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CIIUCOK MPUHATBIX COKPAIIIEHUN

ATIB — aBTOMaTH4ecKoe MOBTOPHOE BKIIIOUECHHUE;

BAIIB — OBICTpOICHCTBYIOIIEE aBTOMATHIECKOE MOBTOPHOE BKITFO-
YEHHE;

BJI — Bo3ayminas nunHus,

BH — BpIcOKOE HamnpshKeHUE,

BT — BnaxHbIil TPUUHT,

BY — BbIcOKas 4acToTa;

JI13 — aBa mpoBoja 3ems;

3A — 3amMTHEIN anmapar;

3PV — 3akpbiTO€ pacnpeneanTeIbHOe YCTPOHCTBO;

3V — 3azemirsironee yCTpOHUCTBO;

UII — uckpoBoil MPOMEXKYTOK;

K3 — xopoTkoe 3aMbIKaHue;

KJI — kaGenpHas MuHUS,

KPVY — kommiekcHOE pacnpeeuTeNbHOe YCTPOMCTBO;

KPVYH — xoMIekcHOe pacupeneauTeIbHOe YCTPOUCTBO HapyKHOU
YCTaHOBKH;

KTII — koMruiekcHas TpaHchopMaTopHas MOACTAHIIUS;

JIC — nuHus CBSI3H;

JIDII — nuHUS 37EeKTpoIepeaadH;

HH — Hu3koe HamnpsikeHue;

HC — nenuneitHOE CONPOTUBIICHUE,

HYVII — neymnpanseMble yCUIUTENbHbIE TyHKTHI,

OAIIB - onHOda3HOE aBTOMATUYECKOE TOBTOPHOE BKIIFOUCHHUE,

OITH — orpaHnYuTENb MEPEHANPSHKCHUN HETMHEHHBIN,

OPY — oTKpbITOE pacnpeaenuTelIbHOe YCTPOUCTBO;
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PBMI' — pa3psiHUK BEHTWJIbHBIM C MarHUTHBIM TalllEeHUEM NIYyTH,
TPO303aILUTHBIN;

PBO — pa3psaHUK BEHTUIbHBIN 00JICrYeHHBIN;

PBII — pa3psiiHUK BEHTWIbHBIN MOCTaHIIMOHHBIN;

PBC — pa3psaaHuK BEHTHIBHBIA CTAHIIMOHHBIH;

PBT — pa3psgHUK BEHTUJIBHBIN Y3KOILEIEBO;

PT — TpyOuatslii pa3psaHuK;

PVY — pacnpenenurensHoe yCTpPOUCTBO;

CBH — cBepxBBICOKOE HAIPSIKEHHE,

CUII — camoHecyne H30JUpOBaHHBIE TIPOBOJIA;

CH — cpennee HampspkeHue,

TS0 — TEXHUKO-DKOHOMHUUYECKOE 00OCHOBAHHE,

VYBH — ynbTpaBBICOKOE HANPSHKEHUE,

VIIK — ycTpoiCcTBO NpOAOALHON KOMIIEHCALINH;

O/C — snekTpoABHKYIIAs CUIa;
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OT — anexkTpudecKuil TPUHHT.



BBEJIEHHE

[Tpu sKCIIyaTauu Ha W30JSLHUIO 3JICKTPOOOOPYTOBAHUS U JIMHHIMA
BIIUSIET PSIT (PaKTOPOB: JUIUTEIIbHOE pabouee HANpsHKEHHE, KPAaTKOBPEMEH-
HbIE MEPEHANPSDKEHHUS, TEMIIEpATypa U TeMIIEpaTypHbIe KOoJeOaHus, Biara
U MeXaHudeckue ycwius U ap. I[lepeHanpspkeHus, BOSHUKAIOUIME B JJIEK-
TPUUYECKUX CHUCTEMaX, SBIISIOTCS OJHUM W3 (DAKTOPOB, CYIIECTBCHHO
BIHSFOIIMX Ha HAJICKHOCTDH JIIEKTPOYCTaHOBOK. HecMOTpst Ha KpaTKOBpe-
MEHHOCTh BO3JICHCTBHUS, MEPEHANPSDKEHUSI XapaKTePH3YIOTCS BBICOKOW
KPaTHOCTBIO IO OTHOIICHHIO K UIMTEIBHOMY pabodueMy HampsyKEHHIO,
BO3ICHCTBHEM Ha BCE 3JICKTPUYECKH CBSI3AHHBIC SJIEMEHTHI CHCTEMBI He3a-
BHUCHMO OT MECTa BO3SHHKHOBCHHUS, CYIIIECTBEHHBIM YCHJICHUEM POIIECCOB
BO3HUKHOBEHHS M Pa3BUTUSA Je(PEKTOB, HE CBSI3aHHBIX C IMEPEHAMPSHKCHHS-
MH, YCKOPEHHEM CTAPEHUS KOHCTPYKTHBHBIX Y3JI0B.

OpHaKo HOBBIC PEIICHUS B M30JISILIKU TPaHC(HOPMATOPOB, T€HEPaTO-
pOB, ABUraTeseil, CAHXpOHHBIX KOMIIEHCATOPOB, LIyHTHPYIOIUX, yrora-
CAIUX, (UIBTPYIOUINX, TOKOOTPAHWYMBAIOIINX PEAKTOPOB, BHEAPEHUE
3JIETa30BBIX IMOJACTAHIMI W BBIKIIIOYATENCH W Ap. TpeOYIOT ydeTa HOBBIX
BHJIOB TNEPEHAIPSDKEHUH, BO3JCHCTBYIONIMX HA H3OJIALUI0 MEXIYy BHTKa-
MH, CJIOSIMH U KaTyIIKaMu ogHO# ¢a3bl. [lepeocMbicienue u 60j1ee TOIHOE
MMOHUMAHUE TPOIECCOB, COBEPIICHCTBOBAHME TEXHUYECKUX CPEACTB IIO-
3BOJIIIOT C 0oJiee BBICOKOW 3(P()EKTUBHOCTBIO OPraHMW30BATh 3ALIUTY OT
MepEHANPSDKEHAUH ¢ 00eCTICYCHUEM KOOPAMHAIIMY U30JISIIIUH.

Iepeunciiennpie MPOOIEMbl HEAOCTATOYHO OCBEINEHBI B PaHEE H3-
JIaHHBIX y4eOHBIX TocoOusx. Hacrosmiee ydueOHOe mocoOHe MOCBSIIECHO
aHaIM3y Kak TPAJAUIHOHHBIX, TAK U HOBBIX MPOOJIEM aHan3a U 000CHOBaA-
HUsI TEXHOJIOTHI 3alUThI OT MEPEHANPsHKEHUA. Psi BOPOCOB, H3II0KEH-
HBIX Jajee, ONHPAIOTCS HA HaydHbIe HCCIEIOBAHWS, INPOBEICHHBIE B
Cankt-IleTepOyprckoM ToCylapcTBEHHOM TOJMTEXHHUECKOM YHUBEPCH-
TETEC, U JICKIIUOHHEIC MaTepI/IaJ'H:I.

Pa3z[em>1 HOCO6I/IH, INOCBSAIICHHBIC OTACJIBHBIM BOHpOC&M nepeHa—
MPSDKCHUH ¥ MOJTHHUE3AIIHUTBI, MOTYT OBITh UCIIOIB30BaHbBI CTYICHTAMU MIPH
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BBITMIOJIHEHUU KYPCOBBIX M AMIJIOMHBIX paboT. Pa3nensl cHaGkeHbl BOMIPO-
caMu JJIsT CAMOKOHTPOJISI.

JlanHoe moco0Oue SABJISIETCS OAHUM M3 OCHOBHBIX NMPH U3YyYCHUH IHC-
uuruinH «llepeHanpsbkeHus: 1 KOOpIUHALMS H30IAIUn» U «MoJHue3alu-
Tay.

1. XAPAKTEPUCTUKA JIEKTPUYECKUX
CUCTEM, ObOPYJIOBAHUA U U30JIs1IUN

1.1. OBIIUE BOITPOCBHI ®YHKIIMUOHUPOBAHUSA
SJIEKTPOYCTAHOBOK U U30JIs11 1A

AHanmu3 Qu3nYecKol MPHUPOABI U XaPAKTEPUCTUK MEePCHATPSIKCHUI
LIe1eco00pa3Ho CBsI3aTh C KJIACCOM HANpPSDKEHHs, PEeXUMOM 3a3€MIICHUS
HEWUTpaiH, CBOWCTBaMH H30JAIMH. Pa3zenenns Ha Kiacchl HaNPSOKEHUS B
Pa3HBIX CTpaHax OTJIMYAOTCS OPYr OT Opyra, TeM HE MEHee, ONMpasiCh Ha
MIPUHSTHIE CTYNIEHH U CTPYKTYPY JEKTPUUECKUX CETEH U CUCTEM, IIeJIeCo-
o0pa3Ho onrcaHue 000pyIOBaHMs U MOCIEAYIOLIee U3JI0KEHUE MaTepHrala
CIpYNIIUPOBATH IO NPUHAJIEKHOCTH K CIEAYIOIIUM CUCTEMAaM:

— CHUCTEMBI 3JIeKTpocHaOXeHHsI 10 35 KB BKIFOUUTENBHO;

— JJIEKTPUYECKHE CETH U MexcucTeMHble cBsi3u 110 kB u BoIe.

Takoe pa3zgeneHue BEI3BaHO PAIOM MPUYHH, OCHOBHBIMU U3 KOTOPBIX
SIBJIAIOTCA Ka4eCTBEHHOE OTJIMYME NPOIECCOB B CETAX U CHCTEMax B Iie-
JIOM, HEOIMHAKOBBIE MOAXOOBl K MIpoOieMaM KOOPIMHAIIMH H3OJISLUH,
pa3iIMuHbIE LIEIH, 33a4d U UX PELICHUs NIPU OPraHM3aLMU 3alUThI OT Ie-
peHanpsokeHuit. OmnpeneneHHble 0COOCHHOCTH TNPHYUH BO3HHUKHOBEHII
NepeHanpsHKEHU U 3alIUThI OT HUX CBSI3aHBI CO CBOMCTBAMH U30JISILIUU.

Boigenum JBe KaTeropuu M3OJSIMH: BHEIIHIO W BHYTPEHHIOHO.
BremHsas U30511Ms UCIOIB3YeT U30JIALIMOHHbBIE CBOMCTBA BO3AyXa, HAX0-
JISICh B HEMOCPEICTBEHHOM KOHTAKT€ C HUM. Y CJIOBHs BO3IEUCTBHUSA Cyllie-
CTBEHHO 3aBHUCAT OT TOTO, HAXOJIUTCS SJEKTPOOOOPYIOBaHHE HAa OTKPHITOM
BO3/yXe, HallpMep, B OTKPHITOM pacipeenuTebHoM yerpoiictee (OPY),
B 3aKpbITOM IOMELIECHUM, HAIpUMEpP, B 3aKPBITOM paclpeaeauTeIbHOM
ycrpoiictBe (3PY) unm KOMIIIEKTHOM paclpeneIuTelIbHOM YCTPOWCTBE
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(KPY). DnexTpoycTaHOBKH, pacnoyiokeHHble B 3PV, (QyHKUHOHHDPYIOT B
ropasno Oojee JIETKUX YCJIOBHAX, B TO BpeMs kak B OPY onm moxasepra-
I0TCS KOJIEOaHUSIM TEeMIIepaTyphl, BO3/ICHCTBHIO BIIarH, BETPOBBIM HArpys3-
KaM, yAapaM MOJIHUH U JIp.

BHyTpeHHSS M30JIIMs pa3MeIaeTcs B CHEHUAIBHBIX KOpPIycax, B
CHJIy Yero He MMeeT HENOCPEICTBEHHOI0 KOHTAaKTa C aTMOC(EpHBIM BO3-
nayxoM. Ocoboe MecTo 3aHUMAaIOT KOMIUICKTHBIE PACIIPEIeTUTENIbHbBIE YCT-
poiictBa HapyxxHOU yctaHoBKH (KPYH), koTopbie Oojiee moIBEepIKEHBI aT-
MochepHbiM Bo3neicTBusIM, yeM KPY B 3manumsx. OmHaKo CyImIECTBYIOT
TEXHUYECKUE PEIIEHHs, KOTOpPbIE MO3BOJIIOT CO37[aBaTh MHUKPOKJIMMAT B
KPVYH, ne ycrynarouwmii 3PY.

N30ns1MoHHbIe KOHCTPYKIIMM MOTYT OBITH BBINOJHEHBI HA OCHOBE
Pa3IHYHBIX JUIJIEKTPHKOB: Ta30B, JKHIKOCTEH, TBEPIBIX MATEPHAIOB M MX
komOuHanuii. Ilpu sToM I1EenecooO0pa3HO BBIIENUTH CAaMOBOCCTAHABIIH-
BAIOIYIOCS U HECAaMOBOCCTaHABIHMBAOLIyIoCs H3oisinuio. Ilocne mpobos
CaMOBOCCTAHABIHMBAIOIIEHCA M30IALMHE U OTKIIOYEHHS TOKa KOPOTKOIO
3aMBIKaHUS €€ M30JIIMOHHBIE CBOHCTBA BOCCTAHABIMBAIOTCS ITOJHOCTHIO.
HecamoBoccTraHaBnuBaromascss U300 TEPsieT CBOM CBOWCTBA IOJIHO-
CTBIO MJIM YaCTUYHO.

1.2. JIEKTPUYECKHE CETH 10 35 kB

CHCTEMBI DIIEKTPOCHAOKEHUST YCIOBHO ITOAPA3CIAIOTCS Ha CHCTE-
™Mbl 10 1000 B u cBeitie 1000 B. Takas yciioBHOCTH BBI3BaHa pSIoM (hak-
TOPOB: PEXUMOM 3a3eMJICHUSI HEHTpaau M MOTPAaHUYHBIMH KJIaccaMy Ha-
npsbkeHus, HanpuMep, 1140 B (mocnegHee mpuMeHsieTCsl B LMIAXTHBIX Ce-
TAX).

Cucmembot 3n1ekmpocnadrncenus oo 1000 B

Pexum 3azemiienus cereit mo 1000 B ompenensercst TpeGoBaHUIMEI
0€30I1aCHOCTH, HJIEKTPOMATHUTHONH COBMECTHMOCTH M HAAEKHOCTU 3KC-
IUTyaTaluu.

Cetrn no 1000 B mepeMeHHOTro TOKa BBITIOJIHSIOTCSI C 3a3€MJICHHOU
WIH W30JIUPOBaHHON HeliTpansio. Cetn ¢ 0mHO(A3HBIMUA HCTOYHUKAMH TO-
Ka MMEIOT OAMH 3a3¢MJICHHBIH WM 00a M30JMPOBAaHHBIX MpoBoga. Cetn
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MOCTOSIHHOTO TOKAa MOTYT BBITIOJHATHCS C 3a3€MJIEHHOW WIJIM W30JIMPOBAH-
HOM cpemHel Toukoil. B 4eThIpeXMpOBOAHBIX CETIX Tpex(a3HOro Toka 3a-
3eMJIeHHE HeUTpaliu, a B TPEXIPOBOJIHBIX CETAX MOCTOSIHHOI'O TOKA 3a3€M-
JICHHUE CpelHEeH TOUKU UCTOYHHUKOB TOKA SBIISICTCS 00sI3aTEIbHBIM.

B anekTpoycraHOBKax ceTeil ¢ 3a3eMIIeHHEM JIOJDKHO OBITh BBITIOJN-
HEHO 3aHyJIeHHe, IPU 3TOM HE JIOMYCKaeTCs 3a3eMJICHHE KOPIYCOB JJIEK-
TPONPUEMHUKOB 0€3 3aHyJICHHs. DJIEKTPOYCTAHOBKHU MIEPEMEHHOTO TOKA C
H30JIMPOBAHHON HEUTpanbio U M30JIMPOBAHHBIM BBIBOJOM HMCTOYHHUKA OJ-
HO(A3HOTO TOKa, a TaK)Ke M30JMPOBAHHOW CpEeIHEH TOYKOW B CETAX IO-
CTOSIHHOTO TOKa JIOJDKHBI UMETh 3a3€MJICHHBIM KOPITYC B COYETaHUU C aB-
TOMATHYECKUM KOHTPOJIEM U30JISIMU I 3alIUTHBIM OTKIIOYEHHUEM.

ObecnieueHne AEKTPOMATHUTHOH COBMECTUMOCTH JUIS 3aIlUTHI WH-
(hOopMaIMOHHO-TEXHOJIOTHIECKOTO O00OPYIOBAHUS OCYIIECTBISICTCS IPH-
MCHCHUCM PAAHUAIbBHOI'O COCAMHCHUS 3aIIUTHBIX MMPOBOAHUKOB HUJIM MECT-
HOM CHCTeMbl ypaBHUBaHUS NoTeHIManoB. [ obGecriedeHus oOI1ero
YpaBHUBAaHUA MOTEHLHAJIOB 3JIEKTPOYCTAHOBOK, PACIOJIOXKEHHBIX Ha pa3-
HBIX 3TaXax 3JIaHUM, KpoMe MO3Ta)XKHbIX TOPU3OHTAIBHBIX MpEeayCcMaTpH-
BaIOT BEPTUKAJIbHBIE YPABHUBAIOLINE CBA3H.

Kpome Toro, mMeroT MecTo 0OBEKTHI, K KOTOPBIM HPEABSIBISIOT 0CO-
Oble TpeboBaHus. Hampumep, BO B3pBIBOOMACHBIX MOMEUICHUAX JIOJKHBI
OBITh 3a3eMJICHBI (3aHYJICHBI) 3JICKTPOYCTAHOBKH KaK IMEPEMEHHOTO, TaK U
IIOCTOSIHHOTO TOKa.

OcHoBHOE umucio 3nekTpoyctanoBok a0 1000 B pacmomaraercs B
3IaHUSIX U COOPYKEHUSX MPOMBIIUIEHHOTO U YKUIUIIHO-KOMMYHAJIBHOTO
HA3HAYEHUS, TNIe aHAJIM3 MEePEeHANpPsHKEHUH, 3alluTa OT HUX JJIEKTPOyCTa-
HOBOK U KOHCTPYKTUBHBIX 3JIEMEHTOB 3[JaHHM M COOPY>KEHUH OCYILIECTB-
JIi€TCsl COBMECTHO. YacTh 3JIEMEHTOB MOKET PACIOIaraThCs 3a MpeneaamMmu
3nanuid. HanpumMep, B yCIIOBHSX B3pBIBOONACHBIX MPOU3BOACTB KOMILICKT-
Has TpaHcopmaropHas nonactanmus (KTII) ycranaBnuBaeTcs 3a mpene-
namu 3aanus. Kak mpasuio, KTII cocTout u3 cienyromux OCHOBHBIX Y3-
JIOB:
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— pacnpenenuTensHOro ycrpoiictsa (PY) Boicuiero HanpsikeHus (Kak
npasmiio, 3—10 kB), coxepxaiero cOOpHbIE M COCAMHHUTEIBHBIC INUHBI,
anrmapaTtsl IPUCOSANHEHHS U 3aIHTHI;

— CHJIOBBIX TPaHC(HOPMAaTOPOB;

— PV Husmero HanpspkeHUs!.

B tpancdopmaTtopusix KTII npuMeHSIOT U300 B BUAE Macia
WM MAacJONpPONUTAHHOTO JUAJIEKTPUKAa M3 LEJUTI0N03bl. Fcmonb3yoTes
taxke KTII ¢ cyxumu TpancopmaropaMu wid TpaHchopMaTropaMu ¢ He-
TOPIOYMM KHIKAM JUAJIeKTpuKoM. YcraHoBka KTII wiu tparcdopmaro-
POB 3a MpelenaMu 3JaHHs COTPsKEeHa ¢ OOJIbIIeH BEPOSTHOCTHIO MepeHa-
MPsDKEHUH 13-3a yAapOB MOJIHUH.

B cerax no 1000 B mpuMeHSIOTCS KaK BO3AYIIHBIC JIMHUH JIEKTPO-
nepenaun (JIDIT), Tak u kabenbHbIe. Kabenu COCTAaBIAIOT TOJABIISIONICE
00JBIIMHCTBO W3 00l MmrHbl JIDI 1 BBIMONHAIOTCSA C pa3iTu4HON H30-
nsauueit. Bee Gonee mupokoe pacmpocTpaHeHHe B BO3AYLIHBIX CETAX MO-
nyqarot JIDII ¢ caMoHeCyIUME H30IHPOBaHHBIMHE IIPOBOJAMH. XapaKTep-
HOW 0COOEHHOCTBIO TaKUX MPOBOJOB U KabeJel ¢ MOIHMEPHON U30IIIIHen
SIBIISICTCSL CYIIIECTBEHHOE BIIMSIHHE Ha MIPOIECCHl BOSHUKHOBEHHUS, PA3BUTHS
Je(peKTOB U UX CTapeHHs MPH KOMMYTAI[HOHHBIX MepeHanpspkeHmsix. Han-
0oJiee OABEP)KEHHBIMU BHEILIHUM MEPEHAIPSDKEHUSAM SIBISIOTCS DJIEKTPO-
YCTaHOBKH, pa3MelLIeHHble Ha OTKPBITOM BO3JIyX€ M, Mpexk]e BCero, BO3-
nymaeie JIOI, npuuem most JIDII ¢ camoHecymuMu H30JIMPOBAHHBIMHU
MPOBOJIaMH 3al[UTa OT MEpPEHANpPsLKeHUH AobkHa oTimyaTthes oT JIOII ¢
TOJIBIMHU MPOBOJIAMH.

B kauecTBe KOMMYTallMOHHBIX anmaparoB B cet 10 1000 B mpume-
HSIIOTCS TIPEIOXPAHUTEIH, BRIKITIOUATEIH, ABTOMATHUECKIE BBIKIFOUATEIIH,
KOHTAKTOPBI, TEIUIOBBIE penie. UyBCTBUTENEHBIM 3JIEMEHTOM IIPEIOXPaHU-
TeNel SBISAIOTCS IUIaBKHE BCTAaBKH, KOTOpBIE MOApa3AeiIIOTCs Ha Oes-
WHEPLHUOHHBIE (Majias TeTJIOBas MHEPIHS) U WHEPIUOHHBIE (0OJbIIas Ter-
JoBast MHepLus). be3auHepuOHHbIE TPUMEHSIOTCS A OBICTPOACHCTBYIO-
et 3anmTel oT TokoB K3 1 k meperpys3kam He 4yBCTBUTENbHBI. MHepIH-
OHHBIC OPHEHTHPOBAHBI HA 3AIIUTy OT IEPErpy3Kd M HE 00ECIeYnBaIOT
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obicTpoaericTBUSl. OOBIYHBIE BBIKIIOYATEIN C PYYHBIM MPUBOAOM MOJTYyUH-
JIU TIPUMEHEHHE B CETSIX JKIIUIIHO-KOMMYHAIBHOTO XO3SICTBA JJISI KOM-
MyTaluH OBITOBBIX moTpeOuTeneil. Pexke Takue ammapaThl MPUMEHSIOTCS
Ha MIPUCOETUHEHISX IPOMBIIUICHHOTO Ha3HaueHHs. 1'opa3go yaie B ceTsix
IPOMBIIUIEHHOTO HAa3HAUYEHHUS MPUMEHSIOTCS aBTOMATHYECKUE BBIKIIOYA-
TeJH U KOHTAaKTOpbl. OCHOBHBIM Ha3HAUE€HUEM aBTOMATHUYECKUX BBIKIIIOYA-
TeJel sBIseTCs OTKIoYeHue TokoB npu K3, npu meperpyskax u npu He-
JIOITyCTUMBIX CHIDKCHHSAX HampsDKeHUS. B xauecTBe ammapara, OCyIIecTB-
JISTOIIETO OTEPATUBHBIC BKIIFOYCHHUS U OTKIIOYCHHUS, aBTOMATHUECKUNA BBI-
KITI0YaTesb NpuMeHsieTcs peako. s 3THX 1enel, Kak MpaBuilo, UCIOJb-
3YIOTCS KOHTaKkTOpbl. Hanbonpimmii HHTEpeC MpPEeACTaBIsAI0T KOHTAKTOPHI,
HCTONB3YIOMKE B KAayecTBE IyrOTacHUTENFHOTO YCTPOWCTBA BaKyyMHYIO
kaMmepy. OCOOCHHOCTBIO aBTOMATHYECKHAX BBIKIIOUATENICH U KOHTaKTOPOB
SABJIACTCA BO3SHUKHOBCHUC IMOBTOPHBIX HpO60eB MCKKOHTAKTHOTO IPOME-
JKYTKa, YTO MPOBOIUPYET KOMMYTAIlMOHHbIE NIepeHANpsOKeHUs. TeroBble
pene o0ecleunBaIOT 3allUTy OT TOKOB MEPErpy3KH H, Kak IPaBHIIO,
BCTPaMBAIOTCSI B MArHUTHBIN ITycKaTeIb.

[Iupokoe npumenenue B cetsix Ao 1000 B monyunnu acHHXpOHHBIE
JIBUTATENN U ABUTATEIN OCTOSHHOTO TOKa. PexxuM paboThl aCHHXPOHHOTO
JIBUTATENs] 3aBHCUT OT BEJIMYMHBI M 3HAKA CKOJIbXKEHHS. ACHHXPOHHBIE
JIBUTATEIIH BBITIOIHSIOTCS IBYX THUIIOB — JBHTATEN! C ()a3HBIM POTOPOM H
C KOPOTKO3aMKHYTBHIM poTopoM. OO0macTe WX NMPUMEHEHHS W KOHCTPYK-
THUBHBIE OCOOCHHOCTH 3aBUCST OT TPEOOBAaHMHA K IMOKa3aTesIM IMycKa, pas-
TOHA, PEryJIHPOBAHMsI YaCTOTHI BpamieHus u ap. LlerecooOpa3HO OTMETUTH
0COOEHHOCTH NEPEXOIHBIX MPOIECCOB B MPHUCOECTUHEHUH, COCTOSIIEM H3
MUTAIONIETO Ka0elsl U ABUTaTesI, KOTAa IMOCye OTKIIOYCHUS OT MUTAIONIeH
CeTU B pe3ylibTaTe 0OMEHa DHEPTrUed MEXIY €MKOCThIO KalOens U MHIYK-
TUBHOCTBIO JIBUTATENsI BOHUKAIOT KOJIEOAHHUS, YTO B COUCTAHUH CO CBOM-
CTBaMHU IYTOTaCUTEIBHON CHCTEMBI MOXKET HMPUBECTH K HEAOIYyCTHMBIM
MepeHaIPSHKEHUSM.

[IpuBeneHHbIe TPUMEPHI XapaKTEPUCTUK OCHOBHBIX AJIEKTPOYCTAHO-
BOK HE JIAIOT MCYEPIBIBAIONICH KapTUHBI, OJHAKO MO3BOJIIOT ONMPEACTIHUTH
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KITII04YeBble 0coOeHHOCTH ceteid 10 1000 B mo mpuyuHam U yCcIoBHsIM BO3-
HUKHOBEHUS U Pa3BUTHS MTEPEHANPSIKESHHH.

Kak npaBuito, u305sust ¥ N30JSIUOHHBIE KOHCTPYKIIHU B CETAX 0
1000 B, KOHCTPYKTUBHOE HCIIOJIHEHHE JIEKTPOYCTAaHOBOK OOCCIICUHBAIOT
HEBBICOKHUE HaIpsHKEHHOCTU. TeM He MeHee, 3HauuMocTh ceteit 1o 1000 B
C TOYKHU 3pEHUsI IIepeHanpsHKeHUN SBIISETCS BBICOKOM B CHIIy TOTO, YTO 4Ye-
JIOBEK MMEET HEMOCPEACTBEHHbIN KOHTAKT C 3JIEKTPOYCTaHOBKAaMH, a CETH
UMEIOT HauOOJNBUIYI0 NPOTSHKEHHOCTh M YHCIO JJIEKTPOYCTaHOBOK. [lo-
9TOMY BBINIOJIHEHHE M3O0JLIIHN HIIEKTPOYCTAaHOBOK, BHIPABHUBAHHE HAIps-
JKEHHI, OpraHu3alisl CUCTEM D3JIEKTPOCHAOXKEHHsI MOJYUHEHBI PEHICHUO
3a/1a4 JeKTPOoOe30NacHOCTH U AJIEKTPOMAarHUTHON COBMECTUMOCTH.

Cern o 1000 B meHee moaBep>KeHBI BHEITHUM TEPEHAIPSHKEHUSIM,
TaK Kak, BO-TIEPBBIX, AJIEKTPOYCTAHOBKH, Pa3MEIICHHBIC B 3aKPBITBHIX I10-
MCHICHHUAX U MMPOCTPAHCTBAX, 3AIIUIICHBI OT NPAMOTO MNOMaJaHus MOJIHUH,
BO-BTOPBIX, 2JIEKTPOYCTaHOBKH, HAXOAIIMECS Ha OTKPHITOM BO3JyXe, KaK
MPaBWJIO 1O BBICOTE MEHBIIE OKPYXArOIIMX 3AaHUM, coopyxkeHuit, JIOII
0oJiee BBICOKOTO KJlacca HAIPsDKEHHS, IEPEBbEB, YTO 3HAUUTEIHHO CHIKA-
€T BEPOSITHOCTh aTMOC(EPHBIX MepeHanpspkeHH. OHAKO MOTHOCTBIO HC-
KITIOYXTH BO3MOKHOCTH BHEIIHUX TEpPEHANPSDKEHUH HEBO3MOXKHO. Yaie B
cetsax 70 1000 B BO3HMKAIOT BHYTPEHHHE IIEPCHANPSKEHUSL.

Cucmembut Inekmpocnadyicenusn u Inekmpuueckue cemu 1,0-35 kB

OCHOBHBIM Ha3HAUE€HHEM CETEH 3TOro Kiacca SBISIETCS AIIEKTPO-
CHa0>KEHHE MPOMBIIUICHHBIX MPENNPUATHNA, MPeAIpUITHA HePTH, Ta3za u
VIJIs,, TPAHCIOPTHBIX MPENNPHUITUNA, TOPOJIOB M HACENEHHBIX IyHKTOB,
CEJIbCKOXO03SIMCTBEHHBIX 00BEKTOB. K 3TOMY e KilacCy HampshKeHHs OT-
HOCATCSL  pacmpenenurenbHbie  cetd. CormacHO — aIMUHHCTPaTHBHO-
OpTaHU3AIMOHHOMY YKIAIy, CIOKHBIIEMYCSI B COBPEMEHHBIX YCIOBHUIX B
anekTpoaHepreruke Poccuiickoit denepannu, CETH ITOTO Kjacca OTHOCAT-
Csl K pafOHHBIM IEKTpUYECKUM ceTsM. OcoOyro KaTeropHuio COCTaBIISIOT
CHCTEMBI JJIEKTPOCHAOKEHHS T€HEPATOPHOTO HAMPSHKCHUS, B TOM YHCIIE U
OJIOKOB TEHEpaTop-TPaHCPOPMATOP, COOCTBEHHBIX HYKA JICKTPHUSCKIX
CTaHIMKA W mojacTaHiui. OO0bequHsIoNmEeH 0COOEHHOCTRIO paccMaTpuBae-
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MBIX CHUCTEM SIBJISIETCA TO, YTO, KaK MPaBUIIO, OHM UMEIOT W30JIMPOBAHHYIO
WA PE30HAHCHO-3a3¢MJICHHYIO HEHTpab.

Ha puc. 1.1 npuBenena cxema 3amenieHus cereid 1,0-35 kB. 3nech
E,, Eg, Ec — DJIC sxBuBaneHTHBIX UCTOYHUKOB (a3 A, B u C, Ly, L1p,
L, — >KBUBaJICHTHbIE WHIYKTUBHOCTH CO CTOPOHBI UCTOYHUKA; Rq4, Rqp,
R{c — SKBUBAJCHTHbIC AaKTHBHBIC COIPOTHUBICHHUS CO CTOPOHBI MCTOYHH-
Ka; Lyyu, Lyg, Ly — WHIYKTUBHOCTH HArpy3kH; Ry, Ry, Ry — aKTHUBHBIC
CONPOTUBIEHHS HArPY3KH; Yyp, Yac, Ypc — MexIyhasHble IPOBOINMOCTH
nuHul ¥ HArpy3o0k; Yy, Yy, Yo — npoBomuMocTH (a3 OTHOCHTENHHO 3eMITH
Ka0eJei, BO3AYIIHBIX JIMHUK U IPYTHX 3JIEMEHTOB CETH.

W T R

1-E'BC Y
A
I RIEIREA
U, ITP

i as

Puc. 1.1. Cxema 3aMeIieHus ceTeil ¢ H30JIUPOBAHHOW HEUTPAJIBIO

XapaxTepHoi 0cOOeHHOCTBIO cereil o 35 kB sBnsercs To, 4o ox-
HUM HU3 OOBEKTOB BO3JCHCTBUS IEPEHANPSDKCHUH SIBISIOTCS 3JICKTpHUE-
CKHE MAIIMHBI, B TOM YHCIIC TEHEPATOPHI AIEKTPUIECKUX CTAHIIUH.

Cxemy, mpuBeneHHyr Ha puc. 1.1, mocne mpeoOpazoBaHUil JieTKO
MPUBECTH K CBEPHYTOH KBUBAJICHTHO# cxeme (puc. 1.2, a), koTopas mocine
CJICIYIOIETO YIPOIISHHs MPUOOpeTaeT BUI, MOKa3aHHbIA Ha puc. 1.2, 6. B
MoCeTHEeW cXeMe HE YUUTHIBAIOTCS MPOIOJBbHBIC aKTUBHBIC H HHIYKTHB-
HBIC COMPOTHUBJICHUS T€HEPATOPOB, TPAHCPOPMATOPOB (M3-32 OTHOCUTEINb-
HO MaJIbIX IaJICHUH HaNpsDKEHUH B PaCUETHBIX PEKMMax), BO3AYLIHBIX H
KaOeNbHBIX JIMHUH (M3-3a MaJoil IJIMHBI), Mex1y(da3Hble MPOBOAUMOCTH
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(J'IPIHI/IFI u Harpy301<), KOTOPBIC BKIIFOYCHBI HA HICTOYHUKHU HCU3MCHHBIX JIU-
HEWHBIX HaHpﬂ)KeHI/Iﬁ M HC BJIIMAIOT HAa HAIIPSXKCHUA OTHOCHUTCIBHO 3€EMIIH,

a TaKXKe BEIIECTBEHHBIE YAaCTH MPOBOAUMOCTEN Yy, Y, Ye.

E E, L
~Orndh —O—KrR
. —:;:}qg UA
Eg Eg Cg
._® I 4
Ug '

: . G
- Ucl_

Puc. 1.2. YrpomeHnHas 31eKTpuyecKas cxema ceTell ¢ H30IMPOBaHHOU
HEUTpabio

Jlyis cxeMbl, MOKa3aHHOW Ha puc. 1.2, 6, MOKHO COCTaBHTh CIICIYIO-
LI[yI0 CUCTEMY YpaBHEHUI

E,=U, —Uy; Eg = Ug — Uy; E; = Ug — U, (1.1
a TaKkxe
Iy=Yy Uy g =Yg -Ug;Ic =Y, Ug. (1.2)
[Ipu n3onrpoBaHHOI HEUTPAIN BBIIOIHIETCS PABEHCTBO
Iy +Ig+1I.=0. (1.3)

Ecmu ypaBuenus (1.1) u (1.2) noactasuts B (1.3) U pemiuTh OTHOCH-

TenbHO Uy, momyyum

YA.EA+YB.EB+YC.EC
Yo+ Y + Y '
Ecmm Y, # Y # Y, T0 maxe mpu ypaBHoBemeHHo# cucteme DJIC

Uy = (1.4)

= [I0JIyYUM HEHYJIEBOE HANpsDKEHUE Ha HEWTpaiu
E,+Eg+E;=0) mo €HYJICBOE HAIpsDKEHUE Ha HeuTpal
Uy # 0, a ciienoBaTesbHO, TOBBILIEHUE HAPSKEHUH OTHOCUTEIIBHO 3€MIIH
Uy, Ug, Us. Ecmu Yy, Y, Ye, T0 Uy = E4, Uy = Ez u Uy = E; BekTopHble
JUarpaMMbl JUIsi TOKOB M HampsDKEHUM B 3TOM peXHUME NPUBEACHBI Ha
puc. 1.3.
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JonyctuM, uTo Ha ofHOU U3 (a3, Hanpumep, B Touke K Ha daze A
TPOM30IIIO 3aMBIKaHHUE Ha 3eMtio. U3 rpanmunoro ycnosus U, = 0 ume-
eM UO = —EA, a U3 yCIOBHUA EA + EB + EC = 0 cnenyer EB + EC = —EA,
T0 ectb Ug = Uy = |EB + UO| = |E'C + U0| = \/§E¢ (cM. BEKTOpHYIO Jna-
rpammy Ha puc. 1.4). Kpome Toro, Bmecto ypasrenus (1.3) mpu [, = 0
umeeM Ip + Ic + I3 = 0, To ectb Iy = —(Ig + I();

s = Iy = |Iz + Ic| = 2-V3E, - wCy cos 30° = 3wCyE,.  (1.5)

Taxum o0pa3om, IpU 3aMBIKAaHHK OJHOU (ha3bl HA 3EMIIIO HaMpsDKe-

HUe cMmenieHus Hedtpamu Uy, = —E,, TO eCTh 10 MOJIYJIO paBHO (a3HOU
OJ/1C, a HampspKeHHsI Ha HEHOBPEK-

neHHblx ¢azax Up = U, = \/§E¢
npesbimaer dasnyro IIC B V3 pas.

E, =T,

Tok 3aMbplKaHMsI Ha 3€MJIIO pPaBEH
YTpOoeHHOMY (a3HOMY TOKY, HOCHT
€MKOCTHOM XapakTep U OIepekaeT
DJ1C cBoeii pasnr Ha 90°.

[Ipu npeBbIIEHUH TOKA 3aMbl-

E=U, e Ep=Us
KaHHWs HAa 3eMIJII0 OOJIbllIe ompeje-
Puc. 1.3. BeKTOpHbIE IMArPaMMbl  jeyHOro 3HAYCHHS OCYIIECTBISETCS

TOKOB YU HAIIPSI?KEHUU B CUMMET- KOMIIEHCAIUS. C MOMOIIBIO Jyrora-

PHUIHOM PEKUME CETU C U30JIUPO- CSAIUX PEAKTOPOB (HFP)

BaHHOM HEHUTPAJIBIO
Ecin npeneOpeub aKTHBHBIM
COINPOTHUBJIICHUEM JOYIOracsiiero peakropa, TO COIVIACHO CXEME Ha

puc. 1.2, 6 npu 3ambikarnn dassl A Ha 3emmo ([, = 0) Bmecto (1.3) ume-

eM
Ig+I.=hL+1,=0, (1.6)
rae ip — TOK Yepe3 peakTop MpH 3aMbIKaHWH OJHOW (a3bl (pa3er A) Ha
3eMITI0
Up _ Uy
P ij - joLy

[Toxcrasus B (1.6) 3Hauenus TokoB I, I U I, noay4nm
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I3 = jBwCyEL(1 — K), (1.7)
rme K=1/ (3a)22LpC¢) — K03(p(PHUIIUEHT KOMIECHCAIIMA €MKOCTHOTO TO-
Ka.

Kax BuHO 13 (1.7), TOK 3aMBIKaHHS Ha 3€MITIO I3 onpeensercs aei-
creuem D/IC E, B uenu, cocTosiiel U3 napaiebHO COSAMHEHHBIX EMKO-
creil Bcex (a3 OTHOCHTEIBHO

IB
semin 3(Cy ¥ HMHIYKTUBHOCTH

-~
~

Jyroracsiero peakropa (mpu L S _>iB+ic
R,=0).Tlpu K=1uR,=0 g L
MMeeM TMOJIHYI0 KOMIIEHCAIIUIO I
eMKocTHOro Toka I, = 0 (pe3o- U,
HaHC TOKOB), npu K < 1 — He-

. Ue Ug
JOKOMIICHCAIlUIO (eMKOCTHOI/I

TOK 3aMbIKaHus), mpu K>1 —
MIEPEKOMITCHCALIUIO (MHOYK- Ec Eg
THUBHBIHN TOK).

B cersax 6-35 kB ¢ koM-  Pyc. 1.4. BexkropHbie quarpaMmbl TOKOB
MIEHCAlMEd €MKOCTHOIO TOKA W HANpPsHKEHUM IIPU 3aMBIKAHUHU OIHOM
3aMBIKaHUSI HA 3€MITI0, KPOMeE (aser (paza A) Ha 3eMiTIO
CYIIIECTBEHHOTO yYMEHBIICHHUS TOKa 4Yepe3 MECTO 3aMbIKaHUS Ha 3eMIIIO,
CWJIBHO CHIDKAETCS TAK)KE CKOPOCTh BOCCTAHOBIICHHS HAMPSIKEHUS HA U30-
JISIUY TI0CIIe TPOXOXKJIEHUSI OCTATOYHOT'O TOKa 4epe3 Hylb. B pe3ynbprare
3JIEKTpUYEcKass MPOYHOCTh M3OJISILIMKA BOCCTaHABIIMBAETCS ObICTpee, YeM
MIPUIOKEHHOE K HEH HAaNPsHKCHUE, U, KaK MPAaBUIIO, IyTra TaCHET.

B cersix no 35 kB B psine ciiyqaeB NpUMEHSIIOT 3a3eMJICHHE HEUTPaAIH
Yyepe3 pe3nucTop, HalpuMep, ero BKIOYEHHEM B HEUTpaslb CIEHUaTbHOTO
TpaHcopmaropa.

DKBHBaJEHTHAsI CXe€Ma JUIS 3TOTO CITydas IpuBezieHa Ha puc. 1.5, rae
X, — WHAYKTUBHOE COIPOTUBIICHHE HYJEBOH IIOCIIEAOBATEIHHOCTH 3a-
3eMIITIOIIETo TpaHchopMaTopa. B 3Toif cxeme TOK uepe3 pe3ncTop paBeH
Iy = Uy/(Ry + jX,), IOITOMY MOJNy4HM BBIPAKEHHUE I ONpEIETeHHs TO-
Ka 3aMbIKaHUS
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I, =E, (Sijq, + m)
IIpu BBICOKOOMHOM 3a3eMiIeHuHU HeWTpanu R, >> X, U TOK 3aMbIKa-
HUS
. .1 )
I, = Ey <R_o + 3]a)C¢)
WU

1 2

3TOMy BBIPAXKCHUIO COOTBETCTBYCT CXCMa 3aMCIICHUSA PUC. 15 npu
L,=0uR, =R,

EC;’

Th B

Puc. 1.5. Cxema cetu [uig pacyeTa Toka OHO-
(ha3HOTO 3aMBbIKaHHS TIPH HEHTPAJIH CETH, 3a-
3eMJICHHOH uepe3 pe3ucTop
BunaHo, 4TO BKIIIOYEHHE pE3UCTOpa B HEUTPAIIb CUCTEMBI IPUBOIUT K
TIOSIBJICHUIO B MECTE TIOBPEXACHUS aKTHBHOW COCTABIISIOIIEH TOKA HAPSAY
C €MKOCTHOH. BkitoueHme mapaiielbHO €MKOCTH HYJIEBOW IOCIEN0OBa-
TENBHOCTH CETU (Cy, AKTUBHOTO CONPOTUBJIEHUs Ry UIPAET OOJIBIIYIO POJIb
B CHIDKCHHH TIEPEHANPSDKEHUH U YBETHMUCHUN HAIC)KHOCTH PaOOTHI U301~
ouu 000pyIOBAHUS CETH.
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1.3. 9JIEKTPUYECKHE CUCTEMBI 110 kB 1 BBILIIE

XapakTepHoil 0c0OOeHHOCThIO dJekTpudeckux cereit 110 kB u BoImie
sBrsieTcst d¢deKTHBHOE 3a3eMiieHHe HerTpain. [{enecooOpa3Ho BHIIEIUTD
cucrembl 110-220 kB, xoTopble mocaeIHue ToJbl BCe OOJbIIE MPUMEHS-
IOTCSI KaK PacHpeleUTENbHbBIC, a PEXHUM 3a3eMIICHHS HEHTpaal HUMEeT
KOMOMHHPOBAHHBINA XapaKTep, KOrJa HEUTpaliu He BceX TpaHchopMaTopoB
3a3eMJICHBI.

[Ipu rmyxom 3a3eMJIeHUU HEHTpajed TOKU B MecTe KOPOTKOIo 3a-
MBIKaHMs JIOCTUTalOT JECITKOB Kuioammep. JleiicTByroliee 3HaueHue Ie-
puoanyuecKkoi coctapisomed TokoB K3 B HaYalbHBI MOMEHT 3aBHCHUT OT
Buga K3 u onpenensercs o popmynam:

— npu TpexdazHoMm K3 B ogHoil Touke

1 =E,/7,,
— nipu aByx(daznom K3 6e3 3emmnn
12 = V3E,/(Zss + Z5);
— npu IByX(Ha3zHOM K3 Ha 3eMJTI0 B OJJHOU TOYKE
1™ = V3E/[(Z1s + 223) * Z1o (Zos + Zos);
— IIpH oL[HO(baS.HOM K3
1(1) =3-E /(Zla + 223 + ZOa)

rae E, — 3/IC npsimoii mociieoBaTeIbHOCTH SKBUBAJIEHTHOI'O TeHEepaTo-
pa, MoJIyueHHas oCie IPeoOpa30BaHUs CXEMBI CETH K MPOCTEUIIeH IKBU-
BAJICHTHOU cxeMme; Zi,, Z,, Zg, — DKBUBAJICHTHBIE CBEPXIEPEXOHbIE
COIIPOTHBIICHUS MPSIMO¥, 0OpaTHOI U HYJEBOH MMOCIEIOBATEILHOCTH CETU
OTHOCUTENBHO TOUKHU K3.

B GonbimHCTBE ciy4yaeB Z,,~Z1,, U B COOTBETCTBHH C (pOopMyiaMu,
NPUBEICHHBIMH BBIIIE, TOKH BYyX(a3zHoro K3 oka3pIBaloTCsl MEHBIIIE, YeM

tpexdasznoro. XKenareiapbHo, 4TOOBI Z, MPEBHIIANO Z;, U I,E;) < IS). s
9TOTrO Ha MOIIHBIX IOACTAHLUAX B Pslie CIIydaeB 4acTh HEHTpaleil TpaHc-
(hOopMaTOpOB HE 3a3eMJICHO, M OCTAaeTCS OJHMH TpaHC(HOpMATOp € IIIyxX03a-
3eMIICHHOW He#Tpanbio. [Ipy 3TOM pacyeTHBIM Ciiydaem st BIOOpa 000-
pynoBanus sBisiercs: Tpexdasznoe K3. Tem He mMeHee, Ui BBIOOpa 3a3eM-
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JISIIOIIUX YCTPOMCTB M ompeneneHus Biaustaus JIDI1 Ha muHMM CBsA3U pac-
YEeTHBIM SBIIsIETCA cirydail omHodasznoro K3. [TosTomy HeoOxoammo obec-
MIEYUTHh OTKIIIOUEHHE BceX BUAOB K3 B TeueHme nojel CEKyHIBI, MAaKCH-
MYM — HECKOJBKHX CEKyHJA. bonpiime TpyaHOCTH BO3HHKAIOT IIPH OT-
KIIIOUCHUH TaKUX TOKOB OBICTPOACHUCTBYIOIIMMH BBIKIIOUATEIIMH. BbI-
KITIOYATEeNIM OKAa3bIBAIOTCS TPOMO3JIKHMH, TOPOTOCTOSIIUMH W HEIOJTO-
BEYHBIMHU. ['ITyxoe 3a3eMIICHHE HEHTpaAIU aeT BO3MOXKHOCThH pa3padoTaTh
JIOCTAaTOYHO TMPOCTHIC M HAAEKHBIC YCTPOHCTBA AJIS OMPEACICHUS MECTa
01HO(ha3HOTO KOPOTKOTO 3aMBIKAHUS U €T0 OBICTPOTO OTKITIOYCHHSI.

OnHako yBenuueHUe Z,, MPUBOJUT K JOTOJHUTEIHHOMY IOBBIIIIE-
HHUIO HampsOKCHUS Ha 3M0pOBBIX ()a3aX W B HW3OJMPOBAHHON HEWUTpanu
TpanchopmaropoB npu HecummerpudHbix K3. Hampsbkenus Ha HemoBpe-
JKICHHBIX (hazax npu ogaohazHom K3 paBHbI

U1¢ - _ 3203 i‘]\/g(zo:-) + 2223) E3-
Z(Zla + ZZs + ZOa)

K=U/Esxe
1.8

176 f‘

14

,
L%

1,2

AN

A\

038 -

0.6

0.4

0,2

Q=ngir}(ﬂ
0 02 04 06 08 1 23 45710 20z -

Puc. 1.6. 3aBucuMocTy KpaTHOCTH MOBBIILIEHUS HAIPSKE-
HUS Ha 30pOBBIX (pazax oT ko3dpdunmenTa a
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B ceTsx Bricokoro Hanpspkenus npu pacuere Uy g npenebperaror ak-
TUBHBIMH TIOTEepsMHU. [Ipu 3TOM Z;,~X15; Z5,”°%K55; Z03zX031). Kpowme Toro,
X157X5, ¥ Xgy = aXy,. [Ipu 5THX ycnoBuax

3a+jV3(a+2)
Vo ="""Z0tg b
1 K02 HUIMEHT 3aMBbIKaHUS Ha 3eMITI0 TIpH ogHO(azHoM K3
|Uip] 3@ +a+1)
~E,  2+a
3aBucumocts Ky (a) npusenena Ha puc. 1.6. Kak BugHO U3 3TOTO pH-

K

V3
CYHKa, Ipu u3MeHeHuu a ot 0 1o o K; usmensercs ot - 70 V3.

B ciydae nByxdaznoro K3 Ha 3emiro myTeM aHaJIOTHYHBIX ITpeodpa-
30BaHUH TOJYYUM COOTBETCTBYIONIMHA KOI()PHUIIMEHT 3aMbIKaHUNA Ha 3eM-
10

K, = 3a/(1 + 2a).
3aBucumoctb K, = f(a) taxxe npuBeneHa Ha puc. 1.6, u3 koToporo

BUJIHO, 4TO Npu u3MeHenuu a ot 0 1o « K, n3mensiercs ot 0 go 1,5.

1.4. CXEMbI 3AMEIIEHUSA DJJEMEHTOB CETE

[Ipu pacyere BHYTpEHHUX TMEpPEHANPSHKEHUH BaXHOE 3HAYCHUE
UMEIOT CXEMbI 3aMEIICHUs 3JIEMEHTOB CETH (JIMHHM, TpaHCPOpMATOpOB,
JNIEKTPUYECKUX MAIIUH, NIYHTHPYIOIIUX, TOKOOTPAaHHYMBAIOLINX U yTO-
racsluX pPeaKkTOpPOB, TPAHCPOPMATOPOB HAMPSHKCHUS, DIICKTPOIBUTATE-
Jiell, reHepaTopOB U 1p.), TpedyeMasi TOUHOCTh PacieToB, apaMeTPhl CXEM
3aMeIIEeHHsI JJIEMEHTOB CETH, MPABUIIBHBINA YUET XapaKTCPHCTUK HEIWHEH-
HBIX 3JIEMEHTOB (TpaHC(HOPMATOPOB C HACHIIIEHHBIM MarHUTONPOBOJOM,
XapaKTePUCTUK H3OJSAILMH JIMHUM U 3JIEKTPO0OOpYyAOBaHUS, KOHTYPOB 3a-
3eMJICHUS OTIOpP U IMOJCTAHIINI, BEHTWIFHBIX PAa3psIHUKOB U OTPAaHUIHTE-
JIel TiepeHanpshKeHUi, KOpOoHbI Ha npoBoaax BJI u moacranmwmii), yuer 3a-

Y B cersix 0,4-20 kB NPU pacueTax HeoOXOMMO YYUTHIBATH aKTUBHBIE TIOTEPH, KOTO-
pBI€ MOTYT NIPHUBECTH K JOTIOTHUTEILHOMY POCTY HANpPsDKEHMS HA 3M0POBBIX (azax.
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BHCHUMOCTH MapaMeTPOB CXEM 3aMEIICHHUsI OT YaCTOThl U TOKA, YACTOTHBIN
JIMara3oH NepexoJHbIX MPOLIECCOB U AP.

Tak, Hampumep, OpU pacyeTe YCTAHOBHBLIETOCS PEXUMA CHUIIOBOMU
TpaHc(hOpMaTOp MOKET OBITh 3aMEIICH WHAYKTHBHOCTBIO, IIPH pacueTe
KOMMYTAllMOHHBIX IIE€PEHAIIPSDKEHUM, CBA3aHHBIX C €r0 OTKIIOYEHHEM B
peXxuMe X0JI0CTOTO X0Ja — JIMHEWHON U HEJIMHEWHON MHAYKTHUBHOCTSIMH,
€MKOCTSIMU CO CTOPOHBI OTKJIIOYaeMOM M OTKJIIOYEHHOH OOMOTOK, aKTHB-
HBIMHU COIIPOTUBIICHUSIMU B MEIIU M CTaJH, P PacdeTe UMITYJIbCHBIX (TPO-
30BBIX) TIEpEHANPSKCHU — BXOJAHON €MKOCTBIO.

[Ipu pacyere BHYTpPEHHUX MepEHANpPSHKEHUH TeHepaTophl 3aMelia-
I0TCS TIEPEXOJHBIM U CBEPXIEPEXOAHBIM UHIYKTUBHBIMHU CONPOTHUBIICHHSI-
MH, @ IPU pacueTe TPO30BbIX IEPEHAIPSHKEHUN — BXOJHOM €MKOCTBIO
WJIM BOJIHOBBIM CONPOTHUBIIEHUEM.

IIpu pacuere ycTaHOBHMBILETrOCS PEXUMa BO3AYIIHYIO JIMHUIO MOXKHO
3aMenaTh pa3IUYHbIMH CXEMaMH, BKIIOYAIOIUMH COCPEIOTOYCHHBIE eM-
KOCTH U UHAYKTUBHOCTH.

B cinyuae ananuza nepexoAHBIX HPOIECCOB 3aMElEHHE JHUHUU OJl-
HOM SKBHUBAJIEHTHOM CXEMOM C COCpPEAOTOYEHHBIMU MapaMeTpaMu MOKET
MIPUBOJUTH K CYIIECTBCHHBIM ITOTPEUIHOCTSIM B OIICHKE BEIMYUHBI U (POp-
Mbl TniepeHanpsbkeHuil. [losToMy B pacderax KOMMYTalMOHHBIX MepeHa-
MPSDKEHUH JIMHUIO 3aMEeUIaloT HECKOJIbKUMH MOCIe0BaTeIbHO COeTUHEH-
HBIMU (LETHBIMH) 3BEHBSIMH, CTPEMSCH yIOBICTBOPUTH YCIOBHE, YTOOBI
coOcTBeHHas 9acToTa KoJeOaHwid 0THOTO 3B€HAa HAMHOTO MPEBHIIIANa Iep-
BYIO YacCTOTy KojeOaHHWI MepexoIHOoro mpolecca. B pacdyerax rpo30BBIX
nepeHanpsHKEHUH, UMEIONINX MIMPOKUI CIIEKTP 4acToT, YK€ HeoOXO0AUMO
3aMelaTh 3KBUBAJICHTHBIMU 3BEHbSIMHM Ka)KIbli y4acTOK JIMHUU JJIMHOU
15-30 M wim paccMaTpUBaTh JHHUIO KaK 3JEMEHT IEMHU C PacHpeaeicH-
HBIMU [TapaMeTPaMHU.

PaccMOTpuM 2KBUBAJIEHTHBIE CXEMBI 3aMEIIEHUS DJIEMEHTOB CETEH.

DNeKTpUYECKUEe MalIMHbI, BO3AYIIHbIE U KaOelabHbIE JMHUMU Xapak-
TEPU3YIOTCS paclpeieseHHbIMU nmapameTpaMu. OJHAKO U3-3a CyIEeCTBEH-
HOTO 3aTyXaHHUs BBICOKOYACTOTHBIX COCTaBJIIOIIMUX MEPEXOIHOr0 MpoLec-
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ca B IEMAX CO CTANbI0 TaKKUE JIEMEHTHI CETH, KaK T€HepaTOpbl, CHHXPOH-
HBIE KOMIIEHCATOPHI U AIIEKTPOIBUTATEIH IIeTIECO00pa3HO MOICIIUPOBATE B
BHJEC CXEM C COCPEIOTOYCHHBIMU MMapaMeTpaMy NpU OTPaHHUYEHHH BOC-
IPOU3BOAMMOTO STUMHU CXeMaMH YaCTOTHOTO JHMaa3oHa mporeccoB. M3-3a
HAJTMYUS IPOIOJIBHBIX €MKOCTEH mpoliecchl B TpaHc(opMaTopax HE OIH-
CBIBAIOTCSI BOJTHOBBIMU IIPOIECCAMH, XOTSI OHHU, CTPOT'O TOBOPS, IPEICTAB-
JSIIOT cOOOM AIIEMEHTHI ¢ paclpeesieHHbIME mapamerpamMu. OHAKO eCIu
mpeHedpeys mporeccaMi B caMHX TpaHc(hopMaropax, MOCIEIHHE MOTYT
OBITH 3aMEIEHBI, KaK AJIEMEHTHI C COCPETOTOUCHHBIMH ITapaMeTPaMHu.

JTMHHBIC JTHHUHW, KaK MPaBHIIO, MOJCIHPYIOT KaK JJEMEHTHI ¢ pac-
MPEJCIICHHBIMU MapaMeTPaMH, MPOIECCH B KOTOPBIX OMUCHIBAIOTCS BOJI-
HOBBIMH ypaBHEHHAMH. CpaBHUTEIHHO KOPOTKHE JHHUU MOTYT OBITH 3a-
MEIIEHBI JIEMEHTaMHU C COCPEIOTOUYCHHBIMH MTapaMeTPaMu, OJHAKO B 3TOM
cllydae MmapaMeTphl 3aBHUCAT OT PEKUMA HATPY3KH JIMHUU: B PEKAME XOJIO0-
CTOTO XOJa WJIH Mepeadydl HeOOBIIONH MOIIIHOCTH JIMHHUS O0BIYHO MOJICIIH-
pyercst muoo I1-3BeHOM, THO0 COCPETOTOYCHHON EMKOCTBIO; B PEIKUME KO-
POTKOTO 3aMbIKaHUS OO T-3B€HOM, THOO MHIYKTUBHOCTHIO. [Iyisi cHM-
MetpuuHbIXx [1-cxem (cMm. puc. 1.7, a, korna C; = C, u puc. 1.7, 6, korna
L, = L,) 3HavueHus mapameTpoB ¢ ydetoM 10-TIpOleHTHON MOTPEIHOCTH
IIpU pacyeTe MepeXoAHOTo Mpolecca 0 BPEMEHU U aMIUTUTYE (IIPU CyM-
MapHOW €MKOCTH B CXEME 3aMEIICHUs, PABHOM EMKOCTH JIMHUN) CBEJICHBI B
Tabm. 1.1.

L Ly Lq

o L ico o L o

C1
. 1 ?
r)

Puc. 1.7. CxeMBbl 3aMell[eHUs 3JIEMEHTOB C paclpeieIeHHBIMU ITapaMeTpaMu
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Jlyis yBenMYeHUs AMana3oHa 4acToT, B KOTOPBIX BXOJIHBIC MapameT-
PBI CXEMBI 3aMEIICHHUs] COOTBETCTBYIOT IapaMeTpaM MOISIUPYEMOH -
HUM, HE HAPYIIas CHMMETPHH YETHIPEXIIONIOCHUKA, BBOIST JTOTOIHUTEIb-
HeIi mapametp C, (puc. 1.7, ) num nonepeunslit napamerp L, (puc. 1.7, 2).
B psne ciyuaeB, korna o00opyaoBaHHE, BXOJHOE CONPOTHBICHUE KO-
TOPOT'O CYIIECTBEHHO OOJBIIEC BOJHOBOTO COIPOTHUBIICHUS IMUTAIOIICH JTH-
HUM, Hanpumep, kabens (Z,,—00), B KaYeCTBE CXEMBbI 3aMEIICHHS MOXKHO
MCMOJb30BaTh HecummerpuuHoe II-3BeHo (puc. 1.7, a; C; # C,), a ecnu
Z,,, npeHeopexkumo mano (Z,—0), MOXKHO HCIIOJIB30BaTh HECHMMETPUY-
Hoe T-3BeHo (puc. 1.7, 6; L, #+ L,).
Tab6bnuna 1.1
BeauunHbI MapaMeTPOB cXeM 3aMelleHHs U THANA30H YacToT, MPH
KOTOpoM olecreunBaeTcsi He 0ojiee 10-nmpoueHTHAS MOTPEeNIHOCTH

Cxema 3aMenieHus [Tapamerpsl, [Muanazon
Gy G Ly L,

CocpenioToueHHasi eMKOCTh | ¢’/ - - - 0<f<0,4f;

CocpenoToueHHas HHITYK- - - Ll - 0=f<0,4f;
THBHOCTB

[I-3BeHo; puc. 1.7, a; 0,5Cl | 0,5Cl 0,8L1 - 0<f<0,4f;
€ =0,

T-3BeHo; puc. 1.7, 6; 0,5Cl1 - 0,4L1 0,411 0<f<0,4f,
L, =1L,

I1-3BeHo: puc. 1.7, 6 0,5Cl 10,5CL/3| 1,2L1 - 0=<f<0,4f;

T-3Beno: puc. 1.7, 2 cl - 0,6L1 0,2L1 0<f<0,4f,

[1-3BeHo; puc. 1.7, a; 0,25Cl | 0,75Cl| 0,54L! - 0<f<0,4f,
C;=0C,

T-3BeHo; puc. 1.7, 6, Cl - 0,14Ll | 0,42 L#| 0<f<0,4f;
Ly =L,

[Npumevanue: C, L — ynenbHble eMKOCTb M MHAYKTHBHOCTB Ha €IMHHUILY JUTHHBL.

[Ipu pacderax 3JeKTPOMArHUTHBIX MEPEXOMHBIX MPOIIECCOB BAXKHOE
3HAYEHHE MMEET IMPAaBHIILHOE COCTABIIEHHUE CXEMbI 3aMEIICHUs] CHUIIOBBIX
TPaHC(POPMATOPOB, 3aBUCSINEH OT TPYIIIBI COSAMHEHHS MX OOMOTOK H CO-
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IIPOTUBJICHUS Harpys3ku. B okcIulyaranuu 4amie BCTPEYaroTCs IOBBIILIAO-
e TpaHchopMAaTOpbl ¢ TPYNION COCAMHCHUS mpeyzoavHuKk | 36e30a
Helumpanvlo, 3HAUUTEIBHO PEXKE 36e30a / 36e30a ¢ 3a3eMAeHHOIl Hellmpa-
J1610, TIOHIKAIOIIHE TPAHC(HOPMATOPHI ¢ TPYIINON COSAUHEHNUS 36€304 C 3a-
3eMJIeHHOU Helmpanvio / mpeyzoabHUK U 36€30a C 3a3eMJIeHHOI Hell-
mpanvio / 36e30a. Cxema 00LLET0 Clydasl HArPYKEHHOTO CUJIOBOIO TPAHC-

¢dopmaropa mpuBeIeHa Ha o ]

puc. 1.8. Zy
3amernaem hazbr

TpaHcdopmaropa [1-cxemoii u o LT

mmociie psAaa YHOpOUIEHUH Io- § Zx

JIy9UM CXEMY, INPHBEICHHYIO . —

Ha puc. 1.9, mpuuem B 3TOH 7

CXEME€ TOKH H HAIPsIKCHUSA

ooMorkn BH (unpexcel 2)

npuBefeHsl Kk oomorke HH

(uazexcst 1). B cxeme, moka- Puc. 1.8. Cxema ofmiero cirydast Harpy-

- JKCHHOI'O aHCc(popMmaTopa
3aHHOHM Ha puc. 1.9, mapamer- TPanc(hop P

pHI
_ Cip
CHHa = Cl - TKA'*'CIZ;
c, 11
CBHa = <7 + an) KJ‘[ + ECZKJ] - EC1ZKJ1F

1 1
C12m = _C12T = _C12Km
2 2
C, u C, — eMKOCTH OOMOTOK HH3ILETO M BBICIIETO HAIPSIKEHHS COOTBET-

CTBeHHO; C;, — eMKocTh Mexay oomotkamu HH u BH; 0603Haunm vepes
K

1= Unomsn * Usomnn-

PaccMoTpuM peskUMBI XOJIOCTOTO XOJla M KOPOTKOTO 3aMbIKaHus. B
NEPBOM CJIy4ae MOXKHO MpeHeOpedb HHIYKTUBHOCTSIMHU pacCEeHBAHUS
Ly = 0; L, = 0. Torna mMexayooMoTouHast eMKocTh Cq, (cM. puc. 1.9) Gy-
JIeT 3aKopoueHa, a eMKOCTH C,, U Cyy, OYIyT COCIMHEHBI TapalIeIbHO.

Ecmu mpenebpeus emroctsiMu Cpq, MONYyUUM Cropy = Cupn + Cous + Cox,

25



rine Cyy — BXOHAs €MKOCTh, BKIIIOUEHHAsI CO CTOPOHBI 0OMOTKH 2 (BBICO-
KOTO HAampsDKEHHsI), HampuMep, €MKOCTh OIIWHOBKHM HPHUCOEAUHEHHS
tpancpopmaropa. C yaeToM BeTUIUH eMKOCTEH Cpyyp U Cpypp TIOYyIUM

C, Ci,
Cone = C1 + Cug (2 G + 22+ Gy ) KE = Cigk, =

C, Ciy 5
<2 +Cpp +— > ‘|'CBX>KJ1
Ciz
Ta “m |\<| e 221;

. [ i

[l
ol
=|
— 2

]

1

[38]

|
Al

Iz
e “ U2B
& H—|Il |||_‘I )
C1

Cm V I Crz
7 T
P I|—||| |||—‘I

+ w O
| | T
2) < o -
__Cm E 5
Em (ilz Cl U;z,q
CHHB_L ' [ _LC
:I - ; EH3
Cm
C
EIB 1|12 cl Ug‘B
o L i J——
HHEI 1 I BHS
= Cm o -
EIC ﬁ W i Ugc
- ' i ' B
6 HHE):I = l BHZ

Puc. 1.9. DxBUBaJIEHTHBIE CXEMBI 3aMELIEHHs] CHIIOBOTO TpaHc(opmaTopa
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AHaIOTUYHBIM 00pa30M MOJEIUPYIOTCS U IPYTHE 3JIEMEHTHI JINHUH,
TpaHc(hOpPMaTOPHI HATIPSDKEHHUS, SJICKTPHUSCKIE MAITUHEI U JIP.

Konmponwvnuie 6onpocui

1. KakoBbl HeraTuBHBIC CBOMCTBA CETEH C M301IMPOBAaHHOH HEWUTpa-
nero (6-35 xB)?

2. Yro mpexacrasiset coboit myroracsamuii peakrop?

3. [lo kako¥ MpUYMHE Ja)x<e MPH TOJTHONH KOMIICHCAIluH ceTelt 6—35
KB uepe3 mecTo 3aMbIKaHMs OJHON (ha3bl HA 3eMIII0 TEKYT OCTaTOYHBIE TO-
ku?

4. KakuMm oOpasom B cetsix 110220 kB yBenmuunBarOT HHIyKTHBHOE
COIIPOTHUBJIEHHUE HYJIEBOU MOCIEI0BATEILHOCTH?

5. Kak orpaHMYMBarOT TOKH OJHO()A3HOTO KOPOTKOTO 3aMBIKaHHS B
cetsix 110-750 kB?

2. KIACCUPUKALUA U HOPMATHUBHASA BA3A
MEPEHAIPSIKEHUM

2.1. KJIACCU®PUKALMS MEPEHANPSKEHUIA.
3AJIAYY KOOPIVMHAIIMHT W30S LINHA

Knaccugpurxayua nepenanpayicenuii

Kak ormeuanoch Bblme, IpH 3KCIUTyaTallid Ha HM3OJIALMIO JIMHHH,
HOACTAaHIUH M BBICOKOBOJIBTHBIX JICKTPHYECKHX MAIUUH HApsLy C AJIH-
TEJBHBIM Pa0OYUM HaIPSDKCHHEM BO3ACHCTBYIOT KPaTKOBPEMEHHEIE Iepe-
HarpspkeHus. Beskoe mpeBblieHre MTrHOBEHHBIM 3HaUYeHHUEM HATPSDKEHUS
aMIUTUTY/Ibl HanOOJIBIIEro pabovero HampspkeHus OyZeM HasbIBaTh Iepe-
HaIlPSDKCHUEM.

ITpy MPOEKTHPOBAHUHU SIIEKTPUUSCKONW CETH M YIPABICHHH DPEXH-
MaMH ee paboThl CTpeMATCS ylepKaTh KoyeOaHHs HalpsHKeHHsS B IpaHHU-
ax, ompezeneHHbIX aAedcTBytomumu HopMamu. 'OCT 1516.3-96 ycra-
HaBJIMBAET BEJIMYMHY HaWOONBILETO HAIPSOKEHUs 3JIEKTPOOOOpYHAOBaHHS,
COBIIQJIAIOLIYIO C BEPXHHUM IMPEIENIOM JUTHTEIBHO JOIMYCTUMOTO HarpshKe-
HHSL B DJIGKTPUUYECKON ceTd. Bennuuubel HanOonpmux pabodmx Hampspke-
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HUH 7151 CETH C pa3HBIM HOMHHAIBHBIM HampspkeHueM U, TPHBEICHBI B
tabm. 2.1.
HesxenarenmpHble 3QQEKTH MOTYT BOSHUKAThH TAKXKE B JPYTUX CHUCTE-
MaX, HaXOJSIIUXCS B 30HE NEHCTBUS DIIEKTPOMATHUTHBIX ITOJICH CETEH BHI-
COKOTO HAIIPsDKCHUSI B YCTAHOBUBIIUXCS U MEPEXOTHBIX pekumax. CoBo-
KYITHOCTB 3TUX 3(PPEKTOB OKa3bIBAET HKOJIOTHYECCKOE BIUSHUE Ha Onocde-
py (mogeii, dayny, dbaopy), a Takke Memaroliee U ONacHoOe BIMSHHUE Ha
TexHochepy (ycTpoiicTBa MPOBOAHON M PaTHOCBSI3U, TEICMEXaHHYCCKHE
YCTPOHCTBA, CICTHO-PEIIAIONIYIO SICKTPOHHYIO TEXHUKY, HU3KOBOJBTHEIC
CEeTU DIIEKTPOCHAOKEHHS U T. I1.). VIMEHHO 3TH BIUSHUS ONPEACISIIOT yC-
JIOBUS ANIEKTPOMArHUTHONH COBMECTUMOCTH (PYHKI[MOHHPOBAHUS 3JIEKTPHU-
YecKHUX cereil u apyrux cucreMm. M, HakoHel, K TOH e MpobieMe 3JeK-
TPOMAarHUTHOW COBMECTUMOCTH OTHOCHTCS COBMECTUMOCTBH IIOACHUCTEM
CaMo# 3JEKTPOIHEPreTHKH. BO3HUKHOBEHHE TMEpeHANPsDKEHUN B CETH U
CHCTEME MOJKET MPUBECTH K HAPYIICHUIO 3JCKTPOMArHUTHOM COBMECTH-
MOCTH MEXIy OOBEKTaMHU BBICOKOTO M HHU3KOro HampsbkeHus. [locnemnue
OOBIYHO «OOCITYKHBAIOT)» OOBEKTHI BRICOKOTO HATIPSKCHUSL.
Tabnuna 2.1
HomunanbHble 1 HanGoIb1IMe padoyne HANIPSIKEHHU
JJ1eKTPUYECKHX ceTel

HomunansHOE 3 | 6|10| 20| 35 |110/150|220|330 | 500| 750{1150
HanpspKEHHUE CETH,

UHOM KB
HauGonbiiee nu- 1,2 Uyou 1,15 Uyon 11 1,05U40m
HEIHOE HaIpsKe- Uson

Hue ceTH, KB 3,6 7,2] 12| 24| 40,5[126 [172] 252| 363| 525 787]1200

Hau6onsmee 21142| 7 |14 |23,4 (72,8100 | 146| 210| 304/ 455| 695

(asnoe Hanpsie-(3,6)(7,2)|(12) |(24) (40,5)
HHE ceTH, kKB

Heiitpans W3onupoBanHas win 3a- 3a3eMieHHas
3eMJIeHHas depe3 Iyro-
racsiui peakrop

IIpumeuanue: B ckoOkax nmpuBeneHO JONYCTUMOE B TEUYECHHE OTPAHUYEHHOTO BPEMEHHU
(a3HOE HaNpsDKEHNE MTPH OJHO(A3HBIX 3aMBIKaHHSIX HA 3EMITIO.
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OCHOBHBIMH XapaKTEPUCTUKAMHU TepEeHANPsHKEHUN SBISIOTCS Kpat-
HOCTB, IIOBTOPSIEMOCTb, ()OPMa KPHBOI U IIUPOTA OXBATA CETH.

Kpamnocmbs — OTHOLIEHHE MaKCUMAaJIbHOTO 3HAYeHUs HalpsKeHUs
Upax XK aMIUIUTYZIe HAHOOJBIETO PabOYero HANpsDKeHUs Ha JaHHOW H30-

JIAUUOHHOM KOHCTPYKIUH \/EUHlD (puc. 2.1): K = Umax/\/EUHp. Opnnako
Opd  U3MEPEHHIX WM
pacderax Ui ompenese- T

U KpaTHOCTH  Upygy f\[
OOBIYHO OTHOCAT HE K Be-
JINYUHE \/EUHP, a kK (dak- \/2_‘|’Uﬂ_p_

TUYECKOM aMIUIUTyAe pa-

0oyero HapsOKEHHUS,
HMMEIOIIETO MECTO HEIO- Tnax
CPEeICTBEHHO Tmepen Io-
SIBICHUEM TIepEHAIPsDKe-
HUSI WINA YCTaHOBHUBIIETO-

cs1 mociie Hero. Takoe omn- —

pefencnne K He mpot- Puc. 2.1. OcuuniorpaMma nepeHanpspkeHun
BOPEYUT JAaHHOMY BBIIIE

ONPENIEIECHHIO, IOCKOJBKY IpeanoiaraeTcs, 4ro BeauunHa Uy, ,, Tpomop-
LIMOHAJIbHA padoueMy HampsHKEHWUIO0, U MPU MOBBIIIEHUN HAIPSKEHHUS 10
HauOOoJIbIIEro padoyero HampsHKEHUs BEIMYMHA KPATHOCTH HE HU3MEHSET-
csl.

Iloemopaemocmp onpenensieTcs: 0)KUIaeMbIM UYHCIOM CIIy4yaeB BO3-
HUKHOBEHMSI MEPEHAIPSHKEHUM 3a JaHHBIA MPOMEKYTOK BPEMEHH, HANIPU-
Mep, B TOJI.

Dopma Kpueoii nepeHanpsicenus o0yCIOBIUBACTCS TIMHON (HPOH-
Ta, JUIMTEIbHOCTBIO, YUCIOM HMITYJBCOB U BpPEMEHEM CYILECTBOBAHMS
JAHHOT'O IIEPEHANPSKECHHUS.

HTupoma oxéama cemu — 4UCIIO U30JIALIMOHHBIX KOHCTPYKLIMM, Ha
KOTOPBIE OTHOBPEMEHHO BO3/ICHCTBYET JaHHOE NEPEHANPSKEHHUE.
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Bce mepeuncieHHble mapaMeTpbl MEepeHanpsHDKeHUH, Kak MPaBHIIO,
CIlyJaifHBI U 00JIQIal0T CTATHCTHYECKIMH XapaKTEPHCTHKAMH.

B 3aBucuMoCTH OT MecTa MPIIIOKEHUST MOXKHO BBIACTHTE Pa3IHIHbIE
BUJIBI MIEpPEeHAIPSDKEHUH: (a3Hble, MexaydasHble, BHyTpUDa3HbIC, MEXKIY
KOHTaKTaMH.

Haubonee mpakTuueckoe 3Hau€HUE UMEIOT (haznvle nepenanpasice-
Husa. OHU IEHCTBYIOT Ha M30JISLMIO TOKOBEAYIIUX YacTel 3JeKTpooOopy-
JIOBaHMsI OT 3€MJIM WIM 3a3€MJICHHBIX KOHCTpyKuuid. K 3Toi M3omsamuu
HOpPMAaJIbHO MIPWIIOXKEHO (pazHoe HanpspkeHne. OTHAKO B CETSAX C M30JIMPO-
BaHHOW HEUTpaiblO CleAyeT YYMThIBaTh, YTO B MpOIlecce MOMCKAa MecTa
3aMbIKaHUS Ha 3eMITIO (JUIUTENBHOCTHIO OT MUHYT JIO HECKOJIBKHX YacOB) K
(ha3HOH! H30IAMUN MOKET OBITH MPHIIOKEHO JIMHEHHOE HAIIPSDKEHHE.

Mesicoyghasnvie nepenanpsicenus pacCMaTpUBAIOTCS MPHU BBIOOpE
Meayha3zHON H30IAIMH, HAIIPUMEpP, PACCTOSIHUN MEXIy MPOBOJAMH pas3-
HBIX (pa3 Ha JIMHUSIX U TMOACTAHIHUAX, OOMOTKAMH Pa3IUYHBIX (a3 TpaHC-
(hopmaropoB, MamuH, peakTopoB. PabournM HampspKEHHEM IS 3TUX BHIOB
W30JLIHH SIBJISIETCS IMHEHHOE HANPSHKCHUE.

Buympudpazuvie nepenanpsasicenuna BO3HUKAIOT MEXKIY pPa3IUIHbI-
MH TOKOBEIYIIMMH 3JIE€MEHTaMH OHOM U TOM ke (a3bl, HATPUMED, MEKIY
COCETHUMH BHTKAaMH WM KaTyIIKaMd OOMOTKHU TpaHC(POpPMATOpa, a TaKKe
MEXy HEUTPAIbIO U 3eMJICH.

Ilepenanpsasicenus mexncoy KOHmakmamu KOMMYTHPYIOIINX arla-
pPaToB BO3HHUKAIOT B MPOIIECCE OTKIIOUCHHS YIACTKA CETH WJIM IPU HECHH-
XpOHHOH paboTe IBYX yUYacCTKOB CETH.

B 3aBHCHMOCTH OT TpPUYHMHBI «TEHEPHUPOBAHUS» PA3IHYAIOT IBE
TPYIITBl TEPEHANPSDKCHUH: BHEIIHUE, KOTOPHIE BO3HHKAIOT IIPH yIapax
MOJHHH W BO3IEHCTBUH APYTHX, BHEIIHUX IO OTHOIICHHIO K paccMaTpH-
BAaeMOil CeTH HCTOYHUKOB YHEPTUH, U BHYTPEHHUE, KOTOPHIE Pa3BHUBAIOTCS
3a CYET HEPrHM MOJKITIOYCHHBIX K CETH T€HEPATOPOB WM PEAKTHBHBIX
anementoB (L, C), a Takke BCISICTBHE PA3IMYHBIX PE30HAHCHBIX IPOIIEC-
COB, aBapUil 1 KOMMYTAllU{ 3JIEMEHTOB CETH, B TOM YHCIIC U MOBTOPHBIX
3aKUTaHUH AIIEKTPUUECKON AyTH.
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3aoauu Koopounayuu uzonNAUUU

[Ton TepMUHOM «KOOPAMHAIMS H30JSILUHU JTH000T0 3JEKTPoodOpyI0-
BaHMA M JIMHUID MMOHUMAETCs COTIACOBAHUE XaPAKTEPUCTHK HW3OJISAIHH,
ANEKTPUICCKUX (paboyero HampsHKEHUs, TPO30BBIX U BHYTPEHHHUX NEpeHa-
NPSOKCHUI) M HEJEKTPHUCSCKHUX (TEMIIEPATypPhl, BIaKHOCTH, 3arPA3HEHHUS,
JIaBJICHUsI, MEXaHUYECKUX Harpy30K U JIp.) BO3JEHCTBUMN, 3alIUTHHIX aIlma-
paToB TakuM 00pa3oM, YTOOBI IPUBEJCHHBIC TOJIOBBIC 3aTPaThl ObLTH MU-
HUMAaJIbHBIMH.

[Tpu KOOpAMHALINY U3OJSILUH JOJDKHBI OBITH 00ECIICUSHBI:

— TpeOyeMbIe JIICKTPUIECKUE MapaMeTpbl 000PyI0BAHUS;

— TpeOyeMslii pecypc (CpOK CITy>KOBI) ITpH pabovyeM HAIPSHKCHUU;

— JIOCTaTOYHAs 3JCKTPHUUECKAsi IPOYHOCTh NMPHU BO3JACHCTBHH I'PO30-
BBIX U BHYTPEHHHX ME€PEHANPSHKEHUIH;

— JIOCTAaTOYHAs] MEXaHMUYECKasi IPOYHOCTh MPU BCEX BO3MOXKHBIX pa-
00YMX U aBaPUIHBIX HArpy3Kax;

— TpeOyeMasi HaJIe)KHOCTh;

— MUHUMAaJIbHAsl CTOMMOCTB;

— B psifie CTy4yacB MUHUMAJIbHBIC pa3Mephl U Macca,

— TEXHOJIOTUYHOCTh M3TOTOBJICHHS U30JISIIIMH U BCETO 000PYI0BaHHS
B 1IEJIOM;

— IIPOCTOTA PEMOHTA (PEMOHTOIIPUTOJHOCTD);

— 6€30mMacHOCTh 00CITYKUBAHHUS;

— 9KOJIOTHYECKasi 0€30M1aCHOCTb.

[Ipu U3roTOBJICHUM H3OJILMH HE CICAYET UMETh U3JIHIIHE JOPOTUE
U YpE3MEPHO HAI)KHbIE KOHCTPYKIUH, KOTOPbIC TEXHUYECKH YCTapeBaIOT,
He BBIpaboOTaB cBOETo pecypca. He ciemyer cTpeMHUThest Takke K ype3Mep-
HO JICIIEBBIM M CPAaBHUTENIFHO HEHA/IEKHBIM H30JISILIUOHHBIM KOHCTPYKIH-
sIM. DTO MOXET MPUBECTH K OOJIBLION aBapUIHOCTU U CEPbE3HBIM IMOCIC]I-
CTBUAM. BBIOOp TOTrO WIIM MHOTO BapHaHTa JOJDKEH HMPOHM3BOAMTHCS, KaK
OTMEYAIOCh TEXHUKO-I)KOHOMUYECKUMH pacyeTaMy, BKIIOYAIONIMMHU Ka-
NHUTAIbHBIC 3aTPAThI, U3ACPKKH U yIIEpObI OT BHIX01Aa H3OSILUOHHON KOH-
CTPYKIIMHU U3 CTPOSL.
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IIpu xoopAMHAIIMK U30JSILUY [0 TEPEHANPSHKEHUAM HauOoJee Bax-
HO€ 3HAUCHHWE MMEET IMPABHIHHOE ONPENEICHHE aMIUTUTYIbl MepeHarnps-
KEHUH TpU TPO30BbIX BO3AEUCTBUAX (Upgosyrpos) ¥ BHYTPEHHHX IEpEHa-
npsKeHUAX (Uposy pr)-

W3 31eMeHTOB 3NIEKTPUYECKUX ceTel Hamboiyiee CIOXKHO KOOPIUHH-
POBaTh U3OJLIIUIO EKTPoodopyaoBaHus. Ecnu Ha mocieaHee MpUXOIUT
rpo30Basi BOJHA, U OHO 3AIIUIICHO BEHTHJIBHBIMU Pa3psIHUKAMHU WU He-
JTUHEHHBIMI OTPAHUYHUTEIIME TIEPEHANPSHKSHUH, TO HANpsDKEHHE Ha H30-
JSIAA DJIEKTPO0OOPYyI0BaHUS OyIeT UMETh BETUNINHY

UB03/1.I‘p03. = UOC’I‘ + AU,
rae U,.. — ocraroleecsi HanpsHKeHHe Ha paboduMx COMpPOTHUBIEHHSX (Ba-
pUcTOpax) 3aIlMTHBIX AamNlapaTroB MNpH ToKe KoopauHaumu; AU —
NPEBBILIICHUE HAMPSHKEHUS Ha 3allMIAeMON M30MILUH MO CPAaBHEHUIO C
OCTAaIOIIUMCS HANpsDKEHHEM 3allUTHOro ammapara, npudem AU~2al/
c~Kp\U,yer; @ — KpyTu3Ha Haberaromiell BOJHBI;, ¢ — CKOPOCTh cBeta; | —
paccTosiHUE MEXIY 3allUIaeMbIM 000PYAOBAaHHEM H 3aIUTHBIM aIiapa-
TOM.
[TosTomy
U303A.rp03. = UOCT + KAUOCT = 0CT(1 + KA) = Kl"p03U0CT

e Kipo; — KOOQQUIMEHT, YUUTHIBAIONIMI MEPENajl HATIPSKEHUA MEXKITY
3aIIUTHBIM allapaToM M 3aIIUIIAeMBIM 00BEKTOM.

[Ipu xoopauHauu uzonsuuu B kayectBe U,.. MPUHUMAETCS OCTaI0-
nieecs HampsDKEHUE MPU MMITYJIbCHBIX TOKaxX 4epe3 3allUTHBIM ammapar,
paBHbIX 5 KA — B ceTsax g0 220 kB, 10 kA — B cersax 330 kB u BbIe.
[lostomy B mepBom mpuOMMKeHHH Wi Koddunmenta K., B cpeanem
nonyyaercs BenuuuHa Ko, = 1,2 st cunoBeix Tpancdopmaropos (3a-
[IMTHBIE aNIapaThl MAaKCUMAJIbHO MPUOIIDKAIOTCS K CHIJIOBBIM TpaHcop-
maropam) U Ki,os = 1,3 — 1,4 11t OCTaNbHOTO 3JIEKTPOOOOPYIOBAHHS.
[Ipu sTOM cumTaercs,, 9To KpyTHU3HA ¢ HAOETAIOUINX BOJH HAaUICKAIIHM
o0Opa3om orpannueHa Ha noaxozae BJI k moactanuusm.
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XapakTepUCTHKH BHYTPEHHUX IEpEHANpSIKEHUH 3aBHCAT OT BHAA
KOMMYTAllUU, XapaKTePUCTHK KOMMYTAIIMOHHBIX aIllapaToB, HAYaIbHON
(ha3el TOKA WM HATIPSDKEHUS, MOITHOCTH MTUTAIONICH CETH, KOJIUIECTBA JTH-
HUH, OTXOAAIINX OT IIMH MUTAOUICH MOJCTAHIINN, PeKUMa pabOThl HEH-
Tpanu cetd u ap. M3-3a ciydyallHOCTH MEepeYnciIeHHbIX (aKTOPOB clydaii-
HBI TAK)KE OCHOBHBIC XapaKTEPUCTHKH TIEPEHANPSHKCHUI: UX popMa H aM-
IUTATYJIA.

st ceteli cBEpXBBICOKOTO M YIBTPABBICOKOTO KIIACCOB HATIPSKEHUS
9KOHOMHYECKH IIEIeCO00Pa3HBIM SBIIETCSA TIIyOOKOE OTpaHUYEHHE BHYT-
peHHUX nepeHanpskeHuid. C 3TON 1eNbl0 MPUMEHSIOTCS HeJIMHEeHHbIe OT-
PaHUUUTENN TepeHanpsHKeHUH U IpU KOOPAWHAIUN W30JIALMU NPUMEHS-
€TCsl TEPMUH «PAcUETHas KPATHOCTh BHYTPEHHUX MEPEHANPSHKEHUH Kpjp» ¢
OITH u npu ux oTcyrcTBud (Tadi. 2.2). [Ipu 3TOM pacueTHOE HalpsUKEHHE,
BO3/ICHCTBYIOIIEE HAa M3OJLIIHIO NMPH KOMMYTAI[MOHHBIX NEpEHANpsHKEHU-
SIX, IOJDKHO OIPEIeISIThCS I0 popmMyIie

V2

UBos,q.KOMM. = Knp\/iUpa&d).HaMG. = ﬁKHpUHOMKp'

Tabnuna 2.2

PacueTnan KPaTHOCTb BHYTPC€HHUX rlepeHanpmlceHHii

Uyoms KB 110 150 220 | 300 | 500 | 750 | 1150

K., npu ortcyrcteuu | 3,2 3,0 30 | 27 | 25 |21 1,8

OIIH

Kop

OITH

npu  Hamwuww | 2,3-2,5|2,2-24| 22 | 22 | 22 |20 |17-18

KoopnuHanust M30IMLMM yCTaHABIMBAET U IOJJCP)KHBACT B IKC-
IUTyaTallud HEOOXOJMMOE COTJIACOBAHHME MEXKIY DJIEKTPHYECKOH IPOYHO-
CTBIO M30JIILIMM U BO3JICHCTBYIOIIMMH Ha Hee HanpspkeHusMH. [Ipu atom,
KaK OTMEYaJloCh BBIIIE, MOXKET OBITh JOMYIIEHA HEKOTOpas JO0CTaTOYHO
Majas ¢ TOYKH 3pPEHHs NPAKTHKU, IKOHOMHUYECKH OIpaBIaHHAs BEPOST-
HOCTb HOBPEKACHUS M30JISILUH MM NEPEPHIBOB B AJIEKTPOCHAOKEHNUH IO~
Tpeburenei.

Pa3nnyen nmoaxox K KOOpAWHAIMK M30JISIIUH 3JIEKTPOOOOPYJOBAHUS
W U30JISLMH JMHHUA. DTO BBI3BAHO JABYMsSI O0CTOSTEILCTBAMM:
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— JIMHUH, TJIaBHBIM 00pa3oM, MMEIOT CaMOBOCCTaHABIMBAIOILYIOCS
H30JISILIMIO, B TO YK€ BpeMsl 3JIEKTPOOOOpYJOBaHHUE MOJCTAHLUN UMEET He-
CaMOBOCCTAHAaBJIMBAIOLIYOCS U30JIALIUIO;

— TEXHUYECKHE M DKOHOMHYECKHE IIOCIEACTBHS OT IMOBPEXKICHUM
W30JIALMHU TIOACTAHIUHN U IMHUM 3HAaYUTEIbHO OTIMYAI0TCA APYT OT ApyTa.

Koopaunauus U300l TPOU3BOAUTCS MPU PA3IMYHBIX JJIEKTpUUe-
CKUX BO3JCHCTBUSX: IpU paboyeM HANpsDKEHHH, MPH TPO3OBBIX U BHYT-
PEHHUX NepeHanpsKEeHUX.

Koopounayusn uzonayuu 1unuil 31eKkmponepeoay

Bri0op nuHeitHOHM u3omanun npu pabodyeM HamnpspKeHUH JOIyCKaeT
BECbMa MaJlO€ CpPE/IHEE YUCIJIO MEPEKPHITUI BHEIIHEW M30JIALUM BO3TYII-
HBIX MPOMEXYTKOB U JHMHEWHBIX H30JITOPOB B TEUEHHE JOILyCTUMOIO
CpOKa CIy’XOBI IO yCIOBHUSAM MPOOO0S TBEPAOTO H30JALUOHHOTO MaTepraa
uzonaTopa (papdop, crekio, cTekiIomiactuk). [Ipu 3ToM HOKHBI OBITh
YUTEHBI 3arpsA3HEHHE U yBIaKHEHHE BHEUIHEH M30JAIMHU, a TaKXkKe cTape-
HUE TBEPAOH M30JSALMU U30JIATOPOB IOJ BO3AECUCTBUEM 3JIEKTPOMEXAHU-
YECKOM Harpy3KH.

