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COB: HEPa3spyIIAIOIIMA  KOH- E-mail: yan.tchzhun@yandex.ru
TPOJIb METOAAMM BUXPEBbBIX
TOKOB. B nanHOW paboTe paccMOTpeHa aKTyalbHOCTh Pa3pabOTKH CHCTEMbI

KOHTPOJIsI BHYTPEHHEr0 AMaMeTpa 3JIEKTPONPOBOIIIINX TPYO u eé
cocraB. [IpuBeneHbl KOHCTPYKIUS HAKJIaIHOTO TpaHC(HOpPMAaTOPHOTO
BUXPETOKOBOTO Mpeo0pa3oBaresisi ¢ MAThI0 OOMOTKAaMHU M TPHHIIMIT
ero pneiictBus. llomydena ¢yHKOUMsS TNpeoOpa3oBaHUsi HAKIAJHOTO
TpaHcopMaTOPHOTrO BHUXPETOKOBOro NpeodpazoBatens. [IpuBeneHb
pe3yNbTaThl MATEMATHYECKOTO MOJICITUPOBAHUSI M dKCIIepUMEHTOB. [IpecTaBnensl rpadMKu pacueTHOrO U SKC-
NEePUMEHTANILHOTO pe3ynbTaToB. ClenaH BBIBOJ O TOM, YTO CUCTEMa KOHTPOJIsl BHYTPEHHETO [uaMeTpa padboraer
¢ BBICOKOW TOYHOCTHIO. [lOKa3aHO, 4TO cuCTeMa KOHTPOJsS BHYTPEHHEro JAMaMeTpa MOXeT MPUMEHSThCA Ha
NPaKTHKE U CIIEAYeT MPOIOKATh paboTaTh 10 JaHHOM TeMe B OyayIiem.

KuaroueBkle ciioBa:
Cucrema KOHTPOJIS BHYTPEHHErO JMaMeTpa, HAKIaHbIH TpaHC)OPMATOPHBIA BUXPETOKOBBIN Mpeoo-
pa3oBatenb, MaTEMAaTUYECKOE MOJICIMPOBAHNUE, BHYTPEHHUM TUAMETP, KOHTPOJIb, U3MEPEHHUE, TOUHOCTb.

Jnst obecriedeHus] HAJIGKHOCTH TPH SKCIUTyaTallid Pa3HYHBIX DJIEKTPOITPOBOSIIIX TPYO
HEOOXOJJMMO KOHTPOJIHMPOBATH B IPOIECCE MPOHM3BOACTBA M OKCIUTyaTAIlMH Pa3IMYHbIC MapameTphl,
HanboJee BaXHBIM KOTOPBIX SIBJISICTCS BHYTPEHHUH auamerp TpyObl. OTCIo/la BBITEKAET aKTYaIbHOCTh
pa3pabOoTKH CUCTEMBI KOHTPOJISI BHYTPEHHETO TUAMETPa dIIEKTPOITPOBOJISIIUX TPYO.

Cucrema xkouTpoisi BHyTperHero quamerpa (CKBJI) cocTrout u3 reneparopa, H3MEPUTEILHO-
ro 30HZA, CXEMBl aMIUITUTYyAHO-(pa3oBoi 06paborku curHainoB (CADOC), miaTtel cOopa NaHHBIX
(TICH), mepconansroro kommbiorepa (ITK) u 6moka muranus (BIT) (puc. 1) [1].
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Puc. 1. CtpykTypHas cxema CHCTEMbl KOHTPOJISI BHYTPEHHEr0 AuaMerpa TpyOsl
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st u3mepeHnst BHyTPEHHEro JuaMeTpa 3JEKTPOIPOBOIAIINX TPYO UCTIONB3YeTCsl HaKIa HOH
TpaHc(hOpPMaTOPHBIN BUXPETOKOBHIM mpeobpazoBatens (HTBTII) (puc. 2), npuHIMN AEHCTBUS KOTO-
pPOro OCHOBaH Ha U3MEPHUTEILHOM MPEe0oOpa30BaHUMU B MOJSAX BUXPEBBIX TOKOB. M3mepurtensHoe mpe-
00pa3zoBaHKeE B MOJSX BUXPEBBIX TOKOB OCHOBAHO HA BO30YKIEHHUU B AIICKTPOIMPOBOSIINX 00BEKTaxX
MEpEeMEHHBIM MAarHUTHBIM TIOJEM BUXPEBBIX TOKOB M 3aBUCHMOCTH NapaMETPOB 3THUX TOKOB OT

CBOMCTB 00BEKTa U, B YACTHOCTH, OT PACCTOSIHUS (3a30pa) MEX/1y MOBEPXHOCTHIO 00BEKTa KOHTPOJIS U
HTBTIL

Puc. 2. KoHCTpyKIHS HAKITAJHOTO TPaHC(HOPMATOPHOTO BUXPETOKOBOTO MTpeodpa3oBaTes

Io Texunueckoit cymuoct HTBTII cucremMpl KOHTPOJISE COCTOMT U3 IBYX BUXPETOKOBBIX MTPE00-
pazoBateneii (BTTI). [TepBoiit n3 HUX conepKUT 0OMOTKY BO30OYKIeHUs 1 1 M3MEPUTENTBHYIO 0OMOTKY 3, a
BTOpO#i — 0OMOTKY BO30YXKICHHUS 2 ¥ H3MEPUTEIbHYIO 0OMOTKY 4, 00MOTKa 5 — KOMITEHCAI[OHHASI.

