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1 UCTOPUA DJIEKTPOOHEPI'ETUKHU
1.1 IlpoMblIlLJIEHHOE IPUMEHEHHE 3JIEKTPOIHEPIuU

OpHoli u3 KpynHeHmmMx npooiieM, penieHHbIX B kKoHIe XIX — nayasne XX BB,
OBLIO MOJIyYE€HUE U HCIIOJIb30BAHUE AJICKTPOIHEPTHH — HOBOM IHEPreTUYECKOM OCHO-
BbI IPOMBIIIEHHOCTH U TPAHCIIOPTA.

[Iepexon K MacCoBOMY, HEMPEPHIBHOMY M aBTOMAaTU3UPOBAHHOMY IPOU3BOI-
CTBY TpeOoBas MepeBojja CUCTEMbI MAIlIMH Ha HOBBIM aBurarens. Mm crtan snextpo-
npuBOJI, (AJIEKTPOMOTOpP), OOECIEUEHHBIM COOTBETCTBYIOLIEH Mepeaadyeil 3JIeKTpo-
SHEPIruM OT reHeparopa.

[IpeanochbuIKOi NI71s1 pelIeHus dTOM TEXHUYECKOU MpOoOJIEeMBI cTalo u3o0pere-
HUEe UTATbIHCKUM ¢u3ukoM A. [Taunnortn (1841-1912) B 1860 r. u HE3aBUCUMO OT
Hero Oenbruiickum mMactepom 3. T. I'pammom (1826—1901) B 1869—1870 rr. nunamo-
MalluHBI, T. €. CAMOBO30Y KJAIOIIErOCs reHepaTopa MOCTOSIHHOTO ToKa. IMeHHo Ona-
rojaps KOHCTPYKIIMH, MpeIokeHHOU ['pammom, M300peTeHHe MOIYyYUIIo pacripo-
CTpaHEHHE Ha MPAKTHKE.

['eneparopamu Ha3bIBAIOT ANEKTPUUECKUE MAIIMHBI, TPEOOpa3yrouue MEXaHu-
YECKYIO SHEPTHIO B AJEKTpUUecKyto. [IpuHIMNI AEHCTBUS 3JIEKTPUYECKOTO Te€HEPATO-
pa OCHOBAH Ha MCHOJIb30BAHUM SIBJIEHUS 3JIEKTPOMAarHUTHOW MHAYKIMHU, KOTOPOE CO-
CTOMT B cienyromeM. Eciii B MarHuTHOM I0JIE ITOCTOSIHHOTO MarHuTa NepeMelarhb
MPOBOJAHMK TaK, YTOOBI OH MepeceKasd MarHUTHBIN MOTOK, TO B IPOBOJAHUKE BO3HMK-
HeT snekTpoaBmwxkymias cuia (DJ1C), HassiBaemas DJC unaykiuu (MHIyKINS OT Jia-
TUHCKOTO cjioBa Inductio — HaBezieHUe, MOOYKIeHHE), WM UHAYKTHpoBaHHOH DJIC
DNeKTpOABMKYLIAsl CHJIa BO3HUKAET U B TOM CJIydae, Korja IPOBOJHUK OCTAETCS He-
IIO/IBM)KHBIM, @ MTEPEMENIACTCS MArHUT. SIBJIEHNE BO3HUKHOBEHUS! HHIYKTHPOBAHHOM
OJ1C B IpOBOJHUKE HA3BIBAETCA JJIEKTPOMATHUTHOW MHAYKIMENH. Eciii MpoBOAHUK, B
KoTopoM MHAYKTUpyercsa DJC, BKIIOUYUTH B 3aMKHYTYIO 3JIEKTPUYECKYIO LEMb, TO
nox aevicteuem D/IC no menu noTeveT TOK, Ha3bIBAEMbIN UHAYKTUPOBAHHBIM TOKOM.

1.2 TlepBble MONBITKY NepeIavu IJIeKTPOIHEPTUM HA PACCTOSIHUE

[TpousBeneHHYIO AIEKTPOIHEPTHUIO HE XPAHST, a Cpa3y MepeIaroT MOTPEOUTEIISIM.

HononHutenbHan JHepruAa

Herounmk | W 3HeproHocHTeNb W, 3Hepro-
3Heprium q MPMEMHIK

MoTepa sHeprum AW

Puc. 1. Cxema nepegauu 3J€KTPO3HEPTUU



[lepBbie OMBITHI Nepeaun NEKTPUUECKON IHEPTHUH Ha PACCTOSIHHUE OTHOCSATCS
K caMmoMmy Havainy 70-x rogoB. B 1873 r. Ha BeHCKkOW MeXIyHapOJHOM BBICTABKE
bpaniy3ckuii anekTpuk M. @oHTEeH n1eMOHCTpUPOBaATI 00PATUMOCTh 3IEKTPUUYECKUX
mamuH. OnHa u3 MamuH ['pamMma paborana B pexuMe TeHeparopa, a Takas e BTO-
past — B pexxume asuratens. [locnenHss MamiMHa NpuUBOJWiIA B JEHCTBUE BOISHOU
HACOC UCKYCCTBEHHOTro Bojonazaa. Kenass HECKOIbKO CHU3UTh MOIIHOCTb JBUTATENA
(uToOBI BoJIa HE BHIOMBAJIACh 3a Mpejeibl O0acceitna), MOHTEH penui yBeIUUUuTh CO-
MPOTUBJICHHUE MTPOBOJIOB, COSIUHSBIINX JIBE MAIIUHBI. J{JI51 3TOTO OH BKJIIOUMI MEXKITY
MarrmHaMu OapabaH ¢ kabeneM ATUHOW HeCKoJbKo Oonbiie 1 kM. Tak Obuta mokasa-
Ha BO3MOKHOCTb IE€peiayll JEKTPOIHEPTUN HA OoJiee MM MEHEe 3HAUUTEIHHOE IO
Mpe/ICTaBICHUSIM TOrO BpeMeHHu paccrosinue. Bmecte ¢ TemM cam DoHTEH HE ObLI
yOek€H B 9KOHOMUYECKOH 11eJIecO00pa3HOoCTH dJiekTpornepenayu. B 70-x ronax Obu1
MCCJIEIOBAH MEPBBIA MyTh, TAK KaK YBEITUYCHHUE CECUYCHHUS MPOBOJHUKOB MPEICTABIIS-
JIOCh MEpPONPUSITHEM, IO-BUIUMOMY, 0OJiee E€CTECTBEHHBIM M TEXHUYECKHU JIeTde
OCYIIECTBUMBIM IO CPABHEHUIO C MIOBBIIICHUEM HAIPSHKCHUS.

Onwvimol no nepedaue snexmpudeckou snepeuu Ilupoyrxoeo

B 1874 r. pycckuii Boennbiit unkenep @. A. Ilupoukuii mpuiien Kk BHIBOILY 00
HKOHOMUYECKON 11e71eco00pa3HOCTH MPOU3BOACTBA INEKTPUUYECKON HHEPrUM B TEX
MeCTax, IJiIe OHa MOXET OBITh JIENIEBO MOJy4YeHa Onarogaps HAJIWYUIO TOTUIMBA WIIA
TUAPABIMYECKON SHEPIHH, U NIEpeAaun €€ Mo JMHUM K 00oJiee UM MEHee OTIaJIEeHHO-
My MeCTy noTpeOieHus. B TOM ke Toly OH MPUCTYIUJ K ONbITaM Nepeayu SHEPTUr
Ha apTwuiepuiickoM nojurone Bonkoa mosst (oxosno IlerepOypra), ucmosib30BaB
ANEeKTpuUYecKyro mamuHy ['pamma. JlanbHOCTh mepenaun B ombiTax IInponkoro co-
cTaBisia cHavana 6osee 200 M, a 3atem Oblia yBenuueHa npumepHo o 1 kM. Jlns
YMEHBIIICHUSI TOTePh B JUHUU [IUponkuil nmpeagaran UCMoOab30BaTh B KAYECTBE MPO-
BOJTHUKOB >KEJIC3HOOPOKHBIE PEIIbChl, CEUCHUE KOTOPBIX Oojiee yeM B 600 pa3 mpe-
BBIIIIAJIO CE€YEHHE OOBIKHOBEHHOTO Telnerpaduoro mpoBoga. CTpemsich MPOBEPUTH
CBOU BBIBOJIbI, OH B KOHIIE 1875 r. Mpou3Ben OMNBITHI MEPEayu JIEKTPOIHEPTUH IO
penbcam Oe3zeiicTBoBaBIeil BeTkn CecTpopelKoii KeIe3HOW JOPOTH JUTMHONW OKOJIO
3,4 kM Oba penbca U30IUPOBAUCH OT 3€MJTH, OJIMH U3 HUX CIIYKHJI IPSIMBIM, BTOPOA
— 00paTHBIM TIPOBOJOM. ODJEKTPHUUYECKHH TOK Il OT HEOOJBIIOro TeHepaTopa
I'pamma K 371€KTpOBUTATEIIO, YIAJJIEHHOMY Ha PACCTOSIHUE OKOJIO 1 KM.

Heo6xonumo oTmMeTuTh, uto Iluporkuii ObUT HE €AMHCTBEHHBIM 3JIEKTPOTEX-
HUKOM, CTaBIIIMM Ha MyTh YBEJIMYCHUS CEUCHHS MPOBOJOB, Tak, Hampumep, B. Cu-
MEHC, noceTuB B 1876 r Huarapckuii Bogomnaj, CymMen MPaBUIbLHO OLIEHUTh dHEpre-
THUYECKHME BO3MOYKHOCTH €r0 MCIOJIb30BAaHMS, HO YTBEpXKIaj, 4YTO IS Iepenadu
SHEPruM BojoNana Ha pacctosiHue 50 kM moTpeOyeTcs MPOBOJHUK TUAMETPOM 75
MM. [To00HbIE BBIBOIBI SIBJISITUCH HATJISAIHBIM BBIPAXKCHUEM YPOBHS MO3HAHUM B 00-
nacTy 31eKTpoTexHukH B 70-x rogax XIX B. HecMoTps Ha HEpallMOHAIBHOCTH IIPaK-
TUYECKOTO HaNpaBIeHUs, N30paHHOTO [IMpOIKUM, €ro OMBITH MPUBJICKIN BHUMAHHE
K BOIIpocaM 3JIEKTponepeaayr BOOOINE, BHI3BAIM Psii HOBBIX HCCIIECIOBAHUM, MPH-
BEIIITUX K BBISBJICHHUIO MPABUIBLHOTO MYTH ISl pemieHus 3Toi mpobsemsl. [Ipemio-
xenue [Iupoukoro 06 MCMONB30BAHUU KEJIE3HOJOPOKHBIX PENBCOB JS Mepeaadu
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ANEKTPUUYECKON SHEPruu Ha PaCcCTOSHUE HAIJI0O CBOE€ NMPUMEHEHHE YKE MpU pa3pa-
0O0TKE MEePBBIX MPOEKTOB TOPOJICKUX IEKTPUUECKUX JKETE3HBIX JIOPOT.

llepedaua c nomowbio NoGvLULEHUS HANPSAHCEHUSL
Hpyroif nmyTh pemieHusi mpoOJeMbl Nepeadn dIEKTPUYECKON dHEPIUH, OCHO-

BAaHHBIM HA MOBBIIICHUN HAIPSKEHUS JIMHUM NEpeAadyu, — MyTh IPOrPECCUBHBIA —
ObL1 M30pan (panirysckum akagemukoMm M. [lenpe u npodeccopom dusuku Iletep-
Oyprckoro siecHoro nactutyTa J. A. JIa4MHOBBIM.

Bbonpmias 3aciyra B mpakTHYECKOM PEUIEHUH BOIIPOCOB MEpPEIay SHEPTUU T10-
CTOSTHHBIM TOKOM Ha 3HAYUTEIIbHbIEC paccTOssHUS npuHaiexkuT M. Jlenpe. Ucxons us
paHee pa3pabOTaHHBIX MPUHIMIOB, Jlenpe B 1882 r. cTpouT MEpBYIO JUHUIO DJICK-
Tpornepenaun Mucbax — MIOHXEeH NMPOTSHKEHHOCTBIO 57 KM.