Koopaunanus n3omnsuuy 0py JUIMTENbHBIX KBa3UCTALMOHAPHBIX IIe-
peHaNpsKEHUAX NPENyCMaTpPUBAET TAKOE COYETAHUE XapaKTEPUCTHK H30-
JIIUUHU U 3alUTHBIX YCTPOMCTB, MPU KOTOPBIX OOecreynBaeTcs J0CTaToy-
HO MaJlasi BEPOSTHOCTb MEPEKPHITHS BHEIIHEH M30JIALMU C YY€TOM BIIHS-
HUS 3arpsA3HEHUS U YBIAXKHEHUS Ha €€ 3JIEKTPUUECKYIO IPOYHOCTb.

Koopaunanus u30as80uu 0pU KOMMYTAlMOHHBIX NEPEHAIPSKEHUX
B LIEJIOM JIOJDKHA BBIOJHATHCS Ha ocHoBaHMM TOO. OnHako B KauecTBe
NIEpBOrO MPUOIIDKEHHS AOIYCKAIOT, HAPUMEp, YTO CPEAHEe YHCIIO Iepe-
KPBITUH W30JISLIUY JIMHUNA TUIOBOW JUTMHBI IPUMEPHO paBHO | pa3 B Tede-
Hue 10 ner.

IIpn yyere cTaTUCTUYECKMX XapaKTEPUCTUK BHYTPEHHUX IIE€peHa-
NPSDKEHUM KOOpAMHALUSA M30JUILMU JIMHUN ITPOU3BOJUTCS CIIENYIOLIUM
obpasom. Ecnmu m3BecTHBI (DyHKIMM pacrpeneneHds] KPaTHOCTH IepeHa-
npsokeHuid  F(K) ¥ COOTBETCTBEHHO aMIUIMTYABI IepeHaNpsDKEHUH
F(Uqx) ¥ uioTHOCTH pacupeneneHus nocieaned f(Uy,qy), TO cpenHee
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YUCIIO NEPeKpbITUi Ny, B TEYCHHE TOf@ NpU BO3JACHCTBHU N nepeHa-

pr{)KeHI/Iﬁ B I'OJ paBHO
00

Nnep = an f (Umax) * Pux. (Umax) - AUsnax, (2.1)

Upa6.Ha146.
rne P, (Unax) — BEPOSATHOCTE TPOOOsT (MEPEKPHITHSI) H3O0SIMUOHHON
KOHCTPYKLUH NPHU BO3ACUCTBUU HAMPSDKEHUS C aMILTUTYAOK Uyq -
CpenHuil cpok, B T€UEHHUE KOTOPOro CIEAYeT 0XXHUIATh OJHO Iepe-
KPBITHE WJIM OAWH MPOOOH M30JIAIIMOHHON KOHCTPYKIIMH JIMHUH OTIPEes-
erca Kak T ~ 1/Npep,.

A/ 8 S
[] /

iy
/

|
t
\\'--.._‘_‘

0.2 / P4
0 ./_// .._--/
-5 -4 -3 -2 -1 0 1 2 3
(U-Upsa)ic

Puc. 2.2. 3aBrucuMOCTH BEpOSTHOCTH IIPo00st P,
msossnronHoi konctpykuuu ot (U-Ugs.1)/ 0y
JUIS € TMHUYIHOTO U30JIIIIMOHHOTO 3eMeHTa (1),
COBOKYITHOCTH MAapajUIeIbHO BKITFOUCHHBIX H30JI-
[HOHHBIX 3JieMenToB pu m = 100 (2), m = 1000
(3)um = 10000 (4)

Ha puc. 2.2 npuBeneHa BEpOATHOCTh MPOOOST H30JSAIMOHHONW KOHCT-
pykuun P, B 3aBucumoctu ot (U-Ugs.q)/0y, rae Ugs., — 50%-noe
NpOOMBHOE pa3psiIHOE HANpsOHKEHHE ISl SIUHHUYHOTO H3O0JISAIMOHHOTO
3NIEMEHTA; 073 — CPEIHEKBAIPATUUYHOE OTKJIIOYCHHE MPOOUBHOIO pa3psi-
HOTO HANpsDKEHHs Ul eMHUYHOTO dyieMeHTa. Kak BHIIHO M3 3TOrO pH-
CYHKA, JUIS BHEITHEHW W3OJLIHUU TPU OOJBIIOM YHCIE M 3IEMEHTOB Cpe-
HEKBaJIpaTUYHOE OTKJIOHEHUE Pa3psAAHBIX HaNpPsDKEHHM COCTaBIseT MEHee
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3-5% ot Uy 5.1 [To3TOMY B (2.1) B, 5 (Upj1g2) MOKHO 3aMEHUTH CKAYKO00-
pasHoit pyHKIMEH BUIa

Pus (Una) = {

u (2.1) npuobperaet BUx

0 npu Umax < UO,S;m}
1 nput Upax 2 Upsim

[oe]

Nnep = Nnj f (Umax) QUpax- (2.2)

Uo,5;m

Takum 00pazoM, 0XKHMIAEMOE YUCIO MEPEKPHITHHA H30JSILUU JTMHUU
U3 M 3JIEMEHTOB PaBHO CPEJHEMY 3a TOJ YHCIY MEpEHANpsKEHUl ¢ am-
ATy 10 Upy gy 2= Up s.m-

Ecnu n3BecTHa INIOTHOCTD paclpeiesieHus] KPaTHOCTH (aMILIUTY Ibl)
nepeHanpspkeHui, npudss no (2.2), Hanpumep, T = 10 net, MOXHO U3
(2.2), HaliTH COOTBETCTBYIOIEE ITOMY YyCIOBHIO 3HaueHHE Ups.,, a U3
KpUBBIX Ha pHc. 2.2 — 50%-Hoe pa3psiqHOe HaNpsDKEHHE OJMHOYHOIO
3JIEMEHTA M30JIAMOHHON KOHCTpyKuuu U 5.1, HE0OX0auMoe Ui obecre-
YeHUsI 33laHHON HaJJeKHOCTH U3OJISILUH JTHHHH.

Koopounayusa uzonayuu noocmanyuii

Mertoanka KOOpAUHAIMY BHEIIHEH H30JSIIMU (BO3AYILHBIX IIPOMeE-
XYTKOB, TOJIBECHBIX M OTOPHBIX H30JITOPOB) MOJCTAHIMII MpH pabodem
HaNpsDKEHUW U NEepeHaNpsDKEHUAX Takas jke, 4To M A JHHUH. Tak Kak
3/1eCb BO3MOXKHBIE MEPEKPBITUSI MOTYT MPUBECTH K Oojiee TSHKENbIM IO-
CIIEICTBUSIM, MOKa3aTelb HAJAEKHOCTU JOKEH OBITh 3HAUUTEIHHO BBILIE,
4yeM ToKa3aTens s JuHui (Harmpumep, 1 otkas B 50—100 ner).

IIpn KoopaWHAIMK H30JSNUH MOACTAHIMH peaau3anus CTaTHCTH-
YECKOI0 TEXHUKO-3KOHOMHYECKOTO MOAX0/a 3aTPYJHEHA B CBSI3U OTCYTCT-
BUSI HAJEXKHBIX JAHHBIX 00 3JICKTPUYECKOW NPOYHOCTH HeCcamosoccma-
Haguealowelica N30JSILNY, HENPEPBIBHO CTaperoIlel B SKCILTyaTalluu.

Koopaunanus BHyTpeHHEH M3OJSIMH DIEKTPOOOOpPYIOBaHUS MHPH
pabodeM HampsHKEHHH MPEATNoaraeT Takoi BEIOOp HAINPsKEHHOCTEH, Mpu
KOTOPOM 00ECHEYNBACTCS CPOK €€ CIIY>KOBI C yYETOM CTapeHUs! U3OJISILUH
B OKCILTyaTallUuu.
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Koopannanus u305suu 3JeKTPOOOOPYIOBAHHS MPU BHYTPEHHHUX
MepEHANpPsDKEHUSAX B HACTOSIIEe BpPeMsl 3aKIIOYacTcsi B BEIOOpE OOOCHO-
BaHHBIX 3HAYCHUH OJHOMHHYTHOTO HCHBITATEIEHOTO HANPSDKEHHS MpPO-
MBIIIEHHOH 4acTOThI Usg ryy 1y, MCTIBITATEILHOTO HANPSKEHUS KOMMY-
TaMOHHBIM UMIYITECOM U,y womm.- AJ151 BHELTHEH M3OJSIIIK, KPOME TOTO,
HEOOXOIUMO BBIOpATh BBHIIEPKUBAEMOE P IUIABHOM ITOIbEME HaIpspKe-
HHE B CyXOM COCTOSHUM Uy, ; o M oA 10xKAeM Ugyy

Vcnonb30BaHKe aKTUBHBIX AlIaPaTHBIX CPEICTB MPHHYAUTEIHHOTO
OTpaHUYCHHS KOMMYTAIIMOHHBIX MEPEHANPSDKEHUNA MOXKET MPUBECTH K TO-
My, 4TO 3Ha4eHHME Usgry 1 vun, MOXKET OKA3aThCS CIIMIIKOM HHU3KHM, HE
o0ecTeurBaloIUM HaJeKHOW pabOThl BHYTPEHHEH H30JISALIUU MpH pabo-
yeM HanpspkeHun. [1o 3To¥M mpudmHe, 11 HEKOTOPBIX THUIIOB 000PYHOBa-
HUS TIPEIyCMaTPUBACTCS HCIBITAHWE MOBBIIICHHBIM  HalpsDKEHHEM
(1,3-1,6)Ug yiom B Teuenne 30-60 MUHYT ¢ M3MEPEHMEM XaPAKTEPHUCTUK
YaCTUYHBIX Pa3psIoB B IPOIECCE HCITBITAHMS.

OIHOMUHYTHOE HCIIBITATEIbHOE HAMPSKEHHUE MTPOMBIIUICHHOH Yac-
TOTBI OHPENEAETCA B OCHOBHOM BETUUMHON Uposy comm.

UBos,q.KOMM.
\/EKH.K. * Ky
rae K, — kKodpduueHT uMmysbca Mpu BO3ISHCTBUN KOMMYTAIIHOHHBIX

U50 o1 MuH. —

)

nepenanpsokennit (K, = 1,35); K, — koadduimenrt, y4uThBarOMMi
KyMyJISITUBHBIH 3Q(EeKT U cTapeHne U30JSIUH B MPOLECCEe IKCIUTyaTaluu
(K, = 0,85 —-10,9).

UcnpiTatensHoe HampsHKCHHE KOMMYTAIMOHHBIM HMITYJIBCOM OII-
penensiercst TakKe, MCXOIS W3 PAcYETHBIX 3HAUYCHHUH KOMMYTAlMOHHBIX
BO3JIEHCTBUI

U _ UBos,q.KOMM.
MCILKOMM. — K
K

Koopannauus 300Ul 31eKTPOOOOPYIOBaHUS MPU TPO30OBBIX I1e-
PEHAIIPSDKEHUSAX 3aKJII0YAeTCsl B BHIOOPE HWMITYJBCHBIX HCIBITATEILHBIX
HaIpPsDKEHUM M30JLUU C YYETOM XapaKTEpPUCTUK 3alllUTHBIX almapaToB

37



(BA), paccrosHus Mexay 3A U 000pyAOBaHUEM, JJIUHBI 3AIIUIIEHHOTO
noxaxona BJI k moacradmu.

VmMmynbcHOE HCTIBITATENbHOE HANPSDHKCHUH MOTHBIM TPO30BBIM HM-
nynbeom 1,2/50 Mke onpenensercs pacueTHbIMU 3HAYECHUAME Uygsp rpos, 10
hopmyite

UI/ICH.FpO3. BO3A.FP03./KK'

[Ipy UMIyNBCHBIX HCHBITAHUSIX TPaHCPOPMATOPOB HEOOXOIMMO
YYHTBIBaTh UX BO30YKIeHHE (HaXOKIEHHUE MO HarpsbkeHuem). Ecimu wc-
MBITAHUS TPOBOJATCS 0e3 BO30YXKIEHUS pabodyero HampsDKEHUS, TO

Ul/lCl'l.l'p()S. paBHO

U _ UBo3;(.rp03. + UHOM
WCILTPO3. — )
K, 2

rae Ugyow/2 — mompaBka, yuuThIBaroIas padouee HAMpsHKEHHE TpPaHC-
(hopMaTopa Mpu MPOTHUBOIOIOKHBIX MOJIIPHOCTIX TPO30BOTO MMITYJIbCA U
pabodero HaNpsHKEHUSI.
HcnpiTaTenbHOEe HANpsDKEHUE CPEe3aHHBIM MMITYJIbCOM (IIPU BpeMe-
HU cpe3a 2—3 Mkc) npuHumaetcs Ha 10-25 % OoJibliie aMIUTUTY bl TOJTHO-
r0 UMITyJIbCa
Upenen. = (1,1 — 1:25)Uncn.rp03.-

B pexomenpammsax MOK npusositest 3Ha9eHUs Uyey rpos,, HECKOIBKO
OTJIMYAIOLIMECS OT HAIIMX 3HaueHuil. Tak, Mo JaHHBIM IEepBOH, BeITUYHMHA
U,uorl.rpos. = (1;1 - 1'25)Uoc-r' chn.rpoez. = 1'2Ugon.rp03.'

YpOBEeHb HW30JALMU MPU KOMMYTAI[MOHHBIX TEpPEHANPSIKCHUIX TI0
MO3K onpenensierest 10 Uyop rpos, € KOOPOULMEHTOM IPHBEIEHHS OH PAaBEH
K., =08.

[pubnuzurensHo B ceMmuaecsaToie roasl XX Beka B padborax HUUIIT
ObUT BBEJICH TEPMHH «IPHUBEICHUE M3OJAIMH K HOpMe». Bbulo mokaszaHo,
YTO LENeCO00pa3sHON SBISIETCS KOOPAWHAIMSA H3OJISIIHMU, MperycMaTpu-
Baloll[asi TAaKUe MepPbl OTPAHUYECHHs] BHYTPEHHUX U TPO3OBBIX IepeHanps-
JKEHHMI, TIPU KOTOPHIX OCHOBHBIC ra0apHUTHBIC JaHHBIC U30JIALMH, BEIOpaH-
HBIC 0 YCJIIOBHIO HAJC)KHOW paboOThI MpH pabodeM HaNpsHKESHWH, OYIyT
TakxKe 00eCIeUnBaTh HAJACKHYIO paboTy MpH BO3ACHCTBUU MEpEHAIpsiKe-
HMI.
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2.2. HOPMATHUBHAS BA3A IIPU AHAJIM3E
MNEPEHANPS)KEHUIA

OcCHOBHOM HOpPMAaTHBHOM 0a30ii mpu aHaIU3e MepeHANPSHKEHUH
CIIy>Kar:

— IpaBUjIa TEXHUYECKOM 3KCIUTyaTallu SJEKTPUUECKUX CTAHIUHU U
ceTell;

— IpaBUJIa YCTPOMCTBA AIEKTPOYCTAHOBOK;

— PYKOBOJICTBO 10 3aIUTe dJeKTpuueckux cereit 6—1150 kB ot rpo-
30BBIX U BHYTPEHHHX IE€PEHANPSHKEHHH.

Kpome Toro, npu ananuse nepeHanpspkeHHH pyKOBOJCTBYIOTCS psi-
JIOM HOpPM TO TpeOOBaHMSIM K DJIEKTPUYECKON MPOYHOCTH H3OJSIUHM HA
BEHTWIbHBIE U TPYOUaThle Pa3psIHUKH, H MEXIyHAPOAHBIMU CTaHIApTa-
MH, HallpuMep, CTAHAAPTOM Ha OTPaHUUUTEIHN NTepeHaNnpsHKEHUH.

[To TpeOoBaHMSAM MEPEUUCICHHBIX NUPEKTUBHBIX JOKYMEHTOB Ha
JJIEKTPOCTAHUUAK, JIMHUAX, MOJCTAHIMAX M 3JIEKTPUYECKHX CETAX IMpo-
MBIIUICHHBIX MPEINPUATUN TOJDKHBI OBITH CXEMBI, MEPBI M CPEACTBa 3a-
IIUTHL OT NepeHanpspkeHuid. Kpome Toro, M0mKHbBI OBITH CBEIEHHUS O Hau-
0oJiee mopa)xkaeMbIX MOJIHMEH y4acTKax BO3AYIIHBIX JHHUN, 00 y4acTKax ¢
IUIOXO MPOBOJSAIIMMHU TPYHTaMH, O 3arps3HsIeMON M30JISLUH, O Tiepeceue-
HISIX JIMHUH JIEKTpOIepenadyd MeXIy COOOH, C JIMHHUSIMHU CBSI3H, Paauo-
TPAHCISUHN U aBTOOJOKHMPOBOYHBIMH JIMHUSAMH JKEJIE3HBIX JJOPOT.

TpeboBaHus K 3aIUTHBIM CpPEeACTBaM (POPMHPYIOTCSI HA OCHOBAHUU
COOTBETCTBYIOILMX HAIIMOHAJIBHBIX U MEXAYHAPOJHBIX CTaHAApTOB. B psne
ClIly4aeB Ha CTaIuM Pa3pabdOTKU U1 OpraHU3aluy IPO303ALIUTHL U 3aIUTHI
OT BHYTPEHHUX IEpEHANpPSHKECHUH OPUEHTUPYIOTCS Ha TEXHUUYECKUE YCIIO-
BUSI 3aBOJIOB-M3TOTOBHUTEJICH, YTBEP)KICHHBIE COOTBETCTBYIOIIMMHU MHUHHU-
CTepCTBaMH U BEJOMCTBaMHU.

OcHoOBHBIE TPeOOBaHUS K 3a3eMIISIOIINM YCTPOMCTBAM OIPEHEISIOTCS
ITyD.
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3a3eMJICHHUE SIBIIETCS OJHUM W3 OCHOBHBIX CPEICTB, 00ECIICUMBAIO-
LIMX DJICKTPOMArHUTHYH) COBMECTHMOCTH JJIEKTPOIHEPIeTHKH C TEXHO-
chepoit u 6uochepoit. OHO JOIDKHO YIIOBJIETBOPATh TPEOOBAHUAM 00ec-
neYeHus: 0e30IaCHOCTH JIIOZCH M JKHMBOTHBIX, 3AIIUTHI CHJIBHOTOYHBIX H
c1abOTOYHBIX 3JIEKTPOYCTAHOBOK, a TaKKe 00ECIeUYeHHs IKCILTyaTalloH-
HBIX PEKUMOB paOOTHI H TPO303aILUTHI.

[To cBOeMy HAa3HAYECHHUIO 3a3EMIICHHSI YCIIOBHO MOYKHO IIO/IPA3/ICIHTh
TPH OCHOBHBIX THIIA (pHuC. 2.3).

‘BBBEMIIEHHE E JHEPTOCHCTEMAX ‘

Patoyee sasenmmenne| |3aMTHOE saSeMIEHHE TpososammTHOE
(zazenneHne BE2ONACHOCTH) | |saseMieHe

Puc. 2.3. Knaccudukarust 3a3eMiieHuii

Pabouee 3azemnenue obecneunBaeT HeoOXOIUMOE I pPabOTHI
JIEKTPOYCTAHOBKH PacIpeielIeHHe HaNpsHKEHUH U TOKOB B HOPMAIBHBIX U
aBapUHHBIX pexuMax padoTsl ceTH. K TakoMy 3a3eMICHHIO OTHOCSTCS 3a-
3eMIICHUs] HEWTpallell CUIIOBBIX TpaHC(HOPMATOPOB, aBTOTPAHC(HOPMATOPOB
U TEHEpaTOpOB, 3a3e€MJICHUS IIYHTHUPYIOIIUX M JIYTOTacsIIUX PEaKTOpOB,
N3MEPHUTENBHBIX TPaHC(HOPMATOPOB HANpsDKeHUs. B cucteme aBa mposona
3eMJIsl, IUTAIONIUX B OTIEIBHBIX CIIydasx MOTpeOuTenn HeOOIbIION MoI-
HOCTH, IPUMEHSIOT 3a3eMJICHHE OHOM U3 (as.

Merauinueckue U JIpyrue MpOBOAAIINE YaCTH 3JIEKTPOYCTaHOBOK,
HOpMaJIbHO HE HaXOJsIUecs MOJ HANpsHKEHUEM, MOTYT OKa3aTbCsl KpaT-
KOBPEMEHHO WU JUIUTEIBHO IOJ HANpPSKEHUEM BCIEACTBUE HApPYyLICHUS
n3omsinun. [IpukocHOBeHNE YenoBeka K TAKUM YacTsAM MOXKET IPUBECTH K
MOPAXKEHHIO €r0 AMEKTPUIECKUM TOKOM. OMacHOCTh MOPAXKEHHS YeTOBEKa
3NEKTPUYECKUM TOKOM MOXKET OBITh O0YCIIOBIIEHA TAKXKE CTEKaHHUEM 3JIEK-
TPUUECKOTO TOKA C KAaKOW-JIMOO YaCTH 3JEKTPOYCTAHOBKH B 3€MIIIO U IIPO-
TEeKaHHWEM 3JIEKTPHYECKOTO TOKAa B 3€MJI€ NPH IOBPEKACHHH H3OJSLIUH.
OpnHO# M3 Mep 3alIUTHl OT TOPaKCHUS YETOBEKa JIEKTPUYECKHM TOKOM
SIBISIETCS 3au{umnoe 3azemnenue (3azemnenue 0e30nacHocmu), To eCTb
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IpeAHaMEpEeHHOE COEAMHEHHE YacTeil AEeKTPOYCTaHOBKH, HOPMAJIBHO HE
HAXOIHUXCS MO HANIPSDKEHUEM, C 3A3eMIAAIOUWUM YCHIPOTICHGOM.

B ycranoBKax CBs3U, TEICBUICHUS U TEICYIIPABICHUS 3alIUTHOE 3a-
3eMJICHHE CHIKAET OIACHBIC M MEIIAIOIINE BIMUSHUS AJICKTPOMArHUTHBIX
MOJIEH TMHUIA AJIEKTPOTIepeIau Ha CIIa00TOYHBIE TETIH.

I'po3oszawgumnvle 3azemnenus TPENHA3HAUCHB! Ul 3alUTHl OT
BHEIIHUX TEpPEHANPsDKCHUH W BIMSHUHA. 3a3eMJICHHE TPYOUaThIX U BEH-
TWJIBHBIX Pa3psAIHUKOB, HEIMHEWHBIX OTPaHUYUTENECH MepeHarpsHKeHH,
MOJTHHEOTBO/IOB, TPO303aIIUTHEIX TPOCOB HA OIOpaX JIMHHUU JJIEKTpoIepe-
Jlad YMEHBIIIAET TPO30BBIC MEPEHANPSDKEHHS M OMACHBIC BIUSHHS U CIIO-
COOCTBYET YMCHBIICHUIO BEPOSTHOCTH MEPEKPHITUS H30JIALUK TIPU TPO30-
BEIX pa3psigax.

[Ipu crpouTenpCcTBE NUHHUK 3JEKTPOIIEpenad U DIEKTPOYCTAHOBOK
pasznuYHOro HasHaueHWs (QYHKIHH pabodero 3a3emiIeHUs, 3a3eMIICHHUS
6€30IaCHOCTH U TPO303ALIUTHOTO 3a3eMJICHHs 3a4acTyl0 BO3JIararT Ha
of1Iee 3a3eMJIIIOIIEee YCTPOHCTBO.

YMEHBIIEHUE COMPOTHBIICHUS 3a3E€MIICHHS JTOCTUTACTCS YBEIHUCHH-
€M KOJHMYECTBA TOPHU30HTAIBHBIX M BEPTHUKAIBHBIX METAUIMYECKUX dJIe-
MEHTOB, 3aKJIQJIBIBAEMBIX B TPYHT, IPUYEM II€JIECO00pa3HO pacrmojaratb
9TH JJIEMEHTHI CO CTOPOHBI SYCHKU B BHUJIE MOPSIKA HECKOJIBLKUX METPOB,
YTO YIyYIIAeT paclpeieieHiue NOTSHIMAIA TOYSK Ha MOBEPXHOCTH 3eMIIU
u cumwkaer DJIC npukocHoBenus u mara Ey, u E,;, CHWKeHHE BEPOATHO-
CTH TOPaKEHHsI MEPCOHANA IIEKTPUUECKHUM TOKOM OO0ECTIeYMBAET TaKkKe
yKJIaZIKa B MECTaX YCTAaHOBKU 00OPYZOBaHUS BBIPABHUBAIOIIUX IPOBOIHU-
KOB B BHJIC YaCTOH CETKH, IPUCOCTUHEHHONH K OCHOBHOMY KOHTYPY 3a3¢M-
JICHUS DJIEKTPOyCTaHOBKU. KpoMme TOro, B MeCTax yCTaHOBKHU AJIEKTPO00O-
PYIOBaHUS CIIEAYeT MOCHIATh IIOMAKY IUI0OXO0 MPOBOSIINM TOKPHITHEM
(cmmoii medHs, mebHs ¢ achaabTOM U T. [I.) YTO CIIOCOOCTBYET YBEITHMUCHHUIO
5KBMBAJIEHTHOTO TIOBEPXHOCTHOTO CONPOTHBIEHHS O, ¥ YMEHBUIEHHIO TO-
Ka yepes TeJIO YeI0BeKa.

3a3eMIISOIINE YCTPOMCTBA AIIEKTPOYCTaHOBOK BhIme 1 kB ¢ addek-
THUBHO 3a3¢MJICHHOW HEHTPAJIbIO CIIEAYET BEHIIONHATE C COOMIOICHUEM Tpe-
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O0oBaHU# MO0 K UX COMPOTHUBIEHUIO, JIMOO K HAMPSIKEHUIO MPUKOCHOBE-
HUS, a TaKXKe C COOMIOIeHNEM TPeOOBaHUI K KOHCTPYKTHBHOMY BBIITOJTHE-
HUIO U K OTPaHIMYCHHIO HANPSDKEHHS Ha 3a3eMJLIOIIEM YCTPOIHCTBE.

Hamnpsokenue Ha 3a3eMJISIIOIIEM YCTPOWCTBE MPU CTEKAHUU C HETO
TOKa 3a3eMJICHHUSI Ha 3eMJII0 He JO0JbkHO npeBbimarh 10 kB. Hanpsbxenue
Boie 10 kB nomyckaercss Ha 3a3eMJISIOIIMX YCTPOMCTBAX, C KOTOPBIX HC-
KJIFOYEH BBIHOC MMOTEHLIMAIOB 3a Mpeiesbl 3JaHHi U BHEUTHUX OTPaXKACHUN
AMEKTpOoyCTaHOBKH. [Ipn HampsDKeHUAX Ha 3a3eMILIIONIEM yCTpoiicTBe 6o-
nee 5 kB u 1o 10 kB 1nomkHBI OBITH TPEAyCMOTPEHBI MEPHI IO 3alTUTE
M30JIALIMN OTXOAAIIMX Kabemei CBSA3U M TeJeMEeXaHUKU U MO MPeloTBpa-
LIEHUIO BBIHOCA OMACHBIX MOTEHIIMAJIOB 32 MPeIeibl JJIEKTPOYCTaHOBKH.

3a3eMIIsroIIee yCTPOMCTBO, KOTOPOE BBITIONHACTCS C COOIIOACHUEM
TpeOOBaHUH K €ro CONMPOTHBICHUIO, TOJHDKHO MUMETh B JI000E BpeMs roja
conpoTtusierue He 6onee 0,5 Om, BKIIIOUasi COMMPOTUBIICHUE €CTECTBEHHBIX
3a3EMJIUTENEH.

B mensax BbIpaBHUBAHHS 3JIEKTPHUUECKOTO IMOTEHIMANa M obecrede-
HUS TIPUCOSAUHEHUS AIIEKTPOOOOPYAOBAHUS K 3a3EMIIUTEIIO HA TEPPHUTO-
pUH, 3aHATON 000PYAOBAaHHEM, CIIEIyET MPOKIAABIBATE IPOJOIBHBIC U TI0-
MIepeYHbIe TOPH30HTAIBHBIC 3a3EMIUTEIHN U COSIUHITD UX MEXIy cCO00ii B
3a3eMJISIIOLYIO CETKY.

[IpoonpHbIE 3a3eMJIMTENHN JOJDKHBI ObITh MPOJIOXKEHBI BIOJb Ocel
3JIEKTPOOOOPYIOBAHUS CO CTOPOHBI 00CITykHBaHUs Ha Tiryonne 0,5-0,7 m
OT TIOBEPXHOCTH 3eMJIH U Ha pacctosHud 0,8—1,0 M 0T QyHIAMEHTOB WIIH
OCHOBaHHMI o00opymoBaHus. JlomyckaeTcs yBENIWYEHHE PACCTOSHUH OT
(hyHIIaMEHTOB WJIM OCHOBaHUU 00OpyaoBaHUA A0 1,5 M ¢ mpokmagKoit oa-
HOTO 3a3eMIIUTENS [UIS ABYX PSIOB OOOPYHOBAHHUS, €CIIA CTOPOHEI 00CITY-
JKUBaHUS OOpaIIeHbl OJTHA K IPYTOH, a pacCTOsTHUE MEXIy QyHIaMeHTaMu
WJIM OCHOBAHUSIMU JIBYX PSAJOB He npesbIiaet 3,0 M.

[Tonepeunslie 3a3eMINUTENH CIEAyeT MPOKIAAbIBATh B YJOOHBIX MEC-
Tax Mexay obopynoBaHueM Ha riyouHe 0,5—0,7 M OT HOBEPXHOCTH 3€MJIH.
PaccTosiHue Mex1y HUMHU PEKOMEHYeTCsl IPUHUMATh yBEJINYUBAIOIIUMCS
oT nepudepuu K IEHTPY 3a3eMIIToNIei ceTku. [Ipu 3TOM mepBoe u mocie-
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IYIOIIUE PACCTOSIHUA, HAYMHasg OT nepudepuu, He MOJKHBI MPEBBIIIATH
cootBerctBerHo 4,0; 5,0; 6,0; 7,5; 9,0; 11,0; 13,0; 16,0 u 20,0 m. Pazmepst
SUeeK 3a3eMJISIOLIe CeTKH, NPUMBIKAIOIUMX K MECTaM MPUCOEIUHEHHUS
HelTpaneld CHIIOBBIX TpaHC(HOPMATOPOB M KOPOTKO3aMbIKATENICH K 3a3eM-
JISIIOILEMY YCTPOMCTBY, HE TOKHBI IIPEBBIILIATE 6 X6 M.

ITo tpeboBanusim I'OCTa u IIYD conpoTuBieHHe 3a3eMIIAIOLIETO
YCTpOICTBa HE3aBUCHMO OT CE30Ha Iojia JOJDKHO OBITh HE Oojee 3Hade-
HUH, MPUBEACHHBIX B Ta01. 2.3.

Tabnuna 2.3

Jonycrumoe conporusjieHue R; (OM) npu nporekaHum Toka

NMPOMBIIIIEHHOH YaCTOThI

OOBeKT Benmunna p. (OM-m)
Jo 100 |100-500{ 500-1000 |1000-5000]  Bomee 5000

TToncranmuu 0,5(0,87
0,5 15-0,75| 0,75-1,1 | 1,1-3,7 + p./770)

110xB
250/1;, Ho —
IMoncrannun He Bonee 250/I,—| 250/L— | 250/I,— | 250/, — (0,87

3-35kB 0om | 375/l | 550/L, | 1850/L, | +p,/770)

Onopsl JIHAK <10 <15 <0 <30 <6-1073p,

OTaenLHO
CTOSIIIHE MOJI- 10-15
HUEOTBOJIBI

Crep)kHEeBbIC
MOJIHHEOTBO-
IIbl, YCTAHOB- 4-5
JICHHbIE Ha
HopTanax

ITpumedanust: 1. I, — HanOONBIIHIA TOK, MPOTEKAIOIINIA Yepe3 3a3eMIISIIOIIEE YCTPOICTBO;
2. Ecim nmeercs csi3b ¢ 3Y ycranoBku HampsbkeHuem 10 1000 B, To R, yMeHbIaeTcs B
2 paza.

B 3akimrodeHue oTMETHM, YTO IPU OOECHEUCHHH IOIyCTUMOIO Ha-
NPsDKEHHST IPUKOCHOBEHHUS M TOKA 4Yepe3 TEJIO YEJIOBEKa B Ka4eCTBE pac-
YETHOTO BPEMEHH BO3JICHCTBHS MPHUHUMAETCS CyMMa BPEMEHH IEHCTBUSA
peNeiHo 3alUThl U TIOJTHOTO BPEMEHHU OTKJIIOUEHMSI BBIKJIIOYATENs, aBTO-
Mara WM IPyTruX KOMMYTAIIMOHHBIX anmapaToB (cM. Tabi. 2.4).
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TaOnuna 2.4
JomycTuMbIe TOKH Yepe3 TeJio YeioBeKa I, M HanpsiKeHust
npuKocHoBenus U, B 3aBHCHMOCTH OT JIMTEILHOCTH BO3IeHCTBHS

Bun obopynoBanus | Bun |Enunnma| IIpomomxuTensHOCTH BO3ASHCTBHS
BO3JICH- | U3Mepe- _
J— HHZ 00,,0018 0102|03|04]05

[pomsBoxactBennsie | 50 ' Unp, B 650 | 500 | 250 | 165 | 125 | 100
yCTaHOBKH € Up,g < I, MA | 650 | 500 | 250 | 165 | 125 | 100
1000 B, a Taxxe ¢ 50Tu | Uy, B | 650 | 500 | 500 | 330 | 250 | 200
Upas = 1000 B B ce- I, mA | 650 | 500 | 500 | 330 | 250 | 200
TH C M30JMPOBAHHOM | 50 [y nps B | 650 | 500 | 400 | 350 | 300 | 250
HEHTpaIbIO I,,MA | 650 | 500 | 400 | 350 | 300 | 250
Ipomseoacteennsie | 50 ' Unp, B - 500 | 400 - - 200
YCTaHOBKH € Upyg <

1000 B, cetn ¢ 3a-

3eMJICHHON HEHWTpa-

JIBIO

Berrosste snexrpo- | 50 I'm | Uy, B | 220 | 200 | 100 | 70 | 55 | 50
YCTaHOBKH I,, MA 220 | 200 ({100 | 70 | 55 | 50
IMpoussoncteenusre | 50 I'n np> B 85 70 | 65 | 55 | 50 | 36
YCTaHOBKH € Upyg < I,MA | 8 | 70 | 65 | 55 | 50 | 6
1000 B, a Taxxe ¢ 50T wp>B | 170 | 140 | 130 | 110 | 100 | 36
Upas = 1000 B B I,MA | 170 | 140|130 | 110|100 | 8
CCTHU C U30JIMPO- 50T nps B | 240 | 230 | 220 | 210 | 200 | 40
BAHHOM HEATPAEIO I, MA | 240 | 230 | 220 | 210 | 200 | 15
IIpousBoactBennsle | 50 ' np»> B - 130 | - - 100 | -
YCTaHOBKH € Up,g <

1000 B, cetwu ¢ 3a-

3eMJICHHON HEHWTpa-

JIBIO

Berrossie anekrpo- | 50 ' | Uy, B 40 35130 | 27 | 25 | 12
yCTaHOBKU I, MA 40 35|30 |27 | 25 | 12
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JIn1st KOHTPOJIS 3a3€MIISIOIIETO YCTPOCTBA JOKHO IMPOBOAUTHCS U3-
MEpEHHUE ero CONMPOTHBIICHUS HE pexe, ueM 1 pa3 B 10 yer, BeIOOpOUHas
MIPOBEPKa C BCKPHITHEM IPYHTA JJIs1 OCMOTpA JIEMEHTOB 3a3€MJICHUS, IIPO-
BEpKa HaJIM4MUs U COCTOSIHUA LENEeH MEXIy 3a3eMIIMTEIsIMU M 3a3eMisie-
MBIMH 3JIEMEHTaMH, COEIMHEHUN E€CTECTBEHHBIX 3a3€MIIMTENEH C 3a3eM-
JISIFOLUM YCTPONCTBOM.

W3mepeHue COMpOTUBICHUS 3a36MIIIOILUX YCTPOICTB JOIKHO IPO-
BOJIUTBCSL:

— II0CJIE MOHTa)ka, NEePEeyCTPOMCTBA M KAIUTAJIbHOIO PEMOHTA 3ITUX
YCTPONCTB 31EKTPOCTAHIUH, TOACTAaHIUI U JTMHUI JIeKTponepeiauy;

— npu o0HapyXeHuH Ha TpocoBbix onopax BJI 110 kB u BbIme cie-
JIOB TIEPEKPBITUI WITH Pa3pyLICHUH U30JIATOPOB IEKTPUIECKON YT OM;

— Ha noAcTaHnusAx 35 kB u HIbKe OTKPHITOTO THTIAa — HE pexe 1 pa3 B
10 er;

— B cersax 35 kB u Huxe y onop ¢ paspsanukamu, UII u passenusu-
TeJsIMU — He pexe 1 pa3 B 5 j1erT;

— BBIOOPOYHO y 2% Kene300eTOHHBIX U METAUTMIECKHX OIop B Hace-
JICHHOM MECTHOCTH, Ha ydacTkax BJI ¢ Hamboiiee arpecCHBHBIMH, OIOJI3-
HEBBIMHU, BBIIyBAEMbIMU MJIM IIOXO HNPOBOIAIIMMU IPYHTaMH — HE PEXKE,
yeM 1 pa3 B 10 ner.

Bce nepeuncrneHHble U3MEPEHUs TOJDKHBI MIPOBOAUTHCS B MEPUOIBI
HanOOJIBIIETO MPOCHIXaHUS TPYHTA.

Konmponvnste éonpocui

1. Kakumu mapaMmeTrpamMu XapaKTepU3yIOTCs TIEpeHaIpsHKEHUsT He3a-
BHCHMO OT IIPUPOABI UX BO3HUKHOBEHHMS?

2. Kak xnaccuuuupyroTcs MepeHanpspkeHus B 3aBHCHUMOCTH OT
MecCTa BO3JIEHCTBHS UX Ha U30JISLUI0?

3. YUro Takoe rpaAlieHTHBIC TIEPEHATIPSKEHUS?

4. Kakue Brvl 3HaeTe pexXMHBIE U PE30HAHCHBIE TIEPEHANPSKEHUS?

5. Yo Takoe MHIYKTUPOBAHHOE MepeHaIpshKeHue?

6. Kakast HopmaTuBHas 0a3a nepeHanpspKeHuin?
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3. BHEIIHUE HEPEHAIIPAKEHUSA

3.1. KIACCU®UKAIIMS BHEITHAX MMEPEHATIPSIKEHUM U
XAPAKTEPUCTHUKHU ITAPAMETPOB MOJIHUHA

Knaccugurkayun enewnux nepenanpajicenui
['MaBHBIM MCTOYHUKOM BHEIIHUX TMEPEHANPSDKEHUH B BBICOKOBOJIBT-
HBIX DJIEKTPUUYECKUX CETSIX SABJISIOTCS TPO30BBIE pa3psabl. Bo3MOXHO Tak-
)K€ TIOSBIICHHWE BHEIIHUX IMEPEHANPsDKEHUH OT 3JIEKTPOMATHUTHEIX Oypb
(371eKTPOMArHHUTHBIN UMITYJIBC) U STEPHBIX B3pBIBOB (puc. 3.1).

Ilpamoe# yoap MOIHHH B TOKOBE-
O¥IHE SMEMEHTE SIEKTPHYECKOH
CETH

Yonapel MOIHHH E 2236 MIEHHEE
SMEMEHTH KOHCTPYKIHI

HupyerupoeaHHEE NepeHaT-
pAXEHHA

HHaSera}ou{He EOIHE |

SNeKTpOMAaTHHTHEIE BypH |

POBOBEIE NepeHAIRAEEHHA

E

Buemuune NepeHANIDAXEHHEA

—|BBICOTHHﬁ E3pHE |
=
E —‘ Hazemuu BsprEe ‘

Puc. 3.1. Knaccudukaryst BHEIIHUX HepEeHANPsHKEHUN

Hamnbonee omacHple Tpo30BBIE NEpEHANPSDKCHHS BO3HHUKAIOT IIPU
npamom yoape monuuu (IIYM) B TOKOBEIyIINE SIEMEHTHI JJICKTpHUE-
ckoit cetu. Tok mosHuK MoxeT rnpeBbimarh 100 kKA. MonHust ¢ TakuM To-
KOM TMPUBOJMT K BO3HUKHOBEHHMIO B TOYKE yJapa MMITYJIbCa HANPSHKEHUS
IO JIECSTKOB METaBOJIBT, TOCTATOYHOTO JIJISI TIEPEKPHITUS U3OJISIHH JTF000-
ro, BIUIOTh 10 HauOoJjee BBICOKOro, Kiacca HamnpsbkeHus. [lostomy sxena-
TEJNBHO 00ECICYUTh HAICKHYIO 3aIUTY IPOBOAOB JIUHUH U 000PYIOBaHU
HOJCTAaHIIMK OT HPSAMBIX YIApOB MOJHHUH C IOMOIIBIO CTEP)KHEBBIX M TPO-
COBBIX MOJIHUEOTBO/IOB.
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VYniap MOJHHM B 3a3€MJICHHBIE JIEMEHTHI KOHCTPYKIIMH MPUBOJHT K
BO3HHKHOBEHHIO Ha HHUX KPAaTKOBPEMECHHBIX MEpPEHAIPSDKEHUH, KOTOpBIC
MOTYT BBI3BAaTh 0OpamHble nepeKkpblmus C 3a3eMIICHHBIX 3JCMEHTOB Ha
TOKOBeayIue. JlJist 3amThl 0T 0OpaTHBIX MEPEKPHITHIT HE0OX0AUMO odec-
IEYUTHh Majoe CONPOTUBICHUE 3a3eMJICHUS OIOp, KOPIYCOB 3JIEKTPOOOO-
PYIOBaHUSI U MOJIHUEOTBOJIOB Ha JIMHUSX M MOJCTAHIIHSIX.

Hnoykmuposannsle nepenanpaxceHus — pe3yiabTaT  B3aUMHOM
MarHUTHOW (MHIYKTHBHOHN) M JIEKTPUUYECKON (EMKOCTHOMW) CBS3HM KaHaJa
MOJIHHH C TOKOBEAYIIMMH U 333€MJICHHBIMH 3JIEMEHTAMH JJICKTPUIECKON
cetd. OHM MMEIOT 3HAYHUTEIHHO YMEPEHHYIO BEJIMYMHY IO CPaBHEHUIO C
MepeHaNPsDKSHUSIME TIPH yJlapax B TOKOBEIYIIME W 3a3eMIICHHBIE YacTH
ANEKTPOYCTAHOBKU. MHIYKTHPOBAaHHEIE MEPEHAIPSHKCHUS IMPEICTABIIIOT
TJIABHYIO ONACHOCTH JUIS M30JIIIHN CeTeH HU3KUX M CPEIHUX KIacCOB Ha-
npspKkeHus. DnekTpoobopynosanue 110 kB u BbImie uMeet 6osee BBICOKYIO
UMITYJIbCHYIO IIPOYHOCTH U3O0JISILIUH, U yIapbl MOJIHMU B CTOPOHE OT JINHUH
OTIACHOCTH JUISI HETO, KaK MpaBWIIO, He mpencTaBisiioT. Onuako npu [IYM
WHAYKTHBHAS U €MKOCTHAS CBSI3b MOJIHUM C JIMHHUEH CIIOCOOCTBYET JOMOJI-
HUTETIHHOMY YBEJIMYECHHUIO TPO30BOTO IMEpEHANPsDKEHHUA. DTO HE00X0AUMO
YUUTHIBATh NIPH aHAJM3€ HAJAEKHOCTH T'PO303AIIUTHI JIMHUHA BCEX KIACCOB
HATPSOKCHUSL.

HMmynbcel IepeHanpsHKEeHUH MOTYT TAaK)Ke OKa3bIBaTh BIHSIHUAE HA
M30JLIHIO MTOJICTAHIINH, PACHIOI0KEHHBIX HAa 3HAYUTENEHOM yTAJICHUH OT
MecTa yJaapa Ha JHHUH, TaK KaK OHH PacIpOCTPAHSIOTCS 110 JINHUX Ha 3Ha-
YUTEJbHBIE PACCTOSHUS C MaJbIM 3aTyXaHHEM. JTH INepeHanpsDKeHUs Ha-
3bIBAIOTCA Habezarowumu 60onnamu. OHU MOTYT TIPEJICTABIISATh OIIACHOCTh
JUTSL IIEKTPOOOOPYIOBAHUS TOACTAHINH, KOTOPOE HMEET MEHBIIUE 3aI1achl
ANIEKTPUYECKON MPOYHOCTU C JIMHEWHOU m3omsiiued. Kpome Toro, Bo3HU-
KaloIlye Ha MOACTaHINN NepeHAIPSHKeHUS, KaK [IPAaBUIIO, IIPEBHIIIAIOT Ha-
npsDKCHUE HaOeraromeil BOJIHbI 3a CUET BOJHOBBIX IPOLIECCOB Ha OIMIMHOB-
K€ W B JJEKTpooOopynoBaHun. Pacmpenenssach mo oOMOTKaM MallMH U
TpaHc(hOopMaTOPOB, BOJHEI MOTYT BO3ACHCTBOBATh HA X TJABHYIO M BHUT-
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KOBYIO H3OJIALMIO, a NPOXOJs 4Yepe3 TpaHc(opMaTop — Ha H3OJISLHUIO
ANEKTPOOOOPYAOBAHHS, IOAKIIOYEHHOTO K IPYTUM €T0 OOMOTKaM.
Xapakmepucmuku napamempoe moaiHuu

TunuaHas ¢popma UMIyJbCa TOKA B MOPAKCHHOM MOJIHHEH O0OBEKTE
npencrasieHa Ha puc. 3.2. C TOYKH 3peHHs IPO303aIHUTHI [NIABHBIM I1apa-
METPOM HMITYJIbCa TOKAa MOJIHUH I, = i,(t) sBIseTcs ero amruatyna I,
KOTOPYIO JUTS KPaTHOCTH OyJIeM Ha3bIBaTh MPOCTO TOKOM MOJIHHUH.

JpyruM mapameTpoM, BIHSIONIMM Ha BEJIUYHUHY HEPEHANPSDHKCHUHN B
MOPaXEHHOM OOBEKTe, SIBJSIETCS KPYTH3HA TOKA MOJHHH, T. €. CKOPOCTh
Hapactanus Ha (poHTe mMmmynbsca di,/dt. [TockoIbKy MIHOBEHHBIC 3HA-
YEeHHUs] CKOPOCTH HApacTaHWsl TOKA B Pa3HBIX TOYKaxX (DPOHTA Pa3JIUYHBI,

OOBIYHO TOJ KPYTU3HOMH

Te TOKa MOJIHHHU MTOHUMAIOT €¢
T cpenHee 3Ha4YCHHE

0kq 20 40 60| 80 100 mxe
~ * ¥ ' ¥ ' t' L, = Iy /4. JnarensHoCTh
0.11u \ (GponTa mMmynbca T4 MpH-
0,5 \ HATO  ONpENENATh  Clie-
- i ayronmM — obpasom. Ha

AN foce

Iy [~ rpaduKe HUMITyJIbCa TOKa
Vi, OTMEYAIOT TOYKH (POHTA,

Puc. 3.2. OcuusiorpaMma ToKa MOJIHUK COOTBETCTBYIOMIME  3HAYC-
nusm toka 0,11, u 0,91,.

Yepes 9TH TOUKH MPOBOIAT MPSIMYIO A0 NEPECEUCHHUS C HYJIEBBIM YPOBHEM
TOKa (OChIO a0CIMCC) U C YPOBHEM aMIUIMTYABI TOKA; HHTEPBAJI BPEMECHU
T¢ (puc. 3.2) Ha3BIBAETCS UIMTENBHOCTBIO (PPOHTA.

IMocne mocTikeHHsT AMIUIATYIBI UMITYJIC TOKa MOJHHH OTHOCH-
TEJIbHO MEUICHHO CMAaJIacT K HyJIeBOMY ypOBHIO. JIMHY BOJIHBI, WK JJTH-
TEJNIbHOCTh MMITYJIbCA TOKAa MOJIHMM HPUHSATO OLCHUBATH BPEMEHEM I10JTY-
crana T, (cM. puc. 3.2), T. €. UHTEPBAJIOM BPEMEHH OT YCJIOBHOTO HMITYJIb-
ca JI0 TOr0 MOMEHTA, KOTJa MPOUIC/Ias 4epe3 MaKCUMyM KpUBas HM-
MyJIbCca CHU3UTCS JI0 3HAYCHHS TOKA, PABHOTO MOJIOBHHE aMIUTUATYIbI.
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Bcnen 3a mepBbIM UMITYJIBCOM TOKA MOJTHHMHM MOTYT IOCIIEI0BaTh MO-
BTOpPHBIE MMIYJBCHL. B NMpHONMKEHHBIX pacdeTax HCIONB3YIOTCS YCpel-
HeHHbIe pactpeaeneHus I, u I, 6e3 yuera ux pa3nuuus pu IepBOM H I0-
CIIEAYIOMINX UMITyJIbcaX. B 3TOM cilydae CTaTHCTHYECKHE PaclpereeHuUs
MOYHO aIlIPOKCHMHUPOBATh IKCIIOHEHIINATBHBIMU (DYHKIIUSIMH BUAA

P(I,) = exp(—0,041,),P(I,) = exp(—0,08I),) (3.1)
rae P(I,) u P(I)) — BEPOATHOCTU TOTO, YTO aMILIATyAa (MM KPyTU3HA)
IpU OJTHOM yZape MOJIHHM NPEBBICUT 3aJaHHOE 3HaYeHHEe. MexXay amInin-
TyAOH U KPYTHU3HOM TOKa MOJIHMU HaOmonaeTcs ciadasi MOJO0XKHUTETbHas
KOPPEISIIIMOHHAS CBSI3b, T. €. OOJNBIINM aMIDTUTYJaM TOKAa COOTBETCTBYIOT
u Oonpmme KpyTU3HBI, M Hao00poT. OMHAKO WMEIOIIUXCS B HACTOSIIEE
BpeMsl IaHHBIX HEJOCTATOYHO JJIS MTOJTyYeHHs Ha/IeKHON KOJIMYECTBEHHON
OILICHKH JTOW CBSI3U. BBUy OTHOCHTEIBHO CIIa00N CTaTUCTHUUECKOH CBSI3U
Mexay I, u I, B pacueTax 4acTo MoJjaratoT aMIUTUTYIy ¥ KPYTH3HY TOKa
MOJTHHH CTaTUCTUYECKU HE3aBUCHMBIMH CITyJailHBIMU BEIIMIHHAMH.

Jlnuna GpoHTa Ty M ATMHA BOJNHBI T, TPO30BOTO Pa3psiia SBIAKOTCS
CIlyJallHBIMH BEJMYMHAMH, MPUYEM HX CTATUCTUYCCKUE pacIpelesICHUs
TaKKe CYIIECTBEHHO Pa3IMYyaroTcs NP MEPBOM U MOBTOPHBIX pazpsiiax.
[lepBbie pa3psaabl XapaKTePU3YIOTCS OTHOCUTENBHO OOJNBLIMMH JTMHAMU
(¢poHTa U OOJBIINMH [UIMHAMHA BOJIHBI TI0 CPaBHEHHIO C TIOBTOPHBIMU Pa3-
psmaMu.

JivHa ¢poHTa UTsl IEpBOro paspsiia MOJHUHU KOJIeOJIeTCsl B Mpee-
nax 2—-10 Mkc mpu cpenHeil BenuuuHe 5 MKC. JlJisi MOBTOPHBIX Pa3psIoB
OHa CYIIECTBEHHO MEHbIIIe — B cpeaHeM 0,6 MKC.

JlnvHa BOJIHEI y IEPBOTO UMITYyJIbca MOIHUH cocTaBisieT 20—200 Mkc
MIPU CPeHEH BEMYMHE 75 MKC. Y TOBTOPHBIX Pa3psI0B OHU MPHOIH3U-
TEJbHO BJIBOE MEHbIIE: B cpeHeM 32 Mkc. OHOKpaTHBIE MOJTHUM HaOIIO-
natotcsi B 20 % ciaydaeB, a B OCTaJIbHBIX yJapax YMCIO pa3psioB MOJIHHUU
konebnercss ot 2 mo 10. B oTHenbHBIX Cioydasx OTMEYAUCh MOJHHUH C
YUCIIOM pa3psiaoB cBeime 20.

OO0m1as mpoIOIHKUTETFHOCTh MHOTOKPATHOTO pa3psga MOJHHHA MO-
JKET JOCTUTaTh OJHOW CEKYyHJbl, HO TaKue 3aTsDKHBIC YJapbl SBISIOTCS
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penkuM siBiaeHueM. bonblnas yacTe yapoB UMEET AIUTENBHOCT He Ooliee
0,3 c. UuTepBaiibl BpeMeHH MEXKIY IMOBTOPHBIMH Pa3psiaMHi U3MEHSFOTCS
B nipeenax ot 0,01 no 0,5 c, B cpennem onu cocrasisroT 0,06 c.

Jiis pacueToB nepeHanpsHKeHUH B 00bEKTaX, MOPaKEHHBIX MOJTHHUECH,
HEOOXOMMO IPUHSITH SKBUBAJICHTHYIO CXEMY 3aMEILICHUS KaHAJIa MOJHHUU
CO CTEKAIOIUM B OOBEKT TOKOM. DKBUBAJIEHTHOE CONPOTHUBIIEHUE MOJTHUU
3aBHCUT OT BEIMYUHBI TOKA

Z,=140(1 + 240/1,),
riae Z, BelpaxxkeHo B OMax, a [, — B kujoamiepax, npuiem 5 < [, < 300
KA.

Hamnbonee 0oOBEKTHBHBIM MOKa3aTeNeM HHTEHCHBHOCTH T'PO30BOI
JIeATETBHOCTH SIBJISETCS YHCIO YAAPOB MOTHHH HA 1 KM’ 3eMHOM MOBEpX-
HOCTH 32 OJJUH T'P030BOH ce30H. Eciy M3BECTHO YHCIIO TPO30BBIX YacOB B
roj, To 3a 1 Tpo30Boii yac B cpenneM npoucxoaut 0,06—0,1 ynapa momaun
Ha 1 KM 3eMHOH MOBEPXHOCTHU, a CPEIHsS MPOJODKUTENBHOCTh I'PO3bl B
TE€YEHHE IPO30BOr0 AHs cocTaBisgeT 1,5—2 rpo3oBbix yaca. IIpu sToM npu-
OIMKEHHO CPEIHEE YHCIO yAapoB Ha | kM’ B TeYEHHE TOa MOXKET OBITH
OLICHEHO 110 (hopMyJIe:

n = (0,06-0,1)T, wmm n = (0,09-0,15)T,, (3.2)
rae Ty u T — COOTBETCTBEHHO CPEIHETOM0OBOE YHCIIO IPO3OBBIX YaCOB U
JIHEH.
Yucno [TYM B HazeMHbIe 00BEKTHI MOXKHO OLEHHUTH 110 POpMyJIe
Npym = nS,,
rue Sp — pacyeTHas IUIONIalb TOM 3€MHOM MOBEPXHOCTH, C KOTOPOH yaa-
PBI MOJIHUH «CTATHBAIOTCS» Ha OOBEKT.

JInst OIMHOYHOTO COCPEAOTOUSHHOTO 00BEKTa BBICOTOH h cpemHero-
JIOBOE YHUCIIO MPSIMBIX yIapOB MOJHHUHA MOXET ObITh OLIEHEHO CIIEAYIOILUM
obOpa3zom:

Nnym = - nr, (3.3)
TIe Typ=(3-3,5)h — DKBUBAJICHTHBIA paauyC IUIOMIAIAH, C KOTOPOH pas-
PAABI «CTATHBAIOTCS Ha 00BEKT. JTa popMyia MpUOIN3UTEIHHO OMHUCHI-
BaeT HaONI0JaeMYI0 3aBHCHMOCTh YHCIIa TOPAKEHUH 00BEKTa MOTHHEH OT
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ero BeIcOTHI TpH A < 150 M. IIpu GonbImux BEICOTaX POCT YMCIIA OpaXKe-
HUH 00BEKTa OTPUIATEIBHBIMU HUCXOISIIUMH MOJHUSMH 3aMeUIIeTCs,
3aT0 OBICTPO YBEIMYUBACTCS YHCIIO MOPAKECHUA MOJHUSIMHE C BOCXOSIIH-
MU JTUIEPaMU, UMCIOIIUMH APYTHE XapAKTCPUCTHKH.

Jns OTKPBITBIX PacHpeleHTENbHBIX YCTPOWCTB BBICOKOBOJBTHBIX
MOJCTAHIIMA W JPYTUX HAa3eMHBIX OOBEKTOB pPACUETHOE YHUCIIO YIAapOB
MOJTHHH B TE€YCHHUE T'0Jla, B COOTBETCTBUU C PYKOBOIAIIMME YyKa3aHUSIMU
0 3aIlIUTe MIEKTPOCTaHIMK U noacTtaHiuii 3—750 kB oT npsiMbIX yaapos
MOJTHHH, BEIYHCIIIETCS 0 (hopMyIIe

Npym =nS, =n(l + 7h)(b + 7h) - 1078,
rjae h — BbICOTa MOJHUEOTBOJIOB (MM 00BEKTa, €CJM MOJHUEOTBOJBI OT-
CYTCTBYIOT); | ¥ b — JUIMHA ¥ IIMPUHA TEPPUTOPUH TIOJCTAHIIUH, M.

Jis MpOTSHKEHHBIX OOBEKTOB (JIMHHMA JIJIEKTPOIEpENavyn) MPUHATO
OIICHUBATh YJEIHHOE YHCIIO MPSMBIX yAapoB MOJHUHU Ha 100 KM IJTUHBI U
Ha 100 rpo3oBbix yacoB Npyy. Mcnone3yst dopmyny (3.2) u npuHumas
IIMPUHY MOJIOCHL, C KOTOPOH MOJHHUHU «CTSTUBAIOTCS» HA BO3BBILIAIONIHECS
4acTy JIMHUH, paBHOU 7h, (he, — CPE/HsA BBICOTA JIMHUH B METPax), Mo-
TyIUM

NI'I*YM = (4’ - 6)hcpl hcp = hon - 2/3f' (34)
rae h,; — BBICOTa MOJBECA TPOCOB MM BEPXHUX MPOBOAOB HA OIOpE, M;
f — ctpena mpoBeca, M.

Jlnst munuid ¢ Beicokumu oropamu (h > 30 M) MOXHO TPHMEHSTH
(hopMyiy, yUUTBIBAIOIIYIO 00Jiee OBICTPOE MO CPABHEHHUIO C JIMHEWHOU 3a-
BHCUMOCTBIO YBEIUYCHHE YHCIIA YAaPOB MOJHUU C POCTOM BBICOTHI JINHHUU
h

cp
2

* th
N[‘[yM = Sth + % + b, (35)

rae b — paccrosHEE MEXITy TPOCaMHU WU BepXHUMH (ha3HBIMHU MPOBOJA-
MU (TIPY OTCYTCTBUHU TPOCOB), M.
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3.2. HIEPEHAIIPA’)KEHUSA ITPU MATHUTHBIX BYPAX U
ITPU AJEPHBIX B3PBIBAX

ConHue, Hapany ¢ WHGpPaKpacHbIM (TEIUIOBBIM), CBETOBBIM U YIbT-
pagHONeTOBBIM H3Ty4Y€HHEM, OCOOEHHO B TOJABI «AKTHBHOTO» COJIHIA
NpUOTU3UTEIHHO ONUHHAIATHIICTHETO [IEPHUO0/IA, BEIOPACHIBAET OIPOMHOE
KOJIMYECTBO OJIEKTPOHOB, IIPOTOHOB, HEUTPOHOB U  anb(a-yacTHIl.
[Tponeras MumMo 3eMHOTO Iapa M B3aUMOJEHCTBYSI C MarHUTHBIM IOJEM
Bpaljaromieics 3eMid, OHM HHAYKTUPYIOT B 3€MHOH IOBEPXHOCTU
ANEKTPOABIKYIINE CHJIBbI, MEJUICHHO MEHSIOLINECS BO BPEMEHH (TOpsaKa
cekyHn u Ooisee). Bemmumna DOJC naxe B nepuoabl Haubosee
WHTEHCUBHBIX 3JICKTPOMAarHUTHBIX Oyph KOJEOJIeTCS OT JONICH MO eNUHHUIL
BOJBT Ha KWIOMETP M B CEBEPHOM IIOJYIIAPUM OPHEHTHPOBAaHA Ha
MEpHIHOHAIBEHOE HalpaBJIeHHE.

B mpoTsS)KeHHBIX JIMHHUSAX JJIEKTPOIepenad BO3HUKAIOT MEIJICHHO
MEHSIOIUECS yPaBHUTEIbHBIE TOKU, KOTOPHIE MOTYT AOCTHUIaTh JECATKOB
U Jaxe coTeH ammep. [Iporekas yepe3 oOMOTKH TpaHCHOPMATOPOB, OHU
BBI3BIBAIOT HACHIIICHHE MarHUTOIPOBOJOB M MHOTOKPaTHOE YBEIHYCHHUE
TOKa HaMarHu4uBaHus. Kpome Toro, BBIXO/] Ha HEMHEWHBINA Y4aCTOK KpHU-
BOI HAMAarHUYMBAHUS TpaHC(HOpPMATOpa COIPOBOKIACTCS IIPOTEKAHUEM T10
JIUHNHU, KPOME BBIIIEYKa3aHHOTO YPaBHUTEIHHOTO TOKA HYJIEBOH mocieno-
BaTEJbHOCTH, TAK)KE€ M TOKOB YETHBIX W HEUETHBIX T'aPMOHMYECKHUX. DTO
MOXXET BBI3BaTh JIOKHBIEC OTKIIIOUCHHS JaTbHUX JIMHUN AJIEKTpOIepenadn
BCJICAICTBUE HEBEPHOH pabOThI PeJIeHHON 3alIUThI, POCT MEPETOKA MOIIHO-
CTH IO TTapaJUICNbHBIM JTHHUSAM U HX HEePEerpy3Ky C MOCIEAYIOINUM OTKIIO-
YEHUEM, T.€. CHCTEMHYIO aBapHIO, COIPOBOXKIAIOIIYIOCS HapyIICHHEM
AJIEKTPOCHAOKEHUSI OTpeOuTeNIeil Ha OONBIION TEPPUTOPUHN U OOJIBLINM
yuep6oM. OTu 00CTOsTENbCTBA HEOOXOAUMO YUUTHIBATh MPU pa3paboTKe
peTeiHOM 3alUThI TaJbHUX JIEKTpOoTIepeay.

DJEeKTPOMAarHUTHBIA UMITYJIEC SAEPHOTO B3pHIBAa BO3HUKACT 32 CUET
3NIEKTPOHOB, PA3NETAIOUIMXCS C OONBIIMMHU CKOPOCTSMH OT MECTa B3pbIBa,
U UX B3aMMOJICHCTBHUS C 3JICKTPOMArHUTHBIM IT0JIEM 3eMJIH.
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[Ipu KOCMHYECKOM SIEPHOM B3pbIBE ramMMma-u3iyuyeHHe OecTpernsT-
CTBEHHO PaclpOCTPAHSIETCS B pa3HbIC CTOPOHBI, JOCTUTACT BEPXHUX CIIOCB
aTMoc(hepbl Ha OOJIBIIIOM MPOCTPAHCTBE HAJl MOBEPXHOCTHIO 3eMJIM M HO-
HU3UPYET HEUTpallbHBIC MOJIEKYJIbl. BO3HHKaromuMe pu 3TOM CBOOOHBIE
9JIEKTPOHBI JIETAT C OOJBIIMMHU
CKOPOCTSIMH U, B3aUMOJEHCTBYS C
MarHuTHBIM ITOJeM 3eMIIH, COo3/a-
OT HMITYJIbCHOE JJIEKTPOMArHHT-
HOE TI0JIE BBICOKOM HaIPsKEHHO-
CTH C BecbMa KPYTHIM (PpOHTOM
(mecATKM HAHOCEKYH]) U JJTUTEIb-

HOCTBIO, JIOCTHTAIONIEH JIeCSATKOB

MUKPOCEKYHI.
B cnyuae nHasemuoro sgep- Puc. 3.3. Toku npu BOSHHKHOBEHHH
HOTO B3phbIBa (puc. 3.3) obpasyror- HA3EMHOT0 ANCPHOTO B3PLIBA

Csl IUIOJIM 3apsiIoB +0 U —€ U CUCTEMA TOKOB I, 3aMBIKAIOIUXCS YaCTHY-
HO KakK TOKH IPOBOJUMOCTH (B 3e€MJie), TOKH CMEIIeHUs I, (B BO3IyXe) U
TOKHU KOH(EKIHH [, (B 00JIaCTH paziera 3JIEKTPOHOB).

Bosznukaromue Ha nepuepun sIepHOTO B3phIBa H30BITOUHBIC AJICK-
TPOHBI CO3AI0T BHICOKHE HAIMPSDKECHHOCTH SJIEKTPHUYECKOTO OIS H MOTYT
MPUBECTH K 00pa3oBaHUIO pa3psnoB B 3emimto (P), momoOHBIX MOIHHU.
DNeKTpOMarHuTHbIE MMITYJIbChI Ha3€MHOTO B3pbIBa MOTYT HMETh BechMa
3HAYUTENbHYI0 MHTEHCUBHOCTb M JJIUTEIBHOCTh, JOCTUTAIOLIYIO J0Jel
CEeKYH/IBL.

Konmponwvnste onpocui

1. [To kakUM MPUYMHAM BO3HHKAIOT BHEITHUE MTEPEHAIIPSKEHUS ?

2. Yro Takoe JIuHEeHHast MOJIHUSA?

3. Yro Takoe mapoBasi MOJHHS?

4. KakoBbI HeraTUBHBIC MPOSBICHHUS YIAPOB MOJHUHM HAa Ha3eMHBIC
00BEKTHI?

5. OObsicHUTE (U3NYECKHE IMPOILECChl MPH BO3HUKHOBEHUH OJIEK-
TPOMAarHUTHBIX UMITYJIbCOB.
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4. BHYTPEHHUME INIEPEHAIIPSKEHUSA

BHYTpeHHI/Ie MNEPCHANPsOKCHUA B 3aBUCUMOCTU OT IJIUTCIIBHOCTU
BO3JICMCTBUS HA U3OJISALUIO noaApasACIAOTCA Ha CTAHMOHAPHBIC, KBAa3UCTa-
IMUOHAPHBIC © KOMMYTAallTUOHHBIC.

4.1. CTAIMOHAPHBIE 1 KBABUCTAIIMOHAPHBIE
NEPEHANIPAKEHUA

Ion cmayuonapneimu nepenanpasicenuamu cieryer NOHUMATh
JUTUTETIbHBIC TIOBBILICHUS HAMPSDKEHHS, TPEBHIIAOIINEe HAHOOIbIIHe (a3-
HbIE€ HAaIIPSKEHUS CETH.

CranuoHapHble IEpEHANPsHKEHUsT MOTYT CYLIECTBOBAaTh B pa3HBIX
pexumMax pabOThl CETH U MOJACPKHUBATHCA B CIy4ae HEOOXOAUMOCTH IS
obOecnieueHusi TpeOyeMbIX YPOBHEH HaNpsDKEHHs] B JIPYTHX TOYKax IMpHU
MaKCUMaJIbHOW WJIM MUHUMAaIbHOW Harpy3ke. OHH MOTYT IJUTENHHO Ha-
Omomatecs y moTpebuTeneil B pexkuMe MUHHMANIBHOW HAarpy3KH IpH He-
JIOCTaTOYHOM MPOIYCKHOW CIIOCOOHOCTH CETH, @ Ha CTOPOHE MUTaHHs — B
pexuMe nepeaud MaKCUMalIbHOM MOIIHOCTH.

Kesaszucmayuonapusie nepenanpaxcenus BOZHUKAIOT NpU HeOnaro-
MPUATHBIX COYETAHMUAX MapaMEeTpOB CETU U MPOJOJDKAIOTCS 0 TeX IOop,
II0Ka TaKue COYETaHMs CYLIECTBYIOT. B caMoMm peine, AIUTENBHOCTD 3TUX
MepeHanpspkeHni (CeKyHaa — AECATKH MUHYT) OTPaHHYMBACTCS BpeMe-
HEM JIeUCTBUS peNieiiHON 3alUThl WK ONlepaTUBHBIM nepcoHaioMm. Hanbo-
Jiee YaCTO OHU BO3HHMKAIOT B HECUMMETPHUYHBIX PEKHUMAX: IPU OJHO(A3-
HBIX WIN ABYX(pa3HBIX KOPOTKUX 3aMBIKaHUAX Ha 3eMJIIO, pa3dpoce aeicT-
BHS WK OTKa3e (a3 BeIKIIOYaTeNs. {1 HEKOTOPBIX BUAOB AIIEKTPOOOOPY-
nosanus 110 kB u Belme (HoMHHanbHOE HanpsbkeHue cereit 110 kB u BeI-
1€ COOTBETCTBYET KJIACCy HampsbKeHHs) yctaHoBieHsl [17,18] momyctu-
Mbl€ YPOBHU CTAl[MOHApHBIX U KBA3UCTALlMOHAPHBIX MEPEHAIPSDKEHUN B
3aBUCHUMOCTH OT HMX JIMTENbHOCTH (Tabs. 4.1). KBasucramuonapHhsie mnepe-
HaTPsDKEHHsT JeNIAT Ha PEXUMHBIE, PE30HAaHCHBbIE W (heppOope3OHaHCHEIE
(puc. 4.1).
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Tabnuna 4.1
JonycTiMasi KpaTHOCTD NepeHANPSKEHNH B 3aBHCHUMOCTH
OT UX JJHUTeIbHOCTH

I[OHyCTI/IMaH KPAaTHOCTH IMOBBIMICHU A

Bun o6opynoBanus HaNpsDKEHUS TP JUTUTETBHOCTH

1c |20c |10 mun. |20 MuH.|60 MUH.

CunoBsle TpaHcopMaTopel W aBTO-
tpancdopmaTopsl 330 u 500 kB 20 | 1,3 1,2 1,15 1,1

[ynatupytromue peaktops! S00 kB 20 |14 | 1,25 1,2 1,15

TpanchopmaTopsl Hampsbkenust aek- | 2,1 | 1,6 | 1,35 1,3 1,25

TPOMArHuTHBIC

TpanchopmMaTopsl TOKa, KOHACHCATOPHI
CBSI3M, BBOJIbI U JAPYTHUE aIMapaTsl 21 |17 | 1,55 1,45 1,35

Henunelinple oOrpaHuuuTeNd IEpeHa-
npspkennit 110-750 kB* 16 | 15 - 1,3 -

Mpumeuanne. s OITH-500 u OIIH-750 npu Bpemenu He 6onee 0,15 ¢ nomyckaercst
TaKXe KpaTHOCTb 1,7.

Pesxrcumnvie nepenanpsayicenus HaONIOTAIOTCS TpU HEOIArOnpuUsIT-
HBIX COYETAHUSX JSHCTBYIOIIUX B CETH DIEKTPOABMKYLIMX CHil. Tak, Ha-
HpUMep, K Pe)KUMHBIM MO>KHO OTHECTH TIepEHAINpsKeHHsl, IeHCTBYOLINE B
TEUeHHe BPEMEHU 3aMbIKAHHS Ha 3€MITIO B CETH C M30JIMPOBAHHOW HEHTpa-
JbIO, @ TAaKXKE TIEPCHAIPSHKCHUS TIPU BO30YKIICHUU U pa3roHE TeHeparopa,
KOTOpBIE BO3HUKAIOT B CIIy4ae BHE3AIMHOr0 cOpoca Harpy3KH.

[pu MOIKIIOYEHHH K CETH HOBBIX MJIM BBILICALIMX U3 PEMOHTA CH-
JIOBBIX TPAHC(HOPMATOPOB B OTICIBHBIX CIIydasx IO BHHE MEPCOHANIA BO3-
MO>KHA OIMO0YHAs (ha3upOBKa.

KparkoBpeMeHHOE MOBBINICHHE HAMPSDKCHUSI B CETH HAOIIIOAaeTCs
IPU 6HE3ARHOM COpOCe HAZPY3KU, YTO CBSI3aHO C YMEHBIICHUEM IaJICHUS
HANpsDKCHUS HA JIMHUA W WHEPIHOHHOCTBIO PETYISTOPOB BO30Y)KICHHUS
CHHXPOHHBIX KOMIICHCATOPOB W TE€HEPATOPOB. DTH MOBHIMICHHUS OOBIYHO
0€30IaCHBI ISl H30JIALUH.
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Ilepenanpaxenuda npH omHbodHOH

DazupoEKe TpaHCHOPMATOPOE
Tlepenanpaxenua Ipy HeCHMMETpHY
HEY KOPOTKHE 3aMEKAHHAX Ha THHHH

epEHANPITKEHEA IPpH cOPoCce HarpysKy
i NepeEozbyEIEHHE TEHEPATOPOE

NEpEeHAIpAXEHHA

Pexnmune

Ile CHaOpAXEHHA OT EMEOCTHOTO
EKTa QIHHHOH JHHHH

[lepeHanpAKeHHA IPH Pe3oHAHCHOM
CMENEHHE HeHTpany

HHH&MH'—IECKHB NepcHAIPAKEHHA BCICET
CTEHE PE20HAHCA HA BEICIIHYE TapMOHE-
Kax

PesonancHEE
MepEHANPAX EHHA

DeppopesoHaHC Ha NPpoMEUITEHHOH
TACTOTE

| KBaBHCTaHHOHaprIE HEpEHal‘[pH)KEHHH|

$eppopesoHaHC Ha BEICIIHE
rapMoHHKAX

DeppopesoHaHC Ha HHILIHE
rapMoHHKaK

TeppopezoHaHCHEE
NepEHANPAXEEHA

Puc. 4.1. Knaccuukanus KBa3uCTaIlMOHAPHBIX TIepeHANPsHKSHAH

K pexuMHBIM OTHOCSATCS TaKkKe MEpPEeHANPsDKEHUs [PU HecuMMent-
PUYHBIX KOPOMKUX 3AMbIKAHUAX HA 3eMIII0.

Pezonancusle nepenanpayicenus UMEIOT MECTO NPU MPUOIIKEHUN
OJIHOM W3 YacTOT COOCTBEHHBIX KOJIEOAHUN OTAENBHBIX YYaCTKOB CETH K
yactoTe BbIHYKAeHHOH DJIC Hanmpumep, JuHUS 31eKTponepenaydu, moj-
KIIfoueHHast K uctouHuky JJIC, umeer psix coOCTBeHHBIX KoneOanwmid. [Tpu
NPUOIKEHUH KaKOK-TMO0 U3 3THX 4acTOT K YactoTe ucrounuka DJIC Ha-
MpsDKEHUE Ha JJMHUU TTOJTHUMAETCS BCIIEICTBUE «EMKOCTHOTO A deKTan.

B HenoiHO(A3HBIX peKUMAaxX JUHUU C MPUCOCAUHEHHBIM K HEH pe-
aKTOPOM HJTH TPaHC(HOPMATOPOM C 3a3€MIICHHOW HEHTPAJIbI0 pe30HAHCHBII
KOHTYp MOXeT 00pa3oBaTh eMKOCTh MEXKAY (a3aMu JHHUHU C HHIYKTHBHO-
CTBIO PEaKTOpa WM TpaHCHopMaTopa.

[Ipy HECUMMETPUYHBIX KOPOTKHUX 3aMBIKaHUSX Ha JIMHUU T€HEpaTop
0e3 memmdepHbIXx 00MOTOK co3maeT 3HauuTenbHbie DJIC BRICIIHX TapMo-
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HUK. OHM MOTYyT BO30OYyAMTH IMHAMUYECKHE TEPEHANPSHKEHUS B CETH
BCJIEJICTBUE PE30HAHCA HA OHOW M3 ITHX TapMOHUK.

Deppope3onancHvle nepeHanpaiceHus MOTYT Pa3BUBAaThCS B KOH-
Typax, COAEp)KaIUX €MKOCTh U HHAYKTUBHOCTh C HACBHIIIEHHBIM MarHUTO-
POBOJIOM (TpaHcOpMAaTOp, INEKTpUIECKast MaIlIHA, PEaKTOp), Ha YacTo-
Te 50 ['1, Ha BBICIIMX M HM3ILUX FapMOHHKaX. B HecuMMeTpu4HOH cxeme
(uHemonmHO(a3HBIN pexuM, 0OPBIB MPOBOIIA) (heppope3oHanc Ha nPombli-
JIEHHOIl Yacmome MOXXET BOZHUKHYTh B KOHTYpe U3 IOCIEIOBATEIBHO CO-
€IMHEHHBIX TPaHC()OPMATOpa ¢ HACHIIIEHHBIM MarHUTOIPOBOIOM U €MKO-
CTH MIPOBOJIOB.

Tox HaMarHMYMBaHUS HACBHIIIEHHOTO TpaHCc(hopMaTopa COAEPIKHUT
BEICIIIVIEC YETHBIC W HEUETHHIC TAPMOHUKH B MOMEHT BKIIOUCHUS W HEUYET-
HBIC TAPMOHHKH B YCTAHOBHBIIEMCS pexuMe. [Ipu Manbix Harpys3kax 3Td
TOKHA MOTYT BBI3BATh (heppope3oHanc Ha 6bICUIUX 2ADMOHUKAX B KOHTY-
pax ¢ COOTBETCTBYIOIIMMHU YaCTOTaAMU COOCTBEHHBIX KOJIEOaHHIA.

4.2. KOMMYTAIIMOHHBIE NEPEHAIIPAKEHUS

Kommymayuonnvie nepenanpsscenusn (puc.4.2) BO3ZHHKAIOT INPH
BCCBO3MOJKHBIX OBICTPBIX H3-

MEHEHHSIX PEXHUMOB palbOTHI

IlcpcHanpAXEHEA NPH BKIFOYCHEH
JTHHHH

CETH. Onu IIPpOUCXOAAT TlepeHaNpAREHEA IPH OTKIIOYEHEH ‘

JTHHHH

EpEHAIpAXEHHA IIpH BEIYEHHE
HHAYETHEHEH SMEMEHTCR

BCJICACTBHC pa6OTBI KOMMY-

TAaITMOHHBIX arraparoB

(BKIIIOYEHHE H OTKIIOYCHHE

Hepeuanpﬂme;{nﬂ OpH CTHIMCHUEHHH
HHOVKTHEHHE JEMEHTOE

3JIEMEHTOB CeTH), MpobosX

TleperanpaReHEA THH IVTOBHEY
3aMEKaHHAY Ha 3EMIC

H30JIAUHU (B TOM YHUCJIC NpHU

HEpEHaHpH}EEHHH IpH OTKIKOYEHHAE ‘

TMOBTOPHBIX 3aXUI'aHUAX Y- KOHJEHCATOPHHEK GaTapel

| KOMIVIYT&L[HOHHHC OCPpCHATIPAXCHEA

TH), a TaKKe [IPU PE3KOM H3-
): pHp Puc. 4.2. Knaccudukarust KOMMyTaIliOH-

MEHEHUHU TMapaMeTpPOB HEIU- HEIX IepeHATpkeHi
HEWHBIX 3JIEMEHTOB.

Ilepenanpsycenusn npu omkil0O4eHUU JTUHUI BO3HUKAIOT BCIEACT-
BHE TIEPEXOJIHOTO TMPOIIecca OT MPEANIECTBYIONIEr0 HOPMAIBHOTO HITH aBa-

PHIHOTO peXUMa K KBa3HUCTAIL[MOHAPHOMY PEXKHUMY OJHOCTOPOHHE BKIIFO-

57



YEHHOU JIMHUH, a TAKOKE TPU OTKIIOUEHHUH MOCIICHEH BBIKIIIOYATENIEM, J10-
ITyCKAIOUIMM MTOBTOPHBIE 3a)KUTaHUs AyTru. Kaknoe 3akuranue COmpoBOK-
JaeTcs KoeOaTenbHBIM IPOIIECCOM Iepe3apsiia eMKOCTH JIMHUH.

[epenanpspxeHns HaOIIOAAIOTCS ¥ HAa OBPEKACHHOU (hasze npu om-
Kl0ueHuu Kopomkozo 3amslkanusa B cetd. OnacHsle, HO CPaBHUTEIHHO
peIKHe MepeHANPsHKEHIsT BO3MOXKHBIL HPU PA3pbléax nepedauu, KOraa Jiu-
HUS OTKITIOYAETCS BO BPEMsl aCHHXPOHHOTO X0Jla SHeprocucteM. Hammdme
YCTPOHCTB MPOJOIBHON KOMIICHCAIIH MIPUBOAUT K TOTIOTHUTEIEHOMY TIO-
BBIIICHAIO TUX MIEPEHANPSIKESHHHN.

Ilepenanpsasicenus npu OmMKIIOYEHUU KOHOEHCAMOPHBLIX damapeil
MOSIBIISIFOTCSL BCJICAICTBUE TOBTOPHBIX 3)KUTAaHWH YT B BBIKIIOUATEIIC.
OHH aHAJOTWYHBI MEPEHANPsDKCHUAM, BO3HUKAIOMIUM IPH OTKIIOUYCHHU
JIMHUH.

Ilepenanpssicenua npu 6KIIOUEHUU UHOYKMUGHBIX ITNEMEHMOE
cemu (DJIEKTPUICCKUX MAIMH, HEHArpy)>KEHHBIX TpaHCc(hOpMaTOpOB, peakx-
TOPOB) BO3HUKAIOT BCIICACTBUE KOJICOATENBFHOTO 3apsiia eMKOCTEH 00MO-
TOK W JIPYTHX 3JIEMEHTOB (Hampumep, kabeneit). Pa30poc MOMEHTOB BKITIO-
YeHUs pa3HbIX (a3 W Haau4ype OOMOTKH, BKIIIOYEHHOU TPEyTOJIBHHUKOM,
CIIOCOOCTBYIOT YBEJIMUEHHUIO IEPCHANPSDIKCHUI BCIEACTBHE HEHYJIEBBIX
HAYaIbHBIX YCIOBHUU MPU BKIIIOYEHUH BTOPOU U TpeThei (as3.

Ilepenanpascenus npu OmMKIIOUEeHUU UHOYKMUGHBIX INEMEHMOG
cemu HaOIIOAIOTCS MPU OBICTPOM NPUHYIUTEIHHOM YMEHBIICHUN («00-
pBIBE») TOKA OYTH B BBIKIIOUATENe. DHEPTUsl MATHUTHOTO OISl HHAYKTHB-
HOCTH TIEPEXOJUT B SHEPTHIO JCKTPHUECKOTO MOJS €MKOCTH OTKJIIOUYCH-
HOW OOMOTKH. Bo3HMKarolme mpu 3TOM MNEPEHANMPSDKCHUS 3aBUCAT OT
MTHOBEHHOTO 3HAUEHUS W CKOPOCTH W3MEHEHHUS TOKa B BBIKIIOYATEIC B
MOMEHT €ro OOpHIBa, MapaMeTPOB CXEMBI U XapaKTEPUCTHKH HAMAarHUYH-
BaHMS UHIyKTUBHOTO HJIEMEHTA.

Ilepenanpsasicenua npu 0yz06vix 3AMbIKAHUAX HA 3eMI0 VMEIOT
MECTO BCJICACTBUE HEYCTOHYUBOIO rOpPEeHUs (TIOracaHus U MOBTOPHOTO 3a-
JKUTaHWs) AYTU ONHO(A3HOTO 3aMBIKaHHS Ha 3€MIIIO B CETSX C HU3OIHPO-
BaHHOW HeWTpaibio. Hanbompime nepeHanpsbkeHus OTMEYaroTCs Ha 3]10-
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POBBIX q)a3ax. HepeHar{pﬂmeHHﬂ 3aBUCAT OT MOMCHTOB IMIOBTOPHOT'O 3aXKU-
TaHW U IoracaHus OyTH.

Konmponwnsie onpocui
1. KakoBa ¢u3uueckas mpupoaa BO3HUKHOBCHUSI BHYTPEHHUX Tepe-
HanpsHKEeHU?
2. K xakoii rpynme OTHOCSATCS JyTOBBIE MTEPEHANPSKEHUS?
3. B kakumx IensX BO3HUKAIT (heppope3OHAHCHBIC MEpeHaIpsbKe-
HUs?
4. [IpuBenuTe MpUMeEpPbl PE30HAHCHBIX TepeHANPSKESHUN.

5. KBASUCTAIIMOHAPHBIE IEPEHAIIPAKEHU A

5.1. IEPEHAIIPSI’KEHUSA BCJIEACTBUE EMKOCTHOI'O
I®PEKTA JJUHUA DJIEKTPOIEPEIAY

KBazucraunoHapHble nepeHanpsKeHus peaKo JOCTUTaloT 3HaUYSHHH,
MIPUBOISIINX K MPOOOI0 M3OJSIHH, IOCKOIBKY YK€ TPH MPOSKTHPOBAHUU
CeTell ANEKTPOCHAOKEHHS CTPEMSTCSI HE JOMYCTHTH YCIOBHM, IPH KOTO-
PBIX BO3MOKHBI Takue cuTyaruu. OIHAKO C POCTOM BBIHY>KACHHOH CO-
CTaBJIAIOLIEH HAIPsDKEHUS MPOMOPLMOHAIFHO €l YBEIMYUBAIOTCS U BO3-
MOJKHBIE aMIUTUTYAbl KOMMYTAI[MOHHBIX MEPCHANPSIKCHUM, a TaKkKe 3a-
TpynHseTcs: paboTa 3amuTHBIX pa3psaaukoB U OITH. TTosTomy kBasucra-
[OUOHAPHBIC TIEPCHAIIPSDKCHUS COXPAHSIOT BYKHOE 3HAUCHUE TIPH PEIICHUN
BOMPOCOB KOOPAMHAIIUU H3OJISIHH.

KBazuctannoHapHsie NepeHanpspKeHUsT BO3HUKAIOT MPU BPEMEHHBIX
C TOYKH 3PCHUS IKCIUTyaTallud PEXHMax pabOTHI, HEOIArONpPUSITHBIX CO-
YeTaHMSIX IMapaMeTPOB CETH W MOTYT IMPOJOJDKATHCS O TeX IOp, MOKa He
U3MCHUTCSI CX€Ma M PEXHM CEeTH. [[IUTeTbHOCTh TaKMX IEpeHampsKe-
HUW — OT J0JIel CeKYHJIbI IO JECSTKOB MUHYT — OTpPaHUYUBAETCS JIEUCT-
BHEM pEIICHHO 3alUThl WM OIepaTUBHOTO mepcoHana. Haubonee gacto
OHHU TOSIBIISIIOTCS B HECHMMETPHYHBIX pPEXKHUMaX, MpU OAHO(DA3HBIX WA
nByxdaszabix K3 Ha 3emitro, pazdpoce IelcTBUS WK OTKa3e (a3 BBIKITIOYa-
TEJS.
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Puc. 5.1. IlpunnunuansHas (@) ¥ SKBUBaJICHTHAS
(6) cxeMsI ArIeKTpoIIepesayr M BEKTOPHBIC AHa-
TpaMMBbI TOKOB M HAaIPsDKEHUH B PeKHUME HOP-
MaJIbHOHM pa0oThI TMHUH (8) U OJHOCTOPOHHETO
nuranus (2)

HanpspbkeHust B pa3HbIX TOYKaX BAOJb JUHUM (puc. 5.1, @) u Ha mm-
HaX MHTAIOIICH MOJICTAHIMH MOTYT CYHNIECTBEHHO pa3iniathCs. B 0oib-
[IMHCTBE CIy4aeB Ha MPHEMHOM KOHIIE HANPSDKEHHE OKa3bIBACTCS HIIKE,
YeM Ha MUTAIIEM. B X0JIOCTOM pexuMe U IpH MaJiol Harpyske, Hao0o-
POT, BO3HHKAET MOABEM HANPSDKCHUS B KOHIE TMHUHU. KadecTBeHHYTO CTO-
poHy 3TOro 3ddekra pacCMOTPUM Ha MPHUMEPE CUMMETPHYHOTO pPEKUMA
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Tpex¢a3HOH MHOTOKpPAaTHO TpPAaHCIOHUpOBaHHOM mmuuu. Ha puc. 5.1, 6
JIMHUSA 3aMelIeHa SKBUBaJICHTHOH [I-cxeMoii.

Ecnu nnuna nmuann vHe npesbimaer 300-400 kM, 1 yTedka maia, TO
napametpsl R, L,, G, u C, c morpemHocThio He 6osiee 3% MOXHO ompee-
JIUTH 10 popMyJIam:

R, =R L,=X"l/w; G, = 0;C, = B*l/w,
rae X*, B*, R* — noroHHsle (Ha €IUHMILY JUIMHBI) HHIYKTHBHOE COTPO-
TUBJICHHE, EMKOCTHAsI IPOBOJAUMOCTh M aKTUBHOE COIPOTHUBIICHHE JIMHUH
MPYU MPOMBIIUICHHOW YacTOTE IUIi TOKOB IMPSMOM IOCIEIOBATEIEHOCTH.
Ha puc. 5.1, 6 0603Ha4eHbI Takxe: Ly U Ry — SKBUBAJICHTHBIE TTApAMETPBI
TeHepaTopa B Ha4ajle JINHUK; P — MOIIHOCTh HArpy3KH IPHUEMHOTO KOHIIA
muand, Uy u Uy — HanpspkeHre B Hayalle W B KOHIIE JIMHUH.

Ha puc. 5.1, 6 u 2 mpuBeeHB BEKTOPHBIC JHArpaMMBI TOKOB U Ha-
MPsDKEHUH B cXeMe, TIoKa3aHHOW Ha puc. 5.1, 6, mis 1ByX pekumMoB pabo-
ThI: TI€pe€aavdn 60J'[I)IHOI>1 MOIIHOCTH U OAHOCTOPOHHETO MHUTAHUA JIMHUU
(P = 0). B nepBom ciryyae (cm. puc. 5.1, 6) TOK Harpys3kH lyarp, HMEIOIIME
aKTHUBHO-WHIYKTUBHBIN XapakTep, CO3AaeT HAa MHAYKTUBHOCTAX Ly u Lj,
MaJICHUS] HAIPSDKCHUS, BCIICICTBHE YEr0 HampspkeHHe B KoHue JuHuH Uy
OKa3bIBacTCsl HIDKE, YeM B Havyane Uy, a HampspkeHHe B Hadaje JMHHU
Uy — menbme D/IC cuctemsl E. Bo BTOpoM ciydae (cM. puc. 5.1, 2) Tok
HArpy3KHU o, MMEIOIMI aKTUBHO-EMKOCTHBIN XapakTep, CO3/1aeT Ha WH-
IYKTUBHOCTSX Ly W Ly Takue majeHusl HANpPsDKEHUS, YTO HaNpsDKEHHE B
KoHIIe TuHUH Uy OKasbIBaeTcs 1o Moaysro Oonbiie Uy, a Uy — Gonbine E.
Takoe yBennueHHe HaNpsDKEHHsI Ha JHHUM MOXKHO paccMaTpUBaTh Kak
NpUOIDKEHHE K PE30HAHCHBIM YCIIOBHsAM. Uem Onmke HHU3IIAs 4acToTa
COOCTBEHHBIX KOJeOaHHii cxeMbl @' K yacToTe BhHy)Aatomieil DJIC, Tem
Oonpiie OyoeT MOBBIIATHCS HAMPSDKCHWE HA JIMHUH. DTO SIBICHHE HA3HI-
BalOT EMKOCTHBIM 3 dexTom mim 3pdexrom DeppanTy.

