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PABOTA CHHYCOHJAJIbHOTO MUCTOYHHKA HAHP}I)KEHPI}I
HA JYTY B BOILE ‘,

B. A. ®PAHKOBCKHUI

(Hpeuc'raB.neHa Hay4YHbIM ceMuHapoM Kadelp 3JeKTPHYECKHX MalluHH
U of6lell 3IEeKTPOTEXHHKH)

‘BoiGop TOT'O MJIH MHOTO WCTOWHHKA SHePLHH s HECTAHOHAPHHIX NIeK-
TPOIU P ABJIHYECKHX YCTAHOBOK OMPEeeNAencs ero MOOMIBHOCTBIO H TeXHM-
JECOKWMH BOBMOKHOCTAMH C TOUKH 3PEHHS NOJYYEHHS HEOOXOTHMBIX BeJH-
WHH SHEPTHH, YaCTOTbI [OBTOPEHHUS reHepHPYEMbIX UMIYILCOB A nump'oam.ﬁa-
MHUUECKAX XapaKTePUCTHK YIPYrOH BOJIHEI JaBJICHHS,

CyillecTEyIOLIHE 3JIeKTPOT HJLP ABIHIECKHE YCTaHOBKI, npeumamameﬁ-
HBle A Bo3OywKenus ceHoMuMUECKHX KOJeOaHHi, CO3IaHHbBIE Ha OCHOBE
KOHIEHCATOPHEIX GaTapell HMEIOT JJUTEIbHOCTh WMIYJBCA TOKAa B Jyre TO-
psmgka 10-% cex. Ilpu mATaHuy Ayry OT yAapPHONO reHepaTopa JJARTeJbHOCTH
ropeH®si Xynd BO3pacTaeT Ha TOPALOK, OJarofapsi 4eMy CIelyeT OMHUJaTh
NOBHIISHHYIO aMINIATYLY COCTABJSIOMMX HH3KHX yactor (10--300 24) B ua-
CTOTHOM CIEKTPe PeHepHPYEMBIX YIPYTHX HMIYJAbCOB JaBASHUS. e

AP PHexTHBHOCTb TPecOpaABOBAHUS TCKTPOMATHHTHOH SHEPIHH TaKOH
YCTAHOBKH: GymeT TeM BHllle, 4eM OoJblle GymeT TPOIEHT comatB.nmommx
HHSKHX 4aCTOT B CHOPMHPOBAHHON YIIPYrO#H BOJIHE NABJIEHHS. ‘

[pomecc 3/1eKTPHISCKOTO mpo6os KULKOCTH H (GOopMUpOBaHHE lIIJyI‘OlBO-
ro KaHasa, ¢ OJHOH CTOPOHBI, ONpeaeasiOTCs HanpsiKeHHeM reseparopa

R U = 4,44 w (kysf @, o (1
rie'f — ¥acToTa CHHYCOHIAJBHOTO HampsKeHus: TeHepaTopa; ;
kw1 — 06MOTOUHBIH KO3(DMHUIIMEHT CTATOPHOH OOMOTKH;
® — ocHOBHOH NOTOK MalIHHBL.
Wi — KOJWUYECTBO BUTKOB CTATOPHOH OOMOTKH reHepaTopa.
IDTOT npolecc He MPENCTaBJISeT 3aTPYAHEHHH JHIIb B Coyyae IpUMeHe-
Hilst BHICOKHX HallpsiKeHuil.
C ,ZIp’in‘OI/I CTOPOHBI, Hawbo/bIIasl aMIINTYIa ToKa B Jyre
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HMEET MECTO n»pn HaWMEHbIIEeM 3HAYEHHH YRAPHOTO WHAYKTHBHOTO COMpO-
THBJIEHHA TeHepaTopa
yﬂ:wkl"wz (3)
rie A” — KBUBANGHTHAS NPOBOIMMOCTL TeHEPATOpa B CBEPXIEPEXOIHOM
PEKUME € YUIETOM BIHSIHHS KOHTYPOB OOMOTKH BO3OYKIGHHS H
Jlewmcpep'f{on CHCTeMBl POTOPa;
@ — YIJ0Bas 4acToTa 3..C. TeHepaTopa;
k— Ko.acp\(pnmnem npo»nopmmoaa.nbmomn.



