTO, 10 KaKOM CTeNeHH | a Bast ude | oBas | KTyp
organisation is developed | ty of SHEPr | CKU | 3Hep | a pasBuTa 3Ta CBETOBBI | 9HEPr | CKU | 9Hep | a
is exhibited by the light usi - i rus OpraHu3anus, X us - i rus
construction and function | phenom | sro o0be npeCTaBIseT SIBJICHUH | 3TO 00b
of the eye. for the ena ¢usnyu | KT yCTpOCTBO M paboTa ¢bu3uu | exT
exploration of which the eckuit TJ1a3a; IpH ero ecKuit
simplicity of light 00BeK UCCIICTIOBAaHUH TOXKE 00BeK
phenomena have again T ObLIa KpaiiHe mojie3Ha T
been most helpful. MPOCTOTA CBETOBBIX

sIBJICHHH.
Moreover, since the the cBeTOB | ¢u3 | cBer | mmmn s momyyeHus MOrJIoLI | CBETO ¢u3 | cBer | mui
absorption of a single absorpt | as uue | oBas | a 3PUTENILHOTO eHus Bast uue | oBasg | a
light quantum by each of | ionofa | smepr | cku | 3Hep BIEYATICHUS eIUHUY | SHEpPr | CKH | SHep
these retinal partitions is single us - " THs JIOCTaTOYHO HOT'0 us - " Tus
sufficient for a sight light 3TO 00Be MOTJIOIIeHUs c6emoeo | 3TO 00b
impression, the quantu | ¢usmy | KT eIUHUYHOTO0 20 ¢dusny | exr
sensitiveness of the eye m eckuit C8€M 06020 KBAHTA KBaHTa | eCKHH
may be said to have o0beK KaKII0M Takoi 00beK
reached the limit set by the T YaCTHICH; TO3TOMY T

atomic character of the
light processes.

MOJKHO CKa3aTb, 4YTO
YYBCTBUTCJIBHOCTb
rjiasa noCTuract
npenaena,
IMOCTABJICHHOI'O
ATOMHBIM XapaKTECpOM
CBETOBLIX IIPOLIECCOB.
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It is true that it is possible | the ceetoB | ¢u3 | ceer | crpo IpaBna, TAKUMH ¢yngam | ceto | ¢u3 | cBer | cTpo
by such instruments to fundam | as uye | oBast | eHH nprOOpaMu MOXKHO eHTalIb | Bad nue | oBast | eHM
essentially increase our ental JHepr | CKH | 3Hep | e CHJIBHO YBEITHUYHUTH HBIMH SHEpr | CKH | 3HEp | e
powers of observation, properti | wus - 78 THs Hanry HaOJIIOaTeNbHyI0 | CBOMCT | WA - i rust
but, due to the limits es of the | aro o0be CIocoOHOCTh, HO BaMH 9TO 00b
imposed by the light ¢Gusuy | KT Onaropapsi pezenam, ceemos | GM3UY | €KT
fundamental properties | phenom | eckwuii MOCTaBJICHHBIM (pyH- bIX eckuit
of the light phenomena, ena 00BbeK JaMEeHTAIbHBIMH siBJleHH | 00BeK
no instrument is T CBOIICTBAMH ceemoguix | i T
imaginable which is more SIBJICHHIA,
efficient for its purpose
than the eye.
The recognition of this the SHepr | 4yemo | 3Hep | oOII Ipu3HaHue Takoro ocBoGO | oHepr | wem | 9Hep | oOII
situation suggested at once | released | ws - BeK | rms | ecTB HOJIOKCHUS TOTYAC JKE | JKAEHHO | WS - OBEK | THsl | €CTB
the description of the energy | ato 0 HAaBEJIO Ha MBICITh 7} 3TO 0
binding of each electron in YeNoB OITMCHIBATh YCPKAHHE | JHEPrM | YEJIOB
the field around the eK Ka)KJIOTO 3JIEKTPOHA " eK
nucleus as a succession of 0JIEM BOKPYT si/Ipa Kak
individual processes by HENPEPhIBHBIN Psif
which the atom is HHIUBHIYAIBHBIX TIPO-
transferred from one of its [[ECCOB, KOTOPbIE
so-called stationary states MEPEBOJIAT aTOM H3
to another of these states, OIHOTO U3 TaK Ha3bl-
with emission of the BAaEMBIX €TO
released energy in the CTaI[MOHAPHBIX
form of a single quantum COCTOSIHHIA B IPyroe
of electromagnetic TaKoe e COCTOSTHHE C
radiation. HCIyCKAaHUEeM
0CB000KIECHHOI
9Hepzuu B BUIC
€IMHAYHOTO KBAHTA
3JIEKTPOMarHUTHOTO
M3ITyICHHS.
In particular, any exchang | suepr | ¢u3 | smep | mpe B wactHOCTH, TH00ast o0MeH sHepr | ¢u3 | sHep | mpe
imaginable procedure e of us - nae | rus | ame MBICTIIMas IIPOIelypa, | KoJau4e | WA - nae | rus | Ame
aiming at the coordination | moment | sto CKH T [ETbI0 KOTOpoH OblTa CTBOM 3TO CKH T
in space and time of the umand | ¢usuu | i OBl JIOKAJIM3AIIUSA B ABMoKeH | Qusuy | i
electrons in an atom will energy | eckuit | oOwe HPOCTPAHCTBE U us u eckuii | 00b
unavoidably involve an 00BeK | KT BPEMEHH JIEKTPOHOB B | JHeprue | oOBEK | KT
essentially uncontrollable T aToMe, HEU30EKHO 71 T

exchange of momentum
and energy between the
atom and the measuring
agencies, entirely

BBI3OBET
MPUHIAITHATIBHO

HEKOHTPOJIMPYEMBIH
00MeH KOJIMYECTBOM
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annihilating the
remarkable regularities of
atomic stability for which
the quantum of action is
responsible.

IBIKCHUS U JHep2ue
MEXy aTOMaMH 1
HU3MEPUTETbHBIMU
CpelcTBaMH,

Conversely, any implies | suepr | ¢us | smep | mpe U o6paTHO, MOCKOIBKY | TpedyeT | 3Hepr | ¢u3 | sHep | mpe
investigation of such the us - uue | rus | ame camast HOpMyJIHPOBKa npuMeH | ui - u4e | rus | aMe
regularities, the very conserv | ato CKH T ITUX 3aKOHOMEPHOCTEH | eHust 3TO CKH T
account of which implies | ation ¢msmy | # TpebyeT MpUMeHEeHHs 3aKkoHo | Qusmy | i
the conservation laws of | laws of | eckuif | 06be 3aKOHOB COXPaHEeHHUsI B eckuil | 006B
energy and momentum, energy 00BeK | KT 9Hepzuu 1 KOJIMYECTBA | coXpaHe | O0BEK | KT
will in principle impose a T JBIDKEHHUS, HUS T
renunciation as regardsthe HCCIIeI0BaHUE HX IHepru
space-time coordination CBSI3aHO C u
of the individual electrons HNPHHIUITHATEHBIM
in the atom. OTKa30M OT

JIOKaIN3a11

OT/IENBHBIX HJIEKTPOHOB

aTtoma B MPOCTPAHCTBE

BPEMEHHU.
You will surely all have regardi Be1, HaBepHO, Bce Kacam sHepr | ¢m3 | ceer
heard about the riddles ng the CIIBIIIAIIH O 3arajgkax, IHXCS us - nue | oas
regarding the most most KACAIIUXCS CaMbIX caMBbIX 3TO CKM | dHEp
elementary properties of | element SIIEMEHTApHBIX CBOHCTB | JyieMeH | pu3md | i rus
light and matter which ary cBeTa ¥ MaTepuH, TAPHBIX | €CKUil | 00b
have puzzled physicists so | properti —3arajikax, KOTopble 32 | CBOMCT | OOBEK | eKT
much in recent years. es of MOCIIETHHAE TOMBI BcBera | T

light CTaBHJIM B TYITHK

(U3HKOB.
With unfailing intuition the cBetoB | ¢u3 | cBer | mumg Takum myTem morjony | ceeto | ¢u3 | cBeT | muig
Einstein thus was led step | emissio | as uye | oBas | a 6e3omnbouHas eHusl Bast uye | oBas | a
by step to the conclusion nor JHEpPr | CKu | JHep HHTYWIUS] DWHINTEHHA | MHIMBM | SHEPr | CKH | 9HEp
that any radiation process | absorpt | wus - i THS MpHUBENa ero mar 3a AyadbH | Us - i THs
involves the emission or ion of 3TO 00Be IIaroM K BBIBOZY, YTO bIX 3TO 005
absorption of individual | individ | ¢usna | kT BCSIKHI U3JyYaTeNibHbIil | céemos | Gusud | ekt
light quanta or "photons” | ual light | eckwuii MPOIECC COCTOUT M3 bIX eckuit
with energy and quanta | o0wex UCITyCKaHUSI WIIN KBaHTO | 00BEK
momentum T MOrJIOEeHU s B T

HHIMBHIYAIbHbBIX

CB8EMO0GbIX KBAHTOB
WK «(HOTOHOBY C
SHeprueu u
KOJIMIECTBOM JBIKEHHS

93




by assuming that any ina sHepr | ¢usz | smep | dop BCSIKasl peakius aTtoMa, | M3meHe | sHepr | ¢us | suep | dop
reaction of the atom change | us- uye | rus | Ma BeIyllas K M©3MEHEHHI0 | HUIO ero | Wi - nue | rus | Ma
resulting in a change of of its 3TO CKH €ro 3HepruH, 3HEepru | 3T0 CKH
its energy involved a energy ¢busny | # u ¢bmny | #
complete transition eckuii | 00Be eckuii | 00B
0o0beK | KT 00BeK | €KT
T T

in particular, the spectra the CBETOB | BNl | CBET | IBH Ka)KIBIH Iepexo HCIYCK | SHEpPr | )KMB | CBET | IIBH
were emitted by a emissio | as ecTB | oBas | Ke COIPOBOKIACTCS aHueM usi- oe oBas | ke
step-like process in which | nof a SHEpr | o 3HEp | H HCIyCKAaHUEeM MOHOXpP | 3TO cymr | sHep | H
each transition is accom- | monoch | ns - ras | He MOHOXPOMATHYECKOI0 | OMATHY | )KUBOE | €CTB | M | Ue
panied by the emission of | romatic | sto KBaHTA cgema, sHepeus. | ecKoro | cymec | o
a monochromatic light light Bellec KOTOPOTO B TOYHOCTH KBaHTa | TBO
guantum of an energy quantu | TBO paBHa sHepauu ceema
just equal to that of an m of an SUHIITEHHOBCKOTO
Einstein photon. energy ¢oroHa.
, since evidently the lower sHepr | ¢u3 | sHep | mon TOJIKOBaHHE c sHepr | ¢u3 | smep | pas
interpretation of the energy s - ude | rus | OXe CIIEKTPAIbHBIX 3aKOHOB | MeHbIIe | U - ude | rus | mep
spectral laws implies that | states. 3TO CKH HHE SIBHO TIPEJIIOJIAraeT, 4ro | i 3TO CKH
an atom in an excited state ¢y | # B aTOM B BO30YXKICHHOM anepeue | ¢msmu | #
in general will have the eckuii | oObe npo COCTOSIHUM UMEET, u. eckuii | 00b
possibility of transitions 0o0beK | KT cTpa BOOOILIE TOBOPHI, 00beK | eKT
with photon emission to T HCTB BO3MOKHOCTbH [IEPEUTH T
one or another of its lower e C UCITyCKaHHEeM
energy states. (HOTOHOB B OJTHO M3

CBOUX COCTOSIHUM C

MeHblIIeil IHepeueil.
This phenomenon transfer | smepr | ¢um3 | smep | mpe Kaxk n3BecTHO, 3TOT nepeno | Hepr | ¢u3 | sHep | mpe
afforded, as is well known, | of us - uye | rus | ame OIIBIT JIAJI CaMoe ¢ us - n4ye | rus e
a most direct proof of the | energy 3TO CKH T HEMOCPE/ICTBEHHOE 9Hepeuu | 3TO CKH T
adequacy of Einstein's ¢buzny | # JIOKa3aTesIbCTBO ¢buzny | #
view regarding the ecknii | 00Be CIPaBETMBOCTH TOUKHU eckuii | 00B
transfer of energy and 00BbeK | KT 3peHust DifHIITeiHA HA 0o0BbeK | eKT
momentum in radiative T nepeHoc Inepzuu u T
processes KOJIMYIECTBA JABIDKEHHS

TIPH IpoLeccax

M3ITyICHHS.
Thus, any arrangement the sHepr | ¢m3 | sHep | mpe B sTom mpumepe oomena | sHepr | ¢u3 | sHep | mpe
suited to study the exchang | us - uue | rus | Ome pa3bACHEHUE COCTOMT B | Hepeue | W - ude | rus | ame
exchange of energy and e of 9TO CKH T TOM, 4TO BCSIKas u 9TO CKH T
momentum between the energy ¢mmy | # yCTaHOBKA, IIPUTOaHAS ¢mmy | #
electron and the photon eckuil | 00be IUTST U3y9CHUsI OOMeHa eCKuii | 00Bb
must involve a latitude in 00BeK | KT oHepauell u 00BbeK | eKT
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the space-time description T KOJIMYECTBOM JIBHIKCHUSI T
of the interaction MEXIy dJICKTPOHAMHU U
sufficient for the ¢oroHamy,
definition of
wave-number and
frequency which enter into
the relation (1).
or, as Einstein main- descript Y HeJb3s JIU B G6ajsaHc | Hepr | ¢u3 | sHep | mon
tained, the analysis could ion of MOCIIETHEM CITydae a us - nye | rus o)Ke
be carried further and, the JOCTUTHYTB OoJiee 9Hepeuu | 31O CKH HHE
especially, of whether a phenom HOJIHOTO OITHCAaHHs bmny | # B
fuller description of the ena SIBJIEHHUH [TyTEM y4YeTa eckuii | 00b npo
phenomena could be could be JeTaIBHOTO fasianca 00BeK | eKxT crpa
obtained by bringing obtaine 9Hepeuu M KOJINYECTBA T HCTB
d by IBIDKEHUS B e
bringin 3JIEMEHTAPHBIX
g IpoLeccax.
To explain the trend of energy sHepr | ¢u3 | sHep | mon Jls IosiCHeHuUs Xoza G6asanc | sHepr | ¢u3 | sHep | mon
Einstein's arguments, it balance | us - uye | rus | Oxe MbIciel DiHIITeHHA B a sl - uue | rus | OKe
may be illustrative here to 3TO CKH HHE €ro paccyXJICHHUAX KoJIMye | 3TO CKH HHE
consider some simple ¢m3my | # B YKa)XeM 3/1ech Ha cTBa ¢y | # B
features of the momentum eckuii | 00be npo HEKOTOPBIC MPOCTHIC JABMKEH | eckuil | o0b npo
and energy balance in 0o0beK | KT cTpa 0cOo0eHHOCTH fDamanca | us u 00beK | eKT crpa
connection with the T HCTB KOJINYECTBA JBIKEHUS Inepzuu | T HCTB
location of a particle in e U JHepzuu B CBA3M C e
space and time. orpe/elieHHeM
TIOJIOXKEHHUSI YaCTHIIBI B
TPOCTPAHCTBE U
BPEMEHU.
Consequently, the CremoBaTenbHO, ONH- B sHepr | ¢u3 | sHep | BMe
description of this state CaHUe 3TOr0 COCTOSIHUS | KHHETHY | WS - uue | rusg | CTHI
involves a certain latitude COZEPKUT €CKOii 9TO CKH uiie
Jp in the momentum HEOTIPENIEIIeHHOCTh Ap | sHepruu | ¢us3uy | i
component of the particle B COCTaBJIAIOILEH YaCTHII eckuii | 00b
parallel to the diaphragm KOJIMYECTBA JBHIKEHUS BL. 00beK | eKT
and, in the case of a YaCTHIIBI, TTAPAT- T

diaphragm with a shutter,
an additional latitude JIE
of the kinetic energy.

JIENTBHO TIOCKOCTH
nuadparmel; B ciaydae
nmadparmel ¢ 3aTBOPOM
UMEETCS TaKKe
HeonpeneneHHocTh AE
B KMHETHYeCKOM
9Hepzuu YACTHIIBI.
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From the point of view of | energy | suepr | ¢u3 | smep | mpe MOJKHO OTHECTH 32 oomena | sHepr | ¢u3 | sHep | mpe
the laws of conservation, exchang | wus - nye | rus | ome c4eT BO3MOKHOCTHU KoJid4ye | us - nye | rug e
the origin of such latitudes | e 3TO CKH T 00MeHa KOJIMIECTBOM CTBOM 3TO CKH T
entering into the ¢busny | # JBHOKCHUS M oHepeuedl ¢ | nukeH | ¢usuu | i
description of the state of eckuii | 00Be nuadparMoit uiH xe ¢ us eckuii | 00B
the particle after passing 0o0beK | KT 3aTBOPOM. JHeprue | OOBEK | €KT
through the hole may be T i T
traced to the possibilities
of momentum and energy
exchange with the
diaphragm or the shutter.
The shutter, however, energy sHepr | ¢u3 | sHep | mpe ITosTomy ¢ nepeHocom o0MeH sHepr | ¢u3 | smep | mpe
which leaves the hole exchang | us - ude | rus | AMe KOJNMYECTBA ABIDKCHUS | JHeprue | Ui - uye | rug | Ame
opened during the time At, | e 31O CKH T Jp Gyner cBs3aH u i 3TO CKH T
moves with a considerable ¢bus3nu | i o0MeH yHepzueii ¢ ¢bmna | #
velocity v a/At, and a eckuil | o0be yacThLei eckuii | 00b
momentum transfer Ap 00BeK | KT 00beK | €KT
involves therefore an T T
energy exchange with the
particle
being just of the same energy SHepr | ¢u3 | sHep | momn T. €. TOYHO TaKoTO XKe coxpane | sHepr | ¢u3 | sHep | mpe
order of magnitude as the | balance | us- uye | rus | Oxe MOPS/IKA BEJIMYMHBL, KaK | HHS ust - ude | rus | aMe
latitude IE given by (4) 3TO CKH HUE U HEONPEeJICHHOCTh B | JHEPru | 3TO CKH T
and, thus, allowing for ¢m3my | # B sHeprud [l nomydaemast | u ¢y | #
momentum and energy eckuit | oObe po u3 (4), TaKk 4YTO 3aKOH eckuii | 00B
balance. 00BeK | KT cTpa COXpaHeHHs 00BeK | eKT

T HCTB KOJIMYIECTBA ABIDKEHHS T

e U 9Hepeuu Oyner
co0JIr0IaThCS.

The problem raised by energy sHepr | ¢us | sHep | mpe JI0 KaKOH CTeTIeHH mepeno | Hepr | ¢u3 | sHep | mpe
Einstein was now to what | transfer | us - u4e | rmsa | aMme KOHTPOJIb HaJ coM us - ude | rus | ame
extent a control of the 3TO CKH T MEePEeHOCOM KOJIMUYECTBA | KOJIMYe | 3TO CKH T
momentum and energy buzna | i IIBIDKEHUS M IHep2Ul cTBa buzma | i
transfer, involved in a eckuii | o0be (mepeHocoM, CBsI3aH- JIBHMKEH | eckuil | 00b
location of the particle in 00BeK | KT HBIM C OIIpe/IeICHHEM usi u 0o0BeK | eKT
space and time, can be T TIOJIO>KEHUST JaCTHIIBI) Inepzuu | T

used for a further
specification of the state
of the particle after
passing through the hole.

MOJKET OBITH
WCIIOJIb30BaH JijIs 0oJjiee
JIETAILHOTO OIMCAHUS
COCTOSTHUS YACTHILI
TIOCJIE €€ TPOXOXKICHUS
4yepes JbIPKY.
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This assumption implies, as to Takoe npeanonokeHne | Heompe | dHEPr | Mpo | SHep | BMe
in the description of the their 03HA4YaeT CyLIECTBEH- JeJIeHH | U - ctpa | rus | crmn
state of these bodies, an moment HYIO 0OCTh B 3TO HCTB HIe
essential latitude as to um and Heomnpe/e/IeHHOCTh B JHeprm | MpocT | o

their momentum and energy 9Hepeuu Yl KONNYECTBE | U paHcT

energy which need not, of JBIDKEHUS 3THX Tedl, BO

course,

However, as soon as we energy | sHepr | ¢u3 | sHep | mpe TOYHOCTBIO, KOTOpAst o6mena | sHepr | ¢u3 | sHep | mpe
want to know the exchang | us - uye | rus | ame ObU1a OBI JOCTATOYHOH | JHeprue | Hs - nde | rus | aMme
momentum and energy of | e 3TO CKH T JUISL KOHTPOJIMPOBaHUSA | i 3TO CKH T
these parts of the ¢usnu | i 00GMeHa KOJIMUECTBOM bmsnu | i

measuring arrangement eckuii | oObe JIBIDKCHUS M 9Heprueii eckuii | 00b

with an accuracy 00BeK | KT C HCCIeyeMoit 00BeK | eKxT

sufficient to control the T YacTUIIEH, J1ETI0 T

momentum and energy M3MEHHUTCS.

exchange with the particle

under investigation, we

shall, in accordance with

the general indeterminacy

relations, lose the

possibility of their

accurate location in space

and time.

In securing the opening of | energy sHepr | ¢u3 | sHep | mpe HO OYEBHJIHO, YTO OH HE | mepexa | sHepr | ¢u3 | sHep | mpe
the hole at a definite transfer | wus- uye | rus | ome JIAeT BO3MOXHOCTH qy ust - nue | rus | ame
moment, an apparatus of 3TO CKH T HU3MEpPATH NMepenavy Iuepzuu | 310 CKH T
this type might, for ¢buzny | i 9Hepzuu Ha 3aTBOP U ¢buzny | i

instance, be used for an eckuit | 00be TEM CaMbIM BBIBOJUTH eckuii | 00b

accurate measurement of 0o0beK | KT 3aKJIIOUECHHS 00 0o0BbeK | €KT

the time an electron or a T SHEPTHH YaCTHULIBI, T

photon takes to come from
the diaphragm to some
other place, but, evidently,
it would leave no
possibility of controlling
the energy transfer to the
shutter with the aim of
drawing conclusions as to
the energy of the particle
which has passed through
the diaphragm.

IpoJieTeBLIe uepes
muadparmy.
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If we are interested in such

energy sHepr | ¢u3 | sHep | pa3s B 9TOW YCTaHOBKE u3mepe | sHepr | ¢u3 | sHep | pa3s
conclusions we must, of measur | us - uye | rus | mep olpe/ieJicHHe MOMCHTa, | HHH ust - nue | rus | Mep
course, use an ement 3TO CKI B KOTOPBIH JbIpKa OblIa | 9nepeuu | 31O CKH
arrangement where the ¢buznu | # OTKpBITa, COAEPIKUT ¢bmny | #
shutter devices can no eckuii | 00be HETOYHOCTb, CBS3aHHYIO eckuii | 00b
longer serve as accurate 00BeK | KT C HETOYHOCTBIO B 00BeK | €KT
clocks, but where the T WU3MEPEHHU dHepaUl T
knowledge of the moment obuieit popmyoii (4).
when the hole in the
diaphragm is open
involves a latitude
connected with the
accuracy of the energy
measurement by the
general relation (4).
It is not relevant that energy sHepr | ¢u3 | sHep | mpe YromsiHeM 371ech, 4TO nepeno | sHepr | ¢u3 | sHep | mpe
experiments involving an | transfer | wus - uye | rus | ome OIIBITHI, B KOTOPBIX c us - nue | rus | ame
accurate control of the 3TO CKU T HpeAIoIaraeTcs IHepzuu | 310 CKHU T
momentum or energy ¢msny | # HU3MEpPUMBIM NEPeHoc ¢m3my | |
transfer from atomic eckuii | 00be KOJIMYECTBA [[BIIKCHHS eckuéi | 00b
particles to heavy bodies o0beK | KT U 9Hepzul OT AaTOMHBIX 00beK | eKT
like diaphragms and T YaCTHUII K TSKEIBIM T
shutters would be very Tenam Bpoze auadparm
difficult to perform, if Y 3aTBOPOB, €/IBa JI1
practicable at all. BBITIOJIHUMBI

TPAKTHIECKH.

In this article, a finite sHepr | ¢u3 | sHep | mpe
comparison was alsomade | velocity | us - uye | rus | aMe
between the lesson of light | sto CKH T
derived from the ¢buzny | i
discovery of the universal eckuil | oObe
quantum of action and the 00beK | KT
development which has T
followed the discovery of
the finite velocity of light
and which, through
Einstein's pioneer work,
has so greatly clarified
basic principles of natural
philosophy.
As an objection to the sHepr | ¢m3 | smep | mpe MEI BUZIETH, YTO €CITH oomeno | sHepr | ¢u3 | sHep | mpe
view that a control of the intercha | usx - aJe rust e Ha3HAYECHHE M us - nae s Me
interchange of nge of 3TO CKH T H3MEPUTENBHBIX KoJiMye | 3TO CKH T
momentum and energy moment | ¢usma | i npuOOPOB COCTOMT B CTBOM ¢y | #

98




between the objects and umand | eckuii | 0Obe TOM, YTOOBI OTIPEACISATh | ABMKEH | ecKuii | 00b

the measuring instruments | energy 00BeK | KT HNPOCTPAHCTBEHHO-BPEM | MSl H 00BeK | eKT

was excluded if these T CHHBIC PAMKH SIBIICHUH, | sHepeue | T

instruments should serve TO KOHTPOJIb HaJl u

their purpose of defining 00MEHOM KOJIHYECTBOM

the space- time frame of IBIDKEHUS U JHepeueil

the phenomena, Einstein MEXIy 00BeKTaMHU 1

brought forward the argu- npubopamu

ment that such control HCKIIIOYaeTCs.

should be possible when

the exigencies of relativity

theory were taken into

consideration.

In particular, the general relation | sHepr | yeno | sHep | o0 B gacTHOCTH, 0011ast 3aBUCH | SHepr | 4e;m | sHep | oOup
relationship between ship s - BeK | rms | ecTB 3aBHCHMOCTb MEKIY MOCTh sl - OBEeK | THsL | ecTB
energy and mass, between | sto 0 JHepruei ¥ Maccoii, MeKAY 3TO 0
expressed in Einstein's energy | 4enoB BBIPA)KCHHAS JHeprue | 4eIOB

famous formula E = mc2, | and eK 3HaAMEHUTOH HopMysoi | il u eK

(5) should allow, bymeans | mass Oit—mreiina E — 1c2, | maccoi,

of simple weighing, to

measure the total energy

of any system and, thus, in

principle to control the

energy transferred to it

when it interacts with an

atomic object.

In particular, the general sHepr | ¢u3 | sHep | pa3s SIKOOBI TO3BOJISIET uzmepu | oHepr | ¢u3 | sHep | BMe
relationship between measur | us - uye | rus | Mep H3MEPUTDH MOJHYIO Th ust - u4e | rus | cTHX
energy and mass, e the 3TO CKH JHEPrHI0 CHCTEMBI [IPH | MOJHYK | 3TO CKH HILE
expressed in Einstein's total ¢buzny | i MOMOIIY IPOCTOTO sHepru | ¢usmy | i

famous formula E =mc2, | energy eckuii | 00Be B3BEILIMBAHMS U, TAKUM | 10 eckuii | 00b

(5) should allow, by means 00beK | KT 00pasoM, B IPUHLIUIIE 00bex | eKT

of simple weighing, to T KOHTPOJIMPOBATH T

measure the total energy DHEPTHIO,

of any system and, thus, in
principle to control the
energy transferred to it
when it interacts with an
atomic object.