CxeMa OJJHOCTOPOHHETO MUTAHUS JIMHUH BO3HHKACT MPAKTHUYECKH B
NPOIIECCe KAXKIOTO €€ BKIIIOYCHHUS M OTKIIIOYCHUS, MOCKOJIBKY MOMEHTBI
KOMMYTAllMU BBIKITIOYATENICH Ha pa3HBIX KOHIAX JIMHUU HE COBHAIAIOT.
JmuTenbHOCTh PabOTHl IMHUK B PEKUME OJHOCTOPOHHETO IHTAHHS IPU
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OTIpe/ICTICHHBIX BKIIOYECHUAX U OTKIFOUYEHHUSX TI0 JaHHBIM OIBITA SKCILTya-
Tauuu gocruraer 20 MUHYT B CiIy4ae HEABTOMaTHUYECKOW CUHXPOHU3ALUH.
Bo Bpemst AIIB unu nipu Ipyrux aBTOMaTHYECKUX KOMMYTAIUSX JIMHUN
JUTUTETIBHOCTD 3TUX MHTEPBAIOB OOBIYHO 3HAUYHUTENIFHO MEHBIIE — TOPSI-
Ka CEKYHJIBI.

KonudecTBeHHast OICHKA NEpEHANpPsHKCHUN eMKocTHOro 3¢ddekra
HEHArpy>KeHHO! JIMHUU B CHMMETPUYIHOM PEKHME €€ pabOoThl MOXKET OBITh
MMOJIydeHa W3 PacCMOTPEHHS DKBHUBAJICHTHOW cxeMbl (cM. puc. 5.2). Ilu-
Tarolas cucTeMa 3e€ch 3aMelIeHa [0 METOly SKBUBAJIEHTHOI'O FeHepaTopa
uctounrkom DJIC E ¢ mocienoBaTeNbHO BKIIOYEHHBIM COMPOTHUBICHHEM

Benuunna E npuHu-
* MAeTCsl PAaBHOM HampsiKe-

=0 1Z5jpL+R Y‘=!<oC‘+G: =,

HHUIO Ha MIUTAIOIIMUX IHHAX,
KOorja JIMHUS OTKJIFOYEHA.
ConpotuBneHue Zy paBHO
BXOJTHOMY COIIPOTUBJIEHUIO
MUTAIOIIENH CUCTEMBI OTHO-
Puc. 5.2. DxBuBaneHTHas cxeMa JJIs aHAIN3a  cpTehbHO Hayaja JUMHUN. B

TIepeHaNpPsHKEHUH BCIISICTBUE EMKOCTHOTO KOHIIE JIMHHH BKIIOYEHO

SpdexTa IAEHOM MAHHH CONpPOTHUBIEHUE Zi, PABHOE

BXOJTHOMY COMPOTHUBJICHUIO TPUEMHOM CUCTEMbI OTHOCUTEIHHO KOHIIA JIU-
HUH. YCTAHOBUBIIMACS PEXKUM OIMUCHIBACTCS JIMHEHHBIMU AuddepeHiu-
QITBHBIMH YPaBHEHUSIMHU
—dU/dx =Z*1,—dl/dx =Y"U, (5.1)
rae U(x) u 1(X) — KOMIUIEKCHOE HanpsKeHUE U TOK B TOYKE X JIMHUU; Z
U Y — KOMIUIEKCHOE TIPOJOIBHOE CONMPOTHBIICHUE H TOTIEPEYHast TPOBO-
JUMOCTh Ha €IWHHILY [UTMHBI JIMHHH, ONpeAeseMble B CHMMETPUYHOM
pexuMe padoThI KaK apaMeTphl MPSAMON TOCIIeI0BATEILHOCTH.
CornacHoO OIBITY 3KCIUTyaTalldd SHEProCHUCTEM, IepeHaIpsHKEeHus,
BO3HHUKAIOIME HA OJJHOCTOPOHHE NMuTaeMbIX JuHUAX 110—750 kB Bcnencr-
BHE €MKOCTHOTO 3(dekra, BechbMa orpaHuueHbl. B yacTHOCTH, Ha TIUTATO-
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[IEM KOHIIC Pa3HBbIX KJIACCOB HAMpPSIKEHHUS OHHU, KaK MpPaBUJIO, HE MPEBBI-
IIaI0T 1,1U¢, a Ha pa3sOMKHYTOM — 1,25U¢. OTHOCHUTENHHO MAaJible I10-
BBIIICHUS HANIPSDKEHUS 00yCIIOBIICHBI HEOOIBINOHN JITMHON JIMHUHN, a TaKXKe
MIPUMEHEHUEM PSAa MEp 3allUThl OT TaKUX MEepeHaNpsDKEHHH (MCIIONb30-
BaHHE NIYHTHUPYIOIIUX PEAKTOPOB, MPOrPaMMHUPOBAHHAS MOCIIEAOBATEIb-
HOCTh KOMMYTAIIMH BEIKJIIOYATENICH Ha JTMHHUHU, IPUMEHEHUE 0HO(a3HOTO
ABTOMATHYECKOTO IMOBTOPHOTO BKIIOYCHHs JWHHH). CIemyeT OTMETUTH,
YTO HECMOTPSI Ha MAlyl0 BENMYMHY MEPEHANpPSDKEHUH, HE MPEICTaBIISIO-
IIMX HEMOCPEJACTBEHHOW OMACHOCTH U M3O0JISALUH, HEOOXOAMMO MPHHH-
MaTh BCE MEPHI M0 UX CHHUKEHMIO, TOCKOJIbKY 3TO 00YCJIOBIMBAET 3aMET-
HO€ YMEHBIICHHE KOMMYTAIIHOHHBIX MEPEHANPSDKEHUA PU BKIIOYCHUU U
OTKITIOUCHHH JIMHUH. B 3THX KOMMYTaIMsIX HAMPsDKEHNE, BOZHUKAIOIIEE Ha
JIMHUH BCIIEJICTBUE €MKOCTHOTO 3(deKTa, 4acTo MpeCTaBIsAeT COOOH Ha-
YalbHBIA WM YCTAHOBUBIIEHCS peKUM KOMMYTAIUH.

B OoTHenBbHBIX ciay4asx 3TH NEPEHANPSHKEHUS MOTYT IPEBBINIATH
1,25U4. D10 BO3HHMKAET, KaK IPABUIIO, IPH BBIXOJIE M3 CTPOS MJIM HApy-
HICHUH paboTHl 000OPYHOBAaHMS B ITyCKOBOM PEXHME DJICKTpOIIEpenadn, a
TaKKe CBA3aHO C OLIMOKaMM ONEpPaTHBHOIO IMepcoHana (HempaBWIIbHAsS
OUYePEeTHOCTh KOMMYTAIMK BBIKJIIOUATENIed Ha AJIEKTpoIepenavyax, OIIU-
00YHOE OTKIIIOYECHHE IIYHTHPYIOMIETO PEaKTopa mepen KOMMYTALUeH JH-
HUH U T. A.). JJMATENSHOCTh BO3IEHCTBUS TaKUX IEPEHANPSDKEHIH Ha U30-
JSIMIO OIPEAEISIETCS] BpEMEHEM paOOoThI peNieiiHOM 3aIUThl U U3MEHSACTCS
OT JIECATHIX JOJIEH CEKYHbI O €AUHUL] CEKYH/I.

[oBblIeHHE HANIPSDKCHUST HA JIMHHUH, CBA3aHHOE C €MKOCTHBIM 3(-
(eKTOM, BO3MOXKHO TaKKE B PEKUME Iepeladyd MaJOi MOIIHOCTH MpU
JIByCTOPOHHEM NHUTAHWUH JIMHUH. DTO MOBHIIICHHE OKA3bIBACTCS I OOIb-
mield 4acTH BCTPEYAIOMIMXCS CXEM HE3HAUWTENBHBIM H3-32 HEOOIBIION
JUIMHBI yyacTka JUHUU. OJHAKO B TEX Cly4asX, KOr/a JUHUS UMEeT 00b-
UIYIO JJIMHY WIM CBA3aHA C IIMHAMH MOACTAHIIMH OTpaHHYEHHONW MOIIHO-
CTH, TICpEHANpPsDKEHHUsS Ha HEH BCIIEACTBHE €MKOCTHOTO 3(deKra MOryT
JIOCTUTATh 3HAUMTENBHON BEeNHYUHEBL. [lpyn 3TOM Ui MPHHYIUTEIHHOTO
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CHIDKCHUS TIEPCHANIPSHKCHUN HCIOJB3YIOTCS, KaK U IPH OJHOCTOPOHHEM
MMUTaHUH JIMHUH, ITYHTHPYIOIINE PEaKTOPEI.

Ha nuHMsIX mepenaum WHOTZA BO3HUKAIOT HECUMMETPUYHEIC PEXKH-
MBI Pa0OTHI MpH OMHO(A3HBIX WIH ABYX(a3HBIX 3aMBIKaHUAX HA 3EMITIO.
Kpome TOro, BO3MOKHBI KPaTKOBPEMECHHBIE PEKUMBI PaOOTHI MO OJHON
WK ABYM (pa3aM JIMHUH B CIydae OTKa3a IBYX MU OTHOU (ha3bl BEIKIIIOYA-
TeJed WM HEOTHOBPEMEHHOCTH HX NeiicTBUs (pa3dpoc cpabareiBaHus (a3
BBIKJTIOUaTeneid). Takue pesknuMbl HOCAT Ha3BaHHUE HETOHO(a3HBIX (0IHO-
WM BYX(Da3HbIX).

OmnBIT 3KCIUTyaTaluy ceTei ¢ 3pQEKTUBHBIM 3a3eMJICHUEM HEUTpau
MOKAa3bIBACT, YTO mojaBistomias 4actb (91-94 %) KOPOTKHX 3aMbIKaHUI B
9THUX CETSIX ABJIFOTCS 0AHO(Ma3HbIMH, 4—6 % — nByX(a3HBIMH Ha 3€MITIO U
nByx(dazaeivmu, 2—3 % — Tpexda3HsiMu. BeposTHOCTh OTKa3a ojHOU (a-
3bl BeIKItouarenss 110-500 kB cocraBnser okono 3 %, a 0IHOBpEMEHHO
nByx (a3 — okoso 0,1 %. BoNBIIMHCTBO BO3AYLIHBIX BBIKIIOUATEICH B
IKCIUTyaTallid MMeeT pa3dpoc ¢a3 B mpenenax A0 UYETHIpeX IMEpUOIOB
MPOMBIIIJICHHOW 9aCTOTHI, @ MHOTOOOBbEMHBIE MacIsIHbIe — 110 15 mepuo-
JIOB.

[Ipn HeCHMMETPUYHBIX KOPOTKHMX 3aMBIKAHHSIX W HEMOIHO(A3HBIX
PEXUMax B PA3IMYHBIX TOYKAX CETH BO3ZHHKAET MOBBIIICHHE HAMPSHKCHUS
[0 CPABHEHUIO C pPabOTOW JTMHUU B CHMMETPHYHOM pexkuMe. OHO 3aBUCHT
OT COOTHOUICHHS COMPOTHUBICHHU ceTu mo mpsimoit (Z; = Ry + jX;), 00-
parHo#t (Z, = R, + jX,) u nyneeo#t (Z, = Ry + jX,) mocnenoBarenbHo-
CTSIM, BBIYHCIICHHBIX OTHOCHUTEIHHO TOUYKA HECUMMETPHHU.

IIpy OTKIIIOYEHMHM HECUMMETPUYHBIX KOPOTKHMX 3aMbIKaHUM H3-3a
HEOJTHOBPEMEHHOTO cpabaThIBaHHUs BBIKJIIOUATENICH IO KOHIAM JIMHUHU
BO3HHUKAIOT PEKUMBI OJJHOCTOPOHHETO MUTAHUS. B Takux pexuMax mpouc-
XOIHT HAJIOKCHUE HAINPSDKEHHS, BHI3BAHHOTO HECHMMETPHEH CXEMBI, Ha
POCT HaNPSHKEHHSI BCIIEICTBUE €eMKOCTHOTO d(dekra.
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Puc. 5.3. Cxema nepenauu npu OJHOCTOPOHHEM IMUTAHUU B

nosiHo(asHoM (a), 1Byxpastom (6, 6) u ogHO(GA3HOM (2, 0)
pekuMax paboThI

[ToBpllIeHHE HANPSOKEHUS] HAa JMHUM H3-32 HECUMMETPUHM CHUCTEMBI
TaK)Ke MOYKET BO3HHMKATh, KaK Y)K€ OTMEUaJIOCh, M MPHU HEMOTHO(DA3HBIX
KOMMYTAalMsX BBIKIIOYATesIe. B aToM citydae Ha HeBKitouuBIIekcs (ase
MOSIBJIICTCSL  HANpsDKEHHE, OOYCIIOBICHHOE DJIEKTPOMArHUTHOW CBSI3BIO
Mexay (azamu. Eciy Ha TUHUHM OTCYTCTBYIOT CHJIOBBIE TPAaHC(OPMATOPHI
WIH IIYHTUPYIOIINE pPEaKTOPHI, HANpsDKCHHWE Ha HEBKIIOUUBIIEHCS (aze
OOBIYHO HE TIPEBHIIIACT HAMPSDKCHUS HA HEW B CHMMETPUYHOM PEKUME.
[Ipu ogHOCTOpOHHEM NMUTaHUM (BBIKIIOUaTenH B2 B cxeme puc. 5.3, a oT-
KJIFOYEHBI) N0 JIMHUM MPOTEKAeT MaJIblii M0 BETUYMHE TOK 3apsja JUHUU U
npeo0IIagaeT AEKTPUIECcKas CBsI3b MEXIy (a3zamu, KOTOpasi YUUTHIBACTCS
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BKIIIOYEHHEM B cXeMy MexknydasHbix emkocTedt Cyg (Ly — MHIyKTHB-
HOCTb [UTAOMIEH CUCTEMBI, Cy, — €MKOCTh (PasHbIX IPOBOJIOB HA 3EMIIIO).
Taxkast 3aMeHa JTMHUU COCPEAOTOUYCHHBIMH €MKOCTSIMH JTaeT BO3MOXXHOCTB
HaiTH NpUOIH3UTENFHOE 3HAUCHUE HATPSDKCHUS Ha HEBKIIIOUMBIIUXCS (a-
3ax 0e3 y4yera ero pacrnpeaeiaeHus BJIOJIb JUIMHbI TuHUH. CXeMma Mpu 3aras-
IBIBAaHUH BKITIOYEHUS OMHOU (a3sl A BeIKItodarens Bl (nByxdasHsiid pe-
JKUM paOOoTHI IMHUK) NpeacTaBlieHa Ha puc. 5.3, 6, nByx (B u C) da3 (pe-
JKUM OJTHO(A3HOTO BKJIFOYEHHUsSI) — Ha puc. 5.3, 2. COOTBETCTBYIOIIUE pac-
YETHBIE CXEMbI IIPUBEJICHBI HA pHC. 5.3, 8, 0.

Takum o00pa3oM, NPUOIMKEHHBIE OLIEHKM IOKAa3bIBAIOT, 4YTO Ha
HEBKJIFOUUBINUXCA (ha3ax MpU HEMONHO(A3HBIX KOMMYTAIMSX BBIKIOYA-
TeJed Ha JIMHUH U Ha «3J0POBBIX» (ha3axX MPH HECHMMETPHYHBIX KOPOTKHX
3aMBIKAHUSX TOSBILIIOTCS HANpPSDKEHHS, KOTOPBIE MOTYT CYIIECTBEHHO
MpeBbIIATh (ha3HOE HANPSHKEHUE JIMHUU.

KBazucranuoHapHsie MepeHanpsbKeHUs, BOSHUKAIOIINE HA OJJHOCTO-
POHHE MHUTAEMBIX JTUHUAX MPU HAJMYUU HECUMMETPUUYHOTO KOPOTKOTO 3a-
MBIKaHUS WM TPU HEMOJTHO(A3HBIX KOMMYTAIUSIX, MOTYT 3aMETHO IIpe-
BBILIATH HAIPSDKEHUS HA HUX [0 CPABHEHHUIO C CUMMETPUYHBIM PEKUMOM.
JnurenbHas aBTOMaTHUYECKask pETUCTpaLus epeHanpspkeHui Ha 11 nuHu-
sx 500 kB u 6 nunusax 220 kB mokasana, 4To npu COOMIOAEHUM MPaBUI
9KCIUTyaTallly TIOBBIIICHUE HATIPSHKEHUS Ha 30POBBIX (Dazax mpu HECHM-
METPUYHBIX KOPOTKMX 3aMBIKAHUSX HE MPEBOCXOAMT BeimuuHbl 1,1U.
CymiecTBeHHO 0O0Jblliee TOBBIIICHUE HANPSHKEHUH BO3ZHUKAET MPH HETOJI-
HO(a3HBIX KOMMyTalusAX. OO 3TOM CBUAETEIHCTBYET, HAIPUMEP, aBTOMa-
TUYECKasl PErucTpalusi BHYTPEHHUX MNepeHanpsokeHui Ha jguaun 220 kB
JHOM 390 kM ¢ TpaHchopmaTopoM MomHOCTEI0 30 MBA, moakioueH-
HbIM Ha pacctosiHuu 20 KM OT Haudaja JUHUM. MakcuManbHbIe MepeHa-
NPSDKEHUS, TOJIYYCHHBIC 32 BPEMsl PETUCTPALlMU, OTMEYCHBI MPU BKIIOYEC-
HUM OIHOHM (pa3bl, MPUUEM TOBBIMICHUE HAMPSDKCHUS MO0 CPABHEHHIO C €€
Tpex(ha3HBIMU BKITIOUCHHUSIMH JOCTHTAIO0 B HEKOTOPBIX CITydasX TPEXKpaT-
HBIX BEJTHYHH.
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D¢ dexTBHOI Mepoit 6OPHOBI C TAKUMH MEPEHANPSKEHUSIMU SBIIS-
eTCsl TIPEJOTBPAIeHHE HENOJHO(A3HBIX KOMMYTalMi. JTOMy CrocoOcCT-
BYET HCIOJIb30BaHUE Tpex(a3HbIX BHIKIIOUaTenel B cerax 3—35 kB, Tma-
TelbHas HAcTpOWKa M CBOEBPEMEHHas MNpPO(UIAKTHKA BBIKIIOUYaTeNeH,
0COOCHHO YIPaBIsieMBIX MO(ha3HO.

B cersix cBepXBBICOKOrO HampshkeHHs 3QQEeKTHBHOW Mepoil CHHXe-
HUSI TIEPEHANpPsDKEHUH HENOTHO(A3HBIX PEXUMOB SBISIETCS YCTAaHOBKA
«JIETBIPEXTYUEBBIX» PEAKTOPOB, T. €. TpeX(a3HBIX PEaKTOPOB, HEHUTpaib
KOTOPBIX IPUCOENUHSIETCS K 3€MJI€ HE HEMOCPEICTBEHHO, a Yepes3 J0MOoJ-
HHUTENBbHOE HHIYKTHBHO-EMKOCTHOE CONpOTUBIEHHE. MHIYKTUBHas co-
CTaBIISIOIIAS] 3TOTO «3EMJITHOIO» COINPOTUBJIECHUS MOAOUpaeTcs Tak, 4To-
ObI CKOMIIEHCHPOBATh EMKOCTh CETH I TOKa HyJIEBOH IOCIeI0BaTeIbHO-
CTH, a aKTHBHAs COCTABJIAIOIIAs IOMOIaeT MOTACUTh PE30OHAHC 3a CYET
CHIDKCHHUSI JOOPOTHOCTH KOHTYpa HYJIEBOM IOCIEAOBaTEIbHOCTU. Takue
PEaKTOpPhI IOMOTAIOT TAKXKE CHAThH C JIMHUU OCTATOYHBIN 3apsi Ipu ee OT-
wiroueHnu B pexume ATIB.

5.2. PE3OHAHCHOE CMEIIIEHUE HEUTPAJIA B CETSX
3-35 kB. ®PEPPOPE3OHAHCHBIE NIEPEHATIPAKEHUS

B cersx ¢ pe3oHaHCHO-3a3eMJIEHHON HEUTpasblo yCTaHOBKA JIyrora-
CAIIMX PEaKTOPOB Ja€T BO3MOXKHOCTb CYIIECTBEHHO YMEHBLIUTh TOK B
MecTe 3aMBIKaHUs Ha 3eMIII0. BeneacTBue 3Toro ayra racHer, U padboTa ce-
TH BOCCTAHABIHMBACTCS 0€3 OTKIIIOUEHHS M HApYLICHUS HOPMaJIbHOH pabo-
TBI moTpedutens. OIHAKO NMPH OTCYTCTBUU 3aMBIKAHUS Ha 3EMIIIO IOJ-
KIIIOYEHHE JYroracsilero peakropa MOXET BbI3BaTh PE30HAHCHOE CMeIlle-
HUE HEUTpaJH, YTO OOBIYHO COMPOBOMKAAETCS KBA3HCTAMOHAPHBIMH IIe-
PEHAIPSDKCHUSMH.

B cersax pasnumuHOrO Ha3HAYCHHS W PA3HBIX KJIACCOB HAIPSUKEHUS
MPAaKTHYECKU BCET/Ia €CTh JIEMEHTHI, cojiepkalie heppoMarHUTHBIE cep-
nedHukd. [losTomy B Jr000H cxeme MMeeTCsl MPUHIMIHUAIbHAS BO3MOXK-
HOCTh TOSIBJICHUS (EPPOPE30HAHCHBIX IPOIECCOB HA IMPOMBIIIICHHON
9acToTe, Ha BBICIINX WJIM HU3IINX TAPMOHHKAX. J[11 BOSHUKHOBEHUS ITUX
IPOIIECCOB HEOOXOIMMO HAJMUUE IBYX YCIOBHI: TOKH JOJDKHBI OBITH 10C-
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TATOYHBI JJIs IEPEX0/a KPUBBIX HAMarHMYMBAHUS 32 KOJICHO HACBIIICHUS,
a BXOIHOE CONPOTHUBIICHHE CETH, IMOAKIIOYEHHOH K 3aKUMaM OOMOTKH,
JOJDKHO UMETh €eMKOCTHBIM XapakTep. AKTUBHBIE COCTABIISFOIIIE BXOJHBIX
COIMPOTHUBIICHUN KaK MOJKIIOYCHHOH CeTH, TaK U caMOoi OOMOTKH AeMriu-
pyroT ¢eppope3oHaHCHbIe KosieOanus. [losToMy Hambosee OmacHBIMH B
OTHOIICHUU (epPOPE30HAHCHBIX MEPEHANIPSDKCHUHN SBIISIFOTCST PEKHMBI XO-
JIOCTOTO XOJ1a WM peoOIIagaHusl peaKTUBHOW HArpy3KH.

B cuMMmeTpuuHBIX Tpex(dazHBIX PeXUMaX CETH HUMEIOIIHECS B CXeMe
€MKOCTHBIE DJIEMEHTHI (yJacTKHM BO3AYIIHBIX W KaOeNbHBIX JHWHUH, OaTa-
per KOHIEHCATOPOB ISl yIyYIIEHHS COS¢@, COOCTBEHHAs BXOJHAs €M-
KOCTh OOMOTOK OTHOCHTEJIBHO 3eMJIM) OOBIYHO OKa3bIBAIOTCS 3aAIIyHTUPO-
BaHHBIMH HU3KOOMHBIM BXOJHBIM CONPOTHBIICHHEM IHTAIOIICH CETH, KO-
TOpOE BCErla MMEeT WHAYKTHBHBIA xapakrep. [1osToMy B HOpManbHBIX
pexxuMax (Geppope30HaHC MalIOBEPOATEH. boNbIne BO3MOXXHOCTH IS
pasBuTHs (eppope3oHaHCAa BO3HUKAIOT B HECHUMMETPHUYHBIX PEKUMAX,
0COOEHHO, MpU HEMOJHO(A3HBIX BKJIIOUEHHUSX Yy4acTKoB ceTd. Hauboree
4acTO BO3HHKAET (DEeppOPE30HAHC MPH HEMONHO(DA3HBIX PEKUMAX CETU C
M30JIUPOBAHHOW HEHUTpANIbIO, KOTJa €MKOCTh CETH OTHOCHUTEIBHO 3EMIIA
OKa3bIBACTCS COCIMHEHHON IOCIEIOBAaTEIbHO C OOMOTKAMH CHIIOBOTO
TpaHchopMaTopa WK IEKTPOMArHUTHOTO TpaHCPOpMaTOpa HANPSIKESHUSL.
[TosTOMy B nanmpHEWIIEM OTPaHUYUMCS PACCMOTPEHHEM TpeX Hambojee
YaCTBHIX CIy4YaeB BO3HUKHOBCHHS (hEeppPOPE30HAHCHBIX MEPEHANPSDKEHIH B
JNEKTPOIHEPTETUIECKUX CETAX: OJHO(A3HOTO BKIIOUEHHS yJacTKa JIMHUH
C XOJIOCTBIM TpaHc(HOPMATOPOM, HUMECIONIMM HE3a3eMIICHHYIO HEWUTpab,
NBYX(a3HOTO BKJIFOUCHHS TAKOH e JIMHHUH, & TAKXKE CIOXKHOH aBapuu B
CETH C M30JUPOBAHHOW HEHUTpasbio — pa3pbiBa OAHOHN (ha3bl C MaJcHUEM
00OpBaHHOTO TPOBOJA Ha 3eMJII0 CO CTOPOHBI MCTOYHWKA HuTaHuWs. Ha
puc. 5.4 mpuBeICHBl HCXOAHBIE CXEMBI AJIS pacueTa MepeHanpsDKEHUH B
9THX ciay4asx. MHAYKTUBHOCTh L y4dMTBIBaeT MpenBKIIOYEHHYIO MHIYK-
TUBHOCTb THUTAIONIEH CETH U UHYKTUBHOCTH JUHUH; eMKOCTH (g U Cyg
COOTBETCTBYIOT €MKOCTSIM (a3 CETH OTHOCHTENBHO 3eMIIM M MeXIydas-
HBIM EMKOCTSIM; aKTUBHBIC COIPOTHBICHUS R BBOAATCS I ydeTa Bcex
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BUJIOB aKTHUBHBIX TIOTEPh B cXxeMe (MOTeph B 3eMile, B MPOBOJAX JMHUHU, B
Menu ¥ B cTanu Tpancdopmaropa). Muayktusnoctd L, cooTBETCTBYIOT
IIYHTaM HaMarHU4uBaHus TpaHcopmaTtopoB. Ecmu B TpaHcdopmaTope
HUMEIOTCSI 0OMOTKH, COCAMHEHHBIE B TPEYTONBHUK, HEOOXOIMMO yIEeCTh UX
IIyHTHPYIOIIee IEHCTBHE B COOTBETCTBHHM CO CXEMOW, MPHUBEICHHOW Ha
puc. 5.5. AHaJIOTHYHO MOXXHO Yy4YeCThb W HArpy3Ky, NPUCOCTUHEHHYIO K
BTOPHYHOI 00MOTKe TpaHchopMaTopa.
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Puc. 5.4. BapuaHTsl cXxeM, B KOTOPBIX
BO3MOJKHO Pa3BUTHE (HePPOPE30HAHCHBIX
repeHanpsHKeHUN

OOBenuuss B mapawiens ABe (as3bl, KOTOPHIE HAXOIATCS B OUHAKO-
BBIX YCIIOBHSAX OTHOCHTENBHO TOuku HecumMmerpuu (¢passr B m C Ha
puc. 5.4, 6; daszsl B u A Ha puc. 5.4, a, 6), MOKHO BCE TPH CXEMBI CBECTH K
OJTHOMY M TOMY e Buay (puc.5.6) co 3HAUCHUSAMH MAPaMETPOB, MPHBE-
JEeHHBIMU B Tadi. 5.1.
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Tabnuna 5.1
PacuyeTHble 3HAYEHUSI TAPAMETPOB CXeMbI pHUc. 5.6

ITapametpst
Bun HecuMMETpUYHOTO pexuMa
G, | C; | E

Brurouena ToisKo oqHa (asa 20y |2Cy | E
BxuttoueHs! 1Be (hasbl 2CM¢ Cq, 0,5E
Opna (asza OTKIIFOYEHA U 3a3€MIICHA

¢ 2Cyy | Cp | LSE
CO CTOPOHBI HCTOYHUKA MTUTAHUS

LP1 Rr I"P2

Lp1 Ry Lpz
Ly | ur  [lz,
Lpl R; Lpz

Ly l (.’ ZH

Puc. 5.5. DxBuBaneHTHas cxeMa Tpex(a3HOro

TpaHcopmaropa ¢ BTOPUIHBIMH OOMOTKaMH,

BKJIIOYEHHBIMHU [0 CXEME TPEYrONbHUKA. Ly U
Ly, — MHIyKTUBHOCTH PACCEMBAHMS IEPBUHOM
U BTOPUYHOH 0OMOTOK; R, — COIpOTHBIICHHE,
y4YHTBIBaOLIEE OTepH B TpaHchopmaTope; L,
— HIyHThl HAMarHUYUBaHUS; Z} — COINPOTUB-

senue Harpy3ku; UT — uneanbHbie

TpaHchopMaTophbl
[Ipu srom BenuuuHa skxBuBaieHtHoit DJIC E, ompenensercs s

Han0oJsIee TSHKENBIX CIIy4aeB: B CXeMaxX, NPUBEICHHBIX Ha puc. 5.4, npen-
[OJIaraeTcs, YTO HEHTpaib CEeTH CO CTOPOHBI MHUTAHUS OCTAETCS IMOJ IO-
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TEHIMAJIOM, OJIM3KUM K HYJIIO, 32 c4eT OOJIbIINX 3Ha4YeHUH (pa3HBIX eMKO-
cteil murarouiero konua C,,. B cxeme, moka3zaHHoi Ha puc. 5.4, 6, HEl-
TpaJib MUTAIOLIEH CETH MPEANOIaraeTcsi U30JIUPOBAHHOM.

IIpu onpeneneHny napaMeTpoOB 3KBUBAJICHTHOM HEIMHEMHON UHIYK-
THBHOCTH Ly, B CX€M€, MOKa3aHHON Ha pUC. 5.6, yUUTBIBAETCS, YTO KpHUBas
HAMarHMYMBAHUS CHJIOBOTO TpaHc(opMmaropa, Kak U IpyTUe ero xapakre-
PHUCTHKH, TTOJTyYeHA B CHMMETPUYHOM TpeX(a3HOM peXUME.

HamMarHn4eHHOCTP MarHMTONpOBOJA TpaHchopmaropa B MOMEHT
MaKCUMyMa MarHUTHOTO ITOTOKa
ONpeleNseTcss NpPH 3TOM Clle-
IYIOIIMM paclpeleNeHueM Ha-
MarHM4YMBaIOUIMX TOKOB: aM-

IUIUTYA€ TOKa HaMarHMYWBaHUS
B MEPBOIi (pa3ze COOTBETCTBYIOT B

JIBa pada MCHbBIIMC MI'HOBCHHBIC

3HAYEHMs TOKOB B JpYruX (ha- Puc. 5.6. Ilpocreiimas KkBUBaEHTHAs

o CXE€Ma CETHU I pacueTa p€ppopeE30-
3ax, MnMpu4yeM, €CJIM TOK IICPBOU AP (b ppPop

(a3el TeUeT OT BBOJA K HEUTpa- HAHCHBIX TEpEHAPACHIHT
JIM, TO B JIBYX APYTUX OH HAMpaBieH OT HeWTpasu K BBoJaM. Bo Bcex pac-
CMaTPUBAEMbIX BapHUAaHTAaX CXEMbl Ha pUC. 5.5 UMEET MECTO aHaJOTHYHOE
pacnpe/ielieHre HAMarHHYMBAIOLIMX TOKOB MO (azam.

Ecnu cepneunuk TpaHcdopmaropa MMEET TPEXCTEPIKHEBYHO KOHCT-
PYKLHIO, TO MarHUTHBIA TOTOK HEepBOW (a3bl Bcerga paBeH CyMMeE Mar-
HUTHBIX MTOTOKOB JIBYX APYTHX (pa3, 00benuHsIeMbIX mapajuienabHo. [1oaTo-
My JUISl 9KBUBAJIEHTHOTO dJIEMEHTa Ly, CXeMBbI, MOKa3aHHOW Ha pwuC. 5.6,
KpUBasi HAMAarHMYMBAHUS B TEPBOM IMPHONMKEHUU OyIEeT UMETh TOT XKe
BUJI, YTO U Ui TpeXx(a3HOro TPeXCTEepKHEBOro TpaHc(HopMaTopa, TOIBKO
3HAUYEHHUS MOTOKOCLEIUICHHUS | BO3PACTYT B MOJITOPA pasa.

Jnst rpynmsl U3 Tpex OXHO(A3HBIX TPaHCPOPMATOPOB BEIUUUHY

CYMMApHOTO MOTOKOCHLCIIICHU 9KBUBAJICHTHOM HHAYKTHBHOCTHU Lua npu

KaX1OM 3Ha4YCHHU IM MOJXHO IOJYYUTH IMYTEM CYMMHUPOBAHUA 3HAYCHUA
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Y, COOTBETCTBYIONIETO 3a/laHHOMY [, Ha KpMBOW HAaMarHWYMBAaHHMS IS
CHMMETPHYHOTO PeXKUMa, CO 3Ha4eHueM 11 Toka 0,51 ;.
TparchopMaTopsl ¢ CepIeYHHKOM OpPOHEBOTO THMA OyIyT HMETh

KPpUBYIO HAMAaroHnivuBaHUs L 3aHUMAIOIYIO NPOMEKKYTOYHOC IMOJIOKCHNUE

!
MEXIY KPHUBBIMH [UIA TPEXCTEPKHEBOTO W UL TPYIIBl OJHO(pA3HBIX
TpanchopMaTopoB, MOCKOJIBKY MarHUTHBIC TIOTOKH (pa3 OpOHEBOTO TpaHC-
(opmaTopa YaCTUYHO 3aMBIKAIOTCS Yepe3 CTEPKHH cocemHux (asz, a gac-
THYHO — Yepe3 CTEP’KHHU, CBOOOHBIE OT OOMOTOK.

[Ipu sKCHEepUMEHTATHFHOM IIOCTPOCHHHM KpPWUBOW HAMarHWYHBAHUS
ompenesieMas Ui KaXI0TO 3HAYCHHS TOKA BEJIHYMHA MOTOKOCUCIUICHHS
ABTOMATUYECKU BKJIIOYACT B ceOs MOTOKOCIICIUICHHE PAaCcCEHBAHUS IEp-
BUYHOM OOMOTKH, ITO3TOMY JIOTIOJHUTENBEHOTO €r0 ydeTa B pacuere dep-
pope3oHaHca He TpeOyercs. MHIYKTUBHOCTh JHMHUU MOXET OBITh TaKkKe
MIPUCOEIMHEHA K HEIMHCHHON WHIYKTHBHOCTH IIYHTa HaMarHUYHUBaHHUS
TpaHcpopmaropa. KpuBas HaMarHn4uBaHusI TaKOH 00bETUHEHHON WHIYK-
TUBHOCTH MOXET OBITh IIOCTPOEHA MyTEM IpaIecKOr0 CIOXKCHHUS OpIH-
Har kpuBbix W(I,) Tpancpopmaropa u LI, = f(l,) MHIyKTUBHOCTH K-
HUH. B ciydae, xorma mapamiensHO IIYHTY HaMarHMYUBaHHS TPaHCPOp-
MaTopa IMPUCOSANHEHA APYras UHIYKTUBHOCT L, (HampuMmep, HHIYKTUB-
HOCTBh Harpy3KH WM YTPOCHHAsi HHIYKTHBHOCTh PACCEHUBAHUS BTOPUYIHOM
00OMOTKH, COCAMHEHHOH B TPEYTOJBHIK), SKBUBAJICHTHYIO HM KPUBYIO Ha-
MarHUYHUBaHUS MOKHO ITOCTPOHTH, CIIOKHUB Ha rpaduKe aOCIHCCH KPUBBIX
w(l,) u I,L,(1,). Torma B pacueTHON cXeMe OCTAeTCs JIMIb O/IHA UHIYyK-
TUBHOCTH SKBUBAJICHTHOW KPHBOI HaMarHHYHBaHUSI.

Ecmu MHOYKTHBHOCTH C HACBHIIIAIOUINMCS CEPIACYHHKOM SIBISIETCS
€IMHCTBEHHBIM HEIHHEHHBIM JIIEMEHTOM CXEMBI, TO aHalu3 Qeppope3o-
HaHCHBIX TMEpPEHaIpsHKEeHUN AJIT OJHOM TapMOHHYECKOW COCTaBIISIOIIECH
(HampuMep, IJIsI TOKA W HANPsDKEHUH MPOMBIIIICHHOW YacTOTHI) MOKHO
NPOBECTH, MPe0oOPa30BaB BHEIIHIOW M0 OTHONICHHUIO K 3aKUMaM HHIYK-
TUBHOCTH CXEMYy K IIOCIEJOBaTENbHOMY coenuHeHuio ucrounuka D/I1C,
COIIPOTHBJICHUSI © EMKOCTH, T. €. PACCMOTPEB 3TO SIBIICHHE B MPOCTEHIICH
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cxeMe KoyiebaTeapbHOro KOHTypa. Bropoii 3akoH Kupxroda maer mis mei-

CTBYIOIIHX 3HAYCHUH HCpBOfI TapMOHHKHU TOKA U HAIIPSDHKCHUA CIIEAYHOIICC

+JE2 = (IR)? =U, — U, (5.2)

npudeM 3aBucuMocts U; = f;(I) B onpeneneHHbIX MacTabax MoBTOPSET

COOTHOIICHHUC:

KpHBYIO HaMarHW4nBaHus, a yakuus Ugs = f,(I) wm3oOpaxkaercs npsamoin

nuauel (puc. 5.7).

U Ue

] € 7] NEEICESCE R P S = U

LIL_[ JC

- \\/\/E"—IR'
A\

_\:
|
8

\
/ 1
N /

#

4

Puc. 5.7. I'paduueckoe noctpoeHne HanpsHKEHUH 1
TOKa IpH eppope3oHaHce

Benuunna Toka |, ymosneTBopsitomas ypaBHeHuto (5.2), ompemens-
ercsi rpaguyeckd Kak aOcCIycca TOYKM IepecedeHuss KPUBOW pPa3HOCTH
Ucs(I) — U, (I) ¢ xpuBoit i\/Ez—i(IRU2 = f5(I). [ocnennsis mpecTaBis-
eT co0oil ammnc, nepecekaronyii ocu B Toukax ¢ koopauHatamu (E, 0);
(-E,0); (0,E/R) u (0,-E/R). llo HaiiieHHOMY TaKuM CIIOCOOOM 3Haye-
uuro Toka | Ha rpaduke (puc. 5.8) MOKHO ONPENETUTD TAKKE M BETUIUHBI
UcsuUy(D).
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Puc. 5.8. 3aBucUMOCTb HaNpsHKEHHST Ha MHIYKTHBHO-
cTu (IIpHU pa3HbIX 3HaYeHHsX R) 1 Ha eMKocTH (TpH
R=0) ot emxoctu cxembr C

ITocTpoenue, BBIONIHEHHOE HA puc. 5.7, maeT Tpu Touku (1, 2 u 3)
nepeceuenns kpuoi U = +./E? — (IR)? ¢ kpusoii U = U,- U. Cneno-
BaTENBHO, MPH 33/IaHHBIX IapaMeTpax CYIIECTBYIOT TPH Pa3IHYHBIX yCTa-
HOBHBIIXCS PEKUMA, YIOBIECTBOPSIOMUX 3akoHy Kuproga. Onux u3 HUX,
COOTBETCTBYIOIINI TOUYKE 2, SBISIETCS HEYCTOHYMBBIM, ITOCKOIBKY BOIH3U
Hee Majoe OTKJIOHEHHE ToKa Al B CTOpOHY yBeTHUEHHS WIH YMEHBIICHUS
BBI3bIBAa€T M3MEHEHHE CyMMbI MajeHui HamnpsbkeHus AU B mpOTHBOIIO-
JIO)KHYIO CTOPOHY, YTO NMPUBOJIUT K AaJbHEUIIEMY POCTY OTKJIOHEHHs Al.
JlBa qpyrux pexuma, COOTBETCTBYIOIUX Touke | (mpu Toke |;) u Touke 3
(pu Toke I3), ycroiumBel. Kakoit 3 HHX (paKTHIECKH HACTYIHT IOCIE
imrodeHust DJ[C E B KOHTYp, 3aBUCUT OT MPEAIIECTBYIOMIETO MEPEXO0THO-
ro Tporecca MpH BKIIOYEHHUH: ST YCTaHOBICHHS (HeppOpe30HAHCHOTO
pEeXUMa, COOTBETCTBYIOIIETO TOUKE 3, HE0OX0AUMO, YTOOBI XOTs OBI KpaT-
KOBPEMEHHO BeIMYMHA MAarHUTHOTO MOTOKAa MHAYKTHBHOCTH MpPEeB30ILIa
3HAa4eHHE, COOTBETCTBYIOIIEE AMIUIUTYIHOMY 3HAYCHHIO TOKa [,. Jlns
(heppope30HaHCHOTO PEXHMMa XapaKTepPHO MOBEHIMICHHOE 3HAYCHUE TOKa B
KoHTYype (I3 BMECTO I; B HOPMAILHOM, HEPE30HAHCHOM PEXUME), H3MEHE-
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HUE 3HAKa COMPOTUBIICHHS KOHTYpa Z,, (EMKOCTHOE MpH TOKE I3 BMECTO
WHIYKTHBHOTO IPH TOKE [;), @ TAK)Ke TOBBINICHHBIC 3HAYCHHUS HATIPSDKCHHS
Ha unayktusHoctd (U3) u emxoctu (Ugs). Kak BuaHo u3 puc. 5.8, Bo3-
MOYXHOCTb yCTaHOBJICHUS JTHOO TOJIBKO (heppOPE30HAHCHOTO PEXHUMA, JIH-
00 ¥ TOro, U JIPYroro 3aBUCHUT OT BEJIMUYUHBI IPUIIOKEHHOTO HAMPSHKEHUS
E u conporusnenus R. Ilpu manom compoTtuBieHud R HopMmamnbHBIA pe-
’KAUM BO3MOXKEH JIMIIb B CiIy4ae, Korja BeinnunHa npunoxxennoi J/[C E e
IIPEBBIIIAECT BENMUUHBI MakcuMyma kpuBodl U = U;-U;, B IpOTHUBHOM
ciydae HensOexeH Qeppope3oHaHCc. YBennuuBas R, a ciemoBarensHO,
mpuONIKas K Havyaly KOOPIMHATHBIX OCE TOUYKY IEepeceueHHs KpUBOU

VE? — (IR)?c ochro TOKa |, MOKHO TIPaKTHYECKH NPH TFOOOM 3HaUeHUH F

HUCKIIIOYHTH TIEpeceueHne 3Tou kpuBou ¢ kpuBour U;- U, 3a Toukoi ee
MaKkCUMyMa, T. €. TOJaBUTh (PeppOpe30HAHCHBIE SBJICHHUS; OJIHAKO, YeEM
Ooupmie BeanmurHA F, TeM OOJIbIIee COMPOTHBICHUE HEOOXOIIMMO BBECTH B
KOHTYp JJIs 3TOM LIeJH.

Ha puc. 5.7 noka3aHo BIHMsSHHE aKTUBHOTO COMPOTHBIEHHUS R Ha 3a-
Bucumocty Hanpspkenuit U; u U, ot BenmnuuHbl eMkoctu C. IHAEKCH co-
OTBETCTBYIOT pE&XHMaM: | — 10pe30HaHCHOMY, 2 — HEYCTOHYMBOMY,

3 — pesonancHomy. Ecnu 3Hauenust R HuKe KpUTHUECKOTO Ry, MpH KO-

Topom kpuBas /EZ — (IR)? Kkacaercsl HHCIAJAIOMIETO0 yYacTKa KPUBOWH
U,-U;, TO npu IUIaBHOM YBEJIMYEHUU €MKOCTH HarpspkeHue U; cHaudana
BO3pAcTaeT, 3aTeM pe3Ko yMeHbIaeTcs. [Ipu yMEHBIICHHH eMKOCTH TaKKe
HaOIoIaeTcs CKaYKo0OpasHoe n3MeHeHue U; B CTOPOHY OOJBIINX 3HaYe-
uui. Ecim R > Ry, ckaukoB B 3aBucumoctu Uy (C) He Habmomaercs, u
CTaHOBHUTCS BO3MOXKHBIM TOJIBKO OJTUH, YCTOUYUBBIN PEIKHM.

I'padmyeckuii crrocob omnpeseieHus] TOKOB M HANPSKSHUH B CXeMe C
HaCBIIAIOIIENCS MHAYKTUBHOCTbIO MOKHO PacIpOCTPAaHUTh Ha CXEMY, MO-
Ka3aHHYIO Ha puc. 5.6. HeoOxomumble Uit 3TOTO MOCTPOSHUSI 3aBUCHMO-
CTH TIOKa3aHbl Ha puc. 5.9, rae rpaduku Upq (1) ¥ Ucy (Ic,) — BoOnbTaM-
MIEPHBIC XapaKTEPUCTUKH eMKocTel C; u C,.
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BosbTamnepHyto XapaKkTepUCTUKY 3JIEMEHTa, MPEACTABIISIONIEro COo-
0oii mapawienbHoe coenuuenne C; U MHIYKTUBHOCTH CXeMbl L = Ly + Ly,
TOJTyYHMM, €CITH BbIYTEM abcuucchl kpuBoi Ugq u3 abeuuce kpusoit Uy (Ly,)
B COOTBETCTBUHU C MMEIO-
MM MECTO PaBEHCTBOM:
I=1,~1I¢g.

Ecnu pasnocth OT-
pHLaTeNbHa, 3HAYHT,
cyMMmapHelii Tok | mmeer
E€MKOCTHBIT Xapakrep,
€CIIH  TIOJIOKUTEIbHA —

WHyKTUBHBIN. 3Has

BOJIbTAMIIEPHYIO  Xapak-

-

#‘,,/' TEPUCTUKY MapalIebHO-
2 2npl
) ErR O COCIUHEHHUS WHAYK-

Puc. 5.9. I'padmueckoe onpepeneHue Ha-
TUBHOCTU W eMKocTH (j,

TIPDRCHIT 1 TOKOB MO>KHO ITOCTPOUTH BOJBT-
aMIIEpHYIO XapaKTepUCTUKY IOCIEJOBATEIFHOIO COCIUHEHUS 3TOrO 3Je-
MeHTa ¢ eMKocThio C,. [yt atoro opauuapsr kpuBoit Uy (I) crenyet cio-
XHUTh ¢ opauHatamu kpuBod Uc,(I), T.e. Uy = U + Uy, CornacHo BTO-

pomy ypaBHeHHI0 Kupxroga ams paccmarpupaeMoit ey JODKHO BBITOJN-

HaThCs paBeHcTBO: Uy = /E% — (IR)?. ToKu, IpH KOTOPHIX BBIIOJIHACTCS
9TO YCJIOBHE, MOKHO HAlTH Tpauuecku Mo TOYKaM MepeceueHus] KpUBbIX
Us(I) u £ E? — (IR)?.

OnucanHble Tpaduyeckre MOCTPOSHUS MOMOTAIOT HAWTH JIMIIL YC-
TaHOBUBIIMECS 3HAUEHUS! TOKOB U HANPsDKEHUI MPOMBIIUIEHHON 4acTOTHI.
OHaKO HEJMHEHHOCTh KPWUBOM HaMarHWYMBAaHHUS HEH30EKHO BBI3BIBACT
MOSIBJICHUE BBICIIIMX TAPMOHHUK B KPUBOH TOKa.

B cerax BbICOKOTO HampspKeHHs (eppOpe3OHAHCHBIC TepeHanpsixKe-
HUsA MOFyT BO3HUKATh HC TOJIBKO Ha OCHOBHOﬁ Y4aCcTOTEC, HO U Ha BBICIINX H

HU3MINX TFapMOHHUKAX. I/IHL[YKTI/IBHOCTL C HACBIIICHHBbIM CEPACYHUKOM SAB-
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JISIETCS ISl BHEIIHEW LEMH MCTOYHUKOM BBICIIUX TAPMOHHUYECKHX TOKOB.
PacdeTsl pe)rMOB B LEISIX, COACPIKAIINX HEITMHEHHBIE HHIYKTUBHOCTH, C
Y4ETOM BCEro CHEKTpa BO3HUKAIOMINX TapMOHHK IIPEICTABISIOT H3BECT-
HBIE TPYAHOCTH, TIOCKOJIBKY OHH CBSI3aHBI C PEIICHHEM HENWHEHHBIX TH (-
(hepeHIMANBbHBIX ypaBHeHUH. Hanbomnee TOYHBIM BHJ MEPEXOTHOTO IMPO-
ecca MOXeT OBITh HaWICH YHCICHHBIM PEelICHuEM (METOAOM «IIIar 3a Ia-
TOM») C TIOMOIIBIO BBIYUCIHTENFHOW TEXHHUKH. [ pacuera yCTaHOBHB-
[IUXCS PEKAMOB IPHUMEHSIOTCS IPUOIIKCHHBIE METO/IBI.

Paccmotpum konebarenbHbii KOHTYp R — L, — C' ¢ HENMHEHHON WH-
OYKTUBHOCTBIO, B KOTOPOM JIeHCTBYyeT MCTOYHUK rapMoHudeckoir DJIC c
gacToTo w. IIpearnonoxum, 9To0 B MOMEHT HPEANIECTBYIONIETO BKIIIOYE-
HUS B KOHTYpE BO3HUKIIHM CBOOOIHBIC KOJICOAHHsI, OCHOBHAS YacTOTa KOTO-
pBIX paBHa @'. Takum 006pazom, B TOKE BO3HUKHYT KOJIeOaHHs ¢ YaCTOTaMH
@ 1 w'. COOTBETCTBEHHO WHIYKTHBHOCTh KOHTYpa OyJeT M3MEHSATHCS C
YacTOTaMH, KpaTHbIMU 2w U 2w’. B pe3ynbraTe B KOHTYpe BO3HUKHYT KO-
neOaHMs, YACTOTH KOTOPBIX SIBJISIFOTCS JINHEHHBIMUA KOMOMHAIMSMHA YaCTOT
W3MEHEHUS TOKa M MHIYKTUBHOCTH. Hampumep, B pe3yibpraTe nepruoamde-
CKOTO M3MEHEHHSI HHAYKTUBHOCTH C YaCTOTOH M B KOHTYpPE C COOCTBEH-
HOM 4acTOTOM @' MOSABSTCS FAPMOHUKA w' + Mw, Te M — LENI0€e YUCIIO.

Bo3HuKHOBeHHE KOJIEOaHUI ¢ YaCTOTAMH, KPATHBIMU ', COBMECTHO
C TApMOHMKOMH, UMEIOIIEH 4acTOTy w, 00yCIOBUT MOSBIEHUE KOJeOaHUH ¢
KOMOHMHAIMOHHBIMU 4acTOTaMU @’ + nw, Tie N — TaKKe [EN0e YHCIO.
Takum 00pa3oM, B pe3yibTaTe MEPHOAUICCKUX M3MEHCHHH WHIYKTHBHO-
CTH, OOYCIIOBIIEHHBIX KaK CBOOOIHOH, TaK M BBIHYXKIECHHOH COCTaBJISIO-
UMM KOJICOAHUS TOKa, B KOHTYpPE MOTYT HaOJIt0IaThCs KOJICOAHHS TOKA U
HANpsDKEHHMsT C 4acToTaMd @' + mw. B KOHType ¢ IOCTOSHHBIMHU I1apa-
MeTpaMy MpH HAJIUYHU ITOTEPh CBOOOAHBIE KOJIEOaHUs CO BPEMEHEM 3aTy-
xaroT. B paccmaTpuBaeMOM KOHTYpE C HETUHEHHOW MHIYKTUBHOCTBIO MO-
JKET MPOUCXOTUTH OOMEH dHEPrHel MEXIy KOJIeOaHUIMH Pa3IHIHbIX Yac-
TOT, U3-3a Y€ro KOJICOaHHsI C YaCTOTaMH, HaXOASIIAMUCS B OIPEIEICHHOM
COOTHOIIIEHHH C W U @', MOTYT yICPKUBATHCS HEOTPAHMUCHHOE BPEMSI,
HECMOTpSI Ha 3aTyXaHHE IEPEXOJHOTO Ipolecca. PacdeTsl MmoKas3bIBaIoOT,
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YTO TaKUM 00pa3oM MOTYT CyILIECTBOBATH JIMIIb TAPMOHHUKH C YaCTOTaMU
2w, 3w, a TakkKe Mw/n, TIe M U N — [eNble Yucia. DTOT pe3ybTar, B
YaCTHOCTH, CBUAETEILCTBYET O BO3MOXKHOCTH YCTOHUYMBOIO CYyIIECTBOBA-
HUA B peppope30HaHCHOW CeTH KOJeOaHUi C YaCTOTOM, MEHBIIICH YacTOTHI
npunoxxkenHoi D/IC: w/2; w/3; 2w /3 u T. 1. DTN rapMOHUKHU Ha3bIBAIOT
CyOrapMOHHYECKUMH KOJICOaHUSMHU.

[IpunnumuansHasi BO3MOXKHOCTE CYIIECTBOBAHUS YKa3aHHBIX rapMo-
HUK B CTaIllHOHAPHOM DEXHME €Ille HE O3HA4YaeT, YTO OHH (PaKTHICCKU
BO3HUKHYT. Kak mokaspIBaeT aHAN3 yCTOWYMBOCTH PEIICHHS YPaBHEHUS
TaKOH LEeNH, U CYIIECTBOBAHUS JAaHHOW TApPMOHHUKHU B YCTAaHOBUBIIEMCSI
peXuMe HEOOXOIUMO BBHITIOTHEHHE CICAYIOMINX yCIOBHUI.

1. llens ¢ HeNMHEWHON MHIYKTHBHOCTBIO JOJDKHA 00pa30BBIBATH KO-
ne0aTeNbHbIM KOHTYpP, PE30HAHCHBINH Ul JaHHOW TapMOHUKH, T. €. BXOJ-
HO€ CONPOTHBJICHHE BHEITHEH IO OTHOIICHHIO K HHIYKTUBHOCTH IICTIH
IIOJDKHO MIMETh €MKOCTHBIA XapaKTep U OBITh COM3MEPUMEIM C HEKOTOPBIM
Cp€OAHUM 3HAYCHHUCM HHAYKTHBHOI'O COIPOTHBJICHUA HEJIUHEHHOro 3Jie-
MEHTa Ha 3TOil e yactoTe. /|11 WUTIoCTpaliii BO3MO>KHOCTH BBITTOJIHEHHUS
9TOTO YCJIOBHS B cxeMme anekTporepenadn (puc. 5.10, a), conepxameii B
KOHIIe JIMHUKM HEOTKIItoYaeMblil Tpancdopmarop, Ha puc. 5.10, 6 npuBene-
HBI 3aBUCUMOCTH BXOJHBIX COMPOTHUBJICHHI CXeMbl BTOPOM M MSATOM rap-
MOHHYECKOH COCTaBISIIOLIEH TOKa MPSIMOM MOCIEeI0BATENbHOCTH OTHOCH-
TEJBHO TOYKHU TOTKITFOUCHHUS TpaHcopmaropa. Bennunna
MPEIBKIIOYCHHOTO  CONPOTHBJICHUS MUTAIONIETO KOHIA JIMHUHM Ha
MPOMBIIIUICHHOW dYacToTe mnpuHsTta paBHou X; = 0,19Z,, tme Z, —
BOJIHOBOE CONPOTHBIICHUE JIMHUH, Xy = Xipp1 = — X

2. AKTUBHbBIE TIOTEPH B pPAacCMaTpUBACMOM KOHTYpPE JOJDKHBI OBITh
JIOCTaTOYHO MAJIBIMHU, YTOOBI HMEIOMIUICS IIPUPOCT SHEPTUU PE30HAHCHOU
TapMOHUKH IMIPEBBIIIAT PACXO YJHEPTHH Ha OKPBITHE TTOTEPb.

78



3. Jlnst pe30HaHCHOM TapMOHHUKH JOJDKHBI OBITh BBITOJHEHBI YCIIO0-
BHS BO30YKIEHHS. 31€Ch BOZMOXKHBI JIBA CIYYas: «MSATKOE» H GKECTKOE»
B030yxeHue. Eciu y rapMOHUKH «MSTKOe» BO30YXKICHHE, IS €€ MOsB-
JneHuss TpeOyeTcs  JUIIb

JlocTaTo4yHasi TiayOmHa MO- a) A zf

IYJSIHAA  UHIYKTHBHOCTH,

obecreynBamoomas He00X0-

IUMOE TpHpAIIeHHe 3JHep- f')w ;

run. Ilpn peanbhbiX napa- — “Z — /

MeTpax CeTedl 3TO YCIOBHE 6 - /

BBITIOJTHSETCS TEM TpPYJIHEE, 4 -

9YeM BBIIIIE HOMEP TapMOHHUK, 2 4= 2
MO3TOMY KPHBBIE HArpsiKe- o T m"}&;l 300300 —600 .f.
Hus Tpu  (eppope3oHaHce 2 ‘// /1/
HPAKTHIECKH COJEPXKAT He- il /

GO0JIBIIIOE YUCIIO TAPMOHHUK, ’f / -
MPEeUMYIECTBEHHO C He- * E 2

OOJBIIMMH MIOpAAKOBBIMU

HOMEpaMH. Puc. 5.10. 3aBHCUMOCTH EMKOCTHBIX

BXOJIHBIX COIPOTHUBJICHUIN NPSMOM I -
Jlns1 TapMOHHK C <«OKe- on COMpOTHBIIC PMOH nocie

JAOBATCJIbHOCTHU CXEMBbI JJICKTPOINECpEaAavn
CTKHM» BOSGy)K,Z[CHI/ICM HC-

OTHOCHUTCIIBHO €€ OJAJIBbHEIr0O KOHIA OT JJIU-
00xXomuM,  KpomMe  TOTO, .
. . Hbl iuHun ipu X, =0,19Z, s Bropoii (1)
CHJIBHBIN HAYalbHBIA TOJ- B
1 1ATOH (2) rapMOHUK

YOK, HAIpUMEp, PE3KOe Ha-
CBIIIICHUE CEpJCUYHUKA MHIYKTHBHOTO JJIEMEHTA NMPHU BKIIOYCHUU B HE-
onmaronpusitHyro ¢aszy D/C. [Ipu mHOM (aze BKIIOYCHHUS 3Ta TapMOHHKA
MOXKET OCTaThCS HEBO30OYKIEHHOH. «KecTkoey Bo30yKIeHHe, B YaCTHOCTH,
HaOJro1aeTcs y CyOrapMOHHUYECKUX KOJICOaHHIA.

Oco0ObiM 00pa3oM ycTaHaBiuBaeTcsi (peppope3oHaHC TapMOHHK C
YETHBIMHU MOPSAKOBBEIMUA HOMepaMu. J{JIsl MX CyIeCTBOBaHUS HEOOXOAUMO
HAJINYHE MMOCTOSHHON COCTABILIIONICH B KPUBOW M3MEHEHHS IOTOKA, YTO

BO3MOJXHO JIMIIb B ClIydya€ COXpaHCHHUA OCTaTOYHOM HAMArHHYEHHOCTHU
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CeplIeyHHKa, TUO0 P HAIMYUU MOCTOSSHHOM COCTABIISIIOIIEH TOKA B UH-
IOYKTHBHOCTH KOHTypa. B cxeMaxX MpOMBINUICHHOW YacTOTHI OOBIYHO TOK
HE MMEET MOCTOSHHOHM COCTAaBJISIONICH, OJHAKO MPU BKIIOYEHUH IEIHU
O]l HampspKeHHE B IIYHTE HAMAarHUYMBaHHSA TpaHchopMmaropa MOXKET
HOSIBUTBCS alepUOANYECKAs MEPEeXOAHAsT COCTABIAIOIAS TOKA, JIUTEIb-
HOCTB 3aTyXaHHsS KOTOPOH MOXKET JOCTUTaTh HECKOJbKUX JECATKOB IIe-
PUOIOB TPOMBIIUICHHOW YacTOTHL. DTa COCTABJIAIONIAas TOKA HapyIIaeT
CHMMETPHIO H3MEHEHHUS MTOTOKA B TIOJIOKUTEIBHBIN U OTPUIATENBHBIN I10-
JYTIEpUOBI TIPOMBIIIICHHON YacTOTHI, YTO M CO3JaE€T BO3MOXHOCTH BO3-
Oy)XICHUSI TAPMOHHYECKUX KOJICOAHUN C YETHBIMHU MOPSIKOBBIMH HOME-
pamu. Ilo Mepe 3aTyxaHus anepuoJAUYECKOro TOKa YCIOBHUS CYIIECTBOBA-
HUS 9THX KOJICOaHUH U3MEHSIOTCS, M UX aMIUINTYIa CHIKAETCS 10 HYIIA,
OTHAKO B IIE€PBBIC MOJYIEPHOABI, HAKIAIBIBAsICh HA KOMMYTAI[MOHHEIH
NEPEXOIHBIM Mpouecc, 3TH KOoJeOaHHsS MOTYT CYIIECTBEHHO IOBBICHUTH
BEIIMYMHY MEPEHANPSIKCHU Ha BKIIF0YaeMOM 000pYyIOBaHHH.

Kak BuaHO W3 rpadukoB Ha puc. 5.10, quHa JMHUYU, TIPU KOTOPOM
BO3HHKAET ONACHOCTH BO30YXICHUS BTOPOW TapMOHHYECKOH COCTaB-
JSIOMIEH B ciyyae BKJIIOUEHHS JUHUU B OJIOKE C TpaHC(HOPMATOPOM, CO-
crapysieT He MeHee 200—300 kM. {1 TMHUKM MEHBIICH JJIMHBI STOT BUJ TIe-
pEeHaNpsDKEHHsT MaJIOBeposATeH. boyee BBICOKHE TapMOHHMKHA MOTYT CO3Ja-
BaTh MEPEXOTHBIN PE30HAHC M MPU MEHBIINX JJIMHAX JIMHUH, OJHAKO UX
aMIUTUTYZa OKa3bIBACTCS MEHbIIE, U OOJBINON OMACHOCTH VIS U3OJISIHA
OHH HE TPE/ICTABIISIOT.

Hdusa pasButust eppope3oHaHca ONaronpHsATHBIME YCIOBUSMH SIB-
JISIOTCS: @) PEeKHUM XOJIOCTOTO XOJa CETH WJIM MaJlasi BeJIMYMHA aKTUBHOM
Harpy3ku; 0) HeOOJIBIIOE HOMHHATHHOE HANIPSDKEHUE CETH, IIPH KOTOPOM
MOTepU Ha KOPOHY OKA3hIBAIOTCS HE3HAYHTEIHHBIMH; B) HECHMMETPHS
Tpex¢a3HOoi CceTH, B YACTHOCTH, BOSHUKHOBEHHE HECHUMMETPHYHOIO KO-
POTKOI'O 3aMBIKAaHHS MPH HU30JUPOBAHHON HEUTpaIM CETH WIM HEmoJ-
HO(pA3HOTO BKIIOYCHHUS.

Jnst 3ammtel 000pyIOBaHUsI OT TOBPEXKICHHM, CBSI3aHHBIX ¢ (eppo-
PE30HAHCOM, MOXXHO PEKOMEH/IOBATE:
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1. TwaTensHBIA KOHTPOJIb 32 CHMMETpUEH MapaMeTpoB HArPy3KH H
caMoil ceTW; TNPHMEHEHWE BBHIKNIIOYATENeld ¢ Tpex($a3HBIM IPHBOAOM,
00eCIIeunBalOMUX MaIyl0 BEPOSTHOCTH HEMONHO(DA3HBIX BKIIOUCHHHA U
OTKJIIOUEHUH.

2. Beenenue B cxXeMmy JIOTIOJTHUTEIBHBIX 3JIEMEHTOB,
o0ecreurBalOMX  JOCTATOYHOE  YBEJIMYEHHE  AKTUBHBIX  IOTEPb.
Hampumep, ans cHmwkeHus (Qeppope30HaHCHBIX IEPEHANpPsHKCHUA Ha
HU3MEPHUTENBHBIX TpaHC(opMaTOpax HAMPSHKCHUS PEKOMEHIYETCS OIHY W3
€ro BTOPUYHBIX OOMOTOK 3aMKHYTh Ha aKTHBHOE COIPOTHBIICHHE BEIH-
YHHON HECKOJBKO AECSITKOB OM.

3. Bo3MoXHOE yMEHBIICHHE HETUHEHHOCTH KPUBOW HAMarHU4HB a-
HUSl MHIYKTHBHOTO 3JeMeHTa ceTd. C 3TOH Lenblo, B YaCTHOCTH, Cepaed-
HUKHU PEaKTOPOB IOMEPEYHOI KOMIIEHCAIUU CHA0XAIOT BO3AYIIHBIM 3a-
30pOM, YBCIHMYHUBAOIIUM HUX MAarHuTHOC CONPOTUBJICHUC U YMCHbIIAIO-
MM pa00dyr0 UHIYKIIMIO MarHUTHOTO TOJIS B CTAJIM CepCUHUKA.

Koumponwvnwie éonpocwi

1. Kimaccudumupyiite KBa3uCTaIlHOHAPHBIE TTEPEHAIPSHKCHUS.

2. K kakoii rpyrmnie OTHOCSTCS TiepeHANpsDKEHUS pU cOope Harpys-
ku?

3. Yro Takoe nepeHanpspKeHus Py «BOCXOe COTHIa»?

4. KakoBa npupoaa eMKOCTHOTO () deKTa JNTUNHHBIX JINHHNA?

5. K xako# rpynme OTHOCSTCSI AUHAMHYECKHE epeHaPsHKeHUS ?

6. KOMMYTALMUOHHBIE IEPEHATIPS’KEHU A

6.1. HEPEHATIPA’KEHUA ITPU IIJIAHOBBIX BKIIIOYEHUAX
JIMHUU

B mpomnecce paboThI SHEPTOCUCTEMBI YaCTO MPUXOANUTCSI U3MEHSTD €€
CXEMy IIyTEM BKJIIOYECHHUS UM OTKIIOYEHUS OTAEIbHBIX JIMHUIL.

[IpakTuyeckn Kaxxaas KOMMYTAIUsl JIUHUU COTIPOBOXKIIAETCS BO3ZHHK-
HOBEHHEM IE€PEXOJIHBIX MPOLIECCOB, KOTOPHIE MOTYT MPUBECTH K IepeHa-
MPSHKEHUSIM.
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B IIEpBOM l'IpI/I6J'II/I)KeHI/II/I HCpeXOI[HLIﬁ nmponecc mpu BKIHOYCHHUU

JIMHUA MOXET OBITh pacCMOTPEH C IMOMOIIBIO 9KBUBAJICHTHOU CXEMBI,

npuBencHHOW Ha puc. 6.1, rme C, — cyMMapHas €MKOCTh BKIFOYaeMOM

Y R L
_Em\_

e, Co==
Uco

Puc. 6.1. DxBuBanentHsiit R—L,—C, koHTYp
JIMHUH TI0]] HATIPSDKEHUEM

($ha3pl JTUHUM OTHOCHUTEIILHO
3eMJTH, L, — WHIyKTUBHOCTh
BKIIFOYaeMoi (a3pl WU M-
TaIoIEeH ceTu. AKTUBHOE CO-
MpoTUBIICHHE R BBOWTCS B
CXeMy s ydera TIOTeph
SHEPruM B paccMaTpuBae-
MO JTUHHH.

XapaKTep U3MCHCHHSA HANPSKCHHUA HAa €MKOCTU BKJIFOUaeMOit (1)331)1

muHun C, mokazaH Ha puc. 6.2. M3 3Toro pucyHka BHIHO, YTO TJIaBHOW

NIPUYMHON TEPEHANPSHKEHUN NPU BKIIFOUYCHUHN JIMHUM SIBIISIETCS TIEepe3apsiz

B KOJIEOATENTFHOM pEXKUME eMKOCTH C,, THHUY Yepe3 UHIYKTHBHOCTE L, OT

Ha4yaJbHOTO 3HaueHus HampsbkeHus U,, = const 0 yCTaHaBJIMBAIOLIETO-

CiA HAIIPSOKCHUA, 3aBUCAILICTO OT MIHOBCHHOI'O HAIIPSHKCHHA HWCTOYHUKA

D/1C e, B MOMEHT BKIIOUCHHA. YacToTa KoJieOaHMid TIEpEeX0THOTO MPOoIiec-

ca pu HeOOJIBIINX IJTMHAX JTUHUM ¥ MOIIHOW MUTAIOIICH CETH OKa3bIBaeT-

Cs1 BO MHOTI'O pa3 0OJIBIIIE YaCTOTHI HCTOYHUKA ITUTAHUSL.

0 \
/ 2/\\‘/
B

Puc. 6.2. HanpskeHue Ha €eMKOCTH PU BKIIIOYEHUU

KJC xourypa: 1 —npu U, = 0;2—npu U, = —Up,
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B IIEPBOM HpI/I6J'[I/I>KeHI/II/I HampsKEHUE Ha EMKOCTHU

~ Wo st ’ g
Uen(t) = Epy — (B — Ugp) o e feos (w t —arctg J)’ (6.1)
1

e 8§ =R/2L,; wy = 1/,/L,C,; 0’ = \Jw& — §%; E,, — aMIumtyaHoe
3Hauenue D/IC; U,, — HavanbHOE HaNpsDKEHHE Ha JTUHUH.

AMITATYIa HANPSDKCHWST Ha JIMHUM MOXET OBITh OmpeAesieHa IIo
bopmye:

Umax = UHa‘{ + (UyCT - UHaQ)ky/:u (62)
raie Uye, — Benuuuna Brmoyaemoii 3/1C, paBHas MTHOBEHHOMY 3HAYEHHIO
3/1C ucToyHrnKa B MOMEHT BkItoueHus, U,,, = U,, — HavanpHOE Hamps-
JKEHHE Ha EMKOCTH NpH BKMoueHuH, Ky, = 1+ exp (—0m/w") — ynap-
HBIA KO3 (UIMEHT, BETUYMHA KOTOPOTO MPH MaJbIX 3HAYeHUAX R Onm3ka
K 2.

Vcnosue w' >> w, Ipu KOTOPOM puMeHHMa Gopmyita (6.2), BBIIOI-
HSETCS TSl OOJIBIIIMHCTBA CYIIECTBYIOMIMX CXEM, UMCIOIIUX CPABHUTEIBLHO
HeOoIbINe JUTMHBI BKIIIOYaeMo imHnH (He Oonee 166200 kM) u mocra-
TOYHO MOIIHBIC UCTOYHHUKH ITATAHML.

Hanbonee BBICOKHE HANpsDKEHHST BO3ZHHUKAIOT, €CIHM OT MPEAIIeCcT-
BYIOIIETO pEeXUMa pabOTHl HAa JIMHUH OCTAJIOCh HANpPSDKEHHE MPOTHUBOIIO-
noxuo#t mossipuoctu U, = —U,,, a BKIIOYCHHUE MPOUCXOIUT B MOMEHT
nosnoxutenbHoro Mmakcumyma 3JIC Uy, = —Uy,. Cornacto (6.2) Bennyu-
Ha [epeHANpPSDKEHUS B 9TOM CITy4ae COCTaBUT:

Unax = —Em + (Ey + Ep) - 2 = 3E,.

Ecmu ob6ecneunts U,y = 0, TO mepeHanpspKeHUs HE TPEB30HIYT
2E,,. CTunn30BaHHBIC OCHMJUIOTPAMMBI HAMPSIKCHHUS HA EMKOCTH CXEMEI
puc. 6.1 s 3TUX OBYX ClIydaeB MPHUBEICHBI Ha puc. 6.2. [lepeHanpsoxeHust
OyIyT OTCYTCTBOBAaTh, €CII B MOMEHT BKJIIOUCHHUS PAa3HOCTh HANPSDKEHUN Ha
KOHTAKTaxX BBIKJIIOUATEISI ¥ TOK B HHAYKTUBHOCTH PABHBI HYJIIO.

B cxemax, rae coOCTBeHHast YacToTa KojeOaHUH UMEET OAMH TOps-
JIOK C w, Hemb3sl npeHeOperath m3meHeHueM DJIC MCTOYHHKA MUTAHUS.
Haubonpmast BeMYMHa HANPSUKCHHS Ha €MKOCTH KOHTypa (cM. puc. 6.1)
MOXET IIPU 3TOM OKa3aThCs HE BO BpeMs IIEPBOTO, a BO BpeMsI BTOPOTO HIIH
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HOCIEIYIONMX MaKCUMyMOB CBOOOAHBIX KonebaHui KoHTypa. C mpubiu-
KEHHEM W' K @ YCTaHOBHBIIASCS COCTABIISIONIAS HAMPSKEHHUSI HA €MKOCTH
C,, mpeacTaBisiomas codoil CHHycOWAanbHbIE KOJEOaHUs C YacTOTOH w,
BO3pacTaeT 0 aMIUIUTYAE 3a CYET MPUOIKEHHs K pe3oHaHcy (puc. 6.3). B
TaKHX CXEMax IepeHaNpsDKEHHs NPH BKIIOYCHUH (POPMHPYIOTCS Kak pe-
3yJbTaT HAJIOXKEHUS IEPEXOAHOM COCTABIIAIOILEH Ha BBIHYKIEHHYIO CO-
CTaBIIAIONIYIO, IPECTABIISIONIYI0 COOON CHHYCOHIY IIPOMBINUIEHHO Jac-
TOTBHI. AMIUTUTY/Ia BBIHY>KACHHOM COCTABIISIOLIEH HAMPSHKEHUS HA eMKOCTH
C, oObYHO oOKa3biBaeTcs Bbie aMIUIUTYAbl DJ[C UCTOYHHMKA MHUTAHHUS.
KparHocTh nepeHanpspkeHHMH Ha €MKOCTH JIMHMU IPEACTAaBISIOT B 3TOM
cllydae B BUJE IIPOU3BEEHUS IBYX COMHOXKUTEICH:

kn,=x-V, (6.3)
rae V= Uyerm/Em — KPaTHOCTh  KBa3MCTAMOHAPHOM COCTABIAIOLIEH
NepeHanpsHKEeHUsT Ha XOJIOCTOM JIMHWM, paBHAas OTHOIICHHUIO aMIUIHTY/IbI
HATIPSKEHUs] yCTAaHOBUBIIETOCs pexkuMa Uye, p, K ammumutyne 9J1C neroy-
nuka mutanus Ey; ¥ = Uy /Uyer m — KOIQOUIMEHT KOMMYTAIMIOHHBIX

MIEpPEHAIIPSDKEHUM, paBHBIM OTHOIIEHUIO aAMIUIMTYIbl IE€pPEHANPSHKEHUS

Uinax K AMIUTUTY/IC HANIPSDKEHHS YCTAHOBUBILICIHCS COCTABIISIONICH.
U

Puc. 6.3. HanpsixeHue Ha eMKOCTH IIPU BKITIO-
yeHnu R—L—C xoHTypa Ha HCTOYHHUK TapMOHU-

YCCKOI'0 HAIPSsKCHUS IPpU w' = w.
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CMBICH NIPECTaBICHUS KPAaTHOCTH NepeHanpsbkeHuit B suje (6.3) 3a-
KJIIOYAeTCs B TOM, 4TO KaXKIblil n3 K03pHUUUEHTOB ¥ U V OTpaxkaeT BIHS-
HHE Ha BEIMYUHY IEPEHANPSHKCHUH Pa3MYHbIX [MapaMeTpoB Ipolecca.
Muosxutens V He 3aBHCHT HH OT HAYalbHBIX YCIOBHUI, HH OT BUJIA KOMMY-
TalluK, a OMpeNeIsieTCs MPAKTUYECKH JIMIIb OTHOIICHHEM &' /w, T. €. mapa-
MeTpamu cxeMsl cetd. Koaddunuent y npu w’ > 1,5w onpenensercs B oc-
HOBHOM Ha4yaJbHBIMH YCIOBHSMHU KOMMYTAIIMU: YIJIOM BKIIFOYEHHS Y., U
HanpsbKkeHueM Ha JTuHu Ujy.

Bonee TouHOE pelieHHE MEPEXOAHOTO Mpolecca MPU BKIIOYCHUU
nuHun (puc. 6.4) monyvaercs myTeM pemeHus cuctembl nuddepernnans-
HBIX ypaBHEHHH, OMUCHIBAIOUINX U3MECHEHHUSI TOKA M HANpPSDKCHHUS B pas-
JMYHBIX TOYKAX JIMHUHM KaK B 3JIEMEHTE C paclpe/eieHHbIME MapameTpa-
Mu. B o0riem Buze i OJHONPOBOAHON JIMHUU Oe3 ydeTa aKTHBHBIX I10-
Tepb ITO PELICHHE UMEET BHII:

A B
U(p) = Ae " + Be¥*;I(p) = ——e V" — —e?%, (6.4)
Zp Zp
rae U(p) u I(p) — oneparopHble W300paKEHUS HANPSDHKEHHA M TOKA B
TOYKE JIMHUH, OTCTOSIILEM OT Hayajla Ha paccrosiHue X: Zp = \/L/_C —
BonHOBOe comporusieHue JuHud (L 1 C — HHAYKTHBHOCTH M €MKOCTb
JIMHUM Ha EIWHHILY JUTH-
HEL), y = ipﬁf L E, \Uo [

ko3 punmeHT  pacmpo-

crpaHeHus; 4 u B— ! L.C 2
MOCTOSIHHBIE HMHTETPUPO-

Puc. 6.4. DxBuBaseHTHAs CXeEMa BKJIFOUEHHUS
BaHMS, ompenensieMble

JUTMHHOM JIMHUH 3JIEKTPOIIePEAauH
HANPSHKESHUSIMA U TOKaMH
Ha KOHLIAX TUHUU.
s ynpomieHus: ypaBHEHUH 11eJIeco00pa3Ho MPHUMEHUTENBHO K pe-

LICHUIO UISL CXEMBI, IOKa3aHHOW Ha puc. 6.4, BBECTH HOBBIC IapaMeTphL:

T =1,/L/C —Bpems mpobera 3JCKTPOMArHUTHOH BOJIHBI BJOJIb JIUHHUH
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mmHo# [, a BenmmuwHa T = L;/Zp — MOCTOSIHHYIO BPEMEHU H3MCHCHUS
TOKa B MPEIBKIIIOYEHHON UHAYKTUBHOCTH L.
Jst cirydast BimrodeHust rapmonudeckoit DJIC:
e = E,, cos(wt + Y,)
Ha HE3apsDKEHHYIO JIMHUIO PELICHUe JUIS HalpsDKEHUs Ha XOJIOCTOM KOH-
e JIMHUH U, (t) ToTy4aeTcs B BUAE:

cos(wt + )
cos wt — wT sin wt

2
2Ep, |cos? z,be+w—,zsin2 Pe
D

U, = — aMIuIuTya K- rapMOHUKHU
TAC Zlem (W2-wl)TT cos wh+—(T+7) sin whT y P
w
k

CBOOO/IHBIX KOJICOAHMI B KOHIIE PA30MKHYTOM JIMHUH, W), — YacTtora K-if

w,(t) = E,, + Z U cos(wpt + i),  (6.5)
k=1

TapMOHUKH, OIpezensieMas pelieHHeM TPaHCIIEHJEHTHOTO YPaBHEHUS:
chwyt + w, Tshw,t = 0,
w o
Yy = arctg (J tgl,[)e) — HavasbHast (asza K-if rapMOHHKH.

YactoTel K-X rapMOHUK CBOOOIHBIX KOJIE€OAHHH MOTYT OBITH MPH-
OJIDKEHHO (C MOTPENTHOCTEI0 He Ooee 5 %) BEIYUCIICHEI 10 (hopMyTIe:

, 1
Wy = kn; +-
a (b +2)? 21272
b1t b+ ez T KT
M p =t =L
rme = b =L, — WHAYKTHBHOCTh,  TTOJKITIO-

YeHHas K KOHILY JIMHUU.

AHanu3 BelpakeHUs (6.5) MOKa3bIBa€T, YTO C POCTOM MOPSAKOBOTO
HOMepa rapMOHUKH K, ee ammnTyaa ymenbliaercs. [Ipu pacuerax Bemu-
YHHBI TIEPEHANPSDKEHAN OKA3BIBACTCSl JOCTATOYHBIM YYECTh JIUIIb JBa—TPH
YJIeHa CYMMBI TADMOHHUK MEPEXOTHON cocTaBisromnieii B Beipaxenun (6.5).
B peanpHbIX yCIIOBUSX cllaraeMble NIEPEXOJHON COCTaBJIAIONIEH 3aTyXxa-
IOT CO BpPEMEHEM 3a CUET HAJIMYHUS aKTUBHBIX TIOTEPb.

Y CcTaHOBHBILASCS COCTABIISIONIASA MEPEHANPSIKEHUSI B KOHIIE JIMHUU
3aBHCHUT OT BEJIMYMUHBI dkBUBajeHTHOW DJIC muTaromed cetw, OT MHIYK-
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TUBHOCTH L; W OT JIJIMHBI JIuHUK. DKkBUBaieHTHas DJ[C nuraromen cetu
paBHA HANpPsHKCHUIO Ha IIMHAX MOJCTAHIMHU TMPH OTKIFOYEHHOW KOMMYTH-
PYyEMOil TMHUK U ONPEIEIISETCS PEXUMOM PabOThl SHEPTOCHUCTEMBI.

B ycnoBusax 9kc-
IiyaTalud  BeJIuuMHbl O §&Umw
Ep e, Ly naxe s on-

HOW JIMHWU, SBIISIIOTCS
CIIy4ailHbIMHU, a 3HAUCHHS

7\ I N\
T u T Moryt ObITH pas- / \/ \/ ==

HBIMH JIA Pa3JIMYHBIX

MUHMHA, [odTOMY KpaT- O 48 Um

HOCTh TI€pEHAINpPSKEHUMH,
OIpee/icHHAs UCXOMAs U3 \\\W

bopmynsr  (6.4), TaKKe

OKa3plBacTCA CIy4alHOU S

BEJIMYMHOM.
Puc. 6.5. K onpenenenuto BeposSTHOCTH BKITIO-

Paccmotpum  mop-
YeHUS JIUHUH TIPH PA3TUIHBIX (a3ax MATAIOIIETO

H IIPUYHHBI TaTHu-
p06 0 p cra HaIpsDKEHUA e. @ — Majlasl CKOPOCTh U3MECHCHUS

CTHYCCKOM BapHallni I1a- l'IpO6I/IBHOF0 HalPpsOKEHUA unp MEXKOHTAKTHOT'O

pamMeTpoB,  OT  KOTOPBIX MIPOMEXYTKA; 6 — OOJIBIIAst CKOPOCTh U3MEHE-

3aBUCUT BECJIWYHWHaA IIC€pEC- HUS unp

HaIPsKCHUH.

Brikitoyaresny, He OCHAIICHHBIE CIIEIUAIbHBIMH YCTPOMCTBAMU ISt
BEIOOpa MOMEHTA BKITIOUEHHS, TOIYYAlOT KOMAaHIHBIA UMITYJIbC Ha cpaba-
THIBAaHHE MEXAaHHU3Ma BKJIIOYECHHUS B IIPOU3BOJIBHBIA MOMEHT BpeMeHu. [Ipu
9TOM pacIpee/icHne HadalbHOM (ha3bl MEKTPUIECKOTO BKIFOUCHHS, T. €.
32XUTaHUS JNEKTPUYECKOH OYTH MEXIY COMIDKAIOIUMUCS KOHTAKTaMH
BBIKJTIIOYATEISI, OKAa3bIBAIOTCS 3aBUCSIMMU OT CKOPOCTU CHIKEHUSI SJIEKTPH-
YECKOM MPOYHOCTH MEKKOHTAKTHOTO MPOMEXKYTKA BBIKITIOUATENs B MPOLIEC-
Ce ero BKIIIOYEHHUs. DTO MOKa3bIBaeT puc. 6.5, Tae comocTaBiieHbl TpaduKu
W3MEHEHUS TPOOUBHOTO HANPSHKCHUST MEKKOHTAK-THOTO ITPOMEKYTKA BBI-
kmovarens (1) u HanpshkeHHus ceTH (2) MpH pa3IMyHBIX CKOPOCTAX COJH-

87



JKEHHsI KOHTAaKTOB. B ciydae manoit ckopoctu (puc. 6.5, @) ctaHOBUTCS He-
BO3MOXKHBIM BKITIOUCHHUE JIMHUU TIPH MaJbIX MTHOBEHHBIX 3HAYCHHSX Ha-
MIPsDKEHMS, TIOCKOJIBKY IepecedeHrne KPUBBIX 1 U 2 He3aBUCHMO OT TOTO, B
KaKOi MOMEHT HauMHaeTCsl CONMMKEHNE KOHTAKTOB BBIKIIFOUATENS, IPOHUC-
XOWT JIUIIb BOJIN3M MAaKCUMyMOB HAIIPSDKEHUSI UCTOYHMKA nuTaHus. [Ipu
Oonpmux ckopocTsax (puc. 6.5, 6) craTHcTHYECKOe pacmpenesieHne P,
MpUONIMKAaeTC K PaBHOMEPHOMY Ha HHTEpBAIE OT Yo min =0 1O
Ve max = 360°. YuuThIBas, 4T0 3aMbIKaHHE BOJIM3U MOJOKUTEIHLHOTO WIIN
OTPHIATEIFHOTO MAKCUMYMOB HaNPSDKEHHST HICTOYHUKA OOBIYHO TPHBOIUT K
Hanboyee BBICOKHM IEPEHANPSDKEHISIM, MOXKHO MPUHTH K 3aKIIOYECHUIO,
YTO KOMMYTAIMs BKJIIOYCHUS JTHMHUHU BBIKIIIOYATEIIEM C MEIJICHHO CXO[Is-
IMIAMUCS KOHTaKTaMH JIOJDKHA Yallle JaBaTh BBICOKUE TEPEHAIPSHKEHHS I10
CPaBHEHHIO C KOMMYyTaluel OBICTPOJEHCTBYIOIIMMH BbIKITIOUarensimMu. Hc-
CIIEIOBAHUI TIOKA3aJId, YTO BCE COBPEMEHHBIC THITHI BBIKIIOYATENEH BEI-
COKOT'O HampsDKEHHS MOXKHO OTHECTH K pa3psimy OBICTPOIEHCTBYIOMINX, T. €.
CIIOCOOHBIX IIPOU3BECTH AJICKTPHUECCKOE 3aMBIKAHHE KOHTAKTOB IPAaKTHUe-
CKH B JI00YI0 (ha3zy BKIIrOUaeMoro HampsbkeHus. [loaTomy nepeHamnpsike-
HUs TIPH IUIAHOBBIX BKIIFOUEHUSX JIMHUH CIIA00 3aBUCST OT THIA BBHIKITIO-
Yarens, eCIM ero KOHCTPYKIHS HE MPEIyCMAaTPHBACT CIEHUAIBHBIX Mep
JUIs1 OOpBOBI ¢ KOMMYTAIIMOHHBIMHU TIEpEHANPSKCHUSIME (HampuMep, IIyH-
THUPYIOIINE CONPOTHBIICHHS M CHEIUANBHOE YCTPOWCTBO UII BBHIOOpA
ONTUMANBHOM (a3bl BKIIOUCHHUS P,,).

[omuMoO (pU3MYECKUX MapaMeTPOB CETH, BIHSIOIINX HAa Pa3BUTHUE Iie-
PEXOHBIX MPOILIECCOB U BXOMAIIMX B (POPMYJIBI pacyera BEJIUYUHBI Mepe-
HaNpsDKEHUH, HA pacHpeiesicHue BENWYMHBI KOd(PQHUINCHTa MepeHarnps-
JKCHUH BIHSIOT Takue (PaKTOphl, KaK YCIOBHS OSKCIUIyaTaIliH BBICOKO-
BOJIbTHBIX CETell, H3MEHEHHE IapaMeTpoB CeTeil Mo Mepe MX pPasBUTHS U
T. 1. Hapsiy ¢ olieHkamMu BeJMYUHBI KOG (UIMEHTOB TepeHANPSKEHHM, M0-
JY4CHHBIMH PACYETHBIM IyTEM, IIHPOKO HCIIONB3YIOTCS JaHHBIE O BEJU-
YHHE U MOBTOPSEMOCTH IMEPEHANPSDKEHUH, MOMYYCHHBIE MPH MPSMBIX U3-
MEPEHHUSAX UX BEIUYMHBI B PEATbHBIX BHICOKOBOJIBTHBIX CETSIX.
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YcTaHOBIEHO, 4TO AJs1 OONBIIMHCTBA OOCIIEIOBAHHBIX CXEM Mapa-
METPBI 3aKOHA PACIPEACIICHUS ) OKa3bIBAIOTCS INMPAKTUYECKH HE3aBHUCH-
MBIMH OT CTPYKTYpBI M IIapaMeTpOB MHUTAIOIIEH CETH, a TAKXKe OT IapaMmerT-
POB camOii BKJIIFOYaE€MOM JIMHUH.

OTO JaeT BO3MOXHOCTh YCPEIHUTb PE3YJIbTAaThl U3MEPEHUM, ITPOBE-
JICHHBIX B Pa3HBIX CXeMax W Ha pasHbIX JHHUAX, U OOBEAUHHUTH 3TH IaH-
HBIE B €IMHYIO KPUBYIO 3aKOHA PacIpeesieHNs Y MPH MJIaHOBBIX BKIOYE-
HUSX JIMHUAU. VICKII0YEHHE COCTaBIISIOT JIMIIB CXEMBI C BECbMa MaJIOMOMI-
HBIMHM MCTOYHUKAMH MUTAHUS U ¢ OONBIIUMH JUTMHAMU JIMHUH, JUIS KOTO-
PBIX BBINIOJIHAETCS yCIOBUE

w; < 1,6w.

CraTUCTUYECKH aHATU3 TMOKa3all, YTO SKCIIEPUMEHTAILHO TOTy4YeH-
Hasl KpUBasl 3aKOHA PaCIpEeleSICHUsl CIy4alHON BEMYUHBI Y IJIs1 KOMMY-
TallMi TUTAHOBOTO BKJIIOYEHUS JMHUHU YAOBIECTBOPUTEIBHO ANIPOKCHUMU-
pyercst GyHKIHEH HOpMaIIbHOTO 3aKOHA PaCTIPEICIICHIIS:

_x=0?

Q) = 202 dy, (6.6)

[ee)
5=/
— | e

oV2n

X1
rae ¥ = 1,64 — cpennee 3HadyeHne KOA((UIIUEHTA TIEpEHANPSHKECHUA TIPU
JJaHHOM Bue kommyTanuu, o = 0,183 — ero crangapTHOE OTKIIOHEHHE,
Q(x) — BEPOATHOCTH TOTO COOBITHSA, YTO MPH OJHON KOMMYTAIUK (OIHOM
U3 (a3 IMHUN) BEIMYMHA ¥ TPEBBICUT 3HAYCHUE, YKa3aHHOE B CKOOKAX Kak
apryMeHT GpyHKIuH Q.

BrIHyXIeHHOE HaMpsDKeHUE V' Ha MUTAroeM KOHIIC B OOJIBITHHCTBE
cilyyaes uMeeT HeBbicokoe 3Hadenue (V = 1,04; o, = 0,01). Ha pasomxk-
HYTOM KOHIIC MCCJICIOBAaHHbIX JUHUI V' M3MeHseTCs B OCHOBHOM B IIpefe-
nax V =1,05-115 (V = 1,1; o, = 0,015). B peaxux ciydasx (mpu
aBapUIHBIX PEXUMaX, MPU MUTAHUU JUTMHHOM JIMHUH OT MAJIOMOIIHOH ce-
TH, IPU OTKITIOYEHHUH OT CETH YCTPOMCTB IS CHIDKCHUSI BEIHYKICHHOU CO-
CTaBJISIFOIIIEH W T. I1.) BO3MOXKHBI TIOBBIIIEHUS KO3 (HUIIMEHTa BBIHYXICH-
HO# coctaBisromedd 10 V = 1,6 — 2,0. B Takux ciydasx TpeOyercs He-
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MENJICHHOE OTKJIIOYEHUE JIMHUU HE3aBUCHMO OT HAJIMYMs WM OTCYTCTBHUS
KOMMYTallMOHHOW COCTaBIIIIOIIEH MTEPEHANPSKEHUH.