CyTb M3MepeHHs AuaMeTpa 3aKIIoYaeTcs B ToM, uTo mepBoiii BTII u3mepsier 3a30p hy mexmy
MTOBEPXHOCTHIO TPYOBI M OTHKM TOPIIOM IIpeobpasosarens, a BTopoit BTII — 3a30p h, Mexay moBepx-
HOCTBIO TPYOBI M JPYrHMM TOpIOM IpeoOpa3zoBarens. [lanee cymmmupyroTcss 0ba 3a3opa W JUIMHA
HTBTII ho mst onpenenenus BHyTpeHHero quamerpa Tpyosl. [punnun usmepenus HTBTII mokazan

Ha puc. 3.
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Puc. 3. [Ipunnun u3mMepeHust BHyTPEHHEro JuaMeTpa TpyObl HaKJIaJAHbIM TpaHC(HOPMATOPHBIM BUX-
PETOKOBBIM ITpeodpazoBaTeneM

[Ipu maremaTiaeckom MoaenupoBanuu ucrons3oBad HTBTII piuao# 18 MM 1 TpyOa ¢ BHYT-
pEHHUM Juamerpom 21 mm.

W3BECTHO, YTO KOMILIEKCHOE BHOCHMOE HarnpsbkeHue aByxoomorounoro BTII onpenensiercs
BhIpaXkeHHeM [2]
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Upn = jloWpWywIRT fo ®ok " €xp (—xh") - J1(x é) Ji(x é)dx, 1)

rae j = V—1 — MHuMas equHuna; po = 47 - 1077TH/M — MarauTHas HOCTOSHHAS; Wy, Wp — KOJIHYe-
CTBO BHUTKOB BO30YXKIafolel ¥ U3MEPUTEIbHOM 00MOTOK; w = 2mf — kpyroBas yactora; f — yacrora

Cepusi UH>KeHepHbIe HAYKU
17



BecTHuk Hayku Cubupu. 2014. Ne 4 (14) http://sjs.tpu.ru

BO30yxmaromeii o0OMoTku; R = \/RgRy — 3KBUBaJeHTHBIA pamuyc aByx oomorok BTII; Rp, Ry —
CpelHue paauychl BO3OYKAAIOMIEH M W3MepuTenbHOH 00MOTOK; h* = (hg + hy)/R— 0000mIeHHbIH
napamerp, XapakTepu3yllee pacTosiHue MeX 1y neHTpamu o0MoTok BTII u moBepXHOCTHIO 00BEKTa
koHTpons; hy, hg — paccrosuus ot nentpa coorsercTByronmx o6Motok BTII 1o BHeIIHE#H MOBEPXH O-
ctu o0beKTa KOHTpoIst; J; — yHKIus beccens mepBoro poaa mepBoro mopsiaka.

C ucnonb3oBaHueM mpeodpazoBaHHOro Bbipakenus (1) mpu Beicokoit wactore f = 150 k'
(Dy=1) TeopeTHUECKH pacCUMTaId OTHOCUTENbHOE BhIxoaHoe Hampspkearne HTBTII ot u3MeHeHus
3azopa mexxay HTBTII u BHyTpeHHel OBEPXHOCTBIO TPYOBI BhIpaxKeHHsIMH [1]

Usn1= Usuziat Usnaiet Usnaoat Usizos— Ususia— Ususig— Usnsoa— Usssos,
Usio= Upnarat Ugnaret Usnazat Usuaos- Ususia— Ususie— Usnsoa— Ususos. (2)

Hcnonp3yemoe U1 BEIYUCIIEHUS TUAMETpa MO pe3ynbTaTaM U3MEPEHHs] BHOCHMBIX HAIpsDKe-

HUH ypaBHeHHE 00paTHOTO MpeoOpa3oBaHus UMEET BUJT
D= h0+K'(|nA1+ InAz), (3)

rae K — ko3¢ huuenT, 3aBUCSIIHNA OT CBOMCTB TPYOBI; A1, A; — COOTBETCTBYIOIIME aMIUTUTY/IBI OTHO-
cutenbHoro Berxogauoro Hanpspkenus HTBTIIL Uy, U,

