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IpeaucioBue

TexHuka BBICOKMX HampsikeHui BXoauT B ['ocynmapctBenHsiii OOpaso-
BarenbHbIH CTaHIapT Kak oJHA U3 00IIe00pa3oBaTeNbHBIX AUCIUILINH 10
HaIpaBJIeHUIO «DJIeKTpodHepreTuka». OCHOBHOM 3a7aueil TEXHUKH BBICOKUX
HANPSDKCHUH SIBIIAETCS YKOHOMHYECKH OMPABJAHHBIC U TEXHUYECKH BBIMOJI-
HUMBIE MPUEMBI U METO]Ibl MPOEKTUPOBAHUS U IKCILTyaTAllMU U3O0JIALUU JIU-
HUM dJeKTporepenady u noictaHimil. HaydnsiM (yHIaMeHTOM Kypca siBJIs-
I0TCS TEOPETUYECKUE U IKCIIEPUMEHTAIIBHBIE JAHHBIC M0 AJIEKTPUUYECKUM SIB-
JICHUSIM B Ta3000pa3HbIX, TBEPBIX U KUAKUX U30JSIIIUOHHBIX cpenax. Men-
HO Ha 3HAHUU (U3MUECKUX MPOIECCOB, COMPOBOXKIAIONINX HAPYIICHUE DIICK-
TPUUYECKON MPOYHOCTH TUAIIEKTPUKOB, 0a3MpyeTcs BO3ZMOKHOCTH CO3/IaHUs
HAJECKHOM M30JIALIUN NEKTPUUECKUX cucteM. Kpome Toro, Haae)XHOCTh U30-
JSAUU - 00yCIaBIMBAETCA TPaMOTHOW AKCIUTyaTalllel, orpaHHYeHHuEM BCEX
BHJIOB BO3/ICHCTBUN Ha HEE W CBOCBPEMEHHO MPOBEICHHBIMUA MCITBITAHHSIMH.
[TornMaHue 3THX MPOOJIEM JICKTPOIHEPTETUKH SBIIACTCS HEOOXOAMMBIM Ka-
YEeCTBOM CHEIHAIUCTA M0 dJeKTpodHepreTrke. OBIaJeHNE dTUMH 3HAHUSAMU
OCYIIECTBJISIETCS KaK MPU U3YYCHHUH JICKIIMOHHOTO Kypca, TaK U MPHU BBIMOJI-
HEHUU J1a00PATOPHBIX padoT.

B nacrosimiem yueOHOM nocoOuu npuBoauTcs onucanue 14 maGoparop-
HBIX pa0OT MO TEXHHUKE BBICOKMX HampsbkeHuil. PaccMoTpeHbl paspsiiHbie
IIPOLIECCHI B BO3/yXe Ha MEPEMEHHOM M TMOCTOSSHHOM HAIpPsHKEHUHU, METOJIbI
UCTIBITAHUM W30S, CIIOCOOBI MOYYEHUSI U U3MEPEHUS BBICOKUX HaIpsi-
YKEHUM, BOJIHOBBIE MPOILIECCHl B 00OMOTKaxX TpaHchopmaTopa U ap. B xaxmoi
nabopaTopHON paboTe MOCTaBJICHA 1ENb PabOThl, TPUBEACHBI KPATKUE CBe-
JCHHS IO TEOPETUYECKUM BOIPOCAM, MOPSAIOK BBITIOTHEHUS J1a0OpaTOPHOMA
paboThl, cofep)aHHe OTYeTa M KOHTPOJIbHBIE BOMPOCHL. [lo momydeHHBIM
AKCIIEPUMEHTAJILHBIM JaHHBIM JIOJDKHBI OBITH TIOJTYYEHBI TPaQUKHA 3aBUCHMO-
cTel M JTaHO UX Hay4yHoe oOBsicHeHue. Kaxnas nmabopatopHas paboTa BKIIIO-
YaeT JIEeMEHT HayYHO-HUCCIIeI0BATEIbCKON PaOOTHI.

VYuebHoe mocobue mpeaHazHadeHo /st 0aKaiaBpOB MO HAIIPABJICHHUIO
«INEKTPOIHEPTETUKA» W TPHU3BAHO MOBBICUTH IP(HEKTUBHOCTH YUEOHOTO
mpoIiecca U Kak pe3ysibTar, KaueCTBO MOJATOTOBKHU CIEITUATHCTOB.
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1. PA3PsA/l B CIABOHEOAHOPO/HOM IIOJIE

IIe.m) paﬁoTbl: N3Yy4YCHHUC BIHMAHUA HCOAHOPOAHOCTH IJICKTPUYCCKOI'O IIOJIA
Ha paspAaHOC HAIIPAKCHUC MCKIY IJICKTPOAdMU B CJ'Ia60H€0I[HOpOI[HOM I10-
JIC.

1. Kparkue cBenenust

ATMOChEpHBIII BO3MyX SBISAETCS CAaMbIM PAcCHpPOCTPAHEHHBIM JHUAJICK-
TPUYECKUM ‘‘MarepuanoMm’ sl CO3[JaHUsl BHEIIHEW H30JALMH 3HEpreThye-
CKOT0 00OpYyIOBaHMS M 2JIEKTPUUECKUX ammapaToB. M3onupyemsle 3JeKTpo-
J(bl PACIIOJIAratoTCs Ha ONPEACIICHHBIX PACCTOAHUAX APYT OT ApPYyra U OT 3€M-
JU U YKPEIUIAKTCA B 33JJaHHOM IIOJIOKEHUM C NOMOILBIO U30IATOpOB. Pa3-
PSAAHOE HANpPsKEHHE BO3AYLIHOTO MPOMEXKYTKA 3aBHUCUT OT KOH(UIYypaluH
JIEKTPUYECKOTO IIOJISI MEXAY DJIEKTPOJAMHU W JABJICHUA, TEMIIEPATYyphbl U
BJI&YXHOCTHU BO3yXa. B CBfA3U C 3TUM 3HAHHE IIPOLIECCOB, CONPOBOKIAOIIUX
HapyILICHUE IEKTPUIECKON IPOYHOCTH BO3yXa, SIBISAETCS BECbMa BaXKHBIM.

Puc. 1. Paznuunvle koHueypayuu snekmpuieckozo nous:
a — 00HOPOOHOe; O — CLabOHe0OHOPOOH e, 8, & — PE3KOHEOOHOPOOHOE

DJeKTpUUYECKUE TIOJIS Pa3eiaioT Ha OJHOPOIHBIE, CIIA00HEOTHOPOTHBIC
U pEe3KOHEOHOpoaHbIC (puc. 1). B 0ogHOPOIHOM TOJIE €r0 HANPSKEHHOCTh
IIOCTOSIHHA BJIOJIb CHJIOBBIX JTUHHUH. C1ab0HEOTHOPOIHBIM MOYKHO Ha3BaTh



1oJie, B KOTOPOM HaIps)KEHHOCTh U3MEHSETCS BJIOJb CUIJIOBBIX JIUHUN HE 00-
nee uyeM B 2—3 paza. [Ipu OONbIIMX 3HAYEHUSIX U3MEHEHUSI HAMPSHKEHHOCTU
AIEKTPUUYECKOTO TOJISI UMEEM PE3KOHEOHOPOAHOE Tose. CTeneHb HEOHO-
POIHOCTH JJIEKTPUYECKOTO IO MEXKAY JIEKTPOJAMU XaPAKTEPU3YETCS KO-
s pureHTOM HEOTHOPOAHOCTH Kj;, KOTOPBIM pPaBEH OTHOIICHUIO MaKCH-
MaJIbHOM HANPSKEHHOCTU Fyqo K CPEAHEN HANPSHKEHHOCTH L, OIS MEXKITY
3JIEKTPOIAMHU:

E
—_ MaKcC
K, = = (1)
cp
CpenHsisi HalpsKEHHOCTh €CTh OTHOIIICHHE HanpsikeHus U, NpUII0KEHHOTO K

QJICKTpOdaM, K paCCTOAHUIO MCIKIY SJICKTPOdaMHU S:

E,=— 2)

MaxkcuMmasbHasi HallpsDKEHHOCTh 3aBUCUT OT (DOPMBI, pa3MepOB AJIEKTPO-
JI0B, crioco0a UX MOAKIIOYEHUS U PACCTOSTHUS MEXTy HUMHU.

PaccmoTpuM IIpOMEXKYTOK MEXKIY ABYMs JJIEKTPOJAaMHU B rase ¢ OIHO-
pOAHBIM 10JIEM. Eciii B 3TOM IIPOMEKYTKE IOSABUIICS JJIEKTPOH, TO, JBUTASIChH
K aHOZY, ITPX JOCTATOYHOW HANPSKEHHOCTH AJIEKTPUYECKOTO ITOJISI OH MOXKET
IIPY CTOJIKHOBCHUU MOHU3HUPOBATh MOJIEKYJy ra3za. B pesynbrare 310ro mno-
ABJISIETCSI HOBBIM CBOOOJHBIN 3JIEKTPOH, KOTOPBIA BMECTE C HaYaJbHBIM HO-
HU3UPYET HOBBIE MOJIEKYJIbI, U YHCIIO CBOOOJIHBIX 3JIEKTPOHOB HEMPEPHIBHO
HapactaeT. [Iponecc pocra 4ncia 371€KTPOHOB, ABIKYLIUXCS K aHOLY, MOMY-
YWJI HA3BAHUE JIABUHBI JIEKTPOHOB. MIHTEHCHUBHOCTH pa3MHOXKEHHUSI DJIEKTPO-
HOB B JIaBUHE KOJMYECTBEHHO XapakTepu3yeTcss Kor(h(HUIMEHTOM yaapHOU
VMOHU3ALMU O, YUCICHHO PAaBHBIM YMCIy MOHU3ALMUN, IIPOU3BOAUMBIX DJIEK-
TPOHAMU Ha ITyTH B | CM IO HAINPAaBJIEHUIO IIEKTPUUECKOTO ITOJIS.

B 0qHOPOAHOM I10JI€ YUCIIO YIEKTPOHOB B JIABUHE:

n=e* (3)

rze N — 4ucjo JIEKTPOHOB B JJaBUHE; X — PACCTOSIHUE, IPOHACHHOE JIABUHOM;
oL — KO3 GUIUEHT yIapHON HOHU3AIUY.

o :%(E—24,56)2, ()

rac O — OTHOCHUTEJIbHAS INIOTHOCTH BO3ayXa,

§=—"0 (5)




rae P u T — naBneHue u temmneparypa B yCIOBUAX omnbita, Py u Ty — HOp-
MasbHbIe aTMOochepHbIe ycaoBus, Py = 760 mwm pr. cT., Tp = 293 K.

[Tox neficTBHEM BHELIHUX MOHU3ATOPOB (KOCMHUYECKHE YACTHULIbI, PAJIAO-
aKTUBHOE M3JIy4YEHHUE 3eMJIH, yIbTpaduOoIECTOBOE U3IYUCHHE COJIHIIA) B MPO-
MEXYTKE MEXY 3JIEKTPOJIaMU HEMIPEPHIBHO BOSHUKAIOT CBOOOHBIC TEPBUY-
HBIE DJIEKTPOHBI, KOTOPHIE JAI0T HAa4yaJo JIAaBUHAM JJIEKTpoHOB. Ilocne nmoc-
TUKEHUS JJaBUHOW aHOJIa MPOLIECC MOXKET MPEKPATUTHCS, OCOOEHHO NPHU He-
00JBIION JJIMHE HpoMexyTka. s moanepkaHust JaBUHHOIO Ipoliecca
JOJKEH TOSBUTBCS XOTS Obl OJTUH BTOPUYHBIM 3((EKTUBHBIN NEKTPOH, BbI-
3bIBAIOLUI MOSIBJICHUE HOBBIX JIABUH. TakoM 3JEKTPOH MOXKET 00pa3oBaThCs
BHOBb B PE3YJIbTATE JACUCTBUS BHEIIHETO MOHU3ATOPA, B 3TOM CIIydae pa3psi
Ha3bIBACTCSI HECAMOCTOSITENbHBIM. EciM jxe BTOPUUHBIN 3((PEKTUBHBIHN 3I1eK-
TPOH BO3HUKAET JJa)KE€ B OTCYTCTBHE BHEIIHEIO MOHHM3ATOPA, pa3psl Ha3bIBa-
eTcsi camocTosATeNbHBIM. [Ipu camocTosiTenbHON (opMe pa3psiaa JaBUHHBIN
Mpolecc BO30OHOBIIAETCS, TOCKOJIBKY cama MepBHYHAs JIaBUHA CO3/IaeT yC-
JIOBUS AJI €r0 BO30OHOBJICHUS:

1) ocraBmmecs mociie MPOX0XKICHUS JTaBUHBI MOJIOKUTEIHHBIEC NOHBI, JIBUTa-
ACh K KaToay, 00MOApIUPYIOT €r0 U BBI3bIBAIOT SMHUCCHUIO 3JIEKTPOHOB U3 Ka-
TOJA;

2) BO30YyKICHHBIC aTOMBI U MOJICKYJIbI, 00Opa3yroIIecs Hapsy ¢ HOHH3AIlH-
eil, ucryckaroT (POTOHBI, KOTOPbIE MOT'YT IPUBOJUTH KaK K (JOTOMOHU3ALINY B
o0beMe MPOMEKYTKA, TaK U K (POTOIMHUCCUU SIIEKTPOHOB U3 KATO/aA.

OO6pazyromirecs: TaKUM 00pa30M BTOPUYHBIEC AJIEKTPOHBI IPUBEIYT CHOBA
K 00pa30BaHUIO JIABHH B Pa3psiIHOM IPOMEXKYTKE.

VYcnoBue caMOCTOATENIBHOCTH pa3psiga B OJHOPOIHOM I10JIE MOYKHO 3aIlH-
caThb

ve®>1, (6)

r7ie S — pacCTOSIHHE MEXY dJIEKTPOAaMHU; Y — KOA(DGUIIMEHT BTOPUIHON
MOHU3AIINH.

Hampsixkenue, mpu KOTOPOM B MMPOMEXKYTKE BBITTOTHICTCS YCIOBHE Ca-
MOCTOSITEJIbHOCTH pa3psijia, Ha3bIBAIOT Ha4yaJdbHBIM HaIpspDKEHHEM. B 1po-
IIECCe Pa3BUTHS JIABHHBI HEMPEPHIBHO YBEIUYMBACTCS YHCIIO AJIICKTPOHOB M
IOJIO)KUTEIIBHBIX MOHOB, IPH 3TOM HAIPSHKCHHOCTD 3JIEKTPUYECKOTO OIS Ha
(GbpoHTE JTaBHHBI BO3PACTAET, a B XBOCTE JaBUHBI yMeHbIaeTcs (puc. 2). [Ipu
IPOXOXkKAECHUH JABUHOW HEKOTOPOTO0 KPUTUYECKOTO IIYTHU X, HAPSKEHHOCTh
B XBOCTE JIABUHBI YMEHBIIIAETCS HACTOJIBKO, YTO CTAHOBHUTCSI HEBO3MOXKHOM
yaapHast noHuzaius. Haxonsimecs B XBOCTe JJaBUHBI OTCTABIIHE YJIEKTPOHBI
BMECTE C TOJOXUTEIHLHBIMH HMOHAMH CO3JAl0T IJIa3MEHHOE 00pa3oBaHMUE,
Jarolee Havajao BO3HWKHOBEHHUIO CTPUMEPHOTO KaHaia. B 3aBucuMoctd ot



YCIIOBUH CTPUMEP MOKET OBITH CBSI3aH C AJICKTPOJIOM WM HE CBSI3aH. Xapak-
TEPHOW €ro 0COOCHHOCTHIO, B JIIOOOM Cilydae, SBISETCS HAIMYHE M30BITOY-
HOTO 3apsijia Ha KOHIIE, CO3/IAI0IIeTr0 MECTHOS YCHUIICHHE YJICKTPHUSCKOTO T10-
751 ¥ 00€CIIEYNBAIOIIETO HEMPEPHIBHOS YJIMHEHUE TNIA3MEHHOTO KaHaJa.
KputepreM mepexonia JaBUHBI B CTPUMED SIBIIICTCS COM3MEPHMOCTH Ha-
MPSDKEHHOCTH AJICKTPUYECKOTO TOJIS, CO3/]aBAEMOT0 JIABUHOM AJICKTPOHOB

4
+ ++*++t++ +

\\

Puc. 2. Uckasicenue snekmpuuecko2o nojisi 8 NpoMedNcymke
MeHCOY INIeKMPoOamu, co30a8aemoe JIA8UHOU.
Eo — HANPANCEHHOCNb 6HEULHE2O NOJIA, Eﬂ — HANpAMCEHHOCMb NOJIA, co30asaemas 1a6UHou

WM TIOJIOKUTEIHbHBIMA MOHAMH B €€ CJe/ie, M HaNpsHKCHHOCTH BHEITHETO

TOJTsI, CO3/TaBaEMOT0 MPUIIOKEHHBIM MEXKIY JJICKTPOAaMHU HANPSDKECHUEM.
Nonmzarus npekpariaercs (o < 0), ecau £ < bd (st Bo3myxa

b =24, 5 xB/cwm, cm. (4)).

HanpskeHHOCTh B XBOCTE JIaBUHBI PaBHA
E=FEy,-E,, (7)

rae Ey — HalpsHKEHHOCTh BHEIIHETO MMOJIS; E,; — HAPsHKEHHOCTh, CO3/aBae-
Mas JJABUHOM.
Torga kpurepui nepexoa JIABUHbI B CTPUMED 3AMUIIETCS KaK

(Eo— E;) < bd. (8)
Hamnpsoxennocts E;, onpenensiercs o Gpopmyiie
e-n

E=—"—,
! 47‘[-80-r2
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TJIe e — 3apsj SJICKTPOHA; N — YMCIIO0 JISKTPOHOB B JIABUHE,
12 .
€ = 8,85-10 *° ®/M — smekTpruyecKas MOCTOSTHHAS;
I — paanuyc JaBUHBIL.

B ogHOpOAHOM M0JI€ YCI0BHE CAaMOCTOATEILHOCTH pa3psijia BHIMOIHIETCS
Ipy HAaYaJIbHOM HAaNpsHKEHWH, KOTOPOE BCErJa COBIAJAET CO CTaTHCTHYE-
CKUM Pa3psiIHBIM HarpspkeHueM. B ci1aboHeoTHOPOHBIX MOJsX 3PGEeKTHB-
HBIH KO3(PPHUIMEHT yAapHON HMOHU3AIMH Orpep > 0 MpPaKTUYECKH MO BCeEi
JUTMHE TIPOMEXKYTKa, TO3TOMY TPH BBITIOJIHEHUH CAMOCTOSITENIFHOCTU pa3psi-
Jla IPOMEKYTOK NPOOMBAETCS, U HayaJlbHOE HANPSKEHUE TAaKKEe PaBHO pas-
pSAAHOMY.

TUnoOBBIM MPOMEKYTKOM €O CIaOOHEOJHOPOIHBIM IOJIEM SIBISIETCS MPO-
MEXYTOK MEXIY ABYMS IIapamH, KOTOPBIM MOJYYHSI HIUPOKOE pacrpocTpa-
HEHUE B MHUPOBOM MPAKTUKE KAK YHUBEPCAIbHBIA MPUOOP JJISI U3MEPEHUS
aAMIUTUTYIHBIX 3HAYE€HUW TOCTOSHHOTO, MEPEMEHHOT0 W MMITYJbCHOTO Ha-
NpsDKEHUA. Y CTAaHOBIICHO, YTO ISl COOJTIOIEHUSI TOUHOCTH U3MEPEHUH B Tpe-
nenax +3% MakCUMaJIbHO JOIMycTUMoe 3HaueHue oTHomeHus S/D (D — nua-
METp IIapa) Mpu U3MEpPEHUsX He JMOJKHO mpeBbimaTh 0,5. B atoM ciyuae
HEOJHOPOJIHOCTb MOJIsI HEBEJIMKA U B TIEPBOM IMPUOJIMIKEHUU €r0 MOKHO CUH-
TaTh KBa3UOAHOPOJHBIM (Kj; = 1). [Ipu yBenTu4eHUN pacCTOSTHUS MEX]TYy I1a-
pamu (S/D > 0,5) HEOAHOPOAHOCTD OIS (M COOTBETCTBEHHO Kj;) BO3pacTacT
M 3aMETHO BIIMSET Ha BEIMYUHY PA3PSAHOTO HAMPSHKEHUS, YTO MO3BOJISET
OLICHUTh KO3()(PUIIMEHT HEOAHOPOAHOCTH 3JeKTpuueckoro noiisi. Hampsioken-
HOCTb TIOJISI B ATOM CITydae MMEET MaKCUMAaJIbHOE 3HaYeHHE Ha MOBEPXHOCTH
AJIEKTPOJIOB, @ MUHUMAJILHOE — B CEPEIMHE TIPOMEKYTKA.

2. ITopsinoxk padoThbl

1. O3HaKOMHTBCS C YCTPOMCTBOM MCHBITATEILHON YCTAHOBKH, CXEMa KOTO-

pOIii IIpeicTaBiIeHa Ha PUCYHKE 3.

Y cTaHOBUTH B JIEpKATEIN AJIEKTPOIOB mapkl tuamerpom D = 12,5 cm.

3. Mexnay mapamMd IOOYEPEAHO yCTaHaBiaMBaTh pacctosHus S (1-5 cm),
BKJIFOYATh YCTAHOBKY W TUIABHO YBEIMYMBAThH HANPSDKEHHE JIO TEX TOP,
MOKa HE MPOM30HAET pa3psal B NMPOMEXKYyTKe. B 3TOT MOMEHT pukcupo-
BaTh paspsaaHoe HanpspkeHue U. J[is KaXaoro pacCcTosiHUS S TPOBECTH
TPU U3MEPEHHUs U pPe3yJbTaThl 3aHecCTH B Tabiu. 1. Paccuurath cpennee
3HA4YEHHUE pa3psanHoro HanpsbkeHus U, 11 kaxaoro paccrosnus S. Bo
BpeMsl M3MEpPEHHUH MO 1. 3 He0OXOAMMO BBIMOIHATH ycioBue S/D < 0,5,
YTOOBI MOJIE MEX]Y IIapaMy OCTaBaJIOCh KBa3MOJHOPOAHBIM. Torna, npu
HEKOTOPOM JOMYIIEHUH, MOKHO MPUHSITH, YTO

N
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Puc. 3. Cxema sxcnepumenmanbrou ycCmaHo8Ku:
AT — aemompancgopmamop; T — gvicokosorvmubiit mpancgopmamop,; Raay — 3awumnoe
conpomuenenue; V1, Vo — svinpsamumenu, C1, Co — gpunomp, Ry, Ry — 6vicoxosonomubiii
omuyeckuu oerumens, V — eonommemp,; D, D1 —anekmpoowvi

4. B ucnpITaTenpHON YCTAHOBKE 3aMEHUTD Iaphbl AuameTpoM 12,5 cMm Ha mia-
ps1 quametpom D=5 cM. YcTaHOBHUTE paccTosiHEE MEXAY IapamMu Ha 1-3
CM OOJIbIlIe BEIMYHHBI S B TEPBOM OMBITE M. 3. BKIIOYUTH YCTAaHOBKY U
IUIaBHO YBEJIUYUTh HaNpsbkeHWe 10 3HadeHuss U, paccuMTaHHOrO Ui
IEPBOro OMbITA M. 3, @ 3aTeM COMMKATh LIaphl 10 MOJIYYESHUS MEXAY HUMU
paspsna. M3MepuTh HIWMHY pa3psaIHOTO TPOMEXyTKa Si. M3mepenus mo-
BTOPSITH TPHU paza Jisi KaXkJI0T0 U3 pacCcTosTHUM S 1. 3.

5. PaccunraTh cpenHee 3Hau€HHME PACCTOSIHUSA Sigp AT KaXKIOTO Pa3psAHOTO
Hanpsokernst Ug,. YuntbiBas, uto Ep = Ug/Siep, Ompenenuts kod3hdumm-
SHT HEOIHOPOJHOCTH IEKTPHUECKOro Mot Ky = Eyue/Ecp.

Pe3ynbTaTel u3MepeHuil 3anectu B Tadn. 1.

3. Conep:xanue oTyera

[Toctpouts Ha ogHOM Tpaduke 3aBucumoctu U = f(S), U = f (Sy).
[ToctpouTts 3aBucumoctu K, = f (Sy).

O0wsacuuTh X0 3aBucumocteit U = f(S) u U =1 (Sy).

OTBETUTh HA KOHTPOJIbHBIC BOIIPOCHI.

e
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Tabmuna 1
DKCHepUMEHTAIIbHBIE PE3yIbTaThl HCCIIeI0BAaHUS KOoddpuImeHTa
HEOJHOPOTHOCTH TOJIS

D=125cm D=5cm
CSI\’/I U, xB Ucp; EMaKCl Sl’ M S1cp’ If];l;’c K
1 2 3 kB |[kB/em| 1 2 3 oM | t
1
2
3
4
5

4. KoHTpOJIBHBIE BONPOCHI

Yro Takoe ko3 (HULHUEHT HEOTHOPOJHOCTHU AIEKTPUUECKOTO MOJS?
Yo Ha3bIBAaETCS JJABUHOMN JIEKTPOHOB?

B uewm 3akiouaeTcs yclioBrue caMOCTOSITENIFHOCTH pa3psiia B ra3ax?
UYro Ha3bIBaeTCs KO3(PPUIUEHTOM yIapHO HOHU3AIUH?

[Touemy mpu U3MEpPEHUN HANIPSHKEHUS UCIIOJIB3YIOTCS 3JIEKTPObI IIap—
map, a He MIOCKOCTh—TUIOCKOCTh?

agbrwnE

2. PA3PAABI B BO3AYXE IIPU IEPEMEHHOM HAIIPSI-
AKEHUU

Hesap padoThI: KcCIeI0BaHUE 3aBUCUMOCTH Pa3psIIHOTO HAIMPSKEHUS B BO3-
JyXe OT PACCTOSIHHSI MEXIY SJEKTPOJAMH MPU Pa3IUIHON (HOpME DIEKTPO-
TIOB.

1. KpaTkue cBegeHus

OCHOBHBIM JTUPJICKTPUKOM IS CO3/IaHUSI BHEIIHEW HW3OJIAIUU JIMHUI
AJIEKTpOIepeaayd U BBICOKOBOJBTHOTO 00OpYyI0BaHMUs, pabOTAIOIEro B OT-
KPBITBIX paclpeleUTEIbHBIX YCTPOUCTBAX AICKTPUUECKUX CTAHIIUM U TIO-
CTaHIUH, SIBJISIETCS BO3MIyX MPU aTMOC(EPHBIX YCIOBUSIX.

[Ipu HOpManbHBIX aTMOC(EPHBIX YCIOBUSAX DJIEKTPUUYECKAs MPOYHOCTH
BO3JYUIHBIX MPOMEKYTKOB HEBEJIMKA U B OJHOPOAHOM 3JIEKTPUUYECKOM T10JIE
Py HOPMAaNBHBIX ycioBusaxX paBHa 30 kB/cm. DnexkTpuueckoe mosie peaib-
HBIX U30JISIUOHHBIX KOHCTPYKIIUN B OOJILIITMHCTBE CIy4aeB SBISICTCS HEOJ-
HOPOJIHBIM, M 3JIEKTPUYECKAs] MPOYHOCTh BO3AYIIHBIX IMPOMEXYTKOB 3HAUU-

11



TEIbHO YMEHBIIAeTCA. JTO CBA3aHO C OCOOCHHOCTSIMH Pa3BUTHUS paspsia B
HEOJHOPOIHBIX MOJISX.

[Ipy npunoXKeHUH K BO3IYIIHOMY MPOMEXYTKY BBICOKOIO HAIPsHKEHUS
MIPOUCXOJUT 3MHUCCUS AJIEKTPOHOB M3 KATOAA, WX YCKOPEHHUE B AJEKTpHUUE-
CKOM I10JI€ 1 MOHU3ALMS aTOMOB U MOJIEKYJ BO3/lyXa, YTO MPUBOAMT K MOSIB-
JIEHUIO OOJIBIIOr0 KOJIMYECTBA HOCUTEIIEH 3apsii0B B JJABUHAX, KOTOPBIE Mpe-
oOpasyroTcst B cTpuMepbl. B pesynbTaTe 3TOTO NMpu HEKOTOPOMl BEIUYUHE
PUJIOKEHHOTO HANpsKEHUsI B BO3AyXe (popMupyercs Mmia3sMeHHbIA pa3psiji-
HBIM KaHaj, KOTOPBIM MepeMbIKAeT MPOMEKYTOK. MUHUMAaIbHOE HaIpsiKe-
HUE, MPU KOTOPOM MPOUCXOJUT TOJHAS MOTEPs JUIIEKTPUKOM H30JIUPYIO-
I[IX CBOMCTB Ha3bIBaeTCs pa3psaHbIM HanpspkerueM (U,).

B HEOAHOPOIHBIX U PE3KOHEOIHOPOIHBIX NOJIAX MOHHU3ALUS HAUMHACTCS
TOJIBKO B YacCTH MPOMEXYTKA ¢ HAaUOOJBIIEH HANpsKEHHOCTHIO MoJisd. Bo3-
HUKIIUNA B 3TUX 00JIACTAX CAMOCTOSITEIbHBIM pa3psj Ha3bIBAETCS KOPOHHBIM
pa3psAaoM, a HAa4aJIbHOE HAIPsHDKEHUE — HAPSUKEHUEM 3aKUTaHUsl KOPOHHOTO
paspana. B cnaboneonHopoaubix nomsix (Ky = Emax/Ecy < 3) KOpoHHBIH pas3-
P HEYCTOWYUB U OBICTPO NEPEXOIUT B MOJHBIN MPoOOii mpomexkyTKa. B Ta-
KUX TOJISIX HaNpsHKEHUE 3aKUTaHusl KOPOHHOTO paspsiia OJIM3KO WU COBIa-
naert ¢ U,

B peskoneonHopoansix noisx (K > 3) noHM3auusa U KOPOHHBIN pa3psl
3aHUMAIOT HE3HAUYUTEIbHYIO YacTh MPOMEKYTKa BOJIM3HM JIEKTPOAA C MEHb-
UM paJnyCcoM, KOPOHHBIN pa3psisi SBJISETCA YCTOMYUBBIM, U pa3psHOE Ha-
MPSOKEHUE MOKET ObITh CYIIECTBEHHO BbILIE KOPOHHOTO. BO3HHKHOBEHUE
CTPUMEPHOI0 KOPOHHOIO pa3psiga COMPOBOXKIAETCS CBEYEHUEM OOJACTH HO-
HU3ALMH, TOTPECKUBAHNUEM U TOSBICHUEM 3anaxa 030Ha. KopoHHBIN pa3psan
MOXET UMETh AB€ (POPMBI — JJABUHHYIO M CTpUMEpHYI0. JIaBUHHON Ha3bIBa-
eTcs Takas (popma pazpsaa, Ipu KOTOPOH B IPOMEKYTKE Pa3BUBAIOTCS JIABU-
HBI 3JIEKTPOHOB. [Ipy 3TOM HaNPSHKEHHOCTDH MOJIS 3aps/I0B KaXK10M U3 JIaBUH
3HAYNUTEIBHO MEHBIIE HANPSYKEHHOCTU BHELIHErO MOJIs. 30HA HOHH3ALUHU
npu OOJIBIIIOM YHCIIE JIABUH UMEET 0oJiee I MEHEE OJHOPOJHYIO CTPYKTY-
pY, YTO MPUBOJUT K BHIPABHUBAHUIO 3JEKTPUUECKOTO TOJISl B IPOMEKYTKE 32
cueT oOpasymomierocs o0bEMHOTO 3apsija, 3HaK KOTOPOTO COBIAJAeT CO 3Ha-
KOM "ocTporo" a5eKkTpoa.

YucIio 37eKTPOHOB B JIaBUHE, PAa3BUBAIOILIEHCS OT OAHOTO 3PPEKTUBHOTO
AJIIEKTPOHA, PABHO

n=e*, (1)
r7ie N — YUCJO 3JEKTPOHOB B JIABUHE; X — PACCTOSIHUE, MPOMIEHHOE JTABUHOM;
o — 3 pexTuBHBINA KOADPUITUESHT yIapHOU HOHU3AIINU.

Koadduruent ynapaoi noHn3anuu onpeeseTcs
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a=%(E—24,56)2, 2)

rac O — OTHOCHUTEIbHAS INIOTHOCTh BO3ayXa

5=LTo 3)

rae P u T — naBneHue u temmneparypa B yCIOBUAX omnbita, Py u Ty — HOp-
MasbHbIe aTMOochepHbIe yeaoBus: Py =760 MM pt. cT. (101325 Ia),
Ty =273,15 K (0 C), E — HanpsiKEHHOCTH MO B 00J1acTH (hpOHTA JIaBUHEI.
[Ipu Gonee MHTEHCHBHOMW, CTpUMEpPHOUN (opMe paspsiga, KpoMe JIaBUH
AJIEKTPOHOB B MPOMEXKYTKE Pa3BUBAIOTCS CTPUMEpHbIE KaHaubl. Eciu mose
3apsAJI0B JJABUHBI CTAHOBUTCS COU3MEPHMBIM C BHELIIHUM 3JIEKTPUUECKUM IO-
JIeM B MPOMEXKYTKE, TO JIABUHBI AJIEKTPOHOB MpeoOpaszyroTcs B cTpumep. Y
TOJIOBKM CTpUMEpa MPOUCXOJUT MHTCHCUBHAS MOHM3ALMs, 00eCeunBatoIas
npopacTaHue crpumepa B riiy0Ob npomexkyTtka. KopoHHsbIl pa3psia, pacrpo-
CTPAHSIIOLIUICS TOJIBKO B YAaCTH IPOMEKYTKA MEXIY AIEKTPOJAMU, €UIe He
03HA4YaeT NOTEPI0 IEKTPUYECKOW MPOYHOCTH, HO NMPUBOAMUT K 3HAUYMTEIIb-
HBIM IIOTEPSIM SHEPIMH, KOPPO3UH ITPOBOJIA, apMaTypPhl U U30JISILIUH, BbI3bIBA-
€T NOsIBJIEHUE 1IyMa U paguonoMex. [loaTomy npu paboTe BBICOKOBOJIBTHBIX
YCTaHOBOK MHTEHCUBHOCTh KOPOHHOTI'O pa3psiga HEOOXOJUMO CHUXKATh.
BenuuuHa pa3psaHOro HampsDKEHHUS 3aBUCUT OT JJIMHBI IIPOMEXKYTKA,
pazmepoB u (GopMbl IEKTPoAOB (puc. 1), cmocoda ux MOAKIIOYEHUS, TIIOT-
HOCTH M BUJA I'a3a, NOJIIPHOCTH M YaCTOThI HanpsbkeHus. Pacuer paspsaaHoro
HaIpsOKEHUS. 111 HEKOTOPBIX (POPM 3JIEKTPOJOB B CAHTUMETPOBBIX MPOME-
AKYTKaX MOYKHO MPOBOAUTH MO MPUOJIMKEHHBIM (HOpMyIam.
JI71 3I€KTPOAHON CUCTEMBI OCTPUE—TIIOCKOCT:

Up =(7+3,365)5, xB (4)
JI1s1 31EKTPOAHOM CUCTEMBI OCTPUE — OCTPHE:

U, =(14+316S)5, kB (5)
JIJ1s1 3EeKTpOAHOM CUCTEMBI IIap — IIap:

27,258(1+ 054}

U = JRI ,kB (6)

2
0,25 §+1+ (S+1] +8
R R

13



r7ie S — paccTosiHuEe MEXIY 3JIEKTPOAAMU, CM.

B peanbHBIX yCIIOBHUSX M30JSIIUOHHBIE KOHCTPYKLIUA UMEIOT CaMbl€ pas-
HOOOpa3HbIe KOH(UTYpaAIIuU U pa3Mephl, U KaK CIEICTBUE, Pa3IMUHbIC JJICK-
Tpuyeckue noiid. [loaToMy uccraenoBanue pas3psAIHBIX HAUOPSDKEHUA U Ha-
NPsDKEHUH KOPOHHOTO paspsiAa JUIsl pa3iuvHbIX (POPM DIEKTPOIHBIX CHCTEM
U Pa3HBIX MEXDIJCKTPOIHBIX PACCTOSHUM MpeICTaBIseT OONBIION MpaKkTUde-
CKMH uHTepec. JlIf TOYHOIrO CONOCTAaBIIEHUs PE3yJIbTaTOB H3MEPEHUH,
IPOBEACHHBIX MPU Pa3IMUYHBIX YCJIOBHUAX BHEIIHEH cpeabl (JaBiICHHE, TEM-
neparypa U BIaXHOCTb BO3ayxa), U, KOppeKTHpYIOT, IPUBOIS K HOpMaJlb-
HBIM YCJIOBHSIM.

Up, kB
2400 ; ,‘,'2’
1600 ,/’ i = a1 -
A
v
800 //"
0 2 4 6 8 S, m

Puc. 1. Pazpsaonvie nanpssicenus 6030YUIHbIX RPOMEIHCYMKO8 NPU
nepemennom Hanpscenuu yacmomou 50 ['y:
1 — cmepoicenv—nnockocms; 2 — cmepoiceHb—cmepaiceHb; 3 — POBOO—NpPOEoJ

2. ITopsinok padoThI

1. O3HAaKOMHTBCS CO CXEMOM AKCIIEPUMEHTAILHON YCTaHOBKH (pHC. 2).

2. YCTaHOBUTH B JIEpKATEISAX SIECKTPOJIbI OCTPUE — IIOCKOCTh.

3. [Ipy mmaBHOM TMOBBITIICHUN HAIMPSDKEHUS IS PA3IUYHBIX PACCTOSIHUN S
MEKIY DJIEKTPoaaMu 3a(UKCUpPOBaTh NpoOuBHOE Hanpsukenue U,. Jlnsa kax-
JIOTO PacCTOSTHUS S MPOBECTU HE MEHEEe TPeX U3MEPEHUM, pe3yJbTaThl 3aHe-
CTH B Tabiuny 1.

14



AT T

Puc. 2. Cxema sxcnepumenmanvuou ycmanosKu.
AT — asmompancgopmamop,; T —evicokosonvmuwiii mpancgopmamop, Ry —3awumnoe
conpomuenenue, Ri, Ry — evicokosorvmuulii omunecxuii denumens, R, — 0dobasouroe co-

npomuenenue; \ - sonommemp, A —muxpoamnepmemp, 1— 4 —ucnvimyemvie 21eKkmpoobi

4.PaccunTarh CpeHHE 3HAYECHUS PAa3pAAHOrO HampsokeHus U, U HaIIpsKEH-
HOCTH NOJIA E, 17181 KaXKI0r0 PacCTOSHUA S.

5. [IpoBecTu u3mepenus 1o 1. 2 Jist SIEKTPOJAOB OCTPUE—OCTPHE, IIap —Iap,
KOPOHUPYIOIIUE KOJIbLIA.

6. PaccuutaTh paspsiiHbie HANPSDKEHUS M HAMPSHKEHHOCTb MOJS IS AJIEK-

TPOJIOB OCTPUE—IIIIOCKOCTh, OCTPHE — OCTPUE, IIap — 1ap.

Tabmuma 1
DKCIEepUMEHTAIBHBIC U PACUETHBIC JAaHHBIC I OMPEISICHUS
HAIPSHKEHHOCTH TTOJIS

PacuerHrie
DKCIepUMEHTAIbHBIC TaHHBIC
S JTAHHBIE
)
dopmMa dJIEKTPOI0B o U. «B Upepr | Eeps U,, Eqp,
p> kB |kB/cm| xB | kB/cm

1 2 3

OcCTpHUe—TII0CKOCTh

Octpue—ocTpue

[Hlap—map

Koponupyromue
KOJIbI[A

15



3. ConepxkaHue oT4yeTa

1. ITo ONBITHBIM U pacyeTHbIM AaHHBIM MOCTpouTh 3aBucumoctu U, = f(S)
IUTSL PA3JIMYHBIX 3JIEKTPOIHBIX CHCTEM.

ITo ONBITHBIM U PaCYETHBIM JJAHHBIM IIOCTPOUTDH 3aBUCUMOCTH E, = f(S).
O6bsacuuts 3aBucumoctu U, = f(S) u £, = f(S).

OOBSCHUTD PACXOXKIECHUE MEXKTY ONBITHBIMU M PACUCTHBIMH JAHHBIMH.
OTBETUTH HA KOHTPOJIBHBIE BOIIPOCHI.

gk wn

4. KOHTpOJIbHBIE BOIIPOCHI

1. Jlng xakux 1ejed BBOJUTCS TMONpPaBKa HAa OTHOCHUTEIBHYIO IJIOTHOCTH

BO3ayxa’?

[Touemy B OAHOPOJHOM I0JIE OTCYTCTBYET KOpOHHAs (popMa paspsaaa’?

3. Kakme mapameTpbl 3JEKTPOTHON CHCTEMBI BIHMSIOT HA MAaKCHMAJIBHYIO U
CPEIIHIOIO HAIPSHKEHHOCTh 3JIEKTPUUYECKOTO MOJIs?

4. Kak xnaccuuuupyeTcsi 1 4eM ONpeNeNaeTCsl CTeNeHb HEOIHOPOIHOCTH
3JIEKTPUYECKOTO MOJIs?

NS

3. IOPEKT INOJAPHOCTHU U BJIMSAHUE BAPBEPOB HA
QJIEKTPUYECKYIO ITPOYHOCTD BO3YHIHBIX
HPOMEXYTKOB HA IOCTOAHHOM HAIIPA’KEHUN

Hesap padoThi: UCCIEAOBAHUE BIUSHUS MOJSIPHOCTU JIEKTPOJIOB U BIUSHUS
O0apbepoB Ha MPOOMBHOE HAMPSHKEHHE BO3YIIHOTO MPOMEXKYTKAa OCTpHUE-
MJIOCKOCTb.

1. KpaTkue cBeeHus

Bo3nymiHas u3osisiiust urpaeT BaKHYIO pOJib B PA3JIMUHBIX BBICOKOBOJIBHT-
HBIX KOHCTPYKILMSIX, MIOITOMY OII€HKA BEJIWYWH Pa3psAHBIX HAMPSHKEHUNA B
BO3JIYIIHBIX MPOMEKYTKaX UMEET OO0JIBbIIOE 3HAUEHHUE B CO3JIAHUHM BBICOKO-
BOJILTHOM W30JsALMK. Pa3psiHble HaNpsOKEHUS TIPU JaHHOM PAcCTOSTHUU Me-
Ky DIEKTPOJAMU 3aBUCIT OT CTEIEHU HEPABHOMEPHOCTH JJICKTPUUECKOTO
MOJIsl, BPEMEHU BO3JICUCTBUS HAMPSDKEHUS, TOJSIPHOCTH SJIEKTPOJIOB, aTMO-
chepHbIX yclIoBUM U Apyrux (akTtopoB. B c1aboHEOAHOPOIHBIX MOJIAX, T/IE
MaKCUMAJIbHBIM M CPEIHUM TpaJMEeHThl Majo OTIMYAKOTCS APYr OT JApyra,
BIIMSIHUE TMOJISIPHOCTH HEBEIUKO. B pe3KOHEOTHOPOIHOM I10JI€ KOPOHHOE Ha-
MPSKEHHE HAMHOTO HUXE Pa3psHOrO, MOJSIPHOCTh MPU HECUMMETPUUYHBIX
ANEKTPOAAX CYHNIECTBEHHO BJIMSIET HA BEJIUYUHY Pa3psAHOTO HampsikeHus. B
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MIPOMEXYTKE OCTpUE — IJIOCKOCTh (POPMHUpPOBAHUE paspsiia 3aBUCHUT OT IO-
JIIPHOCTH OCTPHSL.

IIpyr MOJIOKUTENBHON IMOJAPHOCTH OCTPUS MMEIOIIMECS B IPOMEKYTKE
AJNIEKTPOHBI, JABUTASCh K OCTPUIO B 00JAaCThb CHJIBHOIO MOJIA, COBEPIIAIOT
YAApHYIO0 HOHHU3ALUIO U 00pa3yloT JaBUHY 3J1€KTpoHOB. Korja naBruHa 10xo-
IUT IO OCTPHUS, DIEKTPOHBI JIABUHBI HEUTPAIN3YIOTCA HA AHOJE, a IOJIOXKU-
TEIbHBIE HOHBI BCIIEICTBHE MAJIOM CKOPOCTHU JBUKEHUS OCTAIOTCA Y OCTPUS U
CO3/1aI0T IOJIOKUTENIbHBI OOBEMHBIN 3apsij, KOTOPBIA 001agaeT cOOCTBEH-
HBIM 3JIEKTPUYECKHUM I10JIeM. B3auMoaeicTBysl ¢ BHEIIHUM II0JIEM B IPOMeE-
KYTKE, TTOJOKHUTEIbHBI 00BEMHBIN 3apsij ocaadiiseT mosie BOJIU3U OCTpUs U
YCWJIMBAET €ro BO BHEIIHEM MPOCTpaHCTBe (pHuc. 1).

Ecnu HanpspkeHne MEXy 3JEKTPOJaMU TOCTaTOYHO BEJIMKO, TO BO3HU-
KAeT JIaBUHA 3JIEKTPOHOB CIpaBa OT 00bEMHOTO 3apsa, JIEKTPOHBI KOTOPO,
CMEUIMBAsACh C TMOJOKUTEIBHBIMH HOHAMU OOBEMHOrO 3apsnia, CO3Jar0T
AHOIHBIN CTPHUMED, 3AMOJHEHHBIM IIa3Mou. [lomoxkuTenpHbIe 3apsabl dTOU
JaBUHBI OyAyT pacnoJiaraThCsi Ha TOJOBKE CTpPHUMEpPA U CO3JaBaTh 00JIACTh
MOBBIIIEHHON HaNpsHKEHHOCTH BO BHEIIHEM NpocTpaHcTBe. Hanuune obmac-
TH CHUJIBHOTO TOJIs 0OecrieunBaeT 0Opa30BaHUE HOBBIX JIABHH, 3JIEKTPOHBI KO-
TOPBIX BTATUBAKOTCA B KaHAJ CTPUMEPA, OCTENEHHO YIIMHAS ero. Ctpumep
IpopacTaeT K KaToy, BbI3bIBask MPO0OOM MPOMEXYTKa IPU CPAaBHUTEIHHO Ma-
JIOM BEJIMYUHE Pa3psAHOrO HAIPSKEHUS.

[Ipr oTpuUATENBHON MOJSPHOCTH OCTPHUS BJIEKTPUUYECKOE II0JIE€ HEIO-
CPEACTBEHHO Y OCTpHUs IIPUBOIUT K DMUCCHUU DIIEKTPOHOB C KaTOJa, KOTOPBIE
Cpa3y HoMaJaoT B CUJIBHOE M0JI€ U MPOU3BOIAT YAAPHYIO HOHU3ALINI0, 00pa-
3ysi OOJIBIIOE YUCIIO JaBUH. DJIEKTPOHBI JIABUH, NIEPEMEIAsACh B ci1adoe moJe
Yy aHOJIa, TEPSIIOT CKOPOCTh, 3aXBATHIBAIOTCSI HEUTPAIbHBIMU MOJIEKYJIaMHU,
CTAHOBSITCSI OTPULIATENBHBIMU MOHAMH, PACCEIHHBIMU B IIPOCTPAHCTBE.