Ecmu paccmarpuBath 3aK0H pacrpeneneHus k, I Kakoi-mu0o of-
HOW KOHKPETHOW JIMHWUU, TO MOXKHO INPEHEOpeyYh CTaTHCTUYECKOW BapHa-
nuel BeNUYuHBI V U cUMTaTh €€ BETMYMHON MOCTOSIHHOW. B aTom ciydae
BBIpaKeHHe st BeposTHOCTH Q (k,) MPUBOAUTCS K HOPMAIBHOMY 3aKOHY
pactipeneneHus KpaTHOCTH MepeHANPsDKEHIH K, -

1 [ a0
Q(k,) = fe 202 dy. (6.7)
o 27Tk

4
CymecTByeT psii Mep, HAalpaBICHHBIX HAa CHIDKEHHE BEPOSTHOCTH

MOSIBJICHUS BBICIIMX KPATHOCTEW TepeHanpsHKeHUH MPU BKIIOYEHUSX JIH-
Huil. Kak ¥ Mepbl CHW)KEHHs IPYTUX BHIOB KOMMYTALMOHHBIX IEpEHa-
MPSDKEHUH, KX MOXHO TOAPA3CIIUTh HA TPH TPYIIIIEL

1. Mepsl orpaHHuYeHHs BBIHYKICHHON COCTaBJsomed V' kommyTa-
IHUOHHBIX TepeHarnpsbkeHn. K HUM OTHOCATCS: AelieHne NaabHUX JIMHUN
JJIEKTpOIIepeIau Ha Y4JacTKH JiinHOW He Oonee 250—300 kM ¢ MOIKIIIO-
YEHHBIMH K MPOMEXYTOYHBIM TOYKAM YCTPOHCTBaAMH MOJAEPKAHUS HOP-
MaJIbHOTO YPOBHS HANpsOKEHUS; MPUMEHEHHUE TPaHC(HOPMATOPOB C pery-
JUPYyeMbIM KO3 (PHUIIMEHTOM TpaHCPOpPMAIUH, IIYHTUPYIOIUX PEaKTo-
POB ¥ CHHXPOHHBIX KOMIICHCATOPOB; BBIOOP TaKOU MOCJIECIOBATEIHBHOCTH
BKJIFOUEHUSI KOHIIOB JIMHUHU, IPU KOTOPOH CHavaja JIMHUS TOJKII0YAeTCs
K IIMHAM HauOoJiee MOIIHOM IOACTAaHLMM, a 3aTeM — K IIMHAM MEHEe
MOIIHOM ITOACTAHIIHH.

2. Mepbl, HampaBJICHHbIE Ha OcCJa0JeHHE MEePEXOAHONH COCTaBISIO-
el KOMMYTAIMOHHOTO Tpoliecca NMpu BkioueHuu nuHui. Crona oTHO-
CATCS YCTAHOBKA WIYHTHPYIOIIUX CONPOTHBICHWA B BBIKIIOYATENSAX W
«CHHXPOHHOE BKJIIOUEHHME» BBIKIIIOYaTeNield C BBIOOPOM TaKOr0 MOMEHTa
BKJIIOUEHUS, TPU KOTOPOM 00€eCreyrBaloTCs HEeBbICOKME 3HaueHus y. Oc-
J1abJIeHVsI HHTEHCHBHOCTH TIEPEXO0THOTO MPOIIecca NMPU BKIIFOUCHUH JTHHHH
MOHO JIOCTHYh TaKXe ITyTEM BBEJICHUS HAa BPeMs KOMMYTAIIMH aKTHBHBIX
COIIPOTUBIIEHUH B LIENIb TOKA, IPOTEKAIOLIETO 110 IIYHTUPYIOIIUM PEAKTO-
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paM, Hampumep, BKIIIOYEHHEM DPE3UCTOpa B HEUTpallb OOMOTOK TPYIIIIBI
Tpex(a3HBIX PEaKTOPOB.

3. Hcmonp30BaHre BEHTHJIHHBIX Pa3psSIHUKOB U HEIMHEHHBIX Orpa-
Huuutene mnepenanpspkeHuit (OIMH). Dt ycrpoiicTBa HOTIOMIAIOT B
CBOMX PabOYUX PE3UCTOPAX 3HAUUTEIBHYIO YacTh SHEPIHHU NEpEeHAIpsKe-
HUH, 9YTO IPUBOAUT K CHIKCHUIO HX aMILTUTYIBL.

PaccmoTpum Gosee mopoOHO MepedrcIeHHbIe BbIIE Mephl 00PHOBI
C MEepPEeXOJHON COCTaBISIONIEH MEepEeHANPsHKEHUM TIPY TUIAHOBBIX BKITIOYE-
HusX JuHud. LlyHTHpYIOImEee CONpOTHBICHHE B BBIKIIOYATENE IOKAa3aHO
Ha puc. 6.6. OHO HIyHTH-
pyeT d4acTb IOCJIENOBa- 2y 1y

TEJIbHBIX Ppa3pbhlBOB BbI-
KIIOYaTeast M CIOCOOHO
BBIICPIKUBATH ITOJIHOC
HADIKCHRS, [PHKIAIH- Puc. 6.6. BeikiouaTens ¢ IIYHTUPYIOIIUMHU
COIIPOTHUBJICHUAMU

BaeMO€ K KOHTaKTaM BbI-
KIfovaTens. BrirroueHne TUHHMA HaYMHAETCS C 3aMBIKAHHsI KOHTAKTOB 1.
Tox nepe3apsiia eMKOCTH JIMHUU IPOTEKAET MPU ITOM 4epe3 pe3ucTop Ry,
6yaromapsi KOTOpOMY HEPEXOHBIH MPoLecc Ha TUHUH JeMIpHpyeTcs, He
co3maBas 0oJbIIUX NepeHanpsbkeHuil. Yepes 10—20 Mc BKIIFOUAIOTCS KOH-
TaKThl 2, BBIBOJSIINE IIYHTUPYIOLIEE COMPOTHBIIEHUE W3 CHIIOBOM LEMH.
Ha sTom 3Tamne Takxe BO3MOXEH MepeX0AHbII MpoLecc, HO MPU MPaBUIIb-
HO BBIOpaHHOW BenmuuuHE R, ¥ OH HE BBI3BIBACT OOJBIINX MEpeHarpsiKe-
HuH. ONTUMaAIbHOE 3HAYCHUE BEIMYHMHBI R, COCTABISAET MPHOIH3UTEIHHO
274, 1. e. 600—1200 Om. C yueToM BO3MOXKHOCTH BKJIFOUEHUS BBIKJIFOUATE-
7 Ha KOPOTKO3aMKHYTYIO JIMHUIO HEOOXOAMMO OOEeCIeYHTh, ITOMHMO
JJIEKTPUYECKON IPOYHOCTH, JOCTATOYHO BBICOKYI0 TEPMHUYECKYIO CTOMi-
KOCTb LIIYHTUPYIOILLETO COIIPOTUBIICHUS.

PacueTsl MoKa3pIBaloOT, YTO C MOMOILBIO IIYHTUPYIOIIUX CONPOTUBIIE-
HUA BO3MOXXHO OTPAaHHYHTH PACUETHBIA KOAPQPHUIUCHT NepeHANpsHKEHHUHA
MIPY TJTAHOBBIX BKITIOUCHHSX JIMHUH 10 BenmnuuHbl Y = 1,6. bonee rimy6o-

KO€ OrpaHMYEHHUE NEepeHaNpsHDKEHU BO3MOXKHO IyTEM NPUMEHEHUS B Of-
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HOM BBIKJIIOYATENIC HECKOJBKHX IIYHTHPYIOIIUX COIMPOTUBJICHHUH, BKJIIO-
YaeMBIX B IIeTIb IUTAHMUS JINHUH TIOCIIEIOBATEIFHO BO BPEMEHHU.
«CHHXpOHHOE BKJIFOUEHHE)» JIMHUU MOXET OCYIIECTBIISTHCS BKIIIOUa-
TeJneM, CHaOKEHHBIM yCTPOWCTBOM UTS BEIOOpa MOMEHTA BKITFOUEHHS C OTI-
peneneHHol (a30i HAMpsHKEHWS MCTOYHUKA MUTAHHS. DTO MOXKET OBITh
JJIEKTPOHHASL UIIK MUKPOIIPOIIECCOPHAS CXeMa, CIIEASIIAsl 32 HAPsHKEHUEM
MUTAIOICH CETH W TMOJAIoNIasi UMITYJIbC, OTIEPEKAIOIINN BEIOpAaHHBIA MO-
MEHT BKJIIOUEHHSI Ha BpeMs cpadaThIBaHUS MPUBOJA M CXOXKICHHUS KOHTAK-
TOB BBIKIIOUaTe . CHHXPOHHOE BKIIOUEHHE MO3BOJISIET BBHIOMPATH TaKyIO
74y ¢asy nuraromeit 2/1C .,
pu  KOTOpod k03 du-
LHUEHT TepeHanpsHKeHUN

HUMCECT MHUHHMAJIBHOC

3HAYCHUE (puc. 6.7).
DddexTrBHOCTD CHH-
XPOHHOTO BKITIOYEHUS

KaKk Mepbl OrpPaHUYECHHUS

, . . . . } NIEPEHANPSKEHUI  3aBH-
0 30° 60
CHUT, B IIEPBYIO OYepenb,
Puc. 6.7. 3aBucumocts k03 punmenTa nepe- OT CTAGHIBHOCTH BpeMe-
HaNpsDKEHUN Y OT (a3bl BKIIOUCHUS THHUH Y,
npu Uy = 0,6 =Ry, /(2L) =30 1/c: 1 —

w=7w;2—w =15w

HU cpabaTbIBaHUS TMPUBO-
na  Boikmouarens. [lpu
paszbpoce 3TOro BpeMEHH,
HE TpeBbIIIaImeM =1 Mc, BO3MOXHO CHWXEHHE Kod(dduimeHTa nepeHa-
npsbxkeHudt 1o y = 1,4.

KomOuHMpoBaHHBIC BEHTUIIBHBIE PA3PSAHUKU CYIIECTBYIOUIUX KOH-
CTPYKUUH MO3BOJISIOT OrPaHUYMBATH KPATHOCTh KOMMYTALMOHHBIX Ie-
peHamnpshKeHui 10 ypoBHsA k, = 2,2-2,5. JlanpHeiiliiee CHUKECHUE STOTO
YPOBHsI TpeOyeT YCHIICHHs AyTroracsiieil cmocOOHOCTH HCKPOBBIX MPOMeE-
JKYTKOB Pa3psSIHUKOB U CBSI3aHO C PUCKOM IOBPEKIACHUS Pa3psIHUKOB

IpU JJIUTCIBHBIX KBA3UCTAIIMOHAPHBIX IIEPCHAIIPAKCHUAX.
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OIIH mo3BOJSIOT CHU3UTh KOMMYTAIIMOHHBIE NEPEHANpPsDKEHUS 10
k, = 1,6, ogHako TpeOOBAaHUS K CHIDKCHHIO BBIHY)XKICHHOW COCTaBIISIO-
wieif B cetu npu ucnosnb3oBanuu OITH Bo3pacraror.

Hamnyumum oOpa3om 3amada OrpaHHUYCHUS TEPECHANPSDKCHUH TpH
BKJIIOUEHMH JIMHUH pelaeTcs IMyTeM KOMIUIEKCHOTO HMCIIOJb30BaHMs Iepe-
YUCIEHHBIX MepomnpusaTuil. B sHeprocucremax Poccun npusHano Heo6xo-
JUMBIM OTPaHUYMBAThH NEpEHANPSHKEHUS MPH IUIAHOBBIX BKIIIOUEHHSX JIH-
Hu#t B cersix CBY. JIns aTuX ceTeil B KOMIUIEKC 3alIUTHBIX MEPOIPHUATHIHA
BXOJSIT: CEKLIMOHHPOBAHKE NAJTbHUX JIMHUNA HA YYaCTKH JUIMHOM 10 250—
300 kM ¥ ycTaHOBKA UIYHTHUPYIOIIUX PEAKTOPOB Ha JIMHUAX, & TaKXKe MOJ-
KITIOUEHHUE pa3psiTHIKOB KOMOMHHUPOBAHHOTO TUIIA, OCYIIECTBILIIONINX O
HOBPEMEHHO (PYHKIIMH 3aIIUTHI OT TPO30BHIX M OT KOMMYTAI[HOHHBIX ITe-
peHanpsbkeHuid. Kpome nepeuncieHHelX Mep, MpearoaraeTcsi uCIoiab3o-
BaTh IIYHTUPYIOLUE COMPOTHBIICHHUS B BBIKIIIOUATEISAX U PaCCMaTpUBAETCS
BO3MOXXHOCTb CHHXPOHHOTO BKJIIOUEHHUs JUHUN. ONBIT 3KCIUTyaTallluy I0-
Ka3bIBaCT, YTO TaKUE MEPhbI 00ECIEUNBAIOT JOCTATOYHO A(P(EKTUBHYIO 3a-
HIUTY OT KOMMYTAIIHOHHBIX MEPEHANPSHKEHUH PU TUIAHOBBIX BKIIOYECHUSAX
nrHUH. 3a pyOexoM 0oJiee IUPOKOe PacIIPOCTPAHEHHE TTOJIYYHIIH BBIKITIO-
YaTelu C NIYHTHPYIOIIAMH CONPOTHUBICHUAMH (BKitouas cetm 110 u

220 kB), a Tak)xe CHHXPOHHOE BKIIFOUEHHE JIMHUM.

6.2. IEPEHAIIPS’)KEHUS TP OTKJIIOYEHUUA
HEHATPYKEHHBIX JIMHWUI, B TOM YU CJIE JINHAN
B BJIOKE C TPAHC®OPMATOPOM

Hepenanp}mcenuﬂ npu OmKiO4€eHuUU HeHaAZpyIHCeHHbLX JIUHUTL

OTxIIt0YeHHE HEHArpy»KeHHOU (pa30MKHYTOH Ha OJHOM KOHILE) JIU-
HUM MOXET NPHUBECTH K 3HAUYMMBIM INepeHanpspkeHusM. [Ipu mpoxoskme-
HUM 4epe3 Hyllb TOKA JIMHUKM BOCCTAHABIMBAETCS 3JEKTPUUECKAs! IIPOYHOCTD

MCXKOY PpacXoOAIIMMUCA KOHTAKTAMU BBIKIIOYATCIIA. Ecmm HaIpsi’KCHUe,
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BOCCTaHABIIMBAIOIIEECS MEXIy STUMH KOHTAKTaMH, MPEBBICUT JJIEKTpUYE-
CKYIO IPOYHOCTH, TO MPOHU30MIET MOBTOPHOE 3)KUTAaHHE OYyTH, H €MKOCTb
JuHUK OyJeT mepe3apspKaThesl B KojebarenbHoM mpornecce. OnHa KoMMy-
Tarus OTKIIOYCHUS MPH MEUICHHOM PacXOXXICHHH KOHTAaKTOB BBIKIIFOYA-
TeJsl WIK Pa3beAUHUTENS MOXKET COMPOBOXKAATHCS HECKOIBKUMHU MTOBTOPHBI-
MH 3KUTaHUSIMHA W, COOTBETCTBEHHO, MMITYJIbCAMU IEepEeHANpPsHKECHHH Ha
W3O0JISIIH JTHHUH.

PaccmoTprM MexaHM3M pa3BUTHSI STUX MEpEHANpsHKEHUH CHaudaia B
TPOCTEHIIIeN SKBUBAJICHTHON CXEMe, TJe MUTAroIIasi CeTh 3aMeIleHa HC-
tounukoM JJIC, BKIIIOYEHHBIM TMOCJIENOBATEIbHO C HMHIYKTUBHO-
aKTHBHBIM BHYTPEHHHM COIIPOTHBIICHHEM, a JIMHUSI — COCPEIOTOYCHHOU
eMKOCThIO (puc. 6.8, a). TameHue qyru Mexay pacxOoAsIIMMUCS KOHTaKTa-
MH BBIKJTFOUYATES IS IPOMCXOIUT B MOMEHT t; (puc. 6.8, 6), Koraa TOK Mpoxo-
JUT Yepe3 HyJIeBOE 3HauU€HHUEe, U BCIEACTBHE 3TOTO MpeKpallaeTcs NoCTy-
JICHWE SHEPTHH, IOAePKUBAIOIIEH BEICOKYIO TEMIIEpaTypy B KaHAJIE TyTH.

3apsn, ocTaBIIMIiCS HA €eMKOCTH JIMHHUU IOCIIE TalleHHs TyTd, Me-
JIEHHO CTeKaeT Ha 3eMJII0 Yepe3 CONMPOTUBICHHE YTEUKH H3OJISAIHH, TMO-
CKOJIbKY TIOCTOSTHHAsI BpEMEHHU pa3psiga UMEET MOPSIOK IECSITKOB CEKYHI;
HalpspKeHHE Ha €MKOCTH JIMHUM C OCTaeTcsl MPaKTHUYECKH HEM3MEHHBIM U
Omm3kuM K amrumtyne (asHoro HampspkeHws. HampsbkeHne Ha IHHAX Uy,
no-npexxHeMy m3mMensiercsi B coorsercteuu ¢ DJIC e(t). Hanpsokenue mex-
JIy KOHTaKTaMH BBIKIIIOYATENS U, OMPEeNseTcs pa3HOCThIO HAMPsDKEHUH Ha

JIMHUM U, W HA CTOPOHE NHTaHus Uy, (puc. 6.8).
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Puc. 6.8. HanpspkeHne Ha JIMHUU NIPU €€ OTKJIFOYSHUH C TOBTOPHBIMU 3a)KHTa-
HUSMH JIYTH: @ — CXeMa CEeTH; 6 — HalpsDKEHUE Ha JIMHUY [IPU € 3aMeLCHHN
skBUBaNeHTHBIM R—L—C koHTYypOM

Uepe3 MOJOBUHY MEpHOAa MPOMBIIUICHHOW YaCTOTHI 9TO HaMpsKe-
HHE Uy = Uy — Uy, KaK CIEAyeT W3 PUCYHKA, BO3pPACTaeT 10 YIBOCHHOIO
3HadeHust amruutyael murapomed DC 2E,,. Ecnu B xynmem ciaydae B
3TOT MOMEHT (t, Ha puc. 6.8, 6) IPOUCXOANT MOBTOPHOE 3AKUTAHKE TyTH,
TO €MKOCTH JIMHUH HAYWHACT Mepe3apsuKaThCs B KOIEOATEIEHOM PEKIME OT
HAYaIbHOTO 3HAYEHMS HANpsDKEHUS Uy = E,, 10 yCTaHOBHBIIETOCS HAaIps-
xkeHust U, = e(t). Yacrora cBOOOMHBIX KOJIeOAHHMH OKa3bIBACTCS, Kak
IPaBUJIO, MIPUMEPHO HAa MOPSAIOK BBIIIE MPOMBIIUIEHHONW YacTOTHL, U B
MIEPBOM MPUOIMKEHUN MOXKHO MPEeHeOpedb H3MEHECHHEM HATPSHKSHUS UC-
tounuka DJIC 3a Bpemst At = t; — t, NOCTIDKCHHS aMIUTUTYIBI HaIpshKe-
Hus Ha eMkocti C. [Ipu 3TOM MakcHManbHOE 3HAYCHUE HAINPSDKEHHS Ha
JIMHUHM MOXKHO PacCUUTaTh 1Mo Gopmyde (6.2):

Ulmax = Uﬂaq + (UyCT - UHa‘{)KyL[ = Em + (_Em - m) ) 1;8 = _2,6Em;
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rae Ky, ~ 1,8 — OpHEHTMPOBOYHOE 3HAYEHUE YIaPHOTO KOdhdunuenra B
SKBHUBAJIEHTHOM KOHTYPE C YUETOM IOTEPh B COMIPOTUBICHUU R;.

B momeHT t; Tok i = du,/dt = 0, u nyra racHetr BHOBb. EMKOCTB
JIMHUH TIOCJIE 3TOTO OCTAeTCs O] HaNpsiKeHUEM, paBHBIM Uy ,qy -

Crycts NpUMEpHO IMOJIOBUHY II€pHOJa MPOMBIIIIEHHOW YacTOThI
OJIC mocturner amrumatyaHoro 3HadeHus: U, = E,, HanpsbkeHHE MEXIY
KOHTaKTamMHu BbIKIIo4Yatens moBeicutcss A0 Uy = E, — Ujpmax = 3,6E,,
(MomeHT t, Ha puc. 6.8, 6). OTHOBPEMEHHO PACXOAATCS KOHTAKTHI BBIKIIFO-
gaTels M YBEMUMBACTCS AIIEKTPUIECKasl IIPOYHOCTh MEXIY HUMH, MOITO-
My IOBTOPHOE€ 3a)KUT'aHUE IYyT'M MOKET BO3HUKHYTbH Y€ He npu 2E,,, a
npu OGompIux 3HaueHUsX HampsbkeHus U,. HaunGonee omacHo 3akuranue
IyTH B MOMEHT t,. B 3TOM ciydae HaunHaeTcs mepes3apsii eMKOCTH C JIU-
HUU OT HaudajgpHOro HampspkeHus U,,, = —2,6E,, N0 ycTaHOBHUBIIETOCS
Uyer = +Ep, W mepeHanpsokerust  HOCTHIAOT — Uppay = —2,6E,, +
+(E,, + 2,6E,,)1,8 ~ —3,3E,,.

[Iponomxkast paccy>kKaeHUs] aHATOTUYHBIM 00pa3oM, MOXKHO HPUATH K
3aKJIIOUEHHIO, YTO TIOBTOPHEIC 3a)KUTaHWS OYTH B HamOoyiee HeOIarompu-
SITHBIE MOMEHTHI BPEMEHH MOTYT BBI3BaTh MHOTOKpATHBIC OIACHBIC IS
W30JISIUH TIepEeHANpshKeHUs. B peabHBIX BBIKITIOUATEISIX 3aKUTaHUS AyTU
MPOUCXOST B CIy4yailHble MOMEHTHI BPEMEHH, U Tpollecc HapacTaHUsl Ie-
PEHAIIPSDKEHUH OT OJHOTO MOBTOPHOTO 3a)KUTAaHHS K IPYroMy HE MPHBO-
IUT K CTOJHh OBICTPOMY pPOCTY HMX BEIMYHMHEL. TeM He MeHee, OOibIIoe
YHCJIO MOBTOPHBIX 3@KUTAHUM AyTH, JOCTHUTAlollee B HEKOTOPHIX THIIAX
MAaCIISTHBIX BBIKItouaTenedl 12—15 nmpu kaxmoit koMMmyTanuu ¢as3sl JTHHUH,
MPUBOJUT K OIMAcCHBIM IepeHanpspkeHusaM. Ocraronieecs Mocie OKOHYa-
TEJIbHOTO TallleHus] JyTd HamnpshkeHue Ha JUHUH U, MOXeT HOXOIHUThH 10
(1,6-1,8) Uy, 4TO €CO31A€ET NPEANOCHUIKH 1715 BHICOKMX MEPEHATPSIKEHNIH
MIPH MOCIIEAYIOUIEM aBTOMAaTHYECKOM ITOBTOPHOM BKJIFOUEHHUH JIMHUU.

B coBpeMeHHBIX BBIKJIIOYATENSAX MNPUHUMAIOT MEpbI ISl IPenoT-
BpaIlleHHs MOBTOPHBIX 3)KUTAHUM AYTH MPHU OTKIIOYEHUH JUHUHN. B vact-
HOCTH, OT€YECTBEHHBIE BO3/IYIIIHbIE BBHIKIIOYATEIN BRICOKOTO HANPSXKEHUS
MPAKTHYECKH BCEr/la OTKIIOYAIOT JUHUIO 0€3 OMAaCHBIX MOBTOPHBIX 3aXKH-
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FaHHﬁ, IMO2TOMY B CETHX, O60py110BaHHI>IX TaKMMH BBIKJIIOYaTC/IAMU, C
NEPCHANPSOIKCHUAMHA IIPU OTKIIOYCHUAX HCHAIPYXKCHHBIX JIMHUM MOKHO
HEC CUUTATBCA.

Unp /Em

Macysisble  BBIKIIOYATENM HMMEOT _
MEHBLIYI0O CKOPOCTb DAacXOKICHUS KOH- ,/1
TaKTOB M BOCCTAHOBJICHHS JJICKTPUIECKOM 3 / /
npoudoctd (kpuBas 2 Ha puc. 6.9). Ilo- 2 l /
9TOMy B HHX BO3HHKAIOT ONACHBIE IIO- 1
BTOPHBIC 3a)KUTaHUS JyTH.

OLEHKH CTaTMCTHYECKOTO pacrpe- 0 002 0,04 006 008 tc

nenenust ko> duimenra nepeHanpsokennii  Puc. 6.9. Msmenenne Bo Bpe-
MIpU OTKJIFOYEHUU HEHArpYKEHHbIX JUHUA  MCHM JJICKTPHICCKOM IIPOH-

110 kB u Bblllle 3TUMHU TUIIAMH BbIKIO4a-  HOCTH MCIKKOHTAKTHOTO ITPO-

Teell COCTABISIOT: JUls MaTemarmueckoro  MEKYTKa: I — BO3IyIIHbIi

BBIKJIIOYATEJIb, 2 — MacIsHbII
OXHIaHUA KOE)(b(bI/IIII/ICHTa IepeHaIIpsKe-

Huit — y = 2,0, 114 cpeaHeKBaApaTHUHO- BRICIIOATEIE

ro otkmoueHuss — ¢ = 0,34. 3akoH pachpefencHus Y NpH OTKIIOYEHUU

JIMHUU C MOBTOPHBIMHU 3aKUTAHUSMU TYTH OTIMYAETCS OT HOPMAJIBHOTO U

MOXET OBITH aMIIPOKCHMHPOBAH ABOMHBIM SKCIIOHEHIIHAIBHBIM 3aKOHOM:
Q) =1-e*""? 7= 7-0450, (6.8)

rne ¥ — MoJaibHOE 3HAYCHHE BEIHMYMHBI KOI(GQHIMEHTa IepeHarnpsiKe-

o YA 9 )
HUHU, X = ﬁg — IIOKa3aTeJIb paCCCUBaHUs CIIyYauHOU BEJIMYHNHBI.

OnacHOCTh OTKIIOYECHUS HEHArPy>KEHHOH JIHUHHH Mallo0ObEMHBIM
MAaCIISTHBIM BBIKJTIIOUATENIEM yCYTyOIsIeTCsl TaKXKe TeM, UYTO MEePEKPHITHE €
W30JIALIMY, BBI3BAHHOE 3TUMH MEPEHANPSHKCHUSIMH, MOXKET TOBIIEYb pa3py-
LIEHHWE BBIKJIIOYATENA: MaJjlas BEJMYMHA €MKOCTHOIO TOKa OTKJII0YaeMOM
JIMHUY HE CO3JaeT JOCTATOYHOTO JIaBJICHUS B €r0 IyroracUTENIFHON Kamepe
JUISL HAJICXKHOTO TalleHus Tyru Toka K3, mosTomy ecnu B X0€ OTKIIIOUE-
HUS JUHUU Bo3HUKaeT K3, M TOK pe3Ko BO3pacTaeT, TaKO BBIKIIOYATENh
MOJKET OKa3aThCsl HECTTIOCOOHBIM IIOTaCUTh JIYTY.

PanukanbHoM Mepoilt 60pHObI C 3TUM BUAOM KOMMYTAIIMOHHBIX Mepe-
HaTpPsDKEHUH SIBIISIETCS IPUMEHEHNE BRIKITIOUATeNeil 63 OmacHBIX IOBTOP-
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HBIX 30KUTAHUH TyTU MPHU OTKJIIOYEHHH JUHUH. B MPOTUBHOM ciydae 1ie-
necoo0pa3HO OCHACTHUTD JIMHHUIO CPEICTBAMU CHATHS OCTaTOYHOTO 3apsiia:
BBIHECTH HA JIMHUIO M3MEPHUTENBHBIN AJIEKTPOMATHUTHBIA TpaHCc(opMaTop
HAIPSHKCHUS WK IPETyCMOTPETh JPYTHeE ITyTH CTEKAHHsI OCTATOYHOTO 3apsi-
na ¢ JuHuA. DPPEKTUBHBIM OKa3bIBACTCS MOIKIIOYECHUE K JIMHUW IIyHTH-
pyromiero peakropa. [Ipubnmxas popMy KpUBOW OCTAIOIIETOCS HAa JTMHUU
HanpspKeHHs K KpuBoil BozzaelictByromeid 3JIC, oH 3aMeAnsieT pocT Hamps-
JKEHHSI MKy KOHTAKTaM{ BBIKITIOYATEISI H TEM CaMbIM YMEHBIIIAeT BEPOSIT-
HOCTB TIOBTOPHBIX 3)KUTAHUH TYTH.

OrpaHuueHre NEPEHANPSHKCHUH MPU OTKIIOYCHUU JIUHUHA MOXKET
OCYIIECTBIIATHCS C MIOMOIIBIO BEHTHIBHBIX Pa3PsAHUKOB MM HEJIMHEHHBIX
OTpaHUYHTEINEH NepeHanpspkeHnid. OHaKO TPU 3TOM, BCIIEJACTBHE MHOTO-
KpPaTHOCTH 3aKUTAaHUH IyTH B XOAE KaXKIOH KOMMYTALUH, IPOUCXOIHT
YCKOPEHHOE PacXo0/I0BaHUE pecypca MPOIyCKHOH CIIOCOOHOCTH pPE3UCTO-
POB 3THX amINapaToB.

Takum 00pa3zoM, IepeHANPsDKEHUS TTPH KOMMYTAIUK HEHArpy KeH-
HBIX JIMHUHM JJIEKTpOIIEpeaddl CBSI3aHBI C BKIIOUCHISIMHA HJIH OTKIIOYe-
HUSIMH BBIKITIOUATEISIMH €MKOCTHBIX TOKOB. [1o100HBIE ke mporecchl BO3HHU-
KaroT TPY OTKJIIOYCHUAX OaTapel KOHICHCATOPOB HOIMEPEYHON KOMIIEHCa-
uu (BK) ninu cOOpHBIX IIUH MOACTaHIIUH.

Ocobennocmu nepenanpajiceHuil npU KOMMYmMauuu 1IUHUU 8 0710Ke
¢ mpancghopmamopom

B HekoTOphIX cxemMax KOMMYTALlUH JIMHAH TMPOU3BOISITCS COBMECT-
HO C MPHCOCTUHEHHBIMU K Hel ckopbiMu Tpanchopmaropamu. K Takum
cxemaM oTHocsiTest Oiounsie (puc. 6.10, a), mony6aounsie (puc. 6.10, 6)
CXEMBI, a TaKXKe JIMHUH C MPUCOCTUHEHHBIMH B IMPOMEXYTOYHBIX TOYKAaX
TpaHncopmaropamu 6e3 BeikIouarenei (puc. 6.10, 6).

B oTnmuune OT HIyHTHPYIOIIMX PEaKTOPOB CHIIOBBIE TpaHC(HOPMATO-
PBl Ha JMHUU OPU HAIMYUK OCTATOYHOTO 3apsAa W MPH IMOBBIIICHUH Ha-
MPSDKEHUST OBICTPO BXOIAT B PEXKHUM HACBINICHUS MarHUTONpoBoxaa. [Ipu
9TOM BO3pACTalOT aKTHBHBIC TIOTEPH, Ha HECKOJBKO TOPSIKOB yBEIHMIUBA-
eTcs TOK IIyHTa HAMAarHHYMBAHHS, ¥ HAYWHAIOT MPOSBIATHCS d((EKTHI,
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CBSI3aHHBIE C HEJIMHEHHOCTHIO XapaKTEPUCTUKU HaMarHWYMBAaHUS MarHH-
TONPOBOJIA, B YACTHOCTH, CTAHOBHUTCSI BOBMOXKHEIM BO30YykIeHue heppo-
pe30HaHCca Ha BBICIIUX FapMOHHUKAX MPOMBIIIIEHHOW yacToThl w. Ha Be-
JIMYMHY NEepeHaNpsDKeHUuR Mpu

KOMMYTAIMSX JHHUA Hammume @) O ‘—“D‘@“—"‘@
TpaHcopmaTropa  OKasbIBaeT 6 G | )

nBosgkoe BiusaHue. C omHOH
CTOPOHBI, POCT AKTUBHBIX I10- )
Tephb W TOKA, CTEKAIOIIECro C
JIMHUH B 3€MJTIO, CIIOCOOCTBYET

Puc. 6.10. Cxembl TuHUH ¢ TpaHchopMa-

CHWXCHUIO BBIHYXJCHHOU U TOpOM (a’ 5) He TpaHCll)OpMaTOPOM B

MEPEXOHOH  COCTABIAIOUINX OPOMEXKYTOYHO TOUKE JTUHUH (8)
nepexogHoro mponecca. B

kommyTarusax AIIB 1 OTKIIOYEHWH MAaCISTHBIME BBIKITIOYATEISIMHU, KOTIa
CYIIIECTBEHHYIO POJIb HTPAET CKOPOCTh CTEKaHUs OCTATOYHOIO 3apsja ¢
JIUHHUH, TPaHCPOPMATOPBI MOTYT paccMaTpUBaThCsl Kak dGGEKTUBHOE Cpe-
CTBO CHM)KEHUS MEPEHANPSHKEHUN IMyTeM CHATHUSL OCTaTOYHOTO 3apsja, 4To
MOATBEPXKJIAETCS XapaKTepoOM IMEPEeXOJHOT0 Mpoliecca, BO3HUKAIOIIETO
IIpH OTKJIIOYECHUHU JIMHUN C MOAKIIOYEHHBIMH K HHM CHJIOBBIMH TpPaHC-
¢dopmaropamu. OnHAKO TPH HEOIATONPHATHBIX COYETAHUSIX MapaMeTPOB
CeTU HaJM4YKE B MOMEHT KOMMYTAIlMK TpaHc(HopMaTropa Ha JIMHUUA MOXKET
BBI3BaTh PAa3BHUTHUE MEPEXOAHOTO (EeppPOpEe30OHAHCA — YBEITHUCHHE aMILIH-
TYyJbl U JUTUTEIBFHOCTH TEpEeHaIpspKeHu npu BiiatoueHusx u AIIB nu-
HUU 32 CUET BO30YKIEHUS BBICIINX TapPMOHHUK. PacyeTsl U moseBbie HC-
CJIeIOBaHMUS TIOKAa3bIBAIOT, 4YTO (heppope30HAHCHBIE MPOIECCHl MpPH
Tpex(a3HOM BKJIIOYEHUHU JIMHUU C TpPaHCHOPMATOPOM HMEIOT MECTO
nuunk npu JuirHe Tuaur He MmeHee 200-300 k.

6.3. ABTOMATUYECKOE IIOBTOPHOE BKJIIOYEHME JIMHUI

KoMmmyTanuu aBTOMaTH4YECKOTO IOBTOPHOTO BKJIIOUEHHUS JIMHUU
MIPOUCXOMAT PeXe, YeEM IUIAHOBBIE BKIIOUEHUS, HO MOTYT CONPOBOXKIATHCS
0oJiee BHICOKUMH TepeHANpPsDKCHUSAMU. [ JTaBHOW NPUYMHOM MOBBIIICHHBIX
NepeHaNPSKEHUN SABIAETCA HAJIWYUE HA JIMHUM OCTAaTOYHOIO 3apsja, He
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YCIIEBAIOIIEr0 CTeYb 3a BpeMs OecTokoBoii mays3sl AIIB u co3naromiero B
MOMEHT BKJIIOUEHHUs HadajbHOE HampsbkeHue Ha auHuu Uj. [lepexonuslii
mporiecc Ha gajgbHeM KoHle nuHud npu AIIB omuceiBaeTcs ypaBHEHUEM,
anajoruuneiM (6.5). @opmyra s pacueTa BBIHYKICHHOW COCTaBISIO-
mei ocTaeTcs Takoil ke, Kak U IpH IUIAHOBOM BKJIIOUCHHH, OJTHAKO BEJIH-
ynHa dkBUBaNeHTHON DJIC E yacTo okasbiBaeTcs OOJIbIIe, YeM TpH Iuia-
HOBOM BKJIIOUEHHH 3a CUET TOTO, YTO MUTAIOIIAs YHEPTOCHCTEMAa HE yCIIe-
BaeT MEPECTPOUTHCS C PEKUMA, MPEAIIECTBOBABILETO OTKIIOYESHHUIO JIMHUH
Ha HOBBI PEXUM OJHOCTOPOHHETO BKJIIOYEeHMs JUHHH. [lepexonnas co-
CTaBILIONIAS HANPSDKEHUS B KOHIIE JIMHUU C yYETOM HEHYJIEBOTO HaYallb-
HOTO HAIPSDKEHUS U, OTIPENIEIIETCS 0 GopMyIIe:

Uanep () = ) Upm COS(WRE + 1), (69)
k=1

@2-0 )\ w?

(c:os2 ¢e+;f°—,k +w—,zsm2 Pe
m w w

2Em k

rae Uy, = a HayaJibHag (asa K-ii
km (wz—w,'f) Tt cos w,’c‘r+i,(T+‘t) sin a);(‘r ! (1)

D
i,sin Ye
D
75
Ug (wz_me)
E !
m (uk

TapMOHUKH ), = arctyg
coS P+

KagecTBeHHO poib OCTaTOYHOrO 3apsiga ObLIa MPOMIDTIOCTPHUPOBAHA

Ha puc. 6.2. [Ipu coBmameHnn 3HaKOB MrHoBeHHOro 3HaueHus DJC mpu
BKJIIOYeHUHU E M HanpspkeHus Ha JuHuM U, aMIuIUTya nepeHanpsHKeHUs
OKa3bIBAETCsl TEM HUXKE, YEM MEHbIIIE Pa3HOCTh a0COMIOTHBIX 3HaYeHUH E
u Uy. IIpotuBononoxusie noysipHoctu E u Uy NpUBOIAT K yBEIHYEHUIO
aMIUIUTYABI IEPEX0IHOM cocTaBstouieit npu AIIB nuHuU 10 CpaBHEHHUIO
C €€ BEJIMYMHON NpU IUIAHOBOM BKIFOUeHHU. CpenHue 3HaYeHUs KOdPPu-
IHUEeHTOB TepeHanpspkeHnid npu AIIB nmuHM ¥ OKa3pIBaIOTCS MPUMEPHO
TakMMHM K€, KaK ¥ IPU IUIAHOBBIX BKIIOUeHUsX. OfHAKO cpeaHeKkBajpa-
TUYHOE OTKJIOHeHue BennuuHbl Yy npu AIIB oka3biBaeTcs CyIecTBEHHO
Oosble, YTO U OIpeeNseT yBeUueHHEe BEPOSTHOCTH MOSIBICHUS OOJIBIINUX
KpaTHOCTEN MEPEHANPSKEHUN M0 CPAaBHEHUIO C IUIAHOBBIM BKJIIOUEHHEM

JIMHHU.
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Pe3ynbTaThl OMBITOB, MPOBEJICHHBIX B BHICOKOBOJBTHBIX CETSX, MOKa-
3BIBAOT, YTO 3aKOH pachpeneseHuss KodQPHUIUEHTa MepeHANPsHKCHAN IPU
BKIIFOYCHUSX JHHUH B Iukiie AIIB O6mu30k kK HOpMaabHOMY, T. €. YAOBIIE-
TBOPUTENBHO aNMPOKCUMHpPYeETCs BeipakeHUeM (6.7). [lapameTpsl 3akoHa
pacmpeneneHus 3aBUCAT OT TUIA BBIKIIOYATEIS U OT JUIMTEIBHOCTH OecTo-
koBoi may3el AIIB (tabi. 6.1). B Teyenne 0ecTokOBOM May3bl MPOUCXOIUT
CTeKaHHE OCTaTOYHOT'O 3apsja ¢ OTKIOUYeHHOU JuHuU. [locTosiHHAs Bpeme-
HU pa3psa eMKOCTH JIMHUH Yepe3 CONPOTUBIICHUE YTEUKH W30JISIINN 3aBU-
CHT OT HOTOJIHBIX YCIIOBHH W MMEET MOPSIOK HECKOIBKHX CEKYHI, IMO3TO-
My npu OsictponeiictBytomieM AIIB (BAIIB), uMmeronmm AIUTEIbHOCTD
OecTtokoBoit may3sl He Ooinee 0,35 ¢, UMEIOT MecTo 0oJiee BHICOKUE 3HaYe-
Hus Uy ¥, COOTBETCTBEHHO, 00JIee BRICOKUE NIepeHanpsyKeHus. [1oBbImeH-
HbIe 3HaUYeHUs Uy Tpu OTKIIOUYEHUH JHHUN MACISHBIMH BBIKITIOYATEIIMH
OOBSCHSIOTCS OCOOCHHOCTSIMU TIpOLiecca OTKIIOYCHHUS JIMHUKA STHMH BEI-
KITIOYaTesIMA, OMUCAHHBIMHA B pazzene 6.2.

TabOnuna 6.1
IIapameTphl 3aK0HOB pacnpeeleHls] BeJJUYHMHBI 0CTATOYHOI0 3apsjia
Ha JuHuu Uy u ko3 pPuinueHToB nepeHanpsizkeHuii npu
Tpex(a3HOM aBTOMATHYECKOM NOBTOPHOM BKJIIOYEHUH JUHUHI

Twun BeIKTIOYATES Bo3ayunsrii MacnsHbi
JlnuTenpHOCTL OecTo- 0,35 1,0 0,35 1,0
koo may3sl AIIB, ¢

U, 0,63 0,56 0,72 0,66
Owo 0,22 0,2 0,32 0,29
X 1,75 1,64 — 2,0
gy 1,31 0,25 - 0,34
k; 3,12 2,77 - 3,52

B HmxHelt ctpoke Tabm. 6.1 mpuBeneHsl pacueTHble 3HaueHHs 20-
JIeTHEe# KPAaTHOCTH NEpeHAINPsKeHUI NpU BKIIOYEHUU BO3AYIIHBIM BbI-
kimoyarenem B nukine AIIB ¢ mmrensHOCTRIO OecTokoBOM may3sl 1 c.
OHH BBIYUCIIEHBI 110 TOH € METOAMKE, UTO U JUIsl INIAHOBBIX BKJIIOUEHUM,
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TOJIBKO Cpe/lHee 3HAUCHME BBIHY)KJCHHOW COCTaBIISIOLIEH COTJIACHO OIIBI-
Ty SKCIUTyaTalluu IIPUHATO paBHbIM V = 1,25.

Ecnu Ha nunum Bo Bpemsa AIIB moaxiioueH IIYHTHUPYIOLIMHA peak-
TOP, TO CO3JAETCs IMyTh JUI CTEKaHHUs OCTATOYHOTO 3apsijia C JIMHUM Ha 3eM-
mo. OmHako mpu BBICOKOH n00poTHOCTH U R—L—C KoHTypa, 0O6pa3zoBaHHO-
ro €MKOCTBIO JIMHUM OTHOCHUTEJIBHO 3€MJIM U MHIYKTHBHOCTBIO PEaKTopa,
MpOIIeCC pa3psia JMHUHM Yepe3 PeakTop MMEeT KOJeOaTeNbHBIA XapakTep.
Bpewms 3aTyxanus kosebaHuil MOXKET TOCTUTaTh HECKOJIBKUX CEKYH]I, YTO He
o0ecreynBaeT OTCYTCTBHSI OCTaTOYHOTO 3apsija K MOMEHTY ITOBTOPHOTO
BKJItOYEHHUS JUHUHU. Kpome Toro, u3-3a Hanu4usl 3JEKTPOMArHUTHOM CBSI3U
Mexay da3aMu U HEOOJBIION Pa3HUIIBI MEXKTY 4aCTOTaMH KojieOaHui pas-
HBIX (pa3 BO3MOXKHBI OMEHHS aMIUTUTY1 KoJIeOaHU!, MPUBOSIINE K JOTOJI-
HUTEJIBHOMY MOBBIIICHUIO BpeMeHHU HanpsokeHust Uy B OTAeIbHbIE MOMEH-
TbI, MO3TOMY CTATUCTHUECKUE XapaKTEPUCTUKH IepeHaNpsHKeHUH npu
ATIB nuHMM C peaKkTOPOM OKa3bIBAIOTCS MPAKTUYECKU TaAKUMH K€, KaK U
muHAU 03 peakTopa, HeCMOTPS Ha HAJIMYKE MyTH JJIs1 CTEKaHHUs OCTaTOYHO-
IO 3apsja B 3eMIIIO.

Oco0eHHO HeONaronpusSTHBIMU SIBJISIOTCS aBTOMaTHYECKHE MOBTOP-
HbI€ BKJIIOUEHUS JMHUM HA YCTOMYMBOE KOPOTKOE 3aMblKaHUE, HE ycTpa-
nennoe aericteuemM AIIB. [lpu 3Tux KOMMyTaIusix KpaTHOCThH IME€peHarpsi-
JKEHUH Ha 3[I0POBBIX (pa3axX YBEJIHMUMBAETCS 3a CUET MOBBILIEHHS yCTaHO-
BUBIIEICS COCTABIIAIONIEH HANPSHYKEHUs, BBI3BAHHOTO MPOTEKAaHHEM B CETU
HECUMMETPUYHOIO TOKa KOPOTKOIo 3aMbIkaHus. OIHAaKO NOJIs TaKuX Heyc-
nemHbX AIIB B 001EM KOJIUYECTBE aBTOMATUYECKUX BKIIOYECHUN JIMHUM
B cersix 110-500 kB cocraBmisier Bcero okoisio 20 %, mo3aTomMy, HECMOTPS
Ha TIOBBILICHHBIC 3HAYCHUS IEPEHANPSIKCHHH, 3TH KOMMYTalu# cnado oT-
pakaroTcsl Ha CTAaTUCTUYECKHU XapaKTEpPUCTHKAaX CYMMapHOro MOTOKa Iepe-
HaNpsDKeHUH, BO3JEHCTBYIOIIMX Ha HW3OJILUIO JIMHUK 3JIEKTpoliepenadyu
BBICOKOI'O HalPSKEHHUS.

Jlist 3a1uThl OT MEpeHaNpsKEeHUN, BOZHUKAIOIUX P aBTOMAaTH-
YECKUX MOBTOPHBIX BKIIIOUEHHSIX JIMHUH, IPUMEHSIOTCS BCEe CPE/ICTBA, Ie-
peYMCIIeHHbIE B MPE/IIECTBYIOIMIEM pa3zelie: MEpbl OrPaHUYEHHUsT BBHIHYXK-
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JEHHOW COCTaBIAIOLIEH, IIYHTUPYIONINE COMPOTUBJIEHUS B BBIKJIIOYA-
TeNsIX, CAHXPOHHOE BKIIIOYEHHE JIMHUM, a Takxke paspsagHukud u OITH.
Kpome TOro, mMeercss BO3SMOKHOCTh CHU3UTH KOX(P(HUIIMEHT mepeHanpsi-
skeHust ipu AIIB nuHMIA 10 ypOBHS, XapaKT€pHOTO JISI TJIAHOBBIX BKITIO-
YeHUH, MMyTeM CHATHS OCTaTOYHOTO 3apsjia ¢ JUHHHU BO Bpems OecTo-
koBo# may3bl AIIB. {5 5TOro MOXXHO HCHOJb30BATh MOAKIIOYEHHE K
JIUHAU TPaHC(HOPMATOPa HANPSDKEHUS SJICKTPOMArHUTHOTO THIIA WU CIIe-
[UATBFHOTO peakTopa ¢ OOJBIIMM AaKTUBHBIM CONPOTHUBICHHEM OOMOTOK.
Brinoc na nuaMM 3nekrpomarautHeix TH B ceTsix 500 kB mo3Bonwn uc-
KJIIOYUTh U3 paccMOTpeHus nepeHanpsbkeHus npu AIIB nunuit 500 xB
KaK CaMOCTOSITEJIbHBIM BUJ| MEpPEHANpPsKEHUH, MPAKTUYECKH CPaBHSB Xa-
PaKTEpUCTUKK paclpelesieHuss ¥ MpU 3TUX KOMMYTAIMAX C XapaKTepUCTH-
KaMHU NpU IUIAHOBBIX BKJIIOUEHMSX JIMHUH. B psne ciiydaeB CHM)KEHUIO
MepeHANPsHKCHUH MIPH JTUKBUAANH aBapUHHBIX PEKUMOB JHHHUH croco0-
CTBYeT TaKXke Iepexo] ¢ Tpex¢aszHoro Ha oaHO(}a3HOEe aBTOMATHYECKOE
nosTropHoe BkitoueHue (OAIIB).

6.4. IEPEHAIIPSI)KEHMSI ITPU OTKJIIOUYEHWW JIMHUAM
C KOPOTKUM 3AMBIKAHUEM

KoMMmyTalMoHHbIe TIepeHaNpsDKeHUs Ha JIMHUSX MOTYT BO3HHKATh
NPU OTKITFOUCHHSIX KOPOTKUX 3aMbIKaHHI U MPH Pa3pbiBE dJCKTPOIEpeaa-
YH B CJIydae IMOTEPU CHHXPOHM3MA. AHAIN3 STHX MPOLIECCOB MOXKHO IPOBEC-
TH METOZOM HAJOXKEHHsI, pACCMaTpUBAst HANPsDKCHIE HA JIMHUU KaKk CyMMY
CTAllMOHAPHOTO PEKUMa KOPOTKOTO 3aMbIKAHHUS M IEPEXOIHOr0 Iporecca
BKJIFOYCHHSI B TOYKE KOPOTKOTO 3aMbIKaHHsl HKBHBAJICHTHOTO TeHEpaTopa
TOKAa, PaBHOTO 10 BEJHMYHMHE M HAMPABICHHOTO HABCTPEYY TOKY KOPOTKOTO
3ambIKaHus. [IpakTHKa MOKa3bIBACT, YTO B CETAX C MIIYXUM 33a3eMIICHHUEM
ueiirpanu (110 kB u BbImie) GONBIIMHCTBO 3aMbIKaHuil (0Ko0 98 %)
NPECTaBISIIOT cO00 onHO(a3HOe 3aMbIKaHHe Ha 3eMito. Haubonee nH-
TEHCHBHBIN MEPEXOIHBIA MPOIIECC BOZHUKACT HA MOBPEXKICHHOH (ase, rie
pa3HHIa MEXIY HAYaIbHBIM (10 OTKIFOYEHHS JIMHUU) U YCTAHOBUBIIUMCS
3HAUCHUEM HANPSDKEHHS JIMHUM MOCJE OTKIFOUCHUS UMEET HauOOIbIIYIO
BenmuuHy (puc. 6.11).
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HpI/I6HI/DKeHHy}O OLICHKY aMIUIMTYAbI NEPCHAIPSKCHUA MOXKHO OII-

penenuth 1o dopmyie (6.2). Ilpu 3TOM cieayer y4ecThb, UTO OTKIIIOUCHHE

toka K3 mpoucxoauT oObIYHO BOJIM3HM MaKCHMyMa CHHYCOMIIbI TTUTAIOIICH

a) hoo ¥
@._JW\ ] /
| [
0 UE
3" ’3/‘.
2¢ -~~~ 2,
e,
0 X

Puc. 6.11. Cxema OTKJIFOYEHUS KOPOTKOTO 3aMblI-
KaHU (a) ¥ pacipeielieHIe HapsDKSHHs BAOJb
muHnH (0): HavanpHOTO (1), ycTanoBuBIIerocs (2)
Y aMIUTUTYAHOTO 3HaUYEHHUH nepeHanpsokeHuii (3)

a) X
@ . |:] Xy lcl /'\
6 UE i
4 /
s 2.4
2+ ’——”’ 2/
—y
14 X
0 1
b4 Ty x

Puc. 6.12. Cxema otkmouenus K3 3a ycrpoiicT-
BOM NPOJIOJIFHON KOMIIEHCAlMH (&) U pactpe-
JleJIeHHE BIOJIb IMHUY (6) HavamsHOTO (1), ye-
TaHOBHBIIETOCS (2) HANPSHKSHUN Y aMILTATY T

nepeHanpspkeHnit (3)

O/1C, xorna WHIYKTHB-
Helld TOK K3 mepexoaut
4yepe3 HyJIeBOEe 3Haue-
HUEe. AMIUTUTYJa ycra-
HOBHBIIIETOCSI  PEXKHMa

Uy

HyTOﬁ JIUHUH, KaK OT-

or Ha KOHIIE Pa30MK-
MEYaJioch ~ paHee, B
OOBIYHBIX CXEMaxX He
npeBocxomqut 1,3  awm-
IUIUTYZBl HOMUHAJIBHO-
ro (asHOro HarmpsKe-
Hus. Iloatomy BO3MOXK-
HBIE MaKCHMAaJIbHBIE
KPaTHOCTH TepeHampsi-
KeHust, coriacHo (6.2),
HE IpeBocxoaut 2,6 Ha
dbaze,
€CIIi KOPOTKOE 3aMBI-

MOBPEXICHHON

KaHWe MPOM30IIIO0 He-
MOCPEJCTBEHHO BOJIU3U
OTKJIIOYAIOIIETO JTHHHIO
BBIKJTFOYATEIS. Ecmu

BBIKJIFOYATCIIb paciio-

JIOKECH B OTAAJICHWU OT MECTa 3aMbIKaHUs, IEPCHAIIPSHKCHUA, KaK IIpaBUJIo,

OKa3bIBAOTCA MCHBIIIC.

OcoOrrit cnyqap”l MIPEACTaBJIAOT OTKIHOYCHHUSA KOPOTKHUX 3aMbIKaHUI

Ha JIMHUH,

CHaO)XEHHOH yCTPOWCTBOM TIPOAOJIBHON KOMIICHCAITUU

(puc. 6.12). B 3701 cxeme pacnpeneacHne aMIUIATY ] YCTAHOBHBILEHCS CO-

104



CTaBJISAIOLICH O U TOCJE OTKIIOYCHUS K3 3aBHCHUT OT COOTHOIIICHHS COIpo-
THUBJICHUM HHAYKTUBHOCTH JIMHUU X 1= a)L3 Hn €EMKOCTH KOMHGHCI/IpyIOIlIeﬁ

1
Oarapen KOHJICHCATOpOB X, = — IIpu X, > X, umeem smropy pacrpe-
k

JIeJICHHsI HAMPsDKEHUH, peICTaBIICHHYI0 Ha puc. 6.12, 6.

[To cpaBHEHHIO C OTKIFOUYEHHUEM JIMHUU 0€3 YCTPOMCTB MPOI0JILHOM
KOMIICHCALMH pasinnane MEKIY Uyaq U Uyer B 9TON CXEME MOXKET JIOCTHTATh
Oompmx BenmuauH. COOTBETCTBEHHO BO3PACTYT U MEPEHANIPSDKEHHS TIPH OT-
kimoyennn K3. Hanpumep, B cinyvae, ecinit Uyyy = 0 U Uyer = 2,30 —
BEJIMYMHA NepeHanpsokeHuit coCTaBUT Uyae = 2Uyer = 4,6Ugm.

Jl1d npenoTBpalleHys CTOIb BHICOKMX IIEPEHAIIPSDKEHUM B CXEMax ¢
YCTPOMCTBOM MPOJOJIBHOW KOMIIEHCAllUU NPHUMEHSETCS aBTOMAaTHYECKOEe
LIYHTHPOBaHUE OaTaper KOHACHCATOPOB Iepel KOMMYTAIHel OTKIFOUCHHS
KOPOTKOTI'O 3aMbIKAHUSI.

Ha puc. 6.13 mpexacrasieHa cxema pa3pbiBa JIMHUH 3JIEKTPOIIepeaadn
U COOTBETCTBYIONIAA 3II0pa pachpeiesieH s aMILUTUTY HanpsHKeHUs BJIOb
JIMHUM B TOM ClIydae, KOrja BEKTOPbl HANPSOHKEHUH COEAMHSAEMBIX dHEpro-

CHCTEM BCJICZICTBUE
ACMHXPOHHOTO XOJa pa- a):61 N e2:
3ouutuck Ha 180°. Takoi

PEXHUM CONPOBOXKIAACTCA % UE

MPOTEKAHHEM N0 JIHHHUU 41 3, oo

TOKOB, BJIBO€ IIPEBbI- ; il - .

IIAFOIIMX TOK KOPOTKOTO B i

3aMbIKaHUS TPH  OIHO- 2( “““‘Lll-LLLIsz

CTOPOHHEM IUTAHUU JIU-
Puc. 6.13. Cxema OTK/II0UEHUS] aCHHXPOHHOT'O

HUHU, U TpeOyeT HeMe-
’ peoy A xoJ1a (@) ¥ pactpesiesieHle BI0Jb JIMHUM (0) Ha-

JICHHOTO  OTKIIOYCHHA. 9anbHOTO (1), yCTaHOBHUBIIETOCS HAMPSKEHUI

Iynkrupom Ha puc. 6.13 (2) 1 aMIIMTY [ epeHanpsokeHui (3)
IIOKa3aHO paclpenene-

HHE aMIUTUTY/1 HAOPSHKEHUS MOCIE OTKIIFOUYEHUS JJMHUU C OOHOM CTOpOHEL. B
STOM Ciyd4ae MOBBIIICHHAS] Pa3HOCTh HAMPSDKEHWH HAYaIbHOTO W yCTaHO-
BUBIIIETOCS 3HAYEHHUsI CO3/1AET MOBBILICHHBIE NIEPEHANIPSIKEHUS B IIPOLIECCE
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nepe3apsijia eMKOCTH JIMHUM OT HA4YaJbHOTO JI0 YCTaHOBHBILETOCS HArps-
keHust. B mokazanHoM Ha puc. 6.13 cinydae npu U,y = —Ep 1 Uy, =
+1,3E,,.

K max = Usas + (Uyer — Upaa )y = =1+ (1,3 + 1)2 = 3,6.

OnHako 3TOT BUJ BO3HUKAET HA NMPAKTUKE KpalfHe PEKO, IOCTONIBKY
aBapus TaKoro pojJia B Pa3BUTHIX YHEProcUcTeMax MayoBepositHa. Kpome
TOr0, aBTOMAaTHUYECKas 3allluTa yCIeBaeT MPOU3BECTU Pa3pblB JUHUH IpU
ACHHXPOHHOM pEeXHUME /10 Toro, kak BekTopa J/IC coenMHEHHBIX 3HEPro-
cucTeM pa3BepHyTcs Ha 180°.

6.5. IEPEHANIPAKEHUSA ITPU OTKJIIOYEHUAX PEAKTOPOB,
TPAHC®OPMATOPOB, JIEKTPUYECKHUX MAIIINH 1
ITPU CPE3E TOKA B AYT'OI'ACAIIEM PEAKTOPE

Ilepenanpsascenus npu OMKIIOYEHUAX PEAKMOPOS, MPAHCPHOPMamopos
U I1EKMPUYECKUX MAUUH
[Ipu npoTekaHuu TOKa M0 OOMOTKaM pPeakTOpOB, TpaHC(HOPMATOPOB,
reHepaTopoOB, JABUraTesell U JPYruX SJIEKTPOTEXHUYECKUX YCTPOHCTB, B
KOTOPBIX HCITONIB3YETCSI MATHUTHOE T0JIe, 00pa3yeTcs 3amac SHEpruu

Y
W, = f idy,, (6.10)
0

riae Y, — MOTOKOCIETUIEHHE OOMOTKH.

Pa3pbiB KOHTYpA, COJEPIKAIIECTO HHAYKTUBHOCTD, IPU 3HAYCHHH TOKA
i, OTIIMYHOTO OT HYJIS, TOJDKEH COMPOBOXKAATHCS MPEoOpa3oBaHUEM ITOM
OHCPruu B APYTru€ BHU/bI, B YaCTHOCTHU, B DHEPTUIO JJICKTPUICCKOI'0 IOJIA.
OTUM OOBACHIETCS BO3HHUKHOBEHHE MEPCHANPSIKCHUH Ha WHIYKTHBHBIX
JJIEMEHTaX CETH MPU UX OTKITIOYCHHH.

CoBpeMeHHBIE BEIKIIIOYATENN CIIOCOOHBI PEPHIBATh PaboUre TOKH U
TOKH KOPOTKOTO 3aMbIKaHUs TOJIbKO BOJIM3M MOMEHTa Iepexoja KpHUBOH
TOKa 4epe3 HyseBoe 3HaueHue. OJTHAKO MPH OTKIFOYCHUH MaJIbIX UHIYK-
TUBHBIX TOKOB C aMIUTUTYAOH B AECATKU aMIIep ¥ MEHee B KOHTypax ¢ Ma-
JBIMU aKTHUBHBIMH TIOTEPSIMH MOTYT CO3/1aBaThCsl YCIOBUS UIS OOpBIBA
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TOKa B BBIKJIIOUATEJNE 10 €r0 €CTECTBEHHOTO Nepexoja yepe3 Hoib. JTOT
MPOIIECC MOKHO PACCMOTPETh Ha IKBHBAJICHTHOU CXeMe, IIPUBEICHHOMN Ha
puc. 6.14. Emxocts Cy;; Ha HEll 3aMeIlIaeT napa3uTHYI0 €eMKOCTh Ha 3eMJII0
MIPOBOJIOB OIIMHOBKH M TIPHCOSIWHEHHOTO K Hel 000pyIOBaHUS, a eM-
KocThb C — BXOJHYIO €MKOCTh OTKJIIO9aeMOTr0 HHIYKTHBHOTO JJIEMEHTA
CeTH (manpumep,
00MOTKH TpaHc-
¢opmaropa).  Un-
IYKTUBHOCTH Ly 9K-
BHUBAJICHTHPYET HH-
OYKTUBHOCTh  KOH-

Typa, IO KOTOPOMY
Puc. 6.14. DxBuBaneHTHas cxema JJIsl pacue-
3aMbIKAETCSI TOK IIe- N

Ta MepeHaIpsbKeHU TPy OTKIIIOYEHUH HeHa-

pesapsina CMKOCTH IPpY’KEHHOT'O Tpchq)OpMaTopa

Cy ot emkoctu C,, a

L, mpencraBiser co6oi MHIYKTUBHOCTh IIyHTa HAMATHMYMBAHHUS OTKIIIO-
gaemoro TpaHchopmaropa. WHAYKTHBHOCTBIO L. > L, yYHTHIBaeTCS
BXOJIHO€ CONPOTHUBJICHUE NUTaromieil nenu. [Ipu pacxoxaeHuid KOHTaKTOB
BBIKJTIOYATENS TPOTEKaHHE TOKA iy MEXIy HUMH IPOIOJDKACTCS 3a CUET
ropeHust nyrd. bmaromaps AEWCTBHIO HMMEIOMIMXCS B BBIKITIOYATEISIX
CpEICTB TrameHus ayru (001yB, YIJIMHEHUE, OXJIAXKICHNUE JYyTH U T. 11.), €€
BOJIbTAMIIEpPHAs] XapaKTEPUCTUKA IPU HEOOIBIINX 3HAUCHUAX TOKA IpH-
o0peTaer «Imagaroluiiy XapakTep, T. €. YBEIHYCHUIO HANIPSHKCHUS Ha AyTe

Ug COOTBETCTBYET CHUXKXCHHEC TOKa iB. HpI/I TAaKOM PEXKUME TOPCHUs Ayra

dug

HUMECT OTPHULIATCIBHOC NTUHAMUYCCKOC COIIPOTUBIICHUC Rll S , 4TO CIIO-

B

coOcTByeT BO30YKIeHHIO KoneOanuit B KouType Cy — Ly — R, — C,. Brico-
KOUYaCTOTHBIE KOJIEOAHUsI TOKA, CYMMHUPYSICh C TOKOM IIPOMBIIUIEHHOH Jac-
TOTBI, MOTYT B OIPEACICHHBIE MOMEHTHI BPEMEHU J[aBaTh HYJIEBOE 3Haue-
HHE CyMMapHOTO TOKa, KaK IOKa3aHO Ha puc. 6.15. Jlyra B 3TOT MOMEHT
MOJKET MOTacHYTh, H MPOTEKAHUE TOKA Yepe3 BBIKIIIOUATEI MPEKPAIIAeTCsI.
[TockonbKy 00BIYHO BeimunHa L, Mana (MopsaKa AeCITKOB MUKPOTCHPH),
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CuCy
€ Cu+Cy

-0,5
94acTOTa ITHX KOJIICOAHHH w( = (L ) OKa3bIBAETCSI BEChMa BBICO-

KOH — TOpsIIKa COTEH KWIOTepI, YTO Ha OJUH—I[Ba MOPSAKA BBIIIE COO-
CTBEHHOH 4acTOTHI KojeOaHWii 0OMOTKH OTKIIFOYaeMOro TpaHchopmaropa

Wy = (LMCa)_O'S.

[TosToMy Ha ocIUIOrpaMMax iy, CHATBIX TaKUM 00pa3oM, YTOOBI
OBUIO 3aMETHO M3MEHEHHE TOKAa MPOMBIIUICHHONH YaCTOTHI U CBOOOIHBIX
KosiebaHnii 0OMOTKH, HapaCTaHWE aMIUIMTYAbI KOJeOaHH ¢ 4acTOTOM Wy
pPaccMOTpeTh HEBO3MOXKHO BBHUIY ObI-

Ig
CTPOTCYHOCTHU MpoLecCa, U BECb IIPO-

; L[eCC BOCIIPUHUMAETCS KaK BHE3AITHBIH
cp .
OOpBIB TOKA [, IPH MTHOBEHHOM €rO

t 3HAYCHUH [ Ha3bIBA€EMOM TOKOM CpE€-

cp>
0 3a. Jluama3oH 3HA4Y€HMM TOKa cpe3a

JUISL pa3iIMyYHbIX THIOB BBIKIIOYATENEH
Puc. 6.15. Cpe3 B BeIKIIIOUaTENE

JICKUT B IIpEaCIax OT Z[OJ'IGI\/'I aMIiepa 1o
P OTKIIFOYCHHUU HECHATI'PY>KCH-

HOTO TpaHChOpMaTOpa HECKOJIbKUX JecITKoB ammep. [Ipu am-
IUINTYOaX TOKa Iy, OONBIIMX yKa3aH-
HBIX 3HAYE€HUH, OOPBIB TOKA 10 €CTECTBEHHOTO Iepexoa depe3 HyJb CTa-
HOBHTCS HEBO3MOXKHBIM.

Tok, mpoTekaromuid yepe3 3aMKHYTble KOHTAaKThl BBIKIIOYATENS, B
MEPBOM TPUOMIDKEHHH PAaBEH TOKY B MHIYKTHBHOCTH TpaHC(opMaTopa
i peakropa. [locie oOprIBa ToKa i, B BRIKITIOYATENE, TOK B HHAYKTHBHO-

CTH 1 KOTOpI;Iﬁ HE MOXET MIHOBCHHO HU3MCHHTBHCHA, 3aMBIKACTCSA 4Y€PE3

w
9KBUBAJICHTHYI0 eMKOCTh C,, MPECTABISIONIYI0 CO00# CyMMy eMKOCTeH
TpaHc(hopMaTOpa MM PEaKTOPa U eMKOCTH OIIHHOBKH MKy HUMH U BbI-
KJIFo4YaresieM (C y4eTOM MPHUCOSANHEHHOTO K 3TOW OLIMHOBKE AIIEKTPO00O-
pyaoBaHusi). Bo3Hukaer kojebaresbHbII MPOLECcC, YacTOTa KOTOPOTo OIl-
PENENSETC UHIYKTUBHOCTBIO L, €eMKOCTbIO C, M TIOTEPSIMU B KOHTYpE
(puc. 6.16). Ha pucyHke MOMEHTHI BpeMeHH t;, t,, t3 — COOTBETCTBYIOT
cpe3aM TOKa B BbIKIIIOuarene. POCT HampsbkeHHs U, MOCJe cpe3a B Mo-

MEHTBl t; U ¢, OKa3bIBAa€TCs BBILIE BOCCTaHABIIMBAIOLIEICS NPOYHOCTU
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MEKKOHTAKTHOTO IPOMEXKYTKA U MO3TOMY Ayra 3aropac€tcsi BHOBb, U

np?
TOK BOccTaHaBiuBaercsi. OKOHYATENbHOE TallleHHe YT MPOUCXOIUT B
MOMEHT t3, II0CJIE YETO CIIELyEeT MAaKCUMYyM INepeHanpspkeHus Uy, q,. B pe-
QJIBHBIX KOHCTPYKLMAX BBIKJIIOUATEIEH YUCIIO MOBTOPHBIX 3aKUTAHUM 1yru
IIpY OTKJIIOUEHUHM MHIYKTHBHBIX TOKOB /10 MOMEHTa OKOHYATEJILHOIO €€
rameHusT MOXKET JOCTUTaTh

HCCKOJIBKHUX COTCH.

/Unp
Amviumuryaa Up,q, KO- u,f o
. o 7
nebaHuil HaIpsDKEHHsA Ha / \.',/\ ol £
emMkoctH C,, C TIOTpEIIHO- ! p d .

CTBhIO B CTOpOHY 3amaca (0e3

yd€Ta aKTHUBHBIX IIOTEPb U

HEJIMHEWMHOCTHU UHAYKTHBHO-

CTHU IIYHTAa HaMarHM4ruBaHUA

-+
p
N
Ll

q

L,) MoxeT ObITh Ompesere-

Ha, HCXOAsdA M3 PpaBCHCTBA

SHEPrud MAarHUTHOTO TMOJIs, Puc. 6.16. ®opma KpuBOii TOKa B BBIKIIFOUA-

samacaeMoil B KaTylike TS lp, DICKTPHUECKOH NMPOYHOCTH MEKKOH-

2L, TaKTHOTO NPOMEKYTKA Uy, U HANIPSHKECHUS
W, = —, W DHEprum rek-

L Ha TpaHCPOpPMATOPE U,y, TIPH OTKITFOUCHUH
TPHUICCKOI0o MOJsI KOHIACHCA- HEHarpy>KeHHOT0 TpaHchopMaropa
~ UhaxCs
TOpa C,— W, = -,

2
[IpupaBHAB 3TH 1Ba BBIPAXKEHUS, TOTYIHM

L

Unax = iy |7 (6.11)
3
rae
Ul
L, =—2>—, (6.12)
leXSHOM

izx — TOK XOJIOCTOTO X0/a (B OTHOCHTENbHBIX earHUIAX); Uoms Suom —
HOMHHAJIbHOE HampshKeHHe W TpexdasHas MOIIHOCTh TpaHcdopmaropa,
@ — YTJIOBas 4acToTa.
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le/l yuere HEJIUHEWHON 3aBUCHUMOCTHU BEITUYMHBI HHAYKTHBHOCTH

_ Yl . .
L, = — s OT TOKa i, 3amac MarHUTHOH SHEPTHH B oOMoTKe TpaHchop-
XX HOM

MaToOpa OKa3bIBaeTCsI CYIIECTBEHHO MEHBIIE, YeM JacT BhIpaxkeHue W,
KCIOJIb30BaHHOE NpU BbIBoJE ypaBHEHUs (6.11). COOTBETCTBEHHO HHUXKE
OKAa3bIBAIOTCSI U 3HAYCHUS MEPEHANPSDKEHUA HA OTKIIIOYaeMOW WHITyKTHB-
HOCTH U,y -
B pacuerax U,,,, KpUBYIO HAMarHMYMBAHUS MOYKHO amlIIPOKCUMHPO-
BaTh pa3IMIHBIMH QyHKIHUAME. Bu anmpokcuMupyomeit GyHKITIH BITH -
€T Ha TOYHOCTb W TPYIOEMKOCTh BBIUHCICHHN. B WacTHOCTH, KpHBas Ha-
MarHWYMBaHMS CHJIOBOTO TpaHc(hopmaTopa MOXKeET ObITh BBIpAXKEHA MOJIU-
HOMOM C HEYETHBIMH CTETIEHAMH 1,
iy = ayP, + azpi + -+ a P, (6.13)
mpudeM HauOoIbIIee 3HAUYCHHE N JJIsT BRICOKOBOJBTHBIX CHJIOBBIX TPaHC-
(hopMaTopoB U aBTOTpaHC(HOPMATOPOB JIKHUT B mpenenax ot 5 po 13. Jls
MPUOJIMYKEHHO!N OLICHKH BIIMSHUSI HACBIIICHUS CTAJH HA BEJIHYHHY KOMMY-
TAlMOHHBIX TIEPEHANPSHKEHUN KPUBask HAMarHUYMBAaHUS TIPH Py, > Yy a6
JTIOCTAaTOYHO XOPOIIIO BOCIIPOM3BOIUTCS PABEHCTBOM
iy =AYy, (6.14)
[Ipu Takoil anmpoKCUMAaNH YHEPTHUS, 3allaceHHast B HHAYKTHBHOCTH
HaMarHWYHBaHUS TpaHchopMaTopa, paBHa

Ymax Ymax
A
W, = f Ldy, = j AYpdy, = —— ke (6.15)
0 0

Haunbonbmee 3nauenne Toka cpesa ic, NpU OTKIKOYEHHH TPaHCHOP-
Maropa B peXHMe XOJIOCTOTO X0/Ja PaBHO aMIUIMTYZE TOKa HaMarHU4KuBa-
HUS Ly -

O0603HaUMB ), pqx COOTBETCTBYIOIIEE ITOM BEJUYMHE TOKA IOTO-
KOCLEIUICHHE, UMEEM

I —Al,b" ul _lpumax_ 1pumax _
Hmax Hmax " Iu max All’ﬁ max Alpﬁ;nlax '

(6.16)
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A 1
L,u ;Tzl ;nlax
[Toxcrasus (6.16) B (6.15), moryanm:
2 2
_ Iu maxLua _ Lul;t max
K 2 n+1
3nas W, MOKHO ONpEEUTh SKBUBAJICHTHYIO MHIYKTMBHOCTh Ha-

MarHH4YMBaHUsI, B KOTOPO#H OYyIET 3amacaThbCsi 9Ta SHEPIUs
Lo 2L,
N
OTKyZJa OSKBUBAJCHTHAs [0 OSHEPIMH WHIYKTHBHOCTh HAaMarHMYHBAaHHS
TpaHc(opMaTopa ¢ y4ETOM HACBILIEHUs CTanu pasHa Ly, = 2L,/(n + 1).
[Tostomy hopmyma (6.11) mpuobperaeT BuI

U, .. = / B2 — ’ 6.17
max umax 3 umax (Tl+1)C ( )

\/—UHUMKa — HOM
V3wLy ’ ” WitSuom

3aBUCUMOCTb JUIsl pacupelesieHUs] KPaTHOCTH INepeHanpspKeHUuH, BO3HH-

VuuThiBast, 9T0 I, max = MOYKHO IOIYYUTh

KAIOUINX IPU OTKIIOUEHUH HEHArPy>KEHHOTO CHIIOBOTO TpaHC(pOpMaTopa C
Y4eTOM HACBIIICHUS €T0 CepACUHNKA, HO 0€3 yJeTa MoTeph B CTAJH:

k _ \/§Um HOM __ i;XSHOMKGZ. (6 18)
pmax = 2u ~ |+ DwC,UZ,,’ :
HOM 3~ HOM

rae K, — k03 puiueHT GopMbl KpUBOKM TOKAa HAMAarHHYHUBAHHSI.

VYder BIUSHUS aKTUBHBIX MOTEPH NMPHBOAUT K HEKOTOPOMY JOIOJ-
HHUTEJILHOMY CHM)KEHHUIO NEPEHAIPSHKSHUN MTPU OTKIIFOYCHHN HEHArpyKeH-
Horo TpaHcdopmaropa. IloTepsmMu B MeAM OT TOKa XOJOCTOTO XOJa
TpaHc(hopmaTopa MOKHO npeHedpeub, u R, (puc. 6.14) onpenensercs ak-
TUBHBIMH MOTEPSIMUA B CTAJIM CEPACYHUKA M MOXKET OBITh HAMICHO M3 BBI-
paxenus R, = UZ,., /P

[IpenmomnaraeTcs, 9To Mpu 0OpHIBE TOKA B BEIKIIOUATEIIC BCS DHEPTHS
3alaceHa B WHAYKTHBHOCTH, a HA4YallbHOE HAMpPSHKCHUE Ha EMKOCTH
U, = 0. OHa mepexoIuT B DHEPTUI0 DJIEKTPUYECKOTO OISl €MKOCTU H
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YaCTMYHO PACCEMBAETCA B AKTUBHOM compoTuBieHnH R,. Omeparoproe
u300pakeHue HanpsokeHus Ha Tpancdopmarope Uy, (p) umeer Buj:

Lualu max _ Iu max
1 "~ C,(p? +ap + b2’
pLy, + (E//R”) 5(p p )

rje // — 3HaK napajuIeNbHOTO CIOKEHUS, T. €.

L. R 1 1
pCa//”_

Urp(p) = (6.19)

TrpRC, "R P LG,
B CIIOI'TIY mnomydeHa mnpuOmmkeHHash (opMyina MaKCHMaIbHOTO
3HAYEHUS OPUTHHAJIA JUTS OTIEPaTOPHOTo m300paskeHus (6.19)
1,05
p% + ap + b? a+b
[ToaTOMy MakCHMaJIbHOE 3HAYCHUE MEPEHANPSDKEHHUIA TPU OTKITIOYE-

gD(p) = = §0(t); Pmax =

HUHM HEHArPy>KEHHOTO TpaHC(opMaTopa ¢ y4eTOM HACHIIECHHS MarHUTO-
MPOBOJIA U TIOTEPH B HEM OTIPENEIIIETCS U3 (OPMYIIBL:

1,051
& ——, (6.20)
1 C
— 4 =3
Ru L#

CymiecTBeHHBIM (PaKTOPOM, OIIPENEIISIONINM TpeIeIbHBIC 3HAUCHHS
MEepEHAIPSDKEHUI IpU cpe3ax MHAYKTUBHBIX TOKOB B BBIKJIIOYATENSAX, SB-
JAETCsS. OTPAaHMYEHHAs CKOPOCTb POCTa 3JICKTPUYECKOM npoyHoctd Uy,
MPOMEXYTKAa MEXAY pacXoIsIIMMUCA KOHTAaKTaMH BBIKJIIOuaTenei. B
OOJIBPIIMHCTBE THUIOB BBIKIIOUATENICH, 32 HCKIIOYCHHUEM BBIKITIOYATEICH
BAKYyMHOI'O THIIAa M JIETa30BbIX, POCT HAIIPSDKEHUS HAa KOHTAaKTax I10CIIe
00pbIBa MHAYKTUBHOTO TOKA MPOHCXOIMUT OBICTpee, YeM POCT MPOYHOCTH
MEXKOHTAKTHOTO MPOMEXYTKa. B MOMEHT mepecedeHHus: 3TUX KPUBBIX
Jyra MeXJy KOHTaKTaMH BO3HHKaeT BHOBH (CM. puc. 6.16), u poct Ha-
NpsDKEHUsT Ha 3TOM mpekpamaercd. OAHAKO IMOCKOJIBKY COXPaHSIOTCS
MPEINOChUTKA IS cpe3a TOKa AYTH, Yepe3 CPaBHHUTEIHEHO HEOONBIION
OTpPE30K BPEMEHH IOCJI€ €€ 3aKUTaHMsl OHAa TacUTCsl BHOBB, M IIPOIECC
noBTopsiercsl. Takue MOBTOPHBIC 3aKUTAHUS TYT'H IPU KakKJOM OTKIIIOUE-
HUU UHAYKTUBHOI'O TOKAa MOTYT IPOUCXOJUTH MHOTOKPATHO, IPUYEM aM-
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TUTMTYAbl HAMPSDKEHUS MOCIEe OYEPEeIHbIX CPEe30B TOKA PacTyT B COOTBET-
CTBHH C POCTOM IPOYHOCTH YBEIHYHBAIOIIETOCS MEKKOHTAKTHOTO IIPO-
MexxyTKa. OOBIYHO HaWBBICIIAS AMIUIMTYAA, OMPEICISIONIas BETHYHHY
HepeHanpsKeHNsI, BO3HUKACT IPH MOCIEAHEM Cpe3e TOKa, KOTJa KpHUBas
BO3pAcTaoNIeil MPOYHOCTH CTAHOBUTCS BBHIIIE KPUBOW pOCTa HANpsIKe-
Hus. BennunHa nepeHanpsykeHUH MPU OTKIIIOYEHUH MaJIbIX UHIYKTHBHBIX
TOKOB OKAa3bIBAa€TCs MPU 3TOM CYLIECTBEHHO MEHbLIE yKa3aHHBIX pac-
YeTHBIX 3HAYCHUH U, B OCHOBHOM, 3aBHCHUT OT CKOPOCTH POCTa IPOYHO-
CTH MEXITy KOHTaKTaMHU BBIKITIOYATEIIS.

Tpanchopmartopsr 110 kB u Bbilie B OOJBIIMHCTBE CIIy4aeB UMEIOT
MarHMTONPOBO/IbI, U3TOTOBJIEHHBIE U3 XOJOJHOKaTaHOW cramu. Ilpu ux
OTKIIIOUCHIH HE BO3HHMKACT 3HAYUTENIBHBIX NepeHampspkeHud. OgHako
HE0OXOOUMO YUYUTHIBATh, YTO B HACTOSIIEE BPEMs B IKCIUTyaTallUH CIIIe
HAXOJMUTCS 3HAUUTENIBHOE KOJIUYECTBO TPaHC(HOPMATOPOB, U3TOTOBJIEH-
HBIX JI0 CEMHJIECATHIX T'OJIOB C MarHUTOIPOBOJIOM M3 rOpsiYeKaTaHOM CcTa-
JM, KOMMYTaIMsi KOTOPBIX COIPOBOKIAETCS OOJBIIMNMH IepeHArpsiKe-
HUSIMU.

[Ipu oreHke OMAacCHOCTH BO3ACHCTBHUS Ha M3O0JILIUIO TEpEHAIpsiKe-
HUM TpU OTKIIFOYEHHHM HEHArpy>KeHHBIX TPaHC(HOPMATOPOB HEOOXOAUMO
YUUTHIBATh, YTO B HEKOTOPBIX CIy4asX 3TO OTKIIOYEHHE MPOUCXOAUT U3
HEYCTAaHOBUBLIETOCS PEXHMa, CBA3AHHOTO C €ro MpeallecTBYOIIUM
BKITIOYEHHEM. DTO MOXKET OBITH CBS3aHO C ONeparueil ommdoYHOTo BKIIIO-
4yeHusi TpaHchopmaropa Ha KOPOTKOE 3aMblKaHue, HeycrenrHbiM AllB,
60 yCIOBUAMHU pabOThl 00OPYAOBAHUS MPOMBIIUICHHBIX MPEAIPUITUN
(HampuMep, JJIEKTPUUYECKUX TMeueil), JIs KOTOPOTO TEXHOJIOTHYECKUI
mporecc TpedyeT 4acThIX KOMMyTaluid. B HeycTaHOBUBIIEMCS pPEeXXHME
HMEIOT MECTO OpOCKH TOKa HaMarHWYHBaHUS, MPEBHIMIAIONIAE HOPMAaJhb-
HBI TOK [, U 3HAYUTEIBHO OOJIEE BHICOKUE MEPEHATIPSIKEHHS.

CymecTBeHHBIE TIEpEeHANPSDKEHUS MOTYT BO3HUKHYTh U TIPH OTKITIO-
YEHUU UIYHTHPYIOIIUX PEaKTOpOB. MIX MarHUTONPOBOABI UMEIOT BO3AYII-
HBIN 3230p, IOATOMY KpHBasi HAMarHU4MBaHUs PEAKTOpa MaJI0 OTIMYAETCS
OT NPSAMOI JIMHUU U OTCYTCTBYET BJIMsIHUE HachllleHus. Kpome Toro, mpu

113



KOMMYTAIMSIX PEaKTOPOB CPe3 TOKa B BBHIKIOYATENIe MPOUCXOAMT, Kak
MPaBUJIO, HE HAa MAaKCUMyMe, a MPH HECKOJIBKO MEHBIIUX MIHOBEHHBIX
3HA4YEeHUsX, mopsaka 45—60 A mpu OTKIIOUEHHH PEAKTOPOB B CETAX
500 kB u 60-70 A — B cersix 750 kB. Ecnu motepsMu MOXHO mpeHeO0-
pedb, TO MaKCUMAaJbHbIC MEPEHANPSIKCHNUS MPU OTKIIOUEHUH PEaKTOPOB
MOTYT OBITh OIIPEJEIICHEI 0 (opMyJIe

L

Unax = icp C_p = icpr; (6.21)
3

-C

rie  Z, — XapaKTepPUCTHYECKOE CONPOTHBICHHE KOHTypa L 3

p
L, = UZ./ (wS,) — uHpyKTHBHOCTL ~ peaktopa;  Uyq, — HOMHHAILHOE
HAINPSUKEHUE PEAKTOPa; Sy, — Tpex(hasHas MOIIHOCTb PEAKTOPA.

Taxum 00pa3zom, IpH OTKIIOYCHUH HEHATPY>KEHHBIX TPaHCHOpPMaTO-
POB U pEaKkTOpPOB B psiJie CIy4yaeB BO3HHUKAET MEPEXOAHBIN MPOLECcC ¢ 10C-
TAaTOYHO OOJIBIION KPAaTHOCTBIO MepeHampspkeHuid. Cienyer, oJHaKo, OT-
METHThH BBICOKYIO YaCTOTY ATHX KOJeOaHUi, 00JIagaloNuX MaOi YHEPrH-
eif, 3araceHHON B WHAYKTHBHOCTHU, KOTOPAsi B Xy[IIEM CIy4ae HE IpPEBbI-
[IaeT HECKOJIBKUX KUJIO/KOoyel. [lepeHanpsikeHus: ¢ Takol SHEpTUen Mo-
T'YT OBITh OIPaHUYCHBI HETMHEHHBIMU OTPAHUYUTEISIMH MIepeHaNpsDKeHUN
OIIH, ycTaHOBIEHHBIMH BO3MOXKHO OJIIKE K 3aIlUIIaeMOMy TpaHchopMa-
TOPY WJIN PEAKTOpPYy.

B HexoTOphIX citydasx 3¢ (EeKTHBHO OrpaHUYMBAThH IIEPEHANPSIKEHUS
MOT'YT LIYHTUPYIOLIME PE3UCTOPHI (C COMPOTHBICHUEM R ;) B BBIKIIIOYATE-
naxX. B omnmmume oT pe3sncTopoB, yCTaHABINBACMBIX HA TMHEWHBIX BBIKITIO-
yaressix, Ry, JODKHO OBITh MOPSJIKA XapaKTEPUCTHUYECKOTO COMPOTHBIIE-

Hus Z, = /Ly /C, (1€CATKU KUTIOOM).
Kak cnemyer u3 dpopmyn (6.18), (6.20) u (6.21), nmepeHanpsHKEHUS

CHI)KAIOTCS ¢ poctoM C, PU HEU3MEHHOM TOKE B MOMEHT ero cpesa. C
9TOM TOYKM 3PEHHS] MHOTJA OKa3bIBAaeTCs LIeJIECOOOpa3HbIM IOJIKIIOYHTh
napajuielbHo 0OMOTKe TpaHc(opMmaropa KOHAEHCATOp, HarlpuMmep, KOH-
JICHCATOP CBSI3M.
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MaxkcuManbHbIe KPAaTHOCTH TEPECHAIPSHKCHUH MPH OTKIIIOYCHUU HE-
HarpyXeHHBIX TpaHC(HOPMATOPOB W IIYHTHPYIOLIHX PEaKTOPOB B CETSX
Pa3HBIX KJIACCOB HAIPSDKEHUS MPUBEACHBI B Ta0JI. 6.3.

C pocToM HOMHHAJILHOTO HAINpPsDKEHUS, Kak cleayeT u3 Tadi. 6.3,
CHIDKAIOTCS KPAaTHOCTH NepeHanpspkeHui. OrpaHuduBaroniee AeHCTBHE
paspsaaaukoB 1 OITH Ha mepeHanpspKeHHs MPU OTKITIOYCHHH HHIYKTHB-
HBIX TOKOB HPOSIBIISICTCSI, KaK IMPABHJIO, HA TOJCTAHIIUAX BBICIINX KJIACCOB
HamnpsDKEHUs, TIAC OHU IPEUMYIIECTBEHHO YCTaHABIMBAIOTCS BONM3U
TpaHcopmaropoB. B cersix 635 kB paspsaauku PBC uimu PBIT B ocHOB-
HOM MOJKJIIOYAIOTCS K COOPHBIM IIMHAM MOJCTAHI[MH M HE YYaCTBYIOT B
OTpaHUYCHHUU TAKHUX MEPEHANPSHKCHHH.

Tabnuna 6.3
MaxkcumajibHasi KPATHOCTH MepeHaNpPs:KeHHii PH 0TKII0YeHU U
HEHArPYKeHHbIX TPAHCPOPMATOPOB K, M LIYHTHPYIOIHMX PEAKTOPOB
kl'l I
Uyow Bl 6-10 110 150 220 330 500
ky., [43-62|41-45(29-35|19-21|19-21| 1821
kyw - 31 - - - 2,2-2,35

[Ipu cBEpXBBICOKUX H YIBTPABBICOKUX HANPSDKEHHSIX K YHCIY Omac-
HBIX JUIS U30JLIIUN TPAaHC(OPMATOPOB M PEaKTOPOB KOMMYTALIMI OTHOCST-
Csl HE TOJIBKO MX OTKJIIOYCHHMS, HO M UX BKJIIOYCHHS. B mporecce BKmoUe-
HUS BBIKJIFOYATEIIST MMPOUCXOTUT MPOOOH MPOMEXyTKa MEXKIY €ro CXOofs-
LIIUMHCS KOHTAKTaMHU elle A0 UX METaIMYecKoro 3ambikaHus. [Ipu 3Tom
BO3HHKACT M PACIIPOCTPAHSAETCS BAOIH OIIMHOBKY BOJIHA HAIPSDKEHIS, Be-
JIMYMHA KOTOPOH ompezenseTcs MrHoBeHHbIM 3HaueHueM JJ[C cetu B Mo-
MEHT IPo00sI MPOMEXKYTKA. DTa BOJIHA BBI3BIBACT Ha M3OJISIUU TpaHCHOp-
MaTOpa BBICOKOYACTOTHBIE MepeHanpsbkeHus. Kak mokasplBalOT OMBITH B
pEaNbHBIX CETSAX, YaCTOTHl IEPEXOMHBIX MPOIECCOB MpPU BKIIOUCHHU
tpancopmaropos 110-330 kB nexar B npenenax ot 250 mo 600 kI'm, a
npu BKIoueHHH peakTtopoB 500-750 kB — B mpemenax ot 300 mo 400
k1. Ot KonebaHus HAKIAABIBAIOTCS HA CHHYCOMAY pabouero Hampspke-
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HUsI. MakcuMalibHas BEJIMYMHA MEPEHANpPsDKEHUs, KaK MPaBUiIo, HE Tpe-
Bpimaet (1,6-1,7)Uy, rae Uy — hasnoe Hanpsbkenne Tpancdopmaropa.

