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BBEJIEHUE.

DNEeKTpUYECKHE MalIUHBI, TPeIHA3HAYCHHBIC JUIsl YCTAHOBKU HA MOJBHXKHBIX OOBEKTaX, JAOJKHBI
YIOBJIETBOPATh PAAY OCOObIX TpeOoBaHM U paboTaTh B cHEHMPUUECKUX YCIOBUAX. Jlis
AJIEKTPOIPUBOA OOBEKTOB MOJBHKHOTO COCTAaBA MCIIOJB3YIOTCS dJIEKTPUYECKHE MAILIHHBI C OYECHb
HIMPOKHUM JHAMa30HOM MOUIHOCTEH (OT HECKOJIbKMX JECSATKOB BaTT IO JIECATKOB MEraBatrT).
UYacTtora BpaleHuss MPUBOJA TPAHCIOPTHBIX AJICKTPUUYECKUX MAIIMH Pa3JIMYHOTO Ha3HAUYCHUS
Haxomutcs B mpenenax 50 - 12000 o6/MuH. BBICTpOXOIHOCTH TPAHCHOPTHBIX AJICKTPHUYECCKUX
MalliH OMPEICNSICTCS HE TOJIbKO CIENU(UKONW MPUBOJAMMBIX MEXaHH3MOB, HO B 3HAYUTEIHHON
Mepe CTPEMJICHHEM YMEHBUIMTHh pa3Mepbl U Maccy, KaK CaMHX JJIEKTPUYECKHUX MallhH, TaK U
MPUBOAUMBIX MMM MeXaHU3MOB. llpu 3amaHHBIX MOUIHOCTH Py M YAaCTOTE BPALIECHUS Nyoy
ANEKTPUYECKUE MAalIMHBl JOJDKHBI UMETh MUHUMAalbHbIE TabapuThl, Maccy, Harpy3ky Ha oOCb,
BIIMCBHIBATHCSI B Ta0apuThl MOJBMKHOIO COCTaBa M O0ECIEYMBATH BBICOKYIO HAaJEKHOCTb.
DJeKTpUYeCKUe MaIlMHBI MOJABIKHOTO COCTaBa paboTalOT B TSDKEICHIIUX YCIOBUAX, PE3KO
OTJIIMYAIOIIUXCA OT YCIOBUI pabOThl CTAMOHAPHBIX MamHH. [103TOMy HEOOXOIMMO YUYUTHIBATH
clieyromue cnenupuieckrue 0COOEHHOCTH X IKCIUTyaTall|H.

1. Konebanusi Temreparypsl OKPY)KaIOLIEH Cpeabl, Kak Ipu paboTe, Tak U MpH Oe3ACHCTBUH
MalllMHbI MOTYT COCTaBJIATH OT -50 10 +50 °C npr OTHOCHUTENLHOM BIAKHOCTH BO3IyXa 10 95 +
3%. B Takux yCIOBHSIX CHHIKAETCS MEXAaHWYECKas MPOYHOCTh OTHCNBHBIX Aeraneid. [Ipu HU3KMX
TEeMIIepaTypax H30JIALHUOHHBIE MaTepuasbl B OOJIBIIMHCTBE CBOEM CTAaHOBSITCS XPYINKHUMHU, B HHX
MOSIBIISIFOTCSL TpemuHbl. Jletom (0COOEHHO B IOKHBIX paiioHax) padoTa SJIEKTPUYECKHX MAaIIHH
3aTpyJHEHa WU3-3a YXYIIICHUS YCIOBUM OXJIQXACHUS, TEPEChIXaHUs H30JALUU, CUJIBbHON
3ambUICHHOCTH. [lOBBIIEHHAs BIAXXHOCTh BO31yXa, OCOOCHHO BO BpeMs JOXJIS WM CHeTa,
BBI3bIBACT KOPPO3UIO METAJUIMYECKUX YACTeH U CHIKAET KaueCTBO U3OJISIUH.

2. Ha xopmyc mamuHbl (0COOCHHO Ha TSTOBBIE ABUTaTENN) MEPUOJHMYECKH, a MHOTIA MOCTOSIHHO
BO3JICHCTBYIOT UMITYJILChI YCKOPEHUS, MPEBBIMIAONINE YCKOpeHue cBoOoaHoro maaexus B 10-20
pa3. /lunamuueckue cuiibl, JEMCTBYIOLIME HA JIETANIM 3JIEKTPUUYECKUX MAlllMH, MOTYT IPUBECTH K
Pa3IMYHBIM MOBPEXIEHUSIM: 00OPBIBY IPOBOIOB U OOMOTOK, OCOOCHHO B MECTaX MalKH, MOSIBICHUIO
TPEIMH U pa3pyLIEHUIO 3JIEKTPUUECKON M30JISIIUU, YCKOPEHHOMY HU3HOCY OCEW U MOJIIUITHUKOB,
HapYIICHUIO HOPMAallbHOM paboThl yHmpyrux osieMeHToB. KOHCTPYKIMS MAaIllMHBI W YCJIOBUSA
pa3MelieHtsl €e Ha MOJBUKHOM COCTaBe JOHKHBI 00eCeunBaTh yI00HbIN TOCTYI:

* K MOAIIMITHUKAM CKOJIBXKEHUS C KUAKOW CMa3KoW, rie HeoOXOIUMO KOHTPOJIHPOBATH IMPHU
aBTOHOMHOM CMa3Ke JO0CTaTOYHOCTh IMOJa4M Macia, a NMpU NPUHYAUTEIbHOW CMa3zKe — HaJu4ue
LUPKYJISUU Macja yepe3 NOJIINITHUKH.

* TOJAIIMITHUKAM Ka4yeHHUs] C KOHCHCTEHTHOW CMAa3KOW JJisi YaCTUYHOM 3aMEHbl U TOTOJTHEHUS
cMa3Kku 0e3 pa300pKu MOJIIUITHUKOBOTO y37Ia.

* LICTOYHOMY armnapary KOJIJIEKTOPOB MAIIUH IOCTOSHHOTO TOKAa WJIM KOHTaKTHBIM KOJIbLAM
MalllMH NEPEMEHHOT0 TOKa.

* osiTaM, KpensIuM K CTAHUHE TJIaBHbIE U JOOABOYHBIE MOJIFOCA MALINH MOCTOSIHHOTO TOKA.

* BO31yXOOXJIaIUTEIISM.

* KOpOOKaM BBIBOJIOB KOHITOB O0OMOTOK MAIlIMH BCEX POJOB TOKA.

* K DJJeMEHTaM, WMEHIIIUM OOJBIIYI0 Maccy, [UIsi BO3MOXHOCTH HCIOJB30BaHUS TPHU
00CITy’KMBaHUHM U PEMOHTE MEXaHU3UPOBAHHBIX CPE/ICTB.

B psine cmydaeB MalvHBI YCTaHABIUBAIOTCSA W PabOTArOT HA MOJBUKHOM COCTaBE B MOMEIICHUIX
OTrpaHMYEHHOTO0 00beMa, 0e3 LUPKYIAUUd U oOMeHa Bo3ayxa. Takue YCIOBUS CIIOCOOCTBYIOT
3arpsi3HEHUIO0 MAIlIUHBl YTOJBHOM NBUIbIO IIETOK, HAPYIICHHI0 KOMMYTAallUM M BO3MOXHOCTH
nepedpoca AYrd € KOJJIEKTOpa Ha KOPILYC. DJIEKTPUYECKHE MalINHbI, YCTAaHOBJIEHHbIE CHAPYKU
Ky30Ba, TpU JBHKCHHH OOyBAIOTCS BCTPEYHBIM MOTOKOM BO31yXa, B KOTOPOM COJEpIKATCS
YacTUIBI TBUIM, oOOJagaromue abpa3uBHBIM  JelicTBHeM. OHH  pa3pymialoT — U3OJSIHUIO
ANEKTPUYECKUX MAIIHMH, YXYIIIAI0T padoTy MOAITUITHIUKOB U CO3IaI0T TOKOMPOBOISIINE I[EMOYKH,
KOTOpPBbIE MOTYT BBI3BIBAaTh KOPOTKHE 3aMblKaHHs. HeKoTopwsle M3 TEPEUMCICHHBIX YCIOBHM
MPOTUBOPEYAT OCHOBHBIM TpPEOOBAHUSAM, MPEIBSIBISIEMBIM K TPAHCIOPTHBIM DJICKTPUYECKUM
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MaIlIfnHaM, HalpuMep: Ui TOCTHKEHUS BO3MOXKHO MEHBIINX TabaprTOB aKTUBHOE SAPO MAIIHUHBI
JOJKHO paboTaTh C BBICOKUM KO3()QHUIIMEHTOM HCMHOJIb30BaHUS, YTO COMPOBOXKAAECTCS BHICOKUMU
pabouuMH TeMIepaTypamu, NpPEIeNbHO IOIMYCTUMBIMU ISl TEIJIOCTOWKOM wm3omsuuu. To ke
OTHOCHUTCS K MEXAaHHYECKHM HAIPSIKEHUSM B JIIEMEHTAX KOHCTPYKIIMU, KOTOpBIE BCIIEICTBUE
MOBBIIIEHUS! OBICTPOXOAHOCTH MAIIMHBI JIOCTUTAIOT BBICOKMX, a B pSAJEC CIy4aeB MPEAEIbHO
JoNMycTUMbIX 3HaueHui. Co3aHre HOBBIX, 00JIee COBEPIIECHHBIX U 00Jee Ha/JIeKHBIX MalINH, a TaK
K€ MX TIpaMOTHas OHKCIUTyaTallsi BO3MOJKHBI TOJBKO B peE3yJbTaTe TIIyOOKOro HW3Y4EeHHUS
(bu3MYECKUX MPOIECCOB, MPOUCXOIANIMX B pabOTAIONIMX MalIMHAX aHAJOTMYHOro HazHadyeHus. K
TaKuM IIpOLECCaM OTHOCSATCS W3HAIIMBAHUE, pElaKCalus U YCTAIOCTh METAJIOB, KOPPO3Us U
9pO3Usl AJIEMEHTOB KOHCTPYKLMHM B PE3YJIbTATE BO3ACHCTBUSA JBHXKYIIETOCS IMOTOKA MKUAKOCTH,
CTapEHHME MAacell U KOHCHUCTEHTHBIX CMAa30K, TEPMHUYECKOE CTapEHUE JJIEKTPUYECKOW H3OJISALHUH,
3arbUICHUE, UTUTEILHOE BO3CHCTBIE PA3IMUHBIX MOBTOPSAIOIIMXCS MEPErpy30K, BUOpalui H T. II.
Bce 31Ty mporecchl CTaHOBSITCS 3aMETHBIMM JIMILb TOCJE NPOJOLKUTEIBHOW padOThl MAaIIMHbI, U
JOCTOBEPHYIO0 MH(MOpMaLMI0 00 M3HOCE MOXET JaTh TOJbKO CHCTEMaTHYEeCKOE M3YUYECHHE OIbITa
SKCIUTyaTallil 00OpYAOBaHUs, pabOTAIONIEr0 B PEaJbHBIX YCIOBHIX IMOJIBMKHBIX 00BekTOB. Ha
MOJIBIJKHOM COCTaBE BCE IIMPE UCIOJIB3YIOTCS CTaTHMUYECKHE MpeoOpa3oBaTeiy dHEPTUU Ha Oasze
IIOJIYTIPOBOJIHUKOBBIX IMpuOOpoB. CuiioBas MOJIYNPOBOJHUKOBAs TEXHUKA SBISETCA YacTbiO
MIPUBOJIA JEKTPUUECKUX MAIIMH MOJBUKHOTO COCTaBa, MO3TOMY IOHUMaHHE pabOThl AITUX CUCTEM
HE00X0/IMMO M TEXHHKaM-MeXaHUKaM. B cucremax ympaBieHHUs CUIIOBBIMHU IMOJTYITPOBOJIHUKOBBIMU
npeoOpa3oBaTeIsiMi UCIOIB3YIOTCS MUKpOIIpolieccopbl. M3yueHne MUKPOIPOLIECCOPHON TEXHUKU
HE BXOJIUT B 00BEM MOJATOTOBKH CHELMATUCTOB-3IEKTPOMEXAHUKOB, OIHAKO pa3zell, HOCBSILEHHBIN
3TUM CHCTEMaM, BKJIIOYEH B YUeOHUK I 03HAKOMIICHHUS.

PA3JIEJI I.
SJIEKTPUYECKHUE MAIIHUHBI.
I'naBa 1.
YCTPOMCTBO U PABOTA KOJIJIEKTOPHBIX MAILIUH MOCTOSIHHOI'O TOKA.

1.1. lIpeoOpa3oBaHue IHEPTUH B JIEKTPHUECKHX MAIIIMHAX.

OneKkTpuyecKas MalllMHa CILY>KUT JUJIsl IPE0Opa30BaHUs:

* IOJABOAUMOM K HEH MEXAaHUYECKOU DHEPIUU B DIIEKTPUUECKYIO.

* 3JIEKTPUYECKON YHEPTUH B MEXAHUUYECKYIO.

* DJIEKTPUYECKON YHEPTHUHU B DJIEKTPUYECKYIO APYrOro poaa TOKa, Ipyroro HalpsiKEeHUs UiIn
YacTOTHI.

BbipaboTka 37€KTpo3HEpruM Ha OOBEKTax MOABMIKHOIO COCTaBa OCYIIECTBISIETCS IyTeM
peoOpa3oBaHus TEIUIOBOM SHEPruu, IIOJIYYEHHON TMpU CXKUTAaHMM TOIJIMBA B JIBUraTesne
BHYTPEHHEIO CrOpaHus, B MEXaHMYECKYI0 DHEPrHI0 BpalllEHUs KOJIEHYaTOro Baja, KOTopas
MIPUBOJUT B JIEHCTBUE 3JIEKTPUUYECKYIO MAILIMHY — FeHepaTop. 3HaYUTeNIbHAs 4acTh NOTpedsieMoit
AJIEKTPUUYECKONW PHEPTrUM BHOBBL IPE0Opa3yercsi B MEXaHHYECKYIO0 SHEPrHi0, HEOOXOIUMYIO s
MIPUBE/ICHUS B JEWCTBHUE PA3IMYHBIX MAIMH, MEXAaHU3MOB, CTAHKOB U IOJBH)KHOTO COCTaBa. JTO
npeoOpa3oBaHuWEe OCYIIECTBISIETCS TMPU  TOMOIIM  3IJNEKTPUUECKUX  MAIWH, Ha3bIBAEMbIX
ANEKTPUYECKUMU ABUTATEISIMH. [ TaBHBIM Ha3HAYEHUEM DJIEKTPUUECKUX MAIIMH sBjsieTcs paboTa B
KayecTBE TeHepaTopoB WiK aBurareneit. [[ng npeodpa3oBanus poaa Toka (Harnpumep, nepeMeHHOro
TOKa B IOCTOSTHHBIA U HA00OPOT), HANIPSKEHUS, @ TaK)Ke JUUISl YCUJIEHUS! MOIIIHOCTH AJIEKTPUYECKIX
CHTHAJIOB MCIIOJIB3YIOTCS AJIEKTPOMAIIMHHBIE PE0Opa30BaTEH.

Konnexmopnas mawuna — >nexrpudeckas MamumHa (reHepaTop, JBUTaTeNlb), Y KOTOPOH 0OMOTKa
AKOps (pOTOpa) COeIMHEHA C KOJUIEKTOPOM. KoJIJIEKTOpHbIE MalllMHBI IPEIHA3HAYEHbI, B OCHOBHOM,
Ui paboThl Ha MOCTOSHHOM TOKe. CyIECTBYIOT YHHMBEpPCAIbHbIE KOJUIEKTOPHBIE MAallHHbI
HEOOJIBIION MOIIHOCTH, paboTalolue Kak Ha MOCTOSHHOM, TaK M Ha nepeMeHHoM Toke. [lpu
paboTe DJEKTPUUECKON MaIlMHBI B pPEXKUME TeHepaTropa MPOUCXOJUT MpeoOpa3oBaHHE
MEXaHUYECKOM OJHEPIHUH B DIIEKTPUYECKYIO, B COOTBETCTBHU C 3aKOHOM DJIEKTPOMAarHUTHOU
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nHAYKIUHU. CyIIHOCTh 3TOr0 3aKOHA COCTOMT B CIEAYIOIIEM: €CIM BHEUIHSS CUia MEepeMElIacT
MIPOBOJIHUK B MAarHUTHOM IOJIE€ CO CKOPOCTBIO Yy, HAIpUMeEp, CJIE€BAa HANPABO IMEPHIEHIUKYISIPHO
BEKTOpPY MarHUTHOM MHAyKIMU B, To B mpoBoanuke Oyner HaBoautbes D/]C (Mammua paboTaeT B
PEKUME TeHepaTopa): E=Blv, (1.1)
rae £ — 3JIeKTpOoABMKYILIAs CUIIA, MHAYLUpYeMas B IpOBOAHUKE, B; B — MaruuTHas unaykuus, 1,
| — akTuBHas AJMHA MPOBOJHWKA, T.e. JJIMHA €r0 YacTH, HAaXOISIICHCS HEMOCPEICTBEHHO B
MarHutHOM Tmosie, M. ®Dopmyna (1.1) ompenensier nump Benmuuuny IJC. s ompeneneHus
Harnpasienus DJIC cymecTByeT M3BECTHOE M3 Kypca (U3MKK MpaBUiio mpaBoi pyku. CoriacHo
stomy mipaBuiy Ha puc. 1.1 3/IC B npoBogHUKE HampaBiieHa «OT HAc». ECiM KOHIIBI TPOBOHUKA
3aMKHYTh Ha BHEIIHEE CONpoTuUBIeHUE (moTpedutens), To moj aeiictBueM DJIC B mpoBOAHHKE
[IOTEYET TOK TAaKOro >k€ HampaBieHMs. Eciin ke 1o BUTKY NpOMYCKaTh IEKTpUYECKUil TOK |,
MarHuTHele 1oJist 2 noytocoB N v S 1 npoBogHUKA | B3aMMOJEHCTBYIOT MEXKIY COOOM, BCIEACTBHE
Yero BO3HUKACT 3JCKTPOMArHUTHAs cuia F.y,, AelcTByomas Ha MPOBOAHUK (MamnHa paboTaer B
PEKUME IBUTATEIIA): F..=BIl (1.2
Hamnpasnenue cuinel F,, MOXHO omnpeneanTs Mo MpaBuily JieBoW pyku. B paccmaTrpuBaeMoM ciydae
3Ta CWJIa HampaBlieHa ClpaBa HaleBO. TakuM oOpa3oM, B reHepaTope 3eKTpoMarHuTHas cuia F,,
SBJIETCS TOPMO3SILENH MO OTHOWIEHUIO K JBwxkymeill cune F. Ilpu paBHOMEpHOM JBUXKEHUU
MIPOBOJHKKA 3TU CHUJIBI YPaBHOBEIIMBAIOT Apyr Apyra, 1.e. F = F,,. YMHOX)UM 00e yacTH 3TOro
paBEHCTBA Ha CKOPOCTh ABM)KEHUS ITPOBOJHUKA!
Fv=F,v (1.3)

[ToxcraBuB B hopmymy (1.3) Bepaxenue s F,,, u3 popmynsr (1.2), momyanm:

Fv=Bllv=El (1.4)
JleBas yacth paBeHcTBa (FV) XapakTepusyeT BEJIHMYMHY MEXaHUYECKOW MOIIHOCTH, 3aTPaunBacMOil
Ha MepeMeleHne MPOBOJHUKA B MArHUTHOM I10Jie, a rpaBas 4acTh (El) — BeTUUuHy 31eKTpHUYEeCKOi
MOILHOCTH, Pa3BUBAEMOM B 3aMKHYTOM KOHTYpE 3JIEKTPUUYECKUM TOKOM |. 3HaK paBeHCTBa MEXAY
STUMHU YaCTAMM I[IOKa3bIBa€T, YTO B TEHEpPATOPEe MEXaHHWYecKass MOUIHOCTb, 3aTpayuBaeMas
BHEUIHEN CUJION, IpeoOpasyeTcsl B 3JEKTPUUECKYIO MOIIIHOCTb.

Puc. 1.1. BzaumogeiicTBEe MarHUTHBIX HOJEH IOJIIOCOB U IMPOBOAHUKA C TOKOM.
1 — marsuTHOE 1OJIE IIPOBOAHHKA C TOKOM; 2 — OCHOBHOE MarHUTHOE TI0JIE.

ITon peiictBuem cuibl F,, MPOBOJHUK NEpeMelniaeTcs B MarHUTHOM I10JI€, 1 B HEM HMHAYLUPYETCS
SOJAC E. Ecnm K NpOBOAHMKY HE TMPHUKIAJAbIBaTh BHEIIHIO cuiry F, a or wucrounuka
AJIEKTPOIHEPIHH MOABECTH K HEMY HampsbkeHue U, To Ha mpoBOJHUK OyneT AecTBOBaTh TOJIBKO
anieKTpoMaruuTHas cuna F,,. Iloxg neiictBueM 3Toi cuiibl MPOBOJHUK OyAeT mepemeniarbes B
MarHuTHoM noze. [Ipu atom B npoBoaHuke nHaynupyerca J/1C, HampaBiaeHHas TPOTUBOIIOJIOKHO
NPUIIOKEHHOMY K NpOBOAHHMKY HampsbkeHuto U. Takum o0Opa3oM, 4HacTb 3TOro HampsKEHHUs
YPaBHOBEIIMBAETCS JICKTPOABUKYILEH CUIION E, HaBE€JEHHON B 3TOM IIPOBOJHUKE, a IPyTasi 4acTh
OIpeleNsAeT BEIMUYUHY NTaJCHUS HAIIPSOHKEHUs B IPOBOIHUKE:!
U=FE+Ir (1.5
rze I — 3JeKTpUYecKoe COMpPOTUBIICHUE NMPoBoAHKKA, OM. [l onpeneneHus O6anaHca MOIIHOCTEH
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YMHOXXHUM 00€ yacTu Belpaxkenus (1.5) Ha Tok I

Ul = El + I’r. (1.6)
[ToncraBnsisi B mpaByto yacTh paBeHcTBa (1.6) BMecto E Boipaxenue ans IJC u3 ¢popmynst (1.1),
TIOJTY UMM Ul =Bvll + I’r. (1.7)
ITockonbky cormacuo Gopmyie (1.2) Bil = F,,, To Beipaxenue (1.7) MOXHO mepenucarh Kak

Ul =F,v+I’r. (1.8)
W3 paBenctBa (1.8) ciemyer, 4ro omHa vacTh 3iekTpuueckoit momuoctu (Ul), mocrymarorieii B
NPOBOJHUK, Ipeobpasyercst B MexaHuueckyto sHepruto (F.,V), a apyras HIeT Ha IMOKpPBITHE
BJIEKTPUYECKUX TOTEPH B MPOBOJHUKE (Izr). CrnenoBaTenbHO, TPOBOJHUK C TOKOM, ITOMEILIEHHBIN B
MarHMTHOE TOJIe, MOXXHO paccMaTpuBaTh KaK 3JIEMEHTApHBIN 3JIeKTpoJBUraTesb. PaccMoTpeHHbIe
IpoIecChl MPeoOpa3oBaHMs SHEPTHM JAlOT BO3MOXKHOCTH CJAEJaTh BEChbMa BAXKHBIM BBIBOJ:
HEOOXOIUMBIM yCIIOBHEM pPabOThl 3JIEKTPUUYECKONW MAIIUHBI SIBISIETCS HAIUYUE MPOBOJHUKOB U
MarHuTHoro mons. Ilpm 3TOM mpeoOpa3oBaHME HHEPTUM MOMKET TNPOUCXOAUTH B JIFOOOM
HaIpaBIIEHUH, T.€. AJEKTPUUECKas MalliHa MOKET paboTaTh Kak B KauecTBE IeHepaTopa, Tak U B
KauecTBe JBUrareis. Takoe CBONCTBO JJIEKTPUYECKMX MallMH IOCTOSHHOIO TOKAa Ha3bIBaeTCs
obpamumocmpio. ITO CBOWCTBO HIMPOKO HCIOIB3YETCS Ha JOKOMOTHBAX: TSITOBBIE T'€HEPATOPHI
paboTaloT B pEKUME IJIEKTPOJBUTATENS TPU 3aIyCKE TU3ENs, a TATOBBIC DJIEKTPOJBHUTATEIH — B
peXuMe reHepaTopa npu TOPMOKEHUH.

1.2. lIpuHUMN JeiicTBUSA 3JIeKTPUYeCKOii MAIIMHBI OCTOHHOTO TOKA.

PaccmoTpum paboty mpocteiiiieil MallinHbl MOCTOSTHHOI'O TOKa KOJUIEKTOpHOro tumna (puc. 1.2) B
pexxume TeHepaTopa. Mexay IByMsl TOdOcaMu moctostHHoro marHuta (N u S) momermieHa
BpaIlAlOIIAsACsi YacThb MAIIMHBI — SKOPb, KOTOPBIM IIPUBOAUTCA BO BpAaLICHHE IEPBUYHBIM
JIBUTATEJEM, HallpuMep TYypOMHOM WM JBUTAaTElIeM BHYTPEHHEro cropaHus. SIKopb MalluHbI
COCTOUT M3 CTAIBHOTO IMJIMHPA, HA KOTOPOM pacHoyioxkeHa oOMoTka B Buae BuTka abcd. Konrb
BUTKAa MPHUCOEANHEHBI K JBYM ILJJaCTMHAM (MOJYKOJbLAM), U30JIMPOBAHHBIM JIPYT OT JApyra. OTH
IUTACTUHBI 00pa3yl0T BaXKHYIK YacTh MalIMHbI — KoyuiekTop. K merkam 4 u B npucoenuHsiercs
Harpyska reHeparopa. B mporecce paboThl MalIMHBI KOJUIEKTOP BpalllaeTcsi BMECTE C BajoM, a
HIeTKU 4 1 B ocTaroTcst HeMOABMKHBIMU. [IpennonokumM, 4To sIKopb TeHepaTopa BpalacTcs MpOTHUB
4acoBOM CTpeNKM, TOr/la B MPOBOJHUKAX OOMOTKM sikopsi uHayuupyercs OJIC, HampaBieHue
KOTOpOM yKa3aHO Ha pUCYHKE cTpenkamu. MraoBeHHoe 3HaueHue d3toil OJIC g omHoro
IIPOBOJAHKMKA OOMOTKH onpenensercs no popmyse:
e=Blv (1.9)

AKXTHBHAas JUIMHA TPOBOJHWKA | B JaHHOM ciydae — BelWYMHA HEM3MEHHAs, MO3TOMY €CIH
CKOpPOCTh JBM)KEHHUS SKOpS B Ipolecce paboThl TeHepaTopa TOXe OCTaeTcs HEM3MEHHOH, TO B
dbopmyne (1.9) ux mpousBeneHue OyneT MOCTOSHHON BEMIWYMHOM (CONSt). DTO JMaeT BO3MOXKHOCTD
3anmucath ¢opmyiny (1.9) B Bume e = constB. Dra ¢opmyna HOKa3bIBaeT, 4TO BEJIMYMHA U
HarpasieHue DJIC B 0OMOTKe SKOps OMPEEISIOTCS UCKIIOUUTEIFHO BETMYMHON 1 HAMPaBIICHUEM
MarHMTHON MHAYKIMH B B BO3YIIHOM 3a30p€ MEXIYy SKOpeM U noiocaMu. [Ipu Bpamenun skops
reHepaTopa MPOBOJHUKU €ro OOMOTKH MOOYEPENHO 3aHMMAIOT MOJIOKEHUS B MarHUTHOM IOJIE C
pa3sHBIMU 3HAYEHUSMU MarHUTHOM MHAYKIMH, TIO3TOMY B OOMOTKE SIKOpS reHepaTopa HaBOAMUTCS
nepemenHas DJIC. IIpu stom rpaduk mzmenenns IJ[C B 3aBUCUMOCTH OT BPEMEHH COOTBETCTBYET
AuarpamMMe paclpeesIeHUs MarHMTHOM MHIYKIMU B BO3AYIIHOM 3a3ope. Tak, Hampumep, IpH
CUHYCOHJIAJIbHOM XapaKTepe paclpeiesieHnss MarHUTHOW MHIYKIHUH B BO3aymHOM 3a3ope J/IC, a
ClIeZIOBAaTeNbHO, M TOK B 0OMOTKE KOsl Takke CUHycouaanbHbli (puc. 1.3). Ecau Obl B MamuHe He
ObUIO KOJUIEKTOpAa, TO TOK BO BHEIIHEH ILienu reHeparopa Obul Obl mepeMeHHbIM. C MOMOIIbIO
KOJIJIEKTOpa U IETOK A U B mepeMeHHbI TOK 0OOMOTKHU SKOpsI MpeoOpaszyeTcss B MyJIbCUPYIOIIUN
TOK, T.€. TOK, HEM3MEHHBII 1o HamnpasieHuto. [Ipu n3o0pakeHHOM Ha puc. 1.2 MONOKEHUU BUTKA
abcd Tok BHemIHEH 1eTM reHepaTopa HalpaBieH OT IEeTKH 4 K meTke B. PykoBoaCTBysCh TeM, 4TO
BO BHEIIHEM YacTH IEeNu TOK HampaBieH OT IMOJIOKUTEIBHOTO 3a)XHMMa K OTpPULATEIbHOMY,
oIpeJiesisieM MOJISIPHOCTh IETOK: MIeTKa A UMEET MOJIIPHOCTD « + », a meTKa B — « - ».
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Puc. 1.2. [IpocTelimas MalmmHa MOCTOSHHOTO TOKa KOJJIEKTOPHOTO THUIIA:
N — 9aCcTOTa BpAILCHUS SIKOPS

[Tocse Toro kak sKOpb MoBepHeTCs Ha yroy o = 180 °, HampaBjieHue Toka B BUTKe abCd u3MeHUTCs
Ha oOpatHoe. OJHAKO MOJSIPHOCTH IIETOK, a CJIEOBATEIbHO, W HANpaBlIeHHE TOKAa BO BHEIIHEH
JaCTHu LI OCTAarTCsI HEU3MCHHBIMU. O0BsicHIETCS ITO TEM, 4YTO B TOT MOMECHT, KOIrJja TOK B BUTKEC
MEHSIET CBOE HAIpaBJICHHE, MPOUCXOAUT CMEHA KOJUICKTOPHBIX IUIACTUH MOJ HIeTKaMu. Takum
oOpa3oMm, moj mieTKaMH A BcerJa HAXOAWTCSA IUIACTHHA, COSAMHCHHASsS C TPOBOJIHHUKOM,
pacmnojoKeHHbIM 1o moitocoM N, a moj meTko B — IacThHA, COeIMHEHHAs! C MPOBOJHUKOM,
pAacIioyio’KeHHBIM HaJl TOJocoM S. briarogapsi 5ToMy TOK BO BHEIIHEH LIENMU reHepaTopa WMeEeT
MOCTOSIHHOE HAIPaBJICHUE, a €ro BEJIMYMHA OCTaeTCs MEPEeMEHHOM: KOorja MPOBOJHUKU OOMOTKHU
abcd HaxomaTcs MO/ CepelMHOM TOJIIOCOB, TOK HMMEET MaKCHMalbHOE 3HAYCHHE, a KOrJa Ha
TeOMETPUUYECKON HEeHTpanum — TOK paBeH Hymo. Takum o0pa3oMm, C MOMOIIbIO KOJUIEKTOpa B
reHepaTope MOCTOSHHOTO TOKA MPOMCXOAUT NMPeoOpa3oBaHUE EPEMEHHOIO TOKa B OOMOTKE SIKOps
B ITyJIbCUPYIOLIUI TOK BO BHEIIIHEM Y4acCTKE IEITH.

Puc. 1.3. U3menenune HampaBjieHuUsI TOKA B IPOBOJIHUKE STKOPSI, UMEIOIIET0 OJUH BUTOK OOMOTKH.
=  U3MEHEHHE TOKa 'eHEPATOPA, ---- U3MEHEHUE TOKA B IIPOBOJHUKE SKOPS.

Puc. 1.4. I'paduk BBIIPSAMIIEHHOTO TOKa T€HEpaTOopa, SKOpb KOTOPOro UMEET /IBa BUTKA.

HYJIBCB.I_[I/II/I TOKa BO BHEIIHEH Oernu reueparopa MOXHO YMCHBIIWUTD, C€CJIM BBIIIOJIHUTH 06MOTKy
AKOpA HU3 HCECKOJIBKUX BUTKOB, K&)K}IBIﬁ N3 KOTOPBIX IMPUCOCAWHECH K COOTBeTCTBYIOH_[ef/'I nape
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KOJUIEKTOPHBIX TUIACTHH. Tak, Hampumep, €CH SIKOPh MMEET BCEro JBa BHUTKA, CIBUHYTHIX B
MpocTpaHcTBe 1Mo yriioM 90°, mysnbcanuu Toka 3aMeTHO yMeHbInatores (puc. 1.4). [lpu Gonbimem
YHClie BUTKOB B OOMOTKE KOS MYJIbCAIIMA CTAHOBSITCS emie MeHblne. [IpakTudeckn yxe npu 16
BUTKaX B 0OMOTKe (M COOTBETCTBEHHO 16 IUIACTHHAX B KOJUIEKTOPE) MYJIbCAIIMH TOKA CTAHOBSTCS
HE3aMETHBIMH U TOK BO BHEIITHEH Ienu (B HArpy3Ke) reHepaTopa MOKHO CYUTATh MOCTOSTHHBIM HE
TOJILKO II0 HAIPaBJICHHIO, HO W TO BEIMYMHE. B CBSI3M C 3TUM COBPEMEHHBIC KOJIJICKTOPHBIC
MAalIHHBI TTOCTOSTHHOTO TOKAa OOBIYHO MMEIOT OOJIBIIIOE YMCIO KOJUICKTOPHBIX TUIACTHH M CEKIUN
0OMOTKH Ha SIKOpE.

1.3. YcTpoMCTBO 3J1eKTPUYECKOil MAIIMHBI IOCTOSHHOIO TOKA.

DNeKTprUYecKasl MAlIMHA [TOCTOSIHHOTO TOKAa KOHCTPYKTUBHO COCTOMT M3 JIBYX YacTEW: MATHUTHOM
CHCTEMBI, CO3/Ial0IIeH MarHUTHOE T10JIE, U BPAIIAIOIIEroCs B MOALIMITHUKAX SKOps ¢ 00MOTKO# 9 1
koektropoM 1 (puc. 1.5). DTu uyacTu paszzaeneHbl BO3AYIIHBIM 3a30pOoM. MarHutHoe mojie B
AJIEKTPUUYECKUX MAIIMHAX IOCTOSHHOTO TOKa cO37aeTcsi OOMOTKaMH BO30YXKIEHUS S,
pPacrloJOKEHHBIMA Ha CEpICYHHKAX IMOMOCOB 4 U MHUTaeMbIMH MOCTOSHHBIM TOKOM. Ywucio
II0JIFOCOB BBIOMPAETCS B 3aBUCUMOCTU OT MOIIHOCTU U Ha3HAUEHUS AJIEKTPUUYECKOW MAIUHBI JUIS
MOJIBIKHOTO COCTaBa M MOXET KOJIe0aThCs OT ABYX A0 ABeHaAnatu. OObIYHO MAarHUTHYIO CUCTEMY
BBITIOJIHSIOT B BUJIE CIUIOIIHOM CTAIBHOW CTAHUHBI 6 CO ChEeMHBIMU IMIMXTOBAHHBIMH CEPACYHUKAMU
4. PaccMOTpUM KOHCTPYKIHUIO OT/IEIBHBIX Y3JI0B MAalTMHBI TOCTOSTHHOTO TOKA.

CranuHa. B maminHax MOCTOSHHOIO TOKa CTaHUHA B MEPBYIO OYEPE/b CIYKUT MarHUTOIIPOBOAOM
JUISL MarHUTHOTO TIOTOKA TJIABHBIX U 100aBOYHBIX MOMOCOB. Kpome Toro, Ha Hell KpensiTcs moiitoca
U TOAIIMIHUKOBbIE IIUTHI. [103TOMY KOHCTPYKIMSI CTAaHMHBI MAlIMH MOCTOSHHOTO TOKa MOKET
ObITh TUTOW M3 CTajH, CBAPHON M3 TOJICTOJMCTOBON WIIM INUXTOBAHHOM U3 AIIEKTPOTEXHUYECKON
cranu. CTaHMHAa JODKHA o0danaTh JIOCTAaTOYHOM MEXAaHMYECKOW MPOYHOCTbIO M OOJBIION
MarHUTHON MPOHHUIIAEMOCTHIO. TONIIMHA CTEHKH CTAaHUHBI BHIOMpAETCSI TaKOM, 4TOOBI 00ECIIeYUTh
HEOOXO/MMYI0 BEIIMYMHY MarHUTHOM WHAYKIMH, W JOJDKHA COCTaBISATh HE MEHEE IOJOBUHBI
MIONIEPEYHOI0 CEYEHUS IJIaBHBIX MOJIOCOB. BHYTpEeHHMI 1HaMeTp CTaHUHBI ONPENIETSAETCS C YUETOM
HEOOXOIMMOCTH JJIsl pa3MElIeHMs SKOps, TJIaBHBIX M J00aBOYHBIX IOJIOCOB M UX OOMOTOK. B
CTaHWHAX U3 CTAJIBHOIO JIUThs, HAPUMEP, y TATOBBIX AJEKTPOJBHUrareieil JOKOMOTHUBOB, IS
KOTOpPBIX BaXXHYIO pOJIb UIPAaeT YMEHBIIEHHE MAacChl, IONEPEYHOE CEUYEHUE MOXKET ObITh
YMEHBUIEHO IO OCSIM TJIaBHBIX IMOJIOCOB, TaK KAaK MarHUTHBIA MOTOK, MEPEXOMASIINNA C TJIABHOTO
MOJIFOCa HAa CTAaHHWHY, PAaBHOMEPHO paclpejaensercss Mo Bcell mupuHe mnostoca. [ng mamumH
MIOCTOSIHHOTO TOKa C BBICOKMMH JUHAMHYECKUMH Harpy3kaMyd MAarHUTHOM LENHU, HallpuMep IpH
MUTAaHUM OT CTAaTUYECKHX IpeoOpa3oBareseil, BBICOKUX CKOPOCTSX HAapacTaHMsl TOKa SIKOpA, a
TakXke MpHU ObICTPOM HapacTaHUM TOKa BO30YXIEHMS, HEOOXOJUMO NMPH HU3TOTOBICHUM CTaHUHBI
HCIOJIb30BaTh IIUXTOBAHHBIE JINCTHI U3 AJIEKTPOTEXHUYECKON cTanu. YacTh cTaHUHBI, 00pa3yromas
KOJUIEKTOPHOE IIPOCTPAHCTBO M HE SBIIAIOINAACA MarHUTOIPOBOJOM, HMEET OTHOCHUTEIBHO
HEOOJBIIYI0 TOJIIMHY CTEHKH, HEOOXOAMMYIO i OOecnedyeHHs MEXaHWYECKOW MpPOYHOCTH.
WNuorga nTa 9acTh SJEKTPUUYECKON MAIIMHBI BBIMOJNHSETCS B BHUJIE OTIECNBHBIX pedep, 3aKPBITHIX
TOHKOCTEHHBIMM KOXXyXaMU. BHyTpeHHUN JAMaMeTp CTaHUHBI OHNpENENsIeTcd C Y4eToM
HEOOXOJAUMOCTH Ul pa3MeIleHHs] SKOps, TNIaBHBIX M J00ABOYHBIX IOJIIOCOB M MX OOMOTOK. B
CTaHMHAX U3 CTaJbHOIO JIUThSl, HAPUMEP, y TIATOBBIX 3JEKTPOJBUTATE]IeH JIOKOMOTHUBOB, AJIs
KOTOPBIX BaXHYIO pOJIb MIPAaeT YMEHBIIEHHE MAaccChl, IONEPEYHOE CEYCHHE MOXKET OBITh
YMEHBIIIEHO M0 OCSAM TJIAaBHBIX MOJIOCOB, TaK KaK MArHUTHBIA MOTOK, MEPEXOISIIUNA C TIIaBHOTO
IIOJIFOCA HAa CTaHHWHY, PAaBHOMEPHO pACIpeAesercss Mo BCel MMpuHE mosroca. Jns MammuH
MOCTOSIHHOTO TOKA C BBICOKMMH JMHAMUYECKMMH Harpy3kamMy MarHUTHOW LI€NH, HampuMmep Npu
NUTAaHUU OT CTaTUYeCKHX mpeoOpa3oBaTenieil, BBICOKMX CKOPOCTSAX HapacTaHUs TOKa SKOpsA, a
TaK)Xe MpU OBICTPOM HApPACTaHHUU TOKa BO3OYKIEHHS, HEOOXOIUMO MPH HU3TOTOBJIEHHUH CTAHHUHBI
MCII0JIb30BaTh IMIMXTOBAHHBIE JIUCTHI U3 AIEKTPOTEXHUYECKON CTAIIH.
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Puc. 1.5. O6uuit Buj MaliMHbl MOCTOSIHHOTO TOKA.
1 — xoyekTop; 2 — meTKa; 3 — CEPACUHUK SKOPs; 4 — Cep/IEYHUK TIIaBHOTO TOJIFOCA;
5 — oOMoTKa BO30OYKIeHUSs; 6 — cTaHWHA; 7 — MOIIUITHAKOBEIH IIUT;
8 — BeHTUIIATOD; 9 — OOMOTKA SKOPSI.

YacTth cTaHuHBI, 00pa3yolias KOJUIEKTOPHOE MPOCTPAHCTBO U HE SBIISIONIASICS MAaTHUTOIIPOBOIOM,
UMEET OTHOCUTEIIBHO HEOOJBINYI0 TOJIIMHY CTEHKH, HEOOXOAMMYIO sl oOOecreueHus
MEXaHWYECKOH MpOYHOCTH. MHOrma 3Ta 4YacTh 3JIGKTPUYECKOW MAIIMHBI BBITIOJHSACTCS B BHJIC
OTJIETTbHBIX pedep, 3aKPBITHIX TOHKOCTEHHBIMU KOXKYXaMH.

I'1aBHbIe MoJII0ca. MarHuTHOE MoJie B MAIlIMHE MMOCTOSSHHOTO TOKAa CO3Ja€TCsS MarHUTOABIKYILEH
cwioit (MJIC) oOMOTKM BO30YXKACHHSI, KOTOpas BBHITIOMHSCTCS B BHJE KaTyImIeK 3, HAJCTHIX Ha
CepJIeYHUKH 2 TIaBHBIX MOI0CcOoB (puc. 1.6). Co cTOpOHBI, 0OpalIeHHON K SKOPIO, CEpICYHUK
3aKaHYMBAETCA  TOJIOCHBIM  HaKOHEYHUMKOM  (Oammakom) 4, MOCPEACTBOM  KOTOPOTO
oOecrieunBaeTCsl paBHOMEPHOE paclpeieIeHHe MarHUTHOTO IMOTOKA IO TOBEPXHOCTH sIKOps. s
CHMKEHHUSI TIOTepb OalllMakd IIUXTYIOTCS U3 DJJIEKTPOTEXHUYECKOM CTalld, a CepJACYHUKU
BBHITIONHSIOTCS MOHONUTHBIMU. OJHAKO Ha MPaKTHUKe, KaK MPaBWJIO, HE HCIOIB3YIOT COCTABHYIO
KOHCTPYKIIMIO B BHJIE TIOJFOCHOTO CEpJICYHHMKA 2 W IMOJIOCHOTO OammMaka 4 M MIMXTYIOT TJIaBHBIA
MOJIFOC 1eNMUKOM. Takasi KOHCTPYKIHS 00ecreunBaeT yMEHbIICHHE BUXPEBBIX TOKOB B CEPACUHUKE
MOJIFOCA, BO3HUKAIONIMX B pe3yJbTare IMyJbCAllAd MArHUTHOW HWHIYKIIMA B TIOJIOCHBIX
HAKOHEYHHMKAX W3-3a 3yOuaToil MoBepXHOCTU sKOps. IIIMXTOBaHHBIM W3 JAKMPOBAHHBIX JIMCTOB
ctanu nostoc npeccyercs noj aasienueM 200 klla. JIMCTeI cTATHBaIOTCS MPOMYINIEHHBIMUA Yepe3
CepJICYHUK OONTaMH WM CHEIHATbHBIMH 3aKJIeKaMH C HaXUMHBIMU IIeKaMd. bonTel wmu
3aKJIENKU JOJKHBI PACTIPENENsIThCA B IMOJIOCE KaK MOXHO 0oJjiee paBHOMEPHO M BBIICP)KUBATH
YOPYTYIO PEAKLHUI0 CKATOro Mmojroca. HakuMHbIE HIEKH, B KOTOPBIX Pa3MEIIAIOTCs TOJOBKH
3aKJIENOK MM OOITOB, M3TOTOBIISIOTCS U3 OTOIKEHHBIX CTAJILHBIX JIMCTOB TOJIIUHON §...20 MM B
3aBUCUMOCTH OT MONEPEYHOI0 CEYEHUS U JUTMHBI MTOJIIOCA.

asanl
,’/

- e

Puc. 1.6. I'naBHbII NOIIOC MAIIMHBI TIOCTOSIHHOTO TOKA:
1 — craHuHa; 2 — cepACYHUK TMONFOCA; 3 — KATYIIKH 0OMOTKH BO30YKICHHS,
4 — 1oJIOCHBIN OalIMaK; 5 — BO3AYIIHBINA 330D
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B komMIneHCHpOBaHHBIX MAaIllMHAX MOCTOSIHHOTO TOKa (TEIUIOBBIE T€HEPAaTOpPbl) B IMOJIOCHBIX
OalMakax BBIIITAMIIOBBIBAIOTCS Ma3bl VIS pa3MEIIeHHUs KOMIEHCAIIMOHHOM OOMOTKH, MO3TOMY
OamMakd B ATUX MAaIlMHAX HMMEIOT OOJBIIME pa3Mephl, YeM B KOMIICHCHPOBAHHBIX MaIllMHAX.
[Tomoca kpensTcst K CTaHWMHE OONTaMU WK IMWIbKaMu. [1oitocHbIE KaTyIIKM BBITOJHSIOTCS W3
MEIHOI0 IPOBOJIa, HAMOTAHHOI'O Ha KapKac U3 M30JUPYIOLIero marepuana. lHorga kaTymky AeasT
10 BBICOTE HA HECKOJBKO YacTell, MeXAy KOTOPHIMU OCTaBIISIOT BEHTUWISILIMOHHBIE KaHANbI. Takas
KOHCTPYKIIUsI 00eCreunBaeT JTy4dIlee OXITKICHUE KaTYIIKH.

Job6aBounble nojoca. [IpakTuyecku Ha BceX MalIMHAX MOCTOSTHHOIO TOKa MOIHOCTBHIO CBbIIE |
KBT ¢ 1enpl0 yMEHBIICHWS WCKPEHHS Ha IIETKAaX YCTAaHABJIMBAIOTCS J100aBOYHBIC TIOJIOCA.
Jlo6aBouHBIi notoc (puc. 1.7) cocTouT M3 cepaeuHrka 1 U KaTymiku 2, BBIMTOJIHEHHON U3 MEIHOTO
M30JIMPOBAHHOTO MTPOBOJIA C CEYCHUEM, PACCUMTAHHBIM Ha PabouMii TOK MAIIMHBI, TaK KaK KaTYIIKa
3TOr0 TOJIOCAa BKJIKOYAETCS IOCIeI0BaTeIbHO ¢ OOMOTKON sikopsa. CepaeyHuk 100aBOYHOIO
MOJIFOCA M3TOTOBIIAECTCS U3 CTAJIM U MMEET MOHOJUTHYIO KOHCTPYKIIUIO, TTOCKOJIBKY HM3-3a MaJloi
BEJIMYMHBI MATHUTHOW MHAYKIIMU B CEpPACYHUKE MPAKTHUECKU HE MHAYILUPYIOTCS BUXPEBbIE TOKU.
JloGaBOUYHBIC TIONIOCA YCTAaHABIHMBAIOT IMOCEPEAMHE MEXKIY TJIABHBIMHU IOJIOCAMH W KpPEMAT K
cTaHuHe OoiTamMu. BO3ayIiHbIN 3a30p MoJa A00ABOYHBIMH MOJIOCAMU 3HAYUTEIHHO OOJbIIE, YeM
moJ TJaBHbIMU. JlJIS €ro peryJiupoBaHUsS TNPUMEHSIOTCS PEryJupOBOYHBIC TUIACTUHBI U3
MarHuTHOTO WJIM HEMarHuTHOro marepuana. OKoHuaTenbHas BEIMYMHA BO3QYLIHOIO 3a30pa
YCTaHABIIMBAETCS IPU HACTPOMKE KOMMYTAIMH SJIECKTPUUYECKON MAIIMHBI ITyTEM MOCTPOCHUS
MpellelbHBIX KPUBBIX 30HBI O€3bICKPOBOM KoMmmyTamnuu. Kak mpaBuio, B MamImHax OOJBIION
MOIIHOCTH BO3AYIIHBIN 3a30p MO/ J00aBOUHBIM MOJIOCOM pa3leisieTcs Ha JBE YacTU: CEPACUHUK —
CTaHMHA U CEPJICYHUK — STKOPb.

Puc. 1.7. Jlo0aBOYHBIH IMOJIIOC MAITUHEI IIOCTOSHHOTO TOKA.
1 — cepaeyHuK, 2 — KaTymIKa.

Slkopb. B MammHax IOCTOSHHOTO TOKa SIKOPh COCTOMT W3 BaJla, CEpACYHHKA, OOMOTKH U
komekTopa. CepaeyHuK skops umeeT (opMy nuiauHiapa. [Ipy HM3roTOBIEHHMH CcepleYHUKa
MCIOJIb3YIOT LITAMIIOBAHHBIE JINCTHI U3 3JEKTPOTEXHUYEeCKoW cTtanu ToiamuHon 0,35 wim 0,5 mm.
JlucTel M30MMPYIOT MpH momou jaka uiau Oymaru. CoOpaHHBIM CepAeUHUK yIepKHUBAaeTCs B
C)KaTOM COCTOSIHUM HaXMMHBIMH Imaif0amu. Takas KOHCTPYKIUS CEpIEeYHHKA SKOpS JaeT
BO3MOKHOCTh YMEHBIIMTh B HEM MOTEPH SHEPTUU OT ACUCTBUS BUXPEBBIX TOKOB, BO3HUKAIOIINX B
pe3yibTaTre TepeMarHHYMBaHUs CepJeYHUKA TPU BpPAIICHWW SKOpS B MarHUTHOM mone. Jlims
OXJIAXJIEHUS] MaIllMHbl B CEPJEYHHMKAX SKOps BBHINOJIHEHbl BEHTWIALIMOHHblE KaHaimbl. Ha
MTOBEPXHOCTH CEPJICYHNKA UMEIOTCS MTPOAOJIBHEIC TTa3bl, B KOTOPHIE YKJIaIbIBACTCSI 0OMOTKA SIKOPSI.
O6momKy SKOpsI BBINOJHAIOT M3 MEIHOTO MPOBOJA KPYIJIOTO WM MPSIMOYTOJIBHOTO CEYEHHS U
VKJIaJBIBAIOT B TA3aX CEepACYHHKA SKOPS, THIATEIBHO M30IUpPYs OT cepaeyHuka. OOMOTKa sKOps
COCTOUT M3 CEKIHUH, KOHI[bl KOTOPHIX NMPHUIIaWBAIOTCS K IUIACTHHAM KoJuiekTopa. [ljis mpo4HOro
3aKperuIeHUs] TMPOBOJOB OOMOTKHM B TIa3ax CEpIEYHHMKA SKOpS TPUMEHSIOTCS JIepPEBSHHBIC,
TeTUHAKCOBBIE MJIM TEKCTONUTOBbIE KIUHBbSA. OIHAKO JEpEeBSHHbIE KIWHBS HE 00€CHeunBaIoOT
HAJ/ICKHOTO KPETUICHHsI, TaK KaK MPH BBHICBIXaHUU OHW YMEHBIIAIOTCS B pa3Mepax U MOTYT BBINTACTh
U3 nasza. B mammHax Manoil MOIIHOCTH Ma3bl HE 3aKPBIBAIOT, & MPUKPHIBAIOT CBEPXY OaHIa’KOM.
Jlnst Toro uToOBl OaHMaX HE BBICTYNAN 3a TPEIENbl SIKOPS, JAUAMETp YIIyOJieHHs ToJ OaHIax
JOJDKeH OBITh MEHbLIEe AuaMeTpa sikops. baHgak BBIMOMHSIOT M3 CTAJbHOW MPOBOJOKU HIIU
CTEKJIOTKaHU, HAMATHIBAEMOW HETIOCPEACTBEHHO Ha JTI0OOBHIE YaCTH OOMOTKH.
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Konnekmop cocTOUT U3 aKTMBHOM 4YacTH M KpeneKHOM KOHcTpykuuu (puc. 1.8). KosnexkropHbie
IUTACTUHBI 7 BBINOJHAIOT U3 XOJOAHOKATaHOH (KOJIJIEKTOPHOM) MEIU M U30JIMPYIOT Ipyr OT Apyra
IIPOKJIAZIKAMU M3 KOJUIEKTOPHOTO MHMKAHUTa — CMECH YEIIYeK CIIOAbl U IIEJJaka B KadyecTBE
CBA3YIOILEro KOMIOHeHTa (okosio 5%). IIpy NOBBIIEHHBIX MEXaHHYECKUX M TEPMHUYECKHX
TpeOOBAHUAX KOJJICKTOPHbIE TUIACTUHBI M3TOTABIMBAIOT U3 MeIu ¢ 100aBKoi cepedpa (okoio 0,1)
iy uupkoHus (okoso 0,06). O6a crutaBa UMEIOT BBICOKYIO JIEKTPOIIPOBOAHOCTD U MOBBILICHHBIN
npefes TEeKy4ecTH NpU MOBBIIMIEHHOW TeMmIepaType NpH CTaOWIBHOM Tpejaese MPOYHOCTH Ha
pactsbxeHue. K BeIcTymnaromei yacTu KOJIJIEKTOPHOM MIacTHHBI (IETYLIOK 5) MpunauBaroT IpoBOJa
OOMOTKH SIKOPAL.

Puc. 1.8. O0muit By KOJIEKTOpPa MAIIMHBI TOCTOSTHHOTO TOKA.
1 — xopmyc; 2 — CTsHKHOM 001T; 3 — HAKUMHOE KOJIBIIO; 4 — U30JIALUS; S — METYIIOK;
6 — HYOKHUHN Kpal TJIaCTUHBL, 7 — IUIACTHHA.

Huxunii kpail muiactuHbl 7 BBIIOIHEH B BUJE «IacTOUYKMHa XBocTay. [locie cOopku KoiekTopa
Kpail 6 OKa3bIBaeTCsl 3aKaThIM MEXAY IBYMsI HQXKHUMHBIMHA KOJbIAMH 3, W30JMPOBAHHBIMH OT
KOJUIEKTOPHBIX IJJACTUH MMKAHUTOBBIMM KOHycaMH M IIUIMHApaMUA. YTOOBI MHKaHUTOBBIE
MPOKJIAJKN IPU W3HAIIMBAHUM IUIACTHH KOJUIEKTOpA HE BBICTYNAIM HaJ IUIACTUHAMH, WU30JISALUSA
JOJbKHA OBITH YTOIUIEHA Ha TIyOMHY A0 1,5 MM OT HMOBEPXHOCTH CKOJIbKEHHUS KOJIEKTOpa B
paauanbHOM HampaBieHUH. biaronapst 3ToMy yMeHbIIaeTCs OMacHOCTh BO3HUKHOBEHHSI KPYTOBOI'O
OTHS TP 3JIEKTPUUYECKOM MEPEKPHITUU OT IUIACTUHBI K IJIACTUHE WM, KPOME TOTO, YCTpaHseTCs
TPEHHE MATKUX YTOJbHBIX IIETOK O MHKAHWUT. B 3aBUCHMOCTH OT MOJOXEHHS MOBEPXHOCTH
CKOJBXEHUS WIETOK pa3IMyaloT JIBE OCHOBHBIE TpYyNNbl KOJUIEKTOPOB: JHUCKOBBIE U
HWIMHIpUYECKUE. Y OUCK08020 KOIIJIEKTOPa MOBEPXHOCTh CKOJBXEHUS HAaXOAUTCA B IUIOCKOCTH,
NEPHeHIUKYIIpHOH ocu. Y  yurunopuueckoeo (0apabaHHOTO) KOJUIEKTOpa TOBEPXHOCTH
CKOJIbJKEHUS MapajulesibHa ocu. Yalre BCero B HacTosliee BpeMsl NPUMEHSIIOTCS IMINHIPUYECKUE
KOJUIEKTOpbl. B 3aBucMMOCTH OT crioco0a KpemsieHUsl KOJUIEKTOPHBIX IUIACTUH PazindaioT JBE
TPYIIIbI HWIMHIPUYECKUX KOJIEKTOPOB:

* KOJUIEKTOP, MEJIHbIE MJIACTUHBI KOTOPOI'O 3allpecCcOBBIBAIOTCS B IiacTMmaccy. [lmactmacca B 3Tom
ClIy4ae SIBJIIETCSI CKPEIUISIOIIMM M U30JMPYIOLMM MaTtepuaioM. Takas KOHCTPYKLHS KOJUIEKTOpa
IIpOCTa B M3TOTOBJIEHMM, HO MOXKET HNPUMEHATHCSA JIMIIb JUIsl MAallMH MaJod MOIIHOCTH U TpHU
gactoTte Bparierus 10 10000 06/MuH;

* KOJUIEKTOp apOYHOM KOHCTPYKLUMHU. TOpIIOBbIE MOBEPXHOCTH KOJUIEKTOpA, HMeEroIue ¢Gopmy
«JTaCTOYKMHA XBOCTa», 3KHUMAIOTCA MpU MOMOIHU V-00pa3HbIX HAXHMHBIX KOJEIl TakK, YTO Ha
HAKJIOHHYI0 4acTh MOBEPXHOCTU KOJIJIEKTOPHBIX IUIACTUH JEWCTBYET HOpMajbHOE AaBiieHue. B
3TOM CJIy4yae MEKJy BHYTPEHHEH MOBEPXHOCTHbIO BBHITOUKH KOJUIEKTOPHBIX IJIACTHH U HAPYKHBIM
IMaMETPOM HaXHUMHBIX KoOJell 00s3aTelbHO JOoJKeH ObITh 3a30p. [lmacTuHbl KoJIEKTOpa
M30JIUPYIOT OT HAKUMHBIX KOJIEI] CHEeIUaIbHbIMU MPOKIAIKaMU. [ coeTMHEHUs! KOJUIEKTOPHBIX
IUIACTUH € OOMOTKOW SIKOpsi TpH HEOONbIIOW pa3HUIE [IUaMEeTpOB SKOpST U KOJUJIEKTOpa
KOJUIEKTOPHBIE TUIACTUHBI YIUIMHSIOT BBEpX, IO IOCTHXKEHHS auaMeTpa skops (rpebeHyarsiit
KOJUIEKTOP). Y MaJbIX AJIEKTPUYECKUX MaIIMH ¢ OOMOTKOM M3 MPOBOAHHMKOB KPYIJIOTO CEYEHUS
KOHIIBl TPOBOJHMKOB OOBIYHO 3aKJIA/IbIBAIOTCA HEMOCPEJCTBEHHO B BbI()pPE3EpOBAHHBIE B
KOJJIEKTOPHOW TIacTUHE masbl. [lalika mpou3BOIUTCS METOJIOM MOTPYKEHHUS, & 3aT€M KOJUJIEKTOP
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obraunBaercsa. OmHAaKO B OOJBIIMHCTBE CIy4aeB, B OCOOCHHOCTH TPH CYIIECTBEHHOW pa3HUIIE
IMAMETPOB SIKOPS M KOJUIEKTOPA, IUIACTHHBI COEIUHSIOTCS ¢ OOMOTKOH SIKOpS MOCPEICTBOM Tak
Ha3bIBAEMBIX TMIETYHIKOB. B TMacTMHaX CcO CTOPOHBI SKOpS TMepes COOpPKOW KOJUIEKTOpa
BbI(ppe3epoBbIBaIOT Ipope3u (1uniubl). Ko/uleKTopHble NETYIIKM BINAUBAKOTCS B 3TH LUIMIBI C
IIOMOUIBIO MTKOro npumos. IleTynkn u3rotToBisoT U3 nojao0coBo Meau ToiamuHoi ot 0,5 no 1,5
MM U 1yasT. CoequHeHne ¢ KOHIaMi 00MOTOK IPOU3BOJUTCS C TOMOIIBIO CTSHKHBIX CKOO.
IIleToyHOE YCTPOMCTBO. DJEKTPUUYECKUN KOHTAKT C IIOBEPXHOCTHIO KOJUIEKTOpAa B MalllMHE
IIOCTOSIHHOTO TOKa OCYHIECTBIJIACTCS C IOMOIIBIO IIETOK. OHM YCTaHaBIMBAIOTCSA B IIETOYHOM
YCTPOMCTBE, KOTOPO€ COCTOMT M3 IIETOYHOM TpaBepChl, NAJbLEB M LIETKOAEP/KATEIEH.
[leTkonepxKaTenn Kpenarcs HENOCPEACTBEHHO WM 4Yepe3 3aXUMHBIC DJIEMEHTBHI Ha LIETOYHBIX
OonTax M30JIMPOBAHHO, WM K€ MOHTHUPYIOTCA 0€3 HM30JSIMH HETOCPEACTBEHHO Ha MIETOYHBIX
OpakeTax (KpOHIUITEHHAaX) WJIM ILIETOYHBIX TpaBepcax, KOTOPbIE H30JIMPOBAaHbl OTHOCHTEIBHO
kopryca. IlleTkogepskarenu BMecTe ¢ TpaBepCaMH BBIOIHAIOT CIEAYIOMHE QyHKINU:

* YACPKHUBAIOT LICTKHM B YCTAHOBJIICHHOM PaJUaJlbHOM WIM HAKJIOHHOM, a TAK)KE€ aKCHAJIBHOM H
OKpY>KHOM HarpaBJIeHUsX, oOecreynBas CBOOOJHOE IepeMelleHHe MIETOK 0e3 mepekoca mnpu
paloTe ¥ 10 Mepe UX U3HOCA;

* obOecneunBalOT TpeOyemoe [aBICHHWE HA MICTKH, KOTOPOE MOJDKHO OBITh 1O BO3MOXKHOCTH
IIOCTOSIHHBIM BO BCEM JHMala3oHe JOMYyCTUMOIO M3HOCA LIETOK. DTO OCYIIECTBIsETCs Onaromaps
MPUMEHEHHUIO CHEIUAJIbHON KHUHEMAaTUYECKOM CXEMbl IIETKOAEPKATENsl WU PeryJnpoBaHUEM
JABJICHUs BPY4YHYI0. Upe3MepHOe IaBJIEHUE MOXKET BbI3BATH IIPEKICBPEMEHHBIM M3HOC ILETKH U
IeperpeB KOJUIEKTOpa, a HEAOCTATOYHOE — UCKPEHUE Ha KOJIJIEKTOPE;

* IEepeAaoT TOK IIETOK (pa3lesIbHO Ui MOJOXKUTEJIBHBIX U OTPULATENBHBIX IIETOK) B SKOPHYIO
Lenb WIN U3 Hee.

Bo wu3bexaHue 3aMblkaHMs LIETKOAEp)KAaTeNN JOJDKHBI OBITh HM30JMPOBAHBI OT KoOpIyca
ANEKTpUYeCKOM MamuHbl. 11  yMEHbIIEHHUS BHOpalMM ILIETKOAEP)KATEIb JOJKEH HMETh
JOCTaTOYHYIO JKECTKOCTb. IlleTkn KakqoW MOJIIPHOCTH JOJDKHBI MMETh IIONIEPEYHOE CEYCHHE HE
Goee 1000 Mm°. DTO 03HAYAET, UTO MpU JAOMYCTUMON mioTHOCcTH Toka 0,1 A/MM? ofHa 1mieTka
MOJKET BbLepKUBaTh MakcuMalbHbI TOK 100 A. IIpu HE0OX0IMMOCTH yBeIUYEHUs OOILEro TokKa
YCTaHABIIMBAIOT HECKOJIBKO IIETOK. [Ipuyem neiicTByeT mpaBmilo, UTO Ha OAMH IETOYHBIA Opaker
nomnyckaercss MakcumalbHbIi Tok 1000 A. B mammHax MOCTOSHHOIO TOKa pa3Mephl U MOJIOKEHUE
HIETKOJIep)KaTeied MO  OKPYKHOCTH  KOJIJIEKTOpa  ONPENENSIIOT  JOMYCTUMBIM — HIETOYHBIM
NEePEeKPBITUEM (OTHOIIEHUEM JJIMHBI IYTH OJHOBPEMEHHO MEPEKPhIBAEMBIX MIETKON KOJIIEKTOPHBIX
IUTACTHUH K JUIMHE KOJUIEKTOpHOro neneHus). Ha3BaHue «uieTka» BO3HUKIO B HAYaJbHBIA MEPUOJ
MPAKTUYECKON 3JIEKTPOTEXHUKH, KOT/Ia IMEpBbIE YCTPOMCTBAa 3TOro poaa JEHCTBUTENBHO ObUIN
mieTkaMu Wik KucroukamMu. OHM COCTOSUIM M3 COOpaHHBIX B IyYOK MEIHBIX MPOBOJIOK, KOTOPbIE
CBOOOJHBIM KOHIIOM CKOJIB3UJIM 1O KOJIJIEKTOPY WJIM KOHTaKTHBIM KoJbIlaM. B HacTosiiee Bpems
Tako€ HAaUMEHOBAHME YK€ HE COOTBETCTBYET JEHCTBUTEIIBHOCTH, HO OHO IPOYHO BOLUIO B
MEXIYHApOAHYI0 TEXHMUYECKYI0 TEPMHUHOJIOTHIO. TEpMUH «yroibHbIE ILETKW» NPUMEHSIOT HE
TOJIBKO K IIIETKAaM, COCTOSIIMM HCKJIIOUUTEIBHO M3 YIUIA, HO M K LIETKaM, coAep X alluM OoJibliee
WIA MEHblee KOJIMYeCTBO MeAHoro mnopoimka (cM. IIpunoskenue). CrnenyeT yduThIBaTh, YTO
YTOJIbHbIE IIETKW HUMEIOT OTpHULATEIbHBIH TeMmmepaTypHbld Kod(pQUIUEHT, T. €. uX
3JIEKTPOIIPOBOTHOCTh YBEIMYHMBAETCS C MOBBIIIEHUEM TeMmepaTypbl. [loaTomy HE06X01UMO, YTOOBI
Ha OJHOM MalIMHEe NPUMEHSUIUCh TOJBKO IIETKH C OJIMHAKOBOM 3JEKTPONpPOBOAHOCTHIO. B
MIPOTHBHOM ciy4ae, BO3MOXKHO, YTO OJJHA U3 00Jjiee TOpsAYHX IIETOK OyJIeT MPOBOAUTH OOJIbIIE TOKA,
4yeM Jpyrue, U HarpeeTcsl BCIEACTBHE ATOro emie Ooibiie. B pesynbTrare mpous3oiaeT JaibHeiIiee
HapylLIeHHE paclpeAeieHuss ToKa MEXIy NapajuleJbHO BKIOYEHHBIMM IeTkaMu. Ilommmo
PacCMOTPEHHBIX Y3JIOB B KOHCTPYKILHIO MAlllMHbI BXOJAT J(Ba MOAIIWITHUKOBBIX IIMTA: MEpPeIHUN
(co croponbl KkosiekTopa) M 3aaHuid. LUt ¢ momomipio OONTOB KpemuTcs K cTaHuHE. B
LEHTPAJIBLHONW YaCTH IIUTA UMEETCs] pacTouKa Mo NOAMMNIHUK. OOBIYHO B MallIMHAX MPUMEHSIOTCS
LIApPUKOBBIE WJIM POJIMKOBBIE MOJIIMIIHUKM KadeHWs. JIMIIb B HEKOTOPBIX MAIUMHAX C LEJBIO
o0OecrieyeHnss OECIIYMHOCTH NPHUMEHSIOT TMOAIIMIHUKYA CKOJbkeHus. llogBox u  cHsATHe
HampsDKeHUs C DJEKTPUYECKUX MAaIlMH, a TakkKe IOABOJ TOKAa K OOMOTKaM BO30YXIACHHUS
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OCYIIIECTBIISICTCSl 4Yepe3 CIHEIUANbHBIE 3KUMBI. OTH 3aKHMBI 3aKpeIJIeHbl Ha IUTAHKAX WU
KIIEMMHBIX KOpPOOKax, pacloOJOXKEHHBIX Ha CTaHWHE, a B HEKOTOPBIX MalIMHAX Ha MepeIHEM
MOJIIUITHUKOBOM IIUTE. BEIBOABI 00OMOTOK MAIIIMH MOCTOSHHOrO TOKa oOo3HauaroTcs mo I'OCT
26772 — 85 crnenyronum o0pazoMm:

OOMOTKA SIKOPSI S u s12
OOMOTKa 100aBOYHBIX ITOJIIOCOB 1 u 12
OOMOTKa KOMITEHCAITMOHHAS K1 u K2
O6MoTKa BO30OYXICHHsI TapajuiesibHast (ITyHTOBAs) 11 u 12
O6moTKa Bo30ykaeHus nmocnenoBarenbHas (cepuecHas) | Cl u C2

udpoii 1 o6o3navaroTcss HavaIa 0OMOTOK, a U(PON 2 — KOHIBL.
1.4. OOMOTKH MAIIMHBI MOCTOTHHOI0 TOKA

Wrak, mist paboThl KOJUIEKTOPHOW MAIIMHBI TOCTOSITHHOTO TOKa HEOOXOIUMO HAJIMYHMe B HEHl NBYX
00OMOTOK: OOMOTKH BO30YXACHHUS MU OOMOTKH sikops. [lepBas coy>KuT Ui CO3/IaHUSI B MalllMHE
MarHMWTHOTO TIOJIS, T. €. JUIS BO3OyxkaeHus. B skopHoi oOmotke wuaymupyercs 3JC, mon
JEHCTBHEM KOTOPOH BO3HHMKAET SJEKTPUUECKUH TOK M, KaK CIEACTBHE, AIIEKTPOMArHUTHBIN
MOMeHT. OOMOTKa COCTOUT U3 COCIMHEHHBIX MEXIy cOO00W BUTKOB. KaIbIii BUTOK MMEET IBE
akTuBHble cTOpoHbl 1 u 3 u 7noOoByro uacte 2 (puc. 1.9). HckiroueHue COCTaBISIOT
MarHUTOAIEKTPHUECKUE MAIIMHBI TOCTOSHHOTO TOKA, B KOTOPBIX MMEETCS JIMIIb OJHA (SKOpHAas)
00MOTKa, TaK Kak MarHuTHOe mojie (BO30yXJCHHE) B STUX MAIlMHAX CO3[A€TCS MOCTOSIHHBIMU
MarHuTamMu. TakuM 00pa3oM, 0OMOmKa AKOPS MAWUHbI NOCIOSHHO20 MOKA npedcmasgisem cooou
3AMKHYMYIO CUCMEMY NPOBOOHUKOS8, ONPeOeleHHbIM 00PA30M YIONCEHHbIX HA CepOeyHUKe K0P U
npucoeouneHHvix K Koanekmopy. llpocreiimeii 4acTbi0o OOMOTKH SBISIETCS cekyusi — JiBa
MIPOBOAHMKA, OTCTOSIIKUX APYyr OT JApyra Ha pacCTOSHUU, PABHOM TMOJIOCHOMY Iary WId
HE3HAYUTENIbHO OTJIMYAIOUIEMCSI OT HET0, U IPUCOEAUHSIEMbIX K JBYM KOJUIEKTOPHBIM IJIACTUHAM.
Cymmapnas DJIC cexuuu Oynet Hanbonbiei, ecnu 3J[C akTUBHBIX CTOPOH PaBHBI MO BEIUYUHE U
caBuHYTHl 110 ¢aze Ha 180 s1. rpaa. B arom cinyuae npu o6xoxe cekuuu DJ[C ckiaapIBaroTCs
apudmernuyecku. B 1060BbIX yacTax cekiuu JJIC He uHAyIUpyeTcs. DTO MPOUCXOAUT, KOT/Aa
mMprHa (I1ar) CeKLUuU Mo Ma3aM sKopsl paBHA MOJIIOCHOMY JieJeHUIo T. Takyto 0OMOTKY Ha3bIBarOT
auameTpanbHOH. YacTh MOBEPXHOCTH SAKOPS, MPUXOISAIIYIOCS Ha OJUH TOJIOC, Ha3bIBAIOT
IOJIFOCHBIM JIEJIEHUEM U ONPEIEISAIOT 110 popMyIe:

t=axD/2p (1.10)
rZie T — MONIOCHOE JAenieHne, M; D — muamerp sSKops, M; 2p — YMCIIO TJIABHBIX IOJIFOCOB B MAalllnHE.
Ceknuu yKIaJapIBalOTCS B TMa3axX CepJeUYHUKA SKOPS B JIBa CIIOS, IPH ATOM €CIH OJIHA M3 aKTHBHBIX
CTOPOH CEKIIMM HAXOJIWTCS B HMKHEH 4YacTH OJHOTO ma3a, TO €€ Jpyras CTOpOHa HaXOIHUTCS B
BEpXHEW YacTH JAPYroro ma3a. BepXHss akTUBHAs CTOPOHA OJHOW CEKIIMHM M HIDKHSAS aKTHUBHAS
CTOpPOHA JPYTOii, YIOKEHHBIC B OJHOM I1a3y, 00pa3yroT JIeMeHTapHbIi na3 (Z,). B peanbHOM nasy
MOJKeT OBITh U OoJiee ABYX aKTHBHBIX CTOPOH, HallpUMeEp YeThIpe, IIEeCThb, BOCEMb U T. . B aToM
cllydae CUMTaeTCsl, UTO PeaIbHbBIN a3 COCTOUT U3 HECKOJIBKUX JIEMEHTAPHBIX 11a30B.
Tak kak cekIusi MMEeT JB€ AaKTUBHBIE CTOPOHBI, TO KaXXIOW CEKIIMH COOTBETCTBYET OJUH
areMeHTapHbIN na3. KoHIbI CeKIMM MPUCOEANHSIIOTCS K KOJUIEKTOPHBIM IJIaCTUHAM, MPH 3TOM K
KaX/10} TUIaCTHHE NMPUCOEINHSAIOTCS KOHEIl OHOM CeKIIMM M HayaJlo CIEAYIOLICH, T. €. Ha KaXIyI0
CEKIMIO MPUXOTUTCS OJIHA KOJUIEKTOpHasl IulacTuHa. TakuMm oOpa3zom, A SIKOPHOM OOMOTKH
MO’KHO 3aIucaTh CIEAYIOLIEE PABEHCTBO:

S=7Z,=K (1.11)

rzae S —uucio cekuuii B 0OMOTKe sIKopsi; Z, — YMCIIO AJIEMEHTapHbIX na3o; K — uucio
KOJUJIEKTOPHBIX IJIACTHH.
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Puc. 1.9. Butok sikopHOi1 0OMOTKH.
1, 3 — aKTUBHBIE CTOPOHBI OOMOTKH; 2 — JI0OOBast YacTh.

B 3aBucumoct OT (QopMBI ceKImii W Ccrocoba MPUCOSAMHEHHS] MX K KOJUIGKTOPY pa3indaroT
CJICAYIOIINE THITBI SKOPHBIX OOMOTOK:

* IpoCTas NeTIICBas;

* CIIOKHAsI TICTIICBAs,

* IPOCTast BOJIHOBAS,

* CJIO)KHAsl BOJTHOBAS;

* KOMOMHUPOBaHHAs (JIATYIICYbS).

1.4.1. IIpocrasi nersieBasi 0OMOTKA.

[Ipy W3roTOBIEHUM TMETIEBOM OOMOTKM CHauajga I[OCJIEJOBATEIbHO COCAUHSAIOT CEKIIHH,
pacrnojoKeHHbIE MOJ OJHUM IIOJIFOCOM, a 3aTeM COEAMHSIIOT CEKLMH, PACHOJIOKEHHBIE MOJ
CIIEYIOIMM TIONIOCOM, U T. 1. B mpocrtoil merneBoll OOMOTKE SKOpS Kaxaas CEKIIUs
MIPUCOEANHSETCS K ABYM DPSIIOM JIeKalllUM KOJUIEKTOPHBIM IacTuHaM. llpu ykiajke cexuuil Ha
CEpJICYHUK SKOpPA HAYaIO KaXIOW MOCIENYIOLIEeH CEeKUMH COEAMHSIOT C KOHIIOM IpEeablayILIeH,
IIOCTENIEHHO MEpPEMEINasich MPU 3TOM MO MOBEPXHOCTU SKOPS (M KOJUJIEKTOpa) TaK, YTO 3a OJUH
00X0/ YKJIaJIbIBalOT BCE CEKIIMU OOMOTKH. B pe3ynbTare KOHEl MOCIEIHEeW CEKLIMU OKa3bIBAeTCs
COEIMHEHHBIM C HayajoM INepBOHM, T. €. oOMoTka 3ambikaercs. Ha puc. 1.10 uzoOpakeHsl aBe
CeKIIMM TNPOCTOM MeTineBoll OOMOTKM M 0O0O3HadeHbl Imarn oOmoTku. Illar oOMOTKH — 3TO
paccTosiHue MEXJy JBYMs aKTHBHBIMHU CTOPOHAaMHU CEKLHUH, BBIPAKAEMOE YHMCIOM HAXOJSIIUXCS
MEXJly HUMH 3JIEMEHTApHBIX 11a30B. PeanbHBIN 1a3 MOXKET COCTOSATh M3 OJHOTO MM HECKOJIBKHX
AJIEMEHTApHbIX MA30B, T.€. MO IIMPUHE Ia3a MOXKET pacrojaraTbCsi OJHAa WJIM HECKOJIBKO CTOPOH
cexuui. KpaTyaiinee paccTosIHUE MEKy aKTUBHBIMHA CTOPOHAaMU NEPBOM CEKIIUU Ha TOBEPXHOCTHU
SKOpSl Ha3bIBAIOT MEPBHIM YACTUYHBIM 1IaTrOM OOMOTKH IO SKOPIO YX. DTO pacCTOSIHUE U3MEPSIETCS
B JIEMEHTApHBIX MMa3ax M, Kak ObLJIO yKa3aHO paHee, JOJDKHO OBITh PABHO HJIM HE3HAYUTEIHHO
OTJIMYATBCA OT IOJIOCHOTO JAeNeHus. PaccTossHue Mexay aKTUBHOM CTOPOHOW HUYKHETO CJOA
BTOPOM CEKIIMM ¥ AaKTMBHOW CTOPOHOM BEPXHErO CJIOSl IEPBOM CEKIMHM Ha3bIBalOT BTOPBIM
YaCTUYHBIM IIaroM OOMOTKH IO SIKOPIO Y2 U HU3MEPSIOT B AJIEMEHTApHBIX Ma3ax. 3HAHHE IIaroB
OOMOTKH y1 U y2 JTa€T BO3MOXKHOCTh ONPEAETUTh PE3yIbTUPYIOMIMKA IIar oOMOTKH IO SKOPIO Y,
KOTOPBIM IpeJCTaBiIsieT co00M paccTOSTHUE MEXAY PAcHOJIOKEHHBIMU B OJJHOM CJIO€ aKTHUBHBIMU
CTOPOHaMU ABYX CIEAYIOIIUX IPYT 3a IPYrOM CEKLIUH, T. €. Y = y1 - 2.

y1 K Y2 — TEpBbIi U BTOPOM YacCTHUYHBIE MIard OOMOTKH IO SIKOPIO; Yx — ILIar OOMOTKH IO
KOJIJICKTOPY; Y — PE3YJIbTUPYIOIIUI mar oOMOTKH 1o sikopro; K — komnekTop. YKiaasiBas CEKIMU
O0OMOTKH, MBI IT€peMeIIaeMcsi He TOJBKO M0 CEpACUHHUKY SIKOps, HO U 10 KoJulekTopy. PaccrosiHue
MEXY IBYMsI KOJUIEKTOPHBIMM IUIACTHHAMH, K KOTOPBIM IPUCOEIUHEHBI HAayallo U KOHEL[ OJAHOMN
CEeKIIMH, HA3bIBAIOT 1IaroM OOMOTKHU IO KOJUIEKTOPY Vi. Kak cienyer u3 ompeneneHus, Hayaio u
KOHeIl KaXJ0H CeKUMU MpOCTOW NETNeBOW OOMOTKM MPUCOCTUHSIOTCS K PAJIOM JIeXKaIluM
KOJUIEKTOPHBIM IUIaCTUHAM, CJI€10BaTENIbHO!

y=yi=%1 (1.12)
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Puc. 1.10. Cekuu npocToii neTyieBoi 0OMOTKH.

B Beipaxkenuu (1.12) 3HaK «+» COOTBETCTBYET IPAaBOXOJOBON OOMOTKE, a 3HAK «-» — JIEBOXOJ/I0BO.
Jlns ompeseneHus BCeX IIAaroB IMPOCTON IMETJIEBOM OOMOTKM JOCTaTOYHO pAcCUUTaTh MEpBBbIN
YAaCTUYHBIN [IAT IO SIKOPIO:
y1=2Z,/12p+te (1.13)

I7le € — BEJIMYMHA, MEHbIIAs €IMHULbI, UCIIOIb3yeMasl /Ul MOJYUYEHHUs Y1, BBIPAXKEHHOI'O LIEJIBIM
yuciaoM. Ha ocHoBanuu ¢opmynsl (1.12) onpeznenseM BTOpoil YaCTUYHBIHM 1ar 0OMOTKU:

v2=y1ixy=y1£1 (1.14)
[Tpexne yeM NPUCTYNUTh K MOCTPOCHUIO pa3BepHYTOM cxembl 0OMOTKH (puc. 1.11), Heo6xoxumo
OTMETHTH CIIEAYIOLIEE:
* BCE Ma3bl CEpJCYHUKA SIKOPS M CEeKIMM OOMOTKM HyMmepyroTcs. llpu 3Tom HOMep cekuuu
OIIpe/IeIIIeTCs] HOMEPOM I1a3a, B BEPXHEH 4aCTU KOTOPOI'0 HaXOJUTCS OJHA U3 €€ aKTUBHBIX CTOPOH;
* AKTUBHBIE CTOPOHBI BEPXHEIO CJI0s M300pa)kalOT Ha CXEME CIUIOLIHBIMM JIMHUSAMH, a CTOPOHbI
HUKHETO CJI0Sl — MYHKTUPHBIMH TakK, YTO OJHA MOJOBHHA CEKIMH, OTHOCSILASACA K BEPXHEMY CIIOIO,
IIOKA3bIBAETCSI HAa CXEME CIUIOIIHOW JIMHUEH, a Jpyras, OTHOCSINAsACS K HIKHEMY CJIOK, —
nyHKTHUpHOI. Ha nucrte 6ymaru pa3meuarot masbl 1 HAaHOCAT KOHTYpHI nontocos. [Ipu aTom cienyer
y4ecTb, YTO H300paK€HHBIH Ha CXEMe IMOJIOC MPEJCTaBlIseT COOOM 3epKallbHOE OTpakKeHUe
0JIF0CA, Haxos1Ierocst Haj sikopeM. [Ipy BbIMOIHEHHH cXeMbl OOMOTKH IIMPHUHY IOJIIOCA CIEAYET
HNpUHATH MpuOIu3uTensHO paBHoH 0,81. [lonsaprocts nomocoB uepenyercs: N —S — N — S. 3atem
M300paXxaroT KOJUIEKTOPHBIE IJIACTUHBI M HAHOCST HA CXEMY MEPBYIO CEKLIHIO, aKTUBHBIE CTOPOHBI
KOTOPOH pacrosioxeHsl B na3ax | u 4. 3HaueHue mara y; pacCuuThIBaroT 1o gopmyse (1.13).
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Puc. 1.11. Pa3zBepHyTas cxema npocToil NeTaeBoi 0OMOTKH.
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KonnekTopHble MJIACTHHBI, K KOTOPHIM TNPUCOCAMHEHBI KOHIBI IEPBOM CEKIUH, 0003HAYaIOT
muppamu 1 u 2. 3aTeM HYMEpYIOT OCTaJIbHbIE KOJUJIEKTOPHBIE IUIACTHHBI M IOCIEI0BATEIbHO
HaHOCSIT HA CXEMY JpYrue CeKUMH (BTOPYIO, TpeThio M T.1.). [locneansisi cexuus (IBeHaaLaTast)
JIOJKHA 3aMKHYTh OOMOTKY, YTO OYyZeT CBUIETEIbCTBOBATh O IPABMIIBHO BBIIIOJHEHHOM cxeMme.
Jlanee Ha cxeme M300paxaroT MIETKH. PaccTosHue Mexay meTkamu, Hanpumep Ai; U by momkHO
COOTBETCTBOBAThH MOJIOCHOMY JIEJIE€HHUIO, T.€. IOJDKHO COCTaBIATh K/2p KOJIEKTOPHBIX JENIEHUH.
DNEeKTPUYECKU KOHTAKT SKOPHOM OOMOTKM C BHEIIHEH LIEMBI0 OCYHIECTBIISIETCS Yepe3 KOJUIEKTOP
n merku. HaubGonbmee 3Hauenne OJIC MammMHBI COOTBETCTBYET IIOJIOKEHHIO ILETOK Ha
reoMeTpuyeckorn HeuTpanu. Ho Tak Kak KOJUIEKTOPHBIE IUIACTUHBI, K KOTOPBIM IIPUCOEIUHEHBI
CEeKIMM, CMELIEHbl OTHOCUTENILHO aKTUBHBIX CTOPOH 3TUX CEKUUM npubiausurenbHo Ha 1/2t, TO
LIETKHU CIeAYeT pacrojiaraTb Ha KOJUIEKTOPE MO0 OCH IJIaBHBIX MOJIIOCOB MaluHbL. [Tpennonoxum,
YTO MalluHa paboTaeT B peXHUME IeHeparopa U €€ SKOpb BpalllaeTcs B HAlpaBJIEHUU ClieBa
HarpaBo. Bocnosnb30BaBIIMCH MPaBUIIOM MpaBoM pyku, ompezensem HampasieHue I/C (toka),
UHIYUUPYEMOM B aKTUBHBIX CTOPOHAxX CEKUMHA. OTO JaeT HaM BO3MOXKHOCTb YCTaHOBUTH
MOJIAPHOCTD ILETOK: IETKU A1 U Ap, OT KOTOPBIX TOK OTBOJUTCS BO BHEIIHIOIO LEMb, SBISAIOTCA
IIOJIOKUTEIbHBIMU, a HIeTKM Bi u By — orpunarensHbivu. IlleTkn OIMHAKOBOM MNOJISIPHOCTH
COEUHSIOT NapajuIeIbHO W MOJKIIOYAIOT K COOTBETCTBYIOLIMM BbIBOJAM MaliuHbl. [Ipu 3Tom
LIETKU IOJIOXKUTEIBHON IOJSIPHOCTH YEPEAYIOTCA CO LIETKAMU OTPULIATENbHON IOJIAPHOCTH.
Cxema npocToii MeTaeBo OOMOTKH COCTOUT U3 YETHIPEX YHUACTKOB, KaXJIbIi U3 KOTOPHIX 00pa3yeT
napajiesIbHyl0 BETBb OOMOTKHU U MPEJICTABISAET COOON HECKOJIBKO MOCIIEA0BATEIbHO COETMHEHHBIX
CeKIIM C OJMHAKOBBIM HAIPABICHHEM TOKA. 3aTeéM IMPHUCTYMAIOT K 00XOIy CeKUui OOMOTKH,
HauuHas c nepBod cexuuu. Jlasee uayr BTOpas M TpeThs CEKLUH, KOTOpbIE OOpa3ylT OJHY
NapajuleJIbHYI0 BETBb, B TO BPEMs KaK IE€pBasi CEKLUs OKa3bIBACTCS 3aMKHYTON HAaKOPOTKO LIETKOM
Bi. ITono6HbIM 00pa3oM 00X0A4T BCIO OOMOTKY. B pesynbraTte mosyyaercs 3JeKTpUdecKas cxema
OOMOTKH C YETHIPhMS MapaJUIeTbHBIMU BETBSIMH, I/Ie KaXKAas MapajuieibHas BETBb COJCPKHUT JIBE
IIOCJIE0BATEIBHO BKJIKOYEHHBIE CEKLUUHU. DJIEKTPOABMKYILIME CHIbI CEKLUN B Mpenesax KaKIou
napajuleIbHOM BETBU CKIIAJbIBAIOTCS. Tak Kak eéce eemeu coeduneHnvl napannenvho, mo I/C ecell
obmomku akops onpeoensiemcs eeauyunol I/JC 00HOU napanienvHol 6emesu, mo2oa KaxK 6eIuduta
MOKA AKOPHOU 0OMOMKU PABHA CYMMeE MOKO8 8Cex emeaell 0OMOMKIUL:

Iy =2ai, (1.15)
rae |, — BenmuumMHaA TOKa SKOPHOM OOMOTKH, A; 2a— YMCIIO MapajUIeIbHBIX BETBEH OOMOTKH; Iy —
BEIMYMHA TOKa OJHOM mapamiensHod BeTBH, A. PaccmarpuBaemas oOMOTKa SIKOpPSI COAEPIKHUT
YeThIpe MapajielbHble BETBH, T.€. CTOJBKO K€, CKOJIbKO TIJIaBHBIX IOJIFOCOB B MalllMHE. JTO
COBIIAJICHUE HE CIIyyailHO, Tak KaK B MPOCTOHM IETJIeBOHl OOMOTKE YHCIO MapaijielibHbIX BETBEH
BCEI'/la paBHO YHCITy IVIaBHBIX MOJIKOCOB MAIIUHBI:

2a =2p (1.16)
Yucno napajijienbHbIX BETBEH B 0OMOTKE SIKOpsI BIUSET HA OCHOBHBIE pa0oyue mapaMeTphbl MAllIUHBI
— HaNpsDKEHUE U BETUYHMHY TOKA.

1.4.2. CioxHas nerjiesas 00OMOTKA.

Wtak, B IpocToii netieBoil 0OMOTKE YHMCII0 MapaieIbHBIX BETBEH paBHO YMCITY IJIaBHBIX MOJIIOCOB
MalllUHBbI. HpI/I HGO6XOJII/IMOCTI/I MMOJIYYHTH 06MOTKy ¢ OOJIBIIMM YHCIIOM mapaJlsiCJIbHBIX BeTBeﬁ,
HampumMmep, Kak 3To TpeOyeTcsi B HU3KOBOJBTHBIX MAIIMHAX ¢ OOJBIIMMHU TOKOBBIMU Harpy3Kamu,
IPUILUIOCH OBl JIeJIaTh MAIIMHY MHOTOIIOJIOCHON, YTO 00YCJIOBMIIO Obl YBEIIMUYEHHUE €€ pa3MEpOB U
CTOMMOCTH. XOpOILINUM pPEUIEHHEM B TaKOM CHUTyallUH SIBISETCS NMPUMEHEHHE CIOXHOW IETIIEBOM
0OMOTKH, KOTOpasi coueTaeT B cebe HECKOJbKO MPOCThIX OOMOTOK (XOJOB), YJIOKEHHBIX Ha OJUH
AKOpb. UKCII0 MapasuiebHbIX BETBEH B CI0KHOM METIEBOW 0OMOTKE COCTaBIISIET:
2a =2pm (1.17)

rre m — kod3(puUIUEeHT KpaTHOCTH, OMPEAEISAIOMMN YUCIO MPOCTHIX IMETIEBBIX OOMOTOK, W3
KOTOPBIX COCTaBJIeHa CJO0XHasg oOMmorka. lllupuHa ImeTok B MallMHE CO CIIOKHOW TNETIeBON
OOMOTKOI NpUHUMAETCsl TaKOM, YTOOBI KaXK/las IIETKa OJHOBPEMEHHO MepeKpbhIBaja He MeHee M
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KOJIJICKTOPHBIX IUIACTHUH, T.€. CTOJBKO IUIACTHH, CKOJBKO IPOCTBIX OOMOTOK COJIEPKUTCS B
ClI0XHOU. B 3TOM citydae mpocTble 0OOMOTKHM OKa3bIBAIOTCS COCAMHEHHBIMH MapajliesIbHO IPYT C
apyroM. i TOro 4ToOBI IIETKa MOTJAa COCAMHATH 3TH OOMOTKH IapajuleibHO, MPUILIOCH
Pa3BUHYTH CTOPOHBI CEKIIMU M KOJUJIEKTOPHBIE IUIACTUHBI OJHON OOMOTKH U Pa3MECTUTh MEXKIY
HUMH CTOPOHBI CEKLIMU M KOJUIEKTOPHBIE TUIACTHHBI Ipyroil oOMoTKH. [loaToMy mar oOMOTKH 1O
KOJUIEKTOPY U PE3YJIbTUPYIOMIMH HIar Mo SKOPIO CIOXHOW OOMOTKH IO CPaBHEHHUIO C ATUMH Ke
rapaMeTpamu IpoCTOi NETIEBON 0OOMOTKH yBEJIMYWICA B M pas:
ye=y=m. (1.18)
[TepBbIii YaCTUYHBIN TIAT OOMOTKH TI0 SIKOPIO MOACYUThIBaeTCs o popmyse (1.13).

1.4.3. IIpocrasi Bo1HOBasi 00MOTKA.

B BOMHOBBIX 0OMOTKAax IMOCIIEOBATEIHLHO COSAUHSIOTCS CEKIMH, Hadala KOTOPBIX PACIIONIOXKCHBI
0] COCETHUMHM T1apamu moiatocoB (puc. 1.12). Takum oOpa3oM, B 4ETHIPEXIIOIIOCHON MAIlIMHE TTPH
OTHOM 00X0/I€ BOKPYr SKOpPS IIOCIICOBATEILHO COCIUHSIOTCS J[BE CEKIUU, B IIECTH- H
BOCBMHUIIONIOCHBIX MAalllMHAX COOTBETCTBEHHO TPU U 4YeThipe ceKuuu H T.0. KOHIBI cexuuit
BOJTHOBOM OOMOTKH MPUCOCAUHSIOTCA K KOJUIEKTOPHBIM IJIACTUHAM, YIAJICHHBIM JAPYT OT Apyra Ha
paccrosiHue mara OOMOTKHM MO KOJUIGKTOPY Vi = Y. 3a OJuH O00XOJ MO SIKOPIO YKJIaJbIBACTCS
CTOJIbKO CEKLMH, CKOJIBKO Iap IOJIOCOB UMEET MAIllMHA, IIPU 3TOM KOHEILl MOCieHel o 00xony
CEKI[UU MPUCOEIUHSAIOT K KOJUIEKTOPHOH IMJIaCTHHE, PaCMOIOKEHHOH psaaoM ¢ ucxonHoi. [Tpocras
BOJIHOBass OOMOTKa Ha3bIBAETCsl JIEBOXOJOBOM, €CJIIM KOHEI MOociHeAHEeW 1o 00XO0Jy CeKUUU
MPUCOSANHSIETCS K KOJJIEKTOPHOM IJIaCTHHE, PACIOJIOKEHHOM cieBa OT ucxoaHoil. Ecnmu ke ata
IUTACTHHA PACIIONIO’KEHA CIIpaBa OT MCXOIHOH, TO OOMOTKAa HAa3bIBAaeTCA MPaBOX0J0BOH. Cexiun
BOJIHOBOIl OOMOTKH MOTYT ObITh OJJHOBUTKOBBIMH M MHOTOBUTKOBBIMH.
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Puc. 1.12. llaru npocToit BOJIHOBOM 0OOMOTKH

Tak kak mar oOMOTKH MO KOJIJIEKTOPY Yx OXBAaThIBA€T IMPOCTPAHCTBO IO JIMHE OKPYKHOCTHU
KOJIJIEKTOPA, COOTBETCTBYIOIEE OJTHON IMape MOJIFOCOB, TO, CIIEJIaB OJUH 00XO0J 0 KOJJIEKTOPY, MBI
Kak ObI MepeMenacMcsi Ha YMCII0 KOJUISKTOPHBIX JISNICHHH, PaBHOE Yyp (p — YMCITO Map MOJFOCOB), U
MEepPEXO UM K IJIACTUHE, PACTIOI0KEHHOU pAloM ¢ ucxoAaHo. Ha ocCHOBaHMM CKa3aHHOTO MOXHO
3amucaTh: vy =K=x1. (1.19)
CrnenoBatenbHO, mar 0OMOTKH 10 KOJUIEKTOPY U pe3yIbTHPYIOIIUIA IIIar o SKOPIO PaBHBI, T.€.
vi=y=K=1/p (1.20)
3HaK «-» COOTBETCTBYET JIEBOXOJOBOW OOMOTKE, a «+» — TpaBOXOJ0BO. BrimonHeHue
MPABOXOJIOBOM OOMOTKM CBSI3aHO C JOMOJHHUTEIBHBIM PACXOJOM MEAHM H3-3a2 CKPEIIUBAHUSA
7000BBIX YacTed CEKUUH, OITOMY OHA MOYTH HE MMEeT MPaKTHUeCKOoro nmpumeHeHusd. [lepsbiii
YaCTUYHBIN IIar 0OMOTKH 10 SIKOPIO ompeaensiercs mo ¢popmyne (1.13), a Bropoit miar:

y2=y-y1 (1.21)
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W3 npuBeaeHHON CXEeMBI MPOCTON BOJIHOBOW OOMOTKH BHIHO, YTO CEKIIUU KAXJIOH MapaienbHON
BETBU PAaBHOMEPHO PACHPEIEIIEHBI MOl BCEMU MOIOCaMHU MaInHbl. CiaeayeT TakkKe OTMETUTh, YTO
B TaKOH OOMOTKE MOYHO OBbLITO ObI OrpaHUYHUTHCS PUMEHEHUEM TOJIBKO JIBYX IIETOK, Harpumep B;
u Ap. OnHako B 9TOM cllyyae HapylIMjach Obl CUMMETpUs OOMOTKH, TaK KaK YHMCIO CEKIHi B
MapaJuIebHbIX BETBSIX CTAHOBUTCS HEOJMHAKOBBIM: B OJHOM BETBU CEMb CEKLIUH, a B APYrou
mects. [IoaToMy B MalinHe OOBIYHO YCTaHABIMBAIOT CTOJIBKO IIETOK, CKOJBKO UMEETCS TJIaBHBIX
TMIOJIFOCOB, TeM 00JIee YTO TO MO3BOJISIET YMEHBIIUTh BEIMUMHY TOKA, IPUXOJISAIIETOCS Ha KAXKIYIO
HIETKY, 1 YMEHBIINUTH pa3Mepbl KOJJIEKTOPA.

1.4.4. Cio:xHast BOJTHOBAasI 00OMOTKA.

HeckobpKo MpOCTBIX BOJHOBBIX OOMOTOK, YJIOXKEGHHBIX Ha OJHOM SIKOpE, O00pasyloT CIIOKHYIO
BOJIHOBYIO 00MOTKY. Tak Kak Impocrtasi BOJHOBasi 0OMOTKa COCTOUT M3 JIBYX IapaJuICIbHBIX BETBEH,
TO YHUCJIO MapaJUICIIbHBIX BETBEH B CIIOKHOM BOJIHOBOW OOMOTKE COCTABIISCT:
2a =2m (1.22)

rae M — ko3 UIMEHT KPaTHOCTH, ONPEICISIOINI YUCIO MPOCTHIX BOJHOBBIX OOMOTOK, M3
KOTOPBIX COCTaBJIeHA CJIOXKHAsi 00MOTKa. ClI0)KHAsI BOTHOBasi 0OMOTKA PACCUUTHIBACTCS TaK XKe, KaK
u rpocrast. Ho aist ompesienenus mara 0OMOTKH 10 KOJUICKTOPY CIIEAYET HCIOJIb30BaTh (OPMYITY:

yv«=K£tm/p (1.23)
[TpocTbie BOTHOBBIE OOMOTKH, 00pa3yIOIINe CI0XKHYIO, COSAUHSIIOTCS MapalIeibHO APYT C IPYroM
MOCPEACTBOM ILETOK, IIMPHUHA KOTOPHIX, KAK M B CIy4ae CIOXHOH METICBOHl OOMOTKH, TOJDKHA
obecreunBarh OJIHOBPEMEHHOE MIEPEKPBITHE HE MEHEE T KOJUICKTOPHBIX [LIACTHH.

1.4.5. YcoBus CHMMETPHH OOMOTKH.

OOMOTKa sSIKOpS HA3bIBAETCSl CUMMEMpPUYHOU, €CIH €€ NapayielbHble BETBU 00JaJaroT
OJIMHAKOBBIMHM  JJICKTPHUYECKMMH CBOMCTBAMH, T. €. HUMEIOT OJUHAKOBBIE JJIEKTPUYECKUE
COIIPOTHBIIEHUS U B HUX HMHIYLHUPYIOTCS oJuHaKkoBble no BeaumunHe JJIC. B HecuMMerpuuHOU
00OMOTKE TOK SIKOPsI B apaJUIeJIbHBIX BETBSIX paclpeeisieTcss HepaBHOMEPHO, YTO BJIEYET 3a co00it
Ieperpy3Ky OJHMX BETBEM M HENOTpy3Ky ApYyrux. B pesynbrare BO3pacTarOT DIEKTPUYECKUE
OTepu B OOMOTKE SIKOpS, MOJIe3HAass MOILIHOCTh MAalllMHbl YMEHBIIAETCs, BOSHUKAET HCKPEHUE Ha
kosekTope. OOMOTKa SIKOpS. CTAHOBUTCS CUMMETPHUUYHOW JIMIIb HpU COOJTIOAEHUHU CIETYIOLINX
VCA0BUL CUMMEMPUL
1) kaxas mapa napaieNbHbIX BETBEl OOMOTKHU JOJKHA COCTOSATh U3 OJIMHAKOBOI'O YHCIA CEKLUH.
OTO0 ycnoBHE MOKET ObITh BBHIIIOJHEHO JIUIIb B TOM Cllydae, €Ci Ha KaXJylo Hapy napajielbHbIX
BETBEil OOMOTKM MPUXOIMTCS IIEJI0€ YHCIIO CEKIHi, T. €. OTHOIICHHE S/a paBHO IEJIOMY YHCIY.
Herpyano yGenutbes, 4TO NMpU HECOOTIOJEHUHM ITOTO YCIOBHS 3JEKTPUUECKOE COMPOTHBIICHHE
napajieNibHeIX BeTBed, a Takke wux OJC OyayT HEOIMHAKOBBIMH. OTO TpUBEAET K
HEPAaBHOMEPHOMY pAaCIIPEIEIICHUI0 TOKAa B MapajUICJIbHBIX BETBSAX CO BCEMM HEXKENaTeIbHBIMU
IIOCJIEICTBUAMU;
2) CeKIMM Ka)xJ0M Mmapbl MapajuleIbHbIX BETBEW IOJDKHBI 3aHUMAaTh Ha SKOPE OJMHAKOBOE YHUCIIO
nasoB, T. €. Z/a paBHO LENOMY YHCITY, TJe Z — YUCIIO PEeaIbHBIX Ia30B Ha SKOPE;
3) xaxxaast mapa napajjiesbHbIX BETBe 0OMOTKHU JOKHA 3aHUMAaTh OJIMHAKOBOE MOJIOKEHHE
OTHOCHTEJIBHO CHCTEMBI ITOJIFOCOB, YTO MOKET OBITH COOJIIOICHO TIPH YCIOBUH 2p/a paBHO LEIOMY
yuciny. OnpenenuM, Ipu KakUX rapaMeTpax BBITOJHIETCS TPEThE YCIOBHE CUMMETPHHM JUIS
CIIOKHOM neTneBoit oOMoTku. Ha ocHoBanuu BeipaskeHus (1.17) nonyuaem:

2pla=2plpm=2/m (1.24)
Bce otHomieHus1, Bxoasmue B BoipaxkeHue (1.24), paBHBI 11€10My YMCIy, T.€. CIOXKHAs IETIeBas
00MOTKa MOXET ObITh CHMMETPUYHOM TOJIBKO ITpH M = 2. J{1s ycTpaHeHus ypaBHUTEIbHBIX TOKOB B
OOMOTKE SIKOpS HEIOCTaTOYHO BBINOJHEHUS YCIOBUH CHUMMETpUH OOMOTKHM. [l 3TOro
Heo0X0IMMO ellle, YTOObl MarHUTHBIE TTOTOKH IMOJIF0COB OBbLIIN paBHBI. KpoMe TOro, conpoTrBIeHUs
KOHTAKTOB MEXJIy UIETKAMHU M KOJJIGKTOPHBIMM IUIACTHHAMHU KaXXIOr0 M3 XOJOB OOMOTKH,
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COCTAaBJIAKOIIIUX O6MOTKy, TAKXEC JOJI?KHBI 6I>ITB paBHBI. HepaBeHCTBO MAardimuTHBIX IIOTOKOB
MTOJTFOCOB BBI3BIBACT B METJIEBBIX 00MOTKax HepaBeHCTBO DJIC mapasuieibHBIX BETBEH U MOSBIICHHE
YPaBHUTEIBHOTO TOKA, 3aMBIKAIOIIETOCS Yepe3 IIEeTKU. BceneacTBue HepaBeHCTBA COMPOTUBIICHUM
MEPEXOTHOTO KOHTaKTa MEXIy IIETKOH UM OTACIbHBIMH KOJUICKTOPHBIMH IIJJaCTUHAMHU B
MapajuIeNbHBIX BETBSIX OOMOTOK, COCTABIISIOIIMX CIOXHYIHO OOMOTKY, TOKA OymyT pasHbie. DTO
MPUBOJUT K CIYYaHHOMY pACIpPEICICHUIO HAIMpPSKEHUS MEXAY COCEIHHMH KOJJIEKTOPHBIMH
IJ1aCTUHaMu, B pGSYHBTaTe qero HaHpH)KeHI/Ie MOXET HpeBbICI/ITB I[OHYCTI/IMBIG 3HAUYCHUSI.

1.4.6. YpaBHUTe/IbHBbIE COCTUHEHHS.

Opnnako jaxe mpu COOMIOJEHUU BceX ycioBuit cummerpuu DJ1C napanienbHbIX BETBE 0OMOTKU
SIKOPsI B MHOTOIIOJIFOCHBIX MalIMHAaX MOTYT OKa3aTbCs HEOJMHAKOBBIMU. IIpHunHON 3TOTO sABIISIETCS
Maz2HUmMHas acumMmempus, B pe3yjibTaTe KOTOPOM MarHUTHbIE MOTOKM OJHOMMEHHBIX IIOJIOCOB
CTaHOBATCA HEOAMHAKOBBIMU. [IponcxoauT 3To u3-3a 1eeKTOB, BOZHUKAIOIINX TPU U3TOTOBICHUU
ANEKTPUYECKOM MalllMHbl (HaJIUM4Me pPAKOBUH B OTJIMBKE CTAHMHBI, HEKaueCTBEHHas CcOOpKa
MIOJIFOCOB, HEMpPaBUJIbHAS IEHTPOBKA SIKOPA, T.€. €ro MepPeKoc) W O0OYCIIOBIMBAIONIMX IMOSBICHUE
HEPaBHOMEPHOTO BO3IYLIHOTO 3a30pa MOJ IMOJrcamMu. BiusHME MarHUTHOW aCMMMETPHUM Ha
paboTy MalIMHbI 3aBUCUT OT TUIIA OOMOTKH SKOPSI.

B BOIHOBBIX OOMOTKax CEKIMH KaXKIOW MapayieIbHOW BETBHM PAaBHOMEPHO pPaCHpENENICHBbI IO
BCEMHM IOJIFOCAMHU MAILIMHBI, TIO3TOMY MAarHWTHas aCUMMETpPHs HE BbI3bIBaeT HepaBeHcTBa D/[C B
napajuieNIbHBIX BETBSX, TAK KaK OHA OJUHAKOBO BIIMSET HA BCE MapaljielibHbIC BETBH OOMOTKHU. B
METJIEBBIX OOMOTKAaX CEKUIUU KaXKIOW MapajulelIbHOM BETBH PACHOJNIAraroTCsl MOJ| OJHOW Mapoii
MIOJTIFOCOB, TTIO3TOMY B pe3yibTaTe MarHuTHOM acumMerpuu DJ]C napajiyielbHbIX BETBEH CTAaHOBATCSA
HEOJAMHAKOBBIMU, YTO IPUBOJUT K TMOSBICHUIO YpPaBHUTEIbHBIX TOKOB. Hampumep, npu
HepaBeHcTBe D/IC €1 U € MoTeHUMabl ETOK A1 U Ay HEOIMHAKOBBI, a TaK KaK YKa3aHHBIE ILETKU
COEIMHEHBI IPOBO/IOM, TO B OOMOTKE MOSBUTCS YpaBHUTENbHBINA TOK ly,. Eciiu €1 > e; 1o TOK |y BO
BHEIIIHEW YacTH LIETIM HamNpaBJIieH OT mEeTku Aj K merke Ajp. Ilpu nepaBenctse D/IC Bo Bcex
YeThIPEX BETBSAX OOMOTKHU SKOPS YPaBHHUTEIbHBIC TOKH IMOSBATCA TaK)Ke M B LENU IeTok Bj u By.
VYpaBHUTENbHBIE TOKH, CKJIAJbIBAsICh C TOKOM Harpy3k{, BbI3bIBAIOT HEPABHOMEPHYIO HArpys3Ky
napajieNIbHbIX BETBEH, UTO BeleT K MeperpeBy OOMOTKHM M YBEIMYEHMIO JIEKTPUYECKHX MOTEPb.
Kpome TOro, miaoTHOCTh TOKA MOJ HEKOTOPBHIMU LIETKAMH YBEJIUYMBAETCSI U MOKET IMPEBBICUTH
JOIYCTHMBIE TPEJEIIbI, YTO BBI30BET HCKPEHNUE Ha KOJIJIEKTOPE.

YpaBHuTe/IbHBbIE COeIMHEHUsI MIepPBOro poaa. [lepeuncienHple sBIEHNUS HAPYIIAIOT HOPMAaJIbHYIO
paboTy MammHbl. {71 yMEHBIIEHUsS HEPaBHOMEPHOM HAarpy3kM IIETOK B HPOCTBIX METJIEBBIX
OOMOTKaxX TOCTYNAIOT CIEAYIOIUM 00pa3oM: TOYKHM OOMOTKHM SIKOpsl, HMOTEHLHUAIbl KOTOPBIX
TEOPETUYECKH JIOJKHBI OBITh OJIMHAKOBBIMH, COEIMHSIOT MEXIy c000il MenHbIMU MpoBoaaMu. B
3TOM cllyyae BO3HHUKAIOIINE B OOMOTKE YpaBHUTENIbHbIE TOKH HUPKYIUPYIOT BHYTPU OOMOTKH U HE
IIPOTEKAIOT MO IIETKaM M COEAMHSIONMM MX IIMHAM. YKa3aHHbBIE COECJUHEHUS Ha3bIBAIOTCS
YpaBHUTEIbHBIMU COEAMHEHUSIMU MEPBOTrO poja, win ypaBHutensmu (puc. 1.13). Ilpaxtuuecku
JOCTYNHBIMU JUIsl COECJUHEHHMS TOUYKAMHM PpAaBHOTO IIOTCHIMANA SIBISAIOTCA KOHIBI CEKIIHH,
MIPUCOEANHIEMbIE K KOJUIEKTOPHBIM IIJIaCTUHAM, U JIOOOBBIE 4acTH OOMOTKHU CO CTOPOHBI, 00paTHOM
KoyiekTopy. KosnndectBo Touek B OOMOTKE, MMEIOIIMX OJMHAKOBBIM MOTEHIMAJ, PAaBHO YHCIY
nojrocoB B Mammue (p = a). PaccTosHre MEXIy ABYMsI COCEJHHMH pPaBHOMOTCHIIMAIbHBIMU
TOYKaMH HA3bIBAECTCS IOTCHLUMAIbHBIM IIAroM U o00o03HaudaeTcs Yyp. lIpu  pacroyiokeHuH
YpaBHUTEIbHBIX COEIUHEHUN CO CTOPOHBI KOJUIEKTOpAa MOTEHLMAIbHBINA LIAr U3MEpPSIeTCS YHUCIOM

KOJUIEKTOPHBIX JICTICHHIA: yyp=K/a=K/p (1.25)
[ToiHOE YHMCIIO YpPaBHUTENBHBIX COCTMHEHHH MEPBOrO pOAa, KOTOPOE MOXKHO MPUMEHHTH B
0OMOTKE: Ny, =K/a (1.26)

OpHako Takoe YHCIO YPABHHUTEIBHBIX COCIUHEHWI NPUMEHSIOT TOJBKO B MalIMHAX OOJIbIION
MOIIIHOCTH, HAIlpUMEp B DJIEKTPOABUIATENIAX IIPOKATHBIX CTAHOB. B IeElAX SKOHOMHHM MEIU U
VIOPOIIEHUS KOHCTPYKIIMM MAIIUHBl OOBIYHO MPHUMEHSIOT MEHbBIIEe 4YHUCIO YpaBHUTEJEH.
HampuMep, B 4YETBIPEXMOIIOCHBIX MAIIMHAX MaJOW MOIIHOCTH BBINOJHAIOT TPHU-YETBIPE
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YPaBHHUTEIbHBIX COCTMHECHUS BMECTO IOJIOKECHHBIX BOCHMH. JIJIsi BBIMOJHCHUS YpPaBHHUTEIBHBIX
COCHMHCHUH NPHMEHSIOT MEIHBIC MPOBOIA C CCYCHHEM, PaBHBIM /4 — “/; CedeHHs MpoBOA
OOMOTKH SIKOPAL.

YpaBHUTeE/IbHbIE COeIHHEHHsI BTOPOro poaa. B CIOXHBIX METIECBBIX W BOJHOBBIX OOMOTKax
MPOCThIE OOMOTKH, 00pa3yoIne CI0KHYI0 0OMOTKY, COeIMHEHBI NapajuienbHo. VX mapamiensHoe
BKJIFOUCHHME OCYILIECTBISIETCSl HAa KOJUICKTOPE Yepe3 IIeTOYHbIH KOHTakT. OJHako o0ecreduTh
OJIMHAKOBYIO BEJIMYMHY TOKAa B MECTEC KOHTAKTa MIETKU U KOJUICKTOPHOW IUIACTHHBI U3-32 PA3HOCTH
MEePEXOTHBIX COMPOTUBJICHUH HEBO3MOXKHO. [103TOMYy TOK MeEXIy OOMOTKaMHU pacrpeaessieTcs
HEOJIMHAKOBO, YTO HApyIIaeT PABHOMEPHOE PacCIpe/ielieHHe MOTCHIUAIA 110 KOJUICKTOPY U MOXKET
BbI3BaTh HA HEM HCKpeHue. Jlsi yCTpaHEHHUs 3TOTO HEXKEIATEIbHOTO SIBICHUS MPUMEHSIOT
YpaBHHUTEIIBHBIC COCJMHEHHS BTOPOrO pOJa, MOCPEACTBOM KOTOPBIX IPOCThIE OOMOTKH
COCTUHSIFOTCSL MEXKTy COO0H B TOYKAX paBHOTO MOTCHIIHAIA.

HanpagneHde BpateHKs
P

‘121;T2r3l415T6|118[9f10|lll

/Tt

7 2 7

Puc. 1.13 YpaBuurenbhsie coequnenus (1-3) mepsoro posa.

Takum oOpa3om, eciii ypaBHUTETU MEPBOTO POjia BHIPABHUBAIOT ACUMMETPHIO MAaTHUTHON CHCTEMBI
MallWHBl, TO YPaBHHUTEIM BTOPOTO pOJIa YCTPAHSIOT HEPABHOMEPHOCTh B paclpeiesieHun
MOTEHIIMajda MO KOJUIEKTOpy. B cxeme cloKHOW BONHOBOW OOMOTKM YpaBHHUTEIM BTOPOTO poja
COCIUHSIIOT KOJUICKTOPHBIC IIACTHHBI OJUHAKOBOTO IMOTCHIMANIA M OTCTOSAT JAPYr OT Apyra Ha
pacCTOSIHWM, PAaBHOM IOTEHLMAIbHOMY WIAry Yy, IlomHOe YHciao ypaBHUTENnedl BTOpPOro poja
ompenenseTcs mo BeipaxkeHuto (1.26), ogHaKo U3 COOOPAKEHUN YKOHOMUU MEU UX YHCIO0 OOBIYHO
MEHBIIIE PACUeTHOTO.
1.4.7. KomOuHMpOBaHHAS 00MOTKA.

KoMOunupoBanHas (yiarymieubst) oOMOTKa MpEACTaBisseT co00l coueTaHue NETIEBON (Yners) H
BOJIHOBOH (Ysoms) OOMOTOK, PACIIONOKEHHBIX B OJHHMX I1a3aX M TMPUCOCIMHEHHBIX K OOIIeMy
kosutektopy. Cekuus 3Toi 0OMOTKH mokas3aHa Ha puc. 1.14. KomOuHHpOBaHHYI0 OOMOTKY MOXKHO
paccMaTpuBaTh Kak JBE MapayieIbHO COCIUHEHHBIX OOMOTKHU: METJIEBYI0 M BOJHOBYH. Kaxnas
mpocrasi OOMOTKAa  BBINIOJIHAETCA  JBYXCIOHHOW, TO3TOMY KOMOMHHMpOBaHHas OOMOTKa
YKJIQJIbIBAa€TCS. Ha SIKOPE B UETBIPE CJOfA, a K KaKI0HM IUIACTHHE KOJUIEKTOpa IPUIIaWBAETCS I10
4yeTbipe NpoBoAHMKA. KoMOMHMpOBaHHAs OOMOTKa MPUMEHSETCS B MOILIHBIX AJIEKTPUUYECKHX
MamuHax. Ee OCHOBHOE NpeuMMyIIecTBO COCTOMT B TOM, YTO OHa HE TpeOyeT ypaBHHUTEIbHBIX
coequHeHnil. OOMOTKH, COCTaBIsAOIINE KOMOUHUPOBAHHYIO, UMEIOT OJJMHAKOBBIE IIarH MO SKOPIO:

Yinemn = Yisonu (127)
[lar koOMOMHUPOBAHHOM OOMOTKH paBeH CyMME I11aroB MPOCThIX 0OMOTOK:

Yinern = Yisomn = Za / 2p + Za / Zp 23 /P (128)
ITockonbKy 4KMCIIO 37€MEHTapHBIX Na30B Z, = K, TO Yiners = Yisom = K/ p = yyp T. €. mar oOMoTKH
[0 SIKOPIO PaBEH MOTEHUUaIbHOMY wary. CleoBaTeabHO, T€ KOJJIEKTOPHBIE IIACTUHBI, KOTOPHIE
JIOJDKHBI OBITh COCTUHEHBI YPABHUTEIISIMH, B KOMOMHHUPOBAHHONW OOMOTKE COCTMHSIOTCS CEKIIUSIMH,
MO3TOMY YpaBHUTEIbHBIE COSMHEHHSI B TAHHOW 0OMOTKE HE MPUMEHSIOTCS.
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Puc. 1.14. PazBepHyTas cxemMa KOMOMHUPOBAHHON OOMOTKH SIKOPSI, T — IOJIFOCHOE JICJICHUE.

JUis M3roToBieHUs] OOMOTKHU SIKOps. HET HEOOXOIMMOCTH CTPOUTH IMOJIHYIO PA3BEPHYTYIO CXEMY
3TOil 0OMOTKH. B 3TOM cilyuae n300paxaercs OfHA CEKLUUS C YKa3aHHMEM HOMEpOB Ma30B, B
KOTOpPbIE OHA YKJIAJbIBACTCA, U KOJJIEKTOPHBIX IUIACTHH, K KOTOPBIM IOICOEIUHSAIOTCS BbIBOIBL. Ha
9TOW CXEME YKa3blBa€TCs MOPSAOK IPHUCOEAMHEHUS H300pakaeMbIX CEKIUH K KOJUIEKTOPHBIM
IUTACTUHAM U TO, YTO 3TH CEKIIMM MOKHO M30JIUPOBaTh BMECTE, T.€. COCAUHUTH B OJHY KaTYIIKY.
Homepa miiacTuH M cekuuii, yKa3aHHbIE Ha CXEME, ONpPEAENSAIOT IIard OOMOTKH IO SKOPIO U IO
KOJUIeKTOpY. 110 3TOM cXeMme M3rOoTOBIIAIOT CEKIMM WIHM KaTyIIKH, KOTOPHIE 3aT€M YKJIAaIbIBAIOT B
na3bl CepeYHMKA SKOPSI U COSIUHSAIOT ¢ IUIACTUHAMU KOJUIEKTOopa. B paccMOTpeHHBIX cxemax Bce
CeKIIMHM SIKOPHBIX OOMOTOK HMEIOT OJMHAKOBYIO MIMPHHY. Takue paBHOCEKIIMOHHBIE OOMOTKH
y100HBl B HM3rOTOBJICHMH, OCOOCHHO €CJIM Ia3bl CepJCYHUKA SKOpsS OTKPBITHL. B 3TOM ciydae
CCKIMHU, JIC)KAHEC B OJHUX MU TCX KC IMasax, U30JIUPYIOTCA BMCCTC (KaK caAuHasd KaTYIHKa), a 3aTeM
yKJIaZpIBAtOTCs B na3bl. Ho BO3MOXKHA U Jpyras KOHCTPYKIMsSI OOMOTKH — CTyINeH4arasi, B KOTOpOH
CEeKIIMM HMMEIOT pa3Hylo MmupuHy. [Ipy 3TOM OJIHA aKTHBHAsg CTOPOHA Ka)XJOM M3 HECKOJbKUX
CEeKIMH CcTyrneH4aTol OOMOTKH pacrojaraercs B OAHOM Ha3y, a APyrue aKTHBHbBIE CTOPOHBI 3TUX
CEKIIMI pacIioyaratoTcs B pasHbIX Ia3ax.

1.5. DaexkTpoaBMAKYyIIAs CHJIA OOMOTKH SIKOPS.

MarnuTtHas WHAYKIUS Bs B BO3IYIIHOM 3a30pe MeEXKIy IIOJIOCHBIMA HAaKOHEYHHKAMH U
MIOBEPXHOCTBIO SIKOPS B PA3IUYHBIX TOUYKAX MO OKPYXHOCTH SKOPSI UMEET HEOJUHAKOBbIE 3HAYCHHUS.
[Mostomy mist ompenenennss DJIC ynoOHO BOCHOJB30BaThCS CPEAHUM 3HAYEHHWEM MAarHUTHOMN
MHAYKIUH, TPUHSIB €ro paBHBIM BbIcoTe mMpsiMoyroibHuka AB’C’D ¢ ocHoBaHueMm T, miomiajb
KoToporo paBHa tiomann ¢urypet ABCD (puc. 1.15). Torma cpennee 3nadenne JIJIC,
MHAYLMPYEMOW B OTHOM IPOBOJHHKE, YIOKEHHOM Ha IOBEPXHOCTH SIKOPSI, PAaBHO

Ecp = Beplv. (1.29)

By
Bl B C
BB / \ C'
D
T | gD,

Puc. 1.15. Pacnpenenenrne MarHuTHOM MHAYKIIMH B BO3YILLIHOM 3a30pe€

O6moTtka sxopsi coctouT u3 N mpoBonHukoB, onHako DJIC oOMOTKHM ompenensercs BeTUIHMHON
DJIC nuib 0HOM MapasIeIbHOW BETBH, KOTOpas coaep:kuT N/2a mocie0BaTeIbHO COeTMHEHHBIX
npoBoAHUKOB. Takum o6pazom, DJIC 0OMOTKH IKOPSI:

E,=E,N/2a=BgIvN/2a (1.30)
rae | — nnuHa akTHUBHOUM yactu sikopsi, M; V = nDn / 60 — nuHeiHas CKOPOCTh Ha MOBEPXHOCTU
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BpAIAIOIIErocs KOps, M/c; N — 4acToTa BpaleHus skops, 00/mMuH; D — quametp sxops, M. J[nuny
OKPY’KHOCTH sIKOps1 TD MOXHO BBIPA3UTh CIEAYIOUIMM 00pa3oM:

nD=1tx2p (1.31)
TOr/a: v=2tpn/60 (1.32)
[ToacraBuB 310 BhIpaxeHue B Boipakenue (1.30), momyunm:

E; = Bepl x(2zpn / 60) x (N / 2a) (1.33)
[MpousBenenue It ectb 1wIoOmagb, KOTOPYHO MPOHU3BIBACT MArHUTHBIA TOTOK OJHOTO IIOJIIOCA,
[IOTOMY: Beplt=@ (1.34)
rae @ — MarHUTHBIN TOTOK B BO3AYIIHOM 3a30p€ IOJ OAHUM moiitocoM, Bs. CnenoBarensno, 9/1C
OOMOTKH SIKOPSI:
E, = (pN/60a) x (dn) (1.35)

Benmunna pN / 60a — 1u1st TaHHON MaIIMHBI SBISIETCS TIOCTOSIHHOM, II03TOMY 0003HAUYUB €e:

ce=pN/60a (1.36)
OKOHYATEJIbHO MOJyYaeM:

E,=c.®Pn (1.37)

1.6. Bb16op THIIA OOMOTKH SIKOPS.

[IpumeHeHre B MalllMHE OCTOSTHHOTO TOKA OIPEEICHHOIO THUIAa SKOPHOM OOMOTKH OOYCIIOBJIEHO
TpeOOBAHUAMHU KaK TEXHHYECKOI0, TaK U SKOHOMHYECKOT0 Xapakrepa. BolOpaHHbIN TUII 0OMOTKH
JOJDKEH obecneunBaTh IMojydyeHne HeoOxonumon BenmuunHbl DJIC mpu onpeneneHHONW BEINYHHE
Toka. [Ipym 3TOM cienyer CTpeMUThCS K MUHMMAJIbHOMY YHCIY YPaBHUTEIBHBIX COEIMHEHHH.
TpeGoBaHust SKOHOMHUYECKOTO XapaKTepa MpH BbIOOpE THUIa OOMOTKH CBOJSATCS K MAaKCHMAJIbHO
BO3MOYKHOMY 3allOJIHEHUIO [a30B CEpACYHMKA SIKOpsl, YTO ompeaessercs Kod(pQPHUIMEHTOM
3aII0JIHEHMS 11434 K,=S./S; (1.38)
rae Sy — IUIOMAAb CEYCHHS BCEX YIOKCHHBIX B OXMH 1183 MEIHBIX IPOBOIHHKOB, MM’ S, —
IUIOMA/h CCYCHHMsT OZHOTO masa, MM°. IIpi yKimajgke B a3 GOJBIIOTO UHCIA MPOBOXHHKOB
3HaYMTeNbHAs 4YacTh IUIOLIAJM CeueHHUs na3a OyAeT 3aHATa M30JIIMEH 3THX IPOBOJHHUKOB.
[ToaTomy BbIOpaHHBIN TUIT OOMOTKH SIKOPS IOJKEH COOTBETCTBOBATH BO3MOKHO MEHBIIEMY UHCITY
npoBoIHUKOB. [TpeoOpasys dpopmyiy (1.35) ans 3AC 0OMOTKH SIKOPSI, MOTYIHM:

N =60a x (E, / p®n) (1.39)
Kak Buaum, npu 3aiaHHbIX 3HaYeHUAX Ez p, @ u n uucio mpoBOAHUMKOB N OOMOTKE MPSAMO
MPOMOPLMOHAIBHO YHUCIy Map MapajulesibHbIX BeTBed a. Takum o0pa3oM, mpu BbIOOpe THIA
OOMOTKHM cjelyeT OTJIaBaTh HPEANOYTEeHHE OOMOTKAM C MUHHMAJIbHBIM YHCIOM HapajjielIbHBIX
BeTBel. Mcxonsd u3 3Tux cooOpakeHUil HamOosee >KenaTesJbHOM SIBISETCS MPOCTas BOJIHOBAs
oomotka (¢ = 1), Tem Oomee uYTO OHa He TpeOyeT YpPaBHUTENbHBIX coeAnHEeHUH. OIHAKO
MPUMEHEHHE ITO OOMOTKH OTPAaHUYMBAETCS CIACAYIOUIMMH YCIOBUSIMU:
* JIONyCTHMAs BeJIMYMHA TOKAa B MapayljiebHONW BETBU HE JIOJDKHA MpeBblmaTh 350 A B MammHax
0e3 xoMmIeHcauoHHOoM 00MOTKH B 500 A B MalIMHaxX ¢ KOMIIEHCAIIMOHHON 0OMOTKOIA;
* NIpe/IeNbHO JONYCTUMOE HaNpsHKEHUE MEXKAY ABYMS CMEKHBIMU KOJJICKTOPHBIMH TJIACTUHAMU He
JOJKHO mpeBblarh 25... 28 B B MammHax 60ib1oil MoutHocty, 30... 35 B B MammHax cpenHei
MourHocTH U 50... 60 B B mamuHax masnoil MomHocTd. [Ipy mpeBbIlIeHMH yKa3aHHBIX MPEieoB B
MaIIMHE MOXET BO3ZHUKHYTh «KPYTrOBOW OrOHB)» — OCOOCHHO OMacHOe JJIsl MalluHbI aBiieHue. Ecnu
IPOCTYIO BOJIHOBYIO OOMOTKY NPHUMEHUTh HEBO3MOXKHO, HCIIONB3YIOT JIPYrod THI OOMOTKH C
OOJIBIIMM YHMCIIOM MapajijieNIbHbIX BETBEH, HAlpUMEp CIIOXKHYIO BOJHOBYIO 00MOTKYy. OnHako Ha
NPAaKTUKE CaMoOil paclpoCTpaHEHHOM SBIIIETCS IMpOcTas MeTyieBas OOMOTKa, 3a HEH CleayroT
CJIO’KHAsI MeTJIeBasi, IPoCTas BOJIHOBAs, CII0)KHAsI BOJTHOBAs U KOMOMHMPOBAHHAs.
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Tabnuya 1.1. Obnacmu npumeHerus pasiuiHblX MUNo8 AKOPHbIX 0OMOMOK.

Tum 0OMOTKH OcHoBHas 007aCcTh IPUMEHEHUS

Mamussl MmoutHocThio 10 50 kBT, nmpu Hanpsbkenuu 110...230 B.

IIpocras BonHOBas
p Mamruasl MomHOCTEIO 50...500 xBT, mpn Hanpshxernu ceeime 440 B.

CrnosxHast BostHOBas | Mamuabsl MotHOCThIO 50...500 kBT, npu Hanpsbxenun 440...600 B.

Mammnsl moutHocThio 50...500 kBT, npu Hanpsixenun 110...230 B.

IIpocras netneBas
poc CTACB | Mammnb MouHocTsio cBbiie 500 kBT, npu Hanpsokenun 440...600 B.

Mammnsl moutHocThio 70 500 kBT, npu Hanpsbxkenuu 1o 240 B.

CrnoxHas nerienas
Mamuns! MomHocThIo cBbliie 500 kB, npu Hanpsoxenuu cabiie 600 B.

KombOuaupoBannas | MammHsl MOITHOCTHIO cBhIe 500 kBT, mpu Hanpspxernu ceoimre 600 B.

JloGoBble coenmuHEHHS OOMOTOK M3 JIAKHPOBAHHOTO MEIHOTO TPOBOJHUKA, KaK IPaBHIIO,
JONOJIHUTEIbHO HE wu3oiupyrorcs. JIoOOBbIE COoenMHEHUS OOMOTOYHBIX  DJIEMEHTOB C
HEM30JMPOBAHHON MEJbI0 B Ka4eCTBE MCXOJHOTO MaTepualia MPU OTKPBITHIX Ma3axX H30JUPYIOTCS
BCC BMECTE, a NPHU IOJYOTKPBITHIX I1a3aX KaXKAbIH MPOBOAHUK H30JUPYETCS OTIACIBHO Iepen
YKJIAJKOW B Ta3 IyTeM HAMOTKM BIOJHAXJIECTa MPOMHUTAHHOW JIEHTHI M3 CTEKJIOTKaHW. Mecra
NepexXo/I0B OT Ma3a K JOOOBBIM COCAMHEHHUSAM OOBIYHO MOBEPralOT YCHUJICHHOW M30JIAIUN. Mex Ty
BEPXHUM M HW)KHUM CIIOSIMH TOW 4acTh 0OMOTOK, TJI€ ISHCTBYET MOJHOE HANPSKEHNE MAIIUHBI, T10
BCEH OKPY>KHOCTH 3aKJIaJIbIBAIOTCS JICHTBI U3 CIIOJJOCTEKIOTKAHH MM aCOOCTEKIIOTKaHb TONIMHON
0,5... 1,0 mMm. OcHOBHbIE OONAaCTH TPUMEHEHHS pPA3IUYHBIX THUIIOB SKOPHBIX OOMOTOK B
3aBUCHMOCTH OT MOIIHOCTH MAaIlMHBI U Pab0Yero HanpsHKeHHs IpuBeieHs! B Tao. 1.1.

1.7. MaruuTHas enb MAaIINHBI MOCTOSTHHOI'O TOKA.

MarHuTHbII NOTOK, co3/1aBaeMblii 0OMOTKOW Bo30ykaeHus 1 (puc. 1.16) MammHbBl TOCTOSHHOTO
TOKa, 3aMBIKAETCSl 4Yepe3 XapaKTepHbIE YYaCTKM MalllMHbI, 00pa3ylolue €€ MarHUTHYIO Lellb.
VYdacTkaMl MarHUTHOM LENH SBJSAIOTCA sIpMO (CTaHMHA) 3, CEepJCYHUKU IOJIOCOB 2 (BKIIOYAs
MOJIFOCHBIE OamMaky 4, WM HAaKOHEYHHKH), CEPJICYHHK SKOpsS S5, 0OMOTKa skops 6, 3ybery 7 u
BO3YIIHBIA 3a30p 8 Mex1y MOJIOCHBIMU HakoHeuHUKamMu 4 u skopeM. Ha puc. 1.16 uzobpaxena
MarHUTHasE CHCTeMa MAIIMHBI ITOCTOSHHOTO TOKa C OJHOW Mapoil TJIaBHBIX MOJIOCOB B PEXHUME
XOJIOCTOTO XO/a. AHAJIOTUYHO MPOUCXOAMUT paclpe/ie]IeHue MarHUTHBIX MOTOKOB M B MaIIMHAaX C
O0JBIIMM KOJIMYECTBOM IJIaBHBIX IMOJIOCOB. BO Bcex ciyuyasix MarHuTHas cUCTeMa Ipe/CTaBIsSeT
co00# pa3BEeTBICHHYI0 CUMMETPUYHYIO 11eTlb. MarHUTHBIN MOTOK KaXA0T0 MOJII0ca pa3ieiseTcs Ha
JIB€ paBHBIE YaCTU M HANPAaBISAETCS K JBYM COCEIHUM IOJIocaM. BennunHa MarHUTHOTO MOTOKa
npsMo npornopuuoHanbHa MaruuToaBkyeit cune (MZIC) F u o6paTHO mponopiuyoHaabHa CyMMe
MarHUTHBIX COTPOTHUBIICHUH Y I BCEX yYaCTKOB MarHUTHOM IIETTH:
®=F/Yr, (1.40)

BenuunHy 0CHOBHOTO (I10JIE3HOI0) MATHUTHOTO TIOTOKA B 3a30pe, HEOOXOIUMYIO Jis HaBEICHUS B
obmoTke sikopst Tpedyemoit DJIC, MOKHO ornpenenuTs u3 Beipaxkenus (1.35):

@ =(60a/pN)x (E;/n) (1.41)
Bemnunna M/IC, HeoOxoauMast 1jsl CO3JaHUs B MAarHUTHOM 1IeTH TpeOyeMOoro MarHUTHOTO MOTOKa,
OTIpeIeNIIeTCS TIPU pacyeTe MarHUTHOH 1ienn. PacueTHast yacTh MarHUTHOM II€TTM MAaIliHBI COCTOUT
U3 MATH y4YacTKOB, OTJIMYAIOMIMXCS pa3MepaMu W CBOMCTBaMH MaTepHajoB, U3 KOTOPBIX OHHU
M3TOTOBJIEHBI, TO3TOMY JUIS KaXKJIOTO y4yacTka paccuuTbiBaioT cBoto M/IC: Fs — ams BO3qymHOro
3a3opa; F, — mns 3ybrmoBoro cnost; Fy — mis cepreunuka sikopsi; Fy — A cepleUHUKOB Maphl
HOTIOCOB; Fypy — 10151 sIpMa.
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Puc. 1.16. Marautsas cucTemMa MalllMHbI IOCTOSTHHOT'O TOKA.
1 — oOMoTKa BO30OYNKACHHUS; 2 — CEPICYHHK TIOJI0Ca; 3 — cTaHWHA; 4 — OalIMak TMoJkoca;
5 — cepieuHuK sIKOpsi; 6 — 00MOTKa KOpsI; 7— 3y0Oer; 8— BO3IyIIHbIHN 3a30p.

Cymma MJIC Bcex y4acTKOB MarHuTHOM Lienu mpexacraBiser coboil BenuunHy MJIC oOMoOTKH
BO30YKICHUS:
Fos=Fs+F,+F+Fy+ Fypu (1.42)
PacyerHas yacTh MATHUTHOM IIENTU BKIIOYACT B ce0s1 JBA IMOJTIOCA, IOATOMY BBIYHCIIIEMOE 3HAUCHUE
MJC Fog mpencrasnsier co6oit MJIC oOMoTKH BO30YKIeHUSI OJHON mapsl montocoB. Kpome Toro,
BbIpakeHue (1.42) cripaBeIMBO JIUIIB JJIST PEKHMa XOJIOCTOrO X0/, T.€. TIPU padoTe MaIIuHBI 0e3
Harpy3ku. Takum oOpa3om, co3aaBaemblit F,, MarHuTHBIN MoToK @ HaBOAUT B 0OMOTKE sikops D/C
E, 3aaHHO# BEIMYUHBI JIUIIIH B PEKUME XOJIOCTOr0 X0/1a. BriociieicTBumM OyeT MmoKka3aHo, 4To JJIis
nonyuenus 3aganHoi senuunnbl DJ[C E; mon Harpyskoii notpedyercst Heckonbko 6oibinas MJIC.
Onpenenum cnaraembie B BoipaxkeHuu (1.42). MJC Bo3nymHOro 3a3zopa OINpeAesseTcsl Io
dbopmyre:
F5 = (ZBgmaXSKa) / Ko (143)
r7ie Bsmax — MaKCUMalbHasi MarHUTHAS MHAYKLHUS B 3a30p€ MalIuHBbL, TI1; 6 — BeIHMUMHA BO3AYIITHOTO
3a30pa, M; K5 — K03 GUIHUEHT 3a30pa, YUYUTHIBAIOMINA YBEIUYCHHUE MArHUTHOTO COMPOTUBIICHUS
3a30pa BCJIEACTBUE 3y0UaTOCTH MOBEPXHOCTH Akops (Ks = 1...2); Lo — MarHuTHasi MPOHUIIAEMOCTh
Bozayxa (pu0 = 4x107 I'a/m). MJIC ocTayibHBIX y4aCTKOB MAarHUTHOM IIETIH, BBHITIOJHEHHBIX W3
CTaJu, OTNpeeNsoTCs 1o hopMyIie:
Fx = Hxlx (1.44)
rae Hy— HanpsHKeHHOCTh MAarHUTHOTO TMOJisA, A/M, Ha JJHHE ydacTka ly, M, KOTOpas 3aBHCHT OT
MarHuTHOM WHAYKIIMH M OMNpENeNsieTcss MO KPUBBIM HaMarHMYMBaHUs. BenuymHa MarHUTHOM
WHIYKIIMH B Pa3IMYHBIX YYaCTKaX LIEMH onpeaenseTcs no ¢hopmye
B=®4/Sx (1.45)
rae Oy — MarHUTHBIN MOTOK Ha y4acTKEe MarHUTHOU 1enu, Bs; Sy— miomaapr mornepeyHoro ceueHus
9TOr0 y4acTKa, M. Wcnonb3ys Beipaxkenus (1.42) —(1.44), moxHo 3anucars Bbipaxenue aius MJIC
Mapbl MOTIOCOB IIEKTPUUECKON MAIlIMHbI, H300pakeHHOU Ha puc. 1.16:
Fos = 2(Bs / o) + 2Hshs+H,l;+2H 0y + Hapulapw  (1.46)
rne Hs, Hy Hy, Hgpy — HampspkeHHOCTP MarHUTHOTO TOJSI COOTBETCTBEHHO 3yOIla, cepleuHuKa
SIKOPSI, CEpJICUHHUKA TIOTFoca U sipMa, A/M; hs 1 hy, — BeIcOTa 3yOIIOBOTO CITOSI M TJIABHOTO TMOJIOCA, M;
I, u lypy — IMHA cpeHel CHITOBOI TMHUU TIO SIKOPIO U sipMy, M. Eciii momocHble OaliMaky HMEIOT
nasbl JUIsl KOMIEHCAIIMOHHOM OOMOTKH, TO K MEPEUYUCICHHBIM B BhIpakeHUU (1.46) msatu yyactkam
MarHUTHOM Ilemu J00aBlseTCs eme OJAMH — 3YyOIbl MONIOCHOTO OamMaka. HaubGombmmm
MarHUTHBIM COTIPOTHBIIEHHEM 00aJaeT BO3AYIIHBIM 3a30p, IMOATOMY 3HAYHUTEIbHAs YacTh
pesynetupytomeit MJIC F,, 3arpaunBaercs Ha TPEOAOJCHHE €r0 MAarHUTHOTO COMPOTHUBIICHHS.
MarsuTHoe CONMPOTUBIICEHNE APYTUX YIACTKOB MAarHUTHOW IEH, BHITOTHEHHBIX M3 CTAJIM, 3aBUCHUT
OT CTETEHW MAarHUTHOT'O HACHIIMICHUS CTalu. B yclaoBHsSX HauOONBIIETr0 MarHUTHOTO HACBIIICHUS
HaxOJUTCS 3yOIIOBBIN CIIOW, TOATOMY €r0 MarHUTHOE COMPOTUBJICHUE OOJIBIIE, YeM CONTPOTUBIICHHE
JPYTUX YYaCTKOB MarHUTHOM 1I€TIH, BHIMTOJTHEHHBIX U3 CTaJIH.
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Kak wu3BecTHO, (heppoMarHuTHBIE MaTepuanbl 00JaJalOT CBOMCTBOM MarHUTHOTO HACHIIICHHS.
[TosTOMy 3aBUCHMOCTH MEXAY MArHUTHBIM MOTOKOM MamuHbl U MJIC HenuHelHas, T. €. MOTOK
YBEIIMYMBACTCSI HE NponopuuoHanbHO yBenwmueHuto MJIC oOmMoTkn BO30yXIeHHA. ITO
noareepxkaaercs rpapuuecku 3aBucumocteio @ = f (F), koTopast Ha3pIBaeTCsl xapakmepucmurxoi
Hamazhuyueanuss MamuHbl (puc. 1.17). B HavanbHOW 4YacTW XapakTepHUCTHUKA HPSIMOJIMHEHHA.
OOmscHsETCSA 3TO TEM, YTO IIPU CPABHUTEIBHO HEOOJIBIINX 3HAYEHUSAX MarHUTHOTO MOTOKA, KOIJaa
MarHuTHas 1ernp He HackimeHna, M/IC ooMotku Bo3Oyxaenus F,, onpenensercs TUilb BETHYNHON
MJIC BozaymiHoro 3a3opa Fs, Tak Kak MarHUTHOE COIIPOTUBIIEHUE OCTAJIBHBIX YYaCTKOB MarHUTHOM
Hernd BechbMa He3HaunmtenpHO. Kak BumHO w3 Beipakenus (1.43), MJIC F$ mpomoprmonansa
MarHMTHON MHAYKUuU Bs, a cienoBarenbHO, IPONOPLUMOHAIBHA U MATHUTHOMY NOTOKY. IToaTomy
KacarelbHasi K KpUBOM HaMarHW4MBaHMs, [IPOBEJEHHAs Yepe3 HayaJlo KOOPAMHAT, MPEACTABISAET
coboii 3aBucumocth MJIC Bo3mymiHoro 3azopa Fs oT moje3Horo mMarHutHoro mnoroka ®@. Ilpwu
yBenuueHnuu MJIC oOMOTKHM BO3OYKIEHHS A0 3HAUYEHUH, BBIXOIAIIMX 3a IpeNesbl JTUHEWHOTO
y4acTKa, HaCTyNaeT MarHUTHOE HACHIIICHHE CTAJbHBIX AJIEMEHTOB Iienu 1 3aBucumocts © = f (F)
CTAaHOBUTCSI HEMIMHEWHOM. [IepBBIM 13 BCeX y4aCTKOB HACHIIIACTCS 3yOLOBEIH cloif ssikopsi. [loaTomy
MJIC F3 Ha 3TOM y4acTKe C yBEJIMYEHHEM MAarHUTHOI'O IOTOKAa pacTeT MHTEHCHBHEE, YeM Ha
OCTaJIbHBIX y4acTKaX MarHUTHOM Lienu

B oy £ F

Puc. 1.17. XapaktepucTrika HaMarHn4MBaHusl dJIEKTPUUECKON MAILIUHBL.
1 — pekUM XOJIOCTOTO X0/1a; 2 — PeKUM PabOTHI IO HATPY3KOH.

Otnomenne pesynastupytonieit MJIC Y F k MJIC Bo3aymHoro 3a30pa Ha3siBaeTcs: KOdQPHUImeHToM
HACBILIEHUS SNIEKTPUUECKON MAIlIUHBI:

K,=YFIFs; (1.47)
ITo BennuuHe K|, MOXHO CYIAMTb O CTENEHM HACHIIIEHUS MAarHUTHOM LMW MALIMHBI M CTENEeHU
WCIONIb30BaHUsI MArHUTHBIX MaTepuanoB. OOBIYHO MalmMHA paboTaeT TMpH HACBIIEHHON
MarHuTHON cucteme, T.e. mpu Kj, > 1. Jlng mamme TpaaunuonHoro ucrnonHenus K, = 1,25...1,75.
Ha puc. 1.17 3Hauenue A®D wimoCTpUpyeT H3MEHEHHE BEIMYUHBI MArHUTHOTO MOToka @
ANEKTPUYECKON MalllMHBl, paboTaroliel B peKUMe X0JI0CTOr0 X0Aa U MOJ] Harpy3Ko, pu 0THOM U
toMm sxe 3Hauenuu MJIC F1 a AF = F, - F,; — usmenenne MJIC g noanep:kaHusi MOCTOSIHHOTO
3HaueHus MarHUTHOTO Motoka ®1. Kak crnenyer u3 Beipaxenus (1.35), mpu HEM3MEHHON 4YacTOTE
Bpatmenus 3/1C mMamuHbl MOCTOSHHOTO TOKa E; mpomopirioHanbHa BeIMYUHE MAarHUTHOTO MOTOKA
®, a M/IC Bo30yKaeHuUs TPOTIOPIIMOHATIbHA BEJIMYNHE TOKA BO3OYKICHHS |y

Fos=2l,w, (1.48)
Kpusas namaranuuBanus @ = f (F) orpaxaer 3aBucumocts D/IC MammHbl OT TOKa BO30YXICHHUS
E, = f (l;) u Ha3bIBaeTCS XapaKTEPUCTHUKON XOJIOCTOTO X0/1a MAIIIMHBI.

1.8. Peaknus sikopsi.
IIpu paboTe MamIMHBI MMOCTOSIHHOTO TOKAa B PEKUME XOJIOCTOTO XOJa TOK B OOMOTKE SIKOpS

OTCYTCTBYET, U B MarHUTHOW Iienu MamuHbl AeicTByeT yumb MJIC oOMoTkH BO3OyxkaeHUS Fq 5.
MarsHuTHO€ 10Ji€ MalllMHbI B 3TOM CJy4dae SIBJIS€TCS CUMMETPUYHBIM OTHOCHUTEIIBHO OCH TOJIFOCOB,
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a rpaduK pacmpefesieHus MAarHMUTHON WHIYKIIMU B BO3AYIIHOM 3a30pe€ MpEACTaBiseT co00it
KpUBYIO, ONM3KyI0 K TpamneneuaaibHoW. Eciam e MalmHy Harpy3uTb, TO B OOMOTKE SKOpPS
MOSIBUTCSL TOK, KOTOPBIA co3nact cobctBeHHyro MJIC oOmotku sikopst Foq. [lpenmonoxum, uTo
MJIC oO6MOTKH BO30YXACHHUS paBHa HYNIO W B MamuHe naerictByer ymmb MJC Fo,. MarautHoe
moJie, co3/aBaeMoe OOMOTKOM skops, n3oOpaxeno Ha puc. 1.18. Kak BugHo u3 pucynka, MIC
OOMOTKH SIKOpsI HallpaBJieHa MO JIMHUU IIETOK (B JJaHHOM CIIy4yae MO FeOMEeTPUUYECKON HeUTpan).
Hecmotps Ha TO, 4yTO SIKOpH Bpaiaercs, npocTpaHcTBeHHOe HampaieHue MJIC oOMOTku sikops
OCTaeTCsl HEM3MEHHBIM, TaK KaK 3aBHCHT HCKJIIOYUTEIHHO OT MOJOXKeHHs wieTok. Haunbonbiiee
snauenne MJIC F,; vMmeeT Ha JMHUU HIETOK, @ MO OCH TMOJIOCOB OHAa paBHa Hy0. OmHAKO
pacmpeneneHie MarHUTHOM MHAYKUMHM TIOJI1  SIKOpS B BO3JYIIHOM 3a30p€ COBHAJAET C
pacnpenenesueM MJIC nump B mpenenax IONIOCHBIX HAaKOHEYHHMKOB. B MexXnoiarocHoOM
MPOCTPAHCTBE MArHUTHAas WHAYKIMS PE3KO YMEHbBIIAETCS, YTO OOBICHIETCS YBEIHMUECHUEM
MarHuTHOTO comnpotuBicHus. Benwmumna MJIC oOMmoTku sikopss Foq ompenensercs dYucIoM
MPOBOJHUKOB OOMOTKH SIKOPSI, IPUXOASAIIAXCS HA OJHO MOJFOCHOE JICJICHUE T, U BEIMIUHON TOKA Iy
B 3TUX MPOBOJHUKAX:

Fox = (N/7D) izt (1.49)
rae N / D — 4nciio npoBOAHUKOB OOMOTKH SIKOPS HAa €AMHUILY JJTHHBI OKPYXHOCTH SIKOPSI;
ia = |y / 2a — TOK B IpOBOHHUKAX OOMOTKH SIKOPsI, PaBHBIN TOKY MapalIeIbHOW BETBH, A.
O6o03uauuB (N / wD) i, = A, monyuum cienyroiiee Beipaxkenue 1t MJIC oOMOTKH sSKOps:

Fos = At (1.50)

rne A— nuHelHas Harpyska sikopsi, A/m, xapakrepusyromas yactb MJIC sikopsi, TpuXoAsIIytocs Ha
€AVMHULY JUIMHBI €r0 OKPY>KHOCTU. 3HAUEHHE JIMHEWHON Harpy3Ku MOKET HAaXOJWUTHCS B Mpejerax
6500... 70000 A/mM B 3aBUCUMOCTH OT MOIIHOCTH MAIlIUHBI.