PesynpraTel pacuéra oTHocuTensHOro BHocumoro HanpsbkeHuss HTBTII ot n3menenus 3a3opa
h noka3zaus! Ha puc. 4. Ha rpadukax BUIHO, 4TO 3aBUCHMOCTh OTHOCHUTEIBHOI'O BHOCHMOTO HATpsiKe-
uust HTBTII ot n3MeHeHus 3a30pa NepBOl M3MEPUTENBEHOW OOMOTKH 3€pKallbHO aHAJIOTUYHON 3aBH-
CUMOCTH ISl BTOPOH M3MEPUTEIILHOW OOMOTKH. DTO 00bsIcHseTcs TeM, 4to oomoTku B BTII pacrio-
JIOKEHBI cuMMeTpuYHO. Ha rpadmkax Taxke moka3aHO, YTO OTHOCHTEIHHOE BHOCHMOE HAIPSKEHHE
HTBTII ot 3a30pa h uameHsieTcst 1o SKCMOHEHIMAIbHOM 3aBrcuMOcTH. OTCIO/Ia BBITEKALT 1E/1eC000-
Pa3HOCTh UCMOB30BaHMS JIorapudmiueckoit GyHKuu (3) i pacyeTa BHYTPEHHEro AuameTpa Tpyo.
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Puc. 4. OTHOCUTEIIBHOE BHOCHMOE HAIPSDKEHUE MEPBOM M3MEPHUTEIbHOH OOMOTKE OT U3MEHEHHUS
3a3opa h; (@) 1 BTOpoii H3MepUTEIbHON 0OMOTKE OT H3MEHeH s 3a30pa h; (6)
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Puc. 5. PacuerHblit BHyTpeHHUIT quameTp TpyObl OT H3MEHEH s 3a30pa h

Ha puc. 5 mokazaHbI pe3yapTaThl YUCIEHHOTO MOACTHPOBAHUS M3MEPUTEIBHOTO Mpeodpaso-
BaHUA OTHOCHUTENBbHBIX BHOCUMBIX HamnpspkeHud! HTBTII mo momydeHHBIM ypaBHEHUSIM B 3HAUYEHUS
BHYTPEHHHIA auamerpa Tpy0. M3 pucyHKa BHIHO, YTO MPH U3MEHEHUH 3a30pa 10 Nma = 2 MM Makcu-

MaJTbHBIN pacyeTHBIN BHYTpeHHUN muamerp paseH 20,077 MM, a MUHUMAITBHEBIN — paBed 19,99 mwm.
OTtcrona moay4yuiIn aOCONIOTHYIO MOIPEIIHOCTh u3Mepenus auamerpa 0,087 MM M OTHOCH-
TenbHylo norpemHocTs 0,435 %. C TakuMu pacyeTHBIMH pe3yabTaTaMH MOXKHO CKa3aTbh, YTO UCIONb-
3oBaHHbIe BRIpakeHHs (1), (2) u (3) MO3BONSAIOT C BBICOKOW TOYHOCTHIO PACCUMTHIBATH BHYTPEHHHE
JTaMeTPHI TPYOBI.

B skcniepuMeHTe IPOBOAMIMCH U3MEPEHUS sl TPYObI U3 HEPIKABEIOIIEH CTalll ¢ BHYTPEHHUM
mamerpoM 21 MM (puc. 6). U3 pucyHka BUIHO, YTO MAaKCUMaJIbHOE OTKIOHEHHE OT JIeHCTBUTEIBHOTO

3HavyeHus cocrapisier 0,22 mm. [Ipu 3TOM MakcHManbHass OTHOCHTEIbHAS MOTPEIIHOCTh COCTABISET
1,05 %. C Takumu pe3ynbTaTaMH B IIEJIOM MOXKHO cka3ath, uto CKB/I paboraer ¢ BBICOKOW TOYHO-
CTBIO U MOXKET IPUMEHSTHCS Ha TTPAKTUKE.
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Puc. 6. DxcrieprMeHTAIbHBIM ITyTEM U3MEPEHHUsI BHYTPEHHET0 AMaMeTpa Tpyosl 21 MM

B nanbHefieii pabore, 4To0bl yinydmuTh TOUHOCTh u3MepeHuss CKBJI, B ¢hyHkIuu pacuéra
BHOCHUMOTO HamnpspkeHus (1) OyseM YYHTBIBATH 3JEKTPOIPOBOJANMOCTh, OTHOCHTEIBLHYIO MATHUTHYIO
MIPOHMITAEMOCTh MaTepuaa TpyO, TeMIepaTypy u T. I. A IJI1 pacdyera BHYTPEHHETO AUaMerpa Tpyo
CKoppekTupyeM GYHKITHIO (3) 4TOOBI YMEHBIIINTH CHCTEMAaTHICCKYIO ITOTPEITHOCTD.
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