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Hagedeno kopomxuii napuc npo eudamui oocazrnenun Tecnu 6 2any3i enekmpomexHiyHux 3HaAHL MA 1020 8A20MIN pONi y HAYKo-

80-mMexXHIYHOMY npozpeci 110ocmed.

Ilpuseden kpamxuit ouepk o evroarouiuxca oocmudcenusnx Tecavl 6 odnacmu IneKmMpomexHu4ecKuUX 3HAHUNL U €20 8eCOMOI

poau 6 HAYYHO-MEXHUUECKOM npozpecce uejiloseuecmed.

150-nemuto co OHst podcoenus
8bL0AIOWE20CS1 INEKMPOMEXHUKA
Huxkonwvt Tecnvl noceswyaemcs.

HAYAJIO BOJIbHIOT'O ITYTH

10 urons 1856 roma B XopBaTuu, BXOJUBIIEH TOTAA
B coctaB ABcTpo-Benrepckoit mmmepun ['abcOypros, B
cene Cmusinbl poawics Hukona Tecna, kotopomy ObLIO
CY)KAEHO CTaTh B OyXIyIlieM BCEMHUPHO H3BECTHBIM 3JIEK-
TPOTEXHHKOM, TBOPLOM MHOTO(A3HBIX 3IIEKTPUYECKUX
YCTPOMCTB MEPEMEHHOTO TOKa M BBHICOKOYACTOTHOM TeX-
nuku [1, 2]. Bynyuu eme pebenkom Hukona ot coero
OTLA-CBSIEHHUKA, MPOUCXOMUBILETO M3 CTAPHHHOIO
cepOckoro pona JlparHudel, BHEpBBIE YyCIbIMIAN CIOBO
"anekmpuuecmeo", KOTOPOE MOCIETHUIN HCIONb30BAI ITPU
OOBSICHEHUH CBHIHY NPUYMHBI BOSHUKHOBEHHMS 3JIEKTpHYE-
CKUX HCKpP TPH NPHUKOCHOBEHHH YEJIOBEYECKOW PYKH K
EepCTU JoMallHeld Kowku. KcraTu, XopBaTckoe cioBO
"Tecno" ozHauaet: "[lnomuuuuii uncmpymenm 8 6ude
Monopa 015 8blOeIKU U3 OpedecUnbl U30eNUll ¢ 80SHYMOUL
nosepxrnocmuio (Hanpumep, xopwim, nodxcex u op.)" [1].
Torma Hukoma He MOr 3HATh, YTO HCCICAOBAHHIO DJICK-
TPUYECKUX SIBJICHUH OH IIOCBATHT BCIO CBOIO JIOJTYIO
JKM3HB. YK€ B LIKOJIE OH MPOSIBUII MOBBIIIEHHBIN HHTEpEC
K TOYHBIM JUCUHMIUIMHAM W W3Y4YCHUIO 3JIEKTPHYECTBA.
Ero mroOumeiM mpenmerom ctana ¢usuka [3]. He 3a0bI-
Bait Hukosa u 00 MHOCTpaHHBIX s3bIKaX. [1o OKOHUaHMIO
B 1871 romy obmieoOpazoBaTenbHOI IIKOIBI OH XOPOIIO
BIIaJEN YETBIPbMS S3bIKAaMU (HEMELKHM, (DpaHIly3CKUM,
WUTABIHCKUM U CepOCKHM), HE CUWTas XOpBaTCKoro. B
1874 romy 3a Tpu roma Huxkoxna 3akanumBaet B T. Kapio-
Belle YeThIpexJieTHee oOydyeHHe B Bricumiem peanbHOM
YUWIHUIIE, TPOSBUB NP 3TOM OJECTSIINE 3HAHUS 110 Ma-
tematrke U ¢usnke. Hukona Teciia mo okoHUaHHIO JaH-
HOTO YYWJIMIIA MEYTAeT CTaTh MH)KEHEPOM-DIEKTPHKOM,
XOTsI €r0 OTell HaCTauBaJl Ha TOM, YTOOBI OH Jajibliie 00Y-
yaincst 6orocnoButo. Ilocine TpymAHOro CeMEHHOro perie-
Hust oH B 1875 romy mocrymaer B r. I'pane (ceituac ato
BCEMHMPHO H3BECTHBIH aBCTPUHMCKWII LEHTp B 00JIaCTH
TEXHUKH BBICOKMX HalpspDkeHHWH) B Bplcmryro TexHuue-
ckyto mkony [1-3]. B 1878 rogy mocie okoHuaHus TEX-
HUYECKOTO (paKybTeTa BBINICHa3BAaHHOW BrIcmieil Tex-
Huueckoil mkoibl Tecna H. Haunnaer pabotaTh momoi-
HUKOM HMH)XKEHepa. 3aTeM Ui yriryOJIeHus CBOUX 3HAHUI
moctymnaer B [Ipaxkckuii yHuUBepcuTeT, KoTopsid B 1881
rojly Mocie IBYX CEMECTpOB OOy4YEHUs M3-3a MaTepUallb-
HBIX TPYAHOCTEW OCTaBIISIET M MOCTynaeT B I. bynanenire

Ha paboTy B JOJDKHOCTH MHXKEHepa-dJeKTpuka B Benrep-
ckyto TenerpadHyro komnanuio. B ator nepuoxn Tecna H.
YBIIEKAETCsl Ueeil CO3IaHusI IEKTPUIECKUX TeHEPaTopoB
Y JIBUTaTesel nepeMeHHoro Toka [ 1, 4].

Huxona Tecaa (1856—1943)
(Domo ¢ eazoHanoIHeHHOU IAMROU 8 PYKe, C8emAulelics noo
Oeticmeuem 6HewHe20 8biCOKOUACMOMHO20
INEKMPOMASHUMHO20 NOJISL).

MHOI"O®A3HBIE SJIEKTPUYECKUE MAIIINHBI
MNEPEMEHHOI'O TOKA

B ¢eBpane 1882 roma B r. Bynanemre Tecna H.
pa3pabaThIBa€T HOBYIO CXEMY DJIEKTPOABUIATENS, MPUH-
UM JAEHCTBHUS KOTOPOTO OBII OCHOBAaH HAa OTKPHITOM MM
sIBIIGHUU "epawaroujecocs macnumnozo noaa" [1, 5]. Oto
OTKPBITHE O BO3MOXKHOCTH CO3[aHHS W MPAKTHUECKOTO
WCIIONIb30BaHUS  "@pawjaioujecocs MacHuUmHo2o nous",
MOJITOTOBJICHHOE MHOTOJICTHUMH ~ Pa3MBINUICHUSIMHA |
ombiTamu Hukonsl Tecnbl, cTano oJHAM W3 BETUYAHIINX
3aBoeBaHUl TexHMueckod wmbican XIX Beka. Crenyer
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OTMETHTH TO, 4TO emle B 1824 roxy m3BeCTHBIM (paHITy3-
CKUM YYeHBIM Aparo ObUIO OmMHCaHO SBIEHUE "MacHe-
muszma epawenus", tae "epawaioweecs macHumHoe no-
se" co3AaBajoCh MPU MOMOIIM BPAIIEHUS MOCTOSHHOIO
MarHuTa [4, 5]. [ly1g MONHOTEI UCTOPUKO-HAYyYHON KapTH-
HBI TOTO BPEMEHH K 3TOMY CJIEIyeT J00aBUTb TO, YTO Y)Ke
B ceHTsi0pe 1820 rona unen [apmwxkckoit AkageMnu Hayk,
BenuKkuil ¢ppaHy3ckuid Guznk Anape Ammep chopmyiu-
pOBaJI 3aKOH 3JEKTPOANHAMHYECKOTO B3aHMMOJCHCTBHA
JBYX TOKOB, MPOTEKAIOIMX I10 MapajieIbHO PACHOIO-
JKeHHBIM TIPOBOJHHKAM, a B 1827 romy BeImarommiicss He-
Merkuii ydensrii ['eopr OM OTKpBUT QyHIAaMEHTAIHHBIHN
3aKOH B TEOPHM JJIEKTPUYECTBA, YCTAHABIUBAIOUIMN
CBA3b MEXIY CHJION 3JEKTPUYECKOro TOKa J , 3JIEKTpHU-
4eCKUM HampspkeHueM U M DJIEKTPHYECKUM COIPOTHB-
JIeHueM R B anektpuueckod nenu. JonosHUM 3TOT HC-
TOPUYECKUH DKCKYpC TeM, 4To B 1831 romy reHuanbHbIN
aHrmiickuit ¢pu3uk Maiikn ®dapagell OTKpbUT SIBIICHHE
(3aKOH) AIIEKTPOMAarHUTHON MHIYKIMH, & U3BECTHBIN pyc-
CKUH aKkaJeMHK-31eKTpoTexXHuK J. X. JleHn chopmymm-
POBaJI 3aKOH, ONPENEIISIOMNI HANpPaBICHUE MPOTEKAHMS
B NPOBOJHUKE JJICKTPHUECKOTO TOKAa, BO3ZHHKAIOLIETO B
pe3ysbTare IEHCTBUS 3TOM CaMOMl 3JIEKTPOMAarHUTHOU
naaykiun. Kpome toro, B 1842 romy BeInaromuiicss ame-
pukaHckuii 3ekTpoTexHuk J[kozed [eHpu ycranoBwui,
YTO NpH paspsae Ha RL —Harpy3ky MNOpeaBapuTEIbHO
3apsYKEHHOI0 KOHJIEHCATOpa B AJIEKTPUYECKON pa3psaHOn
LeNM BO3HUKAIOT 3aTyXalolllMe JJIEKTpUYecKue Kojeba-
Hus, a B 1847 rony usBecTHbIll HeMelkuil ydeHslil ['ycTas
Kupxrod ommcan 3akoHBI pacnpeneneHus IeKTPHIECKO-
IO TOKa B CIIOKHBIX AJIEKTpHUecKuX nemsax. M Ha xownen, k
1873 rogy BEeMMKUM aHTIHHCKUM (u3uKoM JxeiiMcom
MaxcgemoMm Oplia pa3paboTaHa TeOpUs SJICKTPOMATrHUT-
Horo moJisi. Bee 310 BMecTe, 6e3yciIoBHO, CLIOCOOCTBOBA-
10 popmupoBanmio HayyHOro "Garaxa" 3HaHWH Hwuxoms!
Tecnsl. Bo3Bpamasce k 1882 romy, 3ametnM, 9to uaes
e Tecnbl H. 3akimouanack B TOM, 4T0o0bI "gpawaroweecs
MaeHumuoe nose" co3naBaTh IOCPEACTBOM HEMOJBHXK-
HBIX JIEKTPOMAarHUTOB, 3aKPEIUICHHBIX HA CTaHHWHE (CTa-
TOpE) 3JeKTpuuecKkod MamuHbl. Ha ocHOBaHMM Takoro
nogxona kK koHny 1882 roma Tecna H. paspabatbiBaer
HECKOJIBKO BapHaHTOB CXEM W JIEHCTBYIOMIMX Mojeiel
IBYX(ha3HBIX 37IEKTPOTEHEPATOPOB U AIIEKTPOIABUIATEINCH.
Hago ormeTuts, uto B 310 BpeMms Tecna H. B o0mux gep-
Tax OBUI 3HAKOM C TBOPYECKHMMH HAyYHO-TEXHHYECKHMHU
ycrexaMu U M300pETEHHSMH HM3BECTHBIX PYCCKHX 3JIEK-
TporexHukoB Somoukoa II.H., Jlogeruaa A.H. u ap.
s npaktuyeckoil peanusanuu csoux uner Tecna H., o
MHeHHo ero 6uorpados [1, 3], B Te roabl NOAYMBIBAI O
BO3MOJXKHOM Iiepee3zie sl padoThl M ITPOIOJKEHUST CBOMX
uccnegoBanuii B Poccuto. Iocne gonrux pazaymuii repoit
Hamero ouepka B 1884 romy nampasnsercs B CHIA
3HAMEHUTOMY aMEPHKAaHCKOMY DJEKTpPOTeXHUKY T.A.
Smucony. [Tpu6sis B r. Heio-Hopk, Teca H. Berpeuaercs
¢ TomacoM DOMCOHOM M paccKa3bIBaeT €My O CBOMX H30-
OpeTeHHsAX B 00JACTH HIIEKTPHUUYECKHX MAIIMH IEpPEMEH-
HOTO TOKa. M3 MCTOpHU 3JIEKTPOTEXHUKH H3BECTHO, YTO
Onucon T.A. He BUIEN MEPCIEKTUB IJI MPAKTHUECKOTO
HCIIOJIb30BAHUSI B IIPOMBIIIJIEHHOCTH U B OBITY HEpeMEH-
Horo Toka [1, 5]. [To3xe B cenrsiope 1889 rona Ha mpu-
IJIAllleHne O03HAKOMMTBhCA B T. bepiuHe ¢ TpexdasHbiM

ACHHXPOHHBIM JJIEKTPOABHUTATEIEM MEPEMEHHOTO TOKa,
COZIEPKAIUM PACHPEICICHHYIO [0 CTaTOPy OOMOTKY H
KOPOTKO3aMKHYTYI0 OOMOTKY pOTOpa, 3HAMEHUTOT'O PYyC-
ckoro anextporexHuka Jlonuso-/loopoBosibckoro M.O.
[6] Dmucon T.A., mo BOCIOMHMHaHUSM camMoro Muxauia
OcunoBuya, 3asBui: "...Jlepemennvlii mox — 3mo 6300p,
He umerowutl Oyoyuezo" [1, 5, 6]. B cBs3u ¢ 3THM 3HAYU-
TenbHO mnoxke B 1916 rogy Tecma H. ckaxer, 4to
"'...00ucon He bvL1 yueHbIM, a ObLI TUUbL CHOCOOHBIM U30-
bpemameinem, Op2aHU3AMOPOM HAYYHOU U KOMMeEPYECKOU
Odessimenvrocmu oonviuux xoirexkmusos" [1, 3]. Kak Mbl
TEnephb BHIUM U MOHUMaeM, JaucoH T.A. mpocto 3abmy-
XKIanca. JTo emie pa3 Ha KOHKPETHOM IpuMepe MOKa3bl-
BacT, YTO KPYIIHO 01HI/I63TI)CH MOT'YT U BECJIMKUEC JIFOAU.

[Tocne mpue3na B CHIA Tecna H. HaunHaet akTuB-
HO paboTaTh B JCKTPUUCCKUX MACTepcKux JaucoHa T.A.
OH 3aHMMaeTcsi PEMOHTOM 3JIEKTPOJBHUraTeneil M 3JeK-
TPOTE€HEPAaTOPOB MOCTOSHHOTO TOKA, a IOCJe CBOEro pa-
0odero BpEeMEHM NPOJOIDKAET TPYIUTHCS HaJ yCOBEp-
IIICHCTBOBAHHEM CBOUX KOHCTPYKIIHMHA 3JEKTPHUECKUX
MaIlliH IIEPEeMEHHOTO TOKa. BakHO MOIYEpKHYTH, HYTO
yxe Toraa B ctuiie padotsl Tecmer H. ObpuT0 XapakTepHO
TO, 9TO OH CTapajcsi CBOM WAEW BHa4dasle 00OCHOBBIBATH
TEOPETHYECKH Ha YPOBHE CBOUX TEXHUYECKHX U (PHU3UKO-
MaTeMaTHYECKUX 3HAHUH, a 3aTeM CO CBOMMH ITOMOIIHH-
KaMM [POBOJUTH UX IKCIEPUMEHTAIBHYIO IIPOBEPKY.
Hukona Tecna coBmemnian B ceOe y4eHOr0 W HHXKEHEpa-
JKCIIEPUMEHTATOpa, IPUYEM, KaK OTMEYAOT HCTOPHKU
HayKd M TeXHWKH [1-5], mepBblii mpeobnanan Haj BTO-
peiM. B komMMepueckoil (IpernpuHUMATENbCKON) Jes-
TEJILHOCTH OH paz0upalics cinado. B cBs3u ¢ orcyTcTBHEM
y Omucona T.A. BO3MOXHOCTH ISl JajdbHEHIIETO TIPO-
JOJDKEeHUsT paboT Hajg MHOTO(a3HBIMH SJICKTPUICCKUMHU
MalmHaMu mepeMeHHoro Toka Tecma H. BecHoit 1885
rofla OCTABIISIET €r0 DJEKTPUIECKNE MACTEPCKHE M Opra-
HU3YET CO CBOMMH KOMIIAHbOHAMU-TIPEAIIPUHUMATEISIMA
HEJIOJITO MPOCYyIecTBOBaBIIee npeanpustue — "Obwe-
CMBO INEKMPUUECcKo20 oceeujenus’ .

Becnoii 1887 rona 3amannast tenerpadHas Komma-
Hust CILA 3aunTepecoBanace padoramu Tecisl H. B 00-
JIaCTH 3JIEKTPOTEeXHUKH. B 3TOM sxe ronmy sta Kommanwms
OpraHu3yeT JuUIs HEro IPOU3BOJCTBEHHO-TEXHUYECKOE
obmectBo "Tesla Electric Company". BoT ¢ 3Toro Bpe-
MeHu y Tecnsl H. u mosiBisieTcss BO3MOXXHOCTb JJISL pe-
AIBHOTO PEIICHUS BOTIPOCOB, CBA3aHHBIX C TPAKTHIECKOM
peanu3anyeil CBOMX TBOPUYECKHUX pa3padOTOK. 3a KOpPOT-
koe Bpemsi Tecioit H. Obitn pa3zpaboTaHbl M CO37aHBI B
"mMeTtayuie" TepBbIE OIMBITHO-IPOMBIIIICHHBIE 00pa3Ibl
JBYX(a3HBIX 3JEKTPUYECKUX MAIIUH TEPEMEHHOTO TOKa—
NIeKTpoABUraTene u annekrporeneparopos (4, 5]. Huko-
nma Tecma ¢ 3Toro BPEMCHN CTAHOBUTCSA U3BCCTHBIM B
CIIIA yueHBIM U MHXKEHEPOM, MEPBBIM OTKPHIBIIUM SB-
neHue "spawaroueeocss mazHumuoeo noas" M paspado-
TaBIIMM Ha €r0 OCHOBE PAa3JIMYHBIC KOHCTPYKIIUH MHOTO-
¢a3HbIX (B OONBIICH YacTH ABYX(Aa3HBIX) IEKTPHUECKUX
mammH. Hago ormeruth, uro Tecna H., 3amaTtenToBaB-
U MHOTO(A3HBIN AJIEKTPOABUTATEND U dJIEKTPOTeHEpa-
TOp, MPOCTO HEJOOLEHUBAI NPEHMYIIECTB TPeX(a3HOro
MEPEeMEHHOr0 TOKa Imepel ABYyX(a3HbIM TOKOM H Ipe-
MOYTCHHUE IO TOJIbKO €MY M3BECTHBIM IMPUYNHAM OTAaBaJl
MOCTEeTHEMY .
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Ha puc. 1 B ympomieHHOM BHAE TPUBEACHBI IPUH-
LIUIHAJIbHBIE JJIEKTPHUECKHE CXEMBbI ABYX(a3HOTO SJIEeK-
TPUYECKOTO CHHXPOHHOTO reHepaTopa / u IBYX(a3HOro
3JIEKTPUYECKOI0 aCHMHXPOHHOro npurarens [/, co3naH-
Hele Tecnoit H. [4, 5]. CornacHo naHHBIM cXeMaM Ha CTa-
Tope reHeparopa / 3aKpeIuIeHbl MOCTOSHHBIC MATHUTHI 1,
a ero poTop COAEPIKUT JBEC HE3aBHCUMBIC KATyIIKA 2 U 3,
paCIOJIOKEHHBIE Ha Bally IMOJ HPSMBIM YIJIOM JAPYT K
npyry. KoHnsr karymek 2 1 3 BBIBEICHBI HAa METaJUTHYe-
CKHe Koublia 4 U 5, )KEeCTKO 3aKpeIUICHHBIC Ha Baly TeHe-
patopa [ . IIpu momomu ABYX TOKOB (OT COCPEHOTOYCH-
HBIX KaTymek 2 u 3 reHepaTopa [ ), CABHHYTHIX IO dasze
OTHOCHTEIIFHO JIPYT Apyra Ha 90°, cratopom 6 aBHraTens
1l B 0OBEMe, comeprkarieM poTop 7 meurartens I, cos-
naetcs "epawaroujeecs macnumnoe none'. ITo 1Moje yB-
JieKaeT 3a coboi porop 7 aBurarenst Il , BBIIOJHEHHBIH
U3 JBYX B3aUMHO TEPICHIUKYISPHBIX COCPEIOTOYCHHBIX
KOPOTKO3aMKHYTBIX KaTyIIeK 8 U 9, pa3MeIIeHHbIX Ha ero
METaJUTMYECKOM Baiy. B aTHx cxemax oOMoTKa craropa 6
nurarens Il ¢ MeTalNIMYECKUMH KOJbLaMH 4 M 5 reHe-
patopa [ Obula coelWHEHa C MOMOINBIO YETHIPEX AIICK-
TpUYECKUX IpoBoAOB 10.
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Puc. 1. HpI/IHHI/IHI/IaHI)HbIe DJICKTPUYCCKHUE CXEMbI CHUHXPOHHOI'O
TEeHepaTopa U ACUHXPOHHOI'O ABUTaTECIIA Huxoier Tecibt

K maro 1888 roma Tecna H. momyuaer B [laTenTHON
komuccun CIIIA cemb maTeHTOB Ha HM300pETEHUs, Ka-
carouecs: AByX(a3HbIX JIEKTPUUECKHX T'€HEpaTopoB U
nsurareneit. B atom xe mecsne Tecna H. npouen B Ame-
PUKAHCKOM MHCTUTYTE O3JIEKTPO- W PaJHOHHKEHEPOB
(/EEE) my6mmunyto nexnuio Ha temy "HoBas cucrema
JBUTATEJIell MEepEeMEeHHOro ToKa M TpaHcdopmaropos'.
Crenyer OTMETHTh, YTO B UCTOPHU AMEPHKAHCKOTO MH-
ctutyra [EEE [aHHOW 4YecTH yIOCTaMBAJIUCh TOJBKO
BBIIAIOMIHECS dIIEKTPOTEXHUKH Mupa. Ilocine myOmmkarmm
STOW JIEKIMH B BEAYIINX HAYYHBIX JKypHAJIAX TEPEIOBBIX
crtpan mMupa ums Teciasl H. cTaHOBUTCA IIMPOKO HU3BECT-
HBIM U MEXITyHapoaHOH obmecTBeHHocTH. K koHIry 1888

roga Tecina H. momyuaer Ha MHOro(azHbie BIIEKTpHUE-
CKHe MalnHbI 0KoJI0 40 MaTeHTOB Ha M300PETEHHs, KO-
TOpBIE Cpa3y e MPOoJaeT KpymHeiiel AMepuKaHCKOH
3JIEKTPOTEXHUUECKOU KOMIIaHWH, BO3TJIAaBIIIEMOU
Jx. Bectunrayzom. Dta Kommnanwusi, UCHIONB3Ysl BBILIE-
yrnomsiHyTele u300pereHus Tecnsl H., oTkpeIBaeT mmpo-
Kyto «gopory» juist BHenpenust B CILIA B nmpakTuky 3iek-
TPOIHEPTETUUECKOT0 O00OPYIOBaHU, pPabOTArOIIEro Ha
MEpEMEHHOM TOKe. B TO Bpems, korja AmepukaHCKas
kommanus J[kx. Becrtunraysa wmsroraBmmBama B CIIIA
IByX(a3HbIC AIMEKTPHUYCCKIE MAIITHHEI IEPEMEHHOTO TOKa
Hukomnsr Tecnbl, paboraBmme mpu gactore 60 ', B EB-
pore, 6iaromapst Mpexkie BCEro N300PETEHHSIM U TTPAKTH-
YEeCKOW JesTeNbHOCTH paboTaBiiero B ['epMaHuM BbI-
JIAIOIIEroCsl  PYCCKOTO  3JeKTpoTexHWka  JlommBo-
Jo6poroibckoro M.O. [6], mupokoe NpH3HAHUE MOIY-
yuga TpexQasHash cUCTeMa HMOCTPOSHHMS 3JIEKTPUUYECKUX
MaIll¥H nepeMeHHoro Toka yacroroil 50 I'u. B 1891 roxy
TI0 MIPOEKTYy TepMaHcKoi Gupmel AET, TIIaBHBIM MH)KEHE-
poMm koTopoii B TO Bpemsa Osmr M.O. [lommBo-
Jo6poBonbckuii, OplTa ocTpoeHa 3HameHuTas Jlayden-
Opankdyprckas muHUS dekTporepenaun (JIDI) mmmHOM
175 xM ¢ Tpex(a3HbIM T€HEPATOPOM IMEPEMEHHOIO TOKa
MomrHocTeio B 190 kBt. Orta JIOII monoxwuna Hagamo
TpuyMalbHOMY ycrexy Tpex(}a3HbIX CHCTEM IPOU3BO/I-
CTBa, paclpeieieHUss W MOTPEOJICHHUs] DSJIEKTPUUECKOU
sHepruu [1, 5, 6]. Tem He MeHee, HEMHOTO Ho3ke B 1896
rogy camas KpymnHasd B MHUPE B CBOC BpEMs T'MAPOSJICK-
TpocTaHIMs, IOCTpoeHHass Ha Hwuarapckom Bojomaze
(CIIA) no npoekty Amepukanckoil ¢gupmsl "Becrunra-
y3" ¢ yuactuem Tecnbr H., Obuta obopynoBana Tpems
IByX(a3HBIMH 3JEKTPOTEHEPATOPaMU MOIIHOCTBIO II0
5000 momamuubx cun (3680 kBT) kaxnmeni [1, 5]. U3
BCEMHUPHOW HWCTOPUH DJIEKTPOTEXHUKH HM3BECTHO, HUYTO
IByX(a3HbIe IEKTPUIECKHE MAIIUHBI UMEIH TaKue He-
JocTaTku [4, 5]: BBICOKYIO CTENEHb IyJIbCAIlH HarpsDKe-
HUs (TOKa); BBICTYMAOLIME MAarHUTHBIE IOJIOCA; cocpe-
JOTOYCHHBIC 06MOTKI/I Ha MarHuTHBIX IIOJIOCaX U pOTO-
pax reHepaTopoB U JABUTaTeJIel; UCII0JIb30BAHNE YEThIPEX
IIPOBOJIOB B IIEMsAX BO30YkIeHus u ap. TpexdasHas ke
crcTeMa MOCTPOSHHUS 3JIEKTPUIECKUX MAIINH 110 CpaBHe-
HUIO ¢ JIBYX(a3HOW cucTeMol Oblja MPaKTHYECKHU JIHIIe-
Ha THX HEIOCTATKOB M MOTJIa OBITh MPUMEHEHA TIPH CO3-
JTAHUW AJIEKTPHUYECKUX TEHEPaTOpPOB M JBUTATelNeil OOIb-
ol MoIHOCTH. Bee 310 nmemano mByx(aszHyr cUCTeMy
ANEKTPUYECKIX MAIlWH HE KOHKYPEHTHO-CIIOCOOHOH IO
cpaBHEHHIO ¢ Tpex(das3Hoii cucremoii. IloaToMy Bckope u
Awmepukanckas xommanus Jx. Becturraysa nepemia Ha
BBIITYCK TOJIBKO TpeX(a3HbIX dJIEKTPHUYECKUX MAlIHH.

BbBICOKOBOJIbTHBIE BBICOKOUYACTOTHBIE
I'EHEPATOPBI I TPAHCO®OPMATOPEI

Huxona Tecna oka3zayicsi OIHMM U3 TIEPBBIX JJICK-
TPOTEXHUKOB, BHECIIUM 3HAYNTEIIBHBIN BKJIAJ B Pa3BUTHE
TEXHHUKH BBICOKMX HANPSDKEHWH M TOKOB BBICOKOM 9acTo-
ThL. Tak, B 1889 roxy o Ha 6a3e MHOTO(a3HOH MHOTOIIO-
JIFOCHOM 3JIEKTPUYECKOW MAIlMHBI CO3all reHepaTop, Io-
3BOJIIBIIMM B KaTyIIKaX pOTOpa MOJy4yaTb JJIEKTpHUE-
ckuit Tok ¢ gactotoit A0 20 kI'm [1, 5]. Jna momyuenus
Oosee BBICOKMX yacTOoT Toka (Hampsbkenus) Tecia H.
oOpaTuiics K HEMallMHHBIM clloco0aM MX TeHEepUpoBa-
Hus. B 1891 rony ol paspabaTeiBaeT M co3JaeT AEHCT-

Enexkmpomexnika i Enexmpomexanika. 2006. Ne2

7



BYIOIIYI0O MOJIENb CBOEr0 3HAMEHHUTOrO 'pe30HaHC—
TpancopmaTopa, MPEACTABIAIOMETO COOOH BBICOKO-
BOJIbTHBIN BBICOKOYACTOTHBIA TpaHC(HOpPMATOp, HUCHOIb-
3YIOIUIA SIBJICHUE PE30HAHCA B WHIYyKTHBHO-CBS3aHHBIX
3NEeKTPHUECKUX KOHTypax [1, 2, 5]. B naHHOM pe3oHaHc-
HOM TpaHcdopmarope (pHc. 2), colepkalieM HacTpOeH-
HBIE B PE30HAHC NEPBUYHYI0 OOMOTKY C IPUBEIECHHON K
HEW MHIYKTHMBHOCTBIO [; W MaJIbIM YHCJIOM BUTKOB U

BTOPHUYHYI0 MHOTOBHUTKOBYIO OOMOTKY C NPUBEACHHOW K
HEH MHIYKTUBHOCTBIO L, >> L, Huxomoii Tecmoii 66110
WCTIIONH30BAHO SIBJICHWE pE30HAHCA HANPSHKCHUH B
LC —KkoHTypax ¢ MOCJeI0BaTEeNIbHBIM COEIMHEHUEM HX
pEaKkTUBHBIX d3JeMeHTOB. IlepBuuHas 0OMOTKa 3TOTrO
TpaHcdopmaropa 1MocpercTBOM HCKPOBOTO KOMMYTaTOpa
F, Oblna noakiIroueHa K KOHACHCATOPY C AIEKTPUIECKON

emMKkocTel0 Cp, 3apspKaeMOMY BpeMsl OT BPEMEHH IpH

oMo 3apsiaHoro ycrpoiicta (3Y). CornacHo puc.2
3V copepxaino akkyMysnATopHyo O6arapeto Cp, MEXaHU-

YeCKWil BBIKIIOYAaTeNb F] W HMHAYKIMOHHYIO KaTyHIKY
(Bo3mymIHBII TpaHC(HOPMATOP) C HHIYKTUBHOCTBIO Ly M
aKTUBHBIM CONPOTHUBIEHHEM Ry . Kak U3BecTHO, ycioBue

pe3onanca B LC —KOHType NepBUYHOH OOMOTKHM pac-
cMmarpuBaeMoro TpaHcdopmaropa wumeer Bux [7]:

op - L; = (0p -CP)_1 , TIE Op — PE30HAHCHAsl KPYropas
9yacToTa HcciexyeMoro KoHtypa. IIpu paspsane uepes uc-
KpPOBOW KOMMYTaTOp F, ¥ MEPBUYHYIO OOMOTKY MpeJBa-

puTensHO 3apsbkeHHoro ot 3Y konpaeHcatopa Cp u3-3a

JIEKTPOMArHUTHOW MHIYKLIUH BO BTOPUYHOH OOMOTKE C
UHIYKTUBHOCTBIO L, WM 3jeKTpuueckoil emkocteio Cpg

HaBOAWTCS HampspkeHne Up OOJIBIION aMIUIMTYABI W
BBICOKOI 9acTOTBl g (B 4aCTHOM cllydyae ®g=®p ). B
npeiokeHHon Tecnoit H. cxeme, n3meHnss emxocts Cp,

MOXXHO CPaBHUTEJIBHO JIETKO HU3MCHATH W PE30HAHCHYIO

1/2

qactoty op =(L;Cp)” B mepBuuHOM LC —KOHTYype

TpaHchopMaTopa ¢ MHAYKTUBHOCTBIO L; M COOTBEICT-

BEHHO TMOJCTPANBAEMYyI0O YacCTOTy (g BTOPHYHOTO

LC —xoHTypa paccMarpuBaeMoro Ttpancdopmaropa c
WHIOYKTHBHOCTBIO L, M eMkocTblo Cg Ul HalpsHKEHHs

(TOKa) Ha BBIXOJIE PE30HAHCHOTO TpaHChopMaTopa.

IIpn co3maHMM pPE3OHAHCHOTO TpaHC(hopMaTopa
Tecna H. BunepBbie CTONKHYJCS ¢ Mpobiemoii obecreye-
HUA 3JIEKTPUUECKOW NMPOYHOCTH M30JSLUU TOKOBEAYIIUX
yacTeld, pabOoTaroIMX TPH BBICOKMX M CBEPXBBICOKHX
QJICKTPUYCCKUX HAIPSIKCHUAX. I[J'lﬂ peuICHUA BO3HUKIINX
Tepesl HAM 3ajad OH IIPEJUIOXKHII MOTPyXKaTh MEPBUYHYIO
1 BTOPUYHYIO OOMOTKH HMITYJIbCHOTO BBICOKOBOJIETHOTO
TpaHcopmaropa B MHHepanbsHOe Macio. Ilozxe momoo-
HO€ Macjio B 3JIEKTPOTEXHHUKE IOJNyYMJIO Ha3BaHUE Kak
"rpancpopmaropHoe macio". Kak 31ech He BCIIOMHHTH
MPOpOUYECKOro BhIcKaspiBaHust Tecisl H. o 3HaueHuu
UIEKTPUUECKON M30IAUK Al Oy oyIInX 3JIEKTPOIHEpre-
tHaeckux cucreM. B 1892 roxy on rosopwmi: "...Torwko
NpU UCNOTL308AHUY MACTAHON USOIAYUU U MHOLODAZHBIX
nepeMeHHbIX MOKO8 nepeoaud 31eKmpuieckoll MOuHo-
cmu modicem Oblmb OCYWecmenena 6 UHOYCMPUaIbHbIX

macwmabax Ha oonvuue paccmosnusa" [1, 4]. K stomy
cienyeT 100aBUTh TO, uTo eme A0 Teciel H. Ha BeIcOKHE
AIIEKTPON3O0JSIIMOHHBIE CBOMCTBA MHMHEPAJILHOTO Macia
YKa3bIBall HAlll COOTEYECTBEHHUK, BBIIAKOIIMICA PYCCKUN
AIIEKTPOTEXHHK, TIEPBOOTKPBIBATENb 3JIEKTPUUECKON TyTH
n nerepOyprekuii akanemuk Ilerpos B.B. [8].

[ m—

——
Puc. 2. IlpyHuunuansHast 31eKTpU4ecKasi cXxeMa BhICOKOYac-
TOTHOTO pe30HaHCHOTro TpaHcdopmaropa Hukomsr Tecisl.

CBoeili pa3pabOTKOH pe30HAHCHOTO TpaHchopMaTopa
Tecna H. BepBbIe MpoieMOHCTPUPOBAI IPHHIMI HCIIOIb-
30BaHMS SIBJICHMSA pE30HAHCA B WHIYKTHBHO-CBSI3aHHBIX
RLC - nensix st popMHUPOBaHHS BBICOKHX M CBEPXBBICO-
KHX DJIEKTPUYECKUX HaNpsKEHUH BBICOKOW 4acTOThl. JlaH-
HBIM IPUHIMI CHITPAJ CBOIO OOJIBIYIO POJIb B PA3BUTHH HE
TOJIbKO COBPEMEHHOW BBICOKOBOJIETHOM MMIYJIBCHOM TEX-
HHKH, HO ¥ PaJMOTeXHUKN 0c00eHHO. OH M HBIHE IIHPOKO
MPUMEHSETCS] B COBPEMEHHOM BBICOKOBOJBTHOM JIEKTPO-
(huzmgeckoM 000pyHOBaHMH (HAIpUMEpP, B AIIEKTpOMar-
HHUTHBIX CHCTEMaX YCKOPHTENEH 3apsDKCHHBIX dJIEMEHTap-
HBIX YaCTHII JUIA AJEPHBIX rccienoBanuii). [lostomy mouc-
TUHE MPOPOYECKHUMHU OKAa3alUCh €ro CIEIyIOIIHe CJOoBa:
".A dymaro, umo paspso Kowdencamopa 6ydem 8 6y0y-
wem uepamo sasxcuyio poav" [1, 5].

Huxona Tecna cBoumu pabotamMu B 001acTH Hampsi-
JKEHUH M TOKOB BBICOKOHM YacTOTBI CTUMYJIHMPOBAN IOSB-
JICHWE psAJa HOBBIX HJIEKTPOTEXHHYECKHX armapaTroB Te-
pameBTHYecKOTO Ha3zHaueHWs (Hampumep, YBY ammapa-
toB) [1, 3]. B 1898 romy oH BeicTynmn gaxe B T. Bydda-
JIO ¢ JIOKJIaJOM Ha KOHrpecce AMEPHKAHCKOHN JIEKTPOTE-
pameBTHYecKoil accoranui. B paHee omyOIMKOBaHHBIX
Matepuanax o Tecne H. ykassiBaeTcs, 4To UM ObUT TIpo-
B€/IeH KOMIUIEKC HMCCJIEJOBaHUN 1O (DU3UOIOTHYECKOMY
JICUCTBUIO HA YEJIOBEKA TOKOB U HAIPSDKEHUU BBICOKOM
gacToTsl [1]. 3adacTyro "MOAONBITHBIM KpPOIUKOM" OH
CTaHOBWICSA caM. JIOMOAIMHHO yCTaHOBJIEHO, YTO HA CBO-
MX W3BECTHBIX MYyOJMYHBIX JICKIMAX OH Ha caMoM cebe
JIEMOHCTPUPOBAI JEHCTBHE 3JEKTPUIECKOTO TOKA YacTO-
Toi 10 1 MI'm OT MCTOYHMKA BIIEKTPUUECKOTO HATpsiKe-
aus B 200 kB [1, 5]. B Hay4noit nabopatopun Tecna H. B
MHOTOUYHCIIEHHBIX ONbITaX B MPUCYTCTBUU CBOMX ITOMOII-
HHUKOB 4epe3 CBOM Malbllbl PyK, 00€ PyKH U BCE TEJIO
MPOITyCKal TOKH BBICOKOW 4YacTOThI M BBICOKOTO Hampsi-
KCHU. Bnaronapﬂ 9THUM OIIbITaAM UM 6])1.]'[0 YCTaHOBJICHO
JIBa MyTH (MeXaHHU3Ma) BO3AEHCTBHS MEPEMEHHOTO TOKa
Ha YEJIOBEYECKUI OpraHu3M: IIEPBbIil Ha KIETKU MATKHX
TKaHel, a BTOpoi Ha HepBHbIE KieTku. OH mokasan, 4To
HArpeB MATKUX TKaHEW 4enoBeKa M3-3a ACUCTBHS TOKa
MEHee OIAaceH, YeM €ro AEWCTBUE Ha HEPBHYIO CHUCTEMY
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yenmoBeka. [lo ero MHeEHHIO, NPH dYacToTe TOKa Ooiee
700 T'iy Gone3HEHHOE W IATOJOTMYECKOE MIEHCTBHE Ha
HEpBHBIE KJIETKH YeJIOBEKa IpeKpauiaercs (B 3TOH 4acTH,
K COXAaJICHUIO, HET OIyOJMKOBaHHBIX UM MOJPOOHBIX
Pe3yJIbTAaTOB MEIHKO-OHOJIOTHYECKOTO HAOIIOACHUS).

Hamu ceifyac TpyJHO BOCIPHHHMAIOTCS T€ CBEJC-
HUS, KOTOPBIE CBUICTEIBCTBYIOT O TOM, 4To Tecma H.
CIIOKOWHO IPOITyCKal Yepe3 CBOE TEJIO TOKH YacTOTOH 10
100 x['n npu 37EKTPUUECKOM HANPSDKEHUH WCTOYHUKA B
1 MB (ammmuTyaa ToKa gepe3 Telo IpU 3TOM COCTaBIIsIIA
mpumepro 0,8 A) [1, 5]. Tem He MeHee, TOYHO HU3BECTHO,
YTO Ha OCHOBE ITHUX MCCIEOBAHUHN UM ISl TEXHUIECKOTO
nepcoHanga ObUTM BhIpaOOTaHbl CBOW I[IpaBuia TeXHUKH
0e30MacHOCTH TPU padoTe ¢ TAKMMHU TOKAMH U HAIIPsIKeE-
HUAMMU. TaK, OOHUM U3 TJIABHBIX ITYHKTOB 3THUX HpaBI/IH
OBUIO TO, YTOOBI MPH PadOTE C IEKTPUYCCKHUMU TOKAMHU
gactoToii 60 ['m u Gonee W MEKTPUYICSCKUMHU HAIPsDKE-
Husmu 110 B 1 BhIIIe COTPYIHUK-OMIEPATOP CBOKO paboTy
BBITIOJTHSJI TOJIBKO OJHOM PYKOH UIS UCKITFOUCHHS B aBa-
pUIHOM cilydyae BO3MOKHOTO MPOTEKaHHS TOKa dYepes
o0acTh yemoBeyeckoro cepana. Yactp 3TuxX TpeOoBaHMIA
3 yKka3zaHHBIX [IpaBuWi mo oxpaHe TpyJa mepcoHaliia mpu
BBICOKOBOJIBTHBIX paboTax m paboTax ¢ BBICOKOYACTOT-
HBIMH TOKaMH BXOJHT U B COBPEMEHHBIE COOTBETCTBYIO-
e MHcTpykium mo TexHuke 6e3omacHoctu [1, 5]. Ta-
KAM 00pa3oM, CyJs MO TeM CKYIHBIM JaHHBIM, YTO JOII-
i 1o Hac, Teciay H. MOXXKHO cuuTaTh MUOHEPOM U B 00-
JlacTH pa3pabOTKM TEXHUUYECKHX MeEp 10 3alluTe YeJoBe-
Ka OT MOPaXKAIOIIETO JACHCTBHSI BRICOKOYACTOTHOTO 3JICK-
TPUYECKOTO TOoKa. Hackombko M3BECTHO aBTOpPY, B Oymdy-
ieM mof00HbIC MPSMBIC UCCIICAOBAHUS JICHCTBUS Ha Ye-
JIOBEUECKUI OPTaHU3M IEPEMEHHOTO TOKa TOJIBKO IIPO-
MbIIeHHOH yacTtoToi 50 I'm (Oonee omacHbIN I 4elo-
BeKa cirydail) ObUTH MPOJOIDKEHBI, YTIyOJIeHbl, pacuInpe-
HBl ¥ YTOYHEHBI BCEMHUPHO W3BECTHBIM B OOJIACTH DJIEK-
TpoOE30MacCHOCTH W amlIapaToB 3JIEKTPO3AIIUTH U HBIHE
3/IpaBCTBYIOIIMM aBCTPUICKUM 3JIEKTPOTEXHUKOM, IIPO-
¢deccopom T'ordpumom burenbmaiiepoM, KOTOpOMY B
2004 rony ucnonaunock 80 et [9].

TpeOyeTcst yka3aTh Ha TO, YTO M CETOJHS B MUpE, H
B YKpaWHE B TOM YHCIIC, aKTUBHO IPOBOJATCS HAYYHO-
HccreIoBaTebckue paboThl 10 CO3JAHUI0, HM3YYEHHIO
BIUSHHS HA YEJIOBEKAa W MPAKTUIECKOMY IPUMEHEHHIO B
MEIWINHE W OMOJIOTUH CBEPXKOPOTKUX UMITYJIBCHBIX TO-
KOB M 3JIEKTPOMArHUTHBIX MMOJICH HAHOCEKYHJHOTO JHa-
nazona [10-12]. BaxxHo oTMeTuTh, 4TO Ha 0ase 1Momo0-
HBIX TOWUCKOBBIX HccienoBannii B HUIIKU "Monauns"
HTY "XIIN" 6pun pa3paboTaHbl, CO3aHBI U YCIEIIHO
HUCIBbITAHbI BBICOKOBOJIBTHBIC BBICOKOYACTOTHBIE JJICK-
TPOYCTaHOBKH IJIs1 OCYHICCTBJICHUA KOMILJIEKCA UMITYJIbC-
HBIX BO3JICHCTBHI NpU 00pabOTKe MUIIEBBIX MPOIYKTOB U
HCCIICIOBAHUH BO3MOXHOCTEH HX JIeYeOHOTO NpUMEHe-
HUS B IIUPOKOIIOIOCHOM 3JIEKTPOMArHUTHOW UMITYJIbCHOM
tepamun [13-15].

BaxnpiM 3Tranom mHOTONETHHX pador Tecmsr H.
CIIEZlyeT CUUTATh €ro WCCIENOBAHHUSA B OOJIACTH HM3Iyde-
HUS 1 OECTIPOBOIHOM Tepeaadn dIeKTPOMArHUTHOH dHEP-
TUH. 37ech HaJ0 YTOYHHUTH OIWH MPUHIMITHAIBHBIA MO-
MeHT: y Tecnsr H. peus ma He o epemade 6e3 mpoBOIOB
cJIa0bIX DJIEKTPUYECKUX TeNerpadHbIX WIM pajuo- U Te-
neOHHBIX CHUTHAJIOB, a O OECHpOBONHOM Iepeaade Ha
3HAYUTECJIbHBIC PACCTOAHUA 60J1])HJI/IX 3HAYCHUH QJICKTPO-

MarHUTHOHM SHEPIUH, JOCTATOYHBIX ISl MUTAHUS pa3Ind-
HBIX MOILHBIX 3JEKTpUUYECKUX ycTpoicTB. HesaBepieH-
HOW MM paboToii B KoHIe XIX Beka oka3zaloch co3/aHHe
B CIIIA BBICOKOYAaCTOTHOIO T'€HepaTopa 3JIeKTPOMAarHuT-
HBIX KoJeOaHWH ¢ MOIIIHOM aHTeHHON-U3ITy4areiaeM. AHa-
JIM3 COCTOSTHUSI BEICOKOYAaCTOTHON TEXHUKH TOTO BPEMEHU
nokaspiBaeT, 4ro Teciaa H. mor pacmonarate reHeparo-
POM 3aTYXaroIUX 3JEKTPOMATHUTHBIX KOJEOaHHH YacTo-
Toit He Oonee 10 MI'1. MOIIHBIX TeHEPaTOPOB C HE3aTY-
XaIOMKAMHU CBEPXBBICOKOYACTOTHBIMU 3JICKTPOMArHUTHBI-
MH KOJIeOaHUAMH ToTa eme He ObuI0. (st apdexTuBHOM
OecnpoBOIHON Tepenadn OOJBIIUX IMOTOKOB 3JIEKTPO-
MarHuTHON SHEPruu TakoW dacToThl Obwio Obl Tecie H.
HE JOCTAaTOYHO. OJIEKTPOJMHAMMKA PACIPOCTPAHEHHUS
QJICKTPOMArdHuTHbBIX BOJIH KaK B caMon 3€MJIC, TaK U B
3eMHOM arMocdepe Toraa Kak IAMCLMIUIMHA TPOCTO OT-
cyrcrBoBaia. JlaHuele nccnenosanus Tecnsl H. Haxomu-
JMCh TIPaKTUYECKH PsIOM C padoTaMu BBLAAIOIIETOCS
pycckoro  ydeHoro-paguorexHuka Ilomoa  A.C.—
n3zo0peraTens pamuo, MPAaKTUYeCKH permuBmiero B 1895
roxy npobnemy OGecrpoBoiounoro tenerpada [1, 5]. He-
BEpHasi, Ha Hall B3V, KoHuenuus Tecinsl H. mo Bompo-
cy GecripoBoHON Tepeaayn OOIBIINX MOTOKOB AIIEKTPO-
MarHUTHOHM >HEPTUH, OCHOBAaHHAS HA BO3MYIICHUH 3JICK-
Tpudeckoro moist 3emiu [1, 5], B KOHIIE KOHIIOB, 3aBena
€T0 B TYIIHUK: 6I)ICTp])IX IMOJIOKUTCIIBHBIX PE3YJIbTATOB IO
OTKPBITUIO U1 Y€JIOBCUCCTBA HOBBIX HMCTOYHUKOB JJICK-
TPOMArHUTHOM YHEPIHHU OH 3/1€Ch HE MOJTY4NII, a OaHKUPBI
U TPOMBIIUICHHUKY (DUHAHCHPOBAHUE ITHUX HCCIICHOBA-
HUH TPEKpaTWINA. 3aMETHM, YTO COTJIACHO COBPEMEHHBIM
NIPE/CTAaBICHUSAM IIepeaaBaTh 0e3 MPOBOJIOB 3HAYNUTEIb-
HBIE TIOTOKH JJIEKTPOSHEPTHH Ha OOINBIINE pPACCTOSHHS
MOKHO TOJBKO TpPH TMOMOIIN CBEPXKOPOTKHX AIIEKTPO-
MarHUTHBIX BOJH 4aCTOTOM 3HA4YMTEAbHO Oombine 1 I'T,
PacTpoCTpaHSIIOMNUXCS HE BO BCE CTOPOHBI OT M3JIydare-
75, @ HaIpaBICHHBIM Y3KHM IOTOKOM— Jy4doMm [16]. He-
CMOTps Ha ONPCACIICHHBIC YCIICXU B HACTOALICC BpPEMs B
obnactu CBU-texnuku, npobiiema mepeaayd B BO3LyLI-
HOM IPOCTPAaHCTBE 6OJ'I])]_IJI/IX KOJIMYECTB 3JICKTPOMArHuT-
HOHW 3HEpPIuy MOCPEICTBOM MOIIHBIX Y3KOHAITPaBIEHHBIX
CBUY curHaioB Bce €1le HaXOAUTCS JIUIIb Ha CTauu U3y-
YEeHUsI M CO3JaHusl HCCIEIOBATEIbCKUX JIAOOpaTOPHBIX
yCcTaHOBOK [16].

Heobxomnmo otmeruts TO, uto Tecne H. mpunan-
JISKUT MUPOBOH IIPHOPHUTET U B pabOTaxX MO TUCTAHIIUOH-
HOMY YIPAaBJICHUIO C MOMOIIBIO0 BRICOKOYACTOTHBIX 3JICK-
TPOMAarHUTHBIX CHTHAJIOB Pa3IMYHBIMH MEXaHH3MaMHU
(mammprmep, Mopckumu cyaamu). Tak, B 1896 roxy mo ero
npoexty B6mm3u r. Hero-Mopka Gbina mocTpoeHa pajuo-
CTaHllMdg, H3JlydaBllasgd KOPOTKUEC DBJIICKTPOMArHUTHBIC
BOJIHBI ¢ 4yacToTo n0 2 MI'l u mpenHazHadeHHas st
YIOPaBJICHUS HAa PACCTOSHUAX JO 25 MOPCKUX MHIb (OKO-
710 46 kM) oT Oepera OIBITHBIMH 00pa3laMu MOPCKHX
cynos [1, 5]. IlpoBenennsie B 3ToM xe roxy Tecmoit H.
HATYPHBIC HCIBITAHUS 110 PAIHOYIIPABICHUIO YIaICHHbI-
MH OT OeperoBoil 30HBI MOPCKHMH CyJaMH TOJTHOCTBHIO
MOJATBEPIIUIN TEXHUYECKYIO PEaJH3yeMOCTh STOTO CIIO-
co0a IUCTAaHIIMOHHOTO YIIPABICHHUS TEXHUYECKUMH O0B-
extamu. B 1897 roxgy oH moiy4aeT HECKONBKO MaTEHTOB
CIIIA Ha u300peTeHus B JaHHOM 00J1aCTH, MOJOKHUBIINX
HayaJlo pa3BUTHIO TAKOI'O HOBOI'O HAYYHO-TEXHUYECKOTO
HalpaBJICHHUA KaK paJuoTeJIEMEXaHUKa. OTKpI)IBHJaHCSI
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nepen Tecnoit H. mmpokast 001acTh BEICOKUX 3JIEKTPHYE-
CKMX HANPSHKCHWH M BBICOKMX YacTOT AJIEKTPHYECKOTO
TOKa YBJIEKAaeT €ro M BOOJIYILIEBISET Ha (haHTACTUUECKHE
noctynku. B 1899 rony Tecne H. ymanoce mocTpouts B
CkaucThIX ropax amepukaHckoro mrarta Komopano BbI-
COKOTOPHYIO HAay4YHYIO Ja0OpaTOpHIO, 3aHSBIIYIOCS U3Y-
YEHUEM BJICKTPHUUYECKOTO I0Jst 3EMIIM M TIPUPOJBI TPO30-
BBIX pa3psnoB (puc. 3). Mcmomnb3yst cBOi BBICOKOBOJIBT-
HBIi WMMYJIBCHBIM PE30HAHCHBIN TpaHcopMaTop, OH
CO3/aeT BBICOKOYACTOTHBIA TEHEPaTOp MOIIHOCTHIO
200 kBT, mo3BoiABImINIA TOJYYaTh HA €r0 BHIXOJEC HM-
MMyJECHOE HANpsDKEHHE OT HECKONBKHX MEraBOJbT 10 12
MB npu gactote ero uamenenus ao 150 k' [1, 5].

W e P ) s T SSSNSN

Puc. 3. O0muii BU BEICOKOBOJIBTHOTO BEICOKOYACTOTHOTO
reneparopa Hukonsr Tecnsl B Konopanckoit tabopartopuun
CIIA npu ¢popmupoBanuu uM B 1899 r. B BO3yXe JTHHHBIX
HCKPOBBIX Pa3psIoB (Ha CTYyJIE PSAAOM C TEHEPATOPOM CHUIUT
aBTOp pa3pabOTKU 3TOH BBICOKOYACTOTHOM TexHUKU — Tecna H.)

PazMecTuB 311€MEHTHI 3TOTO I'eHEpaTopa Ha H30JIs-
LIMOHHOM BBIIIKE (MayTe) BHICOTOM okoyio 60 M, eMy yna-
JIOCh UCKYCCTBEHHO MMHTHPOBATh M HAOJIOAATh B BO3MY-
X€ HCKPOBEIE pa3psiapl OONBIION ITUHEI ("UCKYCCTBEHHEIE
monHuH'") — 10 40 M. M306pakeHHBIe Ha pHC. 3 BO3IyII-
HBIE JUIMHHBIE MCKPOBBIE pa3psabl, GOPMUPYEMBIE ITHM
TEHEPaTOPOM, TOBOPAT O TOM, YTO yKa3aHHbBIE YyTh BBIIIE
JaHHBIC, HAaBECPHOC, MOXHO CUHUTATH ISKCICPUMCECHTAJIBHO
NOATBCPKACHHBIMU. Jla)Ke B HalI€ BpeMs C COBPEMCHHBIX
3NEKTPOTEXHUYECKUX MO3UIMI U 3HaHUIl BCe 3TO BBITIA-
Ut npocto Qantactuyecku! Jtumu padoramu Tecma H.
Ha MHOTHE JIecsTHIIeTHs] 000THaI cBoe Bpems. [lonoOHbIe
nccnenoBanus ObuTH Bo3oOHOBNeHE! B CIIA n B npyrux
CTpaHax MuUpa Toiabko B 70— rompl XX Beka, 9To OBLIO
CBSI3aHO C PEIICHWEM HACYIIHOW HpOOJIEMBI IO MOJIHHE-
3alIUTe pa3MELIEHHBIX Ha 36MHON MOBEPXHOCTH 3JIEKTPO-
9HEPreTHYEeCKHX OOBEKTOB M B OKOJIO3€MHOM IIPOCTpPaH-
CTBE JIETATEJIbHBIX aNNapaToB (HANpHMEp, CaMOJETOB U
paker) [17-22].

XX cronerne Tecina H. BcTperun cBouM HOBBIM
MPOEKTOM, IpeaycmarpuBaBiiuM coznanue B CIIA yHu-
KaJIbHOM MOIIHOM paguocTaHiuu. I1o ero cioBam naHHas
paauocTaHIms OyAeT HyXKHA "...0/5 6CeMUpHOll nepedaiu
anekmpoanepeuu” [1, 5]. DTOT MpPOEKT mpeaycMaTpuBall
COOpY’KEHHE OalllHU BBICOTOH 47 M, Ha BEpIINHE KOTOPOM
JOJDKEH OBl OBITh YCTaHOBJIEH MOIIHBIN IEperaTINK—
TeHepaTop SJeKTPOMarHUTHBIX BomH. B 1902 roxy co-

OpYXEHHE BBIIIICHA3BaHHON OAIlIHU U MOMEIIECHUS BOIU3H
Hee JUIs HaydyHOH JabopaTopuu ObUIO 3aKOHYEHO. MOH-
TaX CHJIOBOTO 3JIEKTPOOOOPYAOBAHUS ITOH PaJHOCTaH-
1 Tecniel H. ObUT OTJI0KEH Ha HEONPEACICHHOE BpeMs
no ¢uHaHCOBBIM NpuunmHaM. B 1914 rony u3-3a HayaB-
1Ieiicst epBOH MUPOBOH BOIHBI BCE PaOOTHI 110 CO3JIaHUIO
JITAaHHOW paZMOCTaHIMK OBUIM NIPEKpalleHbl, a OalIHio B
CKOPOM BPEMEHH B IIEIISIX 00€CIedeH sl FOCY1apCTBEHHON
6e3omacHocTu CIIA npummiocs B3opBaTh [1, 5].

Crnemyer oOpaTHTh BHHMaHHE YWTATEIs Ha TO, YTO
Iocie IOAPOOHOTO MOETO 3HAKOMCTBA C HM3BECTHBIMHU
oryOnukoBaHHBIMH MaTtepuaiamu npo Huxomy Teciy n
€ro OCHOBHBIMHM DPa3pabOTKaMU aBTOpa 3THX CTPOK HE
OCTaBJIIET YYyBCTBO JA0cajbpl OT Toro, yro Tecma H., He
HMesl YUCHHKOB U TOCJIeIoBarTeieil, KpaitHe Majo my0Jiu-
KOBaJl B HAYYHbIX U3JaHUAX IMOJTYUYCHHBIC UM KOHKPETHBIC
HAyYHO-TEXHUYECKHE IaHHbIE W COOTBETCTBEHHO MOJ-
pOOHO He NPEACTABISUT NIMPOKUM HAayYHBIM Kpyram pe-
3yJIBTaThl IIPOBEICHHBIX MM B TEUEHHWE MHOTHX JIET 00-
IMIMPHBIX ¥ Pa3HOIUIAHOBBIX IKCIIEPHMEHTAIIBHBIX HCCIIE-
noBanuil. [locie ckynoro 03HakKOMJIEHHSI COTPYAHUKOB U
MIOMOIIIHUKOB M3 CBOEr0 Y3KOTO OKPY)KEHHs C MaTepha-
JaMU M 3CKU3aMHU TMPEICTOSIMX padoT IOCIENHHE OH
00brgHO yHHUTOXaJ. Kak mpaBuiio, >xypHajloB IPOU3BO-
CTBa OOIIETEXHMYECKHX padOT W INPOBEIEHHS Hay4dHO-
TEXHUYECKHUX MCcClIeqoBaHui UM He Benock. Tecna H. mo
UTOTraM CBOMX pabOT MPOM3BOJAWII KOPOTKHE 3aIUCH, KO-
TOpbIe MOTJIH OBl eMy MOHAI00UTHCS B JajbHeiimemM. He-
KOTOpBIE HCCIIENOBAHMS WM OOHAapyXXCHHbBIE SIBICHUS U
3¢ eKTbl OH HE JOBOAWI JI0 JOTHYECKOTO 3aBEpILICHUS,
He ToBops yke 00 ux o6o0mennn u odopmieHnH, U co-
OTBETCTBCHHO O HHUX HE 3asBIISUI B Ie4aTH. Tak, Mpu nuzy-
yeHnd B 1893 romy B 007aCTH CBETOTEXHHKH ITPOIIECCOB
B BaKyyMHBIX JIaMIIaX C TYTOIUIABKUMH 3JIE€KTPOJAaMU OH
YCTaHOBWJI M KITaCCU(UIMPOBAJT TPH BHAA HAOIIOIaEeMOTO
UM B 3THX OINbITAaX HM3JIy4EHUs: BUAUMBIN CBET, yJIbTpa-
(duoneToBOoe M3MydYeHUE U "coseputeHHo ocobvie ayuu"
[1, 5]. Kak cBHIETENBCTBYIOT COXPAHUBIIHNECS B apXUBAX
HUCTOPUYCCKHUE JaHHBIE OH OIBITHBIM ITYTEM OIIPCACIINUII
TO, YTO TIOCJIETHHUE JIETKO IPOHMKAIN Yepe3 TOHKHE Me-
TAUIMYECKUE TIACTHHKH, OKpyXXaBiue Jiamiy. OH Mor
651 enie B 1893 rogy 10 M3BeCTHOro HeMeUKOro Qusnka
B. Pentrena otkpeiTe X—i1y4n, oOHapyXKEHHBIE U JOBE-
JICHHBIE TIOCJIEIHMM JI0 HAYYHBIX KPYroB ITyTE€M JXYp-
HAJIBHOW ITyOJMKAIMK TOJNBKO B KoHIe 1895 roma m Ha-
3BAHHBIC TTIOTOM B €TI0 YECTb "PEeHmeeH08CKUM U3NYYeHU-
em". KcraTu, mpy MpoOBEIEHUN CBOWX 3HAMEHHTHIX OIIBI-
ToB B. PeHTren aist momydeHus BHICOKOTO 3JIEKTPUIECKO-
rO HanpsDKEHHMs HCIIOJIb30Bal PE30HAHCHBIH TpaHchop-
matop Tecnsl H. [1, 5]. YBneuennocts Tecnbl H. Haykoi,
HOCHBIIIAsl TMOPO¥ MpU3HAKU (haHATHU3MA, M JKEITaHUE ObI-
CTpPO pemaTth MacIITaOHble HAYYHO-TEXHHYECKHE 33/1a4i
He BCerja NPUHOCHIM €My JKeJlaeMble pe3ynbrarbl. OT
TaKoOro IOJAXO0Ja CTPajald HE TOJIBKO OKPY)KAIOIIUE €ro
J0Y, HO U MHOroe Tepsiia cama Hayka m Texnuka. B
CBOC BpeMs eIle 3HAMCHHUTBIA aHTIMHCKHNA (UK
JIk.Y. Paneit B kauectBe moxxenanus Tecne H. mpsmo
eMy ckazan: "..Bul Ha pedkocmb 00apeHHblll YUeHbill.
Moii Bam cosem— cocpedomoubme yCunus Ha OOHOU U3
Bawwux senurxux udeii u paspabomatime ee 0o konya" [1].

B 1915 rogy Huxone Tecne 3a muoHepckue uccie-
JOBaHUA MHOF0q)83HbIX QJICKTPUYCCKUX MalluH MHepe-
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MEHHOTO Toka Obuia mpucyxaeHa HoOemeBckas mpemus
mo ¢usuke, a B 1916 rogy oH, Kak TBOpen MHOTO(a3HBIX
QJICKTPUYCCKUX CHUCTEM U BBICOKOYAaCTOTHOM TCXHHUKH,
ObUT HarpaxkieH 30JI0ToW Menaibpio Tomaca DnucoHa.
INocnennue mneuatHeie pabotel Tecnbl H., cBsizaHHBIC C
YCOBEPILICHCTBOBAHUEM CTaTHYECKOr0 3JIEKTPHYECKOTO
rereparopa Ban ne ['paada u mcnonp3oBaHUEM BBICOKO-
BOJIETHBIX MICKPOBBIX Pa3psOB IS W3YYCHUS CBOWCTB U
CTPOCHHS PazIMYHBIX BEIIECTB, OTHOCATCA K 1934 romy
[1, 5]. TTocnenaue cBom roanl Tecna H., Tak MHOTO OT-
JABIINH CBOMX CHII OnaropomHomy aeny Hayku, mpoBen B
OIMHOYECTBE U MaTepuaibHON Hyxae. Ckoruancs Huko-
na Teca 8 ssrBapst 1943 roma B CIIIA B r. Heto-Mopke Ha
87-M romy >KU3HHU.
k ok ok

Hukona Tecna siBisiicst apropom 6osiee 100 n3oope-
TEHWA B OOJACTH 3JCKTPOTCXHHKH, BBICOKOBOJBTHOM
AMITYJIbCHOM TEXHUKU U PAJAUOTCXHHKH, OOIBINAS YaCTh
U3 KOTOPBIX OBLIA pealn30BaHa, a HEKOTOpas 4acTh W3
HUX W TIOHBIHE CIYXXHThH 4eJoBedecTBY. V3BecTHBII ame-
PUKaHCKHUH paJHoTEXHIK, Taypear HobeneBckol mpemMuun
OnBuH ApMCTpOHT, moguepkuBas Benuane Tecnsl H. u
€ro BBIJAIOINUIICS BKJIAJ B PAa3BUTHE DIIEKTPOTEXHHKH,
3JIEKTPOIHEPTETUKH, PATUOTEXHUKH W CTAHOBJICHHE OC-
HOB COBPEMEHHOM MPOMBIINIICHHOCTH, OJHAXKIBI CKa3al:
"...A Oymaio, wmo mupy npudemcsi 00120 HcOamv nosgie-
HUSL 2eHusl, KOmopbitl Mo2 bbl cmamb coneprukom Huko-
abt Tecnvl 6 e2o ceepuienusix u 6 e2o sdoxnosenuu" [1, 5].
B urone 1956 roma B o3HamenoBanue 100-metus co gHS
poxnennst Hukouel Tecibl u ero 3aciyr nepej deioBeye-
cTBOM MexayHapoaHas 3JICKTPOTEXHUICCKAass KOMUCCHS
(MBK) mocraHOBMIIa IPUCBOUTH B MEXIYHAPOIHOHN CHC-
teme (CU) enwHWIle MarHUTHOW WHAYKIWN Ha3BaHUE
"Tecaa" (cokpamenso Tu). B atom xe rogy Amepukan-
ckuM HHCTUTYTOM [EEE Obla y4pexIeHa Menalb uMe-
Hu Huxkounbl Tecnbl, BpydyaeMas 3a BbIJAIOLIUECS TOCTH-
JKEHUSI U 3aClIyr'M B OOJIACTH JJIEKTPUYECTBA M 3JIEKTPO-
TexHuku. HayuHo-texunueckoe umsi Hukonsl Teciabl Mu-
PpOM He 3a0bITO, €r0 Hay4HbIE Pa3padOTKH U UAEU POHU-
3BIBAOT JI0 CUX MOP COBPEMEHHYIO 3JIEKTPOTEXHHKY, pa-
JUOTEXHUKY Y BHICOKOBOJIETHYIO UMITYJIBCHYIO TEXHUKY U
BCE OHU HAIIPABJICHBI Ha OJIaro HaIICH [MBHIH3AINH.
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EnekmpuyHi MawuHu ma anapamu

YK 621.313.323, 65.002.5-868

MATEMATHUYHE MOJIEJIIOBAHHSA POBOTH THAYKIIMHOI'O JITHIMHOT' O
JABUI'YHA Y AKOCTI 3BY/ I KYBAYA KOJIUBAHb

T'onenkos I'.M., k.1.H., fo11., bonaap P.I1., Makoron C.A.

KuiBchkuii HalliOHAIBHUN YHIBEPCUTET Oy IIBHULITBA 1 apXiTEKTypH
VYxpaina, 03037, Kuis, np. [ToBitpodaorcekuii 31, KHYBA, xadenpa EnexTpoTexHiKH Ta €I1eKTpOIPHBOLY

ten. (044) 241-55-65

Boraenko M.B., ITonkos B.C.

HayxoBo-BrpoBamxyBansHe mianpueMcto "[IpomenexkrpoobiagHanas”
VYkpaina, 03179, Kuis, By:n. Ipminceka, 63a/125 ten. (044) 459-52-42

Pozenanymi numanns, nos'a3ami iz 3acmocysanHam pizHUX eapianmie 0OMOMOK Onsa eiopamopie 3 IHOYKUIMHUM JIHIIHUM
osuzynom. Ilpedcmaesneno mamemamuyny mooenv 3 6UHAYEHHA HAMAZHIUYIOUUX CUJl, WO PO3GUBAIOMBCA OBUSYHOM RPU PIZHUX
munax 00MoOmox, i OOAHO peKOMeHOayil uie00 iX 6UKOPUCMAHHA.

Paccmompensl eonpocel, céazanhple ¢ NPUMEHEHUEM PA3IUYHBIX MUNO0E 00MOMOK 01t UOPAMOPOE ¢ UHOYKUUOHHBIM TUHEN-
Hbim 0suzamenem. Ilpueedena mamemamuyeckas mooens no onpedeseHuI0 HAMAZHUYUBAIOUWIUX CUTl, DA36UBAECMBIX OgUzamenem
HpU PA3IUYHBIX MURAX 0OMOMOK, U OAHbL PEKOMEHOAUUU K UX UCHOIb306ANUIO.

[NOCTAHOBKA 3AJIAUI

Haii0inpimn momupeHi Ha CbOTOMHINIHIN JISHb Y TIPO-
MUCIIOBOCTI JaeOanaHcHI BiOpatopu. BoHm MaroTe psifg
HEZIOJNIKIiB: HETOBTOBIYHICTh pOOOTH BaJiB i MiANINITHUAKIB
(M0 CHWIBHO CHPalbOBYIOTHCSA dYepe3 HepiBHOMIpHHN
PO3MOAINT JUHAMIYHHX 3YCHJIb 1 PE30HAHCHUX SIBHII, SKi
BUHHKAIOTh MIPH BMUKaHHI-BUMUKAHHI JBUTYHA), @ TAKOX
HEOOXI/IHICTh y CHCTEeMi CHHXpOHi3alii oOepTaHHs eKc-
neHtpukiB [1, 2]. Takox MammHH 3 TiJpOIPHUBOJIOM
BUMAararoTb: HAaCOCHY CTaHI_liIO, HIJIaHTU BUCOKOI'0 TUCKY,
(bUIBTPH, EMHICTD 1151 30€peKeHHsT PO-0040i PiIUHH, 10
BeJle 10 NOJIOPOKYaHHS YCTaHOBKH [3].

VYV pobotax [4, 5] 3anmponoHOBaHO KOHCTPYKIIi OJ-
HO(da3Horo BiOp0O30ymMKyBada 3 IHAYKIIHHAM JNiHIHHIM
meuryaoM (BUII) (puc. 1). YV maniit poGoti poOUTBCS
cpo0a y3arabHUTH OTPUMAaHi pe3yJIbTaTH 1 PO3PaXyHKH.

7 z
N
o | ;
~{/ . |- 4
000 'VE::: i
NIN=S -
OO 's's i
7 7 |

f ©
| @]
I ]
_|— . .
Puc. 1. Cxema BUUI y po3pisi:
1 — kopmyc; 2 — cratop; 3 — 0OMOTKa craropa; 4 — 30ymKyBay

KOJINBAaHb; 5 — MOCTIiHI Y1 €JICKTPHYHI MarHITH;
6 — npy>wuHa; 7 — KJIeMHa KOpoOKa

A. OAHOD®A3HA CUCTEMA
Hamarniuyroua cuia, sika CTBOPIOETbCS OJIHO(a3-
HOIO OOMOTKOIO cTaTopa [6], 3MIHIOETBCS 3a CHHYCOina-
JHHAM 3aKOHOM 1 TOPIBHIOE:
F=F,, sin(o-). (1)
ne F, - MakcuManbHa H. C., aMIIep-BUTOK; (- KyTOBa

HIBUJIKICTh MArHITHOTO ITOJISL, 0 O1KUTH, Paj/c;f - 4ac, C.

Skmo BUpoOUTH 0OMOTKY iHAYKTOpPa 3 OKPEMHX KO-
TYIIOK, HAMPSAM MPOXOKEHHS CTPYMY B SIKMX MPOTHIIE-
KHUHA (pHC. 2), TO OTPUMAEMO CHCTEMY 3 ITyIbCYIOUUM
MAarHITHUM ITOJIEM:

Puc. 2. IIpunnmmnosa enekTpuyHa cxema oHo(a3zHoT
obmotku BIJI]

Jitoue 3Ha4YeHHs HaMarHidyro4oi CHJIM BHU3Ha-
YaeThCA SIK CEPEJHE KBaJAPATUYHE 3 MEPiOA:

T
_ L a2 a2
F= F-!Fm-sm ((o~t)-6t. 2

Otxe, cymapHe 3HAU€HHS H. C. ITyJIbCYIOUOTO MarHi-
THOTO ToJisl (SIK 11e BUAHO 3 rpadika QyHkuii Ha puc. 3)
Oyne 3MiHIOBaTHCs B —F),, no +F, : FF==xF,, . Ilpoin-
TErpyBaBIIH BUPA3, OTPUMAEMO:

F. F, )
> ")

[Ipu ¢dopmyBaHHI KOJIMBaNbHOI cUCTEMH OIHO(a3-
Horo BIJI/I marHiTHa cucremMa BTOPHHHOTO KOHTYpPY
MoOXe OyTH BUKOHaHa 3 TIOCTIHHMX MarHiTiB 4 €JIeKTpo-
MArHITiB TIOCTIHHOTO CTPyMY, H. C. IKAX JOpiBHIOE (3).