Puc. 1.18. MaruuTHoe nosie, cozilaBaeéMoe 0OMOTKOM SIKOPSL.

B narpyxeHHO# MaiMHe MOCTOSSHHOTO Toka JeicTBYIoT aBe MJIC — oOMoTKM BO3OY)neHus Fo, u
o0MOTKH siKOpst Foq. Brussane MJIC oOMOTKH SKOpsi HA OCHOBHOE MAarHMUTHOE IOJIE€ MAIIMHbI
HAa3bIBACTCS peakyuel sAkops. Peakuusa SKOps MCKa)kaeT OCHOBHOE MAarHWTHOE TOJE, Jeasi €ro
HECHUMMETPUYHBIM OTHOCUTEIBHO OCH MotocoB mammuHbl. Ha puc. 1.19 nokazano pacnpenenenue
JUHUN PE3yIbTUPYIONIETO MAarHUTHOTO TIOJISI MalllMHBI, paboTalomed B peXuMe TeHepaTopa, MpH
BpAILIEHUH SKOPSI IO 4aCOBOM CTpeske. Takoe ke pacupeaesieHue JUHUM MarHUTHOTO MOJII UMEET U
JIBUTaTellb, HO TOJBKO MPHU BPAIICHUU SKOPSI MPOTUB YaCOBOM CTpesku. Eciam mpeanonoxuTh, 4To
MAarHMTHas CUCTEMa MAIIMHBI HE HACBIIIEHA, TO PEAKLUS AKOPS JIMILIb UCKAXKAET PE3yJIbTUPYIOLIUN
MarHUTHBIN MTOTOK, HE U3MEHSIsI ero BennunHbl. Kpail monroca u HaXOaAIIUICS O/l HUM 3YOI[OBBIM
clol cepaeuHuka sikops, rae Hampasinenue MJIC oomMoTku sikopsi Fo, coBmamaeT ¢ HampaBieHUEM
MJIC rnaBHBIX MOJIIOCOB Foq, mogmarunumnBatorcs. Jpyroii kpait nosmtoca u 3yousl, rae MJIC sxops
n MJIC T1naBHBIX TIOJIIOCOB HAMpaBIEHbl BCTPEYHO, pa3MarHuuuBaiorcs. [lpm  3TOoM
PE3YIABTUPYIOMUA MAarHUTHBI TIOTOK Kak OBl TMOBOPAYMBAETCS OTHOCHUTEIHHO OCH TJIABHBIX
MOJIFOCOB Ha HEKOTOPBIN yrod, a pusudeckas HedTpans A'B' (muHMs, poXoAsinas yepe3 TOUKU Ha
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SAKOpe, B KOTOPBIX MHAYKIHS paBHA HYJIO) CMEIIAETCS OTHOCUTEIBHO T'E€OMETPUUYECKON HEUTpann
AB mna mHekoropeld yroia. Yem Ooisbllie Harpy3ka MallldHBI, TeM CHJIbHEE HCKaKaeTCs
pe3yabTHpYIOLIee ToJie, a CJeNOBaTelIbHO, TEM Ha OONBIIMKA Yron cMmemaercs (usnyeckas
HeiTpans. [Ipu pabGore MamMHBI B pexuMe reHepaTopa ¢u3nyecKas HEHTpanab cMeliaercs Io
HANpaBJICHUIO BPAIICHUS SIKOpS, a MpU paboTe B pEeKHUME JIBUTATENS — HABCTPEUY BPAIICHUIO
akopsi. MckaxkeHue pe3yabTUPYIOLIETO OIS MAIIMHBI HEOJarompusTHO CKa3bIBAaeTCsl Ha ee
pabouux xapakTepucTHKax. Bo-mepBpIX, CIBUT  (U3UYECKOM HEUTpadl OTHOCUTEIHHO
reOMETPUYECKON MPUBOIUT K OOJiee TSHKEIbIM YCIOBHSIM PaOOTHI HIETOYHOIO KOHTAKTa U MOXKET
CITY’KUTh IPHUMHON UCKPOOOPA30BaHUS Ha KOJIIEKTOPE.

Puc. 1.19. ®opma pe3yabTHPYIOLIEr0 MAarHUTHOTO TIOJISI MAIIUHBI B PEXKUME HArPy3KH.

Bo-BTOpBIX, HCKa)K€HUE PE3YJIbTUPYIOLIETrO IMOJsI MAalIMHBI BJIEYET 3a cO0O0M mepepacnpesesieHue
MarHuTHOM MHIYKUHMM B BO3IAYIIHOM 3a3ope. B pesynbraTte MruoBeHHble 3HaueHus: J/IC cexumii
OOMOTKH SIKOpST B MOMEHTBI TIOMAJaHUsI UX AKTHBHBIX CTOPOH B 30HBI MaKCHMAJbHBIX 3HAYCHUUN
WHAYKIHUH (IO MOAMAarHUYEHHBIE Kpast MOTIOCHBIX HAKOHEYHUKOB) TOBBIMIAIOTCA. DTO IPUBOIUT K
pocty HanpspkeHust U, MEXIy CMEKHBIMH KOJJIEKTOPHBIMH TIacTUHamMU. [Ipu 3HAYMTENBHBIX
neperpyskax MamuHbl HampspkeHne Uy MOXXeT TPeBBICUTH JOMYCTHUMbIC 3HAYEHUS, B Pe3ybTaTe
Yero MeXay TUTAaCTHHAMU MOJKET BO3HHKHYTH dJIEKTpUueckas jayra. MMerommecss Ha KOJIJIEKTOPE
gacTullbl TpaduTa M MeETaUIMYecKash MbUIb CHOCOOCTBYIOT Pa3BUTHUIO DJIEKTPUUECKON AyTH,
HapymawIiei padoTy deKTpUIecKor MaluHbl. ECu ke MarHuTHas CUCTeMa MallliHbI HACKITIICHA
(xkak u ObIBaeT B OONBIIMHCTBE CJIy4aeB), TO MOJMAarHMYMBAHHE OJHOTO Kpas MOJIIOCHOTO
HAaKOHEUYHHUKA M HaXOJMSIIETOCs TOJI HUM 3YyOIIOBOTO CJIOS CEpPACUYHHMKA SKOPS TPOUCXOJWUT B
MEHBIIIeH CTereHu, YeM pa3MarHMYMBaHUE APYroro Kpas M HaXOMASIIErocs MoJl HUM 3yOlI0BOTO
cllosi AKops. DTO OJIaronpHUsATHO CKa3blBaeTCsd Ha paclpeleleHUM MHAYKLUU B 3a30pe, KOTOpoe
CTaHOBUTCS Oojee paBHOMEpPHbIM. OJHAKO BEIWYMHA PE3YNbTUPYIONIETO MOTOKA MPH 3TOM
yMeHbIaeTcs. J{pyrumu ciioBaMu, peakyus AKOps 8 MAUUHe ¢ HACLIUWEHHOU MACHUMHOU CUCTNEMOL
pazmaznuuugaem mawuny. B pesynprare yxynmaroTcs paboune XapaKTEepUCTHKH MAIIUHBL Y
reHepaTOpOB CHMIKAeTCs BelnnuuHa BelpabaTbiBaemoit DJ[C, y ABUraTenei yMeHbIlaeTcsl KpyTAIui
MOMEHT. Pa3marHuumBaroiee BIMSAHHE PEAKIUU SKOPS YCHUIMBAETCA MPU CMEIICHHH IIETOK C
reoMeTpuyeckoil Hetpanu. OObICHIETCS 3TO TEM, YTO BMECTE CO IIETKAMU CMEIIAETCS U BEKTOP
MJIC obmoTku sikopst Foq (puc. 1.20). ITpu 31oM Foy momMuMo nomnepedHoit cocrapistoment Foqzq =
Foscosp mpuoOperaeT emie U NPOJOIBHYIO COCTaBISIONYI0 Foqq = FosSINB, HampaBieHHYIO BIOJB
ocu momtocoB. Eciu mammHa paboTaeT B peXMME TeHepaTropa, TO MPU CMEUICHHH IIETOK B
HaMpaBIIEHUU BpalleHHsl SKops npooibHas cocTtaBistomas MJIC skopst Fouq AelicTBYeT BCTpeUHO
MJIC oOmoTku BO30OyxmeHus Fos, 9TO BemeT K OCIA0JICHHI0O OCHOBHOTO MAarHMTHOTO ITOTOKA
MamuHbl. [lpy cMelleHMH IMETOK TMPOTUB HAMNpPAaBICHUS BpPAIICHUS SIKOPS MPOJOJIbHAS
cocraBisitonias Foqq AeiicTByeT cornmacoBaHHO C Fqp, YTO BeAET K HEKOTOPOMY YBEIMYEHHIO
OCHOBHOT'O MAarHUTHOT'O MTOTOKA MAITNHBI.
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Puc. 1.20. Cmemenne Bektopa M/IC MarHuTHOTO NOJIS SIKOPSI

Ecin xe mammHa paboTaeT B peXHME JBUTATeNs, TO IPU CMEIIEHWH IIETOK B HAIpaBJICHUU
BpalleHus skops npoaonpHas cocrapisomas MIC sxops Fog AeiictByeT cormacoBanHo ¢ M/IC
Fos. [Ipu cMemieHny meTok NpoTUB HalpaBieHUs BpalleHus akops Foqq neiictByer Berpeuno MJIC
Fos 1 pa3maruuunBaeT MaluHy. Bmecte ¢ TeM cMmeleHue meTok ¢ reoMmerpuyeckoil Heiitpaiu AB
ocalIseT UCKaXKarollee BIUSHIE PEakiu SKops. Jleo B TOM, 4TO KOT/Aa MIETKH PaCIIONIOKEHBI Ha
reomerpuueckoi HelTpanu, MJIC oOMoTku sKkopst Foq MMEET TOJIBKO MONEPEUHYI0 COCTABIISAIOLIYIO
(Fosg = Fos) @ IpU CMEUICHUM IIETOK HAa YroJl 3 OTHOCHUTEIBHO TI'€OMETPUYECKOW HEHTpasind
nonepeynas cocrapisronias MJIC  oOmotku  sikopst  ymenbmiaetcsi (Fosq = Fogcosp). B
KOJUIEKTOPHBIX MallMHaX MOCTOSHHOTO TOKa KommeHcauus peakTuBHOU DJIC ey, ocyliecTBiseTcs
CMELIEHHUEM IIIETOK C FeOMEeTPUYECKOil HEeUTpaau Ha yroi 3 MO HAIpaBJICHUIO BpallleHHs SIKOPS B
reHepaTopax, WJIM IPOTHUB BpalleHus sikops B jasurarensx. llletku crnenyer cmemars 3a
JIEKTPUUYECKYIO0 HEHTpalb TaK, YTOOBI MHAYKIMS B 30HE KOMMYTAlLlUU UMeJla TAaKOe HalpaBiIeHUE U
BEJIMYMHY, MPU KOTOPBIX B KOMMYTHPYIOUIMX ceKuuax uHayuupyerca 2DJIC, nocratounas aus
koMmneHcauu peaktuBHoil DJIC. OnHako i monHoM komneHcauuu peaktuBHo DC ep, mpu
Pa3IMYHBIX Harpy3kax MalllMHbI MPHUILIOCH Obl KaXKABIH pa3 MEHSTh IMOJIOKEHUE IIETOK, TaK Kak
MOJIOKEeHHE (PU3NYECKON HEUTpaau M3MEHSETCS B 3aBHCHMOCTH OT Harpy3ku. IloaTomy oOBIYHO
IIETKH YCTAaHABJIMBAIOT B OMNpEJENeHHOE (UKCHUPOBAHHOE IOJIOKEHHE, IPU KOTOPOM IMOJIHAS
KoMIeHcaluss  peakTuBHOM OJIC  COOTBETCTBYET HEKOTOPOM CpelHEH Harpyske IIpu
MPOJOJKUTENILHOM peXuMe paboThl MamuHbl. ClieayeT TakXKe HalOMHUTh, YTO MpPHU CMEUICHUH
LIETOK C FEOMETPUYECKON HEHTpPaIN YyCUIMBAECTCS pa3MAarHUYMBAIOIIEE NEHCTBUE PEAKIIMH SIKOPS.
Jliiga ManvH, paboTaroMX ¢ U3MEHEHUEM HalpaBIeHUs BpalleHUs (C peBEPCOM), CMELIEHHE IETOK
C TEOMEeTpUYECKON HeWTpaliM HEeJAONMYCTHMMO, TaK KaK HalpaBJeHHE CMeUIeHHs (Qu3nuecKon
HEUTpaJIu MEHSIETCA ¢ U3MEHEHUEM HalpaBJICHUsI BpaIllCHHUS.

Jlo6aBouHble moJwca. BiusHue peakiuu skops Ha pabOTy LIETOYHOTO KOHTAaKTa YCTpaHseTcs
YCTaHOBKOH /100aBOYHBIX MOJIOCOB MEXAy I1aBHbIMU noitocamMu. MJIC 3THX MONIOCOB yCTpaHseT
BIMsIHUE TToniepeyHoi coctaBisomeit M/IC 0OMOTKH sIKOpsl Ha TeOMeTpUYecKoil HelTpaiu (B 30HE
KoMMyTanuu). JJo6aBodnbple mositoca MPUMEHSIOT B MaIlTMHAX MOITHOCTBIO CBbIme 1 kBT. OOBIYHO
MJIC ob6motku no6aBouHbIX TonocoB Fq Ha 15...30% Gonbme MJIC oOMoTKH sikopst Foq. Ecnm
BennunHy Fq caenats Oonblie ykazaHHOM, To peakTuBHas O/IC B KOMMyTHpyeMo#l CeKLUHU
00yCIIOBIIMBAaET BOSHUKHOBEHHE TOKa KOMMYTAIIHH Iy, HAPABIEHHOTO MPOTHBOIIOJIOKHO pabodemMy
ToKy cekiuu. [l komnencanuu BiausiHuA DJC e,y IPU pa3IUYHBIX HAarpy3Kax MalldHbl OOMOTKY
N00aBOYHBIX TIOJIFOCOB BKIIIOYAIOT IIOCIEA0BATENIbHO C¢ OOMOTKOW sikops. B aTom ciydae ¢
u3MeHeHneM Harpy3ku Mammiabel MJIC Fy u3MeHseTcst NMponopUMOHANBHO TOKY skops |y, a
cieoBarenbHo, nponopiuoHaibHo M/IC oomotku sikops F,. [lonsgpHocTs 106aBOYHOrO Mostoca B
reHeparope J0JKHA OBITh TaKOW jkK€, KaK y TJIABHOTO MOJIOCA, CIEAYIOIIEro IO HarpaBIEHUIO
BpallleHHs, a B JBHUrareie — Kak y MpeamecTByomero. /lo0aBouHble Mostoca 00eCeuynBaoT
YJIOBJIETBOPUTEIbHYI0 KOMMYTAIIMIO B MAIlIMHE TOJBKO B MIpeesiaX HOMHHAIBHON HArpy3Kd lyom.
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[Tpu meperpy3kax MamIuHbI MPOMCXOAUT HACHIIIEHNE MAarHUTHOW ILIeMU M00AaBOYHBIX MOJIOCOB. B
3TOM cityyae peaktuBHas DJIC ep, MPOAOIKAET U3MEHATHCS MPONOPLIUOHAIBHO TOKY Harpysku, a
poct JOJIC reHepaTopa u3-3a HACHIIIEHUS MArHUTHOM LIEMM HECKOJIBKO 337 KUBAETCS.
Hacpimenuio cepZieuHUKOB J100aBOYHBIX IOJIOCOB CIHOCOOCTBYET MAarHUTHBIA TMOTOK paccestHUs
@,p, 3aMBIKAIOIIMNICI 4Yepe3 CEpACYHUKHM CMEKHBIX TIVIABHBIX IIOJIOCOB M CTaHUHy. B memix
YMEHBIIIEHHUS MAarHUTHOTO TMOTOKA paccesHus, a CleJoBaTelbHO, obecriedeHusl Oosee JMHEHHOM
3aBHCUMOCTH TOTOKA JOOABOYHBIX IOJIFOCOB OT TOKA HAarpy3KH, BO3AYIIHBIN 3a30p Pa3lesfioT Ha
JIBE YacTH: 01 (HAXOIUTCSA MEXAY CEPICUYHUKOM J0OABOYHOTO IMOJIOCA U SKOPEM) U Oy (HAXOIUTCS
MEXIy CEepICYHHKOM J00aBOYHOTO MOJIOCAa M CTaHWHOW). B 3TOM ciydae 3a3op &2 OrpaHHYHT
noToK paccesHuss Dy, 3a30p 8z co3gaercs ¢ MOMOIIBIO IMAKeTa MPOKIAJ0K M3 HEMarHUTHOTO
MaTepuala, 3aKiIabIBAEMbIX MEX/Y CTAaHMHOM M CEpIEYHHUKOM A00aBOYHOTO Moiroca. OOBIYHO B
MalIMHE YCTAHABIMBAIOT CTOJBKO K€ J00ABOYHBIX MOJIIOCOB, CKOJBKO W TJaBHBIX. MckiroueHue
COCTaBJISIOT HEKOTOPBIC MAIIMHBI CHCIHATLHOTO HAa3HAYCHHUS, B KOTOPBIX M3 KOHCTPYKTHBHBIX
COOOpaKeHU 4MCI0 100aBOYHBIX IMOJIFOCOB YMEHBIIAIOT B JIBA pa3za. DJIEKTPUYECKUE MAIIHHbI
MOITHOCTBIO 10 1 KBT BRINOTHSAIOTCS 6€3 100aBOYHBIX MOJIFOCOB.

Komnencanuonnasi o0motka. JIeliCTBEHHBIM CpPEACTBOM YCTPAaHEHUS HEPABHOMEPHOIO
pacnpesielieHus MHAYKIIMA B BO3AYIIHOM 3a30p€ SBJSICTCS MPUMEHEHHE B MAIllMHAX TTOCTOSIHHOTO
TOKa KomneHcayuornou ob6momxu. KomiieHcalmoHHas OOMOTKa yKJIaJIbIBaeTcss B Ma3ax
HAKOHEYHHKOB TJIABHBIX IIOJFOCOB M BKJIFOYACTCS TOCICIOBATEIBHO C OOMOTKOW SIKOpS TaKUM
obpazom, utoOel ee MJIC F,, Opua nHampaBieHa BcTpeuHo MJIC oOMOTKH sKOpST Foq.
KommnencanmonHast 0OMOTKa pacrpeessieTcs Mo BCeil MOBEPXHOCTHU MOJTIOCHOTO HAKOHEUYHUKA BCEX
TJIaBHBIX MOJIOCOB. BKIIOUueHNEe KOMIIEHCAIIMOHHOW OOMOTKH MOCIIEI0BATEIbHO ¢ OOMOTKON SIKOPS
obecrieunBaeT aBTOMaTH4ecKyro KommeHcanuio MJIC oOMOTKM siKOps TpH JIFOOOH Harpyske
MamuHbl. [Ipyn HAMU4YMKM KOMIEHCAIIMOHHOW OOMOTKM MAarHMTHOE TOJIe MAIIMHBI IPU MEPEXojie U3
peKHMa XOJIOCTOTO XOJa K PEKHUMY HArpy3Kd OCTAeTCs IMPAKTUYCCKH HEM3MEHHBIM. MarmHa
MOCTOSIHHOTO TOKa C KOMIIGHCAllMOHHOM OOMOTKOW Oonee HajaexxHa B paborte. OmgHako
KOMIICHCAI[MOHHAsi 0OMOTKa JIeJIaeT MAIMHY JJOPOXKE U CIOKHEE, II03TOMY €€ MTPUMEHSIOT TOJIBKO B
MalIMHaX OOJBIION MOIIHOCTH, PaOOTAIOIINX C PE3KUMU KOJICOAHUSIMH HArPy3KH.

1.9. KommyTanusi B MAIIHHAX MOCTOSAHHOIO TOKA.

KoMMyTanuell Ha3bIBaeTCsl MPOLECC NMEPEKIIOYEHHs] CEKIMM M3 OJHOW INapajlleIbHOM BETBU B
OPYI'yH0 IyT€M 3aMbIKaHMs 3THX CEKIMM IIeTKamMu. B OIHON W3 NIBYX NapajUIesIbHBIX BETBEW,
MMEIOIIUX OOLIYIO IETKY, TOK HalpaBjieH OT Hayajla CEeKIIMM K KOHIly, a BO BTOPOH — OT KOHIIA K
Hayajly, HO3TOMY 3a BpeMsl KOMMYTAIlMM HaIlpaBJIEHUE TOKAa B MEPEKJII0YAeMOM CEKIIMU JOHKHO
U3MEHUTBCS Ha IpoThBononoxHoe. Ha puc. 1.21 nmoka3aHsl Tpu MOJNOXKEHHUS CEKLIUU OAHOXOI0BON
NeTIeBOi OOMOTKHM B mporecce kommyranuu. [llupuna tmietku by, npuHATa paBHON IIMpPUHE
KOJUIEKTOPHOTO JeleHusl t;, TOJNIIMHA H30JALMUM MEXIY KOJUIEKTOPHBIMHM IUIAaCTUHAMM HE
yuutbiBaetcs. [Ipeamnonaraercs, 4To Harpy3ka MallliHbI IOCTOSTHHA M TOK B Ka)KJI0M MapaienbHON
BETBU paBeH I, B HavyanbHblil MOMEHT BpeMenH (t = 0) 1meTka HaXOIUTCs MO IIaCTHHOM 2 (pHC.
1.21, a), Tok cekuuu i, B MpoBOAHMKE Cd W B KOJUICKTOPHOW IJIACTHHE 2 PaBEH TOKY IBYX
napajulellbHBIX BeTBeH, T.e. 2i;. B mpoBomnuke ab Ttox cekumu i = 0. B cexkuum ac,
NPUCOETMHEHHON K KOJUICKTOPHBIM IJIACTUHAM | 1 2, TOK I¢ = I, M HalpaBJieH OT Havalla d CeKIUH K
ee KOoHIy c. Uepe3 oTpe3ok BpemeHu t < Ty mocie Hayajna MEPEKIIOYEHUs CEKIMU ac o0e
KOJUIEKTOPHbIE TIUIACTUHBI 1 W 2 OKa3bIBaIOTCS PACMOJOKEHHBIMA HaJ ULIETKOW, M TOK
napaulebHBIX BETBEH MPOXOAUT 1o npoBoanukam ab u cd (puc. 1.21, 6). B xoHe4HBII MOMEHT
KOMMYTallU{ KOJUIEKTOPHAs IJIacTUHA | 3aHMMaeT HaJ LIETKOM MOI0XKeHHe MIaCTUHBI 2, TOK 00enx
napaulebHBIX BETBEH OOMOTKHM HAIpaBIICH IO MPOBOAHUKY ab K KOJUICKTOpHOW TiacTuHe 1, Tak
qt10 I = 2ia ¥ I, = 0. B paccmaTpuBaeMoii CeKIMM TOK HAIpaBlIeH OT KOHIIA ¢ K HAYaly d, T.€. I. = -la
(puc. 1.21, g). Bpems Tk, 3a KOTOpOe MPOUCXOUT MEPEKITIOYSHNE CEKIIMU U3 OJTHOM MapauieIbHOM
BETBHU B JIPYTYIO, Ha3bIBAIOT EPHUOJAOM KOMMYTaIuu, 00syHO 0HO coctasiseT 0,0001...0,0003 c.
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Puc. 1.21. Cxema koMMyTanuu CeKIHii 0OMOTKH SKOPSI.

Bpewmst T}, 3a koTOpOe CeKIMsl MepeMeniaeTcsi OT OJHOM MIETKH K JPYroi, 3HaYUTEIHHO OOJIbIe, U
TOK B 9TOM CEKLIMU COXpaHsSETCs HEU3MEHHBbIM B TeueHue 7. Jlns ompeeneHusl TOKa B CEKIHH
Bocroib3yemcsi ypaBHeHueM paBHoBecuss JJIC u HanpspkeHuid. CorjacHO BTOpOMY IpaBUILY
Kupxroga anrebpanueckas cymma HaJeHUM HamnpsoKeHUH B 3aMKHYTOM KOHTYpPE 3JIEKTPUYECKOMH
nenu paBHa anreoOpanueckoii cymme D/IC B 3TOoM KoHType: Y.e = Yir. Llensb (cm. puc. 1.21, 6),
COCTOUT U3 MSTU YYACTKOB: CEKIIMH aC C CONPOTUBICHUEM I, COEMHUTEILHOTO MPOBOJa JIOOOBOH
qacTu Cd ¢ CONMPOTUBIICHHUEM [y, KOHTAKTA IUIACTHHBI 2 cO cOeraronieil YacThio MIETKH, HMEIOIIEro
CONIPOTHBIIEHUE [yp, KOHTaKTa IUIacTMHBI | ¢ Haleramoomeil 4YacThl0 IIETKH, HMEIOLIETO
COTIPOTHBIIEHHE Iyj, ¥ COCIMHUTEIHHOTO IPOBOA JI000BOI yacTu ba ¢ compoTuBieHneM Iy,. [Ipn
IIpaBoOM 00X0/Jie 3TOM LenH, HauuHasl ¢ y371a a, CyMMa MajJieHui HanpsHKeHuit:
Iehe + Ichnp + Mchup - dclug - el = 2@ (1.51)

CornacHo Teopud KOMMYTALUU OOIIEee COMPOTUBIEHUE I KOHTAKTa COOTBETCTBYET IOJHOU
paboueii TOBEPXHOCTH MIETKH, pacmpeienseTcs OOpaTHO TPOMOPIMOHAIBHO  BEIHYUHE
MOBEPXHOCTU CONPHUKOCHOBEHUS IIETKH C KOJUIGKTOPHBIMU IUIACTUHAMHU W HE 3aBHCUT OT
TUTOTHOCTH TOKa B KOHTakTe. [Ipn Hamboee paciipoCTpaHEHHBIX YTOJIBHBIX U AJIEKTPOrpadUTOBBIX
IIETKaX COIMNpPOTHBIIEHHUE CKOJB3ALIETO KOHTAKTa 3HAYMUTEIBHO TPEBOCXOJUT CONPOTHUBIICHHUE
OCTAJIbHBIX YYaCTKOB pPacCMaTPHBAEMOW IIeTH, IT0O3TOMY MOXKHO HE YYHTHIBATH BIIHSHUE
CONPOTHUBIICHHH I U 'y, HA K3MEHEHHE TOKa I.. [[pUMEHUB 3TO JomMyIeHNE, TOTYIUM

=g (L-2t/T)+>e/ry (T /t+ T/ T -t) (1.52)
JIuneiinoe usmenenune toka. Eciu Y'e = 0, T. e. cnaraemble 3TOH CyMMBbl YPaBHOBEILIUBAIOT IPYT
Apyra, WM KaXKI0€ U3 ClaraeMbIX paBHO HYIO (IIPH OYSHb MaJOi CKOPOCTH BpAIEHUS SKOPs), TO
M3MEHEHHE TOKAa B TMEPEKI0YaeMONd CEeKIMH IPOUCXOJUT BCIEACTBUE OIHOBPEMEHHOIO
YBEIIMYCHUSI COMPOTHBIICHHS] KOHTAKTa COETAroIIel YacTH MIETKH C KOJUIGKTOPHOM IIACTUHOW H
YMEHBIICHHUST COTIPOTUBIICHUSI KOHTAKTa HAOeTaroIIel 9acTH IEeTKU. B TakoM ciydae B BRIpKSHHN
(1.52) ocraercs Toabko cocrapisiomas: I =1, (1 -2t/ T,) (1.53)

30/203



[T10THOCTh TOKAa B HAOErarole YacTH IMICTKA paBHA TOKY CEKIUHU I, JCICHHOMY Ha ILUIOMIA]lb
KOHTAaKTa 3TOM 4acTH mIeTKH. Takum oOpazoM, Mpu JIMHEHHOM U3MEHEHHH TOKA B IMEPEKIII0YaeMOn
CEKIIUU IJIOTHOCTH TOKa B HaOeraroIel 1 cOeraromieil 4acTsax METKH OJAMHAKOBBI B TEYCHUE BCETO
nepuoga kommytauuu. [Ipu ydere cOnpOTHBICHMS CEKLUHMU M JIOOOBBIX COEIMHEHUN B MEPBYIO
MOJIOBUHY TIEPUO/Ia KOMMYTAIlMH H3MEHEHHE TOKA B CEKIIUU MPOUCXOAUT OBICTpee, a BO BTOPYIO —
MezieHHee. BbI3BaHHOE 3TUM yBeIMUYEHHUE IUIOTHOCTU TOKa B HaOerarouled u cOeraroieil 4actsax
IIETKHU HEBEIIMKO, TaK KakK JJIs Tpa(UTOBBIX HIETOK Iy 3HAYUTEIBHO O0JIbIIE Fe = 2I ).
3amensieHHOe M yCKOpeHHOe u3MeHeHMe Toka. [Ipu nHanmuuu DJIC B mepekioyaeMol CEeKIUU
(e = 0) Tok B CeKIMHU I, COCTOUT W3 JBYX COCTaBILIIOMIMX. [lepBas M3 HUX 3aMBIKAeTCs 4yepe3
BHEUIHIOIO L[ENb MAIlIMHBI U 3aBUCHUT OT TOKa B 0OMOTKe sikops. Bropas cocrapmstomas

k=Ye/ry (T /t+ T/ T -t) (1.54)
3aMBbIKaeTCs MO LeNsIM cekius—ieTka (puc. 1.22) u, Takum o0pa3om, SBISETCS TOKOM KOPOTKOIO
3aMBIKaHUs CEKIIMU. 3HAMEHAaTeb BeipakeHus (1.54) npencrasiser co0oil mEpeMEHHOE B TCUCHUE
[epuosa KOMMYyTalMu [y  CONPOTHBJICHUE COEIMHEHHBIX IIOCIEIOBATEIbHO KOHTAKTOB
KOJUIGKTOPHBIX IUIACTHH C Haleramomeld u cOerampmeid dYacTsMu IHeTKH. MUHUMaIbHOE
CONPOTHUBIIEHHE COOTBETCTBYeT BpemeHu T /2. Ilpu t = 0 u t = T CONMpPOTHBIICHHE KOHTAKTOB
JOCTUTaeT OECKOHEYHO OOJBIIOr0 3HAYEHHUS, COOTBETCTBYIOIIETO pa3pbiBy LEMH KOPOTKOTO
3amblkaHus cekuuu. Kak u tok, 9/IC cunuTaeTcs monoXuTeabHOM, €Clii €€ HAIPaBJIEHUE COBMA/IAET
C HaIpaBJICHHEM MPSMOT0o 00xona paccmarpuBaeMoil menu. [Ipy MOCTOSHHOM TMOJOXKHUTEIEHOM
3HAYEHUH ) € TOK KOPOTKOIO 3aMbIKaHHMs B TEYEHHE BCEro IEepUOoJa KOMMYTAllUM HMEET
MOJIOYKUTEIBHOE 3HAUCHHE U JIOCTUTACT MAKCHUMATbHON BETUUUHBI Igmax = p.€ / 4Fy mipu t = T, /2.

f

!

Puc. 1.22. O6pa3oBanue peakTUBHOTO TOKa KOMMYTAIIUH.

Hannure mNOMOXKHUTEIBHOTO TOKa Iy 3aMeIIseT H3MEHCHHE TOKa B CEKIIMH W YBEIHYHMBAET
IUIOTHOCTh TOKa B cOeraromieil yactu meTku. [Ipu Oonblioi CKOpOCTH U3MEHEHUs TOKa B KOHIIE
nepuojia kommytanuu cymmapaas DJIC Y e yBenuunuBaeTcs, B pe3ynbrate 4ero iy 7 0 u i g # - Ia.
Pa3phpIB 11enmu ¢ TOKOM ¥ TOBBINIEHHAS TUIOTHOCTh TOKA MOTYT SIBUThCS MPUYUHOW MCKPEHUS O]
cOeraromiei yacTpio MEeTKH. Ecnm ) e mMeeT oTpuIaTebHOEe 3HAUYCHUE, TO B HaYajae KOMMYTAI[UU
COCTaBJIAOIIME TOKA Iy W I, HAMPaBICHBI B MPOTHBOIOJIOXHbBIE CTOPOHBI. [IpH 3TOM MPOUCXOIHUT
YCKOpEHHUE TpoIiecca U3MEHEHHUS TOKa B TIEPEKIIFOYaeMOM CEKITUH, U TIOTHOCTh TOKA B COETaroIiei
YaCTH IIETKA CTAHOBUTCS MEHBIIIE, YeM B HaOeraromiel. Y CIOBHS MEPEKIOYCHHS CEKIIUMU B 3TOM
cirydae Oosiee OJaronpHsITHBI, YeM TIPH MOJIOKUTEIBHON Y €, OJHAKO TP 3HAYUTEILHOW BEITHYNHE
3/1C MoxeT BO3HUKHYTh HCKPEHHUE TO]T IIETKOM.

DJIEKTPOABHKYIIIME CHJIbI B MepPeKJYaeMoi cekmuu. B 00JacTH pacrosioKeHHs CTOPOH
CeKIIMHM CYIIECTBYIOT MAarHUTHBIH TIOTOK, CO3/1aBacMblii TOKOM TEPEKIFOYAEMbIX CEKIIUH, |
MarHUTHBIN ITOTOK, CO3/IaBA€MbIi TOKOM JIPYTHX MPOBOJIHHUKOB M 00MOTOK. IIpu BpamieHun skops
9TH TIOTOKU HABOJSAT B mepekirodaemoit cekunu IJ[C, cyMMa KOTOPBIX OINpeaensieT TOK KOPOTKOTo
3aMBIKaHUs CEKIMW. BearudrHa MarHUTHOTO TIOTOKA, CO3JIAaHHOTO TOKOM TEPEKIII0YaeMON CEKIIHH,
OTIPEIeNIICTCS. HHIYKTUBHOCTBIO L cekinu u ee TOKoM I.. [Ipr u3MeHeHHH TOKa M3MEHSIETCS TaK:Ke
W MarHUTHBIN MMOTOK, U B CEKIIUH C KOJIMYECTBOM BUTKOB W, HaBoauTcsa IJ[C

eL =d( Lcig) /dt (1.55)
Ckopoctb di/dt u3meHeHus: Toka ot +i, 10 -i; B TedueHue BpemeHu 7 orpuuateibHa (puc. 1.23),
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MIO3TOMY €| MMEeT IOJIOKUTENbHOE 3HaueHHue, Tak Kak L¢ Bcerma Gonpmie Hyms. CienoBarenbHO,
OJIC e_ 3aMensiseT U3MEHEHUE TOKAa B MEpeKiIodaeMoi cekiuu. CpeHIol0 CKOPOCTh M3MEHEHUS
TOKa B CEKIMH 32 Nepuo 7, KOMMYTallUK OT HAYaJIbHOTO 3HAYCHHS +i; IO KOHEUHOTO 3HAUCHHUS -1g
MOHO 3aIIMCaTh KaK
(dig/dt)ep, = - (2131 T,) (1.56)
Toky +i; COOTBETCTBYET MAarHUTHBIN IIOTOK 0OMOTKH BO30YxkaeHus g ;. Cpeanee 3nauenue DJ[C
CaMOUHIYKIUH CEKIUU:
El=we QDo / T) (1.57)
[Ipy nOCTOAHHON MHIYKTUBHOCTU CEKIIMU:
EL =2,/ T, (1.58)
B xaxnom na3y sikopsi 0ObIYHO pa3MELIEHbl CTOPOHBI HECKOJIBKUX CEKIMM, KOTOPHIE IPOHU3BIBAET
oOmuii MarHUTHBIA TOTOK. [Ipu monaHOM mmiare oOMOTKH (MM HEOOJIBIIOM €r0 YKOPOUCHHH)
COCEJIHHE ILIETKU OJJHOBPEMEHHO MEPEKIIYAIOT CEKIIUU, CTOPOHBI KOTOPBIX pa3MEILIEHbI B BEPXHEM
U HIDKHEM CJIOAX OAHOro masza. Takum o0pa3oMm, B paccMaTpUBAaeMON CEKIUH OyIeT HaBOAUTHCS
O/1C B3auMHOHN MHIYKIMH BCIEACTBUE U3MEHEHUS! MATHUTHOI'O IIOTOKA, BHI3BAHHOI'O M3MEHEHUEM
TOKa B JPYrOoM CEKIMH, MEePEeKIIoYaeMon cocenHer meTkou. [lpu BpameHun siKopsi IpOBOJHUKH
MEPEKII0YaeMOM CEKIIMM TEePECeKaloT HEMOJBMKHBIM IMOTOK sKops, U B HMX HaBoautcs OJIC,
HallpaBJIEHUE KOTOPOH COBIAJAET C HANPABICHUEM TOKAa B Hayajle NEPEKIIOYEHUS CEKILIHH.
CnenoBatenbHo, J/IC, o0ycoOBIeHHbIE TOTOKOM SIKOPS, 3aMEISIIOT MPOIECC U3MEHEHHsI TOKA B
cekuuu. Ecny B BO3IyIIHOM 3a30p€ HaJl CTOPOHAMHU MEPEKII0YAeMOW CEKIIMM MarHUTHas
UHAYKIMS, oOyciioBieHHas nonepeyHoi cocrapisitonier MJIC oOMOTKHM sikopsi, paBHA Bogg, TO
OJIC, HaBoiMMasl B CEKLIUU MO JEUCTBUEM Boyq, onpeaessiercs no popmysie:
€onq = 2BoggWclv. B 30HE KOMMyTalMu KpoMe MOTOKA SIKOPS MOXKET NPUCYTCTBOBATh MAarHUTHBIN
MOTOK TJABHBIX IMOJIOCOB (MPU CMELIEHUH TOKOpas3Jelia ¢ Te€OMETPUYECKON HEHTpaiu) WIn ke
MOTOK J00aBOYHBIX MontocoB. Ilpu BpalleHuu sIKOps NPOBOJHUKU NEPEKIIOYAEMON CEKLUU
MepeceKaroT ITOT MOTOK, U B HUX HaBoauTcsa DJIC, BenmuunHa KOTOPOHU ompenensercs mo ¢popmyiie
ex = 2BWclv, rae W — 9uciio BUTKOB ceKiuu; | — yinHa akTHBHOW YacTH MPOBOJHHUKA CEKIIMU, M; V
— JINHEWHAasi CKOPOCTh MPOBOJHUKA, M/C.

Ty
=X,

g

=

dh-}'

Puc. 1.23. I'paduk n3mMeHeHHs TOKa B CEKIIUM OOMOTKH SIKOPSI TPH KOMMYTaIUH.

Wupykius Be B BO3AYIIHOM 3a30pe HaJl CTOPOHAMHM IepexsitoyaeMoil cekiuu odycnosineHa MJIC
rJIaBHOTO Uiy o0aBouHoro noitoca. Hanpasnenue DJIC e 3aBUCUT OT HanpaBlieHUS! MATHUTHOTO
[IOTOKA Y HAIIPABJICHUS BPALLECHUS SIKOPS U OLIPEAECIIAETC 110 IIPaBUILy IIPABOU PYKH.

CpeacrBa ymenbiienusi 3/IC B nepexirouaemoii cekuuu. Eciim MJIC oOMOTKH BO30YKIeHUS
Fos HanpaBnena BcrpeuHo MJIC obmoTku sikopss F, TO D e MoXeT ObITh 3HAUUTENBHO MEHBIIE
CYMMBI €o5q + €, 3@ CUET IPOTUBOMNOI0KHO HanpasieHHON DJIC e.. 1Ipn 3TOM M3MeHEHHE TOKa B
NEepeKIloyaeMoil ceKuuu npuommkaercs kK auHeitHomy. J/IBe MJIC — uHaykTOpa W SKOps — Ha
OJIHOM YYacTKe MarHUTHOW Lienu (B BO3IYIIHOM 3a30p€) CO3/1al0T PE3YJIbTUPYIOLIYI0 MarHUTHYIO
MHIYKIUIO B¢ B MECTE PACIIOJIOKEHUS CTOPOH NEPEKI0YaEeMOi ceKIMU. B aToM ciryqae:

€px = 2WclvY B (1.59)

rze ey — peaktuBHas J/1C B kommyTtupyeMmoii cexunu, B. PeaktuBnas DJIC e, B TeueHue nepuonaa
KOMMYTAIlUH HE OCTAETCSI MOCTOSHHOW. {151 CeKIMi, 3aHUMArOIIUX Pa3HOE MOJI0KEHUE 1O IMINPHUHE
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na3oB, (opMa M3MEHEHUsl €, HEOJUHAKOBA, TIOATOMY YPAaBHOBECUTh €€ MIHOBEHHOE 3HAuUCHHE C
nomoipio DJIC ey He MpeacTaBisieTcs BO3MOXKHBIM. OOBIYHO OTpaHUYMBAIOTCS PABEHCTBOM
cpennux 3HayeHu 3tux DJC unu HeOONBIINM TPEBBILICHUEM ey HaJ ex. [Ipu paboTe MammHbl B
peKMMeE IeHepaTopa HalpaBlIeHUE TOKAa B CEKIMHM B Hadalle NEpHOoJa KOMMYTAlMM COBIALACT C
HanpasieHueM OJIC mnapamienbHOW BETBM OOMOTKM  AKOps, IIO3TOMY JUIsl IOJy4EHUs
koMmmyTannoHHON DJIC HEOO0XOIMMO PaCIOJIOKHUThH MEPEKIIOYACMYI0 CEKIIMI0 B 30HE JEHCTBHS
IJIABHOTO I10JIIOCA MPOTUBOIIOJIOKHON MOJISIPHOCTH, T.€. CMECTUTh TOKOPA3JE] C F€OMETPUUECKON
HEUTpaJIu B HANPABICHUM BPALLEHUS SIKOPSA IIyTEM CMELICHMs B 5TOM HalpaslieHUWW WETOoK. [Ipn
paboTe MamIMHBI B pEXUME IBUraTens Uil moinydeHus kommytupyromei 2JIC Heobxomumo
CMECTUTHh TOKOpPa3lel C TEOMETPUYECKOM HEUTpaJld B HANpPaBICHUH, IPOTUBOIIOJIOKHOM
HanpasJieHUIO0 BpameHus skops. MJIC rinaBHBIX IOJIIOCOB IPHU IOCJIENOBATEIBHOM COEIUHEHUH
OOMOTKH BO30YXJI€HHUSI C OOMOTKOM SIKOpSI M3MEHSIETCs MPONOPLMOHAIBHO TOKY sikops. [loatomy
OJIC epc yBEIMUYMBACTCS C YBEJIMYEHUEM Harpy3ku Tak ke, kak u J/C e,. brnarogaps stomy B
MallliHaX € IMOCJIEJOBaTEIbHBIM BO30YKIEHHEM IIPU OJHOM U TOM XK€ IOJIOKEHUM LIETOK MOXHO
IIOJIYYUTh YAOBJIETBOPUTENIBbHYI0 KOMMYTALIMIO B IIMPOKOM J[HAalla30HE M3MEHEHHUs Harpy3ku. B
MallliHaX C MapajuleJbHBIM U CMEIIAHHBIM BO30YXJIEHUEM JJIsl YpaBHOBELIMBAHUS pPEaKTHUBHOU
O/1C e, cnenoBasio Obl CMeEIIaTh IIETKM B COOTBETCTBMM C Harpy3koi. OnHako ais ynoOcTBa
00CITy’)KUBaHMsI LIIETKU YCTaHABIUBAIOTCS B MOJ0XKEHUE reoMeTpudeckoil Helitpanu. [Toatomy mpu
MaJblX Harpy3kax HM3MEHEHHE TOKa B MEPEKII0YaeMON CEKLUU IOJIy4yaeTCsl YCKOPEHHbIM, a IpU
OoNbIIMX Harpy3kax — 3ameUleHHbIM. [lpu uW3MeHeHuMM HampaBieHHs BpallleHHs SKOps
HEOOXOMMO TaK)Ke M3MEHHTH IMOJIOKEHHE HIETOK OTHOCHUTEIBHO T€OMETPUYECKOM HeWTpanu. B
HacTosIlee BpeMs ONUCaHHbIM croco® yMmeHsblieHus peaktuBHON DJIC B mepexiioyaeMoil cekuuu
IIPUMEHSIETCS TOJBKO B MAlllMHAX Majol MOIIHOCTH, MPEAHa3HAYEHHBIX JJIsi OJHOTO HAIpaBJICHUS
BpaiueHus. OCHOBHBIM CPEICTBOM ypaBHOBEIINBaHUs peakTuBHON DJIC B nepexino4aeMoi CeKIuu
SBJIIETCS. YCTAHOBKA J100aBOYHBIX IIOJIFOCOB MEX]y IJIABHBIMM IoOJifocaMU. ToKOpaszen B 3TOM
cllyyae COBIAJAaeT ¢ reoMerpuyeckoi HeuTpaibio. IloaspHOCTh 100AaBOYHBIX MOIIOCOB JOJDKHA
OBITh TaKOW K€, KaK paHee YCTaHOBJIEHHAs MOJSPHOCThH TJIABHBIX IMOJIOCOB B 30HE KOMMYTAIIWH,
T.e. Ipu paboTe B pEXKUME I'eHepaTropa 3a IJaBHBIM IOJIOCOM IO BPALICHUIO SKOPS CIelyeT
700aBOYHBIH MOJIIOC MPOTUBOIIOJIOKHOM MOJISPHOCTH, @ B PEKUME JABUTaTeNsl — J00aBOUHBIH MOJIIOC
TOW ke monsgpHOCTH. s coOuro/ieHHs] MPOMOPLUOHAIBHOCTH MEXIYy Harpy3kol MalluHbl U
MarHMTHBIM TIOTOKOM J100aBOYHBIX IIOJIOCOB HEOOXOJUMO OOMOTKY TIOJIFOCOB BKIIIOUHTH
M0CJIeI0BATENbHO C OOMOTKON SKOPSI U MarHUTHYIO LIEMb BBHIIOJIHUTH HEHACHIIEHHON. IHayK1us B
MarHMTHON 1LeNu He JOJDKHA mpeBblmaTh 1,2 Ti mpu HOMUHANBHOM Harpyske. DTO OTHOCUTCS
TaKXe K pe3yJbTUPYIOIeH MarHUTHOM MHIYKIIMY Ha OOIIUX yyacTKaxX MarHUTHOH LIETH TJIaBHBIX U
no6aBouHbIX monocoB, rae ux MJIC cknanpiBatotcs. M/JIC no6aBounbix momrocoB F; momxHa
ypaBHoBecuTh MJIC 00MOTKHM SIKOpsI, O37aTh HEOOXOJUMYIO UHIYKLUIO ) By B 30HE KOMMYTallUU
U OBITh HAIIPABJIEHA NIPOTUBOIOJIONKHO By IIpn oTCyTCTBUM KOMIIEHCALIMOHHOM OOMOTKHU IepBas
coctapisitoriast MJIC no6aBouHbIX moitocoB paBHa mnomepeyHod MJIC oOMOTKHM sikops TpH
PacCIOJIOKEHUN TOKOpa3Jieaa Ha TeOMETPUYECKON HelTpanu. Bropas cocrasisaromas npeacTaBisieT
coboit MJIC, HeoOX0oaUMYIO AJIsi TPOBEJCHMS MOTOKA MO MAarHUTHOM LenH J0OaBOYHBIX MOJIIOCOB.
[Ipu nenaceimennoit maruutHoi nenu MJIC > F Bceit MarHUTHON 1ieNU MaIIMHBI MOXKHO TPUHSTH
paBHoit MJIC nByX BO3IYLIHBIX 3a30pOB 20, MEXIy SIKOpEM M J100aBOYHBIMU Motocamu. J[ns
YMEHBILIECHUS BIMSIHUS HACBILICHUS CTAIBHBIX YYAaCTKOB MarHUTHOMW IIeNH J100aBOYHBIX MOJIOCOB B
MalMHaX HeOOJBIION MOIIHOCTH 3a30p O, JeNaroT MOYTH B 2 pa3a Oojbllle M0 CPaBHEHUIO C
3a30pOM MEXIy SIKOPEM M TJaBHBIMHU MOJIOCaMH Op. B KpymHBIX MamMHax MpH HIMHAX MPH
OosbIIOM 3a30pe O, BO3MOXKHO HCK)KEHUE pACIpeleNieHUs] WHAYKIUH ) B, MarHUTOABHXKYIIEH
CWJION TJIaBHBIX MO0ocoB. [loaTomy 3a30p 0, A€narOT MOYTH PAaBHBIM 3a30py MEXKAY SKOpEM U
IJIaBHBIM TIOJIFOCOM O, @ JUISl JIMHEHHOCTH XapaKTepUCTHKH HaMarHUYMBAHMS HENH J00aBOYHBIX
MOJIFOCOB CTaBAT MPOKJIAJKU W3 HEMArHWTHOTO MaTepuajga MeXAy A00aBOYHBIMU MOJIIOCAMU U
CTaHUHOM.

KoHTponbHBIE BOITPOCHI

1. Kak onpenenuts Hanpasienue D/1C, HAyLMpYyeMOl B TPOBOAHUKE?
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2. Kak onpenenuTs HalpaBIeHUE CUIIbI, BOSHUKAIOLIEH B IPOBOJHUKE C TOKOM, [IOMEIICHHOM B
MarHuTHoe nose?

3. Kakoli a3 Ha3bIBaeTCsl 3JIEMEHTAPHBIM?

4. KakoBbl yCIIOBUS CHMMETPUHA OOMOTKH SIKOPS?

5. Kak npousBouTcst BHIOOp OOMOTKH SIKOpS?

6. B xakux ciydasx NpUMEHSIOTCS CIOXKHbIE OOMOTKH SIKOpsi?

7. Kaxkue npu4uHbI BbI3bIBAIOT HCKPEHUE IIETOK HAa KOJUIEKTOpE?

8. O0BbsICHUTE Ha3HAYEHHE U YCTPONUCTBO JOOABOYHBIX IOJIHOCOB.

I'masa 2. TEHEPATOPDBI IOCTOSIHHOI'O TOKA.
2.1. OcHOBHBIE TOHATHS.

B 3aBHCHMOCTH OT CXeMbl BKIIOUEHHUS OOMOTKH BO30YXKICHHSI T€HEPATOPHI MOCTOSHHOTO TOKA
(I'IT) ¢ o>nekTpoMarHUTHBIM BO30YKJIECHUEM TMOJAPA3ICNAIOT Ha TEHEPaTOpbl HE3aBHCUMOI'O
BO30YXJICHHsSI U TeHepaToOpbl ¢ caMOBO30ykIeHHeM. B mepBom citydae He3aBHcHMas (OT CaMmoro
reHepatopa) obmoTtka Bo3Oyxaenus (HOB) momyuyaer nmuTaHue OT MOCTOPOHHETO HCTOYHHUKA
MMOCTOSIHHOTO TOKa (puc. 2.1, a), BO BTOPOM — MUTaHUE OOMOTKHU BO30YKICHHUS OCYIIECTBISECTCS OT
camMoro reHeparopa. l'eHepaTopbl ¢ caMOBO30Y>KICHHEM, B CBOIO OYEpelb, MOAPA3ICISIIOT Ha
TeHEPATOPHI:

* mapajienbHOro BO30OYXKIeHHUS (IIYHTOBBIE), Yy KOTOphIXx oOMoTKa B030yxaenus (ILIOB)
MOJIKJTF0UEHA MapalieIbHO 00MOTKE sikops (puc. 2.1, 6);

* [OCJIEIOBATEILHOrO BO30OYXKIEHUS (CepHecHbIe), Y KOTOpbIXx oOmoTka Bo30yxaenus (COB)
BKJIIOYEHA TI0CIICIOBATEILHO ¢ 0OMOTKO# sikopst (puc. 2.1, 6);

* CMEIIAHHOTO BO30YXIeHHUs (KOMIIayHJHBIE), UMEIOIINE JABE OOMOTKHU BO30YXKJIEHHUSA, OJHA U3
KOTOPBIX COeTUHEHa ¢ 00MOTKOH sikopsi mapaymenbHo (IIIOB), a npyras — nocnegoBareinsHo (COB)
(puc. 2.1, 2).
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Puc. 2.1. YporieHHbIe 3JIEKTPUYECKHE CXEMBI TeHEPATOPOB MMOCTOSIHHOTO TOKA.
HE3aBUCUMOTO (), mapayuieabHOro (6), IOCIEI0BATEILHOTO (6) U CMEIIAHHOTO (2) BO30YKICHUS:
G — reneparop; HOB, I1IOB u COB — He3aBucuMasi, IIyHTOBasi U ceprecHasi 0OMOTKHI
BO30Yy>KIeHUs cooTBeTcTBeHHO; £ — DJ1C renepatopa; U, — HamnpsikeHre 0OMOTKH BO30YXI€HUS

['eneparopsl ¢ BO30YyX)JAeHHEM TMOCTOSSHHBIMH MAarHUTaMH HE UMEIOT OOMOTKH BO30YKIICHHUSI, TaK
KaK MX TJIAaBHBIE MOJIFOCHI U3TOTOBIISIFOTCS B BUJE MOCTOSHHBIX MarHuToB. [Ipu padore I'TIT B ero
skopHOr oOomoTke mHaynupyetrcs DJC E,. Tlpu moakimtoueHWHn K TEHEpaTopy Harpy3Kd B IIENH
SIKOPSL BO3HUKAET TOK, & HAa BBIBOJIAX I'€HEPATOPA YCTAHABIMBACTCS HAIIPSKEHUE:

U =E;- LR, (2.1)
rae R,;, — cyMMa conmpoTHUBIEHUH BCEX y4aCTKOB DJEKTPHUUECKOH menu sikopsi, OM. B obmem Buae
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3TO COMPOTHUBIICHHE MOXHO MPEJICTABUTh KaK: Ry = log + Iy + Ieo + leop + Iy T.€. OHO COCTOUT U3
COMPOTHUBIICHUH OOMOTKH SIKOPSL Foq, OOMOTKH JOOABOYHBIX TIOJIOCOB [y, KOMIIEHCAITMOHHOM
O0OMOTKH [y,, TOCIEAOBATEIHLHON OOMOTKH BO30YKACHHUSI Iop U TIEPEXOTHOTO IIETOYHOTO KOHTAKTA
Iy IIpu OTCYTCTBUM B MalInHe KaKOH-I100 M3 YKa3aHHBIX OOMOTOK COOTBETCTBYIOIINE CllaraeMble
u3 hopmynsl (2.2) HYKHO UCKIIOUUTH. SIKOPh reHepaTopa MPUBOAMTCS BO BpallleHHE NMEPBHYHBIM
JBUTATEJIeM, KOTOPBIN CO3JaeT Ha Bally reHeparopa Bpamatromiuii MmomeHT Mi. Ecnu reneparop
paboraer B pexxume xonocroro xoaa (l; = 0), To uis BpalIeHUs! €ro SIKOpsl Hy>KEH CPaBHUTEIBHO
HEOOJIBIION MOMEHT, Ha3bIBAEMbI MOMEHMOM X00CcmM020 X00a My. DTOT MOMEHT 3aTpaulBacTCs
Ha TPEOJOJICHUE TPEHUS B MOANMIMITHUKAX, TPEHUS MIETOK O KOJUIEKTOP, TPECHHUS BPAIIAFOIIMXCS
gacted o Bo3ayx. Ilpu pabore HarpykeHHOro reHepaTropa B MPOBOJHUKAX OOMOTKH SKOPA
nosIBIIsICTCS TOK Iy = ly / 2a. B pe3ynbraTe B3aUMOJICHCTBUS 3TOrO TOKA C MAarHUTHBIM IOJIEM
TJIaBHBIX ITOJIFOCOB MAIIMHBI Ha KaXKbI TPOBOAHUK OOMOTKH SKOPS ACUCTBYET cUJa:
Fou = Beplia (2.3)

rae Be, — cpenHee 3HaYeHHEe MarHUTHOM MHAYKLIUH B BO3AyLIIHOM 3a3ope, Ti; | — akTuBHas anuHa
skopst, M. OnpeIeNuB 1O MPaBUITY JIEBOW PYKH HAIIPABJICHUE dTOW CHIIBI, BUIUM, YTO CO3aBACMbIN
€10 DJIEKTPOMAarHUTHBIH MOMEHT M,, HalpaBjieH NPOTHUB BPAILIAIOIIET0 MOMEHTAa MEPBHYHOTO
nsurarens Mi. BenmudnHa 31eKTpOMarHuTHOTO MOMEHTA

M,y = F5u ND/2 = BgliaND/2  (2.4)
rae N — 4rciio akTHBHBIX MPOBOIHUKOB B 0OMOTKE sSIKOpsi; D — HapyKHBIH quameTp skopsi, M. mest
B BUJLY, 4TO Iy = Iy/2a, 1D = 2pt, a nose3Hblii MarHUTHBIA MOTOK Bo30yxaeHus @ = Beylt (cMm. puc.
1.15, a), monyuum:  M,y= BepIN (15 / 2a) x (2pt/ 21) = ®l, (pN / 2am) (2.5)
win tae ¢y = PN / 2an BenuunHa, MOCTOSHHAS JUIA AaHHOW MamuHbl. [IpH HEeM3MEHHOH yacToTe
Bpamieauss (N = CONSt) BpalnaronMii MOMEHT IMEPBHYHOrO JBHraTeisi Mj; ypaBHOBEIIMBACTCS
CYMMOMU MPOTHUBOACHCTBYIOIINX MOMEHTOB: MOMEHTOM XOJIOCTOTO X0J1a Myx U 3JIEKTPOMAarHUTHBIM
MOMEHTOM M, My = My + M, (2.7)
[TonydyeHHOE BbIpa)X€HHE MPEACTABISIET COOOW ypaBHEHHME MOMEHTOB JJisi TeHepaTopa Mmpu N =
const. Pexxum paboTBl SIEKTPUYECKOW MAIIMHBI, B KOTOPOM OHa JIOJDKHA HOPMAaJIbHO
(YHKIIMOHUPOBATh B TEUEHUE BCETO CPOKA CITY:KObI, HA3bIBACTCS HOMUHAIbHBIM PEHCUMOM PAOOTHI.
DTOT peXHM XapaKTePU3YeTCs] HOMUHAIBHBIMU BEIMYMHAMHU: HOMHHAIBLHOW MOIIHOCTBIO Py,
HOMHUHAIBHBIM HampspkeHueM Uyoy, HOMHHAIBHBIM TOKOM lyoy M HOMHHAIBHOM YacTOTOM
BpalICHUS Nyoy. HOMUHANBHAS MOIIMHOCTH T'€HEpaTOpa TOCTOSIHHOTO TOKa IMPEICTaBIsAET COOOMH
MOJIE3HYIO AJIEKTPUYECKYI0 MOITHOCTh HA BBIBOJAX MAIIMHBI, BHIPAKEHHYIO B BaTTaxX, KHIOBATTax
i MeraBatTax. [IoMIMO yKa3aHHBIX BEJIMYMH, HOMUHAIBHBIMHU HA3bIBAIOTCS M IPYTUE BEIIMYUHBI,
€CIIi OHM COOTBETCTBYIOT HOMHHAJIBHOMY pPEXHMY palOOThl MamuHbL. ['eHepaTopsl 0OBIYHO
paboTarOT pH HEM3MEHHOW YacTOTE BpAIICHHS N, MO3TOMY BCE XapPAKTEPHUCTUKH CTPOSTCS IPH
ycnoBuu N = const. OCHOBHBIMU XapaKTEPUCTUKAMH T€HEPATOPOB SIBISIFOTCS:
* XapaKTEepUCTHKA XOJIOCTOTO Xo/a — 3aBucuMocth DJIC Ha BeIXOfe reHepaTopa Er OT TOKa
B030YyxkaeHus |, B peskume xonocroro xona: E. = f (1) mpu I, = 0 u n = const;
* Harpy304YHas XapaKTePUCTHKA — 3aBUCHMOCTh HAINPSKEHHS Ha BBIXoje reHeparopa U, oT Toka
B030Yyxaenus |, mpu padore ¢ Harpyskoi: U, = f (I) mpu I, # 0 u n = const;
* BHEIITHSS XapaKTePUCTHKA — 3aBUCUMOCTh HAINPSHKCHHSI Ha BbIXoe reHepaTopa Uy OT Toka
Harpy3kd l,: U = f (l,) mpu R, = const u n = const;
* PETYIMPOBOYHAS XapaKTEPUCTUKA — 3aBUCUMOCTH TOKa BO30Oyxaenus |, oT Toka Harpys3ku |, mpu
HEM3MEHHOM HalpsOKEHUH Ha Bbixoje reneparopa: I, = f (1) mpu U, = const u n = const.

2.2. T'eHepaTop He3aBHCHMOI'0 BO30YK/IEHHS.

Cxema BKJIIOYEHMs TeHepaTopa HE3aBUCHUMOIo BO30YkIeHHs MokazaHa Ha puc. 2.2. Tok |y B
00MOTKE BO30YXJEHHS, a CJIEAOBATENbHO, U BEJIMYMHA OCHOBHOI'O MAarHUTHOTO MOTOKA MAaIlIWHbI
pPeryaupyroTcs peoctaTtoM Ry, BKIIOYEHHBIM B IIellb OOMOTKM BO30YXICHMs, MUTaeMOil OT
BHEIIHET0 HCTOYHHKA MOCTOSHHOTO TOKa. JTO MOXET OBbITh aKKyMYJSTOp, BBIIPSAMUTENb MU
Jpyroi TeHepaTop MOCTOSIHHOTO TOKa, Ha3blBaeMbli B 3TOM ciydae Bo3Oynutenem. Ilpu cuartum
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xapaxkmepucmuxu xonocmoeo xooa E. = f (l;) reneparop paboTtaeT ¢ pa3oOMKHYTOH IEIbIO
Harpy3kd (l; = 0). YcTaHOBHB HOMUHAIBHYIO YaCTOTY BPAICHHUS M MOICPKUBAsI €€ HEU3MCHHOW B
TEUCHHE BCETO OIbBITA, MOCTEIIEHHO YBEIUYHMBAIOT TOK |, B 0OMOTKE BO30OYXKIEHHUS OT HYJS [0
3HaueHus |y = |y max, IPU KOTOpOM HampspkeHue xojoctoro xoaa U = 1,15 Uy [lpsamonuneitnas
9acTh XapaKTEePUCTUKH COOTBETCTBYET HEHACHIIEHHOW MAarHUTHOW CHCTeMe MamuHbl [lpu
JalbHENIIeM yBEIMYeHUH TOKa |, MarHUTHasl CCTeMa MAalllMHbl HACHIIIAETCS, U XapaKTepUCTUKA
npuoOpeTaeT KPUBOJIMHEHHBIM XapakTep. XapakTepucTuka xoiocroro xoxa E. = f (I;) coBnanmaer
1o ¢popMe ¢ XapaKTepUCTHUKON HaMarHu4uBaHus (cM. puc. 1.17) 1 mo3BoJseT CyUTh O MAarHUTHBIX
CBOWMCTBaxX MamuHBL. Harpy3ouHas XapakTepuCTHKa TE€HepaTopa BBIpaXKaeT 3aBUCHMOCTh
HanpspkeHus Uy Ha BBIBOJIaX TeHepaTopa OT TOKa BO30ykaeHus |, Ipu HEM3MEHHOM TOKE Harpy3Ku
l;, HampuMep HOMMHAJIHLHOM, W HOMHHAJIBHON dYacToTe BpamieHWs. [Ipu yKa3aHHBIX YCIOBHSIX
HampsbkeHne Ha BbiBojax renepatopa U, menbme ero 3/IC Ej, mo3ToMy Harpy3odHas
XapaKTePUCTHKA PACIOAraeTcsi HIDKE XapaKTEPUCTUKH XOJOCTOTO xona. YMeHwiienwe U, mpu
HAJIMYUU HArpy3Ku OOBsICHSETCA ABYMs MPHUUMHAMU: NaJCHUEM HANpsOHKEHHUS B LEMU SKOps (CM.
dbopmyiy (2.1) 1 pa3MarHUYUBAIOIINM BIUSHUEM SIKOPSI.

A
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Puc. 2.2. Cxema BKIIIOYEHHS T€HEPAaTOpa HE3aBUCHMOTO BO30YKICHUS.
Ry - conpoTuBIIeHHE HArPY3KHU.

W3MepuB cyMMapHyIO BEIMYMHY aKTHBHOTO COMPOTHUBJICHHUS IIETTH OOMOTKH SIKOps R, 1 moicuntan
najienue HanpsokeHus 1;R,; MoxxHO onpenenuts DJ]C reHeparopa npu 3alaHHOM TOKE Harpy3KH:
E-=U.+ LR, (2.8)

BHeniHss xapakTepuCTHKa TEeHeparopa MpeAcTaBiseT co0oil 3aBUCHMMOCTh HampspkeHus U, Ha
BBIBOJIAX T'eHeparopa OT Toka Harpy3kd |, [lpu CHSITHM MaHHBIX IS TOCTPOCHHS BHEITHEH
XapaKTEPUCTHKK yCTAaHABIMBAIOT HOMHHAJIBHYIO YacTOTY BpAICHUS T€HEpaTopa M yBEIUYHUBAIOT
TOK HArpy3KH JI0 HOMHUHAQJILHOTO 3HAYEHHUS NMPU HOMHHAIBHOM HANpsHKEHUH. 3aTeM, MOCTEIIEHHO
yMeHbIass Harpy3ky 10 Hyns (I, = 0), cHUMarT mokazanusi npuOopoB. CONMPOTHBIICHUE IICTH
BO30YXIEHUS Ry ¥ 4acTOTY BpalieHus B TEYEHHE OIBITA OAICPKHUBAIOT HEM3MEHHBIMH. BHEIIHSS
XapaKTePUCTHKA TEHEpaTopa OTPaKaeT M3MEHEHUE TOKa BO30YyxjaeHus l,. [Ipu yBemmueHun Toka
Harpysku |, Hampspkenue U, MOHWKaeTCs B pe3ysibTaTe pa3MarHUYMBAONIETO BIUSHHUS pPEaKivu
SIKOPSI ¥ TTJICHUS HANIPSDKCHHS B IIETIH sKOps. HakioH BHeIIHEeH XapaKTepUCTUKU K OCH alCIuce
(’KECTKOCTh BHEIIHEHW XapaKTEPUCTHKH) OIECHHUBACTCS HOMHHAJIBHBIM H3MCHEHHEM HAIPSHKCHHS
reneparopa,%, pu copoce Harpy3ku:  AUyuon = (Er - Ugon / Ugon) x 100 (2.9)

OOBIYHO JUII TEHEepaToOpoB He3aBUCHMOTO BO30YxaeHHS AUy, = 5..10%. Pecyruposounas
xapaxmepucmuxa reaeparopa |, = f (I;) moka3ssiBaeT, Kak clielyeT U3MEHATh BEIMYUHY TOKA B IIEMTH
OOMOTKH BO30Y)KICHHS, YTOOBI MPH HM3MEHEHHSIX HArpy3KW TeHeparopa HalpsKeHHE Ha ero
BBIBOJIAX OCTaBaJIOCh HEM3MCHHBIM M pPaBHbIM HOMHHAJIbHOMY. IIpM 3TOM YacToTa BpaIllCHUS
COXpaHseTCS TOCTOSHHOW: N = const. [Topsytok MOCTPOSHUS PETyIUPOBOYHON XapaKTEPUCTHUKH
cnenytommid. [Ipu OTKIFOUEHHOW HArpy3Ke yCTaHABIMBAIOT TaKOW TOK BO30YxueHUS |y, mpu
KOTOPOM HampsDKEHHE Ha BBIBOJIAX TEHEparopa pPaBHO HOMHHAIBHOMY. 3aTeM IOCTEIICHHO
YBEIUYMBAIOT TOK HArpy3KH FeHepaTopa 10 HOMUHAJIBLHOTO 3HAYCHUS, OJTHOBPEMEHHO yBEIUYMBas
TOK BO30YXKICHHS TaKUM 00pa3oM, 4TOOBI HANIPSHKCHHUE TeHepaTopa BO BCEM JHAITa30HEe N3MCHCHHUS
Harpy3Kd OCTaBaJiOCh PaBHbIM HOMHHAJIBHOMY. Tak TMOJy4arOT BOCXOJSIIYIO  BETBb
XapaKTepUCTHKHU. Jlamee, MOCTENEHHO YMEHBINasi Harpy3Ky TeHepaTropa J0 XOJOCTOrO0 XOjaa H
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peryaupyst COOTBETCTBYIOIIMM 00pa3oM TOK BO30YXKACHHUS, MONYy4arOT HUCXOJISIIYI0 BETBb
XapakTepucTUKU. Hucxopnsmas BeTBb pPEryJupOBOYHOM XapaKTEPUCTHUKU PAaCIOJIaraeTcs BBIIIE
BOCXOJISIIIEH, YTO OOBACHSAETCS BIMSHUEM OCTATOYHOTO HaMarHWYMBAaHUS MarHUTHOH IIenn
MallMHbl B IIPOLECCE CHATHUA BOCXOAsIIeNd BeTBU. CpENHIO KPHUBYIO, IIPOBEICHHYIO MEXAY
BOCXOJAIEH M  HUCXOIAIIEH  BETBAMH, HA3bIBAIOT  IIPAKTUYECKOM  PEryaupOBOYHOMN
XapaKTepUCTUKOHN reHepaTopa. OCHOBHBIM HEOCTATKOM I€HEpaTOPOB HE3aBUCHUMOTI'0 BO30YKACHUS
ABIISICTCA HEOOXOAUMOCTh B IOCTOPOHHEM HMCTOYHHMKE MOCTOSIHHOTO TOKa — BOo30yautene. OHaKo
BO3MO>XHOCTb PETYJIMPOBAHUS HANPSDKCHUS B LIMPOKUX MPEIEIIax, a TAK)KE CPABHUTENBHO KECTKas
BHEILHAS XAPAKTEPUCTHUKA SBISIOTCS HECOMHEHHBIMM JOCTOMHCTBAMHM TAaKUX TE€HEPATOPOB, 4TO
00BSICHAET NPEUMYILECTBEHHOE UCIIOJIb30BAHNUE X HA TATOBOM IOJIBUKHOM COCTABE.

2.3. 'enepaTop napauieJIbHOTO0 BO30Y KIEHUSI.

[IpuHIMT caMOBO30YXACHUSI T€HEPATOPOB IMOCTOSHHOTO TOKA OCHOBAaH HA TOM, YTO MarHUTHAas
CUCTeMa MalliHbl, OyAy4d HaMarHMYEeHHOW, COXpaHSeT HEOONBbIIOH MArHUTHBIA IOTOK
OCTaTOYHOTO MAarHeTHU3Ma CEPACYHHMKOB IOJIIOCOB M CTaHHUHBI Dye; (2...3% OT MOIHOrO MOTOKA).
CamoBO030yXAeHIE TeHEpATOpa MPOBOIST B PEKUME XO0JIOCTOTO Xoa. [Ipu BpareHuun skops moTok
D, HHAYIHPYET B sIKOpHOH 00MOTKE DJIC Eo0r, O ACHICTBHEM KOTOPOU B OOMOTKE BO30OYKICHUS
Bo3HHKaeT HeOompmiod Tok |, Ecmu MJIC oOmoTkm BO30OykaeHHsS |W, MMeeT Takoe ke
HaIlpaBJIEHUE, KaK U MOTOK Dyer, TO OHA YBEJIMUHUT MOTOK IVIABHBIX MOJKOCOB. JTO, B CBOIO OUYEPE/b,
BbI30BeT yBenumdenne DJIC reHepaTopa W OYepeHOE yBEIMYCHHE TOKAa BO3OykmeHus. Tak Oymer
MPOJOIKATBCS 10 TeX MOp, MOKa HampshKEHHe reHepaTtopa He Oy[eT YpaBHOBEIICHO MaJeHHUEM
HanpsDKEHUsS B ey Bo3OyxkaeHus, T. e. koraa I;R, = E;, Ha puc. 2.3 moka3zaHa cxema BKJIFOUCHUS
re’HepaTopa napajuiebHOro (IIyHTOBOTO) BO30YKIEHUS. XapaKTEpUCTHUKA XOJIOCTOrO XO/Aa 3TOTr0
reHeparopa aHaJOTMYHA  XapaKTEPUCTHKE XOJOCTOr0  XO0Ja TeHeparopa HE3aBUCHUMOIO
Bo30ykaeHus. CamMoBO30YXKJIE€HHE TeHeparopa BO3MOXHO JIHIIb MPU YacTOTE€ BpAaIlICHHUS,
MPEBBIIIAOIICH HEKOTOPOE 3HAUCHHE, HA3bIBAEMOE KPUTUICCKUM (Nyp).

A

(1) —(4)
= 4/
IITOB @ Ry

Puc. 2 3. Cxema BKJIIOUEHHS T€HEpATOpa MapajuieIbHOr0 BO30YKAEHUS.
Ry — perynupoBo4HOE CONPOTUBIEHHE OOMOTKH BO30YKIACHMUS.

OTO ycIoBHE BBITEKAET M3 XapaKTEPUCTUKU CaMOBO30YXKIEHMsI TeHepaTopa, MNpeCcTaBIIroIen
co0Ol 3aBHCHMOCTb HAIPSDKEHUSI T€HEpaTopa B PEXHME XOJIOCTOTO XOAa OT YacTOTHI BpallleHHs
OpU HEU3MEHHOM COMPOTHBICHUU Lenu Bo3Oyxnmenus E, = f (n) mpu R, = const. Ananus
XapaKTEPUCTHKH CaMOBO30YKICHHUS TIOKA3bIBAET, YTO B 00JIACTH MaJIBIX 4acTOT BpameHus (N < Nyp)
YBEJIMUEHUE YaCTOTHl BPAIICHMSI COMPOBOXKIAETCS HE3HAYUTENIbHBIM YBEIMYEHHEM HAIpPSKEHHUS.
OOBsicHsIETCS 3TO TEM, YTO IpU N < Ny, MPOLIECC CaMOBO30YKACHUS €Ille HE HACTYNUI U MOSBICHUE
HanpspkeHus Ug 00ycIoBIIeHO Wb OCTaTOYHBIM HAMarHWYMBAaHUEM MarHUTHOW LIEMU TeHepaTopa.
ITporiecc caMoBO30OYXA€HUST HauMHAeTcs MpU N > N, B 3ToM ciiyyae yBenuueHHE YacTOTHI
BpAIlIEHUSI COMpOBOXKJaeTcs pe3kum ypenndueHueM OJ[C E.. OmHako mpu 4acToTe BpalleHUs,
O6mu3koil Kk HOMHMHaNbHOM, pocT DJIC HECKONBKO 3aMemIsieTcs, YTO OOBACHSIETCS MarHUTHBIM
HaChILLIEHUEeM TeHepaTopa. TakuM o0pa3oM, caMOBO30YXJIE€HHE T€HEepaTOpOB MOCTOSIHHOTO TOKa
BO3MOYKHO TIPU COOJIIOJICHUH CIIEAYIOIINX YCIOBHIA:

* MarHUTHAs CUCTEMA MAIlIMHBI JOJKHA UMETh OCTaTOUYHBIM MarHeTU3M;
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* BKIIFOUEHUE OOMOTKH BO30YKIIEHUS JOJDKHO OBITh TAKUM, YTOOBI €€ MarHUTHBIN MOTOK COBMAaal
10 HaIPaBJICHUIO C IOTOKOM OCTaTOYHOI'O MarHeTu3ma @D,

* CONIPOTHUBIJICHHUE LTI BO30YXKICHUS JTOJDKHO OBITh MEHBILIE KPUTHIECKOTO;

* 4acTOTa BPALIEHUS SKOPS AOJKHA ObITh O0JIbIIE KPUTUYECKOH.

Harpy3zounass u peryaupoBOYHas XapaKTEPUCTHKH T'eHepaTropa IMapauleIbHOrO BO30YKACHUS
IIPAKTUYECKH HE OTIMYAIOTCS OT COOTBETCTBYIOLIMX XapaKTEPUCTUK I€HepaTopa HE3aBUCHMOTO
BO30YXJeHHs. BHemHss XapakTepuCTHKa TeHepaTopa MapajuleIbHOTO BO30OYXKACHUS MEHee
KECTKasl, 4eM y reHepaTopa He3aBUCUMOI0 Bo30yxeHus. OObSCHAETCS 3TO TE€M, UTO B FeHepaTope
NapajyieIbHOTO BO30YXKJIEHUS TOMHUMO TPUYMH, BBI3BIBAIOIIMX YMEHBIICHHE HANpSOKCHUS B
reHepaTope HEe3aBUCUMOI0 BO30YKIEHUs (peakiys AKOps U MaJeHHE HaNpsDKEHUS B LEHH SKOps),
JCWCTBYET elle OJHAa MPUYMHA — yMEHBIIEHHWE TOKa BO3OYKICHHS B pPE3YyIbTAaTe CHUKCHHUS
HamnpsDKeHUs OT JEHCTBMSI MNEpPBbIX JABYX HPUYMH. OTHUM XK€ OOBICHAETCS MU TO, 4YTO IIpU
IIOCTETIECHHOM YMEHBUIEHUM COIPOTUBIEHMUsSI Harpy3ku Ry, Tok |, yBenuumBaercs mMILb [0
KPUTHYECKOIO 3HaueHus |y, a 3aTeM, NpH JaJbHEHIIEM yMEHBIIEHUH COIPOTHBIIEHUS HArpy3KH,
TOK |, HAaUMHAET yMEHBIIATHCS, a MPU KOPOTKOM 3aMbIKaHUU |l < I, [eno B ToM, uTO C
yBeJIMYEeHUEM Toka |, yBenuumBaeTcs pa3MarHU4yMBaHME reHeparopa (B pe3yibTare yCUJICHUs
peakuuu SKOpsS M YMEHbIIEHUS TOKa BO30OYKJIEHHUS) M MalllMHA NEPEXOJUT B HEHACHIILIEHHOE
COCTOSIHUE, MPU KOTOPOM Jla)ke HeOOJIbLIOE YMEHbIIEHHE CONPOTUBIICHUS HAarpy3Kd BbI3bIBAET
pe3koe ymenbienue JJ[C E;. Mamunbl. Bennuuna Toka Harpysku |, onpeaensercs: HanpsKeHUEM
Ha BbIBOjIax reHeparopa U, u compotusieHuem Harpy3ku R,. ITostomy mpu Tokax Harpysku |, <
lxp, KOTHAa HaANpsDKEHHWE TEHEpaTopa YMEHbBIIAeTCSd MEIJICHHEe, YeM YOBIBaeT CONPOTHUBIICHHE
Harpy3k, HOpPOMCXOJUT pPOCT TOKa Harpy3ku. Ilocie TOro kak TOK Harpy3Kd JIOCTUTHET
kputuueckoro 3HaueHus (ly = lip), nanbHelimee ymeHbleHne R, COMPOBOXKIAETCS YMEHBIIEHUEM
TokKa |y, Tak Kak B 3TOM cilydae HampspkeHue reHeparopa U, yObiBaeT ObICTpee, YeM yMEHbIAeTCs
Ru. KopoTkoe 3amblkaHue, BbI3BaHHOE IOCTEIEHHBIM YMEHBIIEHHEM COIPOTHUBIIEHUS HArpy3KH,
HEONaCHO Ui TeHepaTropa MapaiellbHOro Bo30ykaeHus. Ho mnpu BHeE3amHOM KOPOTKOM
3aMbIKAaHUM MAarHMTHas CUCTEMa TIEHEpaTopa HE YCIEBAET Cpa3y pa3MarHUTUTHCA, U TOK |y,
JOCTUraeT OMACHBIX JUisi MamuHbl 3HaueHHH (8...12)l,0,. [Ipu TakoM pe3KoM yBEIMYCHHUU TOKA Ha
BaJly T€HepaTopa BO3HHUKAET 3HAYUTENbHBIM TOPMO3SIINI MOMEHT, a Ha KOJIJIEKTOPE MOSBISIETCS
CHJILHOE HCKpEHHE, Nepexosiiee B KpyroBoil orons. ['eHepaTtopsl mapaieabHOro BO30YKICHHS
IIMPOKO HCHOJB3YIOT B KAdeCTBE MCTOYHMKOB IIOCTOSTHHOTO HANpsKEHHUs] BaroHOB, TaK Kak
OTCYTCTBHE BO30YAWUTENsS BBITOJHO OTJIMYAET MX OT I'€HEPATOPOB HE3aBUCHUMOIO BO30YKICHHS.
Konebanue HampspkeHHs reHeparopa napaienbHoro Bo3oyxaeHus (cM. popmyny 2.9) cocraBiser
10... 30%.

2.4. T'eHepaTop noc/1e10BaTeJIbHOI0 BO30Y:KIeHHUS.

VY reHeparopa nocie0BaTelIbHOI0 (CepruecHoro) Bo30yxaeHus (puc. 2.4) Tok Bo30yX/IeHUS paBeH
tToky Harpy3ku (I, = l;), mo3TOMY CBOWCTBA 3TOrO TeHEpaTOpa OMPEACISIOTCS JIMIIb BHEIIHEH
XapakTepucTukoi (puc. 2.5). Bce ocranbHble XapaKTEpUCTHKH T'€HEpPAaTopa MOTYT ObITh CHSTHI
TOJIBKO IPH MEPEKIIOYEHUH T'eHEPAaTOpa Ha HE3aBUCUMOE BO30YX/I€HHE. DTO OOBICHIETCS TEM, UTO
npu xonoctoM xozae DJIC reneparopa HeBenmunka (E; = Eo), MOCKONBKY MPH PAa30MKHYTOW LEIH
AKOpsST TOK B OOMOTKe BO30yxkJeHuss orcyTcTByeT. C TOSIBIEHHEM Harpy3ku B OOMOTKe
BO30YXKJIeHUs NOosABIseTCs TOK | = |y, M HampskeHue reHeparopa MOBBIIIAETCS, PacTeT TOK B IIETH
Harpy3ky, YyBEJIWYHMBACTCS MAarHUTHBIH TOTOK TIOJIOCOB M TMPOMCXOAUT AalbHEHIIMHA pOCT
HanpsDKeHUs M Toka B 1enu sikops. Hampspkenwe U, yBenuuuBaeTcss BIUIOTH JI0 HACTYIUICHHUS
HACBILIEHUS] MAarHUTHOW cucTeMbl MamuHbl. [lpu panpHeiimem yBenudyenuun |, HampspkeHHe
reHepaTopa MOHMXKAETCs, TaK KaK OCHOBHOHM IMOTOK T€HepaTopa M3-3a HACBIIEHUS MarHUTHOU
CUCTEMBI OCTaeTCsl HEM3MEHHBIM, B TO BpeMsl KaK peakIlMsl sIKOps W MaJeHUE HAIpPSDKEHUsS B LENU
SAKOpS yBEJIMYUBAIOTCSL.
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Puc. 2.5. Baemnsis XxapakTepucTrKa renepaTopa mocjie/10BaTeIbHOTO BO30YKICHHUS.
U, =1(l,)

B pesynbrare BHEIIHsS XapaKTePUCTHKA T€HEpaTopa IOCIEJOBATENLHOTO BO30YXKACHUS HMEET
MaJanKd Xapakrep. Beineacreue 3HaUMTENIBHON 3aBUCHMOCTH HAIIPSDKEHUS OT TOKA HATPY3KU U
IUIOXOW YIPaBIIEMOCTH TE€HEpPaTOphbl MOCIEI0BATEIILHOTO BO3OYKIEHUS MPUMEHSIOTCS KpaiHe
penxo (HanpuMep, B CBAPOUHBIX MAIIMHAX U UHOTJA PU PEOCTATHOM TOPMOKEHUH JIOKOMOTHUBOB).

2.5. T'enepaTopbl cMEeNIAHHOTO BO30Y KIEHHUSI.

['eneparop cmemanHoro BO30OYXIeHUst (puc. 2.6) wuMeeT JBe OOMOTKH BO30YXKIEHUS:
napajuleNlbHyI0 M TOocienoBaTenbHyro. [Ipu cormacHOM BKIIIOUEHHH OOMOTOK BO3OYKIEHUS HUX
MJIC cKJIagsIBarOTCs, 4YTO OOCCIICYMBACT IIONYYCHHE JKECTKOW BHEIIHEH XapaKTePUCTHUKH
re’epaTopa. B pexume X0JI0CTOro Xo/ia TeHepaTop UMeeT TOJIbKO MapaielbHOe BO30YXKACHHE, TaK
kak |y = lI; = 0. C mosBnenuem Toka Harpy3ku Bo3HuKaeT MJIC mocnempoBatenbHOW OOMOTKH
BO30OYXKICHHs, KOTOpas MOJMarHMYMBaeT MallMHy W TPH OTOM TOJHOCTHIO KOMIIEHCUPYET
pa3MarHM4YMBAOIIEe JICHCTBUE PEaKIUU SIKOPS M TAJCHUE HANpPSHKESHUS B IENMU SKOps. BHemHss
XapaKTePUCTHKA MPHU COTJIACHOM BKJIIOYEHHH OOMOTOK SIBJISIETCS HauboJsee KEeCTKOM; HampshKeHne
Ha 3KMMax TeHepaTopa Mpu YBEIMYCHUHN HArpy3KH OCTACTCS IMOYTH HEM3MEHHBIM. B TexX cirydasx,
Korja TpeOyercsi, 4yTOObl HANpsDKEHHWE Ha 3aKUMaxX moTpeOutens (B KOHIE JMHHUHU) BO BCEM
JMana3oHe Harpy30K OCTaBAJIOCh MPAKTHYECKH HEU3MEHHBIM, YHCJIO BUTKOB MOCIEIOBATEIHHOM
0OMOTKH BO30YK/IEHUsI yBEINYUBAIOT HACTONBKO, 4T00BI MJIC 31001

I
rJ[::_] sz\,**‘.

| IS |
7, \ZJ

Puc. 2.6. Cxema BKIIIOUEHHS T€HEPATOPA CMEIIAHHOTIO BO30YXK/ICHHUS.
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OOMOTKH KOMIICHCHUpOBAJIA €Il U MaJIeHHE HANPsHKEHHUs B MpoBojaax JuHUHM. OJHAKO Takas mepa
BO3MOJKHA TOJIBKO JUIsl 3apaHee OTOBOPEHHBIX CllydaeB. I'eHepaTopsl ¢ COIJIaCHBIM BKJIIOUEHHEM
0OMOTOK BO30YX/IEHUS NMPUMEHSAIOTCS JJIsl MUTAaHUS CHJIOBOW HArpy3kd BO BCEX CIydasx, KOrJa
TpeOyeTcsl MOCTOSHCTBO HANpPsDKEHUS B JIMHUM IIPU PE3KUX HM3MEHEHMsX TOoka Harpysku. Ilpu
BCTPEUHOM BKIIOYCHHH OOMOTOK BO30OYKIeHUs HampspkeHue reHepatopa U, ¢ poctom Toka
Harpy3ku |, pe3ko yMmeHblIaeTci. OTO OOBACHSAETCS pa3sMarHUYMBAIOIIMM  JIeHCTBHEM
nocjenoBarenbHoll  00MOTKM Bo30yxkzaenus, MJIC koropoir HampaBiena Bctpeuno MJIC
napauiesibHol 0OMOTKH. BerpeuHoe BKIIOYeHHE OOMOTOK IpPUMEHSIETCs JIMIIb B T€HepaTopax
CIELMAJIbHOTO HAa3HAYEHUS], HAl[pUMEP B CBAPOUYHBIX I'€HEPATOPAX, I/I€ KPYTO NAJarolias BHELIHISA
XapaKTepUCTHKA 3aIIUIIAET FeHepaTop OT KOPOTKUX 3aMbIKaHMH B TMHUU. Kpome Toro, BcTpedHoe
BKJIIOYCHHE OOMOTOK IMPAKTUKYETCS B CIHELMAIbHBIX T€HepaTopax BO30YXICHHS (BO30YAMTEISIX
TATOBBIX I'€HEPATOPOB TEIJIOBO30B), (OPMUPYIOLINX TPeOyeMyl0 XapaKTEpUCTUKY YIpaBliieMOU
3JIEKTPUYECKON MALIMHBI.
KoHTposbHbIE BOIIPOCH
1. Kakue xapakTepuCTUKU ONPEAEIIAIOT CBOMCTBA T€HEPATOPOB IIOCTOSIHHOI'O TOKA?
2. Kakue MOMEHTHI JEHCTBYIOT B FeHEpaTopax MOCTOSIHHOTO TOKa?
3. YTo Takoe «BCTPEUHOE» U «COTJIACHOE» BKIOYEHHE 0OMOTOK BO30YX1eHUs?
4. HazoBuTe 00J1acTH IPUMEHEHHsI FeHEPATOPOB HE3aBUCUMOTO BO30YKICHHSL.
5. Iloyemy reHepaTopbl MOCIEA0BATEIHLHOTO BO30OYKICHUS UMEIOT OTPAaHUYCHHOE ITPUMEHEHHE?
6. YKaxuTe NPUUUHBI UCII0JIb30BAaHMSI TEHEPATOPOB CMEIIAHHOTO BO30YK/IEHHS B CBAPOUHBIX
reHepaTopax.

I'naa 3. QJIEKTPOABUI'ATEJIN IIOCTOAHHOI'O TOKA.

3.1. OcHOBHBIC IOHATHS.

JUIs  dNCeKTpOoABUTATENS] — MPUBOJAA BCIIOMOTATEIbHOTO 00O0pymOBaHUs, paboTaromero ¢
MOCTOSIHHOM CKOPOCTBIO BpAIlleHUs, MOKHO COCTaBUTh ypaBHeHue D/[C:
U=E;+1,R; (3.1)
Takum o00pa3oM, MOJABEJEHHOE K JABHUraTENI0 HAINpsHKeHHE ypaBHOBemmmMBaeTcs mnpotuBo IJC
SKOpHOM 0OMOTKM E,; W THajeHueM HampsbkeHus B 1enu sxkops. Ha ocHoBanuu ypaBHeHus (3.1)
MO>KHO MOJYYUTH POPMYITY JUIS OMPEEICHUS TOKA SIKOPS:
l,=U-E;/R; (3.2)

YMHOX)UB 00€ yacTu ypaBHeHus (3.1) Ha TOK skops |y, MOTydrM ypaBHEHHE MOIIIHOCTH:

Ul, = Eyl, + I5R, (3.3)
rae Ul; — MomHOCTh B enu 0OMOTKH sikopsi, BT; 12,R, — MOIIHOCTE ANEKTPUUECKUX MOTEPH B LEMHU
sikopst, BT. [{71s1 BBIsSICHEHUS CYIIHOCTHU TIpou3BeieHus Eyl,; BRIONHUM clieayroliee mpeoopa3oBaHue
dopmysl (2.5) ¢ yuerom popmyi (1.4) u (1.35):

Eql; = (pN/60a) x ®@nl; = (pN / 60a) x (60w / 2w) x 1, (3.4)
HIIH
Esl; = (PN / 60an) x dl,o (3.5)
H3BecTHO, 4TO
pN / 60an x ®l; =M (3.6)

TOrIa

Eqly= Mo =P,y (3.7)
rae @ = 2nmt / 60 yrioBasi CKOPOCTh BpAIlCHUS SKOPS, R 3JIEKTPOMATHUTHAs MOIIHOCTb
neuratensi, KBT. CnegoBatenbHo, npousBenenune E,U; mpeacraBmsier coO0l 3JIEKTPOMArHUTHYIO
MOIIIHOCTh JIBUTATEJsI, YUCICHHO PABHYIO TOM YaCcTU MOIIHOCTU Ha BXOJE JBUTATENs, KOTOpas B
mporiecce ero paboThl Mpeodpa3yeTcsi B MEXaHUYECKYI0 MOIITHOCTh, HEOOXOAUMYIO ISl BPAIICHHS
sxopst. [IpeoOpaszoBas ypaBHenue (3.3) ¢ yuerom ypaBHeHus (3.7), HOTyUHM:

Ul, = Mo + I,R;. (3.8)
C yBenMuYeHHEM Harpy3Ku Ha Bajl ABUTATels, T.€. C YBEJIMYEHHEM DIIEKTPOMArHUTHOIO MOMEHTA
M., BO3pacTaeT MOIIHOCTH B 11enu 0OMOTKH sikopst Ul; — momHOCTh Ha Bxojae nsuratens. Ho tak

KaK HaIpsKCHUC, IMOABOIMMOC K JIBUTATCIIO, MOAACPKHUBACTCA HCHU3MCHHBIM (U = Const), TO
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YBEJIMUEHUE HArpy3KH JBHUTATENsl COMPOBOXKMAETCSI POCTOM TOKa B oOMoTke sikops |, B
3aBUCHUMOCTH OT cIocoba BO30YXKJIEHHUs JBUTATEIN IOCTOSHHOIO TOKa MOJpa3esioT Ha
JNBUTATEIN C BO30YXKJCHHEM OT TOCTOSHHBIX MAarHUTOB (MarHUTOSJEKTPUYECKUE) U C
AJIEKTPOMAarHUTHBIM BO30YyxeHueM. [locneanue, B COOTBETCTBUM CO CXEMOM BKIIFOUEHHUSI OOMOTKHU
BO30YXKJCHHSI OTHOCHTEIBHO OOMOTKH SIKOpS, TOIPA3ACNSAIOT Ha ABUTATENH IMapaJICIIBHOTO
(IIIyHTOBBIE), MOCIIEIOBATEILHOIO (CEPUECHBIE) U CMEIIAHHOTO (KOMITayHIHbIC) BO30Yy)aeHus. Ha
BaJl ABUTATEIIS IEUCTBYIOT CJICIYIOIINE MOMEHTHI:
* BpalalOmIMi (3IEKTPOMArHUTHBIN) MOMEHT M,,, KOTOPBIA NPHUBOJUT SIKOPb JIBUTATeNs BO
BpalleHue, NepelaBaeMoe Yepe3 Bajl UCIOJHUTEbHOMY MEXaHU3MY;
* MOMEHT XOJIOCTOTO X0Ja My, OOYCIOBIEHHBIM MEXaHUYECKUMH (BKJIIOYasi BEHTWIALIMOHHBIC) U
MarHUTHBIMU TIOTEpAMH B JABurareiie. Benmnumna momeHTa My, HE 3aBUCUT OT HArpy3Ku, U B
JBUTATEISIX HOPMAJIBHOTO HCIIOJIHEHUS OHA HE MpeBblmaeT 2..6% OT HOMHUHAJIBLHOTO 3HAYECHUS
BpALLIAFOIIETO0 MOMEHTA M0y
* MOJE3HBIH MOMEHT M3, T.e. NPOTHUBOJAEWUCTBYIOIIMA MOMEHT MEXaHU3Ma, I[PUBOJUMOIO B
NENUCTBUE TAHHBIM JIBUTATEIIEM;
* TMHAMUYECKH MOMEHT M), BO3HUKAIOIIMI MPU BCIKOM M3MEHEHUHM YacCTOThl BPAILECHUS SAKOPS
nBUTATENS M OOYCIIOBJICHHBIM WHEPIHMEH BpallalOMIMXCAd 4YacTed JBUTATENII M Harpy3KH.
JluHaMHUYeCKU MOMEHT OMPEAeNsIoT 1o GpopmyIe:

M,=J(do/dt) (3.9)
rae J — MOMEHT MHEPIIUU BCEX BPAIIAIOIINXCS YacTell ABUraTeNs U HATPY3KH, KrxXm?, PUBEICHHBIN
YIJIOBOM CKOPOCTH BpPALICHUS ©.
OOb1YHO MOMEHTHI My U M3 paccMaTpUBaIOT COBMECTHO KaK CTATUYECKUI MOMEHT COIPOTUBICHUS
BpAIIICHUIO BaJia JIBUTATEIIS:

My + Mp = M., (3.10)
B o6miem ciiyyae ypaBHEHHE MOMEHTOB JBUTATEIISI MOXKET OBITh 3allMCaHO KaK

Moy = My + Mo+ M, (3.11)
N My =M+ M, (3.12)
3HaK «+» WIH «-» Yy IUHAMUYECKOTO MOMEHTA ONPEIESAETCS XapaKTepOM HM3MEHEHUs CKOPOCTHU:
MPU YBEJIMYEHUU CKOPOCTHU MOMEHT M) CKIIAIbIBAaCTCS C MOMEHTOM M., (3HaK «+»), a mpHu
YMEHBIIEHUU CKOpPOCTH M, HEWCTBYeT BCTPEYHO MOMEHTY M. (3HaK «-»). Ilpu HensmeHHOU
ckopoctu BpaieHus skops (do/dt = 0) auramudeckuit mMomeHt M, = 0, Toraa ypaBHCHHE
MOMEHTOB JIBUTATENS YIPOCTUTCS: Moy = Myx + My = M, (3.13)
T.€. B YCTAHOBUBIIIEMCSI PEKUME pabOTHl BpaIIatONUii MOMEHT JIBUTATENsl U CTATUYECKUH MOMEHT
CONPOTHUBIICHUS Ha €ro Bajy B3aMMHO YpPaBHOBEIIMBAIOTCA. Bpamaromuii MOMEHT JABUTraTens
MIPOTIOPIIMOHAICH YJIEKTPOMArHUTHOW MOIIIHOCTH, TTIO3TOMY:
M,y = Poy /o = P,y / (2nm / 60) = 60P,,, / 2nw = 9,55P,,,,/ n (3.14)

Benuunna mosje3Horo MoMmeHTa JABUTarens M, mpomoplyoHadbHA MOIIHOCTUA JABHUTaTens P, 4ro
JTA€T BO3MOKHOCTh IMOJYYUTh BBIPAXKEHHE AJI ONPEACIICHHS IMOJIE3HOTO0 MOMEHTA, aHAJIOTUYHOE
BeIpakenuio (3.14): M>=9,55P,/n (3.15)
rae M, — none3nbiii MomeHT, HM; Po— mone3Has MOIIHOCTh ABUTaTeNsl (MOIHOCTh Ha Baiy), BT; n
— YacToTa BpaileHus sxops, o0/muH. Ha ocHoBanuu gopmyisl mis onpenenenus AC E; = c.Dn,
TOI'/Ia YaCTOTA BPALEHUS AKOPS IBUTATENS:

n=E;/c®n (3.16)
[ToncraBuB B BeipaxkeHue (3.16) 3sHauenue E; u3 popmynsl (3.1), momyaum

n=U-LR;/c® (3.17)

Ie Cc. — DIEKTpUYecKass MOCTOSHHAs MalluHbl. TakuM o00pa3oMm, YacToTa BpalleHUs SKOPS
AJIEKTPOJIBUTATENISl TPSIMO TMPOMOPIMOHATBFHA HAMPSOKCHUI0O W 00paTHO MPOMOPIIMOHAIBHA
MarHUTHOMY TIOTOKY BO30yxkaeHUs. DU3MUECKH O3TO OOBICHAETCS TEeM, UYTO YBEIMUYCHUE
Hanpspkenns U uin ymenbinenue notoka @ ei3biBaer yBenndenue pasHoctu (U- Ey), 94To, B CBOIO
ouepenb, BelAeT K yBenuueHUio Toka l; (cM. dopmyny 3.2). Bospocmmii Tok |; yBemmumBaer
Bpallaronuii MOMEHT, U €CJIA TIPH 3TOM Harpy304YHbII MOMEHT OCTA€TCS HEM3MEHHBIM, TO YaCTOTa
BpalIEHUs IKOPSl JBUTATEINS TOKE YBEIMUUBACTCS.
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CrnenoBaTenbHO, PETyIMPOBATh YACTOTY BPAIICHUS SIKOPS JBUTATENSI MOYKHO, U3MEHSIS:
* Hanpspkenne U.
* MAarHUTHBIN TTOTOK BO30YkaeHus .
* BEJIMYMHY COIPOTUBIICHUS SIKOPHOII 1ienu R.
Hanpasrienue BpaieHus ssKopsi ONpeAesisseTcsl HalpaBlIeHUEM MarHUTHOTO TIOTOKA BO30ykaeHus O
U HallpaBJICHHEM TOKa B 0OMOTKe sikops. IlosTomy, M3MeHHMB HampaBieHHE TOTO WU JIPYroro,
MOXHO M3MEHUTh HampapiieHue BpamieHus sxops. Cieayer uMeTh B BUAY, UTO IMEPEKIIOUYCHUE
O0IINX 32)KUMOB CXEMbI Y PYOMIIbHUKA HE AT U3MEHEHHS HAPaBJICHUS BPALCHUS SIKOPA, TaK KaK
IpU 3TOM OJHOBPEMEHHO H3MCHSCTCS HAMpaBICHHE TOKA M B OOMOTKE SIKOps, U B OOMOTKE
Bo30OyxkaeHus. [Ipu uccnenoBanun paboTHl ABHraTelield MOCTOSHHOTO TOKa OONbIIOE 3HAUYEHHE
MMEET 3aBHUCUMOCTh YacCTOTHl BPAIllEHUs AKOPS OT Bpamjarouero MmomeHrta M,y = My + M. Dta
3aBUCHMOCTh TPa()UUECKHU BBIPAKACTCA MEXaHUIECKOM XapakTepucTukoit qeurarens N =f (Myy) mpu
U= const u Ry, = const. IIpeoGpaszyem Boipaxenue (3.17):
n=(U/ceD)- (I;Rs/ ce®) (3.18)
u, mojictaBuB U3 Gopmyisl (2.6) 3Hadenue Toka ly = M,uR, / cech)Z MOJYyYHM:
N=U/(CeD - MouRy / cecn®?) (3.19)
TJIe ¢y — DJICKTPOMAIIMHHAS MMOCTOsIHHAs nBurarens. M3 dopmyner (3.19) BuaHO, 9T0 Ha pabouune
XapaKTePUCTHKU JBUTATENsl CYIIECTBEHHO BIHUSET crnocod Bo30Oyxkaenus. J[purarenb paboraer
YCTOMYHBO, U SIKOPb BPAILAETCS C IOCTOSHHOM CKOPOCTBIO, €CIIM PAa3BUBAEMBIM UM BpallarOLIUN
MOMEHT PaBEeH IPOTUBOJICHCTBYIOIIEMY MOMEHTY COIIPOTHBIICHUS:
M, =M. (3.20)
YcnoBue ycToitunBoit paboThl nBUraTelNs GOpMYIHPYETCs CIEIYIOIHUM 00pa3oM: Py BO3pacTaHUU
YaCTOTHI BpPAIICHUS SKOPS IPUPOCT BPAIAIOIIETO MOMEHTA JI0DKEH ObITh MEHBIIIE TPUPOCTA
npotuBoeiicTByromiero momenta: dM,, / dn < dM, /dn (3.21)
OOBIYHO IS BBITIOJTHEHHUSI 3TOTO YCJIOBUS HEOOX0IMMO, YTOOBI YBEIIMICHUE YAaCTOThI BPAIICHHS
SIKOPSI IBUTATENsl COMPOBOKAAIOCH YMEHBIIIEHUEM BPAILIAIOIIEr0 MOMEHTA.

3.2. /Ipurarte/ib NapajiieJIbHOr0 BO30yK/IeHH.

CxeMma BKJIIOUEHHSI B CETh JIBUraTessl MapajjiesibHOro Bo30yX/1eHus moka3ana Ha puc. 3.1. Peocrat
B Ilenmu OOMOTKHM BO30YXAeHHsS Rpr CIyXUT JUId PEryJupoBaHUS YacTOTHl BPAIICHUS SKOPS
aBuratens. Tak, IpU YMEHBIIEHHM CONPOTHBICHMS peocTaTa yBEIMYMBAETCS TOK B OOMOTKE
BO30yxkaeHus |y, a cinenoBaTenbHo, Bo3pactaeT notok @, uyto cornacHo popmyse (3.17) BrI3bIBaeT
YMEHBIIIEHHUE 4YacToThl BpaumieHus sikops. llpu yBenmmuenum Rp. dacTroTra BpalleHUs sKOps
YBEIIMYUBACTCS. 3aBUCUMOCTh YaCTOTHI BPAILICHUS OT BEIMYMHBI TOKA BO3OYKIACHHS BBIPAKACTCS
peaynuposounou xapaxmepucmuxotu osucamens. N = f(l;) mpu | = const u U = const.
OKCIUTyaTallnOHHBIE CBOWCTBA JBUTATEISI OMPEIEISIOTCS €ro padOYMMM XapaKTePUCTUKAMU, IOJ
KOTOPBIMHM IOHMMAIOT 3aBHCHMOCTb YacTOThI BpauleHus N, Toka |, mojesHoro momeHTa Mp,
Bparmiariero momenta M,y OT MOIIHOCTH Ha Baiy asuratens P, mpu U = const u |, = const (puc.
3.2). JInsa ananusa 3aBucumoctu N = f(P2), KoTOpas Ha3bIBaeTCS CKOPOCTHOM XapaKTepPHCTHKOM,
ucnoib3yem dopmyiy (3.17). U3 31oii Ghopmysbl BUAHO, YTO NIPU HEU3MEHHOM HarpspkeHuu f/Ha
YacTOTy BpALEHUS SIKOPS BIMSIOT JBa (akTopa: MaJeHHe HalpspKeHus B nenu skops I;R; u motok
Bo3OyxkaeHust @. [lpu yBennyeHHM Harpy3kd yMeHbIIaeTcsa uuciautens B (opmyne (3.17), a
BCJIEJICTBHE YBEITMUEHUS PEAKLIUH SIKOPSI yMEHbIAeTcs 3HaMeHaTelb. OOBIYHO OciablieHue MOTOKa,
BBI3BAaHHOE PEaKIME SKOPS, HEBEIHMKO, U MEPBBIH (DaKTOp BIMSET HA YaCTOTY BpPAIICHHUS CHUIIBHEE,
yeM BTOpod. B HTOre uactora BpallleHUs SIKOpPS C POCTOM Harpy3kuh yMmeHblnaetrcs. Ecimum ke
YCHJICHHE pEaKIMU SKOpS B JIBUTATEle COIMPOBOXKIAeTCs OoJjiee 3HAYMTEIHHBIM OCIa0JICHHEM
notoka @ u M, TO 4acToTa BpAIllEeHUS C YBETMUYEHUEM HArpys3ku OyJeT Bo3pacTaTh (IIyHKTHUpPHas
KpuBasi Ha puc. 3.2). OnHako Takoil xapakTtep 3aBucumoctu N = f(P2) HexenareneH, Tak Kak He
YJIOBJIETBOPSIET YCIOBUIO YCTOMYMBON pabOThI ABUraTens (M, Boipaxenue 3.21).
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Puc. 3.2. Pabouune xapakTepuCTUKH JBUTATENS apalIeIbHOTO BO30YKICHHUS.

Uro0Obl CKOpOCTHAs XapaKTEpUCTHKA MMeNa BUJ MAJAIOLIel KpUBOH, B HEKOTOPBIX JBUIATEISX
napajyieIbHOro  BO30OYXKIACHHS  MPUMEHSIOT JIETKYH0 (C  HEOONBIIMM  YHCIOM  BHUTKOB)
MOCIICIOBATEIHHYI0O OOMOTKY BO30YXICHHS, KOTOPAsi HA3bIBACTCS CMAOUIUUPYIOWel 0OMOMKOU.
IIpu cormacHoM BKJIIOUEHMM 3TOH OOMOTKM € MapajuienbHON oOMOTKOM B0o30yxaenus ee MJIC
KOMIIEHCUPYET pa3MarHUuYMBaIollee JEHCTBUE pEaKUMM SKOps Tak, 4To HOTOK @ BO BceM
JIMara3oHe Harpy3oK OCTaeTcs MPAKTUYECKH HEM3MEHHbIM. V3MeHeHHe 4acTOThl BPAIEHUs SIKOpS
IpU Tepexojie OT HOMMHAJIBLHOM HAarpy3kd K XOJOCTOMY XOJy, BBIPaXXEHHOE B IPOLEHTaXx,
Ha3bIBAETCS] HOMUHAJIBLHBIM U3MEHEHUEM CKOPOCTH:
AN = (Ngx = Nyoy / Nyzon)* 100 (3.22)

r7ie Nyx — YacTOTa BpAILlEHUs JIBUTATENs B PEKUME XOJOCTOrO X07a, 00/MHUH; Nyoy - HOMUHAJIbHAS
yacToTa BpalleHus ABurarensi, 00/MuH. OObIYHO I IBUTaTeNel MapajuiebHOTO BO30YKIeHH AN
= 2..8%, mo3TOMYy CKOpPOCTHYIO XapaKTepHCTUKY JBHUraTellss MapauleIbHOI0 BO30YXKIECHUS
Ha3bIBAIOT JKECTKOH. 3aBUCHMOCTH IIOJIE3HOIO MOMEHTa M> OT Harpy3ku oTpakeHa B (opmyiie
(3.15). IIpu n = const rpaduk M, = f(P,) umeer Bug npsmoii. OfHAKO C YBEIUYCHUEM HATPY3KH
Y4acTOTa BPAILICHUS SIKOPSI CHIDKACTCS, MO3TOMY 3aBucuMocth M, = f(P2) mMeer HenmmHEHHbIH
xapaktep. CornacHo ¢opmyse (3.13), mpu N = const Bpaiarouuii MOMEHT ABUratens M,y = My, +
M. Tak xak paboune XapakTEpUCTUKM JIBUraTelss CTposATcs Mpu yciaoBuu |, = const, uro
obecreyrBaeT MOCTOSHCTBO MAarHUTHBIX MOTEPh B JIBUTATENE, TO MOMEHT XOJIOCTOTO XOZa TOXe
MOCTOSTHEH, T.e. My = const. [Toatomy rpaduku M, = f(P2) u M, = f(P2) npoxoasr napaiienbHo.
Ecnu npunsate motok @ = const, To rpaduk My = f(P,) sBisercs Takke BRIpaKCHUEM 3aBHCUMOCTH
| = f(P2) mockonbky M,y = cy@l,; (cM. Beipaxkenue 3.19). Ecnu npenebpeus peakiueit sskopsi, TO TaK
kak |, = const, moxxno mpuHsaTh @ = const. Torga MexaHuueckass XapakTepPUCTHUKA JBUTATEIS
MapajuieIbHOTO BO30YXKIEHUS TPEACTABISCT COOOW JHMHHUIO C HEOOJNBIIMM HAKJIOHOM K OCH
abcruce. Yrosl HakjoHa TeM OoJjblle, yeM OoJiblile BETMYMHA CONPOTHUBICHMS, BKIIOYEHHOTO B
uenb sKkops. MexaHudeckass XapaKTepUCTHKa JABUTaTeNsl MPU OTCYTCTBUU JOMOJHUTEIBHOTO
COIIPOTHBIICHUS B LIETIU SIKOPS HA3BIBACTCS ecmecmeeHHOoU, a TIPU BKIIOYEHUU JOMOJHUTEIHHOTO
conpoTuBIIeHus B 1ienb skopss (Ry + F;) — uckycemeennou. Y CTOHYMBOCTD YacTOThI BpAICHUS
SAKOPSI M1 BO3MOXHOCTh €€ IJIaBHOW PEryJUpPOBKM B IIUPOKUX Mpeaenax 00ecreymsin JBUTATENSIM
MapajuIeIbHOTO BO30YKIEHHUS IIMPOKOE MPUMEHEHHNE Ha TIOJIBUKHOM COCTAaBe.
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3.3. /IBurarte;nb mocjeJ0BaTeIbHOI0 BO30YKICHHUS.

B sTom nBurarene oOMoTka BO30YKIeHUS BKIFOUEHA ITOCIIEIOBATEILHO B LIEMb AKOps (puc. 3.3),
MI03TOMY MarHUTHbIN MOTOK ® 0OMOTKM BO30YXACHHSI 3aBUCUT OT TOKa Kops |,. [Ipu Hebonbimx
Harpy3kax MarHuTHas CHCTeMa MAIIMHBI HCHACHIIIIEHA, ¥ IOTOMY H3MEHEHHE MarHUTHOTO TTOTOKA
OT TOKa sIKOp mpsiMo mpornopunonansHo @ = Ky, rae K— k03QduimeHT npomnopunoHaibHocT. B
3TOM CITy4ae BBIPAKEHUE JIJIsl ONIPEACTICHUS JIEKTPOMAarHUTHOTO MOMEHTA MOYKHO 3aMUcaTh Kak:
Moy = (K11, = ¢l% (3.23)

[ToacraBuB Boipakenue (3.23) B BeIpakeHHE JIJIsl 4acTOThI Bpamenus (3.19), momyunm:

N=U- LR, /% =U-LR, /W% (3.24)
Takum oOpa3om, Bpamarmuii MOMEHT JABUTATENS IPU HEHACHIIIEHHOM COCTOSIHUY MarHUTHOM
CUCTEMBI MPOMOPIIMOHAJICH KBaJApPaTy TOKA SIKOPS, a 4aCTOTa BpallleHHs 00paTHO MPOMOPIHUOHATIEHA
TOKY Harpy3KH.

®
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Puc. 3.3. Cxema BKIItOUEHHS ABUraTelIs [OCIIE0BATEILHOIO BO30YKICHHUS.
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Puc. 3.4. PaGoune XaPaAKTCPUCTHUKHU ABUTATECIISA ITOCICAOBATCIIBHOTO BO36y>KZ[eHI/I$I.

Ha puc. 3.4 npencrasienbl MexaHudeckue xapakrepuctuku M,y = f(l;) u n = f(l,) nBurarens
MOCIeI0BAaTENbHOr0 BO30yxkaAeHUs. [Ipu O60ibmKMX Harpy3kax HacTylaeT HAcChIIEHME MarHUTHON
CUCTEMBI ABUTareis. B 9ToM ciyyae MarHUTHBIM MOTOK NP YBEIMYEHUU HArpy3KH MPaKTUYECKU
HE M3MEHSETCs, U XapakTepucTuka nsuratens M,, = f(l,) mpuoOperaer nuHelnbil Xapaktep. Kak
BU/IUM, CKOpocTHast xapakrtepuctuka N = f(l;) nBuratens mocnemoBaTelbHOrO BO30YXKICHHS
SIBJIIETCS MACKOU, TIOCKOJIBKY YacTOTa BPALEHUS SIKOPS PE3KO MEHSIETCS MTPU U3MEHEHUH Harpy3Ku.
Cnenyer uMeTb B BHJy, YTO IPHU YMEHBIIEHMHM HArpy3KM 4YacTOTa BpPALLEHUS SIKOPS PE3KO
YBEJIMYMBAETCSl — JIBUraTelb UIET B «pasHocy». IloaToMy pabora aBuraresns mnocienoBaTelIbHOIO
BO30YKJIEHHsI, a TaK)Ke €ro MycK MpHU OTCYTCTBMM Harpy3Kd Ha Bajy HEJIONyCTHMBL. B kadectBe
Mepbl 0€30IIaCHOCTH BaJl JIBUTATENS IOCJIENOBATEIBHOIO BO30YKIECHUS [IOJKEH OBITh KECTKO
COEIMHEH ¢ pabo4yMM MEXaHM3MOM IOCpPEeACTBOM MYy(THI Win 3yOuaToi mepenauu. [Ipumenenue
pPEMEHHON Tepenaud HEAONMYCTUMO, TaK Kak Hpu oOpbIBE MM cOpOCe peMHS MOXKET MPOU30UTU
«pa3Hoc» gBurarend. CBONCTBO JBHUraTens pa3BUBaTh OOJBIIOM BpaINAIONIMA  MOMEHT,
MPOIMOPLIMOHANIbHBIN KBaJpaTy TOKa SIKOPsI, UMEET CYIECTBEHHOE 3HaYeHHE, OCOOEHHO B TSKEIBIX

44 /203



YCJIOBHSIX IyCKa M MPHU MEepPerpy3Kax, Tak Kak MpH MOCTENEHHOM YBEIMYCHUU HATPY3KU JABUTATEIIS
MOIITHOCTh Ha BXOJI€ PACTET MEJJICHHEE, YeM €Tr0o Bpallaromiuii MoMeHT. CIIoCOOHOCTh JBUTATENICH
MOCTIEIOBATEIBHOTO BO30Y)KJIEHHUSI pPa3BUBATh OOJBLION IyCKOBOH MOMEHT OOYCIOBHJIO WX
IIMPOKOE NPUMEHEHHWE B KadyeCcTBE TATOBBIX HA TEIUIOBO3aX, JJIEKTPOBO3aX U B PA3IUYHBIX
MOABEMHBIX  yCTpoiicTBax. HomHuHAaIBbHOE  M3MEHEHWE  YacTOThl  BpamieHus  SKops,%0,
MOCJIEI0BATENHHOI0 BO30YKICHHS OIpenesseTcs no popmyie:
Anyon = (N(0,25) - Nyor / Nion) <100 (3.25)
rae (0,25) - yacTora BpalleHUsl IPH HArpy3Ke JBHUTATels, cocTaBistomend 25% oT HOMHUHAIBLHOM,
00/MHH; Nyoy — YACTOTA BpAIEHUS SKOPS NP HOMUHAJIBHOW Harpyske, o0/muH. PerymmpoBath
YacTOTY BpAIICHUs SIKOPS IBUTATENS MTOCIEA0BATEIHLHOTO BO30YXKIEHUS MOKHO ABYMS CIIOCOOaMU:
W3MCHECHHEM HampspkeHuss muranus U W W3MEHEHHeM MAarHuTHOro moToka @ oOMOTKH
BO30OYXICHHS.
3.4. JIBuratesb CMEIIAHHOTO BO30YK/ICHUS.

JlBuraresnb CMEIIaHHOTO BO30YKIEHMsI Hallle] HauOOoJIbIlIee paclpOCTPAHEHUE B KaueCTBE MIPUBO/IA
arperatoB. OH uMeeT Be OOMOTKU BO30yxaeHus: napamiensHyto (IIIOB) u nocnenosarenbHyro
(COB) (puc. 3.5). UacToTa BpailieHHs Bajia 3TOTO ABUTATEIS ONPEACIeTcs Mo BeipaxeHuto (3.18) ¢
ydeToM TOro, 4yro: @ = @1 £ @y, rue @1 u Oy — COOTBETCTBEHHO ITOTOKU MApAJUICIBHOU MU
[IOCJIeI0BATENbHON 0OMOTOK BO30YyxkAeHUsI, BO. 3HaK «+» COOTBETCTBYET COIJIaCHOMY BKJIIOUEHHIO
obmoTok Bo30yxaeHus (MIC oOMOTOK ckiazibiBatoTCsl). B 3TOM ciiydae ¢ yBenuueHUeM Harpys3ku
OOIIMH MAarHUTHBIA MOTOK MAaIIMHBI YBEIIMYMBACTCS (32 CUET IMOTOKA MOCIEI0BATEIBHON 0OMOTKH
®,), 4yTO BeET K YMEHBIIEHUIO YaCTOThl BpalleHus sikops. IIpu BCTpeuHOM BKIIFOUEHMH OOMOTOK
notok ®; npu yBEIMYEHUM HArpy3KHM pa3sMarHWYMBaeT MaIIUHY (3HAK «-»), 4TO, HAoOOpOT,
yBEJIMYMBAET 4acTOTy BpaleHus. PaboTa nBuraresns npu 3ToM CTAaHOBUTCSI HEYCTOHYMBOM, Tak Kak
C YBEIMYEHUEM Harpy3kd 4YacToTa BpalleHHUs HEOTpaHMYEHHO Bo3pacTaer. OpHako MpHU
HEOOJIBLIIOM YHUCJIE€ BHUTKOB IOCJIEIOBATENIbHOM OOMOTKM € YBEIMYEHHEM Harpy3ku 4Yacrora
BpallleHUsI HE BO3pPAacTaeT M BO BCEM JMAIla30HE HArpy30K OCTAETCs MPaKTUYECKH HEU3MEHHOM.
MexaHnuecKkue XapakTepUCTHKHM JABHMraTelss CMEIIAHHOIO BO30YXKAEHUS MpPH  COIVIACHOM
BKJIFOUEHUHU 0OMOTOK BO30YxJaeHus (pHc. 3.6) B CpPaBHEHUHU C MEXaHUYECKUMU XapaKTepUCTUKAMU
JIBUraTeNs MOCIE0BAaTEIbHOTO BO30YXK/IEHHUS UMEIOT 00JIee JKECTKYIO XapaKTepUCTHKY.
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Puc. 3.5. CxeMa BKIItOUEHUS JABUraTeNsl CMEIIAHHOTO BO30YKICHMS.

,HBI/IFaTeJ'II) CMCUIaHHOT'O B036Y)K}1€HI/IH HMECT pPAa HNPCUMYIICCTB IO CPaBHCHUIO C JBUTaTCIIEM
MoCNe0BaTeIbHOT0 BO30YXIeHusl. Hampumep, 3TOT ABUTATEeNh MOXKET paboTaTh BXOJOCTYIO, TaK
KaK IOTOK MapajuieabHOM oOMOTKM @ OrpaHMYMBaeT YacTOTY BpalIEHHs] SKOPS B pPEXKUME
XOJIOCTOTO XOJa W YCTPaHSeT OINACHOCTh «pa3Hocay. PerynupoBaHHe YacTOThl BpAILECHUS
OCYILIECTBIISIETCA PEOCTaToOM Ry B IleNU napaiesbHOl 0OMOTKHM Bo30yxkaeHus. OfHAaKo Haaudue
JIBYX OOMOTOK BO30YXKIEHHS YBEIMYMBAET CTOMMOCTh M3TOTOBIICHUS JIBHTATeNlsl CMEIIAHHOTO
13036y>1<)1eH1/m II0 CpaBHCHUIO C MABUTAaTCIIAMU MPCALIAYIINX TUIIOB, YTO OrpaHUYUBACT €TI0
MIPUMEHEHUE.
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Puc. 3.6. Paboune xapakTepUCTUKH JBUTATEIS] CMEIIAHHOTO BO30YKICHUSI.
3.5. Topmo:keHue ABUTaTEIeii MOCTOAHHOIO TOKA.

IIpu HeoOXoaMMOCTH OBICTPOW OCTAHOBKM WJIM YMEHBIICHHS CKOPOCTH BpAIEHHUsS SIKOPS
MPUMEHSIIOT €T0 AJIEKTPOJAUHAMUYECKOE TOpMOKeHHe. Ecian BHEIIHUIT MOMEHT Ha Bajly JABUTATENs
CTaHOBHTCS BPAIIAIONINM, TO YAaCTOTAa BPALICHUS CTAHOBUTCS OOJIBIIE TIOTPAHUYHOW CKOPOCTH Nyy.
ITIpu stom D/IC E, naumHaer mpeBbllaTh HampsokeHue cetu U. B atom cimyuae Tok sikopst |y
M3MEHSIET CBOE HAIpaBJICHHE, U MAIlIMHA MEPEXOIUT B T€HEPATOPHBIN PEKUM. DIEKTPOMArHUTHBIN
MOMEHT MAIlIMHBI TAK)Ke MEHSET CBOE HAIPABICHUE M CTAHOBUTCS TOPMO3SIIMM IO OTHOIICHHUIO K
BHEIIHEMY MOMEHTY, JCHCTBYIOIIEMY Ha BaJl MAalIMHbBL. BenuunMHa TOPMO3HOTO MOMEHTa
peryaupyercss TOKOM BO30yxneHus. [lpu 3JIeKTpoanHAMHUYECKOM TOPMOXXEHHH OOMOTKY SIKOPS
JBUTATENs] OTKIIIOYAIOT OT CETH U 3aMbIKAIOT Ha Harpy3odHoe corpotuBieHue Ry. Ilpu stom
MeXaHUYeCKasi SHEPTHs BPALIAOIINXCS MAacC MPeo0pazyeTcss B AIEKTPHUECKYIO SJHEPTUIO, KOTOpas,
B CBOIO OU€pe/ib, PACXO/AYETCS Ha HAarpeB COMPOTUBICHUS Ry U Ipyrux sneMeHToB 1enu skops. Tok
SAKOpSI TPU JHHAMHUYECKOM TOPMOXKEHHH MEHSET CBOE HAalpaBlIeHHE Ha IMPOTHUBOIMOJIOXKHOE, a
CO3/1aBa€MbIil UM DJIEKTPOMAarHUTHBIH MOMEHT OKa3blBae€T TOPMO3AIEe NEHCTBUE Ha MOABUKHbBIC
YaCTH MPUBOIHOTO MeXaHu3Ma. [Ipy TnHAMHYEeCKOM TOPMOKEHUH JABHUTATEIICH MMOCIEI0BATEIHLHOTO
BO30Y>KIeHHUsI BO M30€KaHHE pa3MarHUYMBAHMS MAIIMHBI HEOOXOAMMO MEPEeKIYaTh OOMOTKY
BO30YKIIEHHsI Ui TOTO, YTOOBI HAlpaBlieHME TOKa B HEH TNpH Iepexoje Ha JWHAMHYECKOE
TOPMOXKEHHE  OCTaJOCh  HEM3MEHHbIM. TOpPMOXEHHE  MNPOTHBOBKIIOYEHHEM  (KOHTPTOK)
MIPUMEHSIETCS IPU HEOOXOIMMOCTH HHTEHCUBHOTO TOpMOXKeHHs. CyITHOCTh €r0 COCTOUT B TOM, UTO
IyTeM HM3MEHEHUs HalpaBJeHUs TOKa B OOMOTKe BO30YXJeHHs 100 B OOMOTKE SKOpS MEHSIOT
HaIpaBJICHUE AJIEKTPOMAarHUTHOIO MOMEHTA JBHTATENs, 1 OH CTAHOBUTCS TOPMO3AIIM. OOBIYHO
TOPMOXKEHHE TMPOTUBOBKIIOUCHHEM IPEIIECTBYET HM3MEHEHHIO HalpaBJICHUS BpallleHHs SKOps
(peBepcupoBanuio). OMHAKO HA MPAKTUKE TAKOW PEXKUM PaOOTHI ANEKTPUUECKON MAITUHBI MOXKET
BBIBECTH €€ U3 CTPOSL.

KoHTponbHBIE BOITPOCHI

1. Ha3oBuTe OTIIMYMTEIbHBIE TPU3HAKH PaOOTHI MAIIMH OCTOSHHOTO TOKA B PeXKHMax reHepaTopa
Y JIBUTATEJsL.

2. VKaxxute crocoObl peryJIupoBaHus YaCTOThI BPAIIEHUS SIKOPS 3JICKTPOABUTATENsL.

3. Kak mpon3BOIUTCSI peBEpCUPOBAHUE IBUTATENICH MTOCTOSTHHOTO TOKa?

4. ITpoBenuTe cpaBHEHUE XaPAKTEPUCTUK ABUraTesIeH ¢ pa3IMyHbIMU CXEMAMU UTaHUS OOMOTKH
BO30YKICHHUS.

I'naBa 4. ACUHXPOHHBIE DJIEKTPUYECKHUE MAIIWHBI.
4.1. IIpyHOMN 1eliCTBUA M YCTPOICTBO ACMHXPOHHBIX JABUraTeJIeil.

Koncrpykuus. Cpeny 3MeKTpUUECKUX JIBUraTesIel MepBO€ MECTO MO CBOEMY PacHpOCTPaHEHHUIO
3aHUMAalOT TpexdasHble acMHXpoHHBIC aBuraTenn. He menee 95% Bcex nanexTponBurareneit
MEPEMEHHOT0 TOKa, TPUMEHSIEMBIX B Pa3HBIX OTPACISAX MPOMBIIUIEHHOCTH, TPUHAJIEKAT UMEHHO K
OTOMY Ki1accy. Kaxk n OJICKTPHUYCCKUEC MallIHBbI IIOCTOSITHHOTI'O TOKa, ACHUHXPOHHBIC
ANEKTPOABUTaTENIM OOpaTUMBI U MOTYT paboTaTh Kak B PEXHUME JBUTATENS, TaK U B PEKUME
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reseparopa. HenmoaBM>XHbIN CTalIbHOW KOJIBLIEOOPA3HbIM CepACUHUK BMECTE C YJIOXKEHHOU B €ro
nazax MHorodasHoii OOMOTKON HOCHT Ha3BaHWE cmamopa. B pacTodke craTopa pacrojioKeHa
BpalIaloascs 4acTb JBUTATENl — pOmop, KOTOPBIM COCTOMT W3 Baja, CEpICYHUKA U OOMOTKH.
O6moTka potopa (puc. 4.1) COCTOMT W3 AIIOMHHHUEBBIX CTepXKHEH 1, pacroyioKeHHbIX B Ma3ax
CepJICYHUKA W 3aMKHYTBIX C OOOHMX TOPIIOB AIIOMHHHEBBIMU Koyibllamu 2. IlpuHIUIN nercTBUs
ACMHXPOHHOI'O JBUraTelid OCHOBAaH Ha B3aWUMOJECHCTBUM BpALIAOLIErOCs MAarHUTHOTIO IOJIA
craropa, oopazyeMoro MHOrodasHsIM (0OBIYHO Tpex(]a3HbIM), TOKOM, C TOKAMH, HABOJUMBIMU B
oOMoTKe potopa. B pesynbrare uepenoBanus (a3 Toka B HEMOJBUKHO PACIOIOKEHHBIX 00MOTKaX
cTaropa CO3HAeTCAd PE3YJbTUPYIOIIMN, MOCTOSIHHBIA 1O BEJIMYMHE MArHUTHBIA IIOTOK,
BpalalOlUicd B MPOCTPAHCTBE C YacTOTOM Nj; COOTBETCTBYIOLIEH wYacToTe TOKa. Yacrora
BpAILIEHUSI pOTOpPA 3aBUCHUT OT YaCTOThl HANPSKEHUS NMUTAHMS, BEJIMYMHBI HArpy3KH M 4YMCIIa Tap
IIOJIFOCOB Ha crarope. B pesynbpraTe B3auMOJEHCTBHS HMHAYLUMPOBAHHOIO TOKA C MarHUTHBIM
IIOTOKOM CO3JAa€TC MOMEHT, IMPOTUBOJCHCTBYIOLIWN IMPUYMHE BO3HMKHOBEHHS 3TOr0 TOKa. B
JAHHOM CJIy4a€ TOK BBI3BIBAETCS OTHOCHUTENIBHBIM IEPEMEIICHUEM IOTOKAa U POTOpA.
CrnenoBaTebHO, BO3HUKAIOUIUNA MOMEHT CTPEMHTCS YMEHBUIUTH OTHOCHUTEIBHYIO CKOPOCTb
MarHuTHOTO TOJIS U pOTOpa U BpalllaeT pOTOpP B HANpaBlieHUH BpaileHus noss. OHaKo 4acTtoTa
BpAILIEHUSI pOTOpA BCET/Ia MEHbIIIE YACTOThI BPAIICHUS MOJIA, TAK KaK TOJBKO MPU 3TOM YCJIOBUHU
POTOp IEpECEKAETCs BpallaloMMCS [TOJIEM U B HEM UHIYLIUPYETCS TOK.

Puc 4.1. KopoTtko3amkHyTass 00MOTKa poTOpa («Oenndbs KIETKa»)
1 — cTepkeHb, 2 — KOJIBIIO.

[lpuHuMn aecTBUsl ABUTATeNsl OCHOBAH HA OTCTABAHMM YAaCTOTHl BPAILECHUS MAarHUTHOTO TOJIS
poTopa OT YacTOTHI BpAIlEHHs OIS CTaTOpa, YTO 0O0YCIOBUIIO MOSBICHUE TEPMUHA ACUHXPOHHBIH,
T.€. HEOJTHOBPEMEHHBIM. ACHUHXPOHHBIE JBUraTelId YacTO HA3bIBAIOTCS TaKXe€ WHIAYKIIMOHHBIMH,
MIOCKOJIBKY OHHM pPa0OTalOT Ha TOM K€ TPUHIMIE, YTO U WHAYKIUOHHBIE HPUOOPHI
(Tpancdopmaropsl). Bpararoreecst mosie craropa nepecekaeT MPOBOJAHHUKU (CTEPKHH) OOMOTKH
poropa u HaBouT B HUX DJIC, moa neicTBHEM KOTOPOH B CTEP)KHAX KOPOTKO3aMKHYTOH 0OMOTKH
poTOpa IPOTEKAaeT OTHOCUTENbHO Oo0nbIIoN TOok. Ha mpoBOoAHMK OOMOTKM pOTOpa JIEHCTBYET
3JIEKTpOMarHuTHas cuna Fpp, HampaBieHHEe KOTOPOM COBHANaeT ¢ HANpaBJICHUEM BpPALICHUS IOJIS
craropa (puc. 4.2). CoBOKynHOCTb cuil Fpp, IPUIOKEHHBIX K OTAEIbHBIM IIPOBOJHUKAM, CO3/1a€T Ha
pOTOpE DIIEKTPOMAarHUTHBI MOMEHT M,, BpallarolUi poTOp C 4acTOTOM Ny. Bpaiienue poropa
nepelaeTcsl yepe3 BaJl UCIOJHUTEIbHOMY MexaHu3My. HanpaBineHue BpalieHus MarHUTHOTO T1OJIS
CTaTopa, a CIEN0BaTENbHO, U HAIPABIICHUE BpAILlEHUs POTOPA, 3aBUCST OT MOPAJKA YEPEIOBaHUS
¢a3 nuraromero HanpsokeHus. [Ipy HE0OXOIUMOCTH M3MEHEHMsI HalpaBieHHs BpaIleHUs poTopa
ACUHXPOHHOTO JIBUTATeNs CIIEAyeT IIOMEHATh MecTaMH IOyl mapy (a3HbIX BBIBOJIOB,
COEUHSIOLINX JIBUTATENb C CETHIO.

Yacrora BpameHusi. 3a OCHOBY IPHUHHMMAETCSl JABYXIIOJIOCHAs CHCTEMA, CO3/laBaeMas TpeMs
BUTKaMH, WIM KaTyIIKaMH, B3aMMHO CJIBHHYTBIMH B IpocTpaHcTBe Ha 120°. 3a oamH mnepuon
MePEMEHHOT0 TOKa JBYXITOJIIOCHOE MarHUTHOE TI0JIE JeTaeT OJJMH 000poT, a 3a onHy MUHYTY — 60f
oboporos, riae f — gyacrora Toka. [Ipu crangaptHoi yactore f = 50 'y yactora BpamieHust mois N =
60 x 50 = 3000 o6/muH. Ilpu umcie mnomocoB OoOJbIIE JABYX HEOOXOIUMO pasziInyaTh
MEXaHUUYECKYI0 U DJIEKTPUYECKYIO YIJIOBBIE CKOPOCTH BpAIICHUS MOJISL. DJIEKTpUYecKas yrioBas
CKOpocTh ® = 2nf He 3aBUCHT OT 4YMCia KaTymieK M 4YHcia TIOJNIOCOB CTaTOPHOW OOMOTKH.
Mexanuueckas yrioBasi ckopoctb ®; = 2xfn / 60, T.e. 0OpaTHO MpOMOPIMOHATFHA YHCITY Map
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MIOJIFOCOB MarHUTHOTO MoJsl. JIeWCTBUTENBHO, MIPU YKCIIE p Tap MOII0COB UMEETCsS 3p BUTKOB, WIH
KaTylleK, CABUHYTHIX B3aMMHO Ha 27/3p, mnm 360°/3p. 3a omuH mepUoO NEPEMEHHOTO TOKa
pPe3yIbTUPYIOIIMA MAarHUTHBIA IIOTOK IIEPEMECTUTCS B IPOCTPAHCTBE HA 4YaCTb OKPYKHOCTH,
3aHMMAaEMYI0 TPEMs COCETHUMH KaTyIIKaMu, IPUHAJIJISKAIIIMH TPEM pa3HbIM ¢azam, T.e. Ha 27/p,
i 360°/p.

Puc. 4.2. [Tpuauun paboThl aCHHXPOHHOTO JBUTATEIS.

OueBHIHO, YTO B ITOM CIIydae yrjoBasi CKOPOCTb BpallleHHUs I10JIs paBHa:

w;=2nf/p (4.1)
a 9yuciio 000POTOB MArHUTHOTO IOJIS B MUHYTY COCTaBIISIET:

n=60f/p (4.2
Takum 06pa3om, pu yactoTe nuraroiero Hanpsbkenus f = 50 ' B IBYXITOIIOCHOM MaliHe
n; = 3000 06/MuH, yeTbipexmnontocHor Ni= 1500 06/MuH, mectunoaocHoi Ny = 1000 06/muH, B
BOCBMUIIONIOCHOH N; = 750 06/MuH u T.a1. OO0O3HA4YMM dYepe3 N YacTOTy BpaIlCHUsS POTOpA.
OTtHoweHue S = np - Ny / N, HaspIBaeTCs CKOJbKeHHWEM. J[Isi aCHHXPOHHBIX BUTaTeseH
CKOJIbKEHHUE SBIISIETCS OCHOBHBIM (DaKTOPOM, ONPEACIISIONIMM YCIOBHUS paboThl MamuHbl. YacTora
BpallleHUs poTopa:

n=ny(l-s)=60f(1-s)/p (4.3)

Hns >¢dextuBHON paboThl ABHraTens HEOOXOauMO TojAepxkuBaTh BenuunHy S < 0,04. B
pe3ysibTaTe 4acToTa BpallleHUs poTopa JABHUraTelss OyleT HE3HAUUTENbHO OTINYAThCs OT YacCTOTHI
BpaleHus mnojis cratopa. Hanpumep, npu S = 0,04 yactoTa BpallleHus: Bajla YETHIPEXIIOIIOCHOTO
nsurareis coctaBut 1440 o0/MuH.
OO0MoTKa cTaTopa acCHHXPOHHOrO aABurareis. Kak u nepsuunas oOMoTka Tpanchopmaropa, sta
00MOTKa BBINONHSET ABe GyHKIMU. Bo-nepBrix, oHa co3naer MJIC u, Takum 006pazoMm, UrpaeT poiib
OOMOTKHM BO30OYXKJEHHS MAaIIMH MOCTOSHHOTO ToKa. Bo-BTOphIX, 0OMOTKa cTaTopa MepeaaeT
ANEKTPUYECKYIO SHEPruI0 pPOTOpPY, B KOTOPOM 3Ta 3HEpPrusi npeolOpa3yercs B MEXaHUUYECKYIO
SHEPrui0 BpaimleHus. [lns Jydiiero WMCHOIb30BaHUS TOBEPXHOCTH CTaTopa M MOTyYeHUs
HauOOJbIIEr0 MAarHUTHOTO IMOTOKAa OOMOTKa CTaTopa pacopelensercs IO BCe BHYTpeHHeH
MOBEPXHOCTU KOJIbIIeOOpa3Horo cepjeuHuka craropa. Ilpocreiimas TpexdazHas OmHOCIOWHAs
YETBIPEXTIONIOCHAs 0OMOTKaA cTaTopa B pa3pes3e mokazana Ha puc. 4.3, a Ha puc. 4.4 nmpuBejcHa ee
cxemMa B pa3BepHyToM Buae. OOMOTKa cOCTOMT M3 12 TPOBOAHUKOB (WJIM CTOPOH CEKIIHIA),
COOTBETCTBEHHO NPOHYMEPOBAaHHBIX Ha 00OWMX pHCYHKax. KakIplii MPOBOIHHMK pacrioyiaraercsi B
COOTBETCTBYIOIIEM Ma3y B cepjAeyHHKe cTaTtopa. Eciiu mpu oHON nape MmojirocoB BCs OKPYKHOCTb
craropa cooTrBercTByeT 360 3. Trpaa., TO MpH ABYX mapax momocoB (p = 2) 360 am. rpan,
COOTBETCTBYIOT IIOJIOBUHE OKPYXHOCTH, T. €. IBOMHOMY MOJIIOCHOMY JAeieHuIo 21. Hayama oOMOTOK
da3 A, B u C, coequHEHHBIE C BHEIIHEW CEThIO, OJDKHBI pacmojiaraThCs Ha pacctosaum 120 o
rpaf, apyr ot apyra. lllar oOMOTKH, T.€. pacCTOSHUE MEXKIY COCETHUMH MPOBOJIHUKAMHU MO XOMY
0OMOTKH, paBeH MOJIOCHOMY Iary T, T.€. B JaHHOM ciydae cooTBeTcTBYeT 180 ai. rpaa. KoHisr
0o0MOTOK, 00603HaueHHble Ha puc 4.4 O6ykBamu X, Y u Z, coequsstorcs au00 B 3Be3dy, JUOO B
TpeyrojbHUK. B 1aHHOM ciydyae NPUMEHEHO COEIUHEHHE B 3BE3dy, T.€. KOHIBI OOMOTOK
O0OBEIMHEHB B OONIYI0 HYIEBYIO TOYKY cXeMbl. [[si ompeneneHusi HampaBieHHs TOKOB B
MPOBOJHUKAX OOMOTKH HEOOXOAMMO 3a/JaThCSl KAaKAM-IMOO MOMEHTOM BpPEMEHH, HaIpUMeEp
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COOTBETCTBYIOILINM ITOJIOKEHHIO BEKTOPOB TOKOB TpeX (a3 4, B u C. B 3TOT MOMEHT BpeMEHU TOK B
nepBoi (haze MOJIOKHUTEIIEH, T.€. HAPaBJICH OT Hadayia 4 K KOHITY X, B OCTAJIbHBIX ABYX (Da3zax TOKH
OTpULIATENbHBI, T.€. HampaBjeHbl OoT KOHIOB Y W Z k Havanam B u C. Bce npoBOAHUKH
pazouBaroTcs Ha (2p = 4) rpymnisl ¢ OJMHAKOBBIM HAIpaBJICHHEM TOKa B Ka0i rpymme. Takum
o0pa3om, co3JaeTcss YeTblpe BETBHM MAarHUTHOTO ITIOTOKA M YETHIPE IMOJIOCA, 30HBI KOTOPBIX
MOKa3aHbl MyHKTUPHBIMU JIMHUSAMU Ha puc. 4.3, a caMu 10JI0ca — MYHKTUPHBIMU JTUHUSIMU Ha PHC.
4.4. MaruuTHbIE CUJIOBBIE JIMHMM 3aMBIKAIOTCSA IO CTAJbHBIM CEpJEYHHUKAM CTaTopa U poTopa,
MIPUYEM YCIIOBHO CUMTAeM, YTO CUJIOBBIC JHHHH, BBIXOJISIIMNE M3 CTAaTOpa, 00pa3yliOT CEBEPHBIE
IIOJIFOCHI, @ BXOJSIINE B CTAaTOP — FOKHbIE. B rpymnmne npoBOJHUKOB C OJAMHAKOBBIM HAIPaBICHUEM
TOKa CpeJHee MECTO 3aHUMAeT MPOBOJHHUK TOH (pa3bl, TOK KOTOPOW B JAaHHBIH MOMEHT BPEMEHU
UMeeT MaKcuMalibHOe 3HaueHue (Ha puc. 4.4 1o nepsas ¢asa A). [To Mepe BpaileHus BEKTOPOB 4,
B, C kaptuna pacnpeneneHusi TOKOB H3MEHSETCA, a BMECT€ C ITHM IPOUCXOAUT H3MEHEHHE
MOJIOKEHUST MAarHUTHOTO TOJsI, T. €. €ro BpalleHue. B neicTBUTENBHOCTH pedyb UAET HE 00
OTJENbHBIX TNPOBOJHUKAX, a O KaTYIIKaX, COCTOSIIMX K3 MHOTMX BUTKOB. Karymku B cBoro
ouepesib pa3OMBaAIOTCS HA CEKIMH, PACIIOIAraeMble B OT/IEIbHBIX Ma3ax.
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Puc. 4.4. Pa3BepTka 0OMOTKHU cTaTopa npocTeuiei
YETHIPEXIOJIFOCHOW MAIIMHBI IEPEMEHHOTO TOKA.

[Toxazannas Ha puc. 4.4 00OMOTKa COOTBETCTBYET MUHHMAaJIHHO BO3MOKHOMY YHCITY TIa30B, TaK KaK
Ha KaXX/bI{ TOJIIOC U HA KaXYI0 (ha3y MPUXOAUTCS TOJIBKO OJUH Ma3. Takas 0OMOTKa BHINOJIHEHA B
OJIMH Ta3 Ha moitoc U (azy. OOBIYHO MPHUMEHSIETCS HECKOJIbKO Ma3oB Ha moioc u ¢azy. Eciau
0003HauNTh yepe3 Z; oOlee Yo Ma3oB CTaTopa, mi - 3 — 4Ucio (a3 u g; — YUCIO Ma30B Ha
moJTroC M ¢asy, Toraa MoJydnuM:

Z1 =2pmi0; =6pg: (4.4)
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B Hacrosimee BpeMss B OCHOBHOM IMPHMEHSIOTCSI BYXCIIOMHBIE OOMOTKH, KOTJa B KaXJIOM Iazy
pacrojaraloTcs JABE CTOPOHBI CEKIIMH, MpUHAJUIekKallhe K pa3HbIM KaTylIKaM: OJHa CTOpPOHA
KaX/I0M CEKLMHU JIGKHUT B BEPXHEM CJIO€, a BTOpas — B HIDKHEM CIIo€ B ApPYroM mna3y. BbIBojs
(da3HbIX OOMOTOK MOJKIIOYAIOTCS K 3aXKMMaM Ha IIMTKe ABUrarens. Tpu Hayala U TpU KOHIA
O0OMOTOK pacrojiararoTcst B J1Ba psja, MPUUEM IPOTHUB 3aKMMa Hadaja OAHON (a3bl HAXOAUTCS
3WKUM KoHIa cocemHed (a3zpl. OOMOTKM MOTyT OBITH COEIUHEHBI JUMOO0 B 3Be3Nly, JIMOO B
TPEYroJbHUK B 3aBUCHMOCTH OT HAampsDKEHUS MNuUTaromel cetd. Hampumep, oaMH M TOT Xe
JBUTATEb, PAaCCUMTAHHBIA Ha (pa3HOe HampspKeHHe (T.e. HAa HampshKeHHE KaKaou ¢asbl cBoei
O0OMOTKH), MOXKET OBITh COCIMHEH B 3BE3/y NpH JIMHEHOM Hanpspkenuu 380 B u B TpeyroapHUK —
NpyY JTUHEMHOM Hanpsikenuu 220 B.

Porop acuHXpOHHOro ABUraTe/si. B KauecTBe mpocTeWiiero poropa MOXKET OBITh HMPUMEHEH
CIUIOIIHOM CTaJIbHOM HWIMHIP, CIYXKAIIUi OJHOBPEMEHHO U MarHUTOIPOBOJIOM, U TOKOIIPOBOIOM.
OnHako BUTATENH C TAKMM POTOPOM UMEIOT HU3KHIA KOA(PPHUIMEHT MOJIE3HOTO JEHCTBUS U HU3KHUMA
cos ¢. Muaynupyembple B pOTOpE TOKHM C OJHOM CTOPOHBI YYacTBYIOT B CO3/IaHUM MOMEHTa
BpAICHHs, a C JPYrOd CTOPOHBI, IPU MX IHUPKYJSALHH B POTOPE BBIACISETCS TEIUIOTAa COTJIACHO
3akony Jlxoyns—Jlenna. Heobxomumo pa3paboTaTe KOHCTPYKIMIO POTOpPa, OOECIEUHUBAIOIIYIO
YBEIIMYCHUE MEXaHH4YeCKOro 3(¢eKTa W yMEHBIICHHE TeIUIoBOro 3¢ ¢eKTa HHIYIUPOBAHHBIX
ToKOB. C 3TOH 1ENbl0 HYXHO COCPEAOTOYUTh TOKHM KaK MOXXHO ONMKE K IMIIMHIPUYECKOM
MOBEPXHOCTH POTOpA C TEM, YTOOBI YBEIMYHUTH IUIEYO DJICKTPOMATHUTHBIX CHI. B TO e Bpems
BBITOJHO, 4YTOOBI BHYTPEHHSAS 4YacTb pPOTOpa HUMElNa B OCEBOM HAMpaBICHUM HauOOJbIIee
COIIPOTHBIIEHHE, TOCKOJIBKY MHPKYJIUPYIOIINE BHUXPEBBIE TOKU TPEBPALIAIOT AJIEKTPHUECKYIO
SHEPTUI0 B TEIUIOBYIO. J[s1 HOCTM)KEHHS YKa3aHHOW LENH IMIIMHIPUYECKUN CEpIIeYHHK POTOpa
HaOMpaeTcs Tak e, KaK M CTaTop, U3 TOHKUX CTAIBHBIX JIMCTOB, U30JUPOBAHHBIX APYT OT JIPYTa.
Jlis mpoTekaHus WHIYLHUPOBAHHBIX TOKOB B Ta3zax OJIM3 BHEIIHEH IOBEPXHOCTH pOTOpa
YKJIaJBIBAIOTCSl MEJIHBIC WJIM ATIOMHHHEBBIC NMPOBOJHUKU — CTEPKHH. Bce CTEp)KHU COCIMHEHBI
MeXay COOOM JIByMSI 3aMBIKAIOLIUMHU KOJIbIIAMHU, PACIIOJIIOKEHHBIMU C 00OUX TOPIIOB CEpJCUHHUKA.
Takoii  poTop Ha3bBaeTcs  kopomkozamkHymuim.  CTEp)KHH,  PACIOJOKECHHBIE  BIIOJb
HWIMHIPUYECKON TOBEPXHOCTH, BMECT€ C KOPOTKO3aMKHYTHIMH KOJIbIIAMHU OOpa3yloT Tak
Ha3bIBAEMYIO Oenuuvio Kiemky. Tpexda3Hble aCHHXPOHHBIC IBUTATENM C KOPOTKO3aMKHYTHIM
pPOTOPOM (MX YacTO Ha3bIBAIOT MPOCTO KOPOTKO3AMKHYTBHIMH JIBUTATEISIMU) MOJIYUYMIH IIUPOKOE
pacrpocTpaHeHHe Ha TOJBMKHOM COCTaBe OJlaroaapsi MCKIFOUUTENLHON MPOCTOTE, JCMIEBU3HE U
Ha/IeXHOCTH B pabore.

