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BBenenue

Texuuka Bbicokux Hanpsokenuit (TBH) Bo3Hukina B cBs3M ¢ HeoO-
XOJUMOCTBIO 3JIEKTponepeiadyl OOJbIINX AIEKTPUUYECKUX MOIIHOCTEN Ha JTajJbHUE
paccrosinusi. B 1880 roxy mpodeccop IlerepOyprckoro necHoro uacturyta Jl. A.
JlaunHOB pazpaboTan U U3I0KUI TEOPUIO MEepeadu FIEKTPOIHEPTHH HA OOIbIINE
pacCTOSIHUsI — TIOBBIIIEHUE HANPSIKEHWs] M yMEHBIIEHUWE TOKa [0 Mepe
YBEJIMUYEHHUS TaJbHOCTH U MepeaaBaeMoil MOIIIHOCTH.

COOTBETCTBEHHO 3alpocaM 3JHEPreTUKHU pPAa3BUBAJIACH TEXHHMKA BBICOKHX
HanpspkeHuil. IloTpeOoBanock co3/aHHe MPOMBIIUIEHHBIX BBICOKOBOJIBTHBIX
YCTAHOBOK IMEPEMEHHOI0, MOCTOSHHOTO M HMMITYJIBCHOTO HAMPSHKEHUM, a Takke
YCTAHOBOK [JIsl TMPOBEJEHUS HCCIENOBAHMM W UCHBITAHUN M30JSALHUU TIPU
BO3JICUCTBUM PA3IWYHBIX BUIOB BBICOKOTO HampsbkeHus. [loBbllieHHe ypoBHS
HampsDKeHU  TpeboBano  u3ydyeHUs  (DU3MYECKUX  SIBICHUH, MEXaHHU3MOB
BO3JICUCTBUSI AJIEKTPOMArHUTHBIX IOJIEH BBICOKOIO HANpPsKEHUS Ha M30JILUIO B
Pa3IUYHBIX YCIOBUSAX DKCIUTyaTallUH.

B Hacrosimee BpeMst HoMuHanbHOe HanpspkeHue JIOII nocturaer 1 150 000
B, a mepegaBaeMas MOUIHOCTb O OAHOW LIEMM TAaKOW JIMHUM COCTaBIsAET 6
['uraBarr. OOmas MNPOTSHKEHHOCTh dJeKTpudyeckux cereir B Poccum ¢
HOMHMHaJIbHBIM  HanpspkeHueM 35-1150 kB mpeBocxoaur 800 000 kM.
UpesBpiuaiiHO OO0JIbIIIOE 3HAYEHHUE TPU ITOM MPUOOPETAIOT BOMPOCHI CO3JAAHUS U
AKCIUTyaTalluk KOMILIEKCa OO0OpyAOBaHUS, HEOOXOAMMOIro IJis T'€HEpUpOBaHUS,
nepenaud, mnpeoOpa3oBaHUsT U paCHpeesieHUs DJIEKTPUYECKON  DHEprumu:
reHepaTopoB,  TPaHCPOPMATOPOB,  BO3ZAYIIHBIX UM  KaOENIbHBIX  JIMHUH,
KOHJIEHCATOPOB U JIp. amnmaparTos.

Bricokne HampspKeHHsl IIUPOKO HCIONB3YIOTCA B AJIEKTPOTEXHOJIOTHSIX:
OKpacka, JJIEKTpPO(MUIbTPBL, OYKMCTKA BOJABL, BJIEKTPOTUAPABIUYECKHE U
AIEKTPOUMITYJILCHBIE TEXHOJOTUU — OypeHue, ApoOiieHHe, pe3aHue TOPHBIX
MOPOA U JIp.; B DJIEKTPOPU3UUECKUX YCTAHOBKAX — YIPABIISEMbIN TEPMOSIEPHBIN
CUHTE3, YCKOPUTEIIH, JIa3ephbl U AP.

Kypc nekuuit coctouT u3 4-X KpynHbIX pa3esioB:

1. Pa3zpsabl B IudIEKTpUKaX.

2. BBICOKOBOJIBTHAS U30JSALHA.

3. BpicokoBOIBTHOE 000PYIOBAHUE U U3MEPEHHUS.

4. TlepeHamnpsKeHus U 3allUTa OT HUX.

[lockonbKy OCHOBHOW MNPUYUHOM BBIXOJA W3 CTPOS BBICOKOBOJIBTHOTO
0o0OpyZOBaHUS  SIBISIIOTCA ~ OTKa3bl M30JALMM, TO HAWUOOJBIIME  YCHIIHS
HaIpaBJISIIOTCA Ha COXpaHEHUE ee B LEeJOCTHOCTU. U 371ech 0coO0yI0 posib UTpaeT
3HaHHME 3aKOHOMEPHOCTEW 3apOKIEHUSI U PA3BUTHUA Pa3psioB B AUIIIEKTPUKAX (B
M30JISIIINHN ).

B BBICOKOBOJILTHOM 000PYIOBaHWU UCIOJIB3YIOTCS Ta3000pa3Hble, KUIKHE,
TBEpAbIC U30JSMOHHBIE MaTepUAIbl U UX KOMOMHAIIIH.



W3onsimust pasznensieTcss Ha BHEIIHIO (BO3AYX M BCE, YTO HAXOAMUTCS B
BO3JyXE) M BHYTPEHHIOI (3Ta HM30J1Us OTAEJIEHAa OT OKpYKaloIleH cpeabl
KOpIyCaMH U MOXET ObITh Ta3000pa3Hoi, )KUIKON, TBEPIOH, KOMOMHUPOBAHHOM).

Jlexnus Nel

1. Paspsaabl B razax

BO?)IIYX H0 CHUX ITIOPp OCTACTCA OCHOBHBIM BHUIOM BHECIIIHEH n30J1I0UU JIMHUH
QJICKTpOoIepecaaun, SHCPTCTUICCKOT'O O60pYI[OBaHI/I$[ 1 BBICOKOBOJIbTHOM TEXHUKH.
TpaIII/IHI/IOHHBIﬁ IIyTb CO3AdHUA HU3OJIILUOHHBIX KOHCTpYKI_II/Iﬁ, BKJIIO‘I&IOH_II/Iﬁ nux
MOJIHOMAacCIITaOHbIE HAaTYPHBIC HCIIBITAHHWA CIIC HAa IMOMCKOBOM 3TalIC pa6OTBI, C
YBCIIMUCHUCM HOMMHHAJIBHBIX HaHpH)KeHI/Iﬁ CTAaHOBATCA BCC MCHCEC
MCPCIICKTUBHBIM. TexHuKa MCOBITAHUNA CTaHOBUTCS TPYHOCMKOﬁ n Tpe6yeT BCC
0obIIe BPCMCHHBIX W MATCPUAJIBHBIX 3aTpart. B cBs3u ¢ 3TUM BO3HHUKAET
HOTpe6HOCTB B YHCIICHHBIX OLCHKaXx BHCKTqueCKOﬁ IMPpOYHOCTH BO3AYHIHBIX
IMPOMCIKYTKOB Ha OCHOBC PACUCTHBIX MOI[GJICI‘/’I, AOCTOBCPHO OTpPAXKAOIINX
3dKOHOMCPHOCTH pPAa3BUTHUA pa3psada B BO3AYXC.

1.1. Kondurypauus 3J1eKTPpHIECKHUX MMOJIeH

JIMDIIEKTPUKHU CIIY’KAaT JUIsL U30JSLUU TOKOBEAYIIUX 3JIEKTPOAOB pPa3HOMN
MOJISIPHOCTH ~ ApPYr OT Jpyra. M3onupyemele dnekTpoabl (IIMHBI  pac-
IIPEEIIUTENIbHBIX YCTPOMCTB, MPOBOAA JIMHUM JJIEKTPOIlEpenad, HApPYKHbIC
TOKOBENYILIME YaCTH 3JIEKTPUUECKUX allaparoB U T. I1.) CO3AAIOT JIEKTPUUECKHE
MOJI Pa3InYHON KOHPUTYpaIiu.

Ot (dopMbl 3IEKTPUYECKOTO MOJSI 3aBUCUT IJIEKTpUUECKas MPOYHOCTh U
npoOuBHOE HampsikeHue. POpMbI ANEKTPUUECKUX MOJeH MOApa3ieaoTcs Ha
OJTHOPOJHBIE,  CIA0OHEOJHOPOAHBIE U  PE3KOHEOJHOPOAHBbIC. THUMHUYHBIMU
IIpUMEpPaMHA  OLHOPOJHOTO  IOJA  sABJIAETCS  IOJIE  MEXAYy  JAByMs
IUIOCKONapajlIeIbHBIMU  3JIEKTPOAAMHM M 3JleKTpogamu Porosckoro, ciaOoHe-
OJTHOPOJIHOE II0JIE pealu3yeTcs B CHUCTEME 3JIEKTpoJoB map-map (puc. 1.1) mpu
pPacCTOSIHUM MEXJy »JJeKTpoAamMu S MeHbllle auamerpa mapa D (S<D),
PE3KOHCONHOPOAHOE I0J€ — IMPU DJICKTPOAAX CTEPKEHb-IUIOCKOCTh WIIH
CTEP)KEHBb-CTEPKEHb. CTENEHb HEOJHOPOJHOCTH 3JIEKTPHUYECKOTO IO MEKIY
AIEKTPOJAMHU XapaKTepuszyercss Ko3(pPUIUEeHTOM HEOTHOPOIHOCTH K, KOTOpBIN
PaBEH OTHOLIECHUI0 MAaKCUMAaJIbHOW HAIPS)KEHHOCTU 3JIEKTPUUYECKOTO MO Eyaxe K
CpeaHeN HaNPSHKEHHOCTH B, MeX Iy dlekTpogamu, T. €.

EMaKC
KH - E_C])‘ (11)



CpenHsisi HaNPSHKEHHOCTh €CTh OTHOIICHHWE HAINPSDKEHUS, MPUII0KEHHOTO K
anekTpoaam, U, K pacCTOSHHIO MEXIY 3JIEKTpoAamu, S,

U

OO0 OO+
-

Eep =

(1.2)

a) 0)

Puc. 1.1. CDOpMBI SJICKTPUICCKUX nmojem: a — CUMMCTpPpHUYIHAA CUCTCMaA
QJICKTPOOOB, 0— HCCUMMCTPUYIHASA CUCTEMA JJICKTPOIOB

MakcumalnbHasi HapsKEHHOCTh 3aBUCUT OT MPWJIOKEHHOTO K 3JIEKTpOoJaM
HaMpsDKeHUs, KOHPUTYpaluu, pa3MepoB dJIEKTPOJIOB U PACCTOSHUS MEXIAY HUMHU.
Hanpumep, 11 KoakCHadbHbIX UWIMHAPOB (Kabenb) (puc. 1.2) mMakcumanbHas
HaMpPsHKEHHOCTh ONpeieNsieTcs, KaK

Evaxe = R’ (1.3)

E, =—, (1.4)

rae
U — npuioxeHHoe HanpshDKeHue, KB;

7 — BHEIIHUHA pajuyc BHYTPEHHETO IINHApa (kuiia kabens), cm;

R — BHYTpeHHUI panyc Hapy>KHOTO LIJIMH]pa (OIUIeTKa Kabess), CM.

Puc. 1.2. CxeMa KoakCHaJIbHBIX 3JIEKTPOIOB

[ToactaBus (1.3) u (1.4) B (1.1), momyuum:



R_
Ky=-—%, (1.5)

rin—
s

T. €. Ky 3aBUCUT OT T€OMETPUUECKUX Pa3MEPOB IEKTPOJIOB.

Jns ogHOpOoAHOTO MOJs KO3(PGUIMEHT HeomHoponHocth Ky = 1, nmus
cinaboHeonHOpogHOTO — Ky < 3, 1i1s pe3koHeoTHOpogHOr0 — Ky > 3.

KpoMe sTOro paznmyaror CUMMETPUYHYIO M HECUMMETPHUUYHYIO CHCTEMY
aeKkTpooB. CuMMeTpuuHasi popMa — 3JIEKTPOJIbI UMEIOT OAMHAKOBYIO GOpMY U
pa3Mepbl M OTCYTCTBYET 3a3eMJIeHHe Kakoro-nubo wu3 Hux (puc. 1.1, a).
Hecummerpuunas opma — 37€KTPOABI UMEIOT OTIMYAIOIIYIOCS KOH(MUTYPAITHIO,
pasMmepsl Ui OAMH W3 HUX 3azemiieH (puc. 1.1, 6). [I[poOuBHBIE HANpsIKEHUS B
HECUMMETPUYHOUN CUCTEME DIIEKTPOJOB HUKE, YEM B CUMMETPUYHOM.

1.2. Monn3aumoHHbIe MPOLECCHI B ra3e

B oTcyTCTBHE BHENIHETO 3JICKTPUYECCKOTO IOJISI YACTHUIIBI Ta3a HAXOISATCS B
COCTOSIHUM XaOTHYECKOTO (TEIJIOBOT0) JBW)KCHHS, ITOCTOSHHO CTaJIKHUBAsCh C
APYTHMHM dYacTWIlaMu. Ecim Ha eauHUIC JUIMHBI IyTH 4YacTHIla HCIbITana Z
CTOJIKHOBEHHUM, TO CPeAHsS IJIMHA €€ CBOOOHOTO Mpobera A paBHa:

1=1 (1.6)

3naueHne A 3aBHCHT OT KOHIICHTpAIlMM YacTUI[ W, CJEIOBATEIbHO, OT
JaBJICHUS W Temmeparypbl raza. C yBeJIMUYEHHWEM JaBJICHUS W YMEHBIICHUEM
TeMIiepaTypbl A yMeHbIaeTcs. YacTWlbl Ta3a TMPU  TEIJIOBOM JIBFOKCHHUH
nepeMenalTcs  OecrmopsiiouHo. Hamuywe BHEMIHEro dJISKTPUYECKOTO TS
MPUBOJUT K BO3HUKHOBEHHIO HAIIPABJICHHOTO JBIKEHUS 3apsSKCHHBIX YacCTHII,
€ClIi TaKOBbIE HWMEIOTCS, T. €. K TOSBJICHHIO B Ta3e JJICKTPUYECKOTO TOKa.
[TomBMXKHOCTh YACTHIIBI B D3JECKTPUYCCKOM ITOJIC 3aBHCHT OT €€ MAacChl: 4eM
0OJIBIIIC Macca YacTHUIIBI, TEM MCHBIIIE €€ ITOABHKHOCTb.

[Ipy  paccMOTpEHHH TPOIICCCOB BO3HHUKHOBEHHUS W  HCYC3HOBCHUS
3apsOKEHHBIX YacTHI[ B Ta3¢ MOXHO CUHMTATh DJJCKTPOHBI YaCTUIIAMH M HE
YUUTHIBATh UX BOJIHOBBIE CBOMCTBA. Korma aieKTpoHbl HaXOAATCS HA HAMMCHBIIINX
CTAIlMOHAPHBIX OPOWTAX, TO MOTCHIMAIBHAS YHEPTUsS aTOMa MUHUMaIbHa. Takoe
COCTOSIHME aToMa SIBJIICTCS YCTOWYMBBIM W Ha3bIBacTCs HOpMalbHBIM. Ilepexon
OJTHOTO WJIM HECKOJBKUX 3JIEKTPOHOB C HOPMAaJbHBIX OpOUT Ha OoJiee yaalieHHbIC
OT siApa Ha3bIBacTCI BO30YXKICHHEM aroMa. OJHEPTHI0, HEOOXOIUMYIO IS
BO30Y)KJICHHS, aTOM (MOJIEKYJIa) MOXKET IMOJIYYUTh MPH CTOJKHOBEHUU C APYTron
YacTHIIC WM  TpU  TONVIONICHUH  KOPOTKOBOJHOBOTO  HW3JIYYCHHS
(boToBO30YXneHUE). Bpems mnpeObiBaHUs aToMa B BO30YXKICHHOM COCTOSSHUU
coctasisier ~10™'" ¢. BosBpalenne atoMa B HOPMaabHOE COCTOSHHE IPOMCXOINT
CaMOIIPOU3BOJIBHO U COMPOBOXKAACTCS N3ITydeHHEM (OTOHA.




Korzaa 31exTpoH ynansercs oT siapa HacTOJIbKO, YTO B3aUMOJACHCTBUE €T0 C
AJIPOM MPAKTUUYECKH UCUYE3aET, TO JIEKTPOH CTAHOBUTCS CBOOOAHBIM. [Ipoucxoaut
VMOHM3allMg aToMa, B pe3ylbTaTe KOTOPOM 0Opa3yloTcsi JBE HE3aBHCHMBIC
YaCTULBI: AJEKTPOH U TOJOKHUTEIbHBI WOH. DHEPrys, MOTJOIIEHHAs ATOMOM,
Ha3bIBACTCA OSHEpPruel HoHM3auuu. OHeprusi BO30YXKICHHS U HOHM3ALUU
BBIpA)KAETCs B JJIEKTPOHBONbTaX (3B). MuHHUMaNbHbIE YHEPTUU BO3OYXKACHUS U
MOHM3ALMU HEKOTOPBIX COJEPKAIIMXCS B BO3/IyXE ra30B MpHUBeAeHBI B Ta0. 1.1.

Tabmuma 1.1 DHepruu Bo30YyXIeHHUs] U1 HOHU3AIUHU Ta30B.

I'a3 MunuMasibHas dHeprus, 5B
BO30YKJIEHUS VOHU3ALNU
N2 6,1 15,5
N 6,3 14,5
O 7,9 12,5
9,1 13,6
H20 7,6 12,7

OJIHOBpCMCHHO C HOHHM3AIMell aToOMOB U MOJICKYJI Ta3a IIPOUCXOIHT

mponecc B3aMMHOM HeﬁTpaJII/ISaLIHI/I 3aPAKCHHBIX YaCTUIl — pCKOM6I/IHaI_II/I$I.
BCJICJICTBI/IC HeﬁCTBHH ABYX TIIPOTHUBOIIOJIOKHBIX q)aKTOPOB — HOHH3aluid H
pCKOM6I/IHaI_II/I$I — YCTAHABJIHUBACTCA PABHOBCCHOC COCTOJAHHUC, IIpU KOTOPOM B

CANMHHUIY BPCMCHU BO3HUKACT H pCKOM6I/IHI/IpyeT OIIPCACICHHOC KOJIHNYCCTBO
3aPAKCHHBIX HJaCTHII. 910 PaBHOBCCHOC COCTOAHHUC XapPaKTCPU3YCTCA
OHpCIICJICHHOﬁ CTCIICHBIO HMOHHU3aAllMK Ta3a, T. €. OTHOIICHHCM KOHICHTPALUU
HMOHHMN30BAHHBIX YaCTHII K O6H.ICI>1 KOHICHTpPAIWN YaCTHII.

_ NMyon
KI/IOH - N+ ° (17)
z
rae
K, — K03 pumeHT cTeneHy HoHU3aIuu rasa;

Ny, — KOHUEHTpPALMs HOHU30BaHHBIX YaCTHII;
Ns. — o6utas xonnenTparus gactui (Ns ~ 10> aTomoB Ha cM’ ).

['a3, B KOTOpOM 3HauyuTEIbHAS YaCTb aTOMOB M MOJIEKYJ MOHM3UPOBAHA,
HA3BIBACTCS TIIA3MOI (1,,, > 10'°+10"* roHos Ha cm’).

KoHueHTparusi moJIOKUTENbHBIX M OTPULATENBHBIX 3apsA0B B IJIa3Me
OpUMepHO oauHakoBa. [ImazMa — Qopma cylecTBoBaHMsS BEIIECTBA IpU
temneparype npumepHo 5000 K u Bbime.

[Ipy CTONKHOBEHUH 3IEKTPOHOB C HEUTPAJILHBIM aTOMOM HWJIM MOJIEKYJIOM
BO3MOJKEH 3aXBaT UMHU DJIEKTPOHA U 00pa30BaHME OTPULATENBLHOrO HOHA. ['a3bl, B
KOTOpPBIX BO3MOXHO O0Opa3oBaHHE OTPUILIATEIbHBIX HOHOB, HA3bIBAIOTCS
AIEKTPOOTPULIATENBHBIMU (KUCIOPOJ, XJIOP, Maphl BOJBI U JIp.), a ra3bl, B KOTOPBIX
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OTpUIIATEIBbHBIC HMOHBI HE OOpa3yrTCId — JJICKTPOIOJIOKHUTEIBHBIMUA (a30T,
reauit).

1.3. Buasl nonuzanuun

Paznmuuaior 00BEMHYIO ¥ IOBEPXHOCTHYIO HOHU3amuu. OObeMHas
MOHM3alMsl — 00pa3oBaHUE 3apsHKEHHBIX YacTHIl B 00bEME ra3za MexIy
anekTpoaamu. [loBepXHOCTHAsS MOHM3ALUS — HU3IYYEHUE (IMHUCCHS) 3apsHKEHHBIX
YaCTHII C IOBEPXHOCTHU AIIEKTPOIOB.

OObemMHast MOHU3ALUS [TOAPA3IEIIACTCA:
1) ynapHast noHM3aIus;

2) cTyneHyaTas HOHU3ALIMS;

3) dboronoHmzaIMs;

4) TepMOUOHU3ALIHSL.

YaapHas moHM3allMg — COYAApPEHHUE AJIEKTPOHA C HEUTpaIbHBIM aTOMOM
WIK MOJIeKyJoi. Ecnu K mpoMeXyTKy MEXIy 3JEKTpOJaMH B raze MpUII0KEHO
HaMpspKeHUe, TO 3apsyKeHHbBIE YaCTHIBI KpOME TEIJIOBOM CKOPOCTH MPHOOPETAIOT
MOJ1 IEUCTBUEM BJIEKTPUUECKOT0 TOJIsl HAIIPaBIECHHYIO CKOPOCTh

V = kE, (1.8)
rae
J— ckopocTh, cM / ¢;
k — ¥03(p(dUIHEHT TPOMOPIHOHATLHOCTH, TOJYYHMBIIUA Ha3BaHWE 'TO-
BIDKHOCTB'" — CKOPOCTB Apeida 3apsKEeHHON YaCTHUIIBI B AJICKTPUICCKOM T0Jie ¢ F

=1B/cMm, [eM” / (B+¢) — pasMepHOCTb TTOABIKHOCTH k]:

2
CM
k,, = 400 Bc — MOMBIKHOCTB SJICKTPOHOB;

— CM2 .
kjou =2 Bc — MOIBIKHOCTL HOHOB;

E — HanpsiKe€HHOCTb BHEIIHETO AJIEKTpUUYecKoro mnoss, B / cm.

[Ipy 5TOM KHMHETHYECKash JHEpPrusl YacTHUI[ MOXET ObITh CYIIECTBEHHO
OoJbIIe TEIJIOBOM DSHEPruM W JOCTAaTOYHOM JUIsl OCYIIECTBICHHS yJIapHOM
MOHU3ALMN HEUTPaAIbHBIX YaCTHUIl. YCIOBHE MOHU3AIMU MOXKET ObITh 3allCcaHoO B
BUJIE:

m-v?2
2

=W, (1.9)

rae
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. 31

m — 3(ddexTuBHasg Macca 3apsHKEeHHOW wyacTuipl, kr (m,, = 9,1 107 xr —
27

dhdexTuBHAs Macca dIEKTPOHA; M, = 1,7 <107 kv — sddekruBHas macca

MIPOTOHA);
V' — cKOpOCTh ABMKEHUS 3apsSKECHHON YaCTHUIIBI, M / C;
Wy — 2Heprusi HOHU3alluu HEUTPAITBHOTO aTOMa WJIM MOJIEKYJIBI, 3B.

Tak kak CKOpOCTBH 3JEKTPOHOB 3HAYUTENIHLHO OOJBIIE CKOPOCTH HOHOB, TO
ylapHas HMOHM3alus HOoHaMU MalodhPeKTHBHA U ONPEACISIONIeH SBISETCS
yaapHas MOHU3AIMS DJIEKTPOHAMM.

Ha puc. 1.3, a mnpuBeneHa cxeMa yJapHOW HMOHM3ALMH BJIEKTPOHOM.
YcioBrueM yaapHOU MOHU3ALUU JIEKTPOHOM SIBJISIETCS:

m, V{
5 =W, ,
rie
mj; — Macca 3JIeKTp0Ha;
V] — CKOpOCTB BHeKTpOHa;

W,, — sHeprus MOHU3ALMKU MOJIEKYJbI (aTOMA).

CrymeHyaTasi WOHM3AIMS TPOUCXOAMT TOTNA, KOTJa DJHEPTus IepBOTO
BO3/ICHCTBYIONIETO HAa HEUTPATbHBI aTOM WM MOJEKYJIYy 3JEKTPOHA MPUBOIUT
aToOM TOJIBKO B BO30YX/JIEHHOE COCTOSIHUE, T. €. DHEPTHUs JICKTPOHA HEAOCTaTOYHA
Ui MOHM3anuu. Bo3aeicTBre BTOPOTO 3JEKTpOHA HAa BO30YKISCHHBIA aToOM WU
MOJIEKYJTy TPUBOAWT K HOHHW3AIMU. Bpems Mexmy Bo3JeiCTBHEM MEPBOrO U
BTOPOTO 3JIEKTPOHOB JIOJDKHO OBITH HE 00Jiee BpeMEHH HAXOXKIACHHSI HEUTPAIBHOTO
aTomMa WIM MOJIEKYJbl B Bo30yxIeHHOM cocTtosiHuu. Ha puc. 1.3, 6, mpuBenena
cXeMa CTYMEHYaTON HOHU3AlKHU. Y CIIOBUEM CTYIICHUATOW NOHHU3AINH SIBIISCTCS

m, V2 n my Vi > W
2 2 _ u»

rae

m; — Macca JIEKTPOHa;

Vi, V3 — CKOpOCTH BIIEKTPOHOB;

W,, — sHeprus MOHU3ALMKU MOJIEKYJbI (aTOMA).

Jlns ocymectBieHus: (OTOMOHM3AIMU B 00BEME Ta3a JHeprus (HOTOHOB,
u3nydaemas BO30YKIACHHBIMU aTOMaMU WM MOJIEKYJIaMHU, TOJKHA OBITh OOJbIe
DHEPrHUHM WMOHW3AIMU TPU TOTJIONICHHNH (OTOHA HEHUTpaIbHBIM aTOMOM WU
MOJIEKYJIOH. DTOT MpoIecC YCHEIIHO OCYIIECTBISETCS B CMECH Ta3o0B (BO3IYX).
[lpu ¢doTomoHM3AIMM BO3MOXXHA W CTyneHdYaras woHu3anusa. Ha puc. 1.3, B,
nokazaHa cxema ()OTOMOHH3AIIHH.

YcinoBueM GOTOMOHU3AINH SBIISIETCS

hv = W,,

12



rie
h — nocrosaHas [lmanka,
vV — coOcTBeHHas yactoTa (OTOHa.

- S
ey
o= =@
INeKTPOH Hox )
T el
Moaekyia =r=
a)
€3 ;"3 £y V—i
e, £ ==
é | E"'I '= f.-".l \\‘ g3 }'.2
[
o~ =l (¥ =+ o-
InerTpoH k / =7
\_ _____ ‘/E'l v Hor e,V
Moneky 1a @.. @_..

DoToH

Monekyaa @_,_
8)
Puc. 1.3. CxeMbl 00beMHOM HOHM3ALIUM Ta3a: a) yaapHas HOHU3AIUs, O)
CTymneH4YaTas MIOHU3aIus, B) (OTOMOHU3AIUS; € — AJIEMEHTapPHBIN 3apsi ]l
-19 .
anektpona (e=1,6 X107~ Kir), m — Macca 3apsyKeHHON YacCTHUIIbI

Tepmononuzanus o0O0yciOBIE€HA TEIUIOBBIM MOXET TMPOUCXOJUTH B
pe3ysbTaTe CIeAYIOMINX aKTOB:

1) ocBOOOXKIEHHE DJIEKTpOHA TPU  COYJNApPEHUSAX MEXKIYy aToMaMu
MOJIEKYJIaMH TIPH BRICOKUX TEMIIEpaTypax;

2) doTtomoHM3aMs HEHUTPaIbHBIX aTOMOB W MOJIEKYJN, BO30YXKICHHBIX B
pe3yabTaTe TeIIOBOTO B3aMMOACHCTBHS MPU BBICOKUX TEMIIEPATypax;

3) WoHU3aIMs MPU CTOJIKHOBEHUH DJIEKTPOHA C HEUTpAIBbHBIM aTOMOM WIIH
MOJICKYJIOH TIPH BBICOKHX TeMIIepaTypax.

B rase mpu TEmIoBOM JABMKEHUH MPOHMCXOJUT TUCCOLMAIUS MOJIECKYI
paHbllle, YeM TPOU30iAeT HOHU3AIMUS, T. K. SHEPTUs TUCCOIMALMN MEHBIIE, YeM
sHeprus woHu3anuu. B Tabn. 1.2 B kadecTBe mpuMepa NPUBEICHBI SHEPTHUS
JAVCCOIUAIINY 1 MOHHU3AINH 11T HEKOTOPBIX T'a30B.
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Tabnuma 1.2 DHepruu quccouuranuy U HOHU3AIUH.

Mounekyia DHeprus aucconuanuu, 3B |ATom DHeprusi MOHU3AINH,
sB
0, 5,17 O 13,6
N, 9,77 N 14,5

[loBepxHOCTHAs MOHM3AIMUs (IMHUCCUS 3JIEKTPOHOB) OCYILIECTBISETCS 3a
CUET:

1)  OomMOapIUMpOBKM TOBEPXHOCTH KaToAa TMOJOXKUTEIbHBIMU HOHA-
MU — BTOpUYHAs JJIEKTpPOHHAs »MHUccUs (cxema MpuBelaeHa Ha puc. 1.4 a);
YCIIOBHE JUIsl BBIXOJIA DJIEKTPOHA C IIOBEPXHOCTH:

2
mHOHVHOH

2 2 VI/BbIX >

r7ie
Moy — Macca HOHa,;

V., — CKOpPOCTb MOHA;

Wx — DHEPTHS BBIXOJIa DJICKTPOHA.

2)  Jy4HcTOH OHHEpruu, OOJydarllned KaTol, — YJIbTPadHOICTOBBIN
CBET, PEHTICH, W3JIYYCHHS BO30YKICHHBIX aTOMOB M MOJIEKYJT B 0ObeMe rasa
MEXIy dJekTpogamu — ¢GoTodmuccus (cxema ImpuBeaeHa Ha puc. 1.4, 0);
P 3TOM, YCJIOBHUE JUIS BBIXOJIA DJICKTPOHA C TOBEPXHOCTH:

hv > VVBI)IX)

rae
h — nocrosaHas [lmanka,

vV — coOCTBeHHas yacTtoTa (pOTOHA;
W,,..x — DHEPTHs BBIX0J1a AJICKTPOHA.

3) HarpeBa IOBEPXHOCTH KaToJa — TEPMOIJIEKTPOHHAs AMHCCHs (CXema
npuBeeHa Ha puc. 1.4, B);
4) sHEeprUM BHEUIHETO D3JIEKTPUUYECKOrO0 TOJISI — aBTORJIEKTPOHHAS WIH

XOJO/IHAasE AMHUCCUsA (CXeMa TMpuBeJAeHa Ha puc. 1.4, T) BO3MOXKHA TIPH Ha-
NPsHKEHHOCTH AJIeKTprudeckoro nojs 6omnee 3-102 kB / cm.

JIis peanu3anuy MOBEPXHOCTHON MOHM3AIUU HEOOXOIUMO, YTOOBI SHEPTHUS
BO3JICHCTBHS ObLJIa OOJIBIIIE SHEPTHH BBIXOJA AJIEKTpoHa U3 Karoga W, .. DHeprus
W,,,x HIDKE dHepruu oOBEMHON MOHM3AIlMU Ta3a MPHUMEpPHO B 2 pa3a W OoJiee U
3aBUCUT OT Marepuana 3JiekTpoaa. s MEIHBIX M CTalbHBIX 3JIEKTPOJOB B
BO31yxe pabota Beixojaa coctanisieT W, , = 4,5 3B (cpaBHu ¢ Tabi. 1.2).
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e & 1.10° kBlem

Howu
DoToH e €

T TT

Harpes

a) 0) B) r)

Puc. 1.4. CxeMbl TOBEpXHOCTHON MOHU3AIIUU: a) UOHU3AIUS HOHOM, 0) HO-
HU3aIMs KBAHTOM CBETA, B) TEPMOMOHU3AIIMS, T') aBTOSJICKTPOHHASI MOHU3AIIHS

Jlexmus Ne2

1.4. J/IapuHa 3J1€KTPOHOB

Ecnu B raze Mexay AByMs 3J€KTPOAAMH, 0OPa3yOLUIUMU OJHOPOJHOE T0JIE,
MOSIBJISIETCS. CBOOOJHBIM AJIEKTPOH, TO JABUTAsCh K aHOAY IMpPH JIOCTATOUYHOM
HaIMpPsHKEHHOCTH 3JIEKTPUYECKOTO TMOJsl OH MOXKET MOHU3UPOBATH aTOM WIIU
MOJIEKYJLy Ta3a IpHU CTOJIKHOBeHUU (puc. 1.3, a). B pe3ynbraTe 3T0r0 nosiBiasercs
HOBBIN (€11e OAMH) AJNEKTPOH U TMOJOKUTEIbHbI HOH. DTOT 3JEKTPOH BMECTE C
HAaYaJIbHBIM HOHHU3UPYIOT HOBBIE aTOMbl W MOJIEKYJbl, U YHCIO CBOOOJHBIX
AJIEKTPOHOB HENPEPBIBHO HapacTaeT. JTOT MPOLECC MOJy4usl HAa3BaHUE JIABUHbI
DJIEKTPOHOB.

NHTEHCUBHOCTh Pa3MHOXEHUSI JJIEKTPOHOB B JIABUHE XapaKTepU3yeTCs
kodbUIMEeHTOM  yaapHOW  MOHHU3AallMM &, paBHBIM  4YHCIYy HOHM3ALUU
MPOU3BOJUMBIX JJIIEKTPOHOM Ha NYTH B | CM MO HampaBlIeHUIO JEUCTBUS
ayleKTpuYeckoro nousd. [Ipyroe HazBaHue ko3 ¢uUIUEHTa yAapHON MOHU3AaLUN —
nepBblid kodppunuent TayHcenna.

B mpouecce pa3BuTHs JIaBUHBI OJJHOBPEMEHHO C 3JIEKTPOHAMU 00pa3yroTCs
MOJIOKUTENIbHbIE HOHBL. [lOBMJKHOCTh HMOHOB 3HAUMTENBbHO MEHbINE, YeM
AJNIEKTPOHOB, M 3a BpEMs pPAa3BUTHS JIABUHBl OHU NPAKTUYECKH HE YCIIEBAIOT
MEPEMECTUTHCS B MPOMEXKYTKE K KaToay. Takum oOpa3om, mocie MpOXOxkKIACHHS
JAaBUHBI  JJEKTPOHOB B Tra3e  OCTaloTCAd  MOJIOKHUTENbHBIE, a B
ANEKTPOOTPULIATENIbHBIX Ta3aX W OTPULATEIbHBIE MOHBI, KOTOPBIE HCKaXAIOT
(YMEHBIIAIOT WM YBEJIMYMBAIOT) BHEIIHEE 3JIEKTPUUYECKOE IOJE€ B MPOMEKYTKE.
Ha puc. 1.5 npuBeneHo pacnpeneneHne HanpsbKEHHOCTH AJIEKTPUYECKOTo TOJs B
MPOMEXKYTKE TpPU MPOXOXKIECHUU €ro JIAaBUHOW DJEKTpOHOB. BuaHo, 4ro
HaMpPsHKEHHOCTh AJIEKTPUUYECKOTO MOJI HAa (PPOHTE JIABUHBI BO3pACTaeT, B CpeHen
YacTH, TJ€ HaxXOJATCA OCTAIOIIMECs MOJOXKUTEIbHbIE HOHBI, YMEHbIIAeTCs, a
BOJIM3M KaTo[a BHOBb HE3HAUUTEIBHO YBEIUYNBACTCA.
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Puc. 1.5. UckaxxeHne 3JEKTPUUECKOTO MO B IPOMEKYTKE, CO3/1aBaeMOe
JaBUHOM: 1 — cpeHss HANPSKEHHOCTH 0€3 JIABHHBI; 2 —Pe3yJIbTUPYIOIIas
HaIPSHKCHHOCTh

JIiss omucaHWsl JIAaBHHHOTO IIpollecca HEOOXOIUMO OIMPEACTUTh YHCIIO
DJIIGKTPOHOB B JIaBWHE. lIpeAmonokuMm, 4YTO W3 KaToJa 3a CUET BHEUIHETO
MOHM3aTOPa BBIPBIBACTCA 71 SJICKTPOHOB (Hanmpumep ny = 1). Ha paccrosHuun x ot
KaroJa 4YHCIO DJIJIEKTPOHOB Bo3pocio a0 n (puc. 1.6). YBenwmdueHue ducina
AJIEKTPOHOB dn Ha MyTH dx OyJeT paBHO:

dn=n -a-dx, (1.11)
WIH

&= - dx. (1.12)

n

Wnrerpupys (1.12) mo n ot 1 10 n 1 o x ot 0 10 X, MOTY4YHM:

& =["a-dx. (1.13)

1n_

i

Puc. 1.6. Cxema onpeneneHus Yucia 3J€KTPOHOB B JJABUHE
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B oanoponHom nose, rae kKodh@UIMEHT yaapHOi HOHU3aUUMU a = const, T.
K. HAPsHDKEHHOCTH B JII0OO0OH TOYKE MPOMEXKYTKA OJUHAKOBA, Oy/IeM UMETh:

Inn=a-x, (1.14)
17001

n=e%”*, (1.14a)

Bripaxenue (1.14) naet 3HaueHue 3JIEKTPOHOB B JJaBUHE 0€3 yueTa ux
NPUJIIMIIAHUA K HEUTpaJbHBIM aToMaM M MOJEKyJaM. JTO SBICHUE Xapak-
tepusyercs ko3 dunrenTom npununanus 7. KoapdbuumueHT npununanus 3aBUCUT
OT poaa ra3a (PJIEKTPOOTPHUIATENbHBIA WIH 3JIEKTPONOJIOKUTENbHBIN). Torma
YUCJIO0 JIEKTPOHOB B JIABUHE C YUE€TOM MPUJIAIIAHKS OYJIeT PaBHO:

n = e@mx, (1.15)
Ecnu ny 6onpbie 1, Torna (1.15) 6yner uMeTh BU:

n = nye@Mx, (1.16)

YHCII0 3IeKTPOHOB B JaBHHe n > 107 .

1.5. YcioBue caMOCTOATENBHOCTH pa3psaia

[locne mpoxoxaeHUs NMEpBOM JIaBUHBI B MPOMEKYTKE JABUHHBIN MpoLecc
MO>KET BO30OHOBIIATHCS, @ MOXKET W 3aTyXHYTh. {751 BO30OHOBJIEHUS JIABUHHOTO
mpolecca HyeH XOTsl Obl OJMH BTOpUYHbBIA 3D PeKTUBHBIN nekTpoH. Eciu stoT
AIEKTPOH IMOIYYaeTCs B PE3yJIbTaTe€ BHEIIHETO MOHU3ATOPa — Pa3ps Ha3bIBAETCS
HECaMOCTOSTENbHbIM. TO ecTh, eclii yOpaTh BHEIIHUN HOHU3ATOP, TO JIABUHHBIN
mpolecc He BO30OHOBUTCS M pa3psa  3aTyxHeT. Ecam ke BTOpUYHBIN
(G ()EeKTUBHBIN 3JIEKTPOH BO3HHUKAET B PE3yJbTaTe MPOXOXKACHHUS MEPBUYHON
JAaBUHBI  —  pas3psJ  Ha3bpIBAaETCAd  CaMOCTOSTENbHbIM.  Paspan  u3
HECAMOCTOATEIBHOTO MOXET NEPEUTH B CAMOCTOSITEIbHBIN, €CIU YBEJIUYUTH
MIPUJIOKEHHOE K AJIEKTPOIaM HaIPSIKEHUE.

[Ipu camocTosiTeNbHONM (opMe pas3psiia JaBUHHBIM Mpoliecc BO300-
HOBJISIETCS, TIOCKOJIBKY cama IepBUYHAas JaBWHA (M MOCJIENYIOLUE BTOPUYHBIC
TOE) CO3JaET yCIOBUE JJI BO30OHOBICHHS Ipolecca. Y CI0BUs BO30OHOBJICHUS:

1) ocraBuieecss mociae MNPOXOXKACHUS JIABUHBI MOJIOKUTEIbHbBIE HOHBI,
JBUTAsICh K KaToay, O0MOapAMpPYIOT €ro M BbI3bIBAIOT 3MUCCHIO AJIIEKTPOHOB M3
KaToza;

2) BO30YXIEHHbIE aTOMbl W MOJEKYJIbl, oOOpa3ylouecs Hapsany ¢
MOHM3ALMEN, MCIYCKAlOT (POTOHBI, KOTOpPbIE MOTYT MNPUBOJUTH Kak K (OTO-
MOHM3ALMU B 00BbEME MPOMEXKYTKA, TAK U K (POTOAMUCCUU DJIEKTPOHOB U3 KATOJA.
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OO6pasyromuecss TakuM 00pa3oM BTOPHYHBIC DSJIEKTPOHBI TMPUBOMAST CHOBA K
00pa30BaHUIO JIABUH B Pa3psIHOM IIPOMEKYTKE.

KonnuecTBO MOJIOKUTENBHBIX HMOHOB, OCTaBIIMXCS B MPOMEXKYTKE IOCIE
MIPOXOXKACHUS JTJABUHBI, PABHO KOJIMUECTBY JICKTPOHOB B jiaBuHE (1.15), nckiroyas
HAYaJIbHBIN JJIEKTPOH, T. €.:

nf =e@mMS — 1. (1.17)
DONEeKTpOHbl, BBHIOUTHIE M3 KaTo/a, HE BCE YYACTBYIOT B OOpa30BaHHUU
BTOPUYHBIX  JIaBUH. YacTh 371€KTPOHOB PEKOMOUHUPYET C IOJOKHUTEIb-
HIMU HoHaMu. CyMMapHbBIN npolecc o0pa3oBaHus BTOPUYHBIX
NIEKTPOHOB M3  KaTOJa XapaKTepU3yeTCs KO3 PUIIMEHTOM  BTOPUYHOMN
WoHM3auuMu Y — BrTopoi  kodpduuuent  Tayncenna. Koadduumenr y

3aBUCUT OT MaTepHalla KaToAa, cOCTaBa W JaBJICHHs raza M Bcerma y << I.
KonudecTBO BTOPUYHBIX 3JEKTPOHOB, OOpa30BaHHBIX IIOCIE MPOXOKIACHUS
NEePBUYHON JJTABUHBI TPU CaMOCTOATENbHON ¢dopMe paspsia, JAOHKHO OBITh HE
MEHee:

y(e@ M —1) > 1. (1.18)

VYpaBuenue (1.18) ecTh yciioBHE CaMOCTOSITENIBHOCTU Pa3BUTHs pa3psia B
ra3oBoM npoMexyTke. OHO TOKa3bIBA€T, YTO B PE3YJNbTATe MPOXOKIACHUS
NEepPBUYHONM JIAaBUHBI HEOoOXO0JAMMO 00pa3oBaHHE, KaK MHHUMYM, OJHOTO
3(p(PeKTHBHOIO >JIEKTPOHA, CIOCOOHOTO 3aKE4Yb BTOPUUYHYIO JIABUHY'

1.6. O0pa3zoBanue ctpumMepa

B mpomecce pa3BUTHS JIaBUHBI HEMPEPHIBHO YBEIMYHMBACTCS YHCIIO
AJICKTPOHOB M TIOJIOKHUTEIBHBIX HMOHOB. C YBEJIMYCHHEM 4YHCIIA DJICKTPOHOB B
TOJIOBKE JIABUHBI BO3pACTaeT HANPSOKCHHOCTh Ha (poHTe JiaBuHBI (puc. 1.5). Ha
XBOCTE JIaBUHBI HANPSOKCHHOCTh TOHIMKCHA. OJIGKTPOHBI B TOJIOBKE JIABUHBI
OCTAHABIIMBAIOTCS W MOTYT PEKOMOWHHpOBaTh ¢ HMOHaMU. [Ipu pexomMOWHaAIUU
U3ITy4aroTcs (DOTOHBI, KOTOPHIE CIIOCOOHBI BOJIM3W XBOCTa TECPBUYHOW JIABUHBI
MOHHM30BaTh HEHTPAIBHBIC MOJICKYJIbI, 00pa3ysi BTOPUYHBIC JTABUHBI.

BropuuHble JaBUHBI, CIeays IO CHUJIOBBIM JIMHHSM W HWMEsS Ha TOJIOBKE
M30BITOYHBINM OTPUIATENBHBIA 3apsii  (3JICKTPOHBI), BTATHBAIOTCSI B 00JIacTh
MOJIOKUTEIPHOTO  O0BEMHOTO  3apsifia, OCTaBJICHHOTO TEPBHYHOW JIABUHOM.
DNEKTPOHBI BTOPUYHBIX JIABUH CMEIIMBAIOTCS C TIOJOKHTEIbHBIMA HOHAMH
TIEPBUYHOM JIABHHBI 1 00Pa3yIoT cTpuMep — 00J1acTh ¢ HAMOOJbIIICH MIOTHOCTHIO
TOKa, KOTOpasi, pa30rpeBasCh HAUMHACT CBETUTHCS, a HAaUOOJbINAass KOHIICHTPAIUs
gacTull (IJIOTHOCTh TOKa) oOpa3yercs BOnuM3u katoma. Jlyis ¢dboTowMoHM3anMHU B
oObeMe ra3a sHeprus (POTOHOB JOKHA OBITH OOJBIINEC SHEPTHH MOHHU3AIUU. DTOT
MPOIECC YCIEIIHO OCYIIECTBISIETCS B CMECSAX Ta30B COJEPIKAIIUX KOMIIOHEHTHI C
OTHOCUTEIBHO HHM3KOW JSHEprueii wmoHu3anmuu (B TOM YHCIE W B BO3IyXe).
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BoMOapaupoBka katoja MOJOXKHUTEIBHBIMU HOHAMHU 3(P(EKTHBHA TPU HUBKUX
JIaBJICHUS Ta3a.