[TonoxuTenbHbIE MOHBI JABUH 00Pa3yloT 0OBEMHBIN 3aps y OCTpHs, KO-
TOPBIN, B3aUMOJICUCTBYS C BHEIIHUM I0JIEM, OYJET YBEIUUUBATH HAMPSKEH-
HOCTbH HEMOCPEACTBEHHO Yy OCTPHS M YMEHBIIATh BO BHEIIHEM IPOCTPAHCTBE
(puc. 2). YcuneHHoe noJie y OCTpUsi MPUBOAUT K YCUIICHUIO IMUCCUU BJIEK-
TPOHOB C IMOBEPXHOCTH KAaTOJa, KOTOPBIE, CMENIMBASCH C IMOJOKHUTEIbHBIM
00BEMHBIM 3apsiioM, 00pa3yroT y KaToaa KaToHbIi ctpuMep. CrnenoBareib-
HO, KOPOHHBIN pa3psl y KaTrola 3a)KUIraeTCs NPHU HAIPSHKEHUH HECKOJIBKO
MEHBIIIEM, YEM IIPU MOJIOKUTEILHON NOJISIPHOCTH OCTPUS.
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Puc. 1. Obpazosanue anoonozco Puc . 2. Obpazosanue kamooroeo
cmpumepa cmpumepa

E — nanpsiicennocme enewne2o nois; Eq — HANPajiceHHocms 00beMH020 NOI0NCU-

menbHo20 3apAoa; Epe, — pe3ynomupyrowas HanpajceHHoCmy 6 NPOMedCymKe nocie

uoHU3AYUY

BcenenctBue 00bIIoro ynciaa HavyalbHBIX JABUH Y KaToJa IJIa3MEHHbBIN
KaHaJ 371eCh MPEJCTaBIICT COOON y3KMH CJIOW BBICOKOW HAMPSKEHHOCTH
MOJIsA, TJI€ OCYIIECTBIISIETCS JABUHHBIA MPOLIECC W POXKAAIOTCS DJICKTPOHHI,
BBIHOCHMMBIE BO BHEIIIHEE TPOCTPAHCTRO.

YMeHblIIEHNE HANPSKEHHOCTH 3JIEKTPUYECKOrO TMOJIsI BO BHELIHEM IPO-
CTPAHCTBE MPUBOJUT K TOMY, YTO JJI JATBHEHIIICH HOHU3AIMHA B 3TOW YaCTH
MIPOMEKYTKa HEOOXOJIUMO 3HAYUTEIHHO YBEIUYUTh PA3HOCTh MOTEHIIMAIOB
MEXKy JIEKTPOJIaMH.

[Ipy nanpHelilieM YBENMYEHUM HANPSHKEHHUS MPOUCXOIUT HOHU3ALHUS
crpaBa OT TUIA3MEHHOTO CJI0si, OOJBIIIOE YKCIO OOPa3yIONIUXCs JTaBUH MPHU-
BOJUT K YJJTMHEHHIO cTpuMepa. CpelHsisi CKOPOCTh MPOABUKEHUS KaTOTHOTO
CTpUMEpPa MEHbBIIE, YEM aHOIHOTO.

B cuny paccMOTpeHHBIX BBIIIE OCOOEHHOCTEW pa3BUTHE CTpUMEpa MpH
OTPUILIATEILHOM OCTPHE MPOUCXOJIUT C OOJBIIMMH TPYIHOCTSIMH, TOITOMY
pa3psIHOE HaMNpsHKEHUE MPU OTPUIATEILHON TMOJISIPHOCTH OCTpuUs OOJbIIIE,
YeM TPH MOJIOKUTEIIBHON MOJISIpHOCTH (B 2 — 2,5 paza).

18



Ha npakTuke yBenuueHue pa3psIHbIX HAMPSKEHUNU U30JIAIMOHHBIX TIPO-
MEKYTKOB JIOCTUTAETCSl IOMEIIEHUEM B TPOMEKYTOK 0apbepoB U3 TBEPAOTO
TUBJIEKTPUKA (JIEKTPOKAPTOH, TeTUHAKC U 1p.). [IpU moN0KUTETbHOM OCT-
pHe TOJIOKUTEIbHBIE HOHBI OCENAI0T Ha Oapbep W PacTeKaloTCs IO €ro Mo-
BEPXHOCTH TEM paBHOMEpHEE, YeM Jaiblle OT OCTPUS PACIOJIOXKEH Oapbep.
D10 mpuUBOIUT K O0Jiee paBHOMEPHOMY PACIPEACIICHUIO HAMPSHKEHHOCTH B
IPOMEKYTKE MEXAy 0apbepoM U IUIOCKOCTBIO U, CIIEOBATEIbHO, K 3HAYU-
TEJIILHOMY YBEIMYCHHIO Pa3psIHOTO HanpsyKeHus (puc. 3).

+ +—
+T+ +T4+=
+  + — N i
+ +,+ +,+— +
+++ +Het=
+ +—=
E E
\
\
\
N 6
\\ ¢ 0apbepoM ¢ GapbepoM
\\\\6§6apbepa \\\\\
T—— Ge3 Gappepa ~ — — .
a S o S
Puc. 3. Pacnpeoenenue HanpsaxcenHocmu nois 6 NPOMelCymKe npu Haiuduu
bapvepa.

a — noJjioaHcumenbHasl nOJApPHOCNb OCMPUs,; 0 — ompuyamenlbHas noJsApHOCNtb OCMpusl

[Ipu oTpULIATENBHON MOJIIPHOCTH OCTPHUS JIEKTPOHBI, TBUTASICh OT OCT-
pusi, ONaAa0T Ha 0apbep, TEPSAIOT CKOPOCTh, U OOJBIIUHCTBO U3 HUX CTAHO-
BATCSI OTpULIATEIbHBIMU HOHaMU. Ha Gapbepe B 3TOM cilydae MOSIBISETCS
KOHLIEHTPUPOBAHHBIA OTPULIATEIBHBIA 3apsl, YBEIWYUBAIOLIMNA HAIIPSKECH-
HOCTbH TOJISl HE TOJIBKO MEX]Y MOJOKUTEIbHBIM 00BEMHBIM 3apsiIOM y OCT-
pust u 6appepoM, HO U BO BHEITHEM MpocTpaHcTBe. CTeneHp BIUSHUSA OTPH-
[ATEIHLHOTO KOHIIEHTPUPOBAHHOTO 3apsifia Oyner Tem OoJiblie, YeM Jajblie
OT OCTpHsI YCTAHOBJIEH Oapbep.

[TosToMy Tipu OTpHIIATENBHON MOJSIPHOCTH OCTPUSI YBEIUUYEHUE Pa3psii-
HOTO HAampsDKEHUsI B MPOMEXKYTKE TMPU HAIUMYMKM Oapbepa OyaeT He3Hadu-
TEIbHBIM, a €CJIM Oapbep YCTAHOBJEH OJIMXKE K MJIOCKOCTH, TO pa3psAHOE Ha-
npsbkeHue OyAeT Jdake MEHbIe, YeM B MpoMexxyTke 0e3 Oapnepa. Ilpu pac-
MOJIOKEHUM Oapbepa B CpeHEH YacTH MPOMEXKYTKA pa3psiAHbIC HaIpsKe-
HUS NPU OTPUIIATETLHON 1 TTOJOKUTEIIBHOU MOJIIPHOCTSX OJM3KH.

Takum oOpa3zoMm, OGapbepbl B MPOMEXKYTKE YCTAHABIMBAIOTCS Ha TAaKOM
ONTUMAJILHOM PACCTOSIHUM OT OCTPHS, MPU KOTOPOM Pa3psiIHbIC HAMPSHKCHUS
makcumanbibl ((0,15 - 0,3) mIMHBI MPOMEXYTKAa MEXKIY SJICKTPOIAMH).
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[TprueM mpu MONOKUTETHLHONW MOJSIPHOCTH OCTPHUS Pa3psAAHOE HAMPSKEHHUE
MOXET YBEIMYHUTHCS B 2 — 2,5 pa3a Mo CpaBHEHHUIO C MPOMEXKYTKOM 0e3
Oapbepa, a Mpu OTPUIATENILHOM MOISIPHOCTH KOPOHUPYIOIIETO AJIEKTPOIa — B
1,2 - 1,3 pa3a.

Ecnu MoryT kopoHHpoBaTh 00a 3JEKTpoAa pa3psAHOTO MPOMEKYTKA, TO
Oapbepbl YCTAaHABIMBAIOTCS BOIHM3U 000UX JIEKTPOJIOB.

[Tpu pacrmoniokeHnn Gapbepa B HEMOCPEICTBEHHONW OJIM30CTH OT IOJIO-
KHUTEILHOTO OCTPHS POJIb €r0 YMEHBIIAETCS BCIIEICTBHE PE3KOW HEpaBHO-
MEPHOCTH pacIipelieJicHusI 3apsiioB Ha Oapbepe. HampspkeHHOCTH oI OKa-
3BIBAETCS IOCTATOYHOM JIJISI TOTO, YTOOBI MOHMU3AIMOHHBIC TIPOIIECCHI MPOXO-
JWIIN TI0 JPYTYIO CTOPOHY Oaphepa.

VYopoussttonmii 3¢ ekt 6apbepoB UMEET MECTO MPHU MOCTOSIHHOM, Iepe-
MEHHOM M UMITYJIbCHOM HamnpspKeHusx. OIHaKO TIPH UMITYJIbCHBIX HampsoKe-
HUAX OapbepHbIl 3QQEeKT BhIpaxkeH ciadee, Tak Kak Oapbep HE yCIleBaeT 3a
KOPOTKOE BpEeMS 3apsIUTHCS.

Bbaprepbl mMpoKo UCTONB3YIOTCSI B BBICOKOBOJIBTHBIX KOHCTPYKIIHSIX, pa-
OoTaronMx Kak B BO3AyX€, TaK U B Macie (BHICOKOBOJIBTHBIE BBOJIBI, TPAHC-

dbopmaTopsl U ap.).
2. ITopsinok padoThI

1. CoOpaTh 3ACKTPUIECKYIO CXEMY IKCIIEPUMEHTAILHON YCTaHOBKH (puc. 4).

; 8
AT f— T

(] 5

Fr ¥ —F

Puc. 4. Dnexmpuueckasn cxema ycmanosku:
AT — asmompancgopmamop; T — evicoxoeonbmubiit mpancgopmamop, R, — zawummuoe
conpomuenenue; V — svinpamumens,; C — konoencamop, R — moxooepanuuusarowee co-
npomusnenue, A — npubop O/ usMepeHus 8blICOKO20 HaANPANCEHUS

1. Jlnsg 4 — 6 3HAYCHHI MEXIIIEKTPOTHOTO PACCTOSIHUS S U3MEPUTH BEITUUUHY
paspsiaHoro HamnpsbkeHuss Up Uil KaKIOW MOJSPHOCTU SIEKTPOA0B. OMBITHI
MOBTOPUTH 10 3 pa3a Ha KakJ0€ paccTosinue. J[anapie 3aHOCAT B TaOuIry 1.
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3. Jlnsa 4—6 3HaYeHUI PacCTOSHUS MEXAY O0aphepoM M OCTpHUEM S; Ompere-
JSAI0T BEJIMYUHY Pa3psAAHOrO HANPSKEHUS MEXAY AJIEKTPOJaMu B IpOMe-
KyTKe ¢ 6apbepoM. OTIBITH MOBTOPSIOT MO 3 pa3a Ha KaXJ0€ PaCCTOSHUE U
KKIYIO MOJISIPHOCTD 3JIEKTPOIOB, U IaHHBIE 3aHOCAT B TAOMUILY 2.
Paccrostare Mex 1y 3J1eKTpoiaMu IocTosTHHOE (S = const).

3. Conep:xanue oTyera

1.

2.

[Toctpouts Ha rpaduke 3aBucumoct Up = f(S) nmpu momokureabHOM
octpue u Up = f(S) npu oTpuIiaTeIbHOM OCTpHE.

[Toctpouts Ha rpaduke 3aBucumoct Up = f(S;) mpu monoxurenbHOM
octpue u Up = f(S;) mpu otpunarensHoM octpue. Ha stom ke rpaduke
MPOBECTH JTIUHUH, COOTBETCTBYIOIINE Pa3PSAHOMY HANPSDKEHUIO JJIST He-
M3MEHHOTO PAaCCTOSIHHS MEXKTYy 3JIekTponamu (S = const) 6e3 Oapbepa B
MPOMEXKYTKE S 7S KaXKI0H MOJISIPHOCTH OCTPUS.

OOBACHUTH BIMSHUE TMOJSIPHOCTU DJIEKTPOJOB Ha Pa3psIHOE HamIpsKe-
HUE.

OOBsICHUTH BIMSHUE OapbepOB MPH Pa3HOM MOJSPHOCTH AJIEKTPOJOB HA
paspsAHOe HampsHKEHHE.

Tabnura 1 Tabmnura 2

DKCNEPUMEHTATbHbIC DKCNEpUMEHTAIbHbIE

3Hauenust Up 6e3 Gapbepa 3HaueHust Up ¢ Gapbepom

S,

CM

Sy, _}#‘5’
5 cM —
=

IMonsipHOCTD

ITonsipHOCTD
ocTpus

ocTpust

kB Up. op U,, kB Up. cp

4. KoHTpOJIbHBIE BONIPOCHI

Ot Kakux (paKTOpOB 3aBUCAT pa3psAHbIC HAMPSKEHUS TPOMEKYTKOB?

B kakux mpoMmeKyTKax NOJIIPHOCTH 3JIEKTPOJOB BIIMSIET HA BEIUYUHY
Pa3psSIAHOTO HAIIPSKEHUS ?

Kak MOXHO yBenMUuTh pa3psAAHbIE HANPSLKEHUS W30JALHUOHHBIX IPOMeE-
KYTKOB?

W3 kakoro marepuasa BINOIHIETCS Oapbep?
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5. Ha kaxom onTumManbHOM PacCTOSHUHM OT OCTPHUsSl YCTaHABIMBAETCS Oapbep
B MEXDJIEKTPOTHOM MPOMEKYTKE?

4 XAPAKTEPUCTUKHU KOPOHbBI HA TPOBOJAX ITPU
HEPEMEHHOM HAIIPAKEHUUN

Heab padoTbl: 03HAKOMUTHCSA C OCHOBHBIMH XapaKTEPUCTUKAMU KOPOHBI Ha
IIEPEMEHHOM HANPSKEHUN U METOJIUKOU UX OIPEACICHU.

1. Kparkue cBenenust

KoponHbIli pa3psl, WM KOPOHA, — OJUH M3 BHJOB CAMOCTOSITEIBHOIO
paspsiia B raze JOCTaTOYHO BBICOKOM MIOTHOCTH. O0s13aTENbHBIM YCIOBHEM
CYILLIECTBOBAHUS KOPOHBI SABJIACTCS 3HAYUTEIIbHAS HEOIHOPOAHOCTD DJIEKTPU-
YECKOI'0 I10JI, BO3HUKAIOIIETO B Pa3psAHOM MPOMEXKYTKE IIPU IPUIOKEHUU
K €r0 JIEKTPOJAM HaIIPSKEHHUS.

IIponiecchl MOHM3ALMKU CONPOBOXKIAAIOTCS HU3JIyYCHUEM Kak B BUIUMOM
YacTHU CIEKTpa, TaK U B KOPOTKOBOJIHOBOM. CBeTsIIeMycCsi opeoily BOJIU3U
MOBEPXHOCTU KOPOHUPYIOIIMX JIEKTPOJOB U 00s13aH paccMaTpUBAEMbld BU/T
ra3oBOro paspsiga CBOMM HA3BAHUEM — KOPOHa.

30Ha BOJIM3U MOBEPXHOCTU KOPOHUPYIOIIETO 3IEKTPOa, B KOTOPOH Mpo-
HCXOAAT NMPOLIECCHl HOHU3ALINH, HA3bIBAETCS YEXIIOM KOPOHBI.

OOpasyromyecss B 30HE MOHU3ALMH HOCUTENH 3JIEKTPUYECKOro 3apsiia
IO, AEMCTBUEM CHJI MOJIS IBHXKYTCS B OTOM I10JIE, T.€. BO3HUKAET DJIEKTpUYE-
CKMM TOK KOPOHHOTIO paspsiaa. Hocurenu 3apsa0B, 3HaK KOTOPBIX COBIIAAAET
CO 3HAKOM 3apsA10B KOPOHUPYIOIIUX IIEKTPOAOB, BBIHOCUTCS U3 30HBI HOHU-
3al[MM BO BHEUIHIOK I10 OTHOLIEHUIO K HEHM TEMHYIO 4acCThb IPOCTPAHCTBA,
IIOJIYYUBIIIYIO HA3BaHUE BHEIIHEN 30HBI KOPOHBI.

IIpy npouynx paBHBIX YCIOBUSAX NPU U3MEHEHUU MEXIIEKTPOAHBIX pac-
CTOSIHUN OyIyT M3MEHATHCA M 3HAUCHMS] HA4YaJIbHOTO HANpPSKEHUS KOPOHBI.
IIpy 3TOM rpasveHTsl NOTEHIMANIA JJIEKTPUYECKOIO IO Y IMOBEPXHOCTHU C
MaJbIMHU PaNyCaMH KPUBU3HBI OYyT OAMHAKOBBIMH, UTO TIO3BOJISIET IO UX
BEJIMYMHAM HaXOJHUTh U COOTBETCTBYIOIIME HAYAJIbHBIC HAIPSIKEHUS KOPOHBI
JUTSL T€X WJIM UHBIX CHCTEM DJIEKTpo10B. TakuM o0Opa3oM, HauyallbHbIE Tpaju-
€HTbl KOpPOHBI, T.€. TPAAUEHTHI MOTECHLIHAIA Yy MOBEPXHOCTH JBJIEKTPOLOB C
MaJbIMU paguyCcaMy KPUBH3HBI, 10 JOCTUKEHUU KOTOPBIX U BO3ZHUKAET KO-
pOHa, SBISAIOTCS OoJiee OOIIEH XapaKTEPUCTUKON KOPOHHUPYIOLIUX 3IEKTPO-
TOB.

JIns onpenesieHUss HadalbHBIX I'PAJAMEHTOB KOPOHBI IIEPEMEHHOIO TOKA
IIPUMEHUTENBHO K IVIAJAKAM, HAJIMHIPUYECKUM MPOBOJAM IIPEAJIOKEHBI HE-
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CKOJIBKO SMIHUPUYECKUX (OPMYJ, OCHOBAHHBIX HAa aHaIM3e M 000OIICHUH
OIIBITHBIX JIAHHBIX.
HawnbGoinee n3BectHsl 1 pactpoctpaneHsl popmyibl . [Tuka:

AJI1 KOAKCUAJIbHBIX THJIIMHAPOB

Eo =31-8(1+ m), (1)

Jio-8

JJIA TIapaJiJICIIBHBIX IIPOBOAOB OAMHAKOBLBIX paauyCOB [

£, =29.8-5(1+ 2300y, 2)

NINEKS

TaK K€, KaK 1 Ha ITIOCTOSIHHOM HaHpﬂ)KeHI/II/I, HpI/I JOCTUKCHUN HaHpﬂ)Ke—
HUJ 3aAKUTaHUA KOpOHBI Ha HpOBOI[aX JII/IHI/Iﬁ SHCKTPOHCPCI[EU-II/I HCpCMCHHO-
o HaHpﬂ)KeHI/IH BO3HHUKAKOT O6L€MHBIC 3ap;1m,1 TOI'O K€ 3HAaKa, 4TO U 3ap;m
mpoBoJa. BCJIC)ICTBI/IC HCIIPCPBLIBHOI'O HM3MCHCHUWA IIOJIIPHOCTH IIPpOBOAA,
00OBEMHBIN 3aps] Kaxaou (a3pl ygansercss OT MPOBOJAA TOJBKO B TEUEHUE
MOJIyIIepHuoJia U IIpu IEPEMEHE MOJIIPHOCTH HAYMHACT NPUTATUBATHCS K MPO-
BOJY.

C‘{I/ITaH, 4TO HAIIPAKCHHOCTDb Ha ITIOBCPXHOCTU KOPOHHUPYIOIICTO ITPOBOJA
B TEYCHHE BCETO MOJIyNEPHO/a HEU3MEHHA U PaBHA KPUTUYECKON, HAMOOIb-
mee yaajieHue 00beMHOT0 3apsiaa OT OCH IMPOBOJIa MOKHO OIICHHUTH IO (hop-

MyJIie
Fax =+ K-T-Ey - 1p (3)

rae K — moaBMKHOCTh HOHOB; T — mepuo; E, — HaNpsHKEHHOCTh 3a)KUTaHUs
KOPOHBIL; Iy — palniyC KOPOHUPYIOIIETO MPOBOJIA.

emle p_ 36 kB/em: T= 0,02 ¢ Mak-

Hanpuwmep, npu rp=1,25cm k=18
[ cm

CUMaJIbHOE yjajieHue 00BEeMHOro 3apsija OoT mpoBoaa coctaButT 40 cM, yTo
3HAUUTETHLHO MEHBIIIE PACCTOSTHUS Mexay (a3zamu B peasibHbIX JIOII.

CrienoBartenbHO, MPU NMIEPEMEHHOM HANPSKEHWU MPOMBIIUIEHHOW 4acTo-
Thl OOBEMHBIE 3apsAbl KaXKI0M (Da3bl MOKHO MPEACTABISITH HE3ABUCUMO JIPYT
OT JIpyTa, XOTSI TEOPETHUUYECKNE PACUETHl U U3MEPEHHUSI MOKA3bIBAKOT, YTO Ha-
pALy C MyJbCHUPYIOIIMM BOKPYI Ka)KIOTO IMPOBOAA 3apsAIOM HMEETCS He-
OoJbILas A0S 3apsiia, MOCTENEHHO MEePeMEeIAoascs K MPOTUBOIOIOKHO-
My JIEKTpoay. Tak Kak BEIWYMHA 3TOTO 3apsia HEBEIMKA, €r0 MOXHO HE
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YUHUTBIBATh, 1 KOPOHHBIN pa3ps]l Ha BEICOKOBOJBTHBIX JIDII momyctumo pac-
CMaTpUBATh TOJIBKO JJIS1 OJHOM (hasbl.

[Tono>kuM, 4TO JTUHHS MOAKIIOYAETCS K HCTOYHHUKY CHHYCOHIAIBHOTO
HanpspkeHuss B MoMeHT ty mpu U=0 (puc. 1, a), cuHycomnma B pa3IudHBIX
MacmTabax COOTBETCTBYET HaIPsHKEHHUIO MCTOUHUKA U, HapsyKeHHOCTH TO-
74 Ha IOBEPXHOCTH IpoBoja Ey, u 3apany Qu, = U- Cy, rne Cy — eMkocTh
JIDII Ha equHUIYY TMHBI P OTCYTCTBUM KOPOHBHI.

B mMoMeHT Bpemenu t;, Korja HanpsoKeHUE Ha MPOBOJIE TOCTUTHET 3Have-
Hus U, (cootBeTcTBeHHO M E = E\), 3aroputcst KopoHa (puc. 2, a). ITo mepe
pocra Hamnpsbkerus ot U mo Uy, (t; — t;) gacTh 3apsga ¢ npoBoja mo oopa-
3YIOIIUMCS CTPUMEpaM MO/ JEHCTBUEM BJIEKTPUUECKOTO MOJIS TepeMenaeTcs
B OKpYXaloliee MpOCTPAHCTBO, T€ CO3/AETCS U30BITOUHBIN MOJIOKUTEIbHBIM
3apsia (puc. 1, a). Ilpu 3ToM HaiMuMe TOKA B KaHajaX CTPUMEPA BBICOKOU
MPOBOAMMOCTH OOYCIIOBIMBAET COXPAHEHNE HEM3MEHHON KPUTHUYECKYIO Ha-
OpsUKEHHOCTh E) Ha MOBEPXHOCTH MPOBOJA, a CIEA0BATEIbHO, HEU3MEHHBIM
¥ 3apsz Ha nposoge Qp, = 2nel £, = const. Co3naBaeMoe 3THUM 3apsioM Ha-
nmeeHHe U = Qny/ Co Taxoke OyneT HeusMeHHbIM. PaszHuia HanpskeHnit AU
=U-VU MOJIJIEP>)KUBACTCS 00BEMHBIM 3apsaoM Q,s, KOTOPBI ¢ POCTOM Ha-
OpsDKEHUS. TOCTENEHHO yBenuuuBaercs. OIHOBPEMEHHO YBEIUYMBAETCS U
cymmapHslii 3apan Qs = Qyp, + Q6. [loce MakcMManbHOTO 3HAUEHUS HAMpS-
KeHHsl ucTouHuKa (1) cyMMapHBIH 3apsAl C yMEHbBIICHHEM HaIPSHKCHUS
YMEHBIIIAeTCs, B TIEPBYIO O4Yepeb, Ha MpoBoje. Kak TOMbKO HAMPsHKEHHOCTD
Ha MPOBOJIE CTAHET MEHbBIIE KPUTUUYECKOM, HOHM3ALUS B YeXJie KOPOHBI TIpe-
Kpalaercs, KaHaJlbl CTPUMEPOB MOCTENEHHO TEPSIOT CBOIO MPOBOIUMOCTb, U
O0O0BEMHBII 3apsi/i OKa3bIBAETCS OTPE3aHHBIM OT NPOBoJA (pHC. 2, 0).

B MomeHT Bpemenu t3 (puc. 1, a) 3apsn Ha npoBone Qy, OyneT paBeH Hy-
mo, a HanpsbkeHne AU coxpaHsieTcs MOJ0KUTENBHBIM 32 CUET BIUSIHUS 00b-
€MHOTO 3apsijia ¥ TOJbKO B MOMEHT BpPEMEHHU l;, KOT/Ia Ha TIPOBOJIE TMOSIBUTCS
OTpUIIATENIBHBIN 3apsi, co3aarouuid HampsbkeHue AU, pesyibTupyroiiee
HanpsHKCHUE CTaHET paBHBIM HYIHO (puc. 2, 8).

B MoMeHT BpeMeHu {5 Hamps>KEeHHOCTh Ha MPOBOJIE IOCTUTHET KpUTHYE-
CKOM, W 3aroputcsi «oTpunareiabHas kopona» npu U = U, OtpunarenbHbie
YaCTHUIIBI M3 YeXJIa KOPOHBI, JIBUTAACh HABCTPEUY MOJIOKUTEIHHBIM YaCTH-
naMm, OyIyT peKOMOMHHUPOBAThb, YMEHbIAs MOJOKUTEIbHbBII 00ObEMHBIN 3a-

pan (puc. 2, 2).
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FPuc, 1. Kopaona Ha Rp0soda Rt REPEMEHHOM HAMND ANCEHLLL!
@ — UIMEHEHLE E0 EPEMEML HANPANCEHIA 1 HANPIRCEHHOCHIL MEKMIPLY SO0 NOAA Ha
HpoSods W CYMMAPHWE Japad,; B — erEochiHuE Mo () 4 Mok Koporbl (Ty)

+ I + + I + -
-+ -+ -
++ +++ +.|. +++ - -"
HORIRNCR: SO
+ + - _
e+ T e+ T To- -
+ + + + + - _ -
2] orty o t4 ot ty 1o ts 5 ot t7 mo tg
a o 8 2 0

Puc. 2. Obvemusie 3apsovl 8 OKpecmHOCMU NPO800A 8 Pa3iuyHble MOMEHMbL
8peMeHU

IToTepu sHepruu npu KOPOHUPOBAHUU KaK pa3 U CBA3AHBI C MPOILIECCOM
JBDKEHUS W PEKOMOWHAIIMM 3apsOKEHHBIX YacTHIl. JTOT Tpolecc Oyner
JUTUTHCA 10 MOMEHTa BpEMEHHU tg, ITOCIIE Yero HAaUHEeTCsl HAKOTUIEHUE OTpUIla-
TEIHLHOTO OOBEMHOTO 3apsjia O MOMEHTA BPEMEHH 17, KOTJ]a TTOTaCHET «OT-

puIarenbHas KopoHa» (puc. 1, a u puc. 2, 0).
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Bo Bpems ropeHns KOpOHBI TOW WJIM WHOW IOJSIPHOCTH TOK KOPOHBI
HAKJIa/IbIBACTCSl HA CHHYCOMIaJIbHBI EMKOCTHBIN TOK JIMHUH, ONIPEIeIIeMBbIii
HaAMpPsDKEHUEM UCTOYHHKA M TE€OMETPUUECKON €EMKOCTBIO JIMHUY, T.€.

i -c,- 99 (4)
dt
(puc. 1, 6). Usmenenue Hopmbl KpUBOM €eMKOCTHOTO TOKA MPH 3aTOPaHUU KO-
POHBI MOXHO HAOJI0IaTh HA SKpaHe ociuiorpada.

[Ipu cHATHM BOJBT-aMIIEPHOW XapaKTEPUCTHUKU KOPOHBI HA MPOBOJAX
JIDII mepeMeHHOro HampsDKEHUs C MOMOILIBI0 OocHuLiorpada o MosBICHUU
KOPOHBI MOXHO CYIUTh TakXe MO BO3HMKHOBEHHIO BCILIECKAa TOKa. TuUnuy-
Hasi KapTHHA BOJIbT-aMIIEPHOM XapaKTEpUCTUKU IIPUBEIEHA HA puUC. 3, d.

Korna kopoHbl Ha IPOBOJIE HET, MOTEPU FHEPTUU OTCYTCTBYIOT, TaK Kak
SHEprus, 3aTpauyeHHasi MICTOYHUKOM Ha CO3/1aHHE 3JIEKTPUUYECKOro MOJIs B Te-
YeHHE OJHOIO IMOJIYNEPUO/a, B TEUCHHUE CIESAYIOLIEr0 MOJyINepruo/ia MoJHO-
CTBIO BO3BPAIIAETCsl UCTOYHUKY.

[Ipy HamUUMM KOPOHBI UCTOYHHKY BO3BPAIla€TCs TOJBKO YacThb 3TOM
SHEPruM, ONpeeseMas 3apsIoM Ha IPOBOJIE, a SHEPIuUs, CBA3aHHAs C 00b-
€MHBIM 3aps/I0M BOJIM3U MPOBOA, mpuMepHO paBHast AU-Q,¢/2, coxpanseTcs
B BUJIE OCTATOYHOT'O 3JIEKTPUUYECKOTO IOJIsI, KOTOPOE 3aTEM KOMIIEHCHUPYETCS
3apsAJI0M IPOTUBOIIOJIOAKHOTO 3HaKa B MOCIEAYIOIIMI MOTYTIEPUO.

Takum 00pa3oM, MOTEpU PHEPTHHM HA KOPOHY MPHU MEPEMEHHOM Hampsi-
KEHUM CBSI3aHbl C HENPEpPHIBHOW Mepe3apsaKol dYexia KOpPOHBI, KOTopas
IPOUCXOAUT HECUHXPOHHO ¢ M3MeHeHueM HampsbkeHus. [lotepu sHeprum 3a

t

OJIMH NEPHUOJ MOYKHO OIpPENENNUTh Kak Py = I U-i-dt wm P :§ udQ, . e.
0

OTEPHU MPOIOPIIMOHAIBHBI IUIOIIAIA TaK Ha3bIBACMOM BOJIBT-KYJOHOBOM Xa-

PaKTEPUCTHUKH.

BoabT-KyJIOHOBas XapaKTepUCTHKa MPEACTABISCT COOOM 3aBHCHUMOCTD
MI'HOBCHHOT'O 3HAYCHHS 3apsja OT MCHOBECHHOTO 3HAYCHUS HAIPSOIKCHUS HC-
TOYHHKA.

BoJbT-KyJI0HOBBIE XapaKTEPUCTUKU MPH PA3TMUHBIX aMIUIMTYAaX IpH-
JIO)KEHHOTO HANPSDKEHUS B CTUJIM30BAHHOM BHJC MPHUBEACHBI Ha puc. 3, 0,
rae mudpaMd OTMEYEHBI XapaKTepHbIC TOYKH, COOTBETCTBYIOIIHE OT/CIb-
HBIM MOMEHTaM BpeMeHHM Ha puc. 1, a. IIpsMojvHEHHbIE y4acTKH BOJIBbT-
KYJIOHOBOW XapaKTEPHCTUKH COOTBETCTBYIOT MHTEpBajaM BpPEMEHH, KOIaa
KOpOHA HE TOPHUT, U3MEHSETCS TOJBKO 3aps/i Ha MPOBOJC M, CIICIOBATEILHO,
HAKJIOH BOJIBT-KYJIOHOBOW XapaKTEPUCTHKHU OIPEACIACTCS TeOMETPUUYCCKOM
€MKOCTBIO JINHUH.
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Puc. 3. Xapaxmepucmuxu xoponwl.

a— 801bM-AMNEPHASL XAPAKMEPUCTNUKA KOPOHbL, O— 801bM-KYI0H08ASA XaPaAKmepU-
CMUKa KOPOoHbl (Yughpvl cCOOmMEemcmayom Momenmy epemeru Ha puc. 1, a

[Torepu 3a enuHUIY BpEMEHH OJACYUTHIBAKOTCS KaK
P=f.fudQ, (5)

T.€. IPEACTABIAIOT cO0O0H MIIOMIAAh BOJBT-KYJIOHOBON XapaKTEPUCTUKH, TO-
MHOXCHHYIO Ha 9acTOTYy.

OO6cyxnaBmecs BbIe (GOPMYJIBI I HAYaIbHOTO TPAAMCHTA KOPOHBI
NEPEMEHHOT0 TOKAa OTHOCSTCS K IMJIMHJIPUYECKUM TIPOBOJIAM C TJIaJIKOM TO-
BEPXHOCThIO. Ha MUHMAX anekTporepeaayn UCnoyib3yrTCsl TOUTH UCKITIOUHU-
TEJIBHO BHTHIC TPOBOJA, Ha KOTOPHIX BEIMYWHBI HAYAIBHOTO HAIPSHKCHUS
KOPOHBI HIDKE, YeM Ha IMIMHIPUIECKUX MPOBOAX.

DT0 00CTOATENHCTBO MPHUHATO YUUTHIBATH BBEJECHUEM TaK HA3bIBAEMOTO
kod(dduIMeHTa rIaKoCT BUTOTO MPOBOJA, KOTOPHIA MPEICTaBIsIeT cO00M
OTHONIECHUE HAYAJIHLHOTO HANPSDKCHHsI KOPOHBI HA BUTOM MPOBOJC K HAaYaJIb-
HOMY HaNpsDKCHWIO KOPOHBI Ha TJIAIKOM IMIIMHIPUIECKOM TTPOBOJIC PABHOTO
pagnyca TIpW TPOYMX PABHBIX YCIOBHSX (OJWHAKOBBIC MEXDICKTPOIHBIC
PAcCTOSIHUS, OJJMHAKOBASI TNIOTHOCTH BO3AyXa, OTCYTCTBUE OCAJIKOB).

Kputnueckoe HanpspkeHHE KOPOHBI JUISI XOPOIICH TTOTOABI OMPEACIISICTCS
IUIOTHOCTBIO BO3JIyXa, T€OMETpHEH NpoBoJa M KO3(PPHUIIMEHTOM TIIAIKOCTH
€ro MMOBEPXHOCTH M.

J1y1st Bcex TpOBOJIOB HE3aBUCHMO OT WX JIMAMETPOB ObLiIa MOTy4YeHa BEIU-
yuHa Kod¢dunmenta rimaakoctu 0,85 — 0,9.

Paznmuunbie atMocdepHbie yCI0BUS — MOXKb, CHET, TyMaH, MOBHITIICHHAS
BJIQYKHOCTH BO3/yXa, HHEH, NU3MOPO3b U TOJIOJIE]T — CYIIIECTBEHHO BIIHSIOT Ha
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KOPOHUPOBAHKE MPOBOJOB JMHHUM JJIEKTPOINEPENayd, MPUBOJS K MOBBIIIE-
HUIO YPOBHSI TOTEPh MOIIHOCTH Ha KOPOHY (IO CPaBHEHUIO C 3TUM YPOBHEM
JUTSL YCIIOBUI XOPOIIEH Orobl).

HavanpHble TpaueHTbl KOPOHBI MPHU JOXKIE, KaK MOKazalu jJaboparop-
HBIC MCCIICOBAHUSA, MEHSIOTCSI C UHTEHCUBHOCTBIO JOXK/SI, UYTO YUYUTHIBACTCS
K02 () PHUITUEHTOM MTOTOTBI.

Pesynbrarel onpeznenenus koddduureHTa moroasl M2 mpu I0XKIE IS
OJIMHOYHBIX BUTBIX U PACIIEIUIEHHBIX IIPOBOJOB HECKOJIBKUX PAaJUyCOB U IS
pa3IMYHBIX 3HAYEHWH OTHOCHUTEIBHOW IUIOTHOCTH BO3JyXa MPUBEIEHBI Ha
puc. 4.

PekoMeHZ0BaHO pa3fenuTh Bce MHOrooOpasue MOTrOJHBIX YCIOBUM Ha
YeThIpe TpyNIbl: Xopolias morojaa (6e3 ocaikoB), T0XK/b (BKIOYasi MOKPBINA
CHET U MOPOCH), CyXOil CHET U U3MOpPO3b (BKIIIOYAsl TOJIONEN U UHEN).

CpenHerooBsie MOTEPU Ha KOPOHY AJISL JTMHHUM 3JEKTpOINEpeaun onpe-
JENAIOTCSI CYMMHUPOBAHUEM TOTEPh MO TPYIIaM MOTOAbl C Y4€TOM IpPOAOJI-
KHUTEIHHOCTH KaXKJOTO BHJIA TIOTOJIBI BJIOJIb TPACCHI MPOCKTUPYEMON JTUHHH:

4
APK = ZAPIq Vi, (6)
i=1

riae Wi — oTHOCUTeNbHAS IPOAOKUTEIBHOCTD I-i TPYIIITBI TOTOBI 3a TOJI;
AP, i — CpeIHEroioBasi MOIIHOCTh MOTEPh MPH I-i TPYIIIE MOTObI.

mp

0,8

0,7

0,6

0,5 — —

0,4

0 5 10 15 20 25 30 35 I,mm/H

Puc. 4. 3asucumocmov xoa¢hghuyuenma nocoovt om UHMeEHCUBHOCTIU Q0HCOS

28



W3 MHOTOYHCIIEHHBIX AMITUPUIECKUX (HOPMYIT JISl OTPEACIICHUS MOIIHO-
CTH MOTEPh Ha KOPOHY MPHU NEPEMEHHOM HAINpPSHKCHUU HauOOJIee 4acTo HC-
noJs3yrT hopmyiry [uka (7):

P, :2%’1“ + 25) ;—O(Ucp —UO)2 .107°, kB1/kM Ha a3y (7)

rae f —yacrora, I'i;

O — OTHOCHTEJIbHAS IFIOTHOCTh BO3/IyXa;

F'o — paaryc IPOBOJIA, CM;

S — paccTosiHHE MKy IPOBOIAMH, M;

U, — neiicTByromiee 3HaueHue (a3HOro HANpsDKEHN, KB;

Uy — HekoTOpast pacyeTHas BEIIMYMHA HANPSOKCHHS, OJM3Kas K KPUTHYE-
CKOMY 3HAYCHHUIO HAPSHKEHUS KOPOHbI, KB.

Uo:21,2-8-r0-ln§-m1-m2, (8)
o

rae M; — ko3P PUIMEHT TJIaJKOCTH IPOBO/IA;
M, — K03 GUITMEHT MOTOTBI.
Ha puc. 5 npuBeneHsl 3aBUCUMOCTH TOTEPh HA KOPOHY OT OTHOIICHUS

Uq) /U, 1pv HeM3MEHHOM 3HAaYeHHM ()a30BOTO HANPSKEHWS JUHHMH Klacca
750 kB (Uq)z 433 kB) u npu nepemMenHo Benmuuune U, 0OTKya BUIHO, YTO
TeMI1 pocTa noteph npu obmiei kopore (Uy, /U, >1) (yuactok 2) 3HaquTEe b-

HO OOJIbIIIe, YeM MPU MECTHOM KOpOHE (y4acTok 1).
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Py

KBT/kM
400

350
300 /
250

200

150 /

100 }¢/
>0 1 1A

_//

0 080910111213 14 y,u,

Puc. 5. 3asucumocmv nomepov na xopowny na aunuu kiacca 750 kB om omno-

weHus U(b/UK:

1 — nomepu npu mecmmuotui kopone,; 2 — nomepu npu ooujeli Kopoue, 3 — nepexooHas
obracmn

Ha puc. 6 npencraBieHa cxeMa COEUHEHU, UCIOJIb3yeMasi B HACTOSI-
el padore.

Q_HT T i

. T7 T
ha S Ly

Puc. 6. Cxema nposedenus onvimos:
AT — asmompancgopmamop; T — vicoxkogonvmuulii mparcghopmamop,; Ry — 3awummoe
conpomusnenue;, Ri— Ry — 6blcok06o1bmHblll OMUYECKUU Oenumens,;
C1- C2 — sbicokogorbmuwili emxocmusili Oerumens, N — ocyunnocpagd, C— emkocms 0
CHAMUSL BOJILM-KYIOHOBOI Xapakmepucmuku, R —conpomueienue o1 cHsamusi xapaxkme-

PUCTMUK O KPUBOU MOKA U 80J1bm-amneprotl xapakmepucmuxke; 11— nposoo
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2. Tlopsinok padoThI

O3HAaKOMUTBCS C IKCIIEPUMEHTAJIBbHON yCTaHOBKOM U npaBuiamu Th npu
BBITIOJTHCHUH JTAHHOUN pabOTHI.
OnpenenuTes HaNPSHKEHUE 3aKUTaHUs KOPOHBI 17151 4-X MPOBOJIHHUKOB pa3-
JUYHOTO uametpa (I, Iy, I3, I4), paCIOJIOKEHHBIX B LIMJIMHAPE:
a) 1o KpUBOM TOKa;
0) 10 BOJIBT-aMIIEPHON XapaKTEPUCTHUKE;
B) M0 BOJIT-KYJIOHOBOW XapaKTEPUCTHKE.

JlanHble 3aHeCTH B Ta0. 1.
CHATh BOJIBT-KYJIOHOBYIO XapaKTEpUCTHKY (C 3KpaHa ocuusuiorpada Ha
KaJIbKY) JUIsl OJJHOTO U3 MPOBOJIOB MPHU PA3IMYHBIX HANPSIKEHUAX HA KO-
POHUPYIOIIEM ITPOBOJE.

JlanHbIe 3aHeCTH B TaOII. 2.

Tabmuna 1

3KCHepI/IMeHTaJ'IBHBIC SHAYCHUA HAIIPSHKCHUA 3 KUTaHWUA KOPOHBI J1JI5
IIPOBOJOB Pa3JIMYHOIO AaMeTpa

Meronuka peructpaiy HanpsoKeHUs Panuyc npoBoga, Mm
3KUTaHUs KOPOHBI r= r,= rs= ry=

ITo xpuBOM TOKA

ITo BoJIbT-aMIIEPHOMN XapaKTEPUCTUKE

I1o BONBT-KyJIOHOBOM XapaKTEPUCTUKE

Tabauna 2

DKcnepruMeHTAIbHbIE JaHHBIE JUIS ONIPEACIICHUS TOTEPh SHEPTUU NPU
KOPOHUPOBAHUU POBOJIA

Beanunaa HanpsHokeHUA Ha KOPO-
P p U]_: U2= U3= U4= U5=
Hupytomem s1exrponae U, kB
P 0 BOJBT-KYJIOHOBBIM
OTH.€XL.> Y P1: P2= PS: P4: P5:
XapaKTEPUCTHKAM

3. Conep:xanue oTyera

1.

ITo JaHHBIM II. 2 IMOCTPOUTHb 3aBUCUMOCTD HAIIPSXKCHUA 3a)KUTaHUS KOPO-

HbI OT pajguyca IpoBOJA.
[To naHHBIM M. 2 NOCTPOUTH 3aBUCUMOCTh MOTEPH Ha KOPOHY OT Hamps-

YKeHUS (B OTHOCUTEIBHBIX €IMHUIIAX ).
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3. IosicHuTh, KaK BIMSIET HHTEHCUBHOCTH OCAJIKOB HA TIOTEPH SHEPTUU NpHU
KOpOHE.

4. TlosicHuTh, KaKoi OmaronpusTHHINA 3P deKT okazpiBacT kopoHna Ha JIOII B
Cllydae BOZHUKHOBEHHS BOJIH MEPEHANPSKCHHIA.

4. KOHTpOJILHLIe BOITIPOCHI

=

Kakoii Bua pa3spsiga npencraBisieT KOpoHa?

Kaxue nebnaronpustabie 3¢ (HeKThl BbI3bIBAET KOPOHA?

3. Uem ormpenensioTcsi MOTEPH SHEPTHH MPU KOPOHUPOBAHUM HA MEPEMEH-
HOM HaIlpsKEHUH?

4. Yto xapaxrepusyeT Kod(POUIUEHT TIIaJKOCTH MPOoBOJa U KOI(PPHUIIUEHT

OTOBI?

Ha kakue BUJIbI 1€TUTCS BCE MHOTO0Opa3ue NOroAHbIX YCIOBUM?

Kaxkoii Bua moro/ipl BbI3bIBA€T HAUOOIBIITNE TOTEPHU YPHEPTUU?

B dyem otnnuune noreps SHEPTUM HA MECTHYIO KOPOHY U OOIIYIO KOPOHY?

Yem onpenensercs u kakoBa BeianunHa Uqe/U, 11 Xopore# morosr?

Bo3MoxHbIE TyTH CHUXKEHUS TOTEPh HA KOPOHY HA JIMHUSX 3JIEKTpOIEpe-

a4,

no

©oo~NOo O

5. JJIEKTPUYECKHUE PA3PAABI 110 IIOBEPXHOCTH
TBEPAOI'O IUDJIEKTPUKA

Ienp padoTbl: >KCHEPUMEHTANIBHOE W3Y4YEHHE paspsa IO MOBEPXHOCTH
TBEPAOTO NMUAJIEKTPUKA B 3aBUCUMOCTH OT KOH(PUTYypaLMH 3JIEKTPUUYECKOTO
TOJISI, PACCTOSIHUS MEXKTY DJIEKTPOJAMU U TOJIIUHBI JUAIEKTPUKA.

1. KpaTkue cBegeHus

HeobxoaumocTh n3ydeHus: pa3psi0B 0 MOBEPXHOCTH TBEPIOTO JUBIEK-
TpHUKa B BO3JyX€ CBs3aHAa C TEM, YTO OHU B 3HAUUTEJIBHON Mepe 00yCIOBIU-
BAIOT Pa3psAAHbIE XapAKTEPUCTUKN BHEIIHEW N30SI,

Hanpspokenue paspsga BAOIb NOBEPXHOCTH TBEPABIX IHUDJIEKTPUKOB B
BO3JlyX€ BCEIJa HWXKE Pa3psAHOTO HANPsLKEHUS BO3MYLIHOTO IPOMEKYTKA
TaKOM K€ JUTMHBI U KOH(PUTYPAIUHU dIEKTPUIECKOTO 1Mo, Bennunna Hampsi-
YKEHHUsI IOBEPXHOCTHOTO paspsiga ONpenensercs JIMHOW pa3psAIHOro KaHaa,
KOH(UTypaluen 3JIeKTPUYECKOro MoJisi B MPOMEXYTKE, JIEKTPOHU3NIECKU-
MU XapaKTEepPUCTHUKAMH M COCTOSHHEM MOBEPXHOCTU TBEPIAOTO AUIJIEKTPHUKA,
TEMIIEpaTypoOil, NaBJIEHHUEM M BIAXKHOCTHIO BO3Ayxa. Bce MHoroobOpasue
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AIIEKTPUUYECKUX TIOJICH M3OJSIIMOHHBIX KOHCTPYKIIMNA C TBEPBIM JTUDIICKTPH-
KOM MOJET OBITh CBEJICHO K TPEM XapaKTEPHBIM CITyJasiM.

1. PaBuomepnoe nione (puc. 1). [ToBepxHOCTh pa3zaenia ABYyX AUICKTPHU-
YECKUX CpeJl PaclookKeHa BI0JIb CUIOBBIX JTMHHUM 3IEKTPUUYECKOTO MOJIS.

2. Heomnopomnoe mone ¢ mpeobiagaHWeM TaHTEHIMAIbLHOW COCTaB-
JSIFOIIEH HaNPSsHKEHHOCTH TIOJSI BO BCEX TOYKAX MOBEPXHOCTH JTUAIICKTPHUKA
(puc. 2, a).