4.2. DNeKTpOABMIKYIIHE CHJIbI CTATOPA H POTOpA.

[Ipu cuHycOMIanTbHOM paclpeAesieHUH MOCTOSIHHOTO MO BEIWYMHE BPANIArOUIErocs MarHUTHOTO
MMOTOKa B BO3JIYIIIHOM 3a30p€ ACMHXPOHHOW MalIMHBI B 00MOTKe poropa uHayuupyetrcs I/C,
M3MEHSIONIAsACS BO BpeMEHHU 1o cuHycouie. To ke OTHOCHTCS U K OOMOTKE CTaTopa, MPOBOJHUKU
KOTOPOTO TaKXe TEPECEKAIOTCs BpamarIuMcs MarHUTHbIM TotokoM. Eciom DJIC u3mensercs
CHUHYCOUJIAJIbHO, TO €€ MTHOBEHHOE 3HAU€HHE, KaK U3BECTHO M3 TEOPUH NEPEMEHHBIX TOKOB, PABHO
e = E,sinot. AMmmutyna 3J1C B onHOM BUTKE 00MOTKHU paBHa E,, = ©,,0, rae £, — MakcCUMaIbHOE
snaueHue DJIC. Ecnu oOMOTKa pacmonoxeHa B HECKONbKuX mazax, To DJIC, mHaynupyembie B
OTJIETTLHBIX TTPOBOJHUKAX OOMOTKH OJHOHM (pa3bl, JSKAIIUX B Pa3HBIX Ma3ax, OyAyT OTIUYATHCS IO
¢aze. [losromy momnas DJIC B oOmoTke onHON (a3l paBHa reomerpuueckoit cymme JJ[C
OT/EJIbHBIX TPOBOAHUKOB. T0 %€ OTHOCHUTCS U K onpeaeneHuto IJ[C onHOro BUTKA, WU KaTYIIKH,
MIpH TaK Ha3bIBAEMOM YKOPOYECHHH II1ara, KOTa mar 0OMOTKH MEHBIIIE MOJFOCHOTO I1ara MamluHBbI.
BBens ko duitneHt Ky MEHBIINN € TUHHIIBI, 3aBUCAIINN OT YCTPOMCTBA OOMOTKH U Ha3bIBACMBbIii
00OMOTOYHBIM KOA(PHHUITUEHTOM, MOKHO 3aIHCaTh:

E]_ = 4,44 qu)fW]_
rne E1 — DJIC ¢asbl, B; @ — MarHuTHBIN OTOK 0OMOTKH cTtaTopa, BO; f— wactora muratomieii cetu,
I'1; Wi— yncno BUTKOB 0OMOTKH (ha3bl ctaTopa. OOMOTOUHBIM KO3(QGUIMEHT 3aBUCUT OT TUMA U
CXEeMBbI CTaTOpHOH OOMOTKM W B cpeanem mnpumepHo paseH 0,9. DJIC craropHoil 0OMOTKH
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YpaBHOBEUINBACTCSI MPUIIOKEHHBIM K 0OMOTKE CTaTopa HampsbKeHueM ceTd. [1o OTHOLIEHUIO K TOKY
cratopa 3ta DJIC sBnsercs mporuBoaeicTByromen. DJIC, mHaynupyemas B oOMOTKE pOTOpa,
OIPECISIeTCSl OTHOCUTEIBHOM YacTOTOM BpalleHHs HOJNS W poTopa 2 = 2afS = Sw;. Takum
00pa3oM, MOKHO 3aIuCaTh:
e = Epsinm,t = Epsin(smit) (4.5)

3HaueHue MarHuTHoro moroka @, BXojsdliee B ypaBHEHUS, €CThb MAarHUTHBIM MOTOK B3aMMHOMN
WHIYKIIMHA, OXBAaTHIBAIOIINKA 00¢ OOMOTKM —- CTAaTOpPHYIO M pOTOpHY. Jlns neicTByromero
snayenus DJIC B 0OMOTKE pOTOpa MPH CKOJIBKEHUH S MBI aHAJIOTHYHO MOJIyduM Exg = 4,44k, Dfw,
= 4,44k, dfw,s. Kak u B Tpanchopmarope, Ipu onpeelieHud MarHUTHOTO motoka @ TOKoB poTopa
U CTaTopa MCXOJHOM BEJIMYMHOMN SIBIISIETCS TOK BO BTOPUYHOM LIETH, T.€. B POTOPE aCUHXPOHHOTO
nBuratens. BenuunHa pOTOPHOTO TOKa OMpPENENseTCs Harpy3KOW MallMHBI, NMPUYEM B JaHHOM
cllydae peyb UJET 0 MEXaHUYECKOM Harpyske, T.€. 0 MOMEHTEe Ha Baiy asurateinsa. C yBennueHUeM
MOMEHTA Ha Bajly BpallleHHE pOTOpa 3aMeUIseTCs, Pa3HOCTh YacTOTHI BpAIIEHUs I0JI1 U pOTOpa
YBEJIMYUBAETCS, B COOTBETCTBHHU ¢ 4eM Bo3pacTatoT 3/1C u Tok B poTope.

4.3. Bpamaouyii MOMEHT AaCHHXPOHHOTO IBUTaTeJIs.

HampaBrnenue Ccuiibl MEXaHUYECKOTO B3aUMOJICHCTBUS MEXJIY MPOBOJHHUKAMH pOTOpa U
BpAIAIOIIMMCSl MarHUTHBIM ITIOJIEM TIOKa3aHO Ha puc. 4.5. OIHaKO 3TOT PUCYHOK H300pakaer
TOJIBKO HEOOJBIION Y4aCTOK OOMOTKH POTOpA; €CIIU K€ MBI PACCMOTPUM BCIO MTOBEPXHOCTh POTOpA
C pacnpeesieHHOM Ha HeM 0OMOTKOM, TO KapTUHA OKAXKETCs 00JIee CI0KHOM.

Puc. 4.5. HanmpaBieHue cuiibl MEXaHUYECKOTO B3aUMOIEUCTBUS
MEK]1y BPaIlalOIIMMCS TIOJIEM CTaTOpa U MPOBOJIHUKAMH POTOpa

JlonmyCTUM, YTO MAarHMTHOE IIOJI€ BpAIIAETCS € YacTOTOM Nj; MPOTHUB 4YacoBOW CTpeiku. B
paccMaTpuBaeMblii MOMEHT BPEMEHM PE3YJIbTHUPYIOIIMIA MAarHUTHBIN MOTOK 3aHUMAET MOKa3aHHOE
Ha PUCYHKE MOJIO’KEHUE, T.€. B JAaHHOW 30HE MarHUTHBIE JINHUU BXOJAT B CTATOP U3 poTOpa (TMOI0C
S craropa). CornacHo nmpaBUily IpaBOi pyku AJis orpenesneHus Hamnpasiaenus D/1C, unaynupyemoit
B IPOBOJAHHMKAX pOTOpa, HEOOXOAMMO TPUHATH BO BHUMAaHHME HAIpPABJIEHUE JIBH)KEHUS
IIPOBOJHUKOB OTHOCUTEIIBHO MAarHMTHOrO mouid. OueBUIHO, YTO OTHOCHUTEIBHOE JBH)KEHUE
IIPOBOJHHUKOB POTOPA € YACTOTOM Ny, HAIIPABIEHO BCTPEYHO JBHIKEHUIO IOJIA, T.€. B JAHHOM CIIydae
1o yacoBoi crpenke. [IpumeHMB a1 3TOro ciydyas NHpPaBWIO INMpPaBOM PYKH, HalAEeM, 4TO B
npoBoaHukax potopa OJIC HampaBieHa B CTOpOHY uuTarens (3Hak Touku). Tok B 3THUX
MIPOBOJIHUKAX HAIPaBJIeH B Ty ke cTopoHy. CornacHo npaBuily JIEBOW pyKH MexaHudeckas cuia F,
JNEUCTBYIOIAsl HAa NMPOBOAHUKHA POTOPA, BBI3BIBAET BpAIEHUWE POTOpPA B HAINPABICHUH BPALICHUS
noJis. O4eBHIHO, YTO KOTJa MPOTUB pPacCMaTPUBAEMBIX ITPOBOAHHMKOB pOTOpPA OKaxeTcs moyroc N
craropa, HanpasieHue J/]C u Toka B MPOBOJIHUKAX POTOpa U3MEHUTCS Ha oOpaTHoe. YacTtoTa 3Tux
nepeMeH 3aBHCUT OT pa3HOCTH: Ny - N = Sn; .Yacrora Toka B potope: f, = sf. Hanpumep, npu S =
0,04 gacrora Toka B potope f, = 0,04 x 50 =2 I't. Ha puc. 4.6 moka3aH ABYXIOIIOCHBIH POTOP C
pacmpeieieHHOM 0 BCel OKPYKHOCTH KOPOTKO3aMKHYTOH 00OMOTKOM, cocTosmieit u3 12 crepxkHei
WJIY NIPOBOJHUKOB. MarHuTHBIN NOTOK BPalIaeTCsl MPOTUB YaCOBOM CTPEINIKH, T. €. OCb MarHUTHOTO
1oToka HarpasieHa oT A k B. Hanpasnenus 9/1C, nuHayLIMpyeMbIX B POTOPE MArHUTHBIM ITOTOKOM,
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oTpesieNiecHHbIe TIO0 TPAaBHIIy IMPaBOW PYKH, IMOKA3aHbl 3HAYKAMH B BHEIIHEM psay, OImke K
MOBEPXHOCTH POTOpa. ODTH HANPABJICHUS B TOYHOCTH COOTBETCTBYIOT HAIPABJICHHUIO BEKTOpa
MarHUTHOM WHIyKIUH. MakcuManbHbie (TI0 aOCONIOTHOW BEIMYMHE) 3HAYCHUS MarHUTHOM
unaykiuu 1 9J1C cooTBeTCTBYIOT NpoBogHUKaM 4 1 10, HaxoagmumMcst Ha JTUHUK AB.

Puc. 4.6. Mexanusm o0pa3oBaHUs MEXaHUUYECKON CUITBI
Y BPAILIAIOIIET0O MOMEHTA B aCUHXPOHHOM JBUTATEIIE

BcenenctBue MHAYKTHBHOIO XapakTepa CONpOTHBIEHHS oOMoTkM poTtopa DJIC m TOK poropa
CABUHYTHI 10 ¢aze Ha yron ¢. Ompenenssi MO MpaBUILy JIEBOM PYKHM MEXaHHUYECKHE CHIIbI,
JCWCTBYIOIME Ha TPOBOJHUKH POTOpPA, MBI BHIUM, YTO HE Ha BCE NPOBOJHHKH OSTH CHIIBI
JCHCTBYIOT B HAIlPaBICHUM BpAIlEHUS MOJsS, KaK 3TO CIEAyeT M3 3JIEMEHTApHOrO MPHUHIIMIA
NENCTBUSL ACHHXPOHHOTO ABUraTeins (puc. 4.7). 9To yTBep)KJIeHHE JEHCTBUTEIBHO TOJIBKO ISl TEX
MIPOBOJHHUKOB, B KOTOPBIX HAIlpaBJICHHWE TOKa coBmajaeT ¢ HamnpasieHuem DJ[C. B obmiem ciyuae,
IpHU JOCTaTOYHO OOJIBIIIOM 4YHCIE TPOBOJHUKOB, MOXKHO CKa3aTh, YTO MEXaHHMYECKas CHIIa
JEMCTBYET MO HAMPABIICHUIO IMOJISI B 30HE, COOTBETCTBYIONIEH yIiIy T - @, U MPOTUB HAINPaBJICHUS
I0JI1 B 30HE yrja @. JTO MOKa3aHO COOTBETCTBYIOUIMMM cTpesikamu Ha puc. 4.7. ['panunsl 30H
onpenensatorcs npsameiMu HG u LK, nepnennukynspasiMu k npsMeiM AB u CD. Ilpu Oosnbiiem
YClie TIOJI0COB YYaCTKH C MPOTHUBOIIOJIOKHBIM HAIIPaBICHUEM CUIIBI OYAYyT YepeoBaThCs Yalle, HO
o01as cyMMa IreOMEeTPHUECKUX YIJIOB, COOTBETCTBYIOIIMX TOMY WJIM MHOMY HAIpaBICHUIO CHJIBI,
ocTaHeTcsl Takou ke. Ilociie onpeneneHus cpeqHel CHIIBI WM CPEJHEro BPAIAOIIEro MOMEHTA,
JEUCTBYIOIIET0 Ha MPOBOJHUKU POTOpPA, MOXKHO IMEPEUTH K OIpPENeIEHUI0 MOMEHTa MAallUHBI.
HNmeem cnenyromuye HMCXOAHBIE BBIPAXEHUS JUII MarHUTHOro moTtoka @, Toka portopa |, m
K03 UIIeHTa MOIITHOCTH COSY:
& =F;/4,44kwq; 1, =sE;/ \/I'zz + 52X22; cosp=1I; / \/ r22 + 52X22 (46)
rne [ U X - COOTBETCTBEHHO aKTHBHOE W MHIYKTHBHOE COINPOTHBIICHUS OOMOTKH poTopa, Om.
Bpamaromuii MOMEHT:
M = c,®@lcose (4.7)
I7le ¢y — BeIMUMHA, MOCTOSIHHAS /IS JaHHOM MamuHbl. [loacraBuB B ypaBHeHHE (4.7) BbIpaKeHUs
st O, 1, u cose u3 (4.6), momyunm:
M = E%isr,Cy / 4,44k fwa(r? + °X%)  (4.8)
O0603HaYUB NOCTOSTHHYIO BEJTUUYHHY:
Cu / 4,44k1fW1 =C
MOJyYHM 3HaYeHHE HOMHUHAJIBHOTO MOMEHTA ACHHXPOHHOT'O JIBUTATEIIS:
Muoy = CE1% (sr? 1 1% + %%)  (4.9)
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Puc. 4.7. PacnipenenieHre 31€KTPOMarHUTHOM CHIIBI IO OKPY>KHOCTH pOTOpa.

Mexannuyeckasi XapakTepucTuka. /(g panpHeliero ynpoiieHus aHaiausa npumeM, uyto JJIC
craropa E7 IpU M3MEHEHUU S OCTAE€TCsS IOCTOSHHOM, T.€. NpPEeHEOpEeKeM H3MEHEHUEM I1aJICHUS
HampspkeHus B 0OMOTKe crtatopa. OJHAKO 3TO BO3MOXKHO TOJBKO B M3BECTHBIX Mpelenax
M3MEHEHHUS HAarpy3KH, TOKOB U CKOJIBKEHMS pOTOpa JABUraTelis, TaK KaK Mpu OOJBIINX 3HAUEHUSX S
najieHue HampspKeHUs B OOMOTKe cTaTopa BO3pacTaeT, a £j COOTBETCTBEHHO CHIDKaeTcs. Takum
obpa3zom, eciu puHATH £ = CONSt, To BeIpaskeHue (4.8) mpeBpaiiaercs B 3aBUCUMOCTb M OT OJTHOU
HE3aBHCHUMON MEPEMEHHON CKOJBKEHHs S, T. €. Mbl moiaydaeM M = f(s), Kak BumHo wu3
rpagu4ecKoro M300pakeHUsi ITOM 3aBUCUMOCTH (puc. 4.8), mpU MaJbIX 3HAYEHHUSIX CKOJIbKECHUS
npeoOyiaaeT BIUSHUE S B uyucCiAUTENe (QOPMYIIbI, COOTBETCTBEHHO Y€MYy MOMEHT naBuratens M
YBEJIMUUBAETCS MOUYTH IMPONOPLUUOHAIBHO CKOJIbXEHUIO. OJHAKO NMPH 3HAYEHMSIX CKOJIbXKEHUS,
OO0JIBIIIMX HEKOTOPOI'0 KPUTHUECKOTO 3HAUYEHUS Syp, HAUMHAET MpeolajaTh BIUSHUE CIaraéMoro ¢
s? B 3HAMEHAaTelIe (dhopmybl (4.8), 1 MOMEHT CHI)KAETCs ¢ yBeNM4IeHHeM S. Hanmnure MakcumyMma Ha
kpuBoit M = f(S) oOwsacHseTcs cnenyronm oodpazoM. Eciu npubsate @ = CONSt, To Ha U3MEHEHHUE
MOMEHTa B BeIpakeHHH (4.7) Oyner BIusTh |y, KOTOPBIA pacTeT ¢ yBEIHMUSHHEM S, U COSQ, KOTOPBIN
najgaer ¢ yBenudyeHweMm S. BenmuwumHa yrma ¢, kak BUAHO U3 puc. 4.6, cBs3aHa C HaJIHMYUEM
MIPOBOJHHUKOB, B KOTOPBIX 3JEKTPOMAarHUTHas CHJIa HalpaBjeHa MPOTUB BpalleHus mojs. Takum
o0pa3oMm, ¢ yBEIMYEHHEM S, T. €. C YMEHBIIEHHWEM 4YacTOThbl BpAILIEHHUS pOTOpa, TOKH, a
CJIEIOBATEIbHO, U AJIEKTPOMATHUTHBIE CHIIbI B3aUMOJIEHCTBHUS BPAILIAIOLLErocs OJIsl CTaTopa U ToKa
B OTJAETBHBIX MPOBOJHHUKAX poOTOpa pactyT. [Ipm ManblXx 3HAYEHHSIX S M (@ MOMEHT pacTeT ¢
YBEJIMUEHUEM TOKA, OJIHAKO IPHU 3HAUUTENIbHBIX BEIMYMHAX S U @ PE3YIbTUPYIOUINI MOMEHT,
JCHCTBYIONIUI B HAMPABICHUH BPAIICHUsI TTOJI U POTOpA, HAYMHAET CHUXKAThCsl. [IoBEpHYB KpUBYIO
M = (s) (cm. puc. 4.8) Ha 90° MO YacoOBO# CTpesKe, MOJYYHMM MEXaHHYECKYIO XapaKTePUCTUKY
acuuaxponnoro asurarens N = f(M) (puc. 4.9). JleiictButesnbpHo, eciu Ha puc. 4.8 Mo ocu abcrrcc
OTJIO’KEHBI 3HAYCHUS S OT HYJS J0 eAUHUIIBI (S = 0 COOTBETCTBYET XOJIOCTOMY XOAY, & Smax = 1 —
HEMOJBI)KHOMY COCTOSIHMIO pOTOpa), TO Ha puc. 4.9 HyneBoe 3HAY€HHWE Ha OCH OpJIUHAT
cooTBeTcTBYeT N =0, T. €. S = 1, a HanOoJbIIas OpJIMHATA XaPAKTEPUCTUKNA COOTBETCTBYET N - Ny T.
e. S = 0. Ctporo roBopsi, Ha XOJIOCTOM XOJy JBHUraTeNb BPAIIaeTCs ¢ 4aCTOTOM N < N; U pa3BUBAeT
Bparmaronuii MomeHT M = My, tie My — MmoMeHT TloTepb Ha TpeHue. OHako, mpeHedperas BecbMa
MaJiol BETHMUUHON M), MOKHO CUUTATh, YTO HA XOJIOCTOM XO/Y JBHUTATENb BPAIIaeTCs CHHXPOHHO C
MOJIEM.
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Puc. 4.8. 3aBucUMOCTh Bpallaroniero MOMeHTa M aCHHXpPOHHOTO JBUTaTelId OT CKOJIbKEHUS S
M, - TyCKOBOM MOMEHT JIBUraTess

ny

Mo M

Puc. 4.9. Mexannueckas XapaKTCPHUCTHUKA ACHMHXPOHHOI'O ABUI'aTCJIA:
N —49acToTa BpalicHUs pOTOpa, N1 —4aCcTOTa BpAllCHUA MArHUTHOTO I10JIS CTaTOpa.

CnenaHHble JOMYIIEHUS COOTBETCTBYIOT DPAaBEHCTBY BpAlLAIOLIEr0 MOMEHTa JBurarens M u
MOMEHTA CONPOTUBIIEHUS M, T.€. MOMEHTA BHEIIHEN Harpy3Ku, NPUIOKEHHON K BaJly BUraTels.
Tak kak mocienHsAs BeIUMYMHA SIBISETCS B OTHOIIEHUMH pPAaOOTHI JBHUraTesis HE3aBUCHUMOMN
nepeMeHHoM, To 3aBucuMocTb N = f(M.) = f(M) oTBeuaeT nelicTBUTEIBHBIM (PU3NYECKUM YCIOBUSIM.
Ora KpuBass HOCUT HAa3BAHUE MeEXAHUYECKOU Xapakmepucmuky aCUHXPOHHOIO JBUTaTEls.
MexaHnueckass XapakTEpUCTHUKA MAEIUTCS Ha JIBE€ 4YacTU: BEPXHAA «yCTOMYMBAsH YacTh s
3HA4YEHUH CKOJBXEHUS OT S = 0 10 S = Syp U HUIKHSISI «HEYCTOMYMBAsI» YaCTh OT S = S 10 S = 1. [Ina
YCTOMYMBOM YacTH JEHCTBYET IPUHLUI caMOperyinupoBaHus nsuratensd. [lpum yBennueHun
Harpy3kyd MJIM MOMEHTA CONPOTUBIIEHHS BHEUIHMX CHJI 4acTOTa BPAILLEHHUS POTOpa yMEHbIIAETCH,
CKOJIb)KEHUE YBEJIIMYMBAETCS, pacTeT MOTPeOIsieMblil TOK, a BMECTE C TeM M BpallalolUid MOMEHT,
YpaBHOBEUIMBAs YBEJIWYEHHE MOMEHTa CONpPOTHBJIEHMS. B HeycToiuMBOM wYacTu yBEIUYEHUE
MOMEHTA BHEIIHUX CWJI IPUBOAUT K YMEHBIIEHUIO CKOPOCTH M OIJHOBPEMEHHO BBI3BIBAET
YMEHBIIEHNE BPAIAIONIET0 MOMEHTA, BCIEACTBHUE YErO0 JUHAMHUYECKOE PABHOBECHE CTaHOBUTCS
HEBO3MOXXHBIM. [l03TOMY IIpM BCSKOM YBEIMUEHUM MOMEHTA HArpy3KM CBEPX 3HAYEHHUS Mmax
JIBUTATENNb Cpa3y OCTAHABJIMBAECTCSA. B CBSA3M C 3TUM MaKCHUMaJIbHOE 3HAYEHHE MOMEHTA HOCHT
Ha3BaHUE onpokuodvisaoujezo. OTHOIMIEHUE MAKCUMAIIbHOTO MOMEHTA Max K HOMUHAIBHOMY Mji0y
XapakTepu3yet Ko3(QPUIMEHT meperpy3Ku QBurareis A. B coBpeMeHHBIX aBurarensx A = 2... 2,5, B
HEKOTOPBIX JBUTATENSIX A > 3.

IIyckoBble  xapakrepucTHKH. IlyckoBble  CBOWCTBA  KOPOTKO3aMKHYTBIX  JBUTAaTENIeH
OTIPEAEIAIOTCSA B NEPBYIO OYEpPEAb 3HAUEHUEM HA4aJbHOTO MyCKOBOIO MOMEHTa M, T.€. MOMEHTA,
cooTBeTcTBytomero N = 0 u S = 1. DTOT MOMEHT 3aBHCHUT OT MHOTHX (DAaKTOPOB, OIpeneasieMbIX
pacueToM M KOHCTPYKIMEH aCMHXpOHHBIX ABurareneil. OTHOIIEHHE IYCKOBOTO MOMeEHTa M K
HOMHUHAIIBHOMY Moy, WIM KPATHOCTH MOMEHTOB, U3MEHSIETCS JUISl Pa3IMYHBIX TUIIOB JBUTaTEleH B
IIMPOKHX Tpezenax, 6omipmeil yacteio ot 0,9 no 2. B Havane pasroHa, mpu HeOONBIIONW YacToTe
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BpAILICHUS, BpPAIIAKOIIAA MOMEHT YMEHBIIAETCS IO CPAaBHEHUIO C BEIMYMHOM M;, HO 13TO
YMCHBIICHUE HE3HAYUTENIBHO. JIBUraTenu ¢ TAaKMMHM 3HAYCHMSMHM IIyCKOBBIX MOMEHTOB B
OOJIBLIIMHCTBE CIy4aeB JIETKO IIPEOJOJICBAIOT MOMEHTBI COIPOTHBIEHUS MpH Imycke. Kpome
IIyCKOBOTO MOMEHTa OOJbIIOE 3HAau€HHE MMEeT TaKXKe BeJIMYMHA IIyCKOBOro TOKa. Bennuuna
IIyCKOBOI'O TOKa poTopa lp; (mpu S = 1) 3HAUMUTENBHO IPEBBIIIAET BEIMYMHY TOKAa pOTOpa Mpu
HOMUHAJIBHOM Harpys3ke (IpU S = S,ov). lIpONOpLUOHANBHO BO3pacTaHUIO TOKAa POTOpA IpU
YBEJIMUEHUU CKOJIBKEHHUSI pacTeT TOK craropa. OTHOILIEHHE IyCKOBOrO TOKa crtatopa |, k
HOMHUHAQJIIBHOMY TOKY cTaropa |y, Kosebsercss oOblYHO B mpenenax oT 5 10 7 U Ha3bIBaercs
KOO (UIIMEHTOM KPAaTHOCTH MyCKOBOTO TOKAa. bBONbINONH IMyCKOBOW TOK HE MPEICTABIISICT
OIIACHOCTH, TaK KaK BPEeMsI IPOTEKaHMsI IIyCKOBOT'O MPOLIECCA COCTABIIAET OT MaJbIX OJIEH CEKYHJIbI
710 HECKOJIBKUX CEKYH]I. 32 TaKOH MaJblii IPOMEKYTOK BPEeMEHH OOJIBIION MyCKOBOW TOK HE MOXKET
BBI3BATh 3HAYUTEIBHOIO IMOBBIILIEHUS TEMIEPATyphbl ABUrarens. boiee CymecTBEHHBIM SABIIACTCS
BIIMSHHME ITYCKOBOI'O TOKAa Ha HAIPsDKEHUE CETH. ECiM OT OJHOIr0 M TOro K€ MCTOYHMKA ITUTAETCA
MHOI'O JIBUTaTesed, IPUYeM MOIIHOCTh KaXKAO0I'0 OTIEJIBHOIO JIBUTATENsl COCTABISET HEOOJBIIYIO
4acTh OT BCEM YCTaHOBJICHHOW MOIIHOCTH, TO IaJICHUE HAIIPSKEHUS, BBI3BAHHOE ITYCKOBBIM TOKOM
OJIHOTO ABUIaTellsl, HE MOXET CYLUIECTBEHHO OTPa3UThCsS HA HANPSHKEHUM BCE ceTH. TOJIBKO Ipu
HaYuK JBurateneil 6ompmoi MomHOCTH (20... 25% OT MOIIHOCTM THUTAIOMIETO HCTOYHHKA)
NIaJICHUE HAIPSDKEHUS, BBI3BAHHOE ITYCKOM TaKOIO ABHUIATeNsl, MOXKET CTaThb HENOMYCTUMBIM. M3
CKa3aHHOTO CJIEAYEeT, YTO B OOJIBIIMHCTBE CIIy4aeB JUIsl ABUTATENICd MO W CpeaHEell MOIIHOCTU
€CTECTBCHHbIE ITyCKOBBIE YCIIOBHS, XapakTepu3yeMmble Ko3((UIUMEHTaMU KpPAaTHOCTH ITyCKOBBIX
TOKAa ¥ MOMEHTA, SABJIIIOTCA JONYCTUMBIMH. 1103TOMy 4Haiie Bcero acMHXpPOHHBIE JIBUTaTElId HE
HYXX/IAI0TCSl HU B KaKMX OCOOBIX ITyCKOBBIX YCTPOMCTBaX (peocTarax W Ip.) M HauMHAKOT padoTaTh
IIOCJIE BKJIFOYEHMS B CETh. YIIYUIIEHHE IIYCKOBBIX CBOMCTB, T.€. YBEIMYECHHUE IIyCKOBOTO MOMEHTA U
YMEHBIIIEHUE TYCKOBOTO TOKA, MOXET OBbITh JOCTUTHYTO IIyTEM M3MEHEHHs] KOHCTPYKLIUN OOMOTKU
poTtopa Oyaroaapst UCIOIb30BaHUIO TPOBOIHUKOB POTOPA ¢ OOJIBIIMM aKTHBHBIM CONMPOTHBIICHHEM
B BHUJAE Y3KUX M BBICOKMX CTEp)KHEH (ABMraTenu ¢ TIJIyOOKMM @a30M) WJIM B BHIE JIBYX
KOHUEHTPUYECKU PACIIOJIOKEHHBIX «OeNnUbUX KIETOK». B ciydae TsSkKeNbIX MMyCKOBBIX YCIIOBUH, a
MMEHHO, NPH HEOOXOJUMOCTH MOJYyYEHHs OOJIBIIOrO IyCKOBOIO MOMEHTA Ul OBICTPOrO pa3roHa
MO/l TOJIHOM HAarpy3KoW, a TakXe Npu OOJBIION YacTOTE IYCKOBBIX OIEpaluii, NPUMEHSIOT
ACHUHXPOHHBIE JIBUTaTeNH ¢ (pa3HbIM POTOPOM (C KOHTAKTHBIMHU KOJIBIIAMH).

4.4. Iorepu u KIIJI acHHXpOHHOI0 ABUTaTeJIsl.

ITorepu B aCHHXPOHHBIX JABMraTessX IENsATCS Ha MOTepH B OOMOTKax craTopa U poropa P U
MarHUTHBIE TIOTEPH B CTaJbHBIX cepaeyHukax P.. [lotepy B 0oOMOTKax craTtopa M pOTOpa
OTIpeNIeNIAI0TCS KaKk CyMMa!
P=Py51+ P2 = m1I21r1 + m2I22r2 (410)

Jlist cratopa 4nciio a3 B 0OMOTKe craTopa My = 3, a 1J1sl KOPOTKO3aMKHYTOT'O poTopa My = Zo/p,
rIe Zp — YHUCIO Ta30B POTOpa; p — YWCIO Tap moitocoB. Cremayer OTMETHUTh, YTO aKTHBHOE
COIIPOTHBIIEHHE OOMOTKH CTAaTOpa I'1 HECKOJIBKO OOJIBIIIE €€ COMPOTUBIICHHS NPH MOCTOSHHOM TOKE,
YTO 00YCIIOBJIEHO MOBEPXHOCTHBIM 3(PPEKTOM. DTO yBEIUYEHHE MOXKHO y4ecThb KOA((ULIHEHTOM,
paBHbIM B cpenHeM 1,05; 3TOT k03(pduineHT crnenyeT NPUMEHUTh U TPU ONPEAETICHUHU Iy MyTeM
MOJIKITFOYEHUST OOMOTKH CTaTopa K MCTOYHUKY TOCTOSSHHOTO TOKa. YTO Kacaercsi COMPOTHUBICHUS
OOMOTKH pOTOpa Ip, TO MPU BpaIAIOIIEMCs] POTOPE OHO TAaKOe )K€, KaKk Ha MOCTOSHHOM TOKE, TaK
KaK 9acToTa TOKa poropa BechMa Mana. OIHAKO HEMOCPEICTBEHHOE M3MEPEHHE ITON BEITMUMHBI
BO3MOXKHO Yy aBurarens c¢ (a3oBeiM poTtopoM. Ilotepu B 0OMOTKE KOPOTKO3aMKHYTOTO POTOpPA
MOTYT OBITh JKCIIEPUMEHTAIHFHO OINPEIEICHBI JUIIh KOCBEHHBIM ITyTeM. MarHuTHbIE MOTEPH Ha
THCTEPE3NC M BUXPEBbIE TOKU MPUXOASTCS MOYTH MOJHOCTHIO Ha CTaJIbHOW CepAeYHMK cTaTtopa. B
pOTOpE ATH TOTEpH BechMa Mallbl, TaK KaK OHHU 3aBHCAT OT YaCTOTHI TOKa, KOTOpas B POTOpE
COCTABJISICT JIUIIb HECKOJBKO MPOLEHTOB OT YacTOTHI TOKa cTaropa WiM ceTH. [1oaTomMy MOXHO
MarHUTHBIMH TIOTEPSIMH B POTOpPE MpeHeOpedYh M YYUTHIBATh TOJIBKO TOTEPH B CTATOPE.
MexaHnuecKue MoTepu COCTOAT U3 MOTeph Ha TPEHHE B MOJIIUITHUKAX U BEHTUIISILIMOHHBIX OTEPb,
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a B JBUTATeNAX ¢ (Da3sHBIM POTOPOM CIOZa MPUOABISAIOTCS €IIe U MOTepHd Ha TPEHUE MIETOK O
KOHTaKTHBIE KOJIbIla. B KOPOTKO3aMKHYTHIX ABUTATENAX (0€3 KOHTAKTHBIX KOJIEI[) MaJIoi U cpeHei
MOIIIHOCTH C IIAPUKOBBIMU IOAIIMIIHUKAMU MEXAaHWYECKHE II0TEPU Mallbl II0 CPAaBHEHUIO C
JPYTUMU TpylIaMu NOTEPb.
Onpenenum  KIIJ[ acunxponHoro nsurarens. Kak Mbl ykxe TroBOpwiIM, B CTaTOpe IOTEPU
CKJIQJIBIBAIOTCS M3 MOTEePh B OOMOTKE U B cTanu P, U P, MO3TOMY B pOTOp Iepenaercs
MOCPEJICTBOM BpAIAIOMIETOCs MAarHUTHOrO Moyisi MOmHOCTh P = Py - Py - P, tne Py
MOABEACHHAs K JBUraTeI0 MOLIHOCTb. JTa MOIIHOCTh, Ha3blBaeMas »3JIEKTPOMArHUTHOU
MOIIHOCTBIO JIBUTATENsl, MOKET OBITh MPEJCTABIIEHA KaK NPOU3BEACHHUE BPALIAIOIIETO MOMEHTA
3JIEKTPOMArHUTHBIX CHJI HA YIJIOBYHO CKOPOCTh BPAlIEHUs MOJIS:
P,y = Moy, =M (2nny / 60) (4.11)
C npyroii cTOpOHBI, MEXaHUYECKasi MOIIIHOCTh pOTOpa P2, BpalaroIIErocst CO CKOPOCThIO N, paBHA
P2 = M (2nn; / 60) = P'(1 - s), mockosibky N = Ny(1 - S). (4.12)
MomHOCTh, COOTBETCTBYIOLIAS PA3HOCTH MeXAy P' 1 Py, peBpaiaercs B TEIUIOTY, BBIIEISEMYIO B
00OMOTKE pOTOpa, T €.
Pos2 =P -P=P-P(1-s)=P's (4.13)
Takum 00pazoM, CKOJNbKEHUE S SBISETCS MEpPOW MOTEpb B OOMOTKE POTOpa, T.€. OTHOLIEHUEM
MOIIIHOCTH, T€PSEMOM Ha BBIJECJICHHUE TEIUIOThI B POTOPE, KO BCEU 3JEKTPOMArHUTHOW MOLIHOCTH,
MOJIyueHHOM poTopoMm. OueBHIHO, UTO HpU S = 1, T. €. IpU HENOABUKHOM JBUTATele, BCA
MOIIIHOCTb, IOJIydaeMasi pOTOpOM, MPEBpallaeTcs B TEIUIOTYy. B HOpMalbHBIX yCIOBHSX pPabOTHI
Manas BelIMYMHA S (IPUMEPHO HECKOJBKO IIPOLEHTOB) SBISIETCS HEOOXOAMMBIM YCIOBUEM
SKOHOMHUYHOW paboThl aBUTaTens. BblunmTas U3 MOIIHOCTH P; MeXaHWYecKHe NOTepH Py,
MoJlydaeM TIOJIC3HYF0 MOIIHOCTh, Ha Baixy asurarens; P = P, - P, Ecmu mnpenedpeus
MexaHu4decKuMu motepsiMu (Pyx = 0), To monyuum P = P,. [loTepr MarHUTHbIE U MEXaHUYECKHUEC
COCTaBJISIIOT B CyMME IOTEPH XOJOCTOTO XOJa U MOTYT OBITh OIpEAETCHbl HA OCHOBAaHUM OIbITA
XOJIOCTOTO XO/a, T.€. NpPHU BpalleHUH JBUrarens Oe3 BCSIKOW Harpy3Kd, KOTJa IOYTH BCA
notpedsieMasi MOITHOCTh UJET Ha MOKPBITHE MOTEPh X0JI0CTOro xozaa. [lorepu B 0OMOTKe cTaTtopa
OTIPEETSIOTCS IMyTeM U3MEPEHHsI CONPOTUBIIEHUS cTaTOpHON 00MOoTKHU. [loTepu B 0OMOTKE poTopa
ONPEIENAIOTCS IIyTEM U3MEPEHHUSI YaCTOThI BPALLIEHUs IBUTATENs, a CIEA0BATEIbHO, CKOJIBKEHUS S.
KoadduunenT noneznoro aeiicTBUs ABUraTess ONpeAesseTcs N0 BEIPaKEeHUIO:
n=(P1-XYP)/P1 (4.14)
rae ) P = Pys1 + Posa + Pc + Pyx + P, — cyMMa Bcex MOTeph B iBUTaTeNe, BT; Py — NONOTHUTENbHbIE
norepu, BT. [Io Mepe yBennueHnns MOIHOCTH JBHraTeneit ux HomuHaneHbii KII/ pacrer.

4.5. KoappuuueHnt MomuocTu COSQ.

[ToTpebiieHne aCHHXPOHHBIMH JIBUTATENIIMUA PEAKTUBHOM MOIIIHOCTH M3 CETH BBI3bIBAET OTCTABaHUE
1o (aze CTaTOPHOIO TOKA OT HANPSKEHHsI MUTaHMS, TIOATOMY €ro COS( BCErJa MEHbILE €TUHMIIBL.
Huzkuil cos¢ yxyamaer ycioBusi paboThl F€HEpaTOpoB, TpaHC(HOPMATOPOB, JUHHUM mepedadu u
JApYTUX yacTed SHeprocHaldkKarolMX YCTaHOBOK. BennumHa cOS® 3aBUCUT OT CBOMCTB M YCIOBHH
paboThl TPUEMHUKOB D3JEKTPUUYECKONM SHEPrUM U MOKET OBITh OIpejaesieHa KaK OTHOLICHHE
MOJIE3HOW MOIIHOCTU JBUraTeNlss K MOIIHOCTH, MOTpediaseMoit u3 cetu. [IpuumHON moOHMXKEeHus
COS( SIBJIIETCSI HEJOTPY3Ka, T. €. cl1ab0oe MCIOJIb30BaHNE aCUHXPOHHBIX JIBUTATENIEH, YTO BCELEIIO
CBSI3aHO C YCJOBUSAMHU pabOTHl NMPHUBOJUMBIX B JBM)KEHHE arperaroB W MamuH. [loBbimieHue
CTENEeHU 3arpy3ku 0O0OpYIOBaHMSI TOMHUMO BCEX JPYTHMX TEXHUKO-3KOHOMMUYECKUX MPEUMYILIECTB
JaeT KOPEHHOE YIy4llIeHHe W B OTHOIIEHUH KOI((UIMEHTa MOIIHOCTH 3HEPreTHYECKHX
yCTaHOBOK. HOMMHaIBHBIN COS(Q, COOTBETCTBYIOIIMKA HOMUHAJIBHON HAarpy3Ke IBUIATENIeH, NpH
IIPOYMX PABHBIX YCIOBHUAX PACTET C YBEIMUEHUEM MOIIHOCTH JBHUraTesied. 3aBUCUMOCTb COSQ =
f(P) onpenmensercs Tem, YTO B ACHHXPOHHOM O3JICKTpPOJBHrarene TOK cTaropa |; wumeer
MHAYKTHUBHYIO COCTABIISIONIYI0, HEOOXOAUMYIO Ul CO3JaHHMsI MAarHUTHOTO TOJISl CTAaTOPa, MO3TOMY
€ro Ccos@ BcerJa MeHblle enuHuibl. HamMmeHnbiiee 3HaueHue COSQ COOTBETCTBYET PEXUMY
X0JOCTOro Xoaa W o0byHO He mpeBbimaer 0,2. Ilpu yBenuueHMH Harpy3skd Ha Bal
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ANEKTpoABHUTaTENST KOI(DPHUIIMEHT MOIIHOCTH BO3pacTaeT, JAOCTUras HauOojbliel BenuuuHb (0,8
..0,9) mnpum Harpy3ke, Onm3kol K HOMHHaJIbHOW. JlaibHEWIIee yBeTWYCHUE HArpy3Ku
COMPOBOXKAACTCSI  YMEHBUICHUEM COSQ, 4YTO OOBACHSETCS YBEIMYCHUEM HHJIYKTUBHOTO
COINPOTHUBIICHUSI POTOpA 3a CYET YBEJIUYEHUS CKOJIbKeHHUs. B nensx moswimeHus koddduimenrta
MOIIIHOCTH ACUHXPOHHBIX JJICKTPOJBHUTATENIeld YPE3BBIYAHO BaXKHO, YTOOBI SJIEKTPOJBUTATEIH
paboTai Bcera Uiy, o KpaitHeil Mmepe, 3HaYUTEIbHYIO0 YaCTh BPEMEHH ¢ HOMHUHAJIbHOM HArpy3Kou.
DTO0 MOXXKHO 00€CIEUYUTh JIHIIb MPU MPAaBHILHOM BBEIOOpPE MOIIHOCTH 3JIeKTpojBuratelns. MHorma
ACMHXPOHHBIE JIBUTATeNU JOJDKHBI JUIMTEIbHOE BpeMsl pabdoTaTh CO 3HAYUTENIBHO MOHUKEHHON
Harpy3koil. Eciu aBurarenu paboTaroT Mpu MOJTHON HArpy3Ke ¢ COeIMHEHHEM OOMOTKHU CTaTopa B
TPEYrOJbHUK, TO B MEPUOAbl MOHMKEHHBIX HArPy30K OBIBACT pallOHAJIbHBIM MEPEKIIIOUEHUE Ha
COCMHEHHE B 3Be3dy, T. €. yMeHblneHue (asnoro Hampsbkenus U; m DIC E; B V3 pas.
COOTBETCTBEHHO 3TOMY YMEHBIIAETCSd MATrHUTHBIA TIOTOK, a TAaKXe HaMarHM4MBarOLIUN
PEaKTUBHBIN TOK.

cos @

0,8

0,6

0,4

0,2

0 0,2 04 06 PoiPon

Puc. 4.10. 3aBucumocTs k03¢ (HUIIHEHTa MOIITHOCTH COS® OT BETMYMHBI OJIE3HON HArpy3Ku P.
1 - coenuHeHne OOMOTKH B 3BE31ly, 2 - COEAMHEHNE OOMOTKH B TPEYTOJIbHUK.

C npyroii cTOpoHbI, PU NOHMKEHHOW Harpys3ke ABUraTelss Npou3BeAcHUe (a3HOro HAIPSKEHUS
Ha aKTUBHBIA TOK JOJDKHO OCTAaThCsS MOCTOSTHHBIM, YTO IPHU YMEHBIIEHUU HAIPSHKEHUS O3HA4aeT
YBEJIIMUEHUE AaKTHBHOI'O TOKAa. Takoe yBEIMYEHHE OJHOBPEMEHHO C YMEHBIIEHUEM PEaKTHBHOMN
COCTaBJISIONIEH TOKa MPUBOJUT K 3HAUMTEIBLHOMY YyBeiauueHuto cos¢ (puc. 4.10). Bennunna
BO3YLIHOI'O 3a30pa MEXJy POTOPOM M CTaTOPOM CYILECTBEHHO BIIMSAET HA BEJIUYHMHY PEAKTHBHON
MOIIIHOCTH.

4.6. Paboune XapaKTepUCTHKH ACHHXPOHHOI'O 3JIeKTPOABUIaTeIs.

Paboune xapakTepUCTHKH aCHHXPOHHOTO JIBUTATEIIs MPEICTABISAIOT COOON 3aBUCHMOCTH YacCTOTHI
BpallleHuss N, Kodp¢uiueHTa MOJE3HOTro ACUCTBUA #, IMOJIE3HOTO MOMeHTa M, kod(duiueHTa
MOIIHOCTH COS(, BEINYMHBI TOKa |1 0T mone3Hoit momHocT P npu U; = const u f = const. Ha puc.
4.11 mpexacraBieHO ceMENHCTBO pabOUYMX XapaKTEPUCTHK aCMHXPOHHOTO jasurarens. PaccmMorpum
HekoTopsle u3 Hux. Cxopocmuas xapaxmepucmuka N = f(P).
CornacHo Beipakenuro (4.13):

S=Pos2 / P' (4.15)
T.€. CKOJIbKEHHE pOTOpa DJIEKTPOJIBUraTeNsi, a CIEJOBaTeIbHO, €ro 4YacToTa BpalleHHs
ONPEACIAIOTCA OTHOLUIEHHEM JJIEKTPUUECKHUX TOTEPh B pOTOpE Pys» K AIEKTPOMAarHUTHOU
momHoctu P'. Ilpu xomoctom xoxe motepu Pos; TPEHEOPEKUMO Maybl IO CPABHEHUIO C
MOIIHOCTBbIO P', moatomy 3aech S = 0 u N = N. [lo Mepe yBenmuyeHHs] HaArpy3Ku COIJIACHO
BeIpakeHuio (4.13) pacter Py, Aocturas 3HadeHuid 0,01...0,06 nmpu HOMHHANBHOW Harpyske. B
COOTBETCTBHUH C 3TUM 3aBucuMocTh N = f(P) mpexncraBnser coboii KpuBy0, c1ad0 HAKJIOHEHHYIO K
ocu abcrucc. OgHAKO MpPU YBEIWYEHUHM AKTUBHOTO COIMPOTUBIIEHHS POTOpa Yroj HakjJOHa ATOH
KpPUBOW YBETMUMBACTCS, T.€. BO3pACTaeT U3MEHEHHE YaCcTOThI BPaIlleHUsI pOoTopa N MpH KoJebaHusIX
Harpy3ku P. OObsCHSETCS 3TO TE€M, YTO C YBEJIMUYEHUEM COMPOTHBIICHUS POTOpa IIEKTPUUYECKUE
IOTepHU B poTOpe Pysr BO3pAcTaroT.
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Puc. 4.11. Paboune XxapaKTepUCTUKHA aCHHXPOHHOTO TBUTATEIIS.

Harpy3ounass xapaktepuctuka M = f(P). 3aBucumoctp mone3Horo MomeHTa M Ha Bay

AIIEKTPOJIBUTATEIIS OT MOJIE3HON MOUIHOCTH P OnpeessieTcst O BRIPaKCHUIO:
M=P/w;=60P/2an (4.16)

U3 Beipaxenus (4.16) cieayer, 4To €Ciy 4acTOTa BPALICHUS ABUTATENs OCTASTCS OCTOSIHHOM, TO

npu u3MeHeHun Harpys3ku rpadpuk M = f(P) umeer Bun npsimoit. Ho ¢ yBenuuenuem P vacTtoTa

BpAILlCHUs] ACHHXPOHHOI'O JBHUIaTellsl YMEHBIIACTCS, MOATOMY IOJE3HBI MOMEHT M Bo3pacraer

obicTpee, ueM P, BeieacTBue yero 3aBucumMocth M = f(P) umeer HeTMHEHHBIN XapakTep.

4.7. KOJ’IJ’ICKTOprIe MallMHbI IEPEMEHHOT0 TOKA.

CrpemiieHue MONY4YUTh 3JIEKTPOJBUraTeNb, MMEIOLIUN XOpOIINE PEeryJIMpOBOYHBIE CBOWCTBA M
paloTarolMii OT CeTH MEePEeMEHHOro TOKa, OOYCIOBWJIO CO3/1aHHE KOJJIEKTOPHBIX JBHUraresien
[IEPEMEHHOT0 TOKa. KoIeKTOpHBIi ABUraTesb NOCTOSSHHOTO TOKA B MPUHIMIIE MOKET paboTaTh OT
CEeTU MEPEMEHHOI0 TOKa, TaK KaK B 3TOM Cllydae U3MEHEHHUE HallpaBJIeHHUsI TOKAa B OOMOTKE SIKOPS U
B OOMOTKE BO30OYKACHHS WPOUCXOAWT OJHOBPEMEHHO. Takke OJHOBPEMEHHO IPOUCXOAUT
M3MEHEHHE HalpaBlIeHUs] TOKa sIKopsl |; 1 MarHUTHOroO notoka Bo3OyxaeHus @. B utore cpeanee
3HAQYEHHE DJJEKTPOMArHUTHOIO MOMEHTa 3a IIepUOJ  OCTAeTCA IOJIOKHUTENbHBIM. Takue
AJIEKTPOABUraTeId MOTYT ObITh OJHO(a3HBIMH MM TpexdazHbiMU. OnHO(]a3HBIE KOJUIEKTOPHBIE
JIBUTATEIN MEPEMEHHOI0 TOKa MPEUMYLIECTBEHHO MMEIOT IMOciefoBaTebHoe BO30yxaeHue. Tok
SKOPSI 1 MarHUTHBIM NOTOK BO30YX/IEHUS Y HUX COBMAJAIOT MO (hase, MOATOMY Cpe/iHee 3HaUCHHE
AJIEKTPOMAarHUTHOTO MOMEHTa B JIBUraTelle IOCIIEOBATEIbHOr0 BO30YXKACHMS Oolbllie, YeM B
JBUraTene napauieabHoro Bo3OyxaeHus. [lo cBoell KOHCTPYKLUMH OAHOG(a3HbIe KOJUIEKTOPHBIE
JIBATATENIM MTEPEMEHHOTO TOKA OTJIMYAKOTCS OT JIEKTPOABUTATENIEH ITOCTOSHHOTO TOKA TEM, YTO UX
CTaHWHA Y TJIABHBIE TOJIIOCHI AEIAI0TCSA INUXTOBAHHBIMM U3 JIMCTOBOM 2JIEKTPOTEXHUYECKOM CTaly,
a 0OMOTKHU SIKOps UCTIOJHSIIOTCS B «€JI0UYKY». Takas TeXHOJOTHs MO3BOJISIET COKPATUTh MarHUTHbBIE
MOTEpH, KOTOpble IMpHU paboTe HIEKTPOABHUraTeNss OT CETH INEPEMEHHOTO0 TOKa IOBBIIIAKOTCS,
MIOCKOJIBKY TI€pEMEHHBI TOK B OOMOTKE BO30YXJECHHS BbI3BIBAET IME€pEMarHMuMBaHuE Bcei
MarHMTHOM CHCTEMBl MaIllMHBI, BKJIKOYas CTaHUHY M CEPACYHUKH MOI0COB. (OCHOBHBIM
HEZ0CTAaTKOM OJHO(a3HBIX KOJUIEKTOPHBIX ABUTATENEH SBISIOTCS TSKENbIe YCIOBUS KOMMYTAIIUH,
00yCJIOBJICHHBIE TE€M, YTO B KOMMYTHUPYEMBIX ceKuuax nomumo peaktuBHoil DJIC e, u DJIC B
oOMoTKke sikops E,; HaBoautcs TpaHchopmaropHas DJIC e,. Bo3HukHOBeHHE TpaHcPopMaTOpHOH
SJIC oObscHSETCS TEeM, YTO TMEPEMEHHBIH TOK B OOMOTKE BO30YXKIEHHS CO37aeT MepeMEHHBIN
MarHuTHBIN MTOTOK, KOTOPBI MPOHU3BIBAET KOMMYTHPYEMBIE CEKIMU U UHAyHupyetr B HUX J/C.
Jns ymenbiienus tpanchopmatopHoil 3/IC HeoOXOAMMO YMEHBIINTh MArHUTHBIA MOTOK @ yuy.
UToOBI MOIIHOCTh 3JIEKTPOJABUrATEINS IPU 3TOM OcCTaiach MPeXHEH, yBEeTUUUBAIOT YUCIIO MOJTIOCOB
WIM TPUMEHSIOT OJHOBUTKOBBIE CEKLUHU, XOTA 3TO INPUBOAUT K POCTYy 4YHCIA KOJUIEKTOPHBIX
mnactuH. [lpu momomu 700aBOYHBIX MOMIOCOB C OOMOTKOM, BKJIIOUYEHHOW B IIETb SIKOpPS, B
KOMMYTHpYEMBIX ceKIMsX co3faroT J/IC ey, YaCTUYHO KOMIIEHCUPYIOIIYIO €, U €. OJIHAKO MOJHOM
KoMreHcau ykazaHHbIX DJIC MOXHO JOOUTHCS TOJIBKO IPU ONpEAENCHHBIX 3HAUYEHUSX TOKa
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SKOpSL U €ro 4YacToThl BpamieHus. [Ipm Apyrux pexxuMax paOOThl AJIEKTPOJIBHUTATENS YCIOBUS
KOMMYTAallUA OCTAIOTCS TSDKEIbIMU. B MOMEHT mycKka 3JeKTpOJBUTATENs YCIOBUS KOMMYTallUU
Hanbosee TSHKEIbI, TaKk Kak B 3ToT MoMeHT npoTtuBo DJIC paBHa nHymo, a D/IC e, U e; 10CTUTAIOT
HauOOJBIIMX 3HaueHU. PerynmpoBaTh 4acTOTy M HampaBJeHHE BpallleHUs poTopa 0AHO(pA3HOTO
KOJUIEKTOPHOI'O JBUTATENISI MOKHO TEMH K€ CIOCO0aMM, YTO M B JIBUTaTENSX MOCTOSHHOTO TOKA
nocyeoBarenbHoro Bo30yxkaeHua. OnHodaszHble KOJJICKTOPHBIE JJIEKTPOJABUTATENN Majou
MorrHoctH (10 500 BT) HE UMEIOT HM KOMITCHCAIMOHHON 0OMOTKH, HU JOOABOYHBIX ITOJIIOCOB. DTH
JBUTATEIN MOTYT pabOTaTh KaK OT CETH MOCTOSHHOTO, TaK U OT CETU MEPEMEHHOI0 TOKa, TOITOMY
MX Ha3bpIBalOT YHUBEPCAJIbHBIMU KOJUJIEKTOPHBIMU JJIEKTpOoJBUTaTelsiMu. PaccmarpuBaembie
KOJUIEKTOPHBIE AJIEKTPOJIBUraTeNId IIMPOKO HCHOIB3YIOTCS B 3JIEKTPOUHCTPYMEHTAX Pa3IU4YHOIO
Ha3HA4YCHHUS.

KounTponbHble BOIpoCh

1. [Touemy yBeIMYEHHOE CKOJIBKEHHE POTOPA BBI3bIBAET HAIPEB MAIIUHbBI?

2. Kak 3aBHUCHT 4acTOTa BpalleHUs aCHHXPOHHOIO ABUTATENs OT YKCa Map MOJICOB?

3. YkaxuTe 0COOEHHOCTHU BBIMIOJTHEHHUSI OOMOTOK CTaTOpa, aCHHXPOHHBIX AJIEKTPOIBUTATEIICH.

4. OOBsICHUTE MPUPOAY BOSHUKHOBEHHS BPALIAIOIIETO MOMEHTa POTOPA ACHHXPOHHOTO
AJIEKTPOIBUTATEIIS.

5. YUto xapakTepu3yeT BeIu4rHa COSQ?

6. B uem 3akimrouaroTcsi 0COOEHHOCTH padOThI KOJUIEKTOPHBIX MAIIIMH MTEPEMEHHOTO TOKa?

I'nmaBa 5. CUHXPOHHBIE MAIIIUHBI.
5.1. IlpuHOMN AeHCTBUS CHHXPOHHBIX MAIIMH.

CHHXpOHHBIE MAIlIMHBI Yallle BCErO IMPUMEHSIOTCS B KAUECTBE I€HEPATOPOB IIEPEMEHHOI0 TOKa Ha
TEIUIOBO3aX U B pepuKepaTOpHbIX ceKUMsX. CHHXpOHHBIEC ABUTATEIN B OTIUYME OT JBHUraTesen
JOPYTHUX TUIIOB UMEIOT CTPOTrO NOCTOSHHYIO YaCTOTY BpallleHUs IIPU 3aJaHHOW 4acTOTE HaNpsKEHU
MIUTaHUS, HE 3aBUCALIYI0O OT HArpy3kd, U HMEIOT OrpaHM4YeHHOe NpuMeHeHue. CHUHXPOHHOU
Ha3bIBaeTCsl OECKOJUIEKTOPHAs MalllMHA NEPEMEHHOI0 TOKa, B KOTOPON 4acTOTa BpAllleHUs poTopa
N1 HAXOJUTCS B CTPOTO MOCTOSTHHOM COOTHOIIICHUH C YacTOTOM f CeTH mepeMEeHHOro ToKa:
n;=60f/p (5.1)
rZie p — 4Mcio nap nomocoB. Kak Bbl yxe 3HaeTe, B 0OMOTKe IKOPsI FeHEpaTopa MOCTOSHHOTO
Toka mHAynupyercs nepemennas 3J[C, koTopasi ¢ MOMOIIbIO KOJJIEKTOpa U LIETOK Mpeodpasyercs
B nnoctrosiHHyto D/[C. CnenoBarenbHO, €ClIi FeHepaTop MOCTOSHHOIO TOKA JIMIIUTE KOJUIEKTOpa, TO
OH TIpEeBpaTUTCA B TeHepaTop nepeMeHHoro Toka. Ha puc. 5.1 nzobpakeHa KOHCTpYKTHBHAs cXeMa
CUHXPOHHOHN MalluHbl. Bpamaromascs 4acTe reHeparopa Ha3bIBAa€TCsl pOTOPOM, HEMOABUKHAS —
craropoM. IlleTkn HanoXeHbl HAa KOHTAKTHbIE KOJbIAa 7, COCIUHEHHBIE C BBIBOJIAMH OOMOTKHU
potopa. Eciiu npeanonoxkuThk, 4TO MarHUTHasi MHAYKIMS B pacrpenensercs B BO3AYIIHOM 3a30pe
cuHyconnanbHo (B = BpSin a), To DJIC, unayuupyemMas B SKOpPHOIl 0OMOTKe reHepaTopa, TakKe
SIBIISIETCS CHHYCOUIATbHOM: E =Blv = Blvsina (5.2)
rae | anuHa mpoBoaHMKA, M; V — IJIMHEiHas CKOpPOCTh JBW)KEHHs IMPOBOJHWKA, M/c; Bt —
MaKCUMaJIbHOE 3HAY€HME MHIYKLIHMU B BO3AYIIHOM 3a3ope, Ti; o — yroia moBopoTa poropa, °
OtcyrerBue He00X0aAUMOCTH BhIIPAMIIATE D/IC ¢ MOMOIIBIO KOJUIEKTOpa YIPOLIaeT KOHCTPYKIIHIO
CUHXpOHHOHN MamuHbl. PaGouyro oOMoOTKy 2, B koTopoil mHayuupyercs O/IC, Tenepb MOXHO
PacIoNIOKUTh Ha HETOJBMKHON YacTH TeHeparopa — Ha ctarope 1, a oOMOTKY BO30OYyX/IeHusl — Ha
porope 8. Takas KOHCTpYKTHBHAasi cxemMa HamOojee paluOHaJbHAa B CHHXPOHHBIX MAaIIMHAX,
MOCKOJIBKY TIpU pacloioKeHUU padboueld OOMOTKM Ha pPOTOpEe MHpPUIUIOCH Obl IepeaaBaTh U3
paboueit OOMOTKHM dYepe3 KOHTAKTHBbIE KOJbIla 3HAYMTENbHbIE MOLIHOCTU. [Ipu pacmnosnoxeHuu
paboueil 0OMOTKHM Ha CTaToOpe €€ BBIBOJbI MPUCOCIUHSIOTCS HEMOCPEICTBEHHO K AJIEKTPHUYECKON
ceTH Wi norpedburensiM. Ha poTope MamnHbl ycTaHABIMBAIOTCS KOHTAKTHBIE KOJIbIA U MIETKH JIJIS
COEIMHEHUSI OOMOTKH BO30YX/IE€HUS C BO3OYIUTEIEM.
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Puc. 5.1. KoHcTpyKTHBHas cCXeMa CUHXPOHHON MalllUHBI.
1 — crarop, 2 — 0OMOTKa cTaTopa, 3 — BO3YIIHBIN 3230, 4 — MOAIIUITHUKOBBIN IIUT,
5— nmoamwMnHUK, 6— Bajl, 7— KOHTAKTHOE KOJIBLIO, 8 — poTOp (MHIYKTOP)

Ho Tak kak TOK BO30YXIEHHS B JECATKH pa3 MEHbIIe paboudero (IMEpeMEHHOro) TOKa, a
HaNpspKeHUE HE3HAYUTEIbHO, TO HIETOYHBIN KOHTAKT paboTaeT 0oiee Ha/IeKHO U OTEPH SHEPTUU B
HEM HeBeJIMKH. VX0 M3 MEepeYrCIIEHHBIX COOOpaKCHUH CHHXPOHHBIC MAIIWHBI, KaK TPaBHIIO,
BBITIOJHSIOT ¢ paboueld 0OMOTKOM, pacroyiaraeMoi Ha CTaTOpe CUHXPOHHBIX F€HEpaTOPOB YaCTOTa
BpatieHus poropa u yactora IJ1C onpenemnsitoTcsi CBOMCTBaMU NEPBUYHBIX JABUTATENCH. B critoBBIX
yCTaHOBKaxX MOJIBI)KHOTO COCTaBa B KAaueCTBE MEPBUYHBIX JBHUraTelield MPUMEHSIIOT JABUTaTENIH
BHYTpEHHEro cropanus (am3enu). BONBIIMHCTBO TIEPBHYHBIX JBHTATeNiel paboTaeT Tpu
cpaBHUTEIbHO HeOousbmoi 4vactore BpamieHus (100..1000 o6/mMuH), MOATOMY A MOJTYYCHHS
MEPEeMEHHOTO TOKa HEOOXOJWMMOW, B YAaCTHOCTH IPOMBINIICHHONW, YacTOThI B TeHEpaTopax
MPUMEHSIIOT POTOpPbI C OONBUIMM YHCIOM TMoytocoB. Ha TemnmoBo3ax ¢ mepemadeld MOLTHOCTH
MEPEMEHHO-TIOCTOSTHHOTO M TIEPEMEHHOTO0 TOKa B KAa4E€CTBE TATOBBIX HCIIOJIB3YIOT CHHXPOHHBIE
TeHepaTopbl, KOTOPbIE UMEIOT Psii MPEUMYIIECTB MO CPAaBHEHHUIO C T€HEPAaTOpaMu IMOCTOSHHOTO
ToKa. VX Takke MCHOIb3yIOT B KAYECTBE BCIIOMOTATEIBHBIX MAIIMH Ha TEIJIOBO3aX, AIEKTPOBO3axX
U B TACCAKUPCKUX BaroHaXx.

5.2. KoHCTpYKIMSA CHHXPOHHBIX MAIINH.

Cratop sBIsETCS HENOJIBMKHOM YacThbl0 CHHXPOHHONM MAalIMHBI M COCTOMT M3 KOpIyca u
ceplieuHMKa, B Ta3ax KOTOporo pacmnosaraerca oOMoTka. CTarop CHHXPOHHOW MallIWHbI
NPAaKTUYECKH He OTJIMYaeTcs OT CTaropa acHHXpOHHOM MamuHbl. Kopryca juisi MamimH Manoi
MOIIIHOCTH OTJIMBAIOTCA M3 UyryHa WIM CTaJId, a A MallluH cpeAHed U OOoJbLIOW MOIIHOCTU
BBINOJIHAIOT CBapHbIMU. Cep/IeuHUK CTaTOpa MaIlMHbl HAOUPAeTCs U3 JMCTOB JIEKTPOTEXHUYECKON
ctanu tonmuHou 0,35 win 0,5 MM, KOTOpbIE IITAMITYIOT B BUJIE KOJIEI U 10 COOPKH MOKPBIBAIOT C
00erX CTOPOH M3OJSLMOHHBIM JIakoM. CeplieuHuK (OPMHUPYIOT B OCEBOM HAlpaBIEHUU U3 pslia
MAaKEeTOB TOJIIMHOM 710 60 MM, MEXy KOTOPBIMU OCTaBJISIOT BO3AYIIHbIN 3a30p (BEHTHJIALIMOHHBIN
kaHan) mupuHoi 5...10 mMMm. B nmcrax cepiaedHmka crtaropa BbIpYOAarOT Masbl JUIS YKJIAIKU
MIPOBOJAHUKOB OOMOTKH cTaropa. Yarie BCero masbl BBINOIHSIOT MPSIMOYTOJbHBIMU, OTKPBITHIMU
WIN TIOTY3aKpBITBIMU (pHC. 5.2). B HEIBHOMOIIOCHBIX CUHXPOHHBIX MalllMHAX POTOp HAOMpAIoT U3
JUCTOB AJIEKTPOTEXHUYECKOW cTanu. J[is pasMenieHuss OOMOTKH BO30OYXKIEHHS Ha HapyKHOU
MOBEPXHOCTU POTOpa BBIPYOAIOT MPSMOYTOJbHBIE Ma3bl, KOTOPbIE 3aHMMAIOT TOJBKO JBE TPETU
OKpyKHOCTH potopa (puc. 5.3, a). OOMOTKY pOTOpa BBIMOJHSIOT W3 MEIHOTO IPOBOJA
MPSIMOYTOJIBHOTO CEUEHHSI M 3aKPEIUISIOT C TIOMOIIBIO 3aKJIa/IbIBAEMBbIX B MMa3bl KIMHbEB. M30msmus
OOMOTKHM pPOTOpa OCYILIECTBISIETCS TaK ke, Kak U oOMOTKM crartopa. KoHIbl oOMOTKHM poTopa
BBIBOJISITCS HAa KOHTAKTHBIE KOJIbIA. B SIBHOMOJIOCHBIX CHHXPOHHBIX MAIIMHAX, POTOP COCTOMT U3
000712, Ha KOTOPOM 3aKpEIUICHBI CEPJCYHHUKH MOJIOCOB ¢ Karymkamu (puc. 5.3, 6). CepaeyHuk
IIOJIFOCA C OJJTHOM CTOPOHBI MMEET IOJIOCHBIM HAKOHEUHUK, a C JAPYrod — XBOCT, NPH MOMOUIU
KOTOporo oOH Kkpenutcs Ha oOoxe. CepleyHUKH TOJTIOCOB HAOWUPArOT M3  JIMCTOB
AJIEKTPOTEXHUYECKOM CTalIM TONIMHON 1...2 MM U CTATHBAIOT LINMUIbKAMH.
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Puc. 5.2. [1a3s1 cTaTopa.
@ — OTKPBITBIN; O — MOITY3aKPbITHIN;
1 — npoxkiiagka U3 mpecciInana; 2 — 3IEKTPOKapToH; 3 — MuKkadouii; 4 — MUTKaJieBas JICHTa; 5—
MIPOBOJHUKH; 6 — KIIHH

Puc. 5.3. POTOpBI HEIBHOIMOIIOCHO# (@) ¥ IBHOIIOIIOCHOI (6)
CHHXPOHHBIX MAIlUH

A B C A 8 C

OB

Puc. 5.4. DnexTpudeckue cxembl BO30YKICHUS CHHXPOHHBIX TEHEPATOPOB.
a — He3aBUCUMOE BO30YKJICHHUE; O — CAMOBO30YXKIECHHUE;
A, B, C— BbIBO/IBI 00MOTOK (ha3; U, — HanpsikeHrne oOMOTKH Bo30yautens; 7 — Tpancopmarop

Jlnst mosiBo/ia TOKa K 0OMOTKE poTOpa WM MOIKIIOYEHHs K HEel peocTaTta Ha poTOpe YCTaHOBJIEHBI
KOHTaKTHBIE KOJIbIA: TPU KOJIbIIa MpU Tpex(a3HOM TOKE U JBa KOJIbla sIpU MOCTOSHHOM. TOKOCheEM
C KOHTAKTHBIX KOJIEI] OCYIECTBISETCS C MOMOLIBIO IETOK, YCTAHOBIIEHHBIX B IETKOAEPKATENAX U
MPHKUMAEeMbIX K KOHTAKTHON MOBEPXHOCTH MpPYXUHAMHU. B CHHXPOHHBIX MalllMHaX MPUMEHSIOTCS
IBa crioco0a BO30YX/IEHUS: JIEKTPOMAarHUTHOE M BO30YXKJEHHME MOCTOSHHBIMU MarHuTamu. [Ipu
AJIEKTPOMArHUTHOM  BO30YXKJIEHUM OCHOBHOM MAarHUTHBIM TIOTOK  CO3/aeTCi  OOMOTKOM
BO30yXJeHHus. B 3aBucumMocTH OT crocoba mutaHusi oOMOTKH Bo30yxkaeHus OB moCTOSHHBIM
TOKOM CHHXPOHHBIE MAIWHBI MOJPa3AeNAloTCS Ha MalIMHbl HE3aBUCUMOTO BO3OYKIEHHUS H
MalllHBl € caMoBO30yxaeHueM. I[Ipu He3aBHCHMOM BO30YXKJIEHHH OOMOTKa BO30YXKACHUS
MUTAETCs OT TeHepaTopa MOCTOSIHHOTO ToKa B, Ha3piBaeMoro Bo30yautenem (puc. 5.4, a). Peocrar
Rpr mpenHasHaueH JUisl peryJupoBaHMs BEJTMYMHBI TOKa BO30YXKAEHUSA. MOIIHOCTH BO30YAMTEINS
cocraBisieT 2..5% MOIIHOCTM CHHXpOHHOW MamuHbl. Bo30yautenb OOBIYHO MOHTHPYIOT
COBMECTHO C CHHXPOHHOM MAaIllMHOW, W OH SBISIETCd €€ HeoTbemiieMol uyactbio. [Ipum
CaMOBO30Y)KJIEHUM MUTaHHE OOMOTKHM BO30YKIEHHUS OCYLIECTBISIETCS CaMHM CHHXPOHHBIM
TeHEepaTopoM uepe3 BhIIpsMuUTENb BY, a perynmupoBaHue Toka OOMOTKH BO30YXXIACHHUS
BBINIOJIHSCTCSL MIpU ToMomn peoctata Ry (puc. 5.4, 6). CamMoBO30yXAeHHE TpPHMEHSETCS B
MallliHaX Majiod U cpefHei MoIHOCTU. [Ipr Bo30y X /IeHHH MMOCTOSIHHBIMM MarHUTaMu TOCIEIHHE

61 /203



OOBIYHO pacrojararoTcst Ha pOTope, MPU 3TOM OTMAJaeT HEOOXOAUMOCTh B KOHTAKTHBIX KOJbIIAX.
OtcyrcTBUE OOMOTKM BO30Y)KIEHUS YMEHbBIIAET 3JEKTPUUECKHUE IOTepU, a CJeJA0BaTeNbHO,
MOBBIIACT KOA(PPUIIMEHT MOJIE3HOTO ICHCTBHUS MAIIMHBIL.

5.3. OOMOTKHM CTATOPOB CHHXPOHHBIX MALIHH.

OOMOTKH CTaTOpPOB MAIlIMH MEPEMEHHOTO TOKA UMEIOT MHOTO OOIIEro ¢ 0OMOTKAaMU SIKOPSI MAIlTuH
IIOCTOSIHHOTO TOKAa M aCMHXPOHHBIX MamuH. Ho MeXIy HMMHU €CThb M CYLIECTBEHHOE pa3jinyhe —
OOMOTKH TIEPEMEHHOTO TOKa SIBJISIOTCS HE3aMKHYTBHIMH. DJIEMEHTOM OOMOTKH CTaTopa SIBISETCS
CEKIIHsI, KOTOpasi MOXKET ObITh OJJHO- MJIM MHOIOBUTKOBOM. CEKIUsI COCTOUT U3 aKTUBHBIX CTOPOH U
71000BbIX yacTeil. PaccTossHne MeXy aKTUBHBIMU CTOPOHAMHM CEKLIMU Ha3bIBAETCS IIaroM OOMOTKH
y. lllar Ha3biBaeTCsl nuaMeTpajlbHbIM, WM IOJHBIM, €CJIIM OH PaBEH IOJIIOCHOMY JIEJIEHUIO, U
YKOPOUYCHHBIM, €CJIM OH MEHBIIE IOJIOCHOTO jeieHus. [IpuMeHsiemMble B HacTOsAIEe BpeMs
OOMOTKH CTaToOpa KIACCU(PHULMUPYIOTCS 10 CASAYIOIIHUM IPU3HAKaM:
* 110 ynciy ¢a3 — onHodasHele 1 MHOTO(ha3HbIE (TIIaBHBIM 00pa3oM TpexdasHbie);
* 110 CIOCO0Y YKJIaJKU CEeKLUH B Ma3bl — OJIHOCIOWHBIE, KOTJJa CTOPOHA CEKLIMU 3aHUMAaeT BeCh Ma3,
U JIBYXCJIOMHBIE, KOTJIa B OJHOM Ma3y JIEKAT JBE CTOPOHBI PA3IMYHBIX CEKIUH (IO aHAJOTHH C
0OMOTKOH SIKOpsI MaIlIMHBI TOCTOSIHHOT'O TOKA);
* B 3aBUCUMOCTH OT pa3MepOB CEKIIUH — 0OMOTKH C TTOJHBIM U OOMOTKHU C YKOPOUEHHBIM IIarOM.
ITpocreiimas Tpexdas3Has oOMOTKa MOXKET ObITh BBIIIOJHEHA B BHJIE TPEX CEKLMH, OCH KOTOPBIX
CIBHHYTBI IO OKPYXKHOCTH cTaropa Ha 1/3 aBoitHOTO mosrocHOoro neneHus 2t/3. Kaxnas cexuus B
3TOM cllyyae npejacTaBisier coboi (asHyro ooMoTky. OObIYHO (azHas OOMOTKAa COCTOMT HE U3
OJTHOM, a M3 HECKOJIbKUX CEKIIHiA, 3aHUMAOIIUX (] Ta30B B MpeIeIax KaXX10ro MOJOCHOTO JeTICHHS.
Taxkum o6pazom, 11 oOpa3zoBaHus Tpex(dazHoW 0OMOTKHM 3yOLIOBBII CIIONW cepliedHHKa CTaTopa B
npejenax Kaxaoro IOJNIOCHOTO JeNICHHs He0OXOAMMO pa3feiuTh Ha TPH 30HBI MO (| Ma30B B
kaxnoi. [lopsnok yepenoBaHUs TaKMX 30H MO KaXKABIM IOJIOCOM JOJDKEH OBITh OMHAKOBBIM.
Cekuuu, ylnoKeHHBIE B Ta3bl OJMHAKOBBIX 30H, 00pa3zyroT QasHble 0OMOTKH. Uucio ma3oB (
INPUXOJAIIMXCS Ha MoJtoc U (asy, onpeaensercs no popmyse:

q=2/2pm (5.3)
rae Z — 4ucio 3JeMEHTapHBIX Ma30B Ha CTATOpe; p — YMCIO Map IMOJ0COB; M — yucno ¢as, 1
TpexdazHoit 0OMOTKH M = 3. Yroma cABUra Mexay ocsiMu (ha3HbIX OOMOTOK B Tpex(a3zHoil 0OMOTKe
coctaBnsier 120 ai. rpag. (puc. 5.5) [ng 3neKTpUYecKUX MAaIIMH MOABMKHOIO COCTaBa MPHUHSITO
o0o3Hauathe Hayana Qasueix oomotok 1CI1, 1C2, 1C3, a kounust — 2C1, 2C2, 2C3. Onxnako st
MIOCTPOEHMsI CXEMBbl OOMOTKH YyJO0OHEE BBIPa3UTh ATOT CABHUI B Ma3zax. Bcs OKpYXKHOCTH cTaTropa
coctapisieT 360p aI1. Tpajl., TO3TOMY YTOJl MEXAY COCETHIUMU Ma3aMHu:

a=360p/Z (5.4)
Torna cnBur Mexny ha3sHpIME 0OMOTKaMHM, BRIPAKEHHBIH B Ma3ax, PaBeH:

A=120/a (5.5)

Puc. 5.5. llopsinok uepenoBanus (ha3HBIX OOMOTOK.
A, B, C —na4danga oOMoT1oK; X, Y, Z — uX KOHIIBI;
U, — HampsbKeHHe Ha 0OMOTKe BO30YKIEHUSI.
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JByxcjiofinble 00MOTKM cTaropa. PaccMOTpuM MOpSAIOK IOCTPOEHHUS pPa3BEPHYTOM CXEMBI
JBYXCJIOWHOM 0OMOTKH cTaropa. Ha pa3BepHyTOl MOBEPXHOCTH cTaTOpa pasMedaeM massl (Z = 18)
U TOJIIOCHBIC JiesieHus (2p = 6), a 3aTeM HAHOCHM BEpXHHUE (CIUIOIIHBIC) M HIDKHHE (TYHKTHPHBIC)
CTOpOHBI ceKiui (puc. 5.6). Pasmedyaem 30HBI ¢ uncioMm mazoB ( = 3 i BceX ¢as, Mpu dTOM
paccTosiHue MEXIy 30HON Kakoi-Tn00 ¢a3bl B OJHOM MOJTIOCHOM JICTICHUH U 30HOH 3TOM ke (a3sl
B JIPYTOM IOJFOCHOM JICJICHUH JIOJDKHO OBITh paBHO miary ooMotku (y = 6).

I

).

g 85 g -1
X Y Z ¢

Puc. 5.6. [Topsiiok mocTpoeHus: pa3BepHYTON cXxeMbl Tpex(ha3HOM IBYXCIOMHONH 0OMOTKH CTAaTOpA.
A, B, C —navaina tpex@a3HbIXx 0OMOTOK CTaTOpa;
X, Y, Z — koHI1IBI Tpex(}a3HbIX 0OMOTOK

Jlanee oTMedYaeM pacCTOsIHHE A Mexay Hadamamu (asHbix obmotok (A = 2). JIByxcioitHble
OOMOTKM HUMEIOT NPEUMYIIECTBEHHOE pPacHpOCTpaHEHHWE B MalllMHAX IEPEMEHHOI0 TOKa, 4TO
OOBSICHSIETCS PSAAOM JOCTOMHCTB ABYXCIOMHBIX OOMOTOK. ['JIaBHBIM M3 3TUX JOCTOMHCTB SIBIISIETCS
BO3MOXXHOCTh JIFOOOTO YKOpPOYEHHMs 11ara OOMOTKH, YTO JIa€T, B CBOIO OYEpE/b, BO3MOKHOCTh
MakcuMaiabHO MpuoIu3uTh hopmy kpuor I/IC k cunycouae. CeKIIMOHHON TPYMION Ha3bIBaeTCA
PSA TOCTEI0BATEIbHO COETMHEHHBIX MEXYy COOOW CEKIIMM, KOTOpbIE JIeXaT B COCEJHUX Ia3ax U
NpUHAANEXKAT OHON (a3Hoi oOmoTke. Kaxkaas cexnuoHHasi rpymmna uMmeer ( Mociie0BaTeNbHO
COEMHEHHBIX ceKuil. KomnuecTBO CeKIIMOHHBIX TPYII B (pa3HOM 0OMOTKE paBHO YMCITY MOJIOCOB.
CrenoBarenbHO, B IBYXCIOWHOW 00MOTKe 00111€€ KOJIMYECTBO CEKIIMOHHBIX TPYIIIL:

A=2pm (5.6)
CexyuoHnnvie epynnvl Kaxaou ¢Gaszbl CTATOPHOW OOMOTKH MOTYT COEIMHSATHCS TMOCIENI0BATENbHO
WIM TapajyielbHO, YTO BIMSET Ha YMCIIO MapajuleNbHBIX BeTBeH B oOMoTke. Eciu mosoBuHy
CEKIIMOHHBIX TPYIN K101 (pa3HOil 0OMOTKM COETUHHUTD MOCIEA0BATEIbHO B OJHY BETBb, a 3aTeM
MIOJIyYEHHBbIE BETBM COEIMHUTH NApajuIeIbHO, TO MOJYYUM OOMOTKY C JBYMs MapajjielbHBIMU
BetBsiMU (2a = 2). lns toro 4rob6el D/IC mapayiesbHbIX BETBE OBUIM OJMHAKOBBI, B KaXIYIO
napajyieNIbHyl0 BETBb BKIIIOYAIOT CEKLMOHHBIE TPYNIBl uepe3 ojaHy. Takum oOpazom, B OJHOH
napajuleIbHOM BETBH OKa3bIBAalOTCS BCE UETHBIE CEKI[MOHHBIE IPYIIIB, a B IPYroi — BCE HEUETHBIE.
OpHocioliHble 00MOTKHM cTaTopa. B oJHOCIOMHBIX 00MOTKax Kaxzaas CTOpPOHAa CEKIHU
MOJTHOCTBIO ~ 3amojiHsAeT TMa3  cepAeuyHuka cratopa. OJHOCIOWHBIE OOMOTKM  OBIBAIOT
KOHIIGHTpUYECKHE W IIabiioHHbIe. B konyenmpuueckoti OOMOTKE CEKLIMU KaXJOW CEKIIMOHHOU
Ipynnbl UMEIOT Pa3Hyl HIMPUHY M pacrojararoTcs KoHIeHTpuuecku. [llarm oOMOTKH y cekiuii,
BXOJALIMX B CEKLUMOHHYIO TpYIIy, HEOJWHAKOBbI, HO WX CpEIHEE 3HAYCHHE ONPEIEINAeTCS
BBIpA)KCHUEM: yp=212p (5.7)
[TockonbKy CcekIMM, OOpa3ylollue CEeKIMOHHbIE TpPYIMIbl, HE OJMHAKOBBI MO pa3Mepy, TO
CEKIIMOHHBIE TPYIIbl KOHIEHTPUYECKHMX OOMOTOK MMEIOT pa3Hble COMPOTUBIEHUS. DTO CIEAYyeT
YUUTHIBATh TPU OIPENEJIEHUN pPa3MEpPOB CEKUUH CEeKIMOHHBIX Tpymi, oOpasyroumx (asHyro
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ooMoTKy. HeobGxoammo, uToObl Bce ¢a3zHble OOMOTKM HMENH OJMHAKOBOE COIMPOTUBICHHUE W,
CIIEZIOBATENIFHO, COACPIKATM OJMHAKOBOE YHCIIO PA3IMYHBIX IO pa3MepaM CEKIIMOHHBIX TPYIII.
CylecTBEeHHBIM HEJOCTATKOM KOHIICHTPHUYECKHX OOMOTOK SIBISIETCSI TO, YTO HAJIWYHE B HUX
CEKIIMI pa3HBIX Pa3MEpPOB YCIOXKHSIET M3rOTOBJIEHUE 0OMOTKHA. OT ATOr0 HEAOCTaTKa M30aBIICHBI
wabnonHble OTHOCIIOWHbIE OOMOTKH. Bce cekium 3TuX 0OMOTOK MMEIOT OJIMHAKOBBIE pa3Mephl U
MOTYT W3TOTOBIISITHCSI Ha oOmieM Imadiione. Kpome TOro, Bce CEKIMU TaKMX OOMOTOK HMMEIOT
OJIMHAKOBBIC COIMPOTUBIICHUS, a JOOOBBIC YACTH TOJYYAIOTCS KOpOUYEe, YeM B KOHIICHTPHYECKUX
00MOTKaX, 4TO yMEHbINAET pacxoa Meau. OOMOTKH Tpex (a3 0OBIYHO COCTUHSIIOTCS B 3BE3/Y, UTO
MO3BOJISIET MIPH 33/IaHHOM JIMHEHHOM HAIPSHKCHUU CETH MONTyYaTh MEHbIIee Ga3HOe HAIPSKCHHE,
orpeeIsoniee TPEOOBaHUS K U30JISAIUN OOMOTKH. DTO MMEET OOJBbIIOe 3HAYCHHE UMEHHO JUIS
CUHXPOHHBIX MallVH, IPEeIHA3HAYACMbIX B OOJIBITUHCTBE CIIy4aeB IS BRICOKOTO HAIIPSKCHHUSL.

5.4. DNeKTPOABMKYIIAS cHJIA (PA3HO 0OMOTKH €CTATOPA.

B1C dasnoit oOMoTkH cTatopa E; npeacrapiser coboit cymmy DJ]C BcexX CEKIii, COCTaBISIONINX
¢daznyro 06MoTKy. Kak yxe ormeuanocs, pa3Has 0OMOTKa COCTOUT U3 CEKIMOHHBIX TPYII, Kaxjas
13 KOTOPBIX COCTOUT, B CBOIO OUYEpENb, U3 ( CEKIIMM, PACIIOIOKEHHBIX 10/ OJTHOM ITapOH IOJIFOCOB.
W3 3TOoro ciemyer, 4ro BCE IPYIIBI COCTOAT M3 OJMHAKOBOIO YMCa CEKIHUH, HAXOIAIIUXCS B
OJIMHAKOBBIX MarHUTHBIX ycloBuUsX. [lo3ToMy mpu mocrnenoBaTeIbHOM COEIMHEHUU CEKIIMOHHBIX
rpynm B ¢a3Hoit oomotke ee D/IC paBHa: E1 = E,2p  (5.8)
rae Eyp, OJC onHoli cexunonHoi rpymmsl, B. Eciu Obl Bce ceklum CEKIMOHHON Tpynibl ObLIu
cocpenoTouYeHbI B ABYX mazax, To ux J/IC coBmaganu no daze, a JIC Bceil CEeKIIMOHHON TPYIIIbI
Obu1a paBHa apupmerudeckoit cymme DJIC ceknmii £, 00pa3yrommx IpyIimy:
Ep=Eq (5.9)
OnHako MPaKTUYECKOe MPUMEHEHHE HMMEIOT paclpelelieHHbIe OOMOTKH CTaTOpOB, y KOTOPBIX
aKTHBHBIE CTOPOHBI CEKLMH KaXIOH CEKIHMOHHOM TIpYINIbl 3aHUMAIOT HECKOJIBKO Ma30B I0A
KaxapiM nostocoM. Iloaromy O/IC, HaBoaMMBIE B CEKLMSX CEKLIIMOHHOW IPYMIbl, OKa3bIBarOTCS
CIBUHYTBIMU 1O (ha3e OTHOCHTENBHO JAPYT Jpyra Ha yroj CIABUIa MEXAy COCEIHUMHM Ia3aMH a,
ompenensieMblii 1o BbIpakeHuto (5.4). B mpormecce paboThl Bpamaromieecss IMoJie  poTopa
CUHXPOHHON MaIlIMHBl JBMXKETCS OTHOCUTENIHO aKTHBHBIX IPOBOJHMKOB OOMOTKH cTaTopa C
JIMHEHHOHN CKOPOCTHIO: v=nDn/60 (5.10)
rie D — numamerp pactouku craTopa, M; N — YacToTa BpauleHus poropa, o6/muH. IIpu sTom B
IIPOBOAHMKE 0OMOTKH cTtaTopa HaBoauTcs J/C, nMmeroas MakCUMalbHOE 3HAUEHHE!
Enpmax = Bmlv = Bl x 27f  (5.11)
rae By — MakcuMmasnbHOE 3HAUCHHE MArHUTHOM WHIYKIMU B BO3AYLIHOM 3a3ope, Ti; | — akTuBHas
JAJIMHA MPOBOAHMKA, M; T = ©D/2p — momrocHoe nenenue, M. Ecimu MpUHSTH, 9TO MarHUTHAas
MHIYKIMS pacrlpesiesieHa B BO3AYIIHOM 3a30pe€ CHUHYCOMAANIBHO, TO CPEHEE 3HaUYCHHE MarHUTHON
WHTYKITHH: B, =0,636By, (5.12)
3amenuB B (5.11) MakcumalbHOE 3HAaYeHHE WHAYKUIUU CPEIHUM, IIOJIYYUM BBIpaKEHUE
MakcuMaiabHOro 3HaueHus J/1C npoBoaHUKa:
Enpmax = (MBep / 2) x | x 2ft =ndf (5.13)
rae @ = Bplt — 0CHOBHOIT MarHUTHBIN MTOTOK poTopa, BO. Onpenenm AeicTByroIIee 3HAYCHHE

3JIC MpoOBO/HHKA: Eup= (Enpmax / N2) = (m / \N2) x ®f (5.14)

Janee onpenenum neiictpyroniee 3Hadenne D/1C cekuuy 0OMOTKH ¢ AnaMeTpaibHbIM maroM (y =
T) ¥ YKCIIOM BUTKOB W, E. = 2EpWe = (21 / V2) x dfw,, (5.15)

WIH E.=4,440fw. (5.16)

r7e WC — 4HUCI0 BUTKOB CeKIMU. Eciu cexiys BBINOIHEHA ¢ YKOPOUEHHBIM IIaroM, TO B GopMyity
(5.16) cnenyer BBecTH KO3 (UIMEHT yKopoueHus miara Ky, yduThiBarouuii ymensiienue J/1C
NepBOM TApMOHMKY MPU YKOPOUEHUH I1ara CeKIIUU:

E.=4,44 ofw, Ky; (5.17)
st onpenenennst DJIC oxnoit dazel oomoTku (cM. popmyny (5.17)) mHeodxomumo DSAC omHoA
CEeKUUU £, yMHOXHUTH Ha YUCIIO NOCIENOBATEIbHO COEIMHEHHBIX ceKlMi. [Ipn nmocnenoBarensHOM
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COCIMHEHUH CEKIIMOHHBIX TPYII YHCIO IOCIECI0BATEIFHO COCAMHEHHBIX CeKIUiA B (a3HOU
obmoTke paBHoO 2p(. CnenoBatenbHo, DJIC dazHoit 0OMOTKH:

Ec = 4,44 (DfW;LK]_ (518)
rj1e W1 — 9YMCJIO BUTKOB OJTHOH (ha3bl ctaTopa; K1 — 00MOTOYHBIN KOIDPHUITUESHT.

5.5. Peakuusi SKOpPsi CHHXPOHHO# MAIIIMHBI.

MarHuTHbelii TOTOK B CHHXPOHHBIX  MAallMHAX  CO3JA€TCS  COBMECTHBIM  JECHCTBUEM
MarHUTOJBIKYIIUX CHJI CHCTEMBI BO30YXKIEHHs H craTopa. Ecin CHHXpPOHHBIH Te€HEpaTop
paboTaeT BXOJIOCTYIO, T.. MPH PA30MKHYTOH OOMOTKE CTaropa, TO OOIIMil MarHUTHBIA MOTOK B
Mammmae @ = @, roe @, — motok, cozmaBaemeiii MJIC cucrembl Bo3OyxkaeHus. [Ipu Harpyske
reHepaTopa Ha OOUIMII MarHUTHBIN MOTOK OKa3bIBa€T BJIMSHHE MArHUTHBIM MOTOK, CO3/JaBaeMbIil
TOKOM B OOMOTKEe craTopa. BzammopeiicTBue 3TuX MOJel HOCHUT Ha3BaHUE peakuuu sKops. B
OTJIMYME OT CHHXPOHHBIX B aCHHXPOHHBIX MallMHaX Onarojaps TpaHc(HOpMATOPHON CBSA3H MEXKIY
OOMOTKaMu cTaTopa W pPOTOpa pa3MarHUYMBAIOUIEe JACUCTBHE pOTOpa («pPEakIus SIKOPs»)
aBTOMaTu4ecku KoMmreHcupyercs yBennueHueM MJIC craTopa. 3a cyeT 3TOro pe3ysbTHPYHOLIUI
MarHuTHBI TOTOK AaCHMHXPOHHOM MAIIMHBI TPU MW3MEHEHHHM HAarpy3Kd OCTA€TCs MPUMEPHO
MIOCTOSIHHBIM. B CHHXpOHHOM TreHepaTope peaklusl SIKOpsl 3aBUCUT HE TOJIbKO OT BEJIMYUHBI
Harpy3kd WM TOKa B CTaTope, HO M OT pOJAa Harpysku, T.e. OT yrja ciaBura ¢asz Mexay
HaANpPsKEHUEM U TOKOM, U 3Ta 3aBUCHUMOCTh Ooiiee cuibHast. [Ipu 0ObIYHON MHAYKTUBHOMN Harpyske
TOK oTcTtaeT 1mo (aze or DJIC u mocTuraer cBOero MakCUMyMa B MPOBOJHHMKE CTaTOpa YK€ IMOCIIEe
TOT0, KaK CepequHa IMOJIt0ca MPOIlljla MUMO ITOTO MPOBOJHUKA (puUC. 5.7), T.e. KOI/a pOTOp yKe
MIpOIIEN TOJ0KEHNE, cCooTBeTcTBYIomee MakcumyMy DJIC. Yron ¢ paBeH yriy casura (a3 Mexmy
3/1C u ToxoMm B crarope. KoHdurypamus motoka peakiiu SKopsi 3aBUCHT OT pacIpe/ieleHHs ToKa
B IIPOBOJTHUKAX CTAaTOPHOIW 0OMOTKH. Tereph OCh MOTOKA PEAKIHUHU SKOPS HE TEPIICHINKYIISIPHA OCH
MOTOKa BO30OYKIeHUs, a 00pazyeT ¢ Hell yron o = 90° + ¢, KOTOpBI OCTaeTcs HEU3MEHHBIM IPU
BpallleHuu poTopa. Peakuus sikopsi oka3bIBaeT BIMSHHUE Ha paboune XapaKTePUCTUKH CUHXPOHHON
MalllMHbI, TAK KaK U3MEHEHHE MarHUTHOTO MOJs B MAIlMHE CONpOBOXkAaeTcs udMeHenueMm J/[C,
HaBeJCHHOH B OOMOTKE cTaTopa, a CJel0BaTeNbHO, U H3MEHEHHEM psJa JPYTUX BEIUYMH,
cBs3aHHBIX ¢ 3ToM DJIC.

X
[}
i
i
|
!

L3

-

Puc. 5.7. MarauTHoE€ 110JI€ peakIu SKOPsI.
(Tonmo’keHne poTopa COOTBETCTBYET MAKCUMYMY TOKa B ¢aze 1)

B nmpunnune, peakuus SKOpsS CHUHXPOHHBIX MalllMH aHAJOTWYHA PEaKUUu SKOps B MaIIMHAX
IIOCTOSIHHOTO ToKa. OJIHaKo €ciii B MAalIMHax I[OCTOSIHHOTO TOKAa BIMSHUE PEAaKLUU SKOpS Ha
pabourie cBOMCTBAa MalIMHBI 3aBUCUT UCKIIIOUUTENILHO OT BEJIMYMHBI HArPy3KH, TO B CUHXPOHHBIX
MaIIMHAX ATO BIUSHUE ONPENEIAETCS €IIE U XapaKTepoM Harpy3ku. CHHXpPOHHBIE T€HEPATOPBI, KaK
MpaBWJIo, pabOTAIOT HA CMEIIAHHYIO HArpy3Ky (aKTUBHO-UHIYKTHUBHYIO WJIM aKTUBHO-EMKOCTHYIO).
Ho nns BbIICHEHHsT BONpoca O BIUSHUM PEAKIMU SKOPS Ha pPabOTy CHHXPOHHOW MAaIlWHBI
1erecoo0pa3Ho paccMOTPETh cilydyau pabOThl TeHepaTopa IpH Harpys3Kkax MpeneiabHOro Xapakrepa,
T. €. YUCTO aKTUBHOM, YUCTO UHAYKTUBHOMN U YUCTO EMKOCTHOM.
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AxtuBHas Harpy3ska (¢ = 0). Ha puc. 5.7 npencraBieHbl CTaTOp W POTOP JABYXIIOJIOCHOTO
reHeparopa. Ha crarope mokaszana 4acth (hasHOW O0OMOTKH. POTOp Bparmaercss MpoTHB YacCOBOM
cTpesiku. B paccmaTpuBaeMbiii MOMEHT BPEMEHU POTOP 3aHMMAET BEPTUKAIBHOE IMOJIOKEHUE, YTO
cootBeTcTBYyeT MakcUMyMy DJIC Emax B dazHoit oOMoTKe. [10CKOIBKY TOK MpH aKTUBHOW Harpyske
copmanaet o daze ¢ DJIC, To yka3aHHOE MMOJIOKEHHE POTOPA COOTBETCTBYET TAKXKE U MAKCUMYMY
Toka. [TocTpouB JIMHUKM MarHUTHON MHAYKLIMU MOJSI BO30YXAEeHUS (POTOpa) U JUHUM MAarHUTHOU
WHAYKIHA T0JiT  OOMOTKM craropa, BuaumMm, d4ro MJIC o0OMOTKH cTatopa HampaBlieHa
nepreHaukyisippo MJIC Bo3Oyxnaenus. Takoe B3aumojeiicTBue MarHUTHbIX NOTOKOB @Dy u Dy
AQHAJIOTUYHO PEAKIMU SIKOPS B TEHEPAaTOpe IMOCTOSHHOTO TOKAa MPU PACIOIOKEHUM MIETOK Ha
reOMETPUYECKONl HEeHTpanu: MarHUTHOE IOJ€ MAlllMHBI ocjalbiisercs Moj HalOeraromuM Kpaem
MOJIFOCA W YCHIIMBAETCS MMOJ cOerarmmuM KpaeMm. BceiencTBue HACHIICHHWS] MArHUTHOW IIETH
PE3YNBTUPYIOIEE MATHUTHOE I10JI€ MAIIMHBI HECKOJIBKO OcIabiseTcs.
NuayktuBHas Harpy3ka (¢ = 90°). [Ipu uncto MHAYKTUBHOMN Harpy3ke renepatopa Tok cratopa lp
orcraer no daze ot DJIC Emax Ha 90°. T103TOMY OH JTOCTHUTAET CBOETO MAaKCMMAIbHOTO 3HAYCHUS
JMIIb [IOCJIE TIOBOPOTA poTopa Brepea Ha 90° OTHOCUTENBHO €ro MOJIOKEHHUS, COOTBETCTBYIOLETO
makcumymy OJIC. Ilpu stoM mnortok peakiuu sikops @Dp,; IEHCTBYeT IO OCH IOJKOCOB POTOpPA
BCTpEYHO MOTOKY BO30yxaeHusT @, CrnegoBaTesbHO, peakiusl SKOpPS B CHHXPOHHOM T'€HEpaTope
MIPU YUCTO UHAYKTUBHON HArpy3Ke OKa3bIBaeT MPOJOJIbHO-Pa3MarHUYMBaloIee AeiCTBHE.
EmrocTrHas Harpy3ka (@= - 90°). Tak kak Tok |; mpu eMKOCTHOH Harpyske omepexaet 1o ¢ase
OJIC Enax Ha 90°, TO cBOEro HamOoJIbIIEro 3HA4YeHHs OH gocturaer pasbiue, yeM DJ[C. ITotok
peakuuu sikopsi O, TaK e, Kak U B NPEABIAYIIEM CiIydae, IeHCTBYET IO OCH IOJIOCOB, HO TEIEPh
y>K€ COTJIaCHO € MOTOKOM BO30Yy:xaeHUs Dy, B pe3y/IbTaTe Yero MPOUCXOJUT YCUICHHE MarHUTHOTO
noJist BO30yxaeHusi. Takum o0pa3om, MPU YUCTO €MKOCTHOW HArpy3ke CHHXPOHHOI'O T€HepaTropa
peaxius SKOpsi OKa3bIBaeT MPOA0IbHO-HAMarHUYMBAIOIIEe JIEHCTBUE.
CMemanHasa Harpy3ka. [Ipu cMemanHHOW Harpy3ke CHHXPOHHOTO TeHeparopa TOK craropa lj
caBuHYT 10 (aze oTHOcUTeNbHO DJIC Enmax HA YTOT @, 3HaYSHHSI KOTOPOTO HaXoAsTcs B mpeaenax 0
< @ <+90°. B sBHONOJIIOCHON MalIMHE MArHUTHOE COIIPOTHUBIIEHUE B MEKIIOIFOCHOM IIPOCTPAHCTBE
0oJbllle MArHUTHOTO CONPOTUBJICHHS TMOJA IMOJIOCAMH, YTO OOBICHIETCS 3HAYUTEIbHBIM
BO3JYIIHBIM 3a30pOM B MEXIIOJIOCHOM MPOCTpaHcTBe. [lo3TOMy cocCTaBisiomas MarHUTHOTO
MIOTOKa pPOTOpa IO TMOMEPEYHOM OCH B SBHONOJIOCHOW MAalIMHE HAMHOTO MEHbIIE, Ye€M B
HesBHomoMocHOM. [lpu  ompenenenun monepeyHoit cocrapisitonien  MJIC  poropa s
SIBHOTIOJIFOCHOM MaIllMHBI 3TO YMEHbIIIEHUE NOTOKa y4yuThIBaeTcs kodpduuuenrom Ky nonepednoit
pPEeaKIu SKOPSI.

5.6. XapakTepuCTHKH CHHXPOHHOI0 reHepaTopa.

CBoiicTBa CHHXPOHHOTO Te€HEepaTopa OIPEAeNSIOTCS XapaKTePUCTUKAMHM XOJOCTOTO XOja,
KOPOTKOTO 3aMbIKaHUsI U BHEITHUMH. Xapakmepucmuka Xo10cmo2o Xxo0a CAHXPOHHOTO TeHepaTopa
MpeICTaBiIseT cO00M 3aBUCUMOCTH HanpsikeHus! Uy B peKUME XOJIOCTOr0 X0/1a TeHepaTopa OT TOKa
B030YyxKeHus |, mpu HemaMeHHOW ckopoctu BpameHus poropa: Uy =f(l;) mpu Ix = 0 u n = const
(puc. 5.8). OOBIYHO CHUMAIOT BOCXOMAIIYID M HUCXOJSNIYIO BETBH XapaKTEPUCTUKHU, KOTOPHIC
BCJIC/ICTBHE THCTEPE3UCHBIX CBOWCTB MArHUTHOH TIIEMIM HE COBMANAIOT. Xapakxmepucmuxy
kopomkoeo 3amvikanust |y = f(l;) MOKHO TOTYYUTh IPOBEICHUEM OTBITA KOPOTKOTO 3aMbIKAHHS:
BBIBOJIBI CTATOPHOW OOMOTKH 3aMBIKAIOT HAaKOPOTKO W MPHUBOJAT POTOP MAIIMHBI BO BpAIICHHE C
HOMHHAJIFHOW 4YacTOTOH. 3aTeM BO30YXIalOT MallMHY, MOCTENEHHO YBEIHYMBas TOK OOMOTKH
BO30OYXKJCHHS OT HYJSI JO 3HAYCHUS lgys, P KOTOPOM TOK KOPOTKOTO 3aMBIKAHHS IPEBBIIIACT
HOMUHAJIbHBINM Pa0OYHii TOK cTaTOPHOI 00MOTKH He Oosiee ueM Ha 25% (11; = 1,251,0y).
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Puc. 5.8. Xapakrepuctuka X0JI0CTOT0O X0Jja CHHXPOHHOTO T€HEepaTopa:
Umax-MakcuMasibHOE HanpsbkeHue reneparopa; Uy — 0CTaTOuHOE HaIpsHKeHHUE TeHepaTopa;
|2y — HAYATBHBINA TOK BO30YKIEHUS TEHEPATOPA; |max — MAKCHMATLHBIN TOK BO30YKICHUSHHUSI.

B Takom pexume D/IC oOMOTKH cTaropa B HECKOIbKO pa3 MeHblie DJIC B paboueM pexume
reseparopa. [10o3ToMy OCHOBHON MarHMTHBI IOTOK BecbMa Majl, MarHUTHas LElb MalluHbI
HEHACHIIIEHHA M XapaKTePUCTUKAa KOPOTKOTO 3aMBIKAHUS TPEACTABIACT COOOW MPSAMYIO JIMHUIO
(puc. 5.9). IlockonbKy aKTUBHOE COIPOTHBIIEHME OOMOTKH CTAaTOpa 1 HEBEJIUKO 110 CPAaBHEHMIO C
ee MHAYKTHBHBIM CONPOTHBIICHHEM, TO, TMpeHeOperas BEIMYMHOW I1 MOKHO CUYHTATh, 4TO MpPHU
OIbIT€ KOPOTKOTO 3aMbIKaHHs Harpy3ka CHHXPOHHOI'O reHeparopa (ero coOCTBEHHbIE OOMOTKH)
SBIISIETCS YMCTO MHIYKTUBHOM. M3 3TOTO CiemyeT, 4To MpH OMbITE KOPOTKOTO 3aMBIKAHUS PEaKIIHs
SAKOpsI ~ CHUHXPOHHOTO  TIeHepaTopa  HMeEeT  MpOJOJbHO-Pa3MAarHUYUBAIOIIMNA  XapakTep.
XapaKTepUCTUKNA XOJIOCTOTO XOJa M KOPOTKOTO 3aMBIKaHHUS Jal0T BO3MOXHOCTH ONPEACIHTH
3HA4eHUsT TOKOB BO30YXKAEHHUS, COOTBETCTBYIOIME yKa3aHHbIM cocTaBisitomum  MJIC
BO30YXKIeHHsI. BHemHss XapakTepuCTHKa CHHXPOHHOTO TEHEepaTopa TIpEACTaBiIsAeT CoOOU
3aBUCUMOCTh HAIPsKEHHUs Ha BBIBOAAX CTATOPHOM OOMOTKHM OT BEJIMYMHBI TOKa Harpysku: Up =
f(l) mpu 1, = const; cose = const; Ny = Ny, = const. Ha puc. 5.10 mpencraBieHbl BHEIIHHE
XapaKTepUCTUKH, COOTBETCTBYIOIIME pA3JIMYHBIM [0 XapakTepy Harpy3kam CHHXPOHHOI'O
rereparopa. Ilpu cHATHUYM BHEIIHEH XapaKTEepUCTHKH T€HEpaTopa TOK HArpy3Kd M3MEHSIOT OT HYJIS
1o HomuHanbHOro 3HaueHus (I3 = liyoy) MIPU HOMHUHATBHOM HANPSHKCHUH HA BBIBOJIAX CTATOPHOI
ooMoTkH (U = Ujyey). 3aT€M THOCTENIEHHO pas3rpyXarT reHeparop. [Ipu akTHBHOW Harpyske
YMEHBIIIEHUE Harpy304HOr0 TOKa CONPOBOXAAETCS POCTOM HANpsIKEHUs, YTO OOBsCHIETCA
YMEHBIIIEHUEM MaJCHUs] HaNpsKEHUS B CTaTOPHOM OOMOTKE M ociaabieHHEeM IMOTOKa MOMEepeyHOoM
PEaKIMU SKOPs B HACHIILIEHHON MallIlHE.

[Ipy WHAYKTUBHOW HAarpy3ke yBEJIWYEHHE HaNpsDKeHUs Npu cOpoce Harpy3ku Oyner Oosee
MHTEHCUBHBIM, TaK KaK C yMEHbIIEHHEeM Toka li ocnabnsgercs pa3MarHuduBaroliee AeicTBHE
peakiuu sikopsi. Kak crnemyer u3 npenplayniero, Kpuas UAET TeM HUXKe, YeM OOJIbIIe TOK OTCTaeT
no ¢aze ot HampspkeHUs. [Ipu emMKocTHOW Harpyske, T.e. NPH ONEPEKAIONIEM TOKE, BCIIEACTBUE
MOSIBIICHUS] MPOAOJIBHOTO TOJSl PEAKIMU SIKOps, JAEHCTBYIOIIETO COIIACHO C OCHOBHBIM IIOJIEM,
HaNpsDKCHUE TIPU YBEJIIMYCHUN HArpy3KH BO3PACTaeT.

I

le: ——————————————————

X3 IB

Puc. 5.9. XapakreprucTruka KOpOTKOTO 3aMbIKaHUSI CHHXPOHHOT'O '€HEPATOPA

67 /203



Uy
[/lHOM ——
coso=1,0
cose=0,9
cosp=0,8
¥ 1HOM T 1

Puc. 5.10. BHemHsAst XxapakTepucTUKa CHHXPOHHOI'O reHepaTopa
5.7. Ilorepu n KIIJI cHHXpPOHHBIX MAIIIMH.

[IpeoOpa3oBaHue SHEPTUM B CHHXPOHHOH MAaIIMHE COIMPOBOXIACTCA €€ IMOTEPSIMH, KOTOPBIE
KJIACCU(PUIUPYIOTCS CIIETYIOIUM 00pa3oMm:
1. Mexannueckue notepu Py
* IOTEpU HA TPEHUE B MOALIUITHUKAX;
* TpEeHHWE O BO3AYX WIH JPYyrod ra3, OXJKJAIUKA MallWHy, HaIpUMep BOJOPOI
(BEHTHIISAIIMOHHBIC ITIOTEPH );
* TPEHHE MIETOK O KOHTAKTHBIC KOJIBIIA.
2. MarHuTtHble, WM CTajJbHbIC, MOTEPU B CEpPACUYHUKE cTatopa P, clararoTcsi M3 MOTEeph Ha
THCTEPE3UC U BUXPEBBIC TOKHU. DTH IMOTEPU BO3HHKAIOT B CEPACYHUKE CTATOpa IMOJ JICHCTBUEM
BpAIllAlOIIErocss MAarHUTHOTO MoJs poTopa. I[lockonbky 3TO moOje Bpamiaercs CHUHXPOHHO C
CEpJICYHUKOM POTOPA, TO B POTOPE MATHUTHBIX TIOTEPh MTOYTH HET.
3. DnekTpuuecKkue NoTepH, 00yCIOBICHHbIE HATPEBOM CTATOPHOM OOMOTKHU:

P,=myl%rss (5.9)
rae My —uucio das; |1 — a3ublil TOK cTaTOpHOM 00MOTKH, A; 75 — aKTUBHOE CONTPOTUBIICHHE (Pa3bl
CTaTOpHOM 0OMOTKH mpu paboueit Temneparype 75°C, Om.
4. Tlotepn Ha BO3OyXxIeHUE P, K KOTOPHIM NMOMHUMO TOTEeph B 0OMOTKe BO3OYxkaeHus |,U;
OTHOCATCS TIOTEPU B CaMOM BO30yauTENEe, €CIM OH paboTaeT OT OOIIEro ¢ CHHXPOHHON MallmHOU
nepBUYHOTO ABHUratens. [lorepu B riemu 0OMOTKH BO30YKAeHHs (pOTOpa):

Pos = 121, = 1,U,  (5.20)

r7ie I, — CONPOTUBIICHHE IIENU BO30YKIeHUs, BKIIOYas peryIupoBOUHbIi peoctaT, Om; U, —
HarpsbkeHue Bo30yaurens, B. YueT noreps B BO30yauTee MOXHO OLIeHUTh, BBeAs KIT/]
BO30YAUTEINS 13, Uuepe3 Boipaxkenue: Py = 1,U; /0,
5. Jlo6aBouHbIe IOTEpU P,, KOTOPBIE CIIAratoTCs:
* U3 MOTEPh B MMOBEPXHOCTHOM CJIO€ POTOPA, BHI3BAHHBIX MYJIHCAIIMSIMHE TOJISI BCIICACTBHE
3y04aTOCTH BHYTPEHHEH MOBEPXHOCTH CTATOPA;
* IOTEPb, BEI3BAHHBIX TOJISIMU PACCESTHUS CTATOPA.
Kpome Toro, amst MOIHBIX CHHXPOHHBIX MAITUH UMEIOT 3HAY€HHE HEKOTOPhIe J0OABOYHBIE MIOTEPH,
BO3HHKAIOIINE TJABHBIM 00pa3oM OT BHXPEBBIX TOKOB B IPOBOJHHKAX CTaTOpa, HMEIOIINX
Oonpinoe ceueHue. IlyreM neneHus crepskHEW craTopa Ha OTIENbHBIE MapauIeTbHO BKIIOYCHHBIE
MPOBOJHUKY W TPHUMEHEHUS JPYIHX MeEp YyIaeTCsl YMEHBIIUTh 3TH IOTEPHU, HO OHU BCE-TaKH
OCTalOTCS COM3MEPUMBIMU C OOBIYHBIMU TOTEPSIMU B 00MOTKe craTopa. Koaddumuent nonesnoro
JEUCTBHS CHHXPOHHOTO renepatopa: 1 =P,/ Py (5.21)
a CHHXPOHHOTO JIBUTATEJIs: n=Puw/P, (522)
KoHTponbHBIE BOITPOCHI
1. Ha xakoii TOK paccuuThIBaeTcs Kaxaas ¢aza CHHXpOHHOTO TeHepaTopa?
2. Kakum TOKOM BO30YXIaeTCsl pOTOP CHHXPOHHOTO TeHepaTopa?
3. Kakue 10CTOMHCTBA IMEIOT CHHXPOHHBIE T€HEPATOPHI TI0 CPABHEHHIO C TeHEpATOpaMU
MIOCTOSIHHOTO TOKa?
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I'1aBa 6.
HAT'PEBAHUE U PEXKUMBI PABOTHBI DJIEKTPUYECKUX MAIIIUH.
6.1. HarpeBaHnue 3JIeKTPUYECKUX MAIINH.

OO0mue cBeaeHusi. Pabora 3JeKTpUYECKON MAaIIMHBI BCETJa COMPOBOXKIACTCS €€ HarpeBaHUEM
BCJIE/ICTBUE MOTEPh SHEPTHUH, POUCXOIAIINX B JIFOO0H 3eKTpuyecKoil MamuHe. Bee Buabl morepb
SHEPTUU B UTOTE MPeoOpa3yoTcs B TEIIOTY, KOTOpask YaCTUYHO OTAAETCS B OKPYXKAIOIIYIO Cpeay, a
YaCcTUYHO HJET Ha HarpeBaHue MaliuHbl. [[s BBIACHEHUS 3aKOHA HarpeBaHUsS JJIEKTPUUYECKHUX
MallvH YCJIOBHO CHUTAIOT, YTO HArp€BaHUC MPOUCXOJUT PABHOMCPHO 110 BCEMY O6I>€My MalInHBI, a
TEIUIOTa OJMHAKOBO paccerBaeTcsi CO BCel ee MoBepXHOCTH. Harpy3ouHas crnocoOHOCTB
QJICKTPUYCCKUX MAllWH B OOJIBIIIMHCTBE CJIy4acB OIPCACIIACTCA YCIIOBUAMH HarpCBaHUsA, TaK KakK
MOBBILICHUE TEMIIEPATYPHI SIBISIETCSA TJIABHOM NMPUYMHOMN, OrpaHUYMBAIOIIEH MOIIHOCTH MAIIMHbI
IIPU JJIUTEIBHBIX U KPAaTKOBPEMEHHBIX Harpy3kax. C yBelIMUEHUEM HArpy3Kd BO3PACTalOT IOTEPU
SHEPrUM B MAalllMHE U TMOBBIIIAETCA KOJIMYECTBO BbLAENstoLIeics TemnoThl. [Ipu upesmepHoit
Harpyske TeMmiicparypa OTACIbHLBIX €C ‘IaCTeﬁ, " B IICPBYIO OUYCPCAb U30JIALKUU, MOKCT IIPCBBICUTDH
JOMyCcTUMble mpernenbl. B HavanbHbll mepuon pabOThl  dIEKTpUYECKas MalliHa HMeeT
TEeMIIepaTypy, MPAKTUYECKA HE OTIMYAIOIIYIOCS OT TEMIIEpaTyphl OKpYKaroliel cpenbl (Bo3ayxa).
B sToMm cnyuae Bcs Temiora, BblessieMas B MallliHe, UAET Ha MOBHIIICHUE TEMIIEPATyphl €€ YacTeu.
3areM KOJIMYECTBO TEIIOTHI, pACCEMBAEMON B OKPYXAIOLIYIO0 cpeny, yBenuuuBaercs. M, HakoHel,
gyepe3 HEKOTOpPOe BpeMs MallliHa HarpeeTcs HAacTOJNBKO, YTO BCSA TEIUIOTa, BBIACIAIOIIASACA B
MallliHe B EAMHUILY BpPEMEHM, OYyJET pacceuBaThCi B OKpYXKaIIyro cpedy. B asTtom cmydae
JanbHelIee MOBBIIICHHE TEMIEPAaTypbl MAIUHBI MPEKPATUTCS, U HACTYHMUT PEXHUM TEIUIOBOTO
paBHOBECHSI, IPU KOTOPOM BCS TEILJIOTA, BBIJEIsIEMasi B MAIIMHE, PACCEUBACTCS C €€ TOBEPXHOCTH B
OKpyxkamwiyto cpeny. [Ipomeccsl HarpeBaHUS M OXJAXKIEHHS BO BCEX THUIAX DSIEKTPHUUECKUX
MalIMH [POUCXOJAT MO OOIIMM 3aKOHAM, TaK Kak JIIOOYI0 3JEKTPUUYECKYIO0 MAalllMHYy MOXHO B
MepBOM MPUOIMKEHUH paccMaTpUBaTh KaK HEKOTOPOE HJabHOE OJHOPOJHOE TBepaoe Teno. B
[lef/'ICTBI/ITCJII)HOCTI/I QJICKTpHUYCCKad MallnuHa HEC ABJIACTCA TAKUM TCJIOM, a MNPCACTABIIACT CO6OI7I
COBOKYITHOCTB psijia yacTell (0OMOTOK, 3JIEMEHTOB MarHUTOMPOBOJIOM, KOHCTPYKTUBHBIX JeTajei),
KOTOPLIC HMMCIOT Pa3jndHyr0 TCIUIOMPOBOAHOCTh, TCIVIOCMKOCTL W YCIOBHUA OXJIAXKICHUA,
BCIICJICTBUE YEro TEeMIeparypa UX Takke pa3inyHa. TeM He MeHee, HECMOTpSA Ha CIIOKHBIN
XapakTep pacupeeieHus] TEIUIOBBIX MOJIeH B JIEKTPUUECKOW MAIIUHE U HEIOCTATOYHYIO TOYHOCTh
TEIJIOBBIX PACUETOB, OCHOBAHHBIX HA YKAa3aHHOM MPEANOI0KEHUH, MOKHO YCTAHOBUTh HEKOTOPHIE
oOmire 3aKOHOMEPHOCTH M3MEHEHHUS TeMIEepaTypbl MAaIIMHbBl B THpoleccax HarpeBaHus U
OXJIQXKICHHUS.

6,°C

Omax - —mm e

Pexum
XOJIOCTOTO XOAa

Pabora nog,
Harpy3xkoi

Puc. 6.1. U3menenue temnepaTypsl 1EKTPUUECKON MAIIMHBI TPH paboTe MO HArpy3Koi U B
pEeXHMME XOJI0CTOTO XOAa.
Omax — MaKCHMaJbHas TEMIlepaTypa 0OMOTKH MO KJIACCy U30JISIUH.

[lorepu oHepruu Y P BO3HUKAIOIIME B JJEKTPUYECKOM MamuHE (CM. COOTBETCTBYIOIIKE
MOJIpa3/ieNbl), BBIACHSAIOTCS B BUAE TemioTel Q, mMoBbIIIaoNmEedl Temmneparypy OOMOTKH U

MarHuTONpOBOJA. 3a NMPOMEKYTOK BPEMEHM t B JJIEKTPUYECKOM MAIIMHE BBIIEISAETCA TEIUIOBAs

69 /203



sreprust Q = 861Y Pt. Temneparypa 3/IeKTpUYECKOH MAIMHBI TIPH €€ HarpeBaHUU M OXJIAXKICHHU
M3MEHSIETCS 10 SKCIOHEHIIMANbHOMY 3aKkoHy. [Ipu HarpeBaHuM MpeBBILICHUE €€ TeMIEPaTyphbl Hajl
TEeMIIEpaTypor OKpyxarolied cpenbl Bo3pactaer (puc. 6.1), acCUMOTOTHYECKH MPUOIMKAACH K
YCTaHOBUBILIEMYCSI 3HAYEHUIO, COOTBETCTBYIOIIEMY OIpEIEICHHBIM 3HAYEHUSAM TOKAa. DTO MOXKET
IIPOUCXOJUTh IIPU BO3PACTAaHUU MOTEPh MOIIHOCTH (T.€. Harpy3KH) MalIUMHbl WM YMEHbILIECHUU
MHTEHCUBHOCTHU €€ oxJiaxkaeHus. [Ipy yBenTnueHnn MHTEHCUBHOCTU OXJIAX/ICHUS UM YMEHbIICHUU
TOKA Harpy3Ku MpEBbIILIEHUE TEMIIEPATYPbl YMEHBIIAETCS JO HOBOTO YCTAHOBUBILETOCS 3HAUEHHUS,
COOTBETCTBYIOLIETO JPYI'MM 3HAUEHHUSM ToKa. EciaM MalinHa OTKIIIOYaeTcsl OT CeTH, TO TOK
Harpy3ku |; = 0 1 MalMHa OXJIaXKJaeTcs A0 TEMIIEpaTyphl OKPYXKaloleh Cpebl.

2B A
i : 210

&

Puc. 6 2. Kpusble HarpeBanus 1 oXJjaxJieHus: potopa taroporo reaeparopa I'C-501A npu pa3Hbix
TOKaxX Harpy3Ku.

W3 paccMoTpeHHs KpUBOMl HarpeBaHUs AJIEKTpUYecKUX MamuH (puc. 6.2) cieayer, 4Tro MpU
JOCTaTOYHO OOJBIION TMPOJODKATEIHPHOCTH PaOOThI, TPEBHINICHUE TEMIIEPaTyphl © IOCTHUTACT
NpUOIM3UTENBHO TIOCTOSIHHOTO  3HauyeHWs. B 3Tom cimydae HacTymaeT MpaKTUYECKU
YCTAaHOBUBIIUUCA TEIJIOBOM PEXUM, HA3BIBAEMBIH MPOJODKUTEIBHBIM (WM  JITUTEIBHBIM).
JlomycTuMble TpeBBINIEHUS TeMIleparypbl. B mporecce paboThl 3JIEKTPUUECKON MAallWHBI
MIPOUCXOAAT HEOOpaTUMbIE U3MEHEHUS M3O0JIAIMH, KOTOPhIE HAa3BbIBAIOT cTapeHueM uioisinuu. [Ipu
3TOM, MPEXJIE BCErO0 U3MEHSIOTCS MEXaHWYECKHUE CBOMCTBA M3OJISILIUU: CHHMXKAETCS MEXaHUYECKas
MIPOYHOCTH, U30JISALIUS CTAHOBUTCSI XPYIKOM, 00pa3yroTcs TpemuHbl. Hamuuue Tpemmd B U30ISIIIUI
CHIDKAET €€ DIIEKTPUUECKYIO MMPOYHOCTh. DIEKTPUUECKHE MAITUHBI OOBIYHO PACCUMTHIBAIOT HA CPOK
ciyx0b1 15 — 20 ner. g Toro 4roObl o0ecneunuTh 3aJaHHBIA CPOK CIIyKObI, HEOOXOIUMO IPHU
JKCIUTyaTallul U30eraTh PeXUMOB PabOThl, BBI3BIBAIOIINX MPEKACBPEMEHHBIN BBIXOJ M3 CTPOS
Pa3IMYHBIX YACTEW MAIIMHBI, B IEPBYIO OYEPEb MPEKICBPEMEHHOE CTAPEHHUE U3OISLINH.

Bot riiaBHbIe IPUYMHBI CTapEHUS U30JISALIUN:

* BBICOKAsI TEMIIEpaTypa;

* QOJIBIIINE TEepENnaibl TEMIIEPATyPhl MEXKIY OTACTbHBIMU JETANSIMU MAIIUHBI;

* 3JICKTPUYECKOE TOJIE;

* IIOBBIIICHHAS BIIAXKHOCTE;

* MEXaHWYECKHE HArPy3KHU.

Bricokast TemmnepaTypa BBI3BIBAET OKHUCIEHUE COCTABISIOMIMX H3O0JSLMIO JakoB. lloatomy s
oOecrieueHrs 3aJaHHOTO CpPOKa CIYXOBI JJIEKTPUYECKON MAaIIMHBI TEeMIIepaTypa HarpeBaHUs
OTJIETIbHBIX €€ YacTel He JOJDKHA MpEBbINATh JonycTuMyro. CrenoBaTrenbHO, MaKCHMalbHas
TeMIeparypa, TMpU KOTOPOH MoOkeT paboTaTh »dIIEKTpUYEcKas MalIMHA, OIpeIesieTcs
HAarpe€BOCTOMKOCTBIO TPUMEHSAEMOM B HEW H30isuud. Yem BbIlIe TOMYyCTUMAas MpeaesibHas
TeMIepaTypa OTAENbHBIX YacTel MAaIIMHBI, TEM MEHBIIE CPOK €€ CIYKObl M3-32 MOCTENEHHOTO
cTapenus n3oisiiuu. OIHaKO YeM BBIIIE 3Ta TEMIIepaTypa, TeM OOJIbIIe MOKHO HArpy3uTh JTaHHYIO
MalluHy. OJIEKTPOU3O0JSLIMOHHBIE MaTepHUalibl, MPUMEHSIEMbIE B B3JIEKTPUUYECKHX MAalIWHAX, B
3aBUCUMOCTH  OT HArpeBOCTOMKOCTH  pa3JesilOTCd HAa CEeMb KJIACCOB, TEMIIEpATypHBIE
XapaKTEPUCTUKUA KOTOPBIX MPUBEACHBI HUXKE!
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Krnacc n3zonsanun Y| A E B F H C
Jonycrtumas Temneparypa neperpesa,®C | 80 | 105 | 120 | 130 | 155 | 180 | Bsime 180

HauGonee 4yBCTBUTENBHBI K BHICOKUM TEMIIEPATypaM MaTEPHAIbI, BHITIOJTHEHHBIC U3 HEJUIIOIO3BI,
Oymaru, 1enka  T.I1., IpUMeHsieMble B u3oJisiuu kiaccoB A u E. B uzomsanun kinacca B B nepByto
ouepeb OKUCISIOTCS CBA3YIONIME MaTepUalibl U NMponuThIBatomue Jaku. M3omnsmus kinaccos F u H,
KaKk U M30Jis1usl Kiacca B, BBIMOJMHSETCS HAa OCHOBE CIIOMBI, acbecta M CTEKIOBOJIOKHA, HO
COZICP)KUT CBS3YIOIIME BEIIEeCTBa C Oojiee BBICOKOM HarpeBOoCTOiKocThIO. M3omsmus ximacca C
(kepaMuUKa U CIII0J]a) HEe pearupyeT Ha BHICOKHE TeMIIepaTypbl. DKCIIEPUMEHTANIbHBIE HCCIIeI0BAaHUS
MOKa3alM, YTO BpEMsS CTapeHUsi HW30AUMU (TOJbI) TMOJ JCHCTBUEM TEMIIEPaTypbl MOXKHO
MPUOIMKEHHO OMPEeNeuTh o popmyrne: t= e (6.1)

re o — KOdpUIIMEHT, 3aBUCAIINN OT Kiacca u3oisanuu; 0 — remmneparypa,®C. U3 ¢opmynst (6.1)
CIIEJIyEeT, YTO C YBEJIIMYCHUEM TEMIIEPaTyphl PE3KO BO3PACTA€T MHTEHCUBHOCTh CTAPEHUS U30JISALUU.
Tak, Hampumep, ans u3oiAMM Kjaacca A mpu Temneparype 95°C cpok cCiiyObl H30JLHUU
cocraBisier 16 ner, mpu 110°C cpok ciyx0b1 Bcero 4 roma, a mpu 150°C oH cokpamiaercst 10
HECKOJIbKUX JHEeH. [Ipn OpueHTUPOBOUHBIX pacueTax MPUHUMAIOT, YTO MOBBLIIMICHUE TEMIIEPATYPHI
m3omsinuu Ha 8°C cBepX MOMYCTUMOW CHIDKAeT CPOK CIY»KObl M30JSAIMM Kiacca A B 2 pasa
(mpaBUIIO BOCBMM I'PaAyCcoB). 3aBUCUMOCTh CPOKa CIYXObl OT TeMIlepaTyphl AJIs U30JLUN Kilacca
B umeer Takoil ke xapakTep, Kak M 8 H30sIIMM kinacca A, Ho caBuHyra Ha 20°C.
CrnenoBatenbHO, U JUIsl APYTUX BUIOB M3OJIALUU CIIPABEAIUBBI OOIIHE COOOpaKeHHUs, CIeIaHHbIe
OTHOCHUTENIbHO M30JILIMM Kiacca A, B YacTHOCTH CIPaBEIJIMBO IPABUJIO BOCBMH T'PalyCoOB.
[IpakTHdecku OMpelNeluTh MEeperpeB H30JALUU TPYAHO, HO MOMHHUTH O €r0 BIMSHUU Ha CPOK
CITy>KOBI MalllMHBI BCETa moJie3Ho. B Tabn. 6.1 mpuBeneHsl MpenenbHO JONYCTUMBIE TPEBBIIICHUS
TEMIIEPATYPhI JJIsl HEKOTOPBIX YacTel 3JIEKTPUUECKUX MAIIUH MOABUKHOTO COCTaBa (TeMIeparypa
00OMOTOK HM3MepsyIach IO METOAY COINPOTHBIICHUS, a TEMIEpaTypa CEPJACYHHKOB, KOJUIEKTOPOB U
KOHTaKTHBIX KOJIELl — C IOMOIIBI0 TEPMOMETPOB). MaKCHUMalbHO [OMYCTUMYIO TEMIIEparypy
OOMOTKH MOXHO HAWTH MyTEM CIIOKEHUS MAaKCUMAIBHO JIOIYCTUMOTO MPEBBIIICHUS TEMITEPATYPhI
C YCIIOBHOM TEMIIEPATYPOU OKPYKAIOLIEH Cpe/ibl, KOTOPYIO NpuHUMaroT paBHoi 40°C.

Tabnuya 6.1. Ilepecpes wacmetl 21eKMputecKoli MauuHsl

MakcuManbHO JonmycTuMast TeMieparypa,°C

YacTH MAIITHHEL Kiaccs! uzonsauuu
A E B F H
OOMOTKH SKOpSI, COEJMHEHHBIE C KOJUIEKTOPOM
P, COeL POM 60 | 75 | 80 100 125
1 OOMOTKH MTEPEMEHHOTO TOKA
MHuorocioiHbIe 0OMOTKH BO30YKIEHUS
YA 60 | 75 | 80 100 125
MAaIIWH MOCTOSHHOTO U MEPEMEHHOTO TOKA
OnHOpsAIHBIE OOMOTKH BO30YKIECHUS
FHOPAL YA 65 | 80 | 90 110 135
C OTOJIEHHBIMH TIOBEPXHOCTIMH
CeplieuHUKH U 1€ CTaJIbHbIE 3JIEMEHTHI
P APYT : 60 | 75 | 80 110 125
COIPHUKACAIOIINECS C H30JUPOBAHHBIMU OOMOTKAMHU
KoJieKTopbl ¥ KOHTaKTHBIE KOJIbIIA 60 70 80 90 100

Ecnu Temmeparypa okpysKaroled cpeabl MPEBHINIAET YCIOBHYIO, TO JONMYCTHMOE IPEBBILIEHUE
TeMmreparypbl OOMOTKM B OKCIUIyaTallMM JOJDKHO OBITh CHHDKEHO, 4YTOOBI (pakTHuecKas
TeMreparypa OOMOTKHM He MpeBblllana gomycTuMoi. Eciau TemmepaTypa OKpyXkaromie cpessl
MEHBUIE YCIOBHOM, TO B AKCILIyaTallMy JOIMYCKAETCSd COOTBETCTBEHHO YBEIMUYMBATh MaKCUMaJIbHO
JIOTYCTUMOE TPEBBILLIEHUE TeMIepaTypbl 0OMOTKH, HO He Oosiee yeM Ha 10°C mo cpaBHEHHIO CO
3HAa4YEeHHEM, YCTaHOBJICHHBIM CTaHAAPTAMU WIIM TEXHUUECKUMH ycloBUsMH. [Tpu pabore MammHbl B

717203



MECTHOCTSIX, T/l H3-3a MOHIKCHHUS OapOMETPUYECKOTrO JaBICHHS YXYAIIAETCS TEIUIO0Tayua,
MpelycCMaTpUBAlOT ~ HEKOTOPOE  YMEHbBILIEHHWE  JOMYCTHUMBIX  MPEBBIIICHUH  TeMIepaTyphl.
[TpuBeneHHple B TaOm. 6.1 3HAUEHUS SBISIIOTCS CPEAHECTATUCTHUYECKUMH IS DJICKTPUYCCKHX
MalIMH CO CPOKOM cIy:kObl 8 — 15 ner. B psane ciayyaeB 1uisi MalllMH ClIeNUaIbHOTO Ha3HAYEHUS
COKpAIIAIOT CPOK CIY»KOBI MAIIMHBI U JTOMYCKAIOT 00Jiee BHICOKUE 3HAUCHUS TeperpeBa M30JISIINH.
[Ipu 3TOM NOSBIIAETCS BOZMOKHOCTH YBEJIMYUTHh MOIIHOCTh MIPU TEX K€ rabapuTax WM BBIIOJIHUTH
MallIMHYy 3aJIaHHOM MOIHOCTH C MEHBIIMMH Maccoil u pasmepamu. OrmpenesieHHe CpeHero
MPEBBILICHUS] TeMIepaTypbl OOMOTKM HaJl TEMIEpaTypoil oxJaxkJaromiei cpeabl OObIYHO
MIPOU3BOJIUTCS IO OTHOCHTEILHOMY BO3PACTaHUIO COMPOTUBICHNUS OOMOTKHU WJIA ITPOBOIHHKA!

r, =ryfl +a (0 -69)] (6.2), rae r; u r, — aKkTUBHOE COMPOTUBJICHHE OOMOTKH B XOJIOJHOM H
HarpeToM COCTOSIHUHM COOTBETCTBEHHO, OM; o0 — TeMIepaTypHbI KOAIPOUIUEHT (ISl MeIu o =
0,004 K'l); 0 — temmeparypa oomotku, °C; 0y — Temmeparypa okpyxatomen cpenbl, °C. s
HEMPEPHIBHOIO aBTOMATUYECKOTO KOHTPOJISI TEIUIOBOTO COCTOSHUSI B HaWOOJEe HArPEThIX TOYKAX
MallMHbBl BO BpeMs palbOThl MPUMEHSIOTCS 3aJI0KEHHbIE WJIM BCTPOCHHBIE TeMIIepaTypHbIE
WHIYKTOPBI — TEPMOMETPHI COITPOTUBIICHUS ¥ TEPMOIIAPHI.

6.2. PeskuMbl padoThl 3JIeKTPHYECKUX MAIIIMH.

B 3aBucuMMOCTH OT XapakTepa U3MEHEHHUs Harpy3Ku 3JIEKTPUYECKHE MAIIMHbI MOT'YT pabdoTaTh B
pPa3IMYHBIX HOMUHAIBHBIX PEKUMax: MPOJODKUTEIBHOM, KPaTKOBPEMEHHOM, IIOBTOPHO-
KpaTKOBPEMEHHOM M IEPEMEKAIOILIEMCSI.

IIponoskuTenbHbIH peskuM. [IpogoKUTETBLHBIM CUUTACTCS TAKOM pexXUM paboThl MaIlIMHBI, IPU
KOTOpPOM OHa pa0oTaeT ¢ HEU3MEHHOW Harpy3Kol M BpeMs pabOTbl HACTOJIBKO BEJIMKO, 4YTO
IpeBbIILIeHNE (AKTUUECKOW TeMIlepaTypbl Haj TEeMIIepaTypoil OKpy»Karolled cpelbl JTOCTUTaeT
ycraHoBuBIIErocs: 3HadeHusd. OtTcroja cielyeT, 4yTo IpU 3aJaHHBIX pa3Mepax OxJIaXJaroulen
MIOBEPXHOCTU U MHTEHCUBHOCTHM OXJIQXKJEHHs 3JIEKTpUYEecKas MallliHa MOXET ObIThb Harpy)xeHa
TOJIBKO JI0 ONPEAETICHHON MOUIHOCTH, NPH KOTOPOH ee moTepu » P He NPEeBBINIAIOT 3HAYCHHUS,
COOTBETCTBYIOLLIEIO0 MAaKCUMaJIBHO JIOIYyCTUMOMY IIPEBBIIIECHUIO TemIepaTypsl. Jlomyctumas
BEJIMYMHA IeperpeBa OIpeleNsieTcs HarpeBOCTOMKOCTbIO H3OJSAIUM OOMOTOK, NMPUMEHSEMON B
JaHHOU MaimuHe. MolHocTh P, Ipu KOTOPOM JOCTUTAETCS YCTAHOBUBIIEECS 3HAYEHHE MTPENETIbHON
TEMIEPATYPbl  IIEPErpeBa,  HA3bIBAIOT  HOMUHAAbHOU  MOIMHOCTBIO, MM  MOIIHOCTBIO
IIPOJOJDKUTENBHOrO peknMa. OHa  SBIAETCS OCHOBHBIM IIApaMETPOM, XapaKTEpHU3YIOLIUM
Harpy304Hyl0 CIIOCOOHOCTH AJIEKTPUYECKOM MAIIMHBI MPU MPOJOJKUTEIIBHOM pPEXUME pPadoThI.
OObIUHO MpH paboTe C MOUIHOCTHbIO P MpEeBBIIIEHUE TeMIepaTypbl OTACIbHBIX YacTe NOCTUTAET
YCTAaHOBHUBILIETOCS 3Ha4eHHs uepe3 3...6 4 Juis MamMH cpeiHed M OONbIION MOIIHOCTH U Yepes
10...30 MuH 11 MUKPOMAILIHH, IIOCJIE€ YErO BCS BBIIECISIIOMIASCS TEIUIOTA OTHACTCA OKPYKaIoIEn
cpeae. CyliecTByeT MOHITHUE YACOBOU MOWHOCMU U YACOB020 MOKA, NpU paboTe ¢ KOTOPBIMU
XOJIOAHAs MallMHa Harpeercs 10 JONYCTUMOM TeMmmepaTypbl 3a OAMH 4ac. J{ias Toro uTtoObl
MIPEBBILICHUE TEMIIEPATypPhl JIEKTPUUECKON MaIIMHBI IPU OMPEEIIEHHON Harpy3Ke He MPEeBBIIIANI0
MaKCHMaJbHO JONYCTUMOIO 3HAu€HWs, MalllMHA JOJDKHA HMETh JOCTaTOYHBIE pPa3MEpbI
oxJaxjatonie nosepxHocTu. [Ipu 3amaHHON BeNIWYMHE MOBEPXHOCTH JIOMYCTUMYIO BEIHMYHUHY
neperpeBa Mo>KHO 00€CIIeUnTh, MOBBIIIAs MHTEHCUBHOCTD OXJIAXKICHHS.

KparkoBpemennblii pe:xxuM. [Ipu kpaTkoBpeMeHHOM pexxuMe paboTa 3JIEKTPUUECKON MalluHBI C
IIOCTOSIHHOM Harpy3koi uepenyercs ¢ €€ OTKIo4YeHHsAMH. [Ipu 3TOM mnepuonabl Harpy3ku He
HACTOJBKO JUIMTENbHBI, YTOOBI MpPEBBILICHHE TEMIEepaTypbl MAIIUHBI MOIJIO JOCTUTHYTh
YCTQHOBUBIIETOCS 3HAYEHMs, a MEPUOJbl OTKIIOYEHHUs (TMay3bl) JAOCTATOYHO BEIMKH, YTOOBI OHA
ycrena OXJaJuThes A0 TeMIepaTypbl OKpyxkaromie cpenbl. s MamuH o0IIero mpuMeHEHHs
CTaHJAapThl YCTAHABJIMBAIOT CIEAYIOIIYIO MPOAOKUTENFHOCTh pabouero nepuona: 10, 30, 60 u 90
MuH. [IponomxurensHas pa®oTa MalllMHBI C NEPErpy3Kod HEIOMyCTHUMa, M BpeMsl ee paboThl
JOJDKHO OBbITh orpaHuueHo. Yem Ooiiblle OTAaBaeMass MOIIHOCTh M, KaK CIEICTBHE, OOJbIle
HOTepH, TeM OOJIbILIE BEJIMYMHA NIEpErpeBa U TeM MHTEHCHBHEE HApacTaeT TeMIIEpaTypa B Ipolecce
HarpeBaHus. Takum oOpa3oM, yem OoJibllle Harpy3ka MamldHbl, TEM MEHbIIEe BpeMs OHAa MOKET
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paboTaTh 1O MOMEHTa OCTHKEHUS MPEACTbHON BEIMYUHBI TieperpeBa. MeHblee BpeMsi paboThI
MAaIlTUHbI COOTBETCTBYET OOJBINEH MOITHOCTH, KOTOPYIO OHa MOXET pa3BHUBaTh. JlOMyCTHMYIO
MIPOJIOJKUTEILHOCTh KPATKOBPEMEHHOTO PEKMMa, MPU KOTOPOH MPEBBIICHUE TEMIIEPATyphl HE
BO3pACTaeT CBBINIC JOMYCTUMOH BEIWYHUHBI, MOXXKHO OMPEICIUTh IO KPHUBBIM HarpeBaHUs H
oxJaxJaeHuss MamuHbel. ClieoBaTeIbHO, MPH KPATKOBPEMEHHOM pPEKHUME MOXKHO JIOMYCTUTh
3HAYCHMS TOKA Harpy3Kd, B HECKOJIbKO pa3 OOJIbIINE, YeM MPU IJIUTEIBHOM peKuMe padboTsl. Bo
CTOJIBKO K€ pa3 MOTYT OBbITh YBEIWYCHBI M JOMYCTUMBIC 3HAYEHHUS MOTeph MomHocTu. [Ipu
KPaTKOBPEMEHHBIX TMEperpy3Kax JUIMTEIbHOCThIO 2..3 MHH MOXKHO CYHMTaTh, YTO HarpeBaHHE
MPOUCXOIUT 0€3 OTHAAYH TEIUIOTHI (aAMa0aTHYECKH).

IloBTOpHO-KpPaTKOBpPEeMEeHHBII pe:kuM. Ha moaBMKHOM COCTaBe AJIEKTPHYECKUE MAIIMHBI YaCTO
paboTaroT B TOBTOPHO-KPATKOBPEMEHHOM peXUME. B 3TOM peknMe nepuoasl paboThl MAIIUHBI IO
Harpy3Kol TEPUOIUYCCKH HYEPEIYIOTCS C TEepHOoJaMHU OTKIIOUEHHS MAIIWHBI (Tay3amH),
BCJIC/ICTBHE Yero olmiee BpeMs pabOThl MAIIMHBI Pa30MBACTCS HA TIEPUOJANYCCKU TTOBTOPSIOIIAECS
nukiel.  [Ipy 3ToM 3a mepuoabl HArpy3KH TPEBBIINICHHE TEMIEpaTyphl HE JIOCTHUTAET
YCTAaHOBHUBIIIETOCS 3HAUCHUS, a 32 MEPHUOABl OTKIIOYCHHS MAIlMHA HE YCIEBACT OXJIAIUTHCS 0
TEeMIIEpPaTyphl OKpYyKarolel cpeasl. Bpems 1ukia npu pabote MalIMHBI B 3TOM PEeXKUME HE TOJIKHO
npeBpimath 10 muH.  [loBTOpHO —  KpPaTKOBPEMCHHBIH  pPEXHM  XapaKTepU3yeTCs
MPOJIOJDKUTENbHOCTRI0  BKItoueHUs: (I1B), BhIpakeHHOH B MpoIEHTaX OT OOIIero BPEMEHH
BKJIFOUeHUs. [Ipy TOBTOPHO-KPATKOBPEMEHHOM peXHME pabOThl KpUBasi HarpeBaHus mpuoodpeTaer
MUI000pa3HbIi XapakTep, TaK Kak MepHOJbl HarpeBaHUs YEPEaYIOTCS C MEPUOAAMH OXJIAXKICHUS.
Bo Bpemst pabGodero rmepuoja BEIWYMHA IEPETpeBa BO3PACTAET B COOTBETCTBHH C KPHBOM
HarpeBaHusl MallliHbI, BO BpeMs May3bl OHA YMEHBIIIAETCS B COOTBETCTBUU C KPUBOM OXJIAXICHUS.
B ycranoBuBmIEMCS peKMME PAOOTHI MPEBBINICHUE TEMIEPATYPhl COCTABISECT OT Omax JO Omin,
MpUYEM BETUYHMHA Omax MEHBINE MPEBBIIICHUS TEMIEPATypbl, KOTOPYIO HMeNa Obl MallluHa MpH
HENpephIBHON padboTe ¢ Toil ke Harpy3koil. Tak kak mocrositHHast BpeMeHH HarpeBaHus B 5 —10 pa3
npeBbiaer padounii 10-MHUHYTHBIA LUKI, TO pa3HULA MEXAY Omax U Omin OymeT HeOONbLION U
MPAKTUYECKH YCTAHABIMBACTCSl TPEBHIIICHUE TEMIIEPATYPhI, OMPEACIIIEMOe CPEIHUMHU TTOTEPSIMH
3a LMKJI. DTO MO3BOJIAET B pabouuii nepuos t, yBeIMUUTh peaqu3yeMyto MOLIHOCTb IO CPABHEHUIO
C MOIIHOCTBIO B IPOJIOJDKUTEIILHOM pekume. CremoBaTelbHO, TIPH MOBTOPHO-KPATKOBPEMEHHOM
pEXKHME MOXHO JIOMYCTUTH OOJNBIIME HArpy3Kd, 4eM TMpU JUIMTEIbHOM HENpephIBHON paboTe.
OTHOIIIEHNE TOTePh MOIIHOCTH B MalllMHE, PabOTaroIe MpH TOBTOPHO-KPATKOBPEMEHHOM U
MPOJOKUTEIFHOM PEXHUMax, MpPH KOTOPBIX JOCTHUTAIOTCS OJWHAKOBBIE YCTAaHOBUBIIHUECS
MIPEBBIIICHUS] TEMIIEPATyphl, COOTBETCTBYeT 3HaueHWsM [IB. Ha mpaktuke mnpu ompeaeneHUn
MOIIIHOCTH, KOTOPYIO MOXKET Pa3BUBATh JIEKTPHUUECKas MalllMHA MPU MOBTOPHO-KPATKOBPEMEHHOM
peKHME, YacTO HMCXOJAT W3 SKBHBAJICHTHOTO TOKA: €CIIM MAalllMHA PAacCYUTaHa Ha padoTy mpu
MOBTOPHO-KpaTKoBpeMeHHOM pexume [I1B; To mpu pabote ee B pexume [IB, Bemmumna TOKa,
KOTOpasi OMNpeneiseT Pa3BUBAEMYI0 MOIIMHOCTh P, MOXET OBITh YBEIWYCHA WM YMEHBIIICHA
nponopuuonansHo I1B, Hanpumep:

I1B,% | Py | I1IB,% | Py
60 13 25 2,0
40 1,6 15 2,6

Ilepemeskarommiics: pe:xxkuM. B 3ToM pexunme KpaTKOBpEMEHHBIE MEpUO/Ibl pabOThI O] Harpy3Kon
(paboune mepuojbl) YepeayrTCs C IepuoJaMH XOoJIocToro xonaa (maysamu). Ilepemexaromuiics
PEXHUM XapaKTepU3yeTCs OTHOCUTENBbHOM MpojonkuTenbHocThio Harpy3ku (ITH), BeipakeHHOi B
npouentax. Cranmaptaele 3HaueHus IIH cocrasmsror 15, 25, 40 u 60%. [IpomomKuTensHOCTD
LIMKJIa OpUHUMAKT paBHOM 10 MuH. XapakTep HM3MEHEHHsS IPU 3TOM pEXUME AHAIOTMYEH
XapakTepy MU3MEHEHHUS TeX XK€ MapaMeTpoB IIPHU MOBTOPHO-KPATKOBPEMEHHOM pEXHMME. 3a BpeMs
paboThl MOJA HArpy3Koil TeMmIiiepaTypa MAallMHbl M TPEBBIIIEHUS TEMIEpaTypbl HE JOCTHTaloOT
YCTAaHOBUBIINXCS 3HAYCHUN.

JlonoiHUTe/IbHbIE HOMUHAJIbHBIE peKUMbI. KpoMe OCHOBHBIX HOMHHAJIBHBIX PEKUMOB PabOTHI
B KauecTBE JIOTIOJIHUTENFHBIX (PEKOMEHAYEMBIX) YCTAaHABIMBAIOT PEKUMBI pabOThI, IPU KOTOPBIX
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Harpy3ka uMeeT IUKJINYECKUI XapaKTep:
1) noBTOpHO-KpaTKOBPEMEHHBIH ¢ yacThiMu TTyckamu 1ipu [1B, paBaom 15, 25, 40 u 60%;
2) NOBTOPHO-KPAaTKOBPEMEHHBIN € YacThIMMU IIyCKaMH U 3JIEKTPUYECKUM TopMokeHueM npu I1B,
paBHoM 15, 25, 40 u 60%;
3) nepeMexaronuiics ¢ 4aCThIMU pEBEPCAMU U IEKTPUUECKUM TOPMOKEHUEM;
4) nepeMeKaroluiics ¢ IByMs YaCTOTaMU BpallleHusl.
B nononHUTENbHBIX HOMUHAIBHBIX PEXKUMAX YCTaHABJIMBAETCS:
* IUTsl peXUMOB 1) 1 2) — cTaHAapTHOE YHCIIO BKIIOYECHUI B Yac;
* 17151 peskuMa 3) — YUCJIO PEBEPCOB B 4ac;
* U151 pekuMa 4) — 94uciio NUKIOB B yac, pasHoe 30, 60, 120 u 240.
Pabdora npu mnepemenHoil Harpy3ske. B akcruyaranum 3JIEKTpUYECKMX MAIIMH BO3MOXHbI
PEXKUMBI, HE COOTBETCTBYIOIIME TepedyucieHHbM. Hambonee TunudeH pexuM ¢ OBICTPO
U3MEHSIOIIECHCS Harpy3KoH, aHAJIOTMYHbBINA ITIOBTOPHO-KPAaTKOBPEMEHHOMY, KOI'/la B TEYCHHUE LIMKJIA
TeMIIepaTypa 4YacTel MalllMHbl CYHIECTBEHHO HE Hu3MeHserca. Eciu aiekTpuueckas MallvHa
paboTaeT B MPOJODKUTEILHOM pEXHME, HO TpU TEPEMEHHOM Harpy3ke, TO B pa3IHyYHbIC
MPOMEXYTKH BPEMEHU B HEH BO3HUKAIOT Pa3NUYHbIE MOTEPH MOIIHOCTH. YTOOBI OmpenenuTh,
MOKET JIM MalllHa BBINOJIHUTH 33JaHHbI TpaUK HArpy3Kd, OOBIYHO MPUMEHSIIOT METOJ
SKBUBAJIEHTHOTO TOKAa. B OCHOBY €ro moJyioxkeHo MpeaoIokKEHUE O TOM, YTO IEPEMEHHBIE TOTEPHU B
MalIMHE [PONOPLIMOHANIbHBI KBAJAPATy TOKA Harpy3Ku.
PabGora npu nepeMeHHOH TOKOBOI HArpy3ke. B skciutyataliuu TSATOBBIX 3JEKTPUUYECKUX MAIllUH
TaK)X€ BO3MOXHBI PEXHUMBbI padOThl, HE COOTBETCTBYIOIIME YKa3aHHBIM. JIJIs 3TUX MalluH TUIUYEH
PEXHUM C OBICTPOMEHSIOIUMCS TOKOM M MOIIHOCTBIO. Eciiu oHM paboTaioT B MPOJOHKUTEILHOM
pEeXHUME C MOCTOSSHHOM MOIIIHOCTHIO, HO C Pa3HbIMU 110 BEJIMYHMHE TOKAMHU, TO TEIIOBOM IMPOLIECC B
HUX CJEAYyeT OTHECTH K HE YCTAHOBUBLIEMYCS, TaK KaK MPU Pa3HbIX TOKAX U3MEHSETCS U BEIMYHUHA
MIOTEPb.

