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NMPEAUCAOSBLE

Hac oxpy»xaeT orpoMHOe KOMYECTBO Pa3INMYHBIX 3/eKTponpubopoB. ITo
— O[JHO M3 [I0OKa3aTe/IbCTB Pa3sBUTHUA CUCTEM TeHepalMy M pacIpefeneHus
37IeKTPOSHEPrMM. B 3TQit KHUTE MBI, B pOpMe KOMMKCa, IIOCTapaeMcs IMPOCTO
pacckasaTb 06 3TuX cucTeMax. I/ IOHMMAaHUA CUCTeM TeHepallMy UM pac-
npefeneHnss HeoOXOAMMO CHadaja NPOSCHUTD CBA3b MEXAY SHepruein u
3JIEKTpO3HEpIueNt, 0 4eM pacckasbiBaeT Ilasa 1. B mocnepymomux rnaBax ro-
BOPUTCA O TeHepaluy 3NeKTPOIHEPIUH, ee Iepefiade M, 3aTeM, Iepefiade Ko-
HeYHOMY IoTpebuTeno. Mbl XOTUM paccKa3aThb O TOM, YTO CYLIECTBYeT
607b1II0€ KOMMYECTBO BUIOB TeHEPAIMH, O TOM, KaKue Mepbl MpeANpUHIMAa-
I0TCA [/I IPeROTBpALieHNs BO3MOXKHBIX IIPO6/IeM NpU Tepefaye, a TAKKe O
TOM, YTO XOPOIIO 3HaKOMOE HaM paclpefiefieH1e 37IEKTPO3HEPTUM Ha CaMOM
Herne codeTaeT B cebe 60O/bIIOE KOMMYECTBO Pas/IMUHBIX TEXHOJOrMit. B mo-
crefiHeit, ATON I71aBe, Mbl TOTOBOPMM O TOM, KakuM o6pasom 6yzeT passu-
BaTbCA NMOTpeb/IeHne 97IeKTPOSHEPTMH B Ja/bHellleM, 0 Habuparomeit 060-
POTBI B IOCTIEHME TOAbI pacIipefe/leHHOl SHepreTHKe U MpOYMX Beljax.

ST TeMbl 6YAYT MHTEPECHBI HE TO/IBKO JIIOMIAM, 3a/le/iCTBOBAHHBIM B SHEp-
reTHKe ¥ paboTe, CBA3aHHOIA C 3/1EKTPOOOOPYIOBaHNMEM, HO U CTY/IEHTaM, M3-
y4aromuM 3/1eKTPOTEXHUKY UM 3/TeKTPOHMKY, a TaKKe TeM, KTO HalleJleH Ha
nonydenne kpamuukauumu B cpepax, CBA3aHHBIX C IMEKTPOTeXHUKOM. Cry-
JaeTcs Beflb, YTO JIOAMY, , MOMY4MB 06pa3oBaHMe B MHOM 06/1acTH, HanIpUMep,
CBA3aHHOI ¢ ¢pu3ukoit, IT uam xuMmeit, Ipu MOCTynIeHUM Ha paboTy Heo-
XKMIAHHO JIA ce6a CTaJKMBAIOTCA C SHEPreTUKOit. MBI CO3[amy 3Ty KHUTY
VIS IIMPOKOTO KpPYTa YMTaTesIell, IpeficTaBuB MH(OpMaINIO B BUAe KOMMUKCA
1S YIIPOILEHUA TIOHMMaHMA.

Hap cospanmeM aroit kuurn pa6otan xymoxHuk Takacu ToHaru, BHOXHYB-
wnit B Hee gBOKeHMA, a CaBako CaBaga u3 Office sawa nmpunoxxuna cuisl He
TOJIBKO JI/ISl TOTO, YTOOBI IPe06pasnTh MCXOMHDINA TEKCT B MUCTOPMIO, HO U /IS
TOTO, YTOObI TPEACTABUTh TEXHNYECKYIO MHPOpMaIyIo Hanbomee MOHATHBIM
o6pa3oM. Borpochl, HeM3BECTHbIE CO3/IaTeNAM ITOM KHUTH, ObI/IM pacKpBITHI
ycunuamu pupexTopa fAnoHckoro o6umecTBa MHXXeHEPOB-37IEKTPUKOB, TO-
cnonuna Ecuxansy Mupa (Jupektop BocTouHOro otAenenns O6mecTBa
anexTpuyeckoit 6esomacHoctu B VMb6apaku). Mbl BoipakaeM 6/1arofapHOCTb
koMnannu Ohmsha, koTopas mana BO3MOXHOCTb HaM OITy6IMKOBaTh 3TY
KHUTY, a TaloKe BCEM TeM, KTO OKa3aJl IOMOIIb B ee CO3aHMUM.

OxkTa6pp 2013 . Topo ®yosuma
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KAKOU YABTUMATYM/

CYAbBY 3EMAU - HA MOU MAEHLP!

HY, ECAU TOAbKO
PACCKA3ATH, TO
HABEPHOE, CMOrY.

9 BEAb B UHCTUTYTE
INEKTPOTEXHUKY L3YHARO A

Y BAC B KOCMOCE
NEPErOBOPLI U
yreo3bl -
3TO OAHO U TO

k cAogy,
UHOMNMAAHETIHKA - 3TO
AO-AYPALIKU 38YYUT,

HE HAAO MEHQ TAK 38ATD.

308U MEHQ
BHE3EMHbLIM
> PA3YMOM,

Q\\\&\\\\ YT #/V,/////',fw
=
HY 3TO COBCEM YX = —

no-AypAuku!.
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1. SHEPIrUg
0902000000060 00 5009000

HTO? BOT
TAK CPA3Y?

HY TAK 9 XE
BHE3EMHOLU
PA3YM.

~KOCMUHECKOrO MACWTA-
BA HAMOAHIXOT MEHQ

TEABHOCTb U

WANCAA 3HAHLUL.. U 3AHEM TAK

WYMETD..

SHEPILELP
HY TOrAA..

8 OsbIHHOL XL3HU Mbl HE
3AAYMBIBAEMCS HAA
CMBICAOM 3TOrO CAOBA..,

C TOHKL 3PEHUS PU3LIKL
MOXHO CKA3ATb, HTO 3TO
j N *OBUIEE HA3BAHUE BEALILH,

XAPAKTEPU3YIOWUX PABOTY

MUPY". NMPOCTO, AA?
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BCE-TAKU HET.

~H3BUHL, MOXOXE,

neu nomoul
SAEKTPOSHEPTIAI 8bI-
MOAHGIOUIAS PABOTY MO
U3AYHEHLIKO CBETA,

U TEAEBUAEHLE,

TO ECTb, L OCBEWEHLE

U XOAOALAbHUK - BCE 3TO

PABOTAET BAAFOAAPI

AA/EE,

— KPOME MPLBLIMHOL HAM A
(PAEKTPOIHEPI LI ECTb TAKXKE N
: MHOrO APYIUX BUAOS. \ B L

H ! .‘ 1% A s [

XUMUHECKA G, MEXAHUMECKAS, TENAO-

BA4, CBETOBAY, A TAKXKE, HAMPUMEP,
A ATOMHAS..

AP
1. BHEPIUS

FAE XE TBOS =
AtOBO3HATEABHOCTE?! =
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HAMPLIMEP,
IHEPIUO LICKOMAEMOIO
TONUBA - HEPTU , KAMEHHOIO
YIrAg, MPLUPOAHOIO rA3A,
HA3bIBAIOT

TAK HET XE,
TO, HTO 9 CKAXY
CEIMAC - BAXHO,
TAK 4TO cAywAl
BHUMATEABHO.

N

TTpupoaHbLIA ras

TY XE IAEKTPOIHEPILIO
BbIPABATBIBAIOT,
NMPEOBPA3YI APYILE

MPEOBPA3YEMA?
3TO EUE UTO? }

A AOOOOOUOOUOOOTIOOSONSOOGHO0
L LR S R B DR DL R U R R R L)
."Q..'...."O.QC. ®,

»

Tennosas
3nexrf:octauuuq
T3C)

NPEOBPA3YETCSI B8
IAEKTPLHECKYIO.*

LR U )
.

*B AenCTBUTENbHOCTY 3HEPruA NpeobpasyeTcsa B HECKONBKO 3TanoB: XMMUUYECKan —> TennoBas — MexaHu4eckaa —
3NeKTpUYEcKan.

3TA WTYKA MOA HA-
3BAHLIEM 3HEPIUQ

COBCEM HE BOUTCS

NEPEMEH!! KAK 3A0-
POBO! PACCKAXU
nPoO HEE NOAPOBHEE!

Xopouwo.
HO KAK MHE ebITb
C NMEPEMEHAMU
TBOErO
HACTPOEHUG?
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KCTATU, HEPILIO,

CYUECTBYIOWYIO 8 MLUPE

neUPOADLI, HA3bIBAIOT

nepsLa#o.. ¢ MckomaeMoe TOTnWBo e 3nNeKTpu4ecTsp

(HegTh, kKaMeHHblA yron, o GEH3WH
TIPMPOLHBIiA ras)

e ATOMHas 3Heprua
(ypaH)

o Bo3oBHoBnseMas sHeprus
(rvppaBnuyeckas,
conHeYHas, BeTpoBas v ap. )

¢ KokCOBbIiA ras*

A srepruro, )
PEOEPA3OBAHHYIO AN
MPOCTOTBI LCIOAL308A-
HUg, - BT

N

BOT OHO HTO, KOrAA 3HeEPIUO P

LICNOAB3YIOT 8 KAHE- L
U NMPABAA... CTBE PECYPCA, KAK 3TY PR
MEPBLIHYIO IHEPIUIO...

\ - .

N
-
4 "
4
ooANRE,
RARPENEP ¢

//"\\\ Q

P Vo
8bl HACTO M

LICNOAb3YETE D
ETOPLLHYIO -EE HA3LIBAIOT ’ y

nPO 3TU SHEPOPECYPCHI
9 MOTOM PACCKAXY
MOAPOEBHEE, A MOKA
NEPELIAEM K CAEAYIOUEL
TEME.

XopPoOwo! nPo
HTO AANBUWE?

.......

* [lpum.nepes. - I'OpIO"Mﬁ ras, o6pasy|ou.|m7|ca B Npouecce KOKCOBaHUA KaMeHHOro yrna
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3HepromotTpebnenKe

: , NOTPEBAEHUEM  ECAU 8 SKOHOMUKE BCE
/ SHEPI LU, BYAET XOPOWO, U XU3Hb
oy CTAHET YAOBHOUP

KAK Tbl AYMAEWD,
HTO cAYHUTCa C

max

16000
12000
8000
4000

0

CTUPATb 8 PEKE - 3TO
CAUWKOM AABHO!!!

HY TAK.. YBEAUMLTCY,
HABEPHOE

8bl BEAbL PAHLUE
B8 PEKE CTUPAAL,

A CEUMAC Tbl MPABA, KOHEHHO, HO
I CTUPAALHDIE Q, NO-TBOEMY,
MAWLHKL U3 KAKOIrO BEKA?!
LICMOAb3YETE! AAAHO, TENEPL -

rPAPLKL
A \OTPEBAEHUS SHEPIULY

h y
4 g

ey

3AB0AbI PACWLIPITCY, U
MXLU3Hb AOAEL UBMEHUTCS
- 3TO U 8 KOCMOCE

U3BECTHO.

. \ g A
nPU BOrATOL 3KOHOMUKE LI\ \ s

TMeTtapxoynb (MMAX] - 3T0 eAuHuua
Meta pemgaﬂg prm] D e KoHe4Hoe rotpe6neHue aHepruu
T Y - T T rbﬂb
195 1970 1980 1990 2000 2010

R R T S

KoHeuHoe notpebneHue sHepruum - 310 oblwee KONMYeCTBO
3Heprum, saTpaymnsaemoe norpeGMTeneM (TeMVl, KTO ucnonoesyer
anexTponpuboper). SHepruro NOTPe6NAFOT 3GBOALL, OPUCHL,
TPAHCMOPT, XUnkle AOMa.

e R T T T XY
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B80T KAK..

SHAUUT, MOTPEEAEHUE IHEP
PACTET CO CMEHOL 310X, AA?
XOTS U EbBAIOT BPEMEHHbBIE
CHUNCEHUG...

BbITOBOU FA3 - 2TO £

XOTQ S8EH3UH AAQ
ABTOMOBLAEL,
TOXE ZHEPIUS,.

8 HAUM AHU
¥ OCOBEHHO BEALIKO

§ AA, BEAb EE LCNIOAb3Y-
10T HE TOAbKO HA
3ABOAAX, HO U 8 BbITY..

Z

KCTATU, 3TA AUAMTPAMMA
NOMOXET CPABHUTL MOTPE-
BAEHUE IAEKTPOIHEPI LU
PA3ALLHBIMU 8bITOBLIMU
INEKTPOMPUEOPAMLL

{3HawT, MHOro notee~
\ BAQIOT UETULIPE BEUILL

XOAOAUABHUKL,
OCBEUIEHLE, TEAEBLI3O-

ECAU OHU ECTb AAXE Y
TAKOrO HEKA3LICTOf O
MAPHYG, KAK Tbl, HACKOAb-
KO XE OHU OsblAEHHBY
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AX, HY U3BUHL, HTO 9 TAKOLI

HEKA3UCTBILI OKA3AACS!!




NOCAE 3EMAETPICEHLIG B
QrOHUL 8 2011 FOAY
no TEAEBL3OPY
MHOIro rogoeLau
> OB 3PEPrOCEEPEXEHLL...

AAAHO, MPOAOANCLIM,
OCOBEHHO,
HTO KACAETCI
KOHALUULIOHEPOS....

N
/ AETOM PACXOA4
DAEKTPOIHEPILI PACTET

U3-3A KOHAULILIOHEPOB,
\’.’A_K'pv,’/

H
s, 2 ?

¢ .
N i

BPOAE KAK
nPUXOAUTCS HA ABA
HACA AHQ,

3AMOMHUAA!

9 TESE NMOTOM MNOA-
uTO AAABWE?P!

POBHbBII MPAPLIK

B8 OBUIEM,

3AMOMHLU, HTO
SHEPIOMNOTPEBAEHLIE

PACTET L3 FOAA 8 I'OA,

g YAOBAETBOPEHUR CIIPOCA
‘ HA SAEKTPOSHEPILIO.

HE YBEPEH.,

g ; iy U CTOUT NMPOBAEMA

il
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Cpaduxu sHepromoTpeSneHus

loeesovvsvsvmrserscsvccsccsese

WTak, gaBait pacCMOTpUM B MOAPOGHOCTAX rpadyKy MOTpeGIeHNA

INEKTPOIHEPINH. OHO 3HaYMTENBHO pa3nmm4yaeTca B 3aBUCUMOCTH, Ha-

L IpUMep, OT BpEMEHM rofia MM OT KOHKPETHOTO JHA.

XM, TO ecTb, B XapKuii IIEpUOJ, U B >KapKuil ieHb I OX/IaXAECHUA
MCIOJb3yeTCsA MHOTO 371eKTpo3Heprun? Kakue Bbl, 3eM/IsHE, IPOCTHIE.

911! Ho, B 0611eM, IPUMEPHO TaK.
ITocMoTpy Ha rpaduk Hike. Takue rpadyku, Ha KOTOPbIX 0TOOpa-
XKEHO U3MeHeHMe NOTpebIeHns 3MeKTpo3Heprun (M3MeHeHne Harpys-

KU) B TeYeHMe JHA, Ha3bIBAaIOT rpadMKaMM CyTOTHbIX HaTPy3o0K.

OTHOoCUTEeNnbHOe ToTpebnexue

3NEKTPO3HepPruu, %

100

80

60

Tnk moTpebnexus,
“ CBA3aHHbIA € 3MMHUM
060rpesoM

\

Tiuk moTpebnenxus,
CBA3aHHbINA C NETHUM
0XNaXxaeHueM

e BYAHWA NEHL NETOM
e BYAHUA A€HL 3UMONA

for

3 8 9 12 15 18 21 24 Yacel

padmKku CYTO4HLIX HArpysoK éf

Hapo >xe. ITo aTum rpadukam cpasy BuaHO, B Kakoe BpeMs rofa u
CYTOK BO3pacTaeT morpebnennue sneKTposHeprun. JletHee oxmaxzeHme
- 3TO MUK notpebnenns. XoTs 3uMHMI 060rpeB TOXe TpebyeT MHOTO.
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EcTs eme BOT Takue rpaduku.

C MX NOMOIIBI0O MOXHO YBUZIETh, KaK B pa3Hble TOABI M3MEHANTACh
MaKcuMasbHas noTpebiseMas MOIHOCTb IIA Kaxporo mecana. Io-
CMOTpY Ha pa3HUIly MeX/ly BpeMeHaMM I'ofia, C THBaps 10 AeKabpb.

MMH. KBT
B 1N 10 3HEpreTUYECKUX KOMTTaHUi
(rpacmk 1965 ropa -
QNS 9 3HEPreTU4ECKUX KOMTTaHui)
2005 rop
180 |~
100 }- 1985 ron
501~ 1965 ron
L e s S T Gl >0
0 L i i i i 1 i 1 i 1 1 k3
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n 12 Mecsubl

W3MeHeHus MakcMMankHoN moTpebnaeMoi MoWHOCTY TT0 FoAaM U Mecauam

Hapo xe. B camom gaBHeM, 1965 ropny, notpebnenue B TeueHme ro-
Jla IpaKTU4ECKM HEe MEHANOCh, HO B 1985 unu 2005 pasHuia B 3aBUCHU-
MOCTU OT BpeMEHM TOfila OTPOMHas.

3TO0, 04EBUJHO, PE3YNbTAT IUMPOKOTO PACIPOCTPAHEHNA KOHIUIIN-
OHEpOB, a TaKXe 60/MbLIOro NOTPe6NeHNs SMEKTPOIHEPTUM CUCTEMAMM
OX/IAX/IEHUS KOMIIBIOTEPOB LIEHTPOB XpaHEHUA U 06pabOTKM JaHHBIX.

IMonaTno. To ecTb, 0X/1AXKAATH HY>)KHO He TOJBKO JIIOIEN, HO M KOM-
nbroTepbi? Xm... Ho moyeMy nrofu, 3HaA 0 TOM, 4TO 37IEKTPOIHEPTHS 110
mo60oMy MMOHaKOOMUTCA IETOM U 3UMOIA, He MOTYT €10 3aIlaCTUCh?

Hy, 3T0 OTOMY, YTO IPOCTO TAK HAKOIMUTD 3IEKTPOSHEPTUIO HE T10-
nyuntcs. IIOHEMHOXKY €€ MOXXHO ¥ B aKKYMY/IATOPax 3alacaThb, HO B
6ONBIUMX KONMYECTBAX, KOTOPblE TPEGYIOTCA OOLIECTBY B L{€NIOM, 9TO
HEBO3MOXXHO B HaCTOAILEE BEPMA.

[TosTOMYy MBI JO/DKHBI TIPOrHO3MPOBaTh O0lLee IOTpeb/IeHNe Kax-
JIOTO JIHSI ¥ TEHEPUPOBATD SMEKTPOIHEPIUIO eXeHEBHO (MOAPOGHee Ha
c. 44).

FAABA 1. 3HEPITUS U SAEKTPOSHEPIUS



XM... 3HaunT, HY>KHO BCE BpeMA paboTaTh Haji MPOrHO3aMM MOTpe-
6neHus 3NMeKTpo3Heprum?

Ha, ato Tak. I[IpaBna, B Hallle BpeMsa ycUIMIAach 3aBUCUMOCTD OT
Pas/IIMYHBIX YC/TOBMIA, TAKMX, KaK CPEHErofioBas M CpefHeMecsIuHasa
temrepatypa. [losToMy o4eHb TPYAHO CTPOUTH HPOTHO3 IOTpebIeHNs
3NIEKTPOSHEPTMM B TEKYILIEM TOJly Ha OCHOBE CTaphIX JAHHBIX.

Bsrnsiuy Ha atu rpadmkn. OHM MOKa3bIBAIOT 3HAYEHM MaKCUMaTlb-
HOJ MOILIHOCTHM, KOTOPYIO OffHa M3 SHEpreTUYeCKMX KOMIIaHMUI IOCTaB-
JIANa B KOKAOM Mecslle B pasHble roAbl. CpaBHUB aHHbIE 11O MECALIAM
3a 2007 1 2009 ropel, ThI MOVMEIb, KAK MOXXET OTINYATLCA MOTpebie-
HJ€E 3/IEKTPOSHEPTUN B OFHMU U Te )K€ MECALIbI Pa3HBIX JIET.

MIH. KBT (oA BLICOKMX
85 - 3Ha4YeHun "
MaKCUManbHo
- 2007 ron d noTpesnseMon

60 b= MOWHOCTH

~—a— 2009 rop

55 -
50 |
foQ H3akux

45 b= 3Ha4YeHun

MaKcUManbHoN

noTpe6naeMoi
40 | MOLWHOCTH
35 1 1 1 L 1 1 1 1 1 1 1 1

1 2 3 4 5 8 7 8 8 10 n 12 Mecaubl

JlaHHble OQHON U3 IHepreTUHECKUX KOMTIaHWUA TIo MaKCUMankHOH
TT0CTaBNeHHoON MOWHOCTK TT0 MecAuaM B 2007 U 2009 roaax

U npaspa!

HaBepHoe, npu4mHa B TOM, YTO KaIpy3bl IIOTOAbI CYYalOTCA KaX-
ABIA fIEHDb, WM, HAIIPMMED, B OJ{HOM TOAY /IETO MOXKET OBITh MPOX/Iaj-
HBIM, a B [IpyTOM, Hao60poT, oueHb xapkuM. Vrak... Ham ocraercs
TO/IBKO OFIHO -TPEHNPOBATh CIIOCOGHOCTD K NpeABUAeHMIO!

Q Hla HeT! EcTh 60/ee pealnMCTUYHBIN BBIXOJ — HaM BCEM HYXXHO
3KOHOMMTD 37IEKTPO3Hepruio!

1. SHEPI U4




(4r) 3nepretHyeckue pecypch

UTAK, YUUTbIBASQ HEINPE-
CTAHHBILI POCT 2HEPIONO-
TPEBAEHUS, NOAYMAEM O
MUPOBDBIX 3ANACAX SHEP-
FETUHECKUX PECYPCOB.

¥ X ¥ FKX
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SHEPIrETUHECKUE PECYP-
Cbl.. KAXETCS, Tbl nNPO
HUX YXKE TOBOPLA.

™ nM“Hble
sHepropecypchl

e MCKOMTAeMoe TOTNUBO
(HeTh, kKaMeHHbIA yronb,
TIPUPOAHSINA ras)

o ATOMHas 3Heprus [ypaH)

e Bo3o6HOBNSiEMas 3Heprus
(ruppasnuyeckas,
ConHevHas, BeTposas v Ap. )

B030BHOBASEMAS
IHEPIUG - 3TO,
KAK QCHO L3 HA3BAHLA,
IHEPIUF, KOTOPAQ HE
3AKAHULIBAETCG.

HAMPUMEP,
COAHEUHbIL CBET
UAU CLUAA BETPA.
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OAHAKO, HEPTS,
KAMEHHDIL YroAb U
NPUPOAHDILI MA3 AAQ TIC
LAU YPAH AAQ ATOMHDIX
IAEKTPOCTAULLI - 3TO PECYPCHI,

KOTOPbIE KOlAA-HUBYAb

3AKOHUATCS,
ECAU MPOAOAXATL
ux AOsblY.

epTb KameHHbrd TTpupoaHsIi

ras




TO ECTb, UX
UcnoAb3OBAHLIE
OrPAHUHEHO
B8O BPEMEHL?

»>

AA, Tbl BEPHO
3AMETLAA.

¢ . [okasaHHbIE *, ¢
KpatHocTe _ __30GMAckl  °,°
3anacos Toaosas ..

ECTb TAKOE MOHSTUE -
KPATHOCTL 3ANACOB, KOTOPAQ
MOKA3bIBAET, CKOALKO EUE
MOXCHO BYAET
MPOAOAXATE AOEbIUY,

nobsva o'

ArA, 3HAUUT AEAST AO-
KA3AHHBIE 3AMACHI HA
roAO8Y+rO AOsblY..

NO3TOMY KPATHOCTb
3Anacose
YBEAUHLIBAETCS, ECAU
OTKPBLIBAIOT HOBLIE
MECTOPONKAEHLS,

2000 rOAYy KPATHOCTb
3ArACOB HEPTU
COCTABAGAA U5 AET, A B
3012 FOAY - YXE S4 [OAA.

YBEAUMUAACH?
AX HA 9 AET?/
KAK-TO 8CE
__HETOHHO.

PA3 YK Mbl HAHAAL,
PACCKAXY KA 9
O KPATHOCTU 3AnAcO8

u no ApPyrum PECYPCAM!
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KameHHbIM
yrons

YpaH =

KpatHocTk 3anacos ans CTPAHHO
OCHOBHbIX 3HEPropecypcos /

(Ha 2012 rop)

|TTpupoanHeii

Heots

e P
8 TAKOM LIHTEPEC-
HOM MECTE TAKAG

PEAKLIUG?!

B CBA3M C N3MEHUNBOCTbIO KPAaTHOCTU PECypCoB,
RaHHble OKPYrNeHbl 40 AECATKOB NeT.

O NPOBAEME LICTOWEHUS
| SHEPMETUHECKLX PECYPCOB
MHOIO rogopPar,
HO 3TO HE 3HA4LT,
HTO OHU MPIMO
CEUHAC 3AKOHUATCS,

q
TE TO, HTO YXE '"l
3ABTPA EYAET

OBAOM, HO 3TO 8CE

3HAHUT, OB 3TOM
MOXHO HA BPEMSI
3A8bITH? /

A. HY AA,
TAK U ECTD.

B3rASHU HA 3%
KPYrogyo
ALATPAMMY.

ECTb EUWE B8OAEE
CEPbE3HAQ
MPOBAEMA.
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HECMOTPSQ HA TO, PECYPCOB 8
MUPE OCTAETCA HE TAK MHO-
O, IHEPr OCHAB XEHLIE QNOHLIL
NONTU NOAHOCTBIO 3ABLCUT OT

TAK 3ABUCETb OT UMNOPTA?/
HTO 8bl AEAATb BYAETE,
ECAU BAPYI BOUHA
CO CTPAHOUI-3KCNOPTEPOM?/

Mo sOAbWEL HACTU
MOAYHAEMOL cO
CPEAHEIO BOCTOKA,

CTpyKTypa NepeudHO 3Heprum
8 iNoHUM (Ha 2011 roa)

v

=

HE BYAET TAKOrof/

v

KAKUE ¥ TEES TPEBONHLIE
MblcAU 1O AHOBEOMY
v nosoAY, NHOI‘MAHETQHKA//"

HY, ECAU HEPTL MOAOPO- K3
XAET, TO 2TO AElcTeu-

TEABHO CUABHO OTPA3UT-
€9 HA HAWEL NCLBHLL

MO3TOMY AAQ QriOHLIL
OCOBEHHO BANCHbI TAKLIE
MOHITUG, KAK SHEPI OCEEPEXEHLIE,
PAULIOHAABHOE LICIOA30BAHLIE

PECYPCOB, A TAKXE PA3BUTL
HOBbIX SHEPI OTEXHOAO(!
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3HeprochGepexenue
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IToroBopuM 06 3HeprocéepexxeHun.Mbl Bce NIPUBBIKIN K ITOMY
CIIOBY, HO HAaIIOMHIO €r0 M3Ha4Ya/bHbIA CMbICT: « COXpaHUTD MpexHMe
COLMa/IbHO-9KOHOMMYECKMX MOKA3aTe/My IIPU MEHBIIMX dHEprosarpa-
Tax 6maropaps 6onee 3¢pPeKTMBHOMY MCIIONb3OBAHMIO ANEKTPOIHED-
TUR.»

Oro, MeuTaTh He BpefHO! XOTs, ey BCTIOMHUTD O Ipo6iieMe 3Hep-
TOpECYPCOB, O KOTOPOIf Thl TOBOPUIL... ITO Ha CaMOM Je/le HacCylHas
notpe6bHocTb. B 6ynymem 6e3 sHeprocbepexxeHmns, HaBepHOe, Yxe He
060iaémbC.

Ha, ga. Hy, Torma s pacckaxxy o Tpex KOHKPETHBIX Mepax SHeproc-
6epexxeHust:

0000000000000 000000L000200 8000000000000 Ls00RR00L00RR0CEI00RR00000RROLLERRRRGGS

. Buesipatb o6opypoBanue renepauunu ¢ soicokum KIIJ|, nanpumep, :
CUCTeMBI KOTeHepanmum®.

. BHenpsATh 06OpynOBaHME A1 aKKyMY/IMPOBAHUSA 3/1EKTPOIHEPTUM,
pa3pabaTbIBaTh HOBbIE UCTOYHMKY SHEPTUM Ha 3aMeHY MCKOIIAaeMO-
MY TOIUIMBY.

[\

3. CTapaTbca 9KOHOMMUTD 3NIEKTPOIHEPTUIO.
* KoreHepaums onucaHa Ha ¢.71, o6opyaoBsaHme Ans akKKyMynupOBaHUA 3NeKTPo3Heprum — Ha c.189.

s%eensssrcccnnsccrcnsnose

ssccsszmerccaunBOsOEEE

L Y Y Y Y Y Ry

[TynxTbl 1 ¥ 2 OTAENTPHOMY Y€/TOBEKY TPYAHO OCMINUTD, JAXKE €C/U
Cpasy B3ATbCA 3a fieNO.... /1A Hac mpsAMO celfyac, B 3TOM JIOMe, IOCTYIIEH
TOJILKO IYHKT 3 - «CTapaTbCsl 3KOHOMUTD 3/IeKTpO3Hepruo» , fa? Ho xa-
TO 3TO ... CKyYHOBATO.

Hy, ne Bopun! MoxeT 6bITb, ¥ CKyYHOBATO, HO MMEHHO HEIIPeCTaH-
Hble YCWINA — 3TO M €CThb HacTosllee SHeprocbepekenne. Barnanm ka

Ha CIIefYIoLIyIo Tabmuiy.

FAABA 1. 3HEPIUS U SAEKTPOSHEPI UG




371eKTpoNpUEOD T

KoHpuuuoHep o YCTaHaBNMBaTh NETOM Ha 28°C, 3MMO - Ha 20°C
W%ON\e

o CoKpaTuTh BPEMS BO BKNIOYEHHOM COCTOSHUMN

¢ 3aMeHUTb NaMrkl HaKanMBaHWA Ha KOMTTaKTHbIE
NIOMUHECLEHTHbIE NaMTTbl

OcsetutenbHble
puBopbl PZATY

o He nepxatb ABEpLY OTKPLITOH
XonoannbHUK ¢ He meperpyxath MpoayKTaM1
o He knacTb ropsi1e mpoRyKThl

CtpuansHas

o Ctupath 0QHOBPEMEHHO HECKONbKO BeLwen.
MalwuHa

| Mepbl 3Heproc6epexXeHns B Bbity

Oro...
Kax MHOro BcAKuX Mep, ¥ Bce OHM TaKue IMpocThie!

Taxoke cymecTByer npo6rieMa pacxofa 9leKTPOSHEPTUM B Pexxu-
Me OXMAaHuA. TeneBU3OpbI M ayAMOCUCTEMBI BK/IIOYEHBI B PO3ETKY,
JiaXke €C/TY Mbl MMM He TIO/Ib3YeMCA, TaK Befib? ITO YA06HO, TaK KaK Mbl
MOXKeM BK/IIOYUTb UX B N1060/f MOMEHT, HO BBIXORMT, YTO Yepes
YCTPOJMCTBA BCE BpeMst TEUET TOK, [JasKe KOIfla Mbl He IO/Ib3yeMCS MMM.

YJI06H0, KOHEYHO, HO 3/IEKTPO3HEPIMA TPATUTCA BIIYCTYIO.

Vmenno. Cyuraercs, yto npuMepHo 10 % Bceit 3NeKTpO3HEPTUH,
pacxonyMoit B ObITY, IPMXOAMTCA Ha NOTpebIeHNe B PEXKMME OKUAA-
HuA. To ecTb MBI HaIPacHO PacXoflyeM 37IEKTPOIHEPTHIO, AAXKE He 3HaS
06 aTom. B 0611eM, BakHO, YTOOBI KaXKAblit cTaparcs 6epeyn a/1eKTpoa-
HepTUIO TaM, Ifie 3TO BO3MOXXHO.

ITonsna! JIna Hayanma HY>XKHO BBIHYTb BCe BUIKM U3 PO3ETOK, YTOOBI
M306aBUTHCA OT PacXofja B PeXXMMe OXKUAAHNS.
CpenaeM aTo npsamo ceiryac!

IO10Mo, He cMeilt OTK/TIOYATh XOIIOJ.IMIIbHMK!

1. SHEPIMS




2. KAYECTBO SAEKTPO3SHEPI U

Tl HTO-HUBYAb
3HAEWL Os

KOHEHHO, rAYTIO BbIAO
CMPAULIBATL. LI38LIHLI.,

OCHOBHASQ UHPOPMALILUG OB
INEKTPUHECTBE ECTb 8 3TOU
KHUE, TAK HTO ECAU HET
YBEPEHHOCTU - MNOHUTAL,

AN 4 W

Y )

AAAHO. AAG BEPHOCTU
- MOCMOTPHO.,

MOHIA! TOALKO
AAQ BEPHOCTU!/
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@ OcHosHele ceeneHus 06 anekTpuyecrse
npuseaeHst Ha cTp. 210. Tam BEI MOXeETE YTOUHUTD
3HaYeHue pasnUYHLIX TEPMUHOB, UCNONb3YEMBIX
3nech .
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m FAABA 1. SHEPIMUS U SAEKTPO3HEPIHUS
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XOPOWEO KAHECTEA,
A ECAU BLET, TO
MAOXOIO, HABEPHOE!/

Mpo6neMa HectaGUNbHOCTH

Yyacrotbl

AABALI MOAYMAEM
O TOM, UTO TAKOE
*IAEKTPOIHEPIUQ

OCTABb Tbl XOTb HEHAAOA O
CBOU CTPAHHLIE UAELY

ANG KAHECTBA
IAEKTPOIHEPT LA BAXK-
Hbl 2TU TPU 8EWUU..

XM, XM, TO ECTD,
KAK TYT U HAMUCAHO..

q
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®
¢ @
[ 2
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.
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‘.,. TO ECTb, HYXHO,
.0‘..». "’TOSb’ OHO :
¥ee"e’ '\ BCErAA LUMEAO TAKYIO }

22200\ KPACLBYIO POPMY! A\
LI LR ]

2. KAYECTBO SAEKTPO3HEPIMH



L~

UMEHHO/

LlAE'A/IbHO KPACUBAQ
POPMA BOAHbLI -

“ ECAU BAPYI HACTOTA LIBMEHUTCS
BOT TAKLUM OBPA3OM..

&nykryaums vacrorer!!
e

=

_ \{."{;': N

: 3TO NPU3HAK KA‘ECTBAE

3TO.. 3TO OHEHb
CTPAWHO..

ECAU UMEHUTCS
HACTOTA,

~TO-CKOPOCTb BPAUIEHUI
IAEKTPONPLIBOAOB, HAMPLI-
MEP, 3ABOACKLIX CTAHKOB,
TOXE LUBMEHUTCI, A 3TO
CTPAWHO!!

CTPAWHOIrO-TO?

HECTABLABHAQ PABOTA CTAHKOB
BEAET K OTKAOHEHUIGM
KAHECTBA MPOAYKUUL /!

\

nonPOs YLl NPEACTABL




HE YCINEEWbL OrN9HyTbCd - BCE B
BPAK. ¥ TEED HA PYKAX -
UEAAG KYHA MYCOPA!

3ABOAbIl, KOTOPLIE
AO cux noep
AEAAAU BEUIU CTABLIABHO
BbICOKOIO KAHECTBA....

uresre
TAROE?!!

U ¢ TOrO, HU € CErO B8APYI
HAUHYT AEAATL KYUY
HENOHATHbIX BEWELV!!!

HO 3TO EUWE HE BCE  \_

7 USMEHEHLE HACTOTLI BPAUE- ECAU LBMEHUITCS, HATIPLIME, y >
HUG SAEKTPOABLIFATEAS MO- HAMOP BOAbl HA 3ABOACKOM
\ KET BLI3BATO HEWTATHYIO 8- OBOPYAOBAHLL, TO, B XYAWEM CAYUAE,

EPALLIFO U MPUBECTU K no- ; ErO AAANBHELWAS IKCIAYATAUUSG
BPEXAEHLIO CAMOL MAWLHLI/ ; CTAHET HEBO3MOXHOLY!

PUPMA PA3OPUTCII!!

7 3HAULIT, LBMEHEHLIE 8 | Trosbl ussEXATD
HACTOTbI MOXET i1 |/ ecero sroro, nyxao
MPLBECTU K TAKLM NOAAEPXUBATS

NMOCAEACTBLAM...

2, KAYECTBO 3AEKTPOSHEPI MU




YX-Tbl, CKOAbKO

BCEro’

HAMOCAEAOK
PACCKAXY OB
OLIEHKE KAHECTBA
DAEKTPOIHEPILL,

HOMUHAAbI U CTAHAAPTDI
BbIFASAQT CAEA YrOUILUM
OBPA3OM.

KoHTponupyeMble mapaMeTpbl Ka4ectsa 3rnekTpo3Hepruy

\Mapamerp

@niucaHue

CranpgaprHas vacrora (50, 6o 60 Ii1), gomy-

Yactota
CKaeTcs oTK/MoHeHue +0,1-0,2 I
TToctaBnseMoe Insa cucrem 100 B: 101+6 B
HarpsXeHue Ina cucrem 200 B: 202+20 B
B kxayecTBe YMCIOBOTO IIOKa3aTeNsl «CTENeHU
Ckauku MUTaHUA CBeTa» UCIONb3yeTcs 3HadeHne AV,
HaTPSXeHUs KOTOpoe He NO/DKHO npesbimath 0,45V (rpe V -
IIOCTaB/IAEMOE HallpsDKEHNe).
BhiClLVE V3 nepeMeHHOro TOKa BBIIE/IAIOT, HOPMUPY-
CapMOHHKH 10T ¥ OLIEHMBAIOT TaK HAa3bIBAEMbIE «COCTABIIAIO-
e UCKAKEeHUI».
OTkno4yeHus O6bIBAlOT aBapuitHBIMU (B pe-
3y/nbTaTe MPOMCLIECTBII MM HEUCTIPAaBHOCTEI) U
OTKnIa4eHus mnaHoBbIMU. Ilo aTroMy nokasarenio fnoHus Ha-
3NEKTPO3HEPTUA | XOogUTCA Ha TIEPBOM MeCTE B MUpE — obwmas nun-

Te/IbHOCTb OTK/IIOYEHMI B TOJl COCTAB/IAET YyTh
MeHee 10 MUHYT.

FAABA 1. SHEPIMS W SAEKTPOSHEPIUS
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3. SAEKTPOSHEPIETUHECKAS CUCTEMA
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Mepepacmpenenenue sNEKTPosHeprHM |

.
ECAU HTO-TO HENOHATHO,
CrPAUMBALY Q@ MPEAMOAA-
CAIO, O HYEM Tbl MOXE WL
crnPoOCUTb. P

BAC 8 GrOHULU BOCTOK U
3ArAA TAK HE AHOBSQT APYI

Q U3BUHU, ITO BbIA
D BHE3AMHLI BONPOC/

/luMA 8 MEUKE HE YTA-
Wwb..UTAK, NO UIHPOPMA-
Uuu U3 3TOU KHU:

HACTOTbI 8 GrioHLUU
PA3HbIE:
HA BOCTOKE - SO Iy,

—

BO3HUKWEE U3 HEHABLICTU

A HA 3AMAAE - 60 ru:

MPOTUBOPEHUE MEXKAY
3ANMAAOM U BOCTOKOM,

U pPek kpOs8U...

MOABMU HA OAHOU X
NMAAHETE, 8 OAHOL

3. 9AEKTPO3HEPIETUHECKAS CUCTEMA

CTPAHE.....



A, Tbl Os 2TOM.. 8
310Xy MellA3U (18e8-
1918) 8 QrIOHUIO BrieP-
BbIE LIMMOPTUPOBAAL

HA BOCTOK SQrOHLIL
3ABE3AU MEHEPATOPDI L3
FEPMAHLILI, A HA 3AMAA -
u3 AMepLIKU,

BOLHA MEXAY
AMEPLIKOU U MEPMAHLIEL
Uy XXLUMU PYKAMU™?

AA HET XE! 3AMAA
U BOCTOK ¥ HAC
APYXAT!/

SHEPIOCLICTEM

: BCEX AEBQTL®
'{ SHEPIETUMECKUX KOMMAHLILI
OT XOKKALUAO AO KIOCHO
CBL3AHbI AUHUGMU

----

SHepreTuyeckas
(HEPCO)

Toxuitckaa 3K

N (TEPCO )

CYUECTBYET EAL-
HAQ JSHEPIETU-
HECKAQ CETD.

BEMAETPRICENNY, |
NAMPUNED...

8 IKCTPEHHbIX CAY-
HAGX, KOrAA BO3HLI-

ECAL Bbl 3AMAA C BOCTOKOM
BPAXAOBAAU U HEHABLIAEAU
APYl APYIrA, OHU HE cMOrALi sbl

CO3AATb TAKOE, HE TAK AUP




O6beAuHEHHAS 3MeKTpo3HepreTM4eckan cucremMa AMoHUK (Ha20101)
WUcTouHuk: «Tekyliee COCTOAHWE IHEPreTHYECKO# MPOMbILIeHHOCTH 201 13,
sbinylieHHbIA Oefepalueit INeKTPOIHEPreTUHECKUX KOMNaHWiA inoHnn

Haames N1oN: 500 <B

B3rAGHU CIOAA! ITO -
CXEMA IHEPIrOCUCTEMDI
QIoHLUU

s N3N 154 —275 B

JINHW NOCTOAHHOrO TOKa
— (MexcucTeMHble CBA3N)

() OCHOBHble TpaHCPOpMaTOpHbie
W KOMMyHUKaLoHHble NC

. WMHBepropHbie™* NC
1 BbinpAMUTENbHble NC

MHUS XOHCIO-XOKKARAOo
B ropopax Kamukuta
[XoHcro) n Xakonata
(Xokkaino) ycraHoBreHo
WHBEPTOPHOE U
BbINPAMUTENLHOE
060pyRoBaxve,
CoeAvHEHHOE BO3AYIWHOA
1317, a Takxe roaBsoAHLIM

kabeneM.

G
60 I

Gh.duuam- /ﬂ
KYMUL|

g o : YKyMuUUY, ‘l
Octposa XoHcla U K| '
cB8f3anbl JI3TT 5008, | P 7 )

MPEOBPA3YIOT
HACTOTY AAQ
MEPEPACIPEAENEHUS

BNT
CaxkyMma

acrotio-
npaosglacwummm
HeprocucTeMa s0 Ky
BOCTO4HON ATTOHWM U
3HeprocucTeMa 60 Kl
3anapHon ANoHMM CBA3aHkI
s o . MeXA ggﬁon;«acromo-
- S ‘ . TTpecbpa3osatenkHkMK
aructpanshan ST NOCTOAHHOCO TOKA | | mopcranunsivi (BCTaBKaMA
TP0Ba XoHCI0  CHKOKy CRA3aHBI 137500 | Ca@&?&#&%ﬁa}om ;
KBY, MpoBefénHoN Yepes Moct €310, a Wracu-CamMmuasy (Mpeg.
 TAKKE BO3AYLIHOM N13TT U NOABOAHBIM " Cwmyokal
kabenem Mexay BNHDFIMMTEHbHOﬁ W - W CuH~CrHaHo [“pe@'
Mnaepmpuon noactaHuAMA B ropoaax i H arano]
i Kn; AHaH. o . ey
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3. SAEKTPOSHEPIETUHECKAS CUCTEMA



ORHoda3Hbiil H Tpexdasnbiif TOK
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WUrak, ceityac nmoroBopuMm HeMHoro o apyroM. S 6onee moppo6HO
pacckaxy o HEpEeMCHHOM TOKE.

€TKaX B IOMax - IIepeMeHHbliA, ¥ y Hero Takas GpopMa BOMHBI, fja?

g Tax-tak? IlepeMeHHbI1 TOK 2 oTIM4HO MOoHMMal! Tok, KOTOpBI B
WM& pos
o P

+

>
\ Bpemsa

-

|, lmepuop —
Y (4]

TOK U HanpsiXeHue
[~

dopMa BOMHbLI 0AHO¢ga3HOro MepeMeHHoro Toka

Jla, Ho Ha 3TMM NepeMeHHBI TOK He OorpaHM4MBaeTcA. Tok, 0 KOTO-
pOM ThI TOBOPHMILD - 3TO OfHOGa3HbIA TOK. OHAKO CYIeCTBYeT eIlé
Tpex(da3HbIl TOK, COCTOALIMI U3 TPEX OFHOG(A3HBIX TOKOB.
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dopMa BONHbI TPExPasHOro nepeMeHHOro ToKa
TAABA 1. 3HEPIUS M SAEKTPOSHEPIUS
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Hapo »xe! Tpu BomHbl co casurom! 310 B Tpy pasa 6ornbliie, BHIXO-
ont?!

Ha camoMm pene, mpakTudecky Ha BceX 3N€KTPOCTAHIMAX UCIIONB3Y-
eTcs Takas Belllb, Kak TPéxcdasHbIe CHHXPOHHbIE FeHEPATOPHI™.

*O Tpéx¢azHOM CUHXPOHHOM reHepatope noapo6Ho 6yaeT paccka3aHo Ha cTp.50.

3neKTpUYEcKUi
cronb Tpéx?aanbm
oK

3asofbl U T.TT.

TpexgasHblid ToK

3neKTpocTaHuus nan
Ha CTankHbIX
onopax

Kak BupgHO Ha 3TOM pMHYKe, TPaKTU4IECKU BO BCEX TeHEpaTopax u
JIMHUAX 3NEKTPONepenay NpuMeHAeTCA TpexdasHbIN TOK, MCIIONb3Ye-
MBIJf TaKXe, HalpuMep, Ha GO/NBIIMX 3aBOAAX. A [/ GBITOBBIX HYXXJ
13 HETO C NIOMOILLbI0 TPaHCPOPMATOPOB BLIAENAIOT OKHO(DAIHBIN TOK.

Bort oHo 4TO... 3Ha4MT, U 061as IHEProcucTeMa UCIONb3YeT TPeX-
¢asHbIit TOK, Aa?

Mmenno Tak! ITnocs ucnionb3oBauus Tpex¢dasHOro TOKa /1A J/eK-
TpoIepefauy CleAyoue.

$000000000000000000000000000000000000000000000000000380000008000000008000000000000
.
.

.
] pe6ye1‘cx MEHbIIE TPOBOMAOB A/ N€Epenayin OZIHOM M'TOM K€ MOIIIHO-
CTH, 4Y€M B Cl1y4ae 0111-10(1)33}{01'0 TOKa.

»
:
te JIyd1e MOXOAMT /1A MATAHMUA IMEKTPOABUTATENEl! 32 3aBOAIAX.
L4
L3

eseseesscssccssss

900000000000 000000000000000000003000000000000000000000000000000000RRRRs000RCOSTS

IToHATHO-IOHATHO. 3HAYMT, CTOBa «Tpex¢asHblit», «OFHODASHDI»
YKa3bIBalOT KOMMYeCTBO BOMH, fa? Ecm ofHa - To ogHOdasHbIi1, ecn
Tpu - Tpexdasusiit. Tak Benp?! Tak Bexp!!