F =
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Puc. 3. I'padik mypCcyr0q0ro MarHiTHOTO OIS ISt
o1H0(a3HOTO BapiaHTy BKIIOUCHHS 0OMOTOK

b. IBO®A3HA CUCTEMA
MOJIMBUI BapiaHT KHUBJICHHS OOMOTKH IHIyKTOpa
nBodasHUM CTpyMoM, Hanpukiaa, ¢a3z A 1 B. Cxema
BKJIIOUEHHs1 0OMOTOK IOKa3zaHa Ha puc. 4. Hamarniuyroua
CHJIa, SIKa CTBOPIOETHCSI 0OMOTKaMH A 1 B, 3MiHIOETBCS 32
CHUHYCOIJaJIbHUM 3aKOHOM:

A|B AlB A|B AlB A|B
T
L L |
c1 c2 C4 C5
Puc. 4. [lpuHnunosa enekTpruyHa cxema aBoha3Hoi OOMOTKH
BUIIA
Fy :Fm'sin(oyt); 4)
Fg=F, sin-(0-1-2-1/3). (5)

st Toro, mo0 BU3HAYNTH 3HAYEHHS CYMapHOTO Be-
KTOpa H. C., CJIiJ] 3HAUTH CYyMY H. C. KO)KHOT OOMOTKH:

F=F,+Fg=F, sin(w-t)+F,, -sin(o--
—2-1/3)=F,, -(sin(o-)+sin(w-£-21/3)) = 2- F,, x (6)

x sin(wj . cos(gj =F,, -sin(®-7-1/3)

OTXe, CyMapHe 3HAa4€HHS H. C. MyJIbCYIOYOTO MarHi-
THOrO mojis (K 1e BUAHO 3 rpadika Ha puc. 5) Oyxae
3MiHIOBaTHCA Bifl —F,, 10 +F,,: F=%F, .

i

F=F,+F,
Puc. 5. T'padix MaruiTHOro mysbCyr040ro MarHiTHOTO OIS IS
IBo(ba3HOTO BapiaHTy BKITFOUEHHS 0OMOTOK

Jlnst BU3HAYEHHS JIF0UOr0 3HAYEHHS H. C. OOYHUCIIH-
MO IHTETpal:

J‘Sinz(m.t_n/j,)_at:[y: m't—g,t: y+75/3} _
®

:jsinzy-a(—y+“/3)=jl-sin2y-ay:lx
(O] (O] (O]

I-cos(2y) , 1 (1 1 .. _
><J' dy—m (2 y p s1n(2 y)+C1j—

81
Jlirouye 3HaYEHHS H. C. JOPIBHIOE:
T 2
1 . F F
F = —~me2~s1n2(m-t-n/3)-6t= = (8
T 2 2

B. IBO®A3HA CUCTEMA I3 3SMIHEHUM
HAIIPSIMKOM CTPYMY B OJJHII1 OBMOTILII
301IBIIUTH 3HAYEHHS H. C. MOXKHA, 3MIHHBIIM Ha-
npssM ctpyMy B onHiii  ¢asi, nampukian, B. Cxemy
BKITFOYCHHSI OOMOTOK IIOJJaHO Ha puC. 6.

"

AlB" AlB” AlB AlB" AlB

] ‘

c1 c2 C4 C5

Puc. 6. [IpuHnunoBa enexTpuyHa cxema aBoda3zHoi 00MOTKH
BIJI/ i3 3MiHeHHM HanpsIMKOM cTpyMy y ¢asi B

Hamarniuyroua cmia, sika CTBOPIOETHCS OOMOTKaMH
A 1B, 3MIHIOETBCS 32 CHHYCOTAIBHUM 3aKOHOM:
Fy=F, sin(o-1); )
Fy =F, -sin(0-t-5-1/3). (10)
3HaiizeMo cymMapHe 3Ha4eHHS H. C. 0OMOTKH:
F=F, +Fg =F, sin(0-1)+F,, -sin(0--5x
x n/3)= F, -(sin(w~t)+ sin(w~t-5-n/3)): 2-F, x

(2-0-t=5-7/3 5-m [ ot
XSIn(%)'COS(szz-Fm'SIH(T— (11)

_5'n/3j.(—£J:\/§-Fm~sin(5-7'c/6-c0-t).

2 2

OTKe, cyMapHe 3Ha4EHHs H. C. ITyJbCYIOUOr0 MarHiTHOIO
noJist (sIK 11e BUIHO 3 rpadika Ha puc. 7) Oyzae 3MiHIOBATH-

cs BiA —\/;Fm 10 +x/;FmI F:i\/g-Fm.

Puc. 7. I'padik myapCcyr0u0ro MarHiTHOTO MOJISL [UIS CXEMHU
nBo¢a3Hoi OOMOTKH i3 3MIHEHHM HanpsMKOM cTpyMy y dasi B
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Jliroue 3Ha4YCHHS H. C. AOPIBHIOE (3HAXOKEHHS I[bO-
ro IHTerpaja aHaJIoTi4yHe MONePeHBOMY):

T
F= %~.(|;3~Fm2-sin2(5~7t/6-03~t)-8t=\/§~Fm.(12)

I'. TPUDPA3HA CUCTEMA I3 3SMIHEHUM
HAIIPSIMKOM CTPYMY B OJHIA OBMOTIII

CyMa MHUTTEBHX 3HaueHb CTpPyMiB TpH]asHOI cucre-
mu EPC y xoxxHHl MOMEHT yacy Oyze JOpiBHIOBATH HYITIO.
Hns toro, mo0 OTpUMAaTH IIyJCYIOUYe MarHiTHE IIOJE,
JOCTaTHBO 3MIHUTH HAIPSIM IIPOXOJDKEHHS CTPYMY B OIHIN
3 00MoTOK (y maHoMy Bumajky (a3u B) Ha mpoTuiexHuil.
Cxema BKITIOYEHHSI 0OMOTOK ITOKa3aHa Ha puc. 8.

Hamarniuyroua cuia, sika CTBOPIOETHCSI OOMOTKaMH
A, B" i C, 3miHt0€TBCS 32 CHUHYCOIJAIbHUM 3aKOHOM:

ABIC| |A|B

c1 cz2cCs

o

C| |A[BIC| |ABIC| |A|B

Cacs C6

Puc. 8. [IpuHiunoBa enekTpuyHa cxemu TpudaszHoi 0OMOTKH
BIJI/ i3 3MiHEHUM HampsIMKOM CTpyMy Y ¢a3i B

F,=F, sin(o-1); (13)
Fy = F, -sin(0-t=5-1/3); (14)
Fg = F,, -sin(0-1—4-1/3). (15)

3HaiifieMO CyMapHe 3HAYCHHS H. C. KOXKHOI OOMOTKU:
F=Fy+Fg+Fg=F, sin(o-7)+
F,, -sin(w-£-5-1/3)+ F,, -sin(0-1 —4-1/3)=
=\/§~Fm -sin(5-1/6-w-1)+ F,, -sin(w- —
~4-1/3)=2-F,, -sin(®-1-5-1/3).

(16)

OTKe, cyMapHE 3HAUYEHHS H. C. ITyJIbCYIOHYOro MarHi-
THOTO T0JIs1, (K 11e BUIHO 3 rpadika (yHKIii Ha puc. 9)
Oyne 3MmiHtoBatucs Bin —2-F,, no +2-F,,: F=12-F, .

w4

ol FoFsFpeRe

Puc. 9. I'padik myapCcyr0q0ro MarHiTHOTO MOJIS LIS TpU(a3HOT
oomotku BIJIJ] i3 3MiHEeHNM HanpsiMKOM cTpyMy y ¢asi B

Jliroue 3HA4YEHHS H. C. JJOPIBHIOE:

T
1 .
F= 7j4-F,,3-smz(m-z-s-n/3)-at:2-Fm. (17)
0
Ha puc. 10, 11 momaHo BEKTOpHi AiarpamMu CTpyMiB

JUIsl KOXKHOTO 3 BapiaHTIB BKIIIOYEHHS OOMOTOK.

al o
/4

ons
Puc. 10. BekropHi aiarpamu aist Bunajakis A (a) i b (0) h
/
al '
s
__g‘_ffi/é 2/
b Ve

b

Puc. 11. BeKTopHi_.‘;[iarpaMH ULt BI/IHa,I[Izi_B B(a)il (0)

BHUCHOBOK

TeopeTnuHuii aHaJI3 ICHYIOUHMX €JIEKTPOMEXaHIYHUX
CHCTEM, TPOBEICHUIN 3 METOI0 MOKpAIIEHHS iX TeXHIKO-
E€KOHOMIYHUX ITOKAa3HUKIB, MOKAa3aB, M0 BHKOPHUCTAHHS
OITHO- Ta JIBO- (pa3HHUX BapiaHTIB BiOpaTOpiB 3 IHAYKIiii-
HUM JIHIHHUM ABUTYHOM MOXJIMBE IJISI MAJOMOTYKHHX
cucreM. IIpu mpoMy CTBOPIOETBHCS HE3HAYHHH MeEpeKic
da3 y mepexi. [Ipy KOpOTKOYACHHX PEKUMAX POOOTH
MOXJIMBE BHKOPUCTaHHsS JBo(a3HOro BapiaHTy i1 Ha
OlbIIMX MOTY)KHOCTSIX. TprdazHuil BapiaHT PEeKOMEH/10-
BaHO JUIS IOTY)XKHUX BiIOpaTOpiB.

CucremMu MaroTh Taki 3HaYSHHS] HAMArHI4y04oi CH-

Fn
2

F, . . 3

ﬁz 0,7-F,,, 3 iHBepciero - 5 -F,, =1,2-F,, ; tpudas-

Ha 3 iHBepcieto - 2-F), .

au: onHodasHa - ~0,7-F,,; nBotdasHa G6e3 iHBepcii -

Ha nanuii yac TpuBarOTh BAOCKOHAJIEHHS KOHCTPYK-
uii BUJI[ Ta ekcriepuMeHTaIbHI JOCTIHKEHHS.
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Po3pooneno mamemamuuni mooeni 011 uuceabHux 0ocnioncens Qizuunux nonie ¢ akmueniii 3oni INEJ], wo peanizoeani y euoi
anzopummis i npozpam. Bukonano nonvosuil ananiz poznodiny enekmpomaznimmuozo noas INEJ]. /locnioxnceno ennue excyenm-
pucumemy na cury mazHimnozo maxycinna. Cpopmynvosano pexomenoauii 3 yoockonaniosanns INEJ].

Paszpabomanvr mamemamuueckue mooenu 01 YUCTEHHBIX UCC1e008AHUIL huzuyecKux noneii 6 akmugnoii 3one 11371, komopoie
Ppeanuszoeanvl ¢ gude anzopummos u npozpamm. Beinonnen noneeoii ananuz pacnpedenenus snexkmpomaznumnozo noaa I3/1.
Hccneoosano enuanue IKcyenmpucumema na Cuty MazHumnozo mayxcenus. Copmynuposansi pekomenoayuu no cosepuien-

cmeosanuio I13/].

[NTOCTAHOBKA ITPOBJIEMbI

Uzydenne paboumx xapakrepuctuk 193], HEoOXO-
JMMO€ JUUIsl ajibHEHIIero COBEpIICHCTBOBAHUS JBHIaTe-
Jel W MOBBIIICHUS] MX TEXHUKO-JKOHOMHYECKHX IOKa3a-
Tenel, TpedyeT npuMeHeHHs 0oyiee COBEPILEHHBIX METO-
JIOB MaTEMaTH4eCKOro MOJEIHMPOBAaHMSA M pa3pabOTKu
aJIeKBaTHBIX MareMaTHdeckux wmogxeneil. Haubonpuryro
JOCTOBEPHOCTh  PE3YJbTATOB MOJECIHPOBAHHUS MOXKHO
MOJIYYHUTb Ha 6336 IIOJICBBIX MCTOJA0B, IIO3BOJIAOIINX
MIPOAHATTN3UPOBATE OCOOEHHOCTH pacmpeneneHus (u3u-
yeckux nosieit B aktuBHOM 30He I1D/1. Ilpu 3ToM, BBUIY
ocobeHHOCTeW KOHCTpyKImH [ID]] u yclnoBWi ero 3Kc-
IUTyaTallul, MHTEpPEeC IPEICTaBIsIeT pacupeliesieHue He
TOJBKO 3JEKTPOMAarHUTHOTO, HO W TEIUIOBOTO IOJel
BHYTPH JIBUTATEISL.

B oOmem ciydae HecrauMoHapHOE HEJHMHEHHOE
muddepeHInanbHOe ypaBHEHHE Ui BEKTOPHOTO Mar-
HUTHOTO [OTEHIMala, XapaKTepHU3ylollee 3JeKTpoMar-
HuTHOEe mTosie B [1D/], MOXXHO 3ammcaTe B CIEIYIOIIEM
Buze [1]:

B T B AR
\Y XE(V x A) —yE+y(Vx(V ><A))= Jerop » €))
rae b,y — MarHuTHas MPOHHUIIAEMOCTh M 3JIEKTPOIPO-

BOIHOCTb, V, J, — BCKTOPBI CKOPOCTU ABUKCHUS CPEC-

cTop

JIBI M CTOPOHHeHi TUIOTHOCTH TOKa; V — i depeHmuas-
HBII Habma-omepaTop. 3HAUOK X O3HA4aeT BEKTOPHOE
MIPOM3BECHUE IBYX BEKTOPOB. J[y1s1 GONBIIMHCTBA KOHCT-
pykuuit I13/] Mo>kHO mIpeHeOpeyb IEeKTPOIPOBOIHOCTHIO
[IMXTOBAHHBIX CEPJICYHHKOB CTATOPA M POTOPA BIIOIb OCH
JBUTATENs, T03TOMY ypaBHeHue (1) mpeBpamraercs B cra-
LMOHapHOe HeNMMHeltHoe ypaBHeHue [lyaccona

v xﬁ(ﬁ % ) = Tergp - @)

JuddepenunansHoe ypaBHeHHE HeCTalMOHApHOM
TEIJIONPOBOIHOCTH, OMHCHIBAIOIIEE PACIpECICHUE TEM-
neparypsl 7, IMEET CIeAyIOIHNA BUA:

0
ka(VxT)—cpa—];:Q, 3)

rae A- K03(Q(UIMEHT TEeIUIONPOBOIHOCTH, C,p - YICIb-
Hasl TEIUIOEMKOCTh U IUIOTHOCTH; () - IUIOTHOCTh TEILIO-

BBIX MOTEPb, KOTOPBIMHU SBJISIIOTCS B OCHOBHOM JIXKOYJIe-
BEI TIOTEPH B OOMOTKAaX W IOTEPH B CTAld MarHUTOIPO-
Boja. /Iy11 0THO3HAYHOTO pelLIeHUs] KPaeBbIX 3a/1a4 ypaBs-
HeHHus (1)-(3) IOMONHSIOTCS COOTBETCTBYIOIIMMHU Tpa-
HUYHBIMU YCIIOBHSIMUA — 3HAYCHUSIMH HCKOMOW (DYHKI[HH
WIN €€ TMPOW3BOAHBIX HA TPAaHUIAX PACUCTHOW OOJIACTH H
HayaJIbHBIMH YCJIOBHSIMHM (TIPU PEIIEHUH HECTalUoHap-
HOW 3a/1a41) — 3HAYCHISIMA UCKOMOH ()YHKIIMN B HAYaJIh-
HBII pacdyeTHBIII MOMEHT BPEMEHH.

BBumy crnoxxHOU reoMeTpun akTHBHOM 30HEI [0/ n
HEJIMHEHHOCTH 3a1aun perienue ypasHenuid (1)-(3) Bo3-
MOJKHO TOJIBKO YUCIICHHBIMH METOJaMH, K KOTOPHIM OT-
HOCHTCSI METOJI KOHEYHBIX 3eMeHToB (MKD). DToT Me-
TOJ SIBJISICTCS OJHUM W3 Hamboiee A((EKTUBHBIX YHC-
JICHHBIX METOJIOB perieHus quddepeHnaibHbIX ypaBHe-
HUI B YacCTHBIX INPOU3BOIHBIX, MMOJyYUBIIAM IIIHPOKOE
pacmpocTpaHeHHEe B NMPAKTHKE HAYYHBIX MCCIEIOBAHUNA U
HH)KEHEPHBIX pacyeToB [2, 3]. DTOT MeToj MO3BOISET C
BBICOKOM TOYHOCTBIO aNIIPOKCHMHPOBATH CIIOKHBIE Tpa-
HUIBI pacdyeTHOW oOnactu IID]], yYHTHIBaTH HENHWHEH-
HOCTB XapaKTePUCTUK MATEPHUAIOB H T.II.

OcHoBHas ugess MKD coctouT B AMCKpeTHU3aLUU
pacdeTHoil oOmacTu Ha OOJBIIOE YHCIIO MOA0OIacTel
MajblX pa3MepoB, KaXJash U3 KOTOPBIX HA3bIBAETCS KO-
HEYHBIM 3JIEMEHTOM U B Ipefesiax KOTOpoi MCKoMas IIo-
neBas (QYHKIWSA, HAIIPUMEpP, BEKTOPHBI MArHUTHBIA TI0O-
TEHIMaN A, aulIpOKCUMHUPYETCs JIMHEHHBIM HOJIHMHOMOM.
B nexapToBbIX KOOpIMHATaX X,y ,Z HUMEEM:

A=a +a,-x+ay-y+ay-z, 4)
rIe ay,a,,as,d4 — HEU3BECTHBbIE KOI(GPUIUEHTHI, OIpe-

JIeNsieMble TI0CIIE PEUICHUs] COOTBETCTBYIOIIEH CHCTEMBI
anreOpanyeckux YpaBHEHWH JJIsl CETKM KOHEYHBIX OJie-
MeHTOB. Kak npaBuio, npu aHaiu3e MoJield B 3JIEKTpUYe-
CKHX MalIMHaX CTPEMATCS YNPOCTHUThH 3agauy — MeperTH
OT TPEXMEPHOU IMOJIEBOM 3aJaul K IBYXMEPHOW, YTO MO-
3BOJISIET CYIIECTBEHHO COKOHOMUTH BBIYUCIUTEIbHBIE
pecypent IIDBM. [lns paccMaTprBaeMoii 3a1a4um aHaI3a
xapaktepuctuk I13]], a Takke ¢ yueToM 3HAUUTEIHHOU
AKTUBHOMW JUIMHBI 3TOM 3JIEKTPUYECKOW MAILMHBI BIIOJIHE
JIOCTaTOYHBIM SIBJSIETCS pacueT IUIOCKOIAapaslIeIbHBIX
noJiel B €€ MonepeyHoM cedyeHuu. [loaToMy B AaHHOM
paboTe aHaIM3 MOJIsl OTPAaHUYEH JIByMEPHBIMH 3a7adaMH,
c(OpMyITHPOBAaHHBIMH B JAEKAPTOBBIX KOOpDAWHATaX B
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roriepedHoM ceueHnd. [locie pemenns ypaBHeHHS (2) U
OIpeZIeJICHUs] BEKTOPHOTO MAarHUTHOTO NOTEHIMana B
y3J1aX CETKH KOHEYHBIX 3JEMEHTOB BBIMOIHIETCS pacder
COCTaBJISIOLIMX MAarHUTHOW WHIYKIWH II0 CIIEXYIOUINM
BBIPaKCHUSAM
Bx =040y, By = —04/ox . (%)
IIpakTHueckoe peleHne U aHalu3 pacHpeneseHus
¢usnueckux moseit B [19]] BO3MOXHO NP HATWYAH BEI-
coKk03((EKTUBHOTO M YJOOHOTO B HCIOJIb30BAHUM MPO-
rpaMMHOro obecrniedenus. LlenecooOpa3Ho McHoNb30BaTh
TECTUPOBAHHBIE, XOPOIIO 3apEKOMEHA0BABIINE ceOsl ma-
KeThl MPHUKJIAAHBIX HOporpamM, peamusyromue MKO. B
JTaHHOM pabore mpu aHanmm3e ¢usndeckux moneit 137
HapsAy € UCITIOJIb30BAaHUEM COOCTBEHHOI'O MPOTPaMMHOTO
obecrieuennss mnpuMmeHsuica Takxke mnaker "FEMLAB',
BXomsamuii B cocraB komimiekca "MATLAB", a Taxke
YaCTUYHO HCIIOJIb30BAJIOCh MPOrpaMMHOE OOecreueHue,
pa3spaboranHoe Ha Kkadempe osnekrpomexaHuku HTY
"KIIN" r. Kues.

HEJIb CTATBA
Ienpto cTaThU SIBISICTCS pa3pabOTKa TOJICBBIX MaTe-
MaTHYeCKUX Mojenei meurarenedi twmma [19]], metoamk
pacuera ¥ KOMIBIOTEPHBIX MPOrpaMM JUISl UCCIIEOBAHUM UX
3JIEKTPOMArHUTHBIX MOJIEW U POLIECCOB B AKTUBHOM 30HE.

PE3VJIbTATEHI I/ICCHEZ[OBAHI/IfI
IToctpoenue koHeuHO-d1eMeHTHOU Mojnenu [19]] u
HCCIIeIOBaHNEe OCOOESHHOCTEW pacIpeleieHne ero moiei
npoBeneM s cekumonHoro I19][ tuma TIDJ 45-117
MB35 momnocTei0 45 kKBT. DTOT IBMrarens mMmeer oc-
HOBHBIC TEXHUYECKUE TaHHBIC, TPUBECHHBIC B Ta0I. 1.

Tabmmma 1

Ne ITokazaTens JlanHbIie JlanHbIie

cTatopa poTopa

1 MorHocTs, KBT 45

2 Hanpsokenne daser, B 1140

3 Yucio morocos 2

4 Yucno cexnuit 1

(cepIeYHNKOB)

5 KIII, % 89

6 cosQ 0,876

7 Bremnnii nuamerp, MM 105 56,2

8 BayTpennuii fuamerp, MM 56,8 30

9 AXTHUBHas IJIHHA 380 351

CEpACYHUKA, MM

10 | Bosaymsslii 3a30p, MM 0,3

11 | Yucno na3os 24 27

12 | Tun o6MoTKH 1-cnoifnas | CrepxxHeBas

BPa3BaJIKy KOPOTKO-

3aMKHYTast

13 | Yucao BUTKOB 24 -

14 | Tun naza Iony3a- 3aKphITHII

KPBITHII
15 | BricoTa ma3a, MM 13,5 10,7

Ha puc. 1 npencraBieH 3CKH3 MOMEPEYHOTO CEUECHHS
[I3/1. Ha puc. 2 u puc. 3 n300paxeHa creHepupOBaHHAs
ceTka KoHeuHbIX anmeMeHToB (CKD) n ee pparmenT B 00-
JIaCTH BO3AYIIHOIO 3a30pa B YBEIWYEHHOM Macmirabe.
Omna conepxut 15699 y3no0B u 31352 snemeHra.

AmnanornyaeiM o0pazoM ctpostces CKD mpu Hammanm
9KCLEHTpUCUTETa poTopa. st 3Toro Bce OTHOCSIIMECS K
POTOPY MOJOOJIACTH MOJIYYArOT CIBHT BIOJb OCH X JIeKap-
TOBOW CHCTEMBI KOOPJIMHAT, PACIIOIOKEHHON B T€OMETPH-
YeCKOM IICHTpE JBUTraTesIsl, Ha 3HaYCHHE IKCIICHTPHICHUTETA,

Hanpumep, Ha 0,1 MM (TOrJa MUHUMAIBHEIA 3a30p COCTa-
ButT 0,2 MM, a MakcuMaibHblii — 0,4 MMm) wiu Ha 0,2 MM
(cooTtBercTBeHHO 3a30pbI cocTaBAT 0,1 MM u 0,5 Mm).

L L
01 hT) o

Puc. 2. Crenepuposannas CKO s [19/1 45-117 MBS

004 a0 (1) 004 006 {13

a0 o T3 ) ] o aos Bt

Puc.3. ®parment CKD B 061acTé BO3AyIIHOTO 3a30pa

3AJAHUE NCTOYHHUKOB ITOJIA

Hcrouynnkamu Monsl SIBJSIFOTCSL TOKH, 33/1aBaeéMble B
rasax craropa ¥ poropa. 3agaHHe TOKOB B Tpex(asHou
0OMOTKE CTaTopa BBINOJHSETCS IJIsI ONPEAEIEHHOTO MO-
MEHTa BpEMEHH, Halpumep, Ui MOMEHTa, IPH KOTOPOM
TOK (ha3bl A IMeeT aMILTUTYIHOE 3HaYeHHe, a TOKU B (hazax
B n C paBHBI, UMEIOT 3HAUCHUE, PABHOE ITOJIOBUHE aMILIH-
TYJIHOTO, ¥ HalpaBjeHbl BCTPEYHO TOKYy (a3bl A. Bridop
TaKoOTo HampapJIeHWs TOKOB B (pa3zax He MMeEeT IPUHIIUITH-
JIBHOTO 3HAYEHUs, a ONpelessaeTcs UMb YI0OCTBOM 3a-
JIaHUS WCXOJHBIX JNaHHBIX. YKa3aHHBIE TOKH 3aJlal0TCS B
COOTBETCTBYIOIIUX Ia3aX CTaTopa, OTHOCSIIUXCSA K Ompe-
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neneHHOW (aszHoi 3oHe. Hampmumep, mms II19]] 45-117
MBS nmpu uyumcie Tma3oB Ha momoc o (asy
q = 4 B mazax moj HoMepamu | — 4, B KOTOPBIX pacIioiio-

KeHa (ha3Has 30HA A, 3amaeTcs TOK ﬁ~1(b”: 33,7 A. B

naszax ¢ Homepamu 5 — 8, B KOTOPBIX pacronoxeHa (azHas
30Ha Y, 3amaercs Tok 16,8 A, a B mazax 9 — 12 (daznas
30Ha B) — 16,8 A u 1.1. Ilpu 3T0M, OCKOJIBKY B YpaBHEHU-
SIX IO UCTOYHHMKAMH IIOJIS SIBISIETCS IUIOTHOCTH TOKA B
nasax, OHa ONpe/essieTcsl C yYeTOM 3aJaHHOTO KOJIMYeCTBa
9()eKTUBHBIX IPOBOXHUKOB B 11a3y Nq,q, :

J13q> :Nlaq)'l(b/SoGM’ (6)
rae Sygy - OOMOTaHHas miomanp mnasza (6e3 ydera Iuio-

I 1a3a moJ KivH u 1p.). [Ipu pacdere sxkBUBaIeHTHOM
IUIOTHOCTH TOKA B a3y IUIOIIAABIO M30JSIIMU B HEM IIpe-
HeOperaeM. DTO JOMyIICHHE ISl pacdeTa IO BITOHE
nomyctumo. s paccmatpuBaemoro I13]/] B HOMuHaNb-
HOM PEKMME MONYIHM J1,p, =3 AV,

Bonee cioxHBIM SABISETCS 3aJaHUE MIOTHOCTH WH-
JOyLMPOBAaHHOTO TOKa B Ma3ax poropa. B crarbe paspabo-
TaH CJIEAYIOLINH alTOPUTM 3aJaHUs TOKa:

1. Hcnonb3ys W3BECTHBIE 3apaHEEe pPaCCUUTAHHBIC
rapameTpbl ABUTATENs] — WHIYKTUBHBIE U aKTHBHBIE CO-
MIPOTHBIIEHHS OOMOTOK, CTPOMM BEKTOPHYIO AHMArpaMmmy
paccMaTpruBaeMoro pexxuMa padoTsl asurarens. IIpu mo-
CTPOCHUU YUYUTHIBAETCS, YTO IPUBEACHHBIA TOK POTOpA

' '
I, otcraer mo ¢aze or IJIC E, portopa Ha yrom y,,
paccunThIBaeMBIi 110 hopmyIie
Yo = arctg(xpg /(1 /9)).

2. Ilo BekTOpHOI IuarpamMMe oIpeaenseM ToK [, a
Takxke yron B ($Ha3oBOro ciaBHra MeXIy TOKAMH CTaTopa
1 poTopa.

3. [Ipu 3amaHuy TIOTHOCTEH TOKOB B Ia3ax pPOTOpa
cMellaeM IOJIOJKeHHe MaKCUMyMa TOKa B I1a3ax poTopa Ho

OTHOIIICHHIO K MAaKCUMYMY TOKa (a3bl A 0OMOTKH cTaTtopa
Ha HAWJCHHBIN yroa 3 (B 3JEKTPUYECKUX TPAIycax).

4. C y4eToM CHHYCOHMIAIBHOTO 3aKOHA pacrpeserne-
HHSA TOKAa POTOpa BJOJb IIOIIOCHOIO JAENEHMS, KaKIOMY
nazy poTopa, Clefys 10 YacOBOH CTpeJKe, PHCBaUBaeM
COOTBETCTBYIOLIEE 3HAUEHHE IUIOTHOCTU TOKa 110 (popmyIe
Joi=Jyp-cos(2-n-p-i/Zy), rne i —HOMep maza; J,,, -
MaKCHMaJbHOE 3HAUCHHE IUIOTHOCTH TOKa POTOpA.

3AJAHUE ITAPAMETPOB ®U3NYECKUX CPE]]
1 TPAHUYHBIX YCJIOBUI

ONeKTPONPOBOAHOCTh BAOJIb OCH IIMXTOBAHHBIX
CepIECYHNKOB CTaTOpa U POTOpa NMPUHMMAaeM PaBHOW HYy-
7r0. DTO O3HAYAET, UYTO TP pacyeTe Mo mpeHebperaemMm
BIIMSTHUEM BUXPEBBIX TOKOB B CEp/IeYHHKAX Ha pacrpese-
JIEHHE TI0JI1 B aKTHBHOW 30He ABHrarens. J(efdcTBHe 3THX
TOKOB YUYHUTBHIBAETCS JIMIIb NPU pacdeTe MOTeph B CTAIH
CEep/ICIHHUKOB.

Y4yer HeNMHEHHBIX CBOMCTB MarHUTONPOBOAA, a
TaKKe Bajla, MMEIOIIETr0 3HAYNTEIbHBIN THaMeTp, ITPOH3-
BOJIUM 3aJ]aHUEM COOTBETCTBYIOIIMX KPUBBIX HAaMarHu-
ynBaausd B = f(H) GeppOMarHuTHEIX CTalell, WMero-

IIUXCS B CHPABOYHHUKAX AJIEKTPOTEXHUYECKUX Marepua-
noB. B pamkax paccmarpuBaemoro makera "FEMLAB"
9TO BBIIOJIHSUIOCH CIIeAyIomuM oopazom. st Toro, 4ro-
OBl 3aaTh KPHUBYIO HAMarHMYMBaHUS CTaId CTaTopa U

portopa, Bocnionb3yemcs cpemoit "MATLAB". Co3naercs
(aiin ¢ JTaHHBIMH O KPHBOW HaMarHWYMBaHUs, HH(OpMa-
U 0 KOTOPOil OepeTcs M3 CIPaBOYHON JHTEpaTypsl. B
(haiine B BEKTOPHOM BHIE 33JaeTCs KpWBas HaMarHHYH-
BaHUS W IO TIOJyYeHHBIM ToukaMm B cpene "MATLAB"
CTPOWTCS WHTEPIIOIUPOBaHHBIA Tpaduk. [lamee, mnpo-
rpaMMupyeTcss (QYHKIHS, BXOTHOW BEIHMYMHON KOTOPOI
SBJsieTcsl normB — a0CONIIOTHOE 3HAYEHHUE MHAYKIMU B
Ka)XXJIOH TOYKE, a BBIXOJAHOW — MarHUTHasi MPOBOIMMOCTh
| (manpumep, 1 ctanu 2013 npuBeneHa Ha puc. 4).

B kauecTBe rpaHWYHBIX YCJIOBHH 3a/acM 3HAa4YECHUE
BEKTOPHOTO MAarHUTHOTO MOTEHIIMAJa, PaBHOE HYJIO. 3a-
JITaHWE HTOTO YCJIOBHS O3HAUYaeT MpeHeOpexeHNe MarHnT-
HBIMH [TOTOKaMH PacCceUBaHMs BO BHEIITHEE IIPOCTPAHCTBO
13 sipMa MarHUTOIIPOBO/IA CTATOpa.

Fle Edit Test wWindow Help

DS ERo |G| M f

I x

1| function mu=cemmi2013(norm)

2| mun=pi*de-T:

3| Bl=[0:0.01:0.33];

4| B2=[2.491:0.01:10.481];

5| Hz=[382000:8000:6762000];

6| B=[0.4:0.01:2.49];

7| H=[56 56.1 57 58 59 60 60.1 61 61.1 62 63 63.1 64 65 66 67 67.1 68 68.1 69 70 70.1
8| Bs=[B,B2]:Hs=[H,H2];Bd=[El,Bs];

8| M=[0.4/56.%ones|l,size(B1,2)),Bs. Ha]. /oy

0| mu=interpliBd,M,noruk):

N TR 2
[cemmuzo13 [Ln1 Cal1
Puc. 4. daiin ¢ mapameTpaMu KpUBOH HAMarHUIHBAHUS

s cranu 2013 B cpene "MATLAB"

YNCJIEHHOE UCCJIEIOBAHUE
SJIEKTPOMATHUTHBIX ITOJIEU 1T /1

AHAJIN3 3J1eKTPOMATHUTHOTO TOJISI B
YCTAaHOBUBIIEMCSI pesKuMe

C mcronb30BaHUEM TOCTPOCHHBIX BBIIIE KOHETHO-
9JIEMEHTHBIX MaTeMaTuueckux mozened [19]] BoimonHeH
aHaJIU3 OCOOEHHOCTEH pachpeneneHus 3JIeKTPOMAarHuT-
HBIX TIOJIEH B X aKTHBHOH 30HE.

Ha puc. 5 npencrasnena pacdyeTHas KapTHHa pac-
npenenaeHus dneKkTpoMarautaoro nodst [13/] 45-117 MBS
B YCTaHOBHBIIEMCS, OJIM3KOM K HOMHHAIEHOMY, PEKUME
pabots!l npu ckoibxkeHnu s = 0,015. Pacuetnas xkapTuHa
JUISl HarJISTHOCTH JJaHa JUIs BCETO MONEPEYHOTO CEUeHMs
JIBUTATENs, a HE TOJIBKO AJIsl OJIHOTO TOJIFOCHOTO JETICHUs,
KakK 3TO OOBIYHO JIENIAIOT JApyTue uccienosarend. Mzomu-
HUSIMH Ha PUCYHKE OO0O3HA4YEeHBl YPOBHHU BEKTOPHOIO
MarHUTHOTO TOTEHIIMala, & WHTEHCHBHOCTHIO (LIBETOM)
OKpacKH YYacTKOB pacueTHON 00JacTH — YPOBHM Mar-
HUTHOH WHIYKUUH, NMPUYEM B NPaBOH 4YacTH PHUCYHKa
MIPUBEICHBI COOTBETCTBYIOLINE ILIKAJIbl KaK AJSI BEKTOP-
HOTO MarHUTHOTO TOTEHIMaNa, TaK M JJISI MOIYJIS Mar-
HUTHON MHIYKIHUH. PacdeTr BBIMOIHEH MU MPeaIosIoKe-
HHH, YTO BUXPEBBIE TOKH B BaJly poTOpa OTCYTCTBYIOT. Ha
puc. 6. mpuBeneH (parMeHT KapTHHBI MOJisi B 00nacTu
BO3/IyIIIHOTO 33a30pa.

[IpoBeneHHBIE pacyeThl IO3BOJMIM CHENaTh Clle-
JIYIOILME BBIBOJIbI OTHOCHTENILHO OCOOEHHOCTEH pactiperie-
JICHWS] MATHUTHOTO TIOJIST B HOMHHANEHOM peskume [19/].

1. HanGonee HAcBIIEHHBIMA YYacTKaMH MarHHTO-
MPOBOJIA SIBITIOTCSI TOHKHE KOPOHKH (TIEPEKPHITHA) 3a-
KPBITHIX 11a30B POTOpPA, MarHUTHasE MHAYKIHS B KOTOPBIX
HaxoauTcs B mpenenax 2,2...2,6 Tm. Haceimenue >tux
MEPEKPHITUA  CIIOCOOCTBYET CHMIKEHHIO WHIYKTUBHBIX
apaMeTpOB PAacCENBaHM OOMOTKH pOTOpA.

2.BBuny Majoro cedeHuss spMa poTopa padouMit
MarHuTHBI MOTOK JOCTaTOYHO TIIyOOKO NPOHHWKAET B
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CTaJIbHOM Bas poropa. MHaykuus BHyTpU Bajga HaXOIUTCS
B mpenenax 0,85...0,89 Tu.

3. B 3ybuax poropa namyknus pasaa 1,7...1,9 Tm.

4. B MarHuTONpOBOJIe CTAaTOpa HawOoJee HACHINICH-
HBIM YYacTKOM SIBIETCA SPMO, MHAYKOUS B KOTOPOM
cocraBisier 1,65...1,82 Tn. 3yOmpl cratopa BBHAY HX
JOCTATOYHO OOJIBIIOTO CEYECHHSI HCHACHIIICHHBI.

BeimosiHeHHBIM  aHaNnM3 TO3BOJMI  ONTHMU3UPOBATH
KOH(UIypalMio MarHWTONPOBOJA, JOOWBIINCH OIITH-
MaJIbHOTO YPOBHS HACBIIIEHUS BCEX YYaCTKOB MAarHUTO-
nposojga [ID /1.

AHaJIN3 BJUSIHUS IKCHEHTPHCUTETA POTOPa

Beuny 3HaunTensHON akcuanbHoU MuHB [19]] mpu
ero cOOpKe BO3MOXKHO IIOSIBJICHHE OJKCLUEHTPUCHTETA,
00YCIIOBIIMBAIOIIET0 HEPAaBHOMEPHOCTH BO3IYIIHOTO 3a-

Surface: magnetic flux density (normB) Contour: magnetic potential (Az)

30pa BIOMb OCH CTaropa W, B pe3yibTaTe, IOSBICHHE
MarHUTHBIX CHJI OJTHOCTOPOHHETO MarHUTHOTO TSDKEHUSI.

Orot 3¢ddekr mccnemopancs B Hamen pabore. Ha
puc. 7 npencTasieH (parMeHT KapTHHBI 3JEKTPOMAarHuT-
HOTO TIOJIS JUIA CITydas SKCIEHTPHUCHUTETa, MPH KOTOPOM
MUHUMaJIbHBIN 3a30p B IIDJ] 45-117 MBS cocraBnser
0,1 MM, a makcumanbHBI — 0,5 MM (TIpu cpenHeM pabo-
gem 3a3ope 0,3 Mm).

Ha puc. 7 oTueTInBO BUJHO YBENMYEHNE MATHUTHON
MHIYKIMH B 3yOLIOBOIAa30BOii 30HE B MPaBOil 4acTH pH-
CYHKa Ha yYacTKe C Op,;, U €ro OcIabieHne Ha yIACTKE C

Omax - Tak, eciy B 00JIaCTH MUHHMMAJIBHOTO 3a30pa HH-

IyKIms gocturaet 3HaueHus 1,16 T, To B 001acTH Mak-
cumainbHoro — Bcero 0,51 T
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Puc. 5. Pacuernas xapruna nosst [19/1 45-117 MBS B ycTaHOBUBIIEMCST HOMHHAJIBHOM PEXUME pabOThI

Surface: m2gnetic flux density (normB) Contour: magnetic potential (Az)
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Puc. 6. ®parMeHT KapTHUHBI HOJIS B 00JIACTH BO3/YIIHOTO 3a30pa
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Surface: magnetic flux density (harmB) Contour: magnetic potential (Az)
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Puc. 7. ®parMeHT KapTHHSBI JIeKTpoMarHuTHOro ot [I9]] 45-117 MB35 npu sxcuertpucurere O pin = 0,1 MM i 8, = 0,5 MM

3HayeHue CHJIbl OJHOCTOPOHHETO MAarHWTHOTO Ts-
KEHUsI OTpEZersieTcsl TOCle pacdeTa IOl M0 TEH30pY
MarHuTHoro HarsokeHua. CocTaBisitomas MarHUTHOM
CHIIBI, IEUCTBYIOIIEH M0 HOpMa K TMOBEPXHOCTH S, OX-
BaTHIBAIOUIEH TOT AJIEMEHT KOHCTPYKIMHU JBUTATENs (Ha-
IIpUMeEp, ero poTop), IJIsi KOTOPOTO ONpEnessieTCsl CHla,
paccuuThIBaeTCs Mo BeIpakeHuo [1]:

1
Fy =gy | Br=B)-dS. ™
N

rae B, m B - HOpManbHasg W TaHTCHIUAIBbHAS COCTaB-

JIIOIIME MarHUTHOM MHAYKIUU HA BBIEIEHHOW MOBEPX-
HocTH. Ilpu aHanmu3e AByMEpHBIX MOJIEH UHTEIPUPOBAHUE
10 TIOBEPXHOCTH 3aMEHSETCS] HHTETPUPOBAHUEM IO 3aMK-
HYTOMY KOHTYPY, OXBAaTBIBAIOLIEMY pacCMaTpHUBacMBIN
9JIEMEHT KOHCTpyKIuH. C y4eToM 3TOro, 1ocie 3aMEHBI
HMHTErpajga KOHEYHOM cyMMoil Ha N OTpe3kax, IOJIHas
CHJIa OJHOCTOPOHHETO MAarHUTHOTO TSDKEHHS PacCUHUTHI-
BaeTcs 1o GopmyIe:
N-1
Ry -ls 2 p2
F, = N : Z(Bni_Bri > (®)
Ho - i

rae Rg- paadyc 3aMKHYTOM pacdeTHOW JIMHUH, IPOXOJs-
el yepe3 cepelHy BO3AYILIHOTO 3a30pa M OXBaTbIBaIO-
meld porop; B,;,B;;- HOpMalbHasi M TaHTCHIHMAIbHASA

COCTaBJIAIOLME BEKTOpAa MArHUTHOM WHAYKUUH Ha i-OM
OTpe3Ke; [g5- aKkTWBHas JUIMHA ABUTATeNs; W=, T.K.

pacHeTHast JIMHUS MOJTHOCTHIO JIGKUT B BO3LYIIIHOM 3a30pe.

Ha puc. 8 uzobpaxxeHa pacueTHasi 3aBUCHMOCTH CH-
JIBl OJTHOCTOPOHHEr0 MarHUTHOTO TSHKEHHS B (DYHKIUH OT
OTHOCHTENBHOTO  KCLEHTPUCHTETA € = (80, —Omin)/Omax -

[MapameTp €& MOXET HM3MEHATHCS B Mpenenax OT HYJSI
(oTcyTcTBHE SKCIICHTpHCUTETa) 10 €= | (KacaHue poTopa
o crarop). PacueT BbINONHEH HA JUIMHY OIHOTO Cepjey-
HUKa pOTOpa.

U3 puc. 8 crnepyer, 4TO NpH yBEIMYCHHH IKCIICH-
TPHUCUTETA CHJIa OJHOCTOPOHHETO TSDKSHHS PE3KO YBEIH-
YHBaeTCsl, JOCTUTAsl MPU KacaHWHM POTOpa O CTaTop 3Ha-
yeHus okoyo 15 kH.

C moMoIipio pa3paboOTaHHONW METOMKU MPOAHATH3H-
POBaHBI TaKKe CIJIBI OJHOCTOPOHHEIO TSDKCHHS, BO3HH-
Karollye MpH HapyLIeHWH MPOAOILHOH COOCHOCTH POTOpa 1
craropa (IIpy HelapaJuIeJIbHOCTH OCell CTaTtopa M poTopa).

Ha puc. 9 u3o0pakeHbl [Be KpUBbBIE JEHCTBYIOIINX
Ha POTOp CHJI OJHOCTOPOHHETO TSDKCHUS ISl CITydaes,
KOT'Jla MAaKCUMAJIbHBIA SKCIEHTPUCUTET Ha TOpPLAX JOCTH-
raet coorBercTBeHHO € = 1 u ¢ = 0,5. IIpu 3TOoM ocu
CTaTopa u poTopa MepeceKaroTcs APYT ¢ APYroM B LEHTPE
AKTHBHOM JJIMHBI IaKeTa POTOpA.

20
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[ 2Ne)]
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AKcueHTpuUcuTeT, 0.€.

Puc. 8. Cuita 0THOCTOPOHHEI'0 MAarHUTHOT'O TSDKEHUS OT OTHO-
cuTeNBHOrO dKeueHTprcnTeTa € = (8 max — O min)/Smax

Cwuna, kH

OnvHa, mm

Puc. 9. Cunbl 01HOCTOPOHHETO TSKEHUS IIPU
HeTIapaJUIeJIFHOCTH OCeH cTaTopa U poTopa
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Takum 06pa3oM, MPOBEAEHHOE HCCIEIOBAHUE MTOKA-
3aJ10, 4TO dKcueHTpucuteT B [13]] MoxkeT oka3aTh 3HAUH-
TEJIbHOE BIUSHHE Ha pPabOTOCHOCOOHOCTH IBUTATENS
MO3TOMY TpeOyeTcs pa3paboTKa CIeIHaIbHBIX KOHCTPYK-
TOPCKUX PELICHUN U TEXHOJIOTMUYECKUX ONEPALUN TO €ro
yCTpaHEHHUIO.

Buinsinue BUXpeBbIX TOKOB BaJjla poTOpa
Kak mokasanu npoBeZieHHBIE BBINIE pacyeThl, Mar-
HUTHBIN MTOTOK BBUAY MajiOW BBICOTHI AipMa poTopa [13]]
3HAUUTEIHHO NPUHUKACT B BAJI POTOpA, W HWHIYKIOUS B
HeM pgocturaer 3HaueHud 0,85...0,89 Tin. OmgHako yka-
3aHHBIM Pe3yNbTaT MOJYYEH IPH MPEIION0KEHUH 00 OT-

Surface: magnetic fluy density (normB) Cortour: magnetic potential (Az)

-0.02 001 o

Ipy HEOONBIIONH YaCTOTE CKONBXEHHS B HOMHHAIGHOM
PEeXUME BUXPEBBIE TOKH B BaJle POTOpA 3HAYUTENHHO BbI-
TECHAIOT MarHUTHBIM NOTOK U3 Bajia B ApMO poTopa. [Ipu
9TOM I10 CPaBHEHUIO C UCXOJHBIM PAacdeToM, NOKa3aHHBIM
Ha puc.5, HAChIIIEHNE IMUXTOBAHHOTO SpMa POTOpa yBe-
JIMYMBAETCS, @ MATHUTHAsI MHIYKIMSI B HEM BO3pacTaeT JIo
1,7...1,8 T mpotus 1,5 Txn npu HeydeTe HHIYIUPOBAH-
HBIX TOKOB. B camoMm Bajie B mpenenax riyOHHBI TPOHHK-
HOBEHHS TOKOB B CTaJlb BaJla MHAYKIHS TOCTUTaeT 3Hade-
Hus 1,25 To. III0THOCTH BUXPEBOTO TOKAa HA IOBEPXHO-
CTH Bajla poTopa Jocturaer 3HaueHui 0,3 A/MM?, a ToT-
HOCTh YIENBHBIX HOTeph — 17 kBt/M’. ViazaHHbIi ypo-
BEHb JDKOYJICBBIX IIOTEPh B Bajle POTOPa MOXKET OKa3bl-
BaTh OINpPEJCICHHOE BJIMSHHE Ha JONOJIHHUTENIBHBIM Ha-
IpEeB KJIETKH OOMOTKH POTOpa M yBEIMYECHHUE TeMIIepary-
PBI OMOpHBIX NoamMIHUKOB. [TosTomy Tpebyercs paspa-
00TKa CHeNUaNtbHBIX KOHCTPYKTHBHBIX pPENICHHH IO
YMEHBILICHUIO BIMSIHUS BUXPEBBIX TOKOB Bajla pOTOpa.

Biusinue yriioBoro ciBura cepAe4HuKoB poTopa

Pacripenenenne MarHUTHOW WHIYKIMH B BO3IYyII-
HOM 3a3ope [I13]] B1oip MomoCcHOTO AENEeHUs XapaKTepu-
3yercsl 3HaYMTENIFHOH HEpPaBHOMEPHOCTHIO. JTa Hepas-
HOMEPHOCTh OOYCIIOBJIEHA PSZIOM KOHCTPYKTHUBHBIX OCO-
6ennocreit [19]]: ManpiM 3HaYEHUEM BO3YIIIHOTO 3a30pa,
COM3MEPHUMBIM C BEIMYMHOM 3a30pa OTKPHITOTO Ma3a CTa-
TOpa; 3HAYMTEIBHBIM MAarHUTHBIM HACBHIIIEHUEM TOHKHX
TepeKpHITHii (KOPOHOK) Ta30B poTopa. B pesymprarte
KpHBasi MarHUTHOW WHIYKUHH UMEET BBICOKMH YPOBEHB
3yOIIOBBIX M BBICIINX HMPOCTPAHCTBEHHBIX TaPMOHHK, WH-
OYLUUPYIOIIUX B 00MOTKe craropa mapasutaeie DJ]C. Ha

CYTCTBUM BUXPEBBIX TOKOB B Bayie portopa. Ilockombky
KOHCTPYKTUBHO BaJl BBINOJHSETCS MAacCHUBHBIM, B HEM
BO3HMKAIOT BHXPEBBIE TOKH YACTOTHI CKOJBKEHHS, BbI-
TECHSIOIINE MarHUTHBIH TIOTOK W3 BaJla M BIMSIONINE Ha
PE3YNBTHPYIOIIEE PpACTpENeTICHHE 3IEKTPOMAarHUTHOTO
noist. Ha puc.10 mokasan gparMeHT pacueTHOW KapTHHBI
MoJst B 00JAacTH POTOpA, BBHIOTHEHHBIH TPH yCIOBUH,
YTO B MacCHBHOM Bajieé WHIYLUUPYIOTCSI BUXPEBBIE TOKU
YacTOTHl CKOJIBKEHHS. PacyeT BBINONHEH IO IIOJIEBOMY
ypaBHEHHIO, HACHTUYHOMY ypaBHEHUIo (1), mpu ycioBuu
CHHYCOMJAJIbHOTO M3MEHEHUsI BO BPEMEHHU BCEX ITOJIEBBIX
BEJMYMH (KBa3UCTAIMOHAPHOE YPAaBHEHHE ITOJIS).

CpaBHenue puc. 5 1 puc. 10 moxassIBaeT, 4To Jaxke
Mxke/Tn T

00124

0011

00098

nooas [0,
00072
0.0053
00045
0 0033
0.0z
0.0006
0 ooo7
n oo
00033
0 0046
0 ooss
0 o072
nooms [0S
0 oose

0011

00124

0.o1 ‘ EI2 003
Puc. 10. ®parment kapTunsl nois B odnactu poropa [13/] npu yuere BiusHUA
BUXPEBBIX TOKOB YaCTOThI CKOJILKEHHS B MACCUBHOM BaJle pOTOpa

puc. 11, a) u 11, 6) m300paxxeHkI ABa pparMeHTa pacyer-
HBIX KapTHH MOJSl B 00JAacTH BO3AYIIHOTO 3a30pa IpH
JIBYX TIOJIOKEHUSIX 3yOILIOB CTaTopa OTHOCHTEIBHO POTO-
pa: a) IpU UCXOJHOM IOJIOXKEHUH POTOPA, IJIsI KOTOPOTo
YTOJl CMEUIEHUsI MEXIy OCSIMH T1a30B CTaTOpa M pOTOpa
NIPUHST PaBHBIM HYJIIO; 0) TIPH TIOBOPOTE POTOPa OTHOCH-
TENBHO cTaTopa Ha yroi 7,5°.

®dopma KpHBOit MHAYKIMH B 3a30pe U (ha30BbIe CABUTH
TapMOHMK B 3HAYWTEIBPHOH MEpE 3aBHCST OT B3aWMHOIO
TOJIOKEHUsI 3yOII0B CTaTopa U PoTOpa M M3MEHSIOTCS TpU
CMEILEHNN CTaTopa M poTopa B Iperesax 3yOIoBoro nene-
HUS. DTO ciemyeT u3 puc.12, Ha KOTOPOM IPeICTaBICHBI IBE
KpUBBIE pacrpesiesieHHs] MarHUTHOW MHIYKIIMH B BO3.YIL-
HOM 3a30pe BJIOJIb OFIHOTO MOJIFOCHOTO AEJICHHS P UCXOJI-
HOM TIOJIO’KEHHH poTopa (YroJs 1moBopora potopa paseH 0°)
U TPH CMELIEHHH POTOpa OTHOCHUTENIBHO CTaTopa Ha yrol
7,5°. KpuBble Ha puc.12 momydeHsl nocie oOpaOOTKH pe-
3yJIbTATOB TIOJIEBBIX PAcUETOB, B YACTHOCTH, aHAIIN3a MOJY-
7SI MAarHATHOM MHIYKIIMM Ha PAacyETHOM JIMHUM, HPOXOJs-
11eH uepe3 cepeiMHy BBICOTBI BO3LYIIIHOTO 3a30pa.

O06e KpuBBIE JEMOHCTPUPYIOT BHICOKYIO aMILIUTYTY
3yOLOBBIX T'APMOHHMK MarHUTHOW HMHIYKIHH, OIXHAKO OT-
IMYaroTCs (a3oBBIM CIABHIOM 3THX TapMOHHK IO OTHO-
HIEHUIO JPYT K APYTY.

AMIUTYy bl 3yOIIOBBIX TapMOHHK JIOCTHTalOT 3Ha-
yenust 0,3 To, 9TO SABNISETCA MCTOYHUKOM 3HAYUTEIBHBIX
J00aBOYHBIX TIOTEPh B ABHratelie U TpeOyeT pa3paboTKu
CHELHUATIbHBIX TEXHUYECKUX PEIICHHI 10 CHIDKEHHIO He-
TaTUBHOTO BJIMSTHHS BBICIIMX TapMOHHK

[Ipu pa3paboTke TakuX perreHuil HeoOXOAUMO TPH-
HATH BO BHUMaHHUeE, uTo portop IID]] o myimHe cocTouT 13
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psana HezaBUCHMEBIX cepaedHukoB ¢ JIMKO, otaeneHHBIX
JpyT OT Ipyra ONOPHBIMH HOAIUIHUKaMu. Hanpumep, B
I[I5/1 45-117 MBS potop coctout u3 11 cepaedHUKOB.
OOMOTKa cTaTopa BBIMOJIHEHA OOIICH U C HEW CIIEIUICH
CYMMAapHBIi MarHUTHBIA TOTOK OT BCEX CEpPACYHHKOB
poropa. Takasi KOHCTPYKIHMS ITO3BOJISIET CYLIECTBEHHO
ocnabuth pesynsrupytompe 3/C 3yOmoBEIX TapMOHUK B
0OMOTKE cTaTropa 3a CUeT YIJIIOBOrO OBOPOTA OTIENBHBIX

CEpICYHNKOB POTOpa BOKPYT OCH Ha HEOOINBIION yTOI.
IIpu 3TOM B OOMOTKE CTaTOpa MarHUTHBIC MTOTOKU 3yOII0-
BBIX TAPMOHUK, TOPOXKIICHHBIC Pa3HBIMU CEpICIYHHKAMHU
poropa, OYIyT B3aMMHO KOMIICHCHPOBATHCS, UYTO BEAET K
CHIDKEHHIO T00ABOYHBIX MTOTEPH B CTATOPE.

PacuerHbie uccnenoBanus nmokasanu, uro B [13]] 45-
117 MB5 onTuManbHBIM SBISETCS CIBUT CEPICYHHKOB
poTOpa Apyr OTHOCUTENBHO Apyra Ha yroia 1,5°.

Puc.11. dparmMeHTs! KapTUHBI OIS B 00J1ACTH BO3AYIIHOTO 3a30pa: a) IPU UCXOIHOM IOJIOKEHUH POTOpa
(yros Mexmy ocsMH 11a30B cTaTopa U poropa paseH 0°); 6) Ipu MOBOPOTE pOTOpa OTHOCUTEIBHO cTaTopa Ha yroia 7,5°
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Puc.12. Kpussle pacnpeneneHuss MarHUTHOM UHIYKIUU
B BO3/yILIIHOM 3a30p€ BJI0JIb [IOJIIOCHOTO JEICHUS
npu yriax nosopora 0° u 7,5°

ITockonbKy 0HO 3yOLIOBOE AEJICHUE CTATOPa B JBU-
rarene coctasiser y; =360°/Z; =15", To npu ykazaH-

HOM YTJIOBOM CMEIIEHHH B JIIOO0H MOMEHT BpeMeHH 3y0-
Bl CTATOpPa W POTOPA IO OTHOLIEHHIO APYT K JIPYyTy pac-
MIOJIO’KEHBI B Pa3HBIX CepACYHMKAX B PA3IUYHBIX MOJIO-
XKEHUSIX, 9TO BEJCT K (a30BBIM CIBHI'aM MAarHUTHBIX I10-
TOKOB 3yOLIOBBIX TapMOHHK B Pa3HBIX CepJeYHHKAX M UX
B3aMMHOM KOMIIEHCALMH TIPH WHAYKTHPOBAaHUHU DE3yiIb-
tupytouier DJIC B o6MoTke craropa. [Ipu aToM He TpeOy-
€Tcs BBITIOJIHATH CKOC ITA30B OJJHOTO CEpeUHHKA POTOpa.

[Tpennaraemoe TEXHUYECKOE pEIICHUE B OIpeJe-
JIEHHOH! CTENEHM MIEHTUYHO CKOCYy MAa30B pOTOpa B Ipe-
Jienax Bcel akKTUBHOW JUTMHBI 0OMOTKH CTAaTOPa, KOTOPBIi
LIMPOKO TPUMEHSETCS B TPAIUIIMOHHBIX KOPOTKO3aMKHY-
TBIX ACUHXPOHHBIX JBUTATENsX.

BBIBO/IbI

1. PazpaboTana METOIOIIOTHS IOCTPOCHUST KOHEYHO-
AJIEMEHTHBIX MaTeMaTHYeCKUX MOJeJied, MpeJHa3HaueH-
HBIX IJISl 9UCIICHHOTO HCCIECNOBAaHUS (PH3MUYECKHUX MOJEH
B akTuBHOM 30He [13]/]. Moaenu peann3oBaHbl B BHIIE
NTOPUTMOB M KOMITBPIOTEPHBIX NPOTPaAMM C IIETBIO HC-
cienoBaHus nojeit u mpoueccos B [1D]1.

2. BeilonHEeH TMOJNEBOM  aHaNMW3  paclpeneiaeHHs
anekTpoMarHuTHoro monsa [I19]] xak ¢ yderoMm BIUSHHA
BUXPEBBIX TOKOB YaCTOTHI CKOJIBXKEHHS, WHIYLMPOBaH-
HBIX B 00JIacTH Baja poTopa, Tak u 0e3 Hero. [lokaszaHo,
YTO B HOMHHAJIFHOM pPEXHME padoThl INIOTHOCTH TOKa B
Bajie PoTOpa JoCTUraeT 3HadeHus 0,3 A/MM’, 9TO MOXKeT
BJIMSATH Ha JIOTIOJNHHUTENBHBIH HarpeB KOHCTPYKIMOHHBIX
3JIEMEHTOB POTOPA.

3. BBINONHEHO HCClleOBaHNE BIMSHUS SKCIEHTPH-
CHUTETa Ha CHIY OJHOCTOPOHHEIO0 MAarHUTHOTO TSDKEHHS.
[MonydeHHble 3HAYSHHS! CHIIBI CBUJAETEIBCTBYIOT O HX
CYLIECTBEHHOM BIHMSIHUM Ha PabOTOCHOCOOHOCTH JBHTa-
TeJs, 4TO TpeOyeT pa3paboTKM CHEennalbHBIX KOHCTPYK-
TUBHBIX U TEXHOJIOTUYECKUX PEIICHUH M0 HEeIOMyIIEeHHIO
9KCIIEHTPHCUTETA.

4. BeImodHEeH aHaNW3 paclpelesieH|s] MarHUTHOTO
NoJIsL B BO3AYIIHOM 3a3ope. [lokazaHo Hanmuue 3yOI0BBIX
TapMOHHK OOJBIION aMIUTUTYIBI, IS YCTPAaHEHUS KOTO-
PBIX 1e7eCO00pa3HO OCYLIECTBUTh YTIIOBOW CIBUT Cepic-
HHUKOB pOTOpa MO OTHOIIEHHUIO APYT K IpyTy Ha yrox 1,5°.
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BJUSHUE TEXHOJOI' MU 3AJTMBKA KOPOTKO3AMKHYTOM OBMOTKH POTOPA
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l'ocynapcTBeHHOE MpeanpusaTHE 3aBOJ "DIEKTPOTHKMa"

VYkpauna, 61055, Xappkos, np. MockoBckuii, 229

tei: (0572)95-64-01, 95-61-88, dakc: (0572) 95-63-70, e-mail: etm@spetp.com.ua
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Excnepumenmansno niomeepoxcenuil 6niue mexnoaozii 3a1u6anna KOpomKo3IaMKHymoi 00MomKu pomopa miooio Ha MazHimui
enacmueocmi eneKmpomexniunoi cmani ¢ eUOYX03aXUUEHUX ACUHXPOHHUX O6uzyHax nomydxcuicmio 00 400 kBm. Icmomne
3HUMICeHHA empam y cmani cepoeunuxa pomopa (i niosuwenna KK/l na 1,2...1,8%) 6yoe 6iodysamuca makosic i 6 mazoeux acu-
HXpOHHUX OsuzyHax nomyxcuicmio 6i0 400 0o 1200 kBm 0na noeux mpancnopmHuux 3acodie, w0 Hcueiamsvca 6i0 nepemeopio-
eauie uacmomu 6io 48 oo 150 I'y.

DKcnepumenmanbHo nOOMEEPIHCOEHO GNUAHUE MEXHONOZUN 3ANUGKU KOPOMKO3AMKHYMOU 00MOMKU POMOpa medblo HA maz-
HUMHblE CBOUCMEA INIEKMPOMEXHUUECKOU CIMANU 60 63DblEO3AUUUEHHBIX ACUHXPOHHBIX 0gucamensax Mouwinocmoio oo 400
kBm. Cywiecmeennoe cnuicenue nomepsv ¢ cmanu cepoeunuxa pomopa (u nosviwienue KIIJ[ na 1,2...1,8%) 6yoem npoucxo-
oums maKce U 6 MA206bIX ACUHXPOHHBIX Oguzamenax mouiHocmoio om 400 0o 1200 kBm 014 HOGbIX MPAHCHOPMHBIX CPEOCHIE,
numaemulx om npeoopazoeameineit uacmomst om 48 0o 150 I'y.

ITOCTAHOBKA ITPOBJIEMbI

C Uenplo NOBBILICHHS JHEPreTHYSCKHX XapaKTepH-
CTHK B3PBIBO3ALIMINEHHBIX ACHHXPOHHBIX JBHTraTelnei
(BA) B8 YkpHUNBD co3maner BAJ] ¢ nutoit memHOH
KOpoTKo3aMKHyTOH oOMotkoii (JIMKO) potopa mist npu-
BO/Ia TOPHBIX MAIlMH, OTPY>KHBIX AJIEKTPOBUraTeNeH JIist
He()TeOOBIBAIOLINX CKBXHH M DJIEKTPOMEXaHHYECKUX
KJIFOYEH, TIPUMEHSEMBIX pu pa3BUHYMBaHHUH-
CBMHYMBAaHMN KOJIOHHBI TpyO CKBakMH. Kpome moBblme-
Hus ko3¢ duirenta nonesnoro aeiicteus (KI1I) stu BAJ]
HMEIOT TOBBIIIEHHBIE NOJIE3HYI0 MOIIHOCTD ( P, ) U Ko3d-

(ULUEHT MOIITHOCTH (COS(), a TAKXKE YMEHbIICHHBIH YpoO-
BEHb 3BYKOBOTO JaBIeHHA B cpaBHeHMH ¢ BAJ| ¢ mmtoit
ATIOMUHHEBOI  KOPOTKO3aMKHYTO#H oOmotkor (JIAKO)
pOTOpa NPH OJJHUX U TeX JKe TabapUTHBIX pa3Mepax.

Pe3ynbrarel 3KCIIEpUMEHTANBHBIX  HCCIENOBAaHUMN
BA/] tuma 9KB rabaputa 3,5 1M 10 BBICOTE JIJIS IPUBOA
OYHMCTHBIX KOMOAHHOB IpHBeAEHBl B Tabmumax | m 2.
Pacuernsie 3nauenus KIIJI onpezneneHsl ¢ yueToM TOrO,
4yTO ToTepu B 0OMoTKe poropa ¢ JIMKO ymeHsmmatorcs,
TaK Kak yJleJbHas TPOBOJUMOCTh MEAN BBIIIE, YEM allfo-
munaus (57 u 28 MCwm/M cootBeTcTBEeHHO). U, TeM He Me-
Hee, nerictBuTeNbHOE 3HaueHHe KIIJ] oka3zanoch BbIlIe
pacdeTHOro. bbulO BBICKAa3aHO NPEIIIOIIOKEHUE, UYTO B
pe3ysbrare 3aIMBKA OOMOTKH POTOpa MEJBIO IIPU TeMIIe-
patype 1150-1250 °C u3MeHst0TCsl MarHUTHBIE CBOMCTBA
anektporexHuyeckoil cranmu (3TC) takum oOpasom, 4To
yIelIbHbIE TIOTEpH, a 3HAYUT W OOLIMe IOTEpH B CTalH,
yMEHbHIAOTCA. DTO NpUBOAUT K nosbiueHuro KIIJI, uro
B pacyeTax He YUUThIBAJIOCh.

B cayuae ¢ JIAKO poTopa 3TOro HE MPOUCXOIUT,
T.K. TEMIIepaTypa 3aJIMBOYHOTO ATIOMHHUS Oojee Hu3Kas
(~700 °C).

AHAJIM3 UCCJIEJIOBAHUI U ITYBJIMKALIMIA

DTO MPEaIoNIoKEHUE OATBEPXKICHO, B YaCTHOCTH,
B crathe (hpaHIly3CKHX wHccienosarenedt [1], skcmepu-
MEHTAJbHO JOKAa3aBIIMX, YTO MarHuTHBIE cBoiicTBa DTC
CYIIECTBEHHO H3MEHSIOTCS B JIYYINYK) CTOPOHY 3a CUET
TEIUIOBOTO BO3JCHCTBHS B MPOIECCE 3aTUBKUA OOMOTKH
poropa Mepio. [103TOMYy M MOTEpH B CTaJId TaKOrO Cep-
JICYHUKA YMEHbINAIOTCS 1Mo cpaBHeHUo ¢ JIAKO.

DHepreT4eckue COOTHOIICHUS B ICPEMCHHOM
AJNIEKTPOMArHUTHOM ~ IIOJIE  ONPEACTSIOTCS  TEOPEeMOM
‘Ymoga-IloiiHTHHTa

|E-]=5, (1)

rae E — BEKTOp HaNpsHKEHHOCTH JIEKTPUYECKOro OIS B
muctax OTC; H — BeKTOp HampsXKEHHOCTH MarHUTHOTO

OJISL; S - BeKTOp YMoBa-IloiiHTHHIa, KOTOPBIH, CyIs 11O
ero pasmeproctu (B-A/M?), XapaKTepu3yeT MOIIHOCTE,
MPUXOSIILYIOCS Ha €AUHAILY TOBEPXHOCTH.

B cayuyae JIMKO potopa 3Hauenusi £ u H ymeHb-
marores o cpaBuenuio ¢ JIAKO poropa. Kak Obuto mo-
Ka3aHo B [2], momepeuHoe COMPOTURICHUE MEXTy 0OMOT-
kol u cepaeynukoM OTC H3MeHsieTcs MO SKCIOHEHIIU-
aITBHOM 3aBHCUMOCTH

*
ZCMZZAZ'CXP(O,S'b ‘TCM/TAI), (2)
rae Zc,, Z4 — TONEpPeYHOe CONPOTUBIICHUE POTOpa C 00-

MOTKOH W3 JINTOM MEIW W U3 aJIOMUHHSI; b* — OTHOCH-
TeNbHas MUpUHA 3yonoB potopa; T¢,, 14 — TeMIeparypa
IUIABJICHUS MEH U aJTFOMUHMUS.

Tak kaxk T, > Ty, TO Zcy, > Zy. DTO TNPUBOAMUT K
YMEHBIICHHUIO AIeKTpUdeckux noteps B OTC, KOCBEHHO
BBI3BIBAET YMEHBLICHHUE JIEKTPUUECKON COCTaBIsoNIed £
BekTopa YMoBa-IloiHTHHra.
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Ta6muuna 1

PesynbraTe!l crennoBeix ncnbitannid BAJl tuma 29KB3,5-100 u 3KB3,5-75

Tun P P,

UH’ ]H’ . 4 I1B Z3 KHH ®7 PCT’ P,']OG’ Mn, Mmin M]m Iy,:u tn, Pa Q,
SJIeKTpo- A B, | (54), % |4t EJ | Ky % COS® toc |Br |Br |Hwm|Hwm |HM |A |c IBA | KT
JIBUTATEIS kBt | kBT
Pacuer 107,9 103 1,25] 87,2 10,841 2390|570 | 903 | - |1510|875(0,35| - [470
20KB
3,5-100 104,3 | 100 | 101,4| 60 | 30 1,34 88,0 | 0,85 | 145(2332| 550 [882| - |1460849|0,31| 65 |435
¢ JIMKO | 660 1,2
(dakr)
DKB
3,5-75 91 64 75 | 40 | 25 - 1 8541(0,81 [125(2410| 620 [800 | 710 | 900 |853|0,46| 81 |530
¢ JIAKO

Tabnuma 2
Pesynbrarsl crennoBeix uenbitanuii BAJ] tTunma 29KB3,5-210 u 9KB3,5-180

Tun P, P, Z.

UH» ]H» y 5 HB: -,1 KHIL ®5 PCTa Pu067 Mns Mmin MM: Iyus tn, Pa
JNEKTPO- A (S1), | (S4), o |0 FJ | K, % OS¢ ol |Br |Br |Hw |Hwm |Hwm |A c 1BA
JBUTATEIIS kBt | kBT
Pacuer 2224 212 1,191 91,4 | 0,868 3870 | 870 |2420| - |3410(1800| 0,3 | -
20KB
3,5-210 215 | 200 | 210 1,24] 92,2 | 0,88 3790 | 830 [2300| - [3300(1750|0,25| 67
¢ JIMKO | 660 60 | 30|1,2 145
(daxr)
DKB
3,5-180 208 | 161 | 180 - 89 | 0,85 4500(1014 {2500 (1820 (2970 (1950|0,41| 92
¢ JIAKO

MarnuTtHas coCTaBJIsAOIas /4 3TOro BEKTOpa CBs3a-
Ha ¢ MarHUTHOM MHAYKUUEN B U MarHUTHOHN IIPOBOAMMO-
cteio OTC |1 cooTHOMIEHUEM

B=u-H. 3)
IIpu HemsmeHHOM B (MarHUTHBIA MOTOK B BAJL -
const) yMeHbIleHHEe H CBS3aHO C YBEIHYCHHEM |l TIpU

3aIMBKe OOMOTKM POTOpa MEBI0. B TO e Bpems
L=Ho Uy 4)
rac H.O — Mar"HuTHas HPOHHULIACMOCTb BO34yXa; LU,

OTHOCHTEJIbHAass MarHUTHas NPOHHUIIAEMOCTb, XapaKTepH-
3yronias cBoiicTBa OTC B OTHOIIEHUU €€ CONPOTHBIICHUS
MarHUTHBIM CHJIOBBIM JINHHSIM.