6.3. BeHTHJISIIUSA TATOBBIX YJIEKTPUYECKHX MAIIMH.

KOMIakTHOCT KOHCTPYKLUMH TSATOBBIX 3JIEKTPUYECKUX MAIIWH IOJBHKHOIO COCTaBa CO3/AET
CEpbE3HbIE TPYIHOCTH TMPHU PEIICHUU BOIpoca 00 YJaJICHUH TEIJIOBOW IHEPTUH, BOSHUKAIOIICH B
HUX MpHU padoTre. IHTEHCUBHOCTH OXJIAXKICHUS TATOBBIX AJNEKTPUUYECKUX MAIIMH U CIOCO0, KAaKUM
OHO OCYIIECTBIISICTCS, SIBJISIFOTCS. OCHOBHBIMH  (DaKTOpaMH, BIHSIONIMMU HE TOJBKO Ha
KOHCTPYKIHUIO JI€Taleil TArOBOrO JBUTATENs, HO U Ha Pacxo] B HUX aKTHUBHBIX MaTepuasioB. Kak
MPaBUJIO, TIOYTH BCE TATOBBIC JICKTPUUECKHE MAIIMHBI MOJBUYKHOTO COCTaBa B HACTOAIEE BpeMs
OXJIQXIAIOTCS MOCPEICTBOM IPOAYBAHHMS 4Yepe3 HUX BO31AyXa, T. €. BEHTUIUpPYHTCS. BiusHue
BEHTWIAIIMK Ha JUIMTEIbHYIO MOIIHOCTh, Pa3BUBAEMYIO IBUTATEIEM, BECbMa 3HAYUTENbHO. Tak,
HalpuMep, MAJIWTEIbHAass MOUIHOCTh COBEPILIEHHO 3aKpBITOrO JIBUTaTeiss TpaMBalHOIO THIIA
cocraBisier 25..35% ero uyacoBOil MOIIHOCTH, OJHAKO NPUMEHEHUE BEHTWISLMM IO3BOJISET
MOBBICUTH €€ BIBoe M Jaxke Oonee. [IpaBma, Ha 4acOBOW MOIIHOCTH NMPUMEHEHHE BEHTHIISIIUU
CKa3bIBACTCS HE3HAUUTEIbHO. Tak, y ABUTATENeH HEOOIBIINX MOIITHOCTEH ¢ YaCTOTON BpAIICHUS 0
600 06/MMH TIOCNIE KOHCTPYKTHUBHBIX MEpeNeloK, TpeOyeMbIX i OCYIIECTBICHUS BEHTHIISALUU
(HampuMep, YCTPOMCTBO BEHTHIIAIIMOHHBIX KAHAJIOB B CEPACUYHHKE SKOPs), YacoBask MOIIHOCTb
JBUTATENS J1aXK€ HECKOJIbKO MOHMKAETCA IO CPABHEHHUIO C MOIIHOCTBIO 3aKPBITOIO JBUTATEIS.
OCc00€HHO CYIECTBEHHO BIHMSHUE BEHTWISAIUU MPH JIUTEIBHBIX Mepuogax pabOThl JABUTATEIS.
HopMmanpHOl paboTOi TATOBBIX DSIEKTPHUECKUX MAIIWH SBJISETCs paboTa Ha MPEPBHIBUCTYIO
Harpy3Ky. XapakTep TakOW Harpy3KH 3aKIOYaeTcsl B CICAYIONIEM: CHadayia JIBUTATENbh pabdoTaer
o OOJIIIUM TOKOM W TIPU TMOCTEINEHHO MOBBIIIAIOMICHCS YacTOTE BPAIICHHUS — ITO MYCKOBOU
MIEPUOJI; 3aT€M TOK JIOBOJIHHO 3aMETHO YMEHBIIIAETCS, a YaCTOTa BPAIICHUS BCE €IIe MPOJOIKAET
pacTH; W, HAaKOHEIl, JBUTaTellb BpamiaeTcss 0e3 moTpebieHus TOKa — IMepHo]| BbhIOEera; B KOHIIE
MeperoHa JBUTaTeNh ocTaHaBiuBaeTcs. CeI0BaTeNbHO, HA KaXKIOM IEPETOHE B TSITOBOM PEKHUME
JBUTATENh OyIeT CWIBHO HarpeBarhbcs. B mepuosa BbiOera HaKOIUIGHHAs JBHUraTelIeM TeIjioTa
paccenBaeTcss — YHOCHUTCA BO3AyXOM. Uem OOJbIle ABUTATENb YCIEET OXJIAJUTHCS 3a TEPHUOI
BbIOETa U CIEYIOIIee 32 HUM BpeMs MOKOsI, TeEM B OOJbIIe Mepe OH OyJeT rOTOB K MOBTOPEHHIO
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MoJ0O0HOTO TEIUIOBOTO IMKJIA Ha CIEAYIOUIeM IeperoHe. 3HA4HuT, HY>KHO CTPEMHUThCS Hambosee
11eJ1IecO00pa3HO UCTONB30BaTh ISl OXJIAKCHHS JABHTATENsl TO BpEeMs, KOT/Ia BOSHHUKAIOIINE B HEM
MOTEpPHU HEBEJIMKU, M BpEMsl, KOTJa JIBUTATeNb He Bpamjaercs. CymecTByeT /1Ba OCHOBHBIX THIA
TATOBBIX JIBUTATEIICH B 3aBUCHMOCTH OT CHoco0a WX BEHTHJISIMHM: 3aKPBIThIC JBUTATEIN C
camogenmunsAyuel M 3aKPBITHIC JBUTATEIM C He3asucumou BeHTWIAnueid. B nBurarensx c
CaMOBEHTHJISIIIEH BO3/YX IPOTOHSETCS Yepe3 JABUraTelb BEHTUISITOPOM, PACIIONOKECHHBIM Ha BaTy
BHYTpH jBurarens. CaMOBEHTHIMPYIOIIUECS JBUTATEIM TNPUMEHSIOTCS MPEUMYILIECTBEHHO Ha
TOPOJCKOM JJIGKTPHUYECKOM TpaHCIOpTe (TpamMBaH, TPOJUICHOYCHI M T.I.) MJIM B MOTOpP-BaroHax
METPO M IPUTOPOJHBIX JKEJIE3HBIX JOpor. B aBurarensix ¢ HE3aBUCHMMON BEHTWISALMEH BO3AYX
MPOTOHSETCS BHEIIHUM BEHTHJISTOPOM C OT/ACIBHBIM, HE3aBUCHUMBIM OT TSITOBOTO JBUTATEINS
NpUBOAOM. JIBUraTenu C HE3aBUCHUMBIMH BEHTWJIATOPAMH IMPHUMEHSIOTCS TJIaBHBIM 00pa3oM Ha
MarucTpPaIbHBIX JJOKOMOTHBAX. B 3aBUCMOCTH OT MOJIOKEHHS BEHTHIISATOPA (KaK BCTPOCHHOTO, TaK
M HE3aBHCHMOTO II0 OTHOIICHWIO K JBHUraTeli0) pa3iMyaroT BEHTWIALMUIO BBHITSHKHYIO,
HArHETAaTeIbHYIO M CMEIaHHylo0. [Ipr HEe3aBUCHMOI BEHTWIISAIMHU TATOBBIX JJCKTPUYCCKUX MAIIUH
MPUMEHSIOTCS] UCKITIOUUTENFHO HarHETaTeIbHbIE BEHTUIIATOPHL. 3a00p BO3/lyXa W3BHE MPOUCXOIUT
4yepe3 0ocoOble MbUICYJIaBIMBAIONIME TPUCTOcOOIeHus. Tak ke, KaKk W MPH CAaMOBEHTHIISIIHH,
OCHOBHBIMHM CHCTEMAaMH HE3aBUCUMOW BEHTHJISIIUM B TITOBBIX JIBUTATENSAX MOCTOSHHOTO TOKa
SBIISIIOTCSL  TIApaJUIeNibHAsl M IOCIENOBaTebHAas BEHTWISALMA. llapaiienbHas BEHTWISIHS B
OOJIBIIMHCTBE JBHTATENeH OCYIIECTBISIETCS C NPSAMBIM HAaNpaBJICHHEM ABIDKEHHS BO3ayxa (OT
KOJUICKTOpA), W JIMIIb B OIPAaHMYECHHOM 4YKCJIE THIIOB JBHMTAaTelCH BO3IyX HPOXOJUT OT 3aaHEH
CTOPOHBI ABHTraTelNsi K KoyuiekTopy. Ilpu momade Bo3ayxa co CTOPOHBI KOJUIEKTOPA BHYTPU SKOPSI
MPOXOJUT OTHOCHTEIBHO OOJBIIOEC KOJMYECTBO BO31yXa, Onarojgaps Yemy 3HAYUTEIbHO
MIOBBIIIACTCS JUTUTEIbHAS MOITHOCTH JABUTATENIsI, CHUKACTCS TEMIIEpaTypa NEeTYIIKOB KOJJICKTOpa U
€ro TOBEPXHOCTH, OOECIeYMBACTCS HMHTEHCHBHAs I0ja4a BO3JyXa B KaMepy KOJUICKTOpa W
UCKJIFOYAeTC BO3MOXKHOCTh CKOIUIEHUS HMOHHM3MPOBAHHOTO BO3AyXa HaJX IOBEPXHOCTHIO
KOJUICKTOpa. B pe3ynbTare 3TOro CyImECTBEHHO CHMXKAETCS BO3MOXKHOCTh BO3HUKHOBEHHUS YU
MEXIy meTKaMHu. UeM HIKe TeMIieparypa MeTYIIKOB KOJUIEKTOpPa, TEM BBIIIE HAJIE)KHOCTH pabOTHI
00MOTKH sikopsi. OOMOTKA SKOpS MPU YACOBOM PEKUME COTJIACHO HOPMaM MOXKET UMETh Meperpen
120°C. C y4eToM JOIMyCTUMOM TeMITepaTypbl OKpyxaromero Bo3ayxa 25°C momyqaum, 94To cpeaHsis
TeMmreparypa, HOpuU KOTOpOHM MoxeT pabortate oOMoTka, paBHa 145°C. Ilpu croib BBICOKOM
TEMIIepaType OJIOBSHHCTO-CBUHIIOBBI TPUIIONW, KOTOPHIM TIPUIIAMBAIOT BBIBOJBI OOMOTKH K
MeTyIIKaM, MOXET paciuiaBuThes. Ilpu mocnenoBaTenbHONW BEHTUIISLMHU, BO3yXa PAacXoayeTcs B
1,5 — 2 pa3a MeHbllle, 4YeM Mpu napaienbHol. TakuM 00pa3oMm, MOIIHOCTb, 3aTpaduBaeMasi mpu
MoCJIeI0BaTeNbHON U MapajuleIbHON BEHTWIALUH, OyAeT MpUOIM3UTEIBHO OJAMHAKOBA, HO Macca
BEHTHJISITOPHON TPYIIBI (BEHTHISATOP IUIIOC €r0 JBUTATEINh) MPU MOCIEI0BATEIHHON BEHTHIISAIINN
NoJy4uTcs MeHbIIe. OObACHAETCS 3TO TEM, YTO ITOT BEHTHISATOP PACCUUTaH Ha MEHBUIYIO [10J1auy
BO3AyXa C OJHOBPEMEHHBIM COOTBETCTBYIOIIUM TIIOBBIICHHEM Hamopa. lIpu KOHCTpyHpOBaHWUHU
AJIEKTPOBHUraTeNeil ¢ MociIe0BaTebHON BEHTHIIAIMEH HEOOXOJMMO H3bICKMBATh BO3MOXKHOCTb
o0ecrieunBaTh MaKCHMAJIBHO BO3MOXHYIO TIIOMIAIh MTOMIEPEYHOT0 CEYEeHHUST KaHAIOB KOJUIEKTOPHOM
BTYJIKU M OCEBBIX KaHAJIOB CEPJIEYHMKA SKOPS, OCKOJIBKY B HUX CKOPOCTbH JBM)KEHHS BO3JyXa HE
JOJDKHA TIpeBbImath 25 wm/c. llpakThka moOKa3bpIBaeT, YTO IUIOMIAJb CEYEHUS BEHTHIISIIIMOHHBIX
OTBEPCTUH B CEpJIEUYHUKE SKOpS KPYIHBIX 3JeKTpojBurareneir cocrtasiser 55...80% cymmapHoi
TUTOIIAM CeUeHHsI MeXIy KarymkaMmu. [Ipu 3Tom obecrieurBaeTcst OOJbIIasi HaJEKHOCTh TATOBBIX
3JIEKTpOBHUraTeneil B padore.

KoHTpobHbBIE BOIPOCHL:

1. Yem omnpenensieTcst JOMYCTUMBIN YPOBEHb HAarpeBa dJIEKTPUYECKON MAIIUHbI?

2. Yto Takoe yCTaHOBUBLIMHICS PeXUM pabOThI?

3. Ilepeunciure BUABI BEHTWISALAN B dJIEKTPUYECKAX MAIIMHAX.

4. Kakue BUbI IOTEPh ONPEICISIOTCS peKUMaMH pabOoThI 3JIEKTPUUECKON MAIIUHBI?
5. Kakue cymecTByrOT CriOCOOBI OXJTAKICHUS dJIEKTPUICCKUX MAITHH?

6. YKaXuTe OCHOBHBIE HAIPABJICHUS CHUKEHUS NIOTEPh B DJEKTPUUECKUX MAIINHAX.
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I'masa 7.
HEUCIIPABHOCTU DJEKTPUYECKUX MAIIIUH JIOKOMOTUBOB.
7.1. UckpeHue MAILIMH MOCTOSTHHOTO TOKA.

B coorBerctBumn ¢ 'OCT 28173 — 89 uckpeHue Ha KOJIJIEKTOPE 3JIEKTPUUECKON MAalllMHbI JOJIAKHO
OLIEHUBATbCA II0 CTENEHH HCKPEHUs IOJ CcOeraroIiyuM KpaeM IIETKH [0 IIKajle KJIaccoB
kommyTanuu (tabn. 7.1). IIpy HOMHMHAIBHOM peXUME PabdOThl MAIIMHBI CTENEHb €€ MCKPEHUs
nomKHa ObiTh He Bbmue 1%/, TIPHYMHBI HCKPEHHS MOXKHO pasfeliTh 110 XapakTepy HX
BO3HUKHOBEHHS HAa MEXaHUYECKHE U 3JeKTpuueckue. [Ipu3HaKkoM MEXaHMYECKOTr0 MCKpPEHUs
SBJISIIOTCSI UCKPBI KPACHOT'0, YKEJITOTO MIIM 3€JICHOT0 1IBETa, OTJICTAIOIIUE OT IETOK. 3€JIeHbIE HCKPBI
— IpU3HAK TOPEHUS MEIU KOJUIEKTOpA, KPAaCHbIE — Pa3pyllIE€HUs LHIETOK. DIEKTPUUECKUE TPUUNHBI
BBI3BIBAIOT I10J] IIETKaMu TronyOyro HUckpy. llpmunHa — HEyAOBIETBOPUTEIBHOE COCTOSIHUE
MAarHUTHOM LEIH.

VYuuTeiBasgs MHOroo0Opasue MNpPUYMH MCKPEHMs, HEb3s YKa3aThb HCYEPIBIBAIOIIME CIIOCOObI
pacro3HaBaHMs ATHX MNpHYUH. PaccMoTpuMm Hamboiee XapakTepHbleé HEHUCHPABHOCTU MAIIHH
MIOCTOSIHHOT'O TOKa U IPUYMHBI UX BOZHUKHOBEHHS.

1. AckpsT BCce MIETKU UJIM YaCTh UX:

* HIETKHU YCTAHOBJICHBI HEITPABUIILHO;

* pacCTOSHME MEXAY UIETKaMH OTIEJIbHBIX OpakeToB (LIETKOJEpKaTeneil) MO OKPYKHOCTH
KOJIJIEKTOPA HEPaBHOMEPHO;

* LIETKM HAXOJATCSA B IUIOXOM COCTOSSHUM M HENPaBWJIBHO YCTaHOBJIEHBI B IIETKOJEpPKATEIAX,
MMEIOT HEPOBHYIO 00rOpeBIy0 pabouyro MOBEPXHOCTh € LapallMHaMU, HAOUTHIMU MEIHOM IMBUIbIO;
TUIOXO MPUILUTU(OBAHBL, UX Kpasi 00JI0MaHbI WK ooropenn. Pasmeps! 000#M meTkoaepxKareneid He
COOTBETCTBYIOT pa3MepaM IIETOK (CIMIIKOM BEJIMK WM CIMIIKOM Mall 3a30p MEXAy LIETKOH U
000MOH TIETKOIEPIKATEIIA);

* LIETKOAEP)KaTeNIM HENPaBUJILHO YCTAaHOBJIEHbI, CIIMIIKOM BEIMKO PAaCCTOSHUE MEXIy 000MMOil
LIETKOJIEpKaTeNsl U KOJJIEKTOPOM; YCTaHOBKAa PEAKTUBHOI'O LIETKOJEP)KATeNsl HE COOTBETCTBYET
HaNpaBJICHUIO BpallleHUs (B pe3yJibTaTe 3THUX HEJAOCTATKOB LIETKA 3aKIMHUBACTCS); PACCTOSHUE
MEX/1y IIETKaMHU [0 OKPYKHOCTH KOJUIEKTOPA pa3iNyHO; HEPaBUIbHO BhIOpaHa MapKa IIETOK;

* METKU 1200 (CHIIBHO) MPUIIETAIOT K KOJIEKTOPY;

* [JIaBHbBIE U JJ0OABOYHBIE TIOJOCA PACIIONIOKEHBI HEPABHOMEPHO;

* MEX]y NeTYIIKaMH KOJIJIEKTOPA WIIM XOMYTHKaMH UMEETCs 3aMbIKaHNE; B OJJHOM MJIU B
HECKOJIbKUX SKOPHBIX KaTYIIKaX UMEETCSI MEXKBUTKOBOE COETMHEHUE UITU KOPOTKOE 3aMbIKAHUE;
N00aBOYHBIE MTOJIFOCA CIUIIKOM CHUIIBHBI MITH CIMIIKOM CJ1a0bl; 3a30p MEXY SIKOPEM H OT/IEIbHBIMU
WM BCEMU JOOABOUHBIMH MOJTIOCAMH YPE3MEPHO MaJl MIIM YPE3MEPHO BEIHUK;

* MEXBHUTKOBOE COEJJMHEHNE HJIM KOPOTKOE 3aMbIKaHHE B OOMOTKE OJTHOT'O U3 100aBOUHBIX MIIH
IJIaBHBIX IOJIFOCOB; OCJIa0JIEHNE KOHTAKTOB B LIEMH 100aBOYHBIX MOJIIOCOB OAHON MOJSPHOCTH;

* HEIOCTaTOUYEH KOHTAKT B SIKOpE, HaOJIr01aeTCsl MOUYEePHEHUE JIUILb HEKOTOPBIX KOJUIEKTOPHBIX
IUTACTHH, HAXOASIIMXCS HAa ONPEEIEHHOM PacCTOSIHUU APYT OT Apyra (COOTBETCTBEHHO YHCITY
MIOJIFOCOB WJIM Map TMOJIOCOB); MOCIIE KaKI0W YUCTKU WIIM OOTOYKH KOJJICKTOPA YEPHEIOT OJIHU U T
K€ IJIACTUHBI; YPAaBHUTEJIbHBIE COSIMHEHMS SIKOPS OTIASIINCh;

* U30JIALIUS MEXKAY IBYMsI I HECKOJIBKUMU KOJUIEKTOPHBIMU TJIACTUHAMH BBITOpEa; OOpHIB B
CEKIIUU OOMOTKH SIKOPS, HAXOASIENCst MEX Ty TOYEPHEBIIMMH IJIACTUHAMHU KOJJIEKTOPa; OOPHIB
LEMH CEeKLUH METIEBOI 0OMOTKH.

2. llleTku UCKPAT, XOTS IIETOYHBIN armapar B MOPSAJIKE, IIETKH YCTAHOBJIEHBI TPABUIIBHO,
KOJIJICKTOP YUCT U M30JISILIUS MEKY KOJUIEKTOPHBIMU TUIACTUHAMU HE BBICTYIIALT:

* HEJIOITYCTUMO OOJIBIION U3HOC KOJUIEKTOPA;

* TOBBIIIEHHOE HarpeBaHue sIKOPS; MAIIMHA Eperpy eHa.

3. llleTkn OCTaBIAIOT YEPHBIE MTOJIOCHI HA KOJIJIEKTOPE:

* [IOCTABJICHBI YTOJbHBIE IETKH HECOOTBETCTBYIOIIEH MAPKHU (CIUIIKOM MATKUE UM CIUIIKOM
TBEp/bIE);

* UCIOJIB30BAHBI LIETKH PA3HBIX COPTOB (HEPEIKO CIy4yaeTcs MpHu 3aMeHe CpabOoTaBIINXCS IETOK).
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4. I1]eTKu UCKPAT, POKAT, CUIBHO IIYMST; Ha KOJJIGKTOPE BUIHBI ciiesibl ooropanus. Kosektop
IIOYEPHEJI IO BCEH OKPYKHOCTH WM Ha OOJIbILEH €€ 4acTH; TOBEPXHOCTh KOJIEKTOpa UCIIEIpPEeHa
6opo3namu (BoIHOOOpa3Ha); KOJJIEKTOP U MIETKH CHIIBHO HarpeBarOTCs:

* HEPOBHOCTH UJIM OMEHHE KOJUIEKTOPA;
* MalllvHa BUOPHPYET;

* [10J1 IEUCTBUEM LIEHTPOOEIKHBIX CUJI KOJIEKTOP 1e(hOpPMUPOBaH;
* OTJEJIbHBIE KOJUIEKTOPHBIE IUIACTUHBI BBICTYIIAKOT;
* 3aTsDKKa KOJUIEKTOpa ocada.

5. Habmromaercs jierkoe KpyroBoe HCKpEeHHUe; 110 OBEPXHOCTH KOJUIEKTOPA CO IETOK OJHOTO
II0JIFOCA [IEPECKAKUBAIOT UCKPBI HA IIETKHU IPYroro MoJIroca:

* KOJUIEKTOD 3arpsA3HEH;

* YCTAHOBJICHBI CIIMIIKOM MSATKHE YIOJIbHBIE IIETKH.
6. llleTku CUIBHO UCKPAT NP IIEPEMEHE HANIPABJICHMSI BPAILlCHUsI IBUTaTEIs:

* U3MEHEHME HalpaBJICHUs BPAIEHUs JABUraTessl IPOU3BOAUTCS CIUIIKOM OBICTPO;
* IETKU CTOAT HE HA HEUTPAJIU.

7. KpyroBoii OroHb 10 KOJUIEKTOPY:

* IIETKHU PACIIOIOKEHBI HENPABUIBHO;
* CUJIBHO 3arpsi3HEH KOJIJIEKTOP.

Tabnuya 7.1. XapakmepucmuKku UCKpeHusi 21eKmMpu4ecKux MauuH

Crenenb
HCKPEHUS CocTostHHE KOJIIeKTopa
XapaKkTepHuCTHKa CTEIIeHU UCKPEHHS
(kmacc 1 IETOK
KOMMYTAIIUN)
1 HckpeHne oTCyTCTBYeT (TeMHAsT KOMMYTAITH )
OTcyTCTBHE MMOYEPHEHUS Ha KOJJIEKTOPE U Harapa
1Y Craboe ToYeYHOE UCKPEHHUE O] Ha IMeTKaX
¢ HEeOOIBIION YacThIO Kpas IETKH
. [TosiBneHue creoB NOYEPHEHUS Ha KOJIIEKTOPE,
1 Cnaboe nckpenue noj OoJblIel 4acThIo Kpast
1, etk JIETKO YCTPaHsAEMbIX IPOTHPAHUEM TIOBEPXHOCTH
OEH3MHOM, a TaKKe CJIEJ0B HAarapa Ha IEeTKax

HVckpenwne 1o BceM KpaeM IIETKH. [TosiBneHue cre1oB NOYEPHEHMS HA KOJUIEKTOPE, HE

2 JlomyckaeTcst TOJNBKO MPU KPaTKOBPEMEHHBIX YCTpaHsIEMBIX IIPOTUPAHUEM ITOBEPXHOCTH
TOJIYKAX HArPY3KH U MEPErpy3Ku OEH3MHOM, a TaKKe CJIEJ0B Harapa Ha IEeTKax
3HaYnTEIbHOE UCKPEHHUE T10]] BCEM KpaeM LIETKH
C HaJIM4YMeM KPYIHBIX U BBUICTAIOMINX HUCKP.
JlomyckaeTcs TOJNBKO I MOMEHTOB MPSIMOTO 3HaYnTEIbHOE TIOUYEPHEHNE Ha KOJJIEKTOpE, He

3 (6e3 peocTaTHBIX CTYNEHEH) BKIIIOYESHHS WIIT yCTpaHsieMoe IPOTHPaHUEM TIOBEPXHOCTH

peBEPCUPOBAHUS MAIIH, €CIU TIPY 3TOM
KOJUIEKTOD U IIETKH OCTAOTCSl B COCTOSIHUH,
TIPUTOTHOM JUTS JabHEHIe paboTh

OGEeH3MHOM, a TaKXkKe MOJrap U pa3pylIeHNe METOK

7.2. HeucnipaBHOCTH MALIUH MOCTOSTHHOIO TOKA.

Hewucnpasrnoctu 00MoTOK. PaccMoTpuM Hanbosiee XapakTepHble HEUCIIPAaBHOCTH OOMOTOK U
MPUYMHBI UX BO3SHUKHOBEHUSI.

1. KopoTkue 3aMbIkaHNs B 0OMOTKE SIKOPS:
* 3aMbIKaHHME YaCTH BUTKOB OJIHOM CEKIIMH UM BCEH CEKIINH;

* 3aMBIKAHUE MEXY IBYMs CEKLIUAMH, JIEKAIIMMH B OHOM T1a3y;
* 3aMbIKaHUE B JIOOOBBIX YaCTSIX OOMOTKU;
* 3aMBIKaHUE MEX]Y JIOOBIMU JIByMsI TOUKaMU OOMOTKH, HallpuMep, B ciiydae mpo6osi 0OMOTKH Ha
KOPITYC B IBYX TOYKaX;
* 3aMbIKaHHE OOMOTKH SIKOPS MJIM KOJUIEKTOpa Ha KOPITYC.

2. OGpbIBBI B 0OOMOTKE SIKOPS U IJIOXOM KOHTAKT B COETUHEHUSIX:

* mpu OOpbIBE B METIEBOH OOMOTKE BO3HHMKAET CHJIBHOE HCKPEHHE MEXJY KOJIEKTOPHBIMHU
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IUTACTUHAMH, K KOTOPBIM IIPUCOEMHEHA CEKIIMsS, MMEIo1Iast OOpHIB;

* IIp1 0OpBIBE B MPOCTOM BOJHOBOW OOMOTKE HOATOpPAeT HECKOJBKO Map KOJUIEKTOPHBIX IJIACTHUH,
PacroJIOXKEHHBIX IPYr OT Apyra Ha pacCTOSHUU IIara o KOJUIEKTOPY; YMCIIO Map IMOJArOpEBIINX
IUTACTHH OYyJET PaBHO YKMCIy Iap MOJIKCOB MAIUHBI.

3. IloBpexkaeHus: B 0OMOTKE TMOITIOCOB:

* IOBPEXJICHHSI B MECTaX BBIBOJIOB KOHIIOB KAaTyIIEK U3 KOPIIYyca;

* IOBPEKJCHUE COEAMHUTEIbHBIX IEPEMBIUEK U HAKOHEUHUKOB.

4. IleperpeB AIEKTPUUECKON MAILIUHbI:

* MallIHa MePErpyKeHa;

* [IPY OTCYTCTBUM UCKPEHMS IETOK BO3MOXKHA HEUCIIPABHOCTh BEHTWIALIMM MAIlIUHBL;

* JIBHUTAaTElb, IPEIHA3HAYCHHBIN Il KPAaTKOBPEMEHHOH MM TOBTOPHO-KPAaTKOBPEMEHHOU paboTHl,
HKCIUTYaTUPYETCs B IPOAOIIKUTEILHOM PEXKUME.

5. 'enepaTop 1m10x0 Bo30y>KAaeTcsl, IBUTATEIb TUIOXO0 UIET B XOJ:

* MEXBHUTKOBOE COEAMHEHUE WM KOPOTKOE 3aMbIKaHHE B OJHOM WM HECKOJIBKHX SKOPHBIX
KaTyIlKax;

* BEJIMK TOK BO30YXKICHUS;

* MPOU30IUIO COEAWHEHHE MapajieIbHOW OOMOTKHM C OOMOTKOW JOOABOYHBIX TONIOCOB HIIM C
1ocjae0BaTeNbHO OOMOTKOH, B pe3yiabTare Yero 4acTh KaTyHIeK UIYHTHPYETCS U TOK
BO30YKJCHUS YBEIMUHNBAETCS.

HeuncnpaBHocTu reneparopa. Huke mnepeuuciensl HauOojiee XapaKTepHble HEHCIIPABHOCTU
reHepaTopa 1 MPUYUHbBI UX BOSHUKHOBEHUS.

1. HenopManbHOe HanpsbkeHHe reneparopa. ['eneparop He BO30yKaeTcs:

* FeHepaTop NapajuIeIbHOr0 BO30YKI€HUS IOTEPSUI OCTATOUYHbIN MarHeTU3M;

* HENPaBUIBHOE MOJIOKEHHE IIETOK;

* apajijiesibHas 0OMOTKa BO30YX/I€HUS 3a3€MJIEHA B JIBYX MECTaX;

* MEXBUTKOBOE COEIMHEHHE WJIN KOPOTKOE 3aMbIKaHHE B OJHOM WJIM B HECKOJIBKMX KaTyIIKax
BO30YK/ICHHUS;

* KOPOTKOE 3aMbIKaHHE B OOMOTKE SIKOPSI, MEX]y IUTACTUHAMYU WJIM METYIIKaMHU KOJUIEKTOpa;

* 00OpBIB WJIM HEJOCTATOYHBIN KOHTAKT B OOMOTKE SIKOPS WJIM LIEMH BO30YKIEHUS;

* CONPOTHUBJICHUE 11T BO30YXKACHUS CIUIIKOM BEJIUKO.

2. T'enepaTop Bo30yK1aeTCs TOIBKO P CHJIBHOM Ha)XXaTUU IIETOK:

* CJIMIIKOM BEJIMKO NEPEXOJHOE CONPOTUBIEHUE MEXAY KOJUIEKTOPOM M ILETKAMU BCIEICTBUE
3arpsi3HEHUs;

* HEMPaBUWIBHO BBIOpAH TUI IIETOK.

3. 'eneparop aeT HaNpsKEHUE HUKE HOMUHAJIBHOTO:

* CKOPOCTb BpallleHUs SKOPsI HUYKE HOMHUHAJIBHOM;

* KaTYIIKHU TOJI0COB HEMPABUIHLHO COETMHEHBI MEXKy COOOI;

* MEKBHUTKOBOE COEIMHEHHE WM KOPOTKOE 3aMbIKAHHWE B OJHOW WJIM B HECKOJBKHMX KaTyIIKax
napajuieIbHOM 0OMOTKH BO30OYKICHMUS.

4. I'eHepaTop IIpH XOJIOCTOM XOJ€E JAET HOPMAJIbHOE HAINPSKEHUE; IIPU HArpy3Ke €ro HalpspKeHUe
CWJIBHO TaJIaeT:

* IOHM>)KEHHAsl 4YacTOTa BPALCHUsI IEPBUYHOIO JBUTATEIIS;

* HemnpaBUJIbHAS MOJSAPHOCTh AOOABOUHBIX IOJIIOCOB, T.€. HENPABWIBHO YEPEIYIOTCS TJaBHBIE U
100aBOYHBIE MOJTIOCA;

* y reHepatopa cmemaHHoro Bo30yxaenus MJIC mnocrnenoBaTenbHON OOMOTKM HampaBieHa
BcTpeuno M/IC napaniensHOi 0OMOTKH.

5. OTKIIOYEHHBI OT CETHU TEHEPATOP JaeT HOPMAJIbHOE HANPSIKEHHE;, IETKH He UCKpAT. lIpm
BKJIIOUEHUU T€HEpaTopa B CETh HAIIPSDKEHUE NaJaeT, HECMOTPSI HA HOPMAJIbHYIO YacTOTY BPALLEHUS
SKOPSI:

* apajuiesbHas 0OMOTKa WM PEryJisiTOp BO30YKICHHUS COSIMHEHBI C KOPITYCOM;

* 3aMbIKaHHUE Ha KOPITYC OOMOTKHU SIKOPSI.

6. 'eHepaTop aeT MOBBIIIEHHOE HANIPSKEHHUE MTPH XOJIOCTOM XOJE U IIPU HarpyskKe.
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Yacrora BpauieHus KOps BbIIIE HOMUHAJIBHOMU:

* KaTyIIKH TOJI0COB COEAUHEHBI HE MTOCIIE0BATEIBHO, a IapajlIeIbHO;

* HEUCIIPABHOCTh NIEPBUYHOIO JIBUTATENS.

HeuncnpaBHoctu asurareasi. Huwke nepeuncieHbl Haubosiee XapakTepHble HEUCIPABHOCTU
JBUTATENS U IPUYUHBI UX BOZHUKHOBEHUS.

1. HenopManbHas yacToTa BpalieHus sikops. [IBurarens He paboraeT. B sikope HeT Toka:

* IpOMU301e]T OOPHIB B OOMOTKE SIKOPS MJTH B ITyCKOBOM PEOCTATE HIIU B IPOBOAX;

* OTCYTCTBYET KOHTAKT MEXY IETKON U KOJUIEKTOPOM.

2. Tok B KOpe UMeeTCs, HO ABUraTellb ¢ Harpy3koil He pabotaer. be3 Harpysku, pa3BepHyTHI OT
PYKH, pa3BUBAET OYEHb OOJIBIIYIO YACTOTY BPAILEHUS SIKOPS:

* PE3KO CHMXKACTCs BEJIMYMHA MATHUTHOIO ITOTOKA;

* MEKBHUTKOBOE COCIMHEHHE MM KOPOTKOE 3aMBIKAHME B OJHOM WJIM B HECKOJIBKUX KaTyIIKax
napajyIeIbHOTO BO30YKICHHS;

* napajuieibHas OOMOTKa BO30YXKAEHHUS COEIMHEHA C KOpPIYCOM WIM C JPYTMMH OOMOTKamy,
BCJICJICTBUE YE€TO OHA YaCTUYHO WJIN ITOJIHOCTBIO LIYHTUPYETCS;

* apajuiesibHasi 0OMOTKa BO30YKIEHUs HENPaBUILHO COETUHEHA C OOMOTKOMN SKOPSI.

3. JlBurarens He paboTaeT wiau paboTaeT ¢ MOHMKEHHOW YacTOTOW BpameHus skops. LleTku
CHJIBHO MCKDST:

* 0OpBIB WM TUIOXOW KOHTAKT B OOMOTKE SIKOPSI;

* MEXBUTKOBOE COEIMHEHNE WIIM KOPOTKOE 3aMBbIKaHUE B SIKOPE.

4. Yactora BpamieHHsl SKOpsT NPU HOMHHAJIBLHOM HANpsKEHUH IMPEBBINIAET HOMUHAIBHYIO.
JIBUraTeab CMEIIaHHOTO BO30YXK/I€HHs pa3BUBACT, KPOME TOT0, TIOHUKEHHBIH TyCKOBOM MOMEHT:

* LIETKU CABUHYTHI C HEUTpaIU MPOTUB HAIIPABIICHUS BpalLlEHUs SKOPS;

* MEKBUTKOBOE COEIMHEHNE WM KOPOTKOE 3aMbIKaHHE B OJIHOM WJIM B HECKOJIBKUX NapauICIbHBIX
KaTyIlKax BO30yKICHHUS;

* y aBuratens cmemaHHoro Bo3OyxaeHnus MJIC mnocnenoBaresbHOW OOMOTKHM HaIlpaBiieHa
BcTpeuHo M/IC mapasnienbHOM.

5. YacroTa BpaleHus SKOps IpU HOMUHAJIbHOM HaNpPsyKEHUU MEHbIIIE HOMUHAJIbHOMU:

* LIETKU CABUHYTHI C HEMTpaJIX [0 HAMPABJICHUIO BPALLIEHUS SIKOPS;

* IJIOXOM KOHTAKT MEX]y IIETKAMHU U KOJUIEKTOPOM.

7.3. HencnipaBHOCTH MAIIHH NMEPEMEHHOI0 TOKA.

Hwmwke mnepeuncnensl Hanbosee XapakTepHble HEHMCIIPAaBHOCTM B OOMOTKax JIBUTaTrenei
MIEPEMEHHOT0 TOKA ¥ CUHXPOHHBIX F€HEPATOPOB U MIPUUMUHBI UX BOSHUKHOBEHHUSI.

1. KopoTkue 3aMbIKaHUsl B CTATOPHBIX U POTOPHBIX OOMOTKAX aCUHXPOHHBIX JBUraTemneil:
* IOBPEXKJCHUS] BUTKOBOW M3OJISILINY;

* IOBPEKAECHUS KOPITYCHON U30JISALINN.

2. O6pbIBBI U IJIOXOW KOHTAKT B 0OMOTKaX MEPEMEHHOT'0 TOKa:

* [IEpErOpaHne NpeJOXPaHUTEIEH;

* HEJJOCTaTOYHOE MPUJIETaHNE KOHTAKTOB ITyCKOBOM amnmnapaTyphl;

* IJIOXOM KOHTAKT LIETOK.

KoHTposbHBIE BOITPOCHI

1. HazoBuTe Kacchl KOMMYTAllMy MallIMH IOCTOSTHHOTO TOKa.

2. HazoBuTe OCHOBHBIE TPUUMHBI TOBPEKIECHUS OOMOTOK JIEKTPUYECKUX MAIIHH.

3. Ilepeuncnnure MEXaHUUYECKNE HEUCIIPABHOCTH JIEKTPUYECKHUX MAalllUH.

I'nmaBa 8. TPAHC®OPMATOPBI.
8.1. OcHoBHBIE ONIpeIeIeHNS.

Tpancghopmamopom Ha3pIBAaeTCsl CTAaTUUECKOE 3JIEKTPOMAarHUTHOE YCTPOMCTBO, MpeAHAa3HAuYEHHOE
JUIS TIpeoOpa3oBaHUs TOCPEACTBOM DIEKTPOMArHUTHOW WMHAYKIMU OJHOW WM HECKOJIBKHX

7917203



NEPBUYHBIX CHCTEM IEPEMEHHOTO0 TOKa B OJHY WJIM HECKOJBKO IPYrHUX, BTOPUYHBIX CHCTEM,
UMEIOIIUX B O0IIEM Cilydae Ipyrue XapaKTepUCTUKH, B YACTHOCTH, APYroe HampsKeHUe U Apyron
ToK. TpaHcdopmaTrop COCTOMT U3 CepACYHHMKA, HAOPAHHOTO M3 JIUCTOBOW DJIEKTPOTEXHHUYECKOU
CTalM, M OOMOTOK, CBSI3aHHBIX MEXAy COO0OM MOCPEICTBOM 3JIEKTPOMArHUTHOIO IOJIS.
Tpancdopmarop, umerommii aBe OOMOTKH, HA3BIBACTCS O08YXOOMOMOUYHBIM, TpaHCHOpPMATOp C
TpeMs WIM HECKOJbKUMH OOMOTKAMH — mpexoOMOMmMOUYHbIM WU  MHO200OMOMOYHBIM.
COOTBETCTBEHHO PpOJAY TOKa pa3inyaloT TpaHcopmaTopsl onaHodas3Hble, Tpexdasnble u
MHorogasusle. [lox 06MOTKOM MHOrogasHoro TpaHchopmaropa MOHMMAIOT COBOKYIHOCTb BCEX
(a3HBIX OOMOTOK OJMHAKOBOTO HANPSIKEHHS, OIPEIEICHHBIM O00pa3oM COCIMHEHHBIX MEXIY
coboii. OOMoTKa TpaHcopmaTopa, K KOTOPOH NOJBOIUTCA SHEPrusi IEPEMEHHOro TOKa,
HA3bIBACTCSl TIEPBUYHON OOMOTKOW W71 a 0OMOTKA, OT KOTOPOW PHEPrusi OTBOAUTCS, Ha3bIBACTCS
BTOpUYHOM W2. COOTBETCTBEHHO BCE BEJIMYUHBI, OTHOCALIMECS K IEPBUYHOM OOMOTKE, Kak
HarmpuMep, MOIIHOCTh, TOK, CONPOTHBIEHHE M T.JI., TOXE HAa3bIBAIOTCS IEPBHUYHBIMHU, a
OTHOCALIMECS K BTOPUYHOM 0OMOTKE — BTOpUUHBIMU. OOMOTKA, IPUCOEUHEHHAs K CETU ¢ Ooiiee
BBICOKMM HampsbkeHneM U; Has3bpiBaeTcss OOMOTKOM BBICIIETO HANpsOKeHHsS, a OOMOTKa,
IPUCOECTUHEHHAs: K CeTH MeHbllero HamnpsbkeHus Uz, — oOMOTKOM HM3mIero HampspkeHus. Ecnm
BTOPUYHOE HANpPsDKEHUE MEHbBIIE MEPBUYHOTO, TO TpaHC(HOPMATOP HA3BIBACTCS NOHUNCAIOWUM, A
ecnu  Oonbiie —  nosviwarowum. TpaHchopMaTopoM € omeemeneHusMu  Ha3bIBaeTCs
TpaHchopMaTop, 0OMOTKH KOTOPOTO MMEIOT CIICIUAbHBIE OTBETBICHHUS W3 U W4 U MU3MEHEHHUS
kod(durmenta Tpanchopmanuu (puc. 8.1).
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Puc. 8.1. Cxema TpanchopmaTopa ¢ OTBETBICHHUSIMHU.

Jlyis mpeoTBpaIlieHHsl BpEAHOTO BIMSIHUS BO3JlyXa Ha M3OJISILMI0 OOMOTOK M yIyUIIEHHs YCIIOBUI
OXJIaX/IeHUs TpaHC(POopMaTopa, CepCUHUK C HaXOAALUIMMHUCSA HAa HEeM 00OMOTKaMM MOMENIaloT B 0ak,
3aMoJIHEHHbIN TpaHcpopMaTopHbIM MaciaoM. Takue TpaHcOopMaTopbl HA3bIBAIOTCS MACAAHLIMU.
Tpancdopmaropsl, He morpyxaemble B Macjio, Ha3blBaloTCs cyxumu. I1o cBoeMy HazHaueHUIO
TpaHcGopMaTOPbl MOAPA3IEIAIOTCS Ha CIEIYIOIINE TUIIBL:

* CWJIOBBIE — JJIS1 TIepe/ladut U pacipeeieHNs HJIEKTPOIHEPT U (TATOBBIX MMOACTAHIINN);

* CUJIOBBIE CIIELIMAJILHOTO Ha3HAYEHUS: TATOBbIE, IEUHBIE, ISl BBITPSIMUTENIBHBIX YCTaHOBOK,
CBapOYHbIE U T.1.;

* UHIYKIIMOHHBIE PETYJIATOPHI — JUIsl pETYIUPOBAHUS HATIPSKEHUSI B PACIPECIIUTEIbHBIX CETAX;

* aBTOTpaHC(HOPMATOPHI — IS MPeoOpa30BaHMsl HANPSKEHUs B HEOOJBIINX MpeJienax, A MycKa B
XO/JI IBUraTesel NepeMeHHOro TOKa U T.J.;

* U3MEpUTENbHbIE — [T BKIIOYCHHUS B CXEMbl U3MEPUTENBLHBIX TPHOOPOB;

* HCIIBITaTEIbHbIE — JIsl IPOU3BOICTBA UCIIBITAHUI MO BBICOKUM HaNpsKEHUEM (HMCIIbITaTeIbHbIE
CTaHIUHN);

* YCTPOICTBA ClleUaTbHOIO Ha3HAYESHMsI, UCIIOJIB3YIOINe PUHIUN paboThl TpaHchopmaropa.

[Tpu u3yuennn Tpanchopmaropos, OyAeM paccMaTpuBaTh OJHO- U Tpexda3HbIil I1ByXOOMOTOUHBIE
CHIIOBble  TpaHcpopmaTopel. HomuHampHble BEMWYMHBI TpaHchoOpMaTropa —  MOIIHOCTb,
HanpspKeHUe, TOK, 4acTOTa M T.JI. — YKa3bIBAIOTCS Ha 3aBOJCKOM IIMTKE. TEpMUH HOMUHATbHOIU
MO’KET IPUMEHSTHCS U K BEIMUMHAM, HE YKa3aHHBIM Ha IIMTKE, HO OTHOCSIIIUMCS K HOMUHAJIbHOMY
pexxuMy (Hanpumep, HomuHanbpHbI KII/], HoMMHanbHBIE TEMIIEpaTypHBIE YCIOBUS OXJIAXKAAIOIIEH
cpelbl, HOMUHAJIbHBIH COSQ M HOMHUHAJIbHbIE KOA((UIMEHTH Neperpy3ku). Homunanohvim
pedcumom paboThel TpaHchopMaTopa Ha3BIBAETCS PEXHUM, NMPH KOTOPOM TpaHC(HOPMATOpP MOXKET
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paboTaTh JUIMTENbHBIN Nepruo] BpeMeHH 0e3 HapylIeHHs MoKa3aTeNe HaJeKHOCTH U OTKIOHEHHUS
[IapaMeTpoB.

Homunanbnvim 6mopudnbiM HanpsdiceHuem Ha3bIBACTCS HANpPsKEHHE Ha 3aKUMaxX BTOPUYHOHN
OOMOTKH IIpU XOJIOCTOM XOJie TpaHchopMaTopa M NP HOMHHAJIBHOM HAIPSDKEHUM Ha 3aKuMax
nepBUuYHOM 0OMOTKH. Ecnmum BTOpHuHast oOMOTKa HMeEET OTBETBJICHHS, TO €€ HOMHUHAJIBHOE
HanpsKeHUe 0TMeuaeTcs 0co0o.

Homunanenvimu moxamu TpanchopMmaropa — MEPBHYHBIM M BTOPHUYHBIM — HA3bIBAIOTCS TOKH,
BBIUUCIICHHBIE [0 COOTBETCTBYIOUIMM 3HAUYEHUSIM HOMHUHAJIBHOW MOIIHOCTH W HOMMHAJIbHBIX
Hanpsbkenuidi. C yuetom Toro, uro TtpaHcopmarop umeer KIIJ], paBueni 0,99, cumraior
HOMHUHAaJIbHbIE MOLUTHOCTH 00euX 0OMOTOK paBHBIMHU.

8.2. YcrpoiicTBO TpanchopmMaTopoB.

OcHOBHbIE KOHCTPYKTHUBHBIE 3JIEMEHTHI TpaHcpopmMaTopa — MarHuTHas cuUcTeMa, OOMOTKH,
CUCTEMBbI MU30JISIIIUU U OXJIAXK]ICHHUS, BBOJIBI.

MarnuTHas cuctemMa. B 3aBucumMoctd 0T KOHQUTYpallMi MarHUTHON CUCTEMBI TpaHc(hopMaTopbl
MO/IPA3JeNIAIOT HAa CTEp)KHEBble, OpoHEBble U TopouaaibHble. CmepowcHem Ha3bIBAIOT 4YacTb
MarHMTONPOBO/IA, HA KOTOPOH pa3MeIaoT 0OMOTKU. Apmom Ha3bIBAIOT YAaCTh MAaTHUTOIIPOBO/IA, HA
KOTOPO OOMOTKH OTCYTCTBYIOT. TpaHchopMaropbl OOJBIION W CpPEJHEH MOIIHOCTH OOBIYHO
BBITIOJHSIOT CTePKHEBBIMU. OHU UMEIOT XOPOIIHE YCIOBUS OXJaKAeHHs. [l yMEHbIIEHHs OTEPh
OT BUXPEBBIX TOKOB MAarHUTONPOBOJABI TPAaHCHOPMATOPOB COOMPAIOT U3 M30JIMPOBAHHBIX JINCTOB
aneKTpoTexHuueckor cranmu toimmaon 0,28... 0,50 MM mis gactoTel 50 I'i. OOBIYHO TPUMEHSIOT
AQHM30TPOIHYIO XOJIOJHOKATaHyI0 CTallb C peOpoBoil cTpykTypoil (Mapku 3412 — 3416) u
conepkanueM kpemuus 2,8...3,8%. Ilo cnocoby cOOpKH pa3nuyaroT CTHIKOBBIE U IIMXTOBaHHBIE
MarHuTONpoBOAbl. B cmuikogbix MarHUTONpPOBOJAX CTEPKHM M spMa COOMPAOT U CKPEIUISAIOT
pa3nenbHO, 3aTeM YCTaHABIMBAIOT BCTBHIK M COCOUHSIOT MexAy coboil. B mecre crThika BO
n30eKaHUe 3aMBIKaHWS JINCTOB YCTAaHABIMBAIOT W30JSIIMOHHBIE NPOKIAOKU. B wuxmosannwvix
MarHUTONPOBOAAX CTEPXKHU M sApMa COOUPAIOT KaK LENbHYI0 KOHCTPYKIUIO C B3aMMHBIM
MEPEKPHITUEM OTAENIbHBIX CJIOEB B MecTe CThiKa («Breperuier»). Kaxkaplii cioif cocTOUT U3 IBYX-
Tpex nucToB. [Ipu cOOpke MarHUTONPOBO/IA JTUCTHI B IBYX CMEKHBIX CIOSIX PACIIONararoT Tak, 4To
JUCTBl KaXXJO0TO IMOCIEAYIOLIET0 CJIOS MEePEeKphIBAIOT CTHIK B JIUCTaxX Mpeaplaymiero ciuos. B
pe3yibTaTe CYLIECTBEHHO YMEHBILIAETCS MAarHUTHOE CONPOTUBIEHUE B MecTe coulieHeHud. Ilpu
M3TOTOBJICHUH MAarHUTONMPOBOJOB M3 XOJOJHOKATaHOW TEKCTYPOBAHHOW CTaJIM JIUCTHI B MECTax
COUJICHEHUs KpallHUX CTEp)KHEW C sSpMaMu CKallMBalOT HOpuMepHO Ha 45°. B  cHiioBbIX
TpanchopmaTopax MUPOKO MPUMEHSIOT KOMOMHUPOBAHHBIA CIMOCOO IIMXTOBKH, MPH KOTOPOM
CTBIKM JIUCTOB SipMa CO CPEIHUM CTEpPKHEM JeNal0T MPSMBIMHU, 4 C KpallHUMHU CTEpXKHIMU —
KOCBIMH, WJIU TIEPBBIN CJIOW JINCTOB BBIMIOJHSIOT C KOCBIMU CTBHIKAMH, @ BTOPOW — C MPSIMBIMHU.
Crep:)KkHH MarHUTOMPOBOJIA B CHUIIOBBIX TpaHCPoOpMaTOpax CPaBHUTEIHHO HEOOIBIION MOIIHOCTH
HUMEIOT MPSIMOYTOJIbHOE MJIM KPECTOBUAHOE CEUEHHUE, a B 00JIee MOLTHBIX — CTYIIEHYaToe, Mo hopme
npubmmKaromeecss K Kpyry (MX coOUparT U3 JIMCTOB pa3iuyHOM ImMpuHbI). Takas dopma
o0OecrieunBaeT TMOJyYeHHE TPeOyeMOro TMOMEPEUHOr0 CEYCHHS CTEePXKHS TP MUHUMAIBHOM
JIUaMeTpe, YTO MO3BOJSET YMEHBIIUTh UIMHY BUTKOB OOMOTOK M PacxoJ OOMOTOYHBIX MPOBOIOB.
[Ipu OGonblIOM CEUYeHMH CTEpXKHEH WX COOMpArOT W3 OTICIBHBIX CTAIBHBIX MAKETOB, MEXKIY
KOTOPBIMH PACIONIaraloT MPOJIOJIbHBIE KaHAIBI IIUPUHOM 5...6 MM. 7S UPKYISIUN OXJTaKIAIOIIeH
KHUIKOCTH. B HEKOTOPHIX KOHCTPYKIHSX HWMEETCS eIle W TOMEepeYHBbIM KaHald. B MONIHBIX
TpaHcpopMaTopax € MarHHTONPOBOAAMH M3 XOJIOJHOKATAaHOW AaHMU30TPOITHON CTamu CTEepPKHH
CTATHBAIOT OaHJaXaMU M3 CTEKJIOJICHTHl WM CTadbHON JIGHTHI. UTOOBI CTalbHBIE OaHMaXKU HE
0o0pa3oBalii KOPOTKO3aMKHYTBHIX BUTKOB, UX Pa3pe3aloT U CTITUBAIOT C MOMOIIBIO U30JSIIHOHHBIX
npsokek. JIJis momydeHus: paBHOMEPHOTO C)KATUSI CTATbHBIX JIUCTOB Mepe]] HATOKEHUEM OaHIaKen
CTEpP)KEHb CIIPECCOBBIBAIOT Ha cOopouHoMm creHae. OrmpeccoBka cTepkHEH obecreunBaeT
HEOOXOIUMYIO IKECTKOCTh KOHCTPYKIIMM MArHUTOMPOBOJAa W TMPEAOTBPAIIAET TOBBIMICHHYIO
BUOpAIIMIO €ro JIMCTOB, COIMPOBOXKAAMOMIYIOCS IMmyMOM. CyYIIECTBYIOT TakKe KOHCTPYKIIMH
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MarHUTONPOBOJOB, B KOTOPBHIX CTEP>KHU CTIATMBAIOT CTAJbHBIMU IIMUJIbKAMH, W30JUPOBAHHBIMU
OTHOCHUTEJILHO CTEP)KHEH TpyOKaMHu W3 U3OJSIIMOHHOTO MaTepuaia. Takol crmocod OnpeccoBKH st
XOJIOAHOKATaHOH CTaJld HEJOMYCTUM, TaK KaK MarHWTHBIE CHUJIOBBIC JIMHUU OrMOAIOT OTBEPCTHS,
MpPOOUTHIE B CTANBHBIX JIUCTAX JUIS IIMUJIEK M, CIIEJOBATEIbHO, OTKIOHSIOTCS OT HaIpaBJICHUS
npokaTa cTaid. SlpMa, COEAMHSIONUINE CTEPKHM, BBIMOJIHSIIOT OOBIYHO MPSMOYyrojbHoro, T-
0o0pa3HOro WM CTyleH4Yaroro cedyenus, Ha 2...5% Oonblle, 4eM CceYeHUe CTEepKHEH. ITo
YMEHbBIIAET MHAYKLHUIO B CTAlU spMa U MOTEPU MOIIHOCTH B HEl. MarHuTompoBOJ BMECTE C
OTOPHBIMU OaJKaMU M JPYTUMHU IMPECCYIOMIMMHU JeTals MU 00pa3yeT ocToB TpaHchopmaTopa. [Ipu
paboTe CHIIOBBIX TPaHC(POPMATOPOB UX MATHUTONPOBOJ M APYrHE CTAJbHBIC YACTH HAXOJISATCS B
CHJIBHOM 3JICKTPUUYECKOM I10JIe, BCIEACTBHE YETr0 OHM MOTYT HMPUOOPECTH 3IEKTPUUECKUN 3apsil.
YTto0bI U30€KaTh 3TOr0, OCTOB 3a3EMJIIAIOT C IIOMOIIBIO MEIHBIX JIEHT.

OoMmoTka. B tpanchopmaropax nepBUYHYIO U BTOPHUHYIO OOMOTKH CTPEMSATCS PACIIOJIOKHUTH KaK
MOXKHO OJFDKe JAPYr K JIPYry HAJs Jydiiedl MarHUTHOW CBsi3d. [IpW 3TOM Ha Ka)XIOM CTEpiKHE
MarHMTONPOBO/A Pa3MEeIIalOT 00€ OOMOTKH JINOO KOHIIEHTPUYECKH — OJIHY IOBEPX IPYroi, 1100 B
BUJE HECKOJbKMX JUCKOBBIX KaTyllIeK, JHOO dYepeayroluxcs @0 BbicOTEe. B cuiioBbIX
TpancpopmaTopax OOBIYHO MPUMEHSIOT KOHIICHTPUYECKHE OOMOTKH, IpUYEM OIIMKE K CTEPIKHAM
pacnosnararoT 0OMOTKY HM3KOTO HalpsKEHHs, TPEOYIOIIYI0 MEHbLIEH M30JSUUH OTHOCHUTEIBHO
ocTOBa TpaHcopMmaTopa, a CHapyKH — OOMOTKY BBICOKOTO HaIpsDKEHHS. B HEKOTOPBIX Cilydasx
JUISL YMEHBIIIEHUS WHIYKTUBHOTO CONPOTHBIICHUS PACCESIHUS OOMOTOK MPUMEHSIOT JIBOMHBIE
KOHIIEHTpUYECKHUE (paclieryieHHbIe) 0OMOTKH, B KOTOPBIX OOMOTKY HU3KOTO HAMPSKEHHS JEAT Ha
JIBE YaCTH C OJUHAKOBBIM YHCJIOM BUTKOB. AHAJOIMYHO MOKHO BBITIOJHUTH H OOMOTKY BBICOKOTO
HanpspkeHus. OOMOTKY TpaHC(HOPMATOPOB U3TOTOBISIOT U3 MEIHBIX WJIM aTIOMUHHUEBBIX IPOBOIOB.
[Ipr wWCHoONB30BaHWM AaTIOMHUHHSA IIONIEPEYHOE CEeYeHHe IpoBojaa Oepercs mpumepHo Ha 70%
Oosbllle, uYeM TMpPU UCIHOJIH30BAHUU MEIU, H3-32 OOJBIIETO YACNBHOTO DSIEKTPHUYECKOTO
CONPOTHBIICHUSI QAIIOMHHHS. B CBS3W C O3TUM TabapuThl W Macca TpaHCHOPMATOPOB C
ATIOMUHHEBBIMA OOMOTKaMu OoJibllie, 4eM y TpaHcPopMaTopoB ¢ MeAHBIMU oOMoTkamu. [Ipu
CPaBHUTEIbHO HEOOJBIIMX MOIIHOCTAX M TOKAaX OOMOTKH BBIINOJHSIOT M3 H30JMPOBAHHOIO
MPOBOAA KPYIJOTO CEYeHHUs, Mpu OOJBIIMX MOIIHOCTAX M TOKaX MPUMEHSIOT MPOBOJAA
MPSIMOYTOJIBHOTO CEUEHUSI.

M3oasiums  cujioBbix  TpaHcdopmatopoB. B Tpanchopmaropax u30mSIHMIO  OOMOTOK
MO/IPa3/IeNIAIOT Ha IIaBHYIO (MEX]y 0OMOTKaMH HU3KOTO M BBICOKOTO HANPsKEHUS) U MPOJIOJIHYIO
(MeXIy BUTKaMU, CIOSMU U KaTYIIKaMU KakI0i 0OMOTKH). MiMeeTcs Takke U30MS1Usl OTBOJIOB OT
00OMOTOK, TepekJtouaTesnied U BbIBOJOB. M30isa1us oOMOTOK TpaHcpopmaTopa OT 3a3€MJIEHHBIX
yacTeil U APYyr OT Apyra ONpeAessieTcs B OCHOBHOM 3JIEKTPUUYECKON MPOUYHOCTHIO Mpu yacTote S50
I'u, OHa obecrieynBaeTCsi COOTBETCTBYIOIIUM BBHIOOPOM BETMYMHBI M3OJSILIMOHHBIX MTPOMEXKYTKOB,
KOTOpblE B MACISHBIX TpaHchopMaTopax OJHOBPEMEHHO BBITIONHSAIOT POJb OXJIAXKIAIONIUX
KaHajoB. YToObI MpeAoTBpaTUTh MPOOOH H3ONSALMU MPU BO3AEHCTBUM Ha OOMOTKY MMITYJIBCHBIX
MIEPEeHAINPSKEHU B BBICOKOBOJBTHBIX TpaHC(hOpMaTopax, MEXKAy OOMOTKaMHU JOMOJHUTETHHO
CTaBAT  KECTKUE  OyMaXHO-0AKETUTOBBIE  [WJIWMHIAPHI  WIM  MSTKHE  I[WJIMHIPHL U3
AJIEKTPOM3OIIIIUOHHOTO KapToHa. Bo wu30exkaHHe >JIEKTPUYECKOro paspsjia M0 IMOBEPXHOCTU
M30JISILMOHHBIX LMJIMHAPOB OHM JOJDKHBI MMETh IO BBICOTE OONbIIME pa3Mepbl, YeM OOMOTKH.
Mexny OOMOTKaMU BBICIIETO HAMNpsDKEHUS pa3MUYHbIX (a3 yCTaHABIMBAIOT MeX(pazHYIO
M30JSIUOHHYI0  Tmeperoponky. HeoOxonumoe paccTosiHMe MeXIy OOMOTKaMH U SpMOM
o0ecreunBarOT maibamMu ¥ MPOKIAJAKAMH U3 IIIEKTPOU3OISIIMOHHOTO KapToHa. Mexay KOHIIEBOI
M30JIsIMe OOMOTKM W SIPMOBBIMHM OajkaMH MAarHUTOINPOBOJA B HEKOTOPBHIX TpaHcpopmaropax
YCTaHaBIMBAIOT METAJUIMUYECKUE pa3pe3Hble WM HEMETAIUIMYECKHE CTATMBAIollMe Koibla. B
TpaHcopmaTopax, pacCUMTaHHBIX Ha HampsbkeHue cBbiie 35 kB, g 3amUThl OT T'PO30BBIX
pa3psI0B BE HAYANBHBIC U JBE KOHEYHBIE KaTyIIKH OOMOTKH BBICIIETO HAMPSKEHUSI BBIITOJHSIOT C
ycuJIeHHOH m3ossuuen. Takas U30s1us yXy/IIIaeT YCIOBUS OXJIXKACHHUS HadyalbHbIX U KOHEUHBIX
KaTyleK, MO03TOMY HUX BBIIOJHAIOT M3 TMPOBOAa OOJIBLIET0 TOMEPEeYHOro cedyeHus. B
TpanchopmaTopax HanpspkeHueMm 110 kB ais yMeHbIeHusT HanpspKeHHsT Ha KOHIIEBBIX KaTyIIKax
OOMOTKHM BBICIIETO HAINpPsHDKEHHUS W BBIPABHUBAHUS JIIEKTPHUYECKOTO TOJNS y KOHIIOB OOMOTKHU
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MPUMEHSIOT E€MKOCTHYIO KOMIICHCAIIMIO B BHJE AKPAaHUPYIOIIMX BUTKOB M E€MKOCTHBIX KOJIEL,
KOTOpBIE CIIy’KaT 3JEKTPUYECKMMHU dKpaHaMu. M3omauus Mexay KaTylkaMu, CIOSMU U BUTKAMHU
(mpoonbHAst U3OJAIM) 00€CIIEUNBACT DIEKTPUUYECKYIO IPOYHOCTh 0OMOTKH mpu yactote 50 I'n u
BO3CHCTBUY MMIYJIbCHBIX NEpeHanpspkeHud. B TpanchopmaTropax ¢ BO3IYHIHBIM OXJaKICHUEM
M30JIALUIO BBIMOJNHAIOT, KaK M BO BPALIAIOIIUXCA D3JCKTPUUYECKUX MAIIUHAX, MOCPEICTBOM
M30JIALIMOHHBIX IJICHOK U MPONUTOYHBIX JaKOB. BpICOKas CTOMMOCTH W30JIALIMOHHBIX MAaTEPUATIOB U
TPYAOEMKOCTb BBIIOJIHEHHUS H30JISAIHMHU MOBBIIIAIOT OOIIYI0 CTOMMOCTD TAKUX TPaHC(HOPMATOPOB MO
CPaBHEHMIO C MaCIISTHBIMHU.

BBoabl TpaHcpopmaTopa. s BbBOJa HapyXy KOHIIOB OOMOTOK B TpaHc(opmaropax,
OXJIAXK/IAEMbIX MAacjIOM MJIM HErOPIOYUM IKHJIKMM JUIEKTPUKOM, HCIOJIb3YIOT IPOXOJHBIE
baphopoBbie U30IATOPHI, pa3MelIaeMble Ha KpBIIIKE WM HAa cTeHKe O0aka. [IpoxomHoi u301saTOp
BMECTE€ C TOKOBEIYUIMM CTEpKHEM M KpENEeKHbIMU JeTalsIMM Ha3bIBalOT BBOJOM. BBoJbI
TpaHc(hOpMATOPOB, YCTAHABIMBACMBIX BHYTPH [OMEUICHWH, HMEIOT TJAJIKyl0 HapyXHYIO
IOBEPXHOCTb. BBO/IBI TpaHcopMaTOpOB, NpeJHA3HAUCHHBIX Ul HApY)KHOM YCTaHOBKH, CHa0KaloT
peOpaMu, YMCIIO0 KOTOPBIX 3aBHCUT OT HANPSIKEHUsI COOTBETCTBYIOIIEH OOMOTKHM TpaHc(hopMaTopa.
ITpu Hanuuuu peGep yBEIMUUBAECTCS PACCTOSIHUE MEXAY TOKOBEIYIIMM CTEPKHEM U KOPILYCOM I10
MOBEPXHOCTH M30JIATOPA U YMEHBIIAETCSI BEPOATHOCTh MOBEPXHOCTHOTO Pa3psiia BO BpeMs JOXKIS,
IpU TONAJaHUM Ha HM30JATOp IbUIM, Macia u T.1. Ilpu Hanpsbkenusx 110 kB BBoxbsl yacto
BBITIOJIHSAIOT COCTaBHBIMH — M3 JBYX (aphopoBbIX H30iATOPOB. KOHCTPYKTHBHOE BBIOJHEHHE
TpaHchopMmaTopa OIpeaeseTcss B 3HAUUTEIBHOM Mepe CIOoCOOOM €ro OXJaXICHMs, KOTOPBIH
3aBHCUT OT HOMHHAJIBHOW MOIIHOCTH. B cHIOBBIX TpanchopmaTopax Uit OTBOAA TEIJIOTHI OT
OOMOTOK M MAarHUTOIpPOBOJA IPHUMEHSIOT CIEAYIOIUE CIOCOObI OXJAXKACHUSA: BO3AYILIHOE,
MAacJISTHOE ¥ TIOCPEACTBOM HErOPIOYETo KUAKOTO JUIIEKTPUKA.

TpanchopmaTopsl ¢  BO3AYWIHBIM  OXJaxaeHueM (cyxue Ttpanchopmartopsl). Ilpu
€CTeCTBEHHOM  BO3JIYIIHOM  OXJI&XJIEHHH MAarHUTONPOBOA, OOMOTKM U JPYr'HE€ 4YacTH
TpaHc(hopMaTopa HMMEIOT HEMOCPEACTBEHHOE COINPUKOCHOBEHHE C OKPYXAIOIUM BO3JyXOM,
MOSTOMY OXJIAKICHHE UX IMPOUCXOMUT ITyTeM KOHBEKLIMH BO3IyXa M Teruion3mydeHus. Cyxwue
TpaHc(hOpMaTOphl YCTAaHABIMBAIOT BHYTPU NMOMELICHUN (B 3JaHMSX, IPOM3BOJICTBEHHBIX LI€Xax U
p.), IpU 3TOM TJaBHBIM TpeOOBaHUEM SIBIIsETCS oOecreueHue noxapHou OezomacHocTu. Bozmyx
o0JsiajjaeT MeHbIEH TUAIEKTPUYECKON TPOHUIIAEMOCTBIO, YeM TPAaHC(POPMATOPHOE MACIIO, TOITOMY
B CyXHX TpaHC(pOpMaTopax BCe M3OJSAIMOHHBIE MPOMEKYTKH M BEHTHIALMOHHBIC KaHANbI JIEAI0T
OONBIIMMH, YeM B MacisHbIX. M3-3a MeHblIeHl TeronpoBOJHOCTH BO3JyXa IO CPaBHEHHIO C
MAacJIOM 3JIEKTPOMAarHUTHBIE HATPY3KH aKTHBHBIX MaTEpUAIOB B CyXHX TpaHC(HOpMATOpax AOJDKHBI
ObITh MEHbILIE, YEM B MACISHBIX, I03TOMY OHM HUMEIOT OOJIbILINE CEYCHHsI MPOBOJIOB OOMOTKH M
MarHuTornpoBosa. Kak creictBue 3Toro, Macca akTHBHBIX yacTeld (0OMOTOK M MarHMTOIIPOBOJA)
CyXHX TpaHc(hopMaTOpoB OoJIbllIe, YeM MacisHbIX. VX yCcTaHaBIMBAIOT TOJBKO B CYXMX 3aKpBITHIX
MMOMENICHUSAX C OTHOCHUTEIbHOW BIIAXKHOCTHIO Bo3ayxa 10 80% BO wu30exaHue Ype3MEepHOTO
yBIaXHeHUus: oOMoTok. Cyxue TpaHc(hOpMaTOpbl C €CTECTBEHHBIM BO3JIYLIHBIM OXJIAXKICHUEM
MoryT uMmeTh oTkpbiToe (C), 3ammmenHoe (C3) mnu repmeruszupoBanHHoe (CI') ucnosHeHHe.
Tpancdopmaropsl Tuna C3 3aKkpbIBAlOT 3alUTHBIM KOXYXOM € OTBepctusiMu, a tuna CI' —
repMeTndeckuM Koxyxom. Cyxue TpanchopMaTOpsl C OXJIaXIEHUEM BO3IYIIHBIM JTYTheM YCIOBHO
o6o3navator C/I. TpanchopmaTopsl Maoil MOIIHOCTH BBIMOJHAIOT, KaK MPABUIIO, C OXJIAKICHUEM
tima C. B HEKOTOpHIX cly4asx WX I[OMENIAI0T B KOPIIYC, 3aJUTBIA TEPMOPEAKTHBHBIMU
KOMIIayH/IaM{ Ha OCHOBE SMOKCHIHBIX CMOJI MJIH JPYTUX MOJOOHBIX MaTepUaIOB.
TpancdopmaTopbl ¢ MacjAsiHbIM oOXJaxIeHHeM. B TtpanchopmaTopax ¢ €CTECTBEHHBIM
MaclIsHBIM OXJaxkaeHueM (M) MarHuTOIpOBOJI ¢ OOMOTKaMM IOTPYXaroT B OakK, HANOJHEHHBIH
OYUIIIEHHBIM MUHEpaJbHBIM (TpaHchopmaTropHbiM) MaciioM. TpaHchopMaTopHOe Macio oOiagaeT
Oosiee BBICOKOW TEIUIOMPOBOIHOCTBIO, YEM BO3JyX, M XOPOIIO OTBOJMUT TEIUIOTY OT OOMOTOK H
MarHMTONpoBoja TpaHchopmaropa K CTeHKaM 0aka, MMEIOIIEro OOIbIIYIO TUIOIIA b OXJIAKICHMS,
yeM TpaHcpopmarop. Ilorpyxenue TpaHcpopmaropa B 0Oak €O CHEHUAIBHBIM MAacjioM
o0ecrieynBaeT Tak)Ke IMOBBINICHUE OJIIEKTPHUECKONW TPOYHOCTH W3OJSIHH €ro OOMOTOK |
NPEJOTBpAIlaeT ee YBIAKHEHUE U MOTEPI0 M30JIMOHHBIX CBOMCTB MOJ BIUSHUEM aTMOC(EpHBIX
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Bo3zelicTBuil. [Ipu mpaBUIBHOM 3KCIITyaTallud MacisHBIX TpaHc(HOpMaTOpOB, KOTAA TEMIIEparypa
M30JIIUK B HauOosiee HarpeToMm Mecte He mpepbimaet 105°C, TpanchopMaTtop MOXKeET CIry uTh 20
— 25 ner. lloBbllieHHE TeMIeparypbl Bbllle HOpMBbI Ha 8°C NPUBOAMT K COKPAIIEHHUIO CpPOKa
CITY»O0BI H30JIAIIMH TpaHchopMaTopa IpuMepHO B 2 paza. B tpanchopmaropax momtHocThio 20...30
KBA BblaenseTcs CpaBHHUTEIBHO HEOOJBIIOE KOJUYECTBO TEIUIOTHI, MOATOMY WX OaKM HMMEIOT
IJIaJIKKUE CTeHKHU. Y 0osee MontHbIX Tpancgopmaropos (20...1800 kBA) moBepXHOCTh OXJIAXKICHHS
0aKka MCKYCCTBEHHO YBEJIHUYMBAIOT, IPUMEHSSI peOPUCTHIC MM BOJHUCTBIE CTEHKU OO OKpyXkKas
O0ak cucreMoil TpyO, B KOTOpPHIX Macii0o LUPKYJIUpPYeT 3a CuYeT KOHBEKIUH. MacisHbie
Tpanchopmaropsl Tuna M npumenstoT 1yt mourHocTei 10...10000 kBA.

TpancdopmaTopbl ¢ OXJIasKAeHHEM HEroploYrM KHIAKHM JIMIJIeKTPUKOM. TpaHchopmaTopsl ¢
oxnaxnaenuem tunoB H n HJ[ momemiaror B repMeTH3UpOBaHHbIN OaK, 3alIOJHEHHBIH HErOpHOYUM
KUAKUM  JUDJIEKTPUKOM. OOBIYHO MPUMEHSIOT CHHTETHYECKHE H3O0JISLUOHHBIE MaTepUabl,
HalpUMep COBTOJI, KOTOPbIE MMEIOT NPUMEPHO TaKHE K€ 3JIEKTPOMU30JIALIMOHHBIE CBOWCTBA U
TEIUIONPOBOJHOCTh, KaK U TpaHcpopmaTopHoe Macio. TpaHncopmaTopsl ¢ oxyaxaeHueM Tunos H
u H/I noxxapo6e30macHbl 1 MOTYT YCTaHABJIMBATHCS B 3aKPBITHIX MOMENIEHUIX. Bo Bpems paboThI
Macio B TpaHchopMaTope HarpeBaeTcs W pacuiupsercsa. [Ipu yMeHbIIEHHMM Harpy3kud OHO,
OXJIaXK/JasiCh, BO3BpAIIAETCS K MEepBOHaYalbHOMY 00beMy. IloaTomy macisiHble TpaHchopMaTopbl
MOIIHOCThIO 25 KBA u Bblmie uMEOT HEOONBLION TOMONMHUTEIBHBIA OaK-pacIIMpUTENb,
COCMHEHHBIH C BHYTPEHHEH IOJIOCThI0O OCHOBHOTO Oaka. [Ipm HarpeBanmm TpaHcgopmaropa
U3MeHseTca 00beM Macia, Haxopsierocs B pacmupurene. O0bsem ero coctasisger okono 10% ot
oObeMa Macia B Oake. Pacmmputenu MMEIOT BO31yXO0-OCYIIHMTENb, 3aIlOJHEHHBIH COPOCHTOM —
BEILIECTBOM, KOTOpOE€ IIOTJIOIIAET BJary M3 BO3[yXa, MNOCTYNAWIIEro B pacmuputensb. llpu
momrHocTH 160 KBA w Bbllle Ha HUX YCTaHABIMBAIOT TaKXe TEPMOCH(DOHHBIA (GUIBTP IS
HEMpPEepBIBHOIO 00E3BOXKMBAHMSI M OYUCTKM Macna. [lng Oosiee HaJeKHOTO MpeNoXpaHEHHUsS OT
OKHCITIeHHs TpaHC(PopMaTopsl OOJBIION MOITHOCTH BBHIMOJHSIOT TEPMETH3UPOBAHHBIMHA C TOJTHOMH
M30JISIIMe Maciia, HaxosIIerocsl B pacuiupurese, ot atmochepHoro Bo3ayxa. [Ipu nospexaenuu
M30JISIMY OOMOTKH BBICOKOT'O HAIPSKEHUSI €€ BBICOKUN MOTEHIMAJl MOXKET MOSABUTHCS Ha OOMOTKE
HU3KOTO HampspkeHus. UToObl mpeaoTBpaTHTh 3TO, B TpaHcPopMmaTopax y KOTOPBIX OOMOTKa
HU3KOTO HAaNpspKeHUs uMmeeT HampsbkeHue a0 0,69 kB, mexay 3Toii 0OMOTKON M 3a3eMJIEHHBIM
0aKoM BKJIIOYAIOT MPOOUBHOMN MpeaoXpaHUTENb, KOTOPBIH mpobuBaeTcs mnpu Hanpsbkerun 1000 B.

8.3. Ilpunuun padorsl u KIIJI Tpancopmartopa.

PaccmoTpuMm npuHIMIT eHcTBUS TpaHChopMaropa Ha mpuMmepe OAHO(GA3HOTO JABYXOOMOTOYHOTO
TpanchopmaTopa, pacueTHas cXxemMa KOTOpPOro Mpe/cTaBiieHa Ha puc. 8.2. DTOT TpaHchopMarop
COCTOUT U3 MarHUTOIIPOBOJIA U JIBYX PACMOJI0KEHHBIX HA HEM 0OMOTOK Wi U W2. OjtHa U3 00MOTOK
MOJIKJIIOYAETCs] K UICTOYHUKY IepeMeHHoro HanpspkeHus: Uy, Ota oOMOTKa Ha3bIBaeTcs NEPBUYHOM.
K npyroit obmorke c HampsbkeHueM U; monkimtouaercst morpedutens Z,. OHa Ha3bIBaeTcs
BTOpUYHOMU. [lelicTBue TpaHchopmaTopa OCHOBAHO HA MPUHIIUIIE SJIEKTPOMATHUTHOW WHIYKIIUH:
IIPU MIPOTEKaHUHU IO NEPBUYHOIN 0OMOTKE TOKa |1 B CTaIbHOM CTEp>KHE MarHUTOIPOBOJIa BOSHUKAET
IIEPEMEHHBII MArHUTHBIA IOTOK, MYJIbCUPYIOIIMM COOTBETCTBEHHO C YaCTOTOM HAINPSKEHHUS,
MUTAIONIETO MEePBUYHYI0 OOMOTKY. IlepeMeHHbIii MarHUTHBII MOTOK HAaBOJIUT B 00EMX OOMOTKax
O/1C. Ecnu nienb BTOPUYHOM 0OMOTKH 3aMKHYTA, TOK B HEl IIOTE€YET — TOK noTpeduTens ;.
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Puc. 8.2. Pacuernas cxema Tpancopmaropa.
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[Tpu stom DJIC nepBuuHOi 0oOMOTKH:  e1 = -W1(dD / dt) (8.1)
a DJIC BTOpHYHOI OOMOTKH: e1 = -Wp(dd / dt) (8.2)
rjae Wi, Wy - YUCJIO BUTKOB MIEPBUYHON U BTOPUYHOM 0OMOTOK cooTBeTCTBEHHO. DIC,
HHIyIUpYEMbIE B 0OMOTKaX TpaHCchOopMaTopa, MpsMo MPOIOPIIMOHAIBHBI YHCITY BUTKOB, a X
OTHOILLICHUE: er/ex=wi/wy =K (8.3)
HasbiBaeTcs K03 dunrenTom Tpanchopmaruu. B nepsuunoit oomotke DJIC e; sBusercs D/(C
CaMOMHAYKIIMU U HAIPaBJICHA BCTPEYHO MEPBUUYHOMY HanpsbkeHuto Up T.e. HAXOAUTCS C HUM B
npotuBodase. B csa3u ¢ atuM ypaBaerue 3/1C 11 nepBUYHOM OOMOTKH UMEET BU/I:

Ul=e;- €1p - iy (84)
rae ejp — IJC paccesHus; 1 — akTUBHOE CONPOTUBIICHUE LIEMU IEPBUYHON OOMOTKH.
OObIuHO e}, U |1I'1 HEBEIHMKH, TOSTOMY C HEKOTOPBIM IPUOIMKEHUEM MOKHO CUMTATh, YTO
noaBeAeHHoe HanpspkeHne Uy ypaBHoBemmBaeTcst D/[C e1. Bo BropuuHoi 00MOTKE TOK |7
3aMKHYTOM 11eTH 3aBUCUT OT BeluuHbl DJIC e, KoTopasi B 3HAYUTEIBHOM YaCTH UET Ha CO3/1aHHE
HaIpsDKEHUS Ha BBIBOAAaX BTOpUYHOM 00MoTKH Uj. OctaBmasics yacts I/C e; uaer Ha
komneHcanuto JJIC paccesHus ey, U NaJcHUE HAIPSKEHUS B IPOBOJIHUKAX BTOPUYHON OOMOTKHU
lors. HOSTOMY: U,=e5- €op - Iors (85)
YpaBHCHHE MarHUTOABMKYIIIMX CHII TpaHC(hopMaTopa NMeeT BUI:

Iy = lqwyq + 1Lbws (86)
U3 storo ypaBHenus cieayer, uro cymma MJIC nepBuunoii (I1wp) u Bropuunoi (I,wz) oOMoTOK
paBHa moctosiHHON BenmuuHe — MJIC xomocroro xoma (lxwi). ®Pusnyecku 3T0 OOBICHACTCS
cienyromuM oopazoM. Tak kak DJIC BTopudHON 00MOTKH e, siBnsiercst DJIC B3auMHON WHAYKIINH,
TO TOK |2 cozmanuslit sToi DJC npu MOAKIIOYEHUH HATPY3KU, B COOTBETCTBUH C mpaBuiioM JleHia,
OKa3bIBaCT pa3MarHWYMBAIOIIEe JICWCTBHE HA MAarHUTONPOBOX TpaHchopmaropa. JIpyrumu
cioBamu, Tok lp cozmaer MJIC lw,, nampaBnennyio Bctpeuno MJIC Iywi;. Ho mockonbky
OCHOBHOM MAarHUTHBIM TOTOK B MAarHUTONPOBOJE OCTAETCS MPAKTUYECKH HEU3MEHHBIM, TO
pa3MarHMYMBaOIIee JIEHCTBUE BTOPUYHOTO TOKAa KOMIIGHCHUPYETCS yBEJIMYEHHEM TOKa B
MePBUYHON OOMOTKE 710 3HAYCHUS |1.
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Puc. 8.3. [lapannenbHoe BKIIOYEHHE TPaHC(HOPMATOPOB.
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Puc. 8.4. ABroTpanchopmarop.
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Tok |y mpeBbimaeT Tok lyx Ha BeMUYMHY, HEOOXOIUMYIO JJII KOMIICHCAIIMK Pa3MarHMYUBAIOIIETO
neicteus MJIC BTopumyHOro toka. Takum oOpa3om, Jt000€ HM3MEHEHHE BEJIMYUHBI TOKAa BO
BTOPUYHOM 0OMOTKE TpaHchOpMaTopa COMPOBOXKAAETCS COOTBETCTBYIOIIMM H3MEHEHHEM
IIEPBUYHOTO TOKA. B pe3ynpTraTe nepeMarHuuMBaHus CTAIM B MATHUTOIIPOBOJIE BO3HUKAIOT MOTEPH
SHEPTUM Ha THCTEPE3UC U BHUXPEBbIE TOKUW. MOIIHOCTH 3THX IMOTEPh AKBUBAJICHTHA AKTHUBHOU
COCTaBJISIONICH TOKa XOJOCTOTO X013, KOTopasi He mpeBblimaeT 6... 8% HOMHHAIBHOW MOIIHOCTU
Tpanchopmaropa. Eciau mpeneOpedb STUMH MOTEPSIMHU, TO MOXHO CUMTaTh, 4ro P; = Py, T.e.
MOIIIHOCTH OOMOTOK paBHbI. TpaHchopMaTOpsl MOTYT BBIOJIHATHCS Ha JF000€ Yncio (as, a Takxke
paboTaTh mapaieIbHO B 3aBUCHMOCTH OT HOTpeOHOCTel Harpys3ku. llapamnensHoe BKIIIOYCHHE
TpancpopmaTopoB (puc. 8.3) maeT BO3MOXXHOCTh HpPHU HM3MEHEHHSIX HArpy3kd BKIIOYATh WIH
OTKJIIOYAaTh OAMH M3 TPAaHCPOPMATOPOB, IMOBBIMIAS TEM CaMbIM KO3()QHUIMEHT HCIOIb30BAHUS
pabotatomiero Tpancopmatopa. st mpeoOpa3oBaHus HANPSHKEHUS BOBCE HE 00513aTEIbHO UMETh
nBe OOMOTKM Ha cepleyHHKe. BIosHe MOXHO OOOHTHCH OJIHOM OOMOTKOHM, 4YacTh KOTOPOW
OJIHOBPEMEHHO IPUHAIUICKUT IEPBUYHON U BTOPUYHOU cHCTEMaM. DJIEKTPUYECKas CXeMa TaKoro
TpaHcopmaTopa, Ha3pIBAEMOTO aBTOTpaHChopMaTopoMm (puc. 8.4), MIMPOKO pacmpoCcTpaHeHa Ha
MOJBIKHOM cocTaBe. [lnst aBToTpanchopmaropa coxpanstoTcs: cootHomnenus s IC:

(7] / e = W1/W2 (87)
W JUIS TOKA: I1/1,=1/K (8.8)
HO NOCKOJbKY |1 1 |7 (TOKM nmepBUYHON U BTOPUYHON OOMOTOK) HalpaBjeHbl IPOTUBOIIOIOKHO, TO
B 001I1ei1 YaCTH OOMOTKH PEe3yJIbTUPYIOLINI TOK PaBEH UX Pa3HOCTH:

I=1-1, (8.9)

YTO Jla€T BO3MOXKHOCTH BBINIOJHATH OOIIYI0 YacTh OOMOTKM MPOBOJOM MEHBIIETO CEUYECHHUS.
TpanchopMaTopbl HOPMUPYIOTCS HE TIO aKTUBHOM (JICWCTBUTEIBHOMN), a MO KAKYIIEHCS MOIITHOCTH

(SHOM)9 PaBHOﬁZ SHOM = UIHOMllHOM (810)
KOTOpas SIBJISIETCS OCHOBHO# MACIIOPTHOM XapaKTepUCTHKOM TpaHCchopMmaropa.
AKTUBHAs MOITHOCTb: P1son = Suoncos®  (8.11)

3aBUCUT OT COS(, T.e. OT XapaKTepa HAarpy3Ku (CBOMCTB MOTPEOUTENS] MOIIHOCTH), U HE MOXET
xapaktepu3oBaTh Tpanchopmarop. C npyroit croponsl, norepu u KIIJI Tpancopmaropa 3aBucsT
OT aKTHUBHBIX MOIIHOCTEH IMEPBUYHON M BTOpUYHOU oOMOTOK. UTak, morepu B TpaHchopmarope
OmpeAessIoTes BeipakeHueM: » P =P - P, = Ujlicoses - Ualacose,  (8.12)
aKHI[: n= P2/P1: Pz/ P2+ZP (813)
3a HoMuHanbHOe 3HaueHwe KIIJ[ mpuHMMaeTcs ero BelWYMHAa NpPU HOMHHAIBHBIX TOKAX H
HanpspkeHusx u npu cose = 0,8. Ilorepu B TpaHchopMaTope paslensioTCsi Ha MOCTOSIHHBbIE U
nepeMeHHbIe. [IoCTOsSIHHBIE — 3TO MarHUTHBIE NMOTEPHU B CTaIN cepiedyHHKa. OHU CBS3aHBI C €ro
HETIPEPHIBHBIM TIEPEMArHUYMBAHUEM U SIBIISIOTCS (PYHKIIMEH MAarHUTHOTO MOTOKA M YacTOTHI TOKa,
HO HE 3aBHUCST OT Harpy3ku. [lepemeHHbIEe TOTEPH BOZHUKAIOT B 00MOTKaxX TpaHchopmaropa:
APy = I21r1 u AP, = I22r2, rae rp u i — OMHUYECKOE COMPOTHBJIEHWE NEPBUYHOW M BTOPUYHOM
obmoTok. Ha xomocToM Xojly moTepu BO BTOPUYHOII 0OMOTKE OTCYTCTBYIOT, TO3TOMY MarHUTHbIE
(OCTOSIHHBIE) TOTEPU COCTABISAIOT MOTEPU XOJIOCTOro xona TpaHchopmaropa. Ilpu Manbix
MOJIE3HBIX HArpy3kax TpaHcpopMmaTopa CHIBHO CKa3bIBAETCS BIHSHHE TOCTOSIHHBIX IOTEPb.
[TockonbKy yrosi ciBura MeXay TOKOM U HalpshDKEHHEM 3aBUCUT OT IapaMeTpoB HAarpy3KH, TO B
nacnopTte TpaHcdopMaTopa HOPMHUPYIOTCS HE MOTEpH, a MaJeHHe HAMpsDKeHUS B OOMOTKax Mpu
HOMHHAQJILHOM 3HadeHHH Toka. I[Ipu 5TOM HOpMHpYyeTCs OTHOLIEHHE MOJHOT0 NaJAeHUS
HAMpPsDKEHUs, COOTBETCTBYIONIETO HOMHUHAIBHOMY TOKY, Uzion K HOMHHAIBHOMY TEPBHYHOMY
HanpspKEHUI0 Ulyoy BBIPAXKEHHOE B MPOLICHTAX !

ex = (Uznom / Uion)100  (8.14)
Jlst GonpIux TpaHChOPMATOPOB BEIMYHMHA ex HE JOJDKHA MPEBBIMATh S... 6%. Benmnunna

Uziom = €x Upon /100 (8.15)
HA3BIBACTCS HANpANXCEHUeM KOPOMK020 3ameikanus Tpanchopmaropa. Ecian 3aMKHYTH HaKOPOTKO
BTOPUYHYIO OOMOTKY, TO JUIsl TOJTy4Y€HUS HOMUHAIBHBIX TOKOB |50y U loyoy TOTpEOyeETCS MOABECTH
K 3aXUMaM NEepBUYHOM OOMOTKM HampsbkeHue Ugzyoy. 3aBHCHMOCTH HANPSDKEHUS BTOPUUYHOM
o6MoTkHu U, OT TOKOB Harpy3ku |, HazpIBaeTcs paboueil XxapakTepucTUKoi Tpanchopmaropa.

86 /203



KoHTpobHbIE BOIPOCHL:

1. Moxet nu TpanchopmaTop paboTaTh TPH HECHHYCOUIATHFHOM TOKE?

2. [Touemy cepieUHHUKH TPaHC(HOPMATOPOB MU3TOTABIUBAIOT IIMXTOBAHHBIMU?

3. UeM OTIMYAIOTCS KOHCTPYKITMH TPAHC(HOPMATOPOB M MATHUTHBIX YCUITUTEIICH?

4. B yeM cOCTOMT OTIIMYKE KOHCTPYKIUU TpaHchopmaropa u aBToTpancopmaropa?
5. OOBsicHHTE HEOOXOIUMOCTb MaPaLICITBHOTO BKIFOUEHHS TPAaHC(HOPMATOPOB.

6. Uem BbI3BaHBI IOTEPU B TpaHCPopmaTopax?

I'naBa 9. AKKYMVYJISATOPHBIE BATAPEMN.
9.1. YeTpoiicTBO aKKYMYJISITOPOB.

AKKyMYJISTOp — OTO YCTPOWCTBO [UIsi HAKOIUIGHUS OJHEPrHM C LEJIbI0 €€ MOCIEAYIOUIEro
UCToIb30BaHusA. OOBIYHO aKKyMYJISITOPHI COCIUHSIOT B Oaraped Ajs MOIy4eHUs HeoOXOIUMOro
HaNpspKeHUs Wik eMKOCTH. CyIecTBYIOT KUCIOTHBIC U IIEJIOYHbIE aKKyMYJATOpbl. B kuciomuom
aKKyMYJISITOPE OTPHUIIATENIbHBIC TUIACTUHBI COCTOST U3 Ty04aroro ceuHua (Ph), a monoxurenbHbie —
U3 OKCHIOB CBHHI[A (cBUHIIOBOro cypuka) PbO,. TlopomkooOpa3Hblii OKCHA CBHHIA
3alpecCOBHIBAIOT B CBUHIOBYIO pemierky. [Ipu Bo3aelcTBUM 3JEKTPONMTA, COCTOSIIETO U3
pactBopa cepHoit kucinotsl (H,SO,4) B muctummpoBannoi Boae (H,0), npu paspsiie mpoucxoaut
peaKius: PbO, + Pb + 2H,S0O,4 « 2PbSO,4 + 2H,0 (9.1)
Coenunenne PbSO, — cynbdar cBuHIA — oOpasyeTcs Kak Ha MOJOXKHTEIbHBIX, TaK M Ha
OoTpULaTeNbHBIX IulacTuHaX. Ilpu 3apsne akkymysstopa cyiabpaT CBHUHIIA pasjaraercss Ha
o0Opa3ymollie ero BeIeCTBa, U COCTOSIHHE aKKyMylaTopa BoccraHaBinuBaercs. [Ipu obpazoBanuu
PbSO, B peakuuu y4acTByeT KHUCIIOTa 3JICKTPOJIUTA, IO3TOMY IUIOTHOCTH AJICKTPOJIMTA 3aBUCHT OT
CTETEeHU 3apsHKEHHOCTH aKKyMYIIATOpa. 3apsKeHHBIM aKKyMYIISTOp UMEET OONbIIYIO MJIOTHOCTb, a
pa3psHOKEHHBI — MEHBUIYI0 IUIOTHOCTH 3JEeKTponuTa. [lo MIOTHOCTH 3JIEKTPOJIUTA MOYKHO
OTIPEAETUTh CTETICHb €ro 3apsAKH, 3Hasl MIIOTHOCTh MEPBOHAYATILHO 3aJIUTOTO IEKTPOIIHTA.
B wenounom akkymymnsitope oTpHuIiaTeNIbHbIC IIJIACTUHBI COCTOSAT U3 kene3a (Fe), a monoxxurensHbie
— w3 ruapokcuaa Hukenass Ni(OH), a1ekTposnToM SIBIsSCTCS BOIHBIN PAacTBOP T'MIPOKCHIA KalHs
(enxoe xann) KOH. TokooGpa3yromiast peakius mpoTeKaeT CISAYIOIMHNM 00pa3om:

Fe + 2NiOOH + 2H,0 <> Fe(OH), + 2Ni(OH), (9.2)
DNEeKTPOIUT B PEaKMU HE Y4aCTBYET, U €r0 INIOTHOCTh C U3MEHEHHEM COCTOSIHUS 3apsSKEHHOCTU
aKKyMyInsaTopa He MeHseTcs. K menoyHpIM akKyMyNnaTopaM OTHOCATCS TaKKe HUKEIb-KaIMHEBbIC
(KH) akkymynsaTopsl. B cucTremMax 31eKTpOITHEBMATHYECKHX TOPMO30B IMPHUMEHSIOTCS HUKENb-
kanMueBble akkymymsitopsl 40KH-10, He oTnuyaromuecs Mo KOHCTPYKIIMU B OOCTYKUBAaHUIO OT
000T0 IIEJTOYHOTO aKKyMYJIATOpa, HO UMEIoIre OONBIIYI0 YyIelbHYH0 eMKocTh. Kak mroboe
TEXHUYECKOE  YCTPOICTBO, AaKKyMyIiATOp HMeeT KO3(pUIMEHT MOoNe3HOoro JeicTBus,
OTIpe/ieIieMBblii OTHOLIEHUEM I10JIE3HOW €MKOCTH, BBIPA)KEHHOM B amriep-dacax (AXu), K SHEpPIuu,
3aTpavyeHHOI Ha 3apsKy, BEIpaKEHHOM Takke B ammnep-yacax. KIIJ] akkymynsTOpoB H3MEHSIETCS B
IIUPOKHUX TIpeJeNiax M 3aBUCUT OT €ro Ha3HA4YeHHs, TEMIEpaTyphl OSJIEKTPOJUTA, BEITUYNHBI
pas3psAHOTO TOKa M psiia JAPYyruxX BeluuuH. EMKOCTH aKKyMynsTopa TakXke BeJTUYHhHA
HenocTosiHHas. B 00o3HaueHHMH TUMa aKKyMYJsTOpa COJAEPIKUTCS YUCIO, XapaKTEpHU3YIOIlee ero
HOMHUHAIIBHYIO (TACTIOPTHYIO) €MKOCThb, KOTOpas MOXKET OBITh TMOJy4eHa MpU paspsjae ero
HOMHWHAJILHBIM TOKOM. BenW4YMHy HOMHWHAJIBHOTO TOKAa MOXHO TOJYYUTH JICJICHHUEM BEITUIHHBI
HOMHHAIBHOW eMKOCTH Ha 10 UIsi KUCTIOTHBIX M HA 5 JIJIS IIENOYHBIX aKKyMynaTopoB. Hampuwmep,
KHMCJIOTHBIN aKKyMYJISITOp €MKOCTBIO 450 A4 nMeeT HOpMalIbHBIN TOK 45 A, a IEeJT0YHON Takou ke
emkoct — 90 A. BennunHa pa3psaHOTO TOKa OYEHb CUJIIBHO BIHSIET HA EMKOCTh, KOTOPYIO MOKHO
CHATh C aKKyMyJsaTopa (Tosie3Hasi eMKOCTh), OCOOEHHO 3TO 3aMETHO IpU CTApTEpHOM paspsfe.
[[lenouHble aKKyMYJISTOPBI O0Jiee CTOMKK K OOJNBIIMM TOKaM, HEXeNu KUCIOTHhIE. KOHCTpyKIus
IUTACTUH aKKyMYJIsiTOpa OINpeNeNseT €ro Cpok ciykObl. I[lopucTble MIacTUHBI KHCIOTHOTO
aKKyYMYIIATOpa TJIOXO MEPEHOCAT BUOpAlMI0O M OONbIINe KPAaTKOBPEMEHHBIE (CTapTepHbIC) TOKH;
OTpHIIATENIbHAS TEeMIIEpaTypa d3JEKTPOJIUTAa MPHUBOAUT K CHHIKCHHUIO €MKOCTH aKKyMyJsITopa, a
3aMep3aHue SJEKTPOJIUTa — K paspylieHuto miacTuH. lllenodynple akKyMymsITOpbl YCTOWYUBBI K
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BO3JCHCTBUIO  OTpPHULIATENbHBIX  TeMieparyp. Ha moaBmkHOM cocTaBe B~ OCHOBHOM
YCTaHABIIMBAIOTCS TATOBBIE (pacCUuMTaHHblE Ha OOJNbIINE JUIUTENbHBIE TOKH), CTapTEpHBIC
(paccunTaHHBIC HA OYEHB OOJIBIINE, HO KPAaTKOBPEMEHHBIE TOKH) M OCBETUTENbHbIE (PaCCUUTaHHBIE
HAa paspsAHble TOKHM, HE [MPEBBIIIAIONIME HOMHHAJIBHOTO 3HAUEHUS) aKKyMYJSTOPBI.
[IpyHIMIUAIbHBIE Pa3IMYMs UX 3aKIIOYAIOTCS B KOJIMYECTBE U TOJIIMHE IJIACTHMH C AKTUBHOMN
Maccoi. [Ipu ucnonbp30BaHUM aKKyMYJISTOPOB Ha MOJBUKHOM COCTaBE MX COEIMHAIOT B OaTapeu.
Jlnst momydeHus: HeoOXOAMMOTO HaIpsDKEHHs (HaNpspDKEHHUE OJHOTO KHCIOTHOTO aKKyMYJATopa
cocrapisier 2,2 B, menounoro — 1,2 B) akkymymasTOpbl BKJIIOYAIOT IOCJIEIOBATEIBHO, IIPH
[apaJuIeIbHOM COEIMHEHHUH o0OecneuynBaeTcss HEOOXOIUMMBIM 110 BEJIWYMHE TOK Harpys3KH.
CrapTepHble aKKyMYJISITOpHbIE OaTapeu TEIJIOBO30B IpeJHA3HAYEHbI JUJIS MUTAHUSl cTapTepa Mpu
MyCKe JM3elis, a TaKXKe LEeNel yrnpaBieHus, BCIIOMOTaTeIbHBIX M OCBEIECHHs MPH HEepadoTaroImeM
nu3ene. KoHCTpyKuMst M1 eMKOCTh aKKyMYJISITOPHOM OaTtapeu onpeaensioTcs MyCKOBBIM PEKUMOM —
KpaTKOBPEMEHHBIM pa3psiioM, Mpu KoTopoMm Toku gocturaior 2500 A. Ilpu 3Tom HampspkeHue
Oarapen OJDKHO oOecrieyruBaTh HEOOXOIMMYIO JUIsl MyCKa YacTOTY BpalleHHs Bajla AU3ENs MpU
npokpyTke. Ha TernoBo3ax NMPUMEHSIOTCS KHUCIOTHBIE M INEIOYHBIE aKKyMYJISITOpHBIE Oarapeu.
OcHOBHBIMU ~ THNaMH OaTaped AJi1  BBIIYCKAEMBIX TEIJIOBO30B  SIBIISIOTCA  KHCIIOTHBIE
akkymynsatopHbie Oatapen 32TH-450, -550 wiu 48TH-450. B 3aBucumMocTH OT HaNpsOKEHUS
BCIIOMOTATeNbHBIX LeMed TeruioBo3a ATH ©Oarapen cocToAT U3 32 (mpu  HampsHKEHUU
BcriomorarenbHoro reseparopa Uy, = 75 B) unu 48 (npu Uy = 110 B) asieMeHTOB (aKKyMYJISITOPOB)
¢ HOpMaJibHOM eMKocThIo 450 miu 550 Au. HoMuHanpHas eMKOCTh MOKET OBITh OIpe/iesieHa MyTeM
paspsaa  akKymyiasTopoB TokoM 10-yacoBoro pexuma. Kak yxke roBopuioch, 3HaueHHE
HOMHMHAJILHOTO TOKa OIpelessieTcs eIeHHeM HOMHUHAJIbHOU (macmopTHoi) emkoctu Ha 10.
[IpOMBIIIZIEHHOCTh BBIMYCKAE€T KHUCIOTHbIE akKKyMmyisTopHble Oarapen 48TH-350, menounsle
Hukenb-xkenesnple  68[THXKK-250, 48THXKT-400, nukens-kagmuensie 72TITHK-250-02 u np.
OcHOBHbIE TTapaMEeTpbl OTEUECTBEHHBIX TEIIOBO3HBIX AKKYMYJSATOPHBIX Oarapeil NpuBEICHbI B
Tabn. 9.1.

Tabnuya 9 1. Ilapamempsi omeyecmeeHHbIX MENI08O3HbIX AKKYMYIAMOPHLIX bamapet

Tun Gatapeu
ITapamerp 32TH- 48TH- 48TH- 46 TITHX- 72TITHXK-250-

450Y2 4502 350¥2 550¥2 02y2
HomuHambHas eMKOCTh, A4 450 450 350 550 250
HomunansHOe HanpspkeHue, B 64,0 96,0 96,0 57,5 90,0
| PEHHPOBOUHBII PEAM paspta i 10/45 10/45 10/35 5/100 10/25
TOK, A4
Koneunoe nanpspkenue, B, He meHee 57,6 86,6 86,6 46,0 72,0
Pexxum nycka nusens,
TOJTYKOBBIH pa3ps, 32 48 48 25 47
HanpspbkeHue B, He MeHee
Tok, A 1700 1700 1800 2200 1800
Y cTaHOBUBILUICS paspsih, 46.4 69.6 70.0 46.0 720
HanpsbkeHue B, He meHee ' ' ' ' '
Tok, A 900 900 800 900 800
Macca ¢ 371€KTpOJIUTOM, KT, 38 38 30 45 26
AKKyMyJIsiTopa
Macca ¢ 31eKTpOJIMTOM, KI' 6aTapen 1270 1930 1710 2100 1870

O6o3Hauenue Tuna 6aTapen BKIIIOYAET B ce0s cieayromue uQpsl U OYKBBI.

* 32, 46, 48, 68, 72 — KOIWYECTBO MOCIEIOBATEIbHO BKIFOYEHHBIX aKKYMYJISITOPOB, IIIT.;

* 550, 450, 350, 250 — HOMuHanBHAs eMKOCTh, A4; TII — Ha3HaueHue: TermToBo3Has (ITyCKOBasi);

* H — Bug anextpoanbix mwiactuH: HamasHble; HXK, HK — Hukenb-xene3Hbii, HUKeIb-KaJIMUEBbIN;
* K, T — KOHCTpYKIIUS AIEKTPOIOB: KOMOMHHPOBaHHAs, TabeTouHas; Y — Uil yMEPEHHOTO
KITMMaTa; 2 — KaTeropus pa3MeIleHus: B Ky30Be, B METAJUTMUECKOM MIKa(y.
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YerpoiicTBO KHCJIOTHOTO akkymyasaTopa. Kucnorssiii akkymymnstop TH-450 (puc. 9.1) cocrout
13 P00HUTOBOTO Kopityca (6aHKH) 5 ¢ pedpaMu i YCTAaHOBKH OJIOKOB TUIACTHUH M YIITYOJICHUH IS
1iama, B KOTOPBIA morpykeHsl 19 monoxurtensusix 7 u 20 oTpunarensHbix 6 ruractu. Kaxnas
IJIACTHHA MPECTABIIAET COO0M OTIIMTYIO U3 CBHHIIOBO-CYpbMSIHUCTOTO ciiaBa (95% cBunna u 5%
CYpbMBI) PELIETKY, sIMEHKH KOTOPOU 3aIl0JIHEHBl aKTUBHOM Maccoi. IlnacTuHbl N30J1MpOBaHbl Apyr
OT Jpyra cenaparopaMu 8 U3 CHHTETHUYECKUX MaTepHUajIoB WU JepeBa (ualie Bcero obxu). CBepxy
BCE TIOJIOKUTENIbHBIE TUIACTUHBI COCIMHEHBI MEXAY CO00U B OJIOK 7, KOTOPBIN MOCPEICTBOM Taek,
11aii0 ¥ Pe3NHOBBIX YIUIOTHEHUN YKpEIUIeH Ha S00HUTOBOM KpBIIIKE 2 aKKyMYJsTopa. AHAIOTUYHO
BBINOJIHEH OJIOK OTpHILATENbHBIX TuacTHH 6. Kaxnpni 610k uMeeT mo JBa BeiBoAa — OopHa 1. B
KPBIIIKE 2 IPEeyCMOTPEHO OTBEPCTHE IS 3AIMBKHU AJIEKTPOJIUTA U BOJIBI, 3aKpbIBaeMO€e MPOOKOH 3,
KoTopas oOecrmeynBaeT CBOOOJIHBIM BBIXOJ Ta30B W3 aAKKyMYJISATOpa, HO TPEMSITCTBYET
MPOHUKHOBEHUIO B Hero Bo3ayxa. i yaoOGcTBa TpaHCIOPTUPOBKH, MOHTa)Ka M 3alUThHI
aKKyMYJIITOPOB OT MEXAaHMYECKMX IOBPEXKIECHUN MX MOHTHUPYIOT B JEpEBSHHBIX smukax. [lpu
paspsiie akKyMyJIaTopa Ha IIaCTHHAX 00CHX MOJIsIpHOCTEH oOpasyercs cynbdar ceunia (PbSO,), u
IUIOTHOCTh JJIEKTPOJIMTAa MpH 3TOM cHiKaerca. Cynbdaranusi MOPOUMCXOAUT TakXKe Mpu
CHUCTEeMaTUYeCKOM Hello3apsiie 0aTapeu, CIUIIKOM TITyOOKOM pa3psjie, IPUMEHEHUH 3JICKTPOINTA C
MOBBIIIEHHON TUIOTHOCTBIO, paboTe OaTapeu MpH BHICOKOM TeMIepaType JIEKTPOJINTA, 3arpsi3HEHUN
€ro W JUIMTEIFHOM XPaHEHUU aKKyMyIsTOpOB Oe3 moazapsiia. DIEKTPOIUTOM AJis KHUCIOTHBIX
Oarapeil CIyXHT pacTBOpP aKKyMYJSTOPHOH CEpPHOM KHCIOTHl B JUCTUIJUIMPOBAHHOW BOJIE.
[1n0oTHOCTH €ro B 3apsKEHHBIX aKKyMYJISITOpax JOJKHA coctaBiath 1,24... 1,25 F/CMS, B 3UMHMHE
MeCHIIbI ISl MPEOTBPAILICHHS 3aMEP3aHUsl €€ MOBBIIAoT 10 1,26 r/em’.

Puc. 9.1. KoHCcTpyKIIHs KUCTIOTHOTO aKKyMYJIsITOpa.
1 — 60pH (BBIBON), 2 — KpBIIIKA, 3 — MPOOKa, 4 — mepeMbIuka, 5 — 500HUTOBBIN KOPIYC,
6— OJIOK OTPHIIATENBHBIX IJIACTHH, 7— OJIOK TTOJIOKUTENBHBIX IJIACTHH,
8 — cenapatop.

JlanpHeliee yBEIMYEHUE IUIOTHOCTU AJIEKTPOJIUTA HECKOJIBKO IOBBIIIAET HAINpPSDKEHHE Ha
3JIEMEHTE, HO PE3KO CHIKAET €ro CPOK CIIYKObI BCIIE/ICTBUE pa3pyLICHHs OTPULIATEIbHBIX IJIACTHH.
OCOOEHHO 3TO BBIPAXKEHO TNPH BHICOKOH HMHTEHCHUBHOCTH pa3psijia, KOTOPBIH HMEET MECTO IpH
nycke auzens. s yMeHbIIeHUS KOPpPO3UHU PELIETOK MOJOKUTENbHBIX IJIACTHH Ie1eco00pa3Ho
CHWKATh KOHIIGHTPAIIMIO SIeKTpoiuTa 10 1,22 r/cM°, 9TO MPHBOAMT K YBENTHUYCHHIO CPOKA HX
CIIy>kObl, IPU 3TOM MOIIHOCTH OaTapeu BO3PACTAET, a BEPOSTHOCTh €€ 3aMep3aHusl MPaKTUYECKU
oTrcyTrcTBYeT. Ecim cymiecTByeT BEpOATHOCTb 3aMEp3aHusl JJIEKTPOJIMTA, IUIOTHOCTH CHMYKATh
Henb3s. [Ipu 3aMep3aHuMM  3JEKTPOJMTA IJIACTUHBI paspyllaloTcs, M Oarapes CTaHOBHUTCSA
HenpuroaHoi ans pabotel. CiemayeT OTMETUTh, YTO BEPOSTHOCTh 3aMEp3aHUs aKKyMYJISTOPHBIX
Oarapeil, paclioJI0KEeHHBIX B Ky30B€ TEIJIOBO3a, 3HAYUTEIbHO MEHBIIE, YeM TPU PACIIONOKEHUH UX
B paMe WM HHIIIE TOIUTMBHOTO Oaka. B mocnennem ciydae HeoOxoauM 0060rpeB Oarapei.

YeTpoiicTBO 1IeI0YHOro akkymy asaTopa. Llenounoii akkymynsatop (puc. 9.2) umeer 1Ba 6y0ka 3
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MOJIOKUTEIIBHBIX U OTPHUIATEIBHBIX IJIACTHH, KOTOPBIE pa3MeIIeHbl B CTaIbHOM cocyne (Oanke) 7.
[InacTuHBI TPENCTaBIAIOT cOOOM JlamMenu (KOpOOOYKH), COSAMHEHHBIE MEXIY COOOM B 3aMOK M
VKpETUICHHBIE CTaTbHBIMU peOpaMu 8, K KOTOPHIM MpPHBAPEHbl KOHTAKTHBIC TUIAHKU. [lmacTUHBI
M30JIMPOBaHbl MEePPOPUPOBAHHBIMU CEMapaTopaMu 7 U PE3UHOBBIMHM IIHypaMu. Kaxapiii 650K
uMeeT iBa OopHa 6, BBIBEIEHHBIX Yepe3 OTBEPCTUS B KPBHIIIKE U U30JIMPOBAHHBIX BUHUILIACTOBBIMU
U PE3WHOBBIMU KOJIbIIAMH, MPEMATCTBYIOIIMMHU BBITEKaHUIO 3eKTpoiuTa. banka 1 akkymynaropa
OKpallleHa CHapYH MOKCHIHOW SMAJIbIO U 3alHIICHA PE3UHOBBIM YeXJIoM (M30Jsiius OaHku 2). B
3apSHKCHHOM aKKyMYJISITOpE aKTHBHBIMH 3JeMeHTaMu sBJsiFoTcst ruapokcun Hukens (NiO) —
MOJIOKUTEIBHBIN 3JIeKTpoa U keie30 (Fe) — oTpuiatenbHblil 35eKTpoa. B kauecTBe anekTposuTa
ucnonb3yercst 20%-ublii BoaHbI pacTBOop ruApokcuaa kamus (KOH) wmm watpus (NaOH)
mwiotsoctbio 1,19... 1,21 r/em® ¢ no6askoit 20 /i rugpokcuaa mutust (LIOH), yaydimaromiero
yCIIOBUSL pabOThl aKTUBHON MAacChl. DJIEKTPOJIUT MPUTOTOBIAIOT B CTAIBHOW CBApHON €MKOCTH.
3anpeiaercs MoJIb30BaThCs OLIMHKOBAHHOM, JY>KEHOM, MEIHOW, CBUHIIOBOM HJIM KEpPaMHYECKOU
€MKOCTbIO. DJIEKTPOJIUT IIEJIOYHBIX aKKyMYJISITOPOB B pEaKLUU HE Yy4acTBYET, IUIOTHOCTb €ro BO
BpeMs paboThl Oarapen He U3MEHSEeTCA. DTO HECKOJIBKO OCJIOXKHSAET KOHTPOJIb 32 COCTOSTHHEM
Oaraper B SKcrulyatauud. HemocTaTKOM MIENOYHBIX aKKyMYJISTOPOB MOKHO CUHTAaTh OOJBIIYIO
Maccy U IUI0XYI0 paboTy U MOHM>KEHUHU TeMIiepaTypsl AiekTposnta a0 0°C.

Puc. 9.2. BapuaHTbl HCTIOJTHEHHUSI IIETTOYHOTO aKKyMYJIATOpA.
1 — Ganka; 2 — u3onsauus 6anku; 3 — OJOK MIACTUH; 4 — KIIanaH; 5 — KPbIIIKa KJIaraHa;
6 — OopH; 7 — cenmapaTtopsl; 8 — cTaJibHBIE pedpa; 9 — mpooOKa.

Huxkenp-xene3npie aKKyMyJISITOPBl UMEIOT DSl CYIIECTBEHHBIX NPEUMYIIECTB 10 CPAaBHEHHIO C
KHUCJIOTHBIMU:

* OosbIMii cpok ciyk0sbl (10 10 ner);

* U3TOTOBJIAIOTCS U3 MEHEee Ne(UIMTHBIX MaTEPUAJIOB;

* CITIOCOOHBI BBIIEP)KUBATh OOJIBIIUE 3aps/IHbIE U Pa3psIHbIe TOKU 0€3 yiiepoa Uist akKyMyJsTopa 1
0€e3 3HAYMTEIHHOI0 CHUKEHHUS TI0JIE3HON eMKOCTH;

* OTCYTCTBHE Cylb(daTaiuu, TyOUTENbHO JeHCTBYIOMIEH Ha KHCIOTHBIE aKKyMYJISITOPHI;

* 0oJIbIIIAs MEXaHUYECKasi IPOYHOCTb;

* HEUYBCTBHUTEIBHOCTH K 3aMEP3aHHIO AJIEKTPOJIHTA;

* IPOCTOTa 0OCTYKMBAHUS U PEMOHTA.

B Hacrosimee BpeMsi CyIIECTBYET TEXHOJOTHSI HM3TOTOBJICHUS Oe3JaMebHBIX aKKyMYJISTOPOB,
MO3BOJISIONIAs OTKA3aThCsl OT 3AMPECCOBKM aKTMBHON Macchl B METAIMUECKHE JaMelH. YXOJ 3a
Oarapeeii B OKCIUTyaTalldd CBOAWTCS K JIOJUBKE IUCTHJUIMPOBAHHOW BOJBI M COJEPIKAHHIO
aKKyMYJIITOPOB B YHMCTOTE. AKKYMYJSATOpPHl HEe TPeOYIOT PEMOHTa, yXOJ 3a HUMH CBOJUTCS K
MIPOMBIBKE TIPU COJIEP)KAHUHU B AJIEKTPOJUTE YIIIEKUCIOTH Oosiee 17,5 r/m. PaspaboTtaHbl METOIbI
BOCCTAQHOBJICHHUS  ILEJIOYHBIX aKKyMYJSTOPOB, HMEIOIIMX MOHMXKEHHYI0 eMKoCTh.  Jlms
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aKKyMYIIITOPOB OOOMX THUIIOB XapaKTEPHO CHUKCHHE MOJIE3HOH €MKOCTH C yBEIMYCHHEM TOKa
paspsaa. Y KHUCIOTHBIX aKKyMYJISATOPOB 3TO SIBJIEHHE OCOOCHHO PE3KO BBIPAXKEHO U CBSA3aHO CO
CHIDKEHHEM IUIOTHOCTH 3JIEKTPOJIMTa B IOTPaHUYHBIX C IUJIaCTUHAMM closX. B pesynbprare
MIPOUCXOJUT YBEIMUEHUE BHYTPEHHETO COMPOTUBIICHUS U MaJleHUE HANpsHKEHUS B aKKyMYJISTOpE.
VY 1IEeNn0YHBIX aKKyMYJSITOPOB YXYALIEHHE XapaKTEPUCTHK CBSI3aHO C MPOLIECCOM MOJISPU3ALUU
ANEKTPOAOB. DTO SIBICHHE YCHIIMBAaeTCS NpU pa3pse Oaraped Ha CTapTepHbI (ITyCKOBOM)
AJIEKTPO/ABUraTeNb, KOIZla BECh IpoLEecC MpoTekaer 3a 5...20 ¢, T.e. 32 BpeMs, HEIOCTaTOYHOE /IS
paBHOMepHOU Auddy3un 3IeKTponuTa B neMeHTax. EMkocTh GaTtapeu, 3aTpauyrBaemasl Ha OIUH
MyCK Ju3ess, He MpeBblmaeT 4 Ay, HO oOmIas IMoJIe3Has €MKOCTh IOCNe MYCKa MPaKTHYECKU
YMEHBINIAETCSI B HECKOJBKO JecATKOB pa3. C TeueHHeM BpPEMEHH IUIOTHOCTh 3JIEKTPOJIHUTA
BBIPAaBHMBAETCA M I0OJE€3HAs EMKOCTb BOCCTaHaBJIMBAETCSA, XOTd M HE NOJHOCThIO. [loaTomy
HeoOxoIuMa BBIIEpKKA Mexay nyckamu nusens 2..3 MuH. C NOHMKEHHEM TeMIepaTyphl
MPOBOJIUMOCTh 3JIEKTPOJIMTAa YMEHBILIACTCSA, YTO HPUBOAUT K POCTY MOTEPh BHYTPU OaTapen U
OTpaHMYUBaET TMOJIe3HYI0 eMKocTh (puc. 9.3). Kpome TOro, mpu MNOHMKEHHON TemmepaType
YBEIUYUBACTCSA IUIOTHOCTH JJIEKTPOJIUTA, YXYIIUIAETCS €ro MUPKYJISALHUs B aKKyMYJSITOpE H
CHIDKAETCSl TOJIe3Hash €MKOCTh, KOTOPYIO MOXET OTJaTh aKKyMyJsITop mpu paspszae. OcobeHHO
HEeOJIaronpusATHO MOHMKEHUE TEMIIEPaTyphl CKa3bIBaeTCsl Ha paboTe KUCIOTHBIX aKKyMYJISTODPOB,
IUIOTHOCTh JJIEKTPOJIMTA KOTOPBIX HAXOAUTCA B NPSIMOM 3aBUCHMOCTH OT CTENEHU 3apsja.
CrnenoBarenbHO, BHYTPEHHEE CONPOTUBICHHWE Oaraped 3aBUCHUT OT OCTAaTOYHOM EMKOCTH H
IUIOTHOCTA  DJIEKTPOJIUTa  OJHOBPEMEHHO. Y  MICNIOYHBIX  aKKyMYJISTOPOB  BHYTpEHHEe
COIPOTHBIIEHUE TPAKTUYECKU 3aBUCUT TOJBKO OT OCTaTOYHOH €MKOCTH, I03TOMYy paboTa
IIEJIOYHBIX JIEMEHTOB O0Jiee ycToNUMBa.
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Puc. 9.3. 3aBUCHMOCTh EMKOCTH aKKyMYJISITOpPA OT TEMIIEPATYPhl SJEKTPOJIUTA.
KH — sanexrponut KOH, mnoraocts 1,18 F/CM3; C —anexrpomut HySO,, mmotHOCTH 1,24 r/em®

HeoOxonuMocTh COXpaHUTh JIOCTATOYHOE ISl MyCKa JU3€Nisl HaNpsHKEHHE B JIIOOBIX YCIOBHSX
HKCIUTyaTallMH ¥ MPH OONBIINX pa3psIHbIX TOKaX 3aCTaBIsIET YBEINYUBATH pa3Mephl U KOJIMUYECTBO
MJACTUH B akKymyssitope. OTHOBPEMEHHO C YBeIWYeHHWEM paboyell TOBEPXHOCTH IUIACTHH
BO3pacTaeT HOMHMHAJIbHAS €MKOCTb, TaK KaK YBEJIMUYMBAETCS KOJNYECTBO AKTUBHBIX MaTEpHUAJIOB.
PocT HOMHMHAIBHOM €MKOCTH SIBISETCS B JaHHOM CJIy4dac KCJIATCIIbHBIM, TaK KaK KOMIICHCUPYCET
CHIDKEHHE €MKOCTH IOJI BO3JIEHCTBHEM HH3KOM TEMIIepaTypbl U pa3psaHoro Ttoka. OgHako 3TO
MPUBOJUT K YBEJIMYEHHUIO MAcChl M CTOMMOCTH aKKyMYJISITOPOB. AHalu3 Mpolecca MycKa JAU3es
MOKa3bIBAET, YTO MUKOBBIN TOK 3HAUYUTENHHO MMPEBOCXOAUT HEOOXOIUMBIN ISl CO3/IaHUS «MOMEHTA
OTphIBa» BaJla AWU3CIA U MOXKET OLITh 3HAYUTEILHO YMCHBIICH, YTO MNPHUBCACT K YIYUIICHHUIO
yciaoBUH pabOThl aKKyMyJIATOpOB 0€3 yXYALIEHHUs IMyCKOBOro peknma. CyliecTByeT HECKOJBKO
CIOCOOOB YMEHBIIEHUsI MUKOBOro Toka. Hanbosbiee pacnpocTpaHeHHe MOIydWIo MapajuleIbHOe
BKJIIOYEHHE aKKYMYJISTOPHBIX OaTtapel [ByX cekiuii TeruoBo3a. [Ipu Takoil cxeme mycka MUKOBBIN
TOK aKKyMYJIATOPOB COKpalaeTcsl B ABa pasa. Pa3psa GaTapen nmpu NpoKpyTKe Baja MOXKET ObITh
PE3KO COKpAIIEH PUMEHEHUEM B CXEME YCKOPUTENS IyCKa — YCTPONCTBA, BHICTABIIAIOIIETO PEUKH
TOIUIMBHBIX HACOCOB «HA MOJAauYy» 10 Hayajla padoThl PEryasTOpa YacTOThI BPAIlEHUs Bajla JU3eIIs.
AKKYMYJISITOpHBIE OaTape, HCIOJIb3yeMble B MACCAXHPCKUX BaroHax, CIyXaT Ui NUTaHUA
SHEpPrueil OCHOBHBIX MOTPeOUTENEeN Ha CTOSHKAaX U BOCIPUHUMAIOT Ha ce0sl MUKOBbIE Harpy3KU MPU
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paboTarolieM TeHepaTope, 4YeM IOJJEPKUBAIOT 3aJaHHBI YpOBEHb HampspKeHus. BaroHHsle
aKKyMYJIAITOPbl MOTYT OBITh KakK KHCIOTHBIMH, TaK W IIEJOYHBIMH, KOTOPBIM OTAAeTCs
npennoureHue. Ilpu HanpsbkeHun B aseKTpuyeckux Lemnsx BaroHa 50 B ycranaenuBaercs 40
LIEJIOYHBIX MU 26 KUCIOTHBIX aKKyMYJISITOpOB, a pu 110 B — 56 KuCIOTHBIX WK 86 IIE€T0YHBIX
aKKyMYJIITOPOB, COCIMHEHHBIX IIOCJIEAOBATEIbHO. B  3leKTpuyeckux LensxX BaroHOB
UCIOJIB3YIOTCSI B OCHOBHOM CJIEAYIOLIUE TUIIBI aKKYMYJISITOPOB:

kucnotHeie: BH-440 (Poccust), BI'T-390 (I'epmanust), RPg-300 (Muaus); mwenounsie: BHXK-300Y2
(Poccus), 915633-375 (I'epmanus).

Ha oteuecTBEHHBIX 3JIEKTPOBO3aX U MOTOP-BArOHHBIX I10€3/1aX UCIIOJIB3YIOTCS aKKyMYJIITOPBI TUIIA
KH-125, u3 xotopsix coctaBistorcs 6arapen 40KH-125, obecneunBaronye HanpspkeHue padodeit
cetn 50 B. DnexTpoBO3bI YemICKOro mpou3BojcTBa cepur YC MMEIOT aKKyMyIJISATOpHBIE OaTapeu
40KH-125, mnpaBuna »SKCIUTyaTalldd KOTOPBIX AHAJIOTMYHBI  IICJIOYHBIM  aKKyMYJsiTOpam
OTEYECTBEHHOT'O BBITYCKa. DJIEKTPOIOE3a METPOIIOIUTEHA 000pynytoTes akkymymnaropamu HKH-
80, HKH-55, coequaeHHbIME B OaTapen Ha J1r000€ HEOOX0IMMOE HAIIPSKCHHE.

9.2. IlpuroroBjieHHe 3JIEKTPOJIUTA.

DNEKTPOIUT AN KHCIOTHBIX  aKKyMYJSTOPOB  MPHUTOTOBISIETCS  MyTeM  pa30aBieHHs
AKKYMYJISITOPHOM  CEpHOM  KHCIOThl  AUCTWJUIMPOBAaHHOW BoaoW. Kwuciora mnpumensercs
KOHILICHTpUpPOBaHHAasl ¢ ynaenbHbIM BecoMm 1,83...1,84 r/em® WM yacTHaHO pactBopenHas no 1,40
r/cM®. TDIOTHOCTH KHCIOTBHI U JNEKTpOJIUTAa H3MepseTcss apeomerpom. Ilpm pa3daBieHUU
KOHIIEHTPUPOBAHHON CEpHOM KHCIOTHI pacTBOpP CHIBHO HarpeBaercs. Bo m3bexaHue mnomanaHus
OpBI3r KHUCIOTHI Ha KOXY PYK, JHIIO W OJSKIY IepCOHaNa, MPHUTOTABIMBAIOIICTO JJICKTPOIIUT,
BCerja cjelyeT HaluBaTh KHUCIOTY B BOJY, a He HaoOopoT. PacTtBop cremyer HempepbIBHO
MepeMeNInBaTh, MOKa KUCIO0TA MOJIMBAETCS B BOAY, YTOOKI O0jiee TsKenast KUCI0Ta HE OMyCKallach
Ha JHO cocyla, He MepeMelmmuBasch C¢ Boaoil. Ecnmu TpeOyercs HM3MEHHTh KOHIIEHTPAIHIO
AJIEKTPOJIUTA B AJIEMEHTE, JIOJIMBATh CJIEAYET TOIBKO TUCTUIUIMPOBAHHYIO BOY, a HE DJIEKTPOIIUT.
[Ipn monHOM 3apsae B 3aBHCHUMOCTH OT Ha3HayeHHs Oaraper MOXeT ObITh pPEeKOMEHIOBaHa
cleAyronas MIOTHOCTh AJIEKTPOJIUTA, r/em®;

Cranmonapnsie: 1,250...1,225

Tsrossre: 1,260...1,280

Craptepnsie: 1,260...1,300

Baronnsrie: 1,210...1,230

[InotHOCTH M3MepsieTcs apeomerpom nipu 18°C. [lpu apyroii Temneparype 3JeKTPOIUTA INIOTHOCTD
MEPECUUTHIBACTCS MO TaOnHIlEe. AKKYMYJIATOPBI, MMEIONIUME Pa3HYI0 IJIOTHOCTH JJIEKTPOJIHUTA,
UMEIOT M pa3Hoe HalpsbkeHue Ha OopHax. [IprMeHeHue AUCTUITMPOBAHHON BOJBI 0OYCIOBIEHO
HaJU4YleM B TMPUPOAHOW BOJE BPEIHBIX JUISI AKKyMYJISTOpPOB mpumeceil. Tak, HUTpaThl B
koHneHTpanuu 0,001% 3ameTHO yBenMUUBaIOT Cynb(aTaluio MIACTUH, CTUMYIUPYS CaMOpas3psi.
Oprannueckne COECIMHEHMs (Kpaxmall, caxap U Jp.) OTPHIATEIIbHO BIMAIOT HAa TOJIOKHUTEIbHBIC
IJJACTUHBI, BbI3bIBas MX paspyumeHue. Kene3o, cojisiHas KUCIOTAa, MapraHel, XJOp U €ro
COCIMHEHHS Pa3pyIIalOT IUTACTHHBI AKKyMYJSITOPOB, CHHYXKAas WX TOJE3HYI0 €MKOCTh. Jlis
YBEJIMYECHHS] BPEMEHU MEXY 3apsA/laMi MPUMEHSIOT MPUCAJIKH K DJIEKTPOIUTY. DIEKTPOIUTOM ISt
MIEJIOYHBIX HHUKENb-)KEIE3HBIX aKKyMYJATOPOB CIY)XHT pacTBOp TuApokcuaa kamms. K sromy
pacTBopy no0aBisieTcs OOBIYHO HEOOINBINOE KOJUYECTBO THAPOKCUAA JHUTHS (€IKOTO IUTHs),
KOTOPBIA OKa3bIBa€T IMIOJIE3HOE BIMSHUE HA CPOK CHYKOBI aKKyMyJIsITOpa, HO HE SIBISETCS
HEOOXOMUMBIM JUII PEaKINii, MPOUCXOASIMIUX B akKymyistope. [uapokcun kamus — Oemoe
BEIIIECTBO, XOPOIIO PACTBOPSETCS B BOJAE, NMPH XPaHEHWHW HA OTKPHITOM BO3JIyXE IOTJIOMIACT
YIJIEKHUCIIBIN Ta3 U BIAry, MO3TOMY JIEKTPOJIUT HE AOJKEH CONPUKACATHCS C BO3JIyXOM Kak MPHU €ro
XpaHEHUH, TaK U B TIpolecce pabdOThl. DIIEKTPOIUT MPHUTOTOBISIETCS C COOJIIOJCHHEM TEX JKe
MPEAOCTOPOKHOCTEM, YTO U MPU MPUTOTOBJICHUH KUCIOTHOTO. 3HAYEHHUS IJIOTHOCTU HIEIIOYHOTO
3JIEKTPOJUTA NMpUBOAATCA i1 TemnepaTypsl 18°C. Eciiu mpUroToBiIeHHE 3JIEKTPOJIUTA TPOUCXOIAT
MpU JAPYroil TeMIeparype, TO CieayeT NpuOaBUTh K HU(PE TPEThEro IECSITHYHOTO 3HAaKa IO
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eauHuLe Ha Kaxzable 2°C, ecnM TemmepaTypa BbILIE CTAaHAAPTHOW, M BBIUECTh 110 €IUHUIIE Ha
kaxzabie 2°C, ecnu oHa HUKe. OJHAKO ATO MPABWIO HE MPUTOAHO JJISI KUCIOTHBIX aKKyMYJISITOPOB.
Hwuxe nmpuBeneHbl mapaMeTpsl MEI0YHOTO AIEKTPOIUTA B 3aBUCUMOCTH OT COJICPKAHUS LIEJIOYH:

Conepxxanne KOH,% 15 20 20 30 35 40
InotHocTs npu 18°C, r/em” 1,140 | 1,188 | 1,239 | 1,290 | 1,344 | 1,399
Temneparypa 3amep3anus anekrpoanrta,°C | -15 | -24 | -38 | -59 - -

Iunpokcun nmutus pobasmsiercs u3 pacuera 20 r/m. Ilpu MOHMKEHUUW TUIOTHOCTH JJICKTPOJIMTA B
IKCILIyaTUPyeMOi Oarapee JOJHMBATh CIEAYeT SJCKTPOJIUT, TaK KaK €ro KOMIIOHCHTHI B
AKKyYMYIIAITOPE BBINMAJAIOT B OCAIOK, COCOUHSSACH C JUOKCHUIOM yriiepoja (yrIeKUCIOTOMN),
coJiepKammMmMcs B Bosayxe. K BpeIHBIM 3arps3HCHHSM INEJIOYHBIX JJICKTPOJIUTOB OTHOCSTCS
TUOKCH]T yriaepona (yrIeKUCHbIi ra3), CoAepKalluiicss B BO3AYyXe, U BCE BUBI KUCIOT. Peakuus ¢
KHCIIOTAMH HACTOJBKO OYypHas, YTO HEJAOMYCTHMO COJCP)KATh B OJTHOM IOMEIICHHHM KUCIIOTHBIC U
IEJIOYHBIC AKKYMYJISITOPBL. B KauecTBe 3JEKTPOIUTA MOKET OBITH MCIIOJIB30BAH TUAPOKCH] HATPUS
(NaOH, unu enkuii Hatp), obnagaromuii TeMu ke cBoiictBamu, 4ro 1 KOH. OmHako KaaueBbIid
AEKTPOJIAT CUUTACTCS YHUBEPCAIBHBIM, a HATPUEBBIN — JICTHUM, CITIOCOOHBIM pad0TaTh TOJILKO IPU
MOJIOKUTEIIBHBIX TEMIIEpaTypax.

9.3. Cnoco0nI 3apsiia aKKyMYJIITOPOB.

3ap$1z[ AKKYMYJIATOPOB MNPOU3ZBOAUTCA TOJBKO IMOCTOAHHBIM WKW IIYJIbCUPYIOIIMM TOKaMH.
OOIenpuHATHl ABE CUCTEMbI 3apsiIKM: IPU MOCTOSHHOM BEJIMYMHE TOKA WU IPU MOCTOSTHHOM
HaIIps>KCHUH. ITomoxuTenbHLIN 32KUM HCTOYHHKA HaIpsKCHUA COCOAUHACTCA C IOJIOXKUTCIIbHBIM
32)XKMMOM OaTapeu, OTPUIATENLHBIN — C OTPUIATEIILHBIM.

3apsin npM NOCTOSIHHOW BeJIMYMHE TOKa. BenwumHa 3apsgHOrO TOKa pErylmHupyercs JmOo
BEJIMYMHON 3apsAHOTO HANpsDKEHHS, JIMOO BKIIIOYEHHEM B IIENb aKKyMYJISITOPOB JOOABOYHOIO
COIMPOTUBJICHHA. N3menenne HaITPS’KCHUA IpeAIOUYTUTCIIBHEC, TakK KakK HE BBI3BIBACT
JONOJTHUTENBbHBIX MOTepb. [IpH 3apsne OT BBIIPSAMHUTENS OOBIYHO MCIIOJIB3YETCS JOMOJIHUTENBLHOE
NMEPEMEHHOC COMPOTHUBIICHHUC. 3ap51)1 IMPOU3BOJUTCA HOMHUHAJIBHBIM TOKOM M IMPOAOIKACTCA H0
«KUTIEHUs» eKTponuTa. [losiBieHre my3pIpbKOB Ha MOBEPXHOCTH AJIEKTPOJINTA CUTHAU3UPYET O
TOM, 4YTO JaJbHEWIIWN 3aps] TOKOM O3TOH BEIWYUHBI aKKyMYJISITOPOM HE BOCIPHUHHUMAETCS, W
3apsIHBIA TOK WJAET Ha pa3joXKeHHWEe BOJbl, YTO OAHOBPEMEHHO HAYMHAET pa3pyllaTh IJIACTHUHBL
Jlnst Goree MOTHOTO 3apsiia MOXKHO TPOJJIMTH IMPOIECC, YMEHBIIMB 3apsaHBIA TOK B 2 pasa, C
MOCTEIYIOIUM JIOBEJICHUEM JI0 «KHIeHus». IIpouecc MoxkeT ObITh MPOJOIKEH, €CIU He
JOCTUTHYTO TOCTOSIHCTBO IUIOTHOCTH DJIEKTPOJIMTA. TakoW 3apsii, €Cld OH COJep:Kajll JBa-TpH
YPOBHS HM3MEHEHHs TOKa, HA3bIBAIOT ypaBHUTEIbHBIM. OH TMOJIe3€H Ul COCTOSHUS IUIACTHH,
KOTOpblE MpPH STOM OCBOOOKIAIOTCS OT BCEro MMEIOIIerocs Ha HHUX cyiabdarta. 3apsan
aKKyMYJIATOPOB COINPOBOXKJAETCS HArpeBOM DJJIEKTPOJIUTA, IOITOMY TPU JOCTH)KEHHUH UM
temrepatypsl 40...45°C cnenyet aenathb nepepoIB.

3apsia npu NOCTOSAHHON BeJIMYMHE HANPSKEHUs] HCTOYHUKA ToKa. baTtapes craBuTcs Ha 3apsij
IIprU IOCTOSAHHOM HAIIPSXKCHHUW HWCTOYHUKA. 39T10 HAIMPsoKCHUE OOJIKHO OCTaBATHCA IMOCTOSAHHBIM
HE3aBUCHMO OT TOKa 3apsjia, BEJMYMHA KOTOPOrO MEHseTCs OT OOJbIIEro B Hayaje 3apsana 10
YCTaHOBHBIIETOCS 3HAYCHUS. DTOT Ccrocol 3apsia 3a CBOIO MPOCTOTY YacTO MPUMEHSIETCS Ha BCEX
BUJAaX IOJBWXKHOIO COCTaBa W TPAHCIOPTHBIX CpeACTB. VICTOYHMKOM TOKa CIyXar
BCIIOMOI'aTCJIBHBIC I'CHEPATOPHI JIOKOMOTHUBOB, I'€CHEPATOPHLI BArOHOB U T.A., HAIPAKCHHUE KOTOPBIX
ycTaHaBJIMBaeTcs Ha 2...3 B Bblllle HOMUHAJIBHOTO HANPSKEHUS aKKyMYJIATOPHBIX OaTapeil. OaHako
mporecc 3apsiia TPOMCXOJUT B TEUEHHE BCEro BpPEMEHH paboThl IOABIIKHOTO COCTaBa, YTO
NPUBOAUT K TMepe3apsay aKKyMyJIsTOPOB, «KUIIEHHIO» 3JEKTPOJIUTa U JOBOJBHO OBICTPOMY
pa3pylIeHUIO TUTACTHH. B cTallMOHapHBIX YCIOBUSX 3apsiaa aKKyMYJISTOPHBIX OaTapei 3ToT crocod
HE/I0CTaTKOB HE UMEET.
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9.4. IIpYUHBI HEUCTIPABHOCTEH AKKYMYJISITOPOB.

PaboTocnocoOHOCT  aKKyMYJIATOPHBIX OaTapeil 3aBHCUT OT YCIOBHH, B KOTOPHIX OHHU
sKkcIutyatupyrorcs. [lnoxoe oOcnyxuBaHue Oaraped MOMKET ClieNaTh €€ HEUCIPAaBHOW ropasio
paHbIlIe OKOHYAHHSI CPOKa CITY>KObI. PaccMOTpUM OCHOBHBIE TPUYMHBI HEHCIIPABHOCTH OaTapeu.

1. Ilepe3apsn akKymysiasiTOpa — BBI3BIBAET KOPPO3HMIO PEIICTOK IIOJOXKHUTEIBHBIX IUIACTUH U
razoo0pa3oBaHue, paspyliaroliee AaKTHBHBIM MaTephall IUIaCTUH, OCOOCHHO MOJOKUTEIbHBIX.
[Inam (MaTepuan pa3pylleHus IJIACTUH), Ocelas Ha JHO OaHKU, MOYKET 3aMKHYTbh IulacTHHbI. [Ipn
nepes3aps/ie yBEINUMBACTCS TEMIIEpATypa MIEKTPOJINTA, IPOUCXOJUT U3JIHUILIHEE PA3JIOKEHUE BOJBL,
B PE3YJIbTATE YEro OTOJIAIOTCS IIACTUHBI U TPEOyeTCs J0JIMBKA BOJIBI.

2. Henoszapsin (cucteMaTHUECKHi) — BBI3BIBAET IIOCTENEHHYIO NOpYY aKKymyssTopa. Bo3MokHa
[IEPENOJIIOCOBKA aKKyMyJIsTOpa B Oarapee M KOpoOJeHHE IUIACTHH B pe3yJIbTaTe HAKOIUICHHUs Ha
HUX CyJlb(ara CBUHIIA.

3. Koppo3us 3axuMO0B (0OPHOB) — YBEIMUYUBAET CONPOTUBIICHUE LIENIH, YMEHbLIAsl OT1a4y OaTapeu.
4. TpecnyBmue OaHKM — BBI3BIBAIOT YTEUKY OJJIEKTPOJIUTA, OTOJCHUE IUIACTUH M TIOTEPIO
pabotocnioco6HOCTH. OCOOEHHO BPEIHO BBHITEKAHUE 3JIEKTPOJIUTA I OTPULIATEIIbHBIX IJIACTHH.

5. KopoTkue 3aMplkaHUsi BHYTPU aKKyMyJIATOpa — BO3HHMKAIOT B pE3yJIbTaTe MOBPEXKJICHUS
CernapaTtopoB ACHAPUTAMH KpHcTaiia cynb(ara 100 3aMblkaHus MIacTUH nuiamoM. Ilpusnakom
KOPOTKOI'O 3aMbIKaHMSI SIBJSIETCS CHMDKEHHE IIOTHOCTH 3JIEKTPOJIMTA, HU3KOE HAIpsDKEHUE Ha
aKKyMyJsaTope, mHorteps oOmeil emkoctd Oarapeu. Omnpenenutb akKyMyJISTOp C BHYTPEHHUM
3aMbIKaHUEM MOKHO IPU PA30MKHYTON LENH OOBIYHBIM KOMIIACOM.

6. IloHMKeHHBINI YPOBEHb IEKTPOJIUTA — B PE3YJIbTaTE€ HECBOEBPEMEHHOM JIOJIMBKU IPUBOJIUT K
MOCTICICTBHSIM, PACCMOTPEHHBIM paHee. Bo3MokHO KOpoOIeHHe TIaCTHH.

7. 3amep3aHue SJIEKTPOJIUTA — MPOUCXOIUT B pe3ylbTaTe €ro HU3KOM IUIOTHOCTH, I'yOUTEIbHO
JEMCTBYET Ha MJIACTUHBI aKKyMYJISTOpA.

8. Cynbdaranus — oOpa3oBaHue cyiab(ara CBHUHLA HAa MOBEPXHOCTH U B IOpax IMOJIOKUTEIbHBIX
mwiactul. [Ipu 3TOM yXxyamaercs paboTa akKyMyJsATOpa, CHUXKAETCS IUIOTHOCTh 3JIEKTPOJIMTA,
KopoOsaTcs miactunbl. [Ipu camopaspsiae cyiabgaT cBUHIA TPOYHOH MJICHKON MOKPBIBAET AKTUBHYIO
Maccy IUIacTUH, OOYCIIOBIMBasi CHM)KEHUE €MKOCTH aKKyMylaTopHoll Oarapeu. Takxoe ke
HEraTUBHOE BJIMSHUE OKA3bIBAET KOJIEOAHUE TEMIIEPATYyPhl JEKTPOJIUTA.

9. IlepemeHa MOJSIPHOCTH AKKYMYJIATOpa — BBI3BIBAETCS NEpe3apsIoM aKKyMYJsTOpa, UMEIOUIEro
HE/I0CTaTOYHYIO EMKOCTh M COETMHEHHOTO C APYrHM, OONIbIIEH eMKOCTH. SIBJIeHHE HeKellaTelIbHOE.
10. B3peiBeI — mpu pabote (0COOCHHO TpU 3apsifie) BBIACISIIOTCS BOJOPOA U KHUCIOPO,
SBJIIOILNECS B3PBIBOONIACHBIMHU U JIETKO BOCIUIAMEHSIOIUMUCS ra3aMy, [I0ATOMY aKKyMYJISITOPHBIE
OTCEKM U TIOMEUICHHS JOJDKHBI MMETh NPUTOYHO-BHITSDKHYIO BEHTWISLMIO. OTKPBITHIA OrOHBb
BOJIM3K Oatapeu 3ampenieH. CoeJMHEHNE U pa3beIMHEHHE 3JIEMEHTOB BO BpEMs 3apsja OINacHHI,
TaK KaK MOTyT BO3HUKATh HUCKpbl. CoCTaBIsIOIINE O0aTapero akKKyMyJISITOPbl OOBIYHO MOHTUPYIOTCS
B OJIOKH TIO HECKOJBKO DJEMEHTOB, KOTOpbIE 3aTeM pa3MEIaloTCs B SAIIMKaX Ky30BOB.
Pacniono)keHre Ky30BOB Ha IOJBMKHOM COCTaB€ JIOJDKHO OOecrednBaTh €CTECTBEHHYIO MO0
INPUHYAUTEIbHYIO BEHTUIALMIO 13 pacuera 100 M/4 BO3AyXa. [t ynydiieHus 30Ul OJ10KOB
aKKyMYJIITOPOB OT KOpIlyca IOJBM)KHOTO COCTaBa MX YCTaHaBJIMBAIOT Ha JOIOJIHUTEJIbHbBIE
U30JISTOPBI.

KoHTponbHBIE BOITPOCHI

1. Kakue ocHOBHbIE XapaKTepHble 0COOEHHOCTH UMEIOT KUCIOTHBIE U IIEJIOYHBIE aKKYMYJIATOPHI?
2. [ToueMy HeNb3sI XpaHUTh U OOCITY)KMBaTh COBMECTHO KHCJIOTHBIE U LIEJIOUYHbIE aKKYMYJISTOPHI?

3. Kakue U3 akkyMmyJasTOpOB — KUCJIOTHBIE WJIH IIEIOYHBIE — MOKHO CUNTATh MEPCIEKTUBHBIMU U
noyemy?

4. IloueMy 3apsii aKKyMYJISITOPOB TP IIOCTOSIHHOM HAIIPSKEHUH BPEIUT COCTOSHUIO MJIACTUH?

5. B kakux ciaydasx NpUMEHSIOT OCIeI0BaTeNIbHOE, apajUIeIbHOE U CMEIIAHHOE COEAMHEHHE
AKKYMYJIITOPHBIX JIEMEHTOB?
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I'nasa 10.
CTATUYECKHUE MMPEOBPA3OBATEJIN JIEKTPUYECKOMN SHEPT U,
10.1. Oco6enHocTH padoThHI TATOBLIX Ppeodpa3oBaTeieil HA JIOKOMOTHBAX.