JlanbHeilliee pa3BUTUE NIEPENAYN FIEKTPUIECKOM IHEPTUU HA PACCTOSIHUE CBSI-
3aHOo ¢ umeHeM M. O. JlonuBo-/{oO6poBosnibeckoro, koTopelii B 1888 r. n300pen cucte-
My TpexdaszHoro nepemeHHoro toka. B 1891 r. Jlonuo-J{oOpoBoiabCkuii BMeCTE C
MHXEHEpOM bpoyHOM opranHum3oBan mepenady 3JEKTPOdHEpruu Ha paccrostHue 170
kM oT Jlaypena-na-Hekape 10 DaeKTpoTexHUYECKON BhICTaBKU BO DpaHKpypTe-Ha-
Maiine. 910 cOOBITHE MOKHO CUUTATh HAYAJIOM 3apOXKACHUS HCIOIb30BAHUS TPEX-
(a3HOrO TOKa, BHI3BABLIETO NEPEBOPOT B IMPOMBIIIJIEHHOCTH, TpaHCIIOpTE U ObITy. B
1892 r. snextponepenaya tpexdaznoro toka Obuta ocymiecTBieHa B llIBeliapuu u
I'epmanun, a B 1893 — B CILIA. IlepBasi mpomblIllIeHHas! yCTAHOBKA TpeX(a3zHOTo To-
ka B Poccun 6wuta moctpoena B 1893 r. nns HoBopoccuiickoro sneBaropa. Perenue
BOIpoca 00 3JIEKTponepeaye Ha 3HAUYUTEIbHBIE PACCTOSIHUS Ha OCHOBE IMpakKTHUye-
CKOI'O MCIOJIb30BaHUsI CUCTEMbI Tpex(a3HOro MEPEMEHHOT0 TOKA MO3BOJIMIO CKOH-
LEHTPUPOBATH MPOU3BOICTBO AIEKTPOIHEPTHH HA OCOOBIX MPEATPUATHSIX — IIEKTPO-
CTaHLMSX, IJI€ B KAUECTBE MEPBUYHBIX T€HEPATOPOB CIIYKUJIM TEILUIOBBIE WIIA BOMS-
Hble nBurarend. ClenyeTr 3aMeTUTh, YTO COOPYKEHUE MEPBBIX JIEKTPUYECKHUX CTaH-
IMHA OTHOCUTCS K KoHIy 70-x — Havany 80-x rr. DT anekTpocTaHuuu (O10K-
CTaHIMH, KaK UX TOTJa Ha3bIBaJIM), IPOU3BOAMUBIINE MOCTOSHHBIN TOK, MOTJIK 00€ec-
MEYUTh OTPAHUYECHHOE YHCIIO OTPEOUTENEH, OCBETUTh HEOOJIbIINE PAOHBI TOPOJA.
VIMEHHO B 3TOM KpPbLJICS HEAOCTATOK MUCIIOJIb30BAHUS MOCTOSIHHOTO TOKA.

B 80-X rr. HaYaJIM CTPOUTH AIEKTPHUUECKUE CTAHLMU [IEPEMEHHOTO TOKa, KOTO-
phI€ TIO3BOJIMIIA PACHITUPHUTH 00JIaCTh MPUMEHEHHUS dekTposHepruu. B 1884 r. B An-
iy ObUTa TMyIEHa TepBasi AJIEKTPOCTAHIUS MepeMeHHoro Toka. B 1889 r. Bomu3m
[Toptnenna (CIIIA) Obima mocTpoeHa KpyIHas THIPOCTAHIMS OMHO(MA3ZHOTO Tepe-
MEHHOT0 TOKa MOIHOCThIO 720 kBT. B koHIte 90-X rr. 111 cHaOXKEeHUs dJIEKTPOIHEP-
TUel MPOMBINUIEHHBIX PallOHOB M TOPOJOB Pa3BEPHYJIOCh WIMPOKOE COOPYKEHHE
pPalOHHBIX JIEKTPOCTAHIIUHN, CTPOUBIINXCS BOJIM3M UCTOYHUKOB ChIPbs UJIA Y PEK.

B 1896 r. BcTynuna B cTpoi niepBasi paiioHHast TUIpo3JIeKTpocTaHims Ha Huarape.
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Puc. 2. [lepBas pailoHHas ruaposneKkTpocTannms Ha Huarape

Ha cranuuu ObutM yCTaHOBJIEHBI TPU TYpOUHBI IEPEMEHHOTO TOKA IO 5 ThIC. JI.
c. Kaknasd. /J[mHamo-mammHbl BelpadaThiBaiu TOK B 2 Thic. B. [[ns mepegaun siek-
TPOSHEPTUU TOTPEOUTENIO HAMPSHKEHHE MOJAHMMAJOCh Tpancopmartopamu g0 S50
ThIC. B. Dnexrponepenaya ocyuiecTBisiiach Ha paccrosHue 10 550 kM. B Hauvane
CTOJIeTHsI OblIa OTKPBITA MOIIIHAS TUIpodJIeKTpocTanimu B [1IBeliapus HanpspKeHN-
em 7,7 toic. B. [locne nmpoxoxkaenus: Tpexda3sHOro Toka 4epe3 TpaHcPpopMaTopbl OH
nosbimaics Ao 50 teic. B u nepenaBancs Ha paccrosiaue 400 kM.

Nneu coopyxeHus ruaposnekTpoctaniiuii B Poccun 3apoaunucey 70-e rr. XIX
B. [lepBas mpombinieHHass rugpolniekrpoctanius B Poccun momuocteio 300 kBT
Obl1a moctpoeHa B 1895—1896 rr. mox pykoBoacTBoM nrkeHepoB B. H. Uukonesa n
P. D. Knaccona (1868—1926) nnsa snekrpocHabxenus OXTHHCKOTO MMOPOXOBOTO 3a-
Boza B IlerepOypre. B 1899 r. Obl1M BBEACHBI B 3KCILTyaTallUIO THAPOIIEKTPOCTaH-
1M1 Ha bakMHCKWX HEPTIHBIX KaMHSIX W Ha KaBKa3ckoM Kypopte bopxkome. B 1903
r. Obla myieHa annekrpoctanuus «bensiit yrons» B Eccentykax. B 1909 r. 3akonun-
JIOCh CTPOMTENILCTBO KPYIMHEHIIEH B IOpPeBOMIONMOHHON Poccum ['mHaykymickou
I'DC momHocTeio 1350 kBT Ha peke Myprab (ubiHe Tepputopus TypKMEHCKOM
CCP). B 1914 r. nnsa snextpocHabxenuss MockBbel B boropojacke (apiHe Hormuck)
ObL1a MOCTPOEHA caMasi KpPYMHasi B MUPE TETIOIEKTPOCTAHIMS «DIEKTPOIIepeaayay,
paboraBias Ha Topde.



Puc. 3. TermmoanekrpocTadIus « INEKTpoIepeaadar

B pesynpraTe coOOpyXeHUS PAHOHHBIX JIIEKTPOCTAHIUK TMPOMBIIICHHBIC
OpennpusITis ObLTH M30aBIEHBI OT HEOOXOIUMOCTH CTPOUTH COOCTBEHHBIEC MEIKHE
AIIEKTPOCTAHIINY WA yCTaHABIMBATH CBOH AJIEKTPOT€HEPATOPHI.

DNEeKTPOCTAaHIIMH MPOU3BOANIIH JIEKTPUUECKUNA TOK CIIEHUAIBHO JJIs IPOJaKU
norpedurensiM. B 80-e ronpl BO3HUKIIM MEpBbIE LIEHTPAJIbHBIE CTAHIIMHU, OHU ObUIN
Ooee 1ienecoo0pasHbl M 00Jiee YKOHOMUYHBI, YeM OJIOK-CTaHITMHU, TaK KaK CHa0ajIu
AJIEKTPUYECTBOM Cpazy MHOTO MpeAnpustuii. B To Bpemst MaccoBbIMU MOTpeOUTENSI-
MU DJIEKTPOIHEPTUU ObUTM UCTOYHHUKHU CBETA — JYTOBBIC JIAMIIBl M JIaMIIbl HaKaJIHBa-
Hus. IlepBbie anextpoctanuuu llerepOypra BHavajie pa3Meliaauch Ha Oapkax y
npuydasioB pek Molku u @oHTaHKH. MOITHOCTh KaXXAOM CTAaHIIMUA COCTaBJislIa MpHU-
mepao 200 kBrt. IlepBast B Mupe LeHTpaigbHas CTaHLUs ObUIa MylieHa B paboTy B
1882 roxy B Hero-Mopke, ona umena Momuocts 500 kBT, B MockBe 31eKTpHuecKoe
OCBEILICHUE BIiepBbIE MOsABWIOCH B 1881 rony, yxxe B 1883 roay anekrpuueckue cBe-
TWIBHUKY WuTroMuHUpoBanu Kpemib. CriennanbHO AJist 3TOro Oblila COOpYy>KeHa Tie-
pPEIBIDKHAS DJIEKTPOCTAHIIUS, KOTOPYIO obciyxuBaiu 18 nmokomobuieit u 40 nuna-
Mo-maivH. [lepBas ctanmoHapHasi TOpOJCKast AJIEKTPOCTaHIUs MOsBHIach B MoCKBe
B 1888 rony.



Puc. 4. [lepBas cTaumoHapHas ropoJickasi IeKTPOCTaHIIMS MOsIBUIAaCch B MOCKBe

Henb3st 3a0b1BaTh ¥ 0 HETPAAUIIMOHHBIX UCTOYHUKaX dHepruu. [IpeamiecTBeH-
HUIIA COBPEMEHHBIX BETPOAJIEKTPOCTAHUUNA C TOPU3OHTAIBHOW OChIO MMENa MOII-
HocTh 100 kBT 1 Obuta moctpoena B 1931 roay B fAnre. Ona umena 6aniHio BbICOTOM
30 metpoB. K 1941 rony enuHu4Hasi MOIIHOCTH BETPOAJIEKTPOCTAHILIMI JIOCTUTIA
1,25 MBT.

2 HPUHIOUIIBI U OCOBEHHOCTHU DJIEKTPU®UKALIUU CTPAHBI

B Poccun co3maBamuce anmekTtpoctaHimy B KOHIE XIX m Havane XX BEKOB,
0JIHAaKO, OYPHBIN POCT IIEKTPOIHEPTETUKH U TETUIOIHEPTeTUKH B 20-¢ rosbl XX cTo-
JeTus mocie npuHATysa no npemtoxennto B. U. Jleanna mnana 'O2JIPO (T"ocynap-
cTBeHHOM 3nekTpudukanuu Poccun). 22 nexabps 1920 roma VIII Beepoccuiickmia
che3n CoBETOB paccMOTpen U yTBepauia ['ocymapCcTBEHHBIN MIIaH dJeKTpUudHUKaIim
Poccun — 'ODJIPO, moAroTOBAEHHBIA KOMHUCCHUEH, MOJ IpeaceaareabcTBoM . M.
Kpxunxanosckoro. [Tman 'ODJIPO gomxen ObuT OBITH peaiM30BaH B TCUCHUH JECS-
TU-TISITHAIATH JIET, & €ro Pe3yJbTaToOM JOJDKHO OBLIO CTaTh CO3JaHUE «KPYITHOTO
HWHYCTPUAIBHOTO XO34MCTBA CTPaHbI». /(711 SKOHOMHYECKOTO Pa3BUTHS CTPAHbBI ATO
pelieHre uMeno orpoMHoe 3HaueHue. Hemapom cBoii mpodeccroHanbHbIi Mpa3aHuK
pPOCCHIICKHE SHEPTeTUKN OTMEUYAIOT UMEHHO 22 feKa0psl.

B niane mMHOro ynensiioch mpoOjeMe MCIOJIb30BAHMSI MECTHBIX SHEpreTuye-
CKHX pecypcoB (Topda, BOJbI peK, MECTHOTO YTJIS U JIp.) JJIs IPOU3BOICTBA AJIEKTPH-
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yeckoii sHepruu. 8 okTsa0psa 1922 rona cocrosics opuraIbHbINA MyCK CTAaHIUH « Y T-
KHHA 3aBOIb» — NIEPBOM TOpPsiHOIM nekTpocTaniu B [leTporpae.

B 1925 roay 3anyctunu llatypckyto anekTpoctaniuio Ha Topde, B TOT Ke ToJ
Ha Kamupckoi 3J€KTpOCTAHIMM Haydald OCBOCHUE HOBOW TEXHOJOTMU CHKUTaHUS
IIOZAMOCKOBHOTO YIUIS B BUJE MBLIH.