UzBectHo, uro OTC — 3TO0 MarHUTHOMSTKHU (ep-
POMarHuTHBIA MaTepuan ¢ KpyTO MOJHUMAIOLIEICS oOc-
HOBHOM KpHMBOM HaMarHW4YMBaHUS U MaJlOMl IUIOILAJbIO
rUcTepe3ncHoi meriu. Ilpu 3aimBKE OOMOTKH poOTOpa
MEJIBI0 IPOUCXOIUT HepaBHOMEpHOe HarpeBanue DTC mo
IIMpHUHE 3yOlia, B pe3yJbTaTe 4ero 4acTh €ro IJIOIaan
HOZIBEPraeTcsl BO3/ICHCTBUIO TEMIIEPATyphl, MPEBbILIAI0-
et remmneparypy touku Kiopu (769 °C). Ilpu stom oc-
HOBHAs KpUBas HaMarHUYMBaHUS MpeoOpaszyercst B 4acT-
HYI0, HECUMMETPHUECKYIO NETII0 THCTepe3uca, y KOTo-
poHi mpu mepHoIMuecKoM n3MeHeHMH H MakcumaibHbIe
3HaueHU (+H 1) # (—H ,¢) ¥ LEHTP NETIM HE COBMA-

JaeT ¢ HayanoM koopauHaT. OcTaBiiasics IUIOMAaAb 3y0-
Ija, B KOTOpoi Temmeparypa Touku Kropu npesblmaer
temrepatypy OTC npu 3ajiuBKke 0OMOTKH POTOpa MEJbIO,
HE MOABEPraeTcsl U3MEHEHHUAM NETIHN FUCTepe3nca.

Cyzasa no npeaBapuUTENbHBIM pacdyeTaM MOTEPh B
cramu BAJl ¢ JIMKO potopa, a Takxke ¢ yueToM JaHHbBIX

[1], u3meHeHue ui :Hr(Cu)/Hr(Al) HAaXOIWTCSI B 3aBHU-

o *
CHMOCTHU OT OTHOCUTENILHOW MUpPUHEI 3y01a b, (puc. 1.)

B 3aBHCMMOCTH OT JUIMHBI / M TIOIIAIH MTONIEPEYHO-
TO ceueHHs 3yOnoB S MarHuTHOE conpoTusieHne OTC

)

Mo M-S
Takum 00pa3oM, OCHOBHAs NPUYMHA yMEHBIIECHUS
MOTEPb B CTAJIM NPHU 3AJIUBKE POTOPOB ME/IbIO 3aKIHO4YaCT-
Cs B YMCHBIICHUN RM , TaK KaK IMPOUCXOAUT U3MECHECHUEC

R )

M

yIjla HaKkJOHa HayalbHOM KpHUBOMW HaMarHWMYMBaHUS 4Ya-
CTHOM NETNIN TUCTEpE3nca B IpesesiaX MHUPHUHBI 3yOLa 1o
CJIOKHOMY 3aKOHY B COOTBETCTBUH C KPUBOH, IPUBEICH-
HOM Ha puc. 1.

nas ayBey, .. has
Me
1.5
1,25
1,0 *
bz
0,5 0,25 0 0,25 0,5

Puc. 1. 3aBucumocTsb ui( b:) B OTC poropa BAJI ¢ IMKO

B mpouecce H3roToBiIeHUs CEPACUYHUKOB pPOTOpa
BAJl ux DTC noaBepraercsi TepMUYECKOMY BO3JCHCT-
BUIO. IIpu 3TOM H3MEHSETCS XMMUYECKUM COCTaB, CTPYK-
Typa KPHCTAIJIMUECKOW PEIeTKH, 3epHUCTOCTh CTallH,
COCTOSIHUE MOBEPXHOCTHBIX CIOEB U MAarHUTHBIE CBOUCT-
Ba [3]. DTO NPUBOIUT K U3MEHEHUSM COCTABJISIOLIUX MO-
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TEph HA BUXPEBBIE TOKU M n00aBouHbIe norepu. [To nan-
oM YkpHUNBD npu m3rotonenuun BAJl ¢ JIMKO
poTOpa U3MEHSIOTCS L, U R, B 30HE 3yOIOB M 4acTHY-
HO B CITMHKE pOTOpa. DTO MPUBOJUT K YMEHBILICHHUIO T10-
TE€ph B CTAJM 3a CYET YMEHBLUEHHUS TAaKOM Ba)XKHOHM co-
CTaBJISIIOLICH, KaK NOTEPU Ha THUCTEPE3UC OT OCHOBHOM
BOJIHBI MATHUTHOT'O TTOTOKA.

B BUXpEBOM MarHMTHOM II0JI€ MAarHUTHBIE CHUIIOBBIC

JTUHUK HamnpasieHs! kK ctanu OTC nox yrioMm o

rotgal .

_ g Hod ; (6)
Hy o By

I7ie 0. — yroj HakjoHa B Oe3BuxpeBoM moie (o =90°);

A — nuHeWiHas Harpyska; B, — HOpMaTHBHasi COCTaB-

tgal

JISFOIAst WHITYKIIUH.

[pu samaramanBaanu DTC HYXHO MPEOAONIETh CH-
JBI 3JIEMEHTApHBIX MAarHUTOB, CIEAYIOIINX 34 BHEIIHHM
MarHUTHBIM IIOJIEM C 3alasfbiBaHueM. Pabora, HE00XO-
JUMasi A7l TIPEOIOJICHUS] 3TUX CHJI, TIEPEXOAUT B TEIUIO,
BBI3BIBAsI IOTEPH.

IIpu 3amuBKE OOMOTKH pOTOpa MeAbl0 B 00IacTsIX
cep/ieYHHUKa, NMPUMBIKAIONIMX K Ia3aM (3yOle, CIIMHKE) B
CBSI3M C POCTOM |[l, YMEHBIIAeTCs O, YTO IPUBOAUT B

CBOIO OY€pe]lb K YMEHBUICHUIO KOSPLMTUBHON CHIIbl 1.

YaCTHBIX MOTCPb r'UCTCpPE3nCa, T.€. K YMCHbBUICHUIO IIHU-
PUHBI IETJIN TUCTECPE3HNCA, a4, 3HAYUT, U IOTEPH HA TUCTEC-
pesmc.

3Has 3aBUCUMOCTH W,.(b,) M UCIIONB3Yysl COBPEMEH-

HBIE METO/bI YHCIIEHHOTO aHaJIN3a, HETPYJHO ONpPENeIUTh
yIleNIbHBIE TIOTEPH Ha THCTEPE3NC U BUXpeBble TOKH BAJ]
¢ JIMKO poropa

Peydzce'f'Ba; (7

P

y0=Co f2B%, (8)

rae C, — xoadduiment, 3aBucsammii ot Mapku OTC uee p;
f—4acToTa epeMeHHbIX TOKOB B 0OMOTKE poTopa; o = 2
(mpu B =0,8...1,6 Tn); C, — xoadpdurnuent, 3aBucsumn
ot mapku OTC, | ¥ TONIMHBI TUCTOB.
VY nenbHbIE TOTEPH B CTAIH Ha | KT
Pey9 = Piosso-(f/50)-B*, )
rae Pg/50 —norepunpu B=1Tnu =50 I'n.

[IpakTHyeckn aBTOPHI BCEX KIIACCHYCCKHX YYCOHHU-
KOB II0 3ne1<Tp1/1qe01<1/1M MalllMHaM npennonaraloT, qTo
MOTEPSAMHU B CTaJM MarHUTONPOBOJIa POTOpa, B BUIY Ma-
JIOH f, MOKHO TIpeHeOpedb. MBI cunuTaeM, 4To 3TO HE CO-
BCEM KOPPEKTHO, T.K. MPUBOJIUT K CYLIECTBEHHBIM pac-
xoxaeHusM B onpeneneHun  KIIJ[ pacueTHbIM U 3Kcre-
PUMEHTANBHBIMHA Ty TSMH.

IHEJIb CTATbU
Ilenr mpoBeneHHBIX B NaHHOW paboTe HcciemoBa-
HUW — oTpejieNieHUe BIUSHUS TETUIOBOTO BO3JEHCTBUS HA
MOTEPU B IJIEKTPOTEXHUYECKOW CTal CepJeUHUKA POTO-
pa TpH 3aJUBKE €ro 0OMOTKH MEJIBIO.

PE3VJIBTAThI UCCJIEJIOBAHUIA
HccnenoBaHusMu YCTaHOBJIGHO, YTO MOTEPU B 3y0-
[1aX POTOpa IpPH CYILIECTBYIOIIUX HOMHWHAIBHBIX CKOJb-
xenusix B BAJ] ¢ JIAKO potopa
B:op S
P, :ng “Pross0 - ( 104 )-0. '%’

rae K, — kodpduuueHt yBenuuenns noreps B 3yOuax

(10)

BCJICAICTBHE BIMSHUS TEXHOJIOTMYECKUX (DaKTOpPOB, B T.4.
TeMIIepaTypbl 3aJMBOYHOIO MaTepuana; B, ., — cpenHee

3HaYeHHe MHAYKIHU B 3y0uax, I'c; O, — macca 3yOnoB.

B porope BAJl cymectByer OeCKOHEUHBIH psil
BBICIINX TapMOHHK, CO31aBaeMbIX KOPOTKO3aMKHYTOW
00MOTKOH, KOTOPbIE CyLIECTBEHHO BIHUAIOT Ha P, (a 3Ha-

4yuT U Ha P, ), ocoOeHHO B pexume paborel BAJI B 30He

HaChIIICHUA. BO3HI/IKaIOIIII/Ie opu 5TOM IMOBEPXHOCTHBIC
IoTepu B 3y6uax OT BUXPEBBIX TOKOB OIIPCACIIAIOTCA 3a-
BHUCUMOCTBIO

A-
P,, :%'mljs'Bgv'Z'Sz'l,

rae v, — IOJIOCHOC ACJICHUEC vV -TOM rapMOHHUKH; ©®, —

an

YTJIOBast CKOPOCTh V -TOM TapMOHMKH; B, — MHIYKIHA B
BO3/IyLIIHOM 3a30p€ V -TOH 'apMOHMKH; Z — YHCIO 3y0-
1oB; / — nnuHa cepaeynuka ITC.

[ToBepxHOCTHBIE OTEPH B 3y0IIax OT TUCTEpE3nca

P=fy 1y Byl (t-5)1-Z, (12)

rae f, — JMHEWHHas 4YacToTa V-TOW TapMOHHUKH; ! —
3y0LI0BOE AEJICHUE; S — PACKPBITUE I1a3a, MM.

IloTepu B cTanu cepaedyHUKa poTOpa

P =Kogp  Peyn-(f1500P - BY o, (13)

rne K o6p — KOX(PHUIHEHT, YIUTHIBAIOIINAN BIUSHUE Me-

XaHUUYECKOH 00pabOTKM W H30JISLHOHHOTO MOKPBITHS
muctoB OTC (K6, =1.4...1,8). IIpu yuere tepmudeckoro

BO3JICHCTBUS 3a/MBaeMoro meramia Kog, yMEHbIIACTCSH
Ha 10...15% B 3aBHCHMOCTH OT TabapuTa W MOITHOCTH
AJll; B; n ©¢; — MHIYKUUH U MacChl YacTed MarHUTONPO-
BoJia (3yOI1a, CITUHKH).
3Hauenus B u P, yn TIPHBE/ICHBI B TaOmue 3.
M3-3a nedcTBUS rapMOHUK MArHMTHOM HMHIYKLUH
BBICOKOW YacTOThl U aMIUIUTYIbl OTEPU B CTAIU POTOpA

U CTaTOpa UMEIOT OJIMH MOPSAAOK (10 JaHHBIM [4] moTepu
B cTanu P, B poTrope cocTaBisatoT oT 20 1o 25% obmux

MOTEPh B CTAJH).

Tabnmma 3
P¢ gy, Br/kr
Mapia ITC 0e3 yuera C y4eTOM P
(A=0,5Mm) y M
TEPMHUYECKOIO | TEPMUUECKOIO
BO3JICHCTBHS BO3JICHCTBH

2013,2011,2212 2,5...2,6 2,1...2,2 1,5

2312 1,75 1,5 1,4

2411 1,6 1,4 1,3

OcobeHHo cyliecTBeHHOE CHIDKeHHe rotepb B OTC
cepaevHuKa potopa Oyner mpoucxoauts B AJl ¢ JIMKO
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poropa MomHocThI0 cBbiie 100 kBT npu nutanum ot Uc-
TOYHUKOB PETyJIUpyeMOil 4acToTbl. Tak, Hampumep, Ui
HOBBIX TPAHCHOPTHBIX CPEICTB (TEIUIOBO30B, 3JIEKTPOBO-
30B, JU3eNb-TI0e3/I0B, djekTporoe3noB) I'TI 3aBoa "Dnek-
TpoTspkmar” (r. XapbKoB) pa3paboTaio TAroBbIE IEKTPO-
neuratenu turna AJl 914 Y1 momuocteio 1200 xBr, nu-
TaeMble OT IpeoOpasoBareyield YacToThl 5], TeXHHYECKHe
XapaKTEPUCTUKK KOTOPBIX IIPHBE/ICHBI HA pHC. 2.

U, cos@,0e. M n Usn
B |n oe Hm |ct \Q
1800 - 1+ 4
1600 + 097 + 1+
1 + 14000+
o+ 0%+ + M
1200+ 095 12000+
1000+ 0,94 --10000 1 50 ;
800+ 093 1 8000 T 40
600 + 0,92 + 6000 + 30
1 1 1 n
400+ 091 - 4000 + 20
200 + 09 -+ 2000 + 10 cOS 0
1 o1
0 3 3 t t +—t t t t t t t

420 440 460 480 500 520

Puc. 2. Paboune XxapaKTepUCTUKH JIEKTPOIBUTATEIS
acuHxpoHHoro Tsarosoro tuna AJ[ 914 V1 ans npusona
KOJIECHBIX T1ap JIOKOMOTHBOB. VICIIOTHEHHE 3alUIIEHHOE
C HE3aBUCUMOMN BEHTHJIILMEN. TeXHNUeCKne JaHHbIe: PEKUM
pabotel — mpoxomkuTenbHbI; MomHuocTs 1200 kBT; nmuHeiiHOE
HanpspkeHue — 1870 B; ok 450 A; actora — 48...146,5 I'm;
yacroTa Bpamenus 1138 06/MuH; yacToTa BpameHns max —
3030 06/MuH; MOMeHT HOMHHAIBHBIH — 10000 H-M; MOMeHT
myckoBo# - 12000 H-m; pacxon Bozgyxa — 1,12 M/c; KITJ[ —
95,5%; cos¢p = 0,88

Pabouas mosoca wactoT Takux AJ] HaxoauTcs B 30-
He 48...146,5 ', npu 3TOM B moJjioce 4actoT cBbiiie 100
I'a (oxomo 80% pabouero IUKIA JTOKOMOTHBOB) M CKOJIb-
xKeHun 3...5% OCHOBHAas 4YacTOTa INepeMarHWYMBaHMS
jgocturaet 8...12 'y, a oT neiicTBUS BBICIIMX FapMOHHYE-
CKUX TOpsAAKa V=5,7 W OCHOBHBIX 3yOmoBbeIx v=11,13
OHA YBEIIMYUBAETCS MPONOPILMOHAIBEHO HOPAIKY TapMo-
nuk. CienoBareabHo, npu nutanuu AJl oT nmpeobpaszosa-
TEJS YaCTOTHI, SBJSIOIIETOCS MCTOYHHKOM BBICIINX Tap-
MOHHUK, BO3PAcTyT IIOTEPH B CTAJIM CEPACYHUKA POTOPA.

AHanu3 pe3yJbTaTOB HKCIIEPUMEHTAIIBHBIX UCCIIE0-
Baamii BAJ] tuma 20KB-3,5 (tabn.l m 2) mokasan, 4To
notepu B cramu y BAJl ¢ JIMKO poropa Ha 3,3...18,7%
Mmenble, ueM y BAJl ¢ JIAKO, B To Bpems Kak mose3Has
MOIIIHOCTE Ha 16...33 kBT Oobiie.

Eme 6omnpmero a¢dekra cnemyer 0KUAATh OT MPH-
meneHust JIMKO potopa B Taroseix A/l anexrpoasurate-

mix tuna AJl 914, AZ1 900, A/ 901, Al 902 u ALl 906,
MMUTaeMBIX OT MpeoOpa3oBareneii yacToTrl. [lo mpeaBapu-
TEJIFHBIM pacdyeTaM YMEHbBILIECHHE IOTEeph B CTajH COCTa-
BuT Ha 20...25%, 94TO B COBOKYHNHOCTH CO CHHKEHHEM
moTeph B 0OMOTKE poTopa mo3BosuT yBennunuts KI1J[ Ha
1,2...1,8%.

BBIBO/IbI

OnnuM u3 Haubosnee S(PQPEKTUBHBIX W HENOPOTO-
CTOSIIIMX METOJIOB IMOBBIIICHHUS YHEPreTHUCCKON dPPek-
TUBHOCTH aCUHXPOHHBIX nBuratenedt tuna AJl 914 sBus-
ercst npumenenue JIMKO poropa.

TepmooOpaboTka ma3oB poTopa NpH 3ajHMBKE €ro
OOMOTKHM MEABIO YIy4YlIaeT MarHWUTHBIE CBOMCTBA 3JIEK-
TPOTEXHUYECKOU CTaJIH.

C y4JeToM TOro, 4TO MOTEPH YMEHBIIAOTCA U B 00-
Motke potopa, KIIJI Al ¢ JIMKO yBennmumBaercs Ha
1,2...1,8%.
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YK 629.12.066

MMAPAMETPUUYECKHNI CUHTE3 MEXAHUUYECKNX XAPAKTEPUCTHK
ACHHXPOHHOI'O ABUI'ATEJISA HA OCHOBE METOJA CXEMHOI'O
MOJEJINPOBAHUA

Kanos JI.H., k.T.H., mor.

CeBacTOMONBCKUI HAITMOHABHBIN TEXHHYECKU YHUBEPCUTET

VYkpanna, 99053, Cepacromnons, Ctpenenxkas 0yxta, CesHTY,

kagenpa "CynoBble U IPOMBIIUICHHBIE 3JIEKTPOMEXaHHUECKHUE CUCTEMBI"
tein. (0692) 235-160

3anpononosano epexmugny uucenvny memoouKy HaApamempuiHoz0 CuUHme3y MeXaniynux XapaKmepucmukK acuHXpoHHo20 O8u-
2YHa, AKA NPUIHAYEHA O ABMOMAMUZ0EAHO20 6UOOPY 000AMKOBUX ONOPIE 6 KiNax 06U2YHA NO Kpumepilo d1uzbkocmi daxcanor
i hakmuunoi xapakmepucmuk Ha 0CHOBI MEMOOY CXEMHO20 MOOEIIO6AHHAL.

Ilpeonoscena rpdhekmusnan uucieHHaa MemoouKd nApamMempuecKoz0 CUHmMe3d MeXanuyecKux XapaKmepucmuK acunxpon-
HO20 0guzamens, NPeOHA3HAYEHHAA ONA AGMOMAMUIUPOEAHHO20 8b100PA OONOJIHUMENbHBIX CONPOMUGTEHUIL 6 Yenax 0euzame-

JiA RO Kpumepuio onuzocmu xcenaemoil u ¢al<muttea<oﬁ Xapaxkmepucmuk Ha OCHoege Memooa cxemmnozo Modefmpoaauu}l.

BBEJIEHUE

B mpoMBIIICHHOCTH UCTIONB3YETCsT OONBIIOe KOJH-
YeCTBO NPOMBIIUICHHBIX MEXaHW3MOB, Pa0OTAIOMHX C
M3MEHSIOMIEHCS] CKOPOCTBIO, CPely KOTOPHIX BHAHOE Me-
CTO 3aHHMAIOT PETYIHPYEMBIEC JIEKTPOIIPUBOABI C ACHH-
XpOHHBIMH JIBHTATESIMH. bojbpmioe pacmpocTpaHeHHe
HMMEET PEOCTaTHOE PETYIMPOBAHNE CKOPOCTH JBUTATEINEH.
Kpome Toro, cymecTByeT BO3MOKHOCTh PEeryJNpOBaHUS
CKOPOCTH H3MEHEHHMEM HaNpPSKEHUS, TNPHUIIOKEHHOIO K
JABUIaTCII0, YTO MOXKET 6I)ITI) JOCTUTHYTO BKJIFOYCHUEM
COIIPOTHUBIIEHUH B Lienb cTatopa. PeocraTtHoe perymupo-
BaHMe Onarozapsi CBoel MpOCTOTe HaXOMUT NPHUMEHEHUE,
HampuMmep, B MPHUBOJAX MNOABEMHO—TPAHCHOPTHBIX YCT-
POWCTB, BEHTWIATOPOB, HACOCOB HEOOIBIION MOIIHOCTH.
PeocraTHple XapaKTEPUCTUKHA OTIUYAIOTCS HEOOIBIIOM
JKECTKOCTBIO, YMEHBIIAMOMIEHCS ¢ POCTOM COIPOTHBIIE-
HUW, TIpudeM OOBIYHO TOJjaraeTcs, 4To pabodas 9acTh
XapaKTepUCTUKU JuHeiHa. [ToaTtomy npu pacuere compo-
TUBJICHUH IOMOJHHUTENBHBIX PE3UCTOPOB YaCTO IIOJIB3Y-
I0TCd METOJAaMH, aHAJIOTMYHBIMU MCTOJaM, HNPUMECHSC-
MBIM JIs1 pacdCTOB COHpOTI/lBﬂeHI/lﬁ JABUIaTCJIsl MOCTOSH-
HOTO TOKa He3aBUCHMOro B030yxneHus. bojee TouHbIe
pe3yabTaThl MOJIYYAIOTCS MIpU CHPSMIICHHHM XapaKTepH-
ctuxu [1-3].

C pa3BUTHEM TEOpUH IIEKTPUUECKUX Lened u
CPEICTB UX pacueTa MOSBIAETCS BO3MOXKHOCTh aBTOMATH-
3MPOBAHHOTO BEIOOpA IOTONHUTEIBHBIX COMPOTUBICHUI
C IPUMECHEHNEM TEXHOJIOTHH MapaMeTPHUIECKOW ONTHMHU-
3allii Ha OCHOBE CXEMHBIX MOZEJNeH aCHHXPOHHBIX JIBU-
rateneil. B crarbe 00OCHOBBIBAETCS METOAMKA pacdyeTa
JIOTIOTHUTEBHBIX CONPOTHBIICHHH B LEMSIX aCHHXPOHHO-
ro JBUTATEN C LENbI0 MAKCHMAIBHOTO MPUOIIDKEHUS
€ro MEXaHWYECKOH XapaKTEepUCTHKH K KeJIaeMOMY BUY.

IMTOCTAHOBKA 3AJIAU
3amaguMcst KeTaeMbIM BHJIOM MEXaHMYECKOW Xa-
PaKTEpPUCTHKN aCHHXPOHHOTO IBHIaTellsl B BHIE OTpe3Ka
NpSIMOM, MPOXOJALIEN uepe3 Hauyaao KOOPAMHAT IIOCKO-
ctu "ckonbxeHne—MomeHtT": M =k-s, rue k— yrioBoi
koo dunment. Beenem kputepuii 01m30cTH KeaaeMod 1
peaNbHOI XapaKTEpUCTHK B BUAE HHTETpaa

©
~

J=[(am)?-as, (1)

©

1

—

rze M(s): L5-x,, (ig,)-

rarenst; AM =M (s)— k-s; x,, (i5 ) — COIIPOTHBIICHHE B3a-

gs “ldr —ids Igr )— MOMEHT [BH-

MMHON MHIYKIUA (ha3bl CTATOPHON B POTOPHOH OOMOTOK,
3aBHCSAILCE oT HaMarHW4MBaloIIero TOKa

I5 = \/(lds +ldr) Tlgs Tlgr ) 5 ldsslgs>ldrslgr— TPO-
JIOJIbHBIE U TIOIIEPEYHbIE COCTABIISIONINE TOKOB CTATOPA U
poropa; s,— rpaHHua pabodYel 4acTH MEXaHHYECKOH

XapaKTCPpUCTUKU. 3aBUCHUMOCTh COITPOTUBJICHUSA B3aWM-
HO WHAYKOWUW OT HaMarHM4nuBarouiero Toka MOXeT OBITE
AlMnpoOKCUMHUPOBaHa B COOTBETCTBUU C XapaKTepMCTMKOﬁ
XOJOCTOIO Xoda IABHIaTCIIsA AHAJIMTUYECKON 3aBHUCHMO-

) a-arctg\bi
() - 2-retsltis)
Is
Heob6xoaumo TakuM 00pa3oM BEIOpaTh CONPOTHB-
JEeHUA B LIENH CTaTopa 7gM B LIEIH POTOpA 7., YTOOBI

CTBIO, HAIIPUMED, BUJA X,

KpuTepuii 61u30cT J NPHHAI MUHUMAaIbHOE 3HaYEHHE,
IpU 3TOM JkenaeMass W (aKTH4ecKas XapaKTEPUCTHKU
OymyT oTiMYaThCS HAaMMEHBIIMM 00pa3zoM. Berumras u3
MOJTYy4EHHBIX 3HAYEHUH Fy U 7, UX HOMUHAJbHBIC BEIH-
YMHBI, MOKHO MOJYYHUTh 3HAYEHUS JOMOIHUTEIBHBIX CO-
MPOTHUBIICHUH B IETAX BUTATEIS.

METO/] PEHIEHUA
Jnst npuMenerns 9pGEeKTHBHBIX METOIOB MUHHMH-
3anuu kputepus (1) HeoOX0AUMO MOTYIUTh KOMIIOHCHTHI
rpaguenta J 1o mapamerpam 7, u 7, . Juddeperuupo-
BaHue BoIpaxenus (1) maer

Sf
ﬂ:szM-dAM-ds, Q)
drj 0 drj
dAM de,Gs) (..
rue dr, =15 CIZ’] '(’qs lar —lds 'lqr) +
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dig di

. did . did ; .
+1,5+] x ¥/ " lgy —— gy = t :
- drj dr drj qs dl’j qr dl’j ds
dx (i dis | _ bi
xm—(lé)z%.ﬁ. Lz—arctg(big) ;
di’j i5 drj 1+(bi5)
dis 1 dig; , di
ﬁ:.—' (ids +idr)' o +i
drj i dr] drj
di di
+(i +i ) B2 j=sr.
qs Tlgr ’ ’
drj  dr

Kak CJICAYCT U3 MPUBCACHHBIX BBIpa)I(EHI/Iﬁ, KOMIIO-

dJ dJ .
HEHTBI TPaJUeHTa T 3aBUCAT OT (QYHKIMH 9yBCT-
ry dr,

) r
BUTEIILHOCTH NIEPBOTO TOPSAKA

digs dig. digr digs

b b
dr ¥ dr j dr j dr ¥
Urobbl BeruMcIuTh KpHuTepuit (1), Bocmosb3zyemcs

Npe/II0KEHHOH HaMU CXEMHOM MOJENBI0 aCHHXPOHHOT'O
JBUTATENS B CTalMOHAPHOM pexxume [4], KoTopas cTpo-
UTCS Ha OCHOBAaHMM YpaBHEHUWI B KOOpAWHATaX, Bpa-
IIAIOMINXCS C CHHXPOHHOH CKOpPOCTBIO, M C YYETOM Ha-
CBIIIEHHS] MArHUTHOM 1eTIn:

I —X

WELNE )

E

(5) ( +lqr):uds;

(4P

lgs =X

" 4

: ids

off¢

os

)

>indr£ gzq

Ts

'iqs + X lds + X (ié) (lds 'Hdr)
'idr =8 Xop 'iqr S Xy (16 ( qc
qr+s xcr'idr+s'x ( )(ldr+ldv

— COIPOTHBIICHHS PACCEMBAHMS CTaTOpa M

qs

Ty

u
Iy )
TAC Xy, X

potopa. CxeMHasi MOJIENIb MTPEACTABISIET COOON HeNMHEH-
HYIO JIEKTPHUUYECKYIO LENb MOCTOSHHOIO TOKa M HUMEET
BUJ, W300paKeHHBIM Ha puc.l, e 0003HAYEHBI JTHHEH-
HBIE TIpoBOOMMOCTH: gl=g2=r,, g3 = g4 =1, ; nuHEN-
J1

HbIC  YIPAaBJIACMbIC

J3= J6 =sx
HBIE yIpaBlisieMble HCTOYHHUKH TOKa:
J2=x (16)( +lqr)> J4:xm(i6)'(ids+idr)s
JT=s5x (5)( +lqr), J9=s~xm(i5)~(ids+id,); He-

=—1 — HanpsoKeHue

HUCTOYHHUKH

J8=s-Xx

TOKa: = Xoslgs >

Xos “lds orlgr> or "Iy ; HEIUHEH-

3aBHCUMBIF UCTOYHHK TOKa J5 = Ugs

cerd (mosaraeM 3zeck Uy =0). B aT0ii Momenu Hamps-
JKEHUSl Ha MPOBOAUMOCTAX g1, g2 4MCIeHHO paBHBI MPO-

JTIOTFHOM ¥ MOTIEPEYHON COCTABIITIONINM TOKA CTATOPa; Ha
MPOBOIUMOCTSIX g3, g4 — aHAJIOTUYHBIM COCTABIISIOLIIM
ToKa potopa. PacueT 3T0il MoAenu npu 3aJaHHOM 3Hade-
HUM CKOJBXKEHHS § CYIIECTBYIOUIMM IPOrPaMMHBIM
obecrieueHreM TO3BOJIET ONPEACTUTh COCTABIISIOIHE
TOKOB CTaTopa M poTopa B CTAIIMOHAPHOM pEXUME.

o

" 4 v 4

Puc. 1. CxemHas Moenb aCHHXPOHHOT'O IBUTATENS

Jliist BeraucaeHust GyHKIMH YyBCTBHTEIBHOCTH TIEp-
BOro rmopsiaka (3) MoCTPOUM CXEMBI B MPOM3BOJAHBIX [5]
10 MapaMeTpaM 7y U 7.. DTH CXeMBbl IOIydaroTcs Jud-
(epeHIMpOBaHNEM KOMIIOHEHTHBIX COOTHOLIEHHH CXeM-
HOW MOJIeNH 10 MapaMeTpaM U Takoke MPEeACTaBISIOT He-

JTUHEWHBIE IIeTM TOCTOSHHOTO Toka. Ha puc. 2 m3o00pa-
’KE€Ha CXeMa B IPOU3BOAHBIX IO 7y CXEMHOH Mojenu
JBUTaTeNd, Ha KOTOPOH 0003HAa4YeHB! JIMHEHHBIE NPOBO-
qumoctH: gl=g2=r,

I3 digs

Hids Hgs
drg

drg

W' 979" 9" "9

é

J6 diae
drz

) w047 ¢ e ¢

Puc. 2. Cxema B IIPOU3BOJHBIX 110 COIIPOTUBJICHUIO CTAaTOPpa

g3 = g4 =r, ; nUHEelHbIE yIpaBIseMble HICTOYHUKH TOKA:
di di
. qs . ld
Jl=1lige, J2=xg, ——, J4d=1iye, J5=xg0 —=,
dr dr
di di
_ qr _ lar . o
JT=8x5. - ——, JI9=5-Xg " ;  HEIMHEHHBIE

s
YHpaBiIA€MbI€ HCTOYHUKU TOKA:

£ (xm (iS ) (iqs +igr ))»

N

N

J3=

J6=—1

d
dr(

3 xn1(i5)'(idy +idr))’
J8=s~di( lis)-ligs +igr))-

m (iS ) (ids +igy )) :

N
B oroil cxeme HampsbkeHUs Ha IPOBOAUMOCTSIX
gl, g2 unucneHHO paBHBI (QYHKIHSAM UyBCTBHTEIHHOCTH
dlds dqu
b
dry  dr,

s N

J10=s-i(x
d

N

, @ Ha MPOBOAUMOCTIX g3,g24 — (QyHKUuIM
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di,

dr,

N

didr
b

Ts

YYBCTBUTCJIIBHOCTU . OTMeTl/IM, 4YTO UCTOYHH-

ki ToKa J1,J4 ynpapisioTCs TOKAMH iy, i, CXEMHOH

MOJISITH JIBUTaTelIsl 110 puc. 1.
AHaJOTUYHO Ha puc.3 n300pakeHa cxema B MPOU3-
BOJHBIX 0 7, CXEMHOW MOJEINH JBHUTaTeNs, TIe 0003Ha-

YeHbl  JIMHEWHBIE  MPOBOAWMOCTH: gl=g2=r,,
g3 = g4 =r, ; nuHeliHbIE ynpaBseMble HCTOUHUKHU TOKa:
di
A
Jl=xgy - —2
dr,

7

VI (AR

Puc. 3. Cxema B poU3BOJIHBIX 110 COMPOTHBIICHUIO POTOpA

dige (el ATU 02 dige (1182 T3 004 dige
dry roe dry
di di
J3:xm~%, JS=1-ig,  J6=s-xg —I,
7y dr,

di .
J8=1vig., JI=5"Xg, - ddr ; HEJNMHEHHbIE yhpaslse-
I,

7

Mble HUCTOYHMKM TOKa: J2= ddTr(xm (i5 ) (iqs +ig, )),
d N d N
Ja= %(xm(ZS)'(lds +ldr)) , JT=5s 'd_rr(xm(l?})' (lqs +lqr))’

J10=s di(xm (i5 ) (ids +ig, )) Hamnpsoxenust Ha mpoBo-
r}"

JuMocTsX gl, g2 YUCIeHHO paBHBI (YHKIMSM YyBCTBH-

dids diqs
TEJIBHOCTH ,——, a Ha mpoBoxuMocTix g3,g4 —
dr,  dr,
didr difl”
(YHKIMSIM YyBCTBHUTEIIBHOCTH P HcTtounuku
7, 7,

r r

TOKa J5,J8 ynpaBisioTCs TOKAMHU iy, [, CXEMHOH MO-

JIeIu.

Takum 00pa3om, pacueT pekuMa HEJTUHCHHOW IIETIH,
cocToAlIeH U3 CXEMHON MOJIENN Ha pHC. | U ABYX CXeM B
MPOM3BOIHBIX HA pUC. 2, 3 TIPH 3aJaHHOM CKOJIBKECHUU S
MIO3BOJISIET OMNPENENIUTh COCTABILIONINE TOKOB CTaTOpa U
poTopa ¥ UX (QYHKIHUU 4YyBCTBHTENIbHOCTH (3) mo mapa-
MeTpaM 7y | F,., a CIEIOBaTEIbHO PACCUMTHIBATH 3HAUE-
HUe Kputepus Onm3ocTH (1) ¥ KOMIIOHEHTHI TpaJHeHTa
kputepus (2). Brramcnenne KpUTEpHS OCYIIECTBIIICTCS
moycuyeroM mHTerpana B (1) mpm pa3OueHMH HHTEpBajia
0-s s Ha JI0CTaTOYHOE YHCIIO 4yacTe U COOTBETCTBYIO-

MM TPOCYETOM CXEMHOUN Mojenu 1o puc. 1. Beraucine-
HHE KOMIIOHEHT I'paJMeHTa OCYIIECTBIISICTCS Ha STOM Ke
pa30MeHnu s OTHOBPEMEHHBIM MPOCUETOM KaK CXEMHOH
MOJEIH, TaK ¥ CXEM B TIPOM3BOJIHBIX IO pHC. 2, 3.

OBCYXIEHUE PE3VJIbTATOB
Juisn  muHMMu3aumu  kputepus (1) npumensiercs
OIMH W3 COBpeMeHHBIX 3(dexkTuBHBIX MeTonoB [6]. B
KauyecTBe WIUIIOCTPAlMd PACCMOTPHM MpOLIECC CHUHTE3a
MEXaHUYECKON XapaKTepHUCTUKH aCHHXPOHHOT'O JIBUTaTe-
51 MomHocThio 14 kBT ¢ Hampsbkernem 380 B u Tokom

28 A . 3nauenue kodddunuenra k B (1) mpunsito k=3,

IPaHUYHOE 3HAYCHHE CKOJIBKCHUA S r =0,3. Xon npo-

1ecca MUHUMU3AIUH KPUTEPHUS OTpakeH B Tabmuie 1, roe
MPE/ICTABICHbl 3HAUYEHHs KPHUTEPUs], IPAJMEHTa U OITH-
MU3UPYEMBIX COMPOTUBIICHUI Ha Ka)KJOM IIIare mporecca

c Ha4aJIbHbIX 3HAYEHUN COIIPOTHUBIICHUH
r,=01lo.e., 1. =0,150.e.
Tabnuna 1
Xoa npouecca MUHUMHU3ALHUH
J dJ dJ Fg,0.6. | r.,0.€.
dr dr,

0,00588 0,0682 0,0806 0,175 0,268

0,00207 0,0402 0,0684 0,108 0,342

0,000111 | -0,00254 | -0,0010 -0,065 0,416

AHanu3 TaOnMIBl TOKa3bIBAET, YTO IIOCIIE BTOPOTO
mara JOCTUTHYTO MHHHMMAJIbHOE 3HAYCHHE KPUTEPHs
OIM30CTH JKellaeMOW W TIONyYeHHON MeXaHMYeCKOW Xa-
pakrepuctuku J = 0,00207 mpu 3HauUEHUSX CONPOTHUBIIEC-
Huil r; = 0,108 0.e.,7,. = 0,342 0.e. Pe3ynpTarsl npoueny-
pPBI TTApaMETPUUYECKOTO CHHTE3a HM300pakeHbl Ha puc.4,
rae MHAEKCOM | mmoMeueHa jkejaemasi, a MHIESKCOM 2 —
MOJTy4eHHas! XapakTepucTuka. M3 pucyHka ciemyer, 4To
Ha UHTEpBAJIEC W3MEHEHMsA CKOJbkeHHs oT s =010
sy =03 5TH XapaKTEPUCTHKH JOCTATOYHO 6mm3ku. On-

TUMAJIBHOE COMPOTHBJICHHE CTATOpa MPAKTHIECKU COBIA-
IaeT ¢ ero HoMuHAIbHBIM 3HaueHmeMm 0,0960.c., a co-
MPOTHUBIICHUE POTOpa OOJIBIIIC €r0 HOMHHAJIBHOTO 3Haue-
Hus 0,1420.e. B 2,4 pa3za. Takum oOpas3oM, TOMOTHH-
TenpHOE compoTtuBieHne 0,2 o0.e. B IEMH pOTOpa MO3BO-
JSIET MOJYYHTh KEJTaeMblii BUJ MEXaHHMYECKOH XapakTe-
PHCTHKH.
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Puc.4. Mexannueckne XapakKTEPUCTUKU aCUHXPOHHOTO
nBurarens: 1 — KeacMmas; 2-— ToJIy4€HHas

OTMeTHM, YTO ONMCAHHBIA MPOLECC ONTUMM3ALMU
HE 3aKaH4MBaeTcsl Ha ABYX Imarax. Ilocie BbIMONHEHUS
TpeThero Iara, HampuMep, 3HaYeHHE KpUTEepUsl yMEHb-
IIaeTCsl Ha MOPSAAOK, YTO TOBOPUT O MOYTH TOJIHOM COB-
MaJICHAN JKeNaeMoil M IoJy4eHHOH xapakrepuctuk. O0
9TOM JK€ CBHJIETENHCTBYIOT M Maylble 3HAYEHHS KOMIIO-
HEHT TpaJieHTa, KOTOphle, KaK M3BECTHO, B TOYKE IKC-
TpeMyMa (YHKINH HECKOJBKHX MEPEMEHHBIX PaBHbBI HY-
mro. OHAKO, KaK CleayeT W3 Tabnuiel 1, MUHIMYM pas-
HOCTH JK€JIaeMOM M MOJYYEHHOM XapaKTEPUCTUK JIOCTH-
raercs IIEHOM U3MEHEHHUs 3HaKa CONMPOTUBIICHUS CTaTOpa.
OueBuIHO, peanu3alUsi 3TOTO YCIOBUS 3aTpyAHEHA.
B03MOXXHBIM BBIXOIOM MOXET OBITh yBEIMYEHHE HArpsi-
JKEHHA Ha CTaTope IpONOPLHOHAIBHO TOKY HAa OCHOBE
MOJIYTIPOBOTHUKOBBIX IIpeoOpa3oBarereii.

Jlis momyueHus crnenyroumx 3Ha4eHU ColpoTHBIIe-
HUH 7 U 7, , COOTBETCTBYIOLIHUX JAPYTOMY BHIY JKEIIAEMOU

XapaKTepHCTUKH, CIIELyeT 3aJaTh HOBBIC 3HAUCHHS KOI(-
urpenTa k ¥ IpaHIYHOTO CKOJNBXCHHUS Sy B KPUTCPUH

(1) u moBTOpUTH MpoONEAYPY CcHuHTE3a. Takum o0pazom,
MOYKHO TIOJTYYHTh Psi/T COMPOTUBIICHHUHN JIJIs1 POPMHUPOBAHHS
ceMeicTBa MEXaHHMYECKUX XapaKTePHCTHK.

BBIBO/IbI

Pa3zpaboTana Meromuka MOCTPOEHHS CXEMHOW MO-
JIeTT ACHHXPOHHOTO IBHTATElNs, a TaKKe METOAWKA II0-
CTPOCHHSI CXEM B INPOHM3BOAHBIX IEPBOTO MOPSAKA, IO-
3BOJISIFOLIIMX PACCUUTHIBATh  KOA(DOUIMEHTH YyBCTBH-
TENILHOCTU MapaMeTpOB pEXHMMa K H3MEHEHHIO COIIPO-
TUBJIEHUH B LieNM cTraropa u poropa asurarens. [lokasa-
HO, YTO 9Ta CXEMHasi MOJIEJIb U CXEMbI B IPOU3BOJHBIX
NPeCTaBIIOT COOON 3IEKTPUUYECKUE LeNH, COCTOSIINE
U3 JIMHEWHBIX U HEIWHEWHBIX CONPOTHUBIECHHUH, TPOBOIH-
MOCTEH, YyIpaBIIsieMbIX 1 HE3aBUCHMBIX HCTOYHHKOB TOKa,
KOTOpBIE MOTYT OBITh PACCUMTAHbI CYLIECTBYIOIIUM ITPO-
IrpaMMHBIM oOecTieueHHEM.

D¢} PexTuBHOCTS MpenIaracMoro HaIpaBICHUS OII-
TUMHU3AIANA [UIS JIEKTPOMEXaHWIECKOTO YCTPOMCTBA CO
CJIOKHBIM MAaTEMaTHYeCKHM OIHMCAHWUEM IPOMILTIOCTPH-
pOBaHa Ha IIPUMEPE ONTUMHU3ALNN MEXAaHUYECKUX Xapak-
TEPUCTHUK JIEKTPOIIPUBOJA TIEPEMEHHOIO TOKAa HAa OCHOBE
ACHHXPOHHOTO JIBUTATEIS.

IIpennaraemast MeToAMKa APaMETPUYECKOTO CHHTE-
32 MEXaHUYECKHX XapaKTEPUCTUK aCUHXPOHHOTO J[BUTa-

Temnsl MpeAHa3HaueHa Ul aBTOMAaTHU3MPOBAHHOTO BBHIOOPA
JIOTIOJTHUTEIIBHBIX CONPOTHBICHUH B LIEMAX ABUTaTeNs MO
KPHUTEPHUIO OJIM30CTH JKEJIAaeMOW M peasibHOM XapaKTepH-
CTHK. DTa METOJIMKAa TI03BOJISIET YUECTh HACBIIICHHE Mar-
HUTHOH LIENH JBUTATENS MyTEM ampOKCHMAIUU 3aBUCH-
MOCTH CONPOTHBJICHUS B3aUMHOW WHAYKIWH OT Hamar-
HUYUBAIOUIETO TOKAa. MeToanKa MOXeT OBITh pacipo-
CTpaHEHa W Ha JBUTATEJH, B KOTOPHIX HEOOXOIUMO y4H-
ThIBaTh 3(p(eKT BBITECHEHHS TOKa B a3y, a TaKkkKe Ha
ONTHUMHU3AIMIO TATOBBIX AJIEKTPOIPUBOJOB MOCTOSHHOTO
ToKa. [lepCHeKTUBHBIM B 3TOM HAIIPABICHUH SBILSIETCS,
OUEBHJHO, CXEMHOE MOJEIUPOBAHUE W ONTHMU3ALMA
JUHAMUYECKUX DPEXKUMOB 3JEKTPOIHEPTeTUUECKUX YCT-
POWCTB.
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OCHOBHI OCOBJIMBOCTI BEBKOHTAKTHHUX CYMIINEHNX CUHXPOHHUX
I'EHEPATOPIB 31 CTPYKTYPOIO OBMOTKMU POTOPA, 1O ITEPIOIUYHO
SMIHIOETBCA

Knementres O.B.,
TaBpifiChKUil perioHaTbHUHN (PaKyIbTET
XepCOHCHKOT0 HAILlIOHATHHOTO TEXHIYHOTO YHIBEPCUTETY

VYkpaina, 74900, Hosa KaxoBka, XepcoHcrka 0011., Byi1. [lepBomaiiceka, 35,

ten. 8-(05549)-40-567, e-mail: nkpi@kahovka.net

Po3zenaoaromeca ocodbnueocmi konempykuyii i ghizuunux npoyecie 6 6e3KOHMAKMHIN CUHXPOHHIT MAWUHI 30 CMPYKMYPOIO 00-

MOMKU pOMOPaA, wio NEPioOUHO 3MIHIOEMbCAL.

Paccmampueammc;l ocobenHocmu KOHCmMpYKUuu u (])u3ultect<ux npoueccoe é OecKOHmMaKmHou CuprOHHOﬁ Mmauwiune ¢ nepuo-

OuuecKu usMeHAIoweiica CIMpPYKmMypoil 00MomKu pomopa.

BCTVII

B meli wac Ha cramii BIPOBAaKEHHSI 3HAXOMSTHCS
0E3KOHTaKTHI CyMillEHi [0 MarHiTONPOBOAYy i 0OMOTKaM
CHHXPOHHI MallIMHK 31 CTPYKTYPOIO OOMOTKH pOTOpa, 110
nepioanyHo 3MiHIOEThCS. Ha craropi Takux MaiiuH pos-
TalIOBaHi cuioBa 0OMOTKa i 0OMOTKa 30yIKEeHHsS 30y/1-
HuKa. OOMOTKa POTOpa CKIQJAETHCS 3 OKPEMHMX YacTHH,
SIKI 3'€THYIOTbCS MK COOOI0 Yepe3 IepeMHKarodi IpH-
ctpoi [1+4]. [Ipu 3MiHI CTaHy IUX MIPUCTPOIB IO IEBHOMY
3aKOHY 10 0OMOTIII POTOpa MPOTIKAE CTPYM, IO 30yHKY€E
MammHy. Y HaWOUTbII mpocToMy BHII (QYHKIII mepeMu-
KalO4uX MPUCTPOIB MOXKYTh BUKOHATH JIOAM IIPH IX HpH-
ponwiit komytamii Big EPC, sika iHIyKy€eThCA B 9acTHHAX
00MOTKH poTopa uepes mose 30ymkeHHs 30ynauka. Y [3]
NOKa3aHo, 10 B iHKEHEpHUX po3paxyHkax 1o EPC mMox-
Ha BBA)XATH CHHYCOINAIBbHOIO, a 3TiAHO [4], B omHODa3HIH
oOMOTHI poTOpa 3 JiOAaMH, KpiM IOCTIHHOTO CTpyMy
30y/PKeHHS ITPOTIKAE 1 3MIHHUH NPaKTHYHO CHHYCOiJallb-
HUH CTPpyM, KU CTBOPIOE IyJIbCYIOYE T10JIe, [0 MAE I10-
JFOCHICTB 30yAHUKA.

ITOCTAHOBKA3AJIAUI
Yepes 3BOPOTHO-CHHXPOHHY CKJIaJ0BY LILOTO MOJISA B
oOMmoTIi 30ypKeHHS 30yAHMKA IHAYKYETHCS HapasuTHA

EPC, mio moripurye ekciuTyaTaniifHi MOKa3HUKH MaIluHH.
Tomy po3poOka 3axo/iB 10 i 0CITabIIeHHIO € aKTYaJFHOIO
3a/1a4uero.

PIIIEHHS 3AAAUI

OnuH i3 UDIAXIB PilIEHHS 3a3HAYEHOT 3a/1a4i - BUKO-
pucranHs GararodasHoi 0OMOTKH pOTOpa, 3MIHHUI CTpYyM
SIKOT CTBOPIOE T10JIE, 10 TUIBKHU MPSIMO-00ePTAETHCS.

Ha puc. 1 300paxeH0 poTOp YOTHPHUIIOIIOCHOT Ma-
IIMHA 3 TBO(A3HOI0 OOMOTKOIO IpH IBOMOIOCHIH (Sb,
Nb) obmoTmi 30ymKkeHHs 30yaHUKa Ha ctaropi [6]. Tpu-
(a3Hmii BapiaHT OOMOTKHM poTOpa HaBeneHo Ha puc. 2. [lo-
Ka)XeMO Ha MPHKJIAZl IBOIOIIOCHOTO BapiaHTy, IO HOJE
3MIHHOTO CTPyMy OOMOTKH POTOpa € HEPYXOMHM IIOJI0
craropa.

Jnst BU3HAYeHHs HalpsMy oOepTaHHs Mepuioi rap-
MOHIKH 3MiHHOI ckIaioBoi MPC ctpyMy 0OMOTKH poTopa
BBEJIEMO JKOPCTKO IOB'SI3aHy 31 CTATOPOM BIiCh X Y3/IOBXK
PO3TOPTKH MOBITPsIHOTO 3a30py. Hexail mouaTkoBe Mojo-
xerHst potopa (x=0) 36iraeThcss 3 MarHITHUMH OCAME
KOTYIIIOK TEPIIOTO i TPETHOTO MOJIOCIB, a TAKOXK 0OMOTKH
30yKeHHs! 30y/IHUKa, a MO3UTHBHUI HalpsiM oci x — 3
HAIpPsIMOM 32 FOJJMHHUKOBOIO CTPLUIKOIO.

Hi K1 3Hi 31
2 *2 T 2
2H1 2K1 4H1 K1
22 22 4 452

Puc. 1. Potop 3 nBodha3HOI0 0OMOTKOIO 110 3MIHHOMY CTPYMY

30

Enexkmpomexnika i Enexmpomexanika. 2006. Ne2



Puc. 2. Tpudazna o6MoTka poTopa 1o
3MIHHOMY CTPyMy

3ammmemo Bupa3 ans mynbcyrouoi MPC meprmoi
MIPOCTOPOBOI 1 MEePIIoi YaCOBOI TAPMOHIK CTPyMY MEpIIol
(a3u, mpeacraBieHoi KOTymkaMu 1-ro i 3-ro moJrociB 1o
puc. 1 (nepma umdpa B NMO3HAUYEHHI BUBOJIIB KOTYIIOK
BIJIIOBiTa€ HOMEPY TIONIOCA):

Fi3=F, sin(oy -t+(pel-)~cos(l-x) ,
b
Je ®; - KPyroBa 4acTOTa MEPIIO] 4acoBOI TapMOHIKH
3MIHHOI CKJIQIOBOI CTPyMY KOTYIIKH, T; - IOJIIOCHE Ii-
JeHHd 1o 30ynHuKy, F,, - ammiityaHe 3HadeHHs MPC,
Q,; - 3pYLEHHS 10 (a3i MK MEPIIO0 YaCOBOIO rapMOHi-

KOIO CTPYMY 1 IIepIIoto yacoBoro rapMorikoto EPC, inmy-
KOBaHOI 4yepe3 moiie 30yaHHKa.
MPC nmpyroi ¢a3u BupaxaeTbCcsa TAKUM YHHOM:

Fry=F, -sin(o)f @y, —gj-co{%w—gj,
b

Fyy =-F, -cos((x)f -t+(pe,-)~sin(l~x].
b

BukopucToBy[OUM BiJOMY TPUTOHOMETPHYHY (Op-
MyJLy:

abo

sin(xiy): sinx-cosy*cosx-siny,
BBAKAIOUH
x:CDf .[+(P€i’

y=—"x,
Tp

0JIepXKy€eMO BHpa3 pe3yibTyrouoi MPC:

F=F3+Fy=F, -sin((of Qg —Tl-x)

b
3nrak "Minyc" y mid GopmMyii CBiTUMTH TPO Te, MO0
pesynerytoda MPC F € XBmiIero, IO MOIIUPIOETHCS Y3-
JIOBX ITO3UTHUBHOTO HAMpsiMy oci x [5], ToOTo B Hanpsmi,
MIPOTUIIC)KHOMY HAmpsiMy oOepTaHHs poTopa. ¥ poborax
[3, 4] mokazano, 1mo yacrora mepmoi rapmoHiku EPC,

IHAYKOBaHOI B YaCTHHAX OOMOTKH pOTOpa (KOTyIIKax abo
KOTYIIKOBHX TpyIax) AOPIBHIOE poOodUiii wacToTi, mo-
MHOJKCHIM Ha BIJHOIIICHHS YKCJa Map MOJIIOCIB 30y IHUKA
Ppp 1O TIONIOCIB TeHeparopa p . Yacrora obepranns MPC

i€l TApMOHIKH

60 60-
nl:_.(f.P_bj:_f
Pb p p

JIOPIBHIOE 110 aOCOJIOTHIM BEIMYMHI 4acToTi 0OepTaHHs
poropa. Tomy mono cratopa noie 1iei MPC Oyne Hepy-
XOMUM, IO BHKIIOYAE€ MOMXIIMBICTh 1HIYKII B OOMOTII
30ymKkeHHs 30ynHuKa mapasutHoi EPC.

Buxopucranus OaratodazHuXx 0OMOTOK B POTOpax
HESIBHOTIOJIFOCHUX MAIIMH HEBEIMKOI MOTYKHOCTI 3HAYHO
YCKIIQJIHIOE TEXHOJIOTII0. Y IUX BHIAJKaX BEIbMH e(ek-
THBHUM € TEXHIYHE pillleHHS, 0 Mependadae HasBHICTD
Ha CTaTopi MOJAaTKOBUX OOMOTOK, 3aMKHEHHX Ha Ji0Ju
[7]. InnyxoBana B Hux EPC € mkepenom miMarHiuyyBaH-
Hs MalllMHU 3 TTIO3UTUBHUM 3BOPOTHUM 3B'H3KOM 1o CTpy-
My 0OMOTKH 30y keHHs 30yaHuka. OcTaHHS 00CTaBHHA,
SIK TIOKA3aJId eKCIIEPUMEHTH, J1a€ MOMJIUBICTh YIPaBISTH
3HaYHO MECHIIOK TOTYXHICTIO 30yIDKCHHS, 3MCHIIUTH
rabapuTi i MOTYKHICTh PETYJISITOPA, @ TAKOK CIIPOCTUTU
HOT0 KOHCTPYKIIO.

BUCHOBOK
3anpornoHOBaHi TEXHIYHI pillIeHHS € €()eKTHBHUMU, a
X 3aCTOCYBaHHS JI03BOJISIE 3HAYHO MOJIMIINTH SHEPreTH-
YHI OKAa3HHUKH 1 HAAIHHICT CHHXPOHHHUX MAIIHH 3 CTPY-
KTYPOIO OOMOTKHM pOTOPA, L0 MEPiOAUYHO 3MIHIOETHCS.
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OCOBEHHOCTHU KOHIOHEHTPAIIMX HAIIPSIPDKEHHOCTH 3JIEKTPUYECKOI'O
ITOJIAA B OBMOTKAX 3JIEKTPHYECKUX MAIINH U EE BIIMSAHUE HA
HAJEXHOCTD

Konoxos H.H., x.T.H., go11.
JIOHEUKNI1 HHCTUTYT KeJIE3HOAOPOKHOTO TPaHCIOPTa

VYxpauna, 83018, Honeuxk, yn. ['opras, 6, loaX]], kapenpa "ECE"
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Pozenanymi ma y3azanvneni 3aKoHOMIpHOCHI €1eKMPUYUHO20 CIAPIHHA MA KOHYEHMPAYUIi HARPYHCEHOCMI e/IeKMPUUHO20 NOJIA
(KHEII) y kopnychiii izonauyii enekmpuunux mawiun (EM). Bxkazano na énnue KHEII i koncmpykmuenux ocoousocmeii yeop-
cmkux oomomox EM na naoiinicme ix izonauii. Pozenanymi ¢ioomi (knacuuni) ma Hoeuii, po3pooienuil agsmopom, 0iibus npo-
Cmuil ma mexHonNoiYHUIl 3acio 3HUMCEHHA Micyeeux nepenanpye 6 izonayii cepeonix ma eenuxux EM.

Paccmompenst u 0606uienbl 3aKOHOMEPHOCMU ITEKMPULECKO20 CINAPEHUA U KOHYECHIMPAYUU HANPAICCHHOCHU I/IEKMPULECKO-
20 nona (KH3II) ¢ kopnycuoii uzonayuu nexmpuueckux mawun (IM). llokazano eénuanue KHIII u koncmpykmuenwix oco-
bennocmeii scecmkux 0omomox IM na naoexcnocms ux usonayuu. Paccmompenvl uzsecmmuvie (knaccuueckue) u Hoewlil, pas-
pabomannblii a6mMopom, Hosiee RPOCMOl U MEXHOIOZUYHBLIL CHOCOD CHUMCEHUA MECHIHBIX NEPEHANPANCEHUIL 8 U30JIAUUU CPeO-

Hux u Kpynuwvix M.

BBEJIEHUE

TeopeTndeckue BOMNPOCHI, CBA3aHHBIE C BIHMSHUEM
KHOII na HanexxHOCTh paboTh M30SIMK DM, Mcxons u3
0COOEHHOCTEH KOHCTPYKLMH MX OOMOTOK, M3y4YEHBI U OC-
BEIICHBI B JIUTEpaType HEIOCTaTOYHO W (parMeHTapHO.
[Ipu oTcyTcTBHM clienUaNBHON IMyONMKALNH, ITOCBSIICH-
HOW JaHHOMY BOIIPOCY, 9TO YaCTO MPHBOIUT K TOMY, UTO
yUYeHbIE U pa3pabOTYMKN HOBBIX CHCTEM W3OJIIIUU U KOH-
CTPYKLMI 00MOTOK DM He NenaroT BCECTOPOHHUM aHaIN3
(hu3MYECKHX MPOIIECCOB, CBs3aHHBIX ¢ sBiacHHeM KHOII B
oOMoTkax DM, U HE MOTYT MOITOMY J[aTh TEOPETHYECKOE
OOBSICHEHHE OTAECNBHBIX PE3YJbTATOB HCCIECAOBAHUN MM
cleyiaTh MOJHBIA aHaM3 HOBBIX CBOUX MPENJIOKEHUH.
OObsicHEHHST Pe3YJIbTaTOB HEKOTOPBIX W3 TakuX paboT
[3, 10, 12] wnn aHanu3 cienaHHBIX B HUX BBIBOJIOB 11€JIECO-
00pa3HO paccMOTPETb, UCXONS M3 TEOPETHUYECKUX MOJIO-
JKEHUI JaHHOW CTaThU 110 MEPE U3JI0OKEHUS €€ MaTepuaa.

OCOBEHHOCTH 3JIEKTPUYECKOI'O CTAPEHUA
N30JALWNY O5M U YUET BJIIMAHUA KHOIT HA
HAAEXHOCTbD )KECTKMX OBMOTOK

ITo coBpemeHHBIM BO33peHHAM [1, 2, 3] anexTpuye-
CKO€ CTapeHHE HOBOM H3O0JAIMK IMPOUCXOAUT BEChbMa
MEJIEHHO U JIMIIb MOCTEIIEHHO YCKOPSAETCs MO Mepe pas-
BUTHS OOILET0 pa3pylIEHHs, BBHI3BAHHOTO IIPOLECCaMU
TEIUIOBOTO, MEXaHHYECKOTO WM WHOTO XapakTepa, Io-
CJIC/IYIOLIETO Ppa3pacTaHus MHKPOAE(EKTOB M Ta30BBIX
BKJIFOUEHHH U T. [I.

[Ipo6oii M30IAIMU TIPH 3TOM HOCHT HOHHM3AIHOH-
HBI XapakTep, T.€. 00yCIOBICH IMOCTENCHHBIM pa3pyIie-
HUEM W30JBIIMN YaCTHYHBIMHU pa3psiiaMH, MTPOUCXO.s-
IIFMH B €€ CTPYKTYpPHBIX HEOIHOPOTHOCTSX. [IpoTexanue
mporecca CTapeHws, TaKuM 0O0pa3oM, IPOUCXOAUT BO
BCEM 0o0bEMe AMAIIEKTPHKA, HO pa3pylIeHHe HOCUT JIO-
KalbHBIN XapakTep. CKOpPOCTh pa3pylIEHHs H3O0JSIHN
OTIpeNieNieTcsl CKOPOCTBIO JECTPYKIMH OPraHUYECKOro
CBSI3YIOIIEr0 M30JIILMH, a IIyTh Npo0O0s - HAJIMYUEM cia-
OBIX MECT B CITIOJITHBIX Oaphepax.

BrnusiHue 3MEKTPHYECKOTo TONS Ha HAJCKHOCTH pa-
0O0TBI M30JIAIMA UCCIIENOBAHO €Ille HeaocTaTouHo. Hanbo-

Jiee u3ydeHa JuIs U30Jsiuui OM 3aBUCHMOCTB BPEMEHH ¢ JI0
npo0osi OT HAIPSHKEHHOCTH JIEKTpUYecKoro moist E, Ko-
TOPYO MPHHATO Ha3bIBaTh "KPUBOM KU3HK" n3osmsiuuu [1]:

t=A,-E™" wm lgt=1g 4, —-m-1gE (1)
rne A, 1 m - K03 GUINEHT U [T0Ka3aTellb CTENEeHH, 3aBH-
CSIME OT CBOWMCTB M3OJSIIMOHHOTO MaTepHuana M THIIA
N30JISIINN.

Criermnduka 3SIEKTPUIECKOTO CTapeHHsT COCTOHT
TaK)X€ B COIYTCTBYIOLIEM JCHCTBUM 3IEKTPHUUECKOTO
MOJIsI TIPOLECCy NPOTEKAHUSI B M3OJLUM XUMHYIECKUX
peaknuii. OnmHako HAONIOACHWE BHEIIHMX TPU3HAKOB
NPOTEKaHMsl XMMHUECKHX peakuuii B u3oisiuuu (o0pazo-
BAaHUC HOBBIX XHUMHUYCCKUX CoeﬂHHeHI/Iﬂ B BHJC Fa3OB)
MOJYYCHbBI MNpU HUMEBIINX MCECTO YAaCTUYHBIX paspsAagax
[1, 4]. [IpoTexkaHue e XUMUUYECKUX PEAKLUN B U30JIALUU
MOJ| AECHCTBUEM 3JIEKTPUYECKOTO MOJS NPH OTCYTCTBHU
YaCTHYHBIX Pa3psIoB MOKA JOCTOBEPHO HE YCTaHOBJIEHO.
B [4] maercs cienmyromas Qu3nuecKas MOAETh 3TOTO
mpomecca: Mpu ASHCTBHU 3IEKTPHUYECKOTO IIOJNIS Tepe-
CTpOHKa CBS3M B AMAIIEKTPHKE COIPOBOXKIAETCS OCBOOO-
KICHUEM HE BCEH 3HEPrMU CBS3H, a TOJIBKO €€ YacCTH,
ONpEnesieMOH SHEPrusiIMH  aKTHBAIMM IPOTEKAOIINX
peakLuii, XapakTep KOTOPBIX 3aBHCHUT, B YaCTHOCTH, U OT
cpenbl, B KOTOPO IPOUCXOUT CTapeHHE.

[Toutn BO Bcex pacCMOTPEHHBIX PabdOTax HUMEKOTCS
yKa3aHus Ha TO, YTO NP KOHIEHTPALWHU HAIIPSHXKEHHOCTH
MIPOLIECCHI 3JIEKTPUYECKOTO CTAPEHUS U Pa3pyLICHHs U30-
msuuy ycyryounstores. OmHAaKoO 3TH yKa3aHUS HMEOT
oueHb oOmmii xapakrep. Tak, B [1] nump yka3siBaeTcs,
YTO B MyCTOTaX M3OJISALMH YaCTUYHBIC Pa3psi/ibl BOSHUKA-
0T OCOOCHHO TpHW TepeHanpspkeHusx. B [3] mokasaHo,
9TO0 TpHU HanpspkeHun nopsaka 10 kB y oOmorok, pabo-
TAIOIIUX B BO3AYIIHOM Cpele, B TEUEHUN YK€ HEOOIIBIIO-
rO BPEMEHH HAOIIONAINCH CIIEIbl MOHMW3AIMOHHOTO CTa-
pEeHUsI BO BHYTPEHHHX CJIOSIX M30JISIIMU OJHM3 YTJIOB I10-
MEPEeYHOro CeYeHMsl CTEPXKHs, I/ie, KaK Oy/leT MoKa3aHO
Hiwke, umeer Mecro KHOIII. B [4], npu moctpoennn ¢u-
3UYEeCKOW MOJENH CTapeHHs H30JSIIMM Ha OCHOBE JIBYX
HE3aBHCUMBIX IPOLECCOB TEPMODIIyKTYallMOHHOH mepe-
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CTPOMKHU CBSI3€H M UX pa3pyLIeHMs O] AECWCTBHUEM Yac-
TUYHBIX pa3psnoB, Bkiaag KHOII B yckopenue mpomecca
CTapeHMsl Y4YHMTBIBAaeTCs 4epe3 BBeaeHHE 3((eKTHBHOU
HANPSHKEHHOCTH 3JICKTPHUECKOro Nojst ko F, rue ky — xo-
3G QUUMEHT KOHLIEHTPALWHU MOJsl CTPYKTYPHBIMH HEO[-
HopoaHocTsIMU. Takum 00pa3oMm, BIMsSHUE KOHLEHTPALMN
JIEKTPUYECKOT0 MOJIS 3/1eCh PACCMaTPUBAETCS TOJIBKO Ha
MHUKPOCTPYKTYPHOM YyPOBHE, KOTODBIH XapaKTepusyer
M30JAALUI0 JUIIbE CO CTOPOHBI TEXHOJIIOTHYECKOTO HECco-
BEPLIEHCTBA CaMOil U30JISILIUY.

[Mostromy Bompoc o KHOII B o6MoTKax DM B cBs3H
C OCOOEHHOCTAMHU YK€ KOHCTPYKIIMH CaMHX OOMOTOK U
BIMSIHASA STHX OCOOEHHOCTEH Ha pecypc miomsanuun OM
TpeOYIOT CIIeHaIbHOI0 PACCMOTPEHHSI.

M3YYEHUE OCOBEHHOCTEM KHAII
B U30JIALNMU 5M

JIis JKeCTKMX KaTymeK ¢ MPSMOYTOJBHBIM IIOIIe-
PEYHBIM CCUCHHWEM CTEpIKHEH, KOTOphIC NMPUMEHSIOTCS B
0OMOTKax CPeIHUX M KPYHHBIX DM, XapaKTepHbIM SIBJIs-
€TCs HEPaBHOMEPHOE PpACIPEICICHUE 3JIEKTPUIECKOrO
OJISI [0 TIEPUMETPY KOPITYCHOU H3OJISIHH.

[Mone Ha MJIOCKMX y4acTKax TAaKoro MepuMmerpa MOXK-
HO paccMaTpHBaTh KaKk OJHOPOJHOE I0JIe B INIOCKOM KOH-
JICHCATOpE, & Ha CKPYTJICHHBIX Y4acTKaX - KaK HEOIHOPO/I-
HOE TI0JIE B IMJIMHIpUYECKOM KoHJieHcaTope [5], (puc. 1):

U
E= e JUTSL TUIOCKO — MapasuIeIbHOTO MOJIst 2)
U
E, = ———— - 11 LWINHAPUYIECKOTO HOJIS 3)
r-ln—+
o

Torpa MakcuMasbHasi HAMPSDKCHHOCTD B LMJTHHIPU-
YeCKOW 9acTH M30JImuuA 0OMoTkH DM Oyner mpu » = ry
paBHa:

U U
E = = 4

max

- 1Ilr71
0] ry
dopmyiia (4) MaTEMaTHYECKH OOBICHACT, MOYCMY

onucaHHoe B [3] paspylleHHe BBICOKOBOJBTHOW H30JIs-

LM, TIPOMUCXOJIAINEEe HA yIiaX CTep)KHEH KaTyIIKH, BHa-

yaje OOHapy>KMBaeTCs Ha BHYTPCHHEM CJIO€ HW30JISLUH,

MIPUJIETAIOIIEM K IPOBOIHUKY: HanOOJbIIee HaIpsHKEHUE

HCIBITBIBACT IMEHHO 3TOT CJIOH Ha paauyce 7y (puc. 1).

B pabote [6], TOCBAIIEHHOW paccMaTpPUBACMOMY
BOTIPOCY, TpPEIIOKEeHa 3aBUCHUMOCTE (5) U ompenerne-
HUsI OTHOCHTEIBHOTO TIPEBBIIICHUS] MAaKCUMAaJIbHOW Ha-
MPSHKEHHOCTH B IMJIMHAPUYECKON 4YacTH HM30JALUH IO
CPaBHEHHIO C IJIOCKOHM YaCThIO TOM K€ M30JIIIHUKA 0OMOT-
KH. TaKy}o 3aBUCHUMOCTb MOKHO MOJYYUTh U3 OTHOILICHUSA
@k (2):

E

max __ d (5)
n+ d

- In
o
DTa 3aBUCUMOCTh HILTIOCTPHUPYETCS Takxke rpadude-

Emax

cku (puc. 2), kak QyHKIHs OT JIBYX IE€PEMEHHBIX

napameTpoB d (TOJIIMHA U30JIALUH) U 7y (PaAnyC 3aKpyr-
JICHUS! YTJI0B POBOTHUKA):

E
%=f(daro) (6)

Puc. 1. KoHCTpyKIms KOPITyCHON M30JISILIMH J)KECTKONH 0OMOTKH:
1 - mIpOBOJHUK, 2 - KOPIyCHAsA U30JSLUS, 3 - MArHUTOIPOBOJ

W3 puc.2 MOXXHO 3aKIIOYUTh, YTO KOHIICHTpPAIUEH
HaNpspKeHHOCTH Ha YIilax KaTyIIeK MOXKHO YNpPaBisTh B
OCHOBHOM Hepe3 mapameTp Fy, Tak Kak d (TONIMHA H30-
JSINMY) MEHBIIE MPHUHATHIX 3HAUCHUH YMEHBIIEHa ObITh
HE MOXET.

B atoit xe pabote [6] paccMaTpuBaeTcs BIUSHHUE
COOTHOUICHHSI CTOPOH ITPOBOJAHUKOB Ha CTEIIEHb KOHLIEH-
Tpaluy MOJid Ha yTjiaX MonepeuYHoro CEYCHus nmpoBOAHU-
KoB. Tak, U3MepeHust Ha MOJIEIIN TPOBOJAHHUKA C PaJNyCOM
3aKpyIJICHUs YTIIOB ¥y =] MM IOKa3aJlo, YTO IIPU COOT-
HOUIeHMH cTOopoH A/b = 5/1 HanpsHKEHHOCTb OIS
E.x=1,82'E, a npu coorHomenun h/b=1/1 (xBagpar)
HATPSDKEHHOCTD N0 E o =2,08-FE. UHBIMU cliOBaMu, IS
COOTHOIICHUS CTOPOH A/b=1/1 HampsHKCHHOCTH TIONA Ha
ydacTke yriioB Obuta Ha 15% BeIle, 4eM aHaJOTHYHAS
HaNpPsDKEHHOCTD T10JIS1 IPOBOJIHUKA C COOTHOIIEHUEM CTO-
pon h/b=5/1. Kpome 3TOro NpHBOAATCS PE3YJIbTAThI
CPaBHHTEJILHBIX UCIBITAHUN Ha MPO0O0i B Te4eHNH | MHUH
00pasloB KaTylleK M3 ABYX MapTHHA C OJHOTHITHOW 2-X
MUJUIAMETPOBOM CIIOASIHOM M30JILMEH, OTIMYaroLIUXCs
JIUIIG COOTHOIICHUEM //b: B OIHOM citydae 5/1, B ipyrom
2/1. T'paduk pacripeneneHust IPOOUBHON HAIIPSHXKEHHOCTH
MIOKa3bIBAET CMEIICHNE €r0 B CTOPOHY YBEIMYEHHs CPOKa
ciIy>kOBI Tipu OoJiee HU3KOM COOTHOMIEHHH cTopoH. On-
HaKo B padote [6] He HaéTCs HUKAKOTO (PU3NIECKOTO 00B-
SICHEHUS] YCTaHOBJIIGHHOMY BIIMSIHUIO COOTHOILICHHS CTO-
POH Ha CTENECHb KOHLEHTPALMM MOJNA Ha YIJax MpsIMO-
YTOJIBHBIX MPOBOTHUKOB. OTCYTCTBYET TaKXK€ KOHCTPYK-
TUBHOE OINMCAHUE IKCIIEPUMEHTAIBHON 9acTH (B YaCTHO-
cti GopMbl HapyKHOTO 3JekTponaa). [lostomy B naib-
HeWIIeM 3TOT BONPOC TPeOyeT JOMOIHUTENBHOM MpoBep-
KU ¥ TEOPETHYECKOTO O0BSICHEHHS.