PaboTa JIOKOMOTHBHBIX TATOBBIX NpeOOpa3zoBaTeeil XapaKTepH3yeTcss HATUYMEM 3HAYMTEIbHBIX
MepEeHAINPSKeHU, BO3JEHUCTBYIOIIMX Ha JJEMEHTHl IpeoOpazoBarenis, MpU KoJeOaHMSIX
HANpsDKCHUS HMCTOYHUKA MUTaHMA, cpaOaThIBAaHMHM 3allUThl, OOKCOBAaHWUM JIOKOMOTHBA U T.JI.
[IpeoOpa3oBarenbHble yCTAaHOBKM TEIUIOBO30B HAaXOAATCS B OoJjiee JIETKUX YCIOBUAX, YeM
AJIEKTPOBO3HBIC, HO TPUXOAUTCS YUYHUTHIBATH HMEIOIIME MECTO 4YeThIpeX- M MATHUKPATHBIE IO
OTHOIICHHI0O K HOMHHAJIBHBIM TNepeHamnpsbkeHua. Harpyska mnpeoOpa3oBaTeNIbHBIX YCTPONCTB
JIOKOMOTHBOB pE€3KO TIEPEeMEHHA, YTO CBSA3aHO C PEXKHUMOM BEIEHHUS TIOe3/7a, OOKCOBaHHEM
KOJIECHBIX I1ap, U3MEHEHHEM HAIMpSHKEHUS TATOBOTO T€HepaTropa I0 3aJaHHBIM 3akoHaMm. CuioBas
AJIEKTPOHUKA CBsI3aHA C MpeoOpa3oBaHMEM OOJBIIOTO KOJMYECTBA SHEPTUH, IMO3TOMY OCHOBHOE
BHMMaHuEe yzaemsercs mnoiydeHutro  HamOombmmero  KIIJI — mpeoOpasoBareneii.  Tepmun
«peodpa3oBareNnby HUCHOJB3YIOT O€30THOCHTENBHO K HAa3HAYCHHUIO CHUJIOBBIX 3JIEKTPOHHBIX
ycrpoiicTB. OgHAKO A pa3HbIX Lieiei Obuth pa3paboTaHbl pa3iMuYHbIE TUIBI IIPeoOpa3oBaTeei.
Bce onu o06iagaroT OJHUM OOIIMM IMPU3HAKOM — YIPABISIOT MOTOKOM 3HEPIMM IOCPEICTBOM
BKJIIOUEHHUSI W BBIKIIOYEHHUS MOJIYIPOBOJHUKOBBIX JJIEKTPOHHBIX 3JEMEHTOB, BBEICHHBIX B
OCHOBHBIE AJIEKTPUYECKUE CXEMBI, UM Ojaroaapsi HMKIMYECKOH repenaye TOKa OT OJHOIO TaKoro
aJeMEeHTa K Japyromy (mpoiiecc, Ha3plBaeMblii koMMyTanueii). Hanbonee yacto mpeoOpasoBarenu
KJIACCU(UIIUPYIOT B 3aBHCUMOCTH OT BUJa KOMMyTanuu. OOBIYHO pa3IMyaroT MpeodpazoBaTesin ¢
€CTECTBEHHON U TPUHYIUTENbHONM KoMmMyTalueil. B mpeoOpa3oBaTensix ¢ eCTECTBEHHOU
KOMMYTallUell LHUKINYecKass KOMMYTalus IUOJIOB HPOUCXOAMUT IOJ JEHCTBUEM IEPEMEHHOIO
HaNpsDKeHUs MCTOYHMKA MUTaHWs win ceTd. [IpuHynurenbHas KOMMYyTalus B MpeoOpa3oBaTemsx
OCYILIECTBIISIETCS C IOMOILBIO JOTIOJHUTEIbHBIX KOMMYTHPYIOIIMX KOHTYPOB (cM. noapasa. 10.7).
ITo cBOeMy Ha3HauUEHUIO TPEOOPA30BATENH MOAPAICISIOTCS:

* Ha NpeoOpa3oBaTeNu ¢ €CTECTBEHHON KOMMYTAalMEH, CBSI3bIBAIOIIME LEIb IEPEMEHHOIO TOKA C
L[ENBIO MMOCTOSHHOTO TOKA UM HA000pOoT. DTU Mpeodpa3oBaTeny 00eCeuynBaroT nepeiady SHEPTruu
B 000OMX HampaBleHUsX. B 3aBUCUMOCTM OT HalpaBi€HMs I[OTOKA OHHEPruu pa3inyaroT
BBINPSMUTEIBHBIA U HHBEPTOPHBIN PEXXKUMBI HX PaOOTHI;

* IpeoOpa3zoBaTeNy ¢ MPUHYIUTEIbHON KOMMYTAIMEH, CBA3BIBAIOIINE LIETIh MTOCTOSHHOTO TOKA C
LENbI0 TEPEMEHHOr0 TOKa. DTH INpeoOpa3zoBaTei Takke 00eCHeuuBalOT Ieperadyy 3HEpPruu B
000MX HAIpPaBJIEHUSAX, HO, KAK MPABUJIO, OHU HUCIIOJIB3YIOTCS B UHBEPTOPHOM PEKUME;

* IpeoOpa3zoBaTeIy ¢ NPUHYAUTEIbHOM KOMMYTAIe!, pa3Aesstolue ABe LeNH OCTOSHHOIO TOKa,
Ha3bIBa€MbI€ TAKXKE MPEPHIBATEISIMHU IOCTOSIHHOTO TOKA;

* IpeoOpa3oBaTeNu ¢ €CTECTBEHHONW WM MPUHYIUTEILHON KOMMYTAIUEH, pa3iensionye 1Be Lenu
MIEPEMEHHOT0 TOKAa OJTHOM M TOM € 4acTOThI, Ha3bIBa€MbI€ TaKKE IPEPHIBATEISIMU EPEMEHHOTO
TOKa,

* peoOpa3oBaTeaN C €CTECTBEHHOM WM MPUHYIUTEIBHON KOMMYTAIMEH, CBA3BIBAIOIINE IIETH
MEPEMEHHOI'0 TOKa Pa3HbIX YaCTOT, Ha3bIBaeMble OOBIYHO IPEe0Opa30BaTENIMU YaCTOTHI;

* CIeUMAJIbHBIE MPeoOpa3oBaTENM, MPEACTABISIONIME CO00M KOMOMHAIMU TMpeoOpa3oBaTelei,
MEPEUYMCIICHHBIX BBIIIE (TPeoOpa3oBaTeNnn YaCTOThl C MPOMEKYTOUHBIM 3BEHOM IOCTOSTHHOT'O TOKa
u T1.1.). Heorbemnemoit yacThio mpeoOpa3oBaTENIbHBIX YCTPOWCTB SIBISIIOTCS PAa3JIMYHBIE CXEMBI
yIIpaBJICHUs, PETYIUPOBAHUS U 3alUTHI. Y CIOBUS paboThl MpeodpazoBaTeseil periiaMeHTUPYIOTCS
I'OCT 4.139 — 85 u 25953 — 83, mo KOTOPBIM YCTPOMCTBA JOJKHBI pabOTaTh MPH TeMIEpaTypax
okpyxaromei cpenbl or -70 go +50°C, B yCHOBMSIX CHJIBHOIO 3arpsi3HEHUs BO3/lyXa IBUIBIO,
napaMy Macjia M TOIUIMBA, a TaKKe BBICOKOM BJIaXHOCTH BO31ayxa. [I0CKONBbKY JJOKOMOTHB MOKET
paboTaTh Ha MOJIBE3AHBIX MYTAX MPOMBIIIICHHBIX MPEANPUATHH, TO MpeoOpazoBaTeIN JOJKHBI
yCTOHYMBO (YHKIIMOHHPOBATh B YCIOBHUSX arpeccUBHBIX cpel. MexaHMueckrue BO3JEHUCTBUS Ha
000pyZI0BaHUE MOJBMKHOTO COCTaBa, JIOCTUTAIOIUE 30, MOTYT 3HAUUTENILHO YBEIMYUBATHCSA Kak
[0 YacTOTe, TaK W MO aMIUIMTYJE, MPU HEUCIPABHOCTIX MEXaHUYECKOM 4acTH JOKOMOTHBA WIIU

yTH.
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10.2. BoInpsiMUTeJIH.

Bempsimutenu onHodasHoro Toka. IIpuMeHSIOTCS IS MUTAaHUS BBIIPSIMIICHHBIM HaNpsOKEHHEM
Pa3IMYHBIX CHUCTEM W YCTPOWCTB MPOMBIIUIEHHON M TPAHCIOPTHON aBTOMAaTHKH, O0OpabOTKH U
otoOpakeHust HPOpPMAaLUH, OBITOBBIX MpHOOpoB. Kak npaBuiio, BRIIPAMUTENN OAHO(PA3HOTO TOKA
paccuuTaHbl Ha HEOOJBIINE MOIIHOCTH (/10 HECKOJIBKUX KUJIOBATT). B TATOBOM 3JEKTPONpPHUBO/IE HA
AJIEKTPOIOJIBMKHOM COCTaBe (DJIEKTPOBO3aX M MOTOP-BAaroHax 3JIEKTPONOE3/0B), MOIYYAOIIUM
MUTaHUE OT KOHTAaKTHOM ceTu OoAHO(a3HOro TOKa, MPUMEHSIOTCS MOIIHbIE OAHO(Ma3HbIE
BBINIPSIMUTEIN MOLIHOCTBIO OT HECKOJIBKMX COTEH KHJIOBAaTT JO HECKOJbKHX MEraBartT.
Ipocretimieii cxemMoii 0aHO(A3HOTO BBIIPIMUTENS SABISACTCS 00HONYIbCO8As (OOHONOLYNEPUOOHAS)
cxema, BbinosHeHHas Ha auone VD1 ¢ myHtupyromum auonom VD2 unu 6e3 wero (puc. 10.1, a).
B mnpakTuueckux cxeMax TakKOHl BBIIPSIMHUTENb MCIONb3YETCS KpailHe penKko H3-3a HHU3KOTro
KayecTBa BBIIPSAMICHHOTO HampspkeHus Ug: OHO TMOiydaeTcs MyJbCHPYIOIIUM H COCTOMT U3
OTJENbHBIX MOJYCUHYCOUIAIBHBIX HMMITYJIbCOB, KOTOpPbIE MOBTOPSIOTCS Yepe3 KaxAblid MepHoi
(puc. 10.1, 6). Takas GopMma BBIIPSIMICHHOTO HAMPSDKEHUS MOJyYaeTcs u3-3a Toro, yro auon VD1
MPOBOAMWT TOJILKO OJAHY TOJYBOJHY HampspkeHus Uy, a BTopas WM OTCEKaeTcs. 3HadyeHHe
BBIIPSIMIIEHHOTO HamnpspkeHust Uy Ha Harpyske R, NMpHHMMAIOT paBHBIM cpeaHeMy 3HaueHuio Ugp
MyJIbCUpPYIOLIETo HampsbkeHus. [IpeneOperas majgeHHMEM HampspKEHHsT Ha BTOPUYHONW OOMOTKE
tpancdopmaropa, noayuum: Ug=Ug=(1/m) U,=0318U, (10.1)

rae U, — addekTuBHOE HampshkeHHe BTOPUYHOM 0OMOTKU TpaHchopmaropa, B. JIByxmynbcoBbie
(IByxmomynepuoaHbeie) OAHO(MA3HBIE BBIIPAMUTEIN TPUMEHSIOT IS YMEHBUICHUS MYyJIbCAllUU
BBIIIPSAMIICHHOTO TOKAa W YIY4YIIEHUS UCHONIB30BaHUS TpaHchopmaropa u auoaoB. OOBIYHO
MPUMEHSIOT CXEMbI C HYJIEBHIM BBIBOJOM HJIM MOCTOBBIE CXEMBbI. B BBIIpsIMHTENE C HYJIEBBIM
BbIBOJIOM (puc. 10.2, @) BropuuHas (BeHTHIIbHAs) 00MOTKa TpaHchopmaropa uMeeT Tpu BbiBoaa. K
JBYM KpaiHUM BbIBojaM moAkmoueHbl Auoasl VD1 u VD2. [Totpedutens (Ry,L,) BKIIOUSH MEXTY
TOYKOW COEIMHEHUS MX KaTOIOB M CPEJAHHMM BBIBOJIOM BTOPHUYHON OOMOTKH TpaHcdopmaropa.
Tpancdopmarop nmpeodpasyer onHoda3zHOE HAMPSIKEHUE, TOJaBAEMOE Ha €T0 MEPBHUHYI0 0OMOTKY,
B 1nByx(aszHoe. I[Ipu srom wunnynupyembie B ero oomorkax IJIC caBunyThl mo ¢dasze apyr
OTHOCUTENBHO Jipyra Ha 180 a1 rpa.
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Puc. 10.1. OnHoda3zHbIit OAHONOIYNEPUOIHBIN BBITPSIMUTEN.
a — IPUHIAITHAIIEHAS CXeMa; O 1 6 — Tpa(UKH BXOJHOTO ¥ BBIPSMIICHHOTO HAIPSKSHUS
COOTBETCTBEHHO; 7— TpaHcdopmarop; |q — BEIMPAMIIEHHBIH TOK.
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Puc. 10.2. [IByxmonyneproaHbli 01HO(a3HbBII BEIIPIMUTENH HA OCHOBE TpaHC(hopMaTopa ¢
BBIBOJIOM OT CpE€/IHEH TOYKH.
a — cxeMa BBIPSMHTENS, 6 U 6 — rpa(UKU BXOJHOTO M BBIIPSMIIEHHOTO HANPSHKSHUS
COOTBETCTBEHHO.
Tak kak o00a BEHTHJIS BKJIIOYEHHl B JIBE€ NPOTUBONOJOXKHBIE (Pa3bl BTOPUYHONH OOMOTKH
TpaHchopMaTopa, TO OHHM HPOBOJAT TOK IOOYEPETHO MO AHAIOTMU C IMPEIbIIYLIIMM CIy4aeM:
MOJIOKHUTEIIBHYIO TIONYBOJHY mpomyckaer muon VD1, a orpumarensuyro — VD2, Onpenenum
OCHOBHBIE PacyeTHbIE COOTHOLIEHHUSI, BOCIIOJIb30BABIINCH BPDEMEHHBIMU AUarpaMmamMu Ha puc. 10.2,
0 1 6. CpeiHee 3HaU€HUE BBINPSMICHHOIO HAIPSDKEHUS:
Ug = 232U, /n=0,9U, (10.2)
MaxkcumanbHOe 3HaueHHe 00paTHOTO HAPSHKEHUS Ha TUOJax:
Ubmax = 2U2max = tUg  (10.3)
rae Uomax — aMIUIMTYZHOE 3HAYCHHWE HAmpsHDKEHUS BTOPUYHON 0OMOTKHM TpaHcdopmaropa, B.
O¢ddexTuBHOE 3HAUECHHE TOKAa BTOPUYHONM OOMOTKHM Tpancopmaropa coctasiser l, = 0,785l4.
Pacuernast (TumoBas) MomHOCTh, BT, mpeoOpa3oBatensHOro TpancdopmaTopa St ompeaessieTcs
BEJIMYUHON MOUTHOCTH Harpy3ku Py: St ==1,48Py
MocroBoii Beipsimutens (puc. 10.3) coctout u3 yersipex auoaos VD1- VD4, noaxitoueHHbIX
HETOCPEJCTBEHHO K CeTH WM KO BTOPUYHON 0OMOTKE TpaHchopMaTopa, KOTOPBIM B 3TOM ciiy4yae
HE UMEET CPETHETO BBIBOJIA. B TeUueHue MoI0KUTENFHOTO OTynepro/ia ToK |y mpoxoaut ot
HCTOYHHKA EpeMEeHHOTo ToKa uepe3 auoj VD1, narpysky Ry u anox VD4 ko BTopomy BeiBOAy. B
TEYEHUE CIIeIYIONIET0, OTPUIATEIBHOTO, MTOYIIEPHOIa TOK |g MPOXOIUT OT UCTOYHUKA Yepe3 TUOT
VD3, narpysky Ry u nuon VD2 k nepBoMy BbiBoy. B 06a mosyneproaa Tok NpoxouT yepes
Harpy3ky Ry B onmHoM Hampasienuu. CpeHee 3HaueHHe BhIpsimiieHHoro Hanpspkenus Ug = 0,9U..
MakcumanbHOe 3HaueHHe 00paTHOro HANpsDKEHUs Ha JUOJax:
Upmax = 1,57Uq (10.4)
D¢ dexTuBHOE 3HaUEHUE TOKA BTOPUYHON 0OMOTKH TpaHchopMaTopa:
I, =1,11l4 (10.5)
PacueTHast MOIITHOCTH OOMOTOK TpaHchopMmaTopa:
S;=1,23Py (10.6)
Koaddurpent ucnonp3oBanus Tpancdopmaropa mo moriHoctu: Kp = 0,815Py
KadecTBO BBIIPSAMICHHOTO HANpsHKEHUS B OOOMX CIIydasiX OIEHHBAETCS KOX(PPHUIMEHTOM
nynbcaluu Ky, MPeICTaBISIONNM COOOM OTHOIICHHE aMIUIMTYIbl NEPEMEHHOH COCTaBJISIOLICH
BBIIPSIMIICHHOT'O HAINPSDKEHHS K ero cpeHeMy 3HadeHuro. [lockonbky Ky = 0,66, ToO MOXHO crenath
BBIBOJl, YTO KAayeCTBO BBIIPSIMICHHOIO HampshKeHUs HeBbicokoe. Jlng  obecrnedenus
YOBJIETBOPUTEIHHON PabOTHI MOTPEOUTENCH B OOJBITHHCTBE CIIY4aeB HEOOXOAMM CTIIaXKUBAFOIIIHI
GUIbTp, yAydIIAIOMKUNA Ka4eCTBO PeoOpa3oBaHus TOKA.
Boinpsimutesau Tpexda3znoro toka. [IpHHINTBI TOCTPOCHUS M PEKUMBI pabOTHI Tpex(a3HbIX
BBINPSIMUTENICH aHAIOTUYHBI OJHO(pA3HBIM BbIIpsAMUTENsIM. [loaToMy mpu aHamu3e CcXeM
Tpex(a3HBIX BBIIPSIMUTENICH HCIIONB3YIOTCS aHAIOTUYHBIE METOJbl. OCOOEHHOCTHIO TpeX(a3HbIX
BBINPSIMUTENICH SBISETCS 3HAYMTEIBHO MEHbINAS IMEpPEeMEHHas COCTABIISIIOIIAS BBIIPSMIEHHOTO
HaNpsDKCHUS. B CBSI3M C 3TUM B HEYNPABISIEMBIX TpeX(a3HBIX BBIMPSMHUTEISIX aXKE MPH YUCTO
aKTUBHOM HAarpy3ke TOK Harpy3ku SIBJSIETCS HENPEPhIBHBIM M JONYLIEHHE O IOJHOCTHIO
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CTTIQ)KEHHOM TOKe Oosiee ONM3KO K pealbHBIM peXuMaM padoThl. DTO JOMyIICHHUE, Hapsay C
OPYTUMH  YIPOUICHUSIMHU, MPHUHATHIMU TMpH aHanmu3e OAHO(MA3HBIX BBIIPSAMUTENEH, Oyner
HEOJIHOKPATHO HCIOJIB30BAaHO W 37eCh. B mpexgaznoii (mpexnynvbcosoii) CXeMe HCIOIb3yeTCs
HCTOYHUK HaNpsHKEHUs, 0OMOTKHU KOTOPOI'O COETUHEHBI B 3BE3ly C HYJIEBBIM BbIBOJOM (puc. 10.4,
a). Juonst VD1- VD3 BKIIOYAOT B 1IETh KaXKI0H (Da3bl HANPSDKEHHS, a HArPy3Ky — MEXKy TOUKOH,
COCAMHAIONIEH KaTOAbl TUOJO0B, U HYJIEBOM TOUKON () ICTOYHMKA.
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Puc. 10.3. Cxema MOCTOBOT'O BBIIPSMUTESL.
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Puc. 10.4. Tpexda3zHblil BHIIPSIMUTE.
@ — CXeMa C HyJIEBbIM BBIBOJIOM; 6 — rpa)K1 U3MEHEHHs TOKOB U HaIIPSDKEHUH MCTOYHHUKA.

®a3wl paboTaroT moouepeaHo. Tok Harpy3ku |lg MPOXOTUT TOIBKO Yepe3 TOT AUOJ, aHOJ KOTOPOTO B
JaHHBIH MOMEHT HMMeeT HauOojiee BBICOKHH TMOJIOKHUTENbHBIA moTeHman (puc. 10.4, 6). Tlpu
W3MEHEHUH MOTEHIIMAIOB Ha aHOJIaX JAMOJO0B TOK COOTBETCTBEHHO MEPEKITIYAETCS C OAHOTO U0/
Ha npyroi. Kaxaplii U3 1MO0B B Te€UEHHE OAHOTO MEpUoa MIPOBOIUT TOK Ha MHTEpBaie 2m/3 =120
an. rpaj. CpenHee 3HaUCHUE BHIMPSMIICHHOTO HANPSOKEHUS Ha Harpy3ke R, coctaBiser:
Us =1,17U,4 (10.7)

rne Uy ~ addexTrBHOE 3HAUueHHE (a3HOrO HampspKeHUs Ha XosioctoMm xony, B. Cpennuil TOK,
nporekatomuii  wepes gwox, lo,, = 0,33lg. MakcumansHoe oOpatHoe HampspkeHHe Upmax,
npunoxkennoe k guony VD1, ompenensiercs kak pa3HOCTh MOTeHNManoB aHona auoxa VD1 u
karonoB awonoB VD2n VD3. IlomoOHBIM 00pa3oM oIpeaenseTcss MaKCHMalbHOe OOpaTHOE
HampsDKeHUE Ha IPYTHX JUO0JaX: Upmax = 2,09U4 (10.8)
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D¢ dexTuBHOE 3HAUCHUE TOKA B 0OMOTKaX MCTOUYHUKA HANPSHKEHUS:

la+lg+1=13/V3=058ly (10.9)
B cinyuae ucnonb3oBaHus TpaHcpopMaTopa Ko3(DOUIMEHT MCHOJIb30BAaHMS €ro MOIIHOCTH K, =
0,74, 1 K0hPUIMEHT MyIbcaluy BBIIPSIMICHHOro HamnpsbkeHus Kq = 0,25. Kak BuauM, crerneHb
MCTOJIB30BaHUS TpaHc(hopMaTopa 3/1eCh BHIIIE, YeM B OAHO(MA3HBIX BBINPSMHUTENSNX, HO BCE Ke
J0CTaTOYHO HU3Ka. KpHBbIe TOKOB BTOPHUYHBIX OOMOTOK COJEpPKAT MOCTOSHHYIO COCTaBIISIOLIYIO
1¢/3. Jyumme pe3ynbTarhl JaeT MpUMEHEHHE TpeX(Pa3HbIX MIECTUITYIbCOBBIX BBIIPIMUTEICH.
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Puc. 10.5. MocToBO# IECTUITYIBCOBBIM BHITPSIMUTE.
a — cxema; 6 — rpa)uKu U3MEHEHHS TOKOB U HAIIPSKEHUH.

Mocmosas wecmunynbcosas cxXxeMa BBIIPIMHUTENS, WIK cxema JlapuoHOBa, COCTOUT U3
Tpex(a3HOro WCTOYHHMKA HANpsDKEHUs, (a3Hble OOMOTKH KOTOPOTO COCAHHSIOTCS B 3BE3Ny WA
TPEeYroJbHUK, U IBYX rpynn nuoaoB: karoanoit VD1, VD3, VD5 u anognoii VD2, VD4, VD6 (puc.
10.5, a). Aunonsl rpynn oOpa3ytoT TpexdasHbiii MOCT. [10JI0KUTENBHBIM OTIOCOM SIBISICTCST 00IIAs
touka auonoB VD1, VD3, VD5, a orpunarensubiM — obmas touka auonos VD2, VD4, VDG.
PaccmMoTpuM BapumaHT cXxeMmbl coelMHEHUs (a3HbIX OOMOTOK B 3Be3ly. B MocroBoii
[IECTUITYIILCOBOM CXeMe BBIIPSMUTENS TOK OJJHOBPEMEHHO MPOBOAT J1Ba Auoja. [IepBbIif — 3TO TOT
n3 quoaoB VD1, VD3, VD5, nonoXuTeNbHBIN MOTEHIIHAT aHOIa KOTOPOT0 MaKCUMAaJICH, BTOPOH —
u3 nuomoB VD2, VD4, VD6, moreHmman KOTOpPOrO MHUHHMalleH. B pesynbraTte Ha BBIXOE
dbopMupyetcst BeIpsiMiieHHOe HanpsbkeHne Uy, KommyTarus qTuo1oB IPOUCXOAHUT Yepe3 KaxIyio
IIECTYI0 YacTh MEPUOJIa, U BBIIPSMICHHOE HampspbkeHne Uy MMeeT miecTh Mynbcaluii 3a OJUH
nepuoa mwmTaromero HampspkeHus (puc. 10.5, 6). Toxk guoma wumeer ¢opMy, ONH3KYHO K
NPSIMOYTOJIBHOM, CO cpefHel BBICOTOM NpsMOyronbHUKa lg 1 mmutensHocThIO 2711/3 =120 371. Tpan.
OOpaTtHOe HampshDKEeHUE Ha TUoaax (popMHUpyeTcs JTHHSHHBIMU HanpspkeHussMA. CpeHee 3HaUeHUe
BBINPSIMIICHHOTO HAIPSKCHUS: Uy, =1,35U,; (10.10)
rae Uy, — apdexTrnBHOE 3HAUCHHE TMHEWHOTO HanpspkeHus, B. CpenHuii TOK 4epe3 Kaxablid THO/
lep = 0,331y, a MakcuManbHOE 0OpaTHOE HANPSHKEHHE Ha TUO0JJaX COCTABIISET:

meaX:|,O5Ud (10.11)
B cxeme »ddexTBHO HCHONB3YIOTCS AMOABI U TpaHCHOpPMATOP, B CEPACYHUKAX KOTOPOTO
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OTCYTCTBYET BBIHYKJIEHHOE MOAMarHuuuMBaHue. KadecTBO BBIIPSAMIIEHHOIO HAIPSDKEHUSI B CXEME
BBICOKOE: KOd(duIHeHT ucnoiap3oBanus tpanchopmatopa k, = 0,95, a koadduumeHT mynbcanmit
BBINIPSIMIICHHOTO HampspkeHus: K; = 0,057. Bee 310 00ycIIOBIIO MIMPOKOE MPUMEHEHHE MOCTOBBIX
TpexdazHbIx BelIpsiMuTesel. Ilpu coequHeHnn 0OMOTOK MCTOYHUKA HANpSKEHUS B TPEYTOJbHUK
JMHEWHBIE TOKH COXPAHSIOT HpeAblAylnyio (opMy, a TOKM B (a3HBIX OOMOTKax SBISIOTCS
pe3yabTaTOM pacHpeAeseHusl ToKa lg Mo ABYM IHapasuleNbHbIM BETBSIM Ha Ka)XJIO0M HHTepBaie. B
KaXJblii MOMEHT TOK NPOBOJSAT JBa AMOAA — OJWH B aHOJHOW, APYrod B KaTOAHOM IpyIIax, a
KOHKPETHO T€ JHOJbl, K KOTOPBIM IPWIOXKEHO MaKCUMallbHOE ([0 MOJIYJI0) JIMHEHHOe
HanpspkeHue. B Takol cxeme BBIPSIMIICHHOE HANpsHKEHHE POPMHUPYETCS U3 YIaCTKOB MAaKCUMyMa
Y MMHUMYMa JINHEHHbBIX 3HAaYEHUH HAIIPSKEHUS TUTaHUS.

Jleenaoyamunynbcogvle cxemvl BBIIPSIMIICHUS O0ECIIEUMBAIOT MEHBUIMI YPOBEHb MYyJbCAllMM U
BBICIIMX FAPMOHUYECKHUX COCTaBIJIAIOLIMX B KPUBOM cereBoro Toka. Kpome TOro, OoHM Mo3BOJISIIOT
co3laTh arperar Ha Ooyiee BBICOKME HANpSHKEHUS M TOKU. J{BEHAALATHUIYIbCOBBIE CXEMBI
pa3AessoTCs Ha SKBUBAJICHTHBIE U COOCTBEHHBIE.

Cobcmeennvie  cxembl  CTPOSITCST HA  OCHOBE  IOCJTIEOBATEIBHOTO  COCAMHEHUS  JBYX
IIECTUITYJIbCOBBIX CXEM BBINPSIMIICHHS, KaX/J1as U3 KOTOPBIX MUTAETCS OT CBOEro TpaHCopmaropa
WIH IPYrOro UCTOYHHKA TpeX(a3zHoro Toka. OOMOTKM MCTOYHHKA HANPSHKEHUS! COSTUHSIOTCS Tak,
4TOOBI MX JIMHEHHBIE HAPSKEHUsI ObUTU CABUHYTHI OTHOCUTENIBHO JApYr Apyra Ha 30 3m. rpan. s
3TOr0 OJHY U3 BTOPUYHBIX OOMOTOK COEAMHSIOT B 3B€3]ly, @ BTOPYIO — B TpeyroibHUK. [Ipu 3TOM B
nocyieiHeM ciydae hasHoe HampsukeHue Gyaer V3B pas Goible, yeM y epBoit. PesynbTupyromee
BBIIPSAMJICHHOE HAIPSKEHHE MOJIydyaeTcs JIBEHaUATUIIYIbCOBBIM OJlaroapsi CyMMHUPOBAHUIO ABYX
mecturnynbcoBbix: Ug = Ug + Ugz

Oxeusanenmuvle cxemvl (puc. 10.6) CTposiTCI Ha OCHOBE MapajuICIbBHOTO COEIWHEHUS
IIECTUIYIbCOBBIX BBIIpsIMUTENEH. OHM HalUIM IIMPOKOE IPUMEHEHHE B BBIIPSIMUTEIbHBIX
YCTPOMCTBAX TEIUIOBO30B C  JJEKTPUYECKOM Iepeladedl IEepeMEHHO-TIOCTOSHHOIO — TOKA.
Vcnonb3oBaHWe TakuUX CXEM I[I03BOJIAET MOJIYYUTh MEHBUIME MYJIbCALUU BBIIPSIMIEHHOTO
Hanpsokerus (K; = 0,03), a ciieioBarelibHO, YIYUIIATh YCIOBUS paOOThI TATOBBIX JBHrateieii 0e3
YCTQHOBKH JIOTIOJIHUTENBHBIX CIVIXHBAIOIIUX YCTPOWCTB M MOBBICUTH KO3(D(PUIHMEHT MOIIHOCTH
Onaromapsi MpUOMIKEHUIO (OPMBI TTOTPEOIIEMOTO TOKa K CHHycounanbHOU. CpenHue 3HauYeHUs
BBINPSIMIIEHHOT'O HAIPSDKEHHS OJIMHAKOBBI U PAaBHBI O0IEMY BBIIPSAMIICHHOMY HampsbkeHuto Ugp =
Ug2 = Ug. OOt Tox Harpysku lq pacmpenensiercs HOpPOBHY MeXAYy 00eMMH Tpex(a3HbIMU
o6MoTKkaMu. OCHOBHBIE pacyeTHbIE 3aBUCUMOCTH JUIsl K&KIOM M3 BBITPSIMUTEIIBHBIX CXEM OCTAIOTCA
TaKMMH e, KaK JJIs HIECTUITYJIbCOBBIX CXEM BBIIPSIMIICHUSI.
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Puc. 10.6. DxBuBaneHTHas JBEHAIIATUITYJIHCOBAS CXEMa BBIPSIMUTEIA.

BHemrHsist  XapakTepuCTUKa  BBIIPSIMUTENS TPEICTABISAET COOOH  3aBHCUMOCTBh  CPEIHETO
BBINTPSIMJIICHHOTO HAIPSHKEHUST OT cpeaHero BeimpsmiieHHoro toka Uy = f(lg) u oTpakaer Bce
pPEeKUMBI pabOTBI: OT XOJOCTOTO XOAa 1O KOpOTKOoro 3ambikanus (puc. 10.7). Kak BumHO u3
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rpaduka, ¢ VYBEIMYECHHEM TOKAa HArpy3KH BBIIPSIMIICHHOEC HAMPSOHKCHHE CHUXKACTCA. OTO
O0BSICHSETCS] HECKOJIbKUMU MTPUUMHAMU, KOTOPBIE YCIIOBHO MOXHO pa3AeuTh Ha TPU TPYIIIIHL.
1. Tlapmenue wHanpspkenuss Uy, BbI3BaHHOE TIPOIECCOM KOMMYTAIlMM M OOYCIIOBICHHOE
MHIYKTUBHOCTHIO UCTOYHHMKA HampspkeHUs. OHO MOXET ObIThb Ha3BaHO MHAYKTHUBHBIM IaJIEHUEM
Hanpsokerus (AUqg = AUqgy).
2. [Tanenue HaNpsDKEHUSI HA aKTUBHBIX COMPOTUBIICHUSIX CXEMbl — AKTUBHBIC MAJICHUS HANIPSHKEHUS
AUgR.
3. Ilagenue HampspKeHUs Ha CHJIOBBIX IOJIYNPOBOIAHMKOBBIX IpuOopax Bbipsmutens AUg, =
nAUy, T11e N — 4KCII0 MOCNIeI0BATEIbHO BKIOYEHHBIX UOJ0B (IIPU MOCTOBOM CXEME — CYMMAapHOE
YHCIIO MOCIIEA0BATEIbHO COSAMHEHHBIX AUOO0B B JIBYX IPOTHUBOMOJIOKHBIX edax Mocta); AUy —
najieHue HampspkeHuss Ha ogHoM guone (AUy = = 0,4..1,4B). B ob0mem ciyuae cpeanee
BbIpsiMiieHHOe HampspkeHue cxembl: Ug = Ugo - AUy, - AUgr - AUy, rne Ugo — cpennee
BEINIPSIMIICHHOE HAIPSHKEHHUE XOJIOCTOTO Xoja, B. TakuM 00pa3om, YMEHBIICHHE BBITPSMICHHOTO
HampsDKeHUs CBA3aHO C Bo3pacTaHueM naaeHuid HanpsokeHHH AUgr m AUg. Koadduuument
MIOJIC3HOTO JICHCTBUSI BBIIPSIMUTENS onpeaeisercss Gopmynoit: | = Py / Puarp + AP, m1€ Pyarp —
MOIIIHOCTb, MOTpediiseMas Harpy3koi, Bt; AP — BHyTpeHHHE TOTepH MOIIHOCTH B BBIPSMUTEINE,
Br. B Benuunny AP BXOIAT HE TOJIBKO MOTEPU MOITHOCTH B AMOJIaX, HO U B OOMOTKAaX MCTOYHUKA
HaIlpsKEHUs, CTIIAKHUBAIOLEM PEAaKTOpe, a TAaKKe€ MOUIHOCTb, pacxoayeMas BO BCIIOMOTaTEIbHbIX
YCTpOMCTBaX (HampuMmep, BEHTUIISATOPAX, OCYIIECTBISIIONIUX OXJaxaeHue nuonon). O6mmit KIT
BBIIIPSIMUTENS. MOKHO MPEACTABUTH B BHUJIE MTPOU3BENEHUS: 1 = MynT, rae ny — KIIJ nuonos; nt —
KIIJ] ucrounuka HanpspkeHus. KITJI muomoB BeIpsSsMuUTEIs onpeessercs mo Gopmyse:

Nnv = Ug/ Ugq + AUy
W3 stoii hopmynsl ciemnyer, uro KIIJ] anomoB cymiecTBEHHO BO3pacTaeT IO MEpe yBEITUYCHUS
pabouero HanpspkeHus: Uy Beinpsimutensd. [Ipu 5ToM, ueM BbIle KIACC MPUMEHIEMBIX JHO0B, TEM
oombire My. [Ipu Hebonmpmux Hanpspkerwusx KIIJ] Bempsmurens onpexaensercs B ocHoBHOM KITJ|
mnonoB. [Ipu mepexone ke kK Ooyiee BHICOKMM HAIpPSHKEHHUSIM BO3PACTaeT BIMSHUE HCTOYHHUKA
HANPSDKCHUST U BCIIOMOTATENbHBIX YCTpOWcTB, Tak kKak KIIJ| nmuomoB mpuOmmxaercss K eIUHHIIE.
Hanpuwmep, KI1/] BempsimuTenbHOM ycTaHOBKH TerioBo3a 2T3116 gocturaer 0,98.

Uy, %
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Puc. 10.7. BHemHsAa XapakTepUCTUKA IBEHAIIIATHITYIbCOBOTO BBIIPSIMUTEIIS.
Ugo — cpeniHee BHIIPSAMIICHHOE HANPSKEHNUE Ha XOJIOCTOM XOJy.
Ug=1(lg)
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Puc. 10.8. 3aBucumocts KIIJI n1BeHaIaTUITyILCOBOTO BBHIMPSIMUTENS OT TOKA HArpy3KH.
n = f(la)
bonpmias SKOHOMHUYHOCTH IOJYNPOBOJHUKOBBIX BBIIPSIMUTENEH IPU BBICOKMX HaIPSHKEHUIX
00yCJIOBIMBAETCS TAK)KE M TEM, YTO OHHM COXpaHsIOT Bbicokue 3HaueHus KIIJ mpu u3meHneHuu
Harpy3ku B IIMPOKHX npenenax. 3aBucumocTb KIIJ[ BbIIpAMUTENBHONH YCTaHOBKM OT TOKa
Harpy3ku |, mokasana Ha puc. 10.8.

10.3. YnpaBisiemble BHINIPSMUTEIH.

VYnopaiisieMble BBIIPAMUTENN OAHO(GA3HOTO HampsykeHUs. B cucremax peryinpoBaHMsl TOKa
OOMOTKHM BO30OYKIEHHSI TATOBBIX TeHepaTtopoB TemioBo3oB 2TD116, TOII70 u TOM7 wammm
IIMPOKOE  paclpOCTpAHEHHE  YIpaBIsEMble  BBIIPSAMUTENM  OJHO(PA3HOTO  HAIPSKEHHUS,
IIOCTPOCHHbIE Ha YHPABISEMbIX IOJYNPOBOAHUKOBBIX MpuOOpax — TUPUCTOpax (CHIIOBBIX
TpaH3ucTopax). TUpUCTOp OTKpBIBAETCS, €CIIU:

1. 3aMKHyTa 1enb Harpy3ku U aHoj (KOJUIEKTOp) MMeeT OoJiee BBHICOKMH IMOTEHLMAN, YeM KaToj
(amuTTeEp);

2. Ha yHpaBJAIOIUN 31eKTpoA (6a3y) MOAaH UMIIYJIbC HANPSIKEHUS MOJOKUTEIbHON MOJSPHOCTH
HEOOXOMMOM BENMYMHBI M JJIMTEIBHOCTH OTHOCUTENBHO Karoaa (amutrepa). OTKpbIBaHUE
TUPUCTOPOB B OAHOGA3HBIX M MHOTO(A3HBIX YIPABIIEMBbIX CXE€MaX BBIIPAMICHUS WIN
peoOpa3oBaHus MPOUCXOAUT B CTPOTrO OMNpPEICIIEHHbIE MOMEHTHI BpeMeHM. V3meHeHume (a3bl
nepeaHero (ppoHTa ynpaBsSOLIEr0 UMITYJIbCA OTHOCUTEIBHO NEPEMEHHOTO aHOAHOIO HaNpsKEeHUs
MOKHO OCYIIECTBUTH IUJIABHOE PEryJMpOBaHUE BBIXOJHOIO HaIpsDKeHUs mnpeoOpasoBareneil. C
IIOMOULIBIO YNPABISAEMBIX THUPUCTOPHBIX WJIM THUPUCTOPHO-AUOIHBIX BBINPSMUTENEH pEIIAIOTCS
3aJlauM IUIABHOT'O PEryJIMpPOBaHUsl CPEAHET0 3HAYEHUS BBIIPSIMIIEHHOrO HampsbkeHus (puc. 10.9).
Ha ympasnstone BbiBoAbl THpUcTOpoB VS1 u VS2 mnoparorcs oTnHparomue HMITYJIbCHI,
BbIpabaThIBa€Mbl€ CHUCTEMOM aBTOMAaTUYECKOTo peryaupoBaHus. C MOMOIIbIO ATHX HMITYJIbCOB
MOKHO OTKpBIBaTb THPHUCTOPBI B 3a/JlaHHbIE MOMEHTBHl BPEMEHU U HU3MEHATH o0lee Bpems, B
TE€YEHHE KOTOPOTO KaXKAbIH THUPUCTOP MPOBOAMUT TOK. IIpoMEXyTOK BpeMEHH MEXIy MOMEHTOM
[0JIa4M TOJIOKUTEJIBHOTO HampsbKeHus Ha aHop tupuctopa VSI1 man VS2 u MOMEHTOM MoJauu
OTIHUPAOLIET0 UMIYNbca |y Ha UX yIMpPaBIAIONIME AJIEKTPOABI HAa3bIBAETCS YIJIOM ympasieHus a. C
YBEJIMUEHUEM YIJIa YIPABIECHUS 0L YMEHBIAETCS IIJI0LIa/lb, OTPAHUYEHHAsA KPUBOW BBIIPSIMIEHHOTO
HanpsDKeHUs, U yMEHbIIaeTcs ero cpenHee 3HaueHue Ugy. Hanbombiee 3HaueHHe BHIIPSMIIEHHOE
HanpsbkeHue OyneT umeth npu o = 0 (aHajnor HeYNpaBiIseMOro BBIIPAMUTENS), a pu o = 180 a1
rpajg, oHo Oyzaer paBHO HY0. Tupuctopsl VS1 m VS2 mpoBOJIAT TOK MOOYESPEAHO: KAXKIABIH BO
BpeMs TOM 4acTH MEpUOJa, KOTJa HANpsHKEHUE Ha €ro aHoAe MOoJIokKUTenbHO. Hanpumep, eciau Ha
aHoze tupucropa VSl MONOKHUTENBHBIA MOTEHIIMAI W Ha €r0 YIPAaBISIONUN DJIEKTPOJ IMOAaTh
curHai ynpasieHus, To VS1 otkpoercs. BO3HUKHYT ycioBus Ui IPOTEKaHUS TOKA OT UCTOUYHUKA
HanpspkeHus: depe3 tupuctop VS1, marpy3ky R, mmon VD2 ko BTOpoMy BBIBOAY HCTOYHHKA
HanpsDKeHUs. JTOT mpolecc OyAeT MpOAODKAThCs 0 TeX IMOp, MOKa HE CMEHUTCS MOJSPHOCTh
nuTarouiero HanpsbkeHus. [locne yero co3garoTcst ycnoBus JUisl BKIIIOUEHUS B paOOTy THpHCTOpa
VS2, KOTOpBIif OTKPOETCS MOCIIE M0JIa4X CUTHAA YIPaBJIEHUs, U TOK OyJeT MPOTeKaTh Yepe3 Hero,
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Harpy3ky Ry, mumon VD1 k ucrouHuMky HampsbkeHus. s HOJydeHus CUMMETPUYHON (HOpMBI
BBIIPSMJICHHOTO HANpsDKEHUS JOKHO COOJIIOIAaThCS C JOCTaTOUYHOM TOYHOCTHIO PaBEHCTBO YIJIOB
yIOpaBieHUsT a O0OMX TIUIeY BBIIPSIMUTENA. ACHMMETPHs YIJIOB YIPABICHUS a NPUBOIUT K
HepaBHOMepHOM 3arpyske TupuctopoB VS1, VS2, u nuonos VD1, VD2, yeenudenuro myabcamnuii 1
MOSIBJICHUIO B BBIIPSMIICHHOM  HANPsDKEHUM  TPYJHO  CIUIAKMBAEMOM  HH3KOYaCTOTHOMN
coctapiswonieid. Kpome Toro, ymenwpmaercss KIIJ BempsMutenss U cyxaeTcs Juarna3oH
peryinupoBaHusl HanpsbkeHus. CpeiHee 3HaU€HHE BBIIPSMIIEHHOTO HaIpsKEHUs 0e3 yueTa MmoTepb
B KOMMYTAIlMOHHBIN MEPHOJ] 3aBUCUT HE TOJBKO OT a, HO M OT Xapakrepa Harpy3ku. [Ipu ymcro
aKTUBHOM HArpy3Ke KpUBasi BRIIPSIMIEHHOTO TOKA MTOBTOPSET KPUBYIO HATIPSKEHUS:
Uge = (2V2 / m)U5(1 +cosa) = 0,45U,(1 + cosa) (10.12)
rae Uy — nelicTByroliee 3HaU€HNE HANPSKEHUSI UICTOYHMKA, B.
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Puc. 10.9. Cxema ympaiisieMOTo BBIIPSIMUTENS 0iHO(a3HOTO TOKa (@) ¥ rpapKi U3MEHEHHSI
HapsHKEHUH U TOKOB (6). YB — ynpaBiisieMblil BBIIPSIMUTEb.

CpenHee 3HaYeHHE TOKA Harpy3Kku npu o # 0:

law = lgu V7 -0/ 7 (10.13)
rie lgq — cpenHee 3HaueHue Toka Harpy3ku rnpu o = 0, A. AHaJIM3 KPUBBIX TOKA JaeT BO3MOXKHOCTb
omnpeaenuTsh cpenuuii Tok TupuctopoB VS, VS2 u quonos VDh VD2:

l,=(n-a/2m)lg (10.14)
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Puc. 10.10. CeMeiCTBO BHEIIHUX XAPAKTEPUCTUK YIPABISIEMOTO BBITPSIMUTEIS
Ug = f(lo)

VBenuueHne TOKa HArpy3Kd BbI3bIBAET CHH)KEHHME CPEIHEro 3HAa4Y€HMsl BBIIPSMIIEHHOIO
HANpsDKEHUs U3-3a TeX K€ MOTeph, YTO W B HeympasiseMoM Bbaimpsmutene. Ha puc. 10.10
IIPEJICTABICHO CEMEMCTBO BHEUIHUX XAPAKTEPUCTUK YIPABISEMOrO BBIIPSIMUTENS MPU Pa3IMUHbIX
yriaax ynpaeieHust o. Ilpu perynupoBaHHM BBIIPSMICHHOTO HAaMpsDKEHUS HM3MEHEHHEM Yyriia
yIOpaBiIEHUS 0, MOMEHT KOMMYTalMd TOKa C OJHOIO TUPHUCTOpAa Ha JAPYrol CIBUraercst IO
CPaBHEHHUIO C HEYNPABISEMBbIM BBIIPSMUTENEM HAa yroa o. OJHUM U3 BaXKHBIX HYHEPreTHUECKUX
MoKa3aTeyel BBIMPSIMHUTENBHBIX YCTAHOBOK SBISETCS KOX(PQPHUIMEHT MOIIHOCTH Ha BXOJE
BBIIPSAMUTENS, KOTOPBINA orpenenseT 3(G(EeKTUBHOCTh HCIOJB30BAHUS SJEKTPUUYECKON SHEPruu
UCTOYHMKA HanpspkeHus. Koapduuuent MomuocT Ky U SIEKTPUYECKUX [IETICH, HAPSHKCHUS
TOKU KOTOPBIX HECUHYCOUIANbHBI, MOXKET ObITh OMPE/EJICH KaK OTHOIIIEHUE aKTUBHOM MOIIHOCTH P
K nostHOU MomHOCTH S. [locie cooTBeTCTBYIOMUX MPeoOpa3oBaHU MOTYIHM:
ko =1+ cosa/Vr (10.15)

AHanu3upys MoJy4eHHYI0 3aBUCHMOCTb, MOKHO BUJIETh, UTO IPU PETYIMPOBAHUU BBIIPSIMICHHOIO
HAIPSOKCHHS IyTeM H3MEHEHHs YIja YIPaBICHUS THPHUCTOPOB o, KO3hGHUIUEHT MoiHOocTH K,
CHIDKAETCS TpPU YBEJIWYEHUH 0. OTO CBUICTEIBCTBYET O BO3PACTAaHUM AMIUIMTYABI BBICIIUX
TFapMOHMYECKHUX COCTABIAOIUX ToKa U cHkeHuH KIIJI Bemmpsmutensd. B cBA3u ¢ 3TUM naHHbIE
YCTpOMCTBA MCIONB3YIOTCS, KaK MPAaBUJIO, B KaU€CTBE MAJOMOIIHBIX UCTOYHUKOB PEryIHPYEMOI0
HaIpPSHKEHUS.

OaHomoJsynepuoaHbie  ynpaBJjisieMble BBINPSAMHUTEJH Tpex¢a3sHoro HampsixeHusi. Ha
teroBo3ax 13109, 2T3116VII, 2T2121 ycranaBinBarOT TATOBBIN arperar, COAEp KAl TATOBBIN
reHepaTop M OTONUTENbHBIM reHeparop. Ilocmeanuii npeaHasHaueH [Uis NHUTAHUS CUCTEMBI
3JIEKTPOCHAOXKEHHUs 1M0e3/1a U MPHUBOAOB BCIIOMOTATENIbHBIX arperaToB TeruioBo3a. HeszaBucumoe
BO30YKJIEHHE 3TUX T€HEpaTOPOB BBHINOJIHEHO MO cUcTeMe TpexdazHas oOMOTKa — YHpaBIIsieMbIi
BeIpsiMUTENb. DopMupoBaHHEe TOKa BO30YXKJEHUS B TAaKMX CHUCTEMax OCYIIECTBISAETCS INpHU
MOMOILIM  JIByX HE3aBUCHUMBIX  OJHOIOJYIEPUOAHBIX  YIPaBIsEMBbIX (HOJYYyHpaBIsiE€MBbIX)
BBINpSAMUTENEH TpeX(Pa3HOro HANPSHKEHUS, CXeMa OJJTHOTO U3 KOTOPBIX NpuBeaeHa Ha puc. 10.11, a.
Jlnst oTkpeITHS ofHOTO M3 TUpHCTOpoB VS1, VS2 mmm VS3 HE0OX0IUMO COOITIOCTH JIBa YCIIOBUSI:
BO-TIEPBBIX, HA aHOJE€ TUPUCTOPA JOJHKEH OBITh MOJIOKUTENbHBIA MOTEHIIHAN, a BO-BTOPBIX, HA €T0
YIPABISIOMUN 3JEKTPOJ OJDKEH OBbITh MOJaH CHUrHai ynpasieHus. llpeamonoxum, 4To 3TH
ycI0BHS BBINOIHEHBI Uit TuprcTopa VS1. Tlocne ero oTKphITUS TOK OT MCTOUYHUKA HANpsIKEHUS
gepe3 tupucrop VSl wm Harpy3ky R, moTeder K HyJIEBOW TOYke. OTOT mporecc Oyaer
MPOAOIDKAThCA 10 TeX IOp, NMOoKa He MPOM30HAET CMEHa MOJSPHOCTH HAIPSDKEHUs JaHHOW (a3bl
WU HEe OYIET OTKPBIT TUPUCTOP APYroM (as3wl, aHOJ KOTOPOTO UMEET 00Jiee BHICOKUN MOTEHITHAT
no cpaBHeHuto ¢ VS1. Jlnsg ynoOGcTBa aHaiM3a MpoIeccoB, MPOUCXOAAIINX B JaHHOK cxeMe, OyaeM
CUMTaTh, 4YTO Ha BBIXOJE WCTOYHUKA HaNpsDKeHUS copMmupoBaHa TpexdasHas cucTema
CHUHYCOUIATIbHBIX Hampsokenuit (puc. 10.11, 6), THPUCTOpHI — WACANTBHBIC KIIOYH, AKTUBHOE
COINPOTHBIIEHUE OOMOTOK MCTOYHHMKA HaIpsDKeHUs paBHO Hyio. [Ipu sToM ans BeImpsiMuUTENei
OTHOCUTEJIbHO HEOOJBIION MOUIHOCTH (MOIIHOCTh, MNOTpediseMas OOMOTKOW BO30YyXKaAeHuS,
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coctaBisieT 3..5% MOIIHOCTH TSTOBOIO TIeHEpaTopa) MOXKHO CUUTaTh, YTO M HWHAYKTHBHOE
COIPOTHUBIIEHHE OOMOTKH BO30YKAEHHUS TSATOBOTO IeHeparopa paBHO HYy:ro. [lomHBIN anama3oH
U3MEHEHHUs YIila peryjiupoBaHUsl TUPUCTOPOB B JAHHOM BhIpsMutene cocrasiser 180 ai. rpan.
Kak u B ogHO(Aa3HOM IHOIHO-TUPUCTOPHOM BBIPSIMHUTEE, B PACCMATPHUBAEMOM BBIIIPSIMUTEIC
TUPUCTOPBl  BKIIIOYAIOTCS IO CHTHATy OT CcHCTeMbl ympaBineHus. CpenHee 3HaueHHE
BBIIIPSIMIICHHOTO HANpPSDKEHUS YCTAaHOBKM MOXKHO OIPEACIHTh HA OCHOBAaHHM CIIEIYIOLIETO

COOTHOIICHHMS: Uep= 1,17Uy(1 + cosa) (10.16)
CpeaHue 3HAa4Ye€HUS TOKOB, NPOTEKAIOIIUX YEPE3 THPHUCTOPHI, MOIYT OBITH OIPENEIEHBI II0
bopmysie: lep = (1 /2m)[(21 / 3)1g] =14/ 3 (10.17)

MaxkcuManbHOe 3HaYeHHe 00paTHOTO HAIPSHKEHUS, IPUIIOKEHHOTO K THPUCTOPAM, COCTABIISIET:
Usosp = V6U = (n/3)Ug = 1,05U4 (10.18)

MocToBoii ynpas/isieMblii BbIIPAMHTEIb. [ TUIABHOTO peryjaupoOBaHUS HaIPSHKCHUS,
IIPUJIOKEHHOT'O K TATOBOMY 3JIEKTPOJBUIATEIIO, MOKET UCIIOJIb30BAaThC MOCTOBOH YIIpaBIIsieMbIi
BBITIpSAIMUTEL TpexdazHoro HampspkeHus (puc. 10.12). Cxema BBIIPSMUTENS BBINOJHEHA HA
tupucropax VS1- VS6. B ornuume oT mosyynpaBisieMoro BBIIPSIMUTENS B JaHHOH cXxeMme Bce
MPOLIECChl CUMMETPUYHBI U €r0 XapaKTepUCTUKU Ooisiee OJArompuaTHHI B IIMPOKOM JHMAIa30HE
peryJIupoBaHHUsL.
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Puc. 10.11. Cxema Tpex¢azHOTo ynpaBisieMOTo BBIIPSAMUTENS (@) ¥ rpaduKH
HM3MEHCHHMSI HAPSKEHUH 1 TOKOB (0)
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Puc. 10.12. Cxema MocToBOrO yipasisemoro Beinpamureis (YB).
Tl — TATOBBIN IEKTPOJBUTATEIIb

Ha tupuctops! ot 610Ka ynpapieHus MOAAIOTCS CABOCHHbIE (C UHTepBaioM B © /3 = 60 ai. rpan.)
UMIIYJIbChl YIPABJICHUS WIM MAKEThl UMITYJIbCOB JUIMTENBHOCTBIO Oonee /3. Takoit amroputm
CIIEIOBaHMSI UMITYJBCOB HEOOXOAUM JJisi OJHOBPEMEHHOIO OTIHPAHHS OJHOTO THUPHCTOpa B
KaTOJIHOW TPYIIe U OJHOTO THPUCTOPA B aHOJHOM, YTOOBI 00pa30Baiach IeNb Harpy3KH (B JaHHOM
cllydae TATOBBIM 3JEKTPOJBUTATENh) MPU BKIOYCHUH BBIIPSIMUTEIS U B PEKHUME IPEPHIBUCTOTO
TOKa TpU TIyOOKOM perynupoBaHuu. OTKpPBITHE OJHOTO M3 THPUCTOPOB KaTonHOW rpymmbl VS1,
VS3, VS5 (manpumep, VS1) npousoiifer npy HAIMYMK Ha aHOJE MOJOXKHTEIBHOIO MOTEHIHAIA U
1oJlaue Ha HEro UMITyJibca yrpasieHus. OTKpbITHE OJHOTO U3 THPHCTOPOB aHOAHOH rpymmsl VS2,
V'S4, VS6 (nampumep, VS6) mpou3oiaeT npyu HaJIHYUU HA KaTOJAE OTPUIATEIHHOIO MMOTEHI[HAIA U
nojade Ha Hero mummnyibca ympasienus. [locie storo co3gaercs mnenb OT ¢a3pl A HUCTOYHHKA
HampspkeHus depe3 Tupuctop VS1, Taromeiif anektpoasuratens, THpuctop VS6 k daze C
WCTOYHMKA HampspkeHus. Kommyramus B 3TOW cXeMe NPOMCXOTUT NPU CMEHE MOJSPHOCTU
MPUJIOKEHHOTO K THUPHUCTOpaM HaMpsDKeHHs] OO0 MPU OTKPHITUU Mapbl TUPUCTOPOB C Oolee
BBICOKMMH TTOJIOKUTEILHBIMU M OTPHUIIATEIBHBIM MTOTEHIIHATIAMH COOTBETCTBEHHO.
CpenHee 3HaYEHHE BBITPSIMIIEHHOTO HAMIPSKCHHUS:
Udep = Udo - AUq4q - AUg, (10.19)
rae AUgq - 1,17Uy(1 - cosa) — motepu, 00YyCIOBIEHHBIE OTKIOHEHHEM (DOPMBI BBIIPSMICHHOTO
HaIpsHKEHHS OT CHHyconaainbHoro, B; AUy, - 1,17Uz[cosa - €os (a + y)] — moTepu, 00yciaoBIeHHBIE
KOMMyMyTaImeil TupucTopos, B; v = arccos (1 - (2lgx. / Y6Uy)) yrom KoMMyTamu, 3. rpaj.; X —
WHAYKTUBHOE cOnpoTHBIeHHE Harpy3ku, Om. [lojcTaBiB 3HaUCHHS COCTABIISIONINX B BBHIPAKCHUE
(10.19), monyunM ypaBHEHHE BHEIIHEH XapaKTEPUCTHUKU BBIIPSIMUTEIS:
Udep = Ugocosa - (3lgx. / ) (10.20)
[Ipn usmeHenuu yria ynpasieHus c¢ mpenenax 0 < o < 60 3. rpaa, HanpsbKEHHE U TOK
BBINPSIMUTENS] HENPEPhIBHBI Jla)ke NMPU aKTUBHOW Harpyske. [l 3Toro mojauana3zoHa cpeiHee
3Ha4YCeHUE BBITPSIMIICHHOTO HANPSHKEHHS COCTABIISIET:
Uepi = Ugocosa (10.21)
[Ipn n3menenuu yrna ympasieHust B npenenax 60 < a < 120 sn. rpan, KpuBasi BHIIPSIMIEHHOTO
HanpsbkeHuss Ugq TpM aKTHBHOM Harpy3ke CTaHOBUTCS TPEPHIBUCTOM M CpelHee 3HaueHue
BBITIPSIMIIEHHOT'O HAMPSHKEHUST MOKHO OMPEIeITUTh KaK:
Uepn = 1,17U5[1 + cos(n / 3 + a)] (10.22)
[MpenensHBIM yritom yrpasieHus, mpu KotopoM Uy = 0, B ciIydae aKTHBHON HAarpy3KH SIBJISIETCS O
max = 120 311. rpan. YmopapiseMble BBIIPIMHUTENIHN BBITOJIHSIOT Takke (QYHKIHIO OECKOHTAKTHOTO
ammapara, OO0ECIEYHMBAIONIETO OTKJIIOUEHHE IEeNMH Harpy3kKd OT CETH B Cllydae aBapHIHOTO
HapacTaHUs TOKA MyTEM MPEKPaIIeHUs I0JJaul UMITYJIbCOB YIIPaBJIEHUS HA THPUCTOPBI.

10.4. UuBepTOpHI.

ITpeoOpa3oBarenb ¢ THPUCTOPAMU MOKET pabOTaTh B BHIIPSIMUTEIBHOM U UHBEPIMOPHOM PEKUMAX.
Kak yxe orMedanoch, BHITPIMHUTEIBHBIM PEKUMOM HA3bIBAIOT TAKOM PeXUM, KOTAa dJeKTpUUecKast
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MOIIHOCTh NE€PENAETCS U3 LIENH IEPEMEHHOI0 TOKA B IIEMb IIOCTOSHHOTO TOoKa. IIpn nHBEpTOpHOM
pexumMe, Ha000pOT, MOIIHOCTH MEPEAAETCS U3 MU MOCTOSIHHOTO TOKA B II€TIb IEPEMEHHOT0 TOKA.
Ha >xene3HbIX Joporax UCIOJB3YIOTCS JBa BU/1a UHBEPTOPOB:

1) agmonomuoie unsepmopwi A5 MOCTPOCHUS IICKTPUUCCKOH Mepeiaun MOIIHOCTH JJOKOMOTHBOB C
IIPUBOJIOB IIEPEMEHHOTO TOKA;

2) HEaBTOHOMHBIE HWHBEPTOPBI, MM BEJOMBIE CETbIO, JUIsl MPeoOpa3oBaHMsI SHEPrUU NpU
pPEKYIEpaTUBHOM TOPMOXKEHHUH 3JIEKTPOBO3a WM IIPU PEOCTATHBIX UCIIBITAHUSIX TEIJIOBO30B.
AemoHoMHbIe UHEEPMOPbI — FTO TIPE0OPA30BATENN TOCTOSHHOTO TOKA B MEPEMEHHbIN 01HO(ha3HbII
WA MHOTO(a3HBIH TOK, KOMMYTAIMsl TOKa B KOTOPBIX OCYIIECTBISIETCS HE3aBHCUMO OT MPOIECCOB
BO  BHEIIHMX  DJJIGKTpHYECKMX  Iensx. HesaBucumas  koMMmyTanust — oOecrieuyuBaeTcs
JOTIOJTHUTEIBHBIMA KOMMYTHPYIOIIUMH yCTPOHCTBaMU BHYTpU camoro npeoOpaszoBatens. Ha
BBIXOZIE TAaKOro MpeoOpazoBaTessi MOXKHO IOJMy4YaTh IEPEMEHHBIH TOK TEOPETUYECKH JH000H
4acTOThl U HANpPSDKEHUS U IIJIaBHO PEryJIMpPOBaTh €ro OT HyJs A0 MAaKCHUMaJIbHOIO 3HAYEHHS.
bnarogaps 3ToMy CBONCTBY aBTOHOMHBIE HHBEPTOPHI HAXOJAT Bce Oojiee MIMPOKOE MPUMEHEHHE B
pPErYJIUPYEMBIX  3JIEKTPOIPUBOJAX C  ACHHXPOHHBIMU  AJieKTpojaBuratenssMu. IIpoueccsl
MEPEeKIIOUYeHUsT TOKa B AaBTOHOMHBIX HWHBEPTOpPaX 3aBHCAT OT croco0a NPUHYIUTEIbHON
KOMMYTAIlUd TOKa, OCOOCHHOCTEH JIIEKTPUYECKOW CXEMBI, MapaMeTpOB HCTOYHHWKA MUTAHHUSA U
Harpy3ku. [lomHas koMMyTanusi ¢ HEpeKIIOYEHHEM TOKa M3 OJHOW BETBU CXEMBI B JAPYIYIO B
aBTOHOMHBIX MHBEPTOPAX MPOUCXOJUT 32 HECKOJIBKO ATANOB, BAYKHEUIIMMU U3 KOTOPBIX SIBJISIFOTCSL:
- YMEHBIIIEHHE IPSIMOTO TOKA B OJJHOM U3 TUPUCTOPOB 10 HYJIS;

- 3aJiepKKa MOJIa4M MPSMOI0 HANpPSDKEHUS Ha 3TOT TUPHUCTOP JIO MOJIHOIO BOCCTAHOBJIEHHUS €ro
3anuparouiei crnocoOHOCTH;

- HapacTaHHe IPSIMOro TOKa BO BTOPOM THPUCTOPE.

OTU CcOOBITUS MOTYT HACTYIaTh OJHOBPEMEHHO WM mocienoBaTenbHo. Co3maHue CpelCcTB s
OCYILIECTBIICHUS HAJEKHON KOMMYTallUK OOBIYHO SIBJISIETCS OJHOW M3 HauboJsee TPyAHbIX IpodiemM
P MPOEKTUPOBAHUU aBTOHOMHBIX HHBEPTOPOB. [[pHHIIMIMATBEHO 3TH CPEICTBA MOXKHO Pa3AeIUuTh
Ha JBa Kkiacca. K mepBomy Kiaccy MOKHO OTHECTHM OOBIYHBIE, HE IIOJHOCTHIO YIIPaBIII€MbIE
TUPHUCTOPBI, TOTIOJHEHHBIE CIEUUAIbHBIMU y3JIaMUd MPUHYAUTEIHHOW KOMMYTAallUW, HApUMEp, B
BUJIE TPEABAPUTEIBHO 3aPSKEHHBIX KOHJEHCATOPOB M BCIOMOTAaTEIbHBIX THPUCTOpPOB. BTOpoit
KJIACC COCTAaBIIAIOT 3allUPAEMbIE TUPHUCTOPHI U CHUJIOBBIE TPAH3UCTOPBI, KOTOPHIE 3aKPBIBAIOTCS
CHEelMabHBIMM HMITYyJIbCAMHU YIpaBlieHUs. MHeepmopwi, 6edomvie cembvlo, WCHONIB3YIOTCS s
nepeaayn U30bITOUHONW PHEPIrUU MOTpedUTeNell B CeTh NMepeMeHHOoro Toka dactotod 50 I'm, B
YaCTHOCTH, HpPH PEKYNEepaTUBHOM TOPMOKEHMM OJJIEKTPOBO30B M AJIEKTPONOE3/10B. Benomsie
WHBEPTOPBI BBINOJIHSIOTCS IO TEM K€ CXEMaM, YTO M YIPABIISIEMBIE BBIIPSIMHUTEIN. YIIPABICHUE
pexXUMOM palbOThl WHBEPTOpA OJDKHO OBITh TaKUM, 4YTOOBI oOOecreurBaliaCh KOMMYTAIIHs
TUPUCTOPOB NOJ JeiicTBueM ceTH. Heo6XoauMbIM yciaoBHeM paboThl MHBEPTOPA SIBISETCS Mojada
Ha €ro BXOJ| HAaNpsDKEHHUs] MOCTOSHHOro Toka. M3 Bcero MHOroo0Opasus HHBEPTOPOB MOXKHO
BBIJICJIUTS JIBE€ OOJIbIINE TPYIIbI: aBTOHOMHBIE HHBEPTOPHI HANPSKEHNUSI U aBTOHOMHBIE HHBEPTOPHI
TOKa.

Oanoga3Hblii ABTOHOMHBIH HMHBEPTOP HANPSKeHHsl. OTa CXEMa COJEPKUT MOCT TIJIaBHBIX
tupuctopoB VS1- VS4, BcTpedyHO BKIIIOYEHHBIH MocCT oOpatHbix nuomoB VDI1- VD4, 6mox
yIpaBJICHHUS TUPUCTOPAMHU, BXOAHON KOHJeHcaTop ¢unbTpa Q, aKTUBHO-MHIYKTUBHYIO Harpy3Ky
L:R: 1 kommyTtupyromuii kouaercarop Cy (puc. 10.13, a).
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Puc. 10.13. Cxema oxHoda3HOro HHBEPTOpa HanpsukeHus (a)
U rpaduKy U3MEHEHUS HAPSHKEHUH U TOKOB (6).

Tupuctopsl monapHoO ¥ MOOYEPETHO OTIHPAIOTCS 0 LEMH YIPABICHUS, TIOJKII0Yas IeTb HAarPy3KH
K HMCTOYHHUKY HampspKeHus. Takoi alropuTM MepekiodeHus obecnednBaeT (OpMUPOBAHUE B
Harpy3Ke HanpsOKeHHs MPSIMOYroibHON (opmbl. [Ipenmonoxum, 9ro OTKpHITE THpHCTOPHI VS1,
VS4. Torga Tok oT ucrounuka HanpspkeHus: Ug uepe3 oTKpeIThii Tupuctop VS1, Harpysky LyRy u
OTKPBITBIA THPUCTOP V'S4 mpoTekaeT KO BTOPOMY BBIBOJY MCTOYHMKA HampspkeHus. [lapamiensHo
Harpy3ke HOJKJII0YEeH KOMMYTUPYIOIUN KoHJeHcaTop Cy, KOTOPBIA B 3TOT NMEPUOA 3apsbKaeTcs OT
uctoyHuka Uy (MONSpHOCTH 3apsjia KOHAEHcAaTopa IoKa3aHa 0e3 CKOOOK). DTO COCTOsHHE
MIPOJIOJDKAETCS 0 MOMEHTa OTKPBITHs TUPUCTOpOoB VS3 u VS2. Ecinu oTKpbITh THpHUCTOPBI VS3 1
VS2, To B mepBblii MOMeHT BpeMeHH THpUCTOpbl VS1 m VS4 ocrarorcs OTKPBITBIMH. DTHM
cozaerca Lenb paspsga kKoHuaeHcaropa C, MO JABYM ILENAM: BO-TIEPBBIX, OT IOJIOKUTEIBHO
3apspkeHHON 00Kmanku (ot tmoca) Cy yepe3 oTKpbIThie TupucTopsl VS1 u VS3 Ha oTpunatensHoO
3apspKeHHYI0 00knaaky (Ha Munyc) Cy, a, BO-BTOPBIX, OT Iutoca Cy uepe3 OTKPHIThIE THPUCTOPHI
VS2 u VS4 na munyc Cy. s tupuctopoB VS1 u VS4 Tok paspsina konaeHcaropa Cy sSBiseTcs
00paTHBIM, KOTOPBIA NPUBOIUT K YMEHBIICHUIO TOKA 3TUX TUPUCTOPOB HMKE TOKA YyAEp:KaHUs, U
OHM 3akpbiBatOTCs. OKOHUATENbHBIN pa3psia KoHJeHcaTopa Cy mpoucxomuT vepe3 nuoa VD1 u
tupuctop VS3, a taxke yepe3 tupucrop VS2 m muox VD4. Hactymaer HOBBIH LUK pabOTHI
nHBepTopa. Tok Harpy3ku |, mporekaer B oOpaTHOM HarpaBlieHHH, W 3aps] KoHueHcatopa Cy
MMeeT NMPOTUBOIMOJIOKHYIO MOJISIPHOCTH (MOJSPHOCTD 3apsja MOKa3aHa B CKOOKax). DTO COCTOSIHUE
MPOIOIDKAETCS 0 MOMEHTa OTKpbITHs TupucTtopoB VS1 u VS4. BpemeHHbIe auarpaMMbl paOOTHI
oJHO(a3HOTO MHBEPTOpa HamNpshKeHUs mpejcTaBieHsl Ha puc. 10.13, 6. B MomeHT ouepenHoro
3alMpaHusl TUPUCTOPOB HHEprHs, 3amaceHHas B L, TOCTymaer B HMCTOYHUK IUTAHUSA dYepes3
oOpaTHbIe THOABI, a KOHAeHcaTop puiabTpa Cy MCKIIOYAET YMEHBIICHUE HANpsIKEHUs NMUTaHHUS B
MOMEHTBHI KOMMYTAIIMH THPHCTOPOB. MI3MEHEHHEM MOMEHTa 3allMpaHusl OJTHOTO W3 THPHCTOPOB B
Kax10il paOotaroieil mape MOXXHO MEHSATh JJIUTEIBHOCTh M YacTOTYy I0Ja4M HampsyKEeHUs
WCTOYHMKA MMUTAaHHUA Ha HArpy3Ky. DddekTrBHOE 3HAUEHHE HAIPSDKEHHS TIEPBOW TapMOHUYECKOH
COCTABIISIONICH HA HArpy3Ke: Uy = (2\/2 /m)Ug =0,9Uq4 (10.23)

Bennunna toka Harpy3ku: |y, = Ug / Ry - (Ug / Ry + Lyo)exp((- Ry / X )ot) (10.24)

rze lyo — TOK Harpy3ku B MOMEHT KOMMYTaIuu, A.

TpexdasHbiii MOCTOBOHi MHBEpPTOP HamnpsikeHusi. Cxema 3TOr0 MHBEPTOpA COJEPKUT IIECTh
TupucTopHbIX Kimouet VS1-VS6, oOpasyrommx MOCT, HIECTh BCTPEYHO BKIIIOYEHHBIX HOIOB
VD1-VD6, coennHEHHBIX TaKXke MO cxeMe Tpex(asHOro MocTa, W OJOK ympaBieHus. J[uossi
BBINOJIHAIOT (PYHKIIUU JJMOAOB OOPAaTHOTO TOKa, a OJIOK yrpaBiieHus: 00ecreunBaeT NepeKIoYeHre
TUPHUCTOPHBIX ~ KIIOYEH 10 3aJaHHOMY QITOPUTMY  YIPABICHHS  IMPOJODKATEIBHOCTHIO
MPOBOJIAIIETO COCTOSIHUA TUPUCTOPOB (puc. 10.14). YacToTa BBIXOAHOTO HANpsKEHUS 3aaeTcs
OJIOKOM yIIpaBIIEHHsI TOCPEACTBOM HM3MEHEHUS IMKJIA TMEPEKIIOYCHUS THPUCTOPHBIX KIFOUCH.
YcrpoiicTBa A1 KOMMYTAIlMM TUPUCTOPOB Ha CXeME He MOKa3aHbl. THUPHCTOPHI U AUOMBI TpeX (a3
A, B u C obpasyror anoanyio (VS1, VS3, VS5; VD1, VD3, VD5) u katoauyio (VS2, VS4, VS6;
VD2, VD4, VDG6) rpymibi.
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Puc. 10.14. Cxema Tpex¢a3zHoro MoCTOBOro HHBEPTOPA.

TupucTOpsl aHOJHOM M KATOJHOM TPYNI MOTYT IEPEKII0YaThCA 0 Pa3IMYHBIM QJITOPUTMAM: C
OJTHOKPATHBIM M MHOTOKPATHBIM IEPEKII0YEHHEM Ha HHTEpBaJieé OJHOIO IEpPHOJa BBIXOAHOTO
HanpspkeHus. lIpu OJHOKpPaTHOM TMEPEKIIOYCHWH B TEYCHHE IIepHoJa YroJl IPOBOJISIIETO
COCTOSIHUSI THPUCTOPOB MOKeT ObITh paBHBIM 180, 150 unu 120 1. rpajn, uiau B o0I1IeM cirydae:

T - o 2. rpag. OJHOBPEMEHHO B TPOBOSINEM COCTOSHHHM HAaXOIATCS TPU THUPUCTOpA: JBa B
aHOTHOW W OJWH B KATOJHOW TpyIle WM OJWH B aHOJHOW M JBa B KaTOAHOW. BrixomHbie
HaNpsDKCHUST WHBEPTOpAa MOTYT OBITh TOJYYEHBI M3 aHAJIM3a OSKBHBAJCHTHBIX CXEM,
COOTBETCTBYIOIIMX IIECTH BO3MOXKHBIM COCTOsSIHUSM wuHBepTopa (puc. 10.15). Hanpsokenue
uctoynrka nmutanus Uy moctymaer K ¢pa3HbIM HAarpy3KaMm B COOTBETCTBUHU CO CXEMOW MOIKITIOYCHUS
B JIaHHOM WHTepBaiie. HanpsbkeHue Mexay aHOAHON WM KAaTOAHOM TOYKaMU M HYJIEBOM TOUYKOM
Harpy3ku B ojaHoi (aze paBusercs Ug/3 wim 2Uy/3 B 3aBUCUMOCTH OT TOTO, ZBe (ha3bl WK OJHA
(daza Harpy3Ku B JaHHBIII MOMEHT CBSI3aHBI C COOTBETCTBYIOIIEH IIMHOWU. B pesynbrare dasHbie
HANPSDKCHUS TOJTyYaroT TPEXCTYMEHYaTylo (GopMy, COXPaHSIOIIYIOCS HE3aBHCHMO OT XapakTepa
Harpy3ku. JIuHeitHoe HanpskeHne UMeeT Mpu 3ToM GopMy MPSMOYTOJIHLHUKOB C YIJIOM OCHOBaHUS
120 1. rtpax. DddexTnBHOE 3HaYeHHE (PA3HOrO W JUHEWHOTO HANpPSHKEHUS WHBEPTOpa
coorBeTcTBeHHO paBHO: Uy = 0,45Uq4; U, = 0,28U4. BeixonHble HanpsKeHUs HECUHYCOUJANIBHBI,
UMEIOT (QOpMYy C CHMMETPHEH TPETbEero poaa W OIMCHIBAIOTCS HEUETHBHIMU (YHKIUSMH, HE
KpPaTHBIMU TPEM.
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Puc. 10.15. DxBuBajIeHTHBIC CXeMbI (@) ¥ rpaQUKK HANPsDKEHUs Ha (ha3HBIX Harpy3Kax B
3aBHCUMOCTH OT COCTOSIHHSI TUPUCTOPOB (6).

dopma TOKa B MMM HArpy3Kd 3aBUCHT OT xapakTepa Harpy3ku. [lpum RL-marpyske mnocrne
ouepeaHoro nepekioueHus TupuctopoB VS7, VS4, VS6 non neiicteuem 3/1C caMOMHIYKIIUN TOK
B (pa3ze HEKOTOpPOE BpeMs COXpaHsET HAIlPaBJICHUE U 3aMBIKAeTCs MO 1enu oopaTHbIX auoaos VD2,
VD3, VD5 mnpoTHBONOIOKHOTO IUIeda JaHHOW (a3pl. DTOT TOK uMMeeT ¢opmy, ONH3KYI0 K
MUI000pa3HOM, U CONEPKUT KpPOME TOCTOSSHHOM COCTaBISIOIIECH |, CHEKTp YeTHBIX BBICIIUX
FapMOHHYECKHUX COCTABJISIOUINX, KPATHBIX LLIECTH.

Opnogasublii MOCTOBOW HHBepTOp TOKA. IHBEpTOp Takoro Tuma TMpeacTaBiIseT CcoOOM
peodpa3oBareilb IHEPIUH MOCTOSIHHOIO TOKA B SHEPTUIO0 MEPEMEHHOr0 TOKa, MCTOYHUK MUTAHUS
KOTOpPOro 005afaeT OONbIIUM BHYTPEHHUM HHIYKTHBHBIM COINpoTHUBIeHUEM. MHIYKTHBHOCTH Ly
o0ecreunBaeT MOCTOSHCTBO MOTPEOISIEMOTO TOKA. DJIEKTpUUECKasi CXxeMa aBTOHOMHOT'O MHBEPTOpa
TOKa BKIHOYaeT B cebs ™oct tupuctopoB VS1-VS4, RL-marpy3ky, KOMMYTHPYIOIIHE
konencaropsl C1, C2, orcekarorue auoast VD1-VD4 u 6ok yrpasnenus (puc. 10.16, a).
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Puc. 10.16. OmHoda3HbIi MOCTOBOI HHBEPTOP TOKA.
a — cxema; 0 — rpa UKy TOKOB.
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Kommyrupyronme konnercatopbl Cl, C2 BBINONHSIOT (YHKIMIO HCTOYHUKOB HANPSIKCHUS,
MPUKJIAIbIBAEMOIO B OOpPaTHOM HAIpaBICHWHW K THUPUCTOpPaM BO BpeMs BBIKIIOYCHHUS, U
o0ecrieynBalOT OOMEH pPEaKTUBHOW JHeprueil ¢ KaTYIMIKOW WHAYKTHBHOCTH HAarpy3KHu.
[Ipeanonoxum, uyto OTKpBITH THpUCTOPBI VS1 u VS4, a tupucropsl VS3 u VS2 3akpeiTel. Tok
Harpy3ku |, mporekaer ot mcrouyHuka HamnpsbkeHuss Uq yepes nmpoccens Lg, Tupucrop VS1, auox
VD1, RL-narpysky, amuon VD4, tupucrop VS4 ko BTOpOMY BBIBOJY HMCTOYHHKA HAIPSKEHUS.
OnuoBpemenno konaeHcaropsl Cl, C2 3apspkaroTcst Tak, YTO MX JIEBbIC OOKJIAJKK MOJIOKUTEIbHBI
(monsApHOCTH MOKa3aHa 0e3 CKoOOK). TOK Harpy3Ku IMOCTOSHEH W paBEH TOKY MCTOYHHKA, T. €. |y =
const, Tak Kak MHIYKTHBHOCTG Lg > L. HampspkeHne Harpy3ku B JAHHOM COCTOSIHUHM IIE€TIeH PaBHO:
U, = IRy Ly(dl, /dt) =0
B momenT Brimrouenus tupuctopos VS2 u VS3 tupucropst VS1 u VS4 octaroTcs OTKPBITHIMUA. JTO
co3naer ycioBus mia paspsga konjaencatopoB Cl u C2. Kongencarop Cl paspsixaercs OT
MOJIOKUTEIIFHOTO BBIBOJIA, Yepe3 OTKPBIThIe TUPHCTOPBI VS1 u VS3 Ha oTpuIlaTeNbHBIN BBIBOJ, a
C2 — OT MOJOXUTEITBLHOTO BBIBOJIA, YePE3 OTKPBIThIC TUPpUCTOPHI VS2 u VS4 Ha oTpulaTeIbHBIN
BbIBOA. [l tupucropoB VS1 m VS4 Tok paspsaa sBisieTcss OOpaTHBIM, YTO TNPUBOIUT K
MTHOBEHHOMY MEPEKIIOYEHUI0 TOKa Harpy3ku ¢ tupuctopoB VS1, VS4 na tupuctopst VS2, VS3
(puc. 10.16, 6). Dto mepBast cTyleHb KOMMYTAIIUH, B PE3yJIbTaTe KOTOPOH CO3AIOTCS YCIOBHSI TSI
nostHOTO 3anupanus Tupuctopo VS1, VS4, Hanpspkenue Ha Bxoae Uy majgaer 10 3HaAYCHHUS:
Ug = I4Rn - Ugr- Ugp. Hanpsoxkenne na xonaencaropax C7, C2 Ha 3TOM HMHTEpBaje M3MEHSETCS
JUHEIHO B Mmpoliecce mepesapsiga MOCTOSHHBIM TokoM |,= lg= const. KonneHncaTopsl MOJTHOCTHIO
paspsokensl, a tupuctopsl VS1, VS4 3zameptel TokOoM paspsma konaeHncatopoB Cl u C2. B
cienyomuid  MomeHT KougeHcatopel Cl  u  C2  oKa3plBalOTCAd  3apsSHKEHHBIMH — TOKOM
MIPOTUBOIIOJIOKHON MOJSIPHOCTU M HAIpPsKEHUE HAa HUX B 3TOT MOMeHT paBHO: U. = Uy, = IR,
JlanpHeiiee NOBBIICHUE HAMPSOKSHHS TPUBOANT K CMEIICHHIO oTcekaromux nuoaos VD2, VD3 B
NpsMOM  HAIlPaBJICHWW, W HAYMHACTCS BTOpas CTYICHb KOMMYTAallMM B  HWHBEPTOpE,
COMPOBOXAAIOIIAACA HM3MEHEHUEM HallpaBJIeHHWs Toka B Ienu Harpy3ku. Llemb Harpysku
OKa3bIBACTCS TOAKIIOUCHHON MapajlieNIbHO KOHICHCATOpaM, Iepe3apsHKeHHBIM TOKOM OOpaTHOM
nonssipHocTH. TOK HWCTOYHWKA HampsbkeHus |g mepepacmpenensercs MeXAy Harpysko u
KOHJICHCAaTOpaMH, JTOTIOJIHUTENHFHO 3apshKasi MX M BBI3bIBAas W3MEHEHHE HampasieHus Toka l,. [Ipu
stoM Tok auomoB VD2, VD3 yBenmuuBaercs no 3HaueHus lg, a Ttoxk muomoB VD1, VD4
YMEHbIIAaeTcs 10 Hylsl. HanpspkeHue Ha BXOe MHBEPTOpa BO3pAcTaeT U MpeBbImaeT 3HaueHue 1gRy.
Ha »ToM momnHbIif UK KOMMYyTaluu 3aBepiiaercs. Jlanee mporecchl moBTopsitoTcs. OTcekaronne
auonbl OTKIIOYalT KoHneHcatopel Cl, C2 OT Harpy3ku Ha HMHTEpBAJC MEXIy KOMMYTAIUSMH,
MO3TOMY OHHM HE Y4YacTBYIOT B DHEprooOMEHHOM Tpolecce. Ha wuHTepBanie KOMMYyTaluu
MIPOUCXOJUT OOMEH JHEeprueil MexJy Harpy3koil KoHAeHcaropaMu. EMKOCTh KOHAEHCATOpOB
JIOHKHA OBITh JOCTAaTOYHOW s oOecredyeHus BpEeMEHH, HeO0OXOIUMOro I 3amupaHus
tupuctopoB. C Ipyroil CTOPOHBI, EMKOCTh KOHJIEHCATOPOB OTIPENEISICT 3HAUCHNE HANIPSHKEHHS, JI0
KOTOPOTO OHHU 3apsDKAlOTCA. JTO HAMpPsDKEHHWE HE JOJHKHO OBITh CIUIIKOM BBICOKHM, YTOOBI
napamMeTpsl THPUCTOPOB MHBEPTOPA HE MPUXOIMIOCH 3aBBIIIATH II0 MAKCHMAITBHOMY HAIPSKEHUIO.
B 371001 cxeme mpu pe3koM H3MEHEHUH BETUYHMHBI HATPY3KHU WM Pa3MBbIKAHUU €€ [[EMU BO3HUKAIOT
BBICOKHE TIEpEHANpsDKeHUsT Ha BXonae WHBepropa. lloaToMy HEOOXOIUMO MperycMaTpuBaTh
CHEIHAbHYI0 OBICTPOJCHCTBYIONIYIO 3amuTy. KopoTkue 3amblkaHHMs B IEMHA HAarpy3KH He
MPEJCTABISIOT OOJBIION OIMACHOCTH JISi THPUCTOPOB, TaK KaK TOK OTPAHUYHBACTCS APOCCEIIEM C
0O0JIBIION HHTYKTUBHOCTHIO.
Tpexdazublii MocToBOIl MHBepTOp TOKA. [l0 ycTpoHCTBY M mpUHLUITY paOOTBl 3TOT MHBEPTOP
aHAJIOTHYEH pPAacCMOTpPEHHOMY onHo(a3sHoMy wuHBepTOpy Toka (puc. 10.17) OcoGeHHOCTHIO
SIBJSIETCSl JIMIIb TO, YTO B mpouecce kommyrtanuu kouaeHcaropel Cl, C3, C5 u C2, C4, C6
BKJIFOUEHBI B KaXIbI KOHTYp TOKa B BHJE JABYX MapalUIeNbHBIX Ilenei (0JuH KOHJEHCATop U
nmapajyielIbHO €My JIBa TOCJENOBAaTeNbHBIX KOHJEHcaTropa). B mporecce pabOTBI OTKPBHITHIMU
SBIIIFOTCSI OJTMH WJIM JBa TUPHUCTOPA B aHOJHOW TPyIie W, HA0OOPOT, [BA WU OJWH TUPHUCTODP B
KaTOJHOM TpyIIie.
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Puc. 10.17. Cxema Tpex¢a3HOro MOCTOBOTO HHBEPTOPA TOKA.

Bynem cuurtarh, 4TO B HaYaJIbHBIN IEPUOJ BPEMEHH OTKPBITHIMU OKa3ainuch TUpuctopsl VS1, VS3
B aHomHO# rpymme u VS6 B katogHoi. B aTom ciywae x Harpyske ¢a3 A u B mpuiioskeHs
Hanpsokenus, paBibie Uy = Ug = 1/3 Uy, a x ¢ase C — nanpsokenne U = 2/3 Uy, Tpu stom
npoTekaroT cooTBercTByomue Toku la = lg = 1/3ly, Ic = 2/3l4. [lo koHmeHCaTOpaM aHOIHOU
rpymmbsl Cl, C3 mpotekaer Tok 3apsaa lc; = lcz = 1/3lg, a mo xouaencaropy C5 — tok lcs= 2/3lg.
CooTBeTCTBEHHBIM 00pa3oM pacmpeseneHsl 3apsiabl kouaercatopoB Ucy = Ucs = 1/3Ug u Ucgs =
2/3Uy4. TTo kongeHcaropam karomHoi rpymmbl C4, C6 nporekaer Tok 3apsiaa lcs = lcg = 1/3lg, a mo
kougencatopy C2 — Tok lcz = 2/3lg. CoOTBETCTBEHHBIM 00pa30M paclpeeiCHbl 3apsiibl
koHaeHcatopoB Ucys = Ugs = /83Uy u U= 2/3Uy Tlon0KHUTENbHBIH MOTEHIMAT y BCEX
KOHJICHCATOPOB Ha JIEBOM BBIBOJIE. PaccMoTpuM mporecc BKIIOUeHHUS THpUCTOpa VS2
BeIKTtoYeHus: Tupuctopa VS1. Ilpu kommyranuu toka ¢ VS1 Ha VS3 kongencarop Cl BkiIodyeH
napauiensHo KounaeHcaropam C2 u C3, coeMHEHHBIMH MOCIENIOBATEIBHO MEXITy coOoi. Ilpu
3TOM TOK HUCTOYHHUKA lg pactpenensercs mo kouaencaropaM B cootnomeHus oy = 21¢/3 u Iy = lcs
= 14/3. B Me)KKOMMYTaIlMOHHBIA WHTEPBAJ Tepe] KomMmyraimed tuprcropa VS1 B MOMEHT ot =
2n/3 Tok Harpy3ku mpoBoasT tupuctopel VS1 m VS6. Kommencaroper Cl, C5 sapspkens, a
koHgeHcartop C3 pazpspkeH. MccneayeM koMMyTauio oT MoMeHTa BkimtoueHus VS2 Konaencarop
C1 mocne BrimroueHus VS2 noaximroueH nocieaoBaTenbHo K VS1 u 3anmpaet nocieaauii 00paTHbIM
HanpsbkeHneM. Tok Harpysku temnepb nporekaet uepe3 VS3. Tok tupucropa VS3 pacnpenensercs:
2/3 ero mpotekaet yepe3 Cl, a 1/3 — gepe3 C3 u CS5. ipu 3TOM yepe3 orcekaromuid quoa VD3 Tok
HE TIPOTEKaeT JI0 TeX Mop, noka HanpsokeHue U He cTaHeT Hike 3HadeHus |gRa. Tlpu gansheiimem
camkennn Ug moternman anogaa VD3 cTaHOBUTCS TOJIOKUATEIBHBIM, JHOJ] OTKPBIBAETCS U €r0 TOK
HapacTaeT oT Hyns no 3HaueHus lg. Tok xe anoma VD1 ymenbpmiaetcst ot 3HadeHus lg 10 Hyss.
KoMMmyTtanus mpoxXoaWT B JBa JSTama: MIHOBEHHOE IEPEKIIOYCHHE TOKA B THPUCTOpPAX W
MIOCTENIEHHOE MEePEeKIIoUeHUe ToKa B 1ieny Harpy3ku. [leiicTByromee 3Hauenue ¢azHoro Toka: lg =
0,78l4

10.5. PacueT 1 BHIOOP CHJIOBBIX MOJIYNPOBOHUKOBBIX MPUOOPOB.

Omnpenenenre AOMYCTUMOIO cpefaHero Toka. IIpu HekoTopoMm cpeaHeM mHpsiMOM Toke lgay B
MOJIYIIPOBOTHUKOBOM MPHOOPE BO3HUKAIOT MOTEPU MOITHOCTH Pp. DTOI MOIITHOCTH COOTBETCTBYET
TeMIiepaTypa HarpeBa IMOJIYIIPOBOJIHUKOBON CTPYKTyphl 0; KoTOpas HE JOJKHA TPEBBIIIATh
MaKCUMaJIbHO AOMYCTUMOTO 3HAYEHUS Ojm.x. Temmeparypa 0; mpu JaHHOW MOIIHOCTH TOTeph Pr
OTIPEIEISAETCS MHTEHCUBHOCTHIO OTBOJIA TEIUIOTHI, OTPEEIIEMON TEIUIOBBIM CONIPOTHBICHUEM Rr.
B cocrosHUM TEMIOBOrO paBHOBECHS MPH MPOTEKAaHWU TOKA |pay MOIIHOCTH BBIACTSIONIUXCS
TEIUTIOBBIX TOTEePh Pr paBHA MOITHOCTH, OTBOJIMMOM OT TOJYIIPOBOAHUKOBON CTPYKTYphI. U3 3TOTO
YCIIOBUSI  ONPENENSETCs CpeJHEee MAaKCUMalbHO JONYCTUMOE 3HAYeHUE TMpPsSMOro TOKa,
MIPOTEKAIOIIETO MO MOJIYIPOBOJHUKOBOMY MTPUOOPY:
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rne Uto — moporoBoe HampspKeHUE MOJTYIPOBOIHUKOBOTO mpubopa, B; rt — nuddepenuumansnoe
compotuBieHue, Om; Ko — koo dummeHT GopMbl TOKa.

Onpenenenne MakCMMAJbHO JONMYCTUMONH aMILIUTYABI ToOKa. [Tonb3ysce Beipaxxenuem (10.25),
MOKHO OIpPENeIUTh MaKCHUMaJbHO IOMYCTUMBIH CpPEAHH TOK IMOJIYHPOBOAHHKOBBIX NPHOOPOB.
OpHako B COBpPEMEHHBIX NPeoOpazoBaTeNsIX W amnmaparax B OOJIBIIMHCTBE CIydaeB TOKOBAs
Harpy3ka CHUJIOBOIO TOJYIMPOBOJHUKOBOTO TMpubOpa HMeEeT HUMITYJIbCHBIM Xapaktep. [lpu
UMIIYJIbCHOM Harpy3ke mpuOopsl paboTaroT ¢ OONBIIMMH AMIUIMTYJAMH TOKOB W MEHBIINMHU
yriaaMu HpoBOAMMOCTH. PacueT mo cpenHeMy 3HA4€HHIO TOKa JAaeT 3HAYUTENBbHOE IMPEBBIIICHUE
MaKCHMaJbHOW TEMIIEpaTyphbl IOJYIPOBOJHUKOBOM CTPYKTYpPhl IIO OTHOUIEHMIO K CpPEAHEMY
3HaueHuto. [lo3ToMy mpu UMIOYABCHBIX HArpy3kax Juis 3aJaHHOM 4YacTOThl CJEIOBaHUS
YIPABISAIOLUX UMITYJIBCOB ONPEAENIAIOT MAaKCUMaIbHO JIONYCTUMYIO aMIUIUTYAy TOKa. J{1s Takoro
pacuera HCIONb3yeTCs CyMMapHasi MOIIHOCTh Pyey MOTEPH B MpubOpax, Mo KOTOPOH Ompeensiercs
TeMIlepatypa CTPYKTypbl 0; B KOHIE HMIyJbca yIpaBieHUs. MakCUMalbHO JOMYCTUMAs
aMIUIUTyla TOKa JJs JUOJAOB M THUPHUCTOPOB IPU HMIIYJIbCHOM HArpy3ke OIpeaensercs Mo

dbopmyre:

I. - \[U72‘O +4rTPdmalx _UTO

FAY max 2"T (10 26)
rae Pdmax — MakcMManbHO JOMYCTHMas MOIIHOCTh CYMMAapHbBIX IHOTEph IOIYIPOBOJAHUKOBOIO
npubopa B umnynsce, BT.
Pacuer pa0oueii neperpy3ku. B ciyyae BOSHUKHOBEHMS aBapUHHOTO pexXuMa
MOJIYIIPOBOJIHUKOBBIE MPUOOPHI U APYrHe TOKOBEAYIIHE 3JIEMEHThI CXEMBbI ITpeodpa3zoBaTess
NEKTPUYECKOM SHEPTUU MOJBEPraroTcs Neperpy3kam 1o Toky. IIpu 3ToM noaynpoBoJHUKOBBIE
puOOpPHI, KaK MPaBUIIO, OKa3bIBalOTCS HauboJee CadbIMU 3JIEMEHTaMHU LIEMH 110 TOKOBOM
neperpy3Ke BCIIEICTBUE CPAaBHUTENBHO HU3KUX 3HAUEHUH MaKCHMaJbHO JOMYCTUMOM paboueit
temnepartypsl (He 6onee 140°C). Kpurepusmu onieHKH paboTOCIOCOOHOCTH MTPHUOOPOB MPH
TOKOBBIX MEperpy3Kax sBISIOTCS:
* [IEPETPY304YHBIE XaPAKTEPUCTUKH;
* aBapuilHbIE IEPETPY30UHbIE XaPaKTEPUCTUKH;
* YIapHBIA HENOBTOPSIOLIUICS TOK;
* 3AIIUTHBINA [T0KA3ATEINb.
ITpu 3TOM BuE Meperpy3oK A0 T0JKEH BBIAEpkKaTh 00paTHOE HANpsDKEHHE, a TUPUCTOP, KpOMe
3TOT0, HE JI0JKEH MEePEKIII0YaThCsl B OTKPBITOE COCTOSIHUE 0€3 T0Jauy YIPaBJISIOLIEr0 CUrHaa.
Ileperpy3o4nble XapaKTEpUCTUKU [JIsl aBAPUIHBIX PEKUMOB OIPENEISAIOTCS UCXOId M3 TOTO, YTO
TUPUCTOP TEpsieT YIPABISAIOLIYI0 CIOCOOHOCTh BCJIEACTBUE TPEBBIIIEHHUS MaKCHUMAaJIbHO
JONMYyCTUMON  TeMmIepaTrypbl, HO He NpoOuBaeTcs OOpaTHBIM HampsHDKeHUEM. Y JapHBIN
HETIOBTOPSIIONIUNCS TOK ltsv U 3alIUTHBIA TTOKA3aTelb f IZFAth MPEACTABISAIOT COOOM MapamMeTphl,
NPEBbIIEHHE KOTOPHIX BBI3BIBACT MOBPEXKJIEHHE NPUOOPOB BCIEACTBHE TEIJIOBOTO IMPO0Os
CTpyKTyphl. lcmonp3oBaHue STuUX TOKa3zaTeled NpH pacyeTe MpearoyiaraeT OJHOKpPaTHOE
Boszeiicteie. Ilokasatens [I°pavOt HCMIONB3YIOT NpH  OMpENETEHHH ApaMeTpOB  3aIIHTHI
MpeoOpa3oBaTeNbHOrO0 YCTPOWCTBA IUIABKUMH MpeAoXpaHuTensiMu. s KpaTKOBpEMEHHBIX
NIEPETPY30K UIMTEIBHOCTBIO B OAMH noaynepuo (10 Mc) momycTUMBIM TOK MEPErpy3ku MO>KHO
HaWTH UCXOMS U3 JOIMYIIEHHUS, YTO MEPEXOAHBIN TEIIOBOM MpoIiecc OnpenesieTcs S3KBUBAICHTHBIM
HMITYJICOM JITUTENIBHOCTBIO t = 6 MC, a IEpEXOIHOE TEIIOBOE CONPOTUBIIEHHE PaBHO (1. 3a 3TO
BpeMsl TeMmIeparypa CTPYKTYpbl MOBBIIIAETCS A0 MaKCHUMajbHO JIOMYCTUMOTO 3HA4YeHUs MpU
MOITHOCTH 1oTepb Pr. Takum oOpaszom,
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Jliia 6oree mpOIOHKUTEIBHBIX MEPErpy30K UIUTEIbHOCTBIO OT HECKOJbKHUX mepuonoB 1o 100 c,
KOI'Zla TEIUIOTa OT IIOJYNPOBOJHUKOBOM CTPYKTYpbl HAUMHAET PACCEUBATHCS B OKPY)KAIOIILYIO
cpeny, JOMYCTUMBIM TOK Meperpy3kd HaxXOAUTCS U3 YCJIOBHM pabOThl C UIMTENbHOU cepuei
HMITYJIbCOB MEPETPY3KHU.

10.6. I'pynnoBoe coequHeHNE MOJTYNPOBOIHUKOBBIX MPUOOPOB.

[TocnenoBarenbHOE M MapaIeIbHOE COSTUHEHHE IMOJIYIIPOBOJAHUKOBBIX MPHOOPOB, MPUMEHIEMOE
JUI1  YBEIIMYEHUs JOMYCTHMMbIX 3HAUEHUM TOKAa M HaNpsHKeHUs B OJHOM BETBM MOIIHOIO
npeoOpa3oBaTelisi, Ha3bIBACTCS 2PYNNOSbIM coeOuHenuem. I'pynmoBoe COEJUHEHHE HHOTAA
IPUMEHSIETCA TaK)Ke Ul MOBBILICHUs HAJEKHOCTH IpeoOpa3oBaresiell, 4ToObl BBIXOJ U3 CTPOs
OTJeNbHOro npubopa He Hapyuian padoThl Bce ycTaHOBKH. M3-3a TE€XHOJIOrMYECKOro pasdpoca
BOJIBT-aMIIEPHOM XapaKTePUCTUKU npu napauieIbHOM COEMHEHUH OT/eJIbHbIE
[IOJIYTIPOBOJIHUKOBbIE MPUOOpHI TMEpPErpy’karTcs IO TOKY, a IpH IOCIENI0BAaTEIIbHOM — IIO
HanpsbkeHuto. [Ipu rpynmnoBoM CoeJMHEHUH TUPUCTOPOB YCIOBUS paboThI elle 6osiee yxXyIaiTces
u3-3a pa3dpoca BPEMEHHBIX XapaKTEpUCTUK. B nuHaMHuUecKuX peXuMax IMPHIOKEHUS MNPSIMOIo
HamnpsDKeHUs TpU  MOCIEAOBAaTEbHOM COEAMHEHUM TUPUCTOP C MEHBLIMM BpEMEHEM
BOCCTAHOBJICHMSI MOJKET OKa3aTbCs I0J BO3JCHCTBUEM IIOJIHOTO HANpPSDKEHUS LENU U
CaMONPOM3BOJIBHO BKIItOYaThes. [Ipu mapamienbHOM CO€AMHEHUM THPUCTOP, UMEIOIUN MEHbIee
BpeMs BKJIIOYEHMSI, BOCIIPUHUMAET BECh TOK IJIaBHOW LIEMHM U MOYKET BBIUTH U3 CTPOS MO MPUYUHE
TemioBoro mnpobos. /[liga obecriedeHuss HaAeKHOW pabOTBHl CHIJIOBBIX IOJYIIPOBOJHUKOBBIX
npuOOpOB MpU HMX TPYNIOBOM COEAMHEHUU JOJKHBI MPUMEHSTHCS MEpbl NIl PaBHOMEPHOIO
pacripeie/ieHus TOKa Ipy MapajuleIbHOM M HAIPSHKEHUS IPU IOCIEJ0BATEIbHOM COCTUHEHUSX.
IMocnenoBaresibHOe coequHeHUe auHOA0B. Ecim Tpebyercs NOMyYuTh OONBIIME 3HAYCHUS
BBIIPSAMIIEHHOTO HaNpsHKEHUs, TPUMEHSIOT IOCIEN0BaTENIbHOE coeqnHenue nquonoB. Iloctpoenne
peoOpa3oBaTeNbHOW YCTAHOBKM C OJAMHOYHBIMH JHOJAAMHM B 3TOM CIlyyae HE IpeACTaBIsSETCS
BO3MOYKHBIM H3-32 HEJIOIYCTUMO BBICOKOI'O OOpaTHOTO HaNpsKEeHUs, KOTOpoe OyIeT MPUIIOKEHO K
CHJIOBBIM TOJYIPOBOJHUKOBBIM mpubopam (puc. 10.18, a). Hampumep, B BBIIPAMHTEIBHBIX
ycTaHOBKax Tem1oBo30B 210116, TOII70, TOM7 u anextposozos BJI60, BJIS0 npumeHS0OT AMOBI
7-ro m 8-ro KJaccoB, paccuMTaHHble Ha HOMHHaibHOe HampspkeHue 700...800 B. Opnako
HOMMHAJIBHOE HAIPSDKEHHWE Ha BBIXOJIE BBINIPSMUTENBHON ycTaHOBKHM cocTaBiseT 1450...1650 B, a
o0paTHOE HaMPsHKEHHE B MEPEXO0IHBIX Mpolieccax MoxeT gocturats 4000 B.
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Puc. 10.18. TTocnenoBaTenbHOE BKIOUEHUE CUIOBBIX MOIYIIPOBOAHUKOBBIX PUOOPOB.
a — cXeMa COeJJMHEHHUs]; O — BOJIbTaMIIEPHbIE XapaKTEPUCTUKN BEHTHIICH;
6 — CXeMa COEJIMHEHUS C BEIpPABHUBAHHEM OOpPATHBIX HAIPSIKECHUH.
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Uucno mocienoBaTeNIbHO COCIUHEHHBIX JHOAOB B KaXIOH ¢aze BBIIPSIMHUTEIBLHOM CXEMBI C
HYJIEBBIM BBIBOJIOM WJIM B KQ)KJIOM IUI€YE MOCTOBOI CXEMbI BHIOMPAIOT TaK, YTOObI HANpPSKEHUE Ha
OTHOM JIMOAE TPU HOPMAIBHOM pabodyeM peXHME HE TMPEBBINIAT0 €ro HOMHUHAIBHOTO
HOBTOPSIOIIETOCS 00PATHOTO HANPSKEHUS: Nioen = KuepKnUospmax / KsUsnow  (10.28)

e Kuyep — KOXPPUIMEHT HEPAaBHOMEPHOCTH PACHpPEACICHUS HANPSDKEHHS 10 TOCIEI0BATEILHO
BKJIFOYCHHBIM HPHOOpaM (IJIsl JTaBUHHBIX THOIOB Kyep = 1,0, must npyrux Kuep = 1,2...1,3); ky —
ko3 dunment nepenanpsokenuid (K, = 1,2); Ugspmax — MakcUMajbHOE 0OOpaTHOE HAIpsHKCHUE,
NPUIOKEHHOE K auony, B; Ks— k03 duimenT, KOTophlii 3aBUCUT OT THIA MPUMEHSIEMBIX JIHOI0B
(i1 kpemHHEBbIX auonoB Ky = 1,2). IlepeHanpspkeHUs Ha OTACIBHBIX JIUOJAX, BKIFOYECHHBIX
MOCJIEI0BATENBHO, BHI3BIBAIOTCS PA3TUYHBIMU COMPOTUBICHUSAMU OTAEIBHBIX TUOJIOB U pa3IudueM
UX BOJBTaMICPHBIX Xapaktepuctuk (puc. 10.18, 6). Hampumep, mnpu mocien0BaTebHOM
BmrodeHun guogoB VD1 u VD2 ¢ pasnuyHbIMH BOJIBTAMIIEPHBIMU XapaKTEPUCTUKAMH OOIIee
obpartHoe HanpstkeHue Uqg, pacipeaensercs MexXly HUIMH HEpaBHOMEPHO, TaK KaK IMPH HEKOTOPOM
obmeM oOpatHOM Toke lo,sp K OuofaM mpuiiokeHsl pasHble HanpspkeHUus Ugspr U Uggpa. [pu
YBEIIMYECHUU TEMIIEPAaTyphl AMOAOB 3Ta PAa3HULA H lospmax MOTYT 3HAUUTENbHO Bo3pacTH. [lpu
MOCIIEI0BATEILHOM BKIJIIOUEHUHU TUOJOB JJIsi PABHOMEPHOTO paCHpe/esieHUs HANPSKEHUS MEKIY
HUMH TIapaJJIEIBHO JUO/IaM BKIIIOYAIOT MIYHTUPYIOIIHUE PE3UCTOPHI Ry, DT pe3ucTopsl 00pa3yroT
JeTTUTENb HAIIPSDKEHUS], KOTOPbIH 1enuT ob1ee oopaTHoe HanpsbkeHue Uqgp, TPUIT0KEHHOE KO BCEM
mronaM, Ha paBHble 4acTh Uysp = Ugspz HE3aBUCHMO OT BHYTPEHHUX COMPOTHUBICHHN THOIOB.
ConpoTHBIEHUS UIYHTUPYIOUIMX PE3UCTOPOB BBHIOMPAIOT TaK, YTOOBI MPOTEKAIOMIMMA MO HUM TOK
ObUT B HECKOJIBKO pa3 0oJblie HanOOJbIIEro 0OpaTHOTO TOKA, MPOTEKAIOLIETO Yepe3 BKIIOUCHHBIC
MOCNIe0BATENbHO MUO0Mbl. Bo n3bexxanue OOJBIINX MOTEPh SHEPTUU PEKOMEHYETCs ClelUuaibHO
MoA0UPATh TOCJICIOBATEILHO BKJIFOYAEMbIC JHOILI 0 WX BOJIBTAMIIEPHBIM XapaKTCPUCTHKAM:
IUOJBl JOJDKHBI MMETh OJIMHAKOBBIM Kjacc, OJM3KHE OOpaTHbIE BETBU XapaKTEPUCTHKU U
OJIMHAKOBBIC TemIiepaTypHbie K03 uueHTsl. JIaBHHHBIC TUOJBI, KOTOPBIC TOIMYCKAOT OOJbIINE
3HaueHUs1 0OpPaTHBIX TOKOB, COCIUHSIOT MOCIEN0BATENbHO 0€3 IIYHTHPYIOMINX pe3uctopoB. Ecmu
HalpspKeHUE Ha KakoM-nbo auoje, Harnpumep VDI, nocturaer HanmpspkeHUs CTaOMIIM3aLUY, TpU
KOTOPOM MPOUCXOJUT JIABUHHBIN MPOOOIA, TO NalbHEHUIEro yBeIHMUeHUs OOpPaTHOrO HAIMPSIKCHUS
Ha JIAaHHOM JIMOJE€ HE TPOUCXOAWT. [lodTOMY /il JIABUHHBIX JIMOJIOB 3amac MaKCHUMAalIbHO
JonmycTumoro HanpspkeHust coctaBiseT 1,3...1,5 Uggpmax BMeCTO 2...3 Ugspmax 111 OOBIYHBIX THOIOB.
B ciyyae nmpuMeHEHUS THPUCTOPOB ISl BRIPABHUBAHUS OOPATHBIX HANIPSDKEHUH MCIIOIB3YIOT
pesucropHbie aenutenu HanpspkeHus 1 RC-mienmouku (R1C1, R2C2), obecrnieunBaroriye CHUKEHHE
CKOpOCTH HapacTanus npsimoro Hanpsbkerus dUq /dt (puc. 10.18, 6).

IMapasienbHoe coenuHeHue aUOA0B. J[ns momydeHUss OOJBIIOTO BBHIIPSAMIECHHOTO TOKa
NpPUMEHSETCS TMapajuieibHoe  coenuHeHne auoaoB  (puc. 10.19, a). Yucno mnapamiensHO
BKJIFOUEHHBIX JHOJIOB BBIOUPAIOT TaK, YTOOBI TOK, TPOXOISAIINN Yepe3 KaXK/IbIi 10/, HE TMPEeBbIIIal
HOMHHAJILHOTO TOKa. [lpW mapamielbHOM COSAWHCHHH HECKOJIBKHX JHOJIOB W3-3a pa3Iudus
NpSMBIX BETBEH MX BOJIBTAMIIEPHBIX XapaKTEPUCTHK paCIpelelieHHe TOKa MEXIy TUOJaMH
OKa3bIBaCTCS HEPAaBHOMEPHBIM. BOJIBIIMIA TOK TPOTEKAET Yepe3 JUOI, HMCIOIIHIA MEHBIICE MaICHUe
HanpsDKEHUs, T.e. 0oJiee KPYTyro BOJIbTaMIEpHYIO xapakTepucTuky (puc. 10.19, 6). Hanpumep, mpu
napajielbHoM  coequHeHnn guonoB VD1 w VD2 ¢ pa3nuuHBIME - BOJIBTaMITEPHBIMHU
XapakTepucTukamMu HanpspbkeHue A Ug, TpuiokeHHOe K AMOAAM, MPH BKIOYEHUH B TPSIMOM
HaIpaBJICHUU OJIMHAKOBO, a TOKH pa3Hbie. Tok |y, mpoxomsmuii uepe3 quon VD2, Gobiie Toka |y
B quone VD1. Takas HepaBHOMEPHOCTh B paclpeielieHUd TOKa Harpy3Kd MPHUBOIUT K
HEJOIYCTUMOMY HAarpeBy JaWoia W TpeOyeT CHWXKCHHS MOIIHOCTH mpeoOpa3oBarens. Jlms
CTTIQ)KMBAaHMSI HEPABHOMEPHOCTH B PACIIPEICTICHUN TOKOB IO OTIEIHHBIM MapaIJICIbHBIM BETBSIM
CHEIMAILHO TOJ0MPAIOT JTUOJBI MO0 MX MPSMBIM BOJBTAMIIEPHBIM XapakTepucTHKam. [lpu 3Tom
CTpeMSTCSl, YTOOBI MapasieTbHO BKIIOYCHHBIE IUOJBI MMENW ONH3KHWE IO BETUYHHE TMaJIeHUs
HamnpspkeHus (pasHocth He Oonee 0,02 B). Ho maxkxe m B 3TOM ciydae HEpaBHOMEPHOCTH B
pacmpesienieHuu TOKOB cocTaBiseT okono 20%. Ha 3To 3HaueHue mpuxXOAUTCs CHUXKATh OOIIHIA TOK
|4 BRITPSMUTEIILHON YCTAaHOBKH.
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COOTHOILICHUS Nap = KuepKnldmax / luon  (10.29)
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Puc. 10.19. [TapannenbHoe BKIOYEHHE CUIIOBBIX ITOJIYIIPOBOIHUKOBBIX ITPHOOPOB.
a — cXeMa COeAMHEHHUS, 6 — BOJIBTAMIIEPHBIC XapaKTEPUCTUKU BEHTHIICH.

rae Kyep — K03 HULIMEHT HEpaBHOMEPHOCTH PACIPEIECICHUS] TOKOB 0 MapauielIbHO BKIFOUYCHHBIM
npubopam (i1si OOJNBIIMHCTBA JMOJOB HPOMBIIUICHHOTO HpuUMeHeHHs Ky, = 1,2...1,3); Ky
K03 DHUIIMEHT BO3MOKHBIX meperpy30k 1o Toky (K; = 1,2); lgmax — MaKCMMaJIbHBIN BBITPSIMIICHHBIH
TOK, A; lyou — HOMHUHaNBHBIA TOK auona, A. I[lpy KOHCTpyHpoOBaHMM HOJIYIPOBOAHUKOBOTO
npeoOpas3oBaresis 3ajauy JAeNeHHs TOKa peIlalT B KaKIOM KOHKPETHOM Ciydyae Ha OCHOBE
TEXHUKO-3KOHOMHUYECKOTO OOOCHOBaHMA. B YacTHOCTH, B JIOKOMOTHBHBIX BBIIPSIMHUTEIBHBIX
yCTAHOBKAaxX 93Ta 3ajjaya pelieHa 3a cueT Oojiee 4yeM JBYKPAaTHOro 3araca I10 MOIIHOCTH.
JUTUTenpHBIN TIEPHO MOHOIIOJIBHOE TTOJIOKEHUE CPEIN CHUIIOBBIX MOIYIPOBOJHHUKOBBIX MPUOOPOB,
UCMOJb3yEeMbIX B CTaTMUECKUX HpeoOpa3oBaTesiiX SHEPruM, 3aHUMAald CUJIOBOM OUMOJISPHBINA
TPaH3UCTOp ¥ OOBIUHBIA THpPHUCTOpP. llpuMeHeHme STUX TPUOOPOB TO3BOJMIO CHAETATH
KayeCTBEHHBIH CKAaYOK B Pa3BUTHM CHJIOBOM 3JIEKTPOHUKH. OJHAKO MPUCYLIUME UM HEIOCTAaTKU B
JambHEWIIEM CTald CACPKHUBAOIIUME (QakTopamMu B 3TOoH oOmactu. [lpuHIMIUANEHBEIMA
HE/I0CTaTKaMU OMITOJIIPHOTO TPAH3UCTOPA SIBJIAIOTCS 3HAUUTENIbHAS MOLIHOCTb, MOTpediseMas Ha
yIpaBieHHue, W OOJBIIOC HaNpsOKEHWE HACHIMEHWs. HemocTaTku THpPUCTOpa — HEMOJHAs
YIPaBISIEMOCTh M CpaBHUTENIbHO HH3Koe ObicTpoxeiictBue (fs < 1 x['m). D10 mposBisiercs B
HEOOXOIMMOCTH TPUHYIUTEIFHOW KOMMYTAIIUN THPUCTOPA MPH €ro BBIKIIOYEHUU. B pesynbrare
3aTpyAHSAETCS MPaKTUYecKas pealn3alus CXeM BIPSIMHUTEIbHO-MHBEPTOPHBIX MpeodpazoBaTesei.
HoBple mepcreKTUBEI B MPUHIMITHAIEHOM COBEPIICHCTBOBAHUH MTAPAMETPOB TPAH3UCTOPOB B YaCTH
CYIIECTBEHHOIO CHMKEHMS MOIIHOCTH YIPABJICHUS U TOBBILIEHUS OBICTPOACHCTBUS OTKPBLIO
co3nanue cunoBoro MOII-tpan3uctopa. B nacrosimee Bpemst MOII-TpaH3ucTOpBI HCHIONB3YIOTCS
Ha paOouue HampsbkeHus, He mnpesblmatoniie 400 B. M3-3a OTHOCHTENBHO BBICOKMX 3HAYEHUH
conpoTtuBiieHUsT MomnHble  MOII-TpaH3UCTOPBI YCTYMAIOT OHWMOISPHBIM B OTHONIEHHH TIOTEPH
MOIITHOCTH B MPOBOJSAIIEM COCTOSIHUU. KOMIPOMHCCHBIM TEXHHUUECKUM PELICHUEM, [TO3BOJUBIINM
peann3oBaTh TOJOXHUTEIbHbIE KadecTBa Kak OWMONSApHBIX, Tak U MOII-TpaH3ucTopoB, craio
coznanne |GBT-tpan3ucropoB (OMUIIONSPHBI TpPaH3UCTOp C TMOJIEBBIM YIpaBICHHUEM). OTH
TPaH3UCTOPBI 00JTAA0T XOPOIIUMH 4YacToTHbIME cBoiicTBamu (fs > 20 kI'm), kpaiiHe HU3KUMH
3HAYEHUSIMU MOIIHOCTH YIpaBIEHUS M MajeHus Hanpsokenus (2,5... 3,5 B) B mpoBomsiiem
COCTOSIHMH TIpu pabounx HampspkeHusx 10 1700 B u toxke 1200 A. bnaromapst 5TuM KadyecTBam
obnacte ucnonb3oBaHus |IGBT-TpaH3ucTOPOB MOCTOSHHO pacuIMpseTcss U HauyuHAaeT 3aHUMAaTh
JOMUHUPYIOIIEE TOJIOKEHNE B YCTPOMCTBAX MPeoOpa3oBaTEIbHOW TEXHUKUA CPEIHEH W OOJBIION
motnHocTH. Ha ocHoBe IGBT-Tpan3uctopoB B HacTosiee Bpems pazpadaTbiBaeTcs OOJBIIMHCTBO
CHJIOBBIX AJIGKTPOHHBIX YCTPOUCTB. [IpakTHueckn Bce KpymHeHmue GupMbl MHpa, TPOU3BOISIINE
AJIEKTPOHHYIO MPOAYKIUIO, pa3BuBaloT HoOBble TexHosoruu |GBT-tpansuctopos. IlosBuiack
BO3MOYKHOCTh CO3JTaHHS YHUDUITUPOBAHHOH CXEMBI BBINIPSIMHUTEIHHO-HHBEPTOPHOTO
npeobpaszoBarenss sHeprun VT1- VT6. C wucnonb3oBanuem wmoayneir |GBT-tpanzuctopos
pa3paboTaH cTaTHYECKUI MpeoOdpa3oBaTeNb JHEPTUH JIJIS TIPUBOJIA TIEPEMEHHOTO TOKa CKOPOCTHOTO
anekTponoesna «Cokom» (puc. 10.20).
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Puc. 10.20. Crarnueckuii mpeoOpa3oBaTeslb 3HEPTUH 1eKTporoesna «Cokom

Jlnst yBeNMYEHUsl TOMyCTUMOTO JMana3oHa pabodrnx MOITHOCTEH CTaTHYeCKOro mpeoOpas3oBaTelis
sHeprun |GBT-tpan3ucropel Moryr pabotare mnapamienbHo. [lpm »TomM 1 obecrieueHus
ONTUMAJIFHOTO  PACHpeNeNieHHs] TOKOB JIOJDKHO OBITh BBIIIOJHEHO CIIEAYIOIIEEe YCIOBHUE:
napajuiensHo BkitoueHHble |IGBT -Tpan3ucTopbl JOMKHBI OBITH PACHONIOKEHBI PSAOM JIPYT C
Opyrom ajsi o0ecreueHus: OAMHAKOBBIX YCIOBUN paOoThl. I1o 3TON mpuurMHE OHM BBIIOJHSIOTCS B
BUJIE MOJyJel U3 JBYX, YEThIPEX WIIU IIECTU TPAH3UCTOPOB C OTCEKAIOUIMMH IUOJaMU Ha OOIIei
MIOJITOKKE.
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K 0BMOTKAM THIOBOTD T CHEpaTopa
Puc. 10.21. BemmpssmurensHas ycraHoBka Y BKT-5 rennoso3a.

Bce cuioBble 3IeKTpUYECKHE COEITUHEHMS JIOJDKHBI OBITh BBIMOJIHEHBl CHUMMETPUYHO U C
MUHUMAaJIbHON HMHIYKTUBHOCTBIO coeIMHEHUN. CoeIuHEHUs MEXIy CXEMOH YIpaBlIieHUs |
napajiesibHo BKIOYeHHbIMU |GBT-TpaH3ucropamu Takke OJKHBI OBITh CUMMETPUYHBI U
o0nazaTh MHUHUMAJIbHOM MHIYKTUBHOCTHIO. 3HAU€HUS IIOPOTOBOTO HANPSDKEHUs 3aTBOpa U
HanpsOKEHUs HACBIILEHHUS] OTKPBITOr0 TPAH3UCTOPA OJIKHBI ObITh OJIU3KUMHU.
IMapanieJbHO-IOCTIEA0BATEILHOE COCAUHEHME [HOAOB. B  MOIIHBIX BBICOKOBOJIBTHBIX
MOJIYIIPOBOJTHUKOBBIX ~ IPeoOpa3oBaTeNsX  AJIEKTPOIHEPTUM  MPHUMEHSETCS  HapaiesbHO-
IIOCJIEIOBATEIbHOE COCIWHEHHE IUONOB. B 3TOM ciydae mnpeamnodTeHrne OTAAOT JIABUHHBIM
JMOAaM, TaK KaK TEXHOJOTHs MX U3TOTOBICHHs oOecrieurnBaeT 6osee paBHOMEPHYIO CTPYKTYPY p —
N-mepexojla U MEHBIIMK pa3dpoc BOJBTAMIIEPHBIX XapaKTEPUCTHUK, YEM Yy MPOCTHIX JTUOJIOB.
Hanpumep, B 0JHOM IUI€de TEIIOBO3HOW BBINPAMUTENBbHON ycTaHoBKM YBKT-5 mmeercs necstsb
MapajuieIbHbIX BETBEH 10 JIBa MOCJIEI0BATEILHO COCIMHEHHBIX 1o/a B BeTBH (puc. 10.21).

10.7. Cuctembl ynpaBJieHHsl CTATHYECKUMH MPeodpa3oBaTeIsIMU.

TpebGoBaHus K cUCTeMaM yIMPaBICHUS TOJYMPOBOJHUKOBBIMU MPEOOPA30BATEIAMH. DTH CHUCTEMBI
JIOJKHBI COOTBETCTBOBATH CIEIYIOMIMM TPEOOBAHUSIM.
1. Co3nmaBaTh CHHXPOHM3WPOBAHHYIO C HAMNpPSOKCHHEM TMHTAIONmEed ceTH M-(a3Hyr CUCTEMY
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UMITYJTECOB YIIPABJICHHSI, KQXKIBII U3 KOTOPHIX CIIOCOOCH BKIIOYUTH CHIIOBOM MOTYIPOBOIHUKOBBIN
puoOp, MPUMEHSIEMBIN B CXeMe MPeoOpa3oBaHUsI.

2. ObecneunBaTh TpeOyeMblil CABUT 1O (pa3e UMITYJIbCOB YHPABICHUS OTHOCUTEILHO HANpPSIKSHUS
MUTaHUSI.

3. Jns HameKHOTO OTKPBIBAHMS CHIIOBBIX MOJYIMPOBOJHUKOBBIX MPUOOPOB, MPUMCHICMBIX B
mpeoOpa3oBareisiX  HampsDKEHUsS W HMMEIOIIMX — pa3fMYHble  3HAYEHUS  CONPOTHBIICHUS
YIPaBIAIONIETO IEPEX0/a, BbIpAaOAThIBATh TAKHE 3HAYCHUS TOKA M HANPSIKCHUS YIPABICHHS,
KOTOpbIe 00€CMEeUYHBAIOT X TapaHTUPOBAHHOE BKIIIOUYEHHE C yYETOM MAaKCHUMAaJbHOM MOIIHOCTH,
BBIJIETISIEMON Ha YIIPaBIISIIOLIEM [IEPEXOJIE.

Tak Kkak CONpPOTHBIICHWE YIPABISIIOIIETO IE€PEX0Aa CUJIOBBIX MOJIYIIPOBOJIHUKOBBIX MPHOOPOB
00braHO cocrasiseT 20...30 Owm, a BempsmiIeHHbIH TOK lg = 50...500 A, To HanpsKeHHE HAa BBIXOJIE
YCTPOWCTBA yMpaBICHHWs JOJDKHO ObITh He Oosee 12 B. DTOo CBOWCTBO  CHIIOBBIX
MOJTYIIPOBOTHUKOBBIX MPUOOPOB JaeT BO3MOXKHOCTh HPUMEHSTH B CHUCTEMax YIPaBICHUS
MaJIOMOIIIHbIE MOJYIPOBOIHUKOBBIE MTPUOOPHI (TPAH3UCTOPDI, JUOJIbI, HHTETPaIbHbIE MUKPOCXEMbI
U T.IL.).

4. OOparHOoe  HampspKeHHe, I[I0/laBaéMOE€  Ha  YOPABJISIOMIMUNA  AJNEKTPOA  CHUJIOBBIX
MOJTYITPOBOTHUKOBBIX MPUOOPOB, HE NOKHO mpeBbimath 1,0 B. Hannune oOpaTHOro HanpsbKeHus
Ha YNPaBJISAIOUIEM 3JIEKTPOJIE MOXKET MPUBECTH K YBEIMUEHUIO OOPAaTHOTO TOKA U BBIXOJY €r0 M3
CTpOSl.

5. Jlnig 4eTKOro OTKPBITHS CHJIOBBIX IMOJIYIMPOBOJAHUKOBBIX MPUOOPOB U YMEHBIIEHUS MOIIHOCTHU
MOTEePh BO BCEX PEXHMMax pabOThl (hOPMUPYEMbIC HMITYJIbCHI YIIPABICHHS JTOJDKHBI HMETh KPYTOH
nepeaHuii GpoHT.

6. Jlns mpenoTBpalleHys HepaBHOMEPHOW Harpy3ku (a3 CHMMETpPHs YIPaBISIOLIMX HMITYJIbCOB,
M0/IaBa€MbIX Ha MPUOOPHI Pa3aNyYHbIX (ha3, MTOJKHA MOANEPKUBATHCS C TOUHOCTHIO 1...2 3II. Tpan,
BO BCEM JlMana3oHe (pa3oBOro ynpapieHUs.

7. Jnsa BO3MOXHOCTH PETyJIUPOBaHUS BBIXOJAHOTO HAMPSDKEHUS OT HyNS 10 MaKCHUMAalIbHOTO
3HAYEHUS JI0JKEH ObITh 0OecIeyueH MOJIHbIN AUana30H U3MEHEHUs yIila YIpaBJIeHUs 0.

OcHoBHbIE Y3JIbI cHCTeM ynpaBjeHHusl. PazpaboTtano 0oJbIoe KOJIMYECTBO CHCTEM YIPaBICHUS
CWJIOBBIMHM TOJYIIPOBOAHUKOBBIMU MPUOOpPAMH, YUCIO KOTOPBIX HEMPEPHIBHO BO3pacTaer. ITo
OOYCIIOBJICHO IIHPOKUM Pa3BUTHEM CHIIOBOW TMOJYHIPOBOJHUKOBONH TEXHUKH M TOCTOSHHBIM
paciipenreM obnactel ee npuMeHeHuss. COBpeMEHHBIE CHCTEMbI YIPABICHHUS BBIOJIHAIOTCA Ha
OCHOBE MOJYNPOBOAHUKOBBIX M MAarHUTHBIX 3JIEMEHTOB. C pa3BUTUEM MHKPOIJIEKTPOHUKU
IIUPOKOE MPUMEHEHHE B CUCTEMAaX YIPaBJICHUSI HAXOAT Pa3IMYHbIe HHTETPAIIbHBIC MUKPOCXEMBI U
MHUKPOIIPOILIECCOPHBIE  YCTPOMCTBA. B KadecTBE MAarHUTHBIX 3JEMEHTOB MPEUMYIIECTBEHHO
WCIIONB3YIOTCA HMMIMYJbCHBIE TpaHchopmaropsl. [lo crmocoOy 00pabOTKM CHUTHAJIOB CHCTEMBI
yIpaBICHUS JENATCA Ha aHAl0208ble, B KOTOPHIX BXOTHOW M BBIXOJHOW CHTHANbBI MPEACTABISIOT
co0oll HeNmpephIBHBIC BEIUYHHBI, U YuU@pposvie, B KOTOPHIX BXOJHOM U BBIXOJHOW CHUTHAIIBI
SBIIAIOTCSI TUCKPETHBIMU BeIMYMHAMH. BXO/IHBIE ycTpoiicTBa IpeIHa3HaYeHbl A1 (POPMUPOBAHUS
HaNpsDKEHUM yIpaBieHUs, M0/1aBa€MbIX Ha YIPaBISIIOIIME 3JIEKTPOJbl M CUHXPOHU3UPOBAHHBIX C
nepeMeHHbIM HamnpspkenneM U, U pacmpeneneHuss X MO KaHajlaM YIpPaBlIEHUS COOTBETCTBEHHO
QITOPUTMY TOJKJIIOUEHUS CHJIOBBIX MOJIYNPOBOJHUKOBBIX NMpuOOpoB. Tak, mpu TpexKaHaIbHON
CUCTEME YIpaBJCHUS BBIIPAMUTENIMH HA THUPUCTOPHI JOJDKHBI TOCTYIATh OTIHPAOIINE
VMITYJIbCBI, CIABHUHYTBIE OTHOCUTENBHO Jpyr aApyra Ha yroa 120 nsm. rpax. i ynpaBieHus
TUPUCTOpPAMH IIeCTU(HA3HOTO BBIIPSAMUTENS C HYJIEBOM TOYKOW CHUCTeMa YIpaBJiCHHS JOJKHA
(GbopMHPOBATh OTHUPAIOIINE UMITYIBChI, CIBUHYTHIE OJIMH OTHOCUTEIBHOIO APYroro Ha yroiu 60 3i1.
rpag. Yame Bcero B KayecTBE BXOJHBIX YCTPOMCTB HCIOJB3YKOTCS MHKPOIPOLECCOPHBIE
ycTporictBa. OHHM BKJIIOYAlOT B ce€0s TpPU OCHOBHBIC, JOCTATOYHO YETKO BBIPAKECHHBIC KaK
(YHKIIMOHATBHO, TaK M KOHCTPYKTHUBHO COCTaBHbIE 4YacTH (TIOJICUCTEMBI): BBIYHUCIUTEIHHYIO,
uHTepdeicHyto u snexrponuranus (puc. 10.22).
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Puc. 10.22. ®yHKIMOHATIBHAS CXeMa MHUKPOIIPOLIECCOPHOM CUCTEMBI PETYINPOBAHHUS.

Arnmaparypa MHKPOIPOLIECCOPHBIX CHUCTEM OCYLIECTBISECT BBOJ HMH(OpPMAIMHM OT JATYUKOB WU
KOMaHJHBIX  YCTPOWCTB, JIOTHYECKyl0  00paboTKy »dTOH uH(pOpMamuu B  33JaHHOU
MIOCJIE/IOBATEIbHOCTH U BBIBOJ IOJYYEHHBIX PE3yJbTAaTOB ISl YIPAaBICHUS HCIOJHUTEIbHBIMU
ycTpoiicTBamMu. 3agauM, peulaeMble KaXIbIM KOHKPETHBIM YCTPOWCTBOM, OIPEAEIsIOTCS
QJIITOPUTMOM €T0 pabOThl — YIOPSAJOUYECHHOU MOCIEI0BATENFHOCTBIO AEMCTBUN ¢ KOHEYHBIM YUCIOM
onepanuii, NpPUBOASIIEH K TIOJIYYEHHUIO OIpeNeIeHHoro pesynprata. llocnenoBaTenbHOCTh
BBHITIOJTHEHUS omepanuii (mporpamma paboThl) 3aKIa/IbIBAETCS B CTPYKTYPY IJICKTPUUECKON CXEMBI
U CBA3M MEXKIYy MPOrpaMMHBIMH M  allapaTHbIMU CPEJICTBAMU — DJEKTPOHHBIMH H
3JEKTPOMEXaHUUYECKUMU JJIEMEHTaMH, BXOJSIIMMH B cOCTaB cuctembl. [lpakTtuka co3naHus
MHUKPONPOLIECCOPHBIX aBTOMAaTUYECKUX CUCTEM IOATBEPAMIIA L1E1€CO00Pa3HOCTh X BBIIIOJIHEHNUS B
BUJIE CIIELUATU3UPOBAHHBIX MOYJIEH, MPOOIEeMHO U (PYHKIIMOHAIIBHO OPUEHTHPOBAHHBIX B PAMKax
OTpesieNIeHHBIX 3ajad, alroputMoB U (yHkuui. Ilog modyrem B HaHHOM cilydae NMOHMMAETCS
KOHCTPYKTHUBHO 3aKOHUYEHHOE yCTPOWMCTBO, ITO3BOJISIIOIIEE CAMOCTOSTENIBHO UM B COBOKYITHOCTH C
OPYTHUMH MOJYJISIMH peIllaTh BBIYMCIUTENbHBIE WIM YIPABIAIOIIME 3a/Jayd 3aJaHHOTO Kjacca.
XapakTepHOl OCOOEHHOCTBIO TAKOT'O MOCTPOCHHUS CUCTEM SIBISIETCS TO, YTO HE3aBUCHMO OT
pelaeMbIX 3ajad dJIeKTpUYecKas cxemMa U Habop (QyHKIMOHAIBHBIX MOJYyJEH MOTIYT OCTaBaThCA
IIOCTOSIHHBIMU. Paznuyne B cuctemMax CBOAUTCS K PEAIM3ALUN 3aJaHHBIX aJITOPUTMOB yIIPaBJICHHUS.
BoruncnutenbHas 4acTb cUCTEMBbl OOBIYHO MPEACTaBIIEHA MOJYyJEM Ipoleccopa — KPUCTAIIIOM
0ombIIoN wiu cBepxOombiioi uHTErpanbHOM MukpocxeMbl (CBUC), KOTOpBIH COOEPKUT BCE
JIOTUYECKHE 3JIEMEHTBI, HEOOXOUMBIE JUIsl 00pa30BaHuUs MMOJHOLEHHON BBIYUCIUTENBbHON CUCTEMBI.
ITo cBOMM BO3MOXKHOCTSIM M OBICTPOJEHCTBHIO OH MPUMEPHO COOTBETCTBYET MUKpOOBM, HO He
nMeeT (3a HeHaJOoOHOCTHIO) KJIaBHUATYphI, JUCKOBOJA, YKECTKOTO JHMCKA, BUIECOCHUCTEMBI M CTOJIb
00JIBIIOTO, KaK Y €ro CTallMOHAPHOTO MPOTOTHUIA, 00beMa ONepaTUBHOM MaMsTH. BeruucnurensHas
YacTh NpeJHa3HayeHa Juidl o00paOOTKM YMCIOBOW HWHPOpPMAMM O COCTOSHUHM OOBEKTa
pPErylIMpOBaHMUSI U OINpPEAETCHUS HEOOXOAUMBIX YIPAaBISIOMMX BO3ACHCTBUM Ha OOBEKT.
Muxkpomnpoueccop €O BCIIOMOTaTEIbHBIMM yCTPOMCTBAMM HA3BIBAECTCA MUKPOKOHMPOLLEPOM,
KOTOpBIM 1O cBoel mpupoae siBiserca podorom. OH o0nanaer mMaccoil BO3MOKHOCTEH, HO He
ClIeaeT HUYEro, €CIM €My He COOOLIUTh, YTO JeNaTh. YKa3aHHs JJIs Hero HaxoJATCs B MaMsTH,
HarpuMep B TMOCTOSIHHOM 3armoMuHaromieM yctporctse (I13Y), koTopoe XpaHHWT ympaBISIONIYIO
IIPOrpaMMmy.

BHyTpeHHs CTpYKTypa, WIH, KaK TOBOPAT, apXumeKmypa MUKPOKOHTPOJIEpa, ONPEENIeTcs ero
¢ynkuusmu. OOpabOTKy M TEpechUIKY JaHHBIX MHKPOIPOLECCOp, BXOMSIIMM B COCTaB
MUKpPOKOHTPOJIIEPA, OCYLIECTBISIET C MOMOIIbI0 HAaO0OpPOB  3JEKTPUUYECKUX HUMIIYJIbCOB,
COOTBETCTBYIOILIMX €0 MAIIMHHOMY SI3bIKY. AJ(aBUT 3TOro s3bIKa UMEET BCEro JBa cuMBoia: 0 u
1. BeiOop Takoro andasButa 00BACHSAETCS TEM, YTO TEXHUYECKH HanOoJee MPOCTO PA3IUYUTh OJHO
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U3 JBYX BO3MOJKHBIX COCTOSIHMM 3JIEMEHTApHOIO JIEKTPUYECKOro CUrHaya. [ oCylecTBIEHHUS
onepauuil C JBOMYHBIMH CHTH&JAMH B COCTaBE MHUKpOIIpoleccopa uMmeercs Habop Hu(ppPOBBIX
YCTPOHCTB — TPUITEPOB, PETUCTPOB, CUETUYUKOB, CyMMATOPOB M PA3JIMYHBIX KOMOWHAIIMOHHBIX
JOrn4ecKkux cxeMm. K OCHOBHBIM XapaKTEpUCTUKAM MUKPOIPOLIECCOPA OTHOCAT:

* JUTMHY CJIOBA (YUCIIO OUTOB B OJTHOM KOJIOBOW KOMOWHAIIMH)

* YUCJIO U CXEMY OpraHM3aliy BHYTPECHHUX PETUCTPOB.

* YICJIO IOPTOB JJIsl BBOJA U BBIBOJA WH(OPMAIIHH.

* Ha0Op KOMaHI.

* OBICTPOJICHCTBHE — YHCIIO OTIEPALUii 32 OAHY CEKYHY.

YeM Bblll€ YMCICHHOE 3HAYCHME YKA3aHHBIX XapaKTEPUCTUK, TEM OOJIBIIMMH BO3MOXHOCTSIMU
obnanaetr Mukponpoueccop. Cunxponusayus paboTbl MUKPOIIPOLIECCOPHOM CHCTEMBI IIPEICTABIISIET
co0Oll TOYHOE BpPEMEHHOE COIVIacOBaHHME PabOThl BCEX €€ yacTed sl BBIIOJHEHUS 3aJaHHBIX
ornepaunii. MUHUMAaIIbHBINA TPOMEKYTOK BPEMEHH, (PUKCUPYEMBIIi B MUKPOKOHTPOJUIEPE MIEPHOAOM
CUCTEMHBIX TAKTOBBIX CHTHAJIOB, COOTBETCTBYET BPEMEHHU BBIIOJHEHHUS OJHOM MHUKPOOIEpPALUU.
OTOT MOKa3aTenab OINPENEseT MAKCUMaJbHOE OBICTPOJEHCTBUME MAIMHBI 10 OTHOIICHHIO K
3JIEMEHTapHBIM NpeoOpazoBaHusIM HHpopManuu. CUCTEMHBIE TAKTOBbIE CUTHAJIBI IOCTYIAIOT B TOM
WIA WHOM BHJIE Ha BCE YCTPOWCTBA MHKPONPOIIECCOPHOW CUCTEMBL. Humepghelicnas uacmo
cuctembl (oT anri. interface — creik, 00JacTh KOHTAaKTa, B3aMMOJCWUCTBHS) BKJIIOYACT B CeOsl
CpEICTBa BBOJA AHAJOIOBBIX CUTHAJIOB, TUCKPETHBIX M YACTOTHBIX CUTHAJIOB JATYMKOB, a TaK¥Ke
CpPEICTBa BBIBOJA AHAJIOTOBBIX, AMCKPETHBIX M YIPaBIIOIIMX curHaios. Kpome Toro, k
UHTepPEHCHON  YacTHM  CHCTEMBl  OTHOCATCA  JaT4YMKH, OOECTIeyuBaromie  IEPBHUYHOE
peoOpa3oBaHue aHAJIOrOBBIX CUTHAJIOB. DJIEKTPUUYECKHE CXEMbl BBIYMCIUTEIBHOIO YCTPOIiCTBa U
CTaTUYECKUX TIpeoOpa3oBaTeNeil MOJKHBI OBITh TaIbBAaHUYECKU pa3Bs3aHbl. [ anb8aHuyeckas
Pa36a3Kka BBICOKOBOJIBTHBIX (0OBEKTa pPETyJIMpPOBAHUSA) U HU3KOBOJBTHBIX (BBIYHUCIUTEIBHOTO
yCTpOiiCcTBa) Lienel MpeAHa3Hau€Ha JUIsl UCKIIOYEHMs] IOBPEXKIAECHUS IOCJIEIAHUX IUKOBBIMU
BbIOpocamMu HampspkeHus. Takue BBIOPOCHI BCeria NMPUCYTCTBYIOT B LEMAX, KOMMYTHUPYIOIIHUX
WHAYKTUBHbIE HArpy3Ku (KaTyIIKH pelle, KOHTAKTOPbl M 3JIEKTPOIHEBMATHYECKHE BEHTUIIH).
Pa3ps3ka sBnsieTcs HEOOXOIUMBIM YCIOBHEM HAAEKHOW pabOThl BBIUUCIUTEIBHOTO YCTPOWCTBA
MUKPOMPOIIECCOPHON CUCTEMBI.

ITon ranpBaHMYECKON pa3BsI3KOM MOAPA3yMEBAETCS NEepelaya CUTHajIa OT MICTOYHHMKA K IPUEMHUKY
IIpU OTCYTCTBUU UX (MCTOYHUKA W MPUEMHMKA) TraJbBaHUUYECKON CBS3U (T.€. HEMOCPEACTBEHHOMN
CBS3M DJIEKTPUYECKMMHM IPOBOAHMKAMM). /[l mepenadn dJIEKTPUUYECKOTO CUTHAlA MEXKAY
rajlbBAHUYECKU Pa3BA3aHHBIMU LEMSIMU Yallle BCETO UCIOIb3YeTCsl IMOO SHEPTusi MArHUTHOTO MOJIS
(TpanchopmaTopHas paspsska, puc. 10.23), n1ubo 3Heprusi CBETOBOTO W3IMy4deHHs (ONTPOHHAs
pas3Bsizka, puc. 10.24), ygamie Bcero JUisi yMEHbILIEHUS BHEIIHUX BO3JIEHCTBUN B MHPPAKpaCHOM
nuanazoHe. Ilpu pabGoTe C BBICOKOBOJBTHBIMH AaHAJIOTOBBIMU AJIEKTPUUYECKUMH CUTHAJIaMU
(Hanmpumep, HampsHKEHHE M TOK CHJIOBOM CXEMbI JIOKOMOTHBA) MX TajlbBaHMYEeCKas pa3BsizKa, a
TaKXe, MpU HEOOXOAWMOCTH, TMEpPBHYHOE MaclITaOupoBaHHE (IPONMOPLUOHATIBHOE IOHMKEHUE
YpOBHS1) CHTHaja OCYLIECTBISIETCS B CIELUAIbHBIX YCTPOMCTBAX, Ha3blBaeMbIX AaTyukamu. llpu
U3MEPEHUU HEINEKTPUUECKUX BEJIMYMH JIaTYMKHM OCYIIECTBIIAIOT TakXke IpeoOpa3zoBaHUe
(bu3nyecKoil mpupoabl CUTHAIA.
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Puc. 10.23. Cxema Tpanc(hopMaTOpHOi! ralbBaHUUECKOM Pa3BA3KH.
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Puc. 10.24. Cxema onTpOHHOH T'ajbBaHUYECKON Pa3BA3KHU.
DA — ontpon; U, — HanpsbKeHUe MTUTaHUS.

Hanpumep, nepemMeriienne peek TOIIMBHBIX HacocoB Bbicokoro aasienus (THBJI) nmpeobpa3syercs
C ONpeleNeHHBIM MacTaOHBIM  KOX(QQHUIMEHTOM B  JJIEKTPHUECKOE HANpPsHKCHHE Ha
COOTBETCTBYIOLIIEM BXOJ€ HMHTEp(EHCHON YacTM MHUKPOIPOLECCOPHOH cucteMsl. [lodcucmema
seKmponumanus peaHa3HadeHa Juisi (OPMHUPOBAHUS HANPSDKEHUNA MUTAHUS, HEOOXOIMMBIX IS
paloThI BCEX COCTABHBIX yacTel cuctembl. OHa 0053aTeNbHO MPUCYTCTBYET B OOPTOBBIX CHCTEMaX
pEeryJaupoBaHMs CHUJIOBBIX YCTAaHOBOK TPAHCHOPTHBIX CPEJICTB, IOCKOJIbKY OOpTOBbIE CETH
MOCTICTHUX HE MPUCTIOCOOJICHBI ISl MUTAHKUS MOJOOHBIX YCTPOMCTB, HO MOXXET OTCYTCTBOBAaTh B
CTallMOHAPHBIX CHUCTEMaX, IHUTAEMBIX OT BHEIIHUX HCTOYHMKOB MUTaHUA. Bce cka3zaHHOe
CIPaBEUIMBO Ui JHOOONH MHUKPOIIPOLIECCOPHON CHUCTEMBl aBTOMAaTHMUYECKOI'O PEryIMpOBaHUS U
yIipaBJieHUs (IOKOMOTHBA, aBTOMOOWJISI, CaMOJIEeTa, IPOKATHOTO CTaHa U T.1.).

PaGora mukponpoueccopHoii cucrembl. Jloruka paGoThl MHKPOMPOIECCOPHON CHUCTEMBI, T.€.
MOPSIOK €€ B3aUMOJAEHUCTBUS C 0OBEKTOM, IOJHOCTBIO ONpEAeNsSeTCs YINpaBIAoLeil nporpaMmon
BBIUHUCIIUTENBHON 4YacTU CUCTEMBL. VYmpaenaiowei npozpammori Ha3bIBACTCS IUKINYECKU
3aMKHYTasi, HEIIPEPBHIBHO BBINOJIHAEMAs BBIYMCIUTENBHON YacThIO CHCTEMBI MOCIIEA0BATENLHOCTh
orepaiuili. OTa MOCIEI0BaTENbHOCTh OOECIIEUMBAET OIpPEIEICHHBIM MOPSI0K B3aUMOICHCTBUS
MHUKpPOIIPOLIECCOPHONH CHUCTEMBI DPEryJIMpOBaHUsS ¢ OO0bEeKTOM perynupoBaHus. Cam mHopsaoK
B3aMMO/JICHCTBUS, pealn3yeMblil YIpaBISIIOIIEH MpPOrpaMMOMN, HAa3bIBAETCSl ITOPUTMOM pPadOTHI
CHCTEMBI.

dDaszocosucaiowue  ycmpoticmea UCHOJB3YIOTCA B CHCTEMax YIpPABIEHUS CTaTHYECKUMHU
npeoOpa3oBaTesIMU JJIsl PerylupoBaHus (as3bl YMPaBIAIOUIMX HMIYIbCOB. CXeMbl MOTy4eHUs
VIIPABJIAIONUX UMITYJIBCOB M C/ABHTa WX MO (haze B peasybHBIX (Pa30CABHTAIOMIMX YCTPOHCTBAX
ObIBAIOT PA3JIMYHBIMU. B 35IeKTpOMarHuTHBIX CHCTEeMax YHpaBieHUs (HampuMep, Ha TEIIOBO3€
2T2116 sro 6mox BA-520) mepemeHHOE HalpspDKEHHE CHadalla M3MEHseTcs 1o (opme, a 3areM
capuraercss no ¢asze (puc. 10.25). brok BA-520 cocroutr wu3 (QYHKIMOHAIBHBIX Y3JIOB:
cunxponusupytomend nenu (CLI), npeoOpazosatens HanpspkeHus (ITH), mmpoTrHO-MMIYIbCHOTO
moaynaropa (ILIUM), casuraromeit ienouku (PL]) u nByx 6mokunr-reneparopos (bI).

Uz——[ cu |~ mH | um —{ Pu
f
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PACCOTNACOBAHMA

Puc. 10.25. ®dyaknuonansHas cxema 611oka bA-520.

CII — cunxpounusupyromas nens; [TH — npeobpazoBarens Hanpsioxkenus; LM — mupoTtHo-
UMIyAbCHBIN Moaynsitop; PLI — casuratomas nenouka; bI'l u BI'2 — Gi10kuHr-renepatopsl.

BxonHoe mepeMeHHOE HaNpsKEHHE MOJAeTCsl Ha CMHXPOHU3HPYIOIIYIO II€Mb, OCYIIECTBIISIONIYIO
nepekitoueHue  TpaHzucropoB IIH  CHHXpOHHO ¢ 4YacTOTOM  HaNpsOKEHUS — MUTAHMS.

[IpeoOpa3zoBarens HampsbkeHuss nutaer IIIMM, kxotopsiit yepes3 cnapuratomnyro nenodky (PLI)
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3aIlyCcKaeT Moo4YepesHo OJIOKUMHr-TeHepaTopsl. Ha BBIXOAaxX OJIOKMHT-TEHEpaTOpPOB (OPMHUPYIOTCS
HMMITYJIbCBI 3aJIaHHOM JUTUTENBPHOCTH W HampspkeHus. dazocnpuraromiee yctpoiictBo (puc. 10.26)
coliepkUT reHeparop omnopHoro HampsbkeHust (I'OH), BbIXxoaHOE HampshKEHHE KOTOPOTO PAaBHO
Hanpspkennto U; u nynb-opran (HO). Ha Bxon Hynb-oprana, kpome onopHoro HanpspkeHust Ugy, B
JaHHOM CIIydae UMEIOIIEeTo MUiIoo0pasHyto ¢popMy, nojaercs BHemHee Hanpspkenue Uy. B MmomenT
paBeHcTBa HamnpspkeHuil Uo, u Uy Hynb-opran nepextouaercs. Ilpu usmenenun 3Hauenus Uy
M3MEHSETCS MOMEHT BpPEMEHHM IEpPEeKIIOUEHHs] HYNb-OpraHa, B pe3ylibTaTe H3MeHsercs (aza
YIOPaBISIOIUX MMITYJICOB OTHOCUTEJIBHO Haudaja IMOJOXKHUTENbHOIN MOoNyBOJNHBI HampsbkeHus Uo.
Hynb-opran Qa3zocnBuraroniero ycTpoWCTBa HMEET BBIXOJHON CHTHAlT Malloi MOIIHOCTH U
pou3BoJbHON GopMbl. [losTOMY U1 TONTyUeHUsT YIPABIAIOMIUX UMITYJIbCOB TpeOyemoii hopMbl U
JUINTEIbHOCTH, TAJIbBAHUYECKOM pa3BsI3KM CUCTEMBI YIIPABIIEHUS C CUJIOBOW YaCThIO CTAaTHUYECKOIO
npeoOpa3oBares, yCHICHUS UMITYJIbCOB U PA3MHOXKEHHUS UX TPU TPYIIIIOBOM COEIMHEHUHU CHIIOBBIX
MOJTYIIPOBOTHUKOBBIX MPUOOPOB MpPEIHA3HAYCH OAHMH Y3el, UMEHYEeMbIi 00bIYHO (hOpMHUpOBATEIEM
uMITyibcoB (D).

Y

Uy

Puc. 10.26. ®dynkunonanbHas cxema (a) u auarpammbl padboThl (6) ha3ocaBHUraroIero ycTponcTsa:
['OH — renepatop onopHoro Hanpsbkenus; HO — Hynb-opras;
®U — popMupoBarTenb UMITYIbCOB

Puc. 10.27. Cxema TpaH3uCTOPHOTO (HOPMHUPOBATEIST UMITYJIHCOB.