3. HeomHopomHoe mosie ¢ mpeobiaagaHueM HOPMAIBHON COCTABIISIOIICH
HaNPsHKCHHOCTH 3JICKTPUIECKOTro ToJIst (puc. 2, 6).

JIMDIIEKTPUK, TTOMEIIEHHBI B paBHOMEpPHOE TIOJIe, HApYIIaeT ero OJHO-
POJHOCTB, M Pa3psia MPOUCXOJUT BCETAa MO MOBEPXHOCTH AUAIEKTPHUKA, TIPU
HanpsHKEHUU 0oJiee HU3KOM, YeM B BO3ITYIITHOM IIPOMEKYTKE.

Puc. 1. Cucmema 31ekmpo0oos ¢ pagnomepHviM nojem

BH BH

a o —
Puc. 2. Cucmema snexmpooos ¢ npeobnradaroujeit maneeHyuaibHou (a) u
npeobaaoaroweli HOpmMaivbHou (6) cocmasasowell NeKMpULecKko2o noisl

3HAUUTENBHYIO POJb B CHIKEHUU Pa3psAAHBIX HANpPsHKEHUH UrpaeTr af-
copOuMsl TUAJIEKTPUKOM Biaru. Marepuaibl, oOnagaroiiyde OOJIBIION TO-
BEPXHOCTHON TMIPOCKOMUYHOCTBIO (CTEKIO, 300HUT, OPICTEKIIO, OaKeIn3u-
poBaHHas Oymara), JaloT OOJIbllIee CHUKEHUE Pa3psIHbIX HAIMPSKEHUH, yeM
MaJIOTUTPOCKONWYHbIE MaTepuaibl (nmapadun, Bunumiact). [lon nelictBuem
MIPUWIOKEHHOTO K 3JEKTPOJaM HaIPSKEHUS JUCCOLMMPOBAHHBIE HOHBI, CO-
Jepxalyecs B aJcoOpOMpOBAHHOW AMAJIEKTPUKOM Bjare, nepepacrpeneis-
FOTCS IO MTOBEPXHOCTU JAUAIEKTPHUKA, UCKAaXKas TPAJMEHT MOTEHUMala BAOJb
€ro MoBEepXHOCTU. B pesynprare paspsaHoe HanpspKeHHE yMmeHbluaercs. Ha
MMITyJIbCax I10JI€ B IPOMEKYTKE HE YCIEBAET CYIIECTBEHHO NCKA3UTHCA U3-32
MHEPLUOHHOCTH MPOLECCa MepepaclpeieleHusl 3apsioB, MOITOMY pa3psi-
HOE€ HaIpshKeHUE CHUXKaeTca B MeHblIel Mepe. KpoMe yBrnaxxHeHUs OBEpX-
HOCTH JMDJIEKTPUKA, HA BEIIMYMHY PA3psSAHOTO HAMPSKEHUS! CYIIECTBEHHOE
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BJIMSIHUE OKa3bIBAIOT BO3AYIUHBIE MPOCIOMKH MEXKIY TUIIEKTPUKOM M 3JIEK-
TporaMmu. B 3Tux mpocioiikax u3-3a OTIMYUS TUAJIEKTPUUYECKUX MPOHHUIIAE-
MOCTEH BO3/lyXa U TBEPAOIO JUAJIEKTPUKA CO3AACTCA JIOKAIBHOE YBEINUCHHE
HaIPSHKEHHOCTH TOJI M, BO3MOYKHO, BOBHUKHOBEHUE MOHU3ALMOHHBIX MPO-
neccoB. CrieoBaTeNIbHO, B PEANbHBIX M3OJISIIUOHHBIX KOHCTPYKLHMSIX TBEP-
IBII TUIEKTPUK OYEHb PEJIKO PACIojIaraeTcsi B OQHOpOIHOM noje. Yucrora
[OBEPXHOCTU JUAIEKTPUKA TaKXKe SBISETCS (PAKTOPOM, OKAa3bIBAIOIIUM
BIMSIHUE Ha paspsAHOe HampspkeHue. Hamnuwe 3arpsi3HEHHMH CHIDKAeT pas-
PAOHOE HAIIPSDHKEHUE TOBEPXHOCTHOTO pa3psia.

Heonnopoanoe nosie ¢ npeoOiaiaHueM TaHT€HIMAIBHOW COCTaBIISIIOLIEH
(puc.2, a) xapakTepHO JUIsl ONIOPHBIX H30JATOPOB. BiusHue rurpockonuye-
CKHX CBOMCTB JMAJIEKTPHKA HAa BEJIMYMHY Pa3psIHBIX HANPSHKEHUA B 3TOM
ciiy4yae OyJeT MEHbIIINUM, TaK KaK UCKaKEHHsI 110JI1, 00YCIOBIEHHBIE MPOLEC-
CaMU Ha MOBEPXHOCTU UAJIEKTPHUKA, JUIIb HE3HAYUTEIBHO YBEIHUYMUBAIOT U
0€3 TOro 3HaYUTEIbHYI0 HEOJHOPOIHOCTb ITOJIS.

KoHdurypanus 3ynekTpuyeckoro mojs ¢ npeoOiaJaHueM HOPMajbHOM
COCTaBIISIIOIIECH HAMpsDKEHHOCTH (puc.2, 6) XapakTepHa UIsi KOHCTPYKIUU
IIPOXOJHOTO M30iATOpa. HEOTHOPOIHOCTH OIS B MEXKIIEKTPOAHOM IpOMeE-
AKYTKE B 3TOM CJIy4ae BbILIE, YEM B PaCCMOTPEHHBIX paHee, U, CIEA0BaTENb-
HO, pa3psHbIE HANIPSDKECHUS HUXKE.

IToBEpXHOCTHBIN pa3psl 0 MEpe YBEJINYEHUS IPUIIOKEHHOTO HAIPSIKE-
HUS IPOXOJIUT HECKOJIBKO CTauM.

1. Tlpu oTHOCHTENBHO HU3KUX HANPSDKEHUSAX HA AJIEKTPOAAX BO3HHUKAET KO-
POHHBII pa3psj B BUIE MOJOCKHA POBHOTO HESIPKOTO CBEYECHHUS.

2. VYBenuueHue HaIpsHKeHUs MPUBOIUT K PACIIMPEHHUIO 00JIaCTH KOPOHUPO-
BaHHUA M OOpa30BAHMIO HA TBEPJOM AMDJIEKTPUKE MHOTOYMCIEHHBIX CJIa0do
CBETALLMXCS KaHAJIOB (CTPUMEPOB), HAMPABICHHBIX K MPOTHBOIOJIOXKHOMY
IEKTPOAY. XapaKTep pa3psIHbIX MPOLIECCOB ONPENENIETCS BEINYUMHON TO-
KOB, TEKYLIUX B pa3psIHbIX KaHaax.

[Ipn nanpHelIEM yBEJIMYEHUHM HANPSKEHUS TOK BO3PACTaeT HACTOJBKO,
YTO CTAHOBHUTCSI BO3MOXHOW TepMUYECKasi MOHU3ALMs B CTPUMEPHBIX KaHa-
nax. Ota opma CTpUMEPHOIO pa3psiia, Ha3blBaeMasl CKOJIb3AIIUM Pa3psioM,
XapaKTEPHU3yeTCs] NHTEHCUBHBIM CBEYEHUEM KaHajla, PE3KMM YMEHBLUIEHHUEM
COTIPOTUBIICHUSI KaHaja M, CIEAOBAaTEIbHO, BHIHOCOM MOTEHIIMaja B TIIyOb
IIPOMEKYTKA.

3. JlmuHa CKONB3SIIUX pa3psiioB OUEHb OBICTPO YBEIMYMUBAETCS C MOBBIIIE-
HUEM HaIpsDKEHUS, U IPOLIECC 3aBEPIIAETCS NEPEKPBITUEM ITPOMEKYTKA Me-
KAY IEKTPOJIaMHU.

BennunHa Toka B 1000M pa3psiHOM KaHajle B OCHOBHOM OIIPENEISAETCS
€MKOCTBIO KaHajla 10 OTHOIICHHIO K MPOTUBOMOJIOKHOMY 3JIeKTpoay. B ka-
YECTBE BEJIMYMHBI, XapaKTepU3YIOLIEH €eMKOCTh KaHalla, NPUHUMAETCS
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yZeJIbHAsI TIOBEPXHOCTHASI EMKOCTbh, T.€. EMKOCTh €IMHULbI TOBEPXHOCTH, 10
KOTOPOM Pa3BUBAETCS pa3psil, IO OTHOLICHUIO K MPOTUBONOJIOKHOMY 3JI€K-
TPOLy.

O4eBUIHO, YTO YEM BBILIE YJEIbHAs MOBEPXHOCTHAsE eMKocTh C, Tem
00JIbIlIe TOK, MPOTEKAIOIIMK MO0 KaHaTy Ha 3apsiIKy 3TOH €MKOCTH, TO3TOMY
BBIIIE ITPOBOJMMOCTh CTPUMEPHOTO KaHAJIA U MOTEHLIMAJl HAa €r0 KOHIIE, TeM
ObICTpEE pacTeT AJIMHA CKOJIB3SILErO pa3psiia U HIKE HaIpsDKEHUE paspsiia
10 IIOBEPXHOCTH.

JUis npuOIMKEHHOTO pacyeTa HalpsyKEHUs MOBEPXHOCTHOTO paspsijaa
MO>KHO HCIIOJIB30BaTh CIEAYIOLIME SMIIMPUYECKUE BbIpakeHUs. HadampHoe
HaIPSDKEHUE BO3ZHUKHOBEHUS CKOJIB3SIIUX Pa3ps0B ONMCHIBAECTCS BBIPAKE-
HUEM:

135x107*
Upcxr = W kB (1)

PEBp?II[HO@ HaIpsHKCHUC I10 IMOBECPXHOCTU TBEPAOTO AHUIJICKTPUKA IJIA IJIOC-
KOIr'0o AUS3JICKTPHUKA OIMMCBIBACTCA BBIPAKCHUCM:

d 0,45
UUOB.P =k x ; XIO,Z’ kB (2)

/i€ € — OTHOCUTENbHAS AUDJICKTPUYECKas MPOHUIIAEMOCTh (JIJIs1 CTeKJIa

€ = 6); d — TomMHA TUANIEKTPUKA, CM., | — JUTMHA KaHaIa CKOJIB3SIIEro pas-
psana, K — koadduiimert, onpeneasieMplii ONBITHBIM MyTEM U 3aBUCSIIUAN OT
COCTOSIHUSI TIOBEPXHOCTH JUAJICKTPUKA, aTMOCHEPHBIX YCIOBUN U THUTIA DJIEK-
TPOJHOU CHCTEMBI, BUAA AUIICKTPHUKA.

JI1st DIEKTPOAHOM CHCTEMBI MCIIOIb3yEeMOM B JIAHHOM J1aOOpaTOpHOM pa-
0ote mapamerp K mnpuHuMaercs paBHbiM 0,81 mas ciydas mpeoOJiamaHus
HOpMaJIbHOM cocTtaBisroneit u 1,08 mns cioydas npeoOiagaHusi TaHTEHIU-
AJbHOU COCTABJIAIOLICH HANIPSIKEHHOCTH JIEKTPUUYECKOTO MOJIS.

[TosiBneHUE CKOJIB3AIIETO pa3psia Ha U3O0JAIMOHHON KOHCTPYKIIMH dHEP-
TFETUYECKUX YCTAHOBOK MpPH pabodyeM HaIpPsHKEHUH HEJAOMYCTUMO, OCOOCHHO
JUIS. OPTaHUYECKUX JUDJICKTPUKOB, BCJIEACTBHUE HEOJArompHUsTHOTO BO3JACH-
CTBUS Ha HUX IOBBIIICHHOW TEMIIEPaTyphbl, KOPOTKOBOJHOBOI'O U3IIyYCHUS, a
TaK)XK€ XUMHUYECKH aKTUBHBIX MIPOJYKTOB paspsijia, 00pa3yrolIuxcs B pe3yJib-
TaTe AUCCOLMAIIMY U MOHU3AIMU MOJIEKYJ ra3za (B BO3yXe 030H, aTOMapHBIi
KHUCJIOPOJ, OKHUCJBI a30Ta). YKa3aHHbIE BO3JIEUCTBUS MPUBOIAT K YCKOPEH-
HOMY CTapeHHIO, PO3UU M 00pPA30BAHHIO HAYTIIEPOKCHHBIX JTOPOKEK (Tpe-
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KOB), TIOTEPE M3OJUPYIOIMIUX CBONCTB JUAJICKTPUUECKOTO MaTrepuajga M Io-
cieayoemMy npoooro.

JIist yBenmU4eHUS JUTMHBI IyTH YTEYKH TOKA IO MOBEPXHOCTH TBEPIOTO
JTUAJICKTPUKA W YBEJIIMUCHUS DPA3PSAHOTO HAMPSHKCHHS MPUMEHSIOT pedpwH-
CTYIO TIOBEPXHOCTb.

B manHO# paboTe pa3psiiHbIe HAPSHKSHHS 110 TTOBEPXHOCTH AUDJICKTPHUKA
B HEOJHOPOJHOM IIOJIC UCCIEAYIOTCS Ha KOHCTPYKIMSAX, MPHUBEICHHBIX
Ha puc. 2, a u 6. B kadecTBe AMAJICKTPHUKA UCIIOJIB3YETCSl CHIIMKATHOE CTEK-
7I0.

3. Ilopsaaok padoTbI

1. Tlepen HauasioM pabOTHI O3HAKOMHTBCS CO CXEMOW yCTaHOBKH (puc. 3),
PacoJIOKEHUEM €€ JIEMEHTOB U 0OBEKTOB MCHBITAHUS, C MOPSAKOM MpPOBe-
JICHUSI U3MEPEHUN U TpaBUJIaMu 0€30MacHOCTH MpHU padoTe Ha JaHHOM ycCTa-
HOBKE.

R

S, PH T
O—/
S,
06
1o !

Puc. 3. [lpunyunuanvras snekmpuyeckas cxema yCmMaHOBKU.
PH — pecynamop nanpscenus, T— evicoxogonbmusiii mpancgopmamop, R, — 3a-
wumuoe conpomusnenue; Si, Sy— ebiKIOYAMeEnU

2. Onpenenuth HaNpsOKEHUE TIOSBICHUS KOPOHBI, CKOJIB3SIIUX Pa3psaoB U
MOJIHOTO MEPEKPHITUS MPOMEKYTKOB C Mpeodsaaolieidl TaHTeHIHMATbHON
COCTaBIIOLIEN I 4-6 3HAUEHUN MEXKIIICKTPOIHOIO PACCTOSIHUSA IIPU BO3-
NENCTBUM MEPEMEHHOTO HANPSKEHUS TPOMBIIIJIEHHON YacTOTHI. Pe3ynbTaTel
3aHecTH B Ta0muny 1.

3. Onpenenutb HaNpsKEHUE MOSBICHUS KOPOHBI, CKOJB3SALIUX Pa3psaloB U
HanpspKeHUs nepekpbITus 11 8-10 3HaueHUI MEXAIEKTPOTHOTO PACCTOSHUS
IpU BO3ACUCTBUM TMEPEMEHHOIO HAIPsDKEHHUS B IPOMEXKYTKE ¢ mpeoOlJa-
JAIOIIEH HOPMaJbHOM COCTABJISIIONICH AJIEKTPUUECKOro moJis. [[inda m3mene-
HUSl YACJIbHON MOBEPXHOCTHOM €MKOCTH HEOOXOJUMO H3MEHSTH TOJNIIUHY
IUAJIeKTpUKa. Pe3ynbraTel 3aHecTu B Tabauiry 1.
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4. Toctpouts rpadpuku Uyepoms = f(1),Up = (1), U p. = (1), Upep = (1), 1o pe-
3yJbTaTaM OIIBITOB.
5. Ucnonb3yst popmyiy (2) paccuuTarh 3HAUYCHUS HAMPSHKCHUS TTEPEKPBITHS
JUTSI MEXKAJIEKTPOHBIX PACCTOSHUMN, UCIIOIH30BAHHBIX B SKCIIEPUMEHTE U T1O-
ctpouth rpaduku U, ucuemnep = f(1),
6. Ilpoananm3upoBaTh MOITYYEHHBIC 3aBHCHUMOCTH, COTIOCTABHTH DKCIIEPHU-
MEHTaJbHbIE U PacCUETHbIC JaHHBIC U CJEJaTh BBIBOJIBI O XapaKTepe paspsi-
HBIX MTPOLIECCOB.
Tabmnura 1.
DKCnepUMEHTAIbHbIC 3HAUYCHUS HAIPSKEHUS TIOSIBJICHUS KOPOHBI,
CKOJIB3AIIUX Pa3psIOB U IEPEKPHITUS MPOMEXKYTKOB B PA3JIMYHBIX
AIEKTPUUECKUX TOJISIX

UHe CKPBITUSL
Ne n/m , d, UKOPOHH’ UCK-pJ Unepekpmma, PeKp

cM cM kB kB kB

pacuer,

kB

4. KoHTpOJIbHBIE BONPOCHI

1. C 4em cBs3aHO MCKOKEHHE DJICKTPUUYCCKOTO IMOJIs MPH MOMEIIEHUH JH-
3JIEKTpUKa B paBHOMEPHOE MoJie?

2. Kaxkoe BausHUE OKa3bIBaeT HEIJIOTHOE MIPHJICTaHUE AJICKTPOIOB HA pas-
PAIHOE HAIPSDKEHUE BAOJIb TOBEPXHOCTH TUJIEKTPUKOB?

3. s xakux M30JAIMMOHHBIX KOHCTPYKIIMHM XapaKTEPHO JICKTPUUIECKOE T0-
Je ¢ npeolaagarolle TaHTeHIIMAIbHONW COCTaBJISIIOIICH, NI KaKUX KOH-
CTPYKLHUI C HOpMaJIbHOW?

4, Yto nenaeTcs B pEalbHBIX YCIOBHSIX PaOOTHI AJIEKTPOIHEPTETHUCCKUX
CHUCTEM ISl YBEJIIMUCHUS Pa3PSAHBIX HAMPSHKEHUW MO MOBEPXHOCTU H30-
JIATOPOB?

6. PACITPEAEJIEHUE HAIIPAKEHUSA 11O T'NPJISAH/AE
HOABECHbBIX U30J4ATOPOB

esap padoThI: H3yYUTh PACHIPEACIICHUE HAIIPSKEHUS IO DJIEMEHTAaM TUD-
JIAHABI [IOIBECHBIX U30JIITOPOB, O3HAKOMUTHCS C IPUMEHEHUEM BBICOKO-
BOJIbTHOU U3MEPUTEIILHOM IIITAHTU.

1. KpaTkmue cBeeHus
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Ha nuHusax snexrponepenaun BH mis moaBecku mpoBOIOB MPUMEHSIOT-
Cs TAPEJIOYHBIE H CTEPKHEBBIE U30JIATOPBL.

TapenoyHble U30JSTOPHI 71 MOJBECKA IPOBOJOB COEAUHSIOTCSA B IIO-
CleA0BaTEIbHbIE EMOYKU (TUPJISTHBI).

DNEeKTPUYECKUE XAPAKTEPUCTUKHU U30JIITOPOB HEMOCPEICTBEHHO 3aBHUCST
0T pa3mepoB U (Gopmbl u3oaupyromeil Tapenku. Tapenpuaras popMa KOHCT-
PYKLIHMH TOABECHBIX M30JSATOPOB MPEAYCMOTPEHA JI YBEJIMYECHUS IYyTH IO-
BEPXHOCTHOTO 3JIEKTPUYECKOTO pa3zpsiaa. @opma Tapeiaku ONpeaeseTcs Tpe-
OOBaHUAMU K IJIEKTPUUYECKUM XapaKTEPUCTUKAM H30JISITOPOB U TEXHOJIOTUEH
IPOU3BOJICTBA U30JIUPYIOIIUX AeTaneil. HUKHSAA MOBEPXHOCTh TapeIKH s
YBEJIMYEHHUS IJIMHBI ITyTH TOKA YTEUYKH, PABHOW PACCTOSHUIO 110 TOBEPXHOCTU
U30JIATOpa OT OJHOTO ANEKTPOAA K APYromMy, ¥ MOBBIIIEHUS MOKPOPA3PSIAHO-
ro HaIpsDKEHUS BBIMOJHSIETCS peOpuctoil. BepxHss 4acTh Tapeinku HUMEET
TIaJKyI0 IOBEPXHOCTh, HAKIOHEHHYIO o yriaoM 5 — 10° k ropusonTanmu
JUISl TOTO, YTOOBI 00ECTICUUTh CTEKAHUE BOBI BO BPEMS JTOXKISI.

B mpouecce KOHCTpyHpOBaHUS U30JISATOPOB MPEXKIE BCEro odecrneynBa-
€TCSl IOCTaTOYHO Majias BEPOSITHOCTh €ro Mpo0os MPU BO3IECUCTBUM MEPEHA-
NpSOKEHUN pa3imyHoro poja. YToObl 3JEKTpUUECKUM pa3pssl 00s3aTesIbHO
MPOXOAMI IO TIOBEPXHOCTH U30JISITOPOB WK IO BO3AYXY, OTHOLIEHUE MEXKTY
NPOOMBHBIM HANPSDKEHUEM U CyXOpPa3psaHBIM HaIpPsSHKEHUEM H30JsTopa
JIOJKHO OBITH HE MeHee 1,5.

N3onupyromre CBOMCTBA MOBEPXHOCTU HU30JISITOPOB OINPENECIISIOTCS Be-
JIMYUHOW YJIEJIbHOM ITIOBEPXHOCTHOM ITPOBOAMMOCTH, 3aBUCSLIEH OT CTENIEHU
YBJIQKHEHHS, 3arpA3HEHUSI U CIOCOOHOCTH CaMOOYMINCHUS. MexaHudeckas
IPOYHOCTH MU30JIATOPOB MPOBEPSETCS HA PACTSHKEHHE, U3TUO U CHKaTHeE.

M3onsiTopbl AOMKHBI Takke 001agaTh XUMUYE-

_‘_3 Cz CKOM CTOMKOCTBIO IO OTHOIIEHUIO K arpeccuB-
HbIM BHEITHUM BO3JICUCTBUSAM B BUJE JILIMOB U

apoB, CoepkKalMX B ce0e KUCIOThI U LIEI0YU
_._||_F“__ WM OTJIOKEHUS MOPCKOM COJIM, U HE pas3py-
IaThCA NMPU PE3KUX U3MEHEHUSIX TEMIIEpaTyphl.

Hanpsixkenue no snmeMeHTam rupiasiHabl O/I-
BECHBIX H30JIITOPOB PACHPENEISAECTCS HEPABHO-
H?T A1 MepHO, T.e. Ha MEPBOM OT IPOBOJA BIEMEHTE

najieHue HampspkeHusi OyaeT Oosbline, 4yeM Ha

JTH000M U3 CIEMYIONIUX.

-

7 P—— [Tpu BKIIFOUEHWH TUPISHIBI H30JSTOPOB HA Tie-
Puc. ], cﬁ, st samevyerisn  PEMCHHOC HANDSDKCHUE KaIblid SNIEMEHT THp-
SUPIAKOR. NOJBECHX JSIHIIBI MOYKHO TIPEJICTAaBUTh HEKOTOPOH €MKO-
130NAMOP 08 ctero C = 50 + 70 nk®d (puc. 1).

Kpome Toro, kaxnmplii uzomnstop Oymer o0-
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JaJaTh HEKOTOPOM €EMKOCTBIO IO OTHOIIEHUIO K 3emiie C; = 4+5 n®d u eMko-
cteio K npoBoay C, = 0,5+1 nk®. Toku, uaymue yepe3 eMkocTu C; u Cy,
MOYXHO Ha3BaTh MONEPEYHBIMHU, & TOK IO Ilienouke eMKocTted C — mpoJi0ib-
HbIM TOKOM. Eciu HamoXuTh OpOJIONBHBIE U MOMEPEUYHbIE €MKOCTHBIE TOKH
TUPJISIHABL , TO HETPYJHO BUJETh, YTO B OJIMIKaMIlIeM K MPOBOAY y37le A Be-
JUYMHA TOKA, OTBETBIISIONIETOCS Ha 3eMITI0 uepe3 eMKocTh (1, OyaeT Oosbiie
BEJIMYUHBI TOKA, MPOTEKAIOIIEr0 OT MPOBOAa Yepe3 eMKOCTh (.

[TosToMy MpOAOJIbHBIA TOK BO BTOPOM OT MPOBOJA U30ISATOPE THUPJISIHIBI
OyZeT MEeHbIIIe MPOJO0IHLHOTO TOKA, MPOTEKAIOMIEro B IEPBOM H30JTOpE. B
MOCJIETHUX, OMIKAWIIUX K TpaBepce, U30JIATOpax TUPJISHIbI COOTHOLIECHUE
BEJIMYMHBI EMKOCTHBIX TOKOB Ha 3€MJII0 U Ha MPOBOJI MOXKET OKa3aThCs JIPY-
TUM: TIONIEPEYHbIE TOKH HA 3€MIII0, OTTEKAIOLIUE OT y37a B uepe3 eMKoCTh
C1, MOTYT OKa3aThCsl MEHBIIE MONEPEYHBIX TOKOB OT IIPOBOJIA YEPE3 EMKOCTh
C; pa3HOCTh UX YBEIWYUT MPOJOJIbHBINA TOK, MPOTEKAOIIUNA YEPE3 EMKOCTh
U30JI5ITOpa, OJIMKANIIIETO K TpaBepce.

CreneHp HEPaBHOMEPHOCTH paclpeleneHus HampsbkeHus AU; mo ane-

MEHTaM THUPJSH/ABI 3aBHCUT TJIaBHBIM 00pazom ot ortHomenus Ci/C. YUem
MEHBIIIE 3TO OTHOILUEHHUE, TEM, OUYEBUJIHO, PABHOMEPHEH OYyIyT Harpy»eHbl
U30JIATOPBI, T.€. 0CIa0sSeTCs BIUSHUE MONEPEYHBIX €MKOCTHBIX TOKOB THp-
JISTHJBI HA €€ ITPOJIOJIBHBINA EMKOCTHBIN TOK IO LEMOYKE U30JISTOPOB.

Otnomenne C,/C 0Ka3bIBAaCT 3HAUYUTEIHLHO MEHBIIIEE BIMSIHAE HA pacrpele-
JIEHUE HAINPSDKEHUS 10 3JIEMEHTAaM M3-3a MEHbIIEro 3HaueHus C, 10 cpaBHe-
HUto ¢ Cy; HO B JUIMHHBIX rupiisiHaax BiusHue C, mposiBisieTcs: 6ojee oTyeT-
IuBO, U BenuuuHa AU; Ha syeMeHTax THpJISHJbI, OMMKallInX K TpaBepce,

yBennuuBaeTcs. Yem Oosbliie eMKOCTh C HU30J9TOpA TUPIISIHABI, TEM PAaBHO-
MEpHEE pacIpeeICHUEe HANPSKEHUS 110 €€ JIIEMEHTaM.

Paszpsaubie HanIpsHKEHUs TUPIISHI U30JITOPOB B 3arPA3HEHHOM U YBIIAXK-
HEHHOM COCTOSTHUU 3aBUCST OT JJIMHBI yTH YTEUKH, (POPMBI 000K, TUaMeT-
pa TapesKky U IPYyTrux FeOMETPUUECKUX ITapaMeTPOB U30JIATOPOB.

AU% |

10

N b o0 ©
T

2 4 6 8 10121416 1820 y___
Puc. 2. Pacnpedenenue nanpscenus (8 %) 60016 2upisaHobl U3 U30JAMOPO8
11C-12 nunuu xknacca 500 kB
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HccnenoBanus mexaHusma paspsiia IO 3arpsi3HEHHOM W YBJIAKHEHHOU
MTOBEPXHOCTU U30JIITOPOB MMOKA3aJIH, YTO Pa3psaHOE HANPSHKEHUE TUPIISTH/IBI
3HAYUTEIBLHO MOBBINIAETCS C YBEJIMYEHUEM NyTH yTeuku. [loatomy B coBpe-
MEHHBIX KOHCTPYKIMSIX TPSA3ECTOMKUX H30JATOPOB, U3rOTaBIMBACMBIX W3
dapdopa u 3aKajJeHHOTO CTEKJA, MPETyCMATPUBACTCS IOBHIIICHHOE OTHO-
[ICHUE JJIUHBI MYTH YTEUKH K CTPOUTEIHHOW BBICOTE M30JISITOpPA U B OOIb-
IIMHCTBE CIYy4YaeB OJHOBPEMEHHOE YMEHBIICHUE OTHOIIEHUSI CTPOUTEIBHOU
BBICOTHI K JUAMETPY TAPEIIKH.

Ha puc. 2 npuBeaeHo oTHocutenbHoeE (B %) pacnpeieieHle HapsKeHUs
BJIOJIb TUPJISIHIBI U3 M30J1sITOpoB TUMa [1C-12 nns nuaum kiacca 500 kB.
Bunno, yto Haunboblee MajgeHne HanpspDKeHUs MPUXOIUTCS Ha Onrbkaiiiime
K IIPOBOJIAM HM30JISITOPHI M B HEKOTOPBIX CIy4YasX OHO MOYET JOCTUraTh 3Ha-
YEHUW, HETONTYCTUMBIX JIJI1 HOPMAJIbHOM DKCIUTYaTalUH.

Bricokre HampsKeHHOCTH TMOJIsl Ha M30JISITOpax BOJIM3M MPOBOAA MOTYT
MPUBOJNTh K KOPOHUPOBAHMIO, BBI3BIBAIOIIEMY CTAPEHUE H30JALIMOHHOTO
Tela U30JISITOPA, OKUCIUTENbHBIE IPOLIECCH HA METAJNIMYECKOM apMaType U
PaANOIIOMEXH.

HMeeTrcs HECKOJIBKO IMyTEH YJIY4YIIEHUs PacHpenesieHUs HalpsKEHUs 0
AJIeMEHTaM TUPJISTH/BL:

a) TPUMEHSIOT H30JATOPBl OOJIBIIOW COOCTBEHHONM €MKOCTH, HAalpumep,
CTEKJISIHHBIE;

0) MCHOJB3YIOT H30JSTOPHI, MOKPBHITHIE TMOTYMPOBOISIICH TJA3yphlo, YTO
YBEJIMYUBAECT AKTUBHYIO COCTABIIAIOUIYIO TMPOJOJIBHOTO TOKA TUPJISIHABI U
CHUYKAET BJIMSIHUE MOMEPEYHBIX €EMKOCTHBIX TOKOB;

B) MPUMEHSIOT 3alIUTHYIO apMaTypy B BHJE JKpPaHHBIX KOJEIl, POTOB,
BOCBMEPOK, KOTOPbIE MOHTHPYIOT Ha 000X WUJIU TOJIBKO Ha JIMHEMHOM KOHIIE
TUPJISTH/IBL;

I') pacuieruieHue (pas3pl JMHUY;

1) pacUIEIIEHUE TUPJISH]IBI U30JISITOPOB;

€) U3MEHEHHE PACCTOSHUS OT HIXKHErO M30JSTOpa JI0 BEPXHUX COCTABIISIO-
IIMX PACUIETUIEHHOTO MTPOBO/JIA.

N3mepenue pacnpeneneHus: HalpsiKEeHUsl BAOJIb TUPJISH]IbI U30JISTOPOB B
AKCIUTyaTallii MPOU3BOJUTCS C MOMOIIBIO BBICOKOBOJIBTHBIX KOHTPOJBHBIX
WJIM U3MEPUTEIbHBIX IITaHr. Ha 31eKkTpobl n30a4TOpa HaKIaAbIBAIOTCS L1Y-
bI, K KOTOPBIM MOJICOCTUHEH U3MEPUTEIBHBIN MPUOOpP WU PEryIupyeMbIid
HMCKPOBOHU MPOMEXKYTOK, KOTOPBIE KPEISITCA HA U3MEpUTENbHOU TaHre. [le-
PEHOCS LIyNbl IITAHTH C OJHOTO HM30JIATOpAa Ha JIPYroil, MOOYEPETHO H3MeE-
psroT HanpsbkeHue AU, Ha n3015TOpax rupIisiH bl

CylecTByeT HECKOJIBKO THUTIOB IITAHT.
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Hawnbosiee coBeplmieHHOW SBISETCS YHUBEpPCaJdbHAs HM3MEPUTENIbHAS
IITaHra, HA KOHCTPYKLHUU KOTOPOH MBI OCTaHOBUMCS MOAPOOHEE, MTOCKOJIBKY
OHa UCIOJIb3YyEeTCs B JaHHOU padote (puc. 3).

OCHOBHBIMM 3JIEMEHTAMH LITAHTH SIBJISIOTCA: U30JISILIUOHHBIE OaKeIUTO-
BbIE CBepThIBaeMble TpyOku |1 M 2 W m3MmepurenpHas rosnoBka 3. ['onoBka
MITAaHTH MPEJCTABISET COO0H KOPOTKYIO M3O0JSAIUOHHYIO TPYOKY, Ha KOTOPOU
3aKpEIUIeHbI JIBa CheMHBIX 1yna 4. BHyTpHu 3T0#l TpyOKM HaXOAMUTCS COMPO-
tuBiienne 50 MOwm. Ha GakenuTtoBol TpyOKe 3aKperieH MHJITUBOJIBTMETD.
JlaHHas ITaHra NpeJHa3HaYeHa [yl KOHTPOJIA U30asATOpoB. [Ipn n3mMepennn
HaANpPsHDKEHUST Ha U30JISITOPE MepeKIitouaTesh npudopa N0HKEeH ObITh BCeraa B
HOJIOXKEHUH «5».

/ mryn T'OJIOBKa IITaHI'

6aKeHI/ITOBLIe1 TpyOKH 2

3 @s é

MUWUIMBOJIBTMETP

Puc. 3. Obwuii 6u0 uzmepumenvrotl wmanau

Torna HanpspkeHne Ha U30JTOpe B KB MOKHO HalTu 110 ypaBHeHHIO (1)
AU;= nokazanue npubdopa x5. 1)

Kak KOHTpOJBHBIE, TAK U W3MEPUTEIIBHBIE IITAHTH MO3BOJISIIOT YCTaHO-
BUThH HaJIM4yKe Ne(PEKTHBIX U30JIATOPOB, HO HE JAIOT TOYHOI'O 3HAYECHMs Ia-
JEHUS HAIIPSDKEHUS Ha KaXJAO0M 3JIEMEHTE TUPJISHABL.

Pacnipenenenvie HanpsbKeHUs BJIOJb THPIISIHABI M3Y4YaeTCsl HKCIIEPUMEH-
TaJlbHO C MOMOUIBIO IIAPOBBIX PA3PSIHUKOB C MajblM JAUAMETPOM IIAPOB
(4TOOBI €MKOCTh pa3psiAHMKA ObliIa 3HAYUTEJIbHO MEHbILIE COOCTBEHHON eM-
KOCTH U30JISITOPA).

JIJist KOHTPOJISE COCTOSIHUSI TUPJISIHI U30JIATOPOB MOTYT OBITh HMCIIOJIB30-
BaHbI PA3JIMYHbBIE METO/IbI:

1. Pacnpepnenenue najaeHus HaPsKEHUS 1O 3JIEMEHTaM THUPJISHIBI.
2. BpicokouyacToTHas 1e(hEKTOCKOMHUS.
3. DIEeKTpOaKyCTHUYECKHI METOI.
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1. Ilopsinok padoThI

1. C nomompro MapoBOro paspsIHUKa UCCIEA0BATh PACIPEICICHAE HAIPS-
KEHUS MO 3JIEMEHTaM TUPJIH]IbI MOJBECHBIX M30JIATOPOB. [ 3TOrO mapo-
BOM pa3psIIHUK YKPEIUISETCS Ha MEPBOM OT IMPOBOJA H30JIATOPE U HA TUP-
JSHY MOAAETCS HANPSKEHUE OT BBICOKOBOJIBTHOI'O UCHBITATEILHOTO TPAHC-
¢opmaTopa. HanpspkeHue, MoABOJUMOE K TUPJISHAE, OCTENEHHO MOBBIIIa-
eTcsl 10 mosiBjieHus: npobost B paspsnHuke P. KonTponb 3a HampspkeHueM,
[OJIBOAUMBIM K TMPJISTHAE, IPOU3BOJUTCS 110 BOJIBTMETPY V2 CO CTOPOHBI BbI-
cOKkoro HampspkeHus (puc. 4). Y NpUMEHSeMOro MIapOBOTO pa3psIHUKA
HENb3s U3MEHATh PACCTOSIHUE MEXAY LIapaMH MOJ HAIPSIKEHUEM H, CIIEI0-
BaTEJIbHO, U3MEPSATH PACHPECIICHNUE HANIPSHKEHUSI B a0COIIOTHBIX €IMHULIAX.
[ToaTOMY, HE U3MEHSS PACCTOSIHUS MEXKIY [IapaMu pa3psaHUKa, CIEAYET MO-
OUYEPEIHO NEPECTABIATH €r0 € MIEPBOT0O OT IPOBOJA JIEMEHTA 10 KOHLA TUp-
JSTHJBI, TIOBBIIIASL HAMPSKEHUE, MMOJaBa€MOE Ha TUPJSHAY, 10 BO3HUKHOBE-
HUA pa3psalia MEXIy IapaMd. (s Kakaoro snemMeHTa TMpJsSHIbI HanpshKe-
HUe OpaTh KaK CpeHee U3 TPEX 3HaueHUM. Pe3ynbTraTsl 3aHECTH B TAOIUILY.

OTHOCHUTENIbHYIO BEIUYHMHY HANPSKEHUS, NPUXOMSIIYIOCS Ha JaHHBIN
AJIEMEHT, MOYKHO HAWTH 10 ypaBHEHUIO (2):

AU/ :ﬁ—u-lOO, %, )

2
rae AU — npoOuBHOE HaNpsKEHHE Ha ApOBOM paspsaHuKe (KB,...), onpe-
nemnsiemoe 1o Tabauiam MOK u1st HOpManbHBIX YCIOBU;
U, — HanpsbkeHue, noJjaBaeMoe Ha TUPIISIHILY, U3MEPEHHOE BOJIBTMETPOM V)
(puc. 4).

IIpu onpeneneHnM HaNpPSHDKEHMS C MOMOILBIO [IAPOBOr0 Pa3psiIHUKA He-
00XOJMMO y4€CTh BIUSHUE OTHOCUTEIBHOW MJIOTHOCTH BO3JyXa O MO ypaB-
HeHusM (3, 4):

AU, =AU/ -§; 3)
P

273+t

rae P — armocdepHoe 1aBieHue B MM PT. CT.;

t — Temieparypa OKpysKaorei cpepl, “C.

KputepreM npaBUIBLHOCTHA TOMYYEHHBIX PE3YJIBTATOB SIBISETCS BBITOJ-
HeHue ypaBHeHus (5):

n
3 AU; =100 %, (5)
1
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r71€ N — YUCJIO 3JEMEHTOB B THUPJISIHAE.

2.YKpenuTh Ha JTMHEWHOM KOHIIE THPJISIHIBI SKPAaHHOE KOJIBIIO U MPOU3BECTU
M3MEpEHUE NaJCHUS HAMPSDKEHUS 110 3JIEMEHTaM TUPJISH]IBI B TOPSIIKE, OMHU-
caHHOM B II. 1. Pe3ynbTaThl 3aHecTu B Tabauny 1.

3.B mopsinke, U3I0KEHHOM B TL.II. 1 ¥ 2, M3MEpPUTH pacipeiesieHne HampsoKe-
HUSA 0 TUPJSIHAE C e(PEKTHBIM H30JIATOPOM. Pe3ynbrarel u3MepeHuil 3ane-
cTy B Tabmuiy 1.

AT

® % aﬁﬁﬁ; %

Puc. 4. Cxema ons uzyuenus pacnpeoenenus HAnPAXCeHUs No cUpPsaHoe
NO0BECHBIX U30ISIMOPO8B.

AT — asmompancgopmamop, T — evicokosorvmubiii mparcgopmamop; Raay — 3awum-

Hoe conpomuenenue;, Vi u Vo — eonoemmempul; P — paspsaonux,; /[H — derumens nanpsi-

JHCEHUS

3. Conep:xanue oTyera

1. ITo nanHbIM TabnuLbl 1 TOCTPOUTH HA OTHOM rpaduKe TPU KpUBBIE OTHO-
CUTEJBHOTO MaJI€HUsI HAPSLDKEHUS Ha AJIEMEHTAaX TUPJSHIbBI B IPOLEHTAX OT
MPUJIOKEHHOTO HAINPSKEHUS B 3aBUCUMOCTH OT HOMEpa 3jeMeHTa (10 MyHK-
Tam 1, 2, 3): AU; = f(i).

2. OnpenenuTs B KB moTeHIMan Ha manke KaxkJI0ro U30JsTopa TUPISHIbL B
n3MepeHusx no n. 1. [foreHnman Ha manke Kaxaoro U30JsTopa OnpeaesaeT-
cst o opMyIiam:

P1= Ui — AUl'Ui
¢®2= @1 — AUy U; (6)
On= ¢@n1—- AUp-U;

r7ae @1, Oy, ... —TIOTEHIIUAJBI HA MATTKAX U30JISTOPOB.
Ui — HampspkeHHWe, TPWIOKEHHOE K THUPISHAE (3amaeTcs IperojiaBaTesieM
WJIU BBIOUPAETCS CTYACHTOM).
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Tabauna 1
DKCnepruMEHTAIbHBIC JaHHBIC IS OTIPEACIICHUSI TTAICHHS HAPSDKESHUS Ha
KaKIOM DJIEMEHTE THPJISTHIIBI H30JIITOPOB

[okasanus BombTMerpa Ha Hampspkenne | OTHOcHTEnbHas |OTHOCHTENBHAS BE-|
©  |cTOpOHE BBICOKOrO HAmps- Ha BEJMYMHA HANIPA- | TMUMHA HALPSDKE- | =
2 E bxenus panchopmaropa, 5J€MeHTe, |’KEHHUs Ha DJIeMeH-| HUs Ha DJIEMEHTE ¢ g
:z; g U,, kB, AU, kB, Te/, TOIIPaBKOH, =
= 1 2 3 [cpeanee |mo Tabm. MOK AU}, % AU;,% =

1
n

3. o ypaBHeHuto (5) NMPOBEPUTH MPABUILHOCTH PE3YJIBTATOB AKCIIEPUMEH-
TOB, OJYYEHHBIX B 1. 1.

2. Ha ocHOBaHuM aHayn3a pe3yabTaTOB CAENIaTh BHIBOJIBI 110 padoTe.

5. OTBETUTH HA KOHTPOJIbHBIE BOIIPOCHI.

4. KoHTpOJIbHBIE BONPOCHI

1. Kakue (hakTophl BIUSIOT HA HEPABHOMEPHOE PACIIPEACIICHUE HAIIP SHKCHHUS
0 IJTUHE THPIISTHIBI?

2. Kakne HemocTaTku CIIeIyrOT U3 HEPAaBHOMEPHOTO paclpeneseHUs Harpsi-
KEHUS TI0 ITTUHE THPIISTHIBI?

3. Kakme cymecTBylOT METONIBI PETYIMPOBAHUS PACTIPEICICHUS HAIPsKe-
HUS 110 JUTUHE TUPJISTHIBI?

4. TloueMy yBenuueHHWE COOCTBEHHOM €MKOCTH H30JISITOPOB BHIPABHUBAET
pacrnpenesnieHue HapsHDKEHUS 0 JTMHE TUPJISTHIBI?

5. Kakum 00pa3oM MOXKHO YMEHBIIUTH MaJCHHE HAMPSHKEHUS HAa TIEPBOM
u30JIsITOpe?

6. Kakue meTonbl MPUMEHSIOTCS JJIi KOHTPOJS COCTOSIHHSI M30JIATOPOB B
rUpIsiHAe?

7. JlocTOMHCTBA M HEIOCTATKH IIApOBOIO pPa3psIHHUKA TPH HCCICIOBAHHUH
pacnpeesieHrs HalPsKEHUS 110 ITTHHE THPJISTHBL.

7. IPOOUJIAKTHYECKHUE UCIIBITAHUA N30JIALIUN
BBICOKOBOJIBTHOI'O TPAHC®OPMATOPA

ean padoThi: 3HAKOMCTBO C METOJaMHU TPO(PHIIAKTHIECKUX UCTIHITAHUN U
puOOpamMu JJIsI UCTIBITAHUHN U30JISITUU BEICOKOBOJIETHOTO TpaHCchopMaTopa.
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1. Kparkue cBenenust

B mponecce akcrryatanuy B M30JBILUU JIEKTPUYECKUX aIapaTroB BO3-
HUKAIOT Me(eKThl (YBIaXHEHUE, 3aTPSA3HCHIE, BOSHUKHOBEHUE TPEIIHH, BO3-
JOYITHBIX BKJIIOYEHUH H T.J.), TTOCTETICHHO MPHUBOISIIME K HEOOpPATHMOMY
YXYAIIEHAK CBOWCTB U XapaKTEPUCTUK HM3OJALMU, T.€. K CTAPCHUIO HU30JI-
1005058
CrapeHnue 3JIeKTPUIYECKON U30JSIUN MOXKET OBbITh pa3elIeHO Ha CIEIYIONIIe
YEThIPE KATETOPUH:

e XHWMHUYECKOE — U3BMEHEHUE XUMHUUYECKUX CBOMCTB U CTPYKTYpPbl MaTepHa-
7a, 00pa3oBaHUE HOBBIX MPOAYKTOB IOJ JEHCTBHEM BJIard, KUCIOPOJa, 030-
Ha U T.IL.;

e TepMHUeCKOE — U3MEHEHHUE CBOMCTB MaTepuaia IoJ IEMCTBUEM BBICOKUX
TEMIIEPATyp, a TAKXKE BCJIECACTBUE MECTHBIX MEPETPEBOB JIUAIICKTPUUECKUMU
OTEPSIMU;

e MexaHNUeCKOE — MOTEPS MEXAHMYECKON MPOYHOCTH MO JEHCTBUEM
yAapoB, TOJI0JEAa, AMHAMUYECKUX YCUIIUA MPU KOPOTKUX 3aMBIKAHUSX;

e DIEKTPUYECKOE — YMEHBIICHUE AJIEKTPUUYECKON MPOYHOCTH MOJ JICHUCT-
BHEM JIJIUTEIILHO MPUIIOKEHHOTO paboyero HampspKEeHHs, a TaKKe OT aTMO-
c(hepHBIX U BHYTPEHHUX NIEPEHAIPSIKCHUI.

[Tponiecc oOpazoBaHusi 1ePEKTOB U pa3pylICHUs] U3OJSIIIUM MPOTEKAET
BHayaje BEChbMa MEJUIEHHO, HO Ha IMOCJIEIHUX CTaJAMsIX UMEET CKauKooOpas3-
HBIM XapakTep W 3aKaHYMBAETCS MPOOOEM U3OJISIIUH.