Puc. 5. lllatypckas 37eKTpOCTaHIUA

Juem Hauana Teriodukaruu B Poccuu MoxHO cuntath 25 HOos0ps 1924 roga
— Torja 3apaboTai nepBbii TeraonpoBo oT ['IC-3, npeaHa3HaAYeHHBIN 17151 00IIEro
MOJIb30BAHUSI B JIOME€ HOMEp JCBSHOCTO IIECTh Ha HaOepekHoW peku DoHTaHKH.
Onextpoctanius Ne 3, KOTopyro mepeobopynoBaiy isi KOMOMHUPOBAHHOW BhIpa-
OOTKHU TEIJIOBOM M 3JIEKTPUUYECKOM SHEpTuu, sBIseTCs nepBoil B Poccun Temnosnek-
TpoleHTpabio, a JleHuHrpam — mnwoHepoMm Temnodukanuu. lleHTpanu3zoBaHHOE
CHAOXKEHHE TOPSYEH BOJON KUIIOTO AoMa (PYHKIIMOHUPOBAIIO O3 cOOEB, U uepe3 roj
['9C-3 crano cHabxath ropsueil Bogoi ObiBiIyt0o OOYXOBCKYIO OOJBHUILY M OaHH,
Haxojasnecs B Kazaubem nepeynke. B HosOpe 1928 roga k TEIIOBBIM CETSIM TOCY-
JTApCTBEHHOM 3JiekTpocTanimu Ne 3 moakirouniu 31aHue ObiBiux [TaBioBckuX Ka-
3apM, pacnoJiarapimxcst Ha MapcoBom nosie. B 1926 roay Obuta myiieHa B 9KCIUTya-
tauuio MoiHas BomxoBckas ['DC, sHeprus KOTOpOl MO JMHUU 3JEKTPOIEepeIayn
HanpsokenueM 110 kB, mpotsiskenHocTeio 130 kM noctynana B JleHunrpas.

20 nexabps 1951 roga, siaepHbBIA peakTop BIIEPBBIC B UCTOPUU MPOU3BEI MPHU-
TOJIHOE I UCIIOJb30BaHUsl KOJIMYECTBO 3JIEKTPOSHEPrMM — B HbIHENIHeW Harwmo-
HanbHOM Jlabopatopuu INEEL Jlenmapramenta sneprun CHIA. Peaktop BbipaboTain
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JOCTaTOYHYIO MOIIHOCTb, YTOOBI 3aXeub MPOCTYIO MLENno4yky u3 uersipex 100-
BaTTHBIX Jamnouyek. [locie BTOporo skcnepuMeHTa, MPOBEJEHHOTO Ha CIEIYIOIINNA
JeHb, 16 y4acTBOBaBIINX B HEM YUYEHBIX U UHKEHEPOB «YBEKOBEUWIM)» CBOE UCTOPH-
YeCKOE JOCTUKEHHE, HAllUCaB MEJIOM CBOUM MMEHA Ha OETOHHOM CTEHE TeHepaTopa.
CoBeTckue yueHble MIPUCTYNUIN K pa3paboTKe NMEePBBIX IPOEKTOB MUPHOI'O UC-
MOJIb30BAHUSI aTOMHOM 3Hepruu emé Bo BTopoid nmojosuHe 1940-x ronos. A 27 utoHs
1954 rona B ropoge OOHUHCK ObLTa 3amyIlleHa MepBasi ATOMHAs JIEKTPOCTAHIIHA.

Puc. 6. AtomHuas snexktpoctanius, r. OOHHUHCK

[Tyck nepBoit ADC 03HaMEHOBaJl OTKPBITUE HOBOTO HAIPABJIEHUS B YHEPIeTH-
K€, MOJIyYMBILEro NMpu3HaHue Ha 1-it MexayHapoiHOM HayyHO-TeXHUYECKON KoHpe-
PEHILMU IO MUPHOMY HMCHOJIb30BaHUIO aTOMHOM 3Hepruu (aBryct 1955 r., XKeunena).
K xony XX Beka B MHpe HacuuUThIBaJoCh yxke Oosee 400 aTOMHBIX 3JE€KTPOCTaH-
AH.

[Tponomxkanoch pa3BuTHE anbTepHATUBHON YHepreTuku. B centadpe 1985 rona
COCTOSUIOCH IPOOHOE BKJIFOUEHUE TEHepaTropa MEepBOM CONHEYHOW 3JIEKTPOCTAHLIUU
CCCP C3C-5 B Kpeimy. Bo Bpemst noctporiku KpbiMckolik ATOMHOM 3J€KTpOCTaH-
nuu 61m3 nocenka lenkuno B Kpsimy yuensie CCCP npunuid K BeIBOIY, YTO Oy-
AyuieMy OObEKTY MOHAJ00UTCS PE3EPBHBIN NCTOUYHUK MUTAHUSA, U PELIMIIN IIPOBECTH
TEXHUUYECKUN IKCIIEPUMEHT.

Ha xpyrno#t momanke nuametrpom 500 MeTpoB Obljia MOCTPOEHA COJIHEUHAS
anekTpoctanuus COC-5, ocTaTku KOTOPOM 10 CUX MOP MOYKHO YBHJIETh Ha TOM Me-
cre. CoJiHEUHas 3JEKTPOCTAHIMS OTHOCHJIACh K OalleHHOMYy Tuiy. B oTinume ot
KpyIIHEWIIEW B BOCTOYHOM EBpomne conHedHou snektpocraHumu «IlepoBoy, pacro-
noxxeHHou nmox Cumdeponosem, B KOTOPO UCMONB3YIOTCA (DOTOIIEKTpUUYECKUE Ta-
HEJM U3 KpucTaiioB kpeMmHusi, Ha COC-5 sHeprus no0bIBanach MyTeM HarpeBa BOJIbI
COJIHEYHBIMU JTy4aMH.
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Puc. 7. COC-5

[TpuHIMTT QYHKITMOHUPOBAHUS SKCIEPUMEHTAIBHONW CTAHITMU 3aKIIIOYajCcs B
CJIEYIOIIEM: B IICHTPE KPYTJION IIIOMIAKK pacrojaraiach OamiHs BEICOTOM 89 MeT-
POB C pe3epByapoM BoOJIbl. Bokpyr OamnrHu pacmosarainch MOABIKHBIE Mapadoimde-
CKH€ 3epKaja — reauoctarsl (Bcero 1600 mTyK, Kax bl IIOMAI6I0 25 KB. M), GOKY-
CHUpPOBABILIME OTPaKEHHBIE JIy4d Ha pe3epByape. Boma B KoOHTelHepe 3akuriana, mpe-
BpaIiasch B map, KOTOPHIX Bpalan TypOrHY reHepaTopa, IpeBpaiiias TakuM 00pa3oM
COJIHEUHYIO DHEPTHUIO B JIEKTPUYECTBO. [[BI>KEHHEM 3epKai, ¢ TeM YTOObI OHU BCE-
r1a ObUTH HampaBJieHbl B HY)KHYIO CTOPOHY, yrpasisiia DBM ¢ HacTpanBaeMbIM TIpo-
rPaAaMMHBIM aJaTOPUTMOM. MOIITHOCTh CTAHIIMK, BBUY IKCIIEPUMEHTATBLHOCTH U CJia-
00ro pa3BHUTHs TEXHOJOTHH, COCTaBisLIa He Oosiee S MBT, 4To, TeM He MeHee, OBLIO0
YETBEPTON YaCThIO BCEH COTHEUHOM AJICKTPOIHEPTHH, BEIpabaThIBAEMOI B MUPE.

3 3TAIIBI PA3BUTHSA JIEKTPHUECKOM TSATH
IlepBag snexTpuyeckas >kejie3Has JIopora AeMOHCTpupoBaiach B 1879 r B

['epManny Ha TPOMBIIIEHHON BBICTaBKE. DJIEKTPOBO3 MOIIHOCTHIO 2,2 KBT nepeBo-
3WJI TPU BaroH4yuka ¢ 18 maccaxupamu.
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Puc. 8. [lepBas anekTpudeckas 1opora Ha bepanHCKOM BhICTaBKe

Puc. 9. Konus neporo snexktpoBosa pupmel «Cumenc u Xanscke» (1879 r.) B Mmysee
['epmanckux xene3Hbix qopor B Hropaoepre

[Tutanue 31€KTPOBO3 MOIyYal OT CHEUATBHOTO, TPETHETO PEibCa C HAIpPSKe-
HueM 150 B. DToT npuHIMI niepeaayn SHEPruu HapsaAy C MOJABOJIOM €€ MPU TOMOIIU
KOHTAKTHOT'O MPOBO/IA CYIIECTBYET U J0 CHX IOpP, B YaCTHOCTH Ha METPOIOJIUTCHAX.

C 1900 ropa HaunHaeTcs OypHOE pa3BUTHE IEKTPUUECKUX JKEJIE3HBIX IOPOT.
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[TepBoit B Mmupe Obuta 3EKTpUBUIIIPOBAHA JKEJIe3HAs T0pOora Ha MOCTOSTHHOM
Toke B 1895 rogy bantumop — Oraiio npoTsbKeHHOCThIO 115 KM ¢ HampsikeHueMm B
KOHTAaKTHOM ceTh 675 B mocTosaHHOro Toka. JIMHUA COCTOsIa U3 OTKPBITOTO y4acTKa
IUIMHOMN 6,4 KM M MOA3EMHOr0 B YepPTE ropoia. DIEKTPOBO3bI JJIsl HEE MOCTABISIINCH
kommnanuen General Electric.

[lepBass B mMupe MaructpaibHas >KeJIe3Has J0pora Ha JJIEKTPUYECKOU TAre
mexay bantumopom u Oraito (Baltimore Belt Line) 1895 r.

21 nexabps 1921 roga B cootBercTBuM ¢ [Inanom ['ocynapcTBeHHOM KOMUCCHI
o anektpudukannu Poccun ('ODJIPO) npaBuTEnbCTBOM OBLIM YCTAHOBJIEHBI KOH-
KpeTHbIe CpokHu 3nekTpudukanmu ctpansl Ha 10—15 met. Ilnan Bkmowan B cebs,
HapsAy C PSAOM pa3esioB, Takue Kak «O0mume 3a1auu TpaHCIopTay U «DIeKTpudu-
Kalusl JKEeJIE3HBIX JOPOT».

B Poccuu B 1926 rony Hauan 3KCIUTyaTUPOBATHCS AJIEKTPU(PUIUMPOBAHHBIA Ha
MIOCTOSIHHOM TOKe, HanpsbkeHueM 1,2 kB ydacrok baky — Cabynuun — Cypaxansl. (20
k™). B 1940 rony nanpspkenue 6si10 nosbiiieHo 10 1500 B, a B 1961 yuactok nepe-
BeeH Ha HanpsbkeHue 3000B.

C aBrycra 1929 roga Ha yyactke MockBa — MbITHIIIM OBUT OTKPHIT NIEPBBIMA B
CTpaHe AEKTPUPHUIIUPOBAHHBINA MPUTOPOJIHBINA YHACTOK KEJIE3HOM JOPOTH Ha MOCTO-
SHHOM TOKe Hamnpsbkennem 1500 B.

OO6mmast pa3BepHyTasi IJIMHA KOHTAKTHOM MOJBECKH cocTaBisiia 45 kM. Hamps-
KEHHUE B KOHTAKTHYIO CETh MOJABAJIOCh OT JABYX TATOBBIX mojicTaniuil (MockBa-3 u
MpITUIIN), TITAT KaXKI0H U3 KOTOPIX cocTarsl 30 yenoBek. ApMaTypy KOHTAKTHOM
CETU U 000PYOBAHUE TATOBBIX MOJICTAHIIMHN MTOCTABIISIIA HEMEIIKUE (PUPMBI.

[TepeBosl Ha PJIEKTPUUECKYIO TATY HAHHOTO y4acTKa MOCIYXHJ HayajoM TeX-
HUYECKON PEKOHCTPYKIIUU OTEYECTBEHHBIX KEJIE3HBIX JOPOT.

B 1932rony Obu1 3ieKTpUPUIMPOBAH HA TMOCTOSHHOM TOKE HAIPSIKEHUEM
3000B nepssiit B CCCP maructpanbhbiii yuacTok Xamrypu-3ectadoHnu 3aKaBKa3CKOM
noporu. Ha stom yyactke Haxoawicsi CypaMCKuil NepeBall, UMEIOIINN 3aTsSKHbIE
noabeMbl KpyTuzHoi 29 %. Takue noabeéMsl moes3a macco 900 T Mor nMpeoioeTh,
€CJIM €r0 BEJIM TPU WUIIU Ja)e YEThIPE MapoB03a.

DneKTpuyecKas TAra Ha 3TOM YYacTKeE MO3BOJIMIIA 3aMEHUTH TPU MapoBO3a OJI-
HUM 3JICKTPOBO30M, MOAHATH CKOPOCTH nBIKeHus 1o 30-36 km/gac Bmecto 12-15
KM/4ac mpu rapoBoit tsre. [I[pumenenne pekynepaTuBHOTO TOPMOKEHHUST 00€CTICUnIIO
3HAUYUTETBHYIO0 YKOHOMHUIO JIEKTPO3HEpruu (10 22 % OT noTpediisieMoi) U MOBBICH-
70 0€30macHOCTh JBIXKCHHS TOE3/I0B HAa y4acTKe. 3aTparhl Ha JJICKTPUDUKALIUIO
OKYIIJINCH 3a 4,5 roza.