IIa, ma, KOHEYHO...

3. 9AEKTPOSHEPIETUYECKAS CUCTEMA




3nexTpoaHepreTHyeck1e CHCTEMbI

8 3AKAIOHEHLIE
9 PACCKAXY OB
IAEKTPOIHEPTE TLMECKLIX

DAEKTPOIHEPIUEL]
C IAEKTPOCTALLL,

3TO CUCTEMbI AAQ CHABXXE-
IUQ KOHEUHBIX MNOTPEBUTENEL
(3AB0A408, XLAbIX A0OMO8)

HE MPOAOAXATL!
9 3HANO!

3TU CLCTEMBI BKAFOHAIOT N0%%6%e%e%%*e%e’s®
IAEKTPOMEHEPALILRO, ~‘o'o...¢:o:c.n.o.o.
IAEKTPOMNEPEAAYNY U

IAEKTPOPACIWEAEAEHLE,

nPO KOTOPBIE Tbl FOBC

HET, HE BOAHYUICS.
Tbl HE OUWLIBAACD.

XoPOMAY
naAMSTSH!

nPOCTO 9 3ABLIA TOrAA
PACCKA3ATb Os OsHOU
BAXHOU COCTABAROUIEL,

HTO EUE 3A
TPAHCPOPMALILG?!




HA CAMOM AEAE, 8 NMPO-

MO3TOMY MOAPOEHAS CXEMA
INEKTPOIHEPIE TUHECKOU
CUCTEMUI EYAET

UECCE AOCTABKU IAEK- I

UBMEHSIOT HAMPINKEHLIE.
TPAHCPOPMALILUG - 2TO

NMEPEMEHHO O TOKA.

OEPATL BHUMAHLEE
A ,‘mumll \HA BEAUHLIHbI HAMPSXEHLS,

fvapo- ‘
3neKTpOCTaHLUM KpymHble 3asonkl - KpymHble 3asoas!
(r3c) 66-154 kB
ATOMHbIE

3neKTpocTaHuuu

275-500 xB

XKunbie poMa
Tarosble TTC CpenHue 3aB0AkI,
Tennosbie KpYTHbIE 30aHUA
3nekTpocTaHuuu
(T30) WUctounnk: egepauun aneKTpoaHepreTMUeCcKUX KOMNaHWin

http://www.fepc.orjp/enterprise/souden/index.htm|

TO ECTb, AEKTPOIHEPIETUHECKAS

,Z,”L‘if;’,,g;‘f;, CUCTEMA OCYUECTBASET IAEKTPO-
HAMPIXEHLE... FEHEPALILRO, TPAHCPOPMALIRO,

SAEKTPONMEPEAAHY L IAEKTPOPA

NnOAPOEBHO
NMPO IAEKTPOMEPEAAHY,
TPAHCPOPMAUUO EYAET BCE 4CcHO!/!

8 TPETLEL MAABE. _ a




TOrAA KOHELU
YPOKA,

3710 UTO EUE 3A
suA>!

ROFAA YONEAA {(
'8 NUXAMY
NEPTOASTHENP!;

HABEPHOE, HEHAAOAIrO
TYT OCTAHYCb.

g XOuUYy MOXUTL 8 2TOM
HE3AMBICAOBATOM XXLIALIUIE,
HTOEbI NOsOAbIE Y3HATH

nPO SAEKTPUHECTBO!!
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Y MEHQ ECTb 9 HUHEO U HE COBU-
KOCMLLECKLL! AA3EP PAACQ AEAATD, HEIO Tbl,,
CAMO3AULITOL CTPEAQEIIbf’ TAKOE CTPAUMHOE

CAEAAEWD HTO-
HUBYAb CTPAHHOE

HY, 8 OBUIEM, 9
TYT ¥ TEeSQ
HEMHOXKKO

noxusy’

3TO HE MPOCTO OPYXKLIE.

OHO MOXET CAYXUTL U
KOWEABKOM, U KOHCEPB-
HbIM HOXXOM, U MATEPLIA-
AU3OBATDL

OAEXAY
U sblTOBbIE
MEAOHU, TAKAG 80T
MHOOPYHKULIO-
HAABHASQ WTYKA....

HO MHE TO OT
3TOro HE AErve!

U}
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¢ OKCNJyaTaumsa 3N1eKTPO3HepreTU4eckou CUCTeMbI
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B Lensax nosblleHNA SKOHOMUYHOCTYH M 3G PEKTUBHOCTH, BCE 060pyfOBaHME -
3NIeKTPOCTaHIMY, TPaHCPOPMATOPHBIE IOACTAHLIUY U T.II., SKCIUTYaTUPYETCS B paM-
Kax e[{HOro KOMIIIEKCA - 37IeKTPOIHEPreTUIECKOM CHUCTEMbL. DIeKTpOIHepreTnye-
CKMe CHCTEMBI SHEPreTMYECKUX KOMITaHMiA SIOHMH - 3TO MepapXxuyeckue CTPYKTY-
Pbl, B KOTOPBIX O053aHHOCTH pacnpefe/ieHbl MEXAY MOApaseNIeHUsIMMU, TAKUMU KaK
LIEHTPA/IbHBIA PacrpefeTNTeNIbHBINA IYHKT B [TTaBHOM Oduce KOMIAHUY, CUCTEM-
HbI€ Y PailOHHBIE paclpefieMTeNbHble IIYHKThI, AUCIETYEPCKUE TYHKTbL. XOTA B
Pa3HbIX KOMIIaHMAX UX Ha3BaHMA U PYHKLMM MOTYT HEMHOTO OTIMYAThbCSH, OCHOB-
HbIE 3a/ja4y OOBIYHO C/IERYIOLINE.

e ITenTpanbublit pacnpegenuTeNbHbI! MyHKT: IAHMPOBAaHUE SHEPTOCHa6Xe-
HUSA; KOMaH/bl YTIpaB/IeHUs TTIaBHONM MOJCUCTEMOI; LIeHTPaTu30BaHHOE YIIPaB-
7ieHMe Bcell SHeProCUCTEMOI.

eCucremMHBIE pacnpenenmuTENbHbIE€ NYHKTBI | KOMaH[bl yIIpaBJIEHUA Maru-
CTPpaIbHBIMM IIOACUCTEMAMMU, YIIpAaB/IEHUE I'TTABHBIMU I'3C B cooTBeTCTBUU C
SHCPI‘OIIOTpeéﬂeHMCM.

ePajtonHbIe pacnpefenuTeIbHble MYHKTHI: IOfa4a KOMaH/[| yIIpaB/IeH!A PaifoOH-
HBIMM IIO[ICMCTEMaMH, yIIpaB/ieHne paitoHHbIMI ['DC B COOTBETCTBUM C SHEPTO-
norpebneHneM.

eJIucneTyepcKMe MYHKTHI : KOHTPOIb 3MEKTPOCTAHLNI, TPAaHCHOPMATOPHBIX

MOACTaHIIMIA, KOMMYTAllMOHHBIX CTAaHIMI M HENOCPEACTBEHHOE YIpaBJIeHue
BBIIIENIEPEYNCIEHHBIM 060pY/i0BaHMEM.

IlenTpanbHblit pacrpeneTuTeIbHbINA MYHKT - KPaeyTOMbHBIN KaMEHDb SHepre-
TMYECKOJ KOMIIAHMM, IIPOTHO3MPYIOLNi1 SHEProNOTpebIeHne B 06CTyXMBaeMOM
peruoHe, BhIpaGaThIBAIOLIMI CTPATErMIO SKCIUTyaTal[My, BKIIIOYas IUIaHbI TeX06-
CTy>XMBaHUA ¥ MOflepHU3aLuy 060PYIOBaHMA, HENPEPHIBHO YIIPABIAIOLINII CHCTe-
MOJ1 B pea/TbHOM BPEMEHY B COOTBETCTBUM C TIOCEKYHJHO MEHAIOMMMCA TIOTpebe-
HJIEM C TTIOMOIIbI0 KOMAHJ| PETYTMPOBaHMUsA BBIXOZHOI MOLIHOCTM 3/IEKTPOCTaHIIMI
U yTIpaBJIEHNs IepeToKoM 3Hepruu B JISIL

< TTnaHWpoBaHWe 3HeprocHabxeHus

L R Y Y YT XY

JlonrocpoyHoe MIaHMpOBaHME SHEPTOCHAGKEHNA YpEe3BBIYAHO BaXKHO. Jlns
CO3[JaHNA U BHEAPEHMSA BCETO KOMIUIEKCAa SHEPTeTUYECKOro 060py/oBaHMs, HauM-
Hasl C 9/IEKTPOCTAHIINIA, TPeOYIOTCA TONBI MM JaXke AECATKM JIET, HO 3a STO BpeMs
M3MEHAIOTCA YMC/IEHHOCTb HacelleH M)A, 3KOHOMMYECKaa CUTYalMs, IIeHbl Ha JICKOIIa-
eMoe TOI/IMBO M T.II. [IoaToMy TpebyeTcs IIaH 3NeKTPOCHabxeHNs, IpeaycMaTpu-
BAIOLIMI 3TV BO3MOXKHbIE M3MeHeHusA. Kak u3MeHuTca aHepronorpebnenue B 6yny-
mem? VM Kak ONTMMANbHO 06ECIeYUTh COOTBETCTBYIOLIEE €My dHeprocHabxeHme?
OcHoBHas 3ajja4a I/IAHMPOBAHUA — JaThb OTBET Ha 3TU /iBa BOMNpoOCa.

FAABA 1. 3HEPIUS Y SAEKTPOSHEPIUS
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1. OCHOBbl SAEKTPOIrEHEPAUMU
080 00005 @

KOTOPbIL 3HAET
PO HEE BOAbLLE, /
HEM 9, ‘

§;

BCErO 8TOPOU AEHb
3AHITUL, f
A YXE HA APYruX
CMUXUBAEIWL?

\ TEEE EOAbUWE
7 CKA3ATL HEHEO?!
\, v

by




AAAHO, 9 TOXE
TOrAA HEMHOO
PACCKAXXY.

CUAA TPEHUSQ

OT WUHbI BPAWAET
OCTOSHHOK! MArHUT

nPU BPAUIEHLIL MAT -
HUTA 8 OBMOTKAX
BO3HUKAET TOK, 3A-
MXLUCAIOUILILT PAPY.

*O6MoTKa NpeacTaBnAeT Co60i HaMOTaHHbIN NPOBOAHMK.

FEHEPATOPDI
BbIPAEATBIBAIOT
INEKTPOIHEPILIFO,
UcrnoAb3yq
"BPAUAIOUIYIO CLIAY*,

KCTATU, FOOMO, 3HAEWb

AU Tbl, KAKUE cnOCcOsbl,
MEKTPOEHEPALILILI

CYUECTBYIOT?

7/

HAHUT, IAEKTPUHECTBO
BO3HLKAET
U3-3A BPAUIAIOUEL
CUAbIPY!

e




TAK, KAXETCG.. | \INEKTPON | EHEPALILIG,

ATOMHas

\ 3Heprus ([ UAPABALUECKAS

IAEKTPOEHEPALILI
I'u.qpasnmecxaq

Tennoeasa
A SHeprus /i

*O BeTPOBOM U CONHEY-
HOW reHepaumm Gyaet BOAbUWE BCElrO, 9

paccka3aHo B NATOM “ S : O HUX CABIWAAA,

AA, 3TO TAK.

< €rnocosbl .merrpo-
%
M)

8 TENAOBOL U ATOMHOU
INEKTPOrEHEPALILILL.

sbIBAIOT pA3Hbe_, ‘

S

A
T P
‘

HO, 8 KOHEUHOM
CHETE, BCE OHU UC-
MOAL3YIOT BPAUIAIO-

wyro cuny.

TEHEPATOP U TYPBLHA
CBA3AHbBI HAMPIMYIO,
OBPA3YSQ EAUMbBIL BAOK,

PasnuyHeie cunsl

Hanpumep,
cuna paenexus mapa
B TETINOBOI M aTOMHON
reHepauuu

TYPSUHY MOIYT BPAUIATL
PA3AUUHbIE CLAbL, niPU
STOM MEHEPATOP, KOTO-
Pblll CUAUT C HEL HA
OAHOM BAAY, BbIPABATbI-
BAET IAEKTPOSHEPIUIO,

\

¥ (7510 TAKOU ArFPEFAT,
{nPeaHA3HAHEHHLI! AAG
BPAUEHLIS.

*Mpum.nepes. - Urpa CJI0B: B ANOHCKOM A3bIKe (M aMEPUKAHCKOM BapuaHTe aHIIMICKOro
A3biKa) «Typ6uHa» (turbine) u «tiop6aH» (turban) 3syuar oguHakoso.



A, MOHITHO.
NOAYHAETCY, HUTO
MAHUT
8 MEHEPATOPE..

UCNOAL3YETCI
TUAPOTYPEBLA, HO

nPUHULIN 3AECH TO XE

CAMbIL,

~BPAUAETCS
BMECTE C TYPBLHOL,
AAP

kPYThH,
kPYTh
Typ6una u
MarHnT
reHepatopa
CMAAT Ha oBwe
Bany.

ETCI BMECTE
¢ MuAPOTYPBLHOU
U BbIPABATLIBAET

, Cx|| kaxag ceroang rema neo-
ArA! 8CE 9CHO! TEMEPL 9 (X CTAQ ELA.XOTS HET.

BCE 3HAIO OB IAEKTPO- % HABEPHOE, 3TO MOTOMY HTO 9
IO V'Q"’q

FeHEPALILILY BCE CAUUKOM BbICTPO
MOHLUMAFO.

Y CAMOE BAXHOE BNEPEALS
MPOAOAXAL CAYWATD
BHUMATEALHO!




FeHepatopbl Tpex$asHoro Toka
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WrTak, ceityac s mogpo6HO pacckaxcy 06 yCTpOiiCTBe FeHEPaTOPOB.

A? Tak MBI e BUJIE/IU YCTPOJCTBO T€HEPAaTOpPOB B (poHape A/ Be-
aocumnena. CBCPXY " CHU3y - 06MOTKM, TocepeENNHE KPYTUTCA Marumur.

O6MmOTKG  <Tok (HanpsxeHue) Ha BLIXOAE reHepatopa>

+

1

TOK 1 HarpskKeHue
O

360

Bpems

YCTpoiicTBO reHepatopa OpHO$a3Horo ToKa

cnoxHee. [IocMOTpy Ha pUCYHOK BHU3Y.

Jla. B ponape Benocumnesa MCnonb3yeTcs reHepaTop ogHoda3Horo
TOKa IO CXeMe Ha PUCYHKe BbIllle, HO TeHEPAaTOPhbl 37IEKTPOCTAHIMI

| +
; A B c
0 >
Bpems
- N
120° 120° 720°
J‘ 360

YCTpOACTBO reHepatopa Tpéx¢pa3Horo Toka
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Hapo ke, kak MHOTO 06MOTOK! A 11 A', B 1 B, C 1 C', mecTp mryk...
Wnu nydiue cka3atb, Tpy Hapbi?

HanpsDkeHne (TlepeMeHHbI TOK). Takue reHepaTopbl Ha3bIBalOT Ha3bl-
BalOT reHeparopamu Tpéxdasnoro roka. Ha rpaduke BugHo, yToO re-
HEPUPYIOTCA TPY NIePEMEHHBIX HANPSXEHMUA, KaX/0e U3 KOTOPBIX OT-
cTaéT oT npepbiaymero Ha 120°. Hamuune Tpéx rpynn o6MOTOK MOBBI-
maeT 3 PeKTUBHOCTD INMEKTPOreHepaLim.

m Ma. Kaxxnas u3 Tpéx rpynn o6MOTOK reHepupyeT CBOE€ iepeMeHHOe
A

N

IIpo TpexdasHuslit TOk 5 yxe 3Haw (cM. cTp. 38). Tak BOT B 4éM fre-
7n0. 3Ha4YMT, CO3/JaIOTCA TPU BOJIHBI IOTOMY, 4TO B reHeparope Tpyu
TpynIbl 06MOTOK...

Kpome Toro, Ha 3neKTPOCTaHIMAX SHEPTETUYECKMX KOMITaHMIA, KaK
IIPaBMIIO, MCIIONb3YIOTCA TPEXPa3Hble CHMHXPOHHBIE TeHEPATOPBI, KO-
# Topbie BbIpabaThIBalOT TpeX(asHbIit TOK ONpeNEeNIeHHOM YaCTOTHI, 3aBU-

cAllel OT CKOPOCTY BpalleHuA. B o6ieM, MpocTo 3amoMHM, YTO reHe-

PaTOpBI NIEKTPOCTAHIIMI HA3BIBAIOTCA CHHXPOHHBIMM Fe€HEPAaTOpaMu

TpéxdasHoro Toxa.

CuHXpOHHBIE , Tp€xasHOro... ITo, 3HAYUT, IPOCTO TaKasA OCO-
6eHHOCTDb reHepaTopoB 3neKTpocTaHLmit! Bcé acHeHbko. Ho Bce-Takn
3NEKTPOCTAHIIMM OCTAIOTCA A MEHA HEM3BeJAHHBIM MUpoM. Xouy
TIOCKOpee M3YyYHUTh MX.

Xopomo-xopomo. [anbiie Mbl HAKOHELl-TO KaK CIeAyeT U3y4uM
3NIeKTPOTreHePaLMIO.

KOHCTIEKT

TTouemy «CUHXPOHHBIW» ? &
Boo6i1e cmoOBOM «CMHXPOHHBI» Ha3bIBAIOT KOOPAVMHMPOBAHHYIO
paboTy pa3snMYHBIX YCTPOMCTB. ITO MOXKET MOKa3aTbCS HEMHOTO
C/IOXKHBIM, HO B 37IEKTPO3HEPTeTHKE C/IOBO «CMHXPOHHBI» IO{pasyMe-
BaeT paBEHCTBO HANPSKEHMIt, 4acToT, ¢a3 1 nopsaka cnenosanus ¢as
IICPCMCHHOI‘O TOKa l'lpMMeHMTelIbHO K SHCPI‘OCMCTCMaM, renepa'ropaM,

‘a TAK)XXE K MEXKCUCTEMHBIM CBA3SIM.

* Ha p1cyHKax npeabiayLen CTpaHuLbl 3HaUKKN
®® yxasvisalor HanpasneHue ToKa:

(® : oK, HanpaeneHHbiil Ha Bac; {R) : Tok, HaNPaBNEHHbIN OT BaC.

- 1. OCHOBb! SAEKTPOIEHEPALIMU




2. TMAPABAUYECKAS SAEKTPOIEHEPALINS
NN EEEEEEEEEEEEEEEE

3AECb HAM
N |PACCKAXYT NPO
y |PAEKTPOMEHEPA-

CHAHAAA 8bl BMECTE €O
MHOLU LU3YHUTE
rUAPOIEHEPALILIO ~ >

>
PACCKAXYT?
KTO?

AOBPO
MOXAAOBATL!

)
Tol U FOBOPUTL
YMEEWb!
2-3-910- MO AANOHKA! NOBEPUTL HE
MOTY, UTO HA
2TOU NAAHETE

MXUBET TAKAQ
MPEAECT®..

CYUECTBO..

FAABA 2. 3AEKTPOrEHEPAUNS




—"CLUAA BOAbI, TEKYWEL!

Yo TaKoe rUApPOTeHepaUMA? | rnorumarac C BEPXHEIO YPOBHS HA
i HUDKHLL, 3ACTABAQET

BononpuéMHuK \ BPAUIATOCS MUAPOTYPELHY,

: Pa3HOCTb ypoBsHed|

NOTEHULIAADHASQ JHEPIUG* BOAbI AE HELICHEPIAEMbBI! LICTOWHLIK
NPEBPAUIAETCS 8 KUHETUHECKYIO SHEPTLIL, KOTOPBLII HE HYXXHO
SHEPILO BPAUEHLIQ
rUAPOTYPEUHDI, KOTOPASG
NMPEOBPA3YETCI 8
IAEKTPLIHECKYIO SHEPIUKO,

Y FUAPOIrEHEPALILILI ECTD
U MHOO APYTLX
OCOBEHHOCTELL..

— AT CPAGHENLG,

KTA TEMAOBOL MEHEPALILL - 4O,

l aromnous - 352, geTrogOl - 252,

(O BeTpoOBOWA 3neKTporeHepauumn

NOTEHULAABHOLU \ 6yAeT paccka3aHo Ha cTp.180)
SHEPIUU BOAbI 2

MOXHO MMPEBPATUTL 8 9 DR :
INEKTPOIHEPILIKO, B <

AELUCTBUTEABHO, KA
CPABHUTENBHO
sblcokuLl!

‘NoTeHyManbHan 3HEPruA - SHePrus, BO3HWKalowas 6narogaps pasHocTu yposueﬁ.

2. TMAPABAUYECKAS SAEKTPOIEHEPALIMS



AA, UMEHHO TAK,

KPOME TOro,

EHEPALILIEL],

MO CPABHEHUIO C
TENAOBOL IAEKTPO-

{ HO U 3TO EWE /

HE BCEl! 4\/\/ y
3TO EUE cnOCcOsH Tbl

BbICTPO PEAMUPOBATH HA
U3MEHEHLE NOTPESHOCTU
DAEKTPOIHEPILLI

APOIEHEPALL,

8 3A8UCUMOCTU OT
UEAEL, NPLMEHIETCS
HECKOAbKO TUNO8 ru-

NPEACTABBTE, UTO no-\{! & WY (MPOAEMOHCTPUPOBATE
TPEBAEHLE PE3KO BO3-

PACTAET.. MOUHOCTW,.

MPLIWAO BPEMS

crnocosHoctTu
Al HE XBATAET

A T UAPOSHEPT UG
os;ﬁguo/ja MOXET 8bITb
- 3AAELCTBOBAHA 1O

OEXOAUMOC

BOT 2TO AA,
Al-AA FUAPOrEHEPALILIQ!H




OAHLU TUNbl UMEOT HL3KYHO

@ THIBI CHAPOreHepaLUMK

nPOLIBBOALTEABHOCTL, HO 3ATO
BbICOKYHO CTABLABHOCTb
IAEKTPOEHEPALILIL,

ﬂ PACCKAXY

O TUMAX ruAPO-
FEHEPALILILL

no38OAOT OfEPATUBHO
FEHEPLIPOBATL IAEKTPOIHEP-
O 8 OTBET HA PE3KO BO3-
POCWYIO MNOTPEEHOCTD.

HTOBbI 8LINO
NOHITHEE.. MPEA-
CTABDL, HTO Y MEHQ
ECTb ABE AEBYUKL:

OAHA - 3A60TAUBAL
NMOAPYIrA AETCTBA...

’ TAUHCTBEHHAQ KPACABLILIA,
NPLUXOASQUIAQ HA NMOMOUb
8 TPYAHYO MUHYTY.

UTAK! CELHAC 9
PACCKAXY BAM ..
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~O HETBIPEX PACNPOCTPA-
HEHHbIX TUNAX MUAPO-
FEHEPALILILY
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<Tunel ruaporeHepauum>
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Texymylo B pyclle peKM BOAY He
HaKaIl/IMBAIOT, a CPa3y Xe UCIONb3YIT
IJ1A 3NMeKTporeHepanuy. XOTA BBIXOA-
Has MOIIHOCTb IIpM JAHHOM THIIEe TMJPOTeHepaliuy Mala,
ero 0co6eHHOCTBIO ABJIAETCA BO3SMOXKHOCTb BCE BpeMs BbI-
pabaTbIBaTh IOCTOSHHYIO MOITHOCTb.
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Hp]/l rmaporeHepanmu B ECTECTBEHHOM PEXMME PEKU BOAY UCIIOIb3Y-
IOT «KaK OHa TEeYET», II03TOMY JOIIOTHUTE/IBHOE ITPEMMYNIECTBO 30€Ch —
CpaBHUTENbHO HU3KasA CTOUMOCTb CTPOUTENbCTBA.

Ucnonesylorca manble MIOTHUHHL B dacel u
AHU HU3KOTO TOTpebIeHus 37IeKTPOSHEPIuH,
HanpyuMep, HOYbIO WM B BBIXOHBIE, PEYHYIO
BOJly HAKAIUIMBAIOT B MaJIOM BOJOXpaHM/IMIIIE,
He MICTIONb3YA JUIA TeHEpalyuy, a B IIEPUOABI Manas
BBICOKOTO NOTpe6neHns HaKOIUVIEHHYIO BORY ANOTUHA
UCIIO/NB3YIOT, PErY/IMPYA PAcXOf B COOTBET-

CTBUY C YPOBHEM SHEPTONOTPEOTEHNA.

KommneHcupyloTcs peskue MsMeHeHUA NOTPe6IeHUsA MeK-
TPO3HEPTUM B TeYEHME CYTOK VI HECKOIBKUX THEIA.
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BecHOJt 1 OCeHbIO, KOTAA 06'1>eM BO).II:I
6onb1ION, a ypOBeHD NMOTpeb/IeHNsT IMIEK- .
TPOSHEPIMN CPABHUTENBHO HU3OK, PEYHYIO

BOJly HaKaIIMBAIOT B GO/BILIOM BOJOXPaHM-
nuue, YTO6BI 3aTeM MCIIONb30BaTh B CE30HDI
BBICOKOTO YPOBHSI IIOTpeb/IeHNs 3NEKTPOI-
HEPrUM — JIETOM M 3UMO. ITOT TUII TUAPO-
reHepauyu MO3BONAET MOACTPaMBATHCSA TION,
U3MEHEHWS YPOBHS SHEPronoTpebneHus, perynupys o6bém
UCTIO/B3yeMOi1 BOABI B 3aBMCUMOCTH OT Ce30Ha.
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FAABA 2. 3AEKTPOrEHEPAUNS
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Takum o6pasom, npuHLun crtoco6oB @ u @ 3aKkm04aeTcsi B TOM,
4TOOBI NIOATOTOBUTHCA K BHIPAaOOTKE 3/IEKTPOIHEPIUM, HAKAIIMBAsA
BOJY IIPY Ha/IM4MM TaKOJ BO3MOXKHOCTH.

HPOCTO M IIOHATHO. JTO IIOTOMY 4TO BOAY, B OT/INYNE OT 3JIEKTPN-
4YeCTBa, HAKAIl/IMBAaTb MO>XHO.

o oo o e o o o oo o o
s s .

L. ,
Haporeuepanua
iy
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I'3C pacronoxxena MeXxay AByMsA IVIOTMHAMM: OfHA - BBIILE 11O TEYEHUIO PEKH,
Apyras - Hibke. B HOuHOe BpeMs IlepeKkayMBalOT BOAY M3 HM)KHETO BOJOXPaHMIIN-
1Ila B BepXHee, MCIO/b3ys A/ 3TOro U36bITOYHYIO 3/IEKTPOIHEPTHUIO, KOTOPYIO IIPO-
JO/DKAIOT BEIpabaThIBaTh, HAIIpMMeD, TEI/IOBbIE M/ ATOMHbIE 7IEKTPOCTAHLMU. A
B JHEBHOE BpeMs, KOTia ypOBEHb NOTPe6/IEHUA 3NIEKTPOIHEPTUIN YBEMUIMBAETCH,
nepeKayaHHYI0 BOAY U3 BEPXHETO BOJAOXPAaHMWIMILA CIYCKAIOT B HU)KHEe, TeHepu-
py# IpH 3TOM 3/IEKTPOIHEPIUIO.

o .

TN A BV DT

TUAPOGKKYMYNALMM
nepeKa4MBaem BoAy,
Henonb3ys U36LITOUHYH]

3nekTposHepruto!

Tun @ -- Heo6brunblit! IlepekaunBaTh BOAY, MCIIONB3YS U3MULIKA
37IeKTPO3HEPIUNL... [la, y 3eM/IAH €CTb MHTEPECHbIE Y/IOBKM.

MBI He MOXXEM HaKaIl/IMBATh JJIEKTPUYECTBO, 3aTO MOXXEM HaKa-
IUIMBAaTb BOAY.

Xu-xu-xu. [ pag, yTo BaM nonpasunocs! Besb 3T 4 TUINIA YHOBIET-
BOPAKT CaMbIM Pa3HBIM PeXKMMaM SHEpPronoTpebneHus.

2. TMAPABAWYECKAS SAEKTPOIEHEPALIMS

57




BhixofHaa MOIHOCTL FHAPO3NEKTPOCTAHLMHM
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Hy, pas yx TaKoit ciry4asi, pacckaxy ¥ o Beljax nocioxsee. ITocmo-
TpuTe Ha popmyny!

BrixopgHas MomHOCTb P onpepensieTcs HanopoM (pasHOCTBIO BBICOT) M
PacxofioM BOJBL. :

<Pacuer mowHocTu MC>

P=98 xQ XHXn

P : BeIxopHas MOIIHOCTb IMAporeHepanuu, KBt

9.8 : IpaBuTanMoHHOE ycKOpeHue, M/c?
Q : Pacxop Boppl, M*/c (06'b€M BOZIBI, IPOTEKAIOLIEI 32 CEKYHLY)
H : nonesusIit Hartop (M) (IIONHBIT HATIOp MUHYC NIOTEPH )

n  KIIJ (KIIO rugporyp6uns X KIIJI renepatopa x
x KIIJ] moBpImarolero pefyKTopa 1 T.ji. = okosno 60-85%)

..................... YposeHs
A\l soaosabopa

TlonesHerk
Hanop, M

BbixoaHas |
MOLWHOCTL P, KBT

.| YposeHs
""" |sonoc6poca

L2

Y MeHs ronoBa OTKa3bIBaeTCs HYMaTb! Kax HETYMaHHO, TaK p€3KO
IIEPEXOANUTD OT IIPOCTOrO K C)IO)KHOMY!

Tax Her >xe... Ecmu TH ycrokoumbcs ¥ MpoYMTaellb, TO Bce ION-
Melllb. BpIXOflHasA MOIHOCTb IIPM TMAPOTEHEpALy OINpeNeNnAeTca Ha-
1opoM (pa3HOCTBIO BBICOT) M PacXOfOM BOABL. 3HAUMT, MbI MOXKEM IIO-
BBICUTb MOLHOCTD, YBE/IMYUB HAIIOP ¥ PacXofi BOADI, Tak?

Nmenno tak! K crnoBy, nop pacxooM nonumMaetcs 06b€M, IpoTeKa-
IOIWit 32 OffHY ceKyHAy. To ecTb, ueM 6Gornblie BOABI 1 4eM ObICTpee OHa
Te4EéT, TEM 6ONbIIIE PACXON.

FAABA 2. 3AEKTPOIEHEPALMS
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Xwm... U1 péiicTBUTENBHO, BPOAE ACHO.

Korzma ¢ 60np10it BoICOTHI (TO €CTh, HallOp — OONBILIOI) TEYET
MHOTrO BOABI ( @ 3HAaUMT, pacxof, — O6O/BIION), TO TMAPOTYpOMHA Bpa-
maeTca 6bICTPO-OBICTPO, TeHEPUPYA MHOTO 37IEKTPOIHEprun!

Hy, a Tenepsp 51 pacckaXcy o IIOTHOM Hanope, MOTE3HOM HaNope 1 O
norepsAx Hamopa. B popmyrne, KoTopylo s BaM TONBKO YTO ITOKa3aJl, CO-
[ep>KaJcs MO/e3Hbli HAIoOp, ITIOMHNUTE?

Ecnu xopoTko, To 3T0 0603HaYaeT cenyollee.

S OO .| S———
Boad3abop Hanopal_ﬁ,\i« A
N Pacxoa, m3/c
‘ TTonesHurd
Hanop, M TlonHeiA
) Hanop, m
MapotypbuHa

N W __.

‘Csﬂﬂa mexay NONHLIA HanNopom,
nonesHLIn HGMoOpomMm U notepamu Hanopa>

o IlomHblit HaMOPp — pasHOCTb BHICOT MEXAY «ypOBHeM Boposabopa» u
«ypoBHeM Bofloc6poca»

o [ToTepn Hamopa — nomnpaBKa Ha [TOTEPU SHEPTUM MY NPOTEKAHUMU BO-
Abl IO TpyGe, HanpuMep, B pesynbrate TpeHus. (XoTa noTepyn Hamopa
BO3HMKAIOT 11O BCEM J/IMHE TeYeHMA BOMbI, 3A€Ch [/IA HAITIAKHOCTY OHYU
1306pakeHbI B BEPXHEN JaCTH PUCYHKaA)

¢ [Tonesnp1it HaMop — Hanop, pakTUYECKN MCTIONb3yeMBIit /IS BpalleHUs
ruapoTyp6unel. Ero momy4anT BIYMTaHMEM OTEPDh HANIOPA M3 IIOTTHOTO
Hanopa. JIMeHHO Tone3Hblit Hanop mcnonbayercs [l Beibopa Tvma ru-
APOTYpOMHBI, a TaKXKe /IS pacyeTa BBIXOKHOM MOLIHOCTH.

ITo pucynky 6onee unm MeHee IOHATHO. 3HAaUMT, ObIBaeT U Gecro-
TIE3HBI HATIOp BOJBI, M/IM HAMIOP, KOTOPbII MbI TEPSIEM.

d)OpMYTIbI, MOXET 6bITb, U KOKYTCA C/IOXKHBIMHA, HO Ha KapTUHKAX 1
Ha C/I0BaX BCé CTAHOBUTCS ITIOHATHO.

2. TMAPABAUYECKAS SAEKTPOIEHEPALWS




FAE-TO kOnNar
MHOIrO 80AbI, crly-

XM-XM, HY BOT, TENEPL
g 3HAKO BCE MPO
rUAPOrEHEPALILIFO.

LUMEHHO!
OAHAKO 8 AElUcCTeU-
TEABHOCTU HE BCE TAK

nPocTo.

ECTb XE 5C, TAE
U3-3A PEABEPA
HE YAAETCS LUCNOAb-
308ATb 8bICOTY.

CKAIOT EE C B8blcO-
Tbl TAK, HTOBbI
OHA BbICTPO TEKAA

BHL3,. 11 HOAYHAIOT MHOIO
SAEKTPULECTBA!

AA, AElicTal-
TEABHO!

B 3A8LICLIMOCTU OT M
CTA BO3BEAEHUI U
MACWTABOB EHEPALILIL,
MOrYT UCMOAB3OBATLCS
N, PA3ALMHDIE XUTPOCTLU.

/ AABAUTE TEMEPL

- HA OCHOgBHbIE TLIbl
rUAPOTYPELIH U CXE-
Mbl KOMIMOHOBKU 3cC,

FAABA 2. 3AEKTPOIrEHEPAUMS
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CTpyH Bofbl U3 coIen, NONajgas B KOB-
LM JIONATKH), 3aCTAaBIAIT TUAPOTYpOMHY _
Bpamarbcs. [logxonut ansa ydactkos ¢ 6yp-
HbIM Te4eHMeM BOJbl, T/ie Hallop BBICOKMIA
IpUMepHbIH Anana3oH — ot 150 go 800 m).

o - -
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OBOPOTHO -TONACTHAA runporyp6uﬂa
s e 3

)
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1

: .

¢ Bo,qa nojamonanca ¢ AByX CTOpOH, Bpama-
{ eTpaboyee Ko/eco, Ioxoxee Ha rpe6HOI BUHT
i Kopabus.

1

! [MoaxomuUT ANMA Y4acTKOB ¢ HM3KMM Halo-
! pom (nmpumepHO — OT 3 fo 90 M), Hampumep,
i AJS PeK CO CIOKOMHBIM TeYEeHMeM. YTon JIomna-
1 A

i CTell MOXKHO U3MEHATD, YTO MO3BOJIAET MOAAEP-
] o« .
t xuBaTh Boicokmi KIIJ| npu usmeHeHnn 06BE-
! MaBOJBI M/IM HaMopa.

i

)

H
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g
Pa;mam:ﬂo
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! Taxxe kak u B Typbune Kanana, sgecp Bo-
! Ja, Bpamalomas paboyee Komeco, NOAaeTca C
i ABYX CTOPOH. DTM IMAPOTYpOMHEI OBIBAIOT pa3- f;
; HBIX $OPM M pa3MepoB, B 3aBUCUMOCTH OT 06'b-
! éma BoAbl, cunbl TedeHns. Iloaxomsar ans yyact-
! KOB CO CPefHMM Hamopom (mpumepHo — oT 50
1 40500 M) 1 mupoko npumeHaTca Ha [IC.
E 370 Hauboslee pacpocTpaHeHHbI TN — 70%
1 Bcex ruApoTyp6uH I'IC B fAnonun, asnswrcs
! pajuaibHO-OCEBBIMM.
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2. TMAPABAMHECKAS SAEKTPOIEHEPALIMS
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<OCHOBHbIE cXeMbI KOMnoHoBkU NIC>

Ileperopoaus pexy IIOTHMHOIM,
CO3a0T MCCKYCTBEHHBIN BOJOEM -
ypOBEHb BOABI Nepef IIOTMHOM NOf-
HuMaeTtcA. Vcnonb3ysa Hamop Mexay
! 3TUM YPOBHEM U TUJPO3NEKTPOCTAH-
1 I{Mef, TeHEPUPYIOT 3/IEKTPOIHEPTHIO.
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Bopa TeyéT mo [iMHHOMY KaHa-
JIy KO MeCTa, B KOTOPOM MOXHO CO3-
matb Hanop. Ha 6epery pexu coopy-
XaloT, HanpuMep, He6onbLIyIO AaMOy
Bns Bopgo3abopa.
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KomM6uHaumsa nmoTMHHOM CXEMBI
U JlepUBaLMOHHOM cxeMbl. Bopy, Ha-
KOIVIEHHYIO C ITOMOIIBIO IJIOTHHBI,
OTBOAAT MO KaHAaNIy U CIYCKAKOT B
HUOKHEE TeYeHMe PeKM, reHepupys
371eKTPOIHEPTHIO.
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Hano )K€, CKO/IbKO pa3HbIX CXEM...

Ha! CymecTByeT MHOrO pasHOBUAHOCTEN KOMIIOHOBKM, 3 KOTOPBIX
MO>KHO CJie/IaTh ONTMMAJIbHBIN BbIOOP Ha OCHOBE, HaNpuUMep, KOHKpeT-
HOTO penbeda MecTa crpoutenbcTBa IDC.

FAABA 2.  3AEKTPOIEHEPAUMS
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Manas rvaposHepreTuKa, BONHOBAA U TepMOOKRQHHHECKIS 3NeKTpOreHepaLy

EGK}

HAMOCAEAOK NMOrOBOPLM O MAAOL MUAPOSHEPIETLIKE, A TAKXKE
BOAHOROL! U TEPMOOKEAHLMECKOL IAEKTPOMEHEPALILILI~ D
MEPBLII U3 ITUX METOAOB MNPUMEHIETCI AAS INEKTPOMEHEPALILL
8 MAABIX MACWTAEBAX BE3 LICMOAb3OBAHUG MAOTUH U TI1.

ABA APYTLIX - HOBbIE METOADbI, CRI3AHHDIE C MOPIMU LI OKEAHAML,

BepxHeboiiHoe Huxne6oliHoe
Manasa TUAPOIHEPIr€TUKA - o6mee Ha3Ba- (Hanueroe) (noanveroe)
Koneco xoneco

HUe 000py/I0BaHUA TMAPOTeHepallMy C BHI-
XOJHOM MOIHOCTBIO He 60mee 1000 kBT, Cun-
TaeTcs Mepoi 110 O)KUBJIEHUIO PETMOHOB C IO-
MOIIIbI0 MMeoLIeiics B U3OBITKE SHEPTUYU Ma-
JIBIX M CPeJHUX PeK, MPPUTaLIMOHHBIX KaHa-
JIOB H T.I. MOXXHO MCIIO/Ib30BaTh TAaKXKe KaHa-
ausanuio. KpoMe ynoMaHyThIX Ha cTp. 61
THUIOB TUAPOTYPOUH, IPUMEHAIOTCA, HAIIPK- ‘,
Mep, BOAisiHbIe KONMéca — BepxHe6oifHble (Ha- . J raporypbuma
JIABHBIE) WIN HMOKHe6olHbIe (MOAMTUBHEIE), ;
KalCy/lbHble TUAPOTYpOMHBL. BopsHble Koné-
ca MOTYT ObITb Tak)Ke YKpalleHNEM MEeCTHO-
CTH.

R L R T R N R RN T TN

Kancynshas ruapotypbuna
. [Typ6uHa yctaHoBneHa B
Karcyne, yepes KOTopyro
npoTexaeT soaa

Bo/IHOBast 3EKTPOreHepalus — METOJ
BBIPAaGOTKU 37IEKTPOIHEPIUM C MCIIONb30Ba-
HHUEM BepTUKA/IbHBIX KONMe6aHMit MOPCKOI
noBepxHocTu. [IHeBMaTHYecKasas Typ6una : Bxonmuai
BpallaeTcs 61arofapsA MOTOKy BO3AyXa, CO3-
AiaBaeMOMy NTOAHMMAIOLIECA MU OITyCKalo-
meiics BosiHOM*. X0TA HanpaplieHyne MOToKa
BO3/IyXa MepUOAMYECKM MEHAETCA Ha NPOTH-
BOIIOJIOXKHOe, oco6asa Typ6uHa Yanbca
yCTpOoeHa TakK, 4TOGBI Bcerja BpallaThCs B
O/JHOM HalpaBleHNN.
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so3ayxa

Typ6uHa
3neca

TepMooKkeaHUYecKas INMEKTpPOreHepa-

nusas — npeo6pasoBaHMe TEMIOBOM IHEPTUM .
okeaHa. Vlcrionb3yeTcsa pasHMLa TeMIepaTyp e
TEMJIBIX BEPXHUX M XONMOAHBIX MPUTOHHBIX _
(0k0J10 1 KM) CTTOEB MOPCKOt BOfbL. AMMMUAK,
MMeIOIMI HM3KYI0 TOYKY KMIIEHMA, UCTIapA- &
eTcs NoJ, [eICTBUEM TEIION MOPCKOM BOJBI, |
napsbl BpalllaloT TypOMHY, IOC/IE 4ero OXmax-
AAI0TCA ¥ KOHAEHCUPYIOTCA J/IA MCIIONb30Ba-

HUsA B CJIENYIOLEM LIMKIIE. Kuakuii ammuak X:::;::a

< soaa
Tepmooxeauvmecxaﬂ reHepauua He ABNAETCA rmaporeHepayven.

FeHepaums! ﬁ

KoHaencarop

e3




3. TENAOBAS SAEKTPOIEHEPALIUS

|
AL L\ 9 U TAK OHEHb YMHA,
HO ECAU TAK U AAAbWE
CEMOAHQ 9 MOUAET, EUE BEOAbWE
- ~ [€TOAbKO BCErO MOYMHELO!
\/ € Nt/

CAMOAOBOAbCTB
CAMOAOBONbBCTBOM,
HO MOPA ABLIFATbCS
AAADUE,

ﬂk TAAK, TENEPL MbI

U3BLHUTE, 3AAEPXAANCA! /

HAMUKLY U 3TOT
TOXE TAKOL MU-
ABILY cKAXU XKE!/

TEMEPL Bbl Y3HAETE
nPoO TENAOBYHO
FEHEPAULIO!

A-A. HY, AA..

/

|



UMEHHO TAK!

Yro Taxoe Temnopas snexTporeHepaLua?

........ NMOAPOEBHO..
TAAK. 7T 3AECb TAKXE
TEMMOBAS IAEKTPO- UrPArOT POAb U
FEHEPALILG..

TennoanekTpocTaHums
(T3C)

SEAN

3neKTpo3Heprus

g; o

Xumu4eckas aHeprua

(cm. cTp. 16)

.ITO KOrAA XUMIME-
CKYIO 3SHEPILEO MPE-
OBPA3YIOT B IAEKTPO-
SHEPIRO, TAK?

TENAOBAS SHEPILIG,
BLIAEASIOUIAQCS 8 XLUMUHECKOL
PEAKLILIL CXCLFAHUSG TOMNAUBA,
MPEBPAUIAET 8OAY 8 MNAP,
BPAUIAIOUILL] TYPEBLHY.

R

KuHeTtuueckas
3Heprua

nekTpuueckas ‘
’,-n

Taposas
TYp6UHa
N

BoasHoii nap

Tennosas
3Heprua

0,045,909 50, 0 &

Koxaencarop
(onucanue Ha

| cneayroweli cTpaHnue)

APAI.HEHLIE TYPBUHbI-2TO

KUHETIMECKAS HEPIUG,
OHA NPEOEBPA3YETCI

B 2AEKTPOSHEPILIFO 1PU

nomoul reHEPATOPA.

NMPEOBPA3YETCI 8
HECKOAbKO
2TAMNOB..
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<Cxema KOHAeHcatopa>

BOﬁ:;W CHOBA BO3BPAUAICDH 8
& XUAKOE COCTOSHLIE.
o)
¢}
Oxnaputenb
(Mopckas Bona)
oxnaxknaetmapu
Tpespaliaet eros
Boay

k cAoBY, NAP, BPAUAIOWLLI :
TYPELHY, 3ATEM OXAAXAAETCI .
8 KOHAEHCATOPE,

3ATEM BOAA BO3-

BPAUAETCI OBPAT-

HO 8 KOTEAbHbIL
AlPETAT.

BOOSOOOO00
OO I MY
CRRE RN

BECKOHEUHBILI AA, FTAE TO b
FPEIOT, TO OXAAXAAIOT.,

N

3TO XE TAKAGQ
DPPEKTUBHAR CUCTEMA!
Tbl CAOBA-TO BblsLPALY

CYUECTBYET HETbIPE
OCHOBHbIX TUIMA
TENAOBOL MEHEPALILIL

PACCMOTPUM UX
OCOBEHHOCTLY

FAABA 2. 3AEKTPOrEHEPAUMS
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6 HHa 3. KTporeuepanua (pa60'rae BOLAHOI ap!

STO caMblif pacIpOCTPaHEHHBII METOJ, TEN/IOBOI 3/IEKTPOTreHEpaLiM.
Coxuras B KOTE/IbHOM arperare TOIUIMBO, Hanpumep, Hedrs, CIIT (cmmceu-
HBIVI IPMPOAHBII I'a3) MM KaMEHHbIA Yro/lb, CO3MAI0T TOPAYMIl BOLAHOM nap.
BbICOKOI'o faBJIEHNA, KOTOprM BpalllaeT IapoBYIO 'ryp6nuy C T€EHEPATOpPOM, Bbl-!
pabaTbIBAIOLIMM 3/IEKTPOIHEPTHIO.

Fasoo6pasHere BoasHoii nap
Tlapaaaa

NpOAYKTHI
c?c,plm p 0 Typ6uHa "eHepauua!M

O o o o © ° l

nt °
o o
) —
e———

Boui);;___ PR EIE
..):

Tonnueo

KoTenbHeti

arperat ‘ : c= '
__________J. KoHaeHcaTop
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B mapoTyp6uHHOI 37€KTpOreHepaLyy UCIIONb3yeTCs CHIa AaBlie-
T} HuNA BOAAHOIO Napa, MCIIO/b3yeMas TaKXKe, HallpUMep, B TAPOBO3ax.

Ha. Ipyras oco6eHHOCTb NapOTypOMHHOM 3/IEKTPOreHepaIiuy - 3TO
WMPOKMil BHIGOP BUAOB TomnuBa. [IoMHMO 06Lieu3BECTHOM TpUasbl
«HedTh, CIIT ¥ KaMeHHBIf YTO/Nb», MOXHO MCIIONB3OBATb, HATIPUMED,
CMeChb KaMEHHOTO YT/IA ¢ acdanbToM (MTPOAYKT TAXENDbIX Gpakumit Hed-
TU) MU C OUOTOI/IMBOM.

