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DJIeKTpOCTaTHUECKHE  TeHepaTopbl C  TPaHCIOPTEPOM-THIJICKTPHKOM
(9CT 1) ucnosbzyioTess B pafe orpacsefl npomslimeHHoctn [1]. Oapnaxo
BBHAY MaJOH MOUIHOCTH 004acTb HX IPHMEHEHHS BeCbMa OTpaHHuYeHa, YBe-
anuenne mounoct QCII MokeT GBITb TOCTHTHYTO Kax 3a CHYeT YJYulleHIist
TEXHOJOTHH H3TOTOBJEHHsS (yMeHblIeHHe 33a30POB POTOpP — CTATCp H  po-
TOp — HOHU3ATOpP, NPHMEHEHHE MaTepHasoB ¢ OOJMBINOH  3JAEKTPHUECKO
MPOYHOCTBIO H NPOHHLAEMOCTBIO), TAK M 3a CYeT KAYECTBEHHBIX H3MEHEeHHIt
B KOHCTDYKNMU. [locsenHee, XKaK HPaBUJIO, CTAHOBHTCS BO3MOMKHBLIM I0CIS
SLATeJBHOrO akanusa ero pabouyux NpPoOUEeCCoB.

Hecwmotpa na to, uro QCL ] yixe A0AT0e BpeMs BHIYCKAIOTCH TDOMbILL-
JIEHHOCTBIO, er0o paboune IPOLECCHl U3YUeHBl HEAOCTAaTOUHO. B wacrHoCT,
HeT siICHOCTH B KOMMYTALHOHHBIX Ipoueccax [2, 3].

Msasecrno [2——3], uto kommyranus 8 DCI, ofecneunpas na AH3Jek-
TPHK POTOpA HAHeCeHWe H ChEM 3apsiloB, CO3AaeT B COOTBETCTBYIOULE! el
Hanpsizenue u Tok. IIpu 3TOM mpexAnosaraercsd, UTO B HATPY3KE TOK CO3La-
eTCA 34 CHeT PaspsaiKH 3apsiKeHHOro TpaHcmoprepa (IH3JeKTpUKa poTopal
Ha COonpoTHBJEHHe Harpysku [2].

g reHepaTopoB ¢ TPAHCHOPTEPAMH-TIPOBOAHHKAMH BOHPOCH  KOM-
MyTauuu paccMmarpusaguco B [4, 5]. Tam 6blio mokasano, 4To TaKOH ympo-
HIEHHBIH NOAXOA B PaccCMOTPEHHU
KOMMYTALMOHHEIX TPOLECCOB  HE
SIBJISIETCS ONPaBAAHHDIM,

B cBa3u ¢ 3stHM B maHHof
CTaTbe HPEANPHUHATA TIONBITKA 110~
noénoro [4-—>5] 3sKCnepHMeHTaNb-
HOTO HMCC/IEA0BAHHA C IEJbI0 YTOU-
HeHusl xapakTepa KOMMYTALHOH-
HBIX npoueccos B ICI/I.

Jlns uecnenoBanus HCNoOJB30-
BaJCcsd OLHOAMCKOBBIH 3J€KTPOCTA- B -
THUECKHII T€HepaTop, ANCK KOTOPO- ‘

o wrotopaen i ookeinot  Pie & G ocuoragiponains oo
cyonel. Jluamerp ancka—140 w4, 3 5_inetxa paspsIHas 1 351)5;&1391; 4—pomi‘;
roamuia — 1 wmm. CxopocTs Bpa- )

mexust gucka— 2780 o0/ mun. CxeMaTHYCCKH TeHepaTop ¢ 3.1eMeHTAMH H3Me-
PHTeJBHON CXeMbl TOKasau na puc. 1. Ha cxeme ycioBno naobpaxkeHs Hi-
AYKTOPHI, LLETKU-MOHU3ATOPHI, BLINOJHEHHbIE B BHAE V3KHX HOMKE[, M H3-
 MéepHTeJbHble CONPOTUBRIESHUS.
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lenepatop padorana B pexuMe KOPOTKOro 3aMblKaHus, [as yseandenna
TOKA HATPVY3KI II 17 YCTPAHEeHHS BO3MOXKHOCTH NPOOOS ¢ BbICOKOBOJILTHOTO
HHAYKTOpa BO3OVIKAEHUS HA LIETKY IPH UOBBIUEHHM HANPSIKCHHS BO3OYH-
JeHUA WHAVKTODPBl OBITH HOKPBLITHl TOHKHMH H3OJHPYIOILMMH [J&CTHHAM,

