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Pa3nen 1
BBEJIEHUE B DJIEKTPOMEXAHUKY

Jlekyusi 1. OBJIACTb IPUMEHEHHUS 1 OCHOBBI
IQJIEKTPOMEXAHUKHU

[naH nekyuu

1. HasHayeHue u obriacmb rnpuMeHeHUs 311IeKmpomMexaHuKuU.

2. XapakmepucmuKu Ma2HUMHO20 roJisi U Ma2HUMmMHbIe ceolcmea
Mamepuarsos.

3. QusuyecKue 3aKoHbI 3rleKmpomMexaHuU4ecKo20 rnpeobpasosaHusi
3Hepauu.

1. HazHavyeHue u 00J1aCTh NPUMEHEHUS IJTEKTPOMEXAHUKHU

YpoBeHb pa3BUTHS IUBWIM3ALKUK BO MHOTOM OIpPEETSETCS KOIUYECTBOM
HHEPTHUH, UCIIOJIb3yeMOM YeroBekoM. B HacTosiiee Bpems B HanboJjiee pa3BUTHIX
CTpaHaX Ha OJHOTO YeJIoBeKa MpuxoauTcs cBhiiie 10 kBT sHepruu Bcex BUIOB.
DneKTpudecKas dHEPrusi Cpeld HUX COCTaBIsIeT HAMOOJIBIITYIO A0JI0. JTO 00y-
CJIOBJICHO CJIETYIOUIUMHU JOCTOMHCTBAMM SJIEKTPUUYECKON PHEPruu mepen Apy-
MM BUJAMHU 3HEpruil: yaoOHas mepenaya Ha OOJbIIME PACCTOSHUS OT MECT
MIPOU3BOJICTBA K ME€CTaM MOTPEOJICHNS; CPABHUTEILHO MPOCTOE U SKOHOMUYHOE
npeoOpa3oBaHue B IPYTUe BUbI SHEPTHUH; IOCTATOYHO JIETKOE yIpaBIICHHUE.

[ToTpeOHOCTh B 3JEKTPOIHEPTUU HEMPEPHIBHO PACTET, OCOOCHHO B HACTOS-
I MEPUOJT B CBSI3U C POCTOM aBTOMATHU3AlMK U CO3JJaHUEM TE€XHOJIOTHYECKUX
IIPOLIECCOB, HEMOCPEICTBEHHO UCITOJIb3YIOUIUX 3JIEKTPUUECKYIO SHEPTHUIO.

OO6macTh HayKHd W TEXHUKH, CBSI3aHHAS C MCIOJHb30BAaHUEM B3aMMOICHCTBHUS
AJIEKTPUUYECKUX M MEXAaHUYECKHUX MPOIECCOB (WiH, 0ojiee KPaTKO, AJIEKTpOMe-
XaHUYECKUX MPOLIECCOB) JJIs 1EJICHANPABIEHHOTIO NPeoOpa3oBaHUsl SHEPTUU —
AJIEKTPUUYECKON B MEXaHUYECKYIO, UM, HA000POT, MEXaHUYECKOU B DJIEKTpUYE-
CKYIO Ha3bIBAETCs 271eKkmpomexarHuxa. MalmHbl, B KOTOPBIX MPOU3BOASTCS Ta-
K€ MpeoOpa3OBaAHUS HA3BIBAIOMCS DJIEKMPOMEXaAHUYeCKUMU npeobpazosame-
asamu, Wik anexkmpuveckumu mawmunamu (OM). K DM Takke OTHOCST JIEKTPO-
MarHuTHBIC amnmapathbl, TPeoOPa3yroINe BETUINHBI HAMPSKEHHS] IEPEMEHHOTO
TOKa.

Ilenn 251eKTpOMEXaHUYECKOTO MPeoOpa3oBaHUs dHEPTHH MOTYT OBITH pas-
JUYHBIMU, U OTU LEJIU ONpeaesstoT cnenuanusanuio OM. IIpunaro paznuyarhb
OM, ucnosib3yemMble B KaUeCTBE MUCTOYHUKA IJIEKTPUUECKOU IHEPTUU — 2eHepa-
mopbul, B KAUYECTBE UCTOYHUKA MEXAHUYECKON IHEPIUU — dgueamenu U B Ka4ecT-
B€ IIpeo0pa3oBaTess HaIPsHKEHUS IEPEMEHHOTO TOKA — MPAaHC@hopmMamopbl.



B kauectBe sHepronocutenst B OM MOXKeT ObITh UCIOIb30BAHO KAK MarHUT-
HO€, TaK U JJIEKTpUYECKOe Mosie. MalirHbl, B KOTOPBIX AJisi MpeoOpa3oBaHUs
DHEPIUM UCIIOJIb3YETCSI MArHUTHOE MOJIEe, HA3bIBAIOTCS UHAYKTUBHBIMH, & T€, B
KOTOPBIX UCHOJIB3YETCS AJIEKTPUUECKOE IOJIE — EMKOCTHBIMH. BO3MOXKHBI KOH-
CTPYKUHUH UHIAYKTUBHO-EMKOCTHBIX DM, B KOTOpPBIX COBMECTHO HMCHOJIb3YIOTCS
MarHUTHBIE U JIEKTPUYECKHUE TOJIS.

Jlnamason MorHOCTell coBpeMeHHbIXx M coctasmser 107...10° Bt u mo-
KeT ObITh YCIIOBHO pa3ziefieH Ha TpH 30HbI. Pacnpenenenre no 30HaM OpUEHTH-
POBOYHBIX HOPMHUPOBAHHBIX 3HAYEHUN KoJn4yecTBa OM C pa3iau4yHbIMHU DHEPIrO-
HOCUTEJISIMUA N+ B 3aBUCMMOCTH OT UX MOIIHOCTEW MOKa3aHo Ha puc. 1.1.

1 -2 2 1 6 3 0 .

0 10 10 1 100 100 100 100 10 P.Br
Puc. 1.1. OpueHTHpOBOYHBIE HOPMUPOBAHHBIE 3HAUCHHUS
Koir4uecTBa OM ¢ pa3iauuHbIMU SHEPTOHOCUTENSIMU Nx:

a — eMKOCTHBIE DOM; 6 — UHIYKTUBHO-EMKOCTHBIE DM
6 — UHAYKTUBHBIE DM

Haubonwiee pacrnpoctpaHeHrue B 00€CHEYEHUU MOTPEOHOCTEH MPOMBIIII-
JIEHHOCTH, CEJICKOI0 XO3SMCTBAa W HAaCEJICHHUs MOJYUYWUIU WHIYKTUBHBIE DM,
YTO OOBSACHSAETCS OCOOCHHOCTSIMU HMX KOHCTPYKLHMH, MPOCTOTOM TpeOyembIx
TEXHOJIOTUNA M3TOTOBIICHUS, & TaKXe JIOCTYMHOCTHIO 3JEKTPOTEXHUUYECKUX Ma-
TEpPUAJIOB ¢ HEOOXOAMMBIMU cBoiicTBamu. [loaToMy B nmanpHeiem OyayT pac-
cCMaTpHUBaThCsi Haubosee pachpoCTpaHEHHbIE HHAYKTHBHbIE DM, B KOTOPBIX
SHEPTOHOCUTEIIEM SIBIISIETCSI MArHUTHOE TI0JIE.

Bo Bcex cucteMax GOJIBIION MIIM MAJIOH MOIITHOCTH, TJI€ HCTIOJIB3YIOTCS OM,
ux paboyme CBOWCTBA BO MHOTOM OMPEEISIOT TMOBEICHHE U CBOWCTBA ATUX
cucreM. [loaTomy 3HaHKE OCHOB Teopuu DM HEOOXOIUMO KaXKJIOMY CHeI[UaTu-
CTy, paboTtaronieMy B J1000H U3 cep MPOU3BOJCTBA, PACIPEACICHUS WIH I10-
TpeOJICHUS PICKTPUICCKON SHEPTUH.

B nanHOM Kypce JIeKIIUii paccMaTpUBaIOTCsl KOHCTPYKIIMA OCHOBHBIX THIIOB
UHJIYKTUBHBIX DM, COCTaBISIONIMX OCHOBY AJIEKTPOMEXAHUKH, MPUHIIUIY HUX
JNEUCTBUS, aHAIU3Y AJICKTPOMEXAaHWUYECKUX M DJIEKTPOMATHUTHBIX IPOIIECCOB,
CBSA3aHHBIX C MpeoOpa3oBaHUEM PHEPruu B DM, pacyeTy XapakTepUCTHK U pe-
KUMOB PabOThI B Pa3IMYHbBIX YCIOBUSAX IKCIUTyaTalMH, a TAK)KE METOJIaM UCIIbI-
TaHUU U oNpeJesieHus napameTpoB DM.
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2. XapaKTepHCTHKI/I MATHUTHOIO 10JIS1 U MATHUTHBIE CBOMCTBA
MaTepuaJioB

2.1. XapaKTepUCTUKU MAarHUTHOTO MOJIS

JIBKyIuecs 3JIeMEHTapHbIE YacTHIIBl JII0OOW cpenbl (BeliecTBa), 00Jia-
JAIOIUE DJIEKTPUUYECKUM 3apsiioM, CO3JA0T BOKPYT cebsi MarHuTHOE moje. B
MPOBOJHUKE C TOKOM U MPOCTPAHCTBE BOKPYT HETO MAarHUTHOE IMOJIE€ CO3JaeTCs
TUM TOKOM, a BHYTPH M BHE HAMarHMYEHHOrO Tejna (MOCTOSSHHOTO MarHuTta) —
BHYTPUATOMHBIM M BHYTPUMOJEKYJSPHBIM JBHXKCHUEM DSJIEMEHTapHBIX 3apsi-
YKEHHBIX 4YacTull (HarpuMep, BpalleHUEM FJIEKTPOHOB BOKPYT COOCTBEHHOW OCH
U S7pa aToMa).

MarsuTHo€ 1M0Jie XapaKTepu3yeTcs BEKTOPOM MmacHumuou unoykyuu B [Tn],
3HAYEHUE KOTOPOM OMNpEAENseT cuay, NeUCTBYIOUIYI0 B JAHHOW TOYKE MOJIS Ha
JBIKYLIYIOCS 3apPSKEHHYIO YaCTHUILy CO CTOPOHBI MATHUTHOTO TOJIA.

[Ipu BO37EHCTBMM MAarHUTHOTO MOJISl Ha JIFOOYIO0 Cpely ee BHYTPEHHEE Mar-
HUTHOE MOJIE CKJIAJbIBAETCA U3 ABYX COCTABISIONIMX: BHEIIHETO MOJI, HANpH-
Mep, OT TOKOB BOJIM3M PACTOJIOKEHHBIX MPOBOJHUKOB, M TOJISI DJIEMEHTAPHBIX
BHYTPEHHHUX TOKOB. Takum 00pa3oM, B pa3IUIHBIX C TOUYKH 3PCHUS KOIMYECTBA
AJIEMEHTAPHBIX TOKOB M UX B3aUMOPACIOJIOKEHUS Cpe/laXx BHYTPEHHSSI MarHuT-
Hasg UHAYKIUS B MOXET ObITh pa3IUYHON MPU OJMHAKOBBIX BHEIIHUX MarHUT-
HBIX TMOJISX.

JInsi OLleHKH BO3IEHCTBHUS TOJIBKO BHEIIHETO TOJISI, HANPHUMEDP, OT TOKOB
BOJIM3M PACIIOJIOKEHHBIX IPOBOJHUKOB, HCIOJB3YIOT BEKTOPHYIO BEJIMYHUHY,
KOTOpasi Ha3bIBAETCSl HAINPSYKEHHOCTbIO MarHUTHOTO TOJIS, WIN MACHUMHOU HA-
npsasxcenHocmoio H [A/M]. H He 3aBHCHUT OT MaTepuaia BEIIeCTBA U XapaKTepu-
3y€T TOJBKO JIEUCTBUE CUJIbl, HAMAarHWYMBAKOLIEH JaHHYIO cpeny. Ilpu neuct-
BUM MArHUTHOTO MOJisi, 0OPa30BaHHOI'O TOKaMH BOJIM3U PACTIOJIOAKEHHBIX IMPO-
BOJHHUKOB, HANPSX)KEHHOCTh MATHUTHOTO MOJS A B KaKOW-TMOO TOUYKE 3aBUCUT
OT CWJIbI TOKA U PACCTOSIHUM OT MPOBOJHUKOB JI0 TOUYKH, B KOTOPOW OHa OIpee-
JISIE€TCA.

MarnutHas UHIYKIHS JT000H Cpeabl OTINYAeTCs OT €€ MarHUTHOW Hamps-
YKEHHOCTHU Ha BEJIMYMHY BHYTPEHHETO MArHUTHOTO TMOJISI, KOTOPOE 3aBUCHUT OT
CBOMCTB cpebl. JlaHHas 3aBUCUMOCTh BBIPaKaeTcs CIEIYIOIUM 00pa3oM:

B =a A,
T7I€ Wa — abCONOMHASL MACHUMHASL NPOHUYAEMOCMb BEIECTBA.

AOcomoTHas MarHuTHasT TPOHUIIAEMOCTh [, XapaKTepU3yeT MarHUTHBIC
CBOICTBA BEIIECTBA, €0 CIIOCOOHOCTH CO3/1aBaTh COOCTBEHHOE MAarHUTHOE TI0JIE
IOJ] JICICTBUEM HAMArHUYMBAIOIIECH CHJIBI BHEIIHErO0 MarHuTHOro noss. Ha
MIPAKTUKE yAOOHO TMOIH30BATHCS OTHOIIEHUEM aOCOTIOTHON MAarHUTHOMW MPOHU-
aEMOCTH BEUIECTBA [a K MAarHUTHOM IPOHUUAEMOCTH BakKyyMa o, KOTOpas
IIPUHATA 32 YCJIOBHYIO €IWHUILY U HOCUT HA3BAHUE «MACHUMHASL NOCMOSAHHASA
(o = 410" Te/m):



Hr= Ha/Ho.

Benuunna |, Ha3bIBa€TCS OMHOCUMENbHOU MACHUMHOU NPOHUYAEMOCTbIO U
MOKAa3bIBAET, BO CKOJIBKO pa3 MarHUTHOE TOJIE B BEIIECTBE MOMYyJaeTCs CHUIbHEES
(wu crnabee), 4eM B BaKyyMe.

I'padpriaeckn MarHUTHOE TOJIE MOKHO M300pa3UTh C MTOMOINBIO JIMHUA Mar-
HUTHOW WHAYKIWHU. JIMHUIO MATHUTHON MHIYKIIUUA MPOBOISAT TaK, YTOOBI B KaX-
JIOW TOYKE 3TOH JIMHWUU KacaTelbHas K HEM COBMajaia ¢ BEKTOPOM MarHUTHON
uHAYKIuA. OCOOCHHOCTHIO MAarHUTHBIX JIMHUMN SIBJISIETCS TO, YTO OHU 3aMKHYTHI
U CIEIUICHBI C UCTOYHUKOM MarHuTHOro mojsi. CyMMapHOE YHCIIO MarHUTHBIX
CWJIOBBIX JIMHUH WM MMOTOK BEKTOPAa MArHUTHON MHAYKIWHU, IPOXOISAIINNA Yepes3
3aJJaHHYIO0 TIOBEPXHOCTH S, Ha3bIBaeTCs MmacrHumuvim nomoxkom @ [B6]. Ecnm
BEKTOP MarHUTHOW MHIYKIIUW B TIEPICHIUKYJISIPEH TOBEPXHOCTH .S, TO

= B-S.

2.2. MaruuTHbI€ CBOMCTBA MaTEpPHUaJIOB

MarnuTtHasi MpOHUIIAEMOCTh MaTepHUalia XapakTEPU3yeT CTEIEeHb €ro BIIUS-
HUA Ha oOpa3oBaHue MarHUTHOro moiist. [lo crenenu BiIMsIHUS HA MarHUTHOE
MOJIE PA3IMYAIOT CIAEAYIOUIME MaTepUAIbI.

Jluamaenemuxu — maTtepuainbl, 00J1alaloNMe MAarHUTHON MPOHUIIAEMOCTBIO
W< 1. JluaMarHeTHKU OCNA0ISAIOT JACHCTBYIONIEE HA HUX BHEITHEE MarHUTHOE
1oJie, TO €CTh OHU (OPMHUPYIOT COOCTBEHHOE€ MAarHUTHOE I0JI€ TTPOTUBOTIOJIOXK-
HOE T10 HaIIPaBJICHHWIO BHEIIHEMY MarHUTHOMY Mojto. K gaHHOW rpyIine oTHO-
CATCS BOJIA, BOJIOPOJI, KBApIl, CTEKIIO, IIMHK, CEpeOpo, 3010TO, MEIb U JIp.

Ilapamaenemuxu — maTepuaibl, 00Jaal0IIKe MATHUTHOW TIPOHUIIAEMOCTBIO
w- > 1. IlapamarHeTUK HE3HAYWUTEIBHO YCWIMBAIOT JIEUCTBYIOIEE HAa HUX
BHEIIIHEE MarHuTHoe mnosie. K qaHHoM rpynne OTHOCSTCS aTlOMUHUM, BOJIb(pam,
MJIaTUHA, MHOTHE Ta3bl U JIp.

Takoe moBe/IeHNE TUAMAarHETUKOB U MapaMarHETUKOB OOBSICHACTCS pasJiv-
YUSMHU B OPUEHTAIIMU O] ICHCTBUEM BHEUIHETO MAarHUTHOTO TOJIsl AJIEMEHTap-
HBIX TOKOB aTOMOB BEIIICCTBA.

Deppomacnemuxu — MaTepHuaibl, 00JQTaONIIEe MArHUTHOW IIPOHHIIAEMO-
CTBIO WUr>> 1, IpUdeM BeJIMYHMHA |- B OOJBIION CTETICHU 3aBUCUT OT HAIPSKEH-
HOCTH MarHuTHOro mnosist. Tak, Hanpumep, B CIa0BIX MOJSIX MAarHUTHas MPOHU-
1IaEMOCTh W kese3a 7oxoauT A0 6000, a B CHIIbHBIX IOJISIX 3HAYCHHUE L, [TaJaeT
JI0 HECKOJIbKMX COTEeH. DeppOMarHeTUKN 3HAYUTEIbHO YCUJIUBAIOT JICHCTBYIO-
1ee Ha HUX BHEIIHee MarHuTHOe mnosie. K JaHHO# rpymie OTHOCSATCS Kele3o0,
HHKEJIb, KOOAIbT U UX CIUIABHI.

Takoe moBeneHne GpeppoOMarHeTUKOB OOBSICHSACTCS JOMOJHUTEIBHOW OJTHO-
HaIpaBJICHHOW OpHEHTALMEN HaMarHWYEHHBIX 00JacTed MaTepHuaa — JOMEHOB
1o JACHCTBUEM BHEIIHETO MarHUTHOTO noJist. [Ipu 3ToM BHYTpU mMaTepuaia noj
BJIMSIHUEM BHEIIHETO MAarHUTHOTO MOJISI 3a4acTy CO3Ja€TCSl MarHUTHOE IOJIE
0oJsiee CHIILHOE, YeM BHEIITHEE.



B snexTpoMexaHnueckux mpeoOpazoBaTeNsIX HauOOJbIIee MPUMCHCHHE Ha-
i (heppoMarHUTHEIE BenecTBa. MarHuTHOE COCTOsSIHUE (DeppPOMarHUTHOTO Ma-
Tepuala XapakTepu3yercs KpuBoid HamaranuuBanus B = f (H). Ota 3aBUCUMOCTh
yCTaHABIIMBACTCSl OMBITHBIM myTeM. OCHOBHAs, WM HavyalbHAs, KpUBask Hamar-
HUYCHHOCTH TOJTYYaeTCs MPU MOCTEIIEHHOM HAMArHUYMBAHWK B OJTHOM HAIIpaB-
JICHMM HEHaMarHW4YeHHOro BemiectBa. [Ipoimecc HamMarHwdmBaHus ¢deppomar-
HUTHOTO CEPACYHMKA, MTOMEIMICHHOTO0 B KaTymiKy (puc. 1.2), ocymecTBiseTcs
CIEAYIOIIUM 00pa3oMm.

Puc. 1.2. Cxema yCTaHOBKH JIJIs1 CHATHUSA
KpuBOW HamaranuuBanus B = f (H)

[TepBoHauanbHO CEPACUHHMK KAaTYyIIKH He HamarHuyeH. [Ipu mopadye Ha ka-
TYHIKY L TOKa BOKPYT BUTKOB W BO3HHUKAET MArHUTHOE I0JI€ C HaIpsSHKEHHO-
cThi0 Hu cepieunuk HamarunuuBaetcs. [Ipu yBennueHnn Toka Halps>KeHHOCTh
H yBenmuuuBaThCs, COOTBETCTBEHHO YBEJIMYMBAIOTCS MarHUTHAs IPOHUIIAC-
MOCTb [a U uHAYyKIus B (puc. 1.3).

B: L]
Ha Mamax

Bg

Puc. 1.3. KpuBble nepBoHa4aibHOr0 HAMarHUYMBaHUS
Y MArHUTHOM MPOHULIAEMOCTH

KpuBas 1 — kpuBasi nepBOHAYAIBHOTO HAMAarHUIMBAHUSA. JTY KPUBYIO MOXHO
pa36outh Ha yyacTku: 04 — y4acTOK MHTEHCHBHOTO HAMarHWMYWBaHus, ab — y4a-
CTOK mepernba KpuBo# (KoJIeHO), HC — y4acTOK MarHUTHOTO HACHIIICHUS MaTe—
puana. [Ipu oTHOCHTETHLHO HEOOJBIINX HAMPSIKEHHOCTSAX, KOTAa MaTeprai eie
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He HacblmeH (ydactok 04g), yBenmueHue / CONPOBOXKAAECTCA 3HAUUTEIBHBIM
yBEIIMYEHNEM 5 M MarHuTHOM NPOHMUIIAEMOCTH [z MaKCHUMaIBHOMY 3HAYEHUIO
MarHUTHOM MPOHUIIAEMOCTH COOTBETCTBYET TOUKa A, KOTOpasi MOXET OBITh IO-
Jy4€Ha, €CJIA Yepe3 HA4YaJIo KOOPAUHAT IPOBECTH KACATENBHYIO K KpUBOU 1.

C yBenuuenueM / Ha yuacTke ab Marepuall Bce Oosiee HachIAETCA U TEMII
pocta B cumxkaerca. Ha yuyactke bc yBennyeHue HanpsyKEHHOCTH MPHUBOJIUT K
MaJIbIM IPUPALIECHUSIM MAarHUTHOM MHAYKLUWH, NPUMEPHO KaK NPUPALICHUE B
Cllyyae KaTyliku 06e3 (eppOMarHuTHOrO cepJeyHrKa KaTtymku L (mpsimas 4).

ITocne nocTUKeHNs TOYKHU HACBILEHUS ¢ (Bs— UHIYKIHS HACBIILIECHUS) pa3-
MAarHA4MBaHUE CEpJCYHNKA IIPU YMEHBIIEHNH TOKA / IPOUCXOINUT IO KPUBOM 3,
pacIiONOKEHHOM BbIIIE TNEPBOHAYAJbHOM KpUBOW HaMmarHuuumBanusa 1. Ilpm
CHIKEHMM HANPSHKEHHOCTU U NAJIBHEMIIEM €€ YBEJIMYEHUH B IPOTHBOIOJIOXK-
HOM HAIIPABJICHUM MOJKHO BBIJIEIUTH XAapaKTEPHBbIE TOUYKU: Br — ocmamounas
unoykyus, Hc— kospyumuenas cuna, T0 €CTh HANPSYKEHHOCTh OJISA, IPU KOTO-
pO¥ MHAYKLHS paBHA HYJIIO.

Ecnu nmepuoauyecku W BeCbMa MEMNJIEHHO W3MEHATH HAIPSIKEHHOCTh OT
+ Him 10 — Him, TO TIOCIIE HECKOIBKUX LIUKJIOB IIEPEMAarHUYMBaHUS MarHUTHAs
UHAYKIUS OyJEeT U3MEHAThCSA B Ipeaenax oT + Bim 10 — Bim B COOTBETCTBUU C
kpuBoul 1 Ha puc. 1.4, a, Ha3pIBa€MOW CTaTHYECKOMN METIIEM MAarHUTHOTO THCTE-
pesuca. IIpu pa3HbIX npeaenax U3MEHEHNs HANPSHKEHHOCTH MOJyYUM CEMENCT-
BO CTATMYECKUX CUMMETPUYHBIX IIE€TEJIb MarHUTHOTO rucrepesuca. CyIecTBy-
0T HEKOTOPBIE€ HANPSHKEHHOCTH + Hm = + Hsy — Hp = - Hs, 1pu nIpeBbILIEHUH
KOTOPBIX IIJIOIIA/b, OTPAHUYECHHAS MIETIEH TUCTEPE3UCa, OCTAETCS TTOCTOSIHHOM.
[TeTns rucrepesnca 2 Ha3bIBAETCS B 3TOM CIIy4dae MPEAEIbHON, a MAarHUTHAsI UH-
nyKuusi Bs — MHAYKIMEeW TeXHUYECKOTO HaChIeHUs. 3HaueHus B (ocTaTouHast
UHAYKIMSA) U Hc (KOSPLUTHBHASL CUJIA) OINPEAEISIOTCS MO MPEIesIbHON meTie
TUCTEpe3uca.

u:ﬂ

Puc. 1.4. CumMeTpryUHbIE IUKIIBI MATHUTHOIO TUCTEPE3HCA
Y OCHOBHAs KpUBasi HAMarHMYMBaHUs

Ecau COCINHUTL BCPIIHWHBLI CTATUYCCKUX IICTCJIb TUCTCPC3UCA, TO IMOJTYUHUM
OCHOBHYIO KPHBYIO HaMarHW4YHWBAaHW:A 3, HC3HAYUTCIIbHO OTINYaroImyrocsa OT
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KPUBOW MEpBOHAYAILHOTO HamarHu4yuBaHus. OCHOBHAs KpuBas HaMarHU4YWBa-
HUSl MCIOJB3YyEeTCSl MPU pacyeTe MarHuTHbIX Uened. HauOosnblee 3HaueHue
MarHUTHOW MPOHUILIAEMOCTH Wa COOTBETCTBYET TOUKE KAacaHUs KacaTeJIbHOM K
OCHOBHOM KpUBOM HaMarHWYMBaHUSL.

Paznuyalor MarHUTHO-MATKUE U MAarHUTHO-TBEpJible (peppOMArHUTHBIE Ma-
TepHUaJIbI.

K maenumno-msaekum marepuanaM OTHOCATCS YHUCTOE HKEJE30, Yriepoau-
CTBI€ JIEKTPOTEXHUUECKUE CTaJH, CIJIABbI Keje3a U HUKeNs (IepMajiion), Mar-
HUTHBIE (EPPUTHI, JIUTAsI CTAJlb, KOHCTPYKIIMOHHBIE CTalId, HEKOTOPhIC XUMUYE-
CKHME COEIMHEHHUS *keye3a. MarHUTHO-MITKUE MaTepuaibl UMEIOT Y3KYIO HETIIO
ructepesuca (H:<0,8A/m) (kpussie 1 u 2 Ha puc. 1.4, 6).

YacTh MarHUTHO-MSITKUX MAaTEPHAIIOB, HAIPUMED, DIIEKTPOTEXHUUECKAs JIHC-
TOBasi CTallb, UMEIOT METII0 TMCTEPE3UCa, COOTBETCTBYIOLIYI0 KpuBOM 1 Ha
puc. 1.4, 6. Y Hux manoe 3HaueHue B < Bs 1 NOCTOSHHBIM TOKOM IMOJAMarHU4u-
BaHUS CEPJICYHUKA MOXKHO PEryJIMpOBaTh MarHUTHBIM MOTOK B IIMPOKHUX Ipejie-
nax. Takue Marepualibl IPUMEHSIOTCS JIUIsl CO3/JaHKsI MArHUTHBIX 1eneit DM.

MaruuTHO-MSTKHe MaTepuaibl — MEPMALION, UMEIOT Y3KYI0 MPSIMOYIOJIb-
HYIO TIETIII0 TUCTepe3nca, B KoTopoil 5= Bs(kpuBas 2 Ha puc. 1.4, 6), HaXoasIT
HIMPOKOE MPUMEHEHHUE B YCTPOMCTBaX aBTOMATUKU U BBIYMCIUTEIIBHON TEXHU-
KU, B YaCTHOCTH, B MATHUTHBIX YCUIIUTEIISX.

Macnumno-meepovie MaTepualibl UMEIOT MIMPOKYIO METII0 TUCTepe3uca
(xkpuBast 3 Ha puc. 1.4, 6), K HUM OTHOCSTCS CIUIaBbl JK€J€3a C aJTIOMHHHEM,
XpOMOM U BOJb(GpamMoM, CoJepKallhe pa3iudyHble MPUCAIKU. DTH MaTepHalIbl
uMmeroT Oonbinue 3HadeHust Br= Bsu Hc no 400 kKA/M 1 IpUMEHSIOTCSI B OCHOB-
HOM JIJIsl U3rOTOBJIEHUS TOCTOSIHHBIX MAarHUTOB.

MaruutHbslid NOTOK B DM IMPOBOAUTCS 110 MATHUTHBIM LEMSAM (MacHUMONpo-
600am), BBITIOJIHEHHBIM W3 ()epPOMArHUTHBIX MAaTEPHANIOB, CIIOCOOCTBYIOIINX
IIPOXOKJIEHUIO MarHUTHBIX NOTOKOB. Hambosee pacnpocTpaHeHHbIM (eppo-
MarHUTHBIM MaTE€pUAJIOM SIBIIIETCS SJIEKTPOTEXHUUYECKas (peke KOHCTPYKIMOH-
Has) cTajib. MarHuTHBIE MOTOKKM B DM MOTYyT OBITh KakK MOCTOSHHBIMH (CTaTH-
YECKUMH), TaK U MEPEMEHHbIMU (TMHAMUYECKUMH) B 3aBUCHUMOCTH OT KOHCT-
PYKTHUBHOTO Ha3HAYEHUS YYACTKOB MAarHUTHBIX IIETEH.

VY4acTKu MarHUTHBIX LIETICH, MPOBOASIINE CTATUYECKUE MAarHUTHBIE TTOTOKH,
BBINIOJIHAIOTCS,, KaK NPaBWJIO, B BHUJE MOHOJHUTHBIX CTaJbHBIX KOHCTPYKIUH,
00€ecreynBaOINX BHICOKYI0O MEXaHHUYECKYIO MPOYHOCTh. 3a4acTyl0 3TH KOHCT-
PYKLHH IPOXOAAT CHEUUATBHYIO YIIPOUYHSIONIYIO ONEPALNIO — HOKOBK).

Y4acTKu MarHUTHBIX UENel, MNPOBOISAIIME TUHAMUYECKUE MArHUTHBIE I10-
TOKH, BBITIOJIHSIOT MyTeM HabOpa W3 IITaMIIOBAHHBIX JIICTOB JJIEKTPOTEXHUYE-
ckoil ctanu tonmuHoi 0,25...0,5 MM, 3IEKTPUUYECKU HU30JIMPOBAHHBIX APYT OT
npyra. Jlemaercs 3TO € LEJIbIO YMEHBIICHUS BUXPEBbIX MOKOE, BBI3bIBAIOIINX
NOTEPU SHEPIUH MPU NEpEMarHMYMBaHuM (Ha HarpeB U MEXaHUYECKOe CMelle-
HUE JINCTOB MarHUTONPOBO/IA BIOJIb CUJIOBBIX JUHUI)). [Ipu 3TOM JIUCTHI cTaiin
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OPHUEHTUPYIOT BJIOJIb HANPABJICHUS MATHUTHBIX CWJIOBBIX JUHUN. B 3TOM ciydae
KOJIbLIEBbIE BUXPEBBIE TOKHU, KOTOpbIE (POPMUPYIOTCS MEPHNEHIUKYISIPHO CHIIO-
BBIM JIMHUSAM, BCTPEYAIOT 3HAUYUTEIIBHOE JJIEKTPUUECKOE COIPOTUBIIEHUE B U30-
JSALANA MEXKAY JTUCTAMU, YTO CHUKAET aMILIUTYly BUXPEBBIX TOKOB.

1.3. ®u3nyeckue 3aKOHbI JJIEKTPOMEXaHUYECKOr0 NMpeodpa3zoBaHus
IHEPruu

NunyktuBnas DM npencraBisieT coO0U aiekmpomexanuueckuii npeoopaso-
eéamenb DHEPTUU, KOTOPBIA 00bEAMHSET B ceOe ANEKTPUUYECKYI0 U MEXaHU4Ye-
CKYK0 CHCTEMBI, CBSI3b MEXKJY KOTOPBIMU OCYLIECTBISIETCS MOCPEICTBOM Mar-
HUTHOTO noJist (puc. 1.5).

Je

MexaHunyeckas
cuctema

MaruuTtHoe
none

OnekTpuyeckas
cucrtema

Puc. 1.5. Cxema sneKTpoMeXaHUYECKOTO PeoOpa3oBaTesi YHEPTruu

B3auMoericTBE MArHUTHOTO TOJIS C AEKTPUYECKON U MEXaHUYECKOU CHC-
TeMaMU MPOSBISETCS, C OJHOM CTOpPOHBI, B nosiBieHuun I/C e B snemeHTax
AIIEKTPUUECKOU CUCTEMBI U, C IPYTrOi CTOPOHBI, B BOSHUKHOBEHUU CHUJIBI fe, CH-
CTBYIOIIEH Ha 3JIEMEHTHl MEXaHUYECKON CHCTEMBI, YTO U OOYCIaBIMBAET DJICK-
TpOMEXaHW4YeCKoe mpeodpazoBanue sHeprun. [Iporecc Takoro mpeodpa3oBaHus
MOJUUHSETCSA 3aKOHY COXPAHCHUS SHEPTUH: U3MEHEHUE YHEPTUH, MTOCTYIAOMIECH
B OM co cToponsl 3nekTpuaeckoit (dWsy) u mexannueckorr (dWygyx) cuctem,
pacxoyeTcsl Ha U3MEHEHHEe dHEePrur MarHuTHOTO 1ot (dWyr) 1 Ha OKpPBITHE
MOTEPb, COMPOBOXKIAOIINX OCHOBHOM MPOIECC MPEe0Opa30BaHuUs YHEPTUU.

Ecnu Bce notepu B DM BBIHECTH BO BHEIIHHUE 1IEMHU, TO YpaBHEHHUE OajaHca
MOJIC3HOTO MpeoOpa3zoBaHus SHEPTUU OYIET UMETh BUJ

idng] i dWMEX - dWM[‘.

3HaK «1+» 03HAYAET, UTO PHEPIUsS MOCTYHAET B AJEKTPUUECKYIO MAIIMHY W3
BHEIIIHEN CUCTEMBI, a 3HaK «—» — YTO AHEPTus oTaaeTcss OM BO BHEUIHIOK CHC-
TEMY.

N3 sToro ypaBHeHUs ClEIyET, YTO MpOIlecC Mpeodpa3oBaHus 3HEpruu B OM
CONPOBOXK/IACTCSI HENPEPHIBHBIM M3MEHEHUEM SHEPTMM MarHuTHOro mnoiis. Ilpu-
YUHOW ee U3MEHEHUS SIBJISIETCS DHEPIusl, MOCTYyMaroIas Ju00 13 dJIEKTPUIECKOH,
100 U3 MEXaHUYECKOU CUCTEMBI.

Ecimm B nepeMeHHOE MarHUTHOE 110JIE IOMECTUTh POBOAALIMI KOHTYP, TO B HEM
BosuukHeT DJIC e =- di/dt, rne ¢ — nmoToKoCLEIUIeHHe KOHTYpa, TO €CTh MOJI-
HBIA MATHUTHBIN MOTOK, CUETUICHHBIMA ¢ BATKAMHU MPOBOASIIET0 KOHTYpA.
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DTO SBJICHUE HA3bIBACTCSl AJIEKTPOMArHUTHOW WHIYKIMEH, a MPUBEICHHOE
BBIpaKEHUE MPEJCTABIACT COO0N 3aKoH 3nekmpomacHumuou urHoykyuu dapa-
nes. 3Hak «MHHYC» B dopmytie st DJIC e 00yclioBlIeH HHEPITMOHHBIM XapaK-
TEpOM MarHuTHOTO ToJisi: HaBeaeHHas DJIC Bcerja HampaBiieHa Tak, 4TO CO3/a-
BAEMbI €10 TOK MPEMSITCTBYET MU3MEHEHUIO MAarHUTHOI'O MOJISI BBI3BIBAIOIETO
S/C.

Bennunna notokocuemienus: 0OAHOBUTKOBOTO KOHTYpa (puc. 1.5) onpenens-
eTcst MoToKOoM P, TPOHU3BIBAIOIITUM ILIONIAIb S, OTPAHUYCHHYIO KOHTYPOM

y=®=BS=B"?2x,
rae B— MarHuTHas MHAYKIUS; £ — IJIMHA aKTUBHOM 4acTH KOHTYpa; X — CMellle-

HHUC IIJIOCKOCTHU KOHTYpa OTHOCUTCIbHO OCH MAaroHuTHOI'O I10JIA.
MarH1THast oCb KOHTYp

/4 ,
< s

/
., S
™, g

Ocb BpaLleHus N0

)
ﬁ 5 J/ / 4 \§%

A | B

Ocb MarHMTHOrO nomnsg —

Puc. 1.5. Cxema noTokocuemieHus: OTHOBUTKOBOI'O KOHTypa B OM

Bo03MOKHBI TpH cilydas U3MEHEHUS IOTOKOCLEIUIEHUS 3TOT0 KOHTYpa:

KOHTYP HEIOABUXKEH, IOTOK MEHSETCS BO BPEMEHU;

KOHTYp BpallaeTcs, IOTOK HEU3MEHEH;

KOHTYp BpalacTCs U MOTOK U3MEHSIETCSA BO BPEMEHH.

[ToaTOMy mOTOKOCLEIUIEHHE Y SBIsIETCA (PYHKIMEN MPOCTPAHCTBEHHOM KO-
OpJMHATBI X U BPEMEHH [,

¥ =(x,0).

oy Ay
dp = ——dt +——dx.

[Toacrasinsis 310 BeIpaskenue B popmyiny D/1C, moxyuum

CrnenoBartesbHO,

dx o
rac V == E — CKOpOCTB HepecequI/m KOHTypOM CHUJIOBBIX JIMHUU I1OJIA.

CornacHo nojiydeHHOMY BbIpakeHHt0 DJIC e MOXHO IpEeJCTaBUTh B BHUJIEC

. 5}
JIBYX COCTaBJSIOIIMX: mpanchopmamoproi I/[C e; =—a—q; u 3/]C spawenus
]
ey =—%V. C yuerom BbIpakeHus: norokocuemienuss J/C BpalieHuss MOXKeET

OBITH 3amrcana B Buje ey, =—2 B £ V.
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OOBIYHO 3HAK «—» B BBIPAXKEHUU €y OMYCKaroT, a Hanpasienue J/[C ompe-
TENAI0T NPAasuiomM npagoti pyKu: eCly MPaByK PYKY PaclOiOXKHUTh TaK, YTOObBI
CUJIOBBIE JIMHUU BXOJWJIM B JIaJIOHb, & OTOTHYThIM OOJBIION Nanel HaupaBUTh B
CTOPOHY NEPEMEILIECHHs] MPOBOJHUKA OTHOCHUTEIBHO IOJISI, TO YEThIpE Masblia
nokaxyT Hanpasienue IJC. Hanuuue 3/[C BpaiieHus ey B 3aMKHYTOM KOH-
Typ€ BCErja CBs3aHO ¢ OOMEHOM JHEPrueil Mexay MeXaHU4eCKOU U AJIeKTpUye-
ckoit cucreMamu. CymectBoBanue b TpanchopmaropHoit IIC e; yka3biBa-
eT Ha TO, YTO OOMEHa SHEPTUe MEXITy MEXaHUYECKON U JIEKTPUIECKON CHCTe-
MaMH HE MPOHMCXOJUT, a BO3MOXKEH OOMEH JHEpPrHeu JHIIb MEXAY YacTIMU
DJIEKTPUYECKON CUCTEMBI.

Eciu xoHTYyp (cM. puc. 1.5) NOAKIIOYUTH K 3IEKTPUUYECKON cUcTEeMe ¢ Ha-
NPSKEHUEM U, TO 110 HEMY MOTEUYET TOK, BEIUYMHA KOTOPOIr0, COTJIACHO 3aKOHY
Owma, ornpezesnsieTcst BBIpaXX€HUEM

1
izﬁ(u+e),

rae R— akTUBHOE COMPOTUBIIEHUE KOHTYpA.

Tok co3naet cBoe MarauTHoe noJe (puc. 1.6). Peaynbrupytoniee MarHuTHOE
10JIe BOKPYI NMPOBOJHMKA HMCKAXaeTCs: C OJHOM CTOPOHBI MPOBOJHMKA IOJIE
YCUJIUBAETCS, a C JAPYroll — ocnabiserca. DTO MPUBOIUT K MOSIBICHUIO CHIIBI,
JEUCTBYIOLIEH B HAMpaBiICHUU MaKCHUMAaJIbHOTO ociadieHus: nois. [Ipakrtuue-
CKM HaIIpaBJICHUE CUJIbI ONPEACISIETCS NPAGUIOM JIe80U PYKU: CAJIOBBIE JIMHUH
IOJISI BXOJAT B JIaJIOHb, YETHIPE MaJblia MOKA3bIBAIOT HANIPABJIEHUE TOKA, a OTO-
THYTBIN OOJIBIIION TaJiel] MOKa3bIBaeT HampaBiieHne Cuilbl. [I0CKOIbKY B KOHTY-
pe (puc. 1.7) TOK 0 OTHOIIEHHWIO K BHEIIHEMY IOJIIO0 MPOTEKAET B Pa3HbIX Ha-
MPaBJICHUSIX, TO HA KOHTYpP OyJeT 1eicTBOBAaTh MOMEHT

M, = f, y = f, Dsinaq,
rae D — auaMeTp OKPYKHOCTH, BIIMCAHHOW B KOHTYP; Ol — YTOJI, ONPEACIISIOINI
MOJIO’KEHHE KOHTYpa B MAarHUTHOM I10JI€.

a ::»\ 6 ) Yy .
fe \-.._‘ D
I Je i \I -
\ \ ]
® ) N ? @
*--..._..-'//i “% |
e
VYV Y yy YYYVTY VBV HHJ’
A A = =
&
Puc. 1.6. [lelicTBUE€ MarHUTHOTO TIOJIS Puc. 1.7. [lelicTBME€ MarHUTHOT'O TOJISI
Ha IMPOBOJIHUK C TOKOM Ha KOHTYP C TOKOM

12



Ecnu cBsa3aTh KOHTYp €1e U ¢ MEXaHUYECKON CUCTEMOM, TO MOKHO OCylIe-
CTBUTH IE€peaady YHEPruu B 3Ty CUCTEMY U3 DJIEKTPUUYECKON CUCTEMBbl UM Ha-
000poT npeodpa3zoBaTh MEXaHUYECKYIO SHEPTUIO B DJIEKTPUUECKYIO.

be3 ydera moreps BenMYMHA U3MEHEHUS] SHEPTUU DJIECKTPUUYECKON CHUCTEMBI
OTpeIeNsETCS BEIPAXKEHUEM

dWyp=uidt =—-iedt =idy.

CooTBeTCcTBYIOIIEE €1 M3BMEHEHUE SHEPTUH MEXaHUYECKOM CHUCTEMBI Ompe-

JEJSIETCS] IPOU3BEACHUEM CHUIIBI fe HA TPUPALLEHUE KOOPIUHATHI
AdWyex = fﬁdx.