Oro, CKONIbKO BCETO CKUTAIOT. HPOCTO BaH[Ia/IN3M KaKOM-To...

Ha. Ilpn cxuraHum pasmUYHBIX BUAOB TOIUIMBA OOpPa3yIOTCA rasoo-
444\ 6GpasHble IPOAYKTHI CTOPAHMA, HO €C/TY ITUMM Ta3aMy HEMIOCPENCTBEHHO
: :\ HENOCPeAICTBEHHO BpallaTh TypOMHY, TO B Heé OyAyT IOMafaTh IpyUMe-
cu. Tak 4TO TOI/IMBO MCIONB3YIOT [/IA HarpeBa YMCTON BOAbI, IpeBpa-
as e€ B BOAHOM I1ap, KOTOPHI/ BpalaeT TypouHy.

3. TENAOBAS SAEKTPOIEHEPAUMS
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JIn14 ra30TypOMHHOM 3NEKTPOreHepanum CXXUTal0T TOIUIMBO, TaKoe KaK Kepo-
cuH, ausenbHoe TormBo iy CIIT (OKVKeHHBI! IPUPOAHBII Tas), Homy4yas raso-
o6pa3Hble NPOJYKTHI CTOPaHNs, KOTOpPble BpAlLIalOT Fa30BYI0 TYPOMHY C reHepa-
TOPOM, BBIPabaTHIBAIOIIMM /IEKTPOIHEPTHIO.

Orpaboraswue
. Tonnimeo rasst

,L Ma3oo6pasHbre T

NPOAYKTHI
cropaxms

Bo3anyx

{

FeHepauma! M

B mapoTyp6uHHOIf reHepanuu, BOJAHOI Iap BpallaeT MapOBYIO
TypOMHY, a 3[leCh rasbl BpallaloT ra30BYI0 TYpOMHY, Tak?

Vimenno Tak. K c/10By, rasoTypOMHHBIN NPUBOJ, COCTOMT U3 TpeX
JacTeil: KOMIpeccopa, KaMephl CCOPaHMA ¥ ra3oBoi TypOunsl. Ha
PUCYHKe BbIlI€ BCE XOPOLIO NTOKa3aHo.

B xoMnpeccope BO3Ayx CXKMMAIOT O /laBIeHNns okono 20 arMocdep
I/ TOTO, YTOOBI MMOBBICUTb KOHIIEHTPALMIO KUCTIOpOAa. 3aTeM cMech
TOIUIMBA M CXATOTO BO3[yXa CXXMUIAIOT B KaMepe cropanus. IIponykTs
CrOpaHMsA — TOps4Me, CXKaThle rashbl, HANPaBIATCA B TYpOuMHYy, rae
PacIMpSIOTCA, CO3[]aBasA Ha Heil KPYTALIMIT MOMeHT. 3aTeM O0TpaboTaB-
IIye Ta3bl BBITYCKAIOTCA HAPYXY.

Ara. 3HauuT, ra3oo6pa3Hble NPORYKTHI CTOPAHUSA PaCKPYyYMBAIOT
Typ6uHy 6b1CTPO-6BICTpO!

77 Lo Ecmm KOpOTKO, TO IEeNCTBUTENBHO, KaK-TO TaK.

FAABA 2. 3AEKTPOIEHEPAUMS
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Oco6eHHOCTD 3/ieCh 3aK/TI0YaeTCA B IOBTOPHOM MCIIONIb30BAHMY TEITIOBO
sHepruyu. CHa4yalma CXKMIaloT ra30BO€ TOIUIMBO, ra30006pa3Hble MPOAYKTHI CTO-
paHusA BpalaloT ra3oBYI0 TypOMHY, reHepupys 3/eKTPOIHEPIuIo. 3aTeM 3TH
ropsiune oTpaboTaBlIMe ra3bl BHIXOMAT U3 TYPOMHBI M CO3MAIOT FOPAYMIL BOLA-
HOVl Iap BBICOKOTO JIaBlIEHUs, KOTOPBIN, B CBOIO OYEpPE/b, BpalllaeT MapOBYIO
TypOMHY U OIATb T€HEPUPYET NEKTPOIHEPIUIO.
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Borayx Tonnuso T : { {TTepeHarpesarens

1 Tap
M i1 1ypbuna ° | M
(geuepauml TeHep

11

Ta3osan

Komnpeccop TypbuHa

Konaencatop

*Ha 3TOM pUCyHKe ra3osas U NapoBaA TYP6UHbI CUAAT Ha Pa3sHbIX Banax. 3TO - MHOFOBANbHAA KOHCTPYKLUA.
EcTb Takke ORHOBaNbHAA KOHCTPYKLUMA, B KOTOPOW eUHCTBEHHbIV Ban, o6uinit anA o6enx Typ6uH, npuso-!

AVT BO BPaLLEeHne reHepaTop. ‘
]
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Hapo e... Bcero-to cxxuraercs ras, a B pe3ynbraTe reHepaLus Ipo-
MICXOUT OT BpAllleHMA LIe/IbIX ABYX TYypOuH! 3By4nT Kak apdexTUBHbII
croco6: sHepryusa ¥ TONIMBO He TPATATCA MOMYCTY.

Ma, ToyHO. DTOT cOCco6 NMO3BONAET MPOU3BOAUTD OOJBILIE SNEKTPO-
3HEpruM, 4eM [pyTue BUADI TEI/IOBOI TeHepaliuy IIpU TOM Xe pacxofe
TOI/IMBA . [[efiCTBUTENBHO, BHITOMTHO.

KOHCTIEKT Tlouemy T3C uacTo cToat y mopsa ? x4

Mmuorue T3C, a Taxxe ADC, pacnonoXkeHsl y MOpA. 9TO MO3BONSAET
MICTIO/Ib30BaTh MOPCKYI0 BOJlYy B KadeCTBE OX/IaXK/alolllell BObI KOH/EH-
catopa . Kpome Toro, 3gech urpaeT posb TOrMCTUKA, TAK KaK OYTH BCE
JICKOTIaeMoe TOII/IMBO JJIS TETIOBON 37IEKTPOreHepaluy JOCTaBIAETCA
B SImOHMIO M3 APYTUX CTPaH MOPCKMM ITy TEM.

3. TENAOBAS SAEKTPOIEHEPALMS
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o mmra'renb BHYTPCHHCI‘O cropa}m;l')

eHepanyA Ha [IBC |

o

3pmech ucnonbayrorcs [IBC (mBuraTenyu BHYTpEeHHEro cropaHus), paboraro-
mMe, HapUMep, Ha IM3eTbHOM MM rasoBoM Tormuee. [IpomyxTsr cropanus
CO3[aI0T Bpalljaloliye CUJIBI, IO3BO/IAIOLINE TeHEPUPOBATD 3/IEKTPOIHEPTHUIO.

Tonnueo  Burxnonwee

Croparmne
Tonnuea - |[fREEs

FeHepauus! ﬂ

Ou3sensbHbIA MK rasossin
Asurartesns
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MoxxeT 6bITh, BHI €l HE 3HAETE, yro Takoe JIBC, musennHslit u ra-
30Bblif ABUTaTeMU. Bonee mogpo6HO 0 HUX A pacCKaXKy IMO3xXe. A IMOKa
3a[TOMHUTE, YTO ABUTaTe/lb BHYTPEHHETO CTOPaHUsA MO3BOJAET GBICTPO
HavyaTh BBIPAaOOTKY 37IEKTPOIHEPIUM B HEOONMBIIMX KOMMYECTBAX. BhI-
XO[IHasi MOIJHOCTh Pa3NM4aThCcsA - OT HECKO/IBKUX JIeCATKOB KBT o npu-
MepHoO 10 kBT.

Takme ycraHOBKM feweBie, BeAb ans reHepanyuy Ha JIBC nHe HyxxeH
KOTE/IbHBIN arperat, I03TOMY MX YaCTO MCIIONb3YIOT Ha yAaN€HHbIX
OCTPOBaX, a TAKXXe Ha 3aBOJiaX ¥ B KPYITHBIX 3MaHUAX — J/IA aBTOHOM-
HOTO 37IeEKTPOCHA0XKEHUA MM B Ka4eCTBE Pe3ePBHBIX MCTOYHMKOB.

Ara, ara. Mrak, Tenepb A 3HaI0 BCe YeThIpe OCHOBHBIX TUIIA TEILIO-
BOJ1 anexTporeHepanun. [lapoBas, rasoBas, KOM6MHMPOBaHHOI‘0 LKA,
Ha JIBC... Y xaxpgoro u3 Hux ceou ocobesHocTtu!
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KOHCTTEKT

= Buonie Yro Takoe [1BC ? .

rasst JBUrarenp BHyTPEHHEro0 CTOPAHMsA, COKPAILEHHO

IOBC — pBuratenp, B KOTOPOM TOI/IMBO CXKUTAeTCA BHY-

TPM ABVDKYINETO MEXaHM3Ma, Kak MOKa3aHO Ha PUCYHKe
cneBa.

EcTb Taioke ABUraTeny BHEUIHErO CrOpaHmsA, B KO-
TOPBIX TOIVIMBO CXXMUTAeTCA BHE ABUXKYILETO MeXaHM3Ma,
HanpyMep, B TOIIKE KOTE/MbHOrO arperara, Kak B ONMCaH-
HOIi paHee [1apoBoJi TypOuHe.

FAABA 2. 3AEKTPOIEHEPAUMS



[u3enbHLIA W ra30BLIA ABUTaTENM, KOTeHepauus,
ra3oBble MUKPOTYPOUHLI U TONNUBHLIE 3N1eMeHTHL

Bam, xoHeYHO, XOYeTCA y3HaTb ¥ O APYTMX BellaX, OTHO-
camuMxca K TeMe, He Tak mmu? HeT, BaM faxke Hy>)XHO O HUX
y3Hatb! S pacckaxcy o 1M3e1bHOM U Ta30BOM [IBUIaTe/AX, KO-
TOpble MCIIONB3YIOTCSA A1 aneKTporeHepauuu Ha [IBC.

JlusenbHBIN ¥ ra3oBbIi ABUTATENHN, MMelolnue BeIcoKui TertoBoit KIIJI, Hesa-
MEHVMBI /IS 97IEKTPOTeHepalMy B Ma/lbIx MaciTabax. B paboyem nukire Ha pu-
CyHKe HIKe IOpIIEeHb COBEPLIAET BO3BPAaTHO-IIOCTyTIaTe/NbHbIE IBMXXEHNA, CO3/[a-
Bas KpyTallyii MOMEHT Ha KOJIEHYaTOM BaJjly, Bpalljaoll{eM reHepaTop.

Konexvareid
san

® Bmyck cMecu ropiodero rasa ¢ BO3yXoM B KaMepy CrOpaHuA BHYTpYM LIMIMHApPA
® Cixarme cMecy MOPLIHEM M IIOLKOT CMECH C IOMOLIbIO 3/IEKTPUUECKOI MCKPDI

® Cropanue - cropaiouyii ra3 pacIiMpseTcs ¥ TONMKAeT IOPLIEHb

@® BpImyck - MOpIIEHb 110 MHEPIIUY BHITAIKMBAET HPOAYKTHI CTOPAHNUS U3 LIMIMHADA

[lepeitnem x apyroi Teme. Crblmany M Bbl O KOreHepa-
nuu? B Hell MCIIONb3yIOTCA AM3€IbHbIE M/IM Ta30Bble [BUTaTe-
1M, KOTOphle BBl TONbko uTo M3yumnu! Ilonpsyace cnydaem,
paccKkaxy BaM U O Heit.

B cucTeMax KoreHepanuy Temnnora, o6pasyiolaica B Ipoliecce BLIPaGOTKM IEKTPO-
3Heprum, UCHONbL3YeTCs, HaIIpUMep, [IA IOAOTPeBa BOMbI, KOHAUIIMOHMPOBAHUA BO3LY-
xa‘. brarogaps stomy, Koagduuent VcrmonszoBauusa Termotel cropanns Tonnusa
(KUTT - cymmapusui KITJI a1 a/eKTpUYECKON U TEIUIOBOM 3HEPryy) NMOBBILIAETCS NP~

mepHO 10 70 — 80%, 4TO CIIOCOOCTBYET 3HEProchepexKeHNIO, CHYKEHMIO 3aTpaT M COKpa-
WeH IO BEIOpOCA YT/IEKMCIIOTO rasa. Snextpoameprus

4
CucTema KoreHepaumu 25 - 40% ()
13 H _
Tepauunas sucprus{ 4 Lty

Tennosas 3Heprus
40 - 50%

Orxopsuee |
Tenno
20-30%

S,

3. TENAOBAS SAEKTPOIrEHEPALIMS




Panblie KoreHepanysa NpMMeHANach B OCHOBHOM Ha 3aBOJiax M B oducax, ofi-
HaKoO B IIOC/IefHeEe BpeMsA PaclpOCTPaHMIACh MUKPO-KOTE€Hepalus, /1A KOTOpO#
B OCHOBHOM MCIIO/Ib3YIOTCS Ta30Bble MUKPOTYPOMHDI, ra30Bble MUKPOJBUIaTe-
M Y TOIUITMBHBIE STIEMEHTBI.

UTAK! PA3 Y 3AWAA O 2TOM PELHD, PACCKAXKY HANOCAE-
AOK O rA308bIX MUKPOTYPEUHAX U TONALIBHLIX SAEMEH-
TAX, KOTOPDIE XOPOWO MOAXOAQT AAQ IAEKTPOMEHEPA-

UL 8 MAABIX MACWTAEBAX,

TasoBBIe MMKPOTYpPOMHBI - 5TO He6o/NbLIME TYPOUHBI B COCTaBe CUCTEM Ma-
noit (kak mpaBuno, He 6omee 200 KBT) anekTporeHeparuy, UCIIONb3YIOLIME B Ka-
4eCTBE TON/INBA KOKCOBBIit Ta3 MM KEPOCHH. BO3yX, CKaTblit B KOMIIPECCODE,
IIOCTyTIaeT B KaMepy cropanus s 3¢ dexkTUBHOTrO CXXxMraHus Tormsa. [opsune
ra3bl BbICOKOTO HaBJieHUs, oOpasymouuecss Ipy CTOPaHUY, BPallalOT Ta30BYI0
TYpOMHY, FeHepUPYA NEKTPOIHEPTHIO,

Ortpabotaswme
rase .

Boaayx Tonnueo

CxaTbIi
BO3AYX ﬁ

{
Kamepa
cropaHus

TFasoo6pasuere —> lopauas soaa

NPOAYKTHI
Ccropaxus
&~XonoaHas soaa

FeHepaums! M

. CKOPOCTHOM.

WHeepro
(npeo6pasosatens
4acroTer)

Komnpeccop Tasosas Typ6uxa

0000008000000 000E000LI00EE00Is00ENTIs0000000000E0000000RULIIOEREIIIsEEENOsOOEN0BBss0ERRLIIGS

TOIUIMBHBIN 37IEMENT - 3TO YCTPOICTBO /IS FeHepaluy 3/IEKTPOIHEPTUM, OCHO-
BaHHOE Ha, TaK CKa3aTh, «3/IEKTPONN3e BOJBI HA060POT». DNEKTPOIHEPTUA BhIpaba-
TBHIBA€TCSA B 37IEKTPOXVMMIECKON peakluy MEXHy BOJLOPOLOM M KUCTIOPOZIOM ¢ 06-
pasoBanueM Bopbl. O6mamator BoicokuM KIIJ| make mpy sneKkTporeHepanuyu B Ma-

" JIBIX MacIITabax, 3KOOrMYHbI — paboTaloT Ge3 myma, 6e3 ra3oBbIX BHIOPOCOB, [103-
TOMY PacCMaTPUBAIOTCHA KaK CUCTEMBI 3TIEKTPOreHepaliui HOBOTO IOKONIEHM .

NI o

Hanpasnexue

()
2 M a!(uu VIV IRV : ~——1 TOoKG
Ha+£0, — Ha +3nesmposmeprug | { Mocnceos
«TTrioC» | . -
[Cosmyumi| =0, +2H +2€ = Ha0
«MuHyC» N —
Conmasesi | Ha=» 2H+2€

e” 06o3Hauaet 3NeKTpoH




Ponn TemnoBoif snextporeHepaumun

MOXET, 2TO
NOKAXETCS

5 4 ;9}\

HO 8bl CABIIAAL O X

[PAPLIAX CYTOUHDIX
HAMPY30K?

(cm.cTp.21)

B8OT KAK?!

COrAACHO uM,\

NOTPEEHOCTb

8 IAEKTPOIHEPI LI
3ABLICUT OT CE30HA

N\ L BPEMEHU CYTOK,

L~ T3¢ AOAXHbI
BLIPABATLIBATL
SAEKTPOIHEPILIO,
YUUTLIBAS LIBMEHEHLIS
MOTPEBHOCTLL

OX, HEAEKO
HAM MPUXOAUTCS...

npLUXOAUT

rUAPOIreHEPALIL],
(cM. cTp. 54) ¢
\N—

H-HY AA,
TUAPOrEHEPAUILII YMEET
EbICTPO BKAIOHATOCS 8
PABOTY..

3. TENAOBAS SAEKTPOrEHEPALMS




HO OB BEM TENAOBOU
SAEKTPOrEHEPALULI TO-
XE MOXHO c80680AHO
LU3BMEHSTL, PEYALPYSQ
ENAOBYHO MOWHOCTD.

reHePALILIL
A080AbHO

I'unpoakxylf_aggupywmuc
(8 pexume rexepauuy)

BOAOXPAHUNUWEM
Manoro Unu manoro i
o06véma.

TTukoBbIV

pem%m
. TuapoakkymynupyroLme
E posKyIpY

{T3C Ha HeTM 1 apyru:
ruaponkrymanse) BMAGx rowuero v

TTepexonHou

nosaTomy Os bEMbI
TENAOBOL MEHEPALILILI
TOXE 3ABLCST OT
NOTPEBAEHUG, K TOMY
XE, OHU TAKLE
BOAbULIE!

24 Yacut
<CTpyKTypa reHepaLmy B 3aBMCUMOCTH OT BPEMEHM CYTOK [Fpaduk CyTO4HLIX HArpy3okK )>

TOT MPAPU
NOKA3bIBAET YUACTLE
DAEKTPOCTAHULILI PA3HbBIX
TUNOB 8 OBECHEHEHLIL

MEXAY EA308bLIM
U nukoOBbIM PEXLIMA-
MU MrEHEPAULILI HAXO-
UTCa NEPEXOAHOU

TENAOBDbIE SAEKTPO-
TAHULUL 3AAELICTROBA-

PABOTAIOT KPYIAbE CYTKL Hbl B8 NOAAEPXKE
€ NOCTOIHHOL MOUIHOCTBIO) | 3TOF0 MEPEXOAHO
U BbICOKLM KTIA. OHL AAIOT
MHOIO 3/AEKTPOSHEPI UL, HO
MAAO MOAXOASQT ANG
PEIYALUPOBAHUS, TAK KAK HE
\ MOIYT BbICTPO BKAIOHATLCS
8 PAEOTY.

' JAEKTPOCTAHULLI MLKOBOro
PEXUMA EHEPLPYIOT MAAO I/AEK-
TPOIHEPILIL, HO 3ATO NMOAXOASQT

HTO T2C UCrnOAb3y-
rOTC9 MO PA3HOMY 8
ABLICUMOCTU OT B8U-

OTBET HA CYTOHHbE
UBMEHEHUSI NOTPEBHOCTLL

FAABA 2. 3AEKTPOIEHEPAUMS



HE®PTb CTOUT AO-
POXCE, MOITOMY ..

AA, PONb TIC B
HEKOTOPOLI CTE-
neHU 3A8UCUT OT
BUAA TOMNALBA,

BKAIOHAKOTCI 8 TE HACDI,
KOrAA noTPEEHOCTL
BEALKA! OHU BALXE K M-

CHUKEHHBII
NpUPOAHLIIA
ras

T2C HA YT AE, MEHE-\ &
PUPYIOULIE 5O0AbULIE (@8
Os LEMbBI AEWEBOU
IAEKTPOIHEPI UL,
BALDKE K 8A3080MY
PEXCLIMY.

A IAEKTPOCTAHULL HA
crr 8 OCHOBHOM OBE-
CMEUUBAIOT MEPEXOAHOU

OAHY U TY XE TIC
MOXXHO LCMOAb3OBATL
B PA3HbIX PEXKLIMAX,
MEHQQ BLALI TOMAUBA.
3TO EUWE OAHA HAWA
OCOBEHHOCTb!

CELHAC MHOO rOBOPAT OB
IKOAOrUL, O8 SHEPIUU 8O3~
OBHOBASEMbIX LICTOHHLIKOB.,
HO AOAG TEMAOBOU IAEKTPO-
FEHEPALILAY 8 SHEPIETUKE
QrOHUU 110 MPENKAHEMY BEALI-
KA AA, HYXCHO CHUNCATL 8bl-
sPOcbl CO,, NOBLIIATE KNA! E
HO 9 YEEXCAEH, UTO MMABHOU &=
OroPOll HAWEL! SHEPIETUKL
MO MPEXAHEMY EYAET

TEN-AO-BASQ [E-HE-PA-LILIS!!




dnekTporeHepauma us 0TX0A08, U3 buomaccor
W reotepmarsnbHas 3neKkTporeHepaums

Hamocnemok pacckaxky o Tpex HOBBIX CIIOCO6ax a/eKTpore-
Hepaly, MMEIOIX OTHOIIEHNE K TOPEHMIO U Terty. Bpoze 6bI
A7 TIEPBBIX [IBYX MCIONb3YeTCA SHEPIUs BTOPUYHOTO ChIPbA, a
JUIs TeOTEpMAJIbHOM reHepaluy — MPUPOKHAA SHEPTUA.

MHe caMOMy HEMHOTO... HET, O4€Hb MHTEpeCHO!!

OnexTporeHepanuA U3 OTXOHOB - 5TO BHIPAGOTKA 3/1EKTPOIHEPTUM C IOMOIIIBIO
TEI/IOTHI CTOPaHNUA Mycopa. Temmo oT cxMraHusA OObIYHBIX FOPIOYMX OTXOLOB CO3-
Ha€T ropsA4Mii BOAAHOI Iap BBHICOKOTO JiaBleHMs, KOTOPBI BpalaeT TypOMHY, Bbl-
pabaTbiBasg 3NMEKTPO3HEPTHIo. ITO MOBBICUT 3PPEKTUBHOCTD UCIONB3OBAHNA Pe-
CYPpCOB, Befib MCIIONb3YETCA SHEPTHA, KOTOPYIO paHblile IIPOCTO BbIOpaChIBaIN.

Tasosbie BbIGpOCH BoasHoli nap

[, Typbuna | %Hepaum!

Ry

o @ S o

KorensHsrid
arperar

TpaaupHa TpaaupHs
.22 OXnaxaaer soay,
4 Mcnosns3yemyto B
KoHpaeHcaTope. He
Tpebyerca npu
UCNONb3OBAHWM B
KOHAeHcaTope
MOPCKOM BOABI.

Bosayx =y

P R R R L R R R R R R R Y R TRY

B nporiecce anekTporenepanyuy u3 6MOMacChl COKUTAIOT BELIECTBA, IOTyYeH-
Hble 13 XMBBIX OpraHusMoB (6uomaccy), Hanpumep, pactenuit. Ecnmu roBoputs
KOHKPETHO, 6110Maccoil Ha3bIBalOT, HAIPUMeED, TBEPAOE TOIIMBO U3 JPEBECHOI!
CTPY>XKH; ra3006pa3Hoe TOIIMBO (METaH) M3 OTXOMIOB KMBOTHOBOJCTBA; XUKOE
TOIZIMBO U3 OT)KMMOK CaXapHOTO TPOCTHMKA.

OTKUMKMU
caxapHoro
TPOCTHUKA

o @\\&W%

9

% Onunku @

&

Mpececnm‘a
yrons u ap.

Ovxonst




[ny6oko 1oy BylIkaHaMu, I/ie HAXOAMTCA MarMa, COKpbITbI KOIOCCa/IbHbIE 3ala-
CbI 3Hepruu. J]/ig reoTepManbHOM 3MEKTPOreHePAMM YacTb STOM SHEPIUM U3BIIe-
KaloT B BUJEe BOASHOrO Ilapa, Bpaijad MM Typ6uHy. MOXHO cKa3aTb, YTO reoTep-
MarbHas 9MeKTpOTreHepanus — 3TO CIOCO6, moaxoAAumii A Snouun, roe MHOro
BY/IKQHOB.

BopsHoi
Bynkau nap  Cenapatop
napa leHepauus!
B o ©
fr— m 3
TpaaupHs
KoHpaeHcaTop (BN

]

HarHeratensHas
8 CKBAXUHA
AN
HarHeTatenbHas
Lo6eisarowan CKBAXUHA

cKBaxuHa

Cemnaparop napa pasjie/nser BOAAHO Nap U KaleJIbHYIO BjIary.
B HarneraTenbHYI0 CKBRXXMHY 3aKadYMBaIOT BOAY,
MCTIO/Ib3OBAHHYIO JUIA 3/IEKTPOreHepaluu.

W13 po6piBalomesi CKBaXXKMHBI IIONTY4al0T BOASHON I1ap

¥ TOpAYY10 BOZY reOTepMa/bHbIX MCTOYHMUKOB.

KOHCTIEKT w
Boaa nnu oroHs ?_ 2.

MbI moroBopunM npo ruApaBAMYECKYI0 M TEIIOBYIO 3/1€KTPOreHepaIuio.
Korpa-To ¥X B3aIMOOTHOLIEHMA OMMCBHIBAINCH B TEPMMHAX CONlEpHMYecTBa. B mpo-
mroM B SImonum I'SC mpeobnapany, a TOC (B OCHOBHOM Ha KaMEHHOM YTJIe) UTpa-
T BCTIOMOTATE/IbHYI0 POJIb. DTy CUTYALMIO OIMCHIBAMIA KaK «IIPMOPUTET BOABI HaJX
OTHEM».

OpHako 1mocie BHeAPEHNA HOBBIX TEXHOJIOTHIL TETNIOBOI TeHepaLuy, TOABIEHUS
HOBBIX BUJIOB TOIIMBA CUTYaI¥s M3MEHM/IACh Ha «IIPHOPHUTET OTHA Haj, BOKOHK».

Hakonen, ceityac Mbl XMBEM B 3IIOXY ONTMMAILHOTO COYETAHMUA aTOMHOIA, Te-
TIJIOBOI ¥ TMAPABINYECKOI I/IEKTPOIHEPTETUKM.

Takum 06pa3oM, CTPYKTypa MCTOYHMKOB 3/IEKTPOIHEPTUM HE ABJIAETCA IEM-TO
Hesbl6/IeMbIM — TIPOJ/A Yepe3 MHOTMe M3MEHEeH!s, OHA IIPOJO/DKAET SBOMIOLIMOHM-
poBartb 1 ceityac.

3. TENAOBAS SAEKTPOrEHEPALMS




Y. ATOMHAS 9AEKTPOI‘ EHEPALMSI
o e ® 6 ce

3ApPABCTRYYUTE/,
Q PACCKAXY
PO ATOMHYIO
IAEKTPO-

FEHEPALILIO!

Tbl HEO TAKOE
CTPAHHOE AULIO
AEAAEWD?

3TO YXE TPETUY U Q HE
MOry PEUWMITH, KTO L3
HUX CAMbBII MUABILY

KAK XECTOKO..
3ACTABAGTO MEHS
BbISLIPATEO OAHOIO...

A-A-A, KAKOU OH

MUABILY NOAETEAU CO
MHOLl KO MHE 3
HA MAAHETY/ Ll Y

ot i
AX, HE OBPAUWALITE HA
HEE BHUMAHLIG,
MPOAOAXALTE YPOK,
MONCAAYUICTA.

——

Eym! %

FAABA 2. 3SAEKTPOFEHEPALMS



Y70 TaKoe atToMHas aneKTporeHepauua?

EXAY ATOMHOLU
u Tenrogoul
INEKTPOMEHEPALILEL! Bo
CTb 3HAUUTEALHOE Ay
HarpesaroT, o B
CXOACTBO., ﬂpe:pau.ma A L ne%aeu;‘elgra
nap l l l reHepartopy

oo ol YYUHDIMU CAOBAML, PA3-
: : HUUA 3AKAIOHAETCS 8

Ue TOM, U B APYIOM
CAYHAE BOAA MPEBPAUIA-
ETCQ 8 MAP, KOTOPbLIL
BPAUAET TYPELHY.

P08

A B ATOMHOU
SAEKTPOrEHEPALILIL -

Bony HarpesaroT, ckuras
ncKoriaeMoe TaTnMeo
(xaMeHHbIN yronk, HedTb, CTIC)

Bopay HarpesaloT aHepruei
AeneHus aToMHbIX Snep

Y. ATOMHAS 3AEKTPOIEHEPAUMS




[—

[AEAEHUE ATOMHb

9AEP?.
UTO-TO CAOXHOE

XA-XA, HY, OB 3TOM 9
NOAPOBHO PACCKAXY
NMOTOM.

L

APYUM AOCTOLUHCTBOM
NMPUHATO CHUTATL OTCYTCTBUE
8bIsPOCOB YT AEKLIAOIO rA3A
.. 8 MPOUECCE MEHEPALILL,

FAABA 2. 3AEKTPOIEHEPALMS

ﬂA, rneu 8CEM 3TOM, 3TOT
Ccriocos TAUT 8 CEBE OfPOM-
HYO ONACHOCT®..
_ 8 SIOHUL OTHOWEHLE
' HEMY NMEPECMATPLIBAETCS
B8 PE3YAbTATE MPOU30-
WEAWEL 8 301 rOAY
ABAPLIL HA A3C.

STO U MPABAA,
CAOXHASQ NMPOBAEMA..




iy) leneHHe aTOMHOro Appa

/

3HAETE, HTO 3TO Y
MEHG HA TOAOBE?

KOHELHO 3HAIO!
CTUABHBIE YKPAWEHLQ 8O
BCELl BCEAEHHOU ECT!

XOT9 MOE TO no-
AYHIE BYAET/

HeATPOH | o ommoe BCe BEWeECTBA COCTONT U3
Tipoton ) AApPO ManeHbKUx YacTtuuy moa
Ha3BAHUEM ATOMMI.

i\/ —neKTpoH

O6BACHEHUSAX.

TAK 2TO U ECTb
ATOMOE 9APO..
U OHO AEAUTCQ?

HeATpoH v aToMHoe sapo - finpo COCTOUT U3 HEHTPOHOB U
KaK CNeayeT 3amoMHUTE 3TH

Ha3BaHus, TO3TOMY 4T0 0 HUX
TIOAAET peyb B AanbHeAWMUX

B LIEHTPE aTOMa HAaXoANTCS
atoMHoe AP0, BOKPYr KOTOPOro
pacrnonaralTcs 3NeKTPOH.I.

TTPOTOHOB, CUeTTNIeHHbIX MeXxay
coboq.

Q9 BCE O BICHIO

no nopPIAKy.

4. ATOMHAS AEKTPOTEHEPALYS a



/ BO-TEPBDIX,
nPLUPOAHBIL YPAH,
AOEBbIBAEMbBILI HA PYAHLIKAX,
COAEPXUT MPUMEPHO
0.7 YPAHA-93S
U 9a3% YPAHA-338. 4/

5 A

8 ATOMHOL \}
SHEPIETLKE LICNIONb- |3 )
\ 3YETCI YPAH-335! | |

HYXEH TOT, KOTOPOIO
COBCEM HYTb-HYTb?

3TO NOTOMY, HTO
YPAH-335 AEAUTCS
/AETKO,...

X, MOAEAIOCH!

~ A
‘/ —
/ t \ «A YPAH-238,

HAOBOPOT, C
TPYAOM.

ECAU HA YPAH-335
U3BHE HAMPABUTL
HELITPOHbI, TO EFO 94APO
PACUIENUTCS, BbIAEAURB
TENAOBYIO SHEPIUIIO

U 2-3 HELITPOHA.,

<l
KAK HA 3TOM
PLCYHKE...

FAABA 2. 3AEKTPOIrEHEPAUMS




B ATOMHOL SHEPIETUKE
B KAUECTBE TOINAUBA UCNOAb3YIOT
CAABO OBOrAUEHHBIL] YPAH-23S,
NMOAYHAQ EO U3 MPUPOAHOO
YPAHA HEEOABURIM MOBLIEHLIEM
CTENEHU HLUCTOTHI,

ACEUHAC O CAMOM
BAXHOM/

o,

Q
XAEER

o,

&
0%

Crie4éHHbIN
TIOPOLWOK ypaHa
Ha3blBaKOT
TOTIMMBHON
Tabnetkof

M UCTIONb3YHOT B
Ka4ecTse roprovero
[cM. cTp. 85)

B npupoaHom ypare
Gbugo ':cero O.¥p% .

LOpyroii atom

KOr4aA sHyTPU TAKOrO
ypaHa-235

OBOrAUEHHOIO YPAHA
MOAEAUTCE ATOM YPAHA-33S,
UCMYUWEHHDBIE HELITPOHbLI
HE CMOrYT BbINETETb

CTOAKHYBUWLICH
C APYIUMU ATOMAMU
YPAHA-33S5, OHL

Pacnaswurica
GTOM ypaHa-235

Berneteswue HEMTPOHBI HATLIKAIOTCA
Ha Apyrue aTomsl ypaHa-235

80T OHO HTO.

3HAUUT, HAYLHAETCS
UEMHAQ PEAKLILG

C BbIAEAEHLEM OrPOMHOL
TENAOBOU SHEPI L. '

KCTATU, COCTOSHLEE,
KOrAA UEMASQ PEAKULS UAET
X+ X| ¢ nocroaHHOL ckOPOCTBIO,
L, HA3bIBAIOT

.A

' NpY nonHoM pacuiennexun 1 rpamma ypara-235 BbicBoboxaaeTca okono 20 000 000 Kkan sHeprm.

Y. ATOMHAS 3AEKTPOIEHEPALMS




Y1o TaKoe spepHuiil peaktop?

L R R R R R R R RN

IToroBopuM o ceppiie aTOMHOJ 31EKTPOCTAaHLIMM - AKEPHOM peak-
TOpe. ITO YCTPOICTBO, KOTOPOE M3B/IEKAET SHEPIMIO, MOAJEPXKMUBAs
PeaKLMIo ie/IeHNs aTOMHBIX fAfiep.

BHyTpu peakTopa NpOMCXOAUT AfEpHasA peakuus. JHEPrus 3Toi
peaKkuyu feNleHNs aTOMHBIX Alep HarpeBaeT BOAy — obpasyeTcsa BOAA-
HOM nap...

Bepno. B fInonuu npumeHsI0TCA IErKOBOZHbIE PeaKTOPbI, KOTO-
pbie ObIBAIOT ABYX TMNOB. B kmnmamux peakropax (Boiling Water
Reactor: BWR) BopsHOI ap o6pasyeTcs IpAMO B aKTMBHOI 30He BHY-
TpM Kopmyca. B peakTopax c Bogoit mox maBmenmem (Pressurized
Water Reactor: PWR ) Boxy mop naBnieHueM HarpeBaloT B akTMBHOI1 30-
He Jio TeMIiepatypsl Bbiire 300°C (oHa He ucnapsieTcsa 6marogaps BbICO-
KOMY [IaB/IEHMIO - IPMMEPHO B 2 pasa Bhlllle, YeM B KUIAIIUX PeakTo-
pax), HaNpaB/IAIT B APOrE€HEPATOp I HarpeBa M MICHapeHNUs BOABI,
TEKYILeif 110 [PYTOMY KOHTYPY. 3[ech 5 ONMIIYy IIPUMHLIMII AaTOMHOIA Te-
HepalMM Ha NIpyMepe KUIAIIETO peakTopa Ha CXeMe HIDKe.

BoasHoii nap
3awmTHas 060N104Ka peakTopa é
/~
Kopnyc peaxTopa o ° o ° o ,

AKTUBHGA
30Ha
(HaxoauTca
BHYTPU
Kopnyca)

° n FeHepauus! M
; I

TonnueHeze

CTGBMHM

KoHaeHcaTop

Perynupyroume
CTepKHU
\_ o-xs\»%w\w\\x)

T

TTpyUHUMN aTOMHO 3NneKTporeHepaunm

}&fi Ho TyT ecTb HENOHATHBIE CIOBAa — TOIIMBHbIE CTEPXKHU, PETYIN-
s g.; pYyIoIIye CTeP>KHM... 3a4eM HY>KHBI 3TY MaTKu?

Hy>xnbl, koneyno! O-oyeHb HYxXHbI! DTU CTEPXXHU MOXHO Jaxe
Ha3BaTb KPaeyTo/lbHBIM KaMHEM aTOMHOM anekTporeHepanun! f pac-
CKa)XXy O HUX JIa/IblIeE.

FAABA 2. 3AEKTPOIEHEPAUMS




TOTNMBHbLIE CTEPXHH, PETYNHPYIOLIHE CTEPXKHH

DR R R R R R N R R N

TonMBHBIE CTEPXXHM, KaK IOHATHO M3 Ha3BaHMUA - 3TO CTEPXKHH,
MCIIONIb3yeMble B KadecTBe TOIMBA. OHM COCTOAT U3 TONIMBHBIX Ta-
6neToK.

TonnueHas TonnusHLIM " TonnueHas
c6opka CTepXeHb Tabnetka

1cm
€

-éi

A camyu TomIMBHBIE TAG/IETKM NPENCTABIAIT 060/t CrIedéHHBIN
IIOpOLIOK ypaHa. XOTs Takas TableTKa MMeeT BHICOTY M IMAMETP BCe-
ro OKo7no 1 cM, cuMuTaeTcd, YTO COfepiKallleiicA B Hell SHEprum XBaTuT,
4T06BI 06ecreYnBaTh OfHY CEMbIO 3/TEKTPO3HEPIUEil B TEYEHNE NIPHU-
MepHoO 8 MecsueB (pu MecasyHOM notpebnennn 300 kBT- 4 ).

Oro, pa3M€epoOM C KOHYMK MU3NHIIA, @ CTO/IPKO 3HEPTUMN...

A TommuBHaA c60pKa — 3TO CTep>KHM, cOOpaHHbIE B IIy4YOK, TaK?
VX ycTaHaB/IMBAIOT B KOPIYC peakTopa?

4. ATOMHAS 3AEKTPOIEHEPAUUS




XM. [leitcTBUTENBHO, €CM TOIIMBA HET, TO ¥ SNIeKTpOreHepanys He
npousorfieT. [IoHATHO, 3HaYUT TOIUIMBHBIE CTEP>KHY - 9TO BaxHO....Ho
4TO ele 3a «perymupymomue crepxHm»?! Ecmm ects Tommso - u fene-
H1e 6yzeT MATH, TaK Befib? Bosblle ke HUYETO He HY>KHO?

Her. [leiicTBUTeNbHO, €Cu €CTb TOIUIMBO, peakuusa OyfeT mpoucxo-
muTh... Ho aToro HemocTaroyHo! 4

B aToMHoIt 3HepreTuKe HE6XONUMO YNPaBIATh TeYEHUEM IIEITHON
peakuuu. JIpyrumMu cnoBaMu, HYXXHO PETyIMpOBaThb Ae/€HME aTOMBIX
Afep Tak, YTOOBI OHO MPOAOMKANACh C MOCTOAHHOM CKOpOCTBIO. [lnis
3TOTO YIPABIAT KOTMIECTBOM HEATPOHOB.

Ara, TO eCTb perymmpylolyue CTEPXHM A/ 3TOro HyxxHb? Temepn
TIOHATHO, [I0YeMY MX TaK Ha3Ba/lM...

CTe|

Perynupyrowue
o

E?gg;ﬂﬁ?g:g%g"#:? Ecnu 3apBuUHYTh UX 06paTHo,
I
peaKLWs et peakLmns 0CTaHOBUTCA

ITocMoTpuTe Ha PUCYHOK Bbillle. Perynmupyrommuit cTep>kKHb - 3TO
YCTPOMCTBO B BUJiEe CTEPXKHA M3 MaTepyasa, 00/Ta/jaloLlero CBOCTBOM
XOpOILIO TTOITIOMIATh HEATPOHBL. BblgBUTras u 3afBuras perymmpyomue
CTep>KHH, YTIIPAB/IAIOT KOTMYECTBOM HETPOHOB.

Bo-o-T ono yto. HakoHnen-To monsAna. TonnMBHbIE CTEPXHM - 3TO
TOIUIXBO, PETYIMPYIOL[Me - 3TO yInpaBieHue. B camom piene, uto 6e3
IEPBBIX, 4TO 6€3 BTOPBIX Ja/IEKO He yefelb!

FAABA 2. 3AEKTPOIEHEPAUMS



3aMeanKTens, OXNaguTens

R R R R N R R S R R N R N

S yxe rosopui, 4TO B SINOHMU MCIIONb3YIOTCA /IETKOBOAHBIE peak-
TOpBI (CM.CTP.84). ITO - peakTOpHl, KOTOphIe B Ka4yeCTBE OXIAUTENA
(anrmn.: reactor coolant)* ¥ 3amMemIMTeNA MCHONb3YIOT HETKYI0O BOXY.

Tak HasbIBaeMas «1erkas BOga» - 3TO CaMas o6bIYHas BOjA.
(*Mpum.nepes.- B pycckom a3bike 6onee pacnpocTpaHeHO Ha3BaHUE «TENOHOCUTENbY)

Ara, oxnagurenn? Korga Mbl roBopunu o KOHmeHcarope (CM. CTp.
66), YIIOMMHA/NCA OX/IAfIMTENb /IS OXJIaXK/AEHNA TIapa U NpeBpalleHus
ero o6partHo B Bofy. 31ech TaK xe?

Her. B camoM piene nerko cyTarb, HO Ha3HauYeHMe OXIAAUTeNA (Te-
IUTOHOCUTENA) AAEPHOTO PEaKTOpa APYTOe - HE KaK Y OXIafUTeNs KOH-
AeHcaTopa MapoBoif Typ6uHbl. OX/IaguTeNnb ANepHOro peakTopa Ipu-
HYMAET TEI/IOBYI0 SHEPTyI0, 06pasyIollyloCcA B peaKI[uy e/IeHUA aTOM-
HBIX Afiep, ¥ TIEPEHOCUT SHEPTMIO M3 aKTMBHOI 30HBI HapyXy. VIHbIMK
croBaMuy, /1€rkas BoAa (0ObIYHAsA BOAA) IOJ Ha3BaHMEM «OXJIaiUTENb»
IpeBpallaeTcsA B BOAAHOI Iap ¥ BHIBOAUT U3 PEaKTOpa TEIUIOBYIO SHep-
THIO0, KaK ITOKa3aHO Ha PUCYHKe HIUXKE.

Oxnaputens (sona) L)
Harpesaervcsa U O L
npespawgaercs B o BonsHoi
80ASHOM nap, o nap
BLIBOAUMBIN U3 '
peakropa. N

To ecTb, XOTb OH M Ha3bIBAETCS OXJIAIMTENIEM, OXJIAXK/IEHME - 3TO He
I71aBHaA ero 3afiadya. OCHOBHOE ero Ha3HaYeHMe - 3TO BbIBEfIEHME TEIIO-
BOIf SHepruy Hapyxy. XOTs, B pe3ynbTaTe OH M OXJIK/AET...

Y. ATOMHAS 3AEKTPOIEHEPALIUS
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Takum 06pa3om, OXIafiuTeNb B JIETKOBOGHBIX PEaKTOpax - 3TO ca-
Mas o6bIuHasA Bofa. B pyrux Buax peakTOpOB B Ka4eCTBE OXJIafUTENSA
UCTIONB3YIOTCA caMble pa3Hble BeulecTBa. Hanpumep, BO3gyX, yriekuc-
JIBI/A Ta3, pacIIaB/IEHHbIA META/UIMYECKUIA HATPUIA, T€/INIA, Y IIPOYHE.

Ara-ara. Torma Hacyér oxmaguTena s Bce NOHAMA. A YTO 3a C/IOBO,
KOTOpO€ YIIOMMHA/IOCh Yy Th paHblle? «3aMeINTeNb»?

51 y>xe TOBOpPMII O TOM, UTO IIpY A€TIEHUM IIPOMUCXORUT BbIOPOC Hell-
TPOHOB (cM. cTp. 82). OfHAKO HEMTPOHBI IMEIOT OYEHDb BBICOKYIO CKO-
POCTb, IO3TOMY MX HEOOXOAMMO 3aMeIIUTh TaK, YTOOBI OONIETYNUTD UX
HIOI/IOLIeHVe aTOMHBIMM AApaMM ypaHa-235. QYHKUUIO YMEHBIIEHUA
CKOPOCTY HEMITPOHOB BBIITONTHAET 3aMe/IUTE/Tb, KOUM SIB/IAETCA JIerKas
Bojja (0OBIYHAA BOJIA).

3HayuT, 9TOT 3aMemuuTenb (06bIYHAA BOMla) MEHAET CyAbOy Heil-
TpoHa u Aapa? Kak Ha 3TOi KapTUHKE...

Ecnu Her, To TpyaHee.

Ha. YyTb paHbplie A TOBOPUI O TOM, YTO PETYIMPYIOILE CTEPXHU
YHnpaBiAOT peaKI.IMeI'/‘I A€NE€HNs aTOMHBIX ANEP, TaK BOT, 3TOT 3aMeNIN-
Te/Ib TOXKE BBITIONHAET perympymomyio ¢yHkuuo. Benp on usmenser
CKOPOCTb HEITPOHOB, YNPAB/AA TakKuM 06pa3oM peakuueit leleHus. .

Hapo xe! Bpope 651 mpocTas Bofa, a Lie/IbIX {B€ BaXKHbIe QYHKIMN
BBINONMHAET. Kak HeoObIYHA OHA - 3Ta AaTOMHAasA reHepaLms.

VicnonbayeTrcs caMas npocTas BOAa, fa M CaM NPMHIUII CXOX C Te-
IUIOBOJ 3/1EKTpOTeHepanyeil, I03TOMY OHa Jjake OYeHb IIPOCTOI Ka-
xercs ... Ha caMoM fiente, 6b1710 04€Hb MHTEPECHO.

Ma-pa. Hy, ecnu paxce y Te6a HeT BOIPOCOB, MOXHO 3aKaHYMBATb
CETOHALIHNNA YPOK.

FAABA 2. 3AEKTPOIEHEPALUMS




AA, 8bl XOPOWO
noTePyAUALC!

9 OALH UrPAA TPU POAL

MonoAaubl

A, 3TO
HEBO3MO)KHO./R‘

MPOCTUTE MEHQ..




A, 3TO KATAOKA, MOU
ABOOPOAHDBILI EPAT.

—

9 TOXE Y HErO
YUUACS IAEKTPO-

|89 TAKAG CLIMIMA-

HAAO XE, ¥ TE-

TUHHAS AEBYIWKA,
OKA3bIBAETCG,
*

HE OXUAAA.. AA,
MPUGTHO MO3HAKO-
MUTbCS, MEHS 30-
8YT KATAOKA. _/

HET, 3HAKOMASQ MPOCTO.
npPABAA, HOOMO?

Tbl FAE, FOLOMO?PY/

«f ¢ camozo Havana 3nana, 4¥mo
mam eHympu Goin enoaex, .
HO Oenana 8uod, Y¥mo He 3ame4aro.» Q%

!