Meronka 1CCAeA0BAHUA, Pe3YAbTATBl KOTOPOTO H3JAaraiorcs B Aau-
HOM CTaThe, B OCHOBHOM nojao0Ha H3/J0:KeHHOH B [4]. Oramnuue cocrosid
JHlib B BeJudliHAX CONPOTHB/ISHHH, NPUMEHAeMBIX [1J9 ocuusaorpacbupo-
panus H 8 BeIGope ocumanorpaga (OK-17 M). Ocuuanorpadupopaudie
IPOU3BOMLIOCH NPH TOJaye CHUTHAJIOB HEMOCPEeACTBEeHHO Ha OTKIOHIIOH{IER
[1acTHHL oclHIa0rpada.

[MoayuyeHnuble pe3yabTaThi U HX OOCyKIeHHE

Ha piic. 2,a, 6, 8 moKasaHbl THIOBbIC OCHHJIOTPAMMBEL TOKA B IenfX
wetku ({y), HHAyKTOpa (i) u Harpyskd (i;). Ilo BuemHeMy BHIY TOK
B Lend IleTKH (puc. 2,a) Npeactar.adeT COOOH HeperyAdpHbie HMIYJbCHI,
AMIVIUTY/La U JJIUTEJBHOCTb KOTOPBIX H3-
MEHSeTC € 13MEeHEHHEM NPHJOKEHHOro
HAnpsKeHHA BO30OyxAenua. UYem 60Jb-
e HAOPAKEHHE BOS(’Sy?KIIGHHﬂ, eM
OOJBIIE AMIJIMTY LA HMNYJALCOB, H Ha000-
POT. Y CTaHOB.JIEHO, UTO IPU YBEJHYCHHH
HANPsmeHUd BO3DYAKACHHA  (TOKa Ha-
TPV3KH) 4YacToTa CJCAOBAHHUA BBLIIECYKa-
3AHHBIX HMITY.IbCOB TakKKe yBeJIHYHBACT-
cs1. Jlsis onpenesieHyus 4acTOThl Ce€Q0Ba-
HHUSI MMIYJbCOB HA OCHUJJIOTpaMMe Io-
Ka3zaHa TPaJyHpPOBOYHASl KpHUBAd CHHY-
COHIAJBHOTO TOKa ¢ YacToTod b kKoY.
B MOMEHT BpeMEHH, KOTJd HMIIyJbChl Ha
OCHMJIJIOTPAMMe OTCYTCTBYIOT, TOK B L€-
' paBeH HYJIO, T. €. NOCTOSHHAs CO-
CTaBJIAIONIAS TOKA B IleNH IETKH OTCYT-
CTBYeT.

Tox B nend mEaykropa (puc. 2,0)
npeacTaBiaseT coO00f HMIYJbCh, MOA00-
Hble HMIYyJbCAM TOKaA B Uen¥ LIEeTKH, HO
o6partHoii noasipHocTH. Ecad  ocmuio-
rpadupoBaHHe TOKA B ILENH HHAYKTOpA
IPOH3BOJIUTCH ONHOBPEMEHHO C OCIHJI-
JorpadupoBaHHeM TOKa B IENH IIETKH,
TO Ha OCHHUJJIOTDaMMe OTYETJINBO BHIHO,
YTO 5TO OJHH W Te K€ HMOYJbCH. B TOKe Ienu MHIYKTOPA eCTb NOCTOSHHAS
cocraedgsionas, Ee moasipHOCTb COOTBETCTBYET IOJSIDHOCTH TOKa B IeNH
neTky. [IpH 3TOM COOTHOWIEHHE MEXKAY HOCTOSIHHON COCTABJAIOUIEH H 1epe-
MEeHHO# TaxkCBO, UTO cpefHee 3HAYECHHE TOKa, NOKAasaHHOe MUKpoaMmepMmer-
pom (M-135), paBHO HYJIO. DTO COOTHOIIEHYE OCTAETCH CNPABEIJNHBLIM HpU
JIO60M HaNpsKeHnd BO30YXKACHHA HA JIHHEHHOH 4acTH XapaKTepPHCTHKI KO-
POTKOTO 3aMbIKaHd.

Tok B LeNH HArpysku MpeacTaBaAeT COGOH COBOKYMHOCTb HMNYJBCHOI
H NOCTONHHOH cocrapJsitonrdx, [ToMAPHOCTD y HHX OZMHAKOBA M COBIAXAeT
¢ NOMAPHOCTBIO IIMIYJABCOB B LeIMM IMETKH. AMIJINTYAa MMITYJIBCOB CYLHeCT-
BEHHO MEHDbLie, YeM y HUMIYJBbCOB B LeNsX IeTku u uuaayxropa. Cpensee
3HaueHHe TOKa, NOKasaHHOe MpUOOPOM, pPaBHO TOKY B LECNH IIRTKH.