JInsi XapaKTepUCTUKUA COCTOSIHUSI M30JISIMUA COCTAaBJISIETCS CXEMa 3aMe-
[ICHUS; OTKJIOHEHUE B BEJIMYMHAX TE€X WJIM MUHBIX 3JIEMEHTOB CXEMBbI MO3BO-
JSIeT OMPEJEIUTh XapaKTep BO3HUKAIOIMIUX B W3OJISIIIUU JA€PEKTOB MPH TO-
MOIIIHA PA3TUYHBIX METOJIOB MPOPUIAKTHUECKUX UCTIBITAHUNA. DJIeMeHTapHas
CXeMa 3aMEelIeHUsI U30JSIUU TTpuBeieHa Ha puc.l. OHa COCTOUT U3 YEThIPEX
BETBEH, OMPEICIIAIONUX OCHOBHBIE XapaKTEPUCTUKHU N3OSN,

1. C; - Cy - C, - BerBb, ompenensionas eMKOCTh U30JISIUN TIPU HATHMYUN
YJaCTUYHBIX pa3psanoB; Cy — EMKOCTh BO3IYIIHOTO BKIOYeHUS; C); — eMKOCTh
TOW YacTW M30JISIIIUU, KOTOpasi MepPeceKaeTcss CUJIOBBIMHU JMHUSMH, MPOXO-
JSUIMMU Yepe3 BO3AylIHOe BKIoueHue; C; — eMKOCTh OCTaJIbHOM YacTh U30-
TSI,

2. C — R - BeTBb, XapakTepu3ylolas CTeNeHb HEOJHOPOIHOCTH HM3OJISIINU,
HaJlMuue pacClOCHUM, YBIAXKHEHHM, 3arpsi3HEHUN U T.lI. DTa BETBb OIpeEie-
JSeT HAYaIbHOE 3HAYCHHE M TOCTOSHHYIO BPEMEHHU CIaJlaHus Toka abcopo-
[IUH, a TAKKE AUIICKTPUUECKHUE TOTEPU B U3OJISALIHUH.

3. Ry — BeTBb, ompeenstonas COnpOTUBICHNE U30JISIIUN TOCTOSTHHOMY TOKY
CKBO3HOM ITPOBOJUMOCTH.
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4. S — BETBb, OMpPEACISAIONIAs PA3PsIAHOC HaMpspDKeHWe w3oismuu. [Ipu npu-
JIOKECHUU HANPSHKEHUS JIEKTPUYECKOTO TMOJS B U30JISIUAN TPOUCXOAST MPO-
1ecchl MOJISIpU3alUU, O0YCIOBIECHHBIE CMEIIEHUEM 3JIECKTPUUYECKUX 3apsiioB
K 3JIEKTPOJaM NPOTUBOIIOJIOKHBIX 3HAKOB. B pe3ynprare 3TUX mpoueccoB Ha
MMOBEPXHOCTH HAKAIUIMBAKOTCA 3apsA/Ibl PA3HBIX 3HAKOB.

Tok, BO3HUKAIOIMKA TP HAKOIUIEHWH 3apsiloB JO MOMEHTA yCTAaHOBJIE-
HUSI PAaBHOBECHOTO (YCTAaHOBMBIIETOCS) COCTOSIHHS, Ha3bIBA€TCA TOKOM a0-
copouuu (puc. 2).

[Ipy npunoXeHNr HANPSHKEHUS SJIEKTPUYECKOTO MOJS B U30JALMMU TIPO-
UCXOJISAT MPOIECCHl MOJIIPU3AIMK, O0YCIOBICHHBIE CMEIIEHUEM JJIEKTpUYe-
CKHUX 3apsJI0B K 3JIEKTPOJaM IIPOTUBOIOJIOKHBIX 3HAKOB. B pe3ynprare 3Tux
IIPOLIECCOB Ha MMOBEPXHOCTU HAKAIUIMBAIOTCS 3aps/ibl Pa3HbIX 3HAKOB.

ToK, BO3HUKAIOWINKI TPU HAKOIIJIEHUH 3apsIIOB JJO MOMEHTA YCTAaHOBJIE-
HUSI PaBHOBECHOTO (YCTAHOBMBIIIETOCS) COCTOSIHUSI, HA3bIBACTCSI TOKOM a0-
copoumu (puc. 2).

o IR
6 | JNe(PEKTHOM U30JIAIUU
_L IC R XOpowLIeH U30IALUK
G L o Poopomeit oz
-4 v P laget lexs
—} Ry ;S N
4 / I XOpOIel H30JISAIUH
R /
G A
‘ P - R,ue(beKTHoﬁ H30JIAIIA
fo) 4 IyCT = ICKB
T
Puc. 1. Cxema 3amewyenus Puc. 2. 3aeucumocms moka u conpomuérne-
uszoaAyuu HUA U30JIAYUU ONl BDEMEHU NPUTIOIHCEHUAL HA-
NPANCEHUA

OTOT TOK, OOYCJIOBIIEHHBIN TEPEXOJHBIM TIPOIECCOM, HU3MEHSETCS BO
BPEMEHHU I10 3aKOHY

el 1)

rae T - noctostHHas Bpemenu BetBu C - R.

ITomumo Toka cMmemieHus l,, MpoTeKaroIIero B U30JSLMU B HavYaIbHBIN
MOMEHT IIOCJI€ BKJIIOUYEHHS IOCTOSHHOI'O HAIpPsDKCHHS, W TOKa abcopOmuu
l.6c, B MBOJIIIMU MPOTEKAET TOK CKBO3HOW MPOBOAUMOCTH | (TOK ycTaHO-

46



BUBILIETOCS peXHUMa), 00YCIOBICHHBIA MEPEMEIICHUEM HMEIOIMINXCSA B JH-
AIIEKTPUKE CBOOOIHBIX 3apsIIOB

CKB

=3 @
R

OTOT TOK UMEET OYE€Hb MaJyl0 BEITUYHMHY IO CPAaBHEHUIO C TOKAMHU CMe-
ieHus U abcopOLMH.

3amaveil mpopUIaKTUYECKUX UCTIBITAHUIN U30JISIIUU SIBISIETCS OOHapyKe-
HUE W OLIEHKA CTENEHU Pa3BUTHs Ne()EKTOB B M3OJSAIUH, BOSHHKAIOUINX B
npouecce IKCIuTyaTaluu odopynoBaHusi. CBOEBpEMEHHOE MPOBEACHUE MPO-
(UIAKTUYECKUX UCIBITAHHI MO3BOJISIET BRISIBUTH Pa3iMuHbIe Ae(eKThl B Ha-
YabHOW CTaJIMU UX PA3BUTHS, C TIOMOIIBIO0 KOMIUIEKCA MPOPUIAKTHIECKUX
MEpOTIPUATHIA YCTPAHUTD MX WU MPEKPATUTH ATbHENIIIee UX Pa3BUTHE.

2. W3mepeHue cONPOTUBJIEHUS U30JIAUUU 0OMOTOK

ConpoTuBIIEHHE M30JISUUN MEXAY OOMOTKaMH, a TaKXKE CONPOTHBIICHHUE
M30JSIUMN OTJEIBHBIX OOMOTOK OTHOCHUTENIBHO 3€MJIM SIBISIETCS OJHUM W3
BOXKHEHIINX MOKa3aTesie KauecTBa U30/s1UU TpaHchopmaropa.

ConpoTuBiieHHEM M30JSUMU R,; Ha3bIBAETCS OTHOLIEHUE MPHUIIOKEHHOTO
HaIpsOKEHUS. K TAHHOMY Y4YacTKy M30JIALIMM MOCTOSIHHOTO HampsikeHus U k
MPOTEKAIOIEMY MPU 3TOM TOKY |:

R =

n3

9 @)
|

W3 puc. 2 BUAHO, YTO TOK CO BPEMEHEM YMEHBIIIAETCS U 3aTeM IIPUHUMAa-
€T yCTaHOBHUBIIIEECS 3HAUeHUE. B mpakTrke mpoduiakTHueCKuX MCIbITaHUN
HpI/IHHTO COHpOTI/IBHeHI/Ie N300 OUCHUBATH 110 HaHpH)KeHHIO nu TOKy,
HpOTeKaIOH_[eMy 10 U30JIsIOHUN CHYCTﬂ 1 MHUH OT MOMCHTAa HpI/IJ]O)KeHI/Iﬂ Ha-
Hpﬂ)KeHI/IH. HpI/I 9TOM TOK €III€ HE JOCTUTI'ACT YCTaHOBI/IBH_IeFOCﬂ 3HAUCHUSI.

PC3KOC YMCHLHICHI/IG COHpOTI/IBHeHI/IH U30JISIOUN UJIN B03paCTaHI/Ie TOKa
HpOBO)II/IMOCTI/I Ha6HIO)Ia€TCSI TOJIBKO JIUIIIb HpI/I BOSpﬂCTaHI/II/I HpOBO}lI/IMOCTI/I
N30 A0 MC)K,Z[y 3H€KTpOJIaMPI, T.€. METO/ ITO3BOJISICT OHpC}IeHHTB paCHpe-
JACJIICHHBIC ﬂe(peKTBI, HaHpI/IMep, 061_[[66 YBJ'Ia)KHeHI/Ie I/I3OHHHI/II/I, 3arpH3HeHI/IC
HOBerHOCTI/I, HAJIMYUC CKBO3HBIX HpOBOﬂHH_II/IX KaHAaJIOB U T.II. C pOCTOM
TeMHepaTprI COHpOTI/IBHeHI/IC N30 101N yMCHBHJaCTCH, KakK 3TO BHUIHO H3
tabi. 1.
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N3mepenne COMpOTUBIICHHS H30JISIIIMA OOMOTOK MPOU3BOJIAT MO CXEMaM
(puc. 3) ¢ nomomibio MeraommeTpoB Tuna MC-05, M-1101, MOM-5 u np.

C moMoIIpI0 MEraoMMETpa MOXKHO TakyKe OOHApYXUTh HET0OpOKaYEeCT-
BEHHYIO IMaKKy, IJIOXWE KOHTAKThI, OOPBIB TIPOBOa B 0OMOTKE (TIpubop mo-
Ka3bIBA€T PE3KOE BO3PACTAHUE COMPOTUBIICHHUS).

W3mepeHHOE 3HaYeHnEe R, CpaBHUBAIOT C JAHHBIMH Ta0i. 1, Ha OCHOBa-

HHUH 9CT'0 MOZKHO CACIATh BHIBOJ O KAYCCTBC M30JIALIUHN.

MQO MO
a O

Puc. 3. Cxema uzmepenus conpomuenenus uzonayuu
00MOMOK mpancgopmamopa.
a — OMHOCUMENLHO KOPRYCa, O — MedANcOy 0OMOmKamu

3. OnpenesieHne TAHTeHCA YIJIa TMJIEKTPUIECKUX MOTePh (tg J)

Benuuuna tg 8, onpenensiomas JUIEKTPUIECKUE OTEPU B U30JISAIUN HA
MIEPEMEHHOM HAaMNpSHKEHUU, SBJSECTCS OJHOM M3 CaMbIX PacHpOCTPAHEHHBIX
XapaKTEPUCTHK, 3HAYEHUE KOTOPOU UCTOJIb3YETCS KaK JJIsl OLIEHKU KayecTBa
3JIEKTPOU3OJALIMOHHOTO MaTepralia, TaK U JJIsl OLEHKHA COCTOSHUS U30JISIU-
OHHOTO M3Aenus. st peaibHO UCTOJIb3YEMbBIX U30JAILMOHHBIX KOHCTPYKIUM
BeJIMUMHA tg 0 B OOJIBIIIMHCTBE CIy4YaeB MO3BOJISIET ClIeJIaTh BBHIBOJ O MPUYH-
HaX YXYIICHUS U30JISIUU U3-3a €€ 00IIEro YBIAXXHEHUS WU 3arpsi3HECHUS.

[Tpu npunoxeHur K U30JuK HanpspkeHust o BeTBsiM C — R u Ry ipoTe-
KaeT aOCOpPOIMOHHBIN TOK M TOK CKBO3HOW MPOBOJMMOCTH, BHI3BIBAIOIIIHE Pa-
30TPEB U3O0JLILUU. DHEPIrus, 3aTpaurMBacMasl Ha HarpeB, MOJIYy4Ynsia Ha3BaHUE
IUAJIEKTpUUeCKUX norepb. [lonHblil Tok |, mpoTekaromuii yepe3 U30isA1uIo,
CABUHYT MO OTHOIICHUIO K HAMNPSKEHHUIO HA YroJI (0 M PACKIIAJBIBAETCS HA
aKTUBHYIO |, 1 peakTuBHYIO |, cocTaBmsromnue (puc. 4).

TanreHc yria IUAAEKTPUIECKUX MOTeph tg & mpencrapiseTr coboit OTHO-
ICHUE AKTUBHOM COCTABIISIIOIIEN TOKA K PEAKTUBHOM COCTABJISIOIIECH
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tg sz'l—a. (a)
C

MOHIHOCTI) IMOTCPb SHCPI'MU B U30JIALIUH PABHA
P=U-1,=U-1,-tg . (5)

[TosiBeHne B M30SIITNH 1e(DEKTa BHI3BIBAET YMEHBIIIEHUE €r0 COMPOTHB-
JICHUS U, CJICIOBATEIIbHO, YBEIMYCHUE aKTUBHOTO TOKa, peakTHBHBIN TOK (l¢)
P 3TOM TIOYTH HE U3MEHSIETCS. JTO BBI30BET yBenuueHue tg o (puc.4).

ITocKOJIbKY OUANEKTPUUYECKUE MOTEPU B U3OJISLUU 3aBUCAT OT TEOMETPU-
YECKUX Pa3MEpoOB, TO MPUHATO U3MEPATh HE CaMM MOTEPH, a TAHTCHC yrJia
JIURJIEKTPUUYECKUX MOTEPB, T.K. tg O — 3TO XapaKTepucTUKa MaTepuaia, He 3a-
BUCAINAA OT Pa3MEpOB OOBEKTA, U €€ MOXKHO HM3MEPUTh HEMOCPEICTBEHHO
npubopom. [Ipu sToM tg O BeIpakaeTCs B OTHOCUTEIBHBIX €IUHUIAX WIH B
MPOIICHTaX.

I 0

™
o

Puc. 4. Bexkmopnas ouazpamma mokos uepe3 OUdIeKmpuK ¢ Homepsamu

Jlns usmepenust tg O MpUMEHSIIOTCS MOCThI IEpEMEHHOr0 Toka Tuna M/1-
16, P-507, P-521, P-595, P-5026 u np. lusneKkTpuyeckue MoTepu B U30JISAIUN
00MOTOK TpaHC(pOopMaTopa U3MEPSIOT MEXKAY KaKI0H OOMOTKOM M KOPITyCOM
MIPH 3a3€MJICHHBIX CBOOOHBIX OOMOTKAX. M3MepeHHbIe TUAIEKTpUIeCcKre
MIOTEPU COCTABJISAIOT CYMMY JTUAJICKTPUICCKUX MOTEPh TBEPAOH U30ISAIUN U
Mmacia. JlomyctumMele 3HaUeHUs tg & M30JIAIIMA 0OMOTOK TpaHchopmaTopa B
AKCIUTyaTaIliy PUBEICHBI B TA0I. 2.

Ha puc. 5 npencrapiieHa npuHIMTIHATBHAS JIEKTPHUECKas CXeMa u3Me-
penus tg O n3omsAIuu 0OMOTOK TpaHCPOopMaTopa MPU MOMOIIU MOCTA Tepe-
MEHHOTO TOKa BBICOKOTO HAMPSIKCHHUS.
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4. OnpenesieHne OTHOCUTEIbHOM BJIAKHOCTH U30JISIIIHU

VYBIQKHEHHOCTh M30JISIIIUM HUCCIICIYIOT ITyTEeM H3MEPECHHS €MKOCTH 00-
MOTOK Ha [BYX 9ACTOTAX IPU Hem3MeHHoH Temmeparype 10 — 20 °C (merox
«EMKOCTB — 4aCTOTay).

EMKOCTh 00BEKTa IIpH HEM3MEHHBIX TEMIICpaType M YacTOTE MPUIIOKEH-
HOTO HaIpsDKCHUs €CTh BEIMYWHA TOCTOSTHHAs. [IpW yBeIMYeHWH YacTOTHI
€MKOCTh YMEHBIIIAeTCsI. DTa 3aBUCUMOCTD SIBISIETCS CIICACTBHEM IPOIIECCOB
MEJICHHOM TTOJIIPU3aIliH.

nl cl »
P-5026 5 N

Puc. 5. Cxema mocma ons onpedenenus maneenca yena OUINEKmMpudecKux
nomepo (g 9):

Co — amanounsiti konoencamop, Cy — ucnvimyemsiti 06vekm, T— blcOKO80ILMHbIIU
mparncpopmamop; 1, Cy, 3, Co — kabenu 011 noocoeounenuil, P-5026 — mocm nepe-
menno2o moka; BII, HII — 6blcokonomenyuanibHulil U HU3KONOMeEHYUAIbHbIIL 8b1600bl

[Ipy nmepeMeHHOM HAIpPsKEHUH MPOLIECC HAKOIUJIEHUS 3apsAI0B OTpaHU-
YEH JUIMTEIBHOCTHIO OJTHOTO MOJYyNEPUOIa HANpsKEeHUs. YeM BhIIIE 4acToTa,
TEM B MEHBIIEH CTENEHH YCIEBAIOT Pa3BUBATHCS MPOLECCHI MOJSPU3AINH,
TE€M MEHbBIIE eMKOCTbh. [losiBIeHUEe OONBIIUX MO 00BEMY U XOPOIIO TPOBO-
JSIIUX BKJIIOYEHHUH, ITYHTUPOBAHUE WM TPOOOM H3OJALUU yBEITHMYUBAIOT
Pa3HOCTh EMKOCTEH MPH HU3KUX M BHICOKHUX YacTOTaxX.

Bosnbiioe BnusiHME HA 3aBUCUMOCTh €MKOCTH OT YacCTOThI OKA3bIBAET YB-
JaKHEHHOCTh M30Jsuu. YeM Oosbllie yBIaKHEHA M30JSLUs, TeM ObicTpee
IPOTEKAIOT MPOLIECCHI MOJISPU3ALUU, TEM O0JIbIlIE €eMKOCTh M30Jsuu. N3me-
HEHUE €MKOCTH JJIsl YBIQKHEHHOW U30JISIIIUU C POCTOM YaCTOThI HOCUT KPYTO
najarIui xapakrep (puc. 6, kpupas 2).
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fy f, f

Puc. 6. 3asucumocms emxocmu uzonsyuu om 4acmomeol.
1- cyxas u30AYus, 2 — Y6IAINCHEHHRAA U3O0JIAYUA

B cyxoil uzondauuu nosispusanus NpoTeKkaeT MEJJICHHEE, IIUTEIbHOCTD
MPOLIECCOB OOJIBIIE MOTYTIEPHOA MPUIOKESHHOTO HATPSIKSHUS.

[ToaTomy y cyX0il M30ISIUN €MKOCTh MEHBIIIE, YeM Y BJIAXKHOW BO BCEM
JMama3oHe 4acToT, a XapakTep U3MEHEHHsSI €€ OT YacTOThl HOCHUT 0OoJiee TuIaB-
HBII Xapakrep (puc. 6, kpuas 1).

VYka3zannble 1e(eKThl MPUBOIAT K TOMY, YTO OTHOIICHHE E€MKOCTEU YB-
JKHEHHON HM30JIALMU TIPH JABYX Pa3HBIX YacTOTaX CYIIECTBEHHO OOJbIIE,
4eM y CyXOHll H30JS1UH, Ha Y€M M OCHOBAaH NPUHLUII OLUEHKU CTEIECHU
YBIIQXKHEHHOCTHU U30JIALIHH.

['OCToM nperycMOTpEeHO POBEACHUE U3MEPEHUH MPH IBYX YaCTOTaX:
2Tuu50TI'n.

J1J15 BOJIOKHUCTBIX OPraHUYECKUX MAaTePHAJIOB CTETICHDb YBIIAKHEHUS SIB-
JSI€TCsl HEIOIMYCTUMOM (OTacHOI), €CJIM OTHOIIEHHE BEJIMUYNUH €MKOCTH HU30-

JISILHMY TPH BBILIEYKa3aHHBIX YaCTOTaX L2 >1,2-1,3.Cxema npubopa KOH-
50

TPOJISl U30JSIUU IO METOY «EMKOCTb — YaCTOTa» MpeACcTaBieHa Ha puc. /
(mpubop Tuma I[TKB-7, [TKB-13).

C nomousto nepekitouatens [1 oOpazen Cy nepuoanyecky NOIKI0YaeT-
Csl K MCTOYHUKY TOCTOSTHHOTO HanpsikeHus Uy (Cy 3apsbkaetcs), a 3aTeM K
nernu ¢ raasBaHoMmeTpoM I (Cy paspsokaercs).

Tox |, mpoTekatomuii B pa3psAHON 1€MW Yepe3 TallbBAHOMETP, MPOIOP-
IIMOHAJIEH €MKOCTH o0pasla Ipu 3aiaHHoW uactote, T.e. | =U-C; - .

Toraa OTHOIIICHHE €MKOCTEH IIPpH 3aJaHHBIX 9aCTOTaX IICPCKII0YATCIIA

&:@I_Z (6)
Coo 2 s
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W3MepeHne eMKOCTH MPOU3BOIST MIPH OMOIIU IPUOOPOB KOHTPOJIS BIIAK-
Hoctu tuna [1KB-13, TTKB-7 (puc. 8).

5. UcnbiTanue npodbI Macia

Ot60p Macna u3 TpancopMaropa v €ro UCIBITAHUE MO3BOJISIET OLICHUTh
COCTOSIHHE€ CaMOTO Macja W B HEKOTOPOW CTENEHU COCTOSHUE OCTABLHOMN
W30JIAIAM, HaXOJAIIeHCs B Maclie.

TpancpopmaropHoe Maciio, HaXOsACh B COMPUKOCHOBEHHH C OKpY>Karo-
IIMM BO3JYXOM, aKTMUBHO IOTJIOIIAET U3 HErO BJary M OKUCISAETCA KUCIOPO-
JIOM M 030HOM, YTO YMEHBIIIAET €ro AJIEKTPUUECKYI0 TpouHOCTh. Kpome Toro,
BJIara B MacJie JEerKo NePEeXOJAUT B TUTPOCKOIMYECKUE MaTeprasIbl U30ISIUU
(OymaxkHast 1 KapTOHHAsI U30JISIHS ), CHIDKAS €€ DIICKTPUUYECKYIO TPOYHOCTb.

Jlig ucnblTaHus Maciia Ha poOOH UCHOJB3YIOT ClIeUaIbHbIE annapaThl
tuna ANUN-70, AMHU-90.

IT
) @/%{\o
HH
T1IKB
Puc. 7. Ynpowennasn Puc. 8. Cxema usmepenus yenasic-
cxema npubopa Konmpo- HEHHOCMU U30IAYUU 0OMOMOK
J151 8AAACHOCIU UZ0NAYUU mpancgopmamopa
1O Memooy «eMKOCMb —
yacmomay

Anmapatr AUN-70 umeer dapdopossiii cocyn emkoctsio 0,5 1. B Hem
YKPEIUJICHBI JIATYHHBIE AJIEKTPOIbI JUAMETPOM2S5 MM Ha PACCTOSTHUU JIPYT OT
apyra 2,5 MM. YpOBEHB 3aJIUTOTO B COCYJ Maciia JOJKEH ObITh HE MEHBIIIE,
4yeM Ha 15 MM BbIIIIe BEPXHETO Kpas dJIEKTPO/Ia.

[IpoGoit oTmedaeTcsi o 0Opa30BaHHMIO B Macjie MEXAY dSJIEKTPOJAMH
CILJIOIITHOM MCKPBI U TIO CHAJaHUIO JI0 HYJIS CTPEIKH BOJIBTMETpa. 3aTeM Ha-
NPsDKCHUE CHUKAIOT M JIAFOT Maciay OTCTOSAThCS B TeueHue | MuH. Takue
npoOou jenaroT 5 pa3 u 3areM OepyT cpeliHee apupMeTHUecKoe 3HAYCHUE
IPOOMBHOTO HAIPSIKEHUSI.
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DnexTpuyeckas MPOYHOCTh TPAHC(HOPMATOPHOTO Macia, 3aJUBAEMOTO B
ANEKTPOOOOPYIOBAHUE, ONPEEAETCS KIIACCOM HOMHUHAIBHOTO HAIIPSKEHUS:
npu U, = 15 kB n mmxe U,, = 25 kB, npn U,, = 15-35 kB - U,, = 30 kB, npun
U, =60 + 220 kB - U, = 40 xB, npu U, =330 kB - U, = 50 xB.

6. UcnbiTaHue 3JIeKTPHUUYECKOH MPOYHOCTH U30JISIUH 00MOTOK
TPaHC(POPMATOPA NOBBIIIEHHBIM HANPSIKEHHEM

HcnbiTaHue MOBBIIEHHBIM HANPSKEHUEM ITPOMBIIIICHHOW YacTOTHI SIB-
JSIETCS 3aKITIOUNTENBHBIM 3TArloM MPOPHIAKTUYECKUX UCTIBITAHUIN 30U
TpaHcopmaropa. OHO MPOBOIUTCS C LEIBbIO ONPEAEICHUS 3amaca dJIEKTpU-
YECKOM MPOYHOCTU U3OJISIIUH, & TaKXKe NIl OOHAPYKEHUs AE(PEKTOB, HE BBI-
SIBJIEHHBIX C IIOMOIIBIO IPEABIIYIIINX UCTIBITAHUN.

BennunHa HCHBITATENIBHOTO HANPSKEHUS ONPENEIAETCS U3 ydeTa BO3-
MO’KHBIX BHYTPEHHHUX W aTMOC(EpPHBIX MNEpEHANpPsHKEHUH B JIEHCTBYIOLIMX
ycTaHOBKax. [IpuiioxeHre MOBBIIEHHOIO HAINPSKEHUSA CO31a€T B UCIIBITHI-
BAaE€MOM M30JISIUHN YBEJIUUYECHHYIO, IO CPAaBHEHUIO C pabouel, HaNpsSKEHHOCTh
AJIEKTPUYECKOTO MOJIsA, YTO MO3BOJISIET OOHAPYKUBATh €(EKThI B U30JALMH,
BBI3BIBAIOIME CHUIKEHUE NIEKTPUYECKON TPOYHOCTH.

BenuunHa npoOMBHOrO HANpsDKEHUS HW30JIALIMK 3aBUCUT OT BPEMEHHU
MIPUJIOKEHUST HANPSHKEHUS, ITOATOMY HMCHIBITATENIBHOE HANPSIKEHUE MPUKIIA-
IbIBAacTCs B TeueHUE | MUH. bonee MIMTENbHOE MPUIIOKEHUE HAIPSKEHUS
MOXET BbI3BaTh TEIUIOBOM MPOOOW M MpU OTCYTCTBUU AedekToB. M3omsauus
CUMTAETCs BbIJIEP KABIIECH UCIBITAHNE, €CIIM HE OBLIIO CIIBIIIHO Pa3psA0B WU
KOJICOaHUs CTPEJIKM BOJIBTMETPA U aMIIEpMETpa HE YKa3alu Ha HAJIMYUE pas-
PAIOB.

HcnplTaHuio 3JIEKTPUYECKOW NPOYHOCTH HM30JSLUHAHA NOBBIIIEHHBIM Ha-
OpsOKEHUEM TMOABEPraroTcs OOMOTKHM HANpsDKEHUS MO CXeMe, MPUBEICHHON
Ha puc. 9.
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Puc. 9. Dnexmpuueckas cxema ucnvimanus u30J1AYyuu NOBLIULEHHBIM HANPSI-
orcenuem.  Ti— ucnveimamenvHull mpancgopmamop, Tr — ucnvimyemvlti mpauc-
Gopmamop, V- eorvmmemp

OnauH BBIBOJI KCTIBITATENILHOTO TpaHchopmaropa 3a3emMirstoT. CoraacHo
I'OCT 1516 -76 cxopocth nogbema HanpsikeHus 110 40 % ucnpITaTeNbHOTO
MOJKET OBITh MPOU3BOJILHOM. 3aTEM MOBEM HAIPSKEHUS TPOU3BOIST CO
ckopocThio 0k0JI10 30 % oT ucneiTatenbHOro B 1 ¢. HampsikeHue BblIepKU-
BAIOT B TE€YEHHUE | MUH U 3aTEM CHIKAIOT.

6. [Mopsiaok padoThI

1. 3mepuTh COMPOTHUBIIEHUE M30JIAIIMN OOMOTOK TpaHchopMaTopa MEraoM-
metrpoM MC-05 nnm ®4102/2.

2. OmnpenenuTs yBIAXXHEHHOCTh W3OJISIIIUH METOAOM «EMKOCTh — YacTOTa»
npruOopoM KOHTpouIs BiaxkHocTu [TKB-7.

3. OnpenenuTth TaHTEHC yIJIa JUIEKTPUUECKUX oTeph mpudopom P-5026.

4. OnpenenuTs dIEKTPUIECKYIO TPOYHOCTH Macia nmpubopom ANM-90.

5. IlpoBecTu ucnbITaHKE 0OMOTOK TpaHC(OpMaTOpa MOBBIIIEHHBIM HAIPS-
’KEHHEM MPOMBIIIJICHHONW YaCTOTHI.

[Ipumeuanne. BceM wn3MepeHUsIM JOJDKHO MPEALIECTBOBATH O3HA-
KOMJICHUE C ONUCAHUSIMH M CXEMaMHU MTPUMEHSIEMBIX MPUOOPOB.

8. Conep:xanne oTuera
1. TlpuBecTH cxembl BKIIOUEHUS TPUOOPOB, UCTIOIB3YEMBIX B U3MEPEHHUSIX.
2. PesynbpTaThl u3MepeHui no myHkram 1 — 3 u 5 3a”ectu B Tabiu. 4, a pe-

3yNbTaThl WCIBITAHWMA, TONyYEHHBIE MPH WCCIEAOBAHUN DIIEKTPUICCKOU
IPOYHOCTH Maciia, 3aHeCTH B Tad. 5.
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3. CnenaTh COOTBETCTBYIOIIHME BBIBOJIBI O KAUE€CTBE M3OJIAIINH HCTIHITYEMOTO
TpanchopmaTopa Ha OCHOBE U3MEPEHHUI 110 TTyHKTaM 1 — 5.

Tabmuna 1

HaumensbIre 1omycTUMbIe 3HAYSHHS COMTPOTUBIICHHUS
M30J510MKu 00MOTOK TpaHchopmaropa, MOm

Knacc HAIIPSKCHUA

Temreparypa 06MoTkH, "C

oomotku BH, kB 10 20 30 40
o 10 kB 2150 1000 570 240
35 kB 3250 1700 810 450
Tabmuia 2
& = (T, °C), %
Kitacc manpsioxenus Temneparypa oOMOTKH (Tpagychl)
oomotku BH, xB 10 20 30 40 50 60
35 kB u Huxe 2,5 3,5 55 8,0 11 15
Tabnuma 3
BenuuuHbl HCIBITATEILHBIX HAMPSIKEHUH B SKCILTyaTaluu, KB
Bujg ncneiranns HomunaneHoe HamnpsbkeHue, kKB
3 6 10 20 35 60 80 110
HcneiTaTenbHoe
Harnpsbkenne, KB | 15 21 30 47 12 105 | 140 | 195
Tabmumna 4
Pe3ynbTaThl HCOIBITAHUHN U30JSIMK TpaHChopmaTopa
Oomotka BH Oomotka HH Mexy 00-
MOTKaMHU
Bupg ucneiTanus OIBIT- | KOHT- | OIBIT- | KOHT- | OIBIT- | KOHT-
HOE pOJIb- HOE pOIIb- HOE | pOJib-
HOE HOE HOE
ConpoTtusneHue
n3oJrsu, MOwM
Ta0muna 5
HcneiTanue macna
Ne ombiTa 1 2 3 4 5 cpeaHee
[IpobuBHOE

HanpspkeHue, kB
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9. KoHTpO/ILHBIE BONIPOCHI

=

B yem cyTh npodunakTHUeCKUX UCTIBITAHUN U30TSUN?

2. Kakue MeporpusaTis He0OX0IUMO MPOBECTU MOCTE TOTO, KaK M30JSAIHUS
3a0paKoBaHa 1Mo OJHOMY MJIM HECKOJIbKHM IOKa3aTelsiM KadecTa?

3. Kakoe BiusHHE MOTYT OKa3aTh BO3YLIHbIC BKIIOYEHUS HA COMPOTHBIIC-

HUE U tg & u3osauun’?

Kak uzmenutcs tg o npu yBiaaxkneHuu uzonsiauuu? J[atb o0bsicHEHUSI.

OOBACHUTD yBETMYCHHE EMKOCTH M30JIALIMHU TIPU €€ YBIAKHEHUH.

C kaxoi 1eNnbl0 MPOU3BOAUTCS MCHBITAHUE HU3OJSALUHN 3JIEKTPOOOOpYya0-

BaHHUs BBICOKHM HAIPSKEHUEM?

o Ok

8. UCIIBITATEJIBHBIE YCTAHOBKH BBICOKOI'O
IHNEPEMEHHOI'O HAIIPSAKEHUSA

He.]'lb paﬁoTl)I: O3HAKOMHUTLBCA C UCIIBITATCIIbHBIMH YCTAHOBKAMU BBICOKOI'O
MMEPEMCHHOI'0 HAITPSIPKCHUA, ITIPOBCCTHU UCIIBITAHUSA U30JIATOPOB.

1. Kpatkue cBeieHuA

BricOKOBONIBTHAS M30JIALMS AIEKTPUUECKUX YCTAHOBOK B YCIOBHUAX IKC-
TUTyaTalliy MOJBEPraeTcs MOCTOSHHO JEHCTBYIOIIEMY pabodeMy HarpsiKe-
Huro. Kpome 31oro, oHa noasepraercsi BO3JAEUCTBUIO BHYTPEHHUX U I'PO30-
BBIX IMepeHanpsikeHnil. Bo3aMOKHOCTh Ha/IeKHOW pabOThl U30JISIUU B yCIIO-
BUSX BO3JCUCTBHUS pabOUYMX HANPSDKCHUM M BOSHUKAIOIIUX TIEpeHANPSKEHUN
IpOBEPSETCA MYTEM NPOBEACHUS HCHBITAHUN SJIEKTPUUYECKON MPOYHOCTH
30K, {7 mpoBeeHus TakKuX UCIBITAHUNM B J1a00OpaTOPHUSX HUCIOJIb3Y-
FOTCSl UICTOYHUKH BBICOKOTO HAIPSHKEHUS] TIEPEMEHHOT0, MMOCTOSIHHOTO U UM-
MyJILCHOTO HAMNpsDKEHUU. Y CTAaHOBKHM BBICOKOTO HAMNPSIKEHHUS MPOMBIIIICH-
HOM 4acCTOThI MOTYT UMUTHUPOBATH YCIOBUS paOOTHI U30JSIUA B HOPMATIHLHOM
paboueM peXUMe U MPU HEKOTOPBIX BO3JAEHCTBUSX BHYTPEHHUX MEpeHaIpsi-
KEeHU. MeTobl UCTIBITAaHUS U 3HAYEHUS UCIIBITATEeIbHBIX HAMPSKEHUN HOP-
mupytorcst 'OCT 1516.2 — 96. VcnbiTaHusam mojaBepraercs Kaxablii BHOBb
pa3pabOTaHHBIN THI AJIEKTPOOOOPYNOBAHUS (TUIIOBBIE UCTIHITAHNUS), & TAKKE
Ka)X/10€ U3JIeJIUe MPHU €ro BBIMYCKE 3aBOJIOM-U3TOTOBHUTENEM (KOHTPOJIbHBIE
ucnbiTanusi). Llenpr0 3THX UCHBITAaHUN SIBISETCS MPOBEPKA COOTBETCTBUSA
ANEKTPUYECKON MPOYHOCTH HU3OJSAIUHU AJIEKTPOOOOPYIOBaHUS TPEOOBAHUSM
I'OCTa. Kpome Toro, B mpoliiecce 3KCIUTyaTaluy U30JIIUN TPOBOASITCS pe-
TYJSIPHBIC TUTAHOBBIE HWCIBITAaHUS M30JAIUU (MPOPUITAKTUIECKUE HCTIBITA-
Hus). Heo0X0IMMOCTh 3TUX UCTIBITAHUH CBSA3aHA C MMOCTEIICHHBIM YXY/IIIIe-
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HUEM JUDJICKTPUUECKUX CBOWCTB M3OJISIINHN, BEI3BAHHBIX JICKTPOMArHUTHBI-
MU, TETJIOBBIMUA U XUMUYECKUMHU BO3JICUCTBUSMU OKPYIKAIOIICH CPEIBI.

B kadecTBe MCTOYHUKOB BBICOKOTO TIEPEMEHHOTO HAIPSHKEHUS IS TIPO-
BEJICHUS UCIBITAHUH AJICKTPUICCKON MPOYHOCTH H3OJISIIIUHA BHICOKOBOJIBTHO-
ro 000OpyIOBaHWS TMPUMEHSIOT HCIBITATENbHBIC TpaHchopMaTopsl. Takue
TpaHchOpPMATOPhl MMEIOT CBOM CHEIU(GUYECKHE YCIOBHUS SKCIUTyaTallWu:
KPaTKOBPEMEHHOCTh pa0OThl, B TOM YHUCJIE MPU HOMUHAIBHOM HaIPSKEHUH,
YacThle 3aMbIKAHHSI CO CTOPOHBI BBHICOKOTO HAINPSIKEHUS U OTCYTCTBHUE BO3-
nencTBUg atMochepHbIX nepeHanpsbkenuil. McnbitaTensHbie TpaHchopma-
TOPBl UMEIOT OOJICTUCHHYIO M30JIAIMI0, 00JbIION KoddduiueHT tpancdop-
Malliy, OTHOCUTEIHHO HEOOJIbIINE MOIIHOCTh, TadapuThl U Bec. BhimonHs-
I0TCA, KaK paBmiio, ogHo(a3HbIMU. KOHCTPYKTUBHO BBITIOJIHSIIOTCSI TPEX THU-
OB TPaHC(HOPMATOPHI B U3OJISIIMOHHOM KOPITyce C IBYMs (DJIaHIIaMH — BBI-
Bojamu (puc. 1, 6), TpanchopmMaTopbl B METAUIMYECKOM KOPIYCE C OJHUM
(puc. 1, 6) niu 1ByMsi BHICOKOBOJIbTHBIMU BBIBOJAMU.

OCHOBHBIMH TpPEOOBaHUSMU K HCIBITATEILHBIM TpaHcpopMaTopaMm siB-
JSIOTCS: MUHUMAIBHOEC HMCKaKEHHWE KPHUBOW TOKA, OTCYTCTBHE YAaCTHYHBIX
Pa3psAI0B B M30JSIIAN MPU UCTIBITATCILHOM HAMPSHKEHUH, a U30JSIITUS TOTK-
Ha OBITh PacCUMTaHa Ha KPYTHIE CPE3bl HAMIPSHKEHUS MPU 3aMBIKAaHUW HA CTO-
POHE BBICOKOT'O HAIPSIKEHUS.

B cootBeTcTBUU ¢ TpeOOBaHUAMH CyMMapHBIA BKJIAJ] BBICIIUX FAPMOHHUK
B KPUBOI TOKA M HAIPSKEHUSI HE JOJHKEH MPEBBIMATh 5%. DTO TOCTUTAETCS
UCIIOJIb30BAHUEM JIJISI U3TOTOBJICHHS CEPJICYHMUKOB XOJIOIHOKATAHON CTaJId C
OpUEHTHUPOBAHHBIMH 3€PHAMMU.

OTcyTcTBHE BHYTPEHHUX YaCTUUYHBIX Pa3ps/iOB B U30JSIIUN UCTIHITATEb-
HBIX TpaHC(POPMATOPOB M CHMIKEHUE TPAUCHTHBIX HAMPSHKCHUH B U3OJISAIIAN
MIPU KPYTHIX Cpe3ax HaIpPsHKEHUS JTOCTUTACTCS MyTeM palliOHAIBHOTO KOH-
CTPYHUPOBaHUS BBHICOKOBOJIBTHOW OOMOTKHM B COUYETaHWH C dKpaHAMH U €MKO-
CTHBIMH KOJbIIaMu. COBpEMEHHBIE U30ISAIIMOHHBIC MATEPUAJIBI K TEXHOJIOTHS
MO3BOJISIOT MCKTIOYUTH TOSBICHUE YaCTHUYHBIX Pa3psioB JaXe MPH OYEHb
BBICOKHX HaIpsOKEHUSAX. B ucmbITaTenbHBIX TpaHCchopMaTopax MpPUMEHSIETCS
clloeBast IWIMHApHYECKas oOMoTKa (puc. 1).

OnHUM U3 OCHOBHBIX MMapaMeTpoB TpaHcPopMaTopa SIBISICTCS €ro MOIII-
HOCTh. B1O0p MoItHOCTH TpaHchopMaTopa OCYIIECTBISETCS B 3aBUCUMOCTU
OT xapakTepa Harpy3ku. Harpyska ucnbITaTebHBIX TPaHC(POPMATOPOB HOCUT
€MKOCTHBIN Xapaktep. B sTom ciywae oOmias MOMIHOCTH TpaHchopmaTopa
MoskeT ObITh orieHeHa Kak S=U, . l.. 1:=Uen-®-Cos — EMKOCTHBIN TOK, a U,
— BEJIMYMHA UCIIBITATEIIBHOTO HAMPSHKEHUS.

[TpuHIIMTIMATBHAS JIEKTPUYECKAs CXeMa UCTIBITAHHUS W30JISIIUNA BBICOKUM
HaNPsHKCHUEM TIPOMBIIIICHHON YacTOTHI TPUBEICHA HA PHC. 2.
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Puc. 1. Ilpunyunuanvnoe ycmpoiicmeo mpaucgopmamopa:
a — cxema, 0 — ¢ Memaiu4ecKum Kopnycom, 6 — C U30JIAYUOHHbIM KOpI’lyCOM; 1- cepdel{-
HUK; 2 — nepsuynas oomomxka, 3 — 06MOMKa 6blCOKO20 Hanpsicenus, 4 — obmomka cés3u,
5,7 — xopnyc, 6 — 861600 8bICOKO20 HANPAICEHUS

B cxeme uCHBITaHHS UICTOYHUKOM BBICOKOI'O MEPEMEHHOIO HaNpsKEHUS
T1 MOXeT OBITh UCTIBITATEIBHBIN TpaHC(HOPMATOP UK KACKAL, COCTOSLIUHN U3
JBYX WJIM TPEX IMOCJIEeI0BATEIbHO COEIMHEHHBIX TPaHC(HOPMATOpPOB, B 3aBH-
CUMOCTH OT HEOOXOJUMOTO YPOBHSI HMCHBITATEIBHOTO HampshkeHus. Moi-
HOCTh HMCTOYHHKA BBICOKOTO HANPSKEHHUS, ONpenesseMas Mo JJIUTEIbHO
POTEKAIOIIEMY TOKY 4Yepe3 OOBEKT, JOKHA OBITh JOCTATOYHOM, UYTOOBI
00ecne4nTh MOCTOSHCTBO UCTBITATEIbHOTO HAMPSKEHUS Ha OOBEKTE MPHU €ro
ucneiTannu. Perymstop nampstkenust (PH) gomxen oOecrieunBath HEOOXO-
TUMYIO CKOPOCTh MOoJbeMa HampsikeHus, oroBopeHnyro ['OCTom Ha mipoBe-
JICHHE UCTIBITAaHMsI, @ MOUTHOCTb €ro JOJDKHA ObITh HE MEHEE MOIIHOCTH, pa3-
BHUBAaEeMOIl Ha 00BEKTE UCTIBITAHUSI.

OCHOBHOE Ha3HAYCHHE 3aIUTHOTO conpoTuBiieHUs (R1) — orpaHMYMBATH
KPYTH3HY cpe3a HalpsKeHUs Ha BbIBOJAX TpaHchopmaTopa u AeMnpupoBaTh
KoJieOaHUs HANpsKEHUs B LEMH «OOBEKT — HCIBITATEeNbHBIA TpaHcopma-
TOp» MPU NEPEKPHITUU WM MPodoe 00bekTa ucnbiTanus. C 3TOH 1eNbI0 ero
BEJIMYMHY BBIOMPAIOT JIOCTATOYHOM ISl CTIaKMBAaHUS HAYaJbHOTO pacrpe-
JICIICHUsT HampsDKEHUS BIOJb 0OMOTKH Tpanchopmartopa — (0,1+1,0) Om Ha
| B HOMHHAJIBHOTO HAaNPSLKEHHS. DTO CONPOTUBIIEHUE OTPAHUYHMBAET TAKXKE
OpoCKH TOKa MpHU POoOOE Ha OOBEKTE.
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Henurens Hanpsbxenus (R; — Ry) BMecte ¢ ociuuiorpadoM mpeaHa3Ha-
YeH 11 KOHTPOJIA (OPMbI U U3MEPEHUS BEIMYMHBI UCTIBITATEILHOTO HAMps-
XKeHusl Ha oObekre. [lapamienbHo 0OBEKTY BKIIOYAETCS U3MEPUTENbHBII

T Ry Rs
0—  +
U PH no Rs
o— i) <=t~ U0
= R2 R4

LT

Puc. 2. Dnexmpuueckas cxema 0ns ucnvlmanus U30NAYUU HANPAXCEHUEM
npomviuiienHou yacmomsl: PH — pezynamop nanpsiicenus, Th — 6blcOK06016M-
Hblll mpancgopmamop, R1 — 3auumnoe conpomusnenus, Ry — mokoauwiil urynm,
Rs— Ra— denumenwv nanpsorcenus, Rs — oemngupyrowee conpomuesnenue,

F — waposoii pazpaonuk, 1O — ucnvimyemwiii o6vexm.

mapoBoit pazpsaHuK (F), KOTOpBIIT MOXET CIY>KUTh JJI1 U3MEPEHUST HaIpsi-
KCHUS Ha 00BEKTE, MPAAYUPOBKHU JCIUTEIS HANPSDKEHUS U BoJbTMETpa (P),
BKJIFOYEHHOTO Ha CTOPOHE HHM3KOrO HAIPSKEHHS] UCIHBITaTEIbHOIO TPaHC-
dopmaropa. [llapoBoii pa3psIHUK CIY)KUT TaKKe sl OTPAHUYECHUSI OTTACHBIX
IIPEBBILICHUN HANPSKEHHUS B IpOLIeCCE NMPOBEICHUs ucnbiTaHuil. [llapoBoi
Pa3psAIHUK MOJKITI0YaeTCs yepe3 corpotuBieHue (Rs), KOTOpoe CIyX UT s
nemMinpupoBaHus KoJieOaHUN B LEMU «IIApPOBOM Pa3psSAHUK — HCIBITATENb-
HBII TpaHcpopMaTop» MpHU paspsaax Ha mapax U JAJid YMEHBIICHHUS U3HOCA
(3po3un) pabourx MOBEPXHOCTEN IIAPOB.

B psine ciiydaeB HEOOXOOUMO M3MEPEHUE TOKA MPU MCHBITAHUU U30J15-
uuu. C 3TOM LEebio B IENb 3a3eMJIEHUS 00bEKTa BKIIIOUAETCA AMIEPMETP
i conpotuBieHue myHta (R;), HampskeHne ¢ KOTOPOro MoJaercs Ha Oc-
uItorpad.

[Tpu ucnbITaHUKM U3OJISIIIUU JOMYCKAETCS BKIIOUCHUE HANPSKEHUS TONTY-
KOM, €Clli ero BelnurnHa He mpebimaeT 40 % OT UCHBITATENIbHOTO. 3aTeM
HaIpsHDKEHUE Ha 0O0BEKTE IJIABHO, CO CKOPOCTHIO 3 % OT MCHBITATEIHHOTO,
MOJHUMAETCS O BEJIMYUHBI UCIIBITATEILHOTO HanpsbkeHus. [logbem Hampsi-
KEHUSI KOHTPOJMUPYETCSA MO BOJBTMETPY. C LENb0 3alIUThl UCHBITYEMOTO
00BEKTa OT CIIYYalHOrO YpEe3MEPHOIO IMOBBIIICHUS HAIPSDKEHHs MIapOBOU
pa3psAIHUK YCTAaHABIMBAETCS Ha MPOOMBHOE HAIpPSKEHUE, KOTOPOE PABHO
(1,1 — 1,2) ucnbITaTeNbHOTO.
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[locne mocTHkeHus BEIMYUHBI TPEOyeMOTro UCHBITATEIBHOTO HAaIpsikKe-
Hus U ocyuiectBiaeHus Tpedyemoit [OCToM 0qHOMUHYTHON BBIACPKKU (IS
BHYTPEHHEN M30JISIUU) WK 0€3 BBIACPKKU (11 BHEIIHEW HM3O0JISALMM) Ha-
npsbKeHHe Ha OOBEKTE JOJDKHO ObITh CHIKEHO 10 40 % uchbITaTelbHOTO
WJIM MEHEE U M0CJIE ITOr0 OTKIKYEHO.