MePEHECCHHYIO Ha
CHCTEMY 3a BpeMsI ee
B3aMMO/IEHCTBUS C
aTOMHBLIM OOBEKTOM.
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In particular, the general control | sHepr | wemo | ’Hep | moBe SKOOBI TI03BOJISCT KOHTPO | 9Hepr | yenx | 9Hep | moBe
relationship between the us - BeK | rms | OeH U3MEPHTb IIOJIHYIO JupoBa | Wi - OBEK | Tus | AeH
energy and mass, energy | aTo ue OHEPTHUIO CHCTEMBI TIPH | Th 3TO ue
expressed in Einstein's 4eJI0B MOMOIIY IPOCTOTO JHEpru | YeroB
famous formula E = mc2, €K B3BEIIHUBAHUS U, TAKUM | 10 €K
(5) should allow, by means 00pa3omM, B IpUHIIUIIE
of simple weighing, to KOHTPOJIMPOBATH
measure the total energy IHEPrHUIo,
of any system and, thus, in HEepPEeHECEeHHYIO Ha
principle to control the CHCTEMY 3a BpeMsi e¢
energy transferred to it B3aHMOJICHCTBHSA C
when it interacts with an AQTOMHBIM OOBEKTOM.
atomic object.
Moreover, it would measur | sHepr | ¢u3 | sHep | pa3s Ka3aJ10Cch Obl, MOKHO uzmepu | dHepr | ¢u3 | sHep | pa3
apparently also be e the us - uue | rus | mep H3MEPHUTDH IHEPTHUI0 T ust - uue | rus | mep
possible, by weighing the | energy | ato CKH (doToHa ¢ moboit 3Hepru | 310 CKH
whole box before and after ¢busny | i JKENaeMO# TOYHOCTBIO 0 bmny | #
this event, to measure the eckuii | oObe — B IPSIMOM eckuii | 00b
energy of the photon with 00BeK | KT HOPOTHBOPEUHH C 00BEK | eKT
any accuracy wanted, in T KBaHTOBO-MEXaHHYECKH T
definite contradiction to M COOTHOIICHHEM
the reciprocal indeter- HEOIPEIEIeHHOCTH JUTs
minacy of time and energy 9Hepeuy v BPEMEHU.
quantities in quantum
mechanics.
Consequently, a use of the | measuri | sHepr | ¢u3 | sHep | pa3s Bcenencreue sToro uzmepe | sHepr | ¢m3 | sHep | pa3
apparatus as a means of ng the us - nue | rus | mep ynotpebieHue npudopa | Hust us - uge | rus | Mep
accurately measuring the | energy 3TO CKHM KaK CpeJIcTBa JJIs IHepeuu | 3TO CKH
energy of the photon will ¢buzny | i TOYHOTO H3MepPeHHUst ¢buzny | i
prevent us from eckuii | oObe nepzuu HoToHa eckuii | 00b
controlling the moment of 00BeK | KT HoMenIaeT HaM 00BeK | eKT
its escape. T YCTAQHOBHTD TOYHBIH T
MOMEHT €0 BbLIETA.
Without in any way energy 9Hepr | 4eno | 3Hep | 0Ol MBI MOXKEM CJIeNIaTh JHepru | SHepr | yem | sHep | oOug
interfering with the photon | liberate | us - BeK | rms | ecTB TOYHBIE NIPEACKA3aHUI u, us - OBEK | TWsl | ecTB
between its escape and its | d 9TO 0 U1 0 MOMEHTE €T0 ocBoGo | 3TO 0
later interaction with other 4eJoB PUOBITUS, Ula Jice O JKIEHHO | YeNioB
suitable measuring eK KOJIMIECTBE IHePIul, i eK

instruments, we are, thus,
able to make accurate
predictions pertaining
either to the moment of its
arrival or to the amount of
energy liberated by its

0CB000KIEHHOM
Onarogapsi ero
MOTJIONIEHHUIO.
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absorption.

Since, however, according sHepr | ¢u3 | sHep | orpa Ho Tak kak, coriacHo ¢uxcup | sHepr | ¢u3 | sHep | orpa
to the fixation | us - n4e | rug | HAY KBaHTOBOW MEXaHHKE, oBaHmMe | Wi - nye | rus | HAY
quantum-mechanical of the 3TO CKI eHU 3aJlaHHe COCTOSHUS IHepzuu | 3TO0 CKH eHH
formalism, the energy ¢m3ny | i e W30JIMPOBaHHON ¢m3my | | e
specification of the state eckuii | 00be JIBH YACTHUIBI HE MOKET eckuii | 00b JBU
of an isolated particle 00BeK | KT KEH Co/iepKaTh 00BeK | eKT KEH
cannot involve both a T ust OJIHOBPEMEHHO BIIOJIHE T ust
well-defined connection OIIpe/IeIICHHOE

with the time scale and an COOTBETCTBHE CO

accurate fixation of the IIKaJIOH BpEeMEHH U

energy, it might thus TOYHOE (PUKCHPOBAHHE

appear as if this formalism 9Hepeuu,

did not offer the means of

an adequate description.

In the one, the balance energy sHepr | ¢u3 | sHep | mpe B 01HO# U3 HUX BECHI nmepeHo | sHepr | ¢m3 | sHep | mpe
together with another transfer | us - uye | rus | OMe BMECTE C APYTHMH ca ust - ude | rus | aMe
piece of apparatus like a 3TO CKH T npubopamu, HApUMep | IHepeuu | 31O CKH T
spectrometer is used for ¢buzny | i CIIEKTPOMETPOM, ¢buzny | i

the study of the energy eckuil | 00be CIIYXKaT ISl U3yIEeHUs eckuii | 00b

transfer by a photon; in 00BeK | KT nepeHoca yHepzuU 00BeK | eKT

the other, a shutter T (doTtoHOM; T

regulated by a

standardized clock

together with another

apparatus of similar kind,

accurately timed relatively

to the clock, is used for the

study of the time of

propagation of a photon

over a given distance.

It need in this connection | equival | sHepr | ¢u3 | sHep | mpe B cBsi3u ¢ 9TMM e1Ba 1M | SKBUBaad | dHepr | ¢u3 | sHep | mpe
hardly be recalled that just | ence of | us - wye | tus | ame HY>KHO HAIIOMHHATb, €HTHOCT | W - uue | rus | aMme
the evidence obtained by mass 3TO CKH T YTO HOBBIE JIAHHEIE, M Macchl | 3TO CKH T
the study of artificial and ¢busnu | i TMOJIyYeHHbIE Oiaroapst | ¢bmnya | i

nuclear transformations energy | eckuit | o0Be H3YUYCHHIO 9HEPTrUH | eckuil | 00b

gave a most direct test of 00beK | KT HCKYCCTBEHHOTO ; 00beK | eKT

Einstein's fundamental T npeBpalieHus siep, T

law regarding the

JaJIi caMO€ IpsAMOe
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equivalence of mass and
energy, which was to
prove an evermore im-
portant guide for
researches in nuclear
physics.

MOATBEPKACHNE
(hyHIaMeHTaTbHOMY
3aKoHy DiHIITEelHa 00
IKBHBAJEHTHOCTH
Macchl M JHepuu;

In fact, we are here energy- | sHepr | ¢u3 | sHep | mpe JlefiCTBUTEIIEHO, MBI coxpane | sHepr | ¢u3 | sHep | mpe
dealing with a typical moment | ug - nye | rus Me MMEEM 3/1€Ch TUIINYHBIA | HHUe us - nye | rus M€
example of the statistical um 3TO CKH T npuMep IHepzuu | 3TO CKH T
mode of description, and conserv | ¢usuu | i CTaTHCTUYECKOTO busny | i

the complementary ation eckuil | o0be crocoba onucaHus, 1 eckuii | 00b

relationship between o0beK | KT JIOTIOJIHUTEIBHOE OTHO- 00beK | eKT
energy-momentum T HIEHUE MEXKIY T

conservation and COXPaHEHUEM IHEPIUlU

time-space coordination is U KOJINYECTBA JIBUKE-

most strikingly exhibited HUSI, C OJTHOW CTOPOHBI,

in the well-known paradox

of particle penetration

through potential barriers.

Thus, the adequate use of | propaga | cBero | mpo | cBer | IBu Tak, agexBaTHOE pacmpo | cBeTO | Ipo | CBET | IBU
the very notions of tion of ast cTpa | oBas | ke ynoTtpebieHne MOHATHI | crpane | Bas cTpa | oBas | ke
absolute space and time is | light SHEpr | HCTB | dHEp | H aOCOMIOTHBIX HUe SHEPr | HCTB | PHEp | H
inherently connected with us - 0 T | ue MPOCTPAHCTBA U ceema us - 0 rus | ue
the practically 3TO BPEMEHH TECHENIIIHM 3TO

instantaneous pocT 00pa3oM CBA3aHO C pocT

propagation of light, pascT MPaKTHYECKU pasct

which allows us to locate BO MTHOBEHHBIM BO

the bodies around us pacnpocTpaHeHneM

independently of their ceema,

velocities and to arrange

events in a unique time

sequence.

Conversely, the account of | conserv | sHepr | ¢u3 | sHep | mpe U naoboport, oTueT 0 coxpane | sHepr | ¢u3 | sHep | mpe
phenomena which are ation of | us - udye | rus | ame SBJIEHUAX, KOTOPBIE HUA us - uye | rus e
characterized by the laws | moment | ato CKH T XapaKkTepHU3yITCS KoJMye | 3TO CKH T
of conservation of um and | ¢muu | # 3aKOHAMH COXPAHEHHUsI | CTBA ¢buzna | i

momentum and energy energy eckuil | oOne KOJINYECTBA ABHKEHUS JIBUKEH | eCKuii | 00b

involves in principle a 00BeK | KT W JHepeuu, ust 1 00BeK | eKT

renunciation of detailed T MpeIoiaraetT Inepzuu | T

space-time coordination. TPUHIAITHATbHBIH

0TKa3 OT JICTaJIbHOM
JIOKQJIM3aIliH B
MIPOCTPAHCTBE U
BpPEMEHHU.
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If, however, sufficient free SHEpr | 4eno | 3Hep | ol OnHako ecnd | cBOOOAH | SHepr | yen | 9Hep | o0
account is taken of the energy | us- BeK | r'ms | ecTB HajyIexamuM  obpasom | ast us - OBEK | TWsl | ecTB
circumstance that the free 3TO 0 y4ecTb TO | 9Hepeus | 3TO 0
energy necessary to YEeNoB 00CTOATENBCTBO,  UTO YeNnoB
maintain and develop eK Heo0XomuMast VISt eK
organic systems is COXPaHCHUsI U Pa3BUTHS
continually supplied from JKUBBIX OpraHU3MOB
their surroundings by cBOGOAHAsL  IHepIus
nutrition and respiration, it HETPEePhIBHO
becomes clear that there is TIOTOJTHACTCS u3
in such respect no OKpy»Karomieil  cpejsl
question of any violation IBIXaHUEM Y IIMTAHUEM
of general physical laws. OpraHu3Ma,
If, however, sufficient is SHEPr | JKHB | BHEp | IBU OnHako €cM | 3Hepru | SHepr | mpo | sHep | BMe
account is taken of the continu | wus - oe rus | ke HajuIe)xamuM  o0pasoMm | st sl - cTpa | TWst | CTHI
circumstance that the free | ally 3TO cym H y4ecTb TO | Hempep | 3TO HCTB uiie
energy necessary to supplie | xuBoe | ectB ue 00CTOATENBCTBO,  YTO | BIBHO opocT | 0
maintain and develop d from cymec | o Heo0xomast UL | MOMOJIH | PaHCT
organic systems is their TBO COXPaHCHHS M Pa3BUTHUS | sieTCH BO
continually supplied surroun JKHUBBIX OpraHu3MOB
from their surroundings | dings cB0oGOIHASL IHepus
by nutrition and HEMPePhIBHO
respiration, it becomes OO IHAETCH u3
clear that there is in such OKpyXaromieit  cpeasl
respect no question of any JIBIXaHUEM U TIUTAHUEM
violation of general OpraHmn3ma, TO CTaHeT
physical laws. SICHO, YTO 3/1€Ch HET U
peud O  KaKOM-THOO
HapyIICHUH o0mmx
(U3MYECKIX 3aKOHOB.
Returning to the general exchang | suepr | ¢u3 | smep | mpe MBI TIPEKE BCETO odMeH sHepr | ¢u3 | smep | mpe
epistemological lesson e of us - nae | rus | ame JIOJDKHBI SICHO cebe marepu | W - nae | rus | Ame
which atomic physics has | matter 3TO CKH T MPE/ICTaBUTh, YTO eif u 3TO CKH T
given us, we must in the and ¢busna | i M3ydaeMble B KBAHTOBOH | sneprue | ¢usmy | i
first place realize that the | energy ecknii | oObe (hu3MKe 3aMKHYTEHIE i eckuit | 00b
closed processes studied 00BeK | KT MPOIIECCHI HE 00beK | eKT

in quantumphysics are not
directly analogous to
biological functions for
the maintenance of which
a continual exchange of
matter and energy
between the organism and
the environments is

IPEACTABISIOT NPAMOK
QHAJIOTHH C
OHMOTIOTHIECKUMHU
OTIPaBJICHUAMU, IJIA
HOAep>KaHUsI KOTOPBIX
HY>X€H HEeNPepPHIBHBIN
o0MeH MaTepuei u
IHepzuell MEXTY
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required.

JKUBBIM OPTaHU3MOM H
OKpYy>Karoleit cpenoil.

Even though the statistic | smepr | ¢u3 | smep | mox Hecmotps Ha 1O, 4TO CTaTHCT | SHepr | ¢u3 | sHep | moia
mechanical laws of al us - uye | rus | oxe 3aKOHBI JIBHIKCHUS HYECKOM | M - nge | rus | OXe
motion permit a complete | energy | sTo CKH HHE MEXaHWUKH JIOITYCKA0T paBHOBE | 3TO CKH HuHE
reversal of the course of equilibr | ¢usmu | @ B MOJTHOE ObparleHne cHl ¢bmna | i B
single processes, full ium eckuil | o0be npo X071a KaXJI0r0 9HEpruM | eckuit | 00b po
explanation of the 00BeK | KT cTpa OT/ICNBHOTO TIpolLecca, 00BeK | eKT cTpa
characteristic feature of T HCTB OBLIO TOIYYCHO T HCTB
irreversibility in heat e HCYEPIIBIBAOIIEE e
phenomena was found in o0BsICHEHHE
the statistical energy XapaKTepHOTO CBOMCTBa
equilibrium resulting HEoOpaTUMOCTH
from the interaction of the TEIUIOBBIX SBJICHUN;
molecules. 00BSICHEHHE 3TO

3aKIIF0YAETCS B

CTATHCTHYECKOM

PABHOBECHH YHEPTUH,

HACTYTAOIIEM B

pesynbTare

B3aUMOJIEUCTBUS MEKILY

MOJIEKYJIAMH.
Even though the Hecmotpst Ha TO, 4TO paBHOBE | PHEPr | XWB | SHEp | JBH
mechanical laws of 3aKOHBI JABIKCHHUS cun us - oe ras | Ke
motion permit a complete MEXaHHKH JIOIYCKAIOT SHEPTUH | ITO cyil H
reversal of the course of MOJTHOE oOpaIeHne , JKUBOE | €CTB ue
single processes, full X0/1a KaXI0r0 HacTyma | cymec | o
explanation of the OT/ICNIBHOTO TPOLECCa, | OIEM TBO

characteristic feature of
irreversibility in heat
phenomena was found in
the statistical energy
equilibrium resulting from
the interaction of the
molecules.

OBLIO MOTYYEHO
HCUCPIIBIBAOIIICE
00bsICHEHHE
XapaKTEPHOTO CBOWCTBA
HEOOpaTHUMOCTH
TEIUIOBBIX SIBJICHUH;
00BSACHEHHE ITO
3aKJTFOYAETCs B
CTaTUCTHYCCKOM
PABHOBECHH YHEPTHH,
HACTYNAIOLIEM B
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pesynbTaTe
B3aUMOJEHUCTBUS MEXKIY

MOJIEKYIAMH.
Since the idea of waves is | propaga | cBeroB | mpo | cBeT | IBH Tax Kak ujes 0 BOIHAX | pacmpo | CBETO | IPO | CBET | JBU
indispensable to the tion of ast cTpa | oBas | xe HeoOxoxuMa s crpaHe | Baid cTpa | oBas | xe
account of the light SHepr | HCTB | SHep | H 0OBSICHEHHS HUS SHEPr | HCTB | PHep | H
propagation of light, us - 0 g | ue pacupocTpaHeHust cBeTa us - 0 rus | ue
there could be no question 9TO céema, TO HE MOTJIO 9TO

of simply replacing it with HpOCT OBITH M pEUH O TOM, poCT

a corpuscular description, paHcT 4TOOBI IIPOCTO paHcT

and one was therefore BO 3aMEHHTB ee BO

confronted with a peculiar KOPITYCKYJISIPHBIMH

dilemma whose solution NpE/CTaBICHHSAMH.

was to require a thorough

analysis of the scope of

pictorial concepts.

In the same year that heso | transmi | suepr | ¢u3 | sHep | mpe DitHIITeHH MoKasa, nepena | sHepr | ¢u3 | sHep | mpe
harmoniously completed ssion of | us- uye | rus | ome YTO JUIS OTTHCAHUS 4a us - nue | rus | ame
the framework of classical | energy 3TO CKH T HaOJIIOACHUH Hal 3Hepru | 310 CKH T
physics by establishingthe bus3nu | i (HOTOINIEKTPHUECKUM 7} ¢bmna | i

theory of relativity, he eckuii | 00be s¢dexTom HEOOX0IUMO eckuii | 00b

showed that the 00BeK | KT MPEIOIIOKHTH, YTO 00beK | eKT

description of T nepenava snepauu X T

observations on Ka)XZIOMY BBIPBAHHOMY

photoelectric effects W3 BEIIECTBA YJIEKTPOHY

requires that the COOTBETCTBYET

transmission of energy to MOTJIOIIEHHUIO TaK

each of the electrons Ha3bIBAEMOTO KBAHTA

expelled from the H3ITYYCHHUS.

substances corresponds to

the absorption of a

so-called quantum of

radiation.

The discovery of propaga | cBeroB | mpo | CBeT | aBH OTkpBITHE pacmpo | cBeto | mpo | cBeT | aBH
electromagnetic waves tion of ast cTtpa | oBas | ke 3IIEKTPOMATrHATHBIX crpane | Bas ctpa | oBas | xe
had already provided a light SHEPr | HCTB | dHEP | H BOJIH YK€ JJaJIo OCHOBY | HUe SHEPr | HCTB | PHEp | H
basis for understanding sl - 0 rus | ue JUISL TOHUMAHHUS cBeTa ust - 0 ras | ue
the propagation of light, 3TO pacnpocTpaHeHust 3TO

explaining many of the poCT céema v OOBSICHUIIO pocT

optical properties of paHcT MHOTHE U3 ONTHYECKHX paHcT

substances; but BO CBOMCTB BEIIECTB; HO BO

endeavours to account for
radiation equilibrium
confronted such ideaswith

U MOMBITKAX TPH-
MEHHUTB 3TH HJEU K
JIy4UCTOMY
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insurmountable

PaBHOBECHUIO BOSHHUKIIN

difficulties. HETIPeOI0IMBIE
TPYIHOCTH.
The point of departure every sHepr | ¢uz | sHep | dop HWcxonHolt Toukoit ctan | u3mene | sHepr | ¢u3 | sHep | dop
became here the so-called | change | us - uye | rus | Ma 37IeCh TaK Ha3bIBaeMblil | HUeE us - nye | rus | Ma
quantum postulate, in the 3TO CKH KBaHTOBBIH IIOCTYJIAT, IHepzuu | 3TO CKH
according to which every | energy ¢mny | # 0 KOTOPOMY KaXJJ0€ ¢mmy | #
change in the energy of of an eckuii | o0be U3MEHEHUe IHepIul eckuit | 00b
an atom is the result of a | atom 00BeK | KT aToMa ecTh pe3yJIbTar 00BeK | eKT
complete transition T MOJTHOTO Mepexo/ia T
between two of its MEXKY JABYMsI €T0
stationary states. CTallMOHAPHBIMU
COCTOSTHHUSIMH.
By assuming further that absorpt | ceeroB | ¢u3 | cBer | mui Ipenmnonaras paiee, norsiomy | ceeto | Guz | cBer | mmig
all atomic radiative ionofa | ax uue | oBas | a YTO BCAKHH aTOMHBIN eHHeM Bast uue | oBas | a
reactions in- volvc the single SHEPr | CKU | 3Hep aKT M3JTy4CHHUS CBS3aH C | eMHUY | SHEPr | CKH | BHep
emission or absorption of | light us - i rHst UCITyCKaHUEM HIIH HOT0 ust - i rus
a single light quantum, quantu | sto o0be MOTJIOIIeHHEM ceemoso | 310 00b
the energy values of the m ¢uzny | KT eIHHUYHOr0 20 ¢bu3ny | exT
stationary states could be ecKuit C8EM 06020 KBAHTA, KBAHTA | €CKHi
determined from the 00BeK MOJKHO OBLIIO 00BeK
spectra. T ONpeNeNuTb U3 T
CMIEKTPOB 3HAYEHHUSI
SHEPTHH CTAIIMOHAPHBIX
COCTOSIHUIA.
Also the understanding of | high sHepr | ¢u3 | sHep | pa3s Ipu u3y4eHnu npespa- | BbICOKa | 3Hepr | ¢u3 | sHep | pa3
the properties of the new energies | wus - uae | rus | mep MIEHNIT AaTOMHBIX sSIAep st us - nae | rus | mep
elementary particles, 3TO CKH TPH BBICOKUX JHEPUAX | IHepeus | 3TO CKH
which have been observed ¢buzny | i HaOJTI0/ICHBI 32 ¢bmsny | i
in recent years in the study eckuii | 00be MOCIIeTHUE TO/IbI HOBBIE eckuii | 00b
of transmutations of 00BeK | KT JIIeMEHTapHbIE 00beK | eKT
atomic nuclei at high T YaCTHUIIbI; T

energies, has been subject
to continual progress
resulting from the
adaption of the formalism
to the invariance
requirements of relativity
theory.

106




Of course, this energy | sHepr | ¢u3 | sHep | pas TaKAMH 4acTsIMU MOTYT | u3mepe | sHepr | ¢u3 | sHep | pas
information presupposes measur | us - uye | rus | mep OBITh HATIPABJIAIOLINE HUs ust - nue | rus | Mep
knowledge of the position | ements | ato CKH IuadparMel U 3aTBOPEL, | JHEPru | 3TO CKH
of the photographic plate ¢buznu | # KOTOPBIE CITyKaT IS u ¢buzny | #
relative to the other parts eckuii | 00Be JIOKAJTM3aIHH B eckuii | 00B
of the experimental 00BeK | KT HPOCTPAHCTBE U Bpe- 00BeK | €KT
arrangement, such as T MCHH, UJIA XE T
regulating diaphragms and 3apsKCHHBIC U
shutters defining HaMarHW4eHHBIE Tela,
space-time coordination KOTOPBIC ONPEACISIFOT
or electrified and JeHCTBYOIINE HA
magnetized bodies which YaCTHIly BHELIHHE
determine the external CHJIOBBIE TIOJIS K
force fields acting on the MO3BOJISIFOT IeNIaTh
particle and permit energy U3MEPEHUS SHepauU
measurements.
Thus, as stressed by an sHepr | ¢u3 | sHep | mpe Kax noguepkuBan o6MeH sHepr | ¢u3 | sHep | mpe
Heisenberg, the locating exchang | wus - nue | rug Me TeiizenGepr, KoJuye | ud- uue | rus iMe
of an object in a limited e of 3TO CKH T JIOKanu3aus o0beKTa B | CTBOM 3TO CKH T
space- time domain moment | ¢usuu | # OrpaHMYCHHOI o0nacti | ABMKeH | Gusmy | if
involves, according to umand | eckuii | o0Obe MPOCTPAHCTBA-BPEMECHU | MSA M eckuii | 00B
quantum mechanics, an energy 00BeK | KT BJIEYET 33 COOOH, JHeprue | o0bEK | KT
exchange of momentum T COTJIACHO KBaHTOBOM i T
and energy between MeXaHWKe, 00MeH
instrument and object KOJIMYECTBOM JIBHKCHUS
which is the greater the U 9Hepzueil Mex Iy
smaller the domain nprOOpOM 1 0GBEKTOM;
chosen. 3TOT OOMEH TeM

0oJIbIIIEe, YeM MEHBIIIE

BBIOpaHHas 00J1aCTb.
Indeed, every energy sHepr | ¢u3 | sHep | mpe [TosTomy Mo camomy mepexa | sHepr | ¢u3 | sHep | mpe
experimental arrangement | transmi | ws - ude | rus | aAMme OTIPEMIENICHAIO UX Baemble | us - nde | rus | aAMme
permitting the registration | tted 3TO CKH T HCKITIOYaeTcs UM 3TO CKH T
of an atomic particle in a Gusny | i BO3MOXKHOCTb KoJauye | pusmu | i
limited space-time domain ecknii | oObe KOHTPOJMPOBATH CTBO eckuit | 00b
demands fixed measuring 00BeK | KT nepeaaBaeMble M ABHMKeH | OOBEK | eKT
rods and synchronized T KOJIMYECTBO JBWKEHUS | MSA U T
clocks which, from their U JHepzuio. JHEpru
very definition, exclude 10.

the control of momentum
and energy transmitted
to them.
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Such considerations not

propaga | ceroB | mpo | cBeT | nBU Taxue paccyxieHuss He | pacmpo | CBETO | Mpo | CBET | JBH

only have clarified the tion of ast cTpa | oBas | xe TOJIBKO Pa3bsCHUIN crpaHe | Bad cTpa | oBas | ke
above-mentioned light SHEpPr | HCTB | dHEp | H YHOMSIHYTYIO BBIIIIE HHUSI 3HEpPr | HCTB | DHEp | H
dilemma with respect to us - 0 g | ue JIUJIEMMY OTHOCHTEIbHA | cBeTa us - 0 rus | ue
the propagation of light, 3TO pacrnpocTpaHeHus 3TO
but have also completely HpOCT ceema, HO 1 poCT
solved the corresponding paHcT OKOHYATEIBHO, paHCT
paradoxes confronting BO paspenim BO
pictorial representation of COOTBETCTBYIOIINE
the behaviour of material MapaIoKChI, CBSI3aHHBIC
particles. C HATJIAIHBIM

Hpe/CTaBlICHHEM

MOBEICHHUSI

MaTepHaIbHbIX YaCTHIL.
n the maintenance and energy sHepr | ¢u3 | sHep | mon B coxpanenuu u pocre JHeprer | sHepr | ¢u3 | sHep | moON
growth of living equilibr | us - uue | rus | Oxe JKUBBIX OPTaHU3MOB HYeCKOo | Wi - u4e | rus | Oxe
organisms one has often ium 9TO CKU HHE BHIEIH HHOTIA My 3TO CKH HHE
seen acontradiction to that ¢bus3nu | i B HOPOTHBOPEYHE C paBHoB | Qusmy | i B
tendency, implied by the eckuii | 00be npo BBITCKAIOIINM U3 ecuio eckuii | 00b po
thermodynamical laws, 00BeK | KT crpa 3aKOHOB TEPMOJIH- 00BeK | EKT cTpa
towards temperature and T HCTB HaMHUKHU CTPEMIIEHUEM K T HCTB
energy equilibrium in an e TEeMIIepaTypHOMY H e
isolated physical system. IHEpzZeMmuUecKomy