Beqnunia pBOfMMON SHepruH B Ayry NpH COTVIACOBAHHOM CONpPOTHBIE-
uun Ry () onpenmensiercs kBagpatom ToKa »
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Tawuyv oGpagom, ymapHble TeHEPATOPH IS SJIEKTPOTHIIP ABJHYECKHX
YCTaHOBOK HeOGXOMUMO NMPOEKTUPOBATh Ha GOJIbLIME TOKH, 4TO B KOHEWHOM
€4eTe JOCTHraeTcsl 3a CYET CHHMKeHHA yhcJa BUTKOB 0OMOTKH cTaTopa. [lo-
‘clieHee OOYCTOBAMBAET CHHMKEHHME HANpsiXKeHHsI reHepatopa, C/eA0BaTesb-
HO, MOSIBJSETCS HeOOXOMHUMOCTh NPEIBAPHTENHHON0 HHUIHHUDOBAHHA MEXK-
SIEKTPOIHOr0 BOAHONO IPOMENKYTKA BCNOMOraTelbHbIMH cpegcTBamu. Hau-
Sosee 3pHeRTHBHO HHALKIDPOBAHHE JYTH OCYILECTBASETCS C [IOMOIILIO B3PHI-
BaOWMXCS IIPOBOJIOYEK (TPOBOJIOYHBIX MOCTHKOB). VY/JapHbH reHepaTop,
BK/JIIOYEHHBbIH HA B3DbIBAIOIYIOCST IIPOBOJIOMKY, 0 MOMEHTa ee B3PhiBA HA-
KAIXBAaeT 3/1eKTPOMANHHTHYIO 3SHEPIHIO B NOJAX PACCETHHS CTATOPHOH 00-
momkn. C mMomeHTa 0OpasoBaHusi AYyIH TeHepaTOp NEepejaeT Kyre Kak SJeK-
TPOMATHUTHYIO SHEPNHIO MOJIeH pacCesHHs, TAK U NpeodpasgoBanHyd KUHETH-
HEeCKYI0 3Hepruio poTopa.

PeryanpoBanue IMHTeNIBHOCTH M BeJWUMHBI BBOAUMOH 3HEPIHH B IYLY,
HHHUIHHDOBAHHYIO TIPOBOJMIOYKOH, MOMKHO OCYIIECTBJASATb KaK BHIOOpPOM Teo-
METPHISCKUX d1apaMeTPOB B3PHIBAIOLIelcs MPOBONOYKH, TaK H U3MeHEHHEM
HaYaJBHOTC yIJa BKIIOUSHHS TeHepaTopa Ha HPOBOJIOUKY.

KpuTeprem onTHMaJbHOR paGOTH yIAPHOrO T'eHepaTOpa Ha IPOBOJIOU-
Ky SIBASIOTCS HauOOUVIbIUNE 3HAYEHUST BEJFHYHH AMIVIHTYIBI ¥ JJIHTENBHOCTH
HMpyapca c:karnst. Mspectno, uto wmmnyabc cxkaTtHs Qopmupyercss mog
neAcTBHeM JBYX (axtopos [, 2]:  HENOCPENCTBEHHO OT 3JIEKTPHUYECKOTO
B3PbIBa MIPOBONIOYKH M TYDPOBOH CTaIMU. . _

‘B macrogmeil paGore BOIPOC ONTHMH3AUHHU CXEMBl PEIIAETCH IMIMEPH-
HECKHM TyTeM — METOIOM Tombopa JAuaMeTpa ¥ AJHUHBL TPOBOJOYKH H H3-
MOHSHHEM HaYaJ/JbHOrO yIJla BK/HOUEHHS TeHepaTopa.