AHaJIOTMYHO NMPOU3BOAUTCS, €CIM ITO HEOOXOAUMO, U3MEPEHHE pa3psi-
HOTO HampsbKeHue o0bekTa. PazHuiia cocTouT B TOM, 4TO B 3TOM cllydae Ha-
NpsUKEHUE OJHUMAETCS 10 pa3psiaa Ha OOBbEKTE.

1. Iopsaok BeINOJTHEHUS] PAadOTHI

1. TloaroToButh TabNUIly AJS 3alMCH HEOOXOAUMBIX MCXOJHBIX JaHHBIX U
pE3yJIbTATOB U3MEPEHHUI.

2. 3amucaTh 3HAYEHUS JABJICHHS, TEMIIEpaTyphl M OMPEACIUTH BEIUUUHY
BJIAKHOCTH BO3/yXa IIPU UCIIBITAHWUH.

3. Jus 3agansabix usonstopoB mo 'OCTy onpenenutb 3HaYEHUS UCIIBITA-
TEJIbHBIX HAIPSHKEHUA NPOMBINUIEHHOM YacTOTHI NMPU HOPMAJBHBIX aTMO-
c(hepHBIX YCIOBUSIX.

4. OnpenenuTs BEIUYUHBI UCTIBITATENbHBIX HAPSLDKEHUIM C YU4ETOM BIIaXXHO-
CTH U IJIOTHOCTH BO31yXa.

5. IlpoBecTu ucCHbITaHUS H30JATOPOB B CYXOM COCTOSSHUM U OLIGHUTDH pe-
3yJIbTAThl UCIIBITAHUMN.

6. V3meputhb paspsiHOE HANPSDKEHUE B3ATHIX HU30JIATOPOB B CYXOM COCTOSI-
HuM. Pa3psaHoe HalpshKeHUE ONpPEAENIUTh KAK CpEeHEe 3HaYeHUe U3 3-X U3-
MepeHuil. OnpenennuTp 3amnac 3JeKTPUYECKON IMPOYHOCTU HU30JIATOPOB B CY-
XOM COCTOSIHUH.

2. KoHTpoJibHBbIE BONPOCHI

1. KakoBsl ycioBHs paboThl 1 0COOEHHOCTH KOHCTPYKTUBHOT'O MCIIOTHEHUS
HCTIBITATENIbHBIX TPAHCHOPMATOPOB?

2.B yeM cmbIC UCHBITAHUS WU30JSLUM HAMPSKEHUEM MPOMBIIUICHHON
YaCTOThl 1 KOMMYTallUOHHBIMUA UMITyJIbCaMu?

3. Kak ompegensiercst HeoOXoaumasi MOIITHOCTh TpaHCcPopMaTopa MPH UCIIbI-
TaHUH Ha IEPEMEHHOM HANPSHKEHUU?

4. KakoBa poJib conpoTuBiieHuit Ry u Rs B cxeMe ucnbITaHus N30 IUN?
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9. TEHEPATOP UMITYJIbCHBIX HANPS’KEHUM 11O
CXEME APKAJIBEBA - MAPKCA

[{enb pabOThI: 03HAKOMUTHCS C IPUHITUIIOM PaOOTHI, CXEMOU 3aMeIICHUs,
YCTPOUCTBOM U OCOOCHHOCTSIMU PabOTHI TeHEpaTOpa UMITYJILCHBIX HaIPsIKe-
HUM.

1. Kparkue cBeaeHust

W3omsiiust 35eKTpooOOpyA0BaHUS MOXKET TOBEPraThCsl BO3ACHCTBUIO
I'PO30BBIX U KOMMYTALlMOHHBIX ITEpEHANPsKEHUN. Bo3aencTeue MOJIHUN BbI-
3bIBAET T'PO3OBBIE IMEPEHAINPSIKEHUS, KOTOPHIM MOABEPTAETCs JIMHEWHOE U
HOJICTAaHIIMOHHOE 000pyAOBaHuE. [[1s1 UMUTAMU TPO30BBIX BO3ACHCTBUI Ha
U30JIALIMK  DJIEKTPOOOOPYIOBAaHUSI HUCHOJB3YIOT TE€HEPATOPbl HMITYJIbCHBIX
Hanpspkenuit ('MH). Hanbonsimee pacnpoctpanenue noxyuwi I'MH, padota
KOTOPOTrO OCHOBAaHAa Ha IMpUHLUIIE, IpemanokeHHOM ApkanseBbiM. [TIH Ha
00BEKTE UCHBITAHUS (POPMUPYETCS UMIYJIBC HANPsKEHUs, opMa KOTOPOro
MOJKET OBITh MPUOJIMKEHA K T'PO30BOMY HUMIIYJIbCY, YTBEPKIECHHOMY CTaH-
napToM. 3a pyOeKoM UMIYJIbCHBIA T€HEpaTOp MO aHAJIOTMYHOMY MPUHIUITY
nercTBUsL ObUT TIPEeAJIoKEH MapkcoM, MO3TOMY B COBPEMEHHOU JIMTEpAType
nono0HeIe ycTporicTtBa Ha3bpiBatoT [ TH no cxeme ApkanbeBa-Mapkca.

2. IIpunuun padorsr 'MH

B I'IH no cxeme ApkaabeBa — Mapkca HCIONB3yeTCs] OTHOCUTEIBHO
MEJIJICHHOE HAKOIUICHHWE SHEPrMu B KOHJACHCATOpaX, BKJIIOUCHHBIX Mapali-
JIeJTBLHO, 3aTeM OBICTPOE BKIIFOUEHUE UX IMOCIEAOBATEIBLHO U MOAKIIOUCHUE K
00BbeKTy ucIbITaHusl. HampsokeHue Mex 1y HauyajaoM U KOHIIOM 9TOH IIeMOYKH
CYMMUpYETCs, JoCTUras B npesene Benuuunbl NUg, rae N — 4KiCio mociaeao-
BaTEJIbHO BKJIIOYEHHBIX KOHAEHcATOpoB, a Uy — HampspkeHue, 10 KOTOPOTo
OHM ObUTH 3apspKeHbl. [lepexinoueHne ¢ mapayuieIbHOTO COSTMHEHHS Ha T10-
CJI€AOBATEIbHOE OCYILIECTBIISIETCS, KaK MPABHIO, UCKPOBBIMH IPOMEKYTKa-
Mu. Ha puc. 1 npuBefeH oJIMH U3 BaApUAHTOB CXEMbI F'€HEpaTopa UMITYJIbC-
HBIX HaNPSIKECHUM.

Kongencaroppr C 3apsikarOTCs 4YE€pe3 CHUCTEMY IOCIEI0BATEIBHO
BKJIFOYEHHBIX COMPOTUBIICHUI: OJHO COMpOTUBIeHUuE R,,,, KoTOpoe Ha3bIBa-
eTCS 3alUTHBIM, U HECKOJIBKO OJUHAKOBBIX compoTHBieHHd Ry (Ri...Ry),
KOTOpPBIC HA3bIBAIOTCS 3apsaHbIMU. {151 oOecrnieueHus: 0JTHOBPEMEHHOTO 3a-
psana Bcex eMkocted C 10 OnpeeieHHOTO OJIMHaKoBOro HanpsikeHus Uy He-
00X0MMO BBITIOJIHEHHUE YCIOBUS R,y >> Ry. Ilpu BeIMONHEHUU 3TOTO YCII0-
BUS B JII000M MOMEHT BPEMEHU BEpXHHE OOKIAJKU KOHJEHCATOPOB (HEUYET-
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HbIE y3J10Bble TOYKH 1...19 Ha puc. 1) UMEOT OJIMH MOTEHIMaN, KOTOPBIM K
MOMEHTY OKOHYaHHS 3apsiIKi €eMKOCTEH paBEH aMILUIUTYI€ HAIPSDKCHUS BbI-
cokoBosbTHOTO UcTOYHMKA T (+Up). TloTeHIMan HmKHUX OOKIAaIOK €MKO-
CTEH MpU UX 3aps/IKE BCErJa paBeH HYJO (4eTHbIE y3J10Bble ToukH 0...20 Ha
puc. 1).

r Vv R3Am1 Ry 3 Ry § Rig 19 Ro

0 2 4 6 20

- L L C L
C I C_'_ C—'— Cn—v—
L "L L 1

+

Puc. 1. Onexmpuueckasn cxema I'MIH: T — evbicokogonbmublii mpancgopmamop,
Riay — 3awummnoe conpomuenenue, Ry...Rx — 3apaounvie conpomuenenus, Fi...Fi1 — uc-
kpoevle paspsaonuku, C — emxocms cmynenu, C'ip — napazumuas emxocms cmynenu I HH
omuocumenvHo 3emau, Ry — pponmosoe conpomuenenue, Cop — ghponmosas emxocms, Rp
— paspsionoe conpomusienue, Ly — conpomueierue Hazpy3Ku.

HckpoBbie npomMexyTku F;....F, 0ObIYHO BBITIONHSIOTCS B BUJIE IIapO-
BBIX Pa3psIHUKOB (JIBa IIapOoOOpa3HbIX dJEKTPO/Ia, PACIOIOKEHHBIX HA OII-
PEICIICHHOM PAaCcCTOSIHUU APYT OT Jpyra). PacctosHus Mexay mapamu uc-
KPOBBIX MPOMEXYTKOB Fi....F, ycTaHaBnuBaroTCcss Takum oOpa3om, 4TO Ha-
npsokenne Uy moctatouno i1t mpo0ost TOJIBKO MEPBOTO MPOMeKyTka Fi, oc-
TaJbHBIE TIPOMEKYTKH UMEIOT MpoOuBHOE HampspbkeHue Ha 10...15 % O6oub-
me, yeM mepBoro nmpoMmexyTtka F;. [lo Mepe 3apsakm KOHIEHCATOPOB pas-
HOCTh TTOTCHITMAJIOB MEXKY AJICKTPOJaMHU MIapoBOTo pa3psaHuka F; moctw-
raet 3HaueHus (+Up), u mpomexxyTok F; mpoOuBaercs.

ConpoTuBiieHHE UCKPBI OJU3KO K HYIIO, TOATOMY IOCje mpo0os mpo-
MexXyTKa F; BepxHss OOKIanKa TMEpPBOM €MKOCTH NMPUHUMAET ITOTCHIIAAI
3eMJIH, T. €. TIOTEHITMAN y3/1a 1 CTAaHOBUTCS paBHBIM HYJIIO. Y3el 2 MpuHUMa-

et noteHiman (-Up), T. K. mapa3uTHass eMKOCTb C1/1 MPAKTUYECKA MTHOBEHHO

3apsbkaerca oT eMKocTH C depe3 HeOOJIbIIOEe COMPOTUBICHUE MCKPHI (HOIU
om). [Torennman y3na 3 (+Ug) MeHsIETCSI OTHOCUTENIBHO MEJJIEHHO, T. K Y3€el
3 oTneneH ot y31a 1 CpaBHUTENBHO OOJBIINM (JIECATKH KUIOOM) COMPOTHB-
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nenueM Ry. TakuMm oOpa3oMm, pa3HOCTh MOTEHLHMAIOB MEXAY y3JaMu 2 U 3
nocie mpobos npomexyTtka F; cocraBut npumepno 2Ug, 4TO BBI3OBET MPO-
0ol mpoMexxkyTka F, ¢ MaabiM BpeMEHEM 3ama3bIBaHus, TIOCIIE YeTO MOTEH-
1yajn y3jia 4 OTHOCHUTEIBHO 3eMyid cTaHeT paBHbIM (—2Ug), a pa3sHOCTH TO-
TEHIIMAJIOB MEXY y3i1amu 4 u 5 cranet paBHa 3Uy 1 BBI30BET IPOOOI TIpo-
MexyTKa F3 u 1. 1. B pesynbprare nociaeaoBaTesIbHOrO Npo0osi IPOMEKYTKOB
F,...Fn Bce eMKOCTH OKa3bIBalOTCS COCIMHEHHBIMU MocieaoBarenbHo. Ha-
NPsDKEHUST UX CYMMUPYIOTCS, T.€. MoTeHnuan y3ia 20 cranet paBHbIM Ujy =
n(-Up), rae N — uncio crynenei ['MH.

[TpomexyTtok F;; HeoOxomuMm mist otaeneHus Harpysku ot I'MH B
npouecce 3apsiga crynened ['MH, T. e. mo MOCTOSHHOMY HaIlpsHKEHHIO, a
TaK)Ke B MEPEXO0JIHOM peXUME B Ipoliecce cpabaThIBaHUS UCKPOBBIX pa3psii-
HUKOB F;...F1. ConpotuBnenus Ry 10kHBI ObITH BRIOpaHbI Tak, 4T00bI RyC
OBLJI0O MHOTO OOJIBIIIE JJIUTETLHOCTH UMITYJbCa, onyyaemoro ¢ ['MH, nnaue
eMkoctu C OynyT pa3psbkatbes Ha Ry U BIUSTH Ha JNJIUTEIBHOCTH (POPMHU-
PyEMOro UMIYJIbCa.

Takum o6pazom, B padote [ UH npocnexuBaroTcs ABE CTaJAUU: CTaIUS
3apsiIKA KOHJIEHCATOPOB U CTafusl ux paspsiaku. COOTBETCTBEHHO 3TUM CTa-
JTUSIM MO>KHO BBIJICTIUTD 3apsiAHyIo (puc. 2, a) u pa3psaanyo (puc. 2, 0) cxeMbl
3ameenus ['MH.

2. ®opMa HCIIBITATEIbHBIX BOJIH

3HauYCHHE PA3PSAHOTO HAINPSDHKEHUS NMPU BO3AEHCTBUHA HMITYJIBCHOIO
HaNpsHKEHUS 3aBUCUT OT (POPMBI BO3JIEHCTBYIOIIETO HAa U30JISALMIO HaIpshKe-
HUs. YTOOBI MMETh BO3MOXKHOCTH CPAaBHHMBAaTh MEXIY COOOM MMIYJbCHBIE
XapaKTEPUCTHKH, MOJyYEHHbIE B PA3IMYHBIX JJAOOpaTopusix, popmMa BOJHBI
JUTSl UMITYJIbCHBIX MCIBITAHUNA HOPMUPOBAHA M HAXOAMUTCS B COOTBETCTBUU C
(opMoii BOJIH aTMOC(EpHBIX NEPEHANPKEHNUIA, BO3ACHCTBYIOIINX HA U30J15-
LIUIO B PE3YJILTATE Pa3psAa0B MOJHHUH.

CranpapTHas BOJIHA XapaKTepU3yeTcsl ObICTPHIM HapacTaHWEM Hampsi-
KEHUs 10 MakcuMyMa ((pOHT BOJIHBI) U O0Jee MEAJICHHBIM CIagoM (XBOCT
BOJIHBI). [TOCKONBKY (PPOHT BOJIHBI MJIABHO MEPEXOAMUT B CHaJl, TO MO OCLIMII-
jJorpamMmaM 0e3 crHelualbHOW MX 00padOTKM TPYIHO OINPEAENIUTh Hayayio
BOJIHBI, JUINTEIBHOCTh (PPOHTA U JAJIUTEIBHOCTh BOJHBIL. [Iporenypa ompene-
JIEHUs MapaMeTPOB CTaHAAPTHON BOJHBI PErVIAMEHTHPOBAHA U 3aKJIIOYAETCS
B CJIEYIOILEM.

s ompenenenus (poHTa BOJIHBI HEOOXOAMMO Ha OCIMIJIOTPAMME
IIPOBECTH MPAMYIO, TapALIEIBbHYI0 OCH BPEMEHHU U MPOXOIALIYIO Yepe3 MAK-
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Puc. 2. Cxemwvr 3amewgenuss ' MH npu 3apsaoke emxocmelti (a) u npu cpaba-
muieanuu I'H (6).

cuMyM BOJIHBI (Umax Ha puc. 3, a, Touka 1). 3aTeM npoBECTH JIBE MPsIMbIE Ma-
pamenbHble Upa HA ypoBHE 0,3Unax 1 0,9Un«. Uepes Touku nepecedyeHust
npsaMbIX 0,3Unax 1 0,9Un. ¢ dpoHTOM BOMHBI (TOukHM 2 U 3 Ha puc. 3, a)
MPOBECTU NMPAMYIO A 710 IEpecedyeHus ¢ OCbI0 BpeMeHHM (Touka ty Ha puc. 3, a,
KOTOpasi Ha3bIBAETCS yYCIOBHOE HAYAIO BOJHBI) M NPSAMOU Up,y (Touka f Ha
puc. 3, a). CripoektupoBaTh Touky f Ha ock BpemeHu (Touka t; Ha puc. 3, a).
Paccrosinue ot ty 1o t; BelpakeHHOE BO BPEMEHHOM MaclliTa0e Ha3bIBalOT
(GbpoHTOM BOJIHBI (CM. pHC. 3, a).
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U U
Unnax f o Unnax
0,9U ax Orgumax

0,5U max
0,3Umax

0,3Unmax

Puc. 3. @opma nonnoii (a) u cpezannoii (6) ucnvimamenbHoU 80 1HbL

JIMUTEeNbHOCTh BOJIHBI 1, OmpenensieTcss OT YCJIOBHOTO Hayaja BOJHBI
(Touka ty Ha puc. 3, a) J0 NPOEKIMH TOYKU 4 Ha OCbh BpeMeHHU (Touka fj Ha
puc. 3, a). Touka 4 momydena mpu nepecedeHUU npamMon 0,5Un,«, mapai-
nenbHOU Upax, CO CIIAZIOM BOJTHBI.

B xauecTBe cTaHAApPTHOW BOJIHBI IPUHSATA BOJIHA C ITAPAMETPAMMU:

AIUTENBHOCTH (poHTa BOMHEI (1) — 1,2 + 0,4 Mkc

JUTATENIbHOCTD BOJHBI (1) — 50 + 10 MKc

B mpoiiecce paGoThl CpeACTB 3alIUTHI OT aTMOC(EPHBIX MEepeHANPSHKE-
HUH, a TaKKe MpU NMpodoe M30JAUMOHHBIX MPOMEXKYTKOB BOJIM3M IIUH MOJA-
CTaHIMU HA M30JSLUU 3JEKTPOOOOPYAOBaHUS BO3MOKHO MOSABICHHE TaK Ha-
3bIBAEMBIX CPE3aHHBIX BOJIH, MPEACTABISIIOIIMX ONACHOCTH JIJIsl pabOThI U30-
JSAUMU. DTa OMACHOCTh CBSI3aHa C BHICOKOM CKOPOCTHIO M3MEHEHUs HampsKe-
HUSl, IPUBOAIIEH K BHICOKMM IPJIMEHTHBIM TIEPEHANPHKEHUAM B OOMOTKAX
TpaHcHOPMATOPOB, PEAKTOPOB U JICKTPUUECCKUX MAIIIHH.

B cBsi3u ¢ 3TUM MPOBOASTCS UCHBITAHKS TaKOTO 00OPYIOBaHUs CTaH-
JNApTHOM Cpe3aHHOW BOJIHOW, UMEIOLIEN JIUTenbHOCTh 2,01+0,5 MKC U npen-
CTaBJstolIEed CcOOOM HAayaJbHYH CTAQJMIO TOJHOM CTaHJAPTHOM BOJIHBI
(puc. 3, 6). JImuTEeIPHOCTh CpEe3aHHOM BOJIHBI OMPEACISIIOT KaK MTPOMEKYTOK
BpEMEHHU OT YCJIOBHOTO Hadaya BOJHBI (Touka {y Ha puc. 3, 0) 10 IPOCKITUU

Ha OCb BPEMEHM TOYKHM Hauaja pe3Koro cmnajaa (cpesa) BOJHBI (Touka ts Ha
puc. 3, 0)

3. PeryaupoBanue ¢opMbI BOJIHBI

Jnsa ananusza BausHUA 3HadeHud sneMeHToB ['MIH Ha mapamerps! uc-
NBITaTEIBLHON BOJIHBI I€JIECO00pa3HO 001ryto anekrpudeckyo cxemy ['MH
ynpocTtuthb. [Ipexae Bcero, youpaem Bce 3JI€MEHTHI, CBSI3aHHBIE C 3apsAKOM
€MKOCTEH, T. K. 3TU DJIEMEHThI BbIOUPAIOTCS TaKUMH, YTOOBI HE BJIMITH Ha
npouecc GopMUPOBAHUS BOJIHBI HA UCIILITYeMOM 00beKTe (Harpyske). B cBs-
34 C 3TUM NPUXOJHUM K cXeMe, puBeAeHHOM Ha puc. 2, 6. Ha atoii cxeme oT-
CYTCTBYIOT MHAYKTUBHOCTH, KOTOpPbIE HA CAMOM JIeJi€ BKIIFOUEHBI MTOCIIEI0BA-
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TEJIbHO B KaxAyro ctyneHs | IH u cymecTByroT u3-3a TOro, 4To BCE COEIH-
HUTEJIBHBIE IIPOBOAA W HCKPOBBIE NPOMEKYTKHM HMMEIOT I€OMETPUYECKYIO
JUIMHY, @ 3HAa4uT, 00JIaJatl0T UHAYKTUBHOCTHIO. C y4yeToM HMHIYKTUBHOCTEU
crynenedt 'MH 1 MHAYKTUBHOCTH MPUCOECIMHEHUS CXeMa 3aMellleHus OyaeT
BBITJIAJIETh, KaK MPEJICTABIEHO Ha puc. 4.

19 %

Puc. 4. Cxema 3amewenus I'MH ¢ yuemom unoykmusnocmeiti: C — emKocmsy
cmynenu TUH, L,...L, — unoykmusnocmu cmynenu I'UH, L;p — unoykmusrnocmo
npucoeourenus ucnvimyemozo oovexma xk ' MH, Ly — unoykmusrnocmo Hacpy3xu.

N3 cxemsl 3amemenus ['MH, npeacraBinenHon Ha puc. 4, BUAHO, 4TO
Bce eMKOCTH C ¥ MHAYKTUBHOCTH L;...L,, Lyp BKIIFOUEHBI MOCTIEA0BATEILHO,
MMOATOMY OHHU MOTYT ObITh 3aMEHEHBI SKBUBAICHTHBIMU Cryp U Lykp.

C

Cokp =

Logg=Li+Lo+..+L, +Lp.

Cxewma 3amemiennst I TH npumer Bua, peacTaBlICHHbBIN HA puUC. 5.

HeoOxomumasi ¢opMa BOJHBI HamNpsHKEHUS] JOCTUTAETCS C MOMOIIBIO
CHEeHUaJIbHBIX (DOPMUPYIOIIKUX AIEMEHTOB, BKIIOYAEMbIX B PA3psAHYIO LIEMb
I'MH, Takux xak (ppoHTOBOE COMpoTUBIEHUE Ry, pa3psaIHOE CONPOTUBIICHUE
Rp. Ilpexae yem onpenenuTs BIUSHUE (PPOHTOBOTO CONMPOTUBIEHUSA Ry U
pa3psAaHOrO conpoTuBiieHUs Rp Ha GopMy BOIHBI ONpeAeUM HEU3BECTHBIC
napameTpsl | UH, Takue kak skBuBajgeHTHas MUHAYKTUBHOCTL [MITH  Lokg u
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SKBUBAJICHTHAasl COOCTBEHHAss KOHCTpyKTHBHas eMkocTh [ MIH, npuBeaeHHas
k Beixoay ['MH, Cp (BO MHOTHX MCTOYHHMKAaX 3Ty €MKOCTh HA3bIBAIOT Iapa-
3UTHOM).

Ry Lok R Ly
_:_m_:_._.f\f'\f'\_

= Cos Re[]7e 2]

Puc. 5. Cxema 3amewenuss I'UH ¢ yuemom unoyxmusnocmeii: Crxp — 9K8U-
sanenmuasn emxocms I MH, Lyyp — oxsueanenmuas unoykmusnocms I MH, Ly — un-
oykmuenocmv Hazpysku, Ry — cymmapnoe akmusnoe conpomueénenue cex coeou-
HUMENIbHBIX NPOBOOHUKOS, BKII0UAS AKMUBHOE CONPOMUBIEHUE UCKPOBBIX KAHAIO8.

OKBUBAJIEHTHYI0 MHAYKTUBHOCTh [MH Lskg MOXHO omnpeaenuts u3
OTbITa KOPOTKOTO 3amblkaHus. Cxema 3aMeleHHs] pa3psaHOTO KOHTypa U
dbopma BosHBl ToKa B KoHType I'MH Oyaer Takoil, kak mpejcTaBlieHa Ha
puc. 6.

W3 ocumiuiorpaMMbl TOKa OTpeessieM nepuo Kojiebanuil Toka gz
no Qopmyiie, CBA3BIBAIONICH TEPHOJI KOJeOaHW ¢ IMapaMeTpamu KoJieOa-
TeabHOT0 KOHTYpa Chyp U Lokp

TIB = 272- V L3KBC3KB

2
L. T

DKB = 2 '
Ar°C,

HaXOI1UM
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a 4]

Puc. 6. Dxeusanenmnasn cxema I'MH npu npogedeHuu onvima KOPOMKO20
3AMBIKAHUA(Q) U OCYUNLIOSPAMMA MOKA, COOMEEMCMEYIouas 2mMomy onvimy (0).

[Ipu orcyrcTBUM (opmupyromux 31eMeHToB U padbote I'MH Ha xomo-
CTOM XOJAY CXEMa 3aMEIEHUs pa3psAIHOTO KOHTypa U (popma BOJIHBI HaAIps-
xeHust Ha Beixoqie [ IH Oynert Takoi, kak mpejacTaBiieHa Ha puc. /.

U

Ry Loks

|
|
|
|
| L
|
|
‘\
|

t Txx

a 9]

Puc. 7. Cxema 3amewenus (a) u ocyunnoepamma Ha evixooe I'MH npu pa-
bome na xonocmom xo0y (kak npaeuno Cgp=>>Cr).

BunHo, 4to Ha XosiocToM xoay HampsipkeHue Ha Beixoge ['MIH umeer
anepuoaudecKyto GopMy ¢ HAJIOKEHHBIMHU KOJICOAHUSIMHU, TEPUO ITHX KO-
nebanuii onpeaensercs mo hopmyse

TXX = 272'1/ LQKBCH .
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U3 310i1 hopMyIbl HAXOUM MPUBEACHHYIO KOHCTPYKTUBHYIO €MKOCTh
I'MH

2
— Txx
11 2 b
AL,

Jlns ycTpaHeHus Kojie0aHU, BOBHUKAIOIINX B KOHTYpe (CM. puc. 7, a),
oOpa3oBaHHOM 3KBHUBaJIeHTHOE eMKOCThi0o ['MIH Csyp, SKBHBajIeHTHON WH-
OYKTUBHOCTBIO KOHTYypa Lokp, npusenennas eMkocts I UH Cy, B pa3psanHbii
KOHTYP HE0OXOJIMMO BKJIIOUUTH JEMI(DUPYIOIIEe aKTUBHOE COMPOTUBIICHUE,
KOTOPOE BBIOMPAETCS U3 YCIOBUS

Ry 22 [FOKB
Cnn

Yacrora konedanuili npu padore 'MH Ha XomoctoMm xomy u3-3a He-
oonbmux 3HaueHuil Cp U Lsgg TakoBa, 4TO 4ETBEPTH Iepuoaa KojieOaHUM,
onpenensomas GpoHT BOJIHBI, 3HAUUTEILHO MEHbILIE TPeOYeMOro CTaHaap-
toM. Jlns ynnuHeHus: (poHTa BOJHBI TpeOyeTcss (PPOHTOBOE COMPOTUBIIEHUE
Re. OOGpIYHO coBMeatOT GyHKIMU AeMIpupyromniero pesuctopa Ry n ¢ppon-
TOBOTO Rg. Bun ocrmmorpammel HarpsikeHus: Ha Beixoae ['MH npu nanu-

L
YUK ASMIIQUPYIOIIEro pe3ucTopa, paBHoro Ry =Rgp =2 % , TIpUBE-

11
JIeH Ha puc. 8.

ny,

Puc. 8. Cxema 3amewenus u 6uo ocyunnoepammul Ha evixooe I MH npu pa-
bome Ha X010CMOM X00Y € YCMAHOBAEHHbIM Oemngupyiowum pesucmopom R;=Rqp
(Macumab ocyuniocpammvl OOUHAKOBbIL ¢ puc. 1).

Jlnst mostydeHust ppoHTa BOJHBI, COOTBETCTBYIOIIETO CTaHIAPTY, HEOO-
xoaumo Ha Beixojie ['MTH moakiouuTh eMKOCTh, KOTOPYIO Ha3bIBAIOT (DPOH-
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ToBOI Co. B kauecTBe PpoHTOBOM eMKOCTH Cg MOKET BBICTYIUTH €MKOCTh
o0bekTa ucnbiTanust Cos. B KOHeUHOM cuere, PpOHTOBAs EMKOCTh SIBISIETCA
CYMMOM TpeX €MKOCTEH: MPUBEIECHHON KOHCTPYKTUBHOU eMKOCTH Cpj, EMKO-
cTH ucnbITyeMoro o0bekTa Cop U AONOJIHUTENBbHOU eMKocTU Cjop, KOTOpas
nomnonHuTenbHO npucoenuusercs Kk ['MH, utoObl obecrieunts TpeOyemblii
(GpOHT BOTHBI

Cq) = CH +COB +CIIOH.
JlmuTenbHOCTh (PPOHTA BOJTHBI MOXKHO OIEHUTH 0 (OopMYyIIe

t, 23,25xR, xC, =3,25xR, x(C, +Cy; +C,0) =1,2x10°.

JoI11

Jlnst opmupoBaHUs BOJHBI, COOTBETCTBYIOIIEH CTaHAApPTy, HEOOXO-
auMo oOecrieunTh cnaja HanpsbkeHus Ha 50% ot makcumyma 3a 50 mkc
(cm. puc. 3, a). DTOro MOKHO JOCTHYb, eciii Ha BeixoAe I'MH moakmounTh
COTIPOTUBIIEHUE, KOTOPOE HA3BIBAIOT pa3pAnHbIM Rp. 3HaueHHE pa3psagHOTO
COTIPOTUBIICHUSI MOYKHO OTIPECIUTD U3 (HOPMYIIBI

t =0,7xC,,,-R, =50x10".
Otcronma

B 50x10°°
" 0,7xC,,

Henutens HanpspkeHUs Ry MoxeT coBmemaTh (pyHKIUHM pa3psiiHOTO
conpoTtuBieHue Rp. B pa3spsanHoe cOnmpoTUBICHUE TaKKe BXOIUT COMPOTHB-
neHue o0beKTa ucibiTanus Ry. B o0miem ciyyae paspsnHoe cOnmpoTUBIICHUE
Rp mpencraBnsier coOoii mapajuieibHOE COSIMHEHHE TPEeX COMPOTHUBIICHUM:
COIIPOTHUBJIEHUE AEIUTENS HanpsikeHus Ry, comporusneHue Harpys3ku Ry u
nobaBoyHoe conportusieHue Ryop. Cxema 3amemenus ['MMH ¢ yuetom BBe-
JIEHHBIX COMPOTHUBIICHUN U COOTBETCTBYIOIIAs € (popMa BOJHBI MPUBEICHBI
Ha puc. 9.

B GonbmnHCcTBE NpakTHueckux ciaydaeB Cop << Cpon >> Cp, Ry >> Ry
1 Ry >> Rjop, mo3TOMy nociue nondopa napamerpoB Cron U Rjop Moakito-
YeHHUEe 00BbEKTa MCIIBITAHUS MPAKTUUYECKU HE OKa3bIBAIOT BIUSHUS Ha GOopMy
BOJIHBI HamnpspkeHus Ha Beixoge ['MH. B obmem cimydae gopma BosHBI Ha-
NPSOKEHUs ONpeaeIsieTcs: napamerpamu 3kBuBajeHTHONM eMkocTh [ TH Cogg,
MPUBEJICHHON KOHCTPYKTUBHOU eMKOCTU Cf;, EeMKOCTH MCIBITYEMOTO OOBEK-
Tta Cop, JONOIHUTEIBHOU €MKOCTH Cor, YKBHUBAJIEHTHOW WHIYKTUBHOCTH
pa3psAIHOTO KOHTYpA Lokp, aKTUBHBIM COMPOTUBIICHUEM HCIBITYEMOTO 00h-
eKkTa Ry, aKTUBHBIM COIPOTUBIICHHUE AETUTENS HaNpsbkeHus Ry, 100aBoUHBIM
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Puc. 9. Cxemvr 3amewgenus ['MH ¢ yuemom gpopmupyrowux snemenmos (a) u
coomeemcmayowas Gopma 80IHbL HANPANHCEHUS HA UCNbINYEMOM 00beKkme.

COIpOTUBIIEHUEM Ryop, GPOHTOBEIM conpoTuBieHUs Rop, Mpuuem ppoHTOBaAS

€MKOCTb: Co =Cn +Cop +Crom: (dpoHTOBOE COIIPOTHUBIICHUE
L
Rp =Ry =2 %, paspsiaHOe COITPOTHUBJICHUE
o
R, xR, xR

*“R R +R. xR, +R, xR, HA3BIBAOTCS (DOPMHUPYIOMIUMH DJIe
MEHTaMH.

OcuoBy I'MH cocrtasmsitor konaeHcatopsl C tuma K-15-10 eMkocThIO
9960 n®d (12 cryneneit mo 1 KoHAEHCATOPY B CTYIEHH), KOTOPBIE 3aPsKAIOT-
csl OT OJIOKa TUTaHusA. BbIcOKOe HampspKeHHe OT OJIOKa MATAHUS MOJTACTCS K
I'MH nmocpenctBoM koakcuanbHOTO Kabdens tuna PK-50-7. 3ammTHbIi pe3u-
cTop R3an 510 kOM Tna KOB-1. 3apsanble conpotusieHus Ry Takke BbI-
MOJHEHbI U3 pe3uctopoB Tuna KOB-5 conporusienuem 820 MoM KaxKablid.
HckpoBbie MPOMEXKYTKH (pa3psaHUKH) MPEACTABISIOT CO00M 1Ba 1M1apooo-
Pa3HBIX AJIEKTPOJia PACIIOJIOKEHHBIX HAa TOKOMOJBOASIIMX CTEepxKHsX. Pac-
CTOSIHUE MEXIy SJIEKTPOJAMH Pa3PSIHUKOB MOXKHO PETyiIupoBath. ckpo-
BbIE TIPOMEKYTKH B TIEPBBIX ABYX Pa3psIHUKAX MOKHO PETYJIHPOBATH MIPU
MIOJTAaHHOM 3apsTHOM HAIPSKEHUH, ATO TO3BOJIACT IMOACTPAaWBaTh ITH pPa3-
PATHUKHA B 3aBUCUMOCTH OT 3apsaHoro Hampsokenus Ug. B kadectBe dpon-
TOBOT'O PE3UCTOPA UCIOJIB3YETCs cOOpKa U3 MOCIEAOBATEILHO BKIIOUCHHBIX
10 pesucropos tuna TBO-2 conporuBnenuem no 1 kOm kaxapiii. @poHTO-
Bol kKoHAeHCAaTOp Cg BBITIOJIHEH B BUC JBYX TUIACTHH, MIOMEIICHHBIX B JH-
ANEKTPUYCCKUN KOPIYC M 3aJUTHIX TpaHCc(HOpMaTOpHBIM MacjaoM. Ha Thuib-
HoU ctopoHe kopnyca I'MIH ycraHoBneH mapoBo paspsigHuk. PaccrosiHue
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MEKy JIEKTPOJAMH IIApPOBOr0 pa3psAHMKA MOXKHO PEryJIMPOBATh Bpalle-
HHUEM IINWJIBKY, HA KOTOPOM 3aKPEIUIEH 3a3€MJIEHHBIM JJIEKTPOJ IIAPOBOTO
paspsanuka. [Ipyu cBeaeHUN 3IEKTPOAOB IIAPOBOTO PA3PsAAHUKA 10 KAaCaHHUS
IpYT Apyra OCYLIECTBISIETCS peXuM KopoTkoro 3ambikanus I MH. [Ipn max-
CUMAJIBHOM PAa3BEICHUU JJIEKTPOAOB IIAPOBOIO Pa3pAIHHUKA PEANTU3YETCS
PEXKUM XOJIOCTOIO XOAa.

B npoMeXyTOYHOM MOJIOKEHHUH 3JIEKTPOJOB IIAPOBOTO pa3psIHUKA
BO3MOKHO IIOJYYEHUE CPE3aHHOI0 MMITyJbca. B kadecTBe pa3psIHOro co-
IPOTUBIICHUS MOYXHO MCIOJB30BATh JIBE COOPKHU U3 pe3ucTopoB Tuna TBO-2.
ITepBast coctouT u3 20 mociaeqoBaTENbHO COEAUHEHHBIX PE3UCTOPOB COIPO-
tuBiienneM 1 kOwm, BTopas — 51 kOwm.

N3mepenue HanpsikeHus Ha Beixoae [ IH ocyiiecTBisieTcss akTMBHBIM
JeNIUTENIeM HaIPsHKEHUS, BEIIOJTHEHHOM Ha OCHOBE pe3ucTopoB Tuma TBO-2.
B BBICOKOBOBTHOM muiede Aenutena Haxoautcs 20 pe3uctopoB no 5,1 kOm
KaXIbld. HU3KOBOIBTHOE IIEHO JEIUTENS BBIIOJHEHO HA OCHOBE PE3UCTO-
poB tuma TBO-1 conmportusnenuem 51 Om. Tok, nporekaromuii B nenu ['MH,
PETUCTPUPYETCST IMOCPEACTBOM IIYHTA, KOTOPBIM YCTAaHOBJIEH IIOCIEI0BA-
TenpHO B paspsaaHoM KoHType ['MH B nepBoii crynenu. lllyHT BhImOIHEH U3
48 OTpe3KOB HUXPOMOBOM MPOBOJOKH, COEAUHEHHBIX MapajuIeNbHO, YTO MO-
3BOJIMJIO TOJIYYUTh DKBMBAJIEHTHOE COmpoTHBiIeHHe myHTa 5,0%10° OmM.
Jljis perucTpanuy CUrHaia ¢ JAeJIUTeNs U UIYHTa UCIOJIb3YeTCsl OCIIorpad
tuna Tektronix TDS 2012B. Becs 'MH 3aksiroueH B MeTaLTHYECKUN KOPITYC,
TaKUM 00pa3oM, UCKIIoUaeTcs 3jiekTpoMarHuTHoe BoznerctBue ['MIH mpu
ero paboTe Ha OKpyXarolue OOBEKThl M CpelacTBa m3MmepeHus. llepenusis
crenka koprnyca ['MMH BeimonHeHa U3 MENKOW METaJUIMYECKOW CETKU ISl BU-
3yaJbHOTO HaOMIOAeHUs Mpo0osi UCKPOBBIX paspsaHukoB. ['TH moxer pabdo-
TaTh B JBYX peXUMax: Ha camornpoOoe M B yIpasiisieMoM pexume. s
ynpasiieHus: B nepBou crynenu [ MIH npenycmMoTpeH mMexaHW4YecKku yrnpas-
JS€MBI  TPEXANEKTPOIHBIN pa3psaIHUK (MEXIy ABYMs IIapooOpa3HbIMU
ANEKTPOAAMU BBOAUTCSA TPETHM AJIEKTPOJA, YTO BBI3BIBAECT JIJIEKTPUYECKHUM
npoOoi MmepBOro MCKpoOBOTO IpomexyTka). Hanpsbkenue 3apsiga ot Oroka
MUTAHUSI MOXKET perynupoBaThes B npeaenax 4...17 kB. Bcero B reneparope
MMIYJbCHBIX HAMpPSKEHUM COAEPXKUTCS 12 cTyneHeW, 4To MO3BOJISIET MPH
3apsiAHOM HanpsbkeHuu 20 KB Mmoiy4YuTh Ha BBIXOJIE€ MMITYJIbC aMILTATYI0N
okoJio 200 xB.

brox mutaHus BKItOYaeT B ceOsl BHICOKOBOJBTHBINM MCTOYHHK, aBTO-
tpanchopmarop JIATP-2 B kadecTBe perynsaropa HampsHKEHUs, CTPEITOYHbBIN
WHIVKATOp HAIpPSKEHUS Ha NEPEAHEN NaHEel, a TaK K€ CETEBOM BBIKIIIOYA-
TE€JIb U CUTHAJIbHYIO JIAMITY.
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5. llopsAaAOK BHINOJTHEHUs] padOThI

1. O3HaKOMHTBCS CO CXEMOM, ycTporicTBoM U padoToit I'MH.

2. YcraHoBuTh 3apsaHoe HanpspkeHue 10-12 kB, otctpouts paszpsia-
HUKH NIEPBOW U BTOPOIl CTYNEHEN TaK, YTOOBI MPOUCXOIUIO CTA0UIBHOE Cpa-
OaTbIBaHUE BCEX UCKPOBBIX MpoMexxyTkos [ TIH.

3. Cobpath cxeMy KOPOTKOIO 3aMbIKaHUS U CHATh OCIIIJUIOIPAMMYy TO-
ka. Onpeaenuts nepuo kojieOanuit 7y,.

4. CoOparb cxemy XOJIOCTOTO XOJa I'€HEepaTropa M CHATh OCLUUILIIO-
rpaMMy HamnpspkeHus. OnpenenuTb Nepruo]l HaJI0)KEHHbBIX KoineOaHul Tyy.

6. CoOpatb cxemy ¢ (PpOHTOBBIM pe3UCTOPOM. CHATh OCLMIIIIOTPAMMY
HaNpPsDKEHUS C YCTaHOBJIEHHBIM (DPOHTOBBIM PE3UCTOPOM.

7. Cobpatb cxemy ¢ (PpOHTOBBIM PE3UCTOPOM M (PPOHTOBBIM KOHJICH-
catopoM. CHATh OCHMJUIOTPaMMY HAIPSKEHHSI C YCTAHOBJIECHHBIMU (POHTO-
BBIMU PE3UCTOPOM U KOHJEHCATOPOM.

8. IloaxIIFounTh MapOBOU pa3psAHUK U IOJYYUTh CPE3AHHYIO BOJIHY.

6. Conep:xxanme oTuera

1. IlpuBecTd NMPUHIMIHAILHYIO CXEMY I'€HepaTropa MUMITYJIbCHBIX Ha-
NpsDKEHU U pacimdpoBaTh Bce 0003HAUCHMS, TPUBEAEHHBIE HA cxeMme. [1o-
ACHUTH NpuHLun padotsl ' MH.

2. IlpuBectu GopMbl CTaHIAPTHBIX UCTIBITATEIHHBIX BOJIH.

3. Ilo nmonyuenubimM Ty, u Ty, onpenenuts Loxg u Cp. IlpuBecTn wuc-
XOJIHbIE€ SKCIIEPUMEHTAIILHO MOTYYEHHbIE OCHUIITIOTPAMMBI.

4. Paccuutath Ry u Rp, oOecnieunBaronmx crannapTHyro GopMmy BOJI-
Hbl HA OCHOBAHWM JKCIIEPUMEHTAIBHO ONpENEHeHHbIX 1y, U Ty, BHIYUCIIUB
Co, Cry, v monaras uzBectHoIMU Crip. Rjy.

5. IlpuBecTr OTBETHI HA KOHTPOJIBHBIE BOITPOCHI.

7. KoHTpOJIbHBIE BONIPOCHI

1. TloueMy 1Jd MCHOBITAHUS M3OJSALMU HCTOJIB3YETCS CTaHAapTHas
dbopma BOJTHBI HANPSHKEHUS? t

2. Uem oTii4aeTcs MoJIHAsE TPO30Basi BOJIHA OT CPE3aHHOM?

3. Kak perynupyercst IJIUTEIbHOCTh (PpOHTA UMITyNbca tg, AIUTENb-
HOCTh BOJIHHI 1, amrmuTyna HanpspkeHus Ha Beixoae ['MTH Up,,?

4. Tlouemy w3ossius TpaHC(HOPMATOPOB, PEAKTOPOB U BPAIIAIOIINXCS
MAIIIUH JI0J>KHA UCTIBITHIBATHCS TIOJIHOM U CPE3aHHOM BOJIHAMU?

5. C moMOIIpI0 KaKuX yCTPONCTB B JTAOOPATOPUSIX TMOTYYarOT Cpe3aH-
HYIO BOJIHY, KaK MOKHO PETyJIHpoBaTh Bpems cpesa te,?
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6. Kak MOXHO M3MEHUTH MOJIIPHOCTH BOJIHBI Ha Bbixoae [ MTH?
7. Kak MO’)XHO U3BMEHHUTH YaCTOTY MOBTOpeHHUsI cpabaTeiBanust [ MH?

10. METO/JbI U YCTPOUCTBA J1JIs1 U3BMEPEHUSI BbI-
COKHMX HANIPSI)KEHUM

Lenb pabOThI: 03HAKOMUTBCS C METOAAMM U YCTPOUCTBAMH I U3MEPEHUS
BBICOKMX HANPSKCHUM.

1. Kparkue cBeaeHust

W3mepeHne BBICOKMX HANPSHKEHUM SIBISIETCS OJHOU M3 CIIOXKHBIX IPO-
0JieM B BBICOKOBOJIBTHOW TeXHUKE. CII0)KHOCTh M3MEPEHHS BBICOKHX HaIpsi-
KEHUN 00yCIIOBJIEHA TEM, YTO HA TOYHOCTh MU3MEPEHHS OKA3BIBAIOT BIUSHUE
(baKkTOpBI, UMEIOIINE CIOXKHBIE U CIIydailHble 3aBUCUMOCTU OT YacTOTHI, Ha-
MPSOKEHUS, TEIUIOBBIX SIBJICHUN M BHEIIHUX YCJIOBHM. BnusHue stux (axro-
POB HE MPEACTABIIICTCSA BO3MOKHBIM IIOJHOCTBIO UCKIIFOYUTH, IO3TOMY HUX
HEOOXOAMMO YMETh yuuThiBaTh. K Takum (pakTopam OTHOCSTCS €MKOCTHBIE
CBSI3U MEXAY DJIEMEHTaMU U3MEPUTEIIBHOU CUCTEMBI, COIIPOTUBIICHUE yTECY-
KW, KOPOHHBIN pa3psl, YaCTUYHBIE Pa3psAabl B U30JALMOHHBIX KOHCTPYKIUAX,
3aBUCUMOCTb BEJIMYMHBI CONIPOTUBIICHUSA PE3UCTOPOB OT HAIPSIKEHUS U TEM-
nepaTypsl U T.I. BBINOJIHEHUE KOHCTPYKLIHMHM U3MEPUTEIBHBIX YCTPOWCTB U
MpUOOPOB B COOTBETCTBHUE C TPEOOBAHUSIMU TEXHUKH BBICOKHX HAIPSKEHUN
MO3BOJISIET YMEHBIIUTh BIMSHUE MEIIAIONINX (PAKTOpPOB U TEM caMbIM o0ec-
[IEYUTH TOCTATOYHO BBICOKYHO TOYHOCTH MOJIYYEHUS MU3MEPSAEMOUN BEINYUHBI
1 (hOpMBI HATPSIKEHUS.

CymecTByOIME BEICOKOBOJIBTHBIE U3MEPUTENBHBIE YCTPONCTBA U ME-
TOJIbl U3MEPEHUS MOKHO Pa30UTh Ha JABE OCHOBHBIE TPYMIIHI.

MeTtoasl U yCTpOMCTBA, MO3BOJIAIOIIME U3MEPUTH IOJHYIO BEIUYUHY
HaIPSHKEHUS.