* Emax [=0.5
51+ E
0.5
. 0.8
. 1.0
15
3 20
30
z 5.0
1
d
1 2 3 4 5 G 7 8 a9 o MM

Puc. 2. PacueTHble 3aBUCUMOCTH OTHOCUTEIIBLHBIX NPEBBIICHUN
HaNPsHKEHHOCTH JUISL pa3IMYHbIX PaiiyCcoOB CKPYTJICHUS
MPOBOJHUKA B (DYHKIIUHU OT TOJIIMHBI U30JISIIUU
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Ha ocHoBanmm pe3ynbTaToB pacuera [7] MOXKHO Cy-
JWUTh €Ile ¥ O HEPaBHOMEPHOM pPAacIpeieICHUN Harpsi-
JKEHHOCTH 3JIEKTPUUECKOTr0 IOJIsI IO BBICOTE Ia3a, 3aIojl-
HEHHOTO MHOTOCJIOWHON OOMOTKOH W3 NpPSIMOYTOJIBHBIX
IIPOBOAHMKOB. HalpspkKeHHOCTh SBIJIAETCS HENPEPBIBHON
¢yHKIMEH OT NTyOMHBI Na3a, BO3pacTarouield OT HWKHUX
MIPOBOJHMKOB Ha JIHE Ia3a K BEPXHUM IIPOBOJHHUKAM Y
ero nummna (puc. 3). [Ipuuem HepaBHOMEPHOCTH pactpe-
JIETICHUS BO3PACTACT C YBEIMUCHNEM YaCTOTBI.

DTO OOBACHAIOT TEM, YTO paclpeleleHue Harpsi-
JKEHHOCTH DJJICKTpU4ecKkoro mois Ey(z), xotopas paBHa
MIPOM3BEICHUIO pPACIpeeNeHUs] IUNIOTHOCTH TOKa [y Ha
yaenpHOe comnpoTuBiieHne A Ey(z)=A-i'y(z), He OTIN4aeT-
sl OT pacupeAeneHns INIOTHOCTH Toka [y(z) (puc. 3), 00y-
cioBieHHOTO cKuH-3(dexTom. IIpu gactote Toka 50 I'ig
HaIpsHKEHHOCTh B BEpXHel yacTy nasa B 1,5-2 pa3za 6oJib-
uie, yem B HibkHeil. [loaToMy n3osduMs karymek, Haxo-
JAIINUXCA B BerHeﬁ YacTu I1a3a, JOJIDKHA MCIBIThIBATH
JIOTIOJHUTENBHO 1,5-2 KpaTHOE NepeHaIpsHKeHUE.

N K

o /50ry /300y
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Puc. 3. Pacnipenenenue HanpsKEeHHOCTH JIEKTPUUECKOTO MOJIS
(a) ¥ IIOTHOCTH TOKA (0) MO BBICOTE MPSIMOYTOJILHOTO Ma3a

O0600m1asi BAMSHHE PACCMOTPEHHBIX KOHCTPYKTHB-
HBIX ()aKTOPOB Ha KOHLEHTPALMIO HAIPSDKEHHOCTH B KOP-
IyCHOW M30JISIIMM OOMOTOK MOJXHO CZENAaTh BBIBOJ, YTO
HanOonpuiass KHOII nmeer MecTo Ha YIJIOBBIX Yy4acTKax
MOTIEpEeyHOro cedeHus karyuiek. Hampumep, npu onHoCTO-
POHHEH TOJIMHE M30JSIIUKN d=2 MM U pajnyce 3aKpyrie-
HUS YIJIOB NpOBOAHMKA rp=0,5 MM wHmeeT MecTo 2,5-
KpaTtHoe IepeHanpsbkeHue (puc. 2). C ydeTrom ke Hepas-
HOMEPHOTO DacIpe/ieNIeHNs] HANpsDKEHHOCTH II0 BBICOTE
a3a yrJioBasi M30JISIIUSI BEPXHErO0 CTEPIKHS KATYIIKH MO-
KEeT uMeTh 4-5-KpaTHoe TIepeHanpspkenue. Ecmm ke
YUYECTb, YTO Ha MOCTOSIHHO ACHCTBYIOIIHNE yKa3aHHBIC KOH-
CTPYKTUBHBIC MEPEHAIPSHKEHNST B U30JILUH OOMOTOK Iie-
proaudecKy (TIPU BKIFOUEHUSX, OTKIIFOUCHUSIX U PEBEPCaXx)
KPAaTKOBPEMEHHO HAKJIAIbIBAIOTCS KOMMYTALMOHHBIE IIe-
peHarpshKEeHHsl, KOTOpble B HHM3KOBOJIBTHBIX OM MOryT
umeth 1,5-2,5 kpatHocTh [8], @ B BBICOKOBOJBTHBIX OM

2
nocturath 7,8 g Un [9], TO MecTHblE MNEPUOIUYECKUE

HepeHaNpsDKEHNST B OTHEIBbHBIX 'CIa0bIX" MecTax H30JIsi-
1M MoryT focturath 10-30 kpaTHBIX 3HaYECHUH.

[IPUMEPBI AHAJIM3A KOHCTPYKIMI1 DM U
PE3VJIbTATOB UCCJIEJJOBAHUI U30JISALIUMU C
YYETOM KHOII

Beiie onucaHHas KapTWHa NEpeHaIpsHKeHHOCTH B
M30JISIIMU BBICOKOBOJIETHBIX DM I103BOJISIET KPUTHYECKH
MEPEeCMOTPETh MPeUIOKeHUs padoTel [10] B OTHOIICHUH
"mpomueHns" yTOHYEHHs) BUTKOBOM U KOPITyCHOW HM30JIs-
uuu HOBbIX Aurarenei tuna BAO2. Ilpemioxenue oc-
HOBBIBACTCS Ha NAaHHBIX pabotsl [11], Toe moka3zaHo, 9TO
HanOOIBIIEMY BO3JCHCTBUIO BOJHOBBIX TIEPEHATIPSKESHIIHA
MOJIBEpraroTcsa TepBble 5-6 katymek (asel. [loaTtomy B
[10] mpenmmaraercs B octampHBIX 12-16 Karymkax ¢assl
TOJIIIMHY HM30JSIIMK YMEHbIIHNTh. OMHOOYHOCTh TAaKOTO
pELICHUS] COCTOUT B TOM, YTO OHO YYHUTHIBAET TOJIBKO I10-
CIIEJIHUI M3 BCEX PacCMOTPEHHBIX BhINIE (DAKTOPOB IO-
BBILICHUS HANPSHKEHHOCTH 3JIEKTPUYECKOrO IOJIsl B M30-
msuuy KpynmHeIX OM. Oto Tem Oonee OmMOOYHO, T.K.
(hakTOpEI, cBsA3aHHBIE ¢ KOHCTpykTHBHONM KHOII, neiict-
BYIOT TIOCTOSIHHO, a (h)aKTOp KOMMYTAI[HOHHOW IiepeHa-
MPSDKEHHOCTH - TOJBKO KPAaTKOBPEMEHHO, IPU TIEPEXO-
HBIX TIPOIIECCaX.

OO0parumMcs Teneph K aHAJIM3Y Pe3yJIBTaTOB MCCIIEI0-
BaHUil BbICOKOBOJBTHOH (B/B) m3oisiuu craropHbiX 00-
MOTOK Ha OCHOBE HOBBIX CIIOJIOIUIACTOBBIX JICHT B paboTe
[12]. Bputn mOdydYeHBI CIIEAYIONIINE pPe3ybTaThl CPaBHU-
TENbHBIX YCKOPEHHBIX HCIbITaHuii MakeToB B/B oOmoTok
OM u cyxux tpanchopmaropos (TP), H3roToBieHHBIX Ha
OCHOBE CITFOIMHUTOBBIX U CIIFOJIOIIIACTOBBIX JIEHT:

TeopeTuueckuii pecypc H30ISIHH, JIET

Pecypc Ha Pecypc Ha
Turm u3oaanun MakeTax MakeTax
oomotoxk OM obomoTok TP
CiroqrHUTOBAsS 39 43
CirooruractoBas 85 125

* TepmuH "TeopeTndeckuil pecypc" NpUMEHEHHBIII aBTOpaMH B
pabore [12], cnemyer cuuTaTh HeyAa4HBIM. B maHHOM ciydae
Oonpie mopomiesr ObI TEPMHH "DIEKTPOCTATHUCCKHHA pecypc"
TaKk KaK PECypCHBIC WCIIBITAHUS HOCHIM OXHO(AaKTOPHBINA Xa-
paKkTep W HE YUHTHIBAIM BIHMSHHE HA PECypC H30JIILHHU DJICK-
TPOIMHAMHUYECKOTO, TEIJIOBOIO U MEXaHNYECKOTO (haKTOPOB.

[Ipu aHanm3e NOIYYEHHBIX PE3YIBTATOB aBTOPHI 00-
pallaroT BHUMaHUE Ha TO, YTO JJIsl CIFOJUHUTOBOMN H30-
JSIIUY pecypebl u3ossiiuk 0oMoTok DM u TP npumepHo
OJIMHAKOBBI, a JUI1 HOBOM CIIOJOIUIACTOBOM H30JAILMU
pecypc ooMotkn OM mpumepHo B 1,5 paza MeHslie pe-
cypca Takoii e usonsiuu ooMotku TP. ABTOpEI BBICKa-
3BIBAIOT MPEAIOI0XKEHUE, YTO 3TO CBSI3aHO C PAa3HBIMU
TEXHOJIOTUYECKUMHU CBOWCTBAaMHU JIEHT, C Pa3HOM HX IO-
BPEXXIAEMOCTHIO Ha YTIaX KaTyIIeK TPH HAMOTKE JICHTEHI.

Takoe o0OBsCHEHHE HEYOSIUTENBFHO IIOTOMY, YTO
B/B karymiku OM n TP HamaThIBatOTCSI M3 OJHOTHITHBIX
MIPOBOJIOB, ¥ KOTOPBIX PaTUyChl CKPYTJICHHH YTIOB Ha
MMPOBOAHUKAX MPUMEPHO OAMHAKOBBI U MOBPEKIAACMOCTDH
Ha yrjiaX Ipu HaMOTKE pa3HbIX U30JIAIHUOHHBIX JICHT TOXKE
JIOJDKHA OBITh NMPUMEPHO OJMHAaKoBa. Eciu e mocMoT-
peTh Ha pe3yJIbTaThl PECYpPCHBIX HCIBITAaHWH OOMOTOK
OM c y4eToM BIHSIHUS Ha MX HaJIe)KHOCTh KOHCTPYKTHB-
Hoit KHOII, koTopast He IMEET TaKOro MeCTa B 0OMOTKaX
TP, To MOXHO JHaTh cleAyiomee OOBSICHEHHE IOTyYeH-
HBIX Pe3yNbTaToOB. B mccieayemMoit n30msmmm, Kak yKasbl-
BalOT aBTOPHI CO CCHUIKOW Ha [13], peammsyercss BTOpOi
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MEXaHHU3M 3JIEKTPUYECKOTO CTAPEHUsI, XapaKTEePHbIH IS
00JIacTH CHUJIBHO HEOJHOPOJHBIX MOJIEH B M3OJSLHUU C
pa3BUTHEM B HEil 4acTHUHBIX pa3psaoB. Ho B Teopernye-
CKOM YacTH JaHHOH CTaThbH OBLIO ITOKa3aHO, YTO Haubo-
Jiee HEOJHOPOJIHOE I10Jie, 00YCIOBIEHHOE KOHCTPYKTHUB-
Hoit KHOII, Haxoourcs Ha yriaax MONEPEYHOIO CEUEHUs
oomoTok OM. [TosTOMY IpH NpUMEHEHNH HOBBIX CIIFOJIO-
TUTACTOBBIX JIGHT, UIMEIOIINX 3HAUUTEIBHO OoJiee BHICOKHE
MIOKA3aTeNH 3JIEKTPUICCKOW NMPOYHOCTH, YEM CITIOJMHU-
ToBast JeHTta (koddduuueHTt 4, B dopmyne (1), 3aBucs-
IIUI OT CBOMCTB M30JIALIMOHHOIO MaTepualla, y MaKeTOB
00MOTOK DM ¢ HOBOMW W CTapOil JEHTOH COOTBETCTBEHHO

Obin paBeH AN"=237 u AP =1,66) Biusuue KHIIT

Ha CHWXXEHHME pecypca u3oisauuu DM 10 CpaBHEHHIO C
pecypcom 3ot 00Motok TP okasanock Oostee cytie-
CTBeHHBIM (11 OM - 85 net, st TP- 125 ner), uem npu
WCIOJIb30BAHUU HW3OJISIIIMM U3 CTApOM CIOJOTMIACTOBOM

nenThl, st KoTopoit Ay =1,66, Ap™ =1,68. B mo-

CIIEZTHEM CITydae pecypc cTapod m3onsmmu it OM co-
craBui 39 e, a nusa TP - 43roxa.

Crnenyer TakKe 3aMETHTh, YTO PEaIbHbIC 3HAYCHUS
pecypcoB HOBbIXx 00MOTOK OM u TP Oyayr umerh He
TOJIFKO JPYTHE 3HAYCHHUS 110 CPABHCHHIO C ITOTyICHHBIMHU
(TeopeTrueckuMu™), KaK CIIPaBeUIHMBO YKA3BIBAIOT HA 3TO
camu aBropsl B [10], HO U Apyrue cooTHOWEHHUsT Ay U

A}{SB. B HOATBEpAkIEHHE 3TOrO0 MOKHO COCIAThCSA Ha

pe3ysbTaThl MHOTO()AKTOPHBIX YCKOPEHHBIX HCIBITAHUN
OM co cnennazamu [14], koTopsle MOKa3anH, YTO YIJIBI
J)KECTKNX 00MOTOK DM siBirstrorces "ciiaObIMu" MecTaMH He
TOJIBKO B OTHOILLIEHUH JIEKTPUUECKOW, HO U B OTHOLIECHUU
MEXaHUYECKON Harpy3Ku.

KOHCTPYKTUBHBIE PEINEHWA 3AJAUYN
CHWXEHUM A KHD2IT B U30JIALIMN XXECTKUX
OBMOTOK 5M

Jnsa camwkenns KHOIT u noBwllIeHHs] HaJIeKHOCTH
JKECTKUX 00MOTOK DM u3BecTHHI 3apyOexHas [6] u ore-
JyecTBeHHad [3] cnenuanbHble KOHCTpYKLIUU. B nepBoit u3
HHUX KOpITyCHasl 4aCTh IMPOBOAHHUKOB KaTYIIKH TIOMEIAET-
Cs B CHELUANbHBI BHYTPEHHHUH DSJIEKTPOJ, MMEIOLIUH
norapuMUUECKUii MPOQUIb IONEPEYHOTO CEYCHUs B
30He yriioB. KoopauHats! Takoro npoduiist BOJIM3HU yrioB
omuceBatoTcs B [6] dyHKume#r (7), Korga paccTosHHE
MEXIy SJEKTPOJAMH, BJIOIb MPSMBIX OOKOBBIX CTOPOH,
MIPUHUMAETCS] PABHBIM T.

x:—2-lntg[£+£j
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VYcnoBueM, U3 KOTOPOTO OIpeJeNieH jJorapupmude-
CKMI Tponib BHYTPEHHETO 3JICKTPOAA, IOJIYyYMBIIMN
Ha3BaHue "uneanbHBId npodwis bopaa", sBusercs ycio-
BHE HE MPEBBIIICHUS HANPSDKCHHOCTH Ha yIilaX KaTyIIeK
Ha/l HalpsDKEHHOCTBIO B OJHOPOJHOM IOJIE MX TUIOCKHX
gacreii. Ha puc. 4 npuBenens! u3 [6] KpuUBbIE )KU3HA 00-
pastoB Kartymiek ¢ npodmieM bopaa m aHATOTHYHBIX 00-
pa3LoB KaTylIeK HPsIMOYTOJIBHOTO MPO(MIIL ¢ pagidycoM

()

OKPYTJICHHUS YTJIOB IIPOBOJHUKOB 7 = | MM.

Bo BTOpOIi, OTE4ECTBEHHON KOHCTPYKLHH, BHYT-
PEHHHUI 3JIEKTPOJ UMEET YNpoIlIeHHYo dopmy (puc. 5):
xes00000pa3Has mosoca u3 GoJbru, KOTopasi MoMeIIaeT-
Csl IOJl KOPIYCHOM M30JAIMeN JUIIb Ha KpaifHue, yrio-
BbI€ TIPOBOTHUKHU CEKIIHH.
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Puc. 4. KpuBble )XU3HU CIIOASHON U30JSIUN € AIOKCUIHBIM
CBA3YIONIUM MpH ToNImuHe d = 3 MM U yactote = 50 [' ast
JIByX TUIIOB TPOGWIIS BHYTPEHHETO 3JICKTPO/Ia:

o R npoduist bopna;
A - 1A TPaTHIHOHHOTO MPOGUILS.

)

A_a2PNW

Puc. 5. KoHCTpYyKINS cTEpKHEBOW OOMOTKH
HITO "Dnexrporsyxmamt” [3]:
1 - IpOBOJHUK; 2-CTEKIOTEKCTOIUTOBAsI IPOKIIAIKA C
OKPYTJICHHBIMH yTJIaMH; 3 - allOMHUHHIEBast (obra;
4 — xopItycHasi TepMOpEaKTUBHASL U30JISILIUS

s HeoOXOIUMOM JKECTKOCTH W XOPOIIETO CKPYT-
JICHUSI YTJIOB TOJ AJIEKTPOJ M3 (OJBIH IMOJIKIAbIBAIOT
elle CHelnralibHyl0, HEOOXOAMMBIM 00pa3oM OKpYTJIEH-
HIO, CTEKJIOTEKCTOJIMTOBYIO NpOKIanKy. B sTom ciydae
KOHLICHTPAIHsI SJIEKTPUYECKOTro OISl Ha YIiax KaTyllek
YMEHBIIIAETCSI B TaKOW JK€ CTENEeHH, B KaKOH paauyc
YIJIOB 5KeI00000pa3HOro 3JIeKTpoJa OOoNibIIe pamuyca
CKpPYTJIEHHS YTJIOB IPOBOJHUKA — B COOTBETCTBUU C (Op-
MmyJoit (5). OnHako u3-3a OOJBIION CI0XXHOCTH M3TOTOB-
JICHUSI U YMCHbIICHHS KOA(GPHUIMCHTA 3aMONHEHHs T1a3a
Menpio npoduis bopaa B 3NMEKTpHUYSCKUX MAIIMHAX HE
MPUMEHSETCsl BOOOIIE, a KOHCTPYKIHUS 110 PHUC. 5 ITpuMe-
HSIETCS] TOJIBKO B MPEAEIBHO KPYIHBIX U JOPOTOCTOSIIUX
ANIEKTPUUECKUX MAalIMHAX — TypOOreHaTopax MOIIbHOC-
Th10 cBhbiie 500 MBT [15].

ABTOPCKOE PEHIEHUE 3AJJAYU CHMXKEHU A
KHO3IT B N30JILUN XKECTKMX OBMOTOK 5M
CO CIIELMAJIBHBIM [MTPO®UIIEM ITA30B

Bonee mpakTHYHBIM M TEXHOJOTHMYHBIM KOHCTPYK-
TUBHBIM pemeHreM 3agadn cHkeHnss KHOII no cpaBHe-
HUIO C M3BECTHBIMH pereHus M [3] u [6] siBisieTcst aBTop-
cKas KOHCTpyKIms no marenty P® [16]. Teopermueckoe
000CHOBaHME 3TOH KOHCTPYKIWH Oa3WpyeTcs Ha 3aKOHE
"KpuBH3HBI" U ""MeTone perynupoBanus noneit" [17] u mo-
Jy4EHO M3 aHAIOTMH (PU3NUYECKOI MOJIEIH IIEKTPHYECKOTO
Mol MUWJIMHAPHUYCCKOIo KOHJACHCATOopa C ZlByXCJ'lOﬁHbIM
JU3JIEKTPUKOM [5] ¢ u3uueckol MOJIENBIO YIJIOBBIX 30H
MPAMOYTOJIBHBIX KaTyllek OM, pacHoloKeHHBIX B MarHu-
TOIPOBO/JIE CO CIELMAIBLHBIM IpodIeM nasa.
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Puc.6. DKBHBaJIICHTHOCTH KOHCTPYKIIMH YTJIOBBIX 30H KaTyIIKH

C JOTIOJIHHUTENBHBIM BHEIIHIM H30JISLHOHHBIM CII0EM (a)
M KOHCTPYKIIHH JIBYXCIIOHHOTO KoHAeHcaTopa (0):

1 — BHYTpEeHHUH CIION U30JALUY; 2 — BHEIIHUH CJIOH U30JLUY;

d— TOJII[UHA BHYTPEHHET'O CJIOS U30JISAIUN

Maremarudecku HaIMPSXKCHHOCTb  BJICKTPUICCKOTO
MOJIsl B M3OJIALMOHHBIX CIOSX 1 M 2 ONMCBHIBACTCS Ypas-

HeHusIMU [5]:

U
£ = e p - U1l BHYTPEHHETO
rolInt 422 CIIOS TIPH 7)< 7" < 7|
nh € N
U
By = c P P - U1l BHyTPEHHET O
rol ZLn L 42 CHOSI IPU 1" < 7 < 1)
€ 1N n

(®)

)

ABTOPOM MPEIOKEHO BBIpRKEHNE KOHCTPYKTHBHO-
ro pasmepa Ar = f{ry,d,e1,€;) IUIA pacdeTa HOBOI KOHCT-
PYKIHH CO CIEIHATIbHBIM MTPOQHIIEM a3 TAKKE SBIISET-

cs mpeaMeToM n3oopereHus [16]:
€
1 i 871
0 .e'd
n+ d

Ar = (ry+d) -1

(10)

OO BU HOBOHM KOHCTPYKIHMH CO CHELUAIbHBIM
npo¢wieM nasa [16] s TOBBIMICHAS HAICKHOCTH KOP-
ITyCHOW HM30JIIMU 00MOTKHM DM TpecTaBiIeH Ha puc. 7.
JlanHble 00 McciIeaoBaHUsIX 3TOW KOHCTPYKLIUH U ee 3(-
¢extuBHOCTH [18] M3-32 3HAYUTENHHOTO OOBEMa CTaThH

31€Ch HE pacCCMaTPUBAIOTCA.

Puc. 7. KoHCTpyKIHs OOMOTKH, pacIiONOKESHHON B
MarHUTONPOBOJIE CO CHECHUALHBIM MpoduiaeM nasa [16]
1 — MarHuTONpPOBON, 2 - KaTyIIKa 0OMOTKH, 3 — IPOBOJIHHUK,
4 — KOpITyCHAs U30JIALHA, 5 — YIJIBI KaTyIleK, 6 — CerMEHTHBIN
3a30p MEXAY YIIaMH KaTyleK U MarHUTOIIPOBOJOM

[13]

[14]

[15]

[16]
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3anpononosano memoo po3paxynKy nepexioHux npouecie 6 ACUHXPOHHUX OBUSYHAX, AKI NPAYIOIOMb 3 MEXAHIZMAMU, W0 MAIOMb
3HauUHU Momenm inepyii. Memoo dac 3m02y ompumamu 4acogi 3a1eHCHOCHE KOOPOUHAN PeHCUMY 3 YPAXYEAHHAM HACUYEHHA
ma 6UMICHEHHSA CHIPYMY 6 CIEPHCHAX POMOPA HA RIOCMABL YUCEIbHO20 IHMEZPYSAHHA PIGHAHHA PYXY €1eKMPONPUBOOy 3 UKO-
PUCIMAHHAM CYKYRHOCHI KOOPOUHAM NONEPEOHbO PO3PAX0BAHUX YCHIANCHUX PEHCUMIB, AKI 6i0n0Gidaloms pi3HUM 3HAYEHHAM
Koe3anns.

Ilpeonoscen memoo pacuema nepexoonHsvIX RPOUECCOE 8 ACUHXPOHHBIX 08U2AMENAX, PADOMAIOUUX C MEXAHUIMAMU, UMEIOUWUMU
3HauUUmMenvHblil Momenm unepyuu. Memoo noseonaem NOTyuUmMb 6PEMEHHbIE 3ABUCUMOCII KOOPOUHAM PENHCUMA C YUEmOM
HACBIUEHUA U BbIMECHEHUS MOKA 8 CIEPHCHAX POMOPA HA OCHO6€ YUCIEHHO020 UHMEZPUPOBARUA YPAGHEHUSA OBUNCEHUA ITIEK-
mponpueoda ¢ UCNONBL306aHUEM COBOKYRHOCHU KOOPOUHAM NPEOSApUMENbHO PACCHUMAHHBIX YCIMAHOBUBUIUXCA PEHCUMOE,

Komopble coomeéemcmeyrom pa3jiuiHolM 3HAYCHUAM CKOJIbIICeHUA.

BCTVII

[Tix 4yac mnpoekTyBaHHS aCHHXPOHHUX JIBUTYHIB
(A1) 3 KOPOTKO3aMKHEHHUM POTOPOM, SKi ITPU3HAYCHI IS
MIPUBOJy BUCOKOIHEPIIHHUX MEXaHi3MiB, Ta CHCTEM Ke-
pyBaHHS HUMH HEOOXiHO 3 METOIO0 ONTUMI3aIlii BUKOHY-
BaTH 0araToKpaTHO pO3paxyHOK MpOIEciB iX mycky. B
pe3yNbTaTi TAKOTO PO3PAaxXyHKY BHU3HAUYAIOTH iX BiAIIOBiN-
HICTh TEXHIYHHM yMOBaM, Cepel SKHX HaWOUIBII BaXIH-
BUMH €: 3HAQUEHHS ITyCKOBOTO MOMEHTY, 3aJI€XKHICTb €lie-
KTPOMAarHiTHOTO MOMEHTY i CTpyMiB KOHTYpiB BiJl KOB-
3aHHs, YacC MYCKY, a TAKOK HarpiBaHHS aKTUBHOI YaCTUHU
JMBUTYHA Ta iHI1. OTKe, TOCTIKCHHS TYCKOBUX PEKHMIB
AI[ METoOAaMU MATCMATUYHOI'O MOJCIKOBAHHA Ma€ BaX-
JIBE 3HAYCHHSI.

Bimomo [1], mo ans npuBoIy TaKMX MEXaHI3MIiB BH-
KOPUCTOBYIOTBCSI INTHOOKOIA3HI JIBUTYHH, TOMY MaTeMa-
THYHA Mozenb AJl MOBHHHA 3 JOCTAaTHHOK TOYHICTIO
BpPaxOBYBaTH SBHUINE BHUTICHEHHS CTPyMy B CTEpXKHSIX
poropa. Kpim Toro, Ha eleKTpOMarHiTHI MpoIecH 3Had-
HUH BIUIMB Ma€ HAaCHYEHHs MarHironposody. Maremaru-
YHI MOJei, SKi Jal0Th 3MOTY BPaxOBYBAaTH BCi Il YMHHU-
KM JTOCHUTh CKJIaIHi, & JOCSATHYTH TOYHOCTI pe3yNbTaTiB
pO3paxyHKy, sika O JaBajia 3MOTY BiZIMOBUTHCH BiJ| HaTy-
PHHUX €KCHEepHMEHTIB, Ha MiJCTaBi BUKOPHCTaHHS IMPOC-
TUX MaTeMaTH4HuX Moxened AJ] Hemoxxnuso. Po3spaxy-
HOK TEpexiJIHUX IPOLECiB BHCOKOIHEPUIHHUX E€IeKTPO-
MIPUBOJIB 3 ypaxyBaHHSAM 3MIHHOI'O HaCHYEHHS MarHito-
MIPOBOAY HA ILIAXY TOJOBHOTO MAarHiTHOTO ITOTOKY Ta
MMOTOKIB PO3CIIOBaHHS, a TaKoX (IO € BU3HAYAILHUM)
BHUTICHEHHS CTPYMY B CTEPXKHSAX pOTOpa MOTpedye Belu-
KOTo 00cATy 00YHCIIeHb, [0 € MEePEIIKOI0I0 IS PO3poo-
JICHHSI CHCTEM KepYBaHHA €JEKTPOIPUBOJAMH, AKi O mpa-
LIOBAJIM B PEATbHOMY Yaci MPOTIiKaHHS MPOLECY.

CYTb METOY

B cTarTi MpOMOHYETHCS AITOPUTM PO3PaXyHKY Iie-
pexinnux mpoueciB AJ] BUCOKOIHEpLIIHMX €IeKTpONpH-
BOJIIB, SIKUI Jla€ 3MOTYy BpaxyBaTH BHUTICHEHHS CTPyMiB B
CTep)KHAX pOTOpa Ta HACHUCHHS MArHiTONPOBOILY 1 HE
BUMAarae 3Ha4yHUX OOYHMCIIOBaJIbHUX 3aTpaT. CyTh METOLY
HOJISATAE B HACTYITHOMY.

BpaxoByroun, 1o el1eKTpOMarHiTHI nepexigHi mpo-
mecu B KOHTypax AJl 3racaroTh IIBHAKO 1 anepiogndHi
CKJIQJIOBI CTPYMIB CIIaJaloTh O HYJIS MPOTATOM IMEPIINX
KIUJIBKOX TEpioJiiB, TPHUBAIICTh MEPEXiIHOr0 MpoLecy BH-
3HAYa€ MEXaHiyHa MOCTiHAa 4Yacy, fKa MOXeE CKIaJaTu
JIECATKU CEKyHJI. 3Bi/ICH BHILUIMBAE, L0 MPOLEC IIYCKY, 3a
BUKJIIOYEHHSIM TMEPIIMX KiJIbKOX MepiofiB, MOXHA pO3-
IJSIaTH SIK CYKYITHICTh  KBa3iNepioJMYHHUX IPOLECIB,
OCKIJIbKM Ha KOXKHOMY Hepioi 3MiHM NPHUKJIAAEHOI Ha-
MPYTH CTPYMH OOMOTOK € Maibke mepiomnyaumu. OTxe,
SIKIIIO MAaTH 3aJIeKHICTh CepeIHBOTO 3a Mepiof] 3HAYCeHHS
€JIEKTPOMArHITHOTO MOMEHTY M, Bill KOB3aHHS §

M, =M,(s), 1

TO PO3paxyHOK IPOLECY MyCKy MOKHA 3JIIICHUTH Ha ITiJ-
cTaBi ogHOro nudepeHuiansHoro piBHsAHHEA ([P) nunami-
K{ MEXaHIYHOI YaCTUHHM eJIEKTPONPUBOIY

Lo, (5)+ M,), &)

dt ®q - J
Iie p — KiTBbKICTh map monrociB AJl; @y — 9acToTa HAIpyTH
JKUBJIEHHS; J — CyMapHUII MOMEHT iHepuii JBHTYHa Ta
po6oYOoro MexaHi3My, IPUBEICHUH 0 BAITy IBUTYHA.

Jis oTpuMaHHS [ 9ac YUCETHHOTO IHTETPYBaHHSA
JP (2) He Tinpku 3HaUEHHb KOB3AHHS S, e U CTPyMiB 00-
MOTOK CTaTOpa Ta CTEP>KHIB pOTOpa HEOOXiTHO Momepe-
JIHBO, KpiM 3anexxHocTi (1), po3paxyBaTi OararoBUMIpHY
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3aJICKHICTh BEKTOpa MiI0YMX 3HAYEHBb CTPYMIB KOHTYDiB
BIJI KOB3aHsI
I1=1(s). 3)
3anexnocri (1), (3) moBuHHI OyTH BiZIOMi y BHUIIIsI
TaOJIHIN 3HAYEHBb, O0YHMCICHUX 3 IICBHUM KPOKOM II0 5. Y
npoueci iHrerpyBanHs /[P (2) Ha koXHOMy Kpoli 3Ha-
YCHHS CTPYMIB MOXKHA 3HAWTH 3a BiJOMHM 3HAYCHHSIM
KOB3aHHSI S LUIIXOM IHTEPIOJILii TaOJMYHUX 3HAYEHBb
BEKTOpa  Ta eJEKTPOMAarHiTHOro MomeHty. Omxe, po3-

PaxyHOK MEpexiTHOro eJIEKTPOMEXaHIYHOTO MPOIecy 3a
piBHSIHHSAM (2) BUMarae NONEPEJHBOTO PO3PAXYHKY 3
ypaxyBaHHSIM HacH4eHHs MarhitornpoBoxy AJ] i Buric-
HEHHA CTpyMy B Horo crepxHsix 3anexHoctei (1), (3),
0 3BOAMTBCA JO PO3PAXYHKY psay (3a KUIBKICTIO 3Ha-
YeHb §) YCTAICHHX NEPIOANYHUX PEXHUMIB IPH IIOCTiH-
HOMY 3Ha4CHHI KOB3aHHS. Po3risHEMO anroput™m ix
OTpUMAaHHSI.

3 MeToro BpaxyBaHHS CKiH-€(DEeKTy B CTEpP)KHSIX pO-
TOpa pa3oM 3 HACHYCHHSIM MarHiTONPOBOXY IO ILIAXaxX
PO3CISHHS 1a30BY YAaCTHHY CTEPXKHS, a TaKOXK KOPOTKO-
3aMHKar04i KiJIbIlsl pOTOpPa PO3AUIMMO 110 BHCOTI Ha 71 IIa-
piB [2] B MexXax SKUX T'yCTHHAa CTPYMY BBaXKa€ThbCs I10-
CTiifHOI0. B pe3ysbTari MaTUMEMO Ha POTOPi 77 KOPOTKO-
3aMKHEHUX OOMOTOK MiX SKUMH ICHYIOTh B3a€MOIHIyK-
THBHI 3B'SI3KH SIK 32 PaXyHOK OCHOBHOT'O MarHiTHOTO II0-
TOKY, TaK 1 MOTOKIB po3cisiHHsA. KopoTko3aMkHEHa 0OMO-
TKa POTOpa MpHUBEAEHA 3a KUIBKICTIO BUTKIB 1 (a3 1o 00-
MOTKH CTaTopa 3TiTHO 3 BUKJIaaeHuM B [1, 5].

Ha Bimminy Binm BukmageHoro B [2], ;e BiacHi Ta
B3a€MHI IHAYKTUBHOCTI MK €JI€MEHTaMH CTEpXKHsS BBa-
JKAIOTHCSI MOCTIMHIMH, B JaHiil poOOTi BpaXxOBYEThCS Ha-
CHYEHHs, 3yMOBJICHE OCHOBHMM MAarHITHHUM IOTOKOM, a
TaKOoXX MMOTOKAMU PO3CIFOBAHHS, SKi 3aMHKAIOTHCS depe3
nptiy. [TocTiIHHUMU BBaXKAOThCS JIMIIE 1HIYKTHBHOCTI ,
SIKi 3yMOBJICHI IOTOKaMH PO3CIIOBAaHHS, 1110 3aMHKaIOThCS
Toriepex nasiB. BoHM 004YKCITIOIOTECS 32 BiIOMOIO TeoMe-
Tpiero masis [1].

EdexTuBHiCTh alropuTMy po3paxyHKy 3aJIeKUTh B
3HAYHIA Mipi Bil BUOOPY KOOpAMHATHHX Oceil. BpaxoBy-
FOYH, M0 PO3TIBINAETBECA cUMeTpuuHui AJl, HaiOLTbIT
paIioHaIEHOIO € CHCcTeMa KOOpAMHATHHX ocei x, y [3].
OueBHAHO, IO TIPH [IbOMY ITPUHMAETHCS TOMYIICHHS 1IPO
CHHYCHHMH PpO3IMOJALT HaMarHiuyBaJbHUX CHJI OOMOTOK
craTopa i poTopa, IO Ja€ 3MOTY BUKOPHCTOBYBATH TE€O-
pito  300paKyBallbHHUX BEKTOPIB ITOTOKO3YEIUIEHb Ta
crpymiB[4]. i KOHTYpIB cTaTopa Take HPHUITYIEHHS
OJIU3bKE JI0 PEalIbHOTO, a I POTOpa — HAOJKEHE.

B ycranenomy pexxumi podotu AJl (mpu nmocriiiHoMy
KOB3aHHI §) PIBHSHHS €JIEKTPOMArHiTHOI PIBHOBAar Iepe-
TBOPEHHUX JI0 OCEH X, ¥ KOHTYPIB CTaTOpa MarOTh BUTJISIA
Q. WY, +R,-ig=u, “)
ne ‘i’s = (\st,wsy )*, fS = (isx,isy)* — BEKTOpHU IIOTOKO3-

YeluleHb Ta CTPYMIB IEPETBOPEHHMX KOHTYpIB cTaTopa

Q. = — %o

N

Q0]

AHaNoriyHo PiBHSIHHS AJIsl KOHTYPIB pOTOpa 3a YMO-
BU PO3OUTTS CTEPIKHS 10 BHCOTI HA 7 €JIEMEHTIB IIPH I10-
CTITHOMY KOB3aHHI MAOTh BHIJIS]

Q. W, +R. i, =0, 5)

— o
ae ¥, = (\yrxl,\ym ,...,wrxn,wryn) — BEKTOP MOTOKO3Ye-

TUICHb €KBIBAJICHTHUX KOHTYPIB POTOPA;

i

P .
= (lrxl,l,yl,...,lrxn,lwn) — BEKTOp CTPYMIB LIUX KOHTY-

piB; R, = diag(R,xl,R,yl,...,

MaTpHIL AKTUBHUX OTIOPIB;

R — Jlaro”HajbHa

rXn > Rrjyn

_(’OO

®o

- ®g

W

Po3B'ss3koM HemmiHiiHOT cuctemu piBHAHB (4), (5) €

BEKTOp 1 :(zs,zr) po3MipHocTi m = 2-(2+n), KU CcKila-
JIa€ThCs 3 BEKTOPIB CTPyMiB craTopa i poropa. AJl 1 siko-

My Binnosimae Bexktop V¥ =|\¥,¥,| norokosuemneHns

yCiX KOHTYPIB Ta 3HAYCHHS CJICKTPOMArHITHOIO MOMEHTY
M, :1~5'p'(\|fsx 'isy Vs 'isx)

BexropHi piBHsHHS (4), (5) HeniHIMHI BHACTIOK 3y-
MOBJICHOT HACHYEHHSM HENIHIHHOT 3aJIeKHOCTI ITOTOKO34e-
TUTEHHSI KOXKHOTO KOHTYpA BiJl CTPYMIB yCiX KOHTYpIiB CTa-
TOpa i poTopa, TOMy HOTo po3B’s3yBaHHI MOXKE OyTH 3Iii-
CHEHE OJIHUM i3 YHCEJIbHUX ITepamiiHuX METOJIiB, HAIPH-
xian, Herotona. OnHak, K BiZoMO, BiH € JIOKQJILHO 301K-
HHUM, TOMY iCHye mpobJema MOUIyKy OYaTKOBOro HaOJu-
JKEHHs, sKe O 3HAXOMWIOCh B OKOJII 301KHOCTI METOY.
Kpim Toro, po3B’si3anHs piBHsHB (4), (5) npu nocriiHOMY
KOB3aHHI JIa€ JIMIIE OJJHY TOUKY 3alieskHOCTI (3). Otpumaru
BCIO XapaKTepHCTHKY (3) B iHTEepBai 3MiHM KOB3aHHS BiJ §
=0 10 s = | MO’XHA HACTYITHUM YHHOM.

Judepenuiroemo BekTopHi piBHAHHSA (4), (5) 1O s,
BPaxOBYIOUH, L0 HOTOKO3YCILICHHsI KOXKHOI'O KOHTYpa €
HENIHIHHOI0 (YHKIIEI0 CTPYMIB KOHTYpPIB CTaropa Ta
poTOpa, a CTPyMH B CBOIO Yepry 3alle)KaTh BiJ KOB3aHHA
s. B pe3ynbraTi orpumaemo

oV, di di,
Q, —£. 4R, -TE=0; 6
5 6i ds 5 ds ©)
- ov o di,
Q ¥ +s5sQ, - — —+R.-—L=0. 7
r r § r 81 8S r dS ()

P (6), (7) cknanaroTh cucteMy m PiBHSHb CTOCOB-
HO BEKTOpa MOXiIHUX di / ds CTpyMIiB IO KOB3aHHIO s,
Ky MO>KHA 3alMcaTu y BUIIsiai oguoro /[P

(BepxHiii cumBon (*) O3Haya€ TPaHCHOHYBaHHS); R, = Q oy /81? R. di
diag(R,, R,) — niaroHanbHa MaTpyls aKTHBHHMX OIIODIB ul xpf—=5— 1415 X — =
) N " Q, | o,/ R, || ds
KOHTYPIB CTaTopa; i = (ux,u y) — BEKTOp NPHUKIAICHUX (8)
HAIIpYT; _ N W
-Q, Y,
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IMoxinui 8‘?S / di Ta 6‘1’,, / Oi yTBOPIOIOTH MOBHY
MaTPUIO JUGEpEHINaTbHUX 1HIYKTUBHOCTEH, SKa BH-
3HAYA€THCS HA OCHOBI BUKJIAICHOTO B [4].

Jns orpumanHs OaraToBUMIpHOI 3anexHOCTi (3)
HeoOxinHo npointerpysatu JIP (8) mo s, Bu3Havatoun Ha
KOX)KHOMY KpOIL MarpuIiio aAndepeHIialbHuX 1HIYKTHB-
HOCTEH Ta BEKTOP MOTOKO3YEIUIEHb YCiX KOHTYpIB, SIKi
NPENCTABISIOTECSA Y BUMISAL CYMH POOOYMX MOTOKO3YEII-
JICHb Ta OTOKO3YEIJIeHb PO3CIIOBaHHS

V=V + V-
Poboue mome AJl CTBOPIOETHCS PE3yNbTYIOUOI0 Ha-
MarHiuyBaJbHOIO CHJIOI0 KOHTYPIB, SIKy MOXHA IpeicTa-

BUTH 300paXXylOUMM BEKTOPOM CTpyMy i, HaMmarHiuy-

o
BaHHs. [[pbOMy BeKTOpYy BiJINOBiIae KoJiHeapHH oMy
BEKTOP \T/H pO0OYOro MOTOKO3YCIUICHHS. 3aJICIKHICTh

MIDK MOJYJISIMU IIMX BEKTOPIB BiJ0OpaXkae XapaKTepHCTH-
Ka HaMarHiuyyBaHHS OCHOBHOTO MArHiTHOTO LUIAXY
V= "’u(iu) :

[ToToko34erureHHs po3CcitoBaHHSI 0OMOTKH CTaTOpa €
HeNiHIHHOI (YHKII€I0 CTPyMiB KOHTYpPIB cTaTopa, IO
BiTOOpaKaeTHCS XapaKTEPUCTHKOIO

Vos = Vos (is ) >
J€ Yoy, Iy — MOIYII 300paXKyI0UMX BEKTOPIiB MOTOKO3YEH-
JICHHSI PO3CIIOBaHHS Ta CTpyMy OOMOTKH craTopa. BoHo
CKJIQJIA€TBCSl 3 IOTOKO3YEIUIEHHS Jo00oBoro i mude-
PEHIIIaTBHOTO PO3CiIOBaHHS, SKi JIHIMHO 3amexarb Bif
CTPYMiB CTaTopa, Ta Ma30BOTO PO3CIIOBAaHHS, SIKE € He-
TiHIHHOIO (QYHKIIIE0 CTPyMy cTaTopa. AHAIOTIYHO ITOTO-
KO3YCIUICHHsI PO3CilOBaHHSA OOMOTOK pOTOpa 3aeKHUTh
JIMIIE BiJl CTPyMIB 0OMOTKM poTopa. IlorokozderuieHHs
KOXKHOTO CTEpIKHSI CKJIJAEThCS 13 CyMH THX, IO JIHIHHO
3aJIeKaTh BiJ| CTPYyMiB poTOpa (J1000BOrO, nudepeHIiiaib-
HOTO 1 Ti€l YaCTHHU Aa30BOTO, sIKA 3aMUKAETHCS TOMEPEK
nas3iB B Till YaCTHHI, 1110 3aiHATA CTEPIKHEM), Ta IUTILIEBO-
T'O PO3CIIOBaHHS, SIKE BHACTIIOK HACHYCHHS € HETiHIHHOO
(dyHKIIIEI0 cTpyMy cTepskHs. JIJIsl IOTO BUKOPUCTOBYETh-
Csl KpUBA HAMArHi4yBaHHS

Vi =V (ir )

BaxiuBuM NUTaHHAM € OTpUMaHHA TOYaTKOBHUX
YMOB — 3Ha4€Hb CTPYMiB KOHTYPiB nipu s = 0. PosrisiHemo
Horo.

[pu imeamsHOMY HEpoOO4YOMy peskuMoBi (s = 0)

CTpyMH B KOHTYpax poTopa BiicyTHi, T06T0 7, =0. [l

3HAXOKCHHA 3HAYCHHA BEKTOpa ir J0CTaTHbBO

po3B’sa3aTtu HemiHiMHY cuctemy (4). Ilpm mpomy MokHA
BBa)KAaTH BICh X CYMIIIEHOIO 13 300pa)KyIOUUM BEKTOPOM
HaIpyTH CTaTopa, TOAi BeKTop , ne U, — aMIUTiTyqHe
3HaYCHHs NPHUKJIAIEHOT HAllPyTH CTATOpa.

Jns po3B’si3yBaHHS piBHAHHSA (4) BBEJEMO B HBHOTO
napametp A, (0 <A <1), TOMHOXHBIIK BEKTOp # Ha A.
[icns qudepennitoBaHHs IO A OTpUMaeMo cuctemy P

—® 'Lsyx + R, — o - Lsyy dva /‘DL _
00 Ly 0 - Lygy + Ry | | diyy, [
&)
— Um
1o

[poinTerpyBaBuix OMHUM i3 YHCEIBHUX METOJIB
cucremy JIP (9) mo A B mexax Bix A=0 mo A =1 3a Hy-
JHOBUX MOYATKOBMX YMOB OTPHMAEMO 3HAUYEHHS CTPYMIB
Iy, Iy 1 38 KDUBIMH HAMArHiuUyBaHHS BiIMOBiAHI M moTo-
KO3YEIUIEHHS gy, gy, AKI MOXKYTH OyTH yTOUHEHI 3a Me-
To0M HbIOTOHA 1 € TOYaTKOBUMHU YMOBAaMHU JUISL IHTETpY-
BanHs cuctemu /[P (8).

BHUCHOBKU

3anpoNIOHOBaHHI METOJ PO3PaxyHKY Jdae 3MOry
PO3paxoByBaTH NEepeXiTHI IPOIECH B ACHHXPOHHUX €IIeK-
TPOIPHUBO/IAX BHCOKOIHEPHIHHUX MeEXaHi3MIB 3 Ypaxy-
BaHHAM HaCH4eHHS MarHironpoBony A/l Ta BUTiICHEHHS
CTPyMy B CTEp)KHAX POTOpa 3 HEBEIUKHMH 3aTpaTaMu
MAIIHHOTO Yacy 1 BUCOKOIO aJIeKBATHICTIO, LIO J]a€ 3MO-
I'y BUKOPHUCTOBYBaTH HOTO JJIsl aHaJi3y poOOTH CHCTEMHU
€JIEKTPOIIPHUBOJYy B PEaJbHOMY Yaci MPOTIKaHHs MPOLECY
i (hopMyBaTu Kepyroul BIUIMBH 3 METOIO ONTHMIi3alii pe-
KUMY poOoTH.
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ONPEAEJIEHUE DJIEKTPOMAT'HUTHBIX TAPAMETPOB 2JIEKTPUYECKHUX
MAIIIMH HA OCHOBE UACJIEHHBIX PACYETOB MATHUTHBIX MOJIEHA

B.U.Munpix, A.T.H., 1pod., ITomsxosa H.B.

HarmonaneHbIi TEXHHYECKUH YHUBEPCHUTET " XapbKOBCKHUI MOMTUTEXHIYECKUH HHCTHTYT"
VYkpauna, 61002, r. Xapbkos, yi. Opynze, 21, HTY "XIIN", kadenpa "DnekTpudeckue MamaHb"
tein. (057) 707-65-14, e-mail: mvikpi@kpi.kharkov.ua

Biomiueno oony 3 nepcnekmug yOooCKOHANEHHA CUCIEMU NPOEKIMYGANHA MA GUEUAHHA eEKMPUYHUX MAUWUH — UKOPUCIAHHA
0e3nocepeonbo po3paxynKie mMazHimHux nonie yucenvHumu memooamu. Ilooani 3acanvna nocmanoeka maxKux po3paxymKis i
ixni npuxnaou. Buxooauu iz ompumanux po3nooinie 6eKmopH0oz0 MAZHIMHO20 nOmMeHUiany, Haoani 6azo0ei eupazu OCHOGHUX
eneKmpomazHimnux napamempie mawiun (MazHimui inOyKyisa, nomik, nomoKo3uenienna i npogionicms, NAOIHHA MaAZHIMHOT
nanpyeu, EPC, énacna ma 3aemna in0yKmugHocmi, Cuia, MOMeHm, eHepzis).

Ommeuena o0na u3 nepcneKmues Co6epuienCmeo6anusl CUCHEMbl RPOEKMUPOBAHUA U U3YUCHUA IIeKMPUUEeCKUX MAWUH — UC-
nojib306anue Henocpedcmseuuo pacuemoe MAZHUMHbBIX noJeil YucieHHIMU Memooamu. ﬂaﬂbl 06u4a;1 nOCMAanHo6Ka maxkux
pacuemoé u ux npumepbnl. Hcxo0a uz nojiyyaemolx pacnpet)eﬂeuuﬁ G6EKMOPHO20 MAZHUMH020 homenyuaala, oaHbl 6azoevle 6bl-
Paxcenus IIeKmpoMAaAZHUMHbBIX RAPAMEMPO6 MAULUH (MﬂZHumele uHOyKuu;z, nomokK, nomokKkocuyenjienue u npoeodumocmb,

naoenue maznumnozo nanpaxcenus, 3/JC, coocmeennas u e3aumnas UHOYKMUGHOCIMU, CUTLA, MOMEHM, IHEPZU).

BBEJJEHUE

TpaguunonHas cucTeMa HM3yYeHUs, pacdera M Ipo-
E€KTUPOBAHMS IEKTPUUECKUX MamuH (OM) mocTpoeHa Ha
YIPOIIEHHBIX IEMHBIX MaTeMaTHUECKUX MOJEINSX U Ipe-
JBIIYIIEM OIBITE UX CO3JaHus (HOBbIE 00pa3lbl BHITEKa-
0T U3 CYIIECTBYIOIIUX, HACIEAYS WX NPEHMYIISCTBA U
HepocTatku). [Ipuyem 0OBIYHO AT KaXKAOTO OTHENBHOTO
THIIa MallMHBI HEOOXOAMMO CO3/1aBaTh U OCBaWBaTh CBOIO
crenuQUIecKyl0 METOIUKY, OCHOBAaHHYIO Ha TEOpHH,
KOTOpasi MPUCTIOCOOIIEHa IMEHHO U TAaHHOTO THIa. J{i1st
HOBBIX pa3pabOTOK, OTIMYAIOIIUXCSA OT aHAJIOTOB YIEIb-
HBIMH Harpy3kamH, HETHIIMYHBIM COOTHOILEHHEM pa3me-
pOB H, TeM OoJiee, MHOW KOHLENIMEH MMOCTPOEHHUSI, YIIO-
MsIHYTas CHCTeMa JaeT cOOM W, KaK IpaBWIIO, TpeOyeT
JUTATETTLHOM TOBOJAKH CO37aBaeMbIX 00pasmoB. Hamo eme
N00aBUTh, YTO PsiJl KPUTHUECKHX MapameTpoB DM, orpa-
HUYUBAIOUIMX MX AKCIUTyaTallMOHHBIC MOKA3aTeNH, TPYI-
HO MTOJAETCS aHATIN3Y OOBIYHBIMHI METOJJAMH pacyeTa.

I'maBHBIE mporeccsl B DM OCYIIECTBISIOTCS 4epes
MarHuTHOE IOJ€, TO3TOMY HEIOCPEICTBEHHOE UCIIOJIB30-
BaHME €TI0 PacyeToB SIBISETCS HanOoJee MepCIeKTHBHBIM
IyTeM Pa3BUTHUS CHUCTEMBI W3YYEHUS W TPOCKTHPOBAHUS
9THX MamuH. OTHAKO OKUAABIIMICS 3HAYUTENBHBINA TIPO-
rpecc B 9TOM HampaslieHuu ¢ BHeapeHuem [I[DBM moka
YTO CBEJCS K MEPEBOAY CYLIECTBYIOIIMX KOHCEPBAaTHUB-
HBIX METOIOB pacueTa Ha alrOPUTMHUYECCKHE S3BIKH, a
TaKXKe K PEHICHHIO OTAEIBHBIX TOJEBBIX 3a7ad 0e3 WX
npeoOpa3oBaHusl B PE3YJILTATUBHBIE CPEICTBA IPOEKTH-
poBaHUs. A YCIOBUS 3TOTO IPOrpecca yxKe CO34aHbl: pas-
BHUTHE YHCICHHBIX METOJOB pacdyeTa MarHUTHBIX ITOJEH
(METOBI KOHEYHBIX 3JIEMEHTOB [1] M KOHEYHBIX pa3HO-
cTei [2]) u BHeaOpeHHe UX B MPaKTHKY pacueTa OM garor
OCHOBY JUI1 M3MeHeHUs! curyaluu. COBpeMEHHBIE BBI-
YHCIUTEIbHAS TEXHUKA, IPOTPAMMHBIE CPEICTBA M TMaKe-
THI TPUKIATHBIX MPOrpamMM ISl pacueToB JJIEKTPOMAr-
HUTHBIX TI0JIeH TO3BOJIAIOT paccMaTpUBaTh BCE 3TO B Ile-
JIOM KaK T'OTOBBIH YHHMBEPCAJIbHBIH MHCTPYMEHT JUIS pac-
YeTa 3JCKTPOMAarHUTHBIX HapamMeTpoB oOBIXx DM (mar-
HUTHON MHIYKIMH, MAaTHUTHBIX IIOTOKOB U ITOTOKOCIIEH-
JICHUH, MaJeHuil MarHuTHOrO Hanpsbxenus, DJ1C, nuayk-

TUBHOCTEH, CHJI 1 MOMEHTOB, IOTEPh MOIIHOCTH H T.X.) C
YUETOM HX pPEaJIbHOH T€OMETPHH W XapaKTEepUCTHUK Ha-
MarHu4MBaHus MarepuanoB. M Temepp 3ajmaua 3aKiroya-
eTCsl B alalTalluy YMCIEHHBIX PacueTOB MarHUTHBIX IO-
Jel K aHaiau3y Bce Ooiplero Habopa rmapaMeTpoB M Xa-
paktepucTuk OM. DTO JOIDKHO IMOCIYXHTH MGy yCO-
BEPLICHCTBOBAHUSI CUCTEMBI UX IPOEKTHPOBAHMA, YTO U
SIBIIICTCS OOIICH MebI0 Hameil paboThl, ITAIbl KOTOPOI
yKe TIpeACTaBIBUTICH B psine myomukarmii [3-10].

KoHkpeTHOH meJbl0 JaHHONH CTaTbu SBISETCA
NIPE/ICTAaBIICHNE B €IMHOM KOMIUIEKTE NPHHIMIIOB U BbI-
pakeHUH, 00eCTIeYNBAIINX MpeoOpa3oBaHNE Pe3yibTa-
TOB pacueTa 3JEKTPOMAarHUTHBIX Moyied DM B UX JJIeK-
TPOMarHUTHbIE TaPAMETPHI.

B takom koHTekcTe obmmpHas Teopust OM ¢ MHO-
JKECTBOM PACUCTHBIX BBIPAKEHUH, CO3AHHBIX AJISI LIEJIOTO
psiia mapaMeTpoB OTAENBHBIX TUIOB OM, CBOAATCS BO
MHOTHX CJIy4asiX K HECKOJbKMM 0a30BBIM BBIPAKECHUSIM.
Ha nx ocHOBe ocTaercs TOJNBKO "BBITSHYTh'" 3JIEKTpOMAr-
HHUTHBIE TTAPaMETPHI MAIIMH U3 PE3yIbTaTOB pacyeTa Mar-
HUTHOTO nond. M 3amava pacdyeTdmka B TaKUX YCIOBHSIX
OrpaHUYMBACTCS KBATM(DUIMPOBAHHBIM 3aJIJaHUEM UCXOJI-
HBIX JJAaHHBIX M reOMeTpUr DM U 0CO3HAaHHBIM HCIIOJIB30-
BaHMEM IOJTyIEHHBIX YHCIIOBBIX 3HAYCHHH.

B wutore 3T0 HampaBiIeHO Ha CO3JaHHE HAY4YHO-
METOJMYECKUX OCHOB JISI PAa3BUTHS CHUCTEMBI NPOEKTH-
poBanust OM, koTopast OyZeT IOocTpoeHa Ha 0O0beanHe-
HUM JIOCTHXXKCHHUH B 00JIaCTH KOMITBIOTEPHOM BBIYMCIIH-
TEJIbHON TEXHUKH, OMPEACIEHUH MapaMeTpoB U HpoLec-
COB B HHUX C IOMOIIBIO YHCICHHBIX METOJIOB pacueTa
JIEKTPOMArHUTHBIX MOJEH, a TakXkKe KIacCU4ecKol cuc-
TEMBI NPOEKTUPOBAHUS 3THX YCTpoiicTB. Takne OCHOBBI
MO3BOJIAT 3HAYUTEIBHO COKPATHTH KOJWYECTBO OTHEIb-
HBIX METOJIWK "OJHOTO THIA YCTpPOWCTBA" MU CHENAIOT
pacyeTYnkoB CHOCOOHBIMH NPHUCIOCAOIMBATHCS K H3Me-
HSIOIIMMCS YCIIOBHSIM PBIHOYHOW 3KOHOMHUKH.

CoOTBeTCTBYIOIINE W3MEHEHHS MOTYT OBITh BHE-
JIpeHBbI U B yueOHbII Ipoliece CTYASHTOB, COKpalias 00b-
€MBI U3yUYeHHUs] PyTHHHOTO MaTepHaia M paciupsisi TBOP-
YECKYIO 9acTh OOYUCHUSI.

40
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OBILIIA S IOCTAHOBKA 3AIAUN PACUETA
MATHUTHOTI'O I10JIA

UucnieHHble pacyeTbl MATHUTHBIX MoJied B DM Mo-
TyT 3¢ (EKTUBHO MPOBOAUTHCSI METOIAMH KOHEYHBIX pas-
Hocteit (MKP) [2] u koHeunbix snementoB (MKD) [1].
Ve CyHIecTBYIOT MPOrpamMMbl, KOTOPBIE MO3BOJISIOT 3TO
caenatb Kak B AByxMmepHou [11], Tak u B TpexmepHOU
[12] mocranoBke. OOHAKO U peaNbHBIX KOHCTPYKIIHI
OCHOBHBIX THUIIOB DM NpaKkTHYECKOE peIIeHHe Tpexmep-
HOW MOJICBOW 3amaun TpeOyeT Ype3MepHO OOJbINUX 3a-
TpaT, KOTOPBIC aJIcKBATHBI IMOYy4aeMOMY YTOYHECHHUIO pe-
3yJBTaTOB PacueTOB TOJBKO B CHENHANBHBIX Ciydasx. B
OOJNBITMHCTBE K€ CIIy4aeB IS TOIYYEHUS MPAaKTUIECKU
MPUEMJIEMBIX PE3YJbTaTOB JIOCTATOYHO JBYXMEPHOU TMO-
CTaHOBKH T0JIEBBIX 3aj1a4 [3-10].

MarHuTHOe ToJIe B MOTIEPeYHOM ceueHnn DM omm-
chIBaeTCs qudQepeHInanbHIM ypaBHEHHEM

rot[(v-rot(l;AZ)]:l;on, D

rae Az, J- - akcuanbHble COCTABIISIIOIINE BEKTOPHOTO Mar-

HuTHOrOo moTeHnuana (BMII) u rmioTHocTH TOKa;, V -

yaenbHoe MarHuTHoe conpotusierue (YMO); k - OpT.
Hampumep, B momsipHO#t cuctemMe KoopauHat (7,®)

9TO ypaBHEHHE NpeoOdpa3yeTcs K BULY:

1.3.{%Mﬂgi.{vﬁ}_% @
r or or | 2 0 o

OnHako WAeaTM3UpPOBAHHAS IIIOCKOMApaIeIbHAS
CTPYKTypa MarHUTHOTO TOJIA B MOMIEPEYHOM ceueHur DM
MOXeT OBITh NPHHATA TOJIBKO TOTAA, KOTAA CEpIACYHUKU
MarHHATOIIPOBOJIA TI0 aKCHAJIbHOH KoopamHaTe DM omHO-
POIHBI, UMEIOT OJUHAKOBYIO aKCHAJIBHYIO JJIMHY U TOp-
LIEBOE paccessHUe MAarHUTHOTO TOJIsI He3HAuUTeNnbHO. [liist
3HAYUTEIBHOrO psia DM 3TO JOMYIIEHHE OKa3bIBAaeTCs
HENpHeMIIEMBIM, 9TO TOKa3aHo B paborax [13, 14]. Ilo-
3TOMY JABYXMEpHas ITOCTaHOBKA IOJEBHIX 3a/a4 B IOIIe-
pedHoM cedeHnu OM fo/KHa OBITh aJaNTHPOBaHa K KOH-
KPETHOH aKCHalbHOM CTPYKTYpe MarHMTONpOBOjAa Ha
OCHOBE YCOBEPIICHCTBOBAHMMA, KOTOPHIC MPEATIOKECHBI H
anpoOupoBaHsl B [13] 1 3aTeM MHOTOKPATHO TMOJITBEPIU-
JIM CBOIO 3(PeKTUBHOCTH, HATpUMeD, B [15].

B nannoit pabore OyzeMm cuuTarh, YTO MarHUTHOE
TI0JIe B TIOTIEPEYHOM CEUCHHH YCIICITHO PACCYUTAHO JHO0
MKP [2] mo cobcTtBeHHON mporpamme, aubo MKD mo

SE—
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L

i
o
<

N7
Lo o

Puc. 1. ®parmMeHT KOHEUHO-3JIEMEHTHOH CTPYKTYPbL
B 30HE 3a30pa 1 3y0I110B cepaeunnka EM

obmenocrynHoi mporpamme FEMM [11] ¢ coorBerct-
BYIOIIIMMHU YCOBepIIeHCTBOBaHUsIMU [15]. B oboux ciy-
qasgx pe3ysbTaToM pacdera SBISIETCS JUCKPETHOE pac-
npenenenre BMII B y3nmax ceTouHoil cTpykTypbl. st
MKD 5310 TpeyronpHas KOHEYHO-3JIEMEHTHAsI CTPYKTypa
(npumep nan Ha puc.l), aust MKP — o0b1uHO perynspHbie
CETOYHBIE CTPYKTYpHl C HEPAaBHOMEPHBIMH IIaraMu: I0-
nspHas B OM ¢ npeobiagaromeii THmmHAPooOpa3yromeit
CTPYKTYpO# (IpUMep AaH Ha pHUC. 2) U NPAMOYTOJIBHAS —
C IPSAMOJIUHEHHOOOpa3yoIIeH.
=

Pher, (I
i ",

Puc. 2. ®parmMeHT ceTOYHOM MOJEH CO CTHIKOBKOM
CETOK POTOpa U CTaTopa

OO6nacTp pacueTa MarHUTHOTO IIOJIST MOXKET OXBaTbl-
BaTh IOJIHOCTBIO TomepedyHoe cedeHue OM. OmHako ¢
LENbI0 SKOHOMHHM BBIYMCIHMTEIBHBIX PECYpcoB 001acTh
MOXET OBITh COKpalIeHa IO OINpPEAEICHHON YacTh 3TOro
CCUCHHUS C UCIIOIb30BAHUE PA3INYHBIX TPAHUYHBIX yCIIO-
Buit [2, 11, 14]. TunuuHbele U3 HUX HAIIOMHUM Ha NpHMe-
pe Mozpenu MamuHbl moctosiHHOro Toka (MIIT), koTopas
JlaHa Ha puc.3 B Ipesesax ABYX IOJIOCHBIX JIEJICHHH.

P

L
Puc. 3. Pacuetnast Mmonens u kapTuHa MarHuTHOrO 1ot MIIT
¢ 0e33yOLOBBIM AKOPEM (A ,,=0,0768 BO6/M)

Ha BHemHHX TpaHHIaX 3a MpeaeiaMu CepAcYHHKA
SIKOPSI ¥ CTAHUHBI IPUHUMAIOTCS yCiIoBus Jupuxiie:
(Az)maceg =0; (Az)nbdfh =0, (3)
KOTOpbIMU  (DaKTHYECKH OrpaHUYUBACTCS JAajbHeiiiee
MIPOHUKHOBEHHWE MarHuTHOro noist. OrpanudeHue odiac-
TH pacueTa B YIJIOBOM HAaINpaBJICHHHM 3aBHUCHT OT BHJA
CUMMETPHH MAarHUTHOTO IOJII B KOHKPETHO PaccMaTpH-
BaeMOM pEXHMe ero pacuera. [Ipu pacuere most BO30y-
JKJIEHUS MUHUMAaJIbHOM SBIIIETCSA 00JacTh abdc, 0XBaThI-
Barollasi TOJOBUHY IOJIOCHOTO JCNICHHs T/2, ¥ Ha orpa-
HUYUBAIOUIMX PAJMATBHBIX JHHHUSIX TPUHUMAIOTCS YCIIO-
Bus upuxie u Helimana:

Enexmpomexnika i Enexkmpomexanixa. 2006. No2

41



(A)ap = 0; (aAZ a(p)cd =0. )

Ecmu moe Bo30yXIeHHUS pacCUUTHIBACTCS B 0OJac-
TH abfe Ha TIOJFOCHOM JEJICHUHU T, TO MPHUHUMAIOTCS YC-
JIOBHS IEPUOANYHOCTH HA MONYTIEPHOJIE MOJIS:

(Az)ab = _(Az)ef . (5)
Ilpu pacuere mons B oOnactu mnhg HA OBYX MO-

JIIOCHBIX OCIICHHUAX 2T INPUHHUMAIOTCA YCJIOBUSA NEPUOANY-
HOCTHU Ha MMOJIHOM NIEPHUOJE:

(A2) n :(Az)gh . (6)

Pacmmpenue obnactu pacyera 10 T ¥ 2T CTAHOBUTCS
HEoOXOJMMBIM (B OTIMYME OT paccMaTpuUBaeMOro Ha
puc. 3 mosst Bo30OYKIeHHUS) PH OJHOBPEMEHHOM JIEHCT-
BUM OOMOTOK pOTOpa M CTaTOpa HIM MpPU OTCYTCTBHHU
oceil cuMMeTpur 00MOTOK (IIpUMepHI Ha puc. 4 u puc. 5,
/i€ UCIOIB30BATHCH YCIOBHS (5)), a TakKe NPH HATHUIUH
3y04aThIX CTPYKTYp CEpACYHUKOB, HE YKIIAJbIBAIOIINXCS
B TIOJITIOJIOCHYIO HJIM IIEIBHOIOJIOCHYIO CHMMETPHIO
(mpumep Ha puc. 6, T B JAHHOM CIydae [0 BCeM I'paHH-
1aM NpuHsTo yenosue Jupuxie: (A, ) gpe; =0).

B BoiOpanHoii obmactu ypaBHeHue (1) pemaercs
YHUCIEHHO C y4YeTOM KPHBBIX HaMarHWYMBaHUA (heppo-
MarHeTHKOB, Kak 310 obmenpunsTo [1,2,11]. [Ipu pemre-
HUM HaMH YYUTHIBAJIKCh HEOJHOPOJHBIE aKCHaJIbHBIE
JUIMHBI ¥ CTPYKTYpa CEpJeYHHKOB, TOPLIEBOE paCCEsSHUE
mosst B cootBeTcTBUH ¢ [13,15], a Takke mMpH UCHONB30-
BaHUM TOJIIPHOM CETOYHOW MOJENHU - CIIeHUalibHas arl-
NpOKCUMaNUs MPSIMOYTOJIBHBIX 11a30B CEPACYHUKOB [16].

[Tocne pacuera moxns B OrpaHUYEHHOI 30HE MOYKHO
TIEPEUTH K ero pacrpenesICHHIO B TIOJTHOM 00JIacTH C y4e-
TOM CUMMETPHUH WM IEPHOAUYHOCTH, HA KOTOPBIX OBLIH
OCHOBaHbI 3aJlaHHbIE TPaHWUYHbIE ycIOBUs. Tak, HampH-
Mep, Ha pUcC.4 1oJie pacCUNTaHO Ha IOJIOCHOM JIEJICHUH —
TO €CTh Ha IIOJIOBHHE MOMEpPEYHOro cedeHns OM mpu
ycnoBuH (5), a 3aTeM pacHpOCTPaHEHO C yUETOM IIepHO-
JMYHOCTH Ha BCE MONEPEYHOE CEUCHUE.

Puc. 4. MarauTtHoe mosne TypboreHeparopa IpH yriie
Harpy3ku ©=90° (4,,=0,4582 B6/m)

Puc. 5. MarautHoe nose cBepXnpoBOIHUKOBOTO FeHepaTopa
IIPY HOMHUHAIBHON HArpy3Ke U SNEeKTPOANHAMHIECKHUE yCHITHS,
IeHCTBYIONIIE Ha OOMOTKH (A 1,,,=0.7308 B6/m)

Wrak, npeanonoxuM HaJIu4uue UTOTOBOM CTPYKTYpbI
MarHuTHOTO TIOJIE B BUAE DPAaCIpeleNieHHs aKCHAJIbHOU
coctasistromiedr BMIT A, (r,) B momepedyHOM CE4YeHHH
OM 10 y31aM pacueTHOH CEeTKH.

Oburyro kaptuny pactpenenenust BMII B obmactu
pacdera MpHHSATO MPEACTaBISATh B HanOoJiee HarIsAHON
(opMe CTPYKTYpO#l CHIJIOBBIX JIMHHI, KOTOpPBIE B JaHHOM

*
cilyyae sBISIFOTCS NUHMAMHU paBHoro BMII A, = const

IPH €ro HOPMHUPOBKE MaKCHMAIIbHBIM a0COMFOTHBIM 3Ha-
YeHUeM A, 10 hopmye:

* A
= Y

4

Puc. 6. Ilpunsrtas ob6nacts pacyeTa ¢ KAPTUHON CUIOBBIX
JIMHUN MarHuTHOTrO 1ot Bo30yxaenus MIIT
(Anax=0,1341 Bo6/m)

HIMeHHO Takue CTPYKTYpbI MOJEH MpencTaBIeHbl Ha
puc. 3-6.
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OJIEKTPOMAI'HUTHBIE ITAPAMETPBI OM 10
PE3VJIbTATAM PACUETA MATHUTHOT O TTIOJIA
OpHoli u3 6a30BBIX BEJMYMH MAarHUTHOTO TIOJISI, KO-
TOpBIE TPUHATO AHAIU3MPOBATh, SBISIETCS MAarHUTHAS
WHIYKLUS, BblUMCIsAeMas o pacnpeneneHnto BMII na
OCHOBE 00IIETO BBIPAKEHHS

B=rotA4. ()
Hcxoast U3 3TOro, HampuMep, B MOJSIPHBIX KOOP.IH-
HaTax COCTABJISIOLIME U MOJYJIb MArHUTHOM WHITYKLIUH:

04, 04, _ P P
=z B(p:_ arz, B=,/B; +B(p. )

b
r-0Q
JIsl OIICHKH HACBIMCHUS MAarHUTHOIIPOBOJA MOXKET
OBITH TIOJIC3HBIM CpEHEee 3HAYCHHE MOJYJS MAarHHTHOW
WHIYKIIMH HA €r0 y4acTKax:

BngLde&

S
ks,

B

r

(10)

rae Sy - IUIOIaAb KOHKPETHOIO YJacTKa B IONEPEYHOM
ceueHnu OM.