29 nexabps 1955 ronma BBeJeH B DKCIUTyaTalldIO MEPBBIA OMBITHBINA y4acTOK
ANEKTpUPUIIMPOBAHHBIA HA 0JHO(A3HOM MEPEMEHHOM TOKE MPOMBIILICHHONW 4acTo-
Thl HanpspkeHueM 22kB Oxepenbe — MuxaitsioB MOCKOBCKOHM KEJIE3HOU JOpOTH, a
1959 nanpshrenue ObLIO MOBHITIEHO 70 25 KB.

Ocnogenbvie smansvl IneKkmpuguxayuu
1926 ron — anextpudunuponan 1-piii yyactok B CCCP — baky-CaOyHuu-
Cypaxansl (18 xm);
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1929 ron — snektpudukarus yaactka MockBa — MpITUIIH;

1932 ron — snexkrpudunrporan Cypamckuii nepesai (I'py3us);

1941 rox — 6110 AnekTpuduImpoBano 1870 km;

1941-1945 roapr — 6onee 400 kM B paiione Ypaa;

1955 ron — BBIMYIIEH OTEYECTBEHHBIN AJIEKTPOBO3 MEPEMEHHOTO TOKA;

1956 ron — »neKkTpUUIIMPOBaH y4acTOK Ha MepeMeHHOM Toke Oxepenbe —
ITaBenerr;

1956 rox — nmpuHUMaeTcs TeHepaldbHbIN MaH 3ekTpudukanuu x.-1. CCCP
(3a 15 net xotemu snextpudunupoBath 40 ThIC. KM, HO HE CMOTJIH, T. K. HE XOTEIH
3aMEHSATh TEIIOBO3bI AIEKTPOBO3aMHU ).

Ha ceromusamHuil AeHb JIEKTPUPUIUPOBAHHBINA MOJIUTOH POCCUUCKHUX KEJE3-
HBIX jopor coctaBisieT 42,9 toic. kM, win 50,3 % oT oOuiel mpoTsKEHHOCTH Maru-
CTpaJIel CTpaHbl, a pa3BEPHYTas IMHA NpeBblmact 118 Teic. KM.

Kenesnble noporu Poccun SBISIFOTCS YHUKAJIbHBIM ITOJIATOHOM IS IPOBEPKU
Y OLICHKH 3KCIUTYyaTallHOHHBIX Ka4eCTB Pa3HbIX CUCTEM JJIEKTpUuYecKon TAru. [Ipex-
JIe BCEro, MPOTSHKEHHOCTb AJIEKTPU(UIMPOBAHHBIX JIMHUN HU3MEpSAETCs JECATKAMU
THICSIY KUJIOMETPOB, W OOJbIlIAas UX YaCTh XapaKTEpU3YyEeTCsl BBICOKOW Ipy3OHAIps-
’KEHHOCTBIO, IPEEIbHBIM UCIOIb30BAaHUEM POBO3HON U MPOIMYCKHON CLIOCOOHOCTH.
B Hacrosiiiiee Bpemsi B Halllel CTpaHe CYLIECTBYIOT JIBE CUCTEMbI JNIEKTPU(PUKALIIM JKeTe3-
HBIX JIOPOT: MOCTOSIHHOIO TOKa HampspbkenueM 3,3 kKB 1 ogHo(da3HOro nepeMeHHOro Toka
MIPOMBIIIUIEHHOW 4acTOThI HanpsbkeHueM 27,5 kB. B nacrosiee Bpems B Poccny npumepHo
B PAaBHBIX JIOJISIX UCTIOJB3YIOTCS 00€ 3TH CUCTEMBL.

4 TIOHATHUE O CUCTEMAX JIEKTPOCHABXEHUSA

B Hactosiiiee Bpemsi B Halllel CTpaHe CYILECTBYIOT JBE CHUCTEMbI AEKTpU(pHKALN
KEJIC3HBIX JIOPOT: TIOCTOSTHHOTO ToKa HarpsbkenueM 3(3,3) kB u ogHodazHoro nepeMeHHoro
TOKa MPOMBIIIIICHHON YacToThl HampsbkeHueM 27,5 (25) kB. B Hactosiiee Bpemsi B Poccun
MPUMEPHO B PABHBIX JIOJISIX UCTIONB3YIOTCSI 00€ 3TH CHCTEMBI.

[lepBoHaUaILHO AMEKTPUGHKALHS KETE3HBIX AOPOT MPOBOIWIIACH NO cuUcmeme No-
CMOSIHHO20 MOKA.

CxeMa nmuTaHus HNEKTPUPUITMPOBAHHOTO yUACTKA KEJIE3HOW JOPOTH MOCTOSH-
HOT'O TOKa MOKa3aHa Ha PUCYHKeE 1.

[Tutanue TSITOBOM ceTH B OOJBITUHCTBE CIIy4aeB OCyIecTBIseTcs ot muH 110
(220) kB uepe3 moHU3UTENBbHBIN TpaHC(hHOPMATOP, KOTOPHIM 00eCIieYnBaeT CHIKEHUE
HarnpsokeHus 10 10 kB. K mmuam 10 kB moakmtouen nmpeoOpa3zoBaresns, KOTOPHIH CO-
CTOWT W3 TIATOBOTO TpaHchopmaropa u Beimpsmutrens. l[locmeqnuit obecrieunBaer
npeodpa3zoBaHUe IEPEMEHHOI0 TOKa B IMMOCTOSIHHBIA HaNpsiKeHWeM Ha muHax 3,3 kB.
KoHTakTHas ceTh MOJIKIIIOUAETCA K «ILTIOC ITUHEY, & PEJIbChl — K «(MUHYC IITUHEY.

K nunuum snexrpornepeaadn tpex@azHoro NepeMeHHOro TOKa MPOMBIILIIEHHOM
yactoThl 50 I'y moakiroYeH TpaHcPopMaTop TArOBOM MOACTAHIIMM, MOHUXKAIOIIUNA
HanpspkeHue 10 6,3 kB. DTo HamnpsbkeHue MoAaeTcsi Ha CUHXPOHHBIN Tpex(a3Hbli
AJIEKTPOJIBUTATENb, HA BAJly KOTOPOTO YCTAHOBIIEH CUHXPOHHBIN OJHO(A3HbIN T'eHe-

paTop ¢ BBIXOJHBIM HamnpspkeHueM 5,7 kB gactoroit 16 2/3 T'u. IlonydenHnoe Hamps-
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’KEHUE TOBBIIAaeTcsl TpanchopmaropoM 10 15 kB u momaeTcss Ha MUHBI TATOBOM
nojactaniiuud. OJHA U3 IIKUH PENbCOBBIM (PUIEPOM COEJIMHEHA C pelibcaMu, a JIpyras
yepe3 (QuaepHble BBHIKIIIOYATEIN ¢ KOHTAKTHOM CEeThl0 meperoHa. KoHTakTHbIE ceTh
(buIepHBIX 30H B ATOM CHUCTEME OTJEICHBI MPOCTHIM MO KOHCTPYKIMH BO3IYIIHBIM
IPOMEKYTKOM, & HE HEUTPAJIbHOM BCTaBKOM, KaK B CUCTEME HanpsiKeHueM 25 kB.

Ha »nekTpoBo3ax WM MOTOPHBIX BaroHax AJIEKTPOMNOE3I0B NPU 3TOM CUCTEME MPH-
MEHSIOTCS] KOJUIEKTOPHBIE JIBUTATENH MTOCTOSIHHOIO TOKA € MOCIIEI0BATEIbHBIM BO30YKIe-
HUEM, BKITIOYaEMbIC Ha HAIIPSHKEHUE TATOBOM CETH 0€3 MPOMEKYTOUHOTO MPeoOpa30BaHMUs
SHEpruM (He MEHee, YeM JiBa JBUTaTelsl nocienoBarensbHo). [lonapHoe nocnenoBarens-
HO€ COCJMHEHHE IO3BOJSIET UMETh B TATOBOW CeTHM Hampsbkenue, paBHoe 3000 B.
IIpu TakoM HampsIKEHUU SHEPTUSl TATOBBIM JBUTATEIsAM MepenaeTcss 0e3 M3MEHEHHUs
YPOBHSI HANPSDKEHUs Ha 3JIEKTPOBO3€. B 3TOM cucTeMe 3IIEKTPOBO3BI MOITYYArOTCS
HanOoJsiee MPOCTHIMU, YTO U COCTABIISIET OJHO U3 TJIABHBIX €€ MPEUMYIIECTB.

110 (220) kB

[ToHusuTenbHbIH
TpaHchopmMaTop
10,16, 25 Mr B-A

TIpeo6pazoBarebHbIi
arperar
 —

} Iunsr 3,3 kB
— [uraromuii punep

10 xB

IUIFOC HIMHA
MHHYC IIIHHA

KonrakTHast ceTh

OrcachIBarOLHii

bunep \ DneKTpoBO3

Q00 OO0

Penbc

Puc. 10. [IpunnunuanpHas cxema MUTaHus dIEKTPUDUITMPOBAHHOTO y4acTKa
KEJIC3HOM JIOPOTHU MOCTOSIHHOTO TOKA C HAIMPS)KEHHEM B KOHTAKTHOM cetu 3 kB

[TocTostHCTBO MOTPEOIAEMON MOIIIHOCTH JIBUTATeNIIMUA 3JIEKTPOBO30B B YCIIOBUSIX
PE3KO MEPEMEHHOr0 MpOQUIIs MyTH U PA3TUYHBIX BECOB MOE3/I0B SBISIETCS BAKHEHIIMM
MPEUMYIIIECTBOM JBUTATENIEN € MOCIEIOBATENBHBIM BO30YKICHUEM, OMPENESMBIIAM IIAPO-
KO€ UX MPUMEHEHUE B AJEKTpUiecKoil Tare. [IpoBoaumiick ucciaeaoBanus O MOBBILIEHUIO
HAaIpspKeHus B TAroBoi cetu 110 44,5 kB nipu Tex ke nBUraTensx u no CO3AaHHI0 CH-
CTEMBI MMOCTOSHHOIO ToKa 6 KB. OmHaKo MUPOKO pacrpoCTpaHEHUs 3TU MPENIONKE-
HUS HE MOJTyYNIIH.

Hu3zkoe HamnpsokeHre B TSATOBOM CETH MPU 3TOM CUCTEME OTPAaHUYMBAET pac-
CTOSIHUS MEXAY TATOBBIMHU 10 20 KM, a Ha 0CO00 Tpy30HAMPSIKEHHBIX y4acTKax J0
15-18 kM. [Inomane ceyeHuss TpoOBOJOB KOHTAKTHON CETU B MEAHOM SKBHBAJICHTE B
CBSI3U C OOJIBLION MOIIHOCTBIO 3JIEKTPOBO30B M HU3KHUMH HAIpPsDKEHWEM B TATOBOU
cetu gocturaet 400-600MM? HA OJUH IyTh, YTO NPUMEPHO B 2-3 pa3a GOJbIIE YeM
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IIpU JIPYTUX CUCTEMAX, a OMOPHI B TATOBOM CETH, HA KOTOPHIX MOJIBEIIMBACTCS 3TH
IPOBOJA, MOJYYAIOTCS TSIKEJIBIMA U TOPOTUMHU.

[Ipu panbHeiiieM yBETWYEHUH TPY30MOTOKOB MPUXOAUTCS T0OABISATH MOJ-
CTaHLIMH, U TOTJIa paCCTOSHUE MEXKy HUMH YMEHbIIAETCs BABOE. boblias miomaib
CEYEHHS MPOBOJIOB KOHTAKTHOM CETHU W OOJIbIee YUCIO TATOBBIX MOJCTAHIUN, BbI-
3BAHHOE OTHOCHUTEJIbHO HEBBICOKUM HAIPSIKEHHUEM B TATOBOM CETH, ABJISIIOTCS CyLIe-
CTBEHHBIM HEJOCTATKOM CHCTEMBI IOCTOSIHHOTO TOKA.

Crnenyer Takke OTMETUTh, YTO CXE€Ma COECIMHEHUM JIBUraTeseil 3JIeKTPOBO3a
MIOCTOSIHHOTO TOKa IOJy4aeTcs CJIO0KHOM, TaKk KaK B IPOLlECCe MyCKa JBUTaTENd
HEOOXOIMMO MEPEKII0YaTh C MOCIEA0BATEILHOIO HA MOCIIEA0BATEIBHO- NapalIeib-
HOE COEJIMHEHUE U BBOJUTH MYCKOBBIE PE3UCTOPHI, B KOTOPHIX HEMPOU3BOAUTEIBHO
pacxoayeTcs AIEKTpUUecKast SHEpTHsl. DTOT HEJOCTATOK OCOOEHHO OLIYTHUM Ha 3JIeK-
TPOIOE3/1aX MPUTOPOIHOTO COOOIICHHUS, TI€ MOTEPH, CBSI3AHHBIE C ITYCKOM MOE3/I0B,
cocTaBisitoT 10 12—15 % o61iero pacxojia SHEPTUU HA TATY MOE3/0B.