Metoasl 1 yCTpOMCTBA, MO3BOJIAIOIIME U3MEPATH YACTh HANPSKEHUA U
OTIpEEIIATh MOJHOE HaIpsDKeHHE Mo Kod((GUIMEHTY TpONnopHUOHATBHOCTH
YCTPOMCTBA.

Haubonee mmpokoe pacnpocTpaHeHHE NMPU W3MEPEHUU MEPEMEHHBIX,
IIOCTOSIHHBIX M MMITYJIbCHBIX HANPSDKEHUM B HAYYHO-UCCIEIOBATEIBCKUX U
IPOMBIIUICHHBIX Ja00paTOpPUsAX MOJYYMIIM LIAPOBbIE M3MEPUTENbHBIE pa3-
PAIHUKY, DJIEKTPOCTATUYECKUE KUIIOBOJIBTMETPBI U JEIUTEIN HANPSHKECHUH B
COYETAHUU C HU3KOBOJIBTHBIMU PETUCTPUPYIOIIUMH W HU3MEPUTEIbHBIMU
npudopamu.
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1.1. U3mepenne mapoBbIM pa3psaHUKOM

[[TapoBO¥ M3MEPUTENBHBIM Pa3psAIHUK BECHMA IIMPOKO HCIIOIb3YETCA
JUI U3MEPEHMsI BBICOKOTO HANpsDKEHHs Oyiarojapsi MpOCTOTE YCTPOWCTBA U
MpPUEMJIEMON JJI MPAKTUKH TOYHOCTH, KOTOPYIO MOXKHO TOJyYUTh MPH Ipa-
BUJIHOW METOJMKE U3MEPEHUS C COOII0IeHNEM TpeOOBaHM, OMpeIeICHHbBIX
I'OCT 17512-82 "DnexkTpoobopyA0BaHHUE U AJIEKTPOYCTAHOBKM Ha HampsixKe-
Hue 3 kB u Beie. MeToabpl U3MEPEHNUS NPU UCIBITAHUAX BBICOKMM Hampsi-
xeHueMm". V3MepeHne BBICOKOTO HAINpPSHKEHHsI LIApPOBBIMU PA3psIHUKAMU
OCHOBAaHO Ha MCIIOJb30BAaHUM 3aBUCHUMOCTH BEJIWYUHBI IPOOMBHOIO Hampsi-
KEHMS BO3JIYIIHOTO NMPOMEKYTKA MEXKIY AJIEKTPOJIaMU OT PACCTOSIHUS MEXK-
oy HUMHU. [{1s1 u3MepeHust ciieyeT UCIO0JIb30BaTh NMPOMEKYTKH C OJHOPOI-
HBIM WJIM CIA0OHEOTHOPOJHBIM MOJEM, B KOTOPHIX 3HAUEHUS HANPSKEHUS
BO3HHMKHOBEHHS YCIIOBHSI CAMOCTOSATEIBHOTO pa3psijia U HAMpSKEHHUS] UCKPO-
BOTO MPO0OsT OJIM3KH U UMEIOT TUHEHHYIO0 3aBUCUMOCTH OT pacctosiHus. Llla-
POBBIE PA3PSAHUKH MO3BOJISTIOT U3MEPUTH BBHICOKHE HANPSHKEHUS B IIUPOKOM
JMama3oHe OT JECATKOB KUJIOBOJIBT JJO HECKOJIBKUX METaBOJIBT.

Pa3psinHOe HampsbkeHue MIapoBOro paspsaHuKa sBIAETCS (yHKIMEH
pacCTOSHUS MEXKIY IapOBBIMU JJICKTPOAAMH U UX auamerpa. Benmnunna Ha-
NPsDKEHUsA, IPU KOTOPOM TPOMU30IIET MPOoOOi, OnpeaesieTcs Mo Crenuaib-
HbIM TaOIuIaAM pa3psaHBIX HanpsokeHUH mapoBbiXx npomexyTkoB (I'OCT
17512 — 82, cm. Tabmuny I11 — I12). B Tabnumax npuBeacHbl aMIUTUTYIHBIC
3HaYeHUs] MPOOUBHBIX HAIPSHKEHUH B 3aBUCUMOCTH OT JAMaMeTpa LIapOBBIX
AJIEKTPOJIOB U PACCTOSIHUS MEXKIY HUMHU JUIsl HOPMaJIbHBIX aTMOC(HEpPHBIX yC-
J0BUM. 3a HOpMaJIbHbIE aTMOC(EpPHBIEC YCIOBHSI MIPUHSTO: JaBJICHUE BO3AyXa
760 MM pr. cT. u Temneparypa 20 °C. BiusHue BIaKHOCTH BO31yXa Ha pas-
PSAHOE HANIPSDKEHUS B OJJHOPOIHBIX U CI1a00HEOJHOPOIHBIX MOJISAX HE3HAUH-
TEJNBHO, TIOATOMY €T0 HE YUUTHIBAIOT. [Ipy M3MepeHnn UMITyJIbCHBIX Hampsi-
KEHHUH yuuThiBaeTcs 3G (GeKT MOIIPHOCTH U3MepseMoro HampspkeHus. [Ipu
coomonennu HopmupoBaHHBIX ['OCT 17512 — 82 ycnoBuil u3mepeHus: me-
TOJl U3MEPEHUS IMAPOBBIMU Pa3psiIHUKAMH 00ECIIEYNBAET TOCTATOYHO BBICO-
KYyI0 TOYHOCTh M3MEpPEHHUsI TMOCTOSHHBIX, MEPEMEHHBIX W HMMITYJIbCHBIX Ha-
NPSOKEHHIT ¢ JUTMTENbHOCTBIO pponTa He Menee 10 c. ITorpemHocTs H3Me-
pPEHHs BBICOKMX HampsDKeHW He mpeBblaeT +3 % mpu yclioBuu, YTO pac-
CTOSTHUE MEXIY IIapOBBIMH JICKTPOJaMU HaxoauTcs B npenenax S < 0,5D,
rae D — quamerp mapos. IIpu cootHomenuu 0,5D < S <0,75D He rapaHTu-
pyercsl yKa3aHHas MOTPEUIHOCTh U MO3TOMY 3HAUE€HUS MPOOMBHBIX HAIpsKe-
HUU B TaOJIHIE TaHBLI B CKOOKaX.

B mpakTtuke n3MepeHus: MPUMEHSETCS TOPU3OHTATBHOE W BEPTHKAIb-
HOE BKJIFOUCHHE MAPOBBIX pa3psiiHUKOB (puc. 1).
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>2,0D

A
>1,6D

s
f

<1,5D

<0,2D ¢

P

<0,5D

>2D

>2D

Puc. 1. Dckuz cmanoapmuulx usmepumenvbHblx wapos. YxkazanHvle HA yep-
medice pazmepwvl 00JICHbL Y008iemeopams mpebosanuam maon. 1: BH — npooo
OM UCMOYHUKA USMEPAEMO20 HanpsdiceHus, P — mouka makcumanvnou nanpsicen-
HOCMU HA NOBEPXHOCMU HE3A3eMICHHO20 uapa

[Ipu BepTUKAIBLHOM PACIOI0KEHUH OJIMH IIap BCEr/a 3a3eMJICH, a MpHU
TOPU30HTAJILHOM PACIIONIOKEHUU BO3MOKHBI JIBA BApUAHTA:
1) 3a3emiieH OJIUH 1Iap;

2) o0a mapa He3a3eMJICHBI.

Tabmuna 1

Paccrosnaus ot HU3MCPUTCIIbHBIX TapPOB 10 IMMOBECPXHOCTHU 3E€EMIIM U 10
MMOCTOPOHHUX ITPEIMCTOB

Jluaverp  wa- Hanmenrnmee Haubomnb1ee Haumennmee 3Ha-
poB
D, om 3HaueHue A 3HaueHue A yeHne B
6,25 7D 9D 14D
10-15 6D 8D 12D
25 5D 7D 10D
50 4D 6D 8D
75 4D 6D 8D
100 3,5D 5D 7D
150 3D 4D 6D
200 3D 4D 6D
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[Ipy u3MepeHnn HapsHDKEHHM ¢ aMIummTyaou Mense 50 kB paspsia-
HUKaMH JI000T0 JMaMeTpa U JIFOOBIX HAIpPSKEHUH IIApPOBBIM PA3PSIAHUKOM
JUaMEeTpoOM MeHbIe 12,5 cM pekoMeHayeTcsl 00aydeHrne MEKIIEKTPOIHOTO
npoMexxkyTka. O0lydueHue MOXKET OCYIIECTBIATHCS PAJUOAKTUBHBIMU Mpera-
paTaMy WIA KBAPLEBBIMU PTYTHBIMH JIAMIIAMU.

1.2. 3mepeHne MOCTOSHHBIX U IEPEMEHHBIX HAIIPSHKEHUU IapOBBIMU pPa3-

PSAHUKAMU OCYIIECTBIISIETCS IBYMS CLIOCOOaMHU.

1. YcranaBnuBaeTcss HEOOXOAUMOE PACCTOSHHUE MEXKIY 3JIEKTPOJIaMH,
a 3aTeM MOJAETCs HANpPsHKEHHE Ha IIAPOBOM pa3psAIHUK. 3aTEM 3JIEKTPOJIbI
COMMKAIOTCST IO BO3HUKHOBEHUS paspsiaa Mexnay Humu. [lo tabmumam pas-
PAOHBIX HANPSDKEHUM [IAPOBBIX MPOMEXKYTKOB OIIPEAEIIACTCSA BEIWNYMHA HAIPS-
KEHUS, IPY KOTOPOM BO3HUK pa3psill.

2. YcTaHaBIMBAETCS 3aBEJOMO OOJIBILIOE PACCTOSTHUE MEXKIY JIEKTPO-
JaMU ¥ TOJAETCs HAIpsDKEHUE HA IIAapOBOW pa3psOHUK. 3aTEM JJIEKTPOJbI
cOMMKArOTCs 10 BO3HUKHOBEHUS paspsaa Mexay Humu. Onpezensercs pac-
CTOSIHUE S, IPU KOTOPOM Ipou3olien npodoit u no tadiu. I11 —I12 onpenens-
€TCS1 ICKOMOE HalpsKEHHUE.

BennunHa HanpspKeHHsT ONpenessseTcs KaK CpelHee U3 IISATU IOCIeN0-
BATEJIbHBIX M3MEPEHUN ¢ MHTEpBAIOM He MeHee | muH. llepen nauanom n3-
MEpEHUsI PEKOMEHAYETCS MPOU3BECTU HECKOJIBKO MPEABAPUTENBHBIX pa3psi-
70B. B Tex cimydasx, Korma u3MepeHusl IpOU3BOAATCS B HECTAHAAPTHBIX aT-
MOC(EpHBIX YCIOBHSX, JJISl MOJYYEHUS! UCTUHHOTO 3HAYEHUS HAIpPSIKEHUS
HE00X0AMMO BBECTHU NOMNpPaBKy K B 3aBUCUMOCTH OT OTHOCHUTEIBHOM IJIOT-
HOCTH BO3/ayXa O:

S— 0,386 x P
273+t
rae P — naBieHue BO3AyXa, MM PT. CT.; t — TemriepaTypa Bo3ayxa B rpagycax
Lenbscus.

HctuHHOE 3HaYeHHe MPOOMBHOTO HAIPSKEHUS B 3TOM cllydae Oyner
paBHO

, 1)

UI/IC = KUTa61 (2)

rne U,,s — 3HaUCHUE paspsiIHOTO HANpsDKEHMs, B3siToe u3 Tadumi, a K=f(J).
J{ns 3Ha4YeHU OTHOCUTENbHOW IIOTHOCTH B mpeaenax ot 0,95 mo 1,05 ko-
s¢pdummenT K =0 ¥ UCTUHHOE 3HAUCHUE HAIPSIKEHUS MOXXHO OMPEICTUTh
KaK

Uy = 0U 6. (3)

[Tpu u3MepeHnH amIUIUTYIbl UMITYJIBCHBIX HAINPSHKEHUN OMpenessioT
Tak Ha3zbiBaeMoe 50% MMITylIbCHOE HampsbkeHue. Jeno B ToM, 4TO M3MEHe-
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HUE BEPOATHOCTH MpoOost mexay mapamu oT 0 mo 100% mnpoucxonut B
CPaBHUTEJIBHO Y3KOM JMana30OHE W3MEHEHMS aMIUIMTYJ, IOJABAEMBIX Ha
ANEKTPOABI UMITYJIBCOB. [109TOMY NPUHATO M3MEPEHUE AMIUIMTYJ WMITYJIbC-
HBIX HalpspKeHUH npou3BoauTh npu 50% BepostHOCcTH nTpoOos. M3Mepenue
MMITYJIbCHBIX HAIPSDKEHUM MOYKHO MPOBOAUTH IBYMS ITyTSIMHU.

Jna nonydenus 50% HUMITyJIbCHOTO TPOOMBHOTO HAMpPSDKEHUS H3Me-
HSIIOT PacCTOSIHUE MEXKIY IIAPOBBIMU AMEKTpoaaMu (MpU Upax = CONSt) mim
u3MmeHsoT Hanpsbkenue [TUH (mpu S = const). Mi3sMeHeHue mpoBOAST CTyTIe-
HSIMU — He Ooiiee 2% 0XHM1aeMOil BEIMYMHBI POOUBHOTO PACCTOSIHUS WIH
npoOUBHOTrO HanpspkeHUs. Ha kakoi CTyneHH JenaroT MWeCTh NPHI0KEHUN
UMITYJIbCHBIX HAIIPSDKEHUI C MHTEPBAJIOM HE MEHee 5 ¢. 3HaUEHUE pa3psiAHO-
ro HamnpspkeHus, narouiero 50% BeposSTHOCTh MpoOO0si, ONpPENEsOT UHTEp-
MOJISIMAEN MEXAY IBYMsI OTCUETAMM PACCTOSHUS WU HanpskeHus. OauH oT-
CYET COOTBETCTBYET OAHOMY WJIM JBYM IMPOOOSM M3 LIECTH MPUIOKEHUH, a
BTOPOM OTCUET — YETBIPEM HJIU MATU MPOOOSM.

Jlns nomydenust 50% WMITyIbCHOTO TPOOMBHOTO HAIPSKEHUS U3Me-
HAIOT PACCTOSIHUE MEXIY IIApOBBIMU JJIEKTpoaaMu win Hanpsbkenue ['MH
TakUM 00pa3oM, YTOOBI MEXIY 3JIEKTPOJAMU BO3HHMKAJIO OT YEThIpEX M0
mecTy npo6oes u3 10 npuiioKeHi UMIYJIbCHOTO HanpsbkeHus. B atom ciy-
4yae aMIUINTYJAHOE 3HAYEHHE HalpsDKEHUs cooTBeTcTBYET 50% paspsaaHomy
HaNPSHKEHUIO U MOXET OBITh ONPEENIEHO U3 CTaHAApTHBIX TaOIuL paspsii-
HBIX HaIIPSHKEHUH IIAPOBBIX IPOMEKYTKOB.

[Tpu M3MepeHnH UMITYJIbCHBIX HANpsSKEHUN CTaHAAPTHBIMU Tabnuiia-
MU MUHUMAaJbHasl MOTPEMIHOCTh AOCTUTAETCS MPHU MMITYJIbCaX HAIPSKEHUS
JUINTEJIBHOCTBI0O HE MEHEE 5 MKC C BPEMEHEM HApacTaHUs HaIPSKEHUS He
MeHee | MKc.

1.3. M3mepeHnue 351eKTPOCTaTUYECKUM KUITOBOJIBTMETPOM

JInst mpsAIMOro M3MEpPEeHUs] BBICOKOTO HANPSLKEHHS] MPUMEHSIOT JJICK-
TPOCTATUYECKHUE KUIOBOJBTMETPHL. [[pUHINN M3MepeHns HANPSKEHUS DIICK-
TPOCTATUYECKUM KUIIOBOJIBTMETPOM OCHOBAH HAa U3MEPEHUU CHII DJIEKTpUYE-
CKOTO TTOJIs, BOSHUKAIOIINX MEXY 3apsHKEHHBIMU JIEKTpOaaMu (puc. 2).
[Tox Bo3aeiicTBueM HanpsikeHus: U, mpuiioskeHHOro K miactuiaM 1 u 2, 00-
Pa3yIOIUM IJIOCKUH KOHIAEHCATOP, MEXITY HUMHU BO3HMKAET CUJIA B3aNMO-
AecTBUs, cTpemsiiasics conu3uTh ux. [lepemenienue noaBUKHON MIIACTUHBI
3 ypaBHOBEIIMBAETCS MEXaHUYECKOM CHIION CUCTEMBI €€ KPEIUIEHUs. JTa Ch-
Jla MPONOPIMOHATbHA KBAAPATy HAMPSLKEHUS U MOKET ObITh BhIpa)KeHa Kak

g S
F:—OZ-UZ:KUZ, 4)
2l
rae S — oAb JIEKTPOA0B, 00pa3yoIUX MIOCKUH KoHAeHcaTop, | — pac-

CTOSTHUC MCIKAY DJICKTPOJaMHU.
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Ceemoesoui
3epkano

"sauyux" HcC BH

1

Puc. 2. Cxema ycmpoiicmea snekmpocmamuyecko2o Kunogoiommempa: 1 —
8bLCOKOBOIbMHDBIU INEKMPOO; 2 — 3A3eMIACHHBIU IJIeKMPOO-IKPAH, 3 — NOOBUICHBILIL
anekmpod, UC — ucmounuxk ceema

Cucrema KperieHUs TIOJIBFKHOTO AJICKTPOa MPY TIOMOIITH CIICIIHATb-
HOTO ONTHYECKOTO YCTPOWCTBA, PETUCTPUPYIOIIETO OTKIOHEHHUE €Tr0 OT I0-
JIO’KEHUSI PAaBHOBECHSI, TIO3BOJISIET U3MEPUTD JCHCTBYIOIIEE 3HAUCHUE HAIpSI-
KEHUSI.

[Tpubopsl, B KOTOPHIX U3MEpsieTCs aOCOMIOTHAS BEIWYMHA CHIbI F u
oTpeeNseTcs, TAKUM 00pa3oM, HaMpsHKEHUE, TOMYYrIId Ha3BaHue abCOMI0T-
HBIX 2JIEKTPOCTATUYECKUX KUJIOBOJHTMETPOB. B MpakTUKe TEXHUYECKUX H3-
MEpPEHUH HCIOJB3YIOTCSI OTHOCHUTEIIBHBIE 3JIEKTPOCTATHYCCKUE KHUJIOBOJIBT-
METPBI HETOCPEACTBEHHOTO OTCYETa HM3MEpsieMoro HampsbkeHus. K atomy
KJIACCY KHIJIOBOJIBTMETPOB OTHOCSITCSI IPUOOPHI, TUTTBI KOTOPBIX MTPUBEICHBI B
TabI. 2

Tabnuma 2

Tunel 0OT€YECTBEHHBIX QJICKTPOCTATHYCCKUX KHUJIOBOJIBTMCECTPOB

Tun KUJI0- IIpenensl U3MEpeHUN, [Ipumeuanue
BOJIbTMETpPA kB
C-196 0...7 0...15 0...30
C-100 0...25 0...50 0...75 CUMMETpUYHBII
C-100 0...100 0...200 0...300

Jng momydeHuss QOCTaTOYHOW PAaBHOMEPHOCTH LIKaJbl ITOJBUXHBIN
AJIEKTPOJ U OTBEPCTHE B JIEKTPOE — IKPAHE 2 UMEIOT CIIEUAIBHYIO (OpMY.
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DNEKTPOCTATHUECKUE KHIIOBOJIBTMETPHI UMEIOT OTHOCUTEIBHO MATYIO
norpemHocTh + (1,0 + 1,5)%, HEOOMBIIYI0 BXOJHYIO €MKOCTh mopsiika 18
n® ¥ NMO3BOJISIIOT U3MEPSATh MOCTOSSTHHOE M TIEPEMEHHOE HAIPSKEHUS C Yac-
toToit ot 45 mo 500 000 I'nt. [Ipu M3mMepeHrun HEOOXOAUMO CIEIHUTH 3a TEM,
9TOOBI OKPY>KAIOIINE 3a3€MJICHHbIC MPEIMEThl HAXOIUINCh HA PACCTOSHUM,
OTOBOPEHHOM HOpMAaTHBaMu puOopa.

1.4. 3mMepeHue HanpsiKEeHUS C UCIOJIb30BAHUEM JIeTTUTENCH

JlenuTens HaNpsKEHUS — 3TO U3MEPUTENBHOE YCTPOUCTBO, MPEICTaB-
JA0IIee U3 ce0sl LEMOYKY IOCIEN0BATEIbHO COEAMHEHHBIX 3JIEMEHTOB,
MMEIOIINX aKTUBHOE WJIM PEAKTUBHOE COMPOTUBIIEHUE, OAUH KOHEI KOTOPOU
3a3eMJISIeTCs, a Ha JPYroi KOHel MOoJAaeTcs u3MepsieMoe HanpsbkeHue. Jlenu-
T€JIb HANPSKEHUS COAECPKUT HU3KOBOJIBTHOE IJIEYO, K KOTOPOMY MPUCOEIH-
HSIETCA M3MEPUTENbHBIN NpUOOp, U BBICOKOBOJBTHOE IUIeHo. Jlenurenu xa-
pakTepusytorcs: kodhduiuenToM aeneHus. Jlenutenb xapakTepu3yeTcs Ko-
s¢¢punuenToM neneHust K, — OTHOIIEHUE BETUYMHBI IOJHOTO CONpPOTUBIIE-
HUS IETUTENS] K BEJIMYUHE CONPOTUBIICHUS HU3KOBOJIBTHOTO IJIEYa C yU4ETOM
nepearouiero kaoens Z, 1 U3MEpUTENbHOIO yCTPOUCTRA.

Jlenurenb AOHKEH YJIOBJIETBOPSITH OCHOBHOMY TpPEOOBAHMIO: Hampsi-
KEHHE Ha HU3KOBOJIbTHOM ILJIEU€ JIOJKHO MO (pOopMe MOBTOPSITH U3MEPSEMOE
HanpsHKEHUE, MPUII0KEHHOE K BBICOKOBOJIBTHOMY Iuiedy. [l 3Toro Heodxo-
JIAMO, YTOOHI:

® K03(phULIUEHT NeJIeHHs HE 3aBUCEI OT YaCTOTHI;

® K03 (QULKEHT JeJIeHNs HE 3aBUCEI OT BEJIMYMHBI U TOJSPHOCTH W3-
MEpSAEMOT0 HAIPSHKEHUS;

® BEJIMYMHA CONPOTUBIICHUS JACIUTENS HE 3aBUCENAa OT HANpsLKEHHS,
TEMIIEpaTypbl U BKIIOYEHHUE JECIUTEN HE OKA3bIBAJIO BIUSHUS Ha U3MeEpsie-
MO€ HanpsHKeHHeE.

Jlenutenn HaNpsOKEHUS UCIOJIB3YOTCS JUIsl U3MEPEHUS NOCTOSHHBIX,
NEPEMEHHBIX M UMITYJIbCHBIX HamnpspDkeHud. OIHAKO M3-3a CYLIECTBEHHOIO
pa3nanuus B TPEOOBAHUAX K JEIUTEISM MPHU HAIMPSDKEHUAX Pa3IMdHOTO BUAA
OOBIYHO JENUTENN W3TOTABIMBAIOT I U3MEPEHUSI KaKOTro-JIMOO OJHOTO BH-
71a HanpspKeHUs. JleuTeny n3roTaBiuBaroTCs

® OMHYECKUMU;

® EMKOCTHBIMU;

® EMKOCTHO-OMHYECKUMHU.

Henurenu Hanpsokenust (JIH) mo3BosisitoT HE TOIBKO MU3MEPSATh HAMpsi-
KEHUe, HO U 3auKkcupoBaTh (GOpMYy BO3AEHCTBYIOLIETO CUTHANA MPU TTOMO-
IIH AJIEKTPOHHOTO ociuuiorpada (cm. puc 3).
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BH

A Zi

20
Z Ry

L

Puc. 3. Cxema uzmepenus 8blcoko20 HanpajdCceHuss NOCPEOCMBEOM Oelumelis
Hanpsdicenus: Z1-Zy — conpomugneHus 8blCOKOBOIbMHO20 U HUZKOBOILIMHO20 Nieyd Oe-
numens, Zx — 601H080e conpomusierue kaoens, Rz — coenacyowee conpomusnenue (ne-
00x00uMO 0151 ycmpanenus ompadicenuii 6 kabene Rz); 90 — snekmponnulii ocyunioepag.

OMuUYecKUU NeAUTENDb NI UBMEPEHUSI MOCTOSIHHBIX
Hamp s ke Hu i CxeMa 3aMeIleHnsl B 3TOM CIIy4ae UMEET BUJI, IPEJCTaB-
JICHHBIN Ha puc. 4.

BH

]

R,

K OCIIHIL.

Ry

!

Puc. 4. Cxema 3amewenus omuuecxozo denumensi. BH — évicokoe nanpsiice-
HuUue,; Rl — COnpomuejleHue 6blCOKOBOJIbMHOCO njieda ()eﬂumeﬂﬂ; R2 — conpomuejleHue Hu3-
KOBOILMHO20 NJleud OelUmelisl.

IlorpemHocTs U3MEPEHUS HANPSKEHUS OMUYECKUM JECIUTEIEM B I TOM
ciydae OyJeT OmpelessiThbcsl KaueCTBOM PE3UCTOPOB TEMIIEpaTypHON 3aBH-
CUMOCTBIO UX — CONPOTHUBIICHHUS; BIMSIHUEM TOKOB YTEUYKH 110 U30JIALUOHHOU
KOHCTPYKLIMM U UX HEJIIMHEHMHOM 3aBUCHUMOCTBIO OT HANPSLKEHUS; BIUSIHUEM
KOPOHHOTO pa3psja.

OMuueckue NenTeNn M1 U3MEPEHUSI MOCTOSHHBIX HANPSKEHUNA MO-
I'yT OBITh BBINOJHEHbI HAMOTKON W3 BBICOKOOMHON MPOBOJIOKU (HUXPOM,
KOHCTaHTaH U JIp.) WINA U3 KEPaMUYECKUX MOBEPXHOCTHBIX U OOBEMHBIX pe-
3UcTOpOB. OTEUECTBEHHAS] MPOMBIIIJIEHHOCTh BBIMYCKAET CTAOWJIbHBIE MPO-
BosiouHble pe3uctopsl (MBCI', MPT'Y, MPX) u BBICOKOBOJIbTHBIE BBICOKO-
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MeraoMHubie pe3uctopsl (C5-23, C5-24, C5-24A, C5-50, C5-51), npuroueie
JUTSL CO3MIaHWs TOYHBIX aenutenield. Tam, rae He TpeOyeTcs BBICOKAs TOY-
HOCTh, MOKHO HCIIOJIb30BaTh M JAPYTHE TUIBI TOBEPXHOCTHBIX U OOBEMHBIX
PE3UCTOPOB.

OMUYECKUN NENUTENDh NNAU3ZMEPECHUSITEPEMEHHOTOHN
MMIYJIbCHOTOHAMP XK EHU . B cxeMe 3aMEIIEHNS TaKUX JEIUTE-
Jelt HeoOXO0IMMO YUYUTHIBATH EMKOCTb OT/ICJIbHBIX KOHCTPYKTHUBHBIX 3JIEMEH-
TOB U UHIYKTUBHOCTb CO€IMHUTEIIbHBIX ITPOBOJIOB U 3JIEMEHTOB KOHCTPYK-
nuu. Cxema 3aMeeHUs OMUYECKOT0 ACIUTEINS 11 U3MEPEHUS IEPEMEHHOTO
U UMITYJIbCHOT'O HaIPsKEHUH NIPUBE/ICHA HA PUC. .

JI71s1 U3rOTOBJIEHUS MOTYT OBITH MCIOJIB30BaHbI MPOBOJIOYHBIE COIPO-
TUBJICHUS U KEpaMHUYECKHUE pe3ucTOpbl. [IpoBOIOUHBIE COMPOTUBICHUS 00-
JAJAl0T CYIIECTBEHHOM HWHAYKTUBHOCTHIO. CHM)XEHUE HWHIYKTUBHOCTH B
ATOM CIIy4ae MOKHO JIOOMTHCS, BBIOJIHSAS OMPUIIPHYIO HAMOTKY CONPOTHUB-
nenuit. Ha xapakrep nepeaaun HanpsHDKEHUS PELIaloIiee BIUSHUE OKa3bIBAIOT
nmapa3uTHas eMKOCTh Ha 3emiato C,i W MHIYKTHBHOCTH Lo, ompenemsembie
KOHCTpYKIIMeH nenutens. Hanuume nmapa3uTHBIX MapaMeTpoOB MPUBOJUT K
KoJieOaTeIbHBIM MPOIECCaM B JACIUTEINE.

[Tapa3uTHasgs €MKOCTh Ha 3€MJII0 MPUBOJUT K HEPABHOMEPHOMY pac-
NPEACICHUIO HAMPSKEHUST BIOJIb €r0 JUIMHBI M3-32 TOKOB, OTTEKAIOIIUX Ha
3eMIII0. DTO MPHUBOJAUT K U3MEHEHHIO Kodduimenta aenenus. s yMeHb-
IICHUS BJIMSIHUS MApa3UTHOW €MKOCTH Ha 3E€MIIIO JIETTUTEIN CHA0X aloT dKpa-
HaMU (KOJIOKOJIO0Opa3HbIMH, TOPOUAAIBHBIMU WM UTUHAPUUECKUMHE). DK-
paHbI TOJICOEIUHSIOTCS K BBICOKOBOJIBTHOMY KOHILY JAEJHTEINS, a HWJINHIPH-
YECKUU 3KpaH COeAUHAETCSA U ¢ 3emiei. [Ipu u3mepeHnn cCuHyCOUIaIbHOTO
HaMpsOKEHUST M3-3a HAJIMYUS Mapa3suTHONM €MKOCTH U MHAYKTUBHOCTH JIEJIHU-
TEeJsl BOBHUKAIOT MOTPEIIHOCTU, KOTOPhIE OMPEALSIOTCS B OCHOBHOM MPOU3-
BeneHreM RoeC,i. [Ipumenenne aenuTeneil Majioro COnpoTUBIICHHUS U MaJIOro
rabaputa (C,j Majio) O3BOJISIET YMEHBIIUTh MOTrperTtHOCTH. HO HU3KOOMHBIHM
JIeUTENh HAa BBICOKME HAIPSHKEHUS BBITIOJIHUTH 3aTPYIHUTENIBHO. OOBIYHO
TaKWe JICJINTEN U3TOTaBIMBaOTCs Ha HanpspbkeHue 10 100 kB.

EMxocTHB | genuTenb CxeMy eMKOCTHOTO JISTUTENSI MOYKHO T10-
Ty4uTh, Iosiaras B oomeit cxeme L =0, R =0, C = 0 (puc. 6). PeanpHbiec eM-
KOCTHBIE ICTTUTEIN UMEIOT KOHEYHbIC 3HAYCHUSI HHIYKTUBHOCTU U COTIPO-
THUBJICHUS, YTO MMPUBOJUT K OOJBITUM ITOTPEITHOCTIM IIPH U3MEPEHUH TIepe-
MEHHBIX U UMITYJIbCHBIX HAMPSHKEHUH C KPYTHIM (PPOHTOM.
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K ocyunnoepaghy

Puc. 5. Cxema 3amewenus omuueckoeo oearumens npu usmepeHuy nepemeH-
HBIX U UMNYTILCHBIX HANPANCEHUU.: Z1 — HKGUBATICHMHOE CONPOMUBTICHUE GbLCOKOBONbNI-
Hoco nieua, Ry , Lo — akmuenoe conpomuenenue u unoykmusHocmos pezucmopos, Ry, Lo —
conpomuenenue u UHOYKMUBHOCHb HU3K0BOIbMHO20 nieda denumens, Ci — ycpeOnennas
EeMKOCHb OMOEbHBIX KOHCIMPYKMUBHBIX INIEMEHMO8 Oeaumels.

HpI/I HN3MCPCHUHU UMITYJIbCHOT'O HAIIPSAKCHUA OMUYCCKUM JICJIUTCIICM BO3HU-
KarT €11 0oJ1ee CI0KHBIC HpO6HeMBI, CBA3AHHBIC C BBICOKMMH CKOPOCTIAMU
N3MCHCHUA HAIIPSAKCHUA.

EMKkocTHO—oMUuYEeCcCKHE AeauTeau Mxcxema 3amenieHus
IpUBEJICHA HAa pUC. 7. EMKOCTHO-OMUYECKHE AEIUTENMU IPU COOTBETCTBYIO-
eM nmoAdope napaMeTpoB MOTYT MepeiaBaTh ¢ MaJION MOTPEITHOCTHIO TTO-
CTOSIHHOE, IEPEMEHHOE U UMITYJIbCHOE HaIPSKEHUS.
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Ci=

K OCIIHIL.
o —

Puc. 6. Cxema 3ameuleHusl eMKOCmHO20 oenumenst HANDANCEHUAL.

1.5 Onucanue SKCIepUMEHTaIbHON YCTaHOBKU

JlaGopatopHasi yCTaHOBKA JJIsl BEITIOJIHEHUS JaHHON pabOThI CONEPIKUT
BBICOKOBOJIBTHBIN TpaHncpopmarop turna MOM-100/20, 3amuTHbINA pe3ucTop,
BBICOKOBOJIbTHBIE BEHTUJIM U IIAPOBOUN U3MEPUTENbHBINA Pa3psIHUK C JUa-
mMeTpoM mapos 100 MM 1 BO3MOKHOCTBIO IIJIaBHOM PETYJIMPOBKH PACCTOSIHUS
MEXIy Iapamu, KWioBoiabTMeTp Tuma C-196. Takum o6pa3zom, HCTIOTB3YS
JaHHbBIE 3JIEMEHTBI MOKHO IPOBECTH KAJIMOPOBKY KMUJIOBOJIBTMETPA HA MO-
CTOSIHHOM U IIEPEMEHHOM HalpPsHKEHUSX

BH

e

K OCIIMJL.

Puc. 7. Cxema 3amewjenuss cmeuianHoeo (eMKOCMHO-0MUYeCcK020) oenumens
HANPACeHUs.

2. Ilopsiaok BbINOJHEHUS PA0OTHI

2.1. KanuOpoBKa KUJIOBOJBTMETPA HA MEPEMEHHOM HaIpsKEHUU

1. CobpaTh cxemy KaaTuOpOBKH BOJIBTMETPA HA TIEPEMEHHOM HAMpsKe-
HHUH COTJIACHO puc. 8.
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PH TB

Z—

Puc. 8. Cxema xanubposxu xunogorommempa muna C-100 na nepemennom
Hanpsiscenuu. PH — pezynamop uanpsoicenus;, TB — mpancghopmamop 6vicoko-
gonbmmuulil; Ry — sawyummnoiti pesucmop; LLIP — waposoii paspaonuk; kB — kuno-
80IbMMEMP.

2. YCTaHOBHUTH PACCTOSIHUE MEXKIY 3JIEKTPOAAMU IIAPOBOTO Pa3psAHU-
Ka 5 MM.

3. [InaBHO mMoAHUMAsI HaNpsDKEHUE NOOUTHCS MPOOOS 1MIAPOBOTO pas-
pAnHUKA. 3HaYEHHUE MPOOMBHOTO HAMPSHKEHUS MO KUJIOBOJIBTMETPY 3aHECTU
B Tabmnuiry. OnbIT TOBTOPUTH 5-6 pas.

4. YCTaHOBUTH PACCTOSIHUE MEXAY JIEKTPOJAMH IAPOBOTO Pa3psIHU-
ka 10 mm.

5. IIoBTOpUTH 3KCIIEPUMEHT, KaK OMKUCAHO B II. 3.

6. YCcTaHOBUTH pacCTOSTHHE MEXKIY SJICKTPOAAMH IIAPOBOTO Pa3psAHU-
Ka 15 MMm.

7. TIoBTOpUTH SKCHEPUMEHT C PACCTOSIHUSIMHU MEXKIY JJICKTPOJIaMU
m1apoBoro pazpsaauka ot 20 10 35 MM ¢ mIarom 5 MM Kak OMUCAHO B . 3.

8. BBens mompaBKy Ha TUIOTHOCTH BO3/yXa, ONPEACIUTh MPOOUBHBIC
HaAMPsDKEHUS TI0 TaOJMIIaM pa3psIHbIX HAIMPSHKEHUW JJIS MIApPOBBIX MPOMeE-
AKYTKOB Ipu 1uameTpe mapos 100 mm.

9. [TocTpouTh TPaTyUPOBOYHYIO KPUBYIO JUTSI H3MEPEHUS TTePEMEHHOTO
HaMpsHKEHUS TOCPEACTBOM JAHHOTO KUJIOBOJIBTMETPA.

2.2 KanuOpoBKa KUJIOBOJIBTMETPA HA MOCTOSTHHOM HANPS>)KEHUU

1. Cobpath cxemy /Ui KaTUOPOBKH KUJIOBOJIBTMETpPA HAa MOCTOSTHHOM
HaIpsHKEHUU CorjacHo puc. 9.

2. Pa3BecTu 371€KTpOAbI HIAPOBOTO pa3psAIHUKA HA paccTOsHUE Ooliee
30-40 mm.

3. logusaTe HamnpsixeHue 10 74-75 kB (HanpsbkeHne KOHTPOJIMPOBATH
10 KAJIOBOJIBTMETPY).
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PH

Puc. 9. Cxema xanubposxu kurosorvmmempa muna C-100 na nocmosinnom
nanpsixcenuu. PH — pezsynamop uanpsowcenus;, TB — mpancghopmamop 6vicoko-
gonvmuvlil;, Ry — 3awummsiti pesucmop; V1, V2 — senmuau; C — xondencamop;
LIIP — waposoti pa3psionux, kB — kunosorvmmemp.

4. MennenHo coOnuxkas 1mapel, JoOUTbea mpobos. Onpenenurs pac-
CTOSIHUE MEXAY IIapaMu U MO TaOauiaMm pas3psaHbIX HANpPSKEHUW IS [a-
POBBIX MTPOMEKYTKOB C YUETOM IUIOTHOCTH BO3yXa ONPENEIUTh pa3psaHOe
HarnpspkeHue. OTbIT TOBTOPUTH 5-6 pas.

5. llopnate Hampspkenue 10 59-60 kB (HampshkeHHE KOHTPOIUPOBATH
110 KWJIOBOJIBTMETPY).

6. [IpoBecTH OMBIT B COOTBETCTBUE C II. 2.2.4.

5. llogusare Hanpsokenue 10 49-50 kB.

7. IIpoBecTH OMBIT B COOTBETCTBUE C II. 2.2.4.

8. IIoBTOpHUTH ONBITHI B COOTBETCTBUU C 1. 2.2.4 Ha HANPSKEHUH, IPU-
MepHO, Ha 10 kKB HMKe mpenpIAylIero YpOBHsS, JIOBEIs €ro A0 3HAYEHUS
HUKHETO MpeJiesia YyBCTBUTEIBLHOCTH 1O MIKAJIE KUJIOBOJIBTMETPA.

9. IlepexntounTh KWIOBOJIbTMETp Ha mpexaene 50 kB u mpoBectu ero
KaJTMOPOBKY aHAJIOTWYHO T, 2.2.2-2.2.8.

10. ITocTpouTh TpayupOBOYHYIO KPUBYIO JJISI U3MEPEHUS TTOCTOSIHHO-
IO HaIlpsKEHUS OCPEICTBOM JAHHOTO KUJIOBOJIBTMETPA.

3. KoHTpoJIbHBbIE BOPOCHI

1. Ha xakoM NpUHIUMIIE OCHOBAHO YCTPOMCTBO 3JEKTPOCTATUYECKOIO
BOJIbTMETpA?

2. Kakoli mpuHIUI J€KUT B OCHOBE M3MEPEHHUS BBICOKOTO HAMpshKe-
HUSI C IOMOILBIO IIAPOBOTO pa3psiAHUKA?

3. Kakoll mpyHIUIT JIS)KUT B OCHOBE U3MEPEHUSI BBHICOKOT'O HaIpsiKe-
HUSI C TIOMOILBIO ACIUTEIISI HAPSIAKEHUA?

4. Kakue BUIIbI HANPSIKEHUM MOXKHO U3MEPUTH DJIEKTPOCTATUUECKUM
KUJIOBOJIBTMETPOM?
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5. Kakue 3HaueHus HampsbkeHus (CpenHee, AEHCTBYIOLIEE, MTHOBEH-
HOE, aMIUIMTYJHOE) MOXXHO H3MEPUThH MEPEUHCICHHBIMU W3MEPUTEIbHBIMU
yCTpOKCTBaMH?

6. Kakue TpeboBaHUs NPEIbABIIIOTCS K ACIUATENSAM HAIPSHDKEHUN MpU
M3MEPEHHUH ITOCTOSIHHOTO BBICOKOT'O HAIIPSKEHUS?

7. Kakue TpeOoBaHUS NPEIbABIIIOTCS K ACIUATENSAM HAIPSHKEHUN MpU
U3MEPEHNH [IEPEMEHHOTO BEICOKOTO HAIPSKECHUS ?

8. Kakue TpeboBaHUs NPEIbABISIOTCS K JACTUTENSAM HaNpsHKEHUH MpH
U3MEPEHNH UMITYJIbCHOTO BBICOKOI'O HAIIPSIKEHUS?

9, Kakue TpeOoBaHUs NPEABABIAIOTCA K IIAPOBBIM pa3psiiHUKAM MPU
U3MEPEHNUH BBICOKOTO HAIIPSIKEHUSA?

10. Kakne nmpenmyiiecTBa M3MEPEHMsI BBICOKOTO HAIPSDKEHUS C IIO-
MOIIBIO IIAPOBOTI0 U3MEPUTEIILHOTO PA3PSAHUKA IO CPABHEHUIO C JACIIATEIEM
HaIpsKEHUS ?

11. Kakne npeuMymiecTsa n3MepEHUsl BBICOKOTO HANPSKEHUS JEIIUTE-
JIEM HaNpPSHKEHUS 110 CPABHEHMIO € AIEKTPOCTATUYECKUM BOJIBTMETPOM?

12. Kakue npenmyiecTBa U3MEPEHUS BBICOKOIO HAIPSKEHUS DJIEK-
TPOCTATUYECKUM BOJIBTMETPOM IO CPABHEHHUIO C IIAPOBBIM M3MEPUTEIIBHBIM
paspsSIAHUKOM?

11. ONPEJEJEHUE BOJIbT-AMIIEPHOM
XAPAKTEPUCTHUKHU BEHTUJIBHOI'O PA3PA/THUKA

esp padoThI: 0O3HAKOMIIEHUE C XAPAKTEPUCTUKAMU, IPUHLIUIIOM JIEUCTBUSA
U KOHCTPYKLUMSIMH BEHTWIbHBIX pa3psgHUKOB. OnpeneneHue BOJIBT-
aMIIEpHON XapaKTEPUCTUKU HEJIMHEHHOTO COMPOTUBICHUS Pa3psITHHUKA.

1. KpaTkue cBegeHus

BeHTUIBHBIN pa3psaIHUK CIYKUT IJIS 3allUThl TpaHC(HOpMATOpPOB U am-
napaToB OT BO3ACHCTBUS MEPEHANPSHKEHU aTMOC(HEPHOT0 U KOMMYTaIlMOH-
HOTO TIPOMCXOXKIeHUs. Birodaercs: paspsgHuk Mexay (azoit m 3emiei
napajuieIbHO 3amuiaeMomMy 00bekTy. OCHOBHBIMHU 3JIE€MEHTAMU BEHTHIIb-
HOT'O Pa3psIAHUKA SIBIISFOTCSI:

1. Uckpossie npomexyTku (MIT).
2. Paboune HenuHelHbIe pe3ucTopsl (Rp).
3. lynTupyromme BhICOKOOMHbBIE aKTUBHBIC PE3UCTOPHI.

HckpoBoit mpOMEXYTOK B pa3psiTHUKE BBITOJIHIET (YHKIUU:
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® OTIENsIeT HEeMWHEHHbIe pabodre COMPOTUBIICHHS Pa3psAIHUKA OT CETU U
npoOUBaeTcsl MpU NEPEHANPSIKEHUSIX, MPEBBIIIAIONIUX €r0 pa3psaHOE Ha-
MIPSKEHHUE;

® Pa3pbIBAET JICKTPUUECKYIO IYTy COMPOBOKAAIOIIETO IEPEMEHHOIO TOKA.

JIJist yCTIeMIHOTO BBIMOJIHEHUS! ATUX (YHKIMA HCKPOBOM MPOMEKYTOK
UMEET KOHCTPYKIIMIO MHOTOKPATHOIO MPOMEXKYTKa, KOTOPBI 00yagaer mo-
BBIIIICHHBIMU JIyTOracsiIUMU CBOMCTBaMH BcieACTBUE A (deKTa KaTogHOTO
MaJICHUs] HAIPSIKEHUS BOJIM3U XOJIOAHBIX JIEKTPOIOB.

EnvHuyHbIA pa3psaHbIil TPOMEXYTOK 00pa3yeTcs MEXIy IBYMs JaTyH-
HBIMH IITAMIIOBaHHBIMH IIIali0aMu, pa3aeieHHBIMA MHUKAHUTOBBIMHU TIPO-
Kinaakamu TomuHou 0,5 — 1,0 MM. DIEKTPUYECKOE MOJIE MEXKTY IEKTPOIa-
MU OJIU3KO K paBHOMepHOMY. [Ipu npuiokxeHuru UMMIYJIbCHOTO HANPSAKEHUS
Ha I'paHU KOHTAKTOB JIATYHHBIX JJICKTPOJIOB C MHKAHUTOBON MPOKIAJAKOMN
BO3HHMKAET CBEUEHUE, AKTUBU3UPYIOILIEE MEKIIEKTPOJHOE MPOCTPAHCTBO.

PaBHOMEpHOE 1MOJIe U MOJCBEYMBAHUE SIBIISIIOTCS HEOOXOAMMBIMU YCIO-
BUSIMU [IJIS1 TIOJyYE€HUS MOJIOTOM BOJIbT-CEKYHIHOM XapaKTEPUCTUKHU IIPOMeE-
KyTKa. [10JI0roCTh BOJIBT-CEKYHAHON XapaKTEPUCTUKU pa3psiIHUKA U €€ pac-
nosioxkeHne Ha 15 — 20 % HuxKe BOJBT-CEKYHIHOW XapaKTEPUCTUKU HU30JIS-
uu oOecrieunBaeT HAACKHYIO 3aluTy nocieaHeit. Cieayer OTMETUTh, UTO
HEPAaBHOMEPHOE PACHPEICIICHHE HANPSHKEHUSI IO MCKPOBBIM MPOMEKYTKAM,
MOJIE3HOE NMPU UMITYJIbCHOM BO3JICHCTBUH, SIBISIETCS KpallHE HEXelaTeIbHbIM
MPU NPOMBINIICHHON 4acTOTEe, TaK KaK MOXET BbI3BaTh CpaOaThIBaHUE pa3-
PSAHUKA NP MOBBIIICHUSIX HATIPSIKEHUSI U OCJIOKHSIET TallleHue JTyTH COMpo-
BOXK/IAIOIIET0 TOKa. B CBSI3M ¢ ATUM 1711 BBIpABHUBAHUS paclpeeseHusl Ha-
MPSOKEHUST TTPOMBIIIJIEHHOW YacTOTHI MCKPOBBIE MPOMEXYTKH HIYHTUPYIOT
BBICOKOOMHBIMU aKTUBHBIMH PE3UCTOPAMU.