JUist CTaNbHBIX JIMCTOB B CiIydae INIUXTOBAHHBIX U
MIaKEeTUPOBAHHBIX CEPIEYHMKOB MArHUTHAS WHAYKINSA
nocie (8, 9) TpeOyeT MOMOJHUTENBHOTO Mepecyera, Kak
NoKa3aHo, Hanpumep, B [17].

Uepe3 MarHWTHBIE WHIYKIUH MOTYT OBITH Omnpeje-
JICHBI COCTABIISIONINE W MOIYJ b HAPSHKEHHOCTH MAarHNT-
HOTO TOJIS:

Hr:v-B,;H@:\wB(p;H:vB, (11)

a 3aTeM M MajJieHHe MarHUTHOTO HaIlpsHKEHUs! Ha JTI000M
y4acTKe MarHUTHOINIPOBOJA Ha OTPE3KE JIUHUU [,

Uy =[Hedl,

I

(12)

IZle BEKTOp HANpsDKEHHOCTH MarHuTHOro monst H - ¢op-
MHpYeTCs 10 ero cocTaisonmmM (11).

Cocrapnsiomue MarHUTHOW WHIYKIHA (9) MOXKHO
3¢ PEKTUBHO HCIIONIL30BATh, HanpuMep, B OM ¢ 6e33y0-
LIOBBIM SIKOpEM, Kak Ha pHc. 3. XOTs JaXe U B aHAJIOTH4-
HBIX CITy4asx, ¥ TeM OoJjiee B YCIIOBHSX 3yOUaThIX CTPYK-
Typ, Kak MOKa3bIBaeT OMBIT paboT [4, 5], memecooOpa3Ho
OIIEPUPOBATh C MAarHUTHBIMH MOTOKaMH U, OCOOECHHO, C
MarHuTHBIMH TIoTokocuerienusimu (MIIC).

MarauTHBI TOTOK Yepe3 IOBEPXHOCTh, OTPAHU-
YEHHYIO KOHTYPOM /, Ha OCHOBE OOIIIETO BBIPasKEHUS:

®=§d-dl
/
a MpH IBYXMEPHOH CTPYKType MOJIsi MarHUTHBIH MOTOK:

D = (A~ A Mg, (14)
rae 4,1, A, - 3aadenusst BMII B Toukax 1 u 2 B IIIOCKOCTH
pacyera, uepe3 KOTOpbIE IMPOXOJAT OOKOBBIE CTOPOHBI
KOHTypa; [/, - akTuBHas AnuHa OM.

(13)

MIIC kaTymiku, UMEroIei W BUTKOB:

w
Y= 0,
k=1

rae @, - MOTOKH, CLUEIJICHHBIE ¢ OTISIbHBIMH BUTKAMHU.
OnHaKko BBICICHHUE OTACIBHBIX BUTKOB Yalle BCETO

HETPHEMJIEMO, TaK Kak B OOJACTH pacyera KaTyIIKd W

o6MoTKM DM (151 IPOCTOTHI Aajee OyneM onepupoBarth

(15)

C OHMM TEPMHMHOM — KaTYIIKa) MPEICTaBISIOTCA COBO-
KYITHOCTBIO CEUEHUH MX CTOPOH C PaBHOMEPHO pacmpe-
JIEJIEHHOM IJIOTHOCTBIO TOKA, YTO BUAHO Ha puc. 1-6. Ilo-
stomy MIIC Karymkw, OBE CTOPOHBI KOTOPOH HMEIOT
U0/ TOTIepevHOro cedeHust Sy u S, (XoTs 0OBIYHO
S; =S, , HO Ba)KHO MECTO PACION0XKEHUS KaXI0ro cede-

HUA):

Y

jAZ-dS—é~ [ 4 ds (16)

|1
o= —-
S
Sl SZ
9to MIIC no (16) aBnseTca eqUHUIHBIMH, T.€. IPH-
XOJIUTCSl Ha OJIMH YCPEIHEHHBIH BUTOK KATYIIKU U €IU-
HULly akcualbHOM JunHbl OM. Toraa s Bceil KaTylKu
C YUETOM BCEX €€ BUTKOB M aKTHBHOM umHBI, MIIC:
Y=wY,I,. (17)
[To MIIC MOXXHO OmNpenenuTh yAENbHYK) MarHuT-
HYI0 IPOBOJAMMOCTb JJISl KOHKPETHON KaTyILKH:

¥

A=—¢, 18
7 (18)

rone F =w-I — marantomsmwkymas cwia (M/C) karym-
KW, co3/IaBIIei moie; / - ee TOK.

IIpoBons pacueTel npu psiAe 3HAYEHUH TOKOB Ka-
TYIIKA, MOXXHO IOJIyYUTh MArHUTHYIO XapaKTePUCTUKY
OM — 3zaBucumocts W(/). U ecnin oHa nuHelHas, TO

MMEET CMBICJI UHIYKTHBHOCTh JJAHHOW KaTYILKH, KaK KO-
3¢ GUIMEHT MPOMOPIIMOHATEHOCTH MEXIy €€ TOKOM [ |
MIIC ¥, To ecTb:
L=Y/I. (19)
Tornma, Ha 3TOH OCHOBE, MHIYKTHBHOE COIPOTHUBIIC-
HHE TIPU YacTOoTe f WK yTJIOBOH 4acToTe @ =2-1- f :
X;=2nf-L=w-L. (20)
B ciyuae omepupoBaHUsi CO BCEMH CTOPOHAMHU CEK-
i kako imdo oomotku DM, B (19) u (20) Oyner yxe
YYTEHO pachpeiesiCHHe U YKOPOUCHHE ITOH OOMOTKH.
Benmuunsr W, L, X; MOryT OKa3aTbCsl COOCTBEH-

HBIMH WJIM B3aHMHBIMH, B 3aBUCUIMOCTH OT TOTO, YTO SIB-
JISIETCSl ICTOYHUKOM T0JIs1, ipeacTaBieHHoro BMII 4..

WNupykTUBHBIE TIapaMeTpsl OOMOTOK MOXKHO BBIpa-
3WUTh HemocpencTBeHHO U uepe3 BMIL, xommonys (16, 17,
19):

w,,

—mta 1 J.Az,n'dS_SL' J.Az,n-dS ,(21)
Sml

m,n
’ I S
m2 S)a

n ml

rne A,,- BMII nonst, Bo30yXIeHHOTO TOKOM [, KaTyIIKA
n; Sy Sz - TDIOMIATN TTOIEPEYHOTO CEYCHUSI CTOPOH Ka-
TYIIKU M} W, — €€ YUCII0 BUTKOB.

Ecmu n u m pasnuunsl, To no (21) momyyaem ko3¢-
(unyeHT B3aMMHOI MHAYKTHBHOCTH JIBYX KaTYyILIEK, €CIN
OJTHO M TO K€ - TO COOCTBEHHYIO HHIYKTHBHOCTh JAHHOU
KaTymku, Kak u 1o (19).

B 3aBuCHMMOCTH OT OCTaHOBKH IOJIEBOH 3a/1auH, IO
pesynbTataM pacdera MarHWTHoro mousisi u mo (19, 21)
MOTYT OBITh ONPEACIICHBI Pa3IMYHBIC BUIBI HHAYKTUBHBIX
mapameTpoB OM: TJaBHBIE, pacCesHHs, CIeIHabHEIE,
YTO MPEACTaBICHO, HanpuMep, B padorax [3, 6, 8, 9]. Tak
Ha pHc. 7 NMOKa3aHbl KAPTUHBI MAarHUTHOTO TOJIS TypOore-
HEepaTopa, paCCUNTAHHBIC B OTPaHMYEHHON 30HE €ro Io-
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HePEeYHOro CEYeHHUs, U1 ONpeleNIeHUs CBEPXIIePEeX0aHO-
IO WHIYKTUBHOTO COIPOTHUBIICHHS B CIy4YasX IEHCTBHS
0JHOI 1 Tpex (a3 0OMOTKH cTaTopa.

Puc. 7. KapTHHBI MarHUTHBIX 1TOJIeH OTHO# (a3bl (cripaBa) U
3-x a3 (cieBa) 0OMOTKH cTaTOpa TypOOoreHeparopa B
CBEPXIEPEXOTHOM PEXUME

ONeKTpOIUHAMHUYECKHE YCHUJIMSA, ICHCTBYIOIIUE B
MarHUTHOM II0JI€ Ha TOKOHECYIIIME 3JIE€MEHTHI C IUIOTHO-

CTBIO TOKA J , onpenersroTes 6a30Boit popMyIIoii:
F=i,[[7xB]as.
N
B cny4ae monsipHOH cucteme KoopAMHAT (QopMysia
(22) Tpanchopmupyercst B (opMynbl cOCpPeIOTOUEHHBIX
KacaTeJbHOM U paluainbHON COCTABIISIOIUX CHJL:
Fo=1, -J‘[BLP -sin(@— ¢, )— B, -cos((p—(pc)]-Jz-dS ;0 (23)
N
F. =1, -.[[B(p -cos(@—@, )+ B, -sin(cp—(pc)]-Jz-dS , (24
N

rae S - miuouaas CeYeHus CTOPOHBI KaTyIIKH; @, - yIIIo-
Basg KOOPAMHATA, K KOTOPOI NPUBOAATCS CHIIBL.

(22)

DJEeKTPOMAarHUTHBIA MOMEHT BpaIleHHS, ACHCT-
BYIOILIUI Ha TOKOHECYIIHE IIEMEHTBI 00MOTOK:
Moy =1y [B,-J, r-dS. (25)

S

Cunbl 1 MOMeHT 1o (22)-(25) maroT A0CTaTOYHO
MOJTHYI0 MH()OPMAIIMIO B Clyyae OTCYTCTBHS (heppomar-
HUTHBIX CepACYHHUKOB, KaK, HampuMmep, B padote [3], 4ro
MMOKa3aHO Ha pHC.6 pacmpenelieHHeM CHII 10 CTOPOHAM
ceueHnil OOMOTOK (MaciiTaObl CHII JaHbl Ha EIUHUILY
AKCUAJILHOW JJTUHBI), OO MPH PACIOIOKECHHH OOMOTOK
BHE CepAeYHUKOB [18].

Ho 8 OM ¢ 0O6MoTKaMu, pacIo0KEHHBIMH B T1a3aXx,
peasbHO CHIIBI JEMCTBYIOT HE TOJBKO M HE CTOJBKO Ha
TIPOBOJTHUKY, a MPEUMYIICCTBEHHO Ha 3yOIlbl CepICYHU-
k0B. TyT paboOTarOT AIIEKTPOMArHUTHBIC CHIIBI, XapaKTep-
HBIE [UIS (PEepPOMATrHUTHBIX CEPACYHUKOB B MarHUTHOM
nose. Ilpu OTCyTCTBMM TOKOB B ma3ax Ha IPOTHBOIO-
JIOKHBIC OOKOBBIE CTOPOHBI 3YOIIOB JCHUCTBYIOT B CpE-
HEM OJIMHAKOBEIC CHJIBI, ITO3TOMY B IIEJIOM 3JEKTpOMAr-

HUTHBIE MOMEHT MEXAY POTOPOM U CTaTOPOM OTCYTCTBY-
eT. [Ipy HaIMYMK TOKOB B MPOBOJHUKAX KapTUHA MArHUT-
HOTO T10JIs1, KaK 3TO IOKAa3aHo, HalpuMep, Ha puc. 4, ucka-
JKaeTcst, M OaJlaHC CHJI C pa3HBIX CTOPOH 3yOILIOB HapyIIaeT-
csl. AHaAJIOTMYHO, B BO3AYIIHOM 3a30pe MEXAY CEepACUHH-
KaMH pOTOpa U CTaTopa CHJIOBBIC JIMHUH TIOJISI UCKAKAFOT-
Ccsl, ¥ BO3HMKAET MpeoOiIaaroiiee 0JHOCTOPOHHE MarHHT-
HOE TsDKEHUE. B UTOre M BO3ZHMKAET 3JIEKTPOMAarHUTHBIN
BpaIIaonMii MOMEHT DM, pacueT KOTOpOro MOXKET OBITh
MPOBEZICH B COOTBeTCTBHU ¢ MeTonoM "eggshell" [17] mo

dopmyie:

(26)

I
Moy, 4 [r-B,-B,-ds,

Mo (s =7r) 3§

TJIE Fs, I'g - PAAUYCHI, OTPAaHUYIMBAIOIIUE KOJIBLEBYIO 30HY
3a30pa IUIOMAABI0 S5 CO CTOPOH cTaropa W poTopa, Mo
KOTOpPOW U IPOBOAUTCS. MHTETPUPOBAHHUE; Ll - MATHUTHAs
MOCTOSTHHASL.

D¢ GEeKTHBHOCTh BBIYHCICHHS 3JIEKTPOMArHUTHOTO
MOMeHTa 1o ¢opmyne (26) mamu mposepeHa B [10] mo-
CPEACTBOM CPaBHUTEIBHOTO PACUETHOTO TECTUPOBAHHUSI.

Hapsiny ¢ cunoBeiMu B3aumoaeicTBusmy, s OM
Ba)XHYIO pOJIb UTpatoT anektponsmwxynme cwisl (D/C).
B o0mewm cirygae B mpoBogHUKOBOM KOHTYpe DIC:

e= _a¥ , 27
dt
a B 4aCTHOM CIIy4ae JBHXYIIETocs CO CKOPOCThIO V mpo-
BOJIHHKA JJIMHOM /:
e =Ié[dixl7]
!

Jis xatymku Bo Bpamaromuxces OM gopmyna (28)

JUIst MrHOBeHHBIX 3HadeHui D/]C npeobpasyeTcs B

(28)

o Tonwly L.J‘r.gr.dS_L. Ir'Br'dS ., (29)
30 S 5, AY) 5

IJie 7 — 4acToTa BpamieHus (00/MuH); S; u S, UMEIOT TOT

K€ CMBICT, 4To U B (16).

Opmnako dopmyna (29), ucnonp3yromas pacupeze-
JIEHUE DaaualbHOW COCTABIISIOIIEH WHIYKLUMU B 30HE
HAaXOXJIEHHsl TPOBOJHUKOB, CIIPAaBEIJIMBA TOJBKO JUIs
cilyyasl WX paclojOoXeHWs B HEMarHUTHOM aKTHBHOM
cioe, KaK Ha puc. 3.

ITpn HanuuMu NMa30B 3HAYMUTENIbHAS YaCTh MAarHUTHOTO
MOJIsI KOHIIGHTPUPYETCS B 3yOIax, YTO MILTIOCTPUPYETCS
Ha pHC. 4 ¥ PUC. 5 CTYIIEHUEM €ro CWIOBBIX THHUH. Ilo-
3TOMY IPOBOJHMKHM B Ia3aX HAaXOIITCS B OYEHb OCIA0-
JIEHHOM MarHuTHoM mnoje. Ho 3To He o3Hauaer, 4to 3¢-
(heKTHBHOCTh NIEMCTBHS TMOJsI YMEHBIIAETCS 1O CpaBHE-
HHUIO CO CIIyYaeM PacIIOJIOKEHHUS POBOJTHUKOB B HEMar-
HUTHOMY 3a3ope. [ MosiCHeHus] pacCMOTPHUM Ha pHcC.8
a3 Cep/IeYHUKA B JBA MOMEHTA BPEMEHH, OTCTOSIIIIUX Ha
MHTEPBAIl IOBOPOTA poTopa Ha 1/18 wacTh yrmosoi mm-

puHEI 1a3a. OYeBUIHO, YTO CHIIOBAS JIMHUS C TOMETKOi 0
B I1a3y IMPOIIUIA 3HAYUTEIBHO OOJNBLIMN MyTh, YEM B 3330-
pe 3a mpenenaMu masza. To ecTh Ipu 3HAYUTEIHLHO MCHb-
el TUIOTHOCTH CHJIOBBIX JIMHUH B Ta3y (a 3HAYUT MCHb-
1Ieil MarHUTHOW WHIYKIIUH) UX CKOPOCTH JBHIKCHUS CO-
OTBETCTBEHHO Oouibllasi, YeM B 3azope. B memom mmeer
MECTO PaBEHCTBO
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Ba'Va'Sil’lOLa ZBH‘VH'SiHOCn, (30)

"\'|
§

Puc.8. MaruutHoe nosie B nazy OM B 1Ba MOMEHTa BpEMEHHI

I

TZIe 0L - YTOJl MEXXIy HalpaBJIeHUsIMH BEKTOPOB CKOPOCTH
V' u marHuTHOW MHAyKIMU B; uHAekch "0" u "8" coot-
BETCTBYIOT a3y U 3a30Dy.

Jlist momyuennst cpenHero 3HadeHus: JJ{C oOMOTKH
SIKOPS. MOKHO HCIIONIb30BaTh ONPENCIICHHBI Ha OCHOBE
(14) marHuTHSBIA N0TOK Ha nomtocHoM aenenun O . To-

ria 1o u3BecTHo# u3 Teopuu MIIT dopmyne:
‘n-N
=D, 31)
60-a
rae N — 9UCII0 aKTUBHBIX TPOBOJHHUKOB OOMOTKW; p, a -
YHciIa Map MOJIF0COB U apaJljIeIbHBIX BETBEH.
Ecnu xapakrep n3menenuss MIIC Bo BpeMeHH rap-
MOHHYECKHIA WiH OJIH30K K HEMY, TO MO aHAJIOTHH C [6]
no (17) moxso Haiitu ammmutyny MIIC ¥, , npoBoas B

(16) nHTErpUpPOBAHKE MO CEUYCHUSIM CTOPOH BCEX CEKITHIA
oomotku OM. Torna aetictByromee 3HaueHne I/C cooT-
BETCTBYIOIIEH OOMOTKH:

E=444.1Y¥,. (32)

Kak mokazano B [4,5], 11 OOBEKTHBHOTO aHAIH3a
peamsHOrO Xapakrepa DJIC Ha ocHoBe Qopmynsr (27)
HeoOxoaumbl BpemeHHble (yHkin MIIC o6MoTOK:

Yit); t=kAt; k=0,1,2,... (33)

MrHoOBeHHbIE 3HA4YeHUs MoToKocueruieHus ¥y Mox-
HO OIpeNensTh, Kak u B [4, 5, 7], HA OCHOBE pacueTa mar-
HUTHBIX TOJEH 111 (PUKCHPOBAHHBIX MOMEHTOB BPEMEHHU
; ¢ marom At 1o nosly4aeMoMy KaxKAblid pa3 pacupene-
nenuo BMIL

Oyuxmus V() no (33) sBusercs AUCKPETHOH H
MOXeT OBITh UCIOJIb30BaHA JJIsl TIOJYYSHUS] BPEMEHHBIX
¢ynkuuii 3J]C u BBISBIEHHS UX TapMOHHYECKOTO COCTa-
Ba ABYMS CIIOCOOAMHU.

B nepBom ciiyuae ¢pynkims Wi(#;) HemocpeacTBEHHO
packiaabpIBaeTCsi, B COOTBETCTBHU C M3BECTHBIMH MPABU-
JlaMH, B TADMOHWYECKUH PAL:

Y= Z‘Pm,n-cos(n-m-t+y,,),
n=1,3,5...
YTO MO3BOJISICT HA OCHOBAHUH 3aKOHA AJIEKTPOMArHUTHOM
unaykuun (27) nepeiitun x 9/1C odMoTku:
e= ZYZ'Q)'\Pm’n sin(n-o-t+7y,) .
n=13.5..

(34)

(35)

Bo BTopom crmyuae ¢ynkmus Wi(#) mo (33) memo-
CPEICTBEHHO TpeoOpasyeTcs B IUCKPETHYIO (YHKIIUIO

IJ1C e(#;), a MEHHO:
av —AY W Wi

e =——~r 36

k dt At At (36)
[omyuennas Tak auckperHas pyHkums 3C

elt); t=k-At; k=0,12,... 37

NP HEOOXOJMMOCTH TaKXXE€ MOXKET OBbITh pa3jioKeHa B
rapMmoHundeckuii pag dypee:
e= ZEm,n sin(n-wt+y,),
n=1,3,5...
KOTOPBIH B 1esioM mmono0eH psaay (35), XOTS B MPHUHIUIIE
MOXET MMETh HECKOJIbKO MHBIC 3HAYEHUs aMIUTUTYJ rap-
monuk DJIC E,, , u ux HavanbHbIX Basy, , KaK 97O 1o-

(3%)

KazaHo B [7].
lapmonnueckuii ananu3 ¢azupix IJIC TypOorene-
paTopoB pazIMYHBIX MOTU(UKAIMN TIpecTaBieH B [4-7].
[Ipn ananu3e mapameTpoB u mpoueccoB B OM uHo-
r1a TPUMEHSIETCS SHEPreTHYeCKHid TOAXOH. DHeprus,
3amacaemMas B MarHWTHOM II0JIe KaTyIIKH C TOKOM i, B
o011eM cityyae nojty4aeTcsi FHTerpUpOBaHHEM:
¥
W, = Ii~d‘l’ . (39)
0
Jnsi MpakTUYeCKOro MHTETPUPOBAHUS HEOOXOIMMO
NIPEABAPUTENLHO TPOBECTH pacdyeThl MarHUTHOTO IIOJIS
MU psiic 3HAYCHWH [ M B UTOTE TOJIYYHUTh YHCICHHYIO
(opMy MarHMTHOM XapaKTEPHCTUKU BO30yxaeHus OM
W(@), a B (39) ansg YHCICHHOTO WMHTETPUPOBAHUSA YXKE

MOJKHO UCIIOJIB30BaTh 00paTHyIO ¢yHkuto (V).

B ciy4ae nuHeiHOI cpenbl, TO €CTh IPU OTCYTCTBHH
(heppOMarHUTHOTO MarHUTONPOBOJIA, KaK Ha puUC. 5, 1100
Ipu BecbMa ciab0 HACHILICHHOM MAarHUTONPOBOJE, W3
(39) monmyuaercst BapuaHT HOPMYJIIBI MATHUTHOM SHEPTUU:

Wiy =051 4.7 s, (40)
N
I7Ie MHTETPUPOBAHKE IPOBOJUTCS IO IUTOMIaIN S ToTe-
PEYHOTO CEUCHHSI TOKOHECYIIINX 3JIEMEHTOB.

Hapsiny ¢ HemocpeaCTBEHHBIM OINPEAEIICHUEM MIPUBE-
JICHHOTO KOMIUIEKCa AJIEKTPOMAarHUTHBIX MapameTpoB DM,
MOJTy4YEeHHBIE Pe3yJIbTaThl MOTYT MOCIY>KUTh OCHOBOM pac-
YyeTa M MCCIEAOBAaHMS OOJiee CIOXKHBIX IPOIIECCOB, TAKHX
Kak J00aBOYHBIE TOTEPH MOITHOCTH B MPOBOJHUKAX 0OMO-
Tok OM (mpumep B [20]), MaTHUTHBIX NOTEPh B CEPIACUHU-
Kax CIIOXKHOH cTpyKTyps! (ipumep B [21]). Pacyer marauT-
HOTO TOJI B MONEPEYHOM cedeHnr OM maeT OCHOBY UIS
pelIeHus MOJIEBBIX 337a4 B TOPIEBBIX 30Hax OM [22], ko-
TOpBIE, KaK U, Hampumep, [23], ABIAIOTCS COCTaBIISIOIIEH
YacThIO HCCIIE/IOBATENLCKOIO KOMIUIEKca DM Ha OCHOBe
YHCJICHHOTO DEIIECHUs TOJIEBBIX 3ajad. JTa JaeT HOBBIC
BO3MOXHOCTH, HAallpMep, UL UCCIAEIOBAHUS 100aBOYHBIX
MAarduTHBIX MOTEPb MOUIHOCTH B JIMCTAX KpaleHX IMaKCTOB
cepaeuHuKoB OM [24].

B 3akmodeHne OTMETHM, YTO INPHUBEICHHBIN KOM-
IUIEKC MAaTeMaTHYECKUX BBIPAKCHUH SIBISIETCS YHHBEp-
CaJTbHBIM TIPaKTUYECKH JUIsl 00X THITOB OM. Bo3zmoxk-
HBIE OTJINYUSI MOTYT TIPOSIBIISAITHCS B IIOCTAHOBKE IOJIEBOM
3a71a4M, TO €CTh B ONPEIEICHUN Pa3MepoB obiacTei pac-
yeTa MarHUTHOTO MOJIs, 3aJJaHUU COOTBETCTBYIOLINX Ipa-
HUYHBIX YCJIOBHUH, YCTAQHOBJICHMM COYETaHWH BO30YXK-
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Jaromux (akTopoB — TOKOB B 0OMOTKaX.

[Tpumeps! ucronb30BaHus U Oojee MOAPOOHOE M3JI0-
KEHHE TEOPETUUECKMX M MPAKTHUYECKHX aclleKTOB pac-
CMOTPEHHOTO MOAXOa K HMCCICIOBAHUIO MAapaMETpPoOB U
mporeccoB B DM yike JaHbI BBIIIE - 3TO psAx pabdot [5-10],
HOCBSIIEHHBIX TypOoreHepaTopaM. J(QPEeKTHBHOCTh YHC-
JICHHOTO PEILIEeHUs TMOJIEBBIX 3a/1ad B 0COOCHHOCTH MPOSIB-
JSeTCS MPY pacdeTax M CO3JaHHH YHHKAJIBHBIX 00pasLoB
OM, 4T0 TaKkke OTpakeHo B psife paboT, U3 KOTOPBIX YIO-
MSIHEM, Hampumep, [3, 4, 17, 18, 25, 26] u ap.

Takum o0OpazoM, MOXHO emle pa3 3aMeTHTbh, 4YTO
JaHHas paboTa HampaBJIeHa Ha JOCTIDKEHHE ITIABHOM Iie-
i — obecneunTh 3(PQEKTHBHbIE HAYYHO-TEXHUYECKHE
ycnoBus co3faHus OM. OuepeqHbIM 3aaHUEM JOJDKHO
cTaTh OOBEIMHEHNE H3JI0KEHHBIX IPHUHIMIOB pacyera
9JIEKTPOMArHUTHBIX HapaMeTpoB DM ¢ KIACCHYECKOIO
CHCTEMOIO MX IPOEKTHUPOBAHUS, YTOOBI B MTOTe oOecIe-
YHUTH OTpEJeTIeHne Pa3MePHO-KOHCTPYKTHBHBIX HapaMeT-
POB MallWH, OTBEYAMOUIMX WX 33JaHHBIM TEXHHKO-
9KCIUTYyaTAlIHOHHBIM IapaMeTpaM U XapaKTepHUCTHKaM 0e3
JUTUTENHON OIBITHO-3KCILTYaTallMOHHOM JOBOJIKH.
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SJIEMEHTBI TEOPUH TEIIVIOBBIX U BEHTHJIAIIUMOHHBIX ITPOIECCOB
SJEKTPOJBUTATEJIEN IO KOHCTPYKTUBHOM CXEME JAC

Iapdenosuu O.H., k. T. H., ipod., TpeThbsikos A.C.

I'YBIIO "Bbenopyccko-Poccuiickuii yausepcurer"

Pecniy6immka bemapycs, 212008, Morunés, np-t Mupa, 43, ['YBIIO "BPVY", kadenpa "Dnexrponpusox u AITY",
ten. 31-14-44

Buknaoeno ocnosu meopii mennogux i eenmunayiiinux npovecie enekmpooguzynie no koncmpykmuenii cxemi /JAC, posenaoa-
ombca menyiogi cxemu 3amiujeHHA i po3PAXYHKU MENNo8uUx NPouecie Ha ix 0CHO8i, po32NA0AIOMbCA Y3a2aabHeHi cxemu 3ami-
W(eHHA eNIeKmMPOOBUZYHIE 01 PO3PAXYHKY eHmunayinnux xapakmepucmuk. Taxoyc npedcmasneni 0ocnioni oani eenmunayii-
HUX [ Men106uUX XapaKmepucmux.

Hsnazarwomea 0CHO6bI Meopuu MeniosbiX U GeHMUNAUUOHHBIX RPOUECCOE INEKMPoosuzameneil N0 KOHCIMPYKMUGHOU cxeme
HAC, paccmampugaiomea mennogoie cxembl 3aMeuieHUA U PACYEMbL MENOGHIX NPOUECCOE HA UX OCHOGe, PACCMAMPUGAIOMCA
0000uéHHbBle CXeMbl 3amMeuleHus I1eKmpooguzameneii 014 pacuyéma eeHMUIAYUOHHbIX Xapakmepucmuk. Takce npedcmagie-

Hbl OnbIMHbBIE OAHHbLE GCHMUIAUUOHHBIX U MENJI0BLIX XaAPAKMeEPUCMUK.

OJeKTpoABUTaTeIM MO KOHCTPYKTHBHOM cXeme
JAC criennansHO peAHa3HAYEHB! I PaOOTHI C peryJs-
TOPOM HamnpspkeHus B Lenu cratopa. OcoOeHHOCTH KOH-
CTPYKLHUH JAHHOTO THIA 3JEKTPOJABUTATENs MPHUBEACHBI
Ha puc. 1.
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Puc. 1. OcoGeHHOCTH KOHCTPYKIMH CHELHAIEHOTO
ACHMHXPOHHOTO0 371ekTpoasurarens JAC

Ha pucynke 1 npuHATH ciexyromue 0603HaueHIs:

1 — cTanuHa 3n€eKTpoABUTATENS; 2, 3 — MOIIMITHUKOBBIC
wuUThl; 4 — Banm poropa; 5, 6 — MOJIIKUIHUKUA CHUIIOBOTO
poTopa; 7 — MarHUTOIIPOBOJ CTATOPa; 8 — yIIMHCHHBIHA
MarHUTOIIPOBOJ, CHJIOBOIO poTopa; 9 — maielii porop; 10
— MNOJMMITHUKHA Majoro potopa; 11 — BeHTHIIsITOp, 3aKpe-
IUIEHHBIN Ha MajioM poTope; 12 — jomacTu Teniaopaccen-
BaTensl CHIOBOTO poTopa; 13 — porop TaxoreHeparopa; 14
— craTop TaxoreHeparopa; 15 — koxyx; 16 — knemMHas
KOpOOKa CO BCTPOEHHBIM AJIEKTPOHHBIM OJIOKOM peryJiu-
pOBaHHS.

Bo Bpemst paboThl 31eKTpoaBUTaTENs OOEcTeunBa-
€TCSI UHTEHCUBHBIN OTBO/] TCIIJIOBBIX NNOTEPH OT CUJIIOBOT'O
poTopa 8, IMEIOIIET0 CTEPKHEBYI0 0OMOTKY, B TOPLIEBYIO
4acTh B KOTOPOH PACIIOJIOKEHBI JIONIATKH TETIIOPAacCEenBa-
Tenst poropa 12. Jlonatku TeruiopaccenBatensl BBITIOIHE-

HBI TaKUM 00pa3oM, 4To ObI 00ECTIEUUBAJICS MAKCUMAaJTb-
HBIA OTBOJ TEIUIa OT CHJIOBOTO poTopa. [IpuHynuTenpHas
BEHTWIAIMS MU paboTe 3JCKTPOJBUTATEN Ha E€CTECT-
BEHHOW W PErYJIMPOBOYHBIX XapaKTEPUCTHKAX OCYIIECTB-
JISIETCS TIPU TIOMOIIM aBTOHOMHOTO BEHTHIIATOPA, 3aKPeTI-
JIEGHHOTO Ha MaJIOM POTOPE, KOTOPBIN BpallaeTcsi ¢ HoCTo-
SIHHOM YacTOTOM, HE3aBUCSIIEW OT YacTOThl BpalleHUs
cmioBoro poropa [1]. Bparmatonmiii MOMEHT Maoro po-
Topa 9 obecreunBaeTcst Onaromaps MOTOKOCIEIUICHUIO
poTtopa 9 u BBICTYNAIOIIEH YacTH CUIOBOTO poTopa 8.

Cpenn W3BECTHBIX, B HACTOSIIEE BpPEMs, METOIOB
TEIJIOBOTO pacyuera djeKTpoaBurarenei [2, 3, 4, 5] nau-
Oosiee npueMiieMbIM (110 MPUYHMHE OPUTHHAIBHOCTH pac-
CMaTpUBaeMOil KOHCTPYKLUH AJIEKTPOABUTATENIS) SIBIISCT-
Cs METOJI AKCIEPHUMEHTAILHOTO MOJCIUPOBaHUA. B 3TOM
Cly4ae Ha MOJENSAX WIM MakeTax AKCIEPHUMEHTAIBHO
OTIpEeNEISIIOTCA Tepenaabl TeMIepaTyp Ha OTIEIbHBIX
y37ax JEKTPOIBUTATEIS, KOTOPHIE MIPOSBIAIOTCS Ha MTyTH
JIBUYKCHUS TEIUIOBBIX TIOTOKOB OT MCTOYHHKOB TEIIOTHI K
OKpY’KalolIel cpele 3aTeM, YTOOBI SKCIIepUMEHTAIbHEIC
JAHHBIE MOXXHO OBIJIO WCIIONB30BaTh, I IIHPOKOTO
KJIacCa OJHOTHUITHBIX TIOBEPXHOCTEH, MX OOBIYHO BEIpa-
JKaroT ¢ MMOMOIIBIO Oe3pa3MepHbIX uKcen. [JaHHbli MeToS,
OJTHAKO, BECbMa TPYAOEMKHHA W IIeJIecoo0pa3eH B TOM
cilyvae, eclii MOJEIh JICKTPOJBUTATENSI KOHCTPYKTHBHO
W 1O DJIEKTPUYECKHM IapamerpaMm yxe oTpaboraHa u
onTUMHU3MpoBaHa. VIMEHHO Takas 3agada mepex HaMH
ITOKa TOJBKO CTOWT.

Heﬂb?)ﬂ, B HalIEM CJjiydac MpUMCHUTD JJId TCIJIOBOT'O
pacueTa 3JIeKTPOJBUTaTeNs U JOCTaTOYHO MPOCTOM METON
SKBHBAJICHTHBIX TPEIOIIUX IOTEPh, IMOCKOIBKY KOA(Du-
LUCHTHI, TIPUMEHIEMBIC TIPHU pacdyeTax Mo 3TOMY METO.Y,
MIOJyYeHBl HAa THIIOBBIX OTPAa0OTaHHBIX KOHCTPYKIHSIX
3JEKTPOABUTATENEH.

CnoxHbIM, HO 0oJice JIOTHYHBIM, PUMEHUTEIHHO K
HOBOM OPUIMHQJIBHON KOHCTPYKLUMHU 3JIEKTPOJBUrATENS
HAC, sBnsercs MeTon pacueTa ¢ IMOMOINBIO TEIDIOBBIX
cxeM 3aMenieHus. TersioBas cxeMa 3aMeleHUs] COCTaB-
JIi€TCA Ha OCHOBE aHAJIM3a TEIJIOBBIX MOTOKOB B OTIEJNb-
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HBIX y3/1ax osiekrpoasurarensi. OTHOCHTEIBHO IOJHAS
KapTHHA TEIUIOBBIX IOTOKOB 3JIEKTPOJBUraTENsl MO KOH-
cTpykTuBHOI cxeme JJAC nokasaHa Ha puc. 2.

Ha ykxa3aHHOM pHCYyHKE B OKPY)KHOCTSIX YCJIOBHO
0003HaUEHBI TEMIEPaTyphl y3JI0B M YYAaCTKOB 3JIEKTPO-
JIBUTATENsl - COOTBETCTBYIOUIMX "OJHOPOIHBIX Ten'", rae
BBIJICTSIFOTCSL TEIUIOBBIE TOTEPH PabOTAIOLIEr0 AJIEKTPO-
JBUTaTeNIs. B CHABOGHHBIX OKPYXHOCTSX OOO3HAYEHBI
TeMIepaTypbl "OJZHOPOAHBIX Ted" - KOHCTPYKTUBHBIX
3JIEMEHTOB UIEKTPOABUIaTENs, Yepe3 KOTOpbIe MPOXOIAT
TETJIOBBIE MIOTOKH; B YACTHOCTH:

6}‘4— TeMIepaTypa Ma30BOH YacCTH CTaTOPHOW OOMOTKH,
1. gl
rie BelaemsAoTcsa norepu AP, ; 0, - Temneparypa B 3y0-
1. gl
Lax CTaTopa, TIe BhIIENA0TCs notepu AP, ; 0, - Temie-
patypa B spMe cTaropa, € BBLACISAIOTCS MOTEpPU APCI;

911 , 9?1 - TeMIIepaTypbl B JIOOOBBIX 4acTAX 0OMOTKHU CTa-

TOpA, TJI€ BBIACIAIOTCA IOTEPU AP_J, AP72, Ola - TEMIIe-
patypa B Na30BOM 4YacTH TOKOMNPOBOASAIIMX CTEpPKHEH
poTopa, Te BBIACIAIOTCA IOTEPU APal; 92 - TeMIepary-
pa B 3yOlLlax CHJIOBOTO POTOpa, TJ€ BBIJIEISAIOTCS OTEPH

2.2
AP} ; 07 - Temmeparypa B jkelle3e CHIOBOTO POTOpa, Il

BBIJIEJISIIOTCS IOTEPU APC2 ; 92 - TeMIiepaTypa B [1a30BOMI
YaCTH TOKOMPOBOJSLINX CTEPAKHEN poTOpa BEHTUIATOPA,

IZI€ BBIIEISAIOTCS IIOTEPU APa3 ; 0

~ - TeMIeparypa B kKe-

Je3e pOTOpa BEHTHIATOpA, TJIE BBIACIAIOTCS IIOTEpU
APS; 6}1, 6% , 62, 63 - TEMIIepaTypbl IMOAMINITHUKOB,
AP}

II€ BBIAEISAIOTCS MEXAHMYECKHE IIOTEPU APnl, P

AP3, APY.

IToTepu OT TpeHus jonacTeil pOTOPOB O BO3AYX clie-
/:[yeT y‘{eCTB B HOTepHX B CTCp)KHfIX COOTBCTCTBy}OH.[I/IX
pOTOpOB.

TenyoBble MOTOKU PACHPOCTPAHAIOTCA B 3IIEKTPO-

JIBUTATeNE B CIEAYIOIIMX HalpaBlIeHUsX. TemnoBol Imo-
TOK MAa30BOI YacTH CTaTOPHOH OOMOTKH IepenaeTcs Jo-

0OBBIM HacTSIM C TEIUIOBOM HMPOBOIUMOCTBIO A, ; 3YO-
IaM M B IPMO CTaTopa - C TEIUIOBON IPOBOJMMOCTBIO
Aoy U A, , OT 3yOIIOB B IPMO CTAaTOpPA - klzc. Temnnosoit

MOTOK C JIOOOBBIX 4acTeil OOMOTKM cTaTtopa Iepenaercs

BHYTPEHHEMY BO3/lyXY C TEILIOBOH NPOBOJAMMOCTBLIO A

" kﬁ. TerioBoil MOTOK OT Ma30BOM YacTU TOKOIPOBO-
JSIIIUX CTEPKHEW CHJIOBOTO POTOpa MepeaeTcs Ha Jiomna-

CTH BEHTWIATOpa-paanaropa (IIPOBOJUMOCTD A.laa) B
3yOLIOBYIO 30HY pOTOpa (IIPOBOAUMOCTH A, ), B JKEIE30
potopa (TIpOBOJUMOCTb klac ), OT 3yOIIOB B JKeJIe30 POTO-
pa (TpOBOAMMOCTH XZZC). TemnnoBble MOTOKKM OT poTOpa

4epes3 TEIUIOBYIO POBOJAMMOCTE A . NEPENaloTCs B APMO

CTaTopa M Jajblle Yepe3 TEIIOBYIO MPOBOIMMOCT A ;. B

CTaHMHY 3JIeKTpoABuratens. BHyTpeHHUI BO31yX B Jie-
BOH 4YacTH BIIEKTPOABHTATENS C TemIeparypou 0,, mpu-

HUMasl TakKiKe€ 4€pe3 MMPOBOAUMOCTDb }\.nz TCIUIO OT MEXa-

1
HUYECKUX NoTepb AP, depe3 MpoBOAMMOCTH sz nepe-
JIaeT TEIUIOBOM MOTOK MOAUIMIIHUKOBOMY IIUTY, 4epe3

MpOBOANMOCTDH }\'2]{ - CTAaHHUHC, HOHHII/IHHI/IKOBLIi;I IuT

4epe3 MPOBOAUMOCTb A, TEPENACT TEIUIO B OXJIAXK-
JAIONIYI0 cpeny - ¢ Temreparypoir 0, CraHuHa depes

MMPpOBOANMOCTDH }\'k'l nepeaacT TeIjio HarperoMmy BO3AYXY

C TemIeparypoii 0, u nasblie 4epe3 npoBOAUMOCTh A

TEIUIOBOM MOTOK PAacceuBaeTCd B OKpY’Kalollel cpene ¢
TeMIepaTypoii 0.
BuyTtpenHuii Bo31yx B paBoil YacTH 31EKTPOIBUraTe-

11 ¢ Temieparypoil 0; uepe3 IpoBOAUMOCTb A, Iepenaer

TEIUIO B CTAaHUHY, Yepe3 MPOBOAUMOCTb A, - B KOJIBIIEBYIO

w3
MEPEropojIKy, Jajee uyepe3 MpoBOAUMOCTb A w4 B BOIYII-
HYIO 30HY BEHTWJISITOPHOTO OXJI&XKAEHHUS C TEMIIepaTypoii
04, ayee HarpeThli BO3MYX Yepe3 IPOBOAMMOCTH Aq4 U
A1 OXJIKAAETCS OKPYKAIOMIEH cpenoi 0.

Bo3zaymiHas 30Ha BEHTUIATOPHO-PAIHATOPHOIO OX-
JaKAEHUS MMEET AOCTATOYHO BBICOKYIO TeMmeparypy 0

OT TEIUIOBBIX TIOTOKOB Y€pe3 MPOBOIUMOCTh klaa U 3aBU-
CHMYIO OT YacTOTHI BpALICHHS DPOTOPAa IMPOBOIUMOCTH
A 44 » KOTODBIE BBITATHBAIOT IIOTEPH CKOJIBKEHHS CUIIOBO-

ro poropa B 30HYy HHTEHCHUBHOTO
PaMATOPHOTO OXJIAKIACHUS.
Yactp Teruia Bo3ayLIHO# 30HbI (0,) yepe3 nmpoBoau-

BCHTUJIATOPHO-

MOCTb 7‘11444 MEPEXOIUT K MPABOMY IMOALMIUITHUKOMY IIIH-
Ty, KOTOPBIIl Takke NMPUHUMAET Ha cede uepe3 IMpOBOIH-
MOCTb A, TEIUIO OT MEXaHAYECKHX MOTEPh APn2 Tpe-
HUSI B MOJIIUNHUKE. TeruoBble MOTOKH OT MOTEPh B Ma-
JIOM pOTOpEe BEHTWIATOpPAa 4Yepe3  IPOBOAMMOCTH
hne » e+ Aa
TIISATOPHO-PATUATOPHOTO OXJIaXICHUS (0y).

B BO3aymiHON 30HE BEHTWJISTOPHO-PAIUATOPHOTO
OXJIXKJICHUSI yCTaHaBIMBaeTcs Temreparypa 0, 3a cuer
MoJjayll BEHTHIATOPOM OXJIKIAIOIIEr0 BO3AyXa C TEM-
neparypoi 0, depe3 ImpOBOOUMOCTb A,4 U Iepeaauu

1 .
ne s Aq4 BBIIEINSIIOTCSA B BO3IYIIHON 30HE BEH-

BBIIIIE0003HAYEHHBIMU POBOANMOCTSMH SHEPTUH TTOTEPh
OT Pa3IMYHBIX YaCTeH 3JIEKTPOABUTATEIIS.

Ha ocHoBanum mnpuBefeHHOM Ha puC. 2 TEMJIOBOH
KapTHHBI NIEKTPOJBUTATENS MOXKET ObITh COCTaBIIEHA TEI-
JIOBasi cxema 3aMelieHus. [t CHIDKeHHs MOopsiiKa CHUCTe-
MBI ypaBHeHHH 31ekTponsurarens JAC mMoxHO mpencra-
BUTH COCTOSIIMM W3 8 "OJHOPOAHBIX Ten'"': CTaTop ¢ 00-
MOTKOH (Temmeparypa O.), pOTOp CHJIOBOH CO CTEpXKHE-
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BOM OOMOTKOM M BEHTHISITOPOM-paauaropom ( 0 p )» POTODp
BEHTIWIATOPA CO CTEPKHEBOH OOMOTKOH M JIOTIACTSIMH BEH-
tiaTopa (0, ), BO3AylIHas 30Ha JIEBOM JIOOOBOH dYacTH

(0,), BO3myIIHAS 30HA MpaBoil JIoOoBoW yacTu (03); BO3-
JyIIHasg 30Ha BEHTHIATOPHO-PAJUaTOPHOTO OXJIAXKIESHHS
(84), cranmua (0, ), NOAMMITHUKOBBIA WWMT JIeBblH (0, ).

VYrpoleHHas TeIIoBas cXeMa 3aMellEeHHs JIEeKTPOJBUra-
TEJs TpeCTaBIIeHa Ha puC. 3.

Puc. 2. Tennosas kaptuna snexrpoasurarens JAC

Puc. 3. Yopoménnas TeroBas cxema 3aMeIICHUS
anexrpoasurarens JAC

JlanHasi TemyioBas CXeMa OIHUCHIBAETCS CHUCTEMOMN
ypaBHEHHH TEIJIO0OMEHa:

AP, =0, My + X 3 +hz +he) =022 5 =
=0k Ak =0, A =03 55

APy =0, (g + e 4Dz +Hgq) =03 -y =
—0,A, -0, 0, -0, L.

AP, =04 - (e +15g) =04 20 =0, 1

p e

(M

0=04(Waa +Maa +hgg +1hg3)—
—0, .7\‘%161 _ep 'klaa_e3'}‘435
0=0y, - (heyy +2py2) =02 Ay
0=0, (o +hee) =0 A5
0=0; -(x43+xﬂ3)—e4-x43—ec-7%;
0=05(A,p +hy +2,0) =0 hyn =0, Aep =

—0,, Ay,

B cucreme ypaBHenuii (1) mapamerpbl 6 03HaYarOT
IIPEBBILLIEHUE TEMIIEPATypbl HaX TEMIEPAaTypol OKpy-
xarommeit cpenst (0,=0°C), mapameTpsl AP ONIpememnsoT
MOTEPU B COOTBETCTBYIOIIUX "OJIHOPOAHBIX Tenax":

AP. = AP + AP! + AP! + AP! + AP?;
1 2 2 2.
AP, = AF, + AP + AP + AP, ; (2)

AP, = AP} + AP} + AP + AP? + AP?;
TTOCKOJIBKY OCHOBHBIM KOHTPOJBHBIM apaMeTpoM
TEIUIOBOTO PacyeTa SJIEKTPOJBHUIATENS SBJIAETCS TEMITE-
parypa TieperpeBa 0OMOTKHM CTaTopa, TO Ha OCHOBaHUH
pacueToB 1O ypaBHeHUsM (1) ONpenensroTcs TeMmrepa-
TypHble Tons 0, O, 0,, 03, 0. B 3aBHCHMOCTH OT TOKa
cTaropa B HOMHHAILHOM PEXUME U MPU paboTe 3JIeKTPo-
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JBUTATEIS Ha PETYIUPOBOYHBIX XaPaKTEPUCTUKAX, 3aTEM
B COOTBETCTBUH C KAPTUHOM TeIIONepeaaun puc. 2 cTpo-
UTCS CTPYKTYypHasl TeIJIoBas CXeMa 3aMElIEHHs CTaTopa
aJIeKTpoABUTaTeNs (pUC. 4) U HA OCHOBAaHUM JTOH CXEMBI
COCTaBIIICTCS CHCTEMa ypaBHEHWH TeIIoBOTO OajaHca B
CTaTOpe JIEKTPOABUTATENIS:

AP} =04 - (e +hze + i) =By Doy =
—0L Ao =0, Aoy

APy =0l - ey +hozyy 420 0) 0L Ay, —
-0l.n,, —02-n,, -6 .2

AP} =0} -(hoy +hpe +12) =0, <)
—0p Ao =0, A

M JM >

G3)

m T

1 1 1
AP, = eft 'O‘zw +)\‘J12)_92 '7\'122 _OM '}“JM;
AP/ZZ = 92 '(7\'113 +}\’ﬂM)_e3 '}“ﬂ3 _e}w '}\’/W'

J

Puc. 4. TernoBas cxema 3aMemeHUs CTaTOpa
anexrpoasurarens JAC

Pemenne 3THX ypaBHEHMH MO3BOJISIET ONPENEIUTH
TEeMIIepaTypy IeperpeBa oOMOTKH CTaTropa 3JEeKTPOJBH-
rarenst B QyHKIWH MOTEPh TOKAa CTAaTopa, MoTpediseMoit
1 TIOJIE3HOM MOIIHOCTH 3neKTpoaBurarens. EcrecTBeHHO,
MOJOOHBIE PacyeThl LENeCO00pa3HO MPOM3BOJUTH Ha
II9BM. B gactHOCTH, IO PACCMOTPEHHON METOAUKE ObI-
Ja pa3paboTaHa IporpaMMa W MPOCYUTAaHA TEIUIoBas MO-
JIeIIb 3JIEKTPOABUTaTENs 0 KOHCTpYKTUBHOU cxeme JIAC.
[Ipu 3TOM mONMy4YeHBI ClEXyIOIUe Pe3yIbTaThl pacdera
TEeMIIepaTyp MeperpeBa OTACTBHBIX Y3JIOB JIEKTPOIBHUTa-
TEJsl IPU padoOTe ero B HOMHUHAIBHOM peXume (TOK cra-
Topa [, =7.1 A):

1) Temmneparypa mneperpeBa OOMOTKH CTaTopa
0, =82°C;

2) Temmepatypa neperpesa crartopa - 0, = 69°C;

3) Temmeparypa ImeperpeBa CHJIOBOTO poOTopa -

6, =71,5°C;

4) TemmepaTrypa TeperpeBa poTopa BEHTHIIATOPA -
6, =71,6°C;

5) Temmeparypa neperpesa cTaHuHbI - 0; = 54,2°C,

6) TeMmmepaTypa IeperpeBa BO3AYIITHONW 30HBI JIEBOI
J1000BO# yacTu - 0, = 65,5 °C;

7) TeMmmepaTypa meperpeBa BO3IYIIHOH 30HBI Ipa-
BOM J1000BOM yacTH - 03 = 65°C;

8) Temmeparypa meperpeBa BO3IYIITHON 30HBI BEHTH-
JIATOPHO-PAIMATOPHOTO OXJakaAeHus - 0, = 17,5°C.

Ha ocHOBaHMH NOJyYEHHBIX PACUETHBIX 3HAYECHUU
TEMIIEpaTyp IeperpeBa Ha pHc. 5 MOCTPOEHa KapTHHA
pacrpeeneHus TeMIeparyp MneperpeBa 1o rnornepeyHoMy
ceyennro dnekTpoasurarenst JIAC, Ha puc. 6 moctpoeHa
KapTHUHA PaclpeeNieHns] TEMIIEpaTyp Meperpesa 1o Impo-
JI0JIbBHOMY cedyeHuto snekrpoasurarens JAC.

JlocraTtouHas KOPPEKTHOCTh TEIJIOBBIX PacueToB
anekrponsuratens JAC mo pa3paboTaHHOW METOIMKE
OblUTa MOATBEPXKIEHA PEe3yJbTaTaMU TEIUIOBBIX HCCIIENO-
BaHUM QJICKTpOABUTATEISI B YCJIOBHAX HUCITBITATEIILHOMN
nabopaTopu MOTHIEBCKOTO 3aBoAa " DIEKTPOJIBUTA-
Tens", npoBeaeHHbIX B cooTBeTcTBUU ¢ 'OCT 183-74.

100°
80°

600

400

@ 20°

Puc. 5. Kaptuna pacnpezneneHus TeMieparyp 1o nornepeqyHomy
ceuenuto vekrpoasurares JAC:
- Pacnpenenenue Temmeparyp 1o

CCUCHHUIO C — C
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100°
80

60
40

@20

Puc. 6. Kaptuna pacnpeneneHus TeMneparyp 1o npoaoJsHOMY
ceueHuo AekTpoasurarens JAC:
- Pacnpenenenue Temmeparyp 1o

CCUYCHHMIO a — a

el —— - Pacripe/iesieHUE TEMIIEPATYD TIO CE-

yeHuto 0 — 0

Pe3ynbTaThl HCHBITAHUNA MMOKa3ajid, YTO HOMHUHAJb-
HBIA PEXHUM BJIEKTPOJBUIaTelsA, OINpEeeisieMblid TpU
[1B-100%, xapakTepusyercsi CIEIyIOUIMMH HapaMmeTpa-
Mu: HanpsbkeHreM - 220/380 B, Tokom - 7.1 A, wacroroi
- 50 I', MmommHOCTEIO - 2.5 kBT, MOMeHTOM Ha Bamy — 17.6
H*wm; mpu 3ToM Temrieparypa meperpeBa OOMOTKH CTaTo-
pa snexrpoasuratens -0, = 80°C.

BeHTUnsAIMOHHYIO  MOJENb  paccMaTpHBaeMOro
anektpoasurarens JJAC M0XHO M300pa3uTh B BUAE CXe-
MBI 3aMEIIEHHs, COIAEPXKAIEH COMPOTHBICHUS BO3MYII-
HOMY IIOTOKY, COEAMHEHHBIE MEXIy CO00H oTpe3Kamu
KaHaJIOB, HC UMCIOIINX COITPOTUBJICHUA.

B cootBeTcTBUM € KOHCTPYKTHMBHOM peaiu3aunuen
anektpoasuraressi JTAC 5OrMYHO paccMaTpuBaTh JBE
CXEMBI 3aMeIleHUs: OIHY - IIPU paboTe 3JIEKTPoABUTATE-
751 B HOMMHAJIBHOM PEXHME, KOTJla BPAIAloTCs C OJ1Ha-
KOBBIMH CKOPOCTSIMH 00a pOTOpa: CHIIOBOM M BEHTHIISTO-
pa (puc. 7), apyryio - npu paboTe 3JIEKTPOJBHUIaTelIs C
3aTOPMOKEHHBIM CHJIOBBIM POTOPOM, KOTJa Bpauiaercs
TONBKO pOTOp BeHTHWIATOpa (prc. 8). B cxemax 3amerre-

HUs TPUBEIEHbI O0O3HAYEHMS: Z;p - CONPOTHBICHUE
BXOZIa BO3[yXa B KOXKyX U€pe3 PEICTKY KPBIIIKH BEHTH-

nstopa; Z,p - CONPOTHBIEHHE BXOAA B OTBEPCTHE MO/
IINITHUKOBOTO IIMTA; Z3p CONPOTHBICHHE BBIXOJA BO3-

AyxXa U3 OTBEPCTUM LIUTA: Z4B - COIIPOTUBJICHUC ITOBO-

pOTa MOTOKa MPH BXOJE B BEHTHJISITOP CHUIIOBOTO POTOPA;

Zsp - CONPOTHBIEHUE MOBOPOTA MOTOKA IPHU BBIXOJE €

JIONATOK BEHTHJIATOPA CUJIOBOTO POTOPa; Zgp - COMPO-
TUBJIEHHE TIOBOPOTA TIOTOKA IMEPE] BXOJOM B MEXpe-

6epHI>Ie KaHaJlbI, Z7B - COIIPOTHUBJICHUE KOCOI'0 BXOJa B

Me)er6epHI)I€ KaHaJIbI; Z8B - COIPOTHUBJICHUE BbIXOJa
II0TOKa M3 Me)Kp€6epHI)IX KaHaJIOB B CBO60}IHO€ mpo-

CTPaHCTBO, Z9B - COIMMPOTHUBJICHUC MMOBOPOTA MMOTOKA NpU

BBIXOJIE 32 JIONIATKK BEHTWJIATOPA MAIIOr0 POTopa; Zyop -
COIIPOTHBIICHHUE CY>KCHHUSI KaHajla Tepel]] BXOIOM B MEX-
pebepHble KaHaNbl, Z|,p - CONPOTUBICHUE CYKEHHS Ka-

HaJla repesi BeHTHIATOPOM Majoro poTopa.

ZeéB Z5B Z4B Z11B
H H H
ZsB Z7B Z3B Z2B Z1B
Z10B
1
S

Puc. 7. BenTunsnuoHHas cxema 3aMeleHHs SIEeKTPOIBUTATENS
JAC B HOMUHAIBHOM pEXHUME

Z9B Z11B
ZsB Z7B Z3B Z2B Z1B
—{——H ]
Z10B
—
S

Puc. 8. BeHTHISIIMOHHAS cXeMa 3aMeIeHYs DJICKTPOIBUIaTelst
JAC mpu paboTe 37eKTpOABUraTeNs C 3aTOPMO>KEHHBIM
CHJIOBBIM POTOPOM

[IpumeHsist onepaly MOCIEIO0BATENLHOTO U Mapall-
JICTBHOTO CJIOXKEHUSI COMPOTUBIICHUH, MOXKHO YIIPOCTUTH
CXECMY 3aMCIICHUA BeHTI/IHﬂHHOHHOﬂ MOJECIN DBJICKTPO-
JIBUTATEIsI B HOMUHAIILHOM pexume (puc. 9).

Z'2B
—
C—
Z'B Z'4B
—{ 1
Z'3B

Puc. 9. O606méHHas cxeMa 3aMeIeHNs HIEKTPOIBUTaTeNs
JAC B 11t pacuéra BEHTWISILIMOHHBIX XapaKTePUCTHK

B 00001méHH0# cxeMe 3aMeILEeHHs

Z{g=Zo5+Zgp (4)

Zhp = ZyptZaptZsptZeps ®)
ZéB:ZmB» (6)
Zhp=Zp+Zyp+Zsp 7

CyMMapHOe CONpPOTHUBJICHHE BEHTUISIIMOHHON CeTH
ANEKTPOABHUTATENS P paboTe B HOPMAIBHOM PEKUME:

/
Z;IB :Zl/B"'ZaB+Z4Ba ()

Enexkmpomexnika i Enexmpomexanika. 2006. Ne2



/ /
VAY VA
rae ZQB = /2B 3B/ 5 (9)
(WZ2p +VZ3B)

Janee 3amaua pacuera BEHTWIALIMOHHOW MOJENIU
DJIEKTPOABUTATEIIA CBOAUTCA K PACUETy ad’pOAWHaMHU4C-
CKUX XapaKTEPUCTHK BEHTHIIATOPOB M XapaKTEPUCTHKH
BO3yxonpoBosmieii cetn. OKpy»KHasi CKOPOCTh Ha Ha-
PYXHOM THaMETpe BEHTHIISTOPOB:
T D2 ‘n

60
rac Dz- Hapy)KHbIﬁ AUaMETp JIOMAaTOK BCHTHUJIATOPOB,

Uy , (10)

7 — 9acTOTa BpaIleHHs BEHTHISTOPOB.
Pacxon Bo3ayxa npu 3aTOPMOKEHHOM POTOPE:

0;=0" 7Dy -b) -uy, (11)

*
rae 0 - OTHOCHTENBHBIA pacxol BO3IyXa; bé - IIUPUHA

JIONIATKK BEHTUIISITOPA CUIIOBOTO POTODA.
Pacxon Bo3myxa mpu HOMUHAJIBHOM PEXHUME PaOOTHI:

0,=0"-(n-Dy by -uy +1-Dy by -up),  (12)

rjie b, - IHMPHHA JIONIATKA BEHTHIIATOPA MAJIOTO POTOPA.

OTHOCI/ITCH])H])IC paz[MbeI BeHTMﬂHTOpOB CHUJIOBOI'O
1 MaJIOTO pOTOPOB, COOTBETCTBCHHO:
« Dy—2-L, « Dy-2-L,
v, =————
(4

, I, =————, 13
D, W D, (13)

rae L., L, - JuIMHA JIONMAaTOK BEHTUIIATOPOB, COOTBETCT-

BEHHO CHJIOBOTO M MaJIOr0 pOTOPOB.

JlaBneHue BO3IyXa, CO37aBacMOE BEHTHISITOPAMHU,
OIIpEZIEeTIsIETCST BHEIIHEH XapaKTepPUCTUKOW BEHTHIISIIM-
OHHOM CHUCTEMBI B OTHOCUTEIIbHBIX €AUHULAX:

- I HOMUHAJIBHOTO PeXHUMa:

Pn=1-02 =1 2)-(0.5-0)+k,  (14)
- 11 pe)KI/IMa C 3aTOpMO>K€HHLIM pOTOpOMZ
p3=05-(1-r,)=r,>-02+05k  (15)

rae k - KO3(pQUIMEHT BOCCTAHOBJICHUS CTATHYECKOTO
MOMEHTA, MOKHO IIPUHATH paBHBIM 0.4,

PeanbHOE naBieHHE BO31yXa, CO3/1aBacMOC BEHTH-
JSITOpaMU Ji7Isi HOMHUHAJIBHOTO PEXUMa U PeXUMa C 3a-
TOPMOXKCHHBIM POTOPOM, COOTBETCTBEHHO:

* 2 * 2
Py =Dy Py, b3 =p3-p-up,
rae p - MIOTHOCTb OXﬂa>K£laIOLLlel7I Cpeanbl.

(16)

[Torepn naBneHus B ceTH Ipu paboTe B HOMHUHAIb-
HOM PEXHMe:

2
Ap, =Z,4-9;, (17)
IloTepn naBIeHMs B CETH NpH paboTe ¢ 3aTOPMO-

JKEHHBIM POTOPOM:
/ 2
Apy = 23463 (18)
HWcnonb3ys npuBeneHHbIE BbINIE (OPMYIIBI, MOKHO
paccyuTartb U MNOCTPOUTH BHCHIHUEC aA3pOAMHAMUYCCKHUC
XapaKTePUCTUKH BEHTWIATOPOB 3JIEKTPOABUTATENS IPH
HOMHHAIIEHOM peXXUMe pabOTHI U IPU paboTe ¢ 3aTOPMO-
JKEHHBIM POTOPOM:
P, APi=f(8,); P, AP, = f(8,).
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YK 621.313

OCOBEHHOCTH NPOEKTUPOBAHUA NTHAYKTOPHOI'O ABTOTPAKTOPHOI'O
I'EHEPATOPA C KOMBUHUPOBAHHBIM BO3BYXJIEHUEM

[Terpenko A.H.
AO "CKBb Yxpanekrpoman",
VYkpauna, 61005, Xapbskos, yi. Mckpunckast, 37

ITerpenxo H.A., k.T.H., goL.

HarmonaneHbIil TEXHIYECKUA YHUBEPCUTET "' XaphKOBCKHUN MOIUTEXHUIECKAN HHCTUTYT"
VYxpanna, 61002, Xapekos, yi. Opynze, 21 HTY "XIIN", kadeapa "DnekTprudecKkie MamuHbI"
ten. (057) 707-68-44

Ilokpawienns mexHiKo-eKOHOMIYHUX NOKA3HUKI@ €/1eKMPOOONAOHAHHA ABMOMODINII6 ma CilbeOCHMAWUN € AKMYATbHOI0 RPO-
onemoro. Y cmammi po3enanymi NUManHA RPOEKMYSAHHA POMOPA 2eHepamopa 3 nocmistnumu mazuimamu. Pooouuii npoyec
MAazZHimoeneKmpuuHol Yacmunu 2eHepamopa po3iAHYmMuil Ha OCHOGI cxXemu 3aMIU|eHHA 306HIWHBO20 KOa MazHima 3 ypaxy-
GAHHAM MAZHIMHO20 CMAHY CAM020 maznima. /Ina po3paxynKy 306HIUIHbO0I XAGPAKMEPUCMUKU UKOPpUCIAaHna podoua diazpama
nocmiiinozo maznima.

Yayuwenue mexnuko-sxonomuueckux nokazameineil I1eKmpoooopy008aHus aemMomModunell u cenbXo3Mauiut A61Aemca aKmy-
anwvHoil 3a0aueil. B cmamve paccmompenst 6onpocst npoeKmMuposanus pomopa 2enepamopa ¢ ROCMOAHHbIMU maznumanu. Pa-
Oouuii npoyecc MAZHUMOIIEKMPULECKOU HACMU 2eHEPAMOPA PACCMOMPEN HA OCHOBAHUU CXEMbl 3AMEU|CHUA 6HEewHell yenu
MAZHUMA C YUEMmOM MAZHUMHO20 COCMOAHUA CaM020 maznuma. /Ina pacuema enewneil XapaKmepucmuKku ucnob306ana papo-

uas Ouazpwmna ROCHIOAHHO20 MAaZHuUma.

DHEeproBOOPYKEHHOCTh COBPEMEHHBIX aBTOMOOMIIEH
U CEeNbX03MAIlMH ITOCTOSHHO PACcTET, YTO TPeOyeT MOBHI-
MICHHUA MOIMHOCTHU aBTOTPAKTOPHBIX MCTOYHUKOB. Cnox-
HBIC YCJIOBUSA JOKCILIyaTalluWu aBTOTPAKTOPHBIX I'€HEpATO-
POB, CBA3aHHBLIX C IMOBLIIICHHBIMU BI/I6paLIl/IHMl/l, 3Ha4Yu-
TENIbHBIE Teperajibl TeMIEepaTypbl OKpY’KaromeH cpesl
BBIJIBUTAET YCIOBHS CO3JaHUS BHICOKOHA/IC)KHBIX MHOT'O-
(a3HBIX OECKOHTAKTHBIX HHIYKTOPHBIX TEHEPATOPOB C
KOMOMHHPOBaHHBIM B30y kaeHHeM [1].

B TpamummoHHBIX KOHCTPYKIMSX WHIYKTOPHBIX Te-
HEpaTOpOB KOMOWHUPOBAHHOTO BO30YXKIEHUS IOCTOSH-
HBbIE MarHUTHI TIPH JBYXCTOPOHHEM HWIIM OJHOCTOPOHHEM
BO30YXIEHIH Pa3MENIAl0TCS Ha HEMOIBIKHOM CTaTOpe.
B paccmaTtpuBaeMoil KOHCTPYKLMU T'€HEpaTopa MOCTOSIH-
HbIE€ MarHUTHl pa3MeIICHBl B Ia3ax BPALIAIOIIETOCS WH-
nykropa. Takoe KOHCTPYKTHBHOE pEIleHHE MO3BOJISIET 32
CUeT COBMEUICHUs (QYHKIHMH MHAYKTOpA yJIYYIIUTh Mac-
corabapuTHBIC TIOKA3aTEIIH.

I'eoMeTpust MarHUTHOW CHCTEMBI T€HepaTopa ompe-
JieJIeHa Ha CTaJuM €ro 3JEeKTPOMarHUTHOIO pacuera, B
CBSI3M C YeM, YUCIIO TIOCTOSHHBIX MAarHUTOB M UX IIpe-
JIeNbHBIE pa3Mephl C YYETOM KOHCTPYKIIUH KPEIICHUS B
ra3ax MHAYKTOpa CUMTAIOTCS 3alaHHBIMHU [2].

B kauecTBe MOCTOSHHBIX MAarHHTOB C Y9ETOM JKC-
IDTyaTallMOHHBIX, TEXHOJOTHYECKINX W CTOMMOCTHBIX IIO-
Ka3aTened pPEeKOMEHIIOBaHbI MAarHUTOTBEPIbIC (EPPHUTHI
(oxcumHO-OapueBble aHW30TpOINHBIE Mapku 22PA220),
oOaaromue BHICOKMM 3HAY€HHEM KOAPIIUTHBHOW CHIIBL,
OTCYTCTBHEM CTPYKTYPHOI'O CTapeHHs B MHTEPBAJIEC TEM-
nepatyp +£60°C.

[Tpenamnonaraem, 4To 3JEKTPOMATHUTHBIA pacyeT re-
HepaTopa yXK€ BBIIOJIHEH, T€OMETPHs MAarHUTHOW CHCTe-
MBI U TTapaMeTPbl OOMOTKH SIKOPSI K3BECTHBI.

PasMeppl TIOCTOSHHBIX MAarHUTOB OIPEACISIOTCS
TeOMETPHEH 3yOLIOBOTO CIIOS HHAYKTOpA M TPEOOBaHUSIMH
K caMoBO30yxaeHuio reHepatopa. CoBmemeHune (QyHK-

IUil MHAYKTOpa OOYCIIaBIMBAaeT OCOOEHHOCTH pacueTa
MarHUTOAIEKTPUIECKOW 4YacTh TeHeparopa. OObeM Tmo-
CTOSIHHBIX MarHUTOB OTPEIEIINM U3 BBIpKeHUS [2]

0.9 P, -0y G kg hyy -k 10°

m

4'kcp'f'BMO'HMK'

rae P. - momHOCTh reneparopa; o=1,1...1,2 — ko3-
(unyeHT, y4uTHIBAIONIMK TaJeHHe MarHWTHOTO Harps-
xeHust, B pomsix MJIC peakuun sixkopst; o(=1,05...1,15 —
KO3 (UIMEHT paccesHUs B PEKHME XOJOCTOIO XOJa;
k44 =0,85...0,86 — koapdpurment npusenerns MJC pe-
aKIUH AKOps 1o mpoxonsHON ocu k MJIC B030YXaeHHS;
kyp=12 -~ k=v2 -
KpPaTHOCTh TOKa KOPOTKOTO 3aMBbIKaHUSI TpU cosp=1;
kep=1,11 — ko3pduLmeHT POpMBI KPHBOH IIPU CHHYCOH-

Ko3pPHUIMEHT ymapHOCTH;

JanabHOH (hopMe HanpsDKeHus; f - 4acToTa Toka; B, -
UHJYKIUS B HEHTPaJbHOM CEUEHHM MarHuUTa IPU XOJIO-
CTOM Xone; H,; - HalOpsDKEHHOCTh MarHUTHOTO MOJ,
ompeieIsieTcs 10 KpUBOM HaMarHUYKMBaHUsL.
3nauenust B, u H,, IperBapUTEILHO MOTYT

OBITH IPUHATHI

By =(0,6...0.8)B, ;

Hyy =(0,6..08)H,,
rae B, u H,. - U3 KpUBOM pa3sMarHMYMBaHHUs MarHUTA.

HCO6X0,Z[I/IMyIO BBICOTY MarHura OIpe€aciIuM U3 BbI-
paxxenusd
045 kog g oy T4
m — s
HMK

rae kyg=1 — o0OMoTOuHBIN KO3()GUIUEHT OOMOTKHU SKOPS

h

JUIS COCPEIOTOYCHHON OOMOTKH; T - TIOJIFOCHOE JIJICHUE;
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A - nuHelHas Harpyska.
ITpu cocpenoToueHHOIt 0OMOTKE SKOPSI
m-Wy -1
C
A= ZTh e
n-D
ITpu 3amannbIX 3HaueHusX P., A, f, 2p obwvem
MTOCTOSTHHOTO MarHUTa Ha €MHUITY MOIIHOCTH ONpPEAes-
€Tcsl U3 BBIPaKEHUs
P-kg

V. = ,
8-kog ki - f - Bocp - A4

m

E
rae kg = 8 ~1;

ON
T Fs + F
kg = 11,122-0,122- | 2>—Z% KO3 u-
LTI ) F

uueHT  Gopmbl  MarHuTHOro  mois.  OTHolIeHHe
Fs+F,
802 6 1,1...1,25;

Fy

* P
Bécp =B, - (1+8 )2 -1 ! - CpenHss UHAYKIUA

. :
p *
(1 + 8*)2 +1 P8
o JJIMHE BO3AYIIHOT'O 3a30pa;

« 2:8 . o
0" =—— - OTHOCHUTEIbHBIN BO3yIIHBIN 3a30D;

M
0 - BO3AYLIHBIM 3a30p OT MOBEPXHOCTH MAarHuTa o
HOJTIOCOB CTAaTOPA;
D,, - tmaMeTp Hapy>KHOI MOBEPXHOCTH MarHUTOB.