Takue 3HAYCHUS MEPCHANPSDHKCHUN XapaKTEPHBI U BKIIOYCHHUS
nepBoit  (a3el TpaHcopmaropa WIM IIYHTUPYIOHIETo peakTopa. Ilpm
BKITIOYEHUH BTOPOIl M TpeThell (a3 K MOMEHTY UX IOAKIIOUEHHS K IIHMHAM
NOJICTAaHIIMM HAa HUX MMEIOTCS HANPSDKEHUS HM3-3a AJIEKTPOMATHUTHBIX
cBsa3ell Mexay (aszamu. BenenctBue 3TOro mepeHanpspKeHUST Ha MMOCTe-
nyrommx ¢aszax OyayT HMETh HECKOJIBKO OOJIBIIYIO BEIUYHUHY — JI0
(1,9-2,0) U,

[Ipu BKIIOYEHHWH TPYIIBI U3 TPEX OAHO(A3HBIX TpaHCHOpMATOpOB
CBEPXBBICOKOTO HAIPSDKEHHS, IMEIOIIUX BTOPUYHBIE OOMOTKH, COSINHECH-
HBIE TPEYTOJIBHUKOM, IOCIE BKIIOUCHHUS MepBOi (ha3pl BO BTOPUYHOU 00-
MoTKe 3Toi a3bl HaBoauTcs D/IC, BbI3bIBaroIIasl TOK BO BCEX OOMOTKax
TpeyronbHuka. CO3IaHHBIA 3TUM TOKOM MAarHHTHBIA MOTOK BBI3BIBAET BO
BTOpOH W TpeThelt (azax mepBuuHOi 00MOoTKH 3HaunTenbHbIe DJIC. B aTHX
(azax mpu BKIIOYCHWH WX BBIKIIOYATENICH MMEIOTCS HEHYJIEBBIC HaUalhb-
HBIe ycnoBuA. [loaToMy mepeHanpspkeHHs Ha 3arasgslBalonux (aszax Mo-
TYT JAOCTUTaTh BeMH4YuHBI (2,1- 2,3)U¢, 4TO MOET OBITh OIACHBIM IS
u3osAnuu Tpascdopmaropos 500 kB u BeIle.

Ilepenanpasicenus npu cpese moka é 0y202acauiem peaxkmope

Ecmn B cersix 3-35 kB, umeromux M30IupOBaHHYI0 HEHTpPallb, TOK
3aMBIKaHUS Ha 3E€MITI0 TIPEBOCXOAUT HEKOTOPYIO KPUTHIECKYIO BEIHUYHHY,
TO TPEAyCMaTPUBACTCS KOMIICHCAIIMS 3TOTO TOKA ITyTeM BKIIIOUEHUS MEX-
Iy HEHTpasbIo OTACIBHBIX TPAHC(POPMATOPOB U 3€MIICH TyTrOracsiiero pe-
aKTopa.

B HOpMaibHOM pexuMe paboThl ceTH Yepes peaktop X, (puc. 6.17)
MpoTeKaeT HeOOBIION MO BEIMYMHE TOK HeOalaHca, BBI3BAHHBIA HECHM-
merpuerr DJIC, HepaBEeHCTBOM €MKOCTH (a3, a TaKke HATUYHUEM BBICIIUX
rapMOHHMK B (pa3HbIX TOKax. [Ipr BOZHUKHOBEHHH ABYX(PA3HOTO KOPOTKOTO
3aMBIKaHUS Ha 3€MIII0 TOK Yepe3 PeakTOp 3HAYUTEIHHO BO3PACTaeT, YTO
CBSI3aHO C TOSBJICHUEM CYIIECTBEHHOH HECHMMETPUHU CETH. DTOT TOK 3a-
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MBIKaeTCs B OCHOBHOM uepe3 aBapuiiHble (a3el B u C Boiximovarens B2 u
TOUYKY KOPOTKOI'O 3aMbIKaHHUSI.

a) Bl
XA

o B 0O N

Puc. 6.17. IlpuanunuansHas (a) ¥ SKBUBaJICHTHa (6) cxe-
MBI JJIs1 pacdeTa MepeHanpsHkeHU pru 00pbIBE TOKA B IyTO-
racsIeM peakTope
B MOMEHT OTKIIOUCHHSI TOBPEKACHHOTO yJacTKa CETH C MOMOIIBIO
peNelHOM 3alMThl TOKH Yepe3 BoIkiodarenu ¢a3 B u C mepexomsar yepes
HyJIEBO€ 3HAUYEHHE MPAKTUYECKH OJHOBpeMeHHO (pHc. 6.18), a Tok peak-
Topa I, 61IM30K K MAKCUMAJIbHOMY 3Ha4YeHHIO. I1oCieIH1iT MTHOBEHHO H3-
MEHUThCSI He MokeT. OH JOJKEH Telepb 3aMbIKaThCsl Yepe3 eMKOCTH Ha
3eMJTI0 OCTaBIIIEHCS B paboTe yacTu ceTH. [Ipu 3TOM, TakKe Kak U TpU OT-
KIIIOYEHNHN HEHArpy>KeHHBIX CHJIOBBIX TPaHC(OpPMATOPOB U IIyHTHPYIO-
IIMX PEAKTOPOB, MOTYT HUMETh MECTO 3HAUUTENIbHBIE IepeHaIPsHKEHUsI.
BenuunHa 3THX MepeHanpspKeHU B OOJBIION CTEIICHU 3aBHCUT OT 3Haue-
HUs TOKA [, B MOMEHT rauienus ayru B azax B u C Beikimoyarens B2.
Bynem cuutath, 4TO TIepe]] KOPOTKUM 3aMbIKaHHEM PeakTop padoTai
B peXHME HACTPOWKU B PE30HAHC C €MKOCTBIO Beel ceTu C., BKIIIOYask eM-
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1 1 o
KkocTh JuHuu JI2, 10 ecth wl = — = —— (T1e Cq, — EMKOCTh OIHOH a-
wC; 3wCy

36l Beeit cetn). [loncraBuB B hopmyny Uy, ., 3HAUEHUE TOKA YePE3 PEaKkTop

= Ye — Yo _Ys fC_¢ -
I, = 2oLy nonyauM U,y = 2oL, 2 A Cyr’ Cp = 3Cy1, THE Cyq eM

KOCTb OJTHOM ¢)a3I>I CCTH MOCJIC OTKIIIOYCHUA

A Lo muaun JI2. CooTBeTcTByIOIIasl KpaTHOCTb
TepeHanpssKeHU paBHa
—_ Umax —_ C_(l)
B Kimax = o 0,5 ’%1' (6.22)
S Kak crnenyer u3 (6.22), BenmuuuHa Ie-

N
Ip| “E»=Ep-EQ "
5 = peHaHpi[)KeHI/II/I HpI/I 06pLIBe TOKA B z[yrora-
Ec s CAIIEM PEAKTOPE 3aBHCUT OT COOTHOIIECHHUS

EdFEB;—EC Ep emkoctell Cy u Cypq, TOITOMY HEpEHANps-
JKeHne OyayT CYIIECTBEHHO MEHBINE, €CIN
YCTaHOBHUTH PEAKTOP Ha MOJICTAHIIUH C He-
Ie!he CKOJIbKAMH OTXOJALIMMHU JIHHUSAMH. Tak,

Puc. 6.18. Bekropnast nma-  HampuMmep, ecid OT nojacraniuu 35 kB or-
rpamMMa TOKOB U HalpsDKe-  xonaaT JBE BO3JYIIHbIE JIMHUM UIMHOW IO
Huii B cxeme puc. 6.17 l = 50 xm TO oTKIIOUEHHUE NBYX(aszHoro K3

Ha OJIHOM U3 HUX BBI3OBET MEPCHANPAKECHUE C KPATHOCTBIO

e = 0,5 |Cy/Cyr = 0,542 04-10-5/(04 - 10-° + 1500 - 10-12) = 0,7,

T. €. MIEpEeHANpPsDKEHHSI IPAKTHYECKH OyIyT OTCYTCTBOBATH, YTO ITOATBEP-
JKIAETCSl OMBITOM DKCIUTyaTalluu dSHeprocucteM. Ha TyNHMKOBBIX MOJCTaH-
LUSAX YCTAHABIUBATH IyrOracsIiue peakTopbl HeE PEKOMEHIYeTCsl.
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6.6. IEPEHAIIPSI)KEHUS TP KOMMYTALUAX
BbICOKOBOJIbTHBIX DJIEKTPOJIBUTATEJIEN

[lepeHanpspkeHUss TMPU OTKIIOUCHHSIX DJICKTPOJBUTATENICH HMEIOT
TaKyIo K€ MPHUPOJY, KaK U MPHU OTKIIOUEHHUIX TPaHC(HOPMATOPOB WU pe-
aKTOPOB. DTH MEPEHAIPSDKEHUST BBI3BAHbI OOPHIBOM TOKA B BBIKIIIOYATEIIE
U 00yCIIOBIIEHBI CBOOOIHBIMHU KOJE€OaHUSMH, BO3HUKAIOUIMMHU B IIpoliecce
oOMeHa JHeprueil MeXay WHAYKTUBHOCTBIO OTKIIFOUaeMOTO 3JIEKTPOJBH-
rarelisl ¥ eMKOCTBIO muTaromero kabens. OHM MOTYT BO3pacTaTh MpH OT-
KJIFOUEHHH CHHXPOHHOTO 3JEKTPOABHUIATENS B PEKUME aCHHXPOHHOTO XO-
J1a, a TaKXKe MPH IBYX(a3HBIX KOPOTKUX 3aMBIKAaHUSAX B CTAaTOPHOU 0OMOT-
K€ MAaIIIHBI.

B aBapuifHBIX pe:kUMax pabOThI JIEKTPOJABUraTENs yBEIHUHUBACTCS
CKOJIBXKEHHE pOTOpa, U BO3pAcTaeT TOK B OOMOTKE CTaTopa, YTO TaKXKe
MIPUBOJIUT K TOBBILIEHUIO KpaTHOCTEHN nepeHanpspkeHuid. Kak nmokassiBaroT
CIeUUalbHbIe H3MEPEHUs, MAaKCHMallbHas KpPaTHOCTH IepeHaNpsDKEeHHUH
coctaBimsier 3,5-7,0 —mpu 3aropmoxkeHHOM potope u 3,0-3,5 — mpu
JIBOMHBIX 3aMBIKaHUSAX Ha 3EMITIO.

BoszHukaromue npu OTKIIOYCHUSX AJIEKTPOABUTATENEH MepeHanps-
JKEHUSI, KaK MPaBUIIO, IPEACTABISIOT COO0H KOMOMHALIMIO KOJIe0aTeIbHbIX
IPOLIECCOB PAa3HOM YacTOTHI, HANIOKEHHBIX Ha HampspkeHHe paboyei yac-
ToThl 50 I't. IlepenanpsbkeHusi, KOTOpble BO3HUKAIOT IPHU Cpe3e TOKa 10
€ro €CTECTBEHHOI'0 Iepexo/a 4epe3 Hyllb, IPEACTABISIOT COOOM BBICOKO-
YaCTOTHBIC KOJICOAHHUS.

ABTOMaTHYeCKass PErucTpalys MEepeHaAIpsHKeHUN B JEHCTBYIOIINX
ceTssx 6—10 kB u crnenuanbHble ONBITH TOKA3bIBAIOT, YTO MAaKCHUMaJbHbIE
KPAaTHOCTH TEPEHANpPsDKEHUHA TPU OTCYTCTBHHM MeEp AJIS MX OTPaHUYUCHHS
COCTaBJISIIOT:

Ky max = 4,2 — TpU HOPMAJIBHBIX OTNEPATUBHBIX BKIIOUCHHUSX DJICK-
TpPOJBUTATENICH;

Ky max = 5,2 — NpU BKIIIOYEHHUH ABUTATENs B CETh ¢ OJHO(DA3HBIM
3aMBIKaHUEM Ha 3eMJIIO;

Ky max = 7,2 — nipu BriIrOueHuu B ke AITB.
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Takue BbICOKME KPAaTHOCTHU TMEPEHAIPsDKEHHA MpPEeACTaBISIOT OIlac-
HOCTH JIJISI M30JISIIUU DJIEKTPOABUTATENICH U MOATOMY TPeOyIOT MpHMEHe-
HUS CIICIIHATBHBIX MEp 0 UX CHIDKCHUIO.

OrpannyeHrne KOMMYTAIIHOHHBIX IEepEHANpPsDKEeHUI MOXKET OCyIIeCT-
BIIATBCS ITyTEM CHIDKEHHSI BEPOSTHOCTH BO3HHUKHOBEHMSI TAKUX aBapUITHBIX
CUTyallMi, KaK OTKJIIOYEHHE 3aTOPMOKEHHBIX JBUTaTeNel, UX BKIIOYCHHE
U cpa3y OTKJIIOYEHHE, a TaKKe C MOMOILBI0 YCTAHOBKH BEHTHJIBHBIX pa3-
PAIHUKOB U HEJIMHEHHBIX OTpaHUYUTENICH epeHanpsHKeHUH.

6.7. YTOBBIE IEPEHANIPSI’)KEHUS B CETSIX 3-35 kB U
CTATUCTUYECKHUE XAPAKTEPUCTHKH
KOMMYTAIMOHHBIX NEPEHATIPSI)KEHU I

B cersax 6-35 kB, paboTaronux ¢ U30JIMPOBAHHOMN HIIH 3a3eMJICHHON
yepe3 yroracsiuii peakTop HEUTpabio, MPUINHON BHYTPEHHHUX NEpeHa-
NpsDKEHUE MOTYT OBITH OJHO(A3HBIE 3aMBIKAHUS Ha 3E€MIII0, COMPOBOXK-
JIAloIIMecss HEYCTOMYUBBIM TOPEHUEM JAYTH.

Jns amanuza mporecca pa3BUTHS IEPEHANPSHKEHUN IMPEICTaBUM
CETh B BUJIE COBOKYITHOCTH U3 TPeX (hasHbIX eMKOCTeH Cy, Ha 3eMIIIO U TPEX
Mex Iy haszoBeix eMkocTel Cyg (puc. 6.19, a). Iuraromyro ceth 3ameHnM
9KBUBAJIEHTHBIM HCTOYHHKOM TpexdasHoit DJIC ey, ep, e. ¢ (ha3HbIMU
WHAYKTHBHOCTSMH L. M aKTUBHBIMH CONPOTUBJICHUsAMH R,; TpaHcdopma-
TOp Ha NPUEMHOM KOHIIE C TNPUCOCIUHEHHON K HEMYy Harpy3kou —
WHIYKTUBHOCTSIMU L, M comportuBieHusMu R,. Toku Harpys3kw, mupKy-
JTUPYIOIIEe B KOHTYpax, 00pa30BaHHBIX COCETHIMH (ha3amMH, HE OKa3bIBa-
FOT 3aMETHOTO BIISIHAS HA pacCMaTpUBAEeMBbIE MTPOIECCHI, BEI3BAHHBIE TIPO-
TekaHueM TOKOB W3 (a3 B 3emuto. [loaTomMy QOmMycTMMO MpPENCTaBUTH
TpaHCPOPMATOPHI MUTAOIINX U MPUEMHBIX KOHIIOB JIMHUH, BKIFOYCHHBIX
napajuleJIbHO OTHOCUTENBHO €MKOCTEH MPOBOJOB, B BUAE OJHOTO SKBHBA-
nentHoro TpaHchopmaropa ¢ DJC ey, ep, ec ¢ pa3sHBIMU HHIYKTUBHO-
cTaMu Ly, 1 conpotusieHusmu Ry, (puc. 6.19, 6).

Kpome Toro, B xabenbHOW CETH C pa3[elibHOM KpaHUPOBKOH ¢a3

MOKHO TpeHeOpeYh HATMYUEM MEKIy(hasHbiXx eMKOCTeH Cyg. [lpu aTOM
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noyyaercst HauboJjiee mpocTrasi SKBUBAJICHTHAsI CXeMa CETH, IPEeACTaBIICH-
Has Ha puc. 6.19, 6.

Puc. 6.19. Ucxoanas snexTpuueckas cxema (a) [ pacueTra JyrOBbIX epeHa-
NPSDKCHHUN U CBEPHYTAsl SKBHUBAJICHTHAsS cxema (6)

B cxeme, mokazanHo# Ha puc. 6.19, 6, nepeHanpsHKEHUS HA €MKOCTSIX
Cy, Cg, C; cKIafpIBalOTCS U3 TPEX COCTABISIONIMX: HAMPSKEHUS MPOMBIII-
JIEHHOW YacTOThI, 00yCIIOBIeHHOTO BozaelcTBueM DJ{C MCTOYHMKOB MUTa-
HUSI, TIOCTOSIHHOM COCTABISIIONICH HAMpPsDKEHUS, BOHHUKAIOIICH B CIydae Ha-
T4rs Ha (a3HBIX €MKOCTSX W30BITOYHOTO CyMMApHOTO 3apsiia, U COCTaB-
JISFOIIEH CBOOOJHBIX KOJleOaHui mepesapsiia (pa3sHoi eMKOCTH MpH BHE3aIl-
HBIX M3MEHEHMSX CETH, BBI3BAHHBIX 32)KMTAHWEM WM IOTacaHHEeM IyTH.
[epBoe 3a)xxHraHue MOXKET BO3HUKHYTH B JIFOOOH MOMEHT BPEMEHH, OTHAKO
HanboJiee BBHICOKHE TEPCHANPSIKCHUS BO3HHUKAIOT MPU 3a)KUTAHUH JYTH B
MOMEHT MaKCHMyMa HampsDKeHHsI Ha MOBpeXIeHHOH (aze. ["amenue Toka
IYTH BO3MOJKHO IIPU IIEPEXO/e CyMMAapHOTO TOKa Yepe3 HyJIEBOE 3Hade-
Hue. Ilocne rameHuss Iyru HampsDKEHHE HA JTYTOBOM IIPOMEKYTKE BOC-
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CTaHABJIUBACTCS B COOTBETCTBUH C Pa3BUTUEM NEPEXOIHOTO MPOIIECca, BbI-
3BaHHOI'O TallleHHeM Iyru. B ciydae, korna BoccTaHaBiIMBarolleecs Ha-
MIPSDKCHUE OKAa3bIBAETCS BBINIE HANPSDKEHUS IMPOOOST TyrOBOTO MPOMEKYT-
Ka, 1yra 3a)KUraeTcs BHOBb.

B ofmem ciydae SKBHBaJIECHTHBIC MHIYKTHUBHOCTH U €MKOCTH pa3-
HBIX (a3 MOTYT OBITh HEe OMUHAKOBBIMU. OIHAKO, B PEalbHOI CETH MpH-
HUMAOTCS MEpBI JUIsI BBIPABHUBAHUS MapaMeTpoB (a3: OCYMIECTBIISCTCS
TPaHCIO3UIMA (Pa3HBIX MPOBOJOB HA BO3IAYIIHBIX JUHUIX, TPOU3BOJAUTCS
ypaBHHUBaHUE HAarpy3KH Ha ¢a3ax u T. 1. [lo3ToMy B IepBOM NpHOIMKEHUH
MOKHO PaccMaTpuBaTh CXEMy CETH, II€ UHIYKTHBHOCTH (a3 Ly u eMKo-
cTi Ha 3eMIIt0 Cy, OIMHAKOBBI ISl Beex (has.

B sTOM ciydae mepexonHbIe IPOLECCH Ha HEMOBPEXKICHHBIX (ha3ax
IpY 3aMBIKAaHUH U Pa3MBIKAHUH TOBPEXKICHHOHN (pa3bl OyIyT UMETh OIHY

4acTOTy CBOOOIHBIX KoJeOaHuil w' ~ , OJTMHAKOBYO JIJIsl 00EUX 1o-

1
Nz
BpeKACHHBIX (Da3. Mcronp3ys MpUHIMIT HAJIOKEHUS, MPOIECC B LEMH I10-
CJIe 3aMbIKaHus oJTHOM u3 (a3 (Hampumep, $ha3bl A) MOXKHO MIPEICTABUTH B
BUJIE CYMMBI MIPEIIECTBOBABIIETO0 YCTAHOBUBIIETOCS PEXHMa U PEKUMA,
BBI3BAaHHOT'O BKJIFOUEHHEM B TOYKe 3aMblkaHUs dKBUBajeHTHOH JJIC e,,
PaBHOM MO BEIMYMHE W IPOTUBOIOJIOKHON IO 3HAKy HANpPSDKEHUIO Ug.
[Tocneanuii pesxuM pacCYUTHIBACTCS MPH 3aKOPOYEHHBIX UCTOYHUKAX ITH-
tatomeit cetu. 13 puc. 6.20 BHIHO, YTO IIPpH OJMHAKOBBIX MapaMeTpax das
MepeXo/IHas COCTABIIONMIAS HanpsbkeHus Ha ¢a3ax B u C Oyzer oguHako-
BOI1.

C y4eToM TOro, 4To 4acToTa CBOOOJHBIX KOJIEOaHUH ceTH w' 00BIY-
HO BO MHOTO Pa3 MPEBOCXOJUT YaCTOTy MUTAIOIIEH CeTH w, MOXKHO aM-
IUIMTYy TiepeHanpspkeHus Ha ¢aszax B u C npubiamkeHHO paccyuTaTh 1Mo

bopmyie (6.2):

ns
Unax = UyCT + (UyCT - UHaq)e o' = UyCT + xAU, (6.24)
né
rae x = e « — xodddumment 3aryxanus; AU = Uye, — Uyyy — Hauaib-

Has aMIUIATYAa KoeOaHMid epex0JHON COCTABISIONICH HANPSHKEHUS Ha
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e€MKOCTH paccMaTpuBaeMoi (a3pl. B peanpHBIX yCIOBUSAX KO3 GULUEHT
3aTyXaHMs X JUIi HalpsDKEHUs Ha HEMOBPEXICHHBIX (pazax cCOCTaBIsET B
Bo3aymHbix cersx 0,3-0,8. B «ka- a)
OeNbHBIX CETSIX, B 3aBUCHMOCTH OT R
L; 3 \
napamMeTpoB KaOess, MecTa 3aMbl- IUW
KaHUS W CONPOTHBIIEHUS IYTH, X &= Uyer o

3
n3mensercs ot 0 1o 0,8.

HavanpHoe 3HaueHue Hampsi- 6)

JKEHHsI Ha eMKocTu ¢a3sl U,,, onpe- u
JIeJIAETCS. peXKUMOM CETH, MPEAIIEeCT- t—
BOBaBUIMM 3aKUTAHUIO IyTU. YcCTa-

U 9
alT
User

HOBHBIICCCA HAMPSKCHUE UyCT CKJ1a-
ABIBACTCA M3 TEPBBIX ABYX COCTaB-
JIAOIIHUX (HOCTOHHHOFO HaIIPsOKCHUA

W HaNpsDKEHHS TPOMBIIIJICHHON Yac- U

TOTBI), IPUHUMAOIIUX HOBBIC 3HAYE- Puc. 6.20. K pacueTy aMIIuTyAbI

HUS TIOCIIE 3aKUTaHUs TyTH. MIEPEHANPSDKEHUSI IPH 32)KUTAHUHU U
Eciu mpeneOpeub mnameHuem — TAIICHUH IYTH 01HO(a3HOTO 3aMBbI-

HalpsDKEHHWsl OT YCTAaHOBHBIIEKcs — KaHWA Ha 3EMIIO: @ — SKBHBAJICHT-

COCTABISIONIEIT TOKA Ha dMeMenTax L Hai CXeMa KOHTypa nepesapsiia ¢as-

1 R 10 CpaBHEHUIO ¢ HanpsokeHusamy MO EMKOCTH; 6 — BUJ KpUBOFH Ha-

Ha DAsHBIX EMKOCTSX Uy, g, Ug, TO MIPSKEHUS IIEPEXOIHOTO IpoIecca
JUISL YCTAaHOBUBIIMXCS COCTaBISIONIMX HANpPsDKEHUH MEePeXOIHOTO Mpo-
1ecca, BO3HUKAIOIIETO P 3KUTAHUH VI TAllIeHUH TyTH 3aMbIKaHUS Ha
3eMJTI0, MO’KHO HAIKCaTh CJISAYIONME COOTHOIICHUS:

€4 = Ugyer — Upyer

€g = Upycr — Upyer (625)

€c = Ucyer — Uoyer
T€ Ugyer — YCTAHOBHMBILAACS COCTABJAIONIAS HANPSUKEHUA B HEWTpaIn
cetu. Benuuuna ug o B cHCTEME ypaBHEHHH (6.25) 6e3 yuera mexayda-

30BBIX €MKOCTEi TPUOOpETAET CIIEAYIONHE 3HAYCHUS:
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0 - 10 mepBOro 3aKUraHus AyTY;
—e4 — B IIpoliecce TOPeHUs AyTY;
Cy+ Cp+Ce
B cootBercTBuU ¢ (6.26), IpH 32)KUTAHUX U TIPH TAIICHUW TYTH IPO-

(6.26)
- cpasy HocJie noracaHus JyTH.

HCXOTUT U3MEHEHUE YCTaHOBUBIIIETOCS 3HAYCHUS HANIPSDKEHHS B HEUTpau
Ug yer Ha Bemuunny AU = Up yer(t + 0) — Ug yer (t — 0), 1€ t — MOMEHT
3a)KUraHus WK ramenus ayru. M3 cootHomenuit (6.25) cienyer, 4To oA-
HOBPEMEHHO C 3TUM H3MEHSIOTCS Ha TaKYIO K€ BEIUYHHY M YCTaHOBHB-
[IMECS COCTABJIIOMNE (pa3HBIX HANPSDKEHUH, TOCKOJIBKY 3HAYCHUS €,, €,
U €. He 3aBHUCST OT HAJIMYUS HIH OTCYTCTBHUS IyTH:

Al]ayCT = Al]ayCT = Al]ByCT = AUCyCT = AUO ycr*

BHe3anHble U3MEHEHHsI 3HAUEHHI YCTAHOBHBIICHCS COCTaBIISIOLICH
(asHbIX HaNpsHKEHUH Ha eMKOCTAX (a3 Cy BO30YKIAIOT IIEPEXOIHBIE MPO-
LIECCHI TIepe3apsiia TUX eMKOCTeH yepe3 HHIYKTUBHOCTH (a3 L u skBuBa-
JICHTHBIE CONPOTUBIEHUS R:

Uy () = eq + Ugyer — AUp yere ™4t cos wy t;
ug(t) = eg + Ugyer — AU yere " *Pr cos wip t; (6.27)
uc(t) = ec + Ugyer — AUg yere ™% cos w t.

COOTBETCTBEHHO, aMIUTUTYABl (a3HBIX HAMPSDKCHHH MOCIE KOMMY-
TaIi¥, BBI3BABIICH W3MEHCHHE HANPSKCHUS B HEUTpanu Ha BEIUIHHY
AU, yer» MOXKHO, B COOTBETCTBUH C (6.24), paccuntatp 1o hopmynam:

U max = € + Uy yer XAU, yer»

Uc max = €c + Uy yer XAU, yerr (6.28)
riae ez U e — mrHoBeHHbIe 3HaYeHHS DJ1C ¢a3 B u C B MOMEHT KOMMY-
TaIUH.

lameHne gyru MOXKET OCYIIECTBIATHCS IPU KaXKIOM MEPEX0e TOKa
yepes HyJlb, OJJHAKO B Cllydae, KOra dJeKTpudeckas MpOYHOCTh JYTOBOTO
MPOMEKYTKa PACTET MEIJICHHEe BOCCTAHABIHBAIOIIETOCS HAIPSHKECHIS,
TOpPEHHUE TYTH BO30OHOBIISETCS.

Bomnpocy 06 ycrnoBusx ropeHHs IyTH 3aMBIKaHUS Ha 3eMJIIO B Pealb-
HBIX CETSIX IMOCBSIICHO OoJbmioe yucio pador. B Poccun nambonee 06-
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HIMpHBIE  JKCIIEPUMEHTAJbHBIE  MCCICNOBaHHS  OBUIM  MPOBEICHBI
Y. M. IIxxyBapnel  (Akamemusi Hayk AsepOaiimxanckoinr CCP) wu
H. H. BensikoBeiM (Bcecoro3Hblii HaydHO-UCCIIEAOBATEIbCKHIA HWHCTUTYT
3JIeKTpodHepreTHky). Ha ocHOBe aHaliM3a OKOJIO AECATH THICAY OCLUILIO-
rpaMM ropenus nyru B cetax 3—10 kB, bensikoB BeIIBUHYI TEOPHUIO pa3BU-
TUs nepeHanpspkeHuit. [1o ero HabIrOAEHISIM, AyTra 3aMBIKaHUS HA 3€MITIO,
ropsiiasi B OTKPbITOM BO3AYyXE WJIM B Y3KOH IIETH MOBPEKIACHHOU H30JIsI-
LU, TIC HE BO3HUKAIOT (PaKTOPHI MHTEHCUBHOH IEMOHMU3AINH CTBOJIA IyTH,
MIBITACTCS TIOTACHYThH NPHU KaXKIOM IIEPEX0/Iie Yepe3 HyIb CyMMapHOTO TOKa,
BKJIIOYAIOIIETO TOK MEPEXOJHOM COCTaBIAIONICH, BBI3BAHHOW 3aKUTaHUEM
JIYTH, ¥ TOK IMPOMBIIUIEHHON 4acTOThl. OHAKO BO3HUKAIOUIUI IpU 3TOM
MUK TaIlleHUs B HAMPSDKCHUU HA JYTOBOM IPOMEXYTKE OKa3bIBACTCS CIIO-
COOHBIM TPUBECTH K BO30OHOBJICHHIO TOPEHUS AYTH 4Yepe3 MOoJmepruoa
CBOOOJIHBIX KoJieOaHMi HampspkeHus. Hanmbonee cyiiecTBEeHHBIM MOMEH-
TOM SIBJISIETCSl YCTaHOBIICHHE KPHUTEPHS BO3MOXKHOCTH TallleHHWs OYTH Ha
JUTUTENIbHOE BpeMsi (He MEHee MOJYMEepPHOAa MPOMBIIIIEHHOW YacTOTHI),
HEOOXOAMMOE JIJIsl CYIIECTBEHHOTO HapacTaHus BeIU4uHbl Au,. [Ipeamno-
JlaraeTcsl, 4TO TramieHue Ayru 0e3 ee BO30OHOBJIICHHUS 4epe3 IMONIepruoaa
CBOOOIHBIX KOJIEeOaHUIT BO3MOXKHO JIMIIb B CIy4ae, €CIIM BEIMYHHA IHKA
rameHus HE MPEBOCXOAUT OMNPCACICHHOIO KPUTUYCCKOro 3HA4YCHUsA: I10-
psanka 1800 B B cetu 6 kB, uro coctaBnsier okomno 0,4 aMIUITHTYbI HOMU-
HaibpHOTO (pa3HOTO HampspkeHus. B cetsx 3 kB n 10 kB kputHueckyro Be-
JIMYMHY MUK TallleHUs TaKKe MOXKHO cuuTath paBHOH 0,4U,,,,.

BenuurHa nuka rameHus onpeeNseT U BeTUUYUHY HauOOJIbILEero yc-
TAHOBUBIIIETOCS] HAMPSKEHUS CMEUIEHUsT HeWTpanu. JleMCTBUTENBHO, aM-
TUINTY/A TIHKA TaIIeHI

Unr = €o(tr) + Ugyer + AUg yer- (6.29)
Ckavok HanpspkeHust AUy TPHU TallleHHH TyTd MOXHO BBIPA3HTh
CJICYFOIIUM 00pa3zoMm:
AU, yer — Uo yer (_eA) =U, ycr + ey,
OTKYJla BUJTHO, YTO
Unr = Z[eA(tr) + UO yCT] (630)
umi Uy yer = 0,505 — e4(t,).
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Ecnu Benmuuna U, He OyneT npeBocxoauts 0,4, TO aOCONIOTHAS Be-
nnauHa Ug yer HA IPU KAKUX OOCTOSATENBCTBAX HE CMOXKET CTaTh Bhile 1,2.
CrnenoBaTenpHO, IO Teopuu bensikoBa HauOonblIas BO3MOXKHAsI BETUYH-
Ha YCTAaHOBMBIIEHCS COCTaBIJIIOLICH CMeEIleHHs HeWTpanu paBHa 1,2, a
HanGonbue nepeHanpskenus Ug may = Ucmax = 3,8U (6.24). Vuer
HOTEPh B CETH U MEXy(Da3HBIX EMKOCTEH CHIKACT pacueTHbIE KPaTHOCTU
nepeHanpspkeHuit 1o 3,2-3,5. BeiBogbl Teopun bensikoBa B 1enoM moa-
TBEP’KAAIOTCSL pe3yJIbTaTaMM IOJEBBIX UCCIEJOBaHUM B ceTsax. B Bo3-
JyIIHBIX CETAX C U30JIMPOBAHHON HEUTpaIbIO MpeeNbHbIC BEIUYHUHEL 3a-
PETHUCTPUPOBAHHBIX IEPEHAINPSDIKEHUN NPHU AYTOBBIX 3aMBIKAHHMSIX Ha

3eMJII0  HaxozmaTcss Ha ypoBHe 3,5Uy, a B KaOeNbHBIX — Ha yPOBHE

3,2- 3,3U¢. [MonknrodueHne K HEUTpPAIM CETHU AYTroracsllero peakTopa,
MHJIyKTUBHOCTb KOTOpOro L, BeiOupaercs u3 ycnous wl, ~ 1/3wCy,
3aMeIIIsIeT POCT HANPSDKEHUST HAa AYTOBOM MPOMEXYTKE M CYIICCTBEHHO
CHUXAET BEPOSITHOCTb MOBTOPHBIX 3aXUTraHuil ayru. IlepenanpsxeHus
npu O}lHO(l)aE}HOM 3aMbIKaHUU B 3TOM CJiydya€ OIpaHUYUBANOTCA 3HaA4C-
HUSIMHU, XapaKTePHBIMU IS MEPBOTO 3)KHUTaHUS AYTH, OJHAKO TPH Ha-
JUYUU TYroracsniero peakTopa BO3MOXHBI TOBBIIICHUS HaNpsDKEHHUS B
HEUTpaii Ha MPOMBIILIEHHON YacTOTE 3a CUET PEe30HAHCA.
CmamucmuuecKue XapaKmepucmuKuy KOMMYmayuoHHbIX
nepenanpasicenuil

B OonpmmHCTBE ciydaeB BepOSATHOCTh KPAaTHOCTH IepEeHANPSIKEHUI
OoJblle 33JaHHON ompenensercs mo gopmyne (6.7). Jns psaa oObEKTOB,
HaTpUMep, IS MTOICTAaHINH, [IeIeCO00Pa3HO BOCIIONB30BATHCS (PopMyon

P(ky) = a{1 — exp[—exp (=b(k, — )]}, (6.13)

r1e a, b u ¢ — MOCTOSIHHBbIE KOO (OUITUESHTEHI.

B obnactu Gonpmmx KpaTHOCTEH 3Ta (OopMyna aCHMIITOTHYECKH
CTPEMHTCS K IKCIIOHEHTE:

P(k,) = a-exp(—b(k, —c)). (6.32)
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Yucno nepeHanpspkeHUd B 101 Ng,, IMEIOIUX KPaTHOCTh K, WIH
6oIee, MOYKHO OIPEACTUTD C TOMOIIBIO BBIPAXKCHUS
Ngn = Ny - P(ky), (6.33)
rae N, — oOuiee 4uciio nepeHanpsbkeHui B rofl.
Yucno nepeHanpsbkeHui ¢ KpaTHOCThIO Oostee k,, 3a 7JIeT paBHO
Ngne = @+ Ny - 7+ exp(=b(k, — c)), (6.34)
oTKyna, pupaBHsB Ng,, = [, MOXKHO ONpElENHUTh KPaTHOCTH K, IPEBEI-
11aeMyo B cpesiHeM 1 pa3 3a zieT

1
ke = € + 7 In(aN,). (6.35)

Ha puc. 6.21 u 6.22 qyst npuMepa npuBeAeHBI 3aBUCUMOCTH, PacCUu-
TaHHbIe 10 (6.35), 471t MOACTAHIMI ¥ JTHHWH.

3.2
Ky, I
3.0 (M—(“«&
2.8 {‘«\ $ ///
1
N M‘M L
24 '««f‘ /
2,2 " et
20 / r«"‘fj/
g ‘«ﬂ"- Jl;"//
1.8 _\,/""@/ ey ﬂ
i e
, i
14— y -
1 2 5 10 20 50 roap

Puc. 6.21. KpaTHocTu nepeHanpsbkeHuii k,,; Ha MIHHAX M10JICTaH-
it 110-500 kB npeBsimraemele B cpeneM 1 pa3z 3a rier: | —
MOJICTAHIIUHU C YUCJIOM OTXOJISALIUX JUHHK OT 2 /10 4, Oe3 crelu-
AJIbHBIX CPEJCTB OTPAHUYCHHS BHYTPCHHHX TI€PEHATPSIKCHHH,
MMEIOIIHE BBIKIIOYATEIH C TOBTOPHBIMHU 3a)KUTAHUSIMH TyTH; 2
— TO e, HO C OBICTPOICHCTBYIOIIMMH BBIKIIFOYATENSIMH; 3 —
MOIIIHBIE TIO/ICTAaHLIUH C YUCIIOM OTXOASAIINX JIMHUH OoJbIe 4;
— YCpEeOHEHHas KpUBasi, 77777777 — BEPXHHE TPaHUIIBI
95 %-ro JOBEpUTENHHOTO UHTEPBAJIA
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Puc. 6.22. KpaTHOoCTH nepeHanpshDKeHM, Tpe-
BBIIIIaEMBbIE B CpelHEM 1pa3 3a 7JIeT Ha pa-
30MKHYTOM KoHLe muHuH 500 kB ¢ anexrpo-
MAarHUTHBIMHU TpaHC(OpMaTOpaMH HampsiKe-
HUS U C BBIKJIIOUATEISIMU C TOBTOPHBIMHU 3a-

KUTaHUAMH AyTH: 1 — IpY IUIAHOBBIX BKIIIO-
4yeHHsX U ycnemHslx AIIB; 2 — npu maHo-
BBIX OTKJIFOUeHHsIX K3; — yCpeaHEeHHas
KpHBast; ------ — BEepXHUE rpaHuLpl 95 %-ro

JIOBEPHUTEIBHOTO HHTEPBATIA

Konmponwnuie éonpocut

1. O6BsAcHUTE, IO KAaKOW MPUYHHE BO3HUKAIOT MEPEHANPSHKEHUS TIPU
OTKJIFOUEHHSIX KOHIECHCATOPHBIX OaTapeit.

2. Ot xakux (aKTOPOB 3aBUCST MEPEHANPSDKCHUS MPU aBTOMATHYE-
CKOM HOBTOPHOM BKJIFOYCHUU JITHUHN?

3. O0bscHUTE (HUBHUYECKYIO MPUPOAY MEPEHANPSHKCHUN TPU OTKITO-
YEHUSIX UHIYKTUBHBIX TOKOB.

4. Kak BiusieT Ha BEIMYHMHY MEpPEHANPSDKCHUI HACHIILICHHUE CTad
CHJIOBBIX TPaHC(HOPMATOpPOB?

5. Kakum 00pa3oM OrpaHHYMBAIOT MEPECHANPSDKEHUS TPU OTKITFOYE-
HUSIX IIYHTHPYIOUINX PEaKTOPOB?
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7. XAPAKTEPUCTHUKA CPEJICTB 3ALIUTHI
OT NEPEHAIIPSI)KEHUM

OOmiee Ha3Ha4YeHHE Mep 3alIUTHI OT IEPEHANPSKEHUH COCTOUT B
TOM, YTOOBI TPW MUHHMAIBHBIX IOMOJHHUTEIBHBIX 3aTpaTax MOIYYHUTh
MaKCUMAJbHBIH KOHOMUYECKUH 3P dekT oT cHKeHus ymepOa, BHI3BaH-
HOT'O TEPECHANPSDKEHUSIMHA U OT MOBBIIICHHS HAJCKHOCTH PabOTHI YHEPTO-
CHCTEM.

[IpeBeHTHBHBIE MepHI 3aIIUTHI OKA3bIBAIOT MOCTOSHHOE BIHMSHHE Ha
ceTb. VX Ha3HayeHHE — MPEAOTBPATUTh BO3HUKHOBEHME IEpEHAIPsHKe-
HUI WK CIOCOOCTBOBATH OTPAHMYEHHIO MX BEIHYHMHBEL brarompustHOe
IeficTBUE IPEBEHTUBHBIX MEP 3aIIUTHI MPOSIBIISICTCS Ha MPOTSHKEHIH BCETO
nepexogHoro mpomecca. K TakuM mMepaM MOXHO OTHECTH, B 4aCTHOCTH,
MPUMEHEHUE BBIKJIIOYATeNel, padoTa KOTOPHIX HE BBI3BIBAET MOSIBICHUS
OOJIBIIMX TIepeHANpsDKEHUH (HalpuMep, BRIKITIOUATeIed 0e3 OMacHBIX IMO-
BTOPHBIX 3KUTAHUHA TyTH MEKAY KOHTAKTAMH H C ITYHTHPYIOINMH CO-
IPOTUBJICHUSIMH), TPO303AIIUTHBIX TPOCOB, 3a3€MJICHHE ONOp Ha JIMHHUU
3NEKTpoIepeiaur, EMKOCTHYIO 3aIlUTy H30JILUN 0OMOTOK TpaHchopma-
TOPOB M PEAKTOPOB, 3a3eMJICHHE HEUTpaH TpaHC(HOPMATOPOB Uepe3 Iyro-
racsiue KaTyLIKH.

KomMmyTanmoHHBIE CpeACTBa 3aMIUTHI OT NEPEHANPSDKEHUH, KaK Mpa-
BWJIO, COAEPKaT B ceOe KOMMYTHPYIOIIUE AJIEMEHTHI, HAIpUMep, UCKPO-
BbIe IPOMEXYTKH. OHM cpabaThIBAIOT, KOT/A MEPEHANPSHKEHNUE B TOUKE UX
YCTaHOBKH TPEBBICUT HEKOTOPYIO KPUTHYECKYIO BenndyuHy. K KommyTa-
IIMOHHBIM CPEJICTBAM 3aIlIUTHI OTHOCSATCS BEHTHIIbHBIE pa3psimauku 1 OITH
(a B crappIX ceTsSX — TpyO4arble pa3psOHUKH W 3allUTHBIC HCKPOBHIC
MPOMEXKYTKH), @ TAKXKE UIYHTHPYIOIIUE PEAKTOPHI C UCKPOBBIM MPHUCOEH-
HeHreM. K KOMMYTaIllMOHHBIM CPEJICTBAM 3aIlUThl MOKHO OTHECTH TaKKe
Y HeJuMHeWHble orpanuunrteny nepeHanpspkenuit (OITH). B OITH otcytcet-
BYIOT UCKPOBBIE IIPOMEKYTKH, U BHICOKOHETTMHEWHbIE PE3UCTOPHI MOAKIIIO-
YeHBI K ceTd MocTossHHO. OIHaKOo Mpu MoBbIIeHUH HanpspkeHus Ha OITH
CBEpX HamOONbIIEro paboyero pe3ko yMEHBIIACTCS UX COMPOTUBICHHE,
910 3 (HEKTUBHO CHIUYKACT BO3ICHUCTBYIOIIHNE TICPCHATIPSIKCHUS.
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Juis 3amuTel 000pyI0BaHUS OT MPSIMBIX YAAPOB MOJHUU MPUMEHSIOT
CTEepXKHEBbIE MOJTHUEOTBO/IbI Ha MOACTAHIUAX U IPO303alUTHBIE TPOCH Ha
JIMHUAX. Y MEHbILIEHUE BEPOATHOCTH OMACHBIX IPO30BBIX MEPEeHANPSKEHHIM
IIPU yJapax MOJIHUM B MOJIHUEOTBOJBI U IPYIHe 3a3€MIISIOIINE 3JIEMEHTHI
JIMHUHM U MOACTAHIMKA OCTUTAETCs COCIMHEHHEM UX C 3emiiell mpu obec-
MEYEHUH JOCTATOYHO MAJIOTO MMITYJIbCHOTO COIPOTUBJICHHUS 3a3€MJICHUSI.
3ammra W30JIUH OT BOJIH, HAOETralomMX IO JIMHUSM JJICKTpOIEpeaadH,
OCYIIECTBISIETCS C IOMOIIBIO BEHTWIBHBIX M TPYOUAThIX Pa3psIIHUKOB WA
HETTMHEHHBIX OTPAaHUYHTEIIEH TIEpEHANPSIKEHUH.

B cersix 6-35 kB ypoBHU n3onAuM 00ecneuuBaroT, Kak MPaBUIIo,
JIOCTaTOYHO BBICOKYIO HAJIEKHOCTh pabOThI CETU NPU BO3/AEHCTBUU MOJaB-
JISIOIIEro OONBIIMHCTBA BHYTPEHHHUX NEpeHANpPsDKeHUH. | 1aBHOE BHHMA-
HUE YAENSAI0T MepaM rpo3o3amiuTbl. OCHOBHBIM MEPOIPHUITHEM, HaIpaB-
JICHHBIM Ha MOBBINICHHUC T'PO30YNOPHOCTU ITUX CeTeﬁ, ABJIACTCA PEIKUM
W30JIMPOBAHHON MM 3a3€MIIEHHOM 4epe3 Ayroracsiuil peakTop HeUTpaiu.
Pe3epBHOII Mepoil, HaNpaBICHHOW HA YCTPAaHEHHE MOCIEACTBUUA MEXKIY-
(ha3HBIX MMEPEKPBITUH U MEPEKPBITHI HECKOJIBKUX (a3 Ha 3eMITIO, SBISETCS
AIIB.

Cern 110220 kB, cornacHo I1YD, takxke HE TpeOYIOT yCTaHOBKH
CHeLMaTIbHBIX YCTPOUCTB Ul 3aILMTHl OT BHYTPEHHUX MEpeHAIPsHKeHUH,
3a UCKJIFOYEHHEM 0C000 HeOIAaronpUsATHBIX cxeM. JlJis rpo303aluThl MpH-
MEHSIOT: TPOCHI U 3a3€MJICHHS OIOp Ha JIMHUAX, MOJIHUEOTBOABI, pa3psal-
HUKH W HEJIMHEHHble orpaHuumrtenu rnepeHanpspkenuid (OITH) Ha mon-
CTaHIMSIX M YCHJICHHYIO 3amuTy noaxonos BJI x moacrannusm. Otaens-
HBbIe TOYKU JIMHUHU (TIEPECEUCHUs, ONOPHl C OCIA0IEHHON H30IsAIUel U
T. T1.) 3amMIaoT paspsaaukamu i OITH.

Cern 330 xB u BbIle UMEIOT MeHbIIHE KOA(OUIUEHTHI 3amaca
ANEKTPUYECKON NMPOYHOCTH H3OIMU. B HHMX HE00XOAMMO MPUMEHSTH
KOMIUIEKC MEp Ul 3allUThl KaK OT I'PO30BBIX, TAK U OT BHYTPEHHUX IIEpe-
HampsbkeHUi. B oTedecTBEHHBIX CeTsX MPUMEHSETCs TIIyX0e 3a3eMJICHHE
HEUTpaIH, WIYHTUPYIOIIME PEaKTOphbl Ha JUHUAX JUISI CHHOKCHHS BBIHYX-
JICHHOW COCTABJISFOIICH MepeHanpsHKeHUH, SJICKTPOMarHuTHbIE TpaHcdop-
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MaTOPBI HANIPSDKEHUS Ha JIMHUM JAJIS1 CHATHS OCTATOYHOTO 3apsiia BO BpeMs
OecrokoBoil may3sl AIIB, BenTrnbHble paspsaauku wim OITH c xapaxre-
PUCTHUKaMH, ITO3BOJSIOIUMHE () (HEKTUBHO OTPaHUIMBATh KaK KOMMYTAaIlU-
OHHBIE, TAK U TPO30BbIE NEPEHANPSIKEHHS, MOJHUEOTBOBI U IPO303aIIUT-
HOE 3a3eMJICHHE.

[ToMHMO MEepeyUCIEeHHBIX MEPONPUATHIL, B psle CllydyaeB MPUMEHs-
10T BBIKJIIOYATENIH C IIYHTUPYIOLIMMH CONPOTUBJICHUAMHU (B TOM UHUCIE,
MHOTOCTYIICHUATOTO JICHCTBYS) U aBTOMATHYCCKHI BHIOOP (ha3bl 3aMbIKa-
HUSI KOHTAKTOB BBIKITIOYATENS (T. H. «CHHXPOHHOE BKIIOYCHHUEY). s mo-
BBIIIEHUS HAICKHOCTH (ha303alUThl JIMHUN YIbTPABBICOKOTO HAIPSHKEHUS
HCIIOJIB3YIOTCS TPOCHI C OTPUIIATETILHBIMU YTJIAMU 3aIIUTHL.

Hamnbonee crapsiM, IpPOCTHIM U JICMIEBEIM YCTPOHCTBOM 3aIIUTHI OT
NEepEeHAIPSDKEHUI epBOHAYAIBHO SIBISUIUCH MCKPOBBIE MPOMEXYTKU. B
cersax 3—35 kB HCKpOBOM MPOMEKYTOK OOBIYHO BBIIONHSJICA B BUIE «PO-
roBy». [Ipu Takoit Gpopme 37IEKTPOIOB NEKTPOAUHAMUYECKHUE CHIIBI U TETl-
JIOBBIE TTOTOKH BO3yXa IEpeMeIlaloT BO3HUKIIYIO I10CJIE€ NePEeKPhITUs Y-
Ty BBEpX IO «poram». JTO HNPUBOAUT K €€ PACTATMBAHUIO U YCHEIIHOMY
raleHuIo.

B cersx no 35 kB 3amuTHBIC MPOMEKYTKH UMEIOT HEOOJBIIYIO JITH-
HY U MOTYT 3aKOpauMBaThCs MTULAMH, CAASIIUMUCS Ha 3ekTpoabl. C 1e-
JIBIO MPENOTBPALICHHUs 3aMBbIKAHUN B 3a3eMJISIOIIMX CIIYCKaX 3allUTHBIX
MIPOMEXYTKOB CO3/Ial0TCS OIOJHUTEIbHbIE HCKPOBBIE IPOMEXKYTKH.

VckpoBele TPOMEXYTKH OOJagaroT PsIIOM HEIOCTaTKOB, KOTOPHIE
OTPaHUYMBAIOT UX MpUMeHeHue. [IpoOuBHOE HANpPsKEHUE UCKPOBBIX MPO-
MEXYTKOB UMEET OOJBIION CTATUCTHUECKUI pa3dopoc, YTO CUIILHO 3aTpy /-
HSET KOOPJHMHAIMIO MPOOWBHBIX HampsokeHuit MII ¢ xapakreprcTHKaMu
3alIMIIaeMON M30JALUU. Benencteue pe3koll HEOTHOPOJHOCTH JIIEKTPU-
YECKOTO I0JIsI MEXKIY KOHTaKTaMH MMEET MECTO CYIECTBEHHOE IOBBILIE-
HUe paspsaHoro HampspkeHust UIT npu kpyThix (poHTax BOJH BO3ICHCT-
BYIOUIMX IepeHanpspkeHuid. B o0nactu Manblx npeapaspsiiHbIX BpeMeH
(txp < 2 MKC) BONBT-CEKYH/HAsl XapaKTEPUCTHKA HM3O0JAIMH (C y4eToM

CTaTUCTUYECKOTO pPa3dpoca) MOKET MPOXOIUTHh HIDKE BOJIBT-CEKYHIHOU
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xapaxtepuctuku UII (puc. 7.1), To ecTh npu BpeMeHax t < t,, U30JALUS

Kp
0CTaeTCsl He3aIUIICHHOW M MOKET OBITh MMOBPEKICHA.

JIroOble cpabaThIBaHUS UCKPOBBIX MPOMEKYTKOB BEI3BIBAIOT 00pa3o-
BaHME IyTH TOKAa KOPOTKOTO 3aMBIKaHHUS, KOTOPOE B CETAX C IIyXHM 3a-
3eMJICHUEM HEUTpaH, a B PsIlie CIIy4acB U B CETIX C U30JUPOBAHHOW HEH-

TPajbl0, CaMOIPOU3BOJIEHO

v MOTacHyTh He MoxkeT. Kax-
J0€ TaKo€ KOPOTKOE 3aMbl-

KaHHE BBI3BIBACT HEXKeEa-

% TEJNbHBIE  DJICKTPOJUHAMHU-

2 4eCKHe BO3AEHCTBUS B 00-
JacTH TpaHCHOPMATOPOB W

0 tep t  TEHEepaTopOB, YCKOPEHHBIN
Puc. 7.1. BCX m3omsamuu (HmKHAA ornbaro- ~ M3HOC M BHCOYCPCIHBIC pe-
mast — 1) u UII (Bepxusis orubaromas — 2)  BU3HU  BBIKIIOYATENEH, J0-

MMyCKAIOUIMX OTrpaHUYEHHOE

KOJIMYECTBO OTKJIFOUEHHUH TOKOB KOPOTKOTO 3aMBIKAHUSI.

CpabaTtbsiBaHHE HCKPOBBIX TPOMEXYTKOB, YCTAHOBIICHHBIX Iapai-
JIENIbHO 3allUIaeMOi M30JIAUH, BBI3bIBAECT PE3KH Cpe3 HalpsyKeHUs Ha
Hed. DTO MPUBOJUT K BO3HUKHOBEHHUIO MEPEXOIHBIX MPOILECCOB M Omac-
HBIX MEepPEHANpPSHKCHUH Ha MPOJIOJIEHON U30JIAIMU MEXITy BHUTKAMH M Ka-
TyIIKaMH OOMOTOK TpaHc()OpMaTOpOB, PEAKTOPOB M IJIEKTPUUYECCKHX Ma-
IIMH.

B nHacrosimee Bpemsi OTKPBITbIE HCKPOBBIE MPOMEKYTKH B Ka4eCTBE
CHELMATIbHBIX 3alIUTHBIX YCTPOMCTB MPUMEHSIOTCS JIULIb B CETAX C HOMHU-
HaJILHBIM HanpsbkeHueM He Boime 10 kB. OgHako, B cetu qr000ro Hampsi-
JKEHHsI B POJIM 3AIIUTHOTO MPOMEXKYTKa MOXET BBICTYIATh H30JSATOP BO3-
JIyITHOW JIMHUH, €CITH €T0 UMITYJIbCHAS TIPOYHOCTD OKaXETCS HIKE aMILTH-
TyZABl BO3JICHCTBYIOLIEr0 HanpspkeHus. Hampumep, npu rpo3oBbIX pas3psi-
JlaX aMIUIMTYyJla BOJIHBI MEpEeHAIpsDKeHUs], JBIKYIIEHCS OT TOYKH yJapa
MOJIHHH, OYJIET Cpe3aTbCs 3a CUET NMEPEKPHITUH JTMHEHHBIX U30JIATOPOB 10
TEX I0p, TIOKa OHA HE CTAaHET HU)KE UMITYJIbCHON MPOYHOCTH H3O0JIATOPOB.
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OTO CyIEeCTBEHHO O0NEryaeT peleHne 3a1a4y 3alThl I0ACTaHIIHOHHOTO
000pyIOBaHMS OT BO3IEHCTBUS HAOETAIOIIUX IO JIMHHISIM T'PO30BBIX BOJTH.
Hexortopoe ymydiieHrne XapakTepHUCTUK MOXET OBITh HOIYYEHO ITy-
TEM MPUHYAUTECIIBHOI'O TallICHUA OYTH. HHH OTOT'0 UCKPOBBIC IMTPOMEKYTKHU
MMOMEIIAIOT B TPYOKY M3 ra30reHepUpyIoNIero MaTepuana. Takoi 3amuT-
HBIW ammapar Ha3bIBaeTCs TPYOUYaThIM pa3psaHUKoM (puc. 7.2). PaszpsaHuk

HMEET BHEIIHHH HC-
QaHLIA POBOA
Sy

4

KpOBOU MPOMEXYTOK
S, ¥ BHYTpeHHUH S, 4

Pa3MELICHHBI BHYT-

pu TpyOku 1 U3 u3o-

JMPYIOLIEro rasore-

HEpUPYIOLIETO Mare-
puana. Jlyroraienue Puc. 7.2. Cxema ycTpoiCTBa U BKJIIOYEHUS B CETh
obecrieunBaeT TMpo- Tpy6UaToro paspsigHUKa

MEXYTOK S, 00pa30BaHHBIA MEXy CTCPKHEBBIM 2 M KOJIBLIEBBIM 3 3JIEK-
Tpomamu. [IpoMexxyTok S; CIyXUT Al OTAENECHHs ra3oreHepUpyroLIeH
TpYOKH OT ceTH. DTO MO3BOJISIET U30EKaTh pPa3NIoKEeHHUs MaTepralia TpyOKu
IoJA BJIMAHHUEM TOKa YTCUKU NPU NJIUTCIBHOM BO3}1€I710TBI/II/I pa60‘IeFO Ha-
TIPSDKCHUSL.

HckpoBbie TPOMEXYTKH S; U S, TPOOUBAIOTCS MPH TOSBICHUH TIe-
peHamnpsDKeHuH Ha (Ga3HoM mpoBoje. Uepe3 HUX MPOTEKAET MMITYJIbCHBIH
TOK MOJIHUM M TOK KOPOTKOTO 3aMbIKaHUs paboueil yacTtoThl. [lon mekcr-
BHEM BBICOKOH TEMIIEpaTypsl AyTH B TPYOKE MPOUCXOIUT HHTCHCHUBHOE Tra-
30BBbIJICTICHHE, U JIaBJICHHE B HEH HAapacTaeT 0 HECKOJIbKHUX JIECATKOB aT-
Moctep. ['a3pl, BEIXOAS Yepe3 OTKPBITHIN KOHEI[ TPYyOKH, CO3HAI0T Mpo-
JIOJIbHOE JIyThe, M MpH MEPBOM K€ MPOXOXKACHUU TOKa Yepe3 HyJb Jyra
TacHer.

TpyOuaTbie pa3psaIHUKHU JHUILIEHBI OJTHOTO U3 OCHOBHBIX HEIOCTATKOB

3aIIUTHBIX UCKPOBBIX MPOMEXYTKOB — 00pa30BaHUsI AJIUTEIHHOTO KOPOT-
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KOTO 3aMbIKaHHA, OTKIIOYa€MOTO CETEeBBIMH BBIKIIOUaTeAMU. OIHAKO
Ipyrue HENOCTATKH 3alIUTHBIX IPOMEXKYTKOB (HECTAOMIBHOCTH BOJIBT-
CEeKYHJIHBIX XapaKTEePUCTUK, HAJIMYUE CPE30B HANPSHKEHUS) UMEIOTCS U Y
TPyOUaThIX Pa3psIHUKOB. DTH HEIOCTATKH, a TaKXXe HAJHYHE 30HBI BBI-
XJIONa UCKJIIOYAIOT BO3MOXKHOCTh MPUMEHEHHUS TPyOUaThIX pa3psIHUKOB B
Ka4yecTBE OCHOBHOTO aImapaTa Jyii 3allUThl IOJCTaHIIMOHHOTO 000pyIo-
BaHUSA.

Y4uThIBas EPEUNCIICHHBIE HEOCTATKH, a TaKoKe OOJNBIINE IKCIUTya-
TaI[OHHBIE PAcXOIbl HAa OOCIYXMBAaHUE TPYOUATHIX pa3psTHUKOB, B Ha-
cToflIee BpeMsl X YCTAaHOBKa BO BHOBb COOPYXKa€MbIX CETSIX HE Mpeay-
CMaTpUBaeTCsl.

[Iupokoe pacnpoCTpaHEHHE B CETSIX BBICOKOTO HAIPSDKEHUS HAILUIU
BEHTWIbHBIC pa3paaHUKU. OHH COCTOST U3 UCKPOBBIX MPOMEKYTKOB U I0O-
CIIeIOBATEIbHBIX HEJIMHEHHBIX CONPOTUBIEHUI (puc. 7.3, a). B OompimH-
CTBE BEHTUJIbHBIX Pa3psIHUKOB MapajyieIbHO HCKPOBBIM IPOMEXYTKaM
MPUCOEAUHAIOTCA LIYHTUPYIOIIME PE3UCTOPBl WIM €MKOCTH. OHHM AaroT
BO3MOXKHOCTb YIIPABIIATh paclpeiesieHHeM HamNpsHKeHHs Mo OOIbIIOMY
YHUCIy TIOCJIENOBATEIbHO COEAMHEHHBIX HCKPOBBIX IPOMEKYTKOB BEH-
TUJIBHBIX pa3psaaHUKOB. [IlyHTHpYIOIIME pe3ucTOphl CIyKaT AJis CO3MaHUs
Ooyee PaBHOMEPHOTO pPACHpEACTICHUS HAIpsDKEHUS padodyeil YacTOTHl U
BHYTPEHHUX NEepeHaNpsHKEeHUH MEXIy UCKPOBBIMH IpoMexyTkamu. HlyH-
TUPYIOIIUE €MKOCTH MOTYT HCIOJIB30BaThCSl KAk ISl BHIDABHUBAHUS Ha-
MIPSDKCHWUS, TaK U IS IPHHY IUTEIHHOTO CO3AaHus 0oJiee HEpaBHOMEPHOTO
€ro pacmpeesieHus MEeXIY HCKPOBBIMH MPOMEXYTKAMH IMPH TPO30BBIX
MepeHaNpPsDKEHAUSX, 9TO MO3BOJSIET CHU3UTH MMITYJIBCHOE MPOOMBHOE Ha-
NpsDKEHUE PAa3pAIHUKOB 3a CYET KACKaIHOTO MPo00sS MCKPOBBIX MpoMe-

JKYTKOB.

134



a)

Ry 15181
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Usory

8)
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\' Tpasp
varg |V

T~ o /.
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Puc. 7.3. IlpunnunuanbHas cxeMa BEHTUIIBHOTO pa3psiAHU-

Ka (a), OCTaIoIIeecs HAPSHKEHUE M UMITYJIbCHBIN TOK MPU
ero cpabarbiBaHuH (0), HANPSHKEHUE TPOMBIIICHHOM Yac-
TOTBI M COIPOBOXIAOIINH TOK (6)

[Tpy BO3HEHCTBUM Ha BEHTHIBHBIA pa3psAAHUK TEpEeHANPSKEHHS
Usep> TIPEBBILIAIONIETO €10 MpobuBHOE Hanpsokenue Uy, (puc. 7.3, 6), npo-
ucxoauT mpoboit uckpoBbix npomexxyTkoB (MII), u HemuHEeitHOE mOcieno-
BaTEJILHOE COMPOTHBIICHUE (HEJIMHEHHOE CONPOTUBIICHHUE) MPUCOCTUHSCT-
cs k cetu. [Tocne npoGost I neiicTByroiee Ha U30JSLMIO MTEPEHAIPSDKE-
HUE OIpe/eNsieTcs, B OCHOBHOM, IMaJleHUEeM HampshKeHHUs Ha HelMHeHHoe
COIpOTHBICHUE (OCTAOMMMCs HanpshkeHueM U, .. Ha pa3psaHUKE) BCIE-
CTBUE IIPOTEKAaHUS uepe3 HEro MMIyJIbCHOro Toka. Hanpsbxenue U,
noJkHO ObITh Ha 20—-30 % MeHbIIe JOMyCTUMOTO IS 3alMIIAaeMON H30-
nsauud. ToK, IPOTEKAOIIMKM Yepe3 pa3psiIHUK MO ICHCTBHEM HaNpPsHKEHUS
NPOMBINIICHHOH YacTOTHI, HAa3bIBAETCS CONPOBOKIAIOUMM TOKOM copp
(puc. 7.3, 6). OH orpaHuYMBaeTCS HEIMHEWHBIM IIOCIEJOBATEIbHBIM CO-
MPOTHUBJICHUEM DPa3psIHUKA, BEJIMYHWHA KOTOPOTO PE3KO BO3pPACTAaeT MpH
CHIDKCHUM HampsDKeHHs Ha paspsiHuke. [Ipu mepexoje Toka yepes Hyllb
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Jyra B UCKPOBBIX MIPOMEXYTKAX TaCHET, U pa3psAIHUK IPUXOAUT B UCXOJI-
HOE COCTOSIHHE.

Taxkum 00pa3oM, HCKPOBBIE TIPOMEXKYTKH BEHTHIIBHBIX Pa3psIHUKOB
IpU OTCYTCTBHM IIE€PEHANpPSHKEHUM OTAENAIOT HEJNMHEWHBIE IOCIIENI0Ba-
TeNBbHBIE COITPOTHBIICHUS OT CETU U MOAKIIIOYAIOT X B MOMEHT IOSIBJICHHUS
OMAaCHBIX JUI M30JSILUMU NepeHanpspkeHui. VICkpoBble MPOMEXKYTKH, IO
BO3MOXHOCTH, JOJDKHbl MMETh TOPU30HTAIbHYI BOJbT-CEKYHAHYIO Xa-
PaKTEPUCTHKY, T.€. MaJO€ HU3MEHEHHE MPOOUBHOrO Hampsokenus Uy, B
HIMPOKOM JMala3oHe Ipeapa3spsAIHbIX BpPEMEH — OT MHUKPOCEKYHHI J0
MUJUTMCEKYH — U Mablid pasopoc Uy,. Kpome Toro, Uy, He TOIKHO H3-
MEHSTBCS IIOCJIE€ MHOTOKPATHOI'O MPOIYCKaHWS HOPMHUPOBAHHBIX HM-
MyJBbCHBIX M CONPOBOXIAIOUIMX TOKOB, a TAKXKE NMPU KOJIEOAHUSIX TEMIIe-
paTypsl U BO3JIEHCTBHU TPSACKH, yIapoB M BuOpaunuu. MckpoBble mpome-
KYTKHU JIOJDKHBI TaCUTh AYTy COIPOBOXKAAIOLIErO TOKA, KaK MIPABUIIO, MIPU
IIEPBOM IIEPEXOJIE €TO YEPE3 HYJIb.

Jinst BHIMONMHEHHWS 3THX TPEOOBaHWH B BEHTHIBHBIX pa3psAHUKAX
IIPUMEHSFOT MHOTOKPATHBIE MCKPOBBIE ITPOMEKYTKH, T. €. COCAUHSIOT I10-
CJIeZIOBATEIbHO OOJIBIIOE YUCIO EUHUYHBIX IPOMEXYTKOB C MalbIM 3a30-
poM. DTO MO3BOJISAET MCIONB30BaTh CBOMCTBA KOPOTKOW IYTU C XapakTep-
HBIM Ul HE€ KaTOJHBIM MaJCHUEM HANpsDKEHHs B KaXJIOM IPOMEKYTKE
Iocj€e TalleHUs CONPOBOXKAAIOUIEIO TOKA. B BEHTUIIBHBIX DPa3psIHUKAX
IpU HauOOJBIIEM JOIYCTUMOM HAIPSHKEHUH MPOMBIIITIEHHOH 4acTOTHI Ha
€IMHUYHBIN UCKPOBOM MpOMeXyTok npuxoaurcs ot 1,0 no 1,7 kB (zmeiicT-
ByIOIIEE 3HaYCHHE).

Jlo nocienHero BpeMeHyu MPUMEHSINCh CIELYIOIIUE HCKPOBBIE IIPO-
MEXKYTKH: C HEMOABHXHOH IyTOH CONPOBOKIAIOLIETO TOKA, KOTOpas ra-
CHUTCSI TIPAKTHYECKU B TOM K€ MECTe, TJie IIPOUCXOIUT MPoOOH; C TyTOH,
BPALIAIOLIEHCSA B KOJNBLEBOM 3a30p€ MEXIY DJIEKTPOJAMHU IO JAECHCTBHEM
MarHUTHOTO MOJIL; a TAKXKE C PAacTATMBaIOLIEHCsa Oyrod, KOTopas, Iepe-
JIBUTASICh MEX]Y DJIEKTPOJAMH MOJ J€HCTBUEM MArHUTHOIO MO, 3HAYH-
TEJIFHO (B IECATKH U COTHH Pa3) YBEIUIUBACT CBOIO JUTHHY.
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HckpoBble MPOMEKYTKH C HEMOJBHIKHOW JYrod HCIOJB30BAIUCH B
paspsaanukax cepuit PBC, PBO (PBC — pa3psaHuK BEHTUIbHBINA CTaHIU-
oHHbII, PBO — pa3psaHuK BEHTWIBHBIN 00JErYeHHON KOHCTPYKIUH). X
HEJIOCTaTKOM SIBIIIETCSl MaJiasi Jyroracsiias CrocoOHOCThH (T. €. Crocoo-
HOCTb T'aCUTh YTy COIIPOBOXKJAIOIIEr0 TOKa IPU IEPBOM IIEPEXONE €r0
uepe3 Houb). Jlist npomexyTkoB Tuna PBC TOK Ig,n, HE IOJKEH NPEBbI-
matb 80—-100 A.

YBenuuenue Iqon, MOKET ObITh [TOIMYLIEHO MPU MEPEXOE K MPOMe-
KYTKaM C Bpallarolleicss Myroi, KOTOpble MPUMEHSIOTCS B MarHUTHO-
BEHTWIbHBIX pa3paaHukax cepuit PBMI' (pa3psaHMK BEHTUJIbHBIM Mar-
HUTHBINA Tpo30Boit) 1 PBM (pa3psaHUK BEHTUIIbHbBIM MarHUTHBIN). Takoii
MIPOMEKYTOK HAIEKHO TAaCHT 3HAYHTEIHHO OOJIBIINE COMPOBOKAAOIINE
TokH (710 250 A). DTO MO3BOJISIET YMEHBIIUTH BETMUMHY HEITMHEHHOTO T0-
CJIEJIOBATEIbHOIO COMPOTUBIIEHUSA, @ CIIEJOBATENbHO, U OCTalolleecs Ha-
MpsDKEHUE pa3psiIHUKA, YTO MPUBOAUT K CYIIECTBEHHOMY YIIyYILEHHIO 3a-
OIMTHOTO KO3 (UIMEHTa pa3psiTHUKA

k3 = OCT/ \/EUF'
rae U, — aMIUIUTyla OCTAloIIerocs HampshKeHUs Ha paspsIHUKE Mpu
MPOTEKaHUHU Yepe3 HEro MMITYJIbCHOTO TOoKa KoopAuHauuu; U. — Hamps-
JKCHHE TaIlleHHUs CONPOBOXKIAIOIIETO TOKA pa3psIHUKa (IeHCTBYIOIIEe
3HAYCHHE).

JanpHeiiinee  yiydiieHHe  3alIMTHBIX  CBOMCTB ~ MarHMUTHO-
BEHTHJIbHBIX Pa3psAIHUKOB OBLJIO JOCTHUTHYTO MPU MPUMEHEHUU B HHUX TO-
KOOTPaHUYMBAIOUIMX MCKPOBBIX IMPOMEKYTKOB C PACTATMBAHUEM AYTH CO-
MIPOBOXKJIAIOLIETO TOKAa U BBOJOM €€ B Y3KYIO LIeJib, B KOTOPOH IPOHCXO-
JIUT UHTEHCUBHOE OXJIAXKICHUE U JAEUOHM3ALMs Iy Y CTCHOK, B PE3yib-
TaTe 4yero rpaJueHT HalpsDKEHUsS Ha HEW 3HAYMTEIbHO YBEIMUYUBAECTCS.
[Tagenue HampspKEHUs HA yre CONMPOBOX/AOLIEr0 TOKa MPU IIKUPUHE 1Ie-
mu 1 MM coctaBisieT okosio 6 kKB/M. B HadanbHBIE MOMEHT, KOTJa 4epes
Pa3psAHUK IPOTEKAET UMITYJIbCHBIM TOK, IaJleHUE HalpsHKEHHsI Ha IpoMe-
KYTKE MPEHEOPESKUMO Mao IO CPABHEHHUIO C HANPsDKCHUEM Ha HEIHHEH-
HOM IIOCJIEJIOBATEIHHOM COMPOTUBICHHH. DTO MO3BOJISIET MPUMEHUTH CO-
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NPOTUBJICHUE C MEHBIIICH HETMHEHHOCThIO, HO ¢ 00Jiee BRICOKOM MPOIMYCK-
HOHM CHIOCOOHOCTBIO WITH YMEHBIIUTH COMPOBOXKIAIOMINN TOK Pa3psiIHUKA.
3alMTHBIC XaPAKTEPUCTUKH €ro YJIy4IIAlOTCs, MOBBIIIASTCS MPOITYCKHAsI
CIOCOOHOCTh, YMEHBINAIOTCS Ta0apuThl, BeC U Ce0ECTOMMOCTh MPOU3BO/I-
CTBa pa3psIHUKOB.

Ecmu s pa3psoHUKOB C UCKPOBBIMH IpoMexyTkamu Turna PBC
3ammTHBIA K03 dummenT k,, cocraiser 2,5-2,7, TO s pa3psIHUKOB C
MarHUTHBIM ramenueM — 2,0, T. €. TIpH OJUHAKOBOM HAIPSDKEHHH Talle-

HHUS ~ OCTarolieecss Ha-

Kaany PBC npsokenre Ha 20-26 %
3 =< T N[ il ke (puc. 7.4). Benu-
3 o ppBmr| | | | umma k, ans paspsgHu-

PET 1 O1

=1~ 1 KOB € TOKOOIrpaHU4YH-
1 BAarOIIMMH HUCKPOBBIMHU

IPOMEXYTKaMU  YMEHb-

0 maercs go 1,6-1,8.
1955 1960 1965 1970 1975 1980

ITocnenoBaTensHOE

Puc. 7.4. [lunamuka ynyqiieHus 3allMTHOIO CONpOTHBIIEHHE  (HEMH-

KOD HNIHUCHTA BCHTHUJIBHBIX Pa3spsAIHUKOB U o
(bq) Tt PaspsiL HCUHOC COIIPOTUBIICHHUE

HCIIMHCUHBIX OI'paHI/I‘II/I‘:l"eHeI/I nepeHarp- HA pHC. 73, a) BEHTHIIL-
KEHHUN
HOI'O pPa3psAJHUKA JOJIXK-
HO 007a1aTh HENMHEHHOM BOJIbTaMIIEPHOI XapaKTEepUCTUKOM U CIOCOOHO-
CTbIO MHOT'OKPATHO INPOITyCKaTh UMITYJIbCHBIE U CONPOBOXKAAIOLINE TOKH.
OHO OrpaHMYMBAET COIMPOBOXKIAIOIIUN TOK IO BEIWYWHBI, IPU KOTOPOH
HCKPOBBIE NIPOMEXYTKH HaJEKHO racar Ayry. IloaToMy npu HampspkeHUu
TanieHus] BEIMYNHA HEJTMHEHHOTO COMPOTUBICHUS JOJDKHA OBITH BO3MOXK-
HO Oonpireii. C Apyrod CTOPOHBI, NPU NPOTEKAHUH MaKCHMAJIBHOTO HM-
IIyJbCHOTO TOKa HeoOxoxmmo mMerh MuHUManbHOe HC, mmst Toro 4ro0sn
OCTaroIleeCs Ha Pa3psiIHUKE MMITYJIbCHOE HAIIPSKEHNE HE MTPEBBIIIAIIO J10-
IIyCTHMOTO ULl M30JIALHH.
OTcroga 04eBUIHO, YTO MOCIEAOBATEIbHOE CONPOTUBIECHUE HE MO-

JKET OBITh JIUHCHHBIM. Y Ka3aHHBIM YCJIOBUAM YAOBJIETBOPACT HEJMHEeHOoe
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COIIPOTUBJICHHE, BOJbTAMIIEpHAsl XapaKTEPUCTHKA KOTOPOTO HMEET BUJ,
MOKa3aHHBIA Ha puc. 7.5.

IIpu npou3BOCTBE HETUHEUHBIX COMPOTUBIICHUI UCTIOIB3YIOT TBEP-
JIbl€ IIOJIyTIPOBOJHUKOBBIE MAaTE€pHUalibl, IPOBOJUMOCTb KOTOPBIX IPAKTH-
YECKM MIHOBEHHO BO3pac- U
TaeT NpU yBEIMYEHUH MPH-  Uoerf ——— — — — — = = =
JIO)KEHHOTO  HaNpPsKEHUS.
Henunetinpie compotuBne-  Uram|-
HUS DPa3psIHUKOB COCTOST I

I
nu3 QJICKTPOTEXHUYIECKOT'O '

I

Kapbuna kpemHus (xapOo- 0 Leomm )

pyana) SiC. YnaenbHoe co-  Puc. 7.5. Bonmbr-ammepHas XapaKTepHCTH-
MPOTHBICHHUE 3€PeH Kap0O-  Ka HEJIMHEWHOTO MOCIENOBATEILHOTO CO-
PYHIa COCTaBJsleT MpuMep-  [IPOTUBICHMS BEHTHIBHOIO pa3psiHUKA

HO 1072 OM-M. Ha uX MOBEpXHOCTH UMEETCS MONYIPOBOASALINIA 3aTIOPHbII
cinoit tonumuHoi 100 MkM U3 okucu kpeMHuUsl. COMPOTHBIIEHHE 3alIOPHOTO
CJIOSl HEJIMHEMHO 3aBUCHUT OT HaNPsDKEHHOCTH 3JeKTpudeckoro nois. [Ipu
MaJIbIX 3HaYeHUsIX oHO coctaBimsieT 10%—10° OMm-M, H K HEMY IIPUKIIa/IbIBa-
€TCsl NPAKTUYECKU Bce HamnpspkeHue. Ilpy MOBBILIEHUMH HaNpsyKEHHOCTH
HOJIsI TPOBOJUMOCTD 3alIOPHOTO CJIOS PE3KO BO3PACTaeT, U oOlIiee Compo-
THUBJIEHHE PE3UCTOPa HAUMHAET OMPEHesAThCS COOCTBEHHO 3€pHaMH Kap-
OopyHa.

Henunelinple pe3sucTopbl BEHTHIIBHBIX Pa3psAIHUKOB IPECCYIOTCS B
BUJIC JTUCKOB M3 HCXOJHOW MAaCCHI, COCTOSAILICH M3 MOpPOIIKa KapOmiaa
KPEMHHUsI U CBSI3YIOIIET0 MaTepuana. B Hacrosiee BpeMs HMPUMEHSIOTCS
JIUCKHU U3 BUJIMTA U TepBUTA. BOIbT-aMIIepHYI0 XapaKTEepUCTHKY HEJTUHEH-
HBIX PE3UCTOPOB MPUOIMKEHHO MPUHATO XapaKTepUu30BaTh CTEIEHHOH 3a-
BUCHUMOCTBIO

U=CcCI?
rae C — MOCTOSIHHASI, YYUTHIBAIOIIAsl CBOMCTBA MaTepuaia U pa3sMmep pe-
3HCTOpa; @ — TOKa3aTeNb CTENEeHU, KOTOPBIA MPUHATO Ha3bIBaTh KOAPu-
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IIHICHTOM HEJIMHEHHOCTH MaTepHaja, UMEIOUIMH pa3Hble 3HA4YEHUs B 00-
JIACTU MAJBIX ¥ OOJBIITUX TOKOB.

Kak cnenyer U3 npuBei€HHOM BbIIlI€ 3aBUCUMOCTH, BOJIbT-AMIIEPHYIO
XapaKTEPUCTUKY IEIECO00Pa3HO CTPOUTH B JOTapu(PMUUECKUX IIKaIax, B
KOTOPBIX OHA MPHUONIHKEHHO H300pakaeTcs OTpe3KaMy IpsAMBIX JHHUH. Ha
puc. 7.6 noka3aHa TUIIMYHAs BOJIbT-aMIIEpHas XapaKTePUCTUKA BUIIUTOBBIX
JIUCKOB, KOTOpbIE MPUMEHAIOTCA B paspsaaHukax tuna PBC.

Ob6nacti OONMBIINX TOKOB, MPOXOSAIINX Yepe3 Pa3psIHHUK IIPH TPO-

30BbIX [EpEHANpsKEHUAX, COOT-

20 =
UxB BETCTBYECT y4aCTOK b BOJIbT-

15 .
,/1; ammepHoil  xapaktepuctuku. Ha
10

= 9TOM yd4acTke K03()(UIMEHT HeIH-

3 Vi HEWHOCTH o JJist BriuTa paseH 0,1—
A/ 0,2, mma Ttepsura— 0,15-0,25.
/ Y4acTOK BOJIBT-aMIIEPHOM Xapakx-

4
/ TEPUCTUKU COOTBETCTBYECT o0acTu

/ LA

10° 10" 102 10® 104 10°

W H L OV e o

2 CONPOBOJKAAIOIINX TOKOB U OONb-
IIMHCTBY TOKOB KOMMYTalMOHHBIX
Puc. 7.6. Cratndeckasi BOJIBT- nepenanpsokernii. Koaddurment o

amIICpHast XapaKTepucThka Bi- IIS 9TOTO ydYacTKa 3HAYUTEIIBHO

JIUTOBOTO PE3UCTOPA BEICOTOM Boime: gyt BemaTa — 0,28-0,3:

60 mm u quamerpom 100 MM Ha juist TepeuTa — 0,35-0,38.
umIysbcax Toka 20/40 mxc BoJbT-aMIICpHAs XapaKTepH-
CTHKa HEJIMHEHHOTO COIIPOTUBIIEHHUS, COCTOSLIETO U3 1M MOCIEN0BATEIBHO
BKJIIOUEHHBIX OJIMHAKOBBIX PE3UCTOPOB, 3aIIUCHIBAETCS B BUAE
U=m-CI".

3HaueHus C U @ pa3UYHbI U1 IBYX YYacCTKOB BOJIbT-aMIIEPHOHN Xa-
PaKTEepUCTUKU. BHIINTOBBIE pe3UCTOPHI, UMEIOIINE OTHOCUTEIBHO HU3KYIO
MIPOIYCKHYIO CIIOCOOHOCTD, IPUMEHSUINCH B OCHOBHOM B TPO303aIIUTHEIX
paspsgHuKax. TepBuT 00JamaeT 3HAYUTEIHLHO OOJNBIIEH MPOIYCKHOH CITo-
COOHOCTBIO. B CBSI3M C 9TUM pa3psAHUKU C TEPBUTOBBIMH PE3UCTOpPAMHU

MOT'YT UCTIOJIB30BATHCA AJI 3allIUThI KaK OT T'PO30BLIX, TAK U OT KOMMYTa-
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IIMOHHBIX MepeHanpspkeHui. TpeOoBaHUS K XapaKTEpUCTHKaM Ipo303a-
LIUTHBIX BEHTWJIbHBIX pa3psaaHukoB ycraHaBiuaer ['OCT 16357-83, co-
[JIACHO KOTOPOMY pa3psAHUKHM BCEX KJIACCOB HANPSDKEHHs pa3/ieeHbl Ha
rpynmsl [, I1, T, IV.

YBenuueHne HOMMHAIBHOIO HAIIPSDKEHUS JJIEKTPUYECKHX CeTedl U
HEOOXOAMMOCTh CHI)KEHHS YPOBHS M3OJISIMU 00OpynOBaHMs Tpedyer
rIIyOOKOTO OrpaHWYCHUS MEepeHANPsDKEHUH. B TO jxe Bpems, mpuMeHsIeMbIe
B HacToOsIIee BpeMs B IKCIUIyaTallu BEHTWIbHBIE Pa3psAIHUKU C PE3UCTO-
pamMu Ha OCHOBE KapOmIa KpEeMHHS BCIICACTBHE HEIOCTATOYHOM HENMHEH-
HOCTH MaTepuana He MO3BOJSIOT OTPAaHHUYUTh YPOBEHb MEPEHAMPSHKCHUN
ke 2Uy. bonee riybokoe ux cHWKeHHE TPeOyeT yMEHbLICHHs HEJH-
HEHHOTrO IOCNIEA0BAaTEIbHOTO CONPOTHUBIIEHUS, YTO NMPUBOIUT K CYLIECT-
BEHHOMY YBEJIMUYEHHIO CONPOBOKAAIOIINX TOKOB. MICKpOBBIE IPOMEXKYTKU
HE B COCTOSIHUU IIOTAaCHUThH OOJIBIIHE TOKHU. BKitoueHHe HENMWHEHHBIX CO-
MPOTHBICHUN TMOJ paboyee HaMpsHKCHUE 03 HCKPOBBIX IPOMEKYTKOB
OKAa3bIBACTCs HEBO3MOXKHBIM BCIIEICTBHE OOJBIIOrO TOKA Yepe3 HEeIWHEH-
HOE COIPOTHBICHHE TpH (a3sHOM HAMpPsDKEHWH. [IprMeHeHne MCKPOBBIX
MIPOMEXYTKOB BBI3BIBAET JONOJHUTEIbHBIE TPYIHOCTH, CBSI3aHHBIE C HE-
00XOAMMOCTBIO YMEHBIIIEHHs CONPOBOKAAIOLIETO TOKA 0 BEJIMYHMHBI, Ha-
JIEKHO OTKIIOYaeMOH NpPOMEXKYTKaMH, a TaKkKe IMOJNyuYeHHUs IMOJIOoron
BOJIBT-CEKYHIHOM XapaKTepPUCTUKU Pa3psIHUKA.

3HAUUTENBHOE YIy4IIEHUE 3alUTHBIX XapaKTEPUCTUK pa3psIHUKOB
MOJKET OBITh JOCTUTHYTO MPHU OTKa3e OT MCIOJIb30BaHHs MCKPOBBIX MPO-
MEXYTKOB. DTO OKa3bIBa€TCS BO3MOXHBIM IIPHU MEPEX0Jie K PE3UCTOPaM C
PE3KO HEIMHEHHOW BOJNBT-AMIIEPHON XapaKTEPUCTHKOM M JTOCTAaTOYHOM
MIPOIYCKHOU CIOCOOHOCThI0. TakuM TpeOOBaHMSAM OTBEYAIOT PE3UCTOPHI
13 MOJIYHIPOBOAHWKOBOIO Mareprana Ha 0a3e OKCHIA IHWHKA. 3allUTHEIC
annapaTsl, U3TOTOBJIEHHBIE U3 TaKUX PE3UCTOPOB, HOCIT HAa3BaHUE HENIU-
HelHbIX orpanuuuTeneil nepeHanpsokenuit (OITH).

BricokoHenMHelHbIe OKCHIHO-IIMHKOBBIE PE3UCTOPHI (BapHCTOPHI) B
HACTOALIEE BpEMs BBIITYCKAlOTCSI B BHUJE IUCKOB IHMAaMETPOM OT 28 10
115 mM. BoubT-amIiepHble XapaKTEPUCTHKH BapHCTOPOB JHaMETpoM 28
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MM MpHUBEAEHBI Ha puUC. 7.7, T HANpsHKEHHUE YKa3aHO B OTHOCUTENbHBIX
eIMHUIIAX, IPUYeM 32 0a3MCHYIO BEIHYHHY MPHHATO OCTAOIIEECs Harps-
JKeHHe Ha Bapucrtope npu Toke 100 A.

08 1 'llv J L

07 = )"‘l’
u/ Ujpn 06
14 05
12 04 1‘
1,0 03

L
0,8 o v — 02 ]
0,6 |-AF— o1
04 i i
16" 10716% 16° 16 16°16%16" 1 10107 A 0 0102030405 MA
a) 0)

Puc. 7.7. BonbT-amriepHbie XapaKTEPUCTUKN OKCHIHO-IITUHKOBBIX PE3UCTOPOB Ha
MOCTOSIHHOM TOKE U TIPH UMITYJIbcax (a) U Ha nepeMerHoM Toke f = 50 I'i (6)

BonpT-amnepHyto XapakTepUCTHUKY HEJIIMHEWHBIX PE3UCTOPOB, Kak
YK€ 0TMEYanoch, 0OBIYHO ANMPOKCUMHUPYIOT 3aBucHMOCThio U = CI%, rre
a — k03¢ uIMeHT HEeNMMHEWHOCTH MaTepuana BapucTopa. Maias Benu-
ynHa «a = 0,015-0,04, onpenensiomas NOPEUMYIIECTBA OKCHIHO-
IIMHKOBBIX BapUCTOPOB, OXBATHIBAET 006MacTh TokoB oT 1076 mo 10% A.
[Iporexanue uepe3 BapHCTOpbl TOKOB, mpeBblmaronmx 500 A, Hexena-
TEJBHO, TIOCKOJBKY B 3TOM CIIydae pe3Ko Bo3pactaeT Koddduiuent nemn-
HeitHocTu (o = 0,1). 3aBHCHMOCTH yCPEOHEHHBIX 3HAYCHUI MapaMeTpoB
BapHCTOPOB OT TOKA MpHUBEIEHBI B Tabm. 7.1.
BospT-ammnepHas XxapakTepuCTHKa BapUCTOPOB (CM. puc. 7.7) 1mo3Bo-
JIieT KOMIUIEKTOBAaTh HEJIMHEWHbIE OTpaHUYUTENH TMEepeHaINpsDKeHUuR ¢
YIIyYIICHHBIMH XapaKTePUCTUKAMH 03 HCKPOBBIX MPOMEXKYTKOB.
Tabnuna 7.1
Cpennue 3HayeHust napaMmeTpoB C 1 Ol OKCHIHO-IMHKOBBIX
BapUCTOPOB
I, A 10* [ 10° [ 107 | 107 1 10 | 100 | 500 | 1500
U/Uy | 0,7 |10,74]0,78| 0,82 | 0,86 | 0,91 1 11| 1,3
a 0,2 0,03 | 0,04 | 0,06 01
C/Usp0 0,86 0,9 0,93 0,96
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HenuHeliHple orpaHUYMTENH MEpPEHANPSHKEHUH, oOnajgas JydIIuMHU
3alIUTHBIMU XapaKTEPUCTUKAMU IO CPABHEHUIO C BEHTHJIbHBIMU pa3psl-
HUKaMH, TaK e, KaK U BEHTHJIbHbIE pa3psIHUKH, OKa3bIBAIOTCS HE B CO-
CTOSHMM 00€CHEeYUTh OrpaHUYCHUE IEpPEHANPSDKCHUNH HIDKE HEKOTOPOTO
MHHHMAJIBHOTO YPOBHS. DTO CBSI3aHO C OCOOCHHOCTBIO HENMHEWHBIX CO-
MPOTUBJIEHUH, U3TOTOBJIIEHHBIX HAa OCHOBE OKcHJA IMHKA. X Xxapakrepu-
CTHKH MOTYT HEOOPAaTUMO M3MEHSTHCS MOJ IEHCTBUEM JITHTEIHEHO IPHIIO-
JKEHHOTO pabouero HampspKeHHS, €CNIM MPH 3TOM TOK depe3 HeNMHEHHOoe
COINPOTUBJIEHUE IPEBOCXOAUT BEJIUYMHY IOPSJIKA HECKOJBKHUX AECATBIX
J0JIel MUJUTHaMIIEpa.

[MoaTomy BojdbT-ammnepHyro xapaktepuctuky OITH mnpuxogurcs
[IOIHUMATh BBEPX 10 OCH HANPSHKEHUS IO TEX MOP, II0Ka TOK HOPMAJIBHOIO
paboyero pexxuma He moHU3UTCHA N0 3HadeHus 0,1 MA. TexXHHUYECKH 3TO
JIOCTUTACTCs MyTEeM YBEIMYCHUS YHCIa ITOCIESIOBATENBHO COCIUHEHHBIX
9JIEMEHTOB HENMHEWHBIX COMpPOTHUBIEHHUH. [Ipu 3TOM mpoNOpLUHOHATIBEHO
BO3pacTaloT U BCE OCTAJIIbHbIE OpJMHATHI BOJBT-AMIIEPHON XapaKTepUCTH-
ku OIIH. Hampumep, ecnu npu oauHakoBoil TomuuHe auckoB OITH
220 kB Oymer mMeTh BABOE OOJIBIIE MOCIEIOBATEIBHBIX 3JEMEHTOB ITO
cpasuenuto ¢ OITH 110 kB, To u ypoBeHb orpaHuyeHus: TPO30BBIX Mepe-
HanpsbKeHUH npu Toke 5 KA y Hero Oyzer B JBa pasa Baiule, ueM y OITH
110 xB, T.e. KpaTHOCTb OrpaHWYEHHUS MEPEHANPSDKEHUN MPH 3aJaHHOM
Toke depe3 OITH ocranercs Toii ke camoil. HekoToporo, BecbmMa HEOOIb-
LIOr0 M3MEHEHHUs] KPYTU3HbBI BOJBT-aMIIEPHON XapaKTEpUCTHKHU YyIaeTcs
JIOCTUYh IMyTeM YBEJIWYCHHUs IUIOMAAN IHCKOB HEJIWHEHHBIX 3JIEMEHTOB
WIH TapaJJIeIbHOTO COEIWHEHHsI HECKOJBKUX LENOYEK M3 HEeTMHEHHBIX
3JIEMEHTOB.