[Tocne nmpobost mpomMexKyTKa Yepe3 pa3psIHUK MPOUJIET TOK MOJTHUU (UM-
MyJBbCHBIN TOK), BCJIEN 32 HUM MOTEYET TOK MPOMBIIIJIEHHON YacCTOThI, KOTO-
pBId HA3bIBACTCS COMPOBOKIAKOIMM TOKOM. MCKpOBOM MPOMEKYTOK pas3-
PAIHUKA Pa3pbIBAET JIEKTPUUECKYIO CHIIOBYIO AYTy COMPOBOXKIAOLIETO TO-
Ka. [{7s ycnemHoro qyroraieHusi COnpoBOKIAIOMIETO TOKA €r0 BEIMYMHA HE
JIOJDKHA TPEBBINIATH OMPENEIEHHOro 3HaueHus. Hanpumep, mig paspsiaHu-
koB turma PBC 310 3Hauenune Toka — 80 A. [l orpaHWYeHHUS COMPOBOXK-
JAIOIIEro TOKa J0 TpeOyeMbIX 3HAUYCHUM Cily)kaT pabodyue HeJIMHEHHbIe pe-
3UCTOPBI, K KOTOPBIM MPEIBSIBISIIOTCS TPeOOBaHUSI, TPOTUBOMOJIOKHBIC TIO
CBOEMY XapakTepy:
® C OJIHOM CTOPOHBI, KEJIATENbHO, YTOOBI 3TO COMPOTUBIEHUE ObUIO OOJIb-
UM (4TOOBI OTPAHUYHTH COMPOBOKIAIONINN TOK A0 TPeOyeMOi BETUYHHBI,
IIPU KOTOPOM Jlyra COMPOBOKIAIOIIETO TOKA IMOTACHET);
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® C Jpyroi CTOPOHBI — MaJIbIM, YTOOBI HAIPSDKEHUE, OCTAIOIIEEcs Ha pas3-
PSAHMUKE TIPH MPOTEKAHUU OOJIBIIUX UMITYJIBCHBIX TOKOB, OBLJIO 0€30MacHBIM
TUTSL U30JISALIMH.

OTuUM TpeOOBAHUSAM YJIOBJIETBOPSIET HEIMHENWHBIN KapOOPYHIOBBIN pe3u-
cTop. 3epHa KapOopyHJa 00Jaat0T PE3KO BBIPAXKEHHOM HEMHENHOM Xapak-
TEPUCTUKON. DTO SIBICHHUE OOBSICHSIETCS TEM, YTO Ha IMOBEPXHOCTU 3EpHA
MUMEETCsI 3allOpHBII CIIOM, KOTOpBIM oOpa3yercss B pe3yJsibTaTe MPOHUKHOBE-
HUSI MOJIEKYJI OKHCIIa KPEMHUS B 3epHO KapOopyHaa. Cioil UMeeT TOJIIUHY
nopsijiKa 107 cm.

[Tpu HEOOIBIIIOM HANIPSKEHUH, IPUIIOKEHHOM K KpUCTaJLTy KapOopyHIa,
YAEIBbHOE CONMPOTUBJICHUE TIJICHKU JOCTUTAET 10° - 10° OmeMm. Y genbHOE co-
IIPOTUBJICHUE CaMOTO 3€pHA BEChbMa HEBEIMKO — OKOJO 1 OmcMm. [loatomy
BCE HANPSDKEHUE JIOKUATCS HA 3aIIOPHBIA ci10M. [Ipu mOBBIIEHNN HANPSIKEH-
HOCTH 3JIEKTPUYECKOrO IMOJsl CONPOTUBIICHUE 3allOPHOM IUIEHKH MaJaeT
BCJICJICTBUE YBEIIMYEHUS MOABMKHOCTA U PAa3MHOKEHHS 3JIEKTPOHOB. JTO
BEJIET K MOHMXEHHIO OOILIEro COMPOTUBJIEHUS MaTepHalla 0 MEpe pocTa
PUIIOKEHHOTO HAIpPsKeHUsI. TakuM 00pa3oM, C MOBBIIIEHUEM ITPUIIOKEHHO-
IO HaIlpSDKEHUS CONPOTUBIICHUE CHUKACTCS.

3aBucuUMOCTh Mexay TokoM (l), mpoTrekaromuMm uepe3 KapOOpyHII0BOE
COTIPOTUBIIEHUE, U MPHIOKEHHbIM HampsbkeHueMm (U) BbipaxkaeTcst GpopMmy-
JIOU

U = KI?,

riae o — K03 GUIMEHT BEeHTHIIFHOCTH (puc. 1);

K — xoadduiivent, xapakTepu3yomui 3JeKTPOIPOBOIHOCTh U TEOMET-
pUYECKHE pa3Mephl paCCMaTPUBAEMOTO PE3UCTOPA.

UeMm MeHbIIE O, TEM OOJIBIINE TOKU CIIOCOOEH MPOMYCKaTh pa3psiAHUK
0€3 3HAYNTEITHLHOTO YBEIIMUCHUS HAMIPSIKEHUS.

Jlns Bunuta u tepsuta oo = 0,16 — 0,32,

Ecnu o = 1, To BEHTUJILHOCTH HET U BBINOJIHAETCS 3aKOH OMma.

Ecmu o = 0, monyyaeM uaeanbHbI BEHTWIb (TIpU JTIOOOM TOKE HAIPSIKEHUE
MOCTOSIHHO).

DTa 3aBUCUMOCTb TIpeJIcTaBlieHa Ha puc. 1.

TpeboBaHus K XapaKTEpPUCTUKAM TPO303AIIUTHBIX BEHTHJIHHBIX pa3psii-
HUKOB ycraHaBiuBaroTca ['OCT 16357-70, mo KoTOpoMy pa3psiiHUKA pas-
neneHbl Ha 4 rpynnbl. Haumydimmmu 3alldTHBIMA CBOMCTBaMH 00J1agaroT
paspsiAHUKU | TpyIInbl, UMEIOIIME HAMMEHBIIINE 3HAUYCHUS OCTAIOIEr0oCs Ha-
TPSIKEHUS.

Hanee unyt paspsaaauku 11, III u IY rpynn. Beimyckaemsie B HacTosIiee
BpEMS B CTPAHE CEPUM PA3PSATHUKOB CICTYIONTUM 00pa3oM pacipeieseHbI 10
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stuM rpynmam: I rpynma — cepun PBT u PBP/I; Il rpynna — cepun PBM; 111
rpynna — cepuu PBC; 1Y rpynna — cepuu PBIIL.

" az1 L9292 g
a=0 (P
lg K
a | o I

Puc. 1. Bonem-amnepnas xapakmepucmuxa pa3psaoHuxa

Pazpsinnuku cepun PB BrimyckaroTcst Ha HanpsikeHue 3, 6 u 10 kB. B ce-
pun PBC pa3psaHuKY Ha BBICIINE KJIACCHI HANPSKEHUS KOMIUIEKTYIOTCS U3
AJIEeMEHTOB Ha Oojee Hu3kue HampspkeHus: 15, 20 u 35 kB. Jlna yno6cTBa
KOMIUJIEKTOBKM BBEJIEH TAKXE 3JEMEHT, COOTBETCTBYIOIIMN HAIPSHKEHUIO
33 kB. Kaxnaplii 35IeMEHT pa3psAIHUKOB COIEPKUT HCKPOBBIE €IHHUYHBIC
MIPOMEXYTKHA U JUCKH HEIIMHEMHOTO pe3nucTopa. YeThipe mocieqoBaTeabHbIX
€AMHUYHBIX MPOMEXYTKa U 00pa3yloT CTaHAAPTHBIA KOMILIEKT MPOMEXYT-
KOB, KOTOPBIN IIYHTUPYETCA KAITUOPOBAHHBIM KapOOPYHIOBBIM PE3UCTOPOM,
00€ecreynBaOIIMM PAaBHOMEPHOE paclpeesieHue HaNpsHKEHUsST MPOMBIIILIEH-
HOI yacToThl. HenmHeltHble pe3ucTopbl pa3psiAHUKOB 3TUX CEPUIl cOOUparoT-
Csl U3 BUJIMTOBBIX JTUCKOB, KOTOPBIE TAKKE COEAUHSIOTCA B OJIOKA C IMOMO-
IbI0 KepamMuueckoi oOMa3ku. KOMIIEKTbI HICKPOBBIX MPOMEKYTKOB U BUJIH-
TOBBIX JMCKOB MOMEIIAIOTCSI B IFePMETU3UPOBAHHBIX (ap(OpOBBIX uexJiax.
['epmeTu3zanus HeoOXoauMa JUIsl IPEJOXPAHEHUs OT JEHCTBUS BIAru M AJis
oOecrniedyeHrs CTaOMIIBHOCTH Pa3psAIHBIX XapaKTEPUCTUK HCKPOBBIX MpPOMe-
KYTKOB.

Paspsanuku cepun PBM (pa3psiiHuKyd MarHUTOBEHTHIIBHBIC) HA Harpsi-
xenue 3—-35 kB, a PBMI' — Ha nanpsokenue 110 — 500 kB. B pa3psanankax
ATUX CepUil MPUMEHEHbI MCKPOBBIE MPOMEKYTKH C MArHUTHBIM TallleHuEM
TyTH.

Pazpsinauku cepun PBT (pa3psiHUK BEHTUIIbHBI TOKOOTPAHHYMBAIO-
M) UMEIOT TOKOOTPAHWUYMBAIOIIME HCKPOBBIE MPOMEXKYTKH C Y3KOU IIe-
nbr0. HenuHennbie pe3uctopsl paspsaaHukoB PBT koMIUIEKTyrOTCS U3 TEpBU-
TOBBIX JUCKOB.

Bricokas mpomyckHasi cmiocoOHOCTh TepBUTa OOYCIOBJIMBAET BO3MOXK-
HOCTb OIPAHMYEHHS BHYTPEHHUX IEPEHANPSHKEHUN C MOMOILBIO pa3psIHH-
KOB 3TOM CEpUH.
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Paspsnauku cepun PBP/] (pa3psaIHUK BEHTUIBHBIA C pacTATUBAOLIEICS
Iyroil). 3a cUeT yJIy4IIeHHbIX YCIOBUH TallleHus Iyru y pa3psaHukoB PBPJ]
puMepHO Ha 25 % BbIIe, 4eM y paspsanHukoB PBT, HanpsbkeHue ramenus,
YTO CYIIECTBEHHO MOBBIMIAET 3PPEKTUBHOCTH AeicTBuUs. Paspsnuuku PBPJ]
BBIITYCKAIOTCSl HA HOMUHaNbHOE HanpsokeHue 110 kB u Beiie.

Paszpsnauku cepun PBMK-II (pa3psaHuK BEHTHIIbHBIA MarHUTHBIA KOM-
OMHMPOBAHHBIN) C MOBBILICHHBIM I'AILIEHUEM NP KOMMYTAIlMOHHBIX IT€pEeHa-
npspKEHUAX. PaspsiHUKY 9TON cepuy IpeHa3Ha4YeHbl KaK I IPO30BBIX, TaK

Y BHYTPEHHHUX TepeHaIpsoKeHU. BBITyCKaroTCs Ha HOMUHAIBLHOE HaIpsiKe-
aue 330 — 750 kB.

2. ITopsinok padoThI

1. O3HaKOMHUTHCS C KOHCTPYKTUBHBIMHU SJIE€MEHTAMU M TPUHIIUTIOM JEHUCT-
BHS BEHTWIBbHBIX pa3psaaHukoB tuna PBC, PBII u PBM.
2. CHATH BOJBT-aMIEPHYIO XapaKTEPUCTUKY OJHOTO JUCKA paboyero pes3u-
CTOpa.

Cxema yCTaHOBKH MpHUBEJCHA Ha pHC. 2.

Hanpspokenne Ha TUMCKe M3MEPSETCs] C MOMOIIBIO JISTUTENS HAMPSKEHUS .
Jlig omnpeneneHusl Toka 4epe3 AMCKU HU3MEpSETCs MaJeHUE HAIpsKEHUs Ha
pesuctope Rs .

T T,

——__ O o
J6

0
-
| |
I
0
N
| |
I

Puc.2 Cxema ycmanoexu:
T1-asmompancgpopmamop; Tr-noevicumenvuoii mpancgpopmamop; Ri- sawummnoiii pe-
sucmop;Ro- ¢pponmosoii pesucmop; Rz- conpomusnenue wiynma; R4,Rs- conpomuene-
nue denumens nanpsiocenus; V- svinpamumens; F- kommymupyrowuii uckposoii npome-

acymoxk; Ci- emxocmo TUT; ; Co- (pponmosas emxocms; ; [] — ouck senmunvhozo pesu-
cmopa.
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Torna Tok uepe3 IUCKU OyaeT
| = Uﬁ_
Rs

Cursai ¢ fenuTens U IIyHTa MOoJaeTcsl Ha BXOJ JBYXKAHAJIBHOTO OCILIHII-
norpada Tetronix TDS 12B.
Pesynbsratel 06padotku BAX 3anectu B Tabnwuiy 1.

Tabmuna 1
OKCcnepUMEHTAJIbHBIE PE3YyJIbTaThl 115 onpeaeneHus K u a
Hanpsxenue
Toxk uepe3 nuck
No Ha JINCKE
OLBITA U I [Ipumeuanue
7 g U U,B ’ lg |
9 max
Bmax A
K=
o =

3. IMoctpouts rpaduk lg U=f(lg 1) u onpenenuts ko3pdunuentsr K u .
4. OTBETHThH Ha KOHTPOJIbHBIE BOIPOCHI.

3. KoHTpOJIbHBIE BONIPOCHI

1. B uem 3akiodaroTcs 3amiuTHbIC (DYHKIIUW 3alIMTHBIX ITPOMEKYTKOB,
TpyOUYaThIX ¥ BEHTUJILHBIX Pa3PsSTHUKOB?

2. Kak pa3nudarorcs BOJbT-CEKyHIHBIC XapaKTEPUCTUKH ITHX YCTPONCTB?
3. KakoBbI OCHOBHBIE 3JIEMEHTBI BEHTHUJILHOTO pa3psIHUKA?

4, Jlnga Kakux IeJNed HCKPOBBIE IMPOMEKYTKH BEHTHIIBHBIX Pa3psSIHUKOB
BBITIOJIHSIFOTCS MHOT03a30PHBIMU ?

5. Jlnms yero MHOro3a30pHbINM MCKPOBON MPOMEXKYTOK IIYHTHUPYETCS BBICO-
KOOMHBIM CONPOTUBIICHUEM?

6. UYem 0OyCIOBJIEHO MPUMEHEHUE B BEHTUJILHOM pa3psIHUKE MOCJIEI0Ba-
TEJIBLHOT'O HEJIMHEHHOTO CONTPOTUBIICHUS?

7. B uem 3akmouaercst npuHIMnuanbHoe ommuue PB ot OITH?

12. BOJTHOBBIE ITPOLECCHI B OBMOTKAX TPAHC-
DOPMATOPA

ean padoThl: nccaea0BaHNEe MEPEHAIIPSKEHUN B 00MOTKaxX TpaHchopMa-
TOpa, BO3HUKAIOIIMX MPY BO3ACHCTBUH HA HETO UMIYJIbCHBIX BOJIH.
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1. Kparkue cBenenust

BomHbl Tp030BOT0O MPOUCXOKIACHUS, HAOCTAIOIINE 110 JTUHUH JIEKTPOIIe-
pelayn Ha MOJICTAHIINIO, MPUBOJASIT K BOBHUKHOBEHUIO MMITYJIbCHBIX Hampsi-
KEHUH, BO3JCHCTBYIONMX Ha 0OMOTKHM TpaHchopmaTopoB. B Tpancdopma-
TOpE MOJ JCUCTBUEM HAIPSHKEHUS] BOSHUKACT CIIOKHBIM 3JIEKTPOMATHUTHBIN
IPOLIECC, MPUBOJALINNA K MEPEHANPSIKEHUAM MEKIY KATYIIKaAaMU U MEXITY
0OMOTKaMH U 3a3€MJICHHBIMU YaCTSIMHU.

CymMapHasi ajiMHa MpoBOAOB B OOMOTKaX TpaHC(HOpMATOPOB BBICOKOTO
HaIPSKEHUS IOCTUTAET HECKOJIBKUX KUJIOMETPOB, MOATOMY MPU BKIKOYECHHUH
TOJIYKOM K MCTOYHHUKY HAIpsiKEHUS B OOMOTKE BO3HHMKAIOT BOJIHOBBIE IPO-
LECChI, UMEIOIINE aHAJIOTUIO C BOJHOBBIMU IMPOIECCAMH B JIMHUSAX JJIEKTPO-
nepenayu. Cxema 3amenieHus oOMOTKH TpaHchopMaTopa, AaxKe eciau Ommyc-
TUTh B HEl aKTUBHBIC CONPOTUBIICHUS U MPOBOJUMOCTHU, 3HAYUTEIBLHO CIIOXK-
Hee cxeMbl 3amenieHus Juaun. Ha puc. 1, 6 npeacTaBieHa cxema 3aMeIeHUs
JU1sl OMHO(a3HOM KaTyIIEUHOU OOMOTKH.

BcenenctBue Toro, 4to mpoBOJ OOMOTKM HAaBHUBAETCS BOKPYI MarHHUTO-
MPOBO/A, MOSBJISIIOTCS JIBa JOMOJHUTEIBHBIX TTapaMeTpa CXeMbl 3aMEIICHHUS:
€MKOCTh MEXIY COCEJHMMM BUTKaMH WM KaTymikamMud K (MpojoJibHas eM-
KOCTb) ¥ B3aUMHasi MHIYKTUBHOCTb M(X) KaXJ0ro BUTKA CO BCEMH OCTaJIb-
HBIMH BUTKamMu oOMOTkH. OObryHO mon BenuuuHamu L, C, K moHumaror
CpeAHUE 3HAYEHUS MHIYKTUBHOCTH, EMKOCTH OTHOCHUTEJIBHO 3€MJIM U IPO-
JIOJIbHOW €MKOCTH Ha €IUHHUILY JUTMHBI 00MOoTKH. [IpeacTasmistor Tpancdop-
MaTop B BUJIE CXEMBI C pPacIpeAeICHHbIMU TapaMeTPaMH.

OTO ABISIETCS OMPEEICHHBIM MPUOTUKEHUEM, TaK KaK B JCHUCTBUTEIb-
HOCTH CX€Ma 3aMelleHusl TpaHcpopmaTopa M0JKHA Obl1a Obl IPEACTABIATh
LIETIOYKY C OrpaHUYEHHBIM YHUCJIIOM 3JIEMEHTOB, PABHBIM YUCIY BUTKOB 00-
MOTKH.

Haubonpiime TpyaHOCTH, KOTOPbIE BCTPEUAIOTCS MPU aHAIU3E MEPEXO/I-
HBIX TIPOIIECCOB B OOMOTKax TpaHC(POPMATOPOB, CBS3aHBI C MPABUIbHBIM
Y4ETOM B3aMMOWHJYKIIMU, KOTOPBIM OCYIIECTBIEH B JOCTAaTOYHO MOJTHOM
BUJIC TOJILKO B caMoe rociieHee BpeMs. [Ipu atom TpedyeTcs pelieHue cuc-
TEMbI HHTETpaTbHO-AU((DEepeHITNaTbHbIX ypaBHEHUM. Tak Kak TakoW aHaIu3
BECbMa CJIOKEH, Mbl OTPAHUYUMCSI KAYECTBEHHBIM PACCMOTPEHUEM MEPEXO/I-
HBIX MPOIIECCOB B TpaHC(hOpMaTOpax.

Nmnynse U, Bo3aeicTByIONMI Ha OAHY U3 00OMOTOK TpaHchopmartopa,
MPUBOJNUT K BO3HUKHOBEHHUIO B TpaHC(HOPMATOPE IJIEKTPOMATHUTHOTO TOJIS,
CBSI3aHHOTO CO BCEMH OOMOTKaMHU.

B ycnoBusix skcrtyatanuu 0OMOTKA HU3KOTO HANPSIKEHHUs, KaK MPaBUIIo,
MPUKIIOYEHBI K OTXOJSIINM KaOEJIbHBIM WJIM BO3IYIIHBIM JTUHUSM. Y YUTHI-
Basi, 4TO B OOJBIIMHCTBE CJIy4acB BOJIHOBOE COINPOTUBIICHHE OOMOTOK
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TpaHcpopmaTopa (ThICSUH — IeCATKU Thicsid OM) BO MHOTO pa3 OOJIbIle BOJI-
HOBOT'O COIPOTHUBJICHUS JIMHUM 3JeKTporiepenadu (IecsTku — coTHu Om),
OyaeM cuuTaTh OOMOTKY HHU3KOTO HANpPSHKEHUS 3aKOPOYECHHOM M 3a3eMIICH-
HOM.

K/dx

4_|_>Un

i
HH

|

AC

H
|

T

R

[ ]

a

1S}

|
[ ] T
T T

CepaeuHuk
6
Hetitpans

Puc. 1. CxeMa 3ameweHuss 00HOMA3HOU KamyueyHot 0OMOMKU:
a — 63AUMHOE pacCnojlodHcenHue 0bMOmMoK u MGZHZ/IWZOI’IPOGOOCI,' 0 — cxema Cpacnpede-

JEHHbIMU napamempamu, 6 — CXema 3amMeerusl 6 Ha4ajilbHOM pelrcume

[Iporekanue 37€KTPOMArHUTHOIO MEPEXOJHOI0 Mpolecca B TpaHcop-
MaTOpe 3aBHCHUT OT psfa (PaKTOPOB: CXEMbI COEIMHEHUS 0OMOTOK, peKMMa
paboThl HEUTpaIU, KOHCTPYKIIMM OOMOTOK, IaJIEHUSI BOJH IO OJHOM, ABYM
umn Tpem Qaszam npucoenunennon JIOII. Paccmorpum BHauane OCHOBHBIE
3aKOHOMEPHOCTH MEPEXOIAHBIX MPOILIECCOB B TpaHChopMaTOopax Ha MPOCTEH-
et onHoa3HoM cxemMe KaTylIeuHOM OOMOTKHU AJis cllydas NaJeHHs Ha Hee
PSIMOYTOJIbHON OECKOHEYHO JUTMHHOM BOJIHBI.

Bech 351eKTpoMaraHuTHBIN Mpoliecc pa3o0beM Ha TPU CTATUU:

a) HayanbpHBIN npotecc t = 0;

0) yCTaHOBUBILIUICS PEXUM T —> 0]

B) TIEpEeXOHBIN Tporiecc (cBoOoaHbIe Konebanus) 0<t <oo.
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2. HayajabHoe pacnpeaejieHle HANPSI2KeHUs B10JIb 00MOTKH TPpaHCcop-
Maropa

B mepBwiii MOMEHT BpeMeHH, Oiarogapsi OOJbINON KpyTusHe (poHTa
BOJIHBI (SKBHUBAJIEHTHON BBICOKON YacTOTE), MHAYKTUBHOCTH OOMOTKH HE
MPOMYCKAET TOK, IO3TOMY pacIpeieICHUE HANIPSIKEHUM 10 0OMOTKE MpHU
t = 0 Oyzmert omnpenensaTbesl TOJbKO eMKOCTHbIMU 35ieMeHTamu C u K. Cxema
3aMelieHus 0OMOTKHM TpaHchopmaropa Ui ITOr0 MOMEHTa BPEMEHU Tpej-
CTaBJIeHA Ha puc.l, 6.

[Ipu magenun Ha 3Ty cxemy OECKOHEYHO JJIMHHON MPSIMOYTOJIBHOM BOJI-
HBI HANPsDKEHHUE BJOJIb OOMOTKHU TpaHchopMaTopa MOXKET OBbITh MpeJICTaBIIe-
HO B BHJIE:

JUISL 3a3€MJICHHOU HEUTpAJIU

LX) _ g=al(1-x1)
UHaq = Ur[ ea| _e_od J (1)
AJIS1 U30JIMPpOBAaHHAA HeﬁTpaHI/I
al(1=x/1) | a—al(@-x/)
(2)

N3 stux dhopmyn BuaHa O0bIast poJib mapaMeTpa:

a'_I\F \/K/I KZ )

KOTOPBIN ONpEAEseTCs] OTHOILIEHUEM CYMMapHONH eMKOCTH OOMOTKH OTHO-
CUTEJIbHO 3€MJIM K CYMMAapHOU MPOJAOJIbHON €MKOCTH (T. €. EMKOCTH MEXTY
KpalHUMH BUTKaMH OOMOTKH).

Jns coBpeMeHHBIX TpaHc(hopMaTopoB cpeaHee 3HadeHue alg, = 10 u Bo
BesikoM ciryaae ol > 5. Tlostomy B popmynax (1) u (2) Beerza e*>> e .

Jnst 6onbmeit yactr oomoTku (1 < 0,8) cripaBeyIMBO Takke HEPABEHCTBO
AN 55 o 0 To5roMy I 3HAUMTENBHOM YacTH OGMOTKH, HPHMBbI-
KaBIlled K Hayally, paclpeiesieHUEe HANpsKEHHs] MPAKTUYECKH OJUHAKOBO
KaK Ui U30JIMPOBAHHOM HEWUTpAJIM, TaK W ISl 3a3€MJICHHOM HEUTpAIH U
MPUOJIMKEHHO MOXKET OBITh BRIPAXXEHO (HOpMyIIOif

Uy = Uy - e 4%, (4)
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Ha puc. 2, a nokazaHo HauaJlbHOE pacHpeziesieHle HaNpsHKEHUs!, IOCTpo-
€HHOE IS YacTHOTO ciy4das ol = 5. B HadanpHBI MOMEHT BpEMEHH Harpsi-
KEHHE MPUKIAIBIBACTCSI B OCHOBHOM K IEPBBIM 3J€MEHTaM OOMOTKHU U pac-
IpeeIeHne HapsyKeHUs BIOJIb OOMOTKH KpaliHEe HEPaBHOMEPHO.

B cBA3M ¢ 3TUM U30JLUA MEXKIY NEPBbIMA BUTKAMU U IIEPBBIMU KaTyIlI-
KaM{ OOMOTKH BBINOJHAETCS. OOBIYHO C MOBBIIIEHHON NMPOoYHOCTHIO. Kak mo-
Ka3bIBA€T OMBIT IKCIUIyaTallMM, y TaKUX TPaHCPOPMATOPOB HE MCKIIIOUEHA
BO3MOXXHOCTh MPOOO0ST MPOOJbHON H30JSIUU B APYTUX YaCTSIX OOMOTKH.
DTO OOBSCHIETCS TEM, YTO HApsAy C pacCMOTPEHHBIMH I'DAJUEHTHBIMH II€-
pEeHanpsHKEHUSIMU B Hadajie 0OMOTKM npu t = 0, UIMEIOT MECTO rpaJIMeHTHbIE
MEepEeHANpPSHKEHMS B IPYTUX YacTAX OOMOTKU B TEYEHHUE MEPEXOTHOTO PEKHU-
ma ipu t > 0.

3. YcraHoBuUBIIIeecs pacnpejiesieHne HANPSKEHUsI B10JIb 00MOTKH
TpaHcdopmaropa

B npunyxaeHHoM pexume dyepe3 0OMOTKY MPOTEKAET «CKBO3HOW» IMpH-
HY>K/ICHHBIH TOK Iy, EMKOCTHBIC TOKM paBHBI Hym0. HanpspkeHust Ha BUTKax
onpenenstorea J/C, HaBOAUMONW B BUTKaX CyMMapHbBIM MarHMTHBIM IOTO-
koM. Ilockonbky OOMOTKa OJHOpPOAHA, TO paclpeiesieHue HampsKEHHs 110
BUTKaM PAaBHOMEPHO M 3aBHCHUT OT PEKUMA HEUTPAIIH.

B ciydae 3a3emiieHHON HelTpanu HanpsbkeHue Uy, paBHOMEPHO CIIafaeT
ot U, Ha BXoJie 10 HyJs Ha HeUTpanu (puc. 2, a), 9T0 MOKET OBITh BhIpaXKe-
HO YpaBHEHHEM

Unpey = Un(16/1). (5)

JU1s M30JIMPOBaHHON HEWTpaH Iy, = 0 U, cIe10BaTEIBHO, IPUHYKICHHOES
pacnpenesieHue HanpsHKeHUS BhIpaXKaeTcs JIMHUEH, MmapalileIbHON ocu alc-
muce (puc. 2, 6). IlpuHyXaeHHOE pacrpeaciCHUE HAMPSOKCHUS SBISCTCS
OCBIO0 CBOOOTHBIX KOJICOAHMI, pa3BUBAIOIINXCS B OOMOTKE.

4. CB000aHBIC KOJICOAHUA 00MOTKH

Kak BUIHO 13 U3NI0KEHHOT0, B KaXKJJ0M TOUKE OOMOTKH UMEETCsI Onpeie-
JIEHHOE HECOOTBETCTBHE MEXAY 3HAUEHHEM HarpsikeHuss B MOMeHT t = 0 u
HaNpsHDKEHUEM B YCTAHOBUBILEMCS PEKUME. ITO HECOOTBETCTBUE U SIBISIETCS
OPUYUHOM BO3HUKHOBEHHUS CBOOOAHBIX KOJEOAHMM OOMOTKH, CBSI3aHHBIX C
IPOXOXKIEHUEM TOKA B CXeMe 3aMelleHus Tpancpopmaropa. Cxema 3amenie-
HUSl TpaHcpopmaTopa MpencTaBIseT coO0M CIOXKHYIO KOJeOaTeNbHYIO CHC-
TeMy, 00JIa/Ial0ILyI0 CIIEKTPOM COOCTBEHHBIX YACTOT (¥ — M, & HAMIPSDKEHUE
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Puc. 2. Pacnpedenenue nanpsiiceHusi no 00Momke mpanc@opmamopa 8 HauaibHOM,
NPUHYHCOCHHOM PEHCUMAX U 8 pedtcuMe CB0O0OHBIX KONeOAHUL

B HpOHBBOHBHOfI Touke X OOMOTKH B HpOHBBOHBHLIfI MOMCHT BPCMCHH t mo-
JKET OBITh IMpCaACTaBJICHO B BUIAC

n
U(k,t) :Unp(x) +|§I-Uk(x) 'COS(Okt, (6)

rae Uy — aMiiuTya KoiaeOanuii K-it rapMOHUKH.

Konebanust 0OMOTKM MMEIOT XapaKTep CTOSYMX BOJIH, aMIUIUTYJIa KOTO-
PBIX 3aBUCHT OT HOMEpa TapMOHHMKU U TeM OBICTpPEe YMEHBIIIACTCS 10 BEJIH-
YUHE, YeM BBIIIIE HOMEP TAPMOHHUKH.

[TockonbKy KoJIeOaHUST TPOUCXOIAT BOKPYT YCTAHOBHBIIETOCS PEXHUMA,
TO B OOMOTKE B TIEPEXOAHOM PEKUME MOTYT OBITh JTOCTUTHYTHI MaKCHMaJlb-
HBIC ITOTEHITUAIIBI, PABHBIC

n
UMaI(C (x) = U mp(x) + kz_:lu kou(x) 1 (7)

n
rue ZUKOH(x) — cBOOOJIHAs COCTABJIAIOLIAs KOJICOAHUH, onpeaensemMas Kak
k=1

CyMMa OpAMHAT BCEX TAPMOHUK B JAHHOW TOYKE OOMOTKH.
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MaxkcruMasbHble TOTEHIIUAIBI BI0OJIb OOMOTKH OIKCHIBAIOTCS OTHOAIOIIEi
MaKCUMaJIbHbIX TOTEHIIMAJIOB U BEJIMYHMHA UX 3aBUCHUT OT PEKUMA HEUTpaJH.

[Tpu 3a3emieHHON HEUTpaiu TpaHcPopMmaTopa HaAHOONBIINN MOTEHLIHAT
He npeBbimaet (1,2 — 1,3)U;, u npuxoautcs Ha HadalbHBIC BUTKH OOMOTKH
(puc. 2, a).

[Ipu u3onMpoBaHHOW HEWTpanu TpaHchopMaTopa HauOOJbIIEe HaIps-
KEHHE B MEPEXOJHOM PEKUME IMOSBISAETCS HA KOHLIE OOMOTKH U NMPUOJIMKa-
ercs k 2U,, (puc. 2, 6).

5. Oco0eHHOCTH BOJTHOBBIX MPOLECCOB B TPeX(ha3HbIX
TpaHcopmaTropax

PaccMoTpeHHBIE BbILIE 3aKOHOMEPHOCTH OTHOCSTCS K CHUMMETPHUYHBIM
BO3JICHCTBHAM BOJIH Ha BCE TpU (Da3pl, KOrJa OHU COEAMHEHBI B 3Be31y. Pe-
aJbHBIE YCJIOBHS MCKJIIOYAIOT TaKyl cummerputo. g tpaHchopmaTtopa ¢
3a3€MJICHHOW HEWTPaIbl0 IIPU HECUMMETPUYHBIX BO3JECUCTBUS BOJH aHAIN3
MIPOLIECCOB HE OTJIMYAETCA OT PACCMOTPEHHBIX paHee, T. K. (pa3bl HE3aBUCHMBI
apyr ot npyra. B tpexdasHom TpaHchopmaTope ¢ M30JMPOBAHHOM HEWTpa-
JBI0 paclpeesieHue MOTEHUIMAIOB ONpEeNeseTcsl HEeCKOJbKO HHaye. Pac-
CMOTpHM 2 ciry4dasi.

1. Bo3zgeiictBue BoH Ha 1 da3y.

2. Bo3sneticTBue BoH Ha 2 ¢a3pbl.

B o0oux ciydasix Hauama cBOOOJHBIX (pa3 MOJKIIOUEHBI K MPOBOMY JIU-
HUM 3JIEKTPOIIEPENAUH, CIIEI0BATEIbHO, Hayajga UX MOXHO CUMTATh 3a3€M-
JICHHBIMH, T. K. BOJHOBBIE CONPOTHUBIIEHUS MPOBOJOB MPEHEOPEKUMO MalIbl
110 CPAaBHEHUIO C BOJHOBBIMU COMPOTUBIIECHUSAMU (a3 TpaHchopmaTopa.

Takum 00pa3om, pacrpejiesieHHe MOTEHIMAIOB BAOJIb OOMOTKH B Ha-
YaJbHOM, NIEPEXOJHOM M YCTAHOBUBILEMCS PEXUMaX OCYIIECTBISETCS TaK-
&Ke, Kak U I TpaHc(opmaTopa ¢ 3a3eMJIEHHON HelTpanbio. OcOOEHHOCTh
COCTOUT B TOM, YTO B 3TUX Cllyyasx TpaHc(opmaTop MMeEEeT Kak Obl yJJIu-
HEHHYI0 HEOJHOPOJHYI0O OOMOTKY, MOCJIEIOBATEIbHO COCAMHEHHYIO U3 OJ-
HOM (pa3bl M IBYX MapaJljiebHO ClIOkKeHHBIX (a3. [loaTomy HelTpanss TpaHc-
(dopmaTopa OyneT HaXOAUTHCA TMOJ HANPSHYKEHUEM, TOCTUTAIOIINM B NIEPBOM
ciy4ae ~ 1/3U,, a Bo BTopom cityuae — ~ 2/3U,.

[IpencraBisieT nHTEpEC pacnpeieleHne HanpsKEeHUs o0 0OMOTKE TpaHC-
(dopmaTopa npu coequHeHUH (a3 B TPEYroJbHUK U MPU MaJCHUU BOJIHBI 1O
JABYM HJIH TI0 TpeM (a3zam (puc.3, a). BenrmuuHbl MOTEHIIMAIOB BOIb OOMOT-
KM B 3THX CIIy4asX ONPEIEISIOTCS HAJIOXKEHUEM KPUBBIX PACIPENECIICHHS Ha-
NpsiKEHUs OT BOJIH B Havalie ¥ B KoHIe ¢a3bl (puc.3, 6). MakcumanbHbIE TI0-
TeHuuanbl, focturaroniue 200% mno cpapHeHuto ¢ U,,, BOBHUKAIOT B cCepeIuHe
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¢a3pl. Ecniu MpicneHHO pacceus a3y momojam, TO MPOLECCH B KaXAOW MO-
JIOBUHE OOMOTKH COOTBETCTBYIOT PEXKUMY OJHO(DA3HOM OOMOTKH C U30JUPO-
BaHHOW HENTPAJBIO.

U,
— A
U,
U .B \/‘\/
it ’,// \\\\
a o

Puc . 3. Pacnpedenenue nomenyuaiog 6 0omomke mpancgopmamopa,

COCOUHEHHO20 8 mpeycoibHUK npu CUMMempudHom naoeHuu oK.
a — nadexue 80H No mpem Gazam 0OMOMKU, COCOUHEHHBIX 8 MPEY2OIbHUK,
0 — pacnpedenenue HanpsceHUus 8 0OHOU U3 has

B nacrosmieit pabote ucciieJoBaHUE BOJHOBBIX IMPOLECCOB B 0OMOTKax
TpaHc(opmaTropa MPOU3BOJUTCS Ha YCTAHOBKE, KOTOpask BKIIIOYAET B ceOs:
1. HcTouHUK MpsSIMOYTOJILHBIX UMITYJICOB ¢ aMIuuTynou 90 B, perynupye-
Moi nnurenbHocThio (10 — 80 Mkc) u ppontrom 0,2; 15 u 40 mxc. YactoTa
CJIEA0BaHUs UMITYJILCOB — 50 UMITyJIbCOB B CEKYHY.
2. Tpexdasusiii TpanchopmMaTop ¢ KaTylmIeYHBIMH OOMOTKaMH, PUYEM Ha-
4aJio ¥ KOHel Ka)KJ0i KaTyIIKH BbIBEICHbI Ha CHEIIMAIbHYIO ITAHEIb.
3. Ocnumiorpad co xKaymiei pa3BepTKOi
4. Habop coeAMHUTENbHBIX POBOIOB.

6. [lopsiiok padoThI
1. O3HaKOMUTBCS C UCTIBITATEILHON YCTAHOBKOM.
2. Hcmonp3yst cxembl 1 — 5, onpenenuts ¢ MOMOIIbI0 ocimiiorpada pac-

npe/esieHHe HampsKeHUs 110 00MoTKe TpaHcdopmaTopa B HadalbHOM (U,..)
u B riepexogHoM pexuMe (U,...). Pe3yapTaTel usmepenuii 3anectu B Tadur. 1.
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Tabnuna 1
DKCHepUMEHTAIBHBIE PE3yJIbTAThI IJIs1 OTIPECTICHUS PACTIPEACTICHIS
HaIPsHKEHUS T0 00MOTKaM TpaHcgopMaTopa

x/| O [1/6 | 2/6 | 3/6 | 4/6 | 5/6 | 6/6 | 7/6 | 8/6 | 9/6 |10/6|11/6|12/6 |Cxema
UHaq
UMaKc

U, U U U

j»u?; . .

i )

Cxema 1 Cxema 2 Cxema 3 Cxema 4 Cxema 5

paks

7. Conep:xxaHue oT4eTa

1. TlpuBecTtu cxeMy 3aMmelieHuss 0OMOTKU TpaHc(opmaTopa.

2. IlpuBecTu SKCHEpUMEHTANILHBIE CXeMbl U TpadUKH pACTpPEEICHHUS Ha-
npskeHUS Uy, Uyaee (TA01.1).

3. Harpadukax 1- 5 npusectu reoperndeckue Kpusble Uy, 1 Uy

4. JlaTh aHaIU3 MOJYYEHHBIX PE3yJIbTATOB:

a) BIUSIHUE pEXUMa HEUTpad M CXEMbl COCIMHEHHUS OOMOTOK Ha TepeHa-
psDKeHUs] B 0OMOTKAX;

0) CpaBHUTH TEOPETUUYECKHUE U IKCTIEPUMEHTAIbHBIE KPUBBIE U]

5. OTBETUTH Ha KOHTPOJIBLHBIE BOITPOCHI.

8. KonTposibHbIE BONIPOCHI
1. TloueMy HauanpHOE pacHpeliesieHue HANPsKEHUs BJ0JIb OOMOTKH TpaHC-
(opMmaTopa BeCbMa HEPABHOMEPHO?

2. Kakas wzonsanus tpancpopmaropa HoABEp)KeHA BO3JCUCTBUIO IEpCHa-
MPSOKEHUN B HAYAJIbHOM CTaJIMU MEPEXO0IHOTro Ipolecca’?
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3. Kakue Mmepbl MOXHO TPEIIOKHUTH JUIsI BHIPABHUBAHMS PaACHpPECIICHUs
HaANpsDKEHUsT BAOJIb OOMOTKHM TpaHcopmaTtopa B Ha4allbHOM CTaauM Iepe-
XOJIHOTO Tpoliecca?

4. Kak HailTu MakcMMalbHbIE MOTEHIMAJBI BIOJIb OOMOTKH, UMesl Hadajb-
HOE€ U YCTaHOBUBIIIEECS paclpe/IelIeHIe HAPsDKEHUs?

5. Kak 3amuTuth H30JS1I1MI0 H30JIMPOBAHHON HEUTpamu Tpancpopmaropa ot
OMACHBIX MEPEHANPSIKEHUN?

13. PE3OHAHCHBIE HEPEHAIIPAKEHUSA B CUCTEMAX
C U30JJMPOBAHHOM HEUTPAJIBIO

I.Ie.m; paﬁoTLl: N3y4YCHHNC PC30HAHCHBIX HepeHaHp;m(eHHﬁ, BO3HHKAIOIINX
B CUCTCMaAx C H3OHHpOBaHHOﬁ HGfITpEUIBI-O.

1. KpaTkmue cBegeHus

B cucremax ¢ m301MpoBaHHONW HEUTPaJIbI0 BO3MOXKHO BO3HHMKHOBEHHE
PE30HAHCHBIX MepeHANpsKeHUH, (pu3nyecKas CyIIHOCTh KOTOPBIX CBOIUTCS
K SIBJICHUIO HEJTMHEHHOT0 TapMOHUYECKOTO pe30oHaHca ((peppope3oHaHc).

Takue cimydan ObIBaIOT MpU OOpPBIBE OAHOTO M3 MPOBOJIOB JUHUH, KOTO-
PBIi 4acTO CONMPOBOXKIAETCA MaJACHUEM Ha 3€MJII0 OJTHOTO M3 KOHIIOB ITPOBO-
71a; TIpY TIEPETOPaHNH TIJIAaBKUX BCTABOK B OJHOM MM ABYX (azax; mpHu HEOI-
HOBPEMEHHOM OTKJIFOUEHHUH (a3 BBIKITIOYATENS, YTO MOXKET UMETh MECTO TpHU
no¢azHOM YIPaBICHUH BRIKIIIOUATEISIMA U T. 1.

OOmas cxema, B KOTOPO BO3MOYKHO BO3HUKHOBEHHUE PACCMATPUBAEMOTO
BUJIa NIepeHaNpsHKEHUH, peicTaBieHa Ha puc. 1.

Co

Puc. 1. Obwas cxema ons uccnedosanus pe30HAHCHbIX NepeHan-
DAACEHUL 8 CUCMEMAX C U30JUPOBAHHOU HEUMPANbIO
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HcTOYHMK NMUTaHUS MOXHO CUMTaTh OECKOHEYHO MOUIHBIM IO CpaBHE-
HUIO C XOJIOCTHIM (WJIM ¢71ab0 HArpy>KEHHBIM) TpaHC(POpPMaTOPOM HArpy3KH.
Kitouamu P4 u1 P yCITOBHO TTOKa3aHbI MECTa BO3MOXKHBIX Pa3phIBOB B (hazax
A u B. Kimrouom P monenupyetcs mpu oOpbiBe najgeHue mpoBojaa ¢asbl 4 co
CTOpOHBI cucTemMbl. Ha cxeme moka3aHbl eMKOCTH (ha3 Ha 3eMJII0 0 MecTa

paspbiBa (Ccl)) U rociie Mecta pa3pbiBa (Cp) ¥ COOTBETCTBYIOIHE MEX Ay ]as-

HBIC CMKOCTHU C]:!-Z )41 C12. HeﬁTpaJ'IB CHCTEMBI MOKET OBIThH HN30JIMPOBaHA HJIA

3a3eMJIeHa, HeUTpalb TpaHcPopMaTopa Harpy3Ku BCerJa N30JIMPOBaHA.

Jlist aHanu3a nepeHanpsbDKeHU 1enecoo0pa3Ho 3aMEeHUTh Tpex(da3Hylo
CXEeMyY PKBHUBAJICHTHOM OJHO(a3HON cxeMol 3amenieHus. [[is sToro npensa-
PUTENBHO PACCMOTPHM CIEAYIONIYI0 0011yto 3anauy. [lycTs TpexdasHblii nc-
TOYHUK OECKOHEYHON MONTHOCTH (pHC. 2 ) MUTaeT HECHMMETPUUIHYIO Ha-
Ipy3Ky, IpUYEM IOJIHbIE CONTPOTUBIICHUS B (pa3ax 2 u 3 paBHBI MEXKy cOO0M
(Z, = Z3 = Z), HO HE paBHBI IOJIHOMY COIIPOTUBJICHUIO B daze 1 (Z; # Z).

¥ .
. . u
U U, Zs Z C> e

Z4/2

a o

Puc. 2. Obocrosanue cxemvt 3amewyerus

Tpebyercsi coCTaBUTh SKBUBAJICHTHYIO OJHO(PA3HYIO CXEMY 3aMEIEHUs 1Jis
onpeneneHus Toka B gaze 1.

Bocronb30BaBIINCh METOJIOM HAJIOKEHHSI M CKIIAJbIBas TOKH, MpPOTE-
karonue B ¢aze 1 mox nelcTBHEM KakJI0TO U3 (Da30BBIX HAMPSKEHUM, MOJY-
UM

) ) ) U _Uz+U
| Ui U YA Us YA ! 2
1— f— . —_— =
2, +% 74 4% DAL 4 4L Li+Z 5 2
2 Z,+Z Z,+Z 2
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U, Z Z

a o
Puc. 2. Obocrosanue cxemvt 3amewsenus

DTOMY BBIPQKCHHIO COOTBETCTBYET CXEMa 3aMEICHUs pHC. 2. 6, B KOTO-
pou
Us+U3

U =U1— ~15U;. 1)

PaccMoTpuM onuMH W3 HauOosiee XapaKTEpHBIX M JOCTATOYHO YacCTO
BCTpPEYAIOLIUXCS CIy4aeB — OOPBIB OJIHOTO MPOBOJA C MAJEHUEM Ha 3eMIIIO B
CHUCTEME C U30JIMPOBAHHON HEUTPAJIbIO. AHAIU3 BCEX APYTUX CIIy4aeB MOXKET
OBITh aHAJIOTUYEH.

[Tycte npoBo oOopBaics B aze A, npuyeM ynaji Ha 3eMJII0 KOHEIl, PHU-
COCIMHEHHBIN K HCTOYHUKY (3aMKHYT KJItou P B cxeme Ha puc. 1). Cxema 3a-
MELIEHUs ISl 3TOrO cliydast mpejcrapiieHa Ha puc.3. Tok B ¢aze A nocie 00-
phIBa MpoBoja OyJIeT CTeKaTh Ha 3eMJII0 Yepe3 MECTO 3a3e€MJICHHUs, 3aTeM
BO3BpAIIaThCs Ha MPOBOJ uepe3 eMKOCTh Cp, MOCIE YEro OH Pa3BETBIISIETCS:
4acTh TOKa MPOXOAUT depe3 eMKOCTh Cip, a Apyras — uepe3 UHAYKTUBHOCTD
Tpanchopmaropa L. [lens Toka 3ambikaercs uepes $aszel B u C UCTOYHUKA.

B cuny cummerpun moTeHUMa bl HYJIEBBIX TOUYEK TpaHcopmaropa U
3Be31bl MEXIY(]a30BbIX eMKOocTel onumHakoBbl. [losTomy cxemy puc. 3, a
MO>KHO TIpeoOpaszoBaTh B cxemy puc. 3, 6, B kotopoit /1C ncrounnka Ha oc-
HoBaHuu (1) Oyzaet paBHa 1,5Ug. MOXHO MOKa3aTh, YTO BIMSIHUE Mexayda-
30BOMl €MKOCTH Ha aMIUIUTYIy MepeHanpsHKEHUH OTHOCHTEIHHO HEBEIHKO.
[Tonarast B mepBom mpubmmwkeHuun Cip; & 0, MOTydUM CXeMy 3aMeIeHHUS,
MIPEICTABJICHHYIO HA pUC. 3, 6.