Pabounii mporecc MarHUTORNICKTPUYIECKON YacTh
TeHepaTopa pacCMaTpUBAETCS HA OCHOBE CXEMBI 3aMellle-
HUSl BHEUTHEW IIETTM MarHWTa C y4eTOM MarHWTHOTO CO-
CTOSIHUSI CAMOTO MarHuTa. PacueT MarHHUTHOTO COMpPO-
TUBJICHHS] BO3JYIIHOTO 3a30pa C YYeToM 3y04aroro
CTPOEHHUS K0P Rs5 MOXKET OBITH BBIIOJIHEH C HCIOJIB30-

BaHueM merona I[loyis [2], MmO KOTOpOMY CTEHKH 3yOIIOB
SIKOPSL ¥ POTOpPA 3aMeIIaloTcs (GUKTUBHBIMH C HAKIIOHOM K
TOpU30HTaNBHOM auHNK Tox yrioMm B=1,0...1,1 pax.
Pacuer MarHHUTHOTO CONPOTHBICHUS PACCESHHA
MarHura Rg,, BBINOJHsAETCA IO MeTony OBepmena-ITuky.

Marnut pa3duBaeTcsi Ha Y4aCTKH CHMMETPUYHO OTHOCH-
TENBHO OCH, NMPOXOASIIeH yepe3 cepenuny maruuta. Ka-
KJas mapa CHMMETPUYHBIX YYaCTKOB COEIUHSETCS TPYO-
KaMH MarHATHOTO TTOTOKA PacCesiHUs 10 BCEMY MepHMeT-
Py MEXIy JHMHUSIMH PaBHOTO MAarHUTHOTO ITOTEHIHAIIA.
MarauTHOe CONPOTHBIICHHE BHEIIHETO KOHTYypa pacces-
HUSI PacCUMTHIBACTCSI C yYETOM TOTO, YTO HAa KayKABIHA
MarHuT poToOpa NPHXOANUTCS 1/ Zp 4acTh IOIEPEYHOrO

CEeUeHHs sipMa SIKOPsI, KOPITyca, BTYJIKH OOMOTKH BO30YX-
JIeHNs1, TOTIOJTHUTENIBHOTO 3a30pa U T.A. YUHTHIBas ciaboe
HACBHIIICHHEe MATHUTHOM [EMH, MPU pacuyeTe MarHUTHBIX
COTPOTHBIICHU# HCIONB3yeM MAaTrHUTHBIC MPOHHIIAEMO-
CTH, COOTBETCTBYIOIIHE HEHACBHIILICHHOMY COCTOSHHIO
(beppOMarHUTHBIX MAaTEPUAIIOB.

Ha ocHoBaHMH KpHBOW pa3MarHMYMBaHUs MaTepHa-
na MarHuta ( B, - H,.) ¢ y4eToM ero paamMepoB IOCTPOUM

KpHUBYIO pa3mMarHuuuBaHus Maruura (@, - F, ), kpusas 1

(puc.1), tne @, -

r OCTATOYHBIA IIOTOK Mar’sura,

®,=8,-S,; F,=H_.-h, - xoopuutusHas MJIC mar-

HHUTA.

&~

Pso
&5

Puc. 1.

Jnsi MarHUTOB Ha OCHOBE MarHUTOTBEPIBIX (eppu-
TOB IIPH OTIpelieNieHun [, 3HadyeHus [ . onpeneinum Ha

[IEPECEUEHUN MPOJOJDKEHUS JIMHEHHOM 4YacTH KpUBOMU
pa3MarHuuuBanus ¢ ocero abcuucc H.'. Ilpu 3Tom mo-
ayuaem ycnosnyto MJC F,, = H,.'h,, . Ilocne onpenene-
Hust H_.' w3 xpusoit (B, —H_.) MOXHO OIpENeuTh CO-
MPOTUBJIEHUE MAarHUTA:

B
rae B=—%

c
Iox yrmoM oy MPOBOAMM MarHUTHYIO XapaKTepH-

CTHKY paccesiHHs MarHuTa — npsMast 2. Berauras u3 kpu-
Boil 1 mpsamyro 2, moay4uM NpsMyr 3 — 3aBUCHMOCTb
MarHuTHOTO TIOTOKa, OTJaBaeMOr0 MarHUTOM BO BHEII-
HIOI0 MarHUTHYIO 1erns oT M/IC marauTa mpu X0JIocToM
xozne, T.e. P59 = f(F,,). lox yriom o,y mpoBoguM mar-
HHUTHYIO XapaKTEepUCTUKY BHEIIHEH Lenu — npsmas 4 (ec-
JI MarHUTHas Lenb HeHacklmeHa). [lepeceuenne npsMpIx
3 u 4 onpenensieT MArHUTHBINA ITOTOK B BO3AYITHOM 3330-
pe @5y u MJIC marauTa F); ) Ha XOJIOCTOM XOY.
JHeticrButenbHoe 3HaueHue IJIC xoy0cTOoro Xoaa
Eoy =4.44- D50 - f Wy ks -

[TapaMeTpbl Harpy3KH B 3aJaHHOM peKUMe

U,

R, :—(b~c05(p;
C
U

Xy :I—q)~sin(p.

C
Tpebdyemas 3JIC xosocToro xoma NpH Takoil Ha-
rpy3ke

2
B Ic-(XqH-XdH+R )

_ ads
RN

rae Xy =X, + Xy

Xgg=Xg+Xy;

Rydy = Rag + Ry ;

SIS S
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X :M.(W(b .k06)2 Dag s

aq np
Xg=Xogqg+ X3
4 . m . f
X, =—— Wy -k ‘A
ad np ( ¢ ""o6 )2 ad
Xy - MHOYKTUBHOE CONPOTHBIICHUE paccesHus o0-

MOTKH SIKOPSI.

Ecmn Eg # Ey , TO HEOOXOOMMO CKOPPEKTHPOBATE
00bEM MarHuTa v IOBTOPUTH PacyerT.

Jlnst pacyera BHEIIHEW XapaKTEPUCTHKH UCTIONb3YeM
pabouyto auarpammy marauTa (puc.l). B pexunme xono-
croro xofa (touka O Ha mpsmont 3) I. =0, MJC npo-
JOIBHOM COCTaBIAIOIEN peakuun sikopa F,; =0 u Ha-
npsbkeHue reneparopa U = Ey, .

ITpn yBenuueHWM TOKa HArpy3ku pabouas TOUKa
cMemtaeTcs K3 nojoxeHuss O 1o JMHUU 3 BIIEBO-BHU3.
3agaeMcsi HeCKOJIbKMMHU pabouumu toukamu (1, 2, 3 n
T.I.) HA JIMHUU 3 ¥ ONpPENeTUM COOTBETCTBYIOIIHE STHM
peXUMaM 3HAa4YEeHUs TOKa W HaNpsDKEHHsS TeHepaTopa.
Touke 1 COOTBETCTBYET 3HAaUEHHE IOTOKA B BO3IYIIHOM
3a3ope @D, u Hekoropoe 3HaueHne MJIC marauta F,

pacxomyeMoli Ha mposefeHue noTtoka @ 1Mo BHeEmHEH
MarHuTHOM ILeNM TeHepaTropa M Ha NPEeoJoJIeHHE Ipo-
JIOJIHOM coCTaBNIsAIoIEN peakuyu skops F,; . Ilo nps-
Mot 4 Dy = f(F) noroky P COOTBETCTBYET HEOO-
xogumass MJIC BHemHel MarHuTHOM nenu Fy;. Torma
MPOJIOJIBHAS COCTABIAIOIIAs PEAKLUU SKOpS B PEXKUME
TOuKH 1
Foqg =F —Fy.
O/1C HarpyxeHHOTO TeHepaTopa B TOUKE 1
Ey =4,44-Qg - f Wy kog -
Yron y mexay SAC u TOKOM MOXKHO OINpPEAETUTh

AQHAIMTUYECKH TI0 U3BECTHBIM MapaMeTpaM r'eHepaTopa:

Wy = arctg

go-(1g)  Jte’o-(+g)
2 b

4

X q R, -tgo .
re g= ;
H
S- 7 —-Xs+R, 180
ad
S - ATl TEHepaToOpoOB C COCPENOTOYECHHBIMH OOMOT-
KaMH OTIPEJEIIIeTCs U3 BhIpakeHus [2]
4
5= 22 Wy hyq.
I
Tox rereparopa 11 Touku 1
I — F ad
s-siny
®a3Hoe HanpsbKeHUe I TOUKH 1
U= Ey—1-(X,-siny+R, -cosw)
cos(y —¢)
[oBTOpsAss pacuer misg Todek 2, 3 W T.A. TMOIYIHM
COBOKYIHOCTh 3HA4Y€HWIl TOKAa Harpy3kd TeHeparopa u
COOTBETCTBYIOIINE UM 3HAYEHUS (ha3HOTO HANPSDKEHUSI.

B pexuMe KOpOTKOro 3aMbIKaHUs! TTOJIOKEHUE TOYKH
K Ha xpuBOii pasMarHuuvBaHus (JUHES 1) ompenenum,
NpoBeNs NPSIMYI0 5 TOA yriioM o, . BenmmunHy MarHur-

HOTO TIOTOKAa B PEXHWME KOPOTKOT'O 3aMbIKaHHUs OIpese-
muM ucxoxad us toukd K na muaum 3. MAC F,; mpu

KOPOTKOM 3aMBIKaHUH paBHa [ . YTOI Wy NpU KOPOTKOM
3aMBIKAaHUW ONIPENIEIINM W3 BBIPAKECHUS

q
=arctg—-.
Yk Qa

3nas F,; =F,, Yy, U § MOXHO ONpPEICIUTh TOK

KOPOTKOI'O 3aMBIKaHUs TeHepaTopa.

B AO "CKb VYkpanexTpoMami" CHpOEKTHPOBaH U
H3TOTOBJIEH 10 3aKa3y 3aBoja X 13 ombITHas mapTus aB-
TOTPAKTOPHBIX T'€HEPaTOpOB C KOMOMHUPOBAHHBIM BO3-
Oyxnenuem MorHocTbio 1 KBT, Hanpspkenuem 14...28 B,
yacToTol Bpamenus 4500+500 06/MHH ¢ TOKOM Harpy3ku
72...36 A. IlocTossHHBIE MAarHUTHI KPEMATCS Ha KICHO B
raszax poTropa ¢ MOCJIEAYIOIIEN 3aIMBKON pOTOpa altOMHU-
HHUEM.

B Hacrosmiee Bpemst 1o pa3paboTaHHBIM METOIUKAM
MPOEKTHPYETCs] TeHepaTop MOIIHOCTRIO 1,5 kBT, Hamps-
xenuem 14...28 B, wacrortoii BpamieHust 5000+500
00/MHuH.
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BJUSTHUE KOHO®UT'YPAIIUU 3YBIIOBOM 30HbI CTATOPA HA
JEKTPOMATHUTHBINM MOMEHT U PAJTUAJBHBIE DJIEKTPOMATHUTHBIE
CIWIbI BEHTHJIBHO-PEAKTUBHOI'O 3JIEKTPOABUI'ATEJIA
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Ykpauna, 65044, Onecca, nip. llleuenxo, 1, D3, kadeapa 3meKTpUIECKIX MAIIHH
Hayuno-niponsBoacTBenHOe npeanpustue "OmxecMOHTaXCIeIITPOeKT"

VYkpauna, 65005, Onecca, yn. lanpauikas, 23

ten.(048) 738-58-55, E-mail: rimsha@omsp.od.ua, npo@omsp.od.ua

Pagumor W.H., k.T.H., gor,.

Hayuno-npousBoacteenHoe npeanpustue "OnecMOHTaXCIEUPOeKT"

VYkpauna, 65005, Onecca, yn. Janbauikas, 23
ten.(048) 738-58-55, E-mail: npo@omsp.od.ua

Yan Txu Txy XbloHT

Opecckuii HAMOHANBHBINA OJTUTEXHUIECKUN YHUBEPCUTET

Ykpauna, 65044, Onecca, nip. llleuenxo, 1, D3, kadeapa 3meKTpUIECKIX MaIIHH

Hageoeno pesynomamu nopieHANbHO20 AHAIZY €1EKMPOMAZHIMHO20 MOMEHNY MA PAOIAIbHUX eNeKMPOMAZHIMHUX CUl 01
yomupugaznozo eenmunbHo-peakmuenozo osuzyna (BP/l) 3 uucnom noniocie 16/12 npu piznomanimuux eapianmax Koughicy-
pauyii 3youesozo wapy cmamopa. Ilokazano, wo 6ubip hopmu 3youn cmamopa € dazamokpumepianvha 3aoauero, UpiuieHHs
AKOW Heo0XIOHO 30IliCHIOsamu 3 YPaxy8aHHAM CReyUpIiKu HAGAHMANCEHHA eneKmponpueody 3 BP/I.

Ilpeocmasnensl pe3ynbmamosl CONOCMAGUMENILHOZ0 AHANU3A INEKMPOMAHUMHO20 MOMEHMA U PAOUATILHBIX INEKMPOMASHUM-
HbIX CUTl ONA Yemblpexdhaznozo 6eHMuUIbHO-peakmuenozo osuzamens (BP/) ¢ uucnom nontocoe 16/12 npu paznuunsix eapuan-
max Konguzypayuu 3you060ii 3onvl cmamopa. Iloxazano, umo 6v160p opmul 3youa crmamopa A614emca MHOZOKPUMEPUATILHOTL
3adaueil, peuwieHue KOMOPOii HEOOX00UMO OCYULECBIAMD C YUEmOM CheyuhuKu Hazpy3Ku Inekmponpueooa c BP/].

B [1] npokazaHo, uTo KOH(pUrypanus 3youa craropa
OKa3bIBaET CYIIECTBEHHOE BIMSHHUE HA (hOPMY 3aBUCHMO-
CTH 3JIEKTPOMAarHUTHOro MomMeHTa (OMM) OT HoNoKeHUs
potopa BeHTHIBHO-peakTtuBHOTO neurarers (BPI). Hc-
CIIeZIOBaHUS TPOBOAWINCH mpu HemsmeHHo MJIC 006-
MOTKU cratopa BPJl ¢ cooTHOLIEHHMEM 4YMCEN MOJIIOCOB
cratop/potop=16/12 mist MyCKOBOTO peXuMa WA PexH-
Ma Meperpy3ku, XapakTepH3YIOIUXCsS ITyOOKHM Hachl-
LIEHUEM MarHUTHOW CHCTEMBI ABUTaTelns. B pesyibrate
HCCHC}IOBaHI/lﬁ CACJIaH BBIBOJA O TOM, YTO HaWMMCHbIIAsA
BeJIMUMHA myjibcaimid OMM obecnieunBaeTcs IMpU BbI-
MOJTHEHUU CTAaTOpa ¢ TparenueBUaHOM GopMoii 3yoria.

B T0 ke Bpems cieayeT OTMETUTb, YTO Takas (opma
3y0lia craTtopa yXy/IlaeT TeXHOJIOTHI0 OOMOTOYHBIX pa-
00T, yMeHbIIaeT 00bEM MEKIIOJIIOCHOTO IIPOCTPAHCTBA H,
CJIE/IOBATEINILHO, 3alIOJHEHNE I1a3a MEZbI0, YTO, B KOHEY-
HOM HTOT€, IPUBOJNT K CHI)KEHHIO TTOJIE3HON MOIIHOCTH
BPJI. Kpome sroro, npeacraBisieT NpaKTUYECKUH HHTE-
pec OLEHUTH BiIMsAHUE (OpPMBI 3yOLia cTaTopa Ha BEJINYH-
HY paaMaibHBIX 3JIeKTpoMarHuTHBIX cwi (OMC) mpu
SKCLEHTPHUCUTETE POTOPA.

I/ICXOHH H3 TOro, 4TO BO MHOTUX ITPUJIOKCHHUAX OIl-
penemsIomuM ABJsieTCS He BeIHMUMHA Mynbcaiii SMM B
ITyCKOBBIX pEeXUMax (HampuMep, IPH BEHTHISTOPHOH
Harpy3ke 3JIEKTpONpHUBOAa), a cpenHuiit MM M cp 32

Nepruoa KoOMMyTalnu, ObllIa IIOCTaBJICHA 3a/ladya CpaBHUTH

pabouue cpoiictea BPJI, a umenno: M, , koodduumenra

mynbcatuuit Ky, @ TAKKe BEIMYHHBI PAIUaTbHBIX

anexTpoMarHUTHBIX ciil (OMC), BO3HUKAIONIUX HPH JKC-
LEHTPUCHUTETE POTOPA, JUIS CIEAYIONINX TPEX BapHaHTOB
UCTOJHEHUs 3y0I110B cTaTtopa (puc. 1):

BapHaHT | - TpamenueBHIHBIN 3y0er ¢ yrioM Ha-
KJIOHA CTeHOK 5° (puc. 1, a);

BapHaHT 2 - TpalelMeBUIHBIN 3y0er ¢ yrioM Ha-
KJIOHa cTeHoK 2,5° (puc. 1, 6);

BapHaHT 3 - 3y0enm C mapaiieNbHBIMH CTEHKAMH
(puc. 1, B).

CpaBHUTENBHBIA aHAIU3 MIPOBOJIWICA NPU HEM3MEH-
HbIX JId BCEX BApPHUAHTOB I'COMETPHUYCCKUX pasMEpax ak-
tuBHOM yacti BP/] (cM. Tabmuiry).

Tabnuna
I'eomeTpuueckue pazmepsl BPJ]
HaumenoBanue
BHemnmii auamerp craropa, MM 130
Juamerp poropa, MM 80
AXTHBHAs JUIMHA, MM 80
Boszaymssii 3a30p, MM 0,25
Koadhdunpent nomocHoro nepekpeitus ctatropa | 0,5
Koadhdunpent nomocHoro nmepekpsitus potopa | 0,42

PacuerHble mcciIe0BaHUS MPOBOAMINCH C HCIOJb-
30BaHHMEM TIOJIEBBIX MaTeMaTHIECKUX Mojenei [2]. Diek-
TPOMAarHUTHBIN MOMEHT U pajguansHele OMC ompenens-
quck MetozoM "eggshell" [3].
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Puc. 1. BapuanTts! ucrionnenus 3youa craropa BPJI 16/12

Ha puc. 2 npencrasiensl 3aBucumocta OMM M B
(YHKIMM MEXaHHYeCKOro yriia I0BOpoTa poropa O .
JlaHHBIE 3aBHCHMOCTH IIPUBEAEHBI AJISI PACCMOTPEHHBIX
BEHIIIIE WCHONHEHUH 3yOma mpu aByx 3HadeHmsx MJIC
obmotku craropa: 350 A u 700 A. Bemmunaa M/JIC 350
A COOTBETCTBYET PEXHMY paOOTHI ABUTATENs, OIM3KOMY
K HOMHHaIbHOMY. M3 puc. 2 BUAHO, YTO B 3TOM Clly4ae
3apucuMoctd M = f(®) mpaKTHYeCKd COBMAJAOT. B
ciydae ynsoeHHo MJIC 3TH 3aBHCHMOCTH TaKXe COBIIa-

Jal0T B MOMEHT BKJIFOYEHHs TpaH3HCTOpoB (O =11,25°)
M 3aMETHO OTJIMYAIOTCS IPYT OT Apyra B MOMEHT HX BBHI-
kimouenus (O =3,75%).

Jlanubie puc. 3, oTpaxarmue u3MeHeHue M cp B
3aBHCHMOCTH OT IDIOTHOCTH TOKa J B OOMOTKE CTaropa,
MTOJTy4YEeHBI C YYETOM yBEIMUYEHHS IUTONIaAn OKHA H, COOT-

BerctBeHHO, MJIC da3bl npu mociaenoBaTeIbHOM Tepe-
XoJie OT BapuaHTa | 3y0Iia cTaropa K BapuaHTy 3.

Hanpuwmep, npu J = 10A/ o MJIC da3sr muis Ba-
puanTa 1 paBHa 678 A, a 1y BapuanTa 3 — 786 A.

M, Hu

114

=

\

24 "1/ ‘ Iepuon kKomMmMyTanuu

0 T T T T T T T T
0 125 25 37 5 625 75 875 10 125 125 1375 a0

Puc. 2. 3aBucumoctn M = f(®) 111 HOMHHAIBHOTO TOKA 1

peXUMa JBYXKPaTHOH IEperpy3KH IO TOKY

M,,,Hu
12

10 4

0 . .
2
0 5 10 15 20 J, A o

Puc. 3. 3asucumocrn M, = f(J)

W3 mpexcTaBiaeHHBIX Ha puc. 3 3aBHCHMOCTEH ciie-
JyeT, 4TO IPH 3aJaHHOH IUVIOTHOCTH TOKa OOJIbIIas BEJIU-
unHa M, obecreunBaeTCs MpH BBIOIHEHNH 3yOla cTa-

TOpa C MapayieIbHBIMA CTCHKaMU (BapHaHT 3).
Hnst atux >xe 3HaueHUH J BBINOIHEHBI PacyeThl
K 1y . OPEAEISeMOro no gopmysre:
M max M min

myJbC. — >

2- Mg,

K

rae M. U M, - MaKCUMallbHBI U MUHUMAJIbHBII

MOMEHTBI Ha MEpPHOAE KOMMYyTauuH. PesympTaTel npen-
CTaBJeHbl Ha pUC. 4, OTKyJa BUJHO, YTO HPH MaloM
yPOBHE HachIeHHs MarHUTHON tern BPJT Ky, . Mano

OTJIMYaeTCs Ui Pa3HbIX BAPHAHTOB HCIIOJIHEHHs 3yOLa
cratopa ¥ Haxonutcsi B mpenenax 5%. C pocTom sJiek-
TPOMAarHUTHBIX HArpy3o0k myiascauuu OMM pe3ko BO3-
pacTaroT, B OCOOCHHOCTH I BapuaHTa 3yOlla ¢ mapai-
JICITHBIMU CTEHKAMHU.
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Puc. 4. 3aBucumocTu Kr[ynbc. = f(J)

[IpencraBneHHbIE BBIIE PACYETHBIE HCCIIEAOBAHUS
MPOBOJIWINCH JUIs uaeanbHoro ucnoiaHenus BPI, B koto-
POM BO3IYLIHBIA 3a30p BBINOJHEH IOJHOCTbIO CHMMET-
puaebiM. Ha mpakTike jxe HaOIromaeTcss OTKIOHCHHE
3a30pa OT CUMMETPUYHOTI'O, BEI3BAHHOE KaK TEXHOJIOTHUYE-
CKHMH, TaK U MHBIMU NPUYMHAMU. PannanbHbI 3KCLEH-
TPUCUTET BO3IYIIHOTO 3a30pa MPHBOAWT K HebaraHcy
panunaneHeix OMC, melicTByronmx Ha potop BP/l. B pe-
3yJabTaTe ATOrO0 BO3HUKAET HEKOMIIEHCHPOBAHHAs CHJIa
OJIHOCTOPOHHEr0 MAarHUTHOTO TMPUTSDKEHUsSI, YBEIUUYH-
BaIOIasl HATPY3KY HA MEXaHUUECKUE YacTH JBUTATEIIS.

Papuansueie OMC uccnegoBanucek Aias Tpex Bapu-
AHTOB UCIIOJIHEHHS 3y0IIa CTaTopa MPY CMEIICHUU POTOPa
OT OCH BpallleHHs Ha BeM4YMHy Ag . B kauecTBe mpumMepa

Ha pHC. 5 IpPEACTAaBICHbI PE3Y/IbTaTbl PacYeTOB MaKCH-
MaJbHBIX 3HAueHUH HeOalaHCHBIX paJUalbHBIX CHI
Fhax » IMEIOIIHMX MECTO IIPH COIJIaCOBAHHOM I10JI0XKEHUH

MIOJIIOCOB POTOPa M BO30Y>KIAEMBIX IOIIOCOB CTATOpa, B
3aBHCHUMOCTH OT IUIOTHOCTH TOKa J TPHU 3KCLEHTPUCHTE-

te Ag=01-8(puc. 5, a), As=03-8 (puc. 5, 0),
As=0,5-8 (puc. 5, B), rae & =0,25MM - BO3IyIIHBIH
3a30p MPH OTCYTCTBUH IKCIIEHTPUCUTETA.

U3 puc. 5 BumHO, 4TO Haubosbliee 3HaYeHHE Heba-

JAHCHOW CHJIBI HaONIOmaeTcs TpPHU BBITOTHEHWH 3yOIia
CTaTOpa TPANEHUEBUIHBIM, C YIJIOM HAKJIOHA CTEHOK,

paBHBIM 5°, & HAMMEHbIIEE — MPH BBIMOIHEHUH 3y0Ia ¢
napanaeabHbIMU CTEHKaMH.

BBIBO/IbI

1. Brmonnenue 3y6ua craropa BPJ] Tpaneunesun-
HOW (OPMBI TIO3BOJISIET CYIIECTBEHHO CHHU3UTH BEJINYNHY
nynbcauuiit MM BPJ B pexume neperpysku.

2. Tlpu BBIONHEHUH 3y0OLla cTaTopa C Mapauieib-
HBIMH CTEHKaMH oOecrieuymBaeTcsi HanOoJbIee 3HAaUCHUE
cpeaaero OMM.

3. Haumbonpmmuii Hebamanc DOMC, BbI3BLIBAEMEBII
9KCIIEHTPUCUTETOM POTOpa, UIMEET MECTO IPH Tparenue-
BUIHOH (opme 3yOna cratopa BP/I.

4. BriOop koH(bUryparmu 3yOI0BOH 30HBI CTaTopa
JIBUTATEJIS SIBJISIETCS. MHOTOKPUTEPUATIbHOM 3a1aueld, 1mpu
peLIeHn KOTOPOil HEOOXOJMMO YUUTHIBATH OCOOCHHOCTH
Harpys3kH 371ekrponpusosaa ¢ BP/I.
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Puc. 5. 3apucumoctu [, = f(J) mpu Ag = var
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Haeedeno ananiz necnpagnocmeil ACUHXPOHHUX e1eKMPoOsuzynie. Po3zuanymo npuuunu eUHUKHEHH MA XapaKmep po3eumKy
munogux ¢iomoe. Hasedenuii ananiz icuyouux memooie 0y0yeannsa cucmem 0iazHOCMuUKU. 3anponoHosana cmpyKmypa cucme-
MU KOHMPOJIA MEXHIYHO20 CMANY ACUHXPOHHUX 08UZYHIB, AKA 6UKOPUCMOBYC IH(OPpMAYilo nPO MUMMESL 3HAYEHHA CIPYMie ma

Hanpyz cmamopa.

Ilpedcmasnen ananusz omKaz08 ACUHXPOHNBIX IieKmpooguzameneii. Paccmompenst npuuunsl 603HUKHO8EHUA U XapaKmep pa3-
eumus neucnpagnocmeii. Ilpuseden ananus cywecmeylouwux nodxo00e K nocmpoenuio cucmem ouaznocmuxu. Ilpeonoscena
CIPYKIYypa cucmemvl KOHMPONA MEKYUie20 COCMOAHUA ACUHXPOHHBIX INEKMPOOsuzameineil, UCROIb3YVIOUAA OAHHbIE 0 MZHO-

6CHHBIX 3HAYECHUAX MOKO6 U Hanp;mceuuﬁ cmamopa.

BBEJIEHUE

AcunxpoHHBIE 3nekTpoaBurarenu (AJl) ABISIOTCS
pacnpoCTpaHEHHBIM THIIOB 3JIEKTPHUECKUX MalHH. J[oms
ACHHXPOHHBIX NPHUBOJOB COCTaBISAET okosuo 95%. Otkas
AJl MOXeT MPUBECTH K OCTAHOBKE OTBETCTBEHHOI'O MeXa-
HuU3Ma. B 3ToH CBSI3M HameXHOCTh 3KciyaTanuu AJl
sBisieTcsl (pakTopoM Oe3aBapHitHON pabOTHI Pa3IMIHBIX
TEXHOJIOTHUECKHX TporeccoB. OIHUM U3 IMyTeH COKpa-
LIEHUS BHEMJIAHOBBIX MPOCTOEB U MOBBIILICHNS HAIEKHO-
CTH 00OPYAOBAHUS SIBISIETCSl TUATHOCTHKA, KOHTPONIb U
MIPOTHO3MPOBAHUE HAaMOOJIEE YacTO BCTPEUAEMBIX HEUC-
npaBHocTeil AJl B mpolecce dKCIUTyaTanuu. M3BecTHo,
YTO HauOOJIBIIYIO JIOJIO OTKAa30B ACHHXPOHHBIX AJIEKTPO-
JIBUTaTeNIeil COCTaBJISIIOT HEMCIPABHOCTH OOMOTOK CTaTo-
pa (BUTKOBBIE 3aMbIKaHHNs1, OOPBIBBI IIPOBOAHUKOB U T. II.)
[1, 2]. HccnegoBaHue NOpUYUH BO3HUKHOBEHMSI HEHUC-
MIPaBHOCTEH, WX NPOSBICHUH W BIMSHHUS Ha XapakTep
JIEKTPOMArHUTHBIX M TEIUIOBBIX MPOLECCOB SBIIACTCA
Ba)KHBIM 3TallOM B IIOCTPOCHUH CHCTEM JHATHOCTHKH.

AHAJIN3 HEMICITPABHOCTEN CTATOPHBIX
OBMOTOK AL

OTtka3bl 0OMOTOK MOTYT OBITh BBI3BAHBI pa3pyIie-
HHEM HX H30JALHUH, Pa3pbIBOM NPOBOIHUKOB, U IPYyTUMHU
HCUCIIPABHOCTAMM, BBI3BAHHBIMU PSAJAOM IMPUYUH (BO3-
JeHCTBUEM TeIUIa, BUOPALIUH U T.1I.).

OxHuM u3 GakTOpoB M3HOCA M HOCIEAYIOLIEro pas-
PYLIEHHS M30JSILIMOHHBIX MaTepUaliOB SBJISETCS IIPOJIOII-
KHUTEIIbHOE JIEWCTBHE MOBBIMLICHHBIX TeMIiieparyp. V3oms-
LUl COXPaHSET CBOM CBOWCTBA B TEUCHHE HOMUHAIBHOTO
Cpoka ciry>k0pl DH TIpd MaKCUMAaJbHO JOITyCTUMOHN TEeM-
nepatrype 0,,; [1]. MicTounnkamu Temna ABJIAIOTCA IO-

TCPpU B ME€IH, AKTUBHOM CTalu U JOIIOJIHUTECIIbHBIC I1OTEC-
pu. BenuunHy notepb B 00MOTKaX MOKHO ONPEICIIUTH 110
BEJIMYMHE TOKOBOM Harpysku (B; = 1/1 H - koo duument

Harpy3ku 1o Toky). IloBelmeHHass TemmepaTypa H30iIs-
LIMH BBI3BIBAECT COKPAIICHNE CPOKa ee CIIykObl. B kauect-

Be IpuMepa Ha puc. | MOKa3aHbl 3aBUCHMOCTH MPEBbIIIIE-
HUSl yCTAHOBUBILEICS TEMIIEPATYPhl U COKPALLEHUS CPOKa
CI1y>KObI JIOOOBOW YacTH OOMOTKHM CTAaTopa OT KO3 QHUIH-
€HTa Harpy3Kd B OTHOCHTENbHBIX CANHULIAX.

Ha rpadukax BHAHO, YTO HE3HAYUTEIBHOE IPEBBI-
[ICHHAE TEeMIEePaTypOl NOIMYCTHMOTO 3HAYCHUS BBI3bIBACT
3aMeTHOe COKpalieHne cpoka ciryxObl. [Ipu pexume ko-
potkoro 3ambikanus (K3) f; =7+8, Bpemsa paboTsl co-

KpamaeTcsa 10 MUHYT U MCHEC.

.. Da
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IToMuMO BEIMYMHBI TEMIEPATYPHI, OONBIIOE 3HAUE-
HU€ MMEIOT Tak)Ke CKOPOCTh € HapacTaHus (TPaIueHT).
BricTpblil pOCT TEMIEpaTyphl BBI3bIBAET HEPABHOMEPHOE
TEIJIOBOE PaCIIMPEHUE MATEPUAJIOB, YTO MOXKET BBI3BATh
BBIXOJI M3 CTPOsI OOMOTKU NPHU TeMIeparypax, MEHBIIUX
MaKCHMAJIBHO JIOITy CTUMOH.

TakuM 00pa3oM, KOHTPOJb TEIIOBBIX IEPErpy30K,
HX TPaJMeHTOB W BPEMEHH JICHCTBHS SIBIACTCS BaKHOU
3a7ja4el CHCTEMBI INarHOCTHKH.

ITomumo paBHOMEpHOTO TeperpeBa 1o (aszam cra-
TOpa MOTYT UMETh MECTO TIEPErPY3KH 10 OTACIBHBIM (a-
3aM I10 IPUIMHE HECUMMETPHUH Pa3IMIHOTO PoJa.

HecummerpuyHoe NUTAIOIEE HAMPSKEHHE MOMKET
BbI3BATb TOKOBBIE IIEPETPY3KH U NEPETPEB OTACIBHBIX
¢a3. TOCT 13109-97 ycraHaBnuMBaeT, 4TO JUIUTEIBHO
JIONYCTHMBbIE 3HaYECHUS KOA(PPUIEHTa HECUMMETPUHU HE
JOJDKHBI MpeBbImaTh 2%, NpeAenbHo Jomyctumsie 4%.
Ha mpakTike HECUMMETpHsI 9acTO MPEBBIIIAET HOPMUPO-
BaHHbIE 3HAYCHUS, YTO HETAaTUBHO CKa3bIBaeTcs Ha pabo-
Te AnmekTponsurareneit. Tak mpu kodpduIreHTe HECUM-
MeTpHH McTOYHMKA nuTaHus B 20% cpok ciryxObl 0OMo-
TOK cocTaBisier 3,5 daca [4], 9TO TOBOPUT O HEIOITyCTH-
MOCTH PabOTBI JBUTATEINS B JAHHBIX yCIOBHSX.

Oco060 oTpuIaTeNbHOE BIMSIHHE HECUMMETPHS OKa-
3bIBA€T B JAMHAMHUYECKHX pEXHMMax. Tak BCIEACTBHE 3a-
TSAXKHBIX ITYCKOB UMECT MECTO YBCIIMYCHUEC MJIIMTCIIbBHOCTU
TEIJIOBBIX Ieperpy3ok. [103ToMy Ba)KHO KOHTPOJIMPOBAThH
HC TOJIbKO BCJIMYUHY, HO U JJIUTCIbHOCTb TOKOBBIX IIE€pEC-
rpy3ok. CienoBaTenbHO, KOHTPOJIb HECHMMETPHH, OCO-
OEHHO B JMHAMHYECKHUX PEKHUMaxX, UMEET OOJbIIOe 3HA-
YeHHe.

HecumMmeTpuuHblil pexxuM UMEET MECTO U MpHU pas-
JUYHOTO POAa HEHWCIPABHOCTAX (0OpBIBE (ha3wl, 0OpEIBE
MapaJuIeNbHBIX BETBEH, MEXBHUTKOBBIX 3aMBIKAHUSX U
T. 1.). [IppanHamMu MoryT OBITH: BHOpaLUH, OCOOECHHO
MIPH TUIOXOW YBS3KE M MPONHUTKE OOMOTOK, MPOOOH H30-
JIAIU B PE3YJIbTATEC MCXaHUYCCKOTI'O NOBPCIKACHUA U TIP.

[Tpu oOpeiBe (ha3wl 1 Harpy3ke nopsaka 75% Toku
ABUTATCIIA MOI'YT HC MNPEBbIITATH HOMHUHAJIBHBIX, OJJHAKO
1I0CJIe OCTAHOBKM ¥ ITOBTOPHOT'O BKJIFOUCHHS! BO3HUKAET
pexuM K3 ¢ nocnenyrommm BeixogoM AJl u3 cTpos.

OOpBIB OJTHOI W3 TTAPAUICITFHO COSANHEHHBIX BETBEH
MIPUBOUT K HECHMMETPHH, KOTOpas NpH MOHWKEHHOU
(mopsinxa 90%) Harpyske HE OKa3bIBa€T OTPHLATEILHOTO
BJIMSTHUS, OFHAKO IYCK 3aTSHKHOM, C TIOBBIIIEHHBIMU TOKa-
MH, KOTOPbIE MOTYT BBI3BaTh BBIXOJ] U3 CTPOSI IEKTPOABH-
raresst. B kauectBe mpumepa B Tabin. 1 s asuratens AO
262, IMEIONIETOo 10 2 MapajielbHbIe BETBH B K01 (haze
IIOKa3aHbl OTHOCHUTCIIbHBIC (baSHbIe TOKH U UX HAYaAJIbHbIC
(as3sr ¢ 1mpu 0OpBIBE OTHOI BeTBH B aze 4 [5].

Tabmnuma 1
OTtHOcuTeNbHBIC (pa3HbIE TOKU U MX HadaJbHbIE (a3bl IpH 00-
PBIBC NAPAJIJICIIBHON BETBU

B Wy Brs VB Bre Ve
0.85 0° 1.07 -109° 1.07 109°

U3 Tabm. 1, cnemyer, 9To MMEET MECTO Iepepactpe-
JieJIeHHEe TOKOB, IIPH 3TOM IPH IMOHIKEHHOH Harpyske ux
3HAYCHUsT MOTYT HE NPEBBIATH [;, OIHAKO (UKCUPYS
CIIBHT I10 (haze, MOXKHO OOHAPYKUTh HEUCIIPABHOCTb.

bonee cnoxHOM 3amauen SBISIETCA JIUArHOCTUKA
MEXBUTKOBBIX 3aMbIKaHUW. [IpHunHaMu BO3SHHKHOBEHHS
HEHCIPAaBHOCTH MOTYT OBITh: pa3pylIeHHE W3O0JSIIUU MO
MIPUBECHHBIM BHINIE MPUYHMHAM, OOPHIB NPOBOJHUKA H
np. Hanuuue 3apoxaaroliyxcsi BUTKOBBIX 3aMbIKaHUM
HE3HAYHUTENIFHO OTpaXkaeTcs Ha BEJMYMHE U (aze TOKOB
craropa. OHAKO MOBBIIIEHHBIE TOKH B KOPOTKO3aMKHY-
TBIX BHUTKaX BBI3BIBAIOT MECTHBIH HArPEB M YCKOPEHHBIH
W3HOC M3OJISILIMOHHBIX MarepuasoB 0€30TKa3HOW paboThI.
CyIIeCTBYIOT pPa3IUYHBIC METO/bI OOHAPYKCHUS MEXK-
BHUTKOBBIX 3aMBIKaHHH, CPEIN HUX MEPCHEKTHBHBIN - aHa-
JIN3 TAPMOHMYECKOI0 COCTaBa TOKOB CTaTOpa.

BonpocaM JAUArHoCTUKHU COCTOSAHHA JJICKTpOABUTA-
TeNel IOCBSIICHO 3HAYUTEIBHOE KOJHMYECTBO OTEYECT-
BEHHBIX W 3apyOeXHBIX HccliefoBaHmid. lcmomb3yercs
MHO)KECTBO TIO/IXO/IOB: aHAJIM3 BHOpaIMi, I10JIsl, SHEPTo-
Gananca, TOKOB, HAIIPSDKEHUH cTaTOpa U JIp.

JmarHocTHYecKe CHUCTEMBI, OCHOBAHHBIC Ha KOH-
TpoJie BUOPOaKyCTHYECKMX CHUTHAJIOB Pa3padaThIBAIOTCS
AO BACT, Poccust, C.-I16. u psimom 3apyOexHBIX (GUpPM.
Bubparu conpoBoXgar0T paboTy Jr000T0 MEeXaHW3Ma H
MOTYT OBITh BBI3BaHBI Pa3IMUHBIMHM NMPUYMHAMH: HecOa-
JIAHCHPOBAaHHOCTBIO BpAILAIONIMXCS YacTed, nedekramu
MOJIIIMITHUKOB, Je()eKTaMd MarHUTHBIX Lened H T.J.
VYceTpoiicTBa, NOCTPOEHHBIE HAa KOHTPOJIE XapaKTEPHBIX
COCTaBJISIFOLIMX BHOPAIMOHHOTO cUTHaNAa 3((HEKTUBHO
CHpAaBISIOTCA € OOHApy)XEHHEM MEeXaHWYeCKUX HEHC-
MIPaBHOCTEH, BBIABUTH KOTOPHIE 3aTPYAHUTENHHO APYTH-
MH METOAAaMH, OJHAKO OOHapyKEHHE 3apOXKJIAIOIIUXCS
BHUTKOBBIX 3aMBIKAHUH MO-BHAMMOMY 3aTPyIHEHO BBHILY
MAaJIoil MHTEHCUBHOCTH BHOpAINii, UMH BBI3BaHHBIX, JaT-
YUKW BUOpanuid SBIISIOTCS JOPOTOCTOSIIMMH M JIETKO
TMOBPEKIAEMBbIMU

CucTeMbl THarHOCTUKU HEHUCIIPABHOCTEH Ha OCHOBE
aHaJM3a paclpesiesieHnsl 1ol 00JIalaloT BBICOKOM WH-
(hOpMaTHBHOCTBIO U LIEHHBI B JIAOOPATOPHBIX YCIIOBHUSX,
OJTHAKO WX MPAKTUYECKOE MCIIONB30BaHUE OTPAaHHYCHO B
BUJY CIIO)KHOCTH M3MEPEHHUS MO,

HepCHeKTl/IBH])lM SABJIACTCA METOJA OJHEProarardHo-
CTHKHM, OCHOBaHHBIM Ha aHAIHW3€ ypaBHEHHWH >Heprooda-
JIlaHCa MTHOBEHHBIX MOIITHOCTEH BO BCEX 3JEMEHTaX KOH-
CTPYKIMM 3JeKkTpoasuratens [6]. B HacTosmee Bpems
JIAaHHBIM NOJXOJ HY)KIAeTCs B JaJIbHEH LIEH TeopeTuye-
CKOi1 pa3paboTke.

WudopmaTrBHBIM TIOIXOOM K JWArHOCTHKU 3JIEK-
TpoABUTaTeNeH SBISETCS HCIOJIb30BaHME IOKa3aTeseH,
CBSI3aHHBIX C MTHOBCHHBIMH 3HAYCHHMSMH TOKOB CTaTopa.
JUis OTCTpOMKU OT HOMEX, MOMYy4YaeMbIX OT HCTOYHUKA
MUTaHUsI 4acTo (PUKCUPYIOTCS Taroke (pa3HbIe HAIPSHKEHUS.
B ocHOBe MeTona JIEKHUT TOJIOKEHUE, UTO JIF000e N3MEHe-
HHe B pabore AJl oTpaxkaercsi Ha BEIWYMHE, CHMMETPHU
WJIM TAPMOHUYECKOM COCTaBe TOKOB cTaTopa. Takum oOpa-
30M, AHATM3UPYS W3MEHEHHS B MTHOBCHHBIX 3HAYCHHAX
TOKOB BO3MO)KHO OTPE/ICIUTh HATHIHE, B YACTHOCTH, BUT-
KOBBIX 3aMbIKaHU, 1 CTETNIEHb UX pa3BUTHs [7].

[lepeuncieHHbIe CUCTEMBI IUATHOCTHKH HE obecre-
YUBAIOT IMOJIHBII KOHTPOJb HEUCIPABHOCTEH, MOITOMY
nMeeTcs HeoOX0AMMOCTb X COBEPILIEHCTBOBAHUSI.
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CTPYKTYPA CUCTEMBI JUATHOCTHUKU AL
BXO#HBIMH CHUTHaNaMH SIBISIFOTCS: BEJIMYUHBI, CUM-
MEeTpHsi U TApMOHUUYECKHH COCTaB TOKOB craropa. HeoO-
XOOUMO TaKK€ KOHTPOJIUPOBATH MUTAIOINUC HAIIPSAKCHUA,
IMMOCKOJIbKY HMX HCKaXXCHHUC MOKET BbI3BATh MNPOSABJICHUS,
CXO0XKHE C MPOSIBICHUSIMU HEHCIIpaBHOCTeN. BaxkHoe 3Ha-
YeHHE HMEeT KOHTPOJIb TeMmIeparypsl obOmortok. [lo-
CKOJIbKY M3MEpEHHEe TeMIIepaTyp NpsIMbIMUA U3MEPEHUSIMU
Ha IIPaKTHKE HE BCeraa yAo0HO, CIEAyeT OLCHUBAThH €e
METOaMH MOJEIHMPOBAHMSA, B TOM 4YHCJIE HEOOXOANMO
pa3paboTaTh METOAMKY pacueTa MECTHBIX HarpeBa B yC-
JIOBUSIX HAJIWYHSI HEUCTIPABHOCTH.
YhpomieHHas CTPYKTypa CHCTEMBI AUAarHOCTHKHA AJ]
C MCIOJIb30BaHUEM MUKPOIPOIECCOPHOTO KOMILIEKCa IpH-
BejieHa Ha puc. 2. COOp JaHHBIX O (pa3HBIX TOKAX U Ha-
IPSDKEHUAX, OCYILECTBIIIET U3MEPUTEIbHBIN KOMILIEKC.

ALl
i(?) \}L u(t) \}L

W3mepurenbHo-
peoOpa3oBaTeIbHBI KOMITIEKC

4L

MHUKpPOIIPOIIECCOPHBIN KOMIUIEKC

JL

Cucrtema OIIOBCHICHUA U aBapHﬁHOFO
OTKJIIFOYCHUA

Puc. 2. Ctpykrypa cucteMbl AMarHocTUKU AJ]

N3mepuTenbHO-TIpeoOpa3oBaTeIbHbII KOMILIEKC
OCYILIECTBIISIET TIPE0Opa3oBaHNe CUTHAJIOB C JaTYUKOB B
JUCKPETHBI BHUJA. B MHUKpPOIPOLIECCOPHOM KOMILIEKCE
peanu3oBaH alrOpUTM BBISABICHHS: HECUMMETPUH U Tap-
MOHHMYECKOI'O COCTaBa MUTAIOIIUX HAMPSKEHUH, BEIHYU-
HbI, HSCUMMETPHUH ¥ TapMOHHUYECKOTO COCTaBa TOKOB. Ha
OCHOBAHUU IOJIyYEHHBIX IAHHBIX, UCXOHAS U3 PacCMOT-
PEHHBIX BBILIE MPOSBICHUN HEUCIPABHOCTEH U CEPbE3-
HBIX aHOMAaJIbHBIX PEKUMOB BBIHOCHUTCS DPEIICHHE O JHO-
ITyCTUMOCTH JaJbHEHIICH paOOThI, HAIMYHS HEUCTIPABHO-
CTH, ONPEIEIICHUs CTENCHNU €€ Pa3sBUTUS U IMPOTHO3UPO-
BaHHE 0’KHJIAEMOTO CpOKa 0€30TKa3HOH paboTHI.

WNupopmanus o TEKyIIeM COCTOSIHUM 3JIEKTPOJBHIa-
TeJsl COOOIAeTCs ONepaTopy ¢ MOMOIIBIO CHCTEMBI OIIO-
BelleHusl. B ciiyyae HE0OXOIMMOCTH TPOMCXOAUT OT-
KIIFOUCHUEC IBUIaTCIIA.

BBIBO/IbI
OcHameHne 3JIEKTPOABUATATEICH CHCTEMaMU JIHar-
HOCTHKH, IPOTHO3UPOBAHUSI M PaHHEro OOHAPYKEHHS
HEHCIPABHOCTEH IO3BOJIIET YICHICBUTh HUX PEMOHT U
aKcIuTyataiuoo. [lpeiaraemass cucrema AMArHOCTHKU
MTO3BOJIUT B OoOJIbIIEM OO0BEME OCYIIECTBUTH KOHTPOIIb,
MIPOTHO3UPOBAHUE U TUATHOCTUKY HEUCIIPABHOCTEH.

(3]

(3]
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MATEMATHUYHE MOJE/TIOBAHHSI EJJEKTPOMEXAHIYHUX KOJIMUBHUX
IMPOLECIB BATATOMACOBOI CUCTEMH 3 ACHHXPOHHUM IITPUBOJIOM

Yaban A., K.T.H.
Hauionanbhwmii yHiBepcuret "JIbBiBchbKa mosliTexHika", kad. TEOPETUYHOT Ta 3aralbHOI €JIEKTPOTEXHIKH,
Vkpaina, 79013, Byn. Ct. bangepu, 12

3anpononosano memoo ananizy KOJUGHUX RPOUECI8 HA2AMOMACOB0I cucmemMu ACUHXPOHHO20 eleKmpPonpugoody y gasnux Koop-
ounamax. Takoxc nokazano Hoeuil nioxio 00 opmysanna mamemamuunoi Mooeni KPymunbHUX KOJIUEAHs CUCHIEMU 3 2TUOOKO-
nasHuM NPUBOOHUM ACUHXPOHHUM momopom. /uepenyianvhi pienanna moodeni npedcmaeneni 6 Hopmanvhii gopmi Kowi.
Pezynomamu komn’romepnoi cumynayii 6uKopucmogyomsca 011 aHanizy Kymoeoi wieuoKkocmi 00epmanHns acunxponnoi ma-
WIUHU MA RPYAHCHUX MOMEHMIB, AKI 6UHUKAIOMb Y MYPmOoeuX 3’ €OHANNAX 6A/10RPOBOJI8 e1eKMPONPUBODY.

IIpeonoscen memoo ananuza KonedGamenbHoIX HPOUECCO8 MHOZOMACCOBOU CUCHIEMbL ACUHXPOHHOZ20 INEKMPONPUBOOA 6 (a3HbIX
koopounamax. Taxice npednorcen unoit NOX00 K hopmuposanuio mamemamuiecKoil Mooeau KPymauwjuxca Koneoanuii cucme-
Mbl ¢ 21YOOKONA3HLIM RPUGOOHBIM ACUHXPOHHBIM Oguzamenem. Jughdpepenyuanvuvie ypasnenus mooenu npeocmasnensvl 6 Hop-
manvnoi popme Kowu. Pezynomamol pacuema na IBM ucnonv3oeanuce ona ananusa y2noeoii CKOpoCmu MAWUHsl U YRpyzux
MOMEHMO8, 603HUKAIOUUX 8 MYPMOBBIX COCOUHEHUAX BATIONPOBOO0E INEKMPONPUEOIA.

BCTVII

AHaii3 MaTeMaTHYHUX MOJIEIEH eJIeKTPOIIPHBOIIB €
Yl HE OIHA 3 HAMOCHOBHIMIMX MPOOJIEM eleKTpoMeXaHi-
ku. L{imkoM 3po3yMmisno, o OMUcaTH TaKi MO MOXKITH-
BO JIMILE TOEJHAHHAM EIEKTPUYHOI Ta MEXaHidyHOi yac-  YeIUIeHb CTaTopa i poTopa, BiANOBiNHO; Rg,Rpj — Mar-
THHA CHCTEMHU. Y wiit poboTi pO3IIIAAAIOTECS KPYTI’{HBHi PHIISE OTTOPiB OOMOTOK CTaTopa M OMOpiB JIOOOBUX YaCTUH
KOJIMBHI TPOIECH B ACHHXPOHHOMY €JIEKTPOTPHBO/I §a— (a3 poTopa, BiAMOBIHO; ig,ip — BEKTOP-CTOBIILI CTPYMIB
raToMacoBOi CHUCTEMH, JIeé OKpeMi JaHKW 3B’SI3aHl MIiX
coboro uepe3 mnpyxHy Mydry. MaTemaTHuHA MOJIENb
ACHHXPOHHOTO CJICKTPOIPHUBO/AA IIpPEACTaBIeHa piBHsAH-  CTOBIELD (asHux mampyr cratopa; up — BEKTOp-
HAMM €JEKTPOMArHiTHUX Kil Ul cTaTopa W poTopa, i cToBmelh HANPYr Ha CTPHIKHAX OLIAYOT KITKM 0OOMOTKH
piBH;}HHgMH €JIEKTPOMATHITHOTO TTOJIS s cTpwkHIB 6i-  poropa; §,WR — BEKTOP-CTOBIIIi OCHOBHHUX (PO6OUMX)
JI51901 KIIITKH POTOPa MOTOPA, & TAaKOX PIBHSIHHSIMHU PYXY,
MIPECTaBIICHI HAa OCHOBI (pyHIaMEHTaNbHUX 3aKOHIB aHAa-
JMTHYHOI MeXaHiki. Mozens npecTaBieHa y ¢a3Hiil cuc-
TeMi KOOPOUHAT, IO A€ 3MOTY MOBHOIIIHHO PO3TIISAAaTH
KPYTWJIBbHI KOJIMBHI IPOLIECH 6araToMacoBOi CHCTEMH.

Jlis moBeneHHsT aKTyaIbHOCTI ITPOOIEMH PO3TISTHEMO
MPOCTUH MPUKIAJ. B enekTpoMalimHHUX cUcTeMax AOCUTh
4acTo OOpHMBAIOTBCS OONTH Ta UIMWIBKH My(QTOBUX
3’eqHanb. [Ipudomy 1i OonTH po3paxoBaHi Ha Oararokpar-
HE HABaHTaKEHHsI. A PUYKMHA JOCUTH TpocTa. [lomanarots Y (lm) -1 Ny (lm) -!
y PpE30HaHC BJIACHI YacTOTH OOraToOMacoBHX CHCTEM Ta S\l | o PF T =1 )
30ypIOBaJIbHI YacTOTH HAIPYTH XXHMBJIEHHS MOTOpa. Y pe- " "
3yJIBTaTi BUHUKAIOTH TOCUTDH BEJIMKI TPYXKHI MOMEHTH, SIKi | iy ‘ ip ‘T :‘ igy ‘ isp |T +H‘ ipg ‘ irp ‘T (5)
caMe ¥ CTIIPHYHMHIOIOTH IIi MPOIEeCH. 3pOo3yMilIo, IO po3pa-
XYHOK NPY>KHUX MOMEHTIB € HEBiJI’€MHOIO YaCTHHOKO aHa-
i3y MOAEeH eIeKTPOIPHBO/IIB.

-1, -1

\PS:(XslS'i‘\Vs,‘{JR:Q,RHIR'i‘\VR, (2)
ne S'i R — iHIeKcH NPUHANISKHOCTI 10 cTaTopa i poTopa,
BianosingHo; Vg,V — BEKTOP-CTOBILI NOBHUX ITOTOKO3-

¢da3 cratopa # poTopa, BIANOBIIHO; Ug — BEKTOP-

MOTOKO3YEIUIeHh ~ CTaTopa W  poTopa, BIIIOBIIHO;
Olg,0pyy— MaTpHL OOEPHEHUX IHIYKTHBHOCTEH pO3Ci-
sSHHS 00MOTOK (a3 craropa i JT0OOBMX YacTHH OOMOTOK
(a3 poropa, BiIHIOBIIHO.

3anuieMo BUpa3 A OOUMCIEHHS MOAYJS MPOCTO-
POBOTO BEKTOpa CTPYMY HaMarHidyBaHHsS MoTopa [2]:

im:21/iifl+iA~iB+ilzg i/3 =Ty, 3)

D

l

ae A i B — iHgexkcu (a3 >KUBIEHHs MOTODa; wm(im) -

OCHOBHE ITOTOKO3YEIUICHHSI MAIlIMHW; T,P — CTAaTW4HA Ta

mudepeHIriagTbHa OCHOBHI OOCpHEHI 1HIYKTHBHOCTI Ma-
MATEMATHUYHA MOJEJIb CUCTEMHA [IWHH.

Sk Oyno ckazaHO BHINE, MaTEMAaTUYHA MOJIENb CHC- v =y =Iyg, ypi =H71\VS , \V=T(is +HiR), (6)

TEMH CKJIQIA€ThCs 3 IIIMOOKOIAa3HOTO ACHHXPOHHOTO MO-
. , . J€ Y — BEKTOpP-CTOBIICIb OCHOBHHX MOTOKO3UYEIICHb
TOpa, AKUH Yepe3 NpyxHy My(Ty 3’€IHAHUH 3 aKTUBHUM

MOMEHTOM HaBaHTa)XKeHHs. MOMEHT iHepilii HaBaHTaxeH- ~ MAIIMHH.

Hsl 3a[aHUI Ta HE3MIHHUH, a TaKOX 3anaHi koediuieHTu = 2 sin(y +2m/3) —siny
qucunanii TermoBoi eneprii. Koedimientn npyxHOCTI B NE) siny — sin(y _on /3)
BH3HAYAIOTHCS, Y 3aIEKHOCTI BiJl JKOPCTKOCTI My(TH. ; ; (7
M g 2 —sin(y —2m/3) siny
areMaTUYHy MOJENb TIMOOKOMa3HOr0 MOTOpa IIpel- nt=—=
cTaBuUMO Tak [2]: 3 —siny sin(y +2m/3)
d¥g 1y ev- eJIEKTPUYHHI KYT IIOBOPOTY POTOPA MOTOPA.

. d¥p .
=ug—Rg-ig, o UR —Rpy-ig;
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3anumeMo 4 — MOJENbh ACHHXPOHHOI MAIIMHH 3
ypaxyBaHHSM CKiH-e(peKTy B CTpMIKHSIX poTopa [2]:

di . .
df Ag(us = Rgis )+ AsgT1(-ug — Q- ¥ — Reyyig)»
dig -1
=I1 "Apclu¢ —Reic )+I1" A IM-up —
7 #s (us — Ryis) R (-ug )
-1 1] 2
dt dt 3 |-2]-1

® — EJIEKTPUYHA KyTOBa MIBUIKICTH OOEpTaHHS pOTOpa
MOTOPA,
As =ag(l-agG), Asp =Aps =asopyG,

AR :O"R.H(l_O('R.HG) (10)
i=ig+Tlig, R=1/(cg+ogy+p).

=1/(O(,S+(X,R_]'[+T) (11)

T+bA'iA bB'iA
G= : : (12)

bA-lB T“rbB'lBl
Ie b—g R_T, by =b-(2iy+ig),
342

bp =b-(2ig+iy). (13)

Hanpyry Ha cTpmkHAX pOTOpa up 3HAXOOUMO 3
piBHSIHBF MakcBesuta. 3anmumemo ix :

rotH EVxﬁzyE (14)
rotE = VXE_—a—B=—la—H (15)
ot v Ot

Jist cripollieHHs 3a/1a4i PO3IIIIHEMO MPSIMOKYTHHI
ma3. Toxi, 30pieHTYyBaBIIM BiAMOBIAHO [lexkapToBi KOOp-
JMHATH, 33/1a4y MOKEMO 3BECTH JI0 ojHOBUMipHOi. [Ipoc-
TOPOBY KOOPJHMHATY z HANpPaBUMO II0 TTTMOWHI IMasa, Ko-
OpAMHATY X HAIPaBHMO 3a HAMPSIMKOM IIPOTIKaHHS CTPY-
My B CTPIDKHSIX POTOpa, a KOOpIuHaTa y Oyzae Harpaslie-
Ha TEPICHIUKYISAPHO O CTIHOK Ta3a B HAIPSIMKY, KU
YTBOPIOE MPAaBOCTOPOHHIO AEKAPTOBY CHUCTEMY KOOPAHU-
Hat. Toni, ypaxoByrOUH BUILIECKa3aHE, OTPUMAEMO:

H=yoH, E=x0E (16)

po3B’sokemMo cymicHo (14) i (15) Ta mpencraBumo ix 3a
ymoBH (16) y ckanspHiit popmi:

8HA _X.GZHA 6HB _X.GZHB . (17)
ot v & o vt
k, k;
y oz u

ac W,y — MarHiTHa HpOHI/IKHiCTI) Ta MATOMA CJICKTPUYHA

MIPOBiIHICTH amoMiHifo (cTpymomnpoBony); k,,k; — Koe-
¢imierTn TparchopMarllii MalIMHU 3a HAIPYTOIO Ta CTPY-
MOM, BiJIIOBIIHO.

KpaifoBi yMOBH mepIIoro poay 3HaXOAWMO 3a 3aKO-
HOM IIOBHOTO cTpyMy. KOHTYp iHTEerpyBaHHS IIPOXOAUTH
1O TIOBEpXHI Masa, CyciiHboMy 3yOIll poTopa , Aani mpo-
XOJAUTH IO JIHY T1a3a Ta yepe3 3yOelb 3 NPOTUIIEKHOI CTO-
POHM T1a3a MMOBEPTAETHCS HA MTOBEPXHIO CaMoro masa. 3a-
MTUILIEMO Lie:

HA(O)=%, HB(O);RjB,

H 4(h)=H (h)=0 (19)
Jie g — NIMpYHA 11a3a poTopa 3a KOOPIUHATOIO ) ; i — IIIH-
OuHa masa 3a KOOPIUHATOIO Z.
Huckperusyroun (17) 3a mpocTOpOBOIO KOOPIHHA-
TOIO Z 32 METOJOM CKiHYEHHX Pi3HHIb, OTPUMAEMO:

dHA' A%
Le———(H i —2H i+ Hypg); - (20)
e y(Az)
dHB' A%
b= ———(Hpy —2Hp +Hpiy), (1)
it y(Az)
Je Az — 49ucio By3JiB MPOCTOPOBOI CITKU TUCKpPETH3ALiT;
i=1,2,..,m=1, Az=h/(m-1).

Juis moctaTHBO TOYHOTO po3paxyHKy m >10. Tomi

Ha MiJICTaBi TECOPEMH IPO MOBEPXHIO Ma3a 3amuiieMo[1]:
ug =E(0)-1, (22)
ne E (0) — HANpPYXEHICTh €JICKTPUIHOTO OIS Ha TIOBEp-

XHI Ia3a OLIA40i KIITKM poropa; /| — JIOBXHMHA I1a3a 3a
KOOPANHATOIO X.

AHani3yloun cka3aHe BHIIE Ta PO3B’SA3yIOUYH CyMic-
HO (17) Ta (22) 3amuineMo TUCKPETHI PIBHSHHS IS 3Ha-
XOJDKCHHS CHajly HAMpyTH Ha CTPYIKHAX POTOpA:

k k;
Upy = ;yl (<3H gy +4H 45— H 43);

(23)

ke, k;
“rB =T (-3Hp) +4H g, — Hps); 24
JIOMOBHUMO CHCTEMY DIBHSIHb EJIEKTPOMAarHiTHOTO
CTaHy PIBHAHHIMH PyXy €JIEKTPOIPHUBO/IY, 3aIlFCAHIMHI Ha
OCHOBI piBHsiHB Jlarpamxka apyroro poxy. [Ipudomy potop
MAIITHU BBaXKaBCsl a0COFOTHO KOPCTKUM TistoM [4]:

d 1 /
% 7 (ME c(yl yz)—V(On—@z)) (25)
d -1
902 ar(o)selry—13)+von-wr) 20
t Jy
d a
My =3 lBuiss -oisa)e. @)
il il =‘H iR4|iRB (29)

ae ®=py-®p, Y=Ppo Y1, Po — YUCIO Iap MarHiTHUX
MOJIOCIB cTaropa; J; — MOMEHT iHepuii poropa MOTOpa;
J, — MoMeHT iHepuii mpuBomHOro Mexamismy; M (w) —

MOMEHT HaBaHTa)KEHHs MOTODA; ; — MEXaHI4Ha KyTOBa
MIBUAKICT O0EPTaHHS POTOpa; M, — MEXaHiyHa KyToBa
MIBUAKICT 00EPTaHHS MPHUBOJHOIO MEXaHI3My; Y| — KYT
TOBOPOTY POTOPA MOTOPA; Y — KyT MOBOPOTY MPHBOJHO-
ro MexaH13My, ¢ — Koe(ilieHT MXOPCTKOCTI HPYKHUX
3B’513KiB; V' — Koe(ilieHT AUCHMALil TEIUIOBOI SHEepril.

Takum 4uHOM cyMiCHOMy IHTErpyBaHHIO MiaJIsrae
cuctemMa nudepeHIiaTbHUX PiBHIHD (8) (13), (20)—(29).
[Ipryomy cucrema audepeHIiaIbHUX PIBHAHB MTPECTaB-
neHa B HopMaunbHii ¢opwmi Komri. Ha koxHOMY yacoBomy
KpOIli 3HaXOJUMO Hampyry portopa 3a (23), (24) ta min-
craBisieMo B cuctemy (8)—(13). PiBHSIHHS cTaHy € )OpCT-
KAMH, TOMY IHTETpYBaHHsS 3IMCHIOBAINCH HESBHUMHU
MeTtonamu [3].
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PE3VJIbTATU KOMIT'FOTEPHOI CUM Y JISLIIT

JIiist moCHiIKeHHS 3aIPOIIOHOBAHO PEaIbHHIA CIICKT-
ponpuBOj, 3 aKTUBHMM MOMEHTOM Ha Bajly poropa. Tum
neuryna A 12-52-8A (Py = 320 kBT, Uy = 6 kB, Ij; = 39
A, oy = 740 00/xB): Ta mapamerpu MamuHu: Rg= 1,27
OM, Rgn = 0,21 Om, ag =38 I'n”', ag = 35,7 T, po = 4,
Ji =49 xr-m?, Jo = 130 kv, M(o)) = const = 4000 Hwm.
h=0,038 M, I= 0,23 M, a= 0,005 M — po3Mipu 1aza MOTOpa.

KoedimieHT »KOPCTKOCTI MPYKHUX 3B’s13KiB My(]To-
BOro 3’€JJHaHHs BH3Ha4aBCs 3a (popmyiioro [1]:

(30)

€2))

Je () — KOJIOBAa YaCTOTAa BJIACHUX MEXaHIYHHX KOJIHMBaHb
CHCTEMU; fo — MEXaHIYHa YaCTOTa BJIACHUX KOJIMBAHb CUC-
TEMH.

[MpeacraBumo rpadiku Npy>KHUX MOMEHTIB IS Pi3-
HUX MEXaHIYHMX 4YacTOT BJACHUX KOJIMBaHb CHCTEMH,
TOOTO TSI Pi3HUX KOe]Iili€HTIB MPY>KHOCTI Ta JUCHIIALII,
a TaKko rpaikd KyTOBOI MIBUAKOCTI POTOpa rIIHOOKOMA-
3HOT'O MOTOPA MPH LHX XKE YaCTOTaX CHCTEMH.

BHCHOBKU

Amnaiizytoun rpadiku Npy>XHHX MOMEHTIB Ta KyTO-
BUX HIBHIKOCTEH 00EpTaHHsS POTOpa MAIMHU IPU Pi3HUX
BJIACHMX YacTOTaX KOJIMBAHb CHCTEMH, MPHUXOANMO IO
BUCHOBKY, LII0 XapaKkTep HPOTiKaHHS KOJMBHHX IPOIIECIB
y BaJONPOBOJAX EJIEKTPOIPHBOAY CYTTEBO 3AJEKHTH BiJl
nux 9actot. ToOTo Bij )kOpcTKOCTI My TH 3’ €nHAHB (30).

Ha puc. 1 ta puc. 2 BiqTBOpEHO XapakTep KOJUBHO-
TO TIPOIIECy B €NEKTPOIPUBOI MPH BIACHIA YACTOTI CHC-
TeMu fo =15 I'n. Sk 6aunMo 3 PUCYHKIB IPYXKHI MOMEH-

TH CSATaloTh BiJHOCHO HEBEJNMKHX 3Ha4yeHb 10 12 kHw.
[Tpryomy sk Ipy HaBaHTa)KeHIl MalIWHI, TaK 1 IpU HEHa-
BaHT@XXEHIM (IO MaxoBWMKa NPHBOAHOIO MEXaHI3My He
i1’ €THyBaBCsS AaKTUBHUI MOMEHT) NPY)KHI MOMEHTH Ma-
JI0 BIAPI3HSUIMCH 32 MaKCHMAJIIEHUM 3HAYeHHSIM. 3p0O3yMi-
710, 10 KAPTHHHU KOJIMBHOTO TPOLIECY JIEIIO0 BiAPI3HIETHCS
ormHa Bix oxHoi. Lli mpomecn moB’s3aHi 3 MOMEHTOM Ha-
BaHTa)XCHHS MOTOpa Ta YacOM IEpeXiHOTro MpoLecy ITy-
CKy MOTOpa.

4000 —

M,Hm

tc
I I I I |

o 1 2 3 a4 5
Puc. 1. Kyroa mBuaKicTs poTOpa aCHHXPOHHOTO MOTOpPA Ta
NIPY>KHAI MOMEHT y BaJIOIPOBOJII €JIEKTPOIIPUBOY IIPU BIACHIN

Y4acTOTI KOJIMBaHb CUCTEMH o =15Tn. Ilpu M ((,0): 0 Hm

80 — 4000

w,ct M,Hm

60 —|

~ oo

-12000

40 —

20 —

tc
i \ \ \
o] 2 4 6
Puc. 2. KyToBa mBuAKICTE pOTOpPa aCHHXPOHHOT'O MOTOpa Ta

HPYXHUIT MOMEHT y BaJIOIIPOBO/I €ICKTPONPUBOLY IPH BIIACHIN
4acToTi KonuBaHb cucteMu f( =15 T'n. llpy M (0))=4000 Hwm

o — -16000

Ha puc. 3—5 npencraBiieHi KyToBi IIBHIKOCTI pOTO-
pa MOoTOpa Ta MPY»KHI MOMEHTH, 10 BUHUKAIOTh Y BaJIOII-
POBOZIAX ENIEKTPONPUBOAY IPU YACTOTAX OJM3BKHX 10
pe3oHaHCcHUX fy = 40 1 60 ['u. Sk 6aunMo 3 PUCYHKIB cH-
Tyamis Jemo BiApi3HsAeTbes Bin momnepeanboi. [lo-mepme
CYTT€EBO 3pociii npyxHi MmomeHTH (110 40 kHm). [To-npyre
3MIHHBCS XapakTep po3rony moropa. [lo-tpere B KpuBUX
MOMEHTIB Ta PO3rOHY MOTOpPa BUHHKIIHM JOAATKOBI (IIyK-
Tamil mix gac mycky. Lle#t mpomec Ha3uBaeThCS OUTTAM
KOJIMBaHb. SIBHIE OWTTS HEraTMBHO BILUTUBA€E Ha pOOOTY
€JIeKTPOIIPUBOAY (OCOOIUBO MIPH YACTUX ITyCKAaX Ta CaMo-
3amyckax MOTOPIB). 3p0O3yMisio, IO MPH OUTTI Pi3KO 3Mi-
HIOETHCS TMPYKHUA MOMEHT, i, IK HACIIIOK, PO3XUTYIOTh-
cs1 60nTOBI 3’€aHAHHS MPYXHUX My(dT. Lle mpuBoaANUTE 10
nocyabaeHHs pi3bOOBHUX KpIIUIEHb, Ta O 3pi3yBaHHS ca-
MHX OOJITIB Ta HIMUIBOK. AHami3ytoun rpadiku puc. 4 ta
puc. 5, Jerko 0aYnuTH PI3HULIO MK IpOLIECaMH, L0 BU-
HHUKAIOTh y EJIEKTPONpPHUBOAI 3 AaKTHBHMM MOMEHTOM Ha
BaJly Ta B HEHABaHT)KCHOMY eJIeKTpoIpuBoi. Makcuma-
JbHE 3HAYCHHS MOMEHTY HAaBaHTaXXEHOTO INPUBOAY (pHC.
5) maibke B 1gBa pasu Ouiblie, HiX HEHABAaHTAXKCHOTO
(puc. 4). Kpim Toro, micist po3rony moropa (puc. 5) npy-
JKHUH MOMEHT He 3pa3y NpHiMae IocTiiiHe 3HaueHHsl, 110
NPUBOIUTE O KOJIMBAHHS MIBHAKOCTI €IEKTPONPHBOIY
JesIKMH Yac Michsl MyCKy NpHBOXHOro Motopa. ToOTo
OWTTS KOJMBAaHbL CyTTEBO BIUIMBAE Ha POOOTY SK CaMOro
MOTOpa Tak i NMPHUBOJHOrO MexaHisMy. sl yCyHEeHHs
I[LOTO TPOLIECY HEOOXiJHO 3MIHHTH BJIACHY YacTOTY KO-
JMBaHb CHCTEMH (3MIHUTH YacTOTY 3OBHIIIHIX 30ypeHb
TOOTO YAcTOTy HANpPYTH JKUBJICHHS MOTOpA IMPAKTHYHO
HEMO>KJIMBO IIPU HEPETYJIHOBAHOMY JDKEPEINi KMBJICHHS).
€ 1Ba BapiaHTH 3MiHH YacTOTH BJIACHUX KOJIMBaHb a0o
3MIHUTH MOMEHT iHepUil NPUBOAHOIO MexaHi3my, abo
3aMiHUTH 3’egHyBanbHy My(dry. Haitbinpm peambHuit
miaxin, e 3aMiHnTH MyQTy (MyQdTYy iHIIOT )KOPCTKOCTI ).
3aysasicumo, wo npoyec Oumms ereKMPOMEXAHIUHUX
KOUBAHL AHATIMUYHO OOCTIONHCEHO gnepue.