[Ipu Bu3vaabHOM HaOJIOACHHH 34 KOMMYTAIlHOHHBIMH 30HAMH OTYET-
JMBO BHAHO, uTO MEXKAy HMCKOM pOTOpa M INETKAMH CYIIecTByeT 006/acTb
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JOCTaTOYHO fAPKOTQ ronyboBaToro cBeueHHUsi. IIpu Bo3pacraHuuW HampsKe-
His1 BO3OYIKAEGHUS OHAa pacliUpsieTcs W YCHJIHBAeT CBOe CBeueHHe. 3aMeTHO
CMelleHHe ITOH 30HBI OTHOCHTELHO CepefuHbl MHAYKTOPA B CTOPOHY HOpO-
THB BpalleHuss Aucka portopa. UBeueHHe CONPOBOKAAETCH XapaKTEPHBIM
RS KOPOHHOTO paspsja LIyMOM.

W3 comocTaBneHHst NPUBEJEHHBIX OCHHJJIONPAMM TOKa B LENAX pas-
PSITHOM CHCTEMBI M PE3YJAbTATOB BH3YaJbHOTO HAOGMIOIEHHS 3a KOMMYTa-
HHOHHBIME 30HAMY 'CAEAYeT, UTO HUMIYJbCH B IeNAX HIETKH OO0YCIOBJIeHxsl
HMEHHO TOKOM KODOHBI, CYIIECTBYIOLIeH B IIPOMEXKYTKE HOHH3ATOpP — POTOD.
[TonrBep:kzaercs 310 TeM, YTO YBEJHYEHHE TOKa Uepe3 Ia3OBBIH NIPOMEXKY-
TOK COMPOBOXKAAETCS YBeTHUYCHHEM YaCTOThl CJAeLOBAHUA MMIOYJALCOB TOKA,
YTO XapaKTepHO A5 ToKa KOpoHHl [6].

Tlockoabky B 1emu HMHAYKTODA Ha OCHOBAHUH BbILIENPHBEAEHHBIX
OCHUJIJIOTPAMM HeperyJ/spHble O XapakTepy MMIYJAbCH MMEIOT TOUHO TAKYIO
»ke (OpMy M 4acToTy, YTO M ‘B UenH ILIeTKH, TO, OUEBHIHO, 4TO 3TO OAHH
i te Ke uMmnyapcel, Orciofia ciaeayer BbIBOJ, YTO TOK KOPOHBI T[a30BOTO,
MpoMeXyTKka (UIeTKa — JH3JEeKTPHK) NPOTEeKAeT B LeNH IIeTKa — HHAYKTOP.
Ho B nenu mHAyKTOpa CpeqHee 3HayeHHe TOKa, M3MepeHHOe MHUKpoaMTiep-
MeTpOM, paBHO HYJIO. JTO COOTBETCTBYET TOMY, UTO B 3TOH 3Ke IEmH mpo-
TeKaeT M JpPYroil TOK ‘WHOT'O0 HampasJeHHsi. Ha ocumnnorpamMme 3aMeTHO
HaaHu¥e TOCTOAHHOU cocTaBasiouleli. Tako# Ke BHJIHUHHBI NOCTOSIHHAS
cocraBnsionias Toka (corjacHo 1 sakona Kupxroda mas yana) moakua
ObITh B LENH HaTPY3KH.

Takum o6pa3oM, 3akKJaUaeM, 4YTO TOK PA3PsAAKM TPAHCHOPTEpa MHHYET
Lelib HATPY3KU M TIPOTEKdeT HO Ielfd HHAYKTOpa, DTO MOJHOCTBIO COBHAjaer
¢ sBJedneM paspsiaku tpaucrnoprepos B JCITL

Hasnnuue umny/ibCcoB B IenH
HATPY3KH MOXKHO OODBICHHTbL TeM,
9YTO YacTh 3apsfha MUINEKTPHKa He
Y4acTBYeT B UHAYUUPOBAHHHU 3aps- 3
lla Ha MHAYKTOpe, a cBs3aHa He- /
MIOCPENCTBEHHO C 3eMJeld. UeM mod-
Hee HHAYKTOD 3KPaHHPyeT KOMMY-
THPYIOLIHE YYACTKH JUIJEKTPUKA,
TE€M MEHbIIE HMOY/bCHl B LENH Ha-
TPYy3KH. Guwd