3akon coxpanenusi sHeprun (+dWsyy + dWygx = dWyr) Tpebyet, 4ToObI
CyMMapHO€ M3MEHEHHME SHEPIHH PaBHSJIOCh U3MEHEHUIO SHEPTHMH MarHUTHOIO
0TSt

dy - fodx = dWyr.
3amaceHHasi HEprusi MArHUTHOTO TOJIsl KOHTYpa BhIpakaeTcs Gpopmyioi
War = ZLi2 =iy,
rae L =y /i — "HAYKTUBHOCTH KOHTYpA.
Otcroz1a, yYUTBIBAsL, YTO TOK | 3a]1aH, MOJTy4aeM

1
dWM[‘ = El dll]

Penras MOCJICAHUC TPHU BBIPAKCHUA OTHOCHUTCIIBHO CI/IJ'IBIfe, HaxoJum
1 dy

fe ZELE.

YuutsiBas, uto P = @ = B S = B £ 2x nony4aem

fe=B{i.

JlaHHOEe BBIpaKEHUE OMNpeJeNsieT B3auMOJEHCTBUE MarHUTHOTO TOJISI ¢ TO-
KOM 3JIEKTPUYECKOT0 KOHTYpa, MOMEIIEHHOTO B ATO MOoJje. YKa3aHHOE B3auMO-
JENUCTBUE MPOSIBIISIETCS] B BOSBHUKHOBEHUU CHUJIBI, JICCTBYIOIICH Ha KOHTYP.

PaccMoTpeHHbie BbIllI€ B3aMMOJIEUCTBHUSI MarHUTHOTO TOJS, KaK C DJIEK-
TPUYECKUMU crucTeMaMu DM, Tak U ¢ MEXaHMYECKUMH MOKa3bIBAET, YTO MaTe-
pUaIbHOE MAarHUTHOE T0JIE SIBJSIETCS YHUBEPCAJIbHBIM SHEPrOHOCUTENEM Iepe-
JAIONUM DHEPrUI0 OT OJIHOTO BUJA cucTeM B apyrue. [Ipu manneix mpeobpazo-
BaHUSX DHEPTUU B MHIYKTUBHBIX DM BBIJICISIOTCS JBa BaXKHBIX CBOWCTBA: 00-
pamumocmsb paboTel DM U camopezynuposanue napameTpoB B M.

CBolicTBO 0obpamumocmu pabOThl 3aKIIOYAETCS B BO3MOXHOCTH OM pea-
JM30BaTh KaK MpsIMOE, TaK U 00paTHOE MpeoOpa3oBaHUE FHEPTHUH, TO ECTh OJHA
u Ta ke OM Moxer paboTarh JUOO KaK DJIEKTPUUYECKUM TeHepaTop, MO0 Kak
AJIEKTPUUYECKUHN JBUTATEII.

Crnenyer OTMETHUTh, YTO KOHCTPYKTUBHO DM MPOEKTUPYIOTCS AJis Ompejie-
JICHHOM pa0OoThl KaKk reHepaTop Wi Kak nBurareib. [Ipumenenue OM B npyrom
KauyecTBe, KaK MPaBUJI0, COMPOBOXKAACTCS XYIIMMHU YIACIbHBIMUA MTOKA3aTEIIMU
[0 CPABHEHUIO C aHAJIOTHYHBIMU DM, HCHOIB3YEMBIMH IO MPSAMOMY Ha3zHaye-
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HUIO. JTO OOBICHAETCS TEM, YTO MPU MPOCKTUPOBAHUM KOHCTPYKTHBHO 3aKJjia-
JbIBAETCSl MaKCUMaIbHO Y PeKkTuBHAs peanusanus nojae3Horo napamerpa (3/1C
Wi MoMeHTa). [Ipu cMeHe MakcMMalabHO MOJE3HOro Mapamerpa, pabora OM
MOKET OBITh HE CTOJIb 3(PPEKTUBHOM.

[Ipu cMeHe HampaBiieHUs MPeoOpa30oBaHUE HPHEPTUU B IIIEKTPOMATHUTHOM
OM — tpanchopmaTope, 3aMETHOTO CHUXKEHUS P (HEKTUBHOCTU TpeoOpa3oBa-
HUS HE HAONIOJAeTCs, YTO OOBICHSACTCS OJHOHAMPABICHOCTHIO TpeOOBaHUN K
AIEKTPUUYECKUM IMapaMeTpaM KaK BXOJHBIX, TAK U BBIXOJHBIX YACTEU DIJIEKTPU-
YECKUX CHUCTEM TpaHchopmaTopa.

CBOICTBO camope2ynuposanus 3aKio4aeTcs B ciocoOHoctd M aBTOMaTH-
yecku (0€3 BHEIIHUX BO3JICUCTBUI) U3MEHSITh BHYTPEHHHE U BHEIIIHHE Mapa-
MeTpbl OM B ciydasix BHEIIHUX BapUallMid BXOJHBIX WMJIM BBIXOJIHBIX MOKa3aTe-
neit OM. CamoperynupoBaHue napameTpoB DM oObsicHsAETCs aeicTBUEM o01e-
ro 3aKOHA COXpaHEHHUsI SJHepruu. Mi3MeHeHne BXOJHOTO WM BBIXOJIHOTO MOKa3a-
Tenst OM aBTOMaTUYEeCKU MPUBOAUT K BapHAIlMK MAarHUTHOTO TOJIA U, KaK CJIeI-
CTBHE, K M3MEHEHHUIO BBIXOJIHOTO WJIM BXOoJHOro mnokazarens OM. Hawubonee
4acTO PacCMaTPHUBAIOTCS MPOLIECCH CAMOPETYJIMPOBAHUS MPU U3MEHEHUSX BbI-
XOJIHBIX MOKa3zaTesnei DM U ux BIUsSHUE HA BXOJIHbIE TIOKA3aTEeNH.

[IpeoOpazoBanne HEPTHM B DM 00BICHSACTCS B3aUMOJSHCTBUEM Tpex (u-
3UYECKHUX MPOLECCOB: MEXaHUYECKOT0, MArHUTHOTO U 3JIeKTpuueckoro. B gan-
HBIX MPOIIECCaxX YacTh SHEPTHH YaCTUYHO NIPeoOpa3yeTcs B TEIIOBYIO SHEPTHUIO,
YTO SIBJSIETCS HEOOpaTUMOW morepeld 3Hepruu. BennuumHy JaHHBIX NOTEPh Xa-
pPaKTEpU3yIOT MOIIHOCTHIO B BaTTaX. B cooTBeTcTBUU ¢ (hr3HKOM mpeodpas3oBa-
HUS DHEPTUU PA3TUYAIOT CJICTYIONTUE BUBI HEOOPATUMBIX TIOTEPb.

Mexanuueckue nomepu, KOTOopble OOYCIOBJIEHbI CHUJIaMH TPEHMs, a TaK»kKe
3aTpaTaMu SHEPruy Ha BeHTW iU OM. J[aHHBIE MOTEpPU 3aBUCIT TOJIBKO OT
4aCTOTHI BpalieHus aetaieit OM u He 3aBUCST OT BEJIUYMHBI HATPY3KHU.

Mazcnummusie nomepu, KOTOpble 00YCIOBJICHbI MEPEMarHUYUBAHUEM — ITUK-
JMYECKUM, MyJIbCUPYIOIIUM WM BpalaTeIbHBIM — OTAEIbHBIX YacTe MarHu-
TOMPOBOJA U BKJIIOYAIOT B ce€0sl MOTEPH HA TUCTPE3UC U HA BUXPEBbIE TOKU. Be-
JMYMHA MAarHUTHBIX MOTEPh 3aBUCUT OT MHIYKUMU U YaCTOTHI NepeMarHu4nBa-
HUS MAarHUTHOTO MOTOKAa. YHCIIEHHOE 3HAYEHUE ITUX MOTEPb ONpeAensieTcs Ka-
YECTBOM CTaJId MarHUTOMPOBOA, TONIIUHON €ro JUCTOB M CIIOCOOOM UX IIHX-
TOBKH. DTH MOTEPHU CJIa00 3aBUCIT OT Harpy3ku DM, Tak Kak OOBIYHO MpHU Ha-
rpy3ke OM MarHuTHbIN MOTOK B HEM U3MEHSAETCS] HE3HAYUTEIIBHO.

Onexmpuueckue nomepu, KOTOpble 00YyCIOBIIEHbI TEIUIOBBIMU MOTEPSIMU OT
TOKOB, MPOTEKAIOUIUX B TOKOMpoBoAax (oOmorkax). OHU HpONOPIUOHATLHBI
KBaJIpaTy TOKa B OOMOTKax M MO3TOMY CYUIECTBEHHO 3aBHUCST OT HArpy3KH, TO
€CTh OT TOKOB B 00MOTKax OM.

[IpeacraBneHHble TpU BUJA MOTEPh 3a4acCTYI0 HA3bIBAIOTCS OCHOBHLIMU NO-
mepsamu B M.
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Pa3nen 2
TPAHC®OPMATOPBI

Jlekyusi 2. HASHAYEHME, TIPUHIUAII JEVMCTBUS U YCTPOHUCTBO

OJHO®A3HOI'O TPAHC®OPMATOPA

[naH nekyuu

1. HasHayeHue u obrniacmu rnipuMeHeHusi mpaHcgopmMamopos.
2. [NpuHyun delticmeusi u ycmpoucmeo 0OHOGa3HO20
mpaHcgopmamopa.

1. HaznavyeHue 4 00,1aCTH NIPUMEHEHUA TPaHCPOpPMATOPOB

[IpomblliuIeHHBIE IIEHTPBI MOTPEOJICHUS AJIEKTPOIHEPIHH, KaK IPABUIIO,
yAaJIeHbl Ha JAECATKH, COTHU U JAXe€ THICSIYU KUIOMETPOB OT 3JIEKTPOCTAHIIUH,
COOpY’KaeMbIX B MeCTaX, 0OraTbIX IPHUPOJAHBIMU dHEpropecypcamu. s nepe-
Jla4¥ BBIPAOOTAHHOMN AJIEKTPOIHEPTUH UCTIONB3YIOTCS MPOBOIHBIC JIMHHH.

[TonmHas snexkTpudeckass MOIIHOCTS S, IEpegaBacMasi o NpoBOJaM, paBHa

S=1IU,
rae /— JIMHEeNHbIA TOK, {— TMHENHOE HANPSIKCHUE.

[Ipu mpoTekanuu JUHEUHOTO TOKa / B MPOBOJIAX MPOUCXOASAT HEOOpaTUMBbIE

NOTEPU ANEKTPOIHEpTrun Py (HarpeB MpoBoIOB JMHUH), PABHbIE
Prn= 1Ry,
rae Rn— aKTUBHOE CONPOTUBIICHUE MTPOBOIOB.

CrnenoBatenbHO, JUIsl CHUKEHHUS! TTOTEPh B JIMHUAX Mepeay Lenecoo0pa3Ho
MPUMEHSITh HEOOJbIITNE JIMHEHHBIE TOKH, YTO MPU COXPAHCHUU BEJIMYMHBI TIepe-
JTaBa€MOM MOIIHOCTU BEAET K HEOOXOAUMOCTH MOBBIIIATh JIMHEHHBIE HAIpsKe-
Husg. OHAKO TMOJTYyYEeHHE BBICOKUX HAMPSHKEHUN HEMOCPEJACTBEHHO OT T'eHepa-
TOPOB DJIEKTPOIHEPTUU MPEACTABISIET COOON BEChMa CIOXKHYIO TEXHHUYECKYIO
3ajady.

B nacTosimiee BpeMs KOHCTPYKTMBHO OCYIIECTBHUMBI C BBICOKOW CTEIEHBIO
HAJICKHOCTU TEHEPATOPhl MEPEMEHHOTO TOKAa C BBIXOJHBIM HANPSIKEHUEM [0
HECKOJIBKUX JIECATKOB KUJIOBOJIBT, XOTS MPU 3TOM JIMHUU 3JIEKTpoIepeaay Imo-
3BOJISIFOT MCIIOJIb30BaTh HAMPSIKEHUS JO HECKOJIBKHX COTEH KWIoBOJbT. C npy-
TO CTOPOHBI, TOTPEOUTENN IIEKTPOIHEPTUU B OOJIBIIMHCTBE UMEIOT pabodue
HanpspkeHust 10 380...500 B. IloaTomy B 37€KTPOIHEPreTUKE HALLIA MIUPOKOE
MPUMEHEHHUE YCTPOICTBa — TpaHC()OPMATOPHI, MOBBIMIAIOIINE WM MOHUXKAIO-
[IUE JIEKTPUUYECKUI TOK OJHOTO HAIpPSHKEHUs] B IEPEMEHHBIM TOK JAPYroro Ha-
MPSIKEHUS.

Tpancgopmamopom HazpiBaeTcsi craTudeckoe (0e3 JIBIKYHIMXCS YacTel)
AJIEKTPOMArHUTHOE YCTPOMCTBO, UMEIOIIEE JBE MIIM OOJbIIEe YUCIO UHAYKTHB-
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HO CBSI3aHHBIX OOMOTOK, B KOTOPOM MEPEMEHHBIN TOK OJIHOTO HAIPSKEHUS Ipe-
oOpa3zyercs B IEpPEMEHHBII TOK JIpYyroro HanpspKeHus: 0e3 N3MEHEHHs YaCTOTHI.

[Ipuopurer B n3o0pereHnn TpanchopmaTopa MPUHAAICKUT BbIIAIOIIEMYCS
pycckomy yuerHomy I1.H. SI6moukoBy. B 1876 r. oH BiepBbie NPUMEHUI TPAHC-
dbopmarop (Ha3BaHHBIA MHAYKIIMOHHOW KAaTYIIKOW) JJISl MUTAHUSA MEPEMEHHBIM
TOKOM M300PETeHHBIX UM ekTpuueckux cBeueit. B 1882 r. ML.II. Ycarun noka-
3aJl BO3MOXKHOCTh INPUMEHEHUs1 TpaHchopMaropa Ajs Mepeaadu 3JIEKTPOIHEp-
TUU Ha JanbHue paccrosinus. B 1885 r. BeHrepckrue HHKEHEPbI-3J1EKTPOTEXHUKH
b. bnatu, [epu, LlunepoBckuil CKOHCTpYyUpOBaiu TpaHc(hopMaTop, MPUTOIHBIN
utst Texandeckon dkcruryaramun. M.O. Jlomuo-J/{o6poBonbckum B 1891 1. OB
paspaboTtan TpexdazHbiii TpaHcHopMaTop.

B nacrosiee Bpemsi TpaHC(HOpMATOPBI UMEIOT IIUPOKOE PACIPOCTPAHEHUE B
anekTposHepreTuke. CylEecTByeT MHOXECTBO Pa3HOOOpa3HbIX THUIIOB TpaHC-
(bopMaTopoB, Cpelld KOTOPBIX BBIIEISIOT CIEIYIOUIUE: CUTO8ble MpaHchopma-
mopsl — NI NEepeAayu U PacIlpeiesiCHUsl AJIEKTPOIHEPTUH; CUN08blEe MPAHC-
Gdopmamopwl cneyuanbHo20 Ha3HayeHus — JJi MTaHuA MeYel, CBapOYHBIX all-
[apaToB U BBIIPSIMUTENBHBIX YCTAaHOBOK; asmomparcgopmamopsl - Uil Tpe-
00pa3oBaHMs HANPSKEHUSI CETH B HEOOBIIUX MPEeNax; uzmepumenvhsie — s
BKJIFOUEHUS] B CXEMbI U3MEPUTEIbHBIX MPUOOPOB; UucnvimamenvHsie — s Ipo-
M3BOJICTBEHHBIX HUCIIBITAHUH I10J] BBICOKUM HAIPSLDKEHUEM; UHOVKYUOHHbIE pecy-
JIAAMOPbL — JUIs1 TUIABHOT'O PEryJIMPOBAHMS HAIIPSKECHHUS.

Tpanchopmaropsl paziauuaroTcs MO YUCTY NUTAOMUX (pa3 — Ha oxHO]a3-
HbI€ U Tpex(a3HbIe; a TAKXKE MO CIOCO0Y OXJIAKICHUS — Ha CYXHE U KUIKOCT-
Hble. YacToTa MEepeMEeHHOro TOKa, MCIOJIb3yeMas B TpaHcpopmaTopax, paBHA
50 I'm.

Tpancpopmarop sBISETCS OAHUM M BaXKHEUIIHUX 3JIEMEHTOB KaXKJO0M dJIeK-
TPUUECKOU ceTu uim cuctembl. [lepenaya aneKTpruuecKo IHEPruu Ha OOJIbIINE
paccTostHUSl OT MecTa €€ MPOM3BOACTBA 10 MeCTa MoTpediieHus TpeOyeT B CO-
BPEMEHHBIX CHUCTEMaxX HE MEHee YeThIpeX- MATU-KPaTHOW TpaHcpopMaluu Ha-
npspkeHusi. C 3TOH 1eNIbI0 B CETAX YHEPrOCUCTEM M IHEPronoTpedouTesel mnpu-
MEHSIOTCSl CUJIOBBIE MMOBBIIIAIONINE W TOHMIKawIKe TpaHchopmaropsl. Cym-
MapHas yCTaHOBJICHHAass MOILHOCTb TPaHC(OPMATOPOB B HECKOJBKO pa3 MpPEBbI-
[Ia€T YCTAaHOBJICHHYIO MOLIHOCTb I'€HEPATOPOB (II0 HEKOTOPBIM JAaHHBIM B OKO-
JIO TISITH pa3).

CoBpemeHHas IEKTPOMAIINHOCTPOUTENBHAS ITPOMBIIUICHHOCTD BBIITYCKAET
IBYyX— M TPEXOOMOTOUYHBIE TpaHCPOpPMATOPHl MOIIHOCTHIO OT Aojeil BA mo
1000 MBA, ¢ HOMUHAJIBHBIM HANPSLKEHUEM Ha CTOPOHE BBICOKOI'O HAIIPSIKEHUS
(BH) 6, 10, 35, 110, 220, 330, 400, 500, 750, 1150 xB.

VYcnoBubie rpaduueckue 0003HAUEHHS TpaHC(HOPMATOPOB IOKA3aHbl Ha
puc.2.1.
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Puc. 2.1. YcnoBHbie 0003HaUCHHS TPaHCHOPMATOPOB:
a — omHOGa3HOTO; 6 — Tpex(ha3HOTO

2. IlpyHUMN 1edCTBUSA U YCTPOICTBO 0HO(A3ZHOTr0 TpaHchopMaTopa

2.1. lpunaun xeiicteus Tpanchopmaropa

[Ipunuun nedctBust TpaHcpopMaTropa MOKa3aH Ha MpUMeEpe 0JHO(a3HOro
TpaHchopmaropa (puc. 2.2). DIeKTpoOMarHuTHas cucreMa TpaHcpopmaropa co-
CTOUT M3 JIBYX pa3JesIbHbIX OOMOTOK, IEPBUYHON U BTOPUYHOMU, pa3MELIEHHBIX
Ha 3aMKHYTOM MAarHuWTONPOBOJIE, BBINOJIHEHHOI'O W3 MarHUTOMSITKOro (eppo-
MarHUTHOro MaTtepuaia. [[pumeHeHre Takoro MarHuTOpoBO/1a MO3BOJISIET YCHU-
JUBaTh 3JEKTPOMArHUTHYIO CBS3b MEXy OOMOTKaMM 3a CUET Majoro MarHuT-
HOT'O CONPOTHUBIJICHUS KOHTYpPA, 10 KOTOPOMY MPOXOAUT MAarHUTHBIHM MOTOK.
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Puc.2.2. DnexTpomarauTHas cucteMa ogHo¢pa3HOro
JIByXOOMOTOYHOT0 TpaHchopMaTopa

Toxk i; mepBu4HOI 00MOTKH TpaHchopmaTopa, GOpMUPYEMBIH HCTOYHUKOM
MIEPEMEHHOI0 TOKA C HANPSHKEHUEM U1, CO31AET IEPEMEHHbBI MATHUTHBIN MOTOK
@, 3ampIkaromuiics mo Marauronpooay. [lorok @, uaAynHpyeT B 000MX 00-
MoTKax nepemeHHbie DJIC (37EeKTPOABIKYIIHUE CUIIBI) €1 U €2, MPONOPIIUOHATb-
HBIE, COTJIACHO 3aKOHY INeKMPOMASHUMHOU UHOYKYUU, YUCIIaM BUTKOB Wi U W2
COOTBETCTBYIOIICH OOMOTKHU M CKOPOCTH M3MEHEHUs oToka ddP / dt:

ee=-mdb/dt, e=-w db/dkt
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OtHotieHust eUCTBYIOMMX U MTHOBEeHHBIX DJ[C B 0OMOTKax ompenesstoTcs

BbIpAKEHUEM
E/E=e/e=wi/w.

[Tpu pabote Tpanchopmaropa B pexnMax, B KOTOPHIX TOKA OOMOTOK 3HAuH-
TEJIbHO HE INPEBBIIAIOT HOMHHAJIBHBIE TOKH, NAJECHUE HAIPSHKEHUIT B OOMOTKAX
COCTaBIAIOT He Oonee 3...5 % OT HOMUHANBHBIX HampsokeHUd. CrenoBaTeNbHO,
€CJIM CUMTATh, uTo £1 = Ui u £; = Uh, TO MOXKHO IOJIy4YHUTh

O/ U = w1/ we.

CrnenoBatenbHO, n00OUpas cOOMEeMcmeyIouWuM 00PA30M YUCIA BUMKO8 00-
MOMOK, npu 3a0anHom Hanpsicenuu Uy ModcHO nonyuums dcenaemoe Hanpsdice-
Hue Us. Eciin Heo0X01uMo MOBBICUTH U2, TO YMCIIO BUTKOB W2 JI€NAI0T OOJIbIle Wi
U Takoi TpaHC(OpMAaTOp HA3BIBAIOT nogviwiaowum. Eciu TpeOyeTcsi yMEeHbIINTh
U1, TO 9MCIIO BUTKOB W2 JIENalOT MEHBIINM Wi M TaKOW TpaHC(pOpMaTop Ha3bIBa-
10T HOHUINCAIOWJUM.

Otnomrenue D/IC £ OOMOTKH BBICIIETO HAMPSKEHUS K FiH OOMOTKH HH3IIIE-
IO HalpsKeHUs (WM OTHOUICHUE UX YHCEN BUTKOB) HA3bIBAIOT KOG duyuenmom
mpancgopmayuu:

krp = Egu/ EFnn = whu/ Whn.

B tpancdopmarope npeoOpa3yroTcs Kak HampsHKEHHsI, TaK U TOKH, MPU HpU-
MEPHO MOCTOSIHHOW MOIIHOCTH B MEPBUYHOM U BTOPUYHON OOMOTKax. Tak Kak
MOIIHOCTH MEPBUYHOW M BTOPUYHOM OOMOTOK pa3iMyarOTCsl HE3HAYUTENbHO (Ha
BEJIMYMHY MAaJIbIX BHYTPEHHHUX MOTEpPh SHEPTUuM), TO, JJISl MOHMKAOIIETO TPaHC-
(dbopmaTopa MOKHO 3aIUCaTh:

O/U= b/h = wi/wa= kip.

Taxkum 06pazom, mpuMeHeHrne TpaHC(HOPMATOPOB MOKET OBITH CIEAYIOIINM:

mpancghopmamop nanpsiicenus U, =~Ui/krp, Tpanchopmalus B KOTOPOM
OCYILECTBIISIETCSl NPU NapaJjIeIbHOM HOAKIIOYEHUH NEPBUYHOW OOMOTKM Wi K
UCTOYHUKY HanpspkeHust Uh;

mpancgopmamop moka b = h-krp, Tpanchopmars B KOTOPOM OCYIIECTBIISI-
eTCsl PH MOCIIEI0BATEILHOM MOIKIIOYEHUH TEPBUYHON OOMOTKU W1 K UCTOYHUKY
TOKa /i;

mpaucgopmamop coenacosarust conpomusienuil R =~ R k2rp, tne R — tpe-
OyemMoe ONTUMAJIbHOE CONPOTHUBIIEHUE HArpy3Kd Ui UCTOYHHMKA SHEPruH, Kz —
UMEIOIIEECcs SKCIUTyaTallMOHHOE COMPOTUBIICHUE HArpy3Ku Uil UCTOYHHUKA SHEp-
MM, COIJIaCOBAaHUE COIMPOTHBIIEHUI OCYILIECTBISECTCS MpPH TOCIEI0BATEIHHOM
NOJKJIIOYEHUN TIEPBUYHON OOMOTKH W) K UICTOUHUKY SHEPTUH.

OCHOBHOE pacnpoCTpaHEHUE MONYYUIH TpaHC(HOPMATOPBHl HANPSIKEHHUM, Kak
MOHWKAIOIINME, TaK M TOBBIIIAIONINE, B KayeCTBE CHJIOBBIX TpaHC(HOPMATOPOB.
TpancdopmaTopbl TOKa U COrJIaCOBAHUS PUMEHSIIOT B U3MEPUTENLHON TEXHUKE, B
CJIa00TOYHBIX LIEMSAX PATUOTEXHUKHA M CUCTEMaX YMpaBJICHUs, a TAKXKe, B Crelua-
JIU3UPOBAHHBIX TEXHOJOTMYECKHUX YCTAHOBKAX.
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2.2. YcerpoiicTtBo oaHO(a3HOro TpaHchopmaTopa

KoHcTpykTuBHas cxema TpaHcpopMaTopa COCTOUT U3 OCHOBHBIX YEThIPEX
DJIIEMEHTOB:

3aMKHYTOW MAarHUTHOM CUCTEMBI U3 JIUCTOBOM 3JIEKTPOTEXHUYECKOW CTAIIH;

ANEKTPUYECKON CUCTEMBI B BUJIE JIBYX UM HECKOJIBKUX OOMOTOK, OXBAThI-
BAIOIIMX MAarHUTHYIO CUCTEMY U M30JIMPOBAHHBIX OTHOCUTEIBHO Hee (KOHLIBI
00OMOTOK MPUCOETUHEHBI K BHIBOJIHBIM U30JISITOPaM);

OXJIQXKIAIOIICH CHCTEMbI — BO3YIITHON, MacIsTHON, BOASHON MM KOMOWHU-
POBAHHOM, Cily>Kallled Il OTBEACHMS TEIUIa, BOSHUKAIOIIETO BCJIEACTBHE I10O-
TEpb SHEPIUU B MArHUTHOM CUCTEME U OOMOTKAX;

MEXaHUYECKOM CHUCTEMBI, OOECHEUYMBAIOLIEH MEXAHUYECKYI0 MPOYHOCTH
BCEU KOHCTPYKIMHU TpaHCPOPMATOPA U BO3MOKHOCTD €r0 MePEMEIICHHUS.

KoHcTpykTUBHOE BBINOIHEHUE TpaHchopmaTopa Ompeaensercs B 3Hayu-
TEIbHOU MEpe CIIOCOOOM €ro OXJIaXAEHHs, KOTOPbIN 3aBUCUT OT €r0 HOMUHAJIb-
HOUM MormHocTH. [Ipu yBenmmyeHMM MOUIHOCTH TpaHchopmaropa HEOOXOIUMO
yBEJIMYMBATh 1 MHTEHCUBHOCTh €0 OXJaxaeHus. B cuinoBbIx TpancopmaTopax
JUIsl OTBOJIA TEIUIOTHI OT OOMOTOK M MarHMTOIIPOBOJIA MMPUMEHSIOT CJIETYIOLIUE
CIOCOOBI OXJIAXKACHHS: BO3AYIIHOE (CYyX0€), Mac/IsTHOE M MOCPEICTBOM HETOpIo-
YEro XKUAKOT0 AUAJIEKTPUKA.

[Ipy BO3AYLIHOM OXJIAXACHUM TPaHC(HOPMATOP MMEET HEMOCPEICTBEHHOE
COIIPMKOCHOBEHHUE C OKPY’KAIOLIUM BO3AYXOM, IIOITOMY OXJIAKJIECHHUE IPOUCXO-
JUT IyTEM KOHBEKLIUH BO31yXa U U3NydyeHHs. J[Jig NOBBIILIEHN UHTEHCUBHOCTH
OXJTAKICHHS 3a4acTyl0 MPUMEHSIOT 004yB OOMOTOK M MarHMTONPOBOJA MOTO-
KOM BO3.lyXa OT BeHTuisiTopa. Cyxue TpaHc(hopMaToOpbl yCTaHABIUBAKOT BHYTPH
TIOMEUICHUU.

[Ipu macisiHOM OXJIaXAEHUM MarHUTONPOBOJ C OOMOTKaMHU HOTPYKalOT B
0aK, HaMoOJIHEHHBIM MUHEPATbHBIM (TPAaHCPOPMATOPHBIM) MACIOM, KOTOPOE 00-
nagaet 0osiee BBICOKOW TEIUIONPOBOIHOCTHIO, YEM BO3JyX, U XOPOIIO OTBOIUT
TEIJIOTY OT OOMOTOK M MarHMTOIIpOBOJIa TpaHcpopMaTropa K CTEHKaM Oaka,
UMEIOIIEro OOJIBIIYI0 TTOBEPXHOCTh OXJIAXKIEHUs, ueM TpaHchopmarop. [lorpy-
KeHue TpaHchopMaropa B 6aK O CHEIUaTIbHBIM MAclioM 00€CleYynBAET MOBbI-
[ICHHUE 3JIEKTPUUECKON M30JISIIMM OOMOTOK, MPEIOTBPALLACT €€ yBIaKHEHUE U
MOTEPIO0 U30JIAIIMOHHBIX CBOWCTB IO BIUSHUEM aTMOC(HEPHBIX BO3IEHCTBUIA.

[Tpumepsl ucnosHeHUs Tpex(asHbIX CyXOro M MacisHOro TpaHcdopmaro-
pPOB IOKa3aHbl HA puc.2.3 u puc.2.4.

Crnenyer OTMETHUTbh, UTO BO3AYX 00JIaJa€T MEHbILIEH JIEKTPUYECKOW MpOd-
HOCTBIO, YeM TpaHC(HOPMATOPHOE MAaclio, MOITOMY B CyXUX TpaHchopmaropax
BCE W3OJSLMOHHBIE TMPOMEKYTKM UM BEHTWISLUMOHHBIE KaHaJbl JEJIal0T
OO0IBIIMMH, YeM B MacisHbIX. 3-3a MeHbIIEH TEIIONPOBOJAHOCTH BO3AyXa IO
CPaBHEHHUIO C MAaCJOM 3JIEKTPOMArHUTHbIE HArpy3Kd aKTUBHBIX MaTe€pUajoB B
CyXux TpaHchopmaTopax MEHbIIIE, YeM B MACIISIHBIX, YTO IPUBOJIUT K YBeJIUYe-
HUIO CEUYECHMI MPOBOJOB OOMOTKH M MarHuTonpoBoja. [losromy macca akTHB-
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HbIX yacTed (0OOMOTOK M MarHUTONPOBOJIA) CyXHUX TpaHChHOPMATOPOB OOJIbIIIE,
4YeM MaciIsIHBIX. B akcmtyaTanuu cyxue TpaHchopMaTopsl ya00HEe MaCIsTHBIX,
TaK KaK HCKJIF0Yal0T He0OXOIUMOCTh MEPUOJNIESCKON OUYUCTKH U CMEHBI Macla.

Puc.2.3. Ilpumep ucnomHeHus cyxoro Tpanchopmaropa

[Ipu oxyakaeHun MOCPEACTBOM HETOPIOUETO KUJKOTO AUAIIEKTPUKA TPaHC-
dbopMaTtop NMOMEIIAIOT B TepMETU3UPOBAHHBIN OaK, 3arOJHEHHBIN CHHTETHYE-
CKUM H30JISIIUOHHBIM MaTepHaIOM, HAIPUMEP COABTOJIOM, CBOMCTBAa KOTOPOIO

M0 BJIEKTPOU3OJIAIMK W TEIUIONPOBOIHOCTH ONU3KK K TpaHCchopMaTOpHOMY
Maciy.
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Puc.2.4. Ilpumep ucnosHeHUsI MACIISTHOTO TpaHchopMaropa

[To koH(urypamum MarHUTONPOBO1a TPAaHCHOPMATOPHI MOIPA3ALCISIIOTCS HA
cmepoicHegble U bponesgvle (puc. 2.5).

B crepxueBbIx TpaHchopmaTopax omHo]azHbIE OOMOTKH PacIoJiararoTcs
Ha JBYX CMIEPICHAX W COCIUHSIOTCS TOCIEN0BAaTeIbHO WM TapajlieNbHO.
CrepxHEM Ha3bIBACTCS Ta YaCTh MAarHUTONPOBOA, HA KOTOPOW pa3MemIaloTCs
00MOTKH. YacTh MarHUTOMpPOBOJIa, HA KOTOPOl OOMOTKH OTCYTCTBYIOT, Ha3bl-
BaloT sApmom. TpanchopmaTopsl OPOHEBOW KOHCTPYKIIMM MMEIOT Pa3BETBIIEH-
HYI0 MarHUTHYIO CHUCTEMY, KOTOpas YaCTUYHO 3aKphIBaeT OOMOTKH, KakK ObI 3a-
KpbIBasi ux OpoHeil. MarHuTHBIN OTOK B CTepKHE OpOHEBOTO TpaHchopMaTopa
BJIBOE OOJIBIIIE, YEM B SipMax, MOATOMY IOCJIEIHUE MOTYT UMETh BJABOE MEHbBIIIECE

ceyeHue.
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Puc. 2.5. YerpoiictBo onHodazHoro tpanchopmaropa:
a — CTepKHEBOT0; O — OPOHEBOTO;
1 — crepxens; 2 — sipmo; 3 — oOMoTKa Huzmiero Hanpsbkenust (HH);
4 — obMoTka BeIiciiero HanpspkeHust (BH)

Onnoda3zubie OpoHEBBIE TpPaHCHOPMATOPHI M3TOTABIMBAIOT, KaK IMPaBUIIO,
HeOobII0M MOMIHOCTU. CHUIIOBBIX TpaHC(hOpMaTOpOB OPOHEBOTO THUIIA OTEUECT-
BEHHAs IPOMBIIIJIEHHOCTh HE BBITYCKAET.

OcCHOBHOE MPEUMYIIECTBO TPAaHC(HOPMATOPOB CTEPKHEBOTO THMA — IWIIHH]I-
pudeckas ¢opma 0OMOTOK, 00Jiee MPOCTHIX U TEXHOJIOTUYHBIX, YEM JTUCKOBBIC
yepeayronmecs 0OMOTKH OpOHEBBIX TPAaHC(HOPMATOPOB.

MarsuTonpoBoAbl CUJIOBBIX TPaHC(HOPMATOPOB W3TOTABIMBAIOT M3 JIUCTOB
XOJIOJTHOKATAHHOM 3JIEKTPOTEXHUYECKOW cTanu TonmuHon 0,35 wim 0,5 Mm ma-
pok (ctapoe obo3Hauenne 3413 u D414) 3404, 3405, 3406, 3407, 3408, pexe
1511, 1512, 1513 umu 3411, 3412 u 3413. [na obecrieucHusT U30IAIUN JIMCTHI
CTaqu C OJHOM CTOPOHBI OKJICMBAIOT M3OJSLUOHHONW OyMaroil TOJIIUHON
0,03 MM uu ¢ 000UX TOKPHIBAIOT U30JISIIUOHHBIM MACJISIHBIM JIAKOM.

OpHuM 13 coco0OB yIIyYIlIeHHs TToKazareseld padoTsl TpaHchopmaTopa sB-
JISIETCSl UCTIOJIb30BAHUE aHU3ATPOIHOM AJIEKTPOTEXHUYECKON CTaU ¢ PeOpOBOM
cTpyktypoit (mapku 3411-3416) ¢ conepkanuem kpemuus 2,8...3,8%. Maruut-
HbIE CBOMCTBA 3TOM CTajy PE3KO YJYUIIAKOTCA MPU COBNAJAEHUU HAIPaBICHUI
MarHMTHOTO TOTOKAa WM TMPOKAaTKU: MOTEpU B CTAIM HA MEepeMarHUYMBaHHE
YMEHbIIIAIOTCA B 2...3 pa3a, a MarHUTHasi MPOHUIIAEMOCTh U MHAYKIHUS HaChI-
uieHus Bo3pactatoT. OQHAKO UCIIOIb30BAHUE XOJIOJIHOKATAHON CTAJIM yCIOKHSI-
€T KOHCTPYKIUIO U TEXHOJOTUIO U3rOTOBJICHUSI MArHUTOIIPOBOJIOB, TaK KaK MPU
TOM TpPeOyeTCsl MCKIIOYHUTHh MPOXOXKICHWEe MArHUTHOTO TIOTOKA TOMEpeK Ha-
MpaBJICHUS NPOKATKHU WJIM YMEHBIIUTh JUIMHY TAKUX YYaCTKOB.

NHaykuuys B CTEPKHAX TpaHC(HOPMATOPOB MOIIHOCTHIO 5 KB-A U Bbille Ha-
xoautcs B nipenenax 1,2...1,45 Tn nnsa ropsuexkaranbix craneit u 1,5...1,7 Tn
JUTSl XOJIOJTHOKATaHbIX CTajlel — B MaciIsiHbIX TpaHcpopmaropax u 1,0...1,2 Tn u
1,1...1,5 Tn — B cyxux TpanchopmaTopax.

[To criocoOy cousieHeHus: CTEPKHEH ¢ SpMaMu pazInyaroT TpaHchOopMaTOpPhI
CO CMBIKOBLIMU W UUUXMOBAHHBIMU MAaTHUTOIIpoBOAaMU (puc.2.6).
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Puc. 2.6.Counenenus cTepkKHeEl ¢ spMaMi B MarHUTOIPOBOAAX
TPaHC(POPMATOPOB: @ — CTHIKOBOE; O — IMINXTOBAHHOE B MEPETIET

B cTBIKOBOM MarHMTONPOBOJIE CTEP>KHHU M sipMa COOMPAIOT OTAEIBHO U CO-
eIMHSIOT JAPYT C IPYrOM C IMOMOUIbIO CHCTEMbl BEPTUKAIBHBIX CTSKHBIX IIITH-
JeK, a B MECTa CTHIKOB BO M30€KaHUE 3aMbIKAHUS JIUCTOB U BO3HUKHOBEHUS
3HAYUTENIbHBIX BUXPEBBIX TOKOB CTaBAT M3OJSILIMOHHBIE MpOKIaaku. OOMOTKH
TpaHcopmaTropa pa3MeIaloT Ha CTEPXKHAX MEpPe] UX COSAUHEHUEM C SIPMaMHU.
Kperuiennss B CTBIKOBOM MarHMTONPOBOJE BEChbMa CIOXHBI U MAaCCHUBHBI, TaK
KaK sipMa HEOOXOMMO TUIOTHO CKPEIUISITh CO CTEPIKHIMH.

B mumxToBaHHOM MarHUTOMPOBOJIE CTEPKHU U sipMa COOMPAIOT BMECTE Kak
[EJNBbHYI0 KOHCTPYKIHUIO, IPUYEM JIUCTHI CTEPKHEH U SIpeM OTHEIbHBIX CIIOCB
COOMPAOT B MEPETLIET, MPU KOTOPOM YETHBIE M HEUETHBIC CIION YEePEeAyIOTCS Ta-
KM 00pa3oM, 4TO MeCTa CTHIKOB OJIHOTO CJIOSl TIEPEKPBHIBAIOTCS CIUIONIHBIMU
auctamu apyroro cios. Ilociie cO0pKku MarHUTONPOBOAA JIMCTHI BEPXHETO sSpMa
BBIHUMAIOT, Ha CTEPXKHSAX pa3MeIialoT OOMOTKU U JIMCTHI CHOBA 3aIIMXTOBBIBA-
10T. [IInxTOBaHHBIN B MEpemIéT MarHUTOIPOBOJ, UMEET BeChMa >KECTKYIO KOH-
CTPYKIIHIO.

Hanuuune n30151MOHHBIX MPOKJIAJOK B CTHIKOBBIX MarHUTOIIPOBOAAX YBEJIU-
YUBAEeT MArHUTHOE CONPOTHUBIIEHUE MTOTOKY, YTO BEJET K POCTY TOKA IEPBUUYHOMN
0OMOTKHM TpaHc(opmaTropa, MOITOMY CTHIKOBbIE MAarHUTOIPOBOJABI MIPUMEHSIOT
penko. B MOIIHBIX CHMIOBBIX TpaHC(HOPMATOPOB MCHOIB3YIOT IIUXTOBAHHBIA B
neperi€T cnocod cowrenenus. TpancGopmaTopsl OONBIION U CpeIHENH MOIIHO-
CTH OOBIYHO BBIMOJHSIOT CTEPKHEBBIMHU, TaK KaK OHH UMEIOT JYYIIHE yCIOBHUS
OXJIKJEHUS ¥ MEHBIIYIO Maccy, 4eM OpOHEBBIE.

[Tonmepeynoe cedeHHe CTEPKHEH MArHUTONMPOBOJA Y MOIIHBIX CHJIOBBIX
TpaHcopMatopoB crymneHuyaroe, 1o ¢dopme mpuommKaromeecss K Kpyry
(puc. 2.7). Takas dopma obecriednBaeT NOJIydeHHE TPEOYEeMOIro MOMEPEYHOTro
CeUeHMs CTePXHsI NMPU MHUHHMAIBHOM JuaMerpe. Uem Oounblie CTyNeHeH, TeM
OMIbKe TOoINepeyHoe CeueHHe K OKPYKHOCTH, TeM OOJbllleé aKTUBHOE CEYEHHUeE
CTEp>KHS IIPU JAHHOM JIaMETpe.
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Puc. 2.7. IlonepedyHoe ceyeHre 31EMEHTOB MarHUTOIIPOBOIOB:
a — CTepXKeHb; O — SIPMO

SlpMa, coenuHSAONIIME CTEP’KHU, B CEYEHUH OOBIUHO NPSIMOYTOJIbHBIE WU
cTyneH4arblie. B coBpeMeHHbIX TpaHcpopMmaTopax ceueHue sipMa OObIYHO IO-
BTOpsieT (popmy ceueHus crepxkueit (cm. puc. 2.7, 6). [lnomanp ceuenus: apem
BEIOMPAIOT OOBIYHO HA 2...5 % OoJibile, 4eM CeYeHHUE CTEP>KHEH. DTO YMEHbIIa-
€T MHAYKLHIO B CTAJIM sIpMa U MOTEpHU MOITHOCTH B Hel Ha 10...15 %.

OO6MOTKHM TpaHCHOPMATOPOB JODKHBI 00JIaIaTh MEXaHUIECKON U DJICKTPH-
YECKOM MPOYHOCTHIO, TEXHOJIOTUYHOCTHIO, HArPEBOCTOMKOCTHIO U DKOHOMHYHO-
cTbto. OCHOBHBIMH BEIUYMHAMH, OIPEACISIONIMMHI IapamMeTpbl 0OMOTOK
Tpanchopmaropa, BISIOTCS HOMUHAIBHBIE 3HAUCHUS TOKa U Hampspkenus. O0-
MOTKHM BBINOJHSIOTCS M3 MEIHOIO WM aJIIOMHUHUEBOIO IMPOBOAA KPYTJIOro
(5= 0,02...10 MM®) 1M OPAMOYTOIBHOTO (5= 6...60 MM°) cedeHHs. Y IeIbHOE
ANEKTPUYECKOE  comportuBieHne Meau pasHo 0,017, a  amomuHHsS
0,028 OM-MM*/M, pa3HHIA COMPOTUBICHNUI cocTaBisieT 1,64 pasa.

[110THOCTD TOKAa B MEOHBIX OOMOTKax TpPaHC(HOPMATOPOB C MACISIHBIM OX-
NaKICHHEM HaXOMMTCi B mpegenax j = 2,5..4,5 A/MM’, a B cyxux
Jj=18...2,5 A/MME. B amOMUHHMEBBIX OOMOTKaX IUIOTHOCTH Toka Ha 40%
menbIe. [loaTomy nmonepeyHoe cedeHre 0OMOTKH U3 alFOMUHUA OyieT OOJbIIe,
9YeM U3 MeJIY, IIPH OJIHOM BEIMYMHE TOKA, a, CIeI0BATEeNIbHO, TabapuThl U Macca
TpaHcopmaropa ¢ aTIOMIHIUEBBIMA OOMOTKAaMU OOJIbIIIE, YEM C MEIHBIMH.