PaBHOBECHIO

W30JIMPOBAHHOM

(hU3HIECKON CHCTEMBI.
However, we must free SHEpr | ueno | SHep | 0Ol OnHAKO MBI JOIDKHBI cBoOOaH | SHEpPr | wenm | 9Hep | oOII
remember that organisms | energy | us - BEK | rus | ecTB MIOMHHTb, YTO KUBBIE ast ust - OBEK | rust | ecTB
are continually supplied 3TO 0 OpraHu3Mbl He- JHepru | 31O 0
with free energy by 4e0B MPEpPBIBHO CHAOXKAIOTCA | o 4eII0B
nutrition and respiration, eK CBOOOIHOI IHepzueil eK
and the most thorough ITyTeM MUTaHUS U
physiological JIBIXQHUS U CaMbIe
investigation has never TIIATEbHbIC
revealed any departure (U3KOIOrHIECKHE
from thermodynamical HCCIIEN0BAHNS HUKOT[A
principles. He 00HApPYKHUBAIK

HUKAKOTO OTKJIOHEHHS

OT TIPHHIIUIIOB

TEPMOIMHAMHKH.
Under the impact of such | conserv | snepr | ¢u3 | suep | mpe INox BewaTneHNEM coxpane | sHepr | ¢u3 | sHep | mpe
difficulties, doubts were ation of | ws - nie | rua | aMme TaKuX TPYIJHOCTEH HHH us - nae | rus | aMme
for a time entertained even | energy 3TO CKH T BPEMEHHO BO3HUKITH 3Hepru | 310 CKH T
regarding the ¢m3ny | # JlaXKe COMHEHUS B u ¢m3my | #
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conservation of energy eckuii | 00be COXpPaHEHUH YHEPIHH eckuii | 00b
and momentum in the 00BeK | KT U KOJIHYECTBA 00BeK | eKT
individual radiation T JIBYKEHHUS B T
processes;' a view, UHIUBHIYAIBHBIX
however, which very soon nporieccax U3Iy4eHus
had to be abandoned in [5].
face of more refined
experiments bringing out
the correlation between
the deflection of the
photon and the corre-
sponding electron recoil.
The shutter, however, energy sHepr | ¢u3 | sHep | mpe Ho 3atBOp, KOTOPBIi odMeH sHepr | ¢u3 | smep | mpe
which leaves the hole exchang | wus - nye | rug Me JIEPIKUT OTBEPCTHE JHeprue | us- nye | rus iMe
opened during the time At, | e 3TO CKH T OTKPBITHIM B TEUYEHUE 71 3TO CKH T
moves with a considerable bus3nu | i BpeMeHH At, IBHKeTCS ¢bmna | i
velocity v a/At, and a eckuil | o0be €O 3HAYUTEILHOU eckuil | 00b
momentum transfer Ap 00BeK | KT CKOpOCTBIO V = — a/At. 00BeK | eKT
involves therefore an T [TosToMy ¢ mepeHOCOM T
energy exchange with the KOJINYECTBA JIBUKCHHS
particle Ip Gyzer cBsi3aH u
o0MeH 3Heprueii ¢
yacTULen
In fact, any unambiguous | transfer | smepr | ¢u3 | sHep | mpe B camom gene, Besikoe nepeno | sHepr | ¢u3 | sHep | mpe
use of the concepts of of usi - uae | rus | ame OJTHO3HAYHOE c ust - u4e | rus | ame
space and time refers toan | moment | srto CKH T NpUMEHEHHE TTIOHATHI KoJHYe | 3TO CKH T
experimental arrangement | umand | ¢usuy | i MPOCTPAHCTBA U cTBa ¢buzny | i
involving a transfer of energy eckuii | 00be BPEMEHH MPEANONATaeT | ABMMKEH | eckuil | 00b
momentum and energy, o0beK | KT TaKyI0 SKCIIEpUMEH- us | 00bek | €KT
uncontrollable in T TalbHYIO YCTAaHOBKY, B JHepru | T
principle, to fixed scales KOTOPO# HPOMCXOIUT "

and synchronized clocks
which are required for the
definition of the reference
frame.

NPUHIUIHATIBHO HE
MOAAAIOIIUHCS
KOHTPOJTIO TEPEHOC
KOJINYECTBA JABUKECHHS
U IHepeuU X
HEITOABIKHBIM IIKaJIaM
U CHHXPOHHM30BaHHBIM
gacam, HY>KHBIM JJIs
OTIpENICIICHHs] CHCTEMBI
OTCYEeTA.

109




While, within the frame of | moment | suepr | ¢u3 | suep | pas Ho xoraa mMbl u3ydaem sueprer | oHepr | ¢u3 | sHep | pa3
classical physics, thereis | um-ene | wus - uue | rus | mep KBaHTOBBIE SIBJICHMUS, HYECKH | W - nue | rus | Mep
no difference in principle | rgy 3TO CKH HOJIOKeHNe OyneT b 3TO CKH
between the description of | quantiti | dusuu | # COBCEM HHOE, peanun | Gusuy | M
the measuring instruments | es eckuii | 00be HOCKOJIBKY KBaHT H eckuii | 00b
and the objects under 00BeK | KT JeWCTBUS HajlaraeT 00BeK | €KT
investigation, the situation T OTpaHNYCHHUS Ha T
is essentially different OIUCAHHE COCTOSHUS
when we study quantum CHCTEMBI ITPH ITIOMOIIN
phenomena, since the HPOCTPAHCTBEHHO-BPEM
quantum of action €HHBIX KOOPIMHAT U
imposes restrictions on the IHEpeemuuecKux
description of the state of BeJUYMH (KOJINYeCTBa
the systems by means of NIBUKCHHS M SHEP2UlL).
space-time coordinates
and momentum-energy
guantities.
We meet analogous transmi | suepr | ¢u3 | smep | mpe MBI BeTpedaem nepena | sHepr | ¢u3 | sHep | mpe
features in the well-known | ssion of | us - nye | rusg Me AHATOTHYHBIC YSPTHI B un us - nde | rus iMe
dilemma about the nature | moment | ato CKH T U3BECTHOM HIEMME O KoJiMue | 3TO CKH T
of light, since optical um and | dusuu | i NPHUPOJIE CBETa, cTBa ¢bmsna | i
phenomena require the energy ecknit | oObe MOCKOJIbKY ONTHYECKHE | JABHIKEH | eCKHi | 00B
notion of wave 00BEK | KT SIBTICHHS TPEOYIOT usl u 00BeK | eKT
propagation, while the T TOHSATHS O JHeprm | T
laws of transmission of pacIpoCTpaHeHUH u
momentum and energy BOJIH, TOT/Ia KAK3aKOHbI
in atomic photo-effects nepeaavYm KoJnuecTa
refer to the mechanical JBUKCHHS U IHEP2UU B
conception of particles. ATOMHBIX
dboroaddexTax
OITHPAIOTCS Ha
MEXaHHIeCKOe
MPECTaBICHHE O
YJACTHIIAX.
Indeed, the spatial JIOTIOJTHUTETEHOCTE MBI | CBETOBEI | »Hepr | ¢u3 | smep | mpe
continuity of our picture [IOHUMAEM B TOM X ust - uue | rug | aMme
of light propagation and CMbICIIE, 9TO 00a SIBJIEHUH | 3TO CKH T
the atomicity of the light acIieKTa 0TOOpaKaroT buzny | i
effects are complementary OJTMHAKOBO BAXKHBIC eckuii | 00b
aspects in the sense that CBOICTBA c6emoeulx 00beK | eKT
they account for equally SIBJICHHIA, TIPUIEM DTH T

important features of the
light phenomena which
can never be brought into

CBOWCTBA HE MOTYT
BCTYIIAaTh B AIBHOE
HPOTHBOpPEUHE JIPYT C
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direct contradiction with
one another, since their
closer analysis in
mechanical terms demand
mutually exclusive

JPYTOM, TIOCKOJIBKY
Oosee moxpOOHBII
aHaNM3 UX Ha OCHOBE
HOHATHH MEXaHUKN
notpeboBai Obt

experimental B3aMMHO
arrangements. HMCKJTIOYAIOIIX
IKCIIEPHMEHTATBHBIX
YCTAHOBOK.
The exaggeration of the brought | ceero | ¢u3 | cer | mpe IpeyBenuueHust B
Aristotelian doctrine, on to light | as uye | oBasg | aMe y4eHHH  ApuCTOTeNs
its side, was, however, SHEPr | CKM | BHEp | T OBLTH B CBOIO 0YEPE/ib
clearly brought to light s - i rHs SICHO BBISIBJICHBI B pe-
by the gradual recognition 31O o0Be 3yJIBTATE MOCTETIEHHOTO
of elementary laws of ¢m3uy | KT 03HAKOMJICHUS c
nature valid as well for CCKHi 3NIEMEHTapHBIMU
inanimate bodies as for 00BeK 3aKOHAMH  TIPUPOJIB,
living organisms. T CNIpaBeIJIMBBIMH  KaK
UL HEOTYIIIEBIIEHHBIX
TeJ, TaK U TS KUBBIX
OpTraHM3MOB.
While J. J. Thomson's brought | ceero | ¢u3 | cer | mpe Brecrsamue
brilliant researches soon to light | as uae | osas | ame uccnenoBanus ToMcoHa
brought to light the JHEepr | cku | Hep | T BCKOPE BBISICHHJIN
essential part played by usi - i rust CYILECTBEHHYIO POJIb
electrons in most varied 3TO obbe SIIEKTPOHOB B CAMBIX
physical and chemical ¢busny | KT pa3Hoo0Opa3HBIX
phenomena, our ecKkuit busrdecKux 1
knowledge of the o0BbeK XUMHYECKUX SIBJICHHSX.
structural units of matter T Harrre 3HaKOMCTBO €O

was, however, not
completed until
Rutherford's discovery of
the atomic nucleus,
crowning his pioneerwork
on the spontaneous
radioactive transmutations
of certain heavy elements.

CTPYKTYPHBIMHU
€IMHUIIAMH MaTepPHU
OBII0, OJJHAKO, eIIIe
HETOJIHBIM BIUIOTH /10
OTKPBITHS
Pe3epdopmom aToMHOTO
A1pa — OTKPbITUSA,
YBEHYABIIETO €ro
HOBaTOPCKHUE TPYHI O
CHOHTAHHBIX
panuOaKTHUBHBIX
MpEeBpaIIeHAUsIX He-
KOTOPBIX TSDKEIBIX
3JIEMEHTOB.
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Indeed, this discovery
offered for the first time an
unguestionable
explanation of the invari-
ability of the elements in
ordinary chemical
reactions, in which the
minute heavy nucleus
remains unaltered, while
only the distribution of the
light electrons around it is
affected.

the
distribu
tion of
the light
electron
S

Just with respect to the
observational problem,
this last question had
previously been the
subject of an address to the
International Congress on
Light Therapy held in
Copenhagen in 1932

Light
Therap

As regards the account of
the conversations | am, of
course, aware that | am
relying only on my own
memory, just as | am
prepared for the
possibility that many
features of the
development of quantum
theory, in which Einstein
has played so large a part,
may appear to himself in a
different light.

differen
t light

In our century, the study of
the atomic constitution of
matter has revealed an
unsuspected limitation of
the scope of classical
physical ideas and has
thrown new light on the
demands on scientific
explanation incorporated
in traditional philosophy.

new
light
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As a physicist whose
studies are limited to the
properties of inani- k mate
bodies, it is not without
hesitation that I have
accepted the kind
invitation to address this
assembly of scientists met
together to forward our
knowledge of the
beneficial effects of light
in the cure of diseases.

light
phenom
ena
which
have
exerted
a
special
attracti
on

Unable as | am to
contribute to this beautiful
branch of science that is so
important for the welfare
of mankind, I could at
most comment on the
purely inorganic light
phenomena which have
exerted a special attraction
on physicists throughout
the ages not least owing to
the fact that light is our
principal tool of
observation.

This development
originated just in the
closer study of the
interaction between light
and material bodies which
presents features that
defeat certain demands
hitherto considered as
indispensable in aphysical
explanation.

Still, I wish to stress at
once that it is only in this
formal respect that light,
which is perhaps the least
complex of all physical
phenomena, exhibits an
analogy to life which
shows a diversity beyond
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the grasp of scientific
analysis.

At point b, the electrical kinetic | smepr | ¢u3 | sHep | pecy B touke b KHHeTH | SHepr | ¢us | sHep | pecy
and mechanical powers energy, | us- uye | rus | pc JIEKTpUYECcKas U yeckast | Wi - nue | rus | pc
are equal, but the rotor of | stored 3TO CKH MeXaHI4YecKast JHepru | 3TO CKH
the generator, due to its ¢m3my | # MOIIHOCTH PaBHBI, HO o1, ¢mmy | |
inertia, passes this point eckuil | 00be pOTOp reHeparopa o 3amacen | eckuii | 00b
and reaches the point c, 00BEK | KT WHEPIUU POXOJNT 3Ty | Hasi 00BEK | €KT
where the kinetic energy, T TOYKY U JIOXOJUT JI0 T
stored by the rotor from TOYKH C, TJIe
the accelerated motion KHHeTHYecKast
from a to by is completely JHEPrus, 3amaceHHas
used up in the section be. pPOTOPOM IpH
YCKOPEHHOM [IBIKCHUH
oT a K b, moinHOCTBIO
PacxoIyeTcs Ha ydacke
bc.
Here the power output of | energy | smepr | ¢u3 | smep | pecy 3/1ech 3IeKTpUIecKast c sHepr | ¢u3 | sHep | pecy
the generator is greater stored us - nye | rug | pc MOILHOCTh, OTAaBaeMasi | HAKOIJI | M - n4ye | rug | pc
than the power developed 3TO CKH TeHepaTopoM, 6oJIbIIIe eHHOIi 3TO CKH
by the ¢busna | i MOLIHOCTH, poropo | dusnu | i
turbine, the generator ecknit | oObe pa3BuBaeMoit M eckuit | 00B
brakes, but the angle <5' 00BEK | KT TypOHHOH, TeHepaTop JHepru | OOBEK | eKT
continues to increase T TOPMO3HTCS, HO YO " T
corresponding NPOIOIDKAET
to the energy stored by YBEJIMYINBATHCS B
the generator COOTBETCTBUH C
HAKOIJIEHHOH POTOPOM
IHEPrHH.
The increase of rotor angle | kinetic sHepr | ¢u3 | smep | pecy YBenuueHue yria JHepru | oHepr | ¢u3 | sHep | pecy
continues up to point 8 energy, | us- uae | rus | pc pOTOpa MPOJOIKACTCS s, us - nae | rus | pc
(angle 6'max), where the stored 3TO CKH JI0 TOYKH 8, re HAKOIUI | 3TO CKH
kinetic energy, stored by Gusny | i KUHETHYECKAs eHHAas Gusny | i
the rotor in the process of eckuii | o0be IHeprus, eckuil | 00b
acceleration, is fully used 00BeK | KT HAKOMJIEHHASI POTOPOM 00beK | eKT
for braking. T B IIpoOLIeCCEe YCKOPEHUs, T
MOJIHOCTHIOU3PACXOI0B
aHa TIpH ero
TOPMOKCHHH.
Required: to determinethe | the SHepr | ¢u3 | sHep | pecy Perrenne. [poBenem
maximum permissible supply s - ude | rus | pc HCCIIEI0BaHHUE,
time of interruption of the | of 3TO CKH HOJB3YSCH CIIOCOOOM
supply of energy for which | energy Gusny | i TUIOIA/IEH.
the dynamic stability of eckuii | o0be MakcumanbHas
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the system will not be 00BEK | KT MOIITHOCTh, KOTOPYEO
disturbed. T MOKHO TIepeaTh B

HOPMAJIbHOM PEKHME.
For the switching on to be larger | smepr | ¢m3 | smep | pa3 Jlnst Toro 9To0bt Hepru | sHepr | ¢u3 | sHep | pa3s
successful, it is necessary | thanthe | us - uye | rus | Mep BKJIFOYEHHE OBLIO s us - nue | rus | Mep
that the braking energy, kinetic 3TO CKH YCIENIHEIM, Gosabmie | 3TO CKH
proportional to the area energy ¢mny | # HE00XO0IMMO, YTOOBI ¢mmy | |
Fbrake, is larger than the eckuii | 00be IHEPrusi TOPMOKCHHS, eckuii | 00b
kinetic energy stored by 00BeK | KT HPOIOPLHOHATIBHAS 00BeK | eKT
the rotor due to the relative T wiomaake F_topm T
motion, i.e. Obl1a 60JIbIIEe

KMHETHUYECKOH SHEPIUH,

HaKOIJIEHHOH pOTOPOM

B OTHOCHTEJIEHOM

JIBIKCHHH, T.€.
For the switching onto be | the sHepr | ¢u3 | sHep | pecy Jlnst Toro 4To0bt JHepru | sHepr | ¢u3 | 3Hep | pecy
successful, it is necessary | kinetic | ws - uye | rus | pc BKJIFOYEHHE OBLIO u, us - nue | rus | pc
that the braking energy, energy | sTo CKH YCIICIIHBIM, HAKOIUT | 3TO CKH
proportional to the area stored busny | i HEO0XO0IMMO, YTOOBI eHHO# ¢busny | i
Fbrake, is larger than the eckuii | 00be IHEepPrusi TOPMOKEHHS, eckui | 00b
kinetic energy stored by 00BeK | KT MPOITOPIHOHATBHAS 00beK | eKT
the rotor due to the relative T wiomaake F_topm T
motion, i.e. ObL1a fosbIIe

KUHETUYECKOH

IHeprum,

HAKOIJIEHHOH POTOPOM

B OTHOCHTEIIEHOM

JIBU)KCHHH, T.C.
Thus, for successful larger | smepr | umc | sHep | abecT Takum obpazoM, 11 CyMMBI | dHepr | uuc | sHep | abcr
synchronization, the than the | us - JI0 rvs | pakT YCTICIHON KHHETH | W - 10 rus | pakr
braking energy, sum of 3TO HBIN CHUHXPOHHU3AIMU Yeckoii | 3TO HBIN
determined by the braking | the YHCII0 o0Be IHeprusi TOPMOKEHHUs, | JHEPru | UHCIO 00Be
area Fbrake, must be kinetic KT omnpeenseMas u KT
larger than the sum of energy TUTOIIAAKON

the kinetic energy of the
rotor of the synchronous
machine before
switching-on and the
energy, determined by the
acceleration area Facccl.

TOpMOXKeHUs F_Topwm,
JIOJDKHA OBITH 00JIbIIe
CYMMBI KHHETHYECKON
SHEPTHHU POTOpa
CHHXPOHHOH MaIllMHBI
nepes BKIIOUCHUEM U
SHEPTHs, ONpe/ieNsIeMoit
TUIOIIAAKOH YCKOPEHHS
F yck.
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The amplitude of this mechan | suepr | ¢u3 | smep | pas CHHXPOHHBIIt MOMEHT
deflection rapidly ical sl - uye | rus | mep 00ycIoBIUBaET
diminishes with the energy | ato CKH MTHOBEHHBIC
increase in speed, since ¢buznu | # HEepPHOIIIECKIe
the rotor possesses a eckuii | 00Be OTKJIOHEHUSI
considerable amount of 00BEK | KT CKOJIBXKEHHS POTOpPa OT
mechanical energy. T CpeIHero 3HaueHHs,

HpHUYEeM aMIUTHTYAA

3THX OTKJIOHEHHH C

POCTOM CKOPOCTH

OBICTPO YOBIBAET, TaK

KakK poTop obnagaer

GoutbIIION

MeXaHHYECKOMH

MHepUue.
where the left side allows, | allows, | smepr | umc | sHep | aber TJIe JIeBasl 4acTh YUMTBIB | 3Hepr | uuc | sHep | abcr
approximately, for the approxi | wus- 10 rus | pakr HPHOIHKEHHO aer us - 110 rus | pakr
kinetic energy of the mately, | sto HBII YYHTBHIBAaET KHHETH | 3TO HBII
rotor, and the right side for | for the YHCIIO0 o0ne KHHETHYECKYH0 YeCKyW | UHCIO o0Be
the operating forces kinetic KT IHEPrUI0 POTOpa, a JHEpru KT
applied to the rotor, where | energy npasas - paboTy cui, 0
the non-periodic MPHIIOKEHHBIX K
components give the mean poTOpYy, mpu4emM
operational value, which HETIePHOINYECKUE
corresponds to the mean cllaraeMble JaioT
value of the kinetic energy cpenHee 3HAUYeHHE
of the rotor paboThI, KOTOPOMY

COOTBETCTBYET CcpeaHee

3HAYeHHe

KHHEeTHYeCKOoi

IHEPTUM POTOpa
where the left side allows, | the SHEPr | 3HaK | dHep | abcT T/ie JIeBast 9acThb cpexnee | SHepr | 3Hak | dHep | abcT
approximately, for the mean sl - rusi | pakT NPUOIIVDKEHHO TPUYEM | 3HAYEH | Wi - rus | pakT
kinetic energy of the rotor, | value of | ato HBIH HETIepHOINIECKUE ue 3TO HBII
and the right side for the the 3HAK 00be cllaraeMblI€ JaroT KHHETH | 3HaK 00Be
operating forces applied to | kinetic KT cpenHee 3HaUYEHHe YecKoit KT
the rotor, where the energy paboThI, KOTOPOMY HEpru
non-periodic components COOTBETCTBYET CpeiHee | U

give the mean operational
value, which corresponds
to the mean value of the
kinetic energy of therotor

3HAYEHHUE
KHHETHYEeCKOi
IHEePruu poTopa
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A hydro-electric station is | transmi | suepr | ¢u3 | sHep | mpe Tupposnekrpocraniust | mepexae | sHepr | ¢u3 | sHep | mpe
transmitting energy into | tting us - uye | rus | ame nepeaaeT YHEPruio B T usl - uae | rus | ame
a powerful system. energy 3TO CKH T MOIIIHYIO CHCTEMY. JHepru | 3TO CKH T
¢buznu | # 0 ¢buzny | #
eckuii | 00be eckuii | 00b
0o0beK | KT 00BeK | €KT
T T
A HVDC system requires | converti | suepr | ¢u3 | smek | u3 st pabotsr ITIIT npeo6p | 3Hepr | ¢uz | amek | u3
an electronic converter for | ng us - uae | Tpu | M TpebyeTcs azoBaTh | Wi - nae | Tpu | M
its ability of converting electric | sto CKM | 4ecK | eHe npeoOpas3oBaTelb, nepeme | 3TO CKH | 4ecK | eHe
electrical energy from al ¢busny | i ast HHE HO3BOJISFOIIUH HHBII bmny | # ast HHE
ac-dc or vice versa. energy | eckuit | oOwe | 3HEp npeodpa3oBaTh TOK B eckuii | 06b | sHEp
from 00BEK | KT THS nepeMeHHbIi TOK B nocrost | 00BEK | eKT | rud
ac-dc T NOCTOSIHHBIA 1 HHBII T
00patHo.
Commutation circuits derivin | sHepr | ¢u3 | smep | mpe CyIIeCTBYIOT CXEMBI noay4ya | sHepr | ¢u3 | sHep | mpe
deriving their energy g their | us- uye | rus | oMe KOMMYTAIlHH, oume us - uue | rus | ame
from any one or multiple | energy | ato CKU T noJTy4yaromue JHepru | 3T0 CKH T
of these sources exist bus3nu | i IHEPIHIO OT JI06Oro 0 ¢bmna | i
eckuii | o0be WM OT HECKOJIBKHX U3 eckuit | 00B
00BEK | KT MIePEYNCIICHHBIX 00BEK | eKT
T HCTOYHHKOB. T
The capacitor derives its energy | sHepr | reo | aIek Konpencarop JIMHUH SHEPT | reo | 3IeK
energy directly from the | directly | us- MeT | TpH 3apspKaeTcs nocrost | us - MeT | TpH
dc line. from 3TO pud | 4eck HETIOCPE/ICTBEHHO OT HHOTO 3TO pud | deck
the dc reoMe | ecku | as JINHUM TIOCTOSTHHOTO TOKa reome | eck | as
line Tpuue | i SHEp TOKa. Tpuue | ui JHEp
cKuit o0be | rus CKHit o0be | rus
00BEK | KT 00BeK | KT
T T
Snubbers with energy Snubbe BosmoxHo npumeHenne | gemndum | 3Hepr | ¢u3 | dHep | apT
recovery are also feasible. | rswith AeMIQUPYOIHX pyoum | us- nue | rud | e
energy nenei ¢ pekynepauueil | x memeii | 31O CKHU (hax
recover SHEpIUu. c ¢busny | i T
y pekyme | eckuit | 00b
panueii | 00BEK | eKT
JHepra | T
u
Low loss snubber circuit snubber B LTI moryt pexyme | sHepr | ¢u3 | sHep | mpe
and snubber energy energy UCIOJIb30BaThCA pauue us - nue | rus | ame
recovery can be recover JnemMnupyoime i 3TO CKH T
implemented to minimize | y LENOYKH C MaJIbIMU Hepru | usmy | i
losses. MOTEPSIMU MOIITHOCTH u eckuii | 00B
WM C peKynepanmeii 00BeK | eKT
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IHEPruM JUis T
YMEHBIICHHUS IOTEPh
MOII[HOCTH.
The reservoir capacitors in | energy sHepr | ¢u3 | sHep | pecy Konnencaropsr B Hakomu | dSHepr | ¢us | sHEp | pecy
each link can be replaced | storage | us- uye | rus | pc KaKZ10# 1ienu TeJISIMA | WS - nue | rus | pc
with a battery or other compon | ato CKH CTATKOM MoryT ObITh | 3Hepru | 3TO CKH
suitable energy storage ent ¢mny | # 3aMEHCHBI aKKy- u ¢mmy | #
component giving the eckuil | o0be MYJISITOPAMH HITH eckuii | 00b
equipment the capability o0beK | KT JIPYTHMH 10X O ISIIIIAMHE 00beK | eKT
of providing real power T HAKONHTEJISIMA T
compensation to the ac IHEPrUH, YTO MO3BOJUT
system. o0ecreunTh
KOMIICHCAIHIO
AKTHBHOM MOLIHOCTHU B
CHCTEME MTePEMEHHOTO
TOKA.
The push for renewable sHepr | ¢uz | smep | dop IMoBonom mis Gonee BO- sHepr | ¢u3 | amep | dop
forms of energy has renewa | us- uae | rus | ma MIIPOKOTO 300H0B | WA - nae | rus | Mma
brought wind power mills | ble 3TO CKH HCHOJIb30BAaHUS JsieMbIX | 3TO CKH
into focus on southern forms of | ¢usuu | i BO300HOBIISIEMbIX dhopm ¢bmna | i
Gotland with need for energy | eckuit | obwe (¢opm >Heprum JHepru | eckuii | 00B
additional transmission 00BEK | KT MOCITy KM u 00BeK | eKT
capacity, as well as for a T BO3MOHOCTb T
better means to maintain a UCIIONB30BaHUS BET-
good power quality. pOreHepaTopoB Ha
I0XKHOM I0OepesKbe
0CTpoOBa C
OJIHOBPEMEHHOU
nepenauei
JIOTIOJTHUTEJILHON
MOLIHOCTH ISt
oOecrieyeHust BEICOKOTO
Ka4yecTBa 3JIEKTPO-
OHEPTHUH.
The push for renewable sHepr | ¢u3 | sHep | mpe [ToBomoMm st Gostee nepexa | sHepr | ¢u3 | sHep | mpe
forms of energy has transmi | us - uue | rus | aMme IIHPOKOTO vei usi - u4e | rus | ame
brought wind power mills | ssion 3TO CKH T UCIIOB30BaHUS BO- JIOMOJH | 3TO CKH T
into focus on southern capacity | ¢usuy | it 300HOBIIEMBIX (OPM urenbH | Gusma | #
Gotland with need for eckuit | oObe SHEPrHH MOCTYXKUIa oii eckuit | 06b
additional transmission 00BEK | KT BO3MOKHOCTE MOLIHO | OOBEK | €KT
capacity, as well as for a T UCTIOB30BAHUS BET- cTH T

better means to maintain a
good power quality.

poreHepaTopoB Ha
10)KHOM IT00epexbe
OCTpOBa C
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OJIHOBPEMEHHOMU
nepeaavei
JIOTIOTHUATETLHOMN
MOIIHOCTH JJIst
o0OecreueHrs BEICOKOTO
Ka4yecTBa JJICKTPO-

SHEPTUH.
The push for renewable a good | smepr | ¢u3 | sHep | ome TloBomom nust Goree sHepr | ¢m3 | smep | oume
forms of energy has power us - uye | rus | HKa IIUPOKOTO BBICOKO | Wi - uue | rus | HKa
brought wind power mills | quality. | sto CKH HCIOJIb30BaHUsI BO- ro 3TO CKH
into focus on southern bus3nu | i 300HOBJIIEMBIX (popM KavectB | husmu | i
Gotland with need for eckuii | 00be SHEPTUH MOCITYKHIIA a eckuii | 00b
additional transmission 00beK | KT BO3MOXKHOCTb IEKTP | OOBEK | EKT
capacity, as well as for a T UCITIOJIb30BaHUS BET- 0- T
better means to maintain a pOTeHEepaToOpOB Ha JHEpru
good power quality. F0KHOM MOOEPEkKbE .