Tak rosopuna 10toMo
TIOTOM 06 3TOM Cny4ae...




¢ CTpyKTYypa 351eKTporeHepauum
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CrpykTypa 3/eKTporeHepanmm o MCTOYHMKaM 3Heprumu B SnoHuu npepcrasie-
Ha Ha AuarpaMme Hipke. Kak BuauTe, 60/MBIIYIO YacTh COCTAB/AET TEIIOBAA JJIEK-
TporeHepauus — Ha yrie, CIII' (cxmxeHHOM NpUpOAHOM rase), HepTu U npoyem.
Ba)kHo 3HaTh, YTO 3HAYMTENbHAA YacTb 3TOTO TOIUIMBA - MMIOpTHasA. B 2005 ropy
yBenuumuaach 1o okomo 30% mons aToMHbIX anekTpocTanumit (A3C). Kpome Toro,
nona rupposnexkTpocTannuit (FIC) ocraHoBMIack Ha ypoBHe 10%, Tak Kak Ipoek-
TupoBanue HoBbix 9C moutu npexparunock. B 2011 rogy, korga nocne Bemukoro
BOCTOYHOAMOHCKOro 3emnerpscennsa ADC ocTaHaBIMBaIMUCh OfHA 3a APYTO, 06B-
€M aTOMHOIJ! 3/IeKTPOTeHepalMy CHU3MIICH, OFHAKO, 61arofaps yBenm4eHno o6béMa
TEIJIOBOJ 9/IEKTPOreHepalinm, CHIDKeHMe o61Iero ypoBHs SHeprocHab>xeHus okasa-
nocb HesHauuTenbHbIM. IIpy 3TOM, Han6Gonee 60MBIINM 6BUI POCT TENIOBOI JEK-
TporeHepauuu Ha CIIT, ob6ecneunparomem 6onee Boicokuit KIIJ] renepanym u 60-
Jiee 9KO/IOTMYHOM, YeM He(Tb MM KaMEHHBII yTOIb.

Ceityac BO3/1araloTCs HafieX/[bl Ha yBe/IMYeHMeE JIO/IN a/IbTePHATUBHOM 3/IEKTPO-
3HEpreTUKH, OFHAKO, IO BCE BUAMMOCTHU, MPOMAET el HeMa/lo BPeMeHH, Ipexe
YeM 3TO 3aMETHO OTPa3MUTCA Ha HYDKENPUBENEHHOM IMarpamMMme.

990 mnpa. kB4 1000 mnpa. kBTw 960 mnpa. kBT-y

leotepmansHas
1%

3nexkTporexepauus v
/ any T uc
. 3Heprum

¢——aporexepauns

Tennosas
FeHepauuns
Ha HEPTU U
Ap.

Pocr

Tennosoii Tennosas

reuepauuu eHepauus Tennosas

_ HacTir! Ha CTTT > 3neKTpo-

reHepauns

Tennosas
reHepauus
HQ KAMEHHOM
yrne /

Coxpameuu&
aToMHOM
reHepaunu

2005 ron 2010 ron 2011 roa

Beuay ncnonb3oBaHuA OKPYrNEHHDBIX 3HAYEHUIA, CyMMbI NO rojam MOryT oTan4aTbeA ot 100%.

ATomHas
reHepauns

ATOM"“ Komnubm . cnr Hegrs

.1 'mapo- TeoTepmansHas v
HGP"W‘ .lyrons v apyroe

i 3Heprua asnisTepHaTueHan 3Heprus

: CTpyKkTypa 3neKTporeHepauuuy 1o UCTOHHUKaM IHeprum

AOMNOAHUTEABHAS MHPOPMALIMS




Ha puarpamme Huke IokasaHa CTPYKTypa 37I€eKTPOT€HEpaLMy IO UCTOYHUKAM
SHEprMM B pa3HbIX CTpaHax Myupa. Kak MO>XKHO BUIeTh, OHa 3HAYMTE/IBHO pas/Inya-
€TCs TI0 CTPaHaM, 4TO CBS3aHO C TaKUMM (HaKTOpaMy, KaK pasiuyus B BUAAX UCKO-
I1aeMOro TOIUIMBA, IPOM3BOAYMOrO BHYTPY CTPaHBI, B pelbede MECTHOCTH, B TOCY-
AapCTBEHHOI MOJIMTUKE PETYIMPOBAHNSA B 06/1aCTH 37IeKTPOSHEPreTUKM M T.II.

B SImoHMM B OCHOBY 37IEKTPO3HEPTETUKM IIOJIOXKEH IIPUHIMII ONITUMATLHOTO
coueTaHMA Orarofapss KOMOMHALVMM 3NIEKTPOCTAHIVI Pas3INIHbIX TUIIOB. MOXXHO
CKa3aTh, YTO AN SINoHMYM AUBepTHMPUKALMA TEKTPOIHEPTETUKM )KU3HEHHO He-
obxomuMa s CHUOKEHMS PUCKa M3-3a HM3KOTO YPOBHS CaM0oOOeCre4eHHOCTH HC-
TOYHMKAMM SHEPTUY, a TAKXKE OCTPOBHOTO ITOJIOXKEHMS.

KameHHsrii Heqts cnr ATOMHaS Tuapo-
yrons v apyroe 3Heprus  3Heprua [pyroe

. AnoHua

0 20 o 60 80 f00(o/o)

Beupy ncnonb3oBaHUA OKPYrNEHHbBIX 3HAYEHWN,

CyMMbI N0 FOAaM MOTyT oTimyaTtbea ot 100%. 2008 roa

D Apyroe

Heptb AToMHas
uncgyroc .cnr 3Heprua

§ CTpyKTypa aneKTporeHepaLuuy 1o UCTOYHUKAM IHEPrK B pasHbIX CTpaHax Mupa i

FAABA 2. 3AEKTPOIEHEPAUMS



FAABA 3
SAEKTPONEPEAAHA




1. CNOCOBb! SAEKTPOMEPEAAYYN U TPAHCPOPMALIMU
@ O0®I 000000

3nektpomepenaya U TpaHcHopMaL e

CREXUL
BO3A4AYyX/

roebl - 310 BCE-TAKU 3A40P08O/
HA NMPLUPOAE KAK 3AHOBO
, PONCAEHHbIM CEBESQ HYBCTBYEWD!

¢

R

~U 9 XOTEA TEBE

MOKA3ATb Ornory
U 3A4EM Tbl MEHS 8 A3 AAQ YPOKA 1O

3TU ropPbl NOBEA.. \SAEKTPOMEPEAALE.

. ~
~KYAA 58ONbUE
MO CPABHEHLIO
€ roroAOM/




XE-XE..LUHTEPECHO,
KAK Oriopbl sYAYT
BbIFrASAETBCEMOAHS...

CEPEBPLCTBII KAPKAC, CUSIOUILLT HA COHLIE 8 MOrONAIl AEHB... \
Q9PKOE FOAYSOE HEEO U MPOBOAA B KOHTPACT K HEMY, 3EAEHD,
YKPLIBAIOUAS U NOAHEPKLBAIOUIASD LIX, U, HAKOHEL, rOPbL.
ITA BOCXUTUTEABHAS FAPMOHUS CO3AAET OUYUEHUE BEALMUS. BOT
3TO U ECTb CAUSHLE PYKOTBOPHOIO U ECTECTBEHHOI Of
U KAKUM BOCTOPIrOM OTKALKAETCS 8 AYWE CMOTPIUEIO
UX OCOBAQ NMPEAECTb, OTALMHAS U OT KPACOTbLI FOPOACKLIX OfOP,
FAPMOHULIPYIOUNIX C YPEAHUCTLMECKUM MELI3ANXEM..

DAEKTPOIMEPEAAHY U
TPAHCPOPMALILO 9

YXKE FOBOPLA,
(CM. cTp. 10, 40)

NOMHIO. IAEKTPONMEPEAAHA - MNEPEAA
INEKTPOIHEPIULU C IAEKTPOCTAHULILI
HA PACINPEAEALTEABHYIO MOACTAHULIO,
A TPAHCPOPMALILG -

BOT TAK.



_nam
500 - 275 xB

CBepXxBbICOKOBONLTHAS
NOACTAHUUA

OAHAKO, NMOcAE

HANMPANKEHLIE PE3KO
MOHLIXKAETCS...

KAXKAOU NOACTARULIL

FFLSIFSLIPFUVEVVSVBIPISSBVISPPIPEIIDPIISPIPPIPIRIVDS

' Kak meHseTcsa HanpaxeHue B
i npoLlecce 3/1eKTpornepeaayu :

PYSP APy R Py gl 5 TR

BenuumHbl HaNpAXeHWA yKa3aHbl B KauecTse npumepa
M B HEKOTOPbIX CIY4YaAX MOFYT GbITb APYrUMU.
Moapo6HocTn cm. Ha cTp. 41,120.

nan
66 xB

Pacnpedenurenshas

Ha kpynHute
3aBOALL, B
Gonswue

3AQHUA

BsoaHas nuHuA
100/200 B {“ Mowroasm
T

\TpaHcpopmarop

ma/nm

)

\\\\\»sm\\\\w
)Kunou Ao»\ ;

TAKOE HAMPIXEHLIE,

Brmabareisaemoe
%paxcuue

KCTATU, HA OO0
IAEKTPOCTAHULIL ¢ : :.:.: : : A 3AUEM MEPEA
BLIPABATBIBAETCS o MEPEAALEL]

FAABA 3. 3AEKTPOMEPEAAYA

nosblATL?

BEAbL BCE PABHO
NMOTOM HECKOAbKO PA3
CUABHO CHLIXATb
neUXoAUTCS..

AABALl @ CPA3Y HA
HErO U OTBEUY.
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3ayeM NOBLIWATL HAMPAXEHHe 3neKTponepena’n?

100080 aE P EvEE - e wmaarm raNaARaAsNaAdAaAAREAR e S R un s sav o mmanaranaAsaaanasadaasaaanansuvrsvorvonnansnna aae

YTo6bl OTBETUTh Ha ITOT BOIPOC, HY>KHO Havaja IIOTOBOPUTD O
mKoyneBoM Temne. Korma Tok Te4éT mo nmpoBofiaM, U3-3a 3MEKTpuye-
CKOTO COIIPOTHMBJIEHMA 4YaCTb 3EKTPUYECKOI HEpruyM HeoOpaTuMO
npeBpallaeTcsa B TEMIOTY ([DKOY/IEBO TEIIO), KOTOpas HeoO6paTMMO
paccenBaeTCcs B BO3JIyXe.

Pacceuaercs! To ecTb anekTpoaHeprua NOIPOCTY NpONafaeT?

Jla. ITO AB/IEHUE HA3bIBAIOT IIOTEpsAAMMU NepefaIn. CornacHo 3ako-
HY JI)KOYII}I, (bopmyna KOTOpOro IIpUBENE€HA HUIXKE, BEJIMUMHA JDKOYIIE-
BOr'o T€IIa MpOIIOpIIMOHA/IbHA KBaApaTy TOKa. To ecTb....

3axoH [xoynsa

Tennora (JIxx) = Tok (A)2 x Conpotusnenue (OM) x Bpems (cek)

To ecTb, YeM MeHblIIE TOK, TEM MEHbIIIE norepu nepenaqu?

Vmenno! A MOIIHOCTD paBHa IIPOM3BEACHUIO TOKA M HANPXKEHMUA,
[103TOMY €C/T Mbl YMEHBIIMM TOK, TO [/IA Iepefady OfMHAKOBON! MOIII-
HOCTM HaM NPUAETCA YBEMUIUTD HanpsyKeHue. Thl 1ETKO 3TO NOMMELD,
B3[JIAHYB Ha TabnMILy.

Ecnu HanpaxeHue HU3Koe Ecnu/HanpaxeHue Bicokoe

B
uar::):((g:ue G G ﬁ {} . uanb;ig(::eue {} 4} {} ::\ / )

s

L

3000
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B npouecce nepepauu Tepsercsa B npouecce nepeaauu Tepserca
MHOrO 3M1eKTpUYeckoun aHeprum — Mano 3neKkTpuYeckon sHeprum —
Huskuii KTT[ anextponepeaauu. sbrcokuii KTT/] anektponepeaauu!

Ara, ara, MOHATHO. 3HAYMT, BBICOKOE HAINIPSKEHME HY>KHO /IS CHU-
»xeHus notepsb u noswimenns KIIJ] anekrponepenaun, Tak?

1. CNOCOBbI SAEKTPOMNEPEAAYM U TPAHCPOPMALMK




Boaﬂyllll'lue n3n ~ BO3AYWHbIE A1

UTAK, CYUECTEYET T . Mpoxomnr || @ HACTO BLXY. AaXe
ABA TUMA AUHLLI = no sosayxy || BAOAb XEAE3HLIX
PONE N - AOPOIr MPOBOAA HA
QIEKTPOMEPEAN L. /. OrOPAX MPOTSHYTbL

TTpoxoauT.
noAp semneu

JAAG BO3AYWHOU
A3M1 HyXCHbl HE
> N rorbko onoeb! u

po303aWUTHLIN
TpOC ‘i
Ninedineni |
1 n3onavop |
usonayopax

NOABeLWeHb
nipoBopa

+HO TAKXE
ALMEUMDIE LIBOAQTO-

7 . AABALl B3 AGHEM

i\ HA BOH TY OrIOPY.

RN

AUHEUHbILU LU30A9TOP
LMEET BOT TAKYIO POPMY,
"NOH CAEAAH U3 PAPPOPA L.

JIuHehHbIN
- u30naTop

rnPoOuHbIL, UTOBbI

BLIAEPXKATL
TAXEADIE MPOBOAA,
CTAPEET MEAAEHHO.

FAABA 3. 3AEKTPOMEPEAAYA




3ArMOMHU CAOBO
‘uzonguug*. 310
NPErPAAA TELEHUO

TOKA,
LIMEHHO AAQ TOIO,
HE MOMnAA ;
HA OrOPY.. %
7\ Ny
[ — . .
(OHA OTAEAEHA a 0 U MPABAA, CTPAUMO
OT MPOROAOE -2 MPEACTABUTL, UTO EY-
AUHELHBIML D AET, ECAU TOK MOMA-
L30A9TOPAMLL P -

3TO 1-@ METAAALME
CKLX TPOCA, COEALIHG:
HOULIX CAMBIE BEPXHLIE

YUIE BUAHDLI rnPU B3AJAE
IA OflIOPbI MOA YIrAOM.

TOK SAEKTPOMEPEAAHL
NO HUM HE TEUYET.

/TOI‘AA 3AHEM NMPOXOASG MO BEPXYUKAM
OHU HYXXHbI? OfiOP, OHU 3AULIAIOT

KAKOU FrEPOUSM/
L AU AA MPO303AULITHBIL

1. CNOCOBbI SAEKTPONEPEAAYYU U TPAHCPOPMALMU




KOHCTPYKULQ
rPO303AUUTHOrO
TPOCA TAKAG.

NMOHJITHO, NOHITHO.
OAHAKO, 8 A3l TAK
MHOIO rPOBOAOS...

iy

TTpoeonoka us

OunHKOBaHHAs TBEPAOTAHYTOrO GNFOMUHUA

cTansHas 1
nposonoxa :

HanpaeneHue HaMOTKU meHseTcs OT
cnos k cnotol

LICrIOAL3YETCY TAK HA3bIBE-
MBI *CTAAEAAFOMUHLIEBLIL
KABEAb*, MMPOUHBILI U AErKLILL

9 HACUUTAAA UEAbLIX
WECTb WTYK.

A3M HACTO LUMEFOT @ X
UENU rO 3 NPOBOAA
8 KAXAOL, NTO3TOMY
BCEIrO & nPoBoAOS.

[AAXE ECAU HA OAHOUN
\ U3 LEMELI BOSHUKHET

Ewé oawHa uens
n3 Tpéx
nposoaos

OnHa uens
U3 Tpéx
nposoaos

K= .PE3EPBHAS LUEMNb NMOMO-
A XET LIBBEXATO OTKAFOHE-
HUQ SAEKTPOIHEPI LU,

w = 2TO "AUHUS, 3
NEPEEPOWEHHAS HEPE3 HEEO™,
PA3BE HE KPYTO?!




TENEPHL MOrOBOPLM

Tparcpopmaropras
Qs noacraHums

Tloa semnévi
NPONOXeHLI
--kabenu. -

B3rAgHU HA 2TY
CXEMY TOPOAA.

HACTO

OT 2AEKTPOCTAHULIL A0
roPOAA UAET

noAacTaH!

- A B HEPTE TOPOAA
Lenonb3yroT NOA3EMHNIO |
IAEKTPOMEPEAAYY.

BEAb U MOA 3EMAEL
HEMPOCTO, HABEPOE.

) Ve N
BEAbL U MECTO AAS
OrioP 8 FOPOAE
HAUTU HEMPOCTO.

UTO EUE 3A KPOTbIP!

KOHEHHO, MOA
3EMAEL] MHOrO

FA308bE TPYEbI, X%
B80A0MPOBOA,
KAHAALBALLG.. AA U
TEAEQPOHHDBIE AUHLIL,
HABEPHOE, ECTb.

BEAb U NOA3EMHbIE
KOMMYHLIKAULIL
XOPOWO rnPOAYMAHDI,
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: Ce4eHne Qoporu c mop3eMHoi NI3M :
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NOA3EMHbBIE A
nPoOBOAGT
8 TPYBAX, B

TOHHEAGX AAQ

OMMYHLIKALILI

8 TyHHene ans
noasemHerx _ |-
KOMMYHUKAUMWIA

ANG NOAEMHBIX AN\
UCOABL3YHOTCA CUAOBDIEE
KABEAU

WNsonauus
(CT13)

L
HACTO LCrioAb3YtOT
YAOEBHbIE U NPOCTLIE
8 OBCAYXUBAHLIL
KABEAU C115.

Oro, ckOAbkO
BCErO oA
3EMAEL]
AKKYPATHO
[POAOXEHO,

KOHCTPYKULQ KABEAS €2 BOT '
TAKAGQ U30AQULG CAEAAHA L3
MATEPLIAAA 1TOA HA3BAHLUEM

*CWUTOI MOAUSTUAEH” (Cr3),

PasnuuHere 3aWmMTHEIE 060N0UKU

Oro, KAk TUATEABHO
CAEAAHA U30AqULIQ!

FAABA 3. 3AEKTPOMEPEAAYA

v AA,
BEAb YTEHKA TOKA 8
TECHOM MOA3EMHOM
NMPOCTPAHCTBE -
CTPAWMAQ BELUID.
"r SR

(Roint




XOTQ 9 CHUTAIO, HUTO OHU
MEU3AN, HAOSOPOT,
YKPAWAIOT/

KPOME TOrO, MAHOCOM
MOA3EMHOIX AN
QBAQETCG TO.,..

Biirirmitornd "HO 9 CBOLX YEEXAEHLL
. HLKOMY HE HABS3bIBAO!

NMPUMEP, AOXAEL,
reos, — Y uyTb HE 3ABbIA, HEAOCTATOK (|
U EWE, HAMPUMEP, MOA3EMHBIX A3M - OTHOCU-
TEABHO BbICOKAS CTOLMOCTb

MELI3AX
HE 3ArPOMOXAAIOT, CTPOUTEAbHbIX PABOT.

A HEAOCTATOK B8O3AYUHb
A3r1 - BO3AELICTBLE nOro-
Abl, TAK?

HUHbS,
ﬂOAYHAETCQ.

(Phaano. Teneeo 9

$Y3HAIO Ui PO BO3AY-

WLHBIE, U PO MOA-
3EMHLIE ADN,

A KAKUE U3 HUX AYUIE
no TeOEMY?

CAOXHGI] BONPOC. NOAEMHBE AT MGl PEAKO BUALM. NOSTOMY BO3A YUHOE
A1, EECKOHEHHDIMU NPOBOAAMU LICHEPTUBILE HEEO BAOAD LI MONEPEK, AO-
CTYTHDE POTOMPAPLPOBAHLIO, KAXXYTC MHE BALXE., HO CTOUT AU CNEUMLITH?
MOXHO AU CHUTATb BEPHDIM ALUlIb AOCTYTHOE B30PY? MOXET, CTOUTL EWE
PA3 MOAYMATL? BOOBUIE-TO U CELMAC ECTb BEPOSITHOCTD, HTO ¥ HAC NMOA
HOrAMU ECTD MOA3EMHAG A3l 3TO KAK IKCMEPLUMEHT C KOTOM WPEALHIEPA -
PE3YAbTAT HEBO3MOXHO Y3HATD, NOKA HE OTKPOEWD QUILK. B3IASHYB 8 HEEO,
Mbl CPA3Y Y3HAEM, ECTb TAM BO3AYWASQ AN LAU HET. A BOT O MOA3EMHOU
A1 ITO Y3HATb HEBO3MOXHO, CKOAbKO HE . o .

CMOTPU MOA HOMU, LHbIML CAOBAMU, 3AECH # TR

KYAA ONar
: e\ MOWEA? 9
== / 0 \_ECTb XOUy,

1. CNOCOBbI SAEKTPONEPEAAYN U TPAHCPOPMALIUU m



2. MPOTUBOABAPUNHAS SALUMTA OBOPYAOBAHUS

SAEKTPOI'IEPEAA'-M
20009209500 @0

@

KCTATU,
OBOPYAOBAHLE
DAEKTPOMEPEAAUL, [N
HAMPLMEP, ASNl.. i\

TAK HTO 9 PACCKA-"
XY O MEPAX 3AUUTHI
OT MOAHUL, OT HA-
AUMAHUSQ CHErA U OT
COAEBOrO NOBPEX-

~OTAUMAETCS HE TOABKO
KPACOTOU, HO U
HAAEXHOL’I 3AuUTOL,

14

'CONEBOE MOBPE X AEHLE
BbI3bIBAIOT CONEHBIE BETPA
I\ L AOXAL HA MOBEPEXDE

MOPELL

3HAULT, HA 3EMAKO C HEEBA EUIE
U cOAb cbIneTca?

FAABA 3. 3AEKTPOIMEPEAA4A




@ Mepbl MONHWe3aWKUTLl 060pyROBaHMA BNEKTpOMepeRayt
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3HauuT, CHaYasa Mpo «MONMHME3amUTy»? A KaKoi Bpefl MOXET Ha-
HeCTH MOMHMUA?

9To MOXeT ObITh «IPAMBIM PaspARAOM MOTHMM», IPUBOAAIINM K
IOSIBJIEHNIO aHOMA/IbHO BBICOKOTO HAaIIPsDKEHMA ¥ 6O/BIINX TOKOB, /IN-
60 «MHAYIMPYIOIIMM Pa3pAAOM MOTHMM» PANOM C TMHMEN, BbI3bIBAIO-
N, IMM B IPOBOJaX aHOMA/IbHO BBICOKOe Hampskenne. Oba ABneHu Ha-

3BIBAIOT «IPO30BBIM IepeHanpsxeHneM». OrpoMHble HaIpsDKEHUA
IPpY TPO30BOM IE€PEHANPSKEHUM IPUBOJAT K HEMCIPABHOCTAM!

Nop AeiAcTBUEM rPO30BOrO TTEPEHATTPSIKEHMS TI0
NOBEPXHOCTYU NIMHEHOT O M30NATOpa IMpoTeKaeT
TOK (370 ABNEHUE HA3bLIBABTCA «TIePEKPLITUEMY),
KOTOPbLI MOXET ero MoBpeuTh.

MonHus

e
Tlposoa Wo‘so‘:%,‘\.\wr

ne"""‘o“

IlocmoTpyu Ha xapTuHKY Bbile. Ecan, ipeanonoxum, B npoBog
JISII momapét MOMHMA, TO BOSHMKHET GONIBIIOI TOK I'PO30BOTO Iepe-
Hanps>KeHNs, KOTOPHBIif IOTeYET ¢ MPOBOfa B CTOpOHy onopbl. Omnac-
HOCTb 3[1€Cb B TOM, 4YTO IIOfi AEACTBMEM [KOY/IeBa TeN/Ia IMHEHbIN
M3O7IATOP MOXET BBIATY U3 CTPOAI.

U-u-u-nsonarop! Kax... kak neqanpHo... A 4to 6yznert, ecm 1mHei-
HBIV M30/IATOP C/IOMAeTCA?
OH e, KaXkeTcs, M30/IMPYET ONOPY OT NIPOBOJAA...

2. IPOTUBOABAPUNHAS 3ALUMTA OBOPY AOBAHUSI SAEKTPONEPEAAYU




Ara. Ecnmu B TMHETHOM M30/ATOpe BOSHUKHET flepeKT, TO IPOBOJ|
JISII uepe3 onopy okaXkeTcs COENMHEHHBIM C 3eMileit. VIHbIMU crmoBa-
MM, CIOKUTCS CUTYyalus, KOIZla IIepefaloleecs aMeKTposHeprusa byzer
yTekatb B 3emmo! Takoe sB/IeHNe Ha3bIBAIOT MPOGOEM Ha 3eMIIIO.

Hapo sxe! Takaa moporas a/eKTpO2Heprus MONPOCTY YTEKAET B 3€M-
mo! Ilomy4aeTcs, 4YTO ecny CIOMaeTCA JIMHERHBIA U30MATOP, TO 3MEK-
TpOllepefiaya CTAaHET HEBO3MOXKHA 1 ITOTpebyeTcss peMOHT?

[lna npenoTBpamieHns BO3MOXXHOTO IIOBPEX/IEHUA 13-3a TPO30BOT0O
HepeHanpsKeHNs Ha 000X KOHIIAX JIMHEHOrO M30/ATOpa yCTaHa/u-
BalTCA META/UIMYECKME BETBYU II0]] HA3BAHUEM «3ALUTHBIE IYrOOTBO-
AAuMe pora». B TakoM cmyyae Tok 6yfieT IIpOTeKaTh 10 3aIUTHBIM Ay-
TOOTBOLAIMM POTaM, YTO MO3BOMNUT NPEROTBPATUTD NPOTEKAHME 6O/Db-
LIOTO TOKa Yepe3 caM JIMHENHBIN U30MATOP.

CropoHa onoper

3awmnTHbre
AyrooTeoasiue
pora

Oro.... [la, 3T MeTannnyeckue BETBY HafI&XKHO 3alIMIIAIOT JTMHEN-
HBII1 u3onarop!

TyT Ham moMoxxeT (2) rpomooTBon! Ecnu ero ycTaHOBUTD Ha ammna-
paTypy, TpeOyollyIo 3alUThl, TO OH IIOMOXXET OTBECTY HENPEAYCMO-
TPEHHYIO IEKTPUYECKYIO SHEPTHIO B 3€MIIIO0. .... [POMOOTBOJ B OCHOB-
HOM YCTaHaBIMBAIOT Ha 3/MeKTpudecKue ctonbnl , Ha omopsl JIDII, a
TaKXe Ha aNIaparypy TpaHCGOPMATOPHBIX IOJCTAHIINIA.

v OX...

poMooTsOR
BHElWHe
HamOMMHaeT
NUHEAHBIA
u3onatTop.

FAABA 3. 3AEKTPOMEPEAAYA



Oro, nonesHas HITyKa — 3TOT TPOMOOTBOJ ! MCHOJII)3YCTC$I B
CTO/IbKUX pa3HbIX MECTAX.

ITpo (3) rpososamuTHEIA TPOC A y>ke roBopui (cM. cTp. 99), Ho Xo-
4y cpenath BaKkHOe nosicHenue. Emy, kak u (2) rpoMooTBO#Yy, TpebyeT-
cs 3a3eMIICHME. :

3a... 3a3eMneHue? 3To 4TO-TO NMPO 3eMmo?

[la. Ha camoM pente, 3a3eM/ieHMe — 3TO COEAMHEHME KOPITyca J/eK-

] Tponpu6opa uan Kakoit-mmbo 4acTu 3NEKTPUYECKON LIenn C 3eMiei

cr# ~ TIpU TIOMOIIM, HATIpUMep, IPOBOia. (ITPO 3a3eMJIEHME TAK)KE PacCKa3bl-
BaeTcs Ha cTp. 138)

AHOMANBHBIA TOK

e/
AAANAANAAA,

g 3aszemneHue

n« 3a3eMnexns rny6oko B
3eMNNI0 3aKarbIBaT
MeTannu4ecky'o ranky,
KOTOpas Ha3bIBaetTcs
«323eMNAIOWUM CTEPIKHEMY,
MHoraa eé ponk BLITTONHAKIT
KOHCTPYKLMM CaMoi OTTopbI.

Tok yxoaut
8 3emnto!

ITocmMoTpu Ha cxemy. 3a3emieHMe, OCYILIeCTBIEHHOE TaKUM obpa-
30M, TIOArOTaB/IMBAET MY Th, 10 KOTOPOMY MOXHO OyeT OTBECTM aHO-
MaJIbHBIiI TOK. DTO M OT 9/MEKTPOTPABM 3AIUNLIAET, ¥ B CTy4ae Helpen-
BUJIEHHBIX CUTYaL}it 6€30I1aCHOCTD MTOBBIIIAET.

W HakoHew, MOC/IEAHNI TYHKT Mep MOJIHUE3AINUTHI - 3T0 (4) pabo-
ThI 1O 3a3eM/IEHMIO. VX HY>KHO BBHINIOTHATDH Hajnexamum obpasoM
IJIsL TOrO, YTOOBI TOK MOT JIETKO YIITH B 3€MIIIO.

Yry. Benb # rpoMOOTBOf, ¥ TPOMO3AILUTHBINA TOK IPUHECYT IO/Ib3Y
TO/IBKO TOT/[a, KOI7Ia OHY IIPaBU/IbHO 3a3€MJIEHB.

Mla. KpoMe Toro, Heo6xXoaMMO 3a3eMIATh TaK)XKe, HAlpMMep, alia-
paTypy BBICOKOBOJIbTHBIX JIMHMIA, TpaHCopMaTophl (MoppobHee npo
BU/IBI paboT IO 3a3eMIEHHIO CM. CTp. 139).

3Hayur, AJ1s1 OTBOJA aHOMAJ/IbHOI'O 3/IEKTPUYIECTBA, BOSHUKUIETO U3-
3a MOJ/IHMM, HY>XHO I1O/IaraTbCsA Ha 3€EMIIIO. .... Tenepb A 3HaI0 BCE Impo
MeEpbl MOTHUE3ALUTDI. HYCTb pa3pasut MeHs IpoM, €CIIN 3TO HE Tak!

2. NPOTUBOABAPUHAS 3ALLUTA OEOPY AOBAHWS SAEKTPONEPEAAYM
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Mepel 3aIMThi 060pYAOBAHKA 3NEKTpOTIEpEAaY M OT HANHTTAHUA CHera

P R R R R R R R Y R RN RN

Tenepp - 3amura OT HanUNaHUA cHera, aa? CHer HajuIaeT Ha
nposopa JISII, Tax?

Mla. CHexxnHKM, nonagatomme Ha mposog JISII, cHavana Gopmupy-
10T INIIb TOHKMIA CTIO B €rO BEPXHEN YacTH, HO 3aTeM 3TOT C/IOM IIOf|
HeiCTBUEM CHIIBI TAXKECTU HAYMHAET COCKA/b3bIBATh, pa3pacTaThcA... Y
B KOHIIe KOHIIOB o6pa3syeTcs I/IbI6a U3 CHera My Jbjia, KOTOpas IIOHO-
CTBIO YKYThIBaeT IIOBEPXHOCTD Kaberns.

Jla, 3TOT KOBapHbIif CHET TaK ¥ HOPOBUT KoM obpa3oBaTb. Ho 3auem
HaM 6ecriokontbca? [IpuaET BecHa - CHera pacTamT...

Her, ecTb xe pa_f;[OHbI, rae CHEra O4€Hb MHOTO... I_[a M ITOTOM, HE/Ib3A

K HEMY TakK 6ecriedHo OTHOCUTBCA. ECIM OCTaBUTD HAMUIIIINMIA CHET Kak

- €CTb, IIOJ €TI0 TAXECTbIO MOXET HpOI/ISOﬁTI/I 06prB IIpOBOAA. u JAaxe €c-

JIN 3TOr0 HE CIIYYUTCA, €CTb TaK)XKE€ OITaCHOCTb aBapuUU 13-3a KOPOTKOro
3aMBIKaHUAY, €C/IN 6}’}16T KacaHMe C COCEAHUM IIPOBOIOM.

*poTeKaHue TOKa No HeNpeAyCMOTPEHHOMY KOPOTKOMY MyTH, BO3HUKLEMY B pesynbTaTe He-
npeaBuEHHOrO 3NEKTPUUECKOTO KOHTAKTa.

TaK-TaK... A KaK CHETr MOXKET BBI3BAaTb KaCaHUE C COCEAHUM l'IpOBO-
mom?

Korna gyer Betep, TAXENbIA OT HA/IMIIIIETO CHEra IPOBOJ, B Pe3Y/ib-
TaTe pe30HaHCa packauyMBaeTCA ¢ 6O/BLION aMIUIUTYHOM, KaK MaATHUK.
"% OT0 ABNeHMe HA3BIBAIOT IIACKON MPOBOXOB. KpoMme Toro, Bo3sMoxeH
“e”  TaKkKe OTCKOK IIPOBOAA BBEPX IIOf AEVICTBMEM CUJIBI peaKLMM IIPY TIa-
HeHuy cHera. DTH ABJIEHUS NIPUBOMAT K HENPeBUNIEHHbIM CONpUKaca-

HMAM IIPOBOJIOB ¥ aBapMAM.

Ax, BoT B 4éM fiento... Kak yxkacHo, eciv npoBofja HadYHYT I/IACATDb U
OTCKaxmBaTb. [JaBait GbICTpee PO MepHI 3aIuThI!

FAABA 3. 3AEKTPOMEPEAAYA




Xopomo! CriepBa pacckaxcy npo (1) CHerooTTalIKuBalomiee Kob-
ro. CHer Ha IPOBOJAX COCKa/b3bIBaeT BHM3 N0 cmpanu. Konbio ocra-
HaB/IMBaeT [IBY)KEHME CHETa, ¥ OH caM 1o cebe crafiaeT BHM3.

Hanunwwii cHer

bnaroaaps koneuy
cHer cnapaet
cam no cebe.

CHerooTTankuearowee
KONbUO

Cnenytomas mepa - (2) racurtenp ckpyuumBanma. [Ipy Hamumauun
CHera IPOBOJl MOXKET TIePeKPyYMBaThCA caM MO cebe, YTO MOXET BbIBe-
ctu ero u3 cTpos. IloatoMy k HeMy NOABEIINBAIOT TPY3, 3aTPYAHAIO-
Uil CKpy4YMBaHMe.

Henb3sa 3abeiBaTh Takoke o (3) AMcTaHUMOHHOI pacmopke. OHa

YCTaHaB/IMBAETCA MEX/Y IPOBOAAMY, TIOMOTast BBIIEPXKMBATh MEXIIPO-

-7 BOJHOE paccTosHMe. ITO MO3BONAET NPEJOTBPATUTh KOPOTKOE 3aMbl-
KaHMe MY TIACKe TPOBOAOB MM OTCKOKE.

&(ws&mﬂ»

MexnpoeoaHoe
paccrosHue

U HakoHew, npo (4) cnupans cHeroTasHusA. Eciu o6MoTath €10
IPOBOJI, TO B Heit 6yAyT BO3HMKATb BUXPEBbIE TOKH, TEM/IOTA OT KOTO-
PBIX PaCTOIIMT CHeT M JIER. YAMBUTENbHAA IITYKA.

O6marteisaem nposog!

AVAVAVAN

Bor aTo na! llenpix yeThIpe crioco6a OT CHera — TYT iaXke CHETOBMK
3abourcsa!

2. MPOTUBOABAPUIHAS 3ALLUTA OBOPY AOBAHWSI SAEKTPONMEPEAAYM




(Br) Mepbi 3auMTel 060pyAOBAHHA INEKTPONEPEAAYH OT CONEBOTO TOBPEXAEHHS
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OnuHHocTepxHeBOU NUHERHELIH U30NATOP

Ilocnennee - 3TO 3alMTa OT CONEBOro NoBpexmeHus... Ecnm coo-
pyxarb JISII un TpaHcdhopMaTOpHbIE MOACTAHLMM GIN3KO K MOPIO, TO
060pyROBaHNE MOXET OBICTPO MCIIOPTUTHCA HOJ, AEACTBIEM COMM B J1O-
JKZie ¥ BeTpe. ITO U eCTh CONEBBIM MOBpPEXAEHNEM Tak? Bupums, s Bcé
IIPEeKpacHo 3Haio!

Ha, na. Oco6eHHO OIAacCHO YXYALIEHME 3TEKTPOU3ONALMOHHDIX
CBOJICTB JIMHEMHBIX U30NATOPOB U3-3a comu. Conb cama 1o cebe anek-
TPUYECTBO He NPOBOAMT, HO CTAHOBMUTCS MPOBOJAILEH, KOTAia PacTBO-
psAeTcA B BOfie.

Bor xax?! B camoM pere, ecu Ka4yecTBO IMHEITHOTO M30/IATOPA CHU-
3UTCA U OH OyAiET JIETKO NPOIMyCcKaTh TOK — 3TO IUI0XO. MoryT 6biTh
aBapuy Ha JISII - mpo6oit Ha 3emiTIo, HanpuMep.

NmenHo. I pacckaxy o AT Mepax 3alMThI OT CONEBOTO MOBPEX-
AeHMs, TPUYEM IepBble TPU Mepbl KacaloTCA CaMOTO JIMHEHOTO M30-
naropa.lleppasa mepa - 310 (1) ycumeHme 31meKTPON3ONALMOHHBIX
CBOJCTB IMHEHOTO M30/IATOPA, KOIla CTPEMATHCA YIYYLIMTh CaMy
KOHCTpyKUMIo fietanu! [ 3TOro MCnonb3yloT, HAIPUMep, TMPIAHIb!
U3 HECKO/IbKUX JIMHEMHBIX M30ATOPOB OOBIYHOrO THIIA VUM JIMHEN-
Hble M30/IATOPH! OCOOBIX TUIIOB: IIMHHOCTEP)KHEBBIE, IPA3ECTOMKME.

3Ha4MT, TMHETHbIE U3OTIATOPHI ObIBAIOT Pa3HBIX TUIIOB?

5 B KoHU k! GpaphopoBoro CTepXkHA € lobkamu

’ [monas petans C HAMONHUTENEM BHY TPH)
BCTPOEHkI METaN/TMYECKUE KPETTEXCHbIE
3MEMEHThI, C TIOMOLLbIO KOTOPhIX MOXHO
COBAUHATHL HECKONLKO ANMHHOCTEPXKHEBLIX
U30NSATOPOB B TUPNSHAY.

SR 9 RANY

FAABA 3. 3AEKTPOMEPEAAYA
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[psA3ecTONKUIA NUHERHET u3onaTop

WmMeeT Gonee rnybokue cknankw, 4o,
TT03BONAET YBENUYUTL ONMHY TTYTH YTEYKU
TOKa (paccTosHMe 1Mo TTOBEPXHOCTH

O6b1uHbI TpasecTolikuii M30nMpylowWero Matepuana MeXxay ABYMS
NUHeHLIA u3onaTop NUHEVHLIA U30NATOP TTPOBOASWMMU HacTsMK ).

Cnenyromas Mepa 3aiuThl — (2) YMCTKa TMHEHHbIX N30IATOPOB.
Hns nopnepxaHusa 37MEKTPOM3ONALMOHHBIX CBOJCTB NMEPUOAUYECKM
IpeKpaljaT 37IeKTponepefady U YMCTAT AMHelHble usonaropsl. Ho
\¢) CYIIECTBYIOT TaK)Ke METO/bI, IIO3BOMIAIOLIME ITyTEM BOJOCTPYIHOIL 06-

paboTKM NPOBOAUTD «YMUCTKY JIMHEMHBIX U3ONATOPOB IOf HAIpsKe-
HMEM», TO eCTb 63 IpeKpalleHNs 3MeKTpOoIepefadn.

ScHo. YTO6B! 3/1eKTPON3ONALMOHHbIE CBOVICTBA He YXYAIIAINCh,
My4llle He HONYyCKaTh CONEBOrO 3arpsA3HEHNMA MOBEPXHOCTENH, Clefa 3a
TeM, YTOGBI OHM BCerfia CBEpKaaM Y4CTOTO.

Crenymommit cnocob - 370 (3) ucnonbp3oBaHNe BOJOOTTATIKMBAIO-
IIMX NOKPLITHIA. Ha MOBEepXHOCTD IMHETHOrO U30/IATOPA HAHOCAT BO-
HBOOTTA/NKMBAIOIllee BElleCTBO, HAIIPMMeEP, CUIMKOHOBBIN IIOPOLIOK,
KOTOPbIif OTTA/IKMBAET HOXK/AEBYI0 BOAY, COEPIKAILYIO COMb.

Oro! C TakuM u B gOXUIMBbIe fHM He cTpamHo. Ecu Boga He 3a-
HEP>XXNBAETCA, TO U CO/IN MO>XHO He 6OHTI>C}I.

Tenepp npo HeMHOro Heo6b4HbIA crocob. (4) CoxpoiTne 060py-
JOBAaHMA M aNMapaTypsl — 3TO KOTZAa 060OpyAOBaHME U anmaparypy,
Hanpumep, TpaHcpopMaTopHOe 060pynoBaHMe, pa3MeLIAlOT BHYTPH
HIOMeLIeHN, WIN, HallpuMep, TI0f; 3eMJielt, YTOObI pelOTBPATUTD afi-
resuio conu. V1 mpobnemy coneBoro noBpexpaeHnus nposogos JISII To-
K€ MOXXHO PeLNTb, EC/IM UCTIONb30BATh ITOA3eMHBIE Kabemn.

Hapo xe! 51 ga>ke He lymana o TakoM, XOTA KaXXeTCs - TaK MpOCTo!
Ecnu ob6opynoBaHue B IOMellleHNH, TO €My HU JOX[b, HU BETEP C CO-
7IbIO He CTpAIlHBI.

Kpome Toro, ectp Takke Takasa Mepa, kak (5) ViameHeHue Mecta
YCTaHOBKM 0GopymoBaHMsA. TO KOPEHHOE pellleHue Npo6reMsl my-
TEM M3MeHeHuA MecTa ycTaHOBKM onop JISII, rpanchopmaTopubix
nopctanuuit! IIpocto He pasmeriars ux B67M3u ot Mops!

Hla, c 3TMM He MOCIOpHILb.... BakHO BCE XOpomIo PORyMaTh A0
Hayasa cTpouTenbcTBa. Mitak! XoTh M3y4aTh 9TM Mephl ObI/IO Hecnaj-
KO, TETIEPh 3 3HAIO O 3alIUTE OT COIETIOBPEXXAEHMA BCE!

2. IPOTUBOABAPUAHAS 3AWNTA OBOPY AOBAHWS| SAEKTPOMEPEAAYM




OBOBULM CrnOCcOsbI

[] []
~  CTHCOK MEp MPOTHBOABAPHIHON AT
< 3AUUTHI, O KOTOPbIX

060pyABaHNA IneXTpOMEpEAaYH

( Mepbl MONHUE3aWMUThI

@ SGIIKHTHbIe ;xyroo'mo;mmue pora — META/UVINYECKUE BETBU JIJIA 3alIUThI JIMHEHOT O usomn‘opa

@ IpomooTBOA, —yCTPOICTBO IS OTBOAA AHOMA/IBHOTO TOKA B 3€MJIIO

® IPo303amMMTHBI! TPOC — METAIMYECKUI TPOC, COERUHAIOLMIA BEPXYIIKH ONOP /I 3aI[UThI
nposogos JISI

® Pa6oThI 1O 3a3€M/IEHNI0 — 3aKaNbIBAHME META/UIMYECKOTO CTEPXKHA U HOAK/IIOYEHNE €ero K 3a-
3em/sieMOMY 060pyIOBaHMIO (/I OTBO/Ia aHOMAIBHOTO TOKA B 3€MITIO)
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Mepbl 3aWuThl 0T HANUIaHUA CHera

® CuerooTranxuBaomee KOnbIo — KonbLo Ha iposope JIDII (o6neryaer cnaganue cHera)

@ Tacurens ckpyunBanua — rpy3 Ha nposoge JI9I1

@ [IucraHnMOHHAA PacnOpKa — pacnopka MeXAy MPoBOAaMM A obecriedeHns MEXIPOBOJHOr0
paccToAHMA (PeROTBpAIAeT CONPUKACcCaHMe IPOBOJIOB)

® Cnupanb CHeroTasHus — CIMpaib, HAMaTbIBaeMasi Ha IIPOBOJ ([/1s TONKM CHera U JIbAa TEIioM
BUXPEBBIX TOKOB)
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Mephl 3aWuThl 0T CONEBOro NMoBPEeXAEHUs

@ Ycunenne snexTpOM3ONALMOHHBIX CBOJICTB TMHEHOTO M30/IATOPAa — COEAMHEHME JIMHENHBIX
M30NATOPOB B TMPILAH/bI MJIM MCIIONb3OBAHME OCOGBIX TMHEHBIX U30/ATOPOB

@ Yncrka IMHEHBIX M30NATOPOB — YAa/JeHME 3arPA3HEHMIA, COAePXKAIVUX COMb, 1A HOAAEpKa-
HUA S7IEKTPOUIONALVOHHBIX CBOMCTB

@ VicnonpsoBanue BOAOOTTANKMBAIOIIMX IOKPHITHIT — HaHeCeHMe BOZOOTTANKMBALIMX BeleCTB
Ha IIOBEPXHOCTD JIMHEITHOTO U30/IATOPA /ISl OTTATIKUBAHUA OXK/AEBOI BOABI, COfepaKallieif CONb

® CoxpsiTie 060pPyROBaHNA M aNNAPaTypsl — pasMellleHue TPaHCPOPMATOPHOro 060pyAOBaHMA
U T.IL BHYTPY IIOMeIeHUI MIIY TIOJ 3eM/Ieit JiA IPefloTBPallieHNs ajire3ui COMu

® Vi3sMeHeHMe MecTa YCTAaHOBKM 060pyAoBaHusa — yctaHoBKa onop JISII, TpanchopmaTopHbIX
[OACTAHIMIA BAamM ot MOps (KOpeHHOe pellleHne npo6reMsr)

HY, HA 2TOM O crno-
COBAX 3AULTHI OBO-
PYAOBAHLUG IAEKTPO-
NEPEAAH BCE,

LUMEHHO 2TU HEYCTAHHO

: MPUHLMAEMbBIE MEPBI

4 AAFOT HAM AHOBEOBATLCS
KPACOTOU A3M1.

FAABA 3. 3AEKTPOMEPEAAYA
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TO, HTO A311 - 2TO
YALBLUTEABHAS
WTYKA, NOHITHO
TEMNEPb U MHE..

HO MOHEMY NMPOBOAA
TAK NMPOBLICAIOT?

ANG MEHG, TAKOL
AKKYPATHOL, OHU
COBCEM HEPQWALUBO
CMOTPATCY,

ECAU UX KAK
CAEAYET HATGHYTD,
TO U HA AAUHE MOXHO
EbIAO Bbl CIKOHOMUTD.

” 3TO NMOTOMY,

HTO THI -
AUAETAHTKA

ECTECTBEHHbIM OBPA3OM
MPOBLCAFOT 1NoA CcOs-
CTBEHHbIM BECOM.




ECAU OHU B8YAYT HPE3MEPHO
HATGHYTbl, TO HA
Ororbl U NPOBOAA BYAET
npUXOAUTLCS
U3AUWHII CcUAA!