11 KOMMYyTallMOHHBIX NEPEeHANpPsOKEHUH ypOBHEM OrpaHUYEHUs
CUMTAETCsl HANpsDHKEHHE, COOTBETCTBYIOIIEE HEKOTOPOMY XapaKTEpPHOMY
3HaueHuio Toka yepe3 OITH Ha BoNbT-aMIEpHON XapakTepucTUKE (TIOpsaKa
coTteH amriep). s rpo30BbIX MepeHanpsHKeHUH YpOBHEM OTPaHUYEHHS CUU-
TAeTCsI HAMPsHKEHUE, COOTBETCTBYOIIee TokaM 5—20 KA (Tabum. 7.2).
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Tabnuna 7.2
Xapakrepuctuku OITH

HomunansHOe HampspKeHHE CeTh 35 |110 | 150 | 220 | 330 |500

Pacyernpiii Tok kKommyTtannoHHbix uM- | 350 | 500 | 500 | 500 | 700 | 1200
MyJIbCOB, A

Hanpsoxenne wa OITH mpu pacuernom (4,05 2,0 2,0 |20 [1,93 1,84
KOMMYTAI[HOHHOM TOKe (B JOJSAX am-
IJTUTYABI Ga3HOTO HANPsHKEHWs )

Hanpsoxenne wa OINH mpu rposoBom (4,5 |24 |24 |24 |24 |21
uMmnyiabce ¢ Tokom 5000 A (B gomsix am-

IJTUTYABI Pa3HOTO HAMPSHKEHWS)

Konmponwvnsie éonpocui

1. KakoB OCHOBHOW MPUHIUIT OTpPaHUYCHUS TIEPEHANPSDHKEHUHN C TT0-
MOIIIBIO alMapaTHBIX CIIOCOOO0B?

2. Knaccudunupyiite cpeictsa 3auThl OT MepeHanpsHKeHUH He3a-
BHUCUMO OT MPHUPOJIbI UX BOSHUKHOBEHHUSI.

3. I1o xakoMy HMpHUHIHITY pabOTaIOT [UIMHHO-UCKPOBEIC PAa3PsTHUKA?

4. Kakas pa3HHIa MEXIy BEHTHJIHHBIMH Pa3psIHUKAMH M HEIUHEH-
HBIMHU OTPAHUYUTEISIMU MEpEHAPSKEHUN?

5. KakoBo Bpems BKITIOUCHHUS B pad0OTy HETMHEHHBIX OTpaHHYUTeNeiH
MepeHanpsuKeHui?

8. MOJIHUE3AIIIUTA JIUHUA

3aoauu u Kpumepuu MOIHUEIAUUNBL TUHUTL

Kak y>xe oTMedanoch, BO3AyIIHAs TMHHS €KETOIHO MCIIBITHIBACT HE-
CKOJIBKO JIECATKOB MPSAMBIX YJapOB MOJHHMM Ha Kaxasle 100 KM AJTUHBL
I'maBHYIO OmacHOCTH AJI JMHUU TMPEJCTaBIACT NPSIMON yJaap MOJIHUU B
(a3HBIe TIPOBONA C MOCICAYIOIIMM IEPEKPHITHEM H30JAMUN OT BO3HH-
KAIOUINX MPH TOM MepeHanpspkeHud. [lociae okoHYaHHMS MMITyJbca TOKa
MOJIHUM HAa MECTE TEePEKPBITUS OCTAETCS MPOBOSIINN KaHal C HEYyCIeB-
MM JISMOHU3UPOBATHCS Ta30M, IO KOTOPOMY IMOA JAeicTBUeM pabodero
HanpsbKeHUs] MOXKET MPOJOJDKaTh TeUb TOK MPOMBIIIJIEHHON 4acToThl. B
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npolecce JIMKBUIAIMY 3aMbIKaHUI Ha JINHWUY, BBI3BAHHBIX TPO30H, pacxo-
nyercsi pecypc pabOoThI BBIKIIOUATEINeH; TpaHC(HOPMATOPEI U Apyroe 00o-
PYAOBaHHE CETH IOABEPralOTCS MIEKTPOJMHAMUYECKHM W TEPMUYECKHM
BO3JEHCTBUSAM TOKOB KOPOTKOTO 3aMbIKaHUs. CyIlleCTBEHHas 4acTb 3aMbl-
KaHUI CONPOBOXKIAETCS NaTbHEHIINM pa3BUTUEM aBapHHU, YTO TpEOyeT OT-
KJIFOYSHUS JIMHWU Ha JUIUTENBHBIA CPOK C HApYIIEHHEM HOPMAaIbHOTO
IEKTPOCHAOKEHUS ITOTpeOUTENeH.

BeposiTHOCTB TPO30BOr0 OTKIIIOUEHHS JHHUH 3aBUCUT OT MHOTHX
MPUYMH: WHTEHCUBHOCTH TPO30BOM AEATENBHOCTH B paiOHAaX, PacIoio-
YKEHHBIX BJIOJIb TPACCHI JIMHUHM, HOMHHAJIBHOTO HAIPSDKEHHS CETH, €€ KOHCT-
pykumu, Matepuana ornop u T. 1. C MOBBIIIEHHEM Kilacca HalpsDKEHHS JTHU-
HUHM, KaK NPaBWIO, YBEIWIUBAIOTCSA €€ IJIMHA, BHICOTA OTOp, a CIIEA0Ba-
TEJIbHO, ¥ BEPOSITHOCTH NMOPAYKeHUs JINHAU MosHHeH. [loaToMy Ha nuHMAX
9JIEKTpOIepeIadl BBICIIUX KIJIACCOB HAIIPSHKEHHs, BBINOJIHIEMBIX Ha Me-
TaJUIMYECKUX M JKEJIC300€TOHHBIX ONOpax, OOBIYHO IIOABEIIMBAIOT IPO303a-
IIUTHBIE TPOCHI C MAIBIM YIJIOM 3aIUTHI, 00ECIIEYMBAOIIIIM MATYIO BEpOSIT-
HOCTh TOP&)KEHHS MOJIHMEH (DasHBIX IPOBOJOB JIMHHH, a JOCTATOYHO MAaoe
UMITyJIbCHOE COIIPOTHBIICHHE 3a3€MJICHHS OIIOp CHIDKAET BEPOSTHOCTH 00paT-
HBIX MEPEKPBITHI C OIOPHI Ha MIPOBOJI MPH yJape MOJTHUH B OTIOPY MIJIU TPOC
BOM3M omopsl (puc. 8.1).

3amuTa oT IPAMEE YAapoE MONHHE

SamuTa 0T obpPATHHE IepekpHITHE

3amuTa 0T NEpEexXofa HMIVILCHOTO NEPEKPEITHA B CHIOBYIO OVTY

TpozozamuTa NHHHEA

BBJJ.IHTa OT NOBPEXNEHHA HIOMAIHH

Obecnegenue becnepebofHoCTH sHeprocHab K eHHA

Puc. 8.1 Knaccudukanus 3agau rpozosamutsl BJI
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B psne ciyyaeB JMHUU 3JIEKTPONEPEAAYH BBIMONHAIOTCS HA JAEpe-
BSHHBIX OIOpax. ['p0o303amMTHEIN TPOC HA TAaKUX JIMHUSAX HE MOIBEIINBA-
€TCs, IOATOMY ITOYTH BCE yAapbl MOJHUHU B JIMHUIO MOMAAAIOT B (ha3HbIC
npoBoza. [Ipu 3ToM HeoOxoauMast rpo30yIOPHOCTh JIUHUHM 00eCIICUnBaCT-
Cs1 MaJIOH BEPOSITHOCTBIO NIEPEX0/1a UMITYIbCHOTO MEPEKPBITH MEX Ty has-
HOW M30JSILIMU B CHJIOBYIO IYTY, UTO CBSI3aHO C BBICOKOM CKOpPOCTBIO BOC-
CTAHOBJICHUS ANIEKTPUUECKON MPOUHOCTH MIPOMEKYTKA.

Ha nuHMSIX cpeaHux KiaccoB HampsbkeHust 6—35 kB, paboTaromux B
CHCTEME C M30JIMPOBAHHOM HEUTPAJIBbIO, YaCTO MCIOIB3YIOTCS METaIUTHYE-
CKHUE WUJIH KeJIe300eTOHHbIE ONopsl. [IprMeHeHne Irpo303alMTHBIX TPOCOB Ha
TaKHX JIMHUAX HEIENeco0Opa3Ho, NOCKOIBKY BCIIEACTBUE MATOH 3IEeKTpHUe-
CKOH NMPOYHOCTH W3OJLIHH JIMHUH MPAKTUUECKH JIF0O0H yaap MOJHHUHU B TPOC
MIPUBOAUT K OOpaTHOMY HEPEKPEITUIO C Tpoca Ha mpoBo. [loaTromy Hanbo-
nee 3¢ GEeKTUBHBIMUA MepaMU, 00€CIEeUNBAIOIIUMH IPO30YIIOPHOCTh TaKUX
JUHUN, MOXHO CUUTATh IPHUMEHEHHE AaBTOMATHUECKOTO IIOBTOPHOTO
BKITIOUEHUS JIMHUH (3Ta Mepa SIBISIETCS. PE3CPBHON IS JIMHUH JIEKTpOIepe-
nayn Oosiee BBICOKMX KJIACCOB HANPSDKEHMS) M AYToracslled KaTyIIKH,
YMEHBIIAIONINX TOK TyTH OJHO(A3HOTO 3aMBIKAHUS Ha 3€MITIO U YBEIIUYH-
BAIOIINX BEPOSITHOCTH CAMOIIPOM3BOIBGHOTO ITOTACAHUS IyTH.

Jnst cpaBHeHUS 3P (HEKTUBHOCTH PA3IMYHBIX MEPONPHATHH IO I'po-
303aIlUTE JUHUHN 3eKTponepeiaul IPUMEHSIETCS Pl KPUTEPHUEB.

Ypoesens zpozoynopnocmu. Ilon «ypoBHEM TpO30YHOPHOCTH» IIO-
HUMAIOT HAaHOOJIBIIIHIA PACYETHBIN TOK [, B XOPOIIIO 3a3eMJICHHOM 00BEKTE,
BO3HHUKAIOIINHA BCJIEICTBHE MPSAMOTO ynapa MOJHHU THIIMIHOH (POPMBI
(Hanpumep, KOCOYTOJIbHAs BOJHA C POHTOM 7y = 2 MKC), IIPH KOTOPOM
elle He MepeKpbIBaeTCs U30/sIuus IuHUM. [1o u3MEeHeHuo ypoBHS rpo3o-
YHOPHOCTU MOXKHO OLICHUTH BIMSHUE OTAENBHOTO IapamMerpa cXeMbl (Ha-
MIpUMEp, COTPOTHUBIICHHUS 3a3EMJICHHUS OTIOPHI) Ha TPO30YHOPHOCTH JIMHUH.

Kpusas onacnvix mokog moanuu. Ilpu ynape MOJIHUU B BEPIIUHY
OTIOpBI WJIM B TPOC BOJIM3U OMOPHI HEOOXOAUMO YUUTHIBATH HE OAUH Iapa-
METp, a HECKOJBKO, HAIPUMEpP, CONPOTHBIICHUE 3a3eMJICHUSI OIOPHI U €e
WHAYKTHBHOCTE. [Ipy 3TOM HampspkeHHe Ha TUPITHIIE H30JITOPOB OyzeT 3a-
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BHICETh HE TOJBKO OT aMIUTUTYABI I, HO ¥ OT KPYTH3HBI I, TOKA MOJHHH.
CBsi3b MEX/Iy OITACHBIMH COYCTAHUSAMH [, U I}, OTPAKAETCS KPUBOM OIMACHBIX
TOKOB. JTa 3aBUCUMOCTb B OTJIMYUE OT YPOBHS I'PO30YINIOPHOCTH I03BOJISIET
OLICHUTH BJIMAHUE HE OJHOM, a JBYX XapaKTEepUCTHK JIMHUU (HAIIpUMEp, CO-
MPOTHBIICHHUS 3a3eMJIEHHS U UHIYKTUBHOCTH OIOPbI) HAa HA/IeXKHOCTh TPO30-
3aLLUTHI.

Ilokazamens nadexcrnocmu 2po3o3aujumel. C IOMOLIbIO IT0OKa3aTe-
JI1 HAJISKHOCTH TPO303alUThl MOXKHO IOJIyYUTh MPUOIMKEHHYIO OLIEHKY
yucna jget 0e3aBapuilHoil paboThl 7, T. €. BEIUYUHY, OOpPaTHYI0 MaTeMaTH-
YECKOMY OXKHAAHWUIO YHMCJIA OTKIIOYEHUH JIMHUK B Tog — 7= 1 /nZ. IToka-
3aTelNb 7 MO3BOJISIET CPABHUTH 3((PEKTHBHOCTD PA3INIHBIX TPO303aIIUTHBIX
MEpOTIPHUATHI U cXeM (HampuMep, TPO30YIMOPHOCTh PA3IUYHBIX TUIIOB JIU-
HUI Ha pasHbIX OMOpax, ¢ TpocamMu U 0e3 TpocoB, BIUsSHHUE 3P PEKTUBHOCTH
ATIBur. 1.).

Monnuezauuma 6030yWHbIX TUHUIL PA3TUYHBIX KIACCOG HANPAICEHUS

[Ipu omeHke mokas3ares HAICKHOCTH TPO303aIIUTHI JTHHUH (WK 00-
paTHOM BENMYWHBI — CPEJHETO YKCIa TPO30BBIX OTKJIIOYEHUH IMHUU B
rOJl Ny) YYUTBHIBAETCS 3aBUCUMOCTD MEPEKPHITHSA JIMHUKM OT 3aKOHOB pac-
MpeeyeHns] aMIUIMTYIbl U KPYTHU3HBI TOKOB MOJIHUH, a TaK)Ke OT MecTa
yZaapa MOJHHUU.

[Toatomy 3P PEeKTHBHOCTh T'PO303aIUTHI CHAyYana OIMPEACISIOT OT-
JeNbHO U  CICAYIONIMX pAacYeTHBIX CIIy4acB MOPAKCHHUS JIMHUU
(puc. 8.2):

1) yaap MOJHHH B IPOBOJ C MOCIEAYIOIIUM MEPEKPBITHEM HU30JISIUH
MEX/y IIPOBOJIOM U OIOPOM UM MEXAy NPOBOJAMU;

2) yiap MOJIHMH B BEPILIHHY OIMOPHI C MOCICAYIOIIUM HePEKPhITHEM
H30JISIH MEXIY OIOPOI U IPOBOIOM;

3) yoap MOJHHH B MPOJET TPOCA C TMOCIEAYIOIINM MEPEKPHITHEM
M30JISILIMK C TPOCa Ha NMPOBOJ UM HA 3€MJIIO;

4) ynap MOJHUYU BOJM3U JIHHUHU 3JIEKTPOINEPEIaun, COMPOBOXKIAI0-

LIMHCS NOABJIEHUEM UHIYKTHUPOBAHHBIX IIEPEHAPSKCHUN.
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| Vanap monuuH B soHe BIL |

Ynap B 3eMI0
ebnuzn BIL Ymap i BI
E
L) ‘I,P@ \Lpon lpmp
HEAVKTHp OBAHHEIE ¥
MEpEHANPAKEHHA Yaap B nposon Aap B ollopy Ynap B TPOC

t | | Y
IED 1B

IlepenanpaxeHud, beso- HunynecHOE NEpEKpETHE
TMACHEE JJIA H30IMALHE H30NALHK
LRy By
yra -
HE YCTAHABNHEAETCA Yerouusas nyra
]
¥ Farm | (R
VYenemnoe ATIB Heycnemnoe ATIR

TI'posoBoe oTHIIOMEHHE THHHH
n=1fypat nnp+“on+ iy

Puc. 8.2. Jloruueckast cxema pa3BuTHs rpo3oBbix aBapuii BJI 110 kB
U BBIIIE

Ynap MOTHHM B IPOBOJA BO MHOTHX CITy4asiX BBI3BIBAET MPSIMOE IIe-
PEeKpBITHE TUPISHABI HU30JIATOPOB, YTO MOXKET MPUBECTH K OTKIIOYEHUIO
nuHud. [Ipu ynape MOTHUM B IPO303alIUTHBIA TPOC BOJIM3U OMOPHI MpaK-
THUYECKH BECh TOK IEPBOHAYAIBLHO YCTPEMIIIETCS B 3EMIIIO Yepe3 ATy OIIo-
Py, ¥ TaKOW CITydail MO’KHO paccMaTpHBaTh KaK yJap MOJHUHU HEMOCPE.-
CTBEHHO B OIOPY. Y1ap MOJIHUH B CPEIHIOI0 YacThb MpOJieTa Tpoca MpUBO-
JUT K pacrpeiesIeHUI0 TOKa MEXIy COCEAHHMHU OMNOpaMH, 4To oOjeryaer
yCIIOBUS PabOTHI THPIISTHA H30ATOpoB. OHAKO IPU 3TOM Ha TPOCE B MEC-
TE yIapa MOTYT BO3HHKHYTH MEPEHANPSIKEHIS, CO3/Ial0IINEe OMaCHOCTh Iie-
PEKpBITHSL BO3IYLIHOTO MPOMEXKYTKAa MEXIY TPOCOM U IPOBOAOM B cepe-
nuHe nposieta. [Ipu ynape MOTHUU BOJIM3M JIMHUY BO3HUKAIOIUE HHIYKTH-
POBaHHbIE TIEPEHATIPSHKEHUS CYLIECTBEHHO BIMAIOT TOJIBKO HA YHCJIO IPO30-
BBIX OTKJIFOUCHHH TMHUN HanpspkerreMm 110 110 kB.
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PaccunTaB 4ynCIIO TPO30BBIX OTKIIOYCHUN JTMHUH MPHU KaXKIOM U3 TIe-
PEUYMCIIEHHBIX BO3IEHCTBUM, MOXKHO ONpPENEeIUTh CyMMapHOe YHCIO IPO30-
BBIX OTKJIFOUEHUH B roJl

Ny =Ny, +Ng + Ny + Ny,

Te Npp, Mg, Ny — YUCIO OTKIIOYECHUN NPH yapax MOJHUH B NPOBOJ, B

np’
OIOPY M TPOC; My, — YUCIIO OTKIFOYECHUH JIMHUM BCIIEACTBHE MHIYKTH-
POBaHHBIX MEPEHANPSDKEHUH.
Yucno otkmouenuit BJI 110 kB u Beimie asst nmepevnciaeHHbIx pac-
YETHBIX CITy4aeB ONpeAessieTcs mo GopMymam:
Npp = NnyM ) Pnp ’ Plrlp ! Pa -(1- PAl'[B);
ng = NnyM *Por " Py on 'PA (1 — Panp);
Npp = eryM ' PTp ' PlTp ' P,u (11— PA]'[B);
Nyupg = Nm—m ' Pa ' (1 - PAl’[B):
rie Npyy — YHMCIIO NPSMBIX YIapPOB MOJHHH B JIMHUIO (IPOBOJA, TPOCHI,
0mopsl); Py, — BEPOSTHOCTb MPOPHIBA MOJIHMM Ha (ha3HbIE MPOBOJIA MUMO
TPOCOB (IIPH OTCYTCTBUM TPOCOB By, = 1); F,; — BEPOATHOCTH yIapoB B
onopy, Py, — 10 ke B TpOC; Py 1, Py ony Py rp — BEPOATHOCTH MEPEKPBITHS
THPJISIHABI TIPY YAape MOJHUHU B IPOBOAA, OIIOPY U TPOC COOTBETCTBEHHO,
P, — BEpOATHOCTb YCTaHOBJICHHS! IyTH IIPU NEPEKPHITHH, Pppp — BEpOSAT-
HOCTh ycnemHocTd AlIB, Ny, — 0XuaaeMoe rooBoe KOJMYECTBO Onac-
HBIX MUHAYKTUPOBAHHBIX MEPEHAIPSDKEHUH ¢ aMIUTUTYAOH, MPeBbIIIAIOIei
HUMITYJICHYIO TPOYHOCTH H3OJISIIUH MIPH MOJ0KUTEIHHON MOISPHOCTH.
[NonmBecka TPO303aIUTHEIX TPOCOB, SIBILSFOIIASICS OCHOBHBIM T'PO30-
3aIUTHBIM MEPOMNPHUATHEM Ha JHHHUSAX KiaccoB Hampsokenwst 110 kB u
BbIIIE, MATO3(QPEKTUBHA I JTUHUK 6—35 KB, 4TO BBI3BAHO HU3KOW HM-
MyJBCHOW MPOYHOCTHIO M30JsmMu 6—35 kB. BcenencTBue 3Toro BeposT-
HOCTb OOPATHBIX MEPEKPHITHI MpU yJapax MOJHUHU B ONOpPY WIH B TPOC
oKazajmach Obl, IPU OOBIYHBIX 3HAYCHUSIX COMPOTHUBIICHHUS 3a3eMIICHUS
onop, BeckMa 3HaunuTensHOM. [loaTomy nmunuun 635 kB coopyxatorcs, kak
mpaBmiIo, 6e3 TpocoB. VICKiIIoueHNE COCTaBISIOT JHUIIH 0CO00 OTBETCTBEH-
Hble JuHUU 35 KB Ha MeTamuindeckux ornopax.
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Hecmotps Ha oTCyTCTBHE TPOCOB, JHHUU 6—35 KB nMmeroT psix oco-
OeHHOCTeH, co3naromux Oojee OnaronpusATHBIE YCJIOBHSA U MX IP0303a-
mUTHL. BO-TIepBBIX, 3TH JIMHUH peKe MOJBEPraroTcs MPsMbIM yJapaM MoJI-
HHUHU M3-32 UX OTHOCUTENIBHO HEOOJNBIION BBICOTHI M MPOTsHkeHHOCTH. He-
pPEIKO OHM OKAa3bIBAIOTCA YACTUYHO 3ALIUIICHHBIMU OT HPSAMBIX yIapoB
MOJIHUH PACIOJIOKEHHBIMH BOJIHM3H JINHUU BO3BBIIAIOIIMMUCS 00bEKTaMu:
3[JaHUSIMH, BBICOKHMHU JIEPEBBSIMU, JIMHUSAMHU 00Jiee BEICOKOTO HATPSKEHUS
T IL

Bo-BTOpBIX, HANIMYKE U30IMPOBAHHON WIIHM 3a3€MJICHHOM Uepes3 ayro-
racsuit peakTop HeiiTpanu B ceTsix 6—35 kB obneryaer 6opr0y ¢ mocnen-
CTBUSIMM HMITYJIbCHBIX TEPEKPBITHH H30JIALMH, CIIOCOOCTBYET TallleHHIO
Iyru onHO(A3HOTO 3aMBIKAHMS Ha 3eMJII0. MOXHO CUHTaTh, YTO CIy4au
IPO30BBIX MEPEKPHITHI W3OJSIIUK TONBKO OXHOH M3 (a3 IMHUM HE BBI3BI-
BAIOT €¢ OTKIIOYCHMs. Bo3Hukmmas myra ogHo(ha3HOrO HEpPEeKphITUS Tac-
HET, U OINACHOCTH JUIS JIMHUK 6—35 KB mpeacTaBisroT Wb ePEeKphITUS
MeXay (a3aMu WM OJHOBPEMEHHBIE MEPEKPBITHA ¢ HECKONbKUX (a3 Ha
3emutto. [Ipu Mexayha3HBIX MEPEKPHITUAX OCTAETCS BHICOKOH BEPOSTHOCTH
MOTacaHus AyTH, IOTOMY YTO TPaJUEHT pabO4yero HaNpsLKEHUsS BIOJB ITy-
TH NIEPEKPHITUSI Ha ITUX JINHUAX HEBEIHUK.

B-tperpux, muann 635 kB uacto coopyxaloTcs Ha AEpeBSHHBIX
oropax. B aTom ciyyae JyMHA IMyTH T'PO30BOTO NEPEKPHITHS H30JISIUU
YBEIMYIHUBACTCS 3a CUET UMITYJIbCHOM IIPOYHOCTH JIepeBa TPABEPCHI U CTOH-
K{ OTIOpBL. Y MEHBIIAETCA BEPOSTHOCTh NEPEKPBITHS U BEPOSITHOCTH Tepe-
X0/la MMITYJILCHOTO TMEPEKPHITUS B OYry KOPOTKOTrO 3amblkaHHs. OmHaKoO
9TH MPEUMYILECTBA AEPEBSIHHBIX ONOp HE yJaeTcs peaM30BaTh B MOJHON
Mepe H3-32 BO3MOYKHOCTH PACIIEIUICHHs JePEBIHHbBIX YacTeH MPH MPSIMBIX
yaapax MonHuH. J1Jis 60phOBI ¢ paclIeIIeHHeM TpaBepc U CTOEK OIop B
psize ciydaeB HMPUXOIUTCS LIYHTHPOBATH AEPEBSHHBIE YaCTHU ONOP TOKO-
OTBOJSIIMMH METAINYECKIMH CITyCKaMH.

B ornmune ot nuHMI OoJee BHICOKMX KJIACCOB HAINPSDKEHUS, JIUHUU
6-35 kB Ha MeTayuTMUecKHX U JKeJIe300€TOHHBIX OIopax 4acTO OTKIII0Ya-
IOTCA BCIEICTBHE BO3ICHCTBUS HWHIYKTHPOBAHHBIX IIE€PEHAMPSKEHUN.
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PacyeTbl MOKa3bpIBAIOT, YTO YMCIIO WHAYKTUPOBAHHBIX MEpEHANPSIKEHHH,
CIOCOOHBIX BBI3BAaTh MEPEKPHITHE H30ILUH 35 KB, B maTh pa3 Oonblie,
YeM YHCIIO TIepeHanpshKeHui, onacHbix Juist cetu 110 kB. [Ipuunnoii aToro
TaKXe SBJISICTCS HEBBICOKAS MMITYJIbCHASI IIPOYHOCTD M3OJIALMH JUHUN 6—
35 kB Ha MeTauIMYecKUX U jKeIe300€TOHHBIX OIopax.

[Ipu OTCYTCTBHM TPOCOB OCHOBHBIMH I'PO303aILUTHBIMH MEPOIIPUS-
THUAMH Ha JIUHUAX 635 KB ABIAIOTCSA UCHOIb30BaHUE JYTOracsIlero peak-
Topa (WK U30IMpoBaHHON HelTpanu) u AIIB. [laxxe mpu OTCYTCTBUH TpO-
coB Ha JmHUAX 35 kB menecooOpa3Ho mpeaycMaTpuBaTh CHIDKEHHE HWM-
MYJIbCHOTO CONPOTUBIIECHUS 3a3€MJICHUS OIOP, MOCKOJbKY 3TO YMEHBIIAET
YHCII0 OOPATHBIX MEPEKPBITHH C OMOPHI HA coceqHUE (Pa3bl.

B memsix 3ammuTh OTIENBHBIX MECT C OCTAa0IICHHOH M30JIHUEH WIIH C
MTOBBIIICHHBIMA TPEOOBAHUSAME K HAJECKHOCTH 3aIIUTH (IIEpECeUeHHE C
JAPYTUMHU JIMHUAMU WA TPAHCHIOPTHBIMUA MarvuCTpajisiMu, NOAXOAbI JIMHUI
K TOJICTAHIMSAM HJIM MEPEKII0YATSIbHBIM IYHKTaM | T. I1.) Ha JTUHHUAX 6—
35 kB HCmonp3yI0TCs pa3iuIHbIe Pa3psTHUKY.

[TocnenoBaTensHOCTH COOBITHIT TIPH TPO30BOM IOPAKEHUH JTHHHU 6—
35 kB noka3zana Ha puc. 8.3. PaccMoTpyM cHavana mocie/ICTBUS MPSIMOTO
yZAapa MOJHUHU B OJWH U3 (Pa3HBIX NMPOBOJOB JIMHUH C METAJUTMYECKUMHU
WM HKeNe300€TOHHBIMU OmopaMu. EciIuM TOK MOJHUM OKa)KETCS BbIILE
YPOBHS IPO30YIOPHOCTU JTUHHUH 1, MPOUCXOIUT MEPEKPBITHE HU3OISLUN
MOpaXKEHHOH (ha3bl HA OHOM MM HECKOJIBKUX ONMKAUIINX K TOYKE yaapa
onopax. Benuunny [,; MOXHO OTIPEIENUTH TaKXKe, KaK M IS JTMHUI BBIC-
mMx KiaccoB HampsbkeHus: I, = Ugy/Zy1, Tae Ugy/Z,; — UMITyJIBCHOE
50 %-Hoe paspsgHOEe HampspkeHue JUId (a3HOM M30JIALMM Ha OIIope;
Zy1 = Zyll0,5 * Zpp — PKBHBaJICHTHOE COMPOTHBIICHHE B TOUYKE yaapa MOJ-
HUM.

OnHako Kak OBUIO OTMEYEHO BBIIIE, OAHO(A3HOE MEPEKPHITHE AL
nuHul 6-35 kB 00BIYHO HE MPUBOIUT K OTKJIIOYCHHUIO JTMHUU U MOXKET HE
YYUTHIBATBHCS TPH OLEHKE OOIIero 4mcia oTKioueHnd. KopoTkoe 3ambl-
KaHUe, TpeOyIollee OTKIIOYCHHS JIMHUHM, MOXET BO3HUKHYThH JIHIIH B TOM
ClIy4ae, €clii TOK MOJIHWU TPEBBICUT Benu4uHy I, > I,;, Ipu KOTOpOH
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BO3MOXXHO 00paTHOE MEPEKPBHITHE C OMOPhI Ha Apyrue ¢a3sl. Bemuuuny
I,;, MOXHO ompenenuts 1mo Gopmyse, aHaAIOTHYHOW Gopmyne misd I,q,
MpUYEM POJIb TPO303AIIMTHOTO TPOca B JAHHOM CIIy4ae HrPaeT IPOBOX
MOPaXCHHON MOJTHUEH (a3bl. IHIyKTUBHBIMUA COCTABIISIONUMH HampsKe-
HUSI Ha omope W pabouuM HaIpspKeHHEM JOMyCTHMO mpeHeOpeus. Ilpu
3TOM IOJTyYaeM:
Ly = Udy /252 - (1 — k1p),

e Z,, = Z,10,5 - ZppllR3y — 2KBUBaNEHTHOE COMPOTUBJICHHE B TOYKE
yaapa MOJHHH; Kq, — KO3IPPHUIMEHT CBSA3M MEXIY MOpaXeHHOH (a3oi u
Hau0oJiee yIaleHHOH OT Hee coceHen (has3oi.

VAR MOJTHHH B 30HE

BIl6-33 xR
[Tpamok yoap WA MOTTERE
moamet B BT shmeH B
| OTCYTCTERE MEPeKPEITHA HROILALEH | |1'Iepercpmne thasHOH HIOIIALME Ha ON0pe |
|O'I‘3y‘I‘JTBIvIB ofpaTHED: rl:eperbmvcE'{| | OfpaTHOE MEpeKPETHE Ha ETOPTED c13333r|
|
OTCyTCTERE 0T PATHOTD MEPeKPETHA Ha |O|5pann:.e TEPERPBITHE Hi TRETBI0 fasy |
TpeTEE (asy
Yomiroeaz| [ Veroiumsan Veroinmean VeToinnEse Veroiumsan
oy He OyTa MeEITY OyTa MERITY THTH MEETY ovTa He
BOTHHERET | | mewMA dasans MM asanmt| | Tpema dasam BOSHIKAET

* R :
Vemenmoe ALIE \Heﬂmﬂl [¥erenmoe AITE| Heycrenmoe AT1B
i

| Tposoroe oTrEmouens: B 3-35 5B |

Puc. 8.3. Jloruueckas cxema pa3BUTHA I'po30BbIX aBapuil BJI 6-35 kB
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[ocne oGpaTHOTO MEPEeKPHITUS Ha OAHY M3 COCeTHMX (a3 HarpsKe-
HHUE Ha OMOPE HECKOJBKO CHIKAETCS 33 CUYET OTBOJA YaCTH TOKA MOJHHHU
BO BHOBB IEPEKPHITYIO (a3y. BomHOBoe compotuBieHne (ha3HBIX IPOBO-
JIOB, TIO KOTOPBIM IIPOMCXOJHUT OTBOJ YaCTH TOKA MOJHHMHU OT OTOPBHI, CTa-
HoBUTCS paBHBIM Zpp(1 — ky5)/4. Ilpu nansHeleM BO3pacTaHWU TOKA
MOJIHHU A0 BEJIWYMHBI [y3 TPOUCXOAUT 0OpaTHOE MEPEKPHITHE U Ha Tpe-
ThIO (ha3y NUHUH. AHAJOTUYIHO MPEIBIAYIIEMY CIIydaro MojryJyaeM

Iyz = Ugy/ 23 - (1 — kqz-3),
rie Z,3 = ZyllR3yllzpp(1 + ky5)/4 — SKBHUBaJE€HTHOE CONMPOTHBIICHHE B
TOYKE yJapa MOJHHUH MPHU NEPEKPBITUN IBYX (a3 JIUHUH; Kq,_3 — KOIP-
(UIMEHT CBSI3M IBYX paHee MEPEeKPHITHIX (a3, COCANHEHHBIX Mapayieib-
HO, ¢ TpeThel (azoii.

Crydau nByx¢$a3HOro U Tpex(pa3HOTO MEPEKPBITHS XapaKTePU3YIOT-
Csl Pa3IMYHBIMH BEPOATHOCTSIMH IEPEX0/ia UMITYJIECHOTO IEPEKPHITHS B
KOPOTKO€E 3aMbIKaHue. st 1ByX(pasHOro NepeKphITUs 3Ta BEPOATHOCTD Py
MO>KET OBbITh MPHOJMKEHHO oTpeiesieHa mo Gpopmyre

Py =1,6"Uyas/lyep — 0,06,
rie Upas — 2P deKTHBHOE 3HAYEHUE PAOOYEro HANPsHKEHHs BJOJb ITyTH
nepeKpbITUSL, KB; [y, — CyMMapHas UIMHA IyTH UMITYJIBCHOTO MEPEKPBI-
THS.

I[peanonaraercs, 4TO pacCYUTAHHOE 3HAYEHHE Py MMEET MECTO MpH
TOPEHUH TOJBKO OIHOM ITyTrW, a MPH HAIMYMU IyT HA COCETHHMX IpOoMe-
KyTKax (C IPYrMMHU HCTOYHHKAMHU Pa0OYero HANpsDKEHUS) WX TallleHHs
SIBIISTIOTCS. HE3aBUCUMBIMH COOBITHAMU. [IpH 3TOM BEPOSITHOCTH yCTAaHOB-
JeHnsT XOTs OBl OMHOM AYTH TpH Tpex(azHOM MEPEKPBHITHH MOXKHO IPH-
OJIMKEHHO OIIEHUTH 10 popmyrie:

Ppg = 2Py~ (1= Py) + Pf = Py~ (2 = Py).

Bcnen 3a ycranoBnenueM nyru npuxonut B aeiicteue AIIB, koTopoe
C BEPOSITHOCTBIO Pppp JIMKBUIAMPYET MOCIEACTBHUS TPO30BOTO MEPEKPHITHSL.
CornacHo OMBITY 3KcIuTyaTanuu, it Juauid 6—10 kB Pypg = 0,54, a ans
nunui 35 kB Py = 0,7.
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Y eapHOE YHCIIO TPO30BBIX OTKIIOYEHHUH JIMHUK OT MPSIMBIX YIapOB

MOJIHUU COCTaBUT

Ny =NﬁyM'[Pn3'P/:[z+(Pnz—Pns)'Pa]'(l—PAnB),
rae Py, = exp(—0,041y,) — BEpOATHOCTH ABYX(A3HOIO IEPEKPHITHS;
Pys = exp(—0,041y3) — BEPOATHOCTH TPEX(PA3HOTO TEPEKPHITHS.

JIuHUM Ha JEPEeBSIHHBIX OMOpax 0e3 TOKOOTBOIAIINX CITYCKOB UMEIOT
0oJiee BBICOKYIO TPO30YIMOPHOCTD, IOCKOJBKY YBEIHUYCHHAS HMITYJILCHAS
MIPOYHOCTh M3OJLIUH 3aTPYTHIECT Pa3BUTHE MEXTy(Pa3HBIX IMEPEKPBITHIL.
Bo3HNKHOBEHHE UMITYJIECHOTO IEPEKPHITUS ¢ OPAKCHHOH (Da3bl Ha 3eM-
JII0 BAOJb JCPEBSIHHOM OTMOPHI 00JIeTYaeT YCIOBHS IS Pa3BUTUS MEKIY-
(a3HBIX MEPEKPHITHIA: MEKAyha3Has U3OJAIMS MPU ITOM YaCTHYHO IIyH-
tupyercs. s nuauit 6-10 kB Ha MepeBSHHBIX ONOPax ypPOBEHb I'PO30-
yHnopHocTd [z (pacCUMTaHHBIA B MPEATIONIOKEHUH, YTO YK€ IMPOU3OILIO
MEPEKPHITHE OMOPbI) MOXKET OKa3aThCs MEHbIIE [y;. DTO O3HAYaeT, YTO
KaXJI0€ TIEPEKPHITHE C MTOPAKEHHOH (ha3bl Ha 3eMITI0 CPa3y Ke MEPEXOTUT
B Tpex(azHoe MepeKprITHE, U pacyeT YAEIHHOTO YHCia OTKIIOYCHUNH MOXK-
HO MIPOBOAMTSH 10 hopmyIie:

Nayw = Niyym * Prn * Pry - (1 — Papp), tAe Py = exp(—0,041yy).

PaccMOTpeB METOAMKY OIIGHKH YHCIA OTKIIOYCHHH JIMHUU OT Tpsi-
MBIX yIapOB MOJHHH, OOpaTHMCS K aHAJM3y BO3ACHCTBUS MHIyKTHPOBAH-
HBIX MIepeHanpspKeHud. VX yaeapHoe YHCiIo B 3aBUCUMOCTH OT aMILIATYIBI
Uy, Onpenensiercs Gpopmyaoi:

9,36-T,-h Unnn

uHE — 'T;Cp re 260, (8.1)

re T, — 4MCIIO TPO30BBIX YacOB; M, — CPEMHSS BHICOTA BEPXHETO MPO-
Boza; Uy, — aMIUIUTY/1a MHYyKTUPOBAHHBIX EPEHANPSKEHUH.

[Tonaras B stoii Gpopmyne Uy, = Uy, nMeeM yIeTbHOE YUCIIO MEK-
Iy (ha3HbIX MEPEKPHITHH OT MHIYKTHPOBAHHBIX TIEPEHANPSIKEHUH Ny .

B otnmume ot ciydaeB MpsIMOTO yaapa, HHAYKTHPOBAHHBIC MIEpeHA-
MPSDKCHUST BO3HUKAIOT OJTHOBPEMEHHO Ha BCeX TpeX (pa3ax JIMHHUU C TpU-
ONMM3UTEIHHO OAMHAKOBOM aMIUIUTYIOH, YTO 3aTPyIHSIET MPOOOH MEXIY-
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(hazHO# M30MIALMHK 10 TIEpeKphITUA C (as3bl Ha 3eMITt0. PacueTsl mokas3biBa-
IOT, YTO MEPEKPHITHE Ha 3eMITI0 JICPEBSIHHOW OIOPHI MPAKTUYECKU BCETAA
CO3MIaeT YCIOBHS LIS OZHOBPEMEHHOTO IMEpeKpHITHs Bcex (a3z. B stom
cllyyae yAeIbHOE YHCIO OTKIIOUCHWH JUHUM BCIEACTBUE MHIYKTHPOBAaH-
HBIX [IepEHANpPsLKCHUH COCTaBUT

Mg = Nuwg " Pry * (1 — Pang)-

Ha merammmdecknx omopax mepeKkphITHE OTHON U3 (a3 MPUBOAUT K
YBENUYCHHUIO PA3HOCTH HANPSDKEHUH MEKy TIEPEKPBITON M HETIePEeKPBITON
(hazamu. Ha nmepexphIToii (aze HanpsHKeHUE CHIKASTCS IO BEJTHUNHBI

Uy = UpyaRau/(Rau + 0,5zp),
a Ha HENEePEeKPBITON — 710 BETMYUHBI
U = Um{p, + klZ(Ul - Um-m)'

[epexpriTHe Mexay ¢azamu mpomsoiineT, ecnu pasHocts U, — U
MIPEBBICUT UMITYJIECHYIO MPOYHOCTh MEKAY(ha3HOH H3OJAIHH. BenmauHbn
WHAYKTHPOBAHHBIX MEPEHANPSDKEHUN, TIPH KOTOPBIX CTAHOBSTCS BO3MOXK-
HBIMHU AByX(a3Hble U TpexQa3HbIe MEPEKPHITUS, 3aUCHIBAIOTCS COOTBET-
CTBEHHO B BHJIE

R3y + 0,5zpp
(1 —kq2) - 0,5zpp

— +
Um-mZ - USO

1+k
RBI/I+ZHP'T12

1+ ke
(1 — kiz-3) " zpp le

VYienpbHOE YMCIO OTKIIOYEHHUH JMHUHM BCIEACTBUE HWHIyKTHPOBAH-

Um-m3 = US_O '

HBIX IepeHaNpsHKCHUN
Nyupg = [NPIH,CL3 ' PL[Z + (Nm-mz - NPIH,E[3) ' P,Z[] (11— PAl'[B)r
r1€ Nyypo U Nyypz — yAeIbHbIE YnclIa JBYyX(asHbIX M TpeX(asHbIX mepe-
KpBITHH; OHHM ompenensorcs 1mo ¢opmyne (8.1) mpu Ny, = Nyypo |
Nyun = Nyypz COOTBETCTBEHHO.
BrIicokyro HafIe)KHOCTH TPO303AIMUTH BO3AYIIHBIX JUHHHA 3JIEKTPO-
nepenayn 00eCIeInBaIOT CICIYIONINE MEPOTIPHUSTHS:
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— TIOJIBECKA TPO303AIIUTHBIX TPOCOB C JOCTATOYHO MAJBIMH yTIaMH
3alIHTHI;

— CHI)KEHHE UMITYJIECHOTO COIPOTUBIICHUS 3a3€MJICHUS OTIOD;

— TOBBIIICHUE UMITYJICHON MPOYHOCTH HM3OJIALUH JUHUNA U CHMXKE-
HHE BEPOATHOCTH YCTAHOBICHMS IyTH (B YaCTHOCTH, UCIONb30BAHME JI€-
PEBSIHHBIX TPaBepC U OIIOP);

— IPUMEHEHHE M30JIMPOBAHHON HEUTpaJId MU JYTOracsiiero peak-
TOpA;

— HCIIOJIb30BaHNE ABTOMAaTHIECKOTO ITOBTOPHOTO BKITFOUCHHUS JIMHHH.

PaccuntanHble yJelnbHbIE YMCIa TPO30BBIX OTKIIIOUEHUH MpH pas-
JUYHBIX BHIAX MOPAKEHHs JMHUU MOKA3bIBAIOT, YTO MOPSIOK MOJIy4CH-
HBIX OLEHOK CYMMApHOTO yJIEJIbHOTO YHCHIA OTKIKOYEHHH Ny, B OCHOBHOM,
corjlacyercs ¢ JAaHHBIMH Ha OCHOBE OIbITa 3KcIulyatanuu (Tabdm. 8.1 u
puc. 8.4).

Jluaun HanpspxerueM 220 kB u BbIlIe, Kak MPaBUIIO, COOPYKAFOTCS
Ha METAJUIMYECKUX MU KEJIe300€TOHHBIX omopax. [Ipu 3TOM OCHOBHBIM
CPEACTBOM T'PO303aLIHUTHI SIBISIOTCS TPOCHI, pacnojaraeMble Haa (Gpa3HbBIMA
MIPOBOJAMH, C JOCTATOYHO MAJBIM YIJIOM 3aIlWTHl . YTOI 3aIlUTHI B 3a-
BHCHMOCTH OT BBICOTHI OIOp TOAOHUpAacTCs TaKuM OOpa3oM, YTOOBI
YMEHBIIUTh YUCIIO MPSIMBIX yIapOB MOJHHUH B (ha3HbIC MPOBOJAA MPUOIH-
3UTEJIbHO Ha 2—3 mopsaka. DTO yCIOBHE 00ECreunBaeTcsi OOBIYHO MpH
a = 20-30°. Tem He MeHee, KaK MOKA3bIBAET OIBIT IKCIUTyaTalllH, CIIy-
Yay MpOpbIBA MOJIHUK Ha MPOBOJIA SBJLIFOTCS OMPEACIAIONIMMU B CyMMap-
HOM YHCIIE OIACHBIX TPO30BBIX MopakeHuil nuauil 330 kB u BhImIe, U Ha-
OJIomaeTcsl YBEIMUEHUE MX YHCIIA ¢ POCTOM HOMHHAJIHHOTO HANPSHKCHUS
JUHAA. DTO CBSI3aHO C YBEJIMYECHHEM BBICOTHI OIOP M COOTBETCTBYIOLIHM
CHIDKeHUEM 3()(PEKTUBHOCTH TPOCOBOM 3alIUTHI, @ TAKXKE C BO3pacTaHUEM
BIIMSTHHSL DJICKTPUYECKOTO MO (pa3HBIX MPOBOJIOB HA HAIPaBIICHHE Pa3BU-
THS JHAEepa MOJNHUH. B memsax coxpaHeHHs BBICOKOH HAIEXHOCTH TPOCO-
BoM 3amuThl Ha TuHUIX CBH u YBH pexomennyercs npuMeHeHue TpOCoB
C OTPHUIIATEIIEHBIMH YTJIAMH 3aIUTHL.
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TabOnuna 8.1

XapakrepucTuku rpo3o3amurtsl BJI 110-750 B

HomunanbHOe Hampsbe-
nue Uy, kB

110

110

220

220

330

500

750

Marepuan onop

x)/0e
TOH

METaJLI

METaJl1

MCETaJl1

MCTaJll

METaJLI

MCTaJll

Mapka npoBonoB

AC-
120

AC-
150

ACO-
330

ACO-
330

2ACO-
400

3ACO-
400

4ACY-
400

KomanuecTBo u v n30-
JISITOPOB Ha OTope

8I1C
6-b

8I1C
6-b

14I1C
6-b

14I1C
6-b

22I1C
6-b

28I1C
12-A

2x41TIC
12-A

3aluTHBINA Yo Tpoca ¢,
rpaj.

31,2

20,7

29,0

24,2

22,6

22,7

24,7

HMmynscHOE COIIPOTHUB-
JICHHME 3a3€MJICHHS OII0p
R3l/l: Om

20

15

15

10

10

10

10

Y aenapHOE YHCIIo Tpsi-
MBIX YIapOB MOJIHHH B
rognpu Ty = 100y u
[ =100 k™, N,
yi/100 km-100 gy

100

165

182

227

153

174

207

VY nenpHO€E YUCIIO OT-
KJIIOYEHHUH JIMHUH B TOJL
TIpH y1ape MOJIHUU B
nposop N, 1/roxn

0,06

0,06

0,23

0,18

0,22

0,11

0,063

VY 1enpHOe YHUCIIO OT-
KJIIOYEHHUH JIMHUU B TOJ
[P yape B O1opy Ny,
1/rox,

0,81

1,73

0,41

0,45

0,002

<0,001

<0,001

VYV nensHo€e 9HCiIo oT-
KJIFOUEHHM JTUHUH B TOJ]
TIpU yAape B TPOC, Ny,
1/ron

0,43

0,89

0,13

<0,01

<0,001

<0,001

<0,001

VY n1enpHO€E YUCIIO OT-
KJIIOYEHHH JIMHUH B TOJL
BCIIEICTBUE UHIYKTHPO-
BaHHBIX nepeHanp;DKe—
HUHA Ny, 1/TON

0,25

0,38

0,03

0,04

0,003

<0,001

<0,001

VY neapHO€E YMCIIo TPo30-
BBIX OTKJTIOYCHUH JTMHUT

B o] Ny, 1/rox

1,55

3,06

0,80

0,68

0,23

0,11

0,066
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B 1
1 1 X
2 2
11|
2 2
3 3
H 2
12112 IR 3| 3
_-1/3 -3 j,4 4 4
3404 4 3
a 6 B r I e x

Puc. 8.4. Jlnarpamma BepOSTHOTO YHCIIa OTKJIFOUEHHH JTHU-
HHI pa3HBIX KJIACCOB HANpsuKeHus (Ny,) Ha 100 kv u 100
rpO30BBIX YacoB: [0 BepTUKaIN — OTHOCUTEIBHOE pac-
npeaeseHue MeX Iy KOJTHYECTBOM OTKIFOUSHHH B IIPOBOJI,
OTIOpY, TPOC H 3€MJIIO; TI0 TOPH30HTAIN — CYyMMapHOE YHC-
JIO OTKIIOYEHHH N; 1 — TIPOPBIBBI MOJIHUHU HA POBOA Ny}
2 — ynapbl MOJIHUH B BEPLIMHY OIOPHI Ng,; 3 — yAapsl
MOJIHMH B [POJIET TPOCA Ny ,; 4 — HHAYKTUPOBAHHBIE 1€~
PEHANPSIKEHUS Myyyy 5 A — BJI-750 xB, 1 uens; 6 — BJI-
500 kB, 2 nernn; 6 — BJI-330 kB, 1 uens; e — BJI-220 kB,
2 nenu; 0 — BJI-220 kB, 1 uens; e — BJI-110 kB, 2 neny;
orc — BJI-110 xB, 1 uens

s ymenbleHus: rpo3ornopaxaemoctu guHuu CBH dame mMoHTH-
PYIOT Ha ONOpPax, NMEIOMINX TOPU3OHTAIBHOE pacIroyiokeHne ¢a3 (Hampu-
Mep, TOPTAIBHBIX). DTO MO3BOJIAET CHU3UThH OOIIYI0 BBICOTY JUHHM. J[o-
MOJTHUTENIFHOE CHIDKEHHE YHciia OOpaTHBIX MEPEeKPHITUN aeT TakKe HC-
MOJIb30BAaHUE OIOP, 3aKPEIJICHHBIX METAJUIMYECKUMH OTTSKKAMH, KOTO-
pBIe YMEHBIIAIOT HHAYKTUBHOCTH IIYyTH TOKa MOJIHUHM OT BEPIIUHBI OIIOPHI
B 3€MJIIO M IMITYJIbCHOE COMIPOTHBIICHUE 3a3EMJICHUSI.
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Ha mopranpHBIX OmoOpax, UMEIOUIMX OOJIBIIOE PAaCCTOSHUE MEXKIY
KpaifHUMH (a3aMu, TOCTATOYHO MAJbIi YTOJ 3alIUThHl 00eCIIeYBaETCS ITy-
TEM IIOJIBECKH JIBYX TPOCOB, PACIIONIOKEHHBIX Ha OJJUHAKOBOU BBICOTE.

[Ipu 3a3emieHun Tpoca Ha KaXJOW OMOpE BO3HUKAIOT 3aMKHYTHIC
KOHTYPHI, B KOTOPBIX O] BIMSIHUEM MarHUTHOTO IOJIS1 pabovero Toka Ha-
BogaTcs DJIC, u HauMHAIOT NPOTEKaTh Mapa3uTHbIE TOKU. [ yMeHbliie-
HUS CBSI3aHHBIX C 3TUM MOTEPh IEKTPUUECKON SHEPrUH TPOCHI HEMOCpe -
CTBEHHO MPHUCOCTUHSIOT K 3a3eMJICHHOW OIOpE JIHIIH Ha KOHIIE aHKEPHOTO
y4acTKa, a Ha MPOMEXYTOUYHBIX OIOpPaxX ITOABEUIMBAIOT HA OJHOM—IIBYX
U30JIATOPAX, 3allyHTUPOBAHHBIX UCKPOBBIM MPOMEXYTKOM. [1pu rpo30BBIX
MIePEeHAIPSDKEHUSX 3TH UCKPOBBIE IPOMEXKYTKH MPOOUBAIOTCS, U TPOC OKa-
3BIBACTCS MPAKTHICCKH 3a3€MIICHHBIM Ha Ka)KIOH OTOpeE.

Jnst 3¢ ¢deKTHBHOTO 0TBO/IAa TOKA MOJIHHU B 3€MJIIO M IIPEJOTBpAIIe-
HUSl 0OpaTHBIX MEPEKPBITUN HU3OJISIIMUA ONOPHI JHHUUA CHA0XKAKTCA COOT-
BETCTBYIOIIUMH 3a3EMIIUTENISIMU, CHUKAIOIIMMHU HMITYJIbCHOE COMPOTHB-
JIeHHe 3a3eMJIeHUs KaXI0W omnopsl 10 3HaueHus Rzy < 10 — 20 Owm. bo-
Jiee BBICOKHE 3HAY€HHs COINPOTUBIICHHS 3a3€MJICHHsSI OMOpP JOIMYCKAaeTCs
JIUIIb JUISL TUHUM, PacloIoKEHHBIX a pallOHaX C BBICOKUM YIEJbHBIM CO-
npotuBicHreM rpyHTa (p > 1000 Om'M). B rpynTax ¢ p > 1000 Om'Mm
JKETaTeIbHO NPUMEHATh 3()(eKTUBHBIC TITyOWHHBIC 3a3¢€MIUTEIH WIH, B
KpaifHeM ciy4ae, MHOTOJy4eBble 3a3eMuuTenu JuuHoi 20-30 M.

JIOTIOJIHUTENBHBIM  CPEJCTBOM YMEHBIICHUSI TPO30NOPAKAEMOCTH
nunuii 220 kB u BoIme siBisieTcst ucnons3oBanne AIIB.

Kommiekc mepeducneHHpx CpeAcTB 00eCIeYnBaeT CPaBHUTEIHHO
BBICOKHM YpPOBEHb HAAEKHOCTU Tpo3o3amuTsl jguHuit CBH: ynembHoe
YHCIIO TPO30BbIX OTKIOUeHui cocrasiuser 0,05-0,1 Ha 100 km u 100 rp.u.
Crenyer OTMETHTB, YTO HamOOJee BHICOKOE YIENBHOE YHCIO TPO30BBIX
OTKIIIOUCHHUH (Ha TOPSOOK OoJbIlee, 4eM Ui IPYTUX JUHUNA) HMEIOT
NBYXIICTIHBIC JIMHWH, CMOHTHPOBAaHHBIC HA OMNOpax OAamIeHHOTO THIIA.
Bosnpimas BeIcoTa Omop 00yCIOBIMBAET Ha STHX JIMHHSX YBEIUICHHE BEPO-
SITHOCTH TPOPBIBA MOJIHUKM MHMO TPOCOB, a TaK)K€ YBEJIHMUEHUE BEPOSTHO-

159



CTH OOpaTHBIX MEPEeKPHITUHA 3a CYET pPOCTAa MHAYKTHUBHOCTH OIOPBI
(puc. 8.4).

Jlnann 110-150 kB Ha MeTaNTMYECKHUX TN JKeJIe300€TOHHBIX OII0-
pax B OOJBIIMHCTBE CIy4YaeB TaKKe 3aIIUIIAIOTCS 10 BCeil UIMHE TPOCaMHU.
YT0J1 3amuThl JUIS 9TUX JUHUA 0OBIYHO BBIOMpaeTcs B mpeaenax 20-30°,
YTO MPHU OTHOCHTEIHFHO HEOOJBIINX BBHICOTAX W JUIMHAX JTHX JIMHUN o0Oec-
MeYMBAET YIOBJIETBOPUTEIbHYIO HaJIeXKHOCTh 3alIUThI (cM. Tabi. 8.1). Ox-
Hako Hepenko JuHUK 110 kB skcrmyaTupyroTcs u 6e3 TpoCOBOM 3alUTHI.
K Takum ciydasMm OTHOCSTCS: a) IPOXOXICHHE JIMHUH B palioHax Cco cia-
00lf MHTEHCUBHOCTBIO Tpo3oBoi AestenbHOCTH (T, < 20 u); 0) BEICOKOE
yAeTIbHOE COMPOTHUBIIEHHE TPYHTA, HE MO3BOJISIONIEe OOECIeYUTh Majioe
CONMPOTUBJICHHE 3a3eMJIEHHA Omop H JPPeKTUBHYI pabdoTy Tpoca;
B) PAcCIIOJIOKEHUE JIMHUKA B 0CO0O0 TOJIOJICAHBIX pallOHax, TJe YacTo Ha-
OJomaeTcs IISICKa IPOBOAOB M OOJIBIINE MEXaHUIECKHE HATPy3KH Ha TPOC
npu oOJeleHEHHH CO3/Ial0T OMACHOCTh OOphIBa TpOCA; T) HAIMYUE Ha
Tpacce JIMHUU PailoHOB C arpeCCUBHBIMU YHOCAMU MPOMBIIIJICHHBIX Mpe/-
MPUATHHA, BBI3BIBAIOIIMMU OBICTPYIO KOPPO3HIO TPOCOB M OMACHOCTh HX
00pbIBa; 1) pacrojOKEHUE JTMHUHA B TOPHOW MECTHOCTH, T/Ie Pa3psibl C
OONBIIMMHU TOKaMH MOJIHUH PEIKO TOCTUTAIOT IPOBOIOB JINHUU, OPHEHTH-
PYACh IPEUMYIIECTBCHHO HA BO3BBIMIAOIINECS MTOOIM30CTH TOPHBIE Mac-
CHBBIL.

OTCyTCTBHE TPO303ALIUTHOTO TPOCA MPUBOAUT K MOBBIILIEHUIO YHCIIA
KOPOTKHX 3aMBIKaHUI Ha JIMHUH BCIEICTBUE TPO30BBIX NepekpoITuil. [lpn
9TOM YacTo cpadarbiBarOT yctpoiictBa AIIB, W yBenMuuBaeTcs 4YHCIO
OTTACHBIX BJIMSIHUIA Ha JIMHUU CBSA3H M YUCIIO BO3JACUCTBUN TOKOB KOPOTKHUX
3aMBIKaHUI Ha 3JIEKTPo0OOpyAOBaHUE ceTH. Bo3pacTaer Takke U BEpOsT-
HOCTB MIPOTEKAHUS OOJNBIINX TOKOB Yepe3 3a3eMJISIOIIIE YCTPOUCTBA MO~
ctaniuy. HecMOTps Ha 3TO, C TEXHUKO-3KOHOMHYECKON TOYKHU 3PCHHUS OT-
cytcTBHe TpocoB Ha nuHUAX 110—-150 kB Ha MeTannmuyeckux onopax B ps-
Jie CllydyaeB OKa3blBaeTCA ONpaBJaHHBIM, a TPO303allUTa OKa3bIBaeTCs
YAOBJIETBOPUTENBEHON Oarogapsi OTHOCUTENIBFHO HEOOJBIIOM BBICOTE H
JUIAHE TaKUX JIMHHN.
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Jlnanu 110-150 kB Ha nepeBSHHBIX omopax He TPeOYIOT MOJABECKU
TPO303alIUTHBIX TPOCOB, TOCTATOYHAS TPO30YIIOPHOCTH 3TUX JIMHUN obec-
MEYUBAETCA BBICOKOW HMMIYJbCHOW MPOYHOCTHIO JUHEUHOW H3O0JALMU U
MaJibIM TPaJMeHTOM HANPSDKCHUS BAOJIb IYTH IEPEKPBHITUS, 00YCIOBIH-
BaIOLIMM MaJyl0 BEPOSTHOCTbH IIEPEX0Ja UMIIYJIbCHOTO NEPEKPHITHS B CH-
JIOBYIO nyry. Ecny Ha MMHUM HEKOTOpBIE ONMOPBI BBIOIHEHBI METaNIHUe-
CKMMH WJIN Kene300€TOHHBIMH (HampuMmep, YIJIOBbIE WM aHKEPHBIE), TO
Ha HUX JOJDKHBI yCTaHABIMBAaTbCsS BEHTUIIbHbIE pa3psaHuky unu OITH.

BaxHpIM CpeICTBOM MOBBIIIEHUS HAEKHOCTH I'PO303aILUThl JIUHUN
110-50 kB Ha nepeBsiHHBIX ornopax siBiseTcs npuMenenne AIIB.

IIpu Tp0o30BBIX NOPAXKEHUSAX JIMHUM HA JAEPEBSIHHBIX ONOpax HaOIo-
JIAI0TCs paclIeIyIeHHUs] U MOJIOMKH TpaBepC, a TakKe NPYTUX dacTeil oro-
pbl. UKcno TakuX MOBPEKACHUN CUIBHO 3aBHCUT OT KayecTBa MOATOTOBKH
IpeBecHHbI pu coopyxkeHnu JIDIT; HeoOxonuma TIaTenbHas U rTyOoKast
IPOMUTKA OIOP IS MPEIOTBPAILICHUS UX 3aTHUBAHUS.

Jluann 35 kB Ha MeTamiMyecKuX OINopax 3allUIaloTCi TPOCaMU
JUIIb B 0C000 OTBETCTBEHHBIX cirydasx. OOBIYHO OHM M 0€3 TPOCOB OKa-
3BIBAIOTCS I'PO30yNOpHBIMU. Kak oTMeuasoch Bbllle€, OCHOBHBIMHU I'PO30-
3aLUTHBIMU MEPONPUATUAMH 34ECh SABIIAIOTCSA HCIOJIb30BaHUE HU30JIUPO-
BaHHOI HENTpanu WU Ayroracsiiero peakropa, a tTakxe AIIB. Kax BunHO
u3 Tabi. 8.2, rae NpuBeIeHbI TUIIOBBIE XapaKTEPUCTUKU MUHUM 6-35 kB u
OLIEHKH YJI€JIBHOTO YHCJIa IPO30BBIX OTKJIIOUEHUH IPU pa3HbIX pacUueTHBIX
BO3JICUCTBHSIX, 175l TUHUM 35 kKB Ha MeTamuinmueckux omnopax y»e CymiecT-
BEHHas O OTKJIIOUCHHMH OINpeneNnseTcss MHAYKTHPOBAaHHBIMU IepeHa-
HPSOKCHUSIMH.

Jluanu 35 kB Ha JepeBSHHBIX Omopax MMEKT 0oyiee BHICOKYIO Ha-
JEKHOCTh TPO303ALUTHl 3a CUET HCIOJB30BAaHUS BBICOKOH HMMITYJIBCHON
npovyHOCTH AepeBa. [IpuBeneHHbie B Ta0M. 8.2 OLIGHKH UX YACIBHOTO YHC-
Jla OTKJIIOYEHUH MMEIOT OpPUEHTHUPOBOYHBIM XapakTep, IOCKOJBKY HM-
MyJbCHAs MPOYHOCTh AEPEBA, MO JIUTEPATypHBIM JAHHBIM, MOXET H3Me-
HATBCS B IBa—TPH pa3a B 3aBUCHUMOCTH OT CTENEHH YBIAXXHEHUS U COCTOS-
HUS IpeBecHHBI. KpoMe TOoro, compoTHBICHHE 3a3€MIICHHS KeNe300eTOH-
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HbIX MACBIHKOB Ha ACPEBAHHBIX OIIOpax, HE HUMCIOMINX TOKOOTBOIAIINX

CIIyCKOB, HE HOPMHPYETCS, YTO MOXKET IPUBECTH K OONBIIOMY pazbpocy

€ro 3HaYCHUI Ha peAIbHOW JINHUMU.

Tabnuna 8.2
XapakTepucTuku rpozozamurtsl BJI 6-35 kB

Homunansnoe Hanpspkenue Uy, KB 6 6 35 35
Marepuan onop JIepeBo | 5k/0ETOH | IepeBO | MeTall
Mapxka npoBozioB AC-50 | AC-70 | AC-95 |AC-120
KonmuectBO M THII H30IATOPOB Ha IC10-A [ 111C10-A |211C6-E | 31TC6-E
orope
WMiyibCHOE CONPOTHBIICHHE 3a3eMIle- 40 40 30 20
Hus onop Rzy, Om
VY enpHOE YHMCIIO MPSIMBIX YAAPOB MOJI-
Huu B rox ipu T, = 100 w u [ = 100 55 50 66 96
KM, Ny, /100 kM-100 v
VY enpHOE YHCIIO OTKITIOYEHHUH JIMHNH B 36 13,0 0,55 79
TOJI TP yAapax MOJTHUH Nyy, 1/T07
VY enbHOE YHUCIIO OTKITIOYEHHUH JINHUY B
roj IpUM HMHAYKTHPOBAHHBIX IepeHa- | 0,001 7,3 0,001 1,3
TPSKEHUAX My, 1/TOM
VYenpHOE YHCIO TPO30BBIX OTKIIIOYE-

3,6 20,3 0,55 9,2

HUH JIMHAM Ny = Ny + Ny, 1/10R

JInaun 3-20 kB kak Ha METAJUIMYCCKUX, TaK U Ha JCPCBAHHBLIX OIIO0-

pax TakKXe€ HE UMCIOT TpOCOBOfI 3alIUTHI U 3aIMUINAI0TCA OT I'PO30OBBIX BO3-

JIEWCTBUN C TIOMOIIBIO AYTOTACSIIETO peaKTopa WM W30JIMPOBAHHOMN HE-

tpaimm u AIIB. Ha onopax ¢ ociabneHHo# u30ssmueil Hiu ¢ TOBBIIICHHON

BCPOATHOCTBIO TPO30BOI0 TMOPAKCHUA uenecoo6pa3Ho yCTaHaBJIUBAaTb

BEHTWIbHbIE pa3psaanuku nin OITH.

OrtnenbHBIE MECTa JIMHUNA TPEOYIOT JOTOJHUTEIBHBIX MEp 3allUTHI.

K takum MecTtam OTHOCSTCS:

— MepeceveH s JIMHUH JJIEKTPOIIepeIaul MexKIy co0oii;
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— TepecedyeHus JTUHUN 3IIEKTpoNepesaydl ¢ JUHUSMH CBS3H, TpaM-
BaiHBIMH JIMHUSIMH U JTIHHHSAMH dJIEKTPH(PUIIUPOBAHHON JKEIE3HOU JOPOTH;

— OHNOpPBI JIMHUM DJIEKTPONEpeaauyd CO CHM)KEHHOM 3JIeKTPUYECKOU
IIPOYHOCTHIO U30JIALUHY;

— BBICOKHUE OIOPBI IEPEXOIHBIX MPOJIETOB;

— OTBETBJIEHHUs K MOJCTaHIMSIM Ha OTMAalKax U CEKLHOHUPYIOLIHE
Ppa3beAMHUTENN Ha JTUHUIX;

— Ka0OenbHbIe BCTaBKU I1a JTUHUSIX.

3amuTa nmepeceueHui JTMHUIA AJIEKTpOTiepeIadl BhI3BaHa HE00XOIH-
MOCTBIO IPEAOTBPATUTh TSKENbIE aBapUM B CIIydae I'PO30BOTO MEPEKPHI-
TUS C BEpXHEH JMHMU JIEKTPONepelaud Ha HIDKHIOKO JIMHUIO WIN CBSI3U.
Takue mepeKphITHS MOTYT BBI3BATh JIOKHYIO pabOTy peIeiHOM 3allluThl U
CHCTEMHEIC aBapHH, IOBPEXICHHUS >IEKTPOOOOpYyIOBaHUS JHHUH Ooiee
HHU3KOTO HANpsDKEHUS U JaKe MOBJIeYb YeJoBedecKue skepTBbl. Hanboms-
IIyI0 OTIACHOCTb MPEJCTABISAET yAap MOJIHUHU B MPOJET nepeceueHus. Pac-
CTOSIHUE MEXIy IMPOBOJAMH IE€PECEKAIOIIMXCs JIMHUM B 3TOM HpoJieTe
JOJDKHO OBITH TOCTATOYHO OOJBIIUM, a aMIUIHTYA TEPeHANPSHKCHUN OT-
paHWYCHA Pa3psSAHUKAMH, PACIIONIOKCHHBIMUA KaK MOXKHO OJIDKE K MECTy
MIEpeceyeHrs], MOITOMY B IIpOJIETE MEPECcCeUCHUs LENeco00pa3sHo CHSThH
TPO303alIUTHBIA TPOC C HIDKHEH JIMHUH, U BBIOPATh TOYKY NEpecedeHust
Jlanbllie 0T CepeUHbI MpoJieTa BepXHeill uHuu. Eciu paccTosiHEE OT Mec-
Ta MepecedeHUs 10 OJIKaiIei ormopsl He mpepbimaet 40 M, TO pa3psIHU-
KM MOXHO YCTaHaBIIMBaTh TOJHKO Ha Omkaimieir omope. Ha nmHuUsAX 10
35 B, umeromux ycrpoiictBo AIIB, BMeCTO pa3psIHHUKOB JOIMYyCKaeTcs
YCTAHOBKA 3aIUTHBIX NMPOMEXKYTKOB. CONpPOTHUBIECHUE 3a3e€MJICHHUS OIIOp
MpoJIeTa repecedeHus He JODKHO ObITh Bhime 10-20 Om. Ecnu omopsr ne-
peBsSHHBIE, TO Ha HUX PEKOMEHIYETCS YCTaHaBIMBAaTh MapajuleIbHO TUp-
JIAHAAM Pa3psIHUKU WIA UCKPOBBIE IPOMEXYTKH, COEMHEHHBIE CITyCKaMU
C 3a3eMJIMTEIISIMU OIIOPBI.

Heobxonnumoe paccTosiHue S 10 BepTHKAIM MEXIY IPOBOJAMH Iie-
peceKarouMXcsl JIMHUM 3aBUCUT OT HOMUHAJIBHOTO HAIPSDKEHUS BEpXHEH
JIMHUM, CONPOTUBIIEHUS 3a3€MJIEHUS ONOp, [UIMHBI MPOJIETAa U PACCTOSHUS
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MEX]ly MECTOM IepeceueHus] U OmKaliiei omopoil. YcTaHOBKA 3alllUT-
HBIX CPEJICTB MO3BOJIIET YMEHBIIUTE paccTossue S Ha 20-30 %.

OTnenpHBIe METALTMYECKHE U JKEIe300€TOHHBIC OMOPHI JIMHHUM, BBI-
NOJHEHHBIX, TJAaBHBIM 00pa3oM, Ha ICPEeBSIHHBIX Omopax 0e3 TpOcoB,
MPEJCTABISIOT COO0M MECTO CO CHIKEHHOW WMITYJIBCHOW SIEKTPUYECKON
MIPOYHOCTBIO M3OJIALMH. DTH MECTa IeNecO00pa3HO 3alIUTHTh Tpexdas-
HBIMHM KOMIUIEKTAMHU Pa3psIHUKOB.

Bricokue nepexonnsie nposieTsl BJI ABIAIOTCA MCTOYHUKOM IOBBI-
MICHHOTO YWCJIa TPO30BBIX MOPaXXEHUH. JTO CBA3aHO ¢ OOJBIION BHICOTON
OTIOp M MPOBOJOB HAJ 3€MJIEH, UTO MPUBOAUT K YBEJIMYEHHUIO YUCIA YyAa-
POB MOJIHUH B TPOJIET, CHIDKEHHUIO 3((GEKTHBHOCTHU 3aIUTHI TPOCOM, YBE-
JUYEHUIO YHCIIa OOpPATHBIX MEPEKPBHITHHA HM3-3a OOJBIION MHIYKTHBHOCTH
onop. CHUXKEHHE UMITYJIbCHOI'O CONIPOTUBIIEHUS 3a3€MJIEHUSI IEPEXOIHBIX
OTIOp B 3TOM CIIydae CTaHOBUTCSI HEAOCTATOYHBIM.

Pacuer oxwumaemoro uucna otkmoueHuit JISII ¢ Bbicokumu mepe-
XOIHBIMH TIPOJIETAMU 3aTPYTHEH HEOOXOJUMOCTBIO yUETa CI0KHOTO PEllb-
e(a MECTHOCTH II0JT IIPOJIETOM U OOJBIION pa3HUIIBI BEICOTHI IIPOBOIA HAJT
3eMJIe Ha OTIENIBHBIX y4acTKax MpoJieTa, I0ITOMY I'PO303alLIUTa OTBETCT-
BEHHBIX IIPOJIETOB paccMaTpUBaeTCs MHAMBUAYalbHO. Kak mokasbIBaroT
pacuetbl, Hanbonee d(H(GHEKTUBHBIM BHIOM 3alIUTHl BBHICOKHX MEPEXOI0B
sBisiercss yctaHoBka PB unu OITH B BepxXHe#l 4acTH MEpexoAHBIX OMIOP
WJIM Ha OIIOpax, COCETHUX C MEPEXOAHBIMHU.

Konmponwvnwie 6onpocut

1. KakoBbI KpUTEpUHU TPO303aLTUTHI BO3AYIIHBIX JIMHUN?

2. ITo xakuM NPUYUHAM MOTYT OBITH OTKJIIOYCHBI BO3AYIIHBIC JIMHUU
MIPH MPSAMBIX yAapax MOJTHUU?

3. UTo Takoe KpuBasl ONAaCHBIX TOKOB?

4. OObsCHHUTE, KAKOBHI OCHOBHBIC NPHHIHUIBI OPTaHU3aLUN T'PO30-
3amuTel TMHUA 750 kB.

5. KakoBbI 0COOEHHOCTH I'PO303aIIUThI BO3LYLIHbBIX JIUHUNA 635 kB?

6. Uto oTHOCHUTCS K «OCIaOJIEHHBIM MECTaM» JIMHUH 3JEeKTporepe-
nayn?
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9. MOJTHUE3AIIIMTA NOACTAHIIUM
U DJEKTPUYECKUX MAILIWH BLICOKOT'O
HATIPSKEHMS

9.1. 3AJIAYM U KPUTEPUU MOJIHUE3AIIIUTHI
MOJICTAHIIMMA U OPTAHU3ALIMS 3AIMTHI MOJCTAHIMIA
PA3JIMYHBIX KJIACCOB HAINTPSI)KEHUSI

3aoauu u Kpumepuu 2po303ausumsl NOOCMAHYULL

HanesxHOCTh 3alIUTHI SNEKTPHIECKUX CTAHIMN U ITOJICTAHIIUN OT IPo-
30BBIX MEPEHANpPSHKEHUH TODKHA OBITh 3HAYUTENHHO BBINIE HAJCKHOCTH
IPO303AIIHTHI JUHHN JIEKTpONepeadi. ITO ONPeessieTCss CPABHUTEIBLHO
OOJIBIIMM YIIEPOOM OT TPO30BBIX MEPEHANPSDKCHUN HA MOJICTAHIUIX, YeM
HA JINHUSX. BHYTpEHHSIS U30IAIHSI CHIIOBBIX TPaHC(HOPMATOPOB U JPYTOT0o
MOJICTAHIIMOHHOTO 00OPYIOBaHKSI UMEET MEHBIIHE 3aachl JEKTPHUECKON
MPOYHOCTH MO CPABHEHHIO C M30JIAIMEH JIMHUK U HEe 00JaaeT CBOMCTBOM
CaMOBOCCTAaHOBJIEHHS IOCJIE IOTaCaHus YT IPO30BOTO MEPEKPHITHSL.

3ammrta 000pYIOBaHMS MOICTAHIMKA OT TMPSAMBIX YAApOB MOJHHU
o0ecrieunBaeTcs CTEP)KHEBBIME MOJHHEOTBOAaMHU. Kpome Toro, HEoOXo-
IMa 3aIlyTa OT BOJH, BOSHUKAIOMUX HA OTXOISIIUX OT MOJCTAHIHH JIH-
HUSX NP ylapax MOJHHUH B IPOBOJIA WM OTIOPBI STHX JIMHHH.

3amuTa OoT Haberawmux BOJH OCHOBaHa Ha BbhIOOpe OITH wiu pas-
PSTHUKOB C MOIXOISIIMMH 3aIMUTHBIMU XapaKTEPUCTUKAMH, BEIOOpE HX
qucia U MECTa YCTAaHOBKH, & TAKXKE YCHJICHHH 3aIllUTHI MOIXOIOB JIMHHH
JUTSl CHIOKEHHS YMClia HAOETaI0IUX BOJH C OOJBIIOI KPYTH3HOW HArmpsiKe-
HUs Ha QpoHTe.

Kak u s mvHwmii snexTporepenayu, IUisi CpaBHeHus 3B (EKTHBHOCTH pas-
JIMYHBIX MEPOTPHSTUN IO TPO303alIUTE MOJCTAHIUN MPUMEHICTCS P
KPHUTEPHUEB.

Yposens zpozoynoprocmu, xak u sl TUHUH 3JEKTPONIEPEIAYH, OII-
peaAcIICTCA BEPXHUMU NIpEACIaMi aMIUIMTY/Ibl TOKa MOJIHUM TIPU MPAMBIX
ynapax B IMOICTAHIIMIO, IPU KOTOPBIX €Ille¢ HE MPOUCXOAUT IPSMOTrO WA
00paTHOTO TEPEKPHITHS MEXIY TOKOBEAYIIUMH ¥ 3a3EMJICHHBIMHU YaCTSIMU
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o0BbeKTa. YpOoBEeHb IPO30YIOPHOCTH MO3BOJISIET OLEHUTHh BEPOATHOCTh IO-
BpEeXKACHUS 000pyIOBaHUS HA IOACTAHIUY IIPH MPSIMOM yJape MOJIHHH B
MOJTHHEOTBO/I WJIM IIPU IPOPBIBE MOJHHUH Ha 3alIHIIaeMoe 000pyIOBaHUE,
MHHYSI MOJTHUE€OTBOABI. J{JIs1 OLIEHKH BEPOSTHOCTH MOBPEXKIEHHS OT Habe-
raroll¥xX Ha MOJCTAHLHUIO BOJIH MCIIOJIb30BaTh YPOBEHb I'PO30YIIOPHOCTH B
KauecTBe KpUTEPUSl OKa3bIBAETCSI HEBO3MOXKHBIM, IMOCKOJIbKY aMILIUTYAbI
MEepEeHAIPsDKEHUI B pa3HbIX TOYKAX MOJCTAHLUHU CYLIECTBEHHO 3aBUCAT HE
TOJIBKO OT aMIUIUTYZBI, HO U OT KPYTH3HBI ()pOHTa HAOETAIONIIX BOJH IIe-
PEHAIPSDKEHUH U OT APYTHX (PaKTOPOB.

Kpueasa onacnwvix eéonn mpeactaBisier cobOoil rpaHumy obsactu
0e30MacHBIX COUYETAaHWH aMIUIUTY/Abl U KPYTU3HBI (WM JUTUHBI (POHTA) J10-
HISAMHX 10 TOJCTAHIINN BOJH. BEepoATHOCTD MOBPEXACHUS 000PYIOBAHI
MTOJICTAHIINH BCIICACTBHE HAOETAIOMMX BOJH MOXET OBITH ONpeAesicHa ITy-
TE€M MHTETPUPOBAHUS IUIOTHOCTH BEPOSTHOCTH BCEX BO3SMOXKHBIX COUETAHUM
UX aMIUIMTYAbl U KPYTH3HBI 1O OOJIACTH, PACIOIOKEHHOM BBIIIE KPUBOU
OIACHBIX BOJIH.

Ilokaszamens nadexcnocmu 2po3ozaujumel SBiseTcs: 6onee 0ObEK-
TUBHBIM KpUTepHEM 3((EeKTHBHOCTH Tpo303amIuThl HmoacTtannuu. OH om-
penenseTcst Kak CpeqHee OKHAAaeMOe YHCIIO JIeT Oe3aBapHiiHOW paboTHI
MOJICTAHIIMK TIPH TPO30BBIX Bo3AeicTBUsAX. [lokazarenb HaIeKHOCTU TPo-

303alUTHl MOKET OBITH pAacCUYUTaH 10 (hopMyJie
1 1

~

= 1]
Nyp +ny+n,;+ Mpopx M + Mpoax

T =

TJI€ Ny — OKUIAEMOE CPEHErOI0BOE YHCIIO MPEBILEHUN JOIYCTUMOTO
YPOBHS EpEHANPSKEHUI BCJIEACTBUE IPOPHIBOB MOJTHUY Ha MOJICTAHIIUIO,
Ny — TO K€ BCIIEJCTBHE OOpATHBIX MEPEKPBITUI MpHU yaapax MOJIHHUU B
MOJIHUEOTBO/Ibl U 3a3€MIISIOIUE KOHCTPYKIIMU MOJICTAHLUM; N, — TO XKe
BCJIEICTBUE Y/AapOB MOJHUM B JIMHUM 3a INpeaejaMH 3allUIIEHHOro MOJ-
XOJa; Myonx — TO JKE BCIIEACTBUE YAAPOB MOJIHMU B JIMHHUIO B MpEeNax 3a-
LIUIIEHHOro noaxona. llpakTuyecku Npu yCTaHOBKE MOJIHUEOTBOIOB B
cootBercTBHU ¢ [IpaBmimaMu ycTpoiicTBa 3/IEKTPOYCTaHOBOK M obecmeue-

HUU UX MAJIOTO COIIPOTUBJICHUSA 3a3€EMJICHUS COCTABJIAIOIIUE Ny, U Ny OKa-

op
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3bIBAIOTCS 3HAYUTEILHO MEHBLIUMH, YEM M U Ny, U B JANIbHEHIIEM MOTYT
HE YUHUTHIBATHCAL.
Monnuesauiuma noOCmManyuil pasnuyHsIX KNaccos HanPa}ceHus

Jluauu snextponepenaun cBepxBbicokoro HampspkeHus (330 kB u
BBIIIIE) 3aMUIIAIOTCS TPOCAMH IO Beelt mmmHe. [ orpaHrdeHnsT BHYTpeH-
HUX MEepeHanpsDKeHU Ha KoHuax JuHui 330 kB u BhIllle ycTaHABIMBAIOT
HIYHTUPYIOIIUE PeakTophl. [Ipu pa30oMKHYTOM JIMHEHHOM BBIKJIFOUATENIC Ha
HUX IPOHUCXOAUT YABOCHHE HAMPsDKEHHS HaOeraommx BoH. [loaTomy s
3alIUTHI PEAKTOPOB HA JIMHUH PSAOM C HIMHU YCTaHABIUBAIOTCS 3aIIUTHEIC
anmapatsl (3A). ['abapuThl OTKPBITOTO paclpeNeIuTeILHOT0 YCTPOHCTBA
Ha TaKMX MOJCTAHIMAX HE IO3BOJISIOT O0ECIICUNTh 3aIIUTy OAHUM 3A 0f-
HOBPEMEHHO HECKOJIbKUX CHJIOBBIX TPaHC(HOPMATOpOB, mo3Tomy 3A ycra-
HABJIMBAIOT BO3JIe KaXKIOro TpaHchopmaropa wind peakropa. Yacrto 3a-
[IMTHBIC ammapaThl yCTaHABIMBAIOT HEIIOCPEICTBEHHO BO3JIC BEHIBOIOB
TpaHcopmaropa (10 BBIKIFOYATENS), IIOCKOJIbKY TPH OTKIFOYEHHBIX 00-
MoTkax BH coxpaHseTcs omacHOCTh BO3HHKHOBEHHs Ha HUX atMocdep-
HBIX TMepeHanpsbKeHuid myTeM mepexonga ¢ oomotku CH. Dta omacHOCTH
0COOCHHO BEJTMKa JJIs aBTOTpaHCc(HOpMaTopoB.

PerynupoBouHbie 4yacTh OOMOTOK TpaHC(OPMATOPOB W aBTOTPAHC-
(dhopmatopoB, a Takxke oOMOTKM HH 3amumiaroT cOOTBETCTBYIONIMMHU 3a-
HIMTHBIMU almapaTamMu.

B cersax 110220 xB peakTopbl Ha JIMHUAX, KaK MPaBHIO, OTCYTCT-
BYIOT, II03TOMY OTIIJIaeT HEOOXOJUMOCTh YCTaHOBKH 3A BO3JIC JIMHEHHO-
ro BeIKIIOYaTesst. O00pyIoOBaHHE MOACTAHIINHN ATUX KIACCOB HAIIPSDKCHUS
pacmionaraercs 0ojiee KOMIIAKTHO, YTO MO3BOJIIET OTPAHUYUTECSI YCTAaHOB-
KOI OTHOTO KOMILIEKTa 3A Ha Kaxayto cucreMy muH. OHAKO HA yIaleH-
HBIX OT HIMH TpaHcpopmaropax (Hampumep, Ha I'DC) HeoOxoauMo cTa-
BUTH A0mOJHUTENbHbIE 3A. KpoMe TOro, B 3TUX CETAX MOIXOMAbI TOJIKHBI
OBITH 3aIIMIICHBI 3aIIUTHHIME AIIIapaTaMH.

HekoTtopsie 0ocoOeHHOCTH UMeeT rpo3o3amnura noacranuuii 3—20 kB
0e3 2JIeKTPUUYECKHX MaIlWH. BBOI HampsDKEHHS HA TAaKUE MOJCTaHIMU
OOBIYHO OCYIIECTBIIIETCS C IOMOIIBI0 KaOEIbHBIX BCTABOK, ITOCKOJBKY
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00JIpIIIOe YHCIO BO3AYMIHBIX JHUHUK 6—20 kB K MOACTaHIIMH IMOJIBECTH
BechbMa CIIOKHO. Cxema rpo303alIiThl TaKOH IMOJCTAHINH TpPUBENCHA Ha
puc. 9.1.

{

T =

Puc. 9.1. Cxema rpo3zo3amutsl nogcranuuu 6—20 kB

ITockonbky Takasi BO3AyLIHAs JIMHUS MMEET OTHOCUTEIBHO CIa0yro
W30JLIIUIO, MPAKTHYECKH JII000M ynap MOJHUHM B JIMHUIO TPHBOIUT K
TpexdazHOMy MEpEeKpBITHIO M30AIMU Ha 3eMio. B pe3ynpTate mo Bcem
TpeM ¢aszaM JIMHUY Nepeiaduu K MOACTAHIIMU PacIIpOCTPaHSIIOTCS OJUHAKO-
BbI€ BOJIHBI IIEpeHANpsDKEHUI. B Touke coeqUHEHUs BO3AYLIHOM JIMHUU C
KabeneM MpPOHCXOJUT OTpaKeHHE M IperomiieHne BoiH. OIEHUTH BeJH-
YHHY TPETIOMIICHHON BOJIHBI MOXKHO Yepe3 K03 (HUIUESHT MIPeTOMICHHS:

a =22,/ (Z + Z,),
rne Z, U Z, — BOJTHOBbIE CONPOTHBICHUS KaOems 1 INHHM.

[Ipu nBUXEHUH BOJHBI NEPEHANPSDKEHUN 10 TpeM (a3aM JIMHUHM T1e-
pelavn HampspKeHHe Ha TPoBojie 0o ¢asel (Hanpumep, 4) Uy cBsi3aHo
C TOKaMH B Qazax Iy, Ip u I ciegyromniei 3aBUCUMOCTBIO:

Ug = IpZyo + IpZpo + IcZco,
rne Z,o — BOJHOBOE CONpOTHBIEHUE (Ga3bl A; Zup U Zyc — B3aMHBIE
BOJIHOBBIE conpoTusiieHus ¢assl A u pa3z B u C.
ITockonbKy BOJNHBI ABMXKYTCS 1O BCeM TpeM (a3aM JIMHHH, TO €€
BOJIHOBOE CONPOTHBIIEHHE PABHO
Zy Zpot+2Zup
ZJI = ? = T
Hanpumep, npu Z,y = 400 Omu Z,5 = 100 Om Z,, = 200 Om.
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BosHOBOE compoTuBiIeHHEe Kalens Mpu JBUKEHUU BOJHBI (IO BceM
TpeM xmiaMm) Z, = 10 — 15 Owm. [Ipu Takux 3nadeHusx Z; u Z, koapdu-
LUEHT IPEITOMIICHUS

2-10
=10+ 200
Takum 00pa30M, BBIYUCIECHHOE C MOMOIIbI0 KOA(Q(UIMEHTa Mpe-

~ 01«1

JIOMJICHUSI HAalPsDKCHUE B Ka0elie 0Ka3bIBaeTCs BO MHOTO pa3 MEHBIIIE.

[Tocie MHOTOKpATHBIX OTPaKEHWH W TPEIOMIICHUI BOJH HaIpsiKe-
HUE Ha MOJCTAaHIINK HapacTaeT. [Ipu 5TOM depe3 3alIuTHBIC almmaparkl, yc-
TAaHOBJICHHBIC Ha MOACTAHIMH, ITOCJIC UX Cpa6aTBIBaHI/I${ MOT'YT IIPOTCKATh
Yype3MepHO O0JIbIINE TOKH, U 3A BBIMIYT U3 CTPOSL.

Takum 00pa3om, Hanu4re KaOeTbHOW BCTABKY HA BXOJIE TOACTAHIINN
He 00ecreynBaeT JOCTATOYHON IPO30YIOPHOCTH MmoacTaHiuu. [loaTtoMy B
MeCTe COCIMHEHUS BO3AYIIHOW JMHHWU C KaOelTbHOW YCTaHABIMBAIOT JI0-
TIOJIHUTENBHBIN 3alllMTHBIN anmapaT JUIsl OrpaHUYeHUs] MPUXOASIEN BOJI-
HBL. YcTaHOBKAa 3A OKa3bIBAaeTCsS BO3MOXHOM, IMMOCKOJBKY Cpe3 HampshKe-
HUSL B MECTE COCIUHCHHUS HE MPEICTABISIET OMACHOCTH JUISL W3OJISIHU
(BBUAY OTCYTCTBHS OJM3KO PACIIONOKCHHBIX TPaHC(HOPMATOPOB, JIEKTPH-
YECKUX MAIIIWH, PEaKTOPOB).

OOosouka kabess MO KpaTdaiieMy IyTH COeIMHSETCS C 3a3emile-
Huem 3A. Ha nmoacrannuio OyJeT momnajgath HampsHKCHUE MEKIY KHIJIOW U
o0omnoukoi kabems1. DTO HampsDKEHHE CKIIAABIBACTCS W3 MaACHUS HaIps-
JKeHUs Ha 3A W MaaeHus HANpsDKeHUS Ha MHIYKTUBHOCTH METIH MPOBOI-
HUKa, COCTUHSIONIETO O00O0JIOUKY Kalens ¢ 3azeMyeHHEeM 3A, Mo3ToMYy
YMEHBIIIEHHE UHIYKTUBHOCTH COCIUHUTEIHHOTO IIPOBOJHUKA IPUBOIUT K
CHIDKCHUIO TICPEHAIPSDKCHUH Ha 000PYA0BaHHUH TTOACTAHIIUH.

[pu mano# nnmne kabens (I < l,) BONHA, OTpaKeHHass OT KOHIA
Kabemns K ero Hayally, CHIDKAaeT HAIpsDKEHUE Ha pa3psIHHUKE, M OH MOXKET
He cpaboraTh. B aTOM ciydae nesecooOpa3HO yCTaHOBHTH 3A: OH UMeET
OoJiee MMOJIOTYI0 BOJIBT-CEKYHTHYIO XapaKTePUCTHKY M HaJIe)KHee paboTaer
1py KPyThIX BosHax. O0br4HO [, & 100 — 150 m.
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B xoHIIe kabesst mpu OTKIIOYEHHOM BBIKJIFOYATENE HAIPSIKCHUE TIPU
NPUXO0/Ie MaNalomieii BOJHBI YABaWBACTCS, M BOZMOXKHO MOBPEKACHUE Ka-
OenpHOM My(THI. JIJIs1 OrpaHUYEHUsT TAKUX MEPECHANPSDKEHUI B KOHIIC Ka-
Oenst yctaHaBiuBaeTcs 3A.