B coBpemeHHBIX TpaHcopmaTOopax MEPBUYHYIO UM BTOPHUHYIO OOMOTKHU
CTPEMSATCS PACTIONOKHUTD JUISI TyUIIe MAarHUTHON CBSI3M KaK MOXKHO OJike K
npyr apyry. Ilpu 3ToM Ha Ka)KOM CTEpKHE MarHUTONPOBOJAA Pa3MEILaOT 00e
0OMOTKH (cM. puc. 2.5) 1100 KOHIIEHTPUYECKH — OJIHY MOBEpPX APYroM, JIubo B
BU/JIC HECKOJBKHUX JTUCKOBBIX KaTYyIIEK, YEPEAYIOIIMXCS 10 BBHICOTE CTEpxKHA. B
NEPBOM cllydae OOMOTKH HAa3bIBAIOTCS KOHYEHMpPUUecKuMu, BO BTOPOM — uepe-
OyIOWUMUCS, KOTOPbIE UMEIOT MEHbIIIEe MarHUTHOE PacCesHUE, OJHAKO M30JIs-
UM UX ClOXHee. B cuioBbIX TpaHcpopmaTopax OOBIYHO MPUMEHSIOT KOHLIEH-
TpUdeckue OOMOTKH, MpUYEM ONMXKEe K CTEPXKHIO pacmojararor oomotky HH,
TpeOyIOIIyl0 MEHbIIEH M30JSUUU OTHOCUTEIBHO OCTOBa TpaHcdopmaropa, a
cHapyxu oomMoTky BH.
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Paznuuaror cnegyromiye Buabl 0OMOTOK TPaHC(POPMATOPOB:

yunuropuieckue 00HO-08YXCIOliHble OOMOTKH, BBITIOJIHEHHBIE W3 MPOBOJA
NPSIMOYTOJILHOTO ceueHus (puc.2.8, a);

YUIuHOpuyecKue MHO20CI0liHble OOMOTKH, BBIIOJTHEHHBIE U3 TIPOBOJIA KPYT-
JIOTO WJIMA MPSIMOYTOJIbHOTO ceueHus (puc. 2.8, 6). [Ipumenstor B kauecTBe 00-
motku BH mwim HH, npoctsl B npou3BoACTBE, HO MEXaHUUYECKAS IPOYHOCTH He-
BenKa. [IpuMeHstoT nmpu MOITHOCTH Ha OAUH cTepkeHb A0 200 kB-A;

KamyuieyHvle MHO20CIO0UHble OOMOTKH, COCTOSIIIME W3 psga TMOcieaoBa-
TEIbHO-COCAMHEHHBIX  KAaTyIIeK, HaMOTaHHbIX W3 KpPYIJIOr0  MPOBOJA
(puc. 2.8, 8). Ucnonb3ytor B kauectBe oOMoTku BH npu nanpsoxkenun g0 35 kB,
IIPY MOIIIHOCTH Ha OJIMH cTepkKeHb 10 350 kB-A;

suHmosvle 0OMOTKHU (puc. 2.8, 2), BBINOJHEHHBIE U3 HECKOJIbKUX MPSIMO-
YTOJIbHBIX TMPOBOJHUKOB, KOTOPbHIE YKJIAAbIBAIOTCS 1O BUHTOBOW JIMHUU, TIPHU
ATOM 00JIaJJal0T TOCTATOYHOM MEXaHUYECKOW MPOUYHOCTHIO. J[JIT paBHOMEPHOTO
pacmpenenieHdss TOKa MEX]y MapajuleIbHbIMU TPOBOJHUKAMH HCIIONb3YETCS
mpaucno3uyusi TPOBOJTHUKOB, TO €CTh NEPEKIaJKa MPOBOJIHUKOB OTHOCUTEIHHO
crepxHs. Mcnons3yroT kak oOMotky HH mpu tokax cBeime 300 A u Hampsbxe-
Husix oT 230 B no 15 kB, npu momHOCTH Ha OAUMH CTEpXKEHb OT 45 10
350 kB-A;

HenpepvleHble KamyuieyHvle 0OMOTKH, ITUPOKO HCIOJIb3yeMble B KaueCTBE
oobmorox BH u HH, Tak kak uMerOT OOJIBIITYI0 MEXaHUYECKYIO MPOYHOCTh U Ha-
n&xHOCTh. M3roTtaBnuBaeTcs 0OMOTKA W3 HECKOJIBKHUX JIECATKOB JAMCKOBBIX Ka-
TYIIEK, HAMOTAHHBIX 10 CIUPAIU U COSAMHEHHBIX 0€3 MalKHu.

B tpancdopmaTopax u3041KI0 OOMOTOK MOAPA3ACISIIOT Ha 21A8HYI0 — U30-
JSUUI0 UX OT MarHUTONpoBoJa U Mexay coboi (oomorok BH or HH) u npo-
00/IbHYI0 — U30JISIIIUI0 MEXIY BUTKAMU, CIOSIMU M KaTyIIKaMu KaXJI0W 0OMOT-
KH.

['maBHyt0 H30JI1MI0 0OMOTOK TpaHchopMaTopa OT 3a3eMJICHHBIX YacTed U
JIpyr OT Japyra 00ecrneurBarOT HM3O0JALMOHHBIMU MPOMEXYyTKamMu. Mexay o0-
MOTKaMHU CTaBST JKECTKHE OyMaKHO-OAKETUTOBBIC IMJIMHAPHI WM MATKHE -
JUHAPBI U3 3JIEKTPOU3OJIAIIMOHHOIO KapToHa. M3omsiumonHoe paccTosiHue 00-
MOTOK OT sipMa OOECIEYHBAIOT MIai0aMu W MPOKIAJAKAMHU U3 DIIEKTPOU3OISAIH-
OHHOTO KapToHa. B Tpancpopmaropax ¢ Hanpspkenuem 110 kB u BbIie st BbI-
pPaBHUBAHUS AJICKTPUUYECKUX TOJIEH Y KpaeB OOMOTOK MCHOJB3YIOT AJIEKTPHUE-
CKHE DKpaHbI B BUJIE SKPAaHUPYIOIIUX BUTKOB U EMKOCTHBIX KOJIEIL.

[Ipoa0NbHYI0 U30JISIIIUI0 MEXK]TY KaTylIKaMH CJIOSIMU U BUTKaMH OOecIieuu-
BAIOT paguajIbHBIMU MAaCJISTHBIMH KaHaJaMH, IPOCTHIMU U YTIIOBBIMH ITaibaMmu
U3 JIEKTPOU3OJISIIUOHHOIO KapToHa. B kauecTBe MEXKCIOMHOM 30NN 00bIY-
HO TPUMEHSIOT HECKOJIbKO CJI0€B KaOelbHOM OyMaru, 3JeKTPOU30JISIIIMOHHBIN
KapTOH WJIM JJAaKOTKaHb. V30110 MeX Ay BUTKAMU 00€CTIEYMBAIOT B OCHOBHOM
coOCTBEHHOM M30JsIIMEed 0OMOTOYHOIO MPOBOIA.
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Puc. 2.8. O6MoTKH TpaHCHOPMATOPOB:
a — MWIAHIPUYECKasi OJTHOCIIONHAS; O — IMIMHIPUYECKasi MHOTOCIIOHAS;
6 — KaTyIlIeuHasi MHOTOCJIOMHAs; 2 — BUHTOBAS;
1 — crepxeHb; 2 — 00MOTKA; 3 — H3OJSIITUOHHBIN [IHJIUH]IP;
4 — paguanbHbIN BEHTUJISILUOHHBIN KaHAIl

B tpanchopmaTopax ¢ BO3AYIIHBIM OXJIaKICHUEM H30JIAIHNI0 00ecIeurnBa-
10T M30JIAIIMOHHBIMY TJICHKAMH ¥ TIPOITUTOYHBIMU JIaKaMH. BBICOKasi CTOUMOCTH
U30JIAIIMOHHBIX MAaTEPUAIIOB M TPYJOEMKOCTh BBITIOJTHEHHS W30JISIUH MTOBBIIIA-
IOT OOIIYI0 CTOMMOCTh CYXUX TPaHC(OPMATOPOB MO CPAaBHEHUIO C MACIISTHBIMH.

Jl7ist BBIBO/IA HApYKy KOHIIOB OT OOMOTOK B TpaHC(hOopMaTopax, OXJiaxmaae-
MBIX MaclIOM HJIU HETOPIOYNM >KHJKHM TUAJICKTPUKOM, HCIIOJIB3YIOT MPOXO/I-
Hble (papdopoBbIe M30IATOPHI, pa3MellaeMble Ha KPBIIIKE WM CTEHKE Oaka.
[TpoxoaHOM M30JIATOP BMECTE C TOKOBEIYIIUM CTEP>KHEM M KPETIeKHBIMU JIeTa-
JISIMU HA3BIBAIOT 88000M.

BBonbr TparnchopMaTopoB, yCTaHABIUBAEMBIX BHYTPU IMOMEIICHUHN, UMEIOT
TJIAJIKYI0 HApY>KHYIO TIOBEPXHOCTH, & BBOJIBI TpaHC(HOPMATOPOB, NMpeAHA3HAYCH-
HBIX ISl HAPY>KHOW YCTaHOBKH, CHA0XalT pedpamu, YMCIO KOTOPHIX 3aBUCHUT
OT HaIpsDKEHUS COOTBETCTBYIOIICH 0OMOTKM TpaHchopmaropa. [Ipyu Hammamm
pedep yBEeTUIMBAETCS PACCTOSTHUE MEXKTY TOKOBEAYIIEM CTEP)KHEM M KOPITYCOM
10 TIOBEPXHOCTH M30JISTOPA U YMEHBIIAETCS BEPOSTHOCTh TOBEPXHOCTHOTO Pa3-
psiza BO BpeMsl TOXKIs1, TIPY TIOTIaJaHUHU HA U30JISITOP JIUCTHEB | T.I1.
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[Ipu skcrmyatanuu TpaHchOpMATOPOB HAOIOMAOTCA KOJeOaHUs BTOPUY-
HOTO HaIpsDKEHUsT TpaHC(HOPMATOpOB, OOYCIOBICHHBIE KOJICOAHUSIMHU HATPY30K
noTpeduTesel u KojebaHui HaNpsHKeHWM B muTaromiei cetu. [loaTomy cras-
JnapTHble TpaHchopMaTopbl 00OPYIYIOTCS CHUCTEMaMH PEryJIUpOBAaHMS HaIps-
KEHUS, KOTOPbIE MO3BOJIAIOT U3MEHATh B HEOOJBIINX Mpe/iesaX YMCiIO BUTKOB
oHOM M3 0OMOTOK. M3MeHeHue uncia BUTKOB OCYIIECTBISETCS C MOMOIIBIO
MEPEKIIIYAIOLIEr0 YCTPOMCTBA, YIPABICHUE KOTOPHIM BBIBEIEHO Ha KPBILIKY
WM CTeHKY Oaka TpancdopmaTopa. KOHCTpyKIHS MepeKIFOYaroniero yCTponcT-
Ba OMNpPEJESAETCS €ro BO3MOXHOCTHIO MPOBOJAUTH MEPEKIIIOUEHUS MPU YCIOBUU
OTCYTCTBHUS HAIPSKCHUS HA OOMOTKAX WJIM MOJI HAMpPSKEHUEM WU Harpy3Kou
Tpanchopmaropa.

VYBenuueHue 4acTtoThl TOKA, MCIOJb3YyEeMOro B TpaHc(hOpMaTropax, BEIET C
OJIHOM CTOPOHBI K BO3MOXXHOCTH YMEHBIIIEHUSI MAacChl U rabapuTOB MarHuTO-
MPOBOJIOB, @ C APYroil CTOPOHBI K HEOOXOJUMOCTH YIYUIIEHUS] MarHUTHBIX
CBOICTB MaT€pUajJoOB U KOHCTPYKUMI MArHUTOIIPOBOJOB, UYTO SIBJISETCS BEChMaA
3arpatHbIM. [losTOMy TpaHcdopMaToOpbl ¢ MOBBIILIEHHON YaCTOTOW, HApPUMED,
400 I'l MucroNb3yIOTCS B CIydasx, KOTJla yMEHbIIEHHE MacCchl U TabapuToB 0o-
Jiee BBITOJHO, 10 CPaBHEHHMIO C 3aTpaTaMU IIPU HMCIOJIb30BAHUM MaTEpPHasOB
MarHMUTOIPOBOAOB C YJIYUIIEHHBIMH CBOMCTBaMH, HAPUMEP, B KOCMUYECKOUN U
BO3/IYLIIHOM TEXHUKE.

CusnoBsie TpaHC(HOPMATOPHI UMEIOT 3HAYUTENbHBIE TAa0APUTHBIE U BECOBBIC
nokasarenu, Hampumep, Tpanchopmaropsl momHOCTEI0 200...300 kBA nMmeroT
BeC 0k0y10 | kr Ha 1 kBA momHoCTH.

Hapsiny ¢ cumoBeiMu TpancopMaTopamMu B JIIEKTPOIHEPTETUKE IIMHPOKO
UCIIOJIb3YIOTCS UsMepumenbHvle Mmpanc@hopmamopvl MOKA U HANPAHCEHUSL.

Tpancgopmamopvl moxka MO3BOISIOT 00ECIICUUTH MUTAHUE ETICH pPEIIeHHOM
3aIIUTHl U U3MEPEHUS MPOU3BOJIBHON BEIMYMHBI TOKA TUIOBBIMU MPUOOPAMU C
HOMUHAJIbHBIMA TOKaMu 1...5 A. IlepBuuHBIi TOK HaxoAWUTCs B Mpeaenax
5...24 000 A npu nanpsbkenun uzmepsiemoit cetu 0,4...24 xB. Takxe Bbinmyc-
KaroTcs TpaHcopMaropel Toka Ha Hampspkenue 35, 110, 220, 330, 500 wu
750 xB.

Tpancgopmamopsl HanpsdiceHUs UCTIONB3YIOTCS B TIENSAX TIEPEMEHHOTO TOKa
Hanpspkeruem 0,4...1150 kB s nutanus U3MEpUTENIbHBIX MPUOOPOB U IIETICH
peneitHo 3amuThl. TpanchopmaTopsl HAPSHKEHUS BBITYCKAIOTCS KaK B CyXOM,
TaKk U B MAaCISHOM HCHONHEHUU. Tpanchopmaropsl HampspkeHus ao 35 kB
BKJIIOYUTEIBHO, UCIIOJIB3YIOTCS B CETSIX C U30JIMPOBAHHOW HEUTPAJIBIO.
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Jlekyus 3. PEXKUMBI JEVMCTBUA OJJHO®A3ZHOI'O
TPAHC®OPMATOPA

[naH nekyuu

1. Pexum xoriocmozo xoda 00Hogha3Ho20 mpaHcgopmamopa.
2. Paboma o0HOogha3HO20 mpaHcghopmamopa rnpu Haspy3kKe.
3. lNpusedeHue napamempos mpaHcgpopmamopa

rpu 371eKMpPoMazHUMHbIX pacyemax.
4. Cxema 3ameujeHuUsi mpaHcghopmamopa.

1. Peskum xoJ10cTOr0 xoaa ognogasHoro rpaucgopmaropa

PabGoty Tpancdopmaropa BO BceM Auana3zoHE SJICKTPUUYECKUX HArpys3oK,
MOYHO XapaKTEPU30BaTh TPEMS PEKUMAMMU:

X0JIOCTOr0 X0/1a (IIpeeTbHbIN pexUuM);

HOMHHAJIBbHOU HArpy3KH;

KOPOTKOI'O 3aMbIKaHUs (IIPEAEIbHBIN PEKHUM).

1.1. Pexxum xo0J10cTOr0 X072 OAHO(A3HOTO HICATU3UPOBAHHOTO TpaHCHOP-
Maropa

Wneanu3upoBaHHbIM Oy/ieM CUUTATh TpaHCHOpPMATOp, B KOTOPOM HET Mar-
HUTHBIX TIOJIEW PACCENBAHUs, TO €CTh BECh MArHUTHBIN MOTOK PACIOJIAracTcs B
MarHuTOIIPOBOJAE, U HET BHYTPEHHHMX ITOTEPh MOIIHOCTH, KaK JJIEKTPUYECKUX,
TaKk U MarHUTHHIX (cM. puc. 2.2 B nekuuu Ne 2). [Tapametpsl Tpanchopmaropa
P XOJIOCTOM X0/i€ OyZeM BBIIEATh HUKHUM HokazareneM «0».

[Ipu xomocToM xoze TpaHncpopMaTopa ero nepBuYHasi 0OMOTKa BKIIIOUAETCS
B CEThb CUHYCOMAAIBHOTO HampspkeHus uq = U;pp,Sin wt, a BropuyHas oOMoTKa
pazomkHyTa. Hanpsokenue cetu (popmupyer B IEPBUYHONM OOMOTKE TOK iy, KO-
TOPBIM CO3/1a€T MAarHUTHBIN NMOTOK @, uHAyUUpyrouwmi B ooMoTkax DJC er u
€2. 3a4acTyI0 TOK i( Ha3bIBA€TCSI HAMAarHUYMBAKOLIUM.

[Ipumenss k mepBuUHON 00MOTKE TpaHchopMaropa BTOpoil 3akoH Kupxro-
¢a, 1 yuuThIBasi, YTO B UACATM3UPOBAHHOM TpaHchopmarope 7| = 0, momydaem

u, =-eq4 =wp E

Otcro1a nostyyaem BbIpa)K€HUE ISl TIOTOKA:

T

1 U
O =— | udt =- M oswt + A = wt—§)+A.

Wy wy 2t fwy > (

[TocrosinHass uHTErpUpOoBaHus A paBHa HEKOTOPOMY MOCTOSSHHOMY MAarHMT-
HOMY MOTOKY, KOTOPOTO HET B MarHUTOIIPOBOAAX anmnapaToB MEPEeMEHHOTO TOKa
B YCTaHOBHBIIIEMCS pexkuMme padoTel. CiaenoBaTenbHo, mocTtosiHHas A = 0 u mar-
HUTHBIN TOTOK @ = @, sin(wtm/2), tne ©,, = U1/4,44fw, TO ecTh IpH CUHY-
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COMJIATTbHOM HANPSDKEHUU Ui MATHUTHBIN MOTOK B MAarHUTOIIPOBOJIE TAK)KE UMEET
CHUHYCOUJAJIbHBIN XapakTep U3MEHEHUSI BO BPEMEHU, HO OTCTaeT 1o ¢aze Ha 90°.
Awmmutyaa notoka @, = Ui,/ (wiw), HEe 3aBUCUT OT CBOMCTB (heppOMarHuTHOTO
MaTepuasa, a OnpeeNsieTcs aMILTUTY 10U MPUIIOAKEHHOTO HAIIPSHKEHUSI, YaCTOTOM
CETH U YHCIIOM BUTKOB.

Tak kak MTHOBEHHbIE 3HAYCHUS HAMPSOKCHUS] UCTOYHWKA DHEPTUU U U Ha-
BenenHoi DJIC er B mepBUYHON 0OMOTKE HICATU3UPOBAHHOTO TpaHCchopMaTopa
HaxoJsTCsl B JIOOOW MOMEHT BPEMEHHU B PaBHOBECHM, TO PaBHbI U UX JCHUCT-
Bytomue 3Hauenust Uh u Ei. [loaToMy, ucCnonb3ysi mpeablayliue BbIpaKeHUs,
MOXXHO 3ammcatb, 4yTo F1 = 4,44fw®d,,. YkazaHHOE COOTHOIICHUE MPUMEHSIOT
st pacuetoB DJIC, MHAYKTUPYEMBIX B 0OMOTKaX TpaHC(HOPMATOPOB; TTOITOMY
€ro 4acTO Ha3bIBAIOT ypaBHEeHUEM mpancpopmamoproi I]C.

C npyroil CTOpPOHBI clelyeT y4yecTb, uro (hopma noroka @ ompenensercs
(dbopMoli ToKa HAMAarHMYMBAHHS |y B COOTBETCTBUHU C IETICH rUCTepe3nca mare-
puana marautornpoBoga ® = f{io), Koropas mMo00Ha KPUBOH HaMarHHYHWBaHUS
B(H) n n3o0paxkaercs metien, OJIM3KoNH K TUCTEPE3UCHON, HO C HECKOJIBKO 3a-
KPYIJICHHBIMM YTJIaMU W3-3a BIUSIHUS BUXPEBBIX TOKOB (puc. 3.1, a).

(I}"'“]_"{J]."

a ?'OJIO*(;-?'Or 6

@D

iy f €1

Puc.3.1. 3Menenus mapameTpoB TpaHcpopmaropa npu ACHCTBUU
CHHYCOHJJATBHOTO HAIIPSHKCHUS:
a — TIeTIIs THCTepe3rca MaTepraia MarHUTOPOBO/IA;
6 — U3MEHEHUs TapaMeTpoB TpaHchopmaTopa

HetpyaHo BUaeTh, 4TO U3-3a HEMUHEHHOCTH XapakTepuctuku @ = f{iy), uto
OOBSICHSCTCSl HACHIIICHUEM MarHUTONPOBOJIA, CHHYCOUIAIBHBIN TOTOK ® BO3-
Oy»XmaeTcsi HECHHYCOUIAIBHBIM TOKOM iy (puc. 3.1, 6). Jlnsa yno6cTBa nmposee-
HUS aHaJW3a IMOJIHBIM TOK HaMarHWYWBaHUsS Pa3Je/SIFOT HA aKTHBHYIO U peak-
TUBHYIO COCTaBJISIONIHE: Ig = lgz T -

AKTHBHAsI COCTaBJISIONIAS i, IMEET CHHYCOUIAIBHBIN XapaKkTep, HaXOIUTCS
B npotuBodaze ¢ DJIC er u ompenensieT MoTepu B CTAIM MarHUTONPOBOJA,
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pur = — o €1. B uneanusupoBaHHOM TpaHCQOpMATOpE aKTHBHAsl COCTABIISAO-
mas ip, [PUHUMAETCS PABHOM HYJIIO.

PeakTuBHas cocraBisromas iy SBISETCS HECUHYCOUJAIBHOW, OIEpexaeT
O/C e1 Ha 90° u onpenensieT MarHUTHBIA OTOK B TpaHC(POpPMATOpPE MO OCHOB-
HOW MarHMTHOHN XapakTepucTuke TpaHchopmaropa (IMyHKTHpHas KpuBas 2 Ha
puc. 3.1, a). KpuByro Toka ip, MOXKHO Pa3joKUTh Ha rapMoHUKU (psg Dypbe).
[TepBasi rapMOHUKA TAaKOIO Psiia HA3bIBAETCA OCHOBHOLU, & OCTAJIbHBIE — BbICULU-
mu.

Tak Kak KpuBas TOKa iy, CAMMETPUYHA OTHOCUTEIBHO OCH abcuucce (OCH Bpe-
MEHH), TO P COJAEPKUT FApMOHUKU TOJIBKO HeueTHoro nopsaka. Ilepsas rap-
MOHHMKA TOKa I(, COBMAJAAET MO (pa3e ¢ OCHOBHBIM MOTOKOM P, a U3 BBICIIMX Tap-
MOHMK Hanbosiee CUJIbHO BhIpAXKEHA TPEThsl rapMOHUKA TOKa (puc.3.2), KoTopas
B TpaHchopMaTopax MOKeT nocturarh oosnee 30% OoT OCHOBHOIA.

(I]. A A (II? ?O?« :
I Lor
m
D
10r1

rF 3

-~

. . . Lol f“ Ll
lor2=1or3  Torl 20 A\BA
1073

Puc. 3.2. FI3MeHeHHs TOKa XOJIOCTOTO X0/1a
B UJICATM3UPOBAHHOM TpaHcopmaTope

ﬂ@ﬁCTBYIOIHCC 3HAUYCHUEC TOKa XOJIOCTOIro XoJa B HACAIM3UPOBAHHOM

TpaHncdopmarope:
o= )"+ () + (58) + -

rie [y, Ly, Is, — aMIUIUTYIBI IEPBOM, TPETHEWU U IISITOM TAPMOHHUK TOKA XOJIO-
CTOI'0 X0/4a.

Tak Kak TOK XOJOCTOr0 X0Ja OTCTAa€T OT HANPSIKEHUS HA 900, TO aKTHUBHAas
MOIITHOCTb, MOTpedIsieMas uaeaabHbIM TPaHC(HOPMATOPOM U3 CETH, TOKE pPaBHA
Hyr0. Takum 006pa3om, uacanbHbIi TpaHCHOPMATOP MPEACTABISAETCS I CETH
UJeaqbHON MHAYKTUBHOCTBIO M TOTPEOJISIET U3 CETH YHUCTO PEaKTUBHYIO MOIII-
HOCTb.

BekropHas auarpamma uaeaqbHOTO TpaHcopmaTopa IpeACTaBlIeHa Ha
puc. 3.3.
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A

TE1

Puc. 3.3. BekropHas nuarpamMmma ujeainbHOro TpaHchopMaropa

1.2. XonocToii xo peaibHOTo TpaHchopmaTopa

B peanbHOM TpaHc(opmaTOope CYLIECTBYIOT pacCcesHHe, U MOTEPU B CTAIIU U
B MeAM. DTU MOTEPHU IMOKPHIBAIOTCS 3a CUYET MOIIMHOCTH Fp, MOCTyHaromen B
TpaHchopMaTop U3 CETH.

Py = Ioq Uy,

rae lo, — ACUCTBYIOIIEE 3HAYEHUE AKTUBHOW COCTABJISIOLIEH TOKa XOJIOCTOTO
X0/1a.

CrnenoBaTelbHO, TOK XOJIOCTOTO XOJ]a peaJbHOTO TpaHcPopMaTopa COCTOUT
U3 JABYX COCTaBISIIOIINX: HAMAHUYUaiowel, CO3/1alleil OCHOBHOW MarHuT-
HBI TOTOK P ¥ coBmanaromei ¢ HUM 1o ¢ase, U akmueHOoU COCTABIISIONIEH ioa

h=h@ﬂ@

BeKTOpHaH JugarpaMMa pcajbHOI'O TpaHC(l)OpMaTOpa npeacraBJicHa Ha
puc. 3.4.
L-'] A
]

Iha

'rﬂi' (I]m

TE 1
Puc. 3.4. BextopHas quarpamma peajibHOro Tpancopmaropa

O6b1uHO foa = (3...8)% Iy, TOATOMY Ha BEJIMUUHY TOKa XOJIOCTOTO XOJia ATa
COCTAaBJISAIONIAsl BJIMSET MaJo, @ B OCHOBHOM BJIMsieT Ha (OpMYy KPHUBOM TOKa U
ero (azy. Tok X0JIOCTOro xoja SIBJISETCS HECUHYCOUJAIbHBIM U OINEpPEekKaeT BO
BPEMEHU MATrHUTHBIA MOTOK HA YTOJI, HA3bIBAEMBIN yer10M MACHUMHO20 3aNndas-
ObIBAHUAL.

[Ipu 3ameHe NEeCTBUTEIIBHOW KPUBOW TOKA XOJIOCTOTO XOJa SKBUBAJICHTHOU
CHHYCOHIOM, MOXKHO 3aIliCaTh YPaBHEHUsI HAIPSHKEHUM B KOMIUIEKCHOU (opme,
7€ BCE BEJIMYMUHBI U3MEHSAIOTCSI CUHYCOUIAJIBHO:

Uy =-E;-E 1 + Iyry;
U, =-E,.
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VYuuteiBas, uto 3/C paccesHus
[ dig
o1 = ol d t'
U TIEPEXO0/IsI K KOMIUIEKCHOH hopme, MyTeM 3aMeHbI d/ dt = jw, TOTydnM:
Egy =-Lgjowly = —]x110
IJI€ X1 — UHIYKTUBHOE CONIPOTUBIICHUE PACCESTHUS IEPBUYHON OOMOTKH.

Torna ypaBHEHUS HANPSIKCHUN:

U = -E;- (‘jx1jor1) +Iory = - Ey + Io(ry + jx1) = - Ey + Iozy;
U, = E,.
i€ z1 — TOJIHOE COMPOTHUBJICHUE MIEPBUYHON OOMOTKH.

CornacHo ypaBHEHHIO TOKa /o M ypaBHEHUSM HaIPsHKCHUN, TpaHCPopMaTop
MOXHO MPEACTaBUTh B BUJE ABYX Karylek. [lepBast — 6e3 cTaibHOrO cepAeyHu-
Ka, YUYUTBHIBAIOIIAs IOTEPU B MEJU U pacCessHUE NIEPBUYHON OOMOTKH z1 = )X,
BTOpasi — CO CTAIbHBIM CEPJICUHUKOM, YUYUTHIBAET OCHOBHOM MOTOK, U TOTEPH B
CTaJM Z,, = ¥y HjX,n, U, 324ACTYI0, IMEHYEMAS HAMASHUYUBAIOWUM KOHINYPOM WIIHA
HamazHuyugaowel eemsvio. CxeMa 3aMmellleHHs] TpaHchopmaTopa B PEexXHUME
XOJIOCTOTO X0/1a IM0Ka3aHa Ha puc. 3.5.

) X1

Puc. 3.5. Cxema 3ameliienus Tpancopmaropa
B PEKHUME XOJIOCTOTO X0/1a

BekropHas auarpamma TpaHchopmaTopa B PeKHME XOJIOCTOrO XoJAa IMOKa-
3aHa Ha puc. 3.6.

2. PaGora oqnodaszHoro tpancopmaropa npu Harpyske

2.1. Bekropnas nuarpamma MarautoiBrxkymux cui (MJIC) tpanchopma-
TOpA B PEKUME HATPY3KH
Pexxum paboThel TpaHchopmaTopa IpH Harpys3Ke xapakTepu3yeTcsl IMpOoTeKa-
HHUEM TOKa I, 10 BTOPUYHOH 0OMOTKE M Harpy3ke zur (puc. 3.7).
OCHOBHOM MAarHuWTHBIM IOTOK CO3JAETCA COBMECTHBIM paercTtBueM MJIC
IIEPBUYHON U BTOPUYHOMN 0OMOTOK:
Wy + Wy = igwy,
WM B KOMIUIEKCHOM opme
f1W1 + fzwz = fowl.
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Puc. 3.6. BextopHas quarpamma HanpsbkeHU TpaHchopmaTopa
B PEKUME XOJIOCTOr0 X012

"“l

—_— — — — -

T

o

r

-

}

|

|
PN

Puc. 3.7. Cxema Tpanchopmaropa rnpu noJKII0YECHUN HArpy3KU

IIpu xomoctom xone Ttpanchopmatopa B Hem (opmupyercas MJC
(liw1 = Iow1), co3faromas NOTOK ¢ amIuuTynoit ®,,, kotopslii HaBogut IJIC
Ei. Tak xak £1 = D, u £1 = Uh, o U1 = ®,,. CnegoBatenbHo, ecnu U4 = const,
TO TIPY U3MEHEHHWH HArpy3Ku TpaHchopMaropa OT HyJs 10 HOMHUHAIBHOU, pe-
syapTupytomas MJIC noikHa ocTaBaThCs MOCTOSHHOM.

[Ipu Harpy3ke mo BTOPUYHON OOMOTKE MPOTEKAET TOK I2, cospatoumii MJIC
Lwo. Boszaeiictsue MJIC w2 Ha OCHOBHOM MArHMTHBIA MOTOK MOXKHO OOBSC-
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HUTH C MOMOUIpI0 mpaBwia JleHua. B coorBercTBUM € 3TUM IpaBUiIOM, HaBe-
néunas B oomotke DJIC e co3maér B 0OMOTKE TakO#l TOK Iy, KOTOPBI CBOUM
MAarHUTHBIM JICCTBUEM HaIMpPAaBJICH MPOTHB MPUYUHbBI, BHI3BABIICH MOSBICHUU
stou DJIC.

[Tpuunnoit HaBeaenust I/C e2 Bo BTOPUYHOMH 00MOTKE SIBJIICTCS OCHOBHOM
MarHUTHBIN 1TOTOK P, clieoBaTebHO, TOK L cozgaér MJIC Isz, HAaIpaBJICH-
HYIO0 BCTPEYHO MOTOKY P, TO €CTh HaXOSIIYIOCS ¢ HUM B MPOTUBO(dA3e U cTpe-
MSIIYIOCS OCIa0UTh 3TOT MOTOK.

Takum o6pazom, MJIC BTOpUUHON OOMOTKH w2 OKa3bIBaeT HA MArHUTO-
MPOBOJ pa3MarHW4YMBaOIIee JACHCTBHE. Tak Kak Tow1 =const , TO IepBUYHASA
M/IC Bo3pacrtaeTt, U B HEM MOSIBISAECTCS COCTABIISIIONIAS — Lw: 171st KOMITEHCALIUH
MJIC Bropuunoit oOMoTku. BexkTopHas nuarpamma MJIC noka3ana Ha puc. 3.8.

_j-:-: j]_"ll'l .
JE-r1 _Ié"l-l':
jﬂ"l-l']_ '[.I}m
J -
El= Ei

Puc. 3.8. Bexropnas quarpamma MJIC tpanchopmaropa
B PEXKUME HArpy3Ku

2.2. YpaBHeHUs HaNpsLKEHUM TpaHchopmaTopa B peKUMe Harpy3Ku
CornacHo 3akony Kupxroda, mis mepBUYHONM OOMOTKM TpaHcpopmaropa
MO>KHO 3aIHiCaTh YpaBHEHUE:

u1 - - 61—601 + ilT'l’
rae er — 9J1C nepBuuHOi 0OMOTKH U €, — DJIC paccesHus:
do L diy
€1 =-Wy——; €51 =-Lg1—
1 1 d ol ol dt

[Ipu nepexone Kk KOMIUIEKCHOM cbopMe [oJTyaeM:
U =-E-Eg + Ly,
rae J/C paccesnus:
Es1 = -Lojjwl; = -jxq1;.
Torma nosydaem ypaBHEHUE HANPSIKECHUM:
Up=-E-(Cjx )+ Lhn=-E+L(n+ jx) =- FE + L7y,
IJi€ z1 — TIOJIHOE COMPOTHUBJICHUE MEPBUUHON OOMOTKH.
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Bo Bropuunoit oomotke neiictBytor DJIC e u e,:
ey + €51 = Uy,
rae e; — 9J1C BropuuHoOil 00MOTKH U €,2 — D/IC paccesHus:
di,
g2 dt "
[Tpu mepexoe kK KOMIJIEKCHOU (popme morydaem:
Uy = E3 + Egp— 713,

eo-z =—L

rae DJ1C paccesnus
Esy = - Lypjwly; = —jx15.
Tornma nomxydaem ypaBHEHUE HAIIPSKEHUM:
Uy = Ep=jxoly — I 1y = Ep- L (1 + jxz) = By - 12,
i€ Z; — MOJHOE CONPOTUBIIEHUE BTOPUYHON OOMOTKH.
B nmuddepennmansHoii Gopme ypaBHEHHUS HAIPsSHKEHUM (CUMTaeM, YTO

MaravuTHas IIPOHUIACMOCTb CTaJINU HOCTOHHHa)I

by Y

u, =L — —+ i1y

1 170¢ 127y 171
di, di;

Uy = _LZE_ 21%‘127”2.

3necb L1 m Lz — moJIHBIE WHIYKTUBHOCTU MEPBUYHON M BTOPHYHON OOMO-
TOK, COOTBETCTBYIOIIME BCEMY CUEIUICHHOMY C JaHHON OOMOTKON MOTOKY.
Mz, = M1 = M — B3aMMOUMHYKTUBHOCTh IEPBUYHOM U BTOPUUHONU OOMOTOK.
ITpu nepexosne Kk KOMIIJIEKCHOM (pOopMe MOITydrM:
U, = jwll; + joMI, + I1y;
U, = -jwL,l,- joMI,-L,1,.

3. IlpuBeaenne napaMeTpoB TpaHcpopMaTopa NpH 3JIEKTPOMATHUTHBIX
pacuerax

3.1. IlpuBeneHune ynciaa BUTKOB BTOPHUYHOW OOMOTKH K YHCITy BUTKOB IEp-
BUYHOUM 0OMOTKH

B tpancdopmaTtopax B o0miem ciiydae w; # w,, TOITOMY KOJIWYECTBEHHO
CPaBHHMBATh IPOIIECCHI, TPOUCXOSAIINE B MEPBUYHON M BTOPHYHOW OOMOTKAx
3aTPyAHUTENIBHO, OCOOCHHO TpH OOoNbIIUX KOdPdUIlMeHTax TpaHchopmaiuu.
[ToaToMy 06€ OOMOTKM IPUBOJAT K OJHOMY M TOMY K€ YUCITy BUTKOB. OOBIYHO
BTOPUYHYI0O OOMOTKY 3aMEHSIOT JKBHBAJICHTHOW OOMOTKOW C YHMCIIOM BUTKOB
w/, = wy, TaK, 9TOOBI TIPOIIECC PHUBEACHUSI HE OTPA3HIICS HA SHEPTCTUYECKHUX M
AJICKTPOMATrHUTHBIX COOTHOIIEHUSAX TpaHchopMaropa, ¥ Ha pPeKUMe padOTHI
NEPBUYHON OOMOTKH.

[IpuBeneHe BTOPUYHONH OOMOTKH K MEPBUYHONH OOMOTKE OCYIIECTBIISICTCS
CJIETYFOIIUM 00pa3oM.
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[Tpusenénnas 3/]C BTopuyHO OOMOTKHU:

/ W
EZ ES El - Ez_: Ezk
w2
[IpuBeEHHBIN BTOPUYHBIN TOK HAMAEM U3 YCIOBHUs, YTO 3JIEKTPOMArHUTHas

MOIIHOCTh HE JOJXKHA U3MEHUTHCS:
/] —

OTKyZa

Bl I

2T ) Tk

E,
[IpuBenéHHOE aKTHMBHOE COMPOTHBJICHHWE BTOPUYHOW OOMOTKHM HaWIEéM M3

YCJIOBHUSI, UTO JIEKTPUUECKUE TOTEPU HE JTOJKHBI U3MEHUTHCSL:

OTKyJ1a

[IpuBenénHoe MHAYKTUBHOE COMTPOTUBIICHHE BTOPUYHOU OOMOTKH:
/ — 2
x5, = xk”.
[TonHOE CONpPOTUBIIEHNE BTOPUYHONH OOMOTKH:
/ — ) i — 12
z, =1, +jx; = k“z,.
3.2. YpaBHEHUS TOKOB U HANPSHKEHUH MPUBEIEHHOTO TpaHchopmaTopa
Ypasuenue MJIC tpancpopmaropa paBHo Iywy, = [yw,- I,w,, oTKyaa
;2 , W» i i/
Il —_ [0—]2 - — IO_ 2
Wi
3anuiieM ypaBHEHUs HANPsSKEHUN TpUBeAEHHOTO TpaHcpopmaTopa:
Ul = _El + ]1(T1 +]x1) = _El +11Z1,'
’)/ 2, . ’)/ 2,
UZ/ - Ez —Ié(rz/ +]X£) - E2 —IQZQ.
3.3. BekropHas auarpamma npuBeIEHHOTO TpaHncpopmaTopa
[Tpumepsl BEKTOPHBIX IuUarpaMM NpUBEAEHHOIO TpaHcpopmaTopa i Clly-

yaeB akTUBHO-UHIYKTUBHOMU (0 < Y2 < Tt/2) m akTUBHO-eMKOCTHOH (T1/2 < 12)
Harpy3o0K IOKa3aHbl Ha puc. 3.9.

4. Cxema 3amemnienusi Tpancopmaropa

IIpu ananuze pa®oThl TpaHCPOPMATOPOB OOBIYHO MCHOJIB3YETCS JIEKTpUYe-
CKasl CXeMa 3aMelIeHHUs, B KOTOPOH AJIEKTPOMArHuTHas CBS3b MEXKIy OOMOTKa-
MU 3ameHseTcs aekTpudeckoi. [lorennumans Touek (1) u (3), (2) u (4) onuna-
koBbI€ (puc. 3.10), Tak kak 1151 npuBeAEHHOTO TpaHchopmaropa F/2 = E1, u otH
TOYKH MOXKHO OOBEIMHUTH dNeKTpuuecku. [logyueHHas mpu 3ToM cxeMa Hasbl-
Baercsa T-00pa3HON CXeMOil 3aMeIICHHUS.
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. -2 = — S F _)'l"r
~Lr y | E1=E) VA -
P 4\\1 E1=E2

-j13x3
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- /21

Puc. 3.9. [IpumMepbl BEKTOPHBIX JUarpaMM MPUBEIEHHOTO TpaHchopMaropa:
a — Ipu aKTUBHO-WHAYKTUBHOM Harpy3ke (0 < Y2 < 1/2);
6 — IpU aKTUBHO-EMKOCTHOM Harpyske (1t/2 < yi2)

ODKBHUBAJICHTHOC COIIPOTHUBJIICHUC CXCMBI 3aMCIICHUA

1
23=Zl+1 1
_+—
Zm Z£+Z/

HT
B pesynbpraTe mmeeM o0beIUHEHHYIO KATYyLIKY, B KOTOPOH MPOTEKAET TOK

Io =11 + I/2. D1a 0GMOTKA HA3BIBACTCS HAMACHUNUBAIOWUM KOHMYPOM C COTIPO-
TUBJICHUEM Z,, = Iy, + JX .

Cxema 3amelIeHus SIBJISIETCS HE TOJIbKO MAaTE€MaTH4YE€CKOW MOJENbI0 TPaHC-
dbopmaTtopa, HO U ero duzudyeckor mojuenbro. Kaxnpii mapametp T-o6pa3Hoii
CXEMBbI 3aMEIICHUS UMEET (PU3HMUECKUN CMBICIT:

I ~ Pan1 — DIEKTPUIECKUE TIOTEPH IEPBHYHON OOMOTKH;

x; ~ @, — MOTOK paccesiHus MePBUYHON OOMOTKHU;

r/2 ~ pPajz — DIEKTPUIECKHE TIOTEPU BTOPUIHON OOMOTKHU;

x/2 ~® 5 — NOTOK paccesHUsi BTOPUYHON OOMOTKU;

¥y ~ PMr — MarHUTHBIE TIOTEPH;

X,; ~® — OCHOBHOM MarHUTHBINA OTOK.

37



Puc. 3.10. [TocnenoBarenbHOCTD MoayueHust T-00pa3HOi CXeMBbI
3aMeleHus TpancpopmaTopa

YuclieHHbIE pacyeThl 10 YPaBHEHUSIM TOKOB W HAMPSDKCHUN, a TaK¥Ke M0 CO-
OTBETCTBYIOIICH UM CXEME 3aMEIICHUSI OOBIYHO BBIMTOIHIIOT B OTHOCHTEIBHBIX
enuHMIAaX. B KauecTBe 0a3MCHBIX BETWYMH HCIIOIB3YIOTCS CIACAYIOIINE MTOKa3a-
TEJU:

ug = Ujpo — NEUCTBYIOIIEE 3HAYCHHE HOMUHAIBHOTO ()a3HOTO HAMPSIKCHUS
MEePBUYHON OOMOTKH;

is = Iino — NEHUCTBYIOIIEE 3HAYEHUE HOMHUHAIBLHOTO (ha3HOTO TOKa MEpPBUY-
HOM OOMOTKH;

25 = Uglis = Uina/l1ne — Pa3HOE cCOMPOTHBICHNE HOMHUHAIBHON HArpy3KHU.

ITepexoa K OTHOCHUTEIBLHBIM €IWHMIAM (C WMHIAEKCAMHU *) OCYIIECTBIISICTCS
MyTEeM JICTICHUS BEJIMYMH B UMEHOBAHHBIX €IMHUIIAX HAa COOTBETCTBYIOIHE Oa-
3UCHBIE 3HAYCHHUS.