Kpurepuem mnepexona IaBUHHOTO paspsiia B CTPUMEPHBIN  SIBISIETCS
KPUTUYECKOE YUCIIO DJICKTPOHOB B JIaBUHE. PacyeTsl MOKa3bIBAIOT, UTO MIPH YUCIIEC
AJIEKTPOHOB Hp > 107 -10° napuna MEepEeXOIUT B cTpuMep. JlJ1d HAaKOTUIEHUS TaKOro
KOJIMYECTBA DJIEKTPOHOB JIaBUHA JIOJDKHA TPOUTU OMPEACTICHHOE KPUTHYECKOE
paccTosiHue  Xyp. CleoBaTeNbHO, €  YBEJIWYEHHUEM  PACCTOSHHUS — MEXIY
AJIEKTPOJIaMU CBBIIIE Xgp JIaBUHA HEW30EXKHO TepersieT B CTpUMEpPHYI (Gopmy
pasBuTus paspsna. HeoOXonuMo OTMETHTH, YTO X, 3aBHCUT OT JaBJICHHUS Ta3a U
ero cocraBa. Kaptuna o6pa3oBanus cTpuMepa npuBeieHa Ha puc. 1.7.

Puc. 1.7. MexanusM pa3BUTHS KaTOJAHOTO CTpUMeEpa: 1 — 3JIeKTpoa-KaTo,
2 — KaHaJj cTpuMepa, 3 — JlaBUHbI, 4 — IBUXKEHUE (OTOHOB, 5 — BIIEKTPOH 32
c4yeT (OTOMOHU3ALIUU

Jlexmus Ne3

1.7. 3axon IIamena

BrinosiHeHne ycioBHs camMocTOATeNbHOCTH paspsna (1.18) B ogHopogHOM
moJjie o3Ha4yaeT MpoOoil Bcero mpomexyTtka, npuHsB 7= 0 u npupasHsB (1.18)
EANHUIIE, TTOTYIUM:

y(e* —-1)=1 (1.19)
i

e =1+ (1.20)

1
”
[Iponorapudpmupyem (1.20) u npeodbpa3zyemM OTHOCUTENBHO «:

a= @ (1.21)

19



9KCHepI/IMeHTaJIBHO YCTAHOBJICHO!

_BoP
a=AyPe E, (1.22)
rjae
P — naBnenue rasa;
E — HanpspkeHHOCTh 2JIEKTPUYECKOTO TMOJS; - KOI(PGUIIMEHT, 3aBUCSIIUN OT

COCTaBa rasa.

nr

rjae
7 — pagnyc MOJIEKYJI;
k — nocrosinHasa bonbpimana;
T — Ttemneparypa B rpagycax KenbBuHa.
B (— ko3 uiuenT, 3aBucAInii OT S3HEPruu HOHU3AIMH Ta3a,

By = AgUy,
rae
U,— NoTeHLraa MOHU3AIMH Ta3a.
[IpupasusB Beipaskenust s a (1.21) u (1.22), nonyuum:
i B
IHLI+—J=,4D-P-5-E E (1.23)
¥
[TonactaBuB B (1.23) E = %, UMEEM
. _Enf_"f‘?
EHL1+—I= Ay-P-Se U
W
WIH

ByP-S p
z Ay -P-§ -
o O (1 : (1.24)
l\"
In 1+—|
\, i
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[Iponorapudpmupyem (1.24), Toraa:

By-P-§ iy .4(].-1’:'-5 (1.25)
U W
fn‘ I+—J
TR |

[TockonmbKy Hac HHTEpECYET HampsHKeHUE, IMPH KOTOPOM TPOU30iaeT
npo6oii, npupasusiem U = Unp. Torga u3z (1.25):
B TR _
1P : Ag-P-8§ (1.26)

L
inl 1 +—]

', i/

N3 (1.26) BumHO, YTO TIpU HEU3MEHHOM TeMIlepaType paspsIHOe
HaIpsDKEHWE B OJTHOPOJIHOM TT0JIe sABJIsIETCs QYHKIIMEH NMPOU3BEeHUS JaBleHus P
Ha PACCTOSIHUE MEXY dJIEKTpoaaMHu S, T. €.

Upp = f(P+5).

DTy 3aKOHOMEPHOCTh BIIEPBBIE DKCIEpPUMEHTabHO 00Hapyxun [lamen. U
BeipakeHue  (1.26) HaspiBaeTcs  3akoHoM [lamena. ['paduueckum  dta
3aKOHOMEPHOCTh IIPEACTaBIEHa Ha puc. 1.8.

Unp 50%
kB
10 -
5 /)
1 -
0.5 .
7= -
0,2 P
0,1
0,1 051 510 50 100 500

MM PT.CT."CM

Puc. 1.8. I'panueckoe otobpaxkenue 3akoHa [lamena nius Bo3ayxa

Bun 3T0if 3aBUCHMOCTH MOXXHO OOBACHUTH, HMCXOAS M3 (HU3UUECKUX
npencraBineHuil. [lpu S=const yBennueHue napieHus OOJbIIE 3HAYEHUS, CO-
OTBETCTBYIOIIETO MHUHHMMYMY, INPUBOJHUT K YBEJIWYECHUIO YWCIA CTOJKHOBEHUM
AJIEKTPOHOB C HEWTpPaJIbHBIMH aTOMaMH W MOJEKYJIaMU H, KakK CIEICTBHUE, K
YMEHBIIECHUIO €r0 3HEPIUM HaKalUIMBaeMOM Ha JUIMHE CBOOOJHOro mpooera.
CnenoBaTenbHO, JJi1 BO3HUKHOBEHHUS yIapHOM HOHHU3AIMU  HEOOXOJIUMO
yBenudenue Hanpsbkenus Unp. C apyroil CTOPOHBI, IPH JaBIECHUAX MEHBIINX,
YeM COOTBETCTBYIOIlEE MUHMUMYMY 3HA4€HUsI, YBEJIMYUBACTCA JIJIMHA CBOOOHOTO
npo0era M HakaruiiBaemasi 3J€KTPOHOM SHEPIHsi, HO YMEHBIIAETCS KOJIUYECTBO
CTOJIKHOBEHHI, 4YTO YMEHBIIAET BEPOSTHOCTh YAApHOW wWoHW3auuu. [ns ee
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YBEJIMUEHUST HEOOXOAMMO, YTOOBI KaK MOXKHO OOJIbLIEE YHUCIO CTOJKHOBEHUMN
3aKaHYMBAJIOCh HMOHM3auuen. i1 3TOro HEOOXOAMMO YBEIMYMUBATH SHEPIHIO
9JIEKTPOHA Ha JJIMHE CBOOOHOrO npooera, T. €. yBeanduBaTh Ump.

3akon Ilamena B Buge ¢opmynsl (1.26) cnpaBeniuB mpu HOPMalbHOU
temrepatype. l3MeHeHue TemmepaTypbl JI€WCTBYeT OOpaTHO HW3MEHEHUIO
JaBiIeHUS W JOJDKHO YYHUTBIBAThCS MpU pacuerax. B obmiem Bujae ¢ ydeTom
M3MEHEeHHs TeMIeparypsl 3akoH [lamiena 3anumercs:

e

nim

Unp = f(85),

rae

s=2.2 03862,
T T

Py

T — Temneparypa B rpanycax KenbBuHa.

Torna Upo = Uyp 0,
r7ie

Unp 0

HU3MCPCHUA,

U”P p

— HpO6I/IBH06 HaIlPAKCHUC, MPUBCIACHHOC K HeﬁCTBHTCHBHBIM YCIOBUAM

— TpoOMBHOE HAMpsHKEHUE, MOTYyUYeHHOE Tpu pacyeTe 1o ¢popmyne [lamena.

OkcniepuMeHTabHas kpuBas [lamieHa oTiMyaeTcss OT pacueTHOM Kak B
00aCTH OYEHBb MAJIBIX 3HAUYEHHH PS, TaK U B 00JIaCTH O4YeHb 00JbIINX. B 0o0actu
OYCHb MaJIbIX 3HaUeHUU PS oTiinune 0O0bICHACTCS MPUOTUKEHUEM K BAKYYMHOMY
mpo0Oo0, TPU KOTOPOM OCHOBHYIO POJb HIPAIOT MPOIECCHl HA IMOBEPXHOCTU
AJEKTPOIOB, a He B oObeme raza. I[lpu Oonpmux 3HaueHusx PS orauuue
OOBSICHSIETCS ~ YBEJIMUCHHEM  HANpPSOKEHHOCTH  DJIEKTPUUECKOTO MO Ha
MUKPOBBICTYINIaX AJIEKTPOJAOB M YBEIUYCHHEM BEPOSITHOCTH BO3HHUKHOBEHUS
JIaBUH, 4TO CHUXkaeT Utp.

Ha ocHoBanuu 3akona IlamieHa Moryt OBITH MPEASIOKEHBI CIOCOOBI

MTOBBIIICHUST TPOOMBHOTO HAMPSKEHUS Ta30B:
1)  yBenudeHue gaBieHUs O00JbIIEe aTMOCHEPHOTO;
2)  yMCHBIIEGHHE [IaBJICHUS 1O 3HAYEHUM MEHBIIUX, YeM JIaBJICHHUE
COOTBETCTBYIOIIEE MUHUMYMY, BILUIOTh JI0 BaKyyMa.

1.8. Pa3psix B HEOHOPOJHBIX MOJIAX

B HCOOHOPOAHOM II0JIC B OTIIMYHUC OT OJHOPOIHOI'O HAIIPSAKCHHOCTD IIOJIAA B
PA3JIMYHBIX TOYKAX IMPOMCIKYTKA pa3HAsA IO BCIMYNMHC HIIHM 110 HAIIPABJIICHUIO. K
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TUMUYHBIM TIPOMEXKYTKAM C HEOJHOPOJHBIM TIOJIEM OTHOCSTCS CTEPKEHb -
CTEP)KEeHb, CTEP)KEHb - IJIOCKOCTh, MPOBOJ - 3€MJISI 1 MHOTHUE JPyryue peajabHbIe
M30JIIIMOHHBIC TIPOMEKYTKH.

Ha puc. 1.9 mpuBeneHsl 3aBUCHMOCTH HANPSHKEHHOCTEM OT pPacCTOSIHUS
MEXKTy DJICKTPOJIaMH THIIA CTEPKEHbB - TIIOCKOCTb.

OcHoBHBIE 3aKOHOMEPHOCTH pa3BUTHUSA paspsa B JFOOBIX
PE3KOHEOAHOPOAHBIX MOJsAX (KH > 4) nmpakTU4YecKH OJUHAKOBHI. [Ipn HexoTOpoM
HavyajabHOM HarpspbkeHur Uh B MpoMeXyTKe BO3HUKAET CaMOCTOSITEIIbHBINA pa3psil
B JIABUHHOW (popMme, T.K. BOJIM3U CTEPKHS MUMEETCS 00JaCTh C HAIPSIKEHHOCTHIO,
MIPEBBIIIAIONICH 3HAYCHUE Ey, COOTBETCTBYIOIIEE BO3HUKHOBEHUIO
camocToATenbHON (opmbl paspsana (puc. 1.9). Pazpsa nokanusyercs B 3TOM
o0JlacT, a BTOPUYHBIC JABUHBI TOJJICPKUBAIOTCS OO 3a cueT (OTOMOHU3AIUN
u3 obbema raza (IpU MOJOXKUTEIBHON TMOJSPHOCTU CTEPXKHs), JUOO 3a cyer
(hOTOOMUCCUM WM  aBTORJICKTPOHHOM (XOJIOJHOM) AMHUCCHM C Kartoja (Tpu
OTPHULIATECIILHON TMOJIIPHOCTU CTEpKHs). TakoW paspsii Ha3bIBa€TCd KOPOHHBIM
paspsioM B JIaBUHHOU dopme. 3HaUCHHE HANPsHKCHUST U HATIPSIKEHHOCTH TI0JIS Ha
AJIEKTPOJIE TMPU BO3HUKHOBEHUU KOPOHHOTO pa3psja 3aBUCUT OT CTENEHU
HeongHopogHOocTH  moyigs. C  yBeIMYEHHMEM  CTENEHW  HEOAHOPOAHOCTHU
HaMpsDKEHHOCTh  HA  DJICKTPOJIE-CTEP)KHE  YBEIMYMBACTCS, a  HAIpsKEHUE
BO3HUKHOBEHHS KOPOHBI YMEHBIITACTCS.

S

Puc. 1.9. 3aBucUMOCTh HaNPSHKEHHOCTH JIEKTPUUECKOTO OIS OT
PaCCTOSIHUSA MEXY JIEKTPOJaMU TUIIA CTEPHKEHb-TNIOCKOCTh: | — ECp = f(5);2

— Eyaxe = f(S); 3 — Ey — HanpsuKeHHOCTh BOSHMKHOBEHUS CAMOCTOSTEIBHOM
dbopmeI pazpsa.

[Tpu yBenuueHun HampsHKeHus cBbliiie UH, KOTia KOJTUYECTBO JIEKTPOHOB B
naBuHe BospactaeT 10 10° — 10°, oHA mepexoauT B IIA3MEHHOE COCTOSHHE U B
MPOMEKYTKE BO3HUKAET CTPUMEP Y SJIEKTPOJIa C MOBBIIICHHON HANPS)KEHHOCTHIO
noyia. Eciu B OZHOpOAHOM TOJie BO3HUKIIMA CTPUMEpP IIEPECEKAET BECH
MEXDJIEKTPOAHBIN MPOMEKYTOK, TO B PE3KOHEOJHOM TI0Jie B 3aBHCUMOCTH OT
BEJIMYMHBI HAIpPSDKCHUS CTpUMEp, TMPOMAS HEKOTOPOE PACCTOSHUE, MOXKET
ocTaHoBUTHCS. [Ipu 3TOM 1U1a3Ma ero pacnajgaercsi, HO BOJU3U OCTPUSl BO3HUKAIOT
HOBBIE CTPUMEPHI, KOTOPBIE TAaK)KE€ OCTAHABIMBAIOTCS U UX IJIa3Ma paciagacTcs.
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Takoe cocTossHME paspsga YCTOMYHMBOE, T.K. MPU 3TOM BBITOJHACTCS
YCIIOBUE CaMOCTOSITEIBHOCTH paspsaa. OJTOT ciydad, Korja CTpUMEphl He
JOCTUTAIOT TPOTHBOIIOJOKHOTO JJICKTPOJAA, TMOJIYYWI Ha3BaHHE KOPOHHOTO
paspsja B CTpUMEPHOI dopMe.

Jliss ipo0osi BCEro  MEXDJICKTPOJIHOTO IMPOMEKYTKa HEOOXOJIUMO CIIe
YBEJIMUNTH HampspkeHue. Torma oOpasyeTcss KaHaj, KOTOPBIM IMPOJBUTACTCS OT
AJIEKTPOJa C TOBBIINICHHOW HAIpPsSHKCHHOCTHIO (OCTPUE) K IMPOTHUBOIOJIOKHOMY
anekTpony. IIpu mepecedeHMH WCKPOBBIM KaHAJIOM BCEro IMPOMEXKYTKA OH
npeoOpa3yeTcss B DJICKTPHUSCKYIO IYTy, YTO O3Ha4yaeT 3aBeplicHue mpobos. B
PE3KOHEOIHOPOAHBIX ITIOJISIX HAINpsDKEHHE Ipo00si Bcerga OoJIblIe HAMpPSHKEHUS
BO3HHMKHOBEHMS KOPOHHOI'O pa3psaa B JII000H GopMme.

1.9. 3¢ dexT moasspHocTu

B cnaGoHepaBHOMEPHBIX MOJSIX, € MUHUMAIBHBIA U CPEIHUN T'PaTUEHTHI
HalpsDKEHUsT Mallo  OTJIMYAKOTCA JAPYr OT Jpyra, KOPOHHOE U pa3psiiHOE
HalpsDKEHUsT MPAKTUYECKH COBIIAJANOT JAPYr € JPYIOM, BIIMSHHUE IOJISAPHOCTH
HEBEJIUKO. B CHIIbHOHEPABHOMEPHOM [0JIE KOPOHHOE HAIIPSKEHUE HAMHOI'O HUXKE

Pas3psiAHOrO, MOJISIPHOCTh OPU HECUMMETPUYHBIX 3JIEKTPOAAX CYIIECTBEHHO
BIIMSIET HA BEJIWYMHY Pa3psAHOrO HaIpspKeHUs. B MpoMexxyTke OCTpue-INIOCKOCTh
dbopmupoBaHue pa3psaa 3aBUCUT OT HOJASIPHOCTH OCTPHS.

IIpy DOJIOKUTENBHOW NOJIIPHOCTU OCTPHUSA, UMEKOIIMECS B IIPOMEXKYTKE
AIEKTPOHBI, TBUTASICh K OCTPUIO B 00JIACTh CUJIILHOTO TOJIsI, COBEPIIAIOT yIapHYIO
MOHM3ALMI0 U 00pa3yloT JaBUHY 3JIeKTpoHOB. Korja yiaBuHa 1OXOAUT 10 OCTpHS,
JJIEKTPOHBI JIaBUHBI HEUTPAIM3YIOTCS Ha AaHOAE, a IIOJOXKUTEJIBHBIE WOHBI
BCJICJICTBUE MajOl CKOPOCTH JBMIKEHHUS OCTAlOTCS y OCTpUs U CO3JAr0T
MOJIOKUTENbHBIA ~ OOBEMHBIM  3apsill, KOTOpbI  oOJagaeT COOCTBEHHBIM
JJIEKTPUYECKUM [0JIeM. B3auMoOAeHCTBYs C BHEIIHHUM IIOJIEM B IIPOMEXKYTKE,
MOJIOKUTENIbHBIA 00bEeMHBIN 3apsij] OCIa0JseT Moyie BOJIMU3U OCTPHUS U YCUIMBAET
€ro B OCTajbHON yacTu mpoMmexxkyTka (puc. 1.10, a). Eciu HanpsbkeHue mexny
AJIEKTPOJAMHU JOCTATOYHO BEJIMKO, TO BO3HHUKAET JIaBUHA JJIEKTPOHOB CIIpaBa OT
00BEMHOTO 3apsifia, S3JEKTPOHbI KOTOPOH, CMEIIMBAsICh C MOJOKUTEIbHBIMU
MOHaMU OOBEMHOIO 3apsijia, CO3/Jal0T 3apOoJbIII KaHalla aHOJAHOrOo CTpUMEpa,
3alOJIHEHHBIA  TUIA3MOM.  3aXWUraercs CTPUMEPHBIM  KOPOHHBIM  pa3psl.
[lonoxuTenbHble 3apsiibl ATOW JIaBUHBI OyAyT pacmoyiaraThCs Ha TOJIOBKE
CTpUMepa M C€O03[aBaTh OOJACTh IOBBIIIEHHOW HAIMpPSKEHHOCTH BO BHEIIHEM
npoctpaHcTBe. Hanmnume oOnacTu cuiibHOTO Mo oOecneurBaeT 0oOpa3zoBaHUE
HOBBIX JIABUH, DJICKTPOHBI KOTOPBIX BTATMBAIOTCS B KaHaJl CTpUMEpPA IIOCTEIICHHO
ynnuHss ero. CTpumep mnpopacraer K KaToAdy, BbI3bIBasi MPoOOM MPOMEKYTKa MpU
CPaBHUTEJIBHO MAJIOW BEJIMUYHUHE Pa3psAHOTO HAIIPSIKECHUS.

IIpy OTpULIATENBHON MOJAPHOCTU OCTPUSA DJIIEKTPUUECKOE II0JI€ He-
IIOCPECTBEHHO Y OCTpUs IPUBOAUT K OMUCCHUU DJIEKTPOHOB C KaTOJa, KOTOPBIE
Cpa3y MomajaroT B CHJIbHOE MOJI€ M MPOU3BOAAT YIAApHYIO MOHHU3ALNIO, 00pa3ys
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00JIBIIIOE YMCIIO JIABUH. DJIEKTPOHBI JIaBUH, NIEPEMEILAsACh B c1adoe MoJie y aHOo/a,
TEPSIOT CKOPOCTb, 3aXBAThIBAIOTCS HEUTPAJbHBIMU MOJEKYJIaMHU, CTAHOBSATCA
OTpULIATEILHBIMA HOHAMHU, PACCESHHBIMU B MpocTpaHcTBe. [1010XKuTEIbHBIE HOHBI
JaBUH 00pa3yloT OOBEMHBIA 3apsi]l y OCTpHs, KOTOPBIA, B3aUMOJEUCTBYS C
BHEIITHUM T0JIeM, OyJIeT yBEIMYUBATh HAPSHKEHHOCTh HETTOCPEICTBEHHO Y OCTPUS
Y YMEHBIIATh B OCTAIbHOM YacTu npomexyTtka (puc. 1.10, 6). YBenuuenue nomus y
OCTpUSl MPUBOJUT K YCWICHHIO SMHCCHM JJIEKTPOHOB C TMOBEPXHOCTH KaToJa,
KOTOpbIE, CMEIIMBAsACh C TOJIOKHUTEIbHBIM OOBEMHBIM 3apsiioM, 00pa3yloT Yy
KaTo/1a 3apOJIbIlll KaTOJHOTO CTPUMEDA.

a) 0)

Puc. 1.10. O6pa3zoBanue aHOAHOTO a) U KaToAHoro 0) ctpumepa: E —
HANPSHKEHHOCTh BHEITHETO MouIst; E,s — HAMpsKeHHOCTH MOJIT 00hEMHOTO
TOJIOKHUTENILHOTO 3apsafa; Eye, — pe3ynbTHpyoIas HalpsKEHHOCTh B
MPOMEKYTKE MOCIIe HOHU3AINN

BcenencTBue OO0NbLIOTO YHMCIA HAYalbHBIX JIaBUH y KaTo/Aa TJIa3MEHHBIN
KaHall 3/IeCb MpeJCTaBisieT coOoW Oojiee WJIM MEHEEe OJHOPOAHBIA CIOM C
paanycoM KpHUBU3HBI OOJBIINM, YyeM y ocTpus. [loaToMy aiekTpuueckoe moiie
HECKOJIbKO BBIPAaBHUBAETCS U HAIPSKEHHOCTh BO BHEIIHEW 00JIaCTH YMEHBIIIAETCS.

VYMeHblLIEHHE HANpSKEHHOCTH DJIEKTPUYECKOrO0 TMOJs BO  BHEIIHEM
MPOCTPAHCTBE MPUBOAUT K TOMY, YTO JUJISl JaJbHEHIIe MOHU3AIMHU B 3TOM 4acTu
MPOMEKYTKa HEOOXOJMMO 3HAYUTENBHO VYBEJIMYUTH PA3HOCTh IMOTEHIIMAIOB
MEXIY IEKTPOJIAMHU.

[Ipy nanpHE#IIEM YBEIWYEHUM HANpPSOKEHUS MPOUCXOIUT HWOHM3ALUsA
CIpaBa OT IUIa3MEHHOTO CJI0s1, OOJIBIIOE YUCIIO 00Pa3YIOIIUXCS TJABUH MPUBOJIUT K
yIauHeHuto crpuMepa. OHako, Tak ke, Kak U B Hadaise, 01aro gapsi O0JbIIOMY
YUCIly JIaBUH TOJIOBKa CTPUMEpPA pa3MbITa, U BO3pACTaHHE HAMPSIHKEHHOCTH Ha
TOJIOBKE CTpPUMEpa OKa3bIBAE€TCS TOpa3f0 MEHBUIUM, Ye€M MpPH MOJOKUTEIbHOM
OCTpHE.

25



B cuny paccMOTpEHHBIX BBIIIE OCOOCHHOCTEH pa3BHTHE CTpUMEpa TpH
OTPUIIATEIPHOM OCTPUE TPOUCXOAUT C OOJBIIMMH TPYIHOCTSIMH, IOITOMY
paspsaHOe HANpPsDKCHHE TPH OTPHUIATEIIBHOM TOJSIPHOCTH OCTPHUs OOJbIIe, YeM
MIPU TIOJIOKUTEILHOU MOISPHOCTH (B 2-2,5 pasa).

Ha mnepemMeHHOM HampsokeHHMH TMPOOOH MPOMCXOJHMT BCerga Ha  II0-
JIO)KUTETLHOM MOJISIPHOCTH.
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Puc. 1.11. 3aBucuMOCTb TPOOMBHOIO HAIPSKEHUS OT PACCTOSTHUS MEKIY
AIEKTPOIAMU CTEPKEHB-IIJIOCKOCTh HA UMITYJIbCHOM HalpsiKeHuu: 1 —
MTOJIOKUTEIbHAS TIOJIAPHOCTh OCTPUSL; 2 — OTPULATENIbHAS OJIIPHOCTh OCTPUS; 3
— OJJHOPOJAHOE I0JIE

1.10. bapbepubiii 3¢ dexT

CyuiecTBeHHOE BIIMAHHE OOBEMHOTO 3apsiia Ha pa3BUTHE paspsga B
MIPOMEKYTKE C PE3KOHEPAaBHOMEPHBIM IIOJIEM HCHOJB3YETCS Ha MPAKTUKE s
YBEJIMUEHUS PA3PSAHBIX HAMPSHKEHUH  HU30JSLUOHHBIX MPOMEXKYTKOB. ITO
YBEJIMUEHUE JIOCTUTAeTCA TMOMEUICHUEM B MPOMEXYTOK OaphepoB U3 TBEPIOrO
IURJIEKTpUKA (JIEKTPOKAPTOH, T€TUHAKC W Jp.). lIpu MOJIOKUTEIHHOM OCTpHUE
MOJIOKUTENIbHBIE HOHBI OCENal0T Ha Oaphep M PACTEKAIOTCS MO €ro MOBEPXHOCTHU
TEM paBHOMEpPHEE, YEM Jalbllie OT OCTPUSI PACIOIOKEH Oapbep. ITO MPUBOJIUT K
0oJyiee PaBHOMEPHOMY PACTIPEICICHUIO HAMPSKEHHOCTH B MPOMEXKYTKE MEXIY
O0appepoM M IIOCKOCThIO (puc. 1.12, a) u, ciemoBaTelbHO, K 3HAYUTEIBHOMY
YBEJIMUEHHUIO Pa3psIHOTO HAMPSIKEHUS.

[Ipu oTpUIATENbHON MOJSPHOCTU CTEPKHA 3JEKTPOHBI, ABUTASICh OT OCTPUS,
NonaaaoT Ha O0apeep, TEPSAIOT CKOPOCTh U OONBIIMHCTBO U3 HUX BMECTE C aTOMaMu
KHCIIOpOJa CTAHOBATCS OTpHIIaTeNIbHbIMU MoHamHu. Ha Gapbepe B 3TOM ciyuae
MOSIBJISICTCS. KOHLIEHTPUPOBAHHBIA  OTPUIATENbHBIA  3apsll, YBEIMYMBAIOLIUN
HaMpPsHKEHHOCTh MOJISl HE TOJIBKO MEXAY MOJOKUTEIbHBIM OOBEMHBIM 3apsiioM Y
ocTpusi U 0apbepoM, HO U BO BHEIIHEM MnpocTpaHncTse (puc. 1.12, 6). [loatomy npu
OTPULIATEIBHOW TOJAPHOCTH OCTPUS YBEIMYECHHE PA3PSAHOTO HANPSDKEHHUS B
MIPOMEKYTKE TpU HaNM4uu Oapbepa OyAeT He3HauuTeabHbIM. [Ipu pacnonoxeHun
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Oapbepa B CpelHEW dYacTH TMPOMEXKYTKA, pa3psAaHbIe HaNpsSOHKEHUs MpH
OTPULIATEILHOM M MOJIOKHUTENbHOU MoJsipHOCTIX Onu3ku. [lpu pacnonoxeHuu
Oapbepa B HEMOCPEICTBEHHOM OJU30CTH OT MOJIOKHUTEIBHOTO OCTPUS POJb €ro
YMEHBIIAETCS BCIEICTBUE PE3KOM HEPABHOMEPHOCTH PACIIPENEIICHUS 3apsii0oB Ha
Oapbepe. HampspkeHHOCTh MOJS OKa3bIBACTCS JOCTATOYHOW JJIi TOTO, YTOOBI
MOHU3ALIMOHHBIE MPOIECCHl MPOXOAWIM HO JPYryl0 CTOpoHY Oapnepa. bapbep,
pPacnoIOKEHHBI B HEMOCPEICTBEHHOW OJM30CTU OT OTPHUILATENIBHOTO OCTpUSsl, HE
CIOCOOEH 3a/IepKUBATh OBICTPBIEC DIEKTPOHBI C OCTPUS, KOTOPHIE TPOXOJAAT CKBO3b
Oapbep K MIOCKOCTH.
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Puc. 1.12. Pacnipenenenue HaMps»KEHHOCTH TMOJIST B MEXKAJICKTPOIHOM MTPOMEKYTKE
MIPU HAJTUYUH Oapbepa: a) — MOJIOKUTETbHAS TOJISIPHOCTD CTEPXKHS; 0) —
OTpHUILIATEJIbHAS TTOJISIPHOCTH CTEPXKHS; 1 — pacrpeiesieHne HanpssKeHHOCTH
no—Js1 6e3 6apbepa; 2 — pacnupenesieHue HanpsHKEHHOCTH T0JIsl ¢ 6apbepoM

Takum o00pa3om, OGapbepbl B NPOMEXKYTKE YCTAaHABIMBAIOTCS HA TaKOM
ONTHUMAJIBLHOM PACCTOSIHUU OT OCTPHUS, MPHU KOTOPOM pasps/iHbIC HaIPSIKCHUS
MakcUMaJIbHBI (25-30 % OT IJIMHBI TPOMEXKYTKA MEXKIY 3JIEKTPOJaMu), MpUuYeM
MpU  TIOJIOKUTEIIBHOW TOJIIPHOCTH OCTPHUSL Pa3psHOEC HANPsHKEHUE MOXKET
YBEJUYUTHCS B 2 pas3a Mo CPaBHEHUIO C TPOMEXYTKOM 6e3 6aprepa (puc. 1.13).
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Puc. 1.13. Bnusinue 6apbepa Ha NpoOMBHOE HANPSIKEHHUE ra30BOTO MIPOMEXKYTKA
pu MoJ0kuTeabHOM (1, 3) 1 oTpunaTeNnbHOM (2, 4) NOAAPHOCTAX HAMIPSKEHUS:
1,2 — mpoOuBHOE HaNpsHKEHHE MPOMEXYTKa 06e3 6apbepa; 3, 4 — nmpoOuBHOE
HaIpsHKeHUe MPOMEXyTKa ¢ 6apbepoM

Bapbeppl MIMPOKO HCHOJIB3YIOTCA B BBICOKOBOJBTHBIX KOHCTPYKIIMSX,
paboTaronMx Kak B BO3JyXe, TaK M B Maclie (BBICOKOBOJBTHBIE BBOJIbI,
Tpancopmaropel u 1p.). Ha mnepeMeHHOM HampsKEHUU dJIEKTpUUECKas
MPOYHOCTh Ha TOJIOKUTEJIILHOM TOJISIPHOCTH YBEIMYMBACTCS W MPUOTUKAETCA K
AJIEKTPUYECKON MPOUYHOCTH HA OTPULIATEILHON MOJSAPHOCTH.

Jlexnus Ned

1.11. Baiusinue BpeMeHH NPUWIOKECHUSI HANIPSKEHUS HA JJIEKTPHYECKYI0
NMPOYHOCTH ra30BOi M30JSIIMHU (BOJIbT-CeKYHIHAs XxapakTepucTtuka — BCX)

[Ipu KpaTKOBpEMEHHBIX HUMITYJIbCaX 3HAUYCHHUE Pa3psAIHOTO HAIPSIKCHUS
BO3JIYITHBIX MTPOMEKYTKOB 3aBUCUT OT MPOJIOHKUTEILHOCTH Bo3aelcTBus. Ecnu k
MPOMEXKYTKY MPUIIOKEHO HAMPSHKEHUE IOCTATOYHOE JJIsl TPo00si, TO JJIsl Pa3BUTHUS
U 3aBepUICHUS pas3psAAa B IPOMEKYTKE HEOOXOIUMO OIpeNeIeHHOe Bpems t,
Ha3bIBa€MOE BpeMeHeM pazpsa (cM. puc. 1.14).

Puc. 1.14. BpemeHHas CTpyKTypa pa3BUTHs pa3psiia Ha UMITYJIbCHOM
HaIpsKEHUH
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Pa3BuTue caMoOCTOSTENBHOrO pa3psia HAyMHAETCS C TIOSIBICHHUS B
npoMexkyTke 3((PEKTUBHOIO HAYaIbHOIO JJIEKTPOHA, YTO SIBISETCS CIy4YalHbBIM
coObITeM. Bpems oxuaanus 3pheKTUBHOTO 3JIEKTPOHA f, MOJBEPKEHO pazdpocy
Y Ha3bIBACTCS MOATOMY CTATUCTUUYECKUM BPEMEHEM 3ama3/lbIBaHUs pazpsiaa. ITo
IepBasl COCTABJIAIOIIAs BpeMEHHU paspsna. Jpyroil cocraBisiolieii, MMeEroen
TaK)K€ CTATUCTUYECKUI XapaKTep sABIsAeTCa BpeMs (pOpMUPOBaHUs paspsaia fy, T.c.
BpeMsi OT MOMEHTA TOSIBICHMS] HAYaJIbHOTO 3JEKTPOHA /10 3aBEPIICHHs MPOoOOos
npoMexyTKa. Bpems ¢, + 5 = f; Ha3bIBalOT BPEMEHEM 3ala3/bIBaHUs Pa3BUTHS
paspsna. Ilpu moctaTtoyHo OONBLION UIMTEIBHOCTH (PPOHTA HMITYJIbCA HMEET
3HauUEHUE TakKe Bpems to, MmpejcTaBisioniee coO0N BpeMs MobeMa HalpsiKeHUs
1o 3HadueHus UH. Takum oOpa3om, B 0o011eM cilyyae BpeMs paspsija Onpeessercs
KaK:

t, = to + to + ty. (1.21)

CocraBnsromue BpeMeHM paspsana t. u 1y 3aBUCAT OT 3HAYCHUS
HanpsDKEHUsT Ha TpoMexyTke. lIpu yBeIWYEeHMHM HamnpsHKEHHUS TOBBIIIACTCA
BEPOATHOCTh TOrO, YTO TMOSIBIISIIOIIMECS B IPOMEXKYTKE DJIECKTPOHBI CTaHYT
>QdexTuBHBIMY, U t. yMeHbIaeTca. CoKpallaeTcs TakkKe U fp, HOCKOIBbKY IIPH
OoJIbIIIEM HAMNPSHKEHUW BO3PACTaeT WHTEHCHUBHOCTH Pa3psIHBIX IPOIIECCOB U
CKOpOCTh TPOJABWKECHHUS KaHana paspsga B NpoMexyTke. [loaTomy uem BbllIe
pa3psHOE HANPSIKEHUE, TEM MEHBIIIE BpeMs pa3psijia.

3aBUCUMOCTh MaKCUMAJIbHOTO HAIpPsKEHUS pa3psijia OT BPEMEHU JCHCTBUS
HMMITYJIbCA Ha3bIBAETCA BOJBT-CEKYHIHOM XapaKTepUCTUKON n30siuu. [lockoabKy
HayaJio ¥ CKOPOCTh PAa3BUTHS MOHU3AIMOHHBIX IMPOILECCOB 3aBUCAT OT 3HAUYCHUSA
HaIpsDKEHUSI, BOJIbT-CEKYH/IHBIC XapaKTEPUCTUKH 3aBUCAT OT (GopMbl uMiryibsca. C
1ENbI0 YHU(PUKAIIMA UCTIBITAHUNA U BO3MOKHOCTH COIOCTABJICHUSI U30JISIIITMOHHBIX
KOHCTPYKIIMI YCTAaHOBJIEH CTaHAAPTHBIM TPO30BOM HUMMYJIBC C AJIUTEIBHOCTHIO
¢ponta (BO3pacTanus Hanpsbkenus) Tg= 1,2 £ 0,4 MKC U JUIMTENBHOCTBIO

umiyibsca T,= 50 = 10 mxc u o603Hauaercs 1,2/50 mxe (puc. 1.15).
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Puc. 1.15. Onpenenenrie napameTpoB UMITYJIbCa HAIIPSKEHUS

I[JUI OKCIICPUMCHTAJIBHOI'O OIMPCACICHUA BOJ'IBT-CCKYHI[HOﬁ XAPAKTCPUCTUKH
K UCCICAYCMOMY IIPOMCIKYTKY IIPUKIAABIBAIOTCA UMITYJIbChI CTaHHapTHOﬁ q)OpMBI.
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[Tpr KakIOM 3HAYCHUW MaKCHMAJIBHOTO HAMNPSOKCHUS WMITYJIbCa MPOU3BOIUTCS
cepusi OMBITOB. B cuily cTaTUCTHYECKOro pa3dpoca BpeMEHH pa3psiia BOJBT-
CEeKYyHJIHas XapaKTepUCTHKa ToJIydaeTcs B Bujae oOjactu Touek (puc. 1.16), mis
KOTOPOH YKa3bIBAIOTCS CPEIHSS KPHBas U TPAHUIIBI pa3dpoca BpeMEHH paspsiia.

Puc. 1.16. IloctpoeHne BONBT-CEKYHTHOW XapaKTEPUCTUKU U30JISALIUU 110
OTIBITHBIM JIaHHBIM (TPO30BbIE UMIYJILCHI): 1 — UMITyJIbC HANPSIKEHUS; 2 — KpU-
Bas CpeJHUX 3HAYCHUI MPOOMBHOTO HANPSKEHUS; 3 — IpaHMIIbl pazdpoca
MPOOMBHBIX HANPSXKEHUN

Bun BONBT-CEKYHIHOM XapaKTEpUCTHKH 3aBUCUT OT CTEIIEHU He-
OIHOPOJHOCTH DJJIEKTPUYECKOTO IMOJS B MNPOMEKyTKe. JlJIsI MPOMEKYTKOB C
OJTHOPOJHBIM WM CJIA0OHEOAHOPOJIHBIM TOJEM, BOJBT-CEKYHAHAs XapakTe-
pucTuka cnabo 3aBucut OT t, (puc. 1.17, kpuBas 1), U TONBKO HpU BpeMeEHaX
pa3pana mopsnka | MKC M MEHbIIE pa3psAIHOE HANPSHKEHUE YBEIUYMBAETCS.
CBsi3aHO 3TO C TE€M, UTO pa3ps] B TaKUX MPOMEXYTKaxX (pOpMUpYETCs 3a BecbMma
MaJIo€ BpeMs IMpU HANPSHKEHUH PABHOM HAYaJIbHOMY 3HAYEHHUIO U OTCYTCTBYET
KopoHa. OTMEUEHHBIE CBOICTBA BOJIbT-CEKYHIHON XapaKTEPUCTUKU MO3BOJISIIOT
UCIIOb30BaTh MPOMEKYTOK MEXKAY ILIAPOBBIMH JJIEKTPOJAMH, CO3JAIOLIUMU
IIPAKTUYECKHA OJHOPOAHOE IOJIE, €CIU PACCTOSHHUE MEXAY JJIEKTPOJAMH MEHBIIE
UX pajauyca, B KaYeCTBE YHUBEPCAIBHOIO MPUOOpa sl U3MEPEHUsT MaKCUMaTbHBIX
3HAYECHUI HaAIPSKEHHUS.

BonbpT-ceKyHIHBIE XapAaKTEPUCTUKHU MPOMEKYTKOB C PE3KOHEOIHOPOIHBIM
nosieM (puc. 1.17, kpuBast 2) UMEIOT IOCTATOYHO OOJIBIIYIO KPYTU3HY, MOCKOIBKY
B TaKUX TMPOMEXKYTKax BpeMs (OpPMUpPOBAHHUS pa3psia CHUIBHO 3aBUCHUT OT
3HAYECHUS MPWJIOKEHHOIO HaIpsDKEHUs. [ TakuX IpOMEXYTKOB HPH I'PO30BBIX
UMITyJIbCaX XapaKTepHbl OoyblliMe pa3psiaHble HampsbkeHuss Up, dYem mnpu
MIEPEMEHHOM HaNPsKEHUU MPOMBIIUIEHHON YacToThl 50 I'n. OTHOMIEHNE

Up

Kamn = -

(1.28)
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Ha3bIBaCTCA KOC—)(i)(i)I/ILII/ICHTOM HUMITYJIbCA.

Uy

Puc. 1.17. BCX 3amuTHBIX pa3psaAHUKOB U u3oasauun: 1 — BCX BEHTUIBHOTO
paspsaHuka (ogHopoaHoe noje); 2 — BCX tpybuaToro paspsigHuka
(pe3koHeoHOpOIHOE TI01e); 3 — BCX 3amuiaeMoro o0bekTa; 4 — UMITYJIbC
HaATIPSDKEHUS

[IpoMexxyTKH C OJHOPOAHBIM M CJIA0OHEOJAHOPOJIHBIM TMOJIIMH HUMEIOT
koadunment umnyinsca Kyyp = | mpakThyecku BO BCeM JWaria3oHe BpEMEH
paspsna.

BonbT-ceKyHIHBIE ~ XapaKTEPUCTUKU  LIMPOKO  HUCIOIB3YKOTCA IS
KOOPJMHALMN M30JISIIIUU BBICOKOBOJIBTHOTO OOOPYIOBaHUA, T. €. JJIS 3aIIMUTHI OT
BO3JICMCTBUS TPO30BBIX M KOMMYTAIIMOHHBIX INepeHanpspkeHuid. C 3TOM LENbIo
napajjieibHO 3alllMIaeMOMy OOBEKTY BKIIOYAETCA BO3AYLIHBIA pa3psAHUK
(HanpuMep, BeHTWIIbHBIN pa3psaHuk) ¢ nojoroit BCX. Hanexnas 3ammura Oyaet
obecnieunBathes, eciin BCX paspsguuka (puc. 1.17, kpusas 1) nexut ke BCX
3amuinaeMoro obopynoBaHus (kpuBas 3) BO BCeM JMana3oHE BpeMeEH
BO3JICMICTBYIOLLIETO HATIPSIKEHUS.

1.12. KoponHpblii pa3psijg

KopoHHbI! pa3psii 3TO caMOCTOATENbHBIN pa3psil, MpU KOTOPOM yAapHas
MOHM3ALMS AJIEKTPOHAMU UMEET MECTO HE Ha BCed JJIMHE MPOMEXKYTKa, a JIMIIb B
€ro 4Yactu y 03ieKTpoaoB. KOpOHHBIN pa3psn MOXKET HMEThb JaBUHHYIO U
cTpuMepHyio (opmy. IIpoboli KOPOHHPYIOLIETo MPOMEXKYTKA MPOUCXOIUT MPH
HaMpsHKEeHUH O0JIbIlIeM HayalabHOTO.

Kopona mnpencraBnser HHTEpeC B CBA3M C MOTEPSIMU SHEPTUM TpU
koponupoBanuu JIOII. Hampumep, Ha JMHUSX CBEPXBBICOKOTO HAMPSIKEHUS
MOTepU SHEPTUM MNpHU KOpOHUpoBaHUM MpoBojoB JIDII B mioxyro morogy co-
craBisitor 100-200 kBt Ha kwinomerp nunuu u 6onee. Kpome 3T0ro, mpoyKThl
MOHM3ALMU BO3/yXa Pa3pyLIUTENIbHO AEUCTBYIOT Ha U3OJISIUIO U METAJIINYECKYIO
apmatypy. KopoHHBI pa3psi Takxke SBISETCS UCTOYHMKOM aKyCTHYECKOro 1Iyma
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1 BBICOKOYACTOTHOTO 3JICKTPOMArHUTHOTO u3iydeHus (crektp yactoT 0,154-100
MTI11), KOTOpOE CO3AaET MOMEXH PAUO0- U TEIEIPUEMY.

IIpu KOPOHHOM pa3psze MPOUCXOAUT UOHU3AIMUSA BO3lyXa U y MOBEPXHOCTHU
npoBoja oOpaszyeTcss OObEMHBIM 3aps] TOrO >K€ 3HaKa, YTO U MOJSPHOCTH
HampsbkeHus: Ha nposone. Ilox nelicTBMEM CHIT AIEKTPUYECKOTO TOJIS HOHBI,
COCTaBIIAIOIINE OOBEMHBIN 3apsijl, ABIXKYTCSA OT mpoBoAaa. s UX mepenBUKEHUS
HEOOXOIUMBI 3aTpaThl SHEPTrUU, KOTOPbIE M OMPENEISIIOT B OCHOBHOM IMOTEpPHU
DHEPIMM Ha KOpPOHY, MOCKOJBKY 3aTpaTbl JHEPrMM HAa HMOHMU3ALMIO BO3ayXa
3HAUYUTEIIBHO MEHBLIE.