B cxemax mourHbeIX mojactaHiuii (6—-35 kB) ¢ GoibmIM 4yUCIOM OT-
XOJSIIIUX Kabenel yCTaHaABIUBAIOT (PUICPHBIC PEAKTOPHI IS OTPaHIMYCHHSI
TOKa KOPOTKOro 3ambikanus (puc. 9.1). [Ins BOMHBI ¢ KPYTBIM (DPOHTOM
peaxkTop mpeacTaBisieT co00H Pa3OMKHYTHIH KOHEI, IOATOMY YCTaHOBKA
3A MexIy peakTopoM U KabelleM OKa3bIBaeTCsl 00s3aTeIIbHOM.

g rpo303anmThl nepexioyaTenbHoro nyHkra (B cersax 6—10 kB)
Ha BCEX JIMHUAX, OTKYJa BO3MOXHO NMHUTAHHE, PAa3MEIIAIOT 3al[UTHBIC all-
mapatel. HampuMep, ecnm mnWTaHWe OCYIIECTBIseTcs 1o JuHEH 1
(puc. 9.2), a iuanu 2 u 3 He UMerOT UcTouHUKOB DJIC, To TpyOUaThIit pas-
PAAHUK YCTaHABJIMBAIOT HA JIMHUN 1 B6J'II/I3I/I NEPECKIOYATCIIBbHOIO ITYHKTA.

HNuorma coopyxeHue

|

N e
P oo 1 3aIUIIEHHBIX IIOAXOI0B
3A

AUHUA JIMHAI K IOJCTAaHIMH OKa-
3BIBACTCS YKOHOMHYECKH

2 ——  HelenecooOpa3sHbIM MM He-

< t—
s¢dexTuBHbIM. B 3THX Ciy-
<« «—fe—}- uwasx wucnomesywor ympo-
LIEHHBIE CXEMBI I'PO303allIK-
Puc. 9.2. Cxema rpo303ailuThl IEPEKIOYA-  Tp[ [IOJCTAHINH, B KOTOPBIX
TenbHOro nmyHkra 6—10 kB OTCYTCTBHE  3AIMILCHHBIX

MOJXOJIOB JIMHUM YaCTUYHO KOMIIEHCHUPYETCS yCTaHOBKOM JOTIOJIHUTEINb-
HBIX 3allIUTHBIX amlapaToB, BEIHECCHHBIX Ha JIMHWIO. Takas 3aluTa HC-
TOJB3YETCs, B YaCTHOCTH, B TYIMKOBBIX cXemax mojcrtaHiuu 35-220 kB
Ha OTHaiKax OT JIMHUU DIIEKTPOIIepeiadd U BO BPEMEHHBIX CXeMax.
I'maBHBIM ycnoBHeM oOOecTieueHHs] HAaJEeKHOW TpO303aIlUThl TaKUX
CXEM SIBIISICTCS MaKCHMAJIBbHOE MPUOIIDKCHHE BEHTUIIBHOTO Pa3psIHUKA K
3alUIaeMoOMy 000PYA0BaHHUIO, YTO BO3MOKHO JIUIIb TPU HEOOJIBIIOM KO-
JYECTBE SYCEK Ha TOJCTAHIIMK M KOMITAKTHOM PacIiONIOKEHUH 000pyIIo-
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BaHH. 3a cueT OJM30CTH 3A B 3HAUUTEILHOM CTEICHU IOJABIISICTCS KOJIC-
OarenbHass COCTABIIAIONIAS MMITYJIbCA TPO30BBIX MEPECHANPSDKCHUH, U €ro
aMIUTATyJIa CTAHOBHUTCS OJIM3KOM K OocTaromeMycs HampspkeHuto 3A. On-
HAKO B OTJIMYHE OT HOPMAIBHBIX CXEM, YPOBEHb OCTAIONIETOCS HaIpshKe-
HUS 3/I6Ch MOXET IMPEBBIIATh JOMYCTUMYIO BEIHYMHY IEpeHAINPsHKeHUN
BCJIEJICTBAE BO3MOXKHOCTU MOPKCHUS JTHHUU BOJU3M MOAcTaHnuu. Ecin
MoJHHA yaapuia B mpoBoaa JISII B HemocpeacTBeHHOH OIM30CTH OT MO/I-
CTaHIUU, IEPEKPHITUS JTUHEHHON H3OJISIIMA MOXKET HE MPOU3OUTH BCIE/-
CTBHE 3aIMTHOTO JCWCTBHUS 3alIMTHOTO amnmapara. [1o BOJHOBOMY coIpo-
THUBNIEHHIO TIPoBO10B JIDII mpu 3TOM OTBETBIISETCS UL HE3HAUNUTENbHAS
YacTh TOKA MOJIHUU U MpaKTH4e-

U,

CKH BE€Chb TOK MOJIHHH IIPOTCKACT .
BAX 3A1

yepe3 3alllUTHBIH aImnapar. Us [
pes 3aill P ’ BAX 3A2 |

Tox uepe3 3A penko mpe- ! |
BeIIaeT 5 kKA B cersax 110 u 220 ] |
kB, 8 kA B cetn 330 kB u 10-15
KA B cersx 500 u 750 kB. B yn-

POILLEHHBIX CXEMaX TOK 4Yepes 9 gty
0 Tt Is

HUX MOXCT OOCTUraThb CYIIECT-

. Puc. 9.3. HepaBHOMEpHOE pacnpee-
BEHHO Oonbliux 3HaueHuil. [Ipu p P pacripex

CTOMb  BEICOKHX TOKAX OCTAIO- JIEHUE TOKA B MAPAJUIENHLHO BKITIO-
YCHHBIX pa3psaaAHUKaxX
meecs HANpsHDKCHUE 3alUTHOTO
anmapaTta OKa3bIBacTCs BBINIC JOMYCTUMOTO TpeeNa, W H3OJSAIMUS MOJ-
CTaHIIMM MOXET OBITh MOBpEeXIACHA. KpoMme TOro, Takke TOKH MOTYT ITO-
BpenuTh U caM 3A. Bcee 310 00ycroBirBaeT HE0OXOAUMOCTh OTPaHUYUTH B
cxeMax 0e3 3al[UIIEHHOI0 IOAXO0Ja TOK B IOJCTAHIIMOHHOM 3allATHOM
ammapare. JTO JIOCTUTaeTCs MOIKIIIOUEHHEM K CETH TOTOJHUTENBHBIX 3A,
OTBOJIIUX YaCTh TOKA BOJHEI B 36MJIFO IIOMHUMO ITOICTAHIIMOHHOTO 3A.
[MoaxitoueHe TONMOTHUTEIBHBIX 3aIIMTHBIX alllapaToB Ha MOJCTaH-
WU PSIIOM C OCHOBHBIM OBLTO ObI Manod(EeKTUBHBIM, OCKOJBKY JIaxe
HEOOJIBIIOE Pa3IYKe B BOJIBT-aMIICPHBIX XapaKTEPUCTUKAX, KaK MOKa3aHO

Ha puc. 9.3, IPHUBOAUT K PE3KO HEPABHOMEPHOMY PACIPEACICHHIO TOKOB

171



mexay 3A. Kpome Toro, npu OJIM3KOM PaclooKEeHUH 3allUTHBIX ammmapa-
TOB cpa0aTbIBaHUE OJHOTO W3 HUX COIPOBOXKNACTCS CHIIKCHHUEM HAIpsi-
JKSHMSI, 3aTPYIHSIOIIMM CpadaThiBaHUE BTOPOTO 3A.
Uto6s! nononaUTENbHBIE 3A padoTanu 3¢ HeKTUBHO, WX MOJKITIOYa-
I0T OOBIYHO 32 OJUH—/BA IPOJIETa IO MOACTAaHLIUHU. DTO CO3JAET MOIBEM
HaNpsDKCHUS HA TIEPBOM 10 XOIy BOJHBI 3A, YTO MOBBIIIAET HAJICKHOCTD
ero cpabareiBanus. OOBIYHO B KA4ECTBE JOMOTHUTEIBHBIX 3aIlIUTHBIX all-
MapaToOB UCIIONB3YIOTCS aNIapaThl C XyALINMU XapaKTePUCTHKAMH.
[Ipumep pacmonoxeHus: pa3psaHU-

¢ I—y—@—»]
KOB B YHOPOLICHHOM BapUaHTC Ipo303a-
3A1 I 3a3  IIATHI TIOJICTAHIMK MIPUBEEH Ha puc. 9.4.
I £ 3an| + VipolieHHsle CXeMbl HMEIOT IBa CyIIle-
= CTBCHHBIX HCIO0CTATKa, CHMXKAIOIIWX Ha-

JIEKHOCTh TPO303AIUTHI 10 CPAaBHEHHIO C
8 3A4 TUMIOBBIMU CXeMaMH. Bo-TiepBBIX, MpH
= BOJIHaX C TOJOTHUM (POHTOM pa3HHUIlA B
Puc. 9.4. Yrpouiennas cxema HalpsDKEHUSIX B TOYKaX YCTAHOBKU 3A
TPO303alMThI OACTAHINI MOXKET CTaTh HEMOCTATOYHOM, M MEPBHIM
MOXET cpaboTaTh moACTaHIMOHHBIN 3A. OH 3aUTHT OT MPOOOS HE TOJb-
KO MOJICTAaHIIMOHHYIO M30JISLHUIO, HO ¥ yJIAJeHHBIA OT HEro JUHEUHbIN 3A,
U OrpaHUYEHHUS TOKa B IOJCTAaHIMOHHOM 3alllMTHOM ammapare He Mpo-
n3oier. Bo-BTOpBIX, OTCYTCTBUE 3aIUTHI MOJXOJO0B JETAET BO3MOXKHBIM
TPO30BBIE TTOPAKEHHS MPOJIETOB JIMHUHA MEXAY 3A, 9TO TaKK€ MOXKET TO-
BJIeUb NPOTEKaHHE OOJIBIINX TOKOB B MOACTAHIIMOHHOM 3A.

[Ipu BeIOOpE paccTOSIHHUS MEXIY 3allUTHBIMU allfapaTtaMi CIeayeT
YYUTBIBATh, YTO YPE3MEPHO OOJBIIIOE PACCTOSIHUE YBEIUIUBAET OMIACHOCTh
TOTNaJaHusl MOJTHUH B MPOJIETHI TUHUU MEXITY 3A, a MPU MaJlbIX PaccTos-
HUSIX BO3pacTaeT OMacHOCTh OTKa3a cpadaThIBaHUS JTMHEWHOTO 3alIUTHOTO
anmapara. PacueTsl MOKa3bIBalOT, YTO ONTHUMAJIbHBIE YCIOBUSI COOTBETCT-

BYIOT YJAJICHUIO 3alIUTHBIX anmnapaToB Ha pacctosHue 150-300 m.
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9.2. MOJIHUE3AIIUTA SJIEKTPUYECKUX MAIIWH

MonHue3amuTa MEKTPUIeCKUX MalliH (T€HepaTOPOB, CHHXPOHHBIX
KOMIIEHCATOPOB M BBICOKOBOJBTHBIX 3JIEKTPOJBHUraTeiei) HMMeEeT CBOU
0COOEHHOCTH:

a) YPOBEHbB JIEKTPUUECKON MPOYHOCTH U3OJISIMU Y MAIIUH, OBIBIINX
JUIMTENIFHOE BpeMs B JKCIUIyaTalldH, 3HAYUTEIBHO HIDKE, YeM Y JIPyroro
3JIEKTPOOOOPYIOBAHUS;

0) OTCYTCTBYIOT BeHTHJIbHBbIC paspsaHuku win OITH, xoTtopble
cMOrJH Obl 00€CTIEYUTh JOCTATOYHO BBICOKYIO HaJICKHOCTh 3aIUTHI TAKOU
U30JISIIMU OT IEePCHATIPSIKCHUS;

B) IPO30BbIC MOBPEKACHUS H30JISALUH MIEKTPUIECKAX MAIIUH BEChbMa
3HAYUTENIFHBI, TaK KaK 4epe3 MECTO Mpo0os M30JLILUU MAIIUHBI IPOIO0JI-
JKaeT MpOoTeKaTh aBapuiHBIA TOK 3a cueT DJIC ocTaTOYHOro HaMarHW4H-
BaHMS JaXKe MOCTE CHATUS BO30YKICHHS MAIIMHBI, OTKIIIOYEHHON OT CETH;

I') BBIXOJ U3 CTPOSI DJIEKTPHUECKUX MalIuH 00YCIIOBIHMBAET OOJBIION
SKOHOMHUYECKHH yiepO.

C y4eToM OTMEYEHHBIX OCOOEHHOCTEH I HaICKHOU TPO303aLTUTHI
9JIEKTPUYECKUX MALIMH MPUXOIUTCS HCIOJB30BaTh CIELHaJIbHbIE MEpO-
npusaTUs. B 4acTHOCTH, Ha OAX0/I€ JIMHUU YCTAaHABIUBAIOT JIOTIOJIHUTEIb-
HBIE Pa3pAIHUKH, OTBOISIINE YaCTh TOKAa HaOeraromei BOJHBI B 3€MIIIO U
CHIDKAIOIIME TaKUM 00pa30M MMITYJIbCHOE HampspkeHHe Ha mamuHe. Kpo-
Me TOT0, UCIOJIb3YETCs 3alIUTHOE JCHCTBUE KAOEIbHBIX BCTABOK HA IMOJ-
xoJax. YToObl CHU3UTH KPYTU3HY (DPOHTA UMITYJIBCOB NIEpEHANPSHKECHHHA Ha
3aKMMax MallMHbI, MapajUlelbHO C HEel MOJKII0YaloT KOHAEHCATOPHI.
CHIKEHHUIO KPYTH3HBI (PPOHTA CHOCOOCTBYIOT TakkKe (pUIepHBIE PEaKTO-
PBl, yCTAaHOBIICHHBIE JJISl OTPaHUYEHHUSI TOKOB KOPOTKOTO 3aMbIKaHHSI.

3amaya rpo303alIUThl HAMHOTO YIPOIIAETCS, €CIIU JJIEKTPHUYECcKas
MalllMHA TPUCOCTUHSICTCS K BO3AYIIHOW CETH HE HEMOCPEACTBEHHO, a ue-
pe3 tpaHnchopmatop. B aTom ciydae TpaHchopMaTop CyIIECTBEHHO Orpa-
HUYMBAET aMIUIUTYly ¥ KPYTH3HY UMITYJILCOB TPO30BBIX MEPEHAIPSKEHUN
Ha 3aKMMax MallluHEL.
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CxeMbl TpO303alIUThl JJICKTPUYCCKHUX MAIlIWH, HEIOCPEACTBCHHO

CBA3aHHBIX C BO3Z[y1].[HOﬁ CCThIO, 00BIYHO COICPIKAT KOMIUICKC CIIEAYIO-

mux 3amuTHBIX cpeactB: OITH wnm BEeHTUNBHBIN pa3psIHUK U MaJOWH-

JNYKTUBHBIA KOHJIEHCATOpP HA IIMHAX; 3AIIMIIEHHBIM MOAXO0J BO3AYLIHOM
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Puc. 9.5 CxeMbI rp0303aIUThI 3TEKTPUIECKUX
MalIUH, HEIOCPEICTBEHHO MOKIFOYCHHBIX K
BO3IYIIIHON CETH

nmuaun [, OITH nmm 3a-
IIUTHBIE ammapaTtbl Ha
MOJXO/I€ JIMHUHU; TOKOO-
TPaHUYMBAIONINNA peak-
TOp W KaOelbHas BCTaB-
ka (puc. 9.5).

3aluTHEIE  amma-
patel 3A3 (3Al), ycra-
HOBJICHHBIE 110 XOAY
IBIDKEHHUST BOJH T'PO30-
BBIX IIEpEHANPKCHUH,
MpeIHa3HAYCHBI I OT-
BOJIa YaCTH TOKAa BOJHBI
B 36MJIIO M OTPAaHUICHUS
toka B OIIH wunu Ben-
TUIBHOM  pa3psIHHKE,
YCTaHOBJICHHOM Ha
JNIEKTPUIECKON  MaIlH-
He. VX 3¢ ¢eKkTHBHOCTD
3aBUCHT OT BEIUYUHBI
CONPOTHBIICHUS  3a3EM-
JICHUST; JOCTATOYHAS IS
MPaKTUKA  HAJICKHOCTh
paboThl cxeMbl obecre-

yuBaercs npu R, < 10 Om. OntumanpHast JyIMHA 3aIIUIIEHHOTO MOAX0/1a

l, cocrapmsier 100—150 m. Jlnst 3amuThl MOAX01a OT MPSIMBIX YAapOB MOJI-

HUH UCTIOJIB3YIOTCS TPO303aliTHbIe Tpockl. PeakTop P B cxeme Ha puc. 9.5
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CraXHBaeT (PPOHT MUMIIyJIbCa MEPEHANPsDKCHUH HA IMUHAX, a TaKke 00-
JIeT9aeT YCIOBHS CpabaThIBaHUS 3alIUTHOTO ammapata 3A1.

Emxocts C Ha muHax npepHa3HaueHa TS JTMKBUIAIMH KOJIeOaTeNb-
HOM COCTaBJISIFOIICH HANpPsDKCHUs Ha 3aKuMax MamuHbl. OOBIYHO JUTH-
TENBHOCTH (PPOHTA MMITYJIbCA T4 FPO3OBBIX MEPEHANPSHKEHAN HA 3aKUMAax
MAaIlIMHBI 32 CYEeT MaJOMHIYKTHBHOW emkocTH C yBenmuuBaercs no 20—
50 mMkc.

[lokazarens HaJEKHOCTH CXEMBI TPO303AMIUTHl MAIIUHBI II0
puc. 9.5, a cocraBusier ~35 ner 6e3 yuera cpabaThIBaHUS pa3psaHUKA Ha
NPOTHUBOIIOJIOKHOM KOHIlE JIMHMKM HeOonbimoi mmubel (I, <1 —2 xm).
CpabaTbiBaHHE 3alIUTHBIX AaNlapaToB, yYCTAHOBJCHHBIX Ha MPOTHUBOIIO-
JIOXKHOM KOHIIE JIMHUH, 3HAYUTEIHFHO yIydIIaeT MOKa3aTeNlb Hale)KHOCTH:
B 3TOM CiIy4ae oH coctaBisieT ~70 JeT.

B cxeme, mokazaHHOW Ha puc. 9.5, 6, HOBBIM JIEMEHTOM SIBIISIETCS
KabebHasl BCTAaBKa, OT/CIIAIONIAS BO3AYIIHYIO JIUHHUIO OT IIUH C 3IEKTPH-
4yeckoil MammHON. Ee 3amuTHas poib HE OTpaHUYMBACTCS T0OaBICHHEM
JOTIOJTHUTENIFHOW €MKOCTH, CIIIaKHMBarolied BoiHy. KaOenbHas BcTaBka
CIly’)KUT UL OTBOJA 3HAUMTEIHFHON ITOJM TOKAa BOJHBI B 3€MIII0O TOMHMO
[IMHHOTO 3alIUTHOTO ammapaTa. DTO AOCTHTAeTCsl CIEAYIOMNM 00pa3oM.
IIpu cpabatsiBanuu 3A4 Ha BXoJe KaOeIbHOI BCTaBKH XkMja Kabems oka-
3BIBAETCS] COEIUHEHHOHN MapauieJIbHO C €ro 000JI0UKON (Yepe3 AUHaMuye-
ckoe conpotuBiieHue PB1). BenencTeue 00JbIION CKOPOCTH W3MEHEHHS
HaTpsDKEHUS BOJHBI €€ JBIDKEHHE M0 KaOeo COMpPOBOKIACTCS TTOSBICHH-
€M MOBEPXHOCTHOTO 3 dekTa. TOK BOIHBI BEITECHACTCS U3 XKHUIIBI HA 000-
JIOYKY KaOesisi, IMEIOIIYI0 KOHTAKT C 3eMJIeH, B YXOIUT B 3EMJI0, MUHYS
[IMHBI TIOJICTAHIIHY.

JocTarouHas UIsi IPaKTHKH HAaJEKHOCTh TpeOyeT, YTOOkI IIHHA Ka-
OenmpHOM BcTaBKU [, coctaBisia He MeHee 300 M, a 3alIUIIEHHOTO BO3-
IYIIHOTO Moaxoaa — He MeHee ly; = [, (He menee 100 m). [Ipu 3TOM CO-
MPOTHUBJICHUS 3a3eMieHust R,;, R;y, R;3 W HE [OIDKHO MpEBHIIATh S5—
10 Om. CornacHo HcCIeOBaHISIM, IOKA3aTeNb HAIe)KHOCTH TPO303aIIUTHI
no cxeme puc. 9.5, 6, cocraBisieT He meHee 20 JieT.
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Ha mnpakTuke 3adacTyr0 NPUMEHSETCS CXeMa, I0Ka3aHHas Ha
puc. 9.5, 8, comepxariiasi 0IHOBPEMEHHO TOKOOIPAaHUYHBAIOLIHUI PEAKTOP U
KabenbHyI0 BcTaBKy. [Ipu 3TOM 00ecreYrBaeTCsl HAuBbICIIAS HAJISKHOCTh
IPO303AIIHUTHl ANEKTPUUECKUX MAIIWH, TajJbBaHHYECKU CBS3aHHBIX C BO3-
IymHOM ceThio (mopsaka 100 ner), ecnu nvHa kadens [, He meree 50 M, a
conpoTtuBieHue 3a3emiieHust 3A3 — He Oonee 5 Om.

W3 Bcex cxeM Trpo303alIUThHI NEKTPHUCCKUX MAIIUH HAaWMEHBIICH
HAJIXKHOCTHIO 00JIaJal0T CXEMBI, IIOKa3aHHbIe Ha puc. 9.5, 2, Koraa Mamu-
Ha HEMOCPEICTBEHHO MOAKIIYeHA K BO3LyIIHON ceTH. OHa COEPKUT He-
CKOJIBKO KOMIUIEKTOB 3alIUTHBIX alllapaToB, YCTAHOBJICHHBIX Ha MOIXO/E
mHo# [, = 300 — 600 m.

Konumponwvnsie onpocut

1. Yro Takoe KpuBas OMACHBIX BOJH JUIS AJIEKTPOOOOPYIOBAaHUS U
MOJICTAHIINH B LIEJIOM?

2. C momoupl0 KakuX CpEACTB OCYIIECTBISETCS MOJIHUE3aIUTa
TIOACTAHIINI OT MPSIMBIX YJIaPOB MOJTHUU?

3. Kak ocymiecTBiseTcss MOJTHUE3alIUTa IMOACTAHIIUI OT BOJH, Habe-
TaloUUX C JTUHUI?

4. Kimaccuumupyiite KpUTEPHH MOJHUE3AIUTHI TOJCTAHIMHA BBICO-
KOTO HalpsDKCHUS.

5. Kak opraHusyercs 3amuTa MOACTAHIMA OT OOpaTHBIX MEepEeKpHI-
THIA?

10. BO3JAENCTBUS NEPEHAIIPSI)KEHUM
HA U30JISILUIO DJIEKTPOYCTAHOBOK

HeoOxomiMo y9uTeIBaTh, YTO MEPEHANPSDKEHUS, BOSHUKAIOIINE B pe-
QITBHBIX DJIEKTPUIECKUAX CETSIX, 00JaNaloT IIMPOKUM CIIEKTPOM aMILTUATY,
YacTOT W JUIUTENHOCTU. [ MpaBHIBHOTO MOHMMAHHS PEAKIMH H30JISLUH
Ha TIPUIOKEHHOE HAIpPSIKEHUE CIEeIyeT, NMPekAe BCEero, pacCMOTpeTbh U
omnucaTh pe3yJIbTaThl BO3IEHCTBUS 3aaHHOIO MMITYJIbCHOI'O HAlpsDKEHHS C
3a7aHHBIMH NTapameTpamu. CBOMCTBA M3OJSILMU MPU BO3AEUCTBUM UMITYJIbC-
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HOT'O HANPSDKCHHS C Pa3IMYHON aMIUIMTYIOW M Pa3IMIHOMN JTUTEIHLHOCTHIO
OITHCBHIBAIOTCS OOBIYHO C IIOMOIIIBIO BOJIBT-CEKYHIHBIX XaPAKTEPUCTHK.

BosnelicTBre nepeHanpsbKeHHH MOXKET ObITh 00Jiee CIIOKHBIM B Qu-
3U4ecKoM IaHe. Tak, efMHIYHOE MepeHaNpsHKEHUE MOXKET He IIPUBECTH K
po0ok0, KOTOPBIA HACTYMAET MOCIe HECKOIBKUX TMepeHanpsbkeHuil. B psme
CITy4aeB TIepeHAaNPsDKEHIE SIBJISIETCS CITYCKOBBIM MEXaHU3MOM U KaTalnu3aro-
POM JpPYTHX MPOLECCOB, KOTOPBIE BO3JCHCTBYIOT Ha pa3BUTHE AE()EKTOB U
CTapEeHUE U30JISIIUH.

10.1. BO3JAEMCTBUE UMITYJIbCHBIX IIEPEHAIIPSKEHU
HA T'A30BY1O N30JIA0UIO JIEKTPHYECKHUX AIIITAPATOB

B o0mem ciydae BOJIBT-CEKYHIHBIC XapaKTEPHCTHKU MPEICTABISIIOT
c000if 3aBUCHIMOCTD HANPSDKCHUS MPOO0S H3OISIIHOHHOTO IIPOMEXKYTKA OT
JUIUTEIBHOCTH MPUIOKEHHOTO0 HAIPSDKEHUS. DTa 3aBUCUMOCTb BO3HMKAET
MOTOMY, YTO Pa3BUTHE DJIEKTPHUUYECKOTO MPOOO0sI B H3OIALMOHHOM IpOMeE-
JKYTKE, KaK U BCSKHM JIpyroil gpusndeckuii mpouecc, IMEeT OrpaHuueHHYIO
CKOPOCTh M TpeOyeT omnpeaeiéHHOro BpeMeHu. [1po6oii He MOXKeT BO3HUK-
HYTb, €CIM UMILYJIbC MPUIOKEHHOTO HANpPsDKEHUS 3aKaHYMBAETCS PaHbILE,
YeM B IIPOMEXYTKE BO3HUKHET MPOBOIAIIMM KaHaJl HMOHM30BAaHHOIO rasa.
CKopoCTh pa3BHUTHS pa3psijia CYIECTBEHHO 3aBUCHT OT PA3JIMYHBIX BHEUITHHX
YCIIOBUH, B MEPBYIO O4Yepelb, OT COCTaBa M3OJUPYIOLIEH cpeabl, OT MpH-
JIO)KEHHOW Pa3HOCTH MOTEHIHAJIOB U OT PacIpeleieHus: dJIEKTPUYECKOro
noJyii B npoMexyTtke. Ha mpakTtuke 3TH mokasarenu B3auMmocBs3aHbl. Ha-
IpuUMep, UCIIOIB30BaHNE aTMOC(HEPHOTO BO3IyXa B KAa4eCTBE H3OIUPYIO-
e cpeapl B TMHUSX dekTponepenaun u OPY Bcerna cBsi3aHO ¢ CUIIBHO He-
OJTHOPOJIHBIM pacrpeiefieHUeM 3JIEKTPUYECKOTO TMOJIsA, KOTJa MaKCUMallbHas
HanpspKEHHOCTh Ha BBICOKOBOJBTHOM 3jiekTpone B 30-50 pa3 Oosblie
CpelHel BEeIMYMHBI BHYTPU H30JIMPYIOIIErO MPOMEXKYTKa, a JUIMHA W30JIHU-
PYIOLIETO MPOMEXyTKa MoxeT ObiTh Oombire 10 M. C apyroit cTopoHsl,
NpUMEHEHHe »dJiera3a Ha MpakTHKE BCerja CBs3aHO C (opMHpOBaHHEM
ANIEKTPHIECKOTO TIOJIS CO C1ab0i HEOTHOPOTHOCTBIO, KOTIa MaKCUMAaTbHAsI
HanpsHKEHHOCTh TPEBOCXOINT CPEIHIOK He Oojiee, yeM B 4—5 pa3. Kpome
TOTO, 3JIera3 o0agaeT OONbIIEH MEKTPUIECKON IPOYHOCTHIO M UCTIONb3Y-
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eTcs, KaK MPaBUIIO, IPU MOBBIIIEHHOM IABJICHHWH, YTO MO3BOJISET COKpa-
TUTh Pa3MeEpbl U30JUPYIOIUX MPOMEXKYTKOB N0 JECSATKOB MUJUIUMETPOB.
OTH paznuuus NPUBOJAT K CYIIECTBEHHOW pa3HHUIIE B CKOPOCTH U JUIH-
TENBbHOCTH Pa3BUTHUS IPOOOS.

Du3nvecKue SBJICHUS, BOSHUKAIOIUE B U30JIUPYIOLIEM IIPOMEXKYTKE
npu npoboe, TO €CTh MEXaHU3M Pa3psAAa, TAaKkKe MOTYT U3MEHATHCS MpU
W3MEHEHNH JJIMHBI IPOMEXyTKa. B Bo3ayxe npu atMochepHOM JaBIeHUN
MpHU TMHAX TIPOMEXYTKOB OT 2—3 cM 110 2—3 M pa3psii pa3BUBAETCS B CO-
OTBETCTBUU C «IIPUMEPHBIM» MEXAHU3MOM CO CKOPOCTBIO, IO IIOPSAIKY BEIHU-
YUHBI MPUOTIDKAIOLIENcs K CKOpocTH cBeta. [Ipu yBenuueHuu JUIMHBI Mpo-
MEXYTKOB CBBIIIE 2—3 M pa3psi] NEPEeXOAUT B TUAEPHYIO (popMy, U CKOPOCTh
€ro pa3BUTH MHOTOKPaTHO YMEHbBIIIAETCs.

BBuay 00mbIIOT0 MpaKTHYECKOTO 3HAYCHHS CBOMCTB M3OJIHPYIOLIHX
IIPOMEXKYTKOB AJIs1 U3YUYEHUS] UMITYJIbCHON 3JIEKTPUUYECKON IIPOUYHOCTH Ia3o-
BOM M30JIIIMHM OBUTH BBIIOJHEHBI MHOTOUHCIICHHBIE HCCIIEIOBAHUS, IO3BO-
JIMBLLIKME, B YAaCTHOCTH, ONPEIENIUTh BOJBT-CEKYH/IHbIE XapaKTePUCTUKU
BO)XHEWIINX IPOMEXYTKOB. OOBIYHO BOJBT-CEKYHIHAS XapaKTEPHCTHKA
CTPOUTCS CIISAYIOIIAM 00pa3oM.

Ha 00BeKT momaroTcst HMITYIbCHl HANPSDKEHHSI OANHAKOBOH (hOpMHEI,
HO C pasHOW ammuuTyaoil. [lns oOpaboTKU pe3ysbTaToOB HCMOJb3YHOTCS
9KCTIEPUMEHTBI, IPUBOAIIHE K Tpodoto. [Ipu nmpobosix Ha (ppoHTE UMITYITH-
ca (UKCHPYIOTCS TOYKHM Hadaia cpe3a HalpsDKEHIS, a IPH IMPo0osX Ha cIia-
Il UMITyJIbca (PUKCHPYETCs MaKCUMaJIbHOE 3HAYCHUE HANPSHKCHUS. TakuM
o0pa3zoM, MOJy4yaeTcsi BOJBT-CEKyHAHAs XapaKTepHCTHUKA, JAromias MHpes-
CTaBJIEHHE O IPOOOE MpHU BO3AECHCTBUN UMITYJIHCOB OJHOM U TOM ke (hOpPMBI.

Kaxk nokazano Ha puc. 10.1, mosHOE BpeMst OT Hayajia UMITyJIbCca Ha-
TIPSDKSHUS 10 3aBEPIICHHS IPOO0S CKITABIBACTCS U3 TPEX COCTABIIONINX

to — BpeMs OT Havaja MMIyJbca A0 MOMEHTA, KOT[a HalpsiKeHHE
NIpPEBBILIAET KPUTHUUECKOE HaualbHOE 3HaueHue Uy;

ts — BpeMs OT MOMEHTa ()OPMHPOBAHUS CHIBHOTO, TOCTATOUYHOTO
JUIS1 MOHU3ALUK MOJIEKYJI Ta3a, JIEKTPUUECKOro M0JIS 10 MOMEHTa BO3HUKHO-
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BeHHs 3 (HEeKTHBHOTO HAYaIbHOTO 3JEKTpOHA. Bpewmst t; Ha3bIBalOT Bpeme-
HEM CTaTUCTHUYECKOT'O 3ama3/IbIBaHus;

t, — BpeMs (hOpMHPOBaHUS pa3psa, 3aBUCHIIEE OT ero Buaa. [Ipu
CTPUMEPHOM pa3psifie BpeMs t, CKIIBIBACTCS U3 BpeMeHH (POPMUPOBAHHUS
CTPUMEPHOTO KaHala ¥ BpeMeHH (OPMHPOBAHUS UCKPOBOTO KaHaa, KOTO-
PBIM 9acTO MOXHO IpeHeOpeub. [Ipu muaepHOM KaHae H00aBIsIeTCs emé
BpeMsi pOPMHUPOBAHHMSI JIHIEPA C OTHOCHTEIBHO OOJIBIITUM Pa3dpOCOM.

uh 1. kB \ 260 wn
=
1300 \ SNEC)
1200 g N
A .r
11004 "}.\
A ; N l U+
Uoj—— - 1000 N
2,510
Q00
- % .
B A o ..._‘. ” 800 .
0% 100 7 S 1.510°TIa
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700 B . I
Lty ts < B ,yl_ro_
60
ty o1 2 3 4t
Puc. 10.1. Ucmons3oBanue 00beMHO- Puc. 10.2. PaccuutanHbie 1 U3Me-
BPEMEHHOTI'0 3aKOHA U KPUTEPHS PEHHBIC BOJIBT-CEKYH/IHBIC XapakK-
Kunpma 11t mocTpoeHus! BOJBT- TEPUCTHKH POMEXKYTKA C 3Jera-
CEeKyHIHOM XapaKTEePUCTHKA 30M IIPH TPO30BHIX UMITYJIbCAX

Ha puc. 10.2 moka3aHsl TUIMHUYHBIE BOJIBT-CEKYH/IHbIE XapaKTEPUCTHU-
KU, TIOJTYUYCHHBIC JId MPOMEKYTKa B 3JIEra3c IMpU I'pO30BbIX UMITYJIbCaXx.
[Tockonbky Bpems 3ama3fpiBaHus t; U BpeMs (HOpMHpPOBaHUS paspsiza t,
00J1afal0T CTATHCTUYECKUM pa3dpoCcoM, TO BOJIBT-CEKYHIHBIC XapaKTePHUCTHU-
KU TIPEJICTaBIIIOT CO00 00sacTH, Kak 310 BUIHO Ha puc. 10.2. HmwkHsas rpa-
HUITa 00JaCTH SABISIETCS BOJBT-CEKYHIHON XapakrepucTrkoii 0 %-Horo pas-
psnaoro HanpsbkeHust (Uyy,), a Bepxusas — 100 %-voro (Upgge,). Tak kak
JUTS TIONTYYCHHUSI ATUX TPAHUIHBIX XapaKTEPUCTUK TPeOyeTcs O4eHb OOIb-
I0€ YHCJIO OMBITOB, TO, UCXOASA M3 MPAKTUYECKUX MOTPEOHOCTEH, 4acTo or-

panmauBatoTes 95 %-HpM (Uggo,) U 5 %-HbM (Uso,) paspsiIHbIME HampshKe-
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HUsIMH. HWDKHASA TpaHHIa pa3psAHBIX HAMPSHKEHUH UMEET 0COOEHHO 00JIb-
o€ 3Ha4eHHe IPH KOHCTPYUPOBAHUH W3OJLILIUH, TaK KaK UMEHHO OHA IIO-
3BOJISICT TIPEIOTBPATUTH MPOOOH ¢ 3aIaHHOW BEPOSTHOCTHIO (HJIH, YTO TOXE,
JIOITYCTUTH BO3HUKHOBEHHE ITPO00S € 3aaHHON MaJION BEPOSTHOCTBIO).

BunHo, 4TO ¢ yMEHBIIEHHEM JUIMTEIFHOCTH HUMITYJIBCHOTO BO3ICH-
CTBUSl HANpsDKEHHE, HeO0OXOJMMOe Ul NMPOo0O0si M30JIMPYIOLIEro MpoMe-
JKYTKa, Bo3pacTaeT. ITo 00IIas, TeHepaibHasi B3aUMOCBSI3b MEXITy Harpsi-
YKCHHEM MPo0O0s U UTMTEIHHOCTHIO BO3/ICHCTBIS, CBOMCTBEHHAS BCEM BHAAM
m3omimn. Ha He€, omHako, HAKJIaBIBAIOTCS CIEIM(UUECKHE CBOMCTBA pa3-
JIMYHBIX W30JAILMOHHBIX CHUCTEM, Oylarojaps 4eMy MEHsSEeTCs YpOBEHb Ha-
MpsDKEHUs. TPOOO0S U CTENEHb €0 3aBUCHMOCTH OT AJMTEIBHOCTH BO3JEHCT-
Bus. Hanpumep, ot [umHHEBIX (Oostee 3—5 M) BO3MYIIHBIX MPOMEXKYTKOB Xa-
PaKTEpHO CYNIECTBOBAHME MHUHHMYyMa JJICKTPHUECKONH HMPOYHOCTH IPH KOM-
MYTAIMOHHBIX TEePEHANpPSHKEHUAX ¢ AMMHOM (ponTa 50-300 MKc, uTO CBsI3a-
HO C YCJIOBUSIMHM HaKOIUICHHUs 0OBEMHOTO 3apsiia B IPOMEKYTKE Ha CTaIH-
SIX, HETIOCPEICTBEHHO MPEIIIECTBYIOMUX MPOOOIO.

Bo MHOruX cinyyasx pacnpelerneHue pas3psaHbIX HalpsHKeHUH orpe-
JIeNIeTCs HOPMAaIbHBIM (TayCCOBCKHIM) 3aKOHOM. B CBSI3M ¢ 3TUM BEpXHSA
U HIDKHAS TPAHWLBI Pa3psiIHBIX HANPsDKCHHH YacTo XapaKTepU3yITCs
TPEXKPATHBIM 3HAYEHHUEM CPEIHEKBAJPAaTUYHOIO OTKJIOHEHHUS HampsKe-
HUS OT CPEJHEro 3HauUeHUsI.

Pazpsnapie HanpsHDKEHUS 3aBHCAT OT (DOPMBI MMITYJIbCA IIPHIIOKEH-
HOTO HaNpsDKEHUs, TOATOMY NpUBEIEeHHBIE HA pUC. 10.2 BOMbT-CEKyHIHBIC
XapaKTEPUCTUKU BEPHBI TOJBKO NMPHU OJHOU (hopMe MMITYJIBCOB: IpPHU pas-
JUYHBIX (pOopMax UMIIYJIbCOB IMOJIyYalOTCS Pa3iIMyHbIE BOJIBT-CEKYyHIHBIE
XapaKTEPUCTUKH.

Ha pwuc. 10.3 moka3aHo cXxeMaTHyeckoe H300paKeHHE BOJIBT-
CEKYHJHBIX XapaKTEPUCTHK H30JIHMPYIOMIHUX NPOMEXYTKOB B 3JIerase, BO3-
Iyxe ¥ B OyMa)KHO-MaclsSTHOM H30JSIHHU. BONbT-ceKyHIHAsT XapaKTepu-
CTHKA JIMHHOTO BO3AYIIHOTO NPOMEXYTKA B YCIOBHUSX BO3HUKHOBEHUS
JMUIEPHOW (OPMBEI paspsiia UMEeT XapaKTepHBI MHUHHMYM B OOJIACTH
KOMMYTaIlMOHHBIX TepeHanpspkeHnid. B ameraze B c1abOHEOTHOPOIHOM
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3NEKTPUUIECKOM I10JIE YCIIOBHSI Pa3BUTUS CTPUMEPOB OoJiee OMaronpusiTHEI,
YeM B BO3/1yX€ B YCIOBHIX CHIIBHO HEOAHOPOAHOTO noJs. [loaToMy BOJbT-
CEKYHJIHbI€ XapaKTEPUCTUKHU 3JIEra30BbIX YCTPOMCTB MpPU BPEMEHHU BO3-
neiicteus t < 10* ¢ mpoxonar neBee, YeM XapaKTEPUCTUKM BO3IYIIHBIX
IIPOMEXYTKOB. DTO 03HAYAET, YTO INPOCTEUIINE BO3LYIIHBIE IPOMEKYTKH
HEJIb3s MCIIONIb30BaTh B KAYE€CTBE 3aLUTHBIX JUIS JIETa30BbIX YCTPOMCTB.
IIpu gOCTaTOYHO KPYTOM HMMITYJIbCE NEPEHANPSIKEHUs Pas3psiji B dJerase
MIPOU30MAET paHblIe, YEM B

U
Bozayxe. [lpaBunpHOE CcCoO- N
YETaHUE HANpPsUKEHHS Cpa-
yaili i
OaTbIBaHMs 3alUTHBIX pa3- p— ,'
\'%-___'_
SITHAKOB U YpOBHEH H30-
psan yp I II m v
JIAUU KaXIO0ro yCTPOUCT-
o2 1 3 i i i 1 1 1 i 1
Ba C y4€TOM IIPOCTPAHCT- 107 109 1072 1 1\ 107 12
BCHHO-BPCMCHHOTO  Ppa3sBU- Py, 1(.3. CxeMaTHUECKOE MPEICTaBICHAE
TasA TepeHanpsuKEHAH BOJIBT-CEKYHIHBIX XapaKTEPUCTHUK B DJIEra3e
npencTaBiIsieT coOol 3ama- (1) v BO3JyXE NP MAJIbIX PACCTOSHUAX MEXK-
4y KOOpAUHAINU HU30JIALUU Iy 3JIEKTPOJaMu (CTPUMEPHBIH pa3psin), B
armaparoB U CETH. BO3IyXe MPH OOJIBIINX PACCTOSHUSX (JIUaep-
BonbT-cekyHmHas xa-  HbIHA paspsin) (2) 1 B OyMaKHO-MACIAHON U30-
paKTepucTHKa ~ OymaxHo-  UILWMH € y4ETOM CTapeHus (3); I —rpo3oBslie
MACIISHOH M30/IALMH TIOKa- nepeHanpspkeHus; || — kommyTrannoHHble

.. .. nepenanpspkenvst; [ — mmuTtensHbIe TIepe-
3aHa C y4E€TOM €€ CTapeHUS

IpH NIMTEISHOM HpHIO- HanpspkeHust; [V — paboune HanpspkeHUs
YKCHUH HaIPsOKCHUS.

B ToM ciyuae, eciii K U30JISILHAE MHOTOKPATHO (1 pa3) MPUKIAIbIBa-
IOTCSI OIMHAKOBBIE UMITYJIbChI BHICOKOTO HAMPSKEHUS, U B HEKOTOPBIX U3
9THX OIIBITOB NMPOMCXOMUT HPOOOi, MOKHO OLIEHHTH BEPOSTHOCTH IPOOOS
KaK OTHOIIEHHE YKcia MPoO0eB M K MOJTHOMY YHUCIY BBITOJHEHHBIX OIBI-
TOB: pAm/n. 3aBUCUMOCTb 3TOH BEPOSITHOCTH OT aMILUIUTY/Ibl UMITYJIbCHO-
ro HanpsbkeHus U, HazpiBaeTcs QyHKuuei s¢pdexra. Oynknus sddexra
UCTIONb3yeTCsl, KaK NMPaBUIIO, Ul OMUCAHUS CaMOBOCCTaHABIMBAOLIEHCS
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U30JISIIUY, TIOCKOJIBKY UMEHHO B 3TOM ciiydae 3aBUcUMocThb P (U,,) MOXHO

OTHOCHTEIILHO MPOCTO MOJIyYHUTh B Pe3yJIbTaTe dKCIEepHUMeHTa. XapaKrep-

HBIH BuA QyHKIMHK 3¢ dexra mokasad Ha puc. 10.4.

.00
oy

0.80

0,40

0,20

0.16

0

Unmex

800

1000 Uos

1200

1400

1600 xB

Puc. 10.4. 3aBHCHMOCTD BEPOSTHOCTH HMEPEKPHI-

TUS BO3AYIIHOTO MPOMEKYTKA JUTUHON 3 M OT

AMIUIMTY bl UMITYJIbCA KOMMYTAIIMOHHOTO IIEpe-

HaTpsDKEHHS € [UINTETIFHOCTRIO ()pOHTA

75 = 2800 MKc

B cuty Quzmue-
CKUX CBOWCTB TIa30BOH
W30JILIUM  BEPOSITHOCTh
mpobosi Bcerma paBHA
HYJII0O TpU aMIUIATY]e
MPUJIOKEHHOTO Hampsi-
JKCHHSI, MEHBIIIEH HEKO-
TOpPOTO MUHHUMAJIBHOTI'O
3Hauenust U,;,, U pas-
Ha EJWHUIE TPH aM-
IUIUTYAE, TPEBbIILIAIO-
el HEKOTOpOE MaKCH-
MaJIbHOE 3Ha4YEHUE
Unax- YpoBuu U, u
Unmax MOTYT OBITH OII-
peneneHsl U3 JKCIEepH-
MEHTa JIMIIb C HEKOTO-
pO¥ MOTrpEenIHOCThIO, 3a-
BHUCSIIEN OT KOJINYECTBA

BBITNIOJIHCHHBIX OIIBITOB. Cnez[yeT OTMECTUTDH, UTO I/IH(i)OpMaI_[I/IH O BCJIMYHUHC

Ujnin MIMeEET KpaiiHe BaXXKHOE 3HAUEHHUH MPU MEepexojie 0T €IUHUYHOTO U30-

JIAOUOHHOT'O IMPOMEXKYTKA K CIIOXKHOM CUCTEMC, COCTOSIIIEH U3 0OJIBIIIOTO

YHrciia IPpOMEXKYTKOB, IMOCKOJbKY IPHU 3TOM T00BIe U3MCHEHHUS (l)YHKLII/II/I

a¢ddekra orpaHmdeHsl ciea 3HaYeHUEM U,,,;,, ¥ TIPU JFOOOM YHCIIE TIPpOMe-

JKYTKOB TpoOO#i TIpH YpOBHE HANpPsDKEHHST, MEHbIIEM U,y ;,,, TPUHINAITHAIb-

HO HeBo3MOkeH. OueBnaHO, uTo BenuunHa Ui, HE MOXKET OBITH MEHBIIE

HAaIpsDKEHHS Haualla KOPOHHOTO pas3psija.

Ha ¢ynkumu 3¢ dexra 00bIYHO BBIACISIOT TO 3HAUEHUE aMILIUTYIbI

MPUJIOKCHHOTO HAIIPSXKCHUS Um, KOTOPOE€ COOTBCTCTBYCT BCPOATHOCTHU
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npo6ost, pasHoit 0,5. Ero HaszpiBatoT 50 %-HpIM HampsbkeHHEM Npobost U
obo3HavaroT 00bHO Ups M Usgg,. Kak mokasplBaroT MHOrOYMCIICHHBIE
SKCIICPUMEHTBI, I BHEIIHEH M30JALUH (B TOM YHCIE, U Ipodoe BIOJb
MOBEPXHOCTH 3arpsi3HEHHBIX HM30JATOPOB B CYXOM M B YBJIQ)KHEHHOM CO-
crostHun) QyHKIUS 3ddexTa H30MUPYIONHMX TPOMEKYTKOB B BO3IyXe MPH
aTMOC(EepHOM JaBJICHHH MOKET OBITh AIMPOKCUMHpOBaHa (PyHKIMEH HOp-
MaJIBHOTO PacTpeeIeHusI CITyJalHbIX BETHIHH

Um
1 (U — Usgyy)?
P(U,) =—— ——— | dU, 10.1

r7e 0 — 9T0 K03(D(HUIMEHT, XapaKTepU3YIOMUi KpyTU3HY QYHKIHH dhdek-
Ta, Jajnee Ha3bIBaeMbI CTaHAAPTOM KpuBOH sddekTa. [Ipn anmpoxcumarmmn
¢byHKIN 3¢ dexTa QyHKIHEH HOPMAIBHOTO paclpe/eIeHHs CIyJaiHbIX Be-
mrauH 1o dopmyite (10.1) 50 %-noe Hanpspkenue mpobost Usge,, 3aMeHseT
MAaTeMaTUYeCKOe OXKUIAHUE CIyYalHOW BEJIMYHMHBI, a CTAaHAApT KPUBOU
3¢ dexTa o 3aMeHsIeT CPEeIHEKBAAPATHIECKOE OTKIOHEHUE CITyJaitHOH Be-
mmauHbl. [1o3ToMy, B COOTBETCTBHH CO CBOMCTBaMH (DYHKLIHH paclpene-
JICHUSI CIIy4alHbIX BEJIMYMH, CTaHAAPT KPUBOU d(dexra MOoKeT ObITh YUC-
JICHHO OIpeaenéH Kak pa3sHOCTh HANPSHKEHUH, COOTBETCTBYIOIIUX BEPOSIT-
HocTH 11podost 50 % u 16 %:
0 = Usoy, — Usey:

Jus ompenenenus napamerpoB GyHKIMU 3¢ddeKrTa 1o pe3yibpraTaM
9KCIEPUMEHTA CYIIECTBYET HECKOJIBKO CIIOCOOOB, B TOM YMCIIE, C HUCIOIb-
30BaHMEM BEPOSITHOCTHON OyMars HOpMaJIbHOTO PacIpeieeH s, [0 METOAY
«BBEPX-BHU3» H JIP.

[Ipu ucnonp3oBanuu anmpokcumarwu (10.1) HEoOXOAMMO YYHTHI-
BaTh, UTO (PYHKIIMS HOPMAIBHOTO paclpe/iesieHus ONpeieiieHa Ha BCeil un-
CJIOBOM OCH, TO €CTb HE UMEET OrpaHUueHUM, aHAIOTUYHBIX Upyin U Uppay
i QyHKIMU ¢ dexTa. DT0 03HAYaeT, YTO HA TPaHMIAX JHANa30HA POCTa
¢byaknuu 3¢dekra ammpokcumanus (10.1) o0s3aTenbHO CTAaHOBUTCS He-
MIPaBOMEPHOH. DTO OTpaHWYEHUE HOCHUT NMPUHIUMHAIBHBIA XapakTep, Io-
CKOJIBKY TIPH HU3KHX HAMPSDKEHUSAX OHO CBS3aHO C HEBO3MOXKHOCTBIO IIPO-
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005 IpU OTCYTCTBUH KaKUX-JTHMOO MOHW3ALMOHHBIX SIBJICHUM, a TIPH BBICO-
KAX HANpsDKCHUSIX — C HaONI0JaeMbIM pa3pyIleHHEM JI000TO H30JIH-
PYIOIIEro YCTPOUCTBA B JOCTATOYHO CHIIBHOM DIIEKTPUIECKOM IOJIE.

MHOTrOKpaTHBIE MMPOBEPKU COOTBETCTBUsI QyHKIMU dddekra u HOp-
MaJIbHOTO Paclpe/ieNeH sl CIyqaifHOi BETHYMHBI OKa3alIM, 4TO B Ipere-
1ax ot Usgy, — 30 110 Usgg, + 30 COOTBETCTBHE yIOBIETBOPUTENIBLHOE, O/~
Hako ucrnoib3oBanue Qopmyinsr (10.1) 3a mpenenaMyu yka3aHHOTO auara-
30Ha MOXKET IPUBECTH K OECCMBICTICHHBIM, IPOTHBOPEYAIINM (HPU3NIECKOM
CYTH HaOJIIOTaeMBIX SIBIICHUH, pe3yJIbTaTaM.

B kadectBe mpumepa noctpoenus QpyHkuuu dddexra mo pesynbTa-
TaM 3KCIIEPUMEHTOB MOXKHO INpuBecTH puc. 10.4, Ha KOTOpOM MOKa3zaHa
3aBHCUMOCTD BEPOSTHOCTH IEPEKPBITUS BO3IYIIHOTO IPOMEXYTKA [UTHHOU
3 M OT aMIUTATY/Ibl UMITYJIbCAa KOMMYTAIIIOHHOTO TIEPEHANIPSHKCHUS C -
TeNbHOCTHIO (hpoHTa 2800 MKC. DKCIIEPUMEHT, B X0/ie¢ KOTOPOTO OBLIO BHI-
TOJIHEHO TISITh CEpHil 1o

¥ o\ 25 ONBITOB B KaXKIOW,

00y MO3BOJMI  TOJYYHUTh
1250 \;.X 2 IISITh OLICHOK BEPOSITHO-
\‘t\ CTH MPO0O0sI, YKa3aHHBIX

1000 5 Ha puc. 10.4. Anmpok-
255 : Ty CUMMpYIOIIas  KpHuBas,
1 2 5 10 20 350 100 200 500nkcek COOTBETCTBYIOIIIAS

Puc. 10.5. 3aBucumoctu 50 %-HBIX pa3psIHBIX bopmyne (10.1), mpo-

HaNPsHKEHUH BO3AYIIHBIX IPOMEXKYTKOB OT JUIH-
BECHA 110 3KCIICPUMCH-

HBI (PPOHTA UMITYJIbCA; | — CTEpPIKEHb—

TajJbHBIM TOYKaM 10
IJIOCKOCTh, S = 3 M; 2 — CTEepP>KeHb—CTEPIKEHb,

METOAY  HaMMEHBIINX
S=25m

KBaJIpaToB.

Kak u B cimydae ¢ BOJNBT-CEKyHIHBIMH XapaKTEPUCTHKAMU, (DyHKINS
s dekra 3aBUCUT OT (POPMBI M UTUTEIHLHOCTH HCIIOJIBb3YEMBIX UMITYJIHCOB
HanpspkeHus. CTeneHp JSTOW 3aBUCHUMOCTH  II03BOJISIET  YCTaHOBUTH
puc. 10.5. Ha puc. 10.5 npuBeneHsl 3aBUCUMOCTH YCPETHEHHBIX 3HAUCHUN
HaNpsDKEHUS 1PO00s, TO €CTh NMPH HMITYJIbCHBIX BO3ICHCTBHAX HNMEHHO
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50 %-uple HampspkeHus npoOost Usgo,. Hampumep, kak mokazaHo Ha
puc. 10.5, npu n3MeHeHnH AIMHBI PPOHTA MUMITyJbca OT 1 MKC 10 50 MKC
50 %-Hoe HampspKeHHE MPOo00sT B BO3MYIIHOM IIPOMEKYTKE «CTEPIKEHB—
IJIOCKOCTHY JTHHOU 3 M ymeHnbinaetcs oT 1,6 MB 10 0,95 MB, To ecTth Ha
40 %. 910 o3Hauvaet, 4To rpaduk ¢pyHkuuu 3¢ddexra Oyner cMeme Ha Ta-
KYIO %K€ BEJIMYUHY BJI€BO. [Ipy M3MeHEHHH (OPMBI UMITyJIbCa MEHSIOTCS U
Ipyrue xapakrepucTuku (yHkuuu s¢dexra. Hampumep, mapamerp v B
MIPOMEKYTKE «CTEPIKEHb—IUIOCKOCTH B BO3IYXE ISl IMITYJIECOB TPO30BBIX
nepeHanpspkeHnii Mensiercs B auamnasone, (0,01-0,02)Usqo,, B TO Bpems
KaK JJIsl UMITYJIbCOB KOMMYTAIIHOHHBIX MEPEHANPSDKCHUN YBEIUYNBACTCS
10 (0,06-0,08)Usq,.

Ha nunHusx s1eKkTpornepeadn U Ha MOJICTAHIUIX BCETAa CYIIECTBYET
00JIBIIOE YHCIIO OJHOTHITHBIX U30JHPYIOMINX IPOMEXYTKOB, TPoO0il Kax-
JIOTO M3 KOTOPBIX PaBHOCHIICH MPOOOI0 JIMHUK FUTH MOJICTAHIINH B IIETIOM.
BeposTHOCTE TIp00Os ABYX U O0Jice U3OIUPYIOMIMX MPOMEKYTKOB B 3TOM
ClIyyae MOXKET OBITh 3HAYUTEIBLHO OOJIBILE, YEM BEPOSITHOCTh PO00st e1u-
HUYHOTO TIPOMEXKYTKA. DTO 0OCTOATEIECTBO HEOOXOAUMO YUHTHIBATH MIPU
obOecrnieueHUH HaIEKHOM paOOThI JIMHUAHN ¥ ITOICTAHITHH.

Ecnu nmomyctuTh, 4TO BCE ONHOTUIIHBIE MPOMEXYTKU (HAIpUMeEp,
IPOMEXYTKH BJIOJIb TOBEPXHOCTH ONOPHBIX HM30JIATOPOB) MMEIOT COBEp-
[ICHHO OJMHAKOBBIC XapPAaKTEPHCTHKHU JJIEKTPHUCCKON MPOYHOCTH, TO Ha
OCHOBaHUH (HOPMYII TEOPUH BEPOSITHOCTEH MOYKHO HOIYYUTH MPOCTHIC H3-
BECTHBIC COOTHOIICHUS MEXKAY XapaKTEPUCTHKAMHU JIIEKTPUICCKOM mpod-
HOCTH OTHCIHHOTO IPOMEXKYTKA M CIIOKHON CHCTEMON IMPOMEKYTKOB B
L[EJIOM.

[TycTh BepoSATHOCTH MPOOOS SAMHUYHOTO MPOMEXKYTKA MPHU BO3ICH-
CTBUHM HMITyJIbCa MEpEeHANpPsHDKeHUs ¢ amruatyaoi U, pasna P;(U,,). B
9TOM CiIy4ae OTCYTCTBHE IPOOOS STOTO MPOMEXKYTKA MPOU30HAET C BEpo-
sitHOCTBIO 1 — Py (U,y,). TIockoJIbKy COOBITHS, 3aKITFOYAONIHECS B OTCYTCT-
BUH NPOOOEB KAKIOT0 U3 BKIIFOUYCHHBIX MAPAJUICIBHO H30JIUPYIONIUX TPO-
MEKXYTKOB, COBEPIICHHO HE3aBUCHMEI (B CHIIYy TOTO, YTO MPOMEIKYTKHU MPU
OTCYTCTBHH NPOOOST HUKAK HE BIHAIOT JAPYT HA APYra), BEPOSTHOCTH OT-
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CYTCTBHs MPO0Osi BCEl CHUCTEMBI OyIET paBHA MPOHM3BEICHHIO BEPOSTHO-
CTel OTCYTCTBHUS MPOOOEB KaXKIOTO U3 BCEX MTPOMEKYTKOB
1-PUn =[1-PUn) ], (10.2)

TJle N — YKCJIO TMapauIesIbHO BKIIFOUEHHBIX MPOMexyTkoB, P,(U,,) — Be-
POSITHOCTH TPOOOST CHUCTEMBI B IEJIOM. TakuMm o00pa3oM, BEpPOSTHOCTH
P,(Up) =1—-[1-P,(Up) ™

PacknagpiBasi moiydeHHOE BbIpakeHHe 1Mo (popmyne 6mHoma Hero-
TOHA TI0CJIe TPe0Opa30BaHUM MOTydaeM

n—1 n—-1Mn-2)
AU+

Pn(Um) == Pl(Um)-
HOCJ‘ICI[Hee HpH6HH}KéHHOC paBeHCTBO CHpaBe,HJ'II/IBO HpI/I MaJIbIX BEC-

Pn(Um) =nP1(Um) [1— Plz(Um)—"'];

positHocTsix P; (U,,) < 1/n. Hanpumep, norpermHocTs He nipeBbicuT 10 %,
ecm P;(U,) £0,2/(n—10) = 0,2/n.

AN
1T
1]

7T e

4 3 2 -1 0 1 2 3

Puc. 10.6. 3aBucuMoCTH BEPOATHOCTH NMEPEKPHITHS COBOKYIHOCTH N U30JISALH-
OHHBIX KOHCTPYKIUH NOACTaHIUH P, OT BeIMYMHBI BO3JEHCTBYIOIIErO HAMPS-
sxenus mpu n = 1 (kpusas 1); n = 100 (kpuBas 2) u n = 500 (kpusas 3)

Ha puc. 10.6 npuBeneHbl pe3yabTaThl BBIYHCICHUH 1O (Qopmylie
(10.2) B Buae 3aBucumoctei P, (U,,) npu pasnuusbeix N. B cooTBeTcTBUU
CO CKa3aHHBIM BHIIIIE, 3T 3aBUCHUMOCTH SBISIOTCS (QYHKIHSIMH dPQeKTa
JUISL CHCTeM, OOBEIMHSIIONIMX PA3IMYHOE YHCIIO MapauIeIbHBIX TPOMEKYT-
koB. Kak BU/IHO, C pOCTOM YHCIIa IPOMEKYTKOB 1 TPAQUKH 3TUX (PYHKIHMH
CMEIIAIOTCS BJICBO U JIETIAI0TCS OJHOBPEMEHHO OoJiee KPYThIMU. DTO HPUBO-
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JIUT K yMEHbIIeHNIo napameTpa Usgy, W YMEHBIIEHHIO CTaHapTa KPUBOH 3¢-
¢ekra o. [Ipyn HEM3MEHHOM N YBEIMUYCHHUE YHCIIA TIPOMEKYTKOB IPHBOJIHT K
MHOTOKPAaTHOMY POCTY BEPOSITHOCTH IPOOOSL.

W3 cka3aHHOTO ClenyeT, 4TO OLCHHTh M3MEHEHHE XapaKTEPHCTHK
3JIEKTPUYECKON TMPOYHOCTH TPU BO3ACUCTBHUH TEpPEHAIPSIKEHUM, CBS3aH-
HOE C POCTOM YHCJa MapAIUICNBHBIX ITPOMEXYTKOB, MOKHO TOJBKO B TOM
Clly4ae, €CIIM U3BECTHBI MapaMeTphl KpUBOH 3 dekTa eTUHUIHOTO MPOMe-
KyTKa Usgy, 1 ¥ 0p. IIpu OTCYTCTBMM CBEICHMH O 07, PEKOMEHIALMAMU
MDOK npe1okeHO HCHOIIb30BaTh 3aBbilleHHOE 3HaYeHHE 07 = 0,06Usqq, 1.

[Ipumenenue Gopmynst (10.2) Tpebyer psga oroBopok. Bo-miepBbix,
KaK OTMEYaJIoCh BbIIIe, QYyHKIHA dPPEeKTa peaJbHOro MPOMEXyTKa 00s13a-
TEJBHO OTPaHMYCHA B O0JIACTH MAJbIX HANPSDKCHUN HEKOTOPHIM 3HAYCHH-
eM Upin, TIPE KOTOPOM BEPOSTHOCTH MPOOOS IENAeTCs PaBHOW HYJIIO.
®opmyna (10.2) HUKaK HEe YUYUTBIBAET 3TOTO OOCTOSTENLCTBA, B Pe3yJIbTaTe
9Yero IpH OYeHb OONBIINX N MMO3BOJSET BEIYUCIUTH HEKOTOPHIE HE HMEIO-
e (GU3NIECKOr0 CMBICIIa BEPOSITHOCTH TPO0O0s TIPH JIFOOBIX, CKOJIb YTOIHO
MaJIbIX HampsDKeHUsX. Bo-BTOpbix, kKpuBas 3¢ (dekTa eAUHUYHOTO MpOoMe-
KyTka Ha puc. 10.3 nposenena no 3agaHHbIM 3Ha4eHUAM Usgy 1 U Oy, B
IPEIONIOKEHNH, YTO OHA XOPOIIO ammpokcuMupyercs Gopmyoi (10.1)
(yHKIIMM HOPMAaJIBHOTO PacIpeleIeHUs] HEKOTOPO# CITydaifHOW BEJTMYUHBI.
Beliiie 06110 OTMEYEHO, YTO TO MPEATOIOKEHHE SKCIEPUMEHTAIBHO MO/~
TBEPXKAEHO B Auana3oHe aMmmuTyn oT Usgy; — 307 10 Usgy,q + 30, 1
HUKAaK HE MOXXET OBITh MPaBUIILHBIM IIPU MaJIbIX HANpsDKEHUsX. Takum 00-
paszom, B obnactu Hanpskenui (Up, — Usgo,1)/0 < —3 3a npenenamu
yKa3aHHOTO Juamna3oHa aaHHble puc. 10.3 MoryT ObITb HETOYHBIMH. B-
TPEThUX, HAJI0 IOMHUTb, YTO JJAXKE IPH MPABIILHOHN apOKCUMAIIUH KPH-
BOil 3¢ eKxTa eIMHUYHOrO MPOMEXKYTKa, mpeodpasoBaHue mo (opmyre
(10.2) mHapymaer «HOPMAJIBHOCTB» BHJAa KPHUBBIX, IIOKa3aHHBIX Ha
puc. 10.6, mpu n > 1 u genaer Juisi HUX HEBO3MOXKHBIM IMPUMEHEHHE COOT-
BETCTBYIOIIIETO MaTeMaTHUECKOTO armapara.
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10.2. BO3AEUCTBHUE IEPEHAIIPSI>KEHU N
HA KOMBUHUPOBAHHYIO 1 TIOJIMUMEPHYIO U30JIA1INU

Bo3soeiicmeue nepenanpsasicenuit Ha KOMOUHUPOBAHHYIO U3ONAUUIO

W30msuMoHHbIe KOHCTPYKIIMM MHOTUX 3JIEKTPOYCTAHOBOK SIBIISIIOTCS
KOMOMHUPOBAHHBIME KaK B CMBICIIE BO3MOXKHOCTEH BOCCTAHOBIJICHHS IOCIE
npo6osi, TaK M B CMBICIEC TIPUMEHAEMBIX MaTepranoB. KapTuna pazpsma npu
9TOM 3aBHCHUT OT psijia (aKkTOpOB: KOHCTPYKIMHM H Pa3psiOB 3JIEMEHTOB
U30JIALIMOHHON KOHCTPYKLMHU, BEIMYUHBI TOBEPXHOCTHONH MPOBOJAUMOCTH,
BBINOJIHEHHUS y3/1a COUJICHEHUs] TOKOBEIYyIeH 4acTH 3JIEKTPOYyCTaHOBKU U
TUDJICKTPUKA, 3arpsI3HEHUS TOBEPXHOCTU IUDJICKTPUKA, YBIAKHEHUS -
ANEKTPUKA U Jp.

TUNUYHBIM NPUMEPOM, TaKOW H3OJISILIUU ABJISETCS COYETaHUE TBEp-
JIOTO AUAIEKTPUKA U Fa30BOM U3OJISALMH.

Hanuuue TBepAOro AMAIIEKTPUKA, AUAIEKTPUYECKas IPOHULIAEMOCTh
KOTOPOTO MHOTO OOJbIIE AUAIEKTPUIECKON IIPOHUIIAEMOCTH Ta3a IpHu He-
pPalMOHATIBHON KOHCTPYKIIMM MOYET HNPUBECTU K CYIIECTBEHHOMY H3Me-
HEHUIO KapTHHBI JIEKTPUYECKOTO MOJSI MEXIY 3JEKTPOJaMH, YCUICHUIO
HAINpPSDKEHHOCTU B ra3e BOJU3M MOBEPXHOCTU TBEPIOrO AMAIIEKTPUKA U B
€ro TOJIILE.

CrnenctBueM 3TOTO SIBISIETCS PE3KOE CHIDKEHHE AJIEKTPUYECKOM
MIPOYHOCTH KOHCTPYKIMU B IIeJIOM. Tak, B pe3ko HEOJAHOPOIHOM II0JIe, Ha-
npumMep (Koraa TOJIIIMHA TBEPAOIO IMAJIEKTPUKA 3HAUUTEIBHO MEHbIIE,
YeM PaCCTOSIHUE MEXIY JIEKTPOJaMH), IPU KPaTKOBPEMEHHBIX BO3JEHCT-
BUSIX OBICTPOHAPACTAIONIETO HANPSHKCHUS IEPEKPBITUE BIOJH MTOBEPXHO-
CTH TBEPJOTO IAMANEKTPHUKA MOXKET Pa3BUBATHCS IPU OYCHb MAIIBIX Cpe-
HUX 3HAYEHHSIX Pa3psAIHON HANPSHKEHHOCTH (OMpEeAeNICHHON KaK OTHOIIIE-
HUE HaANpsKEHHUs MEPEeKPHITHS K PAaCCTOSHUIO MEXIY SJEKTPOAaMH) IO
CPaBHEHHUIO C YHCTO Ta30BBIMU IPOMEXYTKAMHU C PE3KOHEOTHOPOIHBIM
nojeM. bonpinas HaNpspKEHHOCTD 3JIEKTPHUUECKOTO I0JIST BOIHM3H 3JIEKTPO-
JIOB TIPHUBOAMT K TOMY, YTO IPU CPABHHUTEIHHO MAaJbIX HANPSDKEHUSIX Ha-
YHHAeTCs KOPOHHBIN pa3psn BOMM3M 37eKTponoB. IIpu manmpHelmem mo-
BBIILIEHUH HaNpsOKeHUs HaYMHAETCS pa3BUTHE CTPUMEPOB, KaK M B YHCTO
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ra3oBBIX MPOMEXyTKax. Kananm ctpumepa OTHENEH OT MOBEPXHOCTH TBEP-
JIOTO JMAJIEKTPHUKA CIOEM ra3a, IMOCKOJBKY BIMBAIOIINECS B CTPHMEp Jia-
BHHBI JJIEKTPOHOB 00pa3yroTCs BCIEACTBHE (DOTOMOHHM3ALUH MOJIEKYT T'a3a
U pa3BuBaioTCsA B HeM. OiHaKO M3-3a KpaifHe HEPaBHOMEPHOTO pacipere-
JICHUS HANIPSDKEHHOCTH TOJISL B pacCMaTpPUBAaEMOM CIIydae pa3orpeB KaHaja
CTpUMEpa, MPU KOTOPOM HAUYMHAETCs TepMUYECKas MOHU3ALMs, MPOUCXO-
JUT TIpU OYeHb Mo JUIMHE cTpuMepa. Tak, B BO3yXe MPU OTHOCHUTENb-
HOW TUIOTHOCTH § = 1 M TONIMIHHE TBEPIOTO IMIJIEKTPHKA B HECKOIBHKO
MUJUTAMETPOB YK€ TPH JJIMHE CTpUMEpoB 5—10 cM mpoucxoaut odpaso-
BaHHE JHUICPHOTO KaHaja. XapaKTepHO, YTO TaKUE SBJICHUS Pa3BUBAIOTCS
npu OBICTPOMEHSIIOIEMCS] HANpPsHDKEHUU (TIEpEMEHHOE HAIpsDKEHUE, UM-
MyJbCHl ¢ 0ONBIION KpyTHU3HOH). [Ipy MeIIeHHOM HapacTaHHM HaIpshKe-
HUSl Ha TIOBEPXHOCTH TBEPAOTO IUAIIEKTPHKA OcenaeT OOBEeMHBIN 3apsi,
00pa30BaBIINICSA B pe3y/bTaTe Pa3BUTHS CTpUMEpa. DTOT 3aps Ha I0-
BEPXHOCTH TBEPAOTO JHAJICKTPHKA OCIAONSeT mojie BOIM3M AIIEKTPOJIOB,
YTO MPUBOJUT K 3aTYXaHHIO paspsija.

[Ipy BO3HMKHOBEHHMH XOpOILIO HMOHU3OBAHHBIX KaHAJIOB pa3psia
BJIOJIb TTOBEPXHOCTH TBEPAOTO IUAIEKTPUKA PE3KO CHIXKAETCS Hampsike-
HUE TEPEKPHITHS, IIPHUEM XapaKTEPHO, YTO 3aBUCHMOCTh HATPSDKEHUS TIe-
PEKpBITHSL OT PACCTOSIHHS MEXIy DJIEKTpoJaMH S pe3ko HenmHeiHa. Ha-
MPsDKEHUE TEPEKPBITUS MOXKET OBITh OLIEHEHO 0 dMIUPHYECKUM (HopMy-

JJaM BHUJa
0,4

U, = k (9) 502,
£

rae d — TONIIMHA TBEPIOrO JAWDJICKTPUKA; £— ero JUIJISKTpHUYecKas
MIPOHUIIAEMOCTB; S — PacCTOSHHE MEXIy dJeKTponamu; k — xoadduim-
€HT, 3aBUCALINNA OT CKOPOCTU HapacTaHUsl HANPSHKEHUsI, KAPTUHBI TOJIS.

YBenuueHue NOBEPXHOCTHOU MPOBOAUMOCTH TBEPAOTO AUNIEKTPUKA
MIPUBOJUT K BBHIPABHUBAHUIO PACHPEACICHUS HANPSHKEHHOCTH IOJIA MO T10-
BEPXHOCTH JHUANIEKTpUKA. COOTBETCTBEHHO CHHMIKAE€TCS HAIPSKEHHOCTh
nojst BOJIM3U 3JEKTPOJa, U MOBBIIIAETCS HAYAIbHOE HAMPSKEHUE KOPOHBI
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U TIOSIBJICHUSI CTPUMEPOB, T. €. HadaJbHOE HaMpPsDKEHUE CKOJIB3KOTO pasps-
na.

Ha snexkrpuyeckyio MpOYHOCTH CYIIECTBEHHOE BIHMSIHAE OKa3bIBAaeT
BBIITOJTHEHUE y3JIa COWICHEHHUS H30JIITOPA C IEKTPOAAMHU U, B YACTHOCTH,
IUIOTHOCTh TIPWJICTAHHsI TBEPIOrO AMAIEKTpUKAa K 3nekTpoxry. Ilpu He-
IUIOTHOM TMPWJICTAaHUH B Ta30BOI IMPOCIIOWKE TBEPABIH TUIICKTPUK —
AJIEKTPOJI, BOSHUKACT 3HAUYUTEIHHOE MECTHOE MPEBBIIICHUE HAMPSHKEHHO-
CTH 3JEKTPUYECKOTO TI0JIS1, HOHU3AIMOHHBIE MTPOIIECCHI (CAMOCTOSITEIBHBIN
paspsiji, MPUBOIANIMA K MPOOO0 Ta30BOW MPOCIOWKH) HAYMHAIOTCS TPH
CPaBHHUTEIBHO HU3KOM HANPSIKEHUH Ha 3JICKTPOJE U IPU UX TOCTATOUYHOU
WHTCHCUBHOCTH TPHUBOSIT K CTAPEHUIO TBEPION M30JIAIUH U, KaK CICIICT-
BH€, K CHIDKCHHIO JITUTEIHHON AIIEKTPUIECKON IPOIHOCTH.

VYBiIaXHeHHE 3arpsA3HEHHBIX IMOBEPXHOCTEH H30JIATOPOB 3HAYUTEINb-
HO CHIDKACT MX DJICKTPUYECKYIO MPOYHOCTh. [Ipu 3TOM BO3MOXKHBI mepe-
KPBITHSI HE TOJIBKO TPHU MEPCHANPSIKCHUSIX, HO U MPH paboueM Hampsike-
HUM.

Croii 3arpsi3HEHHs Ha MOBEPXHOCTH H3O0JSITOPOB oOpasyercs B pe-
3yJIbTaTe BBHINAJCHUS W3 MOTOKOB BO3AyXa TBEPHABIX WM XUIKUX B3BeE-
HICHHBIX YacTUIl. IHTEHCHBHOCTH 3TOTO MpoIiecca MPONOPIHOHANbHA Tpa-
JIEHTY CKOPOCTH BO3AYIIHOTO MOTOKA Y MIOBEPXHOCTU H30JIATOPA.

[epexpbITHs 3arps3HEHHOW HW3OJSIHHA MPOHUCXOMAAT, KaK IMPaBHIIO,
IIPH YBIAKHEHUAX MOPOCSIIIM JOXIEM, TyMaHOM, POCOM, KOTJa 3arpss-
HEHHBIW CJION HACKHIIASTCS BJIATOW, M HA MOBEPXHOCTH H30JATOPOB 00Opa-
3yeTcs 3NeKTPOUT. [10 MOBEPXHOCTH M30JTOpa HAYMHAET MTPOTEKATh TOK,
Ha3bIBACMBIIl TOKOM YTCUKH.

DJNEeKTPONHT pa3orpeBactcs, Biara ucnapsercs. Ha oTnensHbIX yda-
CTKax ITOBEPXHOCTH, I/I¢ IUIOTHOCTh TOKA HAMOOJNBINAsl VI HAHMMEHBIIIAs
TOJIIIMHA YBIAXHEHHOTO CJI0s, 00pa3yloTCsl MOJACYIIEHHBIE 30HBI. JTH 30-
HBI OBICTPO pPaCIIMPSIOTCS B HANPABJICHUH, EPIICHIUKYIIIPHOM JMHUAM TO-
Ka, 0 TeX MOp, MOKa BCJICICTBHE YBEIHUYCHUsS MaICHHS HAIPSHKCHUS HE
MIPOUCXOJUT HMEPEKPHITUE MOICOXIIEH 30HBI IMUPUHON BCETO B HECKOIBKO
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MUWLIUMETPOB MO BO3IyXy. OOpasyercs syeKTpuveckas Iyra, OIMOpHBIE
TOYKHU KOTOPOU pacrojaratoTcs mo KpasiM MoJCOXIIE 30HBbI.

PazorpeBaemast OMIOpHBIMH TOYKaMHU JAYTH YBJIXHEHHAs! TTOBEPXHOCTh
ObicTpo TmojacymmBaercs. [103ToMy Iyra HempephslBHO Iepemeniaercs. B
pe3yJbTaTe MOACOXIIasi KOJbLIEBasi 30HA PaCIIUPSETCs], YTO MPUBOAMT K Y]I-
JIMHEHUIO AYTd. DTO NPUBOAUT K JaJbHEUIIEMY YMEHBILEHHUIO TOKa U K
JlaTbHEMIIeMy yBEIMYEHHIO CONPOTUBIIEHHS AYTH, YTO TaKKe BbI3bIBAET
yMeHbIIIEHHE TOoKa. B pe3ynbraTe TEIUIOBBIAEIEHHE HAa TTIOBEPXHOCTU U30JIs-
Topa cHmkaercs. [loBepxHOCTh cHOBaA yBiaxkHseTcs. [1o Hell BoccTaHaBIH-
BaeTcs Tok. [lyra racHeT. Takoil pexuM nepeMexaromuxcs 1y>KeK sBIsSeT-
CSl HOPMaJIbHBIM JJIs1 paOOThl M30JISIIMU B JIEKTPUUECKUX MoJisix. OHAKO B
3THX YCJIOBHSX BO3HHKACT MEPUOAMYECKOE OCNalJICHHE M30JISAIMH, KOTopas
JIETKO TIEPEKPHIBACTCS MPH TIEPEHATPSHKSHUSX.

Bo3zoeiicmeue 3nexmpuyeckozo nona Ha NOAUMEPHYIO U3OIAUUIO

B coBpeMeHHBIX YCIOBUAX Bce 0oJiee MIMPOKO MPUMEHSIOTCS U30JIsI-
[IMOHHBIE KOHCTPYKIIMH HA TOJUMEPHON H3OJIAIHUHA, KOTOPHIE UMEIOT PSl
MPEUMYIIECTB 10 CPABHEHHIO C TPAJUIIMOHHON M30JISIIHEN 1Mo Maccorada-
PHUTHBIM, SJIEKTPHYECKUM U (PU3UKO-MEXAaHUYECKUM CBOMCTBAaM, TEXHOJIO-
TUU U3TOTOBJIEHUS, MPOKIAJKe, MOHTaXy U Jp. OmHako B mpoliecce dKC-
IUTyaTallid KOHCTPYKIMU C TOJMMEPHOW M30JIALMEH YacTO BBIXOAAT U3
CTpOsl 3HAYHUTENBHO paHbllEe TapaHTHUHHOIO CpoKa CIIy:KObl. DTO Tpebyer
JIOTIOJTHUTENBHBIX HCCIICIOBAHMMA, YYHTHIBAIOIIMX BCe (DAKTOPHI BIMSHUS
Ha MOJIMMEPHYTO M30JISLIMIO, B TOM YHCIIE, ¥ TIepEHANPSHKEHUH.

B kadecTBe MOTUMEPHBIX KOMITO3UIUN OBLTH UCTIBITAHBI KaK IIUPOKO
npUMeHSsIoNecs B kabenpHoi n3omsiimu mapku 102-01 K, 107-01 K, 153-
01 K, 178-01 K, Tak ¥ HOBBIC CHEIHAIBHO CO3IaHHBIC CEPUH KOMITO3UIMNA
JUISl ACTIBITAHUNA HA CTOMKOCTh K BOJTHBIM TPUUHTaM.

CopOrist  BJIarm OpPraHUMYECKUMU MaTephajiaMi — aKTHBUPOBAHHAs
1 dy3us. MoJIeKyIsl BHICOKOMOJICKYIIIPHBIX MaTEPHAIOB ([IOJMMEPOB) H
HX YacTU COBEPILUAIOT TEIUIOBbIE KOJIEOaHUS OKOJIO LIEHTPOB PaBHOBECHS B
IMPOKOM AuanasoHe yactoT a0 1012 I'm. Bnaromaps »tuM kosneGaHusAM
Lerneil ¥ CerMeHTOB MaKpOMOJIEKYJ BOZHUKAIOT «IBIPKU», B KOTOPHIE MOIIa-
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JaroT MoneKyisbl BoAsl. Ilo Teopun axanemuka 1. 1. @penkens MOieKyJbl
BOJIBI, 3aXBaYCHHBIC «IBIPKAMI», KOJEOIIOTCS A0 TeX MOp, MOKa He oOpa-
3YIOTCS HOBBIE «IBIPKW», Ky/la OHH U TepenBuraiorcs. Ilepexom MoneKy
BOJIBI M3 O/THOTO 3aKPEIICHHOT'O COCTOSIHUS B IPyroe TpeOyeT 3aTpaT dHep-
MU — SHEPTUU aKTHUBAIHH.

CopOrrioHHast Biara B MOJMMepax OKa3bIBAET CYIIECTBEHHOE BIIUS-
HHE Ha UX 3JIeKTPUYECKHe CBOMCTBA, TaK KaK OHAa cama 00J1agaeT BHICOKON
JIARJIEKTPUIECKON MPOHHUIAEMOCTHIO £ = 81 M 31eKTPOIPOBOIHOCTHIO.

B omHOPOIHOM 3IEKTPUIECKOM TI0JIe (ITOCTOSIHHOM HITH TIEPEMEHHOM)
CyMMa MPUJIOKEHHBIX K KaXIOMY IHUIIONI0 (MOJEKYyJie BOABI) CHJI IIOJIS
paBHa Hy10. [103TOMy OJJHOPOAHOE MOJIE U €r0 CHJIBI HE OKa3bIBAIOT Mpsi-
MOTO BIJIMSIHUS HA JABMKEHHE MOJIEKYJI BOJIBI B JJIEKTPHUYECKOIN H30JISINH, TO
€CTh COpOIMs BIIard OyJeT MITH 3a CYeT aKTUBHPOBAHHON TU(Qy3uH B op-
TaHMYECKUX MOJMMepax OJaromaps mepenany AaBJICHUN HA CyXOW W BIIaX-
HOIi CTOpOHE 00pasa.

B nonapsitonemM OONBIIMHCTBE peANIbHBIX KOHCTPYKLUKA XOTS M NPH-
MEHSIOTCS CIIEIUaNbHble KOHCTPYKTHBHBIC PEIICHHS M MEpbI, H30JSAIUSI
paboTaeT B yCIOBHAX HEOJHOPOJHOTO AIIEKTPUIECKOTO OIS,

B HEeonHOPOIHOM TONIE CyMMa CHII, IPHIIOKEHHBIX K KKIOMY IHII0-
710, He paBHA HyIo. [loaToMy critbl mojisl f HampaBJIEHBI B CTOPOHY BO3-
pactaHusi aOCOJIOTHOM BENMYMHBI BEKTOpa HANPSDKEHHOCTH Toiist E Hesa-
BHCHMO OT HaIlpaBJIeHUs] BEKTOpa (IIPU MOCTOSIHHOM WJIM IIEpEMEHHOM Ha-
NpPsDKEHUH), TO €CTh NPH W3MEHEHUH HANpPaBJIEHHS JJIEKTPHYECKOTO IT0JIS
JIUIIONT BCE PABHO OYIET YBJIEKAaThHCS B CTOPOHY BO3PACTAHHUS DIICKTpHIC-
ckoro mous. [IprdarHa 3aKTio9aeTcst B TOM, YTO IIPH M3MECHEHHUH HarlpaBJie-
HUSI BeKTOpa E M3MEHseTCs TakKe M HallpaBlIeHHE MOJSIPU3AIMU JAHUAIICK-
Tpuka. Cle0BaTeNIbHO, B AIEKTPUUECKOM HEOTHOPOIHOM MOJIE JHUITOIb YB-
JieKaeTcst B 00JIaCTh HAaHOOJbIICH BETWYMHBI HATPSIKEHHOCTH AJICKTpUYE-
CKOTO MOJISL.

ITo Mepe MPOHUKHOBEHHUSI MOJIEKYJIBI BOJBI B 00JIacTh OOJbIIEH Ha-
MIPSDKEHHOCTH CHIIBI 0N OyAyT Bo3pacTarh. Eciu Ha IMyTH POHUKHOBEHI
BOJBI OyAyT BCTpEUaThCs MOPHI, 3aII0THEHHBIE BO3AYXOM HIIM Ta3oM (Tex-
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HOJIOTHYECKHE JePEKTHI B AIEKTPUIECKOM M30JISIMH, BOSHUKIINE B MOMEHT
AKCTPY3HH), TO MOJIEKYITBI BOJBI OyIyT BTSTHBATHCS B ATU IIOPHI M 3AIIONHSThH
UX, TaK KaK JIOKaJIbHAs! HAIPSDKEHHOCTD JIEKTPUYECKOTO MOJS B HUX OyAeT
3HAUUTEIBHO OOJBIIE, YeM B OKpYXKAIOIIEM Mopy Honumepe. MoJeKybl Bo-
JIBI MOTYT JOCTUTaTh MOBEPXHOCTH JKWIIBI KaOEIsl M HAaKaIIMBaThCS TaM, B
TIOJIOCTSIX MJIM TEXHOJIOTHYECKUX Je(PEKTaX AIEKTPUICCKON N30IISIIHH.

[Ipu mepeMeHHOM HANpPSHKCHUH YACIbHBIC NaBICHHS OYIYT HMETh
IUHAMUYECKUH XapakTep, MpUYeM HX aMIUIUTyda OyIeT yBeINYUBaThCA
IO Mepe BTATUBAHIS MOJIEKYJ BOJBI B 001acTh OOIBIIEH HEOAHOPOJHOCTH
noJisi. TOoT mpolecc Oyaer Oonee 3((HEKTUBHBIM MO YBIAKHEHUIO dJIEK-
TPUYECKON H3O0JIALUHU MO CPABHEHHUIO C MOCTOSHHBIM HANpsHKEHUEM MpH
OJIMHAKOBBIX HAIPSHKEHHOCTSIX 3JICKTPHIECKOTO TIOJIS.

DKCIepUMEHTAIBHBIE HCCIECIOBAHMS MONTBEPAMIN BBIBOA O CyIIe-
CTBEHHOM BIIMSIHUM DJICKTPUYECKOTO TMOJIA Ha TPOIecC YBIAXKHEHUS HU30-
JISUN U TTO3BOJIMIIM TOJyYUTh KOJUYECTBEHHYIO OICHKY. DKCIIePHUMEHTHI
MIPOBOJIIIIN HA OTPE3KaX OJHOKUIBHBIX KaOenel ¢ MOHOJUTHON H30JISIIH-
el B IMCTUILTUPOBAHHOW Bojie. Bee 00pasibl kabeleld HaXOUIUCh B OJTH-
HaKOBBIX YCJIOBHUSX, HO Ha OJIHH 00pasibl mojnaBaimu Hampsbkenue 50 I
5 kB (HampspkeHHOCTh Ha TOBepXHOCTH XWibl E = 4,85 kB/mMm), 7,5 kB
(E = 7,25 xB/mm) u 10 kB (E = 9,68 kB/MM) COOTBETCTBEHHO, a Apyrue
0o0pa3ipl (KOHTPOJIbHBIE) HAXOAUWJINCHh 0e3 HampspkeHus. OOpasibl, KOTo-
pble HaXOJIWJIKUCh TMOJ HANpPSHKEHHWEM, BBIXOJIWIM Ha PAaBHOBECHOE YBIIAXK-
Henne depe3 60-90 muuyT. BpIXOn Ha paBHOBECHOE YBIAXHEHHE KOH-
TPOJNBHBIX Kabesnel, HaXOQIIuXcsl B Bojie 0e3 HANPSDKEHUS, TPOUCXOIIIT
3a Bpemsi O6onee 20 CyTOK MpH OOIIEH MPOTOIKUTEIHLHOCTH HCIIBITAHUN
3THX OTpe3KOB Kabeneit 30 cyTok.

[Ipn mepeHanpspKeHUSX HEOJHOPOJHOCTh MOJSI PE3KO BO3PACTaET,
BO3HHUKAIOT YCIIOBUS IJISI CTapTa YaCTHYHBIX Pa3psaoB, KOTOPBIE MPOJIOII-
JKaroTes yxe Ha yactoTe 50 ', mpoknaasiBasi myTh MosieKysiaM BoJsl. [Ipu
HEKOTOPBIX BHUAAX MEPEHANPSHKEHUH BO3HUKAIOT BHICOKOYACTOTHBIE TIEpe-
XOJIHBIE MPOLIECCH B KHJIOTEPLIOBOM JHMAIa30He, YTO MHOTOKPATHO YCHIIH-
BaeT CKOPOCTh MPOJBMKEHUS MOJIEKYJ BOJbl. DKCIEpUMEHTaJbHbIE HC-
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CIICMIOBAHUS BJIMSHUS AJIEKTPUYCCKOTO IMOJS MPH MEPEHANpPsDKCHUAX Ha
MPOLIECC YBIAKHEHUs] BECOBBIM METOIOM (TPSIMOM COCOO — B3BEIIUBA-
HHE 00pa3loB ¢ COPOMPOBAHHOW BJAaroi) MoKa3alid, 4TO yBJIAXKHEHHE I10-
JIMMEPOB MOXKET YCKOPSATHCS Ha JiBa U O0Jjiee MOpPsIIKOB.

3apoxIeHHe U pa3BUTHE BIAXKHOTO TPUHHIA IIPOMCXOAUT IOCIE JIO-
KaJbHOTO HAKOIUICHHS BJIArd B TOJIIE MOJIMMEPHOW H3OISIHH. DKCIEepH-
MEHTAJIBHO YCTAaHOBJICHO, YTO OTPAaHHYCHHOE KOJMYECTBO JIOKAIFHO HAKO-
[UICHHOMW BJIard MOXKET MPUBECTH K TOMY, YTO MOCIIE 3aPOXKICHUS U Pa3BH-
THSI BIQXXHOTO TPUHHTA BJIArd HE XBAaTAeT JJIsl JaJbHEHIIIEro MPOI0JDKEHNUS
pocCTa BIaXXHOTO TPUHUHTA, TOTJA OH MEPEXOHUT B DIICKTPUUCCKUI TPUHHT,
KOTOPBIH MPOIOIKAET Pa3BUBATHCS B IMOJIMMEPHON H30JSIIUU M 3aBepIia-
eTcst ee mpoboem. HeoOXo1uMo OTMETHTh, YTO KOMOWHUpPOBaHHOE (POpMH-
pOBaHME TPUUHTA 3a CYET NMPOHUKHOBEHHS BIIATH M 32 CYET YACTHYHBIX
Pa3psanoB SIBISETCS CIOXKHBIM M HEU3yUEHHBIM IPOLIECCOM U TpedyerT ciie-
[HAJIbHBIX UCCIICIOBAHMS U HAYYHOTO OCMBICIICHHUS.

Takum 00pa3oM, CKOPOCTh POCTA TPUHHIA B TOJIMMEPHON H30JISIIUN
BO MHOTOM OIIPENIEISICTCS BEIMINHON JIOKATBHON HANPSHKEHHOCTH IO
3HAUUTENFHO BO3PACTACT NPH MEPEHATIPSIKESHUSX.