8 PE3YAbLTATE BO3HLKHET
OMNACHOCTb NAAEHUS
OrioP LUAU PA3PbIBA
CAMLX NMPOBOAOS.

B8-80T OHO KAK..
AYUIWE, HTOsbI OHU
BbIAU HEMHOIO

OCAABAEHDI

T X9
5 {* w&

OAHAKO! 1npu HpPe3-
MEPHOM OCAAB/AEHLIL..

~OHU BYAYT CLUABHO
KONEBATbCI OT BETPA U
MOrYT PA3OPBATLCS.

W U KAK 9 YXE FOBOPUA, 3U-\ | \

MOLI HA HUX HAAUMAET CHE UY
VA NEA, L3-3A HEIO OHU CTAHO-
BATCA TAXEALIML,

POME TOrO, AALIHA
nPoOBOAOB MEHIETCH
npPU CE30HHbIX U3MEHE-
HUGX TEMIEPATYPDI.,

- .«

P LR P ERER IR £
o 3

YNHO YUUTbIBATb,
HTO AETOM OHU
PACTArUBAIOTCS, A TAK HTO 2TU A3M BOBCE HE
3LUMOL - COKPAUIAIOTCS., ~ TAK NMPOCTbI, KAK KAXYTCI HA
NEPBLIL B3rAJA.

FAABA 3. 3AEKTPOMEPEAAYA




B OBUWEM, 1PU NOABECKE
nPOBOAOB BAXEH TOH-
HbII PACUET.

*O pacueTe NPOBMCaHUA CM. CTP. 127.

HAMPLMEP, BETEP OKA3bIBAET

HArpPy3ky 8 rOpPLU3OHTAABHO,

HAMPABAEHLUL, KOTOPYHO
HA3bIBAFOT BETPOBOL

..............................

Ycunue Ha:pacTaxerne

HTaSIGHOMHANpaBNeHn

Kom6uHuposaHHas
Harpyska

KAK MOKA3AHO HA PUCYHKE,
TPEEYIOTCS PA3AUHHBIE PACHETOI
C YUETOM TAKLX BEAUMUH, KAK
PACCTOSHLE MEXCAY ONOPAMU,
HAMPY3KA (CLUAA, AEUCTBYIOUAS
HA TEAO).

HAAUM CHE U AEA-
U HA NMPOBOAA AABLT

BEPTUKAADHAGQ HAMPY3KA

OT OSAEAEHEHUQ.

A~

TO ECTb U 3TO CTPAH-
HOE MPOBLICAHLEE TO-
XE PACCHUTAHO..

HET, U3bICKAHHOE/!
XOTg TEBE U HE MOHITH
KPACOTY 3TUX U3OrHyTbIX

o

k2
Nz

NP1 D%




%g TToyeMy BOpo6beB He 6LET TOKOM?
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Ja, ckonbko npo6nem Mbl cerofHsa 3atrponyau! O6psIB IpoBoAa
(cM.cTp108), kopoTKOe 3ambikanue (cM.cTpl08), mpoboit Ha 3eMiio (cM.
crp. 106) ...

91 mpobneMbl MOTYT BOSHMKATh He TONbKO ¢ mpoBofamu JISII Ha
oIopax, HO M C MpOBOflaMM pacIpefieNUTeNbHbIX IMHUIA Ha 3NIeKTpuye-
CKkMx cTon6ax. ABapuio MOTYT BbI3BaTb He TOJIbKO aTMOC(EpHbIE ABIIe-
HMS: HaIIpuMep, 3Mes, B306paBLIascsa Ha MMPOBOJA, TOXX€ MOXXET BBI-
3BaTh KOPOTKOE 3aMbIKaHMe.

Yaap
Tokom!

L W,

Oro! Teno 3men craHoBUTCA NyTéM Ans Toka! Korma npoBopa anek-
TPUYECKYU COERUHAIOTCA APYT C APYTOM IO HENpPERyCMOTPEHHOMY KO-
POTKOMY Iy TH.... Beib 3TO 1 €CTb KOPOTKOE 3aMBIKaHUE.

Ha, na. [Ipo6nema B TOM, YTO €C/IM XXMBOTHOE OFHOBPEMEHHO KOC-
HETCA ABYX M 60/lee MPOBOJIOB, TO BO3HUKHET «HOBBIN My Th TeYEHUA TO-
Ka». JKanko, xoHeYHO, 3Mel0, HO y/lapa TOKOM €/ He MMHOBATb...

Mla? A xak >xe BOpo6bU, KOTOpbIE CHAAT Ha MPOBOJAX, UX K€ TOKOM
He 6beT... [IoTOMy 4TO OHYM Ha OJHOM IPOBOJIE CUBAT?

VimMeHHo Tak. B3rnsuu Ha cxemy Ha cnefyroueit eTpanuue. ITycts
IIp¥ 3TOM ¥ 06pa3yeTCst HOBBIN Iy Th OT JIEBOJ JIAIIBI IITUIIBI TIO €€ TENY K
TIIpaBoit J1alle, CONPOTUBJIEHNE STOTO «ITYTH Yepe3 TeNO ITUIbI» 3HAYM-
TeNIbHO GO/IbIIE IO CPaBHEHMIO C IPOBOAOM. Befib conpoTHBIEHME NIPO-
BOJIa MEX/TY /IallaMy BOOG11e 6/IM3KO K HYITIO.

Tox BbIOMpaeT caMblif JIETKMIf Iy Th... VHBIMM CTIOBaMy, OH IPOTeKa-
€T TaM, TZie COMpoTuBIeHNe MeHble. [J03TOMy OH UTHOpPUPYET «IIyTh
4epe3 TeJI0 NTULbI» ¥ IIPOXOAUT II0 NIPOBOAY. Tak Kak yepes MTUIY TOK
TIOYTH He TeYET, OHA U He NOTyJaeT 3/IEKTPUYECKOro yaapa!

FAABA 3. 3AEKTPOMEPEAAYA
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Nmenno. Ho ecnu oHa cager

Hapo xe. Tlomyyaercs, 4To ecny OTULIA CUAUT Ha OHOM IIPOBOJE,
Y TOKa eCTb ITyThb IIO IPOBOAY, I7ie CONPOTUBIIEHNIE MEHbIIIE, YeM Ha ITy-
TH 4yepes Tesno nTuibl. [IoaTOMy OHa M BBDKMBaeT?

Ha /IBa IPOBOJia Y TOKa He OyfieT Apy-

TMX IyTell, KpoMe IyTu 4epe3 Telo NTuubl! Benb HeT ke Apyrux my-
Teil, COEAMHAIONIMX [ABa NPOBOAa, He Tak /m? IloaTomMy, HecMOTps Ha
BBICOKOE COIPOTMBJIEHME Te/la ITUIbI, TOK BCe PpaBHO moreyeT. XOTH,

y4YMUTHIBasA pasMepbl BOPOObsA, cpasy Ha BYX IIPOBOJIaX €My He YCHU-

IIETh.

-~ — x .
nan "S\\\%ém??\\é}%&”“ AsyX nposonax

BHumaHue
cropal

L2222

TTyT! TOKa Yepes mTuuy
¥ Yepes posofa

SneKkTpuueckas cxema
IC )A X ,OM (c conpemubnenue nmuks)
R )OM £
= =
I&) A Ib ) A

TTycThb R - COMPOTHMBNEHME TTPOBOAA MEXAY Namnamu.
Pacuem
A &~ nApAMeASHOR
uenu

R
Torpa I c= W ye o
Tak kaKk R 6eCKOHEYHO CTPEMUTCS K 0 OM,

Ic= F?'YXI“=O'

10 eCTh TOK He 6YAEeT MpoTeKath, MO3TOMY TTTMUA HE TIONY4MT
3neKTpUYeckui yaap.

Y TOKa Het apyroro
TyTH, KPOME KaK Yepes
TEeno nTuub!

>"‘ dneKTpuyeckas cxema

i X,0

H M

gi 6600, 7 I’L ( ampamulAeuue fimuu)
3 r

¥

$3 66006

PaccMatpusaem pacripefenuTensHyo NUHUIO C
HarpsKeHveM 6600 B. TTycTh COTIpOTUBNEHKE Tena
TITUULI paBHO 1000 OM. Taraa ToK, TeKywWmri Yepes Tuuy,
Bynet paseH

=6.6 4.

370 03Ha4aeT, 4T0 ToK ByAeT MpoTeKatk, MO3ToMy NTMua
TIONYYUT 3NEKTPUHECKUIA yAap.

Bot oHo uyro. Kak, OKa3bIBA€TCsA, BAXXHO IIOHMMATh, YTO TAKOE€

OCTPBIX OYYyIIeHMi!

IIyTb TOKa. )la, HY>XHO 6bITH OCTOPO>XHDBIM, XBaTasACh 3a IIPOBOJA panu

[Tocnymait... [Ins pacnpenenuTeNnbHbIX TMHUI B TOPOJAX 4aCTO MC-
TII0/Ib3YIOT M30/IMPOBaHHbIE TIPOBO/IA, TIOKPHIThIE MATEPMAJIOM, II/IOXO
npomyckaomuM Tok. Ho u atn nmposopa onacuel. Hu B koem cnyvae He
Tporait ux. IIpoBopa s Toro, 4To6s! ux pororpadupoBaTn!




3. YCTPOUCTBO TPAHCPOPMATOPHbIX MOACTAHLIUA

i

TPAHCPOPMATOPHDIE

() Oiopymonanse TpaHCHOPMATOPHOR MORCTANANN

NMOACTAHULL OsO3HA-
HAIOTCA TAK, AAP

KCTATU, 9 YXKE N %
AABHO AN )

i AN
(Cm. cTp. 41, 96)

HE LHAYE, KAK 8 HUX\ A
CUAQT TAKUE POEO- [
Tbl, MPABAAPY!

S , HET, 3TOT 3HAHOK

/ P°6°TTTP°5%7 \eD)  HAMOMUHAET TPAHCPOP-
TPAHCOOPMATOTY martoe, koTOPbIL HAXO-

A e AUTCI HA TPAHCPOPMA-

N BOAS 3 Y
e = ~JOPHOL! MOACTAHLILILY

XOT9 TAM MHOro u
APYroro osopryAo-
BAHUSQ UMEETCS!

L3
#

ARVRVPREPEDULENAL R

PRV BBRISRGASSTEI O O6OPYAOBQHM3 TPQHCq)OPMQTOPHOﬁ NOACTAHUWUNU sevssssssssassssrssesses

TpaHcgopMatop - NpeoSpa3oBatent HanpshkeHus (BbIBAIOT MOBLIWAIOIWME W IOHWKAIOWME
TpaHcdopMaTopl). :
ABTOMaTH4ECKWA BLIKNIOYATENb — TTPEKPALAET 3NeKTPOTIepenady B Cyyae aBapuu.
Pa3beMHUTENb — NS 3MeKTPUHECKOr0 OTAENEHUS 060PYA0BaHNS TTepes 0CMOTPOM.
(pOMOOTBOR - 3aWMwWAeT anmapatypy MOACTaHUMM, 0TBOAS TOK MOMHIUM B 3EMIIO. :

.
SEUFRUEHIEGHT L TPITHVVEN FIRIASABRSSFERFE S #00oc»»03’!unalan:t.auaauoctt‘!Q»'0»»'»:6808833‘«!#000‘0:
FAABA 3. 3AEKTPOMEPEAAYA



XM, TO ECTb HA TAKLX
MOACTAHULIX POBOTA-
TPAHCPOPMEPA, ECTb U
APYILE?

T—g
9 XE rO8OPIO TEEE,
HTO HET TAM HLKAKLX

pPOsOTOSB! /

eAymai
MENY!

l&v

A
-\

OBOPYAOBAHLUE
TPAHCPOPMATOP-
HOU MOACTAHLULILL..

~PA3MEUIEHO U COE-
AUHEHO MENXCAY CcO-
B8Ol BOT TAKUM Os-
PA3OM,

.ﬂaw

An TTepBurHas 31T

TTepeuyHas
CTOpOHa

K

P

BTopuuHas BropuyHasa NI3M
CTOpOHa A

—|—>

PO303aWmTHBIA TpOC

TMposopa N3 (3 wt) &

X

TOK BXOAUT C nePgLssol
CTOPOMYI, MPOXOALT HEPE3
TPAHCPOPMATOP, MOHLINKAIO-
WUl ErO HAMPIXKEHLE,...

PO TPAHCPOP-

MATOPHYIO NMOA- cxOAUTL BbI TYAA,
CTAHULIFO MHE C POBOTAMU

8CE 9cHO! MOOBWATLCS!

3. YCTPOVICTBO TPAHCPOPMATOPHbIX MOACT AHLIMA




THUTIbI TPAHCHOPMATOPHLIX TOACTAHLMIA
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U Bce xe... Tak MHOro TMIIOB TpaHC(OPMATOPHBIX MOACTAHIMIL —
CBEpXBBICOKOBONIBTHAA, MEPBUYHAA, IIPOMEXXYTOUYHASA, PacIpeenu-
TembHasA. OX, KaK C/IO)KHO BCE 3TO.

W ueHMs TpaHCHOPMATOPHBIX IIOICTaHIMIt pasHbIX THIIOB. [Toxoxmuit pu-
37/  CYHOK s yXe nokassiBan (cM. cTp. 41), Ho Teneppb Tebe, HaBepHOe, Oy-
[eT IIOHSTHee.

A THI IOCMOTPM Ha PUCYHOK. T)'T HarIAgHO NpEACTaB/IEHDBI Ha3Ha-

KpymHble
3asofbl

3nekTpocTaHums

DA
>Kunble poMa

Tarosble TIC - CpeaHve 3aB0Akl,

KpyMHbIe 30aHus

Pa3nu4yua B Ha3Ha4eHUu TpaHcPopMaTopHbIX TIOACTaHLUA

Oro! Tak pasHuua oveBngHa xe. CBepXBBICOKOBOIbTHAA O/ixe
BCEro K 3/IeKTPOCTAHIMM, HaIpsXKeHMe TaM caMoe Bbicokoe. Ilepuy-
Has ¥ MPOMEXYTOYHAA HANPAMYIO NMUTAIOT GONbILME 3aBOMbI, XKeTle3-
HYIO JIopory. A pacnpepenuTenbHasA 6/IIDKe BCETO K KUIBIM JOMaM, Ha-
IpsDKEHMeE TaM CaMoe HU3KOE.

Mmenno Tak. O4eHb BaXXHO IIOHMMATh Ha3HAYEHNE KaXK/IOrO U3 TU-
nos! Hy, pa3 MbI Bcé Tak Xopomo 06061, 3aKOHYNM pa3roBop o0
37IEKTpoIepesaye.

FAABA 3. 3AEKTPOMNEPEAAYA




9 XOTEA
NMOKA3ATDb
TEBE 2TOT BUA C
BEPIULIHDIL

KAKLE ropbll KAK
MHOIO Orop A2r/

AA NMAAHO, TBl U \\
CAM, HEBOCH, NO-
CMOTPETb XOTEA.'

.

LYTYYYY !

S

TO XE MHE,
BAATOAETEAD,

~-MHE U POTO
HYXHO CAEAATD..

3. YCTPOVMCTBO TPAHCPOPMATOPHbBIX MOACTAHLIMA



KCTATU, 9 B8CE XOTEAA
Yy TEEQ CNPOCUTG..

v

PA3BE ITO HE AYHE, HEM
=\ \ CTATUUHbIE KAPTUHKLP
fos

ECTb BEAL H
STOU MNAAHETE
nePUsoPbl AAQ

COEMKU BUAEO

KPACLBOE LA
YALBUTEABHOE,...}...

POTOMPAPLUG. 3TO
HE O TOM, HTO

(O UEM HE XOUETCAN
3ABLIBATS..

3TO MOMEHT, KOrAA CHUMA-
EWH HE 3AAYMbIBAICH, AOBE-
PUBWILICH HYBCTBAM..

3TO MAMATL O MrHO-
BEHLIL, 3AMEUATAEHHAQ
B BEHHOCTLU,

Y MEHQ K TEBE
NMPOCbEA AUHHAQ
ECTD...

FAABA 3. 3AEKTPONEPEAAYA




Tbl FOBOPLA HE OBO MHE AUP
HTO U KPACLIBAQ, U HEOEbMHAS -
U3 KOCMOCA BCE-TAKU, U HUTO HE
XOHETCS 3ABbLIBATL?!

A-4A 9. 9 HE NMPOTLS
CPOTOMPAPLPOBATLCS.. -

TAK Tbl MEHQ CPOTO-

£
[PAPLPOBATL XOTEA! OAHAKO.. 8CE-

TAKU Q..

L3BUHL, MOXKEWD
orouru?

9 XOuy CAEAATH
POTOMPAPLIO OfIOP.

™l MC.‘l.b...\

i

BYYY

et

Fosopsr, uto 8 TOT
AeHb B ropax

o cBepkanu
13arafouHbIe Bﬂ

%\ AOHKY, XOPOWO?




¢ OnexTponepeAaya NOCTOAHHONO TOKa
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MHorue fymaroT, YTO A/IA Nepefady SMeKTPOIHEPTUM MOXHO MCIIONb30BATh
TONIBKO IIEPEMEHHBIN TOK, HO €CTb M TaKOJ METOf], KaK 3/IeKTpoIepenaia mocro-
AHHOTO TOKa BHICOKOTO HaNpsDKeHuA, 0603HaYaeMas TaKKe aHI/IMIACKUM COKpa-
menueM HVDC (High Voltage Direct Current transmission).

B JISII mepeMeHHOro TOKa MPOUCXOAAT (PIYKTYKIMM HAIPSKEHUA U3-3a UH-
AYKTUMBHOCTY JIMHUM, EMKOCTM OTHOCUTENIbHO 3eMu U Ap. Emé oguH HepocTaTok
- Heo6XOIMMOCTb CMHXpOHM3a1my. KoHe4yHO, Tak Kak B 60/MBIIMHCTBE 3/1€KTPO3-
HepreTU4YecKMX CUCTEM MCIOb3yeTCs epeMEHHBIN TOK, TOCTOSHHBII TPUMeEHA-
€TCA B MEXXCUCTEMHBIX CBA3AX.

Jlnsa npeo6pasoBaHusA pofa TOKa (IIEpeMEHHDI <>IIOCTOAHHBIN) O6BIYHO MC-
HIONIb3YIOTCA «IpeoOpasoBaTeny ¢ IMHENHOI KOMMYTalueit», IIOCTPOEHHbIE Ha
Tupucropax. TepMuH «WIMHeHass KOMMYTALMA» OTHOCUTCA K YCTPOVCTBaM, Jis
paboThI KOTOPBIX TpebyeTcs BHELIHMIA UCTOUHMK MEKTPOIUTAHMA, IPU ITOM UX
BBIXO/{HasA YacToTa OyfleT paBHa 4acTOTe MCIO/Ib3yeMOTrO MCTOYHMKA 3/IEKTPOIN-
TaHuA. Hanporus, TepMMH «CaMOKOMMYTaIMsA» YKasblBaeT Ha yCTPOMCTBA, KO-
TOpblE MOTYT [1JaBaTh Ha BbIXOJi€ IPOM3BO/IbHYIO YacToTy. Ha yyacTkax nocross-
HOTO TOKa MCIIONMb3yITcA BospyuHble JISII mbo xabenbhsie JISII ¢ HazeMHbIMU
VTN TIONBONHBIMM KabensaMu.

B fnmonunu snexTponepenaya NOCTOAHHOTO TOKA MCIIONb3YeTCs, HaTIpUMeD, Ha
HIDKeyKa3aHHBIX y4acTKaX. Kak MOXXHO yBUJETb, eIV UCIIONb30BAHMUA 3/IEKTPO-
Tiepefiauy IIOCTOSHHOTO TOKA TOXKe GBIBAIOT Pa3HBIMM.

Kpome Toro, pucyHoK Ha clefyrolei CTpaHuIe Ja€T npefcTaB/IeHe O B3au-
MOPACIIONIOXKEHUM ITUX YHACTKOB.

® Tocrpoen
TIpumepsr:
-IMHUA MEXCUCTEMHOI cBA3M XO0KKaiino-XoHCIo
(Mexpy octpoBamy Xokkaitfo 1 X0HCI0)
-marucrpanbHas JISII nocTosHHOro TOKa MexXAy ropofamu Anas u Kuxoky
(nmuHNA MexcucTEMHOM CBA3M Yepe3 npous Kin)
@ CaA3b 9/1eKTPOIHEPreTUIECKNX CHCTEM, MCIONB3YIOMUX PasHbIe YaCTOThI
(momcranmumu npeo6pasoBaHuA JACTOTHI)
Ilpumepsr:
-BCTaBKM noctosHHoro toka (BIIT) Cun-Cunano, Cakyma u Xuracu-Cumupasy
(cBa3b Mexy aneprocucreMamu BocrouHost u 3anaanoit Amonmm: 50 Iy & 60 Iir)
® Pemenue npo6neMsl ynpasaeHus IEPeTOKOM 3MeKTPOIHEPINH, BOSHUKAIONIEi B
B KONBI{EBOI CXeMe [lepeMeHHOTO TOKa (pasMbIKaHMe <KOIbIIa»)
Ipumep:
-BIIT Munamu-®yxymuity (MeXKy SHEprocucTeMaMu
3HepreTuyecKux Komnanmit Xokypuky u Tio6y)

e CUCTeM JaIbHel 3NIEKTponepenaiu

FAABA 3. 3AEKTPOMEPEAAHYA



JI3TT rToCcTOsHHOr 0 ToKa

a takxe J131, copepxawwe BIT IXokkaitno

@

J13TT mepeMeHHOT 0 TOKa
BCTaBka NTOCTORHHONO TOKA [BITT; anrn. BB, Back-to-Back, 4to Tmsma "exx':::;aea‘;gf‘x?ﬂ’“g
NepeBOANTES KaK «CTTMHa K CTTUHE» ) - YCTPOMCTRO C BLIMPAMUTENEM 4250 KB oL R0 Oce
Ha BXDA€, NTPe0BpasyoWwmM MepeMeHHbIA ToK B TOCTOSAHHBIA, U 600 MBT (6 H oK i
WHBEPTOPOM Ha BLIXOAE, TTPeo paaYmmuM TIOCTOSHHbIA TOK 06paTHO B TlburonapHas cxema
NepeMeHHLIA TOK Hy)XHOM HacToThl].

Konbuesas cxema Toxoky

EQvHMLA M3MepeHuUs A
NPOMYCKHOM CTIOCOBHOCTH:
MBT[MerasartT)

I MBT =1 MnH. BT YactoTHo-TIpeoBpasoBaTenLHLE
o «. TIOACTAHUMK: 1200 MBT ;
H
Y BIIT Cum-CuHaro Net/Ne2 ¢
Toroxy +600 MBT 3
E i
; BTIT’C‘aK Ma: 300 MBT ‘
KaHcan Tioby i yma: g Tokmo
: ;
; BITT Xuracu-Cumnaay: 300 MBT

Cukoky “ | IR » :
45 =% ECE
Kiocio MarucTpansHas 1311 AHan-Kuxoky G | .

+250 KB 1ocTosHHOr 0 ToKa

1400 MBT (6unonsipHas cxema) 60 TM, 50 er

3anaa BocTtok

/ N

XoKkkaAno
TIoACTaHUMM, Ha KOTOPLIX UMEET MECTO
ipeo6pasoBarve poaa Toka
(TOCTOSHHLIRC TEpEMEHHBIN)
YacToTHo-NpeoGpa3losatensHbie Tnxoxy}
moactaHuvu @

Hoxypuy
. Tokwo

Katcai 4 Troby

&

TIOTOKY e

o

\\%\\

;K'OCIO‘{ Cukoky :&': /% =
W 60Ty | 50Ty

3anan Boctok




0 TTpobnema HAMBH

B nocnepnee Bpemsa nomyunino pacnpocrpanenne cnoso HIMBM, ykasbiBaro-
Ijee Ha MECTHBIX JKUTeNel, KOTOpble IIPOTECTYIOT IIPOTUB CTPOUTENLCTBA KaKMX-
7M60 coOpyXXeHMI1 BOM3M CBOETO XXU/Ibs, OCO3HaBas IIPY 3TOM HEOOXOAMMOCTD
CaMUX 3TUX COOpPY>KeHuit. Tak)ke 3TO CIIOBO yKa3bIBaeT Ha MOJOGHYIO IIPOTECT-
Hylo akTuBHOCTb. HVIMBU - 3T0 akpoHuM oT aHrimitckoit ¢paser Not In My
Back Yard («Tompko He Ha MOéM 3aiHeM fBoOpe!»).

Not In My BockYord -

(CAE YrOAHO, TOADKO HE Y HAC..)

%
= ¢ KXE...

-

3To, KaK IIPaBUIIO, OYMCTHBIE COOPY>KEHN, IOXOPOHHBIE CITY>KObI, TIOPbMBI U
T. 1. JlaHHas npo6meMa mupoko pacnpoctpadeHa B CIIIA, ognako B Smonun
OHa, [TOXOXKe, elllé He IpUBJIEKaeT K cebe CIMIIKOM OOJBIIOro 06IeCTBEHHOrO
BHUMaHUA. Takue coopyxeHNs 3MEKTPO3HEPTeTUKM, KaK 3/meKTpocTaHuuy, JIAII,
IUVTOTMHBI, 3aBOABI 10 MPOU3BOACTBY U INlepepaboTKe ANePHOTO TOIIMBA TOXeE
MMeEIOT OTHOLIIEHME K [IaHHOU mpobeme. XOTs Bce 3TU COOPY>KEHUS He3aMEHUMBbI
I/ COBPEMEHHOM XXM3HM, HEOYEBUAHOCTb HEOOXOAMMOCTH COOPY>KaTb UX BOIM-
3 JKMJIbA M ONIACEHWS BPefia AB/IAIOTCA MOTYT BbI3bIBaTh [IPOTECTHI MECTHOTO Ha-
CeNIeHMUA.

FAABA 3. 3AEKTPOMEPEAAYA
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WUTak, ceroaHs mbI NOrosopunv 0 NPOBUCAHUU NPOBOAOB

N3TT (cm.cTp.115), nostomy 2 xouy HeMHOro pacckasatb O

meToae, C NOMOWbHO KOTOPOro OHO AOSIKHO 6bITb
_paccuurano.

A\"’

Mponét S, M

VAV

ADAAA

A

\

)

et -
A 1‘ YCunue Ha pacTskeHue B
// " OdakTuieckan AnvHa TOpPM30HTaNbLHOM HarpasneHuq T, H
=3 nposona L, M FE AT
/N KoMBuHupoBaHHas

Harpyska W, H

Kak BugHO 13 pucyska, o6e Toukn nopseca nposoga JISII (mubo pacnpe-
HenuTeNnbHON MuHUM) - A u B, HaxofATCA Ha OFHOM U TOM )Xe BbicoTe. [IpoBu-
canueM D HasbIBalOT PacCTOAHME OT FOPU3OHTA/IbHON IIPAMOIL, IpOXOAALL el
yepe3 Touku A u B, fo «um3meit Toukun O nposopa (T. €., TOYKM C CaMBIM
CUM/IbHBIM NIpoBUcaHKueM). B aTom cnydae nposucanme D 6ymeT paBHO:

ws?
=—  , M
8T

W : KomBMHMpOBaHHas Harpy3ka Ha 1 MeTp poBona,
BKNIOYaIoWan BeTpoByIo Harpysky, H :
T :Ycunue Ha pacTsXeHve TPOBOAA B FOPU3OHTANbHOM HarpaBneHui  ;
(pactarusatowas Harpyska), H H

S :Tlponét (pacctosHWe MeXny COCeAHWMM TOHKaMK
ToaBeca nposopa), M
*H (HbIOTOH) - eANHWLIa U3MEePEHNA CUNbI

3
D T T T R T LT T P e P P T TP

2osrrRRRRRIIRRNZREISERRRRES

= $opmyna pacyera PaKTUYEeCcKoM ANUHLL L nposoaa

QakTuyecKas AnuHa L npoBofa pacCYMTBHIBAETCA C MCIIONb30BaHMEM IIPOTIE-
Ta S  mposucanua D nio cnenyromeit popmyne:

2
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FAABA 4
IAEKTPOPACHPEAEAEHLUE




1. CUCTEMbl SAEKTPOPACIPEAEAEHUSA

FOFOMO, Tbl
UTO TBOPUWL?

9 34AECb XLUBY,
UTOEsb! NOAYUUTL ONbIT
INEKTPLHECTBA.

HAAO XE, 3TO
340°P080.

MO3TOMY PEWLIAA
OCgOUTb U sbITOBYHO
TEXHLUKY!




OO0
00,0, 0,000 00

OO0
’

.

*o%ele

Q0

PSSR
SIS

OO0
OO
o2,

OGBS

8 OBUIEM,
CErOAHQUWHEE

TAAA-A-M

4 12 SUIROON
I X0

HTO 3A CTPAH-
Hbll gblsoP
neunPAg>/

A

KCTATL, Mb! MOXEM LICTIOAb30BATE, M| /
SAEKTPLMECTBO B AOME BAArOAAPS \ ||
SAEKTPOPACTIPEAEAEHLIO! AP

NO3TOMY CErOA-
HQ Q@ PACCKAXY O
HEM/

OT3bIBA O EAE?P!

)‘*
131



0

&
K

X = (oheetel
g & 2 Setelety
TR

TIOACTaHLMA )
ACTanl TpaHcpopMaTtop

~DAEKTPOSHEPILIG Kankie noMa
PACTIPEAEASETCS MEXAY
XUALIML AOMAML, 3ABOAAMU

2. U TOMY MOAOEBHbIM, AA? (e, cTp. 10)

NnoOcMoOTPU 3A OKHO.
3TO - IAEKTPU-

Heckud croy

TPAHCPOPMATOP..
3TO KOTOPbIlI HAMPI-
XEHUE MEHIET?

BUALIWL, HA HEM 4TO- 4 ’

TO NMOXOXEE HA BE- i
APO?

/3TO OHEHb BAXK-
HOE YCTPOUCTBO
- MAYTOBLIY
TPAHCPOPMATOP. | Fiiitins
] peEm,

FAABA 4. 3AEKTPOPACMPEAEAEHVE



TOK 8 OKPECTHO-
CTAX IAEKTPUHE-
CKOIroO CTO/AEA..

UAET OT D K @
no noPIAKY. AABAL
MPOCAEAUM EO NyTb!

BriCoxoBOmnkLTHAR
NIMHUA
(Tpéxdastas
rpexnpoaonnan(1\
CUCTEMa,

6600 6] —/

TTo BLICOKOBONLHOM NMHWM HA
3NeKTPUHECKMUX CTOBNAX TEHBT ToK

\ HarpsbkeHueM 6600 B ¢ pacripe-
AeNUTENbHOR TOACTaHUMK. 33B0abI U

TOMY Noao6HLIe TOTpesnTeny
mony4atT 6600 B HerrocpeAc TBEHHO.

po303aWMTHLIA TPOC

Hu3KoBONLTHAR
NUHUA « 3Ta TPEXNPDOBOAHANA CUCTEMA
nutanun MMEeT TOMbKD ABa MPoBoAa
E’;%waﬂ TIOTOMY, 4TO BEPXHWA TTPOBOL,

e HU3KOBONLTHOM NVHWM OCBELEHUS
TpéxmposoaHasn o gceelle

= Cuctema, 200 B) WUCTIONb3yeTCA COBMECTHO.

HX3KOBONKTHAR NMHKA OCBEILEHNA
(onHoga3Has TpExTPoOBOAHAN CMCTEMA, 100/200 B)

KOBONLTHLIMM Ha3LIBAOTCS
NMHUMY, TT0 KOTOPKIM TEYET TOK
HamnpsaxeHui 100/200 B.
400 (MTORPOBHO O NUHMSIX TUTaHMS
% TIPMBOA0B ¥ OCBEWEHNS

CM. Ha CTP.147)

C HUIKOBONLTHOA NUHWUM B XXWUNOA
AioM Yepe3 BBOAHYI0 NUHKUIO
TioAaloTes Harpsbkenus 100/200 B.

TToHWXaeT HarpsXXeHue N0 Takux
3HaYeHuiA, Kak 100 unu 200 B, Tak Kak
AN BbITOBbIX HYXA 6600 B -

CMUWKOM BLICOKO® HaTTps>XXeHKe.

BOT 3TO AA.

OBbILHbIL CTOAB, A
CTONbKO UHTEPECHOIMO
MPOLUCXOAUT..




U 8ce XE, BPOAE sbl
TOXE TPAHCPOPMATOP,
A KAK OTAUHAETCS OT

~,
OSNS
fosnasnsnss

POEOTOB HA

AA HE POBOT 2TO/
HY, XOTb 8bIrASAST OHU
NO-PA3HOMY, HO
YCTPOEHbI TAK XE/

Ucmpoﬁcml%o mpaHCHOpMAMOPA

= H
fomry
onn@ '§ :,...: @Buxon
= 1
';;- l';'{_
/ CepaevHuK \
ﬂegamuaa BropuuHas
06MOTKa ob6moTKa

HarmpuMep, ecnu Konu4ectsa BUTKOB BXOQHOM U
BbIXOAHOI 06MOTOK OTHOCATCA Kak 2:1, T0
Harps>KeHWe MepeMEHHOr 0 ToKa Ha Bkixofe Byaet
PaBHO TTONOBUHE HATTPSXEHWUS Ha BXOAE.

C PA3HbIMU KOAULHECTBAMU

HA 8XOAE U BbIXOAE
TPAHCPOPMATOPA
HAXOAQTCI OsMOTKU

U3MEHIY COOTHOWEHLIE
kKoAUuHECTE B8UTKOS8, Mbl
MOXEM PEIYALIPOBATD
HAMPIXKEHUE NEPEMEHHO-
rO TOKA HA BbLIXOAE.

Oro!/ OH YCTPOEH
neoOUE, HEM 9 AY-

YAOBHAG WTYKA/!
TAKYIO sbl 8
KANCABILI AOM/

BEAb 3TO IPE

CTYNAEHLE..

FAABA Y. 3AEKTPOPACNPEAEAEHUE




CucteMsl 3nexTpopacrpeneneHus Ana Xunoix AOMoB

Kuneze '
aoma B 3asoasr M T.N.

OcBelieHue, 3neKTpoaBMUraTenu
TEMEPb BAXHAS MENKHe Ha 3aB00aX
3MeKTPONpUBOpbLI
¢ TpéxpasHsre
¢ OpHoQasHeze rpexnpoao.qnue cuUcTeMmsr

ABYXMPOBOAHBIE CUCTEMBI

* OpgHogasHeze
TPEXNPOBOAHbLIE CUCTEMBI
® TpéxasHele
YeTLIpEXNpOBOAHLTE
CUCTEeMbL

(.~

KAK BUALILLL, CLUCTE-
BN AN Mbl IAEKTPOPACIIPE-
ST (\ | AEAEHUS BbIBAIOT

S 6 & ¢ & ® 4 ¥ & 2 & % 2 8 4 5 ¥ 5 % &

* Kpome BbileyKa3aHHbIX, €CTb MHOTO ApPYrux cuctem

CHAUAAA O OAHO-
PA3HDIX ABYXIPOBO-
AHLIX LI OAHOPAIHOIX
TPEXTPOBOAHDIX CU-
CTEMAX AAG OCBEUE-
3 CHAMPLIMEP, B XU-

OAHOPA3HDbIE...
3TO, KAXETCSY,
O KOAUHECTBE
BOAH,
(Cm. cTp.39)

3TO MOXET MOKA3ATOCS
CAOXCHBIM, HO CAYWAL
BHUMATEABHO.

1. CUCTEMbI SAEKTPOPACIMPEAEAEHMS




HATMPLIMEP, 8 OAHOPA3HOU
ABYXIPOBOAHOU CUCTEME
OAHOPA3HBIU TOK BBOAQT 8
AUHLIFO, COCTOQUYIO U3 ABYX
nPoBoAOS.

8bIrASAUT 3TO TAK.

6 600 B
Tpex@asHas BLICOKOBOMbTHAS
nuHus
A Mavutoserii

s TPaHCOpMaTop
5 BsoAHas NUHMS <
& r =t 1 7
I3 6600BF= 4P 100B
a5 v E 1 >
2, ! Xunoii aom
- OpHa gasa — [sa nposona

*[ing oaHoN a3kl Tpebyetca asa
BbICOKOBO/LTHbIX TTPOBOAA: 10 OAHOM TOK
TIPUXOAMT, TT0 APYrOoi - BO3BpawaeTcs.

AlA.. TO ECTb LUMEETCS
BBUAY HLUCAO MPOBO-
A08 8blcOKOBOAbTHOU

UMEHHO TAK!

MPUHULIMUAABHASR
DAEKTPLMECKAS —YYY
O6o3HaueHue KaTylKn

CXEMA BOT TAKAQ,

UHAYKTUBHOCTU Ha
NPUHLUMNUANBHLIX CXEMaX.
0Apo6HO cM. Ha cTp.213.

TPAHCPOpMATop

MautoebIiA

6600B !
H
H

TPAHCPOPMATOPA

3HAULIT, BHYTPU
MAHTOBOIMO

ECTb OBMOTKLI.




BOT APYrot tun-
OAHOPAMAS
TPEXIWOBOAHAS

CUCTEMA.

OAHOPA3HBI TOK
BBOAQT 8 AUHLIO,
cocToquyro u3
TPEX NPOBOAOS.

MOrOAL-KA,

BOnpPOC ECTD...

S

B "OAHOPA3HOL ABYXTIPOBO-
AHOU CUCTEME”® BbINO 100 8, A
8 "OAHOPA3HOU TPEXTIPOBO-

YTOBbI NOAYHUTD
HAMPAXCEHLE 200 8,
HYXCHO LCINOAb3OBATL
*OAHOPA3HYIO
TPEXTIPOBOAHYIO

MOAOAEU, HTO
3AMETUAA!

HA CAMOM AE/E,
HAMPINCEHLIE
8 PO3ETKE 3ABUCUT
OT TOfO, KAKAS
CUCTEMA 3/AEKTPO-
PACNPEAEAEHUI
LCNOAB3YETCS,

HO OB 2TOM 9
EUWE PACCKAXY
MO3XE.

1. CHCTEMbI SAEKTPOPACNPEAEAEHMS




A EUE. HTO

3TO 3A 3HAK B
SAEKTPUHECKOL]
CXEME?

A, 3TO 3A3EMAEHLE,

O KOTOPOM 9 YXXE

roeoOPLA,

(Cm. cTp.107)

OHO NMPEAOTBPAUIAET
YAAPbI TOKOM, OTBO-
AUT sOAbWUE TOKU 8
3EMALO PU ABAPLIGX,

BEAb 1PL HELICIIPABHOCTU
TPAHCPOPMATOPA ECTb ONAC-
HOCTb MPOHLIKHOBEHLIG BblICcO-
KOIrO HAMPIXKEHUS 8 AOMA.

N

3HAHUT, 3A3EMAEHLIE -
3TO MEPA MPEAOCTO-
POXHOCTU, TAK?

e N
7 8 TAKLX CUCTEMAX, KAR
OAHOPA3BHBIE TPEXINPOBOAHDIE, N,
SASEMAENLET NPOBOA
HAMPIXKEHLIQ HA3bIBAIOT
HELTPAALHOIMA MPOBOAOM. 3TO
2\ OHEHb BAXCHO, MO3TOMY

3ANOMHU KAK CAEAYET.,
= HeiAtpansHerh npoeoa

TTposoa HanpsxeHws

N

TTpoeoa HanpsxeHUs

q rOHIAA!

FAABA Y. 3AEKTPOPACNPEAEAEHVE



) Knaccul paGot mo 3aseMneHHI0
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Kcrarn, cymecTByeT deTbipe Kacca paboT 10 3a3eM/IEHNIO, IPUBe-
AEHHBIX B 3TOM Tabmuue. OHM OTINYAIOTCA APYT OT APYTa, HAllpUMeEp,
BETMYMHAMM HaNPsDKEHMA, PaclonoxeHneM 060pyOBaHMA.

*0 xnaccmbukauuu Hanpmxenuﬁ no BeNYUHE, TO €CTb O HU3KOM, BbICOKOM U CBEPXBbICOKOM
HanpmKeHum, CM. Ha cTp. 145.

3HayuT, OCHalleH)e TPOMOOTBOZIOM , O KOTOPOM THI paccKasbiBal B
TIPOLLUIBIIA pa3 B pasroBope 06 anekTpomnepenayde (cM.cTp.106) — 3To 3a-
3eMieHne Knacca A? PaboThl 0 3a3eM/IEHMIO CTMPAIbHOM MAlIMHBI -
knacc D, Begp TaM HanpspkeHue Hu3koe? IlogkmioueHue k 3emie Heit-

TPAJIbHOTO NPOBOAA TpaHcHOpMaTOpa — 3TO, O4EBMAHO, Kacc B.

O6beKThbl paboTiM COOTBETCTBYIOWME CTAHAAPTHI

Hapy>XHble KoprycoB UNK CTarbHbIE Waccy anmapatypbl BoICOKOBONLTHLIX U
CBEepPBbICOKOBOMbTHLIX CUCTEM, FPOMOOTBOALI U T.T1.
CorpoTuenexu1e 3aeMnexns - He Gonee 10 OM.

HeTpank CTOPOHbLI HU3KOTO HaTTPSXKeHUs TpaHCHopMaTopa, CBA3bLIBAOWero
BbICOKOBOMLTHYQ MM CBEPBLICOKOBONLTHYHO CUCTEMY C HU3KOBOMNLTHOM ([€CNKM HERTpanu HeT,
TO OAWH U3 BLIBOAOB CTOPOHLI HA3KOM0 HAMTPSKEHWUA). Harpsi>keHWue 0THOCUTENbLHO 3eMNK, Kak
Tpasuno, orpaHM41BatoT 150 B.

Hapy>XHkle Kopriyca wnu cTanbHkIe Waccy anmapaty pbl HU3KOBONLTHLIX CUCTEM C
HarpsiXeHveM Bbiwe 300 B. CorpoTtuBneHue 3asemMneHus - He Gonee 10 OM (ripu yctaHoske
aBTOMaTU4eCKOro BLIKNIOYaTens C BpeMeHeM cpabatbiBaHus He Gonee 0.5 cekyHA - 500 Oy).

Hapy>Hble KOpTTyCa Uy CTarbHbie Waccy anmapatyphbl HU3KOBOMLTHLIX CUCTEM C
Harpsex1eM He Gonee 300 B, CTMparnkHbie MawwwHbI U T.1T.. COTPOTMBNEHWE 3a3@MNEHNS - HE
Gonee 100 OM (TTpu ycTaHOBKe aBTOMATMHECKOr 0 BbIKMO4YaTeNs C BpeMeHeM cpabaTbiBaHUs He
Gonee 0.5 cekyHA - 500 OM).

Maurosbrii

BercokoeonsTHas TPaHCPOpMmaTop Hu3skosonbTHas NUHUA

JINHUS

o e o e e ( onHoasHas TpéxnposoaHas cuctema 100 B/200 B)

6600B

v v S o 3, 20 e . o, 002000

B o oo

CLETETE TR Es T

CrupaneHas
MaWwuHa

100B

KoHauumnoHep

200B

Ecnu 6onee
3008, To
Knacca C

3aszemneHue
xnacca B 3asemneHue knacca D




r) THTIBI CHCTEM 3NEKTPOPACTIPERENeHHS

HO 9 BEAb TAKAQ
YMHAQ, BCE HA AETY
CXBATBIBAIO!
AAXE cAMOU
CTPAWHO...

N
YPP, HUHEFO CEBE.. BCI- |
KLE OAHOPA3HbLIE ABYX-
MPOBOAHDIE, OAHOPA3-
HbIE TPEXNPOBOAHBIE.. KAK
XE UX MHOro/

/"Q PACCKAXY O ABYX
UTAK, NOCAE CUCTEM AAQ L TPEXPA3HBIX CLUCTEMAX:
OCBEMUEHLIQ (8 XLNbIX AO- \ TPEXNPOBOAHOL U
MAX, HAMPUMEP), Mbl LI3Y- HETBIPEXTIPOBOAHOL,
UM CUCTEMBI AAD IUTAHUQ IAMPLIMEP, AAS 3ABOAOS,
MPUBOAOB (HA 3ABOAAX, K ,

BbINU OAHOPA3HDIE,
A TEMNEPL - TPEX-
PA3HBIE?

A-AX, OTAOXHYTb HE AA-
10T, NMPIMO NPLTECHEHLIE
UHOIMAHE TGH.., MOXET,
NEPEALIKY CAENAEM?

U 3TO cAOBA UHO-

NMAAHETGHKLU? TAK 8
NMEPEADILKAX B8CF

N XU3Hb U MPOXOAUT.

FAABA Y. 3AEKTPOPACMPEAEAEHVE




TPEXTIPOBOAHOL CLUCTEME

AUHLIFO, COCTOSUYIO
U3 TPEX NPOBOAOS.

6 600'B

A, HAMPLMEP, B TPEXPA3HOL

TPEXPA3HLILI TOK 880AQT B

TpexqasHas BLICOKOBONLTHAS NIUHUS
———
A

TAK HEMHOIO MOHITHEE.

HO B8CE PABHO,
*CTOABKO-TO PA3HAG
CKOABKO TO MPOBOAHASQ®
- KAK-TO CAOXHO

Tpu paser

HbIMU NMIPOBOJAMHA.

T Mautossri
. A A ﬁ . TPaHcpOpMaTop BsoaHas nuHua fi::;\
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3 200B '’ :
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9 _@J 3asoALI M T. N.
m Tpu npoeoaa

* B o6ieM cnydae, i Tpéx¢pasHoi CHCTEMBI 'rpe6ye'rcx Ie7IbIX LIECTb MPOBOJIOB /LA BXOAR M BBIXOAA
K@KOTO U3 TOKOB, OAHAKO HEKOTOpble MOXHO MCK/IIOYMUTh M 0OOMTUCH BCETO TPeMs BHICOKOBOJIBT-

XA-XA-XA, 9 3HAARN
HTO Tbl 3TO cKA-
XEWD!

«Xd.Yop.» 7/

-
M f HAMPUMEP, “TPEXPA3HASG,
iaﬂ s’ "f HETOIPEXTIPOBOAHAS

«"CTOABKO-TO PA3HYIO
CKOABKO-TO rnPOBOAHYHO®
3AMUCBLIBAOT MPOCTO KAK

CLCTEMA*

/ 3AMUCLIBAETCS
ﬁ} «3(1) 4np.»! "
"’"

AA! TAK 8bIrASAUT
MPOUE....

UTAK, PACCMOTPLM SAEKTPUHE-
CKUE CXEMbI U OCOBEHHOCTU
Y TPEXPAZHOL TPEXTIPOBOAHOL
U TPEXPAIHOU HETHIPEXTPO-
BOAMHOU CLICTEM/




CHCTeMbl 3NeKTpopacTipeneneius ANA 3aB0A0B W KPYMHLIX 3RaHHi
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WUrak, noroBopuM o TpexdasHBIX TPEXIPOBOAHBIX CUCTEMAX
37IEKTPOpACIpefieNIeHNs, YaCTO UCIIOMb3yEMbIX TaM, ITie €CTb JJIeK-
TpoaBuraTenu (IIpMUBOABI), HAIIPMMeP, Ha 3aBOJAX.

B camoMm pene, TbI Befib TOBOPWII PaHbIIE, YTO [JIA MUTAaHUA I7IEK-
TPOABUTATeNeil Ha 3aBOfaxX /NydIle ITOXORUT TpEx¢asHblit TOK (cM.
cTp.39).