Ha puc. 10.27 npuBeneHa cxema TpaH3UCTOPHOTro (GopmupoBaTess ummnyiabcoB. Korga ¢ Beixona
HyJb-opraHa Ha 0a3y TpaHzucropa VT1 mocrymaer uMIyIbC HampspkeHHs yrnpaieHus Uy,
Tpan3uctop VT1 oTKpbIBaeTcs M uepe3 MEpBUUYHYIO OOMOTKY TpaHchopmaropa T mpoTekaer
KpaTKOBPEMEHHBIH MMITyJabC Toka. Co BTOpHMYHOW OOMOTKHM TpaHcopMaTopa YCHIEHHBIN
KOPOTKHH WUMITyabc TOKa |y moctymaer Ha ympapisromuii 3iexktpox tupuctopa VSL. Ilpm
napajyielIbHOM WIH MOCIIE0BaTeIbHOM COeTMHEHUH TUPUCTOPOB TpaHchopmarop T MokKeT uMeTh
HECKOJIbKO BBIXOJHBIX OOMOTOK. Pesnmctop R2 orpaHmumBaeT KOJUIEKTOPHBIM TOK BO BpeMs
HacbleHus: Tpancopmaropa. uox VDI 3amumiaer TpaH3UCTOp OT MEpEHANPSIKEHUS MPH €ro
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BeikmoueHnn. Jlnon VD2 He mpomyckaeT OTpuLaTeNbHbIE HMITYJIbChl BTOPHYHOW OOMOTKHU
Tpanchopmatopa T Ha yOpaBISIOMUNA SJAEKTPOA THUpUCTOpa. [l ympaBieHHs MOIIHBIMHU
TUPUCTOPAMH LIMPOKOE NPUMEHEHHE Hauu (HOPMUPOBATETN HMMITYJIbCOB Ha MAaJIOMOIIHBIX
THUPUCTOPAX C MaJbIMH ToKamu yrpasieHus (puc. 10.28). B ucxognom cocrostauu konjaercarop C
3apsbKaeTcd OT HCTOYHMKA 3ajatouiero HampspkeHus U, depe3 VDI, Ilpu nomaue ummyibca
HanpspkeHuss Ugy, TMOCTyHaromiero ¢ BbIXOAA HYJIb-OpPTaHa, OTKPBIBACTCS BCIOMOTATENIbHBIM
tupuctop VS1 u konzaencarop C paspspkaeTcs 1o Lenu: nepBruyHas 0OMOTKa Tpancopmaropa T —
R2 — VS1. Ilapamerpsl 3TO# Iienmud BHIOMPAIOT TakK, YTOOBI B IMEPBHYHONM OOMOTKE MpOTEKaI
KOPOTKMHA UMIIYJIbC TOKA, & HA BTOPUYHOM — MHAYLUPOBAJICS Y3KHI MMITyJbC TOKa ly ¢ KpyThIM
nepetHuM GPOHTOM JJIsl TApaHTUPOBAHHOTO OTKPBITHS CUIIOBOTO TUpUcTOopa VS2.

Puc. 10.28. Cxema THpHUCTOPHOTO POPMHUPOBATEIISI UMITYIHCOB.

Hcnonp3oBanne TpaHCPOPMATOPOB /ISl TaJbBAaHMUYECKOW pPAa3BA3KH CHCTEMBl YIPABICHUS U
CHJIOBOM 4YacTu IpeoOpa3oBareisi UMEEeT HEKOTOpble HEAOCTaTKH. B mporecce KoMMyTanuu
TUPUCTOPOB HMMITYJbCAMH TOKa OOJBIIOW AaMIUIMUTYIbl B Pa3pAgHBIX IIETSIX COMPOBOXKIACTCS
BBICOKUM YpOBHEM IoMeX. M3-3a Hamuus napa3suTHbIX (3JE€KTPOMAarHUTHBIX M eMKOCTHBIX) CBSA3EH
MEXy MIEPBUYHON W BTOPUYHOW OOMOTKAMH 3TH TIOMEXHU PACIIPOCTPAHSIOTCS 110 COSAMHUTEEHBIM
npoBosiaM. boree mepcrneKTUBHBIM CPEACTBOM OOecledeHUs! TalbBaHUYECKOW DPa3BsI3KU B LEMAX
npeoOpa3oBaresiss ©  TIOBBIICHHS TTOMEXO3AIIMIICHHOCTH  SBISICTCS NPUMEHEHHE CXEM
¢dbopmupoBarenell MMITyJbCOB C OINTOIEKTPOHHBIMU IpHOOopamu. B KkadecTBe ympaBisieMoro
DJIEMEHTa B TaKUX (OPMHPOBATENSIX HMMITYJIECOB HCIOJB3YIOTCS AHOAHBIC, TPAaH3UCTOPHBIE M
TUPUCTOPHBIE OMNTOIEKTpOHHBbIe npubopsl. Ha puc. 10.29 mpexacraBieHa ogHa M3 THUIIOBBIX
OTITO?JIEKTPOHHBIX CXEM, MCIIOJIb3YEMBIX B Ka4eCTBE KOHEYHOTO y3ia (hopMUpOBaATENsT MMITYJIHCOB
JUI KOMMYTaluu cuiioBoro tupucropa VS1. Cxema cOCTOUT U3 BXOJHOTO (JOPMHUPOBATEIIS CUTHANIA
yIpaBlieHUs, BBIMOJIHEHHOro Ha uHBepTope DDI1, onTpona rambBanuyeckoil passsizku DAL u
cunoBoro Tpansuctopa VT1. lnoast VD1 u VD2 ciyxaT u1st 3auTsl cuiioBoro Tpansucropa V11
U BBIXOJIHOTO TpaH3ucropa ontpoHa DAL oT mpeBblllieHNs] HAIPSHKEHUST M HANPSKEHUs] 0OpaTHOU
MOJISIPHOCTH.

Paborta cxembl cBoauTcs K cheayromemy. Ilpu Hu3KOM ypoBHe HampsbkeHuss Uy, Ha BXoje
unBepTropa DD1 Ha ero BbIXOE YCTaHaBIMBAETCS BBHICOKUN YpOBEHb HAINPSDKEHUS, B pe3ysbTare
4ero CBeToauoN U ¢ororpaH3zucTop onTpoHa DAL HaxoasTca B 3aKpbITOM COCTOSHUU. JlemuTens
HanpsbkeHus R5-R4 nmonaer Ha 3aTBOp cuiioBoro Tpansucropa V11 HanpsbkeHUe MOJI0KUTETbHON
MOJISIPHOCTH, KOTOPOE YIEPKHBAET €r0 B OTKPHITOM COCTOSIHHMH. B 3THX YCIOBHSX HMITYJIBCHI
yIpaBiieHUs] CHJIOBBIM TupuctopoM VS1 He ¢opmupyrorcsa. Eciu na Bxonme muBepropa DD1
YCTaHABJIMBAETCSI BEICOKUH YPOBEHb HANPSDKCHUS, TO Ha €ro BBIXO/e OyneT HU3Kuid ypoBeHb. [Ipn
3ToM cBeToauoa ontpoHa DAL oTkpbIBaeTcs MONOXKUTENbHBIM HampsbkeHuem Uy, u ero
M3JIy4eHHE B CBOIO oOuepenp OTKpbiBaeT ¢otorpansuctop ontpoHa DAL, B pesymbraTte
IIYHTUPYETCsl Tepexoj 3aTBOpP — CTOK cHuioBOoro Tpausuctopa VT1 u mocnemaHuii 3akpeIBaeTcs,
noJiaBasi UMITyJIbC yrpasieHus: ot Uy, depe3 pesnctop R6 Ha ympaBistomuil 3JeKTpol CHIIOBOTO
tupucropa VS1.
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Puc. 10 29. Cxema popmupoBaTenst umnyabcoB cucteMbl YCTA
(yHHpHUIIMPOBAaHHAS CUCTEMa TETIJIOBO3HON aBTOMATHKN)

OmnwucanHast cxema (OPMHPOBATENS UMITYJICOB 00E€CIICUNBACT MOJTHYIO TaJbBAaHMUYECKYIO PA3BSI3KY
Lenei ympaBlIeHHS W HArpy3kd IpeoOpas3oBaress, a TakKe MOMEXO3aIIUIIEHHOCTh CXEMbl B
3aKpBITOM COCTOSTHUHM. DTO 00YCIIOBIICHO TE€M, YTO CBETOAMOJ ONTPOHA UMEET COOCTBEHHBIN TOPOT
cpabaTbIBaHHMS.

KommyTanusi TuprcTopoB npeodpasoBaresieil HanpsizkeHust. /{151 IpUHYAUTEIBHOTO 3alIMPAHUS
TUPUCTOPA, BKIFOUYEHHOTO B IIEb TOCTOSIHHOTO TOKA, TPUXOJUTCS IPUMEHATH CHEUAIbHbIE MEPHI.
BBIKITIOUMTH TUPUCTOP MOXKHO, YMEHbIIAs MPSIMOI TOK HUXKE 3HAUEHHUS TOKA yJep>KaHus, HO B ’TOM
cllydae BpeMsl 3alHupaHusi TUPUCTOpa OyJIeT OTHOCUTENBHO O0IbIIUM. UTOOBI 3aKPBITh TUPUCTOP B
T€YEHHE MHUHMMAJIBbHOTO BPEMEHM, K HEMY HYXHO NPUIIOKUTH 00paTHOE HalpspkeHue. Tupucrop
3amupaeTcss C  MOMOIIBIO  HMCKYCCTBEHHOW  (NMPUHYIUTENBHOH) KOMMYTAallUM, KOTOpas
OCYIIECTBISIETCS KPATKOBPEMEHHBIM IIPOITYCKaHHEM Yepe3 HEro TOKa B 00paTHOM HarpasiieHUH. B
pe3yNbTaTe Yero ero aHOIHbIM TOK YMEHBIIAETCS 10 3HAYEHHUs TOKa BhIKIIoueHus1. OOpaTHbBIN TOK U
HanpspKEHWE MOTYT OBITh IOJIyYEHBl OT CIELUAIbHOIO HCTOYHUKA IOCTOSSHHOTO TOKa, HO B
OOJIBIIMHCTBE CIy4yaeB 3TUM HCTOYHHKOM SIBIISIETCS MPEABAPUTENBHO 3apsHKEHHBIN KOHAECHCATOP,
Ha3bIBa€MbId kommymupylowum. Ecnu 1as BBIKIIOYEHHS] CHJIOBBIX THUPHUCTOPOB HCIOJB3YIOTCS
CIELIMAJIbHbIE KOMMYTUPYIOIIME TUPUCTOPBI, TO KOMMYTAIlUsl Ha3bIBAETCS UCKYCCMBEHHOU. B aTOM
cillydae JJsi BBIKJIIOUYEHHUS CHUJIOBBIX THUPHUCTOPOB Ha KOMMYTHUPYIOLIUME THUPHUCTOPBI TMOJAOT
YIIPaBJISAIOUINE UMITYJIBCHI. B TeX cilydasx, Korja CHUKEHUE TOKA CUIIOBOTO THPUCTOPA MPOUCXOANUT
B pe3yibTare KoyebaTelbHOTO Ipollecca B KOHType KOMMYTaluu 0e3 NpHUMEHEHHUs
KOMMYTHPYIOIIUX THPUCTOPOB, TOBOPST O ecmecmeenHol KOMMYTALUH.

Ilo ckopocTu 3ameasieHus TOKa pas3psiia KOHAEHCAaTopa pazinyaroT CUCTEMbl C MTHOBEHHOW U
3aMEJUICHHOM KOMMyTanuend. B cucremax ¢ 3aMeUIGHHOM KOMMYyTalMed IPOU3BOJIHBIE TOKa
OTPaHUYUBAIOTCA UHAYKTUBHOCTHIO KOMMYTHPYIOIIUX PEAKTOPOB.

ITpu ucKycCTBEHHON KOMMYTAIMK K TUPUCTOPAM MPEIbSBIAIOT psiJ TpeOOBaHUI:

MMETh MUHUMAaJIbHbIE 3HAaYEHHUS] BpeMeHM BKItoueHHs (MeHee 10 MKc) W BbIKIIOUeHHS (MeHee 25
MKC); UIMETh 10 BO3MOXHOCTH OJIN3KHE JIEKTPUUYECKUE MapaMeTphl; BbIAEP)KUBATh 3HAUNUTEIIbHbIC
ckopoctu HapacTtaHus Toka (6omee FOOA/mkc) u Hanpspkenust (6onee 100 B/mkce). [lns aToit nenn
Jay4iie Bcero moaxoasaTt Ttupuctopsl TY (BeicokodacToTHhie) U Th (ObIcTpoaeicTByromIUE).
KomMmyTupymomure KoHAEHCaTOphl TakKe JOKHBI 00eclieuuBaTh IpU pa3psiie BHICOKYIO CKOPOCTh
HapacTaHUs TOKa, OONBLIYI0 aMIUIUTYAy M HaAEXKHO paboTaTh INpH BBICOKOW TeMmmepaType.
[IpuMeHsisi MCKYCCTBEHHYIO KOMMYTAIlMIO, MOXHO CO3/1aBaTh OECKOHTAKTHBIE BBIKIIOYATEIH U
NEePEeKIII0YaTeId MOCTOSIHHOTO TOKAa, AaBTOHOMHBIE HHBEPTOPHI, MPeoOpa3oBaTeild 4YacTOThl B
YCTPOMCTBAX HMMITYJILCHOTO peryiupoBaHus HanpsbkeHus. B cxeme puc. 10.30, a 3anupanue
tupuctopa VS1 00yclioBIIEHO pe30HAHCHBIM XapaKTepoM Harpy3ku B ero uenu. [Ipu ornupanun
tupucropa VS1 pabouwnii TOK, MPOXOIAIINI Yepe3 Hero, 3apspkaeT KoHaeHcatop C ¢ MOISpHOCTHIO,
yKa3aHHOM Ha cxeMe B CKoOKax. 3aTeM pabouuii TOK B KoyieOaTelbHOM KOHType, 00pa30BaHHOM
peaktopom L u kongencaropom C, cnanaet no Hyns. Kongencarop nepesapsikaercs (MOJISIPHOCTD
ykazaHa 06e3 CKOOOK), ero TOK M3MeHseT CBOe HampasjeHue, Tupuctop VS1 3anupaercs. Bpewms, B
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Te4eHue KOTOporo Tupuctop VS1 HaXoaUTCS B OTKPBHITOM COCTOSIHUH, PAaBHO TOJIOBHHE MEPHOAA
COGCTBEHHBIX KOTeOanmii pesonancHoro koutypa: t = mVLC. Harpyska R, MOXeT GbITh BKIIOUYEHA
KaK TapajuieabHO KoHaeHcatopy C, Tak M IMOCIENIOBaTeIbHO ¢ pe3oHaHCHBIM KoHTypoMm LC. B
cxeme Ha puc. 10.30, 6 3anupanue THpuctopa VSl Takke HPOUCXOAUT HU3-3a PE30OHAHCHOIO
M3MEHEHHS HAINpPaBJICHUS MPOXOASIIETO Yepe3 HEro TOKa, HO 3TO OCYIIECTBISIETCS C MOMOIIBIO
BcrioMmorarenbHoro LC-konTypa. lo Brmodenuss tupucropa VS1 kxonaeHcatop C 3apspkaetcs
(monsspHOCTH yKa3aHa B ckoOkax). Korma Tupucrop VS1 oTkpbeiBaercs, oH mryHTupyeT KOoHTYp LC,
koHzeHcatop C nepe3apsibkaercs yepes peakTop L u ero noisipHoCTh U3MeHsieTcst Ha o0paTHylo (3Ta
MOJISIPHOCTD yKa3zaHa 6e3 cko0ok). Bo Bpems aToro mporuecca uepe3 tupuctop VS1 nporekaroT asa
TOKa — TOK Harpy3ku M TOK Iepe3apsia KoHIeHcaropa. Buauane 3Ty J1Ba TOKa COBIAJAIOT IO
HANpaBJICHUIO, 3aT€M TOK pa3psla KOHJEHCAaTOopa HauWHAeT MpoTekaTh depe3 tupuctop VS1 B
HaIpaBJIEHUH, IPOTUBOIIOIOKHOM TOKY Harpy3ku. Korjga cymMapHbIi TOK MagaeTt 10 HyJIs U 3aTeM
M3MEHSET CBOE HarpasiieHue, Tupuctop VS1 3akpeiBaercs. s yBeIUYeHHUS MPOIOJKUTEIBHOCTH
OTKPBITOrO cOCTOSIHUS THpUcTopa VS1 npu MCKycCTBEHHOM KOMMYTAllMM B TaKMX CXE€Max MHOTIa
UCTOJNB3YIOT PEAKTOPbl MM  aBTOTPAaHCPOPMATOPHI C HEIWHEHHOH HMHIYKTUBHOCTBIO (C
HACBIAIONIMMHUCS ~ CEepACYHUKAMH, HMEIOIIMMU  MPSIMOYrOJbHYIO  NETII0  THCTEpe3uca).
PaccmoTpenHble COCOOBI KOMMYTAaIlMM HIMPOKO HMCIOJB3YIOTCS B ABTOHOMHBIX WHBEPTOpax M
PEryNnaTopax, CIyKalux JUisi 4aCTOTHO-UMITYJIbCHOTO PEeTyIupoBaHus HampsbkeHus. Ha cxeme puc.
10.30, 6 Tupuctop VS1 3ammpaercs mnapaieNbHO TOAKIIOYEHHBIMH KoHAeHcatopom C u
tupuctopoM VS2. IlepexiroueHne THUPUCTOPOB MPOU3BOAUTCS YCTPOWCTBOM  yIPABJICHHS,
UMITYJIBCHI KOTOPOTO IMOJAIOTCS MOOYEPETHO Ha YMPABISIONIME 3JEKTPOJbl THPUCTOpoB VS1 n
VS2. Korna tupucrop VS1 oTKpbIT, uepe3 pe3uctop Ry, u konnencatop C nporekaer TOK 3apsia u
Ha KOHJICHCATOPE YCTaHABJIMBACTCS MOJIIPHOCTD, yKa3zaHHas B ckoOkax. [Ipu oTnimpanuu Tuprcropa
VS2 kougencarop C paspsibkaercs Ha Ttupucrop VSl B HampaBiaeHMH, MPOTHUBOMOJIOKHOM
MPOTEKAaHWIO TOKa Harpy3ku, u Tupuctop VS1 3ammpaercs. Ilocie 3akpeitusi tThprcropa VS1
koHZeHcaTop C HauMHAET 3apsbKaThbes depe3 pe3uctop Ry U mpuoOperaeT MpOTHBOIOIOKHYIO
noJsipHocThb. [Tpu moBTopHOM OTKpBITHH THpUCcTOpa VS1 mpoucxonut nepesapsn konaeHcaropa C.
OH paspsikxaetrcs Ha TUpuUcTOop VS2, BCIEACTBHE YEro 3TOT TUPHUCTOP 3alUpacTcs. DTOT CIOco0
KOMMYTAallUH TUPUCTOPOB LIMPOKO MPUMEHSETCS B aBTOHOMHBIX HHBepTOopax. Ha cxeme puc. 10.30,
2 3alnMpaHue CHiIoBOro Ttupucropa VS1, BKItOWeHHOro B Iienb Harpy3ku Ry, ocymiectBisercs
KoMMyTHpyomuM KouaeHcatopom C wmu LC-xoHTypoM, moakmodaeMmbiM K Tupuctopy VS1
KOMMYTHPYIOIIUM  THpUcTOopoM VS2 wmanoii  MomHoctu. Ilepesapsin  KOMMYTHPYIOIIETO
KoHJleHcaTopa C MPOUCXOTUT dYepe3 IENOUKy, coaepkamyo uHAykTuBHOCTH L u gmonm VDI.
[IpenBapuTenbHO OTKPBITHEM KOMMYyTHpYyroliero tupucropa VS2 konaencatop C 3apsbkaercs
yepe3 Harpy3ouHbll pe3uctop R, u mpuoOperaeT MOJSPHOCTh, yKa3aHHYIO B CKOOKax. 3arem
OTKpbIBaeTCs cuiloBoi Tupuctop VS1 u npoucxoaut nepesapsisi KOHJIEHCaTopa Yepe3 pe30HaHCHBIN
KOHTYp, 00pa3oBaHHbII KoHJIeHcaTOpoM CH MHIYKTUBHOCTBHIO L. Eciu Obl B 3TOT KOHTYp HE ObLI
BKJto4eH nuoa VDI, To mpoucxoaun Ob1 HENpepbIBHBIN MpoIece 3apsaaa U pa3psiia KOHASHCATopa,
M TOK B KOHTYpE U3MEHsJI Obl CBOE 3HAYCHHE W HAMPABIICHHE C PE30HAHCHON yacToToh. OmHAKO
mnoa VD1 He mo3BossieT 3TOMY TOKY M3MEHSATh CBO€ HampasieHue. [103ToMy mpoucxoauT Juib
OJTHOKpATHBIN repe3apsa KoHaencatopa C, U OH MPHOOpETAaeT MOJSAPHOCTh, YKa3aHHYIO Ha cCXeMe
6e3 ckoOok. Ilpu MOBTOPHOM BKIIIOYEHHWH KOMMYTHUpYlomiero Tupuctopa VS2 xonaencartop C
paspsbkaercs Ha cwioBod Tupuctop VSI1, m oH 3akpbeiBaetcs. [Ipu sTom koHmeHcatop C cCHOBa
nepesapspkaeTcs yepe3 Harpy3o4HbIi pesuctop Ry M mpuodperaeT nepBOHAYAIbHYIO MOJSPHOCTD,
T.€. OKa3bIBAETCS TIOJTOTOBJICHHBIM IS HOBOTO KA PabOTHI. DTOT CITOCOO KOMMYTAITHH ITHPOKO
NPUMEHSIETCd B PEryasTopax, KOTOpbIE CIYXaT sl HIMPOTHO-UMIYJIBCHOTO PETyIHMpPOBAaHUS
HaTIPSOKCHHUS.
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Puc. 10.30. Cxembl KOMMYTallul TUPUCTOPOB.
@ — eCTeCTBEHHAsi KOMMYTAIHs; O — C TIOMOLIBIO TonoyHuTeNnsHOTro LC-KoHTYpa;
8 — C TIOMOIIbI0 KOMMYTHpYIOIIero konaeHcaropa C,
2 — C IOMOIII0 KOMMYTHPYIOIIETo Tupucropa VS2,
0 — C TMIOMOIIBIO JTOTIOJIHUTEIHHOTO UCTOYHUKA HanpspkeHus: GB

B cxeme puc. 10.30, 0 cunoBoii Tupuctop VS1 3anupaercs UMITyJIbCaMU TOKa, KOTOPbIE MOAAIOTCS
OT BHEIIHEr0 WCTOYHMKA HampsbkeHus. B mpocrteiiiem ciydyae B KadecTBe  KJIKOYa,
noJKIoyaroniero kK tupuctopy VS1 ucrounuk obpatHoro HampspkeHuss GB, Moxer ciayXuTh
tpan3uctop VT1. MoXHO Takke moJiaBaTh UMIYJIbC OOPaTHOIO TOKA OT BHEUIHETO MMITYJIbCHOIO
reHeparopa uepe3 TpanchopMaTop TOKa, BKIOUYEHHBIN MOCIEI0BaTEIbHO ¢ HATPY3KOi.
KoHTponbHBIE BOITPOCHI

1. HazoBute o6sacTi mpuMeHeHHs 01HO(a3HBIX U TpeX(a3HbIX BHIIPSIMUTENEH IEPEMEHHOTO
HaTPSHKCHHUS.

2. HazoBuTe criocoObl yMEHBIIEHUS MyJIbCAIMH BBINMPSMIEHHOTO HaNPSKEHUS.

3. HazoBuTe XapakTepHble 0COOEHHOCTH Pa0OThI YIIPABISIEMbIX BBIITPSIMUTENEH.

4. B yeM cOCTOUT NMPUHIUIT PaOOTHl HHBEPTOPOB TOKA U HANPSHKEHUS?

5. HazoBuTe 0cO0EHHOCTH IpyNIOBOM pabOThI CUIIOBBIX MOJIYIPOBOJHUKOBBIX IPHOOPOB.

I'nasa 11.
IJIEKTPUYECKHUE MAIINHBI
MNOCTOAHHOT'O TOKA HA ITIOJIBUKHOM COCTABE.
11.1. TAroBble reHepaTopbl TENJIOBO30B.

TsroBeie TeHEepaTOPH TEIIOBO30B MPEIHA3HAYCHBI ISl MIPEOO0pa30BaHUS MEXaHUUYECKOW HYHEPTUU
JU3ENs B DJIEKTPUYECKYIO, KOTOpasi MepeaaeTcsl TATOBBIM 3JIEKTpoABUTATENsIM. B MOMEHT mycka
JU3esl TIATOBBIE T€HEPAaTOphl IOCTOSHHOTO TOKa paboTaloT KpPAaTKOBPEMEHHO B PEKUME
AJIEKTPOJIBUTATENS C MOCEA0BATEIbHBIM BO30YKICHUEM, MPUBO/IS BO BPAIICHUE KOJICHUATHIN Bal
ausens. TeXHUYecKue XapakTepUCTHUKH TATOBBIX T€HEPATOPOB TEIUIOBO30B IIOCTOSHHOTO TOKA
npuBeneHbl B Tabn. 11.1. Ha TemmoBo3ax TATOBBIM TE€HEPATOP MOXKET OBITh COCIMHEH C JIU3EJIEM
OJTHUM U3 JBYX BO3MOXHBIX crmoco0oB. [Ipu mepBoM cmocobe cTaHWHA TeHepaTopa >KECTKO
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COCIMHEHA C KapTepoM IU3eis, a KOPIyC SKOps — C KOJEeHYaThiM BajoM. Kpome TOro, craHuHa
MMEeT Jlalbl, KOTOPHIMH OMHUPAETCs Ha MOJAM3ENIbHYI0 paMy. BcriencTBue Toro, 4to MarHuTHas
CHCTEMa U SIKOPh 3aKPEIUICHBI HE3aBUCHMO M JKECTKO, JJIS MOJyYeHHS MUHHMAJIbHBIX OHMEHHA
UWIMHIPUYECKON TOBEPXHOCTH KOJUJIEKTOpa IO OTHOLIGHUIO K IIETKOAEpKaTeasM Ball
[EHTPUPYETCS B IMUTE CHEpUUECKHM MOIIUIHUKOM. Harpy3ka Ha S3TOT POJMKOIOAIIUITHUK
OTIpE/IEISICTCS HECOOCHOCTBIO SIKOPS M MArHUTHOM CHCTEMBbI C MIETKOoAepxkareinsiMu. Takum
CrIoco00M COETMHEHBI TATOBBIE TeHepaTopsl ¢ au3ensimu tunos 150, ITJ[1M Ha TemnoBo3ax cepuit
TOMI1, TOM2.

Bropoii cioco6 mpeaycMaTpuBacT COSAMHEHUE Bajla SIKOpPS TATOBOTO I'€HEpaTopa ¢ KOJIEHYATHIM
BaJIOM JM3eNs uepe3 MoayxkecTKyro My(dpty. CTaHHMHA TATOBOIO TeHepaTopa ONMUpaeTcs JanaMu Ha
noaau3zenbHyo pamy. Ha teroBozax 2M62 (¢ nuzenem 14/140), TD40 (¢ quzenem [170), TOLIO (c
muzenem 117145), T9109, V300, 2T3116, 2TD121 (¢ mmuzenem [[49) ucnonb3yercst 3TOT Crocoo
COeMHEHUS. Y CTPONCTBO TATOBBIX T€HEPATOPOB IMOCTOSHHOTO TOKA PA3IMYHBIX THIIOB UMEET CBOM
OCOOCHHOCTH, XOTS 3J€Chb MOXKHO BBIICTUTh W 00ImMe TexHudyeckue pemeHus. Haubonee
TUNUYHBIM 110 KOHCTPYKLUMHU siBisieTcs Troselid reHeparop I'TI31165 temnoso3oB 2TD10 Beex
Moaudukanuii. OCHOBHBIMHU y3JIaMU 3TOro TeHepatopa (puc. 11.1) sSBastoTCS SIKOpb, MarHUTHAs
CHCTEMa, COCTOSIAs W3 CTAaHWHBI, TJIABHBIX W J00ABOYHBIX IIOJIFOCOB, IMOALIMITHUKOBBIA MIHT,
TpaBepca co MIETKOIePKaTeIsIMU U TOPLIOBBINA MAaTPyOOK ISl MOABO/IA OXJIAXKAAIOIIET0 BO3TyXa.

Tabnuya 11.1. Texnuueckue Xapakxmepucmuky msa208blx 2eHepamopos menio80308

XapaKTepuCTUKA Tum TrOBOTO TEHEpaTOpa
MIIT- MIIT-
84/39 120/49 I'T13006 I'T3116 I'TI311B 1312
T310,

Ce TOMI TAII10 TOM2, ([2T210M, 3T210M,| TIII60, Me62,

PUil TELIOBO3A | TOM2M | 2TD10JI, 2T210B | 2T3M160 | 2M62

2T310J1

MorHocTb, KBT 700 2000 780 2000 2000 1270
Tok mpogomiiTeBHOrO 1200 | 4260 1210 4320 4320 3570
pexxuma, A
Hanpsoxenne, B! 900/700 | 700/470 870/645 700/465 635/465 | 570/365
Yacrora BpaueHus, 00/MUH 740 850 750 850 750 750
Turmr 0OMOTKH STKOPS [lernesas | JIarymaues | IlerneBas [lerneBast Ilernesas | [lerneBas
Uucio noJtocoB:
IJIaBHBIX” 8 10 8 10 10 10
JI00aBOYHBIX 8 10 8 10 10 10
Bo3ayumHsslii 3a30p, MM:
MOJT CEPETMHOM TJIABHOTO TMOJTI0Ca 4 5 4 5 5 5
1o 700ABOYHBIM TOIOCOM 6,8 13 8 15,5 15,5 9,5
YuCII0 KOJUIEKTOPHBIX TIACTHH 380 465 380 465 465 444
Macca, kr 4500 9500 5000 8900 9000 7400

B uncnurene YKa3aHO MaKCUMAaJIbHOC HaNIPsHKEHUE, a B 3HAMCHATEJIC — HOMHWHAJIBHOC. Bce sl T€HEPATOPOB UMEIOT
HEC3aBHCHUMOC BO36y)K,H€HI/I€.

KoncTpykuust sikopsi. SIKOpb TEMIOBO3HBIX TATOBBIX reHEpaTopoB (cM. puc. 11.1) U3roToBusioT ¢
ykopoueHHbIM BaioM 1. Takas KOHCTpYKIMs, Ha3blBaeMas «0e36albHOl KOHCMPYKYueu»,
MO3BOJISIET CHU3UTh Maccy TATOBOTO T'€HEpaTopa M TeMIlepaTypy HarpeBaHHs OOMOTKH, a KpoMe
TOTO, YMEHBIIUTh TPYJOEMKOCTh W3TOTOBJIEHUS U peMoHTa. PanuanbHO-oceBas cucTeMa
OXJIaXJIeHUs sIKops, mpuMeHeHHas B reneparope I'TI3116, Tpebyer cBoG0HOTO TIO1BOIA BO3TyXa B
LEHTPAJIbHYIO YacTh SIKOpsA ([UIs1 BXoJa B paauaibHble KaHalbl). C 3TOH LENBI0 KOPIYC HMEET
peOpHCTYI0O KOHCTPYKILIMIO U COCTOMT U3 CBapHOJIMTOro Oapabana 19, k KOTOpoMy MpUBapeHsb! ABa
JUTHIX (1aHua. 3aaHui (IiaHel UCIOIb3YETCs ISl COeIMHEHMSI C BAJIOM JIU3€Isl, a IEpeHNUN — JUIsl
HanpeccoBkU kKosiekTopa 4. K 6apabany kopiryca npuBapeHbl JUCKHU NMPOJOIbHBIX pedep 18.
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Puc. 11.1. Pa3pes reneparopa I'TI3115b.

1 — Bai; 2 — moamIAITHUK; 3 — MaHXeTa (M30JIAIHS KOJUIEKTOpa); 4 — KOJUIEKTOpHAs TUTAaCTHHA; 5 —
MOUIUITHUKOBBIN IINT; 6 — IEeTKOoepxKaTelb, 7— TpaBepca; 8— myckoBas o0OMoTKa; 9— 0OMOTKa
B0o30Yy)aeHus; 10— cepeyHuK riaaBHOro momroca; 11 — cranuna; 12 — cepaeynuk 100aBOYHOTO

nosroca; 13 — cepaeuynuk sskopst; 14 — 3ammurHas maiba; 15 — 6annax; 16 — oOMoTka sxops; 17 —

Ha)XHMHas maiiba; 18 — pedpo Bana sikopst; 19 — 6apaban; 20 — onopa cranunsl; 21 — cMoTpoBoOe

OKHO; 22 — Ha)KMMHas KOHHYecKa 11aiioa.

Cepneunuk 13 sKOps COCTOUT M3 IATH IITAMIIOBAaHHBIX CEIMEHTOB, KOTOpbIE COOMparOT Ha
IIPOJOJIbHBIE IIMHIJIBKH, IPOXOSIINE YEPE3 OTBEPCTHS B CErMEHTaX.

Momnsie TsroBble TeHeparopsl [TI3116, MIIT-120/49, MIIT-120/55A umeroT nuamerp sikops 1
200 mm. Ux cepaeunuku coOpaHbl U3 CEIMEHTOB, TaK KaK HanOOJbIINN CTaHAAPTHBINA pa3Mep JIHCTa
anektporexHuueckol cramu 10002000 mMm. CoOpaHHBIH M CHIPECCOBaHHBIN  CEpIEUHUK
YAEPKUBAETCSI HA KOpPIyce BYMSI CTaJbHBIMU OOMOTKOJEPKATENSIMH, CTSIHYTBIMU INNUJIbKaMU U
NPUKPEIUIEHHBIMU K KOprycy 0oiTramMu M Opu30oHHBIMH ITH(dTamu. Ha3Hauenuwe mTUPTOB —
MPEIOTBPATUTh CMEIIEHHNE OOMOTKO/AEp:KaTeIel Mo AeWCTBUEM YITIOBBIX YCKOPEHHUH IpHU IMyCcKe
au3ens U paboTe reHeparopa. PaguanbHbli HATAT MEXAYy CEpPAEYHMKOM M KOPILYCOM SIKOpS
CO3/1aeTcsl paCKIMHUBAHUEM IIIIOHOK IPU HarpeToM cepiaeuHuke. Kaxaplil 1McT cepieuHrKa SKOps
umeet 155 na3os. s co3naHus paanuaabHbIX KaHAIOB CEPACUHUK Pa3IEIsIIOT HA MAKEThl U MEXIY
HUMU IPOKJIaIbIBAIOT JIUCTHI C PACIIOpKaMH (151 BEHTUJISLIUN).

Koncrpykuus koanexkropa. Komiekrop renepatopa I'TI3115 (puc. 11.2) oTHOCHTCS K apOoYHOMY
TUIY U coOpaH u3 465 TpanenueBUAHBIX IUIACTUH 4 moBBIIIEHHOM TBepaoctu (1o 100 HB).
MarepuanoM Al HUX CIYKUT TBEPJOTAHYTas KOJJIEKTOpHas MeNb ¢ mpucaakoi cepedpa ot 0,07
1o 0,14% wnu xagmus. Jlerupyroiue npucaaky IpUMEPHO BIBOE YBEINYUBAIOT U3HOCOCTOMKOCTh
KoJIJIeKTOpa. B TAroBeix reneparopax MourHocthio 2000 kBT ¢ 6onbmmmM auamerpom sikopst (1200
MM) TPUMEHSIOT KOJUIGKTOPHbIE€ IUIACTMHBI C  JIGHTOYHBIMH  (TMOKMMM)  TETYLIKaMH,
W3TOTOBJIEHHBIMM M3 MEIHOW JIEHTHl cedeHueM 2x20 mM. HwxkHsS 4acTh mHeTymika IMpuIlasHa
TBEPABIM IPUIIOEM K KOJUIEKTOPHOM IUIACTMHE, a K BEPXHEH 4YacTU IpUKIENaHa M IpuUIlasHa
MoJIOCKa, B KoTopyto BrnaupatoT npumnoeM I[IOC-61 koHIBI KaTylmiek OOMOTKH fKOps U
ypaBHHUTEIbHBIE COEAMHEHUS. Mexay THOKMMH TeTyIIKaMH YCTAHOBJEHBI H30JIMPYIOIINE
MIPECCOBAaHHBIE MPOKIAIKH ISl MPEIOXPaHEHUsI OT 3aMbIKaHUN MpH Taiike KOHII0B 0OMOTKH. B
TATOBBIX TeHepaTopax MeHblnei wmomHoctu (MIIT-84/39, T'TI300b, MIIT-99/47A) mneryuiku
BBITIOJTHEHB! U3 KOJUIEKTOPHOW MM M NMpUMAasHbl K IUIACTUHAM TBEPIbIM MeTHO-(ochopucThiM
npurnoeM. JIJi1 yMEHBIIEHUsI MAacChl KOJIJIEKTOpA U IO i OOKOBOW MOBEPXHOCTHU IUIACTUH B HUX
caenanbl orBepcTHs. IlnmacTuHbl W30IMpOBaHBI JAPYr OT Jpyra KOJUIEKTOPHBIM MHUKAaHUTOM
tonmuHoi 1 mm. Mcnonb3yercs: kossiekTopHblil MukanuT Mapok K®I' u KO tommunoi (0,8...
1,2 £0,04) mm.
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Puc. 11.2. KonnekropHas miactuna reneparopa ['TI311b:
1 — metymok; 2 — KperieHue MeTyIka; 3 — KOJUIEKTOpHas TIACTHHA; 4 — HAKJIaIKa;
5 — uzomanus

B kosnexTope apo4HOro Tuma MJIacTUHBl UMEIOT BBITOYKM B (hOpMe «IaCTOUYKMHA XBOCTa», B
KOTOPBIE BXOJST KOHYCHBIE YAaCTH KOpITyca SIKOpsl C OJHOW CTOPOHBI M HAXKUMHOU Iaiiob1 22 (cMm.
puc. 11.1) ¢ ngpyroil. IlmacTuHbl CTAHYTHl 3TUMH CTaJbHBIMM KOHYCAMHM M IINWJIBKaMHU U3
JerupoBaHHON cranmu Mmapku 12XH2, tepmuuecku 0OpaOOTaHHBIMH Uit JTOCTHIKEHHS BBICOKOM
MPOYHOCTH M BsI3KOCTH. OT KOpIyca OHHM HM30JUPOBAaHBI MaH)XeTaMH 3 TOJIIMHOW 2 MM U3
dbopmoBouHOoro MuKaHuTta Mapok OMIT u ODPI'A Ha TepMOpPEaKTUBHON TIIMQTAICBON CMOIIE.
BricTynaroiyto yacTb MaHXEThI IIPETOXPAHAIOT OT MOBPEXKICHUS 0aHAaKOM U MOKPBIBAIOT, KaK U
TOPLIOBBIE YAaCTH IUIACTHH, M3OJSILMOHHOM 5Manblo. UTOOBI BHYTpEHHHE YacTH KOJUIEKTOpa HE
YBIIQXKHSJIUCh, MeCTa TIOCaJKH HAKUMHOW IIAaii0bl Ha KOPIYC KOJUIEKTOpA YIUIOTHSIOT
(repMeTH3UpYIOT) € MOMOIIbI HPONUTAHHOIO IIHYpa M CHapyXHU HPOMAas3bIBAIOT CTHIK I'yCTBHIMU
IMHKOBBIMH Oenuiamu. {namerp kosuiekTopa 850 MM, anuHa paboueit yactu 370 M.

YerpoiictBo 00MOTKHM siKopsi. UTOOBI MONyduTh OONblIEE YUCIO MapajUleSbHBIX BETBEH 0e3
YBEIIMYCHHUSI YMCIIa TIOJIOCOB MPUMEHEHAa MHOTOXO/0Bas retrieBas oOMoTka. CIIOKHBIE STKOPHBIC
OOMOTKH BBINOJHSIOT B TANOBBIX I€HEpAaTOpax, MpPEeAHA3HAYEHHBIX Ul TEIUIOBO3HBIX Ju3eiel
OOJIBIIION MOIIHOCTH, PabOTAIOIIMX MPH CPABHUTEIHFHO BBICOKOW YacTOTE BpalICHHUs. TAroBbIE
reHepaTopsl MOHIHOCTBIO 1350 kBT M BpllE BBINOJNHAIOT C JABYXXOJOBOM IETJIEBOW WU
nsarymeubeil 0OMOTKoM sikopst (reHeparopbl MIIT-99/47A). IlepBble BBIIYCKM TE€HEPATOPOB
ITI311b Takxke HMeIH MABYXXOJOBYIO JISATYIIEYbI0 OOMOTKY, COCTOSULIYIO H3 JABYXXOJOBOH
MeTJIeBOM OOMOTKH U BOJHOBOM OOMOTKH, ynoxeHHOW B ma3bl 1 — 17. Cekuusi BOTHOBON OOMOTKH
coenuHeHa ¢ IracthHamu 1 m 92, a merneBot — ¢ mractuHamu 44 u 46. Cekumu 1eTieBOH
BOJIHOBOII OOMOTOK NMPUCOETUHSIOT K OJHUM U T€M K€ MeTylIKkaM Koyiiekropa. CeKluu BOJTHOBOM
OOMOTKH, TOMHUMO CBOMX OCHOBHBIX (DYHKIIUI, BHITIOJIHSIOT POJIb YPABHUTENBHBIX COSIMHEHUN s
neTyieBoi 0OMOTKH M Hao00poT. B kakqoM masy sSiKopsi ynoxeHsl 12 mpoBOAHMKOB 4 M3 IIMHHOM
Menu pasmepom  2,83x5,5 mm (puc. 11.3). Karymka cocToMT U3 Tpex »3IIeMEHTapHbIX
OJIHOBUTKOBBIX CEKIMH M M30JUpYeTCs Ha IMOJHOe pabouee HampspkeHue. B mpopesp meryiika
KOJUIEKTOPA BIIAUBAIOT YETHIPE NMPOBOJHUKA, PACIIOJIOKEHHBIX 110 BepTUKAIH. Kax bl MpOBOJHUK
M30JIMPOBAaH OJHUM CII0eM MUKaJIeHTHI (BriosnHaxuecta) JIOY1 tonmunoi 0,1 mm. Tpu npoBoiHuKa
MOJYKATYIIKA HM30JMPOBAaHBl TPEMs CIOSIMM MHKaleHThl ToimuHoW 0,13 MM (BmosmHaxiecta) u
CKpEIJIEHbl OJTHUM CJO€M BCTBIK CTEKJIIHHOM JeHThl ToimuHoil 0,1 MM. B 1060BBIX uacTsax
KaTyIIEK MPOBOJHUKU HM30JUPOBAHbI OJHUM CJIOEM MMKAJIECHTHI BIIOJIHAXJIECTA, & MEXKIY CIOSMU
OOMOTKHM KJIaJyT MUKAHUTOBYIO H3OJSIIMIO TOMIMHONW He MeHee 1 MM. KoHibl ma3oB skops
JIOTIOJIHATENBHO H30JIMpPOBaHbl KapTOHOM M MHKaHMTOM. Ha nHO masa yno)keHa MUKaHMTOBas
npokianka 8. Jlis 3amuThl M30JSAIMU OT 3arpsS3HEHUs OXJIKIAIOIIAM BO3AYXOM, KOTOPBIN
HENOCPEACTBEHHO OMBIBAET YAaCTH KaTyIIKM M IMPOXOAUT 4YEpe3 paaualbHble BEHTWISALIMOHHBIC
KaHaJbl CepACYHHKA, KATYUIKy JOMOJHUTEIbHO H30JUPYIOT KOPOOOUKOW M3 3JIEKTPOKApTOHA
ToNIMHOM 0,3 MM.

Tsarosele reneparopsl I'TI311b Bemmycka 1971 r. M mo3ngHee MMEKOT METIEBYKO CTYNEHYATYHO
JIBYXXOJIOBYIO HECUMMETPUUHYIO OOMOTKY SIKOPS C TIOJIHBIM YHCJIOM YPABHUTEJIBHBIX COCTUHEHUIN
MIEPBOTO POJIa, YIOKEHHBIX CO CTOPOHBI KOJUIEKTOpa. DTHU reHepaTophl paboTaroT 60siee yCTOHYHBO,
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YeM TATOBbIE T'€HepaTophl C Jsrymedseil oOMoTkoil. Kpome Toro, crymeHuaras IBYXXO0OBas
00MOTKa TO3BOJISIET MPUMEHATHh CTEKJIOOAHIX /I KPEIUICHHS JTOOOBBIX YacTe 0e3 yXyIIIeHus
koMMyTanuu. OMNBIT 3KCIUTyaTalldyd IOKa3all, YTO HMCIOJIb30BAaHUE CTCKIOOAHIaXEeH Ha SKOPSIX
MOBBIIIAET HAJACKHOCTh PAa0OTHI TATOBBIX TeHepaTtopoB (cM. puc. 11.1). Hecummerpuunas
ABYXXO0J0Bas 06MOTKa AKOpsA MO3BOJIACT PAa3MCCTHTb YPABHUTCIBHBIC COCOAWMHCHUSA Ha OI[HOﬁ
cropone sikopsi. OJJHAKO JUTsE 3TOr0 HEOOXOAUMO, YTOOBI U, a TaKKe OTHOLICHUs Z/P u K/p sBisutuch
HEYCTHBIMU YHUCIIAMH, TJIe Z — YHUCIIO [a30B SKOPS; p — YKUCIO Tap TOJICOB; K — d9mcio
KOJJICKTOPHBIX TUIACTHH; ¥ — YUCIO KOJUIGKTOPHBIX IUIACTUH Ha ma3. [lomydyaercs COBOKYITHOCTh
JIBYX OTJEJIbHBIX 0OMOTOK, COBMEIICHHBIX Ha SKOPE U pa0OTAIOIINX MAPAIIIEIBHO.

Puc. 11.3. Pa3pe3 maza sikopst reneparopa ['TI3115:
1 — xuH; 2 — IpoKIIaiKa MO/ KJIWH; 3 — U30JIALHSI POBOAHUKOB; 4 — MPOBOIHUK OOMOTKH;
5 — 3ammMTHAS U30JSIIHS; 6 — MTPOKIIATKa MEXKTYy CEKIMSMHE; 7 — KOPITyCHAsI U30JISIIHS,
8 — mpokJaika Ha JHO Ta3a.

Uucino MEeTOK paBHO YHCIY IOJIOCOB, HO IPU 3TOM LIMPUHA KaXJIOM LIETKH TakoBa, YTO
OJIHOBPEMEHHO MOTyT paboTaTh JBE€ 0OMOTKH. J[ByXX070Basi HECUMMETpUYHAs CTyleH4aras (o/Ha
U3 CEKUMH B KaKIOM Ma3y UMEET YBEJIMYCHHBIM Ha €AMHMILY LIar 1o ma3aMm) MeTyieBas oOMOTKa
ynoxeHa B ma3sl 1 u 16, 1 u 17. Karymka netneBoil 1ByXxX0/710BOil OOMOTKH COCTOUT U3 TpeX
3JIEMEHTApHBIX OJHOBUTKOBBIX CEKLMW, BBITONHEHHBIX U3 mpoBoja [I9TBC/] ceuenuem 2,8%6,3
MM. M3onsius KaTymkd SKOPHOM OOMOTKM OT KOpIyca BBIMIOJIHEHA TpeMsSl  CIIOSMHU
crexinocaioguHuTOBOM  JIeHTBl JICIID-934-TI1 u omHuM  cioeM crekiasaHHor JeHTel JIDC
(BmosiHaxjecta). Kpome TOro, ma3 BBICTHJIACTCS IIJICHOUYHOW CTEKJIOTKAHBIO. Y paBHUTEIbHBIC
coelMHEeHMs BhINOJAHEHBI U3 Meau [IMM ceuenuem 1,32x6,3 mm. Kaxaplii ux msaTd NpoOBOJHUKOB
M30JIUPOBAaH OJIHUM CJIOEM ClIroauHuTOBOM JsieHThl JIC (BmonHaxiiecta), a BCE€ BMeECTe —
M30JIMpOBaHbl CTeKIsIHHOM JieHToM JICD, mpomurtanHoit nakom KO-916K. Kpernnenue mo60BBIX
gacTed OOMOTKH OCYIIECTBISETCS OaHOaXaMH U3 CTEKI00aHAa)KHOM JIGHTBI, MPOMUTAHHON
TEPMOPEAKTUBHBIM JIakoM. JleHTy HakmanaeiBatoT ¢ cuioil HaTspkeHus a0 400 xH. Benuuuna
HATSOKEHUSI U PEXKHUM TepMOOOpaOOTKHM (3aledyKku) JIeHTHI IMOCIe HAJOKEHUS KOHTPOJIUPYIOTCS
ABTOMATHUYECKU C IIEJIbI0 TOJYYEHHUS! MOHOJIMTHOTO BBICOKOMPOYHOTO OaHnmaxka. OOMOTKa SKOpS
HMMeEeT M30JIALUIo Kiacca B.

YerpoiicTBo  merkoaep:kareseil. UYroObl He  JomyckaTh  BHOpallMM M CMEILEHUs
meTkoaepkatenei, mur S (cM. puc. 11.1) BBIMONHAIOT B BUJIE CBAPHON KOHCTPYKIIMH, COCTOSIIEH
u3 pedep u koner. PeOpa HAKIIOHEHBI K OCH MAIIMHBI, YTO 0OECTICUMBAET KECTKOCTh M JIETKOCTH
KOHCTPYKIIMHU. B 1IeHTpanbHON YacTH MIMTA YCTAaHOBJICHA U 3aKperjieHa 00NTaMi CheMHas CTYIHUIIA.
Takas KOHCTPYKIIMSI TO3BOJISIET 3aMEHUTH MOAIMIUITHUK O€3 CHATHS TATOBOTO TEHepaTopa ¢
TEIJIOBO3a U ero pa3dopku. Ha mmure pasmelieHa MOBOPOTHAs TpaBepca B BUJIE CBAPHOTO KOJIbIIA C
MOCaJI0YHBIM M 3yO4YaThIM BEHIIAaMH M jAeciThio U-o0pasHbiMu Hakiagkamu. K 3TUM Hakiagkam
MPUKPETUISIOTCS Yepe3 HU30JSTOPhl JAIOpaTiOMUHUEBbIE OpakeThl (KpoHINTEHHBI). Ha kaxxmom
OpakeTe YKpEIUIEHO MO JEBSATh MIETKOACpIKATeNeH CO IEeTKaMH M TOKOCOOMpPATENbHBIC ITHUHBI.
TpaBepcy (GUKCHPYIOT B TOJOXEHHH, COOTBETCTBYIOIIEM HEUTpanm, C MOMOIIBIO CTOMOPHBIX
o6ontoB. [lpm oOCTy)XMBaHWM HIDKHHX IIETOK M IIETKOAEpPI)KATelIeH TpaBepCcy IMMOBOPAYHBAIOT
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BPYUYHYIO C TIOMOIIBIO IIECTEPHU. B HEKOTOPBIX TATOBBIX F€HEPATOpPAX MOAIIUITHUKOBBIE IIUTHI HE
MMEIOT MTOBOPOTHOM TpaBepchl. B 3ToM ciiydae MMTHI CHaOXKEHbI OBAJIbHBIMH OTBEPCTUSMHU MOJ
OONTHI KpEIUICHHUS, TIO3BOJIIOUIMMH IIOBOpPAYMBATh IIUT, Ui PACIOJNOKEHUS INETOK Ha
r€OMETPUUYECKON HeWTpanu. 3aaHuil cBapHOW MarpyOoK (IIMT) 3alUINAeT TATOBBIA T'€HEPATOp OT
3arpsi3HeHus. [ig mpuCcoeqMHEHHsT HAIlOpPHOTO BO3YXONpPOBOJA OH MMeEeT JBa Jyoka. Ha Oonee
paHHUX TATOBBIX T€HEPATOPax MPHUMEHSIIN HIETKOJEp)KaTeNd HAKJIOHHOTO (peakTUBHOTo) Tuma. C
1979 r. nHa TaroBeix reHeparopax I['TI311b ycranaBiuBalOT paauagbHbBIE HIETKOJEP)KATENHU C
IIOCTOSIHHBIM JIaBJICHHEM Ha IeTky. Kopnyc merkonepkarenss HAKJIOHHOTO THUIA OTJIMT U3
KPEMHUCTOH JIaTyHU U HMMeEeT JBe Ipope3u: ¢ HakiaoHoM 30° k paguycy Kosuiekropa (ais
HaOeraromeit metkn) u 10° (aysa cOeraromiei METKH). Y Cuiaue HaKaTus Ha MIETKH Mapku DI'-74
OCYILIECTBIISETCS CIUPATIbHBIMU IPY>)KMHAMHU uepe3 KypKu. Cuila HaKaTUs Ha LIETKY PEryIupyeTcs
M3MEHEHUEM 3aTSHKKU MPYKUHBI MyTEM MEePEecTaHOBKU €€ KOHIA C OJHOro 3yOlla XparoBUKa Ha
Apyroil u ycraHasiuBaeTcst B npezenax 8...12 H. Illetku apMupoBaHbl TOKOBEAYIIMM IIPOBOAOM
(MeIHBIM IIYHTOM). ApMHUPOBaHHME YMEHBIIAET HAarpeB IIETKH, OCOOCHHO B BEpXHEH dacTw,
MOBBIIACT CTAOMJIBHOCTh MPOTEKAHHWsT TOKAa MEXKIY MIETKOH M KOJJICKTOPOM, YIIydlIaeT
KOMMYyTaluio. Ha TATroBbIX reHepaTopax yCTaHaBIMBAIOT B OCHOBHOM apMHUPOBAHHBIE IIETKU C
OTKPBITBIMU HAaKOHEYHMKAaMH, KOTOpbIE MpPHUKPEIUIAIOTCS BHHTaMU K Opakery. Ilomoxkenue
LIETKOAEpKATeIe OTHOCUTENBHO IOBEPXHOCTU KOJUIEKTOpAa B KOPILyCe IIETKOJEp KaTels
PEryJIUPYIOT MPOPE3bI0 Mo 00ATOM. PaccTosiHue OT KOJIIEKTOpa A0 IIETKOAEpKATENsl COCTaBISIET
2...3 mM. bpakeTsl pacnoioKeHbl TaK, 4YTO OCH HIETKOJIepKaTesield HaxoIATcs Ha HelTpaiu. YToObl
00ECTIeYnTh HAJESKHOCTh KPEIUICHHUS IIETKOAEP)KATeNe, TOYHOCTh pa3MElIeHHs] INEeTOK |
CTaOWUJIBHOCTh HaXXKaTHs HA HUX, MPUBAJIOYHBIE TOBEPXHOCTH WIETKOAEpKATelIsl M Opakera
BBITIOJIHAIOT TpeOeHYaTbiMu (pUQICHBIMU) H, KPOME TOTO, NMPUMEHSIOT JICHTOYHBIC PYIOHHBIC
npyxunbl. Kopryc merkoaepskartens UMeeT THE310, B KOTOPOE YCTaHABIUBAETCS pa3pe3Hasl IIeTKa
C PE3MHOBBIM aMOPTH3aTOpPOM (HAKJIAAKOW) ToimmHOW 12 MM. B aMopTuzarope BBINOJIHEHBI
YEeThIpE OTBEPCTUS [UIsl TOKOBEAYIIMX IPOBOJOB M MPSIMOYIOJbHBIA BBICTYI, BXOJAIUIUMN B
COOTBETCTBYIOIIMHM I1a3 Ha BEPXHEM TOpPLE IIETKH. AMOPTHU3ATOPbl YBEIMUYUBAIOT CPOK CILYKObI
LIETOK, YIYYIIalOT KOMMYTAIMIO U NPEIyNpeKIA0T OTKOJbI IETOK. Vcronb30BaHue paauaibHbIX
nieTkojiepkarenei Ha reneparopax ['TI3115 mo3BosisieT yMEHbIINTE KOJIMYECTBO IIETOK B 2 pasa.
MarnutHasi cucrema. Ha ctaHuHe TAroBOro reHepaTopa pacrojoXeHbl IJ1aBHbIE M 100aBOYHBIE
MOJIFOCA € KaTYIIKaMH, COCTaBIIAIOIINE €ro MarHuTHyio cuctemy. [Ipu muamerpe sikops 1000 —
1200 MM. TATOBBIE T€HEPATOPBI UMEIOT YK CIIO Nap noiarocos 2p = 10 nim 12.

Cmanuna npeacTabiser co00il KOJIbLIEBOM MarHUTONPOBOJI, U3TOTOBJIEHHBIN U3 TOJCTOJIMCTOBOTO
CTaJIbHOT'O MIPOKaTa THOKOH (B XOJIOHOM COCTOSTHMM) U CBapKOil, ¢ IByMs IPUBAPEHHBIMHU JIallaMHU,
KOTOPBIMM OHa ONHUPAETCS HA MOAIU3EIbHYI0 pamy. CepoeuHux 21asHvlx nonocoé HaOUparoT U3
JUCTOB XOJOJHOKATaHOM 3MIEeKTpoTeXHU4YeckoW crtamu 3411 tommmuHoi 1 MM. JIMCTBI NOKpBITHI
JaKkoM, crpeccoBaHbl mona AaieHueM 29 MIlla u cTaHyThl 3akienkamMu. B kaxaom miucte
CEpJECYHHKA BBIIITAMIIOBAHO MPSMOYIOJIbHOE OTBEPCTHE, Ky/1a 3aKJIa/IbIBAETCS CTAIIBHON CTEPIKEHD
C pe3bOOBBIMU OTBEPCTHSIMHU JUISl KpEIUJICHHWs MMoyifoca K craHuHe. Ha cepaeuHukax riaBHBIX
MIOJIFOCOB pa3MeIlleHbl KaTyIIKi 0OMOTOK HE3aBUCUMOTI0 BO30YXIeHHs 5 u myckoBoi 2 (puc. 11.4).
Karymku HamoTaHbI Ha KapKac, BBIITOJIHEHHBIN U3 JTUCTOBOM cTayn TommuuHou 1 mm. Kapkac nmeer
OpoKJagku 7 W 3 — YACpPKUBAIOLIME PaMKH, W3TOTOBICHHBIE M3 IMPOYHOM M TEIUIOCTOMKON
iactMacceel. Ha kapkac HanoxkeHa u3onsuus 4 u3 4eThIpex CJI0eB 'MOKOro CTEKJIOMUKaHUTAa Ha
KPEMHUHOPraHUYECKOM JIaKe M OJHOTO CIJIOsl cTeKJoieHThl. [lyckoBas oOMOTKa 2 BBINOJHEHA B
BUJIE OTAENbHOM MIali0bl M pacmosoXeHa y moytocHoro Oammaka. [loBepx Hee ycraHoBieHa
CTEKJIOTEKCTOJUTOBAsT M30JIIMOHHAs Iaiiba, BbIlIE KOTOPOW HaMoOTaHa OOMOTKAa HE3aBUCHMOTO
BO30YKICHHUS.
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Puc. 11.4. Karymika rnmaBHoro nomitoca reaeparopa ['TI3115:
1, 3 — mpoxknanku, 2 — myckoBasi 0OMOTKa, 4 — KOPIyCHAsl U30JISIIIHS,
5 — 00MOTKa BO30YXKeHUS, 6 — BEIBOIBI ITYCKOBON OOMOTKH.

Takoe pacnonokeHue Karyliek oOecrneunMBaeT XOpOLIMil OTBOJA TEIUIOTHL. B mpouecce HaMOTKH
KaX/IbII CJI0M KaTYIIKH HE3aBUCUMOTO BO30YKIEHUS IIPOMAa3bIBAIOT KPEMHHUHOPTraHMYECKIM JIAKOM
K-47K wmu xomnaynaom K-54. Ilycrorel 3anonusaror 3amaskoi II-11. TotoByro karymiky
nponuteiBatoT B jake K-47K, 3amekaroT W mokpeiBaioT sManbio ['®@-92. U3 necATu Ii1aBHBIX
IIOJIFOCOB I'eHEpaTopa MATh UMEIOT MEPEKPELICHHbIE BBIBObI, & MATh — OTKPBITHIE. DTO CIENAaHO IS
YepeoBaHus MOJSPHOCTH TIOJIOCOB M YIPOIIECHUS KOHCTPYKIIMHM COEAMHUTENBHBIX IMHH. B
renepatopax [TI300b (TOM2), MIIT-84/39 (TOMI1) u npyrux OOMOTKY HE3aBHCHMOIO
BO30YKJICHHSI M ITyCKOBYIO HaMaTBIBAIOT Ha 00ImMi Kapkac. [IyckoByr0 0OMOTKY HaMaThIBAaIOT U3
IIMPOKOM MEIHOW IOJIOCHl HEMOCPEJICTBEHHO Ha M30JIMPOBAaHHBIA Kapkac, a OOMOTKY
HE3aBUCHMOTO BO30YXIECHUS — Ha IYCKOBYIO. MeXIy KaTyImIKaMH YKJIaJIbIBal0T MHKAHHUTOBYIO
U30JIALHUIO.

Cepoeunux 0006a60YHBIX NOIIOCOE U3TOTABIUBAIOT U3 ToJcToNHCcTOBOK ctamu Ct3 (puc. 11.5). On
CY’KEH B 4acTH, oOpallleHHOH K sikopro. K HuKHel yacTu cepiedHHKa IPUKJIIEeNaHbl JIATyHHbIEC UIIH
TIOpaTIOMHHUEBBIC yroidbHUKK 5. Karymka omupaercss Ha 3TH YrOJNBHUKH W (UKCHPYETCS
HakiIagkol u mpyxuHod. CepaedyHuk 6 mMmosroca M30JUPOBAH OT KATYHIKHM CHPECCOBAHHBIM MU
CTIEYCHHBIM MUKaHUTOM HJTM CTEKJIOTKAHBIO Ha STIOKCHUIHON CMOJIE.
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Puc. 11.5. [To6aBounslii nosroc reneparopa I'TI3115.
1 — GammMak, 2 — U30JISIIIMOHHAS TIPOKJIa/IKa; 3 — MPOBOIHUK; 4 — H3OJIAIINS;
5 — yronpHUK; 6 — cepJIeuHUK.

Karymika 706aBOYHOTO MOJIOCa COCTOUT M3 MIECTH BUTKOB IIMHHOW MEJM B KaUeCTBE MPOBOJHHUKA
3. KpaiiHre BHUTKH W30JIMPOBAHBI JIBYMS CJIOSMH MUKAJICHTHI M OJHHAM CIIOEM CTEKJIOJCHTHI 2.
Mexay BUTKaMH YJI0KEHbBI CTEKJIOTEKCTOIUTOBBIEC MPOKJIAJAKU TONIMUHON 2 MM. ['0TOBYIO KaTyIIKy
MoKpbIBatoT SManbio [D-92. Mexny yroapHHKOM S H TIOJIOCOM TIOMEIIEHAa HEMarHUTHAas
MPOKIAJKa, CO3Jarolias BTOpOM BO3AymIHBIA 3a30p. [lomoc B cOope MpPONMUTHIBAIOT B
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TEPMOpPEAKTUBHOM JIaK€ U 3ameKkaroT. /[[ns mnpenoTBpalleHus NEpeMelIeHHUs] KaTyIIKu Ha
CepJICUHUKE M3-3a YChIXaHUS U3OJISILUU U JPYTUX AepopMaluil yKiIaabIBalOT MPYKUHHYIO PaMKY U3
JIEHTOYHOM cTajmu. Mexy cepIeuHUKOM MOJI0Cca U CTAHMHOW MOMEIIEH Ha0Oop U3 IIECTH CTAIbHBIX
MPOKJIAZIOK OOIIEH TONIMHONW 3 MM, CIy)XallUX JUIsl PeryJupoBaHUs 3a30pa MoJ J100aBOYHBIM
MOJIFOCOM MPU HACTPOMKE KOMMYTAIUH.

11.2. I'enepaTopsl Nacca:KMPCKUX BATOHOB.

Ha naccaxxupckux Baronax nocrpoiiku I'//IP, [IIHP u BHP ycranoBiieHbl reHepaTopbl HIOCTOSHHOTO
TOKa C MapajuleJbHbIM WM CMELIaHHbIM BO30yxkaeHueMm. Ha Baronax 0e3 KOHAMLMOHUPOBAHMS
Bo3ayxa moctpoiiku ['JIP mpumensitorcss reHepatopsl Tuma 23/07.11 wnam ero moauduxanuu
23/07.15, 23/07.17, 23/07.19 u 23/07.21, a na Baronax moctpoiiku [IHP — omHOTHUTIIHBIIN ¢ HUM
renepatop PW-114a. Ha BaroHax ¢ KOHJUIIMOHMPOBAHHWEM BO3]lyXa HCIOJIb3YIOTCS I'€HEPATOPHI
DUGG-28B u K694L. OcHOBHBIE TEXHUYECKUE XaPAKTEPUCTUKH ITUX TEHEPATOPOB MPUBEICHBI B
tabm. 11.2. Tok Harpy3km reneparopa l,, a ciemoBaTelbHO, W TOK B OOMOTKE SKOpSA g4
OIIPENIeNIAIOTCA MOILIHOCTBIO TOAKIIOUEHHBIX K TeHeparopy MoTpeOuTened M TOKOM 3apsja
aKKyMyJIATOpHOW Oarapen. Tok 0OMOTKM BO30YkIeHHs |, 3aBUCHUT OT pPabOTBHI perymnsaropa
HanpsbkeHus PHI', koTopslif U3MeHseT ero Tak, 4ToObl 00ecHeunTh CTaOMIM3alMI0 HaNpsKEHUS
reaepatopa. ['eHeparopsr Tuma 23/07 u omHOTUIHBIA ¢ HUMH reHeparop PW-114a npeacrapmusitor
COOOH YETHIPEXIOIIOCHBIE MALIMHbBI 3aKPBITOrO0 MCIOJIHEHUs ¢ JUTOW craHuHoM 1 (puc. 11.6). B
BEPXHEW €€ 4YacTH HMEIOTCA Jalbl JUIs KpeIyIeHUs reHeparopa K pame Tenexku. CepreuyHuKu
nojtocoB 11 coOpaHbl U3 JIMCTOBOM 3JEKTPOTEXHUUYECKOW CTalM M IPUKPEIUIEHbl K CTaHUHE
6onramu. JIMCTBI M30JMPOBAHBI MEXIY COOOW UIsi YMEHBIICHWS BHXPEBBIX TOKOB IPH padoTe
MamuHbl. Ha momrocax MMeEroTcst KaTylukd oOMOTKM Bo30yxjeHus 9. IlogmmnHukoBbIil mur 2,
YCTAaHOBJICHHBIH CO CTOPOHBI KOJUIEKTOPA, 3aKPbIT CHEMHBIM JIEHTOUHBIM KOXYXOM, KOTOPBIH
MI03BOJISIET OCMAaTpUBaTh KOJUIEKTOP 8 M IeTO4HbIM anmapar 6. SIkopb reHeparopa BBIINOJIHEH U3
M30JIMPOBAHHBIX  JINCTOB  JJEKTPOTEXHHYECKOW cramd, coOpaHHbIX B cepaeyHuk 10,
HarpeccoBaHHbIM Ha Ban 15. OOMOTKa sIKOpsl BOJIHOBAs CTyINEHYaTas, BBINOJHEHA U3 SKOPHBIX
KaTyIlIEeK, COCTOSIIUX U3 OJTHOBUTKOBBIX CEKIIMN. SIKOpHbIE KaTyIIKN YJIOXKEHBI B Ma3bl CEpIeYHUKA
sKops B JiBa cios. CTtyneHdaTtast 0OMOTKa, IPU KOTOPOH OZHA U3 CEKIMH Kax /101 SKOPHOH KaTyIIKu
yIJIOKE€HA B COCEJIHEM a3y, yiydiaeT KommyTalno. Co CTOPOHBI, IPOTUBOIOJIOKHON KOJIJIEKTOPY,
Ha BajJy SIKOpS YCTaHOBJIIEHAa My(Ta A COEIWHEHHUs TI'eHepaTropa C PEeIyKTOPHO-KapAaHHBIM
npuBojoM. lllerounas TpaBepca 5 ycraHoBIIeHa HA MOANIMITHUKOBOM IIMTE 2 M MOXXET CBOOOTHO
MOBOPAYMBAThCS Ha ero BTyJke Ha 90°, (HOBOPOT ee OrpaHW4MBAETCS YHOpHBIMU Oostamu). [Tpu
W3MEHEHUU HAaIpaBJICHUs BpAILEHUS SKOps TpaBepca IOJ AEHCTBHEM CHJIBI TPEHHs ILIETOK O
KOJUIEKTOp noBopaunBaercs Ha 90°, U METKH U3MEHSIOT CBOE MOJI0KEHUE OTHOCUTENBHO IOIKCOB
(cMmemaroTcss Ha OJHO IOJIFOCHOE JielieHHe). BcenencTBue 3TOro MOJSPHOCTh INETOK OCTAeTCs
HEM3MEHHOH. B reHeparope CMOHTHPOBAaHO YeThIpe MIETKOJepXkareis 6, B KaXIOM U3 KOTOPBIX
YCTAaHOBJICHO MO OJHOW mmieTke Mapku OI-14. IIpoTuBosiexanivie METKOJAEPKATeTH COCIUHEHBI
MEXJIy co00il momapHo, M MPOBOAA OT HHUX MOAXOAAT K BBIBOJHBIM 3aXkuMaM. [IpyXuHBI,
CMOHTHPOBAHHBIE B IIETKOJEPKATEINAX, 00ECIeUnBalOT TpeOyeMoe JaBiIeHHEe ETOK Ha KOJIJIEKTOpP.
I'eneparop 23/07.11 otnuuaercst ot reHeparopa 23/07.21 KOHCTpYKIMEH CTaHUHBI U AJIEMEHTaMHU
KpeIuleHHsl. DTOT TeHepaTop MOJBEIIEH Ha paMe TeJIeKKU U MPUBOJIUTCS BO BpallleHUE C TOMOIIbIO
peMeHHOro npuBoAa. [[st 3TOro Ha €ro Bajly yCTaHOBJIEH IIKMB, @ B BEPXHEH 4acTU CTAaHUHBI
MpUKpeIieHa JuTas KopoOKa, Ha KOTOPOW CMOHTHPOBAH Baj ISl MOJBECKU TeHepaTopa K pame
BaroHa U NpPY>KUHA I HATSHKEHUsS pEMHS.
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Tabnuya 11.2. Texnuyeckue xapaxmepucmuxu 2eHepamopo8 NAcCatCUpcKux 6a20H08

Homunanenast| Yacrora PaGouee
Tun Macca,
MOIITHOCTb, | BpAICHHUS, |HAIPsDKEHHE,
reHeparopa <Br o6/ MHH B KT
23/07.21 49 550...2 900 53...65 185
23/07.11 45 650...2400 53...65 185
PW-114a 4,55 650...2 600 53 ..65 185
DUGG-28B 28 600...3000( 110...138 1200
K694L 21,5 600...3000( 110...135 1000
4 5 6 7 8 8 i 1112 13
fode L
| 14
R E)

/ — Hu___ﬁ__L_ —

|
[
L
\
[ ) 15
|
I
I

Puc. 11.6. I'eneparop maccaxxupckoro Barona tumna 23/07.
1 — cranuHa; 2, 13 — DOAIIUITHUKOBEIE IMATHI; 3 — HOAIINITHUK;
4 — xabenpHas KOpoOKa; 5 — TpaBepca; 6— meTkoaepKaTeNb; 7 — BEHTHISAIMOHHAS PEIIeTKa;
8 — komekTop; 9 — oOMoTKa Bo30Oy)aeHus; 10 — cepaeuHuk sikops;
11 — cepneunuk nomroca; 12 — mama; 14 — ooOmotka sikopst; 15 — Bai.

11.3. TsAroBsble 2JIEKTPOABUTATEIH TENJI0BO30B.

TennoBo3sl € 2IEKTPUYECKON Iepefadeil MMET WHAMBUAYAIbHBIM NPUBOJ KOJIeCHbIX mnap. Ha
TEIUIOBO3aX, DJIEKTPOBO3aX M  DJIEKTPONOE3[aX  MPUMEHSIOT  TATOBBIE  JABUTATENd  C
MocJieI0BaTeNbHBIM BO30OYXIeHueM. VX y31bl ¥ 35ieMeHThl BO MHOTOM MOJ00HBL. Bce nBurarenu
IIOCTOSIHHOTO TOKa MMEKT HE3aBHCHMYIO BO3JYIIHYK) CHCTEMY OXJIAXKICHHS HArHEeTaTelbHOIO
OCEBOr'0 THIIa C TIOJIa4ei BO3JyXa CO CTOPOHBI KOJIEKTOPA. TAroBble 37EKTPOABUTATEIN IPY30BBIX
TEIUIOBO30B M 3JIEKTPOBO30B BBHIIOIHSIIOT B OOJBIIMHCTBE CIy4aeB C OMIOPHO-OCEBON MOABECKOH, U
TOJBKO JBHUIaTeId MacCaKUpPCKUxX 31ekTpoBo3oB UC2, UC4, YC6, UCE, DIIl, maccaxupckux
terioBo3oB TOI160, TOII70, TOII75, TOII80, 2T3121 u 3neKTponoe3a0B UMEIOT OIIOPHO-PAMHYIO
MOJIBECKY.

Koncrpykuus siaexrpoasurarenast 3/118b. [lo kOHCTpyKIMK BCE TATOBBIE AIEKTPOABUIATEIH
TemI0Bo30B onuHakoBel. C 1975 1. Ha TemnoBo3ax MOMHOCTHIO 2210 kBT ycTanaBimBaroTcs
nsurarenu OJ(118b (puc. 11.7) u ocBauBaemsblii O/[125b6. TexHnueckne XxapakTEpUCTUKH TATOBBIX
AJIEKTPOJIBUTATENIEH TEIIOBO30B IpeacTaBiieHbl B Taba. 11.3. CtanuHbl MamuH ¢ 2p = 4 00BIYHO
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BOCBMHUTPAHHBIC C IIMMPOKUMHU TOPU3OHTAIBLHBIMA M BEPTHUKATBHBIMU TPAaHSIMH, B KOTOPBIX
pacrnojararoTcsi TJIaBHbIE MOJI0ca. B y3KMX IpaHsX, OpUEHTHPOBAHHBIX MO 45° K TOPU30OHTAIIA U
BEPTUKAJIH, pa3MelaloT 1o0aBouHble Tojroca. JBuratenu ¢ 2p = 6 UMEIOT LWIMHIPUYECKHE
CTaHMHBI. B TOPIOBBIX YACTIX CTaHMHA KMEET PACTOYKH (TOPJIOBHUHBI) [UIsl TMOCAAKU
MOAITUITHUKOBBIX MMUTOB. CTaHWHA UMEET JIBa OMOPHBIX MPHIIMBA (KHOCUKAY»), MPEIHA3HAUYCHHBIX
JUIA 3aKpeIJICHUs] SJEKTPOABHUIaTessl Ha TeJIekKKe TerioBo3a. Ha kopmyce HMMEIOTCS Takke
NPUIHMBBL C pe3b0oi (OOHKH) Ui KperuleHHsl KoXyxa 3yOouaToi mepemaun. K ToprioBoil creHke
KOpITyca CO CTOPOHBI KOJUJIEKTOPA MPUBAPEHbl KPOHIITEHHBI AJIsl KpeIyleHus eTkoaepxkateneit 10.
B BepxHell yacTH CTaHWHBI CO CTOPOHBI KOJUIGKTOpPA HMMEETCS BEHTWISIIMOHHOE OTBEPCTHE,
COEIMHEHHOE OPE3eHTOBOM rapMOLIKOH (PyKaBOM) ¢ KaHAJIOM, Yepe3 KOTOPBI HarHETaeTCsl BO3yX
U OXJIQXKICHHS DJIEKTpOJABHraTesiei. BBIXoJ BO3ayxa OCYIIECTBISETCS C MPOTHBOIIOIOKHON
CTOPOHBI Yepe3 TpU OTBEPCTHUS B KOPIyce [BUTATeNs, 3AlMIICHHBIX CETKaMH U ILIUTKaMHU.
KaGenbHble BBIBOABI KpEMATCS K CTaHWHE 3aKHUMaMU U3 JIPEBECHO-CJIOUCTOTO IIJIACTHKA,
Ha3bIBACMBIMH Kauyamu. SIKOpb onmMpaeTcs Ha JIBa POJIMKOBBIX noamuiauka 5 (8H9241711M) u 27
(8H32330M), yCTaHOBJICHHBIX B CTaJbHBIX MOAIIMAITHAKOBEIX IUTAX: MaloM 6 (CO CTOPOHBI
KoJIeKTOpa 8) 1 601bII0M 25 (CO CTOPOHBI IIECTEPHH).
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Puc. 11.7. Pa3pe3 Tarosoro anexrpoasurarens J/(118b.
1 — mepenHuii 6aHIAX; 2 — KOHWYECKas HAXKUMHAs 11aii0a; 3 — BaJl, 4 — HOKUMHAs 11aiba
MOOIIMIIHAKA; 5, 27 — NOAMHUIIHUAKA, 6, 25 — OANINITHUKOBBIE IIIUTEL;
7 — OaJaHCHPOBOYHBIN TPy3; 8 — KoymekTop; 9 — metka; 10 — meTkoaepkaTess;

11 — u3onsarop; 12 — ypaBHUTENbHBIE coenuHenus; 13 — cetka; 14 — oOMOTKa SIKOPS;
15— 0OMOTKa T00aBOYHBIX TOTIOCOB; 16 — cepIeuHHK T00aBOYHBIX IMOFOCOB; 17 — OOIT;
18 — cranuna; 19 — cepaeunuk sxops; 20 — cranpHas niaactuna; 21 — meka;

22 — 0OMOTKa BO30YXIeHHS;, 23 — ceTKa; 24 — KaHa JUTS BBIXOJIa BO3/IyXa;

26 — atMocepHbIil kaHa; 28 — nabupuHTHAas maiiba; 29 — 3aHui 6aHIaX;

30 — cMa3ouHbIi KaHaT, 31 — cepJIeYHUK TIIABHOTO TOJTIOCA.
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BbITOuKM B HIMTax IMOJA POJIMKOBBIE MOAIIMIHUKU M IIOCAJOYHBIE MOBEPXHOCTU HIUTOB JOJKHBI
OBITh CTPOTO KOHIICHTPUYHBI. bHeHHMe 3THX mMoBepxHocTel momyckaercs He Oomee 0,1 mm. C
BHYTPEHHEH CTOPOHBI MOALIIMITHUKOBOTO LIUTA PACTIOI0KEHO KOJBIIO C JaOMPUHTHBIMU KaHABKAMHU.
B noammnHukoBOM muTe 6 CO CTOPOHBI KOJUIEKTOpa 8 YCTaHOBIIEH ONOPHO-YIOPHBIN MOAIIUITHUK
5, Hapy>KHOE KOJBIIO KOTOPOTO UMEET OYPTUKHU C JBYX CTOPOH, a BHYTPEHHEE — TOJIBKO ¢ 0HOM. K
Topuy Bana 3 sAKops MIaii0oil M OonTaMu MPHUKPEIUIEHO YHOpHOe Koiblo. [logmunHuk
BOCIIPUHUMAET yCUJIMS, HAaIlpaBJICHHBIE BJOJb Baia sikops. [IpomonbHbIid paz0er sikopsi COCTaBIIsIeT
0,08...0,5 mMM. B moamummHUKOBOM IIUTE 25 €O CTOPOHBI INECTEPHH, HAXOIAUTCS OIOPHBINA
MOJIIAITHUK 27, BHYTPEHHEE KOJIBII0 KOTOPOT'O HACaKEHO Ha Ball 3 SIKOPS, BCIIE 33 TAOUPHUHTHBIM
KOoJbIOM. Kpbllllka NOMIMIMITHUKA HUMEET CHApYXHU JIAOMPUHTHBIE KAaHAaBKHU, B KOTOPbIE BXOJST
BBICTYIIbI MIOCAKEHHOW Ha BaJl JIAOMPUHTHOM maitOer 28. OHa mpenoTBpalaeT BHITEKAaHHE CMa3Ku
U3 noAmunHuka. Jjis mpenoxpaHeHHs OT MPOHUKHOBEHHUS CMa3KH BHYTPb JBHUIaTeNs CIY>KUT
BO3AYIIHBIA KaHAN (IPEHAXHOE OTBEPCTHUE) B IIUTE ¢ KOMOWHUPOBAHHBIMH YIIJIOTHEHHUSIMH.

Tabnuya 11.3. Texnuueckue Xapakxmepucmuky msa208blx 3eKmpoosuzameriell meniogo308

Tun TATOBOTO ABUTATENS
XapaKkTepUCTUKH
DAT2006|5AT104|30118AT| DA1186 |DO120A(2/1121
™10, | 1 iom, | 2T51168
Cepus TemioBo3a TOM1 [TO3II10, ’ > | TOM7 |T2I170
2TA1001 M62, 2T310,
2M62 TOI160
MomHocTs, kBT 152 307 257 305 135 413
ToK MPOIOIKUTEIBHOTO peknuMa, A 725 710 650 720 800 830
Hamnpspxenue, B 235 470 435 463 205 542
Yacrota BpaueHus, 00/MHH: JUTUTEIbHASL 425 605 247 585 245 704
MaKCHMajbHas 2200 2480 1300 2290 1890 2320
[lepenarodnoe oTHOIICHHE 4,69 4,93 4,41 4,41 4,41 3,12
Bo3zayIrHelit 3a30p, MM: IO/ CEPEAUHOM TTIABHOTO 2,75 4,50 7,0 7,0 7,0 7,0
ITOJIFOCA TT0JT JOTIOJHUTEILHEIM IOJIFOCOM 4 8,0 10 10 10 10
Uwncno KOJUIEKTOPHBIX MIACTHH 150 232 216 216 216 216
Macca, kr 2550 2850 3100 3100 3000 | 2950

Koncrpykuusi suaexkrpoasurareass J126. Cmanuna tarosoro snexrpoasurarens /(126
terioBo3a 2TD121 npencrasiser coboi cBapHOW LUIUHAP, K KOTOPOMY KPENATCS ECTh TJIaBHBIX
U 1IecTh JOOABOYHBIX MOMIOCOB. TSAroBBIE ANIEKTPOABUraTENH SBISIOTCS PEBEPCUBHBIMU, U 4aCTOTA
BpaIlleHHs Baja IMPH BPAIICHWH B Pa3HBIE CTOPOHBI NMPH OJHOW M TOH XK€ Harpy3ke He JOJDKHA
ornuatbea Oonee yem Ha 4% (I'OCT 2582— 81). OtuM 00ycioBIEHBI KEeCTKHE TpeOOBaHUS K
YCTaHOBKE WIETOK IO HeuTpanu. J[OomycK Ha pacrosioKeHue KPOHIITEHHOB IIETKOJAEpKaTeNen
nocje MpUBapKU UX K KOpIycy cocraBisgeT £0,5 Mm.

Inasnvie nomoca (puc. 11.8) umeroT cepaedHuku 3, HAOpaHHBIC W3 INITAMIIOBAHHBIX JIMCTOB
masioyriepoauctoi cramu Ct2 tommuHoil 2 MM. JIMCTBI CepAeYHMKOB CHPECCOBAHBI U CTSHYTHI
YETHIPHMS 3aKJICTIKAMH C MIOTAWHBIMA TOJIOBKaMU. [1J1s1 BO3MOKHOCTH YTOTUICHHSI TOJIOBOK 3aKJIETIOK
U PAaBHOMEPHOTO paclpe/esieHUs] YCHIIUS KpailHHe JIMCThl M3TOTOBJEHBI Oojee TOJCThIMU. B
cepelHe KaXIOro JIMCTa CepJeYHUKa BBHIMITAMIIOBAHO OTBEPCTHE, KyJda TOcCiHe COOpPKH
3allpecCOBBIBAIOT CTAJIbHOM cTepikeHb. CepAeyHHK KpermuTcs K CTaHuHE Tpems OoJaTamu,
BBEPHYTHIMH B CTEPKEHb. [IpH 3TOM CTATHBarOIIEe YCHIINE OT CTEP)KHS paBHOMEPHO TIepenaeTcs Ha
JUCTBI  ceplevyHUKa. ['0JIOBKM OONTOB 3alMBalOT  KBAPLKOMIIAYHJOM, MPENSATCTBYIOIIMM
MIPOCAaYMBAHMIO BJIAaTd BHYTPh CTAaHWHBL. KaTyIlKka ri1aBHOTO MOJTF0CAa HAMOTaHA U3 ITUHHON MeIH Ha
IIMpOKoe pedpo (TmammMs) B JiBa cI0s. BUTKM KaTylIku M30JUPOBaHbI IpYr OT Apyra acoecToBOM
AIIEKTPOM30IIIMOHHON Oymaroi 10. Karyimrka cocTouT u3 qByX MOMyKaTyIIeK C YUCIOM BHTKOB 1 1
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1 8, COCIMHEHHBIX MEXIYy co0OW mociemoBaTenbHO. Takas KOHCTpYKIHsS oOecrednBaeT JIydiinee
3al0JHEHNE MEXXKATYIIEYHOIO0 MPOCTPAHCTBA M ONPEAEIIAETCS YCIOBUSIMHU Pa3MEIICHHS TJIaBHBIX
noJirocoB. HapykHast M30isiMs KaTymKu (KOpIycHass M30Jsiusi) 12 umeer 4eThlpe CJosi JICHTHI
JICKH-160-TT u mo ogHOMY CJI0F0 CTEKJITHHOW JICHTHI M 3JIEKTPOU30JISAIIMOHHON IIIEHKH. B MecTax
CONMPUKOCHOBEHUSI KATYIIKM CO CTAaHUHOW 4 JOIMOJHUTENIBHO YCTAaHABIMUBAIOT MPOKIAIKU <5 U3
CTEKJIOTKaHU U cTekiaoTekcTtonura CTOD-1-0,5. Mexnay clnosMu KaTyIIKH TaKXe YKIAIbIBAIOT
MEXKATYIICYHYIO H30JALMI0 8 M3 CTEKIOTeKCTonmuTa. Kaxnaplid cioil M30sIuu  IpoMasaH
KoMnayHAoM. KaTyliky ¢ u30is1ueld CpecCOBBIBAIOT U 3aIl€KalOT, a 3aTEM MOKPBIBAIOT 3MAJIBIO.
[lo papyro#t TEXHOJOTMM BHUTKOBAas HW30JSLMS KaTylIEK TIJIaBHBIX I[IOJIOCOB BBINOJHEHA U3
acOecToBoii OyMaru, CjJOW KaTyIIKU H30JMPOBAHbBl OJUH OT JAPYTOr0 CTEKJIOTEKCTOIUTOBOMN
npoknanakoit. Jlms oOecreueHus: 3aKperuieHUsT KaTYIIKM Ha CEpPICYHUKE 3a30pbl MEKIYy HUMHU
3amoJHAIOT acOecToBO JeHTONH JIAD uW 3aTeM NpPONUTHIBAIOT B KommayHae «MOHOIHT-2».
W3omsmus knacea F.

Z
oy

Puc. 11.8. Pa3pe3 rinaBHOro nojroca Troporo asiekrpoasurarens 3/1126.
1 — GamMak; 2 — CepJICYHUK IMOJI0Ca; 3— KPETUICHHE CepACYHMKA MOJIF0ca; 4 — CTaHWHA;
5 — mpyxuHHas paMKa; 6 — MPOKIIAIKA; 7— U30JISIIHSI KaTYIIKY;
8 — MeKKaTyIIeHas U30JSIHs; 9— KOMIayHIHAs 3aJIMBKa;
10 — acGecroBast aekTpon3oIAInoHHas Oymara; 11 — nmpoBoaHuK; 12 — KOpITyCHAsT H3OISIIHSL.

JIBe KaTyLIKM TJIABHBIX IOJIFOCOB UMEIOT OTKPBITHIE, a JIBE — IMEPEKPEIeHHbIE BBIBOJABL. Mexay
KAaTyIIKOW M CTAaHWHOW YCTAaHOBJIEHA CTaJbHAs MPOKJaJKa TOJLIMHONW 1 MM Uil NmpenoxpaHeHUs
M30JSIUM  KaTyIIKW OT Trpy0o o0paboTaHHOW MOBEpXHOCTH cTaHMHBL. CO BpeMEHEM BbICOTa
KaTyIIKd YMEHBINACTCA BCJIEJICTBHE YCbIXaHUS H30AMU. IlosToMy 4YTOOBI mNpeaynpeauthb
NepeMelIeHre KaTyIKH 10 CEpACYHUKY IPH yaapax U BUOpalMsxX, Mexay KaTyIIKod 1 Oalmmakom
MOJTIOCA MPOKJIA/IBIBAIOT PAMKY 5, CO3/AOIIYIO MOCTe 3aTsHKKU OOJITOB JaBlieHHe Ha KaTymky. Bo
n30exaHne NOBPEXKACHNUS U30JIALUN KaTylIKa OTAeNIeHa OT OalliMaka IpeJoXpaHUTEIbHON paMKOM
13 TOHKOJIMCTOBOM CTaJIN.

Jlobasounvle nonoca cOCTOAT U3 CEPIICYHUKOB U Karymiek (cM. puc. 11.7). Bo3nymnsliii 3a30p nox
N00aBOYHBIMM TOMOcaMu paBeH 9 MM. CepledyHUKH J100AaBOYHBIX IOJIOCOB H3TOTOBIISIOTCS
CIUIOIIHBIMU W3 TOJICTOJIMCTOBOW JINTOM MM MpokaTaHHOW crtanmu Crt3, Tak Kak MX pa3sMepsl U
IIOTOK, IPOXOAIINNA Yepe3 HUX, HEBEJIUKH, U MOTEPH, BBI3bIBAEMBIE BUXPEBBIMU TOKaMH, TAKKe
HE3HAYUTEIbHBI.

bammak cepieyHuKa yke, 4eM OCHOBHOE €ro TeNO, MO3TOMY AJI yAEpKaHMs KaTyHIKH ¢ ABYX
CTOpOH OaliMaka MpHUKJIENaHbl HEMarHWTHbBIE T[OJIOCHbIE HAKOHEYHUKHW U3 JIATYHU WU
OropamtoMUHUA. Il HAaJEKHOCTH KPEIJIEHUS MOJIOCHBIE HAKOHEYHHKH ITOCaKEHbI HAa YTOJIBHUK
(cm. puc. 11.5). Uto6s! npeaynpenuTs nepeMelieHrne KaTylKy BA0JIb cepleuHHKa (TIpU YChIXaHUU
M30JIALUM), MEXKIy Hel M CTaHMHOM YCTaHOBJIEHA IMpPYXXHMHHAs pamka. Mexay CepAedyHUKOM HU
CTaHMHOM  TIOCTaBJEHBbl JIOPATIOMUHUEBbIE HEMarHUTHBbIE TPOKJIAJKH, YBEJIUYUBAIOLIUE
BO3JYIUHBIM 3a30p B MarHUTHOM LE€NH, Ul YMEHBIIECHUS PACCEMBAHUS MAarHUTHOIO NOTOKAa U
CHIDKEHUS BIIMSHUS BUXPEBBIX TOKOB Ha KoMMyTaluio. Karyika 100aBO4HOr0 moJsitoca BhIIOJHEHA
U3 IIMHHOM Menu, HaMOTaHHOH Ha y3koe peOpo. Mexay BUTKaMHU KaTyIIKH YCTAHOBJIEHBI
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MPOKIIATIKA U3 acOECTOBOM 3MEKTPOU3OISIMOHHON Oymaru. [I0JHOCTRIO M30JTUPYIOT OT KOpIyca
TOJIBKO TPH-YEThIPE BUTKA: C KAXKIOW CTOPOHBI AByMsI-TpeMs ciosamu JeHTsl JI C (BrmonHaxiecTa) u
crexyisiHHON JieHToH JIDC. Co CTOpOHBI CTaHMHBI M HAKOHEYHHKA PACIOJIAraioT MPOKIAIKUA U3
CTEKJIOTEKCTOJIUTA. J[7 TMOBBILIEHHUS TEIUIOOTAAYM HAPYKHYIO TOBEPXHOCTh CPEAHUX BHUTKOB
KaTyIIKd HE HW30JIMPYIOT, a OT KOpIlyca M30JHMPYIOT HUX MATHIO MPOKIAIKaMH M3 acOecTOBOM
anekTpoun3oysnuonHor Oymaru. Kinace m3omsmuum F. Kartymka Hamera Ha cranmpHOM Kapkac. Jlis
M30JSIMM OT KOpIyca €€ BMECTE C KapKacoM IIPOIUTHIBAIOT B KOMIIAYHJAE U 3aTEM MOKPBIBAIOT
3JEKTPOU3OJIALIMOHHON 3Maliblo. MeKKaTylleyHble COEJIMHEHUS, BBINOJHEHHbIE IIMHAMU WIH
rHOKMMH  Ka0elsiMU, TPU HEYJIOBJIECTBOPUTEIHHOM KpEIUIEHUH BUOPHUPYIOT, YTO MPHBOIUT K
M3JIOMaM KakK CaMHMX COEIMHEHHWH, TaKk W BBIBOAOB Karymiek. l[loaTroMy mpenmnodyreHue OTHarOT
IIMHHBIM MEXXKATYIIEYHbIM COEIWHEHUSIM, BBINOJIHEHHBIM M3 JABYX TOJBIX MEIHBIX JEHT U
MPUKPEIICHHBIX K KOPITyCY OaH1a)KOM C Pe3MHOBBIMU MPOKJIaIKaMH, TaCSIIIIMMUA BHICOKOYACTOTHBIE
BuOpanuu. CepreyHUK sKOps HaOpaH W3 IITAMIOBAHHBIX JIUCTOB JJIEKTPOTEXHHUYECKOU
JIETUPOBAHHOU cTanu Mapok 2211, 2212 (tommmHoi 0,5 MM), TOKPBITBIX TOHKHM CJIOEM JIaka C
obenx cropoH. Jluctel Habuparorcs mo macce (363 kr). TonmmuHa KpafHUX JIMCTOB COCTaBIsieT |
MM. B KaxoM JTUCTe BBIIITAMIIOBaHO 54 ma3a W JBa psAa BEHTWIALMOHHBIX OTBepcTHid (32 miT.)
nuamerpoM 27 mMm. CepeauHa KakJIOro Iasa COBHAJAET C CEPEeIMHON KOJUIEKTOPHOW IUIACTHHBI.
Haxumuble 1maifObl, OJHOBPEMEHHO SBIISIFOIIMECS OOMOTKOIEpKaTelsaMU, OTIUTH u3 ctanu. Co
CTOPOHBI IIECTEPHU HA Baly YCTAaHOBJICHA 3ajHsAA Iaiba (OTKPHITOrO THMA), CO CTOPOHBI
KoJIeKTopa — mnepenHss. OTKppiTas maiiba yinydmaeT OXJaKICHHE 3aJHHX JOOOBBIX 4YacTei
oomoTku. CoOpaHHBIN cepAeyHUK 0€3 0OMOTKH MOKPHIBAIOT SMabI0 (KOPUUHEBBIM rpyHTOM) DJI-
03K u 3anekarot. Haxxumubie maiiObl iepes; ykiaakoi 0OMOTKU SIKOPS MOKPBIBAIOT CTEKIOTKAHBIO,
IIPOMUTAHHOW B ATIOKCHJIHOM JIaKe, ONPECCOBBIBAIOT U 3aII€KAIOT. JTO CO3JAaCT MOHOJUTHBIN CIION
M30JISALHH.

\\\

x\\

Puc. 11.9. Komnekrop Tsarosoro anexrpoasurarens 3126:
7, 6 — HAXKUMHBIE MIAKOBI, 2, 5 — MUKAHUTOBBIE MAHKETHI, 3 — CTSHKHOM 00T,
4 — KOJJIeKTOpHAs IUIACTUHA, 7 — 0aJJaHCUPOBOYHBIN Ipy3, 8 — U30JAIIMOHHAS BTYJIKA.

Komnnekrop umeer nuamerp 400 mm (puc. 11.9). [Inactunsl 4 xomnekropa (ux Bcero 216 mit.)
U3rOTOBJIEHBl M3 TBEPAOTSHYTOM NpO(UIBLHOW MeIu, JETHMpOBaHHOW KaJMHEM WIH cepeOpoM.
[TnacTUHBI MITAaMOYIOT KaK €IMHOE LieJoe C MeTylmKkamMu. B HipkHell JacTu oHM uUMerT Gopmy
JACTOYKWHA XBOCTA, IO3BOJISIONIETO IPOYHO CKPEMUTh KOJUIEKTOp. BTynka 8 wm HaxumHas
KOHHMYECKas I1aii0a KOJIEKTOpa, KOHYCHBIE BBICTYIBI KOTOPBIX BXOJSAT B BHITOUKH IUIACTHH, CHKAThI
MOJT TIPECCOM W CTSHYTHI JOBEHAMUarpio Oonrtamu 3. [lmacTHHBI W30IMpPOBaHBI APYr OT JpyTa
KoJIeKTOpHBIM MUKaHUTOM K®II TonmuHo#i 1,2 MM, a OT KOpIyca — MUKaHUTOBBIMH BTYJIKOH 8 1
Manxeramu 2 u 5 Mapku ODPI'A Tonmuuol 2 MM. BeicTynaroniuii KoHer, MUKaHUTOBON MaHKEThI
3alUIIEH OT BHELIITHUX BO3EHCTBHIA OaHIaKOM U3 CTEKJISTHHOM JICHTHI, TOKPHITHIM CBEPXY IMAJIBIO.
Kaxnas derBepras miiactuHa uMeeT Ooisiee TIyOOKYyHO Mpope3b, B KOTOPYIO JOIMOJIHUTEIHHO
BIIaNBAIOT KOHIIbI YPAaBHUTEIbHBIX COEMHEHUN.

SIxopb 3neKTpoABUTaTENCH UMEET MEeTIeBYI0 OOMOTKY C YPaBHUTEIbHBIMU COEIMHEHUSMHU TIEPBOTO
pona. OHa cocToUT U3 54 KaTylek U UMeeT u3oisiuio kiacca F. Illar oOMOTKH siKOps IO ma3am:

y1 = 1-14, a mar no xoymektopy yk = 1-2. Karymka oOMOTKM SIKOpsSi COCTOUT W3 YETHIPEX
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AJIEMEHTApHBIX OJHOBUTKOBBIX CEKIMH, PAaCIOJIOXKEHHBIX MO IIMPUHE Ia3a (TOpU30HTAIbHAA
ykiaaka). Kaxkngas cekiuss B CBOIO OYEepeqb COCTOMT W3 TpeX MapajulesbHbIX HPOBOJAHUKOB,
PacMoI0KEHHBIX IO BBICOTE Ma3a. DTO JAEJAETCs C LIEIbI0 YMEHbIIEHUS IIOTEPh OT BUXPEBBIX TOKOB,
HAaBOJAMMBIX TOTOKOM paccesHus. B ma3ax kaTymika UW30JMpoBaHa TpeMsl  CIOSIMH
crekaocmioquHuTOBOM JeHThl JICOII Ttommumuoir 0,1 MM BIOJHAaXJIeCTa MW OOHHUM CJIIOEM
crekinonentsl JIDC TommuuHoi 0,1 MM BromHaxsecta. Kaxaplii TPOBOAHUK IOKPHIBACTCS
W30JISIIUEH M3 OJHOTO CIIOSI CTEKJIONCHTHI Tonmuaor 0,1 MM. B 3aHUX TOOOBBIX YacTAX MEXTY
AJIEMEHTAPHBIMU CEKLUHUSMHU JOTOJHUTEIBHO YCTAHABIUBAIOT MPOKIAJKA U3 CTEKJIOJICHTHI.
[lepeanue 1000BbIE YAaCTH JOTOIHUTEIBHO UMEIOT MEXKTy BUTKAMH CEKIIMU MPOKJIAIKUA U3 CIIOJIBI,
9TOOBI M30€XKaTh BUTKOBBIX 3aMbIKaHUU MPH OcajiKe U 0aHAaKupoBke 0OMOTKH. KOHIIBI KaTyiiek B
n3rubax MOMOIHUTEIHHO U30JUPYIOTCS OJHUM clloeM noiaunaMuaHoi mieHku [IMA Tommunoi 0,04
MM. Ha nHO masza W moj KJMH yCTaHABIMBAIOT MPOKIAIKU M3 CTEKJIOTeKcTonuTa TonmuHon 0,35
MM. OOMOTKa SKOPsI YACPKUBAETCS B Ma3aX CTEKIOTEKCTOIUTOBBIMHU KIMHBSIMH TOJIIIUHON O MM, a
B JIOOOBBIX YACTSIX — CTEKJIOOAH IaKaMH.

Oco0eHHOCTH KOHCTPYKIMM [PYrux »3JjektpoaBurareneid. B snexkrponsuratene 2J[118A
MPUMEHSIIOT CTEeKI00aHmax, KOTOpBIM HamarbiBaeTcs ¢ HaTsbkeHueM 1,3 kH. Crexnobanpax
n3rotoBistoT U3 creknonentsl JICh-F pazmepom 0,2x20 MM (CTEKJIIHHBIE BOJIOKHA PacoOIOKEHbI
TOJIBKO B MTPOJIOJILHOM HAIIPABJICHUU U CKJIEEHBI TMIOKCHUTHBIM CBSA3YIOIUM KoMIayHoM). banaaxu
B IIpOIIeCcCe CYIIKH 3aIIeKAl0T, U OHU CTAHOBSITCS MOHOJIMTHBIMU. [IpenMyIecTBo cTexinodangaxa B
TOM, YTO OH HE pa3pyllaeTcs NpU KpPyroBoM orHe Ha koiuiektope. Iloa mepeaHumu 1000BbIMU
JacTAMHU OOMOTKH SIKOPSI HaXOJATCSl YPAaBHUTENIbHbIE COEIMHEHUS, BBIIOJHEHHbIE U3 Meau MI'M
pasmepoM 1,68x5,1 mm (c umzomsuuen 2,23x6,87 mMMm). BbIBOIBI ypaBHUTENBHBIX COCIUHEHHIA
MPUCOEANHSIOT K KOJJIEKTOpHBIM IiacTuHaM 1 u 109, 5 u 113.

Jlnia xperuieHus: 0aJaHCUPOBOYHBIX IPY30B B KOHYCE KOJIJIEKTOpa U Ha 3alHEM 0OMOTKOZepkKaTelne
IIPEeyCMOTPEHbI clieluanbHble KaHaBku. llleTkoneprkaTens MMeET JIMTOM JaTyHHBIH Kopmyc,
KOTOpBIM YKpEIUIeH B KpOHINTEHHE, BBAPEHHOM B TOPILOBYIO CTEHKY CTaHHHBL. B Kopmyc
3alpeccoBaHbl J[Ba CTaJbHBIX Nalblla, CIYXKAlMX JUIsl KpEIUIEHUs IIEeTKoAepKareneil B
kponmreiiHe. [lanbubl u3omMpoBaHbl OT Kopmyca mpeccmarepuasiom Al-4C wunm  TBepIbIM
M30JSIMOHHBIM  CJIOEM U3 JIOKCHJHOTO KOMIIayH/a, Ha KOTOPBI HaaeThl HU30JIATOPHl W3
npeccmarepuana K-78-51. B merkoaepxarene pacnoyioKeHbl TPU Mapbl pa3pe3HbIX METOK MapKU
Or-61 (12,5%x40x60 mMm). Pa3pesHble IIETKH MOJE€3HBI B CiIy4dyae HEPOBHOCTH KOJUIEKTOpa WIIU
BBIIIYYMBAHUS OJHOM M3 KOJUIEKTOPHBIX IIACTHH: CHadaJla Ha HEPOBHOCTH MOJCKAaKMBAET OJHA, a
3aTeM BTOpasl MOJIOBHMHKA LIETKH, Ojarojaps 4eMy KOHTAaKT LIETKH M KOJUIEKTOpa COXpaHsAeTcs
nocTosiHHO. Kpome Toro, paspesHble WIETKH CO3AAIOT XOPOIIYH IOJUTYPY KOJUIEKTOpPA U TEM
caMbIM YJIYYIIalOT YCJIOBHS KOMMYyTauuu. Pe3sMHOBBIE aMOpPTM3AaTOphl Ha IIETKaX MOTJIOUIAI0T
HeOoJsIblIIMEe TONYKM M yAapbl, HE JOMyCKas OTphIBa INETOK OT KoJulekTopa. B kopmyce
LIETKOJIEpKaTeNsl UMEIOTCS 1Ba THE3/1a /Ui IIeTOK. B 0/1HO rHe310 BCTaBlieHa O/1HA Mapa LIETOK, B
npyroe — nee napsbl. llleTkn nmpuxknMaroTcs K KOJJIEKTOPY CHUPAIBHBIMM HpyxuHamu. Hakarne
(42...48 H) perynupyercss NOBOPOTOM BTYJKM, Haxojsuielcsa B LeHTpe npyxussl. llleTkn
CHa0XeHbl TMOKMMHU IIyHTaMH, NMPHUKPEIUIEHHBIMU OOJTaMH K KOpHYCy LieTkoaepkartens. Jlis
yno6cTBa 0CMOTpa M 3aMEHbI IIETOK Ha IIETKOJEP)KATENAX YCTAaHOBIIEHBI CTOMKHU C 3aIlJIeUUKAMU,
MO3BOJIAIOMIME  (PUKCHpPOBAaTh  MPYKUHBI B MPUIIOAHATOM  COCTOSHMM.  BeHTmmsauums
anektpoasurarenet tuma OJ[118 mapamnmenvHas, He3aBucuMas. OXJIaxIAlOMMA  BO3IyX
Har"HeTaercsi JByMs BEHTWIATOpaMH — IO OJHOMY Ha KaXIyl Tenexky. CTpys Bo3nyxa OT
BEHTWISTOpPA TMOCTYMAaeT B TMOJOCTh JJIEKTPOJBHUraTesis 4Yepe3 BEHTUJISIHUOHHOE OTBEPCTHE,
pacrojOKEHHOE B BEPXHEH 4YacTU CTaHWHBI HaJ KOJUIEKTOPOM, M JAJIbLIE JBMKETCA IBYMS
napajuleIbHBIMU TIOTOKaMU MOJA00HO TOMY, KaK 3TO OMKMCAHO JUIsl TATOBOro renepartopa. Harpersiit
BO3/YyX BBIOpAchIBaeTCs UYepe3 OTBEPCTHUS B CTAaHHHE, 3alIUIEHHbIE CETKaMu U muTkaMu. L{uTtok y
HIDKHETO OTBEPCTHSI HAINpaBisieT MOTOK HAarpeToro BO3[yXa MapajuleIbHO PEIbCOBOMY IYTH.
Taroseiii anexrpoasurarens /(1256 mo koHcTpykuuu cymecTBeHHO oriuuyaercss ot O/[118b.
Bmecto cTsKHBIX OONTOB  KOJJIEKTOP CKPEIUISETCS MPYKUHHBIM — Pa3pe3HbIM  KOJBI[OM.
ITpomexxyTrounas BTynka (OapabaH), COEAMHSAIONIAs BCE MEXaHUYECKUE YaCTH SIKOps, MO3BOJISIET
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JIETKO 3aMEHHUTH MOBPEKICHHBIN Ball. OOMOTKA SKOPsI ©IMEeT U300 kKinacca H (monmuumun), 94To
MO3BOJISIET IPUMEPHO BIBOE YBEIMUYUTH PECypC SIKOPs O 3aMeHbl 0OMOTKH. J[o6aBouHBIE TOJIOCA
KpeIsTCs K KOPIYCY CKBO3HBIMU (IIPOXOJHBIMK) OoOJITaMU C TaliKamMH, IJIaBHbIE IIOJIOCA — C
MTOMOIIBIO BBICTYIAIOILIETO U3 CEpJCUHUKA CTEPKHS U OOJITOB, a MIETKOJEpKATeNId B KPOHIITEHHAX
— C ITOMOILBIO [TPUBAJIOYHOMN MIOBEPXHOCTH B BUJIE «ETIOUKU.

Tsarosele snextpoasurarenu /(126 ¢ onopHO-paMHBIM IOJABEIIMBAHUEM YCTAaHABIMBAKOTCS Ha
ternoBo3bl 2TD121 ¢ quamerpom kosnec 1250 mm. CtaHuHA 3IEKTPOABUTATENS KPYTJiasi, CBapHast
U3 CTaJIbHOIO MPOKATa, UMEET OMOPHBIC IMJIOMIAJAKN U JUThIE U3 CTAIM MOAIIUIHUKOBBIE MIUTHI. K
IIUTY W KOPIYCYy CO CTOPOHBI KOJJIEKTOpa IPHUKPEIUIEHbl IOBOPOTHas TpaBepca C
HIETKOJIEPKaTENISIMA U €€ PYYHOM IecTepeHHbIN mpuBoI. Ha muTe co cCTOpOHBI MpUBOJa UMEIOTCS
OTBEPCTHS JIJIs1 BBIX0/1a OXJIAKJAIOIIET0 BO3/1yXa C HAMPABJISIOUIMMH U 3allUTHBIMU KO3bIPbKaMH.
MaruuTtHas cucTema LIECTUIOIIOCHAS, KPETJICHH TJIaBHBIX U I00aBOYHBIX IOJIOCOB TaKHUE Ke, KaK
Ha anekTpoasurarene J/[125b, a nonepeunsie pasmepsl npuMmepHo B 1,3 pasa Oosblie, yeM y
O/1118b u B/1125b.

Cwmazounoe ycrpoiictBo aekrpoasurateneit 3/[118b u 9J1125b umeer aBe HE3aBUCUMBIE CUCTEMBbI
CMa3KH: IUPKYJIALUOHHYI0, Kak y DJ[108A, un putnibHyto (moasctepHyto), kak y /118A, TJI-2K,
Hb-412K, Hb-418K6 (puc. 11.10). LlupkynsiuoHHas cUCTEMa CMa3KM BKJIIOYaeT B cels
HIeCTepeHHBI HAcOC, MPUBOJUMBINM BO BpallleHHE OT OCH KOJECHOH Maphl, U BaHHY (KaMepy) co
cmas3koil. [lonbcTepHas cuctemMa MMeeT 3aKpeIuIeHHbI B 000liMe (QUTHIIb, PYKUHHOE HAXKMUMHOE
YCTPOMCTBO M BaHHY CO CMa3KoH, 3akpbITyio Kpbimkoil. Cmaszky (OKPO TVY32 UT 520 — 73) nna
POJIMKOBBIX MOJAIIMITHUKOB TATOBBIX AJIEKTPOABHUraTeNIel 3alpecCOBBIBAIOT LIIPUII-TIPECCOM YEPE3
MAaCJICHKY.

Puc. 11.10. MoTopHO-0C€BOI MOIIMITHUK U CUCTEMA CMa3KH 3JIEKTPOABUraTenen
S118b u D/[125b.

7,2 —ocu; 3 — pukcarop, 4 — MOIUIABOK; 5 — BTYJIKA; 6 — KpbIIKa; 7 — MpoOKa; 8 — KpbIIIKa
MOTOPHO-0CEBOTO MmoammIHuKa; 9 — nmpyxuna; 10 — peryar; 11 ~ muracturuaTas npyxuna; 12 —
kopmyc; 13 — ckoba; 14 — kopoOka; 15 — monbctep; 16 — Gont; 17 — mocrens; 18 — Bkiagsin; mm u
Max — MUHUMAaJIbHBIA 1 MAaKCUMAITbHBIH YPOBHU CMa3KH.

11.4. TAroBbIe JIEKTPOABUIATEH YJIEKTPOBO30B.

TsroBBIC PEKTPOABUTATENN IEKTPOBO30B (Ta0. 11.4) UMEIOT KOHCTPYKITHIO, BO MHOTOM CXOXKYIO
C KOHCTPYKITUEH TIATOBBIX JBUTATENEH TErI0B030B. OCOOEHHOCTH UX KOHCTPYKIIMU PACCMOTPUM Ha
npumepe asuratens Hb-418K6 mommHocthio 790 kBt (puc. 11.11). Cranmna nBurateneit c
OJTHOCTOPOHHEHW 3yOuaToi rmepeaveil BHIIOJHEHA aHAJOTHYHO CTAaHWHE TETUIOBO3HBIX JBUTATEIICH.
[Ipn JBYXCTOpOHHEW Tmepedaue KpYTSAIMIETO MOMEHTa ¢ 00eWx CTOpOH Bajma 5  sSKoOps
YCTaHABIIMBAIOTCS OJIMHAKOBBIE OMOPHBIC TOAMUITHUKHY 4 1 17 1 KOCO3yObIe IMeCTepHH.

140 /203



Tabauya 11.4. Texnuueckue xapakmepucmuku msaeo8slx djieKmpoosuecamencetl dJ1eKmpoe0o308.

THIT TATOBOTO 3JIEKTPOIBUTATEINS
XapakTepuCTHKA m m m m m
a1oM | 412K HB-413 414B | 418K | 420A TJI-2 [AL4846eT|AL444nP
Cepust 251€KTpOBO3a BJI60 | BJI60K | BJISOB | BJI80 | BJISOK | BJI82 | BJI10 qc2 ycC4
MoruHocTh, KBT yacoBas 690 775 775 810 790 700 650 700 900
JUTATEIIEHOTO PEXIMa 550 675 690 740 740 640 - 618 860
Hanpsbicetie ATHTeibHOro 1450 | 1600 | 900 | 950 | 950 | 1500 | 1500 | 1500 800
pexuma, B
Toxk, A
9acOBOI'0 PEXKHMa 515 515 925 900 880 495 466 495 1210
JUTUTEIILHOTO PEXIMa 410 410 820 830 820 450 - 435 1150
YacToTa BpaiieHus, 00/MUH
JUTUTEIILHOTO PEXKHMa 755 880 935 1030 | 890 900 770 630 1150
MaKCHMaJIbHas 1680 | 1680 | 2050 | 2250 | 1990 | 2000 | 1625 1150 1860
Juamerp sikopsi, MM 740 740 740 740 590 660 | 740 900 710
JmHa sKops, MM 440 440 385 385 420 480 440 360 280
Yucio ma3oB 75 75 111 87 87 58 75 87 87
YuCII0 KOJUIEKTOPHBIX TIACTUH 525 525 333 348 348 348 525 609 261
Macca, kr 4220 | 4850 | 4300 | 4000 [ 4300 | 4500 | 4700 5250 2950

MortopHo-oceBble noamunHukd (cMm. puc. 11.10) cocrosT M3 NPUIMBOB K OCTOBY C
LWIMHIPUYECKUMH PACTOYKaMH, BKJIAJBIIIEH W IIAlOK, KOTOPHIE KPENSAT K OCTOBY YETBHIPbMS
O6onramu. OHM WUMEIOT KaMepbl, TJe pa3MemaeTcs cCMa3ka M yCTPOHCTBO Juist ee monmaud. Jlms
ayqmeil puKcanuy MIanoK B MPUWIMBAaX OCTOBA BIOJb LMIMHIPUYECKONW PACTOUYKH JJIS BKJIaJblIIa
MMEIOTCS Ma3bl, a Ha MOCAJO0YHOM CTOPOHE IANOK — COOTBETCTBYIOIIME IPOJOJIbHBIE BBICTYIIBI,
BXOJISIIIME B 3TU Ma3bl. BKIIaJBIIIN MOTOPHO-OCEBBIX MOALIMITHUKOB BBIIOIHEHbI Pa3beMHBIMU (U3
IBYX TIOJIOBUH) U OTIHUTHI U3 aTyHu Mapku JIKC80-3-3 ¢ 3anuBkoi 6a00MTOM TONIIHHOI 3...4 MM.
HakoHeYHMKM TIJIaBHBIX IIOJIOCOB HMEIOT oOudepTaHue, oOecrneuyuBaroliee HepaBHOMEPHBIN
BO3JIYLIHBIA 3a30p: MUHUMAJIBHBIN I10J] CEPEAVHON OJIFOCA U YBEIIMYUBAOIIMICA K €ro KpasM JJIs
yIy4LIEHUS paclpelesIeHus NHAYKLINN B BO3AYIIHOM 3a30p€ MAalllMHbI, & B KOHEUHOM CYETE — IS
YIIy4IIEHUs paclpeieseHUs HapsHKEHUs] MEKy KOJUIEKTOPHBIMU IIaCTUHAMM, BETMYMHBI U MECTa
€ro MakCMMaJIBHOI'O 3HAa4eHMs. B KOMIIEHCHpPOBAHHBIX MallMHAX yCTAHABIMBACTCS CIIELUaIbHas
KOMIIEHCAIIMOHHAs: 0OMOTKa, KOTOpasi CHU)KAaeT BO3MOKHOCTh BOSHUKHOBEHMSI KPYrOBOT'O OTHSI Ha
komnekrope (puc. 11.12). KomneHcannonHas oOMoTka 3 B BHJE OTIENbHBIX KaTyIIEK
YKJIa/bIBAaeTCsl B Ma3bl OallIMakoOB TJIABHBIX IOJIFOCOB U 3aKPEIUISIETCs B HUX TEKCTOJIHUTOBBIMU
KIMHBSAMU. B 3TOM ciyyae Oyru INOJIIOCHBIX HAKOHEUYHUKOB BBINOJIHAIOTCA KOHIIEHTPUYHBIMHU C
MMOBEPXHOCTBIO SIKOPSI U 00pa3yroT paBHOMEPHBIM BO3AYIIHBIM 3a30p. B Hacrosimiee BpeMs B
JBUTaTeNsAX C KPYIJIBIM OCTOBOM KaTYIIKH OOMOTKHU BO30Y)KJIEHMS IJIaBHBIX MOJKOCOB HaMaThIBAIOT
0OBIUHO Ha y3K0e pedpo. ITo mo3BoJsieT (HOpPMOBATH KATYIIKHU [0 PalycCy, COMpAras ¢ pacTOYKON
B cTaHMHe. B pesynbrare oOecrneunBaeTcs Jydlllee OXJAXKJIEHHE KaTyllek, Ooiblias HX
KOMITAaKTHOCTb U MPOYHOCTh U, KPOME TOTO, YMEHBIIIAETCS BHICOTA CEPACYHUKA TJIaBHBIX MOJIIOCOB,
a CIIe0BATENbHO, U IUAMETP CTAaHUHBI.
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Puc. 11.11. Pa3pes TsaroBoro snekrpoasurarens Hb-418b.
1 — cranmna; 2 — mmHa; 5, 20 — MOAMIUITHUKOBBIE IIUTHL; 4, 17 — MOAIIMIHUKY; 5 — BaI;
6 — xomnexkTop; 7 — TpaBepca; 8 — BO3AyX0BO; 9 — MIETKOAEpKATEIb;
10 — ypaBHUTENBHBIE coeAMHECHUS; 11 — BBIBOJBI 0OMOTKH BO30YXKICHUS,

12— obmoTKa BO30Yyx)aeHUS, 13 — cepieYHHK TTIaBHOTO MOJIOCA;
14 — xomnieHcanmoHHas 00MOTKa; 15 — 0OMOTKa sikopst; 16 — mabupuHTHOE YIJIOTHEHUE;

18— koxyx; 19— 6annmax; 21 — 0OMOTKa 106aBOYHOTO IOJIIOCA;

22 — ceplIeYHHK JT00aBOYHOTO MOTIOCa; 23 — TKOPb.

Puc. 11.12. I'naBHbIil nomtoc TaroBoro anektpoasuratens Hb-418b
¢ KOMITIEHCAIIHOHHON 0OMOTKOM.
@ — TTIaBHBIN TOJTIOC, 6 — KaTyIIKa KOMIIEHCAIITMOHHON 00MOTKH, | — 00MOTKa BO3OYXIeHUS,
2 — CepJICYHUK TOJII0Ca, 3 — KOMIICHCAIIMOHHAs 0OMOTKA.

K xoHIIaM 0OMOTKM MPUKIIENBIBAIOT U MpunanBatoT npunoeM [IM® BeIBoJHBIE CKOOBI C MATPOHAMU
WIM BBIBOJIHBIE IIPOBOJAA C HAaKOHEYHHKaMH. B KauecTBE MEXBUTKOBOM H3OJSALMM HCHOJIB3YIOT
acOecToByI0 Oymary win 3eKTpoHUT TonmuHou 0,3...0,5 MM, BbICTyNarouye 3a JIGHTY MeJu Ha ...
2 MM Ha KaXIyl CTOpoHy. KpemieHue cepledHMKOB M KaTyIIEK IJaBHBIX IOJIFOCOB aHAJOTHYHO
KpPEIUICHUIO B TATOBBIX DJIEKTPOJBUTATENSAX TEIIOBO30B. Ban 8 sKops TAroBeIX JBUTaTese
M3TOTOBIISIOT U3 XpoMoHuKeneBoil cranu 20XH3A ¢ Tepmuueckoii oopadotkoii (puc. 11.13).
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Puc. 11.13. SIkopb TSITOBOr0 3JIEKTPOABUTATEIS.
1 — KOJIBIIO MOAIIUITHKKA, 2, 3 — a0k sikops, 4, 9 — 6aHgaKH OOMOTKH SKOPSI, 5 — KOJIIEKTOP,
6 — cepaeuHuK sKops, 7 — BTyIKa, 8 — Bai, 10 — oOmoTKa sikops, 11 — ynopHas mraii0a.

Ban umeer MUHMMAaTBbHO BO3MOXKHOE YUCIIO TIEPEXOI0B O TUAMETPY, IPUYEM BBITIOTHSAIOTCS OHU B
BHUJIC TaJTeJeHl OMpPEACIICHHOTO paauyca IJs NPEeaynpekIeHUs KOHLEHTPAIMKW HaNpsHKCHHM.
Konycnocts koH1oB Bana 1:10. Brynka sikops uMeeT UUIMHAPUYECKYI0 GOpMYy U OTIMBAETCA W3
cranu 25JI1. Cepneunuk 6 sikopsi COOMPArOT U3 JUCTOB 3JIEKTPOTEXHUUECKOM cTanu ToamuHoi 0,5
MM Mapok 1212, 1213, 1322, 3411 unu 3412. B nucrtax BIIITAMIOBBIBAIOT Ma3bl JJI pa3MEIICHUs
O0OMOTKH, OTBEPCTHS aKCHATBHBIX BEHTHISAIIMOHHBIX KAaHAJIOB, MECTO ISl IOCAI0YHOM IITTOHKH.

Puc. 11.14. N30as11s KaTylnIKu SKOPSL.
1 — IpoBOTHUK; 2 — U3OIISIUS POBOJAHUKA; 3 — KOPITYCHASI U30JISIIHS;
4 — 3aIUTHAS U3OJIALMSL.

Ob6motka sikops 10 y BceX COBPEMEHHBIX TSATOBBIX JBUTATENedl SIEKTPOBO30B TIETIIEBas C
YPaBHUTEIHHBIMH COCTUHEHUSMH IIEPBOTO POJA, y TATOBBIX JBHTATENEH AIIEKTPONOE3IOB —
BOJIHOBasi C YUCJIOM TMapajieNbHBIX BeTBel 2a = 2. CeKIMM COBPEMEHHBIX TATOBBIX IBUTATENCH
BBITIOJIHSIOT C IEbHBIMU TOJOBKAMH, Yallle BCEro 3aKphIBAEMBIMH OOPTOM OOMOTKOJEpKATeIs
(mBurarenmu HB-406, -412M, -412K, -414, -418K; JK-103, -106b; PT-51/1, -113; 1.JIT.003). V
nsurarenei mocienaux BeimyckoB (HB-418K0, -514, -520; AL4846eT, -4846T, -4442nP; TAO-
649B1, -649A1; GB317/23a) ronoBKH CEKIMH — OTKPBIThIE. DTO CHUXAET HArpeB OOMOTOK, HO
YBEIIMYMBACT BEPOSTHOCTh MX MOBPEXKIEHHS. MaTepuall MPOBOJHUKOB — MPSIMOYTOJIbHAS TOJast
MsirKasi ooMorouHas menb MI'M unr 0OMoTOYHBIN mpoBoI. V30ms1ust 2 OTIeNbHBIX TPOBOAHUKOB
(mmHOK) 1 0OOMOTKH sIKOpsi OOBIYHO COOTBETCTBYET Kilaccy B u BbimonHsiercs mukaieHton JIOY
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tommuuoi 0,1 MM onmuuM crnoem BnodHaxiecta (puc. 11.14). Kopnycnas uzomnsius 3 CeKIuu
nmemaercs takke mukaneHTor JIOY tommmuor 0,1 mmm 0,13 MM BnomHaxiecta. Ymciio cioes
3aBUCUT OT HAIPsDKEHUS MAlIMHBI MO OTHOMICHHIO K 3emuie. [loBepx KOpIyCHOW HaKIIaJIbIBAIOT
3aIUTHYI0 H30JSHI0 4 U3 CTeKioJeHThl ToiammHon 0,15 MM, oauH ciol BCTBIK. B mocnemnee
BpeMs ISl U30JISIUU SIKOPHBIX KaTylIEeK MPUMEHSIOT JIMIIKUNA 3CKAIOH, CO3JAI0NIUA MOHOJIUTHYIO
n3ossuio. Bo Bcex TATOBBIX JBUTATENsAX OOMOTKA SIKOPSI KPEHMUTCS B 11a30BOM YacTH KIMHBSIMH U3
Tekcronuta Mapku b, crekiiorekcronura mapku CT mnm npeccoBoyHoi Maccel Al'-4, o1 KoTopble
yIIOKEHbI MpokiIagkud. OTHeNnbHble KaTyIIKU HW30JIMPOBAHBI JPYyr OT Jpyra mpokjiaakamu. B
AJIEKTPOBO3HBIX JBUraTeisax nmyibcupytomero Toka (Hb-412M, -412K, -418K6, -514, -520) muHku
CeKUUH YKJIaJbIBAIOT B 1a3aX BepTUKaIbHO. [Ipu 3TOM ymeHbIatoTcs 106aBOYHbIEC IOTEPU B MEIU
SIKOPSI, U YJIYYIIIAeTCsl OTBOJI TEIJIOTHI OT Meau 00MOTOK. HekoTopast TexHoJorndeckas CJI0KHOCTh
TaKOM YKJIAJKH 3aKJII0YaeTCs B BBIKPYYMBAHMHU KOHIIOB CeKIMH Ha 90°, ux pa3BaJIbIIOBKE JIs
BBEJICHHUS B IUIMIIBI TUIACTUH KOJUIEKTOpPA M TOCIEAYIOIIEM OTXKHUI€ JIS CHSATHUS BHYTPEHHHX
HanpspkeHud. KoHubl ceknuii nepen BnanBanuem iyt npunoem [10C-40 B nasnpHOM BaHHe. [Ipu
VKJIQIKe W KPEIUICHUH OOMOTKH SIKOPS JUIsl YCHJICHHSI M3OJISIIUU KaTyIIEK B MECTaX BBIXOJA U3
Ma3oB ceplAeYHHKa sKops ycraHaBnuBaioT U-oOpazHble CKOOOYKM U3 THOKOTO MHUKaHUTA.
W3ons1ui0 HAKMMHBIX [IAH0 B MECTax PACIIONIONKCHHS JIOOOBBIX COCIMHECHUN KATYIIEK SIKOPS
BBIPABHHUBAIOT TaK, YTOOBI YPOBEHb €€ MOCJE OMPECCOBKU OBLI BBIIIE JHA MUIMIA KOJJIEKTOPHBIX
IJJACTUH Ha | MM M HaxoAWJICS Ha YPOBHE JIHA Ta30B sSKops. MHOTAa 3Ta U30IS1Us BBITIOJTHSACTCS B
BUJIE 3apaHee OT(HOPMOBAHHBIX KECTKMX MUKAHUTOBBIX MOJIyKoJel (Hampumep, y asuratens JIK-
103).

Banpaxu taroseix asurarenei JIK-103, -106, Hb-406, TJI-2K, AL646eT, -4846zT, TAO-649B1, -
649A1 u GB317/23a BbINOJHEHBI M3 JIY)KEHOH MArHMUTHOW WJIM HEMArHUTHOW ITPOBOJIOKH,
CKpeIieHbl CKOOOYKamMu W3 Oenoil syxeHol »xectu W mpomasHbl npunoem [1OC-40. V Bcex
neurareneit, kpome TAO-649A1 u -649B1, 6GangakHas IPOBOJIOKA — KPyTJias (IHaMeTpoM 2 MM), a
y Ha3BaHHBIX JBHUraTeneil — mpsmoyroibHas (1,5%3 mwm). B ciayuae HeoOxoaumocTu OaHOaku
HakianpiBaloT B ABa cios. Jsurarenu HB414, -418K6, -420b, -514, -520 BeImyckaroT co
CTeKJIO0aHAaXaMH U3  HEMNPEpbIBHBIX  MApAJICIbHO  OPUEHTUPOBAHHBIX  CTEKJIOHHUTEH,
MPOMUTHIBAEMBIX MOMMIPUPHON cMmotoit. O6mras TonmuHa 6angaxa 4 mM. [surarenn Hb-412M, -
412K u PT-51]1 BBITIOTHEHBI ¢ METAUTMYCCKUMHU OaHIa)KaMH HJIH CTEKJIOOaHJaKaMHu.

KomnnexkTopsl TITOBBIX ABUTATENICH BBHITIOJHSIOT apOYHOTO THMA CO CTATbHBIMH HAKHUMHBIMU
KOHycaMu. Marepuan KOJUIEKTOPHBIX IUIACTUH — TBEpJas MeAb XOJIOAHOM MPOTSHKKHU
TpaneneuaanbHoro ceueHus mapku M| ¢ mpemenom mpownoctu 300 MIla (30 KFC/MMZ) u
KagmueBas ¢ mpezaenaoM npouHoctu 350 MIla (35 KFC/MMZ). Ilerymku yaie BCErO COCTaBISIOT
€IMHOe 11eJI0€ ¢ MiIacTuHoi, Ho nHoraa (aBurarenu Hb-418K u -420b) ux npuapusatot. Lnuist
mnactu ayasT npunoeM [10C-40. M3onsmuio Mexay KOJUIEKTOPHBIMU IJIACTUHAMHU M3TOTOBIISIOT
u3 TBepaoro kosiekropHoro mukanuta Mapku KO wim KDA, conepxkamero He 6ornee 3%
CKJICMBAIOIIMX  BelIeCTB. M30JSUMOHHBIE UMIUHAPHI, [OMEIIAEMBIE MEXIYy  KOJIBLIOM
KOJUIEKTOPHBIX IIACTHH U KOPOOKOHM KoJuleKkTopa, umeroT toamuuy 1,25...2,0 mm. KosmnexktopHas
KOpOOKa B COBPEMEHHBIX JBHTaTENIX OTEUYECTBEHHOTO MPOU3BOJICTBA OOBEIUHSETCS C MEPEIHUM
0oOMOTKOJIep)KaTesieM SKOpS M HAlpeCCOBBIBACTCS Ha BTYJIKY sKops. YacTh MUKaHUTOBOMU
MaHXEThl, BBICTYMAIONIYI0 3a TOpell KOJJIEKTOPHBIX IUTACTUH, OaHAKUPYIOT CTEKISTHHON
ANEKTPOU3OIIAIIMOHHON JICHTOW M TOKPBIBAIOT TepMOCTOKON sMmanbio ['®-92-XK. IleTounsrii
anmnapar y TATOBBIX JBUTaTeled 3JEKTPOBO30B M AJIEKTPOIOE3/I0B MOCTOSSHHOIO TOKa COCTOUT M3
KPOHIITEHHOB MIETKOACPKATEICH, YKPEIUIIEMbIX Ha CTAHWHE JBUTATEIIS, M YCTAHOBJICHHBIX Ha HUX
KOPITYCOB HIETKOJEpKaTeNel co IMEeTKaMU. Y 3JIEKTPOBO3HBIX JABHUTATENEH MYyJIbCUPYIOUIETO TOKa
MIECTUTIOJIFOCHOTO MCTIOTHEHUSI KPOHIITEHHBI IMIETKOIepKAaTeJIe yCTaHABIMBAIOT HAa TTOBOPOTHOM
TpaBepce JUIsl IOJIBEICHUSI K CMOTPOBBIM JIFOKaM JIF000TO M3 IIECTH IeTkojepkarteneid. Kopmyca
neTko iepkatesied u3rotorisiroT 3 aryan JIC-59-1 u JIK-80-3. IlleTkn ycTaHaBIUBAIOT MapoK
OI'-2A u -74. Jlna nBurareneii IOCTOSHHOIO TOKAa — ICIbHBIE IMETKH, a I ABHTaTeIcH
MyJIbCHPYIOIIETO TOKa ¢ 00Jiee TPYAHBIMUA YCIOBHSMH KOMMYTAIIUU — COCTAaBHBIE M3 JBYX YacTei.
UToObl pasrpy3uTh HAKUMHBIE TPYKUHBI OT TOKOB, IIETKH OOBIYHO COEIUHSIOT C KOPITYCOM
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LIETKOJIEP)KATENsT TOKOBEAYIIMM IIPOBOAOM. B COBpEMEHHBIX TATOBBIX JBUraTeNsX YCHIINE
HaQ)XHUMHOTO YCTpPOMCTBA IepelaeTcss Ha IETKY 4Yepe3 PEe3WHOBYI0 HAKIAIKY, IEeMII(UPYIOUIYIO
Konebanus wieTku. HakuMmHBIE YCTpOCTBa B  IIETKOAEP)KATENSAX  BBIIOJIHSIIOT WIH  CO
CHUPAIBHBIMUA NIPYKUHAMU U3 TUIOCKOM JICHTHI, WU C [WIMHAPUYECKUMH BUHTOBBIMU MPYKMHAMHU
U3 KPYyIJIoi MpoBOJOKK. B TsAroBbix apurarensix nocieanux BbimyckoB (Hb-418K6, -514, -520)
LIETKOICPKATEIIM UMEIOT BUHTOBBIC LIWJIMHAPUYECKUE MPYKUHBI U3 TPYKUHHOU cTanu 60C2.
KoHTposbHbIE BOIIPOCHL:

1. Kakue U30JA1MOHHBIE MAaTEPUAIIBI HCIIOJIb3YIOTCS IIPU U3TOTOBJIECHUU TATOBBIX 3JIEKTPUUECKHUX
MaiuH?

2. Kakue 0co0eHHOCTH UMEET KOHCTPYKIIHS TSATOBBIX T€HEPATOPOB MOCTOSHHOTO TOKa?

3. I'ne pacnonaratotcst ypaBHUTEIbHbBIE COCTMHEHUS?

4. B yeM 0cOOEHHOCTh paOOTHI PEaKTUBHBIX MIETOK?

5. KakoBbl yciioBust pabOTHI TATOBBIX 3JIEKTPOIBUTATEINCH?

6. KakoBo Ha3HaueHue TpaBepChl?

7. C KaKoi LeJbI0 B KOJJIEKTOPHBIX IUIACTUHAX JIENIAl0T KPYTJIble OTBEPCTHUs?

I'nmaBa 12. BCIIOMOTI'ATEJBbHBIE MAIIIMHBI IIOCTOAHHOI'O TOKA.
12.1. Hazna4yeHue u yci10Busi padoThl BCIIOMOIaTeIbHbIX MAIlIUH.

[To Ha3HaueHUIO BCriOMOraTelbHbIe MalTMHBI IOKOMOTHUBOB MOYKHO Pa3/IeIUTh Ha HECKOJIBKO
IpyMIlL.

1. Mamunel — peryiasTopbl, BBINOJHAIOIINE OCHOBHBbIE (YHKIMU TO PEryJIMpOBaHHUIO
SHEPreTUUEcKol I1enu TeroBo3a. K 3Toi rpymnmne OTHOCSTCS MHOTOOOMOTOYHBIE BO30OYAUTENU
IIOCTOSIHHOTO TOKa CIEHHAIBHOrO0 HCHOJHEHUs. OHM NPUHUMAKOT CUTHAJIBI 10 Pa3jIuyHbIM
rapaMerpam SHEpreTU4ecKor 1enu (HaupspkeHUE M TOK TSIrOBOrO M€HepaTopa, CKOPOCTh JAMU3EINS U
T.II.) W, YOpaBisisi BO30OYXIEHHEM TJaBHOTO T'€HEpaTopa B COOTBETCTBUU C STUMHU CHTHAIAMH,
o0ecreynBalOT HYXHYIO XapakTepUCTHKY Tniepeaadd. Ha OTeYecTBEHHBIX U HEKOTOPBIX
3apyOeKHBIX TEIUIOBO3aX [UIsi ATOW IIeIM HCIOJB3YIOTCS BO30YIUTENNM C PaCIICIUICHHBIMU
MOJIFOCAMHU.

2. MamuHbl, NepeJarouie CUTHAJIbI OT TUPHUCTOPHBIX M MAarHUTHBIX YCHUJIMTENEH K CHCTEME
BO30OyXkeHHUsT reHepartopa. [[is 3ToMl 1enum HCHONAB3YIOTCS BO3OYAUTENIM TOCTOSHHOTO WM
IIEPEMEHHOT0 TOKA.

3. MamuHel NEepeMEeHHOro TOKa, IUTAIOIIME CHJIOBbIE OOMOTKM MAarHMTHBIX YCHJIMTENEH
(moaBo30yaMTENN). DT MalIMHBI OOBIYHO HMMEIOT MOBBINIEHHYI0 4acToTy (400 I'm) c uenbro
YMEHBILIEHUS Pa3MEPOB MarHUTHBIX YCUIIUTENIEH U CaMOIl MalllMHBL.

4. MaluHsl, OCYIIECTBIISAIOLINE OOPAaTHYIO CBSA3b 10 YACTOTE BpAIeHUs AU3eis (TaXoreHepaTopsl),
COEJIMHEHHBIE C BAJIOM.

5. MamuHbsl — WCTOYHMKM THMTAHUS UENed YOpaBlI€HUsS M BCIIOMOTATEIbHBIX IEemeil.
BcenomoratenbHble reHepaTopbl paboTalOT MapaieIbHO C aKKyMYJISTOPHOW OaTapeeil U MUTAIOT
LeNH YNpaBJICHUs anmnapaToB, 33Jalollue OOMOTKM BO30yAWTENeH M MarHUTHBIX YCUJIMTENEH, a
TaK)X€ BCIIOMOTaTeNIbHbIE JBUTATENIM, LENM OCBEUICHWs W CcurHanusanuu. Ha HekoTopbix
JIOKOMOTHBAX YCTAaHaBIMBAIOT TE€HEpPATOpbl AJI1 NUTAaHUS  JIEKTPUYECKOTO  OTOIICHMS
Maccakupckux moesnoB. I'eneparopsl ynpasieHus JOIIC (31eKTpOnoaBUKHOTO COCTaBa) CIy»KaT
JUI TIUTaHWsl HU3KOBOJBTHBIX LIENEN YIPABIEHUS, OCBEIICHHUS W TMOA3APSIKH aKKyMYJISATOPHOU
Oatapeu. MoTop-reHepaTOpsl HEOOXOAMMBI [IJIi TMHUTAHHS OOMOTOK BO30YXKIEHUSI TATOBBIX
JBUTATEIEN MPHU DJIEKTPUUECKOM TOPMOXKEHHMH; MX YCTAHABIMBAIOT TOJBKO HA AJIEKTPOBO3aX C
pEKyTepaTUBHBIM TOPMOKEHHEM.

6. DIIEKTPOIBUraTENN BCIIOMOTATENBHBIX arperaToB (MOTOP-BEHTHIIATOPBI 1 MOTOP-KOMITPECCOPHI).
MoTOp-BeHTUIIATOPHI MPeAHA3HAUEHBI JJIS TOAAaYu OXJIAXK/Ial0IEero BO3/lyXa B TSATOBbIE IBUTATEINH,
a Ha HEKOTOPBIX AJIEKTPOBO3aX U TEIJIOBO3aX TAKXKE B IIyCKOBBIE U TOPMO3HBIE CONPOTHUBIICHUS.
Motop-KoMIipeccopbl 00€CreyrBalOT MUTAHUE CXKATHIM BO3JyXOM ITHEBMAaTHYECKUX TOPMO3OB,
paloTy 3JIEKTPUUECKUX AIMapaTOB C THEBMATHUYECKUM IPUBOIOM.
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7. IlyckoBble 3neKkTpojBHMraTenu (craprep-reHeparopsl). Ha TemnoBo3ax ¢ I'MapaBIMUYECKON U
MEXaHWYECKOM NepeladyaMy, a TaKKe C TATOBBIMU I'€HEpaTOpaMH NEPEMEHHOIO TOKa JJIA ITyCKa
JU3€J1s1 IPUMEHSIOT JBUTATEIN IOCTOSHHOIO TOKA, MUTAIOIIUECS OT aKKyMyJIATOpHOM OaTtapeu. Ha
AJIEKTPOBO3aX IOCTOSSHHOIO TOKa OOBIYHO BCE AJIEKTPOJABHUIaTENM BCIOMOIAaTEIbHBIX MAalluH
MUTAIOTCS TIOCTOSIHHBIM TOKOM. K KOHTaKTHOW CETH MOXKET OBITh HEIMOCPEICTBEHHO MOJAKIIIOYEH
KaXJIbIil JBUTaTellb WU JBa IOCJIEJOBATEIbHO BKJIOUEHHBIX JIBUraTelsl, HalpUMeEp IBUTATEIH
BEHTHJISITOPOB. J[BUraTeny Takke MOTYT MHUTAThCS OT CIEMUAIBLHOTO Mpeodpa3oBarens (IeTuTemns
HANpsDKEHHUs), JAoUIero HampsDKeHHe, BeJIMYMHA KOTOPOTrOo OTJIMYAaeTcs OT HalpsKEeHUs
KOHTAaKTHOW ceTH. I[Ipyu nuTaHUM BIIEKTPOJABUIaTeIe HENOCPEACTBEHHO OT KOHTAKTHOM CETH
BO3HUKAIOT TPYJHOCTU C OOecreueHrueM HaJeKHOW KOMMYTAIlMU, TaK KaK TOBBIIIAETCS CpeaHEe
HampsDKEHWE MEXIy CMEXHBIMH KOJUIGKTOPHBIMU TUIacTUHAMHU. HawmOonpinmwe TpyaHOCTH
BO3HHUKAIOT IPU NEPEXOJHBIX PEXKUMAaxX, BO BpeMsl IIyCKa 3JIEKTPOJBHUraTeled WIM IMPU PE3KUX
KOJICOaHUAX HANpPSHKCHUS Ha TOKONPHEMHHUKE. ODTH TIPOLECCHl OOBIYHO COMPOBOMKIAIOTCS
3HAYUTENIBHBIMH OpPOCKaMHU TOKa, KOTOPbIE MOTYT BbI3bIBATh CUJIbHOE UCKPEHHE MO IETKAMU WU
JlaYK€ KPYroBOM OrOHb IO KoJuleKTOpy. lIpm mocnenoBaTenbHOM BKJIIOUYEHUM JIBYX JBHUIraTelICi
00eCneunTh UX YCTOHYMBYIO KOMMYTAIIUIO HECKOJIBKO JIerye, MOCKOJIbKY HaMpsDKEHHE Ha 3aKUMax
Ka)KJ0ro JBUraTess MoHuXkaercsa BaBoe. HeqocrtaTok 3TOM cucTEMBl 3aKII04AeTCss B TOM, YTO MpU
BBIXOJZIE M3 CTPOS OJHOTO U3 MOCJIEI0BATEIbHO COCTUHEHHBIX ABUTaTENe HEOOXOMMO OTKIIOYHUTh
BCIO rpynny asurateneid. [Ipy nutanuu snekTpoaBUraTesiell yepes creuuaibHbli Ipeodpa3oBareib
obOecnieunBaercss OoJiee Jerkas KOMMYTAI[Msi BCeX JIBUraTellel, HO YyBeIMUYMBaeTcs oOliee
KOJIMYECTBO 00OPYIOBaHMS U CHUXKAETCA HAJEKHOCTh BCEW CHUCTEMBI, MOBBIIIAIOTCS BEC MALIUH U
UX CTOMMOCTb. B CBA3M ¢ OSTUM cHCTeMa BCIHOMOTraTENbHBIX MAIIWH, [HUTAKOMINXCA
HENOCPEACTBEHHO OT KOHTAKTHOT'O IIPOBO/JIA, IOJy4YMiIa PACIPOCTPAaHEHHE HA BCEX OTEUYECTBEHHBIX
3JIEKTPOBO3aX MOCTOSHHOIO TOKAa, a Takxke Ha 3nekTpoBo3zax UCI, UC2 m YUC3. HomuHanbHbIM
HaIpsDKEHUEM JIJIsl JIBUTaTesiell BCIIOMOTaTENIbHBIX MAIllMH B 3aBUCUMOCTH OT XapakTepa HX
BKJIFOYEHUSI SBJISIETCSI HOMHUHAJIBHOE HANpPsSHKEHUE Ha TOKOIPUEMHUKE WJIM HOMHHAJIBHOE
HaIpspKEHUE, pa3zelIieHHOE Ha YMCIIO MallliH, KOTOPbIE BKIIIOYEHBI MOCIIEI0BATENBHO MOCTOSHHO.
Kak u Bce »31exkTpooOOpydOBaHHE AJIEKTPOBO30B, JIBUraTeld BCIIOMOTATEIbHBIX MAIIUH
MOJIBEPKEHBI BO3JICUCTBUIO YPE3ZMEPHBIX MEPEHANPSKEHNI, BOSHUKAIOIIUX B KOHTAKTHOU ceTu. Mx
BennMuMHa MoxkeT gpocturate 10...15kB, a B otmenpHbIX chnydasx gaxe 30kB  mpu
nponomkutenbHocTu BozaencTus 1000...5000 mMxc. BermomorarensHble TeHEpaTOPHI TETIOBO30B
MIPUBOJATCS BO BpAIllEHHE HEMOCPEJACTBEHHO OT KOJIEHYaTOro Bajla JIU3els 4Yepe3 CIelUalbHbIe
PEAYKTOpBI, @ AJIEKTPOABUIaTENM 3alUTHIBAIOTCS OT BCIOMOIATEIbHBIX TI'€HEPATOPOB, TATOBBIX
TeHEepaTOPOB UM TEHEPATOPOB COOCTBEHHBIX HYXI. [IpW pacmonoxkeHUH BCIOMOTATENbHBIX
MallliH B Ky30B€ yJY4IIIaeTCs 3alliTa OT IMbUIM, BJIard U APYTHX BHEIMIHUX BO3nercTBHil. OmMHAKO
IIPU 3TOM MOBBIIIAETCS TEMIEpATypa OKPYKAKOUIEr0 BO3AyXa 3a CYET TEIUIOTHI, BBIACISIEMOM
paboTtaromuM B Ky3oBe oOopyaoBanueMm. [Ipu paboTe 37eKTpoBO3a MPEBBLIIMICHUE TEMIIEPATYpPhI
BO3[lyXa B Ky30BE€ HaJ TeMIlepaTypoud HapyXHOro Bo3ayxa MoxeT cocTaBiiath 30°C u Oonee.
DNEeKTPOABUTATEIN KOMIIPECCOPOB pabOTAIOT B pEKUME OBTOPHO-KPATKOBPEMEHHBIX BKIIOYEHUH,
4acTOTa M JUIUTENBHOCTh LMKJIA KOTOPBIX 3aBUCAT OT pacxojia CKaToro BO3JyXa U PEKHUMA TATH
noes ia AneKkTpoBo3oM. [Ipu moesnHoi padboTe 35eKTpoBoO3a B cpeiHeM ObiBaeT 5 — 10 myckoB B 4ac.
OTO TPEeabABISIET JKECTKHE TPeOOBaHHS K KOMMYTAIIMOHHOW YCTOMYMBOCTH M TEPErpPy304HOMN
CIOCOOHOCTH 3JIeKTpojBUTaTeNell KoMmmpeccopoB. [lo ombITy skcmiyarauuud pabouyuil pexum
NIEKTpoABUraTens komipeccopa coorserctByeT [IB = 30%, HO npu onpeneneHnn ero MOIHOCTH
3a pacyeTHBIN MPUHUMAIOT pexkuM npu [1B = 50% ¢ nuxmamu BKIIFOUEHHS U OTKIIFOUYECHHS 110 5 MUH.
DNEeKTPOJABUTATETN BEHTUISTOPOB M TE€HEPATOPhI YIpaBIeHUS OOBIYHO pabOTAIOT B JJIUTEIHLHOM
pexume. Ilyck anmekTponBurateneil BEHTWISTOPOB TaKKE COIMPOBOXKAAETCS PE3KUMU OpocKaMu
TOKa, JIOCTUTAIOUIMMH CEMUKPATHOIO HOMHUHAJIBHOrO 3HaueHus. [loatomy aBurarenu
BEHTWISITOPOB YacTO OCTAIOTCSl BKJIIOYEHHBIMH HE TOJBKO MpPH JIBUKEHHMM AJIEKTPOBO3a, HO U Ha
ocTaHOBKax. Pexum paboThl MOTOp-TeHepaTopa SIBISETCS KPAaTKOBPEMEHHBIM M OMpeIeNseTcs
JUINTEIBHOCTBIO PEKYNEPATUBHOIO TOPMOXKEHMs. B 3aBHCHMOCTH OT yCIOBUH 3KCITyaTaluu
MIPOJOIKUTENFHOCTD PEKYIIEPATUBHOTO TOPMOYKEHHSI MOKET COCTABIATH 5...25% o01iero BpeMeHu
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JBIKEHUS 10 meperony. I1pu 3ToM MakcuManbHas JUIMTEIBHOCTD paObOThl B PeXKUME pEKyINepanun
He nomkHa npeBbimath 30...40 MuH. [Tyck MOTOp — reHeparopa Takke O4eHb 3aTPYIHEH, TaK Kak
BEJIMYMHA OPOCKa TOKA MPH ITyCKE MHOT/AA B 5 — 7 pa3 MPEBBIIIACT TOK YCTAHOBUBIIIETOCS PEXKIMA.