ComportusnieHus TpancGpopMaTopa B OTHOCUTEIBHBIX SIUHUIIAX UMEIOT CJIe-
TYIOLIAN TTOPAIOK:

x*,=10...150 0.e.;  x* =x*,=0,025...0,1 0..;

r*,=05...50e; ¥ =r*,=0,005..0,0250.c..
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YacTo moip3yroTcs yOpoIIEHHOW cxeMol 3amerneHust (puc. 3.11), Tak kak
npu pexumax padboTsl TpaHchopmaTopa OJIM3KUX K HOMHUHAJIBHOMY, TOKOM /o
MO>KHO TIpeHeOpeyb.

n X1 ry x5
j b ] ]
—_—
Y
L=—1)

Puc. 3.11. Ynpoménnas cxema 3aMelieHus

B sToMm citydyae ypaBHEHHE HAIIPSKEHUH TPHOOPETACT BUI:
w2 L2 o)) o/ 2 )/ ,
U= I + jlixq - Iérz —jlér2 - Ué = 11z - Iéz2 - Ué
CorylacHO JTaHHOMY YPaBHCHHUIO, MOXHO IOCTPOUTBH MPHMEPHI BEKTOPHBIX
JMarpaMm YIpoIIeHHON cXxeMbl 3ameteHus (puc.3.12).

j1='j£ A i j1=_j£

Puc. 3.12. ITpumepbl BEKTOPHBIX AUArpaMM YIPOUIEHHOW CXEMbI 3aMEIICHUS
a — TIpU aKTUBHO-UHAYKTUBHOW Harpys3kKe;
6 — IpU aKTUBHO-EMKOCTHOU Harpy3Ke
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Jlekyusi 4. PEXXUM KOPOTKOI'O 3AMBIKAHUSA U TAPAMETPbBI
TPAHC®OPMATOPA

[naH nekyuu

1. Xapakmepucmuka pexxuma Kopomkoao 3aMblKaHUsl
mpaHcghopmamopa.

2. BmopuyHoe HanpsixeHUe U 8HeWHsIs1 xapakmepucmuka
mpaHcgpopmamopa.

3. lNomepu u Kl mpaHcgopmamopa.

1. XapakTepucTHKa pe:KHMAa KOPOTKOI0 3aMbIKaHHMs TPpaHcpopMaTopa

Kopotkoe 3ambikanue TpanchopMaropa — 3TO TaKOM PeXUM pabOThI TpaHC-
dbopmaropa, Korja BTOpUYHasi 0OMOTKa 3aMKHYTa HAKOPOTKO, T.€. zur = 0, npu
satoM U2 = 0. B ycnoBusix, korga K TpanchopMaropy MOABEACHO MEPBUYHOE
HOMHUHAJIbHOE HanpspbkeHue Ui = Uiy, KOPOTKOE 3aMBIKAHUE SBIISICTCS aBapUud-
HBIM PEKMMOM U MPEACTABISIET OOJBIIYIO OMACHOCTH JUIsl TpaHCPOpMaTOpa, Tak
KaK TOK KOpOTKoro 3ambikanus fk > (10...20) /n. [loaToMy npu onbiTe KOpOT-
koro 3ambikanus (K3) Bropuunyto oOMOTKY TpaHcpopMaropa 3aMbIKalOT HaKo-
POTKO, a K 3aKUMaM MEPBUYHOM OOMOTKH MOIABOAST MOHUKEHHOE HAIPSKEHUE
Uk = (5..10)% Un (puc. 4.1).

i

K @

o —_————

.

« N TN
S

ik

=

Puc. 4.1. Cxema tpancopmatopa mpu KOPOTKOM 3aMbIKAHUHN

[Tpu 5TOM 0] HOMHHAJIBHBIM HANPSHKEHHEM KOPOTKOTO 3aMbIKaHMs [0 [pa-
3yMEBAIOT HANPSIKEHHE, IOABEAEHHOE K 3aKMMaM IIEPBUYHOM OOMOTKH IIpH
3aMKHYTOM BTOPMYHOM, KOrja 10 00erM 00OMOTKaM IPOTEKAIOT HOMHHAIIbLHEIE
TOKH. HomunuansHOE HAIIpPs’KCHUC KOPOTKOI'O 3aMbIKaHUA COCTAaBJIACT
Ukn=(3...10)% Un.

Yacto HAIIPAKCHUC KOPOTKOT'O 3aMbIKAHUA BBIPAXKAKOT B IIPOUCHTAX OT HO-
MUHAJIBHOT'O HAIIPSAXKCHUSA:

Uko, = %100%
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TIpu KOPOTKOM 3aMBIKAHUM TOKH I1 ¥ I/2 CO3/]AF0T MATHUTOIBIDKYIIME CHIIBI
(MJIC) I1iw, u I/2w,, B pe3yibTaTe B3aNMOACHCTBHS KOTOPBIX (POPMHUPYETCS OC-
HOBHOW MarHuTHbIN moTok. Tak kak Uk = (5...10)% Uk, TO OCHOBHOW MarHuT-
HBI TOTOK M HeoOxomuMmas misg ero co3ganus MJIC FO = fowl HEBEJIMKU.
BCiiecTBHE 3TOr0 HAMArHHYMBAIOIMM TOKOM /o M HAMATHHYMBAIOIIAM KOHTY-
POM B CXE€M€ 3aMEeIICHUS] MOKHO ITPeHeOpeyb.

Torna ypaBHEeHHsI HaNIPSKEHUN U TOKOB MOKHO 3aIIHCATh:

Uﬂ( :‘E1 +f1(r1 +jx1) :—E1 +i1Z1i
. ] .
0 = Ep-by(f +jx}) = Ey-Fp2);

| Uiy =1y = I,
riae [k — TOK KOPOTKOTO 3aMbIKaHMUS,
VYuursiBas, uto E1=-E/;u [1 = -1/; = Ik nony4daem:
” _ 3 7, / ” _ 3 3 /
U = hzi-Lyzl, Uy = Izy + Izl
PackpbiBasi moJiHBIE CONMPOTHBIICHUS TEPBUYHOW M BTOPUYHONW OOMOTOK,
MOYKHO 3aIlACaTh:
2 _ 2 . 2 / . / _
Uik = Ig(ry + jxi) + IK(TZ +Jx3 ) =

= IK(T1 + TZ/) +IK(]X1 +]xé) = IKTK + IKJXK = IKZK,
A€ rg, Xg, Zg — COOTBECTCTBCHHO aKTHBHOC, I/IHI[YKTI/IBHOC " I1I0JIHOC COHpOTI/IB-
JICHUS KOPOTKOI'O 3aMBIKaHHUA HpI/IqéM

g = ’(T‘}% + X}Z()

CorylacHO ypaBHEHMSIM HANPSKEHUA M TOKOB, MOCTPOMM BEKTOPHYIO AHa-
rpaMMmy TpaHc(popmaTropa B peKUME KOPOTKOTO 3aMbIKaHUs (puc. 4.2).

- 2 ' jr = :‘:: i .
A Jjhx JIxx3 1= L=k
Ji.= [ B
fIi;.-h fKrl fKrl
g
Ug _ 3
II{-:E f}{?‘é
!
N C

0

Puc. 4.2. BektopHas nuarpamma tpanchopmaropa
P KOPOTKOM 3aMbIKaHUH
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JIns pexxrmMa KOPOTKOT'O 3aMBIKAHMS MOXHO pacCUHUTATh TPEYTOJIBHUK KO-
POTKOIO 3aMBIKaHUSI.

CTOpOHBI TPEYroJbHUKA COOTBETCTBYIOT:

BC = Uy =ILn1; AB= Uy, = Ix,; AC = U, = [z,

rae Uka Uxr, Ux — akTUBHAs U PEAKTUBHAS COCTABJIAIOLINE HANPSIKEHUS KOPOT-
KOr0 3aMbIKaHUsA, a TAKXKE IOJHOE HANPSHKEHUE KOPOTKOrO 3aMbIKAHUS COOT-
BETCTBEHHO ITPH TOKE KOPOTKOI'O 3aMbIKaHUs k.

AKTHUBHAas1, pEaKTUBHAsI COCTABIISIOIINE HAIPSYKEHUSI KOPOTKOTO 3aMbIKAHMS,
Y TIOJIHOE HANPSHKEHHE KOPOTKOTO 3aMbIKAHMS, YaCTO BBIPAXKAIOTCA B POLEHTAX
(Mpu TOKE KOPOTKOTO 3aMbIKaHUs /k):

i 1 00%; U = 25 100%; Uy, = I(“JZ*‘

H H H

Ukaty, = 100%.

HomunanbHble BEIWYHMHBI aKTUBHOW, PEAKTUBHOM COCTABIISIOIIMX HAIPs-
JKEHUSI KOPOTKOI'O 3aMbIKaHUS U MTOJHOE€ HOMUHAJIBHOE HAIPSKEHUE KOPOTKOTO
3aMbIKAHUSI, TAKKE YACTO BBIPAXKAIOTCS B IPOLCHTAX:

Iyry Iyxx
UKa% == U—lOO, UKT% == U_].OO%, UK% == U_
H H H
Moxuo BbIPa3UuTh HOMHUHAJIBHBIC BCIMYHHBI aKTHBHOﬁ, pGaKTHBHOﬁ CO-
CTABIAKOIIIUX HaprDKeHI/IH KOpOTKOFO 3aMbIKaHH1s, U ITOJIHOC HOMHUHAJIBHOC Ha-
Hpﬂ)KeHI/Ie KOpOTKOFO 3aMbIKAHHWA B OTHOCUTCJIIbHBIX CINHUIIAX:
U* . IHTK_ . IHXK_ . IHZK
Ka — ’ Kr — ’ K — .
U Uy Uy
COHpOTI/IBHeHI/IH KOpOTKOFO 3aMBIKAHUA (I/IHI/I HapaMeTpBI KOpOTKOFO 3aMBbI-
KaHI/Iﬂ) TAaKXKEC BBIpa)KaIOT B HpOHeHTaX UJIIN OTHOCUTCIIBHBIX C€IWHUIIAX. TaK,
ITOJTHOE COITPOTHUBIICHUEC KOPOTKOI'O 3aMbIKaHHA
Z*=Z—K= ZK :IHZKZU
Ty (ﬁ) Uy ¢
Iy
AHaHOFI/IqHO, AKTHUBHOC U peaKTI/IBHOC COCTABJIAKOIIHC COHpOTHBHeHI/Iﬂ KO-
pOTKOFO 3aMBbIKAHHUA B OTHOCUTECIBbHBIX CAUHUIIAX:

Iyzy

Tak Kak OOMOTKU B PEXUME KOPOTKOTO 3aMbIKAHUSI HArPEBAIOTCS, TO aK-
TUBHOE CONPOTHUBJICHUE KOPOTKOTO 3aMbIKaHUSI U BCE BEJIMYUHBI, C HUM CBSI3aH-
HbIE, IPUBOJAAT K TeMmepatype 75 °C:

T = 1k[1+ a(75°-0,)],
rie o — TeMIepaTypHbId KO3(PGUIMEHT, PaBHBIA Uil MEIU W ATIOMUHUSA:
o =0,004°C"', 0, — remneparypa okpysxatomeii cpexsi (°C).
CrnenoBaTelibHO, NOJIHOE COMPOTUBIIEHUE CXEMbl 3aMEUIeHUs, TPUBEAEHHOE
K Temreparype 75°C paBHseTCA:
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75 = | (s + xB).

Koaddurment MomHoOCTH mpu KOPOTKOM 3aMbIKAaHHH

T' o
_ Tkys
COSQPy7ge =~
ZK7s5
AKTI/IBHEUI U IIOJIHAs COCTAaBJIAROIIAS HaHpH)KeHI/IH KOpOTKOFO 3aMbIKAHUSL.
Iyrg7se Iyzy7se
Ukazso, = ———100%;  Ukysey, = ———— 100%.

Un Un

[Tpu kopotkom 3ambikaHuu DJIC M MOTOK COCTABISIOT BCEr0 HECKOIBKO
NPOIICHTOB OT WX 3HAYEHUI NPU HOMHHAIBHOM HAINPSKEHUHU, IOITOMY MarHUT-
HBIMU TIOTEPSMU MOKHO MPEHEOpeYb M CUUTATh, YTO B ITOM CiIydae morpedse-
Masi TpaHC(OPMATOPOM MOIIHOCTh HIET MOJTHOCTHIO HA TMOKPBITUE DIIEKTpUYE-
CKHUX MOTEPh B 0OMOTKAX:

Pq = 1y + 121, = 21y + 1°7] = I3ny.

[Torepu KOpPOTKOTO 3aMbIKaHWs (WJIM MOIIHOCTH KOPOTKOTO 3aMBIKAHU)

TaKKe MPUBOAAT K TeMneparype 75 °C:
Pyrs” = IgTcrs

Cxembl 3ameleHusi TpaHchopMaTopa MPU KOPOTKOM 3aMBIKAHUU HMEKOT

BuJ (puc. 4.3)

x5

" X ry

Puc. 4.3. Cxembl 3amernienus TpancopmMaropa npu KOpOTKOM 3aMbIKAHUH
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2. BropnuyHoe HanpsizkeHUe U BHEIIHSISI XapaKTePUCTHKA
TpaHncdopmaTopa

2.1. I3MeHeHre BTOPUYHOTO HAPSKEHHUS

IIpu n3meHeHnu Harpys3ku TpaHchopMaropa NPOUCXOAUT U U3MEHEHHE €ro
BTOPUYHOIO HanpspkeHus. VI3MEHEeHHMEM BTOPUYHOIO HAIPSKEHUS HAa3bIBACTCSA
anreOpanyeckasl pa3HOCTb 3HAUEHUN BTOPUYHOIO HANPSIKEHUS MPU XOJIOCTOM
xone Uszo m Harpyske (s B IpOLIEHTax OT HANPSLKEHUS MPU X0JI0CTOM Xone (ho:

/ /
Uyo-U -
AUy, = —2—=100% = —22—2 100%.
Uzo Uz

TaK KaK HpI/I XOJIOCTOM XOJIC HpaKTI/IIICCKI/I OTcyTCTBYI'OT IHagacHUs HaHpH)K@-
HUS B 00MOTKax, T0 /20 = U1 ¥ Ipyu HOMUHAIBHOM 3HAYEHUHU:
Uyy- Ul
2
2172 100%.
Uin
Ha HpaKTI/IKe HpeI[CTaBHﬂCT I/IHTepeC N3MCHCHUC BTOpI/I‘-IHOl"O HaHp)DKCHI/IH B

Buse AUy, = f (2). s onpenenenust AUy, UCronb3yeM COCTaBIISIONIUE HAIPS-
KEHUSI KOPOTKOTO 3aMbIKaHHS B BEKTOPHOW Auarpamme Ha puc. 4.4, mocTpoeH-
HOM COTJIACHO YNPOIIEHHON cXeMbl 3amernieHus (cM. Jgekmuio Ne 3, puc. 3.11).

AU% =

A

0

Puc. 4.4. BexropHas nuarpamMma ynpouEHHOW CXEMBI
Tpanchopmaropa

W3 auarpamMmel clieayeT, 9YTO BBUAY MAJIOCTH yria (1 — (p2) MPUOTHKEHHO
3a MOJyJIb BeKTOpa Ui MOXHO TIPHHATH €r0 IPOEKIHIO HA HATIPABICHHUE BEKTO-
pa U/, 1.e. otpe3ok OA, Torna

AU= Umn- U,=AC=AB + BC,
WJIH 9epe3 MPOCKITNH MMaCHUN HAIPSKCHHSI TOJTYIHM:
AU = Iyrgcos@, + Igxgsing,,.
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N3MeHeHne BTOPUYHOro HANPSXKEHUS B OTHOCUTENIBHBIX €UHULIAX PABHO:
AU Iyrgcos@,  Igxgsing,
= +

AU* = Un Un Un = Ug,C0s@Q, + Ug,Sing,.
N3menenue BTOPHUYHOT'O HAIIPSKCHUS B IMIPOLCHTAX PABHO:
AU Iyrkcos IyxkSin
AUy, = —100% = K222 10004 4 HTKTTP2 15004 =
Uy Un Un

= Uka9,COS@P2 + UgropSINQ,.

JlaHHO€ BBIpAKEHUE MO3BOJIIET OIPEICIUTh W3MEHEHHWE BTOPUYHOTO Ha-
MPSDKEHUS OT PEXXUMA XOJIOCTOrO X0Ja TOJBKO 10 HOMUHAJIBHOM HArpy3KH, TO
ectb 1ipu /1 = K. [lpu Heodbxoaumoctu pacuéra A Uy, st 11000 Harpy3Ku BBe-
€M KO3 UIIMEHT HATPY3KHU:

TOT' /1A MOJTY4YUM
AUy, = kyr(Ukag%Cos@2 + Ugro,Sing,).

N3 nanHOTO BBIpQXXEHUS CIIEIYET, YTO, MPU 3aJaHHOM 3HAUYCHUU KO3 duiiu-
€HTa Harpy3ku, BenuurHa A Uy, 3aBUCUT OT BEJIMYMHBI yIia (P2, TO €CTh OT THUIIA
Harpy3ku. [Ipu uncto aktuBHOM Harpy3ke (@2 = 0) Bennunna AUy, > 0 HeBeu-
ka. [Ipy akTUBHO-UHYKTUBHON — BO3pacTaeT (TO €CTh BTOPUUHOE HAIPSKECHUE
IIPY YBEJIMYEHUM HArpy3Kd YMEHBIIAETCS, YTO FTOBOPUT O Pa3MarHMYMBAIOIIEM
JEUCTBUU HArpy3KH), a IPU aKTUBHO-EMKOCTHOM — J1axke MOKeT ObITh AUy, < 0
(TO ecTb BTOPUYHOE HANPSHKEHUE NMPU YBEIWYEHUU HArpy3KH YBEIUYHBAETCS,
YTO FOBOPUT O MOJIMArHUYMBAIOIIEM JICMCTBUM HATPY3KH).

3aBucumocts AUk, = f(¢,) npuBeaeHa Ha puc. 4.5.

AT, %

RL Harpyska

=90 60 f/ . .

0 30 60 90 @ °

RC Harpyska

-6t

Puc. 4.5. 3aBUCMMOCTh U3MEHEHHI BTOPUYHOTO HAIIPSYKCHUS
OT BUJA Harpy3Ku
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2.2. Buemnsis xapakTepucTuka TpanchopmaTopa

Bueminell xapakTepuCTHKON TpaHchopmaTopa Ha3bIBA€TCS 3aBUCUMOCTD
BTOPUYHOTO HAampspKeHus oT Kodddunmenta Harpysku, T.e. U2 = f(kur).
BaemHne xapakTepuCTHKHU IS Pa3IMYHOIO XapaKTepa Harpy3Ky MPUBEIEHbI Ha
puc. 4.6.

L4 / RC' Harpyska
V3K
___f_::,/R Harpvska
- R Harpyska
- ’
I
=
s
e
L } =
0 | Fyur

Puc. 4.6. Bueninue xapakTepucTuku Tpancpopmaropa
4. ITorepu u KII/I rpancopmartopa

B mporecce TpanchopMupoBaHUs IIEKTPUUYECKON DHEPTHUH U3 MEPBUYHOU
0OMOTKH TpaHcpopMaTopa BO BTOPHUHYIO YAaCTh DHEPIHH TEPSIETCS B CaAMOM
TpaHchopMaTope Ha MOKpbITHE TIoTeph. [loTepu B TpanchopmaTope pa3aensroT
Ha DJICKTPUYECKUE U MaTHUTHBIE:

2p = pan + Pvrs
rae 2p — CyMMapHbI€ II0TEPH;

D3, Pmr — DACKTPUUYECKUE U MAarHUTHBIC TTOTEpH TpaHChOopMaTopa.

DJIeKTpUUECKUE TOTepH TpaHchopMaTopa 00yCIOBICHBI HATPEBOM 0OMOTOK
IIPY MPOXOXKACHUH 110 HUM DJICKTPUYECKOTO TOKA M PABHBI:

Pan = Pami + Panz = mIfry + mifr, = mlir + mlézrz/,
TII€ Po1, Pame — DIACKTPUUECKUE TTOTEPU B MEPBUYHON M BTOPUYHON OOMOTKAX,
COOTBETCTBEHHO; m — yucio a3 tpanchopmaropa; (m = 1 — ausa onHodaszHOTO
Tpanchopmaropa, m = 3 — s Tpéxdaznoro Tpanchopmaropa).

[ToTtepr B 0OMOTKaX MOKHO OTPEICIUTHh U3 OMbITA KOPOTKOTO 3aMBIKAHUS

KaK

Pan = kiirPyu7s)
rae FkHzse — MOILHOCTD, TOJIBOJUMAsl K TIEPBUYHON OOMOTKE B PEXXHME KOPOT-
KOT'O 3aMBIKaHUs TP HOMUHAJIBHBIX TOKaX B 0OMOTKaX.

[Ipu sTOM cumTaeTcs, 4TO BCS MOABOAMMASI aKTUBHAs MOIIHOCTH PacXoy-
€TCSl TOJBKO Ha TMOKPBITUE DIICKTPUUECKUX MOTEPh B 0OMOTKAaX, a MAarHUTHBIMA
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NOTEPSIMU MPEHEOPEratoT, MOCKOIbKY MarHUTHBINM MOTOK B PEXXUME KOPOTKOTO
3aMbIKaHUsS. MaJl W, CJIEOBATEIbHO, MAarHUTHBIE MOTEPU TAKXKE MaJbl, © UMH
MOXXHO TpeHeOpedb. DNEKTPUUECKUE MOTEPU 3aBUCIT OT BEIMYMUHBI HArpy3KH
TpaHchopMaTopa v MO3TOMY UX HA3bIBAIOT IEPEMEHHBIMHU.

MaruuTHbsle TIOTEpU MPOUCXOMAAT TJIABHBIM 00pa3oM B MAarHUTONPOBOJE
Tpanchopmaropa. [IpuunHa MosBICHUS STUX MOTEPh — CUCTEMATUIECKOE Tepe-
MarHM4MBaHUE MAarHUTONPOBOAA IEPEMEHHBIM MAarHUTHBIM I10J1€M. MaruuTHeie
IIOTEPHU:

Pmr = Pruct + Pe.1/
TI€ pryct — NOTEPU HA TUCTEPE3UC, T.€. IOTEPH, CBSI3AHHBIE C NIEpEeMarHuyMBa-
HUEM MarHUTOIPOBOJIA IEPEMEHHBIM MarHUTHBIM IOJIEM; pg 1 — IOTEPU HA BUX-
pEBBIE TOKH.

[ToTepu B cTayii 3aBUCAT OT CBOMCTB MaTepualia, BEJIMYMHbBI HHAYKIIUH, Yac-
TOTHI NIepeMarHnunBaHud. [loTepu Ha BUXpEBbIE TOKH TAKXKE 3aBUCIT U OT TOJ-
LIMHBI CTAIBHBIX JINCTOB.

VY 1esibHBIE TOTEPU HA TUCTEPEZUC MOKHO OIPEICIIUTH KAK:

Pruct = cructf B,
TA€E Cryct — MOCTOSIHHASL, 3aBUCAIIAS OT MAPKHU CTAJIH;
f—4acroTa nepeMarHi4MBaHus;

B — BeslMumMHa MarHUTHOW UHIYKLHH.

VY ienbpHbIE TOTEPU HA BUXPEBBIE TOKH MOXKHO OMPEICIUTh KaK
per = cgrf B?,
IZl€ Cp.1 — IOCTOSIHHAS, 3aBUCSALLIASA OT MAPKH CTAJIH.

Tak Kkak MarHUTHBIM ITOTOK IMPONOPLIMOHAJICH BEJIWYHUHE MTOABEINEHHOIO Ha-
MPSDKEHUSL, TO MOYKHO CYUTATh, YTO MArHUTHBIE IOTEPU IPONOPUHAOHAIBHBI
KBaJlpary HanpspkeHus. Il CHMXKEHHsSI MATHUTHBIX MOTEPb IMIPUMEHSIOT BBICO-
KOJIETUPOBaHHbIE cTaiu (C cojaep:kanueM KpemHus 4...5%), xonoJHOKaTaHbIe
AHU30TPONHBIE CTAJIM, MArHUTHBIE CBOWCTBA KOTOPBIX PE3KO YJIyUYIIAKTCA
BJIOJIb HANPABJICHUS MPOKATKHU. TaKKe Ui CHUKEHHS TOTEPh HA BUXPEBBIE TO-
KM YMEHBIIAIOT TOJILMHY JIMCTOB CTAIM U U30JIUPYIOT UX APYT OT Jpyra.

MarHuTHble MOTEPU OMPEIETSAIOT M3 OMbITa XOJOCTOTO XoAa (Kak IMojBe-
JNEHHYI0 aKTUBHYIO MOIIHOCTh B PEXHUME XOJOCTOrO0 XOJa MPU HOMHUHAIBHOM
HaIPSDKEHUH, TIPU 3TOM IIPeHeOperaeTcs SIEKTPUUECKUMU MTOTEPSIMU B TIEPBUY-
HOM 0OMOTKE, MOCKOJIbKY TOK XOJIOCTOr'O X0/1a Mal):

pvr = P.

MarauTHble IOTEPU HE 3aBUCAT OT HATPY3KH, U MO3TOMY HA3BIBAKOTCS MO-
CTOSIHHBIMU.

Takum o0pa3oM, akTHUBHAsE MOITHOCTh Pi, OCTyMarouas u3 CeTu B MEPBUY-
HYI0 OOMOTKY, YaCTUYHO PAcXOAyeTcs Ha DJIEKTPUUYECKHE MOTEPHU B MEPBUYHOM
00MOTKE pon1. I3MEHsOmMiACS BO BpEMEHH MAarHUTHBIN MOTOK BBI3BIBAET Mar-
HUTHBIE TOTEpU pmr. OCTaBIIASICS YACTh MOIIHOCTH — 3JIEKTPOMArHuTHAasE MOII-
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HOCTH Psm — TIepeaadTcs NMEKTPOMArHUTHBIM ITyTEM BO BTOPUUHYIO OOMOTKY,
TJIe pACXOYETCs Ha DIEKTPUUCCKHE TIOTEPU BO BTOPHUHOH 0OMOTKE paz:
Pym = P1=Pan1—Pwur-
B pe3ynbTaTe Ha BEIXOJE BTOPUYHON OOMOTKH MMEEM aKTHBHYIO MOIIHOCTh
P

Py = Pyy=Panz-
Bce Bunbl moteps u mnpoiecc npeodpazoBaHus MOTEPh MOKa3aHbl HA YHEP-
reTudeckon quarpamme (puc. 4.7).

»
MI

]
1 E 3JI1

Puc. 4.7. DHepreruueckas guarpamma TpanchopmaTopa

KoadduruenT monesnoro neiictBus Tpanchopmaropa — 3T0 OTHOIICHUE aAK-
THUBHBIX MOIITHOCTEH Ha BBIXOJI€ U BX0Ji€ TpaHchopmaTopa:

N =22 1000 = —2 1000 = i
P P, + Xp P, + pur + pan

kurSucos@, 100%

100% =

= 2
kurSucos@, + Py + KfrPu7se
rae Sy — nojaHas HOMUHAJIbHAS MOIIIHOCTb.
s onipenenenust Harpy3ku, npu koropoit KIIJ[ qocturaer MakCuMalibHOTO

da
SHAYCHUS HYKHO B35Tb IICPBYIO ITPON3BOAHYIO ﬁ W IIPUPABHATDH €€ HYJIIO!
HT

< kyrSgcos@; )
KHrSHCOS@2+ Po+ kfirPh7se) _ 0
dkyr -
OTKY/1a I10JIy4aeM
Po = KnrPanrse.

Ot10 ycnosue noiyyenns makcumyma KIIJI. Ipyrumu cnoBamu, 3Ha4eHUE
KIIJI makcumanbHO, €CJIM BBIMOJHSIETCS J1000€ U3 PABEHCTB:

nomepu npu Xoa10CMoM Xx00e = nomepu npu KOPOmKoM 3aMbIKAHULL,

MazHUmMHbvle nomepu = 31eKmpuyecKue nomepu,

NOCMOsIHHblE NOMePU = nepemMeHHble Nomepu.
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[Tocnennue Tpu yTBEpkKACHUS PAaBHOLICHHBI U CIIpaBeAsiuBbl. Takum oOpa-
30M, COIJIACHO YCJIOBHUIO NosryyeHus makcumyma, KIIJ[ nocturaer makcumyma
IIPU TAaKOU Harpyske, 4To

Po

kHF == P .
KH75°

Jlns cepuiinblx cuiioBbIX TpaHchopmaropoB kur = 0,45...0,65, mpu stom
Nmax = (97 ...99,5)%. B Tpancdopmaropax HeOOJBIIOH MOIIHOCTH (ICCITKH
BA) makcumanbHbiii KIT/T MOXKET CHHKATHCS 10 Npmax = (60 ... 65)%. Kak cie-
yeT u3 3aBUCUMOCTU 1| = f( kur), mpuBeneHHoi Ha puc. 4.8, makcumyMm KII]]
TpaHC(HOPMATOPOB BHIPAXKEH JOCTATOYHO CJIA00 M COXpaHIET JOCTATOYHO BBICO-
KO€ 3HA4YCHHE B MIMPOKOM Auamazone Harpysku (kur = 0,5...1,25). Ilpu Gomb-
IIMX HAarpy3Kax BO3PacTaloT dIeKTpuyeckue nmorepu B oomoTtkax u KI1JI miaBHO
camwkaercs. [Ipu maneix Harpyskax KII/] Tpancdopmaropa cHIKaeTcst pe3Ko.

Hﬂ
100

costpy =1

costpy =08

T trpas

T =

n 0,25 0,5 0,75 1,0 1,25

Puc. 4.8. 3aBucumocts KIIJ] TpanchopmaTopa oT Harpy3ku

Ecnu tpanchopmarop padboraer npu N€peMEHHON Harpy3Ke, TO ISl OUEHKH
€r0 SKOHOMMYHOCTH Ha IPAKTUKE 3a4acTyI0 HCIOJIb3YIOT IOHATUE 20008020
KIIJ], KOTOpBIi pacCYUTHIBACTCS CIEAYIOMIUM 00pa3oM:

I = JHeprus, OTAAHHasd BO BTOPUYHYIO CeThb B TEYEHUHU roja

r

JHeprus, moTpebjeHHas U3 IePBUYHOMN CETH B TEYEHUH roja
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Jlekyusi 5. TPEX®A3HBIE TPAHC®OPMATOPDI

lnaH nekyuu

1. KoHcmpykyus mpéxcghasHbix mpaHcghopmamopos.
2. Cxembl u epynnel coeduHeHUl o0bMomokK mpéxgha3Hbix
mpaHcghopmMamopos.
3. OcobeHHOCcMuU pexXuma Xos10cmoz2o xo0a mpéxgasHbix
mpaHcgopmMamopos.

1. Koncrpyknus Tpéxdga3nbix TpancGopmMaToposn

1.1. MarauTtHbIe CUCTEMBI TPEX(Pa3HBIX TpaHCHOPMATOPOB

Pa3znuyaroT OCHOBHBIE THUITBI MArHUTHBIX CUCTEM TPEX(a3HbIX TpaHchopma-
TOPOB, B 3aBUCUMOCTH OT KOHCTPYKTHBHOTO YCTpPOICTBAa MarHMUTONPOBOJA:
CTep)KHEBasi MarHUTHAsI CUCTeMa; OpOHEBasi MarHWTHAsl CUCTeMa; OpOHEeCTEepK-
HEBasi MarHUTHAs CUCTEMA.

Takke (B 32aBUCUMOCTH OT B3aMMOCBSA3M MOTOKOB Pa3IU4HbIX (pa3) MarHuT-
HBbIE CHCTEMbI Pa3lIeSIOTCS KaK: HE3aBUCHUMAash CHCTEMa; YaCTUYHO-CBSI3aHHAS
CUCTEMA; CBSI3aHHAs MarHUTHAsl CUCTEMA.

[Tpumepsl HamboJee pacnpoCcTpaHEHHBIX TUIIOB TpEx(da3HbIX TpaHchopma-
TOPOB.

1.1.1. He3aBucumasi MarnuTHasi CUCTEMA.

Hanueni tun mpexactaBieH Ha puc. S5.1. Tpéxdasznas Tpancpopmaropnas
rpyIma moiy4aercss u3 TpéX ogHodasHbIX TpaHCcHOpMATOPOB, OOMOTKH KOTO-
PBIX COEIWHEHBI OMpeneNE€HHBIM 00pa3oM. Cxema coenuHEHHS OOMOTOK —
«3Be31a»/»3Be3aa» (Y/Y) nokaszaHa Ha pUCYHKe.

A _

L 7 ll!” T ll| g -H!!m

v S SHIE iiﬁi Tk
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Puc. 5.1. Tpéxdaznas TpancpopmaTopHas rpyrra

He3aBucuma rpynmna npUMEHSIIOTCA TOJBKO NMPU OYEHb OOJIBIIMX MOIIHO-
cTax (6onee 10 MBA B (a3e). JlaHHbIN THUI UMEET HEKOTOPbIE MPEUMYILECTBA
IpU TPAHCHOPTUPOBKE M MOHTaxe. Tak, MpU BBIXOJAE U3 CTPOS OJHOTIO OJIHO-
(da3zHoro TpaHcpopmaTopa, PpEMOHTY WM 3aMEHE NOJUIEKUT TOJIBKO OJMH OJI-
Ho(a3HbIN TpaHChHOpPMATOP.
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K HemocraTkaM MOYKHO OTHECTH TPOMO3JKOCTh BCEH KOHCTPYKIIUH, TTOBBI-
IICHHBIC TA0APUTHI M BEC, OTCIO/IA TTOBBIIICHHAS CTOUMOCTD.

[IpumeHstoTCs, HaNpUMep, B METAILTYPruu JJid obecreueHus paboThl MOIII-
HBIX AJIEKTPOYTOBBIX MEYeH.

1.1.2. YacTuuno-cBsi3aHHas CUCTEMa;

Tpéxdaznpiii OpoHeBoOil TpaHchOpMaTOp MOXKHO paccMaTpUBaTh KaK TPH
onHO(Ma3HBIX OPOHEBBHIX TpaHCPOpMATOpa, TOCTABIECHHBIX JPYyr Ha Jpyra.
Tpéxdazupiii OpoHeBoit TpaHChOpPMATOP MPEICTABIEH Ha puc. 5.2.

Puc. 5.2. Tpéxdaznsiii OpoHeBOI TpaHChHOpMaATOP

Cpennsist pa3za umeeT oOpaTHOE BKIIFOUEHHE IO CPAaBHEHUIO ¢ KpailHUMU (Qa-
3aMH, JUIsl TOTO, YTOOBI TIOTOKHU B sSipMax CyMMHUPOBAIUCH. BekTopHas nuarpam-
Ma IIOTOKOB B sipMe IpuBefeHa Ha puc. 5.3. Ilpumenstorcs Takue TpaHcopma-
TOPBI JOCTATOYHO PENIKO M3-32 OTHOCUTEIBHOMN CIIOKHOCTU KOHCTPYKITUH.

Dp

Puc. 5.3. BexropHas 1uarpaMMa MarHUTHbIX IIOTOKOB
B YaCTUYHO-CBSI3aHHOM CUCTEME
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1.1.3. CBs3aHHasgd MarHuTHas CUCTEMA.

[IpumepoM CBSI3aHHOM MarHUTHOW CHCTEMbI SBIISIETCS OPOHECTEP KHEBOM
Tpanchopmarop (puc.5.4).
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Puc. 5.4. bponecteprkHeBoii Tpancopmarop

1.2. TpexctepkHeBO# TpaHChHOpMATOP

Ecnu Ha nmepBuuHyt0 OOMOTKY MOAa€TCsS CUMMETpHUUYHAs cuctema Tpéxdas-
HBIX HampspkeHwit (puc.5.5, a), To 1Mo OOMOTKaM MPOTEKAIOT CUMMETPUYHBIC
CUCTEMBI TOKOB, CJI€IOBATEIbHO, MOTOKU TPEX (a3 Takke 0O0pa3yrT CHMMET-
PUYHYIO CUCTEMY, TOTJA

Cb A+ CD B -|-Cbc= 0.

CrnenmoBarelibHO, OOBCAMHEHHBI CTEPXKEHb MOXKHO yoOpath (puc. 5.5, 0).
[Tomy4yeHHsbIi TakuM 00pa3oM TpaHCHOPMATOP MOXKHO CIAENaTh 00Jee KOMITaKT-
HbIM, IOMECTUB BCE TPU CTEP>KHS B OHY IIOCKOCTH (pHUC. 5.5, B).

Puc. 5.5. O6pazoBanue TpEXCTEPIKHEBOTO
Tpéxdaznoro Tpanchopmaropa

[TonyuyuBmmiics TpaHchopMaTop Ha3bIBAIOT TPEX(PA3HBIM CTEPKHEBBIM
TpaHc(hOpMaTOpOM, WM TPEXCTEPKHEBBIM. BceiencTBUE YMEHBLIEHMS JJIMHbI
MarHUTHOM IIeTH, 0 KOTOPOW 3aMBIKAeTCsl MOTOK (ha3bl 5, BOSHUKAET HEKOTO-
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pas MarHuTHas HecUMMeTpus a3, KoTopas OOBIYHO HEBENUKa U OyIeT CKa3bl-
BaThCSl TOJIBKO HAa PEKMME XOJIOCTOTO XO0J/ia, B YaCTHOCTH, Ha TOKE XOJOCTOTO
X072, KOTOPBIH OyIeT MeHbIIe B cpeaHeil ¢daze, yeM B kpaiiHux. OmHaKO, Kak
OBUTIO TIOKa3aHO paHee, MPU Harpy3Ke TOK XOJIOCTOTO XO0Jla OKAa3bIBACT Malloe
BJIMSIHUC HA BEJIMYMHBI TOKOB TICPBHYHOW M BTOPHUYHON OOMOTOK (CM. JICKIIHIO
Ne 3). Takum 06pa3oM, MOXKHO CUMUTaTh, YTO MPU CUMMETPUYHOM IUTAIOLIEM
HaAMPsHKEHUHW U Harpys3ke Bce ¢asbl TpéxdaszHoro TpanchopmaTropa HaXOIATCS B
OJIMHAKOBBIX ycioBusAX. [loaromy st kaxnoi ¢asel crpaBeIMBbI KOMILIEKC-
HbI€ YpaBHEHHS, BEKTOPHBIC IUArpaMMbl U CXEMBI 3aMELICHU, BBIBEJICHHBIC
panee. VckiroueHne cOCTaBIsIeT TOJBKO PEXUM XOJOCTOTO X0/, MPU KOTOPOM
CKa3bIBACTCS CXeMa COeJUHEHUs1 00MOTOK. KOHCTpYKTHBHOE yCTPONCTBO TPEX-
¢dazHOTO CTEP)KHEBOTO TpaHCcPopMaTopa MpeACTaBICHO Ha puc. 5.6.

T N

Puc. 5.6. Konctpykius tpéxcrepxueBoro Tpéxdasnoro tpanchopmaropa

2. CxeMbI 4 TPYNIbI COeTUHEHU 00MOTOK TPEX(a3HBIX
TPaHC(POPMATOPOB

2.1. Cxembl coeIMHEHU 0OMOTOK

[TepBuunas u BTOpuyHAss OOMOTKH TpaHCHOPMATOPOB MOTYT OBITH COCIH-
HeHbl B «3Be3ay» (Y), B «TpeyronbHUK» (A). B cxeme coenquHenuii — «3Be31a»
MOXKeT OBbITh BhIBeleHa HyseBas Touka (Yo). Kpome Toro, cymecTByeT cxema
COCIMHEHHUM «3ur3ar» (Z), koTopasi MpUMEHSETCs O0CTaToyHo penako [2]. B
CcXeMax COEJIMHEHUU «3BE3/1a» U «TPEyroibHUK» Jtobas ¢dazHas oOMOTKa pac-
M0JIaraeTCcsl Ha OJHOM CTep)kHE TpaHchopmaTopa, B CXeMe COCIMHEHHH «3UT-
3ar» HEKOTOpbIe (ha3Hbie OOMOTKH Pa3JeisIIOTCS HA YacTH, KOTOPBIE pacroia-
raloTCs Ha Pa3HbIX CTEPKHIX TpaHchopmaTopa..

PaccmoTpum cxeMbl COEIMHEHUN M WX BEKTOPHBIE AUArpaMMbl HaIpsKe-
Huit, Ha KOTOpbIX Uss, Uag Ucs 0603HAYAIOT BEKTOPBI JIMHEHHBIX HAPSIKCHUIA;
Uy, Up, Uc— BekTOpBI Da3HBIX HANPSOKEHNUIA; L4, I5, [c— BEKTOPHI (ha3HBIX TOKOB.
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Cxema coenuneHuit — «38e3ga» (Y) puc.
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Puc. 5.7. Cxema coenuHeHmnit 0OMOTOK TpExdazHoro Tpanchopmaropa
«3Be3101» (Y) 1 BEKTOpHas IUarpaMma HarpsKeHUN

®da3HpIC U JIMHCHHBIC HAIIPSOKCHUA, a TAKIKC TOKH IIPU COCAMHCHHH «3BEC3-
JIOM» HAXOIATCS B CIICAYIOIMUX COOTHOICHUAX:

Un
U@Zﬁ;

CxeMa coeTMHEHHI — «TpeyTroiabHUK» (A) puc. 5.8.

ICD - I]].

C . B(Z)
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Uye| 1B

Uga

QA I N
X
Puc. 5.8. Cxema coenunennii 0OMOTOK Tpéx(azHoro Tpanchopmaropa
«TPEyroJLHUKOMY (A) U BEKTOpHAs TUarpaMMa HarpsoKeHHIA

A(Y)

®da3HpIe U JIMHCHHBIC HAIIPSOKCHUA, 4 TAKIKC TOKH IIPpU COCAMHCHHHU «TpeE-
YTOJIBHUKOM» HAXOJATCA B CIICAYIOINUX COOTHOIIICHUAX

I
Up = Up; =

I Nk

2.2. I'pynnbl coequHeHnt 0OMOTOK

['pynma coeauHennii 0OMOTOK TpaHCcpopMaTopa ONPEAEIETCS YTIOM CIIBH-
ra MexAy OJHOMMEHHBIMH JUHEUHbIMU TIEPBUYHBIMU U BTOPUYHBIMU JJIEKTPO-
JBIKYIIUMH CUiiaMu 0OMOTOK. Ha mpakTuke BeNMYMHY yria CIABUTra MPUHSTO
XapaKTEpHU30BaTh MOJOKEHUEM CTPEJIOK Ha yacoBoM Iudepodiate. Bekrop nep-
BuyHOI DJIC E| n300pakatoT MUHYTHOM CTPEJIKOM, MOCTOSHHO YCTaHOBJIECHHOM
Ha 1udpe 12, a Bektop BropuuyHoit DJIC E, — 4acoBOM CTpeIKoOn, KOTOpas yKa-
3bIBAET HOMEP TPYIIbI COEIMHEHU 0OMOTOK TpaHchopmaropa (puc. 5.9). 3a
€AVHULLY yTia IPUHUMAETCS UEHTPAJIbHBIA YIOJl MEXKIY COCEAHUMHU YAaCOBBIMU

54



neneHusiMi, paBHbI 30°. Yron OTCUMTHIBAETCS OT MHUHYTHOW JO YacOBOM
CTPEJIKM 10 X0y CTPEJIOK YacoB.

— N\ Tperea rpynma
E— coeqHHeHHH

Puc. 5.9. I[Ipumep onpenenenus rpynmnsl COeIMHEHUN TpaHchopmaropa

Homep rpynmnbl coenvHEHUN 3aBUCUT OT HalpaBiICHUs HAMOTKH OOMOTOK
Tpancopmaropa, MAPKUPOBKH UX BBIBOJOB U CXEM COEAMHEHUS 0OMOTOK.

Hanpumep, ansa ogHodasusix TpancopmMaTopoB B 3aBUCUMOCTH OT Hampas-
JIEHUS] HAMOTKH KaTylIEK BO3MOKHBI JIB€ IPYIIbl coeuHeHui (puc. 5.10);

a 6 . A
A Er*
D _ — |l O — 1|l |
A I . a A f v] .
T Jd A > Ug Tr._ A A A e e
_," X I3 T
f:c'-.-!#—l -:; X x “ I+ | -+ Ln
| tamma [llli 2 1
X ¢ | [P 0(12) pyoma a il 6 J:,-'nn’t
N coeIHHEeHHH \ pynma
~ ——l — ——||) coennnenni

Puc. 5.10. Bo3amoskHbI€ TPYIIIBI COEAMHEHUN 0HO(A3HBIX TPaHCHOPMATOPOB

B onnodasneix TpanchopmaTopoB, obo3HavaeMbIx Kak I/I, Bo3MoxkHa Kak
Orpynna — I/I-0, tax u 6 rpynna — I/I-6. CranmapTu3oBaHHOW SIBJISETCS
0 rpymnma.