OcHOBBIBASICb Ha BBIMIEH3JIO- .
JKEHHOM, MOKHO I10Ka3aTbh, YTO B Y ¢
1000l MOMEHT BpeMeHH TOK B Ie-
0OH HArpy3KH -— BeJHYMHA NPaKTH- 7%

YeCKH TNOoCTOsAHHag. [ag storo pac-

CMOTPHM CXeMy, MOKa3aHHYH Ha ' Puc. 3

puc. 3, m306paxamwilyl paspsi-

liy1o xomMyraunounyo sony OCIH. [lna ynpoutednst pacdera NpHHATO, YTO

POTOp TEHEPATOpa ABIACTCA UMJAHHADPOM. B m0Gof MOMEHT BpeMeHH TOK
B LENH ONpPeleNfeTCss CKOPOCThIO H3MEHEHHs 3apsaia HHAYKTOPA

AP

. d Gun
Iy =—,
dt (1)

PAC @un — 3aPA1 HHAVETOpA, OHpEILQJIHeMblﬁ pPa3uOCTBIO 34DANOB, HHAY-

UHPOBAHHBIX 3aDJaMU POTOPA, H BEJMUMHOR CKOMIIEHCHDOBAH-
HOTO 3apsizia

Gun = ¢ — Gex- (2)
Tax KaK reOMeTque’CKOE IIOJ02KEeHHEe pOTO‘pa H 30HbI KO'MIWYTHHHH oT-

HOCHTEJBLHO HHZL}’KTOPOB AdJI AAHHCTO pe}KHMa paﬁo'rbz HE H3MCHHAETCY,
3. 3akas 7484, 33



a cJe[0BaTeNbHO, H PACIOJOXKEHHe 3apAJOB HA POTOPE, TO BeNHYHHA § SB-
JAsieTCA NOCTOSHHOH (g == const).

Qo = olvt = 2xlnRis, (3)

Tie v = 2=Rn,

0 — TJIOTHOCTE 3apsAA0B JHJIEKTPHKA HA CH AJHHBI,
{ — #JavnHa METKH;
1 — CKOPOCTb 'BPallleHHs;
R — paamyc TpaHCcHopTepa;
[ — BpeMH.
OxoHUaTeaABHO

in = quH = — quK = ——QTEGIRIZ,_ (4)
dt dt

ITockoapxy BCce BeJHYWHBI B BBIpaKeHHH (4) OT BpeMeHH He 3aBHCIT,
TO TOK ‘B IEIH HArpy3kKH — BEJHUMHA NOCTOSHHAA, YTO MOJHOCTBIO TNOI-
TBEPXKAACTCA PE3yaAbTAaTaMH 3KCIEPUMEHTA.

BLIBOA b

Ananns 3KCIepUMEHTANBHBIX IaHHBIX M0 HMCCAELOBAHMIO KOMMYTALLI:I
ICI'JI nokasajd, uTo XKOMMYTallUOHHBIE TPOLECCHl B HHX MOLOOHBI npoiec-
cam B IJCI ¢ GONBIIMM UKCJAOM TPAHCHOPTEPOB-NIPOBOIHUKOBE Ha MOJIOL-
HBIA 10ar.

B o6oux cayuasix KOMMYTallUs B Pa3psHOI CHCTEME HPEACTaBJAACTCS
caeayoommm o6pa3oM. 3apsilbl, HAHECeHHble Ha MPOBOASIIAI TPAHCIOPTE)
B OCTI'TI wnu Ha saeMeHT noBepxHocTH ausiexkrpuxa B DCIJL, maBogaTt ua
HHAYKTODE TIPH IOJAXO0Ae K HeMy 3apsaldpl IPOTHBOMOJIOXKHOTo 3Haka, [Ipi
HaBeAeHWH 3apsloB B LENH HATPY3KH N ‘HHAYKTOPA NPOTeKaeT MPaKTHUeCKI!
HOCTOSHHBIH TOK. IIpH moaxofe TpaHCIoOpTepa HMJHM 3aPSKEHHOH MOBEPXHO-
CTH OHJEKTPHKA K I1eTKe IPOHCXOANT KOMIEHCALMs 3apPsioOB TpaHCIOpTepa
u WHAYKTOpa uepe3s HckpoBoi paspsan B DCITI nan uepes xopony 8 DCII.
KoMmnencauusi 3apamos CONPOBOKIAAETCs NOABAEHHEM HMINYJIBCHOH COCTaB-
VISTIOIEH TOKA B LeNH LIEeTKH U UHAYKTOpA.
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