Kakas xopouras namare. Bee tax! Kcraty, mna neneit Tpéxdasnoro
TOKa eCTb HECKO/IbKO cXeM coemuHenus ¢as (T. e. 06MOTOK) BHYTpU

& TpaHcdopmaTopa. PaccMOTpMM MX IO oyepenn.

[ONbHUK», «383A0»)

{
I\N‘J

MauTose1ii
CTOpOHa nepBUYHLIX 06MOTOK TpaHcpOopmaTo Cropoua BTOPUMHBLIX 06MOTOK
(ona) tmww«wwuwwnww-wﬂmﬂwuw (Buon)
F: ¥ i E N
T | i)
6600B ! ! 200B
6 600B ffi § ' i 200
6600B |__| H 200B
¥ 2 H : y \
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CoeanHeHUe a3 TpeyronbHUKOM

3nech mokasaHsl 06e CTOPOHBI TpaHCPOpMATOpa — IepBUYHBIE OOMOTKH
(Bxom) M BrOpuuHbIe (BbIxox). OXHAKO Ha BCeX Ja/MbHENIINX PUCYHKaX A OyAy no-
Ka3bIBaTb TONIbKO CTOPOHY BTOPUYHBIX OOMOTOK (BBIXOJ) TpaHcopMaTopa.

FAABA Y. 3AEKTPOPACMPEAEAEHUE




CoeavHeHue qas 38e3a0i

Jlns1 Havazma paccKaXy o IBYX cXeMax coemuueHnsA ¢as B Tpéxdas-
HBIX TPEXTIPOBOJHBIX CMCTEMAX: «TPEYTONBHUKOM» U «3Be3foit» . [na
peanusanuu nM060i M3 HUX UCNIONB3YIOT MU60 OAMH TpEXdasHBbIA
TpaHcdopmaTop, 160 Tpu ofHOGDA3HBIX TpaHCPOPMATOPa, COERNHUB
nx ¢assl cooTBeTCTBYIOIMM 06pasoM. Takue TpéxdasHbie TPEXTPOBO-
IHbIE cucTeMBI (C coevHeHMeM (a3 3Be3/I0it MM TPEYTOMBHUKOM ) Ya-
I[e BCEro MCIIONMb3YIOTCA 1A MUTAHMA 3/IEKTPOABUIaTeNel Ha 3aBOJIAX,
BO MHOTMX CITy4asAX - ¢ HanmpspkeHueM 200 umu 400 B.

S

TpéxeqasHas TpEXNpog PLITLIN TPeyroNbHUK»)

1\ A
200B
200B
= 7
200B
4 v

CoepnvHeHWe a3 OTKPLITEIM TPEYronsHUKOM

Tpéxdasnas TpéxnpoBogHas cucreMa c coefguHenneM ¢as oTKpbI-
THIM TPEYTONbHUKOM MMeEeT HecKONbko cHKeHHbIi KIII: o cpaBHe-
HMIO C CXeMaMU coefiMHeHNs (a3 3Be3[0M MM TPEYTOMbHUKOM BBIXOJ-
HasA MOIIHOCTb COCTaB/AET 57,7%, a K03 UIMEHT UCIIONb30BaHUA HO-
MMHAJIBHO/ MOIIHOCTH TpaHcopMaTopa — 86% , HO XopolIa TeM,
4TO 1A Heé TpebyeTcs Bcero ABa ofHodasHbIX TpaHcdopmaTopa! B
CiTy4ae, eC/M CIOMAJICA OfUH U3 TPEX TPaHCHOPMATOPOB, COEAMHEHHBIX
B TPEYTO/IbHMK, MOXXHO IPOJIO/KATh NOAABaTh TPEXx(asHbIN TOK, coe-
IMHMB OCTAaBIIMECH [Ba OTKPBITBIM TPEYTONbHUKOM.

XM... 3Ha4YMT U 3/1eCh CBOM IIPEMMYIIECTBA, HECMOTPA Ha HEMHOTO
camxenHbiit KIII.

Jla, 3aIIOMHUTD 3TM CXEMBI COeHeHNUA (a3 jerko, Befb 1o ¢popme
OHM HanoMuHaloT 6ykebl A, Y i V.

1. CUCTEMbI 3AEKTPOPACMPEAEAEHNS




Tpexga3sHas 4eTbIpEXNPOBOAHAA CUCTEMA
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Yersipe nposoaal!

Tenepb, Koria Mbl 3aKOHYM/IM Pa3roBOp O TPEx(PasHbIX TPEXIIPOBO-
BHBIX CUCTEMAX, .... [laBait 03HaKOMMMCA C TPEX(da3HOM YETHIPEXIIPO-
BOJHOIA ...

YeThIpEXNPOBOAHOI... B caMoM [iene, Ha 3TOit CXeMe eCTb YeThbIpe
IPOBOZa, XOTs (a3 o npexxHeMy TpH.

VimenHo. Ecnu ectb yeThpe NpoBOJa, TO MOXKHO IIUTaTh OT OHOM
CHCTEMBI ¥ PHMBOJH, ¥ OCBelleHNe. B Takux cucreMax 4acTo MCHOb-
3y10T HanpsbxeHus 415 B u 240 B, ux MOXHO MCIIOnb30BaTh Ha KpyT-
HBIX 3aBOJIaX, B 60onmbuux 3fanusax: 415 B — ans npuBopos, a 240 B.—
IS ocBelleHMs (TO ecTb I JIIOMUHMCLIEHTHBIX JIaMII, METKUX 3JIeK-
Tponpu6opoB). CHayana BHYTpb 3[aHUA BBOAAT BBICOKOE HaIlpsDKe-
HMe, a 3aTeM, C IIOMOIIbI0 TpaHchopMaTopa BHYTpK 3HaHMsA, peobpa-
3YIOT €ro A MCTIONb30BaHNA B 3TOit TPEX(a3HOI YeTHIPEXITIPOBOTHOM
cucTeMe 3/IeKTpOpacIpeie/ieHusI.

Kak 3gopoBo! U cBet, 1 Motopsl! B camoM gene, aTo ynobHo...A
3T HampsKeHus, 415 B u 240 B, 6onee yeM B [jBa pasa Bblllle HALIETo
6s1ToBOrO (100 B)... MomHas mryka!

Hy, sakoH4MM Ha 3TOM pasroBOp O CHCTeMaX 3JIeKTpopacipefere-
Hu. Tenepb THI 3HaelIb O TOM, YTO OHM ObIBAIOT PasHBIX TUIIOB, HE TaK
m?

Vry. B sxubIx oMax, ¢ OJHOV CTOPOHBI, ¥ Ha 3aBOJjaX, B KPYTIHBIX
3[aHMAX, C APYTOi, TpebyeTcsa 3/MEeKTPUYIECTBO C Pa3HbIMU XapaKTepu-
CTMKaMH. BOT M MCIIONB3YIOT MOAXOAAIIME CUCTEMBI, TaK?

FAABA Y. 3AEKTPOPACMPEAEAEHUE




Knaccuuxaumus HanpsxeHuil

DAEKTPO-PACIPEAEAEHLE - 3TO
MPOCTO ‘PA3AAHA SAEKTPO-3HEP-
HO B8CE OKA3AAOCHL CAO)K

..l'lll

HTO 3A nMPUMUTUB?!
9 UHOMAA U 3ABbIBALO,
HTO Tbl - UHOMAAHETGHKA,

\ UTAK, C CUCTEMAMU
9 AYMAAA , UTO l \yns 3TOAAT || 5AEKTPOPACTIPEAEAEHUG

l‘é!

Mbl 3AKOHHUIAL,
HO OCTAAUCL EWE
‘KATEOPLLI,

UTOOO?! EWE UTO-TO?! 8CE QCHO,
Tbl - MOAAbIY 3EMAGHUH, AABLIWDL HA
MEHG MNCUXOAOTUHECKU, XOUEWD MOU
AYX CAOMUTD!

ycnokouca, uHo-
MAAHETGHKA/

UTAK, CUCTEMbI
DAEKTPOPACIIPEAE-
AEHUS AEAST HA TPU
KATErOPUU
no 8EAUHLIHE
HAMPAXEHUS,

Karteropuu HanpsxeHuii (nepemeHHOro Toka ) /

He 60onee 600 B

600 B - 7000 B

Bonee 7000 B

e« s
oooooo

JEIEIEICIATI 8bICOKOBOALTHOO

A I I U CBEPXBLICOKOBOALTHOIMO

HU3KOBOALTHOIO,

~

aaaaa

1. CUCTEMbI! SAEKTPOPACNPEAEAEHUS m



/—A... KOrAA Mbl rogoeuAu rnpo
DAEKTPLMECKLILI CTOAB, ¥ HAC YXKE
BbINU HUBKOBOADTHAS U BbICOKO-

BOALTHAG ALMLLL 3TO PO HUX?

(Cm. cTp. 133)

BhICOKOBONbTHANA
NUHKUA

(6600 B)

Hu3KOBONLTHAA
JIMHUS
TUTaHus
TIpMBOAOB

(200 E) HU3KOBONbLTHLI®
NUHNK

s —
} Hu3KoBONbLTHAA

A A

NUHUA
oceelweHus J

(100B/2008)

449 HLU3KOBOABTHOO?,

AA. A NOAAHA SAEKTPOIHEP-

rUU HA 3ABOAbI, B KPYMHbIE |-
3AAHUQ NPIMO C NMEPBLLHBIX | KpymHble KpyrmHie

UAU MIPOMEXCY TOHHBIX BaBOWBonbl
MOACTAHULL! - 3TO her

AlA, 8 OsUUxX
LEPTAX
BCE acHoO!

BCE TAK MPOCTO!
AABALl MONOAPOSHEE!
TAK U BbITb, MOCAYWAIO

BHLUMATEALHO!

AX.
CAYWAKOCH, HAHANBHLIK!

FAABA 4. 3AEKTPOPACNPEAEAEHVE




@ CHCTEMBI HH3XOBONBTHOrO, BBICOKOBONBTHOFO H CBEPXBALICOKOKOBONLTHOFO anenpopacnpenenenuu

npeo6pasyeTcs MayTOBBIM TPaHC()OPMATOPOM B HANPSIKEHUA A/IA «Ofi-
Ho¢asHoIt TpéxnmpoBogHoit 100/200 B» u «TpéxdasHoit TpEXIpOBORHOM
200 B» HM3KOBO/BTHBIX CUCTEM J7eKTpopacnpenenenusa. «OpHodasHas
TpéxnpoBogHaa cucteMa 100/200 B» mucnonp3yroTca A/ OCBeIIeHMA
(MMTaHMA TIOMMHMCLIEHTHBIX JIaMII, MEJIKMX 37IEKTPONpUOOPOB M T. I.) B
JKMIBIX JOMaX, MarasuHax. A «TpéxdasHas TpéxnpoBogHas cucteMa 200
B» ucnonb3yioTcs, KOHEYHO e, /IS MUTaHNA MPUBOKOB (371€KTPOABUTa-
Teseit) Ha HEOONMBIINX 3aBOfIAX.

@ IToitipem no nopsapky! Hanpskennue BbICOKOBONBTHOM /uHMM 6600 B
O

HuU3K0BONLTHAA
NUHUS
TMTaHus

TIpMBOAOB

Hu3xoBONbTHAA
NUHNA
OCBELEeHNA

t

B NYHWM TTMTaHKS TIPUBOA0B TONLKO ABa

; . TPOBOQA MOTOMY, YT BEPXHWIATIPOBOR

\ S MIMHWH OCBELUEHNSI MCTIONB3YETCH COBMECTHO. ;

BoT oHO 4TO... Tak BOT B 4€M CMBIC/I HU3KOBO/IHTHOM TMHUM IIUTA-
HIA MEKTPONPHUBOKOB ¥ HU3KOBOIBTHOM TMHUM OCBEIeHMs, O KO-
TOPBIX THl TOBOPM/ BHadane? VM [nsa oObIYHBIX KM/IBIX OMOB JTydIle
BCETO MOAXOAUT «/IMHNUA OCBeLeHMs», Tak? (cM.cTp.133)

1. CUCTEMbI SAEKTPOPACMPEAEAEHUS
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Nt R e

JIns BBICOKOBONIBTHOrO 3MEKTpOpacHpefeneHNA UCIONb3YTCA
«TpéxdasHble TPEXNpOBOAHBIe cucTeMbl 6600 B». 3xech ucronb3yoT
JiBE CXEMBI STIEKTPOCHA0KEHNA — PaiMaIbHYIO ¥ KOTIBI[EBYIO.

Yro-uro? CxeMsl 3/1eKTpocHabxeHnsa? OIATD YTO-TO CTIOXKHOE.

Cxema 3/meKTpocHabxeHus — 3To, B 00LIeM, «<MapLIPYTHl POBO-
TOB», MJIM «y30p IIPOBOJHOM CeTu». B3rIaHM Ha 3TOT pUCYHOK — M BCé
CTaHeT ITOHATHO!

HEEFEFOFLCLSSSON N FUS O PO LIH VRSB E B B R

HocrouncTsa 310i4 cxemut:
-ru6koe pearupoeaHue Ha
ysenu4yeHue notpebneHus;
-NErkocTb OTKMAOUEHUA
HeucnpaBHLIX y4acTKoe.;
-HU3KAS ce6ecTOUMOCTS.
Heaocratu:
-CpaBHUTENLHO Gonbiume
noTepu HanpaXeHUs;
-(PNyKTyauuu HanpaxeHus,
-CPaBHUTENbHO HU3KAS
HAAEXHOCTD

PHEEESS S YNNI AKNI A G R EE S AT RSP E PO

e
Vad

TpaHcpopmaTtopHas
noactaHuus

BE A CURBA BB R AR ELC YD I L DD R
PRE RS EFRRREFCRENT RSO RSO FE

‘PaauantHas cxema aneKTpOCHabXeHUs

XMm. 3HaunT, pajuanbHasA cXeMa 3JeKTPOCHabXeHus Mofo6Ha aepeBy?

B R e R i ]

¥

«  [ocTouHcTsa 3TOW CXEMBI:

¢ -masible NOTepu HanpaxeHua u
M 3NeKTpo3Hepruu,

i -npoaonxeHue noaayn

¢ 3MeKTpO3Heprum aaxe npu

¢ HaNU4YUU HencnpasHoOro y4vacTka
£

hniowolsy

O

TpaHcopmaTopHas
noacraHuus

Hepocratox:
-CNOXHOCTbL sammsg, HeCMOTpﬁ
Ha BbICOKyl-O HAAEeXHOCTb

QULDhO{UNINE

U2

EEEER TR AR AU R AT HERDER T RSB E

“
SRERERPHICLIIREREIASIDLI PGB B R R B R R B

- Konbuesas cxema 3nekTpocHabxeHu

C npyroit CTOpOHBI, B KONbIIEBOM cXeMe [iBe IMHUM 3NIEKTPOpa-
Cripefie/ieHMst C OGHOM MOACTAaHLUMU COEAMHAIOTCA KOHLaMu, obpasys
KonbLo. Jlaxke KOTa OffHA U3 HUX HEMCIIPaBHA, MOXKHO IIOflaBaTh 37IeK-
TPUYECTBO «B 06X071», 0 MpoTHBoOnonoxHo muauu! [TosTomy 3Ta cxe-
Ma 3/IeEKTPOCHA6XXeHNA XOPOILIO MOAXOAUT J/Isl PailOHOB C BBICOKOI
IIOTHOCTBIO pacTpefieNieHust Harpy3Ku, Hanpyumep, 60IbIINX TOPOSOB.

FAABA 4. 3AEKTPOPACNPEAEAEHVE



CUCTeMBI CBEPXBLICOK

ITogo6Hble cucTeMbl BOSHMK/IM B OTBET Ha BO3POCLIYIO MOTpPeO-
HOCTb B 37IEKTPO3Hepruu. ITo TpéxdasHble TPEXIIPOBOJHbBIE CHUCTEMBI,
ucnonb3ylomue, Hanpumep, 2200 B nmn 6600 B. B xayecTBe cxeM 3fech,
BR06aBOK K pafiMaJbHOM M KOJIbLIEBOIA, MICIIONB3YIOTCA €llE /iBE: CeTh €
pa6oroit papa TpaHcdopMaTOpoB Ha ogHM mMHBI (spot network) u
CeTh C perynApHoii cTpyKrypoi (regular network).

TpopacnpenenieHus

e

N At

TMurtarowme nuKkUU
® x =«
] AR
L d 3 3 BTOMATUMECKUE
Pasveaunutenu 23N 23 2 I sorxniouaren
£3 s s _‘
il E E 3
Certestie 1 T
TpaHcpopmaTopst 3 2
TTnaskue S 2
NPEAOXPAHUTENM 3%
ycTpoiicTea . v E)
3aWMTEL CeTU AstomaTuueckue YCTPOiicTBO s r ]
BLIK/IOMQTENM | 3QWMTLI ceTn [4 K 4 4
ycTpotictea
3awuTer ceTu Yctpotictso
aWUTEE ceTU
’ J 0
¢ v vy T o ;
’ . ’
© “ -
CeTb ¢ pa6oToii pana TPAHCPOPMATOPOB < <
Ha 0AHW WUHLI (spot network) CeTb c perynapHOM CTpyKTypol
regular network)

R R N N Rl R R TS S E Y Y

LocTouHcTea u HeaocTaTkK ABYX NOCNeAHUX cxem obwme.
FloCTOUHCTBO: Aaxe NpU HeUCNPABHOCTU OAHOM U3 NIUHUA MOXHO
NPOAONKATL 3NeKTPOCHAGXeHUe NO APYrUM NUHUAM!
Hegocrartok: eszcokas ctoumocTs cTpoutenscreal

CeTnp ¢ pa6oToii paga TpancdopMaTopoB Ha OFHY IIMHBI TIOLXOANT U1
OTAE/NBHO CTOALIMX KPYIHBIX MOTpebuTeeif, Hampumep, 6ONbIINX 3AaHMIL.
D/eXTPO3HEPrUs NPUXORNT C MOACTAHLMM 110 2-3 NUHUAM (T. H. IUTAIOIMM
TMHUAM), 2 BTOPUYHEIE (BHIXOLHbIE) OOMOTKM TpaHC(HOPMATOPOB IORKIIIOYeE-
HbI mapaunenbHo. Hamnuue, kak MUHUMYM, 2-X MHMHMIL obeceunBaeT pesep-
BMPOBaHMeE, YTO XOPOLIO [IA COOPY>KEHMI1, B KOTOPHIX OTK/IIOYEHNE ITEKTPH-
4YecTBa KpaltHe He)XXe/laTelbHO.

CeTb C perynapHoif CTPYKTypoit IOIXOOMT AJISA MOTpebuTeneil HU3KOro
HAIpsDKEHNA B PaifoHaX BBICOKOM IVIOTHOCTM paclpefe/leHns HarpysKku, Ha-
HpUMeD, B TOPTOBBIX KBapTalax GONbIIMX TOPOLOB. DNIeKTPOIHEPIUA MIPUXO-
BUT C MOACTAHLMK 110 2-3 MUTAIOL{MM IMHUAM U TIOCTYTIA€T B MaTMCTPA/IbHYIO
PpacIpeennTeNbHYIO CETh IYENCTON CTPYKTYphl. OHa fIefCTBUTENLHO HATIOMY -
HaeT CeTh, OMYTHIBAIOLIYI0 PAlOH MOTpeb/IeHus.

BEbeBEEE P R E
PHERBRAE DD F B

3Ha4uT, CTOBO «SpOt» (AHIVL.«IATHBIIIKO») B Ha3BaHMM YKa3bIBaeT, YTO
CXeMa 3Ta - KaK y3KMif /Iy POKEKTOPa, I0O3TOMY OHa ¥ IIOIXOJMUT A/Isk OTHENb-
HO CTOAIIMX KPYIHBIX MOTpebuTeneit. A «ceTb ¢ PeryIApHOI CTPYKTYpOit»
OXBaTbIBaeT 60/b1I0lt paitoH. Bcé monATHO!

1. CUCTEMbI SAEKTPOPACNPEAEAEHHS




2. SAEKTPUYECTBO BHYTPU AOMA
R RN X

<

BHYTPeHHAS aNeKTponpoBoaKa

@

TENEPL AABAU
NMOAYMAEM O
nyTU 2AEKTPUHE-
CTBA sHYTPU
XUAOTO AOMA,

9 HE XOouy
BOAbIWE!

AA BCE BYAET
XOPOWwo!

BesoaHas nuHus

TTocne NOHMXKEHUS MAUTOBLIM
TPAHCOPMATOPOM, Hangumep,
Ao 100 B unu 200 B,

HanpaxeHue BXOAUT BHYTPb
AOMa MO BBOAHOU NUHUK.

3NEeKTpo3Hepruum

Bxoaswuii Tok cnepea
poxoauT uepes CHETUUK
3NeKTpo3Hepruum,....

CuéTuuk

FAABA Y,

" BEAb 9 PACCKAXY t[
O BAU3KOM U 3HA-
KOMOM, HTO ECTb

MmPaMo 8 3TOL KOM-

HATE.

HA3BIBAIOT BHYTPEHHED
SAEXTPOMPOBOAKOL

... @ 3aTeM, HGKOHeU-TO, BXOAUT B
pacnpeaenuTenbHeIA WUT BHYTPU
3aaHUA. C 3TOro WUTa HanpaxeHue
NOAAETCS Ha OCBETUTE bHEIE NPUGOpLE
Y PO3eTKM B KAXAOW KOMHare.

PacnpeaenurensHuzis
P wwr (L

SAEKTPOPACNPEAEAEHVE



BOT OHO HTO..
NMOXOXE, 9@ BCE 3TO
YXE BUAEANA 3AECD.

PACIIPEAE-
AUTEAbHDIL]
wur-
HA CTEHE
8HYTPU,

HAAO XE, YAL-
BUTEABHOE
CTPEMAEHUE K

3TO MOTOMY, HTO
MOKA TEES HE Bbl-
AO, 9 BCE-BCE kPY-
rOM OCMOTPEANA,

KANCABIL YrOAOK!




(br) C4ETYMK 3NEKTPOSHEPTHH [

UTAK, TEMEPb
NOCMOTPLM CAMLL

CHETULIC FAEKTPOIHE
KAK QCHO U3 HA3BAHUS,
3TO NPUEOP, U3MEPIFOULIL
NOTPEE AEHLIE .
DAEKTPOIHEPILIL

L

L KOrAA MOTPESASETCS
DAEKTPOIHEPI LS, ITOT
ALCK BPAWAETCS, U MO
WUCAY OEOPOTOR Bbl-
UUCAGETCR PACXOA,

IAEKTPUHECTBO

Fad

zZ=
N

TO ECTb, ECAU EO
CAOMATD, TO U 3A

MOXCHO BYAET HE

&//// Vs

TOrAA HE TOALKO 3A
SAEKTPLMECTEO,
EUWE U 3A PEMOHT
NPUAETCS 3AMAATUTY!

*O npuHUMne BpaLyeHnA AUCKa U APYroM paccKasblBaeTcs Ha cTp. 169

AAE BLAEAA. ECALU OH
KPYTUTCG, 3HAULT 8
AOME KTO-TO ECTb.

TAK TO OHO TAK,

HO CKOAbKO Tbl TEAE-
BU30P CMOTPLIWb, NOKA
MEHQ HET?

SANSTHES,
~ NTOAM,




I PacnipenenuTenbHbii WMt

CAEAYIOUIEE
yCTPOUCTBO-...

TEABbHBIL WUT 8OH
TAM, BbICOKO.

~ITO PACIMPEAEAL-

oro’
BOAbWOLI BLIKAFOHATEAD
U MHOO MAAEHBKLX!

CTBA, PACCMOTPLM LX 8
NMOPIAKE MPOXOXAEHUG

@ AmnepHuzii

npepusarens”

ABTOMatU4ecku 0TKNgYaet
3NeKTPUYECTBO NTpU
TTPOX0>XKAEHUM Gonbwero
TOKa, YeM yKasaHo B
[A0roBope C 3HepreTU4eckon
KOMTTaHuei.

@ Tipepuzsarens

NO TOKY yTeuku

MrHoBeHHO o6Hapy>XuBaet
TOK YTEYKM Ha 3EMMIO U
aBTOMatHU4eckn oTknoYvaet
31eKTpU4ecTBo.

TOKA OT @ K ®.
ABTOMATUMECKUE

@ sHKNIONaTenyu ueneit

BHyTpeHHss 3neKTponposoaka
COCTOMT U3 HECKONbKKUX uemei. Ecnu e
NBON U3 HUX TIOTEYET TOK Bhilwe
yCTaHoBNeHHOro (06b14HD 20 A}, TO
aBTOMaTUYecKuit BbIKNoYaTenb 3ToM
uernu cpaboTaeT U pa3opseT ed.

HetitpansHerii
nposon
(3azemnéHHsIN
nposoa)

Tposona
HanpaxeHus

*AMnepHbIi npepbiBaTent (MCNONb3YIOTCA TONLKO B ANOHUM) MOXET OTCYTCTBOBATL B 3aBUCMMOCTU OT
AOrOBOPHOIO aMNepaxa n NPaBun KOHKPETHOMN JHEPreTMUECKON KOMMaHNK,




C SHEPETUHECKOL CAYWAL, Tbl XE LHO-

_ KOMIMAHUEL"? MAHETSHKA. A 3TO
N HAYHHAQ PAHTACTU-
.9

KA, A HE MLCTLKA,

3A HAPYWEHLE ;
CBET OTKAFOHAT? N
A MOXET, AAXE Aywy kS

3ABEPYT? :

@ernuum
0BPA3LI?I

HA AMIEPHOM NPEPLI-
BATEAE ECTb HAAMLICD,
Y HAC 2TO 60 A. 2TO
AOrOBOPHOL! AMIME-

PAX,

NnoO3TOMY, ECAU

~TO AMIMEPHDBIL MPE-
MNOTEHET TOK

PBIBATEAb CPABOTA-
B8OAbIWE 60 A,.. N\ET, U BYAET 80T TAK.

2

HAMPUMEP, U3 OTBEP-
CTUI B8 INEKTPLMHE-
CKOM UWHYPE, ..

- UAU L3
HELICNPABHOIO
INEKTPOINPUBOPA,

NOrPLI3AA MNYP
NYTH-HYTh...
TOK MOXET

YTEKATH?

Ol"" ovis

FAABA Y. 3AEKTPOPACNPEAEAEHVE



KAK OfIACHO! 3TO XE NPUBEAET \ //
K YAAPAM DAEKTPLLECTEA, .
MONAPAM U KOHUY CBETA! /Z

BOT, KCTATU, NPUHULIN
OBHAPYXEHUI TOKA
YTEUKU HA 3EMARO.

Tok, BTekaIoui ol BbITEKAIOWNA TOK
YMEHBIIMNCS Ha

Tox BBIXOIMT M3 MCTOYHMKA INEKTPONUTAHUA, MPOTEKAET Yepe3 HarpysKy
(snexTponpubop) M Bcerna BosBpaniaeTcsa 06paTHO B UCTOYHMK, TOITOMY B HOpMe
TOK, BTEKAIOLIMIif B HArPy3KY, PaBeH TOKY, BbITEKAIOLIEMY U3 HeE.

OpHaxko ecnu B I7ie-TO B 37IEKTPONIPOBOAKE MM BHYTPM 3/1eKTponpubopa mpo-
M30MAET yTeYKa Ha 3eMJTI0, TO IIPePBIBAaTe/Ib MTHOBEHHO OOHAPYXKUT €€ M0 pasHuIle
Qrexammero ¥ BBITEKAIOIETO TOKOB! J

NOCAEAHEE - ABTOMATILMECKLE
BUKMOHATEAU LIEMNEH B. TOK
3AECL PACNIPEAEASETCS MEXKAY,
HECKOABKLIMU LUENIMLL

MOAOAEL,
NPEPLIBATEAL!

HAC 3AUUUAET
CTOAbKO BCIKUX
YCTPOUCTB, A Mbl U
HE 3HAEM/

PACIPEAEANIETCI?/




DAEKTPLLECTBO ™
8 PA3HbIX ME-
CTAX 8 AOME

LCNOAL3YETCS,
TAK BEAL?

74N
IMrocTpet Ha

l-mu 2-m
3Taxax

no3TOMY AEAAIOT
rPyYmosbiE UEM -

OTBETBAEHUG AAQ
PA3HbIX MECT,
HA3HAUEHLI,

KaxpoMy aBToMaTtM4eCKOMY BLIKMIOHaTenNio Lemu
COOTBETCTBYET CBO& 0TBRTBNEHUR — TaK Ha3blBaeMas
L) A Uemb (branch circuitl, tutaowas ceoro rpynny
. p0O3eTOK UNW OCBETUTENbHLIX TPUBOPOR. -~ .~ ~* . -

N
KoHauuunoHep
B CNanbHe
Ha 1-m 3Taxe

LirencensbHere
pO3eTKu Ha
1-m ataxe

Oro, AAXE 8 3TOM
TECHOM
AOMLUKE HAAO TOK
PACIPEAEAGTD..

HY, U3BUHW OH 8OOBUE-TO
ANG OAHOrO! sYAET TECHO,
KOrAA ABOE XUBYT/

Wcnonesys o6a nposoaa
HanpsaxeHus,
nonyvaem 200 B.

AAAHO... KCTATU,
reyrrnogbimu LUEng-
MU MOXHO cOTBO-
PUTE KOE-HTO!

TTposoa,

HelitpansHerij
nposoA

I

8 OAHOPA3HOU
TPEXTIPOBOAHOLI CLICTEME
MOXHO MOAYHUTE AAXE 200 |\,
3AAELCTBOBAB OEA NMPOBOA
HAMPIXEHLS,

~ 7 1008 1008 1008 j00B200B
.\ Ucnonssys oaun us npoeonos

HaNpAXeHUs U HeUTPaNbHLINA
nposoa, nony4aem 100 B.

FAABA Y. 3AEKTPOPACMPEAEAEHVE




A, U nPABAA, 9
BUAEAA TAKYHO
CXEMY.

(Cm. cTp.137)

#200 B noAaxoAut AAQ

UENEL ¢ 8OAbULIM
SHEPIONOTPEBAEHLIEM,
HAMPLUMEP, AAS LEMU
KOHAEHULIOHEPA.

fAoxA3ANG

KoHauuuwoHep

Q ¢ APYrumMu neUso-

PAMU HE yXKLUBYCH!
AALUTE MHE OTAEAb-
HYIO UENb!

2008

¢
WrencensHas \
. poseTka
WrencensHas
posertka

200 B MHaykumoHHas nauta

| BOT OHO uTO.. ECAU

MPUEOPAM C EOABULIM
SHEPIONOTPEEAEHLEM
BLIAEALTS OTAEABHBIE

CKUE 8bIKAFOHATEAU
BEYAYT PEXE CPABA-

HO MEHG 3TOT
3IrOU3M HTO-TO
PA3APANXCAET..

Tbl U CAMA TAKAS XE/!
AAAHO, PA3APAXALICS,

TOAbKO HE CTPEASQL 8 HUX

AA3EPOM/

TolRATD, TAK? /|

2. 9AEKTPUHECTBO BHYTPY AOMA



3. l.l.ITEl'ICEAbelE POBETKM

a0

AX, CKOAbKO
TPYAHOCTELl Tbl
| MPEOAOAEAO...

Tol CAbIWLIWS MEHG,
DAEKTPLHECTBO?

9 TAK PAAA, UTO
| BCE OKOHUIAOCHL
\)\ BAArOMOAYUHO.

qQ, KAK MPLIWENEU U3 AAAE-
KOrO KOCMOCA, CPABHLAA
CEBQ C INEKTPUHECTBOM
C AAAEKOLI 2AEKTPOCTAH-

Tbl BEAEWL C PO3ETKOU
rAYsOKLE PA3rO80PbI,

Q 8bl MNO3BOHUA 8 BEOAbHLLY,

HO AAXE HE 3HAIO, BYAYT
U 8 3EMHOL BOABHULIE AE-

HUTL WHOIMAAHETQHKY ..

MEALILILHCKAS
CTPAXOBKA ECTD,
KAK NMOAOXEHO!

HY, AAAHO,
TOrAA PACCKAXY
npPo PO3ETKU, HTO AUP

FAABA Y. 3AEKTPOPACMPEAEAEHVE




I livenmcenbHbie po3eTku Ha 100 B, 200 B

-

OT9 PAHbIWE OCHOBHLIMU

9 OB BICHIA, HTO HAMPIXEHLQ
8 OAHOPA3HOU ABYXTWOBO-

AHOO L QAHOPAIHOL TPEX-

MPOBOAHON CLICTEMAX
BYAYT PA3HbIMLL

i{ e oswem 310

BbiNU OAHOPASHUIE ABYX-
MPOBOAHLIE CLUCTEMbYI, 8
893U ¢ POCTOM NOTPEBAE-
HUSQ IAEKTPOIHEPI UL 8 Bbl-

TY PACIPOCTPAHLIALUCH

BbIrASAUT TAK,

“ HO3BOAOT

200 B, Tak?
(Cm. cTp.137, 156)

Helitpansuuit Hanpaxenus
(to ecTs nposoa,
NOAKMOYEHBIA K B e 1 BN ] e
3a3EMNEHIO) h

LFAN FEAN 1 —hemal2Z} TN O
Ocseuenue Ocsauisnue j VINAYXUMONNAR Konamumoniep

100B  xonoaunsuux 100 BXonoaunstux 2008

100B 1008
Tl rOBOPLA OTALMHO! MOS

namare
UAEAABHA!

ECTb EWE KOE-UTO.,
AAQ HANPIXKEHUL
100B w200B
UcrnoAb3yrotca

\\ \ PO3ETKU PA3HDIX TUMOS.

3. WTENCEAbHBIE PO3ETKH



CYUECTBYET MHOIrO
PA3HbIX TLNOB
WTENCEAbHOIX
PO3ETOK

Oafa pasat100B
15A 20A
(I |
P« « .
Y . [ r
3asemnarouwmii
KOHTAKT a

Bu1BatoT po3eTku ¢ 3a3eMNAOWMM KOHTAKTOM. 3a3emieHune
TpebyeTcs, HanpUmep, ANS CTUPASIBHBIX MAWUH, KOHAULNOHEPOS.

KAK UHTEPECHO..

“HO MHE BOAbLE
BCEIO HPABATCY
3TU, CTAHAAPTHBIE...

OHLI HAMHOIO
CLUMMATUHHEE, HEM
3TA, € YPOAALIBLIM

AEBAQ AAUHEE/

NEBAG U MPABAS MOXEWb CKA3ATD,

WEAU- PA3HOU
AAUHBL,

FAABA 4. 3AEKTPOPACMPEAEAEHUE
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\ 3HAIO, 3HAKO! 2TO MOTOMY,.

3TO KOPOTKOE 3AMbLIKAHUE U
BOAbWASG BEAA/

3AAUBATO MOAOKO B PO3ETKY
- 3TO TEPAKT, HUTO AUP/

> HTO AEBAS B8 AETCTBE IMNA
BOAbIWE MOAOKA/

AEBAQ MPOPE3L AAUHHEL,
MOTOMY UTO ECTb NMPABLIAO:
CAEBA MOAKAMOHAETCS
HELUTPAALHBIL NMPOBOA.,

HetitpaneHerid nposoa  TTposoa HanpaxeHus
noakntoueH (He noaknroueH
K 3a3eMNeHUIo) K 3a3eMNeHuto)

Ky

" HELITPAABHBII MPOBOAY
ITO 3A3EMAEHHLI
nMPOBOA HANMPINCEHLIQ?
(Cm. cTp.138)

ronamor JJJJ

OCTOPOXHDIE CYOT
2 MPOBOAOKY 8 AEEBYHO

UWEAb! AFOBUTEAU OCTPbIX |
OUIYUWEHUL - 8 NPABYO/

CYHYTb MEAHYIO NMPO-
BOAOKY 8 AEBYHO
UIEAD, TOKOM HE YAA-
PUT, HABEPHOE...

A BOT ECAU 8 NMPABYHO
- TOHHO YAAPUT

HE HAAO HUHEMO
COBATb HUKYAA!!




U EWE, OBPATU BHLU-
MAHLIE HA WTEMNCEAb-
HYIO BUAKY.

OTBEPCTUI?

Ortsepctus e
wru@rax
wrencensHoU

BUNKKU

HA CAMOM AEAE, 8 2TU OT-
BEPCTUQ BXOASIT METAAALILE-
CKUE BbICTYNbl, HAXOASQULECS
BHYTPU PO3ETKU, OGECIEHLIBAS
HAAENCHOE COEAUHEHLE.,

BEAb BE3 XOPOWEIrO
COEAUHEHLII IAEMEHTDI

BYAYT MPETbCY, HTO MO-
XET MPUBECTU K MOXAPY,

BOT KAK.. AAXE 8 TAKLE MA-
AEHBKUE OTBEPCTUI BAOXEHO
CTOABKO MYAPOCTU, U30EPE-
TATEABHOCTU...

>

Cr\ , MOAOALDbI,

3EMASHE,
LN YBAXAIO!

TPYALCH, PO3ETKA,
BCEAEHHAQ

3A TEES/
Tbl cAbIWLIWG

AA MPEKPATU

FAABA Y. 3AEKTPOPACMNPEAEAEHUE




Z litermcenbHeie pO3eTKK B Pa3HbIX CTPaHax MHpa
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WTak, Tenepb s paccKaxxy, Kak 06CTOMT A0 CO LITENCE/TbHbIMMU PO-
3eTKaMyu B Mupe. [lAnyM, B MUpe BCTPEYAIOTCA caMble GOPMBI LITEN-
CE/IbHbIX BU/IOK /IS Pa3/IMYHBIX TUIIOB LITENCENbHbIX PO3€TOK!

A B C B3 BF SE 0
[+] 0

B Snonumu nosciogy MoxxHO BcTpetuth TMII A. HO B Apyrux crpa-
Hax Bce uHave. Hanpumep, B Tannanpne ncnonp3yiorca tpu tima - A, C
un BE

Oro... Taunanpiel, HaBepHOE, MOGAT pasHOOGpa3ne

A Terepp HEMHOTO TO/IE3HBIX 3HaHMIA. Thl B3s/1a MEKTPUIECKMI
npubop, caenannblit B Simonuu, u noexana B Tamnana. Ho paxke ecnn
Thl TaM Halfiellb TaKyIo Xe, KaKk B flnonun, poseTky TMma A, He CTOMT
CIIEUIMTD K Heif IOAK/IIYaThCA.

ITouemy? ®opma oTBepCTMIl IOAXOAUT, 3HAYUT BCE B TNOpAAKe Xe?
A1 xouy B Tamnanpge anexTponpu6opamu omb30BaThCA!

[Tocnymaii. Jleno B TOM, YTO CYLIECTBYIOT Pa3aMiMA TaKXKe B HAIlpA-
XEHMAX, UCTIONb3yeMbIX B Snonuu u fpyrux crpanax. [locMoTpu Ha kap-
./ Ty MMpa Ha C/IefyIOlIeii CTPaHNMLIE.

-

3. WTENCEAbBHbIE PO3ETKU
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. Paanuuua GMITOBLIX HANPAXEHUI B PAIHMIX CTPAHAX |

A Beppb B SImoHMyM HampsKeHMe A GBITOBBIX HY)XJ B OCHOBHOM
paBHo 100 B... 3naunT, 3a rpanuieit no-apyromy. EcTb cTpaHsl u ¢ Ha-
npspxeHneM B 220 B - Bce Takme pasHble. 3Ha4MT, HeNb3s B3ATD C 0601
B [IPYTYIO CTpaHy faxke pucoBapKy? Kak >arb...

3auem pucoBapky-To?! JlagHo. Ba>kHO 3alIOMHUTD, YTO XOTS, HANIpH-
Mmep, B Tanmanpe, Ha OuimmnuHax ToXe €CTh PO3ETKM TUIA A, KaK M B
SAnonun, Hanpsxenue B Hux paBHO 220 B. IlosTomy, ecu nombiTaTbcs
UCTIONIb30BaTh 3/MIEKTPOHUKY NPY TaKOM HAIpsXKEHUM, OHA CIIOMAETCA
WIN 3a[IbIMUTCSL... HABEPHOE.

Ho ecnu ToI Bce-Taky XO4elllb MCIIONIb30BATb NMEKTPOIPUOOPDI AMs
SInoHuM, MOXHO B3ATh MOHIDKAIOMIMIA TPaHCPOPMATOP IS CHYDKEHM A
HamnpspkeHus Ao ypoHa 100 B. Kpome Toro, cyiecTByoT MyIbTHBO/b-
Ta>KHbIEe M3JeMUA”*, KOTOPbIM HUKaKoI TpaHcdopmaTop He TpebyeTcs.

*Ha Takux anekTponpubopax umeercsa Hagnucb Bpoae AC100-120V/AC200-240 ( AMH) (asTo-
maTuueckoe nepekxnioyeHne HanpaXxxeHna l'lMTaHMﬂ).

XM, HO, K COXXaJlIeHUIO, 3Ta pUCOBapKa He TakKad. A BOT Ha afjanTepe
TBOero HoyT6yka Hanmcaso INPUT:100-240B, 50-60 Ity Xutpern!

A, Torpia ero, HaBepHOE, MOXKHO JMICIIONIb30BATh 3a rpaHuneir. OfHako
HEKOTOpbIe IMHYPHI, KOTOPBIMM aflalITep MOAKIIOYAETCA K PO3€TKe, pac-
YMTAHbI Ha HanpsDKeHue He 6ornee 100 B. Jlyume mpoBepuThb 3TO mepep,
ucnonb3oBaHueM. .. IIpaBfia, s U 3a rpaHMITY TO He COOGMPAIOC.

FAABA Y. 3AEKTPOPACNPEAEAEHVE



80T U 8cé& nPoO

Tbl 8 OslUX HEPTAX
YCBOLAA MEHEPALILIKO,
MEPEAAUY U PACIIPE-
AEAEHLE IAEKTPOI-
HEPIUL, HE TAK AUP

RN @Y UTO Tbl TAK PEA-
HA 3TOM 8CE N rupyewb, sYATO
3AKOHULITCI?! $1¥

KOHEU CBETA?.

HET, 2TO EUIE HE 8CE.
ECTb KOE-UTO,

O HEM 9 XOUHY TESBE
PACCKA3ATD.

8-BOT KAK! HY, G, TAK
U BbITb, NOCAYWAIO! -4

3. WTENCEABHbIE POBETKU
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Tbl YEO CBOE ~ P
OPYXLE HA MEHSQ oy

XE OBOPLAA;
CrNAUErO HAMPAB- OHO - MHOIO-

PYHKULUOHAAD-
HOE.

CAMDBIE PA3HbDIE NCECTOKLIE

nePUcnocoOsAEHUG?! HE-E-E-E-E-ET, HE HA-
YXXKACHOE NMPABASLI EFO HA MEHS!
HYAOBLUIE

U3 KOcMocA?’!

W

AA 3AMOAHU THI U
CAYWAL], cOHI!!




¢ CYETUYUKM 3MeKTPOo3Heprum

D R R R L L R R R R R R R L L L L R R R I R L R R PR Y

YTO6BI MOACYNTATD IIATY 32 STIEKTPOIHEPIMIO, HYXKHO U3MEPUTD €€ Pacxof,.

ITosToMy B Ka)XX7OM >XM/IMILE, 30AHUM U T.II. YCTAHABNIMBAIOT CYETYMKM I7IEK-
TposHepruu. VIHOIIa MX CTaBAT [JaXke Ha TOPTOBBIX aBTOMarax (KOIrfa Biajienel]
aBTOMATa KOMIIEHCUPYET CTOMMOCTD /IEKTPOIHEPTUM BIIafIe/IbITy TIOMELEHN).

JlaBajiTe OroBOPMM O €AMHMUI]AX M3MEPEHUS [ STOT pacyeTa IUIATHI 3a
anexTpoaHepruio. Kak npasuno, ucronesyercsa Bry (Barr-yac) mmm Br-c (BarT-
cekyHpaa). Kak noHATHO U3 0603HauYeHMs, 9TO NpousBefieHue moTpebnseMoit
MomHocTH (BT), KOoTOpoe ykaspiBaeTcs Ha aneKTpornpubope, ¥ BpeMeHM paboTH
3TOro a7eKTponpubdopa (B yacax umm cexyHaax). Popmyna B obiieM Bue BbIIIA-
IUT TaK.

Anexrposneprus W (Br-c) = Momuocts P (BT) x Bpemsa £ (c) =
= Hanpsoxenne V (B) x Tok I (A) x Bpems ¢ (c)

ITockonbKy HanpsKeHNe B CETAX CTabUIbHOE, /I HAXOX/IEHUA KOMUYeCcTBa
3/IeKTPO3Hepruyu TpebyeTcsa y3HATb BeMMuMHY ToKa. OfHAKO eAMHUIIA «BaTT-
CeKyHfia» He O4eHb YJOOHa /I BRIPOXKEHNA PealbHO IOTPeb/IAeMbIX KOMUYECTB
3NMEKTPOIHEPTUY, TOITOMY LIMPOKO NPUMEHSETCA eUHNLIA M3MepeHus KBt
(xunoBart-4ac). KunoBart(xBTt) 60nb11e BarTa(BT) B 1000 pas, a yac 6onblue ce-
KyHbI B 3600 pa3, mosromy

1 xBTy = 3 600 000 Bt-c

Jns xxunum Hanbonee 4acTO MCIONB3YIOTCSA MHAYKIMOHHBIE CYETYMKH
3MEeKTPOIHEPTUHN, U3MEPAIOIYE AKTUBHYI0 MOIJHOCTb (IIOTpe6IsaeMyio MOL-
HOCTb) IIepEMEHHOTrO TOKa. B MHAYKIMOHHBIX CYETYMKAX I/IEKTPOSHEPTUM JC-
MO/B3YeTCA BpallleHye «AUCKa Aparo»: KOJINYECTBO 3/I€KTPOIHETUM U3MEPAIOT,
HaXOJis1 MHTETPaJl OT MOLIHOCTHM ITYyTEM IOACYETa UncIa 060pOTOB JyCKa.

Iuck Aparo npencrapnser co6oit fUCK U3 MaTepyuaa, He IIPUTATMBAEMOTO
MOCTOSIHHBIM MarHUTOM, HalpuMep, U3 amioMuHus umm Mepu. Ecmu k Takomy
AMCKY NpUOIM3UTD OCTOSHHBIN MarHUT U [IBUTATh MM I10 OKPYXXHOCTH, TO UCK
HAYHET BpallaThCs BCIIER 3a NMOCTOSHHBIM MarHuToM. IIpuHnun gucka Aparo
OIMCHIBAETCA PUCYHKOM Ha CNIeAyIollelf CTpaHMIle.

1e8

FAABA Y. 3AEKTPOPACMPEAEAEHVE
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1. TIpu pBMO>KEHUM MarHMTA IO KPYTY, HAIIpUMep, 10 YacOBOI CTPENIKe Ha Ha-
IIeM PUCYHKE, M3MEHAETCA MarHUTHBINA MOTOK, IPOXOAAIIMIA Yepe3 onpe-
TeN€HHBIN YYaCTOK AMCKA.

2. Bosumkaer 9JIC MHAYKLMY, HalpaB/IleHHas COITIACHO IIPaBM/Ty NPaBoit py-
ku OreMuHra, I0f; EVICTBMEM KOTOPO# B IUCKe IIPOTEKAET TOK (BMXpEBOI
TOK), 3aBUCALIMIA OT COIIPOTUBIIEHNUA MaTepMaa JUCKa.