0CTpOBa C

OJIHOBPEMEHHOU

nepenaveit

JIOTIOJTHUTEIIBHOM

MOLIHOCTH ISt

obecrieqeHHs

BBICOKOT0 Ka4ecTBa

3JIEKTPOIHEPIHH.
The flow of energy over flow of SHEpPT | Bem[ | 3Hep | *Kunm IHoToxk MOLIHOCTH IMoTox SHEPr | BEIl | 3HEp | XKUI
HVDC Light facilities can | energy | uns - €CcTB | I'msi | KOCT yepes3 INIIT moxeT ObITH | MOIIH us - €CTB | TS | KOCT
be precisely defined and 3TO 0 b TOYHO 33/1aH U pe- 0 cTH 3TO 0 b
controlled, thereby BelleC TYJIMPOBATHCS, YTO Bellec
meeting NECA's Safe TBO oTBeyaeT TpeOOBaHUIM TBO
Harbour Provisions. 6e30macHOCTH

crangapra NECA.
A dc capacitor C_dc acts energy sHepr | ¢u3 | sHep | pecy Konzencarop Hakonu | sHepr | ¢u3 | sHep | pecy
as its energy storage/ storage/ | wus - ude | rus | pc TIOCTOSIHHOTO Telb s - nge | ruas | pc
source, and provides the source 3TO CKH HaIpsHKEHUS JHepru | 31O CKH
reactive and harmonic ¢busna | i CopeiicTByeT Kak u ¢buzny | i
powers for the non-linear eckuii | o0be HAKONHUTeb YJHEPTUU eckuil | 00b
load and a small amount of 00BeK | KT (MCTOYHHK) U 00beK | eKT
active power to meet T obecrieunBaer T
internal losses occurring PEaKTHUBHOI
in the form of switching MOIIIHOCTBIO H
and dielectric losses. rapMOHHKaMH

HENUHENHHYI0 Harpy3Ky
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A dc capacitor C_dc acts | dielectri | snepr | ¢u3 | smep | mpe JUTSL KOMITCHCALIMT audaek | sHepr | ¢u3 | sHep | mpe
as its energy storage/ closses | wms- uye | rus | aMme BHYTPEHHHX MOTEPb, TpUYyec | ui- nue | rus | ame
soource, and provides the 3TO CKH T BO3HHUKAIONIHX MTPH KHX 3TO CKH T
reactive and harmonic ¢busny | # KOMMYTAIHSX, U norephb ¢buzny | #
powers for the non-linear eckuii | 00be JAMIJIEKTPUYECKUX eckuii | 00b
load and a small amount of 00BeK | KT MOTEPb. 00BbeK | KT
active power to meet T T
internal losses occurring
in the form of switching
and dielectric losses.
The energy loss over the | energy | sHepr | ¢u3 | smep | mpe IoTepu 3Hepruu 3a IMorepu | sHepr | ¢u3 | sHep | mpe
period T x is given by... loss us - uie | rus | aAMe nepuon ['.momydaem JHepru | usd- nye | rus | aMme
9TO CKH T u 3TO CKH T
¢buzna | i ¢buzna | i
eckuii | oObe eckuii | 00b
00BEK | KT 00BEK | eKT
T T
The AF draws this energy | energy | smepr | ¢u3 | suep | mpe OTH NOTEepH IHEPruU sHepr | ¢u3 | sHep | mpe
loss E_loss from the loss s - uue | rus | ame HCTOYHMKA Eys norepu | us - ude | rus | ame
source through a UPF 3TO CKH T PacCUUTHIBAIOTCS TIPH JHepru | 31O CKH T
current with a peak value ¢buzny | i MPOTEKAHUH TOKa u ¢buzny | i
of I*smd; this energy eckuii | oObe aMIUUTy 0 |*smd ipu HCTOYH | eckuil | 00B
relationship is given by... 00BEK | KT ko3 durpenTe HKa 00BEK | €KT
T MOIIHOCTH, PABHOM T
eIMHHIIE, U
OIIPEIENISIOTCS 110
dhopmyme
For instance, the converter | energy 3Hepr | ¢u3 | sHep | Hary Hanpuwmep, OITH paccesiH | sHepr | ¢u3 | SHep | Hary
arrestor for the upper dissipat | us - mae | rus | pda BEPXHETO MOCTa ue us - nae | rus | poa
bridge are subjected to a ion 3TO CKH KT JIOJDKEH OBITh JHepru | 3TO CKH KT
higher energy dissipation ¢busna | i paccur—TaH Ha 6onee u busna | i
than for the lower bridge. eckuii | 00Obe BBICOKOE paccesinue eckuéi | 00b
00BeK | KT snepruu, vem OITH 00BeK | eKT
T HU)KHETO MOCTA. T
The utilization of these endac | sHepr | Bemr | SHep | XKuJ MOTOMY YTO OHH JHEpProc | SHepr | Bell | SHep | KU
complex ramps is justified | system us - ecTB | rmsi | KOCT MO3BOJISIOT HCTeMBI | WS - ecTB | rust | KOCT
because they optimized 3TO 0 b ONTHMH3HPOBATH nepeme | 3TO 0 b
the reactive power BelleC CBOWCTBA HHOT'0 Belec
capability of the receiving TBO IHEProCcUCTEMBI TOKa TBO

end ac system to support
the ac voltage whilst
accepting the maximum
dynamic energy.

TMepeMEeHHOr0 TOKa Ha
NPUEMHOM KOHIIE
JIMHUN TaK U3MEHSITH
CBOIO PEAKTHBHYIO
MOIIHOCTb,
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The utilization of these support | sHepr | ¢u3 | sHep | mpe HOTOMY YTO OHH noagep | sHepr | ¢u3 | sHep | mpe
complex ramps is justified | the ac us - uue | rus | ame MO3BOJISIIOT JKUBATH | WA - u4e | rus | ame
because they optimized voltage | arto CKH T ONTHMH3HPOBATh HANPSK | 9TO CKH T
the reactive power ¢buznu | # cBoiicTBa eHmne ¢buzny | #
capability of the receiving eckuii | 00Be JHEProOCHCTEMBI eckuii | 00B
end ac system to support 00BeK | KT [EPEMEHHOTr0 TOKa Ha 00BbeK | KT
the ac voltage whilst T NPUEMHOM KOHIIE T
accepting the maximum JIMHUK TaK U3MEHATh
dynamic energy. CBOIO PEaKTHBHYIO

MOMIHOCTb, YTOOBI

MO/IeP)KUBATD

HANpSKeHne

MEPEMEHHOTO TOKA MPH

HOTJIOLICHIN

MaKCHUMAaJIbHOM SHEpTUHn

B [IEPEXOTHOM MPOLIECCE

(MBr1/c).
The utilization of these acceptin | sHepr | ¢u3 | smep | mpe YTOOBI HOA/IEPKUBATE | morJjouy | 3Hepr | Gu3 | 3Hep | muIl
complex ramps is justified | g the us - uye | rus | ome HaIpsSIKEHHe eHHHU us - nue | rus | a
because they optimized maximu | 3To CKH T HEPEMEHHOTO TOKA TP | MAKCHM | 3TO CKH
the reactive power m Gusny | i MOTJIOIEeHU I aabHoOi | Qusnu | i
capability of the receiving | dynami | eckuit | 00be MaKCHMAJIbHOM JHepru | eckuii | 00b
end ac system to support cenergy | oosex | KT JHEPIuM B IEPEXOJHOM | M 00BeK | eKT
the ac voltage whilst T nporiecce (MBT/c). T
accepting the maximum
dynamic energy.
Each element is a 9Hepr | Beml | dHep | KU Kaxmsrit amemeHT MCTOYH | DHEPr | Bem[ | SHEp | MU
represented by a resistor in | current | wus - €CTB | rmsi | KOCT NpeICTaBIICH HK TOKA | W - ecTB | Tust | KocT
parallel with a current source 3TO 0 b pe3ucTopom, 3TO 0 b
source, the current source Bellec napajuieIbHO KOTOPOMY BelIecC
represents a history term TBO BKJIIOYEH MCTOYHHK TBO
which contains the energy TOKa. VICTOYHKK TOKa
stored in a reactive MPE/ICTABIISET
element. TPEABICTOPHIO JTAHHOTO

JIIEMEHTA U COJEPIKUT

SHEPTHUIO, HAKOIUICHHYTO

paHee B peakTHBHOM

JIIEMEHTE.
Each element is sHepr | ¢u3 | osmep | mpe Kaxsrit amemeHT comepx | smepr | ¢us | omep
represented by a resistor in | contain | us - nye | rus | ame npeacTaBieH uT ust - uue | rus
parallel with a current s the 3TO CKH T pe3nucTopom, 3Hepru | 310 CKH
source, the current source | energy | ¢wusma | i TapaJuIeslbHO KOTOPOMY | 10, busma | i
represents a history term stored eckuil | o0be BKJIIOUEH HCTOYHUK HAKOILUI | €CKHil | 00b
which contains the 00BeK | KT ToKa. MICTOYHMK TOKa €HHYI0 00BEK | eKT
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energy stored in a T HPE/ICTaBIISIET T
reactive element. MPEIBICTOPHIO JaHHOTO
JJIEMEHTA U COEPKUT
IHEPIHUIo,
HAKOIJIEHHYIO0 PaHee B
PEaKTHBHOM 3JIEMEHTE.
Transmission of Transm | smepr | ¢u3 | suep | mpe Iepenaun aBapuitneix | Ilepema | sHepr | ¢us | sHep | mpe
disturbances from one ission of | usa - nye | rus Me BO3MYIICHHUH U3 OXHOMN 4y us - nye | rus M€
system to the other disturb | aro CKH T 9HEPTOCHUCTEMEI B aBapuii | 3TO CKH T
ances ¢busnu | i JIPYTYIO. HBIX ¢busna | i
from eckuif | o0be BO3MYI | ecKuil | 00B
one 00BeK | KT eHMii 3 | 00beK | eKT
system T oaHOI T
to the IHeproc
other HCTEMBbI
B
Apyryio
Furthermore, the asynchr | sepr | ¢u3z | smep | mpe Bonee Toro, CBAI3b sHepr | ¢u3 | sHep | mpe
asynchronous onous s - uue | rus | ame HECHHXPOHHAs CBSI3b MeKIy | U - ude | rua | ame
interconnection of two intercon | sto CKH T MEKIY 3Heproc | 310 CKH T
power systems can only nection | ¢mmu | # IHeprocucTeMamMmu ucrema | ¢msuy | i
be achieved with the use of two eckuii | 00be BO3MOJKHA TOJIBKO TP | MH eckuii | 00b
of dc links. power 00BeK | KT npumeHeHnu TTT. 00BeK | eKT
systems | T T
In terms of an ac SHEPr | BEUl | BHEp | *KHuI BapuaHT MOCTOSIHHOTO | MOCTOsE | dHEpr | Bewl | SHep | UL
asynchronous systems | ms - eCcTB | THsi | KOCT TOKA SIBILIETCS, HHOT'O s - €CcTB | TWS | KOCT
interconnection between 3TO 0 b GeccriopHO, Hanboee TOKa 3TO 0 b
two ac systems, the dc BellEeC NPEANOYTHTETBHBIM BelleC
option reigns supreme. TBO JUTSL HECHHXPOHHOM TBO
CBSI3H MY JABYMS
9HEPrOCHCTEMaMH.
In terms of an asynchr | suepr | ¢u3 | smep | ruok BapuaHT NOCTOSTHHOTO | CBSI3H sHepr | ¢uz | sHep | ruOK
asynchronous onous us - uye | rus | Wit TOKa SIBIISIETCS, mMexay | us- nde | rus | Wit
interconnection between | intercon | sto CKH npe GeccriopHO, Hanboee ABYMSI 3TO CKH mpe
two ac systems, the dc nection ¢busna | i iMe NPEANOYTUTENbHBIM sHeproc | ¢uzuu | i Me
option reigns supreme. between | eckmit | oOwe T JUIs HECUHXPOHHOM ucrema | eckuil | 00B T
two ac 00BeK | KT CBSAI3M MEKIY ABYMSI MH. 00BEK | eKT
systems | T IHEProcUcTEMAaMHU. T
There are many instances twoac | osmepr | ¢u3 | smHep | mpe ViKke moCTPoeHo MHOTO | mocrpoe | dHepr | ¢u3 | sHep | cTpo
of BB connections where | network | us - uae | rms | ame BIIT mexny aBymst HO sl - ude | rust | eHd
two ac networks have s have 3TO CKH T IHEProcUcTeMaMH C MHOT0 3TO CKH e
been tied together for the | been ¢mmy | # OOJIBIITIIME BIIT ¢mmy | #
overall advantage to both | tied eckuit | ob6be MPEUMYIIECTBAMH JUIS Mexay | eckuit | 00B
ac systems. together | o6bex | kT 00eHX SHEPTrOCUCTEM. JIBYMSI 00BeK | eKT
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for the T JHeproc | T
overall ncreMa
advanta MH
geto
both ac
systems.
With recent advances in weak ac | suepr | xuB | sHep | ¢u3 Tlocnennue cmabbix | SHepr | kuB | sHep | Gu3
control techniques, these systems. | us- oe rus nue JOCTI)KEHHUS B o0JIacT | 3Heproc | usi- oe rus nue
interconnections are being 3TO CyI cKas CHCTEM YIIPaBICHHS U nerem 3TO CyI cKas
increasingly made at weak JKMBOE | €CTB croc perymupoBanus BTB KHUBOE | €CTB crioc
ac systems. cymec | o 00H cTanu Bce Oojee cymec | o 00H
TBO OCTh AKTHUBHO MMPUMCHSITH TBO OCTh
JUTSL CBSI3U MEXTy CO00M
¢JIa0bIX YHEPTOCHCTEM.
The growth of BB main sHepr | ¢u3 | sHep | pa3s OTa TeHACHLHs KPYIH suepr | ¢u3 | smep | pas
interconnections is best indepen | wus - uye | rus | Mep HanboJiee aKTHBHO BIX sl - nue | rus | Mep
illustrated with the dent 3TO CKH HPOSBUIIACH B HE3aBHC | 3TO CKH
example of N.America power ¢Gusnu | i CeBepHoOIl AMEpHKE,I/IC | UMBIX ¢bmsnu | #
where te four main systems | eckumii | 0OBe YeThIpe KPYIMHBIX 9HEproc | eckuii | 00B
independent power o0beK | KT HEe3aBHCHMBIX HUTEMBI 00beK | eKT
systems are T HEProCUTEMbI CBA3aHH | T
interconnected with CBSI3aHHBI MEXKIY Bl
twelve BB links. C000i¥i B [IOMOILBIO MEXIY
asenaanatu BIIT. coboi
The growth of BB main SHEepPr | 4eno | sHep | oOmg Ora TeHAeHIUA KPYIHBI | 3HEpr | 4enx | sHep | oOmr
interconnections is best indepen | us - BEeK | I'Mi | €cTB HanboJiee aKTHBHO X us - OBEeK | TMs | ecTB
illustrated with the dent 3TO 0 MPOSIBUIIACH B He3aBHC | 3TO 0
example of N.America power 4eJoB CesepHoll AMepUKe,TIe | HMBIX YeIoB
where te four main systems | ex YeThIpe KPYMHBIX JHeproc | ex
independent power He3aBHCHMBIX HUTEMBbI
systems are IHEProCUTEMBI CBSI3aHH
interconnected with CBSI3aHHBI MEXKAY Bl
twelve BB links. ¢c000i#i B TOMOIIBIO MEXKTy
nsenauatu BIIT. coboii
The growth of BB are sHepr | ¢u3 | smep | THOK Ota TeH/ICHIHS KpymHbI | 3Hepr | ¢u3 | sHep | ruOk
interconnections is best intercon | us - nye | tust | Wit HanboJee aKTUBHO X ust - uue | rus | Wit
illustrated with the nected 3TO CKH npe MPOSIBUIIACH B HE3aBUC | 3TO CKH mpe
example of N.America with ¢buzny | # me CeBepHoll AMepHKe,[ie | UMBIX ¢buzny | # Me
where te four main twelve eckuii | 00be T 4eThIpe KPYMHBIX JHeproc | eckuit | 00B T
independent power BB o0beK | KT He3aBHCHMBIX HUTEMBI 0o0beK | €KT
systems are links T IHEProcUTEMBI cBsi3aH | T
interconnected with CBSI3AHHBI MEXKITY HbI
twelve BB links. €000ii B IOMOIIBIO MEXKITY
neeHaauaryu BIIT. co0oii
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In the large interconnected | power SHEPr | BeWl | BHEp | KUK IToToKH MOIIHOCTH B IMotoku | Hepr | Beml | 3Hep | XKHUI
systems, power flow in ac | flow s - €CcTB | rHsf | KOCT JINHUSX IEPEMEHHOTO MOIIHO | W - €cTB | Tust | KOCT
ties ( particularly under 3TO 0 b TOKa 00BETUHEHHBIX crn 3TO 0 b
disturbance conditions ) BeIlec JHEPTOCHCTEM B Belec
can be uncontrolled and TBO Cllydasix Kakux - 100 TBO
lead to overloads and HapYIIECHUH CTAaHOBSTCS
stability problems thus HEKOHTPOJIMPYEMBIMH,
endangering system YTO MPUBOIHT K
security. neperpyskam u

HapyIIEHAIO

YCTOMYMBOCTH, CHUMAs

TEM CaMBIMH

Ha/IeKHOCTh

JJIEKTPOCHAOKCHUSI.
In the large interconnected sHepr | ¢u3 | sHep | mpe IMoToxkn MomHOCTH B oobean | oHepr | ¢u3 | sHep | mpe
systems, power flow inac | intercon | us - uue | rus | ome JIMHUSX TIEPEMEHHOTO HEHHbIX | Ui - nue | rus | ame
ties ( particularly under nected 31O CKH T TOKa 00'beIMHEHHbIX 3Heproc | 310 CKH T
disturbance conditions ) systems | ¢usmy | i IHEProcucTeM B HeTeM ¢buznu | #
can be uncontrolled and eckuii | 00be Cllydyasix Kakux - 100 eckuii | 00b
lead to overloads and 00BeK | KT HAPYIICHUH CTAHOBSITCS 00BeK | EKT
stability problems thus T HEKOHTPOJIMPYEMBIMH, T
endangering system YTO MPUBOIUT K
security. neperpy3kam u

HapYIIEHUIO

YCTONYHMBOCTHU, CHUMAST

TEM CaMBIMH

Ha/IeKHOCTh

JJIEKTPOCHAOKEHH
Strategically placed Ecnm npaBuisHO BHYTpH | dHepr | ¢u3 | sHep | BMe
dclines can overcome this pasmectuts [T oobexn | usd- u4e | TUs | CTHI
problem due to the fast BHYTPH HEeHHBIX | 3TO CKHU e
controllability o dc 00beIMHEHHBIX JHeproc | ¢mua | i
power IHEProCUCTEM, MOKHO | HCTeM eckuit | 06b
and provide much needed H30€XKaTh HEJJOCTATKOB 00BeK | eKT
damping and timely Gnarosaps GONBIION T

overload capability.

CKOpPOCTH
peryIupoBaHus
momHoctH III1T,
00ecIeueHuno
HEOOXOIUMOTO
neMpupoBaHUsS
KavaHW MOIIHOCTH U
Heperpy304Hoil
CITOCOOHOCTH.
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Due to its fast enhance | suepr | ¢u3 | smep | mpe Bbraromaps auaamu | 3Hepr | Gu3 | sHep | mpe
controllability, a dc transien | ws - uue | rus | ame OBICTPOJCHCTBYIOIIEMY | YeCKYyHW | M - u4e | rus | ame
transmission has full tand 3TO CKH T peryiuposanuto [T ycroiiu | 310 CKH T
controll over transmitted dynamc | ¢usuy | i MO3BOJISIET MOJHOCTEIO uBocTh | Gm3py | H
power, an ability to stability | eckuit | 06be KOHTPOJIIPOBATh B eckuit | 00b
enhance transient and 00BeK | KT nepeaBacMyro CBMI3BIB | O0BEK | KT
dynamc stability in T MOIIHOCTB, yIy4IlaTh aeMbIX | T
associated ac networks HepeXOAHbIE IPOLECCHl | IHEProc
and can limit fault currents W THHAMHYECKYI0 HceremMa
in the dc lines. YCTOHYHBOCTD B X

CBSI3bIBAEMBIX

IHEProCUcTEMAX U

OrpaHUYHUBATH TOKH K. 3.

B uHuu TIIIT.
Due to its fast in sHepr | ¢u3 | smep | rubk Brarozapst B sHepr | ¢u3 | smHep | rubk
controllability, a dc associat | ms - uue | rus | Wit OBICTPOJCHCTBYIOIIEMY | CBSI3BIB | M - nae | rus | wmit
transmission has full ed ac 31O CKH npe perysiuposanuto [IITT aeMbIX | 3TO CKH npe
controll over transmitted network | ¢usuu | # me MO3BOJISIET OJTHOCTBIO | Heproc | ¢usmy | i IMe
power, an ability to S eckuii | 00be T KOHTPOJIMPOBATH ucrema | eckuii | 00b T
enhance transient and 00BeK | KT nepeIaBacMyro X 00BeK | EKT
dynamc stability in T MOI[HOCTb, YJTy4lIaTh T
associated ac networks MEePEXOIHBIE TPOIECCH
and can limit fault currents U TMHAMHYECKYIO
in the dc lines. YCTOHYUBOCTH B

CBSI3BIBAEMBIX

IHeprocucTeMax u

OrpaHUYUBATH TOKH K. 3.

B jauu TIIT.
Due to its fast limit SHepr | mpo | JHep | 3aK Bbraronmaps orpaHu | SHepr | mpo | 3Hep | 3aKp
controllability, a dc fault s - crpa | rus | p OBICTPOJCHCTBYIOIIEMY | YMBATL | WS - cTpa | TS | BITO
transmission has full current | sro HCTB BITO perymuposanuto ITITT TOKH 3TO HCTB e
controll over transmitted S opocT | 0 e MO3BOJISIET MOJTHOCTEIO opocT | o
power, an ability to pascT KOHTPOJIMPOBATH paHcT
enhance transient and BO nepenaBaeMyIo BO

dynamc stability in
associated ac networks
and can limit fault
currents in the dc lines.

MOIIHOCTb, yIydIIaTh
HepEeXOIHBIE TIPOIECCH
U TUHAMUYECKYIO
YCTOWYHBOCTH B
CBSI3BIBAEMBIX
SHEProcucTeMax u
OrPaHNYUBATH TOKH K.
3. B quHuu TIIIT.
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Presently the number ofdc | ina sHepr | ¢u3 | sHep | BMe B Hacrosiiee Bpemst B sHepr | ¢u3 | sHep | BMme
lines in a power grid is power us - uue | rms | crmn komuyectso ITIIT B JHeproc | us - ude | rus | cThn
very small compared to grid 3TO CKH uie IHeprocucTeMax HcremMa | 3TO CKH ne
the number of ac lines. ¢buzpa | # HAaMHOT'O MEHBIIIE X ¢bm3na | i
eckuii | 00be KOJIMYECTBA JINHUN eckuii | 00b
00beK | KT MIEPEMEHHOTO TOKA. 00BEK | eKT
T T
In the case of a strong ac a SHEpr | >KUB | 3Hep | us Ecimu npumslkaromas 3Heproc | SHepr | kuB | 3Hep | ¢u3
system, obtaining a stable | strong us - oe g | ude JHeprocucTeMa ncrema | M- oe rus | ude
pollution - free Vcom ac 3TO cymt cKast CHJIbHAS, TIOJTYyYUTh CHIIbHA | 3TO cyl cKast
signal is usually not a system | xuBoe | ecTB croc YCTOWYMBBIH, s JKMBOE | €CTB croc
problem. cymec | o 00H HEUCKa)KCHHBIH CHTHAT cymec | o 00H
TBO 0CTh V 00BIYHO MOXKHO 0€3 TBO OCTb
BCSIKMX TPOOIIEM.
However, in reality the weak ac | sHepr | xuB | sHep | ¢u3 Tpakruyecku I'YU ciabbix | 9Hepr | kuB | sHep | du3
GFUs are only about 3to 5| systems | ms - oe rus | ude paboTaet TOJBKO B 3-5 JHeproc | us- oe rus | ude
times faster, and may 3TO cyg cKast pa3 ObIcTpee U MOXKET ucrema | 9TO cyur cKast
interact with the begavior KUBOE | €CTB croc BIIMATH Ha paboTy X KUBOE | €CTB croc
of the main controller, cymec | o 00H OCHOBHOTO PETYJIATOPA, cymec | o o0H
especially when operating TBO OCTh 0COOEHHO MPH CJIA0bIX TBO OCTh
with weak ac systems. IHeprocucreMax.
In the case of weak ac weak ac | suepr | xuB | sHep | ¢u3 Ecnm npumbIkarommas JHeproc | >Hepr | kuB | Hep | u3
systems, this systems | us - oe rus | udge IHeprocucreMa ucrema | ws- oe rus | nde
commutation volt-age rise 3TO cyig cKast ciabasi, TO pocT crafast | 91O cyil cKast
and the subsequent JKHBOE | €CTB croc KOMMYTHPYIOIIETro Ha- JKHBOE | €CTB croc
generation of harmonics is cymec | o 00H OPSOKEHUS 1 cymec | o o6H
particularly important for TBO 0CTh MOCTEAYIOIIAs TBO 0CTh
the main current TeHepanus TapMOHHUK
controllers. SIBJISIFOTCS OYCHb
BAXHBIMH (DaKTOpaMU
JUIA TJIaBHBIX
PETYISITOPOB.
But, as converter weak ac | smepr | xuB | sHep | ¢u3 I[To mMepe nosiBIIeHUS cimabbiM | SHepr | kuB | sHep | Gu3
connections to weak ac systems | wus - oe rus | ude CllydaeB JHeproc | us- oe rus | uue
systems became required 3TO CyI cKas MPUCOEANHEHHS ucrema | 9T0 CyI cKas
more often than not, it KHUBOE | €CTB croc npeobpasoBareneii K M KHUBOE | €CTB croc
became necessary to cymec | o o6H caa0bIM cymec | o 00H
devise a scheme for TBO 0CTh IHeprocucTeMam TBO OCTb
synchronization purposes norpeboBaach

which would be decoupled
from te commutation
voltage for durations when
there were pertrbations

pa3paboTKa cXeMbl JUIsl
TaKOU CHHXPOHU3AIINH,
KOTOpas obecrieynBaia
OBl OT/ICJICHUE CUCTEMBI
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occurring on the ac
system.