Tlpst mpoBeneHnn yKCTIEPHMENTOB HCTOUHHKOM CHHYCOHIAJIBHOLO HaTpsi-
KEHUST C/AYHHI TpaHcpopmaTop Ha 560 k6a, MuTAeMBIH OT TOPOJCKOH 3J1eK-
mpocetd. MiononpsyeMblii HCTOUHWK SHEPTHM CJHYKHT MOZEJSbI0 SHepreTHye-
CKOPO' 6/10Ka C YAPHBIM TEHEPATOPOM, TAK KAK HMeeT OJIHHAKOBYIO YaCTO-
TY H ntopo0ne (HopM HaNpsIKeHHs ¥ TOKA. ’

TMpreuurnanbias 3MexTpAYECKas CXeMa YCTaHOBKM IpeficTapieHa Ha
prc. 1. QaeKTpomdsl, coefMHEHHble NPOBONOYKON 2, MNOMElleHb B CHeNHasab:
9Bl 02K 3, 3anoMHeHHLIH BOONpOBOAHOH Boxoil. Ha paccrosumn 100 mm
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oo Puc. 1. TIpMHOUNHAIbHAS 3JIEKTPHYECKAsA CXeMa SKCIepuMeH-

' TalbHOH YCTAHOBKH: 1 — ympaBisieMOe  KOMMYyTHpYHOLLee

YCTPOHCTBO; 2 — B3pbIBAIOIAACA NPOBOJIOYKA; 3 — 6ak, 4.—

JaTYuk MaBjeHHMd, 5 — INyHT, 6 — [eAuTens HATPIKEHHS;

7 — xoaKcHaNbHBIH H3MepuTENbHBIH Kabenn; 8, 9 — mep-

Basd U BTOpad mapa IJacTHH ocyuyaorpada C1-16; 10 — oc-
muaxorpag C1-290 o :
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OT UEHTPA NPOBOJOYKI HOPMAJIBHO K ee OCH YCTAHOB/ICH JAAaTYHK AaBACHHs 4.
Ot weTouHuKa cHEycomaanasHoro Hampsekenns (U=220 ¢ u {=50 24) nona-
eTcA Ha IPOBOJIOYKY OfHAa IFOJYBOJHA «IKCTPa» TOKA € NOMOIIBIO YIIPaBJsi-
eMOro BEHTHJLHONO KOMMYTHpPYIOLLEro ycTpo#cmsa 1.

Cucrema perucrpanui comepxur ocuuaiorpad 8 u 9 Tuma CI-16,
MpeIH a3y aYeHHBIH [Jis OCHHJIIOND aQHPOBaHUs TOKa W HaNpSkKeHHs; OCIAJI-
aorpah CI-29 10 nas permcrpamuu #MIYJAbCa  AaBJIEHHS; Tepealomui
TPAKT, BHITOMHENHbIE 3KPaHUPOBAHHLIM KoakcHadpHbiM xabesem PK-75 7,
wynt 5 tuna 75 HICM (75 ms, 150 a); aeauTenb HanpssKeHUs 6, BHUTOJLHEH-
HBIA Ha GesbiHmyKTHBHBIX compotuBIeHHaXx TBO ¢ xoadduuueHTOM AejeHHs
meaureas K=0,0034 n gamyuxa aasiaeHus 4.

B parmunke qaBJAeHUS B KauecTBe YYBCTBUTESNLHOTO 3JIEMEHTa HCMOIb30-
Bajsach TaBIeTKa THTaHaTa Oapus AHaMerpoM & ma u TOJmuHOH 4 mm. OT-
packeHue ympyroff BOJIHH OT TOPUOBBIX I'paHei NHJIHHIPHYECKOro NbesosJie-
MeHTa HCKJAYaJIoCh [TYTeM COeTMHeHHUs ero ¢ JJIMHHBIM CTEPKHEM TaKOTo Xe
COUEHVMA K C TaKUM Ke aKyCTHYCCKHM COMDOTHBISHWEM, KaK H y YyBCTBH-
TeABHOTO  3jeMeHTa. I1pbe309TeMeHT W CTepiKeHb TIOMeUleHbl B - JaTYHHYIO
TPYOKY, KOTOpasi CIYKUT KapKacoM M KPaAHOM OT 3JIeKTPOMaTHUTHBIX HaBO-
JOK TIDH B3PBIBE IPOBOITHUKA.