[Ipu cucteme MOCTOSTHHOTO TOKa HAOJIOIAETCs KOPPO3Hsl MOJ3EMHBIX COOPY-
KEHHM, YTO TAKXKE MOKHO OTHECTH K CYIIECTBEHHBIM HEIOCTAaTKaM CUCTeMBbI. JlJid
OO0pBHOBI C ATUMU SIBJICHUSIMU pa3paboTaHbl A (PEKTUBHBIC MEPOTIPUSATHUS, 3HAUUTEIb-
HO YMEHBIIAIOIINE OMMACHOCTh JIEKTPOKOPPO3UH MOA3EMHBIX COOPYKEHUM.

Huskoe HanpspkeHHE B TATOBOM CETH 3TOM CHCTEMBI M HEMPEPHIBHO BO3pacTa-
IOIINE MOIIHOCTH 3JIEKTPOBO30B NPHUBOAAT K MOBBIIMIEHHBIM MOTEPSIM SHEPTUU U
HaIMpsOKEHUST B TATOBOM CETH, CHUKEHUIO MPOMYCKHOW M MPOBO3HOM CMOCOOHOCTH
JOPOTH U ONPENEIIAIOT HEOOXOIMMOCTh TTOMCKA PAIMOHATIBHBIX CIOCOOOB YCUJICHUS
CYILLECTBYIOLIEH MJIM pa3padOTKM HOBBIX CHCTEM NOCTOSAHHOro Toka. Co3naHue
YIPABJISIEMBIX MOJIYIPOBOJHUKOBBIX MPE0Opa3oBaTeseil OTKPbUIO BOZMOXHOCTh IS
pa3paboOTOK U IKCIEPUMEHTATBHBIX UCCIICIOBAHUHN 110 BHEAPEHUIO CUCTEMBI UMITYJIb-
CHOT0 MpeoOpa30BaHUs MOCTOSHHOIO TOKA Ha 3JIEKTPOBO3€E, YTO MO3BOJIUT MOBBICUTH
HaIpsHKEHUE B KOHTAKTHOM ceTu 110 6 kB. PazpabaThiBaroTcsi TakKe CUCTEMBI C TIpe-
00pa30BaHUEM MOCTOSHHOTO TOKAa KOHTAKTHOW CETH B TpeX(a3HBIM TOK peryiaupye-
MOM YacCTOTHI P ACHHXPOHHBIX JIBUTATEIISIX HA SJIEKTPOBO3aX.

CrpemiieHHEM MOHATH HANPSYKEHUE B KOHTAKTHOM CETH U UCKJIIOYUTh U3 CH-
CTEMBI DJIEKTPUYECKOTO MUTAHUS MPOIECC BHIMPSIMIICHHUS] TOKA OOBSCHACTCS MPUMeE-
HeHHWe u pa3puthe B psge crpad  EBponbel  (I'epmanms, IlIBeitnapus,
Hopgerus, I1IBenusi, ABCTpusi) cMCTeMBbI NEPEMEHHOr0 ToKa Hamnpsbkenrem 15000
B, nonwmxennoit yactotel 16 2/3 I'ii. [Ipu 3ToM cucTemMe Ha 2JIEKTPOBO3aX UCIOJIb3Y-
0T OAHO(a3HbIE KOJUIEKTOPHbIE ABUTATENId, UMEIOIIME XYJUIME MOKa3aTelu, YeM
JBUTATENId MOCTOSHHOTO TOKa. DTH JIBUTATEIM HE MOTYT paboTaTh Ha OOIIENpo-
MbITIIeHHOM yactoTe 50 I, mosToMy MPUXOAUTCS MPUMEHSATh TOHUKEHHYIO YacTO-
Ty. J71s1 BBIpaOOTKH 3JIEKTPUUYECKOTO TOKA TAKOW YaCTOThI MOTPEOOBATIOCH MMOCTPOUTH
CIICMAJIBHBIC JICKTPOCTAHIIMU, HE CBS3aHHBIC C OOIICTIPOMBIIICHHBIMU YHEPTOCH-
cremamu. JIMHUM AIeKTporiepeadn B 3TOU cucTeMe — o HO(a3HbIe, Ha MOACTAHIINIX
OCYIIECTBIISIETCSI TOJIBKO MOHWKEHUE HampspKeHus: TpaHchopmaropamu. B oTimuune
OT TOJICTAHIIMI MMOCTOSHHOTO TOKA, B 3TOM CJy4ae He HYXXHbI IpeoOpa3oBaTeiu me-
PEMEHHOT0 TOKa B MOCTOSIHHBIN, B KQU€CTBE KOTOPBIX MPUMEHSIIUCh HEHA/IC)KHBIE B
AKCIUTyaTalu, TPOMO3/IKME U HEAKOHOMHUYHbBIE PTYTHBIE BBIIPSIMUTEIIH.
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Cucmema 00HOa31020 MOKA NPOMBIIECHHOU YACHOmMBl TIOYYUIa TUPOKOE
pacnpocTpaHeHue Bo BceM Mupe. B PD 3Ty cuctemy NpuMEHSIIOT ¢ HAPSIKEHUEM 25
KB B TSroBOM ceTH.

[IpuHIMOIMATBHAS CXeMa MUTAHUS AICKTPUPHUITMPOBAHHOIO YYacTKa MOKa3aHa
Ha puc. 11.
110 (220) kB

ﬁ;///

TonrmsuTenbHE Dunepsr
(TsroBBif) HETATOBBIX
TpaHcpopMaTop notpebuTenei

35; 10 kB

[una 27,5 kB [luna 27,5 kB

Duzeps! KOHTAKTHON cemx

—

KonrakTHas ceth //—
HeiitpanbHas BcraBka Q

OrcachIBaromyii

urep \

Pensc OOO OOO

OneKTpoBo3

Puc. 11. ITpunuunuanbHas cxeMa MUTAHUS JIEKTPUPUITMPOBAHHOTO yYacTKa
YKEJIE3HOM JJOPOTH MEPEMEHHOTO TOKA HAMPSIKEHUEM B KOHTAKTHOU ceTH 25 KB,
yactoTout 50 I'g

[Tutanue TsroBoi cetu ocymiectpisieTcs ot muH 110 (220) kB uepes nmonuzu-
TeNBHBIN (TATOBBIN) TpaHchopmatop. OH UMeeT TP OOMOTKH:

— oOMoTKa BbIcOKoro HampsikeHust 110 (220) kB;

— 00MOTKa HU3KOTO (CpeaHero) HampsbkeHus 27,5 kB s muTtaHus KOHTAKT-
HOH CETH;

— obmoTKka cpeanero (Hu3koro) Hampspkenus 35, 10 kB ana nutanus paiion-
HBIX U HETATOBBIX IOTPEOUTENEH.

K mmnam 27,5 kB noakitodens! ¢puaepsl KOHTakKTHOU ceTH. [lpu atom dazer A
1 B nuTator pasHele miedd TAroBoW nojcraHuuu. s pasgenenus a3 Ha KOHTaKT-
HOI1 ceTH ycTpaunBaeTcsi HeMTpayibHas BctaBka. Maza C nmoakiIroyaeTcs K pesibcaMm.

Ilepexon B TATOBOM CETH Ha MEPEMEHHBIM TOK HampsbkeHUeEM 25 kB BmecTo mo-

CTOSIHHOTO TOKa HampsbkeHueM 3 kKB o3HauaeT, 4To mpu OJIHOM U TOM K€ mepeiaBae-
MOl Ha 3JI€KTPOBO3bl aKTUBHOM MOIIHOCTH M YBEJIIMYEHHOM B JIBa pa3a pacCTOSIHUU
MEXy MOJICTAHLIMSIMHU, TSATOBBIA TOK W MAaJ€HUS HANPSDKEHUS] B KOHTAKTHOW CETH
CHIKaroTcs B 3,3 pasa, a motepu sHeprun — B 11 pas.

B GonbIIMHCTBE CTpaH B KAUE€CTBE TATOBBIX €MHUILL IPU CUCTEME IIEPEMEHHOTO
TOKa MCHOJb3YIOT 3JIEKTPOBO3bI C JIBUTATENSIMUA MIOCTOSSHHOTO TOKA C IOCJIE0BATEb-
HBIM BO30YXaeHUEeM. [l MuTaHus 3THX JBUTATEe Ha 3JEKTPOBO3aX YCTaHABIMBA-
I0T IPe0Opa30BaTEIbHBIE arperaThl, COCTOALIME U3 MOHMKAIOIINUX TPaHC(HOPMATOPOB
1 0J1HO(a3HBIX MOJYPOBOJIHUKOBBIX MpeoOpazoBareseil.
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TAroBble MOJCTAHUWH MPU 3TOM CHUCTEME IPEBPALIAIOTCA B IMPOCTHIE TPAHC-
(hopMaTopHbIE MOHMWXKAIOUIUE TOJCTAHIINK, KOHTAKTHAs CETh — B JIMHUIO 3JIEKTPOIIE-
penayu NOBBIIEHHOTO HAIPSKEHHUS.

[IpeoOpazoBarenbHbIil arperat NepeMeniaT ¢ MOJCTAaHIIMU Ha 3JIEKTPOBO3,
YTO, C OAHON CTOPOHBI, YCIIOKHSET 3JIEKTPOBO3, @ C APYrOd CTOPOHBI, MO3BOJSET
UCKJIIOUHUTH IMyCKOBBIE PE3UCTOPHI 1 KOMMYTAalMOHHYIO allllaparypy I NEPEKIIO-
YEHUs JBUTATeNIe MpHU IycKe. /[BUrarenn BKIIOYAIOTCS MapajuiesIbHO IPYT IPYTY.
[Tyck anexTpoBo3a obOecreynBacTCsl PEryJupOBaHMEM Ha TpaHcpopMmaTope Hamps-
’KEHHsI, TI0JJaBa€MOT0 Ha JIBUTaTeNd, 0€3 MyCKOBBIX pe3ucTopoB. KoHTakTHas CeTh U
ONOpPBI OKa3bIBAIOTCA JEerkuMu. Ha TATOBBIX MOACTAaHUMAX YCTAHABIMBAIOT, KaK
MpaBUiIo0, TPeXOOMOTOUHBIE TpaHchopmaTopbl. OnHA U3 BTOPUYHBIX OOMOTOK TaKHX
TpaHcOpMATOPOB BBIMOJHACTCS HanpsbkeHueM 27,5 kB u npenHasHaueHa s mu-
TaHUs TATOBBIX HArpy30K, a BTopas — HanpspkeHueM 35; 10; mim 6 kB u npennasna-
YyeHa JJIsl MMTaHusl PalOHHBIX HE TATOBBIX MOTpeOUTENeH.

CrnenoBarenbHO, IPU 3TOM cUCTEME ANEKTpUPUKALUS KEJIE3HOU TOporu yno0-
HO COBMEIIAETCS C EKTpU(PUKALUEH NPUIIETAIOIINX K KEJIE3HON Jopore pailoHOB.
[Ipu nutanuu omHoa3HOM HArpy3KH OT TpexdaszHoW pallOHHONM CeTH Heu30eKHA
paznuyHas Harpyska (a3 mepBUYHOM CUCTEMBI yeKTpocHaOxeHus. [Ipu MOmHBIX
HHEProcucTeMax OOBIYHO TArOBas Harpy3ka COCTaBISIET HEOOJBIIYIO JOJI OT BCE
Harpys3ku cucremsl. [Ipu 3TOM HECMMMETpPHs TATOBOM HArpy3Kd HE WUIpaer cylie-
CTBEHHOW POJIM B HArpy3Ke, OJTHAKO OHA BBI3BIBACT HA IIMHAX TATOBBIX MOACTAHLIHUN U
B NUTAIONIMX UX JMHUAX NEPENAYH CYLIECTBEHHYIO HECUMMETPHUIO HAIPSIKECHHUS.
HecummeTpus HanpspKeHHs! OKa3blBaeT BIUSHUA Ha paboTy TpexX(a3zHbIX mOoTpedOuTe-
JIed, MTOMYYaOIINX MUTAHUE OT ITUX NMOACTAHUMN U JIMHUM JJIEKTponepesadn. 3Hauu-
TEJIbHOE BJIMSHHUE TSITOBOTO TOKA HA JIMHUHU €1ab0ro TOKa U HEOOXOJAMMOCTh MPUHS-
THS JOPOTOCTOSIIMX MEp 3alIUThl YMEHBIIAIOT 3P(HEKTUBHOCTh OT CUCTEMBI Iepe-
MEHHOI'0 TOKa. Mcxons U3 04EeBUIHBIX NIPEUMYILECTB JIEKTPUUECKON TATU NIEPEMEH-
HOIO TOKA, HE CIIy4YalHO B psAJI€ CTPaH HAyajau MEPEBOAUTH OTACIBbHBIE «CTApbIE»
YYaCTKH C TOCTOSTHHOTO TOKa Ha nepeMeHHbIi (Ppannwms, Uuaaus u ap.). [lpumep mo-
namna Poccusi, riae BoepBbie B MUPOBOH MpakThke B 1996 r. ObUT OCYIIECTBICH TaKOH
MEepPEeBO/I MPOTSHKEHHOTO MarucTPaIbHOTO Yy4acTka TpaHCCHOMPCKOM MarucTpaiu
3uma—Crmronsuka (mymaa 386 kM), pabOTaroIIero B YCIOBUSAX BBICOKOW TPy30HAIpPSs-
KEHHOCTH.