YIIpaBICHHS
npeoOpazoBaresieM OT
KOMMYTHPYIOIIETr0
HaIpsDKEHHS Ha BPeMst
HEepEexXoAHOTo Mpolecca
B DHEPTrOCHCTEME.

But, as converter commut | sHepr | xuB | 3Hep | ¢u3 KOTopas oOecliednBaia | KOMMYT | SHepr | skuB | sHep | ¢u3
connections to weak ac ation us - oe rus | u4e OBl OTJCICHUE CUCTEMBI | MpYH0OII | M- oe rus | uue
systems became required | voltage | ato CyI cKas YIIpaBIICHHS ero 3TO CyI cKas
more often than not, it JKUBOE | €CTB croc npeoOpa3oBaTeneM oT HANPSK | XKUBOE | €CTB croc
became necessary to cymec | o 00H KOMMYTHPYIOLIEr0 eHus cymec | o 00H
devise a scheme for TBO OCTh HAIPSIZKEHUsI Ha BpeMsI TBO OCTh
synchronization purposes HEPEXO/IHOTO TpoLecca
which would bedecoupled B DHEPTOCHCTEME.
from te commutation
voltage for durations
when there were
pertrbations occurring on
the ac system.
But, as converter for SHEPr | IpO | 2HEp | 3aKp Ilo mepe nosBnenus nepexoj | dHepr | Ipo | SHEp | 3aKp
connections to weak ac duratio | us- cTpa | rMsi | BITO cilydaeB HOT0 us - cTpa | Tus | BITO
systems became required ns when | sto HCTB e MPUCOEANHEHHS mpouec | 3T0O HCTB e
more often than not, it there opocT | O npeoOpazoBaTenei K caB opocT | 0
became necessary to were paHcT c1abbIM 3HEpProc | paHcr
devise a scheme for pertrba | Bo SHEProcHCTEMaM ucreme | BO
synchronization purposes | tions notpeboBaIach
which would be decoupled | occurri pa3paboTKa CXeMBbI JIst
from te commutation ng on TaKOW CHHXPOHH3AINH,
voltage for durations the ac KOTOpasi obecrieunBana
when there were system OBl OT/IEJIEHUE CHUCTEMBI
pertrbations occurring yIpaBJIeHUSL
on the ac system. npeoOpazoBareieM OT

KOMMYTHPYIOILIErO

Hanps>KCHUS Ha BpEM

MepPeXo/IHOro Npouecca

B JHEProcucTeMe.
As power systems grow power | sHepr | pacTt | JHep [1o mepe pocTa n pocta 3HEpPr | pact | sHep
and become more systems | wus - €HH | rus HHTErpanum IeKTp | Hi - €HH | Tud
integrated, grow 3TO e JJIEKTPOIHEPreTHYECK | 0IHepre | 3TO e
interconnections to pacre HX CHCTEM CBSI3H C THYEeCK | pacte
neighboring ac systems HHE COCETHUMUI X HHE
are becoming increasingly SHEPrOCHCTEMaMH cucreM

necessary to enhance
stability, security of

MIEPEMEHHOTO TOKa
CTAaHOBSTCS BCe OoJiee
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supply, flexibility and for
other

HEOOXOIUMBIMU
MEXXCHCTEMHBIE CBS3U
JIUISL TIOBBIIICHUS

YCTOHYHUBOCTH,
As power systems grow intercon | suepr | ¢m3 | sHep | ruok Ilo mepe pocTa cBsi3u ¢ | SHepr | ¢u3 | sHep | rmok
and become more nections | wus - ude | rus | Wil HHTETPaIiH coceqHH | Ui - nde | rus | wid
integrated, to 3TO CKH npe JNIEKTPOIHEPTETHYECKU | MH 3TO CKH npe
interconnections to neighbo | ¢usmu | it me X CHCTEM CBSI3H € sHeproc | ¢usuy | i Me
neighboring ac systems ringac | eckuii | oObe T COCeTHUMH ucrema | eckuil | 00B T
are becoming increasingly | systems | o6bex | kT IHEProcucTeMamMu MH 00BEK | eKT
necessary to enhance T MEPEMEHHOTO TOKa T
stability, security of CTaHOBSTCS Bee Ooliee
supply, flexibility and for HEOOXOIUMBIMU
other MEKCHCTEMHBIE CBSI3H

IUISL TTOBBIIIIEHHS

YCTOHYHMBOCTH,
As power systems grow stability | swepr | ¢u3 | sHep | mox ITo mepe pocta u yeroiiu | sHepr | ¢u3 | sHep | mpe
and become more , s - uye | rus | oxe HHTErpanuu UBOCTH, | Wi - ude | rua | ame
integrated, security | aro CKH HUE JJIEKTPOIHEPreTHYECK | HAJAeK- | 3TO CKH T
interconnections to of ¢m3my | # B HX CHCTEM CBSI3H C HOCTH ¢y | #
neighboring ac systems supply, | eckuii | oGbe npo COCEeTHUMH jiekTp | eckuii | 00b
are becoming increasingly | flexibilit | o6bex | kT cTpa IHeprocucTeMamMu ocHaGxk | 00BEK | eKT
necessary to enhance y T HCTB MIEPEMEHHOTO TOKa eHuUst T
stability, security of e CTaHOBSITCS Bee Ooliee
supply, flexibility and for HEOOXOIMMBIMHU
other economic benefits. MEKCHCTEMHBIE CBSI3H

IS TTOBBIIIEHHS

YCTOIHYHMBOCTH,

HAJIEKHOCTH

JIEKTPOCHADKEHUsl,

THOKOCTH U

obecreyenus Jpyrux

IKOHOMUYECKUX

MPEUMYIIECTB.
The first commercial between | smepr | ¢u3 | smep | mpe [NepBast IPOMBINUICHHAS | MEXKIY sHepr | ¢u3 | smep | mpe
installation of the CCC the 500 us - nye TUst Me ycraHoBka [TEK JHeproc | us - nue rus Me
type was at the 1100 MW | kV 3TO CKHU T UCIIOJIb30BaHa BO HcremMa | 3T0 CKH T
Garabi back to back (BB) | systems | ¢usuu | # BCTaBKE MOCTOSIHHOTO MH ¢buzny | #
interconnection between eckuii | 00Be toka (BIIT) eckuii | 00b
the 500 kV systems of 00BbeK | KT MoIHOcThI0 1100 MBT 00BEK | CKT
Argentina and Brazil. T MEKITY T

sHeprocucremamu 500
KB ApreHTHHbI 1
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bpaszumuu [13].

Since the Argentinian Tak xax JHeproc | SHepr | 4em | sHep | oOmy
system is at 50 Hz while IHEprocucTeMa ucrema | us- OBEK | TUs | €cTB
the Brazilian system at 60 ApreHTHHEI padoTaeT Apreur | 310 0
Hz, a BB frequency Ha yactote 50 I', a HHBI YEeJI0B
converter installation was JHEProcHUcTeMa paboTae | ek
necessary. bpasunuu — Ha yacrore | T

60 I, st ux

COeTMHEeHHS ObLIa

Heobxomma BIIT.
Power supply to remote Power IIpu sHeprocHad:kennu | 3Heproc | 3Hepr | ¢u3 | SHep | muig
loads (i.e. islands with supply YIaJICHHBIX MECT, Ha0xKeH | uid- nue | rua | a
dead loads) HanpuMep 0CTPOBa ¢ uu 3TO CKH

H30JMPOBAHHBIMU busna | i

OHEPrOCHCTEMAaMU; eckuii | 06b

00BEK | eKT
T

Power supply to remote IIpu 3HeprocHadxeHnu | c 3HEpr | Mmpo | 3Hep | 3aKp
loads (i.e. islands with yIaJIEeHHBIX MECT, u3oaup | Ui - cTpa | TUst | BITO
dead loads) HanpuMep 0CTPOBa € OBaHHBI | 3TO HCTB e

H30/IHPOBAHHBIMH M npoct | o

IHEProcucTeMaMu; 3HEproc | pamcT

ucremMa | BO
MH

That return could include OtH cpeacTBa MOTYT B sHepr | ¢u3 | sHep | BMe
substantial revenues COCTaBJISATh JHeproc | us- u4e | rus | cTMX
during periods of scarcity 3HAYMUTENBHBIN JOXOA B | McTeMa | 3TO CKH e
in either Queensland or nepruojs! AeduumuTa X ¢buzny | #
New South Wales, when MOIIHOCTH B eckuii | 00b
the market clearing prices JIHEProcucTeMax 00beK | eKT
rise. Ksuncnenna niam T

Hogoro OxHoro

VYanbca, korga pacteT

qHCTas IPUOBLIH OT

MPOIAKH IJTEKT-

pOIHEPrHUHu.
That return could include the sHepr | ¢u3 | sHep | mpe DTH cpelcTBa MOTyT npoaaxk | sHepr | ¢u3 | sHep | mpe
substantial revenues market us - uye | rus e COCTaBJISTh " us - nye | rus Me
during periods of scarcity | clearing | ato CKH T 3HAUUTENBHBIA TIOXOMA B | JJIeKT- 3TO CKH T
in either Queensland or Gusny | # nepuop Aepummura posnep | usuy | #
New South Wales, when eckuit | o0bBe MOIIHOCTH B ™Mu eckuii | 00b
the market clearing o0Bex | KT JHEprocucTeMax 0o0BeK | CKT
prices rise. T KBuHncnenna nimu T
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Hogoro IOxHoTO
VYanbca, korga pacrer
YHCTasl IPUOBLIH OT
MPOJAKHU IJIEKT-

POIHEPrUu.
This improves the utility utility | suepr | xuB | sHep | ¢u3 3710 yny4miaer MOLIHO | 3Hepr | xuB | sHep | ¢u3
supply system power supply us- oe st | ude K03 GUIHeHT CTH us- oe Tus | u4e
factor as the ac source system 3TO CyI cKas MOIIHOCTH JHeproc | 3TO CyI cKas
provides only active power JKUBOE | €CTB croc IHEProcHCcTEeMBI, TaK HCTEMBI | JKHBOE | €CTB crioc
fundamental frequency cymec | o 00H KaK HCTOYHUK cymec | o o0H
currensts. TBO 0CTh MEePEMEHHOTO TOKa TBO OCTh

obecrieqnBaeT TOJIBKO

aKTHBHYIO COCTABIIS-

IOLIYI0 TOKA OCHOBHOM

YaCTOTHI CETH

HEPEMEHHOTO TOKa.
This improves the utility the ac SHEPr | BEWl | BHEp | *Kux 3710 ynydiiaer HCTOYH | 9HEPr | Beul | SHEp | KHJ
supply system power source s - €CcTB | r'ms | KOCT k03 duLHeHT K sl - €CcTB | TWsl | KOCT
factor as the ac source 9TO 0 b MOLIHOCTU nepeme | 3T0 o b
provides only active BelleC 9HEPrOCHCTEMBI, TaK HHOTI'0 Bellec
fundamental frequency TBO KaK MCTOYHHUK TOKA TBO
currensts. TepeMEeHHOr0 TOKa

o0ecrieunBaeT TOJIbKO

aKTHBHYIO COCTaBJIsI-

OLIYI0 TOKa OCHOBHOM

YaCTOTHI CETH

MEePEMEHHOT0 TOKa.
This improves the utility active SHEpr | Bemr | sHep | KU1 10 yiIydmraer AKTHBH | DHEPr | Bell | DHEP | XKML
supply system power fundam | us - eCTB | I'Mi | KOCT K03 GuIIeHT yio us - €CTB | rus | KocT
factor as the ac source ental 3TO 0 b MOIITHOCTH COCTaBJ | 3TO 0 b
provides only active frequen | Bemiec DHEPrOCHUCTEMBI, TaK SIIOUIYI0 | Bemiec
fundamental frequency cy TBO KaK HCTOYHHK TOKa TBO
currensts. currens HEePEMEHHOTO TOKa

ts o0ecreunBaeT TOJIBKO

AKTHBHYI0
COCTABJISIIOUIYI0 TOKA
OCHOBHOM 4aCTOThI CETH
EPEMEHHOT0 TOKA.
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This improves the utility active SHEpr | 4enmo | SHep | IBH 910 yrmydiraer aKTHBH | SHEpPr | Wenm | SHep | IBH
supply system power s - BeK | rms | ke K03 GuIHeHT yio s - OBEeK | rust | ke
factor as the ac source 3TO H MOIITHOCTH coCTaBJI | 3TO H
provides only active YenoB ne 9HEPTrOCUCTEMBI, TaK SIIOULYI0 | YeNoB ne
fundamental frequency eK KaK UCTOYHHK TOKA eK
currensts. IIEPEMEHHOI0 TOKa

obecrieqnBaeT TOJIBKO

AKTHBHYIO COCTABJISI-

IOLLYI0 TOKA OCHOBHOM

YaCTOTHI CETH

HEPEMEHHOTO TOKa.
Since HVDC systems are Iockompky TIIIT o0bekT | SHepr | ¢u3z | sHep
fat acting, and can be 00J1a1aX0T BBICOKUM 0B us - n4ye | rus
controlled within tens of GBICTpO/ICHCTBUEM H 3Heproc | 5TO CKH
milli-seconds, it isfeasible MOTYT YIPaBISATHCS B ucrem. | ¢usuu | i
that advanced conrollers npezenax JIecaTKOB eckuii | 00b
will be used with HYDC MUJUTACCKYH]I, 00BeK | eKT
systems before other PEryJsTOpsl HOBOTO T
power system MIOKOJICHUSI, BEPOSTHO,
applications. OyIyT IPUMEHSITHCS IS

IIIT pansie, yem s

IIPYTUX 00beKTOB

IHEPrOCHCTEM.
AC generators/machines the Bpewmst peaxuuu 3Hepr | yem | sHep | o6
are slow-acting and power TeHEepaTopoB 1 padoThl | u - OBEK | rusi | €CTB
respond within hundreds system JIBHUTaTeNeH JHeproc | 31O 0
of milliseconds and MEePEMEHHOTO TOKa UCTEMBI | YENOB
influence the dynamic 3HAYUTENHHO OOIIbIIE, eK
conditions of the power OHH PearupyioT B
system. npejenax coTeH

MUJUTCEKYH/I ¥ BIHSIOT

Ha IMHAMHIECKHE

PEeKUMBI padoThl

IHEPrOCHCTEMBbL.
Mode shifts ( defined as system SHEPT | 4esyo | dHep | o0 V3MeHeHNs peXUMOB moBexe | SHepr | yenm | 9Hep | oOII
the movement of the behavio | wus - BEeK | rma | ecTB paboThI ABJISAIOTCS HUS usi - OBEK | TMS | eCTB
interesecting point from r 3TO 0 HHTETPATbHBIMH cHcTeM | 3TO 0
one linear part of the static 4eJIoB YaCTSIMH MOBEACHHS bl qeJIoB
Vd-Id characteristic to eK CHCTEMBI U MOTYT eK
another ) are an integral 3aj1epXKaTh
part of system behavior BOCCTAHOBIICHHUE
and can delay system 9HEPrOCUCTEMBI OT
recovery from BO3MYIICHUIA.
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perturbations.

Mode shifts ( defined as system sHepr | ¢u3 | sHep | mpe M3menenns pexxnmMoB BoccTan | SHepr | ¢u3 | SHep
the movement of the recover | us- nae | rus | ame pabOoTHI SABISIOTCS OBJeHH | Wi - nae | rus
interesecting point from y 3TO CKH T HHTETPAITBHBIMU e 3TO CKH
one linear part of the static ¢busnu | i YacTSAMH HOBEACHUS sHeproc | ¢usuy | i
Vd-Id characteristic to eckuii | 00Be CHUCTEMBI H MOTYT HCTeMBI | eckuil | 00B
another ) are an integral 00beK | KT 3a/IepKaTh 00beK | eKT
part of system behavior T BOCCTAHOBJICHHE T
and can delay system IHEProCUCTEMbI OT
recovery from BO3MYIIEHHIA.
perturbations.
Mode shifts ( defined as from SHEPr | 4Yeno | 3Hep | Mcu VI3MeHEeHHUs PEIKMMOB BOCCTaH | 9Hepr | 4e;m | sHep | peue
the movement of the perturb | ns - BeK | rms | XHKa PabOTEI SABIIOTCS OBJICHHE | W - OBEK | rus | Boe
interesecting point from ations 3TO HHTETPATbHBIMU 9HEpProc | 310 MoBe
one linear part of the static YeJoB YaCTAMU MOBeAEHUsT HCTEMBI | YeJioB JeH
Vd-Id characteristic to eK CHCTEMBI U MOTYT or eK ue
another ) are an integral 3aJepKaTh BO3MYII
part of system behavior BOCCTAHOBJIEHHE eHMil
and can delay system IHEProCUCTEMBI OT
recovery from BO3MYIIIEHMHIA.
perturbations.
The system modelled isa | weak ac | suepr | weno | suep | ¢u3 MIITT cBsi3aHa co cBsI3aHa | dHepr | uen | sHep | Qus
500kV, 1500 MW systems | usd- BeK | rma | mue CJAa0BIMH co us - OBEK | rus | ude
four-terminal HYDC 3TO cKast IHEprocucTeMamMu ciabbiM | 9TO cKast
system with a small L) (0):] croc ceTbI0 epPeMEHHOT0 " 4eNoB croc
parallel tap which is eK 0o0H TOKa, KOTopas JHeproc | ex 00H
inter-connected to an ac OCTh HPHUMBIKACT K KK ucre- 0CThb
network with weak ac U3 YEThIPEX MaMH
systems at the four dc nmpeoOpazoBaTeNbHBIX CeThI0
terminals. ITOICTAHITHH. nepeme

HHOTO

TOKA
The system modelled isa | is sHepr | ¢u3 | sHep | rmbk MIITT cBsi3ana co cBs3aHa | 9Hepr | ¢u3 | sHep | rubk
500kV, 1500 MW intercon | us - uye | rus ui CJIA0BLIMH co us - nye | rus ni
four-terminal HYDC nected 3TO CKH npe IHEProCcUCTEMAMH c1adbIiM | 3TO CKH npe
system with a small toanac | ¢mmu | # Me CeThI0 MepeMeHHOro u ¢y | # JMe
parallel tap which is network | eckmit | oOwe T TOKa, KOTopas JHeproc | eckuii | 00b T
inter-connected to anac | with 00BeK | KT IPUMBIKAET K KAKIOM Hucre- 00BEK | eKT
network with weak ac weakac | T U3 YeTBIpeX MaMH T
systems at the four dc systems npeoOpazoBaTebHBIX CeThI0
terminals. TO/ICTAHIIHH. nepeme

HHOTO

TOKA
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The system modelled isa | anac sHepr | ¢us | sHep | apt MIITT cBsi3ana co cerbl0 | ’Hepr | ¢u3 | smep | apT
500kV, 1500 MW network | us - nye | rus e CJIa0BIMHU nepeme | us - Wye | rus e
four-terminal HVDC 3TO CKH ¢ak IHEProcucTeMamMu HHOT'0 3TO CKH dak
system with a small ¢buznu | # T CeThI0 MepeMeHHOr o TOKa ¢bmny | # T
parallel tap which is eckuil | o0be TOKa, KOTopast eckuii | 00B
inter-connected to an ac 00BeK | KT HPHUMBIKACT K KOXKI0i 00BeK | €KT
network with weak ac T U3 YeThIpex T
systems at the four dc npeoOpa3oBaTeIbHBIX
terminals. [OICTAHLIUH.
The utilization of these the 9HEp Hcnonp3oBaHue mepeMe | SHEPr | Bem | SHEp | XU
complex ramps is justified | reactive rus XapaKTEePUCTUK OJI0Ka HHOI'0 us - €CTB | rust | KOCT
because they optimize the | power VIITH Takoii CJI0XHOK | TOKa 3TO 0 b
reactive power capability | capabili (hopmbl OnpaBaHoO, Bellec
of the receiving-end ac ty HOTOMY YTO OHH TBO
system to support the ac MO3BOJISIOT
voltage whilst accepting ONTHMH3HPOBATH
the maximum dynamic CBOWCTBA
energy. IHEProCHCTEMBI

MepeMeHHOro TOKa Ha

TPUEMHOM KOHIIE

JINHUHU TaK U3MEHSTh

CBOIO PEAKTUBHYIO

MOLIHOCTb,
The utilization of these support | smepr | ¢um3 | sHep | mpe 4TOOBI MOA/IEP:KUBATL | moagep | Hepr | ¢u3 | sHep | mpe
complex ramps is justified | the ac usi - uue | rus | ame HANpSIKEHH e JKUBATH | WA - uue | rus | aMme
because they optimize the | voltage | sto CKH T nepeMeHHOro TOKAa IPH | HANPSK | 3TO CKH T
reactive power capability ¢m3my | # MOTJIOICHUH eHune ¢y | #
of the receiving-end ac eckuit | o0be MaKCHUMAaJIbHOHU 3Heprun | mepeme | eckuii | o0b
system to support the ac 00BEK | KT B IIEPEXOJHOM IIPOLIECCE | HHOTO 00BeK | eKT
voltage whilst accepting T (MBT/c). TOKa T
the maximum dynamic
energy.
The utilization of these the ac 9TOOBI MOA/IEP:KUBATh | MOAAep | SHepr | skuB | dHEp | (u3
complex ramps is justified | voltage HANpsIKeH e KUBATL | WS- oe rus | uue
because they optimize the TePeMEeHHOT0 TOKA [IPH | HANPSIK | 9TO CcyIn cKast
reactive power capability MOTJIOICHUH eHune JKHBOE | €CTB croc
of the receiving-end ac MaKCHMAJIbHO JHepTuy | mepeMe | cyiiec | o 00H
system to support the ac B [IEPEXOHOM IPOIIECCE | HHOTO TBO OCTh
voltage whilst accepting (MBT/c). TOKa

the maximum dynamic
energy.
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The utilization of these maximu | suepr | ¢u3 | smep | mpe 4TOOBI [OJIICPIKUBATD norsiomy | sHepr | ¢u3 | sHep | mmig
complex ramps is justified | m us - uue | rus | ame HaInpsHKEHHe eHuHn us - uae | rua | a
because they optimize the | dynami | sto CKH T MEePEeMEHHOT0 TOKa IIPU | MAKCHM | 3TO CKH
reactive power capability | cenergy | dusuu | i MO0 eHNH anbHOl | Qusnu | #
of the receiving-end ac eckuii | 00Be MAaKCHMAJIbHOM JHepru | eckuii | 00b
system to support the ac 00BeK | KT JHePIuM B ICPEXOJHOM | M 00BeK | €KT
voltage whilst accepting T nponecce (MBT/c). T
the maximum dynamic
energy.
Modelling of power power SHepr | mpo | JHep | BMe MonenupoBaHue mepexox | SHepr | mpo | dHep | BMe
system transient and system us - cTpa | rus | cTun MepexoaHbIX U HBIX H us - cTpa | Tust | CTHI
dynamic phenomena is transien | sto HCTB J5001( JIHHAMHYECKHX JMHAMH | 3TO HCTB HILE
essential to study their tand npocT | o MPOLECCOB B YeCKHMX | MpPOCT | O
impact on the network dynami | paHcr JHEProcucTeMe BAKHO | MpOLEC | PaHCT
design and operation. c BO IUTSL U3YYEHHST UX COB B BO
phenom BIIMSIHUS Ha JHeproc
ena HPOEKTHPOBAHHE U nucreme
paboTy 3neKTpUIecKOn
CETH.
Although modelling and operatio | sHepr | yeso | 3Hep | 0OII Xota pusnyeckoe u IKCIIya | SHepr | yenm | sHep | oOup
simulation can be n of s - BeK | rms | ecTB MaTeMaTH4ecKoe TANMA ust - OBEeK | TWsl | ecTB
expensive, they can be power 3TO 0 MOJEIUPOBAHNE — JHeproc | 3TO 0
potentially cost effective systems | gemos JIOPOTHE TIPOIIECCEHL, HcTeM 4eII0B
by the savings resulting eK MOTEHIHAIBHO OHU eK
from the insight they MOTYT OBITh
provide in the design and KOHOMUYECKH
operation of power 3¢ dexTHBHBI, TOC-
systems. KOJIbKY 3HaHMUs,
IOy IEeHHbIE Ha
MO/ieJH, 00ECTICYHBAIOT
HKOHOMHIO CPEJICTB MPH
MPOEKTUPOBAHUA U
IKCILUTyaATALAH
IHEProCHCTEM.
Transient Network power sHepr | ¢u3 | smep B npomrom st uccjaeno | sHepr | ¢usz | sHep
Analyzers (TNAS) were system sl - ude | rus HCCIe0BAHNS BaHMSA usi - wie | rus
used in the past for power | studies | sto CKH IHEProcucTeM 3Heproc | 310 CKH
system studies. ¢buzny | # HCTIOTB30BAIH Herem ¢buzny | #
eckuii | o0be aQHAJIM3aTOPBI eckuii | 00B
00beK | KT NEePEeXOAHBIX POIIECCOB 00BEK | €KT
T (AIID). T
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Its rated operating operati Ee HOMHHanBHOE JUHEHH | 3Hepr | reo | sHep
voltage of 100 V phaseto | ng JIMHeliHoe paGouee oe usl - MeT | rust
phase and maximum short | voltage Hanpsikenne 100 B n paGouee | 3TO pry
circuit current of 5 A were MaKCHMaJBHBIA TOK K.3. | HANPSK | TeOMe | ecK
selected to minimize the CHCTeMBI 5 A Obln eHue Tpuue | uit
losses and cost in the BBIOpAHBI TaK, YTOOBI CKHH o0nbe
simulation of power CBECTH K MUHUMYMY 00BeK | KT
systens in the EHV and MOTePH M CTOUMOCTh T
UHYV range. MOJICITMPOBaHUS

IHEProcucTeM B

nuanazone YBH u

CBH.
Its rated operating operati Ee HoMnHansHOE JIMHEHH | dHepr | XHB | 3Hep | Gu3
voltage of 100 V phaseto | ng JMHeiiHoe padouee oe us- oe rus | H4e
phase and maximum short | voltage Hanpsizkenue 100 B u paGouee | 31O cyul cKast
circuit current of 5 A were MAaKCHMAJIbHBIN TOK K.3. | HANPSIZK | JKHBOE | €CTB croc
selected to minimize the CHCTeMBI 5 A OblIn eHue cymec | o o0H
losses and cost in the BBIOPaHBI Tak, YTOOBI TBO OCTh
simulation of power CBECTH K MUHUMYMY
systens in the EHV and MOTePH ¥ CTOUMOCTh
UHV range. MOJICTTPOBAHUS

IHEProcucTeM B

nuanazone YBH u

CBH.
Its rated operating voltage | losses sHepr | ¢u3 | sHep | mpe Ee HoMuHansHOE morepu | sHepr | ¢u3 | sHep | mpe
of 100 V phase to phase and cost | us - uae | rus | ame nMHelHoe pabouee u us - nae | rus | AMe
and maximum short in the 3TO CKH T Hanpspxeane 100 B n CTOMMO | 3TO CKH T
circuit current of 5 Awere | simulati | ¢usuy | i MAaKCHMaJIbHBIN TOK K.3. | CTh ¢bmsna | i
selected to minimize the on of eckuii | 00Be CHCTEMBI 5 A ObLIH Mojeau | eckuii | 00B
losses and cost in the power 00BEK | KT BBIOpAHBI TaK, YTOOBI poBaHu | OOBEK | €KT
simulation of power systens | T CBECTH K MUHUMYMY a1 T
systens in the EHV and MOTePH M CTOUMOCTH JHeproc
UHYV range. MOJETUPOBAHUS HCTEM

IHEProcUcTeM B

nunanazone YBH u

CBH.
Furthermore, operating in the SHEpPr | mMpo | JHep | OTKp Kpome Toro, MoxHO B sHepr | ¢u3 | sHEp | mpe
conditions that are very field us - cTpa | rHs BITO HCCIIEIOBATh OYEHD peanbn | u- nae rus Me
severe but probable and 3TO HCTB e OTacHbIE, HO oif 3TO CKH T
contigencies that are often npocT | o po BO3MOXKHBIE PEKUMBI sHeproc | ¢uzuu | i
difficult but practically paHcCT cTpa paboTHI 1 aBapHiHEIE ucreme | eckuil | 00B
impossible to duplicate in BO HCTB CHTYaIIUH, KOTOPbIE 00beK | eKT
the field can also be 0 YacTO TPYIAHO WK T

considered.