Ha puc. 6 Ta puc. 7 BigTBOpeHO HaWOIMBII HEOe3Me-
YHUI peXuM pPOOOTH eNEKTPONPUBOIY, HaBITh MOXKHA
CKazaTH, aBapifHUHA pexuM poOOTH MPUBOLY. AHATI3YIO-
Y1 PUCYHKU MPUXOJUMO 1O BUCHOBKY, IO ITPU PE30HAH-
CHHX "HacToTax f =48,5 ['u. mpouecu B e1eKTponpHuBOIi

JocUTh HerepenOaueHi. [lo-meprie MakcuMmaibHE 3Ha-
YeHHS NPY>KHOTO MOMEHTY JIOCSTa€e BEIUYE3HNX 3HAUCHb
(monam 200 xHwm). Ilo-mpyre mIBHIKICTH TpH pPO3TOHI
SJIEKTPOIIPUBOAY 3a3HA€ 3HAYHUX KOJIMBAHb, IO HETaTH-
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BHO BIUIMBA€E SIK HA CaM MOTOp, TaK 1 Ha IPUBOJHUIA Me-
XaHi3M. AHAII3YI0YH POOOTY €JICKTPONPHUBOAY ITiJ HaBa-
HTOKCHHSIM Ta 03 HABAHTAXKCHHS, MOXKEMO 3aKITIOYHTH,
110 B 000X BUIAIKAX CUTYaIlisl HeOe3MeuHa I CHCTEMHU.

80 — 80000

®,ct M,Hw

°- f \ \ \
0 2 4 6
Puc. 3. KyroBa mBHAKICTH pOTOpa aCHHXPOHHOT'O MOTOpa Ta
NPYXXHUH MOMEHT Yy BaJOIPOBO/I €JICKTPOIIPUBOIY MPH BIACHIN

gacToTi KonuBaHb cucteMu f; =40 T'u. Ilpu M ((,0)= 0 Hm

40000

40000
60 —

40 —|

-40000

20 —

-80000

80 —

[EX

20000

60 —|

40 —

-20000

20 —

-40000

4 6
Puc. 4. KyToBa MIBHAKICT pOTOpa aCHHXPOHHOT'O MOTOpA Ta
NPYKHUI MOMEHT y BaJIOIIPOBO/Ii €JIEKTPOIPUBO.LY IIPH BIIACHIH

4acToTi KonuBaHb cucteMu f( =60 I'n. Ilpy M (0))= 0 Hm
80 — 80000

®,ct M, Hu

40000
60 —|

40 —

-40000

-80000

o —I iy umh

o 2 4 6
Puc. 5. Kyrosa mBuaKicTs poTopa acCHHXpOHHOTO MOTOpPA Ta
NIPY>KHAIl MOMEHT y BaJIOIPOBOJII €JIEKTPOIIPUBOY IIPU BIACHIH

4acToTi KonuBaub cucreMu f =60 I'n. Ilpu M (0))=4000 Hwm

Tenep mocrae 3po3ymMiuM ¢akT oOpHBY OONTOBHX
3’€JHAHb MPYXHUX My(QT, PO KU 3ralyBagoch y BCTy-
mi. 3ayBaXMMO, 110 TpoOJieMa KPYTWJIBHHX KOJWBaHb
IIOCTA€ JIOCUTh CYTTEBO B PETYIHOBAHUX €IEKTPOIPHBO-
Jlax (4acTOTHE PEryJIIOBaHHS MIBUAKOCTI aCHHXPOHHOTO K
CHHXPOHHOT0o MOTOpiB). Ilpy MmraBHIN 3MiHI YacTOTH Ha-
TIPYTH XHUBJICHHS MOTOpa € IMOBIPHICTH IOIIACTH B PE30-

HAHCHI 9acTOTH a00 ONM3bKi O pe30HaHCHUX. ToMy IpH
MO/ICIIFOBaHHI €JIeKTPONPHBOLY HEOOXIHO BiITBOPIOBATH
NPaKTUYHO BCi PeKUMHU POOOTH NPHBOLY HA MaTeMaTH4-
HUI MOJIEII €IeKTPOMEXaHIYHOTO IIPUCTPOIO.

100 — .

M, Hwm

@.c

200000 —]

80 —

60 —

20 —|

tc

o 2 4 6
Puc. 6. KyToBa MIBHAKICT pOTOpa aCHHXPOHHOT'O MOTOpA Ta
HPYXHUIT MOMCHT y BaJIOIIPOBO/I €ICKTPOIIPHUBOY IIPH Bliac-
Hill pe30HAHCHIH YacTOTI KonuBaHb cucremu fo = 48,5 T'n.

Ipu M((x))= 0 Hm

o —!

200000 — ,M:Hw

,c?

60 —i

40 —

-200000 —{
20 —

Puc. 7. KyroBa mBHAKICTH pOTOpa aCHHXPOHHOTO MOTOpA Ta
NPYXXHUH MOMEHT Yy BaJIOIIPOBOJI €JIEKTPOIIPUBOIY IIPH BIACHIN

PE30HAHCHII YacTOTi KOJMBAaHb CHCTEMHU f 0 =485Tm.

Tpu M ()= 4000 Hy

AHanizyroun BUILlECKa3aHe, BapTO BIIMITHTH Oe33a-
nepednnii (pakT HEOOXITHOCTI MaTEeMAaTHYHOTO MOJCIIIO-
BaHHS KOJIMBHHX IMPOLECIB Yy BajlaX eJIeKTPOIPUBOLY.
AXe HEMOKIIMBO TPOPAXyBaTH BCi KOJIMBHI MPOIIECH, SIKi
BUHUKAIOTh y BAJIONPOBOJAX HA peaibHii Mojeni Ta BU-
3HAUUTH aBapiiiHi yacroru. Tomy 3aga4i MOAIGHOTO THITY
MOYKHA PO3B’S3aTH JIMIIE BHKOPUCTOBYIOUH MATEMATHYHI
Mozei, moOyI0BaHI Ha OCHOBI (pyHIaMEHTAILHUX 3aKOHIB
CIICKTPOIMHAMIKH Ta aHATITUYHOI MEXaHIKH.
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TeopemuyHa efifeKmpomexHika

YK 621.3:533.9

YINPOIIEHHASA MATEMATHYECKASA MOJEJIb MUKPOITPOHECCOB
B NTIPOBOJHUKE C QJIEKTPUYECKUM TOKOM ITPOBOAUMOCTHU

bapanos M.I., n.1.H.

HUITKY "Monuusa" HanmoHalbHOTO TEXHUYECKOTO YHUBEpCUTETa " XapbKOBCKUH MOIUTEXHUYECKUI HHCTUTYT"
VYkpauna, 61013, r. Xapskos, yi. [lleBuenko, 47, HUIIKN "Moanus" HTY "XITN"
ten. (057) 707-68-41, daxc (057) 707-61-33, E-mail: nipkimolniya@kpi.kharkov.ua

Ha ocnogi po3podnenoi 3ziono 3i npunyunamu KiacuuHoi Qizuku cnpoujenoi mamemamuyHoi mooei mikponpoyecie y memane-
60MY NPOGIOHUKY 3i eIeKMPUYHUM CHIPYMOM RPOGIOHOCHI 008INbHOI YaAC080T hopmu HABEOEHO PO3PAXYHKOEY OUIHKY AHCIUBUX
¢izuunux eenuuun, aKi euzHauarmMov Hanpaeniene nepemiuiennsn (opeiigh) nio Oicio 306HIWIHE20 €NEKMPUUHOZO NONA GIILHUX

eneKmponie mamepiany npogionuka.

Ha ocnoge pazpabomannoii 6 coomeemcmeuu ¢ RPUHYURAMU KAACCUYECKOU (u3uUKU YyRPOueHHOI MamemMamuiueckoi mooenu
MUKPORPOUECCOE 8 MEMAIUYECKOM RPOGOOHUKE C IJIEKMPUUECKUM HOKOM RPOGOOUMOCHIU NPOU3BOSILHOU 8PEMENHOL hopmbl
npueeoena pacuemnasn OYeHKaA 8ANCHEHWUX PuU3UUEeCKUX 8eIUYUH, ONPEOeAIOUUX HANPAGIeHHOe nepemeuienue (Opeiigh) noo
6030elicmeuem 6HeUHe20 INeKMPUUECK020 NOJIA C60OOOHBIX IIEKIMPOHOG MAMePUana npogoOHUKA.

BBEJIEHUE
B cooTBeTrcTBHHM € COBPEeMEHHBIMH OOIICTIPHU3HAH-
HBIMHA HayYHBIMH TEOPHAMH U (PU3UYECKUMHU IIOJIOXKe-
HUSMU J11000€ TBEPIOE TEJI0, B TOM YHCIIE M MeTallInde-
CKHUH ITPOBOJHUK, COCTOUT M3 OTIEJIbHBIX aTOMOB, 00pa-
3YIOIIMX €ro Kpucraminueckyro pemerky [1]. IIpu atom
KOHLIEHTpALUsl aTOMOB NV, (M) B maHHOIT peleTke st

OOJNBIIMHCTBA TPOBOAHWKOBBIX MATEPHUANOB YHCIECHHO
COCTABIIICT BEIMYHMHY MOPSAKA 10% v [2]. OtnenbHble
aTOMBI KPUCTAJUTMIECKOHN PEIIETKH CO CBOUMH aTOMHBIMH
000JI04KaMH, COAEPIKALIMMHU paclipeAeeHHbIe 0 dHEp-
TeTUYECKHM YPOBHSIM (OpOHMTam) OTPHLATENbHO 3apsi-
JKCHHBIC YaCTHUIIbI — DJICKTPOHBI, N3-3a HCHPEPBIBHO ITPO-
TEKalOUIMX BHYTPU BEIIECTBAa (Marepuasia IPOBOAHHUKA)
MIPOLIECCOB MX HOHM3ALMHM KBaHTaMH (pa3MEpEeHHBIMHU
TTOPITUSIMA) AJIEKTPOMArHUTHOH (TEIUIOBO) SHEPTHUU IO
CYIIECTBY CTaHOBSITCSA TMOJOXHUTEIBHO 3apsSKCHHBIMH
noHamu [1, 2]. OcBoboamBIIHECS OT CBOMX aTOMOB Ha
OCHOBE TaKMX BHYTPHATOMHBIX IPOILIECCOB JIEKTPOHBI U3
CBSI3aHHBIX CTAHOBATCS CBOOOAHBIMH. Tak, Hampumep,
JUIA IIUPOKO HCHOJB3YEMOTO B DJIEKTPOTEXHHUKE TaKOTO
NPOBOJIHUKOBOI'O Marepuaja Kak MeJb ee IepBbli HOHH-
3alMOHHBIA noTeHman E, (k) cocraBisieT 4NCICHHOE

3Ha4YeHue, paBHoEe F| =12,21-10" I [3]. B MexaTom-

HO€ TPOCTPAaHCTBO MaTepuayia NPOBOJHUKA IOMAJAOT,
NPEeXIE BCEro, 3JIEKTPOHBI C BHEIIHMX BAJICHTHBIX 30H
paccMaTpuBaeMbIX aTOMOB BemlecTBa. Hamomumm, 4o
COIJIacCHO 30HHOM TEOpHH aTOMOB BellecTBa [4] B meTal-
JlaX BEpPXHHE SHEPreTHYeCKHe 30HBI aTOMOB (30HBI ITPO-
BOAMMOCTH aTOMOB) COBIIAQJAalOT C BAJICHTHBIMH 30HAMH,
YaCTUYHO WU TIOJHOCTBIO 3aCEICHHBIMH CBSI3aHHBIMHU
AJIEKTPOHAMH aTOMOB. VIMEHHO 3TH CTaBIIMMHU CBOOO/I-
HBIMH Meudylieecsd (XaOTHYHO JBIKYIIEECsS) TETUIOBHIE
3JIEKTPOHBI MPAKTHYECKH TOJIHOCTHIO 3aHUMAIOT W IIPO-
HU3BIBAIOT aTOMHOE MPOCTPAHCTBO MEXAY yKa3aHHBIMU
MOHAMHU KPHCTAJUIMYECKONW PENIETKH IPOBOIHHUKOBOIO
Mmarepuana. IMeHHO 3TH CBOOO/HBIE 3JIEKTPOHBI U OIpe-
JIETISIIOT, B KOHIIE KOHIIOB, ITPOBOJHUKOBBIE CBOWCTBA JIIO-
6oro merayia. TeM He MeHee, B Cilyyae He BBIXOJa CBO-
OO/HBIX DJIEKTPOHOB 3a IIPEJeNbl MEKaTOMHOTO Hpo-
CTpaHCTBa (MeTalula) W HAXOXKICHHUS HX B DHEPreTHUe-

CKOW OTpHUIATENIbHON MOTEHIMAILHON "sMe" TpOBOIHHU-
Ka, TIyOMHAa KOTOPOW HE MPEBBIIIACT MOCTOSHHOTO 3Ha-
yeHust pabotel Beixoga Wpg (/Ix) 31eKTpoHOB M3 Hpo-
BOJHMKA (Hampumep, At meau Wg =7,03-10"" JIx [3]),
MaTepHall MPOBOJHUKA B PE3yNbTaTe TaKUX BHYTPEHHUX
MHKPOIPOIIECCOB TI0 OTHOIIEHHIO K OKPYKAIOIIEMy €ro
MaKpOMHUPY OKa3bIBAETCsI, KaK M 10 UX (MHKPOIPOLIECCOB)
NPOTEKaHMsI, DIEKTPOHEUTpabHBIM. CBOOOIHBIE 3JIEK-
TPOHBI MPOBOJHHWKA, HUCXOJd U3 HNPUHATBHIX B ATOMHOM
(m3uKe TOHATHH, HAINOMHMHAIOT HEKHH '"3JIeKTPOHHBIN
ra3", 3aroJHSAIOMNH MeXaTOMHOE MPOCTPAHCTBO €ro Ma-
tepuana [3, 4]. Cuenys Takod (HM3MYECKOH aHAIOTHH
MOJKHO, C OIpeIeNIeHHOH 10Jieli 000CHOBaHHOCTH H YBe-
PEHHOCTH, TIPEIIOIOKHUTE TO, YTO B COCTOSIHAN TEILIOBO-
TO PaBHOBECHS CBOOOJHBIC SIIEKTPOHBI METAJUTMIECKOTO
MPOBOJHUKA OyAyT MPUOIIDKEHHO MOAYUHSTHCS CTaTH-
CTHYECKOMY PACIpEACICHUIO, XapaKTepHOMY Ui MoJie-
KyJI HJIealbHOTO ra3a, TO €CTh M3BECTHOMY pacmpezesie-
Huto Makcemna-bonsimana [3, 4]. Ha takom nmoaxone
0azupyercsi M3BeCTHas KJIACCUYECKasi DJIEKTPOHHAs Teo-
pus  AaeKkTponpoBogHOCTH MeTtaioB Jpyne-Jlopenua
[5, 6]. OnpeneneHHble HEAOCTATKH 3TOH TEOpUH (BO3HU-
KaloIlue TPYIHOCTU INPH TPAKTUYECKOM OIPENEIICHUN C
ee MOMOIIBIO CpeTHEW CKOPOCTH M CpelHEeW JUTMHBI CBO-
6oxHOTO MIpOOEeTa CBOOOMHBIX IIEKTPOHOB B IMPOBOJHUKE
u ap. [5]) 3aCTaBISAIOT CIIEUATUCTOB IS TPAKTHIECKUX
Iesielt ucKaTh 0oJiee MPOCTHIE M SCHBIE KaK LIS AIIEKTPO-
TEXHHUKOB, TaK ¥ 3JIEKTPOPU3NKOB MPUOIIDKEHHUS B OIH-
CaHWH CIIOKHBIX MHKPOAIEKTPOMEXaHHMYECKHX IIPOLEC-
COB, BO3HMKAKOILIMX B IPOBOJAIIECH CTPYKType METaUIU-
YECKOro mpoBOJHHKA IMPU BHEHIHEM IPUIIOKECHUHN K I10-
ClIeTHEMY 3JIEKTPUYECKOro HampspkeHus (o). JlanHoro
HAy4HOTO 5KCKypca, ITOCBSIIEHHOTo o0medn3nIeckon
KapTUHE NPOTEKAIOIIMX MHKPOIPOLECCOB B MeETalIHye-
CKOM TIPOBOJIHHMKE, BIIOJIHE AOCTATOYHO JJISI TOTO, YTOOBI
MPU PEIICHHH MPUKIAJHBIX 33/1ad pacCMaTpHUBaTh HaM
CHEIHATHCTaM — JJIEKTPOTEXHUKAaM (dIEKTPOPHU3NKaM) B
JATbHEHIIEM 3JIeKTPOMArHUTHBIE MUKPOIIPOIIECCHI B HEM
(IPOBOTHHKE) C DIEKTPUUYESCKUM TOKOM IPOBOIUMOCTH
KaK TpOIecCHl, 00yCIOBICHHBIE PAaCHPOCTPAHEHHEM H3-
BECTHBIX TEOPUI aTOMUCTHKH Ha 00JaCTh JIEKTPUIECTBA
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(anmextpodusukn) [5].

enpto maHHOW paboThl sBIsSETCS pa3paboTka Ha
NPUHLMIAX KIIACCUYECKOM (u3uku, He mpuberas K 3aKo-
HOMEPHOCTSIM KBaHTOBOW (DM3UKH, YIPOLICHHOH Marema-
THUYECKOH MOJENN MOBEACHHS CBOOOJIHBIX AIIEKTPOHOB
BHYTPU METAJIMUECKOTO MPOBOJHHKA C IEKTPUUECKHM
TOKOM TIPOBOJMMOCTH, 0a3upylomeicss HpaKTHYECKn
TOJBKO Ha KOPILYCKYJIIPHOM IPEACTAaBICHUN CBOOOTHBIX
JIEKTPOHOB KaK 3JIEMEHTapHBIX YacTHUI] BEIIECTBA C TO-
YeuHBIM IEKTPUUECKUM 3apsaoM e (Ki), mpubnuken-

HO PaBHBIM ¢ =1,602-10"" Ku [3].

1. TIPUHATHBIE AOITYIEHNA U IIOCTAHOBKA
HAYYHOU 3AJJAYN
PaccMoTpuM pa3melleHHbI B BO3AYyXEe TOHKHUHI B
QJICKTPOMAariuTHOM OTHOIICHUU l/ISOTpOHHbIﬁ npAMOJIn-

HEHHBIN CIUIOLIHOW NMPOBOIHUK paguycoM rpy (M) U UTH-
HO#l I/ (M) mpu ycnoBuu Iy >>rp (puc.). Ilpumem, uto
K MPOTHBOIOJIOKHBIM KOHLIAM METaJUIMYECKOr0 MpPOBOJ-
HHKa TPHIOXKEHa Pa3HOCTh AIEKTPHUECKUX MOTSHIMAIOB
U (¢) (B), m3MeHstomascst BO BpeMeHH ¢ (C) 10 MpOou3-
BOJILHOMY 3aKOHY. IlycTh 10 maHHOMY IPOBOAHHUKY IIO-
HEepeYHbIM ceueHueM Sy (M%) BIOIB €ro MpOIOIBHOI
ocn OZ TPOTEKAeT MOCTOSHHBIA WIH MEPEMEHHBIA (M-
MYJIBCHBIN) TOK MPOBOOUMOCTH iy (£) (A).

Puc. PacueTHas Mozenb TOHKOTO METAJUINUECKOTO TPOBOAHHKA
C BTIEKTPHUIECKUM TOKOM MPOBOJMMOCTH If] (l‘) .

Kak u3BecTHO, B paccMaTpUBaeMOM IIPOBOHUKE €T
paguyc 7 OyAeT 3HAYMTEIBHO MEHBIIE TONIIMHEI TOKO-

BOTO CKHMH-CIIOSl B €0 MaTepHuaie M MPOTEKAIOMIUN M0
HEMY TOK IIPOBOJUMOCTHU if(¢) OyAeT paBHOMEpPHO pac-

MIPEENICH IO TOMNEPEYHOMY CEUCHHIO Sy IMIMHApHYE-

CKOTO TIPOBOJIHUKA. PaccMOTpUM ciydaif, KOT/ia BIHSHH-
€M TOKOB CMEIEHHS W BBIACIIIONIETOCS B MaTrepHae
MPOBOJHUKA DKOYJEBa TeIla Ha 3JIeKTPOOU3MIECKHE
XapaKTepPUCTHKY MaTephaia MCCIeLyeMOro TPOBOIHHKA,
M TIPEXKIE BCETO, HA €r0 YACIbHYIO 3JIEKTPOMPOBOIHOCTD
Y (Cm/M), MoxkHO peHeOpeys. CunTaeM, 4TO XaoTHY-

HO JBIDKYIUECS WK Iper(yronue mo IpOBOJHUKY CBO-
0O/IHBIE DIIEKTPOHBI HAXOJSITCS B DHEPTETHYCCKOU OTpH-
aTeNPHON MOTEHIHANBFHON "AMe" U YIOBIETBOPSIOT MO-
nenu "SJeKTPOHHOrO ra3a’, a Takke MpUOIIKeHHro, Oa-
3UPYIOIIEMYCSI HAa MX YHCTO KOPIMYCKYJISIPHOM IPEJCTaB-
JICHMH 3JICMEHTapHBIMA HOCHTESIMA OTPUIATEIBHOIO
JJIEKTPHUYECKOTO 3apsifia B MaTepHaje MpoBOAHUKA. [Ipu-
MCM, 4TO KOHHeHTpaLll/I)I CBO6OI[H]:IX SHeKTpOHOB B Marte-
pI/lane HpOBOHHI/IKa HC 3aBHUCUT OT HaHpﬂ)KeHHOCTI/I

BHEIIIHET0 3JEKTPHUECKOro MO En(t) (B/m), mpuio-
JKEHHOT'O K HCCIIelyeMOMY IPOBOTHHKY.

TpeOyercst ¢ y4eToM HPHUHATHIX JOMYLIEHUH JUIs
MPAaKTHYECKUX PAcYETOB IOJIYYHUTHh MPOCTBIM U SICHBIM
IyTeM, KaK ¢ METOINYECKOH, TaK U ¢ PU3MUECKON TOUKH
3peHusi, MPUOIMKECHHBIE AHATMTUYECKHE COOTHOIICHUS,
OINUCHIBAIOLINE IIOBEIEHHE CBOOOIHBIX OJJICKTPOHOB B
METAIIIMYECKOM ITPOBOAHUKE IO BO3ACHCTBUS Ha HETO
anekTpudeckoro Hampspkenust Upp(f) u mporekaHue B
Marepualie paccMaTpHBaeMOro IMPOBOJHHUKA MHKPOIPO-
IIECCOB, COTMPOBOKAAIOIINX HAIMIPABICHHOE NIepeMEIeHHE
(mpeiid) CBOOOIHBIX AIIEKTPOHOB TMOJ 3SJIEKTPOMATHUT-
HBIM (CHJIOBBIM) BO3JICHCTBHEM IPHIOKEHHOTO K MPO-
BOJHUKY 3neKTpudeckoro Hampspkenus Utpp(f), mpous-

BOJIBHO M3MCHSIOIIIETOCS BO BPEMCHU [ .

2. OCHOBHBIE PACYETHBIE COOTHOILHEHU S
MO/JIEJIN
CoryiacHO BBINIEYIOMSIHYTOMY KJIaCCHYECKOMY pac-
npenenenuto Makcsemia—boabiMaHa 10 NMPUIIOKEHUS K
HCCIIEYEMOMY TPOBOJHHMKY 3JEKTPHYECKOTO HArpshKe-
Husg Up(f) cpenHsas BenMYMHA KUHETHYECKOH SHEpruu

Wy (J1x) cBOOGOIHOTO 3JIEKTPOHA, IPUXOISILEHCS Ha €ro
TPH CTEMEHU CBOOOJBI, COOTBETCTBYIONIUX YKAa3aHHOMY
BBIIIE CIYYal0 XAaOTHYHOTO (TEIUIOBOTO) JIBMKEHHUSI CBO-
OOIHBIX IIEKTPOHOB B IPOBOJHUKE, OyAeT paBHa [3, 4]:
Wx=3-kg-T/2, €))
rne kg =1,38-10"* JIx/K — mocrosiunast bonsimana; 7 —
abcoJIoTHAs TeMIlepaTypa MaTepHaia poBoIHUKa, K.

BoimostaenHas no (1) yuciieHHas OleHKa 3HAYCHHS
KUHETH4ecKoil sHepruu Wy 1y cBOOOAHOIO JIEKTPOHA
B MEJHOM IIPOBOJIHUKE IPU KOMHATHOW TemIeparype
npoBojHuKa (7 = 293,16 K [3]) noka3siBaeT, 4TO OHA HE
npesbimaer BemmunHy Wy =0,606:10%" Ik, To ecth B
HameM citydae Wy <<Wp.

Torma, 10 CHIOBOIO BO3JACHCTBHS Ha CBOOOIHBIN
ANIEKTPOH dJIeKTpUYecKoro HanpspkeHus Up(f) B mepBom
TMPUOIMKEHUH UL pacCMaTpUBaeMON HaMU TPOCTEHIIEH
MOJIETI MUKPOIIPOLIECCOB B TBEPAOM MaTepHaie MPOBOJI-
HHUKa MOJKHO OyZeT 3ammcarh TaKO€ SHEPreTHYECKOE CO-
oTtHomIenwue [3, 7]:

m, v [2=3 kg T/2, @)
rae m, = 9,108:10°" kr — Mmacca TOKOsi CBOGOIHOTO
3JIEKTPOHA; Vp - TEIUIOBAsi CKOPOCTh XAaOTUYHOTO JBHIKE-

HUS CBOOOIHOTO 3JIEKTPOHA B MPOBOIHUKE (M/C).
OueBUIHO, YTO HM3-3a MPHJIOKEHHOTO K MeTajlIiye-
CKOMY IIPOBOJHUKY MEXKAY €ro KOHI[AMH 3JIEKTPUIECKOr0
HanpspkeHust Upp(f) BHYTPEHHSS CTPYKTypa MartepHana
MPOBOJIHUKA OyIET UCIBITHIBATH BO3EHCTBHE HATPSIKEH-
HOCTH BHEIIHETO 3JIeKTpHYecKoro nomns Epy(t), paBHOIL:
EH(I):UH(I)/IH . (3)
Ey(0)
BHEITHETO AJIEKTPUIECKOTO TOJIS B COOTBETCTBUU ¢ (3) Ha
MHUKpPOCTPYKTYpY MaTepHaia NpPOBOJHHUKA BBI3bIBACT, B

CBOIO Ouepe/ib, COrJIaCHO 3aKOHaM KJIACCHUECKOH (H3UKU
M MCXaHUKU B HAMpaBJICHUHM €€ JeicTBUA (Hampumep,

BosneiictBue  HamnpsKEHHOCTH TaKoro
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BJIOJIb IIPOJOJIbHOM ocH mpoBojgHuka OZ ) yCKOpeHue a,

(M/c*) ero CBOGONHBIX JIEKTPOHOB, ONPEIENIEMOE H3
CJIE/TyOLIETO MPHOIMKEHHOTO BhIpaXkeHus [3]:
a,=ey-Ep (t)/me “4)

B pesynbrare ykazaHHOIO CHJIOBOTO BO3AEUCTBHS
BHELIHETO 3JIEKTPUYECKOro MOJIs Ha CBOOOJHBIE BIIEKTPO-
Hbl METAUTMYECKOTO MPOBOJHHUKA MOCIEAHNE NpPHOOpe-
TalOT JONOJHUTEIBFHO K CKOPOCTH Vg XaOTHYHOTO JIBH-
KEHHS HEKOTOPYIO CPEIHIOI APel(oBYIO0 CKOPOCTb Vp
(M/¢), KoTOpast B IEPBOM TPUOIIKSHUHA MOKET OBITh BbI-
paxena B Buze [3]:

VD =0dy Ty, (5)
rIe T,— CpeiHee BpeMs Impobera cBOOOIHOIO 3/IEKTPOHA
MEXIy aKTaMH €ro YIPYroro KyJOHOBCKOTO pacCesHHs
HA WOHAX KPUCTAJUIMYECKOW PEIIeTKH Marepuana IMpo-
BOJIHMKa (BpeMsI penakcanuu) (c).

B pesymnbrate u3 (4) u (5), ¢ OQHON CTOPOHBI, UIA
cpenHeil apelidoBoil CKOPOCTH vV CBOOOAHBIX 3IEKTPO-
HOB B MaTepHayie IPOBOJHHUKA C JIEKTPHUYECKHM TOKOM
MPOBOJUMOCTH if () UMeeM:

vp =€y T, Ey/m . (6)

C npyroii CTOpOHBI, AJIsl CpeHel nper(oBol cKo-

pPOCTH V) CBOOOIHBIX JIEKTPOHOB B MarepHaie pac-

CMaTpUBaeMOro MPOBOJIHHUKA OyIeT CIPaBEJIUBO Clie-
Iyroliee cooTHomeHue [2, 8]:

vp=0pr(t) /ey n,, (7)
rae Op(¢) =ip(¢) /S — MIOTHOCTB 3IEKTPUYECKOIO TOKA
IPOBOAMMOCTH B META/IIMYECKOM MPOBOIHHKE (A/M?);
N, — IJIOTHOCTb CBOOOJHBIX 3JEKTPOHOB B MeETaLIUye-
CKOM TIPOBOJIHHKE (M ).

Crnenyer MOMYEpKHYTH, 4TO cormiacHO (7) BKJIAA B
IJIOTHOCTH Opp(f) TOKa MPOBOJAUMOCTU U COOTBETCTBEHHO
B CaM 2JIEKTPUYECKHUI TOK MPOBOAUMOCTH iy (f) MeTaium-
YECKOro MPOBOJAHKMKA IaeT TOJBKO CpemHss apeiidoas
CKOPOCTb Vp) CBOOOAHBIX 3JIEKTPOHOB. CKOPOCTH K€ HX
Xa0THYHOTO (TEIUIOBOTO) ABW)KEHUSI Vy HHMKAKOro BKJaja
B UIEKTPUYECKHII TOK NMPOBOAUMOCTH iry(f) NPOBOJHHUKA
He BHOCHUT, TaK KaK €€ cpe/iHee 3HaueHHUe PaBHO HYIIIO.

Kax M3BecTHO, INIOTHOCTb 71, CBOOOIHBIX 3JIEKTPO-
HOB B METAJUTHYECKOM MPOBOHHUKE OYAET paBHA KOHIICH-
Tpauuu Ny (M™) aTOMOB Marepuanga MPOBOIHHKA, YM-
HOKEHHOI Ha BaJIEHTHOCTh XMMHYECKOTO 3JEeMeHTa, 00-
pa3yrouiero 3TOT MNpOBOASIIMM MaTepuan. B cBowo ode-
pelnb, BaJICHTHOCTh MaTepuaja IMPOBOJHUKA OINpPEAeiIseT-
Csl YHCJIOM HECIapEeHHBIX JJIEKTPOHOB Ha BAaJEHTHBIX
JIEKTPOHHBIX 000JI0YKaxX (IHEPreTHUECKUX YPOBHIX) €T
aTOMOB (Hampumep, Ui MEIX BAJICHTHOCTh paBHA JIBYM
[1, 4]). Uro kacaeTcsi KOHLEHTpalMU aToMOB N B Me-
TaJUTMYECKOM IIPOBOJHHKE C INIOTHOCTBIO dpy (kr/™’) ero

MaTepuana, TO OHa BBIYUCISICTCS M3 CICIYIOIIEr0 H3BECT-
HOTO BEIpakeHus [3, 8]:

No=dy M, ~1,6606-10‘27T (8)

rae M, —aToMHas Macca MaTepuana IpOBOJHHKA, IpaK-

1
>

THYCECKHU paBHasA MaCCOBOMY 4YHCITY A AApa aromMa HcC-

MOJIb30BAaHHOTO B MPOBOJHHUKE MaTepHaa, BHIYUCISIEMO-
My COIJIaCHO TIEPHOJUYECKOH CHCTEME JJIEMEHTOB
J.V1. MeHnneneeBa B aTOMHBIX €IMHHUIAX Macchl (OIHA
aTOMHasi eIMHMLA Macchl paBHa 1/12 maccel aToma M30-

TOIa yriepoaa 162 C, cocrapnsomeii 1,6606-107

KT).
[pupaBusaB BoipaxkeHus (6) u (7), LI IUIOTHOCTH

ToKa Oy7(f) B METAIIMYECKOM IPOBOAHUKE ITOIY4aeM:

dn(=vn En(), ©)
Toe Yy :eé "Ny " T,/ M, —yIeIbHAS 3IEKTPOIIPOBOJHOCTD
Marepuaia poBOJHUKA.

U3 (9) BuxHO, 4TO MOTy4YEHHOE HAMH HA OCHOBE YII-
POIIEHHOM MOAENN MHKPOIPOLECCOB B IPOBOJHUKE CO-
OTHOILEHNUE AN INIOTHOCTH Opy(f) TOKa MPOBOJMMOCTH B
METAIMYECKOM IPOBOJHHUKE MOJHOCTBIO COOTBETCTBYET
muddepenumansHoit popme 3anmcu 3akoHa Oma Juist
JNIEKTPUYECKON JIMHEMHON LENU U NEPBOMY IEKTPOJIHU-
HaMHUYeCKOMY ypaBHeHHUI0 Makcsemna [2, 9]. Kpome To-
r0, HaliJleHHOE HaMH BecbMa IPOCTHIM IIyTEM COOTHOIIIE-
HHUE Ul yIENbHOM 3JEKTPONPOBOJHOCTU Y[ TBEPIOTO

MaTepHaa IMPOBOJHUKA B BHIE yn=eg ‘N, T,/ m, OKa-
3BIBACTCS PABHBIM H3BECTHOMY aHAJIMTHYECKOMY BBIpa-
xeHuto (4-91) us [4], paHee NMPUMEHEHHOMY B paaHo-
SJIEKTPOHUKE TIPH HMCCICAOBAHUHM TEMIEpaTypHOil 3aBH-
CUMOCTU pdaa MNPOBOJHHMKOBBIX MaTEpUaIOB, BKJIrOYas
IIEKTPOIUTHUYECKYIO MEIb.

[omy4ennoe cornacHo (9) A Yy aHAIUTHYECKOE
BBIpa)KEHHE MOXXHO IEpEeNHcaTh B CIEAYIONIEM YI00HOM
JUTS TIOCTIETYFOIIIETO aHAIN3a BUAE:

€y Te

Yo = '(ne'e()):ue'pevv (10)

me

TIe U, = e Tp/m, — NOABIKHOCTb CBOOOIHBIX SJIEKTPO-
HOB B METAJUTMYECKOM IPOBOAHHKE C TOKOM IIPOBOAMNMO-
ctu i (t) (M*/B-c) [2, 4]; P,y =1, - €y— TPOCTPAHCTBEH-
Hasl IOTHOCTh OTPHUIIATENEHOTO 3apsiia B METALIHYECKOM
IPOBOIHUKE C TOKOM IIPOBOAMMOCTH ipy(¢), ompenense-
Mast CBOGOIHBIMH 3JIEKTPOHaMH rpoBoaauka (Ki/a’).

U3 (10) BhITeKaeT BaXHBIN KakK I MPAKTUUECKUX
nesed, Tak u JUia (PU3HYECKOro MOHMMAHHS IMPOTEKAro-
IIMX B METaUTHYECKOM IMPOBOJHUKE C TOKOM IPOBOJIH-
MOCTH i[j(f) MHKpPOIPOLIECCOB BBIBOJ, 3aKIIOYAIOIIUICS

B TOM, 4YTO YACJIbHAsA 3JICKTPOIPOBOAHOCTH Y1 paccMar-

pUBaEMOTO MPOBOJHHUKA OOECIICYMBACTCS TOJIBKO €ro
CBOOOJHBIMU 3JICKTPOHAMHU — 3JIEMEHTAPHBIMH HOCHTE-
JSIMUA OTPHUIATENBHOTO 3apsijia, TO €CTh JUIS UCCIEAyeMO-
ro MPOBOJHHUKA OyIeT XapakTepHa TOJILKO IICKTPOHHAsS
npoBoauMocTb. [Iprdem, coriacHo (10) weM BbIme moj-
BIJKHOCTb 4, CBOOOJIHBIX 3JIEKTPOHOB, TeM Oojblie U

3HA4YEHHE yJIENbHOM 3JEKTPONPOBOJHOCTH Y[ Marepua-

Jla TIPOBOJAHHKA. Tak kak JUIA OOJIBIIMHCTBA METAJIJIOB
YHUCJICHHOC 3HA4YCHHUC IINIOTHOCTH 1, HUX CBO6OI[HBIX 9JICK-

TPOHOB M3MEHSIETCS] HE3HAUUTENBHO (HAIIPUMEp, JUTS HU3-
KOJICKTPOIIPOBOAHOTO BOJb(ppaMa 3HAUCHHE 71, COCTaB-

nser n,=12,51 10% M'3, a 1151 BBICOKOAJIEKTPOIPOBOIHOM

Menu — n, =16,86-10%° M~ [3, 4]), TO B COOTBETCTBHH C

68

Enexkmpomexnika i Enexmpomexanika. 2006. Ne2



(10) oCcHOBHBIM TapaMETPOM, OMPEIESISIONINM 3HAUYECHUE
HOABM)KHOCTH U, CBOOOIHBIX 3JIEKTPOHOB U COOTBEICT-
BEHHO 3HAYCHUE YAENBHOH 3JIEKTPONPOBOIHOCTH Yy

MarepHuana HCCIeAyeMOro MPOBOJHUKA, OyIeT SBIATHCS
cpenHee BpeMsi T, Ipobera cBOOOJHOTO 3JIEKTPOHA B

METaJUTMYECKOM TIPOBOAHKKE (HAIpUMep, Ui MEAU Bpe-
M peJlakcalliy T, UMEET MOPsIOK 10" ¢ [2, 3]).
BemnmunHy cpenHero BpemeHn T, npobdera cBo0Oon-

HOTO 3JIEKTPOHA, /ISl PElIaeMOil HAMU 3a7a4i U €€ COOT-
sHommeHw# (9) u (10), B 9aCTHOCTH, MOXXHO MPHOIMKESHHO
HalTH U3 CIIeAYIOIIEro BeIpakeHus [4, 7]:

Te =le/(VT+VD)7 (11)
rae [, - cpenHss AnMHA mpobera CBOOOIHOTO 3IEKTPOHA
B MaTepuase MpoBOAHKKA (M) (Hampumep, A MEIU JTH-
Ha [, uMeeT NopsIOK 10® M [2, 3]).

BEIIOTHEM YHCIIEHHYIO OLIEHKY 3HaYE€HHH CKOPOCTH
V7 XaOTHYHOTO (TEIUIOBOI0) IBHXKECHUSI M CPEIHUX CKO-
poctelt vp npelida cBOOOIHBIX 3JIEKTPOHOB B MEIHOM
MPOBOJHUKE TPH KOMHATHOH Temmepatype 7 , Hampu-
Mep, Ul Cilydasl, KOrja aMIuIuTyaa Epjs BO3IEHCTBYIO-
nieil Ha HUX HanpspDKeHHOCTH Epp(f) BHEIIHEro 3JeKTpH-

YEeCKOro IIOJs paBHA JOCTAaTOYHO BBICOKOMY 3HAUEHUIO
Era =100 B/M. Tak kxak g OONBIIMHCTBA HMpUMEHSE-

MBIX B DJJICKTPOTECXHUKE MECTAJIOB TUIHWYHOC 3HAYCHHC
NOABM)XHOCTH U,  CBOOONHBIX  OJIEKTPOHOB  IIPH
T =293,16 K cocraBisieT HE3HAUUTEIHHYIO BEIMYNHY U B
CpeiHEM IPUMEPHO paBHYHO i, ~ 0,003 m*/B-c [2, 7], T0
n3 (6) ciemyer, 94TO CpenHssI CKOPOCTh Vv Apeida cBo-
OOIHOrO AICKTPOHA B PACCMATPUBAEMOM CIIydae YHCIICH-
HO cocraBisier Bcero vp = 0,3 m/c. Jlnst oneHkn aocro-

BEPHOCTH 3TOT0 pe3yJbTaTa OTHOCHUTEIHHO UYUCICHHOTO
3HaueHus v ucnoiab3yeM dopmyisl (7) u (9). M3sectHo,

yro npu 7 =293,16 K ynenpHas 37€KTpONPOBOJHOCTH
Yy VIS MeIH OpUMepHO paBHa vy =5,81-10" Cm/M [2,3].
Torna cornacuo (9) mpu Epp =100 B/mM nist ammuty st
IUIOTHOCTH Ojp TOKA MPOBOJMMOCTH B MEIHOM IPOBO-
HUKE criefyer, u4to Opa =5,81-10° A/M%. B pesyibrate
MNOJACTAHOBKH 3TOI'0 YMCJIICHHOI'O 3HAYCHUA IJIA SHA B
dopmyiy (7) momydaem, uro npu 1, =16,86-10% M [3, 4]
HauOonblIas BeJUYMHA CpeIHEH CKOPOCTH Vp Jpei-
¢yromiero B MeTHOM IPOBOJHUKE CBOOOIHOTO AJIEKTPOHA
HE TpeBbIIaeT 3HaueHus vy =0,22 M/c, KOTOpoe XOpomo
COTJIACYeTCs C paHee HaAMHU TOYIEeHHBIM 110 (6) 3HAUCHH-
€M Vp U YHCICHHO paBHBIM vy =0,3m/cC.

W3 (2) nns ckopocTH vy XaOTHYHOTO (TETIOBOTO)

JBIDKEHUSI CBOOOAHBIX HJIEKTPOHOB B METAJUINYECKOM
MIPOBOJHUKE BBITEKAET CIEAYIONIEE MPHOIMKEHHOE COOT-
HOIIICHUE:

1/2
vp =B kg -T/mg )% (12)
Ucnons3ys (12), mpu KOMHaTHOH TeMIepaType BO3-

nyxa u marepuana nposogauka (7 =293,16 K [3]) Haxo-
IIMM, YTO CKOPOCTb V' XaOTHYHOTO JBIIKEHUS CBOOOIHO-

ro DJIEKTPOHA B HAIlleM cliydae OyJeT MpHUMEpHO paBHA
vT:1,15-105 M/c. Tak Kak Uil MCCIEAYeMOro ciydas
Vv >>Vpy, TO NIPAKTUYECKU BIUSAHUEM CPEIHEH CKOPOCTH
npeiipa vy CBOOOIHBIX BIIEKTPOHOB METAINIMYECKOTO
MIPOBOJHUKA HA M3MEHEHHUS BPEMEHHU T, UX pelaKcalyn
MO>XHO OOOCHOBaHHO MpeHeOperaTh.

[Ipubmmxennyro oneHky B (11) 3HadeHnit cpemHei
JUnHBL [, Tpofera cBOOOIHBIX JIEKTPOHOB B METAIIIH-
YECKOM IIPOBOJHWKE HAa OCHOBAHWH HM3BECTHOW MOICIH
CBOOONHBIX JJIEKTPOHOB 30MMepdensia U UX YIpyroro
paccesiHUS KyJIOHOBCKUM IT0JIEM MOHOB KPUCTAJUTMIECKOM

pEIIeTKH MaTepuajia MpoBOAHUKA [2, 3] MOXKHO OCyIIecT-
BJISITH C IOMOIIIBIO CJIEYIOIIETO BBIPKEHHUSI:

I =10%-(Ng -8, )", (13)

rae S, = z? -eg/(16-n~8% sz) - CCYEHHE PACCCHUBAHMS
CBOOOJIHBIX 3JIEKTPOHOB MOHAaMH (aTOMaMH) KPHUCTAJLTHUE-
CKOIf PelIeTKH MaTephana NpoBoxHuKa (M”); Z — MOPSIKO-
BBIIl HOMEp XMMUYECKOTO 3JIEMEHTa, N3 KOTOPOTO BBIITOJIHEH
METaJUTMYECKUH TTPOBOJIHUK, OIPENessieMblid COIJIACHO Iie-
puoandeckoii cucreme anementoB .M. Menneneesa u yuc-
JICHHO PaBHBIN TIOJIOXKUTEIEHOMY 3apsiy sipa €ro aroMa
(manpumep, it Mexu —Z =29 [3]); gg = 8,854~10_12 /™M
— IWdJIEeKTpIYecKast IOCTOSTHHAS [2].
Hcnonp3oBaHne Ha MPaKTUKE PacdeTHOU (HOPMYIIBI
(12) moka3bIBaeT, 4TO OHA JaeT BeChMa 3aHW)KCHHBIC OIIe-
HOYHBIE 3HAUYEHHS JUIsl CKOPOCTH Vg XAOTHYHOTO (TEILIo-
BOT0) JIBM)KEHMsSI CBOOOJHBIX SJIEKTPOHOB B MeETaJLIHYe-
CKOM TpoBoaHuKe. Jlydmiee npuOIMKeHHE K ONBITHBIM
JIAHHBIM, KacCaloLIUMCsl Vy, JAeT A Hee (3TOH CKOpo-
cTH) Ta OpMyJsa, KOTOpas OCHOBBIBAETCSl HE Ha KJIACCH-
YyecKoM pacnpeneneHun Makcsemia — bonbimana s
"37IEeKTPOHHOrO ra3a’, a Ha CTaTUCTUYECKOM pacrmpezesne-
Hun @epmu — Jlupaka, TO €CTh Ha TIOHATHH SHEpTUH L
®epMu  IST  ANEKTPOHOB  (HAIpUMeEp, [UIS  MEOH
Ep =11,27-10"]1x [4]). B nocinexnem ciyuae BhIpaske-
HHE MIPUMEHHUTEIBHO K OIPENENICHUIO 3HAUEHHsI CKOPOCTH
V7 XaOTHYHOTO (TEIIOBOr0) IBIKEHHSA IUISI CBOOOIHBIX
ANIEKTPOHOB B METAJUTMYECKOM IIPOBOJHUKE TPHHUMAET
cnenyromwii Bug [3]:
vp=(Q2-Ep/my)"?. (14)
YucneHHasi OLCHKA 3HAUCHUS! JUIsL Vr , BBITIOJTHEHHAS
JUTSL MEIHOTO TPOBOTHHKA 10 (14), IPUBOAUT HAC K TaKOH
BEJIMYMHE CKOPOCTH Vy XAOTUYHOTO (TEIIOBOIO) ABUIKE-
HUSI CBOOOIHOTO AIIEKTPOHA B HEM Kak vT:1,57-106 m/c,

KOTOpasi OKa3bIBAETCSI IIPUMEPHO Ha MOPSIOK BBIIIE paHee
PacCUMTaHHOM HAMU aHAJIOTUYHOHU CKopocTH vy 10 (12).

3ameTnM, YTO NpPH BBIYUCICHWM 3HAUYCHWH Vp IO
(14) B BBIpaxkenun mis S, cormacHo (13) BMecTo cpen-
HEeW KMHETH4eCcKOH dHeprun Wy CcBOOOIHBIX 3JIEKTPOHOB
HEOOXOAMMO TaKKe HCIIOIb30BaTh COOTBETCTBYIOIIEE
3HaueHue Juisi sHepruu Ep @®epmu. OcHoBaHHMEM [UIs
TaKOW 3aMEHBI MOXKET CILy>KUTb TO, YTO IPU NIPUIOKECHUH
K paccMaTpUBAEMOMY IPOBOJHHKY JUIMHOHN /[ 3NEKTpH-
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yeckoro HampspkeHust Up(f) pacmpeneneHue ero cBo-
OO/IHBIX 3JIEKTPOHOB IO CKOPOCTSIM HM3MEHSETCS JIMIIb
BIIONIb TPOIONBHON ocu OZ ¥ TO Ha HE3HAUHUTENIFHYIO
BeNUUKMHY (v <<vy), BIHSHHEM KOTOPOH NPH MPaKTH-
YEeCKMX pacyeTax MHKpPOIPOIECCOB B METAUINYECKOM
MIPOBOJHUKE C TOKOM IPOBOAUMOCTH Iy (f) MOXKHO Ipo-
CTO TIpeHeOperars.

ITopasutenbHBIM M OJHOBPEMEHHO IapajoKCaib-
HBIM (hakTOM B OOIIeil KapTHHE PacCMaTpPUBAEMbBIX MHUK-
POIIPOLIECCOB BHYTPU METAIMYECKOTO IIPOBOJHHUKA C
TOKOM IIPOBOAMUMOCTH iy (f) SBIAETCS TO, YTO MPHU ITOYTH
HE3aMETHOM H3MEHEHHH paclpeielieHns] CBOOOIHBIX
9JIEKTPOHOB II0 CKOPOCTSAM H3-3a HNPWIOKEHHS K HeMy
ANIEKTPUYECKOro HampspkeHus Uy (t), HampumMep, Ajs
MEJIHOTO IMPOBOAHUKA (7, = 16,86:10% ™ [3,4]) B ciy-
qae, korga Epa = 100 B/M, ammmryna oy, INIOTHOCTH
TOKa B HEM B COOTBETCTBUH C MOJNYYCHHBIMH HAMHU pac-
yeTHBIME cooTHOmeHussMA (9) u (10) mocturaer mocra-
TOYHO OONBIIMX YHCJICHHBIX 3HAYCHHH MOpsAKa
Spia = 6:10° A/M*~ 6 kA/MM>. Takue 3HAuEHHs MUIOTHO-

CTH TOKa Oyjp TpPU OTHOCHUTEIBHO MAIBIX 3HAYCHHUSX
HOJABIKHOCTH U, U1 CBOOOJHBIX JIEKTPOHOB (HANpH-
Mep, ATl MEOW WX TMOABWXHOCTh u, npu T =273,16 K
XapakTepu3yeTcss NPUMEPHO YHCICHHBIM 3HAuYCHUEM
u, = 0,0025 M*/B-c [2,3]) MOTYT GbITb OGBACHEHBI TOBKO
BBICOKMMH 3HAUY€HHSMH IPOCTPAHCTBEHHOW IUIOTHOCTH
Pey OTPHLATENBHOTO 3apsifa Aper(yrommx cBOOOTHBIX
9JIEKTPOHOB B METAIUIMYECKOM IPOBOJHHKE C dJIEKTpHUE-
CKHM TOKOM MPOBOJUMOCTH i (f) (Hampumep, A Meau
uxX o0BeMHas IIOTHOCTh p,, 3apsna MMeeT MPUMEPHO

TaKO€ YUCIEHHOE 3HaYEeHHE — P, & 2,7-10" Kn/v® [3]).

BBIBO/IbI

1. Ha ocHOBe MNOJOXEHHH KIIACCHYECKOW (H3UKH
JUISL 9UCTO KOPITYCKYJIIPHOTO TIPHOJIMIKEHHST CBOOOTHBIX
9JIEKTPOHOB METAJUIMYECKOTO IPOBOIHUKA C 3JIEKTpHUE-
CKMM IIOCTOSIHHBIM HJIM TEPEMEHHBIM (MMITYJIbCHBIM)
TOKOM IPOBOAMMOCTH ifp(f) pa3paboTaHa yHIpoOIIEHHAas
MareMaTHuecKasi MOJIeNIb MUKPOIIPOIIECCOB BHYTPH MaTe-
pHaia uccieayeMoro MpoBOIHHKA, TIO3BOJIIONIAS T0CTa-
TOYHO TPOCTO HAXOJHUThH PACIIPEEICHUs] €r0 CBOOOTHBIX
9JIEKTPOHOB 10 XaOTHUYHBIM Vy M IpeH(OBBIM VvV CKO-
POCTSAIM, a TaKXKe ONpeeNsATh 3HaUeHUs! IOJBUKHOCTU U,
U TPOCTPAHCTBEHHOH IUIOTHOCTH p,, OTPULATEIbHBIX
3apsAg0B CBOOOJHBIX IEKTPOHOB B METAJUIMYECKOM IIPO-
BOJHHKE, K MPOTHBOIOJIOXHBIM KOHIIAM KOTOPOTO TIPH-
JIO’KEHO 3JIeKTpHYecKoe HampspkeHne Up(f) mpou3Boib-
HOW BpeMEHHOU ()OPMBL.

2. Pa3paboranHas mpuOMMKEHHAs MOJEIb MHKPO-
MPOLIECCOB B METAJUTMYECKOM HPOBOJHUKE C H3MEHSIO-
IIMMCSI BO BPEMEHHU ! II0 MPOM3BOJILHOMY 33aKOHY 3JIEK-
TPUYECKUM TOKOM NPOBOIUMOCTH irf(f) YHOBIETBOPSET
3akoHy OMma B auddepeHnnanbHoi hopme Ajst HIeKTPH-

YECKOM JIMHEMHOM LIeNH, TIOJHOCTBIO COOTBETCTBYET IEP-
BOMY YpaBHEHHIO MakcBeula U I03BOJIAET BBIYMCIATH

YACIBbHYIO 3JIEKTPOIIPOBOAHOCTE Y1 MaTe€puaia npoBOI-

HUKa dYepe3 IMOJBIKHOCTb U4, W TIPOCTPAHCTBEHHYIO

IUNIOTHOCTb P, OTPHIATENHHOTO 3apsija ero aperdyro-
IUX II0J BO3JIEWCTBHEM HANpsDKEHHOCTH FEpp(f) BHem-
HETO 3JIEKTPUIECKOTO TIOJIS CBOOOIHBIX DIICKTPOHOB.
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AHAJIUTUYECKHUE 3ABUCUMOCTH BBIXOJHOI'O HAITPAKEHUSA
JANOJHO-EMKOCTHOI'O MOCTA ITPHU BBIZIEJIEHUU COCTABJIAIOIIUX
IMPOBOAUMOCTHU

ITonosuuka J[.B., k.1.H., Hep3nun b.U., k.1.H., go1.

BocrouHoykpanHCKUi HAalTMOHAJIBHBIA YHUBEpCUTET UMeHU B.lans

VYkpauna, 91034, JIyranck, kB.Monozaexusiii, 20A, BHY, kadenpa snexkrpoMmexaHuku
tein. (0642) 41-80-02, E-mail: bnevz@snu.edu.ua

3arupusk M.B., n.1.H., mpod.

KpemeHnuyrckuii rocyJapCTBEHHBIH NOJUTEXHUYECKUH YHUBEPCUTET

VYxpauna, 39614, Kpemenuyr, yin.[lepsomaiickas, 20, KI'TIVY, kadenpa 31eKTpoTeXHUKH
ten. (05366) 3-62-19, E-mail: mzagirn@polytech.poltava.ua

3anpononoeani exeisanenmui cxemu 0i0OHO-EMHICHUX MOCMIG, AKI GUKOPUCHOBYIOMBCA ONA 6UOINEHHA AKMUGHOT | peakmuenoi
CK1A006UX NPOGIOHOCI 8UMIPIO6ATILHOZ0 NEPEMEOPIOEatd 3 60102UM CURYUUM Mamepianom. Ompumani aHanimuyti 3anexcHo-
cmi Hanpyzu Ha 6uxo0i mocmie 6i0 napamempie nepemeoprosaua, AKi 003601A0Mb GUHAYUMU WYKAHY 60102iCMb CURYY020
Mmamepiay.

Hpet)flﬂ.}l(‘eﬂbl IK6UGAIEHNIHbIE CXEMbl OUOOHO-EMKOCHHBIX MOCHI06, UCROJIb3YEeMbIX 0N 6blOe/IeHUA AKMUGHOU U peaKmueHoﬁ
cocmaesuArouiux npoeodumocmu umepumeilbHozo npeoépa;eoeame}m C GJIAXCHBIM CHIRYHUUM MAMEPUATIOM. HOﬂy‘leHbl ananu-
muvyecKkue 3a6UcCumMocmu HanpsaMdceHus Ha 6bIX00€ MOCHO06 OMm napamempos npeoﬁpas'osameﬂn, noszeonsawouiue onpedejmmb uc-
KOMYI0 6]1AHCHOCMb CblnyYeco mamepuand.

BBEJIEHUE 1.k <,
[TOBBIIIEHNE TOYHOCTH KOHTPOJIS BIAXKHOCTH CHIIy- r%—|

gux MatepuanoB (CM) BBICOKOYACTOTHBIM METOJOM Tpe-
OyeT pa3lmenbHOrOo M3MEpPEHHs aKTHBHON M PEaKTHBHOW H
NPOBOAMMOCTEN Marepraa. MConbp30Banue pasanyHoro T
pola MaTeMaTH4YeCKUX MOJIeNe 3JIeKTPOPHU3NIECKUX

CBOMCTB YacTHLBI MaTepHana, a MMEHHO C(epHYecKuX,
IUIMIOTHYECKUX U Jp., HAmpuMmep, KakK I[OKa3aHO Ha
puc. 1, MO3BOJSIET 3HAYUTEIIBHO CHU3UTH BIIMsHUE (PaKTo-
POB, UMEIOIIUX CIIA0yI0 KOPPEJSIHUIO C BIAXHOCTBIO, HO
OKa3bIBAIOILIMX CYIIECTBEHHOE BJMSHHE HAa IMOKa3aHUs
mpudopa KOHTPOJIS.

Puc. 2. [lpuHOMnManbpHas SJIeKTpUYecKas cxema
JUOAHO-EMKOCTHOI'O MOCTa € BBLICICHUEM aKTHBHOM
COCTaBIISIIONICH TpeoOpa3oBaTesIst

— e
E 9.
_—
.
C.
_--"/ .““"--__
A J
Puc. 1. Cxema 3aMeleHNs] 9aCTUIIBI CBITyYero MaTepuana: |

&1,82 — aKTUBHAs IMPOBOAUMOCTE 30HBI IIPOBOAMMOCTH U 30HBI Puc. 3. HpI/IHL[I/IHI/IaIIBHaﬂ DJICKTPUYECKAA CXEMa
KOHTAaKTa, C], Cg — €MKOCTH 30H IPOBOAUMOCTHU U KOHTAKTa JHOOHO-CMKOCTHOI'O MOCTa C BBIACIICHHUCM peaKTHBHOﬁ

o o MIPOBOAUMOCTH HpeO6pa3OBaTeJI$I

W3mepeHne akTUBHOM M PEaKTHBHOW IPOBOJIUMO-

cTeid konTponnpyemoro CM NpOHSBOMMTCA © MCHIONB30- | Ay YR A TEHTHBIE CXEMbI U3MEPUTEJIbHbBIX

BaHHEM JIMOJHO-eMKOCTHBIX MocToB ([{EM), mpuBenen- MOCTOB U AHAJIMTUYECKHUE 3ABUCUMOCTU

HEIX Ha PHC. 2 ¥ PHC. 3. BBIXO/IHOT'O HAITPSDKEHUS OT ITAPAMETPOB
[IpUHIMI TEHCTBHSA STHX MOCTOB OIIHCAaH B paboTax TPEOEPAROBATES

[1,2].

ToOYHOCTh M3MEPEHUI MNpPU KOHTPOJIE BIAXKHOCTH
CBIIIYYNX MAaTEpHAIOB SBISIETCS OJHUM U3 BAXKHEHIINX
1apaMeTpoB, TaK KaK IPH 3TOM OMNPENEISICTC HE TOJIBKO

KOJIMYECTBO BJIark B MaTepUajic, HO U €ro Ka4yeCTBO, 4YTO .
BJIMSIET HA CTOMMOCTh KOHTPOIIMPYEMOH IIPOLYKIIMH. IPU BBIBEJIEHHU AHAIMTUYECKOH (OPMYJIbl BBIXOIHOTO
HaIpsDKEHUS.

1.1. Bvidenenue axmueHoOUu cocmasnsioujell nposo-
oumocmu npeobpazoeames.

B cxemax (puc. 2 u 3) UMEIOTCS HEIHWHEHHBIE dIie-
MEHTBI — quoabl VD;, VD, , 4TO BBI3BIBAET 3aTPyIHEHHE
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Jlns 3aMeHbl HEJIMHEMHBIX 3JIEMEHTOB JIMHEWHBIMU
HeoOXoauMo Ha OCHOBe mpuHIMNa neicreus JJEM co-
CTaBUTh DKBUBAJIICHTHYIO CXEMY MOCTA, 3aMCHHB JTHOJIBI
IIpH [I0J1a4e Ha HUX HPSMOTO HANPSIKEHUS KOPOTKHUM 3a-
MBIKaHHEM, a MIPH Tofade 00paTHOTO CYUTATH, UYTO HA UX
MeCTE pa3phIB LIETH.

[Tockonbky Ha MOCT TIOCTYMHaeT BBICOKOYACTOTHOE
(BY) cumHycompmanpHOE HaIpsDKEHHWE, [MOKa3aHHOE Ha
puc. 4, uepe3 pa3nenuTenbHbI KoHAeHcaTop C), TO CXe-
My LeJIeCO00pa3HO pacCMaTPHUBATh OTACIBHO JUIS TOJO-
JKUTEJILHOTO ¥ OTPUIIATEIHHOTO MOJTYTIEPUOJIOB.

[Ipu BblAETEHMN AKTUBHOM COCTABIISIOLIEH CHUTHAa
Heo0XoauMo paccMarpuBath cxemy (puc. 2). [Ipu nocryn-
JICHUU Ha 3TOT MOCT HOHO)KHTeHbHOﬁ TOJIYBOJIHBI CUHY-
COMJATBHOTO HANPSHKEHUS TOK /| IOTEYeT 4epe3 pasieiiu-

TenbHble KoHAeHcaTtopsl C), C,, STaJOHHBIA KOHJEHCA-
top Cj5, comporusnenue R; u auox VD, . Ilpsmoe co-

[IPOTHUBJIEHHE JHOJOB MOXHO CUHMTATh PAaBHBIM HYJIO, a
o0OpaTHOEe — OECKOHEYHOCTH, ITO3TOMY TPHU MOJIOKHUTEIh-
HOM IIOJIyHIepHOJie TOK /{ He IPOTEKaeT uepe3 H3MepH-

TenbHbIA npeobOpazosarens (MIT) u n3mepurensHoe muie-
40 MU3-3a IIYHTUPOBAHUA UX JUOIOM.

IIpy nocrymiieHuuM Ha MOCT OTPHULIATENbHOM IOJIY-
BOJIHBI CUHYCOUAAJIBLHOI'O0 HANPsHKECHUS TOK [2 IIOTCUECT

Yepes paszlenurensHsle konaeHcatopel Cp, Cz, Cy, co-
npotusienue R,, UII ¢ mapamerpamu Cypp, Ry ¥ nu-
on VD, , Kak TIOKa3aHo Ha pHcC. 2.

Torma sxBHBajIeHTHas cXeMa IS ITOJIOKHTEIBHOU
MTOJTYBOJIHEI IPAMET BHJI, KaK Ha pHC. 5.
ITockonpky LC -punetp 1mpm  mapaMmerpax

L=200-10°TH u Cg=50-10° & s BY
(f=5MTI'n) HampspKeHUsT MMEeT O4YeHb OOJIBIIOE HH-
IOyKTUBHOE compoTuBieHne X; =62800M u manoe em-
KOCTHOE conportuBieHue Xqg =0,637 Om, To B cxeme

STHUMH TapaMeTpaMH MOXHO npeHeOpedb. CoOTBETCT-
BYIOIIas SKBUBAJICHTHAs CXeMa MpUBEeHA Ha puc. 6.

C y4eToM 3TOro TOJIHOE CONPOTHBICHUE IaHHOU
CXEMBbI MOKHO OIPEJENIUTh KaK:

-1 -1

Zi=Xca+||Ri+Xc2 | +Xcs (1)

nim

. . I -1
Zy=(-k-G) +((R1—(k-cz)f _k'c5j )
rne k=j-2-m-f.

DopMyIIa [JIs OTPEIENIEHHS TOKA:
. C 1
Lh=u(z)"=

=U- (—k'C1)_1+((R1—(k-Cz)_ITI—k-Csj_l _1’(3)

rne U=U, /(2~«/§ ) - MOJIOBHMHA JAEHCTBYIOIIETO 3HAYe-

HUSI HanpspkeHus! nuTtanus. [lonoBuHA HanpspKeHUs MOA-
CTaBISIETCS B 3TY (OPMyIIy, IIOTOMY YTO OTpHUIIATENIbHAS
MOJIyBOJIHA HANpPSDKEHUS LIYHTUPYETCS AUOJOM JUIs dTa-
JIOHHOTO IIe4a, ¥ (opMa HampsHKeHHs OyleT UMeTb BHI,
[IOKa3aHHBII Ha puC. 7.

Puc. 4. ®opma nuraromero HanpsprkeHust JJEM,
cHsTas Ha ocuiorpage C1-73

A - L 2

e S1e BN_“TC}
3 I

Puc. 5. DxBuBanentHas cxema JIEM ¢ puimsTpom miist
HOJIOKUTENBHOTO noyneprona BY nanpsokenus
IIPY BBIJECJICHHH aKTUBHOW COCTaBJISIONIEH

17 C

| R
¢ " Io lo

T R

Puc. 6. OxBuBanentHas cxema JIEM 6e3 unbtpa
JUISL TIOJIOKHUTENBHOTO Toityrieprosa BU Hanpsoxenust
TIPH BBIICJICHNH aKTUBHOW COCTABJISIOLIECH

Paccyxnas aHaJIOTMYHO, IOJTydaeM SKBUBAJICHTHYIO
CXeMy I OTPHIIATEIILHOW TOIYBOJHBI (puc. 8).

Kak u U1 OoNI0OXHUTENBHOTO OJIyNepro/a, mpeHeo-
peraem conpotuBienueM LC - ¢uibrpa. Torna sKBuBa-
JIEHTHas cxema mpuMeT Buj (puc. 9).

[TonHOE CONMPOTHBIICHNE TAHHOW CXEMBI

-1

Zy=Xci+ (RCHH)_lJr X cun +
4)
o !
+X4 +H R+ X3
1501050
Zy=(-k-¢)) '+
-1
1
+ (((RMH)_I—IC'CMHT —(k'C4)_1J + %)
Nl
+(Rl_(k.c3)-ﬂ
U TOK
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-1
h=Uz| =v{ckc)s

+ (((RI/IH )~k Cyn Tl ~(k-Cy )_1)_1 +(©

Artec ') N

rre U=U, /2-«/5 - TIOJIOBMHA [EHCTBYIOIIEro 3HaYe-
HUSl HaNpsDKEHUS nuTaHus. [100BHHA HANPSUKCHUS IO-
CTaBIIICTCS B 3Ty (POPMYITy, IIOTOMY YTO MOJIOKHUTEITHHAS
TMOJTYBOJIHA HAIMPSDKEHHS IYHTUPYETCS THOJIOM JUIS U3Me-
pUTeNBHOTO TUieya, U (hopma HanpshkeHue OyIeT UMETh BUJL,
noka3zaHHbIi Ha puc. 10.

Puc. 7. ®opma HanpspxkeHUs Ha u3MepuTenbHoM iede JJEM,
cHsTas Ha ocipuuiorpage C1-73

Puc. 8. DxBuBanenTHas cxema JIEM ¢ dunbrpom mis
oTpuuarensHoro noiaynepuoaa BU nanpsoxenust
IPH BBIJETICHUN aKTHBHON COCTABIISIOIICH

1

c,
g ~ 5 A6
R, C

Puc. 9. DxBuBanenTHas cxema JJEM 6e3 drbrpa
JUTS OTpHULIATENILHOTO notynepuoaa BY nanpsbxenus
IIPY BBIJICJICHUN aKTUBHOM COCTABJISFOLLCH

un

Puc. 10. ®opma HanpspkeHUS Ha 3TanoHHOM Miede IEM,
cHsTas Ha ocipuuiorpage C1-73

OcobenHocThi0 paboTsl JJEM sBisieTcst To, 94TO Ha
Beixone LC - ¢unbTpa QopMupyeTcs MOCTOSHHOE Ha-

OpsUKEHHWE, IPONOPLMOHAIBHOE 3HAYEHHIO AKTHBHOM
npoBogumocty UII. 310 HampspkeHHe TpONOPIHOHAIBHO

pasHOCTH TOKOB [} M [5, W MOXeT OBbITh OIpeneseHO

) ... U U) .- Z'2
kak: U, =(L-1,)Z)=|———F|-Z :U' 1-—=

BBIX (1 2) 2 Z, 7 2 Z
(M
nim

il
. ~(k-c)" +| | (Run)™ =%+ Cunr) -
Upsx =U"| 1 =) -
(k-G +
®)

(k)™ Tl +(R1 ~(k- G )ITIJ_I
+((Rl (k&)™ Tl —k-Cs )1 |

[NocTostHHO# cocTaBIsIFOIEH, KoTopast oOpasyercs B
obonx meuax mocrta (puc. 8,9), MOKHO IpeHeOpedb Mpu
pacuerax BeixogHoro HanpspkeHust JIEM. Tak kak 3HaueHue
IIOCTOSTHHOM COCTABJISIFOIIEH [UIT 000X IUIEY MOCTA OIMHA-
KOBO, TO corfiiacHO (7), OHM BBIYMTAIOTCSA APYT U3 Apyra U
HHUKOTO BITUSIHUS Ha BHIXOHOE HAMPSHKECHUE HE OKA3BIBAFOT.

Ecnu mpou3BOMUTE BEIYKCIICHUS 0 YKa3aHHOH (op-
MyJIe, TO pe3yJibTar OyJeT KOMIUIEKCHBIM, a TIOCTOSIHHASI CO-
CTaBJISIONIAs. HE MOKET OBITh KOMIUICKCHOM BEITHUHHOM.
IToaToMy HEOOXOIMMO BBIIEIUTH U3 (HOPMYIIBI pEabHYIO
YacTh

—

Uppx =
~(k- ;) +[[((RI/IH )" —kCyny Tl -
=RelU-|1- —0)
(~k-c)) '+
—(k-cy) Tl +(R1 ~(k-c3)! lel

+[ﬁq-{k-cgy4yl—k-cgj4

1.2. BviOenenue peakmu6rou cocmasisiioujeti npo-
soo0umocmu npeobpazosameis

IIpu BBIOENEHUM PEAKTMBHOW COCTAaBIIIOIICH CUTHAIA
HEOOXOIMMO paccMaTpuBaTh cxemy, puc. 3. [Ipu nocryrme-
HHUM Ha MOCT TIOJIO)KUTEIIFHOH MOTyBOJTHBI CHHYCOUATIBHO-
TO HanpspKeHWs TOK [; TOTEYeT uepe3 pasleiuTesNbHBIC
koHzencaropsl C, C, , conpotuBienne R; u auox VD,,
Kak IOKa3aHo Ha puc. 3, Tak ke kak u w1 JJEM c Beigere-
HUEM aKTUBHOM cocraBisromiel. Ilpu 3ToM npuHuMaem te
K€ JIOIYIICHUS: TIPSIMOE COTIPOTHBIICHHE ANO/IOB PABHO HY-
70, a obpaTHOE — OecKoHedHOCTH. [103TOMY TIpH TTOJIOKH-
TEJIbHOM TOIyNepuoae Tok /| He mpotekaer uepe3 UII u

M3MEPHUTENBHOE TUIEHO M3-32 IIYHTHPOBAHMS X ANOIOM.
B cnyuyae mocTymiueHuss Ha MOCT OTpPULATENIBHOM
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TMOJTYBOJIHBI CHHYCOMJAIBHOTO HANPsUKEHHUs TOK [, TO-
TedeT depe3 pasjenuTenpHele KoHaeHcatopsl Cp, Cj,
C, , conporusnerne Ry u emxocts Cyp WUII, u nuon
VD, , kak oka3aHo Ha puc. 3.

VY4uuTeIBas NMPUHATHIE IOMYILIEHUS, IKBUBAJIEHTHAs
cXeMa JUIsl MOJIOKUTENBHON MOTyBOIHBI IPUMET BUJ, I10-
Ka3aHHbIM Ha puc.11.

Tak  kak LC -pumsTp mmapamMeTpax

L=200-10°Th n Cg=50-10"d amx BY

( f =5)MI'u HanipsDKeHHUST UMEeT OYCHb OOJBIIOE HHIYK-

npu

THUBHOE comlpoTuBiIcHue X; = 6280 OM U Mamoe eMKOCT-
Hoe comnpoTuBieHne X ¢ = 0,637 OM, TO B cXeMe 3TUMHU

napaMeTpaMH MOXKHO TpeHeOpeub. Toraa SKBHBAJICHTHYO
CXeMy MOXKHO TIPE/ICTABHUTH B BHJIE, KaK Ha puc. 12.
[TonmHOE CconmpoTHUBICHNE TaHHON CXeMHlI [3]

-1
21:Xc1+ [Xczj +(R1)71 (10)

Ui

21:(—kq)‘l+(—k~cz+(R1)‘1T1, (11)

i :U[zlr _
= U-[(—k-cl)‘1 +(k-C2 —(Rl)‘l)_l]_l.