12.2. KOHCprKHHH BCIIOMOTaTEJbHBIX 3JICKTPUIECCKUX MAIIUH 3JIEKTPOBO30B.

HecMoTpst Ha cyliecTBEHHbIE pa3iavyuMsi BCIIOMOTATEIbHBIX MAlllMH MO Ha3HAYEHHUIO, MOILIHOCTH,
XapaKTepUCTHKaM W JPYTUM I[OKa3aTesiM, OHM HMEIOT O0IlMe 3JIEeMEHThl KOHCTpYKIHMH. Bce
JIBUTATEJIN BEHTUJISITOPOB U KOMITPECCOPOB SBJISIIOTCS OJJHO-KOJJIEKTOPHBIMH, YETHIPEXITOIIOCHBIMU
MOCJIEZIOBATEIBHOTO BO3OYXKIEHHUS, a JBUTaTeNd NpeoOpazoBaTesiel — YEThIPEXIOIIOCHBIMU
CMEHIaHHOTO BO30OyxaeHusa. [IpuMeHeHHME MOCIEIOBATENBHOTO BO3OYXKICHHUS B JIBUTATENAX
BEHTWISITOPOB M KOMIIPECCOPOB OOYCJIOBIEHO TE€M, YTO TaKHe JBHUraTelidi HMMEIOT Haubosee
MPOCTYI0O CXEMY BKJIIOUEHHUS, XAPAKTEPU3YIOTCS OOJIBIIMM IYCKOBBIM MOMEHTOM W BBICOKOM
MePerpy304HON CIIOCOOHOCThIO. JBUraTeNnu MociieoBaTeIbHOrO0 BO30YXKACHUS TaKke O00JanaroT
JTYYIIMMH SKCIUTyaTalldOHHBIMU XapaKTEPUCTUKAMH TPU HEYCTAHOBHBIIMXCS MpPOIEcCaX padOThI
obopynoBanusi. Bce 3TO MOBBIIIAET UX HA/ICKHOCTh MO CPABHEHUIO C APYTUMU THUIIAMH JIBUTATENEH.
OpHako JBUTAaTENU MOCIEA0BATENbHOIO BO30YKIEHUS U3-3a HECTAOMIIBHOCTH YacTOThI BPALLECHUS
NP U3MEHEHUSX HArpy3Kd He NPUrOAHBI Ui NPUBOJA TaKUX MAIIMH Kak BO30YyIUTENH
pexynepanuu. [ aBroMaTHyecKoil cTaOuian3aluu peKuMa MPUMEHSIOT JBUraTed CMEUIaHHOIO
BO30YXKIeHHs. BenuuuHy cpeaHero MexsiaMelIbHOro (MEXAY KOJUIEKTOPHBIMU IUTACTHHAMM)
HaIpsDKEHUs y BCIOMOTATEIbHBIX MAIIMH JOMYCKAIOT OOJIbIIEH, YeM B TSITOBBIX JIBUTATEISIX;
Hepenko ona jpocturaet 40...42 B. [Ins moBblieHHs CTaOMIBHOCTH pabOThI MPU 3HAYUTEIbHBIX
KOJICOAHUSAX HANPSHKEHUST W YJIYYIICHHS IIYCKOBBIX XapaKTEPUCTUK MAarHUTHBIE CHCTEMBI
BCIIOMOTaTeNbHBIX MAIlIMH BBIMOIHIIOT OOBIYHO CNIa00 HACHIIIEHHBIMU. BhIMIOIHEHNE TreHepaToOpoB
COo cnab0 HACBIIICHHOM MAarHUTHOM CHCTEMOH OOJerdaer peryjiupoBaHUE HANpsHKCHUS |
MOJAJEp)KaHUE €ero B 33JaHHBIX Mpeaenax MPH 3HAUUTENbHBIX KOJEOAHHAX YacTOTHI BPAILCHUS
JIBUTATENIS MPUBO/IA, KOTOPBIC BBI3BAHBI KOJICOAHUSIMU HANPSOHKEHUST Ha TOKonpueMHuKe. OOMOTKH
MIOJIFOCOB U SIKOPEH BCIIOMOTATENbHBIX MAIIMH H3TOTOBIISIIOT U3 MEIHOI'O MPOBOJAA C HU30JIALMEH
kiaccoB A win B. B 0CHOBHOM 3TH MalivHbI BBITIOJHSIOT C CAMOBEHTHIISIITUEH, OJTHAKO U3BECTHBI
CJIy4ad BHITIOJTHEHHS BCTIOMOTATENbHBIX MAIIUH U ¢ He3aBucuMO BeHTumsiiueit (Hb-431A).

12.2.1. MoTop-reHepaTopsbl (npeodpa3oBaTesin)

Mortop-reHepaTopsl COCTOAT W3 BBICOKOBOJIBTHOTO JIBUTaTells, BKJIIOUEHHOTO HA HaIPsHDKEHHE
KOHTaKTHOM CeTHM, M HHU3KOBOJBTHOTO T€HEpaTopa, MOJAIOIIEr0 HampsyKeHHe Ha OOMOTKHU
BO30YKJIEHHs TATOBBIX JABHUraTeledl MpH peKynepaTuBHOM TopMoxeHHH. O0e 3TH MalluHbI, Kak
IIPaBUJIO, BBHIMOJIHSIOT B 00ILIEM OCTOBE, a IKOpsl coOMparoT Ha oHOM Bairy. Motop-reneparop Hb-
430B (puc. 12.1) — camoBeHTHMIIMpYeMBIH arperar. Bentuwiarop 11 pacnosnoxkeH Ha KOHIE 0OIIero
BaJla CO CTOPOHBI KOJUIEKTOpa reHepatopa 9. J[Burarens mpeoOpa3oBaTesisi — YEeTHIPEXIOIIOCHBIH,
CMELIAHHOTO BO30YX/EHUS; T€HepaTop — IIECTUIONIOCHBIM, TAaKKe CMEIIaHHOTO BO30YKICHHS.
OctoB nBurarenst 4 Hepaz3beMHBIN, IWIMHAPUUECKON (opMbl, OTIUT U3 ctanu 25JI-1. O6moTKH
MOCJIeIOBATEIbHOTO M HE3aBHCUMOTO BO30YXIEHUS HAMOTAaHbl M3 MPSAMOYTOJBHOTO MEIHOIO
npoBoaa I1BJI. M3onsuusa kaTymek BBIMOJHEHA M3 JAKOTKaHW TOMIIMHOW 0,2 MM Tpems CIosiMU
BIIOJIHAXJIECTA U OJHUM CJIOEM KHUIIEpHOW JIeHThl TommuHoM 0,45 MM BrnonHaxiecra. Karymku
HE3aBHUCHUMOTO BO30YXKIEHUS T€HEepaTopa BBIMOJHEHBI U3 Kpyrioro memnoro mposoja [IB/]. Ouu
M30JIMPOBAaHbl OJHUM CJI0eM TaQTSHOW JIEHTHl TONIUHON 0,25 MM, IO OJHOMY CJOIO JIGHTHI U3
JAKOTKaHU TONIKHON 0,2 MM Bpa30ekKy M KUIIEPHOH JIeHThI ToamuHoMi 0,45 MM BHoJHaxJecTa.
Karymiku He3aBHCHMOT0 BO30YXKJIEHHS U3 MEAHOTO MPSIMOYTOJILHOTO IPOBO/JAa HAMOTAHBI ABYMS
BUTKAMHM Ha KaXAblH MOJIOC. VIX U30JI411MsS COCTOUT U3 OJTHOTO CJI0sI aCOECTOBOM JIEHTHI,
MIOJIOKEHHOM Bpa3z0ekKy, IIIECTH CJI0EB BIOJIHAXJIECTAa MUKAJIEHThI ToimuHou 0,13 MM 1 otHOTO
CJIOS BIIOJIHAXJIECTA KUIIEPHOU JEHTHI TOMIUHON 0,45 MM.
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Puc. 12.1. Motop-reneparop Hb-430B.
1, 12 — noxmumHUKOBBIC MHTHI, 2, 10 — mmeTouHbIe yCTPOMCTBA IBUTATENS U TEHEPATOPa,
3 — KOJUJIGKTOp JABHUratesns, 4 — 0CTOB, 5 — CEpJICYHHK SKOPSI IBUTATETI,
6, 8 — 0OMOTKWM sIKOpeH, 7— CepACUHUK SIKOPS TeHEpaTopa, 9 — KOJIEKTOp TeHepaTopa,
11 — BenTHIIATOP, 13 — pene 060poTOoB.

Cepneunukyd A00aBOYHBIX TOJIOCOB MPEOOpa3oBaTeNs BBIMOJHEHBI W3 CTaJbHBIX IMOKOBOK.
KopnycHas wu3onsiuus KaTylleK IOJIOCOB JIBUraTelii COCTOMT W3 OJHOTO CJIOsI BIIOJIHAXJIECTa
TaTAHOM JIGHTHI ToIMHON 0,25 MM, TpeX CJIOeB BIOJIHAXJECTA JAKOTKAHW TOMMUHOW 0,2 MM U
OJIHOTO CJIOS BIOJHAXJIECTa KUMNEPHOU JIeHThl ToamuHon 0,45 mm. KoprycHas u3onsuus KaTyniek
N00aBOYHBIX IOJIFOCOB I'€HEPATOPa COCTOUT U3 JIBYX CJIOEB BIIOJIHAXJIECTA MUKAJIEHTHI TOJIIMHON
0,13 MM ¥ kunepHo# JieHTbl ToJdMHOW 0,45 MM, HaJIOKEHHOW OJHUM CJIOEM BIIOJHAxXJecTa
omHUM — BpaszOexky. CepIedHUKH sSKOpeH S5 W 7 HacakCHBl Ha Ball 0e3 SKOPHOH BTYJIKH.
Komnextop nBurarens 3 umeer 343 muiacTMHBI, a KOJUIEKTOp reHeparopa 9 — 228. Tommuna
MeXJIaMeIbHOW H30JSIMM COOTBETCTBEHHO paBHa 1 u 0,8 mm. [Iuamerp m jimHa paboueit
IIOBEPXHOCTU KOJIEKTOpa aAsurarens pasHel 390 u 32 MM, a koutekropa remepatopa — 380 u 200
MM. BomHOBas oOMoTka 6 sKOps JABHTraTelisi COCTOMT H3 343 YETBHIPEXBUTKOBBIX CEKIIHIA,
BBIMIOJIHEHHBIX M3 MeaHoro mnposoga IIDJIIIJ], mo cemb cexkumii B kaxaon karymke. Kaxnas
KaTylIka SKOPHOM OOMOTKM H30JMpOBaHA JIEHTOW U3 JjakoTkaHu TtoimuHoud 0,1 mm (cemb
000pOTOB), JEHTON U3 JaKOoTKaHU ToimuHON 0,2 MM U TadTsHONU NeHTol TommmHOU 0,25 MM,
HaJIO’)KEHHBIX 110 OJIHOMY CJIOIO BIIOJIHaxJjiecTa. B ma3y pacmosioxeHno 14 cTOpoH cekIluii, KOTOphIe
uMeroT 56 3 PexTUBHBIX MPOBOIHUKOB. OOMOTKA SKOpS YKpEIUUIeHAa Ha CepJeUHUKe OaHIaXoM U3
CTAJILHOM MPOBOJIOKH AuaMeTpoM 1,5 MM, 30 BUTKOB KOTOPOTO MPUXOIATCS HA IMa30BYIO YacTh U 86
BUTKOB — Ha Jo0OoBble uacTH. llernmeBas oOmoTka 8 sKops reHepaTopa COCTOMT U3 228
OJIHOBUTKOBBIX CEKIIMH, BBIMOJHEHHBIX M3 MEIHOTO MHPOBOJAA, H30JMPOBAHHOIO OJHUM CJIOEM
MukaneHTsl ToiamuHon 0,075 MM BronHaxiecta. Kartymka umeer yeteipe cekuuu. Katymku skops
reHeparopa H30JMPOBaHbl MHKaJEHTOW TommmHo 0,1 MM 1O Tpu ciOs BHOJIHaxJiecta H
creksoneHToil tomumuoi 0,1 MM, HanoXKeHHOW OJHUM cioeM BCThIK. OOMOTKa 3aKkperuieHa
0aHIaKOM U3 CTalbHOM HpoBOJIOKU AuamerpoMm 1,5 MM (30 BUTKOB Ha cepAeuyHUKEe U 75 Ha
n06oBbIX uacTsx). Ha mortop-renepatope HB-436B ycTaHOBiEHBI /B€ MOBOPOTHBIE TPABEPCHI
HIeTKOJIep)KaTeNield, YKpeIUIeHHble Ha TMOJIIMITHUKOBBIX IuTax. Ha TpaBepce paBurarens
CMOHTHPOBAHbBI YETHIPE OJHOILETOUHBIX IIETKOAepxkarensd. TpaBepca reHeparopa UMEET ILIECTh
MaJIBLIEB, KXl M3 KOTOPBIX HECET MATh LIeTKonaeprkarened. Cuila HaXaTUs Ha HIETKY paBHA
12...15 H (1,2..1,5 xrc¢) mna psurarens u 10..12 H (1,0..1,2 krc) nans reneparopa u
oOecrieunBaeTcss peryaupoBaHUEM HAXUMHOTO YCTpoicTBa merkonaepxkateneit. lllerku OI-2A
ABUraTenss uUMerT pasMepbl 10x25 mm, renepatopa — 16x32 mm. Skops mnpeoOpasoBarens
OMUpPAETCS] Ha POJUKOBBIE MOAMUMHUKA. CO CTOPOHBI ABUTATENsl YCTAHOBJIEH (PUKCHUPYIOLIUI
noamwunHuk 80-92317J11, co cropoHsl reHepatopa — masarouuii 80-32317J11 HapykHble konbla
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3allpeccoBaHbl B MOAIIUMHUKOBbIE IMUTHI 1 u 12, W3roTOBIEHHBIE W3 CTAJIBHOTO JIHUTHA, a
BHYTpEHHUE Ha Ball skops. IloamMIHUKOBBIE HIMTHI 3alIPECCOBAHBI B OCTOBE M 3aKPEIUICHBI
IeCcThI0 OoNTaMM C MpYXHHHbIMU Inaitdamu. Konctpykumu mpeoGpaszosareneit Hb-429A u Hb-
436B He UMEIOT NPUHIUITUAIIBHBIX OTINYUH.

12.2.2. JjieKTpoABHUIraTeJ M NPUBOAA BCIIOMOTaTeJIbHbIX arperaToB.

Onekrpoasurarenu Tuna HB-430A, TJI-110M u -101. Dtm snekTpoaBHWrareiau CiIykar s
MPUBOJIAa POTOPA BEHTHIIATOPA U SIKOPS TeHeparopa ympasieHus. PoTop BeHTWISTOpa HacakeH Ha
BaJl 3JIEKTPOJBHUIATENS CO CTOPOHBI, IPOTHUBOIOJIOKHOM KOJUIEKTOPY. SIKOpb TeHepaTopa
yIpaBJIeHUs CMOHTUPOBAH Ha KOHCOJIBHOM YacTH BaJia 3JIEKTPOJABUTATENSI CO CTOPOHBI KOJUIEKTOPA,
a OCTOB I'€HEepaTopa YKPEIUIEH TOPLIOBOM YaCThIO Ha MOJALIMIIHUKOBOM IuTe Asuratens. Octos 4
neurarens TJI-110M (puc. 12.2) otiut u3 cranu 25J1-1, uMeeT UUIMHAPUIECKYIO (GOPMY, YEThIPE
Janel JUIs KPEIUIEHHs B Ky30BE€ DJJEKTPOBO3a M JIBE€ TOPJIOBHHBI IO TOpLAM, 3aKpPbIThIE
noAMUIHUKOBeIMA TuTaMu 7 U P. OcroB mBuratens TJI-101 — cBapHOl U3 JHCTOBOHM cranw
tonuuHoM 30 MM. B MOAMIMIHUKOBBIX MIMTAX YCTAHOBJIEHBI POJMKOBBIE MOJALUIMIIHUKHU SAKOPS. Y
nsurareneit TJI-110M u -101 co CTOpOHBI KOJUIEKTOpAa CMOHTHUPOBAH YIOPHBIN MOIIUITHUK
2H92317KI, a ¢ mpOTHUBOIIOIOKHON CTOPOHBI — pagvabHBIA posmkonommunHuk 2H32417KI.
[';1aBHBIE MONIOCA JBHUraTeNed pacCIONIOKEHBl II0 BEPTUKAJIBHOM M TOPU30HTAIBHOM OCSAM.
OCHOBHBIE JIHCTHI CEPJICYHUKOB TJIABHBIX MOJIFOCOB HAOPaHbI U3 TUCTOBON cTamu CT2KI TONIIMHON
1,5 MM m cxaTel 3akienKamMu MEXAy KpalHHMH JIMCTaMM TOJNINMHOM 5 MM. [1aBHBIM momroc
MIPUKPEIIEH K OCTOBY TpeMs mmnuibkamu. CepAeyHuKN J00aBOYHBIX TMOJIIOCOB MAaCCUBHBIC JTUTHIC
WU W3 TOJICTOJIMCTOBOTO mMpokara. Ha HUXHEH YacTu cepACUYHHMKA YCTAaHOBJICHBI JIATYHHBIC
HAKOHEYHHUKH JJIs 3aKperuieHus kaTymku. Jlng obecrneueHuss HaAeKHOW KOMMYTAllUU TpU
MEPEXOHBIX PEKHUMAX MEKIY OCTOBOM M CEPACUYHHUKOM J00ABOYHOTO MOJIOCA MPEIYyCMOTPEHBI
HEMAarHuTHbIE NPOKJIaaku TonmuHor 3 MM. Katymku rinaBHbeix nontocoB asurateneid TJI-110M u
HB-430A nHamoTaHb! IPSIMOYTOJIBHBIM IIPOBOIOM cooTBeTcTBEHHO Mapku [1BJ[ u ITC/I.
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Puc. 12.2. Onexrpoasurarens TJI110M:
1, 9 — MOAMIUTTHUKOBEIE IUTHL; 2 — METKOJePKATEIb, 3 — KOJUIEKTOP, 4 — OCTOB,
5, 7 — HAXKUMHBIE MAN0bI; 6 — CepACUHUK AKOPS,
8 — oobmoTka sikopst; 10 — BeHTHIISITOP, 11 — BaI.

KopnycHas m3onsnus kaTymek riaaBHbIX noiirocoB aurarens Hb-430A cocTouT w3 mecTu Cioes

JAKOTKAaHU TOMIMHOM 0,2 MM U OJTHOTO CJI0s T TSHOW WIIM KUTIepHOU JIeHTH! TonuuHo# 0,4... 0,45
MM, HaMOTaHHBIX BHoJyiHaxjecta, a aurarenas TJI101 — w3 mectu ciaoeB mukanentsl JIOU1
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tonmmuuoi 0,13 MM BnonHaxiecra. HeoOxomumas ¢gopma KaTyIIKM JOCTUTAETCS MPUMEHEHHEM
KApTOHHBIX TPOKIAIOK U JEPEeBSHHBIX KIMHbEB. KaTymku 100aBOYHBIX TOJIOCOB JABHUTaTeNeH
TJI110M u HB430A nHamotanbs! MenHbIM npoBojoM [IBA mpsiMoyrosibHOro ceueHusi, a JBUraTess
TJI101 — nmpooxom TIC/I. KoprycHast n30s11st MX BBITIOJIHEHA TaK K€, KaK KOPITYCHAsT U30JISAIUS
KaTyIlIEK IVIABHBIX MOJIOCOB. BBIBOJHBIE KOHIIBI KATYIIEK OJIFOCOB M3rOTOBJIEHBI U3 npoBoaa I1C-
3000 mmm T1C-4000 ceyenuem 1,45%4,4 mm. CepaeyHuk sikopsi 6 aBurareneid HaOpaH W3 JIMCTOB
aneKkTpoTexHudeckoil cramu 1212 u 1213 Tommmuo#i 0,5 MM, W30IMPOBAaHHBIX ¢ 00EMX CTOPOH
nakoBoi 1uieHko#. [[suratenmu TJI110M, -101 u HB430A umerot komtekTop 3 ¢ 343 miacTuHAMU.
Huametp ero paBeH 390 mm, a mymHa paboueil yactu — 32 MM. OOMOTKa sikopsi 8 BoJHOBas, ¢
Hepaspe3HbIMU Karyimkamu (y auratens Hb-430A kaTymiku TPEXBUTKOBBIE U3 KPYTJIOTO MEIHOTO
nposoaa [IDJIIIJ]). KoprycHass u3onsauus SKOPHBIX KaTyHIEK B I1a30BOM 4acTU COCTOUT U3 7,5
CIOEB JIaKOTKaHW TommuHod 0,1 MM M OJHOTrO CJOsS TOJOTHSHOM JIEHTHI, HaJOKEHHBIX
BIiosiHaxJsecta. Cjaou MPOBOJHUKOB B CEKIIMU 110 BBICOTE OTAEJIEHBI OJJUH OT JPYIrOro MPOKJIagKaMu
u3 ekTpokapTtoHa tommuuon 0,1 mm. KopnycHast uszonsius katymek sikopst nurarens TJI-101
BBIIIOJIHCHA JICHTOM, HAMOTAHHOH B IIECTh ClIoeB U3 crekionakoTkanu JICH tommunoi 0,2 MM u
MOKPBITOW OJAHUM CJIOEM BIIOJIHAXJIECTA CTEKJIOJEHThI ToMmMHONU 0,1 MM. OxJnaxneHue JBUraTens
OCYIIECTBIISICTC HACaKEHHBIM Ha ero Bail BeHTWwIATOpoM 10 ¢ paaManbHBIMH JIONATKaMH.
[letkogepxkaTenb 2 COCTOMT W3 JHTOrO JIATYHHOTO KOpIyca, KpOHIITeHHa, dapdopoBoro
M30JISITOpa U MEXaHU3Ma HaKaTUs Ha 1eTKy. Ha kpoHIuTeliHe Kopnyc 1eTKoAepKaTes YKperieH
C TMOMOIIBI0 TPEOCHKH, MO3BOJISIIOIICH PETyIUpOBaTh 3a30p MEXIY KOPIYCOM M KOJUIEKTOPOM.
KpoHmTeiHpl ycTaHOBJIEHBI HA IOBOPOTHOW TpaBepCe, 3aKPEILUICHHOM Ha ITOALIMITHUKOBOM IIUTE.
[Tanbipl UMEIOT M30JIALMI0O U3 M30JMHA WK U3 mpeccmacchl Al'-4 u dapdopoBbiii U30IATOD.
HakaTue Ha meTKy OCyIIECTBISIETCS BUTOM IUIOCKOW MPYKUHOM.

uiekTpoaBurareab A2934/4. DTOT 3NEKTPOABUTATENb PACCUMTAH HA HOMHHAJIBHOE HAIPSKEHUE
1500 B wm mpencraBusier CcOOOH  YETHIPEXMONIOCHYID  CaMOBEHTHIIMPYEMYIO  MaIlluHY
MOCIIE0BATEIBHOTO BO30YXKACHUS ¢ H00aBOYHBIMU ToNtocaMu. KopriycHast M30JsIus JBUTATENs
paccuutana Ha HampspkeHue 3000 B. KoscTpykius aBuratrenss BO MHOIOM aHaJOIM4YHa
koHcTpykuuu gpurarens TJI-110M. Kosmnekrop auamerpom 385 mm wumeer 385 muacTuH.
AJNIOMUHUEBBI POTOp BEHTHJIATOPAa NPUKPEIUIEH K CTAJIbHOMY JAMCKY, HAaca)KEHHOMY Ha Baj
JBUTATEIsl CO CTOPOHBI, NPOTHUBOIIOJIOKHOM KOJIIEKTOpY. Banm nBurartens omnupaercs Ha [JBa
POJIMKOBBIX MOJUIMITHUKA: YHOPHBIM CO CTOPOHBI KOJUIEKTOpPA W PpPaJUaIbHBI CO CTOPOHBI,
IIPOTUBOINOJIOXKHON  KojulekTOopy. Ha nBurarene CMOHTHpOBaHbBl [Ba  IIETKOJEPIKATEINS,
YKPEIUICHHBIE M30JIMPOBAHHBIMU MaJbllaMM Ha MOBOPOTHOW TpaBepce. TpaBepca 3akperuieHa Ha
MOAIIUITHUKOBOM LIUTE.

Jdaexrtpoasurareab HB404A. JInga  npuBoma  kommpeccopa  2-500  ucnosbiyercs
CaMOBEHTHUJIMPYEMBIH YEThIPEXIOIIOCHBIN JIBUraTelNb MocieaoBaTensHoro Bo30yxaenus Hb404A
(puc. 12.3). Jlnsa ympouieHWsi COWICHEHHWsS JBHUTATeNsi ¢ KOMIpeccopoM ero Bain 12 Bxoaut
HETOCPEJICTBEHHO B KapTep KOMIIpeccopa, ¥ Ha Hero nocaxkeHa mectepHs 9 komnpeccopa. B cszu
C ATUM JBHUraTelb HE MMEET MOJIIMIHUKOBOIO LIUTa M SKOPHOTO TMOJIIWIHHUKA CO CTOPOHBI
nepenay. CTaHMHA U MOALINITHUKOBBIM AT CO CTOPOHBI KOJUIEKTOpA — CTAJIbHBIE, IUTHIE. B muTe
YCTaHOBJICH IBYXPS/IHBIN cepryeckuil poaukonoamumauk 3612 (11).

CepieyHUKH THaBHBIX TOMIOCOB HaOpaHbsl u3 cTanbHbIX (CT2) nuctoB TommuHOW 1,5 MwM;
CepJCYHUKH JO0OaBOYHBIX MOJIFOCOB — JIUTHIE. Cep/IeYHUKH TJIABHBIX MOJIFOCOB YKPEIJIEHBI B OCTOBE
mmuiabkamu M20, a noGaBouyHbIX TOMIOCOB — Oonatamu M20. Iox n06aBOYHBIMM TOJHOCAMU
MPEyCMOTPEH BTOPOM 3a30p, paBHBIN 2 MM. KaTyliku ri1aBHbIX MOJKOCOB UMEIOT 1O 749 BUTKOB, a
n06aBovHbIX — 110 400 BUTKOB. /|11 HaBUBKHM KaTylek ucnoib3oBaH nposoa 1B/ quamerpom 1,62
MM. KoprycHas n305s1usl KaTyliek COCTOMT M3 IECTH CJIOEB BIIOJHAXJIECTa JAKOTKAHU TOJIIMHON
0,2 MM ¥ O/IHOTO C€JI0s1 BIOJHAXJIECTa XJIOMUaTOOyMaKHOM JeHTHI ToamuHOoN 0,4 MM.
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Puc. 12.3. Kommpeccop 2-500 ¢ anekrpoasurarenem Hb404A.

1 — mnuTa; 2 — MOANIMITHAK KOJIGHYATOTO Baia; 3 — MaTyH; 4 — MOpIIeHb; 5 — 3arTyIIKH;
6— IWIMHIpP HU3KOTO JaBJICHUS; 7— KJIaraHHas KOpoOka; 8 — MUIUHAP BHICOKOTO JaBICHUS;
9 — mecrepus kommnpeccopa; 10 — camyn; 11 — mogmmnHUK Bana sikopst; 12 — Bau;

13 — sxopb 3nekTpoaBurareis; 14 — kopmyc komrpeccopa; 15 — Gonbinoe 3yduaroe Koieco;
16 — xoyIeHYaTHIi BaJ KOMIIpECCOpA.
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Puc. 12.4. Onexrponsurarens Hb431A.

1 — moAmMUMIHUKOBEINA 1HT; 2, 10 — moammmanKw; 3 — epeIHssT HaKUMHAs maiida; 4 — ocToB; 5 —
KaTyIka 100aBOYHOTO TOJ0ca; 6 — cepJeYHUK T00aBOYHOTO TOJ0ca; 7 — 00MOTKa sIKOps; 8 —

3aJIHSS HAOXKUMHAS maitoa; 9 — cepaevnuk sikopst; 11 — Bai; 12 — Ganmaxwy;

13 — cepieuHuK rI1aBHOTO MoJtoca; 14 — kaTyika riaaBHOro nomoca; 15 — npyxuHHbIi ¢uianer; 16

— xoyuiekTop; 17— merkoxepxarens; 18 — merka; 19 — tpaBepca.
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Cepneunuk sikopst 13 M3rotoBieH u3 3aeKTpoTexHuyeckor cranu 1212 umm 1213 Tommunoi 0,5
MM. BomHoBas oOmoTka sikopss HaBuTa u3 mpooaa [IDJIIIJ]. KopmycHas wm3omnsiust KaTyliek
SAKOPHON OOMOTKM COCTOMT U3 7,5 cioeB JakoTkaHu Tonmmuoi 0,1 MM BHojHaxiecta M OIHOTO
CJI0S ITOJIOTHSIHOM JIEHTHI BIIOJIHAXJIECTA.

Jduexkrtpoasurareab  HB431A. JIns  npuBoga  xommpeccopa  KT-6  mpennasHaueH
YEeTBIPEXTOMOCHBIM JBHUraTenh Hb-431A mocnemoBarenbHOrO BO3OYXKACHUS, HU3KOOOOPOTHBIM
(puc. 12.4). YacroTta BpalieHus ABUraTessl B HOMUHAIBLHOM pexume paBHa 440 06/muH. JlBurarens
MMEeT HE3aBHCHMYIO cucTeMy BeHTWIUHU. [Ipu HomuHansHOM MomHocTH 21 kBT 1 I1B = 50%
PAcX0J1 OXJIAXK/AIOIIEr0 BO3yXa COCTABIACT 14 M>/MUH SpH CTATHYECKOM HATIOPE B KOJUIEKTOPHOI
kamepe 9 MM Box. cr. PaGorta aBurarens 6e3 NPUHYIUTENBHON BEHTWJISIMM BO3MOXKHA MpU
HOMHUHAITEHOU MotTHOCTH 1 [1B = 20%.

12.2.3. I'enepaTopbl ynpasJIeHUSs.

I'eneparopsl 1emel ympaBlIeHHs — HHU3KOBOJIBTHBIC MAIIMHBI, PACCYMTAHHBIE HAa PadOTy mpHU
HOMUHaNbHOM HampspkeHur 50 B. Onu pabortatoT npu OoiblIMX KoOJEOaHUSAX MNOTpedisieMoit
MOIIHOCTM W B CpPaBHUTEJIBHO IIMPOKOM JMalla30HE YacTOThl BpalieHus. YacTora BpalleHUs
U3MEHSETCS B 3aBUCUMOCTH OT HAaIIPSDKEHUs HA TOKOIIPMEMHUKE, TaK KaK T'€HEepaTopsl YIIPaBJICHUS
MIPUBOASTCS BO BPAILLICHHUE ABUTATEIISIMH ITOCIIEA0BATEILHOTO BO30Y eHus. [Ipu 3 TOM HanpsokeHne
Ha 3a)KMMax reHepaTopa JOJDKHO cocTaBiaTh S0 B, a npu ycuinenHoM nojzapsiie 6arapeu — 65...70
B. T'enepatopel ympaBieHHs MMEIOT MHapaiiebHOE BO30YXXJIEHUE, I[OITOMY OHHM MEHEE
YyBCTBUTEIbHBl K KOJEOAHUSIM HAarpy3ku M HaIpsDKEHUS II0 CPaBHEHUIO C TeHepaTopaMu
MIOCJIEI0BATEIBHOTO BO30YKIACHUS.

I'enepatop ynpasiaenuss TJI-110B. Oto ueTbipexnontocHas MairHa 6e3 100aBOYHBIX MOJIKOCOB U
COOCTBEHHBIX TOJIIMIHUKOBBIX MMTOB (puc. 12.5). Cranuna 6 reHepaTopa ¢ TOPLUOBONH CTOPOHBI
3aKperuieHa Ha NOAMUIHUKOBOM 1iuTe 8 anekrpoasurareins TJI110M, ycTaHOBIEHHOM CO CTOPOHBI
kosuiekropa. CranuHa aurarens 6o omiura u3 crand 25JI-1, nubo cBapeHa U3 CTalIbHOIO
npokata Mapku CT3 1 umeeT HuIMHApUYEecKyto popmy. CepiedHHK ITIaBHOTO MOI0ca 5 HaOpaH u3
muctoB ctanu Ct2 TonmumHOM 1,5 MM M CKpemsieH CTalbHbIMHM 3akjenkamu. Kaxablii moitoc
IIPUKPEIUIEH K OCTOBY JBYMs CTalbHbIMM wmmmibkamu M16. Karymxka I'nmaBHoro momroca 7
HamoTaHa u3 oomorouHoro nposoaa [ICJ] nuamerpom 2,12 MM u umeer 510 Burko. Kopnychas
M3OJISIIMS KaTyIIeK BBIMIONHEHA W3 cTekiaocmoauHuToBol neHTsl JICOII-934-TIln cedyenuem
0,13x20 MM B Tpu cJosl C MEpPEKpPHITHUEM BIIOJHAXJIecTa. BO3MyIIHBIM 3a30p MEXAy SIKOpEM U
IIOJIFOCAMHU COCTABIISAET 2,2 MM. SIKOpb reHepaTopa HacaKeH KOHCOJIBHO Ha IIWJIMHIPUUYECKYIO 4aCTh
Basa snektpoasurarens TJI-1 FOM. Cepaeunuk sikopst 4 HaOpaH U3 JHCTOB AJIEKTPOTEXHUUYECKON
cranu 1312 tommunoii 0,5 mm. O6MoTKa siKOpst 9 BOJTHOBAS M COCTOUT U3 27 KaTylleK, YI0KEHHbIX
B I1a3bl AKOPs. BBIBOBI 0OMOTOK MpHMasiHbI K neTymkaM kojuiekTopa osioBoM 02 (I'OCT 860-75) ¢
¢dmocom KCr (OCT 160.614.011-71). O6MOTKa SIKOpsL B Ma3ax U ee JOOOBbIC YaCTH 3aKPEILICHBI
crexnobannaxHoi ynentod JICB-F 0,2x20 mm. Karymku 7 sSskopHOH OOMOTKM HM3TOTOBJIEHBI M3
npooaa [IDTBC/l ceuennem 1,25%x6,0 MM, MMEIOLIEr0 BOCEMb 3JIEMEHTApHBIX MPOBOJIHMKOB,
pacrojoKeHHBIX IO BBICOTE Ma3a B JBa psla IO 4YeTblpe NpoBojHUKA. KopmycHas wuzonsuus
COCTOUT U3 JIBYX clioeB cTekJIoCToAuHUTOBOM JIeHThl JICOK-5CIIn Tommmuuoit 0,11 MM 1 ogHOrO
cnost ¢roporacta tommuHOW 0,03 MM, YIOKEHHBIX BIIOJHAXJIECTA, a TaKXKE OJIHOTO CIIOS
cTekJIoNeHThl ToimuHoi 0,1 MM, yrnoskeHHOU BeThlk. Kosmtekrop 2, coctosmmit u3 107 muiactus,
HacakeH Ha cTajbHYyI0 BTyJKy. lllerounslii anmapatr 1 mmeeT TpaBepcy MOBOPOTHOrO THIA, Ha
KOTOPOM YKpEIUIEHBI YEThIPE U30JIALIMOHHBIX NaJIblIa CO MIETKOJAEPKATENAMU. B meTkoaepkaTenax
yctaHoBJeHb! meTku DI-2A. ['eHepaTop MMeeT He3aBUCUMYIO BEHTUIISILIMIO.
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Puc. 12.5. I'eneparop ynpasnenust TJI110B.
1 — meTo4HBIN amnmapar, 2 — KOJUISKTOp; 3 — HAXKUMHas maioa; 4 — cepIeYHUK SIKOPS;
5— cepIeYHUK IIaBHOTO TOJIF0CA; O— CTaHWHA; 7— KaTyIIKa TJIaBHOTO ITOJTIOCA;
8 — moAmUIHUKOBLIHN mUT; 9 — 0OMoTKa akops; 10 — Brynka; 11 — kpblmika.

I'enepaTopsl ynpasjienusi JIK405A wu -405K. DTO 4YeTHIpEXIONIOCHBIE TEHEpaToOphl 0e3
N00aBOYHBIX TOJIOCOB, HE UMEIOUIME Baja SIKOps M MOAIIMIHUKOBBIX IIUTOB. [letanu sikops
coOpaHbl Ha BTYJIKE, KOTOpas Haca)keHa Ha KOHeEI| Bajia JIBUTaTells, a OCTOB I'eHepaTropa TOPLOBOM
YacThbl0 3aKpEeIUIeH Ha MOAIUMIHUKOBOM IuTe apuratens. CepIedyHHMKH TJIaBHBIX IOJIIOCOB
LIMXTOBaHbl U3 JINCTOBOW CTalM TONIIMHOM 1,5 MM, a KaTylIKM HaMOTaHbl U3 KPYIJIOr0 MEIHOIO
nposoaa I1bJI. KoprnycHOl W30isIMen CITy»aT: OJWH CJIOW BIOJIHAXJIECTA JICHTHI U3 JIAKOTKAHU
tonmuHou 0,2 MM, OMH cJoW TadTAHON JIeHTHl TonmuHoW 0,25 MM U OIMH CJIOW BIOJHAXJECTa
KHUIIEpHOU JIeHTh! TonuHon 0,45 MM. Brynka sikopst oTiuTa U3 ctaid BMECTe C 3aJHel Ha)KUMHOMN
mai6oit. CepliedHuK SKOps (UKCUPOBAH Ha BTYJKE IIMOHKOW M HAXUMHOW maiGol. JIucTsl
CepJICYHUKA INTAMIIOBaHbl M3 OJJIEKTpoTexHWYeckor ctamu 1211 tommmuon 0,5 mwm. [ns
IIPEIOTBPALLEHHS PACIYIIEHUSI KpallHUE JINCTHI CEPIEYHUKA U3TOTOBJIEHBI U3 cTayid CT2 TOIIMHON
1 mm. OOMOTKa sIKOpsi BOJHOBas, UMeeT 27 KaTylleK, BBIMOJHEHHBIX U3 MEIHOIO MPOBOJHUKA
IPSIMOYTOJIBHOTO cedeHHs. KoprmycHol M30is1ueil KaTylmeK CIyXXHUT JieHTa u3 jakoTkanu JIWII
tosmmuoit 0,1 MM (%/4 060pOTa) M OMH CIIOH BIONHAXIECTA KHIIEPHON JICHTHI TOIHHOM 0,45 MM.
OOMoTKa AKOpsI 3aKperuieHa OaHnaxaMu U3 MPoBOJOKK AuameTpoM 1,5 mm. Komnektop oObruHOM
KOHCTPYKLMU COOpaH Ha JIMTOM KOPIYCE€ M CKpPEIJIeH HaXXUMHBIM KOHYCOM M CIEHUATbHON
KOJIbLIEBOM Traiikol, HaBepHYTOH Ha KOpIYC KOJUIEKTOpPa W 3aCTONMOPEHHON JByMsl OOJITaMH.
[IleTkoiepKaTesn yCTaHOBJIEHBI HA IOBOPOTHOM TpaBepce. BeHTwsius reseparopa He3aBucumas,
OCYLIECTBJISAETCS BEHTUIATOPOM JIBUTaTEJIsl.

I'eneparopsr ynpasinenust 3A-1731/4 u I1AJL. B otnuune ot renepatopoB JIK405 »Tu renepaTopbl
U3TOTOBJISIIOT KaK CaMOCTOSITENIbHBIE JJIEKTPUUYECKHE MalluHBIL. VX yCTaHaBIMBAIOT HA OCTOBE
JIBUTATENIsl BEHTWJISITOPA, @ BPAIIAIONIMA MOMEHT IEpPeNaeTcsl KIMHOBOM PEMEHHOW Iepenaydei.
KoHCTpyKIIMsl 3THX TIE€HEpaTopoB aHaJOrM4yHa KOHCTpyKuuu reHeparopoB JK-405A u -405K.
Karymku rnaBHbeIX moftocoB reHeparopa 3A-1731/4 HamoTaHbl M3 H30JIMPOBAHHOIO KPYIJIOTO
MPOBOJIA, & T00ABOYHBIX — U3 TOJIOTO MEIHOTO MPOBOJIA MPSMOYTOJIBHOTO ceueHHs. SIKOpb UMeeT
OOBIUHYIO KOHCTPYKIHIO. OOMOTKA SIKOPSI BOJTHOBAsI, 3aKpeIjieHa Ha CEpACYHUKE KIMHbSIMH.
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12.3. KoHCTpyKIMS BCIOMOTaTeJIbHbIX 3JIeKTPHYECKHUX MAIIHUH TENJI0B030B.
12.3.1. Bo30yaurejin U BCIOMOraTeJjibHble FTeHepaTopbl.

Bo3Oynurenu mnpenHasHadeHbl IS MUTAHUS IIOCTOSHHBIM TOKOM OOMOTKH HE3aBHCHMOI'O
BO30Y)KJICHHsI TATOBOTO T€HEpaTOpa HEMOCPEICTBEHHO WM Yepe3 BBHIIPSIMHUTENb (CHHXPOHHBIE), a
BCIIOMOTaTeNIbHbIE TeHEepaToOpbl — I NUTaHWsS PA3IUYHBIX HArpy30K COOCTBEHHBIX HYX]I
TeroBo3a. Bo30yauTenn W BCIIOMOTATENbHBIE T'E€HEPATOPHl IOCTOSIHHOTO TOKa HMEIOT
YHU(PUIIUPOBAHHYIO KOHCTPYKLIHIO U BBIMOJHAIOTCA B BHJIE JIByXMAIIMHHBIX arperaTtoB ¢ OOIIUM
BajloM. braromapsi 3ToMy yMeHbIIAIOTCS Ta0apUTHBIE pa3Mepbl M Macca, a TaKKe YIPOLIAeTCs
MOHTaX W MPHUBOJ HX Ha TemioBo3e. Haubonee pacnpoCTpaHEHHBIMH M XapaKTEPHBIMH IIO
YCTPOWCTBY W OKCIUTyaTalliM WX BO30OYIHWTENICH W BCIOMOTATENbHBIX T'CHEPATOPOB SBISIOTCS
arperatel  A-706b u MBT-25/9 + MBI-25/11. XapaktepucTuku BO30yauTeneH W
BCIIOMOTaTeNIbHBIX T€HEPATOPOB MpUBEAEHHI B Ta0n. 12.1. n 12.2.

JAByxmammHHbIi arperat A-706b. DToT arperat ycraHoBjieH Ha temioBo3ax 2TO10M, 2TD10B,
2M62, TOI160 u cocrouT U3 BcoMorarenbHoro reaeparopa BI'T-275/120 u Bo30ynutens B-600
3aIUIIEHHOT0 UCIIOJIHEHUS C caMOBEHTHIIsIIMEH (puc. 12.6).

Tabauya 12.1. Xapaxmepucmuku 6030youmeinetl meniogo308.

Yacrora
Tun Mouunocts, | Hanpsxkenue, | Tox,
Cepus TemioBo3a BpaIllCHHS,
BO30yAHTEIIS kBt B A
00/MuH
MBT-25/9 TOM2, TOM2M 5,6 75 75 2000
B-600 2TD10M, TDI160, 2TDI160, M62, 2M62, 2TD10B 20,6 165 125 1800

Tabauya 12.2. Xapakmepucmuku 6CnoOMo2amensHblX 2eHepamopos menioso308.

Tun YacroTta
MomHocts, | Hanpsixenue, | Tok,
BCIIOMOTaTEILHOTO Cepus TEIIIOBO3a BpaIICHHS,
kBT B A

reHeparopa 00/MUH

MBTI-25/11 TOM2, TOM2M 5,75 75 77 2000
2TD10M, TOI160, 2TOI160, M62,

BI'T-275/120 2M62, 2T 10B 12 75 160 1800

Cepneunuky riaBHBIX moiifocoB 13 m 19 HaOpaHB! M3 JIMCTOB CTANM M CTAHYTH 3akjienkamu. Ha
cepaeuHuke 13 TraBHOro TmoJsitoca BO3OYIUTENsS PACHOJOXKEHBI OOMOTKAa HE3aBUCHMOTO
BO30yxeHus Bo30yauTens 11, momydaromiasi muTaHue OT aMIUIMCTaTa (amMniucmam — MarHATHBIN
YCWINTENb ¢ BHYTPEHHEH OOpaTHOH CBs3bI0), W pa3MarHuyuBaromas oomorka 10, momyuaromias
MUTaHUEe OT BcrmoMmoratenbHoro reHeparopa (BI'). Ha cepmeunmke 19 rimaBHOoro momioca BIC
HaMOTaHa KaTyIIKa HapajielibHOro Bo30yxaeHus. KaTylkn UMeIoT OTKPBIThIE U MEepEeKpeIeHHbIE
BBIBOJIbI, OT KOpPITyCca OHU HM30JMPOBaHbl MUKAJIEHTON U TadTAHON sneHToH. [{nst mpenoTBpalieHus
IPOAOJIBHOTO CABHMra KaTylleK MEXJy HUMH U OalllMakoM CepJe€YHHKA YCTaHABIMBAIOT
NpyXWHHBIE pamMKu. B cranmnax 12 m 17 ykpemneHO MmO msTh A00ABOYHBIX TOJIOCOB (MECTO
IIECTOrO IOJIFOCA 3aHATO BbIBOAaMU 0OMOTkH). CepredyHuku no0aBoyHbIX mnostocoB BT 18 u
B0o30ynuTensa 14 cranbHbIe IUTHIE, KATYUIKW OJUHAKOBBI M M30JMPOBAaHBl MUKAJICHTON U TaQTSIHON
neHToi. K moAmMmHuKOBBIM IIUTaM 2 KPETSATCS W30JIALMOHHBIE TPaBepChl 5, MMEIOLIHE 10 MIECTh
merkonepxkarened 6. Kopryca meTkogepkareneii OTIMTBI W3 JIAaTyHW. B KaxkIelid Kopmyc
yCTaHaBJIMBaeTCs MO ofHOW ImeTke Mapku OI'-4. CnupanbHble NPYKUHBI 00€CIIeUUBAIOT YCUIIHE
Haxatus Ha metky 11...20 H. TpaBepca gomyckaer cIBUT IETOK IPU UX YCTAHOBKE Ha HEHTpaH.

SAxops BI' u Bo30yauTenss CMOHTHPOBaHbI Ha 00meM Bary 22. CepAeuHUKH SKOpei 9 HaOpaHbI U3
JMCTOB cTanu TONIMHON 0,5 MM, Haca)keHbl Ha BaJl U 3a)KaThl MEXY KOPITyCaMU KOJUIEKTOPOB U
oOMoTKoIepkaTesiMi. UKciio 1 pa3mepsl Ma3oB, IJIMHA CEpACUHUKA, pa3Mepbl OOMOTKU SKOPS U
YHUCIO KOJUIEKTOPHBIX IUIACTMH M O0EMX MAalllMH OJWHAKOBBL. BoyiHOBas AByxcioiHas oOMOTKa
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yKJIaJapIBaeTcs B 44 OTKpBITHIX Ma3ax C 1aroMm mno naszam 1 — 8 u ¢ marom no koyuiektopy 1 — 44.
Komnexkropsl 6apoyHOTo THIIA CIIPECCOBaHBI MIacTMaccoi. Brymka komnekropa BI' ynnunena, u Ha
Hee Haca)kKeHBI J1Ba KOJIbIA (U1 BCIIoMoraTesbHbIX renepatopo BI'T-300/120), npeanasHadeHHbIE
JUIA CheMa MEePEMEHHOI0 HANpPsDKEHUsS Ui MUTAHUS PaJUOCTAHIIMU TEIioBo3a. [[ByXMaliMHHbBIN
arperar OXJIQXKJAeTCs BEHTWIATOPOM ILIEHTPOOEKHOTO THIA, 3aKpEIUIEHHBIM Ha Baly SKOpS B
CpEIHEH YacTu MEeX Iy AKOpsMH Bo30yauTens u BI'.

20 21

BenoMorarensHLI
TeHepaTop
BIT-275/12¢

Boadynute s B-600 jD

Puc. 12.6. JIByxmamunHsbIi arperat A-706b.
1 — mopmmmnHWK; 2, 21 — MOAIMUITHUKOBEIC ITUTHL; 3 — OCHOBAHUE KOJUIEKTOPA; 4 — KOJUIEKTOP; 5 —
TpaBepca; 6 — ImeTKoJepkKaTelb; 7— KOp3uHa; 8 — KOKYX;
9 — cepaeunuk sskops Bo3oyaurens; 10 — pazmaranuuBaromas 0OMOTKa BO30OYAUTEIIS;
11 — oOMoTKa He3aBUCUMOTO BO30OYx1eHUs BO30yauTens; 12, 17 — craHuHBL;
13 — cepieUHUK TJIABHOTO MOJIOCA BO3OYIUTEIIS,
14 — cepaedHuk 106aBOYHOTO MONIIOCA BO3OyauTeNst; 15 — 60nt; 16 — BeHTHISATOD;
18 — cepneunuk nobaBouHoro Momoca BI'; 19 — cepaeunuk riaaBaoro momoca Bl
20 — obmoTKa sixopst BI'; 22 — Baut.

JIByXMalIMHHBIA arperat TemioBo3oB TOM2, TIOIM2M, TOMI1. Arperar coCTOUT U3
BcriomorarenbHoro reiepatopa MBI'-25/11 u Bo30yaurens MBT-25/9. Cranunbl Bo30yauTens u
BCIIOMOTaTeNILHOTO T'€HEepaTopa COCTABIAIOT OOIIMN pa3beMHBbIN Kopnyc. K cranuHe Bo3OyauTens
MBT-25/9 kpensarcs 4eTbIpe IJIaBHBIX MMOJIFOCA, KaXAbIH M3 KOTOPBIX COCTOUT M3 CEplICUHHKA U
obmoTku. CepAieyHUKN HaOpaHbl M3 CTAJIBHBIX JMCTOB TOJIIMHOM 2 MM M pa3/ieleHbl JaTyHHOU
MPOKJIAJKOM Ha JIBE€ 4YaCTU HEPABHOIO CEYEHMs] — HACBHIIIEHHYIO W HEHachllleHHyro. YacTb
CeplicUHMKa MEHBIIEro CeYeHMs (HachILIEHHAs) OXBaTbiBaeTcs IuddepeHIanIbHOol 0OMOTKOMH,
MMEIOIIeH CceMb BUTKOB MEIHOW TOJIOCHI cedeHueMm 2,63x1,47 mwm. [lapamnensHas oOMOTKa
BO30YKJIEHHsI 0XBAaThIBae€T 00€ YaCTH CepJIeUHUKa U UMeeT 242 BUTKA U3 U30JIMPOBAHHOTO MEIHOTO
npoBoaa mapku [IBJ] nuamerpom 1,95 MM. B cobpanHoM Buie KaTyKd 0OMOTOK MPOMUTHIBAIOTCS
KOMIIAYH/IOM U TIOKPBIBAIOTCS dManblo. KaTymku oOMOTOK BO30yIUTENs BBIMOTHSIOTCS C
OTKpPBITBIMU ¥ TEPEKpEeIIMBAIOIIUMUCA BbIBOJAAMU. MarHuTHble TOTOKH MapajyielbHON |
muddepeHIManbHOl 0OMOTOK HarpaBiieHbl BCTPEYHO, TOITOMY MOTOK TOJ] 00IIel 4acThIO MOJIFoca
ONpENENseTCs  Pa3sHOCTBKD  3THX  MOTOKOB.  OJEKTPOABWXKYIIAs CWila, HHAyHIHpyeMmas
pE3YJIBTUPYIOIUM NOTOKOM, cymmupyercs ¢ OJC, MHAyIUpyeMOHl MarHMTHBIM ITOTOKOM
napajuieIbHOM 0OMOTKHU JIpYroi YacTH IMOJII0CA, U C YBEIMYEHUEM TOKA FeHepaTopa yMEHbIIaeTcs,
MOSTOMY BHEIIHSS XapaKTepUCTHKAa TATOBOTO TeHepaTopa HMMeeT BHJ rumepOoinbsl. Tpasepca
JIONYCKAET CABUT IIETKOJAEpPKATENIe NMPU KX YCTAaHOBKE B HEWUTpalIbHOE MoJiokeHue. Kaxxipii
LIETKOJIEPIKATENb HECET MO OJHOW mieTke mapku OI'-4. Vcwine Haxarusa Ha merky — 10...11H.
Cepnevnuk sKopsi HaOpaH U3 JUCTOB JICKTPOTEXHUYECKOW cTaym ToiamuHoi 0,5 MM. CepreuyHuk
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BO30OyIUTENS OT CEpJCYHHKA BCIIOMOTATEIBHOTO TEHEpaTopa OTIEICH MAarHUTHBIM JSKPAaHOM,
COCTOSIIIIMM M3 JIATYHHBIX JTUCTOB. Ha Bany cepneunuk yaepxuBaetcs mmnoHkoi. [llar odbMoTku no
nazam 1 — 11, mo komrekropy 1 — 68. Komnekrop Bo3Oymutens comepxkutr 135 muacTuH.
Bcenomoratenbnsiii renepaTop MBI'-25/11 mocTOSSHHOTO TOKa BBITIOJIHEH 110 CXEME IapaylIeIbHOTO
B0o30ykaeHus. CepIeUHUKH TJIAaBHBIX TMOJIIOCOB HAaOpaHBl U3 CTAIBHBIX JIMCTOB TOJIIUHOW 2 MM,
KOTOpBIE CKpEIUIeHbl CTAJbHBIMH 3akienkamu. KaTymika riaBHoro mnoiroca umeer 394 BuTka
npoBoga mapku [IBJ[ muamerpom 1,56 mm, ynoxkeHHBIX B 14 crmoeB. CompoTHBIIeHHE OOMOTKH
B0o30OyxaeHus npu Temmeparype 15°C paBHo 9 Om. CepaedyHuku J00aBOYHBIX ITOJHOCOB JIUTHIC
CTaJIbHBIC, KAaTYIIKU HamMoTaHbl u3 Meaun MI'M ceuenunem 0,8%3,0 mm. Cepiednuk sskopsi HaOpaH u3
JIUCTOB 3JEKTPOTEXHUYECKOM cTanu TommuHod 0,5 mm. JIMCTBI HMMEHOT BEHTUIISILIMOHHBIE
OTBEpCTHS, Ta3 JJIsl MIOHKU U 46 Ta30B, B KOTOPHIE YKJIAIBIBAETCS BOJHOBas OOMOTKA C JIBYMS
napajuienbHbIMU BeTBSIMH. CeKIusi OOMOTKH COCTOUT U3 ABYX BUTKOB M3 MPSAMOYrOJbHOM Meau
(1,56x5,1 mm) ¢ wmsomsmueit [1B]]. Kostektop BcrmomorarensHOro reHepaTopa cobpaH uz 92
TUTACTHH.
12.3.2. Craprep-reHepaTopsbl.

Craprep-reHeparop NpUMEHSETCSl Ha TEIJIOBO3aX C AJIEKTporepeaayeii NepeMeHHO-TIOCTOSIHHOTO
TOKa, HCMOJb3yeTCsl KPAaTKOBPEMEHHO B KayecTBE OSJIEKTPOJABMraress Juid Iycka auzens (c
[IUTAaHUEM OT AaKKyMYJSTOpPHOM OaTapen) M IOCTOSHHO — B KauecTBE BCIIOMOIaTEIbHOIO
reHeparopa, OCYLIECTBIAIOUIEr0 MHUTAaHWE LeNnedl  ympaBleHWs, OCBEIIEHHs U 3apsiKu
aKKyMYJIATOpHBIX OaTtapeil. CtapTep-reHepaTop — 3TO YETHIPEXIIOIIOCHAS DIIEKTpUYEecKas MallnHa
IIOCTOSIHHOTO TOKa C HE3aBUCHUMbBIM BO30YXKA€HHEM M caMoBeHTWIALue. OcoOeHHOCTIMHU
KOHCTPYKILIMU CTapTep-TeHepaTopa SBISIOTCS HAIWYHE ITYCKOBOW OOMOTKHM Ha TJIABHBIX IOJOCAX
MarHuTHOM cucTeMbl (711 paboThl B PEeXHUME 3JIEKTPOABUraTessl MpHU MyCKe IU3eNs), 3aKperieHue
IUIACTUH Ha BTYJKE KOJUIEKTOpa C IOMOIIbIO OOmieil raiiku (BMECTO OOJTOB) M BBINOJHEHUE
MOAIIMITHUKOBBIX IIUTOB B BUJE IIOCKMX JMCKOB C OKHAMHM, 3aKpBITbIMM IuTKamu. Craprep-
reHeparop (puc. 12.7) cocTOUT W3 CTaHUHBI, MOAIIMITHUKOBBIX IIHUTOB, TJIABHBIX W JOOABOYHBIX
IIOJIFOCOB, SIKOPS U MOJALIMITHUKOB. B THE3/10 nepeHero moIMInHUKOBOIO LIIUTA YCTAHABIMBAETCS
noamwmnHUK 76313, 3agHero — 7032315. K craHuHe KpemsiTcsl 4YEThIpe TIJIaBHBIX M YEThIpe
n06aBovHbIX moitoca. CepaedHHUK J100aBOYHOIO MOJIOCA LETbHBIM, 00MOTKA MOCIEeI0BaTEIbHO
coeuHeHa ¢ 00MOTKOH sAkops. K mepenHeMy HMOAMIMITHUKOBOMY IUTY S KpPEMUTCS TpaBepca, a K
HEl ILETKOoAepXkaTeau C paspesHbiMM weTkamu Ttuna OI'4. Kosmiekrop 7 — apodHoro Tuma.
OxnaxaeHue crapTep-reHepaTopa — CaMOBEHTWJISIIMS BBITSDKHOTO THIA, KJace H3OJSIUM — HE
Hke F. Pexum paboTbl B KauecTBe reHeparopa — AMUTENbHbIN. CTapTep — reHepaTop MHUTaeT
AJIEKTPOABUTaTENN MPHUBOJA KOMIIPECCOPOB, 00ECIIEUNBAET 3apsAKy aKKyMyJsTOpHOW OaTapeu u
JIpyTHe BCIIOMOTrarenbHble Harpy3ku. CrapTep-reHepaTop BBIIEPKMBAET B TEUEHUE 2 MMH.
aBapuifHOE MOBBIILIEHHE YacTOThl BpamieHus Ha 20% cBepX HOMHUHaIbHON O€3 MOBpEXJIECHUH U
OCTaTOYHBIX Je(opMarHii.

12.3.3. DulekTpoABUIraTe/ M NPUBOAA BCIIOMOraTe/IbHBIX arperarTos.

Juexkrtpoasurareau 2I12K u 2I12. JlaHHbIE 25I€KTpOIBUraTENN MMEIOT MOIIHOCTH 37 kBT m 25
kBT cooTrBeTcTBeHHO M uacToTy Bpamenus 1450 o6/muH. OHM TpeaHa3HA4YEHBI I TPHUBOJIA
koMmmpeccopa TemioBo3oB 2T3116, TOII70 m TOM7 u mnuraroTcs OT CTapTep-TeHeparopa
HOMHUHAJBHBIM HaNpsoKeHHeM MocTostHHOTO Toka 110 B. Dnexrtpoxsuratens 2I12K (puc. 12.8)
NPEJCTaBIsAeT COOOM YETHIPEXIOJIIOCHYI0 DIEKTPUYECKYI0 MAIIMHY IOCTOSIHHOTO TOKa CO
CMENIaHHBIM BO30YKJI€HHEM U KOHCTPYKTHBHO BBITIOJIHEH aHAJIOTMYHO cTaptep-reHeparopy [ICI.
SIkops 8 3neKTpojABUTATENs YCTAHOBJIEH HA JIBYX IIAPUKOBBIX MOJIIMIHHUKAX 76-31 BBICOKOTO
KJlacca TOYHOCTHU. DJIEKTPOJIBUraTelb JIOMYCKAET Meperpy3Ky no Toky He 6osee 40% B Teuenue 15
C py HOMUHAJIBLHOM HanpspkeHuu 110 B. J{s obneryenus mycka 31eKTpOABUTaTENs UCIOIb3YeTCs
pe3ucTOp, KOTOPHIN Ha MEPUOJI pa3roHa BKIIIOYAETCs MOCIeI0BaTeNIbHO B LIeTb AKkops. [ npuBoaa
kommpeccopa BVY-3,5/9-1450 wucnones3yercs osnekrpudeckuit nsuratens 2[12KVXJI2. Tlpu
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yCTaHOBKE Ha TeruioBo3e kommpeccopa IIK-5,25 ang ero mpuBojma MCHONB3YyeTCsl JIBUraTellb
2I12KY XJI2. KoHCTpyKIIMSI JBUTATENIeH aHAJIOTUYHA.

l
Bxor T T
R ‘ iy

Puc. 12.7. Craprep-reneparop IICT.
1 — kopoOKa BBIBOJIOB OOMOTOK, 2 — KOJIBIIEBOH 3aMOK; 3, 19 — moamumauky; 4 — MaciieHka,
5, 18 — mOAIMIMITHUKOBBIC MUTHI; 6 KPOHIITEIHH, 7— KOJUIEKTOp, 8 — IIeTKOIepKaTellb,
9 — cranuna; 10 — o6moTKa sikops; 11 — kaTymika 700aBOYHOTO MMOJIIOCa,
12 — cepaeunuk 100aBOYHOTO MOJIIOCA, 13 — CepACUHHK SKOPS,
14 — cepaedHMK TJIaBHOTO MMOJI0Ca, 15 — myckoBasi 0OMOTKa,
16 — oOMoTKa He3aBUCUMOTO BO30OYxeHust; 17 — sentunstop; 20 — Ba.

JuiekTpoasurareau cepuu II. D10 snekTpoaBUraTesn NOCTOSIHHOIO TOKa MOPCKOTO UCIIOJIHEHUS.
Ha oredecTBeHHBIX TEIUIOBO3aX M 3JIEKTPOBO3aX OHHM IMPUMEHSIOTCA JJIs IPUBOJA MAacjo- U
TOIJIMBOIIPOKAYMBAIOIIMX HACOCOB, BEHTWJIATOPOB KaOWHBI MAIIMHUCTa W Ky30Ba, a TaKxKe
kajgopudepa. OHM MONYyYArOT MUTAaHHE OT AKKYMYJISATOPHOW Oaraped WM BCIOMOTATEIbHOTO
reseparopa npu pabote nuzens. TexHndeckue naHHbIe aBUrarenei cepuu I1 mpuBeneHsl B TalII.
12.3. Onexrpoasuratens [I1-21 (puc. 12.9) cocTouT W3 CTaHMHBI, JABYX TJaBHBIX U OJHOIO
700aBOYHOTO MOJIIOCOB, IBYX MOALIMITHUKOBBIX IIUTOB, SIKOPS U JBYX IAPUKOBBIX MMOALIMITHUKOB.

CranuHa uMeeT LWIMHIpHYECKYylo (opMmy. [1aBHBIE TOJIIOCA YCTAHOBJIEHBI 1O BEPTUKAIU U
KpensTcs K CTAaHUHE JABYMsI O0osiTaMH Kaxiplii. OOMOTKa B 3aBUCUMOCTH OT THUIIA IBUTATENsl MOXKET
OBITh CMEIIAHHOTO BO30YXJIEHUS WM NapajlIebHOrO, T. €. COAEPKaTh JBE WIM OJHY KaTyILIKY.
CpaBHUTENBHO JIETKHE YCJIOBHS KOMMYTAI[MHM MO3BOJSIOT NMPUMEHUTHh TOJIBKO OJWH 00aBOYHBIN
MOJTIIOC, @ Ha MECTE€ BTOPOTO HaxXOIUTCs KOopoOKa BeiBOAoB 18. Ha mepeaneM moaIIMITHUKOBOM
IUTe 5 KpemuTcs W30JIALMOHHAs TpaBepca, a K Hel — 1merkonepxkarenu 6. Ilepegnmii
MOAIIMITHUKOBBIM HIUT 5 HMEET KpPBIMIKM J0Ka 7 JUIsi OCMOTpa WIETOK, HIETKOAEpKaTeseH,
COEIMHUTENIBHBIX MPOBOAOB U KoJulekTopa. OOMOTKa sAKoOpst 7 meTjeBas BCHIIHAs, UMEET JBe
napaienbHeie BeTBH. Kosutekrop 2 HaOHWpaeTcs W3 MEAHBIX IUIACTHH, KOPIYC KOJUIEKTOpa
M3TOTOBIISIETCS U3 acOOPE30JIbHON MaCChI.
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Puc. 12.8. Dnexrpoasurarens 21 T2K.
1 — BeHTHNSAIIMOHHAS pelieTKa; 2, 14 — KPBIIIKY MOITUITHUKOB;
3, 12 — NOAIMIMITHUKOBBIC ITUTHI; 4 — IIETKOIEPKATEIIb; 5 — KOJUIEKTOP; 6 — CTaHWHA;
7— ceplIeYHHUK TJIaBHOTO MOJIIOca; 8 — sikopk; 9 — 00MoTka Bo30yxneHust; 10 — odmoTtka sikopst; 11 —
BeHTWIATOP; 13 — TpyOKa s cmaszku; 15 — Bait.

Tabauya 12.3. Texnuueckue danuvie snexkmpoosucameneii cepuu 11,

Tun SJICKTPOABUIATCIIA

[TapameTtp

T-11 T1-12 T1-21 T1-22 11-31[T1-41
MotHOCTb, KBT 05[02|10|05[05|14](22[122/09]22] 42
Hanpsxenne, B 75|75 (110 75 [ 75 | 75 | 75 | 75 | 75 | 75 | 64
Toxk, A 99 [42[11,8] 94| 93][238[367[21,8]16,1(36,7] 84
ggf;;;a PPAIICHIT AKOPA, 2800(1740|3000{1450(1350|3100{3000|3300| 1450|3000 2200
Yuciio rIaBHBIX MOJII0COB 2 2 2 2 2 2 2 2 2 2 4
Yucno no0aBOYHBIX MOJIKCOB 1 1 1 1 1 1 1 1 1 1 4
Yucno meTox 4 4 4 4 4 4 4 4 4 4 8

Yuciao BUTKOB OOMOTKH:
MapajuIeIbHOTO BO30YKICHHS 1750(1150(1850(1800{1800({1800{1400{1200{1100|2200| 600

MOCJEN0BATEIHFHOTO 12 - 11 (18 | 18 | 10 | 16 | 14 | 12 5 2
BO30YXKIIEHHS TOOABOYHOTO 116 | 175|126 | 142 | 142 | 78 | 78 | 88 | 103 | 50 | 17
[OJII0Ca

Yuciio ma3os 14 | 14 | 14 | 18 | 18 ( 18 | 18 | 18 | 18 | 18 | 27
Ywcno miacTHH KOJUIEKTOpa 56 | 56 | 56 | 72 (72 |72 |72 | 72| 72| 72| 81
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Puc. 12.9. Dnexrpoasurarens cepu I1.
1, 17 — XpBIIIKH JIFOKOB; 2 — KOJUICKTOP; 3 — MOIIMITHUK; 4 — IMPeCcc-MaclICHKa;
5, 14 — moAMUITHUKOBBIC IIUTHI; 6 — METKOAEPKATEIh; 7— OOMOTKA SIKOPS;
8 — cepneunuk sKopsi; 9— 0OMOTKa T00ABOYHOTO MOJTIOCA;
10— cepmeuynuk mo6aBoyHOTO Moroca; 11 — crannna; 12 — cepieYHUK TJIABHOTO TOJIOCA;
13 — oOMoTKa TI1aBHOTO Motoca; 15 — BeHTusaTop; 16 — Bai; 18 — kopoOka BEIBOIOB.

KoHTpoibHbIe BOIPOCHI:

1. 1514 yero npeaHa3HAuY€HbI BCIIOMOTaTENIbHbIE 3JIEKTPUUECKHE MAIIMHBI HA TSTOBOM I10/IBH’KHOM
cocrase?

2. O0OBsICHUTE Ha3HAYCHUE BCIIOMOTATEIILHOTO TeHepaTopa.

3. KakoBo Ha3Ha4YeHHE reHepaTopa yIpaBiIeHUs?

4. KakoBbl 0COOEHHOCTH pabOThI AJIEKTPOIBUTATENEH TPUBOIAa KoMIpeccopa?

5. Kakue snexTpuueckre MalvHbl 00IIENPOMBIIITIEHHOTO UCIIOTHEHUS MPUMEHSIOTCS Ha
MOJIBU’KHOM CcOCTaBe?

6. YkaxxuTe 0COOEHHOCTH PabOTHI NIEKTPOIBUTATENEH TOIUIHMBOMOAKAYUBAIOIIETO U
MacJIONPOKAYMBAIOLIEr0 HACOCOB.

7. O0bsicHUTE 0COOEHHOCTH paObOThI BCTIOMOTATENbHBIX arperaroB Ha 3JIEKTPOBO3aX.

8. KakoBo HazHaueHue BO3OyAUTENS HA TEIJIOBO3E?

9. YkaxuTe crocob MmosydeHus IeEpeMEHHOTO HAMPSHKEHUS BO BCIIOMOTATEIbHBIX TEHEPATOPax
tuna BI'T-300/120.

I'naBa 13.
IJIEKTPUYECKHUE MAIINHbI
MNEPEMEHHOI'O TOKA HA TIOABU)KHOM COCTABE.
13.1. TAroBble reHepaTopbl TENJIOBO30B.

Tsaroseie reneparopsl (TI') nepeMeHHOro TOKa NpeaHa3HaueHbl JUIsl KCIUTyaTallui Ha TEIIOBO3ax €
IEKTPUUECKONW Tiepefayeil MepeMeHHO-TIOCTOSHHOIO TOKa M CIyKaT JUlsl INpeoOpa3oBaHUs
MEXaHMUYECKON 3Heprum amsens B adjekTpuueckyro. Ha rtemmmosozax 2T3116, TOII70 u TOM7
YCTaHOBJIEHBI CHHXPOHHBIE reHepaTopbl Tuna I'C, TexHuuecknue JaHHbIe KOTOPBIX MPEICTABIECHbI B
Tabn. 13.1. BeipabaTeiBaeMblil reHepaTopoM Tpex(as3Hblil mepeMeHHbI Tok yactoToit g0 100 I'g
MO/Ia€TCSl B BBIIPSIMUTEIBHYIO YCTAHOBKY IS BBIIPSMIICHMS, a 3aT€M K TSATOBBIM JIBUTATEIsIM
IIOCTOSIHHOTO TOKa. Bce THUIBI CHHXPOHHBIX TATOBBIX I'€HEPATOPOB OTEYECTBEHHBIX TEIUIOBO30B
COCTOAT U3 OJHHUX U TE€X XK€ Y3JIOB, NO3TOMY KOHCTpyKumio TI' paccmorpum Ha npumepe TI' tuma
I'C-501A. Tenepatop I'C-501A (puc. 13.1) mnpencraBiasier coOOH CHHXPOHHYIO MaIIUHY
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3alIUIIEHHOTO MCIIOJHEHHUS C HE3aBHCHMBIM BO30YKICHHEM M TNPHHYAUTEIBHOW BEHTHIISALHCH.
OxJTaxaaromuid BO3AyX MOAACTCSI OCEBBIM BEHTUJIATOPOM uepe3 COOPHBINM CTAIbHOW MaTpyOoOK CO
CTOPOHBI, MPOTHUBOIIOIOXKHON KOHTAKTHBIM KOJIbLIaM (CO CTOpOHBI au3ens). B HuwxkHel uvactu
MOALIUITHUKOBOTO IIKUTA [0/l KOHTAKTHBIMHU KOJbIIAMH YKPEIUIEH CTaJbHOM MaTpyO0oK uisi BEIOpoca
B aTMocdepy HarpeToro Bo3ayxa. IIpu HeoOX0IMMOCTH BO3IyX MOXKET YaCTUYHO BHIOPACHIBATHCS B
KYy30B TeIioB03a. OXJIaXIAIMKUA BO3AYyX I[OCTYHAeT CHAapyX U TEIUIOBO3a 4Yepe3 BO3AYIIHBIE
(GUIbTPHI, yCTAaHOBJICHHBIE C OOKOB Ky30Ba. ['eHepaTrop BpamiaeTcsi MO0 4YacoOBOW CTpEINIKE, €CIU
CMOTPETH CO CTOPOHBI KOHTAKTHBIX KOJIELl.

Tabauya 13.1. Texnuueckue xapakmepucmuKu msaco8blx 2eHepamopos menio80o308.

Ty Cepust MommHOoCTS, JIuneiinoe/da3noe :F oK TIpH Hacrora Macca,
nuHEeHHOM/(ha3HOM |  BpalleHus,
reHepaTopal TerioBo3a kBt Hamnpspkenue, B KT
HanpsHKeHUH, A 00/MHH
I'C-501A TO3I170 2800 580/360 2x1540/2x2400 1000 6000
I'C-501A 2T3116 2190 535/290 2x1330/2x2350 1000 6000
I'C-515 TOM7 1400 280/175 2x1540/2x2500 1000 6000
272121,
A-714 PTO116A 2 800 580/360 2x1 520/2x2400 1000 8200

I'enepatop 'C-501A cocrouT u3 craropa, B Ia3ax KOTOPOTrO pacrmojiaralorcs ABe TpexdasHble
OOMOTKH, ¥ POTOpa C JABEHAINATHIO SBHO-BBIPAKCHHBIMU TOJIOCAMU BO30YKICHHS, MHUTAEMBIMU
IIOCTOSIHHBIM TOKOM 4Yepe3 Koibua U MmeTkd. Crarop 8uMmeeT CBapHYK KOHCTPYKLHIO,
U3FOTOBJICHHYIO U3 CTalbHBIX JIMCTOB, KOTOPbHIM C IIOMOUIbIO BalbLIEBaHUS IPUAAETCA
uunHapuueckas (opma. K craropy mapamnenbHO €ro ocu ¢ JBYX CTOPOH TNPUBAPHUBAIOTCS
OTIOpHBIE JIAllbl JUIsl YCTAHOBKM I'€HEpaTopa Ha IMOJAJM3EIbHYI0 pamy. B BepxHell yactu cratopa
MPUBAPEHbl KPOHIITEHHBI 12, ciuyxaiiue omopamH Ajs YCTAaHOBKM HAa T€HEpaTope CHHXPOHHOTO
BO30yauTeENs U crapTep-reneparopa. Cepaeynuk craropa 11 BEINOIHEH U3 MITAMIIOBAHHBIX JIMCTOB
BBICOKOJIETUPOBAHHOM 3JIEKTPOTEXHUYECKOM cTanu TtonmuHod 0,5 mMm. B nmcrax wumerorcs
OTBEpCTHs, 00pa3ylollre BEeHTWISIMOHHBIE KaHajibl. B masax craropa yJioKeHa BOJIHOBas
AByxcioiHass oOMoTka 13, KaTylmIkh KOTOpPOM HW30JUpPOBaHbl OT KOpIyca IOJMAMHIHOW U
aKTUBUPOBAHHON (ITOPOIIACTOBOM IJIEHKAMHU C BBICTHJIKOM Ia3a IUIEHKOCTEKJIOTKaHbo. Jlis
YMEHBIIECHUS MyJIbCalluii BBIMPSAMIIEHHOTO HAIpsDKEHUsI 0OMOTKa ctaTopa 13 BhINosHEHa MO cxeme
JIByX HE3aBHCHUMBIX 3Be3]l (C ABYMS MapajljIelIbHBIMH BETBSMHU B KaXKJ10i), CABUHYTHIX OJHA IO
OTHOILIEHMIO K apyroi Ha 30 3. rpax. Cekiust OOMOTKH BBIIOJHEHA U3 AE€BATH YJIO0XKEHHBIX JPYT Ha
Apyra IIHPOKOM CTOPOHOM MEIHBIX TPOBOJHUKOB U HMEET MpsSMOYTrojbHYI0 (opmy,
COOTBETCTBYIOLIYIO (popMe na30B cepaeuHrka 11. JIoGoBble yacT OOMOTKH KpensiTcst K cTaTopy 8
IJIACTMAaCCOBBIMU  OOMOTKOJEpKATENIIMU C 3alpecCOBaHHBIMM B HMX HIMuibkamu. Cucrema
BBIBOJIOB OOMOTKHM CTaTOpa — YCWJIEHHas, NpUNasHa K IIHHaM cepeOpocoepKaluM MPUIIOEM.
Bcero mects ¢a3HbBIX, IBa HYJEBBIX BBIBOJA U JIBA BBIBOJIAa OOMOTKH BO30YKIeHUS 6 (Ha poTope).
Potop umeer cBapHO-nmuTOM Kopmyc ¢ OapaGaHoM 14, Ha KOTOpPBI HAIIMXTOBaH MU CIIPECCOBAH
MaKkeT MHYKTOpa U3 CTAJIbHBIX JIUCTOB TOJIIKMHON 2 MM. B nmucTax BeIIITaMIOBaHbI a3kl B popme
«JTaCTOYKHMHA XBOCTa», B KOTOPBIX Ha TOTOBOM KOpITyce poTOopa KIMHBAMH KpensT 12 momtocos 10
MOHOOJIOUHON KOHCTpYKIMH. CeplIeYHUKH MOJII0OCOB pOTOpa HaOpaHbl U3 JIMCTOB CTAIM TOJIIMHON
1,4 MM, cropeccoBaHbl M CTSHYTHl YETHIPbMS CTaJbHBIMH IIMWIbKaMu. KaTymku oOMOTKH
BO30YXKJCHHS 6 TOJIOCOB pOTOpa BBITOJIHEHBI M3 MeIHOU JieHTel MI'M pasmepom 1,35%25 mm,
THYTOH «Ha pebpo». Mexay BUTKaMU MeIH MpojoxeHa u3oisanus. Karymika mponuTeiBaeTcst B
coope ¢ cepaeuHukoM Toroca 10 B SMOKCHIHOM KOMIAYH/IE U UMEEeT M3OJSINI0 THITa «MOHOJHT-
2» knacca F. Bce BbIBOJBI 0OMOTKM BO30OYXIEHHMsS OCOEIMHEHBI MOCIIEAOBATENBHO C MOMOIIBIO
KOHTAKTHBIX CETMEHTOB U OOJITOB, KaTYIIKH C IPSIMON M MEPEKPelIeHHOW HAMOTKON BUTKOB MEIU
YCTAaHABJIMBAIOTCS Ha pOTOpe uepe3 OAHYy. B ma3pl MOMIOCHBIX OaliMakoB BCTPOEHA
KOMITCHCAIIMOHHAs (YCTIOKOUTENbHAs) 0OMOTKa 15, cocrosimas U3 MEIHBIX CTEP)KHEH, CHasHHBIX
MEXy cO00M MO TOPIIaM KOPOTKO3aMBIKAIOIIIMMHU CETMEHTaMH U TPOMAsSHHBIX B HUX.
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Puc. 13.1. Cunxponnsiit reneparop 'C-501A.
1 — Bay; 2 — NOAMIMITHUK; 3 — KOHTAKTHOE KOJIBIIO0; 4 — METKOAEPIKATEIb;

5 — MOMIMITHUKOBBIN IUT; 6 — 00MOTKA BO30YKICHHS; 7 — BBIBOJIBI CTATOPHON OOMOTKH;
8 — crarop; 9— naxxumuas meka; 10— monroc; 11 — cepaeunuk craropa; 12— KpoHIITEHH;
13 — obmoTka craTopa; 14— Gapaban poTtopa; 15 — kommeHcaoHHast 0OMOTKa,

16 — kperuienue 0OMOTKH cTaTopa; 17 — BeIBOABI; 18— KOpIyc MOAMIMITHHKA.

I'enepaTop uMMeeT OOWH MOIIIMITHUKOBBIM IMUT 5 W CBOOOJHBIM KOHEI[ Baia 1 co CTOPOHBI
KOHTaKTHBIX KoJyiell 3, Omaromapsi 4eMy BO3MOXKEH OTOOp MOIMHOCTH Ha COOCTBEHHBIC HYKIBI
TEIJIOBO3a B CIIy4ae OTCYTCTBUS CHELUMAIbHOTO HMCTOYHUKA. [IOAIIMIHUKOBBIA LIUT SIBISETCS
HECYIIIeW 4acThl0 reHepaTopa, MMEET CBaApHYI0 KOHCTPYKIIMIO M YKpeIUieH OoiramMu Ha cratope. B
IIUTE HMMEETCS Pa3beMHBbIN Kopryc moamunHuka 18, obOecnednBaromuii BO3MOXHOCTh 3aMEHBI
POJIMKOBOTO TIOJIIIMITHUKA 2 0€3 CHATHS IUTa 5 ¢ TeHepaTopa U 0e3 oTheMa TeHepaTopa OT JU3eds.
[ToammmmHNK 2 caMOyCTaHABIMBAIOIIMICS, IBYXPSIHBIN, CO cPepUIeCKUMH POTUKAMH.

BHyTpu mOJIOCTH TOAIIMITHUKOBOTO MIMTa S HA HM30THYTHIX pedpax ¢ TMOMONIBIO YEThIpEX
M30JIITOPOB 3aKPEIUICHBbI JIBE MOJBECKH, HAa KAXKJI0M M3 KOTOPBIX YCTAHOBJIEHBI TPU PAIUATIBHBIX
JATyHHBIX meTKoaepxkarens 4. KoHCTpyKIus meTKoaepKaTesi 00eCIieunBaeT OCTOSTHHOE YCUITHE
Ha)kaTus MPY>KUHBI Ha IIETKY HE3aBUCUMO OT BEJIMYMHBI U3HOCA nocieaHel. llleTka BcraBisiercs B
MIETKOJICPKATEIb W TPKAMACTCS MPYKUHOW depe3 phluar K KOHTAKTHOMY KOJbBIy 3 pOTOpa.
Bcero ycranosneno mects metok Mapku JI-4. [lleTku cHaGXeHbI PE3NHOBBIMU aMOPTHU3aTOPAMU,
yepe3 KOTOpbIE Ha IIETKY MepefaeTcsl MOCTOSHHOE YCWIIME HaXkaTus pbryara npyxussl 16..20 H
(1,74...2 xrc). Tok k meTKaM MOABOAMUTCS MO IUIETEHbIM MEJHBIM MPOBOAHUKAM, HAKOHEYHHKU
KOTOPBIX Yepe3 MOJBECKH COSJMHEHBI C BRIBOJIaMU OOMOTKH BO30YkaeHUs. KOHTakTHBIE KOJbIa 3,
W3TOTOBJIEHHBIE W3 CHEUAJIbHOW AaHTUKOPPO3MOHHOW CTaju, HAIpPECCOBBIBAIOTCS Ha KOPIYC
poropa. Kamepa KOHTakTHBIX KOJIEI] 3aKphiTa JIETKOCHEMHBIMH CETMEHTHBIMU CBAapHO-
ITAMIOBAaHHBIMU KPBIIIKAMH, YCTAHOBJIEHHBIMU 10 IEPUMETPY KOHYCHOW YaCTH MOALIUITHUKOBOTO
mmTa. Bech kpemex TeHeparopa 3alluIleH OT CAMOOTBUHUMBAHHS TIPH TOBBIIMICHHOW YacTOTE
BpalIEHUsI U KOPPO3HH.
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13.2. TsaroBble arperathbl TeNJ10B030B.

Ha TemuioBozax 2TO116VII, -121, TOII70bC u -80 ycTaHOBiIEHBI TArOBbIE arperarsl TUIOB A714, -
713 u -711, B cocTaB KOTOPBIX BXOIAT TATOBBIM CHHXpOHHBIA reHepaTop (CI') m TeHeparop
cooctBenubix HYxa ('CH), wim ortonmurenbnbii. Ha maccaxupckom terioBoze TOII70BC on
HMMEHYETCSl TeHEepaTOpOM PHEprocHadkeHus. TsaroBeiid arperat A-714 3auIeHHOTO WUCIIOJTHEHUS
MMEET HE3aBUCHUMYIO CUCTEMY OXJIaXIEHMs. Ero OCHOBHBIM HECYIIMM Y3JIOM SIBJISIETCSI CTAaTOp
TATOBOTO CHHXpOHHOTO reHepatopa (puc. 13.2). Cratop 75 T'CH, ciyxamuii OJHOBPEMEHHO
nepeaHel HaXKMMHOM 1maitboit mia cepaeunuka 14 craropa, ynupaercs B TOpE IPOMEKYyTOUYHOTO
1IUTa, YeM oOecreynBaeTcsl HeoOXoauMast )KeCTKOCTh KOHCTPYKIIMU. TOPIOBBINA MOIIIUITHUKOBBIN
mut 8 arperara Mo KOHCTPYKIMH IMOJOOEH LIUTY TATOBOTO CHHXpOHHOro reHeparopa I'C-501A.
Potopsl arperata umeroT oOwmii Kopryc Oe3BaJbHOM KOHCTPYKUUHU (CBapHO-JIUTOI) B BUIE
Oapabana 19. Ha xopryce pacmonoxeHbl IBe CaMOCTOSTEIIbHBIC CUCTEMBI BO30YKICHUS: TATOBOTO
CT' u I'CH. Co croponsl 'CH pacnosiokeHbl KOHTaKTHBIE KOJiblla 6 o0enx mammmH. KoHCTpyKIus
TsaroBoro CI' mogoOHa omrcaHHOW BbIe. I'eHepaTop cOOCTBEHHBIX HYXJ 00ECIEUMBACT MUTAHHE
0o0MOTKH BO30Yx1eHusi 18 TsaroBoro reHeparopa, NMpUBOAA BCIOMOTAaTEeNbHBIX MEXaHHU3MOB U
MalllH, yCTPOWCTB aBTOMAaTWku M Jp. Bos3Oyxnenue I'CH ocymiectBisercs no NPUHIUILY
caMOBO30YKJIEHUSI. DTO SBHOIOJIIOCHAS MallHa, MMeoIas 12 MOoN0COB, PACIONIOKEHHBIX Ha
pOTOpE ¥ MOJIYYAIOIIUX MUTAHUE OT COOCTBEHHOW CTaTOpHOM oOMOTKH. B maszax cepaeunuka 14
cTatopa pacmojararorcs JBe Tpexdasnsie oOMOTKH, caBuHyThie Ha 30 ai. rpan. Cepneunuk 14
cTaTopa BBINOJIHEH W3 JUCTOB cranu 3313 rtonummHoi 0,5 MM, B KOTOpBIX BblITamiioBaHo 40
BEHTWISIIIMOHHBIX KaHAIOB. B mazax craropa yino)keHa BOJHOBas OOMOTKa, MMEIOIIAsl U30JISIUI0
kimacca H. Cepaeunuku momrocoB 13 portopa HaOpaHBI W3 JUCTOB CTalM TOJNIIMHOH 1,4 MM,
CIpeccoBaHbl U CTAHYTH mmmiIbkamu. OOMoTKa B030yxaeHus 11 u moOCOB BBINIOJNHEHA U3
MeaHou JeHtel JIMM 1,08%x22 MM, HaMOTaHHOW Ha peOpo, U WMEET M3OJIUI0 Kiacca F Tuma
«Monomut-2». Arperar umeer 20 BbIBOAOB. BocemMb BBIBOAOB 22 u 24 craropHOM OOMOTKH
TsaroBoro CI' pacmojoXeHbl CO CTOPOHBI TU3ENs, U3 HUX LIECTh NPUHAAJICKAT IBYM TpeX(pazHbIM
00MOTKaM, CO€IMHEHHBIM B 3B€3]1y, U JBE — HYJIEBBIM TOUYKaM. /[BeHaI1aTh BHIBOJOB PACIIONOKECHBI
CO CTOPOHBI KOHTAKTHBIX KOJIEL: IIeCTb — OT JBYX Tpex(as3Hsix obOmorok cratopa ['CH,
COEIMHEHHBIX B 3BE3]1y, JIBa — OT HYJIEBBIX TOYEK U YeThIpe — OT 00MOTOK Bo30yxaeHust CI' u I'CH.

13.3. I'enepaTopsbl NepeMEHHOI0 TOKA NACCAKUPCKUX BArOHOB.

B cucremax syeKTpocHaOXKEHUs MACCAKUPCKUX BaroHOB IIUPOKO TNPHUMEHSIOT HHIYKTOPHBIE
reHepaTophl IEPEMEHHOI0 TOKAa, OCHOBHbIE TEXHUYECKHE XapPaKTEPUCTUKHU KOTOPBIX MPHUBEAEHBI B
Tabn. 13.2.

Ipunuun aeiicrBus. B oTuyrie 0T 00BIYHOTO CHHXPOHHOTO T€HEPaTOpa UHIYKTOPHBINA T€HEPATOP
HE UMEET Ha poTope OOMOTOK M KOJIEI CO IIETKaMHM JJIsl OJBOJIa HaNpshkeHus. B 3aBucumMocTH ot
pacnosokeHus: OOMOTKH BO30YKIEHHUSI MHIYKTOPHBIE T€HEpPaTOpbl MOJPa3AessiioT Ha MAIUHBI C
OCEBBIM M paauanbHbIM Bo30yxaeHueM. I'eneparopel I'CB-2, -8A, 2I'B-003 u 2I1B-001 — sto0
MallMHbBl C OCEBBIM BO30yXJAeHMEeM. B 3Tux mammHax oOMoTKa craropa 4, B KOTOpPOH Ipu
BpallleHUH poTOpa MHIAYKTHpyeTcs: mnepeMeHHas OJIC, BBINONHIETCS HENOABW)KHOM U
3aKkaapiBaeTcss B masbl craropa (puc. 13.3). OO6MoTka BO3OYXKIECHHsSI S5 TakXKe HEMOJBM)XKHA M
BBITNIOJTHEHA B BHJIE ABYX KOJIBLIEBBIX KATYILEK, PACIIONIOXKEHHBIX 3a MpeAeiiaMu MakKeTa CTaTopa.
Porop wmmeer dyepenyrommecs 3yombel 9 W maspl, oOpa3yronue Kak OBl TOJIIOCHI MAlllWHBI.
Maruautsbiii motok @, co3maBaeMblii KaXk10i OOMOTKOW BO30YXKACHUS 5, TMPOXOAMT BIIOJIb OCH
BTYJIKH 8 poTOpa, pacXOJHUTCS B 3yOIBI poTopa 9, depe3 BO3AYIIHBIN 3a30p 3 MPOHUKAET B 3yOIThI
craropa 2, MpOXOAMT yepe3 CTaHMHY 1 B 0CEBOM HaIpaBlIEeHHH, a 3aT€M 4epe3 MOJIIMITHUKOBBIN
muT 6 ¥ BO3MYIIHBIN 3a30p 7 CHOBa BXOJUT BO BTYJKY. [loTokn @y, cO3MaHHBIE KOKION KaTyIIKOW
OOMOTKM BO30YXJEHHUS 5, HampaBieHbl Tak, 4TO B 3yOLax craTtopa M pOTOpa OHU HMEIOT
OJIMHAKOBOE HAMpaBJieHHE, a B CTATOPE MalIMHBI U BTYJIKE poTopa — BcTpeuHoe. [Ipu BpameHun
poTopa MOTOK, MPOXOSAIINI uepe3 Kaxbplil 3y0er cTaropa, OyeT U3MEHThCS, TaK KaKk MarHUTHOE
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COMPOTHUBIIEHNUE 3TOMY MOTOKY MEHSETCS B 3aBUCHUMOCTH OT TOTO, YTO HAaXOJMUTCS MPOTHUB 3yOla
cTaropa — 3yOeln uium ma3 poropa. B pesymbrare 3TOro M3MEHEHHs B KaTylIKax OOMOTKH,

3aJI0’KEHHOM B Ma3ax craropa, Oyaet unayuuponathbes D/C.
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Puc. 13.2. Tsroseiit arperar.
1 — BeIBo1BI 00MOTOK BO30OYxneHust 'CH u tsiroBoro CI'; 2 — Bait; 3 — MOIIMITHUK;
4 — armocdepHBIH KaHa, 5 — BTYJIKA MMOAMIUITHUKA; 6 — KOHTAKTHOE KOJIBIIO; 7 — IETKH;
8 — moAImUIHUKOBLIHN muUT; 9 — koxkyXx; 10 — kperenue nomtocos 'CH;
11— o6bmoTtka Bo30yxaeaust ['CH; 12— BBIBOIBI CTATOPHON OOMOTKH;
13 — cepneunuk nontoca I'CH; 14 — cepaeunuk cratopa 'CH;
15 — cratop 'CH; 16 — koxyxX; 17— BeIBOJIBI 0OMOTKH BO30Yk1eHHs TAroBOrO CI';
18— oOmoTka Bo30yxkaenus CI'; 19 — obuuit 6apadan potopa; 20 — cepaeunuk nomtoca CI;
21 — cepneunuk cratopa CI'; 22, 24 — BBIBOABI cTaTOPHON 00MOTKH TAroBoro CI';
23 — kperuieHne BbIBo/10B TAroBoro CI'; 25 — koxkyX; 26 — HaXMMHas 11aioa.

Tabnuya 13.2. Texnuueckue xapaxmepucmuxu UHOYKMOPHLIX 2EHEPAMOPO8 8A2OHO8.

n Turbl reHepaTopoB

ApaMetpr! 2TB-003 |[I'CB-2, TCB-8] OCC-4435 [ 211B-001
JnurenpHas HOMUHAIbHAS 9,45/0 75* 5,8/2,2% 35 30
MOIIHOCTh, KBA
IIHI/ITGHI)HaH HOMUWHAaJIbHAs1 MOIIIHOCTb 8 5’5 30 26
Ha BbIXOA€ BBIIPAMUTEIA, kBt
HomuHaneHOe Hampspkenue, B 45/24* 48/15* 150 150
HoMmuHaNbHBINH TOK, A 121/31* 70/85* 155 135
Juanason padoucii 1000...4 000| 1000...4 000 [1000...3 400|550...3 000
Y4aCTOTHI BpalleHus, 00/MUH
Jlnanaso 3MEHeHHs 100..400 | 100..400 | 200..680 | 100...400
YacTOTHI TOKa, ['11
Macca, KT 260 200 720 -

* B ducnuTene MpPHUBEICHBI 3HAYEHHUS IapaMeTpoOB JUII OCHOBHOW OOMOTKH SKOps, B 3HaMeHaTeile — s

BOJILTOI00aBOYHON OOMOTKH
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Puc. 13.3. Ilpuanun paGoTsl HHIYKTOPHOT'O T'eHEpAaTOpa MEPEMEHHOTO TOKa:
1 — cranuna, 2 — 3yben craTopa, 3, 7 — BO3IYIIHBIE 3a30pkl, 4 — 00MOTKA CTATOPA;
5— oOMoTKa BO30YKIeHUs, 6 — IMOIIMITHUKOBBIN IIHUT, 8 — BTYJIKA pOTOpAa,
9 —3y0er poTopa.

YerpoiictBo. ['eneparoper mepemennoro Ttoka 2I'B-003 u I'CB mnpencrasmsitor  co0oi
JIBEHAILIATUIIONIOCHBIE MAIIMHBI 3aKpbITOro ucnoiHeHus. Kopnyce 1 reneparopa (puc. 13.4) umeer
Jambl 2 WM IUIATY U8 MOHTaXa TeHeparopa IOJ BaroHOM WJIM Ha TEJIEeXKe W pedpa i
BO3AYIIHOTO  oOxJaxjaeHuss MamuHbel. CepaedHuk crtaropa 9  BBIIOJIHEH U3  JIMCTOB
ANEKTPOTEXHUYECKON CTaJIH, U30JIMPOBAHHBIX JIAKOBOH IIJIEHKOM, U 3ampeccoBaH B kopiyc. CtaTop
umeeT 18 ma3oB, B KOTOpBIE yIOXKEHbI 0OMOTKH 5 1 6 (OCHOBHAs Tpexda3zHasi U BOJIbTOA00aBOYHAS
mbo oxHodasHas u TpexdazHas). BeBoAbl 0T 0OMOTOK MOJKIIOUEHBI K 3a)KHMMaM MaHEIH,
YCTaHOBJICHHON B KjJIeMMHOW kopoOke 3. IlommmmnuukoBbie muThl 4 u 13, uMmeromue cHapyxu
pebpa s OXJIaXIeHUs, KpemnsaTcs K Kopiycy Oontamu. KonbpIieBble MPUIIMBEI IIMUTOB CIYXKAaT IS
YCTQHOBKM JIBYX IIap IIOCJIEJOBATENbHO COEJUHEHHBIX KaTylleK mapaiensbHod 12 u
nocienoBarenbHoil 11 oOMotok B030Oyxknenus. Cepaeunuk 10 poropa coOpaH H3 JIMCTOB
3JIEKTPOTEXHUYECKOM CTalM, W30JIMPOBAaHHBIX JIPYr OT JApyra, U MMeeT IecTb 3yOuoB, T. €. 12
noitocoB. OH 3ampeccoBaH Ha BTYJIKY 7, YKpeIUIGHHYI0 Ha Bany 8. Brynka 7 potopa siBisiercs
YaCThI0 MarHUTOIIPOBO/IA T€HEpaTopa U JI0JIKHA UMETh J10CTaTOYHO OoJiblioe ceueHue. Konbleble
MPWJIKMBBI NOJIIMITHUKOBBIX IMIMTOB 4 U 13 Takke UMEIOT pa3BUTYIO MOBEPXHOCTh, TaK KaK 4epe3
HUX TPOXOJUT MAarHUTHBIM TOTOK BO30yxaeHus. [enHepatopsl 2I'B u I'CB pasnuusbIx
MoOAU(UKAIMI UMEIOT MPUMEPHO OAHOTUIIHYIO KOHCTPYKIIMIO M OTJIMYAKOTCS YCTPONCTBOM Y3Ia
MIOJIBECKM TEHEparopa K BaroHy, KOHCTPYKIMEW NOJIIMIIHUKOBBIX Y3JI0B, PAacIOJOKEHUEM U
KOJIMYECTBOM OOMOTOK BO30YXIeHHS, CIocoOoM KpersieHus potopa. ['eneparop 2I1B-001
NpeJCTaBIsieT CcOOOM JBYXMAIIMHHBIN arperaTr, COCTOSIIMNA M3 HHIYKTOPHOTO Te€Heparopa Hu
MIPUBOJIHOTO AJIEKTPOJIBUrATENsl, CMOHTHPOBAHHBIX B OOIIEM KOpIyce M HMMEIOIUX OO Bal.
Konctpykuust reneparopa nopobna renepatopy 2I'B-003: potop umeer Bocemb 3yOLOB, T.e. 16
MIOJIFOCOB; Ha CTAaTope pacrojokeHa Tpex¢asHas oOMOTKa, coequHEeHHas B 3Be3qy. [IpuBonHoi
3JIEKTPOBUraTeNlb — ACHHXPOHHBIA ¢ KOPOTKO3aMKHYTBIM poTOpoM. Ha BaroHax-3s1eKTpOCTaHLUAX
yCTaHOBJIEHbl CUHXpOHHbIE TeHeparopbl ['CdD-200 Tpex¢a3HOro Toka C SIBHO BBIPA)KEHHBIMU
MOJIFOCaMHU. ['eHepaTop MMeeT cleAyrolue HOMUHAIBHBIE 3HAUEHUS MapaMeTpoB: MOIIHOCTB 250
kBA, nanpsoxenue 440/230 B, ok 360 A, KII1/] 0,92, vactota Toka 50 I'1, wacroTa Bpamenus 1500
00/muH, kodpdunuent momuoctu 0,8. B cuHxpoHHbIX reHeparopax ['CP-200 B oriauuue oT
reHepaTOpPOB MOCTOSTHHOTO TOKa Tpexda3zHas 0OMoTKa craTopa (ee (a3bl B BUE Tpex Karymek AX,
BY, CZ, caBunythix B mpocTtpaHcTBe Ha 120 3. rpaj.) pacmojioXeHa Ha cTarope, a oOMOTKa
BO30YyKJeHUs] — Ha poTope. [locTossHHBIA TOK A1 MUTaHUS OOMOTKH BO30YKIEHHS IMOAAETCs W3
LIENU CTaTOpa Yyepe3 MOTYINPOBOJHUKOBBIA BBITPSIMUTEND C IOMOIIBIO KOHTAKTHBIX KOJIEL U IIETOK.
B reneparope ocyuiecTBisieTcs NMPUHIUI CaMOBO30YKIEHHS, KaKk M B T€HEpaTope MOCTOSIHHOTO
TOKa C MapajjielibHbIM Bo30yxkaeHueM. [Ipu BpaiieHun poTropa MarHUTHBIM MOTOK, CO37aBaeMBbIi
OOMOTKOM BO30YXXJIeHUs, NepeceKkaeT MPOBOAHMKKM OOMOTKH CTaropa M MPH XOJOCTOM XOJIe
MalllMHbl MHIYIUpPYeT B KaxJIoWh ¢aze oOMoTku craropa mnepeMmeHHyo OJIC. CuHXpOHHBIE
reHepaTopbl BaroHOB-3JIEKTPOCTAHIIMHA TMPUBOASTCA BO BpalleHHE OT Au3eis U padoTaoT mHpu
IIOCTOSIHHOM 4acToTe BpauieHus. [lodToMy HampspkeHHe reHepaTopa H3MEHSETCs TOJIBKO B
pe3ysbTaTe U3MEHEHUS €ro Harpy3KH.
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Puc. 13.4. YcrpoiictBo reneparopa 21'B-003.

1 — kopmyc; 2 — namsl; 3 — KIIeMMHast KOpoOka; 4, 13 — moAMMITHIKOBBIC IIUTHI;
5, 6 — 0OMOTKH cTaTopa; 7 — BTYJKa; cepedHuK cTaropa; 10 — cepaeuHuk poTopa;
11 — mocnenoBaTenbHass 0OMOTKA BO30ykaeHUs; 12 — mapayuienpHas o0OMOTKa
1 cratopa; 7 — Brynka; 8 — Bain; 9 nmapaienbHas 0OMOTKa BO30YKICHHUS.

Jns mojanepkaHus CTAOMIBHOCTH HAINPSDKEHUS] CHUHXPOHHBIX TI'E€HEpaTOpoB IPH W3MEHEHUU
Harpy3Kd Ha BaroHax-3JIeKTPOCTAHLMAX IPUMEHSAIOT peryisaropsl HanpsbkeHus PHI. Mecro
YCTAHOBKM TI'€HEepaTopa Ha BaroHE OIpENeNsIeTcss B OCHOBHOM €ro MOIIHOCTbIO, TaOapUTHBIMU
pasMepamMH M KOHCTPYKIMEH mpoBoaa. ['eHeparopsl BaroHoB 0€3 KOHIUIIMOHMPOBAHUS BO3IyXa
UMEIOT MaTyto MoIIHOCTh (10 10 kBT), oTHOCHTENBHO HEOOMbIIME TrabapuTHBIE pa3Mepbl U Maccy U
pacrionaratotcsi Mo Ky30BOM BaroHa Ha €ro pame WIH Ha NPOJOJbHON WM TONEpEeYHON Oanke
TeJeXKHU. ['eHepaTopsl BaroHOB C KOHIMIIMOHUPOBAHUEM BO3/yXa UMe0T MolHocTh 20...32 kBt n
3HAYUTEIBHYIO Maccy, MOATOMY MECTO MX YCTaHOBKM MOJXKET OKa3aTh CYIIECTBEHHOE BIIHMSHHE Ha
paBHOMEPHOE pacIpe/iesieHe Macchl BaroHa Ha KoJiecHble mapbl. Kak nmpaBuiio, MX MOJBEIIMBAIOT
0] Ky30BOM BaroHa B CpeIHEH ero 4acTH, yKpeIursis Ha XpeOToBOi Oarke.

Baronnsie reHepatopbl padOTaOT MpH 3HAYMTEIFHO M3MEHSIONIEcS Harpy3ke. BBumy Toro, 4ro
TeHEpaTOphl PACIONIOKEHbI I0J] BaroHaMM, WX BBIMOJHSIOT 3aKPHITBIMH M OXJAXKIAIOT IMyTEM
00yBa TIOTOKOM BCTPEYHOTO BO3QyXa. B HEKOTOpPBIX MallMHAX pOJb BEHTUJISATOPA HWIPAIOT
BEHTWISIIMOHHBIE JIONIACTH, CMOHTHPOBAaHHBIE B TOPIIOBOM dYacTH cepaeuHuka skops. s
YBEIIMYCHUSI TOBEPXHOCTH  OXJIAXKIEHHUS KOpIyca TeHepaTophl CHAa0XalT  HapyKHBIMU
oxynaxaaoumMu pedpamu. B renepatopax momuocteio 20.. 30 kBrt, ycraHaBmuBaeMmbIX Ha
BaroHax ¢ KOHIUIIMOHHPOBAHWUEM BO3]yXa, MCHOIB3YIOT JOMOJHUTEIBHBIE CITOCOOBI OXJIaKICHHUS.
Tak, Ha reHeparopax Tuna K694L mnpuMeHSIOT HapyXHBIH BEHTHJIATOP C OOTEKaTeleM,
00yBarOIMi BHENIHIOK IOBEPXHOCTh KOpITyca st Oojiee WHTEHCHBHOTO OTBOJA TEIIOTHL B
arperarax tuna DUGG-28B wmammnHa oxJaxgaeTcsi MOTOKOM BO3[yxa, 3abupaemMoro 1o
BO3IYXOBOJy M3 BaroHa. Bo3myx misi OXJIaIeHHsI TeHepaTropa MpeABapUTEIbHO (QHIBTPYETCsS B
MIPUEMHBIX JKaTI03u. B 3uMHee BpeMsi oXJaKIeHHEe TeHepaTopa BO3yXoM, 3a0MpaeMbIM U3 BaroHa,
He gomyckaercs. [Ipu dKCIuTyataniii KOpPIYC BaroHHBIX TEHEPATOPOB W JIPYrHe JeTalli
MOJIBEPraroTCs JISHCTBUIO pe3KUX U3MEHEHUH TeMIieparypsl. B pe3ynbTare 3TOro B HepaboTaromeM
TeHepaTope TemIepaTypa MOKET JAOCTHTaTh 3HAUEHHH, MPH KOTOPHIX M3 BO3/1yXa, HAXOISIIETOCS
BHYTPH MAllIMHbI, BBINIAAa€T KOHAEHCAT (TOUYKa pockl). [ yaaneHust KoHaeHcaTa B HUKHEH 4acTu
KOpITyca MaliiHbl IMEIOTCSI CIIMBHBIC TIPOOKH.
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13.4. AcuHXpPOHHBIE TATOBbIE IBUTATEIHU.

B Hacrosiiiee BpeMsi cuiioBasi MOJYIPOBOJHUKOBASI TEXHUKA U CPEJCTBA aBTOMATHUKH IO3BOJISIOT
CO3/1aBaTh HA/IEKHBIE M SKOHOMHYHBIE CTaTHMYECKHE MpeoOpa3oBaTeNd YacTOThl C MPUEMIIEMBIMU
JUTsl IOKOMOTHBOB pa3MepaMmu 1 Maccod. biiarogapst aToMmy nosiBuiach mpakTUyeckasi BO3MOXKHOCTb
UCIOJIb30BaTh B JIOKOMOTHBAX Iepefady MOIIHOCTH TEPEMEHHOIO0 TOKa C aCHHXPOHHBIMH
KOPOTKO3aMKHYTBIMU 3JIeKTpojBUrarensiMu. [IpoGiema B TOM, YTO MPHU KCIIOJIB30BAHUU TITOBBIX
AJICKTPOJIBUTaTEJIEH TTOCTOSTHHOTO TOKA JISl TETUIOBO30B C JU3EIIIMH MOITHOCTBIO Oosiee 2940 kBT B
CEeKLIMM TPUXOAUTCS CYIIECTBEHHO YCIOXHATh HX KOHCTPYKIUIO. ACHHXPOHHBIM TSTOBBIN
anektpoasurareas /1900 mpegHazHaueH i OMOpHO-paMHOM moaBecku (puc. 13.5). 3mech
CJIeIyeT 3aMETUTh, YTO B TATOBBIX MAllIMHAX MEPEMEHHOI0 TOKAa MarHUTOMPOBOJ BHITIOJIHIEMbIH U3
JIUCTOB AJIEKTPOTEXHUYECKON CTallM, 3aKPEIUIAETCsl B KOpIyce cTtaTopa. ToJIiHa CTEHOK KopIiyca
OMpENENsieTCs W3 YCIOBHM TMPOYHOCTH U CONPSDKEHUS C JAPYTMMH YacTAMH  MAIIUHBL
MOAIIUITHUKOBBIMUA HIUTAMHU, ACTAJISIMU BO3AYXOBOJOB MU 1p. JIUTON IMIMHApUYECKUN KOpriyc 8
anekrpoasuratens /1900 umeeT BHyTpEeHHHE OCEBBIE pedpa KECTKOCTH, 00pa3yIoIIre KaHAIbI IS
MPOX0Ja OXJIAKIAIOMIET0 cTaTop Bo3ayxa. Jlyis BXoJa M BBIXOJa BO3JyXa JIBUraTellb UMEET JBa
moka. BerxonHoii ok B matpyOke 9 cHaGkeH KOXKyXOM, KOTOPBIH 3alHIaeT IBUTaTelb OT BIIATH
u neud. He3zaBucuMas BO3IyIIHAs CUCTEMa OXJIXKICHMS JBHUraTeNs HAIMpaBisieT BO3AYX JBYMs
napajuieJIbHBIMU TTOTOKAMU: Y€pe3 BO3AYIIHBIC KaHAJIbl MEX]Y CTaJIbHBIM MAKETOM CEpACUYHUKA 7
cTaTtopa u KopmycoM 8 u uepes JiBa psja KpYyIJIbIX OTBEPCTUN B cepAeUHUKE S poTopa. Bo3ayiHblit
3a30p MEX/y CTaTOPOM U POTOPOM COCTaBIsAET 1,5 MM.
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Puc 13.5. AcunxpoHHsIi TaroBbIit qeurarens 3/900.

1 — cTonopHas maiiba; 2 — KpblIIKa MOALUIMITHUKA; 3 — BTYJIKA POTOPA;
4,11 — mOAIIUITHUKOBKIC UTHL; 5 — CEPACUYHUK poTOpa; 6 — 00MOTKa cTaTopa;
7 — ceplIeuHUK cTaTopa; 8 — Kopiryc ABUraTesns; 9 — BO3AYIIHbIM NaTpyOoK;
10 — crepxenp «Oennubei KIETKH» potopa; 12 — mommmnauk; 13 — Bait.

[Taker cepreuyHuka 7 craTopa HaOMpAIOT W3 JIUCTOB 3JEKTPOTEXHUUYECKOM CTajaM Ha cClieluaIbHbIe
NPU3MBI M 3aKpeIUISIOT HaKUMHBIMU Inaiibamu. JIByxcnoliHyio merieByl0 OOMOTKY 6 craTtopa
YKJIabIBAIOT B Ma3bl CEpACUHUKA 7 CTATOpa, 3aKPEIUIIIOT B HUX HM3OJSALUOHHBIMU KIMHBSIMU H
3aTeM BBINOJHIIOT MPONUTKY M cymKy. JIoGoBele 4YacTH OOMOTKM 6 craropa 3aKperuisiioT
KOHYCHBIMH KosbllaMH. CTaTtop ¢ YJIOXEHHOW B HEro OOMOTKOW OOTayuMBalOT MO HpHU3MaM U
3aIllpeccoBBIBAIOT B Kopiryc. OOMOTKa cTaropa M30JUpOBaHa OT KOpIyca MOJHMAMUIHON IUICHKOM.
Ha Bai amekTpoaBHraTesnsi HapecCOBBIBAIOT BTYJIKY 3 B BHJE TPYOBI, a HA HEe HAIPECCOBBIBAIOT
CepACYHMK S poTOpa, HaOpaHHBIH M3 JIMCTOB 3JIEKTPOTEXHHUYECKOM cTaimu. KopoTko3amkHyTas
0oOMOTKa pOTOpa BBINOJHEHA B BHAE «OeNUYbeil KIETKW» IyTEeM 3aJMBKH Ta30B U TOPLOB
CepIeYHMKa aJTIOMUHHUEBBIM CIU1aBoM. [1a3bl poTopa MMEIOT MOIYOBATIBHYIO MOTY3aKPBITYIO (POpMy.
KoHCTpyknMsT TOAMMMHUKOBEIX y3710B 12 momoOHa TOAIMIMITHUKOBBIM — y3JIaM  TSATOBBIX
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3JIEKTPOJIBUTaTeNe MOCTOSIHHOTO TOKAa. MeXaHuuyeckasi XapaKTepUCTHUKA aCHHXPOHHOTO JABUTATEIIS
KECTKasl, TaKyl JK€ XapaKTEpPUCTHKY HUMEET JIBUrareib IIOCTOSHHOTO TOKa MapajuleIbHOrO
BO3OykaeHus. OIHAKO TEPerpykaeMoCTh JIBUTATeNlss TIOCTOSHHOTO TOKa OTpaHUYMBACTCS
HarpeBaHUEM W KOMMYTALMEH, a ACHHXPOHHOTO JBUTraTelsl pPa3BHUBAEMbIM MaKCHMAaJIbHbIM
MOMEHTOM. [103TOMY y aCMHXpOHHOTO JBUTATElNs AOIMYyCKaemasi Mmeperpy3ka OrpaHHuYuBacTCsl TOM
YacThIO XapaKTEPUCTUKU, KOTOpasi 00YCIOBIUBAET YCTOMUUBYIO paboTy.

13.5. YupaBJ/ieHue 4acToTOi BpalleHHsl BaJIa M peBePCHPOBAHUE ACHHXPOHHOI0 IBUTATeJIA.

U3 popmynsl asist onpeeneHus 4acTOThl BpallleHUs! pOTOpa ACUHXPOHHOTO JIBUTATEIIS:
na=ny(l-s)=60f/p(1-s) (13.1)

ClelyeT, YTO M3MEHHUTh YacTOTYy BpaIICHUS POTOPA MOXKHO IyTEM H3MEHEHHUS OJHOM M3 Tpex
BEJIMYUH: YaCTOThl HANpPSHKEHUS TMHUTAHUS, CKOJBXEHUS pPOTOpa WIM YHCIA Map TOJIIOCOB.
PerynupoBanue cCKOpOCTH U3MEHEHUEM YAaCTOThI HANIPSKEHUs NUTaHUA. PeryaupoBaHue 0OCHOBAaHO
Ha M3MEHEHUHM YacTOThl BpAILCHMs IOJS CTaTopa U B 3TOM CiIy4yae IOJydaeTcs IUIaBHBIM U B
mUpokux mpeaenax. OmHako A U3MEHEHHs 4YacToThl f HE0OX0aMMO MMETh Mpeodpa3oBaTesb
YacTOThI, TaK KaK 4YacTOTa MUTAIOLIEH CETH IOCTOsIHHA. B pe3ysnbTaTe yCTaHOBKAa CTAHOBUTCSA
CIIO)KHOHW U Joporocrosiiei. Tem He MeHee, 3TOT CIoco0 SIBISIETCS OCHOBHBIM MIPH PEryIHPOBAHUN
CKOpPOCTH OOBEKTOB TMOJABHKHOTO COCTaBa, HMMEIONIMX TSITOBBIA MPUBOA C ACHMHXPOHHBIMU
TATOBBIMU  3JIEKTpOJABHUrareiasiMu.  YacTOTHOe  ympaBi€HUE  ACHUHXPOHHBIM  JIBUTATEJIEM
OCYIIECTBJISIETCS. OJHOBPEMEHHBIM HW3MEHEHHUEM psiJa IapaMeTpoB muTawmen cetu. s
obecrieueHrs SKOHOMUYHOTO PETyJIUPOBAHUS TEKYIIHE 3HaUeHUs Hanpspkenus U yactotel Toka f u
Bpallaronero MoMeHTa Mi AOKHBI HAXOJUTHCSA B CIEAYIOIIEM COOTHOIICHUU C HOMHUHAIBHBIMU
3HAYeHUAMUA Uion, fuons Muon:  U1/Ugon = (f/fHOM)\/ M1/ Myon  (13.2)
[Tpu 3TOM 00€ECTIeYnBAIOTCS 3aJaHHBIC 3HAYCHHSI IEPETPY30YHON CITIOCOOHOCTH AaCHHXPOHHOTO
tarosoro asurarens, KI1J[ u koapdunuenta momnoctu. [lpu My = My, peryiaupoBaHue
HAMPSKCHUS OCYIIECTBIISAETCS B COOTBETCTBUU ¢ 3aBUCUMOCThIO U; = Kif, Tak kak:

U1/Uyon = f/fyon = cOnst  (13.3)

U1/f = Ugoul/Tuon = CONst  (13.4)
[Ipy mOCTOSSHHON MOIIHOCTH ACHMHXPOHHOI'O TSATOBOIO JABUTATENS PETYIMPOBAHUE OCYILECTBISETCS
B cooTBeTcTBUH ¢ 3aBucumocThio U; = koVf, e ki u ky — KOHCTPYKTHUBHBIC KO3()(OUITUEHTBL
[Mockombky P = Mif = Myoufuon = CONSt, T0: Myo/M1 = oy 1 Ur/Upon = Vo (13.5) Tlpm
YaCTOTHOM YIPABJIEHUH MOKHO IMPHJIATh TATOBBIM XapaKTepUCTHKaM TerioBo3a Fr = f(v) mobyio
xenaemyro opmy (puc. 13.6) u obecreunTh 3aJaHHYIO CKOpPOCTh ABMkKeHHs. HeoOxomammbie
COOTHOIIICHUSI TapaMeTPOB peryaupoBaHusi TnpuBeAcHbl B Tadm. 13.3. Takum oOpazom, mnpu
W3MEHEHUHU YaCTOTHI BPAIIEHUS B IIUPOKOM JAHANa3oHe HEOOXOAMMO M3MEHSATh MAaTHUTHBIA TOTOK
MamuHbel. B ciiywasx momnepskaHusi MOCTOSHHOW MOIIHOCTH ACMHXPOHHOTO TATOBOTO JBUTATEIIS
MarHuUTHBI MOTOK €ro JOJDKEH YMEHBIIAThCS C YBEJIWYEHUWEM IMUTAIONIero HampsbkeHus. Ha
TEIJIOBO3aX C MepeadyaMy EPEeMEHHO-TIOCTOSTHHO-TIEPEMEHHOT0 TOKa C IEJIbI0 HanboJiee MOJIHOTO
UCIIONIb30BAaHUsl  YCTAaHOBIIEHHOW MOIIHOCTH  3JEKTPOOOOpPYAOBaHUS TMPHUHATO TPEX30HHOE
yIIpaBJICHUE ACUHXPOHHBIMH TSTOBBIMU JBUTATEIISIMHU.
B 3ome | (cM. puc. 13.6) moamepkuBaeTcs TOCTOSHHAS CWia TArd Fr smexTpoaBuraress,
paboTaromiero mpu MakCHMalbHOM MarHWTHOM moToke. JluneitHoe HampspkeHue U; u gactota f
TOKa CTatopa Mo Mepe YBEIMYEHMs YaCTOThl BpAIllEHHUs] pOTOpa Ny BO3pACTAOT. 30HA YIpaBICHUS
3aKaHYUBACTCA MPHU JOCTKEHUH OTPAaHUYEHUS 110 MOIITHOCTH JTU3EIIS.
B 3one Il acuHXpoHHBIH TArOBBIM JBUTaTenb paboTaeT ¢ MOCTOSIHHOM MOIIHOCTBIO P»
OTPaHUYEHHOM MOIIHOCTBIO AU3€Ib-TeHepaTtopa. B 3Tol 30HE TOK cTaTOpa W MarHUTHBIM MOTOK
YMEHBIIIAIOTCS C YBEJIMYCHHUEM CKOPOCTH JBW)KCHHUS TEIUIOBO3a, dYacTora TOKa potopa fp
YMEHBIIAETCS TOJIBKO B Havaje 30HHI |1, a mOTOM ocTaeTcst MOCTOSIHHOM.
B 3one |l Hanpshxenune U; octaercst mocTOSTHHBIM. J[71s1 moiep kaHust MOCTOSIHHOM MOIITHOCTH
AJIEKTPOJIBUTATENS, paOOTAIOIIEro B ATOM 30HE C OCIA0JICHHBIM MarHUTHBIM TIOTOKOM, 9acTOTa TOKa
poropa f, yBenuuuBaercs o mepe yBenuueHus f.
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Puc. 13.6. 3aBucumoctu Hanpspkerus nutanus (U;), momuoctu (P,), yactotsl (f), cumst Tsru (Fr)
OT YaCTOTHI BPAIICHUS POTOPA (©)) ACHHXPOHHOTO TSATOBOTO JBUIATEIISI

B 3o0me | (cm. puc. 13.6) momnmepkuBaeTcsi MOCTOSHHAas CWiia TATH F1 ayexTpojaBuraresns,
paboTaromero mpu MakCHMalbHOM MarHUTHOM ToToke. JluneitHoe Hampspkenue U; m yacrora f
TOKa CTaTopa Mo Mepe YBEIMYECHHS YaCTOThI BPAIIEHHUs] pOTOpa Ny BO3pACTAIOT. 30HA YIPaBICHUS
3aKaHYMBAETCA MPU JOCTUKEHUH OIPAHUYEHUS 110 MOLLHOCTH JAU3EJIS.

B 3one |l acWHXpOHHBIM TATOBBIM JBUTATENh PAOOTAET C TIOCTOSHHOW MOIHOCTBIO P
OrpaHUYEHHOM MOIIHOCTBIO AU3€b-TeHepaTtopa. B 3Toi 30HE TOK cTaTOpa MU MarHUTHBIM MOTOK
YMEHBIIAIOTCS C YBEIMYCHHEM CKOPOCTH JBHXKCHHS TEIIOBO3a, YacToTa Toka portopa fr
YMEHBILIAeTCs TOIbKO B Hayale 30HbI ||, a moTom octaeTcst moCTOSHHOM.

B 3one |l nanpspkenne U; octaeTcst mocTosSHHBIM. J1J1st TOaAep>KaHust TOCTOSTHHON MOIIHOCTH
ANEKTPOABHUTATENS, PaOOTAIOIIETO B ATOW 30HE C OCJIa0JICHHBIM MAarHUTHBIM MTOTOKOM, YaCTOTa TOKa
poropa f, yBenuuuBaercs mo mepe yBenuueHus f.

Tabauya 13.2. 3asucumocms pexcumos ogueameis Om napamempos numarouell cemu.

[TapameTpbl
Ml / MHOM Ul / UHOM Pl / PHOM q)l / (DHOM Il/ IHOM

foon ! VF/ oo const Vfoou /| Voo /

Pexum

ITocTOSTHHOM MOIITHOCTH
Ml = MHOM (f/fHOM)
TTocTostHHOrO MOMEHTA
const flf flf
M; = Mo = COnst o o

const const

PerysmpoBanne cKOpPOCTM H3MEHEHHEM CKOJbxeHHsl. CyllecTBYIOT JBa CHocoda Takoro
peryaupoBaHUs: U3MEHEHHEM I0/IBOAMMOr0 K OOMOTKE CTaTopa HamnpshKeHHs M H3MEHEHHEM
aKTUBHOTO CONPOTHBIIEHUS LENU poTopa. BO3MOXKHOCTH peryivpoBaHUs YacTOThl BpaICHUS
ACHMHXPOHHBIX JIBUTaTesel n3MeHeHneM HanpspkeHus nutanus Uy moaTeepskaaercs rpadukaMu

M = f(S) (cm. puc. 4.8). IIpu HEeU3MEHHON Harpy3Ke Ha Baly JBUraTeis yBEJIMYCHUE HATIPSIKCHHS
IIUTaHUS BBI3BIBAECT YBEIMUEHHUE YaCTOTHI BpalleHus poropa. OAHAKO Iuana3oH peryIupoBaHUs
CKOPOCTH TOTY4YaeTCsl HeOOJBIOH, UTO OOBICHIECTCS CICTYIOIIIM:

* Y3KOI 30HON yCTOWYMBOM pabOTHI ABUraTENsl, OTPAHUYCHHON BETMUYUHON KPUTHUIECKOTO
CKOJIb>KEHUS;

* HEJIOMYCTUMOCTBIO 3HAUUTEIBHOIO OTKJIOHEHUS HANpPsDKEHUS OT HOMHHAJIBHOTO 3HAYEHMS: C
noBeiieHueM Uj cBepX HOMHMHAJIBHOTO 3HAYEHMsI BO3HUKAET OMACHOCTh YPE3MEPHOIo Meperpena
JBUTATENs B PE3Yy/bTATe YBEIWUYEHUS JIEKTPUUYECKMX U MarHUTHBIX IOTEPb, a IPU 3HAUYUTEIBHOM
yMeHblleHnn Uj CUITbHO yMEHbIIAeTCsl Meperpy304Has CIOCOOHOCTh ABUTaTENs.

V3MeHeHMe TOJBOJUMOIO K JIBUTATENIO HANpSOKEHHUS MHUTAaHUS — OCYIIECTBISIETCS  JTHOO
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PEryIUpOBOYHBIM aBTOTPaHC(HOPMATOPOM, OO C TIOMOIIBIO PEAKTOPOB, BKIIOYAEMBIX B Pa3phiB
uenu craropa. M3-3a y3koro jamana3oHa peryjiMpoBaHUS U HE3KOHOMHUYHOCTH (HEOOXOIMMOCTh
JOMOJTHUTEIBHBIX YCTPOMCTB) paccCMaTpUBAEMBIN CIIOCOO PErylMpOBaHUS CKOPOCTH HE MOIYUHII
LIIMPOKOr0 PACIPOCTPAHECHUS. YBEJIMUYECHHUE CKOJBXKEHUS [BUTaTENsl COIMPOBOXKIAECTCA POCTOM
AJIEKTPUYECKUX IMOTEPh B LEMH POTOpa, a ciaeaoBareiibHO, U cHukeHuem KIIJ aBurarens. Tak,
Hanpumep, ecau npu M, = const yBenuuuTh ckoibxkeHue pasurarens ot 0,02 mo 0,5, yto
COOTBETCTBYET YMEHBIICHUIO YacTOTHI BPALICHUS POTOpa MPUOTU3UTENBHO BIIBOE, TO MOTEPH B
LENA POTOpA COCTABAT IIOJOBUHY BCEH DSJIEKTPOMAarHUTHOM MOIIMHOCTU JBUTaTens. ITO
CBUJETEIBCTBYET O HEIKOHOMHUYHOCTH JIaHHOIO crocoba perynupoBaHus. PaccmaTprBaeMblil
croco® peryjaupoBaHUST HMEET eme M TOT HeIOCTaTOK, 4YTO YYaCTOK MEXaHHYeCKOn
XapaKTePUCTHKH, COOTBETCTBYIONINI YCTOHYMBOI paboTe ABUTATEINs, IPU BBEACHUH B IIENb POTOpA
COIPOTHUBIICHUS] CTAHOBUTCS 00JI€€ MOJIOTHUM.

PerysmpoBanne CKOpocTH H3MEHEHHEM YMCJIAa IOJIOCOB OOMOTKH cTaropa. OTOT cHocod
obecrieurBaeT CTylmeH4aToe peryiaupoBanue, Hanpumep mnpu f = 50 I'n u 3HaueHusx p ot 1 10 6
MOJKHO TMOJIYYUTh CIEAYIOIINE 3HAUCHUs YacTOThl Bpamenus mois Ni: 3000, 1500, 1000, 750, 600,
500 o6/mMuH u T. a. U3MeHATHh 4Kclo map MOJIOCOB B OOMOTKE CTaTopa JBHUraTells MOKHO JHOO
YKJIAJIKOW Ha CTaTope ByX OOMOTOK C Pa3HBIM YHCIIOM TIap IMOJIFOCOB, JIMOO YKIIaIKOH Ha cTaTtope
OJIHOM OOMOTKHM C OTBOJAMH, KOHCTPYKIIMSI KOTOPOM MO3BOJSET MOJIYYUTh B JIBUTaTelle Pa3IudHOE
qucao map noiocoB. KoMOMHANIuMs 3TUX CIOCOOOB JaeT BO3MOXKHOCTH IMOJNYYUTHh JABHTATEIH C
OOJBIIMM YHKCIOM CTyHeHel perynupoBanus. Hambonee mpocToil momy4yaercss oOMOTKa MpHU
MEPEKITIOUECHUH TTOJTFOCOB B OTHOIIIEHUU 1:2.

PerynupoBanue 4acTOThl BpalleHUsl ABUraTeNsl M3MEHEHMEM YHCa Map IMOJIOCOB CTATOPHOU
OOMOTKH TpPUMEHSETCS TIaBHBIM 00pa3oM B JBUTATENAX C KOPOTKO3AMKHYTBIM POTOPOM. OTO
OOBSCHSIETCS] T€M, YTO YMCIIO MOJTIOCOB KOPOTKO3aMKHYTOTO POTOpA BCETAa PaBHO YKCIY MOJIOCOB
oomoTku craropa. IlodToMy ansi M3MEHEHHS CKOPOCTH JBHUTATeNsl JOCTATOYHO OTPAHUYUTHCS
MepeKIIoUYeHneM cTaTopHoil oomoTku. Ecnm ke nBurarens mmeeT (a3HbIl pOTOp, TO HApALy C
MEPEKIIOYEHNEM OOMOTKHM CTaropa HEOOXOJUMO COOTBETCTBYIOLIUM 00pa3oM MEPEKIOYUTh U
00MOTKY poTopa. MHOTOCKOPOCTHONH aCHHXPOHHBIN JABUTaTelb B 3aBUCHUMOCTH OT BUJAa HArpy3Ku
Ha BaJly MOXeT paboTaTh B OJTHOM U3 JIBYX PEKHUMOB:

* [IpY MEPEKIIIOYEHUH BUTATENS C OJHON YacTOTHI BPAILEHUS Ha IPYTyI0 Bpallarolui MOMEHT Mo
OCTaeTCsl HEM3MEHHBIM, @ MOIIIHOCTh U3MEHSETCS MPONOPIIMOHAIBHO YaCTOTE BpAIIEHUs poTopa Ny
(1BUTaTeNb MOCTOSIHHOTO MOMEHTA);

* [IpU MEPEKIIIOYCHUH JIBUTATENS C OJHON YacTOTHI BpallleHUsI pOTOpa Ha APYT'YI0 MOIHOCTh P»
OCTaeTCsl HEU3MEHHOW, @ MOMEHT M U3MEHSAETCSI COOTBETCTBEHHO U3MEHEHHIO YaCTOTHI BPALLECHUS
(1BUTaTENH MOCTOSSHHOW MOIIHOCTH). TOT MJIM MHOW peXUM pabOTHI ABUraTelNs 00eCIeYBaeTCs
NPUMEHEHHEM Pa3IIMUHBIX CXEM COEJUHEHHUS CTATOPHBIX OOMOTOK.

MHOrOCKOpOCTHBIE ABUTATENM C MEPEKIIOUYEHUEM IOJIFOCOB OOMOTKHM CTAaTOpa MO CPaBHEHHUIO C
OOBIYHBIMH JIBUTATENIIMU MMEIOT HEJOCTAaTKH, KOTOPbIE B OCHOBHOM CBOJSTCS K CIEIYIOLIHM:
Oonbiive rabapuThl, BBICOKAs CTOMMOCTb, HAJIMYHM€ TPOMO3JKOIO MHOTOKOHTAKTHOI'O
NEepeKIIIoYaoNero ycrpoiictsa. M3 M3710)K€HHOTO CleqyeT, 4TO BCE MPUMEHSEMbIE CIIOCOOBI
pEeryJlIMpoBaHMsI 4YacTOTHl BpAalllEHUS ACHHXPOHHBIX JBUTaTeNel o001alaloT CyIIeCTBEHHBIMU
HegocTaTkamu. HarpaBieHue BpallleHus aCHHXPOHHOT'O JBUTATENs OIpPENEISETCs HAlpaBICHUEM
BpallleHWss MarHUTHOTO TIOJIsSI, a TOCJIEHEee 3aBUCUT OT MOpsKka deperoBaHus (a3 B oOMOTKe
craropa. Vi3MeHeHMe HarpaBlieHHUs BpallleHHs] IPOMCXOIUT MPU B3aUMHOM INEPEKIIOYCHUN JIIOOBIX
nByX (a3s.

KoHTpobHbBIE BONIPOCHI:

1. Ha xako# TOk paccunThIBaeTCs Kaxkast paza CHHXpOHHOTO reHepaTopa’?

2. M0OKHO JI1 IPOM3BOJUTH ITYCK JAMU3€EIIS TEIIOBO3a OT CHHXPOHHOTO TATOBOIO TeHeparopa?

3. C kaxoif 1enblo Ha CHHXPOHHOM TSTOBOM JIBUTaTele TEIIOBO30B MPUMEHSIOT JBE Tpex(a3Hble
00MOTKH cTaTropa?

4. Kakue 10CTOMHCTBA UMEET CUHXPOHHBIN TATOBBIN nBUTraTens? byner iu ero skcrutyaTamus Ha
JIOKOMOTHBAX JICIIEBJIE IO CPABHEHMIO C IBUTATEISIMU IOCTOSTHHOTO TOKa?
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5. YkaxxuTe 0COOEHHOCTH pabOThl aCHHXPOHHBIX JIBUTAaTeIel Ha TIOKOMOTHBAX.

6. Kak obecnieunBaeTcsi popMupOBaHUE TATOBOI XapaKTEPUCTUKU JJOKOMOTHUBA C aCHHXPOHHBIMHU
TATOBBIMU JBUTATENSIMU?

7. HazoBuTe criocoObl peryinpoBaHus YaCTOThI BPALICHHUS pOTOpPa aCUHHXPOHHOTO JIBUTaTelIs.

I'nasa 14.
BCIHOMOI'ATEJIBHBIE DJIEKTPUYECKUE MALIWHBI IEPEMEHHOTI'O TOKA.
14.1. YcaoBusi padoThl BCIOMOraTeJIbHbBIX 3JIEKTPUYECKHUX MALIMH.

BcrnomorarenbHble 3J1€KTpUYECKHE MAIIMHBl IEPEMEHHOI'0 TOKa, YCTaHABIMBAEMbIE Ha MTOJIBUKHOM
COCTaBe, UMEIOT CHEIHNAIbHOE UCTIOIHEHHE. ACUHXPOHHBIE TpeX(pa3Hble BCIIOMOTaTeIbHbIE
JIBUTaTeU TEIIOBO30B U 3JIEKTPOBO30B JOJKHBI HOPMAJIbHO paboTaTh B CIEAYIOUIMX YCIOBUIX:

* IPU OTKJIOHEHUH HANPSHKEHUS MUTAaHUSI OT HOMUHAIBHOTO (-25...+15%) n onHOBpeMeHHOU
aCUMMETPUU HAIPSKEHUI;

* [IPH 3aTSHKHBIX U MIOBTOPHBIX MYCKaX MPH MOHWXEHHOM HANPSIKCHUH;

* [IpY BUOPAIIMM U TOITUKAX;

* [IpU TEMIIEpAType OKpy»Karouiero Bo3ayxa ot -50 10 +50°C 1 OTHOCUTENBHOH BIaKHOCTU
BO31YyXa 10 95%.

C NOBbIILIEHWEM HaIPsHDKEHUS B ACMHXPOHHOM JIBUTATENe YBEJIWYMBAIOTCS MArHUTHBIA MOTOK U
pPEaKTUBHAsA MOILHOCTh, B CBSA3M C Ye€M MOHMXKAETCs KOAPPHUIMEHT MOLUIHOCTH, BO3pACTAIOT OTEPU
B CTQJIM CEPJCYHUKOB U Meau 0OMOTOK. OJJHOBPEMEHHO MOHIKAIOTCS paboune Toku B (azax. [lpu
NOHMXEHUU HANpsOKeHWsT W HEU3MEHHON Harpy3ke Ha Baly YBEJIUYMBAIOTCS aKTHUBHbIC
COCTaBJISIOLINE TOKOB cTatopa U poropa. CKOJIbXKEHHE JBUTaTeNs NPU U3MEHEHUHU HampsKEeHUs
IUTAHUS U3MEHSETCS MPUMEPHO OOpaTHO NPOMOPLUOHATIBHO KBAaApaTy HanpspKeHUs. Benuwunza
HaIpPSDKEHUs OKa3blBa€T 3HAUMTENIBHOE BIIMSHHUE HA MEXaHMUYECKYH XapaKTEPUCTHKY JBUTraTEs.
Bpamatomuii MOMEHT JBUrarens NPONOPLUUOHAIEH KBaJpaTy HPUIOKEHHOTO HaIpPsHKEHUS,
[I0O3TOMY C YMEHBILIEHUEM HaNpsHKEHUS CHIDKAIOTCA IYCKOBOW M MaKCHMaJbHbIE MOMEHTHI
JBUraTens, a TaKKe €ero YCTOHYMBOCTb K ONpOKuibIBaHHMIO. [loaToMy HeoOXxomumo, uTOOBI
Bpalllalolliii MOMEHT BBIOPAaHHON MalIMHBI oOecreunBaig pabOTOCIMOCOOHOCTh MEXaHW3Ma IpH
HU3LIeM HanpsbkeHud. [Ipy nutaHuy acHHXpPOHHBIX Tpex(as3HbIX ABUTaTENel oT pacuienurens Qa3
OHHU pabOTaIOT B HECUMMETPUYHOM pexxume. HecumMMmeTpust puiioKeHHOT0 HAPSKEHUS BBI3BIBACT
HECUMMETpPHUIO TOKOB B (azax xasuratens. IlyckoBol TOK JABHraresis BbI3bIBAaeT J100aBOYHOE
NaJieHue HampspkeHust B oOMOTKax pacuienurens ¢a3 U TpaHcdopmaTopa, CHHMKas HaIlpsDKEHHE
IIUTaHUS JBUTATENs M €ro yCTOMYMBOCTH. V3MEHEHME XapaKTEpHCTHKHM BpallalOIIEro MOMEHTa
3aBHCHUT OT KPAaTHOCTH ITyCKOBOT'O TOKa JABUIATENsl, CONPOTUBICHHUS 0OMOTOK pacuienutens $as u
OOMOTKHM COOCTBEHHBIX HYXA TpaHchopmaropa. [Ipm HegocTaTouHOM 3amace yCTOMYMBOCTH
MIPUBOJIHBIE IBUTATEIN MOTYT «OMPOKUBIBATHCS) BO BpeMs ITycKa OJHOIO U3 JBUTATeNeH.

14.2. CunxponHsblii Bo30yauteas BC-650BY2.

Ha rtemnoBozax 2TO116, TOII70 m TOM7 nns nuraHus OOMOTKM BO3OYXKIEHHUS TATOBOTO
reHeparopa UCIHOJIb3yeTCs] CHHXPOHHBIN reHepaTtop oAgHo¢a3zHoro HanpsbkeHus (Bo30yautens) BC-
650BY2 (puc. 14.1). DTo0 »onekTpuyeckas MallMHa TEPEMEHHOTO TOKa, HE3aBUCHUMOTO
BO30YKJIEHHsI, 3aIMIIEHHOTO HCIIOJHEHNS, CAMOBEHTIIIMpYeMas U C OJJHUM CBOOOJHBIM KOHIIOM
Baia. BosOymurens coctouT w3 craHuHBl 11, portopa, moamMIHUKOBBIX mmmToB 8 m 20,
NOJIIMITHUKOB 4 M mieTkozaepkaTeneil 7. Kpome Toro, oH uMeeT 4eTblpe BBIBOJAa OOMOTOK: J[Ba
BBIBOZIa OOMOTKH, pAacClOJOKEHHOW Ha pOTOpe, W JBa BBIBOJA OOMOTKH BO30YXIIECHUS,
pacriono)keHHo Ha cratope. CranuHa 11 Bo3OyauTens, SBJISIOMASACS OJHOBPEMEHHO
MarHMTONPOBOJAOM M OCHOBOHM JUIsi COOPKM BCEX Y3JIOB, M3TOTOBIISIETCS M3 JINCTOBOTO IpOKAaTa
yTeM THOKH U CBapKu. B HMXHEW ero yacTu MMEIOTCS JIambl JJIs YCTaHOBKU. B Topriax cTaHUHBI
BBITNIOJTHEHA pacTodka JUIsl MOCAJKU MOJIIMITHUKOBBIX HIMTOB. Ha HapyXHON CcTOpOHE CTaHUHBI
pacrioyio)keHa  KJIeMMHas  KOpoOKa, IMpeJcCTaBisiouias coO0OW  MmaHeldb U3  IPOYHOTO
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ANEKTPOU3OIAIIMOHHOTO MaTepuaia, Ha KOTOPOM 3aKkperieHbl MTH(THL. BbIBOabI 0OMOTOK U
MOHTQXXHBIE TIPOBOJIA AJICKTPUYECKON CXEMBI TEIJIOBO3a IMOJCOCIUHAIOTCS K OTUM IMTH(TaM
BUHTOBBIM coeAuHeHueM. [lomoc Bo30yauTeNns COCTOMT U3 CEpACUYHMKA, JABYX OOMOTOK
HE3aBHUCHUMOT'0 BO30YXACHUS U JeMIlpepHOii 0OMOTKH, BCTPOCHHOMW B OallIMak cep/IeYHUKa MOJI0ca
B BHJIE CTEPXKHEH, COCIMHEHHBIX B JJOOOBBIX YACTAX MHHOW. Karylka He3aBUCHUMOTO BO30YXKICHUS
M3TOTOBJICHA W3 MPSMOYTOJIBHOTO OOMOTOYHOTO MEIHOI'O IPOBOJAa M BMECTE C CEPACYHHUKOM
MoJiroca 00pazyeT Hepa3beMHBIM MOHOOJIOK Ha OCHOBe w3oisinuu Tuna «Moromut-2y». Illects
HIeTKOAepKaTeseH (Mo TpU Ha Ka)XJ0€ KOHTAKTHOE KOJIbIIO) 3aKPEIUICHBI ¢ TTOMOIIBIO YTOJKOB M3
CIEIMAJIBHOTO CIUIaBa Ha BBIMOJHEHHON M3 M3OJSIMOHHOTO MaTepHalia TpaBepce, COSAMHEHHBIX
MEXIy co00i TOKOoCcOOpHBIMH MmMHAMH. [logmumHukoBble MMTEI 8 U 20 TpemHa3HAYCHBI IS
OTOPBI ¥ IEHTPOBKU POTOPA OTHOCUTEIbHO MarHUTHOM CUCTEMBI CTAHUHBI Y€pPE3 BMOHTHUPOBAHHBIC
B HUX MOAMUMHUKK KadeHHs. [I[uTel HeHTpupyroT B cTranuHe 11 «3aMKaMuy» M 3aKpeIUIsIOT B HEH
oonramu. [logmmmnauk 4 W ero cMa3o4Has KaMepa 3aKphIBAIOTCS JIAOMPUHTHBIM KOJBIIOM 2,
MPEAOTBPAIAIONIMM BBITEKAaHHE CMa3Kd U3 TOAIIMIHMKA Hapyxy. Cwma3ka po0aBisercs B
MOAIIUITHUKYA C TIOMOINBIO IMIAPUKOBBIX MACIEHOK, 3aKPEIUICHHBIX B CMa304YHBIX TPyOKax Ha
HapYXKHOU MOBEPXHOCTU MOJIIMITHUKOBBIX MUTOB. Potop 12 BO3OymuTens coctouT u3 Baia 23,
CepIeUYHNKa, 0OMOTKOIepKaTeNel, KOHTaKTHBIX Kourer 10, Brynku 19 s kperyieHus: BEHTHIATOPA
18 u oObmoTKH poTopa 13, cocrosimiel U3 oTneNbHBIX Karyliek. CrucTeMa BEeHTHISIIIMYA BKIIIOYAET B
ceOsi BEHTUJISITOP, BCHTHJISIIMOHHBIE KAaHAIBI B POTOPE W MArHUTHOH cHCTeMe (MEKITOJIFOCHBIE
MIPOCTPAHCTBA U 3a30pbl MEXKY MOJIOCAMH M POTOPOM), a TaK)Ke JIFOKH B CTaHHHE, 3alllUIICHHbIC
KpPBIIIKAMUA C BEHTHJISAIIMOHHBIMA OTBEPCTHUSIMH B HIDKHEM YacTu. OXJIaXIalomuid BO31yX
MOCTYITaeT Yepe3 OTBEPCTHS B KPBIIMIKAX JIOKOB CO CTOPOHBI KOHTAKTHBIX KOJICI, IPOXOJHT
NapajuieJIbHBIMU MMOTOKAMHU IO BEHTHISILIMOHHBIM KaHajlaM M BBIOPACchIBACTCS HAPYXKY Uepe3 CETKY
CO CTOPOHBI IPUBOJIA.
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Puc. 14.1. Cunxponnslii Bo30ynutens BC-650BY?2.
1, 24 — BeHTWIISIIIMOHHBIC PeIIeTKH; 2, 21 — YIUIOTHUTENIBHBIC KOJIbIIA; 3 — HAKUMHAS 11aiioa;
4 — MOAMMITHUK; 5, 22 — TaOUPUHTHBIE KOJIIA; 6 — METKOAePKATEIb;
7— u30JATOp TIeTKOoIepKaTels; 8, 20— moAMUITHIUKOBBIC IIUTHI; 9 — MeTKa;
10 — xonTakTHBIC KONbIa; 11 — cranuHa; 12 — porop; 13 — oOMOTKa poTOpa;
14 — cepneunuk momoca cratopa; 15— Gammak cepaedHmka momoca; 16 — oOMoTka craTopa;
17, 19— Brynku BeHTUIATOpA; 18 — BeHTUIIATOD; 23 — BaL.

CunxponHslii moaBo30ynutens BC-652 ycranaBnuBaercs Ha TemoBo3ax 2T310JI, -IOM,
3TO10M, M62, 2M62, TOI160, 2TOI160 u muTaeT MEepeMEHHBIM HAMPSDKEHHEM pabouyue IerH
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MarHUTHOTO YCHUJIMTENSI M TpaHc(hOpMaTOpOB B CHUCTEME BO30YXKACHUS BO30YAMTENS TATOBOTO
reHeparopa. [logBo30yauTens sBiasieTcs: 0THO(a3HOM YETHIPEXITOIIOCHON YJIEKTPUUECKOU MAITHHOMN
3alMIIEHHOIO MCIOJHEHMsI ¢ caMoBeHTWwIsAuued. Ero mnapamerpel: momHocts 1,1 kBA,
Hanpspkenue 110B, ok 10A, gactora Bpamenus 4000 0o6/MuH.

14.3. DaekTpoaBurare/iv NPUBoAa COOCTBEHHBIX HYKI.

Jliis IpuBO/1a BCIIOMOIaTelbHBIX MEXaHM3MOB Ha TEIUIOBO3aX U JEKTPOBO3aX MOTYT IPUMEHSATHCS
CaMbIC pPa3HbIC TUIIbL BHGKTpOHBHFaTCHCﬁZ

* IBUTATEI, IUTAIOIINECS OT MOJIYIPOBOJAHUKOBBIX BBIIPSIMUTEIIEH;

* o1HO(a3HBIE KOJUIEKTOPHBIE IBUTATEIIN;

* ACUHXPOHHbIE KOHJICHCATOPHbIC JIBUTATEIIH;

* ACHHXPOHHBIE OAHO(A3HBIE IBUTATEIH C IIYCKOBOU (ha3oif;

* aCUHXPOHHbIE TpeX(a3Hble ABUraTeIM ¢ IUTaHUEM OT pacuienuresns ¢as;

¢ ACUHXPOHHBLIC Tpexq)amme ABUTaTCJIn C IMTAHUCM OT CUHXPOHHOI'O reHepaTropa HpOMbILHJICHHOfI
WM TOBBIIIEHHOHM 4acToThl. OJTHaKO HauboJIbIIee PACIPOCTPAHEHUE MTOJIYUMIIN JIEKTPOABUTaTENH,
npeAcTaBieHHbIe B Ta0n. 14.1.

Tabauya 14.1. Ilapamempwi 21exkmpoosuecamereti Npuo0a coOOCMEEHHBIX HYHCO MENI0803d.

Tur 3JeKTpoABUraTeIst

HaumenoBanue napamerpa

4AXK225|A0C2-62-6-100| MB-11
MormniHocTth, KBT 24 7 24
Hanpsoxenne, B 240...560 240...560 240...560
0] 0,89 0,85 0,7
YacroTa, I'i1 35...100 35...100 35...100
Yacrota Bpauenus, oo/mun| 1980 1980 1980
K121 0,82 0,85 0,83
Knacc uzonsimm H F H
Macca, kr 269 173 257

OTH DIEKTPOABUTATENIM BBIMOJHEHB Ha 0a3e OOIICPOMBIIIJIEHHON CEpPUM ACHHXPOHHBIX
nsurareneit A2-82-6 u AOC2-62-6 nHa wactory 100 T'm u oTiMyaroTCs OT CEpHUIHBIX
YCOBEPIIICHCTBOBAaHHOW CHCTEMOW JIAOMPUHTOB M CHUCTEMOW TOMOJHEHUsT cMa3ku. Bce
ANEKTPOABUTATENIN ACHHXPOHHBIE TpeX(Pa3HbIe C KOPOTKO3AMKHYTHIM POTOPOM.