(daxTuuecku
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HEBO3MOKHO BOC-
HPOM3BECTH B

peajbHOIl
JHEprocucreme.
The result was PSCAD B pesymbrare B 1994 sHepr | ¢u3 | sHep | cTpo
with Version 2 being Toy OBbII BEITYIICH NpoeKT | W - n4e | rus | eHu
released in 1994 and HaKeT MporpamMM UL HPOBaH | 3TO CKH e
Version 3 in 1999. KOMIBIOTEPHOTO ust ¢mmy | |
NMPOEeKTHPOBAHUSA JHeproc | eckuii | o0b
JHEProcucTeM HCTEM 00BEK | eKT
(PSCAD), Bepcust 2, B T
1999 rogy — Bepcus 3.
For the modelling of large | the sHepr | ¢u3 | sHep | apr [Ipu MoxenupoBaHUU sHepr | ¢um3 | smep | apT
power systems, the network | uns - mae | rua | e KPYITHBIX SHEPTOCUCTEM | 3JIeKTp | W - nae | rua | e
network can be split into 31O CKH bak JJIEKTPHYECKAS CeTh nyecKka | 3TO CKH bak
smaller sub-networks buzpg | | T MOXKeT OBITh pa3ielicHa | 51 CeTh ¢buzna | # T
connected by transmission eckuii | 00be Ha CEeTH MEHbBILINX eckuii | 00b
lines ( thich effectively 00beK | KT pa3mepoB (ojceTn), 00beK | eKT
de-couples sub-networks T 00beIMHEHHBIE TIPH T
by the time delay nomotuu JIDII (koTopsie
encountered between the 3} (HeKTHBHO pasiensoT
sending and receiving TIOJICETH 3a/IEPIKKOM
ends) BPEMEHH IPOXOKICHHUS
CHTHAIIOB MEXIY
TIEPEIAIOIINM H
TPUEMHBIM KOHIIAMHE
JIDI).
A real-time digital complex | sepr | ¢u3z | smep | crpy Ludposas moxens B B sHepr | ¢u3 | smep | cTpy
simulator [1,2] is an power usl - uae | rus | KTyp peansHOM MaciTabe CJI0KHO | WA - uae | rus | KTyp
important study tool for system 3TO CKH a Bpemen# [1, 2] — 71 5TO CKH a
power system engineers Guzny | i Ba)KHBI HHCTPYMEHT sneproc | ¢usmy | i
involved with the analysis eckuit | 00Be HCCIIEIOBAHUIM IS ucreme eckuit | 00B
of complex power system 00BbeK | KT HH)KCHEPOB 0o0BbeK | eKT
interactions caused by the T DHEPrOCHUCTEM, T
increasing use of 3aHUMAIOIINXCS
fast-acting conrollers and AHAJIN30M
protection systems. B3aUMOJIEHCTBUI B
CJI05KHOI

JHeprocucrTemMe, 4yTo
BBI3BAHO PACTYILUM
MpUMECHEHHEM
OBICTPOAEHCTBYIOIINX
PeryJsiTopoB u
YCTPOMCTB 3aLUTHI.
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In many applications, it is

the size

sHepr | ¢u3 | sHep | apr Bo mHOTHX CiIyJasx pasmep | dHepr | reo | sHep
necessary to compute the | of the us - uae | rums | e HE00XO0 MO a usl - MeT | rus
current and voltage wave | power 3TO CKH thax paccuurarh KpuBbIe JIeKTp | 3TO pry
forms at the same speed as | system ¢buznu | # T TOKA U HAIPSDKEHUS B HYECKO | reomMe | ecK
they would occur in eckuii | 00be TOM e Macurabe i ceTn Tpuue | uit
reality, independently of 0o0beK | KT BpEMEHH, C KOTOPEIM JHeproc | CKHi o0nbe
the size of the power T OHU MEHSIOTCS B HcTeMbl | 00BEK | KT
system network being JEHCTBUTEILHOCTH, T
investigated by real-time HE3aBUCHMO OT
simulators which can be pa3mepa
made of JJIEKTPUYECKON CeTH
IHEPrOCHCTEMBI,
ucciexyeMoi Ha
MOJEISIX B PEATbHOM
Macitadbe BpeMEeHU
In many applications, itis | thesize | smepr | ¢us | smep | apr Bo MHOTHX ciydasx pasmep | sHepr | ¢u3 | sHep | apt
necessary to compute the | of the us - udae | rus | e HE00X0 MO a us - nge | rus | e
current and voltage wave | power 3TO CKH bak paccunTaTh KpUBBIE JIEKTP | ITO CKH bak
forms at the same speed as | system bus3nu | i T TOKa U HANPSDKCHUS B nyecko | Gusmu | i T
they would occur in eckuil | o0be TOM e MacTabe i ceTn eckuil | 00b
reality, independently of o0beK | KT BPEMEHHU, C KOTOPHIM JHeproc | OOBEK | eKT
the size of the power T OHU MEHSIOTCS B HCTEMBI | T

system network being
investigated by real-time
simulators which can be
made of

IECTBUTEIIFHOCTH,
HE3aBHUCHUMO OT
pasmepa
3JIeKTPUYECKON ceTH
IHEprocucTeMbl,
ucciexyeMoi Ha
MOJENSX B PEaTbHOM
MacmTabe BpeMeHH
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In many applications, itis | power sHepr | ¢us | sHep | apt Bo MHOTrHX ciiy4asx pasmep | oHepr | ¢u3 | sHep | apT
necessary to compute the system us - n4ye | rus e HE0OX0JUMO a us - n4e | rus e
current and voltage wave | network | sto CKH thax paccuurarh KpUBbIE JIeKTp | 3TO CKH (bax
forms at the same speed as ¢busny | # T TOKa M HalPsDKSHUS B nuecko | dmpy | H T
they would occur in eckuii | 00be TOM e Macurabe i ceTn eckuii | 00b
reality, independently of 0o0beK | KT BpEMEHH, C KOTOPEIM JHeproc | o0beK | KT
the size of the power T OHU MEHSIOTCS B HCTeMBI | T
system network being JEHCTBUTEILHOCTH,
investigated by real-time HE3aBUCHMO OT
simulators which can be pa3mepa
made of JJIEKTPHYECKON CeTH

IHEProCUCTEMBI,

ucciexyeMoi Ha

MOJEISIX B PEATbHOM

Macmrabe BpeMeHH
However, the transient avery sHepr | ¢us | sHep | pa3 SIBnenue auHaMu | ’Hepr | ¢u3 | sHep | pas
stability performance of a | large us - uye | rus | Mep JAMHAMHYECKOM yeckoil | ui- nue | rus | Mep
very large power system | power 3TO CKH YCTOIYMBOCTH 04eHb yeToity 3TO CKH
cannot be investigated system busny | i 00IbLION uBocTH | pusny | i
with today's real-time ecknit | oObe IHEeprocucTeMbl He OYeHb eckuit | 00B
simulators due to the 00BeK | KT MOJKET ObITh 60JbII0 | 00BEK | eKT
rather limited quantity of T HCCIIEI0BAHO HA 71 T
models avaiable at one COBPEMEHHBIX MOJIEJISIX | IHEProc
site. B peabHOM Macirabe HCTEMBI

BPEMEHH H3-32

OTPaHUIEHHOTO

KOJIMYeCTBa MOJIEIICH,

PAaCIOJIOKEHHBIX B OJ1-

HOM MecTe.
These studies are all SHEpr | JKUB | SHep | IBH HccnenoBanus JJIeKTp | PHEpPT | XKWUB | SHep | JABH
performed with off-line electro us - oe rus | xKe BBIIOJTHSIIOT C oMarum | ws- oe ras | Ke
transient stability magneti | sto cyIL H MOMOIIBIO ABTOHOMHBIX | THBIX 3TO cyir H
programs neglecting the c KUBOE | €CTB e IPOTPamMM pacdera nepexox | KHBOE | eCTB ue
simulation of all transien | cymec | o JIMHAMAYECKOM HBIX cymec | o
electromagnetic ts TBO YCTOWYHBOCTH, B npouec | TBO
transients in order to KOTOPBIX MPEHEOPETaoT | OB

decrease the simulation
time and to allow the
simulation of very large
power systems.

MOJICTTUPOBAHUEM BCEX
JIeKTPOMATHHTHBIX
MePexoaHbIX
MPO1EeCCOB, YTOOBI
YMEHBIIUTb BPEMS U
o0ecreunTs
MOJICTUPOBAaHIE OYCHB
OOJIBIINX
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OHEProCUCTEM.

The power system is The JHEpr | JKUB | 3Hep | meiic JHEpProcucTeMa Kak Ouepro | sHepr | ¢usz | SHep
decoupled due to the power us - oe Ui | TBHE ObI pa3beMHsIETCSsI 32 | cUcTeM | WA - nae | rus
propagation delay in system 3TO CcyI CUeT 3a/IepIKKU a KaK 3TO CKH
transmission lines, thus is JKHBOE | €CTB CHTHAJIOB IIPH HX Obl bmny | |
this technique is used to decoupl | cymec | o pacIpoCTpaHEeHUH 110 pa3ben | eckuii | 00b
break up the power system | ed TBO JIDTI, u 3TOT MeTof uHHsieTc | 00BEK | eKT
network into smaller HCHOJIb3YETCS, YTOOBI s T
sub-systems for parallel paslenuTh
processors. 3JEKTPHYECKYIO CETh
9HEProCHCTEMBI Ha
MOJCHCTEMBI, KaXKIast U3
KOTOPBIX MIPE/ICTABICHA
OIHHM H3 TaKUX
HPOLIECCOPOB.
The power system is break SHEpr | 4Yeno | 3Hep | OTH W 9TOT METOJ UCIIONB3Yy- | pasmenu | sHepr | ¢u3 | sHep
decoupled due to the up the us - BeK | rus | omre eTcst, YTOObl Pa3aeJuTh | Th us - nue | rus
propagation delay in power 3TO HYs JJIEKTPUYECKY IO CETh JIEKTP | 3TO CKH
transmission lines, thus system | gernos IHEProcUcTeMbI Ha nyecky | dusmu | i
this technique is used to network | ex HOJICHCTEMBI, KaX/Jasi U3 | 10 ceTh | eCKHi | 00b
break up the power KOTOPBIX NIPEACTABICHA | 3Heproc | oOBEK | KT
system network into OJTHUM U3 TAKHX HCTEMBI | T
smaller sub-systems for MPOIECCOPOB.
parallel processors.
The usual tendency is to the sHepr | ¢u3 | sHep | apr OGbIYHO TS CO3MaHusT | dJeKTp | sHepr | ¢u3 | sHep | apT
employ a graphical power us - nae | rms | e I'MIT ncnome3yercs HYeCKO | Wi - nae | rms | e
window dor drawing the system 3TO CKH tax rpaduIecKoe OKHO, Uil | i ceTH 3TO CKH (ax
power system network network | ¢msmu | # T TOrO YTOOBI HAPHCOBATh | IHeproc | ¢m3ny | i T
from a library of elements. ecknit | oObe cXeMy JIeKTPUYecKoil | ucrembl | eckuil | 00B
00BeK | KT CeTH JHEProCcHCTEMBI, 00BEK | eKT
T HOJB3YSICh T
OoubmoTexoH (ma-
JIUTPOH) 3IEMEHTOB.
The interconnection of The sHepr | ¢u3 | sHep | mpe BJI nepemMeHHOT0 BJI sHepr | ¢u3 | sHep | mpe
two power systems intercon | ns - nye TUst Me TOKA, COeTMHAIOIIAsK nepeme | W - n4e | rud Me
through ac ties requires nection | sto CKH T JABE JHEPIrOCHCTEMBI, HHOTO 3TO CKH T
the automatic generation of two ¢busnu | i TpeOyeT KOOpAHHALIMK | TOKa, ¢bmnya | i
controllers of both power ecknii | oObe paboTHI PEryIsITOPOB coequH | eckuil | 00B
systems to be coordinated | systems | o0bek | KT BO30YXIeHHS siiomast | 0O0BeK | eKT
using tie line power and T reHepaTopoB 06enx aBe T
prequency signals. DHEPrOCHCTEM C IHeproc
HCIIOJIB30BaHAEM MCTEMBbI
CHTHAJIOB

nepeaaBaeMon o 3Toi
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JIMHUW MOIITHOCTH U
HaCTOThI.

The interconnection of the SHepr | 4emo | SHep | o0 BJI nepemenHoro BO30y:K | SHepr | Wem | sHep | JHeiic
two power systems automat | wus - BeK | I'Mi | ecTB TOKA, COeTUHAOLIAS JeHuUst us - OBEK | TMsS | TBHUE
through ac ties requires ic 3TO 0 JABE JHEPIrOCHCTEMBI, resepar | 3T0
the automatic generation | generati | gemos TpeOyeT KOOpINHAIINK | OpOB 4eJIoB
controllers of both on eK paboTHI perysIiTopoB oGenx eK
systems to be coordinated | controll B0O30Y:KIeHHSs JHEProc
using tie line power and ers of reHepaTopoB odenx HeTeM
prequency signals. both IHEProcUCTEM C
systems HCIOJIb30BaHUEM
CHTHAJIOB
nepegaBaeMoi Mo 3ToM
JIMHAHM MOILIHOCTH U
YaCTOTHI.
The interconnection of SHEpr | 4Yeno | 3Hep | IcH BJI nepemennoro BO30Yy»K | dHEpr | 4yem | oHep | ICH
two power systems us - BEK | rms | XWKa TOKA, COETHHSIOIAST JeHust us - OBEK | TMS | XHKa
through ac ties requires 3TO JABE DHEPrOCHCTEMBI, reHepar | 3To
the automatic generation YeNoB TpeGyeT KOOp—AHHALIMK | OpOB ) (0):]
controllers of both eK paboTHI PeryIiTOpoB oGenx eK
systems to be coordinated BO30Y:KIeHHsI 3Heproc
using tie line power and TeHepaTopoB 00enx HereM
prequency signals. IHEProCUCTEM C
HCHOJIb30BaHUEM
CHTHAJIOB
nepeiaBaeMoii 1o 3Toi
JIMHAHM MOILHOCTH U
Y9aCTOTBL.
Even with coordinated sHepr | ¢ms | sHep | rHOK Ho naxe pun mepexa | sHepr | ¢m3 | sHep | mpe
control of onterconnected us - nue rus Wi KOOPJAWHALIUU e us - uue rus me
systems, the operation of 3TO CKH npe pEeryJsTopoB nepeme | 3TO CKH T
ac ties can be problematic ¢mny | # Me CBSI3BIBAEMBIX HHOTO ¢y | #
due to:... eckuil | oOne T SHEPTOCUCTEM TOKa eckuii | 00b
00BeK | KT napauiensHas pabota 00BeK | eKT
T 0 MEXCHCTEMHOM T

nepenaye
TMEePEeMEHHOr0 TOKa
MOJKET OBITH
3arpyaHeHa
BCJIE/ICTBHE;
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Even with coordinated onterco | suepr | ¢u3 | sHep | ruék Ho naxe npu cBA3LIB | 9Hepr | ¢u3 | sHep | rubk
control of onterconnected | nnected | us - uye | rus | Wit KOOPJIHHALIMU aeMbIX | Hi - nue | rus | Wit
systems, the operation of | systems | ato CKH npe PETyISTOPOB JHeproc | 3TO CKH pe
ac ties can be problematic ¢buznu | # Me CBSI3BIBAEMBIX HeTeM ¢bmny | # Me
due to:... eckuit | 00Obe T IHEpProcucTeM eckuit | 00b T
00BeK | KT napajuienbHas padora 00BeK | €KT
T 0 MEKCHCTEMHOMN T

nepenave

MepeMeHHOr0 TOKa

MOXKET OBITh

3aTpyaHeHa

BCJICACTBHE;
In essence, the impact of | impact | suHepr | gemo | smep | o6 CyI1ecTBeHHO HOBBIM Bo3jeiic | 9Hepr | wen | sHep | 00
a VSC on the ac system ofa us - BEeK | I'Ms | €cTB 3JIEMEHTOM TBUs HA | WA - OBEK | TUsl | ecTB
can be approximated to be | VSCon | ato 0 BO3/I€liCTBUS HA JHeproc | 31O 0
as the sum of a the ac YeJioB IHEProCcUCTEMY 3/1€Ch ucremMy | 4enoB
conventional CSC and system | ek SIBHJIOCH TO, YTO TIPH eK
SVC in parallel, but with stoMm ITH paGotaer Tak
the added flexibility of ke Kak 00bruHbIi I1T,
secure commutation. napajuieIbHO KOTOPOMY

kak 061 BkioueH CTK.
This, in a practical the SHEPr | BEl | BHEp | KU Ha nipaktuxe 310 MCTOYH | 9HEPr | Beu[ | SHEp | KH[
implementation, is highly | source us - €CTB | r'msi | KOCT BCTpEYaeT HKa us - ecTB | rus | KOocT
unlikely as the source impeda | sTo 0 b 3HAYUTEIIbHBIE 3HEepPru | 310 0 b
impedance will varyina | nce BelIeC TPYAHOCTH, Tak KaKk " Bellec
power system subjected to TBO HMITEJAaHC HCTOYHHKA TBO
random topology and IHEePTUH HCIIBITHIBACT
environmental changes. 0OJBIIINE U3MEHCHUS B

JHEPrOCHCTEME, B

KOTOpOil MeHsieTcs

CXeMa U U3MEHSIOTCS

YCIIOBUSI OKPYIKAIOMIEeH

CpEJIBL.
For HVDC applications, a | weak ac | suepr | xuB | sHep | ¢u3 I[1pu aTOM ynaercs cnaboii | sHepr | kuB | sHep | du3
Voltage Controlled systems | ms - oe rus | ude JOOHUTBCS OpuMbl | Hs- oe rus | uue
Oscillator (VCO) in 3TO CyI cKas YIIOBIETBOPH TEIBHOH | Kaiomie | 3TO CyI cKas
conjunction with a Phase KHUBOE | €CTB croc paboTHI B IEPEXOHBIX 71 KHUBOE | €CTB croc
Locked Loop is used to cymec | o o0H mporeccax gaxe Mpu JHeproc | cymec | o 00H
generate equi-distant TBO 0CThb CPaBHUTENBHO cJ1a00it ucreme | TBO OCTb

firing pulses so that a
satisfactory transient
performance can be
achieved even with
relatively weak ac

NPUMBbIKaIOLIei
JHeprocucTeme.
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systems.

Some of the earliest power SHEpPr | 4Yeio | 3Hep | MeH Ha panneii craaiu CBM3LIB | DHepr | ¢u3 | sHep | rubk
applications of converters | systems | wus - BeK | r'msi | Tajb npumenenus [T B anT us - nae | rus | ui
in power systems were the 3TO HOE psine ciy4acs MOULIHBI | 3TO CKH npe
HVDC transmission YeNnoB Jeiic CYHMTAJIOCH, YTO OHU e bmny | | mMe
systems which assumed eK TBHE CBSI3BIBAIOT MOIIIHbBIE JHeproc | eckuii | 00b T
strong or infinite ac IHEProcucTeMbl Ha UCTEMBbI | 00BEK | KT
systems at the feeding HepeIatoIeM u T
source and the receiving NPUEMHOM KOHI@X HJIH
ac system. JlakKe MPUHUMAIOT

MOIIHOCTb 00enX

9HEPTrOCHCTEM

0GECKOHEYHO OOJIb IOH.
Some of the earliest power 9HEpr | KUB | sHep | ¢u3 Ha panHeit cragun CBA3BIB | JHEPr | kuB | 9Hep | du3
applications of converters | systems | wus - oe ras | uue npumeHenus [T B aT usi- oe rus | uue
in power systems were 9TO cy cKast psize ciaydacB MOIIHBI | 3TO cyI cKast
the HVDC transmission JKHBOC | €CTB croc CYHTAIOCh, YTO OHH e JKUBOE | €CTB croc
systems which assumed cyiec | o o0H CBSI3BIBAIOT MOIIHbIE JHeproc | cymec | o o0H
strong or infinite ac TBO OCTh IHEProcUcTeMbI Ha HCTEMBI | TBO OCTb
systems at the feeding HepeIatoIeM u
source and the receiving NPUEMHOM KOHIaX HJIH
ac system. JiaKe TTPUHUMAIOT

MOIIIHOCTh 00enX

SHEPrOCHCTEM

6ECKOHEYHO OOJIbIIOMH.
Some of the earliest the sHepr | ¢u3 | sHep | mpe Ha panneii cragun NpUHU sHepr | ¢um3 | smep | mpe
applications of converters | receivin | us- uae | rus | ame npumenenus [T B MaT ust - nue | rus | ame
in power systems were the | g ac 3TO CKH T psine ciydaeB MOIIHO | 3TO CKH T
HVDC transmission system. | ¢m3mu | # CUUTAIIOCh, YTO OHH CTh ¢buzny | #
systems which assumed eckuil | oObe CBSAI3BIBAIOT MOII[HbIC obenx eckuii | 00b
strong or infinite ac 00beK | KT IHEProCUCTEMBI Ha sHeproc | o0beK | eKT
systems at the feeding T nepeaomeM Herem T
source and the receiving MPUEMHOM KOHI[aX HIIH
ac system. Jlake MPMHUMAIOT

MOIIHOCTB 00eux

IHEProcucTeM

OecKOHEYHO 00 MION.
However, as intercon | suepr | ¢m3 | sHep | ruOK OpnHako B cepeiHe CBSI3HU sHepr | ¢u3 | smep | ruok
interconnections to nections | us - nde | tust | Ui 1960-x romoB cnadbix | us - uue | rus | uid
weaker ac systems to 3TO CKH npe IOHA/I00UIIOCh JHeproc | 3TO CKH npe
became necessary in the weaker | ¢msma | i Me COOpyXaTth HCTEM ¢buzna | i IMe
mid-1960s, problems of ac eckuii | 00be T mesxcucremusie [T eckuii | 00b T
harmonic instability were | systems | o6bex | KT JUISL CBSAI3H C1a0BIX 00BEK | eKT
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reported. T IHEProcUcTeM, 1 Cpasy T

BO3HHKJIH ITPOOIEMBI

rapMOHHUYECKOH

HEYCTONYHBOCTH.
However, as weaker | sHepr | xuB | sHep | ¢u3 OnHako B cepeiuHe CBSI3U 3Hepr | xuB | 3Hep | du3
inter-connections to ac us- oe rus | ude 1960-x romos cnabbIx | ud- oe rus | uue
weaker ac systems systems | sTO cyI cKast MOHA100MIIOCH JHeproc | 3TO Cyll cKast
became necessary in the JKHBOE | €CTB croc COOpYyXaTh HereM JKHBOE | €CTB croc
mid-1960s, problems of cymec | o o0H mexcucremusie ITIIT cymec | o 00H
harmonic instability were TBO 0CTh IUISL CBSI3H CJ1A0BIX TBO 0CTh
reported. IHEProCUCTeM, H Cpasy

BO3HHKIJIH OPOOIEMBI

TapMOHHYECKOH

HEYCTOMYUBOCTH.
However, as instabili | suepr | ¢uz | smep | mon OnHaKo B cepefiHe npodse | sHepr | ¢us | sHep
inter-connections to ty s - ude | rus | OXe 1960-x romoB MBI us - ude | rus
weaker ac systems became 3TO CKHU HHE HOHATOOWIOCH rapMoH | 3TO CKH
necessary in the ¢Gusnu | i B COOpYXaTb nyecko | Gusmu | M
mid-1960s, problems of eckuii | 00be npo Mmexcuc—temusie [TIT | i eckuii | 00b
harmonic instability were 00BeK | KT cTpa IS CBSI3M CJIA0BIX HeycTol | 00beK | KT
reported. T HCTB IHEProCUCTeM, U Cpa3y | YMBOCT | T

e BO3HUKIIM NPOOJIeMBbI H.

rapMOHUYECKOM

HEYCTOMYHUBOCTH.
This made it feasible for weak SHepr | KuB | sHep | ¢u3 10 caenano ciabple | oHepr | kuB | dHep | Qu3
the successful operation of | ac us - oe T | ude BO3MOKHBIM paboTy npuUMbl | Hs- oe rus | nde
coverters with relatively systems | sto CyI cKas npeobpazoBarerneii Ha KaINd | 3TO CyI cKast
weak ac systems having JKHBOE | €CTB croc OTHOCHUTEIIBHO cIadble | e KHUBOE | €CTB croc
Short Circuit Ratios ( cymec | o 0o0H NMPUMBIKAIOIIHE JHeproc | cymec | o 00H
SCRs) of less than 3 TBO 0CTh IHEpProcucTeMbl, HCTEMBI | TBO OCTb

nmeronme OK3 Menbie

3.
Increasingly, as economic | weaker | snepr | xuB | sHep | ¢u3 OnHako, KOTJa »IEeKTpo- | caadbIx | SHepr | kuB | sHep | ¢u3
pressures force utilitiesto | ac Hsl - oe i | u4e JHEPreTHYECKUM IHeproc | wsi- oe rast | ude
consider still weaker ac systems | sTo cyu CcKast KOMITAHHSIM nerem 3TO cyir cKast
systems (with SCRs of JKHBOE | €CTB croc noTpe6oBaIOCh MO JKHBOE | €CTB croc
less than 2), probles of cymec | o o0H SKOHOMHYECKHM cymec | o o0H
harmonic instability are TBO 0CTh COOOpaKEHUSIM TBO 0CTb

being experienced.

npumensts T ans
CBsI3H elie Oosee
c1a0bIX YHeprocucTeM
(OK3 mensme 2),
BO3HUKJIA IpobIeMa
TapMOHHMYECKOH
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HEYCTOMYUBOCTH,
KOTOpasi HCCIeyeTcs: U
MIOHBIHE.