B cooTtBeTrcTBHM C 3TOM CXEMOU MOKEM HAMUCATH

U s =15U L+ U ¢, W tU,, =150 -Us, (2)

r7ie TUTFOC COOTBETCTBYET pekumy ¢ oTcraronum TokoM (1,5U>Uc), a munyc
— PEXKHUMY C OMEPEIKAIOITUM TOKOM.
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. C12 UCO .
CDU3K3=1,5U¢E—— CDU3K3=1,5U¢ 1,5U|_T ‘LSLT

TZCH L/2

4] 8

Puc. 3. Cxema 3amewenus 0ns cayuas oopwviéa 00H020 NPo60oa
¢ nadeHuem Ha 3emi0 8 Cucmeme ¢ U30AUPOBAHHOU HEUMPAIbIO

VYpaBHeHue (2) MOKHO peHIUTh rpa)UIECKUM CIIOCOOOM: Ha KOOpPJIMHAT-
HOI mockocth U — | cTposiTcs BOJbT-aMIEpHbIE XapaKTEPUCTUKH DIIEMEH-
TtoB cxembl 3amenieHus (U, = f (1)) — npsamas nuaus; emxocts Cy SBISCTCS
JMHCHHBIM 3JICMCHTOM B cxeMme 3amerneHus, a Takxke U, = f(l) — kpuBas Ha-
MarHu4uvBaHusl TpaHcdopmaropa Harpys3ku). [lanee naxoaurcs paznocts U
— U, T.e. mpaBas yactb ypaBHeHUs (2). JIeBasg yacTb ypaBHEHUS SIBJISICTCS
NOCTOSIHHOM BenmnuuHou (+U,;). OTKIaapiBaem Ha Tpaduke JTMHUH, COOTBET-
ctBytomue (£U,;), 1 Haxoaum Touku rnepecedeHus: ¢ kpusoit (U, — U,). B
TOYKaX TEPECEUCHHUs JieBasi U MpaBasi YacTH ypaBHEHUs (2) TOXKIECTBEHHO
PaBHBI, CIEOBATEIBLHO, 3TH TOUKU COOTBETCTBYIOT PEILICHHUIO ypaBHEHUS (2).

I'paduaeckoe pemienue ypaBHeHus (2) nmpeAcTaBiIeHO HA puc. 4, U3 KOTO-
pOTO BUAHO, UTO B pacCMaTPUBAEMON CXeMe MPUHUIUIHAIBHO BO3MOKHbBI TPU
pexuMa, COOTBETCTBYIOIIME TOYKaM da, 0, 6. JIBa U3 HUX SABISIIOTCS WUHAYK-
TUBHBIMU (6 U 8) U OUH — €eMKOCTHBIN. He Bce U3 3TUX COCTOSHUMN SIBISIOTCA
YCTOWYMBBIMH, CJI€I0BATEIBHO, HE BCE U3 HUX MPAKTUYECKH BO3HUKAIOT.

[IpoBepka yCTOMUMBOCTH pEUIEHUS] OCYIIECTBISAECTCS OOBIYHO MyTEM HC-
CJIEIOBAaHHUSI MOBEJCHUSI CXEMbl IPU HEOOJIBIIOM M3MEHEHUH TOKa B 1ienu. B
cllyyae yCTOMYMBOTO COCTOSIHMSI CUCTEMa IPH MallbIX BO3MYILEHMSIX CTpe-
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MUTCS BEPHYTHCS B UCXOJHOE COCTOSIHUE. PEXUMBI, COOTBETCTBYIOIIHE TOY-
KaM «a» U «O», SBISIeTCS YCTOWYUBBIM, @ PEKUM, COOTBETCTBYIOIIUN TOUYKE
«B» — HEYCTOWYHUBBHIM, T. €. (pU3WYECKH Hepeanu3yeMbIM. TakuM o0pa3om,
TANUYHBIA JJI HEJIMHEWHBIX LENeH Cllydail, KOTra Mpy OJAHUX MU TeX XKe Ia-
pamMeTpax CeTH BO3MOKHBI TPH YCTAaHOBUBILUXCS COCTOSIHUSI, U3 KOTOPBIX yC-
TONYMBBIMU SIBJISIFOTCS TOJIBKO JIBA.

C poctoM Harpy3ku TpaHchopmaTopa, 4TO SKBHUBAJICHTHO BBEACHHUIO B
CXEeMy 3aMelIeHUs pUC. 3, B YBEIIMUMBAIOIIETOCS aKTUBHOTO COMPOTUBIICHUS,
00J1aCTh CYIIECTBOBAHUS TAPMOHUYECKOTO PE30HAHCA CYKAEeTCs U MPU HEKO-
TOpPOM 3HAYEHHM HArpy3Kd BO3HUKHOBEHHUE DPE30HAHCHBIX SIBICHHM CTaHO-
BUTCSI HEBO3MOKHBIM.

PaccMmotpuM, kakoi B OyneT MMeTh 3Be3fa (ha30BbIX HAIPSHKEHUN
TpaHcopMaropa Harpy3kd IMpPU EMKOCTHOM pPEXKHUME, COOTBETCTBYIOIIEM
TOYKE «a» Ha puc. 4. YuuteiBas, uto U, =U,, , U, =15 U/L,5, necnoxuo

HAWTHU HaNpsDKEHUE HAa OCTANIbHBIX (ha3ax TpaHc(opmaTopa ¢ MOMOIIBIO BEK-
TOPHOM IMarpaMMBbl, IIPEACTABICHHOM Ha puc. 5 (Ha auarpamme U, ,Ug U —

3Be3/a (Pa30BBIX HAMPSHKEHWH UCTOYHMKA). M3 muarpaMmel BUAHO, 94TO TIOPSI-
TOK 4epenoBaHus (a3 Ha TpaHchopMaToOpe HArpy3KH M3MEHWICS Ha oOpat-
HbIi. [Ipom3onuio Tak Ha3bIBaeMOE «OMPOKHILIBAHHUE» uepeaoBaHus ¢as.
[Ipu aToM ecnu TpaHchopmaTop UMeNT HEOOJIBIITYI0 MOTOPHYIO HAarpy3Ky, TO
mocjie oOphIBa MPOBOJIa HAIIPABIICHWE BPAICHUS ABUTATEICH MOXKET H3Me-
HUTBHCS Ha oOpaTHOE.

u oy
—7/Uc:|/0)C
|
] —
L 150=H()
i /
* /
U Yool 1 50 C. L
UL G alt 1
9KB //:' C2 \
47 N
| \
| \
|
|
a
'U3KB |
I
Puc. 4. I'paghuueckoe pewenue ypagnenus Puc. 5. Bexkmopnas oua-
0715 KonebamenbHo20 KOHMYpa ¢ HelUHelHOou 2pamMmMa HAnPAXCeHul npu
UHOYKMUBHOCMbIO «ONPOKUOBIBAHUUY Yepedo-

sanusny gas
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Kak cinexgyer W3 pacCMOTPEHHOrO HaMu ciydyas, NEepeHAnpsLDKEHUS TpH
HECUMMETPUYHOM OTKJIIOYeHHH (a3 MoryT mnpeBbimath 3Ug U, cliejoBaTemns-
HO, MIPEACTABIISITh HETIOCPEACTBEHHYIO OMACHOCTH i1 u3ossiiuu. Kpome To-
ro, BO3HHKAIOUIAsl MPU 3TOM CHJIbHAsg HECUMMETpHs (a30BbIX HAMPSIKEHHM
JUHUM CO3JaeT OOJNIbLINE BIMSHUA HAa COCEIHUE JIMHUU CBs3H. [loaTomy B
AKCIUTyaTalluy CJIEIYET OrPAHUYUTH BEPOSTHOCTH MOSIBICHUS NEpEeHaNpsKe-
HUM paccMarpuBaemoro Buja. Hanbonee paavkaibHbIM CPEICTBOM, MO3BO-
JISIOIIUM TIOJTHOCTBIO YCTPAHUTH TMEpEeHANpPsKEHUs] IpU OOpbIBE MPOBOJIOB,
ABJISIETCS] 3a3€MJICHUE HEHTpalied TpaHC(POpMaTOpPOB HArpy3ku. ITo Tpebo-
BAaHME HE BCErJa BBINOJHUMO Aaxe st cuctemsl 110 kB, He roBops yxe o
cucTemMax 0oJiee HU3KOro HampsibkeHus. [1oaToMy HE00X0IUMMO CTPEMUTHCS K
YMEHBUIEHUIO BEPOSTHOCTH HECUMMETPUYHBIX OTKIIFOUEHHW, HAIlpUMeEp, I1y-
TEM OTKa3a OT MPUMEHEHHS IUIABKUX MPEIOXPAHUTENCH W BBIKIIOYATENIEH C
noga3HbIM yrpasiieHueM. Kpome Toro, He ciieqyeT MJIUTEIbHO OCTaBJISATh
BKJIFOYEHHBIMH XOJIOCTBIE UJIU CIIA00HATPYKEHHbIE TPAHC(HOPMATOPBHI.

B Hacrosmieit padoTe u3ydyeHne pe30HAaHCHBIX MEPEHANPSKEHUN pHu 00-
pBIBE MPOBOJA W MAJCHUM €ro Ha 3€MIII0 B CUCTEME C M30JMPOBAHHOMN HEM-
TpaJbl0 MPOU3BOJUTCA HA HKCIEPUMEHTAIBHOM YCTAaHOBKE, CXeMa KOTOPOMU
npuBeIeHa Ha puc. 6.

VYcTaHOBKa BKJIIOYAET B C€0s1 CIEAYIOLIUE OCHOBHBIE DJIIEMEHTHI:

1. Tpexdazusblii perynarop Hanpsbkenusd. 2. [lutarouit Tpancdopmarop.

3. TpanchopmaTtop Harpysku. 4. KoHeHcaTOp, HNMHTHPYIOIIMI €MKOCTh Ha
3emiit0 o0opBanHOM (asbl. 5. KunoonsTmeTp. 6. DazoykaszaTesib U BOJIBT-
METP.

Murarowmin Tp-p

Tp-p Harpyaku

07
J] =
3181 C‘,

Puc.6. Cxema sxcnepumenmanbHou ycmaHo8Ku

Ha puc. 7 npeacraBiena mnaHenb MEPEKITIOUYCHUS] PEKUMOB pPabOTHI CXEMBI,
KOTOpasi pacroyioKeHa HEMOCPEICTBEHHO HA BBICOKOBOJIbTHOW YCTaHOBKE.

C nomolblo0 JTaHHOW MaHEeIW CHayaja yCTAaHABJIMBAETCS HOPMAabHBIN
pexuM pabotsl cetr: i atoro mrekkep IlI1 kpacnoro mposoga I11 mocra-
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BUTH B rHe310 I'1; mrekkep 2 romyboro nposoaa I12 nomxkeH ObITh OCTO-
SHHO BcTaBjieH B THe3no ['S. Jig co3maHust aBapuilHOro pekuMma oOphiBa
MIPOBO/JIa ¢ aJicHueM ero Ha 3emito mrekkep L1 nmepemectuts B rHe3no 1°6.

Ha puc. 8 npencraBiieHa nepenHss NaHelb MMyJabTa yIpaBieHus 1ado-
paToOpHOM YCTaHOBKOM. Ha ropm30OHTanpHOW 4YacTH MAHENIM PACHOIO0KEHBI
aBroTpancopmarop (AT), dhazoykazarens u BoasT™MeTp (B) mist usmeperus
(da3HBIX U JIMHEHHBIX HAINPSKEHUHN Kak y TMUTarolero tpancgopmaropa (cuc-
TeMa), Tak U y TpaHchopmaropa Harpy3ku. Ha BepTukanbHOIM 4acTH MaHenn
NyJibTa YIPaBIEHUs pacloJiaraloTcs KUioBoJbTMETp (KB), KHOMKa BKITIOYE-
HUs BeIcOKoro HamnpspkeHus (BH) u msate nepexmouareneit S1, S2, S3, S4, S5.
C nomoipto nepexirouatens S1 usmepsitores da3Hble U JTUHEHHBIE HaIpsi-
KEHUS nuTaronero Tpauchopmaropa (cucrema). [lepexmouarens S2 ciayKuT
JUISI UI3MEPEHUsT TeX K€ HaNpshKeHW y TpaHcpopmaropa Harpysku. [lepe-
KITroyaTeneM S3 M3MEHSI0TCs Tpenensl u3MepeHus BoasTMmeTpa (B). Ilepe-
KITI0YaTeNlb S4 CIIy KHT I BBIOOpa U3MepsaeMoro HanpspkeHus ((pasHoro umm
nuHelHoro). IlepexmouaTenem S5 BeIOMpaeTCss 0OBEKT M3MEPCHHSI: MTUTAIO-
i Tpancopmarop (cucrteMa) wiH TpaHchopMaTop Harpy3KH.

300
_____ -1 BKIT 6(10 [ |130 .
A BH—  oml I
s I11 :S~+_7:
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1~ S4
Cucrema H 3
= 0.1MxP _S+.; S
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o) | Ionm °m| | o=
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S2
= 0.1ux®
AT
@ | | @ PazoyKasarens
\_I} II \J
3 o1k T4 pruxe I3

Puc.7 [Iaxenw nepexmoyenua Puc.8 IlepedHas nasens nyibma ynpaeieHua
PeHCUMOE PAdOmMbL CXeMbl 1abopamopHoll VCMaHoexoul
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2. lHopsiaok padoThI
1. O3HaKOMHUTBCS C HUCHBITATEILHOM YCTAHOBKOM, 3amUcaTh I1apaMeTphbl
TpaHCcPOPMATOPOB U KOHACHCATOPOB.
2. TlocTpouTh BOJBT-aMIIEPHBIE XAPAKTEPUCTUKHU SJIECMEHTOB CXEMbI U CyM-
MapHyI0 BOJIbT-aMIIEPHYIO XapaKTEPUCTHUKY B COOTBETCTBUM C puc.4. Jlan-
HBIE JJIS1 TIOCTPOEHUSI KPUBOM HaMarHMYMBaHUs TpaHC(OpMaTopa CBEACHHI B
Tabu. 1.

Taomuna 1

JlaHHble 1711 HOCTPOEHUsI KpUBOM HaMarHMUMBaHUA TpaHc(opmaropa

U; kB | 1,334 2,134 2,40 2,50 2,60 2,80
;A |0,005 0,01 0,015 0,02 0,025 0,03
U; xB | 3,00 3,134 3,267 3,360 3,467 3,740
;A 0,04 0,05 0,06 0,07 0,08 0,10
U; kB | 4,00 4,267 4,60 4,933 5,067 5,20
;A 10,12 0,14 0,20 0,30 0,40 0,50
I[TPUMEYAHMUE:

1) Ipu nocrpoenun kpusoit 1,5 U =f(l) HeoOxomumo ydecTh, 4TO Opau-
HATBhl KPHBOW HAMAarHUYHMBAaHHS TpaHC(HOpPMATOpa HEOOXOIUMO YBEIIH-
yuTh B 1,5 paza.

2) dns dasubix emrocterdr 0,025Mxk® u  0,033MKk® MOKHO BOJIBT-
aMIICPHYIO XapaKTEPUCTUKY TpaHChopMaTopa CTPOUTH B Ipeleiax 1mo
Toky oT 0 1o 0,1A.

3. Paccuurath (pa3zHOE HaNpsHKEHUE UCTOYHHUKA, ITPH KOTOPOM TPOUCXOUT
«OTIPOKH/IBIBAaHUE» Yepe/OBaHHUS (a3 MpH IUIABHOM TMOJbEME HaNpsKCHUS
(U2'=U/1,5). PacueTHyIO0 BETHIMHY MPHBEIUTE K HU3KOH CTOPOHE TPAHC-

omp
dbopmaropa.
OmnpenenuTh pacyeTHYIO BEIMYUHY HampspDKeHUs (IepeHaNpsHKeHHE) Ha

pacu
CMKOCTH IIOCJIC «OIMPOKUABIBAHUS - Ummn KB .

4.Ilepen BKJIIOUYEHHWEM YCTAHOBKM Ha TAHETHW TEPEKIIOYCHHS PEKUMOB CO-
OpaTh cxeMy HOPMaJIbHOTO peKuMa paboThl CETH.

Ha nanenu mynbpTa ynpaBiieHUs yCTaHOBUTH:

4.1.1lepexmmrouarenib NEPEKIIOUCHUS MPEIETIOB S3 OCTAaBUTh B TTOJIOKEHHUE —
150B;

4.2. Ilepexmoyarens S4 B monoxenue — Uy,

4.3. Ilepexmrouarenb S5 B IMOJIOKEHUE — «CUCTEMAY;

4.4, Tlepexmouatens S1 B monoxkenne — U,;
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4. BKJIIOYNTH YCTAHOBKY, MOAHSATH HampspkeHue 10 120 B (mo nmepBuuHOiM
CTOpOHE), YOeIUThCS B HOPMAJIbHON paboTe YCTaHOBKM M MPOBEPHUTH Ipa-
BWJIBHOCTH TIOPSAJIKA YepeIoBaHmsl (a3 ¢ TOMOIIBIO (ha30yKa3aTels.

CHM3UTH HaPsDKEHUE 10 HYJIs. BBIKIIFOUUTD YCTaHOBKY.

5. Co3narb aBapHilHBINA peXUM 0OphIBa MPOBOJA C NAJACHUEM €TI0 Ha 3EMIIIO,
BKJIFOYUTh YCTAHOBKY M, IJIJABHO MOBBIIIAS HANPSLKEHHUE, MOJIYYUTh «OMPO-
KHJIBIBAHUEY. 3anucaTb 3HAYEHUS ba3zHbIxX HaIpsHKEHUM
U,.U,U,U,U,U,, a TaKxKE COOTBETCTBYIOLINX JIMHEUHBIX HAINPSKECHUN

U ToKazaHue KujoBosbTMeTpa. C momoiubio ¢a3zoykaszarens yOeauTbcs B
TOM, YTO TPOU3OIILIO «OMPOKHUAbIBaHUE» dyepeaoBanus (a3. OTKIIOYUTH yC-
TaHOBKY. Pe3ynbpTaThl U3MEpEHUil 3anucaTh B Ta0I.2.

6. YcTaHOBUTH Ha MEPBUYHOW CTOPOHE MHUTAIOIIETO TpaHChoOpMaTropa Ha-
OKCIT
onp

KUMe 00pbIBa MPOBOJA). YOEIUThCS B TOM, YTO MPOU30LUIO “ONPOKHUIbIBA-
HUE” U 1aTh O0BICHEHUE ATOMY COOBITHIO.

npsbkerune 0,9 U BKJIIOUYUTH BBICOKOE HAmpspKeHue (B aBapuUHOM pe-

Tabmuia 2
DKCnepUMEHTAJIbHBIE TAHHBIC U3MEPEHUSI HAPSHXKEHUS ONTPOKHIBIBAHUS
yepenoBanus a3

CrcreMa U,:B Uy:B | UyiB UapisB | UgeiB | Uy B Hpuuetaie
U IKCI B
omp
U.,:B UpB | Ug,:B Uazoz B | UpeoiB | UppepiB e
Harpyska U . = KB

3HaueHUs HAMPSOKEHUN B Ta0J.2, U3MEPEHHBIC 110 HU3KOW CTOPOHE, Iepecy -
TaTh K BBICOKOM CTOpPOHE M 3aHECTH B Ta0JI. 3.
Tabnuua 3
DKCTepUMEHTANIbHBIE TaHHBIC U3MEPEHUS HATIPSKSHHS ONIPOKUIBIBAHHS
yepeioBaHud (pa3 mo BICOKOM CTOPOHE TpaHchopMaTopa

Cucrema v Al ;KB U Bl ;KB U C1 ;KB U A1B1 ;KB U AIC1 ;KB U BIC1 ;KB

Harpy31<a U ;kB | U B2 ;KB | U, ;KB | U A2B2 KB | U pc) ;KB | U B2C2 ;kB

3. Conep:xanue oTyera
1. Kparkoe onucaHue UCIIBITATEIbHON YCTAHOBKH.

2. I'paduk ¢ BoIbT-aMIEPHBIMUA XapaKTEPUCTUKAMU TIO TI. 2 TIopsaKa pabo-
ThI (puc.4).
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3. Hanectu Ha rpaduk paboune TOYKH, MOJyUYEHHBIE MO I.1. 5 U 6 mopsAaKa
paboThl, IEpPEeCUUTAHHBIE K BBICOKOM CTOpOHE TpaHcopMmaTopa.

4. TlocTpouThb BEKTOPHYIO IHArpamMMy HaIpsOKEHUHM IS peKuMa, MOJydeH-
HOTO B II. 5 mopsaka padbotel (puc. 9). B ciydyae HecummeTpun pa3HbIX Ha-
NpsDKEHUN B TIUTAIOMIEH CETH ISl TOCTPOSHUSI BEKTOPHOU JTuarpaMMbl HEOO-
XOJIMMO HCIIOb30BATh TAKXKE JUHEHHbIE HANpsKeHUsl. OOBACHUTD MOJTYyYECH-
HbIE PE3YJIbTATHI.

4. KOHTpOJIbHBIE BOIIPOCHI

=

Bunbl nepeHanpsyKkeHn, BOSHUKAOIINX B JIEKTPUYECKUX CUCTEMAX.

@uznueckast CyI[HOCTh PE30HAHCHBIX ITEPEHANPSKEHUN.

3. Kakue mpuunHbI MOTYT IPUBECTH K BO3HUKHOBEHHUIO PE30HAHCHBIX TEpe-
HaIPSKEHUH B DJIEKTPUYECKUX CETAX?

4. Kak npuBectu Tpex(aszHylo cUCTEMY K OJHO(pA3HOW cXeMe 3aMelieHus1?

[TapameTpsbl CXeMbI 3aMEIICHMUS.

B kakoM pexxrime pe30HaHCHbIE IEPEHANPSIKEHNUS] MAaKCUMaJIbHbI?

Kak BnusieT akTHBHas Harpy3ka Ha BEJIUYHHY PE30HAHCHBIX MEpeHanps-

HKEHUU?

7. Mepbl 00pbOBI ¢ (heppOpe30HAHCHBIMU NIEPEHANPSIKEHUSIMHU.

no

o o

14. XAPAKTEPUCTUKHU HEJUHEWHBIX OIr'PAHUYHU-
TEJEW NEPEHANIPSIKEHUN

ey padoThI: SKCIIEPUMEHTAIBHOE U3YUEHUE XapPAKTEPUCTUK HETUHEUHBIX
OTPAaHUYHNTEIIEH NTEPEHANPSHKEHUM.

1. Kparkue cBenenust

Henunelinpie orpannuntenu nepenanpsbkenuit ( OITH ) npennasHadeHsl
JUTSI 3aIUTHI JIEKTPOOOOPYIOBAHUS CTAHIIMM U TTOJICTAHIINM, a TAaKKe U30J5-
uuu JIDIT ot Bcex BUAOB NepeHAIPSKEHUM.

OCHOBHOW HEIOCTAaTOK BEHTUJIBHBIX paspsaHukoB ( PB) cesizan ¢ Tem,
YTO PE3UCTOPHI HA OCHOBE KapOOpyHIa 00J1a7al0T CPABHUTEIILHO HEBBICOKOMN
HEJIMHENHOCTHI0. CHIM)KEHHE 3allUTHOrO oTHOoNIeHus PB nocturaercs mieHoi
3HAYUTEIIBHOTO YCIIOKHEHUS UCKPOBBIX IPOMEKYTKOB, KOTOPbIE IPUHUMAKOT
Ha ce0s YaCTh HAMPSHKCHUS TallleHUs.

Pazpabotannsie B mociennue necsatuieTus B Poccun u 3a pyoexxom pe-
3UCTOpPHl HA OCHOBE OKHMCH IIMHKAa O0JIaal0T 3HAYUTEIHHO OOJIbIICH HEelu-
HEWHOCTBIO, YeM PE3UCTOPHI HA OCHOBE KapOopyHAa. DTO MO3BOJIUIIO CO3-
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JaTh HOBBIM THUII 3aIlIMTHOIO armapaTra — HEJIMHEHHBIA OTPAaHUYUTEND MEPe-
HanpsDKeHUM. BbhICOKas HEIMHEWMHOCTh OKCUIAHO-IIMHKOBOW KEPAMHKH I10-
3BOJIMJIA OTKA3aThCA OT UCKPOBBIX MPOMEKYTKOB. OTuM OIIH KOHCTpyKTHB-
HO OTJIMYAIOTCS OT BEHTUJIBHBIX Pa3psAIHUKOB. HenrHeNHbIE COTPOTUBIICHUS
(HC) orpannuutenst nepeHanpspkeHUM ¢ OJHOTO KOHIIA MOAKIIOUEHBI HEMO-
CPEICTBEHHO K CETH, a C IPYroro 3a3eMJICHBI Yepe3 perucTpaTop cpabaThiBa-
Hus. B HopMansHOM pexkume padotel OITH wepe3 ero HC mpoxoauT Tok
IPOBOJUMOCTH, 00YCIIOBICHHBIN paO0OUYUM HAIPSKEHUEM CETH.

BricokoHenHeHbIe OKCUIHO-IIMHKOBBIE PE3UCTOPHI (BApUCTOPHI) B Ha-
CTOSIIEE BPEMS BBIITYCKAKOTCS B BUAE IUCKOB AUAMETPOM OT 28 10 85 MM H
MOTYT COOMpAaThCS B IOCIJIENOBATEIbHO-NIApAIIJICNIbHbIE KOHCTPYKIMHU C Iie-
JbI0 JOCTUKEHHUSI HEOOXOIMMOM MPOMYCKHOM CHOCOOHOCTH (IIpU MpOTEKa-
HUW UMITYJIbCHBIX TOKOB) M YMEHBIIEHUS IEPEMEHHOIO TOKA, TEKYIIETrO MO/
JNEHUCTBUEM HOMHUHAJIBHOIO pabdOyero HampspKeHUs, 10 3HAYEHUs NopslKa
0,1 MA.

[IpumenutensHO K OITH OTCYyTCTBYET MOHATHE HANPSKEHUS TAlICHUS.
JInuTenbHOE BO3JIECHUCTBUE DPE30HAHCHBIX IEPEHAIPSDIKCHHM, CBSA3aHHOE C
npoxoxaenueMm udepe3 OITH Gonbpmmx TOKOB, MOXKET HApyILIUTh TEIJIOBYIO
YCTOMYMBOCTD anmnapara ¥ MpuBecTH K aBapuu. B cBsa3u ¢ atum misa OIIH ye-
TaHOBJIEHBI JONYCTUMBbIE JUIUTEIbHOCTH MPUJIOKEHUS MOBBIIICHHBIX HaIpsi-
KEHUH, KOTOPBIE JODKHBI OBITh CKOOPAMHUPOBAHBI C JCHCTBUEM PEICHHBIX
3aILUT.

3amutHeie aevictBus OIIH oOycrnoBneHbl TeM, YTO TpU TOSBICHHUH
ONACHBIX IS U30JISILUUU TIEPEHANPSKEHUN TPOXOISIIIUN Yepe3 OTPaHUYUTEIb
VMITYJIbCHBIM TOK BCJIEJICTBHE BBICOKOW HEJIMHEMHOCTH HEJIUHEUHOTO COIPO-
TUBJICHUSI HE CO3/A€T OMACHOTO ISl M30JISLMM MOBBIIMIEHUS HANpspKeHus. B
Tabn. 1 mpuBeAeHs! sl cpaBHEHUs 3amuTHbIe XapakTepuctuku OITH u PB
OJIHOTO KJIAcCa HANPSKEHUS.

Tabnuua 1
JammTHele Xapaktepuctuku OITH n PB
Tun Ocraronieecs HanpspbkeHue (kB) npu Tokax:
armapara 3 KA S KA 10 kA
OITH — 220 430 460 500
PBC — 220 630 670 734
PBMI — 220 475 515 570

[TpeumymectBamu OITH sBAsitOTCS BO3MOXKHOCTD TIIyOOKOTO OTpaHHYe-
HUS TIEPEHANPSDKEHUM, B TOM 4YWCe MEXTyda3HbIX, Mallble TabapuThl, 1MO-
3BOJISIFOIIIME MCTIONB30BaTh UX B KaUECTBE OMOPHBIX M3OJISIIMOHHBIX KOJIOHH,
OoJIbIlIasi MPOITYCKHAsi CIIOCOOHOCT.
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YpOBeHb OrpaHWYEHUsT KOMMYTALMOHHBIX MEPEHANPSLKEHUM € MOMO-
mpto OITH cocrasiser (1,65-1,8)Uy. YpoBeHb orpaHudeHHs: TPO30OBBIX IE-
peHanpsbkeHuil coctasiser (2,2-2,4)U, B cersix 110 kB u cHmxaercst no 2U,,
st anekrponepenay 750 kB.

2. HeauHeliHble CONPOTHBJICHHS U BOJIbT-aMIIEPHAsl XapaAKTEePUCTUKA
OIIH

OKCHIHO-IIMHKOBAsI KEpaMUKa — 3TO HETMHEHHBIN MaTepual, nojydae-
MBI B pe3yibTaTe BeIcOKOTeMIeparypHoro ooxura (1o 1300 °C) cmecwu, co-
crostiel u3 okcuaa ruHKa (ZNO) 1 HEKOTOPOTO KOJIMUYECTBA OKCHIA JPYTOTo
MeTajlla: BUCMYTa, CypbMbl, KOOaibTa, Maprania u ap. (Macca 100aBOK CO-
craBisgeT MeHee 4 % macchl okcuaa uuHka). KosddunueHnt nenuHeHoCTH
OKCHJHO-LIIMHKOBOWM KEpaMHUKH OJHOr0 M TOro ke oOpasua cocrasiuser 0,02—
0,06 B uHTEpECYIOIIUX HAC PEKUMAX U 3aBUCUT OT COUYETaHUs J00aBOK K OK-
CUJy LIMHKAa W OT TEeMIIEpaTyphl OOXKHUra Mmarepualia. 3aBUCUMOCTb MEXIY
HaMpsHLKEHUEM, TPUJIOKEHHBIM K 00pasily TaKoro MaTepuaia, U TOKOM B HEM
onpenensiercs GopMyIIoi:

U =KI%, (1)

rae o — kodhpuirueHT HeTMHEMHOCTH, K — MOCTOsSIHHAS, 3aBHUCSIIAs OT MaTe-
puana 1 pa3MepoB oOpasia pe3ucTopa.

Bonbr-ammniepHas  XapakTepUCTHUKa €IMHUYHOTO JUCKAa OKCHJIHO-
[IMHKOBOM KEpaMUKW HAa TIOCTOSSHHOM TOKE B OTHOCHTEIBHBIX €IUHHIIAX
Mpe/CcTaBlIeHA B Ta0M. 2.

Tabnuua 2
Bonbr-aMnepHas xapakTepuCTHKa €IMHUYHOTO JUCKA OKCHIHO-
[IUHKOBOM KEpaMUKH Ha MIOCTOSIHHOM TOKE

I, A 10°® 10° 10* 103
U/U1g0a 0,56 0,63 0,68 0,73
o 0,02

BonbT-amnepHas XapakTepuCTUKa Ha HUMITYJIbCHOM TOKE C JUIMTENIbHO-
CTBIO ()POHTA Ty, = 8 MKC IIPEJICTABICHA B Ta0I. 3.
Taomuna 3
BonpT-amnepHas XxapakTepuCcTUKa Ha UMITYJIbCHOM TOKE C JUIH-
TEIBHOCTHIO (PPOHTA Ty = 8 MKC

LA 1 10 |40 [100 [300 |400 [500 |700 |1000
U/Uyos 0,86 (0,91 (0,96 |1 1,08 1,11 1,16 [1,18 [1,26
a 0,03 0,04 0,06 10,10
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JI1s1 KOMMYTallMOHHBIX MEPEHANPSKEHUH YPOBHEM OIPaHUYEHUS CUHUTA-
€TCSl HANpSKEHHUE, COOTBETCTBYIOIEE HEKOTOPOMY XapaKTepHOMY 3Haye-
Huto Toka uepe3 OIIH Ha BosbT-amMnepHOU XapakTepucThke (OpsiiKa COTEH
amrep). i rpo30BbIX NEpeHANpPsKEHU YPOBHEM OTPAHUYEHHUS] CUUTAETCS
HaIlpsKEHUE, COOTBETCTBYIOMIEE TOKaM 5 — 20 KA.

EnuHoli TeopuH, OOBSICHSIOIEH NPUPOAY HEIMHEHHOCTH OKCHAHO-
[IUHKOBOM Kepamuku, HeT. OCOOEHHOCTH TMOBEJEHUs 3TOr0 MaTepuaia B
ANEKTPUUYECKOM TMOJIE, MO-BUAUMOMY, CIEIYET CBS3BIBATH CO CIIOKHOCTBIO
€ro CTPYKTYpBHI.

3aBUCHUMOCTH CBOWCTB METAJUIOOKCUIHON KEPAMHUKH OT pojaa BO3JIECUCT-
BUI XOpOILIO 3KBUBAJICHTUPYIOTCS CXEeMOH 3amelneHus (puc. 1), cocrosiei
U3 TPEX MapajuielIbHbIX BETBEH:
® [IEPBOW, COAEPKAIIECH HEJIMHEMHOE CONPOTUBICHHUE C BOJBT-aMIIEPHOU
XapaKTEPUCTUKOM, OAMHAKOBOM MPU MOCTOSHHOM TOKE U IIPU UMITYJIbCAX;

e BTOPOM BeTBU C JuHEWHON eMKocThio 700 — 1000 nd, ompenensromeit
paboOTy COINpPOTUBJICHHUS NpPU TNEPEMEHHOM HANpSOKEHUM B Ipenaenax
0<U;/U190<0,5 (xapaktep HpOBOJUMOCTH EMKOCTHBIA, TOK — CHHYCOHJA,
CIBUHYTAs 110 (ha3e OTHOCHUTENLHO Hanpsbkenus Ha 90° (puc. 1, 6);

e TpeThell  BETBH, omnpenesnsiomed paboTy cxembl B o0iactu
0,5<Un/U100<0,75 m comepkareii MOCICIOBATSIIBHOS HEIMHEHHOE COIpO-
TUBJICHUE U JIMHEHWHYIO0 eMKOCTh 0K0J10 6000 n® (pu O0NBIIMX HAMPSKEHH-
X HAaYMHAET PacTH aKTHBHAs COCTABJSIONIAS TOKA, HA KPUBOM TOKAa BUIAHBI
JIBa MAaKCUMyMa: OJMH — COBIAJAOUINIl ¢ MAKCUMYMOM HaIlpSOKEHUSI U BTO-
POl — CABMHYTHIM OTHOCHTEIBHO Hanpsbkenus Ha 90° (puc. 1, 6).

6 2

Puc. 1. Cxema 3amewyenust OKCUOHO-YUHKOBOU KEPAMUKU (a), OCYUILIO-
2PAMMbL HANPANCEHUS U MOKA, NPOMEKAu,e20 uepe3 pe3ucmop.
O0—Imn=02mA4;6— =04 MmA; 22—y =3 mA
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C yBeIMYEHHEM aMIUIMTYZAbl HANIPSOKEHUS B T€UEHUE ~ | HAaHOCEKYHIbI
(10° ¢) conpotusienue OIIH mamaer Ha HECKOJIBKO MOPSAIKOB M aKTUBHAs
COCTaBIISIIOIIAs TOKAa CTAHOBHUTCA TMpeolianaromieil. B nurore sHeprust BoJHBI
B 3amumaeMoil cetu ¢ nomompo OIIH oTBoguTCs B 3eMiTt0, YTO PE3KO U
INIyOOKO OrpaHWYMBAET aMIUTUTYy NEPEXOAHBIX MPOLECCOB U TEM CAMbBIM
oOecrieunBaeT 3alUTy U30JISALHUH.

3. Iopsinok padoThI

1. O3HaKOMHUTBCA € YCTPONCTBOM HEIMHENHBIX OTPAaHUYMUTENICH ITepeHanps-
KEHUHN U UX TUTIAMU, UMEIOIIUMHUCS B Jlabopatopun kadenps TOBH.

2. Cuarp BonbT-amiiepHyto xapakrepuctuky OITH-6 nim OITH-10 Ha mocro-
SHHOM HanpsbkeHnd. Cxema dKCIIEpUMEHTAIbHOM YCTAaHOBKHU NIPUBEICHA HA
puc. 2. Pe3ynabTaThl U3BMepeHui 3aHECTH B Ta0I. 4.

3.CHATh BOabT-aMIiepHYIO xapakrepuctuky OIIH Ha nmmynscHOM Hanpsike-
HuM. CXema 3KCINEPUMEHTAIBHONM YCTAHOBKM IMPUBEJCHA Ha puc. 3. Pe3ynb-
TaThl U3MEPEHUI 3aHECTHU B TAOI. 5.

Tab6auia 4
Pe3ynprarel n3MEpPEHN TOKA U HAPSHYKCHUS
No 11 /HaMeTp lé’ Lg U k\ Lgl gl\,/l [pumedanue
1.
2. 0=
3.
K=

' R1

= | :_D
I
i 1

Puc.2 Cxema sxcnepumenmanvroti ycmanogku oasa cuamusi BAX na
NOCMOAHHOM HANPANCEHUU
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4.3apeructpupoBaTh BeanunHy Toka yepe3 OITH nmpu makcumaibHOM pabo-
yeM (pa3HOM HaNpPsKEHUU.

Puc. 3. Cxema s3xcnepumenmanvroti ycmanosku 015 cuamusi BAX na
UMNYITIbCHOM HANPAINICEHUU

Tabmuma 5
Pe3ynbTaThl NI3MEpEHMS TOKA U HANPSKEHUS
ITapamerp
U, l, U, LgU l, Lg | R, [Tpumew.
Ne /o nmen. | nen. | B A Om

1.
2. o=
3.

K=

5.3aperucTpupoBarh MepeHANpPsHKEHNE Ha KaKOM-JTMO0 00OBEeKTe (Hampumep,
Ha OTIOPHOM H30JsITOpE) 0€3 3alUTHOTO M C 3aIUTHBIM armapatoM. CHSThH
OCIIJIJIOTPAMMBI Ha KaJIbKY.

4. Coaep:xaHue oT4eTa

1. B oTtuere mpuBeCTH: 1edb PadOThI, CXEMbI YCTAaHOBOK, Ta0JIMIIBI SKCIIEPU-
MEHTaJIbHBIX JAHHBIX, OCHUIUIOTPAMMBI TOKA U HANIPSKEHHUS.

2. Tlo naHHBIM U3MEPEHUI MOCTPOUTH BOJBT-aMIIEPHBIE XapaKTEPUCTUKU Ha
MNOCTOSIHHOM U UMITYJIbCHOM HaIpsiKEHUSIX.

3. ns Kaxxaoro BHa HANPSHXKEHUN OMpeaenuTh KO3PQPUIUEHT HEeTUHEHHO-
CTH — 0L U IOCTOAHHYIO — K.

4. ITocTpouTh 3aBUCUMOCTH U3MeHeHUs conpoTuniienust OITH ot cuiibl ToOKa,
TEKYLIEro Yepe3 OrpaHUYUTEb.
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5. OTBETUTH Ha KOHTPOJIbHBIE BOMPOCHI, CAEIAaTh BBIBOJIBI IO padoTe.
S. KonTpoibHbIE BONIPOCHI

1. HazHaueHne HENMMHENHBIX OTPAaHUYUTENEH TTEPEHANIPSKCHUM.

2. Ilpuauunuaneaoe otauune OITH ot PB.

3. [louemy MOXKHO OTKa3aTbCsl OT HCKPOBBIX MpoMexyTKoB B OITH?

4. Hazosute npenmyiectsa OITH o oTHOMIEHUIO K BEHTHIBHBIM
pa3psIHUKAM.

Cnoucoxk nurepaTypsl

1. Texuuka Bbicokux HampstkeHuit /MI.M. borarenkos, [O.H, bouapos,
H.W. I'ymepoBa u np.; non pemakuuen I'.C. Kyuumnckoro. — CIIO.:
Dneproarousnar, 2003.- 608c.

2. Texnuka Boicokux Hampspkenudt /mon pen. I'.C. Kyuunckoro. — CIIG.:
Hsn-so IIDUIIK, 1998. — 700 c.

3. TexHHKa BBICOKUX HAMPSKEHUI: TCOPETHUECKHE U MPAKTUIECKUE OC-
HOBBI IpHMeHEeHUs/ nepeBo ¢ HeMenkoro M. baiiep, B. bek u ap. —
M.: Dueproarousaar, 1989. — 555 c.

4. Texnuka BbICOKMX HampspkeHuit /mox pen. M.B. Kocrtenko. —M.:
Beicmas mxouma. 1973. — 528 c.

5. bazyrkun B.B., Jlapuonos B.IIL., ITuntans FO.C. TexHuka BBICOKHX
HanpsbkeHuil. — M.: DHeproaromusaar, 1986. — 464 c.

6. TexHuka BbICOKMX HampspbkeHui /mojn pea. [[.B. PaseBura. — 2-e uzn.,
nepepad. u ponosH. — M.: Dueprus, 1976. — 488 c.

7. baxenoB C.A., Bockpecenckuit B.®. IIpodunaktuueckue ucnbITaHUs
M30JSI0MM  000PYIOBaHUSA BBICOKOIO HampsbkeHus. — M.: DHeprus,
1977. -288 c.

8. T'OCT 1516.3 - 96. DnekTpoobOpyI0BaHHE TIEPEMEHHOTO TOKA Ha Ha-
npsbkeHue ot 3 a0 750 kB. TpeboBaHus K 3IEKTPHUUECKOW TPOYHOCTH
U30JISIUH.

9. TOCT 1516.2 - 76. DnekTpoobOpyI0BaHUE U AJIEKTPOYCTAHOBKH Ii€-
PEMEHHOI0 ToKa Ha HanpsbkeHue 3 kKB u Boime. OO1e MeToabI UCTIbI-
TaHUM 3JIEKTPUYECKON TPOYHOCTU U3OJISLIHH.

10.Amiaep A.M. Ilonyuenue U u3MepeHUEe UMITYJIbCHBIX BBICOKHUX Hampsi-
xeHuil. — M.: Dueprus, 1979. - 120 c.

11.11TBa6 A. VI3aMepenus Ha BBICOKOM HampspkeHud. — M.: Dueprus, 1983.
—- 262 c.

12 Kyxexun W.I1. UcnibITaTenbHble YCTAHOBKU M U3MEPEHHUSI HA BBHICOKOM
Hanpsbkenuu. — JI.: Dueprus, 1980. — 136 c.
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[MPUJIOKEHUE

AMIUIMTYTHBIE 3HAYEHUS Pa3psATHOIO HANPSHKEHUS [APOBBIX U3MEPUTEIIb-
HBIX Pa3psAIHUKOB JUIsl HOPMAJIbHBIX YCIOBUM (OJIMH 1Iap 3a3€MJIEH )

Tabmuna 1
50 %-e pa3psaHOE HAIIPSKEHUE IS IEPEMEHHBIX CHHYCOMIaTbHBIX
Y TIOJIHBIX CTaHJAPTHBIX UMITYJIbCOB OTPHIIATEILHOMN MOJIPHOCTH, KB

Paccrosinne JlnameTp mapos, cM

MEXIy [Iapamu, CM 2 5 12,5 25 50
0,05 2,8
0,10 4,7
0,15 6,4
0,20 8,0 8,0
0,25 9,6 9,6
0,30 11,2 11,2
0,40 14,4 14,3
0,50 17,4 17,4 16,8
0,60 20,4 20,4 19,9
0,80 25,8 26,3 26,0
0,90 28,3 29,2 28,9
1,0 30.7 32,0 31,7 31,7
1,2 (35,1) 37,6 37,4 37,4
1,4 (38,5) 42,9 42,9 42,9
1,5 (40,0) 45,5 45,5 45,5
1,6 48,1 48,1 48.1
1,8 53,0 53,5 53,5
2,0 57,5 59,0 59,0 59,0
2,2 61,5 64,5 64,5 64,5
2,4 65,5 70,0 70,0 70,0
2,6 (69,0) 75,0 75,5 75,5
2,8 (72,5) 80,0 81,0 81,0
3,0 (75,5) 85,0 86,0 86,0
3,5 (82,5) 97,0 99,0 99,0
4,0 (88,5) 108 112 112
4,5 119 125 125
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[Iponomxenue tadm. 1

Paccrostnue JnameTtp mapos, cM
MEXy MIapamMH, CM 2 5 12,5 25 50
5,0 129 137 138
9,5 138 149 151
6,0 146 161 164
6,5 (154) 173 177
7,0 (161) 184 189
7,5 (168) 195 202
8,0 (174) 206 214
9,0 (185) 226 139
10 (195) 244 263

Tabnuma 2
50% -e pa3psaHOE HANPSKEHUE IS IEPEMEHHBIX CHHYCOUTATBHBIX
MIOJTHBIX CTAHJIAPTHBIX UMITYJIbCOB MTOJIOKUTEIHHOU MOJSIPHOCTH, KB

Paccrosinue JnameTp mapos, cM
MY 2 5 12,5 25 50
apamu, cM

0,30 11,2 11,2
0,40 14,4 14,3
0,50 17,4 17,4 16,8
0,60 20,4 20,4 19,9
0,70 23,2 23,4 23,0
0,80 25,8 26,3 26,0
0,90 28,3 29,2 28,9
1,0 30,7 32,0 31,7 31,7
1,2 (35,1) 37,8 37,4 37,4
1,4 (38,5) 43,3 42,9 42,9
1,5 (40,0) 46,2 45,5 45,5
1,6 49,0 48,1 48,1
1,8 94,5 53,5 53,5
2,0 99,5 59,0 59,0 59,0
2,2 64,0 64,5 64,5 64,5
2,4 69,0 70,0 70,0 70,0
2,6 (73,0) 75,5 75,5 75,5
2,8 (77,0) 80,5 81,0 81,0
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[Iponomxenue Tad.2

Paccrosinue JnameTtp mapos, cM

MEHAY tHa- 2 5 12,5 25 50

pamu, cM
3,0 (81,0 85,5 86,0 86,0
3,5 (90,0 98,0 99,0 99,0
4,0 (97,5) 110 112 112
4,5 122 125 125
5,0 134 138 138
5,5 145 151 151
6,0 155 163 164

Tabauna 3
50 % -e pazpsiiHOE HANPSHKEHUE J1J1s1 TOCTOSIHHOTO,
INEPEMEHHOT0 U UMITYJIbCHBIX HalpsbKeHUH, kKB
Paccrostaue JlnameTp mapos, cM Paccrossnue | Imametp mapos,
MEXKTY MEXITY cM

[apamu, 5 5 125 rapamu 5 125
cM
1 2 3 4 5 6 /
0,2 8,2 8,0 - 2,5 69,4 72,6
0,3 11,6 - - 3,0 79,3 85,4
0,4 14,9 14,3 - 3,5 88,3 97,7
0,5 18,1 - 16,7 4,0 96,4 100
0,6 21,2 20,4 - 4,5 - 121
0,7 24,1 - - 5,0 - 132
0,8 26,9 26,4 - 5,5 - 142
0,9 29,5 - - 6,0 - 152
1,0 32,0 32,2 31,5 6,5 - 161
1,4 41,2 43,3 - 7,0 - 170
1,5 - - 45,7 7,5 - 179
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TOMCKMM TOJIMTEXHUUECKUM YHUBEPCUTET
@. CucremMa MeHeIXMEeHTa KkadecTba
1ISO 9001 TOMCKOTO MNOJUTEXHUYUECKOTO YHUBEPCUTETa CepTudbMuMpoBaHa

Registered NATIONAL QUALITY ASSURANCE no cranmapTy ISO 9001:2000

H3AATEALCTBO ~TI1Y 634050, r. Tomck, mnp. Jleumua, 30.
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