B tpéxdaznpix TpanchopmarTopax Bo3MOXKHBI 12 Tpynn coequHeHUu 0OMo-
Tok. CTaHaapTU30BaHHBIMU sBIsitoTCA 2 Tpynmbl — Y/Y-0, Y/A-11. Ilpu oguna-
KOBBIX CXE€Max COEJWHEHUU NEPBUYHOM M BTOPUYHOH OOMOTOK MMEIOT MECTO
YETHBIE TPYIIIIbI, a IPU PA3IUYHBIX CXEMaX COEAMHEHUH MEPBUYHON U BTOPUY-
HOM 0OMOTOK — He4€THbIE rpynmnbl. [[puMepsl onpeneaeHus: rpynn coeAMHEHUM
C NOMOIIBIO BEKTOPHBIX AMArpaMm IoOKa3zaHsl Ha puc. 5.11, puc. 5.12 u
puc. 5.13.

Bo3MOXHO OmbITHOE OmpeneseHrue TPyMHIbl COSAMHEHU OOMOTOK TpaHC-
dbopmaropa, KOTOPOE MOXKHO OCYILIECTBUTH C MOMOILNBIO PA3IUYHBIX HU3MEPH-
TEJNBbHBIX NMPUOOPOB, HAaIpUMEp, rajibBaHOMETpa, (pazomerpa, BaTTMETpa WIIU
BOJIbTMETpA [2, 3, 4].
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Puc. 5.13. [Ipumep Ne 3 onpenenenust rpynibl COSTUHEHUMA
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3. Oco0eHHOCTH pexuMAa X0J0CTOI0 X042 TPEX(PasHbIX
TpaHcdopmMaTopoB

[Tponiecc HamaranunBanms TPEX(Ha3HBIX TPAHCPOPMATOPOB 3aBUCUT OT THIIA
MarHUTHOW CHUCTEMBI M CXEMbI COEAMHEHHUsT 0OMOTOK TpaHchopmartopa. Pac-
CMOTPHUM UX OCHOBHBIE COUETAHMUSI.

3.1. Tpéxdaznas tpanchopmaTopHas rpymnmna — TpancGopmaTop ¢ HE3aBHU-
CUMOM MarHUTHOM CHCTEMOU U co cxemoi coenuneHust — Y/Y (puc. 5.14).
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Puc. 5.14. Tpéxdasznas TpanchopmaTopHas rpynmna

Ecnu nHa nepBuuHyto oOMOTKY noaaércs TpéxdaszHoe cuHycouJiaabHOE Ha-
npspbkeHue u1 = UimSin w¢ 1o 3J1C U NOTOK Takke U3MEHSIOTCS BO BPEMEHHU 10
CHUHYCOUJAIbHOMY 3aKOHY (CM. JeKiuio Ne 3):

e1 = Eimsin (ot -m); ® = Qpsin (wt-1/2).

Kax Obut0 moka3aHo BbllliE, B CIy4Yae HACBIIIEHUS MAarHUTHOW CUCTEMBI IIPU
CHHYCOUJAIBHOM IOTOKE, TOK XOJIOCTOIO XOJa M3MEHSAETCS BO BPEMEHU HECH-
HYCOUJAJIBHO, a, CJIEI0BATEIbHO, KPUBYIO TOKAa MOXHO Pa3J0KUTh B FapMOHU-
YECKUU psAll, KOTOPBIM CONEPKUT HEUETHBIE TAPMOHUKHU:

iO = iO(l) + i0(3) + l0(5)+ . +l0(v)

Hawnbonee BripakeHa U3 BBICIINX TAPMOHUK — TPEThS, IOATOMY YUTEM TOJIb-
KO €€ iO = iO(l) + i0(3).

[lepBble TapMOHHMKH TOKa XOJOCTOTO Xo/a TpEéx(]a3zHoil OOMOTKHM HUMEIOT
C/IBHT BO BpeMeHH Ha 21/3:

IAO(l) = IAo(l)mSin(Dt'

2T
Igo1) = Igo(1ym Sin (‘Dt— ?> ;

) 41
ICO(l) == ICO(l)m Sin (L)t—? .
HepBbIe rFapMOHHKH TOKa XOJIOCTOI'O X044 TpéX(i)aBHOI?'I 06MOTKI/I:

Laozy = Lao(zymsin (3wt);

. 2t .
Igoz) = Ipo3ym sin(3 ((Dt— ?>) = Ipo3)m sin(Bwt-2m) =

= 130(3)m5in (3(1)t),
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. 4m .
Icoz) = Icozym Sin(3 (oot— ?)) = Icoczym Sin(Bwt).

Taxum oOpa3om, TpeTbH TapMOHUKU KaKI0W (pa3bl U TApMOHHUKH, KPATHBIC
TpEM, B KaXKJbIii MOMEHT BpeMeHU OyyT coBmanats mno dase (puc. 5.15), u mo-
STOMY OHHM BBINAJAIOT W3 KPUBOW TOKA XOJOCTOTO XOJa, M KPUBasi TOKa XOJO-
CTOTO X0/1a OyAeT MPUOJIUKATHCS K CHHYCOU/IE.

[40(1)

[40(3) ch*ﬂ(a)

Icoq) [BO(L) [BO(3)

Puc. 5.15. BekTopsl IEpBHIX U TPETHbUX TAPMOHMK TOKA
X0JIOCTOTO X0/1a TpexdazHoro Tpanchopmaropa

JUIs TOy4YeHUs: CHHYCOUAAIIBHO U3MEHSFOLIETOCs BO BPEMEHU MarHUTHOTO
IOTOKA IIPU HACBIILEHUU MarHuTonpoBoja (cM. Jekuuto Ne 3) HamMarHu4HMBaro-
M TOK JOJDKEH COJEp>KaTh FapMOHUKH, KpaTHble TpEéM. [Iockonbpky Hamuuue
TaKUX FAPMOHUK HEBO3MOXHO, IOTOK OyJIeT HECUHYCOUAIbHBIM.

KpuBas noroka Oyzner uMeTh YIUIOIIEHHYIO (OpMY, U KpOME OCHOBHOM rap-
MOHMKH, U3 KPHBOW IIOTOKa MO>KHO BBIJCIIUTH BBICIIME T'apMOHMKH, camasi
CUJIbHAS U3 KOTOPBIX — TpeThs (puc. 5.16). @azupie DJIC u HaAIpsKEHUS TAKXKE
HECHHYCOMIaIbHBI, U KPOME OCHOBHOW FapMOHUKHU cozaepkar Beicune. Yacrora
tpetbeli TapMoHMKH OJIC f3y = 3f1) M 1And IPOMBIIJIECHHONW YacTOTHI

fzf(l) =50 FH, f(3) = 150 I'm.
D,

Puc. 5.16. I3menenust Toka X0JIOCTOT'O X0J1a ¥ MAarHUTHOI'O IOTOKA
tpexdaznoro Tpanchopmaropa
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@aznas J/IC wu3-3a BIMSAHMSA TPETbEM TapMOHUKHM YBEJIMYMBAETCA Ha
45...60%. D10 siBIEHUE HEXKENATEIbHOE U OMACHOE AJI OTpeOuTene.

I'OCTowm He momyckaetcsi coequHeHue 1o cxeme Y/Y B Tpanchopmaropax ¢
HE3aBUCHUMOUN MarHuTHOW cuctemoil. CieyeT OTMETUTh, YTO KpPUBBIC JIMHEH-
Heix DJIC He uckaxarorcs, Tak Kak B pazHoctu AByX (azubix IJ1C tpeTsu rap-
MOHUKH UCYE3AIOT.

3.2. Tpéxdaznubiii cTepHEBOK TpaHC(HOPMATOP CO CBS3aHHOW MArHUTHOU
cucremoit, cxema coeauuenus Y/Y (puc. 5.17).
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Puc. 5.17. CrepxxueBoii Tpéxdas3Hbiii TpaHchopMaTop

AHAJIOTUYHO, KaK U B CJIy4yae C HE3aBUCUMOW MarHUTHOM CHUCTEMOM, Tpe-
TbU TAPMOHUKHU TOKA BBINAJAIOT U3 KPUBOU TOKA XOJIOCTOTO XOJa U MOSBIISIIOTCS
TPETbU FrApMOHUKHU MOTOKA (puc. 5.17).

la03)| | |ico@)

IBO(3)

Puc. 5.17. TpeTbu rapMOHHUKHU TOKA XOJIOCTOT'O XO/1a

Tperbu rapMOHUKH ITOTOKA IO 3aMKHYTOMY IIyTH B CEPJICYHUKE 3aMbIKAThCS
HE MOTYT, TaK KaK B Ka)KJplii MOMEHT BPEMEHH HMEIOT OJIMHAKOBOE HallpaBJie-
Hue. [IoaToOMy OHM 3aMBIKAIOTCSI OT OJIHOTO SIpMa K JAPYyromy 4epes TpaHcdop-
MaTOPHOE MAaclio, BO3AYX, KpEeN&XHbIE IeTAIN U CTCHKH 0aka, 4YTO MPUBOIUT K
YMEHBUICHUIO BEJIUMYHUH TPETbHX TapMOHUKM MOTOKA, M HCKAKEHHE (a3HBIX
O/IC Oyaer HesHaunTeIbHBIM. HO 3aMbIKaHHEe TOTOKA Yepe3 KpeneKHbIe JeTaIH
U CTEHKH Oaka BBI3bIBACT J00ABOYHBIEC NMOTEPU HA BUXPEBBIE TOKU, YTO MPHUBO-
auT K yMeHbieHuto KI1/I.
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3.3. Tpéxda3usblii crepxHEeBOM TpaHC(HOPMATOP CO CBA3AHHOM MAarHUTHOU
cucremoit, cxema coenunerus Yo/Y (puc. 5.18).
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Puc. 5.18. Cxema coenunenus tpexdasnoro tpanchopmaropa Yy/'Y

TpeTpu rapMOHHMKHU TOKA 3aMBIKAIOTCS TIO HYJIEBOMY MPOBOJY, IPU ATOM TOK
XOJIOCTOrO0 XO0Jla B KaxAoW (ha3e COAECPKUT TPETbU I'ApMOHUKH TOKa. A Tmo-
CKOJIbKY TOK SIBIIIETCSI HECUHYCOUAATBHON (PYHKIIMEH BpEMEHH, TO MMOTOK H3Me-
HSIETCSl BO BPEMEHU CHHYCOHAJIbHO, U MPOIlECC HAMAarHMYMBAHUS MTPOUCXOIUT
0e3 0coOeHHOCTEM.

3.4. Cxema coenunenust A/Y nipu jir000¥ MarHuTHOM cucteme (puc. 5.19).
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Puc. 5.19. Cxema coegunenus Tpexdasznoro tpanchopmaropa A/Y

Tak kak TpeTbu TapPMOHHMKH TOKa XOJOCTOTO XOJa MOTYT 3aMBIKAaThCA IO
KOHTYPY «TPEyTOJIbHHUKA», TO OHU HE BBIMAAI0T U3 KPUBOM TOKA XOJIOCTOTO XO-
7a, a, 3HAYUT, HE TOSABIAIOTCS TPEThU TAPMOHUKHU MOTOKA, M HE HaOIIOmaeTcs
uckaxxenus pazupix IJC. Ilponecc HamarHMUKMBaHUS MPOUCXOIUT O€3 0COOEH-
HOCTEM.

3.5. Cxema coenuneHust Y/A nipu j1r000¥ MmarHuTHOM cucteme (puc. 5.20).

TpeTbu rapMOHUKH TOKA XOJIOCTOTO XOJa BbINANal0T U3 KPUBOW TOKA XOJIO-
CTOT0 XO0J1a, MOSBJIIOTCS TPETbU I'APMOHHMKHM NOTOKa P(3), KOTOpblE HABOIAT
O/1C TpeThel TapMOHUKH B IEPBUYHOM U BTOPUYHOM OOMOTKAX: €1(3), €2(3)-
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Puc. 5.20. Cxema coequnenus tpexdasnoro tpanchopmaropa Y/A

ITon neiictBuem D/IC ey3) BO BTOpUYHONW 0OMOTKE OyIeT NMPOTEKAaTb TOK
i2(3). Co3maBaemMbie 3TUM TOKOM TPEThH TAPMOHUKH IMOTOKA BTOPUIHONH OOMOTKH
@23y OyAyT MOYTH MOJHOCTHIO KOMIIEHCUPOBATh MOTOKU P (3). MckakeHus ¢as-
HeIXx DJIC u HanmpspDKeHUH MPaKTHYeCKH He OyAeT — OHU CHHYCOMJANbHBI. Bek-
TOopHasi Auarpamma motoko, DJIC U TOKOB TpeThel TapMOHMKH TIPECTaBIICHA
Ha puc. 5.21.

‘i’g{_’g} IE{E] ‘i’.“sz P13)

Puc. 5.21. Iunarpamma 3/]C, nOTOKOB U TOKOB (TPETHU TAPMOHHKH)
TpexdazHoro Tpanchopmaropa

CnepnoBatenbHO, YTOOBI M30€KaTh HEOJArOMOMYYHBIX SIBJICHUM IPU Hamar-
HUYMBAHUU CEepJeYHUKA TpaHchopmaTopa, OAHY M3 OOMOTOK PEKOMEHIYETCs
COCIUHSATHh B «TPEYTOJIbHUK». TakuMm o0pa3oM, B JHOOBIX Tpex(a3zHbIX TpaHC-
dbopmaropax ¢ coequHeHueM Y/Y uckaxarorcs da3Hble HAPSDKEHHS, a B TPEX-
CTEP)KHEBBIX TpaHC(hOpMATOpax — TaKXKE BO3HHUKAIOT JO0ABOYHBIC MOTEPU OT
BUXPEBBIX TOKOB. [103TOMY MOMIHBIX TpaHCPOPMATOPOB C COETUHEHHEM OOMO-
TOK Y/Y, KaKk TpaBWIO, HE U3TOTABIMBAIOT. ECITM B OTACIBHBIX CIydasx BO3HU-
KaeT MOoTpeOHOCTh B TaKUX TpaHcpopmaropax (Hampumep, Ipu HEOOXOAUMOCTH
3a3€MJIEHHS HYJIEBBIX TOYEK C 00EUX CTOPOH), TO B TpaHC(OpMaTOpe HaMaThIBa-
eTCsl JONOJHUTENbHAs, TPETUUHAasE OOMOTKA C COEIMHEHHEM B «TPEYTOJIbHUKY,
CEUYEHUE KOTOPOU PACCUUTAHO TOJIBKO Ha TOKH /3.
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Jlekyusi 6. PEXXUMbBI PABOTBI TPEX®A3HOI'O
TPAHC®OPMATOPA

[naH nekyuu

1. AHanu3s pexuma pabomsl mpexgasHo20 mpaHcgphopmMmamopa
MemoOOM CUMMEMPUYHbIX COCMasIstoUUX.

2. Toku 8 mpexgasHoM mpaHcgopmMmamope rnpsimou, obpamHol

u Hyrneeou rocriedogamersibHoCcMu.

3. CxeMmbl 3aMeweHUss mpexgazHo2o mpaHcgopmamopa Orisi
mokoe Hyrneeou riocriedogamersibHocmul.

4. HecummempuyHbilt pexxum pabomsl mpexgasHozo
mpaHcghopmamopa.

1. Anaaus pexuMa padoTbl Tpex(pasHOro TpanchopmMaTopa MeToA0M
CUMMETPHYHBIX COCTABJIAIOIIUX

Ecnu tpancpopmaTop paboTaer Ha CUMMETPUYHYIO HArpy3Ky, TO €CTh BCE
Tpu (a3wl 3arpy’keHbl OJMHAKOBO, TO paboTy TpéxdasHoro TpaHchopmaropa
MOKHO aHAJIM3UPOBATh MO 01HOHN (haze. CHMMETPUYHOE KOPOTKOE 3aMBbIKAaHUE
TaK)KE AaHATU3UPYETCS AaHAJIOTMUYHO KOPOTKOMY 3aMbBIKaHHUIO OAHO(A3HOTO
Tpanchopmaropa.

[Tpu sxcrutyaTanuu TpanchopMaTropa B SJHEProcUCTEMaxX 4acToO Harpys3ka 1mo
¢dazam MoxeT ObITh HEOJIMHAKOBOW (HEpPAaBHOMEPHOE pacIpeesieHUe HArpy3Ku
no (aszam, noAkIOYeHUE K TpéxdazHoMy TpaHchopmaTtopy oaHO(pa3HOU Ha-
TPY3KH H T.J.), YTO UCKaXKAET CHCTEMYy HamlpsoKeHUH TpaHchopmaropa, MpHBO-
JTUT K 100aBOYHBIM NOTEpsSM B OOMOTKax M B MaruurorpoBojie. Kpome Toro,
HECUMMETPUYHBIE PEKUMBI PaOOTHI UMEIOT MECTO MPHU aBapUsSIX — OJIHO U JIBYX-
(ha3HOM KOPOTKOM 3aMBbIKaHHUU B CETAX, MUTAIOUIUXCS OT TpaHCchopMaTopa.

Jlis uccneaoBaHus HECUMMETPUYHBIX PEKUMOB pabOThl MPUMEHSETCS Me-
moo cummempuunvlx cocmasaaowux. Ilpu 3ToM cuurtaercs, yTto TpaHchopma-
TOp TOJKIIIOUEH K CETH OECKOHEYHO OOJBINON MOIIHOCTH, NMEPBUYHBIC HAIPS-
XKEeHHsI 00pa3yroT CUMMETPUYHYIO CUCTEMY, a CHCTEMa BTOPHUYHBIX TOKOB OIpe-
JIETISI€TCS HECUMMETPUYHON HATPY3KOM.

[Ipu gomymeHny yciaoBHsI, YTO MarHUTHAsI MPOHUIIAEMOCTh MarHUTHBIX IIE-
neil Tpancopmaropa L = const, MOKHO MCIOJIB30BaTh «ITPHHIIUIT HAJIOKESHUSD)
TOKOB B 0OMOTKax

ia = ial + jaz + iao;
Iy = Ip1 + Ipy + Ipo;
IC - [Cl +IC2 +IC0'
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Torna HECUMMETPUYHYIO CUCTEMY BTOPUYHBIX TOKOB MOXKHO Pa3JIOKUTh Ha
TPU CUMMETPUYHBIE CUCTEMbI — MPSMOI, 0OpaTHON W HYJEBOU MOCIE10BaTENb-

HocTH (puc. 6.1).

Ipn

Puc. 6.1. CumMmMeTpruYHBIE CHCTEMBI TOKOB MPSIMOU, 00OpaTHOM
Y HyJIEBOM IOCJIEI0BATEIbHOCTH

BekTopsl L, I, I TOKN MPSIMOM MOCJIENOBATEIIBHOCTH, UMEIOT IIPSMOE Ye-
penoBanue (a3, TO €CTh TO Ke, YTO U 3aJaHHAs CHCTEMa BEKTOPOB I I, I
L2, 112, I.2 — TOKM 0GpaTHOI MOCIEI0BATEILHOCTH, HMEIOT 0OpaTHOE Yepe/IoBa-
aue $as; L0, Ir0, [0 — TOKM HYJIEBOI IOCIIEIOBATEILHOCTH.

B npuBeneHHON BbIIIE CUCTEME YPABHEHUM ITPUHATHI COOTHOILICHUS

2

P 27 . _ 7 .
Ipy = alyy; I = alyy;
? _ 2 2
Ibz = alaz' Icz = a“lg;.
IaO - IbO - ICOI
2n
rz[eazejs,az—e , 1+a+a2=0.

C y‘léTOM HpI/IHﬂTBIX COOTHOI_HGHI/II/I, IMOJY4YHUM 3HAYCHUA BEKTOPOB!:

, 1., , ,
rla1 =3 (I + al, + a?1,);

A

.1, : :
loz =3 (1o + a*I, + al,);

, 1, , , ,
a0 = —(Ia +1, +1,).

13 cucTeMBI BEKTOPOB 110Ny YacM

Io+ Ip+ 1= 3 L.

Taxum 00pazoMm, IpU HAIMYUHU TOKOB HYJIEBOH OCIIEOBATEILHOCTH CyMMa
TOKOB TPEX (a3 oTiinyHa OT HyJi. OTCI0Ja ClIeyeT, YTO B TpaHC(POpMaTOpe TO-
KM HYJIEBOHM IIOCJIENOBATEIBHOCTH MOI'YT BO3HUKATh TOJBKO TOTJA, KOIa XOTS
Obl 01Ha U3 OOMOTOK MMEET HYJIEBOM NMpPOBOJ (WM MpPU 3a3€MJIIEHUM HYJIEBOU
TOYKH).

ITocne pa3nokeHuss TOKOB HA CHMMETPUYHBIE COCTABIIAOLINE ITPUMEHSIETCS
METOJl HaJIOXKEeHUs, U paboTa TpaHchopMaTopa aHAIU3UPYETCS OTACIBHO IS
TOKOB IIPSIMOi1, 0OpaTHOM U HYJIEBOM NOCIIEI0BATEIBHOCTH.
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2. Toxu B Tpex¢asHom TpaHcphopmaTope NPAMOii, 00paTHON U HYJIEBOM
M0CJIeI0BATEILHOCTH

2.1. ConpotuBieHue TpancpopmaTopa i TOKOB MPSAMOM U 0OpaTHOM mo-
CJIEI0BAaTEIbHOCTH

2.1.1. ComportuBnenue TpaHchopmaropa Jisi TOKOB MHPSAMOM MOCIEIOBA-
TEJIbHOCTH

Paccmotpum asis cxemsl coequnenus Y/Y (puc. 6.2).

L~ z L Y e N

B~y | e,
B N N e T ¥

Puc. 6.2. Cxema coequnenus Y/Y tpexdasznoro Tpancdopmaropa

B sTtom Cﬂyqae HpOTeKaIOT TOJBKO TOKH HpHMOﬁ II0CJICI0OBATCIIBHOCTH .
Ia, Ib= azla, Ic= a]a.
ECHI/I IMOACTAaBUTDb 3HAUCHHS YKAa3aHHBIX BCKTOPOB TOKA, TO ITIOJIYYHUM

2 2

Iog1 = 1g;
iaz == 0,
jao == 0.

CrnenmoBaresibHO, B CXEME CYIIECTBYIOT TOJIbKO TOKHM MPSIMOM IOCJEI0Ba-
TeapHOCTU. CXEeMBbI 3aMelleHus: TpaHnchopmaTopa Jijisi TOKOB MPSMON MOCIIe0-
BaTEJILHOCTH MOKa3aHbl Ha pucC. 6.3.

X 2 X3
—] M"r— M""—
S
, ..,_"' el
) L=-1=Iy; o

J11T 2K
o ] o
- . T
~ L=-Ii=I, IS

Puc. 6.3. Cxemsl 3amemienus TpexdasHoro Tpanchopmaropa
JUTSE TOKOB MPSIMOM TIOCJIEIOBATEILHOCTH
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CrnenoBaTenbHO, CONPOTUBICHHE TpaHC(hOpMaTopa A TOKOB MPSIMOM IO-

CJIEIOBATEILHOCTH PaBHO
Z11 = ZK.

2.1.2. ComnporuBnenne TpanchopmaTopa i TOKOB 00paTHOM mocieaoBa-
TEIHHOCTH

Ecnu y tpancdopmatopa nomensats yepeaosanue ¢paz B u C, b u ¢, 10 pe-
UM pabOThl HE U3MEHUTCS, HO YepeOBaHNE TOKOB OyJET COOTBETCTBOBAThH 00-
paTHOM mocieaoBaTeabHOCTH (puc. 6.4).

B
— 7 L A

L¢]

,:,"’_r"\r"\."“x X @ Y Y Ty

Puc. 6.4. Cxema coequnenus Y/Y tpexdasznoro Tpancdopmaropa
npu 00paTHOM uepeaoBaHuu (a3

B sTtom ciyuae:
Ia, ]b = ala, ](; = azla.

Torna
ial = 0,
Loy = 1g;
Iy =

To ecTh, IPOTEKAIOT TOKH TOJIBKO OOPATHOM MOCIEAOBATEILHOCTH U CXEMBI
3aMmenieHus TpancopmaTopa Ik TOKOB 0OpaTHOM MOCIE0BATEIIbHOCTH TTOKa-
3aHbl Ha puc. 6.5.

" X1 .T’:JI .TE

P e B T e Ny g W

— i - T

) f1=_fj=fjj b

L 0
=22=IK

e I @
<) TR

[ — _Ti—=7 el

L=-Dh=I, -

Puc. 6.5. Cxema 3amenienus TpexdaszHoro Tpancopmaropa
JUTSI TOKOB OOpATHOM MOCIIEIOBATEIHHOCTH
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Torga conporuBienue TpaHchopmaTopa AJii TOKOB 0OpaTHOM mocienoBa-

TEIbHOCTH PABHO:
Z22 = ZK.

2.2. TOKY U IOTOKH HYJIEBOU MOCIEN0BATEIbHOCTH

B 00MOTKax, cOeIMHEHHBIX B 3BE3/Y, TOKH HYJIEBOM MOCIEA0BATEILHOCTH
MOT'YT BO3HUKATh TOJBKO MPU HAJIMYUM HYJIEBOrO MPOBOJAA, T.€. B cxeMe Yo
(puc. 6.6). Ponb HyneBOro mpoBoja MOXKET UTpaTh TAKXKe 3eMIIsl, €CIIU HyJIeBas
TOYKa 3a3eMJICHA.

i
_C .
DC—.’MZ
f;
5 b

{
_ﬂ-_
LI o " W g
31
N )

o

Puc. 6.6. Cxema Y, Tpexdasznoro tpanchopmartopa
JUTsl TOKOB HYJIEBOW MOCIIEIOBATEIIbHOCTH

CrnenoBartesbHO,
lo+ Ip+ Ic= 3 L.
B 00MOTKaX, COCMHEHHBIX B TPEYrONBHUK, TOKH lqo0 = Ip = [0 cocTaBis-
0T TOK, HUPKYJIUPYIOUIUN MO 3aMKHYTOMY KOHTYpPY TpeyrojibHuka (puc. 6.7),
CJIe0BATEIbHO, TOKH HYJIEBOM MOCIEAOBATEILHOCTA MOTYT BO3HUKATh TOJBKO B

pe3ysbTaTe UX HHAYIUPOBAHUS APYroil 0OMOTKOM TpaHchopmMaTopa.
¢

F

o
L=

Puc. 6.7. Cxema A tpexdaznoro Tpanchopmaropa
JUTSI TOKOB HYJIEBOW TTOCIIEIOBATEIIBHOCTH

Toku HyneBoii nmocienoBaTenbHOCTH Jon, MPOTEKask BO BeexX (azax 0OMOTKH,
CO3/1al0T TIOTOKM HYJIEBOM mocnenaoBateabHOCTH Pon, KOTOpPBIE BO BpEeMEHU
COBMAJAIOT MO ¢a3e. B 3TOM OTHOLIEHNH OHU aHAJIOTMYHBI TPETHUM TapMOHU-
KaM TMOTOKA, BO3HUKAIOIIUM H3-3a HACBIIIEHUs MarHUTHOM 1ienu. B tpancdop-
MaTopax Cc OpoHEBOMl M OpOHECTEpKHEBOM KOHCTpPYKIUEH, B TpéxdazHoii
TpancopMaTopHOW Tpynne, NoToku Pon 3aMBIKAIOTCS 10 3aMKHYTHIM CTajb-
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HBIM CEepACYHMKAM, MarHUTHOE COMPOTUBJIEHUE KOTOPHIX Majo, U YK€ HeOOJb-
IIME 110 BEJIMYMHE TOKHU Jor CO3/1aI0T 3HaUUTENbHbIE TOTOKU Do

B tpéxcrepxHeBoM TpaHcopmaTope MOTOKH HyJIEBOM MOCiIEI0BaTENbHO-
CTH HampaBJIeHbI B JIFOOO MOMEHT BPEMEHH OJJUHAKOBO, U IIOATOMY 3aMbIKAIOT-
Cs OT OJHOTO sipMa K JPYroMy 4Yepe3 BO3lyX, Macio U 0ak TpaHcpopmaropa,
MarHUTHOE CONPOTUBIIEHUE OTHOCUTEIBHO BEJIMKO, @ B CTEHKaX 0aka MHIYKTH-
PYIOTCSl BUXPEBBIE TOKU, U BO3HUKAIOT JOMOJIHUTEIbHBIE TOTEPH.

[ToToku HyneBoil nmocnenoBaTenbHOCTU Do UHAYUUPYIOT BO BTOPUYHOU U
nepBuyHoii oomotkax DJ[C camo- U B3aUMOMHAYKIIMU HYJIEBOM MOCIIEI0Ba-
TeJIbHOCTU £on. i1 TOKOB HyJEBOW IOCIEAOBATEIBHOCTH MOYHO HOCTPOUTH
T-o0pa3Hyto cxeMy 3aMelIeHUsI.

3. Cxempbl 3aMelIeHUA TPex(a3HOro TpaHcHoOpMaTOpa 1JIA TOKOB
HYJIeBOIl IT0C/1e10BaTeIbHOCTH

Bun cxembl 3amemienus TpancopmaTopa Juisi TOKOB HYJIEBOW IMOCIIEI0BA-
TETBHOCTH 3aBUCHUT OT CXEM COCIWHEHHUsS MEPBHUYHON M BTOPHUYHON OOMOTOK.
PaccMoTpuM OCHOBHBIE BApPUAHTBI CXEM.

3.1. Cxema coenunenust Yo/Yo (puc. 6.8).

'co Jeo

L YV 7 z MY o€
g0 Ipn ,

OB_("W"V"\.___Y ,V ST o
Iq0 g0

A NV X x aSan o
37 :

0 A0 3Jra0 0

5

Puc. 6.8. Cxema Yo/Yo Tpexdasznoro tpanchopmaTopa
JUTSI TOKOB HYJIEBOM TTOCIIEIOBATEIILHOCTH

Cxema 3ameleHust TpancopMaropa Jisi TOKOB HYJIEBOM MOCIEA0BATEINb-
HocTH coenuHeHuit Yo/Yo mokazana Ha puc.6.9.
n X1 s X3

Y

Puc. 6.9. Cxema zamenienus (Yo/Yo) Tpexgaznoro tpancopmaropa
ISl TOKOB HYJICBOM TTOCIIEA0BATEIbHOCTH
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Ha cxeme 3ameenus /y, — TOK HAMArHUYKMBAIOMIET0 KOHTYpA HyJeBOi 110-
CIIEIOBATENbHOCTH; 7,0, X;no — AKTUBHOE U MHIYKTHBHOE CONMPOTHUBIICHUS HaMar-
HUYMBAIOIIETO KOHTYpa JJI1 TOKOB HYJIEBOM IMOCJIEI0BATEILHOCTH. Y YUTHIBas,
410 Iy = (1...2) % Ls0, TO HAMATHUUKMBAIOIIUM KOHTYPOM MOKHO MpeHedpedhb 1
YOPOCTUTH cXxemy 3amenienus (puc. 6.10).

Ik

1
|

—_—

Lyo="I4g ~§
1

L=
=

Puc. 6.10. Yopoménnas cxema 3ametienus (Yo/Yo) TpexdazHoro
TpaHchopMaTopa st TOKOB HYJIEBOM MOCIEA0BATETLHOCTH

Conportusiienue TpanchopmaTopa Juisi TOKOB HYJIEBOM MOCJIEI0BATEIbHOCTH

B cxeMe coenuHeHus Yo/Yo paBHO:
zon = zx = z1 + z/2.

3.2. Cxema coenunenus Yo/A (puc. 6.11).

i
Co

DC_.”‘Y““.LZ c

BO . gl}, \ b

Puc. 6.11. Cxema Yo/A tpexdaznoro tpanchopmaTopa
JUTSI TOKOB HYJIEBOW TTOCIIEIOBATEIILHOCTH

Cxema 3amerieHus TpancpopMaropa Jisi TOKOB HYJEBOW IMOCIEAOBATEIb-

HOCTHU coeanHeHui Y /A nokazana Ha puc.6.12.
n X1 s X3

Y

Puc. 6.12. Cxema 3amemenus (Yo/A) tpexdaszHoro Tpancdopmaropa
JUTSE TOKOB HYJIEBOH TIOCIIE0BATEIILHOCTH
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YuursiBas, uto Iy, = (1...2) % [0, TO HAMArHMYUBAIOIMM KOHTYPOM MOXK-

HO MpeHedpeyb U yIPOCTUTh CXeMy 3amenieHus (puc. 6.13).
IR
o ]

f40=-i
o A0~ "0
™~

[

Puc. 6.13. Yopoménnas cxema 3amemienus (Yo/A) tpexdazHoro
TpanchopmaTopa At TOKOB HyJICBOU MOCIIEIOBATEIIEHOCTH

Comportusnenue TpanchopmaTopa /st TOKOB HYJIEBOM MOCIIEI0BATEILHOCTH
B cxeMe coequHeHus Yo/A paBHO:
zon = zx = z1 + z/2.

3.3. Cxema coenuaenus Y/Y (puc. 6.14).
len
L OV 7 LY €

i

/il

;A N X [0 Y o W,
aj
MDI 0

Puc. 6.14. Cxema Y/Yo Tpexdasznoro tpanchopmaropa
ISl TOKOB HYJICBOW TIOCIICIOBATEILHOCTH

CxemMa 3amernieHus TpanchopMaropa i TOKOB HyJIEBOH IOCIIEI0BATEIbLHO-
ctu coequnennit Y/Yo rmokasana Ha puc.6.15.

Puc. 6.15. Cxema 3amenienusnY /Yo Tpexdaznoro tpanchopmaropa
JUTSI TOKOB HYJIEBOM TTOCIIEIOBATEIbHOCTH

69



[TockonmbKy TOKM HYJIEBOH MOCIIEOBATEILHOCTHU 10 CXeME «3Be37a» 0e3 Hy-
JICBOTO MPOBOJIA MIPOTEKATh HE MOTYT, TO €CTh IMEPBHYHAST OOMOTKA pa30MKHYTa
JUIS TOKOB HYJIEBOW MOCIEAOBATEIHHOCTH, TO CXEMY 3aMEIIECHUs MOKHO H30-
Opa3uTh craeayronmmM oopazoM (puc. 6.16).

Puc. 6.16. Cxema 3amenienus Y/Y, TpexdasHoro tpanchopmaTopa
JUTSI TOKOB HYJIEBOM TTOCIIEIOBATEIIbHOCTH

Comnpotusnenue TpanchopmaTopa i TOKOB HYJIE€BOM MOCIEA0BATEILHOCTH
B cxeMe coenuHenus Y /Yo paBHO:
Zon = Zyo + z/2.
CiienoBaTenbHO, Zorp B 3TUX CXEMax JOCTUTAET 3HAYUTEIbHBIX BEJIMYMH.

4. HecuMMeTpUYHBINA pe:kuM padoThl Tpex(dasHoro rpancpopmaropa

4.1. HecuMMeTpuuHBIA peKUM pabOThl NIPU HAJUYUU TOKOB HYJIEBOM IIO-
CJICJIOBATEIILHOCTH

PaccmMoTpyM HECUMMETPUYHBIH PEKUM PaOOTHI JJISI CXEMbl COCIUHCHUS
Y/Yo. Kak 6bu10 mokazano panee,

Iy = Ipg + Lyy;
Iy =141 + 1y + 1.

Toku HyneBOM MOCIEA0BATEILHOCTH MPOTEKAIOT TOJIBKO MO BTOPUYHOM 00-
MOTKE U SIBJISIOTCS YMCTO HaMarHUYMBAIOIIMMU, T.K. OHU HE YPAaBHOBEIIMBAIOT-
Cs TOKaMM HYJIEBOM MOCIIEN0BATEIbHOCTH B MEPBUUHONM 0OMOTKe. TOKHM HyJe-
BOM TIOCJIEIOBATEILHOCTH CO3/Jal0T MAarHUTHBIA TOTOK HYJIEBOW MOCJeI0Ba-
TEJTBLHOCTH, YACTOTHI f1, KOTOPBIA HHAYLHPYET B 00enx ooMoTkax IJ[C HyneBoit
ITOCJICJOBATCIbHOCTH:

Tort — Do — Eort = —Zordor.

OJIC nyneBoil nocieaoBaresbHOCTH cymmupyerca ¢ DC npsimoit mocie-

JOBATEIbHOCTH, B pe3yJibrate uero ¢asusie I/C OynyT:

Ey=Eg + Eo;
Ep = Ep1 + Eopi;
EC = ECl + EOH'

Ecnu npeneOpeus najgeHueM HanpspKeHUs B 0OMOTKe, TO (ha3Hble Hampshke-
HUs OyJlyT paBHBbIL:
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Ha BekTopHO# nuarpamme BHIHO HCKa)KEHHE CHCTEMBI (Da3HBIX HaIpshKe-
Hul (puc. 6.17).

A

Puc. 6.17. Bextopnas nquarpamma (ha3HbIX HAIPSKSHHHA
TpexdazHoro TpanchopmaTopa Mpu HECUMMETPUUHOM PEXUME PabOTHI

JlnarpaMMa BTOPUYHBIX HAIpsHKEHUH OyJeT MMeTh aHaloruyHbiil Buj. Ha-
npasiieHue U BenuuuHa BekTopa DJIC HyneBoil mociieoBaTeIbHOCTH 3aBUCUT
oT (ha3bl TOKOB HYJIEBOM MOCJIEIOBATEIbHOCTH U ONpPEAEIAETCS YCIOBUSIMH Ha-
rpy3ku. Ha Bennuuny nuHelnbix Hanpsokenuil DJIC HylieBoil mocieaoBaTeb-
HOCTH HE BIIMAET, TaK KaK B Pa3HOCTH (Da3HBIX HAMPSHKEHUW HYJIEBBIE COCTaB-
JSIOLIUE UCUE3ALOT.

Takum oOpazom, B OpOHEBBIX U OpOHECTEPKHEBBIX TpaHChoOpMaTropax co-
enunenue Y/Yo HE MPUMEHSIOT, TaK KaK MCKa)XEHHE CUCTEeMbI (ha3HBIX HAmps-
KEHUHN OBIBACT yXKe MPU HE3HAYUTEJbHBIX TOKaX HYJIEBOM MOCIEA0BaTEIbHOCTH,
WIM K€ B JIaHHBIX TpaHcPopMaTopax MOJKHA HAMATHIBATHCS JOMOIHUTENIbHAS
TpexdazHas TpeTuyHas OOMOTKa, KOTOpas COCIUHSACTCS B «TPEYTOIBHUK» U
npeaHa3HaYeHHAas Ui YPaBHOBEIIMBAHUS TOKOB HYJIEBOM MOCIEI0BATEILHOCTH,
KOHIIbI JaHHOW OOMOTKM HapyXy He BbIBOASTCS. Ecim oHa paccunTaHa Takxke
JUIS Harpy3Kd M €€ KOHIIBI BBIBOASTCA HapyXKy, TO MOJY4aeTcs TPEeXOoOMOTOU-
HBIN TpaHchopmarop.

B crepxxneBbix Tpancopmaropax ¢ coequHeHreM Y /Yo UCKa)KeHUE CHCTE-
MbI (ha3HBIX HANPSHDKEHUM MEHBIIE, TaK Kak zon<<z,. B TpancdopmarTopax Ta-
Koro Tuna coeanHenue Y/Yo OpuMeHsOT 10 MOIHOCTH S < 6 000 kBA, npu
3TOM TOK B HyJieBOM mipoBoje 3hon < 25 % h.

OTMeTuM, YTO HaJTWYUE HYJIEBOIO MPOBOJAA WM 3a3€MJICHUS C 00EUX CTO-
poH TpancopMaTopa ¢ coenuHeHEe 00MOTOK Yo/Yo HE JaeT rapaHTUH YPaBHO-
BEIIMBAaHM TOKOB HYJICBOW MMOCIIEIOBATEIbHOCTH, TaK KaK COMPOTUBJICHHE TEp-
BUYHOT'O KOHTYpa JJIsl ITUX TOKOB MOXKET OKa3aThCsl OOJIBIINM.
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4.2. HecumMmeTpruyHBbIE PEKUMBI PabOTHI MPU OTCYTCTBUU TOKOB HYJIEBOM
IIOCJIEIOBATEIBHOCTH
Ecnu Toku Hyn€eBOM NOCIeA0BATEIBHOCTH paBHbI HYIIIO on= 0, TO €CTh

liww=0; Ipn=0; In=0;
loo=0; In=0; lo=0.

TO CUCTEMbI TOKOB IEPBUYHON U BTOPUYHON U OOMOTOK:

Iy = Ig1 + Lap; Iq = 1g1 + Ig2;
Ig = Ipy + Ip; b = Ip1 + Ip2;
Ie =1Ic1 +Ica, Ie =1Icq + cp.
Ecnu npeHeOpedb HAMarHN4YMBAIOIUM TOKOM, M CUUTATh, YTO W, =W, (HUJIH
BTOpHYHAs 0OMOTKA MPUBEJICHA K IEPBUYHOM ), TO

2 2

jAl =-1Ig1; jAZ == 1Ig2;
jBl =_jb1; sz =_jb2;
jc1 =_jclx jcz == 702-
Torna 9 7
Iy =-1g;
Ip __ib:
jC __jc

Takum obpazom, MJIC u TOKM ypaBHOBEIIMBAIOTCS B KaxAo0u ¢ase, BIHs-
HUE OJHKUX (Pa3 HA JPYTUE OTCYTCTBYET, M KAKIYIO (hasy MOKHO paccMaTpUBaTh
B OTENBHOCTH. J[7151 KaXkmoi pa3bl N1eiCTBUTEIbHBI CXEMbl 3aMEIIICHHUSI.

N3 cka3zanHOrO Creyer, 4To TOKM U NOTOKH HYJIEBOM MOCJIEA0BATEIBHOCTH
B TpaHc(hopMaTropax pazIuyHON KOHCTPYKIMHU U C OA3JTUYHBIMU COCTUHEHUSIMU
00OMOTOK MPOSIBIIAIOTCA U JEUCTBYIOT aHAJIOTUYHO TPETHUM rapMOHUKAM Hamar-
HAYMBAIOIIETO TOKA M MOTOKA. Pa3HuIa 3akiroyaercs JIMIb B TOM, YTO MEPBBIE
M3MEHSAOTCSA C OCHOBHOM, & BTOPBIE — C TPEXKPATHOWU YACTOTOM.

Cornacuo I'OCT, cuctema TpéxdazHbIX TOKOB CUUTACTCS CUMMETPUYHOM,
€CJIM COCTaBJIISAOIIAs OOpPATHOM IMOCIEI0BATEILHOCTH COCTaBisAeT He Oosee 5%
OT MPSAMOW MOCIEAOBATEIBHOCTA NPU OTCYTCTBHM TOKOB HYJIEBOW IOCJEAOBA-
TEJIbHOCTHU.
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Jlekyusi 7. TAPAJIJIEJIBHASI PABOTA U CIEHUAJIBHBIE TUIIbI
TPAHC®OPMATOPOB

[naH nekyuu

1. MapannensHas paboma mpaHcghopMamopos.
2. CneyuarneHble murkl mpaHceghopMamopos.

1. [MapaniensHas padoTa TpaHchoOpMaTOpPOB

Ha mnoBpImaromux ©u TOHMKAMOINIMX TPAHCPOPMATOPHBIX IMOJACTAHITUAX
O0OBIYHO HECKOJIbKO TpaHC(HOPMATOPOB MOTYT BKIIIOYATHCS MAapajUICIbHO JPYT
JpyTy AJist 00eCneYeHUs CIeIyIONINX TPeOOBaHHMIA:

1) moBbIlIeHHE HAIEKHOCTH DIIEKTPOCHAOKEHMUS;

2) co3naHue pe3epBa Ha Cilyyall aBapuu WIM PEMOHTA;

3) yMeHbIlIeHHE TOTEePh SHEPTUH B MEPHOJIbI MAJbIX HArPY30K MOJCTAHIIUU
nyTEM OTKIIFOUCHHUS YacTu paboTaronux TpaHchopmMaTopos.