In the circuit, the the B a3roit cxeme KOMMYT | SHepr | kuB | sHep | ¢u3
synchronizing voltage commut yIpaBIIeHHs upymou | usi- oe rus | uue
Vsync is compared with ation CHHXPOHM3HUPYIOIIEe uMm 3TO CyI cKas
the commutation voltage | voltage HamnpsbkeHne Veutt HANPSIK | JKUBOE | €CTB crioc
Vcom from the ac system | Vcom CpaBHMBaeTCs ¢ eHHeM cymec | o o0H
bus. from KOMMYTHPYIOIIIM LIUH TBO OCTb
the ac HANPSKeHneM IIHH NPUMBI
system NPUMBbIKAIOLIEH Kamole
bus IHeprocucremMsl V i
JHeproc
HCTEMbI
One advantage claimed of | disturb | suepr | xuB | suep | ¢us3 OJIHO U3 OCHOBHBIX HCKake | 9Hepr | skuB | sHep | ¢u3
the DQO-type GFU was ances us - oe rus | ude NPEUMYILECTB HHUS usi- oe rus | ude
its superior immunity to and 3TO cyng cKast TIKH-tuna I'VU HANPSK | OTO CyII CcKast
disturbances and harmon | xuBoe | ects croc COCTOHUT B TOM, 4TO Ha eHus KHUBOE | e€CTB croc
harmonic distortion. ic cymec | o 00H HETO He JIeHCTBYIOT npuMbl | Cylec | o 00H
distorti | TBO OCTb aBapUH M MCKaKEHHUs Kampome | TBO OCThb
on HaNPsSIZKeHUs 71
NPUMBbIKAIOLIEH JHeproc
IHEProCUCTEMBI HCTEMBI
BBICIIAMHA
TapMOHHKAMH.
However, in a weak ac weak ac | smepr | xuB | sHep | ¢u3 OnHako npH c1adoii cimaboii | sHepr | kuB | sHep | ¢u3
system, it is difficult to system us - oe rus | uue MPUMBIKAIOIIEI npuMbl | usi- oe rus | u4e
obtain a stable pollution - 3TO cyI cKast JHEProcucTeMe TPYAHO | Kaiomie | 3TO CyIIl cKast
free VVcom signal. JKUBOE | €CTB croc MOTYYUTh HEUCKaXKEeH- i JKHBOE | €CTB croc
Cymec | o o6H HbII cUrHAN VKohi. 3Heproc | cymec | o o0H
TBO 0CTh nucremMe | TBO OCTh
Early attempts to use weak ac | smepr | xuB | sHep | du3 [TepBoHauanbHbIC cinabpie | SHepr | kuB | sHep | Gu3
filtering techniques to systems | wus - oe rus | ude HOTIBITKY TPUMEHUTH JHeproc | us- oe rus | uue
alleviate some of these 3TO CyI cKas (UITBTPEL, YTOOBI HCTEMBI | 3TO CyI cKas
pronlems were not KHUBOE | €CTB croc H30aBHTBCS OT ITHX KHUBOE | €CTB croc
successful for operation cymec | o 00H npobiieM, ObLTH cymec | o o6H
with weak ac systems due TBO 0CTh HeyIaYHbl Ipu pabote TBO OCTb

to the introduction of
phrase shifts.

[1I1T Ha ciadbIe
IHEProCHUCTEMBI U3-32
BO3HUKHOBEHHS
C/IBUrOB (a3.
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Developments in tracking | weak ac | suepr | kuB | suep | ¢us Pa3paboTka monocoBeix | caabeie | sHepr | kuB | sHep | ¢uz | O
band-pass filters which systems | wus - oe rus | u4e ¢unbTpoB [8], koTopsie | IHeproc | Hs- oe rus | uue
derive the fundamental 3TO cym cKast BBIIEIISIOT HCTEMBI | OTO cyml cKast
frequency component of JKHBOE | €CTB croc COCTaBIISIOIIYIO JKHBOE | €CTB crioc
the commutation voltage cymec | o 00H YaCTOTHI CETH U3 cymec | o 00H
with no phrase shift may TBO 0CTh KOMMYTAI[HOHHOTO TBO OCTb
be useful in operation with HarpspKeHus 6e3
weak ac systems. (ha3oBbIX CIBUTOB

MOET OBITh T0JIE3HA

npu padote II1T Ha

c1adble

IHEProCHCTEMBI.
For this reason, an dc SHEpr | BeW | JHep | KU ITo 3T0it MprumHe, KaK MOTOK sHepr | Bem | asmep | xux | O
asymmetric firing unit is power us - €CTB | r'msi | KOCT CKa3aHO B MyONUKAIIMK | MOINHO | WS - €CTB | TWsl | KOCT
used in [3] to optimize dc | flow 3TO 0 b [3], npumensiercst CTH Ha 3TO 0 b
power flow during during BEIIEC HECUMMETPUYHBIH BBIXOJe | Bellec
unbalanced ac system unbalan | TBO T'VH, uro mo3Bosnsier nocTost | TBO
faults. ced ac ONTHMH3HPOBATH MOTOK | HHOIO

system MOIIHOCTH HA BBIX0/E | TOKa
faults MOCTOSIHHOTO TOKA

npeoOpazoBates mpu

HECHUMMETPUYHBIX K. 3.

B IIPUMBIKaIOIIen

JHEPrOCHCTEME.
One of the limiting factors | the 9Hepr | pact | sHep | mepe OnHO U3 OTpaHWYECHUH | Hampsik | SHepr | >xuB | sHep | ¢uz | O
is the existence of the low | tree-phr | ns - €HH | rus | BO — Hanu4ue eHue HA | Ws- oe rus | nde
order harmonic ase 3TO e HHU3KOYaCTOTHOI HIUHAX | 9TO CyI cKast
component in the V_error pacte TapMOHHYECKOH NpUMBI | JKHBOE | €CTB croc
signal when the HHE COCTaBJISTIONIEH B Kale | cymec | o 00H
tree-phrase ac source curnaste Vouti eciu i TBO OCTb
contains harmonics. HamnpsKeHHe Ha JHeproc

HIMHAX HCTEMBbI

NPUMBbIKAIOLIEH

IHEProCUCTEMBI

COEPKUT BHICIAE

TAPMOHMKH.
One of the limiting factors | source SHEpr | Beml | oHep | KU1 OHO K3 OrpaHUYEHuI Hanpsik | oHepr | ¢u3 | smep | BmMe | O
is the existence of the low us - eCTB | THA | KOCT — HaJM4ue eHue us - wye | TUs | CTHI
order harmonic 3TO 0 b HU3KOYaCTOTHOU comep:k | ITO CKH HIIE
component in the V_error BelleC rapMOHHYECKOH UT ¢bmnya | i
signal when the TBO COCTAaBJIAIONIEN B BBICIIM | €CKHil | 00B
tree-phrase ac source curnane Vouti ecian e 00beK | eKT
contains harmonics. Hamnpsi’KeHHe Ha rapMoH | T

HIMHAX HKH.
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NPUMBbIKAIOLIEH

IHEProcUCTEMBI

COJEePKHUT BbICLIHE

TapMOHHKH.
One of the limiting factors | source SHepr | Bem | SHep | KU
is the existence of the low us - €CTB | TMs | KOCT
order harmonic 3TO 0 b
component in the V_error BeIlec
signal when the TBO
tree-phrase ac source
contains harmonics.
In a weak ac system, weak ac | suepr | xuB | sHep | ¢u3 B cnadoii cimaboii | sHepr | xkuB | dHep | Gu3
harmonic distortion is a system s - oe ras | uue JHeprocucreme JHeproc | us- oe ras | u4e
common occurrence, and 9TO cy cKast HaNpPsDKEHUE 0OBIYHO nucremMe | 91O cyl cKast
the role of the GFUs is to JKUBOE | €CTB croc HCKa&KEHO BBICIIIMU JKUBOE | €CTB croc
provide a clen output with cymec | o 00H TapMOHUKaMH, U POJIb cymec | o 00H
minimal delay for TBO 0CTh T'VH cocrout B TBO 0CTh
synchronization purposes. 00€eCreyeHrH YUCTOro

BBIXOJIHOTO CUTHANA C

MHUHUMAaIIbHOH 3aJepK-

KOW 11

CHHXPOHHM3ALIHH.
In a weak ac system, weak ac | smepr | ¢u3 | smep | dop B ciaboit HANpsK | SHEpr | kuB | sHep | ¢u3
harmonic distortion is a system us - uye | rus | Ma JHeprocucremMe eHue ust- oe rus | mue
common occurrence, and 3TO CKH HarpsHKeHHe 0OBITHO 00BIYHO | 3TO CyI CcKas
the role of the GFUs is to ¢buznu | i HCKQ)KEHO BBICIIAMU HCKaxe | KHBOE | eCTB croc
provide a clen output with eckuii | 00be TapMOHHUKAMH, U POITh HO cymec | o 00H
minimal delay for 00BeK | KT I'VU cocrout B BBICHIM | TBO OCTb
synchronization purposes. T obecrie4eHHH YHCTOTO MH

BBIXOJJHOTO CHTHAJIA C rapMoH

MHUHHMAJIbHOH 3aJ€pK- | HKAMH

KO 115

CHUHXPOHHU3ALWH.
This constitutes a weak ac | weak ac | suepr | xuB | sHep | ¢us 3TO COOTBETCTBYET ciaboii | ’Hepr | kuB | sHep | dus
system and provides a system us - oe s | ude ci1aboii JHeprocucremMe | JHeproc | ws- oe rus | ude
difficult synchronization 3TO cyI cKast Y 3aTpPy/HSET ONepaliyd | UcTeMe | 3TO CyII cKast
task for the GFUs. ’KHUBOE | €CTB croc 10 CHHXPOHU3AIHN KHUBOE | €CTB croc

cymec | o o0H I'vu. cymec | o 00H
TBO OCTh TBO OCTh
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The relative strength (os | The 9HEpr | KMB | dHep | Gu3 OtHOCHTeNbHAS 3Hepr | xuB | 3Hep | Qus
short circuit ratio) of the relative | us- oe rus | u4e momHocTh (i OK3) | mommuo | us- oe rus | Wue
ac system has an impact strength | sto cym cKast IHEProcUCTEMbI CTh 3TO cyl cKast
on the speed of response (os JKHMBOE | €CTB croc BIIUSACT Ha OBICTPOTY (mm JKHMBOE | €CTB croc
and stability of the two short cymec | o 00H peaKuuu u OK3) cymec | o 0o0H
controllers. circuit | TBO ocTh YCTONYUBOCTD ABYX JHeproc | TBO ocTh
ratio) of PETYISATOPOB. HCTEMBbI
the ac
system
Adc line fault ina HVDC | atotal sHepr | ¢u3 | sHep | Bec IIpu k. 3. Ha JIUHUH BoINpsT | SHepr | ¢u3 | sHep | Bec
system results in a total load us - uye | rus HOCTOSTHHOT'O TOKa MUTelb | WS - nue | rus
load rejection from the rejectio | sro CKH BBINPSIMHUTEH copacel | 31O CKH
point of view of the n busny | i MOJIHOCTBIO Baer busny | i
rectifier ac system eckuil | obbe cOpacbiBaeT Harpy3Ky | Harpy3 | eckuii | o0b
00BeK | KT nepezaomen Ky 00BEK | eKT
T 9HEPrOCHCTEMBI. nepexa | T
o1ei
JHeproc
HCTEMBI
Adc line fault ina HVDC | the sHepr | ¢us | sHep | dop Ipwu k. 3. Ha TUHUT mepexa | SHepr | yem | 9HEp | JeWc
system results in a total rectifier | us - nye | rug Ma [TOCTOSTHHOT'O TOKA rouiei us - OBEK | rus TBHE
load rejection from the ac 3TO CKHU BBIIPSIMUTENb JHeproc | 3To
point of view of the system ¢m3my | # MOJTHOCTBIO COpPAchIBAET | MCTEMBbI | UETIOB
rectifier ac system eckuii | 00be HarpysKky nepegamwuiei eK
00beK | KT IHEPrOCHCTEMBI.
T
A performance aweak | smepr | xuB | sHep | ¢u3 CpaBHeHHE pabOTHI cimaboii | sHepr | kuB | dHep | Gu3
comparison between the ac s - oe ras | u4e nByx I'VU nokasano, npuMbl | WS- oe rast | u4e
two GFUs showed that system | sTo cyut cKast YTO OHHU CIIOCOOHBI Kampue | 3To cyil cKast
they are equally capable of | having JKHBOE | €CTB croc OJMHAKOBO paboTaTte B | i JKHBOE | €CTB croc
operation with aweak ac | high cymec | o o6H ciydae caadoi JHepro- | cymec | o o0H
system having high levels | levels of | tBO 0CTh NPUMBIKAIOLIE cucTeM | TBO 0CTh
of pollution and harmonic | pollutio IHEpProcucTeMbI, bl,
distortion in the n and HMMEIOIIEH BBICOKUM
commutation coltage. harmon YPOBEHb MIOMEX U
ic HCKKCHHE
distorti KOMMYTHPYIOIIETO Ha-
on NPSKECHUS BBICIIMMU

TapMOHHKaMH.
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A performance aweak SHepr | 4eno | 3Hep | oOmg CpaBHeHHe paboThI caafoii | sHepr | wem | sHep | oOmx
comparison between the ac us - BEK TUSA €CTB nByx I'VU nokaszaino, NPHUMbI us - OBEK | rus €CTB
two GFUs showed that system | sTo 0 YTO OHU CIIOCOOHBI Kapme | 9TO 0
they are equally capable of | having 4eJI0B OJIMHAKOBO paboTaTth B | i 4eJIoB
operation with aweak ac | high eK ciydae cnaboit JHepro- | ek
system having high levels of MPUMBIKAIOIIEH cucTeM
levels of pollution and pollutio IHEProCHCTEMBI, bl,
harmonic distortion in the | nand HMeloIeil BLICOKUI HMeIoL
commutation coltage. harmon YPOBEHBb MOMeX 1 eit
ic HCKa)KEHHE BBICOKH
distorti KOMMYTHPYIOILIETO Ha- | W
on TPSDKEHHS BBICIITMA yYpOBeH
TapMOHUKAMH. b IOMeX
In any application of a TIpu mo6om npumbl | 9Hepr | ¢u3 | sHep | mpe
static converter in an HCIIONIE30BAHUH Kame | us- nye | rus | aMme
utility enviroment, a CTaTHYECKOTO i 9TO CKH T
means to synchronize the npeobpaszoBaTens sHeproc | ¢usmy | i
control system with the ac KOOPIHHAILHS CBOICTB UCcTeMbl | eckuii | 00b
system plays a vey CHCTEMBI 00BeK | eKxT
important role. peryJupoBaHus 1 T
CBOWCTB
NPUMBbIKAIOLIEH
IHEProcUCTEMBI
UTPAKOT OYEHb
OOJIBIIIYIO POJIB.
This design information utility SHEpr | 4Yemo | 3Hep | CTpo [puBenennas MpoeKT | Hepr | ¢us | ’HEp | CTpO
presented here will be planner | us - BeK | rms | eHH HHGOPMAIIHS O CXEMaX | MpPOBII | Hs - u4e | Tus | eHH
useful to utility planners | s for 3TO e yCTpOHCTB Oyner HKOB 3TO CKH e
for systems studies. systems | udenoB HoJIe3Ha AJIs sHeproc | ¢usmy | i
eK NPOEKTHPOBILUKOB HCTeM eckuii | 00b
IHEProcUCTEM B UX 00BeK | eKT
pabore. T
Because these controllers the 3HEpT ¢u3 | smep | rHOK OpuH pa3zien NOCBSIIEH | B3aHMO | JHEPT | yel JHEp | JeWc
have an important bearing | intercon | us - Hde | rus | Wi B3aumopeiicreuio CAP | peiicts | us - OBEK | TWsl | TBHUE
upon the interconnected | nected 9TO CKH npe C IHEProcUcTeMOi 1 HIo 9TO
AC system, a section will | AC ¢mny | # Me MPUBEIEHBI IPUMEPEI CAP ¢ 4eJI0B
be devoted to inter-actions | system | eckmii | 0Obe T CYLIECTBYIOLINX JHeproc | ex
between the controllers 00beK | KT CHCTEM. HCTEMO
and the system with T i

examples drawn from
practical systems.
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In the early 1950s, when the sHepr | ¢us | sHep | BMe B navane 1950-x rogoB, | MmomHo | SHepr | kuB | sHep | Gu3
the first HVDC converter | MVA sl - uye | rus | cTHX KOT'JIa IIepBbIC CTBIO usi- oe rus | uue
installations were capacity | sTo CKH uiie npeoOpazoBaTeIbHbIE coeauH | 3TO CyI cKas
implemented with of theac | ¢usnu | i noacranmuu [T eme | sieMBIX | JKHBOE | €CTB crioc
mercury atc valves, the systems | eckuii | 0Obe COOpY>KaIIH €Ile Ha JHep-ro | cymec | o 00H
relative size of the 00BeK | KT BPB, mormnocts [T CHCTEM | TBO OCTh
terminals was small T Obl1a Maja 1o
compared to the MVA CPaBHEHHIO C
capacity of the ac MOIIHOCTHIO
systems coupled to these coeTnHsIeMbIX
converters. JHEP-TOCUCTEM.
In the early 1950s, when the sHepr | ¢u3 | sHep | rHOK B navane 1950-x ronoB, | momHo | Hepr | ¢u3 | sHep | ruok
the first HVDC converter | MVA us - uue | rus | Wit KOT'/Ia TIepBbIC CTBIO ust - nae | rus | wmit
installations were capacity | sto CKH npe npeobpa3oBaTelibHbIC COEIUH | 3TO CKH npe
implemented with of theac | ¢usnu | i Me noacranyu [T eme SIEMBIX ¢busnu | # M€
mercury atc valves, the systems | eckuii | 00Obe T COOPYKAIIH €Ile Ha JHep-ro | eckuii | 00b T
relative size of the coupled | obBex | KT BPB, momnocts IIIIT cucreM | o0BEK | €KT
terminals was small T Obl1a Maja 1o T
compared to the MVA CPaBHEHHIO C
capacity of the ac MOIHOCTH IO
systems coupled to these coeTnHsIEMBIX
converters. JHEP-TOCHCTEM.
This essentially meantthat | sinusoid | sHepr | Bemr | smep | *uz OT0 03HAYANO0, 4TO CHHYCO | JHepr | kuB | sHep | ¢u3
the grid firing system [1], | al ac usi - €CTB | rms | KOCT cucTeMa HIAILH | WsA- oe rus | ude
which was synchronized system 3TO 0 b TeHEPHPOBAHUS bIM 3TO CyI cKas
directly to the sinusoidal | wavefor | Bemec YTIPABIISIOIINX HANpPsSIK | JKHBOE | €CTB croc
ac system waveform, m TBO uMILyJIb—coB [1], eHUEM cyuiec | o 00H
could generate the firing KoTOpast JHeproc | TBO 0CTh
pulses in a relatively CHHXPOHM3UPOBANIAch HCTEMBI
stable manner. HEMOCPEICTBEHHO C

CHHYCOMIATBHBIM

HaNPSKeHneM

IHEProcUCTEMbI, MOTJIA

CpPaBHUTEIIBHO

yCTOHYMBO paboTaTs.
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In the early 1960s, due to sHepr | ¢u3 | smep | ¢dop B navane 1960-x ronos SHEpr | reo | sHep
problems of firing pulse the us - uae | rus | Ma MOSIBUITKCH MyOJIMKAIINKA | KPUBOM | W - MeT | rust
synchronization [2,3,4] distorti | sTo CKH [2, 3, 4], B KOTOpBIX HANpPsSLK | 9TO pry
were observed due to the on of ¢busny | # 00CyXKIaiCch eHus reomMe | eck
distortion of the ac the ac eckuii | 00be npo0IIeMBbI Tpuue | uit
waveform caused by wavefor | o6bex | KT CHHXPOHHN3ALUH CKHH o0nbe
harmonic instability. m T YIIPABISTIOIINX 00BeK | KT
caused UMITYJIbCOB, KOTOpBIC T
by BO3HUKAJIM H3-32
harmon UCKaKEHHH HOPMBI
ic KPUBO HANPSIZKEHUSI
instabili HpPHUMBIKAOLIEH
ty HEPrOCUCTEMBI
BBICIIMMH
rapMOHHKaMH U
MOSIBJICHHS
TapMOHUYeCKOM He-
YCTOHYHUBOCTH.
In the early 1960s, due to B navane 1960-x ronos 9HEpr | XKHB | 3Hep | ¢u3
problems of firing pulse the HOSBUIIMCH MyOJIMKALMK | KPUBOi | M- oe rus | uue
synchronization [2,3,4] distorti [2, 3, 4], B KOTOPBIX HANpPSIK | 3TO CyIIl cKast
were observed due to the | on of o0Cy)aaich eHusl KHUBOE | €CTB croc
distortion of the ac the ac poOIIeMBI cymec | o o6H
waveform caused by wavefor CHHXPOHH3ALUH TBO OCTh
harmonic instability. m YIPAaBIISIOINX
caused HMITYJIECOB, KOTOPBIE
by BO3HHMKAJIH M3-3a
harmon UCKaKEHUN HOPMBI
ic KPHUBOil HANPSI3KEHHsI
instabili MPUMBIKAIOIIEH
ty SHEPTrOCUCTEMBI
BBICHINMH
rapMOHHKaMH U
MOSIBJICHHS
TapMOHUYECKOM He-
YCTOIYHMBOCTH.
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In the early 1960s, due to sHepr | ¢u3 | sHep | mon B navane 1960-x ronos sHepr | ¢u3 | smep
problems of firing pulse the us - uue | rus | Oxe MOSIBUITKCH [TYOJIMKAIIMK | OSIBJIEH | WS - uue | rus
synchronization [2,3,4] distortio | ato CKH HHE [2, 3, 4], B KoTOpPBIX ust 3TO CKH
were observed due to the | nofthe | ¢usuu | i B 00CyXKIaiCch rapmon | dusmu | M
distortion of the ac ac eckuii | 00be npo npo0IIeMBbI HYeCKO | eckuii | 00b
waveform caused by wavefor | oGbex | KT cTpa CUHXPOHHU3AIHA ii He- 00BEK | €KT
harmonic instability. m T HCTB YIIPABISTIOIINX yeroiia | T
caused e HMITYJIBCOB, KOTOPBIC UBOCTH.
by BO3HHKAJIH H3-3a
harmoni UCKa)XeHHH (HOpPMEI
c KpUBOM HanpsKEeHUs!
instabili HpPHUMBIKAOLIEH
ty HEPrOCUCTEMBI
BBICILIIMH
rapMOHHKaMHU U
HOSIBIICHUS
TapMOHUYeCKOM He-
YCTOHYHUBOCTH.
For strong ac systems, the | strong | saepr | xuB | sHep | ¢u3 JI1g cCMIBHBIX CHJIBHBI | JHepr | kuB | sHep | Gu3
system frequency is ac s - oe ras | mue IHEProcUCTeM YacToTa | X usi- oe rast | mae
relatively diistortion free systems | sTo cyu cKast CHCTEMbI OTHOCHUTEIIBHO | JHEproc | 31O cyil cKast
to be acceptable for most JKMBOE | €CTB croc cBoGOIHA OT HereM KHUBOE | €CTB croc
converter type cymec | o 00H HCKKCHHUHN U cymec | o 00H
applications. TBO 0CTh npuemiieMa Jyist TBO 0CTh
OOJIBIIHCTBA
npe—o0pazoBaTenei.
This oscillator would them sHepr | ¢u3 | sHep | cymH DTOT reHepaTop OTKJIOH | 3Hepr | ¢u3 | sHep | mon
employ a control loop of us - uae | rus | o paboTan BIOCIEACTBHN | €HUs us - nde | rus | oxe
some sort for tracking the 3TO CKH ¢ KOHTYPOM 4acToT | 3TO CKH HUE
drifting system ¢m3ny | # peryIupoBaHus, bl ¢m3ny | # B
frequency, the control loop ecknit | oObe CIoco0—HBIM JHeproc | eckuii | 00b mpo
would have its own gain 00BeK | KT OTCJIEKUBATH HCTeMbI | O0BEK | KT cTpa
and time constants for T OTKJIOHEHHSI YaCTOThI T HCTB
steady state accuracy and IHEProCHUCTEMBI. e

dynamic performance
requirements.
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Such as the control of enhance | suepr | ¢u3 | smep | mpe Moanep:kanue Mopnep | sHepr | ¢u3 | smep | mpe
frequency in an isolated ac | power us - uye | rus | ame YaCTOThI JKaHUe us - nye | rug e
system or enhance power | system 3TO CKH T H301UPOBAHHOM 4acToT 9TO CKH T
system stability. ¢buznu | # IHEepProcucTeMbI N bl ¢bmny | #

eckuii | 00be yBeJIHYEeHHE ee n3oMp | eckuif | 00b

00BeK | KT YCTOWYHBOCTH. 0BaHHO | O0OBEK | €KT

T i T

IHeproc
MCTEMBbI

Such as the control of an SHEPr | Mpo | 3Hep | 3aKp Moaaep:kanue M30aMp | 9HEpr | mpo | SHep | 3aKp
frequency in an isolated isolated | wms - cTpa | rust | BITO YacToThbI OBAaHHO | W - cTpa | rust | BITO
ac system or enhance ac 3TO HCTB e H30/1MPOBAHHOM i 3TO HCTB e
power system stability. system npoct | o IHEProcucTeMbl H JHeproc | mpoct | o

paHcT yBeJHYEHHE ee HCTEMBI | paHCT

BO YCTOIYMBOCTH. BO
Such as the control of power SHepr | ¢u3 | sHep | mon IMonneprkanue 4acTOTHl | yBeqm4 | 3Hepr | ¢u3 | sHep | moin
frequency in an isolated ac | system us - uye | rus | oxe H30JIIPOBAHHOMN eHHe ee | Wi - uue | rus | oxe
system or enhance power | stabilit | ato CKH HHE SHEPrOCHCTEMBI U ycroiiu | 31O CKH HUE
system stability. y busny | i B yBeJUu4eHue ee uBoctn. | pusmu | i B

ecknit | oObe mpo YCTOHYHBOCTH. eckuit | 00B po

00BEK | KT cTpa 00BEK | eKT cTpa

T HCTB T HCTB

e e

The slope of this line is the sHepr | ¢us | oHep | IBH Kpyrtusna stoit npHeMH | SHepr | uem | 9Hep | Jeic
usually more pronounced | inverter | us - uue | rus | xe XapaKTEPUCTUKH oii ust - OBEK | rust | TBUE
than the correspondng one | -end ac | srto CKH H 06BIYHO GOJIbIIE JHeproc | 31O
for the rectifier due to the | system ¢m3my | # ue KPYTH3HBI HCTEMBI | UENOB
relative strength of the eckuii | 00be COOTBETCTBYIOLIEH eK
inverter-end ac system. 00BeK | KT XapaKTepUCTHKU

T BBITIPSIMHTEIS, 4TO

0OBSCHIET "CSl MEHBIICH
MOIITHOCTBIO K. 3.
TPHEMHOM
IHEProcHCTEMBI.
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A modification to the the sHepr | ¢usz | smep | pecy MoaunduipoBanHas no sHepr | ¢u3 | sHep | pecy
inverter characteristic ( current | wus- uye | rus | pc XapaKTepHUCTHKA 3amacy | us- nae | rus | pc
line PS'in Figure 4-5) is margin | sTo CKH nHBepTopa (mpsiMast PS’ | Ttoka 3TO CKH
often made during the period ¢busny | # Ha puc. 4.5) gacto ¢bmny | #
current margin period to eckuii | 00be HPUMEHSETCS IPH eckuii | 00b
advoid any instability due 0o0beK | KT pEryJIUpOBaHUH IO 00BeK | €KT
to multiple operating T 3amacy ToKa, YToOBI T
points occurring with a n30eKaTh KaKoM-11u60
weak ac system at the HEYCTOHYMBOCTH U3-3a
inverter. TOSIBIICHUS HECKOJIBKUX

paboyux ToUeK MpHu

cnaboii SHeprocucTeme,

IIPUMBIKAIOIIEH K

HHBEPTOPY.
A modification to the aweak | sHepr | kuB | smHep | ¢us Mo auduipoBanHas ciaboii | sHepr | kuB | sHep | ¢us
inverter characteristic ( ac s - oe rus | H4e XapaKTepPUCTUKA JHeproc | us- oe ras | uue
line PS' in Figure 4-5) is system | 310 cyiL cKast uHBeprTopa (npamas PS’ | ucreme | 3TO cyir cKast
often made during the KHUBOE | €CTB croc Ha puc. 4.5) yacto KUBOE | €CTB croc
current margin period to cymec | o 06H HPUMEHSIETCS TIPU cymec | o 00H
advoid any instability due TBO 0CTh PEryIMpOBaHUH 110 TBO 0CTh
to multiple operating 3amacy ToKa, 4YTo0b
points occurring with a n30exaTh Kakoi-mnbo
weak ac system at the HEYCTONYMBOCTH U3-32
inverter. TMOSIBJIEHUS HECKOJIBKUX

pabounx ToueK mpu

c1aboif

IHEProcucTeme,

IIPUMBIKAIOIIEH K

HHBEPTOPY.
A maodification to the advoid SHEpPr | mpo | 3Hep MoaudunupoBaHHas u3beka | PHepr | mpo | dHEp
inverter characteristic ( any usi - crpa | rus XapaKkTepPUCTUKA T ust - crpa | rus
line PS"in Figure 4-5) is instabili | ato HCTB uHBepTopa (npsimast PS’ | kakoif- | 310 HCTB
often made during the ty opocT | 0 Ha puc. 4.5) gacto 160 opocT | 0
current margin period to paHcT MPUMEHSETCSI TIPH HeyCTOoil | paHCT
advoid any instability BO peryJMpoBaHHH MO YHBOCT | BO
due to multiple operating 3armacy ToKa, YTOOBI u

points occurring with a
weak ac system at the
inverter.