TpexnpogooHas cucmema msa208020 21EKMPOCHAOICEHUsL NEPEMEHHO20 MOKA

VYkazaHHas cucTema SIBJISETCS Pa3sHOBUAHOCTBIO CUCTEMBI AJIEKTPOCHAOKEHUS
IIEPEMEHHOr0 TOKa MPOMBIIUIEHHOW YaCTOThI, TOCKOJBKY JOKOMOTUB B 3TOM CITy4dae
OCTaeTCs TaKUM k€. B kadecTBe mpuMepa pacCMOTPUM CUCTEMY TATOBOTO AJIEKTPO-
CHaOXXeHMsI epeMeHHOro Toka 2x%25 kB uwacrotoii 50 ['u. Cxema nutaHus 31€KTpH-
(UIUPOBAHHOIO y4YacTKa JKEJIE3HOW JOPOrM IO CUCTEME TITOBOTO JIEKTPOCHAOXKe-
HUS IepeMeHHOro Toka 2x25 kB nmokaszana Ha puc. 12.
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Puc. 12. Cxema nuTtanus 30eKTPUPHUIIMPOBAHHOTO YUACTKA KEJIE3HON JOPOTH TI0 CH-
CTEME TATOBOI'O 3JEKTPOCHAOKEHUS IEPEMEHHOTO ToKa 2%25 kB:

1 — nonusurenbHbIe TpaHncGopmaTopsl nojactanuuu Ne 1 u 2 (ogHO(a3HbIE)
220/25 kB; 2 — nunelinbie aBToTpanchopmaTtopsl 50/25 kB momHocThI0 16 MB-A,
yCTaHaBJIMBaeMbIe MKy noAacTaHuuAMH dyepe3 10-20 kM; 3 — noAKIIOYEHHE pesb-
COB B CpeJIHEW TOUKE MOHU3UTEIBHOrO TpaHc(hopMaTopa U JIMHEWHOTO aBTOTPaHC-
dopmatopa; 4 — notok momHocTy ipu U = 50 kB; 5 — ipu U = 25 kB; 6 — snekTpoBo3

Paccrosiane Mexny nojacranuusimMu coctasisier 60—80 k.

VYBEeNU4YEHUE CKOPOCTH COINPOBOXKAACTCA PE3KUM YBEIMYCHUEM MOIIHOCTH,
HEO0OXOUMOMN sl TSru 1noe3noB. Kpome TOoro, MOITHOCTH Ha TATY BO3pPACTalOT U IO
IIPUYMHE TEHACHIMN K YBEJIMYEHHUIO BECOB 10E310B. B 3TOM cilyyae pacCMOTpEHHbIE
BBIIII€ CUCTEMBI HE MOTYT 00ecneunTh TpeOyeMoi Harpy304HON MOIIIHOCTH, TO3TOMY
BCTAeT BOIPOC O MOMCKAaxX IMyTeW pemieHuss 3Toil mpoOiembl. OAHUM U3 TaKuX
HaIpaBJICHUH SIBIISIETCSl cUCTeMa HampsbkeHnem 2x25 kB. IIporotunom 3Toii cucte-
MBI CJeAyeT CUuTaTh aBTOTpaHchopmaTtopHyio cucrtemy 11/44 kB, kotopas crana
ucnoap3oBaTbesa B CIIA ¢ 1913 r. Ee omiinune oT onuchIBaeMon 3aKJIF0YAETCS B IPY-
IrOM COOTHOILIECHHWH HANPSKEHUU MEXAY OTIAECIbHBIMHU JJIEMEHTAMH TATOBOM ceTh. B
cucteme 11/44 kB HampsikeHue B KOHTakTHOM cetu 11 kB, a mexay nurarommm
ITPOBOJOM M KOHTAKTHOM ceThi0 — 44 kB, B TO BpeMs KaK y aHaJIM3UPYyEMOU CUCTEMBI
COOTBETCTBYIOIIME HaNpspKeHUs paBHbI 25 U 50 kB. M3BeCTHO, YTO OTEPH IIAEKTPO-
DHEPrUM YMEHBIIAKOTCS MPU YBEIWYEHUH ypOoBHS HanpsikeHus B JIDII B kBanpaTuu-
HOM 3aBUCHMOCTH.

Ecnu ogHy U Ty ke MOIIHOCTbH NepeaaBaTh, HallpuMep, MpHU BABOE OOJblIEM
HAaIIpSDKEHUM, TO IIOTEPU BJIEKTPOIHEPTMM YMEHbIIATCA B 4deTblpe pasa. [loaHATsh
HaIIpSKEHUE B KOHTAKTHOM CETH HE ITO3BOJIAET ACHCTBYIOLIUN JIEKTPOIOABUKHON
COCTaB, PAaCCUYMTAaHHbII HA HOMHUHAIBHOE HaMpsiKeHue, paBHoe 25 kB. OnHako eciu ¢
MOJICBOM CTOPOHBI OMOP KOHTAKTHOW ceTu mojaBecuTh omHodaznyro JIDII ¢ HOMHU-
HaJIbHBIM HAIpsDKEHHEM, Hanpumep 55 kB, To MOKHO MOCPEICTBOM aBTOTpaHC(hOp-
MaTOpPOB OTOMPATh YEpPEe3 ONPENEICHHBIE PACCTOSIHUS 3JIEKTPOIHEPTUIO U3 ATOM JIM-
HUM U NIEPEaBaTh €€ B KOHTAKTHYIO CE€Th, IPE0Opasysl B SJHEPTHUIO C YPOBHEM HaImps-
xeHust 50 kB B 3JI€KTPO’HEPTHUIO C YPOBHEM HAIPSKEHUS B KOHTAKTHOM ceTH 25 kB.
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Bbonee Toro, cxema MOKeT OBbITh yHpOILIEHa TOCPEICTBOM HCIIOIb30BAHUS B KAUECTBE
BTOpOro npoBoja Takoi JIDII KOHTaKTHOM MOABECKU U 3aMEHOM TpaHCHOPMATOPOB
aBTOTpaHCPOPMATOPAMH.

Ha cxeme npuBeneH OJHOMYTHBIN Y4aCTOK AJIEKTPUPHUIIUPOBAHHON KEJIE3HOM
noporu ¢ Tpems TII, paccrosaue mexay kotopbiMu gocturaetr 100—125 km. Ha kax-
noit TII ycraHoBieHO 1O JiBa CWJIOBBIX TpaHc(opmaTropa. [JonmomHuTenbHO cuctema
2x25 kB Bximouaer B ce0st aBTOTpaHc(HOpPMATOPhI, YCTaHABIMBAEMbIE HA PACCTOSHUU
/—25 KM, a TaK)Ke MUTAIOIINI MPOBOJ HaNpsKEHUEM 25 kB.

Cucrema 2x25 kB mmpoko npumensiercs B Anonun u ®paHuuu, UMEOLIUX
anektpudunmpoBannbsie nuHuu 25 kB. B Poccun sta cucrema mpumenena Ha Moc-
KoBcKoM, KpacHosipckoii, ["'opproBckoii, Boctouno-Cubupckoit goporax, a Takke B
benopyccun.

[Tutranue KII ocyiecTBisieTcs ¢ MOMOIIBIO TATOBBIX TpaHCHOPMATOPOB, yCTa-
HOBJICHHBIX Ha TAroBbIX nojctaHiusx TII, uMmeromux nepBuyHblE OOMOTKH, JIBE
OJIMHAKOBbIE€ BTOPUYHBIE OOMOTKHM C HOMHHAJIBHBIM HampsbkeHueMm 25 kB. Otu 00-
MOTKH COEIUHSIOT MOCIEI0BATENbHO, a X 00111asi TOUKa MOJKIIF0YaeTCs K peabcam P.
BoeiBox oaHON BTOpUYHON OOMOTKHM MOJKIIIOYAETCS K IMPOBOJAAM KOHTAaKTHOM CeTH
KII, a npyroit 0OMOTKM — K MUTarOLIEMy (IONOJHUTENIbHOMY) npoBoay I, koTopsIii
MOJIBEILIMBAETCS HAa ONOpax KOHTAKTHOW ceTu. Takum oOpa3oM, IIMHBI KOHTaKTHOU
CETH M IUTAIOIIEro MIPOBOJA HAXOAATCS MO/ HANpsKeHHEM 25 KB 1o OTHOIIEHUIO K
3emIle, a MEXAy HUMH HarpsbkeHue paBHo 50 kB.

ABTtoTpaHchopMaTopsl UMEIOT KO3DPUIMEHT TpaHchopManuuu, ONM3KHIA K
IBYM. BBIBOZBI MOJKIIOYAKOT K MPOBOJAM KOHTAKTHOM CETH U MUTAOIIEMY POBOY.
Cpennsisi Touka aBTOTpaHC(HOPMATOPOB NPUCOETUHAETCS K pEbcaM.

B aBTOoTpanc(opmMaTOpHO# cuCcTEME SHEPIHs K 3JIEKTPOBO3aM MOJAETCS MO 1ie-
mu: ot TII mo mpoBoxgam koHtakTHOM ceTu KII m muraromemy nposoay I x aBTo-
tpanchopmaropam AT mnpu HoMuHaIBLHOM Hanpspkennn 50 kB. ABTOTpaHc-
dhopMaTopsl MOHMKAIOT ATO HanpspkeHue 110 25 kKB u moxarot ero B KII, ot koTopoii
MUTAIOTCS 3JIEKTPOBO3bl. TakuM 00pa3oM, IpH JBUKEHHUH MO€3/7a M0 y4acTKy aBTO-
TpaHcQOopMaTOpsl MO OYepear MPUHUMAIOT HArpy3Ky 3JIEKTpOBO3a, HO TOK ero 0e3
TpaHchOopMaIi T€YET MO TATOBOW CETH TOJIbKO J0 Onmkalimmx aBToTpaHchopma-
TopoB. Ha Gosnbiiem paccTossHuu (OT MOJACTaHIMM O aBTOTpaHC(HOPMATOPOB) TOK B
TATOBOM CETH BJIBOE€ MEHBIIIE, B PE3YJIbTATE YEr0 YMEHBIIAIOTCS ITIOTEPU HANPSHKEHUS
Y DHEPTUU BO BCEU CUCTEME AIIEKTPOCHAOKEHUSI.