Ha nocTosSHHOM HanpsbKEHWH pa3fiuyaloT YHUIOJIAPHYIO U OUIOSPHYIO
KOpoHy. EcnM KOpoHUpYET OAMH TpPOBOJ — YyHUIOISApHas KopoHa. Ilpu
YHUIIOJISIPHOW KOPOHE T€HEPUPYEMbIE KOPOHOM 3apsbl, UMEIOLINE TOT K€ 3HAK,
YTO W KOPOHHUPYIOIIMA TPOBOJA, NOJA JCHCTBHEM DJIEKTPUYECKOTO MO
YCTPEMIISIIOTCST K 3eMJIe, TJI€ MPOUCXOAUT MX HeuTpanuzanusa. [lpu OunonspHoin
KOpOHE OOBEMHBIE 3apsA/bl MPOBOAOB PA3JIMYHON MOJSIPHOCTU JBUXKYTCS
HaBcTpeuy Apyr Apyry. [Ipu BcTpede mpoucxoauT peKoOMOMHALMS MOHOB pa3HBIX
3HakoB. YacTh MOHOB MPOHHMKAET B MPOCTPAHCTBO BOJIM3U MPOTHUBOIOIOKHOTO
MIPOBOJIA, YTO NPUBOAUT K YCUJIEHUIO HWHTEHCHUBHOCTHM KOPOHUPOBAHUA. ITO
YBEJIMYUBAET ITOTEPU HA KOPOHY.

Ha nepemMeHHOM HanpsyKEHWH KOPOHHBIM pa3psAl 3aKUraeTcs Ipu
JOCTH>KEHUU HAYaJIbHOI'O HANIPSIKEHHUSI, PABHOTO HANPSHKEHUIO 3aKUTAHNS KOPOHBI
Uy npu Bpemenu ¢; (puc. 1.18, a). Bokpyr npoBoaa ob6pa3yercs 30Ha HOHU3ALINH,
Ha3blBaeMas yexyioM Kopoubl (puc. 1.18, B) M3 yexsa KOpOHBI MOJIOKHUTEIbHbBIE
3apsanpl (kak Ha puc. 1.18, B) BBIHOCATCS B OKpY’Kalollee MPOCTPAHCTBO U
oOpazyroT BHemHUM 00BeMHBIH 3apsaa  (O3). Ilpouecc KOpOHMpPOBaHUS
TPOJOIIKAETCS 10 TeX T0p, MTOKA HAMPSDKEHHE He JOCTUTHET U MaKC MpH 1y

Hecmotps Ha mnoBellieHHE HanpsokeHUs 100 Uu, HAIPSIKEHHOCTh Ha
MIPOBOJIE OCTAETCA MOCTOSHHOW M paBHOM E, HM3-3a BIUSHUA OOBEMHOIO 3apsja.
3aTeM  HanpsDKEHUWE  HauMHAeT CHMWXKaTbCA. CHHXPOHHO  CHUIKAeTCs U
HaIpsKEHHOCTh HAa MNPOBOJIE, YTO MPHUBOJMT K IoracaHuro KopoHbel. Ho mocie
noracanuss KOPOHBI (Iociie B MPOCTPAHCTBE BOKPYTI TPOBOJA OCTAEeTCs
MOJIOKUTENIbHBI BHEITHUI 00bEMHBIN 3apsi]l, KOTOPBIN ellle yaalusieTcs OT IpoBoja
(puc. 1.18, B). PaccTosinue, Ha KOTOpoe yaanseTrcss OObEMHBIN 3apsij], 3aBUCUT OT
HampsbKeHHs: Ha npoBoge u cocrasisieT ~ 40-100 cm. Pa3HOCTh mOTEHLHAIOB
MexkIy poBoaAoM U O3 yBEIUYMBAETCS 10 MEPE YMEHBUIEHNS HAINIPS)KEHHOCTH Ha
npoBojie 10 BpeMeHu f;. [lpu ¢, (puc. 1.18, a, B), koraa HanmpsiKEHUE TOCTUTAET
Uy, koTopoe 3HaunTenbHO MeHblie Uy, 3a)kuraercs orpuuareibHas kopoHa. [Ipu
ATOM OTPHUULATEIBHO 3apsSKEHHBIE YACTULBI HAUMHAKOT JBUraThCsl OT IPOBOJAA BO
BHEIIHIOIO 00JacTh, a HaBcTpedy (K MPOBOJY) JBHXKYTCS TOJOXKHUTEIbHO
3apsOKEHHbIE  YacTHUIBl M3 BHEHIHETo o0bemHoOro 3apsga. Ilpoucxomut
pEKOMOMHAIUS 3aPSKEHHBIX YaCTHUIl O MOJHOW KOMIIEHCALUU TMOJIOKHUTEIBHOTO
BHemHero O3. 3aTeM HakaruMBaeTcs oTpuraTenbHbIi O3 BO BHEIIHEH 00JaCTH.
Bce aTo mpoucxoaut 3a Bpems ot #4 110 ts (puc. 1.18, a, B). B MoMeHT Bpemenu s
(Hauamo yMEHBIIECHMS HAIpsSOKEHUs) OTpUllaTeNibHas KOpoHa racHer. B
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IIaJIBHeﬁHJeM BCC OTH HUKJBI IMOBTOPANOTCA M 3aKHUI'aHUC KOPOHBI Ha obenx
MMOJEIPHOCTAX IMPOUCXOOUT ITPHU Uo.

Fr

t (ty)

Puc. 1.18. PazBuTtie KOpOHBI IIPU IEPEMEHHOM HAIPSKEHUN

Me:x 1ty mpoBOAOM M 3eMilell UMEET MeCTO eMKOCTh C, KOTopas 3apsiKaercs

U pa3psHKaeTCsl ¢ YacTOTOW NMEPEMEHHOro Toka. IIpw 3TOM MEXIy TpOBOJIOM U
3emJIeil mMpoTeKaeT eMKOCTHOM TOK i, (puc. 1.18, 0):

. du
ir=0C—
¢ dt

(1.29)
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Bo3HuKHOBEHHE KOPOHHOT'O pa3psiia B MOMEHT t; MPUBOIUT K TOSBICHHUIO
TOKa KOPOHBI i , KOTOPBIM HAKJIAIBIBACTCSI HA EMKOCTHBIM TOK JIMHUM U MCKa)KaeT
cunycouay Toka (puc. 1.18, 0). JauTenpbHOCTh MHMKOB TOKAa KOPOHBI paBHA
JUTUTEILHOCTH €€ TOPEHUs, T.€. OT ¢; 10 ¢, (WIH ty -5, ts —17).

[Ipy mnepemMeHHOM HamNpsHKEHUHW KOPOHUPOBAHUE TMPOBOJOB  Oojee
WHTEHCUBHOE, YeM TIPH TIOCTOSHHOM HaIpsOKEHUU, W TIPU TPOYUX PaBHBIX
YCJIOBUSIX TIOTEPU SHEPTUU HA KOPOHY CYIIIECTBEHHO OOJIbIIIE.

Ha xapakTepuCTMKM KOPOHHOTO, pa3psjia — HadallbHOE HamnpshKeHUe,
MOTEPU DHEPTUM, PATUONOMEXH, IIIYM — 3HAYUTEIBHOE BIUSHHE OKa3bIBAIOT
MOTOJIHbIE  yCJIOBHUS. ATMoc(epHbIe OCaJKd PE3KO CHIDKAIOT HayajdbHOE
HaIpsHKEHHE BOZHUKHOBEHUS! KOPOHBI.

1.13. Ilorepu 3Hepruy Npu KOPOHMPOBAHNH

[Ipu npoextupoBanun JIOII nonb3yloTCsT pacyeTHBIMH 3aBUCUMOCTIAMHU
MOTEepPb SHEPTUU NPU KOPOHUPOBAHUU.

PacnpoctpanenHoil ¢opmysnoll ans  pacueta IMOTEPh HAa KOPOHY Ha
NEePEeMEHHOM HaNpsDKeHUM  sIBNiAeTca smnupuueckas ¢opmyna Iluka s
OJIMHOYHOI'O ITPOBOJA

24,1 -
P ===(f +25) %O(Uq, —U)?-1075 kB1/kM - dasa (1.30)
rae
d — OTHOCHUTENbHAs IUNIOTHOCTh BO3/YyXa;
f — yacroTa, I'y;
To — Paanyc OJIMHOYHOIO MPOBOJIA, CM;
S — paccrosiHHe MeX/y NPOBOJaMU, CM;
Uy — neiicTByrolnee 3HaueHue pasHoro HanpspkeHust, KB;
U, — HanpsbKeHne BOBHUKHOBEHUSI KOPOHBI, KB.
S
Uy =21,2-6-lnr—-m1-m2,KB, (1.31)
0
rae

my — KO3 UIIMEHT TJIaIKOCTH TIPOBOJIA;
m, — K03 OUITUEHT TTOTOIBI.

JlJist upeanbHo TIAJKOro mpoBojaa m; = 1, AJid peaJbHOro BUTOTO MPOBOJA
m; = 0,85+0,92 (3aBucur ot koHburypauuu mnpoBojaa). OOBIYHO MPUHUMAIOT
m; X my; = 0,8 — 1pu MI0X0I MOroIe.

Ha nuHusx snekTponepenayum CBEPXBBICOKOIO HANPSKEHHS] HCMOIB3YIOT
paciierieHHble poBoja B ¢azax. [ns onpeaeneHus norepb Npu KOPOHUPOBAHUU
JUIsl paclIEIUICHHBIX MPOBOIOB UCTIONB3YIOT (popmyny Maiipa:
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1350E,

Po=k-n-f-12 E,(E,—E,)- (2311

rjae
n — 4ucio nposoaos 8 dase;
f —uacrora, ['u;
Fp — PAAHYC OJHHOYHOIO IIPOBOJA, CM;
Ey — HANPAXREHHOCT b BOSHUKHOBEHUA KOpOHBL, KB/C
£, — 3KBUBAICHTHAN HANIPAKEHHOCTE, KB/CM;
K — KO3(hULHEHT 10T 01bL

~1)-1075, (1.32)

fro

EMaKC_EC

E, = 2= (1.33)

CpenHsist HalpsHKEHHOCTD VISl PacIIeIICHHOTO TTPOBOIA:

Ep= e (1.34)

S
n-ry-ln
TakB

MaxkcumabHas HaIlPSAKCHHOCTD!:

Evaxe = ky - Eep,

rae

ky =1+ (n—1) 2

™p

n — ()
Toxg = /n "To Ty 1 — >kBMBaNEHTHBIN pafnyc OAUHOYHOTO IIPOBOJA, UMEOIETO

Ty JK€ €MKOCTb, YTO U pacilernjieHHas $asa;
1, — paauyc pacuierenus ¢pasa.

Henocratkom ¢opmynsl Maiipa sBisercss TO, 4TO BCE€ MHOroodpasue
MOTOJTHBIX YCIIOBUM CBOAMTCS K JBYM TPYIIIIaM TOTOBI: «XOpoIlas mnorojaa (x =
44; E. = 17 xB/cm) n «mnoxas» norona (x = 31,5; E, = 11 kB/cm). ns cpenneit
nosiockl EBponeiickoii yactu Poccun u 3amaanoit Cubupu norepu Ha KOPOHY s
3-x ¢azapix JIDII CBEpXBBICOKOTO HANpPSIKEHUS] MOTYT PACCUUTHIBATHCS 10
dbopmyne JI. Eroposoit u H. Tuxoneesa

P=24-10"°-U2 exp|[87- (Z— —0,53)| 1075, kBr/xm, (1.34)

rjae
Uy — aMIUIUTyIHOE 3HaueHue (pa3zoBoro HanpsKeHus, KB.
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I[JUI OIIPCACIICHUS MTOTCPh HA KOPOHY B TCUCHUC I'OJa PACCUHUTBIBAIOT IIOTCPHU
OHCPTUN IJIA KaX(HOﬁ I'pylibl IIorogabl, a 3a4aTéM CYMMHUDPYIOT HX C YUYCTOM
MMpOAOJIZKUTCIBHOCTH I'PYIIIIBI B TCUCHUC I'OJ1a

Y Py =Xi1 P+ i, (1.35)

rje
); — OTHOCHUTEbHAS TTPOJIOKUTEIILHOCTD IPYIIBI MOTO/BI, Py; — CpeaHeroaoBas
MOIITHOCTh IOTEPH MPH i-OU TPYIIIE TOTOIBI.

JIJ1s1 OLIEHOYHOTO TO/CYETa CPEIHETOJOBBIX MTOTEPh BCE MOTOIHBIE YCIOBHS
pazOuBaroT Ha 4 Tpynmsl: 1) Xopoias moroja; 2) 10%1b (BKI0Yasi MOKPBIM CHET 1
MOpocCh); 3) cyxoi cHer; 4) u3Mopo3b (BKiItOYas rosnojen u uHen). Haunbonpime
MOTEPU B EIAUHUIY BPEMEHHM BO3HUKAIOT TMPU M3MOPO3U. YCpeIaHEHHas
MPOJOHKUTEILHOCT  PA3NIMYHBIX TPYNI  TOTOALI  JJIE  CpeJHEH  IOJIOCHI
eBpomneiickoit yuactu Poccun u 3anagnoit Cubupu npuBeneHsl B Taduuie 1.3.

Ta6muma 1.3 [IpoaomKuTeIbHOCTh TPYII MOTOABI 3a TOJT

['pynna noroner  |IIpomomkurenbHOcTs  rpyii |l IpogomKuTeIbHOCTD
MOTOJTbI 32 ToJ1 (Yac) rpyIi norojsl 3a rof (%)
Xopouas noroaa 7120 81,3
Cyxol cHer 800 9,1
Jox b 500 5,7
N3mMopo3b 340 3,9
Cymma 8760 100
Jlekumst Ne5

1.14. Pa3psa B Bo3ayXxe IO MOBEPXHOCTH M30JAATOPOB

PaccMoTpuM BIMSIHUE TBEPAOrO JUAJEKTPUKA HA BO3HUKHOBEHUE U
pa3BUTHE pa3psiga B BO3YXE BAOJIb TOBEPXHOCTH U30JISITOpA. B KOHCTpYKLIMU pUC.
1.19, a cunoBble JIUHUM DJICKTPUUYECKOTO TMOJ MapajuielibHbl MOBEPXHOCTU
JUAJIEKTPUKA U TOoJie OAHOPOHO. B KoHCTpyKImu puc. 1.19, 6 nmoje HEOHOPOIHO
W TaHreHIMaJIbHAasl COCTABJISIONIAS HANpPSOKEHHOCTH TMI0J1 HAa TOBEPXHOCTH
nudnekTpuka K, mnpeobnagaeT Haa HOpMalIbHOM coctaBiswoomedn £, B
KOHCTpYKIMM puc. 1.19, B mone Takke HEOAHOPOIHO, HO Mpeobianaer
HOpMalibHasi cocTaBisitomiasi. llepBass KOHCTPYKIUMS CPAaBHUTEIBHO PEIKO
BCTPEUAETCS] B peajbHbIX YCJIOBHUSAX, HO YyAOOHAa TIPU BBISBICHUM BIUSHUS
XapakTEPUCTUK JHUAJICKTPUKA HAa BO3HUKHOBEHHE paspsiga, BTOpass U TPEThs
KOHCTPYKIIMH BCTPEYAIOTCS 4acTO (OMOPHBIE M MPOXOIHBIE U30JIATOPHI).
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B wu307141MOHHON KOHCTpPYKIMU puc. 17, a 3jeKkTpuueckass HTPOYHOCTh
MPOMEKYTKA C AUAIEKTPUKOM MEHBIIIE, YEM YUCTO BO3AYIIHOTO MPOMEKYTKA. ITO
CBS3aHO C aJcopOIuel BiIarm W3 OKPYXKAIOIIETO BO3AyXa Ha IOBEPXHOCTHU
IUDJIEKTPUKA, & TaKXK€ C MHUKPO3a30paMHU MEXKAY TBEPIABIM IUIJIEKTPUKOM U
31eKTpoAoM. [IOBEpXHOCTh BCEX TE BO BIIAXKHOM BO31YyX€ MOKPHITA TOHYAWILIECH
ieHKoW Bojawsl. HMoHbI, oOpasyromiuecss B 3ITOM IUICHKE TOA JeHWCTBUEM
BJIEKTPUYECKOTO HOJISI, IEPEMEIAOTCS K JJIEKTpoaaM. B pe3ynbraTe 3TOro mosue
BOJU3HM DJIGKTPOJIOB YCUJIUBACTCS, a B CEpEAUHE MPOMEKYTKa OCIA0ISIETCS.
Ycunenue noss y 3J1eKTPOAOB IMPUBOAUT K CHUKEHUIO DJIEKTPUYECKOU ITPOYHOCTH
MPOMEXKYTKA. DTO CHIDKCHHE TeM OOJIbIIe, YEM TUTPOCKOIMYHEE TUAIICKTPHK.

\ J
E.'i' '-;-1-\ ,-‘;?
\)U) E-E
AN L
E E,
a) Q) B)

Puc. 1.19. XapakrepHble KOHCTPYKIIMU BO3AYLIHBIX IPOMEKYTKOB C
TBEPBIM JUIIEKTPUKOM

Hampumep, ctekno sBiseTcs 0oyiee THIPOCKOIMMYHBIM MaTepHajioM, YeM
rJ1a3ypoBaHHBIN (papdop, ModITOMYy HAIPsKEHUE MEPEKPHITUS BIOJb MTOBEPXHOCTH
CTEKJIa HIDKE, YeM BI0Jb (hapdopa.

YMEHBIIICHUE  HANpsOKCHUS  MEPEKPBITHS  H30JIATOpa IPU  HAJTUYHUH
MHKpO3a30pa MEXKAY AHIJICKTPUKOM W DJICKTPOAOM WM MHUKPOTPEIIUHBI Ha
MMOBEPXHOCTH JIUIJICKTPUKA CBS3HO C YBEJIIMYCHHUEM B HUX HAIMPSIKEHHOCTH ITOJIS
BCJICACTBUE PaA3IMYMUs JHUIJICKTPUUCCKUX IMPOHHUIIAEMOCTEH BO3/yXa W TBEPIOTO
JTUDJICKTpUKA (IUAJICKTPUYCCKas MPOHUIIAEMOCTh TBEPAOrO JHMAJIECKTpUKa B 3-4
pa3a Oouibllle, YeM BO31yXa), YBEIMUYCHHE HANPSHKCHHOCTH IOJISI K MHKPO3a30pax
MPUBOJUT K BO3HUKHOBEHHWIO TaM HMOHHU3AIMOHHBIX IPOICCCOB, IMPOIYKTHI
KOTOpPBhIX (MOHBI W DJICKTPOHBI), TOMajaas B OCHOBHOW IMPOMEXKYTOK, CO3JAIOT
MECTHOE YCHJICHHUE TIOJIS, IPUBOIAIICE K YMCHBIICHUIO HAMIPSIKEHUS ITePEKPBITHSL.

JUIs  yBeNWYEHHS pPa3psAIHOTO HAMPSOKCHHS TMPOMEXKYTKAa C  TBEPIbIM
JTUDJICKTPUKOM CTPEMSITCS UCIIOIh30BATh MAJIOTMTPOCKOIIMYHBIE TUAJICKTPUKN HITH
co3daTh TOKPBITHS U3 MAaJOTUTPOCKOTUYHBIX MAaTEpPHAJIOB, 3alUIIAFOIIHC
JTUDJICKTPUK OT KOHTaKTa C IMapaMu BOJABI (HampuMep, TJIa3ypoBKa MOBEPXHOCTH
dapdopa), a Takxke obecieUnTh HAJEKHOE, O€3 MUKPO3a30pOB, COMPSIKEHUE Tela
U30JITOpa ¢ METAUTMYECKOW apMaTypoH, HCIOIb3ys IIEMEHTHBIC 3aJICIKH M
DIIACTHYHBIC MPOBOISAIINE MPOKIAIKH.

B wusonsuuonHOW KOHCTpykiuu Ha puc. 1.19, 6 mose HEOAHOPOIHOE,
CJIeIOBaTEIbHO, KaK W B CJIydae YHCTO BO3IYIITHOTO TPOMEKYTKA, pa3psaHOE
HaIpsHKCHUE MEHBIIE, YeM B OJHOPOJHOM IIoJie. BiHMsSHHE THUTPOCKOTUYHOCTH
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JIUAJIEKTPUKA U MUKPO3a30POB 3/1€Ch KAUECTBEHHO TAKOE JK€. KaK U B KOHCTPYKLUU
Ha puc. 1.19, a, HO oHO cnabee BbIpaKEHO, TaK KAaK AJIEKTPUUECKOE Moje U 0e3 TOro
CYLIECTBEHHO HeoJIHOpoAHO. [Ipu noctaTouHo O0NbIION HEOJHOPOAHOCTH MOJIS B
ATOM H3OJISIIUOHHON KOHCTPYKLUHMHM, KaK M B YHUCTO BO3AYIIHOM IPOMEXKYTKE,
BO3HUKAET KOPOHHBIN pazpsa. OOpasyromuecss Ipu 3TOM 030H M OKHUCIBI a30Ta
BO3JICHCTBYIOT Ha TBEPABIA AUANEKTpUK. HamOonblIyi0 OmacHOCTh KOPOHHBIN
paspsii NMpeiacTaBiseT s MOJUMEPHOW H30JSLUU, OCOOCHHO €CIM OH HMEET
cTpuMepHyio gopmy. TemmepaTypa B KaHalle cTpUMEpa AOCTAaTOYHO BBICOKA, U
CONPUKOCHOBEHHE €ro C MOBEPXHOCTHIO AUAIECKTPUKA MOXKET MPHUBOJIHUTH K
TEPMHUYECKOMY PaA3JIOKEHHUIO TUANIEKTPUKA U 00pa30oBaHUIO OOYTJIEHHOrO cliefia ¢
MOBBIIIEHHONW NPOBOAUMOCThIO. JlnmMHa »3TOro ciexa (Tpeka) €O BpEeMEHEM
BO3pACTaET, YTO MPUBOJUT K MEPEKPHITUIO U30JISTOPA C HEOOPATUMOMN MOTEPEN UM
AIEKTPUYECKOU IIPOUYHOCTH.

Bce ckazanHoe cripaBeJIMBO U 1711 KOHCTPYKIMU Ha puc. 1.19, B. bonbias
HOpMaJIbHAsl COCTABJISIONIAs DBJEKTPUUYECKOTO TMOJIA CIOCOOCTBYET COIMKEHUIO
KaHajla CTpUMEpA C MOBEPXHOCTBIO JHUAJIECKTPHKA, YTO MOBBIIIAET BEPOSITHOCTH
MOBPEXKACHUS OUINEKTPUKA. DIEKTpUUYECKasl MPOYHOCTh 3TOM KOHCTPYKLHH €Ie
MEHbIIIE, YeM KOHCTpYKIUU Ha puc. 1.19, 6. Kanansl cTpuMepoB, pa3BUBaIOIIUXCS
BJIOJIb MOBEPXHOCTU JAMDJIEKTPUKA, UMEIOT 3HAYUTENIbHO OONBIIYI0 €MKOCTh I10
OTHOIIEHUI0 K BHYTpPEHHeMY (IIPOTHUBOIIOJIOKHOMY) OJJIGKTPOAY, UYEM B
KOHCTPYKIIMH € Mpeo0aaHueM TaHTeHIUaIbHON cocTapisitomend Hous. [loaTomy
yepe3 CTpUMEpPHbIE KaHajbl MPOXOJUT CpPaBHUTENbHO Oonbiioi TOK. [lpm
ONPENEIICHHOM 3HAYE€HUM HANpPsSOKEHHUs TOK BO3PACTAET HACTOJBKO, YTO
TEMIIEpAaTypa CTPUMEPHBIX KAaHAJOB CTAaHOBUTCS JOCTATOYHOW IJISI TEPMUYECKOU
MOHM3aIMU. TepMHUYECKH HOHWU3UPOBAHHBIA KaHA pa3psla, pPa3BUBAOLIETOCS
BJIOJIb JIMDJIEKTPUKA, HA IIOBEPXHOCTU KOTOPOrO HOpPMalbHas COCTABIIIOLIAs
HaIpPSKEHHOCTH TOJIA MPEBBIIIAET TAHIE€HUIUAJIBHYIO COCTABISIONIYIO, HA3bIBAIOT
KaHAJIOM CKOJIb3AIIET0 pa3psa.

[IpoBOAMMOCTh KaHaja CKOJIB3SILIETO pa3psiia 3HAYUTEIbHO OOJIbIIe
MIPOBOJMMOCTH KaHajla crpumepa. lloaToMy mnajeHue HampsoKeHHsT B KaHale
CKOJIB3SILICIO pa3psiia MEHBIIIE, @ HA HEMEePEKPhITOM YacTh MPOMEXyTKa OoJiblie,
YeM B KaHaJlax CTpUMEpa. YBEJIMYCHHE HAIPSIKEHHUS Ha HEMEpPEKPBITOM YacTu
MIPOMEKYTKA NPUBOAUT K YIJMHEHHIO KaHaJIa CKOJB3SLIEr0 pa3psAna U MOJHOMY
MEPEKPBITUIO TMPOMEKYTKA MPU MEHBIIEM 3HAYEHUU HAINPSOKEHUS MEXKIY
IEKTPOJAMHU.

JInuHa KaHaja CKOJIB3SILIEro pa3psiaa 3aBUCUT OT €ro IpOBOJAMMOCTH, a
CJIE0BATENbHO, OT 3HAYEHUS TOKAa B HEM. B CBOIO ouepeap TOK 3aBHCUT OT
HaIpsDKEHUST MEXKAY 3JIEKTPOJaMH, W3MEHEHMS HANpPSHKEHUS M €MKOCTU KaHalla
CTpUMEpPA OTHOCHUTEJIBHO IPOTUBOIIOJIOXKHOK  3JIEKTpoaa. BimsHue 3TuX
napamMeTpoB OTPaXXEHO B sMIupHueckoil ¢opmysne Terepa, cOriiacHO KOTOpOH
JUTMHA KaHAJIa CKOJIB3AILETO pa3psaaa

Lex =X1'C2'U54\/%, (1.36)
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X1 — KoadduimeHt, onpenensieMblil ONBITHBIM TyTEM;
C — ynenpHas MOBEPXHOCTHAs €MKOCTh (EMKOCTh MOBEPXHOCTH AMAIEKTPHUKA,
10 KOTOPO pa3BUBAeTCA pa3psil, OTHOCUTEIBHO IPOTUBOIIOI0KHOTO 3JIEKTPOJIA;
U — npunoxeHHOE HanpsHKeHHeE.

N3 (1.36) npu noAacTaHOBKE BMECTO l., PACCTOSHUSA MEXIY JIEKTPOJaMU

I1O MMOBCPXHOCTHU AUIJICKTPUKA L, MOJKHO OIIPCACIINTb 3HAUYCHUC HAIIPSAKCHHA Up )
£:&9°S

HCO6XOI[I/IMOI‘O IJIA ICPCKPBITHUA U30JIATOPA. Ecam xe IMPUHATH C = , IAC d—

. 2
TOJIIIMHA JHUBJICKTPUKA, a TUIOIAAb S IIpUHATA paBHOU 1 cM” 1 cunTaTh 3HAUCHUE

auv
E IMOCTOsAHHBIM, 4YTO B IICPBOM HpI/I6JII/DKeHI/II/I COOTBCTCTBYCT IIOCTOSAHCTBY

YaCTOThI TMPUIOKCHHOI'O HAIIPSIKCHUA, H3 (136) IMOJTYYHUM BBIPAKCHHUC JJIA
HaXOXICHU:A PA3PAIHOIO HAIIPAKCHUA:

U, = x - L°? (i)M, (1.37)

8'80

KOTopoe Ha3bIBaeTcs (hopmyna Teruiepa.

N3 (1.37) cnenyet, 4TO pOCT AJMHBI U30JISATOPA JAET OTHOCUTEIHLHO Majoe
MOBBILLIEHUE pa3psAIHOro HampspkeHus. [loaToMy ans yBenuyeHus paspsaHbIX
HaIMpPsHDKEHUH MPOXOAHBIX H30JSTOPOB YMEHBIIAIOT YACIbHYIO MOBEPXHOCTHYIO
€MKOCTh MyTEM YBEJIMYEHHs JUaMeTpa M3oisTopa y ¢iaHia, ¢ KOTOPOro MOXKHO
OXUJATh pa3BUTHs pa3psaa. McenonsdyeTcs Takke HaHeceHHME Yy  (QuiaHia
MOJIYIIPOBOSIIIETO TOKPBITHUS, YTO CIIOCOOCTBYET BBIPABHUBAHUIO paclpeeieHus
HampsDKeHUsl 10 TOBEPXHOCTU M30JSATOpa M, CJEeJI0BAaTEIbHO, MTPUBOJIUT K
YBEJIMUEHUIO Pa3psAIHbIX HAMPSKEHUH.

[Ipy NOCTOSHHOM HANpsDKEHUM — yJleJbHAsh IOBEPXHOCTHAs €MKOCTb
MPAKTUYECKH HE BIUSET Ha pa3BUTUE pa3psa M 3HAUYCHUE Pa3psSIHOrO Ha-
MPsDKEHUST OKa3bIBaeTCsl OJIM3KUM K PAa3psiIHOMY HAIPSKEHUIO YHCTO BO3IYLIHOTO
MIPOMEKYTKA.

1.14.1. Pa3psx BaoJib npoBoAsilieid ¥ 3arPA3HEHHOM MOBEPXHOCTH H30-
JATOPA

B ycnoBusx 3KcIyaTalliyd MOBEPXHOCTH U30ISTOPOB BCETAA 3arPSA3HAOTCS.
Kak mnpaBwiio, cyxue 3arpsi3HEHHs, UMEIOIIUE BBICOKOE CONPOTHUBIEHUE U HE
BIIMSAIONIME HA PACIPEEICHUE HAIpPSIKEHUS MO IOBEPXHOCTH H30JATOpPA, HE
CHIKAIOT 3aMETHO €r0 Pa3psAHOIO HANpSKEHUS. YBIIA)KHEHUE CJOS 3arpsi3HEHUS
MOPOCSIIUM JOKJIEM WIH POCON NPUBOAUT K YMEHBIICHUIO COIMTPOTUBJIEHUS CIIOS
3arpsA3HEHUs, W3MEHEHHUIO pACHpENECHUs HaIpsSHKEHHUs 10 IOBEPXHOCTHU
M30JITOpa U B PE3YIBTATE — K CHUKEHHIO €T0 PAa3psAAHOTO HAIIPSKECHMUS.

MexaHu3Mbl NEPEKPBHITUS MU30JATOpPA NOJA JOKIAEM U INPU 3arpA3HEHHOW U
YBJIQ)KHEHHOM MOBEPXHOCTH CXOAHBI. PaccmoTpum pa3zBuTue paspsiga B Ciydyae,
KOI'/Ia IOBEPXHOCTh U30JIATOPA 3arpsi3HEHA U YBJIAXKHECHA.
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Ilog pedcTBUEM MPUIIOKEHHOTO K HW30JATOPY HAIpPSKEHHUS 10  YB-
JAXKHEHHOMY CJIOK0 3arpsi3HEHMS] IPOXOJUT TOK YTEUYKH, HarpeBaromuil ero. Tak
KAaK 3arpsi3HCHHME PACIPEIENICHO II0 IMOBEPXHOCTU H30JATOpPa HEPAaBHOMEPHO U
IJIOTHOCTh TOKA YT€YKH HEOJMHAKOBA HAa OTACNBHBIX yYaCTKaxX H30JATOpA H3-3a
CJIOXHOW KOH(UIypallMu €ro MOBEPXHOCTH, TO HarpeBaHUE CIIOsl 3arpsi3HEHUS
MIPOUCXOIUT TaKKe HepaBHOMEpHO. Ha Tex ywacTkax m30JiATOpa, e IIOTHOCTh
TOKa HaumOoJiblIasi, MPOUCXOJUT MHTEHCHUBHOE HCHAapeHHe BOJbI M 00pa3yloTcs
MOJACYIICHHBIE YYacTKM C IIOBBILIEHHBIM COINPOTUBIECHHEM. PacnpeneneHue
HaIpsDKEHHST MO IMOBEPXHOCTH H30ysiTopa MeHsieTrca. IlouTu Bce HampsikeHue,
BO3JICMCTBYIOIIEE HA H3OJIALMIO, OKA3bIBAETCS MPHWJIOKEHHBIM K IOJICYLIEHHBIM
ydacTkaM. B pe3yinbrate »dTOK MOACYIIEHHBIE YYaCTKHM NEPEKPBIBAIOTCS
HMCKPOBBIMHM KaHaJlaMH, Ha3bIBAEMBIMU YaCTUYHBIMU IEPEMEKAIOIIUMH TYTraMu.
ComnpoTuBiIEHNE HCKPOBOIO KaHajla MEHBIIE CONPOTHUBIECHUS IOACYLIEHHOTO
y4acTKa IMOBEPXHOCTH U30JISITOPA, IIOITOMY TOK YT€UKHM Bo3pacraeT. Bozpactanue
TOKa YTE€UKH NPUBOAUT K JajJbHEWIIEMY MOJCYIIMBAHHUIO CJIOSI 3arpsA3HEHUs, a
CJIEI0BATEIBHO, U K YBEJIUUECHHIO €0 COIIPOTUBIICHUS.

NHTEeHCUBHOE MOJACYIIMBAHUE TOBEPXHOCTH M30JATOpPAa Y KOHLOB AYT
NPUBOAUT K MX YyJanuHeHuto. IloacyminBaHue BCEH IIOBEPXHOCTU BENET K
CHIKEHHUIO TOKAa YTEUYKH, a YBEJIIMUYCHHUE JJIMHBI YACTUYHBIX AYT K €ro pocty. Eciau
PE3yJIbTATOM 3TOr0 OyJIeT YMEHbIICHHE TOKAa YTEUKH, TO Iy MOTAaCHYT, €CIIU K€
TOK yT€UKH OyAeT pacTd, TO YaCTHUYHbIE AYTHM OYIyT YMJIMHATHCS U MEPEKPOIOT
BECh M30JATOp. Tak Kak mapamMerpbl YacTUYHOM JyTM W KOJIUYECTBO YT,
OTHOBPEMEHHO CYUIECTBYIOIIMX HAa MOBEPXHOCTH H30JIATOpA, CIy4YalHBI, TO M
MEPEKPBhITUE TaKXKe SABISIETCS CIAy4YaHbIM COOBITUEM, XapaKTepU3yEeMbIM
ONPENIEIEHHON BEPOSITHOCTHIO. BEPOSATHOCTD NEPEKPHITUS U30IATOPA HOBBIIIACTCS
C YBEIMYEHUEM BO3IECHCTBYIOUIETO HANPSDKEHUHM, TaK KaK MPU 3TOM BO3PACTAET
TOK YTEUYKH, UTO OJaronmpusTCTBYET YAJWHEHUIO YACTHUYHBIX AYT JI0 IOJHOIO
MIEPEKPBITUS U30JISITOPA.

W3 npuBeneHHONM KapTHHBI Pa3BUTUS pas3psiia CIEeAyeT, 4YTO pa3psIHbIe
HaMpPsHKEHUS U30JISITOPOB OYIYT TEM BBIIIE, YEM MEHbIIE TOK YTEUKH:

Iy = —, (1.38)

rjae
[y— TOK yTE€4YKH MO U30JIATOPY;
Ry — conpoTUBIIEHHE YTEUKHU IO NOBEPXHOCTH U30JISTOPA.
Ecnu cnoit 3arps3HeHHss UMeEeT TOJMIMHY A C yJIeldbHbIM OOBEMHBIM
CONPOTUBIIEHUEM P, TO IS UWJIMHAPUYECKOTO TIIaJKOTO U30JSATOpa TUAMETPOM D:

Ry = £ (1.39)

© mAD’

rjae
Ly — nnvHa myTH YTE€UYKH.
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CJICI[OB&TCHBHO, pPaspAaAHOC HAIPSKCHUC H30JIATOpPaA 6yz[eT BO3pacCTaTh C
YBCIIMUCHUCM JIMHBI ITYTU YTCYKU 1 YMCHBIICHUCM JHAMCTPaA U30JITOpA:

Uy,  =prly
BJL.p TAD

Tak Kkak nponecChl MOACYHIKH IIOBCPXHOCTU HM3O0JATOPA IMMPOHUCXOIAT
OTHOCUTCJIIbHO MCIJICHHO, TO IIPU KPATKOBPCMCHHBIX IICPCHAIIPAKCHHUAX OHH HC
YCIICBAIOT PA3BUTLCA W  HAIPAKCHUC TICPCKPBITHA ObIBaeT BBIIIIC, YCM IIpU
JIJIINTCIIBHOM BOBI[CI‘/’ICTBI/II/I HaIlPSKCHU .

Bnaropa3p5111H0e HaIIPs2KCHUE H30JIATOpa 3aBUCHUT OT XapaKTCPUCTUK CJIOA
3aIrpA3HCHUSA, €TI0 KOJIMYCCTBA M COCTABA, a4 TAKIKC OT HMHTCHCHBHOCTH W BHIA
YBIAXXHCHUA. bonbmioe pa3H006pa3I/Ie BHUAOB 3arpjA3HCHUA, BCTPCYUHANOIIUXCS B
YCIIOBUAX JKCILTyaTalluu, HC ITO3BOJISICT BI::I6paT]':: CANMHCTBCHHOC, "CTaHIIapTHoe"
34IrpA3HCHUC, KOTOPOC MOIKHO ObLIO OBl HAHOCHUTH HA IMOBECPXHOCTH H30JIATOPOB
npu  ONpCACIICHUN  BJIAropaspsaaHbIX HaHpH)I(eHHfI. Haubonee MMpaBUJIBHO
PaspAOHbIC HAIIPAKCHUA B PCAJIbHBIX YCJIIOBUAX 3arpA3HCHUA U YBIIAJKHCHUA MOTYT
OBITD OIIPCACIICHBI N3 OIIbITA 3KCILTYyaTalluH.

1.15. IIpo0oii KUAKUX THUIJIEKTPHUKOB

Kunkue  nudIeKTpukd, oOJazas — 3HAUUTENbHO  Oojiee  BBICOKOH
AIIEKTPUUYECKOM MPOYHOCTHIO O CPAaBHEHUIO C ra3aMu, HAlUIM OYE€Hb IIUPOKOE
MPUMEHEHHE B KA4eCTBE BBICOKOBOJBTHOM H3OJSIIIMU B  PasHOOOpA3HBIX
yCTpOUCTBaX: TpaHchopMaTopax, Kabemsx, mepeaarolux JUHUIX, KOHJAeHCATOpaX,
BBIKJTFOYATEIISIX, pa3psiAHUKAX U T. 1.

Kunkue AUAIEKTPUKH MOXKHO KiacCUPUIMPOBATh MO WX NPHUPOJE Ha
CJICAYIOIIHE TPYIIIIBI:

1) yraeBogopoasl MHUHEpadbHbIE — TMPOAYKTHI Tieperona HedTH U
KaMEHHOTO yriis (TpaHcopMaTopHOe, KOHJICHCATOPHOE U Jp. Macia);

1) yrieBoiopoibl pacTUTEIbHBIE (KaCTOPOBOE, JIHHSIHOE U APYTUe

Macna);

3)  XJOpUpOBaHHBIE YIVICBOJOPOJABI apOMAaTHYECKOTo psga (XJop-
nudeHuI, COBTON);

4)  KpeMHHUHOpraHWYECKUEe COCIUHEHUS.

Kpome »aroro, uakhe AHAJICKTPUKH MOTYT OBITh TOJSAPHBIMH U
HETOJISIPHBIMU, B CBSI3U C OTUM Y HHUX CYIIECTBEHHO H3MEHSIOTCS CBOMCTBA,
KOTOpbIe MpUBeICHbI B Ta0I. 1.4.
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Tabnuua 1.4 CBoiicTBa IUAIEKTPUKOB

By 1u3ieKTpuKa p. Omcm g tgo
Henoasipuesie >10'% 1,8...2,5 ~ 0,001

Crabononspusie ~10'! 10!2 > 25 = 0,01

CHIbHONOIS PHBLE <10 10% =5 =~ ()1

B 1OpOMBIIUIEHHOCTM HMEIOT AEI0 C TEXHUYECKHM YHUCTBIMU JKUIKAMU
OUBJIEKTPUKAMU, Y KOTOPBIX BIIMSHHUE NIOCTOPOHHUX IIPUMECEH OIPaHUYEHO
HEKOTOPOM MHUHUMAJIbHOM KOHILIEHTpauuei. B 3Tol cBA3M B Teopusix MpoOos
TEXHUYECKU UHUCTBIX JKUJIKOCTEH pacCMaTpyUBalOT BIMUSHUE MOCTOPOHHUX
npuMeced, HEn30eKHO TOSBISIONMXCS TMpU  JKCIUTyaTaluu. Baxueimue
IIOCTOPOHHUE IIPUMECH B KUJKUX JUDIICKTPUKAX:

a) BOJIA;

0) ra3ssl

B)  BOJIOKHA IEJUTIOJIO3HI;
T) yTIIEepO;

1)  MPOAYKTHI PA3JI0KEHHUS UCIIOIB3YEMOTO KUAKOTO AUAIEKTPUKA.

[lo cpaBHEHHIO ¢ BO3AYXOM (Ta30M) MPOOMBHBIE HAIMPSKEHUSI Macjia UMEIOT
oueHb Oounbioi pazdpoc. OTkIOHEHHE OT cpenHero cocrasisger 50% u Oonee, a
cpenHekBaapatuyHoe oTkioHneHue 10.. .15%.

Onpenenenue snekTpudeckor npoyHocty macna Unp nmo I'OCT 6581-75
OCYIIECTBIISIETCS B CTAHAAPTHOM MPOOOIHIKE HA TEPEMEHHOM HAPSIKEHUH.

Ha mpoOo#t XuAKUX AUDIEKTPUKOB CYIIECTBEHHOE BIMSHUE OKa3bIBAET
MHO>XECTBO (DAKTOPOB, KOTOpPHIE MOTYT, KaK MOHWXKaTh MPOOHMBHOE HAIpPsKEHUE
(3arpsi3HEHUSs], YBIAXXHEHUE WU Jp.), TAK U yBEIMYMUBAThH €ro (OYMCTKa, JaBJCHUE,
Oapbepsl U T.7.). OcHOBHBIE (aKkTOpbl, u3MeHstoume Unp:

1) 3arps3HeHue M YyBIaxHeHUE (yBEJIMYEHHE 3arps3HEHHOCTH Mac-
na camwkaet Unp, HuutoxxHoe konudecTBo Biaru (< 0,03%) pesko cauxkaer Umnp);

2) BS3KOCTh (YMEHBIIIEHHUE BA3KOCTH yMeHbIaeT Unp);

3) temniepatypa (¢ yBenuueHueM TemriepaTypbl Umnp yMeHbIIaeTcs; Ha
UMITyJIbCHOM HAMNpSDKEHUHW JTO BIMSHUE HE3HAYUTENbHOE; MJis TEeXHUYECKU
gucToro Macia 3aBucumocth Utip = /(T C) HOCUT CIOXKHBIN XapaKkTep);

4) naBneHue (I TEXHUYECKHM YHUCTOTO Macja YBEIUYECHHE J1aBIICHHUS
npuBOAUT K yBenuyeHuto Umnp, T.K. yBEJIMYMBAETCS JaBJICHHE B Ta30BBIX
My3bIPbKax);

5) nanuuue OapbepoB (Oapbepbl MOTYT CYIIECTBEHHO MOBBICUTH Unp,
0COOEHHO B PE3KOHEOJHOPOIHOM TI0JIE;

6) BpeMsi JeHCTBUS HANpsOKeHUs (C YBETMYEHUEM BPEMEHU BO3ACHCTBUS
HanpspkeHus: Unp yMEHbIIAeTCs; YeM YHIE JUAJICKTPUK, TeM MEHBIIE 3TO
BJIUSIHUE; HA UMITYJIbCHOM HaIpsSKEHUU KO3(P(PULUEHT UMITYJIbCa B HECKOJIBKO Pa3
0o0JIbIIIe, YeM IS Ta30BbIX TUAIEKTPUKOB);
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7)  dopma, TMIOMAAL DJEKTPOJOB U  PACCTOSIHUE MEXAYy HUMH
(popma SIEKTPOAOB cO37aeT TMOJSI Pa3HOM CTENEeHW HEOTHOPOJHOCTH IIPHU
S = const, yem Oonblie KO3(PIUIMEHT HEOIHOPOAHOCTH, TeM Hmxke Urmp; c
YBEIIMYCHUEM IUIOIIATN dJIeKTpoaoB Ump yMEHBIIAeTCs; yBEIWYCHHE pac-
cTosiHus yBenuuuBaet Urp);

8)  MOJIAPHOCTH D3JIEKTPOAOB MpPH HECUMMETpPUYHOM ux ¢dopme (mpu
OTPHIIATETIFHONW TOJSIPHOCTH TPOOWBHBIE TPOOMBHBIC HAIpPsDKEHHUS OOJbIIe,
4YeM IMpU MOJOXKUTENbHON; 3TOT 3(ddext Tem Oonbliie, yem OoJjiee MOISAPEH
TTUDJICKTPUK).

[Tpoboii XUIKUX AUAICKTPUKOB — SIBICHUE CIIOKHOE, YTO OOBSCHSIETCS
CJIO)KHBIM COCTaBOM JKUIKUX AUDICKTPHUKOB U MHOTHMMH (PaKTOPaMU, BIUSIONIUMHU
Ha pa3BuUTHE MpoOos (3arps3HeHHe, ¢opMa, pa3Mepbl U MaTepHai SJICKTPOJIOB,
TeMIeparypa, AaBlieHHue W Ap.) s XOpoImo OYMIEHHBIX >KHUIKOCTEH BEIMYHHA
anekTpuueckor nmpounoctH nocturaet 1000 kB/cwm.