Jist ontumm3anuu paboThl TpaHCHOPMATOPOB HEOOXOAUMO BBITOTHEHHUE
CIICIYIOIINX YCIOBHM:

1.00miass Harpy3ka MOJCTAHIIMK JIOJDKHA paclpeiesisyiach MEXIy IMapai-
JeNbHO paboTaromuMu TpaHchopMaTopaMu MPOMOPIMOHATEHO UX HOMHHAJh-
HBIM MOIITHOCTSIM;

2. B Ttpancdopmaropax HE MOHKHO BO3HUKATH YPABHUTEIHHBIX TOKOB, a
Tak)ke OPOCKOB TOKa;

3. [Ipu nonknroyeHruu TpancGhopMaTopoOB Ha MapaLICIbHYIO PadOTy J0KHA
ObITh OOecrieueHa npaBuiibHAs (pa3sMpOBKa BBIBOAOB, TO €CTh HA OJHY U Ty K€
IIMHY BKJIIOYAIOTCS TAKKE BBIBOJIbI, HAMPSIKEHUSI KOTOPBIX COBIIAIAIOT 110 (hase.

Takum oOpa3om, Mpu napamieaTbHOM BKIOYEHUU TpaHC(HOPMATOPOB HEOO-
XOJIMMO 00€eCIeYnBaTh CIeAYIOIIEe.

1. PaBencTBO K03 duUnMeHTOB TpaHchopMaruu TpaHchopmMaTopoB:

Uim = Unn =...= Uing; Uom = Upnn =...= Uhnn,
17007
k= ki=..= kn;
i€ 7 — 9YUCJIO TPAHC(POPMATOPOB, BKIIOYAEMBIX HA NApAILJICIbHYIO padoTy.

2. OnrHAKOBBIC TPYIIBI COSTUHEHHUS 0OMOTOK TpaHC(HOPMATOPOB.

3. PaBHBIC HOMUHAIBHBIC HAINPSKEHUSI KOPOTKUX 3aMBIKAaHUN TpaHchopMma-
TOPOB

Ukt = Uknn =...= Uknn.

Ecnu manHbIe YCIOBUS HE BBIMOJIHSIIOTCS, TO B 0OMOTKaX TPaHCPOPMATOPOB
Ipy MapajuieIbHOW paboTe HAYMHAIOT MPOTEKaTh YPaBHUTEIbHBIC TOKH, KOTO-
pBi€, €Clid J1a’Ke HEBEJIMKU U HE MPHUBOMAST K aBapHUH, BHI3BIBAIOT HEPABHOMEP-
HYIO Harpy3Ky, a TakyKe U3JIMIIHUE TIOTEPU U HAarpeB 0OMOTOK.
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Cxema Bk/IIOUYEHHUsI TpaHC()OPMATOPOB HA MapalieSIbHYI0 padoTy MoKazaHa
Ha puc. 7.1.

ABC abce

A 1 a_|

B b

C c

2 ;

A I i ' R

B b

C c

Puc. 7.1. Cxema BKiIt0YeHHS Tpex(aszHbIX TpaHCHOPMATOPOB
Ha MapaieNIbHyI0 padoTy

[lepBuuHble OOMOTKHM TpaHC(HOPMATOPOB MOAKIIOUAIOTCS MApAJICIbHO Ha
oOLIYIO CETh, @ BTOPUUHBIE — K Harpys3Ke.

[Ipu nepBoM BKIIIOUEHHH TpaHC(HOPMATOPOB Ha MapajlielbHYyl0 paboTy He-
00X0IMMO NPOBEPUTH UX (Pa3UPOBKY, TO €CTh YOEAUTHCS B TOM, UTO HA OJIHY U
Ty K€ IIMHY BKJIIOYAIOTCA Takue (ha3bl OTACTBHBIX TPAHCPOPMATOPOB, KOTOPHIE
coBnagaroT no ¢ase. Takyro NpocTEeHIyr0 MPOBEPKY MPUMEHHUTEIBHO, HAIpH-
Mep, K cxeMme Ha puc.7.] MOXHO MPOBECTH ClEMyOmUM oOpa3oM. BKIFOUHTH
BCE YKa3aHHbIE HAa CXEME€ COCJMHMUTENM 3a HCKJIIOYEHUEM, Hampumep, b u c
tpanchopmaropa II. 3atem npu U; # 0 u3MepuTh HaNpsKEHUE MEX]Y BBIBOJIA-
MU KaXKJIOTO Pa30MKHYTOTO COeAMHUTENSA b U ¢. Eclii 3TH HanpsiKeHUs: paBHbI
HYJII0, TO (ha3MpOBKa MIPABUIIbHAS.

PaccMoTpuM HEOOXOAMMOCTD BBIIOJIHEHUS BCEX TPEX YCIOBUM BKIIOUEHHUS.

1. PaBencTBO KO3 PUITMEHTOB TpaHCHOopMAITHH.

Ecnu He BrIMONHAETCS 3TO yCIOBHE, T.€. ki < Kii, TO

Ui < U

Uzm Uzm
Tak kak TpaHcpoOpMaTOpPbl NOAKIIOYAKOTCS HA OOLIYIO CETh, TO

Uimt = Ui = Ucgrn-

Torna
Ucetn _ Uceru 1 1
, < = Uym > Uz = Eom > Eopn
Uym Uy Uzm Uz

CrnenoBaTelbHO, B 3aMKHYTOM KOHTYpE BTOPHUYHBIX OOMOTOK JCHCTBYET
pazHocts D/C:
AE = E>m - Eamn.
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[Ton neiictBuem D/IC BO3HHMKAET ypaBHUTENIbHBIN TOK (puc. 7.2):

. AE
Zg1+2zgn
A
ﬂU = I I 7] .
I=%KI
¥ |_AE
. y
AUy =-zgly
Y
L -
E,
R 2
Eaqr|f !

Ua cp

AT
M {PI'{ Foe=17
>, yi=1y

I}’II=_jy

Puc. 7.2. BekropHas quarpamma ypaBHUTEIBHOTO TOKA

OTOT ypaBHUTEIBHBII TOK HIMEET BO BTOPUUHBIX OOMOTKax TpaHcpopMaTopa
pa3IMYHbIE OTHOCHUTENIBHO AEUCTBYOIMX B HuX JJIC HampaBieHus: NEpBbIU
TpaHcopMarop OTIaET ypaBHUTEILHBIN TOK, BTOpOoW — moTpediser. [lanenus
HaIpsDKEHUS, BbI3bIBAEMbIE YPABHUTEIbHBIMU TOKaAMU B OOMOTKax, BbIPaBHU-
BAIOT BTOPUYHBIC HANPSDKEHHUS OOMOTOK. Y paBHUTEIbHBIE TOKM MPOTEKAIOT IO
0OMOTKaM Ja)e B PEeXHME XOJOCTOro xoja. IIpu BKIIOUEHMH HArpy3Kud B
TpaHchopMaTope MPOTEKAIOT TOKU HArpy3ku Jir1 = Jirn = Mhr. CxinanpiBasch
HVMH, YPaBHUTEIbHBIE TOKU BBI3BIBAIOT HEPABEHCTBO PE3YJIBTUPYIOIINX TOKOB
b1 # bu v HepaBHOMEPHYIO Harpy3ky TpaHchopmaropa (puc. 7.3):

A

U,

Puc. 7.3. BexropHas tuarpaMMa TOKOB
MIpH HEPAaBHOMEPHOI Harpy3ke TpanchopmaTopa
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Takum oOpa3om, TpaHCHOPMATOP C MEHBIIUM KOIP(HULHEHTOM TpaHchOop-
Malliy Meperpyxaercs, ¢ 00JpIIUM — Henorpyxaercs. HopmanbHol paboThl Ha
oOuryro Harpy3ky He nomydaerca. ['OCT nomyckaer pasHully ko3¢((uUIHeHTOB
Tpanchopmanuu He oosee 1%.

2. OaHaKOBBIEC TPYHIBI COETUHEHUS TpaHC(HOPMATOPOB.

JlommycTuM, Ha mapajIeNbHYI0 paboTy BKIIOYEHBI JBa TpaHchopMaropa co
CIEAYIOUMMHU IPyNIaMu:

tpanchopmarop [ - Y/Y-0;

tpancpopmarop 11 - Y/Y-2.

Torna Bropuunbsie DJIC cooTBeTCTBYIOMUX (Pa3 3THUX TpaHCHOPMATOPOB Oy-
JyT PaBHBI 110 BEIMYMHE U CABUHYTHI HA 60° (puc. 7.4). M3-3a cnBura 3Tux Bek-
TOpoB 10 ¢aze obpasyercs pasuuna IJC, moa AelcTBHEM KOTOPOH MPOTEKaeT
YPaBHUTEIbHBIN TOK:

AE
Zg1+Zgyn

AE = Iy =
JI.E':'I

Puc. 7.4. BextopHas auarpamma BTOpudHbIX DJ[C
IPY Pa3TUYUK TPYIIN COSTUHEHUS TpaHCHOPMATOPOB

VYpaBHHUTENbHBINA TOK B 3ToM ciiydae: fy = (10...20) A, T.e. HanMuue TaKoOro
YPaBHUTEIHHOTO TOKAa B OOMOTKE PAaBHOCHIILHO PEKUMY KOPOTKOTO 3aMBIKAHUA.
Takum oOpa3oM, BKJIIOYEHHE Ha MapajuielibHYyl0 padoTy TpaHC()OpPMATOpOB C
pas3HBIMH TPYIIIAMU COEIWHEHUsI KpailHE OMAacHO W HEAOMyCTHMO MO TpeboBa-
Husim ['OCT.

3. OnuHaKoOBbIE HOMUHAJIbHBIE HAIIPSKEHUS KOPOTKOTO 3aMbIKaHHUS.

PaccMmoTpum napaienbHyo padoTy, KOrzia BKJIKOYEHBI JBa TpaHCPOpMATO-
pa ¢ paBHBIMM HOMHHAQJIbHBIMH HANPSKEHUSAMH KOPOTKOI'O 3aMbIKaHHUS, C OJU-
HAKOBBIMU KO3 PuimenTamu TpaHchopMalvu U rpynmnamu coenquaenus. Cxema
MOJIKJIFOYEHHMS [TIOKa3aHa Ha puc. 7.5.
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o &

Puc. 7.5. Cxema noaknrodeHus TpanchopmMaropos,
YUYUTBIBAIOLIAs HATPSYKEHUS! KOPOTKUX 3aMbIKaHUI

CoriacHO cxemMe MO>KHO 3aIricaTth
hzgy = nzg
T/1€ Zkl, ZKii — KOMIUIEKCHBIE CONPOTUBJIEHUS KOPOTKOI'O 3aMbIKAHUS IIEPBOIO U
BTOPOTO TpaHC(HOPMATOPOB.
CrnenoBartesbHO,

I ZK] Zy e’ PK1 z .
1 _ — _ 7K — ZKI eJ (@xi-®xi)

Iy Zxn zZgpe/ 9K zygp
[TockonbKy Qg1 = Qki1, TO
II ZKII 1 1

Iy zwi  Zxi Zxo
YMHOXHUM U pa3euM NPaByIO 4acTh MOCIEIHETO YPaBHEHUS HA [y [y

I Ly Iun

In  Ljzgr  Inizgn
Tak:xe yMHOKUM U pa3fesiuM IPaByIo U JIEBYIO YacTH ypaBHeHUs Ha Uy:
LUy _ Iy Uy ) Iy Uy

InUy  Imzygr Iynzxn

Yurém, uTo
Imizxy = Uk, Tnuzun = Uk
LUy =S, InUy = Su,
IyiUn = Sur, unUn = Sun-
Torna
St _ Su, S
Su Uk UKII.

Otkyna cnenyert, 4To
59 Sp 1 1
St Sun Ukt Uk
N3 mocneaHero BbIPaXKEHUSI MOXKHO CJHI€NIaTh BBIBOJI, YTO OTHOCUTEIbHBIE
MOJIHBIE MOITHOCTH — TO €CThb OTHOCHUTEJIbHAs Harpy3ka — mapajjieibHO pado-
TaMMUX TpaHCHOPMATOPOB OOPATHO MPOMOPLUHUOHATIBHBI UX HAMPSHKEHUSM KO-
POTKOTr0 3aMblkaHUs. Ecii HampsiKeHUs: KOPOTKOTO 3aMbIKaHUs MapajlieIbHO
paboTaIKX TPAaHCPOPMATOPOB PaBHBI, TO TPAHCHOPMATOPHI HATPYKEHBI PaB-
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HOMEPHO WM TIPH TOBBIIICHWH HArpy3KH JOCTUTAIOT HOMHHAJIBHONW MOITHOCTH
OJTHOBPEMEHHO. Ecin ke HampsKeHUs KOPOTKOTO 3aMBIKaHKS HE PaBHBI, TO TIPH
MOBBIIIICHAN HAarpy3Kd HOMWHAIBHOW MOIIHOCTH, MPEXIE BCETO, JOCTHTaeT
TpaHchopMaTop ¢ HAMMEHBITUM HAIPSHKCHHEM KOPOTKOTO 3ambikaHwus. Jpyrue
TpaHchopMaTopsl pu ATOM emié OyayT HEAOTPYKECHBI, U B TO YK€ BPEeMs Jalb-
HEHIIee TMOBBIIICHNE UX HAarpy3Kd HEIOMYCTUMO, T.K. NMEPBbIN TpaHCHOpMATOD
Oynet meperpyxkarbes. Takum 00pa3oM, yCTaHOBJICHHAs MOIIHOCTh TpaHChOp-
MaTOpPOB OCTAHETCS HEJOWMCIOJIB30BAHHOW. PekoMeHayeTcsi BKJIOYaTh HA Ta-
paieIbHYI0 paboTy Takue TpaHCc(HOpPMATOPhI, y KOTOPHIX pa3HUIIA HaIpsIKe-
HUN KOPOTKOTO 3aMBIKAHUS YAOBIETBOPSIET YCIOBHUIO:

AUy < 10% (UKI + UKII+---+UKn)
— n )

TJI€ 71 — YUCJIO TpaHc(hopMaTopoB, pabOTAOIIUX HapaJIEeILHO.
[Ipu >TOM OTHOIIIEHWE HOMHHAJIBHBIX MOIIHOCTEW JOJDKHO OBITH B TMpEe-
nax: 1:3. Jlonyctumslie neperpy3ku TpanchopmatopoB Hopmupytores [[OCTowm.

2. CnenuaJjbHbIe TUIIBI TPAHC(HOPMATOPOB

2.1. ABToTpancdopmaTopsl

ABTOTpanchopMaTopsl — 3TO Takue TPaHCHOPMATOPHI, B KOTOPHIX MEPBUY-
Hasi ¥ BTOpUYHAsi OOMOTKH UMEIOT HE TOJBKO AJIEKTPOMArHUTHYIO CBSI3b, HO U
aneKTpuueckyro. M ecnu B TpaHcopmaTopax mnepeaaya dHEpruu OCyIlecTBIIs-
eTcs TOJBKO 3a CYET MAarHUTHOTO TOJIS, TO B aBTOTpaHcopmaropax — enié u 3a
cu€T 3JeKTpUuYecKoil cBsizu. B aBToTpancpopmaTopax mepBUYHas OOMOTKa
BKJIFOYEHA B CETh NapaJUIEIbHO, a BTOPUYHAS - IOCJIEA0BATEIBHO, P ITOM
YCTPOMCTBO OOMOTOK M MX PAaCIOJOXKEHUS Ha CTEPKHSIX TaKoe K€, Kak U B
0OBIYHBIX TpaHc(hopMmaTopax. ABTOTpaHC(HOPMATOP MOMKET CIYKHUTh Kak IS
TIOBBIIICHUSI, TAK W JJI TOHWKCHHS HAMPSDKCHUS. DJNEKTPUYECKUE CXEMBI IMO-
BBIIIAIONIETO TpaHcPopMaTopa MpeACcTaBiIeHbI Ha puc. 7.6.

B nro6owm cityuae,

UBH - UHH + U. 2-

[IpeneOpexéM moTepsaMH, MageHUSIMU HANPSDKEHN B OOMOTKaX M HaMarHu-

yuaoimuM TokoM. Torga 3/C, Tok U HaIPsHDKEHMS CBSA3aHbI TaK:
UG _E_L_wm_
u, E, I, w, AT

C napyroii ctopoHsl, KodhduireHT TpaHchopMalry HANPSHKEHUH U TOKOB

NEPBUYHON U BTOPUYHOMN CETel aBTOTpaHcpopMaTopa:
Usn _ s, W

Kwp = —= :
v Ugu Iy Wy
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Puc. 7.6. DnekTpudeckre cXeMbl MOBBIMIAIOIIETO TpaHChopMaTopa

B aBToTpanchopmaropax He BCS MOILIHOCTH Mepeaaércs MocpeICTBOM Mar-
HUTHOTO TIOJISI, YaCTh MOIIHOCTH MepenaéTcs IJIEKTPUUECKUM MyTEM, CIe0Ba-
TEJIbHO, B aBTOTPaHCPOopMaTOpax pa3anyaroT MOIIIHOCTHU:

1. IlpoxoanHas (BHEIIHSISI) MOIIHOCTh, TIepeaBaemMasi U3 OJIHOW CETH B JIPy-
I'yIo:

Snp = Unnlun = Upnlpy-

Pacuérnast (BHYTpeHHsIs1) MOIIHOCTh, IepefaBaemMasi MocpeICTBOM MarHuT-

HOTO TIOJISI U3 TIEPBUYHON OOMOTKH BO BTOPUYHYIO:
Sp = E1 1, = E5 .

[TpoxoaHast MOIIIHOCTH OOJIBIE PACUETHON Stp > Sp, , T.K. YaCTh MOITHOCTH
nepena€res dJeKTpudYeckuM NnyTéM. Pacxon marepuanoB, rabapuThl M CTOH-
MOCTh aBTOTpaHCcHOpMaTOpa OMPEIEIICTCS PACYETHON MOIITHOCTBIO, H TI0O3TOMY
B TPUHIIAIIC TPUMEHEHUE aBTOTPaHC(HOPMATOPOB BBHITOJIHEE, YEM TMPUMCHCHHE
OOBIYHBIX JIBYXOOMOTOUHBIX TPAHC(HOPMATOPOB, Y KOTOPBIX. Sip = Sp.

B aBToTpanchopmaropax:

Sp_ Bl (Upy-Unwlgn _ . 1
Snp Usnln Ugnlgn Krp

Otcrona crneayer, 4To MPUMEHEHHE aBTOTPAHC(POPMATOPOB TEM BBITOJIHEE,
yeM Ommke Atp k enunuie. O0bryno Atp < 2,5. Eciin 0603HauuTh pacxo/ (Bec)
aKTUBHBIX MaTepHajoB aBTOTpaHcpopmaTopa Kak Gar, a OOBIYHOTO JIBYXOOMO-
TOYHOTO TpaHchopmaTopa Kak (Grp, TO
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1
Gur = e (171
AT TP KTP

HNonyctum, Ktp = 2, torna Gar = Grp (1—%) = 0,5G1p, TO €cTh pacxon ak-

TUBHBIX MaTEpPUAIOB aBTOTpaHC(OpMaTOpa MEHBIIE B JIBa pa3a, 4eM Y OOBIYHO-
ro IBYXOOMOTOYHOTO TpaHc(opMaTopa.
Hanpsbkenust KopoTKoro 3aMbIkaHusi aBTOTpaHchopmaTopa U TpaHcpopma-
TOpa CBs3aHbl aHAJIOTUYHBIM COOTHOIIICHUEM:
1
Ukar = Uxkrp (1_1(_)'
TP
Ortcrona, HanpsHKEHUE KOPOTKOTO 3aMbIKaHHS aBTOTpaHC(OpMaTropa MEHb-
1€, 4eM OOBIYHOT0 JBYXOOMOTOYHOTO TpaHchopmaTopa. ITO HEIOCTATOK aBTO-
TpaHchopMaTopa, Tak Kak TOK KOPOTKOTO 3aMbIKaHUs OO0Jibllie, YeM OOBIYHOTO
JIBYyXO0OMOTOYHOTO TpaHcpopmaTopa. BMecte ¢ 3TUM, 3IeKTpUYECKUE MOTEPU B
aBTOTpaHc(popMaToOpe MEHbIIIE, TaK KaK

1
PanAT = PanTp (1—K—TP)-

CnenoBatenbHo, KIIJI aBroTpancdopmaropa Oosblie, 4emM y OOBIUHOTO
JIBYX0OMOTOYHOTO TpaHc(opmaropa.

[ToTtepn ¥ HanpsyKEHHE KOPOTKOTO 3aMbIKaHUS, OTHECEHHBIE K pacyETHOMU
MOIIHOCTA U K HOMHHAJIBHOMY HaIpPsDKEHUIO BTOPUYHONM OOMOTKU aBTOTpPAHC-
dbopmaTopa, MPUMEPHO TaKUE K€, KaKk U B 0ObIUHBIX TpaHchopmaropax. OnHa-
KO, €CJIM 3TU BEJIUYHMHBI OTHECTH K MPOXOAHOW MOIIHOCTU U K HOMUHAJILHOMY
HANPSHKEHUIO CETH, TO OHU IPUMEPHO B Spp/Sp MEHBIIIE, UeM B OOBIYHBIX TPaHC-
dbopmaropax. ITo 0OBACHAETCA TEM, YTO OOMOTKA C YHUCIOM BUTKOB W, Paccyu-
TaHa TOJIbKO Ha YacTh HampsbkeHus U, U O3TOMY €€ CONPOTHBIIEHUE MEHBIIE,
4yeM B 0OOBIYHOM TpaHc(hopmaTope, a B OOMOTKE C YUCIOM BUTKOB W) IPOTEKAET
TOJIbKO 4acTh ToKa Jyy. [loaromy KIIJ[ nepenaun sHepruu npu NnpuMEHEHUN aB-
TOTpaHC(opMaTOpa YBEIMUMBACTCS, a MAJCHUE HANPSIKEHUS YMEHbBILAIOTCA.
BMmecre ¢ TeM yBenMUMBAIOTCA TAaKXKE TOKM KOPOTKOI'O 3aMbIKAHUSI.

B Tpexdaznbix ycraHoBkax OOMOTKH aBTOTpaHC(HOPMATOPOB OOBIYHO CO-
EAMHSIOT B «3Be31y». [Ipy 3TOM 111 ycTpaHEeHUsl TPETbUX FAPMOHMK B ITOTOKaX
u OJIC da3 npumensieTcst TpeTuyHasi 0OMOTKa Majold MOIIHOCTU C COEIUHEHU-
€M B «TpeyrosbHUK». Takke e HaxoIAT NPUMEHEHUE TPEeXOOMOTOUYHBIE
TpaHncopMaTopbl, B KOTOPHIX OOMOTKH BBICIIETO M CPEIHEr0 HamNpsKEHUS
UMEIOT aBTOTPAHC(POPMATOPHYIO CBSI3b.

Takum 00pazoM, MpUMEHEHHE aBTOTPAHC(HOPMATOPOB B MPHUHIIUIE BBITOJI-
Hee, 4YeM OOBIYHBIX TPaHC(HOPMATOPOB, T.K. Y HUX MEHBIIE BeC, rabapuThl, MoTe-
pu, Boie KIIJ[, yeM y 0ObIUHBIX IByXOOMOTOUYHBIX TpaHC(HOPMATOPOB, HO HE-
00X0IMMO M30JIALMI0 KaKJI0M OOMOTKM OTHOCUTEIBHO KOPITyCa PacCUUTHIBATDH
Ha HaNpsKEHUE CETU BBICOKOI'O HAIIPSDKEHHUS, a TaKXkKe U30JILUI0 TOTpeduTeneil
HEOO0XOJMMO paccuuTaTh Ha BBICOKOE HANPSKEHUE.
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2.2. TpéxoOMOTOUHBIE TPaHCPOPMATOPHI

TpéxobMoTOUHBIE TpaHC(HOPMATOPHI HCMONB3YIOTCA Ha SJIEKTPOCTAHIMAX
JUId MIUTaHUSl PacHpElEeNIUTENbHBIX CETeW C pa3IM4YHbIMU HOMMHAJIbHBIMU Ha-
OPsDKEHUSIMU M MTO3BOJIAIOT JOCTUYb SKOHOMMM B KallMTAJIbHBIX 3aTparax 3a
CU€T YCTAaHOBKM MEHBIIET0 yucia TpaHchopmaropoB. TpéXxoOMOTOUHBIE TpaHC-
(dopMaTOpBEl MOTYT UMETH OAHY MEPBUUHYIO OOMOTKY U JIBE€ BTOPUYHBIX UJIU JIBE
HNEepPBUYHBIX OOMOTKH U OJIHY BTOpuuHy0. Hanbomnee pacnpoctpaneHsl Tpéxo0-
MOTOYHBIE TPaHC(HOPMATOPHI C OJHOM NMEPBUYHOM W JBYMsI BTOPUYHBIMHU OO-
MOTKaMu. KOHCTpYKTHBHOE YCTPOMCTBO Takoro TpaHchopmarTopa mpeacTaBie-
HO Ha puc. 7.7.

[Ipu 3TOM Ha OJJTHOM CTEpPKHE PACIIOJIAraeTCsl HECKOJIBKO 0OMOTOK (B cilydae
MHOTOOOMOTOYHOIr0 TpaHcpopMaTopa), uiau 3 0OMOTKH — y TPEXOOMOTOYHOIO
TpaHchopmaropa — oOMoTKa Hu3Koro HampspkeHus (OHH), oomotka cpennero
nHanpspkeHus: (OCH), oOMoTka Bbicokoro HampsiokeHust (OBH).

OBH OCH OHH

i
\ 1, @
\ — T i
\ | -—
I '-‘—
p( | i3
~ 01 I & “
o I HI3 | “HI2
|
L —
— |
i1 k‘,_._ — —

Puc. 7.7. Koncrpykuus TpéxoOMOTOUYHOTO TpaHcpopmaTopa

O06o03HaunM HHJIEKCaMu 2 U 3 BTOpUYHbIE OOMOTKH, a nepBuuHyto — 1. To-

raa kodpuueHTs Tpanchopmanuu OyayT paBHbIL:

Uy Uy

Ki == Kiz=-—7.

U, Us
Ecnu mpuBecTn ymcia BTOPHUYHBIX OOMOTOK K YHCIy BUTKOB IEPBUYHOU
OOMOTKHM, TO TOJYYHUM YpaBHEHHUS HAIMpPSHDKEHUH M TOKOB TPEXOOMOTOUHOTO

TpaHchopmaropa:
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(U =-Ey + I,(ry + jx;) =-Eq + L2y

l:// = E/—i/(rz/ +jx£) = Eé—fézé;

U/ E3 [/(r3 +]x3) = Eé—[ézé;
\ j1 = fo‘[é‘[é-
Ecnu npeneOpeub HaMarHMYMBAIOIIMM KOHTYPOM, TO MOJYYHUM YIPOILIEH-

HYIO0 cXeMmy 3aMellenus (puc. 7.8), BEKTOpHasl Auarpamma KOTOpO#l MpUBEIeHA
Ha puc. 7.9.

A

f_.l}h.

—:i—°
“1 55
° L |
.—-. ‘
Il 4
e < HT2

o

Puc. 7.8. Ynpoménnas cxema 3aMemieHus
TpEXOOMOTOYHOTO TpaHchopmaTopa

Puc. 7.9. BexropHas auarpamma
TPEXOOMOTOUYHOTO TpaHcPopMaTopa
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BekropHas auarpamMma Moka3bIBaeT, 4YTO BTOPUYHBIC IIEMUM B3aUMHO CBsI3a-
Hbl. 1Ipy M3MEHEHHH HArpy3KM B OJHOM M3 BTOPHYHBIX Iemeil, pomyctum, I/
YBEJIMUMTCSA, TOK [/1 Takxke BO3pacTET (cornmacHo npasmiy Jlenna), Torna /121
TOXKE YBEJIUYUTCS, a, 3HAUUT, COTVIACHO MEPBOMY YPAaBHEHUIO BBIIIE MPUBEAEH-
HOW CUCTE€MbI YPABHEHU, ~E4 ymenbiutcs. U3menenue DJ1C Bieuér 3a coboit
U3MEHEHHUE HAMPSKEHUsI HA 00X BTOPUYHBIX OOMOTKAX.

[TapameTpbl cXeMbl 3aMELEHUS ONPENEIIAIOTCA U3 ONBITOB KOPOTKOTO 3aMbl-
kanus. [Ipu 3TOM HEOOXOIUMO TPOBECTH TPU OIBITA KOPOTKOTO 3aMBIKAHMS,
3aMbIKas M0 oYepean KaKIyro 0OMOTKy. COMpOTHUBICHUS HAMArHUYUBAOIIETO
KOHTYpa OTMPEEISIOTCS U3 OMbITa XOJIOCTOTO XO/a, KaK I ABYXOOMOTOYHOTO
Tpanchopmaropa. CiemnyeT OTMETUTh, YTO WHIYKTUBHOE COMPOTHBIICHUE pac-
cesiHrsE OOMOTKH PACTIONIOKEHHONW MEXITY NBYMS APYTHUMH, ONH3KO K HYJIO WIH
UMeeT HeOOJbIIOe OTPHUIATENIbHOE 3HAYCHHE, YTO (OpPMaTbHO SKBUBAJICHTHO
€MKOCTHOMY COMNPOTHUBJICHUIO, a (Pu3nuecku 00yCIOBIEHO OCOOCHHOCTSIMU pac-
npeeieHUsI MarHUTHBIX TOJICH paccesiHuUs.

B nacrosiiiee Bpemsi mpou3BOAATCS TPEXOOMOTOUYHBIE TpaHC(HOPMATOPHI CO
CJIEIYIOIMMHU COOTHOIICHUSIMA HOMUHAIBHBIX MOIIIHOCTEN TPEX OOMOTOK.

100%; 100%; 100%.
100%; 100%; 67%.
100%; 67%; 100%.
67%; 67%; 100%.

3a HOMHMHAJIBHYIO MOIIHOCTh TaKHUX TPEXOOMOTOYHBIX TPaHCPOPMATOPOB
MPUHUMAETCS MOIIHOCTh HamOoJee MOIMHON (mepBuYHON) oOMOTKH. K 3TOM
MOIITHOCTH TPUBOASATCSA HANPSHKEHUST KOPOTKOTO 3aMbIKAHUSL Uy12%, Ux3%, U
Ui23%, YKa3bIBa€MbI€ B JOKYMEHTAIIMU TpaHchopMaTopa.

B 1péxoOmMoTOUHBIX TpaHCcPopMaTOpax MPUHSTHI CICIYIOIINE CTaHAAPTHbHIC
cxembl coenuuenuii — Y/Yo/A-0-11; Y /A/A-11-11. O6mMoTKH yKa3aHBI B cJie-
nytomen nocienosatensHoctu: BH, CH (cpennero nampsixenus), HH. Oxgno-
daznbie TpaHchopMaTOphl UMEIOT cxemy coeaunenus 1/1/1-0-0.

Tpexobmorounble TpaHCHOPMATOPHI C JBYMsI MEPBUYHBIMU OOMOTKAMU U
OJIHOM BTOPUYHOW MPUMEHSIOTCS HA MOIIHBIX AJeKTpocTaHuuax. [Ipu stom
NEePBUYHBIC OOMOTKH MMEIOT OJIMHAKOBOE HOMHHAJIBHOE HAMPSHKEHWE W K HUM
MPUCOCIUHACTCS MO OJHOMY MOIIHOMY Te€HepaTopy, a BTOpUYHAs OOMOTKa,
UMeEroNIasl IB€ MapajijieibHbIX BETBU, COCJIUHSIETCS 4Yepe3 IMOJCTAHLHIO C JIU-
HUSMHU 3JIEKTpONepeIay.
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Jlekyusi 8. MIEPEXOJHBIE INPOIIECCHI B TPAHC®OPMATOPE
[naH nekyuu

1. [NepexoOHbIlU rpouecc rnpu 8KMo4YeHUU mpaHcgpopmamopa.
2. [NepexodHhbIl rpouecc rnpu KOPoOMmMKoOM 3aMblKaHUU
mpaHcgopmamopa.

1. Ilepexoanblii mpouecc Npu BKJIKYEHNH TPaHchopmaTopa

[lepexonubie mporeccsl B TpaHchopmarope BO3HUKAIOT MPHU JIFOOOM U3Me-
HEHUH HArpy3K{ WIN HaMpsHKeHHs CeTH. Bo Bpemsi mepexoaHbIX MPOIEeCCOB TO-
KU TpaHchopMaTopa MOTYT BO MHOTO pa3 MPEBBIMIATh MX HOMUHAIbHbBIC 3HAUE-
HUS, 9YTO MOXKET IPUBECTU K HEJOMYCTUMOMY BO3PACTaHHIO AJIEKTPOMArHUTHBIX
CWJI, ACUCTBYIOUIMX HAa OOMOTKHM, U TeMIeparypbl 0OMOTOK. AHaJIU3 Mepexo/I-
HBIX MPOLECCOB B TpaHCPOpMATOpe MO3BOJISIET TPUHUMAThL 0OOCHOBAHHbBIE pe-
IIEHUs IIpU pa3paboTKe ero KOHCTPYKIUU U (OpMUPOBaHUM TpeOOBaHUI K yc-
JIOBUSIM 3KCILTyaTalluu TpaHc(OopMaTopa U CPeJCTBAM €ro 3allUThI.

PaccmoTpuM nepexoaHblil mpouecc Mpu BKIOYEHHH OJHO(A3HOrO TpaHC-
dopmartopa B ceTh ¢ HampspkeHueM U, = U, cos(wt + ). Bropuunyto o6MOT-
Ky JJI IPOCTOTHI OyAeM moiaraTh pa3oMkHYTo# (puc.8.1). Ilpu 3Tux ycnoBusix

MpolLIecChl B TPAaHC(HOPMATOPE OMUCHIBAIOTCS YPABHEHHEM

| dd
u1 = rllll + W1 E.

P
K - A N
o—F 44 3 -
Nd: b g }}
1 Wy Wad
U Liq 1 —
o1 P g
l\- rrrrrrrrrrrrrrrrrrr 'JI

Puc.8.1. Cxema BritoueHus Tpanchopmaropa

CBs13b IOTOKA B3aMMHOW MHAYKIMH P ¢ TOKOM i, ONpeAenseTcss HeIMHEH-
HOUW MarHUTHOM Xapaktepuctukon @ (7,), MOATOMY MPUBEICHHOE BBIIIE YpaBHE-
HHUE HE UMEET CTPOrOoro aHAIUTUYECKOTO PEIICHUSA. YUUThIBAs, UYTO B CHUIIOBBIX
TpaHchopMaTropax MajeHue HANpPsHKEHUS 71l HE3HAYMTENIbHO M3-3a MaJIOCTH
AKTUBHOI'O CONPOTHUBIICHUS I, 3AMEHHUM TOK I, UCIOJb3ys JUHEAPU3OBAHHYIO
MAarHUTHYIO XapAKTEPUCTUKY
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w, O
H Ll ’
rae L1 — ctaTuyeckass HHIyKTUBHOCTh NIEPBUYHONM OOMOTKH, COOTBETCTBYIOIIAS
CpEAHEMY 3HAYECHUIO IIOTOKA B IIEPEXOJHOM IPOILECCE.
Takass 3aMeHa IO3BOJISIET JIMHEAPU30BaTh BBINICIIPUBEICHHOE YpPaBHECHUE
HaIpsDKCHUA Us:

IR

i

U n do
—=—0 4+ —
wy Ly dt
Pemenne maHHOrO ypaBHEHHS 3alMCHIBAETCS B BHJE CYMMBI JBYX COCTaB-
JISIOIUX MTOTOKA:
® = Qycr + Dcs.
VYcranoBuBIeecs 3HadeHue noroka Pycr onpenensercs U3 IMHEAPU30BaH-
HOTO YpaBHEHHUsI HANPSDKEHUS Uy ipu df dt = jw:
Uymcos(wt + y-¢@)  Uppcos(wt + ¢ -90°)

2 N
Wy (Z—ll) + w? 1

CDYCT =

Ty 5
CBoOoanas cocrasisitonias @cg = Ce L1 mpencrapisieT coOOM pelieHue
oJHOpoAHOTO AU PepeHITnaTbHOrO YpaBHEHUS:

dCDCB ™
+ _CDCB = 0.
dt Ly
IlocrossHHas uHTErpHpoBaHUsA C ONPENENAETCS M3 HAYaJbHBIX YCJIOBUM:

®(0) =0.
[TozcTaBisist MOTyYeHHbIE 3HAYEHUs B ypaBHEHHE TOTOKA D, moyunm
0 Uymcos(P —90°) N

C.
wwW;
Orcrona
C =-,,siny,
_Uim
rie O, = o,

C y4eroM MOJIy4YEeHHBIX COOTHOUIEHUHN PELIEHUE JTMHEAPU30BAHHOIO ypaBHE-
HUS HANPSDKEHUS U1 MOYKHO IPEJICTaBUTh B BUJIC

L]
® = @, sin(wt + )- @, sinf - e L.

Cnenyer OTMETUTBH, YTO CBOOOJHBIM TOK MpEACTaBIseT COOOM peakIuio
WHEPLUOHHOMN, 00JIafaroeil NHAYKTUBHOCTBIO IIEMH Ha UMITYJIbC, CTPEMSIIIU-
Csl UBMEHUTH €€ PEKUM. DTOT CBOOOIHBIN TOK «CIVIAKUBAET)» MEPEX0] K HOBOMY
pEXHUMY, HE JOIMYCKasi MTHOBEHHBIX KOHEUHBIX 110 3HAYEHUIO U3MEHEHUH TOKa,
KOTOPbIE B UHEPLIMOHHOW L€ HEBO3MOKHBI.

XapakTep NepexoAHOro MpoLecca 3aBUCUT OT Ha4aJbHOU (a3bl y HaIpsiKe-
HUSl CETH B MOMEHT BKJIIOUeHus Tpanchopmaropa. [Ipu P = 0° cBobogHas co-
CTaBJIAIONIASA TOKA paBHA HYJIO U B IEMH Cpa3y POPMUPYETCS] yCTaHOBUBILIHICS
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pexuM. [Ipu Y = + 90° cBoOoHAs cocTaBisIONIAs UMEET HauOoJIbIlIee 3HaUe-
Hue (puc. 8.2). B arom ciyyae norok @ yepe3 nosimnepruoaa 1mocie BKIHOUYEHUS
Wt = T UMeeT MaKcuMalbHOE 3HaueHHE Pnax = 2D,,, Tak Kak cBOOOHASA CO-
CTaBJISIONIAS 3aTyXaeT O4YeHb MEJICHHO M3-3a MajocTd ri1. [louTu yaBoeHHOE
3HaueHUe mNoToka P NPUBOAUT K CHIBHOMY HACBIIIEHUIO MarHUTONPOBOAA
TpaHncpopmaropa.

i, o

i"”
wjﬂﬂx\

f i 1

\

Puc.8.2. [lepexoaHou npouecc BKIKOYEHUS Puc.8.3 M3MeHeHne Toka BKIIOYEHUS
TpaHchopMaropa TpaHchopMaTopa MpHu HACHIIIICHHOM
MarHUTOIPOBOJIC

[IpakTHKa MOKa3bIBAET, YTO BO MHOTHX CIIy4asX MPH HACHIIIEHUU MArHUTO-
IPOBO/Ia MAKCUMAJIbHbIE 3HAUEHUS TOKA BKJIFOUEHHS MOTYT MPEBBIIIATH aMILIHU-
TyAy yCTaHOBHBIIIETOcs Toka xosnoctoro xoxa B 100...150 pa3 (puc. 8.3) u, co-
OTBETCTBEHHO B HECKOJIBKO Pa3 aMIUIUTYAy HOMUHAIBLHOTO TOKa. Takue Opocku
TOKA BKJIFOYEHUS BBI3bIBAIOT OCJIOKHEHUS MPU KOHCTPYUPOBAHUM U HACTPOMKE
3aIIUTHBIX TOKOBBIX pejie TpaHCHOPMATOPOB, TaK KaK MOTYT BBI3BATh JIOKHOE
cpabaTbIBaHHE ATUX peJjie MPU BKIFOYCHUH TpaHC(hopMaTopa Ha XOJIOCTOM XOTy.

2. IlepexoaHnslii mpouece Npy KOPOTKOM 3aMbIKaHNH TpaHcdopmaTopa

B ycioBusix skcrutyatanuu KOPOTKHE 3aMbIKaHUS OOBIYHO BO3HUKAIOT BHE-
3allHO B pe3y/ibTaTe Pa3IUYHOTO POJia aBapuil B JIEKTPHUECKHUX ceTsX. [Ipum
3TOM B TpaHcHOpMATOpE MPOUCXOAUT IMEPEXOHBIN MPOIECC, COMPOBOKIAIO-
HIuiicss OOIBIIMMH 3HAYEHUSIMA TOKOB B 0OMOTKaxX. AHajIu3 MEepPEeXoHOTO Mpo-
11ecca MO3BOJISET MPU BHE3AITHOM KOPOTKOM 3aMbIKAHUU OIEHUTH YPOBEHb ATHX
TOKOB B 3aBUCUMOCTH OT Pa3JIUYHBIX BIHSIONINX (PAKTOPOB.

OrpanuunMcs paccCMOTPEHUEM MpoIecca KOPOTKOTO 3aMbIKaHUA OJIHO(A3-
HOro TpaHchopmaropa, pabOTaBIIEr0 A0 3TOTO B PEXKUME XOJOCTOTO XOJa
(puc. 8.4). Ilpumem momymieHHe, YTO HampspkeHne cetd uq = Uq,sin(wt +
). HE 3aBUCUT OT pekuMa padoThl TpaHchopmaTopa, a Takke OyaeM mojararh,
4TO MarHUTONPOBOJA TpaHchopMaTropa BO BpeMs KOPOTKOTO 3aMbIKAHUS HE
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HACBIILIEH, MOCKOJIbKY IMOTOK B3aUMOMHAYKIIMU P Mpu KOPOTKOM 3aMbIKAHUH
CHUYKAETCsl MOYTH BIABOE M3-3a CUJIBHOTO Pa3MarHMYMBAOIIETO JACHCTBUS TOKOB
BTOpUYHON 00MOTKH (cM. 1. 1 B jekuuu Ne 4 «PexxumM KOPOTKOTO 3aMBbIKAHUS U
napameTpbl TpanchopmaTopar).

Puc.8.4. Cxema KOPOTKOTO 3aMbIKaHUS
Tpanchopmaropa

VYkazanHoe OMyIleHrEe TMO3BOJIIET MPeHeOpeyb TOKOM HaMarHUYMBAHUS U
MOJIOKUTh B OCHOBY pacueTa TOKa BHE3AITHOI'O KOPOTKOTO 3aMbIKaHUsS YIIPO-
HICHHYI0 cxeMy 3amenieHus (puc. 8.5). IIpoueccsl B 3TON cxeMe OMUCHIBAIOTCSA
JTUHEHHBIM U] PepeHITNATBHBIM ypaBHEHUEM

4l diy
Uy = rgly + k dt

Tk Ly

ui I

O

Puc. 8.5. YnpouienHnast cxema 3amelieHus: Tpaicgopmaropa
MIPU KOPOTKOM 3aMbIKAaHUU

Pemenue JaHHOI'O YPABHCHHA UMCCT BUJ

l1 = lyycr + licB-
VCTaHOBHMBIIASACS COCTABIISAIONIAs AycT NPEICTABIAET COOOM YacTHOE pellle-
HUC BBIIHerI/IBeI[eHHOFO ypaBHeHI/IH HaHpﬂ)KeHI/IH u.

. U | |
liyct = > m Sln(wt + lIJ - (pk) = IkmSln((Dt + llj - (pk)r
VT + (wly)?

r7ie P4 — Qa3HbIN YroJ MPU KOPOTKOM 3aMbIKAaHUH.