[Topcranuuu cUCTEMBI IEPEMEHHOTO TOKa 2%25 kB Takke moJiy4aroT NUTaHue
ot JIDII 110(220) kB. OcHoBHbIE (QhyHKIIMOHATBHBIE Y3JIbI TSATOBOM MOACTAHIIUU (PHC.
2.9): PY 110 (220) kB; nonmwxkatomue ogHodaszHsie Tpanchopmatopsl; OPY 2x27.5
kB; paitonnsie Tpanchopmaropsr; PY 10(35) kB nns nutanus HETSIroBbIX U panoH-
HBIX TOTpeOUTeNIel >Kele3HOM AOpOrM M CTOPOHHUX MoTpedutenei. CHaOxeHue
AIIEKTPUYECKON 3HEPTrUel HETATOBBIX KEJIE3HOIOPOKHBIX MOTpeOuTeNel OCyIIeCTB-
asietcst ot nuHuil JIIP, Hanpsbkenne Ha KoTopble moaaercs uepe3 ¢unepsr AIIP, u
pENBCOB, T. €. TaK K€, KaK U MPU CUCTEME IEPEMEHHOI0 TOKa HamnpsukeHuem 25kB.
[To BBOomam Tpexdaznoe Hampsokenue 110(220) kB momaercs 8 OPY 110(220) xB.
JIByx(a3HbIMU MPUCOECAMHEHUSIMH K 3ToMy PY moakitodeHbl OAMHAKOBBIE MO KOH-
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CTpyKuuu ogHoda3zHbie TpaHchopmaTtopsl. VX mepBuUHbIE OOMOTKM BKIIIOUEHBI Ha
MexaydaszHoe HanpsokeHue. Bropuunas oOMOTKa KakJI0ro TpaHcpopMaTopa coCcTo-
UT U3 JIByX CEKIMW, HANPsHDKEHUE KaxkoM u3 Hux 27,5 kB, npu mociaenoBateibHOM
COCMHEHNN MEXAY BbhIBoAaMHU al-x2 HampsbkeHue coctaBisieT 55 kB. Bmepseie
TPEXMPOBO/IHASL CHCTEMa TITOBOIO JJIEKTPOCHAOXKEHUSI TMEPEMEHHOT0 TOoKa Oblia
npuMeHeHa B fAAnonun B 1971 r. B crpanax coapyxecta B 1979 r. 611 CMOHTHPO-
BaH MEpBhIN yyacTok BsspMa — Opa benopycckol Kene3Hon JOporu.

llpeumywecmsea u nedocmamxu cucmemvl msacu NePemMeHHo20 MoKa Hanpsi-
Jrcenuem 2 %25 kB

JIoCTOMHCTBaMHU CYIIECTBYIOIICH CUCTEMBI AJIEKTpOoCcHaO)eHus 2%25 kB 1o
CPaBHEHHUIO C CHCTEMOW MEPEMEHHOTO TOKa 25 KB siBsitoTCSA:

1) mpumenenue ctanaaptaoro tuna S11C 1 00BIYHOTO CHUIOBOTO 3JIEKTPOOOO-
PyIOBaHUsA HA TSATOBOM MOJCTaHIINH;

2) yBEIMYEHHOE PACCTOSIHUE MEXKy MOJCTaHIusIMU B 1,5-2,2 pa3a;

3) cHUXKXEHUE CyMMapHbIX MOTeph 2Hepruu B 1,7 — 1,9 paza npu oiHUX U TeX
KE PACCTOSHUAX MEXAY MOACTAHIUAMU CUCTEMBI 25 KB;

4) OTHOCUTENBLHO HEGOIBIIOE CeYEHNE KOHTAKTHOM moaBecku 250 Mm? (BMecTe
C MUTAIOIIUM IIPOBOIOM);

5) NOHMKEHHOE AJIEKTPOMATHUTHOE BIMSHUE HA JIMHUU, HAXOASIIUECcs BOINU3H
KEJIE3HBIX JOPOT.

K HemocraTkam 3TOM CUCTEMBI MOKHO OTHECTH:

1) ycioXHEeHUE 3KCIUTyaTallud CUCTEMBI TSTOBOTO 3JEKTPOCHAOKEHUS U3-3a
JOTIOJTHUTENBHBIX 3JIEMEHTOB CUCTEMBI TSTOBOIO IEKTPOCHAOKEHUS;

2) 3HAUUTENbHOE YJOPOKAaHUE CUCTEMBI AJIEKTPOCHAOKEHUS TPU HATMYUU aB-
TOTPaHC(POPMATOPOB.

B Hacrosiiiee Bpemsi o 3Toi cucteMe AeKTpuuIupoBaHo Oosee 2 ThIC. KM
Ha MockoBckoi, ['oppkoBcKoif 1 ObiBIICH baiikano-AMypcKoii ®Kene3HbIX JOpOoTax.

[lepBble yyacTKU 3JIEKTPOTATOBOW CETH ¢ OOpPaTHBIMU — SKPAHUPYIOIIUMH U
ycunuBaomuMu mposogamu (DY) nosBuianch Ha KeIe3HbIX Joporax ogHo(pa3zHOro
nepeMeHHoro Toka yactoroid 50 I'il eme B koHue 70-x ro1oB npouwioro crojetus. K
KOHIy 80-X rooB MPOTSKEHHOCTh Mepeo0OpyA0BaHHBIX Y4acTKOB mpeBbicuia 500
kM. OCHOBHBIMHU 33/1a4aMH, KOTOPbIE PEIIAINCh B TO BPEeMs, ObIIN CHUKEHHUE TOTEPh
AJIIEKTPOIHEPTUH B KOHTAKTHOM CETH, YMEHBILIEHUE AJIEKTPOMArHUTHBIX BIMSHUNA Ha
CMEXHBIE COOPY>KEHHS M JIMHUU CBSI3U (IpUMEPHO B 2 pasa), cCTadmIn3aius ypoBHS
HanpspbkeHus. B 90-e roasl Takas ceTh Mosyyusa IMPOKOE pacnpocTpaHeHue B EB-
porie, B YaCTHOCTH IIUPOKO pacrpocTpaHeHa B ['epmanuu.
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Puc. 13. Cxema pa3menienus npoBoioB Y II1

Paszpabortannas B PI'YIICe (PUMXKTe) coBmectHo ¢ CeBepo-KaBkasckoil xe-
ne3Hou poporoit B 1975 1. aTa cucrema B JanbHeiIeM Oblla YCOBEPIICHCTBOBAHA
corpynankamu BHUNKTa, MUWTa, Tpaucanexrponpoekra. B 1990 r. 6s110 060-
pynoBaHo cuctemoir DVYII 560 km Ha CeBepo-KaBka3ckoil 1 'OpbKOBCKOM KeNE3HBIX
noporax. OnbIT 3KCIUTyaTalluy MOATBEPKAAET JOCTOMHCTBA cUCTeMbl. OCOOEHHO Be-
muka 3QdekTuBHOCTh cucTeMbl DYII 1711 BBICOKOCKOPOCTHBIX Maructpaiei. C Haya-
na 90-x rr. XX B. Takas cUCTE€Ma CTajla MCIOIb30BaThea 3a pyoOexxom (I'epmanus,
Wcnanust). OcoO€HHO MHTEHCUBHO OHA BHenpsieTcs B ['epmanHuu Ha JnuHUAX [ 'aHHO-
Bep—Biopuoypr u ManreiiMm—IlITyTrapt ¢ BeicokockopocTHbiMU dKcpeccamu ICE.B
2003 r. o cucreme DVYII anexrpuduiuporano 6osee 200 km JlanbHEBOCTOUHOM *Ke-
ne3noi poporu. Cucrema (DVII) mis kene3Hbix gopor Poccuu BeITOJIHA HE TOJBKO
NPUMEHUTEIBHO K CKOPOCTHBIM Naccakupckum maructpaisim (Cankr-IlerepOypr—
MockBa u p.), HO U Kak 3HeprocOeperaromiasi — Ha jKeJIe3HbIX J0pOorax ¢ rpy30BbIM
JIBUYKEHUEM.

Cucrema 31€KTPOCHA0XKEHUSI HA MEPEMEHHOM TOKE XapaKTepHU3YyeTCsl MpOsiB-
JIEHUEM 3HAYUTEIbHOW MHIYKTUBHOCTH BO3IYIIHBIX JIMHUWA, B TOM YUCJE U TATOBOU
CETU. JTO NMPUBOIAUT K 3AMETHBIM MOTEPSIM HANPSLKEHUS M MOTEPSAM 3JIEKTPUUECKOU
SHEPIrUuMd OT MOJCTAHLUMWA A0 3JIEKTPONOJBM)KHOIO COCTaBa. YPOBEHb HANPSKEHUS
CHUKAETCS U B psjie CIyyaeB He o0ecleuynuBaeT coonogeHnue TpeOOBaHuii HOPMATHB-
HBIX JOKYMEHTOB, PETJIaMEHTUPYIOIIUX YPOBEHb HANPSKEHUS HA TOKOIPUEMHHUKaX
AJIEKTPOIOABUKHOTO COCTaBa JIOPOr MEPEMEHHOro Toka He MeHee 21 kB. Dromy no-
Ka3aTeNo yaenseTcss 00JbII0€ BHUMAHUE, MIOCKOJIbKY YPOBEHb HAINPSKEHUS OIpeie-
JISI€T MPOITYCKHYIO CIIOCOOHOCTD ANEKTPUUECKUX JKEJIE3HBIX TOPOT.

OcHOBHas uies paccCMaTPUBAEMOIN CUCTEMBI 3aKII0YAETCA B TOM, YTOOBI 4acTh
Bo3Bpamaemoro ot JIIC Kk moacTaHUMM TOKA MPOIMYCKaTh IO JONOJHUTEIBHOMY
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AKPAHUPYIONMIEMY MPOBOAY. TeM caMbiM YMEHBIIACTCS BEIMYMHA ONY>KIAIOIINUX TO-
KOB (TOKHU, MPOTEKAIOIIKE B 3€MJIE), TaK KaK YBEJIIMYMBAETCSI CyMMapHOE ceueHue 00-
paTHOTO MPOBOAHMKA (PENIbChI, SKPAHUPYIOUIUNA MPOBOJT). DKPAHUPYIOMIMI MPOBOA
pacrnoJiararoT Kak MOXHO OJIM)Ke K MOJABECKE KOHTAKTHOW CETH, JIJISl YETO HCIONb3Y-
I0T YCWJIMBAIOUIUI MPOBOJ, KOTOPHIA MMEET OJMHAKOBBIN MOTEHLHAN C MOJBECKOU
KOHTaKTHOMU CETH.

OKpaHUPYIOUIUN ¥ YCUJIMBAIOIIMKA MPOBOJA PACHOJOXKEHbl HA MUHUMAJIBHO
JIOITYCTUMOM PACCTOSTHUHM 1 M. DTO CIOCOOCTBYET YMEHBIICHUIO MHAYKTHBHOTO CO-
MIPOTHUBJICHHSI, TTOCKOJIbKY MAarHMUTHOE T0JIe KOHTAaKTHOW ITOJBECKHM MaKCHUMaIbHO
KOMITCHCHPYETCSI MAarHUTHBIM TI0JIEM SKPaHHUPYIOMIETO MPOBOJIa, TOK B KOTOPOM IPO-
TEKaeT B MIPOTHUBOIIOJIOKHOM HarpaBiieHnd. CXemMa CHUCTEMBI TSITH C SKPAHUPYIOITIM
YCUJIMBAIONIAM TPOBOJOM IpHBeneHa Ha puc. 13. BTOpbIM MpeuMyImecTBOM 3TOM
CUCTEMBI SIBJISIETCS MAJIO€ DJICKTPOMArHUTHOE BJIMSTHHEC Ha CMEKHBIE DJICKTPUUECKUC
JUHUU.

Ocobennocmu cucmemot IYI1

Paccrosinue mexay noactaniusiMu coctasiger 70—-80 km. Ha onope koHTakT-
HOU CeTU JOTMOIHUTENIBHO Pa3MENIaloTCs C MOJIEBOM CTOPOHBI J1Ba MIPOBOJIA: IKPAHU-
pytommii (3I1) u yeunusarouuit (YII). VII nonkitoden k dbuaepy TIroBou mojcTaH-
MU U COCJUHSETCA C KOHTAKTHOM MOJBECKON MapauienbHo yepe3 Kaxasie 200—250
M. OIl moakIIOYeH K KOHTYPY 3a3€MJICHUS TATOBOM IMOJICTAHIIMU W COEAUHSIETCS C
penbcaMu uepe3 Kaxjble JBa n3ojupoBaHHbIX cThika (MC) Ha TpeTheM (peancoBbIe
e CUTHAM3AIIUN OTIICJICHBI IPYT OT APYTa H30JIUPYIOITUMHU CTHIKAMH).

5 CTPYKTYPA DJIEKTPOCHABXEHUA KEJE3HOM TOPOT'A

[TocTynyieHue 2JIEKTPUYECKOM PHEPTUM Ha Keje3Hyr aopory (puc.l4) ocy-
niecTBisieTcss B myHkrax ee npuema (IIIT). Takumu myHKTamu SIBISIOTCS TATOBBIC
noactanuu (DYUD), nueHtpanbHbie pacnpenenutensubie noacranuuu (LPIT), Tpanc-
¢dbopmaropusie noacTaniuu (TII). DaexTposaHeprus Takxke MOXKET MOCTYNaTh OTpac-
JIEBBIM MPEANPUATHSIM KEJIE3HOIOPOAKHOTO TPAHCIIOPTA OT TPaHCHOPMATOPHBIX MOA-
craniuii Hu3koro Hanpspkenus (11T HH), npunagnexamuyx sHeprocucTeMam U mpo-
MBIIUICHHBIM TPEANPUSATHSIM.

KontakTHas cets, muaus CIb, Bce JIDII nepenaroT 2JI€KTPOIHEPTHIO OT TATO-
BOI MOJCTaHIIMKA KOHKPETHOMY MoTpeOuTento. TpancopmaropHas moacTaHIuUs MH-
TaeT MOTPEOUTEINS M0 CTIEUATbHON JIMHUU JIEKTPOIepeayu.