KOHmpOJ’leble eonpocol

1. Kak xoopIuHUpYyeTCS MOJHHEBBIE MEPEHANPSDKEHUS W H30JISAIHS
JIUHUHN 37eKTporepenayn?

2. KakoBbl 0COOCHHOCTH KOOPJIWHAIIMHA CTEKJIOIIACTHKOBON H30JIsI-
LMY TIPY BO3JCHCTBUU MOJHHEBBIX MEPEHANPSIKCHMI?

3. KakoBbl 0COOEHHOCTH KOOPJMHAINN CTEKJIOIUIACTUKOBOW H30JIS-
LMW TIPY BHYTPCHHUX MEPEHANPSKCHUAX?

4. Kak 3aBUCHT 3JIEeKTpHUECKasi MPOYHOCTh BO3AYIITHONW U30JISLMU OT
MapaMeTpoB IPO30BLIX MEPEHANPSHKEHUI?

5. KakoBbl 00111€ ¥ 9aCTHBIE OCOOEHHOCTH M3OJISIUU JTUHHUH, O/-
CTAHIIMH ¥ BBICOKOBOJIbTHBIX AJIEKTPUICCKUX MAITUH?
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11. IPOBJIEMBI DJIEKTPOMATIHUTHOU
COBMECTUMOCTMH B 2JIEKTPOOHEPT'ETUKE

B 3aBucMMOCTH OT XapakTepa B3aMMOJCHCTBUS CHCTEM BCE IKOJIO-
rugeckue npooieMbl IMC 3JIeKTPO3HEPTeTUKU ¢ HOoc(hepol MOXKHO yc-
JIOBHO MOJPa3/AeIUTh Ha 5 TPy, YUUTHIBasI, KOHEYHO, YTO B YCIIOBUSX pe-
QIBHOM >KU3HU U 3KCIUTyaTalui PaKTHUECKH OHU B 3HAYUTEILHOU CTCIICHU
MEeperUIeTaloTCs MEXAy CO0OM M YacTHYHO IyOJupyrT JApYyr Apyra
(puc. 11.1).

[Ipu 3TOM HEOOXOAUMO YUUTHIBATh, YTO B COOTBETCTBUU C OCHOBHOM
XapaKTepucTUKONH Hoocdepsl 1mo B. M. BepHajickomy Kkak HeNpepbIBHO
Pa3BHBAOIIEHCS M pacIIUpsIoNIercs chepbl )KU3HEISATSIIEHOCTA YellOBe-
YEeCKOro O0INEecTBa, CO3MIAI0TCS Bce OoJiee JeNMKaTHbIe, MUHUATIOPHbBIE U
OBICTPOICHUCTBYOIINE CHCTEMBI.

SMC 5MeKTPOIHEPTETHKH ¢ OKPYKAIOMIeH
cpeaoH (IKO-3MC)

OMC 5MeKTpO3HEPTeTHKH ¢ GHoc{epoi
(BHQ-5MC)

IOMC EKTPOIHEPTETHKH ¢ NP OTSLREHHBIMH
MeTAUTIHYeCKHMH COOPY;KeHHSIMH TeXHoce-
py! (TEXHO-3MC)

SMC 5MeKTPO3HEePTETHKH ¢ HHPOPMALTHOH -
HOH, KOMIIBIOTOPHOH H PaTHOTEXHHY eCKOH
anexTpoHoctepoii (SJIEKTPOHO-3MC)

BHyTpeHHSIsT aRTO-IMC Mexay
TOICHCTEMAMH 3MTEKTPO3HEPT eTHKH

(HETEP-3MC)

DIEKTPOMArHHTHAS COBMECTHMOCTD NIEKTP 0YHEPTETHKH
¢ TeXHO- H OHOC{epok

Puc. 11.1. OcHOBHBIE 3KOJIOTHYECKHE TPOOIEMBI
OMC 31eKTPOIHEPTETUKH U HOOC(HEPHI

OHH TIOCTOSIHHO TPEOYIOT Y)KeCTOUYEHHS HOPMATHBOB JOIYCTHMBIX
BHEIIHUX BO3JICHCTBUIA, HOBBIX MEp 3alllUTHl W 3aIIUTHBIX YCTPOWUCTB,
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obecnieynBaromux IMC cucTeM 3NIEKTPOIHEPTETUKU C IPYTUMH CHCTEMa-
MH HOOC(EPHI.

11.1. 3KOJOI'NYECHUE 1 BUOJIOI'MYECKHUE ITPOBJIEMbI
JEKTPOMATHUTHON COBMECTUMOCTH

DKonozuueckue npoodaemvl INEKMPOMAZHUMHOU COCMECMUMOCHU

CxeMaTHYeCKH OCHOBHBIE JKoormueckue mpodimemsr OMC smex-
TPORHEPTETUKU C OKPYXAIOMIEH cpeoil mpeacTasieHs! Ha puc. 11.2. Pac-
CMOTPHUM HX KPaTKyIO XapaKTEPUCTHKY.

Ammocepepnoe Inekmpuuecmeo. OCHOBHBIMHU HKOJOTHUECKHUMH HC-
TOYHUKAMH HAanOoJee TSHKEJBIX M YaCThIX HAPYIICHUH HOpPMalbHOH pabo-
ThI DHEPTETUUECKUX CUCTEM SABJISIOTCS IPO30BBIE pa3psaabl. OMBIT SKCILTya-
TalliU TI0Ka3bIBaeT, yTo B Kaxkaple 100 kM mHUM 3nekTponepenaun (BJI) B
CpeIHEM B TE€YCHHE «TPO30BOTO CE30Ha» (C Mas MO OKTAOpPb) ynapseTr He-
CKOJIBKO JIECATKOB MOBTOPHBIX Pa3psAI0B MOJHHUH, Mo Oonblueil yactu —
OTpHUIATEIHHON MOJSPHOCTH.

OKBHUBaJEHTHOE CONPOTHUBICHHNEC MOJHHUH B IEPBBII MOMEHT JOCTH-
raeT MHOTHX JECITKOB KOM, HO C YBETHUEHHEM TOKA MOJHHUH U pa3orpe-
BOM €€ KaHala CONPOTHUBIEHHE yMeHbIIaeTcst 10 coteH OM. KpatkoBpe-
MCHHOC HaIlpsHKEHUE B MECTC yJapa MOJIHUU MOXET JOCTHUIaTb MHOTHX
MUJUIMOHOB BOJIBT, YTO BIIOJIHE JOCTATOYHO JAJS MPoOO0s M30JISALUHU Ipak-
THYECKH JIIO0OW JIMHWHW 3JieKTpornepenadd, BmioTh 10 YBH. Ot mecra
yZAapa 1o mpoBOJAM JIMHUH PACIPOCTPAHSIOTCS] BOJHBI IIEPCHAIPSIKCHUS.
Onu, DOUAS 10 HMEKTPOCTAHIUHU WM MOJCTAHINH, MOTYT ITOBPEANUTH H30-
JSILUIO TeHepaTopa, TpaHcdopMmaropa U Apyroro obopyposanus. s 3a-
HIMTHI OT MPSIMBIX YIapOB MOJHUI HaJl MPOBOJAAMHU JIMHUHA YCTaHABIMBAIOT
TPOCHI, & Ha TOACTAHIINH — BEPTUKAIBHBIE MOJTHHEOTBOMBL. J{JIs 3aruThI
0T 00paTHBIX MEPEKPHITHH C TTOPAKEHHOH OMOPHI Ha MPOBOJA HEOOXOAUMO
KaX/yI0 OIOpY 3a3eMJIUTh ¢ MajbIM (10 10 OM uiaM HeCKONBKO OoJblie B
palioHax C BBICOKHUM YJEJIbHBIM COMPOTHBJICHUEM 3€MJIM) COMPOTHBIICHU-
eM 3aszemiieHus. [l 3ammThl 000pYIOBaHUS MOACTAHIHMU HMPUMEHSIOT
crieruaIbHbIEC Pa3psIHUKH WU OrpaHnuuTend nepeHanpspkeruit (OITH).
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[Ipsamoit ynap 4{ [losxapsb! H B3PLIBLI
MOJIHHH

= ° o Heperopanqe.pacnnanne-
° S a HHe H IOBPeKIIeHHE 3]Ie-
= z 3 MEeHTOB 5JIeKTpomnepenay
a oL
< L=l "‘=

Q
o c = ITHayKTHpOBAHHbIE TIpoGoi H30IALAH 1 OT

2 4 -

s TepeHanpsLKeHHs KITI0YEHHE JIeKTpomepenad

m

Koppo3ns 3a3eMIIIONHEX YCTPOHCTB
3IeKTponepenad NOCTOHHOTO TOKA

Koppo3us npoTsDKeHHbIX MeTaUTHIeCKHX

. o p
ycTpoiicTs (060mouek kabemnei, Ipy6onporozIos,
3a3eMIIHTeNeH) Oy KOaoIHMH TOKaMH

KOpPpPO3HsA

Koppo3Ha rpo303alHTHBIX TPOCOR H
BO2YIIHBIX MPOBOJIOB IIPH arpecCcHBHOI
armocdepe

HamarHH-THBAHHE JI0 HACBIIIEHHs MarHHTOIIPOBOJIOB
TparcopMaTopoB H PeaKTOPOB TOKAMH,
HHIYKTHPOBAHHBIMH B IIPOTSTKEHHBIX
seKTpollepenatax

H

5

Hapymenue ceeKTHBHOIM paboThI
peneHHOI 3alHTHI

DJIeKTpOMAarHHTHbIe | [SNeKTPOXHMHYeCKas!

OT‘IY)KI[EHHE 3€MeJ/IbHBIX YIACTKOB IO
JIHHHH 3JIEKTponepena< H NoACcTaHITHH

VeioskHeHHe CellbCKOX035HCTR e HHBIX
pabot

SJ'ICKTPOMZIIHHTHM COBMECTHMOCTD 3JIEKTPO3IHEPTETHKH C OKPY/KAKOIIIE

HapylrenHe npHpoaHoro nanmuadra
rPOMO3AKHMH Ha3eMHBIMH
cOOpy KEeH HAMH

OKOOTHIECKHE
MOCIIeACTBHS

Puc. 11.2. DMC 351eKTpO3HEPreTUKH C OKpYXKalolIel cpenon
(BKO-5MC)

[Ipu ynape MOJIHMM BO3HUKAIOT TaKXK€ MHAYKTUPOBAHHBIE HAIpsikKe-
HUSI BCIICACTBUE EMKOCTHBIX (RJIEKTPUYECKAash COCTABIIAIONIAs) U HHIYK-
TUBHBIX (MarHUTHasl COCTABIIAIOIIAs) CBSA3EH MEXIy KaHAJIOM MOJHHUU H
oropamy, a Tarke nposogamu JIOII. OHU mpeAcTaBIAIOT ONACHOCTD IS
U30JSIMU ceTel cpeanero (6—35 kB) ¥ HM3KOro HampsHKEHUs,, OCOOCHHO
JI7IS1 CETEN MPOMBIILITIEHHOW SHEPTE€TUKH.
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Yaapbel MOJHHHM MOTYT BBI3BaTh TAaK)KE IMOXKaphl (I0XKapOOMACHBIX
COOPYKEHHH) B Ja’Ke B3PBIBHI (JIs1 B3PBIBOOIIACHBIX EMKOCTEH, TAKUX KakK,
HamIpuMep, HeTe- U Ta30XPaHIIIAIIA IIEKTPOCTAHIINN ).

Dnexkmpoxumuueckana koppo3usn. OTpOMHOE 3HAYCHUE MMEET JJIEK-
TPOXUMHUYECKasT KOPPO3Hs MOA3EMHBIX COOPY)KEHHH 3JIEKTPOIHEPIeTUKH.
DrekTpryeckoe moje Oy KIAroIIX TOKOB B 3eMJIC HHHIUUPYET MPOTeKa-
HUE YPaBHUTEIBHBIX TOKOB B IOJ3EMHBIX METAJUIMYECKUX YCTPOMCTBAX
(3a3eMJISIFOIIMX YCTPOHCTBAX AJIEKTPOCTAHIIUH, TOJACTAHIIUI B OTIOP JIMHU T
3JIEKTpoTIepeIau, 000J0UYKaX MOA3EMHBIX Kademnel, TpyOonpoBoax, xe-
JIC3HOAOPOXKHBIX PENbcax U T. 1.). DIEKTPOXMMUYECKOE paspylICHUE Me-
Tajula MPOMCXOAUT B MECTaX BBIXOJa HOHOB M3 METAJUIa B OKPYIKAIOLIYIO
cpeny (MECTHOM — sI3BEHHas KOpPPO3Ws, WIH OOIIEeM — CPaBHHUTEIHHO
PaBHOMEPHBIH IEPEX0 ] YaCTHUIl METAJIIA B OKPY>KAIOIIYIO ITOYBY).

[Ipu HOpMaNBEHOM CUMMETPHYHOM pEXUME PabOTHI Tpexha3Hoi JTu-
HHUH 3JICKTPOIIEPEay B 3eMJIe MPOTEKACT JIUIIb HE3HAUYUTEIbHBIN ypaB-
HUTETBHBIA TOK MPOMBIIUIEHHON YacTOTHI HYJICBOHM ITOCIEIOBATEIIEHOCTH.
B HecummeTpuaHOM peskuMme paboThl Tpex(a3HOH JIHHUHM B 3eMIIE IPOTe-
KaeT MEepEeMEHHBI TOK IPOMBIIIJIEHHON 4acToThl. BcenencrBue BiIMsHUA
MOBEPXHOCTHOTO 3P PeKTa 3TOT TOK KOHIICHTPUPYETCs BOJM3H MMOBEPXHO-
CTH 3eMJIM H B OCHOBHOM — IIOJT TPOBOJIAMH JIMHUU B Mpeeax MOJIOCH C
UIMPUHOM, TPpUOIU3UTENBHO PABHOU

b =700yp,/f, (11.1)
rae p, — yaenpHoe compotuBieHue 3emiu (Om-M); f — gactora (I'm).
Tak, nanpumep, pu p, = 100 Om-m u f =50 I'u, b = 1000 M. Kpome
TOTO, TIEPEMECHHBI TOK BBI3BIBACT 3HAYUTEIHHO MEHBIIYIO JICKTPOXHMH-
YEeCKYI0 KOPPO3HIO, YeM IOCTOSIHHBIA. [109TOMy OCHOBHBIM HMCTOYHHUKOM
INEKTPOXUMHUECKON KOPPO3HHU SIBISAETCS Oy KIAIOIINI MOCTOSHHBIN TOK,
00JlacTh MPOTEKaHUSI KOTOPOTro NPAKTHYECKH He orpaHuueHa. biyxnpato-
M TOK BBI3BIBACTCS HECUMMETPUYHBIMH JIMHHAMH, PaOOTAIOIIUMH Ha
IOCTOSIHHOM TOKEe (TpamBai, 3JEKTPHU(PHIUPOBAHHAS >KEJIE3Has I0pora,
JIMHUSA 3JEKTPOIepeiaur IIOCTOSIHHOTO TOKa, €CIIM OHA paboTaeT B HECUM-
METPUYHON PEKUME).
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Haunbosnee MHTEHCHUBHOM 3JEKTPOXUMHUYECKONH KOPPO3UH IOJABEpra-
I0TCS pabouue 3a3eMJIISIIOLINE YCTPOMCTBA 3IEKTpOrepeaad MOCTOSHHOTO
TOKa BBICOKOrO HampsbkeHus. OCOOCHHO MHTEHCHBHO KOPPO3HPYIOT YCT-
poiicTBa, paboTaroliye B aHOJHOM PEXHUME, KOTJa HOHBI METaJlIa Mepexo-
JIIT M3 DJIEKTPOJIa B TPYHTOBBIE BOABI M OKPYKAIOLIYIO MOYBY. DTH 3a3eM-
JICHWsl YCTPAMBAIOT HA 3HAYUTEIBHOHN TNIyOMHE W BIANH OT APYTHX IOJ-
3eMHBIX COOpPY)KEHH, YTOOBI YMEHBIINTh KOPPO3UIO MOCIHenHNX. B kaue-
CTBE 3a3eMJINTEJICH HCIIONIB3YIOTCSI MACCHBHBIE 3JIEKTPOIBI.

MexaHH3M 3JTEKTPOXUMHUYECKON KOPPO3UH MPOTSHKEHHBIX TTO3EMHBIX
o0oJiouek kabenel, TpyOOIpOBOIOB H T. I. BCIEACTBHE BO3ACHCTBUSA OIy-
JKTAIOIIUX TIOCTOSHHBIX TOKOB (M B 3HAYUTEIBHO MEHBIICH CTETICHU —
MePEeMEHHBIX) 3aKJIFUYACTCS B CICAYIOIIEM: ONYKAAIOIIUi TOK BTEKaeT B
MPOBOJIHMK Ha KaTOTHBIX y4acTKaX, IJie UX HAMPSDKCHHUE OKa3bIBAeTCS OT-
pHLATETBHBIM TI0 OTHOIICHUIO K OKpY)KaromeMmy TpyHTy. Ilpu sTom u30bI-
TOYHBIC DJICKTPOHBI MEPEXOST U3 METaula B JJIEKTPONUT TpyHTa. Ha
AHOJTHOM JK€ y4acTKe MPOBOAHUK 3aPSDKCH MOJIOKHUTEIBHO, TOK BBITEKAECT
W3 TPOBOJHUKA, MOHBI METAJUIa MMEPEXOAST B TPYHT, U MPOBOJHHK (000-
JI0YKa Kabeys, TpyOOmpoBOJ WM 3a3eMJIUTENh) paspymiaercsa. OcoOyro
OIACHOCTh IPEACTABISIET JIOKaJbHas «sI3BEHHas» Kopposus. Ilpu stom
MPOUCXOJUT MECTHOE pa3pylICHUE BCEW TONIIM OOOJOYKH KaOess WiId
TpyOOmpoBOAa, 0Opa3yeTcss CKBO3HOE OTBEPCTUE, M3OJSIMS Kabems yB-
JKHSETCS, U 3HAUUTENbHAS [JIMHA Kalelsl BBIXOJHUT U3 CTpos. B ciydae
TpyOOIPOBO/Ia BO3MOXKEH B3PhIB BBIXOJSILETO U3 HETrO rasa uepe3 o0pa3o-
BaBILIEeCs] OTBEPCTHE MOJ| JaBjieHueM. JJIg 3TOro JOCTaTOYHO BO3HUKAO-
IIMX OT TPEHHs Ta3a UCKP WM MOBBIIICHHOTO OJy)KIAIOIIEro TOKa OT IpOo-
XOJISAIIEr0 B MECTE MIEPECCUCHUS C TPYOOIPOBOIAOM IIIEKTPOIIOL3/1a.

YT100bI yMEHBUINTh HHTEHCUBHOCTH KOPPO3UH, HEOOXOMMO yIaTHTh
HOA3EMHBII TPOBOAYMK OT 30HBI OJIYXKIAFOLIMX TOKOB, YCTPOUTH «JIpe-
Hax» (0TBOM) OMy)KIAIONMX TOKOB HA CIEIHATBHBIC JJICKTPOIBI, IPHMEHSThH
«aHOIHYIO» 3aIUTY (T. €. MPUHYIUTEIHFHO COOOIIHTE 3alHIAeMOMY IPO-
BOJIHUKY OTPHUIIATEIIFHOE HANPsDKEHHUE, BKIIOYUB TOMOTHUTENBHBIN UCTOY-
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HUK MMOCTOSIHHOTO HAIPSDKEHUS MEXKIY 3THM MPOBOIHUKOM H CIEIHAIBEHO
MIPOJIO’KEHHBIM JIOTIOJTHATEIEHBIM 3a3EMIIITEIIEM ).

[lon nmeiicTBUEM arpecCHBHBIX BKIIIOYECHHWI B atMocdepe (Hampumep,
BOJMU3M XMMHWYECKUX WIM IIEMEHTHBIX 3aBOJOB H T. II.) BO3HHKAET YCKO-
PEHHAs! KOPPO3UsI BUCAIINX B BO3AYXE MHOTO>KUIIBHBIX CTAIBHBIX TPOCOB
B 3HAYHUTEIBHO MCHBIICH CTEICHH CTaJICATIOMUHEBBIX MPOBOJOB JIMHHI
anektponepenad. s WX 3aIUTEl PEKOMEHAYETCS COOTBETCTBYIOIIAS
CMa3Ka, KOTOpas JOJDKHA MOKPHIBATH KaXKIYIO JKIITy MHOTOXHIBHOTO IPO-
BOJIa WJIK TPOCA, a B 0CO00 YyIpO’KaeMbIX CIIydasx dake IIEPeUTH Ha cTajie-
QIFOMUHEBBIC TPOCHI.

Dnekmpomacnumnste oypu. ConHie, HApsAY ¢ UHPPAKPACHBIM (Te-
IUTOBBIM), CBETOBBIM H yIBTPA(QHOICTOBEIM U3ITyICHHEM, OCOOCHHO B TOJIBI
«aKTUBHOTO» COJHIIA TPUOJIM3UTEIFHO OAWHHANIATWIETHETO MNEepHOIa,
BBIOPACBIBACT OTPOMHOE KOJMUYECTBO JICKTPOHOB, IPOTOHOB, HEHTPOHOB U
anbga-yactuil. [Ipomeras MUMO 3eMHOTO IIapa U B3aUMOJICHCTBYS C Mar-
HUTHBIM TIOJIEM BpamIaromeics 3eMiId, OHU WHIYKTHPYIOT B 3€MHOU IIO-
BEPXHOCTH AJIEKTPOABIKYIINE CHIIBI, MEJICHHO MEHSIOIINECS BO BPEMEHH
(nmopsimka cexyHn u 6osee). Benmnumna DJIC nmake B mepuosl Hamboliee
WHTCHCUBHBIX 3JICKTPOMArHUTHBIX Oyph KOJeOJIeTCS OT JOJICH 0 eAWHUI
BOJIBT Ha KWJIOMETpP. B ceBepHOM MOyIIapuu OHa OPHEHTHPOBaHA HAa Me-
PUINOHANBEHOE HAIIPABIICHHUE.

B TpoTsHKEHHBIX JNHHUSAX 3JIEKTpPOIeperad BO3HHUKAIOT MEIJICHHO
MEHSIIOINECS yPaBHUTEIBHBIE TOKH, KOTOPBIE MOTYT AOCTUTAThH JIECSTKOB
U gaxe coTeH ammep. [Iporekas dyepe3 oOMOTKH TpaHC()OPMATOPOB, OHH
BBI3BIBAIOT HACBHIIICHHE MArHUTONPOBOJOB U MHOTOKPATHOE YBEIHUUCHHE
TOKa HaMarHuuuBaHusi. Kpome Toro, BEIX0 Ha HEIMHEWHBIA y4acTOK KPH-
BOI HAMarHMYMBaHUS TpaHCcHopMaTopa COMPOBOKIACTCS IPOTEKAHNEM TI0
JIUHNHU, KPOME BBIIIEYKa3aHHOTO YPaBHUTEIHHOTO TOKA HYJIEBOM HOCIEno-
BaTEJIbHOCTH, TAKXKE M TOKOB YETHBIX M HEYETHHIX TAPMOHUK. ITO MOXKET
BBI3BATh JIOXKHBIC OTKJIFOUEHHS NAIBHUX JIMHUH DIIEKTPOIepeaddl BCIIE-
CTBHE HEBEPHOW PabOTHI PENICHHON 3aIIUTHI, POCTa MEPETOKAa MOIIHOCTH
0 TTapaJUICIFHBIM JIMHUSIM U WX TIEPETPY3KH C MOCIEAYIOMNM OTKIIoUe-
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HHEM, T. €. CHCTEMHYIO aBapHIio, CONPOBOXKIAIOIIYIOCS HAPYIIEHHEM 3JIEK-
TPOCHAOXKEHUsT TOTpeOuTeNied Ha OOJIBIION TEPPUTOPUU M OOJIBIIMM
yiiepooM. DTH 00CTOATENLCTBA HEOOXOAMMO YYUTHIBATH NPU Pa3padbOTKe
peTeitHOM 3alUThI JaJbHUX 3JIEKTporepeaay.

Dkonozuueckue nocineocmeusn. Jluauu snexrponepenaun CBH u
YBH co3paioT HeOIaronpusTHhIE YKOJOTHYSCKHUE MTOCIESICTBHS ISl OKPY-
JKAIOIIEH MECTHOCTU BCIICACTBUE COOPYXKCHHS MACCHUBHBIX (BBICOTA [0
60 M, a B OT/AENBHBIX CIyJasx IPH IEPEeCceUeHIH BOAHBIX IPETPa U 10 CO-
TEH METPOB) OTOP U IMOABECKU Ha HUX TPEX MPOBOJOB C PACIICIICHUEM Ha
3-4 u 10 12 COCTaBIAIOMINX KaXKIbIH, PACMOJIOKEHHBIX MO OKPYKHOCTU
panuyca 10 1-2 M, a TakxKe ABYX rPO303aIUTHBIX TPOCOB.

OTH 00CTOSITENbCTBA MOTYT HMETh CYIIECTBEHHOE 3HAUCHHUE IIPH
MPOXOXKICHUU JIMHAHM dYepe3 WIM BONM3M 3aKa3HUKOB, 3aIlOBEIHUKOB,
KPYITHBIX TOPOJIOB, a TAKXKE B KyPOPTHBIX MECTHOCTSIX.

JIvHMM BCeX KJIACCOB HANPSDKEHHS, KPOME TOTO, TPEOYIOT COOTBET-
CTBYIOIIUX OTYYXXICHUHA 3eMJISTHBIX YYaCTKOB M YCIIOXKHSIIOT BEIIIOJIHCHHE
CEITbCKOXO03IUCTBEHHBIX PabOT B MECTaX YCTaHOBKH OTIOP.

Buonozuueckue npobnemvl 2.1eKmpoMazHumHoOll COBMECMUMOCHU

Cxematnyeck OCHOBHbIE TpoOrIeMbl DMC 3JIEKTPOIHEPTETHKH C
6uocdepoit mpeacrasneHs! Ha puc. 11.3. PaccMOTpuM UX KpaTKyO Xapak-
TEPUCTHKY.

Onacnble HAnpadsceHUus NPUKOCHOGeHUA u wazd. | TaBHBIM UCTOY-
HUKOM ONACHOCTH JJIsI YEIOBEKa IPEACTABISET TOK, KOTOPBIA IPOTEKAET
Yyepe3 TeJI0 YesloBeKa IPH MPHUKOCHOBEHHH K YacTsAM DJIEKTPOYCTaHOBKH,
HaxOAAIIMMCS MOJ] pa3IMuyHbBIMU NoTeHIuanamu. [lepoe omymenue (Jier-
KW 3y]1 B JTaJJOHHU, OXBATHIBAIOIIEH JIEKTPOJ — HUCTOYHUK TOKA) BO3HUKA-
et yxe mpu Tokax Iy, = 0,6 — 1,5 MA, npu yBeIMIEHUHN TOKA JIO TOKa He-
otmyckauus l,,,=4—6 MA y OTHENbHBIX JIIOJCH yXKe MPOUCXOIUT 3aTPy/-
HEHUE pa3kaTus pyku («d3PQPeKT HEOTITyCKaHUs»), a Ipu Tokax 20—25 MA
9ToT 3¢ (PeKT HacTymaeT mpakTUYEeCKH y Bcex Jroaei. [lanbHeiiee yBenu-
YEeHHUE TOKA MPUBOAUT K OOMOPOKY U 3aTeM K Mapaiudy AbIXaHHs U THOEIn
YeNoBeKa, MOMABIIero o HanpsbkeHue. Oco0yro OMacHOCTh MPENCTaBIIs-
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€T MPOTeKaHHe TOKa B OOJACTH Cepjila — MOTYT BO3HHKHYTh HEYyIpaB-
JISieMble COKPAILCHUS OTIEIBHBIX IPYII MBIIICYHBIX BOJIOKOH C YaCTOTON
MPUOIU3UTEIILHO Ha TOPSAOK BBINIC HOpMalIbHOW ((puOpHuIAIHNs), Tpe-
KpaIllaeTcsl IMyJIbCALHs CepALla, 1 OCTaHaBJIMBAETCs KpOoBooOparieHue. ITo
COCTOSIHUE MOXKET MPOJIOKATHCS U MOCIIE TOT0, KAK TOK IMPEKPATHIICS.

OracHele HANPsTREHHS IIPHKOCHOBEHHS H
nrara Juisi 4efIoeeKa BOMHM2H 232 eMITHTES

BbeIHOC OITACHOTO HAIIPSCKEHHA 34 IP e eNbl
3a3eWBIONIEro KOHTYpPa

DIeKTPHYECKOT O TT0JI Ha YeNIoBeKa, IIPHKOC -
HYBIIIET0CS K TpaHcnopTy oA BJI CBH 1 YBH

TambpaHHY eCKHe

MArHHTHOTO OIS Ha JIHHEHHBIX MOHTEPOE,
paboTaIEHX Ha JIHHHSX [10J] HATPY3KOH
{CHHIOIIHOCTE PYK)

OracHbIe HArpsTKEHHS

TIPHKOCHOBCHEA H IIIAara

DMeKTPHYECKOTO ITOJI Ha YeloBeKa, Haxo-
Jsanerocsi BomazH oSopyoearsi CBH H
‘VBH H/H oA NpOEOAaMH JIEKTPOoIep e adH

SMC HMeKTPosHePTeTHKH ¢ GHocdiepoH

Ha moJeii 1o npoeojavH BJI BciecTRHE

KOpPOHBI Ha POBOJJaX 0COGEHHO B HEHACTHYIO
MOTOAY

MeniarormHe BITHIHHA

AKyCTHYeCKHe

BuOpaiyis MHCTOR MarHHTOIIPOE OJ{OB
MOIITHELX TPAHC{HOPMAaTOPOR H PEaKTOPOR

Puc. 11.3. DnexTpoMarHuTHast COBMECTUMOCTD JIEKTPOIHEPTETHKH C
o6uocdepoit

[ToporoBsie 3HaueHHs TOKOB ourymeHus I, HEOTmycKauus [,,. u

"
Gubpumisiunm I, UMEIOT GOMBIION CTATHCTUYECKUN Pa3dpoc Juls pasiuy-
HbIX Jrofmedl. CTaTHCTHUYECKOE pAacCIpe/eieHHEe IOPOTOBhIX 3HAYCHHE
OIL[yTUMOTO TOKa [y, M HEOTIYCKAIOLIETO TOKA Iy VIS PA3IMYHBIX JIHOACH
B TIICPBOM NPHUOIIDKCHUU MOAYMHSICTCS HOPMAIBHOMY 3aKOHY C IUIOTHO-
CTBIO pacIpeeICHuUs:

(In - m)z

1
f(ln) = O-n'\/i T T exp 20, ’ (11.2)
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C MaTeMaTHYeCKUMH OXuganuaMu [, = m = 1,1 MA, L, = m = 14,9
MA M CpEHEKBAJIPAaTHIECKUMH OTKIOHEHHAMH O,y = 0,15 MA u o, =
Ouor = 3,2 MA COOTBETCTBEHHO JIsl IOPOTOBBIX 3HAUEHHUU OLIYTHUMOIO U
HEOTITYCKAOIIETO TOKA.

[Toporoseie 3HaueHUs: HUOPHILIALUOHHBIX TOKOB g, OAYMHAOTCS B
MIEPBOM TPHUOIMKEHIH JIOTHOPMAJIHHOMY 3aKOHY C IIOTHOCTBIO BEPOSIT-
HOCTH

) = —e—- [(1g—m)2] I, = lg(l 11.3
f n _O'n\/E'T[ exp ZO'H »in T g(n)' ( )

npudeM m = 1g (I_q,) U 0, CYIIECTBEHHO 3aBUCAT OT JUIUTEIBHOCTH MPOTE-
kaHug Toka B nuana3one 0,1 < t < 1 c. B nepBoM npuOmmKkeHHH 0CTaeTcs
HOCTOSIHHBIM HPOU3BEACHUE (g = Iy mint; = 0,07 K, coorBercTByromee
IPaKTHUYECKH JOCTAaTOUYHO MAaJIOW BEpOSITHOCTH (pubpmwsiuuu  (Ipu
gl min = m — 3+ 0y), P = 0,0014.

B peanbHBIX yCIOBUSX BENMYMHA TOKA 3aBUCHUT OT Pa3sHOCTH HAIps-
KEHUH MEXITy TOYKaMHU KOHTAaKTHPOBAaHUs pyKa—HOra (HaNpsDKCHUE MpH-
KOCHOBEHHSI) WJIM HOTa—HOTra (HampspDKEHHUE IIara), a TakkKe OT COMPOTHB-
nenus Tena genoseka (1000-10000 OM) 1 mepeXxoaHBIX CONMPOTHBIICHUH B
MecTax KOHTaKTOB, KOTOPBIE MOTYT BapbHpOBaTh B BEChMa IMIMPOKUX TIpe-
nenax 100-10000 Owm.

[To3aTOMYy HOPMBI HANIPSDKEHUH TPUKOCHOBEHUS MJIH IIara, UCXO/s U3
Hanbosee HEOIATONPHUATHBIX 3HAYEHUH CONPOTUBICHUH, MPHHUMAIOTCS
cormacuo tab6m. 11.1.

Tabauma 11.1
JlonmycTuMBble HANIPSIAKeHUs MPHKOCHOBEHHS M 1Iara

IJISI JIEKTPOYCTAHOBOK BBICOKOTO HATIPSIZKEHUSI
Bpewmst Bo3zeiicTBus t; 0,01-0,0801(03| 05| 1|1
JlomycTHMBble HaNpsKEHUs 650 500 | 165 | 100 | 50 | 36
IIPUKOCHOBCHHU WJIM LIara
Upp nmu Uy, B
Upp ti, Brc 50 50 | 50 | 50 |50 | -
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Hawnbonee omacHble HanpsDKEHUs] TPUKOCHOBEHMS U IIara BO3HHKa-
10T Ha noAcTannusix 110 kB u BeIIe B CETAX € TIIyXuUM 3a3eMJICHUEM HEM-
Tpayield TpaHchopMaTopoB. B OosbIIMHCTBE Cily4aeB JUisl 0OECIICYCHHUS
6e30macHOCTH 00CTYKHMBAIOIIET0 NepCOHANA Ha TaKUX MOJCTAHIMAX YCT-
pauBalOT KOHTYP 3aIIUTHOTO 3a3€MJICHHS C CONPOTHBICHHUEM PACTEKaHUS
He 6onee R = 0,5 OM. KoHTyp OXBaThIBaeT BCIO MOJICTAHIHUIO, a BHYTPH
ero sl odecrieueHus 0€30IMacHOTO HANPSDKCHUS IIara MPOKIAIbIBAIOT B
3eMJIe TIOJIOCHI, a JUIsi 0€30ITaCHOr0 HATPSDKEHUS] MPUKOCHOBEHHUSI BOKPYT
o0opymoBaHus (BBIKIIOYATEIH, TPAHC(HOPMATOPHI U T. I.) MPOKIIAIABIBAIOT
JIOTIONTHUTENbHBIE KOHTYPHI, BBIPABHUBAIOIINE pAacCIpeieeHue HarpspKe-
HHS HA IOBEPXHOCTH 3eMJIM. B MECTHOCTSAX C BBICOKHM Y/ENBHBIM COIPO-
TUBJICHHEM 3E€MIJIH JIOITYCKAaeTCsl HEKOTOpOe yBeJlMueHHne R;, HO Hampsbke-
uust Uy, v Uy, NOMWKHBL OBITH OTPAaHUYEHBI MYTEM MPOKIAJIKA JIOTIOHHU-
TEJBHBIX MTOJIOC BHYTPU KOHTYpA.

Ha MOIIHBIX MOACTaHIMAX TOK OZHOIIOIIOCHOTO KOPOTKOTO 3aMBIKa-
HUSI, IPOTEKAIONINI Yepe3 KOHTYP 3a3eMJICHHS, MOXKET OCTHTaTh U Jae
npeBocxoauTh 3HaueHue I, = 20 xA. [Ipu 3ToM HanpspkeHHe Ha 3a3emiie-
HUM HE JOJDKHO mpeBocxoauTsh U, = 10 kB, HO 60MblIyI0 0IAaCHOCTh MO-
XKET IMPEACTaBUTh BBIHOC OITACHOTO HAIPSDKEHHS 3a MpeNeNibl 3a3eMIISIO-
[Ier0 KOHTYpa MPOTSHKCHHBIMH METAJUIMIECKUMH yCTpOHCTBaMu (HKeies-
HOJIOPOKHBIE PEIbCHI, TPYOOIIPOBO/IBI, 000JI0UKH Kadelnei u T. 1m.). B mec-
Tax BBIXOJIAa UX 32 MpEIesbl 3a3eMIISIOIIEr0 KOHTYpa IOJCTaHIIMK Ha HUX
HEOOXOIMMO IPEAYCMOTPETh COOTBETCTBYIOLIME HM3OJISLIMOHHBIE YCTPOWi-
CTBa.

Crenuduveckyro OMacHOCTh MOXKET IPEACTABHTH IPUKOCHOBEHUE
YeJoBeKa K KpPyMHOrabapuTHOMY TPAHCIOPTY HA PE3MHOBOM XOIy IO
npoBoaamu BJI CBH u ocobenno YBH. Uepes uenoBeka Oyaer mpoTeKaTh
TOK

I, = jw - (CuUy + CyUg + C.U), (11.4)
rae U; u C; (i=4, B, C) — nanpsoxenns Ha paszax A, B, C u eMKoCTH Mex-
Iy TPaHCIIOPTHOM TIaTHOpMOi 1 (ha3HBIMH ITPOBOAMH.
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B cnyuae pacnonoxenus npoBoaoB JIDII B 01HON ropHU30HTAIBHON
IJIOCKOCTH HaBEJACHHOE Ha TPAHCIOPT HANpsHKEHHE PaBHO B MEPBOM IpH-

OMKEHUU
U U, S5%hy, 2ps  nng s
P2+ ) vz r s PR (115)

rae U, — nuHeliHOe HanpshDKEHUE AIeKTpoIepenadn; I, — SKBUBAICHTHBIH
pajuyc pacuIEIuIeHHOH (asbl; 7, 7, 1 — COOTBETCTBEHHO PA/IMYChI MPO-
BOJIa, OKPYXKHOCTH, IO KOTOPOW PacCIOIOKEHBI MPOBOJA PacUICIICHHON
(haspl; YUCIIO COCTABIIAIONIUX MPOBOJOB; S — PACCTOSTHUE MEXIY COCEI-
HUMHU (asHeiMu ipoBopamu; h, h., — BeicoTa nposonos BJI u mnargop-
MBI TPAHCTIOPTA HAJT 3EMIICH.

JmutenpHOE BO3ICHCTBIE AIEKTPOMArHUTHOTO TIOJISI HA YeJIOBEKa IO
JIaHHBIM psifia OMOAIEKTPOMATHUTHBIX HCCICIOBAHUA U CTATHCTUYCCKOTO
aHamM3a 3a00JIEBAEMOCTH PAa3IIUMYHBIX TPYIII JIFOJCH MOXKET CIIOCOOCTBO-
BaTh OHKOJIOTHYECKHM 3a00JIeBaHMsIM, OCOOCHHO y JIeTeH, a Takke Hebla-
TOMPUATHBIM MYTAIMSIM C OTIAIEHHBIMI T€HETHYECKIMU TTOCIIEICTBUSMH.

Mewarowue e1usanus 31eKmpoInepzemuxku Ha ouocgepy. Vcce-
JIOBaHMsI HAYYHO-UCCIIE0BATEIbCKOTO MHCTUTYTa TUTHEHBI TPYyJa U Tep-
conanpHOM 3ammThl (HUUI'T u I13) u aHanu3 onbita paboThI MOKa3hIBAIOT,
9TO B HOPMAaJIBHOM pexume padoTsl BJI oka3piBaeT HeOIarompusTHOE
BO3/ICHCTBHE Ha OKPY’KAIOIIee HACEJICHHE M OCOOCHHO Ha OOCIY)KHBArO-
U TIepCOHANT BCIICACTBHE BO3JCHCTBHUS MAarHUTHOTO M 3JIEKTPUYECKOTO
TIOJICH, a TAaKXKe aKyCTHYECKUX ITOMEX.

[on neicTBHEM MarHUTHOTO IIOJIS 3aTPYAHSCTCS IBH)KCHHE KPOBH B
KPOBEHOCHBIX COCYJIaX, YTO BBI3BIBAET CHHIONIHOCTh PYK Y MOHTEPOB, pa-
0OTaIONIMX HA JMHHUAX CHIBLHOTO TOKA IO HArpy3KOM.

Ha ocHOBe MHOTOUYHCIICHHBIX ajlo0 00CITyKHBAIOIIETO MEePCOHAIA,
a TaKke IO JaHHBIM HCCIEJOBAaHUNH BCEPOCCHICKOIO Hay4HO-
UCCIIEZI0BATENbCKOT0 HHCTUTYTA oxpaHbl Tpyaa (BHUMOT) ycranosieHo,
YTO JJIMTENEHOE CHCTEMATHYEeCKOE HAXOXKICHUE UYEIOBEKa B JJICKTPHUE-
CKOM ITOJI€ C BBICOKOM HampshkeHHOCThIO (E = 5 kB/M u BbIIIE 1ipu 0TCyT-
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CTBUM 4YeJIOBEKa), OTPHULATEIBHO CKa3bIBAE€TCS HA €ro CaMOYyBCTBHUH.
Hopwmsl u mpaBuia mo oxpane TpyAa PeKOMEHIYIOT BPEMEHHO (0 Jaib-
HEHIero yTOYHEHHUs) JOIMYCTHMYIO IPOJODKUTEIBHOCTh CHCTEMaTHYe-
CKOTO TIpeOBIBaHUS 0OCITYKHBAIOIIETO [IEPCOHANA B ANEKTPUUECKOM IIOJIE,
npuBeneHHyt0 B Tabin. 11.2. [TpuBeneHusie B Tabm. 11.2 3HaueHus E ompe-
JIENIAI0TCA B HanOoJiee HeOIaronprusaTHOM MECTE BO3MOXKHOTO IIPpeObIBaHNUS
YenoBeka (IpU €ro OTCYTCTBHH) MPU YCIOBUH, YTO OCTAJIbHOE BPEMs OH
HAXOIUTCS B MECTax, I/Ie HANPSDKEHHOCTD AJIEKTPUYESCKOTO OIS HE Tpe-
BhbIraeT 5 kB/M. Kpome Toro, 1OKHBI OBITH TPUHATHI MEPhI, UCKITFOYAF0-
M€ BO3MOKHOCTH BO3JIEHCTBUS KPAaTKOBPEMEHHBIX JJIEKTPOCTATHUECKUX
pa3psiioB Ha OpraHu3M 4YelioBeKa B padO4MX YCIOBHUSX. 3HAYMTENIBHO
CJIOKHEE BOMPOC O HOPMHPOBAHUM JOIMYCTHMOW HAINPSDKCHHOCTH DJICK-
TPHUYIECKOTO IO BOJIM3U IMHUH dJIeKTporepeaadn. JmurensHoe cucrema-
THUYECKOE HaXOKACHHUE JIFO/ICH MU )KUBOTHBIX B TIPE/IENax IMOJIOCH OTIYXK-
JeHUs He mpenycMoTpeHo. [1oaToMy B HacTosilee BpeMsi B KauecTBe J10-
MYCTHMOM HANpPsDKEHHOCTH TIOJ MPOBOAAMU JUIsl HACEJICHHOW MECTHOCTH
o0braHO npuHuMaerca E < 15 xB/m u E < 20 xB/m nns HeHaceneHHOH.
3a mpenenamu MOJOCH OTYYXKICHHS, T/I€ BO3MOXHO UTUTEIBHOE HAXOXK-
JICHUE JIeTEeH, HaNpsHKCHHOCTh JOJDKHA OBITh 3HAYMTENbHO Hibke (E < 2
kB/m).

Tabnupa 11.2
I'uruennyeckue HOPMATHBBI HANPSUKEHHOCTH 3JIEKTPUYECKOT0 MOJIst
JJIs1 IepcoHasa, odciay:kuBarwniero ycranoeku CBH

HanpspkeHHOCTD 3IIeKTpHUYecKOro mosist | JlomycTumas AMTeNbHOCTh IpeObIBa-
E, xB/m HUS YeJIOBEKa B T€UEHUE CYTOK T o,

MUH

Ho 5 bes orpannuenus

5-10 180

10-15 90

15-20 10

20-25 5

Cspimie 25 He nonyctuma
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AKyCTHYECKHE MOMEXHU BBICOKOH WHTEHCHBHOCTH TakXKe HeOiaro-
MIPHUATHO CKAa3bIBAIOTCS HAa caMOYyBCTBHH Jrozaei. [lox BmustHEEM mepe-
MEHHBIX JJICKTPOMATHUTHBIX IIOJNEH BO3HUKAIOT 3JICKTPOJHMHAMHYCCKHEC
CWJIBI B OTJENBHBIX dyieMeHTax. OHHM MyJIbCUPYIOT C JBOWHON 4acTOTOM
(100 I'r) 1 co3maroT MeXaHWYeCKyto BHOpamuoo. B 3aBUCHIMOCTH OT UHTEH-
CHBHOCTHU 3Ta BHOpAIUsl BOCIPHHUMACTCSI YEIOBEUSCKHM YXOM Kak IIO-
poX, ryaeHue win peB. Tak, HanmpuMep, y MOBEPXHOCTH MPOBOJIOB JIMHUI
BBICOKOTO HANPSDKEHUS MOXET BO3ZHHKHYTh KOPOHHBIH paspsill, CO3Jaro-
IU{ 3HAYMTENBHBIC JT00aBOYHBIC TIOTEPH SHEPTHH, aKyCTHUECKHE W pa-
JMONIOMEXHU. XapaKTep U WHTEHCHBHOCTh KOPOHBI CYIIECTBEHHO 3aBHCST
OT aMIUTUTY/bl HANPSDKEHHOCTU E 3JIEKTPUYECKOTO TMOJIA Y MOBEPXHOCTU
MPOBOJIA ¥ MOTObI (MHEH, U3MOPO3b, TOIONE, TOXKIb).

W3BecTHa Tak Ha3pBaeMas KPUTHUYECKAas HANPSDKEHHOCTH KOPOHHL,
kB/cm

E,=165-V2-m-§-[1+0,62/(8% -1, (11.6)
rae m = 0,82- 0,85 — k03 PUIHEHT HEIIATKOCTH TTPOBOJIA.

Ecmu E > E,, TO KOpOHHUPYET BECh MPOBOJ M BOZHHUKAET «00mIas Ko-
poHay», cosmaromias OoblIue MoTepu dHepruu. YToObl M30ekaTh 3TOTO,
NPUMEHSIOT PaCIleIUICHHbIE IPOBOJa, H300PETCHHBIE OJHUM U3 BEIYIINX
npodeccopoB JICHUHTPAICKOTO MOJUTEXHUYECKOTO HHCTHTYTa aKaJIeMU-
koM B. ®@. MutkeBuuem eme B 1910 roay. Ha nunuu 330 kB ucnons3yior
(a3pl, paculelyIeHHBIE Ha JBa COCTABIIOIIMX IIPOBOAA, HA JIMHHUU
500 kB — Ha Tpu, Ha muHUK 750 KB — Ha YeThIpe-ATh MPOBOJOB. Takoe
pemenne obecnieunBaer E = (0,8- 0,85)E, u orcyTcTBHE 00IIeH KOPOHEIL.
OnHaKo B TOYKAaX HEOJHOPOTHOCTH (3ayCEHHMIIBI, 3arPS3HEHHUS U 0COOCHHO
KaIUTH TOKAS) HAIPsOHKCHHOCTh OKA3BIBACTCS IOBBIIICHHON, U B PE3yNIbTa-
T€ BO3HHMKAET MECTHas1 KopoHa. Hanboee cHiIbHBIC TOMEXH HAOIIOAAI0TCSI
MIPU MOPOCSIIIEM JIOXK]IE, KOT/Ia BUOPUPYIOIIUMH JIEMEHTAMHU OKa3bIBAIOT-
Csl KaruIi IO/ Y TIOBEPXHOCTH TpoBoja, moaromy JIDIT 110-220 kB mpu
noxae «urypmar»y u «mwrsaty, BJI 330-500 kB «rymsat», a BJI 750 xB
«PEBYTY.
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Bonblne akycTudyeckue MOMEXH MOTYT BO3HHKATh TaKKe BOJIU3U
MOIIHBIX TpaHc(opmaropoB, aBToTpaHchopmaropoB U peaktropoB CBH.
IIpu 3TOM BHOPHPYIOT CTadbHBIE JIMCTHI MAarHHTOIPOBOIOB M MEIHbIE
npoBojia 0OMOTOK, OCOOCHHO, €CITM YacTOTa COOCTBEHHBIX KOJEOaHUH MX
sneMeHToB Onm3ka K 100 I,

11.2. DJIEKTPOMATHUTHASI COBMECTUMOCTbH
SJIEKTPOSHEPTETUKH C MPOTSI)KEHHBIMU
METAJUIMYECKUMH COOPYKEHUSIMUA TEXHOC®EPHI
U C DJJEKTPOHOC®EPON

INeKmpoMazHUMHAA COGMECUMOCIO IIEKMPOIHEP2EHUKU
C NPOMANCEHHBIMU MEMANTUYECKUMU COOPYHCEHUAMU MEXHOCPeEPbL

CxemaTtn4yeckd OCHOBHbBIE TpoOiaeMbl DMC 3JIEKTPOIHEPTETHKH C
MPOTSDKEHHBIMA ~ METAJUIMYECKUMHU  COOPY>KCHHSMH TPEICTABICHB Ha
puc. 11.4. PaccMOTpUM UX KPAaTKYIO XapaKTEPUCTUKY.

Onacnble énuAnUA HA RPOMBLIUIEHHOU Yacmome. 1101 «OacHBIM»
BIMSIHUEM Ha TPOTSDKCHHBIE METAJUIMYECKHUE COOPYKEHHUS TEXHOC(EpHI
OyzeM MOHMMATH TaKOE BIUSHHE, MPH KOTOPOM HHIYKTHPOBAaHHEIC Ha-
OPSDKCHUS B IEIIAX JIMHUH CBSI3H, TPAHCIIOPTHBIX YCTPOHCTBAX MM JPYTUX
3JIEMEHTaX MOTYT CO3aBaTh OMACHOCTH AJIS 3J0POBbS U KU3HHU OOCITYXKH-
BAIOIETO IepCOHAJa, HACeNeHWs M aOOHEHTOB JIMHHWH CBS3H, BBHI3BIBATH
MOBPEXXICHUS alllapaTypsl U MPHOOPOB WM JIOXKHBIE cpabaThHIBAHUS Ke-
JIE3HOAOPOXKHOW curHanu3aruu. Co BCEM ITUM IMPUXOAMUTCS CUUTATHCS,
IpeXxae BCero, mpu Hanboee HEOIAroNpHATHBIX — aBAPUHHBIX WM He-
HOpPMAJIbHBIX — PEKUMAaX pabOThl CETU BBICOKOT'O HANPSKEHUSI.

[Ipu HecumMeTprYHBIX KOpOTKHX 3ambikanusx (K3) B cetu ¢ addek-
TUBHBIM 3a3€MJICHHEM HEUTPaIH BO3HUKAIOT OOJBIIME TOKH B 3€MJIE H
CHIIbHBIE MarHWTHBIE TOML. OHH MOTYT BEI3BAaTh OIIACHBIE MarHUTHBIC
BiusaHUs. Bo3Hukaer 3/IC B3aUMOMHIYKIIMN B HAXOAAILIUXCS BOJIU3H BO3-
JOYUIHBIX U KaOENbHBIX JUHUSX CBS3H, B LIEISX JKEJIE3HOJOPOXKHON CUrHa-
JMU3alKu U OMOKHPOBKH. B Takmx ciydasx HEoOXOAWMO MPHUMEHSTH CIie-
OUABHBIC MEPHI IS UX 3aIIUTHL.
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Puc. 11.4. DMC 37eKTpO’HEPreTUKHU C NPOTIKEHHBIMHI METAUTHYECKIMU
coopyxenusmu (TEXHO-OMC)

ITpaBuia 3amUTHl yCTaHABINBAIOT HOPMATHBHBIC BEJIMUYHMHBI JIOITYC-
KaeMbIX 3HaYCHUH HAIPSDKCHUS Ha IPOBOJAAX JIMHUH CBS3U U IPONOJIBHOM
S/1C B3aUMOMHAYKIMH. DTH TPeOOBAHUS YYUTHIBAIOT BO3MOXKHBIE B JKC-
IUTyaTal[MK JINHAH CBSI3U Pa3iIMYHbIE KOHKPETHbIE cUTyauuu. Tak, Harmpu-
Mep, B 0c000 HEONaronpusATHBIX YCIOBHSAX OKa3bIBAIOTCS MOHTEPHI, BBI-
HOJIHAIOIIME PEMOHTHbIE Pa0OTHl Ha IOJ3EMHOM Kabese CBSI3H B CTECHEH-
HBIX YCIIOBHSX B KaOEJIBHOM KOJIOALE ¥ BO BIaxHOH 3emite. IIpu sTom no-
IIyCTUMO HaHMEHbIIee HAIpsDKEHHE Ha NPOBOJAX JIMHHK CBA3eH, TaK Kak
COIPOTHBIICHUE TeJa 4yelloBeKa MoxkeT ObITh MuHMManbHbIM (1000-2000
Om).

B 3nauntensHO Gonee OIArONPHUATHBIX YCJIOBUSX OKa3bIBAIOTCS pa-
Ooune, PEMOHTHPYIOIIUE BO3AYLIHYIO JIMHHUIO CBS3U Ha JCPEBSHHBIX OIO-
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pax. Ilpu npaBunbHOI opranuzanuyu Tpyzaa padbouyue TOJKHBI ObITH 3aKpe-
IJIEHBl MOHTAXKHBIM MOACOM. Torna MHCTUHKTUBHOE OTIEPruBaHUE PYKU
IpH yJape TOKOM He MPUBEAET K NaJeHUI0 U MeXxaHuueckoil TpaBme. Kpo-
M€ TOro, TOK, KOTOPBIM MPOXOIUT 4E€peE3 MOHTEPA, CYIIECTBEHHO OTpaHM-
YEH BKJIIOYEHHBIM I10CJIEI0BATEIBLHO COIIPOTUBIIEHUEM JEPEBIHHOIO CTOJI-
0a, coctaBisromuM He MeHee 10 kKOM Ha KaXkK/blii METp €ro JUINHBEIL.

IoBpexaeHne anmaparypbl U IIpUOOpPOB B LIETIM JMHHUH CBSI3€H MO-
JKET BO3HUKHYTh B Cllyyae, KOI/la CyMMapHO€ IPUIOKEHHOE HAIPsHKEHUE
OKaKeTCs BHIIIE TPOOMBHOTO HANPSDKEHUS M3O0JLIIIAN KHJI KaOelsl MK all-
[apaToB M0 OTHOIICHMIO K 3a3€MJIEHHBIM JKpaHaM MM K 000J0Yke Kade-
JIAL.

DnekTpryecKkas MPOYHOCTh Kabenel CBsI3M, BBOAHBIX YCTPOWCTB H
anmaparypsl IpU KPaTKOBPEMEHHOM BO3JIEHCTBHMU B TedeHHe |—2 ¢ He-
CKOJIBKO BBIIIIE, YEM UCIIBITATEIbHOE OJHOMHUHYTHOE HanpspkeHue. O1HaKo
B YCJIOBUSX 3KCILTyaTalluy BCIEICTBUE CTAPEHUS U30JIALUU €€ MIEKTpUe-
CKas MPOYHOCTh CHMXKaeTcs. B mepBoM NpUOIMKEHUH MOXKHO CUMTATh,
9TO 3TH JIBa 00CTOATEIHCTBA B3aMMHO KOMIIEHCHPYIOT ApyT Apyra. Kpome
TOT0, Ha KaOEIBbHBIX JIMHUAX CBSI3U 9acTO MPEIyCMAaTPHUBAIOT AUCTAHIIUOH-
HO€ NMTaHUE HEYIIPABIIIEMBIX YCUIUTENBHBIX ITyHKTOB. [lo3TOMy npaBuiia
3alUThl TPeOYIOT, YTOObI BenMuUHa KpaTkoBpemeHHOH OJIC B3aumouH-
JYKIMH C YY4ETOM BO3MOKHOTO HEOJIaronpHsTHOTO HaJIOXKEHHs HaIpshKe-
HUS JUCTAHLMOHHOIO MUTaHMs HE MPEBBIIIANIAa UCIBITATEIbHOTO HaIpsKe-
HUS anmapaTyphl U Kabeneit CBsI3H.

B mnutensHoM pexkume pabotsl D/IC B3aMMOMHIYKLMH TaKXe C
YUETOM HANPSDKEHUS TUCTAHIIMOHHOTO MHUTAHUS HEYIPABISIEMBIX YCHIIHU-
TEJbHBIX MyHKTOB MPHU NPUMEHEHUH COOTBETCTBYIOILMX MEpP 3alUTHI HE
JOJDKHA TPEBOCXOAUTH JOMYCTHMOTO pa00dero HampsHKCHUS MEXIY JKH-
JaMH KabeJst.

IIpu pacuerax omacnoro BnusHust BJI Ha mronelt u anmapatypy Ju-
HUH CBSA3M HEOOXOANMMO YyUYHMTHIBATh KaK HOPMaJbHBIH pexuM padoTsl BJI,
Tak 1 HanboJiee HeOIAroMPHUATHBIN aBapuiHbIA pexxuM K3 B ofHOM TouKe.
OnnoBpemenHoe Hanoxenne K3 B IByX pa3iuuHBIX yNaJ€HHBIX JPYT OT
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Jpyra TO4Kax — MaJloBepOsITHOE cOObITHE. OHO YUUTHIBAETCS B UCKITIOYH-
TENBHBIX Clydasx. Tak, HampuMmep, 0C000 OTBETCTBEHHBIM SIBIISIETCS BIIUSI-
Hue BJI Ha nienu »xene3HOA0POKHOMN MMOJTyaBTOMATHUECKON OJIOKHPOBKH C
OonmoxMexann3MamMu. [Ipyu HEOIaronpusTHOM CTEYEHUH OOCTOSTEILCTB ITO
BIIMSHUE MOXET MPHUBECTH K aBapHsM Ha >KeJIe3HOM mopore. B aTux ycimo-
Busx [IpaBuiia 3auThl TpeOYIOT YUUTHIBATh JaXe TaKYI0 MaIOBEPOSTHYIO
BO3MOXXHOCTb, Kak HajoxeHue K3 Ha oxgHoit BJI B 1ByX Toukax, yaajeH-
HBIX JpyT OT Apyra. Jluauu 635 kB, paboTaromue B ceTsaX ¢ H30JIMPOBaH-
HOU He#Tpanbto, pu ogHOBpeMeHHoM K3 nByx (a3 B pa3HbIX TOYKax MoO-
TYT CO3/1aBaTh MOBBIIIEHHbIE WHAYKTHUPOBAHHBIC HAMIPSDKEHUS B IIETIAX HKe-
JIE3HOJIOPOKHOM OJIOKHPOBKH.

OmnacHocts npezactasisier npoaonsHas J/C Blaumonnnykunn E Ha
JUTMHE TaJIbBAHUIECKH HEPA3/ICIeHHOTO YIacTKa COMMKEHIUS

n
E = Z Iikizili , (117)
i=1

rre I;, k;, [; — COOTBETCTBEHHO BIHSIONIMN TOK HYJIEBOH MOCIEIOBATEIb-
Hoct BJI, ko3 durmeHT 3ammTHOTO ACHCTBUS 000JO0OYKU Kaless, peib-
COB, TPOCOB U JIPYTHX IKPAHUPYIOLIMX 3JIEMEHTOB W JJIMHA I-r0 y4acTKa
SKBHBAJIEHTHOTO MapayuieibHoro commkenuss BJI w nuHWMiA cBs3u; z; —
B3aHMHOE COIpOoTHUBIEHUE MEXTy BJI u nuHUi CBSI3U C y4eTOM MOBEpX-
HOCTHOTO 3(QeKTa B 3emiie, BBIYUCICHHOE N0 (opMynaaM WM KPUBBIM
Kapcona, wmu mo nmpubnmkeHHOH GopMmyie:

jw.uol a® + (hy + hy + 2hy)? Ps
= n . —

Z; ; = |3
b 4m a?+ (hy — hy)? ° Jwlo

, (11.8)

rae hy — SKBUBAJICHTHAS KOMILUICKCHAs IIyOHMHA YPOBHS 3€PKaIBbHOIO OT-
paXEeHUs] MarHUTHOTO T0JIsL B 3eMuie; a, Ry, Ry, p; — COOTBETCTBEHHO IIH-
puHa cOnmxenus, BeicoThl BJI 1 nmuHUI cBA3ei HaJ MOBEPXHOCTHIO 3€MIIH
U €€ YJEIbHOE COIPOTUBIICHHUE.

Jnst ymenbinennst BnusiHus BJI Ha NWHUSX CBSI3U YCTaHABIMBAIOT
pa3IenuTeNbHbIC JIMHEHHBIC U peAYKIMOHHbBIE TpaHchopMaTophl. Anmapa-
Typa y3Jia CBSI3M OKa3bIBACTCS OTICIICHHOW OT JIMHHHU, & Y9aCTOK COJMKe-
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HUA OTPAHUYCH ABYMsI COCCIHHMMU PA3ACIIUTCIbHBIMA U PEAYKIMOHHBIMU

Tpanchopmaropamu.

Tabnunpa 11.3

Honmyctumbie IJAC E,, u nanpsokenus U, 1as1 KabeJbHbIX JTMHHA

CBSI3U U 1eNel mMoJyaBToMaTH4ecKoi 0J10KMPOBKH

XapakTepucTuKa JlomycTuMo, ecili CriacaTesIbHbIe MEPhI 3allUThI
eTH OTCYTCTBYIOT HUMEIOTCS
KPaTKOBPEMEHHO | IIMTEIBHO JUTATENTBHO
tu Epon,B| Epop—Ugen, B
KaGenpHBIC THHUH CBS- Epon < <2 70 Epon <
31 0e3 AUCTAHIMOHHOTO < Upen >2 36 < Upag
HNHUTAHUS
To xe, ¢ AlI, uzomupo- Epon < <2 70 Epon <
BaHHBIM OT 3EMJIK < Uyen >2 36 > Upas
To xe, ¢ [II, u 3asem- | E; \ < Uy, — | <2 70 Epon <
JEHHBIM TIONIOCOM HC-
~Um(1/N2) |>2 36| > Upus — Upu/V2

TOYHHMKA IOCTOSHHOTO
TOKa
To xe, ¢ AIL, u sasem- | E; o\ < Uy — | <2 70 Epon <
JIEHHOU cpefHel TOUKOon

pel —Up(1/V2) |>2 36 | > Upys — Upa/V2
HCTOYHUKA IIePEMEHHO-
T'O TOKa

Llenn nomyaBTOMAaTHIECKOI OIOKHPOBKH C OI0KMEXaHH3MaMU
OJJHOTIPOBOJHBIE Eon <60 B >1 -
JBYXTIPOBOTHEIE Epon <30B >1 -

[Mpumeuanus: Uy, — UCTIBITATENLHOE OJHOMUHYTHOE Hanpsixenue, B; Up,s — pabo-
4ee HaNpsKEHHE MEXLY JKHIaMM lened xabens, B; Uy, — HanpsykeHHe MCTOYHMKA

JUCTAHIIMOHHOI'O IIMTaHM, B.

[IpaBuia 3amUTHl YCTaHABIMBAIOT JOMyCTUMBIC 3HAYCHUS MPOJONb-
Hbix O/1C B3aMMOMHAYKUUY AJIs TUHUN CBSA3U U LENeH jKene3HOI0POKHON
OJIOKHPOBKH, a TaK)Ke BO3IYLIHBIX JIMHUHA cBsi3u (Tabdn. 11.3, 11.4). B Tex
CiIy4asix, Korja JomyctuMmas, rnpoaoisHas DJ{C mpeBsiiaeT yCTaHOBIICH-

212



HYI0 HOPMY, JOMOJHUTEIBHO K YKa3aHHBIM BBIIIC Pa3CIUTEIbHBIM U pe-
JIYKIIMOHHBIM TpaHc(hopMaTopaM NPUXOAUTCS yCTaHABIMBATH Pa3psIHU-
ku. IIpu 3TOM HampspkeHUE Ha MPOBOJIC JIMHUHM CBS3HM IO OTHOIICHUIO K
3eMJie, a TakXe TaJICHUE HaANpsHKEHUS Ha COMPOTUBICHUSX 3a3€MIICHUS
pa3psAHUKOB Ipu HanOomee HeOnaronpustHoM K3 Ha BJI He gomkHO mpe-
BBIIIATh 3HAYEHUH, IPUBEACHHBIX B Ta01. 11.3 u 11.4.
Tabnuna 11.4
Honycrumebie IIC u Hanps:KeHUs] OTHOCUTEILHO 3eMJIU
AJIsl BO3AYIIHBIX JIMHUIA CBSI3U

XapakTepucTika HomyctumMo, ecnu pa3psaHUKY:

enu OTCYTCTBYIOT YCTaHOBJICHBI
KPaTKOBPEMCHHO | JUIMTEIBHO | KPaTKOBPEMEHHO
ta  EponB |4 EponsB| tc  Epon B

Bosaymnsie muHuu | < 0,15 320 <2 - -

CBsI3U Ha keje3oberoH- | 0,15-0,3 240 70 - -

HBIX WM Mertaumue- | 0,3-06 160 >2 - -

CKHX OTopax >0,6 120 36 - )
Bosaymusie auauy | < 0,15 2000 <2 <0,15 1300
cBsa3u Ha jaepeBsHHbIX | 0,15-0,3 1500 120 0,15-0,3 1000
omnopax, B T.4. ¢ xene- | 0,3-0,6 1000 >2 0,3-0,6 750
300€TOHHBIMU NIPUCTaB- | > 0,6 750 60 >0,6 500

KaMu

1 cHUKEHHs OIIaCHOT'O BIIMSHMS HA JIMHUAX CBA3M YCTaHABJIMBAIOT
JIpEHaXHbIE KATYyIIKH. MOXXHO TakKe BMECTO KeJIe300€TOHHBIX U CTajlb-
HBIX OIOP Ha JIMHUSIX CBSI3U HUCIOJB30BaTh JEPEBAHHBIC, JIs1 KOTOPBIX J0-
nyctumbie D/1C u HanpspKeHne 3HAYUTENbHO Bhle. Ha ydacTtkax TecHOTO
COMMKEHNST MHOTIAa TIPUXOTUTCS 3aMCHSTh BO3AYIIHYIO JHHUIO CBSI3U Ka-
OenpHOI. B OTHEeNbHBIX CiIy4asx HEOOXOJMMO TMEPEHECTH JMHHUIO CBSI3U
Jansiie oT BJI u TeM caMbIM CYIIIECTBEHHO YMEHBIINUTD BiusHue BJL.

Psin Mep, cmocoOCTBYIOMUX CHUKEHHUIO OMACHBIX BIMSHHN, MOYHO
ocymectBuTh U Ha BJI. K ux uuciy orHocsTcs:

1) ycranoBka Ha BJI Xx0poImo mpoBosmMx (CTalcaIrOMUHEBBIX) 3a-
3eMJICHHBIX TPOCOB;
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2) yacTUYHOE pa33eMyieHHe HeWlTpaneid TpaHCPOpMATOpOB IS
YMEHBIIEHUS TOKOB ogHO(pazHoro K3;

3) aBTOMaTHYECKUil KOHTPOJIb COCTOSIHUS M30ssiuuu BJI ¢ m3ommpo-
BaHHOI HEHTpanpio U OBICTPOE OTKIIOUCHHE MOBPEKACHHOIO y4YacTKa,
9TOOBI UCKITIOUNTH K3 B 2-X TOUKax;

4) nepeBo]] BO3AYIIHOM JTUHHK B KaOEIbHYIO B TOPOJCKUX YCIOBUSIX,
a Takxe B nepecedeHusx ¢ BJL

B oTnenpHBIX cityyasix, KOTZa JTMHHS CBSI3U HAXOAWUTCS B HEIIOCPE/-
cTBeHHOH Oym3ocTtr oT BJI 6-35 kB B cet ¢ M301MpoBaHHON WIIM pe30-
HAHCHO-3a3€MJICHHON HEUTpajblo, MPUXOIUTCA YYUTHIBATH TAaKXKE BO3-
MO>XHOCTb OMACHOTO 3JIeKTprueckoro BiusHus BJI Ha nuHuu cBs3u. Takas
OITACHOCTh MOKET BO3HUKHYTH ITPH 3aMBIKaHUH Ha 3eMJTI0 0JTHOM (pa3wl BJI
6-35 kB, Tak kak Mpu 3TOM Ha OCTAIBHBIX JBYX (hazax HamNpsHKEHHS I10-
BBIIIAKOTCA 10 HI/IHCﬁHLIX, a CABUr (1)33 MCXIY HUMH MOXKET 6I)ITI) IopsAaKa
60°, a B cimyyae QyroBOro 3aMbIKaHUsSI Ha 3€MIII0O UMEIOT MECTO, KpOME TO-
r0, MHOTOKpATHbIE 32)KUTaHUS U MOTacaHMsl JIEKTPUUYECKONW TYTH, COMpO-
BOXKIAOIIMECS OpOCKaMU TOKA M HAIIPSDKEHUS Ha 3I0POBBIX U aBapUHHBIX
(hazax TUHUH.

Mewatowue 6enuanuA INEKMPOIHEPZEMUKU HA NPOMAICEHHbBIE
Memanauyeckue coopyxycenus mexuocghepul. Takue BIUSHUS BOZHUKAIOT
BCJIE/ICTBUE ITOMEX, KOTOPbIE CO3/IAl0TCS CETAMHU BBICOKOTO HANpPSKEHUS B
YCIOBHAX UINTEIHFHOTO HOPMAJIBHOTO pekuMa ux padotel. OHHM HE mpen-
CTaBJISIFOT HETIOCPEICTBEHHOM OMACHOCTH [UIS COOPYKEHHUH TeXHOC(EpHl,
OJIHAKO YXY/IIAIOT KauyecTBO €€ pabdOoThl, CHU)KAIOT HAJEKHOCTb MU CO3-
JIAIOT 3aTPYJHEHUS JJIi HOPMaJIbHOTO (PYHKIMOHHUPOBAHUS CBSI3U, TEIECBU-
NCHUS, paio u T. II.

CeTH BBICOKOTO HANPsDKEHHUS HHIYKTUPYIOT B DJIEMEHTaX TeXHOche-
PBI TOKH M HAPsHKEHHS MTPOMBIIUICHHOW yacToThl 50 ['1, a Takke 3ByKO-
BbIX 4acToT (BbicmiMX TapMoHUK (150-5000 ') u BBICOKOH YacTOTHI
(20 xI' u Gostee)).

B xaOenpHBIX THHUSAX CBSA3U (PYHKIHOHUPYIOT MHOTOYHCICHHBIE BBI-
COKOYACTOTHBIC KaHAJbI CBS3U. BeeacTBue CHIIBHOTO 3aTyXaHUSI BEICOKO-
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YaCTOTHBIX KaHAJOB 4epe3 Kaxable 5—15 KM IMpUXOIUTCS ycTpauBaTh He-
yIpaBiisieMble YCHIIMTENbHbIE TYHKTHI. Ha JIMHUAX CBA3M OTHOBPEMEHHO C
Tene(h)OHHOM CBS3BIO IO CXeMe MPOBOA—TIPOBO] IIUPOKO MIPUMEHSIETCS IS
Tenerpaga cxema JABa mpoBoja 3emis. [Ipu 3ToM yraercss 3HAYHTEIHHO
YMEHBIIUTh MEIIAloIiee BIMAHUE Tenerpada Ha Tese(OHHBIC KAaHAIBIL.
MarauTHOe TosIe, 0Opa3zoBaHHOE padounmu Tokamu 50 I'm BJI, oOycnos-
JIMBAeT MEIIAoIee BIMSHUE Ha JJIEKTPUYECKHE LEMH, B KOTOPHIX 3eMIIs
HCTIONB3YeTcsl B KauecTBe obpaTHoro npooaa. K ux gumciay otHOCATCS 11€-
NI JUCTAaHLMOHHOTO NMTaHUS HEYIPaBJIAEMbIE YCHWINTEJIbHbBIE ITyHKTBI,
TeJieynpaBlieHUs] U TeJeCUTHAM3alluu, a TakKe€ HU3KOYACTOTHBIA Tele-
rpag, padoTtaromuii o cxeMe J1Ba MpoBOa 3eMJIS.

Toxu n HanpspKEeHUs BRICIIUX TapMOHUK BJI oka3pIBatoT mMemaroniee
BJIMSIHUE Ha KaHaJbl 3BYKOBOM 4acTOTHI JIMHUHN CBsA3U. Bhiciine rapMoHuKu
B CETSX BBICOKOTO HAIPSDKEHUS BO3HUKAIOT, TJIABHBIM 00pazoM, BCIIEICT-
BUE pabOTHI MOIYPOBOTHUKOBBIX MPpeoOpa3oBaTeIbHbIX YCTPOUCTB, dJIEK-
TPOILJIaBWJIbHBIX IIeUeH, 3JIEKTPOCBAPOUHBIX arperaToB U U3-3a HACHILICHUS
cTaimu TpancGopmatopoB. TOKU 1 HAIPSDKEHHSI BBICIINX TAPMOHHK HE yda-
CTBYIOT B Ilepefaue MoJIe3HOH AIEKTPOIHEPTHH, OHH CO3IAET J0OaBOYHBIC
NIOTEPU U NMOHMXKAIOT K. II. . 3jeKTponepenadu. IloaToMy ux craparorcs
10 BO3MOXXHOCTH YMEHbIIUTh. Kak MpaBWiio, OHU HE MPEBBILIAIOT He-
CKOJIBKHX NPOLIEHTOB OT OCHOBHOTO padouero Toka win HamnpsbkeHus. Oc-
HOBHasl pa0oTa JMHUI CBSI3M OCYIIECTBILIETCS MO BBICOKOYACTOTHBIM Ka-
HaJlaM, a KaHaJbl TOHAJIBHON (3BYKOBOH) YacTOTHI HCHONB3YIOTCS, TJIaB-
HBIM 00pa3oM, sl ciiy>keOHOH cBsi3u. OJIHAKO TOHAJILHBIE KaHAIBI MOTYT
OKa3aThCsl OCHOBHBIMU B YPE3BBIYAWHBIX YCIOBHUSIX, OCOOEHHO MPH CHIIb-
HOM TOJIOJIe[Ie Ha IPOBOJAX JIMHUM CBA3M, KOT/Ia CUTHAJIbI B BBICOKOYAC-
TOTHBIX KaHalax CUJIBHO 3aTyXaroT. B 3THX ciyyasx memiaroliee BIUsSHHUE
BJI Ha BBICIIMX FapMOHHMKAaX MOXKET UMETh CYILIECTBEHHOE OTPULATEIbHOE
3HaueHue, u IIpaBuia npegycMaTpyUBalOT COOTBETCTBYIOIUE MEPHI 110 MX
OTpaHUYECHHIO.

Nmnynecel TokoB Koponsl Ha nposogax BJI CBH u YBH u uzons-
topax BJI 35-220 kB, HakmanpiBasch Ipyr Ha Jpyra cO CMEUICHHEM B
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NPOCTPAHCTBE (BIOJb [UIMHBI JJMHUHM) U BO BPEMEHH, CO3JAI0T OOLIHI ypo-
BEHb BBICOKOYACTOTHBIX IIOMEX B MNIMPOKOM [Hama3oHe dvactor 20—
2000 xI'u. OgHOBPEMEHHO B JIMHUSAX BCEX HAIPsDKEHUH oT 6 kKB u BbIIe
paboTaroT KaHaIbl BHICOKOYACTOTHOM CcBsi3u B nuana3one 30—-300 x['u. Ha-
JekHass paboTa ATHX KaHAJIOB MOXET ObITh oOecriedeHa, eclii YpPOBEHb
CHTHAJIOB [0 HUM 3HAYHTEIIFHO MPEBHIIIACT YPOBEHb MTOMEX OT KOPOHBL. B
BO3AYIIHBIX JIMHHUSX CBSI3U TAKke PabOTalOT MHOTOYHCICHHBIC BBICOKO-
JacTOTHBIE KaHaibl. [IpaBmima peKOMEHIYIOT MepOonpHusTHsA, OOecredu-
BaIOIINE TOCTATOYHO Majioe BIMSHHE BHICOKOYACTOTHHIX KaHanoB BJI BEI-
COKOT'0 HAmNpsDKCHUsS U BBICOKOYACTOTHBIX MOMEX OT KOPOHBI Ha BBICOKO-
YAaCTOTHBIC KaHAJIbI JINHHUI CBSI3H, 10 KOTOPBIM HJIET OCHOBHAs paboTa CBs-
3.

3a mpenenamu MOJOCH OTYYXKICHHS NOJDKEH OBITH 00eCHedeH Ioc-
TaTOYHO HU3KUHM NJIs1 NPUEMHHUKOB YPOBEHb PAaJUONIOMEX OT KOPOHBI Ha
NPOBOJIAX M OT MPeoOpa30BaTEeIbHBIX YCTPOMCTB Ha MOJACTAHIUSIX MOCTO-
SITHHOTO TOKa. [Ipy 5TOM HEOOXOIMMO YIUTHIBATh, YTO YACTUIHBIC Pa3psIIbI
¥ KOPOHA Ha U30JISTOPAX CO3MAI0OT TAKXKE TEIEBU3NOHHOE TOMEXH B o0Jac-
™ YBY.

Dnekmpomaznumnan cOMecmumMocmy 1eKmpoIHEPeMuKU

¢ 271eKmpoHocepoit

CxeMaTHuecku OCHOBHBIE MpoOaeMbl DMC 3IEKTPOIHEPTETHKH C
HH()OPMAITMOHHOM, KOMITBIOTEPHOW M PaTUOTEXHUUECKON AIIEKTpOHOChE-
poii ipencrarieHsl Ha puc. 11.5.

Onacnote ¢rusanusn. [lepeHanpspkeHUs B MHUTAIOMICH CETH, a TaKkKe
JKe caMble KPAaTKOBPEMECHHBIC CKAUKHM HANPSDKEHHS B MUTAIOLICH CETH
MOTYT TMPHUBECTH K MPOOOI0 M30JALUHM WIH BBIXOILY M3 CTPOSI DJIEMEHTOB
ANEKTPOHHOM, 0COOEHHO TOIYIIPOBOIHUKOBOIN TEXHUKH, K TEM CAMBIM BEI-
BecTH U3 ctpos DBM, nomyac B Haubosee OTBETCTBEHHBIII MOMEHT, KOTia
TpebyeTcst ocoOeHHO YeTkas u OecmepeboiiHas padorta. Cnemuduueckoe
OIIACHOE BJIUSTHIE MOXKET BOSHUKHYTH BCIICACTBUE TAIbBAHUYECKOTO BIIHSI-
HUSL CO CTOPOHBI 3a3eMJICHHS MpH BHe3anmHoM K3 B muTaBmeil cetd Ha
3EMITIO.
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QOmachoe BHesanHble cKauKH HaNPDKeNHs H
BIIHAHHE | | I€PEHAIIPSDKeHHS B MHTAIOIEH ceTH

e
2
& —— T'am-BaHHYeCKOe BIHAHHE CO CTOPOHBI
3 3eMJIH OpH K.3. B IHTaomeil ceTH Ha
A 3 M0
B
g IHeycToli"tnBoe HaNpsLKeHAe THTAHHA,
e Hanpo- [—"mpeGesr", BbICIIHE TAPMOHHKH
= MBIILTIEH
HOH YpaBHHTeNbHbIE TOKH IPH pa3iesbHbL]
JacToTe 3eMJIIX 5JIeMEeHTOB 3JIeKTPOHOC(ephl

|

DJC B2aHMOHHIYKIHHE OT GJIH3KO pac-
10JT0JK€ HHBIX MOINHBIX 3JIeKTPHYeCKHX
gemnei

tepo

5/C B3HMOHHAYKITHH MPH KOMMYTallH-
AX B/B aNnaparoB OT YacToT COOCTBeH-
HbIX KoneOaHHi

H PaTHOTeXHHIECKOH 3JIeKTPOHOC

PanuHomnomexH 0T KOPOHBI HA IPOBOAAX
BJICBH u VBH u or BY KaHanoB cBa-
suno BJICBH u VBH B
PaJHONPHEMHBIX YCTPOHCTBAX

MelnaroiHe BIHAHHSA

HapyiieHne yclnoBHIE pacnpocTpaHeHHA
PaTHOBOJIH Ha3eMHBIMH MAcCHBHBIMH
coopyxenuamu BJI CBH u VBH

OMC 5J1eKTPOYHePreTHKH ¢ HH}pOPMALHOHHO

| Ha BBICOKHX HacToTax |

Puc. 11.5. DMC 37eKTpO3HEPreTUKH ¢ HHPOPMAIIMOHHOW, KOMITBIOTEP-
HOU ¥ pagroTexHu4eckoii anextponochepoit (SJIEKTPOHHO-OMC)

Mewarowue eruanus. HeyctoiunBoe HampspKeHUE, «CKAYKW» Ha-
NPSDKCHUS], a TAK)KE BBICHIME FAPMOHUKH MCTOYHUKOB IMHUTAHHS MPOMBILI-
JICHHOM YacTOTHI, KaK IPaBUIIO, HE OIACHBI JUIS KOMITBIOTEPHOW AJIEKTPOH-
HOW TEXHWKH, HO BBI3BIBAIOT cOOM M HEUYETKYHO paboty OBM u TpebyroT
BKJIIOUCHHSI HMCTOYHHUKOB MHTAHHS Yepe3 COOTBETCTBYIOIIHE (DHIBTPBI
BecbMma BaxxHO, 4TOOBI COBMECTHO paboTaroimue OJIOKH 3JIEKTPOHHOM TeX-
HUKHA OBUTM 3a3eMJICHBI B OJIHOW TOYKE, TaK KaK YpaBHHUTEIbHBIC TOKH,
BO3HHUKAOIIHE MEXAY OTAEIbHBIMH 3€MJISIMH, 9aCTO OKA3bIBAIOTCS MCTOY-
HUKOM HEXEJIATeIbHBIX MOMEX BCICICTBHE EMKOCTHBIX MJIM MHIYKTHBHBIX
ANIEKTPOMATHUTHBIX HABOJOK WJIM TaJIbBAHMYECKUX BIMSHUNA Ha HHTeE-
rpajbHbIE CXEMbI. BIM3KO pacroioXeHHble U HEJOCTaTOYHO 3KPaHHPO-
BaHHBIC MOIIHBIE JIEKTPUYECKHE LEMHU MOTYT CO3/1aBaTh TaKHE AJIEKTPO-
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MarHWTHBIC HABOJKHU B LIETIAX MUTAHUS U BHYTPEHHUX Lemsiax DBM, koto-
phI€ CYIIECTBEHHO 3aTPYIHAT UX paboTy.

YacToThl (yHKIIMOHUPOBAHUS MPAKTHYECKU BCEX YCTPOMUCTB 3JICK-
TPOHOCQEPHI 3HAYUTEIHHO BBIIIE TPOMBIIUICHHOH 9acTOThl S0 ', OgHAaKO
BCEBO3MOJKHBIC BBICOKOYACTOTHBIE SJIEKTPOMATHUTHBIE KOJICOAHHUS B IIe-
X 3JEKTPOIHEPTEeTUKU CO3JAI0T HEXKeNaTelbHbIE MOMEXU B YKa3aHHBIX
YCTPOHCTBAX, PACIIONIOKECHHBIX BOJHM3H MOIIHBIX 3JIEKTPOIHEPTETHICCKUX
YCTaHOBOK. [IOBTOpHBIE 3a)XWTaHUS W TOTACaHHUS DIIEKTPUYECKON IyTrH
BO3HHKAIOT MEXJy KOHTAaKTaMH BBICOKOBOJIBTHBIX amapaToB, 0COOEHHO,
pazpeuHuTeNel. 3aKUTaHus U TIoracaHus AyTd Bo30yXJalOT B KOMMYTH-
PYEMBIX KOHTYpax 3JIEKTPOMarHUTHbIE KoJeOaHHsl, CO3AAI0IIMe TIOMEXH B
PACTIOJIOKEHHBIX BOJIM3H OT HAX 3JICKTPOHHBIX CXEMaX.

Toxu BBICOKOW YacTOTHI, BO3HUKarOmueE B nmpoBoaax BJI BciencrBue
KOPOHBI, a TAK)KE TOKH KaHaIOB BY CBS3M 10 3TUM MPOBO/IaM T€HEPUPYIOT
B OKPYXKAaroIlleM MPOCTPAHCTBE 3JIEKTPOMArHUTHBIE TIOJIS, CO3JAI0IIUE pa-
JTUOTIOMEXH B PACIIOJIOKEHHBIX BOJIHM3H PaAHONPHEMHBIX YCTPOUCTBAX.

OtMmeuennsie B pazzaene 11.1 skomornyeckue mOCIeACTBUS OT KPYyII-
HOTa0ApUTHBIX COOPY)KEHHH HAPYIIAIOT YCIOBUS PACIPOCTPAHEHUS pa-
JIMOBOJTH M MCKAXKAIOT TIOKA3aHUS PAJMOMAsIKOB M JIPYTHX HANpPaBICHHBIX
paauonepeau.

11.3. BHYTPEHHSASA QJIEKTPOMATHUTHASA
COBMECTUMOCTBb MEXJY NIOJCUCTEMAMMA
SJIEKTPOOHEPT'ETUKH

Hapyuienus 31eKTpOMarHuTHONM COBMECTUMOCTH MEXY Pa3INYHbI-
MH TOJICHCTEMaMH caMol 3yekTpoduepretiku (puc. 11.6) mpuBomsT K
KpaifHEe HEeXENaTeIbHBIM ISl Hee IMOCIEICTBHSIM: KOMMYTAIIOHHEIE, Y-
TOBBIE W KBA3UCTAIIMOHAPHBIE MTEPEHANPSDKEHUS B CETSX BBICOKOTO HAmpsi-
JKEHUSl BBI3BIBAIOT IOBPEXKACHUS U3OJSAIUH, KOPOTKHE 3aMBIKaHUs, OT-
KITIOYEHHS W TIOTallleHUs1 moTpeduTeneld u O0JbIION HAPOTHOXO3SMCTBEH-
HbI yniep6. HeoOxonuMo mojiep>kuBaTh JOCTATOYHO BBICOKUH YPOBEHB
M30JISIUN U TPENYyCMOTPETh YCTaHOBKY pa3psaauukoB winu OITH na nmuau-
sx CBH u YBH.
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[TorpeskneHHA H30MALHH, BEI?BAHHBIE Pe30HAHCHBH
MH, KOMMYTAIHOHHBIMH HITH JyTOBBIMH
nepeHanpsoKeHHsIMH B ceTsix BH

OmnacHble H MellalolIHe BIHAHHA IleneH BBICOKOTO
HanpspKeHHus "NepBHYHOH KOMMyTalHH" HA IeNH
BTOPHYHOH KOMMYTAIHH ¢ HH(OPMAIHOHHOH H
KOMIBIOTOPHOH TeXHHKOH 5JIeKTPOCTAHIIHH H 10N
CTAHIIHII BEICOKOTO HampspKeHHS (cM. pHc.11.5)

Bzaumurle Bnusaus BY kanamoB M0 JTHHHAM
BBICOKOTO HAIPSTKEHHA HIIH Uepes o6opyIoBaHHe
MOACTAHIHH

BryTpenHsa apTo-OMC Mexxay moZicHCTeMaMH

SIIEKTPO3HEPTETHKH

Puc. 11.6. Buytpennsst OMC mMex 1y NoACHCTEMaMH JJIeK-
tposuepretuku (MHTEP-OMC)

ABapuu ¥ OIEpaTHBHbIE KOMMYTAIIMH BBI3BIBAIOT OIMACHBIC U Me-
IAIOIME BIIMSHUS LieNel BBICOKOTO HAMPSDKEHHUS «IIEPBUYHON KOMMYTa-
[IW» Ha e «BTOPUYHON KOMMYTAIUU» C JIEKTPOHHBIMHU YCTPOHCTBAMHU
UH()OPMAMOHHOW M KOMITBIOTEPHOW TEXHHUKH JJIEKTPOCTAHIUH W TOA-
CTaHIUI BBICOKOTO HampspkeHus. OHM aHAJIOTHYHBI PACCMOTPEHHBIM BBI-
IIe BIUSHUSM Ha YCTPOMCTBA AIIEKTPOHOCHEPHI U MOTYT IPHUBECTH K BbI-
XOJly M3 CTPOS WM HECEJICKTUBHOU paboTe YCTPOHUCTB BTOPUYHON KOMMY-
TallMd B HauOoJiee OTBETCTBEHHbIE MOMEHTBHI aBapUi WM KOMMYTAIMH
TeTel MepBUYHON KOMMYTAllMH, KOTJa OT IieNeld BTOPUYHONW KOMMYTAIU
TpeOyeTcst 0cOOEHHO 4YeTKas, CeJeKTHBHas U OecmepeboiiHas paboTa
(cM. pazgen 11.2).

Takum 00pa3om, oOecriedeHHe 3JIEKTPOMAarHUTHONH COBMECTUMOCTH
MEXTy 00BEKTaMH JJIEKTPOIHEPIETUKH C JPYTHMH TEXHHYECKUMH CTPYK-
TypaMHu U OHOJNIOTHYECKUMH OOBEKTaMH CO3AeT MPEANOCHUIKH HA/IeKHON
u Oecriepe0OHHOI pabOTHl HE TOJIBKO APYTHX OOBEKTOB, HO U HJIEMEHTOB
JNIEKTPOIHEPTETHKH.
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W3 npuBeCHHOTO BBIIIE CIEYET, YTO K pobiieMe mepeHanpsKeHun
¥ 3alIUThl OT HUX HEmocpeAcTBeHHoe oTHoueHuo nMmeroT DKO-OMC u
HMHTEP-OMC. Mepsl 1 MEpONPHUATHS 110 00CCIICYCHHIO OTPAHUYCHHUS T1e-
PCHANPSHKCHUH B IIEJIOM YIIYy4IIAalOT 3JIEKTPOMArHUTHYIO OOCTaHOBKY Ha
00BeKTaxX B CTpaHe ¥ BOJIHM3U HUX.

Konmponwvnsie éonpocui

1. Knaccudumupyiite 3JIEKTPOMarHUTHYID COBMECTHMOCTb MEXIY
3JIEKTPOIHEPIEeTHUKOM, TeXHOCDEepoii n Onocdepoii.

2. KakoBpl oOmme 3KOJOTHYEeCKHEe MPOOIEMBI AIIEKTPOMArHUTHON
COBMECTUMOCTH MEXIY 3JIEKTPOIHEPreTUKOH, TexHochepoir u Ouocde-
poii?

3. Kak opraHu3yercsi 2JIEKTPOMAarHUTHAs COBMECTHMOCTb MEXIY
MOJICUCTEMAaMHU CaAMOM AIIEKTPOIHEPTETUKHU?

4. KakoBbl 0OIIME MPUHIMITEI OCYIIECTBICHUS 3JICKTPOMArHUTHOU
COBMECTHMOCTH JJIEKTPOSHEPTeTUKU M HMH()OPMAIIMOHHON M KOMIIBIOTEP-
HOM TeXHUKH?

5. OObsAcHUTE, KaK pelIaroTcss OMONOrn4ecKue MpoOIeMBbl 3I1EKTPO-
MarHUTHOH COBMECTHMOCTH 3JICKTPOIHEPTETHKH U JIFO/ICH.
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