1.15.1. Baiusinue Bjaru 1 MUKponpuMmecei

Bnara B maciie MOXET HaXOIUTHCS B TPEX COCTOSHUAX: B MOJIEKYJSPHO-
pPacTBOPEHHOM BHUJE, B BHUJIE AMYJIbCUM (MEIKHUE HIApUKH BOJbI pazmepoM 2...10
MKM) U B BHUJI€ BOJSHOTO OTCTOSl Ha JHE Oaka. PacTBOPUMOCTBH BOJbI B KUAKUX
JIURJIEKTPUKAaX 3aBUCUT OT Temneparypsl. Hanpumep, B MUHEpaIbHOM Macie npu
20°C moxeT pacTBOpAThCs ~ 40-10"° Bop! 1o 06beMy, a ipu 80°C ~ 400-107.

Hanuune Bnarm B 0OOMX COCTOSHMSIX CKa3bIBaeTCS HA AIIEKTPHUUECKOU
MPOYHOCTH Macja, 0COOCHHO B MPUCYTCTBUM BOJOKOH. [Ipuuem Hamboliee CHIIBHO
BIUSIET OSMYJbIMPOBaHHAs Biara. BcaeactBue OO0dbIIOW —AMAIEKTPUYECKOU
npoHuriaeMoctu (st Boabl € = 80, I BOJIOKOH IEJUTIONO3BI € = 6,4) 4aCTHUKHU
BJarMk M BOJIOKHA BTIATUBAIOTCA B 00JacTb HauOONbIIEH HANPSIKEHHOCTH
AIEKTPUUECKOTO TOJIsA, MOJSPUYIOTCS U BBITATHUBAIOTCS BIIOJIb CUJIOBBIX JMHUUN
noyigs. OTO MNPHUBOJUT K OOpPA30BAHUIO «MOCTHKOBY», KOTOpbIE YBEIMYHUBAIOT
JIOKANbHYIO IUIOTHOCTh TOKA, HArpeBy, CUJIBHOMY YBEIWYEHUIO MECTHOU
HaIpPsHKEHHOCTH OISl B MECTax pa3pblBa MOCTUKOB, BCJIE/ICTBHE YETO HAUMHAIOTCS
MECTHbI€ HMOHU3AIMOHHBIE TMPOIECChl W MOXET NPOU30UTH TPOoOOIl Bcero
MEXAJIEKTPOAHOTO MPOMEKYTKA.

3aBUCUMOCTh MPOOUMBHOW HANPSHKEHHOCTH TpPaHC(HOPMATOPHOIrO macia ot
coaepkanus Biaru Cy oo (puc. 1.20) (MUIIITHOHHBIE OJIM BJIard B €IMHUIE 00bheMa
Macja) ToKa3biBalOT, uro Haimuuue 40-50 MiH. [goneil Biaaru yMeHbIIAET
ANEKTPUUECKYIO MPOYHOCTh Maciia mpuMepHo B 10 pas.

CHIKEHUE 3JIEKTPUYECKON MPOYHOCTH B 00JACTH MalIbIX KOHIIEHTpaUun
BBI3BAHO BIIMSIHUEM PACTBOPEHHOM BJIard, a B 00JaCTH OOJBIINX KOHUEHTpAUi —
AMYJBIUPOBAHHOMN BIIATH.

Hanuune Bnarn u BOJOKOH €ab0 CKa3bIBAETCS HA TMPOYHOCTU SKMIIKHX
JIUDJIEKTPUKOB TMPU KOPOTKUX HMITYJIbCAaX HaMpsKeHUs: (€IUHULIBI-IECITKA
MUKPOCEKYH/), MOCKOJIbKY YaCTHUIIBI MPUMECEH HE YCIEBAIOT NEPEMECTUTHCS Ha
3HAYUTEIBHOE PACCTOSIHUE U MOBJIUATH HA PA3BUTHE Pa3psiia B )KUIKOCTH.
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OO6miee KOJUYECTBO BOJABI, KOTOPOE MOXKET HAXOJIUThCS B Maclie B
MOJIEKYJISIPHO-PACTBOPEHHOM U JMYJIBCHOHHOM BHJE, orpaHudeHo. [Ipu co-
nep>xkanuu Bojabl 6osiee 0,02% Bnara BbINagacT B BUJAEC OTCTOS Ha JHO. XOTS caMm
OTCTOM M HE BIHUAET Ha DJIEKTPUUECKYIO IPOYHOCTb, €r0 TMOSIBICHUE CBU-
JETEIBCTBYET O CYIIECTBEHHOM YXY/IIEHUH U30JISIMOHHBIX CBOMCTB Macel.

El:l".-
kB/cum

200

100

0 40 80 120 CyotT

Puc. 1.20. 3aBUCUMOCTB AJIIEKTPUUYECKON MPOYHOCTH TpaHChHOopMa-
TOPHOTO Macja oT coaepxanus Binaru, CH,0 (rpaMM-TOHHA): I — 30Ha PacTBO-
PUMOCTH BJIaru, I — 3MyJbrUpPOBaHHAsI Bjara

Oco0eHHO pe3Kkoe yMEHBIICHHE Pa3psAHbIX HANPSHKEHUNW MPOUCXOIUT MpHU
HaJIMYUA B Macje TUTPOCKONUYECKHX 3arpsi3HEHUN B BUJE BOJIOKOH Oymarw,
KapTOHA, TMpPsHKM, 3HAUYUTEIbHO OOJieryarouux oOpa3oBaHHe MPOBOMASIIUX
MOCTUKOB. DTH 3arpsi3HEHUsI IPOHUKAIOT B MAcCJO B MPOLECCE HKCIUIyaTalluu W3
AJIEMEHTOB TBEPION M30JIALMH, HAXOIAIMUXCS B MaclIe.

1.15.2. Baiusinue naBjeHust

[IpoGuBHOE HampsbKeHHWE KaK TEXHUYECKHMX, TaK M OYUIIEHHBIX >KUIKHX
JURJIEKTPUKOB MpH MpoMbIlUIeHHOW yacToTe 50 'l CHiIbHO 3aBUCHUT OT J1aBJICHUS.
OTO CBSI3aHO C HauuYMeM U OOpa3oBaHMEM B JKUIKOCTH TPU BBICOKOM
HaMpsDKEHUM TY3bIPbKOB Tasa, SBJSIONIMXCS OYaraMu pa3BUTHA Tpobos. A
AIIEKTpUYECKasi IPOYHOCTh raza CUJILHO 3aBUCHUT OT JaBiieHud (3akoH [lamiena).

Ha puc. 1.21 npencraBieHbl 3aBUCHMOCTH MPOOMBHOIO HAMNPSXKEHUS
TpaHchOpPMATOPHOTO Macia OT JIaBjieHUus HMke aTMocdepHoro. [Ipy moHuKeHHbIX
JaBJICHUSAX M3 Macja HAYMHAIOT BBIJCISATHCS PACTBOPEHHBIE B HEM Ta3bl, U €r0
MPOYHOCTH pe3ko manaaet (puc. 1.21, kpusasg 1).
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Puc. 1.21. 3aBucuMOCTh TPOOUBHOTO HANPSIKEHUS TPaHCHOPMATOPHOTO
Maclia OT AaBJ€HUA: 1| — HelerasupoBaHHOE MaclIo; 2 — NEra3upOBAHHOE MACIIO
Bunno, 4yTo 3aBUCMMOCTH MPOOUBHOTO HAIPSKEHUS OT JABJICHUS 3aMETHO
YBEJIMUMBAETCSI C MOBBILICHUEM CTEMEHW OYMCTKU macna (puc. 1.21, kpusas 2),
YTO YKa3bIBAET Ha OOJIBIIOE BIUSHHUE ra3000pa3HbIX IPUMECEH.
[Ipu naBneHusix Bbie arMmochepHoro (puc. 1.22) »saexTpuyeckas
MIPOYHOCTh MACJIA YBEJIIMYMBAETCS, YTO TAKKE CBUIETEIBCTBYET O HAJIUYUU Ia3a B
Maclie U €ro BIUSHUM Ha 3JIEKTPUYECKYIO IPOYHOCTh MacJa.

HpI/I HUMITYJIBCHBIX BOSI[GIZCTBHSIX JaBJICHHC MCHBIIC CKa3bIBACTCA Ha
3JICKTpH‘ICCKOﬁ IMPOYHOCTHU KHUAKUX OTUIJICKTPUKOB.

]

300 /

200 /
100 /

0 20 40 1] F,arm

Puc. 1.22. 3aBucuMocTs NPOOMBHOIO HAIPsKEHUs apaHOBOrO Macia OT
nasnenus (50 I'm)

1.15. 3. Biusinue TemMnepaTypsbl
DnekTpudeckass MPOYHOCTh KUAKUX JHUAJIEKTPUKOB B CHJIbHOM CTENEHU
3aBUCUT OT MX YMCTOTHI. J{JII YMCTBIX CYXUX KHAKOCTEH 3HAYUTEIbHOE BIUSHUE

TeMIiepaTypbsl HaOirogaeTcss B OOJACTM HMHTEHCHBHOIO HMCHApPEHUS U KUIICHUS.
(puc. 1.23, xpusas 1).
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Puc. 1.23. 3aBUCUMOCTb AJNEKTPUUECKOM MPOYHOCTH TPAHCPOPMATOPHOTO
Maclia OT TeMIeparypsl: 1 - cyxoe Macio; 2 — TEXHUYECKOE MACJIO ¢ IPUMECHIO
BJIATH
JUIsi TEeXHUYECKM YUCTBIX MXUAKOCTEH C NPHUMECHIO BIard 3aBHCHUMOCTD
ANEKTPUUYECKON MPOYHOCTU OT TEMIIEpATypbl JOCTATOYHO cioxkHas. U3 puc. 1.23,
KpuBasg 2 BHUAHO, YTO MMEET MECTO MHMHMMYM M MaKCHUMYM 3JIEKTPUYECKOU
npoyHocTH. CHWXXEHHE TeMIrepaTrypbl OT TOYKM MaKCUMyMa TMPUBOIUT K
yMeHblIeHuto Enp 10 MUHUMYyMa, YTO CBSI3aHO C MIEPEX0JIOM PACTBOPEHHOM BJlaru
B OMYJBI'MPOBHHOE cocTosiHMe. JlanbHellee MOHWKEHUE TeMIepaTypbl (MEHbIIe
0° C) BbI3BIBaET 3aMep3aHUE KalleJeK BOJIbI U, KaK CJeICTBUE, NoBhIIeHue Enp. ¥V
JbAa JAWDJIEKTpUYECKas TMOCTOSIHHAs €, IMPUMEPHO paBHA AUDIIEKTPUYECKOU
MOCTOSSHHOM Macna &, (&, ~ €y), YTO YMEHbIIAET BIMSHHE BJaru Ha
EKTPUYECKYIO IPOYHOCTH MacJIa.
VYMeHblLIeHUE 3JIEKTPUYECKONM MNPOYHOCTH JJISI CYXOro U TEXHUYECKOIO
macen npu Temneparype Boime +80 °C (puc. 1.23) 00yci0BI€HO MHTEHCUBHBIM
UCTIApEHUEM U KUTIEHUEM >KUKOCTH.

1.15.4. Baiusinue BpeMeHHU BO3/1eCTBUS HANIPS/KECHUS
DneKTpuyecKas NPOYHOCTh JKHUJIKUX AUAJIEKTPUKOB CYIIECTBEHHO 3aBUCHUT
OT JUJIMTEIBHOCTH TMPWIOKEHUS HaNpsOKeHWss T M 4YeM Oosblllie TpuMeced B

KHUJKOCTH (OCOOEHHO BJIard M BOJIOKOH), TEM CHJIbHEE 3Ta 3aBUCUMOCTH (pHC.
1.24).
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Puc. 1.24. 3aBucuMocTb MPUOMBHOTO HANPSHKEHUSI OT BPEMEHHU BO3/1€UCTBHUS
U1 TpaHC(OPMATOPHOTO Maciia. DIEKTPOAbL: OCTPUE-IIIIOCKOCTh; PACCTOSIHUE
MEKIy dJIeKTpoaaMu 20 cM; NOJOKUTENbHAS MOJISIPHOCTh HAIIPSKEHUS

OKCHepUMEHTANIbHBIE PE3yJbTaThl MO MPOOOI0 >KUIKUX JUIIEKTPUKOB
MOKAa3bIBAIOT HAJIW4Ke, Kak MUHUMYM, JIBYX 00JilacTed, CBSI3AHHBIX C BPEMEHEM
Bo3felcTBUS HampspkeHust (puc. 1.24), mnosiBIEHHWE KOTOPBIX OOBSICHSIETCS
pa3IUYHBIMU MeXaHu3MaMu 1pooos. [Ipu Bo3aeiicTBUN UMITYJILCOB HAIIPSIKEHUS C
mrensHocThi0 T <107 ¢ (o6macts I) BAMsSHHE mpUMeceil 3HAYUTENBHO
Oclla0JIeHO, T.€. OHM HE YCIIEBAIOT IEPEMECTUTHCS Ha 3aMETHBIE PACCTOSIHUS.
HavanpHasg ctagus paspsjaa B KUIAKOCTH BO3HHMKAeT NMpU Hamps-keHHocTsAx 100
kB/cMm. B aToM ciydyae HaUMHAIOT MPOSBISATHCS MPOLIECCHl JIEKTPOHHOW IMUCCHUHU.
Bo03M0OXHBI IIpOLIECCHl aBTO- U TEPMOAJIEKTPOHHONM 3MHCCUU C KAaTOJa, a TakkKe
MPOLIECCHl ABTOMOHU3ALMM KUAKOCTH y aHoaa. Bce mepeunciieHHbIE SBICHUS
MOT'YT y4aCTBOBAaTh B MHULIMMPOBAHUHU pa3psaa.

OO6pa3zoBaHue ra30BbIX MY3bIPHKOB Yy JIEKTPOJa MOXKET UMETh MECTO Kak 3a
CUYET PA3JIOKEHUS YIIEBOAOPOJAOB JKHAKOTO JHAJIEKTPUKA, TaK M 3a CYET
BCKHUITAHUS JKUJKOCTH IOJ BO3JCHCTBHEM BBIJICICHHON 3HEPTUHM B JIOKAJIbHBIX
30Hax oanekrpoaa ("teruoBas" Teopus mpoOosi). B Tra3oBBIX My3bIpbKax
pa3BHUBaeTCsl yJaapHas HOHM3AIMs, 00pa3yeTcsi KUCTEBOM CTpUMeEp-HBbIA KaHall,
KOTOPBIM pa3BUBAETCS K IPOTUBOMOJIOKHOMY JIEKTPOY.

Pe3koe yBeIMUeHHEe IEKTPHUSCKON mpouHocTH Tpr T < 107 ¢ cBA3aHO ¢
3ama3/bIBAHMEM pa3BUTHS pas3psia, KOrjJa BpEMs BO3ACHCTBUS HaNpPsHKEHUS
CTAaHOBHUTCSI COM3MEPUMO C BpeMeHeM (OopMUPOBaHMS pa3psana. YBeIUUYCHHE
BpEMEHU BO3/ACHCTBUS HampsbkeHus T > 10 ¢ NpUBOIUT K OBICTPOMY CHMKEHHIO
Unp BciencTtBue BIUSHUSA BJIard W BOJIOKOH, a TakKe OOpa30BaHUs Ta30BBIX
My3bIpbKOB. [Ipu nanpHelIlleM yBEIMYEHUM BPEMEHU BO3ICHCTBUS HANPSIKEHUS
pemaroniee BIMSHUE Ha CHWKeHWe Unp HauMHAIOT OKa3blBaTh TEILIOBHIE
IIPOLIECCHI.

[Ipu nnuTensHOM BO3AEHCTBUM HampsbkeHus (oonacts 1) mpucyrcrBhe
BJIarW, Tra3a, 3arps3HEHUN B JKUJIKOM JIMDJIEKTPUKE CHJIBHO CHIXKAET €r0
ANEKTPUUECKYIO  TMPOYHOCTh, MpUYEM  HaumboJee  OMaCHbIM  SIBISETCS
AMYJbrUpoBaHHOE cTosiHue Biaru. [IpoOoil HacTymaer BclieacTBUE OOpa30BaHUS
LENOYEK M3 MEJIKHX [MOJSPU30BAHHBIX  YACTHUI] BKJIIOYEHHH, KOTOpbIE
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BBITSATUBAIOTCS BIIOJb CHJIOBBIX JIMHMH. ODTH LEMOYKU OOpa3yroT MPOBOASIIUN
KaHaJl, TI0 KOTOPBIM MPOTEKAET TOK, Pa30rpeBaIOIIUM BOJIY W MPHJIETAIONIYIO K
KaHaly O KUAKOCTh A0 KumeHusa. [IpoOol KUAKOCTH MPOUCXOIUT MO
00pa3oBaBIIEMYCsl TA30BOMY KaHaIy.

1.15.5. Baussnue MmaTepuasna, reoOMeTpUH 3JIEKTPOIOB, PACCTOSIHUS
MEK1Y HUMH U MOJAPHOCTH

['eomeTpuyeckass (opma 3JIEKTPOIOB CO3JaeT IOJII pa3HOM CTENEHU
HEOJHOPOJHOCTH, U YeM Oosbiie Kod()P(PUIMEHT HEOIHOPOJHOCTH, TEM HUKE
npoOuBHOE HampspkeHue. J[ake He3HAUMTENIbHOE YBEJIMYEHUE pajuyca KPUBU3HbI
AJIEKTPOJIOB B PE3KOHEOIHOPOAHBIX MOJAX AAaeT 00Jiee CYIECTBEHHOE YBEINUYEHUE
Urnp 10 CpaBHEHHUIO C BO3yXOM. Y BEJINYEHUE PACCTOSIHUS MEXKAY MIEKTPOAaMHU S
MPUBOJIUT K YBETMUEHUIO MPOOMBHOIO HamnpsikeHus (puc. 1.25).

Ha BennuuHy npoOMBHOrO HampsKEHUs NpPU HEU3MEHHOM S OKa3bIBAaET
BIUSHUE IUIOIIAJb DJEKTPOJOB M OOBEM JKUIKOCTH MEXKAY DJIEKTPOJaAMU:
YBEJIMUEHHUE IJIOMIAIU AJIEKTPOAOB U 00beMa KHUAKOCTH BbI3bIBaeT CHIKeHue Unp.
CocTosiHME TOBEPXHOCTH  DJIEKTPOAOB  TAaKXKe  OKa3blBaeT BIMSIHHE Ha
ANEKTPUUECKYIO TPOYHOCTh ENp KUIKUX TUATIEKTPUKOB. 3arpsa3HeHre, OKUCIECHUE
M IUIoXas TOJMPOBKAa IOBEPXHOCTU 3ieKTpoaoB cHuxkatT Emp. Ilo mepe
YBEJIMUEHUE PACCTOSHUSA MEXAY JJIEKTPOJaMU BIMSHHE MaTepuana 3JIeKTPOJI0B
YMEHBIIAETCSI W TMPU PACCTOSHUM HECKOJIBKO MHJUTUMETPOB TMPAKTUUYECKU
npekpaiaercs. Bnusinue matepuana 37eKkTpooB Ha Enp KUAKUX TUANIEKTPUKOB
OCYILECTBIISIETCS YEPE3 IMUCCHUIO AIEKTPOHOB € KaTO/A.

U'.ua,
kB
e
160 2|
80 2L~
=

0 2 4 6 5. oM.

Puc. 1.25. 3aBucuMocTh MPOOMBHOIO HAINPSKEHUS OT PACCTOSTHUS MEKIY
JIEKTPOJIaMU U MOJISIPHOCTH JUIsl TpaHC(OPMATOPHOI'O MacCIa, AIEKTPOABI OCTpHE-
IJIOCKOCTB: 1 - MOJIOKUTENBHAS NOJSIPHOCTD OCTPUS; 2 — OTpHULATEIbHAS
MOJISIPHOCTB OCTPUSL; HAIPSIKEHNE IMOCTOSSHHOE

Kak cnenyer u3 puc. 1.25, mpoOuBHOE HANPSIKEHUE 3aBUCUT OT MOJISPHOCTH
ANEKTPOAA-OCTPHUS MPU HECUMMETPUYHOW cucTeMme 3JiekTpoaoB. Haumbonee sipko
9Ta 3aBUCUMOCTH TPOSIBIIACTCS IS TIOJSIPHBIX >KUJKocTed. Hampumep, niis Boab
yBenudeHue Ump Mpu OTpUIIATEILHON MOJSIPHOCTU OCTpHs gocTturaet 2,0-2,5 pas
M0 CPABHEHUIO C TIOJIOKUTEIBbHOM MOJISIPHOCTHIO.
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1.15.6. bapbepHblii 3¢pdexT

Bbapeepsl 13 TBEpIOTO H3OISAIMOHHOIO MaTepuaja, YCTaHABIMBaeMble B
Macje MEXIy SJEKTPOJaMH, BeChbMa IMHPOKO MPUMEHSIOTCS IS TTOBBIIICHUS
AIEKTPUUECKON MPOYHOCTH MACIISTHOW U30JISLIHH.

[Ipy  Hamuuum  OapbepoB  DJIGKTPHYECKAss IMPOYHOCTH  Pa3pPSAHOTO
MIPOMEKYTKa 3HAYUTEIBHO BO3pacTaeT. ITO 00yCIOBIUBAETCA ABYMs (haKTOpaMHU.
bapeep HempoHUIaeM I HOHOB KXUAKOCTH. [103TOMY MOHBI ABUTASCH OT OJTHOTO
ANEKTpoAa K IPYyromy, OCealoT Ha Oapbhepe, «PacTEeKarTCsS» M0 €ro MOBEPXHOCTU
U 3apspkaloT ee. brarogaps 3TOMy, JJIEKTPUUECKOE TI0Jie B TPOMEKYTKE
CTAaHOBHTCS 0o0jice PaBHOMEPHBIM, YTO NPHBOIUT K YBEIUYCHHUIO Pa3psIHOTO
HanpspkeHusi. Kpome »atoro, Oapeep 3arpynHser oOpa3oBaHUE CIUIOMIHBIX
MPOBOJAIINX MOCTHKOB U3 BOJIOKHHCTBIX BEIICCTB, HAXOIAIIUXCS B Macle.
JletictBue OaprepoB Oosnee dS(PpdekTuBHO B HEpaBHOMEpHBIX Tmoisax. [lpu
KPaTKOBPEMEHHBIX HMMITYJIbCHBIX BO3JICHCTBHSIX HANPSOKCHHUS Oapbepbl MEHEe
3¢ ()EKTUBHBI, YeM Ha MTOCTOSHHOM U TIEPEMEHHOM HANPSIKCHUSX.

Ha puc. 1.26 mnpencraBieHO OTHOCUTEIbHOE W3MEHEHHE MPOOUBHOTO

Hanpspkenust Ug/Unp (Unp - npoOMBHOE HANpsHKEHHE YHCTO MAcCisHOTO
npoMexyTka, a Us - mpoOuBHOE HAIpsKEHUE TOrO ke MPOMEKYTKa ¢ OapbepoM) B
3aBUCHUMOCTH OT TOJOXeHus Oappepa S /S (S — paccrosHue Mexay

AJIEKTPOJIaMH, MOCTOSIHHO, a Sg - PaCCTOSIHUE OT OCTpHsl 10 Oapbepa) B MaciIIHOM
IPOMEXYTKE, 00pa30BaHHOM 3JIEKTPOAAMH OCTPHUE-IUIOCKOCTh IPHU BO3AEHCTBUU
MIEpPEMEHHOT0 HanpsikeHus ¢ yacroroit 50 ['m.

Us

Unp /_\

2,0 S

AN

¥ <

L

E P

Puc. 1.26. Biustnue 6apbepa Ha IpOOMBHOE HANPSHKEHUE MACIISTHOTO
MIPOMEXKYTKA: DJIEKTPOABI OCTPUE-IIIOCKOCTD; HanpspkeHue 50 ', S - 75 mm

Bbapbep - miiockuii 351eKTpoKapTOH TOJAIIMHON 5 MM. PaccTostHue 10 Gapbepa
u3MepseTcs OT ocTpusi. B gaHHOM cucTeMe KOOpAMHAT MPOOHWBHOE HAIPSIKEHUE
MacJsHOTO mpomexyTka Oe3 Oaprepa paBHo 1. Hamuuue Oapbepa mpuBOIUT K
YBEJIMUEHUIO MPOOMBHOTO HampspkeHus. MakcuManbHbI 3Q(EeKT COOTBETCTBYET
paccTostHuio 70 Oapeepa Sg ~ 0,25 S, 4To XOpOIIOo KOPPEIUpPyeT C aHATOTHYHBIM
addexTom s rasa.

MacnoOapsepHasi HM30JS1Usl [MIUPOKO MPUMEHSETCS B BBICOKOBOJIBTHOM
TEXHUKE MPU U3TrOTOBJIECHUHU TPaHCPOPMATOPOB, BBOJOB, PEAKTOPOB U T.II.
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1.16. IIpo0oii TBepaOH M30JIALUH

DnekTpudecKkas MPOYHOCTh TBEPJION M3OJISIMHU BBILIE, YEM Tra3000pa3HON U
KAAKON Ul 15 > U /i 5> U /p

DnexTpudeckas MPOYHOCTh TBEPION U30JISIIIUU 3aBUCHUT OT:

1) GopMbI 31EKTPUIECKOTO TOJIS;

2) BUA HANPSKEHUS U MOJISIPHOCTH;

3) BpeMeHHU BO3IEUCTBUS HANPSKEHMUS;

4) 0THOPOAHOCTHU AUDIIEKTPUKA;

5)  97eKTpopU3UUYECKUX  XapaKTEPUCTUK  (MOJSAPHBIA-HETIONSPHBIH,
tg s, s, yumup.);
6) TeMIIepaTyphl.

Paznuuaror Tpu Buga npo6ost TBEpOTO AUDIIEKTPUKA:

1) snexrpuyecknii — E~10° -10° kB/MM;

2) temnoBoii — E~10-10° kB/MM;

3) crapenue — E~10 kB/MM u MeHee.

TBepnas u3oisIMs BKIIOYAeT B ce0s BCe BUIBI TBEPIBIX JAUAIEKTPUKOB OT
MJIEHOK JI0 TOJICTOW MOHOJIMTHOM.

B Tabn. 1.5 mnpuBeseHbl HEKOTOPBIE JICKTPUUYECKHE XapaKTEPUCTUKHU
TBEPJIOM M3O0JISIIIMK, KOTOpPhIE MOTYT OBITh BOCTpeOOBaHBI B TMpollecce ee
AKCIUTyaTaluH.

Tabnuua 1.5 XapakTepUCTUKHU U30JIALUN

3.1 xapak- | Mex. xapak- | TerioBble xa- | XuM. Xapak- lIpoune
TEPUCTUKH | TEPHUCTHKM | PAKTEPUCTHKHU |  TEpPHCTHEH
U..p Chacr _i_’;.:._ C l'ilﬁﬁlw.itleGC'l'b Y,’.li?:l‘bl-lbjﬂ BeC
L.‘Lep T f_,__-,_,_.u_., Pac 15‘?1}14- ,—*i(}u:rpi._‘iuma
Unas O N /i _ ‘:x-u:r.uh _ "J:S-lﬂl H )
Ui [BepaocTs lemtonpo- Heiicreue na | Hedicreue 00-
’ [ UBKOCTE BOAHOCTG ap. IH3IEKTP. Iy,
‘OIE gs 3IACTHUHOCTE ']'e_u__'me:»u{::rclh Mugpoopra-
o leniosoe HH3MbI W JIp.
t=REJ) pac .

Haubonee cuwibHOE BIUSHHUE Ha DSJIEKTPUUYECKYIO TMPOYHOCTH TBEPIOH
M30JISLMU OKAa3bIBAIOT BPEMS MPUIOKEHUS HANPSKECHUS, TEMIIEPATypa, TOIIIUHA.
3aBUCUMOCTh MPOOMBHOTO HANPSKEHUSI OT BPEMEHHM MPUIIOKEHUS HAMpPsHKEHUs
HAa3bIBAETCS BOJIBT-BPEMEHHOM XapakTepucTuko. OHa npuseeHa Ha puc. 1.27.

Ha xpuBoit Bemensitor 4 obnactu. O6mactu | u Il cooTBeTCTBYIOT
aeKTpuYeckoMy mpoOoro. Bpemsi mpunokenuss Hampsikenus ¢ < 0,1 c. Peskoe
BO3pacTaHue MPOOMBHOIO HaNpsoKeHUs B | o0macTt 00ycIoBICHO 3ama3blBaHUEM
pPa3BUTHUSA pa3psga OTHOCUTEIHHO BpEMEHH NpuiioxkeHus HanpskeHus. O6macts 111
XapaKTEepU3yeTcsl PE3KUM CHajJoM MPOOMBHOTO HANpPSXKEHUs, YTO TOBOPUT O
npeobyaarmonieil posu TEmIoBbIX TmpoieccoB. Obmacte [V MeIJICHHOE
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CHI)KEHHE NPOOMBHOIO HAIpPSDKEHUS C YBEJIMYEHHWEM BPEMEHH BO3JEHCTBUS
CBA3aHO C MEJJIEHHBIMHU MPOLECCAMU CTapEHUS, JErPalallii TBEPAOU U3OJISIIUU.

OnekrTpuyeckass NpPoYHOCTh E,, TBEpAoH M30IA10MM  BO3pACTaeT C
YMEHBIICHHEM €€ TOJIIMHBI U OCOOCHHO OBICTPO B 007aCTH MUKPOHHBIX TOJIIIUH.
O10T 3 (EKT HUCIONB3YIOT B M30JSILMM KOHJAEHCATOPOB, Kabenel, BBOAOB U Jp.
BrnusHue temmepaTypbl HarjasiiHO WJUIIOCTpUpyeTcs puc. 1.28, rae mpuBeneHa
3aBUCUMOCTb 3JIEKTpUUYECKON MpouHocTH (papdopa ot temneparypsl. Bunno, uro
1o Temneparypsl —+75°C npoOuBHas HanpsKeHHOCTh Gapdopa E,, npakTuaecku
He u3Mensercs (o0nacts A). JlanpHelee yBelMyeHUE TeMIEpaTypbl MPUBOIUT K
pe3koMmy ymensblenuto E,, (o61acts b).

U kB
1p

200
300 |

!
\L|
|
|
|

400

300

IV

200

Il

100

I
|
|
N [
|
|
|

| Ic

wd w3 ! el 10 1S 1w P

Puc. 1.27. BonbT-BpeMeHHas1 XapaKTEpUCTUKA TBEPIOM M30IALMH: [—
AIEKTPUUECKHUI MpoOOH, 3ama3gpiBaHle pa3BUTUS KaHaa pa3psaa; [1 —
ANEKTPpUUECKUI MpoboH, t < 0,1 ¢, He 3aBucHUT OT Temneparypsl; Il — TemnoBoii
npoboti, t > 0,1 ¢, pesxoe camxkenue U,, Bo Bpemenu; IV — crapenne, U,, maio
U3MEHSIETCS, a BpeMsl 10 TpoOosi BO3PACTAET 3HAUUTEILHO

Pa3Butre TemiaoBoro mpo0osi B TBEPAOM IUAJIEKTPUKE B OOIIMX YepTax
MOXET OBITh MPEJICTABICHO B BUJE CIACAYIONIEH MOCIEA0BATEILHOCTH:

U,> 15T, T TugdT > T>7, Tur

rae
U, — HanpspKeHue, IPUIOKEHHOE K U30JISLUY;
I — TOK, TEKYILHUN Yepe3 U30JIALHUIO;

T,— temruieparypa U30JALNH;

Y — NPOBOJMMOCTb U30JISLNH;
tan § — AMPIEKTPUUYECKHE IOTEPU B U30JISALIUU.
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Puc. 1.28. 3aBucuMocTh MPOOMBHOIO HANPSKEHUS OT TEMIEPATYpPbl IS
dapdopa (manpsoxenue 50 ')

CyTb TemiaoBoro npoOost U30JISIMH MOKHO MPEJCTaBUTh B Buie puc. 1.29,
rie (J; — TEmwio, BBIACICHHOE B M30ISLUMA 33 CYET JHKOYJIEBBIX U
IUAIEKTPUIECKUX MTOTEPD, Q; — OTBOAMMOE OT M3OJISIUU TEIUIO B OKPYKAKOLIYIO

cpeny.

Iw T, T

Puc. 1.29. U3menenue BbiAeaeHHOr0 J; U OTBOAUMOTO (), TEIjia B
M30JISIUU TTPpU pa3HbIx U

BBIIICJICHHOC TCIUIO OIIPCHACIIACTCA, KaK
0, =wCtgd U’ (1.40)

a OTBOAUMOC TCIIIIO,KaK

QZ =kS (T'To),
(1.41)
r7ie
W — YIJIOBas 4acToOTa,
C — eMKOCTb U3JCIINH;
tg § — IUANEKTPUUSCKHE MIOTEPH B U3OJISIINY;
k — k03¢ duIueHT Teronepenayu;
S — TuToMIaah MOBEPXHOCTH U30JIAIINN;

52



To — TemrmiepaTypa OKpYKaroIlIeil Cpeabl;

T — TeMmnieparypa BHYTPH AUDJIEKTPUKA.

W3mMeHeHne TPWIOKEHHOTO HANpsKEHUS K HW30JLMM  NPUBOIUT K
u3MeHeHuto norepp B Heil. Ha puc. 1.29 Q,U;), O;(U,), Q;(U;) — Ttemuo,
BbIZIeeHHOe ipu U; < U, < U;, a OQ; — TemIo, OTBEAEHHOE OT U30JISIUU.

Hna Uynpu T + AT - Q, > Q — Her HarpeBa. dusa U, npu 7, + AT - O, <
Q; — temnoBoii npoboi. s Us; — Beeraa TemioBoil mpoOoid.

T, — To4ka TemaoBoro pasHosecus. Padbodas temnepatypa Tpus < 1>.

1.16.1. YacTuuHblie pa3psiabl

Ilon nencTBMEM BBICOKOM HAIPSIKEHHOCTH AJIEKTPUYECKOTO IOJIS B
M30JLIMMA B MECTaxX C IOHWKCHHOM DJJIEKTPUYECKON IPOYHOCTHIO BO3HUKAIOT
yactuunble pazpsasl (UYP), koTopeie mnpeactaBisioT coOoi MmpoOoil ra3oBbIX
BKJIFOUEHH, JTOKaTbHbIE MPOOOU MaIbIX OOBEMOB TBEPAOTO JUAICKTPHUKA.

YcnoBus BO3HUKHOBEHHUS qp OIIPELIEIIAIOTCS KOH(uUrypanueiu
JJIEKTPUYECKOTO  TOJISI  U30JSLMOHHOM  KOHCTPYKLUHMH U DJIEKTPUYECKUMHU
XapaKTepUCTUKaMU paccMaTpUBaeMOi 00J1acTH U30JISLUH.

YP 00blYHO HE MPUBOASAT K CKBO3HOMY MpPOOOI0 AMAIEKTPUKA, OJHAKO
IPUBOAAT K MECTHOMY pa3pyLICHUIO U30JLUU, a IPU JIMTEIBHOM CY-
IIECTBOBAHUU MOTYT MPUBECTH U K CKBOZHOMY IIPOOOIO.

Bo3nukHoBenne UP Bcerna CBUAETENBCTBYET O MECTHOW HEOAHOPOIHOCTH
OUDJIEKTpUKa. B cBA3M ¢ 3TUM peructpauus xapakrepuctuk YP rmo3Bosser
OLICHMBATh KAYECTBO MU3rOTOBJIEHUS U30JSIUU U BISBISATH MECTHBIE 1€(PEKTHI.

Xapakrepuctuku YP noctaTo4HO XOpOIIO KOPPENUPYIOT € pasMepamu
KOJIMYECTBOM Je(EeKTOB, T. €. MO3BOJSAIOT CYIUTh O CTENeHU AePEeKTHOCTU
M30JIILMOHHON KOHCTPYKLMUH.

N3yuenne xapaktepuctuk YP B 3aBUCMMOCTM OT pa3IMYHBIX YCJIOBUH
paboThl CTalO BOMPOCOM TEPBOCTENEHHONM Ba)XXHOCTH [JIsi KaOesel, KOH-
JICHCATOPOB, TpaHC(HOPMATOPOB U JIPYTUX YCTPOMCTB — TaM, TJe NPUMEHSETCS
CIOMCTass M30JLALUs [pPU IEPEMEHHOM, IIOCTOSHHOM, IIYJbCUPYIOLIEM U
VMITYJIbCHOM HAIPSKCHUAX.

IIpu paccMoTpeHnu MexaHu3Mma BO3HHUKHOBeHHss YP Bocnosb3zyeMcs
HKBUBAJICHTHOW CXEMOM 3aMelleHusl TUANEKTpUKa ¢ obiei emkocThio C3 (puc.

1.30).

C, Y
Com= U
CI‘J - CE = == er _’
CJ CA _
X

Puc 1.30. Cxema 3amenieHust TBEpAOro audiekrpuka: Cy — eMKOCThb
oesnedexrHon nzosuu; C; — eMKOCTh BO3AYIIHOTO BKItOUEeHUS; Cy— €MKOCTh
TUAJICKTPUKA TMOCIEI0BATENIBHO ¢ BKIIOUeHHeM; U, — HaIpshKeHUe mpooost
BO3JIYIITHOTO BKJTFOUCHUS
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Cy-Cx

Cy =Cp+——.
= 0 C1B+C,:[

(1.42)

YP BO3HHUKAIOT TOr4a, KOrga HAIPsKCHUC HA BKIIIOUCHHUHW OOCTHIACT
HpO6I/IBHOI‘O 3HAYCHUA Ul’lp — HAIIPAKCHUA 3AKUTAHUA pa3psada BO BKITOUYCHHUU.
HaHpH)KCHHOCTB QJCKTPHUYCCKOIO II0JIdI BO  BKIIFOYCHHUH Eg CBs3aHa C
HaIlPSAKCHHOCTBIO B OCTaJILHOM YacTHU AUDBJICKTPHUKA, KaK

ey
Ep = ‘E;l ' FJ :
‘B (1.43)

rjae

E) — HanpspKeHHOCTh AJIEKTPUYECKOTO TIOJIS B JUAJIEKTPUKE;

€, — OTHOCHUTENbHAS TUAJIEKTPUYECKasl IPOHNULIAEMOCTb IUAJIEKTPUKA;
£z — OTHOCHUTEJIbHAS JUAJIEKTPUUYECKAs TPOHUIIAEMOCTD BKIIFOUECHMUS.

Ucxons w3 (1.49), HanmpspKEHHOCTb DIIEKTPUYECKOrO TOJIE B Ta30BOM
BKJIIOUEHUH (M B JIIOOOM JAPYroM, rae &g < &,) BCErJa BHILIE, YEM B OCTAILHOM
TUDJIEKTPHUKE.

ONIopbl HANPSKEHUS Ha BKIIFOYEHUHN B IIPOLIECCE MTPUIIOKEHUS IEPEMEHHOTO
HaIpsKEHHs TpUBEEHbI Ha puc. 1.31.

[Ipu pazMepax BKIIIOUEHHS JECATKHM MUKPOMETPOB U JABJIEHUU OJIU3KOM K
aTMOoc(epHOMY, NPOOMBHOE HANPsDKEHHE JIKUT BOJIM3M MHHUMYyMa KPUBOU

[Tamena, cnabo M3MEHSAETCS C U3MEHEHHEM DPAa3MEPOB BKJIOUEHUS U COCTaBISAET
250...300 B.

|
> N VA
71 / v J \
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Puc. 1.31. Dntopbl HanpsiKEHKUS HA BO3YIIHOM BKJIFOUEHHH B TBEPAOM
TUAJEKTpUKe: 1 — HampsikeHue Ha o0pasile; 2 — HalpsDKeHHE Ha BKIIIOUCHUH;
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U,, — HanpsbxeHue Ha o0pasle, Ipu KOTOPOM IPOUCXOIUT NpoOOo BO3yIIHOTO
BKJTFOUEHUS

HaubGonpmyto onacHocts YP mpeacTaBisitoT Ha TEPEMEHHOM WM
VMMITYJIbCHOM HaIpsKEHUU.

Pazpymaromiee neiicteue UP Ha nusnekTpuku 0O0YCIOBIEHO CIEAYIOIIUMU
(dakTopamu, BO3HUKAIOIMIMMU MpU MPo0O0E BKIIIOUEHHUS:

| — BO31€liCTBUE yIAPHBIX BOJIH;

2 — TENI0BOE BO3JCHCTBUE;

3 — GombapupoBKa 3apsXKCHHBIMU YaCTUIIAMU;

4 — BO3JEUCTBUE XMMHUYECKH AKTHUBHBIMHU MPOJIYKTaMH pa3psiaa (030H,
OKHCIIBI a30Ta);

5 — BO3JEUCTBUE U3IIyUYCHUS;

6 — pa3BUTHE IPEBOBUAHBIX TOOETOB — JICHIPUTOB.

B 3aBuCHMMOCTH OT BEJIMYMHEI 3apsAfa q.,, U3Mepsemoro npu YP, Bo3moxHa
knaccuduxanus YP no g,

l. [Ipn mnpeBBILIEHMH HEKOTOPOTO MOpOra HANpsHKEHUS B HU30JSILUU
BO3HUKAIOT YP ¢ MHTEHCUBHOCTBIO (., =10" .. .10 K. Takue UP He BBI3BIBAIOT
OBICTPOro pa3pylIEHUs U30JSIUU U BO MHOTUX CIIy4asiX MOTYT OBITh JOMYCTHUMBI.
Takue pa3psabl HA3bIBAIOTCS HaYaJIbHBIMU.

2. JlanpHelmee BO3pacTaHUE HANPSDKEHUS WM yBEIMYEHUE pa3-
MEpOB BKJIIOYEHHH B TMpoliecce MIUTEIbHON paboThl H30JSUMU NPUBOIUT K
PE3KOMY BO3PACTaHUIO MHTEHCUBHOCTH UP, mpuyeM mpex/ie BCero BO3pacTaeT ¢y,
J0 BEIUYHMHEI ¢, =10"" ...10® Ki1. X BOBHMKHOBEHHE PE3KO COKPAIIAET CPOK
CITy>KOBbI M30JISIIUK U OHU HE JOJIKHBI IONMYyCKAThCS MPU pabounx yciaoBusx. Takue
pa3psAabl Ha3bIBAIOTCS KPUTUYECKUMU.

Ha mnocTtossHHOM HanpspkeHUM UWHTEepBan Mexay UYP Bo BKIOueHUUM
COCTAaBIIIET CEKYH/IbI-IECATKU CEKYHJ, YTO Ha HECKOJIbKO MOPSAIKOB OOJbIlE, YeEM
Ha T[EPEMEHHOM HANPSXKEHUU MPOMBIIUIEHHOW YacTOTBl. OJTO MO3BOJISET
YBEJIMUUTh paboure HaNpsHKEeHHOCTH — DJIEKTPOU3OJISIIIUOHHBIX  KOHCTPYKIUH
ITOCTOSIHHOTO HAIIPS)KEHUS 110 CPABHEHUIO C IEPEMEHHBIM.

Pa3Butre YP Ha UMITyIbCHOM HANPSKEHUH NPUHIUIIAAIBHO HE OTIIMYAECTCS
OT MEPEMEHHOI0 HanpsbKeHus. YacTo OCHOBHOM MPUUYMHON MPOOOS N3OSN TTPU
MHOT'OKPaTHOM BO3/I€MICTBUHA UMITYJIbCHOTO HaIpsKEHUS SBIsAOTCSA YP.

Jlekuusa Ne6

2. BbICOKOBOJIbTHaSA N300 A

BBICOKOBOJIBTHAS 30U TOAPA3AENAETCS HA BHYTPEHHIOIO U BHELIHIOIO.
BHemHsss HaxoauTCcs B KOHTakTe ¢ aTtMoc(epoil, BHYTpPEHHSE — BHYTpHU
repMeTuyHoro ooObema. Paznuuaercs Takke HW30MSAUMA IS HApPYXKHOM U
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BHYTPEHHEH yCTaHOBKH (Hapy)XHasi — BHE MOMEIICHUMN, BHYTPEHHSSI — OTJeIeHa
OT BHEIIIHUX BO3JICHCTBHIA).

Paznuuaror kpaTkoBpeMeHHOE TpoOuBHOE HamnpsbkeHue UTp U JIuTeIbHOe
Urs. Ha n30m41410 BO3JAEUCTBYIOT T'PO30BBIE U KOMMYTALIMOHHBIE HMMITYJIBCHI,
WCTIBITATENIbHBIC HANIPsDKEHUs, a Up,; JOJHKHO BO3JECUCTBOBATh NJIUTEIBLHOE BPEMS
(20-30 net) 6€3 mpoboeB.

[Ipu nnutenbHOM BO3AEUCTBUM U,z TPOUCXOAUT CTAPEHUE U3OJISIIUH.

[IpyunHbI cCTapeHUS:

1) anexkTpruUecKkue — 4aCTUYHBIE Pa3psJibl, TPEKHUHT, U3MEHEHUE Y,

tg o;

2) TemJoOBblE — YCKOpPEHHE XUMHYECKMX peakluii, yBeluueHue tg o,
YMEHBIIECHUE P;

3) MEXaHUYECKHE — TPEIIUHBI, YCTAIOCTh, Pa3pyIICHUE;

4) XUMHYECKHE — OKHUCJIEHUE, 00pa30BaHKE PAJAUKAJIOB U T. 11.;

5) BHeMIHsIS cpejla — Biiara, yibTpaduosieToBOE Iy , TeMIepaTypa.

2.1. BbICOKOBOJIBTHBIC H30JATOPBI

IIo Ha3HaueHMIO HU30JATOPBI TOAPA3ACIIACTCA HA JIMHCWHBIC U CTaHIIMOHHO-
alIapaTHbIC, KOTOPBIC, B CBOIO OUCPCAb, ACIIATCSA HAa OIIOPHBIC U ITPOXOAHBIC.