3.B pesynbTarte B3aMMOJ€CTBUS MaTHUTHBIX IIOTOKA BUXPEBOro TOKa B JUC-
K€ ¥ MarHuTHOrO IoOoTOKa OT ITIOCTOSAHHOIO MAarHuTa, Ha AUCK HCI?[CTBYCT
J/IEKTPOMArHUTHAA CHJIA, HallpaBJIEHHaA COrZIaCHO IIpaBUITy JIeBOM PYKn
dnemuHra, HanpuMmep, 1o 4acOBOM CTPpEJIKE B C/Ty4a€ Ha pUCYHKE BbILIE.

\‘4. HMCK BpalllaeTCs B HaIIpaB/ICHUM NIEPEMEILIEHN A MarHUTa. J

Ecnu 3aMeHMTb NOCTOAHHBI MarHUT 37IEKTPOMarHUTOM, TO MOSABUTCH BO3-
MO>XXHOCTb CO3[1aBaTh CABUTAOIllee MATHUTHOE I0JIe, Bpaljaloliee AUCK Jaxke Ipu
HETIO/IBYDKHOM 3/IeKTpOMaruuTe. XOTA MHAYKLMOHHbIE CYETUMKM IIEKTPOIHE-
I‘pMM SABNIAKTCA AaHA/IOTOBBIMU yCTpOﬁCTBaMI/I IIPMMMTMBHOﬁ KOHCTPYKHMM, ux
OT/IMYAET MEXaHUYECKasd U 3INeKTpUYeCcKas MPOYHOCTDb, 0becreunBawIas CTa-
O6MIbHYI0 SKCIUTyaTalMI0 Ha NPOTAXEHMM AIUTENIbHOTO IEPUOAia, IO3TOMY OHU
I.HI/IpOl(O I/ICI‘IOIIDSYXOTCH ¥ B HaCToAIIEE BpCM}I.

(Cm. cTp.152)

Ecnyu BbI MOCMOTpUTE Ha MHAYK-
IMOHHBII CYETYUK INMEKTPOIHETNN B
peasbHOCTH, TO YBUAUTE AUCK, IO-
ROOHBII MOKa3aHHOMY Ha PUCYHKe
cripaBa. Taxoke BbI, HABEpPHOE, CMOXKe-
Te y6eAUTbCA B TOM, YTO BO BpeMs
pPacxofioBaHUA 3NIEKTPOIHETUN ITOT
AMCK BpaljaeTcs.

Luck
pawaercs

/
AONOAHUTEABHAS MHPOPMALMS




@ DneKTpOHHbIe CYETUUKU 3MEeKTPO3Heprum
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B nocnepHee BpeMsA K MHAYKIMOHHBIM CYETYMKAM, UCIIONB3YIOMIMM BpalleHUe
AUCKa, T06aBUIINCh TAKXKE IMEKTPOHHbIE CYETUMKY, M3MEPAIOLINE He TONbKO aKTUB-
HYI0 (pacXofloBaHHYIO) 3/IeKTPO3HEPTHUIO, HO Lie/IbIif HAGOp IMapaMeTpoB, TAKUX KaK
«peakTUBHAA 3NIEKTPOIHErpys, MaKCMMaIbHas IOTpeb/sieMass MOLIHOCTD, CPeRHMIA
k03¢ Punment momuocti». Takum 06pa3oM, X 0COOEHHOCTDIO ABIAETCA MHOTO-
GyHKIIMOHAIBHOCTD, OGHAKO, II0 CPABHEHUIO C MHAYKIIMOHHBIMY CYETYMKAMM, OHU
Hava/1 MICIIONIb30BaThCA He TaK JaBHO Y He YCIeNy elé 3aBOeBaTh TaKOTo IOBEpy,
K TOMY >K€ OHY MMEIOT TaKOJ HEJIOCTATOK, KaK HM3Kasd MeXaHN4YecKas U dMeKTpuye-
CKas Mpo4yHOCTb. HecMOTps Ha 3TO, OHM yXe CTany JOCTATOYHO PACIPOCTPAHEH-
HBIMM, B OCHOBHOM Ha 3aBOJlaX, B KPYNHBIX 3[laHuAX. [IpnHIMI feitcTBUA amex-
TPOHHOTO CYETYMKA NPOCT: M3MEPEHHBIE MTHOBEHHbIE 3HAYEHNUSA HANIPXKEHUA U TO-
Ka MHTErPUPYIOTCS 110 BpEMEHM C IIOMOILbI0, HAIIPMMEP, MUKPOIIpOLieccopa.

3HaveHus
otobpaxaroTca Ha
UMpPOBOM Ancnee

¢ VlHTenneKkTyanbHbIe CYETYUKU SNEKTPO3HEprum

R R R R R R N R R R R R R R R R L)

VIHTe/IeKTyaIbHBI CYETUNK ITEKTPOSHEPTUM - ITO S/IEKTPOHHBIN CYETUMK C
¢yHKuMeN Iepegayn JaHHBIX. Mepbl 10 OCHOBATE/IbHOMY BHEJPEHUIO TAKUX CYET-
4YKOB IIPOBORATCA TaKXKe ¥ B SmoHun.

Tlo cHX TIOp Cyl[eCTBOBaNa HEOGXONMMOCTb CHATUA TIOKA3AHMIA, OHAKO, MC-
nonb3ya 6ecrpoBOAHYIO CBA3b MM KaHanbl BY-cBA3Y 110 IMHUAM Nepefayn 1 pac-
Ipefie/ieHNs] NEKTPOIHEPTUN, CTAHET BO3MOXKHBIM IIONTy4YaTh MIOKa3aHUA Jaxke U3
ynaneHHsx MecT. Kpome Toro, 6onbluye Hafiex/ibl BO3/IaraloTcs Ha Takue QyHKIMm
KaK KOHTPO/Ib MOLIIHOCTH, IIOTPe6/IsieMOl B GBITY, peryIMpoBaHme CIIpoca .

PerynmupoBanne cripoca (demand response) — 3TO MeXaHM3M, C IIOMOIIBIO KO-
TOpPOrO 3HepreTUYeckue KOMIAHUM TPEGYIOT OT CBOMX KIMEHTOB COKPATUTD IIOTpe-
6neHue 3MeKTpOIHEpruM. ITO CTAHOBUTCA BO3MOXKHBIM O/1arofiaps MHTE/IEKTyaIb-
HBIM CYETYMKAM, OCYLIECTB/ISIOLMM IOC/IEfOBaTeIbHBI MOHUTOPYUHT KONIMYECTBA
HOTpeb/1geMOlt 37eKTPOSHEPTUM.

FAABA Y. 3AEKTPOPACMNPEAEAEHVE
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1. YUTO TAKOE PACMPEAEAEHHBIE UCTOYHUKU?

-\

AOEBPOE YTPO,
HAMLIKLL,

MAANO 3EMAGH, KO-
TOPbIE &bl HE LiC-
nyraAucb, ecAu sbl
ux rnornbITAALCL

Tbl BCE HE
TAK OHAQA..

HTO 2TO 3A MNO3A~/

3TO Tbl U3-3A
BHEPAWHEO?/




g XOTEAA TEEQ
CPOTOrPAPUPO- \ v
BATL, HAMUKLL, /" " B85 U0 rBoi

it P P T i eyueergoBANUE [/
: \ TOXE /
[ i 2 T !

3TO Tbl BAHOBLIAACS,

kAk UYTEA...

U-HEM OB 3TOM,
AABALl AYHIE HAY-
HEM CErOAHQUMLILI

HA CAMOM AE/E,
9 XOTEA HAMOCAE-
AOK MoroeorPUTL
O TOM,...

N =N
- KAK B8YAYT
PA3BUBATbLCI

CLUCTEMbI
\ INEKTPOCHAE XEHLQ....

&

| %
pov.

w B BALUDKALIWEM
BYAYUIEM.




%) LigHTpanna0ankas M pacnpenenéhnas anextporenepauns

*
& Tennosas
A 3Heprus

B HAWE BPEMS BCE
OCHOBHbIE TUMNbI re-
HEPALILILE: TENAOBAG,
FUAPABALHECKAY,
ATOMHAS,....

AAQ HAHAAA KO-
POTKO MOBTOPLIM

U3YHEHHOE.,
ATOMHas

3He

" Fu.qpammu
3Heprusa

. MOAPA3YMEBAIOT
FEHEPALILFO HA KPYTI-
HbIX SAEKTPOCTAHUILGX
BAAAU OT NOTPEEUTE-

AQ € NOCAEA YIOUEL

SAEKTPOINEPEAALEL],

AANEKO ——— ..

Tlepeu4Has TIC TTpoMexxyTa4Haa TC PaltoH motpe6neHus

HO BO3MOXHO, 8
EYAYUIEM 3TA
CUCTEMA CLABHO

Q OTAUHHO MOMHIO,
KAKOU AoArud nyTe
MPUWAOCH NMPEOCAOAETDL
SAEKTPUHECTRBY, HTOEBbI
AOBPATbCSY
AO PO3ETKLU,

ERSTE—————
FAABA 5. SAEKTPOCHABXEHWE BY AYWEO




HAMPLIMEP, COAHEHHAQ,
BETPOBASG
IAEKTPOEHEPALILIG..,
Tbl BEAb TOXE O HLUX
CAbILAAA?P

AAG ITUX BUAOB MEHEPA-
U LUCroAb3yeTc9 OsOPY-
AOBAHUE HEEOAbULIX PA3-
MEPOB, MO CPABHEHLIIO C /.
> T3C, r2¢ UAU A3C, .

.....

BAHUE PA3MEUAIOT TYT U
TAM, 86AU3U OT PALIOHOB
NOTPESAEHUS.,

3TO KOMNAKTHOE OBOPYAO

Bertposas
aneKTporeHepauus

ConHeuHas
3neKTporeHepauus

TAKOE PALIOHHOE
IAEKTPOCHAB XXEHUE
BbIAO Bbl OOHEHD
YAOEHO..

U riPABAA, YAOEBHO.
MOTEPL IMEPEAAHL
COKPATITCA,
(cm. cTp. 97)

AA U APYTLE
NAKOCHI AOAXHbI

ConHeyHas
reHepaums

BbITD,

1. YTO TAKOE PACNPEAEAEHHBIE UCTOYHUKMU?



MAANOMACWTABHOE
OBOPYAOBAHUE AAG
FEHEPALILL HA3DIBAIOT
PACIPEAEAEHHDIMU LIC-
TOUHLIKAMUL

......

TAKUE UAbLI DAEKTPOIEHEPALILL, X

KAK COAHEHHYHO UAU BETPOBYHO, 3
MOXHO HA3BATb PACIWEAEABHHOU |
8 NPOTUBOBEC KPYNMHOMACTABHOU |
UEHTPAAUBOBAHHOU - TENAOBOL,

FUAPABALLECKOU U ATOMHOU,

Y UMEHHO HEBOAbWUE
PA3MEPLI AAIOT

BO3MOXHOCTb TA-

KOO PA3MEWEHUS.

HAAO XE, COBCEM
APYIUE mPUHUUMbY

& & =
Convbrwko  Bervepok

- - . -
.
B

KCTATU, HAMUKU...

ECAU PACTIPO-

CTPAHATCA PAC-
NPEAEAEHHDIE UC-
TOUHLKU..,

+PA3BE HE CTAHET MEHbLWE
T8OUX ArOBUMbIX
FUrAHTCKUX Ornoe A3n

U AAUHHDIX-TIPEAAUHHDIX
176 nPogoAOR?

OX, 3TO TAK MPYCTHO,
TAK MPYCTHO..
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OcobenKocTH pacnpereneHHIX HCTOYHHKOD K NHGEPANH3ALHA INeKTPOSHEpreTHKH

R R R A R R N

WTak, ceityac 51 HEMHOrO IOAPOGHee pacckaxy O pacIpepeneH-
HBIX MCTOYHMKAX 37IeKTPO3Hepruu. TOMbKO YTO 51 YIHOMMHAT COTI-
HEYHYI0 ¥ BETPOBYIO 37IeKTPOTe€HEPALMIO, OHAKO €CTb MHOTO U
APYTHX BULIOB.

Vcnonp3yetcsa He TONbKO BOSOGHOBIAEMAaA SHEPTMA COMHLA,
BeTpa, 6uoMaccel (cTp.75), Manbix pek (cTp.63), HO TakXKe , HalIpU-
Mep, TOI/IMBHbIE 3/1I€EMEHTHI (CTp.72), TeHepaToOpbl THIIA Ta30TYp-
OMHHBIX YCTaHOBOK (CTp.72) .

3HauMT, HE3aBUCUMO OT CIOCOOa 3MEKTPOreHepanyn, eé MOXHO
Ha3BaTb pPacHpeRenéHHOM, eC/u UCIIONb3YIOTCA MaIOMaclITabHble MI-
HU3NEKTpoCcTaHUuH, Tak? To ecTb, pacipeieIéHHAA NEKTPOreHepaLyus
— 3TO He TONbKO 3HEPruA BO306HOB/IAEMBIX MCTOYHUKOB?

WmenHo Tak! Y pacnpenenéHHoit aneKTporeHepaLm ecTb Cleny-
IOl Y€ IUTIOChI M MUHYCBI

pmmm— O PacMpefeNEHHON 3NeKTPOreHepaUUM s

HoctouHcTea
@ TMo3sonset COKpatTUTh KONKU4eCcTBo uﬁopynoaal-ma 3InektTpomepena4vn

(@ TMo3sonset YMEHbLWUTL TTOTEPU 3NEKTPOTTEpEnaYun
® Crroco6CcTBYeT BHEAPEHUI0 3Hepruu BO306HOBHAEMbIX UCTOYHUKOB

0000000000000000003000000000000000000000000Tr0a0TIaNTIANTress ttseatscatceoatocansresssnesstsssscsce

HenocTtatku

@ KT reHepauumn MOXKeT BbiTb HUXE, HEM TIPU LIEHTPArNM30BaHHON
371eKTpOreHepaumm

® MoXeT BO3HUKHYTh HEOBXOAUMOCTh B AOCTABKE TOTNUBA HA MHOXECTBO
yCTAHOBOK, YAANEHHLIX Apyr 0T Apyra

(® HeobxoauMo BbipabathlBaTh 3amacHbIe BapUaHThI 3NeKTPOCHABXEHUs Ha
cny4an HeucTipaBHOCTK 06OpyROBaHUS, Ha BPeMS TNAHOBOr0 TEXHUYECKOr0
. OBCNYXWBaHUSA N TT.

1. YTO TAKOE PACTIPEAEAEHHBIE UCTOYHUKU?




Bot ono urto? [la, u ¢ nmocamu, ¥ ¢ MMHYCaM# He TOCIIO-
puib. Kak HempocTo Bcé 3T0.

Hy>Ho ckasatb, B SImoHuy ceityac BHeAPSIOT Bcé Gonblue pacnperne-
JIEHHBIX MCTOYHMKOB. V 3TOMY crioco6cTByeT TeHpeHIA nubepannsa-
IMU 3TIEKTPOIHEPTETUKIL.

A? JInbepanusanys sneKTpO3HepreTMKu? ITo elwé 4To TaKoe?

B 1995 ropy B SlmoHuM BHeC/M MONpaBKy B «3aKOH 06 3/1EKTPO3-
HepreTuke». ITO Jjalio Hauyalo CBOGOMHO! KOHKYPEHIIMH B 37IEKTPO3-
HepreTyuke ¥ 06/Ierymno BLIXOJ Ha 3TOT PHIHOK MPENIIPUHUMATENSAM U3
Apyrux orpacneit. Kpome Toro, s ctumynsanuy BHEIPEHUs pacrpere-
JIEHHBIX UCTOYHUKOB IPOBOAUTCA TAKXKe MOMUTUKA OCTab/IeHus orpa-
Huyenmit. JIo Hactosmero Bpemeny JISII Haxognmuch B MOHOIIOIBHOM
PaCNOps)KeHUM SHEPTeTHYECKO KOMIIAHUM COOTBETCTBYIOLIETO Peruo-
Ha, OHAKO cejfyac pyrue KOMIIAHUM TOXEe MOTYT MCIIO/Nb30BaTh MX.
KpoMme Toro, cTpOoMTENbCTBO COMHEYHBIX SIEKTPOCTAHINIA MHOT/A TaK-
e MO/TyYaeT TOCYAapCTBEHHYIO IIOANEPXKKY, HapuMep, B BUfie Cy6cH-
b197178

Oro... ... 3HaYNT, B 3/IEKTPOIHEPTETUKE TOXKE IIPOUCXOAUT MIEPEXON,
OT MOHONO/MN3Ma K CBOOORHOM KOHKypeHumnu? Ecnu ara nmubepanusa-
LS IPOLO/DKUTCH, TO ¥ CUTYalMs C SHEProcHabXKeHueM, HaBepHoe, Oy-
HeT HOCTEITeHHO MEHATHCA.

Ha... Ceit4ac u reneparus, u nepefaya (pacnpepeneHue) 371eKTpo3-
HEPTUM OCYILECTB/IAIOTCA , KaK IPaBU/IO, ORHOM M TOI >ke SHepreTmye-
CKOJf KOMITaHMel COOTBETCTBYIOILETO PETMOHA, HO B OyAyllieM, BO3MOX-
HO, YTO 3TH 3aAa4y OyAyT BHIIIONHATD Pa3Hble NPEAIPUATUA. ITO Ha3bI-
BaeTCs pa3felieHNeM 3NeKTPOreHepauy M 3NeKTPOTIepesadn U Tpe-
6yeT pemeHns MHOTUX Ipo6ieM, OCHOBHas U3 KOTOPBIX — Kak obecrie-
49UTh HafEXKHOE U CTabuIbHOEe CHab>KeHNe 3/IEKTPOIHEPrHeit BEICOKOTO
Ka4yecTBa 10 Hu3Koii 1jeHe? [103ToMy OKOHYaTeNbHBI BBHIBOJ, O LI€7IeCO0-
6pasHOCTM 3TOTO pasfie/leHUs CAenarh, Ha CaMOM Jiefle, He TaK-TO Npo-
cro.

XM, xM... [la, 3T0 cnoxxHas npobneMa, HO U3MEHEHMS BCe e TIPOVC-
XOJNIAT... Bcé mousTHO.

FAABA 5. 3AEKTPOCHABXEHVE BY AYUWLEIO



BetpoBsas anextporeHepauus

TEMEPL NMOrOBOPLIM O
KOHKPETHbIX BUAAX

AAQ HAHAAA - O
BETPOEHEPALILILL

* | |BEPHO! 8 BETPOMEHEPALILIL
BETEP BPAUIAET BETPIHYIO
TYPEUHY (KPBINBHATKY).

ECAU BEPUTL TOMY, UTO 9
Y3HAAA O6 2AEKTPOlEHEPA-
UL, AAQ HEE HEOBXOALIMA
BPAUIAIOUAG CLIAA,

A KPBIABUATKA BPAUAET
[EHEPATOP, BbIPAEATbIBA-
wm INEKTPOIHEPIUIO.

3AECbH, 3HAUUT, TONCE
O HEU PEUL?

et

KAK MPOCTO.. 3HAHUT,
ECAU CUABHO KPYTUTL
BETPIHYIO TYPELHY..

leHepaTop
npusoaUTCS B AeACTBUE
CUnNoii BpaleHus

|
7) KpeInbyaTku! Ban
Betep 7

leHepaTop

~MOXHO MOAYHLITO MHOIO
DAEKTPOIHEPI UL, TAK?




AA, 3TO TAK.. AABAL 9
PACCKAXY O POPMYAE
AAG PACHETA BETPOBOU

X019, MOXET
BbITb, TEBE 3TO

NOKAXKETCI
CAOXCHBIM...

PRAKE, HLKA-
NKLIX MPOBAEM!,

BeTpoByio 3Hepruio, IOpoX/AaEMyI0 IOTOKOM (IBMIXKEHMEM) BETPA, MOXHO Ha-
3BaTh KMHETUYECKOI 3HEprueil, KOTopasd, /A BelleCTBa Maccoil m U CKOPOCTbIO
nByxenua V, 6yneT paBHa %m V2. [laBait paccMOTpUM BeTpAHYI0 TypOuHy (, oMeTa-
eMast IIOLa/ib TOBEPXHOCTY KOTOPOit paBHa A M2

Ecnu nmpuHATH NZIOTHOCTD BO3AyXa 3a p KI/M’, TO BETPOBYIO 9Hepruio P Barr,
IPOXOJALIYIO Yepe3 OMETAEMYIO IUIOI[A/b TIOBEPXHOCTY B €VHMUIYY BPEMEHU, MOXK-
HO BBIPa3syUTb CTIeAYOLMM 06pa3om:

(Kniou k BbiIBOAY GOPMYNbI: BETPOBYIO MacCy m, NPOXOAALLYIO Yepes OMeTaeMylo Niowaas nosepxHocTu 3a 1 ¢,
MOXHO BbIpa3uTb Kak m = pAV

" . OmetaeMas

L nnowane
4

) ]

; A=zl

#

P=¥;-mV2=—;t(pAV)V3'= pAV? |

D | e

: Betpoeas sHeprus, Bt p : TINOTHOCTL
P n POWR BT 0 * gosnyxa, kr/m?
4 : Ovetaemas

* nnowagk, M2 V : CxapocTh getpa, M/C

D . OuameTtp
*_potopa

3HaYMT, eC/M CKOPOCTb BeTpa OyfieT B 2 pasa BBIILE...
BBIXOJIHasi MOI[HOCTD (BETpOBast SHEPrHs) MPOMOPLMO-
Ha/bHasA Ky0y CKOpOCTH, BbIpacTeT B 8 pas!

8 OBUIEM., MOBLILEHLIE
CKOPOCTU BETPA 8 @
PA3A O3HAYUAET YBEAUHE-
HLE BETPOBOL SHEPILIL
8 PA3/

3HAHLT, 3TO HYXHO
NMPLUMEHQTH 8 BETPE-
HbIX MECTAX.

U OKOAO 358 2TOU
BETPOBOU SHEPILU
MNPEOBPA3YETCA B8 2TO NMPOCTO MEHTA - 2KOAO-
DAEKTPOIHEPILIKO! rUHECKU HUCTAQ IHEPITUS LI3
(Cm. cTp.53) / B80308HOBASEMbIX LICTOHHLI-
KOB, HELICHEPIAEMAS - ALIWb
gbl BETEP AYA/

HE cnATb/




e TTopxoasiiee MecTo AN BETPOBLIX

HO ECTb U

CAOXHOCTU, -3/1eKTpOreHepaTopos
B teyeHue rona nmocToAHHO Ectb poporu ans
AYyeT BeTep CO CKOPOCThio He TPaHCTIOPTUPOBKN BETROBbLIX
3NeKTPoreHepaTopos.

MeHee TpebyeMoi. \

*CpeaHsis CKopocTh ”}
BETPA - HE MeHee D
em/cl

Tobnu3ocTu ectb gfp';;u;a’;;m‘
111132’122»1 (wyMoM, BnusiHueM
MOAXOAQUIUE MECTA au?:a%orann - Ha 3KacucTeMy) u
HALTU AOBOALHO 3r1eKTPO3HEPr UK. R
" TPYAHO.
SRR UL |[ECcAu nosaraTeca)
U rOTOM, 8 KAKOM MECTE )......|| U MPABAA, BE3BE- HA BETEP, TO
HU 1OCTABD - .. ]| TPUE BYAET HA- |\  SAEKTPOCHAE XKE-

I\ ]| erosquum kowma- /7 \e svaet vecta

’

HO 9 Bbl XOTEA CPOTO-\
FPAPLPOBATL MELIBAX C
BETPSKAMU, 3TO KPACOTA..

. , I ‘ - 181



THITRl BETPAHBIX TYPEHH

P R R R A R R R R R R N R R L)

JTak, BeTpsiHbIe TYpOMHBI MOXKHO pa3fie/IMTh Ha [jBe Go/bliIMe KaTe-
TOpUM - « C TOPM3OHTA/IBHOM OChIO» U « C BEPTHKA/IbHOM Ocbio». Kak 1o-
Ka3aHO Ha PUCYHKe, OTIMYUYAIOTCS OHYM IIOJIOKEHUMEM OCHM TeHepaTopa
— TOPU3OHTA/IbHO UM BEPTUKATILHO K IIOBEPHOCTH 3€MIIN.

BerpsaHsie Typ6UHeI ¢ BetpsHbre Typ6uHsL ¢
rOpU3OHTAanNLHO OCbio BEPTUKAMBHOL OCbiO
Ocb
reHeparopa
! TeHepaTop
Bl Oco
Boicokuit KTT0 reHeparopa - CpaBHUTENbHO TTPOCThI
reHepauuu, moaxoasat B yCTaHoBKe U
¥ ANS reHepaumuu B TEXHUYECKOM
KPYTTHbIX MacwTabax fereparop obcny>XusaHuv

[IpuBeny 1o HeCKONbKY IPUMEPOB BEPTPAHBIX TYPOMH C TOPU3OH-
Ta/IbHOM U BEPTUKAIbHOI ocsAMU. XOTA Hamboree 4aCTO UCIIONb3YIOTCA
BeTpSAHBIE TYPOMHBI C TOPM3OHTANIBHONM OCbI0 KPbUIBYATOTO THUIIA, HA
KOPIIOPaTMBHBIX 3[JaHMAX VIV IPOCTO HA Y/IUIAX TOPOJia MHOTA MOX-
HO YBUJETDb ¥ BETPsAHbIE TYPOUMHBI C BEPTUKAJIbHOI OCBIO.

(%3

rOpuU3OHTaIbHOU

"OCbHO

MHorononactHou

Kpsrnsuarerid Tun
T™Mn

TonnaHackuii TN

Typbura nonepeuHoro
noTok

Potop [apve Tun CaeoHuyca

Hapo e, kakoe pasHoo6pasue ¢popm! A BeTpsiHble TypOMHBI pa3-
MepOM IIOMeHbIlle MOKHO, HaBepHOe, OOHAPY>XUTDb Jiaxke PAAOM C J0-
MoMm!

FAABA 5. 3AEKTPOCHABXEHUWE BY AYWErO




AAG ITOMO HYXHbl

ConHeyHas anextporeHepauus )

A TEMEPb O COA-
HEUHOU MEHEPA-

KAk QCcHO
U3 HA3BAHUA,

Tbl BEAb TOXE
BUAEAA, HABEPHO,
IHEPI U COAHEHHOIM O TAKUE NMAOCKLEE
CBETA. MAHEALP

A, OHU HA kPblwAX
YCTAHABAUBAIOTCSY, BUAEAA,
4 u3 csOEIrO HAO.

COAHEHUHAS BATAPEY

COCTOUT U3 XM, TO ECTb OHA

ConHeuHsIl

moayne A UTO TOrAA TAKOE

MOAYAL?




HA3BAHLUE YCTPOUCTBA
3A8UCUT OT TOro, U3
KAKUX HACTEL OHO
COCTABAEHO.

CAMAG MAAAG CO-"
CTABASIOUAI CON-
HEUHOL BEATAPEU -

P9AbI POTOINEMEHTOB- '\ ...
MOAYAb. OH 3A-

WULEH 3AKAAEHHBIM CTEKAOM )

\ A9 UCNOAb3OBAHL HA OT- /.

' KPbITOM BO3AYXE.

PAbI COAHEUHBIX MOAYAEL -
3T0 U ECTb
COMHEMHAQ EATAPEQ.

EYATO MNALUTKA

o

DOTOINEMEHT e .

ConHeuHsI
moayns

AS>OALH KycOouER™
Cgﬂ;{:w::a 4 POTOIAEMEHT.
P HECKOABKO MALUTOK YKAA-

AbIBAIOT HA KPbllwy,
HTOBbI HA HUX NMONAAAA
COAHEUHbI CBET.

HE PACTAROT. POTOIAEMEHT
YCTPOEH TAKUM OBPA3OM, HTO
CNOCOBEH HAMPIMYIO NPEOB-
PA3OBbIBATL CBETOBYHO SHEP-
U0 COAHUA 8 IAEKTPLMHECT-
KYrO 3HEPILKO.,

HO.. HTO ECAL OHU
PACTAIOT?! AL U NE
') = woronaa sto...

SnekTpuueckas
- \ 3H2prm

FAABA 5. SAEKTPOCHABXEHVE BY AYWEO




08 bICHIO BCE
no noPaAKy.

Ogun nobepx gpyzozo!

TTonynpoeoaHuk
n-TMna

TMonynposoaHuk
p-Tuna

POTOIAEMEHT - 3TO
"BYTEPEPOA" L3 ABYX
MOAYNIPOBOAHLIKOB PA3-

neu nornAAAHLIL COAHEHHOIMO
CBETA 8 TAK HA3bIBAEMOM
"OsEA CAOE* 8sAU3U
NMOBEPXHOCTU KOHTAKTA ABYX
MOAYTIPOBOAHLIKOB OEBPA3Y-
HOTCQ 3APIXKEHHbIE HACTULbI -
MOAOXCUTEABHbBIE (AbIPKLD U
OTPUUATEALHBIE (IAEKTPOHBL),

(o1voLHON
a150Hxd280U)
YIOLrd UIHHIHT'290

3AECb "nAOCHI* U
*"MUHYCbBI* NEPEMELA-

N
HO HUHENO, HTO

HbL?

HE NMEPENBALL
BAACOAAPSI IAEKTPUSALILILI®
MOAYTIPOBOAHLIKOR
IAEKTPOHbI (-)
ECTECTBEHHBIM OBPA30M
COBUPAIOTCS
8 NMOAYNPOBOAHLKE n-TUIA,
A AblPKU (+) - 8 NOAYTIPOBO-

80T OHO 4TO!
OHU MEPEMEUIA-
0TCa B PA3HDIE
CTOPOHbBI

* dnexkTpusauva — npmo&pereuue TeNnoMm NoONANXKNTeNbHOro UNN OTpULIATEIbHOIO INEKTPUYECKOro 3apsaaa.

1. YTO TAKOE PACMPEAEAEHHBIE UCTOYHUKN?




7 nPU STOM HA AUUEBOL ™\
U OBPATHOL CTOPOHAX
POTOINEMEHTA OBPA3YIOTCS
MOAKOCA "NAHOC* U "MUHYC".
\ ECAU COEAUHUTL LIX
nPOBOAOM,..

~TO 110 HEMY U3 MOAYTPOBO-
AHLKA n-TUMA 8 MOAYNPOBO-
AHLUK p-TUMA NOUAYT INEK-
TPOHbI - BO3HUKHET TOK.

OtpuuatensHerdi
nontoc (<) &

TTonoxutenbHLIN
nontoc (+)

NOAYUAETCS, SHEP-
rug cCOAHUA cO3A4AA-
ET INEKTPULECTBO!,

@ ConKeuHan
. 6arapes
7/

XOTQ BbIPAEATLIBAETCS
noOCTOQHHBI TOK?, EFO
MOXHO MPEOBPA308DI-
BATb 8 MNEPEMEHHbIL nPuU

oMot YCcTPOUCTBA
NMOA HA3BAHUEM UCTOY-

HUK CTABUAUBLIPOBAHHO-
O MUTAHUG U CPA3Y XE
LCMOAb3OBATL 8 BbITY, WctouHuk
: e e €Ta6uNUIUpOBaHHOro
.................. T

ogpo6Hee 0 nocT
AHHOM ¥ NepPemMeHHO|
_ToKkecm, cTp. 211

OauH 13 TMNOB UHBEPTOPOB
{_(npeo6pasosareneii poaa Toxa)

IO
LIS
,

AA,
U 8 KOHUE 9 XOUY PACCKA3ATL
O TOM, HEM 3AMEHATEAbHA
COAHEHHASQ SHEPILS.

AA, YAOEHO.,

-----
.....

aaaaaa

:{ FEHEPLPYEM HA KPLILE U :
o\ CPA3Y XE LCMOAb3YEM! ? .

FAABA 5. 3AEKTPOCHABXEHUWE BY AYLWEO




OBUAQ MOUWHOCTb COAHEUHO-
ro cgeTA HA NMOBEPXHOCTU
3EMAU COCTABASET 85 TPLAAU-
OHOB K8T, U CHUTAETCG, UTO
ECAU 1008 3TOU MOWHOCTU
MOXKHO EbIAO Bbl MPEOBPA30-
BATb 8 IAEKTPUHECTEO, ..

MowmHocTsb
COnHe4Horo
U3ny4YeHus Ha Bcel
nosepxHocTH 3emnn
— 85 tpnH. kBr.

~TO AAQ BbLIPABEOTKU IAE
TPOIHEPI UL, NOTPEEAIEMOL
HA MAHETE 3A NMOArOAA,
noTPEEOBAACS &b

BCErO 1 HAC.

70 XE OrPOMHAS HEP- / AA HET, BCE HE TAK MPOCTO.
rug’ kK TOMy XE, MOXHO 77" A | kna neeoseasoeanua cee-
HE EOSTbCS, UTO OHA 3A- / A TOBOL SHEPILL 8 INEKTPU-

HECKYHO 8 HACTOSQIUIEE BPEMSI
HE NMPEBLILIAET 0%, HTO AO-
BOABHO MAAO.

HTOBbI MNOAYHUTH MHO-
O IAEKTPOIHEPIUL,
HYXHO OHEHb MHOIO

MECTA AAQ YCTAHOBKU

OBOPYAOBAHLS,

AA. K TOMY XE, HE-
AEWEBO ITO BYAET.

HO HEAb39 BEAbL rO-
KPbITb COAHEHHLIMU EA-
TAPEGMU BCHO MOBEPX-
HOCTb 3EMAL




FIar QNI IIVINT AN ISR | i lr VT PRS2 0%

HOE @PEMYI, KOrAA HE CEETUT

COAHUE!
BOT LIMEHHO. CHUTAETCS, KPOME TOIrO, 8 NMACMYPHYIO LUAU
LUTO PACXOAbI HA YCTA- AOXAAUBYIO MOrOAY Os BEMbI
HOBKY OsO0PYAOBAHUQ TEHEPALULIL COKPATITCSI!

AAQ COAHEUHOU MEHEPA-
ULl MTOKA CPABHUTEABHO

HY U EUE OAHA,
MPLHULIMUAABHASQ
NMPOBAEMA...

AA, 8 CAMOM AEAE/

83MAGHU HA MPAPLK.,
BUALILL, KAK CUABHO U3-
MEHIOTCI Os BEMbI ME-
HEPALILU 8 3ABLICUMOCTU
OT NOroAbl U OT BPEME-

<MameHeHMsa 06EMa cONHeYHOW reHepaumm>
100

o]
o

3

MOWHOCTb, %
B
(&)

n
(=]

OTHOCUTEeNbHAA BLIXOAHAS

06789101112]31415]617]819

Yacer

&,
NTIOABEPXEHHOCTb
BAUSHLIKO rPLUPOAHbIX
Qioeua, KAK U 8 CAY-

HAE C BETPOlMEHEPA-
1111211




HakomuTenu anexTpoaHepruu

.

TEMEPL MOrOBOPLUM O HA-
KOMMUTEASX ZAEKTPOIHEP-
ruu, KOTOPbIE NMO3BOASIOT
EE 3AMNACATD.

) HO KAK MOXHO EE
3AMACATL?!
SAEKTPOIHEPIUQ
BEAb HE BOAA U
HE COANEHbBIE CcALBLY

/rbl BEAb M1PO 3TO
rogopPLA. g
(cm. cTp. 22) e % \
3TO BEAbL TO, UTO TAK ;&{N@
FEHEPALLIKO YCAONXHIET., &

Mbi TOXE BE3 AEAA
Mbl TOMOXEM U I NHE euAUM!

‘B TPYANYIO MUNYTY! 74

44, HAKOMAEHLIE SAEKTPO-
LIHEPI ULl CBI3AHO C NPUH-
ULIMUAABHOIMU TPY AHO-

3AMACTU EE CTONb-
KO, HUTOBbl XBATLIAO
BCEM - O8 ITOM
rosoPUTL rnoKA
PAHO.

OAHAKO 3AEKTPOIHEPILIKO
BCE XE MOXCHO HAKAMAUBATb!
MPABAA, 8 HEEOAbWLIX KOALHE-

CTBAX..

rnePeLlll PA3 CAbIWY!

CELMAC roBoPUTL!

HEHECTHO OB 3TOM TOAbKO




3ATO TENEPL TO

AA, AA. ECAU BbI

Tol CMOXEWb
MOHQTD....

YAOEBHO - 3AnNA-
CATb 3AEKTPOI-
HEPI'UIO,

~HACKOABKO 3TO™

370 BbINO BO3-
MOXHO, BbIAO BbI

HAKOINAEHLIE SNEKTPO:
SHEPIUU - 3TO Os-
AACTb, 8 KOTOPOLI

CEUHMAC AKTUBHO BE-

AYTCQ PA3PABOTKL

MHOIO ECTb,

HO 9 PACCKA- \ nNayxcnoliHele 3nekTpoxumudeckue
XY O HAUBO-

AEE TUMULHBIX,

L
. ﬂCKTPOXHMM‘tICCKMG;PCQKUM .
op uuue l‘dﬂdeHM‘-lGCKMG? Jie HTI:I 0

Caw-luoao -Kucnas 6ampes HaTpuii-cepHas 6aTapes,
NPOTOYHLIA penoxc-axxymymrop

Csepxnposonau.wm WHAYKTUBHBIA HaKONUTENb
(SMES : Super‘conductmg Magnetic Energy Storage)

KOHAeHcaTopeI
(EDLC: Electric Double Layer Capacitor)

Oro. U AAg HAKO-
MEHUI MHOO
PA3HDbIX criocOeosB

ECTb.

AA, MHOIO HEMO-
HATHOIrO, HO
OHEHb LIHTEPECHO.

8 310Xy HAKOMAEHUQ IAEK-
TPOSHEPIUU U TEEE HYXHO
M MMOAHAKOMUTD ... AEHET.,

2TO TEEF HE KA-
CAETCS!!

* I'nnpoaKKymynupymmwe 3NEeKTPOCTaHUMM (CM.CTP.57) TOXe MOXKHO OTHECTY K o6opynoaaumo, 3anacasou4emy
aHepruio ( B GOpme rmapaBanIecKoil SHeprm).



YcTpoicTea ANg HAKOMIEHUA 3M1eKTpo3Hepruu

EYAYT TEGE, HABEPHOE, HEMNOHITHDI, OAHAKO 9 XOuy
AATb TEEE OBUIEE NPEACTABAEHUE. 3TO OEOPYAOBAHLIE
MOXXHO PACIPEAEAUTD MO CAEAYHOUILUM KATEMOPLIM:

CELMAC 9 PACCKAXY O PA3AU-HLIX HAKOMUTEASX SAEKTPO-
DHEPIUU, OHU HEMHOO CAOXHDI, AA U MHOILE TEPMUHbLI

1 BTOpU4HbIe 3
ransBaHuyeckve | CBMHLOBO-KKCNas batapes Hatpuir-cepHas 6atapes TIpOTO4HLIA penoKc-akkyMynartop
% 3NEeMEHThI ##

CeepxnpoBoAswUid HHAYKTUBHbLIA
Hakomutens (SMES : Superconducting
Magnetic Energy Storage)

L1BYXCrOAHLIE 3MEKTPOXMMUYECKUE
koHAeHcaTopsl (EDLC: Electric Double
Layer Capacitor)

---------------------------- R R R R N R R E R R EE

(anqAAA O CBLMUOBO-KLUICAOU BEATAPEE, HATPLEN-CEPHOU h

BATAPEE Ll NPOTOMHOM PEAOKC-AKKYMYASTOPE. 8CE OHLU
BANOTCI BTOPLEMHOIMU FAADBAHILMECKLMU IAEMEHTAMU,
LAU IAEKTPUHECKLMU AKKYMYASTOPAMU, ITU YCTPOLICTBA
MOXHO LCMOAB3OBATEO MHOIOKPATHO , 3APIXAS NOCAE
KAXKCAOL PA3PSAKL, BOOBUIE, MAAbLBAHUHECKLIE INEMEHTLI
MOrYT BbITb "NEPBLIHHBLIMU®Y, KOTOPLIE HEAL3Q 3APIAUTH
MOCAE OAHOU PA3PIAKL, U "BTOPUHHBIMU * (T. E. SAEKTPL-
HECKUMU AKKYMYASTOPAMLD , KOTOPbLIE LICNIOAL3YIOTCS
MHOIOKPATHO.
\. J

B anekTpopax cBMHIIOBO-KMCIOi 6aTapen MCIOMb3yeTcs cBMHel. ITo Hambo-
Jiee pacIIpOCTPaHEHHBII THUII, UCTIONb3YeMBIi B aBTOMOOMIIAX, aBapUITHBIX MCTOYHM-
KaxX MUTaHUA U T.II. I1ONOXKMUTENbHBIN 3MEKTPOR - ABYOKMUCH CBMHIA, OTpPMIIATENb-
HbIif — CBUHEL], 9MEKTPOIUT — CepHas KMCIOTa. B mpomuecce paspaaku obpasyerca
BOZIa: KOHLIEHTPALMA MEKTPO/IMTA CHIDKAETCA, ¥ OH NpeBpallaeTcs B pa3baBieH-
HYIO CEpPHYIO KMCNIOTY. JJOCTOMHCTBaMM AB/IAIOTCA HM3KasA lleHa, IIMPOKasA pacHpo-
CTPaHEHHOCTDb, @ HEJOCTATKaMM — MCIIONb30BaHME TOKCUYHOI CEPHOI KMUCTIOTHI,
OIaCHOCTD MOBPEX/IEHNSA B C/TyYae 3aMep3aHus.

e H+ +-+ MioH Bopopoaa
flsyowucs S04 - Vion ceproii kuenotst
Pb** - Mon commua

Pa36asneHHas cepHaa kucnorta PbSO* o Cyanmr CBUHUA (II)

1. YTO TAKOE PACNPEAEAEHHBIE MCTOYHUKN? ﬂ




Harpuii-cepnas 6aTapes — 9/1eKTPUYECKUIT AKKYMY/IATOP Ha OCHOBE HaTpuA
(Na) n cepsr (S). ITonoxxuTenbHbIt 3MEKTPOJ - pacI/IaBlIeHHas cepa, OTPMULaTeNb-
HBI{ — MOHBI PACI/IaBJIEHHOTO META/TNIUYECKOTO HATPUA, IMEKTPONIUT —
B-rnuHO3EM, o6mafaoIIMil MOHHOI IIPOBOAMMOCTBIO 6/1arofaps CIOCOOHOCTH IPO-
IyCKaTb MOHBI HaTpuA. VCIIONb3yI0TCA B OCHOBHOM KaK HaKOIMTENN 6OMBILO
€MKOCTH, TaK KaK TpeOyIoT MoAJep>KaHUs BBICOKOII TeMIrepaTypbl — okomno 300°C.
VmeroT ponrmit cpok cmy>x6b1 611arogaps MCIONb30BAHMIO TBEPHOTO /IEKTPONNTA,
BbICOKYIO YJIENIbBHYI0 S3HEPTOEMKOCTb — IPMMEPHO B 3 pasa BbIlE, Y€M Y CBMHILOBO-
KUCo¥ 6atapen, HO TpebyIOT 0c060if OCTOPOXKHOCTU BBULY BHICOKOI TEMITEPATYPBI
M IPUCYTCTBUA BOCI/IAMEHAIOLIETOCA HaTPUA.

- Bepém mHoro
OanHOYHLII OAVHOUHBIX
3nemeHT 3nemeHTOB

Harpuid

P R R R R R R T T T TR )

IIpoTouHbIit pefOKC-aKKYMY/IATOP — BTOPMYHBI raTbBaHMYECKUI 3/IEMEHT C
MCIIONb30BaHMEM BaHA[UA, €TO JOCTOMCTBOM SABJIAETCA JONIMIA CPOK CITYXOBI: He
MeHee 10 000 uuKioB 3apsAnku-paspaaku. HasBaHue mpoucxomut oT crosa redox,
KOTOpOe ABJIAETCA COKpallleHMeM aHIImitckoro TepmuHa reduction-oxidation
reaction - «OKMCIIMTEIbHO-BOCCTAaHOBUTENbHAA peaKluA». B kauecTBe amexTponura
UCIIONb3YETCA PACTBOP BaHaAMA B pa3baB/IeHHOI cepHOt KucoTe. V3ameHeHne Ba-
JIEHTHOCTH, BbI3IBAEMOE OKUCIINTENbHO-BOCCTAHOBUTEIBHON peaKIMel, 03BONAET
OCYILECTB/IATD PassAfKy U pa3pAAKy. KpoMe Toro, HakanamBas 3TOT pacTBOp B 6axe,
MO>KHO IIONTYYUTb XpaHWINILIE 9MeKTposHepruu 6onbioit émkoctu. Craboe Mecto -
BBICOKasA CTOMMOCTD BaHaJ M.

* fvetika @ *

€~ .. 2nexrpon

H+ +« Bopopon
v‘):*‘ / V3‘1"
e 2+  AsyxsaneHTHeri
Bak ¢ i S ] Bak ¢ V ' saHaauun

| 3NeKTponuTom Bt 7 o . 3nekTponuiom

54 TTatmeaneHTHeIA
\/ saHaaul

FAABA 5. 3AEKTPOCHABXEHWE BY AYWEIO



HAMNOCAEAOK PACCKAXY O CBEPXIPOBOAIUEM LHAYKTUBHOM
HAKOTUTEAE (SMES: SUPERCONDUCTING MAGNETIC ENERGY
STORAGE) U ABYXCAOUHOM 3AEKTPOXUMUHECKOM KOHAEHCA-
TOPE (EOLC: ELECTRIC DOUBLE LAYER CAPACITOR). NEPBOE
YCTPOUCTBO OCHOBAHO HA QRAEHUU CBEPXMPOBOALMOCTU, A
B8TOPOE UCMNOABL3YET OCOBEHHOCTU KOHAEHCATOPOR,

B kauecTBe cBepxnmpoBopuuka B SMES ucnonb3syiorcss KaTymikm MHEYK-
THBHOCTH. [IpMHIMN CBEpXIIPOBOAMMOCTY 3aK/I0YaeTcs B cnepyweM. Jlo-
60it TPOBOXHNMK OOafaeT CONMPOTMBIIEHMEM, HO IIPU CBEPXHMU3KMX TEMIIEPATY-
Pax OHO CTaHOBUTCS PaBHBIM Hym0. Tenepb, eC/iu MpUAATh MPOBOJHMKY MH-
AYKTMBHOCTb, CBEPHYB €T0 B KaTYIIKY, TO MOXXHO OyfeT HaKal/IMBaTh 3/eK-
Tpoanepruio. JlocromHctBa SMES - Boicokmit KIIII; nonruit cpok cy»x6nr 67ma-
rofaps OTCYTCTBUIO XMMUYECKMX peaKliuif, BO3MO>XHOCTb BhICOKOCKOPOCTHO-
ro obMeHa 3Heprueif, a HEAOCTATOK - HEOOXOAMMOCTb OX/IaXK/JAIOILEro
060pyOBaHMM ¥ COOTBETCTBYIOIMX EMKOCTEIL.

Wcnonsayemcs mHaza donbuimux
cbepxnpobogauux kamywex!