[Torpeburenu 37aeKTPUUECKON dHEPTUU MOAPA3ACIAIOTCA Ha JIBa THUMA — MpPe-
MPUATUS JKEJIE3HOAOPOKHOIO TPAHCIIOPTa M IOCTOPOHHME SKEJIE3HOIOPOKHOMY
TpaHcnopty. CTpykTypa noTpeOIeHns SIEKTPUUECKON SHEPTHH Ha JKEJIE3HOM 10pore
npejcTaBiieHa Ha puc. 14.
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[oTpebureny 31eKTPUIECKON SHEPTHH
I

[IpennpusTus xeae3Ho 0pOKHOTO ITocTopoHHME KEIEC3HOJOPOKHOMY
TpaHCIopTa TPAHCIIOPTY NPEITPHUATHUS
Hetsrosrie
Tsra moe3noB
HOTpeOUTENH
Ha skcrmmyaTariuoHHbIC Ha moxco6no- - ITpoMeInIeHHBIC
HYKBI BCIIOMaraTelbHYyIo noTpeduTeNnn
| e TEILHOCTD
[ToTpebnenue, cBsA3aHHOE C .| CenbCkoX034HCTBEHHBIE
TIEPEBO30YHBIM MIPOIIECCOM [ToTpebenue moTpeOuTEN
Ha TIPOU3BOJICTBO
_> o
[Ipouee MIPOMBITIICHHOM
IIPOU3BOICTBEHHOE MPOIYKIIUNA
p POAYKIL » Hacenenne
norpebieHue
N Ilotpebnenune
KOMMYHAJIBHO-OBITOBOE

Puc. 14. [loTpebneHune 3IeKTpUYECKOM IHEPTUN Ha KEJIE3HOU Topore

[IpennpusTust Keae3HOJIOPOKHOTO TPAHCIIOPTa OO0ECIeUnBAIOT MOTPEOJICHHE
AICKTPUYECKON DHEPTHH Ha TATY MOE3/I0B M Ha HETATOBBIC HYXIbI. K mmociaeaHum oT-
HOCHUTCSI O0ecCredeHre SKCIUTyaTallMOHHOW paboThl U TMOACOOHO-BCIIOMOTATEIHLHOM
NEATEeIIbHOCTH. DKCILTyaTallds BKJIIOYaeT B ceOsl MOTpeOIeHUE IICKTPUICCKON dHEP-
TUH, CBS3aHHOE C TICPEBO30YHBIM IIPOIIECCOM M C IMPOYUMHU ITPOM3BOJICTBEHHBIMHU
Hyxnamu. [logcoOHO-BeoMorarenbHas IeITeIbHOCTh MPEAroaracT moTpedieHne
AIEKTPUYECKOW DHEPTrUM HAa TPOU3BOJICTBO MPOMBIIUICHHON MPOIYKIIHH, KOMMY-
HaJIbHO-OBITOBOE U JIp.

[TpeanpusTusi, TOCTOPOHHKE >KEIE3HOAOPOKHOMY TPAHCIIOPTY, MOTYT OBITh
caMble pa3HOOOpa3HbIC: MPOMBIINUICHHBIC, CEIBCKOXO3SMCTBEHHBIC, ISl OKa3aHWs
YCIIYT HACEJICHHIO U TIP.

Bcst COBOKYIMHOCTh YCTPOWCTB, HaUMHAS OT TEHEpAaTOpa JIEKTPUICCKON CTaH-
MY ¥ KOHYAsl TATOBOU CETHIO, TMHUSIMHU AJIEKTPOIepeaad, COCTABISIET CUCTEMY DJIEK-
TpOCHAOKEHUS KEJIE3HON JOPOTH, 00ECTICUNBAIONTYI0 TUTAHUE JICKTPUUECKON dHEP-
TUEH KaK DJIEKTPUYECKOU TATH, TaK U HETSTOBOM Harpy3KHu.

OcHOBHOM 3a71aueii CHCTEMBI JJICKTPOCHAOKEHUS SIBISCTCS 00CCIICUCHUE DKC-
TJTyaTalluOHHON PaboThl skene3Hou moporu. I[lpu sTomM HeoOXomumMo obecreunTh
MOIIIHOCTh BCEX DJIEMEHTOB CHCTEMBI TaKOW, YTOOBI yIOBIETBOPSUIACH TOTPEOHOCTD
MOIITHOCTH KaKJ0T0 JJOKOMOTHBA B JIFOOBIX YCIOBUSIX paboThl. OTCIOAA CIIEYET, YTO
napaMeTpbl CUCTEMBI JIEKTPOCHAOKEHUS TOJIKHBI ObITh BHIOPAHBI TaK, YTOOBI 0OeC-
neyuBasiach pabota 000pyA0BaHUS B JOMYCTUMBIX JIJI HETO MpeJeiax 1Mo Harpy3Ke C
Y4E€TOM COOTBETCTBYIOIIETO pe3epBa. IIpu 3ToM 3aTpaThl 1OKHBI OBITH MUHUMAJIb-
HBIMU.
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[Tutanue pa3nUyHBIX CTAMOHAPHBIX MOTPEOUTENEH, a TAK)KE MPUIIETAIONINX K
JKEJIC3HOU I0pore paiOHOB OCYILECTBIIIETCA OT OJHOW U TOM XK€ CUCTEMBI DJIEKTPO-
cHaOxeHus. [Ipu 3TOM nuUTaHuE KEIE3HOIOPOKHBIX MOTPEOUTENEH CBSI3aHO ¢ pabo-
TOM KOHKPETHOI'O y4acTKa KEJIE3HOW JOPOrM U MO3TOMY JOJDKHO OOECIeurBATHCA
BBICOKOW HAJIE)KHOCTBIO.

6 TPU KATEI'OPUHU OBECIIEYEHUSA HAAEX KHOCTHU
IJEKTPOCHABXKXEHUSA

[To HaAEXHOCTH SJEKTPOCHAONKEHUS BJICKTPONPUEMHHUKUA XK.-J. TPAHCIOPTA
paznensitorcs Ha Tpu kareropun. K 1-il kaTeropuu OTHOCSTCS 3JEKTPONPUEMHHKH,
(HampuMep, MOCT IAEKTPUUYECKON IEHTPATM3AIMHN) TIEPEPHIB IIEKTPOCHAOKEHUS KO-
TOPBIX MOYXET IMOBJIEYb 32 CO00I OMACHOCTH JJIsl )KU3HU JIIOJIEH, CPbIB ITpaduKa JABU-
KEHUS TOE3/I0B, MPUHECTH 3HAYUTENBbHBIA yIIEpO K.-II. TPAHCIOPTY U SKOHOMUKE
CTpaHBbI B LIEJIOM.

Puc. 15. Tloct anektpuueckoit nentpanuzanuu (31), ct. 3apeunas CKIK]]

N3 1-it kateropun BeIACISIETCS 0co0asi Tpymma 3JIEKTponoTpeduTene, decre-
peboitHass paboTa KOTOphIX HeoOxoauma 1jig Oe3aBapuWHOIO JBUKEHUS IOE3/0B,
MIPEIOTBPAICHUS YTPO3bI KU3HHM JIFOJICH, TT0’KApOB M UCKITIOUEHUS OOJIBIIOTO yIepoa
DKOHOMHUKE cTpaHbl. Ko 2-fi Kareropum OTHOCSTCS DJICKTPOIPUEMHUKH, IEPEPHIB
AIEKTPOCHA0KEHUS KOTOPBIX MPUBOJIUT K HAPYIICHHUIO MMPOU3BOJCTBEHHOTO ITUKJIA U
MacCCOBBIM IPOCTOSIM pabOYHMX IHEPTOSMKHX MTPEATPUSTHH.
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Puc. 16. XK/ Bok3an (motpedutesb 2-i Kareropun)

K 3-ii kareropun OTHOCATCA BCE OCTAJbHBIE SJEKTPONPUEMHHUKHU. DJIEKTPO-
cHaOXeHHe TToTpeOuTeNnei 1-i kateropuu JOMKHO 00€CIIeYnBaThCS OT JBYX HE3aBH-
CHUMBIX HCTOYHUKOB MHUTAHUS U TIEPEPHIB €r0 MOKET OBITH JOMYIIEH JUIIb Ha BpeMs
aBTOMAaTUYECKOTO BOCCTAHOBJICHHs MUTaHUsA. (s moTpeOuTeneld oco0oil Tpymibl
JIOIHKHO OBITh TPETyCMOTPEHO TMHUTAaHWE OT TPETHETO HE3aBHUCHMOTO HCTOYHHKA.
DNEKTPONPUEMHUKH 2-i KaTeropuH peKOMEHAYETCsl 00ECIeunBaTh ANEKTPOIHEPrUen
OT JABYX HE3aBUCUMBIX UCTOYHUKOB IIUTAHUS, P OTKAa3€ OJHOTO U3 KOTOPBIX JIOMY-
CTUMBI II€PEPHIBBI JEKTPOCHAOKEHNSI Ha BpeMs, HEOOX0IMMOE JJIsl BKIIOUEHUS BTO-
pOro NEXYPHBIM MEPCOHAIOM WJIM BbIE3IHOW Opuranoi. /lomyckaercs muTaHue ot
OJIHOM BO3AYIIHOW JIMHUM, B T, 4. C KaOEJIbHOM BCTaBKOM, €CiIM o0ecrieueHa BO3MOX-
HOCTb BOCCTAHOBJIGHUSI 3TOM JMHUM He Oojee, yeM 3a onHU CyTkH. KabOenbHble
BCTaBKHU JOJIKHBI BBITIOJIHATHCS IBYMSI KaOEJISIMH, KaKJIbIi M3 KOTOPBIX BHIOMpAETCS
MO JUIMTENIbHO JOMYCTUMOW Harpys3ke JUHHUH. JlomycKaercs Takxke MUTAHHWE 1O JIM-
HUH, COCTOSILEH HE MEHee, YUeM M3 JBYX KaOelseil, MPUCOeTUHEHHBIX K OJHOMY 00-
niemy annapary. [Ipy HanumuMM LEHTPaIM30BaHHOTO pe3epBa TpaHC(HOpMaTOpOB U
BO3MOKHOCTH 3aME€HbI MOBPEXACHHOTO TpaHchopmaropa He OoJiee, 4eM 3a OJHU
CYTKH, JOIYCKAETCs] MUTAaHUE MPUEMHHUKOB 2-i KaTEropuu OT OJHOI0 TpaHchopma-
TOpA.

DeKTpocHA0KEHUE ANEKTPONPUEMHUKOB 3-i KATETOPUU MOKET BBITTOJIHATHCS
OT OJHOTO MCTOYHUKA MUTAHUS MPU YCIOBUHU, YTO MEPEPHIBBI ANEKTPOCHAOKEHUS B
ClIy4yae MOBPEKJICHHS HE MPEBbIAOT 0gHUX CyToK. B coorBercTBUu ¢ OCT 32.14-
80 x ocoboi rpynme 1-il KaTeropuu OTHOCATCS CICAYIOIINE TOTPEOUTENH: IICH-
TpaJbHBIMA MOCT AucHeTYepcKoil nenTpanm3zanuu (/111), moct anekTpuyeckoi LHeHTpa-
mu3armmu (DL]) crannmii ¢ yuciom crpesnok 6onee 30, y3en cBs3u. Cpenu dIeKTpo-
MPUEMHUKOB |-l KaTeropuu — aBTOMaTU4ecKasi ¥ oJlyaBTOMaTH4ecKasi OJIOKHPOBKa,
noct JL ¢ unciom crpenok no 30, MEXaHU3UPOBAHHASL U aBTOMATU3UPOBAHHAS COP-
TUPOBOYHAs TOpPKa, MyHKT OOHapyKeHHUs HarpeBa OyKC, BOK3all BMECTUMOCThIO 00-
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aee 300 yen. u ap. K motpebutensm 2-if KaTeropuu OTHOCSITCSI YCTPOICTBA TPOMKO-
TOBOPSIILEHN CBA3U, HAPY>KHOTO OCBEIICHHS MyTEN TOPJIOBUHBI MAPKOB MpPHUEMA U OT-
IpaBJICHUs CTAaHUUK MEPBOTO U BTOPOrO KJIACCOB, MEXAaHWYECKHM 1ieX Aeno u nap. B
3-10 KaTeropui0 BXOJAT MPOU3BOJICTBEHHbIE 0a3bl JUCTAHIUN, MacTEPCKHUE, KOH-
TPOJIbHO-HCTBITaTENbHBIN MYHKT CLIb 1 1p.
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