U30€KaTh KaKOH-1100
HEYCTOWYMBOCTHU HM3-32
MOSIBJIEHUS HECKOJIBKUX
pabodnx ToYeK pu
cnaboit sHEeprocucTeme,
MPUMBIKAIOIIEH K
HHBEPTOPY.
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The alpha-min mode of the Crioco0 perynupoBaHusi | mepeja | SHepr | 4enm | SHep | Aeiic
control at the rectifier is rectifier BBIIIPSIMUATEJS TIPH yIJIe | IOLIei usl - OBEK | Tust | TBHUE
imposed by the natural ac 3aKHUTaHUS JHeproc | 3TO
chracteristics of the systema anb(ha-MUHIMYM HcTEMe | 4eloB
rectifier ac systemand the | nd COOTBETCTBYET eK
ability of the valves to €CTECTBEHHO BHEIIHEH
operate at an alpha angle XapaKTepPUCTHKE
equal to zero i.e. in the BBINPSIMUTEITS TIPH
limit the rectifier acts a KOHKPETHOM
diode rectifier. nepeaaouiei

JHeprocucTeMe u

BO3MOYKHOCTH

BBIMIPSAMHTEIS

pabo—TaTh pH yrie

3axuranus aiabda,

PaBHOM HYIIIO,
The advantage of this a sHepr | ¢u3 | sHep | pa3s TIpenmyiuectBo HanpsoK | sHepr | ¢u3 | sHep | ABH
control strategy becomes voltage | us - uue | rus | mep JAHHOTO crocoba eHue ust - uue | rus | ke
evident if there is a decreas | sTo CKH peryIupoBaHUs IIUTAION] | 3TO CKH H
voltage decrease at the e ¢busny | i CTAQHOBUTCS et bmny | # ue
rectifier ac bus forcing the eckuil | o0be O4YEBUIHBIM, KOI'Ia JHEproc | eckuit | o0b
line AB to move 00BeK | KT HanpsiKeHne UCTEMBI | 00BEK | KT
downwards. T NUTAKOIE CHUXKae | T

IHEPTOCHCTEMBI TS

CHUIKAETCSI, 9TO

BBI3bIBAET OITyCKaHHE

npsMoi AB.
The advantage of this a IMpeumyiecTBo HanpsK | 9Hepr | kuB | SHep | ¢u3
control strategy becomes voltage JTAaHHOTO crocoba eHune usi- oe rus | nde
evident if there is a decreas peryIupoBaHUs MUTAION] | 3TO CyI cKast
voltage decrease at the e CTaHOBUTCSI eii KHUBOE | €CTB croc
rectifier ac bus forcing the OYEBUJIHBIM, KOT/Ia 9HEproc | cymec | o o6H
line AB to move HanpsizKeHne UCTEMBI | TBO OCTb
downwards. NUTAIoLIei CHIKae

IHEProCUCTEMBI TCS

CHH:KAeTcs, 9To
BBI3BIBAET OIyCKaHUE
npsimoit AB.
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The advantage of this JHEp IpeumymectBo HampspDK | DHEPT | )KUB | 3Hep | JIeiic
control strategy becomes rus JAHHOTO crocoba €HHUe usi- oe rus | TBHE
evident if there is a voltage peryIupoBaHUs MHTAI0 3TO CyII
decrease at the rectifier ac CTAHOBUTCS e JKHMBOE | €CTB
bus forcing the line AB to OYEBHUIHBIM, KOTa JHeproc | cymec | o
move downwards. HaIpsizKeHHe UCTEMBI | TBO

NUTAIOIIEeH CHIDKae

IHEProcUCTEMBI TCA

CHHIKAETCH, YTO

BBI3BIBACT OITyCKaHHE

npsmoii AB.
When the inverter aweak | smepr | xuB | smep | ¢u3 Ecnu uaBepTOp cinabyw | sHepr | kuB | sHep | Gu3
operates into a weak ac ac s - oe rus | H4e paboraer Ha a0y JHeproc | us- oe ras | uue
system, the slope of the system | atO cyiL cKast IHEProcucremy, ucremy | 910 cyir cKast
CEA control mode KHUBOE | €CTB croc KpyTH3Ha KUBOE | €CTB croc
characteristic is quite cymec | o 06H XapaK " TePUCTHKH cymec | o 00H
steep and may cause TBO 0CTh PEryIupoBaHus Ha TBO 0CTh
multiple crossover points MOCTOSHCTBO yTJia
with the rectifier noracanus (YII-xa-
characteristic. PaKTEPUCTHKA) MOKET

OBITh BeCbMa

3HAYUTEIILHOH, B

pe3yIbTaTe 4ero oHa

MOJKET IepeceKarh

XapaKTepPUCTHKY

BBINPSIMATEITS B Psifie

TOYEK.
As aresult, LC converters | weak ac | suepr | xuB | sHep | ¢u3 B pesynbrate npu cinabpre | oHepr | kuB | sHep | Gu3
have difficulties to feed system s - oe ras | uue pabore IVIK Ha c1abble | sueproc | us- oe ras | uue
into weak ac system and 3TO CyI cKas IHEProCcUCTEMBI HCTEMBI | 3TO CyI cKast
may take prohibitively JKHBOE | €CTB croc nepeMeHHOro TOKa nepeMe | JKMBOE | €CTB croc
long times to recover from cymec | o o0H BO3HHUKAIOT HHOTO cymec | o 00H
disturbances. TBO 0CTh OTIpeIeIICHHBIC TOK TBO 0OCTb

Sany):[HeHl/Iﬂ U MOXET

norpeboBaTbCs

HEJIOIYCTUMO GOJIBIIOEe

BpeMsI JUISI

BOCCTAHOBJICHHUS UX

paborocmocoGHOCTH

Hoclie HapyLIeHui
HOpPMaJIbHO# paGOTBI.
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As aresult, LC converters | recover | smepr | ueno | smep | ¢us B pesynbTate npu BOCCTaH | dHepr | yex | sHep | ¢us
have difficulties to feed from us - BeK | rms | Uue pabore IIVIK Ha cnabble | oBJIeHM | U - OBEK | rus | uye
into weak ac system and disturb | ato cKas 9HEPTOCHCTEMEI s UX 3TO cKas
may take prohibitively ances 4eInoB croc [EPEMEHHOTO TOKA paGoroc | 4enos croc
long times to recover eK 00H BO3HUKAIOT NMocodH | ex 0o0H
from disturbances. 0CTh onpe/IeICHHbIE oCTH OCTb

3aTpyIHEHUs © MOYXKET

notpeboBaTbes

HEJIOIYCTHMO OO0JIbIIOe

BpeMs ISt

BOCCTAHOBJIEHHsI UX

padoTocnocodHOCTH

1ocie HapyleHui

HOPMAaJIBHOH PabOTHL.
As aresult, LC converters | weak ac | sHepr | Bemp | sHep | xup B pesynbTare mpu ciabble | HEpPr | Beml | SHep | *KuI
have difficulties to feed system usl - €CTB | I'Mf | KOCT pa6ote IJIK Ha ciiabble | 3Heproc | us - €cTB | rus | Kocr
into weak ac system and 3TO 0 b IHEProCUCTEMBI HCTeMBbI | 3TO 0 b
may take prohibitively BEIeC nepeMeHHOro TOKa nepeme | Berec
long times to recover from TBO BO3HUKAIOT HHOTO TBO
disturbances. OTIpe/IeIICHHbBIC TOK

3aTPYIHEHUS U MOKET

notpeboBaTbes

HEIOITyCTUMO OOJBIIOE

BpeMs st

BOCCTAHOBJICHHS UX

paborocrnocoGHOCTH

roce HapyleHui

HOPMaJIbHOM PaboTBhI.
Since no ac breakers or no ac sHepr | ¢u3 | sHep | Mex Tak kak He TpeOy—eTcst | moakiio0 | SHepr | ¢us | ’HEp | Mex
disconnects, apart from breaker | us - nue rust aHu3 JIOTIOJIHUATEIILHAS qamMm | usd - nue rus aHNu3
the energizing purposes sor 3TO CKH M YCTaHOBKa X 3TO CKH M
are needed, system disconn | ¢mna | i BBIKJTIOYATEIeH 1 noacra | pusma | #
reliability is improved. ects ecknit | oObe pa3beUHUTENeH HIHUI0 K | ecKuil | 00B

00BeK | KT MepeMeH-HOTO TOKa, JHeproc | o0ObeK | eKT
T TIOMHMO aIllapaTos, ucreme | T

MOAKIIOYAIOIINX
MOACTAHIINIO K
JHeprocucreme (puc.
6.12), noBeImaeTcs
HaJe)KHOCTh CUCTEMBL.
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Since no ac breakers or system 9Hepr | ueno | Hep | 0Ol Tak kak He TpeOy—eTCsl | HajexH | dHepr | denm | dHep | o6
disconnects, apart from reliabili | usa - BEK Tust €CTB JIOTIOJHUTEIbHAS 0CTh us - OBEK | rus €CTB
the energizing purposes ty 3TO 0 YCTaHOBKa cucTeM | 3TO 0
are needed, system 4eJI0B BBIKJTIOYATEIeH 1 bl 4eJIoB
reliability is improved. eK pazbeanHUTENeH eK
HEePEMEH-HOT0 TOKa,
TIOMHMO aIllapaTos,
MOAKTIOYAIOLMX
TOJICTAHIINIO K
JHeprocucreme (prc.
6.12), noBeImaercs
HaJIe;KHOCTh CHCTEMBI.
A stepdown transformer sHepr | ¢u3 | sHep | ruOK Ero moakinouaror k moaAKJII0 | SHepr | ¢us | sHep | Mex
provided coupling from us - uye | rus | Wit HIMHAM YaT K | Ui - nue | rus | aHW3
the RHV busbars to the 3TO CKH npe JHEProCUCTEMBI Yepe3 | MMHAM | 3TO CKH M
point of connection with ¢busnu | i e MOHMKAIOIIU I IHeproc | ¢m3na | i
the STATCOM. eckuii | oObe T TpaHchopmaTop. HCTeMBbI | €CKHH | 00B
00BeK | KT 00BeK | eKT
T T
Adding new Adding | suepr | ¢u3 | sHep | mpe YBeanuenue VYBeauu | sHepr | ¢uz | sHep | pa3s
transmission capacity by | new usi - uue | rus | ame IHEProCHADKEHHUS enune ust - uue | rus | mep
ac lines into city centres is | transmi | ato CKH T IEHTPOB TOPOJIOB C JHeproc | 3TO CKH
costly and in many cases ssion ¢mmy | # MOMOIIBIO JTMHUH HaOxen | pusma | i
the permits for new ROWSs | capacity | eckuit | o6be JNEKTpoNepeaadn us eckuii | 00b
are difficult to get. 00BeK | KT MEePEMEHHOTO TOKa 00BeK | eKT
T JOCTATOYHO JIOPOTO U BO T
MHOTHX CITy4asix
OI"PaHUYCeHO H3-32
TPYIOHOCTEH ¢
BBIJICJICHHEM
JIOTIOJHUTEIBHBIX
TIOJIOC OTYY K JICHHUS
JUIsL Tpace.
Adding new transmission JHEp YeBejauuenue VYBeqnu | oHepr | Wenm | dHep | mmHI(
capacity by ac lines into rust IHEeProcHadKeHust eHune us - OBeK | rus | a
city centres is costly and in HEHTPOB TOPOJIOB C JHeproc | 31O
many cases the permits for MOMOIIIBFO JIHHHHA Ha0KeH | YEloB
new ROWs are difficult to 3NIEKTpoTIepeiadn ust eK

get.

HEePEMEHHOTO TOKa
JIOCTaTOYHO JIOPOTO U BO
MHOTI'UX cJiydasaXx
OI'PaHMYeHO H3-3a
TpYAHOCTEH C
BbJICJICHHEM
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JIOTIOJTHUTEIIbHBIX
HOJIOC OTYYX JICHUS
JUIsL Tpacc.

Adding new transmission | aclines | smepr | reo | sHep VYBemueHue JMHMIE | SHepr | reo | SHep
capacity by ac lines into us - MeT | rus JHEProcHa0XKeHHs IeKT™ | HA - MeT | rus
city centres is costly and in 3TO pud LIEHTPOB TOPOJIOB C pomepe | 3TO pry
many cases the permits for TreoMe | eCKH MOMOIIBIO JIMHHH aa4du reoMe | eck
new ROWs are difficult to Tpude | i JJIeKTponepeaayn nepeme | Tpuue | Hif
get. CKHH obbe nepeMeHHOro TOKa HHOTO CKHH o0be
00BeK | KT JOCTaTOYHO JIOPOTO U BO | TOKA 00BeK | KT
T MHOTHX CITyJasx T
OI"PaHUYCHO H3-32
TPYIHOCTEH ¢
BBICTICHHEM
JOTIONTHATEBHBIX
HOJIOC OTYYXX JICHHS
JUISL Tpacc.
Adding new transmission | new sHepr | ¢u3 | sHep | mpe YBeanuenue JuHmit | sHepr | ¢u3 | sHep | mpe
capacity by ac lines into transmi | us - u4e | rus | aMme IHEProCHAOKEHHS JIeKT™ | ud - wye | rus | oMme
city centres is costly and in | ssion 3TO CKU T LIEHTPOB T'OPOJIOB C pomepe | 3TO CKH T
many cases the permits for | capacity | usuu | i MOMOIIBIO JIMHUH Javu ¢y | #
new ROWs are difficult to eckuii | 00be JJIeKTporneperavn nepeme | eckuii | 00b
get. 00BeK | KT MepeMeHHOro TOKa HHOT'0 00BeK | eKT
T JOCTATOYHO ZIOPOTO HBO | TOKA T
MHOTHX CITy4asix
OI"PaHUYCeHO H3-32
TPYIOHOCTEH ¢
BBIJICJICHHEM
JIOTIOJHUTEIBHBIX
TIOJIOC OTIYK ICHHS
JUTSL Tpacc.
Adding new transmission | ac lines | suepr | Bemp | oHep | Ku[ YBeanuenne mepeMe | SHepr | Bell | SHEp | XKML
capacity by ac lines into us - €CTB | rusi | KOCT IHEeProcHadKeHust HHOTO us - ecTB | rust | KOCT
city centres is costly and in 3TO 0 b HEHTPOB TOPOJIOB C TOKa 3TO 0 b
many cases the permits for BelleC MOMOIIBIO JIMHHIA Belec
new ROWs are difficult to TBO 3JIeKTponepenavn TBO

get.

nepeMeHHOro TOKa
JIOCTaTOYHO JIOPOTO 1 BO
MHOTI'UX cJiydasaXx

OT "paHUYCHO U3-32
TPYIOHOCTEMN €
BBIJICJICHUEM
JIOTIOJTHUTEIIbHBIX
TOJIOC OTUYX JICHHSI
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JUIsL Tpacc.

The implementation of a adc sHepr | ¢u3 | sHep OG6opyznoBaHue ULt pacnpe | sHepr | ¢u3 | sHep
dc distribution system distribu | us - uue | rus pacrpeneauTeNbHBIX aeaure | Ui - uue | rus
for city centres is still tion 3TO CKH CHCTEM ITOCTOSIHHOTO JBHBIX | 3TO CKH
awaiting further system ¢busnu | i TOKa IS cucrem | husmu | i
developments in eckuil | 00be 9HEProCHAOKEHUS nocrost | eckuii | 00b
equipments such as 00BeK | KT LEHTPOB TOPOJIOB HHOTI'0 00BeK | eKT
electronic transformers T TOKA T
and current limiting
devices to maximize
flexibility and optimize
the utilization of fixed
assets.
The implementation of a ObopynoBanue st JHeproc | SHepr | Wem | 3Hep | muIL
dc distribution system for pacrpeeTuTeNbHBIX HaGxKeH | Wi - OBeK | rust | a
city centres is still CHCTEM MTOCTOSTHHOTO ust 3TO
awaiting further TOKa JIs YeIoB
developments in JHEProCHA0KEHHUS eK
equipments such as LEHTPOB TOPOJIOB
electronic transformers
and current limiting
devices to maximize
flexibility and optimize
the utilization of fixed
assets.
The implementation of a current | sHepr | mpo | 3HEp | 3akp TaKoe Kak TOKOOI | 3HEpPr | mpo | 9Hep | 3aKp
dc distribution system for | limiting | us - cTpa | TWs | BITO 3NEKTPOHHBIE panuyu | W - cTpa | TUSL | BITO
city centres is still devices | sTo HCTB e TpancdopMaropst u BaWINK | 3TO HCTB e
awaiting further mpocT | o TOKOOTpaHWYMBAOLINE | € IpocT | o
developments in paHcCT yCTpOHCTBA, Oy/eT B ycrpoiic | paHcT
equipments such as BO JajbHEHIIEM TBa BO
electronic transformers COBEpIICHCTBOBATHCS,
and current limiting 4T0OBI 00ECTICUNTh
devices to maximize MaKCHMAIIbHYTO
flexibility and optimize 'HOKOCTh U
the utilization of fixed ONTHMAJIbHOE
assets. HCIIOJIb30BaHme
o0opyznoBaHus B
OTpaHUIEHHOM
POCTPAHCTBE.
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The following the dc sHepr | ¢u3 | sHep | mpe Crenyromue nepena | sHepr | ¢us | sHep | mpe
characteristics of the dc transmi | wus - uye | rus | aMe xapakrepucruku ITIIT qn ust - nue | rus | ame
transmission based on ssion 3TO CKH T Ha [TH obGecnieunBatot MOIIHO | 3TO CKH T
VSCs make it a preferred ¢buznu | # ux crn ¢buzny | #
solution for infeed of wind eckuit | 00Be HPEHMYIIECTBEH "HOE BeTpO? | eckuit | 00B
power in power systems. 00BeK | KT HIpUMEHEHHE IS Heproct | o0beK | KT
T nepexaYn MOUIHOCTH aHmuid | T

BETPOIHEPrOCTAHLHI

B CHCTEMY

MepeMeHHOr0 TOKa
The following SHEp Crenyromue nepexa | dHepr | xuB | sHep | ¢u3
characteristics of the dc rHs xapakrepuctuku [T qn usi- oe ras | uue
transmission based on Ha ITH obecnieunBaror MOILHO | 3TO CyII cKast
VSCs make it a preferred ux cTH JKMBOE | €CTB croc
solution for infeed of wind PEUMYIIIECCTBEH HOEC BeTpo3 | cymec | o 00H
power in power systems. IPUMEHEHHE TS Heprocr | TBO 0CTh

nepeaayv MOUIHOCTH aHuMi

BETPOIHEProCTAHIMUIA

B CHCTEMY

MepeMeHHOro ToKa
The following Crenyromue cHCTeM | JHepr | Bell | SHep | XKML
characteristics of the dc xapakrepuctaku [T y ust - €CTB | Tus | KOCT
transmission based on Ha ITH obecnieunBaror nepeme | 3TO 0 b
VSCs make it a preferred nx HHOTO BeIIec
solution for infeed of wind PEUMYIIIECTBEHHOE TOKa TBO
power in power systems. NpUMeHEeHHE [

nepexayn MOUIHOCTH

BETPOIHEProCTAHIMN A

B CHCTEMY

MepeMeHHOro ToKa
Since the grid connection | power SHEPr | YeJo | 3Hep | MM Tak Kak MOAKIIOUEHHE | IHEPIroC | 3HEpr | 4esq | BHep | IHIl
is often just too expensive | supply us - BeK | rusi | a yIaneHHBIX Ha0xKeH | ui- OBeK | Tusg | a
for a remote load such an 3TO noTpeburenei ue 3TO
island,power supply is L) (0):] (Hampumep, Ha 4eNoB
often provided by a diesel eK 0CTpOBax) K eK

generating plant.

SHEPrOCHCTEME YacTo
OKAa3bIBACTCS CITHIIKOM
JIOPOTHM,
JHeprocHadKeHue
YIAJIEHHBIX
notpedutenen
o0ecreunBaroT
AY3eNbHbIC
3NEKTPOCTAHLIUH.
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The ability to control power | sHepr | Bemp | 3HEp | KH[ Bo3moxxHOCTD MOTOK 3HEPr | Beml | BHep | KUK
power flow over the flow us - €CTB | I'Msl | KOCT pery;upoBarh NOTOK MOIIHO | Hf - €CTB | TMsl | KOCT
facility also means thatthe 3TO 0 b mommuoctH [TTIT crn 3TO 0 b
capacity rights required BeIlec 03HAYaeT TaKXe, 4To Belec
for fully commercial TBO MOII[HOCTh, TpeOyemasi B TBO
networks service are Ka<IBI MOMEHT ISt
readily defined. paboTHl KOMMepUeCKoi
JHEPro—"CHCTEMBI,
MOET OBITh JIETKO
yCTaHOBJICHA Ha
HEOOXOMMOM YPOBHE.
It is therefore ironic that cleanup | suepr | ¢u3 | smep ITo3ToMy CKiIaabIBaCTCSl | OUMCTK | 3Hepr | ¢u3 | sHep
power converters should the st - uue | rus JIOBOJIb"HO HPOHHMYHASA | M us - uue | rus
now be used to clean up pollutio | sto CKH CHUTYyallHsl, YTO UIMEHHO | 9Heproc | 3To CKH
the pollution that they n ¢bus3nu | i MOII[HbIC HeTeM ¢buznu | #
helped to create in the first eckuil | o0be npeoOpasoBaTenu B oT 3TUX | eckuil | 00B
place. 00beK | KT HEPBYIO OYe~peab 3arpsi3H | 00beK | KT
T JOKHBI eHMNi T
HCIIOJIB30BATHCS IS
OYMCTKH
IHEPrOCHCTEM OT ITHX
3arpsi3HEHU.
It is therefore ironic that the SHEpr | Bem | sHep | Tps3 IMosToMy ckmampIBaeTcst | oOT SHEPT | BNl | 3HEp | rpsi3
power converters should pollutio | wus - eCTB | rus | b JIOBOJIb—HO MPOHUYHAS | ITHX ust - ecTB | rus | b
now be used to clean up n 3TO 0 CHTyalus, 9YTO IMEHHO | 3arpsi3H | 3TO 0
the pollution that they BeIIec MOIIIHEIE eHmit BeIIec
helped to create in the first TBO npeobpasoBarelii B TBO
place. MEPBYIO 0Yepeb
JIOJDKHBI
HCIIOJIb30BATHCS IS
OYHCTKH SHEPTOCHCTEM
OT ITHX 3arpsi3HEHMIA.
A generalized sHepr | ¢u3 | sHep | mox O6mast Teopus sHepr | ¢m3 | smep | dop
instantaneous reactive us - ude | rus 0XKe MTHOBEHHOM cUMMeT | uf - u4ye | rus Ma
power theory which is 3T0 CKH HHe PEaKTHBHOI MOIIHOCTH, | PHYHBI | 3TO CKH
valid for sinusoidal or ¢mmy | # B KOTOpast IPUMEHNMA X WJIH ¢y | #
non-sinusoidal, balanced eckuit | oObe npo VIS CHHYCOUJANBHBIX U | HECHMM | eckuil | 00b
or unbalanced threephrase 0o0beK | KT cTpa HECHHYCOUIATbHBIX, eTpuYH | 00BEK | eKT
power systems with or T HCTB CMMMETPHYHBIX HJIH bIX T
without zero-sequence e HECHMMEeTPHYHBIX Tpex(a
currents was later TpexdasHbIX 3HBIX
proposed by F.Z. Peng and IHEProCUCTEM IIPH JHeproc
J.S. Lai. HAJTMYUH WA Herem

OTCYTCTBHUU TOKOB

161




HYJIEBOU
MOCIIEJOBATENILHOCTH,
OblIa TIO3XKe
npennoxera @.3.
[Tenrom u [1.C. Jlan

By directly participating spot sHepr | ¢u3 | sHep | ToBa [Tyrem yuyactus B pbiHke | sHepr | ¢u3 | sHep | ToBa
in the spot market market | uns - uye | rus | p PETHOHAIBHOM PBIHKE | 2JIeKTp | Ui - nae | rus | p
Directlink earns a 3TO CKH 3JIEKTPOIHEPIHH 3Ta 03Hepr | 3To CKH
market-based return for its ¢msmy | # nepeaaya 1o3BosieT uu dta | Qusna | #
owners. eckuii | o0be 3apabaThIBaTh CPEJCTBA | mepeaa | ecKui | 00B
00beK | KT JUISL OKYIIAeMOCTH U qa 00BeK | eKT
T BO3BpATa JIEHEKHBIX T
CPEICTB
aKIOHEepaM-COOCTBCHH
HKaM.
Directlink is a regional | suepr | ¢u3 | smep | ToBa JIMpEKTIHHK — 3TO permon | sHepr | ¢u3 | sHep | ToBa
non-regulated market | us - uae | rus | p UCTOYHUK, aJbHBl | WA - uae | ras | p
project,operating as a 3TO CKH paboTaromuii KaK i 3TO CKH
generator by delivering ¢busna | i TEHEePaTOp MOIIHOCTH, pbIHOK | Gm3ng | i
energy to the highest eckuil | 00be HOCTaBIsIEMOiT Ha JjekTp | eckuit | 00b
valued regional market. 00BeK | KT Hanboliee BBITOJTHBII odHepr | o0ObeK | eKT
T PErHoHATbLHBIIH au T
PBIHOK
3JIEKTPOIHEPIUH.
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