Motop-BentuiasaTop MB-11. Ha TennoBoze 2TD116 myns mpuBoAa BEHTUIISTOPOB OXJIAXKICHUS
XOJIOAWJIBHOM KaMepbl UCHOJIb3YIOT ACUHXPOHHBIE AJIEKTPOJIBUTATENN CIEUHUATBHOIO MCIOJHEHUS
(puc. 14.2). MoTOp-BEeHTHJIATOP BEPTUKAIBHOTO MCIOJHEHUS TIPEACTABISIET COOOM aCHHXPOHHBIN
JIBUTaTeNb C BHEIIHMM pPOTOPOM, BCTPOEHHBI B KOPIIYC OCEBOTO BEHTWIATOpa. B crymnuie
ocHoBaHus 20 3akperuieHa MEeCThI0 OOJTaMH BTYJKA, Ha KOTOPYIO HANPECCOBAaH CepAcYHUK 16
craropa ¢ oomotkoit 15. CepaeyHuK craropa yaep>KMBaeTCs Ha BTYJIKE KOJBIIEBOW IIMOHKOW. B
CKaTOM TIOJIOKEHUW JKENe30 CeplieyHuKa (DUKCUPYeTCSd MEXAy HaXUMHBIMU IIaidamMu
MOJIYKOJIbIIaMU. BHYTpH BTYJIKM yCTaHOBIIEH Bajl pOTOpA HA JBYX MOJIIMIHUKAX: BepxHUM Ne313 u
HwkHun Ne 310. Bepxuuii mogmmImHNK nMeeT JTaOMPUHTHBIC KPBIIIKK U 3aKpeIyIeH Ha Bally poTopa
rako, HIWXKHUH — VYAEPKUBACTCS KOJBLIOM Ha TOpLE Bajla. BEHTUIATOPHOE KOJECO C
3alPECCOBAHHBIM B €r0 KOPITYC CEPACYHUKOM POTOpA 5 HACAKUBAETCA CBEPXY CTATOpPA M KPEIUTCA
Oonramu K BepxHeMmy Topiy Bama 11. Hapyxkubiii Bo3ayX, 3acachlBaeMblil JIOMaTKaMu
BEHTHJIATOPHOTO KOJIECa Yepe3 OOKOBBIE JKAT03H, IPOXOIUT YePe3 CEKIMH XOJIOIUILHON KaMephl U
BBIOpAchIBae€TCS 4Yepe3 BBIXOAHOW KOIJIEKTOP BEHTHJIATOPA XOJOIWIBHON Kamepbl. Motop-
BEHTHJIATOP OXJIAKIAETCS HAPYKHBIM BO3yXOM, KOTOPBIM MOJAETCS MO TpyOaM, MPUKPEIICHHBIM
(baHIIeM K OTMOpe BBIXOJHOTO KOJIEKTOpa. 3aTeM uepe3 OTBEPCTHUS B OTMOPE U OCHOBAHUU MOTOP-
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BEHTHJISITOPA YacTh OXJIAXIAIOLIET0 BO3yXa OMBIBAET IIOBEPXHOCTH POTOpPA U CTaTOpa ¢ 0OMOTKON
75, a 4acTh €ro NpOXOAUT Yepe3 ABEHAIAaTh KaHaloB quaMeTpoM 30 MM B cepaeuHuKe 76 ctaropa
U BBIOPACBIBACTCS HAPYXKY 4Yepe3 MaTpyOKd BEHTHIISATOPHOTO Koiseca. CepleyHHK cTaTopa MOTOp-
BEHTWISTOpa HAOWparOT U3 IUTAMIOBAHHBIX JIUCTOB AJIEKTPOTEXHUYECKOW cTanu Mapku O21
tosuHou 0,5 Mm. JIucTel n30MpoBansl APyT oT Apyra gakom K47. O6MoTka craropa TpexdasHas,
IByXcloiHas, cummerpuyHas. ®a3pl coenuHeHsl B 3Be3Ay. Karymku oOMOTKHM HMMEIOT MO MSATh
BUTKOB U HamoTaHbl u3 npoBoaa [ICAK nuamerpom 1,45 mm. Karymeynas rpynma cocTOUT U3
YeThIpeX KarylleK. BbIBOIbI KaTyllleK COEAMHEHbI MeXAy co00il B KaTylleuHble TPYIIbl U
MpUIIASHBI K BBIBOJHOMY Kabento criaoM M®-3. BriBosibl BeinoaHeHbl kadbenem PKI'M ceuennem
16 MM, CepaeyHuk poTopa HaOpaH U3 MITAMIIOBAHHBIX JIICTOB 3JIEKTPOTEXHUYECKOH cTanmu 1311 u
uMeeT 56 ma3oB moj oOMOTKY, pacloJIOKEHHBIX 10 BHYTpEHHEMY Kpato juctoB. Ila3zel poropa
3anuThl anmoMuHUEeBbIM cruiaBoM AKM. Potop mocne 3ampeccoBKM B KOPIYC BEHTHIIATOPHOIO
KoJieca ITH(TYIOT YEThIPbMS IITUPTAMH.
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Puc. 14.2. Motop Bentmisatp MB-11.
1- xopoOka BBIBOJIOB; 2 — JHUIIIE; 3 — AIFIOMUHUEBAS 3AIMBKA; 4 — CEpJICYHUK POTOPA;
5 — KopIyc potopa; 6 — BEIXOAHON KOJIEKTOp; 7 — raiika; 8, 13 — BTynku;
9, 12, 14 — xpwimku, 10 — macienku; 11 — Bam; 15 — oOMoTKa craTopa;
16 — cepneunuk craropa; 17— nonarka BeHTHIIATOpa; 18— GaslaHCUPOBOYHBIH Ipy3;
19 — naxxumHas maiiba; 20 — ocHoBanue; 21 — nmpoOka; A, b, B — BEHTUJISIIMOHHBIC OTBEPCTHS

14.4. KoHcTpyKIMSl AaCHHXPOHHBIX 3JIEKTPOABHUIaTeei.

JduexkrTpoasurareab 4AYK225. Ha temoBo3e 2TD116 g npuBoja BEHTUISATOPOB OXJIAKICHUS
TATOBOI'O T'€HEPATOpa, BBINIPSMUTENBHON YCTAaHOBKHU, TATOBBIX JJIEKTPOABHUIATENEd INEpeNHel U
3aJlHel TeNnexXKu ucnonb3yercs apurarens 4AXK225 (puc. 14.3). Dta acMHXpOHHAs MalIMHA C
KOPOTKO3aMKHYTBIM POTOPOM, 3aKPBITOTO MCIIOJHEHHS BBIMTYCKAETCS CIELUANbHO A pabOThl Ha
teroBo3ax. OHa MMEEeT JIMThIE YYIyHHBIE KOponyc S5 ¢ omopamu 76 Uil YCTaHOBKM H
noamunHuKoBbie mUTH 4 u 10. Cratop nBuratens 4AXK225 BbIMONHEH aHAJIOTHYHO IBUTATEIIO
MB-11. Cepaeunnk 7 poropa HabpaH U3 MTAMIOBAaHHBIX JIICTOB JIEKTPOTEXHUUECKOM ctamu 1311
U uMeeT 56 ma3oB 1oja 0OMOTKY, PAacIOOKEHHBIX 110 BHYTPEHHEMY Kpaio JucToB. Ila3el poropa
3anuThl antoMUHUEBBIM ciuiaBoM AKM B Buze «Oenuubell KIETKN», CTEPKHU KOTOPOU yITMHEHbI
W, BBICTYNas W3 Ia3a, CO3JAIOT BO3IYLIHBIM MOTOK, HEOOXOIMMBIA ISl OXJIaXIEHUS OOMOTOK
craTopa u portopa. [JJomomHutensHO Ha Bay 15 poTopa HampeccoBaH OCEBOW BEeHTWISATOp 2. Ban
poTOpa OMMpaeTcss Ha JBa LIAPUKOBBIX IMOJAIIUIIHUKA, PACHOJIOKEHHBIX B IEPEIHEM M 3aJHEM
MOIIIATHUKOBBIX IuTax. @manen 12 ciryXUT Ui KpEeTUIeHHsI AIEKTPOABUTATENST K BEHTHIISTOPY.
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Puc. 14.3. Acunxponnslii neurarens 4AXK22S.
1 — 3aIUTHBINA KOXKYX; 2 — BEHTUIATOP; 3 — 00MOoTKa potopa; 4, 10 — moAIMITHUKOBEIE IIUTHL; 5 —
KopIryc; 6 — 0OMOTKa cTtaTopa; 7 CepJIeYHHK pOTOpa; 8 — CepICUHUK CTaTOPA;
9 — xopoOka BrIBOJIOB; 11 — macnenka; 12 — ¢manerr; 13 — BEIBOABI 0OMOTKH CTaTOPA;
14 — ynnotauTens; 15 — Bai; 16 — onopa.

diaexktpoaBurareqb AJ92-402. [lns mnpuBoJa TIIABHBIX KOMIIPECCOPOB UM IEHTPOOESKHBIX
BEHTHJIATOPOB Ha 3nekTpoBo3e BJIS0 npumensercs npurarens AD292-402, KOTOPBIA MpeACTaBIsET
cO0O aCMHXPOHHBIA JBUTaTeNb C KOPOTKO3aMKHYTBIM POTOPOM CTaHAAPTHOTO HCIIOJIHEHHS (pHC.
14.4). DnexTpoaBUTaTeNb JOMYCKAET CTOSHKY O] TOKOM KOPOTKOT'O 3aMbIKaHUS WJIM 3aTsXKHON
IIyCK TPOJIOJKUTENIBHOCTbIO HE Oosee 15 ¢ mpu HomuHanbHOM HanpsbkeHuu 380 B. I[luranue
JIBUraTelsl OCYIIECTBIIIETCS OT 0JHO(A3HOM ceTH B cUcTeMe ¢ pacuienureneM (a3 U MOCTOSHHO
BKJIFOUEHHBIMHM KOHJIEHCATOpaMH IpHU KOJeOAHMM MUTAIOIIEr0 HANpSHKEHWs] CEeTH B JHUara3oHe
280...470 B u accumeTpum HampspkeHHs MO (a3aM B COOTBETCTBMM C HOPMATHBHO-TEXHHUYECKOU
JOKyYMeHTalueil Ha noctaBky. CTaTop COCTOMT U3 CTaJIbHOM CBapHOM CTaHMHBI U cepaeyHuka 77,
HaOpaHHOTO M3 ILUTAMIIOBaHHBIX W30JIMPOBAHHBIX JHMCTOB OJJEKTPOTEXHHUYECKOW cTamu 1212,
MOKPBITHIX JITakoM. JIJis 3a3eMJIeHUs 3JEKTPOABUTaTENsl Ha JlaaX MMEIOTCS ClieualbHble OOJTHI.
Oomortka 14 ctartopa — TpexdaszHasi, IByXCIOHHas, CHMMETpUYHas, (pa3bl COeAMHEHBI B 3Be31ty. Jlis
OOMOTKHM HCHOJIb30BaH M30JUpOBaHHBIM MenaHblil mpoBoa [ICJ] M m30MALMOHHBIE MaTepuaibl
kiacca B. Ila3oBas n30isi1Ms BBHIIOJIHEHA B BHJIE KOPOOOUYKH M COCTOUT U3 JIBYX CJIOE€B I'MOKOro
cmoauauta I'CC-l ronmunoii 0,2 MM, MEXTy KOTOPBIMU TIOMELIEH OJNH CJIOH 3JeKTpokapToHa OB
tonuHou 0,2 MM. CBepXy mo HeMy IposioxkeH cioil creknonakoTkanu JICH Tommumuoi 0,2 M.
YToObl HE MOBPEANUTDH M30JSLUIO M1a3a IPU YKIaJAKe OOMOTKH CTaTopa, B Ma3bl KIaayT BKIAAbIII U3
3JIEKTpOKapToHa ToimuHOW 0,2 MM. Mexay ciossMu OOMOTKM B a3y MMEETCs MpOKJIaaKa M3
CJIIOIMHUTOKApTOHA TosuHon 0,6 MM, a MoJ KIMHOM — MPOKJIaaKa U3 3ekTpokaproHa OB. Ilpu
yKiaake OOMOTOK JIOOOBBIE YACTH MEPBBIX KaTyIIEK OOMOTKM KaXAOW TpYNIbl H30JIHUPYIOT
BIIOJIHAXJIECTA JABYMsA ciosaMH crekiongakoTtkaHn JICH tommmuod 0,2 MM M OAHHMM CJIOEM
CTEKJIOJIEHTBl TakoW e TONIKHBL. JIoOOBBIE YAacTH OCTAIBHBIX KaTylIeK H30JUPYIOT MO Bcei
JUTMHE OJHUM CJIOEM CTEKJIOJIEHTHI BIoJHaxyecTa. KpoMe Toro, B 1000BBIX YacTAX OOMOTKH MEXIY
rpynnaMM  KaTylleK  YKJIaJbIBAalOT  H30JHpYIOIIME  MEXIypa3oBble  NPOKIAAKH W3
CTEKJIOCTIOAMHUTOKAapTOHA ToamuHoi 0,6 mm. Karymku B mazax craropa 3aKperuieHbl 1a30BbIMU
KJIIMHBSIMU BBICOTON 4,5 MM, M3TOTOBJIEHHBIMHU M3 TekcTrosmTa b. CoemuHeHuss MEXIy TpyIaMu
KaTyIIEK BBIIIOJIHEHBI CKPYTKON M COEQMHEHBI C BBIBOAHBIMU IIPOBOJAAMHM MEIHBIMU XOMYTHKAMHU.
Mecra coenuHeHnit crnasgHbl cruiaBoM M®-3. BbIBOJHBIE KOHIBI KAaTyIIEK H30JIMPOBAHBI
CTEKJIONAKOUyJKoM. M3omsauus coeaVHEHMH KaTyIIEYHbIX TIpYyNI COCTOMT U3 OJHOTO CJIOS
BIIOJTHAXJIECTA YEPHOM CTEKJIOJIAKOTKAHU TOMMUHON 0,2 MM, a W30JSUS COSTUHEHUH OOMOTKH C
BBIBOJIHBIMH IIPOBOJIAMH — U3 OJHOT'O CJIOS BIIOJIHAXJIECTA TOM K€ CTEKJIOIAaKOTKAHU U CTEKJIOJIEHTBI
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tonuuHod OJ mm. [Insg BeiBonoB ucnosabs3oBanbl nposojga KPIIT mnm IIPT. Ha nposona ITPI mo
BCEH JJIMHE HAAEThl JIMHOKCHMHOBBIE TpyOkH. BbIBoA mpukpemyieH K J000BOH YacTh W CTSHYT
nocpenune Ha JumHe 250... 300 MM OJHUM CIIOEM JIGHTHI Bpa30EKKy B JBa XKIyTa C TpeMs
BbIBOJIaMU B KakIoM. [Iyisi moBbIIeHHs BUOPOCTOMKOCTH TOJIOBKM Ka)XJIOW KATYIIKH CTSIHYTBI
CTEKJIOYYJIKOM, & COEAMHEHHSI OOMOTKU CKPEIJIEHBI CTEKJIOJIEHTON PaBHOMEPHO 10 OKPYKHOCTU U
B 10 —12 mecrax mnpukperieHbl K JOOOBBIM dYacTsM. JIoOOBbIE YacTM OOMOTKH CTaTOPOB
neurareneii AI182-4 u AC82-4 kpensT Kk OaHJaKHBIM KOJIBIIAM.
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Puc. 14.4. Acunxponnsiii asuratens AD92-402.
1 — nabupuHTHAS KpbIlIKa; 2, 18 — MOAMMIHKUKY; 3 — KOPITYC MOAITUITHHUKA;
4, 15— NOIIMITHUKOBBIE IUTHI;, 5 — BEHTWIATOP; 6 — ceTKa; 7 — 60T; 8§ — CTOMOPHOE KOJIBITO0; 9 —
obmmuBka ctanuHbl; 10 — peiM-0out; 11 — cepaeunuk cratopa; 12 — cepiedHUK poTopa;
13— pebpo cranunsl; 14 — 06MOTKa cTatopa: 16 — cTep>KeHb KIIETKH POTOPa;
17 — xpeika nogmunHuka; 19 — Ban; 20 — koxyX.

Jluctel cepreuynnka 12 poropa U3rOTOBISIOT U3 DIEKTPOTEXHUUYECKOH cTanu 1212 1 He MOKPHIBAIOT
M30JISIMOHHON TJIEHKOH. 3ajMBKa IMa30B pOTOpa BMECTE C TOPLOBBIMU KOJbLAMU 0Opa3yer
KOPOTKO3aMKHYTYI0 OOMOTKY THIMa «Oelnubedl KIETKH», BBICTYMAIOIIUE KOHIIBI CTepkHel 16
KOTOPOM ClTy’KaT BEHTUJIITOPOM, OXJIaXJaloIKM aBurarenb. [locanka cepaedunnka potopa Ha Baly
— mpeccoBasi co MMoHKONH. CepIeyHUK CHApYKU MOKPHIT JaKOM. TOYHOCTh 0OpabOTKH HapYKHOM
noBepxHoctu poropa +0,06 MM, OMeHHE ee OTHOCUTETHLHO MOBEPXHOCTEH IIeeK Bajia MOJl OCAIKy
MOALTUITHUKOB HE JO0JKHO npeBbimaTh 0,05 MMm. KopoTko3aMKHYTBIH pOTOp 3aJIUT alFOMUHHUEBHIM
crutaom AKXK 16 u ortbGamancupoBan auHamudeckd. Ha Bamy 19 ycTaHOBIEHBI MOAIIMITHUKA
kadeHust: ponukoBbiit 70-23 15KMIII (2) u mapukossiii 80-315111 (18), 3akimtoueHHBIE B KAIICIOJIH.
[MogmmmuankoBbie muThl 4 U 15 cranbHble, cBapHbIe. BCTPOCHHBIM BEHTHJIATOP S5 OTIUT U3
IFOMHHHEBOTO CIUIaBa.

daexkrponacoc 4TT-63/10. [lns nepexaunBaHus TpaHCHOpPMATOPHOrO Maciia B CHUCTEME
OXJIAKJEHHUS TATOBOTO TpaHchopmaTopa anekTpoBo3a BJIS0 mpemnasznaden anekrponacoc 4TT-
63/10 (puc. 14,5). On obecneunBaeT yCTOMUMBYIO pabOTy Mpu KOeOaHUH HANPSDKEHUS MUATAOIEH
renu B auamnazone 280...460 B u koadduimente necummerpun Hanpsoxerus 10 10%. JJomyckaercs
MPOTEKaHWEe TOKa KOPOTKOIO 3aMbIKaHUS WM 3aTSHXKHOM MYCK MPOAOIKUTENBHOCTHIO A0 60 ¢ mpu
HOMHHANTEHOM Hampsbkenun 380 B, a Takxke pabota B TedueHHe 2 9 TpH TeMIepaType
npokagnBaeMoro Macia 95°C. DiekTpoHacoc MpenCcTaBiseT COOOW arperar, COCTOSIIUN U3
Tpex(}a3HOro aCHMHXPOHHOTO SJEKTPOJBUTATENS C KOPOTKO3aMKHYTBIM POTOPOM CTaHAAPTHOTO
WCIIOJIHEHUSI U OJIHOCTYIEHYATOro LEeHTpoOexHoro Hacoca. OH MOHTUpPYETCS B OJIHOM OJIOKE C
TATOBBIM TpaHChOpMaTOpoM. ['epMETHUYHOCTh JOCTUTHYTA YCTAHOBKOW DPE3MHOBBIX YIUIOTHEHHM
MEX/y BCACHIBAIOIIUM MaTPyOKOM 1, 3aJHMM MOAIIAITHUKOBBIM IIUTOM 17, TTaHEThI0 3a)KUMOB H
koprmycom 10, MeXAy IIMUIbKaMH BBIBOJAOB U KIEMMHOW KopoOkoi. Ila3bl KOpOTKO3aMKHYTOTO
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poropa 3anuThl amoMuHueM. [laker cepmeyHwka poropa 12 MIMXTOBaH W3 JIMCTOB
AJIEKTPOTEXHUUECKOM cTanu TonmuHo 0,5 MM. Ban snekTpoHacoca — MoOJbIA, YCTAHOBJIEH Ha
noamunHukax 8 (tum 6306) U ©UMEeT KOHCOIBHYIO YacTh CO CTOPOHBI BCAChIBAOIIETro marpyoka 1.
Ha xonconp Bana HampeccoBaHo pabouee koieco 4 Hacoca. BHyTpeHHSSI MOJIOCTh 3JEKTpOHACOCa
3all0JTHEHA TIEPEeKauMBaeMbIM TPAaHCPOPMATOPHBIM MAclIOM, KOTOpPOE, IUPKYIUpPYsS, CMa3bIBaeT
MOALIUITHUKY 8 pOTOpa U OTBOAUT TEIUIOTY, BBIICISIEMYIO ITPH pabOTe 3IEKTPOIBUTATEIS.

7 ;«5‘ 9iiii2 17

5 g fEE

[fls:

— K i -]

] ?‘\HHH\?MM o

— S B

——

Puc. 14.5. Dnexrponacoc 4TT-63/10.
1 — BcaceIBarommii marpy0ok; 2 — raiika; 3 — cTornopHas maiiba; 4 — pabodee KoJIeCo HACcOCa;
5 — HampaBJIAOMIKHT amnmapat; 6 — npoOka; 7, 17 — moMITHUKOBBIC IITUTHI,
8 — mapukoBbIil moAmMIHUK; 9 — cronmopHoe konbio; 10 — kopmyc; 11— craTop;
12 — potop; 13 — knemmHas kopoOka; 14 — BBIBOIBI;
15 — 6ot 3a3emienus; 16 — kabensb.

14.5. Pacmienutens a3 Hb-455A.

Jlj1g vcrionb30BaHMs BO BCIIOMOTaTENbHBIX MAIIMHAX AJIEKTPOBO3a aCUMHXPOHHBIX JBurareneit (AJl)
HE00X0auMO Mpeobpa3oBaTh 0JHO(DA3HBIM NMepeMeHHbI TOK B Tpex(asHblil. B kauecTBe Takoro
npeoOpaszoBarens MUPOKO UCHOIB3YIOT aCUHXPOHHBIN paciienutensd (a3 (PD), npeacrasnstommii
co00l aCHHXPOHHYIO MalIMHY ¢ HECUMMETPUYHOM 00MOTKOM cTatopa (puc. 14.6).

IIpunuun aeiicreusa pacmenurens ¢as. [Ipunuun npeodpazoBaHus 01HOPA3HOTO HANPSIKEHUS B
Tpex¢aszHoe ¢ MOMOIIBI0 paciienuresns ¢a3 OCHOBaH Ha CBOMCTBE BpAINAOLIETOCS MarHUTHOTO
0JI1 MHAYLMPOBaTh B Tpex(azHoi craropHoil oomoTke D/IC, koTopas Toxe Oyner TpexdazHoil.
Oobmotka ctaropa P® mpezncrasiser co60if HECUMMETPUUHYIO 3BE3/1y ¢ HEOJAMHAKOBBIM UYHCIIOM
[1a30B Ha MOJIOC U a3y M € pa3HbIM YHCIOM BUTKOB B KaTyIIEYHBIX Tpymnmnax. J[Be oOMOTku
MIPUHAJUIEKAT OJHOBPEMEHHO JBUTAaTENII0 M TEHEpaTopy, a TpeTbs — TOJBKO TIEHEpaTopy.
JlBuraTtenbHast OOMOTKa MOJIKIII0YeHa K 00MOTKE COOCTBEHHBIX HYXX[ TATOBOrO TpaHc(opmaropa U
MpelHa3HaueHa Juisl MPUBEICHUs BO BpallleHue poTtopa. ['eHepaTopHas 0OMOTKa CO3/1a€T TPEThIO
dazy u moakiIOYeHAa K JBUraTeNbHOW OOMOTKE, HO HE B HYJEBOM TOYKE, a B TOUKE,
o0ecreunBarIIe HaWIydlIyl0 CHMMETPHIO HampspkeHwil. s pasrona pacmenurens ¢as 1o
HOMHUHAJIBHOM 4acTOTHI BpallleHUs] IPUMEHSETCs crielalnbHbli KoHaeHcaTop Ci wim 1006aBoYHOE
COIPOTHBIIEHUE, BKIOYEHHOE C MOMOUIbI0 KOoHTakTa [1 Mexay renepatopHoil (a3oif U OJHUM U3
KOHIIOB JIBUTaTeIbHOM (ha3bl (aCHHXPOHHBIN MycK). Tak KaK MycK MPOUCXOIUT Ha XOJOCTOM XOIY,
TO BBICOKOTO IIYCKOBOTO MoMeHTa He TpeOyercs. [lo nBuratenbHoil OOMOTKE MpOTEKaeT
onHOo(a3HbI TNepeMeHHBI TOK, WU B ero palouem 3a3zope oOpa3yeTcsi He Bpaliarolieecs, a
MyJabCUpYyIOllee MarHutHoe mose. s momydenust cisura a3 Mexay TOKaMU T€HEpaTOpHOM U
JBUTaTeIbHOW OOMOTOK B IIeTlb I'€HEPATOPHOW OOMOTKM BKJIIOYAETCS aKTUBHOE COIPOTHBIICHHE.
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Tok reHepaTopHON OOMOTKHM OKa3bIBa€TCsl CABMHYTHIM 1O (pa3e Ha HEKOTOPBIH YTOJl TI0
OTHOLICHHMIO K TOKY JIBUIaTelIbHON OOMOTKM. DTOro CIBMIa JOCTATOYHO IJIsl IIyCKa M pas3roHa
poropa 6e3 Harpy3ku. Korma wacrora Bpamienus poropa gocturaer 1430 oO/MuH, paciienuTeb
(a3 nepexoauT B peKUM pabOThl KaKk 0JHO(A3HbIN aCHHXPOHHBIN 3JIEKTPOIBUTATENb.
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Puc. 14.6. Cxema BKJIIOUEHHS aCUHXPOHHOI'O JIEKTPOIBUTaTENs,
MUTAIOMIETOCsT OT PacIenHTeNs (as.

Bpamaromieecss MarHuTHOE 110J1€, CO3JJaHHOE TOKaMM JIBUTaTENIbHOM OOMOTKH U POTOpa, IIEpeceKaeT
BUTKH TeHepaTopHoi oOMoTku, HaBoas B Hed DJIC. Tak kak reHepaTopHas 4acTh OOMOTKH
CIABHHYTAa B IPOCTPAHCTBE OTHOCUTEIBHO JABUTaTENbHBIX OOMOTOK Ha yron 120 sm. rpaa., To ee
O/1C Oyner caBuHYyTa Ha TOT k€ Yroi. YToObl 00ecneunTh CUMMETPHUIO TpeX(asHOTo HAMpsIKEHUS
IPU HECUMMETPHUYHBIX MAICHUSX HANPSDKEHUS B OTACIBHBIX (pa3zax, OOMOTKY CTaTOpPa BBITIOIHSIOT
HECHUMMETPUYHOU C pa3HbIM KOJMYECTBOM BUTKOB.

YerpoiicrBo pacmenurtens ¢a3 HB-455A. Pacmenurenn (a3 ycraHaBiIMBaKoTCS MO OJHOMY B
KaKJIOH CEKIMM S3JIEKTpoBO3a W paboraror pasnmenbHo. Pacmenurenu $a3z Hb-455 m Hb-455A
BEITIONTHEHBI Ha Oa3e pacmenutens (a3 Hb-453A (puc. 14.7) w mnpenHa3Ha4yeHBI IS
npeoOpa3oBaHus  OgHO(A3ZHOTO  HANpPSHKEHUS  OOMOTKM  COOCTBEHHBIX  HYXKZI ~ TSATOBOTO
TpaHchopmaropa B TpexdasHylo cuctemy ¢ JTuHeiHbIM HanpsbkenueMm 380 B. Hopmanbshas pabora
P® obecneunBaercs mpu KoneOaHUAX HANpsbKEeHUs muTaronie nenu B auanazone 280...460 B,
UCIIOJIHEHUE — 3alUIIEHHOE C CAMOBEHTUJISIIUEN, TOPU3OHTAIIBHOE.

Lt Dy
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Puc. 14.7. Paciienurens a3 Hb-455A.
1, 9 — KpBIIKY MOIIUITHAKOB; 2 — TOIINITHIK; 3 — TIOJIIAITHIUKOBEIH IHT; 4 — cTaTop;
5 — GaHJI@KHOE KOJIbLIO; 6 — CepACUHHK cTaTopa; 7 — poTop; 8 — HaIpaBIAIOIIas BOPOHKA;
10 — GonT 3a3emieHus.
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Cratop P® ornut u3 ceporo uyryna CY 12-28. Ilo KOHCTpYKLMH OH aHAJOTHYEH CTaTOPY
anektpoasurareneit cepuit AIl u AC. IloAmMIHUKOBBIE MIMTHI CTalbHbIE, CBapHble. CepleuHnK
cTaropa HaOpaH W3 JINCTOB AJIEKTpOTeXHUYecKo ctamu 1213 rtommmHON 0,5 MM, TOKPBITBIX C
00enx CTOPOH JIakoM M cripeccoBaHHbIX ¢ ycuiaueM 120...210 xH. [Ta3sr cratopa momy3akpbITOro
TUTIA U JJIS YIIYYIICHUs TyCKOBBIX CBOMCTB UMEIOT CKOC Ha OJTHO 3yOLIOBOE JIEJICHUE.

OO6MoTKa cratopa — ABYXCiONHas, Tpexdas3Has, HECUMMETPUYHAsA, COCTOUT U3 MSTKUX KaTylIeK,
HMMEIOLIUX HECKOJIbKO BapHAHTOB HCIOJHEHUS. KaTyleuHble Ipynmbl COEIMHEHBl CKPYTKOM M
MIPUKPEIIEHBI K BBIBOJIHBIM MIPOBOJIAM XOMYTHKAaMH U3 MATKON JTUCTOBOM MEAM TOJMHON 1,5 MM.
[TpenBapuTenbHO COENMHEHHSI OOMATHIBAIOT TOHKOW MEIHOM MPOBOJIOKOH M MPUNIAUBAIOT MIPUIIOEM
ITOC-40. ITocne 3TOro Uux U30JIUPYIOT ABYMS CJIOAMH cTekiojakoTkanu JICD-19 tonmuuoi 0,2 MM
W OJIHMM CIIOEM BIIOJIHAXJIECTa TaQTAHOU JIeHTHI ToymuHon 0,25 MM. BeiBogbI 0OMOTKH cTaTopa
MIPUCOSANHEHBI K 3aKHUMaM KieMMHON kopoOku tuna K3. OOMoTKa B ma3ax 3akperieHa KIMHbsIMU
BBICOTOM 7 MM M JABaxapl nponuTaHa jakoM MI'MS8. Kaxnas xkaTymka noiBs3aHa K
M30JIMPOBAaHHOMY OaHAakKHOMY Koiblly. CTaTop ¢ OOMOTKaMH ABaXK]bl MPOMUTHIBACTCS JAKOM
MI'MS8. Cepneunuk poropa HaOpaH U3 HeJTAKUPOBAHHBIX JIMCTOB JIEKTPOTeXHUYEecKor ctamu 1211.
Ero xopoTko3amkHyTas oOMoTka 3anuta amomMuHueMm Al. [ToAIMIHUKOBBIE MIMUTHI U KPBILIKU
oTauThl U3 ceporo uyryHa CH 12-28. B HuxHEHl yacTH UIMTOB MMEIOTCS JIIOKH, Y€pe3 KOTOpbIe
IIOCTYIAET BO3AYyX. B KauecTBe MOAIIMIIHUKOB KaY€HUsl UCIIOJIb30BAHbI IIAPUKOBBIE MOJUIUITHUKH
tuna 317. Pacmenurens ¢a3 B XOJOJHOM COCTOSIHMM JIOIYCKAeT HMPOTEKAHHWE TOKAa KOPOTKOTO
3aMbIKaHUs TIPU HEMOJBM)KHOM poTope He Oosee 20 ¢ mpu Hampspkenun 260 B m 6 ¢ npwm
HanpspkeHun 460 B. IloBTopHOE BKJIIOYEHHME MPU TOKE KOPOTKOTO 3aMbIKAHUSI HEJOIYCTHMMO U B
KpaliHEeM cilydyae MOXeT ObITh NMpOM3BENCHO HEe paHee, yeM uepe3 10 muH. [ns ymeHbleHUs
pasmepoB P®, moBbimeHust k03p@UIMeHTa MOIIHOCTH CHUCTEMBI U HEKOTOPOTO PETYIHPOBAHUS
CUMMETPUU HAMpPSOHKEHUs MPU U3MEHEHHH HArpy3Kd K 3a)XHUMaM HaumOojee KpYMHBIX JBUTATeneit
IIPUBOJIa BCIIOMOTaTEIbHBIX arperaTtoB MOJKIOYAIOT KOHAeHcaTopbl. KoMeHcupyomas eMKOCTb,
MIPUXOASIIASACSA HA OJUH pacuienuresb ¢az, coctapiseT npudmusutensHo 2200 Mx®, a MOIHOCTD —
170 xBA.

14.6. CeqbcHuHBI.

CenbCHH — 3TO UHAYKUIHUOHHBIA JATYUK, BBHIMOJIHEHHBIH B BUJAE MUHUATIOPHOW TpexdazHON Hiu
0/THO(Da3HOM PNEKTPUUYECKON MAITUHBI IEPEMEHHOT0 TOKAa, CIIOCOOHON CaMOCUHXPOHU3UPOBATHCS.
Cenbcunbl uMer0T aBe oOMOTKHU: Bo3OyxkaeHus (OB) u cunxponmzanuu (C1-C2-C3). O6MOTKY
BO30YXK/ICHHS CEJIbCHHA MOIKIIOYAI0T K HaNpPsDKEHUIO Hecyiel yacToThl (puc. 14.8). Tpexdasznas
O00OMOTKa CHHXPOHHM3AIlMM coeluHEeHa B 3Be3ny. Mumynupyembie B 3Toi oomotke DJIC u Tokum
HMEIOT OJIHY M Ty € BpeMeHHYI0 (pazy. OOMOTKa BO30YXKIEHUSI MOXKET OBITh COCPEIOTOYCHHOU
WM paclpeesieHHOM, a 00MOTKa CHHXPOHHU3AIIMU BCETIa paciipeie]ieHHas!.

[IpuHuun KeUCTBUS CeTbCHHA OCHOBAH HA M3MEHEHUU KO3 (UIIMEHTA B3aUMOUHIYKIIMU M Mex 1y
MOJIBIKHOM U HETOJBMKHONW OOMOTKaMH MPU U3MEHEHUU WX OTHOCUTENILHOTO MOojoXeHus. B Hel
CO371a€TCsl MYJLCUPYIOIIMI MAarHUTHBIM MOTOK BO30ykaeHus. CylIecTBYeT WHIWKATOPHBIN U
TpaHcPOpMATOPHBIA pEXUM PaOOTHl. B MHAMKATOPHOM peXHME HCIOIB3YIOTCS JIBa MACHTUYHBIX
cesnibciHa. OOMOTKHM BO30YXJEHMSI, PAacHOJIOKEHHbIE Ha pPOTOpE, MOJKIIOUEHBl K HCTOYHUKY
HECyIel 4acTOThl, a OOMOTKH CTaTOpa COEAMHEHBI MEeXKIYy coboil. OOMoTkH Bo30OyxkaeHus OB1 u
OB2 mnaBomar B obOmorkax cratopa OJIC. M3-3a pasHoctu HaBeneHHbIX OJIC BO3HHKaeT
YPaBHUTEIBHBIA TOK MEXIYy CTAaTOPHBIMA OOMOTKaMH, KOTOPBIM BBHI3bIBACT TOSIBICHUE
BpaIIaronero MoMeHTa. POTOpBI CeTbCHHOB TMOBOPAYHMBAIOTCS JO TIOJIOKEHHS, MPH KOTOPOM
YPaBHUTENBHBIA TOK CTATOPHBIX OOMOTOK OyJeT paBeH HyN0. B ciydae NpUHYIUTEILHOTO
MOBOpPOTa pPOTOpa CeNbCHMHA-JaTYMKa Ha yroa o Hapymaercs paBHoBecue OJ[C cTaTopHBIX
00MOTOK, U POTOp CeNbCHHA-TIPUEMHUKA TOBOPAYUBAETCS HA TAKOU ke YToJ a.

B aBTOMaTHKe cenbCcHHBI HanboJee MUPOKO MPUMEHSIOT B Ka4eCTBE M3MEPUTEIHHBIX YCTPONCTBA
cucteM aBromaTuueckoro perynupoBanus (CAP) nmis ompeneneHust yrioBbIX MEepeMEIIeHUN u
YIJIOBBIX PACCOTIACOBAHUMN MEXKAY BXOJAHOW M BBIXOJHOM BEIMYMHAMHU. MI3MEepUTEIbHBIE CXEMBI Ha
CelIbCHHAX, BBIMOJIHEHHBIE MO THUMY «Yyroll paccoriacoBaHus—(pa3za— KOa», 00JagaloT BBICOKON
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TOYHOCTBIO M YAOOHBI JUISI COCIUHEHHS C KOMIbIOTEpoM. [0 KOHCTPYKTUBHOMY HCIOJIHEHHUIO
CEJIbCHUHBI MOAPA3JEISIIOT Ha KOHTaKTHbIe M OeCKOHTakTHbIE. [IpuHIMN neicTBUS OECKOHTAKTHOTO
CEJIbCHHA OCHOBaH Ha IPOCTPAHCTBEHHOM BpAlllEHUU BEKTOpPA IMYJIbCUPYIOIIET0O MAarHUTHOIO
notoka @Oy Mpu COOTBETCTBYIOLIEM YTJIe TOBOPOTA POTOPA.

O
~Us 30131 }032

e

Puc. 14.8. Cxema coeiMHEHUS CEIbCUHOB B MHMKATOPHOM PEXUME.
CJ - cenbcun-gatunk; CII - cenbcum.

beckoHTakTHBIII cenbCMH (KaK M KOHTAKTHBIN) ABIAETCS OOpPaTHUMOW  AIEKTPUUYECKOU
MHUKpOMaInHoi. B TpanchopMaTopHOM pexumMe, KOrna poTop CeIbCHHA-IPUEMHUKA (PUKCUPOBAH,
3TOT MOTOK MHAYIHUPYET B 0AHO(DA3HON 0OMOTKE celbcuHa-TIpueMHNKa cunycouaanbuyio 3JC E,
M3MEHSIOIIYIOCS B 3aBUCHMOCTH OT YIJIOBOI'O PaccOIlacOBaHUs, a MEXIYy pPOTOpaMHu CelbCHHA-
JaTyuKa U CeIbCHHA-TIPUEMHHUKA. YKa3aTellb MO3UIMM KOHTpOJUIepa MAIIMHHUCTA 3JEKTPOBO3a
MOCTPOeH Ha 0a3e MHIMKATOPHOTO PEXHMa paboThl CEIbCHHOB M TPEAHA3HAYEH JUIA YKa3aHUs
noyiokeHus (mo3unuu) riaBHoro koutposuiepa. Cenbcun bJ/1-1404 mpennasznaden [uisl BbIIAYH
curHaa 0J0Ky yIpaBJeHHS IPU PEOCTaTHOM TOPMOKEHHUH.

14.7. Taxoreneparopsl.

TaxorenepaTopaMy Ha3bIBAIOTCS JJICKTPUUECKUE MAIMHBI, CIYXaIllue s TpeoOpa3oBaHUs
MEXaHMYECKOM 4YacTOThl BPAIllEHUs Bajla B AJEKTPUUYECKUN CUTHAN — BbIXOAHOE HampsbkeHue. [lo
pOZly TOKa TaxOreHepaTophl MOJAPA3JENAIOTCSl Ha TaXOr€HEpaTOphl MOCTOSHHOTO M NEPEMEHHOIO
Toka. K Taxoreneparopam mpeabsBIsSIOTCS CIEIYIOIIHEe OCHOBHBIE TPEOOBAHNUS:
* INHEWHOCTH U OOJIbIIAst KPYTU3HA BBIXOTHON XapaKTePUCTUKH;
* MaJlasg aMIUIATY/AHAs IOTPEIIHOCTb;
* Masas a3zoBasi MOTPEUTHOCTD (/711 TAaXOT€HEePATOPOB MEPEMEHHOTO TOKA);
* MUHUMAaJIbHAs MyJbCAllHs] BBIXOAHOTO HAMPSKEHUS (ISl TAXOT€HEPATOPOB MOCTOSTHHOTO TOKA);
* MaJIbIi MOMEHT UHEPILIMHM POTOPA U MaJasl 3JIEKTPOMarHuTHasi IOCTOSIHHASI BPEMEHH;
* CTaOUIILHOCTH BBIXOJHOU XapaKTEPUCTHKY;
* Majble Macca 1 rabapuThl.
Ha nokomoTuBax TaxoreHepaTopbl MPUMEHSIOTCS JISI M3MEPEHHs] YacTOTHl BpPAILCEHUS BaJIOB, a
Tak)Ke JUJIS OCYIIECTBICHHUS OOpPATHOM CBSI3U 10 YacTOTE BPAIICHUS U ISl BBEJIEHUS CUTHAJA TIO
MIPOM3BOTHOM OT yIJia MOBOPOTA B CHCTEMaX aBTOMATHUECKOTO PEryJIUpPOBaAHUS.
TaxoreHepaTopbl MOCTOSHHOI0 TOKA. OJTO TEHEPATOPhl MOCTOSHHOTO TOKAa HEOOIBIION
MOIITHOCTH C OJJICKTPOMArHUTHBIM WM MarHUTODJEKTPUYECKUM BO30OyxkaeHHEM. B pexume
XOJIOCTOTO XOJa MPHU MOCTOSHHOM MAarHUTHOM IMOTOKe BO30YxkaeHus P BBIXOJHOE HaIpsHKEHUE
TaxoreHeparopa paBHo J/IC. CraTuyeckas XxapaKTepUCTHKA UICATBHOTO TaXOT€HepaTopa

E =c.Dn (14.1)
IJIe C. — MOCTOSTHHBIA Kod(duiment; @ — MarHuTHBIN NOTOK, BO; N — yacToTa BpaimieHus poTopa,
00/MuH. 13 ypaBHenus (14.1) BUAHO, 4TO BBIXOJHOE HAINpPsKEHHE Taxoreneparopa mpu @ = const
W3MEHSETCS TMPOTOPIMOHATBPHO M3MEHEHUIO YacTOThI BpamieHus 1. HakimoH craTudeckoit
XapaKTePUCTHKU 3aBUCUT OT COMPOTUBIECHHs Harpy3ku. YpaBHeHue (14.1) momyueHo Oe3 ydera
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BIIMSHUS PEAKIUU SKOPS U MOCTOSHHOM BEIMYMHBI MAJ€HUS HAMPSOKEHHUS HA MEpexXoie IIeTKU—
KOoJUIeKTOp. B TaxoreHepaTopax ¢ 3J€KTPOMAarHUTHBIM BO30Y)KIEHHUEM H3MEHEHUE TeMIlepaTypbl
OKpY’Kalollle cpeipl TMPUBOJUT K M3MEHEHHMIO COMPOTUBICHUS OOMOTKH BO30OYXKICHUS H,
CJIeJIOBATEIbHO, TOKA BO30YKIEHUS, YTO MPUBOIUT K YBEJIMYCHHUIO MOTPEUIHOCTH U3MepeHus. [
YMEHBIIEHUS TEMIEPaTypHOM MOTPEIIHOCTH MArHUTHYIO CHCTEMY TaxOreHeparopa MAeNaioT
HaCBILIEHHOW. B 3TOM ciyyae m3MeHeHue Toka BO30YXKIEHHsI MOYTH HE BIUSET Ha 3HAYCHHE
MarHUTHOTO TOTOKa TaxoreHeparopa. OCHOBHBIE MPEHUMYIIECTBA TaxOreHepaTopa MOCTOSHHOTO
TOKa 3aKJII0YalOTCSI B BBICOKOW UYYBCTBUTEJIBHOCTH U OTCYTCTBHM (ha3oBbIX morpemrHocteil. K
HEJ0CTaTKaM CJIEeyeT OTHECTH HAJIWYHME IIETOK M KOJUIEKTOPa, KOTOPBIE CHWXXKAIOT HAJEXKHOCTb
TaxoreHeparopa.

CuHXpOoHHBIN TaxoreHeparop. KoHCTpyKIIMS CHHXPOHHOTO TaxoreHepaTropa HE OTIMYAETCS OT
KOHCTPYKIIMU CHHXPOHHOTO IeHepaTopa Majoil MomHocTH. Ha craTtope pacnosnoskeHa tpexda3zHas
00MOTKa, COSJIMHEHHAsl 3Be3710i. POTOp BEHIMOTHEH B BHJIE MOCTOSHHBIX MAarHUTOB C OJHOW WU
nBymsi mnapamu nonrocoB. DJ[C TaxoreHeparopa B PEXHME XOJOCTOIO XOJa OIpEAesercs
BBIPAKCHUEM Esux = 4,44 wid, (14.2)

rae W — 9KciIo BUTKOB 0OMOTKH cTaTopa; f — gyactora BeIxomHOro Hanpsokenus, ['i; @ — MarHUTHBIH
notok Bo30yxaenus, BO. [Ipu @ = const E;,x TaxorenepaTopa mpsiMo MPOMOPIHUOHATBHA YaCTOTE
BpauleHusi poropa. Benumumna OJIC He 3aBUCUT OT BHELIHUX YCJIOBUM, a 3aBUCUT TOJIBKO OT
YacTOTHI BpallleHUsT POTOpa, MOATOMY TOYHOCTh H3MEPEHHMM OMPENEiseTCs TOJbKO TOYHOCTHIO
M3MEPEHUS] BEJIMUMHBI BBIXOJIHOTO HamnpsbkeHHUs. HemoctaTtkoM TaxoreHepaTopoB MHEPEMEHHOIO
TOKa SBJISETCS HecTaOwibHas paboTa TpH MaJlol 4YacTOTe BpAIIEHUS poOTOpa H  €ro
HEPEBEPCUBHOCT.

KoHTposbHBIE BOITPOCHI

1. Ilo kakoii mpuUrHE B Ka4ecTBE BO3OYAUTENS MPUMEHSIOT OJIHO(A3HbII CHHXPOHHBIN TreHeparop?
2. B ueM coCTOUT 0COOCHHOCTh MUTAHUS TpeX(a3HbIX ABUTATEIEH OT pacienuTens ¢a3?

3. [Touemy TaxoreHepaTOpbl MOCTOSTHHOTO TOKA UMEIOT HU3KYIO TOUHOCTH IMOKa3aHH?

I'nasa 15.
TPAHC®OPMATOPBI HA ITIOJABUKHOM COCTABE.
15.1. TpancgopMaTophl 3J1eKTPONOIBHKHOIO COCTABA.

B Hacrosiiee BpeMsi Ha 3JIEKTPOBO3aX MEPEMEHHOTO TOKa MPUMEHSIOT TATOBBIE TpaHC(HOPMATOPHI C
MAacCJISIHBIM OXJIAKIEHHEM. TeXHUYEeCKHe XapaKTepUCTUKH TATOBBIX TPaHC(HOPMATOPOB MPHUBEACHbI
B Tabn. 15.1. CunoBoii TpaHchopMaTop SIBISETCS OCHOBHOW YacCThIO SHEPreTUYECKOW IIenu
JJEKTPOBO3a CO CTATHYECKUMHU TIpeoOpazoBaTeisiMu. [IpUHIMIHATLHOE OTIWYHE TATOBOTO
TpancpopmaTopa OT TpaHchopMaTopa OOIIETIPOMBIIIIEHHOTO HWCIOIHEHUSI 3aKII0YaeTcsl B
COBMEIIEHUHU psga (yHKUUH, BakHEHIIash U3 KOTOPBIX — M3MEHEHHE B IIHPOKOM JAMAINa3oHe
HampsDKeHUsT Ha Harpyske (amektponaBuratensx). Kpome Toro, Ha BTOPUYHOH CTOpOHE
TpaHchopmaTopa pacrnojararoTcsi 0OMOTKH, MUTAIOIINE MOCTOSTHHBIM CTaH/IAPTHBIM HAMPSKEHUEM
BCIIOMOTATENbHYI0 HArpy3Ky M JIPYrHX MOTpeOuTesel B 3aBUCMMOCTH OT MPUMEHSEMBIX CHUCTEM
YHOpaBJICHUA TATOBBIMH OJJICKTPOJABUTATCIIAMMU. KOHCTPYKIII/H[ TATOBBIX TpaHC(l)OpMaTOpOB B
3HAYUTENIBHON CTEMEeHW 3aBUCUT OT MPHHITOrO CHocoda peryjanupoBaHUs HaMpsDKEHUsS Ha
2JIeKTpOBO3e. HampsbkeHHMe Ha BBIXOAE TpaHCPOpMaTopa pETyIHpPYIOT H3MEHEHHEM YHuclia
BKJIFOUEHHBIX BHUTKOB TEPBUYHOW U BTOPUYHOM OOMOTOK. B mpakThke OTEe4eCTBEHHOTO
AIIEKTPOBO30CTPOSHHSI HanOoJIee MIMPOKOE PACHpPOCTPAHEHHE TOJIYYHIIO PETYIUPOBAHHE ITyTEM
MEPEeKIIOYEHUs] YHCla BUTKOB BTOPUYHONH OOMOTKHM, WJIM HHU3KOBOJBTHOE PETyTHUPOBaHUE
(perynmupoBanue Ha HU3IIEH cTopoHe TpaHchopmaropa). CymecTBYIOT aBa Crmocoda TaKoro
pPETYIHUPOBAaHMSI: COTJACOBAHHOE W BCTPEYHO-COTJIACOBAaHHOE, M3 HHUX HauboJlee MIMPOKO
npuMeHsiercs BTOpoi. [Ipu HU3KOBOJBTHOM pEryjiMpOBaHUM OOMOTKA HM3KOTO HAINPSKEHUS
pasnensercs Ha JIB€ YaCTH: HEperynupyeMyro (OCHOBHas OOMOTKA) H  PEryIHpyeMyIo
(perynupoBouHast oomMoTka). [lepBoit Ha cepleuHUKe pacmoyiaraloT 0OMOTKY HU3KOTO HAMPSKEHUS
(mepBass W BTOpas BETBb), 3aTeéM OOMOTKY BBICOKOTO HampsbkeHuss A—X ¥ CHapyXu
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PEryIUpOBOYHYI0 OOMOTKY HHU3KOro HampspkeHuss A—O—X (puc. 15.1). OOMOTKa COOCTBEHHBIX
HYXJ] COCTOUT W3 HECKOJbKHX KaTyIIeK, Ha JAaHHOM PHUCYHKEe UX aBe: A1 — X1 U Ar—Xo. OHm
pa3MeNnIarTCs BO BHEIIHEM OJIOKE KaTYIIEK KaKJOTO CTEPIKHS MEXKy TPYIIIaMU KaTyIIeK HU3KOTO
HampspkeHus. PerynmupoBounasi oOMOTKa pasfelneHa Ha HECKOJIBKO CTYNEHEH, 4HCIIO BHUTKOB
KOTOpPBIX paBHO Mexay coboil. Hambonbpimee HampspkeHHE Ha OOMOTKE HHU3KOTO HAmpPsHKEHUS
(BeBobI 1 — O, O0-5) momy4aeTcss TpU COTJIACHOM BKJIIOYECHUHM OCHOBHOM U BCe
perynupoBo4YHoii 00MoTKH (coenuHenne X— O). [1o Mepe BBIKIIOUCHHS CEKIUI PEeryIHpOBOYHOM
OOMOTKHM HamlpsyKEHUE CHHMKAETCS, U MPHU €€ MOJTHOM BBIKIIOYEHUU OCTAETCs TOJIBKO HAIpPsKEHUE
Ha 3axuMax X— O oOMmoTku. JlambHEHIIero yMEHbBIICHUS HANPSHKEHUS JTOCTHTAIOT BCTPEYHBIM
BKJIFOUEHHEM OCHOBHOI OOMOTKH WM CTyNEHEW peryiupoBoyHOl 0OMOTKH. OOBIYHO YKCIO BUTKOB
OCHOBHOW OOMOTKM HECKOJILKO OOJIbINIE, YeM PEeryJIHupoBOYHOM O0OMOTKU. Tak, mpu BCTPEUHOM
BKJIIOUCHUHU HampspkeHue HeOosbmoe (40..70 B) W COOTBETCTBYyeT TMEpBOM  CTYIECHH
peryjaupoBaHusl.

Tabnuya 15.1. Texnuyeckue xapaxmepucmuxu msa2o08blx MpaHchopmamopos

Tun tpancdopmaropa
ITapametp
OI1IP-5600/25|0A112-5000/25| O A112-4000/25

Tunosast MOIIHOCTE, KBA 5600 5000 4000
HomunanbHast MOIIHOCTE OOMOTOK, KB-A:
CceTeBoi 5244 4485 3680
TSATOBOU 4942 4220 3620
COOCTBEHHBIX HYX]T 300 225 80
OTOILICHHUS 800 - -
Hanpsbkenne Xx0octoro xoaa 00MOToK, B:
ceTeBoit 25000 25000 25000
COOCTBEHHBIX HY]T 399 638/406/232 332/240
OTOIJICHUS 3027 - R
HoMuHansHEIH TOK 00MOTOK, A
CeTeBOM 210 180 147
TSITOBOM 2400 2x1750 950
COOCTBEHHBIX HYXK]T 750 550 340
OTOILICHHS 264 - -
[otepu xomoctoro xoaa, KB-A 6,1 5,8 52

Macca Tpanchopmaropa, Kr. 11300 8000 5800

4 X A0X X 4
567 80, 04321

Puc. 15.1. Cxema TsiroBoro Tpancdopmaropa OL[P-5000/25.

BbICOKOBONIBTHOE peryimpoBaHue (perylMpoBaHHEe Ha BBICHIEH CTOpOHE TpaHchopMaTopa)
OCYILIECTBISIETCA JUOO C TOMOIIBI0 OAHOTO TpaHcpopmaropa (puc. 15.2, a), nubo AByX —
aBroTpanchopmaropa 71 u tpanchopmaropa 72 ¢ MOCTOSHHBIM KOADHUIIMEHTOM TpaHCHOpMaIUU
(puc. 15.2, 6). OHM COBMENICHBI B OJHOW MAarHUTHOH CHCTEME B BHJIE TPEXCTEPKHEBOTO
TpaHcpopmaTtopa. CeueHue CpeIHEro CTepXHS Takoro TpaHchopMaTopa PaBHO CEUYEHHUIO JIBYX
KpaifHux ctepkHel. Ha onHOM M3 KpallHUX cTepxHeW pa3MelieHa oOMOTKa aBTOTpaHCchopMaropa,
MOJKITIOYEHHAs] K KOHTAKTHOM ceTH. JTa OOMOTKa pas3ielieHa Ha psj CTyleHedl OOBYHO ¢
OJMHAKOBBIM YHCJIOM BHTKOB, BBIBOJIBI OT KOTOPBIX TPHCOEAUHEHBI K BBICOKOBOJIBTHOMY
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nepeximouareno. Ha dSToM ke cTepkHE pa3menieHa OOMOTKa COOCTBEHHBIX HYxaA. [lpu
pErylIMpOBaHMM HAMNpsHKEHUS BEIMYMHA TOKAa B CEKUUAX OOMOTKM aBTOTpaHchopmaropa
HEOJIMHAKOBA H 3aBUCUT OT TOJNIOKEHUs mepekiarodarens. [lo 3Tol mnpuumHE OOMOTKY
aBTOTpaHcpopMaTOpa MOXKHO BBINOJIHATH W3 MPOBOAA PA3IMYHOTO CEUYCHHS, MPUMEHSS IS
KpalHUX CEKIHH MpOoBOJ OOJIBIIETO CEUCHUS, a JIsl CPETHUX — MEHBIIIETO.

B oTedecTBEHHBIX TATOBBIX TpaHC(OpPMATOpax MPUMEHSIOT B OCHOBHOM JIBYXCTEP>KHEBbBIE
CepICYHUKN C IWIMHIPUYSCKUMH OOMOTKaMH Ha OOOMX CTEpXKHSIX, PACHOJIOKEHHBIMU
KOHIeHTpUu4YecKu. OOMOTKH MOTYT OBITh COEIUHEHBI MOCJEeNI0BAaTENIbHO WM mapajuiensHo. [Ipu
cepAeYHUKE OPOHEBOTrO THITAa OOMOTKH PAcIofiaraloT Ha CPEeTHEM CTEPIKHE, IPU ITOM CEYCHHE ABYX
KpallHUX CTep)KHEH, OXBaThIBAIOIIMX OOMOTKY CHAapy»XHM, PaBHO IIOJOBHHE CEUYEHHs CPEIHEro
CTepkHs. B 3TOM ciydae MpUMEHSIOT B OCHOBHOM YepPeIyIOIIHecss OOMOTKH JUCKOBOTO THIIA, XOTS
MOTYT OBITH HCIIOJIB30BAHbl U IMJIMHAPUYECKHE OOMOTKH, KaK B CTEp>KHEBOM TpaHchopMaTope.
OTedecTBEHHBIMH 3aBOJIaMU OBLTH W3TOTOBJICHBI OMBITHBIC 3JeKTPoBO3bl BJI80B, Ha KOTOpHIX
YCTaHOBJICHBI ~ TpexcrepkHeBble  TpaHchopmatopbl  OLIPH-7300/25 ¢ BBICOKOBOJIbTHBIM
pEeTryJIUpOBaHWEM HANpsOKeHUs. J[Is yMEHbIIEHUs pa3MepoB TpaHchopMmaTopa U PaCCTOSHHUS
MEXIYy OCSIMH CTepHel oOMOoTKa aBTOTpaHCchoOpMaTopa HMeEET OJIUIUNTHYECKYyl0 Qopmy, a
OCTaJIbHBIE — IWJIMHIPUYECKYIO.

i

72

6

Puc. 15.2. Cxema BbICOKOBOJIBTHOT'O PETYJIMPOBAHUS HANPSHKEHUS.
a — ¢ TIOMOIIBI0 OHOTO TpaHchopmaropa 7T,
6 — ¢ moMol1bIo aBToTpancpopmaropa 71 u tpanchopmatopa 72.

15.2. KoHcTpyKuus TATOBbIX TPpaHcGOpPMaTOpPOB

B oTeyecTBEHHOM 3JIEKTPOBO30CTPOEHUM MPUMEHSIOTCS TpPaHC(HOPMATOPbl CO CTEP)KHEBBIMU
MarHUTOINIPOBOIaMH. BepTHKalbHBIE CTEP)KHU CIyXKaT JUIS pasMmemieHus: oOMOToK. CTepHH WU
spMa 00pa3yroT 3aMKHYTYIO0 MarHMTHYIO I1eTlb. MarauTonpoBoabl Tpancopmaropos OL[P-5600/25
u -5000/25 osnextpoBo3oB BJI60 ¢ perynupoBaHMEM TO HHM3KOMY HAINpPsSKEHUIO HaOpaHBI W3
JAKUPOBAHHBIX JIUCTOB JJIEKTPOTEXHUUYECKOW XoyogHoKaTtaHoW ctamu 3411 tommmuoit 0,5 mm.
BepTukanbHbIe CTEpKHU BBIITOIHEHBI U3 JINCTOB Pa3HOW MIMPHHEI, a SpMa — U3 JIUCTOB OJMHAKOBOU
LIMPUHBI. AKTUBHOE IIONIEPEYHOE CEUEHUE CTEP)KHSI paBHO 629 oM, spMa— 661 cM?. TIakeTh! INCTOB
Ka)XXIOTO CTEPKHS MArHUTOINPOBO/IA CTAHYTHI ISITHIO MIMUIbkaMu MI2, U3071MpOBaHHBIMU OT CTAJIH
OyMa)kHO-0aKeTUTOBBIMM TpyOKamMu M ImaiibamMu. BepTukanabHblE CTEPKHH MarHUTOIPOBOJA
tpanchopmaropa OL[P-5000/25 na 130 MM. KOpoue CTEp>KHEW MarHUTOIMPOBOJIa TpaHChopMaropa
OIIP-5600/25. BepTukanbHble CTEPKHH B TPEXCTEPKHEBOM MAarHUTONPOBOJE TpaHCHOpMAaTOpa
OLIPH-7300/25 (puc. 15.3) BBINONHEHBI U3 JUCTOB Pa3HON HIMPUHBI, MO3TOMY HMX IOMNEPEUHbIE
ceueHHss oTiaMyaroTcss mo ¢opme. CBOOOIHBIN cTepxkeHb uMeeT T-oOpa3Hoe cedeHue. JIucThl
MarHUTOMPOBO/Ia U3TOTOBJIEHBI U3 AIEKTPOTEXHUYECKOU cTanu 3411 Tonmmuoin 0,5 MM U MOKPBITHI

182 /203



nakoM. Ilepeuynas oomomka A—X paccuuTaHa Ha HarmpspkeHHe 27,5 kB 1 BBINIOJIHEHA B BUJE TpeX
TpyINN KaTyllIeK, COCIMHEHHBIX MocaeqoBaTtenbHo. Bee karymku Hamoransl mpooaom I[1BOO
cederneM 10x3,53 MM 1 umeror o 10°°/15 — BuTKa. [lepBuunas 0OMOTKa pacmpesesieHa MOPOBHY
Ha O0OMX CTEpXHSIX MarHUTOIPOBOJA MEXAY HEPEryJupyeMbIMH U PETYIMPYEMBIMH YacTAMHU
BTOpUYHOM 00MOTKH. Takoe pacmonokeHue CIOCOOCTBYET CHIKEHHIO MAarHUTHBIX ITOTOKOB
paccesHUsl U HHAYKTUBHOI'O COIIPOTHBIIEHUS TpaHC(hopMaTopa.

A X

[ I
[

A2 X2 5 6 7 8 0201 4 3 2 1XI AIX A6 A5 A4

Puc. 15.3. Cxema TsroBoro Tpancgopmaropa OIIPH-7300/25.

Bmopuunas obmomra cOCTOMT U3 HEPEryaupyeMoil (OCHOBHOW) 4YacTH, PeryJupyeMoil 4acTu u
OOMOTKH COOCTBEHHBIX HYXJ, HamoTaHa mpoBoaoMm [IBOO ceuenmnem 8,6%2,83 mm. Karymku —
JMCKOBOTO THIA, UMEIT B CIOAX MO OJHOMY BHUTKY. MeXay OUCKaMHM KaTyIIeK yCTaHOBJIEHbI
M30JISILIMOHHBIE TPOKJIAAKU U3 JIEKTPOKApTOHA. PaccTosiHue Mexay Karylikamu paBHO 5 M. Jls
TpeX BEpXHUX U TPeX HMXKHUX KaTyILIEK 3TO paccTOsiHME yBenauueHo a0 7,5 mMm. Heperymupyemas
9acTh OOMOTKHM COCTOHMT W3 JBYX Kartymek (mied) A1-X1 m A2-X2, KoTopble MO JABYXXOJOBOU
CIMpaJli COBMEIIEHbl oAHa ¢ Apyroi. Kaxnoe miuedo umeer no 50 BUTKOB. B BuTKe KaTyliku
uMeeTcs 1o AecaTh napamienbHblx n1poBoaoB [IBOO ceuenunem 13,5x3,53 mm. Heperynupyembie
OOMOTKH PAcIOIOKEHbl Ha 000MX CTEPKHAX MArHUTONPOBOJA B HEMOCPEICTBEHHOMN OJIM30CTH OT
UX TIOBEPXHOCTH M COEIUHEHBI MEXAY COOOM MOCIeA0BaTENbHO, YTO YIPOIIAET UX U3OJIALUIO OT
CTallu cepAeuHuKa. Perynupyemas yactb 0OMOTKH Takxke umeeT nBa ruieda O2-5 u O1-1, kaxaoe
U3 KOTOPBIX COCTOMUT U3 YEThIpEX IUCKOBBIX KaTYIIEK, COCAMHEHHBIX IocienoBaTesibHO. Cekuus
[le4a COCTOUT M3 JIByX OOMOTOK, BKJIFOUEHHBIX MapajUIeIbHO M PACIOJIOKEHHBIX Ha 000MX
CTepXHSIX MarHutonpososa. [lneun umeror no 48 ButkoB. Perynupyemast yactb 0OOMOTKH COCTOUT
U3 TPyNI, KaKaas U3 KOTOPBIX MMEET JIBE€ IMOCJIEOBATEIbHO COCIUHEHHBIE NMCKOBBIE KATYIIKH.
Takux Karymiek Ha KaxJaoM ctepxHe 28. OOMOTKH 000MX CTEp’KHEH MarHUTONPOBOAA COETUHEHBI
napauienpHo. Kaknas W3 KaTylmlek HaMOTaHa W3 YeThIpEX MNapajiesbHbIX INpoBogoB I1bOO
ceueHueM 8,6%2,44 MM B oaMH cioil, o 3,5 BuTKa B cinoe. Kaxaas perynupyemas yacTb UMEET
CBOIO JIEBYIO TOUKY M YEThIpe CTymneHHu. s BTOpUYHONH OOMOTKM JOIMYCKAIOTCS CIETYIOLINe
PEXUMBI padOTHI:

* IIPU COIVIACOBAHHOM BKJIIOUEHUH PETYJIHNPYEMBIX M HEPETYIUPYEMBIX YaCTEH, T. €. COCIUHEHUE
BBOjIa X| moodepeaHo ¢ otBogamu 1, 2, 3 u 4, a BBojia X2 — moodyepeIHo ¢ OTBoJaMu 5, 6, 7 u §;

* IIpU BCTPEYHOM BKJIFOUEHUU HEPETYIUPYEMBIX YaCTEH C PEryJIUpPYEMBIMH, T.€. COEIUHEHUE BBOJA
XI moouepenHo ¢ orBogamu 8, 7, 6 1 5, a BBoja X2 — mooduepeaHo ¢ otBogamu 4, 3,2 u 1;

* [IPU COETMHEHUH HEPETYIMPYEMBIX YacTeid 00MOTKH, T.e. coenunenne X1 — Ol u 02 — X2.
OOMOTKa COOCTBEHHBIX HYXJI X—A4 BBINOJHEHA U3 YEThIpEX JBOMHBIX JMCKOBBIX KaTyIIEK,
pa3MeIleHHBIX TOPOBHY Ha KaXKJIOM CTEp’KHE B TPEThEM HapyKHOM OJIOKe MPUMEPHO 0 CepenHe
crepxHeil. OOMOTKH 00OMX CTep)KHEN coeAMHEHbI nmapajuienbHo. Kaxmas karymka umeer mo 15
BUTKOB, HaMoTaHHBIX MpoBojaoM [IBOO ceuenuem 3,05x11,6 MM, T.e. Bcero 60 ButkoB. Jlns
MIOJIy4eHUsl CTyNeHel HampspkeHuil 625, 479, 196 u 228 B B xarymkax 26 u 36 Ha 4eTBepTOM
BUTKE, CUMTasl OT BHYTPEHHETO MIEPEX0/1a, UMEKOTCS] OTBOJBI.

[IpoBoga, pacmosjio’)keHHblE BHE OOMOTOK U CiIy)Kalllde JUIsi COEIUHEHHS OTIENbHBIX YacTei
OOMOTOK M KOHIIOB OOMOTOK C BBOJAMU M PETYIUPOBOYHBIX OTBETBJICHUH C MEPEKIIOYAIONIUM
YCTPOMCTBOM, Ha3bIBAIOT OTBOJAMHU. B KOMIUIEKT OTBOJOB BXOJAT MEAHbIE HIMHBI 0€3 M30JISIIHUU
WIA W30JUPOBAHHbIE NPOBOJHUKM W HAa0Op JEpEeBSHHBIX IUIAHOK JUIA MX 3akperyieHus. Cxema
OTBOJIOB 3aBUCHUT OT YyCTpoWcTBa OOMOTOK, HMX TPYIIHUPOBKM M CXEMbl coenuvHeHus. Tak, B
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tpancpopmarope OL[P-5600/25 oTBOABI OT BTOPHUHBIX OOMOTOK BBHITIOJHEHBI M3 MEAHBIX IIUH 0€3
M30JIAMM U YKPEIUIEHBbl JEPEBSHHBIMHM IIJIAHKAaMH, a OTBOJBI OT IEPBUYHON OOMOTKHM — U3
M30JIMPOBAHHOTO ITPOBOJA.

B macnsasbIx TpaHcdopmaTopax, IpUMEHSEMbIX Ha 3JEKTPOBO3aX, OOMOTKU COEIUHSIOT C CHIIOBOH
CXeMOM BBOJaMH, PACIOJIOKEHHBIMU B KPBILIKE TpaHchopmaropa. BBoj cocTont u3 TokoBemyIIen
YaCcTH, BBIIOJIHEHHOM W3 MEAHOTO CTEpKHSA, W u3osAuuu. KOHCTpyKuMs BBOAA IpPEXkAE BCEro
3aBUCUT OT KJlacca H30JIAUMU OOMOTKM, COEAMHEHHOW ¢ HHUM. BBoJ momken o6nanath
HEOO0XOAUMBIMU TETJIOBBIMU XaPaKTEPUCTUKAMH, SJIEKTPUUECKON U MEXaHMUECKOW POYHOCTBIO.
MacnsHble TATOBBbIE TPaHC(POPMATOPHI TOMEIIAIOT B 0aK, KOTOPBIN MpencTaBiseT co0oi cTambHON
pesepByap. Ilpu pabGote TpaHchopmaTopa OCYIIECTBISETCS HENpPEpbIBHAS KOHBEKIIMOHHAS
LUPKyJIsALus Macjia. Macio, HarpeToe OT MarHuTOIpoBOJa U 0OMOTOK, Yepe3 CTEHKU 0aka OTJaeT
TEIUIOTY B OKPY’KAaIOLIYyI0 cpely U oxnaxpaaercs. [loaromy mpu pa3paboTke KOHCTPYKLMHU Oaka
BBIIIOJHAIOT TEIUIOBOM pacueT. bak mMeeT aocTaTOuHBIM 3amac MPOYHOCTU U BBIIEP/KHUBAET
n30bITOUHOE BHYTpeHHee naBienue 5,0 MIla. Pacmipurens BXOAUT B KOMIUIEKT 0aKa W CITYXKHUT
JUIA 3alllMThl Macjia OT MOMaJaHMsl BJIard, KOTOpas MOKET IPUBECTU K CHUKEHUIO 3JIEKTPUYECKON
OpOYHOCTH Oaka U MPEKICBPEMEHHOMY CTapeHuio u3oasuud. B Tpancdopmarope 6e3
pacmmpuTenss ypoBeHb Maciia B 0ake HaxXOJUTCS HUXKE KPBIIIKH, MO3TOMY IPH H3MEHEHUH
TeMIIepaTypbl Macila €ro ypoBeHb JIMOO0 MOJIHUMAETCs, IO OITyCKAETCsl, B pe3yJIbTaTe 4Yero 4yacTb
BO3/yXa BBITECHSETCS HApY)Ky WM 3acachblBacTCs W3 OKpYXKalomeld aTMOC(ephl, 4TO CHUXKAET
3(PEeKTUBHOCTD TEIJIOOOMEHA.

Pacimmpurens mpu Bcex pexuMax paboTel TpaHchopMaTopa W TpU  JHOO0H BO3MOMXKHOM
TeMIlepaType OKpy»Karoleil cpebl o0ecreurBaeT MMoJIHOE 3aroyHeHre 0aka MaciioM. Temmeparypa
Maclia B paclIMpUTeNe 3HAYUTEIbHO HU)KE, YeM B BEpXHEHM yacTtu Oaka, 4TO 3aMeIJIsieT MpoLecc
okuciaeHus macina. Kpome Toro, B pacimupurene MNPaKTHYECKH OTCYTCTBYET KOHBEKIIMOHHAs
nupKyasuus macia. [Toaromy Bnara, nomasias B Macjio U3 BO3/1yXa, OCaX/AAaeTcsl B OTCTOMHUKE U B
0aK He MPOHUKAET.

Cucrema oxyaxaeHuss TpaHCOpPMATOPOB BKJIOYAaeT B ce0sd  MacisHble HAcOChl C
JIEKTPOABUraTeNIIMU M TPYyOONpPOBOJAAMM, MacisSHbIE PAJUATOPbl, BO3AYXONPOBOJBI, arperar
MOTOP-BEHTUJISITOpPA W TEPMOCUTHAIM3HMPYIOIIKME MpUOOpBl. Macio mMmocTymaer B CHUCTEMY U3
BepxHel yacTu 6aka TpaHchopMaTopa U HACOCOM MOJAETCs MO0 MaciONpoBOAY B paauatopsl. M3
pazuaTopoB OXJIAXJAEHHOE MAaciio IMOCTYNAeT B HIDKHIO 4acTh 0Oaka, MPOXOJUT IO KaHalam
OOMOTOK M B HarpeTOM COCTOSIHUM JOCTHraeT BepxHel yacTu 0aka, OTKy/a CHOBA BO3BpalllaeTcs B
CUCTEMY OXJIXKICHMUSL.
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Puc. 15.4. Tarossiit Tpancdopmatop OA113-5000/255.
1 — snexTpoHacoc; 2 — mpoOka; 3 — pacIIMpUTEITb; 4 — IPWKUM; 5 — Oanka-kamepa; 6 — BeHTHIIb; 7 —
KpaH; 8 — ykazarens ypoBHs; 9 — 600bImmika; 10 — crakan; 11 — oxnaaurens; 12 — cepaeunuk; 13 —
oOMoTka; 14 — onopa.
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B tpanchopmaropax OILIP-5000/25 u -5600/25 nnst oxjakaeHusl mMaciia IPUMEHSIOT 1O OJTHOMY
MOHOOJOYHOMY 3iekTpoHacocy OJL[T63/10, xoTopelii ycTaHaBIMBAaeTCS MEXIy OakoM H
paauaropamu. Jlns Jiydiero pacceMBaHHs TEIUIOTHl PaJuaTOpbl MPUHYAUTENBHO OO0MYBalOTCS
BO3JIyXOM, IOCTYNAIOUIMM [0 BO3AyXOIPOBOJAaM OT BEHTUJISTOPOB: Ha 3j1ekTpoBo3ze BJISO — ot
oceBoro BeHTusiTopa CBM-6M, Ha snektpoBo3e BJI60 — oT neHTpoOekHBIX BeHTHIIsATOpoB 1113-
50 wm 118-19. Pacxox BO3yxa, IPOXO/IAIIETO Yepe3 PaguaTopbl, cocTapiseT okoxo 20000 m%/4, a
MajieHue Haropa B CHCTEME OXJIaxkJeHus TpaHchopmaropa — npumepro 700 Ila (70 mm Boa. cT.).
Tpaunchopmarop OI[P-5600/25 wumeer cucteMy OXJaXJICHHUs, IMOJOOHYI0 PpPacCMOTPEHHOM.
[IpunynurenbHass mUpKyasauus maciia B TpaHchopmaropax OLP-5600/25, ycTtaHOBICHHBIX Ha
anektpoBo3ax BJI60 mo Ne 754, ocymiecTBisiercs AByMsl LIEHTpoOexkHbIMU Hacocamu 2K-9 ¢
MpUBOZOM OT TpexdasHbix aBurareneir AOM42-2. Hacockl NOMEIIEHBI B PaCIIMPUTENH,
HaIlOJIHEHHBIE MACIIOM, U UMEIOT mojavy 22 M°/MHH nipu Hanope 175 Ila (17,5 mm Boa. ct.). Pacxon
BO3/yXa Ha OXJaXJACHUE paguaTopoB He mpesbimiaer 19 500 M4, Ha MAcCJIONPOBOJIE, UAYIIIEM OT
Hacoca K paauaTropaM, yCTaHOBJIEHO cTpyiiHoe pene CPO-2. ITpu oTCyTCTBUM LUPKYJISLIUU Macia
penie pa3MbIKaeT Ienb yIpaBleHUs, Hpekpaias padoTy 3ekTpoBo3a. TemmepaTypa Macia
KOHTPOJIUPYETCSI TEPMOMETPUUECKUM CUTHAITH3ATOPOM.

Tpanchopmarop OLIPH-7300/25 umeeT cuctemy OXJaXIEHUS C OAHUM KOHTYpoM. Llupkysmsius
Macia U3 0aka B pamuaTop ocyuecTBisieTcss HacocoM 2K-9 ¢ mpuBOAOM OT 3JIEKTPOIBUTATENS
AOM42-2. Tlonaua Hacoca — 22 M>/MHUH npu Hanope 175 Ila (17,5 mM Boa. ct.). [lomHbril pacxon
Bo3yxa cocrasmsier 20 500 m*/a.

Tsroseiii Tpancopmarop OALI-5000/25b (puc. 15.4) ucnons3yerca Ha 3nekTpoBo3zax BJISO u
NpeAHa3HaveH ISl MpeoOpa3oBaHus HANPSIKEHUS] KOHTAKTHOW CETH B HANPSDKEHHE IETel TITOBBIX
JBUTATEJICH, BKIIOUEHHBIX Yepe3 IMOJYIPOBOJHUKOBBIE MpeoOpa3oBaTenu, U Ieneil coOCTBEHHBIX
HYK/]] 3JIEKTPOBO3A.

15.3. Craa:kuBamiue peaKkTopsbl.

CriaxuBarolide peakTopbl TMpeJHA3HAUYEHBbl [IJI1 YMEHBIICHMS] MYJIbCAIIUU BBINIPSIMIEHHOTO
HAMpsDKEHUS U TPEACTaBISIOT cO00M MHAYKTUBHOCTH, BKJIIOYaeMbIE MOCIENIOBATEIBHO B IIEMb
TATOBBIX JIBUTATEJIEH WM UX 0OMOTOK BO30YyXaeHUsA. OOBIYHO MPUHUMAIOT, YTO NP HOMUHAILHOM
pexume kodddurmeHt myiabcanuud Toka Kq < 0,2..0,25. OgHako BenuumHa Ky HENOCTOSIHHA W
BO3pacTaeT MpU CHIWKEHUM HATrpy3KH TIATOBBIX JABUTaTeNel. JXKemaTenbHO, 4TOOBI ATO yBEIHMUYECHUE
koddduimenTa mynbcauu Toka He mpesblmano 0,3 Bo BceM pabodeMm [uanazoHe TATOBBIX
nBurateneit. s 9TOro CrilakMBarOUMi peakTop JOJKEH O00ecleurnBaTh COOTBETCTBYIOIIEE
M3MEHEHHE UHIYKTUBHOCTHU B IIEMH JBUTATEICH MpU U3MEHEHUH MX HArpy3KH. DTUM TpeOOBaHUSIM
Han0oJiee OTBEYAIOT CIJIAXKUBAIOIIME PEAKTOPhl CO CTAIbHBIMU CEpPJICYHUKAMH, IapaMeTphI
KOTOpBIX TmpuBeAeHsl B Tabn. 15.2. Ha »snekTpoBo3ax mMepeMEHHOTO0 TOKa MPHUMEHSIOT
CTJIQKUBAIOIINE PEAKTOPhI, KaK C 3aMKHYTOM, TaK U C PA30MKHYTONW MarHUTHBIMH CHCTEMaMH.
Peaxmopuvl ¢ 3amknymoii maenumnot cucmemoii UMEIOT OOJBIIYI0O MaccCy, HNPUXOISNIYIOCS Ha
€AUHUILYy MOIIHOCTHU, TIO CPaBHEHUIO C PEAKTOPAMH, WMEIOIIMMH Pa30MKHYTYIO MarHUTHYIO
cuctemy. [IpenMyIiecTBOM peakTOpoB C 3aMKHYTOM MAarHUTHOM CHCTEMOM SIBISIETCA TO, YTO MX
MarHuTHOE ToJie ¢Iab0 BIMSET HAa PACIONIOKEHHOE PSIZIOM 00OpYyIOBaHHE, IMOATOMY NMPUHUMATH
CHEIMALHBIX MEp JUIS OTPaAaHUYEHUS ATOTO BIUSHUS HE TpeOyeTcs.

Peaxtop PO1-4000A (puc. 15.5) mpeana3HnayeH i YCTAHOBKH B Ky30B€ JIeKTpoB03a. OH COCTOUT
U3 JIByX OCHOBHBIX Y3JI0B: MarHuTomnpoBojaa 1 u oOmoTku 4. MarHutonpoBoa HaOpaH U3 JTUCTOB
ANEKTPOTEXHUYECKON CTaJId, TTOKPBITHIX JIAKOM. B OCeBOM HampaBJICHHUH MarHUTOIPOBOJ CTSHYT
YEeTBIPbMsI IIMWIBKAMH 2, W30JUPOBAHHBIMU OYMakKHO-OAKEIMTOBBIMH TPYOKaMHu, M TailkaMu c
TeTUHAKCOBBIMU maii0amMu. CTEp>KHU MarHUTOMPOBOJIa UMEIOT IO TISATH 3a30pOB OOIIEH BETUUYNHON
85 MM, 3aMOHEHHBIX TETMHAKCOBBIMH MPOKIaaKamMu. Bepxuuil 3a30p paBeH 5 MM, octanbHbie — 20
MM. OOMOTKa 4, yCTaHOBJICHHAsI HA CTEPXKHAX, UMEET JIBEHAIIIATh TOCIE0BATEIIbHO COSTUHEHHBIX
JIUCKOBBIX KaTYIIEK, HAMOTAHHBIX MEJIHOU IHUHON ceueHueM 5x50 MM ¢ 3a30paMu MEKIy BUTKAMHU
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6 mm. Kaxxnas katyiika coaepxut o 12 Butkos. KaTymiku aBaxasl nmponutansl gakom [19 933. B
paZuaIbHOM HAINpPaBJIEHUM KaTyHIIKW CTSHYTHI IIECThbIO OaHJaXaMHU U3 CTEKJIOJEHTBl. Mexay
JMCKaMHA B OCEBOM HAIpPaBJICHUU HUMEIOTCS 3a30pbl, paBHble 12 MM. OOMOTKa M30JMpOBaHa OT
CTepxHel OymMakHO-0aKeIMTOBBIMU HUWIMHIPAMH U B OCEBOM HAlpaBJiIeHUH CTAHYTa Oosntamu M12
gepe3 U30JATOPBI 3. DJEKTpUUYECKask MPOYHOCTh U3OJISIIIMA OTHOCHUTEIBHO 3€MJIM HCIIBITHIBACTCS
HanpspkeHueM 15 kB wactoroit 50 'y B Teuenue 1 MuH.

Tabauya 15.2. Ilapamempui cenaxicusaroujux peakmopos

Tun peakropa
HanmenoBanme

PBJ1-4000 |PB/1-4000A(PD/IP-1500| PCM-1 PC-53

Cepust 1 HOMEp SeKTpOBO3a BJI60 BJI60 BJISOB BJISO BJISO
(1o Ne1434)| (¢ Ne 1435) |(Ne001-003)| (o0 Ne 006)|(c Ne 007)
Macca peakTopa, Kr. 1835 1575 570 960 810
YacoBoii TOk, A 1545 1545 915 1850 1850
NunyxtuBHOCTH, M1
P YaCOBOM TOKE 55 5,6 6 3,2 6
Ha4vaJIbHas 9,5 10,5 10,4 5,25 4
7
TInowank cepresruia, M 430 430 540 800 800
(cranp 1312)
Macca cepaeyHnKa, KT. 1180 995 283,4 560 810
Pasmepsl mpoBogHMKA, MM 4,4x10,8 5x50 4,4x10,0 3x50 4x65
Yucio BUTKOB 140 144 112 68x2 112
ITpoBonx Mennas IIpoBon Mennast | MenHas

Martepuan o6moTku IPICI[ IIHHA IPICI[ JICHTa IIHHA
Macca 0OMOTKH, KT 634 498 264 290 280

1 2

Puc. 15.5. Peaktop PO/1-4000A.
1 — marauTOonpoBoO; 2 — mmuibka M24; 3 — nzonsarop; 4 — oOMoTKa.
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OxJaxieHne peakTopa — BO3AYIIHOE, NpUHYAUTENbHOE. K peakTopam ¢ pa30MKHYTON MarHUTHOMN
cuctemoit otHocsTcs peaktopbl POJIP-1500 u PCM-1, ocHOBHBIE mapamMeTpbl KOTOPBIX TPUBEICHBI
B Ta0xn. 15.2. MarauronpoBo/1 peakTopa MpeCTaBIIsIeT cOO0H CTep:KeHb, ITMXTOBAHHBINA U3 JIHCTOB
cramu 242 tomuuHod 0,5 MM, TOKPBITHIX JIaKOM. JIMCTBI CKpEIUIEHBI B CEPACUYHHUKE TpeMms
mmwibkaM  MI2,  u30mMpoBaHHBIME — OyMa)XHO-OAKEIMTOBBIMH TPYOKaMH M TPOKIIAJIKAMH,
YCTaHOBJICHHBIMU MOJ TalkaMu. OTHUMH >K€ IIMUIbKAMU K CEpACYHUKY INPUKPEIUICHBI JIBE
IUIACTUHBI TONILMHON 10 MM, Ha KOTOPBIX pEaKTOP MOHTUPYETCS B TOPU30HTAILHOM I10JIOKEHUH Ha
YeThIPEX CTOMKaX.

OOMoTKa mpencTaBisier COOOW IMIMHIPHUYECKYIO YETBIPEXCIOMHYIO KaTYIIKy, HAMOTAaHHYIO Ha
y3koe pebpo u3 AByx mapamienbHbix mpoBoaoB [ICJ. Ona pa3merieHa Ha H3OISLHOHHOM
CTEKJIO0AKEIUTOBOM LWJIMHIPE W CTEKIOTEKCTOJMUTOBBIX KIMHBAX. MEXIy CIOIMU OOMOTKH
MIPEelyCMOTPEHBI OCEBbIE BEHTWIALMOHHBIE KaHaibl. C TOPLOB 0OMOTKA 3aKaHUYMBAETCS KOJIbLIAMU
U3 CTEKIO00AKENUTOBBIX IMJIMHAPOB, CKPEIUICHHBIMH C KpalHUMH BHTKaMU OaHIaXaMu U3
crexyoyieHTel mupuHO 100 mMm. CHapyxu OOMOTKa CKpEIUIEHA IBYMsI CJIOSIMH CTEKJIOJEHTHI.
3a3eMJIeHHbIE YacTH OOMOTKH MCTIBITHIBAIOT HanpsokeHneM 9 kB wacrotoit 50 ' B Teuenue 1 MuH.
Peaktop PC-53 mpencranisier co60i 3HAUNTEIBHOE MHAYKTUBHOE COMTPOTUBIICHUE U MPEAHA3HAUYCH
JUIS CIUIaKUBAHUS IyJIbCAlMi BBITPSIMIIEHHOTO TOKA B LIENU TATOBBIX JBUrareieil. Peakrop coctout
u3 OOMOTKM C MarHUTONPOBOJOM, JABYX T'€THUHAKCOBBIX OOKOBHUH-H3OJSITOPOB, JBYX KOXYXOB,
YIYYIIAIOUUX OXJIAXK/IEHUE PEAKTOpa, CTSDKHBIX IINWIEK M YCTAaHOBOYHBIX YrojkoB. OOMOTKa
M3rOTOBJICHA M3 MEIAHOW IIMHBI C€YeHHeM 4x65 MM., HAMOTaHHON Ha pedpo C 3a30pOM MEXKIY
BHTKAMH 4 MM; BHTKOBas W3OJSIS, BBITOJIHCHHAS M3 SJICKTPOHHTA, YCTAHABIMBACTCS Ha /3
BBICOTHI OOMOTKH JUIsl YAy4IICHHs] OXJIaXKISHHUS IMocieqHeil. MarHuronpoBon — paaualibHO-
IIMXTOBAaHHBIA W3 JIAKMPOBAHHBIX JIUCTOB AJIEKTpOTEXHUYECKOW cramu 2212 rtonumHoi 0,5 MM.
[unuaapudeckas MOBEPXHOCTh MarHUTOIIPOBOAA MTOKPHITA CTEKIIOILIACTOM.

15.4. IlepexoaHble peaKkTOPbI.

IlepexoaHble peakTOpbl CIYKaT JUIsl OTPAHUYEHUSI TOKA B KOHTYPE CEKLH BTOPHUUHOW OOMOTKH
TpaHcopmaTopa NpU UX 3aKOpAauMBaHMU IMEpeKIrodaTreseM oOMOTOK B MPOLECCE PEryIupoBaHuUs
HanpsDKeHUs Ha BTOPUYHOM cTOopoHe TpaHcopmaropa. [Ipy moakiaroueHun peakropa K 0OMOTKe
TpaHcopMmaTopa B €ro LIENM BO3HUKAET NMEPEXOAHbIM TOK, 3aBUCALINI OT HAIpPSDKEHUS CEKIMU
Tpanchopmaropa Al u conpotusnenus uenu. [Ipu ycTaHOBKe MepexXoJHOr0 peakTopa Co CTaTIbHBIM
CepJICYHUKOM aMILUIUTYyJa CYMMapHOro TOKa Ha (UKCHUPOBAHHOW ITYCKOBOM MO3MIIMH MOXET
nocturarh 18...20 KA, 4TO IPUBOAUT K CBAPUBAHUIO KOHTAaKTOB IEpeKitouaTels. Bo3HUKHOBEHNE
TaKMX CKAayKOB TOKa OOBSCHSETCS HACHIIIEHWEM MAarHUTHOM CUCTEMBl PEaKTopa Harpy304HbIM
TOKOM Ha HE()UKCHPOBAaHHBIX MO3MLHUAX Iycka. UToObl mHepekirodaTellb M peakTop pabdoranu
HaJEeKHO, MAaKCUMaJIbHOE 3HaYCHHE aMIUIMTYAbl CYMMapHOI'O TOKa He JIOJDKHO IpeBbimath 600 A.
Ha oTeuecTBEHHBIX 3JIEKTPOBO3aX Ul TOr0 MPUMEHSIOT MEPEXOJHbIE peakTopbl 0€3 CTalbHbIX
CepJICYHUKOB, C JIMHEWHON MarHUTHOHN XapakTepucTukoi. [lepexoaHble peakTopsl 0€3 CTalbHOTO
CepAEcYHMKA UMEIOT MEHBIYI0 Maccy. OIHaKO MarHUTHOE T0JIE TAKMX PEAKTOPOB BBI3BIBAET HArpeB
PacMoI0KEHHOTO PsIOM 000pYAOBaHUS U AJIEMEHTOB KOHCTPYKIIMU KY30Ba, I03TOMY HEOOXOIUMO
IIPUHMMATh MeEpbl A NPEJOTBpalleHMs] €ro BiausHUA. Ha 31eKkTpoBO3ax NEPEMEHHOro TOKa
MIPUMEHSIIOT MEPEXOHbIE PEAKTOPHI, KaK CO CTaIbHBIMU CEpJCUHUKAMHU, Tak U 0e3 Hux (Tadxa. 15.3).
K mepexoaHsiM peakTopam 0e3 CTaIBHOTO cepledHrKa oTHocuTcs peaktop [IPA-IM (puc. 15.6),
MPEICTaBISIONINI CO00M KOMIUIEKT U3 IBYX CAMOCTOSTEIbHBIX PEAKTOPOB — BEPXHETO U HUIKHETO.
Kaxplif u3 peakTopoB MMEET IO YeThIpe KaTYIIKH M BKJIIOUEH B OJHO U3 IUled TpaHchopMaTopa.
Kaxnmas xkaTymika peakTopa HaMOTaHa Ha peOpo B OJMH CIOM W3 JBYX MapauIebHBIX
QIIOMMHMEBBIX IIMH U uMeeT 11 BUTKOB. Mexay napaulebHBIMM LIMHAMM IIPELYCMOTPEHBI
3a30pbl, paBHbIE 3 MM, a MEKy BUTKamMu — 7 MM. Kartyiika B pagraqbHOM HalpaBiIeHUH CKpEIIeHa
BOCEMbIO OaHAaKaMHM M3 CTEKJIOJIEHT, a B OCEBOM — ILIMHIbKAaMHU U3 JiopamtoMuHus. Karymku
COEIMHEHBI MEX/y COOOM MOCIe0BaTENbHO ¢ TPAHCIIO3ULIMOHHBIMU NIEPEX0jaMU Ha BHYTPEHHUX
BBIBOJIaX M HAaXOJATCS OJJHA OT APYroi Ha pacCTOSIHUM 24 MM.
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Puc. 15.6. Ilepexoansrii peaktop [IPA-1M.
A, A, — Hayasma 0OMOTOK, X, X — KOHIIEI 0OOMOTOK

Tabauya 15.3. Illapamempwvl nepexoOHvIXx peakmopos.

[TapameTtp Tun peakropa
IMPA-1M ITPA-3 ITPA-48
Cepust u Homep BJI6O BJISO ¢ Ne 004 BJISO
JIEKTPOBO3a
YacoBoi TOK BETBH, A 1080 1350 1270
Munyxmusroe 0,26 0,12 0,12
comnporusieHne, OM
MarauTonpoBo:
MapKa CTaiu - 1312 2212
Marepuain 0OMOTKH AmoMuHueBas AmoMuHUeBas AmoMuHHEeBas
muHa A muHa A muHa A
(ceuenne 6x60 mm)|(cedenne 8§x60 Mm)|(ceuerne 860 Mm)
KOJINYECTBO BUTKOB 44 32 32
Macca peakropa, Kr. 580 570 450

g ynpouHeHusl GaHAakel U MPeJOXPaHEHHUs aFOMUHUEBBIX HIMH OT KOPPO3MM U 3arpsi3HEHUs
KaTYIIKA JBaXKIbl MPOMUTHIBAIOT JIakoM. [[11s1 mpenoXpaHeHus CTaldbHBIX AeTalleld, HaXOALUXCS
BOJIM3U PEaKTOpa, OT YPE3MEPHOIr0 HarpeBa MPeayCMOTPEHO SKPaHUPOBAHME MArHUTHBIX MOJIEH
paccessHUsl IIMXTOBAaHHBIMM I1AKETaMH, BBIMOJHSAIOIMIMMHU pOJIb MarHUTHOTO IIyHTa. Bepxhue
nakeThl (8 IIT.) KpensT K peakTopy cleluaibHbIMU IIMWIbKaMH, HUKHME nakersl (16 mr.) — K
F€TUHAKCOBOMY OCHOBaHHUIO TONIMHONU 30 MM, HA KOTOPOM 3aKpeIuieHbl U peakTopbl. PaccrosiHue
OT MMOBEPXHOCTH OCHOBAHUS 710 UIMHBI HIPKHEN KaTyIIKH HUXKHErO peakTopa paBHO 68 MM, a MEXy
CMEKHBIMH KaTYIIKaMU 000OMX peakTopoB — 116 MM. DTH pacCTOSIHHS BBIACPKUBAIOT C MTOMOIIBIO
TeTUHAKCOBBIX MPOKIAAO0K. PaccTOsHUSA MEXIy peakTopamMHu, a TakKe MEXIy peakToOpoM u
KpBIIIKOKH TpaHchopMaTopa BBIOMPAIOT, HCXOAS M3 YCIOBHHA TEIUIOOTIA4YM IOBEPXHOCTEH
TOKOBEAYIIMX YacTel ¥ MPOOUBHOIO HANPSKEHUS U30JIALIUN.

[Tepexonnsrii peaktop IIPA-48 (puc. 15.7) mpeacraBnser coboii KOMIUIEKT U3 JIBYX pPEaKTOPOB
(BeTBel), KOKIBIM U3 KOTOPBIX pad0TaeT CaMOCTOSTENIHHO B OJTHOM W3 TUIEY BTOPUYHOU OOMOTKH
TpancopmaTopa. Kakaas BETBb COCTOUT U3 YETHIPEX CIHUPATBHBIX KATYIIEK, HAMOTAHHBIX JIBYMSI
napajuieIbHBIMA QIFOMAHUEBBIMU IIHHAMH pa3MepoM 8X60 MM ¢ 3a30pOM MEXIy IUHAMH 7 MM.
JInsi yMeHbIIEHUsI MOTOKOB PACCESIHUS B TOPLIOBBIX YaCTSIX KaXKJIOTO PEAKTOpa PacHOJIOKEHBI
SKPAHUPYIOIIUE MAKEThI, IIMXTOBAHHBIE U3 DJIEKTPOTEXHUYECKOW cTanu 2212 tomumuon 0,5 MM.
O6a KOMITJIEKTa KaTylIeK BETBU YCTAHOBJICHBI HA OCHOBAHHMH W3 FeTHHAKCa TOMIUHOW 30 MM U B
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OCEBOM HAIIPaBICHUU CTSIHYTHl BOCEMbIO IIMHMIBKAMU W3 JIOPATIOMUHHMEBOrO cruiasa. Jlus
IIPEIOTBPALCHUS MONANAHNUS MEXKAY BUTKAMU ITOCTOPOHHUX ITPEIMETOB HAJl BEPXHUM KOMIUIEKTOM
KaTyleK YKpEIUIeHbl JINCTHl M3 acOeCTOIeMEHTHOW Nocku ToinmuHoi 12 mM. Ilpm ycranoBke
peakTopa Ha KphbIlIKe TpaHChOpMaTopa PacCTOSIHUE MEXKIy KpPBILKOH M OCHOBAaHMEM pEAaKTOpa
JOJDKHO ObITh HE MeHee 100 MM.
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Puc. 15.7. Ilepexomusrii peaktop [TPA-48.
1 — karymika; 2 — mmuibka; 3 — OCHOBaHHUE.

15.5. TpancdopmaTopbl 1 MATHUTHBIE YCHJIMTEIH.

Tpanchopmaropbl, NpUMEHsEMblEe Ha TEIUIOBO3aX, MOAPA3JCIAIOTCS [0 HAa3HAYEHUI0 Ha
U3MEPUTEIIbHBIE, PAacIpeeIUTENbHbIE U CTAOWIM3UpPYIOUIUE. M3mepumenvubie TPaHCHOPMATOPHI
CIy’KaT JUIsl BKJIIOYEHHUS H3MEpPUTENbHBIX MPHUOOpOB B ceTH mepemMeHHoro Toka. Ha puc. 15.8
MOKa3aHbl BapHAHTHI CXEM BKIIIOYEHHS M3MEPUTEIBHBIX TPaHC(HOPMATOPOB HAIPSIKEHUS U TOKA.
Hcnonb3yembie BOIBTMETPHI U aMIIEPMETPBI JOIKHBI OBITH MOI0OpPaHBI C YyYETOM MaKCHMAalbHBIX
3HAYEHHUI M3MEPSIEMBIX BEJIMUMH. Pa3pbIiB BTOpUYHOM 111K TpaHcPopMaTopa ToKa (XOJIOCTOM XO1)
HE JIOMyCKaeTcs BO M30eKaHHEe CYIIECTBEHHOTO BO3PAaCTaHUS MAarHUTHOTO TOTOKAa M TETIOBBIX
MOTEepPh B CTalM CEpJICUYHMKA. BMecTe ¢ MOTOKOM YBEJIMYMBAETCS BTOPUYHOE HAIMPSHKEHUE, YTO
MIPEJICTaBIIsIeT OMACHOCTh NJIsl OOCIYKMBAaIOIIero nepcoHana. [Ipu m3aMepeHHusx BTOPUYHBIE IIETH
JTOJKHBI OBITh 3aMKHYTHI.

17 b, (1)

a b

Puc. 15.8. Cxema BKIIIOYEHUS H3MEPUTEIBHBIX TPAaHCHOPMATOPOB HanpshkeHus (a) u Toka (6).

Pacnpedenumenvnvie Tpanchopmaropsl NpeiHa3HAYEHBI JUIsl MPeoOpa3oBaHUs U pacHpeaeeHHs
MEPEMEHHOTO HaIpsHKeHUs NMUTaHus pas3nuuHbix nened. Ha temmoozax 2TO10JI nns nutaHus
Lernel yrpaBiieHUs] yCTaHOBIEHBI TpaHchopmaropsl TP-5, Ha TeruioBo3ax 2T3116 - TP-4 u -70 nnu
TP-21 u -26, Ha TerioBo3ax 2T2310M -TP-23.

Tpancdopmaropsr TP-4, -5, -70 mpexacraBnsor co0oil TpaHchopmaTopbl OpOHEBOro THMA U
COCTOSIT U3 MAarHUTOIIPOBO/IA M KaTylIeK. MarHUTOPOBO HAOpaH U3 JIMCTOB JIEKTPOTEXHUYECKON
CTaJIM, CTAHYTHIX INMWIBKAMU U yroibHHUKaMu. KaTymika — OGeckapkacHasi, UMEEeT NEepBUYHBIE U
BTOPUYHBIE OOMOTKH, 3aJIMTa KOMITAyHIOM Ha OCHOBE SITOKCHIHOW CMOJIBI M 3aKPBITa KOKYXOM.
BbIBO/IBI 0OMOTOK pacrosiokeHbl Ha IBYX IJIACTMACCOBBIX MaHENsX.

Tpancdopmaropsr TP-21 (TP-20, -23, -26) cocTOST U3 KOJBIIEBOTO CEPACYHHUKA, N3TOTOBICHHOTO
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U3 DJIEKTPOTEXHUUYECKON CTalld, U OOMOTOK, PACIIONIOKEHHBIX Ha cepaeyHuke. KoHIbI 0OMOTOK
MpUMasiHbl K BHIBOJIaM, pa3MELIEHHBIM Ha U30IMpOoBaHHON maHenu. CepAeyHuK OOMOTKU U MaHENb
3aJTUTHI KOMITAYHJIOM Ha OCHOBE 3IMOKCHUIHOW CMOJIBI. TeXHUYEeCKHe JaHHBIC PacIpeleIuTelbHbIX
TpanchopMaTOpOB PUBEIACHBI B Ta0. 15.4.

Cmabunuzupyrowuti Tpaacpopmatop TC-2 yrnydimaer JUHAMHYECKHE XAPAKTEPUCTUKH CHUCTEMBI
BO30YKJCHHs TeIIoBo3a. MarHuTonpoBoJi crabunusupymomiero tpancgopmaropa Habpan u3 I1-
O00pa3HbIX IIACTUH M TOJIOC AJIEKTPOTEXHUYECKOH cramu. Ha MarHuTompoBoje pacmoiokeHa
KaTyllka C TEepBUYHOW U BTOPUYHOM OOMOTKAMH, BBIBOJIBI KOTOPBIX pa3MelleHbl Ha
IJIACTMACCOBBIX TaHemssX. KoOHCTpykuus TpaHchopMaTopa MpeaycMaTpUBAaeT BO3MOXKHOCTh
PETYJIUPOBKU BO3AYLIHOTO 3a30pa MEXIY SPMOM M CEPACYHUKOM IMPU MOMOIIM HEMarHUTHBIX
NpOKJIaNoK M3 mpeccumnana. llepBuynas oOMOTKa IMOJCOEIMHEHA 4Yepe3 PE3UCTOP K BBIXOIY
BO30yauTeNsd, a BTOpUYHAs — K cTaOuiausupyromeil obomorke amiuucrata. I[lpu  Obictpom
HapacTaHWUU HAMPsHKEHUS BO30YAUTENS B aMIUIMCTAT TOJASTCSI OTPHUIIATEIbHBIA CUTHAJ, U CKOPOCTh
HapacTaHusl HaNpsKeHWs yMeHblnaetcs. llpu pe3koM CHIKEHUM HampshKeHHsl BO30YIUTENs B
aMIUTACTAT MOAACTCS TOJIOKUTENBHBINA CUTHAN, M CKOPOCTh CHIDKEHUS HAMIPSKCHHSI YMCHBIIACTCS.
[Tapametpsl Tpanchopmaropa TC-2 npeacraBieHbl HUXKE:

IlepBuunas BropuuHnas

00MOTKa 00MOTKa
MapkupoBka 3a:KUMOB HI —K1 H2 K2
HomunaneHoe HanpspkeHue, B 60 28 +3
Yucino BUTKOB 1900 1000

Tabnuya 15.4. Texnuueckue OanHvle pacnpedenumenbHbvlX mpancoopmamopos.

Tum Tpancopmaropa|Bun oOMoTkH | MapkupoBKa 3aKHMOB I—}II(:\H/[;:;E;I;? HomunaneHelil Tok, A
[epBrynas H1-K1 270 B 5,0
H2-K2 35B=£2,5% 2,6
TP-4 Bropimbie H3-K3 55B +2,5% 15
H4-K4 75 B+ 2,5% 3,1
H5-K5 55B+2,5% 15
H1-K1 100 B 11,0
[epBuunEIC H1-01 (60+£2,00B 8,5
H1-02 (50£2,0)B 8,5
TP-5 H2-K2 (50£2,0)B 20
Bropiumbie H3-K3 (502,00 B 2,1
H4-K4 (50+£2,0) B 2,1
H5-K5 (30£2,0)B 3,0
[epBrynas 1-2 270 B 4.0
3-4 110 B +2,5% 0,5
TP-21 5-6 110 B +2,5% 2,6
Bropuunsie 7-8 110B+2,5% 2,6
9-10 110 B+ 2,5% 2,6
11-12 55B+2,5% 1,5
IepBuyHas 1-2 270 B 2,5
3-5 36 B+2,5% 2,7
3-4 20 B +2,5% 0,6
Tp-26 Bropuunsie 7-8 55B+25% 2,7
9-10 55B+2,5% 2,7
11-12 71 B +2,5% 3,3
TepBiarbre H1-K1 270 B 5,0
H1-01 110 B +2,5% 5,0
TP-70 H2-K2 110 B+ 2,52%) 2,6
Bropiumbie H3-K3 110 B+ 2,5% 2,6
H4-K4 110 B £2,5% 2,6
H5-K5 55B+2,5% 15
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Maenumnoiym  ycunumenem Ha3bIBAIOT 3JIEKTPOMArHUTHBIN ammapar, CiayXalluid Ui IJIaBHOTO
pEryJINpOBaHMs IEPEMEHHOTO TOKA, IIOCTYNAIONIETO K HAarpy3Ke, IyTeM M3MEHEHHs MHAYKTHBHOIO
COIIPOTHBIICHUS X| KaTYIIKU C (peppOMAarHUTHBIM CEpACYHUKOM, BKIFOUEHHOHN MOCIIEA0BATEIBHO C
Harpy3kod. MarHuTHbIl yCHIMTENb IO3BOJSET PEryJIMpOBaTh OOJbIIME TOKH, HCIONb3Ys
CPaBHUTEJIBHO CJA0bIE AJIEKTPUUECKUE CUTHAIbl. MarHUTHbIE YCHIMTENIM IIMPOKO MPUMEHSIOT Ha
TEIUIOBO3aX JJIsl aBTOMAaTUYECKOIO PErylIMpoBaHUs BO30YKIEHHs TATOBOrO IeHeparopa M Ha
ANIEKTPOIOBUKHOM COCTABE JUIsl PEryJIMpOBAaHUS HAIPSDKEHUS IPU 3apsfie aKKyMYJATOPHBIX
Oarapell, B cTaOMIN3aTOPAX HANPsHKEHUs U A Apyrux neneil. CynecTByroT IpoCcTble MarHUTHbIE
YCUWJINTEN W YCUJIMTENM ¢ 00paTHOW CBs3blo. B mpocrom marHuTHOM ycwiutene (puc. 15.9, a)
UCIOJB3YIOT JBa cepAeuHMKa. Ha KaxxaoMm cepieuHuke pacrosiokeHa padbodas oomorka W, mo
KOTOPOH MpOTEeKaeT MmepeMeHHbI TOK. CepIeYHUKH OXBaueHbl eJUHONH 00MOTKOM ympaBienus: Wy,
IIUTAEMOM MOCTOSAHHBIM TOKOM. Paboune 0OMOTKH MMEIOT OAMHAKOBOE YMCIIO BUTKOB U BCTPEYHO-
MOCJIeI0BAaTENbHOE BKIIIOUSHHE /ISl TOr0, 4To0bl epemennbie D/1C, nHayupoBaHHbIE B 0OMOTKE
ylpaBieHus, ObUIM HampaBlIeHbl HAaBCTpeuy APYr IPYry U B3aUMHO YHMUYTOXaIUCh. Bxomom
MarHUTHOTO YCHJIUTENs SBIIsIETCS OOMOTKA YIpaBlICHHs, Ha KOTOPYIO TOAAETCS YIPAaBISIOIIUI
curHas Uy Beixosiom ycunurens ciayxat pabourie 00OMOTKH, K KOTOPBIM MOJKIIIOYAI0T HAarpy3Kky Ry.
MaruuTHbli ycunuTenb o00JanaeT CHOCOOHOCTBIO YCHJIMBATh 3JIEKTPUUYECKUE CUTHAIBL. IJTO
OOBSICHAETCSI TEM, YTO MOILHOCTb, MOTpediisieMas OOMOTKOM yNpaBiIeHUs U pacxojayemas Ha ee
HarpeB, BO MHOI'O pa3 MEHbIIE MOIIHOCTH, mepeaaBaeMod Harpyske R,. IlosTomy, 3arpaunBas
MaJIyl0 MOIIHOCTH B OOMOTKE YIIpaBJIEHHUs, MOXHO pPEryJupoBaTh 3HAUYUTEIBLHO OOJIBIIYIO
MOIIHOCTb, ITOCTYHAIOUIYI0 K Harpyske Ry, Tak Kak mepefada MOIIHOCTH Harpy3Ke MpOU3BOAUTCS
HE OT LIENH YNpaBJIEHUs, a OT UCTOYHUKA MUTAHKUsI IEPEMEHHOI0 TOKa. Ynpapisitomuid curnan Uy
[IOCTOSIHHOT'O TOKAa MO3BOJIIET U3MEHATh 3HaYEHHE 3TOU MOIIHOCTH.
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Puc. 15.9. PexxuMbl paboThl MAarHUTHBIX YCUIIUTENEH.
a — IPOCTOM; 6 — C BHELLIHEN 00paTHOM CBSI3bI0; 6 — C BHYTPEHHEHN 00paTHOM
cBsa3bt0; VD1 — VD4 — BeinpssMuTenu.

MaruuTHbI ycunuTens paboTaeT cieayromuM oopazoM. Korga Ha BXOJ yCHIHUTENS HE MOCTYHAeT
YIPaBISIONINI CUTHaN (HampspKeHne Ha Bxoze ycwiaurens Uy M TOK yIpaBieHUS paBHBI HYIIO),
CEpleYHUKH HE HachlllleHBl U paboune oOmotku W, wumenoT OoIblIOE MHAYKTUBHOE
conportuBieHre. TOK B 1enu Harpy3ku OyzaeT Man. Takoi TOK Ha3bIBAIOT HAYaJIbHBIM, WJIM TOKOM
xosocroro xona ycunurens. Hanpsbxkenue Ha Harpyske Uy, (BBIXOJHOE HAPSKEHUE) OyIeT Takxke
MaJio, Tak KaKk OOJbIIas 4acTh HampspkeHus nutanus U, Tepsercs B BHIE MaJCHHUS HANPSDHKCHUS B
pabounx obmorkax. CrnemoBarenbHO, OyaeT Majla M MOIIHOCTb, IOCTYHAoLIas K Harpys3ke OT
ucrounnka mutanus. [Ipm momade B oOMoTkm ympasneHnss Wy TOKa ymnpaBieHHS CEpICUYHHKH
HOJMAarHU4YMBaIOTCd U WHIYKTUBHOE CONPOTHBIEHUE X_ pabouux OOMOTOK ymeHbliaercs. [Ipu
3TOM PacTyT TOK B IIETIM HArpy3KH M MOCTYIAIOMIas K HeH MOIIHOCTh. /{7151 MarHNTHOTO YCHIIUTEINS
CIIPaBEJINBO PABEHCTBO: Fo=Fy (15.1)

rae Fp, = [\W, — MJIC paboueii oomotku, A; Fy = IyWy — MJIC obmotku ynpasnenus, A; Wy, Wy —
YHCII0 BUTKOB paboueil 0OMOTKM U 0OMOTKHM ympasieHus; l,, l,— Tox paboueit 0OMOTKH U 0OMOTKH
ynpasnenus. [locne noxcranoBku B paBeHcTBO (15.1) Boipaxenuit ansg MJIC nonaydum BelpaxeHue
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JUTS OTIPEJICJICHUS TOKA B IIeTH pabodunx 0OMOTOK:

lp = (Wy / Wp)xly (15.2)
[TpuBeneHHOE COOTHOLICHHE CIPABEIIIMBO TOJIBKO JI0 TEX MOp, MOKa TOK |y HE TOCTUTHET 3HAYCHUS
lymax, IPU KOTOPOM CEPJACYHUKHM MArHUTHOI'O YCHUJIMTENS OyAyT HAcChIIIEHbl B TEYEHHUE BCEro
nepro/ia M3MEHEeHHsI uTaroniero Hanpspkenust Up. B cimydae HachIeHUs CepieYHUKOB, T.€. pH |y
= lymax, MHIYKTUBHOE COIIPOTHBIIEHHE PAOOYMX OOMOTOK CTAaHET PaBHBIM HYJIO M MarHUTHBIN
YCUJIUTENh TOTEPSET CBOM YIPABISIONIME CBOMCTBA. 3aBHCUMOCTh Toka |, B memum paboumx
OOMOTOK OT TOKa YympaBieHus ly mpu NOCTOSHHOM HampsbkeHMM U, HCTOYHHMKA IUTaHUA
HA3BIBACTCS XapAKTCPUCTUKOMN YIpPaBICHUS MATHUTHOTO YCHIIUTENS. XapaKTepUCTUKA YIIPABICHUS
11 U€TU3UPOBAHHOIO MarHUTHOT'O YCHJINTEIISE CUMMETPUYHA OTHOCUTENIBHO OCcH TOKa |, Tak Kak
IpU WM3MEHEHUH HAaIpaBJICHUs TOKa OOMOTKHM YHpaBieHHs |y 3IEKTpOMarHUTHBIE MPOLECCHl B
YCUJIUTEIIC HE U3MEHSIOTCS.
Kosgppuyuenm ycunenuss no moxky Ky npencrapiser co00i OTHOIICHUE TPUPAIICHUS TOKA B IEHH
Harpysku l, k nmpupaiesuto Toka ly B nenu ynpasieHus, a Kooghduyuenm ycuneHus 110 MOLUHOCTH
Ko — OTHOIIIEHUE TPHPAILCHUs] MOLTHOCTU Py, IepejaBaeMoi Harpy3ke, K MpHPaICHUI0 MOITHOCTH
Py, morpebnsemoit 0OMOTKOHN ympaBieHus. Jlias TOoro 4roObl TOK XOJOCTOrOo Xoja Obul IO
BO3MOXXHOCTH MaJjl, a pabouyue YydYacTKH XapaKTEPUCTUKH HMeNIH Ooybliue KOod(PPUITUSHTHI
YCHJICHUSI IO TOKY Ki M 1O MOIIHOCTU Kp, MAarHUTHYH CHCTEMY YCHIIUTENs BBINOJHSIOT Ha
TOPOUJAIBHBIX CEePJACYHUKAX U3 TepMauios. YacTo MPUMEHSIOT CEpJCYHHUKH, U3TOTOBJICHHBIC MX
XOJOJHOKATAHOW CTaJIbHOM JIEHTHI. Y CHJIMTEIN OOJIbIIOH MOIIMHOCTH H3TOTOBJISIIOT M3 JINCTOBOU
ANEKTPOTEXHUYECKON cTainu ¢ ucnoiab3oBaHueM II- mnu I11-o06pa3ubix cepaeunukoB. CepaeuHUKH
coOuparoT BechbMa TIHIATENbHO. Bo3ayliHble 3a30pbl B CTHIKaX IUIACTUH JOJDKHBI OBITH 110
BO3MOXXHOCTH MHHHMAaJbHBL. Hanmuume 3a30poB yxXyaIIaeT CBOMCTBA YCHIIMTENS, TaK Kak ero
WHIYKTUBHOE COMPOTHBIIEHUE C1a00 3aBUCUT OT TOKA YIPaBJIeHUs, a KOA((UIIMEHTHI YCUIICHUS TT0
TOKY Y TI0 MOITHOCTH YMEHbIIaroTCs. COBPEMEHHBIE MATHUTHBIC YCUJIMTEIH MMO3BOJISIFOT MOJIY4aTh
k03¢ pumentsr ycunenus Ki < 100 u ky < 1 000. MarHuTHbIC YCHIIMTEIN OOBIYHO BBIMOJHSIOT C
OOpaTHBIMHU CBS3SIMH, KOTOPBIC OOCCIICUYMBAIOT YBEIIMUCHUE CTAOWIBHOCTH PAaOOTHI YCHIIMTENS U
MOBBILIEHUE €T0 KO (OULIMEHTOB YCHIICHUS.
ObpamHoiil 653610 B YCUIIUTENEC HA3BIBACTCS BO3JCUCTBUE BBIXOJHOTO TOKA WM HAMPSDKEHHS Ha
ero Bxon. OOpaTHas cBsI3b MOXKET OBITh BHEIIHEW H BHYTpeHHeW. [l co3maHust BHeUIHEH
OoOpaTHOM CBSI3M B MPOCTHIX MArHUTHBIX YCHJIUTEISX MPEAYCMATPHUBAIOT CIICIHATBHYI0O OOMOTKY
Woe (puc. 15.9, 6), KoTOpast TOMOJHUTEILHO MOJAMATHUYHUBACT MM Pa3MarHUYHMBACT CEPICYHUK.
Ona pacrnoyiaraeTcsi Ha CEpJEYHUKE TaK >Ke, KaKk WU OOMOTKM YIpaBJICHHS, U THUTAETCA
BBIMPSMIICHHBIM TOKOM, TMPOMOPIIMOHATBHBIM TOKY HAarpy3kd WIM HampsOKEHUIO Ha Harpyske.
OOpatHasi CBSI3b MOXET OBITh TOJOKUTEIBHONH W OTpHIaTeNbHOW. Ecim mpu Bo3pacTaHWU TOKa
Harpy3ku oOMoTKa OOpaTHOW CBSI3W YCWJIMBAET JACWCTBHE BXOIHOTO CHTHANa, TO OOpaTHas CBS3b
HA3BIBACTCS TOJIOKUTEITHHONU. Ee MCIONB3yIOT ISl IOBBIICHHST KO3PPUITMEHTOB ycmieHus. Eciu
MpU BO3pAaCTaHWM TOKa WIIM HANpsOKEHUS Ha Harpy3ke oOMOTKa OOpaTHOM CBSI3M Ocnadiser
JCHCTBUEC BXOJHOTO CHTHAJIA, TO CBSI3b HA3BIBAETCS OTPHIATEIBHOW. Takyro CBSI3b BBOMIST B
CHUCTEMBbI aBTOMATHUYECKOTO PETyIUPOBAHUS JJISl MOBBIIICHUSI YCTOWYMBOCTU UX PabOThl. OOBIYHO
0OMOTKY OOpaTHOM cBsi3u BKJIOYaroT yepe3 Boinpsamurenn VD1- VD4, kotopeie mojicoenHsoT
napajuIeNbHO WK TIOCTIeI0BaTEIbHO Harpy3ke. [Ipu mapamiensHOM MOACOSAMHEHUN TOK B 0OMOTKE
oOpaTHO# CBs3u Oy/eT MPOMOPIMOHATIEH BBIXOAHOMY HampspkeHHI0 Uy, (0OpaTHas CBsI3b 1O
HaNpsDKEHUI0), a TIPU MOCJIEI0BATENIbHOM — TOKY |, B Llenmu Harpy3ku (oOparHasi CBSI3b IO TOKY).
Ecim x Harpy3ke MOABOJUTCS BBIIPSIMIICHHOE HANPsHKEHUE, TO MOXXHO HCITOJIb30BaTh OOIINI
BBIMIPSIMUTENH ISl TMTAHUS HAarpy3KU U cO3JaHUs oOpaTHOM cBs3u. [lomoxkurenbHyro oOpaTHYIO
CBS3b MOXHO oOOecreyuTh W 0e3 CchenuaibHOW OOMOTKM oOpatHOW cBsizu. [[ins aToro
MOCJIeI0BAaTENbHO C KaKJ0i paboueit ooMoTkoi W), BKIIIOUAIOT MOTYPOBOAHUKOBBIE A10ab VD1-
VD4 (puc. 15.9, ). Ilpu TakoM BKJIOYCHHH MO paboyeld OOMOTKE MPOTEKAET BBIMTPSIMIICHHBIH
MyJBCUPYIONUN TOK (B MEPBBIN MOJTYNEPHO MO OJHOW €€ YacTH, BO BTOPOH MONYNepHoJ — IO
JPYTOiA), TOCTOSTHHASI COCTABJISAIONIAs KOTOPOTO 00€CIIEUYNBAET IOMOJHUTEILHOE MTOAMarHUYMBaHHE
cepaedHukoB. CienoBaTensHO, B TOM YCHIIUTENe paboune OOMOTKHU SIBISIOTCS OJHOBPEMEHHO U
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MOJIMarHUYMBAIOLINMH, T.€. MMEET MECTO BHYTPEHHSISI IOJIOKUTENbHas oOpaTHast CBA3b, IpPHU
KOTOPOU poiib TOKa lo,c OOMOTKM OOpaTHOW CBS3M BBINOIHIET MOCTOSTHHAS COCTABJISAIONIAs TOKa
Harpy3ku |y Koadduuuent ycunenus mo MOIHOCTH TaKOTO YCHIJIMTENS BEChbMa BBICOK, TaK Kak
00JIbIlIas YacTh MOILIHOCTH, HEOOXOAUMON AJI1 OJMAarHUYMBaHUsl CEpACUHUKOB, IOTpeOIIseTcs U3
LENH TIEPEMEHHOT0 TOKa, U TOK |y B 0OMOTKAax ynpaBiieHUSI MOXKET ObITh CYIIECTBEHHO YMEHBIICH.
MarauTtHbele YCHJIMTEIN C BHYTPEHHEW OOpaTHOH CBS3bI0 MCHOJB3YIOT B KAueCTBE PEryJISTOPOB
CHCTEMBl BO30YX/IEHHUS TATOBBIX T'€HEPATOpOB Ha TemioBo3ax 2M62, 2T310 u TOII60. Ilpu
HEOOXOJIMMOCTH PEryJIMPOBAHUS SJIEKTPUUECKUX YCTAHOBOK OOJBLIOW MOIIHOCTH TNPUMEHSIOT
Tpex¢a3zHble MATHUTHBIC YCUITUTEIH.

Tpancghopmamoper  nocmosmnoco moka (TIIT) cayxar mnd u3MepeHUs TOKa TATOBBIX
QJIEKTPOABHUraTeNiel M  TOJaud Ha  yOpaBIIOUIYl0O OOMOTKY  aMmIiicTaTa CUTHaja,
MPOIMOPLMOHAIBHOTO TOKY TAroBoro reHepatopa. Tpancdopmatop TIIT cocrout wu3 nByx
TOPOUJAIBHBIX CEPICYHUKOB U3 JKEJIE30HUKEJIEBOTO CIUIABA, HAa KaXJOM M3 KOTOpPBIX HaMOTaHA
pabouass oOMoTka. PaGoume OOMOTKM HMMEIOT BCTPEUHO-TIOCIENOBATEIbHOE COEIUHEHHE.
VYnpasisromeil 0OMOTKOH CITy’KaT CHIIOBbIE KaOenu, MPONyIIeHHbIE Yepe3 IIEHTPaIbHOE OTBEPCTHE
Tpancopmatopa. Ilpunuun pabGoTel Tpancopmaropa HOCTOSHHOTO TOKa TaKOM ke, Kak U
MarHUTHOTO yCHJHTENs 0e3 oOpaTHOW CBsi3U. MIHIYKTHBHOE CONMPOTHBIEHHE PabOYMX OOMOTOK
U3MEHSIETCS MO/ BIMSHUEM [OJAMAarHUYMBAHUS OOMOTKH YIOpaBiieHHs (Ha TEMIOBO3ax
yIOpaBIsoLe OOMOTKOW SBIISIOTCS CUJIOBbIE KaOelid, IO KOTOPHIM IPOTEKAET TOK TATOBBIX
anekTpoasurateneit). [lpu yBenmuueHWH TOKa TATOBBIX AJIEKTPOJBHUraTeNiel CTENEHb HACBHIICHUS
CEpJICYHUKOB YBEIMYMBAETCS, WHIYKTUBHOE CONPOTHUBJIEHHE pabodyeil OOMOTKM yMEHbIIAaeTcs, a
TOK B paboyeil oOMOTKe TpaHchopMaTopa YBETUYMBAETCA, T.6. TOK B pabouell 0OMOTKe
TpaHc(opMaTopa TOCTOSHHOTO TOKa MPOIMOPIHOHAIEH TOKY TATOBBIX JJIEKTPOJABHUTATEIICH.
Tpanchopmaropsr TIIT-23 u -24 ornmuarorcs ot Tpanchopmaropa TIIT-10 tem, uro mus
CHIDKEHUS BJIMSHHUS IIOMEX, CO3/1aBa€MbIX IIOCTOPOHHMMH CHJIBHOTOYHBIMU KaOelsiMu |
CTaJIbHBIMH MaccaMu, pabodas 0OMOTKa BBINIOJHEHA B BUJE YEThIPEX MApaUIEIbHO COCTUHEHHBIX
ceknmii. [lapameTpbl TpaHCPOPMATOPOB TOCTOSHHOTO TOKA, NPUMEHSIEMBIX Ha TEIUIOBO3aX,
MIPUBE/ICHBI HIDKE:

Tpaucdopmarop TIIT-10 TIIT-23 TIIT-24
MakcumanbHbli U3MepsieMbIil TOK, A 2390 1300 2700
Hanpspbkenne nutanus pabodeii nienu, B 15..50 15..110 15..110
UYacroTa nuranus padoueit nemnu, ' 45..133 45..200 45...200
Tox AmuTensHOTO pexuma padodeit memnu, A 2,57 45 2,1
Comnpotusienue Harpy3ku, OM 6 25 25

Tpancdopmarops! noctosuHoro Hanpspkenus (TITH) cinyxar amns usmepeHust HanpsHKeHUs
TAroBoro reiepatopa. [lapamerpsl TpaHcPOpPMATOPOB MOCTOSHHOIO HANPSKEHUS], TPUMEHSIEMBIX
Ha TEIUIOBO3aX, IPUBEIEHBI HUXKE!

Tpancdopmarop TIIH-13A  TIIH-4
MaxkcumanbHbli U3MepsieMbIil TOK, A 750 750
Hanpspkenne nutanust paboueit uenu, B 30 55
YacroTa nutanus padoueit nemnw, ' 45...133  45...200
Tok UIMTETHFHOTO pekuMa paboduel enu, A 2,5 1,1
Conpotusienue Harpys3ku, OM 5 28

TpancdopmaTop MOCTOSHHOTO HAIMPSDKEHHS COCTOUT M3 JIBYX TOPOHMJANBHBIX CEPACYHUKOB C
paboueii oOMOTKOM. Ympamistonias oOMOTKa HaMOTaHa Ha 00a cepieuHuka. [IpuHumn paboThl
TpaHchopMaTopa IOCTOSIHHOTO  HANpsOKEHUS OCHOBaH Ha  W3MEHEHMM  MHIYKTUBHOTO
COITPOTUBJICHUA pa60q1/1x 00MOTOK 110 BJIMAHUEM IIOAMarHuU4YuBaHUS 00OMOTKH YIIpaBJICHUA. HpI/I
YBEITMUYEHUHN HANpsOKEHUsI TATOBOTO T'€HEpaTopa YBETUYMBAIOTCS TOK OOMOTKH YIIpaBICHHUS U
CTCIICHb HaChIIICHUA CCPACYHUKOB, UHAYKTHUBHOC COIIPOTUBJICHUE pa60tmx 00MOTOK
YMEHBIIIAeTCsl, a TOK B pabounx oOMOTKax yBenuuuBaercs. CienoBaTenbHO, TOK B paboueil nenu
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TpaHcopMaTopa MOCTOSHHOTO HAMPSHKEHUS MPOTOPIIHOHATICH HAMIPSKEHUIO TATOBOTO TeHEepaTopa.
Amnaucmam BO30YKIEHUS PETYIUPYET TOK OOMOTKH BO30YXKIEHHUS BO30YIUTENsT B 3aBUCUMOCTH
OT TOKAa HArpy3Kud W HANPSDKEHUS TITOBOIO TEHEpPATOpa, YaCTOThl BPAILICHHS] KOJIEHYATOrO Baja
JU3elis M MOITHOCTH Ju3elb-reHeparopa. Amruincratr AB-3A mpencraBiser co00Ml MarHUTHBIN
YCHUIIUTENb C BHYTPEHHEW 00paTHON CBS3BIO U MUTAHUEM OT HCTOYHHKA MIEPEMEHHOTO HAIIPSKCHHUS.
Cepneunuk amructara HaOpaH u3 [1-00pa3HbBIX MIACTHH XOJOJHOKATAHOM 3JIEKTPOTEXHUYECKON
CTaldi W CTAHYT YTOJbHWKaMU. Ha KaXIOM CepJedYHHMKE pacmojiaraercs IO OJHOW paboueit
oOMoTke. Yerblpe OOMOTKM yIpaBieHHs — YIpaBIAioUIas, 3aJaollas, peryJupoBOYHAs U
CTa0MIIM3UPYIOIIas — OXBATHIBAIOT 00a cepaeyHuka. [lapamerpsl ammucrara AB-3A mpuBeneHs
HUXE:

Hanpspxenne muranms, B 60
Hanpspxenne makcumansHoro Bhixoma, B 30
Tox mmTensHOTO pexnma, A 8,5
Tox MUHMMAJIBEHOTO BEIXOAa, A 0,6
UYacroTa HanpspKeHHSI TUTaHUSA, [ 11 133
Comnpotusienue Harpy3ku, OM 6

3agaronas 0OMOTKa MOJTy4aeT MUTAHHE OT OECKOHTAKTHOI'O TaXOMETPUYECKOro OJIOKAa M CO3/acT
nonoxutenbHyto MJIC, koTopast mponopuHoHalbHA YaCTOTE BPAIEHUs KOJIEHYAaTOro Bajla JU3eIs.
Takum 06pa3oM, OCYIIECTBISAETCS aBTOMAaTHUECKOE YIIPaBJIEHHE TSATOBBIM I€HEPATOPOM I10 YacTOTE
BpallleHUsl KOJEHYaToro Baja Ju3ensd. YOpapisitomas oOMOTKa II0JydaeT MHUTaHHE uepes
CEJIGKTUBHBIM y3el1 OT ueneil pabounx OOMOTOK TpaHcpopmaTopa IOCTOSHHOTO TOKa U
TpaHchopMaTopa NOCTOSIHHOTO HanpsbkeHHus. C MOMOILBIO 3TOH OOMOTKM ()OPMHUPYETCsl CUTHAll O
(aKTHYECKO MOITHOCTH TATOBOTO TeHeparopa. PeryiampoBodHas oOOMOTKa CIYKUT IS
JONOJTHUTEIBHOTO ~ ABTOMATHYECKOTO0  PEryJIMpOBaHUs  MOIIMHOCTH  Ju3elnb-reHeparopa. B
CTa0MIIM3UpPYIOMIeH OOMOTKE MPOTEKAaeT TOK CTAOWIM3MPYIOMIETO TpaHcpopmaropa, KOTOPHIM
OKa3bIBaeT BIMAHUE Ha pabOTy aMIUIMCTAaTa B MEPEXOJHBIX PEXHMMax, HAIpUMEp NpU U3MEHEHUU
MO3UIMK KOHTPOJUIEpa MAIIMHUCTA. B 3aBUCMMOCTH OT HM3MEHEHUS HAIPsDKEHUS BO30YTUTENsS
MJIC cTabunusupyroieif 0OMOTKH yBeITHYMBAET UM YMEHbIIAET I0JJMarHM4MBaHUe aMILINCTATA.

Puc. 15.10. UngyktuBHbIi natank UJ1-42.
1 — koprmyc; 2 — karymika; 3 — CepIeYHUK; 4 — IITENCEIbHBIN pa3beM.

WHAYKTUBHBIN JaTYUK CIYXHUT JJIS U3MEHEHHs TOKa B pEryJupoBOYHON 0OMOTKe amruinctara. Ha
teroBo3ax 2M62 u 2T 10 npumensiercs nHaykTuBHbIA gatdauk M/I-10, a Ha TermoBo3zax 2TO116
— NJ-20 win -3. DTU AaTYUKHU OTIMYAIOTCS OCOOEHHOCTSIMU KPEIUIEHUS M BEIMYUHOMN IOJIHOTO
conpotusieHus. [lapameTpsl MHIYKTUBHBIX TaTYNKOB IIPUBEICHBI HUXKE:

Wa-10 | UA-31 | UA-20 | UO-32
Hanpsxenue, B 10 10 17 17
JlmuTenbHbIM TOK, A 1,8 0,26 1,6 0,26
[onnoe conporusnenne, Om
max 70 550 70 550
min 55 65 62 65
XoJ sikopsi, MM 65 65 65 65
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WupyktuBHbIN gatyuk (puc. 15.10) cocTouT M3 MarHUTONPOBOAA, 0Opa3oBaHHOrO KoprmycoM 1 u
cepAeyHUKOM 3. B MarHMTONpOBO/ MOMEIIEHA KaTyllKa 2, HAMOTaHHas Ha IIPECCOBAHHBIN KapKac.
BbIBOJIBI KaTYIIKM MPUMAsSHBI K KOHTaKTaM MITENceNbHOro pasbeMa 4. CepaedHuk 3 COSTUHEH CO
IITOKOM CEpBOMOTOpA PETYJsATOpa MOIIHOCTH OObEIUHEHHOro peryisropa. Ilpu yBennuenun
Harpy3kyd Ju3eisl MOpIIEHb CEPBOMOTOpa MEpPEMEIIAeTcs TaK, 4YTO CEpACYHMK HHAYKTUBHOIO
JaTyiKa BJABMraeTcs B KaTylIKy. B pe3ynbraTe 3TOro IMOJIHOE CONPOTUBIECHHWE HHIYKTUBHOIO
JaTYhKa yBEJIMYUBACTCS, U TOK B LIENH PErYJIMPOBOYHON OOMOTKHM aMILTUCTaTa yMeHbiaercs. [Ipu
YMEHBUIEHUN HAarpy3kM CEpJe4YHUK BBIABUIaeTCs U3 KATYLIKH, IIOJHOE CONPOTHUBIICHHE
WHAYKTUBHOTO JaTYMKa YMEHBINACTCA, a TOK pEryJIMPOBOYHOM OOMOTKM aMILTUCTaTa
yBeJIM4YMBaeTcs. MI3MeHeHne Toka peryaupoBOYHONM 0OMOTKH 3aBHCUT HE OT MO3MLIMU KOHTPOJUIEpa
MAaIIMHKCTA, a OT MOJOKEHUS CEpACUHUKA B KaTyIIKE.

KoHTposbHbIE BOIIPOCH

1. B yeM npenMyIecTBO TATOBBIX TPAaHCHOPMATOPOB C PETYIUPOBAHUEM HANPSKEHUS Ha BBICIICH
CTOpOHE?

2. 114 yero HyXHbI CriaxuBaroniie peakropsl? [louemy ux HeT Ha TeI0BO3ax?

3. Kakue QpyHKIUYU BBIIOIHSIIOT IEPEXOHBIE PEAKTOPbI?

4. O6psacHUTE PabOTy IPOCTOrO MATHUTHOTO YCUITUTEIISL.

5. B ueM 3aki1r04aroTCsi 0COOEHHOCTH BKIIIOYEHUSI OOMOTOK MAarHUTHOI'O YCHJIUTEIS C BHYTpPEHHEH
00paTHOM CBS3BIO?

6. IlosicHuTE NOPSI0K U3MEPEHHSI TOKA U HANPSKEHUS C HUCIOJIb30BAHUEM IPOCTHIX MAarHUTHBIX
YCUJIUTEIICH.

7. Kakue (pyHKIUHU BBIIOIHIIOT OOMOTKH yIpaBJIeHUs aMmIuircraTa?

8. YkaxuTe Ha3HaYCHHE UHIYKTUBHOIO JaTuHKa.

[NPMJIOXXEHUE

Tabnuya I1. 1. Ilpo6oo u kabenu, ucnonv3yemuvle Ha HOOBUIHCHOM COCMABE

Mapxka HaumenoBanune O0bnacTh NpUMEHEHHS

JIJ'IH MOHTaXa B MECTax OI'paHUYCHHOT'O
nepeMetiCHus IMpoBOAOB, MIPUCOCAUHCHHAS K
MMOABUKHBIM TOKOIIPUEMHUKAM U (bI/IKCI/IpOBaHHOFO
MOHTAaKa Ipu BO3,I[eI‘/’ICTBI/II/I CMa304YHbIX MAacCeCJI U
JAH3CJIBbHOIO TOIIIMBA.

ITpoBox /It MOABUKHOTO COCTaBa C
pE3MHOBOM M30JIALIUEN B
MOJUBUHWIXJIOPUIHOU MOPO30CTOMKOM
oboIouke.

[IICPBM

HpOBO,I[ JUIA IOABMOKHOI'O COCTaBa C

[IIICPH PE3UHOBOM M30JIsIIKEl B MacocTolkor, | st pUKCHpOBaHHOTO MOHTaXKa MPH BO3ICHCTBUH
HE PacIpOoCTPaHAIONIEH TOPEHHUs CMa304HbIX Macell U AU3€IbHOrO TOIUIUBA.
PE3UHOBOH 000JI0UKE.

TTICB IIpoBox ms MO/IBHIKHOTO COCTaBA © Jiist pUKCHPOBaHHOTO MOHTaXKa IPU BO3JCHCTBUH
HOJIMBUHWIXJIOPUIHON U30JIsI0UEN CMa304HbIX MaceJl U AU3€JIbHOr0 TOIUIUBA.
IIpoBox ¢ nzomsnuent u3
EMBJT | MO/MBUHIIXIOPUIHOIO IIACTHKA B Jlig MoHTaXka anmnaparypsl JEKTPUIECKON
OIUJIETKE U3 XJIOMYaTOOyMaXXHOH MpsbKH,  |OOPTOBOM CETH.
JIAKWPOBAHHBIN 1711 OOPTOBOM CETH.
s MOHTaXxa annaparypsl 3JIEKTPUYECKON
BIIBJID |To ke, 5KpaHHPOBaHHBIM. 00pTOBOI1 ceTH, Koraa TpeOyeTcs 3ammTa oT

PagruoIoMex.

ITpoBOJ MOHTaXHBIN C U30IALUEN U3 ABYX
MI'IIB (cioeB TpHaLETaTHOIO LIEJIKA U CJIOS
MOJMBUHWIXJIOPUIHOTO TUIACTUKA.

i1t BHyTpUIPHOOPHOTO ¥ MEKXITPUOOPHOTO
MOHTaKa JIEKTPUYECKUX yCTPOUCTB.

195 /203




Mapxka

HaumenoBanue

OO6acTh MpUMEHEHHUS

[IpoBo MOHTaXKHBIH

Jlns hpukcupoBaHHOTO MOHTaXa IIeTIeH c1ab0TOTHON

MIB ¢ monHBrHHIXI0pHAHOI anmaparypsl ¥ 3I1€KTpoo0OpyAOBaHUS
W3onsumei. '
Kab6enp m1st mogsuwkHOro cocraBa ¢ |J1st MOHTa)ka B MECTaxX OTPaHUYEHHOT'O NIEPEMEILECHHS

KIICPBM PE3UHOBOM U30JISILIUEN B Ka0enei, NpUCOeINHEHNS K TTOIBUKHBIM
MOJIMBUHIIIXJIOPUTHON TOKOINPUEMHHKaM M (DUKCUPOBAHHOT'O MOHTaXa MpH
MOPO30CTOMKON 000JI0UKE. BO3JEMCTBHHA CMa30YHBIX Macel ¥ JU3EIBHOTO TOILUINBA.
Jns mpricoefMHEHNUS K IOABY>KHBIM TOKOIIPUEMHUKAM,
Kabenb 1711 HOABMKHOTO COCTaBa ¢ |MOHTa)a B MeCTaX OrPaHHYEHHOTO MEPEMEICHIUS
KIICPM (pe3nHOBOI n30Ms1Mel B pe3MHOBON  |KaOemnel u i (GPUKCHPOBaHHOTO MOHTaXa MpH

MOPO30CTOIKOH 000JIOUKE.

OTCYTCTBUU BO3JICHCTBUS CMA309HBIX Macell U
JANU3CIIBHOTO TOILIMBA.

Tabnuya I1. 2. I]emku ons snekmpuyeckux mawun (FOCT 12232 — 89)

Mapxa JlaBnenue
Ha IIETKY, Tun MaluHbL
HIETKH o
TsTOBBIE AIEKTPOIBUTATENH
Or*-61 | 42..48 |[DJ108A, -118A, -118B, -120A, -121A, -125A, -126, -127, -114
OI'-2A | 47..50 HB-404A, -431A, IK-100, -406A, -409b
BcnomorarenbHble MaIIMHBL
or-14 20...36 A-706A
or-8 32..48 A-706A
or-14 20...36 MBT-25/9 + MBI'-25/11
or-4 20...25 A-710, BC-650B
or-14 20...36 B-600A
or-14 20...25 I'TI-405A
or-8 32..48 BC-652
I'eHepaTophl MOCTOSIHHOTO TOKA
or-14 20...25 I'TI-3005, -3115, -311B, -319
I'eHepaTopsl mepeMeHHOTO TOKa
or-4 20...25 I'C-501A, A-713, -714
Crparep-reHepaTopsl
or-71 26...30 CTT-7
or-14 20...25 I1CT, 2TICT
DIEKTPOCTapTEPHI
50...60 2C-2,
MI™*-4C1 43 55 CT-721, -722
DJIIeKTPOABUTATEITN
or-71 26...30 DKT-3, OKT-5
or-14 20...25 2I12K, T12K
Onextpoasuratenu cepuu 11
or-4 15...20 I1-11, -21, -22, -41, -42, «72
or-45 15...20 I1-11M
or-74 20...25 I1-21M, -22M, -32M, -42M, -51M, -61M, -62

* DnexrporpadurHas mertka. ** MetannorpadurHas merTka.
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Tabnuya I1. 3. Cmans s1ekmpomexHuieckds moHKOIUCHOBAS.
(I'OCT 21427.0-83, TOCT 21427.1-83, TOCT 21427.2-83, 'OCT 21427.3-83)

Mapxka cranu

TommuHa aHCTa,

MM
1211 (O11), 1212(012) 05,10
1213(213), 1311 (D21), 1312(D22), 05
1313, 1411 (D31), 1412 (D32), 1511 (D41), 1512 (D42), 1513(D43), 1514 (D43A),| 0,35, 0,5
1521 (D44) 0,1,0,2; 0,35
1561 (D45), 1562 (D46), 1571 (D47), 1572 (D48) 0,2;0,35

2011, 2012,2013,2111,2112,2211 (31300), 2212, 2311, 2312, 2411 (23100) 0,5

3411 (2310), 3412(D320), 3413(D330) 05
3414(D330A) 0,35
3415, 3416 0,2

[pumeuanus: 1. LHuppsr B Mapkax 3JMeKTPOTEXHHIECKOH cTand 0003HAYAIOT:

* nmepBas mudpa (1, 2, 3) — Kwiacc O CTPYKTYPHOMY COCTOSIHUIO M BHJY IPOKaTKH CTajdu: 1 — ropsdekaTaHas

H30TPOTHAs, 2 — XOJIOJHOKaTaHas HU30TPOIHAs, 3 — aHU30TPOIHAs ¢ peOPOBOH CTPYKTYpOIi;
* BTopast iudpa (1 — 5) — comeprkanne KPEMHHsS B CTaJIH;

* Tpeths mudpa (1, 2, 6, 7) — rpynna no OCHOBHOW HOPMUPYEMOW XapaKTepUCTUKE (yIeNbHbIE IIOTEPU WUIIM MarHUTHAs

HHAYKIS).

2. B ckoOkax yka3zaHO cooTBeTcTBHE Mapok ctanxu o [OCT 21427.1 — 75.

Tabnuya I1. 4. Dnekmpou3onayuorHole 1aKu, IMAIU, CMOIbL

HaunmenoBaHue u
XapaKTePUCTHKA

Pas6aBurens

Haznauenue

Jlax 6GuTyMHO-MAaCTSTHBIN
ropsiuei CyIKH, YEPHBIH,
HEMAaCIJIOCTOMKUI

Tomnyon, KCUIo, COJIbBEHT
KaMCHHOyFOHBHBIﬁ nin CMEChb
OJIHOTO U3 paCTBOPUTENIEH C
yauT-CIUPUTOM

IIponuTka sSiIKOpell MAlllMH U anmnapaToB
kiaccoB A, E, B. [IponuTtka asKopHBIX
KaTyLIeK, XJIOM4aTOOyMa)KHBIX,
CTEKJIIHHBIX U aCOECTOBBIX JICHT

Jlak cMonsiHOM ropsiueit

[IpomuTKa siKOpEH 1 IPYruxX 0OMOTOK

CYIIIKH, KOPUYHEBBIH, Keunon
oo Kiacca B

MacJIOCTOWKUHN

Jlak OaxkemuTOBBIN Crnor JlakupoBka neranei

ropsiuel Cynku P 13 CIIOMCTHIX MJIACTHKOB

ITponuTka sikopeil.

Jlak kpeMHUHOpPTraHUYECKUIA [IponuTtka un npomaska

Keumnon

ropsuei Cylku

SIKOPHBIX KaTyIIeK,
00MOTOK BO30YKJICHHS

Jlak rnugraneBbIit
ropsyei Cylku

Tomnyon, KCUIo, COJTbBEHT
KaMEHHOYT OJIbHBIN

WJIM CMECh OJTHOTO U3
pacTBOpUTENIEN C yalT-
criupurom (1:1)

IIponuTka siKOpeil, AKOPHBIX KATyLIEK,
TKaHel, Oymaru u npouee kinacca B

JIak PIIOKCUIHBIN

Tosyour, aTHIILEIIIONI032

IIponutka 0OMOTOK
AIIEKTPUYECKUX MAIlluH Kiacca F

Jlak rnu¢raneBbit
ropsyei Cymku

Tomnyon, Kcuioi, CMech yauT-
CIIMpHUTA C TOJYOJIOM WU
KCHJIOJIOM

[IponuTka OOMOTOK MaIIuH.
[TokpeiTHE nETaNEN U3 CIIOUCTBIX
IUIACTUKOB KJiacca B

Jlak rnuganeBbit
ropsiuey Cymku

Kcwton, 6en3uH, TOIyon

HOKpBITI/IC KOHIIEBBIX
JIMCTOB CEPACYHUKOB
SJICKTPUYCCKUX MAIMH
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IIpooonscenue mabruyet, 11. 4

HanmenoBanue u
XapaKTepUCTUKA

Pas6aBurens

Haznauenue

Jlak rnudTaneBbIit
BO3YIIHON CYIIKH

CrmpT, TOIyOII, alleTOH

IIponuTka, mpomaska

acOeCTOBOW U30JISALIUY TOTKOCHBIX KaTYyIIEK,
MpoMa3Kka MUKaHUTOBBIX 3arOTOBOK MIPHU
W3TOTOBJICHUH KOJUIEKTOPHBIX MAaH)KET

Jlak rmudraneBIit
LIEMEHTUPYIOILHN
BO3IYIIHON CYIIKH

Cwmech cimpTa
C TOJTYOJIOM, KCHIIOJ

Kietika n nemenTanus
MIOJIFOCHBIX KaTYIIEK C U30JILUEH U3
acOecToBoi Oymarn

Jlak MacnIHOOUTYMHBIH
OBICTPOIl BO3MYITHON CYIIIKH,
BIIarOCTOMKHI

ConpBeHT
KaMEHHOYTOJIbHBIN, TOJYOJ,
KCHJIOJ,

HX CMECH C YalUT-CIIUPUTOM

Hapy»xHas okpacka TATOBBIX
3JIEKTPOJBUTATEIICH.

[TokpeITHE MPONUTAHHBIX KATYIIEK U
HM30JISIIHOHHBIX JIeTaJICH

Owmanb rimdraneBas
BO3JYILIHOM CYILKH,
CEporo 1IBETa, MacJI0CTOUKas

CoJIbBEHT, KCHJIOJ, TOIYOI,
CMECh KCHWJIOJIA ¢ OEH3UHOM

(1:1)

[TokpeiTHE TPONUTAHHBIX OOMOTOK U
H30JIIUOHHEBIX JIeTaleH knacca B

Omantk riudranesas ropsueit
CYILIKH, CEpOTo IBETa,

Toxe Toxe
Maci1o-, Iyro-
U TEIUIOCTOMKAs
OMallb KpEMHUHOPraHu4yecKas Tonvon [ToxpeITHE TPOMTUTAHHBIX 0OMOTOK
ropsiyeil Cylmku Y Y M30J1s10uu aetanei kinacca H
o [l peMOHTa ¥ OTJEI0YHBIX OKPBITUI
OMalib KpeMHUHOpPraHuIecKast
. Tonyon KaTyIIeK U APYTHX y3JI0B JEKTPUUECKUX
XOJIOZHOM CYIIKH
MallliH ¥ annapartoB kjacca H
OMallb SNOKCUAHAS ropsiue [ToxpeITHE TPONTUTAHHBIX OOMOTOK SKOPS
OTUILEITION03a

CYIIIKU

QJICKTPUYCCKUX MAIIIMH KJIacCa F

Ta6sz;a 115. Mukanumeur, npuUmMeHrsiemble 6 d1eEKmMpU4eCKux mautuHax NOO0BUINCHO20 cocmasa, u ux

Xapakmepucmuku.
XapakTepUCTHUKHU CITFOJTBI
Bug MapKa Tomuuna IImomans
MHKAHNATA vukannra | TTHCTE Munepanoruueckas wemyek, |Copr Kiacc
MM. Pa3HOBUHOCTh vl W30JIALIAN
IMC | 03,05 |yYyexou 6 2 B
N '®K 0,3;0,5 - 6 2 H
['ubxuit HarpeBOCTOMKas
I'®Y-bB 0 |Prarom, 10 2 A,B
0OBIKHOBEHHAS
[ICT 0,5; 1,0 |Cmech MyCKOBHT U (hJ1aromnut 10 2 B
Y (Y OOBIKHOBEHHAS
p A [IOK 0,15 |®naromur, HarpeBOCTOWKas 6 2 H
TIPIT 0,5;1,0 [Toxe 6 3 F
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Oxonuanue maon. I1.5

Bun Mapxa Tommmma XapakTepUCTHUKHU CITHOJIbI
MUKaHUTa MHUKaHHTA JIUCTA, MM Munepatorieckas [Tnomans Koace
yemryek, |Copt
Pa3HOBUIHOCTD vl H30JISILHH
OMI", DMI'A 0,3 ®daronuT, OOBIKHOBEHHAS 20 1 B
0,3;:0,5 Toxe 6 2 B
dopmosounsiii | POI, DOI'A 0,3; 0,5 ®aronuT, HarpeBOCTOHKAs 10 1 H
DODK, DOKA 0,3;0,5 To xe 20 1 H
ODII 0,3 To xe 10...20 2 FuH
KoII 09:1,0 ®daronuT, OOLIKHOBEHHAS 20 1 B
Kor 1,2;15 To xe 20 2 B
KonnexropHsrii K®II-1 0,8;0,9 ®daronuT, HarpeBOCTOHKAs 20 1 F
K®II 1,0;1,2 Toxe 10...20 2 F
K®III-1 1,3;15 To xe 20 1 F

Tabnuya I1.6. Mukxanenmsi, npumensemvle 8 Msi208bIX INEKMPULECKUX
MAWUHAX NOOBUNCHO20 COCMABA

ITnomans
Mapka Tommwuna, | yemryek Kracc Pexomennyemas
JIEHTBI MM. CIIOABL, | H30JALUU 00JacTb MpUMEHEHUS
MM
TIPY-EE 01 30 B ButkoBas u koprycHast H30JIAIUS KaTyIIeK sSIKOps
ANEKTPUUECKUX MAITUH
TIOC-ER 0,13 20 B Kopnycnast u3onsuus kaTymek sKops MaliuH
MOCTOSIHHOT'O TOKa
JIOC-TT, BurtkoBas 1 KopIycHast 301U KaTyILIEK SIKOpsI U
0,1 40 F N
JIOD-TT YPaBHUTEIIEU MAIIUH IIOCTOSIHHOTO TOKA
JIOC-TT, KopnycHast n3omsiuus KaTymek SsKopsi MallinH
0,13 30 F
JOD-TT IIOCTOSIHHOT'O TOKA
JIOC-TT 0,17 20 F N3omnsius oIFOCHBIX KaTyIIeK
JOD-TT 0,17 30 F Toxe
JIOK-TT 0,1 40 H ButkoBas 1 KopIrycHast U30JISIHS 0OMOTOK
UIEKTPUUECKUX MalluH
JIOK-TT 0,13 30 H Toxe
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[Mpumeuanusi: 1. Mukanenra ™apok JIOC-TT u JIOD-TT mnpumensercs B 0OMOTKax,
MIPOMUTHIBAEMBIX B CBETJIBIX JaKax, a Mapku JI®Y-bBb — B achanbTOBBIX JaKkax U KOMIAyH/IaX.

2. B kauecTBe 3aMEHHTENS] MHUKAJICHTHl Ha CIIOJe ()IaromuT MPHUMEHSETCS JIEHTa Ha CII0Je
MYCKOBHT.

3. Muxkanenrta JI®D-TT Beimyckaercst cornacao TY 16-503.028—-75.
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R YA 0 F:0:32 17 NN 129213 (SR 01011203 ()2 1 6 SR
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1.5. DACKTPOIBUKYIIAS CHIIA OOMOTKH STKOPS . « .ot vetetene et ateateneeneeneeaeteneeneeieneaneneenenas
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VYueOHOE n3ganue.

I'pumenxo Anexcanap BacunbeBuu.
CrpekonbiToB Buktop BacunseBuu.
DNeKTpUYecKre MaIMHbI ¥ IPpeoOpa30BaTen MOABIKHOTO COCTABA.
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