2.1.1. JIuHeiHbIe U30JIATOPHI

JIuHelHbIE W30JATOPBl NPUMEHSIOTCS JJIs KPEIUIEHUS W HM30JMPOBAHUSA
IIPOBOJIOB M TPOCOB BO3AYIIHBIX JIMHUM 3nekTponepenadn. 110 KOHCTpyKTUBHOMY
VCIIOJTHEHUIO OHM JIEJIATCS HA IITHIPEBBIE U MOJIBECHBIE.

HITeIpeBbIE  M30JATOPHl  M3TOTABIMBAIOTCS M3  AJIEKTPOTEXHUYECKOTO
dapdopa wiM cTekiIa MU MOHTHUPYIOTCS Ha ONOpax C MOMONIBIO IUTHIPEH WM
KPIOKOB.  BbIllyckaroTcsi ~ pa3IMdYHOTO  KOHCTPYKTHUBHOTO  HMCIOJIHEHUS.
O6o03nauenue, Hanpumep, LLID10-B — mTeipeBolt, dhaphopoBblii, HOMUHATBEHOE
Hanpspkenue 10 kB, xoHcTpykTHBHOE ucmnonHeHue B (Bcero cyliectByer Tpu
BapuaHTa KOHCTPYKTHMBHOro wucnoinenuss — A, b, B). Beimyckatorcs
MIPOMBIIIJIEHHOCTHIO Ha HanpsikeHue 10 35 kB.

[loBecHbIE H3O0IATOPHI MPUMEHSIOTCS I HampsbkeHuil Oonbiie 35 kB.
[lonpasnensitorcst Ha  TapenpyaThle (IIApHUPHBIE) U CTEp)KHEBble.  M3-
rOTaBIMBAIOTCS M3 DJIEKTpOoTeXHHUYeckoro (apdopa, crekyna U MOIMMEPHBIX
marepuanioB. Ha puc. 2.1 mpuBeleHa KOHCTPYKLMS IOJBECHOTO TapeabyaTOro
M30JITOpA.
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Puc. 2.1. IlonBecHO apHUPHBINA U30JATOP ¢ KOHYCHOW rOJIOBKOM: 1 —
TapesKka U30JITopa; 2 — YyTyHHas 11anka; 3 — CTaJdbHOU CTEPKEHb; 4 —
LIEMEHTHAs 3amMa3Ka; 5 — r0JIOBKA M30J1ATOpa; 6 — 3aMOK

[lanka 2 u crepxeHb 3 oOecnevynBaroT IIAPHUPHOE COEIUHEHUE OJITHOTO
U30J5TOpa C JAPYrMM Tpu cOOpKe B THUPJSHAY H30JATOpoB. W30msTophl
UCIIBITHIBAIOT TOJIBKO PACTATUBAIOIINE YCWIMS, HO Ojarojgapsi KOHCTPYKTUBHOMY
MCIIOJIHEHUIO TOJIOBKA 5 M30JsITOpa paboTaeT Ha CKaTHE U MOATOMY BBIIEPKUBAET
OuYeHb OoJbIMe Mexanndeckue Harpysku (10 30-50 Tc). O6o3HaueHue U30JATOpA,
Hanpumep, [ICI'6-A — moaBeCHOM, CTEKISHHBIN, IpA3eCTOMKUN. MuHHManbHas
paspy1iaroias Harpy3ka 6 TOHH-cHUJIa.

IlogBecHbIE  CTEP)KHEBBIE  M30JSATOPHl  M3TOTABIMBAIOTCS U3 DIIEK-
TpOTEXHUYECKOro ¢apdopa, CTeKia, CUTAIA, CTEKJIOBOJIOKHA C IMOJIHUMEPHBIM
nokpeiTueM. OIMH HM30JATOP MOXKET 3aMEHHUTh THUPJSHAY W3 7 TapenbyaThbIX
n3oisATopoB Ha HamnpsbkeHne 110 xB. [lapHupHO KpenuTcs mpu MOMOILIU JIBYX
HIAIIOK € 3aMKaMU Ha KOHIAX M30JTopa. JJOCTOMHCTBOM CTEPKHEBBIX U30JIATOPOB
ABIIAETCS HEMPOOMBAEMOCTh, KPOME TOTO, 332 CYET MaJoro JMaMeTpa H30JsATOpa
MOBBIMIAIOTCS  TPAAUEHThl  BJEKTPUYECKOTO TOJA IO  MOBEPXHOCTHOMY
nepekpbiTuio. O6o3HaueHue nzonstopa, Hanpumep, CO-110/2,25 — crepxHEBOH,
bapdopoBblii, HoMuHaNbHOE HampspkeHue 110 kB, MuHMManbHas pa3pyiiaromas
Harpyska 2,25 TOHH-CHJIA.

2.1.2. CTaHUMOHHO-aANNAPATHBIE U30JIATOPBI

OnopHble HM30JATOPHl MPEAHA3HAYEHBI I KPEIUIEHUS [IHHOIPOBOIOB,
JeTaje anmnapaToB U U30JIMPOBAHUS UX OT 3a3€MJIEHHBIX KOHCTPYKLIHMN U MEXKIY
coOoil. 3rotaBiuBaioT /Uisi HAPYKHOW M BHYTPEHHEH YCTAaHOBKHM Ha HaNpsHKEHHE
1o 110 kB. Ha Oosnbliiee HanpsixKeHUE OMOPHBIE U30JIATOPBI COOUPAIOT B KOJIOHHHBI.

OnopHbIe HU30JIATOPBI U1l HAPY)KHOW YCTAHOBKH JIEJIATCS Ha IITHIPEBBIE U
crepkHeBble. [IITbIpeBblE H30JATOpPHI HCHOJB3YIOTCA B TEX Clydasx, Korja
TpeOyeTcsi Ooiblas MeXaHW4eckas MPOYHOCTh Ha u3rud. M3roraBnuBarorcs u3
anekTpoTexHudeckoro ¢apdopa. O6o3nauenue, nHanpumep, OHII-35-2000 —
OTIOPHBIN, HAPYKHON YCTAaHOBKH, IITHIPEBOW, HOMHHAJIbHOE HampsixeHue 35 kB,
MHUHHMMabHas paspymaromas Harpyska 2000 kr-cuna.

OnopHO-CTEpKHEBBIE N30JIATOPBI U3TOTABIMBAIOTCS Ha HanpsbkeHue 35-150
kB u3 oanekrporexuudeckoro ¢dapdopa. KoHubsl u3onsATOpa apMUPOBAHbBI

57



yyryHHbIMU (nanuamu. O6o3nauenue, Hanpumep, OHC-110-1000 — onopHbIH,
Hapy>XHOW YCTaHOBKH, CTEpHEBOW, HOMHHalbHOE HanpspkeHue 110 kB,
MHUHHMMaJbHas MexaHndeckas npoyHocTs 1000 kr-cuna.

IIpoXOOHBIE M30JATOPBl M BBOJBLI MCIIOJIB3YIOTCS TaM, € TOKOBEIYLIUE
YaCcTU  IPOXOASAT  4Yepe3  CTEHbl, NEPEKPBITUS  3JaHUN,  Orpa)xAcHUs
ANEKTPOYCTAHOBOK WJIM BBOJSATCA BHYTPb METANIMYECKUX KOPIYCOB 00O0pPYy-
noBaHud. [IpOXOJHBIMU H30JIATOPAMH HA3BIBAIOT M30JISTOPHI HAa HAIpPSIKEHHUE J10
35 kB, na nHanpsixenue 110 kB u Bbiie — BBOJIbI. BBOIBI IMEIOT GoJiee CIOXKHYIO
KOHCTPYKIIMIO U30JISIIIUU W BBIMOJIHSAIOTCS ¢ Macio0apbepHOi uzossnueit (1o 150
kB) wim ¢ 6ymaxkHoMacistHow uzossiiueit (220 kB u Briie).

[IpoxoaHbIE U30ATOPHI HA BBICOKME HAIpPsKEHUS 10 35 KB BKIIOYNUTEIBHO
M3TOTABIMBAIOTCA M3 JJIEKTpPOTEXHHUYeckoro dapdopa, crekia, OakeIuTOBON
Oymaru. Ha puc. 2.2 npuBeeHa KOHCTPYKTHBHAs CXeMa MPOXOAHOTO U30JISATOPA.

o

Puc. 2.2. KoHCTpyKTHBHAs cXeMa MPOXOJHOI0 H3oysTopa: 1 —
TOKOBEAYIIUN CTepKeHb (Tpy0a); 2 — 3a3eMyieHHbIN (aHelr; 3 -- TBepaas
usonsAnus; 4 — mytu npo6os (U,, > U,); 5 — BBICOKOBOIBTHBIE (DIIAHIIBI

Jns yBenuuenns HanpspkeHus nepekpbitus U,,, Ha HapyKHOW OBEPXHOCTH
U30J5TOpa JenaloT pedpa, a TakKe YBEIWYMBAIOT JAUAMETP U30JsITOpa Y
3azemiieHHOro (Quianua. [IpoxoaHbie U30JATOPHl MAPKUPYIOTCS MO HAIMPSKEHUIO,
TOKY W u3rudaromieid Mexanunueckoi Harpyske. Hanpumep, I1-10 / 400 - 750, gyto
O3HA4YaeT: nmpoxoaHoit uzonarop, U,= 10 kB, I, =400 A, P,;. =750 kIl 'c.

BBoasl — 310 mpoxoansie u3onsATopsl Ha 110 kB u Beime. OHM conxepxar
BHEIIHIOIO U BHYTPEHHIOK U30JISIIIUIO CI0KHON KOHCTPYKIIUH.

Buemnelt uzonsimueit sBisiercst dapdopoBasi MOKphIKa. BHyTpeHHAS —
Y4aCTKH M30JIALIMH B Telie BBoJIa. BBOJbI OBIBAIOT IBYX THUIIOB — Macjao0apbepHbIe
u 6ymaxkHomacsiaeie (s Uy > 220 xB).

1) MacnoGapsepubiit BBog 110-150 kB xonaeHcatopHoro tuma (puc 2.3).
Yr1o6sl moBeicuTh U,,, a) pa3sOMBarOT NMPOMEXKYTOK HAa 71 MaJbIX IPOMEKYTKOB
Oapbepamu S5; 0) BBIPaBHUBAIOT I0JIE METALTMYECKMMU oOKIaakamu (Qoiibra Ha
0apbeepax). B pesynerate U, nosslmaercs B ~ 2,5 pasa.
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Puc. 2.3. KoHcTpykTHBHAs cxema MaciobapbepHoro Beoga: 1 —
TOKOIIPOBOJ] (CTEP>KEHB), 2 — BBICOKOBOJITHBIN (priaHel, 3 — 3a3eMIICHHBIN
bnanen, 4 — dapdoponas pydarika, 5 — Gapbepsl ¢ 0O0KIagKaMu, 6 — Maciio

OOxIaIK1 BBIPAaBHUBAIOT I10JIC B paIMaIbHOM U aKCHAJLHOM HAIPABJICHHSIX.
HauGomee Ba)XHO BBIPOBHSITH IT0JIC€ B aKCHAJIIBHOM HAMPABJICHUH ISl YMEHBIIICHUS
JUTMHBI BBOJA, JIJIS 3TOTO YCTYIIBI JENa0T OuHakoBEIMU. Ha puc. 2.4 nmpuBeneHbI
SIIOPBI PACTIPEACIICHHS HANPSHKCHHOCTEH 3JICKTPUYCCKOTO TIOJISI B paJHaIbHOM (a)
1 akcuajabHOM (0) HampaBIeHUsIX Maciio-0apbepHOTO BBOJIA.

TokoBeaymuii cTep)keHb OOMATBIBACTCS HECKOJBLKHMH CJIOSMH OyMard.
OCHOBHYIO AJICKTPUYECKYIO TPOYHOCTh HM3OJIAIMK BBOJA OOECIeurMBaeT Macio,
HAXOJAIIEECS BHYTPH IMMOKPBIIIKH.

2) byMakHOMAaCISIHBIM BBOJT KOHJEHCATOPHOTO THIIA HA KJIACC HAMPSDKECHUS
U > 220 xB. BBoa u3roraBimBacTcs MyTeéM HAMOTKH Ha TOKOBEIYIIHMI CTEPKEHb
(wm TpyOy) M3ONAIMOHHOTO Tena u3 Oymaru. Uepes kaxapie 2-4 MM HAMOTKHU
OymMaru B TenO 3aKJIaJbIBAIOTCS KOHICHCATOPHBIE OOKIATKA W3 aIFOMHHHEBOMN
(doJIbru I BRIPAaBHUBAHMS TTOJISI B OCCBOM M pajualbHOM HarpaBicHusx. [locie
HAMOTKH TEJIO TMPONUTHIBACTCS MacjioM B BaKyyMmMe, a Iociie COOpKH BBOJI
TepPMETU3UPYETCS.
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Puc. 2.4. PactipeieneHue HalpsHpKEHHOCTH AJIEKTPUYIECKOTO TOJIS B pa-
JUMaIbLHOM () ¥ akcualibHOM (0) HaIlpaBlISHHUSIX BBOJA: I — PalyC TOKOIIPOBOA
(cTepxHs); 1] — paauyc nepBoil ooknaaku (honbru); r, — paguyc BTOpoi 00-
Knaaku (Gobru); ry — paanyc ooxkiaaku y ¢aanna (3azemiena); Ah, — niuuna
ycTyna 30JSIuH Y cTepxHs; Ah; — mmuHa yctyna Ha nepBoM 6apeepe; Ah, —
JUTMHA yCTYyIa Ha BTOpoM Oapwepe; Ah, — niuHa ycTyna Ha 6apbepe y (iiaHia

2.2. N30a51u1s BBICOKOBOJIbTHBIX KOHICHCATOPOB

Ha3naueHue KoHAEHCATOPOB:

1) ynydiieHue cos @;

2)BUY cBs3b;

3) komnieHcanus caBura o (aze Mexay TOKOM U HalpsKEHHUEM;

4) BBIIPAMUTENIbHBIE YCTAHOBKU — (DUIBTPBI U AP.;

5) BBICOKOBOJIbTHBIE UMITYJIbCHBIE YCTAHOBKH.

B kadecTBe WM301ALMM UCIIONB3YETCA: Ta3, JKUAKOCTH, TBEPABIE He-
OpraHMYeCKUe MaTepualibl, TBEPAbIE OpraHUYECKUe Marepuaibl. TBepaas
M30JISIUsl B BBICOKOBOJIBTHBIX KOHJIEHCATOpaX dYallle opraHudeckas — Oymara,
IUIEHKKM C TponuTKoM MaciaoMm. KoHaeHcaTtop xapakTepus3yeTcsl YIAEIbHOU
3armacaemoii sHepruei, Hanpumep Jx / am :

W £-Ep 'Ei
ya=T 4

-
i

BBICOKOBOIBTHBIE KOHACHCATOPBI pPa3HOro Ha3HA4YCHMUAI, Pa3HbIX
HOMMHHAJIBHBIX HaHpH)KCHI/Iﬁ u peaKTI/IBHOﬁ MOITHOCTU YCTPOCHBI OAWMHAKOBO:
COCTOAT U3 IIaKCTOB CCKHHﬁ, COCAMHCHHBIX ITOCJICAOBATCIIbBHO-IIAPAJUICIBHO H
PACIIOJIOKCHHBIX B T'CPMCTU3UPOBAHHOM  KOPIIYCC, 3aJIMTOM HpOHHTO‘IHOﬁ
KUIKOCTBIO.

OCHOBHBIM 3JIEMEHTOM JI00Or0 CHJIOBOTO KOHIACHCATOpPA ABJIACTCA CCKIHA
— CIHUpPAJIBHO HaMOTaHHBIN PYJIOH H3 JICHT OUIJICKTPUKA W aJIIOMUHUCBBIX

60



O6KJIaJIOK, BBIIIOJTHAOOINX  POJIb  3JICKTPOJOB. CCKHI/II/I IIOCJIC  HaMOTKH
CILTIOIIUBAIOT OJIA YMCHBIICHHA o0Bema.
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Puc. 2.5. YCcTpoiCTBO CEKIIMM BBICOKOBOJILTHOT'O KOHJIeHCaTopa: 1 —
dbonbra; 2 — AUAIEKTPUK (CII0M OyMaru, MieHKH); 3 — BBIBOBI

Jlexusa Ne7

2.3. M3o0as1iumst TpaHCHOPMATOPOB

B cunoBeix TpaHchopmaTOopax H30JALMUS COCTOMT W3 PA3IUYHBIX IO
KOHCTPYKIIMH 3JIEMEHTOB, pabOTAIOMX B pa3HBIX yCIOBUsAX. Bo3ayiiHbie

MIPOMEKYTKN MEK1y BBOJIAMH U IO UX MOBEPXHOCTU — BHEUTHSAA U30JISILUL.

N30ns1inoHHbIe YYaCTKU PACIONOKEHHbIE BHYTpH 0aka TpaHcopmaTopa u
BHYTPH BBOJIOB — BHYTPEHHSS U30JSIUUA. BHYTpeHHAA U30/s10Us OApa3AeIseTCs
Ha TJaBHYIO U OPOJO0JIbHYIO. ['JTaBHAs M30MSIMS — MEXAY pa3HbBIMH OOMOTKaMH,
CTeHKaMHu 0aka, MarHuTonpoBogoM u Jap. [lpomonbHas u3OMAIUS  MEXKIY
AJIIEeMEHTaMH OJTHOM U TOM ke OOMOTKHU: MEXKy BUTKAMH, CIOSAMH, KaTyIIKaAMH.

B BBICOKOBOJIBTHBIX CHJIOBBIX TpaHCcpopMaropax B KadyecTBE TIJIaBHOU
UCIOJIb3yeTcsl MacioOapbepHast uzomsius. [IpononbHas M30S1Us BBIMOIHSIETCS
OymaxxHo-macigHoi. KonuyecTBo  OapbepoB  3aBUCUT OT  HOMHUHAJIBHOTO
HaMpspKeHUs TpancopmaTopa.

Ha puc. 2.6 npuBeneHO CXEMaTUYECKOE YCTPOWCTBO TJIABHOM H30JISIIUU
BBICOKOBOJIBTHOT'O TpaHchopMaTopa.

BbICOKOBOJIBTHBIE OOMOTKM  BBITIOJIHAIOTCS ~KaTyIIEYHOrO THUMA WU
HENPEPHIBHON LUJIUHAPUYECKOU MHOTOCIIOMHON HAMOTKOM.

Tpanchopmartopsl 10 35 kB BBITIONHSAIOTCS C U30JIMPOBAHHOW HEUTPAIIbIO.
Tpancdopmatops! cBeiie 110 kB — ¢ 3a3emieHHON HEHTPAIIBIO.
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Puc. 2.6. Cxema ycTpoiicTBa U30JISIIIMU BEICOKOBOJIBTHOTO TpaHCpopMarTopa:
1 — marauTonpoBoj, 2 — HU3KOBOJbTHAsE oomoTka (HB), 3 — BBICOKOBOJIBTHAS
obmotka (BB), 4 — 6apbep, 5 — MIUTKHU JIEKTPOU3OJISIIIUU, 6 — MaCIIo

2.4. N3oasauusa kadeaen

OcHoBHOE Ha3zHaueHue Kabened — mepenaya ANEKTPUUECKOW SHEPTUU OT
MOJICTAaHILIUU K TIOTPEOUTEIISIM.

Cunosbie kabesu BEICOKOTO HANPSKEHUSI BBIMOIHSIIOTCS TPEX TUTIOB:

1) xkabenu ¢ OyMa)KHOM M30ISIUEN U BI3KOM MPOMUTKON Ha HAMpPsHKEHHUE 10
35 kB (pabouas HanpsikeHHOCTD £, =2...3 KB/MM);

2) xabenu ¢ OyMa)KHOU M3OJIAIMEH ¢ MPOMUTKOW MacjaoM MO AaBJICHUEM —
MacJIOHaAIoTHEHHbIe Kabenu: 2...3 aTM —Hu3koe aamieHue (E,;; =3...5 kB/Mm);
4...5 atm — cpennee npamieHue (E,; =6...8 kB/Mm); 8.. .15 atM — BBICOKOE
nasnenue (E,;; =10. . .15 kB/Mm);

3)kabenu ¢ MOHOJMTHOM  TOJMMEPHOWM  M30JsALMENH  (TOJIMATHUIIEH,
¢droporutact u ap.).

Kpome 3Toro Hamum npuMmeHeHue kabenu B TpyOax IMoj J1aBJI€HHEM Macia
uin raza. PazpabarbiBaloTcsi KpHOreHHble Kabelu ¢ OXJaXICHHEeM [0
temriepatypsl skuakoro azora (77 K) wmm sxupkoro remus (5 K). Kabenu
BBINIOJNIHAIOTCS Ha Hanpsbkenue a0 500 kB. PaspaGateiBatorcs kabenu Ha Ha-
npsixenne 750-1150 kB.

Ha puc. 2.7 npuBenena cxema ycTpoicTBa TpexdazHoro kadess ¢ MosiCHOU
u3onsinuet. Beimyckatorcss Ha pabouee Hamnpsbkenue ao 10 xB. Ha 35 B
BBINIYCKAIOTCA KaOenu C OTAENbHO OCBUHIIOBAHHBIMU JKWJIaMH W OpoHEd wu3
ctanbHbix JieHT THna AOCBHb (A — amomMunmeBas xwia, O — OTIEIbHO
OCBHUHIIOBaHHbIE *KUJbl, Cb — OpOHs CTadbHBIMU JIEHTAMHU ).

Ha puc. 2.8 npuBeneHa cxema ycTpoHCTBa MacJlIOHAIMOJIHEHHOIO Kabesns Ha
pabouee Hampspbkenue 110 kB. Kak npasuio, BbINONHSIOTCS OAHO(MA3HBIMH B
CBUHIIOBOI 000JI04YKe ¢ OpoHEN M3 KPYIJIBIX WIH IJIOCKUX MpoBoiok. Hampumep,
tuna MCCK-110 — M — wmacnonanonnenssiii; C — cpegnero nasnenus; C —
CBUHIIOBBIN 3kpaH; K — OpoHs Kpyriioil cTaibHON MTPOBOJIOKOMA.
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Puc. 2.7. Cxema ycrtpoiicTBa uzonsiuu kadeneit 1o 35 kB: 1 — xwuna,
2 — ¢azHas 301K, 3 — MOosiICHAas U30JAIMS, 4 — repMeTHYHOE
MOKpPBITHE, 5 — MOayIIKa, 6 — OpOHs, 7 — aHTUKOPO3UOHHOE MOKPHITHE, 8 —
HaIOJIHUTEND (JKYT)
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Puc. 2.8. Cxema yctporictBa uzomsiuuu kademns 110 kB: 1 — macnsubrit
KaHaJ, 2 — neppopupoBaHHAs] TOKOBEAYIIAs KUa, 3 — OyMakHO-MacIsIHas
W30JIS1Ms, 4 — TOJIYITPOBOISIIIHM CJION, 5 — repMeTUYHOE OKPBITHE, 6 —
noAyiika, 7 — OpoHs, 8§ — aHTHUKOPO3UHHOE MOKPBITHE, 9 — OTBEPCTHUS TS
MPOX0J1a Maciia B U30JISHUIO

2.5. M30as1ums 3JIeKTPUYECKUX MALIMH

K Bpamarommmcsi MamvHaM BBICOKOTO HAMpPSDKEHUST OTHOCATCA TypOo- U
TUIPOT€HEePATOPhl, CHHXPOHHbBIE KOMIIEHCATOPHI U JBUTATENH OOJIBIION MOIIIHOCTH
C HOMUHAJIbHBIM HamnpsbkeHueM 3 KB u Bbimie. OHU BBINONHSIOT BaXKHbIE (DYHKIIMU
B DHEPrOCHCTEMAax M Ha MPOMBIIUICHHBIX nOpeanpusatusax. K ux wuzomsuuun
MPEABABISIOTCS OYEHb BBICOKHE TpeOOBaHMUS. I'maporenepaTopbl
pa3pabaTbIBalOTCSl M U3TOTaBIMBAIOTCS Ha HampsbkeHue a0 220 kB. YcrporictBo
M30JSILIMM  BPAILAIOMIENCS MAIIMHBl BBICOKOTO HAIPSKEHUS OINPEAENSIETCS
KOHCTPYKIIMEH ee cTatopHo oO0MoTku. WM3onmdums cTaTtopHbIX OOMOTOK
Mo/Ipa3/ieisieTcs Ha IIaBHYIO (KOPIYCHYIO) U MPOAOIbHYIO. ['TaBHAss — U301
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MEXIy TTPOBOJIHMKAMH OOMOTKH M KOPIYCOM, a MPOJAOJbHAS — MEXAY BUTKAMU
OJIHOM KaTYIIIKU U KaTyIIKaM{ B OJTHOM T1a3zy.

Bonpioe 3HaueHWe wWMeEET peryJupoOBaHHE DJIECKTPUUYECKOTO IO B
M30JISIMK CTaTOPHOM 00MOTKH. OCHOBHAs 3aj/lauya PEeryJIMPOBAHUS DJICKTPUUECKHUX
MoJiell — yCTpaHEHUE YACTUYHBIX Pa3psiIOB B BO3IYIIHBIX 3a30pax MEXIy
MOBEPXHOCTHIO U3OJISAIMHU U CTEHKAMU 1a30B U YCTPAaHEHUE CKOIB3SIIUX Pa3psiIoB
M0 MOBEPXHOCTU M30JIALIMM B MECTax BbIX0OJIa OOMOTOK M3 Ia3a cTaTropa, Tle moje
MOJIy4aeTCsl PEe3KOHEOTHOPOAHBIM. [[1s1 3TOro MCHoyib3ylOTCs MOJYIMPOBOSIINE
MOKPBITUSL M3 JKEJIE3UCTOM acOECTOBOM JIEHTHI W pa3nuyHbie jaku. Ha puc. 2.9
MPUBEJICHO YCTPOMCTBO BBICOKOBOJILTHOW M3OJSIMM B TMa3y DJJIEKTPUUYECKOU
MaIlUHBI.
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Puc. 2.9. CxeMa ycTpoiicTBa BBICOKOBOJBTHOM M30JISIIIUU AIIEKTPUUECKON
MalluHbl: 1 — cTarop, 2 — NPOBOJHHUK CIJIOIIHOW, 3 — MPOBOJAHUK IOJBIHI, 4 —
BUTKOBAs (MPOAOIbHAS) U3OJISIMS, 5 — IJIaBHas KOPIYyCHas U30Js1us, 6 —
MOJIYTIPOBOASLIEE TOKPBITUE, 7 — MPOKIaAKH, 8 — KIUH

M3onsinuoHHbIE MaTepuaibl, KOTOPHIE HCHOJB3YIOTCA B BJIEKTPUUYECKUX
MalllMHAX, W3rOTaBJIMBAIOT Ha OCHOBE CIIOABl (MUKAaHUT, MHKAJEHTHI,
Mukadopuii), MHUPOKO MCIOJB3YIOTCS KOMIAYHIbl (TEPMOIUIACTUYHBIE), B
Ka4eCTBE CBA3YIONIUX MPUMEHSIOT TEPMOPEAKTUBHBIE JTAKU U CMOJIBI.

2.6. IIpodpuiaakTuka U30JsIIUA

2.6.1. 3agaum u e NPOPUIAKTUKHA
[IpodunakTiika - cucTemMa MEPONPUATHHA, C TOMOIIBI  KOTOPBIX
obecnieynBaeTcss HaJeXHass paboTa M30MLMU B MpOLECCE OSKCIUTyaTalluu.
[IpodunakTiika TPOBOAUTCS C LEIbIO BBISBICHUS A€PEKTOB, BO3SHUKAIOIIUX B
M30JIALMKM  OpU  AKcIutyaTanuu. OcnalieHue 3IeKTPOU30JALUOHHBIX CBOMCTB
IIPOUCXOMMNT 32 CYET:
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a) o0111eT0 CTapeHus;

0) MOSIBJICHUS] MECTHBIX A€(EKTOB.

OO011iee cTapeHue 0XBaThIBAET OOJIBIION 00bEM H30JISALIUH.

MecTtHble nedeKTbl MOSABIAIOTCS B BUJIE COCPEJOTOYCHHBIX TPEIIHH,
BO3JIYIIHBIX BKJIIOUYEHUHN, YACTUYHBIX YBIaKHEHHI.

B OonbmnHCTBE ciayyaeB 3TU Je(PeKThl HE MOTYT OBITh OOHApY>KEHBI B
pe3ysibTaTe MpPOCTOr0 OCMOTpa H3O0JALMH, [O3TOMY JJIS UX BbISBICHUS
Heo0XoIMMa OmpeiesieHHas CUCTeMa MPOPUITAKTUYECKUX UCTIBITAHUMA.

[IpodunakTryeckue HCHBITAHUS HW3O0ISUU PE3KO CHIDKAIOT aBapuu B
HHEPreTUYECKUX CHUCTEMAxX M3-32 CBOEBPEMEHHOI'O BBIABICHHS Je(EKTHOU
U30JISUH.

JIJist KaKJ10T0 BUJA M3OJISILMKM XapaKTepHbl ONpeIeIEHHbIE BUbI 1€(EKTOB;
3ydeHue uX (U3HUYECKHMX OCOOCHHOCTEW M MPHUYMH TMOSBICHUS TaKKe BXOAMUT B
3a/1a4u TPOQUIAKTUKY U30SIMU. DTO MO3BOJISET O0JIee MPaBUILHO OPraHU30BaTh
AKCIUTyaTaluo 000pyI0BaHUS U pa3padaThiBaTh HanOoee 3HPEKTUBHBIE METOIbI

NpOPHUIAKTUYECKUX UCTIBITAHUH.
Taxum 06pa3zoM, B 3a1a4u MPOPUIAKTUKYA U30SUUN BXOJIUT:
1) co3ganue HOpMaIbHBIX YCIOBUN PaOOThI U30JISALIUM;
2) oOHapyxeHue 1e(eKToB U UX YyCTPAHEHUE;

3)uzyueHue
(beKToB;

4)pazpabdorka 3¢ (HEKTUBHBIX METOIOB MPO(UIAKTHKH.
B ta6n. 2.1 npuBeneHbl OCHOBHBIE METOAbI TPOPUIAKTUUCCKUX UCTIBITAHUN
M30JISIMH U UX KpaTKasi XapaKTEepPUCTUKA.

Tabmuma 2.1 [podunakTudaeckue UCTIBITAHUS U30JISAILIIU

z

MeToa ncnobiTa-
/11| HAS U30JIS AN

JledekTbl,  BbIsBIIsIC-
MBIE ’TUM METOJIOM

OoOmras
MeETOo/1a

XapaKTCPUCTUKA

1|{N3mepenue
CONPOTHUBIICHUS
M30JISIIIAN

CBO3HBIEC IPOBOIAIIINE
yTH WK TpoOoit

OIII/IH 13 OCHOBHBIX MCTOOOB

2|U3mepenue tg 6

[Ipoueccsl moHU3aUU
W CTapeHUS] U30JISLHUHU
B LIEJIOM

OIII/IH 13 OCHOBHBIX MCTOOOB

3|13mepenne OOmee yBnaxHeHHe|B OCHOBHOM it KOHTPOJIS
E€MKOCTH U30JISAIUN BJIQKHOCTH  TpaHc(hopma-
TOPOB W  DJICKTPHYCCKHUX
MaIuH
4|OnpenereHue [Tponecchl nonm3anwu|lOMOMHUTENBHBIH ~ METOJ
HaJgu4yusi dYac- |B BO3YIIHBIX|(TIOJIydaeT Bce  OoJibliee
TUYHBIX pa3ps- |MOJOCTIX pacmpocTpaHeHHE)
JIOB

S|13mepenue pac-

YacTtuuHblil npo6oi,

OCHOBHOW METOJ 7151 TUP-

(1)I/ISI/I‘ICCKI/IX 0COOEHHOCTEH W MNpUYUH TIIOABJICHHA  JC-
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MPEAEIIEHUS Ha- |HECKBO3HBIE IyTH JISTH]T U30JIATOPOB
MIPSKEHHUS YTEUKHU

6|IIpunoxenue Mectusbie nedextsl | KOHTpOIHh MUHUMAIBEHOTO
MTOBBIIIEHHOTO IIPY CHWKCHHH JJIEK- |3aI1aca JIEKTPUYECKON
HaIpsKEHUS TPUYECKOW MPOYHOCTH [IPOYHOCTH

2.6.2. U3MepeHue CONMPOTUBJIECHUS U30JISIIIUU (TOKOB YTEYKH)

OTOT METOJT M3-3a CBOEH MPOCTOTHI HaIleJ OYEHb IHUPOKOE NMPUMEHEHUE B
MpPaKkTUKEe | SBISETCS OJHUM M3 OCHOBHBIX METOJOB KOHTPOJIS KadecTBa
U30JISUH.

N3BectHO, uTO mr00ast M30MSAIMA HMMEET KOHEUHYIO BEJIMYHHY CO-
MPOTUBJICHUSA, XOTSA M JOCTaTOYHO Ooibinyro. [loaToMy TIpu NPUITOKEHUU
HaIpPsDKEHUS Yepe3 U300, KpOMe TOKOB Ha 3apsJIKy FreOMETPUUYECKON €MKOCTH
U aO0COPOLMOHHBIX TOKOB, TE€UET TOK, OMPEIEIIEMBI SJIEKTPOINPOBOIHOCTHIO
nuonekTpuka. C yBenuueHueM Je(PEeKTHOCTH HM3OJSIUA TOK YTEYKH BO3pacTaert.
370 sIBJIEHUE U MOJO0KEHO B OCHOBY JAHHOTO METO/1A.

ConpoTuBiieHrE U30JSUN PABHO:

U
R, =-.
H3 I

Ha mnocrosiHHOM HampspbkeHuM R,; Oyner HU3MEHSTbCS BO BpPEMEHH,
MOCKOJIBKY Ha BEJIMYMHY TOKa OYAYT BIMSATH MPOIECChl MEJICHHON MOJISpU3aLUU.
Ha puc. 2.10 mokasaH XapakTep H3MEHEHUS TOKa YEpe3 H3OJSLUUI0 U
COMPOTHUBJICHUE U3O0JIALIMHU OT BPEMEHHU.

I. R

e i

a !
60 ¢

Puc. 2.10. I3MeHeHHe TOKa YTEUKHU U CONPOTUBIIEHUS U30JIALUU BO
BpEMEHU

ONBITHBIM IyTeM YCTAHOBJICHO, 4YTO IJIAd OOJBIIMHCTBA N30JIIO0MOHHBIX
KOHCTpYKI_II/Iﬁ BpeMsa OOCTMIKCHHUA YCTAHOBHUBHICTOCA 3HAYCHHA TOKaAa YTCUKH 1
MeHbIe 1 MHH., T. €. K 9TOMY BPCMCHHU IT10CJIC IIPHUIIOKCHUS HAIIPAKCHHUA R Taxxe
JOCTUTHCT YCTAHOBUBIICTOCA 3HAYCHMU.

Pe3koe IIaaCHUuC RH3HOK33BIBaeT Ha JAJICKO 3alcamce pa3BUTUC IIC(i)CKTa B
HU30JIIUA, UK Ha HAJIMYUC CKBO3HOI'O IMMPOBOAAIICTO ITYTH, WJIN HpO60$[. OObI4HO
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CyXKIeHUE 00 HM30JIAILMKU COCTaBJISETCS HAa OCHOBAaHWUU CPABHEHHUS C PE3yJbTaTOM
MPEABITYIINX U3MEPEHNUH R, WM 3aBOJICKUX TAHHBIX.

N3mepenue CONpPOTHBIECHUS HM30JSLMA IPOU3BOAUTCA C  MOMOILIBIO
CHeUaIbHBIX TPUOOPOB — METaOMMETPOB, Y KOTOPBIX IIKaJia MporpajayupoBaHa
B MOwm nmu kOwm.

KOHCTpyKIIMM OTEYECTBEHHBIX METAOMMETPOB MJII W3MEPEHUS Pa3JIMYHBI.
Haubonpiiee npuMeHeHNe HAILIM UHAYKTOPHBIE (C PYYHBIM MPUBOJIOM) THUa M-
110 va 500 B, MOM-5 na 1000 B u MC-06 na 2500. B HacTosiiiee BpeMsi HaXOAsT
HIMPOKOE MPUMEHEHHE JIEKTPOHHBIE METAOMMETPBI, HarpuMep, tura 9C0210.

2.6.3. U3mepenue tg &

JsniekTpuyeckue MOTepd B M3OMSLMM  XapaKTEPU3YIOTCS  YIIIOM
IURJIeKTpuYeckuXx norepb. Ecnu oOpatuthes k puc. 2.11, To tg § ompenensercs
OTHOIIIEHHMEM aKTUBHOM COCTaBISIONIEH TOKa B JUAJIEKTPUKE K EMKOCTHOMN
COCTaBJISIOLLIEN

Ia

=7
rae [, — aKTHBHAs COCTAaBIISAIONIAsl TOKA 4Yepe3 AMDIIEKTPUK; [. — peakThBHas
COCTaBIIAIOIIAs TOKA Yepe3 JTUAICKTPUK.

f%____ jr

Ie

A

Puc.2.11. BekropHas nuarpaMMa TOKOB 4€pe3 AUAIEKTPUK C MOTEPSIMHU

N3mepenue BenuuumHbl tg 6, a HE BEJIMYMHBI CaMHUX JUAJICKTPHUYECKUX
MOTEPH:

P=U-1.tgd =w UCtg4.

UMEET CJeAyIoUUe TPEeUMYIIECTBA:

1) BenmuumHa tg § Kak XapakTepHCTUKA MaTepuaia HE 3aBUCUT OT pa3MepoB
00bEKTa, HO TIO3BOJIACT OOHAPYKUTh BO3HUKAIONIUE B U3OMALMH Je(EKTHI,
0COOEHHO €CJIM OHH PacCIpOCTPAHEHBI 110 BceMY 00bEMY;

2) BenmuunHa tg & MOXKET OBITh HEMOCPEJACTBEHHO H3MEpPEHa MOCTOM
MEPEMEHHOTr0 TOKa.
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Meton KOHTPOJSA H30MALMM MYTEM HM3MEPEHUS YIVIa JIUAJIEKTPUYECKHX
oTephb SBISIETCS caMbiM 3(P(GEKTUBHBIM M pacnpocTpaHeHHbIM. OH MO3BOJSET
BBISIBUTD CIIEYIOIINE 1e(DEeKThl: YBIaXKHEHUE, BO3IYIIHbIE (Ta30BbI€) BKIIOUECHHUS C
MPOLIECCAMH HOHU3ALUH, HEOJHOPOIHOCTH U 3arpsI3HEHUS U .

W3mepenus tg 6 Benytcs npu HanpsikeHuu U<10 kB u wacrore 50 I'u mpu
MOMOIIY BBICOKOBOJIBTHBIX MOCTOBBIX cxeM (MocT llepunra). OneHka cocTostHUS
M30JISIUU IO 3HAYEHUIO tg § mpeaycMaTpUBaeTCsi HOpMATUBAMU IMOYTH ISl BCEX
BUJIOB M30JIIMHU. B 3aBUCHMOCTH OT KOHCTPYKTHMBHBIX OCOOEHHOCTEH 0ObeKTa
(3a3eMJIeH OAMH 3JIEKTPOJ WA HET) UCIIONIB3YEeTCs] HOpMaJibHasl WM MePEBEPHYTas
cxembl MocTa [Ilepunra.

[To HOpManbHOM cxeMe OOBIYHO BBIMOJIHAIOTCS U3MEPEHUS B J1a00OpaTOPUSX,
a Taxke u3MepeHust MmexaydazHoi uzonsiuu (kadenb, TpanchopmaTop u T.I1.).

Brimyckatorest moctel Tinia M/II1, koTopbie MO3BOJIAIOT U3MEPSTH tg § mpu
eMKOCTsIX 006eKTOB OT 40 10 20000 nd.

[Ipu pabore ¢ mnepeBEepHYTOM CXeMOHl HYXHO HMMETh B BHJIY, YTO OT
U3MEpUTEIbHBIX BeTBe U KoHaeHcatopa C; (u3MepsieMbli OOBEKT) HIYT
IIPOBOJTHUKH, HAXOASIIUECS I10J BEICOKUM HAIPSKEHUEM.

Jlisi u3MepeHuil 1Mo MepeBepHYTON CXeMe MPUMEHSETCS MajloradapUTHBIN
nepeHocHol MocT MJI-16, KOTOpbIi MO3BOJSET M3MEPATH tg & MpPU E€MKOCTIX
o0bwekTa oT 30 10 40000 nd.

2.6.4. MeToabl 00HApYKeHHMS] YACTHYHBIX Pa3psaI0B

1. Meroa m3mepeHus: 3JIEKTPOMArHUTHBIX BOJIH, U3JIY4a€MbIX YaCTUYHBIMU
paspsanamu  (MHAWMKATOphl  pamuousnydennit — HWPU). HWPU  nHaspiBatoT
ne(HEeKTOCKOIaMH.

DTOT METOJ OCHOBAaH HAa PaJuONpPUEME SJIEKTPOMATrHUTHBIX U3JIYYEHUN TTPU
YP B msomsuuu. OH daile BCEro MPUMEHSETCS IJs1 BbIABICHUSA I€PEKTHBIX
M30JIATOPOB HA JIUHUAX AJIEKTPONEPEAAUH.

Henocratkamm 3TOro MeTona SBISAIOTCA: IUIOXas IMOMEXOYCTOMYHMBOCTH
(moMexu co3/1ar0TCsi KOPOHOM MPOBOJIOB U [Ip.); OTCYTCTBHE KOJUYECTBEHHOU
OLICHKH.

2. Meron OWANEKTPUYECKHX TMOTEPb, OCHOBAHHBIM HA OINPENECICHUU
TOYKH Iepernda Ha KPUBOM 3aBUCUMOCTH TaHTE€HCA JAMAIEKTPUUYECKUX MOTEPh OT
HampspDKeHUsT Ha AudJekTpuke (puc. 2.12), KoTopas Ha3blBaeTCsi KpUBOMU
MoHM3aIuMu. M3710M Ha 3TOW KPUBOW COBIAJAET C BOSHUKHOBEHUEM YACTUYHBIX
pa3ps0B B 00beME U30JISALUN.

TR
tgs

whB

o

Puc. 2.12 Kpuas nonuzanuu

68



K HEAOCTaTKaM 3TOro MCEToJa MOXHO OTHCCTH HC CIIOCOOHOCTH 3a-
pPEeTUCTPUPOBATE COCPCAOTOYUYCHHBIC I[e(l)eKTBI N MCCTO HX HaAXOXICHMHI. B na-
crosAmee BpeMA MCTOHA PCrUCTpaAllUH TOYKHU Hepern6a Ha KpHBOfI HMOHU3alIuH
BBITCCHACTCA MCTOAAMU PCTrUCTpAllMH BBICOKOYACTOTHBLIX COCTABJIAKOIINX TOKaA
WA HAIIPSKCHUA YaCTUYIHBIX Pa3spsa0B.

2.6.5. MeToabl perucTpaiui BbICOKOYACTOTHBIX COCTABJISIOIIMNX YacC-
THYHBIX PA3pPAA0B (MHANKATOPbI YACTHYHBIX pa3psaaos - UUP)
KenaTtenpHbIM SABISETCA CO3AaHUE TAKOW TEXHHUKU JUIsl ONPENCIICHUS
YaCTHUYHBIX pa3psA/loB, KOTOpas IO3BOJisJia Obl PEruCTpUpPOBATH CaMble ciialble
YacTHUYHbIE pa3psAlbl U oOecreyrBalia KOJIMYECTBEHHBbIE H3MEPEHHUs HHEPTUH,
paccerBaeMOM OJMHOYHBIMHU paspsaamMu. JT0 TpeOOBaHUE celdac BOIUIOIIAIOT B
WHJMKATOpaxX YaCTUYHBIX Pa3psigoB, KOTOPHIE HEMOCPEICTBEHHO BKIIOYAIOTCA B
uenb paspama. OHM  COCTOAT W3 NPHUEMHOTO KOHTYypa, YCHUJIUTENS U
U3MEPUTEIBHOrO Mpudopa. B 0CHOBY NOJI05KEHO U3MEPEHNE KAXKYLIETOCs 3apsiia:

AQy =AUC,,

rae Cp - eMKOCTh U3OJISIIUH.

W3mepstorcss mynbcanuu Hanpspkenuss AU, KOTopble uepe3 YCUIIUTENb
nonatoTcs Ha miactubl 0. [1o MOMEHTY BO3HUKHOBEHHS MYyJbCalluid HA HKpaHe
ocuwuiorpadga OmpeaessioT HanpsyKeHWe BO3HUKHOBEHHMS HMOHHU3AlUU, a II0
aMIUTUTYZI€ UMITYJIbCOB M HMX YacTOT€ - MHTEHCHUBHOCTb YAaCTUYHBIX pa3psIoB.
Cy1iecTByeT HECKOJIbKO BAPUAHTOB CXEMBI.

a) CxeMma ¢ aKTUBHBIM CONPOTHUBIIEHHEM (puc. 2.13).

ConporuBnenue R; BkiIoyaeTcs MOCHEIOBATEIBHO C  HM3MEPSEMbIM
O0OBEKTOM U TaJeHUEe HaNpsKEHUS HAa HEM pEerucTpupyercs HHIUKATOPOM
yacTHUUHBIX pa3psaoB. [lo ocuusmiorpady cyasT o HaTUYUMKM YACTUYHBIX Pa3psiioB.
Henocratkom 3TOr0 MeTo1a ABJISETCS Masias IOMEXOYCTONUHUBOCTb.