AHaNOrMYHO TPEBIAYIIEMY, SKBUBAJICHTHAs CXeMa
JUISl OTPHULIATEEHON OTYBOJHEI OyIeT MMETh BHJ, TIOKa-
3aHHBIN Ha puc. 13.

Kak 1 11 mojoXuTenpHOro MoNyneproaa mpeHed-
peraem conporuBienueM LC - ¢unbrpa. Torna sxBuBa-

" TOK

(12)

JIEHTHasl cXeMa puMeT Bua (puc. 14).

;\_ilc’ ~ %\
| le,

G

Puc. 11. OxBuBanenTras cxema JJEM ¢ punbtpom mmns
MIOJIOKUTENBHOTO Moiynieproaa BYU HanpsokeHUs
IIPY BBIIECTICHUH €EMKOCTHOM COCTaBIIAIOLIEH

1 C,

1

Puc. 12. DxBuBanenTHas cxema JIEM 6e3 dusbpa
JULS TIOJIOKUTENBHOT O Totyneprona BY nanpspxenus
TP BbIAETIEHUH EMKOCTHON COCTABIISIOILEH

A=

Puc. 13. DxBuBanenTHas cxema JJEM mis oTprnaTeIsHOTO
noynepuona BU HanpspkeHust pyu BEIIETICHUN eMKOCTHON
COCTABILAIOILEH

o

1
o, Il
Y ||

G

Puc. 14. OxBuBanentHas cxema JIEM 114 oTpunaTensHOro
nonyneproza BU nanpsoxenus 6e3 ¢rmibrpa
TIpY BBLIENIEHUH €EMKOCTHOM COCTABIISIIOLIEH

[TomHOE COTIPOTHBIICHUE JAHHOW CXEMBI [3]

-1
22=X01+ (RMH)1+(XHHJ +

; (13)
+)'(C4j —i{XCSJ
Zr=(k-qp)"! +((((RMH)1 k-Cun) "~ (14)
_(k.C4)*1)—k-C3F,
jzzU(zzj :U(<—k-cl)‘1+(((<Rnn)‘;- N

=
_ )
—k-Cy )™ = (k- Cy) 1) —k'C3] ,

kak u 11 JIEM ¢ BelieieHueM aKTUBHOM COCTaBJISIOIIEH.
B mocte Ha Beixome LC - duiabTpa hopMUpyeTCs: MOCTO-
STHHO€ HaIpsKeHHE, MPOIOPLHOHANBHOE MPOBOANMOCTH
UII, mprdemM B OCHOBHOM PEAaKTUBHOW. DTO HAIPsDKEHHE

IIPOIIOPLIMOHATIBHO PA3HOCTH TOKOB I} M [, U MOXKET
OBITDH OIIpEaEIeHO KaK:

Upene = (1 ~13) 2 {Z-i—-i}zz =U-( —%](16)

2 2 :
581070
ox =U +| 1— (_k.Cl)_l +((((RI/IH)_1 _ —
(_k'cl)_1+
1 -1
k) = (k-Cy)-1] —k~C3j (17)
%

+ (k Cy—(R)! )71

Taxk ke, kak U IJIsT MOCTa C BBIJICTICHUEM aKTHBHOM
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COCTaBJIAOLICH, IIPU BBIYMCIEHUH BBIXOJHOTO HAaIlpskKe-
HUSI pe3yibTaT OyJeT KOMIUIEKCHBIM, MO3TOMY Heo0Xo-
JIIMO BBIJIETIUTE U3 (DOPMYJIBI PEANTbHYIO YacTh:

Upx =Re U 1= (ka)” +((((RI/IH )~ -

(— k- Cl )_1 +
. B | (18)
k) (k€)1 ko]
1
+(k~C2 —(Rl)_IT
2. OKCIIEPUMEHTAJIBHA S ITPOBEPKA

IIpu  mapamerpax cxemMbl R; =R, =43 Owm;
f=50MI; Cs =10 nP; U, =13 B;

Ci=Cy=C3=C4=Cg=50HD BBIXOOHAS XapaKTCpH-
cTrKa OyJeT UMeTh BHJ, NPUBEICHHBIN Ha puc. 15, kpu-
Bad 2.

Kax BuzmHO u3 puc. 15, aHanmuTHyeckas U 3KCIEpH-
MEHTaJIbHasi KPUBbIE UMEIOT JIMHEWHBIN XapakTep, HO HE
COBMAJAIOT NPH OJWHAKOBBIX HCXOJHBIX MAHHBIX. JTO
OOBSACHSIETCSI OTKJIIOHEHHEM 3HAYeHUI OT HOMMHAJIBHBIX
aneMeHToB JIEM npu MpOBENEHUH OIbITa U IOTPELIHO-
CTBIO0 M3MEpPUTEIBHBIX puOopoB. Hampumep, mapamerpsl
aKTUBHBIX CONPOTHBIICHUN Iuled R; U R, mpu mposeje-

HUU ombITa ObuH paBHBL 43,8 OM 1 41,6 Om, cooTBeTCT-
BEHHO, IIPH OJHOM U TOM K€ PAacyeTHOM HOMUHAJE IS
R] nu R2 —43 Om.

B|U

2,0

1,0

// 2
0,5
G

0 0,002 0,004 0,006 0,008 Cwm
Puc. 15. DxcniepumenTtanpHas (1) u ananutuaeckas (2)
BBIXOJHbIE XapakrepucTuku JJEM npu BelieneHuu
aKTUBHOU cocTtassitoniei G NpoBOAUMOCTH

IIpu napameTpax CXEMBI Ry =10 xOwm;
f=50MI; U, =13B; C,=C4 =C4 =50 uD;

C, =C3 =780n1® BbIXOAHA XapaKTEPUCTUKa OyneT

UMETb BUJ, IPUBEACHHBIN Ha puc. 15, kpuBas 2.

311ech TaK ke aHAJUTUYeCcKast U SKCIIepUMEeHTalbHas
KpUBBIE UMEIOT JHMHEHHBIN XapaKTep, HO HE COBHAJa0T
IIPYU OJMHAKOBBIX UCXOHBIX JAHHBIX 10 TOH € MPHUUHE.

0,4

0,2 /
, /m

0,1

Cun

0 10 20 30 40 50 60 70 80 90 n®

Puc. 16. OxcnepumenTanbHas (1) u ananmuTuaeckas (2)
BBIXOJIHbIE XapakTepuctuku JJEM npu Beienenuu
€MKOCTHO# cocraisironieid Cyyrp MPOBOUMOCTH

BbIBO/IbI

1. IlpeanoxeH cnoco0 MOMYYEHHS aHATUTHUECKUX
3aBUCHMOCTEH BBIXOHOTO HAIIPSHKEHUsI OT EMKOCTH U aK-
TUBHOI NPOBOJIMMOCTH M3MEPUTENBHOTO MpeodpazoBate-
b8

2. Tlomy4eHHbIe aHAIUTHYECKHE 3aBHCUMOCTH COB-
MaaloT ¢ SKCHEPUMEHTAIBHBIMU TIPU HE3HAYUTEIHHOM
OTKJIOHeHUH (0K0JI0 2,5%).

3. Cucrema ypasaenuii (9) u (18) mo3Bomsier pe-
IIUTh OOPATHYIO 3a/[ady — MO BBIXOJHBIM HANPSHKCHHUSIM
MOCTOB OIpPEIeIUTh MapaMeTphbl Mpeobpa3oBatess, a Mo
HUM UCKOMYIO BIIQKHOCTB CBHIITy4ero Marepuara.

4. Tlockoneky B ypaBHeHuUsX (9) u (18) Beigensercs
peaibHas 4acTbh, YTO MPHUBOAUT K YCIIOKHEHHUIO aITOPUT-
Ma BBIYHCIICHHS BIIQKHOCTH CBHIIyYero marepuaia, BO
BJIaroMepax HeOOXOAMMO HCIOJIb30BaTh MUKPOKOHTPOJI-
Jepsl ¢ Pa3BUTOW apXUTEKTYpoW M OoJbIIMM 00BEMOM
MIPOTPaMMHON TTAMSITH.
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[1] Nevzlin B.I., Gorazdovskiy T.Ya., Dyachenko Yu.Yu.,
Polovinka D.V. The method of error decrease in measure-
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00TKa U ¥MICCIICIOBAHNE YCTPOUCTBA ISl U3MEPEHHST EMKOCT-
HOM M aKTMBHOH IPOBOIMMOCTH ABYXIIOJMIOCHHKA // BicH.
CxigHoykp. Hai. yH-Ty iMm. B. dams. — 2002. — Nel -
c. 42-51.
Becconos JI.A. TeopeTruueckre OCHOBBI dJIEKTPOTEXHUKH. —
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TexHika cunbHUX esleKMpPUYHUX ma Ma2HimHux rnoisiie

YK 621.3.048

W CXOJIHBIN ITAJIOH YKPAUHBI UMIIYJIbCHBIX 3JIEKTPUYECKHUX H
MATHUTHBIX IIOJIEH - IEJIb CO3/IAHUSA 3TAJIOHA, TPEBOBAHUSA K HEMY
N EI'O KOHCTPYKTUBHOE NCIIOJIHEHHUE

Kpasuenko B.11., n.1.H., mpod., Hemuenko 10.C.

HarmonansHbIH TEXHIYECKUA YHUBEPCUTET " XaphKOBCKHUH MOIUTEXHUIECKAN YHUBEPCUTET"
HayuHo-mccnenoBaTenbCKuid M MPOEKTHO-KOHCTPYKTOPCKUA HHCTUTYT "Momnaus"

VYxpaunna, 61013, Xaprkos, yi. [llesuenko, 47, HUITKU "Monans"

ten./akc: (057) 70-76-133, E-mail: nipkimolniya@kpi.kharkov.ua

Pozenanymo numanns w000 memu ma pezyaromamie cmeopennn Buxionozo Emanona Ykpainu oounuys nanpyscenocmeii im-
RYJIbCHUX e/IeKMPUYHUX MaA MACHIMHUX ROJi8, NPUHAYEHUX OIS MEMPONO2IUHO020 3a0e3neuenns de3nepediinoi pooomu excne-
pumenmanvnoi oazu H/IIKI "Monnia'" HTY "XII1" - 06'ekma Hayionanvnozo nadéannsa Ykpainu.

Paccmompenwl sonpocwl, Kacarowuecs yenu u pesyivmamos cozoanus Hcxoonozo dmanona Ykpaunot eOunuy Hanpax)cennocmeil
UMAYJIbCHBIX JIEKMPUYECKUX U MAZHUMHBIX NOJIell, NPEOHA3HAYEHHBIX 0/ MEMPONOZUNECKO20 00ecneueHus 0ecnepedoino pa-
oomut Ixcnepumenmanvhoi 6azvt HUITKH "Monnua" HTY "XIIH" - 06vexma Hayuonanvnozo 00cmosanus YKpaunol.

BBEJIEHUE

Mertpomnorudeckoe obecriedeHne HayYHBIX HCCIEI0-
BaHMI, MPOU3BOJCTBA M HCIBITAHWA OBUIO W OCTaeTCs
rapaHTHeH IMOMy4YeHHs JOCTOBEpHOW HH(OpMAIu O pe-
3yJlbTaTax TMPOBENCHHBIX paboT. ObecreunBaeTcst 3Ta
rapaHTHs NapKoM O0pa3loBBIX CPEICTB U Mep, HMEIo-
muxcs B rocyaapcrse. 1loaToMy BakHEMIIUM IIPHOPUTE-
TOM HaLIl/IOHaﬂbHOﬁ IMOJIUMTUKN PA3BUTBIX T'OCYAapCTB B
STOM HAaNpaBJICHUH SBISETCS IMOCTOSHHOE PpaCIIUpEHUE
napka rocylapCTBEHHBIX U BEIOMCTBEHHBIX OTaJIOHOB,
10 KOJMYECTBY KOTOPBIX CYAAT 00 SKOHOMHUYECKOH He3a-
BHCHUMOCTH TOCYyIapCTBa.

Ucxons u3 sroro, co3ganue B HUTIKU "Moaaus"
OtanioHa SBIIETCS C OJHOH CTOPOHBI 3HAYUTEIBHBIM
BKJIAZIOM B KOHOMHUYECKYIO HE3aBHCHMOCTh YKpPaWHBI, a
C Ipyroil — yTHIMTapHOH — oOecreunBaeT Oecnepeboii-
HYIO0 3KCIUTyaTalluio 3KcrepuMeHTanbHoi 6a3er HUTIKN
"Monnus" (9B) — obbexTa HarmonanbHOTO AOCTOSHUS
VYkpaunsl. Ob uMeer B cBoeM COCTaBe 3HAYUTEIBHOE KO-
JIMYECTBO HECTAHJAPTHBIX HUCIBITATENBHBIX YCTaHOBOK
COOCTBEHHOI'O ITPOM3BOACTBA. ODTH YCTAaHOBKH IIpeJHa-
3HAYEHbI JUI UCIBITAHUSI TEXHUYECKUX CPEACTB Ha CTOM-
KOCTh K IMOpaXXalolleMy W AeCTaOWIH3UPYIOUNIEMY BITHS-
HUIO MOIIHBIX 3JEKTPOMATHUTHBIX TIOMEX €CTECTBEHHOTO
U HMCKYCCTBEHHOTO IIPOUCXOXKAEHWS. BrIXomHBIe mapa-
METpPBI 3THX YCTAaHOBOK KOHTPOJHPYIOTCS H3MEpPUTEIb-
HBIM KOMIUIEKCOM, MMEIOIIMM B CBOEM cocTase Ooiiee 50
eIVHUI] HECTaHJAPTHU30BAHHBIX CPEICTB H3MEPECHHUS
(HCN) pazpaborku HUITKM "Monnus" HTY "XITN".

B coorBeTcTBUM C IEHCTBYIOLIMMM HOPMAaMM MET-
posnoruueckue xapakrepuctuku HCU momxHbI perynsp-
HO MOATBEPXKIAThCA IO MOBEPOUHOH CXEME, YCTAaHOBJICH-
HOM MexrocyaapcTBeHHbIM cTangapToM ['OCT 8.540-93
IT'OCYJAPCTBEHHAS ITOBEPOYHAS CXEMA J1JIA
CPEACTB M3MEPEHUIA MAKCHUMAJIbBHBIX
3HAYEHUI HANPSDKEHHOCTEN UMITYJIBCHOTI'O
1 MATHHUTHOI'O TIOJIEM. Oxxako B Ykpaumne 5Ta
MOBEPOYHAsl CXeMa He ACHUCTBYET, TaK Kak YKpaumHa 0
CETONHSAIIHET0 IHS HE HMMeJa MOBEPOYHBIX YCTaHOBOK
Tpebyemoro Tumna, u nosromy nosepky HCHU Ob npuxo-
JIJIOCHh IIPOBOJUTE TOJBKO B Poccuiickoii denepanyu

(r. Mocksa) Ha equacTBeHHOM B CHI' ['ocynmapcTBenHOM
Oranone P® wmMITyTBECHOTO 3JEKTPOMAarHUTHOTO OIS,
HaXOJISIIEroCs BO Bceepoccuiickom Hay4HO-
HCCIIEIOBATEIIBCKOM MHCTUTYTE ONTHUKO-(PH3MYECKUX H3-
mepennit (BHU ODUN) IN'occrangapra PO.

B mocrnennee Bpemsi B CBSI3U CO 3HAUYUTEIBHBIM POC-
TOM HMHTCHCHBHOCTH BOCTpeOoBaHHOCTH Db, Oonee miu-
POKO CTaJlu MCHOJB30BaThCs He Toyibko mmratHeie HCH,
HO M BHOBb pa3zpabateiBaemble HCU. Ilostomy neiict-
BYIOIIasl paHee CHCTEMa UX aTTECTAllMU W TIOBEPKH Iepe-
cTajla ycTpaWBaTh WHCTHTYT. HamOonee pannoHaIbHBIM
BBIXOZIOM M3 3TOM CUTyalluu CTaJIO CO3/aHUE B YKpauHe
HUCTOYHHAKA OOpa3IOBBIX HMMITYJIBCHBIX 3JIEKTPOMArHUT-
HbIX Tioniedt (MOMII).

3a mepuon ¢ 2002 r. m mo Hacrosiiee Bpems B
HUIIKA "Monaust" HTY "XIIN" B COOTBETCTBHM C MPO-
rpamMMmoi pabot mo o0bekTy HalnoHanbHOTO JOCTOSHHS
OBUT CO3[aH M aTTECTOBAaH COOCTBEHHBIH HMCTOYHHK 00-
pasuoBoro MUOMII, nmomyuuBmmii Ha3zBaHue W CXoIHBIH
DTtanoH YKpawHbl CIUHHUI MAaKCUMAIbHBIX 3HAYCHHUN Ha-
MPSDKEHHOCTEH WMITYJIBCHBIX AJIEKTPHYCCKOTO U MarHUT-
Horo nonei (Dtanon UDMITY).

JlaHHBIH DTaJIOH ITO3BOJISET:

1) ObecieduTh IKOHOMHYECKYIO CaMOCTOSITEIb-
HOCTh YKpawWHBI B OOJIACTH METPOJIOTHYECKOTO obecre-
geHus padot mo UOMII.

2) ObecnieuuTh €OMHCTBO W TpeOyeMyr0 TOYHOCTH
M3MEPEeHU HANpPSKEHHOCTEH HMMITYJIBCHBIX SJIEKTpHYe-
CKOTO M MarHUTHOTO mnojueil B Ykpaune u ctpanax CHI'.

3) OOecnieyuTh ONEPATHBHOE CONPOBOXICHHE pa-
6ot Ha Ob.

4) Co3narh JOKaIbHYIO IOBEPOYHYIO CXEMY IS
CPEICTB HM3MEpPEHHS MAaKCHMAIBHBIX 3HAYCHUH Harps-
JKEHHOCTEH MMITYJIbCHBIX 3JICKTPUIECKOTO U MarHUTHOTO
MOJIEH.

5) ObGecrieunTs TIepeady eAUHUI] HATIPSDKEHHOCTEH
UMIIYJIbCHBIX 3JIEKTPHYECKOTr0 M MarHUTHOTO MOJIeH Me-
TOJIOM IPSIMBIX U3MEpPEHHH pabounM CpeacTBaM M3Mepe-
HUSl AMIYJIBCHBIX 3JEKTPUYECKUX M MArHUTHBIX MOJEH
HAHO- U MUKPOCEKYHIHOTO JMalla30HOB B Mpolecce MX
MIOBEPKH.
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1 TPEBOBAHMS K METPOJIOTMHECKUM U
KOHCTPYKTHUBHBIM XAPAKTEPUCTNKAM
OTAJIOHA UDMITY

1.1 TpeGoBaHMs K METPOJOIMYECKUM XapaKTepH-
CTHKaM INpHBe/IeHbI B Ta0I. 1.

Tabmuma 1
Bup nons
HaunmenoBanue Pas- A
3JIEKTPU- MarHuT-
XapaKTEpPUCTUKU | MEPHOC
o YyecKoe HOE
b ©
Hanocekynonuulii ouanazon
B
Jnama3oHn makc. M ot 410’ 1o | or5 no
3HAYCHHIT A 2:10° 500
M
JImaTensHOCTh c He Oolee ne 6o-
¢ponra 8:10” nee_g
8-10
JImaTensHOCTh c HE MCHEee HE Me-
UMITyJbCa 1,5~10'4 Hee 4
1,5-10
CybHnanoceKyHOHbLIL Ouana3on
B
M or
Jlnama3oH mMakc. oT 3 110 75.10°
3HAYCHUI A 1,5:10° >
— mo 375
M
JmuTeIpHOCTh c He Ootee ne 6o-
dporTa 1-10” ee
1-10
JlnurensHOCTH c HE MeHee HE Me-
HMITYJIbCA 2:107 Hee_7
210
1.2 TpeGoBaHusi K IOTPELIHOCTSM  OTajloHa

NBMILY:

— cpeaHee KBaJpaTHYeCKoe OTKIOHEHHE pe3yJbTa-
Ta U3MepeHuil (Sy) mpu ero ciaudeHun c¢ [ocynapcTBeH-
HbIM DtanioHoM P® mpu 10 He3aBHCUMBIX HAOIIOJCHUSIX
<5 %;

— HectabwiabHOCTh Otanona MOMIIY B TeueHue
MEXIIOBEpOYHOro MHTepBana (1 rom) v He HOIDKHA Tpe-
BEIIATH 1%.

1.3 KoHCTpyKTHBHBIE TpeOOBaHUS K OTaIOHY
NBMILY:

— rabaputel Otanona UDMITY (b-h-d), mm, He Goree:
a) HAaHOCEKYHTHOM 4acTH 1700-10000-2500;
0) cyonanocekynanoit yactu 1800-10000-1750.

— rabaputel pabouero oOvema TEM-sueiiku
(b-h d), mm, HE MeHEee:
a) HAaHOCEKYHIHOW 4acTh 600-240-800;

0) cyoHanocekynanoi yactu 1200-450-1500.

— Bec Dramona UDMITY, kr, He OoJtee:

a) HAHOCEKyHTHOHN YacTH 2000 xr;
0) cyOHAaHOCEKYH/IHOW 4acTH 1000 xr.
— BHJ UCIIOJHEHHS — OJTOYHBIH.

1.4 KoHCTpyKTHBHBIE TpeOOBaHUS
NOMITY:

K OtanmoHy

— rabaputel OJrtanmona HWDMILY (b'hd), wmm,
He Oonee:

a) HAHOCEKYHTHON 4acTH 1700-10000-2500;

0) cyonanocekyHnanoit yactu 1800-10000-1750.

— rabaputel pabodyero ob0bema TEM-sueiiku
(b'h d), mm, HE MeHee:

a) HAaHOCEKYH/THOH 4acTH 600-240-800;

0) cyonanocekynaHoit yactu 1200-450-1500.
— Bec Dtanona UOMIIY, xr, He Oonee:

a) HAHOCEKYHTHOW 9acTH 2000 xr;
0) cyOHaHOCEKYHIHOW 4acTH 1000 xr.

— BHJ UCITOJIHEHMS — OJIOYHBIH.

TakuM 00pa3oM, W3 BBIIIETIPUBEACHHBIX JIaHHBIX
BUAHO, uT0o OTamon WUBMITY Moxer ObITh peaii30BaH
KaK BBICOKOBOJIbTHAsI JJIEKTPOpa3psaHasl YCTaHOBKa C
BblCOKOﬁ CTCIICHBIO CTa6l/IJ'l]>HOCTl/I aMl'[J'Il/ITyZlbI BBIXOHO-
0 HANpSOKEHUS U NPEefesibHO KOPOTKON JUIMTEIbHOCTBIO
(pOHTA BBEIXOHOTO HAIIPSKCHUS.

2 UAEOJIOT A CO3JAHMSA OTAJIOHA

HanGonee moaxomsimM METOIOM UISl PELICHHS T10-
CTaBJICHHOM 3a/lauyl SIBIIICTCS CO3JaHHE B I0JE00pasyro-
el cuctemMe DTalloHA MJIOCKOM AIIEKTPOMArHUTHOM BOJI-
HBl B Bo3ayxe (TEM-BomHBI), y KOTOpPOH BEKTOpa 3JEK-
TPOMAarHUTHOIO IO OJHO3HAYHO HANpPAaBICHBI BIOJb
ocel NeKapTOBOH CHCTEMBI KOOPAMHAT, a CBSA3U MEXIY
BeIMYMHAMU E- U [-11071€i onpenensieTcss COOTHOLLEHUEM

£ _ 120m.
H

[Ipaktuueckas peanuzanuss TEM-BoJHBI BO3MOXHA
ToNbKO B moJyockoBor yuaMU (I1J]), cocrosmeit U3 nByx
MapauIeNbHBIX METAIMYECKUX IUIOCKOCTEH, Y KOTOPBIX
JUIMHA 3HAYUTENBHO NPEBBIIIACT IONEPEUHbIE TadapuThl
IUL. B aTtom cnyuae B reomerpuyeckoM uentpe I1JI Ha-
omopaercss TEM-BosiHa, Tak Kak KpaeBbIMH dddekramu
MOXHO ITpeHe0peYb.

3 BJIOK-CXEMA 5TAJIOHA

biiok-cxema 3tanoHa nmpuBeaeHa Ha puc. 1, Ha KOTo-
POM HCHOJIB30BAHBI CIIEIYIOINE 0003HAYCHUS:

OCH - »TanoH CyOHAaHOCEKYHIHBIX HMITYJIbCOB
OMIT;

OHU — 3Tan0H HaHOCEKYHIHBIX UMITYI6coB OMII;

[IKY — nyasT KOHTPOJIS U yIIPaBICHHS;

[IBY — noBbICUTENBHO-BBITPSIMUTEIIBHOE YCTPOHCTBO;

I'CU — renepatop cTyneHYaThIX UMITYJIbCOB;

I'OU — reneparop 3KCIOHEHIUAIBHBIX UMITYJIBCOB;

KIIIT — koakcuanbHO-IIOJIOCKOBBIN MEPEX0/1;

I1JI-24 — nonockoBas JUHUS C PACCTOSHUEM MEXIY
mnactTuHamu h=0,24 Mm;

[TJI-48 — monocKkoBast IMHUS C PACCTOSTHHEM MEXIY
miactuHamu /=0,48 m;

CH - cornacyromas Harpys3Ka;

OMUK — 06pa31oBsiif U3MEPUTEILHBI KOMITJICKC;

P — perucrparopsr;

OUK — skpaHupoBaHHAasl U3MEPHUTENbHAS KaOWHa.
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|
[ ren [ knm | [ Tr2s KITIT CH | |
- T . =

TIIKY [IBY — | OUK
I I
| [ Tou KIIIT T11-48 ki |s[ e | !
SHM L - - | - . |

P OUK
Puc. 1. biiok-cxema Drtanona UDMITY
4 KOHCTPYKIMA 5TAJIOHA NUBMITY 5)IIBY (puc. 4) co3maer NOCTOSHHOE HANPSHKCHUE
1) B reuenne 2004 rona Dranon UDMITY Okt no- 10 50 kB, Heooxoaumoe aist 3apsaa ['CU wu [OU.

crpoeH. Buemnuii Bug Otanona MOMIIY npusenen Ha e i A :

puc.2.

Puc. 2. Buemnwuit Bug Dtanona UOMITY

2) DTaJoOH COCTOHWT M3 OBYX HE3aBUCHUMBIX COCTaB-
HeIX dacreit — OCU u DHU, paboTtaromux moo4epeaHo.
OHN mnpenHa3HaueHBl IS peaTH3alUd  aMIUIUTYIHO-
BpeMeHHBIX napamerpo DMII no taba. 1.

3) O6mumu amementamu 1t ICU u OHU sBistroT-
csa [IKY, IIBY u OUK c P.

4) IIKY (pwuc.3) ycraHaBiuBaeT BHJ padOTAIOLIErO
OranoHa, peXXuM ero padoTsl (OJMHOYHBIM WM 4acTOT-
HBIW, PyYHOH HJIM aBTOMATHYECKUi), aMmumutyxy OMII u Puc. 4. O6mumii iz [IBY
OCYIIECTBISIET KOHTPOJh 338 BCEMH MPOMEKYTOUYHBIMHU

eMeHTaMU DTAT0HA. 6) T'CU (puc.5) co3maeT WMITYJIbCHl HaNpPsDKCHUS

MIPSIMOYTOJIbHOW (POPMBI, COOTBETCTBYIOILEH BpEMEHHBIM
napamerpam CyOHaHOCEKYHIHBIX UMITYJIbCOB 10 Ta0uI. 1.

Puc. 3. O6mwuii Bug [IKY Puc. 5. O6mwmit Bug 'CU
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7) TOU (puc.6) co3maeT WMIIYNBCHl HAMPSKECHUSI
9KCIIOHEHIMAIBHOW (DOPMBI, COOTBETCTBYIOILIEH BpEMEH-
HBIM IIapamMeTpaM HaHOCEKYH/IHBIX HMITYJILCOB 110 TaOul. 1.

Puc. 6. O6wwmii sug I'DU

8) KIIIT (puc.7) ciyuT Al COTJIACOBaHUS O00EUX
nonockoBbIx JuHui I1J1-24 u T1J1-48 xak co CTOPOHBI BXO-
na—c I'CU u I'OU, tak u co cropons! Berxoja — ¢ CH.

Puc. 7. O6umii Bux KIIIT

9) OGe MOJOCKOBBIC JIMHUH IPEACTABISIOT COOOM
CHMMETpPHYHBIC II0JIOCKOBBIC JIMHUM 3aMKHYTOI'O THIIA
(puc. 8 1 9) ¢ NIMHON B HECKOJIBKO pa3 MPEBBIIIAIONICH
norriepeysie radbaputsr [TJ1.

Puc. 8. O6uuii Bug I1J1-24

Puc. 9. O6uwmii By I1J1-48
10) CH I1JI-24 u CH I1JI-48 (puc. 10 u 11) npexHa-

3HAYEHBI Ul COTJIACOBAHMS BOJHOBBIX COIPOTHBIICHUH
TUT nnst yerpaHeHHsl OTpaKEHUI OT KOHLIOB JIMHHM.

Puc. 11. O6muii g CH T11-48

3AKIJIFOYEHUE

1. B pesynerare mpoBenenHbix pador B HUIIKU
"Monuus" HTY "XITN" 6bl1 co37aH BIIEpBBIC B YKpauHe
Wcxonuplii DTallOH HMMITYJIBCHOTO 3JEKTPOMAarHUTHOTO
TIOJISL JJIsL METpOJIoTHUecKoro obecrieuenus Ob u apyrux
opranu3anuil Ykpaunsl u CHI'.

2.Ha Oranone UDMIIY npoBeaeHsl MycKo-
HaNafgo4YHble paboThl, MOATBEPAMBIINE BO3MOXKHOCTH
MONyYeHHST DIEKTPOMATHUTHBIX TIOJIEH TpeOyembIX am-
IUTUTY THO-BPEMEHHBIX MTapaMeTpoB 1o Tabdmwe 1.

3. IlpoBeneHa MeTpOJIOTHYECKast aTTeCTaIHs JTajJoHa
NBMILY cnemmanuctamun BHUN O®U T'ocecrannapra PO.

4. B Hacrosimee BpeMs IPOBOIATCS pabOTHI IO BHE-
cenuto OtaigoHa UOMIIY B Peectp DtanoHoB YKpauHsI.

Hlocmynuna 19.09.2005
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IHgpopmauis

MEXIYHAPOJIHbIA CUMIIO3UYM
"IIpo6s1eMbl COBEPIIEHCTBOBAHUS 3JIEKTPHYECKUX MALIMH U aNNapaToB..
Teopust u npakTuka' (SIEMA’2005)

13 — 15 okTs0ps 2005 r. B HanmoHanbHOM TeXHHUYE-
CKOM yHHBepcUTeTe '"XapbKOBCKUN MOJUTEXHUYECKUI
HHCTHTYT" mpoxommn MexnyHapoaaeiii CumMmnosnym
"ITpoGieMbl COBEPIICHCTBOBAHUSI IEKTPHYECKUX MAIINH
n ammapaTtoB. Teopus m mpaktuka" (SIEMA’2005). B
BOCBMOH pa3 coOpanuch y4eHBIE, IMPOM3BOJICTBEHHUKH,
MIPEACTAaBUTENI TMPOEKTHBIX OpraHM3alUi YKpauHbI,
npubsBme 3 Kuera, JIbBoBa, [loHenka, Onecchl, 3armo-
poxss, J(HenpomnerpoBcka, XapbkoBa, Jlyrancka, Kupo-
Borpaga, Kpemenuyra, Kpamartopcka, IlepBomaiicka, Ai-
yeBcka, Cwmensl, CraxanoBa, Hopoii Kaxomku. Cpemu
yuacTHHKOB Cumrnosuyma ObUid U KoJuieru u3 bemopyc-
cun (Morunes) u U3panns (Xaiida) — Bcero caormre 100
CHENHANINCTOB, TpPEACTaBIABIINX 21 BrIcIIee ydeOHOE
3aBelicHne, 6 HAYYHO-HCCIIEOBATEIIbCKAX WHCTHTYTOB,
19 npennpustuit u dupm. Bonpockl, koTopsie odcyxa-
JIMCh, OBUIM TOCBSIIEHBI IPOOJIEMaM COBEPIICHCTBOBAHHS
JNIEKTPUYECKUX MAIIMH M alapaTroB, TEXHUKE CHIIBHBIX
JNIEKTPUYECKMX W MAarHUTHBIX [0JeHd, COBPEMEHHOTO
000pY/IOBaHUsSI CUCTEM pacIpeAeIeHUs] SIeKTPUIEeCKON
SHEPruv M aBTOMATHKH, COJAEPXAaHUIO 00pa3oBaHHs MO
HaIlpaBJICHUSIM MOATOTOBKH "DIEKTpoTeXHUKa" U "DIeK-
TpoMeXxaHHuKa'.

Ha OTKPBITUU U 3aKPBITUHU CUMIIO3UYyMa

Juu mpoemenuss CummosmyMa OBUTH HACBIIICHBI
9KCKYPCHSAMH, JOKIaJaMH, JIEMOHCTPAIUIMH HOBBIX pa3-
paborok. YuactHuku Cumnosuyma nocetwn ['T1 "Xaps-
KOBCKHH METPOIOINTEH".

B mepBelii geHb cuMIO3MymMa OBUIO IIPOBEIECHO
CTaBlIeE TPAAUIMOHHBIM COBEIIAHHE 3aBEIYIOIIMX Ka-
(denpamu. Y4YacTHHKHM COBEIAHUSI OOCYIMIIM BOIIPOCHI
obecrieyeHrs yueOHOTO TMpolecca YUeOHHMKaMUA U TOCO-
OusiMu, OOHOBJIEHHS COCTaBa HAYYHO-METOIMYECKOTO
komuccun 1o anekrpomexanuke HMIL Munucrepersa
00pa3oBaHMs M HAyKH YKpawHbI, 00CyKAanu mpoOiemMsl
Bononckoro mpouecca u BHEAPEHHS KPETUTHO-MOIYJIb-
HOMW CHCTEMBI OpraHu3alyy yaeOHOro mporecca.

Ha mureHapHOM 3aceaHuy, KOTOPOE OTKPBLI PEKTOP
HTY "XIIN" npodeccop JI.JI. ToBaHSIHCKHH, Y4aCTHH-
KH CUMITO3MyMa C OOJIBIIMM MHTEPECOM BBICITYILATH JTOK-
nanel ¥ BBICTYIUIGHHs 3aBenyrouiero kadeapoi beropyc-
CKO-poccHiickoro yHuBepcurera npodeccopa bycena H.IT.,
3aBeayromero kadenpoit amextpudeckux mammH OHITY
npodeccopa B.C. IlerpymmHa, koopauHaTopa CHMIIO-
3uyMa mpogeccopa b.B. Kimmenxko.

Ha nnenaprom 3acenannu BoictymatoT pextop HTY "XIIN"
npod. ToBaxkusHckuit JIJI. u npod. Bycen H.IT. (Morunes)

Ha 3acemanusix cexuuil BeIcTymmio cBbiie 50 yue-
HBIX ¥ CIICIHATUCTOB. Bcero Obu10 3aciymano 188 mok-
nmanoB, n3 HuX 108 crenmoBeix. Ha cummosmyme kpome
TPAAMILMOHHBIX CEKIMH - MEKTPUUECKUX MAIINH U 3JIEK-
TPUYECKUX aMIapaToB, TEXHUKH CHIIBHBIX 3JIEKTPHYECKUX
W MarHUTHBIX ToJiel pabortana eme oxHa cekmua — "Co-
BpEMEHHOE 00OpYZOBaHUE CHUCTEM paCIpEeICHUs 3JIeK-
Tpuueckoi sHeprun u aBTomatuxu". Ha 3acenanue 3Toi
CEeKIIMW, Ha KOTOpOW ObLia INpejcTaBlieHa armmnapaTrypa
npou3BoAcTBa  KpeMeHYyrckoi  3IeKTPOTEXHUYECKOU

kommnaHuu "Amnep" U MHOTO(QYHKIMOHAIbHBIE COSANHH-
Tesnu mpou3BojcTBa koMmmnanuu "Phoenix contact" (I'ep-
MaH¥Us), KpOME YYaCTHHKOB CHMIIO3MyMa OBUIM IIpHIJIa-
IICHBl NPEACTABUTENN HPOMBIIUICHHOCTH M IPOEKTHBIX
opraHu3anuil.

= < & Padis

IIpencenarens npasnenus komnanuu AMITEP Byraituyk B.M.
JIEMOHCTPUPYET HOBBIE BaKyyMHbIe BhIKItodaTenu 6 — 10 kB
Bo Bpems Cumnosuyma paboTana BBICTaBKa COBpe-
MEHHOT'0 3JIEKTPOOOOPYIOBaHUS [TPOU3BOICTBA Y KPAHHBI
1 3apyOeXHBIX CTpaH, Ha KOTOPOW OBLIM IpPEACTABICHBI
HHU3KOBOJIbTHAs ¥ BBHICOKOBOJIbTHAS armnaparypa, Kadeib-
Hasl IPOAYKIMS, CPEICTBA aBTOMATUKHU U 1p. CUMIO3nyM
MO3BOJIMJI BCTPETUTHCS HAYYHBIM pabOTHHKaM, pa3padoT-
YUKaM HOBOM anmaparypbl U TEXHOJIOTHH.

Bo Bpemst skcKypcuu Ha TSTOBYIO TOJCTaHIHIO
XapbKOBCKOI'O METPOIIOJIUTEHA

Y4acTHUKH OTMETHJIM TOJIe3HOCTh CUMITo3uyMa JJist
MOBBIILICHUSI HAYy4YHOI'O YPOBHS pPa3pabdOTOK B 00JacTu
3NMEKTPOTEXHUKHU U NEKTPOMEXAHHUKH, PA3BUTHS TIPOMBIIII-
JIEHHOTO TPOM3BOJICTBA JMEKTPUYECKUX MAIIWH U ammapa-
TOB, TEXHUKH CHJIBHBIX JIEKTPUYECKHX W MAarHUTHBIX I10-
Jell M TPaKTHYECKOTO PEIICHHUs] BOIPOCOB METOMOJIOTHH
BBICILIETO 00pa3oBaHMsl. beuto o00peHo pemeHne o exe-
rogaoM nposeaeHny Cummnosuyma SIEMA.

Hoxnanpl yyactaukoB Cumiio3uyma Obun OIyOIIn-
KOBaHBl B JKypHase "DJIEeKTPOTEeXHUKA U DIEeKTpoMexa-
auka", Ne 2, 3, 4 32 2005 r., u Ne 1 3a 2006 r. a Taxke B
Becrauke HTY "XIIN", Ne48 3a 2005 r.
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KOeinei

BACHJIb ®EJOPOBUY HNINHKAPEHKO

(o 60-piuust Bix AHS HAPOJIHKEHHS)

11 mororo 2006 p. BunoBHUIOCA 60 pOKiB Bim IHS
HApOKEHHS 1 35 pOKiB HAYKOBO- r[e,uaroriqﬂo'i IIsUTBHOCTI
JIOKTOPY TEXHIYHHX HayK, npogecopy, 3aBifysady Kaden-
pH elekTpoMexaHiku HamioHabHOTO TEXHIYHOTO YHiBep-
curery Ykpaiuu "KuiBCbKHid MOTITEXHI-
YHUH IHCTHTYT", BiJJOMOMY BYEHOMY B
rajxy3i eneKTpoMeXaHiK{ i CHCTEeMOJIOTIT
[Munkapenky Bacumo ®enoposuuy.

Bacunp ®enopoBud HapoauBCs y
c. 3aiumHii CeMEeHIBCHKOTO paioHy
ITontaBcbkoi obmacti. Y 1964 porii 3a-
KiHYMB 31 CpiOHOI0 MenaIo 3aluuHCh-
Ky CEpeJIHIO IIKOJY i IIOCTYIHB Ha Ha-
BUaHHA 10 KUIBCHKOrO MOJITEXHIYHOTO
IHCTHTYTy 3a crenianbHicTIO "EnexT-
puuni  mammHu". [licns  3akiHueHHs
KII y 1969 p., 3a HanpaBIeHHSAM pO3-
No4YaB BUPOOHHWYY JisUIBHICTH B KOHC-
TPYKTOPCBKOMY IIPO3IiTi JHIHHAX
esleKTpoABUryHiB KuHiBChbKOTO 3aBOjay
eNIeKTPOTPaHCIIOPTY.

Iepumwmii eran (1971 — 1991 p.p.)
KOHCTPYKTOPCBKOI 1 HAYKOBOI isTHHO-
cti B.®. [llunkapenka MoB’s3aHuii 3 podoror B Ocob-
JIMBOMY KOHCTPYKTOPCBKOMY OIOpO JIHIHHHX €JeKTpo-
neuryHiB (OKB JIE/T) , y cTBOpeHHI i CTaHOBIIEHHI SIKOTO
BiH OpaB Oe3nocepeHIo yuacTts. 3a nepiox podoru B OKb
JIEN (3 1973 p. mo 1991 p. BiH mpairoBaB Ha mocaji 3a-
crynuuka gupekropa OKB JIE]] 3 HaykoBoi poOoTH) min
HAyKOBMM KEpIBHUITBOM 1 0€3M0CEpeHbOI0 Y4aCTIO
B.®. unakapenka B OKB JIE/] BUKOHAHO psj YHIKab-
HHX PO3POOOK 1 CTBOPEHO MPHHIIMIIOBO HOBI €IEKTPOME-
XaHIYHI CHCTEMHU: MEepIli BITYM3HSIHI JIHIHHI TATOBI JIBU-
rynu notyxsictio 120, 360, 480, 600, 800 Ta 1200 kBT,
NpU3HAYEHI Ul TEePCHEKTHBHUX CUCTEM IIBUAKICHOTO
MACAKUPCHKOTO 1 CHEMialTi30BaHOTO  IPOMHCIOBOTO
TPaHCIIOPTY; aBTOMAaTH30BaHa EJIEKTPOMEXaHiuHa CHCTe-
Ma TATOBOTO ENEKTPONPUBOAY Uil BHCOKOIIBUIKICHOTO
TPaHCIIOPTY Ha €IEeKTPOMAarHiTHOMY IiJIBICi; CUCTEMH I10-
TYXHOTO 4aCTOTHO-PETyJIbOBaHOTO €IEKTPOIPHBOLY IS
CICIIaTi30BaHUX PO3TIHHUX CTCHIIB JMHAMIYHUX BHUIIPO-
OyBaHb; cepii JMHIHOTO €TEKTPONPUBOY KOMYTAIiIHHUX
arnapariB Uil CHCTEM €JIEKTPOIOCTa4aHHS METPOIOJIiTe-
HiB; 0araTOiHAYKTOPHI JiHIHI TeHepaTOpH acCHHXPOHHO-
ro (1,3 MBT) i cunxponnoro (2,0 MBT) Tumis, mis nory-
JKHUX O€3BaJIbHHUX BITPOEIEKTPOCTAHIIIH Ta iH. 3a pe3yib-
TaTamu J0CTiDKeHb Y 1986 p. BiH 3aXMCTHB KaHUJATCh-
Ky aucepramiro Ha Temy: "TsroBi NiHIMHI acHHXPOHHI
JIBUTYHH 3 aKTUBHOIO IIJIIXOBOIO CTPYKTYPOIO'.

Jpyruii eran tpynooi aisutbHOCTI B. ®. [lInHkapenka
6e3nocepe/IHbO MOB’SI3aHMH 3 BUKIIAAAIBKOIO i HAYKOBOIO
pobororo Ha kKadenapi enexrpomexaniku HTYY "KIII" (3
1991 p. — nouent kadenpu, 3 1999 p. — 3aBinyBay kadenpu).
CBOIO HAayKOBY JISUTBHICTB BiH NPHCBSYY€E PO3B’SI3aHHIO Ha-
YKOBOI NPOOJIEMU CTPYKTYPHOIO CHUHTE3y eNIeKTPOMEXaHiu-
HUX 00’€KTiB 1 cucteM. Pe3ynbraTyl TOCIiHKEHb BiH y3araib-
HIOE y CBOI OKTOpChKii auceprauii "CTpyKTypHUI CHHTE3
€JIEKTPOMEXaHIYHUX 00’€KTIB 1 CUCTEM 3 ODKYYHM MarHiTHUM
noreM", sIKy 3axuinae y 1995 p. V 2001 p. B.®. [lluakapeHKy
OyJ10 MPUCBOEHO HAYKOBE 3BaHH: mpodecopa.

B.®. [IluHkapeHKo - 3aCHOBHHMK HOBOIO HayKOBOI'O
HanpsiMy (yHAaMeHTaIbHUX AociimkeHb "CTpyKTypHO-
CHCTeMHI [OCTiDKEHHS B €JEKTpOMEeXaHimi", iHimiaTop
CTBOPEHHSI 1 KEPIBHUK HAYKOBOTO CEMiHapy, 3a OJHONMEH-
HOI0 Ha3BoI0, B cTpykTypi HAH Ykpainu. Bin aBrop Hay-

KOBOI'O BIIKPUTTS — [ eHeTHYHOI Kaacudikaii mepBUHHUX
JOKEpeNl elIeKTPOMArHiTHOTO T10JIs, sIKa BiATBOpIOE (yHma-
MEHTAJIbHI MPUHIMIN 30SPSIKSHHS €JICKTPOMArHiTHOI CH-
MeTpii 1 TOMOJIOTI, BU3HAYAE CTPYKTYPY T'€HETHYHUX KOIB
i BUCTyNae (opMoro MOAaHHs Mepiou-
YHOTO 3aKOHY €JIEMEHTAPHUX EJIEKTPO-
MAarHiTHUX CTpyKTyp. Momy HaiexuTh
leOpI/ITeT y po3poO1i reHeTHYHOi Teo-
pii Buzy i Bu1oyTBOpeHHs enekrpome-
XaHIYHMX CHCTEM, BIJIKPUTTI 3aKOHY
TOMOJIOTTYHAX PSIAIB  CIIEKTPOMEXaHIY-
HHX nepeTBop}oBamB eHeprii, po3p06u1
OCHOB Teopii Makpo- i MIKpOEBOJIOLi
AHTPOIIOICHHUX CUCTEM, CTBOPCHHIO
METOOJIOTIT TEHETHYHOTO 1 €BOJIFOLIH-
HOT'O MPOTHO3Y i CHPSMOBAHOTO CHHTE-
3y JOBUTBHHX KJIACiB €JIEeKTpOMEeXaHid-
HHUX TIepeTBOPIOBaYiB eHeprii 3a 3aja-
HOIO IUTHOBOIO (yHKIi€0. TeopeTnune
Yy3araJbHCHHA 1 CKCIICPUMECHTAJIBHC I10-
TBEPIPKEHHS JOCIIKEHb 3IIHCHEHO Y
Horo HaykoBiii Monorpadii "OcHoBH
Teopii EBOJIOMIi eIeKTPOMEXaHIYHUX
cucrem" (2002 p.), sika BU3BaJIa BEJIMKHU iHTEpeC 3 OOKY
HayKOBOI IPOMaJICBKOCTI. 3a BU3HAHHAM BITYM3HSIHHUX 1 3a-
PYODKHHUX CHELIaicCTiB 1 HAYKOBI[IB 3a3Ha4yeHa HayKoBa
mparysl Mae MDKIUCIUIDTIHAPHE 3HAYCHHS, HOCHTH (yHIa-
MEHTAJIbHUH XapakTep 1 3a0e3redyye CBITOBUI MPiOpHUTET
BITYN3HSHOI €JICKTPOTEXHIYHOT HAYKH.

3Ha‘IHy ysary B.®. Illunkapenko npuzinse QpyHua-
MeHTalli3alii cucTemu eJ‘ICKTpOMexaHl‘{HOI OCBITH, PO3-
poobui i BIPOBAIKCHHIO HOBHX IHHOBALIHHIX OCBITHIX
TEXHOJIOTiH. 3 BUKOPUCTAHHSIM PE3yJIbTAaTiB CUCTEMHHX i
TeHETHYHUX [OCIIUKEHb BIIEpIe BIPOBAAUB y HaBYalb-
HUH TPOLEC CHCTEMHO-KOTHITUBHY TEXHOJIOTIIO0 HaBYaH-
HS, OpPiEHTOBaHY Ha aKTWBI3alil0 i €(peKTHBHE BUKOpPHC-
TaHHS TBOPYOrO MOTEHIATY CTYICHTIB, [0 CTBOPHIO YMO-
BU JUI CTOBIZICOTKOBOTO 3aJIyYeHHS CTYACHTIB 10 HAYKOBUX
JIOCITIKEeHb Kadempu 3 peasti3alli€ro iHIUBIyaIbHOTO i/
XOJTy 1 TapaHTOBAaHWM IHHOBAIIiIHUM KiHIIEBIM €(DEKTOM.

B.®. IIIuHKapeHKO NPOBOAUTL BEIUKY HAYKOBO—
TpoManCchKy poboTy. BiH BXOAWTE MO CKIIaOy €KCIepTHOT
pamu BAK VYkpaiHu 3 eNeKTpOTEeXHIKH Ta €HEPreTHKH;
CIIETiaTi30BaHO1 BYEHOI pajd 3 3aXUCTY JHOKTOPCHKUX Ta
KaH/JIWJaTChKUX Jucepraniii; psay OprkomireriB MixHa-
pOIHUX KOH(EpeHIid 3 aKTyalbHHUX IPOOJIEM EeIeKTPO-
MeXaHiku; pefkoieriit ¢paxoBux xypHaiis: "Enekrporex-
Hika 1 Enexrpomexanika", "EnexTpoMammHoOy1yBaHHS
Ta npunanooyaysanus", "EHepreTrka, eKOHOMIKa, €KOJIO-
risf, TexHoyorii", 30ipHMKa HaykoBux mnpaup HTYY
"KIII", "Hocnimxenns 3 icropii TexHiku". Beae mupoky
NPOCBITHULBKY HisUIbHICTh, BUCTYMAIOYM 3 HAYKOBUMH
JOTOBIASIMKA 1 JISKIISIMH Ha 3alpOIICHHS CHOPiAHCHHX
YHIBEPCHUTETIB 1 HAYKOBHX 3aKJIa/IiB.

Ipodecop B.®. HIunkapenko omyomnikysas nonan 200
HAYKOBHX 1 HayKOBO-METOIMYHHX Ipallb, BiH aBTOp 85 BHU-
HAXO/IB 1 MATEHTIB. 32 BUCOKUI HAyKOBO-TEXHIYHHUI PiBEHb
BUKOHAHUX PO3POOOK BiH Bi3HAYCHUH JUIUIOMAMH MiKHA-
POIOHUX CHeIialni30BaHUX BHCTaBOK, MemamsiMu BJHI
CPCP i1 YPCP, narpynnum 3HakoM "Bunaxigauk CPCP".

Jpys3i, xonery, uncnenHi yuHi 6axarots B.D. [llnHka-
PEHKY MIIIHOTO 3/10pOB‘sl, POJMHHOIO TeIUIa, TBOPUOI HacHa-
TH, OJAIBIINX YCIIXIB y HAYKOBIii Ta METOANYIHINA pOOOTi.

Penaxuist xypnany "Enexrporexnika i Enextpome-
XaHiKa" MPUEIHYETHCA 10 X IUPHX T00AKaHb.
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Abstracts
ELECTROENGEENIRING: Prominent events and great names

Baranov M.I.

Nikola Tesla and modern electrical
engineering

A brief sketch about Tesla’s remarkable

achievements in the field of electrical engineering

Electrical Mashines and Apparatus

5

and about his significant role in scientific and
technological advance of the humanity is given.

Key words - history, electrical engineering,
scientific and technological advance, humanity.

Golenkov G.M., Bogaenko M.V., Bondar R.P., Kanov L.N. 32
Makogon S.A., Popkov V.S. 12 Parameter  synthesis of  speed-torque
Mathematical simulation of a linear characteristics of an asynchronous motor on the
induction motor operation as a vibration exciter basis of a circuit simulation method
Problems resulting from application of various- An effective numerical technique for parameter
type windings for linear induction motor vibrators synthesis of speed-torque characteristics of an
are investigated. A mathematical model for asynchronous motor is introduced, the technique
calculation of magnetizing forces generated by the based on a circuit simulation method and intended
motors with various winding types is developed, for automated choice of additional resistances in the
recommendations to their application are given. motor circuits over the criterion of desired and actual
Key words - vibration exciter, linear characteristics proximity.
induction motor, magnetizing force. Key words — electric drive, circuit simulation,
Zheleznyakov A. V., Chuvashev V. A. 15 criterion of optimality, gradient, speed-torque
Mathematical simulation and numerical characteristic.
analysis of electromagnetic fields and transients Klementiev A.V. 30
in submersible induction motors with a cast On some features of noncontact combined
copper squirrel-cage rotor winding. synchronous generators with an alternating rotor
Mathematical models for numerical winding structure
investigations of electromagnetic fields in the active In the article, some features of design and
zone of a submersible induction motor (SIM) are physical processes in a noncontact synchronous
developed in the form of algorithms and computer machine with an alternating rotor winding structure
programs. Mutual and leakage field distribution are examined.
inside the motor and influence of the rotor Key words - noncontact combined
eccentricity on magnetic attraction are studied. synchronous machine, excitation winding, rotor
Recommendations for improving the SIM are winding, alternating structure, switching.
elaborated. Konohov N.N. 32
Key words — submersible induction motor, Peculiarities ~ of  electric  intensity
electromagnetic  field, ~mathematical ~model, concentration in the windings of electrical
eccentricity, numerical investigation machines and its influence on reliability
Ivanov V.A., Grivin S.A., Chuvashev V.A. Mechanisms of electric aging and electric
Chuvankov V.Yu. 22  intensity concentration (EIC) in the frame insulation
Influence of a copper squirrel-cage rotor of electrical machines (EMs) are revealed and
casting technology on induction motor iron losses. generalized. EIC action and EM fixed windings
Influence of a copper squirrel-cage rotor casting features influence on reliability of the winding
technology on magnetic properties of electric steel in insulation are shown. Well-known (classical)
explosion-proof induction motors of up to 400 kW methods and a new simple and technologic way of
has been proved experimentally. Significant decrease local voltage surge reduction in insulation of
in rotor core steel losses (and increase in motor average- and large-scale EMs, developed by the
efficiency by 1.2...1.8 %) is expected for traction author, are considered.
induction motors of 400 kW to 1200 kW used in new Key words — electric intensity concentration,
transportation  facilities fed from 46-150 Hz electrical machine, winding insulation, reliability.
frequency converters.
Key words - copper squirrel-cage rotor
casting, influence, steel losses, explosion-proof
induction motor.
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Malyar V.S., Malyar A.V.

A calculation technique for transient
processes in asynchronous motors of high-inertia
electric drives

A calculation technique for transient processes
in asynchronous motors which work with
mechanisms with a large moment of inertia is
proposed. The technique allows obtaining time
dependences of mode coordinates, with saturation
and current displacement in rotor keyed-bars taken
into account, on the basis of numerical integration of
an electric drive motion equation using a set of
coordinates for pre-calculated steady-state modes
that correspond to different slip values.

Key words — asynchronous motor, moment of
inertia, transient processes.

Milykh V.I., Polyakova N.V.

Determination of electromagnetic
parameters of electric machines based on
numerical calculations of magnetic field

A trend of electric machine design and research
improvement, namely, direct application of
numerical calculations of magnetic field, is
described. General formulation of such calculations
and examples are given. Resulting from vector
magnetic potential distributions obtained, basic
expressions for electric machine electromagnetic
parameters, such as magnetic induction, magniflux,
flux linkage and permeance, magnetic potential drop,
EMF, self- inductance and coefficient of mutual
inductance, force, moment, energy, are derived.

Key words — electric machine, magnetic field,
numerical calculation, electromagnetic
parameters, design

Parfenovich O.N., Tretiacov A. C.

Elements of a theory of thermal and
ventilation processes in an electric motor with
DAS-type circuit layout.

Foundations of a theory of thermal and
ventilation processes in electric motors with a DAS
circuit layout are introduced. Thermal equivalent
circuits and thermal processes calculation on their
basis are considered, generalized equivalent circuits
of the motors employed for ventilation
characteristics calculation. Also, experimental data
for ventilation and thermal calculations are given.

Key words - electric motor, theory of thermal
and ventilation processes, DAS circuit layout.

Petrenko A.N., Petrenko N.Ya.

Designing peculiarities for an inductor-type
tractor generator with combined excitation.

Performance characteristics improvement for
electric equipment of motor vehicles and agricultural
machinery is an urgent problem. The paper considers
problems of a permanent-motor generator rotor
designing. The generator’s magnetoelectric system
operation is analysed via an equivalent circuit of the

37

40

47

53

magnet external circuit taking into account magnetic
state of the magnet itself. To calculate an external
characteristic, the permanent magnet operating
diagram is used.

Key words - inductor-type generator,
permanent magnet, equivalent circuit, designing.

Rimsha V.V., Radimov LN., Chan Txi Txu
Chiong.

Influence of stator tooth zone configuration
on electromagnetic torque and radial
electromagnetic forces in a switched reluctance
motor.

Results  of  comparative  analysis  of
electromagnetic torque and radial electromagnetic
forces for a four-phase switched reluctance motor
(SRM) with the number of poles equal to 16/12 for
various stator tooth zone configurations are
presented. It is shown that selection of the stator
tooth shape is a multicriterion problem that must be
solved with an allowance for specific character of
electrical SRM drive load.

Key words - switched reluctance motor,
electromagnetic torque, electromagnetic forces,
eccentric rotor position.

Fedorov M.M., Tkachenko A.A.

On the problem of fault monitoring system
designing for induction motors

The paper presents analysis of induction motor
failures. Causes of fault initiation and fault behavior
are studied. Available approaches to fault monitoring
system designing are analyzed. A current-state
monitoring system structure for induction motors is
introduced.

Key words - fault monitoring system,
induction motor, current-state  monitoring,
design.

Tchaban A.V.

Mathematical simulation of

electromechanical oscillation processes in a
multimass system with an induction motor

The paper introduces an electromechanical
oscillation process analysis method for a multimass
system with a deep-bar induction motor drive.
Processes are described in phase coordinates.
Differential equations of the electromechanical
system are given in a normal Cauchy form. Results
of computations have been used for analysis of the
motor angular rate and elastic torques in drive
shafting coupling joints of the electric drive.

Key word - deep-bar induction motor,
multimass system, electromechanical oscillation
processes.
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Electrical Engineering: Theory

Baranov M.1.

A simplified mathematical model of
microprocesses in a conductor with a conduction
current.

On the basis of a simplified mathematical model
developed in accordance with classical physics
principles for microprocesses in a metallic conductor
with an electric current of an arbitrary time curve, an
estimation of the most important physical
magnitudes specifying free electron drift in the
conductor material under external electric field
action is given.

Key words — mathematical model, calculation,
microprocess, conductor, electric field, electric
current.

66

Polovinka D.V., Nevzlin B.1., Zagirnyak M.V.

Analytic dependences of output voltage for a
diode-capacitance bridge under conductance
components extraction

Equivalent circuits of diode-capacitance bridges
used for extraction of active and reactive
conductance components in an instrument transducer
with a wet discrete material are introduced. Analytic
dependences of the bridge output voltage upon the
transducer parameters are obtained, which allows
determining desired moisture of the discrete
material.

Key words - equivalent circuit, diode-
capacitance bridge, analytic voltage dependence,
instrument transducer, discrete material.

High Electrical and Magnetic Field Engineering

71

Kravchenko V.1., Nemchenko Y.S.

Basic reference standard of Ukraine for
pulsed electric and magnetic fields —purpose of
the standard creation, standard requirements and
its embodiment

The article describes the purpose and results of
creating a Basic Reference Standard of Ukraine for
units of pulsed electric and magnetic field intensities
intended for measurement assurance of uninterrupted
work of the Experimental Base NIPKI "Molniya", a
national property of Ukraine. This Standard is
exclusive in Ukraine. Brief requirements as for
metrological, structural and field-performance data
of the created Standard and ideology of the Standard
creation and its structure are given in the article.

Key words — pulsed electromagnetic field,
standard, strip line.
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V]IK ...

BUMOT'Y IO O®POPMJIEHHSA CTATI I IHOOPMAIIMHNUX MATEPIAJIIB B
HAYKOBO-IIPAKTUYHOMY KYPHAJII
"EJJEKTPOTEXHIKA I EJJEKTPOMEXAHIKA"

lymmnos FO.A., a.T.H., mpod.

HarmionansHuit TexHigyHMiA yHiBepcuTeT YKpaian "KuiBcbkuii MOMITEXHIYHUHA IHCTHTYT"
VYkpaina, 03056, Kuis, np-t [1epemorn, 37, HTYY "KIII", xadenpa "Enekrpomexanika"

Ten. (044) 241-76-38

Kmumenko B.B., 1.1.H., ipod.

Hauionanbhuii TexHiyHuil yHiBepcuTeT "XapKiBCbKUIM MOJITEXHIYHUH IHCTUTYT"
VYxpaina, 61002, Xapkis, Byi. ®pynse, 21, HTY "XIII", kadenpa "Enexrpuyni amaparu”
ten. (057) 707-62-81, dakc (057) 707-66-01, E-mail: eie@kpi.kharkov.ua

Texcm anomauii yKpaincoKoio Mmoo, 00 5 paokie (0na zpomadan Ykpainu).

Texcm anomauyii Ha pocilicobKill Mogi, 00 5 paAOKie.

BCTVII

V kypHaii myOmiKyIOTbCSl Pe3yIbTaTH JOCHIIKEHb 1
OTJISIAN y O0JIACTi €NEeKTPUYHUX MAILUH 1 arapariB, CHIIb-
HHUX MarHiTHUX HOJIB 1 TEOPETUYHOI EJIEKTPOTEXHIKH, LI0
He MmyOJiKyBanucs paHilie, METOAMYHI MaTepiajiu Mo Ha-
npsimax miaroroBku "Enexrporexnika" i "Emexkrpomexa-
Hika", a Takox iH(OpMaIiiiHi MaTepiann 3a mpodizem
KypHaIy.

[TakeT HOKyMEHTIB, II0 HANPABISETHCSA B PENAKIIIIO
TTOBHHEH MiCTUTH:

1) y apykoBaHOMY BapiaHTi:

— crarTs abo iHpopMariiHuii MaTepian (1 ex3.) BUKOHa-
HUH Ha apkymiax nanepy gopmary A4 ryctuxoro 80 - 90
r/M’, BiUIpYKOBAaHUI HA JTA3ePHOMY MPHHTEPI 3 PO3Iilb-
HOIo 31aTHicTIO He MeHmie 300 dpi;

— aKT eKCHePTU3HW 3 TIEYaTKOK (U1 TpOMaJsH YKpaiHu).
OdiuiifHuii TUCT 3 MPOXaHHIM OITyOJIIKYBAaTH CTaTTIO (I
TpOMaISTH 3apyOiKHIX KpaiH);

— penensis (MAMICYETHCS TOKTOPOM HaYK 1 3aCBITIyEThCS
IEYaTKOIO);

— KOIIisl IOKyMEHTA PO OTUIATy 3a IyOTiKaLifo.

2) B €IIEKTPOHHOMY BapiaHTi:

— crarta abo iHdopMmauiiiHuil Marepiayi, BUKOHaHUH Y
BIJITIOBIJTHOCTI IO MAaHUX BUMOT (0€3 KOJOHTHTYIIIB 1 HY-
Meparlii CTOpPiHOK);

— aHOTAI[isl aHTTIHCHKO0 MOBOIO (aBTOpH, Ha3Ba CTaTTi,
aHOTaIlis, KJIFOYO0BI CJI0BA);

— BiIOMOCTI Mpo aBTOpiB (IPi3BHUIIE, iIM's, TO-0aTHKOBI
MOBHICTIO, 1aTa HApOKEHHs, MicIie pobOTH, TTocaa,
OCHOBHI HalpsiMi HAYKOBOT JiSJIbHOCTI).

AHoOTAIis 1 BIiJOMOCTI PO aBTOPiB BUKOHYIOTBCS Y
BHTIIAII OKpeMoro nokyMeHta Microsoft Word i1 3 moBi-
JbHUM (pOpMaTyBaHHSM.

Opurinan crarti abo iHdopmauiiHuX MartepianiB
TOTYETHCS TUIBKH 3 BUKOPUCTaHHIM penakTopa Microsoft
Word onHi€r0 3 TphOX MOB: YKPalHCHKOIO, POCIHCBHKOIO
a00 aHIITIHCHKOIO.

BUMOI'U IO O®OPMJIEHHS CTATI
Bci po3nimu mokyMeHTa OBUHHI MICTHTH TIOJIS: 371iBa,
crpaBa, 3Bepxy — 1o 20 mMm, 3HU3Y — 25 MM. 3allOBHEHHS
OCTaHHBOI CTOPIHKH TIOBUHHE OyTn He MeHIe 80%.

3arojI0BOK CTaTTI MICTHUTD:
—xon YIK;

— naza crarTi (Times New Roman 12pt, xupnuii, pos-
MIIIIEHHS 10 IEHTPY, 3ar0JIOBHI OyKBH, HE IOITYCKAIOTHCA
MIEpPEHECEHHS);
— CIHCOK aBTOPiB, BUCHHUH CTYIiHb (IpHU HEOOXiIHOCTI
3BaHHs 1 Tocaja), Ha3Ba Opraisalii, romroBa anpeca,
koHTakTHI Tenedonn (dpake, E-mail). [[yis aBTopiB pisHUX
oprasizauiil CliMCOK MPUBOIUTHCS 110 JaHiil Buie opmi;
— aHOTAIlil CTAaTTi YKPaiHCHKOIO (0OOB'I3KOBO TITBKA IS
rpoMaisiH YKpaiHu) i pociiChbKOI0 MOBOIO, 00CSTOM 10 5
pAAKiB KoxHa, odopmisiroTees mpudroM Times New
Roman 9 pt, >xupHuii, Kypcus.

Mix eneMeHTaMH 3arojOBKY CTaTTi pOOHUTHCS iH-
TepBaj B oauH psanok 10 pt.

OCHOBHUIA TEKCT CTATTI

TekcT po3MIMIy€eThCS y ABOX KOJIOHKAX, BIACTaHB MDK
SKAMH 5 MM. A03alHi BincTynu (YepBOHHUHN PSIOK) — 7,5 MM.
Texcr Habupaetsest mpupTom Times New Roman 10 pt 3
OJJMHOYHMUM MDKPSIKOBUM iHTepBaioM. JlomyckaeTbcs po3-
JIIICHHST TeKCTy Ha po3aum. Hasea po3mity odopmiseTses
3aroJIOBHUMH OyKBaMH 1 IIEHTPY€ETHCS, HyMepallis — He 000-
B's3koBa (po3nim BCTYIL, BUCHOBOK i JIITEPATYPA,
SKIIO Taki €, HE HyMepyroTecs). llepem Ha3BOIO po3miTy
BCTaBJIAETHCS OJMH TIOPOKHIH PSIOK.

PucyHKkH 1 IIMpOKi TaONHUII JOMTYCKAETHCS PO3MITITY-
BaTH B OJAHY KOJOHKY. Ha3Ba BUKOHyeTbcs wHIpHQTOM
po3mipom 9 pt. JIomyCKaeThCsi BAKOPUCTOBYBAHHS PUCYH-
KiB 1 Ta0nuip 0e3 Ha3Bu: Puc. 1, Tabm. 1.

Tabaums 1
Po3mipu momiB TekeTy cTarTi
Ilose 3miBa 20 MM
ITone crpaBa 20 MM
ITone 3Bepxy 20 MM
ITone 3HM3y 25 MM

PucyHku po3TalioBylOThCS y OKpeMmHX alzarax, 3
BHPIBHIOBaHHSAM II0 LEHTPY 1 OPOPMILIOTHCS K OKpeMi
00'eKTH, BUKOHYIOTBCSI B PENAKTOpi PUCYHKIB Microsoft
Word abo BCTaBISIFOTBCSA B TEKCT CTAaTTi y dopmati bmp
abo jpg.

Po3TranryBaHHsI pUCYHKA NMOBepX TEKCTY i 3acTo-
CyBaHHSI aJIbOOMHOI Opi€HTANII He 10y CKA€ThCA.
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lHn

EQLA

l Hyo l Hx *]

AMUC

Puc.1. ®yHKIioHaTBPHA CXEMa MPUCTPOIO

MaremaruuHi GOpMyJI CTBOPIOIOTBCS Yy BHIJISIIL
OKpeMHX O0'€KTIB TUTBKH B pedakmopi ¢opmyn Microsoft
Equation, po3rallioByrOTbCS 10 LIEHTPY 1 HYMEpYIOThCS B
MeXax CTaTTi, HOMEp IPUTUCHYTHH 10 MpaBoi CTOPOHU
KOJIOHKH. 32 ()OPMYJIOI0 Ma€ CIIi{yBaTH PO3/LIOBHII 3HAK, a
SIKIIO0 (POpMyJIa MICTHTh MOSICHEHHSI, TO BOHU MOBHHHI 1O-
YHHATHCS 3 HOBOTO a03a1ly i3 ciosa "ne" 6e3 BigcTyiy

N _ Tl/l max , (1)
T, k BHYTp
ne ‘CM max

Hactpotiku pegakropa ¢opmyn ans meHio "Po3mip”
1 "CTuib" CHMBOJIIB NPE/ICTABIICHI HUKYE:

- evos Tkpuyrp = oov

Pazmepm E
OBBIHHBIA I onT Ok |
KpynHEIR MHASKE I anT .
. X*“k [ oree|

MenKHA HHAEKC I 6nT

KpynHEIA cHMEDN I 16 nT TPHMEHKTE:
MENKHH CHMBDN I onT Mo YME4aHHHD |

CTHME LWipkdT POPHAT CHHBONOE

Mony#HPHEIR  HaknoHHBIA
o

TEEET oo vvv v ITimes Mew Roman LI r I

DYHKUHA ... . ITimes Mew Roman LI r I OTMEH |

MepemMeHHan . . ITimes Mew Rorman LI Il \~

CTp. rpedeckme . |Symbol LI o ol

Mp. rpeqeckke . . |Symbol ;I r o

CHMEOR 4 v v s ISymboI LI o —

MaTpHILA-BEKTOR ITimes Mew Roman LI v v

HHENE . L [imes rew Roman =1 r r

Asbir:

CTHAE "Tewet" Iﬂmﬁoﬁ LI

APYrHe CTHIK Iﬂmﬁnﬁ LI

Kupunivyni cumBonu y ¢popMyiiax MoBUHHI OyTH BU-
koHaHi B ctuii "Tekcr".

[[[o0 yHMKHYTH PI3HOTO POJY HAKJIAJCHb CUMBOJIIB
y hopMyiax He PEKOMEHIYETHCS 3aCTOCOBYBATH CHMBOII
nineHHs /, OykBy (, a TaKOXX 3MIHIOBAaTH Po3Mip 00'€KTy
¢dbopmyiu. Kpim Toro, HeoOXiTHO BUKOPHUCTOBYBATH CHUM-
BOJI MHOXKCHHSI y BUTJISIII KPAIIKH.

Benwuki Bupasu i piBHIHHA HEOOX1THO 3aIMICyBaTH B JAEKi-
JIbKa PSAKIB

S
Y= (pO(Sn)+y0 . f(po ~sin(Sn —S)-dS+
§=0
Sn
+15 - [ Ro(S)- cos(s, - 5)-ds . @)
S=0

CumBomu y hopMyrax i B TEKCTi CTaTTi IOBUHHI Ma-
TH OJTHAKOBI 300pa)KCHHS.

[epenik miTepatypu po3MIIIyeThCA B KiHII TEKCTY.
Po3mip mpudry - 9pt. Ilicas BigcTymy OIHOTO MOPOXK-
HBOTO pPsinKy (10pt) Bim OCHOBHOTO TEKCTy IO LEHTPY
KOJIOHKH po3TamoByoTs cioBo JIITEPATYPA. Hywmepa-
i JUKepeN — y MOPSIKY MOCWIIaHb 0 TEKCTy abo B aj-
(haBiTHOMY HOPAAKY, HOMEp IOMIIIAEThCSA Y KBaJpaTHHUX
JTy’KKax 3 BUCTYIIOM.

BHUCHOBOK
Sxmo Bu pobure mocunanas Ha GOPMYIIH, PUCYH-
K, Tabnumi abo JiTeparypy, HE0OOXiTHO BUKOPHUCTOBYBa-
TH HacTymHi mo3HadeHHs: (1), (1) 1 (2), (1) — (4); puc. 1,
puc. l,a, puc. 112; 1abm. 1, tadbm. 112;[1],[1-3,5].
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