ViccsieoBaHye BJIHSHAS TapaMeTPoB IIPOBOJOYKH € LEJIbI0 BbIABJACHHA
CBSI3H SHEPreTHUeOKUX Xapawtepuctwk (Wp — moJHas HEpTHsd, BbILCIHB-
masca B npoBoJouKe, 0%; Wy — O0beMHasi [IOTHOCTb SHepTHH, KJuc/cmn®) c
TP OIHIE 2MHUECKON XapaKTePHCTHKON HMIyJabca AaBieHusa (Pp — aMmiu-
TYla WMITYyJbca [AaBJIeHHS) OBLIO TIPOBEIEHO [/ MEIHBIX IIPOBOJOYEK AH-
amerpom 0,51; 0,69; 0,83 mm mpm u3MEHEHHM  HX JJUHB B IIpeLesax
20110 mm. Ilpn ananuse BJIMSHUSA Ha4YaJdbHONO yrsja BKJIIOYEHUs B Ipee-
J12ax-=ovr 0 no 90° ncnonbsosagach nposonouka auamerpom 0,72 mm u pjauHOH
32 mm.

SKCNEepHMEHTH TO0Ka3aJH, 4To B3pPHB Nposogodkn aunamerpom 0,51 u
0,69 mx reHepupyeT WMITYJAbC CZKATHS MEHBIUEH aMIVIUTYAH, YeM B3DHIB
npoBosouxd guamerpom 0,83 mam, xonga B3PHIB MPOHCXOMHUT B MAKCHMYM TO-
Ka. PesysibTaThl KCnepuMeHTa aJist npoBosouek  auamerpom 0,72 ma u
0,83 mm cBemennl B Taba. 1 m 2, rae In — miMHa [IPOBOJIOYKH, MM, dp — um-
aMeTp MpOBOJOUKH, MM, lm — aMILUIETyla HMIyJabca TOKa, Ka; ts — BpeMs
HaKONJISHHA SHEPIHY B TPOBOJOUKE MO B3PbIBA, cex; Wpn — MOJHAS BBOLHU-
Masi 3HepTHS B NPOBOJOUKY, Od; Wy — SHEprHsl, HAKOIJIEHHAsS B IFPOBOJIOY-
Ke 0 B3pbiBa, 0o; Wy — o6beMHas MIOTHOCTb dHEPruu, xoxc/cms, ¥ — ua-
YaJIbHBIA VPO BK/AIOMEHUS CHHYCOMNAJbHOrO HCTOYHHKA HallpsXKeHHs: Ha
MpOBOJOYKY, Tpaj; Pm — aMiimTymHas BeJHyuHa ynpyroro uMIyJsca aas-
JIeHHS, OTHOCHTEJbHBIE eJHHHULB (OT. eX.). o

Ta6anuia 1

tp - 103,
cex

WV? .
KOxc/eMm

pmy

Im, ka
m 0.1 ed.

In, #m

: an Wb,
KOx KOxHC

30 3.85 6,00 2,511 1,792 150 3,10

40 440 550 2,250 1,733 93 - 3,55
50 451 550 2,097 1,638 62 2,49
60 4,18 475 2004 1,746 48 1,85
70 451 4,50 2,070 1,778 55 1,70
80 4,40 500 2240 1,809 54 1,45
90 4,72 500 2432 1815 52 1,30
100 462 450 2,598 1,801 47 1,30
110 4,50 5,550 2,704 1,950 38 1,30
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TaGnHua 2

WV7
. kdwcjcm

pm»

W,
; 07. ed.

KO, epad

I. W;l, KOxc

13,20 5,25 2,774, 0,429 210 18 1,83.
3,33 4,60 1,984 0,212 155 36 2,97

,33 5,00 1,720 "~ 0,284 138 45

5,30

6,0

3 2,71
3,24 , 1,560 0,236 122 54 2,34
3,15 , 1,269 0,227 - 98, 72 1,74
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Puc. 2. OCUH/ITOrpaMMBL TOKA H HANPAMEHHs B3PhIBA Mel- .
‘HOI NMPOBOJOYKH (1n=32 mm u dn=0,72 ms) NPH HAYATLHOM
yrie BEIYEHHT CHHYCOHJAJBHOrO HCTOYHHKA B 36°

Ha puc. 2 npusepmens xapaxTepHble OCUHJIIONPAMMbL TOKA U HampsKe-
HUS TPH. B3pbIBE MEIHBIX TIpoBosiouek (In=0,72 mm, d,=32 mm) n yrae
BKJIOYOHHS HCTOMHUKA 36°. O'oumnompammm TOKA H HANPSXKSHHS IJIT IpYy-
DHX JJHH ¥ JHaMETPOB B3PLIBaeMOH TIPOBOJIOUKH HOCST aHAJOCHYHBIH Xa-
pakrep u He npuBogATcd. [To ocimamorpamMMaM TOKa H HaTIPSMKEHHST MOMK-
HO 3a¢MKOHpPOBATh 4 CTAaXMH Da3BHTHS TPOLECCA: HAKONJEHHe 3HEPTHHM B
IPOBOJIOYKE, B3PHIB, PE3KOe CHIDKEHHE TOKa ¥ JAYTOBYIO CTAIHIO.