K ocumuorpady

Puc. 2.13. Cxema ninst 0OHapy>KE€HUS YaCTUYHBIX PA3PsiIOB C MOMOIIBIO
aAKTUBHOT'O CONMPOTUBIEHUS: S,y — 3alIUTHOE comnpoTuBiieHue, Cx —
UCIIBITYEeMbI 00BeKT, R| — pa3znenurenbHas eMKOCTh
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Ha octumnorpade MoxxHO HaOII01aTh KAPTHUHY, TPUBEICHHYIO Ha puc. 2.14.
U<l

AN

UP ger UP ects UP ecte

Puc. 2.14. Bug ocumiuiorpamMm Ipu pa3HOM MHTEHCHUBHOCTH YaCTUYHBIX Pa3psAioB

0) CxeMa ¢ HHIYKTUBHOCTBIO U €MKOCThIO (puc. 2.15).

Kak Opio moOKa3zaHO BBl TPU BO3HUKHOBeHHMH YP moOsSBIAIOTCS
BBICOKOYACTOTHBIE KoJebanus amIuutynoil AU. MHAUKATOp 4acTUYIHBIX Pa3psiioB
(MYP) moakmroyeH K OOBEKTY uepe3 pa3[elHUTeNIbHYI0 €MKOCTb C,q9, KOTOpas
CIIY’)KHT 3arpaXaaromuM (QuibTpoM i TOKOB pabodeid yactoTel. [lpu
Bo3HUKHOBeHUU YP B 00bekte (C,) XaoTHUeckue KoiieOaHWs HANpsOKEHUS Ha
o0bekre Bo30yxnmaior B MUYP Hesaryxaromye mnepuoandyeckue KoneOaHus ¢
4aCTOTOM, COOTBETCTBYIOIIEH MepHoay KojeOaHuit KOHTypa

T = 2nVLC 2.1)

‘L_ T Coum
- 4

T L T

Puc. 2.15. Cxema u3mepeHusi 4aCTUYHBIX pa3psagoB C IPUMEHEHHEM KO-
1e0aTeIbHOrO KOHTYpa M rajlbBaHOMETpa: Ry, — 3allUTHOE conpoTtusieHue, C,
— HUCIBITYeMBbIH 00BEKT, Cpuz9 — pa3feaUTENbHAS EMKOCTB, L-C —
Kose0aTenbHbIi KOHTYp, I — raasBaHoMeTp

Yactora nHactpoiiku HNYP 00bYHO TpUHUMAETCS TOpPSAKAa HECKOIbKHX
JIECATKOB KHJIOTEPIl. AMIUIUTYAa BBHICOKOYACTOTHBIX KosieOanuii AU um3mepsiercs
ranpbBaHoMeTpoM [. Tlo 3nHadennio AU w3 dopmynsl (2.1) ompepensiercs
Ka)XXyIasicsi UHTCHCUBHOCTh HOHU3ALIUU.

B 3akmroueHue cieayer OTMETHTh, YTO HCIIOJIb30BaHHWE Metona YP s
MpOoPUIAKTUUYECKUX HCIBITAHUM SIBISIETCS BECbMa TMEPCHEKTHBHBIM U celvac
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ITUPOKO BHEJPSAETCS B MPOMBIIIJICHHOCTH, T. K. OH MTO3BOJISIET BECTH HETPEPHIBHBIN
KOHTPOJIb TI0JT pa00YMM HAIPSKEHUEM.

Ho cnexyetr oTMeTUTh M HEJOCTATKU:

1) Hamuyue OOJIBIIOr0 KOJUYECTBA MOMEX, 3aTPYAHSIOMIUX paciiudpoBKy
MOJTYYEHHBIX PEe3YyJbTaTOB (MCTOYHUK MOMEX — KOPOHA Ha MPOBOJAX, UCKPEHUE
KOJUIEKTOPOB JICKTPUUYECKUX MAIIIWH U T.]I.);

2) metoj dukcupyeT He Hanuuue Aedexra, a Hanuuue YP, B To Bpems kak
MOXET CyIlecTBoBaTh nedekT u 6e3 UP ( Tpemuna, 3amoiHEHHAas BOJOW WU
JPYTo¥ MPOBOJAIICH KUJIKOCTBIO, 00YTJIIEpOKEHHAs TIopa, Iae mpekpatuiauch YP,
XOTSI 3TO Cepbe3HBIC Ne(PEKTHI).

Ho B kxoMOuHamuu ¢ JApyrMMU MeToJaMH TPOPUIAKTUKUA WHIUKAIIUS
YaCTUYHBIX Pa3psioB 1aeT 3PGHEeKTUBHBIC PE3YIbTATHI.

2.6.6. KoHTPOJIb BJIAKHOCTH U30JIALUM

EMKOCTh M30JISIIIMM TpW  TOCTOSIHHOW TEMIIepaType M 4YacTOTe MpH-
JIO)KEHHOTO HAMPSDKCHUS SBISIETCS BEIWYMHOM TmocTosiHHOW. [losToMy ckad-
KOOOpa3HOe M3MEHEHHE BETUYMHBI €MKOCTH YKa3bIBae€T Ha HAJIMYHE B U30JISIIUU
nedexrtoB. OCOOEHHO CHUJIBHOE BIIMSIHUE HAa HM3MEHEHHE EMKOCTH OKa3bIBaeT
YBIQKHEHUE HW3OJSIMH, TTOATOMY JJISi KOHTPOJIS YBJIAXKHEHUS HW30JISAIUU HAIIe
METOJ] U3MEPEHUsI €MKOCTH H3OJISIUU TIPU Pa3HBIX YaCTOTaX, KOTOPBIM MOTYYHII
Ha3BaHUE METOJ "eMKOCTh-4acToTa'.

[Ipu yBeIMYEHUM YaCTOTHI €MKOCTh H3OJSAIHMH KaKOro-iTnbo yCTpoucTBa
(TpancopmaTopa, kabens, H30JATOpa M T.T.) YMEHbIIAETCS. ITO SBICHHE
MOJI0)KEHO B OCHOBY MeTojJa 'eMmKocTh-yactora'. Merton "eMkocTb-uactoTa'
3aKJII0YAeTCsl B CPABHEHUM BEJIMYMH €MKOCTH, U3MEPEHHBIX MPU JBYX Pa3TUYHBIX
gactotax f=2 I'mu f=50 ', (C, u Csp) mpu ¢ = 10 -- 20°C. O kadecTBe U30JSIUU
cynsat nmo otHomeHuto Cy/ Csp, 4eM 3TO OTHOIICHUE MEHBIIIE, TEM N3OSN JIyUIIe
(cyme).

Ha puc. 2.16 npencraBiieHbl 3aBUCUMOCTH U3MEHEHHUSI EMKOCTH OT YaCTOTHI
1t cyxoi (1) u yBrnaxHeHHOU u30JisIuu (2).

C

! filo

2 50

Puc. 2.16. 3aBUCUMOCTb EMKOCTH U30JISILUM OT YACTOThI: 1 — cyxas uzonsuus, 2
— YBIQXXHEHHAs! N30SI

ONBITHBIM IMyTeM OBLI0 HaﬁHCHO, YTO OJIA CYXOﬁ HN30JI0MHN OTHOIIICHUC
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2.6.7.cnbiTaHHNe NOBbIIIEHHBIM HANIPSKEHHEM

Kak Mpl yXe 3HaeM, B Ipolecce 3KCIUlyaTallMd H30JLUs DJIEKTPO-
TEXHUYECKUX YCTPONCTB CTapeeT, €€ AJIEKTpUuecKass MPOYHOCThb CHIKAETCS U
BpeMsl KHM3HM yMeHblaeTcs. OCOOEHHO CIOCOOCTBYIOT CTApEHHUIO TeMIepa-
TYpHbIE, MEXaHWYECKHE U OIJeKTpuueckue Bo3AeicTBusA. CTapeHue H30IAUUU
MPOUCXOIUT HepaBHOMEpPHO. HeoAHOPOAHOCTh H3O0JALMM W BHEIIHUX BO3-
JNEUCTBUN TPUBOJAT K TOMY, YTO CKOPOCTh IPOILIECCOB CTApEHUsi Ha Pa3HbIX
yyacTKax HeoJauHakoBa. OOpa3yloTcs MecTa, KOTOpPblE HMMEIOT 3HAYUTENIBHO
MEHBIIYIO 3JIEKTPUUECKYIO MPOYHOCTh, YEM 3]10pOBas M30JsiLud. B OoabImmHCTBE
ciy4yaeB (Hampumep, y DJEKTPUYECKUX MAaIlWMH) NPUYMHON aBapuu SIBISIOTCS
npoOou M30JSIMM B MecTaX O0pa30BaHUs COCPENOTOUYEHHBIX JedekToB. UTOOBI
NpEeIOTBPaTUTh  aBapuilHble  TOBPEXKIEHUSA,  U3OSLUI0  TEPUOJUYECKU
UCIIBITHIBAIOT MOBBILIEHHBIM HAMPSKEHUEM JIJISl BBISIBJICHUS OMACHBIX 1€(PEKTOB U
JUIS TIPOBEPKM HAIM4YMg HEOoOXOJMMOIro 3amaca JJIEKTPUYECKOW MPOYHOCTHU
W30JIALINN.

HcnpiTanre TOBBIIIEHHBIM HANpSHKEHUEM TapaHTUPYeT TakkKe, 4YTo
M30JISIUsl 00OPYZAOBAHUS UMEET HY>KHBIM YPOBEHBb NMPOYHOCTH MO OTHOIICHUIO K
nepeHanpsLKeHUsIM, BO3SHUKAIOIIMM B OKCIUTyaTalllH.

HcnpiTatenbHoe HaNpsDKEHHE JOJDKHO TMPUKIAIBIBATECA K H30JSALMHU B
T€YeHUE BPEMEHH, AOCTATOYHOTO MJisi Pa3BUTHUS YACTHUYHBIX Pa3psioB U JaxKe
pa3BuUTHs paspsna A0 npobos. B To ke Bpems Nmpu ATUTEIBHOM MPUIOKEHUU
MOBBIIIEHHOTO  HANPSDKEHUSI  AJEKTpUYEecKas MNPOYHOCTh HU3OJSIUU  PE3KO
cHmkaercs. Ha mpaxkTuke npumeHstoT 1 MHUHYTHbIE UCHBITaHMS HampsHDKEHHEM
MIPOMBIIIIEHHON YacToThl 50 I,

O} PexTUBHOCTD HCTBITAHUS ONPENENSAETCS BEIUYUHOM HCHBITATENLHOTO
HanpspkeHus. [lpu mamom HampspkKeHUM JAeQeKTbl He BBISABISIOTCA, a IpHU
Ype3MEPHO BBICOKOM MOTYT NPOOUTHCS TE€ YYACTKU H3OJISIIUU, KOTOphIE HE
npoOMINCh ObI B AKCILTyaTaluy. McnblTaTenbHOE HAMPSAKEHUE HOPMUPYETCS.

[Ipu BbIIycKE C 3aBO/AAa TOTOBBIX W3/CIUNA HCIBITAHUE MOBBIIICHHBIM
HaIpsHKEHUEM SIBIISIETCS OCHOBHBIM BUJIOM UCIIBITaHUS M30JsIuU. McnibiTaTenbHoe
HampsDKeHWe JJI Pa3HbIX TUIOB OOOPYAOBAaHMS OIPEACNICHbl JACHCTBYIOIMIMMU
CTaHJapTaMU.

[Ipu npoguIaKkTUYECKUX UCTIBITAHUAX B MPOIECCE IKCIUTyaTalluy BEIUYHMHA
UCIIBITATENIbHOTO HAMNPSDKEHUs JOJDKHA CcOocTaBisaTh ~ 0,75 oT Beau4MHBI
3aBOJICKOT'O UCTIBITATEILHOTO HAMPSYKEHUS.

HcnpiTanre TNOBBIIMICHHBIM HAMNPSXKEHUEM MPOBOAUTCS HAa TEPEMEHHOM,
MOCTOSIHHOM U UMITYJIbCHOM HaIPSIKEHUSX.
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Jlexknus Ne§
3. BbICOKOBOJIbTHOE MCIIBITATEJIbHOE 000PY10BAHUE U

U3MepeHus

3.1. YcTaHOBKH JISl NIOJIyYeHHsI BBICOKUX NePEeMEHHbIX HANPSIZKEHU I

JUis  TmoflydyeHHUs BBICOKMX TEPEMEHHBIX HaNpsHKEHUH PUMEHSIOTCS
oJIHO(a3HbIE BHICOKOBOJIbTHBIE UCIIBITATENbHBIE TPAHCPOPMATOPHI HA HATIPSKEHHUE
no Uy = 1200 kB. Ha Gosnbiiive Hanmpsi>KEHUsI UCTIOAB3YIOT KaCKaJTHOE COSIMHEHNE
tpanchopmaropos (Uy = 2200 kB u 6o1ee).

Oc00EHHOCTBIO UCTIBITATENBHBIX TPAHC(HOPMATOPOB SBIISIOTCS:

1) KpaTKOBPEMEHHOCTh padOTHI;

2) oTCyTCTBHE aTMOC(EPHBIX MEepeHANPsHKEHUI;

3) Hanuuue OpOCKOB TOKa W PE3KUX CHaJ0B HAIpPSKEHUS MpPU IPO-
005X ¥ MEPEKPHITUAX UCTIBITYEMBIX 00BEKTOB.

1
VD

Puc. 3.1. Konctpykuus ognodaszsoro tpanchopmaropa: 1 — marau-
TOMPOBOJ, 2 — 0OMOTKAa HU3KOI'O HAIpsiKEeHUs, 3 — 0OMOTKa BBICOKOTO
HaMpspKeHUs!, 4 — dKpaH MEJIHbIN, 5 — OGapbep 3JIEKTPOU30ISIUOHHBINA, 6 —
1aiiobl ANEKTPOU30ISIIMOHHBIC

Kak mnpaBuno, mexay oOMOTKaMH HHM3KOTO W BBICOKOTO HaINPSHKEHUN
pacIioyio)KeH  MEIHBIM  pa3pe3aHHbId  DKpaH, COCAMHEHHBIH C  OakoMm
Tpancopmaropa. DKpaH MpeaHA3HAYEH [JIs 3allUThl OOMOTKM HHU3KOIO Ha-
NPSOKEHUST OT HAaBEACHUA BBICOKMX TOTEHIMAJIOB MPHU PE3KUX H3MEHEHUSIX
HaIpPsHKEHUsI CO CTOPOHBI BRLICOKOBOJIBTHOM OOMOTKH.

Ha wnanpspkenue Gosnee 1000 kB npuMeHSIOTCS KacKaJHOE BKIIOYCHUE
tpancopmaropoB. Kackanbl TpaHchopMaTtopoB O0OBIYHO COCTOST U3 2-3
BBICOKOBOJIBTHBIX HCHBITATSIILHBIX Tpanc(hopMaTopos, COCIMHECHHBIX
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nocuenoBarenbHo. Iockoapky 0uH BBIBOJ OOMOTKH TpaHc(OpMaTopa COEAMHEH
C KOpPIIyCOM, TO KOPITyC Ka)KJJ0T0 MOCJIEAYIOIIEro TpaHc(hopMaTopa HaXOgUTCs MO

BBICOKUM HaNPsKEHUEM MPEbIAYyIIero TpaHchopmaropa.

CnenoBaTenbHO, BCE MOCIENYIOIIME TpaHC(OPMATOphl, KPOME IEPBOro,

JOJIZKHBI OBITH HU30JIMPOBAHBI OT 3EMJIM U APYyT OT Apyra.

BH
E g 3

e !
) i

A, i o //Mif 7
4

[

Puc. 3.2. YopoleHHas cxema coeiMHEHU Kackaaa TpancdopmaTopos: 1 - 3

— BBICOKOBOJIbTHBIE TpaHC(HOPMATOPHI, 4 — OMOPHBIE U30ISATOPHI
CnenoBaTenbHO, BCE MOCIENyIOIIME TpaHcHOpMaTopsl, Kpome
MEPBOT0, IOJKHBI OBITH U30JIMPOBAHBI OT 3€MJIM U JIPYT OT JpyTa.

HaHpH)KCHI/Ie Ha BbBIXOAC KaCKalda, COCTOAICIO M3 7 II0CICAOBATCIBHO

4
Puc. 3.2, VnpomeHHas  cxema  COEIMHEHMs  Kackaja
TpaHcdopmaropoB: 1 - 3 — BBICOKOBOJIBTHBIE TpaHCchoOpMaTopel, 4 —

BKIIFOUYCHHBIX TpaHC(I)OpMaTOpOBl
[ BH =Nn- er

rae U — HanpspkeHHe Ha BBIXOJIe MepBOro TpancopmaTopa.
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3.2. YCTaHOBKH JIfl TIOJIyYeHHSI BBICOKUX MMOCTOSIHHBIX HANPSIZKEHUH

ITocTosiHHOEC HaIIPAKCHUC qacCcTo HCIIOJIB3YIOT JJIA WCHBITAaHUM

KOHJICHCATOPOB, KabeJel, Bpalaronuxcsi MaliuH.
JInst mony4yeHusl BHICOKMX HANPSDKEHUNW TMOCTOSTHHOTO TOKa HCIMOJIb3YHOTCS
Bce cxembl  BBIIpSIMIICHUS

Pa3JINYHBIC BBITIPAMUTCIIBHBIC YCTAaHOBKHU.

KJIACCU(DUIMPYIOTCS MO CIEIYIOUUM TPU3HAKAM:
l)mo ¢opme BBIIPAMIEHHOTO HAMpsKEHUST — OJHO- M JIBYXIIOJY-

MIEPUOTHBIC CXEMBI,
2)TI0  CXeMe COEIMHEHUs

MOCJIeIOBATENBHO-IApaIIEIbHBIE CXEMBI;
3) o uucny a3z — oAHO-, IBYX- U TpeX(a3HbIE CXEMBI;
4) cxeMbl YMHOKEHUS HATIPSKEHUSI.
OxHOmONYyIeproIHAs CXeMa BHIMPSMIICHHSI TIpUBEeHa Ha puc. 3.3.
Boeinpsimiienne HampsbkeHust 6e3 ¢guibTpa mo cxeme puc. 3.3, a gaer
OOJIBIIIYI0 TAYOWHY TyJIbCAlluid BBIMPSIMIICHHOTO HamnpsbkeHus (puc. 3.3, B).
Hanuuue dunbtpa (puc. 3.3, 0) ymeHbaeT rayouny mynbcanuid (puc. 3.3, 1) 3a
cueT MOIIMUTKU OT KoHAeHcaropa Cj; B TEYEHME BPEMEHHM OTPHULATEIBHOIO

moaynepuoaa, Koraa BeIIIPAMUTCIIb VBaKpBIT.
¥ ¥

r I~ r I~

11

5% ) ] i é c% 7]

4 -

BBIHpSIMHT@JICfI — MOCTOBas1 cXEma,

| s |

]

el

Puc. 3.3. CxeMa BBIPAMIICHUS OJTHOTIONYTIEPUOIHAS: a), B) — 0e3 (uibTpa;
0), r) — ¢ dubTpoM; 7 — BBICOKOBOJILTHBIN TpaHchopmarop; V' —
BBIIPSIMUTEND; R, — CONpOTHBIEHUE HArpy3ku; Cy— eMKOCTb GHIbTPa

JIByX1monaynepuogHasi MOCTOBasl cxema BBIIIPAMIICHUA IMPUBCACHA Ha PUC.

3.4.

75



)

-

Y
Mo .

Puc. 3.4. MocToBas cxema BhITIpsIMIICHHUSI: ), B) 06e3 ¢uibTpa, 0), T) ¢
bunpTpOM

Yerbipe BbIIpAMHUTENS OOpa3yloT MOCT, B OJHY JIUAroHajib KOTOPOTO
BKJIIOUAETCS HAarpy3Kka Ry, a K Apyroil 1uaroHaay MOAKIOYAETCs TpaHC(hopMaTop.
ITpu "+" momynepuoae OTKPBITHI BBIIPAMUTENH V; 1 V3, a mpu "-" nonynepuoae —
V> u V,. CienoBaTellbHO, Yepe3 Harpys3Ky NpOTEKaeT TOK B OJTHOM HAIIPABICHUHU B
TEYEHHE BCEro Iepuoja nepeMeHHoro Toka (puc. 3.4, a, B). DTO OCHOBHOE
JOCTOMHCTBO JIBYXIIOJIyIIEPHOIHON cXeMbI BhIpsMiIeHUA. OuiabTp Cy yMEHBIIAET
rIIyOMHY MyJbCALMI BRIIPSAMIIEHHOTO HanpsikeHus (puc. 3.4, 6, r).

Bxutouenue ogHo¢a3HbIX CXe€M BBINPSMIICHUSI TPUBOJIUT K mepekocy ¢a3 B
3-x ¢a3Hoi cetu. [l HCKIIOUEHHS 3TOrO SIBJICHHUS HMCIOJB3YIOT 3-X (pa3Hble
cxeMbl BbipsiMieHus (puc 3.5, a). Kpome 3TOoro yMeHbLIAIOTCS MYJIbCALUU
BBINIPSIMIICHHOTO HampsikeHus: (puc. 3.5, 6), ocoOeHHO ¢ MpuUMeHeHueM (QuibTpa

C.

Cern

v |

£
-
e

Puc. 3.5. Tpexdasznas ogHonoNynepruoHas cXeMa BBIIPSIMIICHHS
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Bricokue BBITIPAMIICHHBIC HAIIPSAKCHUSA YI[O6HO MMoJy4aThb € MIOMOIIBIO CXCM

YMHOKCHHA BBIIPAMICHHOI'O HAIIPSKCHUA. Paznmuuaror:

1) cxembl yABOCHHS;
HaIPSKEHUS

2) cXeMbl yTPOCHHUS;
3) KackaJHbIe CXeMbl YMHOKEHHS HAPSXKEHUS.
OJITHONIIOJIYTIIEpHOJHAsL ~ CXEeMa

YABOCHUS

IIpocreitmas
B onun monynepuop (MOJIOXKUTENbHBINA) BBIIPSIMUTENb MPOMYCKAET TOK.

IpUBEJICHA Ha puc. 3.6, a.
Emkocts C 3apsixaercs 10 U,,: 00KIaIKi UMEIOT MOJSIPHOCTH "+" 1
Bo BTOpoMm monynepuoje, Koraa CMEHUJIACh MOJISIPHOCTh KOHIIOB OOMOTKHU
HampspDkeHue TpaHcpopmaropa "+" cymmmupyeTcs ¢ Ha-
Ha Harpy3ke mnonydaeTrcss MyJbCUPYIOLIEE

Tpancdopmaropa,
NpsDKCHUEM Ha  KOHJACHCATOpe
BBITIPSIMJICHHOE HaIpsDKeHUE, u3MeHstomeecs: oT Hys 10 2U, (puc. 3.6, 6).

o]

Cerms
AALS
YT

a)
1)

Puc. 3.6. OgHononynepuoiHas cxeMa yABO€Hus (a) U ocuuiuiorpamma
HanpspkeHus Ha Harpyske (0): 1 — da3Hoe nepeMeHHOE HaNpsHKeHHE; 2 —

yJIBOCHHOE BBIMPSIMIICHHOE HaIPsHKEHHUE
HaIpPSKEHUEM

oJI JABOMHBIM

OKa3bIBaACTCA TaKXKeC

Breimpsmurens

.- :.‘? r
LDE-p ""Lnr'

3.2.1. KackagHblil reHepaTOpP NMOCTOAHHOIO TOKA
[lonyyeHne BBICOKMX HANPSHKEHUH MOCTOSHHOIO TOKa B COTHU U THICSYH
C TMOMONIbIO CXE€M BBIIPIMICHUS U YMHOXECHUS

KHJIOBOJIBT BO3MOXHO
BBIIIPAMIICHHBIX BBICOKHUX HaHpH)KeHI/Iﬁ (KaCKaﬂHBIﬁ I‘CHCp&TOp).
Cxema KaCKaJHOTO TICHEpAaTopa IIOCTOAHHOI'O TOKa COCTOUT H3 CXCM

yIABOCHUSI HAIMPSDKCHUS, COCAWHEHHBIX B MHOTOKPATHOM IOCEI0BATEIBHOCTH.
HanpsixeHue Ha BbIX0O/1e KACKaIHOTO Te€HEpaTopa paBHO:

T = "} - ! h
U Baix — <M1 ‘r-’m
e n — 4YUCII0 CTyHeHeﬁ (CXCM yI[BOCHI/ISI) B KackKazue, Um — AMIINIUTYAHOC

3HauYEHHUE MUTaloIIero TpaHchopmaropa.
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3.3. UMnyJIbCHBIE HCTIBITATEIbHBIE YCTAHOBKHU

JUIss  UCHBITaHUS U3OJSIUU  BBICOKOBOJBTHOTO  3JIEKTPOOOOPYTIOBAHMS
IPO30BBIMM W KOMMYTAallMOHHBIMM HMIYJbCAMU HCHOJB3YIOTCS T'€HEPATOPbI
uMIynbcHbIX Hanpspkenuid (['TH).

I'po30BBIE BO3IEHCTBUS BOCIPOU3BOAATCSA CTAHAAPTHBIMU HMITYJIbCAMU
HaIpsDKEHUs: TOJHOW W cpe3aHHoW BosnHamu. CtaHpapTHbele umiynbebl (1,2/50
niu 2,0) MOKHO MOJYYUTh HA YCTAaHOBKE, CXeMa KOTOpOM MpuBeaeHa Ha puc. 3.7.

3apsaka emkocteil C NMPOU3BOAUTCS NapajlIeNIbHO, a Pa3psKarTC OHU
MIOCJIEA0BATENBHO, YTO IPUBOJUT K CIIOKEHUIO 3aPSAIHBIX HAIPSIKEHUN CTYIICHEM.

T V Rl—"-l[l R-_ _L.-'U Ri Rg. Rl_]‘_a

G+ G] G G

Puc. 3.7. IlpunuunuansHasa snektpudyeckasa cxema 'MIH ¢ onmHocTOpOHHEH
3apsiikoi: T — BBICOKOBOJIBTHBIA TpaHc(opMarop; V' — BBIIPSIMUTEND; Ry, —

CONPOTUBIICHUE [JIsi OTpPaHUYEHUs 3apAJHOr0 TOKa; R, —R;) — 3apsanHble
conpoTtuBieHus; F;—F;; — HCKpOBblE NPOMEKYTKH; C — €MKOCTU CTYyNEHU
I'MH; C, — "napasutsble" emkoctd; Ry, Cp — (QPOHTOBBIE COIPOTHBICHUE H

CMKOCTB, Rp — paspAAHOC COIMPOTHUBIICHUC, RH— COIMPOTHUBJICHHUC HAI'PY3KH

Jliist obecnieyeHusi MPaKTUUECKH OJJMHAKOBOW 3apsJIKM BCEX KOHJIEHCATOPOB
no U, HeoOxonuMo cobmronars yciosue: R;...Ry) << R,q,. Ilpn Hanpsokenun U
npobuBaerca Toibko F;. EMkocTh paspspkaercs B koutype C — R, — F;, HO R,
6onbiioe (necatku kustoOM). B nepBeiit MomeHT pazpsiaka uaet no C — Cy — F)
(X.=l/wC, w — Kpyropas 4acToTa MNOpAJIKA Merarepl, CJeI0BaTeIbHO, X, -
masoe). C, Obictpo 3apspkaercs a0 Uo. Torma k f, NPUIOKEHO YJIBOECHHOE
3apsaHoe HampspbkeHue Uy [lostomy F, MOXKET MUMETh PacCcTOSHHE B 2 pasa
Ooxble, ueM F; u T. 1.

Jns perynupoBaHUs NApaMETPOB HMIIYJIbCA HAINPSDKEHUS U IOJYYECHUS
CTaHJapPTHOM BOJIHBI HCIONB3YIOTCA DJIEMEHTBI Ry - (POHTOBOE COIPOTHBIICHUE,
Cy - GpOHTOBast EMKOCTB, Rp - paspsHOE CONPOTHBIICHHUE.

Hnunry dponra Gopmupytor Cy u R<p, nnuHy uMmmyiasca — Ry, T. €. R,
COBMECTHO C Rp.
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N3MeHeHne aMIuMTy bl UMIYJIBCA PETYIUPYETCS U3MEHEHUEM PACCTOSIHUS
MEXY IIapOBBIMU dieKTponamu [, F5, ... Fjg. IIpoMexyToKk F;; CayKuT mid
otaeneHus 3apsangHoun emkoctd ['MMH ot Harpy3ku mpu 3apsiike KOHIIEHCATOPOB
MOCTOSTHHBIM ~ HalpsDKEHUEM, 4YTOOBl HCKIIOYHUTH BO3JEHCTBHE IMOCTOSHHOTO
3apsIHOTO HAIPSHKEHUS HA HArPY3KY.

I'MH wucnosb3yeTcs [Jid  WCHBITAHUS  M30JSIUAM  BBICOKOBOJIBTHOT'O
o0opynoBaHusi. BHyTpeHHsSI HW30JAIMS UCIBITBIBACTCS TMPUIOKEHHEM  3-X
MMITYJIbCOB TOJHBIX MU 3-X HMIYJBCOB CPE3aHHBIX MOJIOKUTEILHOH W OTpHU-
LAaTEJIbHOM IOJISAPHOCTH.

3.3.1. I'enepaTop umnyJjabcHbIX TOKOB (I'UT)
['eneparopbl UMIYJIbCOB TOKA HCIOJNB3YIOTCS JUIsl UMUTAIIMU BO3ICHCTBUSA
MMITYJIbCOB TOKA OOJBIION aMIUIUTY bl DnekTpuueckas cxema ' UT npuBenena Ha
puc. 3.8.

V R L P
T B A o

cL yrpaenenue
-7 C, == C”== Ry |:|

Puc. 3.8. Dnekrpuueckas cxema ' IT: V - BBICOKOBOJIBTHBIN BBIIPSIMUTEND;
R,4y - COIpPOTHBIIEHHE [UId OrpaHMYeHHs 3apsaHoro toka; C; - C, - Oatapes
KOHJIEHCATOPOB; P - pa3psIHUK YIpPaBISIEMblid; Ry - Harpy3Ka; L - UHIYKTUBHOCTb
paspsiIHOrO KOHTYpa

ITocne cpabaTbiBaHus paspsaHuKa P Oatapes KOHIEHCATOPOB pa3psKaeTcs
Ha COIPOTUBJIEHME Harpy3ku. Hampumep, B kaHayi paspszpa mnocie mpoOos.
Benunuuna Toka onpezensieTcs, B MepBYyl0 04epeilb, MHAYKTUBHOCTBIO U €MKOCTHIO
pa3psIIHOTO KOHTYpa

! m = s
rae Uy - 3apsaHOe HanpspkeHue; L — MHAYKTHUBHOCTb KoHTYpa; C = nC;
(ecmu C;=C,=...=C,) — €MKOCTb pa3ps;AHOTO KOHTYpA.
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3.4. U3mepeHne BbICOKUX HANPSIZKEHUH

3.4.1. lllapoBbie pa3psiIHUKH

JIns u3MepeHni BBICOKMX HAIPSIKEHUN IIMPOKO MCIIOIB3YIOTCS LIAPOBBIE
pa3pAIHUKA. JTO YHUBEPCAIBHOE M3MEPUTEIBHOE YCTPOMCTBO, KOTOPBIM MOKHO
U3MEPSATH aMIUIUTYIHBIE 3HAYCHUS IIOCTOSIHHOT O, IIEPEMEHHOTO,
BBICOKOYaCTOTHOI'O M UMITYJIbCHOT'O HAIIPSI)KEHUN.

Bennunna npoOMBHOIO HAmNpsHKEHUS 3aBUCUT OT PACCTOSIHUSL MEXIY
mapaMu, X JuaMerpa, crnocoda MOAKIOYEHUS (CUMMETPUYHOE WM OAMH IIap
3a3eMJIEH), OTHOCUTEIbHOM MIIOTHOCTH BO3yXa 0.

J1J1st Moy4YeHus: BBICOKOM TOYHOCTH HEOOXOJUMO BBIMIOJIHUTH PSiJT

YCJIOBUH.

1. PaccrossHre Mexay mapamMu He JOJDKHO mpesbimats S < 0,5D, roe D -
nuaMmetrp mapoB. (CregoBaTenbHO, Ui MIMPOKOTO JWara3oHa H3MEPSEMBbIX
HaMpsHKEHUH Hy)KeH HaObop IIapoB pa3HOro JuaMeTpa.

2.1loBepXHOCTh MIAPOB JOJDKHA OBITH THanko W yucto. Crod mbLIu
CHI)KAeT MPOOUBHOE HATIPSKEHUE.

3.PacctossHME OT IApPOB [0 3a3€MJIEHHBIX WJIM HaXOJSIIIUXCS TOJ
HaIpsHKEHUEM MPeIMETOB JOJKHO ObITh HE MeHee L >5 D.

4.Jlna modydeHus CTaOWIbHBIX PE3YJIbTaTOB HM3MEPEHUNH HE0OXO0IUMO
o0JyyeHue pa3psAHOTO MPOMEXKYTKA YIbTPapUOIETOBBIM HM3JIyYE€HUEM WM
PaAMOAKTUBHBIMU M30TOMAMHU, OCOOEHHO TIPU MAaJbIX PACCTOSHUAX MEXKIY
Iapamu.

5.3mepeHue cieayer Mpou3BOAUTH 4-5 pa3 U 3a U3MEPEHHYIO BEIMYHMHY
NpUHUMaTh  CpelHee  apudmeTHueckoe  3HaYeHUe, T.K. HMEET MECTO
CTaTUCTHUYECKHUI pa30poc MpOOMBHBIX HAIIPSKEHUH.

N3mepeHne TMOCTOSSHHBIX M NEPEMEHHBIX HAIPSKEHUM TMPOU3BOIUTCS
cienyronmm oopasoM. BHayane yctaHaBiuBaeTcs 3aB€IOMO OOJIBIIIOE PACCTOSIHHE
MEeXIy LIapaMu, UCKIIIoYarollee npoooi mpyu U3MepsieMOM HaIpsiKEHUHU. 3aTeM Ha
LIapOBOM pa3psiAHUK IOJAETCS HANPSHKEHUE U PACCTOSTHUE MEKY LIapaMH IIJIaBHO
yYMEHbIIAeTCsl A0 BO3HUKHOBEHHS Mpo0Os MpoMexyTka. OITa mpoueaypa
noBTopsierca 4-5 pa3. Onpenensiercs cpeliHee NPOOMBHOE PACCTOSIHUE, 3aT€M IO
Ta0JIMIIAM HAXOJUTCSI COOTBETCTBYIOLIEE HAIPSKEHHE.

[Ipy u3MepeHuu aMIUTUTYAbl WMITYJIBCHOTO HANpsDKEHHUS 3a MPOOUBHOE
paccTosiHuEe MEXAy IIlapaMHd [PUHUMAKOT TAaKoe, MpU KOTOPOM IIOJIOBHHA
MOJAHHBIX MMIMYJIbCOB, TNPUIOKEHHBIX K Pa3psAHUKY, BbI3BIBAET MPOOOH
MIPOMEKYTKA, a MOJIOBUHA HET. DTO HaIpsieHue Ha3bIBalOT 50%-HbIM IPOOUBHBIM
HanpspkeHueM. BennunHy nmpoOHMBHOTO HANPSIKEHUS ONPEACISIOT U3 TaOJHIl 10
MOJIY4eHHOMY IIPOOMBHOMY PaCCTOSHUIO.

[Ipy m3MepeHuH NOJIb3YIOTCS TPaJAyWPOBOUYHBIMU TaOJIUIAMU, NAIOIIUMHU
CBSA3b NPOOMBHOTO HAMpPSOKEHUST C JUAMETPOM IHAPOBBIX DJIEKTPOJOB U
paccTosiHUEM MeEXJIy HUMU. B Tabnumax gaHbl aMmIUIMTyAHbIE 3HAYEHUS
npoOuBHOrO HampspkeHusi. Tabmuubl MexayHapogHON 3IEeKTPOTEXHUYECKOU
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komuccuu (MOK) cocTaBieHsl yisi HOpMadbHbIX aTMochepHbIX yciaoBuit (P=760
MM pT. cT. u T=20°C).

B tex cinydasx, korja u3MepeHUs MPOBOJATCS B YCIOBHUSX, OTIUYHBIX OT
HOpPMaJIbHBIX, BBOJMTCS TONMpaBKa Ha OTHOCHUTEIBHYIO IUIOTHOCTH BO31yxa 8.
Tornma uckomoe 3HaueHwe HanpsbkeHuss Oyamer paBuo U, = U, roe Ur -
Ta0JIu4YHOE 3HaueHue poOuBHOTO HanpspkeHust; 6 = 0,386 P/(273+ 1), tne Pu T -
COOTBETCTBEHHO JIaBJICHUE B MM. PT. CT W TeMmieparypa B rpaaycax lLlenbcus
OKpY>Karoliel cpeibl MpU MPOBEICHUN U3MEPEHUM.

KpoMe mapoBbIX pa3psaHUKOB UMEETCS ele LEeJbId psj yCTPOWUCTB U
MPUOOPOB JIJIs1 U3MEPEHUS BICOKOTO HATIPSIKEHUS.

3.4.2. DneKkTpocTaTHYECKHE BOJIbTMETPHI

Paccmorpum HaunOosiee IIMPOKO IMPUMEHSEMBIE DIIEKTPOCTATUYECKHUE
BOJIbTMETPBI.

DNEeKTPOCTAaTUYECKUE BOJBTMETPHl H3MEPSAIOT JEHUCTBYIOIIEE 3HAYCHUE
HanpspkeHus. [IpuHUuMN nelcTBUS OCHOBAH HAa MEXaHMYECKOM IepeMelIeHUn
OJITHOTO M3 D3JIEKTPOAOB BOJBTMETpPA IOJ JEHCTBUEM 3JIEKTPOCTATUUECKHUX CHIL.
M3MepeHne Npou3BOAUTCA 3a CUET YPAaBHOBELIMBAHUS ITOW MEXaHUYECKOW CHIIbI
Ipy30M WIH MPYKUHOU
_gprErS

[“-2

-

F 2 =KU*,

Tac S - momaab MMOABHIKHOT'O 3JICKTPOIA, [ - PAaCCTOAHUC MCIKAY IJICKTPOJaMU,

g O,
K 2
Cxema yCTpPOMCTBa AIEKTPOCTATUYECKOTO BOJbTMETpa A. A.
UYepHbllieBa NpuBeAcHa Ha puc. 3.9.
N 1
/ i, |
[} kA
 y C T 4 C "
i B

b BHJ

Puc. 3.9. YcTpolicTBo 3nekTpocTatnueckoro BojabT™MeTpa A. A. UepHslilesa:
A — TIOABWKHBIM 3a3eMJICHHBINM JUCK, B — HENOJABM)KHBLIA BBICOKOBOJILTHBIMN
nuck, C — oXpaHHOE 3a3eMJIEHHOE KOJIbIIO, N — METANINYECKOE 3a3€MJICHHOE
KOPOMBICJIO, K;, k; — KOHTaKTHI 11enu rajibBaHoMeTpa, [ — rajapBaHOMETp
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NmMmeroTcss miapoBble  BOJBTMETPHI, Hampumep, BoJdbTMeTp CopeHceHa,
['o6cona u Pamo.

B TexHHUUeCKHUX 3JIEKTPOCTATHYECKUX KHJIOBOJIBTMETpax, Hampumep, C100
Ha HanpsbkeHuss 10 75 kB, ypaBHOBEIIMBaHWE TOJBH)XHOTO DJEKTpoja
OCYIIECTBIISICTCSl YIIPYTOM PACTSIKKOM, Ha KOTOPOU YKPEIUIeHO 3epKajbliie. OTcyeT
MOKa3aHUN MPOU3BOJAUTCS 32 CUET CBETOBOTO Jyya.

3.4.3. Jeaurenu nanpsxenus (IH)
JIH mo3BOJSIIOT HE TOJBKO HM3MEPSATHh HAMNpsHKEHUE, HO U 3a(UKCUPOBATh
dbopMy BO3IEHCTBYIOUIErO CUTHAJA MPU IMOMOILIU 3JIEKTPOHHOTO ocuuuiorpada
(puc 3.10).

BH

Puc. 3.10. Cxema u3zmepeHusi BBICOKOr0 HAPSKEHUS IOCPEINCTBOM JIe-
JIUTEJIS HANPSKEHUS

[IpuMeHs0TCS 1eTUTENN: OMHUYECKUE, EMKOCTHBIE U CMEIIAHHbIE OMUYECKO-
€MKOCTHBIE.

Henutenp xapaktepuszyercss KodpduuueHToMm aeneHuss K; — OTHOILIEHUE
BEJIMYMHBI TIOJIHOTO COTNPOTUBIEHUS JENHUTENS K BEIUYUHE COMPOTUBICHUS
HU3KOBOJIbTHOTO IUI€Ya C YYETOM IMEpeAaroliero kadenst Z; U U3MEPUTEIbHOTO
YCTPOMCTBA.

TpeOGoBanusi, mpeabABIIEMbIC K IETUTENSIM HANPSKEHUS :

1. Koadhduiment neneHuss He JAOKEH 3aBUCETh OT  aMIUIMTYBI,
MOJIAPHOCTH, ITUTEIIbBHOCTU U3MEPSIEMOTr0 HAMPSKEHUS.

2. KoappunueHnT nenenns He JOJKEH 3aBUCETh OT BHEIIHUX 3JIEKTPUUECKUX
IOJIEH.

3. denutens NOMKEH OBITh YAOOHBIM B SKCIUIyaTalldd M OTHOCHUTENIbHO
JCIIEBBIM.

VY kaxgoro THUma JOENUTENs €CTh CBOM JIOCTOMHCTBA M HEIOCTaTKH.
Haubonee yHHBEpCAJbHBIM SIBISIETCA TPETUH THUM JEIUTENsT — EMKOCTHO-
OMMYECKHH, MpaB/ia, OH U HauOoJIee CIOKHBIN.
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3.4.3.1. Omuueckuti deaumesas (R1>>Rz)
Cxema OMHUUYECKOT0 JACIUTENS MpUBeeHa Ha puc. 3.11.
B kauecTBe CONMpOTHBIIEHUS BBICOKOBOJIBTHOTO IuledYa R; HCHONIB3YIOT
KUJKOCTHBIE UM TIPOBOJIOYHBIC MAJTOMHIYKTUBHBIC PE3UCTOPHI.
KuakocTHbIe PEe3UCTOPhI U3TrOTABIMBAIOT, HAIIpUMED, U3 pactBopa CuSO, B
JTUCTUIIJIMPOBAHHOM BOJIE.

Puc. 3.11. Cxema 3aMenieHusI OMUYECKOT'O JEIUTEIS

HeIIOCTaTKI/I KUIAKOCTHBIX OMMHYCCKUX I[eJ]HTeJIeﬁI Rg 3aBUCUT OT
TCMIICPATYPHI, OT 3arpA3HCHUA IIOCTOPOHHUMHA NOHAMMU.

HpOBOJIO‘{HBIe PE3UCTOPBI U3rOTABJIMBAIOT H3 BBICOKOOMHOM IMPpOBOJIOKH -
HHUXpOMA, KOHCTAHTAHA. HpI/IMeHSIeTCSI MAJIOMHAYKTHUBHAA 6I/I(1)I/IJI$IpHa$I HaMOTKa C
MaJbIM IIaroM. I/IHI[YKTI/IBHOCTB IMPOBOJIOYHBIX PC3UCTOPOB 6OJIBH_IC, B (S\1
KUIKOCTHBIX. 9T0 MNpUBOAUT K HCKAKCHHIO (1)0pr1 HMITYJIbCOB IIpU KOPOTKHUX
BPCMCHAX BOSHCﬁCTBHH.

3.4.3.2. EMmKocmHblii desaumens (Cz >>C1)
Cxema eMKOCTHOro jgenutens puc. 3.12.

BH

Puc. 3.12. Cxema 3aMeIeHNs] EMKOCTHOTO JICJIUTEIISI HAPSHKEHUS

OcHoBHOM HEAOCTATOK CMKOCTHOIO JCIIMTCIIA: HCBO3MOXHO TOYHO
CorjiIacoBaTtb C ICPCAArOIINM Ka6eJ'ICM, 4dTO IPHUBOAUT K HAJIUYHNIO OTPAKCHHOIO
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CHUTHaJa U UCKAXKEHHUIO OCHOBHOTO. [Ipy KOPOTKMX BpeMEHAX BO3JACUCTBUSA JIYUIIIE,
yem omuueckuii JJH. Cioxxknoctu mipu pacuere K.

3.4.3.3. CMewaHHbIl desiumesa1b HaANPAXCEeHuUs
Cxema CMENIAaHHOTO JEJNUTENSl HamNpsHKEHUsT TpuBeAeHa Ha puc. 3.13.

BH

——3 i

K OCLIHII.

R,

Puc. 3.73. Cxema 3amenieHns CMEMIaHHOTO JEIUTENS HAPSKEHUS

C0XHOCTB B HACTPOMKE CMELIAHHOIO ACIUTEI HanpshkeHus, T.K. Ky no C
u R nomxHbl ObITh onuHakoBbl. Ky ¢ = Ky CnoxHo paccumtare K Hmeer
JOCTOMHCTBA OMHYECKOIO M €MKOCTHOIO JCIIUTENIEH, T.€. MOXKHO H3MEPATH
KOPDOTKME M JJMHHBIC CHUrHaubl. HenocTraTku: CIIOKHOCTb U3IOTOBICHHS U
JIOPOrOBU3HA.