---------------- D A L R R R R R R R R

B aBycnoitHoM snmexkTpoxmMmudeckoM KoHmeHcaTope (EDLC) ncnone3ay-
I0TCA 0COOEHHOCTHM KOHAieHCATOpOB. [IpMHIMI C/TeRyIoLMit: B OOBIYHBIX KOH-
AeHCcaTopax MEeXJy 37eKTPOAaMU HAaXOAMTCA TONbKO AMINTEKTPUK , HO €CIu
HaHECTU Ha 37IEKTPOJbI C/IOM AKTUBMPOBAHHOTO YTOJsA, TO MOXXHO HaKOMMUThb
MHOTO 37IeKTPUYECKMX 3apAROB Ha MX MOBEPXHOCTN.]|ByXC/IOMHBI 3NIEKTPO-
XMMMYECKMI KOHAEHCATOpP OTAMYAETCSA MPOCTOTONH KOHCTPYKLIMM, CPOKOM
CMy>KObI B HECKO/IBKO MM/I/IMOHOB LIMK/IOB 3apAAKN-paspsAnku 6marogaps pa-
6oTe 6e3 XMMMIECKUX peaKIyit, OfHAKO obnafaeT 60mee HU3KOI YAeNbHOI
3HEpProéMKOCTDIO, YeM BTOPMYHBIE Ta/IbBAHNYECKUE I/IEMEHTBHI.

KoHaercaTop cocTout us asyx
meTannmuueckux NacTuH,
3aeck ucnonuayerca aTa 0co6eHHOCTb
€ro KOHCTPYKUUK.
O603HauYeHne Ha INeKTPUYECKUX CXeMax
(cm. cTp. 213)

1. YTO TAKOE PACMPEAEAEHHBIE UCTOYHUKN? m



2. MUKPOCETU, UHTEAAEKTYAABHBIE SHEPITOCUCTEMbI

KAKUE-TO cNO-
BA CAOXHDLIE...

ECTb EUE ABA MOHATUQ O KOTO-
PbIX @ XOUY TEBE PACCKA3AT®.

/

3TO Tbl HE XOHEWL YUUTbCSI/!
BCE XE npPoOCTO!

370 \ ,
MUKPOCETU U UHTEA- X
AEKTYALHLIE SHEPO- ) |

CLCTEMbL
Om anzruickozo -
micro grid [ smort grid
Mansie UnmeAreKmyabHbte
SHEPZEMUUECKUE CEMU sHepzemuveckue cemu

3TO TAKXE CBI3AHO C
PACINPEAEAEHHOU
SAEKTPOEHEPALULIEL],
O KOTOPOLI Mbl rO8OPUAL,
Q BCE NOAPOBHO PACCKAXY.

MAAEHBKLE U YMHbIE?
O HEM 3TO?

BO3MOXHO, B EYAYUIEM
nogeq9Tca He 8UAAHHDIE
AO CLUX rOP MAAEHBKLE U
YMHbBIE CUCTEMbI AEKTPO-,
CHABXKEHUA,

m FAABA 5. 3AEKTPOCHABXEHWE BY AYUWErO



Yto TaKkoe MHKPOCETH H HHTENNEKTyanbHbie 3HeProCHCTEMbI?

D R R R L R R R R R T R R

Cnavana PacCKaxxy 0 0 MMKpOCETAX. Ho 181 YK€ O HMX 3HaCIllb.

Yro-o0-0? A Bnepsnie cnbiny! Huuero He moMHIo, Huyero He 3Haio!
A6comoTtHo Hnyero!

Ha HeT, ycnokoiica. S xe pacckasan o0 pacrnpefieleHHbIX MCTOYHMU-
kax? Co/nHe4YHass ¥ BeTpoBas SHeprus, sHeprua 6MOMacchl, MaJbIxX
PeK.... a el TOIIMBHBIE 3/IEMEHTBI, Fa30Bble TYPOMHbBI — 3TO BCE pac-
npenenéHHasn sNeKTporeHepanus, noMaums? (crp.177)

[Ila, aT0 51 moMHI0. THI TOBOPMII O TOM, YTO YAOGHO pa3MelaTh TaKOe
ManioMaciiTabHoe o6opyfoBaHue BOMM3M paifoHOB moTpebnenua. O
TOM, YTO 3/IEKTPOCHabXxeHMe paitoHHOro Tuma, 6yfeT, HaBepHOE, 1O-
JI€3HO, €C/TN €r0 YAACTCA BOIUIOTUTD B XU3Hb.

Oro, oTnmnyHas naMATh. B 3TOM M 3aKI04aeTcs upes MUKpoceTeit
(MMKpO3HepreTHIecKUX cucTeM). BoT cTporoe ompenenenue, XoTs
HECKOJIbKO BBIYYPHOE, MOXKET OBITb.

§ MHKPOCETE — 3T0 06LEAMHEHWE PACTIPEAENEHHbIX MCTOYHMKOB 3NEKTPOIHEPT MM, Takux Kak }
COMHEYHbIE M BETPOBLIE 3NEKTPOCTAHLMM, U HArpy30K (T. 8. yCTPOACTB, TOTpeBnsiowmx

% 3NeKTPO3HEPrMio) B paMKax 3NeKTPO3HEPreTUHEcKoN CUCTEMbI Manoro Macwtaba,

| OCYWECTBNAEMOE B LENSX TPUBEAEHNS (YHKUMA SNEKTPOCHABXEHMS, TEMNOCHABXEHNA U T.M. B

| CODTBETCTBME C 0COBEHHOCTSMMU KOHKPETHOTO pafioHa.

Tonbko u Bcero? Ilo cyTn To >xe caMoe, YTO MbI y>Ke U3y4aln ce-
TOJHAL.

ITpaBpa ecTb emé OfMH BaXKHBIN MOMEHT, O KOTOPOM 5 JO/DKEH He-
MHOTO pacckasaTb.HesameHMMbIM a/1eMeHTOM MMKpoceTeit Gynylero
ABNANTCA MHGopmaumonnsle TexHonornu (IT). Y cymecrsyer MHOro
MMKpOCUCTeM, ucronb3youmx IT-TrexHonorun ansa HabmogeHUsI U
yIpaBlieHUs B ONTUMAIbHBIX pexxaMax.IT-TexHonoruu nosponsmot 6o-
nee c6a/maHCMPOBAHHO IKCIUTYaTHPOBATh CUCTEMBI /IEKTPOCHabKeHMH,
YIpaBIATh NX paboTOIt.

Yry.... TiatensHo HabmopaT, 3HaYUT? OTCIEXNBAIOT MOTpebe-
HMe 3/IEKTPO3HEPTMM B PaifoHe, YTOOBI /TyvIle IKCIUTyaTUPOBATh?

2. MUKPOGETH, MHTEAAEKTY AABHbBIE SHEPIOCUCTEMBI




Kpome Toro, B HacTosmee BpeMa Mukpocetu (microgrid) paccma-
TPUBAIOTCA KaK OfMH U3 BUJIOB MHTEIEKTYaIbHBIX IHEPTOCUCTEM
(smart grid), o KOTOpBIX A ceif9ac paccKaxy.

l'IpaBna... Xors MHTENIEKTYa/IbHbIE QHEPTOCUCTEMBI HAa3bIBAIOT CE-
TAMHU SNIEKTpOINEpENAIN NN 3HeKTpOCHa6)KeHI/I5{ CIenymouiero moxkosie-
HUA, UM p;aé’rca CTO/IbKO onpenenenuﬁ, YTO [a’ke HE€ 3HaK, C 4Y€ro Ha-
YaThb....

Hamuxu-u-u! Cobepuce! Uro cryumnocn?!

Hy, B o61eM.... IOTOMY ¥ TPYAHO OOBACHUTD, YTO MHTE/IEKTYaIb-
Hble 3HEPTOCUCTEMBI — 3TO IOBO/IbHO 1Mpokoe nouarue. Ho s mompo-
6yI0 IaTh YHUBeEpCa/IbHOE Opefie/IeHNe.

e

/ . i e
' HEel | f : ee,
“ =

i

e
Bbi3biBaloLY

£e CYWECTBEHHBIE uamenenuﬂ”\* %\\\5 . .

Oro! Yro-To cMbIct He ynoBuia. Tak B 4éM xe 37iech CyTh?!

«DNeKTpOdHepreTMYecKass CUCTeMa HOBOTO THUIIA — JIBYXCTOPOH-
HAA, yRobHas u kpacusas!». CTOpOHa, OCTAB/IAONIAsA STEKTPOIHEP-
TUIO, M CTOPOHA NOTpe6/eHNsa B3aMMOJEACTBYIOT APYT C APYTroM. JTO
He OJHOCTOPOHee ABMIXEHME, KaK B CUCTeMaxX NPEeXTHUX TUIIOB, KOTO-
pble IPOCTO IepefaBamy sneKTposHepruo. OHa NpUBEAET K 60MBIINM
M3MEeHeHMAM. STO U eCTb HaCTOAIAs MHHOBaI V!

HosiecTBo, oTmmyHOe OT BCEro paHee CYIeCTBOBABIIErO M BbI3bI-
Balolee 60onbine u3MeHeHNs... Oro! 3HauMT, OHa B KOPHE OTIMYAETCA
OT BCEX IPEXHUX cUCTeM? 3BYYUT MHTPUTYIOIE. A KOHKPETHO O €€
BO3MO>XHOCTSIX MOX€IIIb paccKa3aTb?

XOPOH.IO. XoTs npep;nonaraeMbIﬁ CIIEKTPp pe€UIa€EMBIX 3ajgad MHTEI-
JIEKTya/IbHBIX SHEPrOCUCTEM HEOOBIYaTHO HINPOK, HOl'IpO6YIO BBIACIINTD
OCHOBHDBIE.

FAABA 5.  3AEKTPOCHABXEHWE BY AYWEIO



oveeeseees- HRKOTOpLIE 30AQ4M MHTEIINEKTYANbHBIX IHEPrOCUCTEM ™+ e e+,

@® Cpasur or muxa g1 3¢ PeKTUBHOrO UCTIONB30BaHMUS OTPAHNYEHHBIX BO3MOXKHOCTEN
060pyfOBaHMA, TO €CTh MEPEHOC NMOTPebNIeHNsa U3 MepHOoaa MaKCMMAIbHOM Harpy3Ky :
(nampuMmep, fHeBHBIE Yachl) B epUOK U3ObITKa 3MEKTPOIHEPrMM (HaIIpHMep, HOYb).

»e®

“«n

® VicnonbsoBanue Bo306HOBIAEMOI IHEPIMM, HATIPUMED, BHEAPEHME COTHEYHOM U Be-
TPOBOJ 3/IEKTpOreHepannm.

@ Bueapenue pacnpefeTéHHbIX NCTOYHNKOB 3TEKTPOIHEPIMM: TA30IOPIIHEBEIX /€K~
TPOCTAHIIMIA, TOI/IMBHBIX 37IEMEHTOB M T.IL

@ Illupokoe BHeApPeHME IMEKTPOMOGUIIEI, a TAKIKE MCIIONb30OBAHME X CAMUX B Ka4eCTBe
HAKONMMTeENEH 3NeKTPOIHEPTN.

® TIloppepxanne 6ecrrepe6oitHOCTH 3NEKTPOCHAGKEHNA Ha HbIHELIIHEM YPOBHE: COKpa-
IieHMe Tepuofia BOCCTAaHOB/IEHMA MOC/Ie OTK/IIOYeHMt, obecrieueHne pe3epBHbBIMM UC-
TOYHMKAMM 37IEKTPONUTAHMA U T.IL.

® 9ddexTnBHOE MCcHIONBP30BaHNE IHEPIMN Oarofaps sKcruryaTauum ¢ Bbicokum KITJ n
B ONTHUMAJIbHBIX PEXMMaXx.

CropoHa noTpebnexus CTopoHa cHabxeHus
3NeKTpo3Heprum 3NeKTpO3Hepruei

[lsyxcroponHuii obmen
3Heprued
W MH(OpMaUMeit

WHtennextyansHetii

cuétumx / cepaep \'

M £
Llentp ynpasnenus

7 Dnin

anextpopacrbe
-
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Oro, kak MHOTO pemaemMbIxX 3agad... OJIHI/IM C/I0BOM, IIMPOKasA KOH-
gennu... BbIXOIIMT, 4YTO 3Ta HEONMUCYEMaA B ABYX C/I0BaX IIMPOTa M
€CTb I/IaBHast 0COOEHHOCTD MHTEMNEKTYa/IbHbIX SHepI‘OCI/ICTeM!

2. MMKPOGETH, UHTEAAEKTY AAbHBIE 3HEPIOCUCTEMBI 197




¢ OCTpOBHOU pexum
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CocTosiHMe OTK/TIOYEHMS IMHIY OT SHEProCUCTEMBI OOILEro Moab30BaHNUA, B KO-
TOPOM 37IeKTPOSHEPTHSA ITOAAETCS Ha HaTPY3KY IMHUM C TIOMOLIBIO TaKOro obopyzo-
BaHMA, KaK COMHe4Hble 6aTapey, (OMHON MM HECKONbKMX), Ha3bIBA€TCA OCTPOB-
HbIM pexxumomM. Korfa us-3a aBapuy, HanpuMep, B pe3y/bTaTe yaapa MOIHUH, y4a-
CTOK 3/IEKTPUYECKON ceTH, paboTaromuit ¢ peBepcoM (T.e. 06paTHOI Iepepadeir)
MOII{HOCTH Y TIpOfiaXKei U30BITKOB 37IEKTPOIHEPIMM, OTK/ITIOYAETCSA OT S9HEPrOCUCTE-
MBI 06I1[eTO MO/IP30BAHUA ¥ NIEPEXOAUT B OCTPOBHOM PEXMUM, MOTYT BO3HMKHYTh
crepyolye mpo6meMsl.

(" )

1. Y4acTOK, KOTOpBIi SHepreTudeckass KOMIIAaHUS OTK/IIOYWIA OT 9HEPrOCUCTEMBI
o61iero nonb30BaHUA C Le/IbI0 POBENEHNA PEMOHTHBIX paboT, Bcé paBHO
OCTaHeTCs TOf, HAIPsDKEHUEM, YTO MOXKET CTaTb IIPUYMHON MOPAKEHUA ITEK-
TPUYECKUM TOKOM, HaIIpUMEp, 7IEKTPOMOHTA)XHUKOB, MeIIaTb IOXAPOTYIIe-
HUIO.

2. Bo3MOXXHO IOBpeXfieHue NMEKTPONPUOOPOB U3-3a CHIDKEHMS KadecTBa SJIeK-
TpO3Hepruy (HeCTaGVIBHOCTY 9aCTOTHI, PIyKTyaluit HANPsDHKEHUA U T.I1.)

\. J

Jlns mpenynipe>xaeHns nopo6HOro yiyep6a TpebyeTcs omepaTUBHO OOHAPYXH-
BaTb IIEPEXOfi B OCTPOBHOM PEXMM ¥ IpeKpalaTh paboTy 37eKTpOreHepupyIOLLEro
obopynoBanus. CyliecTByeT jBa MeTOfa OOHAPY)KEHNA OCTPOBHOTO PeXKMMa —
aKTMBHBIIA Y MACCUBHBII, VCIIONb30BaHNME KOTOPBIX B KOMOMHAIMY IIOBBIIIAET JO-
CTOBEPHOCTb OOHapy»xeHu:A. IlacCHBHBI METOJ, OCHOBaH Ha OGHapy>XeHMM Pe3KuX
usMeHeHn (aspl, YacTOTHI HanpsDKeHust v T.II. OH OTINYaeTCst BHICOKUM OBICTPO-
[eiiCTBMEM, HO MMEET 30HY HETYBCTBUTENBHOCTH, BO3MOXHBI TaK)XKe YacThle JIOX-
Hble CpaGaThIBaHMA, HAIIPUMep, NIPM Pe3KuX M3MeHeHUAX Harpysku. Kcratu, 3oHa
HEYYBCTBUTEIBHOCTUY — 3TO O6/IAacCTh 3HAUYEHMI, B KOTOPOIl JAeTeKTUPYIILee
YCTPOACTBO He MOXKET OOHAPY>XUTh NMPOU3OIIEAIINIA B PeaTbHOCTY IIEPEXO]] B
OCTPOBHOJI PeXXMM, HaIIpMMep, U3-3a HaIM4MA AMana3oHa ycraBku. [Ipu ucnonnso-
BaHMM aKTMBHOTO METOJ]a B TaKye XapaKTePUCTUKM /IeKTPOIHEPTIM, KaK HalpsKe-
HMeE, YaCTOTa, IIOCTOAHHO BHOCATCA U3MeHeHus (Ioflayeil aKkTMBHOTO CUTHaJIa) U 00-
Hapy>XUBaeTCA yBeIMYEeHUE STUX U3MEHEHUI, IPOMCXOAsINee IPU Nepexofie B
OCTPOBHOJZ peXXNM. B 3TOM MeToJie HeT 30HbI HeYYBCTBUTENLHOCTH, OHAKO A1 06-
Hapy>keHus tpebyeTcs 6omnblie BpeMEHM, YeM B ITaCCMBHOM METOJIE.

FAABA 5. SAEKTPOCHABXEHVE BY AYLLEIO






HY, HA 3TOM BCE.,..

-~O HEM 9 XOTEA
PACCKA3ATS.

EAATOAAPHO 3A
BHUMAHLE!

HA 2TOM -
KOHEU...

CKOPO AOMOL!

)

TO ECTb, MHE

V.

ECAU 9 Y3HAAA BCE OE
IAEKTPLUHECTRE,..
P

Y MEHQ EOAbWE HET
MOBOAA TOPHATbL HA
STOl 3AXYAANOL

Q

BEPHA CEEE AO O-
CAEAHEIO.. TBOE
/ XAMCTBO HELICIPABL-

’ MO, LHOMAAHETQHKA!

anuAor




HE XOdly, HTOEsbI Tbl MEHS
HEMPABLABHO MOHIA,
NO3TOMY CKAXY.

N

BHEPA BEHEPOM
9 HE MNMbITAAACH HAMACTD,
HE NbITAAACH YsLUTD,
HE COEBLIPAAACH CXEUD..

e

anuAor




3HAUUT, BCE
MOAYHUAOCH
HAOEBOPOT.

3TO - HAWA
nePBAQ
BCTPEHA,

9 POTOMPAPLPOBAA
nPOBOAA, A Tbl
HABPOCLIAACH, MOA,
Arpeccor!

{CTOABKO Wymy
EbINO..

HO 9 TEMEPb MHOIO 3HAKO Oe
IAEKTPUHECTBE, U FOTOBA nPU-
3HATD, HUTO 3TO BbINA HE ATAKA, A
MPOCTAQ POTOMPAPUY!

ITA YALBUTEABHAS MPABAA,
O KOTOPOL @ Y3HAA
TOAbKO CEUMHAC!

HEYXEAU AO CLX NOP HE
BEPLAAP! KAKAG XE Tbl
HEAOBEPHUBAS!
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A-A-A, HE CAblWY HUHErO--O!f!!
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Y/
9 A-A-A-AYHWE MOUAY, KAK PA3 / (
HA MOCAEAHIOIO SAEKTPLLKY
AOAXHA YCIETL!

A
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/ AEKTPLIHKY?!

NMOCAEAHIOO

L g =

Tbl XXE HA AETAIOUEL
TAPEAKE MPUAETEAA!
COKOUHO,
LHOMAAHE TQHKA!

HTO 2TO BbLINO?




noLiAy, AOMAWHEE
3AAAHUE CAEAALO,

A TO 9 U3-3A HOOMO
MAOXO YCINEBATL CTAA,

AX, 3A6bIA.

BEAb OHA
YXE YAETEAA,
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MPUWAA HE3BAHHO, PYIrAAACH U
BAPAAK BE3AE PA3BOALAA..

N

HO MOYEMY TO BE3 HEE..
CTAAO HEMHOIO PYCTHO.




AETKAQ HA NMOMUHE! BCI MOF
HOCTAABIUG HACMAPKY!!

HAMLKU!!

3ABbINA HUTO-TO?

.

KOrAA 9 nMnOCMOTPEAA U3 HAO
HA rOPOA, 9 BAPYI MOHIAA,.

~HTO EUWE HE BCE 3HANO
PO 3AEKTPULMECTEO.

anuAor




KAK PEUMITCI SHEPTETUHECKAS
NMPOBAEMA B YCAOBLIGX
Of PAHUHEHHOCTU PECYPCOB?

HY TAK 2TOrO CeMHAC
HUKTO HE 3HAET..

KAK UBMEHITCI SAEKTPO-
CHAB XEHLUE, TEHEPALILG,
INEKTPLHECKLIE CETU?

KAKOU CTAHET 2AEK-
TPOIHEPIELIKA 2TOU
CTPAHbI HEPE3 S, 10 [ :

HO TOAbKO AO-
raAaku ctePOUTH.

$ o | m‘ \‘ A
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HO 9 BEAb AFOBO3HATEALHAQ!!

rMOKA HE Y3HAIO BCEIO -

HE YCrnokO-0O-ocb!l!

9 XE OBOPIO, HTO HE 3HAIO!
9 XE OsblHbIL] CTYAEHT/




/

OCTATbCI TYT
noAoa

NPLUAETCQ MHE

HEYEIO..,

H-HY, AEAATD

HTOEBbI YBUAETb BMECTE

¢ TOsOU BYAYUEE

ITOU NAAHETLY

U cKOAbKO Tbl TYT

EUWE COBLIPAEWbLCS
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o
<
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AA,
UMEHHO!!

TENEPL YXXE
AEBATLCI HEKYAA.

""3;{5 %

Y3HAEM NOsOAbLE
OB 2AEKTPUHECTBE/!
Al CBETAOO BYAYUEIO/




CHAHAAA, TEPMUHDI,
AA?P HY, HEMHOIro O
HUX 9 YXXE CAbILAAA,

(%) TepNHHb W eRWHLL NaNEeNKH, CBAIZHHHIE C SNEKTPHYECTRON

Hanpskenne Mepa AeiCTBUA CHUIIBI, CTPEMAILEC BbI-
3aTh Tok. O6o3Havaerca 6ykBoit V, enu-
Hu1a usMepeHus B (BonbT)

KO/IMYECTBO 3/IEKTPUUECTBA, IPOTEKAIOLIe-
ro 3a ofHy cekyHpy. O6osHaqaerca 6yk-
BoM I, epuHuiia usMepenus - A (Ammep)

MomuocTb paboTa, coBepiiaeMas 3a OfHy CEKYHAY
npoTtekanusa toka. O6o3HavaeTcsa GyKBOU
P, enunuiia usmenenus Bt (Barr)

ComnpoTnsnenne --Mepa JeVCTBUA CUIIbL, 3aTPYAHSIOLIEN TOK.
O6o3HavaeTcs 6ykBoit R , eguHMLA U3Me-
HeHus - Om

Harpyska 00'bEKTBI, PACXOAYIOLNE IEKTPOIHEPTHIO:
6bITOBbIE 3/IEKTPONPUOOPDI, STEKTPOLBHU-
rateny (IpUBOABI) Ha 3aBOJAX M T.II.

) BaXHbie My, CoAIaHHBIE C SNEKTPHYECTBOM
YBEAUTECD, HTO
3HAETE BAXCHDIE
» Mommocrs P = Hanpsxenne V x Tok I POPMYALY

o 3axon OMa
(TOK MpsIMO IPOMNOPIMOHA/IEH HALIPKEHMIO
¥ 06paTHO PONIOPILIMOHAIEH CONPOTUBIEHMIO)

Hanpsoxenne V

Tok I =
o Conporusnenue R

PUAOXEHWE. OCHOBb! SAEKTPUYECTBA




TIOCTOSHHbIA TOK H TTepeMeHHbIiH TOK

ONeKTpUIeCKuit TOK MOXXHO pasfelUTh Ha [iBa POfia: TOK OT 6aTapeiku - 5TO
MOCTOSHHBIN TOK, @ TOK OT PO3€TKM B JJoMe — NEpEMEHHBII TOK.

TOK ¥ HampsXeHue

Tok v HarpaXXeHne

Barnsauu Ha rpaduky Bbille. B cyyae NOCTOAHHOTO TOKA, TOK M HAaIIpsDKEHMe
He M3MEHAIOTCS, CKO/IbKO 6bl BpeMeHM HU MPOLIIO, a B CTy4Yae EpeMeHHOTo To-
Ka, TOK ¥ HaIpsDKeHUe TIEPUOAUYECKM U3MEHAIOTCA C TeYeHNeM BpeMeHM. Vame-
HEHMe EeKTPUIECKOTO CUTHaNa (TOKa, HaNpsKeHN:), M306paKEHHOE B BUJIE Ta-
KuxX rpadmKoB - 310 «popMa BOMHbI».

80T OHO HTO?! 3HAWUT, 8
TOK PO3ETKE -
MEPEMEHHLIL,..

-~ U POPMA BOAHbI Y HEIO
BOAHUCTAQ! 3TO 9
3AMOMHIO/




O NMEPEMEHHOM TOKE HAAO
3AMOMHUTL EUWE KOE-UTO.
3TO HACTOTA U PA3A.

TOK W HaTIPSKEHKE

l 1 mepuon
Ha rpadmuxke Bbie nsob6pakeHa ¢popMa BOTHBI IIEPEMEHHOTO TOKa B PO3eTKe
6bITOBOJ 3NEKTPUYECKOI CeTH. BpeMeHHOI MHTepBa, COfep>Xallnif pOBHO OAMH
rpe6Hb ¥ OfHY BIAJIMHY, Ha3bIBAIOT IIEPHOAOM, a KOTMYECTBO NEPUOLIOB 32 OFHY

CeKYHAy - 9acToTol. Epuuuua msmepenus gactors! - Iy (repw). B 3amapgHoit va-
ctu fInonnn gacrora paBHa 60 I11, a B BocTounoit - 50 1.

s¥a. . R NAILAEI AT IOTTAICOIANIRIIRISAIIATIACIESIRITOS

Hanpaxexue
Tox

i

®a3a (pasHocTb Pas)
e

Ha pucyHke BbILe B OfHOI cucTeMe KOOPAMHAT M300pakeHsI ABa rpaduka, mo-
KasbiBatolye (popMbl BOTIH TOKA ¥ HAIPsDKEHUS JUIA TIepEeMEHHOTO TOKa. JIHoraa
MEX/[y TOKOM M HalpsDKeHMeM BO3HMKAET TaKOy BOT BPEMEHHOI CHIBUT, KOTOPBI
HasbIBaloT $a30ii MM pasHOCTBIO (as.




O MPHHUMTTHANbHbLIX 3NEKTPHYECKHX CXeMax \

IIpnHIMONaNbHaA 9NEeKTPUIECKaA CXeMa — 3TO CXeMaTudeckoe M3obpaxe-
HMe 37IeKTPUYECKOit 1ienu (3aMKHYTOro IyTH, II0 KOTOpoMy TedéT Tok). Ha Heit
IS M306paXkeHNA MEKTPUYECKON 1IN MUCIONMb3YITCA YNpoLéHHbIe rpaduye-
cKue 0603HavYeHNA.

Hanpaenexue toka g

TTpoeoa

Namnouka

<PasnuuHbIe rpagpuyeckue 0603HaveHUs>

WCTONHAKM TTHTaHUA VICTONHAKY TIUTaHHS
{TocToAHHOTO Toka {mepemenHoro Toka'

SINS.
=

bBartapeAku u T.m. 3nektpoctaHuuu - T3C, [3C ] Harpyska, motpebnsiowas
ObpatuTe BHUMaHHUE Ha v Ap. Po3etku 6bITOBOA aKTUBHYIO MOLWHOCTh,
pa3Hyto AnuHy YépToYyex, 3NEKTPOCETH TOXKE MOrYT ABASETCH COMPOTUBNEHUEM.
0603Ha4aloWuX NNOCOBOA U | CHATATLCA UCTOYHUKOMM
MWHYCOBOW rontoca. TTUTaHNS TTEPEMEHHOr0 ToKa.

Compotvanerws

ﬂaMbl HakKanueaHus Katywku UHOYKTUBHOCTH OHOEHCATOoPhI

— Y Y Y

Nammel, nanyvatowme ceet  [fpaduyeckoe obosHaveHne Fpaguyeckoe o6o3HayveHne
Bnaropapa Harpesy CMMBONWU3MPYET BUTKK CMMBONM3NPYeET aBe
TYroTMNaBKoi TPOBONOKK  |HAMOTAHHOCO TPOBOAA. MeTannu4eckue macTtuHsl.

TIpU TTPOX0>KAEHUU ToKa.

i

PUAOXEHME. OCHOBbI SAEKTPUYECTBA




KaTywku MHAYKTHBHOCTH H KOHAGHCATOPbI

Hasnavenwne KaTylI€eK MHAYKTUBHOCTU ¥ KOHI€HCAaTOPOB 3aBUCUT OT TOrO, B |
Kakoi SJICKTPM'-ICCKOﬁ L€ OHU UCIIO/Ib3YIOTCA. Korna Bbl BCTpE€Ya€TE UX Ha
CX€Max, ITIOJIE3HO MOPa3MbII/IATD O TOM, KaKYyI0 pPOJIb OHM TaM UCIOIHAIOT.

KaTywku uHaykTUuBHOCTU

MoryT HaxoAUTCA BHYTpHU
3NIEKTPOABUTATENA MM OBITDH Ha-
CTbIO aHTeHHbI IpuéMHuKa. Kpome
TOTO, WIPalOT OYEHb BaXKHYIO pONb
B TaKMX YCTPOMICTBaX, KaK reHepa-
TOpBI U TpaHcPopMaTophl. B anmek-
TPO3HEPTETUKE UX MHOTZA TAKXKe
Ha3bIBAIOT «PEAKTOPaMM».

KATYUWKA UHAYKTUBHOCTU -

TO BCEIO AUWbL HAMOTAHHbIL

nPoOBOA,A TAKYIO BAXHYIO
POAb UrPAET..

e W e W R TR MR WA AW W SN G SRR N MR R R W W

KoHaeHcaTopbr

9TO ycTpoiicTBa, KOTOpHIE
MOTYT BPEMEHHO 3aIacaTh 3/eK-
TPUYECKYI0 JHEPTHIO.

Vcnonb3yioTcs B pasnM4HbIX
9aCTAX IMEKTPUYECKUX Iieneit,
IPUMEHAIOTCA /I YMEHbIIEHNSA
HOTEpD NEKTPOIHEPTUM.

QCHEHbBI 8 OCHOBHOU
HACTU 2TOU KHUU..

TOALKO 3AMOMHU OCHOB-
A HYIO LHPOPMALULIO
O TOKE, LU3AOXEHHYIO




NMPEAMETHDIU

A

ABTOMaTHYeCKME BbIK/IIOYATENN
nenen—153,155

ABTOMaTHM4YecKknit BbIK/II0YaTeIb—118

AKTUBHBIIT MeTOR OOHapYXKeHNA
OCTPOBHOIO pexxnma—198

AwmnepHbiit mpepbiBaTenb—153,154
Atom—81

AroMHas 3neKTporenepanus—48,79
AromHoe aapo—81,82

Aromuble anexTpocTanumu (A9C)—91

b
Basosbiit pexxum renepanun—74,75

Becnepe6oitnocTb
3/1eKTpocHabkeHua—197

BeopHas muansa—133,150
BetpoBasa Harpy3ka—115
BetpoBasa anextporenepanma—179
BerpoBas sneprnsa—180

BeTpsHas Typ61uHa KpbIIb4aTOTO
Tnma—182

Berpsnas Typ6yuHa nonepeynoro
nmoToka—182

BeTpsHble Typ6MHbI rO/IaHACKOTO
Tnmma—182

BeTpsHble TYpOMHBI MHOTO/IOIIACTHOTO
Tnira—182

BeTpsiHble TYp6MHBI C BEPTHKAIBHO
ocpr0—182

BeTpsHble Typ6MHBI C TOPM3OHTA/IBHOM
ocbi0—182

BeTpsinble Typ6uHBI THIIA
CaBonnyca—182

Bup ronnmuBa—74

YKA3ATEADb

BuyTpennasa snekTponpoBogka—150
Bosaymnsie JI911—98
Bo3o6noBnsemas sneprusi—24,177,197
BonHoBas snekTporeHepauna—o63
Bryck—71

BropuyHasa cTopoHa
TpaHCPOPMATOPHOI MmoACcTaHMMU—119
Bropuunas sneprua—17

Bropuusble rapBaHMYECKME
371eMeHTbhI—191

Be16pocs! yriekucnoro raza—>54
Beimyck—71
BricoxoBonbTHaA muHNA—133,146

BricokoBonbTHOE
37nieKTpopacnpepenenne—145,146,148

Briciime rapmonnku—34

r
lasoBas Typ6mHa—68,69,72

lasoBbie MukpogBuraTenu—72

Ta3oBble MMKPOTYpOMHBI—72
lasoTyp6uHHas sneKTporeHepana—68
Ta3oTyp6uHHBI! NpUBOA—68

Tacureny ckpyunsanua—109,112
Ienepatop—47

Tenepatop ogHodasHoro Toka—50
Teneparop Tpéxdasnoro Toka—50,51
TeorepmanbHas anexTporenepaumnsa—77

ImppaBnnyeckas 3NIeKTpOTeHepaLus
(runporenepaums)—48,49,52
ImpporeHepaimsa B
pexxume pekn—56

€CTECTBEHHOM

TupporeHepanys ¢ BOZOXpaHU/IMIIEM
Majioro o6 béMa—56

NPEAMETHbIN YKASATEAb ﬂ



Iuaporenepars c BOZOXpaHUIMILEM
6o0np1Ioro 06béMa—56

Inpporenepanus ¢
ITUMAPOAKKyMynAumnein—>57

IuppoTyp6una—49
Imppoanextpocranuuu (I'IC)—41,58,91
[paduxm cyTounbIx Harpy3ok—21,73
IpososamuThbIie TPOCHI—98,99,107,112
IpomooTBOf—106,112,118

Ipynnosas nenb—156

[pasecroitkue muHeiHbIE
nsonaropei—110,111

A
[ Burareny BHenHero cropauna—70
JIBuratens BHyTPEHHETO CTOpaHMs
(IBC)—70
I BYXC/IOHBLI 3EKTPOXMMMUYIECKMIL
koHpeHcarop (EDLC)—191,193
Jenenue aTomHoro agpa—82
HepuBannonnas cxema—62
J>xoyneso Tenno—97
HuBepTuduxanms
37IEKTPOSHEpreTuKu—92

JIlu3enbHbIN 1 ra30BbIit
nBuratenu—70,71

Huck Aparo—168,169
HucneTyepckme NyHKTbI—44
Iucranimonnas pacnopka—109

3
3aseMnenne—107,138
3asemyenue xmacca A —139
3asemnenne xkmacca B —139
3asemnenne kmacca C —139
3asemienne knacca D—139
3asemnénnblit npopog—138,153
3amemurenb—387;88

3anmTa oT ConeBoro
noBpexennsa—110

NPEAMETHbIA YKASATEAb

3aluTHEIE [YTOOTBOAALIME
pora—106,112

3emna—107
30Ha HEYYBCTBUTENbHOCTM—198

V3sMeneHne MecTa yCTaHOBKMU
obopynoBanna—111,112

MupykumonHble CYETINKI
97IEKTpO3Heprun—168,169

NHuHOBaina—196

VHTennexTyanbHble CYETYNKU
37IeKTpO3Heprun—170

WnTennexryanpHble
9HEprocucTeMbl—196

NudopmanmoHHble TexHOMOTMN—195
Wudpacrpykrypa—196
Wcnonp3oBaHue BOJOOTTaTKMBAIOIINX
MOKprITHMii—111,112

VlcToynuk cTabunmsupoBaHHOTO
nuTaHusa—186

K
Ka6enp CITI9—102
Kamepa cropanna—68
KaTymka nagyxtnsHoctn—136,193,214
KayecTBo anexTposneprun—31,33
Kuneruyeckas sHeprus—65
Kunammnii peakrop—84

KosmoBas rugpoTyp6uHa (Typ6una
ITenrona)—61

Korenepanmua—71
Konnuyectso Bonma—39

Konbuesas cxema
3NeKTpOocHabxeHNA—148

Kommpeccop—68

Konpencarop BopaHoro napa—66
Konpgencaroppi—214

KopoTkoe 3ampikaHue—108

KIIJl npeo6pa3oBanus sHeprun—53
KpartHocTb 3antacoB—25



Kpurnyeckoe cocronnne—83

n

Jlérkas Boga—87
JlerkoBopiHbI peakTOp—84

JIn6epanusaumsa
3/1EKTPO3HEPreTUKU—178

JIunesHbI1 U30nATOPp—98

M

Marnas rupposHepreTuka—63
MavuroBslit TpaHcpopmaTop—132,133
MexcucremHublie cBA3n—124

Meps! 3a1MTHI OT HA/IMIIAHUA
cHera—108

Meps! MonHMe3amnTeI—105

Muxkpocetyn (MMKposHepreTndeckue
cucrembl)—195

MHoroBaibHasA KOHCTPYKIMA—69
MouHoctp—210
MynbTUBONBTaXKHDIE U3MENA—164

H
Harpyska—210
Harpyska ot o6negenenna—115
Hakonureny anexrpoaneprun—189,197
Hanpsxenne—30,210
Harpwuii-cepnas 6atapes—192
Hejtrpanbusit nposog—138,153,159
Heitrponp—81,82

HwuskoBonbTHas MTUHUA
ocseleana—133,147

Hu3koBonbTHASA TUHUA IIUTAHUA
npusopos—133,147

HwuskoBonsTHbIE IMHNN—146

HwuskoBonbTHBIE CHICTEMBI
aneKTpopacnpenenenna—145,147

. 0
O6eqHénHDIN cnoit—185
O6moTtka—47,50,134

O6Hapy>keH1e OCTPOBHOTO
pexnma—198

OpHodasHas ABYXIIpOBOgHAA
cucrema—135,136,159

Onnodasnas TpéxmpoBogHas
cucrema—135,137,159

Opnuodasueiit Tok—38,39

OxucnuTenbHO-BOCCTAHOBUTEIbHAA
peaxkuua—192

OnTumanpHOe coyeTaHne—92
OcBemenne—133,135,140,144,147
OcTtposHoit pexxumM—198
OTtpenbHas nenb—157
Orkmo4eHna 3neKTposHeprun—34
Otckok nposopa BBepx—108

OxapuTens (TENNIOHOCUTEND) AAEPHOTO
peakTopa—87

OxstanuTenb KOHAEHCATOPa BOASHOTO
napa— 66

OneHka KauecTBa 371eKTpO3Heprum—34

n
ITapoBas Typ6uHa—67,68, 69
[TapoTyp6uHHas reHepannsa—67,68

[TaccuBHBIT MeTOR OGHapyKeHNA
OCTPOBHOTO pexxumMa—198

IlepBuynas cropona
TpaHCPOPMATOPHON MOACTAHIMN—119
IlepBuyHas TpancopMaTopHas
nopctaHuma—120

IlepBuunas sneprua—17

Ilepemennsrit Tok—30,38

Ilepepacnpenenenne
3/1eEKTpO3HEPTUUN—36

IlepexonHoit pexxum reHepanuu—74,75
ITnkosblit pe>xuM renepauun—74,75
IInanvpoBaHue aneKTpocHabxeHnA—44

IInotnHHas cxema KOoMIoHOBKU [9C—
62

NPEAMETHbIN YKA3ATEAb

Nz



[InoTMHHO-AiEpMBalIMOHHASA CXeMa
KoMIIOHOBKU '9C—62

IInacka nposogos—108
ITopsemusnie JI3T1—98,101,102,103
ITo3gemnas anexktTponepegada—101
ITonesusiit Hanop—>59

[Tonutuka ocnabnenns
orpanmyenuin—178

[TonHe1it Haop—>59
[Tonmxaromuit Tpancpopmarop—164

ITopakeHne SMeKTpMIeCKMM
TOKOM—198

ITocrasisgeMoe HanpsKeHue—34
[TocTostHHbIT MarHuT—47
ITocTosiuHbI TOK—211

Ilorepu Hanopa—>59

[ToTepu nepenaun—97

[ToTpe6nenue snexTposneprum—19,21

[Ipeo6pa3oBareny ¢ MTMHENHOI
KOMMYyTanuein—124

ITpepriBarens 1o TOKy yreuku—153,155
ITpuBopbi—144,147

[IpvHUMIIMATbHASA SNIEKTPUYeCcKas
cxema—213

[IpnopureT BOABI HaZy OTHEM—T77
[IpunoputeT orusa Hap Bogoin—77
[Ipo6nema HUMBU—126
[TIpo6oit Ha 3emm0—106
[IpoBucanne—113,127

IIpoBopa HanpsxkeHnsa—153,159

[IporHoss! noTpebnenns
3/IeKTpo3Heprun—23

[IpoMexyTouHast TpaHcpOpMaTOpHas
nopcraHuusa—120

IIpoTounsIit pefoKC-aKKyMynsaTop—192
P

Pa6ors! no 3asemnennio—107,112

NPEAMETHbIA YKASATEADL

Papgnanbnas cxema
37IeKTpOCHabKeHNA—148

PapanbHO-0ceBas rMAPOTYpOMHa
(Typ6buna ®pencuca)—61

Paspenenne anexkrporeHepanum u
3/eKTponepenayn—178

Paspequunrenp—118

Paitonnble pacrnipenenurenbHbie
OYHKThI—44

Pacnipenenénnas sanekrporeHepanus
—176,177

PacnipefienénHble MUCTOUHUKHA
3/1eKTpOo3Heprun—176,177,197

PacnipegenurenpHas TpaHcpoOpMaTOpHasn
nopcrtaHuusa—120

Pacnipegenurensusrit wut (IIP)—150,186
PacTtBop Banagusa—192

Pacxop anexTposHepruu B pexxume
OXUIAaHUA—29

PeakTtop c Bofoit nox, paBnenueM—84
Perymupyromue crepxun—=84,86
Porop Jlappe—182

c
CamokoMmmyTannsa—124

CBepXBbICOKOBO/IbTHAA
TpaHchopMaTOpHas NMoACcTaHIMA—120

CBepXBBICOKOBONIBTHOE
3jIeKTpopacnpepenenne—145,146,149

CaepxnipoBofAIIMIt MHAYKTUBHBIN
HaxkomuTtens (SMES)—193

CBuHLOBO-KMcnas 6atapes—191
CBob6opiHasA KOHKypeHIs—178
Cropanne—71

Certs ¢ paboToit psina TpaHCPOPMATOPOB
Ha OfiHY 1IMHBI (spot network)—149

CeTb ¢ perynapHoit CTpyKTypoit—149
Cxarne—71

CoxmxeHHBIt TpupopHbiit ras (CIII)—74
Cuna gaBneHus BOgAHOro napa—67



Cunosoit kabenp—102

CucremMHbIe pacnpefieNTUTeNbHbIE
IIyHKTbl—44

CucreMsl 37IEKTpOreHepanuy HOBOTO
MOKONeHus1—72

CucreMbl 371eKTpOpacpene/ieHns s
ocBenjeHnsa—140

CucreMbl 371eKTpOpacIIpefeNieHUA s
nuTaHus npusofgos—140

Ckauky HanpsoKkeHuA—34
CHerooTTanKuBaroliee Konbo—109,112
CoenuHenne ¢as 3Be3fgoit—143

CoenuHenue (a3 OTKPHITHIM
TpeyronbHMKOM—143

Coennnenne ¢as TpeyronbHukoM—143

CoxpbITie 060pynoBaHuA u
anmaparypsi—111,112

Conneynasn 6atapea—183,184,186
ConneyHas sanekTporeHepanus—183
Conneynslit Mogynb—183,184
Conporusnenne—210

Cmupanb cHerotasuusa—109,112
CraneamomMyHueBbI kKabenrp—100
CroumocTsb renepanuu—80

Cxembl coenmHenus pas—142

Cuétunxu anekTposneprun—150,152,168

T

Tennopas
anekTporeHepannia—16,48,65,75,79

Tennosas anekrporenepanus Ha CIII—
91

Tennosas sneprua—65
TernnoBbie anextpoctanumu.(TIC)—16

TepMookeanudeckas
3/IeKTporeHepauuA—o63

Tuns! rupporenepanumu—>55

Tumbl WTencenbHbIX po3eTok—160
Tok—210

Tox yreuxku Ha semmo—154

TonnmeHas c6opka—85
TonnmeHas Tabnerka—83,85
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« ABTOp

oynsuta fopo
Poauncs B 1970 rogy B r.TokMo. B 1997 rofly 3aKoH4Mn OOKTOPaHTYpY
kademopkl TEXHONOTU4ECKUX UCCNEnoBaHMi yHUBEpCUTETa XOC3it co
crieuManusaumen 1o 3NeKTPOTEXHUKE. B TOM-XKe rody Ctan Hay4HbIM
COTPYAHWKOM Kadempbl TEXHONOrMHECKUX MCCnenoBaHuit TOKUACKOro
CTONMYHOrO yHUBepcuteta. B 1998 roay TMOCTynun Ha paGoTy B
TexHOnorn4eckuit yHuBepcuteT Cubaypa. B Hactoswwee BpeMs SBNSAETCS
TpogeccopoM kadenpbl 3NeKTPOTEXHKU OTAENEeHUs 3NeKTPOTEXHUKU U
3INeKTPoHWUKU TexHu4eckoro ¢akynkTeta, 3aseayet nabopatopuet
3MeKTPO3HEPreMYECKUX CUCTEM, UMEET CTereHb 0KTOpa TEXHUHECKUX Hayk,
cepmduKaT MHXEeHepa B 06NacTM 3NeTPOTEXHUKU U 3MEKTPOHUKH,
CEePMOMKAT CTAPLLIETO MHKEHEpa-3NEKTPOTEXHUKA 1-01 KATEropuy.

« XyA0XHUK
ToHaru Takacu

- OdpopMneHue
Office sawa

- B pabote Hap 3TOi KHUTOW aBToOpY TTOMOrarnu
yyaumecs Jlabopatopuu aNeKTpo3Heprem4yeckux CUCTEM:
Mcukasa Kopsupo, OHo K3HTo, Kacai t0xu, Kacopu Akuxuko, KaHako Haoku,
Kataoka Xucawku, Kocukasa Xupogpymu, CotoMa KaHasm, dyasuxacu
Tauypo, XocvHo ToMoXupo
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OEPAZOBATEADHAS MAHTA

SAHUMATEABHAA IAEKTPOTEXHUKA
TEHEPAUNA, TEPEALAYA
n PACRPEAENEHNE INEKTPOIHEPTHHM

CTYAEHT PAKYALTETA 3SAEKTPOTEXHUKU MO UMEHU HAMUKU
UMEET CTPAHHOE XOBBU - 8 CBOBOAHOE OT Y4UEEbI BPEMG
OH POTOMPAPUPYET OrOPbl AUHULI DAEKTPONEPEAAH., 3TO
YBAEUEHUE CRBOAUT EMO C UHOMAAHETGHKOL FOFOMO, MPu-
AETEBWELl HA 3EMAKO C UEABIO U3YUEHUQ MECTHBLIX OCO-
BEHHOCTELU. BMECTE C MEPOGMU MAHMU 8bl NMPOUAETE MO
BCEM 3TAMAM MPOUECCA CHABXEHUG SAEKTPOIHEPIUEL,
NO3HAKOMUTECb C YCTPOUCTBOM U PABOTOU 3AEKTPO3-
HEPMETUHECKUX CUCTEM, U3YUUTE OCOBEHHOCTU PA3AUHHDIX
METOAOR8 MEHEPAULL, MEPEAAHU U PACMPEAEAEHUG 3SAEK-
TPO3HEPIUU. KPOME TOINO, 8bl MOAYUUTE MPEACTABAEHUE O
MPOBAEMAX 2AEKTPOSHEPIETUKU U COBPEMEHHDLIX TEHAEH-
LUUIGX PA3BUTUG AAHHOU OTPACALL
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