CBobomHas coctaBisomas ijcg = Ce Lk ompenensercs U3 OJHOPOIHOTO
g depeHINaTbHOTO YPABHEHHUS
diycp
= 0.
dt
JIJ1si HaXOKJICHHsI TIOCTOSTHHOM MHTErpyupoBaHus C 3a/JaluM HadajdbHBIC yC-
JIOBHUSI B MOMEHT BO3HUKHOBEHHS KOPOTKOT0 3ambikanus: i1 (0) = 0.

Tkiice + Lg
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[ToyxcTaBisis MOaydYeHHBIC 3HAYCHHUS B YPAaBHEHHUE TOKA 11, TOJTyYUM
0 = Iyysin(P - @) + C.
Orcrona C = —Ikmsin(tp - (pk). C y4eToM MOJyYEHHBIX COOTHOILICHUMN BBI-
pakeHHe JJI1 TOKa KOPOTKOTO 3aMbIKaHHS 1{MOKHO MPEACTABUTh B BUJIE

Tk
i1 = lanSin(@t + ¢ - @)= lamsin(Y - @i )e "

[TomyyeHHOE BBIpaKEHUE MOKA3bIBAET, YTO CBOOOHASI COCTABIIAIOIIAS TOKA
KOPOTKOT'O 3aMbIKaHHMs 1| UMEET HYJICBOE 3HAUCHHE MPU J = Px U P = Qx— T U
TOK KOPOTKOI'O 3aMbIKaHUSl cpa3zy INpPHOOpETaeT YCTAaHOBMBILEECS 3HAUYCHHUE.
[Tpu Y = @x+ /2 cBOOOAHBIN TOK MMEET HauOOJbIIEe 3HAYCHHE, U TOK KO-
POTKOr0 3aMbIKaHHUSl JOCTHIAaeT CBOET0 MAaKCHMaJIbHOI'O 3HAYEHUs MPUOIH3U-
TEJIBHO Yepe3 MONNEePUoa Mocie MOMEHTa KOPOTKOTO 3aMbIKaHUsA, TO €CTh IIPU
ot = 1. [lepexonHbie MpPOLECCH NPAKTUYECKU 3aKaHUYMBAIOTCS Y MAlbIX TPAHC-
(opMaTopoB B TEUEHHUE OJHOTO MEPHUO/A, a y OOJIBIINX — B TeueHue 6 — 7 nepuo-
)i (0):3

W3menenne Toka i1 pu KOPOTKOM 3aMbIKaHUM Uit ciiydast Y = @k + /2
NoKa3zaHo Ha puc. 8.6. Ilpu 3THUX yCIOBUSIX MakCUMaJIbHOE, UM yoapHoe, 3Haue-
HUE TOKAa KOPOTKOI'O 3aMBIKAHMSA Imax IIOYTH B JIBAa pa3a IPEBBIIIAET €r0 yCTaHO-
BUBLIEECS 3HAYCHUE I1yCT

Tk
ilmax = Ikm (1 +e WLy )

'1max

£ f;l-

nmax

Puc.8.6. MI3MeHeHne Toka KOPOTKOTO 3aMbIKaHUs TpaHchopMaTopa

MHOXxHTENb B CKOOKaxX MOCIEIHErO BBIPAXKEHUS HA3BIBACTCS YOAPHbIM KO-
agpduyuenmom M MOKA3BIBAET BO CKOJIBKO pa3 yJapHBI TOK KOPOTKOTO 3aMbl-
KaHus OOJbIlle aMIUIUTYAbl YCTAaHOBMBILETOCS TOKa KOPOTKOTO 3aMbIKaHus. B
3aBUCUMOCTH OT 3HAUEHHUS ¥/ L, 3TOT KOAIDPUIUEHT MOXKET U3MEHATHCS B Ipe-
nenax kyp=1...2. Jlig MomHbIX Tpancopmaropos kyy = 1,7...1,8, a 11 Mansix
kyﬂ = 1,21,3

Tok [i,, MOXXHO BBIpa3uTh Yepe3 HANPSKEHUE KOPOTKOIO 3aMbIKaHUSI TPaHC-
dbopmaropa,
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V2 Ly

km

U
T
a KOB(b(I)I/IHI/IeHT 3aTyXaHUA j qgepe3 €ro CoOCTaBIAIOIIMC,
k
%
Tk _ Uka
(‘)Lk u;;r.

JUJ1s cUIIOBBIX TpaHCc(hOpMaTOpoOB
ur*=0,05..0,1; ur™/urr*=0,15...0,2.
IIpm 5THX MapaMeTpax MaKCUMaJIbHBIA TOK MOYKET JOCTUIaTh 3HAYEHUN
ilmax = (2035) [H-

JleiicTBrE 3TOr0 TOKa BRIPAXKAETCS B YBEJIMUEHUH HarpeBa OOMOTOK U B 3HAUU-
TEJIbHOM BO3PaCTaHUM JIEKTPOMArHUTHBIX CHUJI, JEUCTBYIOIIMX HAa 0OMOTKH. B co-
BPEMEHHBIX 3HEProCHCTEMAax MPUMEHSIOT ObICTPOACHUCTBYIOUIYIO pEJICHHYIO 3a-
HIUTY, OTKJIIOYAIONIYI0 aBapuiiHblid ydyactok 3a 0,3...0,5 c. 3a 310 BpeMsi TpaHc-
(dopmarop He ycreeT HarpeThest 10 NpeAeIbHO JOITyCTUMOM TeMIepaTyphl.

Bonee onacHbIM sIBIsieTCS JEHCTBUE 3JIEKTPOMArHUTHBIX CHJ, O0YCIIOBJIEH-
HBIX B3aMMOJICHCTBHEM MOJS paccesHus OOMOTOK TpaHc(opmaTtopa C TOKOM,
IPOTEKAIOIIUM MO 3THM 00MOTKaM. Ha oOMOTKM JEHCTBYIOT 3I€KTpOMAarHuT-
HBIE€ CUJIbI IBOSIKOTO poja:

pagvalibHbIE CHUJIbI, CTPEMAILUECS CKAThb BHYTPEHHIOIO OOMOTKY W pacTs-
HYTb HAPYKHYI0 OOMOTKY B paJIdajJbHOM HalpaBJICHUH;

aKCHUAJIbHBIE CHUJIbI, CTPEMSIIUECS CKaTh OOMOTKY B aKCHAJIbHOM HaIlpaBJie-
HUWU.

[Ipu OTKIIIOYEHUHN YACTU BUTKOB (HAIIpUMED, MPU PETyIUPOBAHUU HAIPsIKE-
HUS1) paclpeesieHne CUII MEHSAETCS, YTO TAK)K€ IPUBOJUT K U3MEHEHHIO JEHCT-
BYIOILIMX 3JIEKTPOMAarHUTHHIX chil. [Ipy 3TOM 3aMETHO BO3pacTarOT aKCHAJIbHBIE
CHJIBI.

Cuna, npuxoadmascs Ha €AMHUIY JUIMHBI IPOBOAHHUKA, ONPEIEISIETCS Mpo-
W3BEJCHUEM MHIYKIIUU TIOJIS PAcCesHUs HAa TOK F = B+1. B HOpMalbHBIX PeXKH-
Max 3Ta cuia HeBenuka. Hanpumep, npu Toke i = 100 A w uagykuuu B = 0,1 Tn
cuna F=0,1-100 = 10 H/m. Takas cuna He TpeACTaBISIET ONACHOCTH VISl TIPO-
BOJHUKA.

[Tpu KOPOTKOM 3aMbIKaHUU MPOU3BEICHHE B+ Bo3pacTaeT MpONnopIHOHAIb-
HOi°, TO3TOMY JIEKTPOMATHUTHBIC CHIIbI IPEBBINIAIOT MX 3HAYCHHS B pabounx
peXrMax B COTHU pa3. DTH CHIIbI NyJbCUPYIOT ¢ yactorod 100 I'u, BbI3BIBas
BuOpamuio u nedopmaiuio oOMOTOK. [Ipu MexaHUYECKUX HANpPSHKEHUSX, IMpe-
Beimaronmx 50...60 H/MM?, neopMariii CTaHOBATCS HEOOPATHMBIMHI H 0OMOT-
Ka pazpymaercs. [loatomy 00OMOTKY TpaHcopmaropa HEOOXOAUMO KOHCTPYH-
pOBaTh TaKUM 00OpPa30M, YTOOBI €€ BUTKU U KaTYUIKW ObUIM MPOYHO YKPEIICHBI
U CIOCOOHBI 0e3 3aMEeTHBIX AeQopMalfii BbIIEPKUBATH OONbIINE MEXaHHYe-
CKHE CUJIbI, BO3HUKAIOIINE B MPOIECCE KOPOTKOIO 3aMbIKAHUS.
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Pa3nen 3
@®OHJIbI OIEHOYHBIX CPEJCTB 3HAHUI

3.1. KoHmporsibHbIe 80rpockl, UCrosib3yeMble rpu rnod20moske
K nabopamopHbim pabomam.

3.2. Tecmel, ucrionb3yemsble ripu 0orycke K nabopamopHbim pabomam
u ux 3awume.

3.3. KoHmMporibHbIe 80rpocCkl, UCrob3yeMble rnpu nod20moeKke
K 3K3aMeHy.

3.4. Tecmsbl, ucrionib3yemMble rpu rnocmynieHuU 8 Mazucmpamypy.

3.5. Tecmsbl u 3adayu, ucrosnb3yemMble Ha cmyO0eHYecKux oniumnuadax.

[lepBblii, BTOpOM W TpeTUH MpeacTaBieHHbIE (DOHIBI MpPEeIHA3HAUEHBI IS
OILICHKY 3HAHUM CTYJCHTOB BBICIIUX Y4€OHBIX 3aBEICHUI, 00YUYaIOIIUXCS 1O OC-
HOBHOU 0Opa3oBaTeIbHOM MporpamMMe OakajiaBpuara C HalpaBlI€HUEM IOArOo-
ToBKH 140400 «DNeKTpodHEPreTuKa | SJIEKTPOTEXHUKaA» (KBamudukaims
140400.62 «OakanaBpy).

UeTrBepThiii GpoHT MCIIONB3YETCS U1 OLICHKW 3HaHWU pasjaena «Tpancdop-
MaTopbD», y IMOCTYNAIIMX B MArucTparypy C HalpaBI€HUEM MOJTOTOBKH
140400 «OnexTposHepreTuka U 3JeKTpoTexHHka» (kBanudukanus 140400.68
«MarucTp»).

[1aTe1il pOHI MOXKET OBITH MCIONB30BAH AJIS MOATOTOBKH OOYUYaOIIUXCS K
y4acTHUIO BO Beepoccuiickux CTyI€HUECKHX OJIMMITHAAX 110 SIEKTPOMEXaHHKe.

3.1. KoHTpoOJbHBIE BONPOCHI, HCIOJIb3YeMble IIPH MOATO0TOBKE
K JIaDopaTopHbIM padoTam

Nsyuenne paznena «TpanchopmaTopb» MNpeaycCMAaTpUBAET BBITIOJTHEHUE
NnByX abopatopHbix padot — Ne 4 «MccnenoBanue TpéxdazHoro 1ByxooOMoTou-
Horo Tpancpopmaropa» u Ne 5 «IlapamnenvHas pabora TpaHchopmMaTOpOB»
[3, 4].

3.1.1. Ilpu nodcomoske k nabopamopmoi pabome Ne 4 Heobxooumo, uc-
NOIb3Ysl KOHCHEKM JeKYUll U peKOMeHOYeMylo Tumepamypy, Omeemums Ha cie-
oytoujue KOHMpPObHble BONPOCHL.

3.1.1.1. Yro Takoe xoadpdunueHT Tpanchopmanuu TpanchopmaTopa U Kak
OH ompeaensercs?

3.1.1.2. YTo Takoe HOMUHAJILHBII PEXXUM PabOThI TpaHCPOpMaTOpa U Kakue
HOMUHAJIbHbIE BETMYMHBI YKA3bIBAIOTCS B MACIIOPTHBIX JAHHBIX?

3.1.1.3. Kakue mapametpsl Tpanchopmaropa Hopmupyrtcs [[OCTom?

3.1.1.4. JIns dero cayXuT (heppoOMarHuTHBIA MarHUTOMPOBOJI B TpaHC(Op-
marope?
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3.1.1.5. Yro Takoe npuBeAEHHBIN TpaHchopMaTop?

3.1.1.6. [lapameTpbl cxeMbl 3amelieHus: TpaHchopMaTopa U UX COOTHOIIIE-
HUE.

3.1.1.7. OcHOBHBIC YpaBHEHUS MPUBEAEHHOTO TpaHchopMaTopa.

3.1.1.8. Tok x010CTOTO X0Ja M €ro cocTapistomue. B kakux npenenax Ha-
XOJIUTCS OTHOCUTEJIBHOE 3HaYEHUE TOKA X0JIO0CTOr0 X01a?

3.1.1.9. SBnsercsa nu 3aBucumMocts [y = f(U;) NpIMOTMHEHHON HIIK KPUBO-
JMHENHOMN U mouemy?

3.1.1.10. Ha 4ro pacxoxmyercs moaBoauMMasl akTHBHAs MOLIHOCTH Py B pe-
KM€ XO0JIOCTOro xozna?

3.1.1.11. Yro Ha3pIBaeTC HOMUHAIBHBIM HANPSHKEHUEM KOPOTKOI'O 3aMBbl-
KaHus Tpancopmaropa?

3.1.1.12. M3 xakoro omsITa MOXHO OIPEAECIUTh DJIEKTPUUYECKHUE IOTEPHU
TpaHchopmaropa?

3.1.1.13. Kak 3aBHUCAT COCTaBJISIIONIME HANPSHKEHUSI KOPOTKOTO 3aMbIKAHUS
OT MOUTHOCTHU TpaHchopmaropa?

3.1.1.14. Kak U3MEHSIOTCA DJIEKTPUUECKUE U MAarHUTHBIE TTOTEPU B 3aBUCH-
MOCTH OT HaIlPSKEHUS?

3.1.1.15. Tlouemy npu MHIYKTUBHON HArpy3kKe BTOPUYHOE HANPSHKEHUE
TpaHchopMaTopa YMEHbIIIAETCA, a IPH €eMKOCTHOW — YBEJIMYUBACTCA?

3.1.1.16. Ilpu xaxkom ycaosuu KIIJ[ TpancopmaTopa nmeeT MakCUMaIbHOE
3Ha4YeHue?

3.1.2. Ilpu nodeomoske k nabopamopmnoi pabome Ne 5 Heobx00umo, uc-
NONb3YSI KOHCREKM JIeKYUl U PEKOMEHOYEMYIO TUMepamypy, omeemums Ha CJle-
oyiouue KOHMpPOIbHbLE 6ONPOCHL.

3.1.2.1. Kakue cxembl coeTMHEHUS 00MOTOK TpEX(a3HbIX TpaHCHopMaTOpoOB
BbI 3HaeTe?

3.1.2.2. Kakoi npyHIUN MOJ0KEH B OCHOBY OINpPEICICHUS TPyl COEIUHE-
HUN 0OMOTOK TpaHC()OPMATOPOB.

3.1.2.3. Ot kakux (HaKTOpOB 3aBUCHUT TPYyIIa COCAUHEHUH OOMOTOK TpaHC-
dbopmaropoB? CKOIBKO TPYMI BO3MOXKHO Yy Tpé€x(dasHbIX TpaHchopMaTopoB?
HazoBute cranmapTHbie rpyMIbl COETUHEHU 0OMOTOK TpaHC(hOpPMaTOPOB.

3.1.2.4. Kakue CymeCTBYIOT METOAbI ONBITHOTO OIPEICICHUS TPYMIIbI CO-
enrHeHui 0OMOTOK TpaHcopmaTtopa? B uém 3akimogaercst CylHOCTh METOJa
BOJIbTMETPA.

3.1.2.5. Kakue ycinoBusi HEOOXOUMO BBINIOJIHUTD JIJIsl MapajIeibHOM pado-
ThbI TpaHc(hopmMaTOpoB?

3.1.2.6. IloueMy nipu HEOJMHAKOBBIX KO3(puuuenTax Tpancpopmanuu Ha-
rpy3ka Mexay MapajuiebHO padoTarouMMu TpaHchOpMaTOpaMH pacrpees-
eTCsl HEpaBHOMEPHO?
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3.1.2.7. C xakumMu pa3inuuusMu KO3(P(ULHUEHTOB JOMYyCTUMA MapajuieiabHas
pabota TpanchopmMaTopoB?

3.1.2.8. Kak pacnpenensiercss Harpy3ka MexJ1y napajuiebHO paOoTaloIMMMu
TpaHchopMaTopamMu IPpHU HEOJUHAKOBBIX HAMPSHKEHUAX KOPOTKOTO 3aMbIKAHUA.

3.1.2.9. Kakoe paznuuue Mexay HamnpsHpKEHUSIMA KOPOTKOTO 3aMbIKaHUS J10-
nmycKaeTcs IMpH MapajiesibHON pabore TpaHchopmaropoB? B kakux mpenenax
IIPY 3TOM JOJDKHO HAaXOJIUThCS OTHOLIEHWE HOMHUHAJIBHBIX MOIIHOCTEH TpaHC-
dbopmaropos?

3.1.2.10. TloueMy HEZOMyCTUMO BKJIIYEHUE Ha MapauIe]IbHYI0 paldoTy
TpaHc(hOpPMaTOPOB € PA3IUIHBIMU TPYNIIAMHA COETUHEHUS OOMOTOK?

3.2. TecTbl, HCMOJIb3YEeMbIe IPH J0MYCKe K J12a00paTOPHBIM padoTam
U HX 3a1HTe

Jlis ompeneneHuss TOTOBHOCTH CTYIEHTOB K TPOBEICHUIO JTAOOPATOPHBIX
pabot o pazaeny «TpaHchopmaTopsl» MPOBOAMTCS TeCTHpoBaHHUE. Bompocsl,
UCIIOJIb3yEeMbIC B TECTaX, MPUBEICHBI HUXKE. TeCThl TaK)Ke MOTYT UCIIOJIb30BaTh-
Csl TIperiofiaBaTesIeM IMPHU 3allUTe OTYCTOB IO pe3yjIbTaTaM JIaDOpaTOPHBIX pa-
0OT.

Ha xaxxapIii Bompoc Tecta mpejjiaraeTcss oT TpeX 10 BOCBbMHU OTBETOB, IPH-
YeM IMPaBWIBHBIX OTBETOB MOXXET OBITh HECKOJBKO. IIpm OTBETe OoTMEdaroTcs
BCE IpaBUJIbHBIC OTBETHI Ha KaKIblii Bompoc. Kak mpaBwiio, TeCT cCUUTASTCS
CIAQHHBIM YJOBJICTBOPUTEILHO IMPH HAJIWYWK BCeX MPaBWJIbLHBIX OTBETOB Ha
TPH BOIIPOCA U3 TISITH.

3.2.1. Kak nipu pocTe eMKOCTHOM (MM UHIYKTUBHOM) Harpy3Ku U3MEHSETCS
Hanpspkenue U, Tpancopmatopa (ipu U; = const)?
1) He usmensiercs. 2) YMmeHblaercs. 3) YBenuuuBaercs.

3.2.2. Kak omnpeaenstoTcst 3JIeKTpuuecKkue (Uju MarHUTHbIE) TIOTEPU TpaHC-
dbopmaTtopa?

1) U3 onibiTa Harpy3Ku. 2) U3 ombITa KOPOTKOTO 3aMbIKaHUSI.

3) U3 onbiTa xosocToro xozAa. 4) M3 nacnopTHBIX TaHHBIX TpaHchopmaTopa.

5) Bce orBeThl npaBusibHbie.  6) HeT npaBHIIbHOrO OTBETA.

3.2.3. Kak mMoxer ObITh 3allMCaHO HOMHUHAJIBHOE HAIPSKEHUE KOPOTKOTO
3aMbIKaHus Tpanchopmaropa?

1) Ugas = 2275752 100%.  2) Uy, = 22572 100%.

U LH B PU1H

3) Uy, = 72—+ 100%. 4) Ugy, = —2— - 100%.
PlH K75 UlK-IlK

5)Ugy, = 71: 100%. 6) Uxy, = %. 100%.

7) Het npaBuiibHOTO OTBETA.
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3.2.4. Kakoli BHJ HMMEET CXeMa ISl MPOBEICHUS ONbITA XOJOCTOrO0 XOJa
TpaHchopmaropa?

) o Z | z 2) C Z | e z
o) | s [ N:@g Ay
—_ @A Xl la x —_ lM M
3) @C Z e z 4)_®c Z |c
Oy -G
— @irmi a x —@F x| =

3.2.5. Kakue mapamMeTpbl CXeMbI 3aMeIlIeHUsT TpaHCPopMaTopa MOKHO OIpe-
JCJIIUTDH U3 OIIbITa XOJIOCTOI'O xoz:a?
/ /
1) (zy u ). 2) (ryur). 3)(zy +zy) u(ry +ry).
A (r+z)u(rt+r). 5 (@ +Z2y)u(+ 7).

3.2.6. Kak u3MeHsI0TCS MarHUTHbIE TOTEPU MPU YBEIUYEHUU TOABOAUMOTO
HaIpsKEHU ?

1) [loTepu yBenuunBaroTCs. 2) [loTepu yMeHbIIAKOTCS.

3) [loTepu HE UBMEHSIOTCA.

3.2.7. Kak M0OxHO 3anucatb KO3(QQPUUUEHT MOIIHOCTU TpeX(a3zHOro TpaHc-
dbopmaTopa, paboTaroniero B pexxume xosoctoro xoaa? (3aece U; — da3Hoe Ha-
NPSIKEHHUE XOJIOCTOr0 X0/1a).

_ Pqg __ Py __ Pygg
1)cos o, = N 2)cos o, = 0w’ 3)cos ¢, = UL
V3 -Us-Lhp Q10 3-UqI10
4) cos = —, 5) cos = —, 6) cos = ——
) COs @, P ) cos @, P ) Cos @, P

3.2.8. Kak npu pocte MHAYKTUBHOW HArpy3Ky U3MEHsETCs HanpspkeHue U,
TpaHchopmaropa (ripu U; = const)?
1) He uzmensiercs. 2) YMeHbIaercs. 3) YBenuuuBaercs.

3.2.9. Ilpu kakom ycioBuu KIIJ| TpancopmaTtopa mmeeT MaKkCHMalbHOE
3HaueHue?

1) [Ipu xoaddunreHTe Harpy3Ku paBHOM €IMHHIIC.

2) [Ipu aneKTpUYeCKuX MOTEPSIX PABHBIX MATHUTHBIM MOTEPSIM.

3) Ilpu moOMHOM COMPOTHUBICHUH HAMArHUYHMBAIOIIETO KOHTYpa PaBHOM
MOJTHOMY COIIPOTHUBIICHUIO OOMOTOK.

4) IIpu ko3 puLeHTE MOITHOCTH PABHOM EAMHHIIE.
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3.2.10. Kakoii onbIT HEOOXOAMMO MPOBECTH, YTOOBI ONPEAEIUTh KOIPPULIU-
eHT TpaHchopmanuu?

1) OnbIT X0JIOCTOTO X0/a. 2) OnBIT KOPOTKOTO 3aMbIKAHUS.

3) OnbIT HAarpy3KH. 4) OnbIT HECCUMMETPUYHOTO MMUTaHUS.

3.2.11. Kakue mapamerpsi Tpanchopmaropa He HopmupyroTcsi [OCTom?
1) HomuHanbHOE JIMHEHHOE HAIPSIYKEHHE.

2) Tok x010€TOro X0Ja TP HOMUHAJILHOM HANPSHKEHUU.

3) HomuHanbHOE HalpsKEHUE KOPOTKOrO 3aMbIKAHUS.

4) IlosnHast HOMUHAIbHASI MOIIIHOCTb.

5) HomuHanbHOE CONPOTHUBIIEHUE KOPOTKOTO 3aMbIKAHMSL.

3.2.12. Kakue conpOoTUBIEHUS SABJISIOTCS MapaMeTpaMu KOPOTKOTO 3aMbIKa-
HUs TpaHchopmaropa?

/o /
1) (Vl,xl 41 Zl)- 2) (Vzaxz 41 Zz)- 3) (’”m, Xm U Zm)-
4) (r + 7”/2, X +x, u oz +Z/2)- SY(ri+ 7w x1 +x, Uz +2zy,).
6) Bce OTBETHI IPaBUIILHEIE. 7) HeT npaBujLHOrO OTBETA.

3.2.13. Kak u3MeHSroTCs JIEKTPUUISCKHE ITOTepH TpaHchopMaTopa IpH yBe-
JUYEHUHU TOABOAUMOro HanpspkeHust U, ?
1) YBenuunBaroTcs. 2) YMEHbIIaTCA. 3) He usmenstorcs.

3.2.14. Ykaxure Ha nuarpaMMme BEKTOP
HaMarHM4MBAIOLIEro TOKa (WJIM BEKTOP TOKa
BTOPUYHON OOMOTKH, WM BEKTOp MaJCHUS
HanpsHDKeHUs Ha MHAYKTUBHOM COMPOTHUBJIE-
HUM  paccesHus BTOPUYHOHM  OOMOTKH)
TpaHcpopmaropa.
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3.2.15. Kakum 006pa3zoM MOKXHO ONPEACIUTh AKTUBHOE U MOJTHOE COMPOTHUB-
JIEHWE HaMarHM4YMBAIOIIETO KOHTYpa CXEMBbI 3aMeleHus?

1) U3 ombiTa Harpy3KH. 2) U3 ombITa KOPOTKOTO 3aMbIKaHUSI.

3) U3 onbiTa x050cToro xoxaa. 4) M3 nacnopTHBIX IJaHHBIX TpaHchopMaTopa.

5) Bce otBethl npaBuiibHbie.  6) Het nmpaBuiibHOTO OTBETA.

4
3.2.16. VYkaxure Ha pPHUCYHKE 3aBUCH-
MOCTb TOKa KOpOTKOro 3ambikanus Iy = f(Ux) £
(MM 3aBUCHMOCTH MOIIHOCTH KOPOTKOI'O 3a- .
Mmbikaaust Py = f(Uy)) Tpancdopmaropa. 3
5
0 Uy

3.2.17. HomMuHanbHbIM HaNpPsSHKEHUEM KOPOTKOTO 3aMbIKAHMS TpaHCpopMa-
TOpa Ha3bIBAECTCS CIEAYIOLIEE ONPEIEIICHHUE.

1) Hanpsbxenue tpanchopmaTopa, MOABOJMMOE B PEXUME KOPOTKOTO 3a-
MBIKaHHsI K IEPBUYHON OOMOTKE, IIPH KOTOPOM 10 00EMM 0OMOTKaM MPOTEKAOT
YAApHBIE TOKK KOPOTKOI'O 3aMbIKaHUS.

2) HampspkeHue, IoJBOAMMOE B PEXXUME KOPOTKOI'O 3aMbIKaHUS K IIE€pBHUY-
HON OOMOTKE, IPpM KOTOPOM IO 00EMM OOMOTKaM MPOTEKAIOT HOMHHAIbHBIC
TOKHU.

3) Hamnpsixenue, noABOIMMOE B pEXUME KOPOTKOTO 3aMbIKaHUS K IEPBHY-
HOM OOMOTKE, IpH KOTOPOM I10 NIEPBUYHON OOMOTKE MPOTEKAET HOMUHAIbHBIM
TOK;

4) HomuHansHOE HampspKeHHE TpaHchopmaTopa,;

5) MakcumanbHO JTOMyCTHMOE HAIpPSKEHUE, KOTOPOE MOXHO MOJAaTh B pe-
KUME KOPOTKOTO 3aMbIKaHUs Ha IEPBUYHYIO0 OOMOTKY.

3.2.18. B ypaBHEHMSIX HamNpsHKEHUS MPUBEACHHOTO TpaHcPopMaTopa, BbI-
paxenue £ paciinpoBbIBAETCS CIEIYIOIIUM ONPECICHUEM.

1) D/1C, HaBoguMasi TOTOKOM paccesiHus MEPBUYHON OOMOTKH B MEPBUYHOMN
0OMOTKE.

2) OJ1C, HaBoguMasi HOTOKOM paccesiHusl BTOPUYHONM OOMOTKH B IEPBUYHOMN
0OMOTKE.

3) OC, HaBoguMas pe3yabTUPYIOLIUM MarHUTHBIM OTOKOM B IIEPBUYHOM
0OMOTKE.
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3.2.19. JIns 4dero (IpUHIMIHUAIBHO) CIYXHUT (PEPpOMArHUTHBIA MarHUTO-
poBoJ B TpaHchopmaTope?

1) dns yBennuenus KIT/I.

2) st yBenu4eHUs IOABOJJUMOM MOIIIHOCTH.

3) dns noBeIieHUs: K03 GHUIIMEHTa MOIITHOCTH.

4) Jlns co3nanus ¥ NpOBEAEHUS MAarHUTHOTO MTOTOKA.

5) Ans nmpoBeAeHus SIEKTPUUECKOTO TOKA.

3.2.20. Kak u3MeHSI0T MoABOAUMOE HanpsbkeHue U pu NpOBEAECHUU OIIbI-
Ta KOPOTKOTO 3aMbIKaHUA?

1) [logBoaMMOE HAMpsIKEHUE YBEIIMYMBAIOT 10 3HAYEHUS, TPU KOTOPOM TOK
KOPOTKOTO 3aMbIKaHUS CTAaHOBUTCA paBHbIM (25...50)% [iy.

2) ITogBoayMoOe HaANIPsDKEHUE YBEIMYUBAtOT J10 3Hauenus (1,25...1,5) Ujg.

3) [TonBoauMOE HaNpPSKEHUE YBEIMYUBAIOT 10 3HAYEHUS, [IPU KOTOPOM TOK
KOPOTKOT'O 3aMbIKaHUs1 CTaHOBUTCS paBHbIM (1,25...1,5)] 4.

4) ITogBoiuMOE HAIPSHKEHUE YBEIUYUBAIOT 10 3HaueHus, (5...10)% Ujy.

3.2.21. leiictBue TpanchopmaTopa OCHOBAHO HA TIPHUHIIUIE, U3JIOKCHHOM B
CJIEIYIOILLEM 3aKOHE.

1) B nepBom 3akone Kupxroda. 2) Bo Bropom 3akone Kupxroda.

3) B 3akone Oma. 4) B 3akone KyioHa.

5) B 3akoHe 371eKTpOMarHuTHOW WHYKLHUU.

6) B 3aKoHe noaHOTO TOKA.

3.2.22. VkaxuTe NMpaBUIbHOE COOTHOILICHUE MEXKAY aKTUBHOM W PEaKTHB-
HOW MOITHOCTBIO TpaHcopMaTopa, pabOTAIOMIEro B PEKUME XOJIOCTOTO XOia
(WK B peskrMe KOPOTKOI'O 3aMbIKAHUS).

1) Py > Q. 2) Py = Q. 3) Py~ Qo. 4) Py < Qo.

3.2.23. B kakux mnpeaenax AOIMYCKaeTcs
perynupoBarh HamnpsbkeHue U; moaBoauMoe
K TpaHcopmaTopy, paboTawleMy B pexuMe
X0JI0CTOro xo1a?

1)(0,5...1) % Uy. 2)(2...10) % Up.

3) (20...50) %-Uy. 4)(0,5...1,25) Uy.

5) (1,25...2)- Uy.

3.2.24. YKaxuTe Ha pPUCYHKE 3aBUCH-
mocTtb KII/] ot Harpy3ku: n = f(Ky).
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3.2.25. Kak omnpezensercss K03QpQGUUHUEHT MOJE3HOT0 ACHCTBUS TpaHCHOp-
mMaropa?

1) Kak oTHOIlICHHE aKTUBHOM MOIITHOCTH Ha BXOJE NMEPBUYHONW OOMOTKH K
MOJTHOM MOIIHOCTH Ha BXO/I€ IEPBUYHOM.

2) Kak oTHoIIeHHe aKTMBHOW MOIIHOCTH Ha BXOJ€ NMEPBUYHON OOMOTKHU K
AKTUBHOW MOIIHOCTH Ha BBIXOJI€ BTOPUYHOM.

3) Kak oTHoIIeHne aKTUBHOM MOIITHOCTH Ha BBIXOJE BTOPUYHONH OOMOTKH K
AKTUBHOW MOIIHOCTH Ha BXOJI€ IEPBUYHON OOMOTKH.

4) Kak OTHOIlIEHME aKTUBHOW MOIIHOCTH Ha BBIXOJI€ BTOPUYHOU OOMOTKHU K
MIOJTHOM MOIITHOCTH Ha BBIXOJE BTOPUIHON OOMOTKH.

3.2.26. B kakux mpenenax HaxXOJUTCS HOMHUHAJILHOE HAMPSHKEHUE KOPOTKO-
ro 3aMblKaHus Tpancopmaropa?

3) Ux = (10...20)%: Uy 4) Ug = (20...50)% Uh.

3.2.27. Kakue mapameTpsl CXeMbl 3aMeIleHHs] TpaHchopMaTopa MOXKHO OIl-
pEeIEeInTh U3 OIbITa X0JIOCTOIro Xoaa?

1) (z1 u 2>). 2) (ry ). 3) (z1 + zp) 1 (71 + 7).

4 (rtzu(r+r). 5 (i +2h)u(m+ ).

3.2.28. IlpuBeneHHBIM HA3BIBACTCS CICAYIONTNI TpaHCchopMaTop.

1) Tpanchopmarop, XOIOCTON X0 KOTOPOro OJM30K miu paseH 0.

2) Tpancdopmatop, OTHOCUTENIbHASI MOLIHOCTh KOTOPOTO paBHa 1.

3) TpancpopMarop, BTOPUUHOE HAIPSHKEHHE KOTOPOro paBHO 0.

4) Tpancdopmarop, K03PpPULUHUEHT TpaHCHOPMALIMK KOTOPOro paBeH 1.

3.2.29. OTHOCHUTENILHOE 3HAUYEHHE TOKA XOJIOCTOI'O X0Jia HaXOIUTCSI B Clie-

JYIOLIEM JIHAITa30HeE.
1) 0,005...0,04. 2)0,04...0,10. 3)0,1...04.
4)04...1. 5)0,25...1,25. 6)0,5...4.

3.2.30. Kak u3MeHSAIOTCS HAMArHMYMBAIOIIMK U MEPBUYHBIA TOKH TPAHC-
dbopmaropa B Cirydae yBEIMUCHUS BTOPUIHOTO TOKA MPU aKTUBHO-WHIYKTHBHOM
XapakTepe Harpy3ku?

1) I, yBenuuuBaercs, /) yMEHbIIAETCS.

2) I} ymeHnb1uaercs, [, yBeIMUUBaETCS.

3) I; He uzmensiercs, I, yMEHbIIAETCS.

4) I, yBenuuuBaetcs, I, He U3MEHSETCS.
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3.2.31. 13 onbiTa KOPOTKOTO 3aMBbIKAHUS MOKHO OIPEICIIUTh CIEAYIOIINE
MapaMeTPhbl CXEMbI 3aMEILICHUS:
D@ +tzy)u(r+r,). 2) (2/2 +z,)u (r/z +7r,). 3)(z+ Z/z) u(r + r/z).

3.2.32. VYkaxuTe HENpaBWIbLHOE COOTHOLICHHE CIEAYIOIIMX MNapaMeTpoOB
CXEMBbI 3aMelIeHHs TpaHchopmaTopa.
/ / /
1)z ~ z,. 2) 1y ~ 1. 3)Z, ~ zy. 4z, ~ z,. 5)r, ~ 7.

3.2.33. Vkaxure cxemy 3aMelleHus TpaHchopMaTropa B pexKrUMe KOPOTKOTO
3aMbIKAHMSL.

1) n X S 2) n X1 S
P T .y 0

rﬁ] L=-1 fae L=-1 o

3) noowoor o xg 1) oo Wy
— —

4 L=-1) i3 I=-1 )

o o o

3.2.34. Kak onpenensiercs kodPpHUIIMEHT MOIITHOCTH TpaHchopmaTopa?
1) Kak otHOmIEeHHE OTpeOIsIeMOi MOITHOCTH K TOJIE3HOM.

2) Kak oTHO1IEHUE TI0JIE3HON MOIIHOCTHU K MOTPEOIsieMO.

3) Kak oTHOIIeHME NOTHON MOILTHOCTH K aKTUBHOM.

4) Kak OTHOIIIEHHE MOJHONW MOUTHOCTU K PEaKTUBHOM.

5) Kak oTHOIIEHNE pEaKTUBHOM MOITHOCTH K MOJIHOIA.

6) Kak oTHOIIEHNE aKTUBHOW MOILIHOCTH K IOJHOM.

7) Kak oTHOIIEHME aKTUBHOW MOIIHOCTU K PEAKTHBHOM.

8) Kak oTHOIIEHHE PEaKTUBHON MOITHOCTH K aKTUBHOM.

3.2.35. Ha napanienbHyto paboTy BKIIOUYEHBI
tpanchopmaropsl | u II. BektopHas nuarpamma
TOKOB BTOPUYHBIX OOMOTOK MNpPUBEIECHA HA pU-
cyHke. Kakoii BbIBOJ ClieTyeT U3 AuarpaMmbl?

1) Tpanchopmaropsl HarpyeHbl paBHOMEP-
HO.

2) Tpanchopmaropsl paboTaroT 0€3 Harpys-
KU.

3) Tpancdopmarop I neperpyxeH.

4) Tpaucdhopmatop Il nmeperpysxeH.
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3.2.36. YKaxxute NnpaBUIbHOE COOTHOLICHUE MapaMeTpPOB MapajlIeIbHO pa-
60Ta101unx TpaHC(popMaTOPOB.

1 SH1 Uri
HpaL=L.,1 2) Sm = Ui
511 SUKI Ukt SHI SURH
1 1
3)—'S—_U—1U—- 4) —'S——UKI Ukar-
Smt SHu k1 Ugkn S SHu

3.2.37. JlomyckaeTcsi qu MOJKIIOYaTh Ha MapajUiebHYI0 paboTy Cleayro-
e TpanchopmaTopbl?
I rpanchopmatop: U,e = 220 B; zi = 10,2 Om; rpynna Y/A-11.

IT rpancopmatop: U = 220 B; zyp = 10,2 Om; rpynma Y/A-11.
UCETI/I =380 B.

1) Honyckaercs. 2) He nmomyckaercs.
3) Ans oTBeTa Ha BOMPOC HEJOCTATOYHO JTAHHBIX.

3.2.38. Bropuunsie 3/IC nByx TpanchopMatopoB uMeroT casur Ha 90°. Otu
TpaHchHOPMATOPHI MOTYT UMETh CIICAYIONINE TPYIITIHI.
Houll. 2)3ub. 3)Su’. 4)8u9. 5)10u 2.

3.2.39. Onpenenutsb rpynmny COEAMHEHU 0OMOTOK B KaXXOM U3 TpaHC(Oop-
MaTOpOB.

E,_fm I e Ao VT C oV TV e

1) 2)

Ae— gL v oYV fo—"" VT

C',a,_.f’"v"“f"“._ I B@—'Wl— ”a_:‘_“r‘_“u"_‘\_

o—t Y ¥ ) o
5 o [T [,
Ao——Y ¥y ii L o) Y —o(C E i " :—Ob
€ o— Y Y| |y L ' o Sl s
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3.2.40. Kak mpoBOJSATCS ONBITHI MapaieabHON paOOThl IBYX TpaHcpopMma-
TOpPOB?

1) Perynaropom HanpspKeHHS U3MEHSIOT HanpspkeHue cetu ot 0 mo 1,25 Uy,
P HOMUHAJILHOM Harpy3Ke, 3alUChIBasi IPU 3TOM MOKa3aHUsI PUOOPOB.

2) B pexume X0JIOCTOTO X0/1a PETYJIATOPOM HANPsDKEHUS U3MEHSIOT Hampsi-
xenue cet ot 0 10 1,25 Uy, 3anuceiBast TPy 3TOM IMOKa3aHUs IPHUOOPOB.

3) Ilonnep:xkuBas (C MOMOIIBIO PETYJISITOPA HANPSIKEHUSI) HEU3MEHHBIM Ha-
NPSIKEHUEM CETH, Harpy3Ky M3MEHSIIOT OT X0J0cToro xozaa o 1,25 Iy, 3anuckl-
Basi PU 3TOM IOKa3aHUs TPUOOPOB.

3.2.41. IIpu Kakux U3 yKa3aHHBIX OTHOLICHUM IMOJHBIX HOMHUHAJIBHBIX MOII-
HOCTeH TpaHC(hHOPMATOPOB JOMYCKAETCA MOAKIYATh UX HA MapaJUIeIbHYIO pa-
00Ty (yKazaTh IpaBUJIbHBIC OTBETHI).

1) 1:5,5. 2)1:2.2. 3) 1:3.,3. 4)1: 1,1.

3.2.42. Kakue W3 HWKENEPEYUCIICHHBIX IMap TpaHCcHOpMaTOpoB (MpPHU BbI-
MOJIHEHUH MPOYUX HEOOXOJMMBIX YCIOBUM) MOKHO BKJIIOYATh Ha Mapajielb-
HYI0 padoTy?

1) I pancdopmarop rpymmsr Y/A-11,

II Tpanchopmatop rpynmsr Y/A-11.

2) I rpancdopmatop rpymmsl Y/Y-11,
II Tpancdopmarop rpynmsr Y/A-9.

3) I rpanchopmaTop rpynnst Y/Y-9,
II Tpancdopmarop rpynnst Y/Y-6.

4) 1 rpancdopmarop rpymisl Y/Y-6,
II rpancdopmatop rpymnmsl Y/A-0.

3.2.43. Onpenenuth BEIUYUHY YPaBHUTEIBLHOIO TOKA, €CIM Ha Mapajlieiib-
HYI0 pa0OTy BKJIIOYEHBI CIAEAYIOIMNE TPAHC(HOPMATOPHI:

I rpanchopmatop — Uygp =220 B, zg = 3 Om, rpynma Y/Y-0;

II rpanchopmarop — Uyg =220 B, zgyy = 2 Owm, rpymma Y/Y-6.

UCETI/I =380 B.

1)300 A. 2)200A. 3)100A. 4)50A 5)Her npaBuiabHOro OTBETA.

3.2.44. JleiictBue TpancopMaropa OCHOBAHO Ha MPUHIUIIE, U3JIOKEHHOM B
CJIEIYIOLLEM 3aKOHE.

1) B 3akoHe anekTpoMarHuTHOM uHaykuuu.  2) B 3akone Kyiona.

3) B 3akone Oma. 4) B 3akoHe MOJTHOTO TOKA.

5) B nepBom 3akone Kupxroda. 6) Bo BTopom 3akone Kupxroda.
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3.2.45. Onpenenuth BEIWYUHY YPABHUTEIBLHOIO TOKA, €CIIM Ha Mapajlieiib-
HYIO0 pa0OTy BKJIFOUEHBI CIEAYIOLINEe TpaHC(HOopMAaTOpPHI:

I tpanchopmatop — Upg =220 B, zi; = 2,2 Om, rpynma Y/A-11;

IT rpanchopmatop — U, = 220 B, zi = 2,0 Om, rpynma Y/A-11.

UCETI/I =380 B.

1)S0A. 2)75A. 3)SA. 4)2,5A 5)Her npaBWIbHOrO OTBETA.

3.2.46. lns onpeneneHus TPyIibl COSAMHEHU 0OMOTOK OIBITHBIM MTYyTEM B
71a00paTOPHBIX YCIOBHUSIX HEOOXOIUMBI CIEAYIOIINE U3MEPUTENbHBIE PUOOPHI.

1) AmMnepmerp. 2) AMniepMeTp U BOJIBTMETP. 3) BoasT™meTp.

4) AmnepmMeTp, BOJIbTMETp U BaTT™MeTp. S5) Barrmerp. 6) ®azomerp.

3.2.47. Yto MOXHO CKa3aTh O Harpy3ke JByX TpaHC(OpMaTOpPOB MPHU UX Ia-
pasuienbHoOM padoTe?

[ rpanchopmatop — Uyg =200 B, Uk, =5 %, rpynna Y/Y-0,

II rpanchopmarop — Ure =200 B, Uk, =5 %, rpynma Y/Y-0.

UCETI/I =380 B.

1) TpancpopmMatopsl HarpyKeHbl pABHOMEPHO.