Jlenurenb JOMKEH IPHUCOCAMHATBCS  HEMOCPEICTBEHHO K  OOBEKTY
UCTIBITAHUH, a HE Yepe3 JUIMHHBIE NIOABOAsAIINE UHBI (puc. 3.14).

BH

K OCHHL.

00BEKT

Puc. 3.74. Cxema npucoeAMHEHNS BRICOKOBOJIBTHOTO JACIHUTEINS K 00BEKTY,
Ha KOTOPOM MPOU3BOJAUTCS U3MEPEHHUE BHICOKOTO HAIPSYKEHUS
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Jlexknus Ne9

4. IlepeHanpsis;keHUs U 3aMATA OT HUX

4.1. Knaccupukanus nepeHanpsiKeHn

[lepeHanpspKeHUE — BCIKOE IMOBLIICHHE HANPSKEHUS B DICKTPUYECKOM
ceTH OOoJbIIe MaKCUManbHOro  pabouero Uy yaxe = Uy + (0,2 + 0,05) - Uy
B 3aBMCHMOCTH OT KJIacCa HaIpPsKEHUS.

Ilpy mepeHanpsIKEHUSX CO3JAIOTCS  TOKEIBIE YCIOBHS JUIs  paboThI
M30JIAIMH, T.K. OHH MOTYT BO MHOTO pa3 MPEBBINATH U yaxc. IlepeHanpsKkenns
HOApa3AeIsSOTCs Ha

1. BHEmHUE (IPO30BEIE);

2. BHyTpeHHHE (IIEPEXOIHBIE MIPOLECCHI B DIIEKTPUYECKUX ceTsax). Ha cxeme
npuBeIeHa KiaccupuKanus nepeHanpsokenuii. Heo0XxoauMo 3HaTh CIeayromme

ﬂepenﬁupnme:—ma

2 i

Breuinue BHyTpeHHHE
7 7 “a
['pososbie Komyyrauuonssle Keasicraunonapsie
H LTHHHL]HHE"JHHE‘
h i Y ¥ Y v Y ¥ + + +
-

0 = ' = = :

= = - o = = o

] = 4 1] = e =1

= = = © = = & 5 =

_— # i 2 - A ] L &

= s X B2 = o 2 =z = é

i = z u @ = = = = 2 =
= = = L = 5 = s 2 = = 5 =
>, = = . o o u o B =l -
e~ = g = 28 s = = u T = ¥
— ; 2 - = O — = D M & L

= = = = = =] u = E - = =

=4 = e~ = << g 2| | & D

= = —L E = = £

= = o = = N

XApaKTEPUCTUKHU NIEPEHATPSIKEHHIN:
l. MakcumanbHOE 3HAYE€HHE AaAMIUIMTYAbl HANpsXKEHUS TMpU  [epe-

HaIIPAKCHUN UMaKC HJIN KPATHOCTDH HepeHaHpﬂ)KeHI/Iﬁ
Ve
& 542 MAKLC
R
p.aarc

2. I[JII/ITCJIBHOCTB BOSI.[CfICTBPISI MCPCHAIIPAKCHUA.
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3. dopMy KpuUBOM mepeHanmpspKeHUil  (amepuoguyeckas, KoJeba-
TeJbHAas!, BBICOKOYACTOTHAS U JIp.)

4. [IupoTy oxBaTa 371€MEHTOB JIEKTPUUYECKOMN LETH.

Bce nepeuncienHble XapaKTEpUCTUKU UMEIOT CTOXAaCTUUYECKYIO MPUPOAY U
UMEIOT 3HAUUTENBHBIM CTaTUCTUYECKH pa30poc, KOTOpBI  00s3aTENbHO
YUUTBIBACTCS MPH pacdeTax. [ u30i1un BEICOKOBONBTHBIX YCTPONCTB HU3KHUX
kiaccoB HampsikeHust (U<220 xB) nHaumbolsiee oOmacHBIMHU SIBJISIIOTCS TPO30BBIC
NepeHAIPSHKCHHUS. Nx U30JISALINS BBIJICP)KUBACT KOMMYTaIMOHHBIC
nepeHanpsLKeHus 1000 KpaTHOCTH.

JIiss M30MSIAM  BHICOKOBOJIBTHBIX YCTPOWCTB BBICOKHX M CBEPXBBICOKHX
kinaccop  HampspkeHust  (U>330 kB) Haubonee  omacHbIMU  SIBIISIFOTCS
KOMMYTaIllMOHHBIE TIEpEHATIPSIKESHUSI.

[TosToMy Ha HU3KHX KJaccaxX HANPSHKEHHS OTPAaHUYHUBAIOT CICIUATHHBIMU
YCTPOICTBAMU TOJBKO T'PO30BBIE TMEPEHANPSIKEHUs, a Ha BBICOKMX KJaccax
NPUHYAUTEIHHO OTPAHMYMBAIOT U BHYTPEHHUE TICPEHATIPSKEHUSI.

4.2. BHyTpeHHHeE nepeHanpsizKeHust

Hambonee MHOrooOpa3Hbl BHYTpEHHUE TMEpeHANpsuKeHHUA. |IpuduHb
BO3HUKHOBEHHUS ~ BHYTPEHHUX  TEpPEHANpPsDKEHWH  OYeHb  Pa3HOOOpa3HbI
(OTKITIOYCHHE JTMHUH, TPaHC(HOPMATOPOB U JIPYTHE MEPEKITI0UYCHUs; 0OpBIBHI (ha3;
K. 3., IEPEKPBITHE U30ISATOPOB U MPOOOIT).

BHyTpeHHue miepeHanpssKeHUS BBI3BIBAIOTCS  KOJNCOAHHMSIMH — DHEPTHUH,
3araceHHON B DJIEMEHTaX CETH MJIU MOCTYHAIONINX B CETh OT HCTOYHHUKOB SHEPTUU
(reHEepaTOpHI, MPH U3MEHEHUH TIEPBOHAYAIIBHBIX TAPAMETPOB).

DNEeMEeHTHI JIEKTPUIECKON CETH: UCTOYHUKN YHEPTUH; HAKOTIHUTEIH YHEPT U
(KOHJEHCATOPBl,  WHAYKTHUBHOCTH);  TOTJIOTUTENW  DHEPruM  (aKTUBHEIC
COIIPOTHUBJICHHSI, KOPOHA, IPOBOJAUMOCTH M3OJISIIUN ).

BHyTpeHHue = mepeHampsDKeHHs — JeNATCA  HAa  KOMMYTallMOHHBIE,
KBa3UCTallMOHAPHBIE (YCTAHOBUBIITUECS ), CTAI[IOHAPHBIEC.

YCIIOBHO pa3BUTHE TMEPEHANPSHKCHUS TpadUuecKd MOXKHO TPEICTaBUTH B
COOTBETCTBUH C puc. 4.1.

I CTaausi - TEpPeXOJHbI mpolecc (KOMMYTAIMOHHbBIE TEepeHarps-
KeHus). JTuTCcs HECKOIBKO TIEPUOIOB.
II CTa/iMsl - YCIIOBHO YCTAHOBUBIIEECS COCTOSIHUE (KBa3HCTallMOHAPHAS ).

IlepexonHblii  mpomecc  3aKOHYWICSA, HO  IapamMeTpbl  Lenu  ApYrue,
II03TOMY BBICOKOE HAIIpSKEHUE, a PEryJIITOpbl HANpPsDKEHUS Ha IEeHepaTopax
€llle He yCIenu cpaboTaTh.

Il cramusa - pabGota peryiasTOpoB HANPSIKEHUS Yy TEHEPaTOPOB.
CHmKeHre HaIpsKeHUs 0 HOBOTO YCTaHOBUBIIIETOCS pPa00Yero HanpsHKeHUS.
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Puc. 4.7. Bua HanpsiKeHHs CETU IIPU NMOSBJIICHUHY BHYTPEHHUX MEPEHAIIPSKEHUN: {)
— MOMEHT KOMMYTAaluu

VYBenuueHue JIMHBI U KJ1acCca HAPSKEHUS JIMHUU IPUBOJAUT K YBEJIUYEHUIO
DHEPIMM B DJJIEMEHTAX CETH M, KAK CJEACTBUE, K YBEJIWYECHHIO KPAaTHOCTHU
nepeHanpsbkeHuil. B cBsa3u ¢ atum aia nuHui kinacca U>330 kB ocymectBusieTcs
MIPUHYAUTEIBHOE OTPAaHUYEHNE NIEPEHANPSKEHUIN O YPOBHEM:

30 xB - RH = 2,7

500 kB - K;=2.,5

750 kB - Kjp=2,2

1150 xB - Kj; = 1,8 OrpanuyeHue nepeHanpsiKEHUN OCYIIECTBISAETCS
3aUTHBIMU paspsanukamu (P3), tpyOuateiMu paspsanukamu (PT), BeHTUIBHBIMEU
paspsanukamu (PB), nenuneitnpiMu orpannuutensmu nepenanpsixenuit (OIIH) u
CXEMHBIMU PELICHUSMH (PEaKTOpbI, KOHJAEHCATOPbI, CONPOTUBIICHUS aKTUBHBIE U

Ip.).

Jlexmus Nel(

4.3. I'po3o3amura BO3AYIIHBIX JUHHUI JJIEKTponepeaay U MOACTAHIUH

OCHOBHOM KOJUYECTBEHHOW XapaKTePUCTHUKON pas3psia MOJHUU SIBISCTCS
aMILTUTYyAa ToKa MoTHUU. Bo3aymineie nunun snexkrpornepenay (BJI) B paitonax co
CpelHeN MPOJOJDKUTEIBHOCThIO Tpo30oBoit nesarenbHocTu (20-30 ywacoB B TO1)
nopaxarorcs paspsanamu Mmojaauu 15-20 pa3 B roa Ha 100 kM nnusbl. Toku MOTHUM
M3MEHAIOTCS B IIMPOKUX Mpenesiax OT €IUHMI] 0 COTeH kuinoammep CpeaHuit
pacyeTHBIM TOK MOJHUU cocTaBisieT 15 kA. Ilpu pa3psie MOJIHUU B 36MJIIO MOTYT
MOpaXXaTbCsl  pa3iMyHble OOBEKThI, B  YAaCTHOCTH, BO3AYIIHbIC JUHUU
AJIEKTpOTepeaun, TOJCTAHIIUM, CTaHIUU. [IpoTexkaHne TOKa MOJHUU 4Yepes3
OOBEKT BBI3bIBAET BOSHUKHOBEHWE BOJIHBI HAMPSHYKCHUS MOJIHHH, KOTOpas MOXKET
MpOOUTH U Pa3pPYyIIUTh U3OJSLUIO SJIEKTPOTEXHUUECKUX YCTpoUcTB. [Ipu pacuerax
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HMHYHBCHOﬁ BHCKTqueCKOﬁ IMPOYHOCTHU IIOJIB3YIOTCA CTaHI[apTHOﬁ BOJIHOM
HaIIPSAKCHUA.

4.3.1. 3ammTa OT NPSAMBIX YIAPOB MOJTHUHN

Jis  3amuThl  OOBEKTOB OT MOPAKEHUS MOJIHUEW  HCMOJIb3YIOTCS
MOJIHMEOTBOABL. B 3aBUCMMOCTM OT 3alIUIIAaeMOro OOBEKTa MPUMEHSIOT
cTep>kKHeBble (moacTaHuu) uiu TpocoBbie (BJI) MmomnueorBoabl. Heobxoammeim
ycioBueM 3(@exTuBHOM pabOThl MOJHUEOTBOJIOB SBISETCS HMX XOpoIlee
3a3eMJICHHE.

HauGonpme rpo3oBbie MepeHanpsHKeHUs BOZHUKAIOT MPU MPSIMOM yaape
Monaun ([IYM) B nuHuMi0o unum noxactanuuio. B Mecre ynmapa BO3HHMKaeT
KPaTKOBPEMEHHOE (MMITYJIbCHOE) HaNpsiKE€HUE B MWLIMOHBI BOJIBT, T. €. BBIIIE
UMITYJIbCHOW ~ DJIEKTPUYECKOM  MPOYHOCTM  M3OJSLMU  DJIEKTporepenady u
anekTpoobopynoBanus. s obecrieueHus: HaJeKHOW paboThl IEKTPUUECKON CeTH
HEO0OXOMMO OCYIIECTBUTH €€ 3P(HEKTUBHYIO U IKOHOMUYHYIO IPO303alIUTY.

YroObl OBITH 3ammmeHHbIM oT IIYM, 00BEeKT JO0KEH ITOJHOCTBIO
HAXOJUTHCSA BHYTPU NPOCTPAHCTBA, KOTOPOE MPEACTaBIAECT COOOW 30HA 3aLUTHI
MOJIHUE€OTBO/A.

30HOM 3alIUTBl MOJIHMEOTBOAOB HA3bIBAETCS MPOCTPAHCTBO  BOKPYT
MOJIHMEOTBO/A, MONAaJJaHue B KOTOPOE Pa3psiIOB MOJTHUHU MaJOBEPOSITHO.

4.3.2. 30Ha 3aIIMTHI CTEP’KHEBOr0 MOJIHUEOTBOIA
[ToBepXHOCTh, OTpaHMYMBAIONIAS 30HY 3alUTHI CTEPKHEBOTO  MOJI-
HUEOTBO/JIa, MOXET OBITh MPEJICTABJICHA JIOMaHOU JIUHKEH (puc. 4.2).

I

EUERIE Mkhi Rl Atk

i &
W Y OEnE Ry

Puc. 4.2. HOCTpOCHI/Ie 30HBI 3alIIUTHI CTCPIKHCBOI'O MOJIHUCOTBOAa

OTpe30k a6 — 4acTh IPSMOM, COCIMHAIOLICH BEPIIMHY MOJIHHEOTBOJA C
TOYKOM MOBEPXHOCTH 3eMJIH, YaaneHHou Ha (), 75h oT ocu MolHUEoTBo1a. OTpEe30K
8C - 4aCTh MPSIMOM, COEAMHSIONIEH TOUKY MOJIHMEeOTBOAa Ha BeicoTe 0,8 /4 ¢ Toukoit
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MOBEPXHOCTH 3eMJIM, yaaleHHoil Ha /,5h. Touka 6 Haxonutcs Ha BbicoTe 2/3A.
Panuyc 3amutsl Ha BeicoTe h,<2/3h

( h )
r. =15k 1_0 1;' l,
L W (4.1)
a Ha BeIcOTE h,>2/3h
=075 1-1x)
r, =0, ka =2 4.2)

30Ha 3alUTHl JBYMs MOJIHMEOTBOJAMH HUMEET OOJBIIUE pa3Mepbl, 4YeM
CyMMa 3alllUThl JBYX OJIMHOYHBIX MOJIHUEOTBOIOB (puc. 4.3).

#

]
1L2hy

"'\‘
L |
|
”

AR T T ST

Puc. 4.3 30Ha 3aUTHI JBYX CTEP’KHEBBIX MOJHUEOTBOJAOB

OTKpBITBIE paclpefeNUTeNbHbIE MOJCTAaHIIMK pacrojaratoTcss Ha OOJbIION
TeppuTopun. VX MpUXOAUTCS 3aIIUINATh HECKOJBKHMHM MOJHUEOTBOJAMH. 30HA
3aIIMUTHI ONIPEAEISIETCS TEM K€ ITyTEM, KaK U 30Ha 3allUTHI ABYX MOJHHUEOTBOIOB.

4.3.3. 30Ha 3aIUTHI TPOCOBOI'0 MOJIHMEOTBO/A

TpocoBble MOJHHUEOTBOJLI HCIOJB3YIOTCS B OCHOBHOM ISl 3alllUTHI
npoBoioB BJI. B cBsA3u C 3THUM MOJB3yIOTCS HE 30HAMHU 3alllUTHI, a YrjamMu
3aIIMTHI, T. €. YIJIaMU MEXy BEPTUKAJIbHOM JTUHUEH MEePIEeHIUKYIISIPHOU TPOCY U
JUHUEH, COeTUHSIONIEH TTPOBOI U Tpoc (puc. 4.4).

Jluauu nmunoit no 1000 xm (BJI 500 xB) nmopakaroTcss MoJHUEH HE MEHEee
200 pa3 B rpo3oBoil ce3oH. [loatomy mis BJI 3ammura ¢ mOMOIIBIO TPOCOBBIX
MOJIHMEOTBOAOB MpUOOpeTaeT OCHOBHOE 3HadeHue. OmnbIT 3kcrutyatanuu BJI
MOKa3bIBAET, YTO YIroJl 3alluThl JOKeH ObiTh 20-25 rpaaycoB (puc. 4.4.).
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ConpoTuBiieHrE 3a3eMJIEHUS ONOP € ITYX03a3€MJICHHON HEUTPasbio JOJIKHO OBITh
MeHee 5 Om, a ¢ U30JUPOBAHHOM HENTpanbio — MeHee 10 Owm.

 Tp0c

npoBOa

L]

i

Puc. 4.4. 30Ha 3a1UTHI TPOCOBOT'O MOJIHUEOTBO/1A

['po3o3zaiura mojacTaHUMA, KpOME 3alIUThl OT HPSIMBIX yAAapOB MOJIHUH,
JOJI’KHA BKJIIOUYATh B ¢€0s1 CIeAYIOLME BUbI 3aIUT:

1) oT mepekpbITUH TpH yaapax MOJHHHM B 3a3€MJICHHBbIE KOHCTPYKLHUU
MOJICTAaHLIUM, T.€. OT OOpATHBIX NEPEKPBHITUNA C 3a3€MJICHHBIX JJIEMEHTOB Ha
TOKOBEYIIIME YaCTH 000pYAOBAHMUS;

2) OT BOJIH, IPUXOSIIUX C JIMHUH.

JUist  BBITIOJIHEHMSI TEPBOrO TpeOOBaHUS HEOOXOAMMO CONPOTHUBICHUE
3a3eMJICHUS TIOJICTAaHLIUU JelaTh MaJIbIM. J[J1s1 HanpsiKeHUs! BhIILe

1000 B conporuBnenue 3azemieHus noacraHuuu Rz« 0,5 OM. YMeHblieHue
R; nanbonee 3¢pHeKTUBHBIN MyTh 3alIUTHI OT 0OPATHBIX MEPEKPHITUH.

JUist  BBINOJIHEHUS BTOPOro TpeOOBaHUS MPUMEHSIOTCS BEHTUJIbHbBIC
paspsaguuku (PB) u orpanuuurenu mnepenanpspkenus (OITH). BenTunbHbid
paspsigHUK 001ajaeT MoJorod BOJbT-CEKyHAHOU Xapaktepuctukod (BCX). Dto
MO3BOJISIET €MY 3alluIlaTh O00OpYIOBaHHWE B IIMPOKOM JHMANA30HE W3MEHEHUU
JUTMH BOJIH, HabeTaronmx ¢ JuHuM (puc. 4.5).

r_'

ol 0Py a0BIHHE

IR BT
\_‘_‘_____ PE LMEPERT

¥
i

Puc. 4.5. Bua BonbT-CEKYHIHBIX XapaKTEPUCTHUK 3alIUIIIAEMOr0 O0BEKTa U
PB

Hns  »ddexTtuBHON  3amuThl  HEoOXoAuMO, 4YTOOBI: 1) ocraromeecs

HaIpspKeHHe Ha paboueM CONMPOTUBIIEHUHU HE MPEBBIIIAIIO TOMYCTUMOTO;
2) kpyTu3Ha Haberarouiei Ha MOCTaHIIMIO BOJHBI ObLIa OrpaHUYEHHOM.
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JI7s BBINOJIHEHUS 3TUX YCIIOBUM BCE JIMHUM, NOAXOIAIINE U OTXOAALINE OT
MOJICTAaHLIUU, OOOPYIYIOTCS TPOCOBOW 3aIlIUTOM JUIMHOW 2-3 KM — 3alllUTHbBIE
MOAXOABl. YTJIBl 3alIUThl BBINOJIHAIOT MeHee 20° M Jaxe OTpULATEIbHBIC.
Hamnune 3amuiieHHsiX MOAXO0A0B HUCKIIIOYAET MPAMON yAap MOJHHMU B IPOBOI,
YTO yMEHbLIaeT TOKHM 4yepe3 PB u, ciienoBarenbHO, ocTaronieecss HaupsHKeHUE Ha
pabouem conpoTtuBiieHu PB.

IIpy pgBMKEHHMHM BOJIHBI IO NPOBOAY C JIMHUM B 3alUIICHHOM I[OAXOJE
BO3HUKAET WHTEHCHBHOE KOPOHUPOBAHHE, YTO CrJaXHBaeT (POHT BOJHBI
(YMeHbIIaeT KpyTU3HY UMITYJIbCA) U YMEHbBIIIAET aMIUTUTYy HAapsDKEHUSI.

4.3.3. I'po3oynopHoctb 00beKkTOB (BJI)

BozayiiHble JTUHMHM 3JEKTponepenadd u3-3a OOJBIION MPOTSKEHHOCTH
nopaxatorcst Hauboisiee uacto. [loaToMy HapyuieHue paboOThl PHEPrOCUCTEM
BBI3BIBACTCSI B OCHOBHOM HapylieHueM uzoisiuu BJI.

IIpu pacuerax rpo3oynopHoctd BJI BBoguTcs TmOHATHE 00 YpOBHE
IPO30YIOPHOCTH. YPOBEHb TIPO30YHNOPHOCTH  OLIEHUBAECTCS MaKCHUMaJIbHOU
aMIUTUTYIOW TOKAa MOJHUU [y U €ro KPYTHU3HOW @, TIPU KOTOPHIX €Ille He Mpo-

I
HUCXOIUT HAPYIICHUA U30JIIIUH JTNHUN (KPYTI/ISHa a = t_o’ Trac t(l) — JJIUTCIBbHOCTD
¢

(hpoHTa BOJIHBI TOKA).
[TokazaTeneM TpO30YIOPHOCTH CYHUTAIOT BEPOSTHOE YHWCIO JIET PabOTHI
YCTaHOBKH 0€3 TPO30BbIX OTKIIOUEHUH

Bee 2o
.\'

- OTKD

rae M - aucio jet paboty 0€3 rpo30BbIX OTKIIOUCHUM; Ny, — OKUTAEMOE
YUCIIO CJy4aeB BO3HMKHOBEHHUS OMNACHBIX TPO30BBIX MEPECHANpPSKEHUH B TOJ.
Hanpumep, nis BJI
AT L OE E T .
N . =09-107 -L-n -0_..-1,

I nep

rje 1 — CcpelHss BhICOTA MOABECA TPOca WX MPOBOJA; L — JJIMHA JIMHUY;
Ny — YUCIIO TPO3OBBIX JIHEU B TONY; Upep — BEPOSITHOCTH MEPEKPHITHA U3OJISALUN
BJI npu ynape MoiaHUM; ) — BEPOSITHOCTH MEPEX0J1a UMITYJILCHOTO TIEPEKPHITUS B
CUJIOBYIO JIyTY.

AHAJIOTUYHO TMOJCYUTHIBACTCSI M TPO3OYIOPHOCTH JAPYTHX OOBEKTOB
(moscTaHIuit).

4.4. Cpeacrsa 3allIUTHI OT NEPEeHANPAKEHU I

B cersax no 35 kB wacto mis 3a0iuThl MCHOJB3YIOT OTKPBITHIE Pa3psiIHbIE
MPOMEXKYTKA — 3allluTHbIE pa3psagHuku ("pora") um TpyOuaThie pa3psIHUKH.
CpabaTbiBaHM€ TaKUX pa3psSIHUKOB BbI3bIBAET PE3KUH CHaj HaMpsKEHUS,
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BO3HUKHOBEHUE TIEPEXOJHBIX TMPOLECCOB U OIMACHBIX MEpPEHANpsHKEHUH Ha
MPOJOJIbHOW  M30JIALIMM  BBICOKOBOJIBTHBIX  YCTPOWCTB  (TpaHcopMaTopsl,
reHepaTopbl, peakTopbl U T.A). Kpome 3TOr0, Takue paspsaHUKUA UMEIOT KPYTYIO
BOJIbT-CEKYHJIHYIO0 xapakTepucTuky (BCX), T.k. ¢opma 37eKTpUUEecKOro moJjs
PE3KOHEOAHOPOAHAS. DTO HE TO3BOJISIET OCYIIECTBIATH 3alllUTy OOBEKTOB B
0o0JacTM  KOPOTKMX  BpPEeMEH  BO3JACWUCTBUA  HampsbkeHuss  (TpO30BbIE
nepeHanpspkenus) (puc 4.6).

L

Puc. 4.6. BonbT-cexyHHas XapaKTepUCTHKA 3antuiiaeMon n3osamnuu (1) u
HCKPOBOT'O IPOMEKYTKA C PE3KOHEOHOPOIHBIM T0JIEM (2) U OTHOPOIHBIM MOJIEM
3)

OmuuM W3 JIYYIIUX Pa3psAHUKOB TaKOro THIA SIBISETCS TpyOdaThIit
paspsauuk (PT), puc. 4.7.

BHTT

Puc. 4.7. VYcrpoiictBo TpyOuUaTtoro paspsHUKA: S; — OCHOBHOW IMpo-
MEXYTOK; S; — BHEIIHUI UCKPOBOU MPOMEXYTOK; | — nuanexTpuyeckas Tpyoa;
2 — CTep>KHEBOM ANEKTPOA; 3 — OTKPBITHIN 3JIEKTPOA

DNEKTPOJbl HUCKPOBOTO TMPOMEXKYTKA IMOMEIIAIOTCS B JAUICKTPUUECKYIO
TpyOy 1 U3 razoreHepupyroIiero MaTepuaia (HampuMep, BUHUILIACT).

OcHOBHOI POMEXKYTOK — S; o0ecnieunBaet ayroramieHue. [IpomexyTox S,
CIIYXKUT JUIsl OTJICJICHUS Ta30TeHEepUPYIOIeH TPYOKH OT CETH, YTOOBI N30ekKaTh ee
pasliokKEeHUs OT TOKOB yTeUKH. [Ipu mosSBICHUM TepeHanpssKeHUN MpoouBaeTcs S,
nu S;. UYepes HUX MPOTEKACT HUMITYJIbCHBIH TOK M CONPOBOXKIAIOIINN TOK
MIPOMBINIJIEHHON 4acTOThl. TemmnepaTypa MOBBIIMIACTCS, TPOUCXOIUT UHTCHCUBHOE
razoBbijieieHue. JlaBjaeHue TOBBINIAETCA 10 JECATKOB atMmocdep. ['a3 BeIXOIUT
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yepe3 OTKpbIThIN anekTtpona 3. Cozmaercs mpomoiapHOE OyThe. Jlyra BelmyBaeTcs
Hapyxy. [Ipu nepexone Toka uepe3 0 qyra racuer. M3-3a HepocratkoB (cm. BCX)
PT He npuMeHsI0TCA 7151 3a1UThl OTBETCTBEHHOT'O 000PYI0BaHUS.

Haubonee mupokoe pacnpoCTpaHEHHME B CETSAX BBICOKOTO HaIpsKEHUs
MOJIyYHJId BeHTWIbHBIE paspsaHuku (PB), kortopeie nmerot nonoryro BCX. Onu
COCTOSIT M3 HECKOJbKHX HCKpOBbIX mnpomexyTkoB (MII), BriIOYeHHBIX
MOCJIEIOBATENBHO, TOCIEI0BATEIbHBIX HEJIMHEWHBIX pabouyuX CONMPOTUBICHUUN
(HC) u myHTHpYIOMUX CONPOTUBIACHUH (R,,).

UIT cayxar gns otnenenus HC oT mocTOsSHHOTO BO3AEHCTBHS paboyero
HanpspKEHUsT U MPOTEKAIOIIETO 4epe3 HEero Toka, Kotopbld paszpymaer HC. HC
CIY’)KUT JIJI1 OTPAHUYEHUSI COMPOBOXKAAIOUIETO TOKA 0 BEIIMYMHBI, HEOOXOIUMOMN
JUISl Tall€HUs AYTU. R, CIy’)KUT JJIsl BBIDAaBHUBAHUS PacIpeAcsiCHUsT HaNpsHKEHUs
[0 DJIEMEHTAPHBIM Pa3pAJHbIM IPOMEXKYTKAM C LEIbI0 HCKIIOYEHUS JIOKHOTO
cpalaTbIBaHUs pa3psiIHUKA.

PB orpannuuBaeT nepeHanpsiKEHUs U TaCUT AYTY CONPOBOKIAIOIIETO TOKA
0€3 OTKJIIOUEHHSI CETH WJTU TIOJICTAHIINH.

Ilocne rameHust 1yru paspsgHUK BO3BPAILAECTCS B MCXOJHOE COCTOSIHUE U
roToB K MoBTOpHOM padote. Yucno cpadbarsiBanuii PB 20 wnu 50.

B npocreiimux PB (tunma PBC, PBII) Tok ramenus nayru cocrasisieT 80 A.
bonee coBpemennsie PB nMeror Tok ramenus ayru 250 A.

Marepunanamu HC saBnsitorcss BUIMT W TepBUT. BosbT-ammepHas Xxa-
PAKTEpUCTUKA UX OMUCHIBAECTCS BBIPAKEHUEM

U=KI",

rae a - KodhOUIHEHT BEeHTHUIBHOCTH; K - MOCTOSHHASL.

s Bunuta a = 0,11--0,2; nnsa repsuta a = 0,15+0,25.

PB npemarca nHa 4 rpynnel. Hawinydymumu 3allUTHBIMM  CBOMCTBaMU
obnanarT PB I rpynmel, HO 1 6oJiee qoporue.

IV rpynna — PBII (nmoacranuunoHHsble),

III rpynna — PBC (cTtanuuonHsie),

Il rpynna — PBM (maruurto-BenTmibHbie), PBMI' (Maruuto-BeHTUIIBHBIE,
I'PO30BBIE),

I rpynma — PBT (tokoorpannuusaromue) PBPJl (c pactsaruBaromeiics
TTyTOM).

CyliecTBeHHOE  YIIYYIIEHHE 3alllUTHBIX XapaKTEPUCTHK MOXKET ObITh
JOCTUTHYTO TMpH oTKaze oT ucrnosibzoBanust UII. st aToro TpedyroTcss MaTepHraibl
c pe3ko HenuHeiHoW BAX. DTuM TpeOoBaHUSM OTBEYaeT mMaTepHall Ha OCHOBE
OKCHJa UHHKA, M3 KOTOPOrO HW3TrOTABIMBAIOT HEJIUHEHWHBIE PE3UCTOPBI —
BAPUCTOPHI. 3alIUTHBIE YCTPOMCTBA HA MX OCHOBE HOCAT HA3BAHUE HEJIWHEHHbBIC
orpannuutenu nepeHanpsikenud (OIIH). Koadduument nenuneitnoctu OITH
coctaBisier @ = 0,02-+0,1. OITH coGuparoTcst U3 OTIEIbHBIX AUCKOB (BapUCTOPOB),
KOTOpbI€ MOMEIIAIOTCS B TepMETUUHBIN (PapopoBbIii KOpITyC.

OIIH noaknrooyaroTcs HEMOCPEACTBEHHO K CETH W 3a3€MISIIOTCSA 4epe3
peructpatop cpabareiBanuid. Manbiii  kodddunuent HenuneHoctn OITH
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ITIO3BOJIACT FJIY6OKO OTpaHNYUBATD TICPCHAIIPSIKCHUA W IIPHUMCHATH HMX B CCTAX
CBCPXBBICOKOT'O U YJIbTPABBICOKOT'O KJIACCOB HaHpH)KeHHﬁ.

4.5. BosiHOBbBIE NIPOLECCHI B JIUHHUSAX

[Ipu IIYM B nauHMI0O WiM BOJM3M HEe B 3€MIII0 BO3HUKAIOT DJIEK-
TPOMAarHUTHBIE BOJIHBI, pacCIpOCTpaHsoIIMecs Baoib mpoBoaa JIDIL. Armo-
chepHble epeHanpPsHKEHUS Ha JIMHUAX U TTOACTaHIIUAX OMPEACIISIOTCS IBUKCHUEM
U TpelioMJeHHeM OJTUX BoJH. [lodToMy aHanauM3 BOJHOBBIX MPOILECCOB MpHU
pacyeTax yCTPONCTB rpo303alllUThl UMEET MPUHITUITHAILHO BaXKHOE 3HAUCHUE.

Bonna pacnpoctpaHsieTcss BI0JIb JIMHUM B BO3JyXE CO CKOPOCTBhIO ¥ =
Cyu-e= C = 300 M/MKC — CKOpPOCTh CBeTa. (U — OTHOCHUTEJIbHAsI MarHUTHasI
MIPOHUIIAEMOCTD CPEJIbl; € — AUICKTPUIECKAsl TOCTOSTHHAS ).

Jns Bozoyxa po=1; = 1.

Jlns1 kaOenbHBIX TUHUK U = 1; € ~ 4.

CnenoBarenbHo, B kabemssx u 9 = 0,5 C

HarmnpsixeHne 1 TOK BOJIHBI CBSI3aHBI MEXIY COOOM

Ml 50

— BOJIHOBOC COIIPOTHUBJICHHUC.

BonHoBoe conpoTtuiienue enuHuyHoro nposojaa BJI Z = 400-450 Owm.

Ka6enpunie muann umerotr Z = 50100 Owm.

B o0mem ciydae BOJIHOBOW TIpOIleCC B JIMHHUSX oOmpenensercs 4-ms
OCHOBHBIMHU TlapaMeTpaMH: €MKOCThi0 C, WHIAYKTUBHOCTBHIO L, aKTUBHBIM CO-
MIPOTUBJICHUEM MPOBOJIA ¥ M AKTUBHOM MPOBOJUMOCTBIO JUAICKTPUKA g.

4.5.1. IIpesioMJieHHe U OTPaKEeHUE BOJH B Y3JI0BbIX TOYKAX

VY3710BOM TOYKOM JIMHUM HA3BIBAIOT TAaKyK) TOYKY, B KOTOPOW CKaYKOM
W3MEHAETCS COOTHOILIEHUE MEXAY DJIEKTPUYECKUM W MArHUTHBIM IIOJIEM, T. €.
W3MEHAETCS BOJIHOBOE COMPOTUBIICHUE JIMHUU Z .

Jlna pacdera NPETOMIIEHHBIX M OTPAXEHHBIX BOJH B Y3JIOBBIX TOYKAX
HCTIOJIB3YIOT JKBUBAJCHTHYIO CXEMY 3aMELICHUSA JIMHUUA C PacIpelelICHHbIMU
rnapaMeTpaMy Ha JIMHUIO C COCPENOTOYEHHBIMU MapaMeTpaMu IO IPaBUILY
[Terepcena (puc. 4.8).
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Puc. 4.8. DxBuBaliecHTHasd cXeMa 3aMEUICHUS JJIMHHOW JIMHUM MO TPABUITY
ITerepcena s pacuera NpeIOMIICHHBIX M OTPAXKEHHBIX BOJH B Y3JIOBOM TOYKE a:
U,qo — Tajarolias BoJHa HAPS)KEHUs; Z; — BOJHOBOE CONMPOTUBIICHUE JJIMHHOU
JIMHHUM, TI0 KOTOPOW MaJaeT BOJIHA HAMNPSIKEHUS; Z, — BOJHOBOE COMPOTHUBIICHUE
JUITMHHOM JIMHUM TIOCJI€ TOYKH HEOJHOPOJHOCTH;, a — Yy3J0Bas Touka (MECTO
HEOTHOPOHOCTH); U, — HaNpsyKeHHE B y3JI0BOM TOUKE

PaCCMOTpI/IM HCCKOJIBKO IIPHUMCPOB OTPAXKCHUA W IIPCIOMIICHUA BOJIH B
Y3JOBBIX TOYKaX IIpU OeCKOHEUHOM Ha):[alomef/i BOJIHC C IIPAMOYI'OJIbHBIM

¢bpoHTOM.
1. Konen nunum (Touka A) pa3oMKHYT, Z, = 00,
: 27+ : :
Ug= ﬁ nan = 2Unaz - (4.3)

[Tagarormiast BoJiHAa HAIMPSHKEHUSI OTPAXKACTCS TOJIHOCTHIO C TEM K€ 3HAKOM U
B TOYKE A, Ha KOHIIE JUHUH, HANPsDKEHHUE yBanuBaeTcs. JIJisi BOJIHBI TOKA.
i, =0, T.e. IPEJIOMJICHHBIN TOK paBeH HYJIIO.

v, U

: ey e =—:

oI L,—_1 L.,— ] i

(4.4)

[Tagarormias BoJIHA TOKA OTPa)KaeTcs OT PA30OMKHYTOTO KOHIIA MOJI-HOCTBIO C
00OpaTHBIM 3HAKOM U TOK B JIMHUU PaBEH HYJIIO.

2. JIunus B koHIie (Touka A) 3akopoueHa, Z, =0 .

[lagaromass BoJIHA HANpPsDKEHUS OTPaXKaeTCs TMOJHOCTHIO OT  KOPOT-
KO3aMKHYTOI'0 KOHIIA JUHUU C OOpaTHBIM 3HAKOM, HaIlpsOKEHHE B TOUYKE A PaBHO
HYJIIO, @ BOJTHA TOKA OTPakaeTcsl C TEM K€ 3HAKOM — YJIBauBaeTCS.

3. JIunus B xoH1e (TO4YKa A) corjiacoBana, T. €. Z, = Z, = Z.
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HerpyaHo BHIeTh, YTO B ATOM cllydae MaJarolide BOJHBI HANPS “KEHUS U
TOKa HE WCHOBITHIBAIOT OTPAKEHUW W TPEJIOMIICHHMM TNpH MaJCHUU Ha
corjacoBaHHoE Z.

st cucteMsl puc. 4.8

U =Uphan + U,

| npen | (4.5)
Inpen = Inag —lorp
:In:i:l = LIHIL'I ; _frr".u = L”'-_F' ; ‘!:n'.ul:' &= L — . {4(”
4 LA =2
Onpenenum U, pep 1 U,y uepe3 U ;. Pemias coBmectro (4.5), (4.6), umeem
: _2Z, :
LII.'IT.II:._. :L ['Iﬂ.,:l Zl ﬁLI[Iﬂ_‘I.“' {4I?J
,_ . Tpm T
me='|r-r-n,1;, Z|+£ﬂ_ﬁ naqg * (4.8)
rae
o = ——— — ko3uume HT npeoMiIeHus. (4.9)
L4,
p= ﬂ - KO3 HLUMEHT OTpamKeHH s, (4.10)
L+ 2,
Orcrona ypasHenue B (4.5) 3anuwercs
38 A (4.11)
rae o - p=

Ornpene1um rpaHulibl M3MEHEHHUS O U 3.

1. Ilpennonoxum, uro Z, = Otorna u3z Bbipaxenus (4.9) a = 0. Ilpu
Z, = oo a = 2. CnegoBaTeiabHO, @ U3MeHsieTcs B quana3one 0 < a < 2.

2. Ilpeanonoxum, yto Z, = 0 , Torna u3 Beipaxenus (4.10) f = —1 . [lpu
Z, = oo 3 = 1. CnenoBarenbHo, fu3MeHsieTcs B quanazone —1 < f < +1.

4.5.2. IlepeHanpsizkeHUs] IPY HECHMMETPUYHOM OTKJIIOYeHHH (a3

[Ipy HECUMMETPUYHOM OTKJIIOUEHUHU (a3 JUHHUM DJIEKTPOIEpe/layu, KOraa
OTKJIIOYAIOTCS OfHAa Wi JBe (¢as3bl JIMHUK, BO3MOXKHO BO3HUKHOBEHHE
pPE30HAHCHBIX TepeHanpsokeHuit (deppopeszonanc). Takue ciiydan MOTYT UMETh
MECTO MpHU: OOpBIBE OJTHOTO MPOBOJIA HA JIMHUM;, NEPErOPAHUM TUIABKUX BCTABOK;
ongHo(azHOM MM ABYX(pa3HOM K.3.; HEOJAHOBPEMEHHOM OTKJIKOYEHHUU (a3
BBIKJTIIOYATENSl, YTO MOXET HMETb MeCTO IMpu Mo¢pa3HOM YIpaBICHUHU
BBIKJIFOYATENSIMU U T. 1.
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B cetsx ¢ n30AMpOBaHHON HEUTPANIbIO TPU HECUMMETPUUHBIX KOMMYTAIIMSIX
MOTYT 00pa30BaThCsl PE30HAHCHBIE KOHTYpPbBI, €CIM K JMHUM TOJKIIOYEHbI
TpaHchOpMATOPBI HA XOJOCTOM XOAY WIIM Majlo Harpy>keHHble. B Takux KoHTypax
1 BO3HUKAIOT (heppopeszoHancHble (PP) nepenanpsipxkeHus.

O61mas cxema, B KOTOPOH BO3MOKHO BO3HUKHOBeHUE PP nepeHanpskeHui
npeAcTaBieHa Ha puc. 4.9.

Hetounnx Harpyzka

Py
- —e
)

I
0o,

Hrt
o

=

Puc. 4.9. Cxema i HCCIENOBaHUS NEPEHANPSKEHUA NPU HECHUMMET-

puuHoM oTkIoueHuu (as: A;, B;, C;— da3sl uctounuka; A,, B, C, — ha3sbl
Harpy3ku — TpaHchopMaropa C H30JUpOBaHHOW HeWTpanpto; C';; —
Mexaydasupie eMKocTH cucteMbl 10 kimoua Py C', — eMkoctd (a3 Ha 3eMITto

cucteMsl 110 kimoua Py, C;; — MexaydasHbie eMmKkocT Harpys3ku; Cy — eMKOCTH
¢a3 narpysku; P, Py, PH — kitouu

Kirogom P, ycrmoBHO moka3aHO MecTo pa3pbiBa da3el A. Ha cxeme Takxke
nmokaszaHbl eMKkocTu a3z mexay coboit (C';; ) u Ha 3emuto (C',) 1o paspeiBa (10
kmoda P4) u coorBercTByromue emxoctu C;; u Cy mocne paspeiBa. Helitpanb
CHUCTEMBI - UCTOYHUKA MOKET OBITh 3a3eMJieHa WM H30JupoBaHa (Kimod P,). A
HelTpans TpaHcpopMmaTopa Harpy3Kd JOJDKHA OBITh HM30JMpOBaHA. ITO
XapaKTepHO I BceX JUHUHA BIUIOThH A0 110 kB BrmtountensHo. (Ilpu 3a3emiieHun
HEUTpaJIM HArpy3Ku Heppope30HaHC HE BOSHUKAELT).

[lpumem, uto B ¢aze A oOopBajics TPOBOA M ymal Ha 3eMIIO, T. €.
pa3oMKHeM Kitou Py u 3a3emiuM a3y A co cTopoHbl cucteMbl kimtouom P. Torna
cxema 3amelneHust Oyaer kak Ha puc. 4.10, rae TpeyronbHuk emkocted C;
3aMEHEH Ha COOTBETCTBYIOIIYIO €My JKBUBAJCHTHYIO 3BE3y, a TPEYrOJbHUKOM
emkocterr C';, MOKHO TIpeHeOpeub, T. K. OHM HE BIHSIIOT Ha paccMaTpUBaeMEbIe
TIPOIIECCHI.
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Puc. 4.70. Cxema 3aMelieHus: ¢ HECUMMETPUYHON KOMMYyTaluei (0JuH MpOBOI
3a3eMJIeH)

Tok I; B ase 4 mocie o6pbIBa MPoBOAa OyIET yXOAUTH HA 3EMIIO Uepes
MECTO 3a3eMJICHMs, a 3aTeM uepe3 eMkocTb () OyneT BO3BpalllaThCsl CHOBa Ha
IPOBOJ K Harpys3ke. 3/1€cb OH pa3BETBISETCS: YaCTh TOKA TEYET YEPE3 €MKOCTh
C),, a npyras 4yacTh 4yepe3 OOMOTKU (MHIYKTUBHOCTH) L7 TpaHchopmaropa. Bech
TOK 3aMmblkaeTcst uepe3 (aspl B; u C; ucroynuka. [loTeHIManbl HyJIEBbIX TOYEK
TpaHchopMaTopa Harpy3Kku U 3Be3/1bl Mexayha3Heix emkocTeil C;; OJIMHAKOBBI.

[Toatomy cxemy puc. 4.10 mMoxxHO npeoOpa3zoBaTh B OJHO(a3Hyr0 (puc.

4.11).
—
Cy
C-_g === -‘['T
'[:'rJHB:JIrer'rQ'J Pomam
‘-?C:.E:: .E;_TL
&

Puc. 4.77. Onnodaznas cxema 3aMenieHus Jjisi cxemsl o puc. 4.70 B

B cOOTBETCTBUH C dTOM CXEMOU:
LIH}{E = I,EL'L +L:Cn
W

Uss =130 =15U; =Uc, @12)

[lepenanpsokeHus: BO3HHMKAIOT —Oslarogapsi TMPOXOXKISHUIO TOKa dYepes
MOCTIEIOBATENILHO COE€AMHEHHbIE eMKocTh Co W MHAYKTUBHOCTH 1,5 Ly —
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KoJieOaTeIbHbIN KOHTYP. 3/16Ch BOBHUKAET HEOOXOAUMOCTh OMPEACITUTh BEJTMUUHBI
HaNpsDKeHUM Ha €MKOCTH W WHAYKTUBHOCTH. YpaBHeHue (4.12) mMoxkeT ObITh
pemieHo rpaduuecku. I'paduyeckoe pelieHre npeacTaBieHo Ha puc. 4.12.