Haxonsienne B npoBOJIOuKe SHEPTHH, HEOGXOMUMON Aia (Ha3oBOro mpe-
BpallleHus, MPOHCXONUT B cpemHem 3a 5-10~2 cex. K koHIYy 3TOT0 BpemeHH
TPONCXONHMT PASPHIB IIPOBONHHKA Ha MeJKHe HaCTH, MOABJSIOTCH JICKAJTBHble
MECTa C YMEHBUICHHOH NPOBOJHMOCTBIO — TOK B TPOBOJHHKE IJIaBHO Ma-
daer. B Mecrax ¢ ymeHbILeHHOH. ymp'osnommmacvrmo HAET HHTEHCHBHOE BBHILE-
JenHe sHepruy. [IpH ToCTHIKeHHU JHEPIHH TIOPOFOBOTO 3HAYSHHS Whop, He-

00XOMMOPO A1 (asoBOr0 MpeBpaIleHHs B JOKAJbHBIX MeCTax TLPOBOIHH -
Ka, NPONCXOIUT BIPLIB TpoBOLoMKH. Kak BHAHO H3 OCHHJIOIDAMMBI pHC. 2,
B3PBIB MPOBOIOYKH CONDOBOZKIACTCA PE3KHM CMagoM ToKa A0 HEKOTOpPOTOo
MHHUM 2JABHOr0 3HaueHus, 6JAH3KOro X Hymo 4TO COOTBenanyer MIHOBEHHO-
MY YMEHbUISHHIO TIPOBOIUMOCTH. ‘
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Pesxnit cnax Toxa B memu ¢ GOJBIION WHIYKTHBHOCTBIO COIPOBOMKAET-
¢ OpOCKOM 3. . C. CAMOHHIYKIMH (pHC. 2 HIXKHsS KPHBaAsi), NPeBOCXOMS-
me# Oonee deM B 4 pasa aMIIATYIHOE 3HAUEHHE HAMPIUKSHUS HCTOUHMKA,
CpaBunTesbso HeOOJNBIIEM 3HAUEHHeM 3. {I.1C., He IpeBhiImalomeM 1,5 xs,
NpOGHBAIOTCS MeK3JEKTPOIHBIE TPOMEXKYTKH M0 150 s

HyroBasi crajns XapaKkTepu3yeTcs IOCTOSIHHBIM 3HaMeHueM HampsiKe-
HUS (puc. 2) u 0OpasoBaHHeM Napo-radoBOrO MYSEIPS -—— MCTOMHHKA YIIPY-
roH BOMHBL CCKATHS, Pa3MePhl KOTOPONO 3ABHCAT OT BeJUUHHEI H IJIHTENbHO-

TH NPOTEKAIOULero TOKA. '
‘ OHeprHst, BEIIABIIASC B NPOBoJouke Wy, OOBEMHAS VIOTHOCTL 3HEp-

rin Wy 4 pagpuBaeMoe AaBieHue Pm B QYHKINY JJIHHH TPOBOJIOUKH fy ¥
HayajqbHOTO yrjaa Br/IOYeHus W npencraBjeHbl COOTBETCTBEHHO Ha pHC. 3
i puic. 4. Kipusble nasiesus Pn HMeEIOT IBHO BHIPAKeHHBIH 3KCTpeMmys. Ha
pHC. 3 AKCTPEMYM ONMpEIENIETCS ONTHMAJIBHOH NTHHON NPOBONOYUKH, paBHOl
40 mm, a ma puc. 4 ompeaesseTcss HaUaJbHBIM YIJOM BKIOUEHUS 36° mpm
QUKCHPOBAHHBIX FeOMETPUUECKHX napaMmeTpax IIPOBOJOMKH,