2) Tpancdopmarop I nmeperpyxken. 3) Tpanchopmarop Il meperpyxeH.

3.2.48. I'pynna coeguHeHuidt 0OMOTOK TpaHCcpopMaTopa OmpeessieTcss Ha
BEKTOPHOW MarpaMMe BEIUYMHOM YIila MEXIY CIEAYIOIMMU BEKTOPAMH.

1) Yriom Mexay nepBUYHBIMH JIMHEWHBIMU ToKaMu 1 DJ[C.

2) YrioM Mexay NepBUYHBIMU JIMHEUHBbIMU HanpsokeHusmMu u DJ(C.

3) Yriom Mexay 0OJJHOMMEHHBIMU NEPBUYHBIMU U BTOpUUHBbIMU DJ[C.

4) YrioMm Mexay OAHOMMEHHBIMU IEPBUYHBIMU U BTOPUYHBIMH TOKAMH.

3.2.49. JlomyckaeTcsi U MOJKIIOYaTh Ha MapajUiebHYI0 paboTy cleayro-
e TpanchopmaTopbi?

[ rpanchopmatop — Uyg =220 B, Uk, =S %, rpynna Y/A-11,

II rpanchopmarop — Ure = 180 B, Uk, = 5 %, rpynma Y/A-11.

UCETI/I =380 B.

1) Honyckaercs. 2) He nomyckaercs.

3) Ans oTBeTa Ha BOMPOC HEJOCTATOYHO JTAHHBIX.

3.2.50. Uto MOXKHO cKa3aTh O Harpy3Kke JABYX TpaHC(hOpPMATOpOB MpH HX Ma-
pajienpHO padorte?

[ tpanchopmatop — U,g =220 B, Uk, = 4,5 %, rpynina Y/Y-0,

IT rpancpopmatop — U, = 200 B, Ukqre, = 5 %, rpynma Y/Y-O0.

U, CETU — 380 B.

1) TpancpopmMatopsl HarpyKeHbl pABHOMEPHO.

2) Tpaucdopmatop I neperpyxen.  3) Tpancdhopmarop Il nmeperpyxes.
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3.3. KOHTpOJ]l)HLIe BOIIPOCHI, HCITOJIB3YEMBIC IIPHU MOATOTOBKE
K 9K3aMCECHY

KauectBo n3yuenus pazzaena « TpanchopmaTopsdy OLEHUBAETCS, KaK IIPaBu-
J10, K3aMEHOM C TEOPETHUYECKUMHU BOIIPOCAMH 10 CJIEYIOUIEH TeMaTHKE.

3.3.1. YcTpoHCTBO M IPHUHIINI ICUCTBHS, HA3HAYEHUE TPaHCHOPMATOPOB.

3.3.2. Beipaxenue nns DJIC nepBuuHOil U BTOpu4HON 00MOTOK. Koaddu-
LUEHT TpaHCcHOpMaLUU.

3.3.3. Pexxum xonocToro xona onnodasznoro tpanchopmaropa. Kpusas Toka
XO0JIOCTOTO XOJa. YpaBHEHUs HalpsbkeHu. BekrtopHas nmarpamma. Cxema 3a-
MEUIeHHUS.

3.3.4. PaGota oanodazHoro tpaHchopmaropa npu Harpyske. Ouznueckue
ycioBUs paboThl TpaHchopmaropa npu Harpyske. Bekropnas nuarpamma MJIC
Y TOKOB.

3.3.5. TlpuBenenue BTOpPUYHOH OOMOTKM TpaHcopmaTopa K THEPBUYHOMN.
VYpaBHeHUs HaIpsHKEHUH U TOKOB MPUBENCHHOrO TpaHchopmaropa. BekropHas
qUarpaMMa MpUBEJACHHOrO0 TpaHcpopMaTopa MpU aAKTUBHO-MHAYKTHUBHON Ha-
rpy3Ke.

3.3.6. CxeM 3amMeleHust MpUBEICHHOTO TpaHchopmaropa.

3.3.7. PexxuMm KOpPOTKOTO 3aMblkaHUs ojHO(Da3zHOoro Tpanchopmaropa. Cxe-
Ma 3ameleHus. [lapaMeTpbl KOPOTKOro 3aMbIKaHUsA. TpEeyroJbHUK KOPOTKOrO
3aMblKaHus. HanpsbkeHne KOpoTKOTro 3aMbIKaHUS.

3.3.8. I3meHeHne BTOPUYHOTO HANIPSKEHHsI TpaHCcPopmaTopa.

3.3.9. Ilorepu u KIIJ] Tpanchopmaropa. Ycnosue makcumyma KIT/I.

3.3.10. Tpexdazubie TpanchopmaTopsl. TUNbl MarHUTHBIX cUCTEM. CXEMBbI
COEIMHEHUS] OOMOTOK.

3.3.11. Cxembl U TpymnImbl COEAUHEHUSI 0OMOTOK Tpex(da3HbIX TpaHchopma-
TOPOB.

3.3.12. Pexxum XOJIOCTOTO XO0Ja M KOPOTKOTO 3aMbIKaHHUsl Tpex(ha3zHOTo
TpaHchopmaropa.

3.3.13. [lapamnensHas paboTta TpaHCHOPMATOPOB. YCIOBHUS BKIIOYCHUS
TpaHchOpMaTOPOB Ha MapaJUICIbHYIO pPaboTy.

3.3.14. TpexoOMoTOUYHBIE TPaHCHOPMATOPHI.

3.3.15. ABToTpanchopMaTopsl.

3.4. TecTpl, HCMOJIb3yeMble MPH MOCTYNJIECHMH B MATHCTPATYPY

[Ipn mocrymieHun B MarucTparypy ¢ HampasiieHHMEM moarorosku 140400
«ONEeKTposHEepreTuka M 3jekTporexHuka» (kBanudukauusa 140400.68 «wma-
TUCTP») MPOBOJIUTCS TECTUPOBaHUE. Bompockl, UCIIOb3yeMbIe B TECTaX MO pas-
neny « Tpancdopmaropsl», IPUBENEHBI HUXKE.
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3.4.1. YUto xapakTepu3yeT Ipylina cCoeIuHeHU 0OMOTOK TpaHchopmaTopa?

1) KonnuecTBO 0OOMOTOK Ha CTEPKHSIX MarHUTONPOBO/Ia TpaHchopMarTopa.

2) Casur a3 mexay 3/1C nepBuYHON U BTOPUIHON OOMOTKaMHU.

3) CooTHOIIEHHUE TUIOTHOCTEH TOKOB MEXIy NEPBHYHOW UM BTOPHUYHOU 00-
MOTKaMH TpaHchopMaTopa.

4) CooTHOIIEHUE TJIOIIA/IEH CEUEHUN MPOBOAHUKOB MEXKIY NEPBUYHOU U
BTOPUYHOM 0OMOTKaMu TpaHc(opMaropa.

3.4.2. Kakue maTepuanbl HCIOIB3YIOTCS Al 0OMOTOK TpaHCPOopMaTopoB?
1) N3oTponHas 351eKTpOTEXHUYECKAs CTallb, aTFOMHHHIA.

2) AHM30TPONIHAS AIEKTPOTEXHUUECKAS CTallb, JJATyHb.

3) Menb, antoMUHU.

4) JlaTyHb, M€Jlb.

3.4.3. Kakue maTepuanbl UCIOJIB3YIOTCS Il MAarHUTOIPOBOJIOB TpaHC(op-

MaTOpOB?
1).JIucroBas natyHsb. 2) JIucToBoOi amrOMUHUMN.
3) JIuctoBast Meib. 4) JlucToBas 2IEKTPOTEXHUYECKAs CTaNb

3.4.4. Yem sBisIETCS TOK XOJOCTOTO X0J1a TpaHchopMaropa B IEPBOM MPHU-
OnmKeHun?

1) PeakTBHBIM, HAMAarHUYUBAIOIIUM TOKOM.

2) AKTUBHBIM TOKOM MEPBUYHON OOMOTKH.

3) TokoM, CO3/1aI0IIIUM MAarHUTHBIM MOTOK paccesiHUsS BTOPUUHONU OOMOTKHU.

4) TokoM, CO3AaIOIIMM MarHUTHBINA MOTOK PacCEesIHUS NEPBUYHON OOMOTKH.

3.4.5. Ilpu kakux cxemax COeIMHEHU 0OMOTOK Tpex(a3HOoro TpaHcpopma-
TOpa MPOUCXOAAT HAaMOOJbIINE UCKAKEHUS (Pa3HBIX HAIPSIKEHHUNA?
1) Y/A. 2)Y/Y. 3) A/Y. 4) A/A.

3.4.6. C kakod LEIbI0 TPOBOJMUTCS IPUBEICHUE BTOPUYHOM OOMOTKH
TpaHnchopmaropa K NIEPBUIHON 0OMOTKE?

1) Ansa ymenbiienus kodhuunenta B3aMMOMHAYKIIMY MKy TEPBUYHON U
BTOPUYHON OOMOTKaAMH.

2) Jna pacdera ONTHUMAJIBHOIO KOJIMYECTBA BUTKOB BTOPUYHOM OOMOTKH
Tpanchopmaropa.

3) Ans npencraBienus TpaHchopMaropa B BUIAE €IUHOW pacUETHOM 3JIeK-
TPUYECKON CXEMBI.

4) Ins onpezaenenust TOYHOro Ko3ppuurenTa TpaHchopMaLuu
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3.4.7. KakoBa ocHOBHas cxema 3aMelleHus Tpanchopmaropa?
1) H-o6pa3nas cxema. 2) I1-o6pa3nas cxema.
3) I'-oOpaznas cxema. 4) T-o6pa3Has cxema.

3.4.8. Kak omnpenensitoTcst mapaMeTphbl CXeMbl 3aMeIleHus TpaHchopmaTopa?

1) ITo naHHBIM OMBITOB XOJOCTOTO X0/1a U KOPOTKOTO 3aMbIKAHUS.

2) Ilo naHHBIM OMbITa IPU BXOJAHOM HanpsikeHuu paBHbIM 0,5 ot Uy.

3) [1o naHHBIM OMbBITA IPU TOKE BTOPUIHOM 0OMOTKH paBHBIM 0,5 OT /.

4) Ilo naHHBIM OMBITA MPU BBIJACICHUU HOMUHAIBHOW MOIIHOCTA BO BTO-
PUYHON OOMOTKE.

3.4.9. Kakue napameTpbl (PUKCUPYIOTCS B ONBITE KOPOTKOT'O 3aMbIKaHUSI O]I-
Ho(azHoro Tpanchopmaropa?

1) BxonHoe HamnpsixeHue TpancdhopmaTopa, MOIIHOCTh U TOK BO BTOPUYHOM
0OMOTKeE.

2) BxonHoe HampspkeHue TpaHcpopmaTopa, MOIIHOCTh U TOK B NIEPBUYHOMN
0oOMOTKeE.

3) Toku u TemnepaTypsl IEPBUYHON U BTOPUUHON OOMOTOK.

4) BxonHoe HamnpsiKeHHe TpaHcpopmaTopa U cos(p BO BTOPUYHON OOMOTKe.

3.4.10. Kakue mapamerpbl (GUKCHPYIOTCS B OIBITE XOJOCTOTO XO0Jia OIHO-
daznoro Tpanchopmaropa?

1) Tok u TemnepaTypa NepBUYHON OOMOTKH.

2) BeixonHoe HampspKeHHE TpaHcpopMmaTopa M MOIIHOCTH BO BTOPUYHOU
0oOMOTKE.

3) BxoaHoe u BBIXOJHOE HAINpsKEHUE TpaHc(hopmaTopa, MOLUTHOCTh U TOK B
NEPBUYHONA OOMOTKE.

4) BxoaHoe U BbIXOJHOE HANpsKeHUE TpaHchopmaTropa U caBUT (a3 MEXIY
HUMU.

3.4.11. Kak u3meHseTCcsi MarHUTHBIA TIOTOK B TpaHChOpMATOpE IPH U3MEHE-
HUU TOKA Harpy3Ku OT XOJOCTOr0 X0J1a 0 HOMUHAIBHOTO?

1) 3aBUCHUT OT COOTHOIIEHHUS AKTUBHOM M PEAKTMBHOM COCTABJIAIOLIUX Ha-
TPY3KH.

2) YBenu4uuBaeTcs B HECKOJIBKO pas.

3) YMeHbI1aeTCs B HECKOJIBKO pa3.

4) OcTtaeTcs MOCTOSTHHBIM.

3.4.12. [logkiroueHne KaKoro BUAa Harpy3KH YBEIIMYMBAET BBIXOIHOE Ha-
npsibkeHue Tpancpopmaropa’?

1) AKTUBHO-€MKOCTHOTO BUa. 2) AKTUBHO-UHAYKTHBHOTO BU/IA.

3) AKTUBHOTO BHU/IA. 4) IHAyKTUBHOTO BU/IA.

104



3.4.13. Yto Ha3pIBaeTCs M3MEHEHHEM HaNpsKeHUs TpaHchopmaTopa?

1) OTHOLIEHNE BBIXOJHBIX HANPSLDKEHUM MPH XOJIOCTOM XOJI€ M IPH HOMH-
HaJIbHOM BBIXOJHOM TOKE.

2) ApudmeTrrueckasi pa3HOCTb BBIXOJHBIX HANPSDKEHHUM IIPU XOJIOCTOM XOJI€
Y IIPY HOMUHAJIBHOW Harpys3kKe.

3) ApudmeTtndeckasi pa3HOCTbh MEX]y HOMUHAJIBHBIM HAIpPSHKEHUEM IMHUTA-
HUS U HANPSHKEHUEM KOPOTKOTO 3aMbIKAHUS.

4) ApudmeTtndeckas pasHOCTb BBIXOAHBIX HAIPSKEHUHN MPU XOJIOCTOM XOJE
Y IIPY KOPOTKOM 3aMbIKAHHH.

3.4.14. Yto ucnons3yercs B TpaHchopMaTopax MpH pPeryIupoOBaHUN HATPS-
YKEHUS T10]1 HArpy3KOu?

1) Ayroracsiye Kamepsbl. 2) Tpexmno3uLMOHHbIE EPEKITI0YATEIH.

3) TokoOrpaHUYHUBAIOUIUE PEAKTOPHI.

4) OxnaxaaeMble paauaTopbl HArpy3Ku.

3.4.15. YkaxuTe BEIMYMHY BO3MOXKHOT'O PETYJIMPOBAHUS BBIXOJHOTO Ha-
NPSODKCHUS TIPOMBIIIJICHHOTO TpaHcopMaTopa MyTeM IMEPEKIIFOUCHHEM YHucia
BUTKOB?

D15%.  2)7.5%. 3) 10 %. 4) 5 %.

3.4.16. B kakux pexxumax padboThl TpaHchopMaTopa BO3MOKHO HCIOIB30-
BaHHWE METOJAa CHMMETPHYHBIX COCTABISIOIINX ?

1) [Ipn HECUMMETPUYHOK HArpy3Ke.

2) Ilpy HOMUHATBLHON CUMMETPUYHOM HArpy3Ke.

3) [Ipy1 HOMUHAJIBHOM MOIIHOCTU B BBIXOJJHON OOMOTKE.

4) Ipu Temmeparype 06MOTOK gocturaromeit 75 °C.

3.4.17. Tokum Kakux NOCIENOBATEIBHOCTEN HCHOJB3YIOTCS ISl pacdeTa
TpaHchopMaTopa METOJIOM CUMMETPUYHBIX COCTABIISIOMINX ?

1) Ipsimoii, mepeMeHHOM 1 HYJIEBOM MOCJIEI0BATEIIHHOCTEH.

2) Ilpsimoii, oOpaTHOM U HYJIEBOM MOCIIEI0BATEIILHOCTEH.

3) [Ipsamoii, 06paTHOM ¥ €AMHUIHOM TOCIJICI0BATEIILHOCTEH.

4) OOpaTHOM, MEPEeMEHHOMN M HYJICBOM IMOCIICIOBATCIIbHOCTEH.

3.4.18. HckaxeHnus ¢a3HbIX HANPSOKEHWH TpaHchopmMaToOpoB IMpHU pacuere
METOJIOM CUMMETPUYHBIX COCTaBIISIOIIMX B OCHOBHOM OIPENEISAIOTCS TOKAMMU
KAaKHX MOCJIeI0BATENbHOCTEN?

1) Ob6patHoO¥ ocae0BATEILHOCTH.

2) IIpsamMoii mociie0BaTENBHOCTH.

3) HyneBoii nocienoBaTeabHOCTH.

4) IlepeMeHHOM NOCIEOBATENBHOCTH.

105



3.4.19. Kakast u3 0OMOTOK TpeX0OMOTOYHOT0 TpaHc(hopmaTopa pacrosara-
eTCsl OJIMKe BCeX K CTEPXKHIM TpaHchopmaTopa?

1) Beninunna HanpsipkeHUE OOMOTKY HE UMEET 3HAYCHUS.

2) OO6MOTKa BBICIIETO HAIIPSKEHUS.

3) O6MOTKa TPOMEKYTOUYHOTO HAIIPSHKEHHST MEX/1y HU3IIMM U BBICIIMM Ha-
NPSHKCHUSIMHU.

4) OOMOTKA HU3IIETO HATPSIKCHHUS.

3.4.20. B ueMm 3akitouaercs OTIMYKME aBTOTpaHchopmaTopa OT TpaHcpopMma-
Topa?

1) B aBToTpancdopmarope sHEprusi mepeaaercs >IEKTPUUYECKHM U DJICK-
TPOMArHUTHBIM ITyTEM.

2) B aBToTpancdopmaTope sHEPrus nepeaaeTcs 3JMEKTPUUECKUM Iy TEM.

3) B aBToTpanchopmarope 3HEprusi nepeaacTcs JEKTPOMArHUTHBIM Ty TEM.

4) B aBTOoTpanc(opmaTope sHEPrus nepeaacTcss MarHUTHBIM Ty TEM.

3.4.21. Kak BapbupyeTcs BEIWYMHA TOKAa BKJIIOYEHMS HEHACBIIICHHOIO
TpaHchopMaTopa Mpu MOJKIIOUYEHUN K MUTAIONIEMY HAIMPSKEHUIO TIPU U3MEHe-
HUSX MOMEHTOB BPEMEHH IMOJKIIOUYEHUS OTHOCUTEIHHO (Da3bl MUTAIOLIETO Ha-
pSIKEHUS ?

1) Tok BkJIIOUEHHMS pacnoyiaraercsi B JAMANa3OHE OT JABYX JI0 MSTH HOMHU-
HaJIbHBIX TOKOB.

2) Tok BKJIIOYEHHUS pacmoJiaraeTcsl B Juamna3zoHe OT OJHOrO JO0 JBYX HOMH-
HaJbHBIX TOKOB.

3) Benmnunna Toka BKJIIOYEHHUS TpaHChOpMaropa HE 3aBHUCUT OT MOMEHTA
BKJTFOUEHUS.

4) Tox BKJIIOYEHHS pacrojaraeTcsi B Juara3oHe OT MATH J0 JCCATH HOMH-
HaJILHBIX TOKOB

3.4.22. Kak BapbupyeTcs BEIMUYMHA TOKA BKJIFOYEHMS HACBIIIEHHOTO TPaHC-
dbopmaropa npu MOJAKIIOUYEHUH K MUTAIOIIEMY HANpPSHDKEHUIO MPU U3MEHEHUSX
MOMEHTOB BPEMEHU MOAKIIOYEHHUSI OTHOCUTENIBHO (Da3bl MUTAIOUIETO HaIpsiKe-
HUA?

1) Anana3oH TOka BKIOYEHUs TpaHC(HOpMaTOpa ONPEeIeTCs IIIOTHOCThIO
TOKa B MTPOBOJIHUKAX MEPBUYHON OOMOTKH.

2) BennunHa TOKa BKJIIOUEHHUsS TpaHc(opmaropa HE 3aBHCHUT OT MOMEHTa
BKJIFOUECHUS.

3) Jlnana3oH TOKa BKJIKOYEHUS ONPENESAETCS CTENEHbIO HACBIIIEHUS Cep-
JeuHuKa TpaHchopmaTopa.

4) Tok BKJIIOYEHHUS PacIoJIaraeTcsi B JMara3oHe OT OJHOIO JI0 JABYX HOMHU-
HaJbHBIX TOKOB.
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3.5. TecTtbl H 3alavdd, HCIMOJIB3YEMbBIC HA CTYACHYCCKHUX OJUMITHaANaX

[To manpanenuro nmoarorosku 140600 «DIEKTPOTEXHUKA, dJIEKTPOMEXAHUKA
U DJIEKTPOTEXHOJIOTHM» €KEroJIH0 MPOoBOJATCA Bcepoccuiickue cTyneHuecKkue
onuMnuaabl. TecTel U 3a7auu Mo pazaeny «TpaHchopMaTropb», UCIOJIb30BAH-
Hble Y (PUMCKUM roCyJapCTBEHHBIM aBUAIMOHHBIM TEXHUYECKUM yHUBEPCHUTE-
toM B 2013 r. Ha III Type Bcepoccuiickoi CTyA€HYECKON OJMMIINA/IbI, PUBE-
JI€HBI HHXKE.

3.5.1. Tecmosvle 6onpocwi

5.1.1. YkaxuTe npuuuHy HOPMAILHOTO TYJIeHUs TpaHchopMarTopa.
1) HennoTHO CTAHYTHIE JTUCTHI CEPJICUHUKA.

2) MarHuTOCTPUKIIUS.

3) MexXBUTKOBOE 3aMbIKaHHE B OOMOTKAX.

3.5.1.2. UHQyKTUpOBAHHBIN TOK IPENATCTBYET:

1) yMEHBIIEHUIO MAarHUTHOT'O TIOTOKA, TPOHU3BIBAIOLLETO KOHTYD;
2) yBETUYEHUIO MAarHUTHOTO MOTOKA, TPOHU3BIBAIOIIETO KOHTYP;
3) UBMEHEHUIO0 MarHUTHOTO MOTOKA, IPOHU3BIBAIOIIETO KOHTYP.

3.5.1.3. [IpuHuun aewcTBus TpanchopmaTopa OCHOBAH Ha:
1) npunnune Jlexa; 2) 3aKOHE JIEKTPOMAarHUTHOW MHIYKIINH;
3) 3akoHe Amrepa.

3.5.1.4. Kakoe 13 NpUBEAECHHBIX YCIOBUI HE OMPEACIISIET PEKUM XOJIOCTOTO
xoJ1a Tpancopmaropa?

1) Tox Harpy3Ku paBeH HYJIIO.

2) Tok B mepBUYHON OOMOTKE PaBEeH HYIIIO.

3) K nepBuuHO#1 00MOTKE NOABEIEHO HOMUHAIILHOE HANPSKEHUE.

4) Yactora Toka B 0OMOTKaX paBHa HOMUHAJIbHOW 4acTOTE.

3.5.1.5. OcHOBO# MOTOK 3aMbIKAa€TCA B CTAIBHOM CEpJIEYHUKE TpaHCPopMa-
TOpa. MOXXHO 1M1 OCHOBHOM MOTOK CYMUTATh MPOMOPLMOHAIBHBIM TOKY ME€pBUY-
HOM 0OMOTKHU?

1) MoxHo. 2) Henwbss.

3) Mo3KHO, HO TOJIBKO Ha JIMHEIHOM y4acTKe KpUBOW HaMarHUYMBAaHUS Cep-
JEYHMKA.
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3.5.1.6. MarHuTHbIN NOTOK pPacCesHUsl 3aMbIKAETCS 4Yepe3 BO3aAyX. MOKHO
JM CUUTATh MAarHUTHBIM MOTOK paccesiHus MPONOPLUOHAIBHBIM TOKY IE€pBUY-
HOM 0OMOTKHU?

1) MoxHo. 2) Henb3s.

3) MoKHO, HO TOJIBKO Ha JIJMHEHHOM y4acTKe KpUBOW HaMarHUYMBAaHUS cep-
JEYHMKA.

3.5.1.7. Tok xomocToro xona:

1) onepeskaet 1o ¢aze OCHOBHOW MarHUTHBIN TTOTOK Ha HEOOJIBIIION YTOJT;
2) otctaet no (haze OT OCHOBHOI'O MarHUTHOTO TIOTOKA Ha HEOOJBIIION YTOJI;
3) orcTaet no ¢asze 0T OCHOBHOT'O MarHUTHOTO MOTOKa Ha 90°;

4) onepexaer 1o ¢paze OCHOBHON MarHUTHBINA MOTOK Ha 90°.

3.5.1.8. M3o0paxkeHa XapaKTEPUCTHKA XOJIOCTOTO i
xoJa Tpanchopmaropa. Kakast BelnunHa OTI0kKEHA 110

OCH OpAuHAT?
1) Iy. 2) Py. 3) cosQy. 4) U,.

3.5.1.9. Uto mpowusoiiner, ecau TpanchopmaTop paccumTaHHbIA Ha 127 B,
BKJIIOYHTH B ceThb 220 B?

1) Pe3xo yBenmMuuTCS TOK XOJIOCTOTO X0/1a.

2) Pe3ko yBenMUUTCS TOK XOJIOCTOTO X042 U MMOTEPH B CTAJIH.

3) Pe3ko yBenMMUYUTCS TOK XOJOCTOTO XOJIa M TIOTEPH B CTAIH, YMEHBITUTCS
KO2(PPUIIMEHT MOIIIHOCTH.

4) Pe3ko yMEHBIIUTCS COSO.

3.5.1.10. Haitgute Bbipaxenue pesynbtupyromeii MJIC nepBuyHON U BTO-
pUYHOK 0OMOTOK TpaHchopmaTopa:

)F=F +F; 2)F=F +F,; 3))F =F-F; 4) F=F—F).

3.5.1.11. Kak u3meHnuTcs MarHuTHBIN noTok ® B cepiueunuke TpaHchopma-
TOpa MPHU YBEJIMYEHUU TOKA BO BTOPUYHON 0OMOTKE (TOKa HArpy3Kku)?

1) YBenuuurcs. 2) He uameHurcs.

3) YMeHbIIuTCS. 4) YBenuuuTcsa HE3HAYUTEIbHO.

3.5.1.12. Kak uzmenurcs pesyastupyromas M/IC o6moTok Tpanchopmaro-
pa mpu yMEHBITICHUU TOKa BO BTOPUIHOM 0OMOTKE?
1) YBenuuurcs. 2) He uzmeHurcs. 3) YMeHbuTCA.
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3.5.1.13. Onpenenute NpruBeACHHOE 3HAYEHUE TOKA BO BTOPUYHOI 0OMOTKE,
eecm L, =10 A, k=0,5.
1) I,=5A. 2)I,=10A. 3)1,=20 A.

3.5.1.14. Onpenenure NpUBEICHHOE 3HAYCHUE AKTUBHOTO COMPOTHUBIICHUS

BTOPUYHOM OOMOTKH, eciii 7, =1 Omu k= 0,5.
1)#,=30m. 2)¥,=0,5Om. 3) ¥, =0,25 Om.

3.5.1.15. Kak HampaBlIeH Ha BEKTOPHOi Amarpamme BEKTop I,x' mageHus
HAMPSHKCHUS Ha WHIYKTUBHOM COMPOTHBJICHUU BTOPUYHOW OOMOTKH TpaHC-
dbopmaropa?

1) CoBnaziaet 1Mo HapaBJICHUIO C BEKTOPOM TOKa L.

2) Onepeskaer BekTop Toka I, Ha 90°.

3) OtcTaer ot BekTopa Toka I, Ha 90°.

4) HampaBiieH IpoTUB BEKTOpA TOKa I ,.

3.5.1.16. Kak nHampaBieH Ha BeKTOpHOM nuarpamme BekTop JD/1C paccesHus
BTOPUYHON 0OMOTKH TpaHchopmaTopa?

1) CoBnaziaet 1Mo HapaBJICHUIO C BEKTOPOM TOKa L.

2) Onepeskaer BekTop Toka I, Ha 90°.

3) OtcTaer ot BekTopa Toka I, Ha 90°.

3.5.1.17. Ha pucyHnke u3obpaxxeHa:

1) BekTOpHas AuarpamMmma TpaHchopmaropa;

2) ynpolieHHasi BEKTOpHas aAuarpamma TpaHc@op-
MaTopa;

3)ynpolieHHasi BEKTOpHas [uarpamma tpaHchopma-
TOpa B PEKUME KOPOTKOTO 3aMbIKAHUS;

4) ynpoleHHasi BEKTOpHasi auarpamma TpaHc@op-
MaTopa B PEKUME X0JIOCTOTO X0/a.

Ig=1 §

Iy

My
U =Iyzp PE

3.5.1.18. N3o0paxeHa XapaKTepUCTUKA KOPOTKOIO 4
3aMbIKkaHusl Tpanchopmaropa. Kakas BenmumHa oTkIa-

JIBIBAETCS 110 OCH OpJIUHAT?
1) Ik- 2) Pk. 3) COSQg. 4) Uz.
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3.5.1.19. N300pakeHa xapakTepUCTUKAa KOPOTKOTO 3aMbl-
kaHus TpaHcpopmaropa. Kakas BenuunHa OTKIaAbIBACTCS 110

OCH OpAUHAT?
1) Ik. 2) Pk. 3) COSQy. 4) Uz.

3.5.1.20. B xaxoMm ciryuae TpaHncpopMaTop HarpeBaeTcsi OOJbIIe?

1) B onbiTe x050CTOrO X0/4. 2) B onbITe KOPOTKOTO 3aMbIKAHHSI.

3) [Ipu HOMHUHAJIBHOU HArpy3Ke.

4) Bo Bcex NEPEUMCICHHBIX COydasx HarpeB TpaHcpopMaropa MPUMEPHO
OJIMHAKOB.

3.5.1.21. B ombITe KOPOTKOro 3aMbIKaHUsI OJHO(A3HOro TpaHchopmaropa
BOJILTMETP ToOKa3biBaeT 5 B, ammepmerp 1 A, Bartmerp 3 Brt. Onpenenutsb
Zx A rg.

I)ZKZSOM,VK:3OM. 2)ZK:10M,VK:3OM.

3)zx=50mMm, rg=1Owm. 4) zg =3 OM, rg =5 Om.

3.5.1.22. KakoB xapakTtep Harpy3ku Tpancdopmaropa, ecnu AU= — 20 B
MPU YMEHBIIEHUH TOKA OT HOMUHAJIBHOTO JI0 HYJIs1?

1) AKTUBHBIH. 2) HAYKTUBHBIMN.

3) EMkocTHOIA. 4) Jlng oTBETa HA BOIPOC HENOCTATOYHO JTAHHBIX.

3.5.1.23. Kak 3aBucar ot ko3ppuuuenta Harpy3ku Tpancdopmaropa a) mo-
TE€pHU B MeJH, 0) OTEPH B cTaIu?

1) IIponioprimoHanbHbI KBaAPaTy Ayr. 2) He 3aBucsT OT k.

3) a) mponopHHOHANIbHBI KBaJIpaTy kyr, 0) HE 3aBUCST OT Ayr.

4) a) 3aBUCHUT JIMHEIHO, 0) TPONOPIIMOHAIIBHBI KBAJIpaTy Ay

3.5.1.24. Ha cepaeunuke TpanchopmaTopa pa3MeIIeHbl a) MIIHHIPUIECKas
JIBYXCIIOHAs U 0) MHOTOCIONHBIE 00MOTKU. Kakas oOMOTKa HU3KOTO, a Kakas
BBICOKOT'O HAIIPSIAKEHUS?

1) a) Huzkoro, 0) BEICOKOTO. 2) a) BBICOKOTO, 0) HU3KOTO.

3) st OTBETA HA BOMPOC HEJOCTATOYHO JTAHHBIX.

3.5.1.25. O6moTKa TpaHchopmaTopa paccunTana Ha HanpsikeHue 690 B.
Kaxkast 310 06MOTKA?

1) Beicuiero HanpspkeHuUs. 2) Husiiero HanmpsiKeHuUs.

3) [lis oTBeTa Ha BOIIPOC HEJOCTATOYHO JAHHBIX.
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3.5.1.26. VYkaxuTe TpylIly COEIUHEHHH OOMOTOK
TpaHcdopMaropa, MOKA3aHHBIX HAa PHUCYHKE, €Ciu (pa3Hble

O6MOTKI/I Ha KAKIO0M CTCPKHC HAMOTAaHbI BCTPCYHO. § %
DY/Yo0.  2)Y/Yo-6. 3)Y/Y-0. 4)Y/Y-6.

3.5.1.27. OO6motku TpaHcopMaTopa COECIUHEHBI TIO

cxeme Y/A. ®a3npie 0OMOTKHM Ha KaXXJIOM CTEp>KHE HaMOTa-
HBI BCTpeuHO. OnpeienuTe rpyImiy COeIMHeHU 0OMOTOK. § § §
1) 5. 2) 6. 3) 11. 4) 7.
a b e

3.5.1.28. MoxHO JIM cCKa3aTh, 4YTO TpAaHC-

(dbopMaTopsl Ha PHUCYHKE BKJIFOYCHBI Ha Mapall-
JICIBHYIO paboTy? AT AT

1) MoxHo. 2) Henp3s. NY\‘| NY\‘|

3) Jns orBera Ha BOMPOC HEAOCTATOYHO

JaHHBIX.

3.5.1.29. MoXHO 7U BKJIIOYUTH HA MapajliebHYI0 paboTy TpaHchopmaTo-
PBI, HAMIPSIKEHUE KOPOTKOTO 3aMBIKAHUS KOTOPBIX PABHBI?

1) MoxHo. 2) Henp3sl.

3) Ans oTBeTa Ha BOMPOC HEJIOCTATOYHO JIAHHBIX.

3.5.1.30. Yto mpou3oiaeT, eciau BKIOYUTh Ha MapauielbHyl0 paboTy He-
cdazupoBaHHbIE TPaHCHOPMATOPHI?

1) Ha BBIXOIHBIX HIMHAX TOSBUTCS yIBOSHHOE HAIPsKEHUE.

2) Yepe3 oOMOTKH TpaHCHOPMATOPOB MOTEUYET OOJBIION TOK, J1a)Ke MPH OT-
KITIOYCHHON Harpyske.

3) Huuero.

3.5.1.31. MomHocTH napaiienbHo paboTaromux TpaHnchopmMaTopoB OUHA-
koBbl. DJIC BTOpruHON 00MOTKHU TiepBOTO Tpancdopmaropa 6ombiie IC BTO-
pUYHOI 0OMOTKH BTOpOTO TpaHnchopmaropa. ['1e npoTexaer 60IbII0M TOK?

1) Bo BTOpruHOI1 00MOTKE MEpBOTo TpaHchopMaropa.

2) B o6MoTKax mepBoro Tpanchopmaropa.

3) B o6moTkax BTOpOoro Tpanchopmaropa.

4) Bo BTOpr4HOI 0OMOTKE BTOPOro TpaHchopmaTopa;
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3.5.1.32. TpanchopMaropsl, XapakKTEPUCTUKU KOTO-
pPBIX M300paK€Hbl Ha PUCYHKE, BKIIOYEHBbI Ha mapan- U 4

JenbHyl0 pabory. Kakoll TpaHchopmarop HarpyxeH
OounbIe? §
1) IlepBbrii. 2) Bropoii.

3) O6a tpanchopmaTopa HarpyEHbI OJUHAKOBO. 7
o=
4) Jl;is oTBETA HA BONPOC HEJOCTATOYHO JaHHBIX.

(B

3.5.1.33. M3BecTHBI HAIPSKEHUSI KOPOTKOTO 3aMbIKaHUsI TPaHC(HOPMATOPOB:
Ux1 = 11 B, Uk, = 10 B. MoxHo 11 311 TpaHcpOopMaTopsl BKIIOUUTH Ha Mapal-
JIEJIbHYIO paboTy, €CJIM IPYTUE YCIOBUS BBIITOJIHEHbI?

1) Moxuo. 2) Henb3s.

3.5.1.34. MoHO 7¥ BKJIIOYUTH HA NapajlielbHy0 padboTy TpaHchopmaTo-
pbl, OOMOTKH KOTOPBIX coeAMHEHBI Mo cxeMaM Y/You Y/Y,, ecinu mpoune yc-
JIOBUS TApAJLJICIbHON PabOThI BHIMOTHEHBI?

1) Moxuno. 2)Henwss. 3) Jlnsg oTBeTa Ha BOMPOC HEIOCTATOYHO JIAHHBIX.

3.5.1.35. MoXHO 7U BKJIIOYUTH HA MapajlielbHYI paboTy TpaHchopmaTo-
pbI, OOMOTKHM KOTOPBIX COEIMHEHBI MO cxemaM Y/Y u Y/A, eciiu mpoyue ycio-
BUS MapajieTbHON paOOThl BHITIOTHEHBI?

1) Moxuno. 2) Henw3s. 3) Jlyist oTBeTa Ha BOMPOC HEAOCTATOYHO JaHHBIX.

3.5.1.36. MOXHO J11 ONBIT XOJIOCTOTO X0J1a BBICOKOBOJIBTHOTO TpaHCpopMa-
TOpa MPOBECTHU MPHU MOHKEHHOM HampsHKEHUH, 0€30MacHOM IS )KU3HU OTepa-
Topa?

1) MoxHo, eciu nogo0paTh COOTBETCTBYIOIIUE TPUOOPHI. 2) Henp3si.

3.5.2. Onumnuaonwie 3a0aqu

3.5.2.1. Bo ckonbpko pa3 HEOOXOAUMO YBEJIMYUTH YUCIIO BUTKOB B (pa3e 00-
MOTKHU TpaHc(opmaTopa MpU COCTUHEHUN B «3UT3ary, 4TOObI MOJYYUTh TaKOE
xe dazHoe HAPsHKEHUE, KaK MPU COSTMHEHUN «3Be310i»? [lokaxkuTe pemieHue.

3.5.2.2. MakcumanbHasi B3auMHasi MHAYKTHUBHOCTh Mexay (a3oil mepBuy-
HOU 1 BTOpUYHON 00MOTOK L,, = 0,03 I'H. Uemy paBHBI IVIaBHbIE B3aMHbIE UH-
IYKTUBHOCTH L4, Lgp 1 Ly, €CIIN B paCCMATPUBAEMBIA MOMEHT BPEMEHHU DJICK-
TPUUECKUHN YyroJl MEKIy OCIMH OOMOTOK paBeH 1/6?
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3.5.2.3. Ha pucynke mnoka3aHa ¢opma
kpuBoil ¢aznoit DJIC TpexdazHoro TpaHc-
dbopmaTopa co cxemoi coeauHenus Y/Y s
JBYX Pa3JIUYHBIX KOHCTPYKTHUBHBIX HCIIOJIHE-

e

HUI MarHUTONPOBOAa. KakuM KOHCTpYKIUAM €1
MarHUTOIPOBOJA COOTBETCTBYIOT HPHBE/ICH-
Hele kpusble? [losicHure. 1 1

3.5.2.4. IlepBuuHble OOMOTKH TpeX OJHO(A3HBIX TPAaHCHOPMATOPOB, COEIH-
HEHHBIE B «TPEYTOJIBHUK», MOJKIIOUEHbI K Tpexdaznoi cetu 220 kB. Tpu BbI-
BOJIa BTOPUYHOW OOMOTKH COCIMHEHBI B OOIIYI0 TOUKY. [Ipu oguHakoBeIX (as-
HBIX HANPsDKEHUAX HA BTOPUYHOM 00MoOTKE Uy = Uy, = U, = 10 kB nuHelinble
Hanpsbkenus pazaudnel U, = Uy, = 10 kB, U, = 17,32 kB. Yem oObscHsieTcs
HECUMMETPUYHOCTD JINHEWHBIX HANIPSKEHUMN, KAKUE MEPEKIIFOYEHHS B CXEME CO-
eIMHEHUI 0OMOTOK HEOOXOIMMO OCYIIECTBUTH?

BUBJIUOTIPA®HUUYECKHNIN CITMCOK

1. Bonpnek, A.W. DnexkTpuyeckue MaliiHbl. BBEIEHUE B DIIEKTPOMEXAHUKY .
MamuHbl HOCTOSSHHOTO TOKa U TpaHchopMatopsl: yueld. 1ist By30B /AWM. Bomb-
nek, B.B. ITonos. — CI16.: ITutep, 2008. — 319 c.

2. IletpoB I'.H. Dnexrtpuueckue mamubbl. B 3-x yactax. Y.1. Beenenue.
Tpanchopmaropsl: yue6. mias By3oB/ I'.H. IletpoB. — M.; Dueprusa, 1974.
—240c.

3. DiekTpuyecKre MallMHbl MOCTOSTHHOTO TOKa U TpaHC(HOPMATOPhl: METO-
JTUYECKUe yKa3aHus K JabopaTopHbM padotam / coctaButenb b.Jl. [llymakos. —
UYensbunck: U3narensckuii nentp FOYpl'Y, 2013. - 75 c.

4. DNeKTpuUecKrue MAIINHbI MOCTOSIHHOTO TOKa W TpaHchopmaTopsl [Diek-
TPOHHBIA pecypc]: MEeTOAWYECKHEe yKa3zaHusi K JabopaTopHbIM paboTam/ COCT.
b.J. lymakoB; IOx.-Ypan. roc. yH-T, Kad. 3JIEKTPOMEXaHUKUA M DIEKTPO-
mexannyeckux cucrem; OYpl'Y UYensbunck, 2013. — 75 c. — http://www.lib.
susu.ac.ru/ftd?base=SUSU METHOD&key=000503222& dtype=F&etype=pdf.

113



OT'JIABJIEHUE
Pazoen 1. Beeoenue 6 anekmpomexanuxy
Jlexyus 1. O61acTh MPUMEHEHHSI U OCHOBBI JICKTPOMEXAHHKH . . . . . . . . . . 3

Pazoen 2. Tpancgpopmamopwi
Jlexyusa 2. HaznaueHune, IPUHLNI IEUCTBUS U YCTPOMCTBO

0THO(PA3HOTO TPAHCHOPMATOPA .+« « e v v v e e ee e eeeeeee e e 15
Jlexyus 3. Pexxumbl neictBus ogHodasHoro tpancpopmaropa . ....... .. 28
Jlexyus 4. PexuM KOPOTKOI'O 3aMbIKaHUS U ITapamMeTphl

TpanchopMaTOpa .. . ..o 40
Jexyus 5. TpexdazHbie TPAHCHOPMATOPDBI . . . o oo v ve e e ean . 50
Jlexyus 6. Pexxumbl paboThl TpexdazHoro Tpancpopmaropa . . ...... ... 62
Jlexyus 7. [lapannensHas paboTa u crielMaibHbIe TUTTBI

TpaHChHOPMATOPOB . . . . oot e e e e 73
Jlexyus 8. Ilepexomanabie mporecchl B TpanchopMarope . ... .....ovo.. .. 84

Pazoen 3. @onowvl oyenounvix cpedcme 3nanuil
3.1. KoHTpONBbHBIC BOMIPOCHI, HCTIOIB3YEMBIE TIPH MOATOTOBKE

K JTA0OPATOPHBIM PAOOTAM . . . o ot e et e et et e e e e e 90
3.2. Tectbl, HcONB3yEMBbIE MPU JOMYCKE K J1a00paTOPHBIM paboTam

170 0. QT2 11117 P 92
3.3. KoHTpoJibHBIE BOIPOCHI, UCIIOIb3YEMbIE MTPU MTOATOTOBKE

KOK3AMEHY &« o v v ottt et et e e et e e et e 102
3.4. TecTspl, HCTIOJIB3yEMBIE IPU MOCTYIUICHUH B MarucTpaTypy . . .. . . . . 102
3.5. TecTsl 1 3a/1a4un, UCIIOJIHL30BAHHBIE HA CTYJICHUECKHUX

(000200007 b . G 107
BUOIMOrpaUUECcKHM CIIHCOK . . .« vt vt vttt e e 113

114



LIlymaxoe bopuc /[mumpuesuy

SJIEKTPMYECKHME MAIIIMHBI
Yacts 1.
BBEJIEHUE B 3JIEKTPOMEXAHUKY.
TPAHCDOOPMATOPHBI

Kypc nexumit

N3narenscknii neHtp HOxHO-Y pansckoro
rOCyJIapCTBEHHOI'0 YHUBEPCUTETA

115