U LFE =l/wl
A
] )
B Ll - g
T B 51 -"'--'- '-': i
+Usn | T i L e e Tt B T
8] 3 .
- -‘,-.’.-" _||r r '
f a
‘LBKH ________________________ il

Puc. 4.12. I'padpuueckoe pernieHre ypaBHEHUs IJI KOJIeOATEIHLHOTO KOHTYypa
C HEJIMHEHHON MHAYKTUBHOCTBIO: | — M3MEHEHUE HANPSOKCHUS Ha HEJTMHEHHOU
MHIYKTUBHOCTH (0OMOTKe TpaHchopmaropa); 2 — H3MEHEHUE HANpsHKEHUs Ha
€MKOCTH; 3 — CyMMapHO€ U3MEHEHHE HAIPSKEHUsSI B KOHTYpE

N3 puc. 4.12 BuaHO, uTOo mna cxembl puc. 4.11 Bo3MOXkHBI 3 pexuma,
COOTBETCTBYIOIIME TOYKaM a, 0, B. JIBa U3 3TUX PEKUMOB (TOUKHU a U O) SBISIOTCS
WHIYKTUBHBIMH, a OJWH (TOYKAa a) — EMKOCTHBIA. YCTOWYUBBIMH SIBIISIFOTCS
TOJIBKO JIBa PE€KUMa — TOUYKH a U 0. PexxuM B TOUke B HEYCTOMUYUB U 0053aTEIBHO
NepexoJuT WIM B TOUYKYy O, WiIM B TOuyky a. Ecnu B cxeme mnpeobGnanaer
WHIYKTUBHBIN PEXUM, TO CHUCTEMa BEPHETCS B TOUKY O M TNEpPEHANPSIKCHUN He
BO3HUKHET. Eciu mpeo6iaaer eMKOCTHBIM PEeKUM. TO BO3HUKAET TAPMOHUYECKUN
pe3oHanc  (deppope3oHaHC),  KOTOpPBIA  NPUBOAUT K  3HAYUTEIbHBIM
nepeHanpsbkeHusM (kak BuaHO u3 puc. 4.12), B 3 pasza u 6onee. Kpome 3Toro Ha
TpaHchopMaTope Harpy3ku U3MEHsETCs MOPSAoK uyeperoBaHus (a3 Ha oOpaTHBIN
— 3TO «ONpOKUAbIBaHHE» udepenoBaHus ¢as. Ilpu stom, eciu TpanchopmaTop
UMeJl MOTOPHYIO Harpys3ky, TO Mocje oOpbiBa MpoBOjAa (WU HEOJIHOBPEMEHHOM
KOMMYTAIlMU BBIKJIIOYATENICH ) HAaNlpaBieHUe BPAIllEHUs JBUraTele U3MEHUTCS Ha
oOpatHoe.

Haubonee panukaibHBIM CpPEeJICTBOM, YCTPAHSIOUIUM TOJOOHBIC SIBICHUSA,
MOXXET OBITh 3a3eMJIeHHEe HeulTpanu TpaHchopmaTopa Harpy3ku. OJHAKO, 3TO
TpeOOBaHWE HE BcCeraa BBIMOIHUMO fAaxe i cucteM 110 kB. Ilostomy
HEOOXOUMO CTPEMUTHCS K YMEHBIICHUIO BEPOSITHOCTH HECUMMETPUYHBIX
OTKJIFOUEHMH (0TKa3 OT IJIaBKUX MPEIOXpaHUTENEeH U BbIKIIoUaTeael ¢ nodazHeiM
yIpaBiieHUuEe, HE CIEAYyeT IJIUTENbHO OCTaBISATh BKJIIOYEHHBIMU XOJOCTBIE WIIU
c1abo Harpy>KeHHbIE TPaHCPOPMATOPHI).
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4.6. BostHoBBIE Iponecchbl B 00MOTKaX TpaHCc(popMaTopoB

Bonubl rpo3oBoro (M KOMMYTAIIMOHHOTO) XapakTepa, HaOeraromue 1o
JUHUM DJIEKTpOoNepeay Ha TMOJACTAHIMIO, MPUBOAST K BO3HUKHOBEHUIO
UMITYJIbCHBIX HAMNpSKEHWM, BO3JEHUCTBYIOIIUX Ha OOMOTKY TpaHchopmaTopa
(nBurarens, reHeparopa u ap.). Xapakrep npo0oeB U301 0OMOTOK YKa3bIBaeT
Ha BaYKHYIO POJIb BOJIHOBBIX MPOIIECCOB.

B tpancdopmaTope moj AedCTBUEM HMMIYJIbCa HAIpPSKEHUS BO3HUKAET
CJIOXHBIN 3JIEKTPOMArHUTHBIN MPOLIECC, MPUBOASIINMN K IEPEHATPSHKEHUSIM MEXKTY
KaTylmikaMyd (BUTKaMHU) — TPOJOJIbHAS H30JSUUsA, M MEXAy OOMOTKaMU U
3a3eMJICHHBIMH YaCTSIMU — TJIaBHAs! U30JISIHS.

CymmapHasi JjidHa TPOBOJOB B OOMOTKaxX TPaHC(POPMATOPOB BBICOKOIO
HaMpsDKeHUs] JJOCTUTaeT HECKOJbKUX KWJIOMETpOB (IuHHas JuHus). llpu
BO3JICUCTBUM HMMIYJIbCHOTO HAMpsSKEHUs B OOMOTKE BO3HUKAIOT BOJIHOBbBIE
MPOLIECChl, HMEIONIME HEKOTOPYI0 aHAJIOTMI0 C [polleccaMd B JIMHUAX
anekTponepenaund. OJHaKO cxeMa 3aMelIeHUs] 0OMOTKH TpaHcpopMaropa, Aaxke
0e3 ydyeTra aKTUBHOI'O CONMPOTHUBJICHUS W MPOBOAMUMOCTH, 3HAUUTEIHHO CIIOXKHEEe
CXEMBI 3aMelleHus TuHuM (puc. 4.13).

W3-3a Toro, 4yto mpoBOJ, OOMOTKM HAaBHBAETCS BOKPYI MarHUTO-NPOBOJA,
MOSIBJSIOTCS JBa JOMOJHUTENbHBIX IapaMeTpa CXEeMbl 3aMELIEHUsl: €MKOCTh
MEXIY COCEIHHMM BUTKAMM WU KaTylikamu K (mpomonbHass €MKOCTh) U
B3aMMHAasi UHAYKTUBHOCTb M(X) KaXXJIOro BUTKa CO BCEMHU OCTaJbHbIMU BUTKaMU
ooMotku. Bemuwuunbl L, C, K - cpeaHue 3HaY€HUs MHAYKTUBHOCTH, €MKOCTH
OTHOCHUTEIBHO 3a3€MJICHHBIX 3JIEMEHTOB M COCEJHUX OOMOTOK W MPOAOJIBHOU
€MKOCTH Ha €IMHMILY JUTMHBI OOMOTKH.

B cBs3u ¢ 3TUM OrpaHMYMMCs Ka4eCTBEHHBIM PACCMOTPEHHMEM IPOILIECCOB B
TpaHchopMaTopax. DNEKTPOMArHUTHBIN NEPEXOAHBINA MpOIECC B TpaHCchopmaTope
3aBUCHT OT psiia PaKTOpPOB:

— CXEMbI COEJIMHEHUSI 0OMOTOK;

— pexumMa HelTpanu (3a3eMIIeHa WU U30JIMPOBaHA);

— KOHCTPYKLUU OOMOTOK;

— majieHusl BOJHBI IO OJTHOH, ABYM, TpeM dazam JIDII.

BHauane paccMOTpUM OCHOBHBIE 3aKOHOMEPHOCTH MEPEXOJHOr0 IMpoliecca
s onHo(azHoro TpaHcopmartopa ¢ kaTtymeuHod oomoTkod. Ha oomoTky BH
BO3JICHCTBYET MPSIMOYTroJibHasg OECKOHEYHO [JMHHAs BOJHA HamnpsbkeHus. Bech
MPOLIECC BO3/ICUCTBUS BOJIHBI MOKHO IIPEJICTABUTH COCTOSIIIIUM U3 TPEX CTaJMil:

a)  HayaJbHBIN Mpolecc (IeHCTBYET GPOHT BOJIHBI) ¢ = 0,

0)  ycTaHOBUBHIMICS peXuM (IEpexOoAHble  MPOIECChl  3aKOHYHU-
auck) t = 00,

B)  IepexoJHbIi nponecc (cBoOoaHbIe Koiedbanus) 0< ¢ <°o.
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Puc. 4.13. KoHcTpykTHBHAas cxeMa oAHO(]a3HOM KaTyleuyHoil 0OMOTKH () U
JIEKTpUYECKasi cxema 3aMelleHus (0) BBICOKOBOIBTHOIO TpaHc(hopMaTopa: ZH —
COIIPOTUBJIEHHE HEUTpAU TpaHChopMaTopa

4.6.1. HauanbHoe pacnpeaejieHre HANIPS’KEHUS BI0Jb 00MOTKH TPAHC-
¢dopmartopos

B HauaneHbili MoMeHT (¢ = (), korga BO3JEUCTBYET (POHT BOJIHBI
HanpspbkeHus (KpyTuszHa (GpoHTa OoJibIasi, YTO SKBUBAJIECHTHO BBHICOKOW YaCTOTE),
WHIYKTUBHOCTh OOMOTKM He TmonmyckaeT Tok. CregoBaTenbHO, TOK OyJner
MPOTEKATh TOJBKO 1Mo eMKoCcTsIM C u K U cxema 3aMmelieHus: npumMet Buj (puc.4.14,
a).

Jl1st 5TOM HaYanbHOUM CTaauU pacrpeieSieHHe HaIpsHKEHUs BIOJIb OOMOTKHU
TpaHc(opMaropa 3anuiieTcs: B BUJIC
F 3 x "-II
nag€ f ”'Ia

=l

L. HAY

= ]

rae [ - naruHa OOMOTKH.
W3 popmyiibl BugHA O0JbIIas pOsib MapaMeTpa

rae Cyobm — eMKOCTh OOMOTKUA MEX]ly Ha4aJoM U KOHIIOM; Lz, — UHIYK-
TUBHOCTh OOMOTKHU M@Ky Ha4aJIOM U KOHIIOM.
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a) 0)

Puc. 4.14. HauansHoe pacripeiesieHrne HalpsKEHUs o 00MOTKe TpaHcpopMaropa:
a) — DJIEKTpUYECKas CXeMa 3aMeleHus IJIs1 HadaasHoTro npoiecca (t=0); 0) —
pacnpeneneHue HanpspKeHus BAOJIb 0OMOTKH 111 t=0

Jlnst coBpeMeHHbIX TpaHcopmaTopoB 5<al < 10. Ha 3HauuTenpHON yacTu
OOMOTKU pacrpefeieHlue HamnpsbkeHus OylneT OJMHAKOBO KakK g pexuma
3a3eMJICHHOW HeilTpanu Zu = (), TaK U C U30JIUPOBAHHON HEUTpasbio ZH=00(puc.
4.14, 0).

B pexume c 3a3eMiIeHHOW HEWUTpasiblo KOHEl OOMOTKM OyneT HMETh
noTeHuua, paBubiii 0. B pexxume ¢ M301UpPOBaHHON HEUTPaIbl0 KOHEL OOMOTKHU
Oyner uMerb eMKOCTh Cy OTHOCUTENBHO 3€MJM (CM. CXEMy 3aMelleHus), Ha
KoTOopoi Oyner mnanenue HampspkeHuss AU. B HadanpHOM pekrMe OCHOBHOE
NajicHuEe HaNpsDKEHUsT TPUKIAIbIBAETCd K Hadally OOMOTKM H3-3a KpaiiHe
HEPaBHOMEPHOT'O paclipe/ielieHus HanpsbKeHUs. B CBSA3M ¢ 3TUM HM30J1s1Ks TEPBBIX
BUTKOB MJIM KaTyIIEK JENaeTCs YCUICHHOM.

4.6.2. YcTaHOBUBIIMHCS PeKUM (WJIH NPUHYKICHHBIN PesKUM)

JUIss UMITyIbCHOW TPSIMOYTOJIbHOM BOJIHBI HAIPSKEHUS DJTOT PEKUM
COOTBETCTBYET JUIMTEILHOMY BPEMEHHM NPUIIOKECHHS HampspKeHust ¢ — oo, Yepes
OOMOTKY ITPOTEKAET "CKBO3HOU" NPUHYKACHHBIN TOK /;p. EMKOCTHBIE TOKM PaBHBI
HYJI0, T.K. EMKOCTU YK€ 3apsiamiuch. CxeMa 3aMelleHus MpecTaBieHa TOJIbKO
WHIYKTUBHBIMU djieMeHTaMH (puc. 4.15).

[lockonbKky 0OMOTKa OJHOPOAHA, TO pACIpEACIICHUE HaIpsSKEHUs IO
KaTylikaM (BUTKaMm) OyJeT paBHOMEpPHBIM, HO 3aBHCHUT OT pexuma HelTpanu. B
Cllydae 3a3¢MJICHHOW HEHTpalld IpHHYXACHHOe HanpsbkeHue Uy, paBHOMEPHO
cnagaet a0 Hyss (puc. 4.15, a) 1 MOXKeT OBITh 3alMCAaHO YPAaBHECHUEM
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Puc. 4.15. Cxema 3amemieHusi OOMOTKH TpaHcopmaropa B YCTaHO-
BUBIIIEMCS PEeKIME

J{1s M30IMpOBaHHOM HEUTpanu TOK 4epe3 OOMOTKY HE TedeT I, = 0.
CnenosatensHo, Uy, B Ha4aje U B KOHIIE 0OMOTKH OJJMHAKOBO (puc. 4.16, 6). Uy, =
Upare OTcroma crieyeT, 4TO B Cilydae C HM30JMPOBAHHON HEHTpanIbio KOHEIl
OOMOTKH JTOJDKEH UMETh TAKYIO e H30JSIUI0, KaK U Havalo.

L; L.'\r:.' xzfif

U

L LT =R ]

B

5

Puc. 4.16. Pacnipenenenue HanpspKeHUs BAOJIbL OOMOTKU TpaHchopmaTopa B
Pa3HbIX CTAJUSAX: a) CONPOTUBIICHUE HEUTPAIN PAaBHO HYJO; 0) COMPOTUBIIECHUE
HEUTpaii paBHO OECKOHEUHOCTH

4.6.3. IlepexoaHnlii mpouecc

N3 puc. 4.16 cnenyer o4eBHAHOE HECOOTBETCTBUE MEXK]Y HaydalbHBIM U
YCTAaHOBMBIIMMCSl pEeXUMaMu B OOMOTKE TpaHcpopMaropa. ITO NPUBOJIUT K
BO3HUKHOBEHHIO MEPEXOJHOI0 MPOIECCA, I7I€ OChIO KOJCOaHU SBIISIIOTCS MPSMbIE
yCTaHOBHBILIETOCs pexkuma. CxeMa 3aMellieHus npejictaBiena Ha puc. 4.13, 6, roe
Kaxnaas sueiika L, C, K mpenacraBiseT koyieOaTelbHbI KOHTYpP ¢ COOCTBEHHOM
4acToTOM KojebaHUH OT w | A0 We. Ilpy 3TOM B 0OMOTKE MOTYT OBITh
JOCTUTHYTHI MaKCUMaJIbHbIE TOTEHIHAIBI 00JbIIe Ujp,y,

7
L:lT!.ilJ'L =L:np[r] s ZL"R[.\"J .

k=1

rne Uk(y) - cBoOOIHas cocTaBisrollas KojeOaHuM, ompeaenseMas Kak
CyMMa OpJWHAT (aMILIUTY]T) BCEX TAPMOHHK B JAHHON TOYKE OOMOTKH.
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MakcuMainbHble MOTEHIMAIBl BJOJIbL OOMOTKHM OIKCBIBAIOTCS Orubdaromiei
MaKCHUMAJIbHBIX TTOTEHIIUANOB. Bennunna U, 3aBUCUT OT pexxuma Heutpanu. [Ipu
3azemiieHHOU HeuTpanu U, < (1,2-1,3)Up.q ¥ IpUXOAUTCS HA HayaJbHbIE BUTKU
obmotku (puc. 4.16, a). Ilpu U30IMPOBAHHON HEUTpaIM B MEPEXOTHOM PEKHUME
Unax < 2U,40 ¥ IPUXOUTCS HA KOHEI] 0OMOTKH (puc. 4.16, 0).

[lepenanpspkeHUs: B IEPEXOTHOM PEKUME OMACHBI VISl TIIAaBHOW HM3O0JISIITUU.
[ToaTomy rnaBHas uzomsus TpaHchopmaTopa JA0JKHA ObITh YCHIICHA!

— JUIsI 3a3€MJICHHOM HEHUTpasiu B Ha4aJIbHOW yacTu oOMoTkH (1/3 ot Hayama
0OMOTKH);

— JUISI U30JIMPOBAHHON HEUTpaIM yCWICHHUE HEOOXOIMMO MPOU3BOJIUTH IO
BCEH JJIMHE, HO 0COOCHHO B KOHIIE OOMOTKH.

4.6.4. PacnipeaesieHue HaNpsi2KeHUs1 BA0Jb 00MOTOK 3-X ()a3HOI0 TPaHC-
¢dopmaropa

NMmnynbcHBIE TIepeHANpsDKEHHUS BO3JEHCTBYIOT Ha TpaHchopmaTop, Kak
MPaBUIIO, CO CTOPOHBI BBICOKOTO HarpsikeHus, [Ipu 3ToM BoJIHA MepeHanpsHKEHUs
MOXET MpUxoaAuTh Kak ¢ BJI, Tak um mo kabGenbHOM BcTaBke. Pacnpenenenue
HaInpspDKeHHs 1o 00MoTKe 3-X ¢a3Horo TpaHcopmMaropa 3aBUCHUT OT:

— CXEMBbI COeIMHEHHSI 0OMOTOK;

— peXuMa HEeUTpalu.
O6MoTKM TpaHc(opMaTopa ¢ BBICOKOM CTOPOHBI JUJISI UMITYJIbCHOTO BO3ACHCTBHS
Harpy>keHbpl Ha Bo3aymHyro JIOII wnm Ha kaGenb. BoiiHOBOE compoTHBICHUE
BO3JIYIIHON JIMHUM B 3aBUCUMOCTH OT KOHCTPYKIIMU U KJacca HaNpsHKEHUs
coctaBisier Zn = 250 - 500 Om. BonHoBoe conporuBienue kademns Zx = 50 - 100 -
150 OMm. BoHoBoe compoTuBiieHHe 00MOTOK TpaHcdopmaTtopa Zrp = 10 000 Owm,
T. €. TpaHchopMaTop HArpykeH Ha MaJloe COIPOTHBJIEHUE IO CPABHEHUIO C
coOCTBEHHBIM. JIJ1s1 yNpoOIeHNs MOXKHO MPEICTaBUTh, YTO OOMOTKH, IO KOTOPHIM
HE TPUXOIST BOJIHBI TEPEHAINPSDIKCHUS, 3aKOpOYeHBl. PaccMOTpuM pasiinuHbIe
CXEMBbI COCJIMHECHUS, IPUBE/ICHHBIC Ha puc. 4.17.

a) 0) B) r)

Puc. 4.17. DxBUBaJeHTHBIE CXEMBI 3aMEIICHUS ISl aHAJIM3a TIepEHaIPSKEHUN B
oOMoTKax TpaHchopMaTopoB: a — "3Be37a" ¢ 3a3eMJICHHON HENUTpasbio; 0 —
"3Be31a" C M30JIMPOBAHHOW HEUTPAJbIO; B, I — CXEMa 3aMelIeHUs 11 "3Be3/bl" C
M30JIMPOBAaHHOU HENTPAJIbIO

104



4.6.4.1. 3Be3na ¢ 3a3eMJICHHON HEHTPAJIbIO
Bonna nepenanpsbkeHuss npuxoAuT mTo onHoMl ¢daze A (puc. 4.17, a).
Pacripenenenue HampsikeHUs BAOJb OOMOTKM TaKoe e, Kak B ciy4yae OJ-
HOOOMOTOYHOTO TpaHchopMmaTopa ¢ 3a3eMJICHHOW HeuTpanbio (puc. 4.16, a). To
KE caMoe IMOoJIy4aeTcsl MPU BO3EUCTBUM NEPEHANPSIKEHUS 110 IBYM U TpeM (a3am
OJTHOBPEMEHHO.

4.6.4.2. 3Be3/1a ¢ U30JIUPOBAHHON HEHTPAJIBLIO

OO6mmii Meron pacuera MEPexXOJHOro IMpolecca OCTACTCS MPEKHUM:
OTIPEJIENISIIOTCS. KPUBBIE TMEPBOHAYAIBHOIO M YCTAaHOBHUBULIETOCS pacrpeieieHus
MOTEHIIMAJIOB MO OOMOTKAM MW MO Pa3HOCTH JTUX KPUBBIX BBIYUCIISIOTCS
COCTaBIIAIOIINE CBOOOAHOrO pexuma. Bo3MoKHO /1Ba ciydasi: majieHue BOJIHBI Ha
onny a3y (puc. 4.17, 6) u majgeHue BOJIHBI Ha JBE (a3bl OJHOBpEeMEHHO. B
NEepBOM Ciyuyae BOJIHA NajaaeT Ha ¢aszy A, nBe apyrue ¢asbl 3a3eMJIeHbl, UMEEM
MOAM(UKALMIO CXEMbI, MNpuBEIeHHYIO Ha puc. 4.17, B, r. Pacmpexnenenue
HaMpsHKEHUs MaJaroleil BOJHBI IO BEICOKOBOJIBTHBIM 00OMOTKaM TpaHchopmaTopa
MIOJIyYUM Kak IOKa3aHo Ha puc. 4.18.

VYcranoBuBlieecs pacnpenenenue Unp uMeeT nepesioM B TOUKE COeTMHEHMUS
0OMOTOK (HEHTpaJib) MOCKOJIbKY UHIYKTUBHOE COIPOTUBIICHUE IBYX MapalieIbHO
coeMHeHHbIX 00MOTOK B u C BaBoe MeHbIIE CONMPOTUBICHUS OOMOTKH A.

[ToTennuan HeTpanu B nepexoaHoM pekuMe Uy He TPEeBOCXOAUT 2/3 Uy,
L7

Lm’L_l

0 Heiitpans ]

Puc. 4.18. Pactipeenenue HanpsKEHUs 0 BBICOKOBOJIBTHBIM 0OMOTKaM 3-X
¢dasznoro Tpanchopmaropa npu najgeHuu BoIHbI 1o gaze A: U, — HavallbHOE
pacnpezeacHUe NaJaoulero HapsyKEHNs BIOJIb 00MOTOK; Uy, — NPHHYKACHHOE
pactipeneneHue HanpsoKeHUS; Uyaee— OTH0aroiasi IepexoaHOro HaMpsHKeHUS

B cnydae magenust BoaHbI 1o AByM ¢azam (puc. 4.19, a) cxema 3amernieHus
MpUMeT BUJ, NMPUBEACHHBIN Ha puc. 4.19, 6. Pacnpenenenue HanpsHKEHUs! BIOJb
oOMOTKH TpaHchopMmaTopa npeacTarieHo Ha puc. 4.20
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Puc. 4.19. DxBuBajgeHTHBIE CXEMBI 3aMEIICHUS JIJIs1 aHAJIM3a TIepEHaIPSKEHUN B
oOMoTKax TpaHchOpMaTOPOB MPHU MaJACHUHU BOJH MO IBYM ¢azam: a — "3Be3na" ¢
M30JIMPOBAHHON HEUTpaJIbl0; O — SKBUBAJICHTHAsI CXeMa 3aMelIeHUS

[ToTennuan HeWTpamu MOxeT nOpeBblmaTh Up,; B TEPEXOTHOM pPEKUME.
Bo3HukaeT omacHOCTh MEpeHANPSIKEHUs I TJIaBHOM H3OJAIMH B 00JacTH
HEUTpaJu.

[Ipu mapenuu BojgH mo Tpem (a3zam Ha Tpu OOMOTKH TpaHcopmaTopa
PEXKUMBI paclpelesieHus] HamnpspKeHUsT M0 OOMOTKaM Takue Ke, Kak s
0JIHOOOMOTOYHOTO TpaHc(hopMaTopa ¢ U30JUPOBAHHON HEUTpasbio (CM. puc. 4.16,
0).

U MAKC

L.I‘.I’
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Puc. 4.20. Pactipeenenue HanpsiKEHUs 0 BBICOKOBOJIBTHBIM 0OMOTKaM 3-X
daznoro Tpanchopmaropa npu MajeHUU BOJIHBI Mo 1BYM (hazam A u B: U,—
HayaJIbHOE pacIpe/ielICHHAE NaJarolero HanpsbKeHus BIonb 00MoToK; U, — npu-
HYKJIEHHOE pactipejiesnienre HanpspkeHust; U, . — orudarolasi nepexoHoro
HaIpsHKEHUS

4.6.4.3. CoenuHenne 00MOTOK TPEYroJbHUKOM
Cxema 3amerneHust Ay TpaHcdopmartopa ¢ 0OMOTKaMH, COCJUHEHHBIMU B
TPEYTONbHUK, MpuBeAcHa Ha puc. 4.21, a. I[Ipu majgeHun BOJHBI Ha OOMOTKY TIO
daze A, MOxKHO cuuTaTh, 4TO npu 3ToM (aszsl C u B 3a3emiiensl. B aTom ciiyyae
npouecc B ooMmoTke AC Takol ke, kKak B 00MoTke AB, T. e. Kak A 0JHO(pa3HOTO
TpaHchopmMaropa ¢ 3a3eMIIeHHOI HelTpaibto (puc. 4.16, a).
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Puc. 4.21. Pacnipenenenue noTeHInanoB B 0OMOTKe TpaHchopmarTopa,
COEIMHEHHOT'O B TPEYTOJIbHUK IIPU CUMMETPUYHOM MaJIeHUH BOJH: a) — NajJeHUe
BOJIH 110 TpeM (pa3zaM 0OMOTKH, COEJUHEHHBIX B TPEYTOJIbHUK; 0) —
pacnpeeneHue HanpsbDKeHus B oIHOM U3 (a3

[Tagenue BosH 1o nByM (azam A U B mpUBOAUT K TOMY, YTO B 0OMOTKax AC
u BC pacnpeneneHue MajeHUs HAMpsDKEHUS BO BCEX PEXUMax OJIMHAKOBO M
COOTBETCTBYET pexuMy oJHo¢pa3zHoro TpaHchopMmaropa C  3a3eMJICHHON
HelTpanelo (puc. 4.16, a). Pacnpenenenue HampspkeHUss B OOMOTKe 4B MOXHO
OTpEeNIeNIUTh METOJIOM HallokeHus (puc. 4.21, 6).

Buauane ompenenuMm HampspbkeHHe B OOMOTKe AB mnpu NajeHUH BOJHBI
Tosibko 1o (aze A. Touka B MoxkeT cuuTaThes 3azeMiieHHOU. ClienoBaTeNnbHO,
mpolecc  pachpeleseHus  HampsbkeHus  Oyler Kak i 0AHO(a3HOTO
TpaHchopMaTopa ¢ 3a3eMJICHHOM HEUTpasblo. 3aTeM, ONPENeIUM HANPSKEHHUE B
oOMoTke BA mnpu mnageHuu BodHbl 1o ¢daze B. Touky A, MOXKHO CUYUTaTh
3a3eMJICHHOW. Pacnipeienienne Takoe e, Kak U B Ipeablayiiem ciaydae. Cymmupys
HavanpHele U, W ycTaHOBUBIIEeCsS “TpHHYkAcHHbIE) U,, pacnpenencHus
HampsDKeHUs,  OMpEJAeNiieM  KPHUBbIE,  COOTBETCTBEHHO, HAYallbHOIO U
YCTAaHOBMBILIETOCS paclpe/ie]IeHuil B 00MOTKe 4B npu MaJeHuH JABYX BOJH Ha Hee.
ITo mainennbiM 3Havenusm U, u U,, omnpenenseM KpPUBYHO MaKCHMMalbHBIX
nepeHanpsokeHud U, .. Y3 puc. 4.21, 6 BUIHO, 4YTO MaKCUMaJIbHbIE HAIPSKEHUS,
nocruratomue 2 U,,y, BO3HUKAIOT B cepenuHe oomMoTku. CieaoBarenbHO, 37€Ch
co3aaeTcsi HauboJIbIIasi OMACHOCTH JJIs TIABHOUW M30JISALINH.

[Ipu magenun BoiaH 1o TpeM (a3zam mporecchl B Kaxjaou ¢daze OyayT
aHAJIOTUYHBI BBIIIE PACCMOTPEHHBIM 1Jisl hasbl 4B.

Hnst  ocnabnenuss >(QQPEKToB TEpeHANpsHKeHUS U 3alldThl  0OMOTOK
TpaHcHOPMATOPOB OT MPOOOST HUCTONB3YIOTCS Pa3IMYHbIe CIOCOObI BBEJCHUS B
KOHCTPYKIIMIO OOMOTOK CHEHHUAIbHBIX YCTPOWCTB, KOTOPBIE CYIIECTBEHHO
CHIKAIOT NEPEHANPSKEHUs, BO3/IEUCTBYIOIIME KaK Ha TJIABHYIO M30JSLUIO, TaK U
Ha TPOAOJBHYIO, HaNpUMEp, DSKPAHUPYIOLIWE KOJbla, TMETIEBbIE OOMOTKH,
CJI0€BbIE OOMOTKH, SKPaHHbI.
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4.6.5. Ilepexaua BOJIH NepeHANPSAKEHUs U3 OHOM O0OMOTKH B IPYIYIO

[Ipy mnageHUM HIEKTPOMArHUTHOM BOJHBI Ha OAHY M3 OOMOTOK
TpaHchopMaTropa >JIEKTPOMArHUTHBIE MPOIECChl B HEW BO30YXKIAIOT BBICOKHE
MOTEHIMAJIBI B Apyroi oomMoTke. Bo3mosxkusbl 2 Buaa nepenaun BH.

1. EMkocTHas nepenaya rnoreHyana B tpancopmartopax (puc. 4.22).

OOBIYHO B BBICOKOBOJBTHBIX TpaHchoOpMaTopax €MKOCTb Ha 3eMIIIO
OOMOTKHU BBICOKOTO HaNPsi’KEHUS] MHOTO MEHBIIIE, YeM €MKOCTh Ha 3€MJII0 OOMOTKH
HU3KOro HampspkeHus, T.e. C;; << (. DKBUBaJICHTHAasi CXEMa 3aMENICHUs,
npejacTaBlieHHas Ha puc. 4.22, 0, MO3BOJIAET OLEHUTh HANPSHKEHHE HA BTOPUYHOMN
OOMOTKE B 3aBHCHUMOCTH OT HANpsDKEHHS BOJIHBI, NPUILEIIIEH Ha MEPBUYHYIO

0OMOTKY:
Uy Cip+Cx
Usy Cy
- ; G : 1
Cia+Cyp 14 £22
Ci2
HpI/I Hepeﬂaqe C-)JICKTpOMaFHI/ITHOﬁ BOJIHBI Me)KI[y O6MOTK3MI/I

Tpancopmaropa kodppunreHT TpaHchoOpMallUU HE UTPAET POJIU U 3aBUCHUT OT

C
-2 3Ha4uTeNbHBIE MOTEHIUAIBI MOTYT ObITh Ha oOMoTke 2 (HH), Tombko korma
12

C,, Majo.
L'M; :
- r e LIEI
///fj_.- L"IHH L HH A L.-
| 2 ] .
C’E | C:_: C;__- Lr-_ {:':_'
| | I [ | 4
| | Il 1l | Cn L C..
BH HH 1
a) 6)

Puc. 4.22. EMKocTHas mepeada 3JeKTPOMarHUTHON BOJIHBI MEXITY 0OMOTKaMHU
TpaHchopMaTopa Mpu MPUXOC BOJIHBI IIEPEHANPSDKEHUS 110 OJTHOM U3 (a3: a) —
oO111asi cxema 3aMelneHus; 0) — PKBUBAJICHTHAs JICKTPUYECKas cXxema JIst
pacueta

2. DneKTpOMarHWTHAas Tiepelada HamnpsokeHUs B TpaHchopmaTopax.
[Tanenue Bonubl Ha 0O0MOoTKY HH npencraBneno Ha puc. 4.23.
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BH HH U,

)
Puc. 4.23. DnextpomarauTHas repeaaya mpu NajJeHuH BOJHBI IEpEHANPSHKSHUS Ha
0OMOTKY HU3KOT'O HaIPsKEHUSI

B aTOM ciiydae BO3MOJKHBI J]Ba BapHaHTA.

a) Eciun daset BH mnpucoenunenst k BJI, To pocT morteHmuana Oy-
JIeT He3HAYMTEJICH KaK B HaJaJje, TaK U B CEPEeIMHE OOMOTKH.

6) Ecmu ¢a3zst ABC orcoenunenst ot BJI, To

Uy = Ug = Uc ~Unag - kqp,

rae K, — xo3ddunueHt Tpanchopmanuu.

OTO OMacHBI PEXUM M JUIS BHYTPEHHEW W JUIsl BHEIIHEW W30JISIIUU
Tpancopmaropa. CnenoBarenbHO, HY)XHa YCTaHOBKA 3al[UTHBIX aImapaToB OT
MepeHaIpspKeHUN Ha BBIBOJIaX TpaHchopMaTopa.

Hanpumep: Bonna mnepeHanpsbkeHUs TagaeT CcoO CTOPOHBI  HH3KOTO
HanpsokeHust, U, =10xB  £,,=10/0,4=25. Ilpn Ttakux yciaoBuax

Uy = Ug = Uc ~Unag -k, =250 kB, 1. e. qus Tpancopmaropa
kiacca 10 kB ato HanpspkeHue B 3 pasa BbIIE UMITYJIBCHOTO UCTIBITATEIBHOTO Ha-
npsokenus (75-80 kB).

—_

Jlexmusa Nell

4.7. IlepenanpsizkeHUs IPH OTK/JI0YeHHMH HeHarpykeHHbIX JIDJII u 6arta-
peil KOHAEHCATOPOB

4.7.1. OTk1104eHne HeHAarpykeHHbIX BJI
IIpyn X010CTOM XOA€ JMHHUU TOK ONEPEkKAET HANPSIKEHHUE MPAKTUUYECKHA Ha
90 (nuHUA, Kak eMKocTh). llpu OTKIIOYEHWHM JMHUM, KOrJa KOHTAKThI
BBIKJIFOYATENSI HAYMHAIOT PACXOAUTHCSA, MEXKIYy HUMHU 3aropaetca Aayra. llpum
npoxoxaeHun Toka depe3 0 (MomeHT f, Ha puc. 4.24), nyra B BBIKJIIOUYATEIIC
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noracHeT. JInnus ocraercs 3apsskeHHOM. Ha nmuHuMu ocraercs Hanpsbkenue +Uy, a
HampspDKeHUe HMCTOYHUKA MPOAOJKAeT U3MEHAThCS 10 cuHycouzae. Yepes
HONINEPUOJa HaNpsKeHUEe MCTOYHMKA JocTuraeT sHadeHus -Uy. CnenoBaTenbHo,
MEKAYy KOHTAKTAMHU BBIKIIOYATENs HANpPsKEHWE JOCTHraeT 3HadeHus 2Uy,.
[IpoyHOCTH TPOMEXKYTKA MEXKAY KOHTAKTAaMU BBIKJIIOYATENs 32 MOJIEpHoaa
BO3pacTaeT He Oonee, yeM 10 2Uy, (Bo3aymHbIe BeIKIIOYATENn) U Uy (MacisHbIe
BBIKJTIOUATEIIH ).

BecbMma BepOSITHBIM SIBJISIETCSI MOBTOPHOE 3a)KUT'aHME AYTd B BBIKJIIOYATENE B
MOMEHT {;, KOIJja HalpsHKEHUE MCTOYHHMKA paBHO -Uy. Ilpu sToM nmHUMA Oynmer
nepesapskatbed oT +Uy 10 -Uy. A mo nuHuMu OyAeT paclpoCTpaHATCS BOJIHA

] 2U,
HanpspkeHus -2 Uy ¥ IPOXOAUTH TOK | = — 7¢.
L.'I_ - z
Bl ! =
L
[ | | |
] i1 5{:-"#-' |
i |3 | |
[ ; L |
Unanft)
] Il _.|
N A RS 7 fa ™
T . L -i_.! T
L.-I.“-;_“H-h_--. _,_.-'"-‘r

] | I

i 1 i I I

{BJ:.IKHII(U 30
i I |
] 11 ;‘?

]

™ \ |
L |
P

: ]

11
| |l ||
Puc. 4.24. OTkitoueHrne X0JI0CTON JUHUH OT UCTOYHUKA MPU HAITUYHUH IOBTOPHOTO
3aKUTaHUS
Ilepesapsaaka BJI mpoucxomaut B pe3ysibTaTre paclHpOCTPaHEHUs IO JIMHUU
BOJIHBI ¢ KpyThIM (poHTOM - Uy (KOomMneHcamms + Uy m 3apsaaka no - Up). Ha
KOHIIE Pa30MKHYTOW JHMHUU BoiHA -2 Uy OTpasuTCsa € TEM K€ 3HAKOM, T.€.
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noctureet -4 Uy, HO pesynpTHpYyIOllee HanpskeHue oyner -4 Uy + Uy = -3 Uy,
Bonna Toka otpazutcs ¢ 00paTHbIM 3HaKOM (puc. 4.25).

ITpn >TOM Ha JMHMM OyIeT ycTaHaBIMBaThCcA HanpsbkeHue -3 Uy, (puc. 4.24), a
CYMMapHBI{ TOK Ha y4acTKaX JIMHUH, TJ€ TPOIIa OTPaKCHHAsI BOJHA, CTAHOBUTCS
paBHbIM Hymi0. llosTOMy, KOrja oOTpaxeHHash BOJHA JOWIET 10 MCTOYHHKA
(KOHTaKTHI BBIKIIOUATEINS), TOK B BBIKIIOYaTENe MpoXxoauT yepe3 0 u ayra racHeT
(MOMEHT f;). DTo Bpems mpobOera BOJHBI TOKa M HANPSKEHUS 3HAYUTEIHHO
MeHbIIIe mosmeproaa. Ho HanpsokeHrne HCTOYHUKA U3MEHSETCS CHHYCOUAAIBHO /10
+ Up, a MeXIy KOHTaKTaMU BBIKJIIOYATells HanpsbkeHue gocturaet 4 Uy,. Y cHoBa
BO3MOJKHO 3a)KHTaHUE YyTU U T.1I.

+U,

i

= 20, '

Puc. 4.25. BonHoBBIE POLIECCHI TPU OTKJIFOYEHUH XOJIOCTHIX JTUHUM

Ecnu Obl MOBTOpHBIE 3a)XUTAHHS IYI'M MPOAOKAIUCH HEOrpaHUYEHHO
J0JITO, TO TEPEHANPSDIKEHUS Ha JIMHUM MOTJIM Obl JOCTUTHYTH CKOJb YTOJIHO
Oonbiiol BeanuuHbl. HO cOBpeMeHHbIE BBIKIIOYATENM HE IMO3BOJSAIOT 3TOro. B
MOJABJIAIONIEM OOJIBIIMHCTBE CIIy4aeB MpPU OTKIIOUYEHHH XOJOCTBIX JIMHUHN
MPOUCXOAUT He Oojiee OAHOrO MOBTOPHOrO 3axkuraHus Ayru. [loatomy
HaIpspDKeHUe Ha JIMHUU B Clly4ae UCTOYHMKA OECKOHEYHOW MOIIHOCTH HE JTOKHO
npesbiath 3 Uy. IlocKoNIBKY JTMHUM MMEIOT 3HAYMTENBHYIO JIMHY, HEOOXOJMMO
YUUTHIBATh CHM)KCHHME HANpsDKEHUS HMCTOYHMKA 3a BpeMsl JBOMHOIO mpobera
BOJIHBl 10 JIMHUM, @ TaKKe MOTepU B JHMHUU. OTH (AKTOPHl yMEHBIIAIOT
BO3MOKHBIE AaMIUIUTYAbl IEpEHANpPsHKECHUN Ha JUHUM. llepeHamnpsikeHus mnpu
OTKJIIOUYEHHUM XOJIOCTBIX JIMHUN A PSAa SHEPreTUYECKHX CUCTEM CTAaHOBSTCS
HanOoJiee BaXKHBIM BUIOM MEepEHANPSHKCHUI.

Bo3MoxHbIe BUABI OTPAaHUYEHUS TOTOOHBIX TIEPEHANPSKEHUN:

PanukanbHbiii  crmoco®0 —  yBEJIMYEHHWE CKOPOCTH  BOCCTAHOBJICHUS
ANEKTPUYECKOU IPOYHOCTH, T.€. CKOPOCTH PACXOXKIECHUS KOHTAKTOB BBIKIIIO-
yartend. OpHako C yBeIMYEHHEM OBICTPOACHCTBUS BBIKIIOUYATENEH CHUIIBHO
BO3pacTaloT TMEpPEHANpPsHKEHUsT TMpPU  OTKIIOYEHHH XOJIOCTHIX —(HEHarpy>KeHbl)
TpaHchOpMAaTOPOB.

Hcnonp30BaHue BBIKIKOYATENEH C MIYHTHPYIOIIMMHU CONPOTHUBIICHUS.
HenocTaTok - C10KHOCTh KOHCTPYKIWU U 3HAYUTEIbHAs CTOUMOCTb.

Hcnonp30BaHuE BEHTWIBHBIX pa3psAHUKOB. HanexxHOo oOrpaHM4MBaroT
nepeHanpsskeHus npu JiiuHe TuHuid He 6osiee 200 kM. B Oosee MIMHHBIX TUHUSAX
HY>KHBI CIIELUAJIbHbIE PA3PSIAHUKHU C MOBBIIIEHHOW MPOMYCKHOW CIIOCOOHOCTHIO IO
TOKY.
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HpPICO@III/IHeHI/Ie QJICKTPOMAroHuTHBIX TpaHC(i)OpMaTOpOB HaIIPAKCHUA.

4.7.2. OTriI04eHne 0aTapeil KOHAEHCATOPOB

barapen KOHIEHCATOPOB MPUMEHSIOTCS B JJIEKTPUYECKUX CHCTeMax s
yAaydllleHus KO3 (UIHMEHTa MOIIHOCTH, PETryJIMpOBaHUSA HANpPSDKEHUS U
yBEJIMUYEHHUS MPOMYCKHOM criocobHocTu AanbHux JIDIL

[Ipu oTkiroueHun OaTapeil KOHAEHCATOPOB, TaK K€, KaK M OTKIIOYECHHUH
XOJOCTBIX JINHUM, EMKOCTHBIA TOK OOPBIBAETCSI B MOMEHT MPOXOKIACHUS €ro Yyepe3
HyJlb MpPU MaKCUMyM€ HaNpsbKeHUs Ha KoHjaeHcartope. Yepes mnonmepuona
HalpsKEHWE Ha KOHTAKTaX BBIKIIOYarens gocturaer 2 Up, 4TO MOXKET BBI3BATh
MOBTOPHOE 3a)KUTaHWE JYyTU B BBIKIIOUaTeae M T.J., KaK U MPU OTKIOYECHUU
XOJOCTBIX JUHUK. [l orpaHuMyeHus >THX HANpPsSUKEHUH 37ech MOTYT OBITh
MPUMEHEHBI U TPUMEHSIOTCS CIelUaIbHble OBICTPOJECHCTBYIONINE BBHIKIIOYATENH,
HE JalouIie MOBTOPHBIX 3aKUTaHUH TYTH.

4.7.3. lyroracsimue anmnaparbl
[Ipu 3ambikaHuM OJHOTO H3 (a3HBIX MPOBOJOB Ha 3emito (K. 3.)
HEO0OXO0MMO TTOTacuTh AyTy ToKa (puc. 4.26).

Il
]
™

. Puc. 4.26. Cxema 3aMellIeHNs CETU ¢ Ayroracsiuien KaTylukou: Ly - uH-
OYKTUBHOCTH JYTOTaCAIIEH KaTylIKu; L- MHAYKTUBHOCTh OOMOTKH
tpanchopmaropa; C;, C,, C3 - eMKOCTh (ha3 JIUHUH MEXKAY CO00M - MexaydazHas
eMkocTh; Cjj, Cjs (33 - eMKOCTh (pa3 OTHOCUTEIBHO 3€MIIH; [, - TOK KOPOTKOTO
3aMbIKaHUH; [7; - TOK Yepe3 Ayroracsiulyro KaTylKy

OgauM w3  Haubosiee  PacHpOCTPAHEHHBIX  CPEJACTB  YMEHBIICHUS
(koMmeHcalMu) ToKa 3aMbIKaHMS Ha 3€MJIIO0 SIBIISIETCS BKJIIOYEHHE B HEUTpallb
TpaHchopMaTopa peryaupyeMoro peakropa, KoTopblii Ha3bIBaIOT:

— Jyroracsiien KaTylmkou;
— karymkoit [letepcena (mo umeHu nzodperares);
— HACTPOEHHON UHIYKTHUBHOCTHIO.
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[Ipu 3aMbIKaHMK TTPOBOJA HA 3EMJII0 HA HEWTPAIU MOSIBISAETCS HANPSHKEHUE
M0 OTHOIICHHIO K 3€Mjie paBHOE (Ha3HOMY HAMPSIKEHUIO, IOITOMY TOK,
MIPOTEKAIOIINI Yepe3 KaTYIIKY, paBEH

U
":i- =_r1;.-

rae

Lk - "HAYKTUBHOCTb KaTYIIKH; @ - YTJI0Basi 4aCTOTa CETH.

B uneansHOM cilydae TOK B MECTE 3aMbIKaHMs MPOBOAA HAa 3€MJII0 paBEH
HYJIO W Jyra racHeT. DTOro MOHO JOCTHYb, €CIM BKJIIOYUTH B HEUTpaib
UCTOYHUKA (TpaHcopmaTopa) HMHIYKTUBHOCT