Wa 1 Wy
i |06 = i
2300 | 4 -3 | o
{ A=083mm
2600{_3 \ 90
2400)_2 . 60
N AT
2200]_{ A\ . / 30
20001 0

0
0 20 40 60  80Cnmm

Puc. 3. SHeprud, BBIIENHBUIASACH B TPOBOJCYKE

(kp.—1), o6beMHas INIOTHOCTL BHEPruu (Kp—2)

W pasBHBaeMoe faBjeHHe (Kp—3) B QYHKIHU

OT €e MAJHHbI NpH HOCTOAHHOM JAHAMETPe:H

Y=0, 1 — ypenbHas B3HePrHA  CyOJHMAlHH
MegH

N

Ooumwlompavma Hmnyﬂbrca JLABJSHHUS Msoﬁpam&aﬂa Ha puc. 5.° Ha
puc. 6 mou(asambl XapakTepHble HIMEHEHHS COMPOTHBJICHHS BspbuBauommm
npo:aomvorqenx 'BO BpeMENH, MOJy4eHHble 06patomKOl olcm'mmompamw woxa N
BERREIETT

Kpnlele c‘o‘npommeﬂmn B3PLIBAIOILMXICST TPOBOIOYEK npm ' pABTHYHBIX
HaYaJBHBIX YIIaX BE/IIOUSHHS CHH{COHIABHOTO HCTOMHHKA mmelor‘wmxen-
THYHBIA BAA. B CTamun HaKOTMISHHS SHepI‘/HM COMPOTHBASHHE TPOBOIONER U3~

8%
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Puc. 4. DuHeprus, BBIISIUBIIALCS B IIPOBOJIOUKE
(kp—1), o6beMHaA NIOTHOCTH SHEPrHU (Kp—2)
- ¥ pa3BUBaeMoe HAaBieHHe (Kp—3) ‘B DyHRIUU
yrja BRJIOYEHHS CHHYCOUJAJLHOTO  HUCTOUHHKA
OPH HOCTOAHHBIX TIeOMETPUYECKHUX  pasMepax
TIDOBOJIOYKH. 1 — yaedbHass 2HEPrHA CyOaumMa-
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Pue. 5. OcunnnorpaMma HMITyJIbCA  JIABJEHH:I

R3pBiBa- poBONIOUKU (lx=32 mn u ds=0,72 nn)

P HAYAJBEHOM yIJle BEJIOUEHHA CHHYCOHIAJb-
HOTO HCTOuHHKa B 18°

‘MEHAETCH HE3HAYHTEABHO H €r0 MOMKHO CYHTATh [IOCTOSHHBIM. B MOMeEHT
B3PBIBA TIPOBOMIHAKA CONDOTHBJEHHE MEKSUIEKTPOIHONO MPOMEKYTKa BOdpa-
<raer Gosee uem Ha nOpsiAoK. Ilpu ycraHoBuMBIIENCs NYTOBOWH CTaLHH MHHH-
MyM COthOT‘I/I(BJ"Ie‘HHH ‘BbILLE canp»onumetﬁnx TIPOBOJIOYKH B peKHMMe HaKOMIe-
Husg. K KOHUY HMIyJibca TOKAa CONPOTHBJEHHE PE3KO BO3DPACTaerT.

T a(K‘H&M O!6p a30M,, |Hp OB emeH Hble SKCIepIMEHThl NMOKa3aau H e00XOIUMOCTb
CO‘FJI acoB aiH.Htﬂ BIH'y‘T{p e'H H €ro  COrk p!O 'I‘H|BJI€‘HI/ISI HC TOYH: HKa IMHTaHHA C COpr 0-
' TPI:BJI eH'H eM M Q}KSJI eKTp‘OmJH OtI‘O H[p'()M emy ’I\Ka B AYrop ol 'CTaUI‘H H. ‘
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Puc. 6. H3MmeneHde CONPOTHUBJEHHS . B3PbIBAIO-

ieHca TPOBOJOYKH BO BpeMeHH: 1 — dz=0,83

s, =40 mn, Pp=0, 2 — dp=0,72 mum, lx=
: =32 MM, 1],’:360
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