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1 OCHOBHBIE CBEJAEHUSA O MAIINHAX ITOCTOAHHOI'O TOKA
N OCHOBbBI UX TEOPUUA

1.1 PoJib ¥ 3HAYEHHE MALINH MOCTOSAHHOI'0 TOKA

B Hacrosimee Bpemsi IpEenMyLIECTBEHHOE PACIPOCTPAHEHUE UMEIOT CETH TEpe-
MEHHOTO TOKa, T03TOMY B MPOMBIIUICHHOCTH HaXOSAT MPUMEHEHUE, TJIaBHBIM 00pa-
30M, MaIlIMHBI IEPEMEHHOTO TOKA. BMecTe ¢ TeM MUPOKO UCTOIB3YIOTCS U MAIlIUHBI
noctosiHHoro Toka (MIIT). 9To 0ObsIicCHsIETCS TEM, YTO OHU 00JIaIat0T JTYUIIUMH IKC-
ITyaTallMOHHBIMU XapaKTEPUCTUKAMU B OTHOILIIEHUH PETYJIUPOBAHUS YACTOTHI Bpallle-
HUSI, ITyCKa, peBepca U JIOMYCKaOT 00Jiee BHICOKKUE MEPErpy3KH MO CPAaBHEHUIO C Ma-
rHAMU nepeMeHHOro Toka. [Tomumo npenmyiects MIIT umeroT cBOM HETOCTATKH,
OCHOBHBIMU U3 KOTOPBIX SIBJISIIOTCS: BBICOKAs 11€HA UX U3TOTOBJICHUS U OTHOCUTEIBHO
HU3KAasl HAIEKHOCTh AKCIUTyaTalluy HM3-3a HAJMYUA MEXaHUYECKOTO KOMMYyTaropa —
KOJUIEKTOPA, HEOOXOJUMOCTh PETYJISIPHOTO OOCTYKUBAHUS KOJUIEKTOPHO-IIIETOYHOTO
y371a, BbI3BaHHAas ero u3Hocom. Ognako copemeHHbie MIIT 3THX HETOCTAaTKOB Mpak-
TUYECKU HE UMEIOT.

B coBpeMeHHOM MUpE NpU CTPEMUTEIBHOM PA3BUTHH HAYYHO-TEXHUYECKOTO
nporpecca (HTII) HeBO3MOKHO TPEACTaBUTh HAIy >KU3HB 0€3 3JIEKTPOJIBUraTesei
MOCTOSIHHOTO ToKa. OHU PUBOJIAT B ICMCTBUE CTAaHKU, OBITOBYIO TEXHUKY U UHCTPY-
MEHTBI, TO€3/1a, TPaMBau U TPOJLIIEHOYChI, KOMIBIOTEPHI, UTPYIIKU U Pa3HbIE TTOIBUXK-
HbIE MEXaHU3MbI, YCTAHABIMBAIOTCS Ha MPOU3BOJICTBEHHBIX CTAaHKaX, €CJIU YacTOTY
BpauieHus: pabovero Bana Tpedyercs peryjaupoBarh B IIUPOKOM JHAMA30HE.

I'eneparopsl noctostHHOro ToKa (I'TIT) Takke HaILIM CBOE MPUMEHEHHUE B TIpe-
00pa3oBaTEIbHBIX YCTAHOBKAX THUIIA «JIBUTATEIb-TEHEPATOP» VISl TIOJIYYEHUS MOCTO-
STHHOT'O TOKa U3 IEPEMEHHOTO C LIeJIbIO MUTaHUs ABUTaTeNnel moctosinaoro Toka (JI1T)
U I APYTUX HYXKJ B 3aBOJICKUX U JIAOOPATOPHBIX YCIOBUSAX. OHHM TakKe MPUMEHSI-
IOTCS Ha TEIIOBO3aX MAaruCTPaibHbIX JKEJIE3HBIX JOPOT, Ha Cy1axX, JJIs 3JIEKTPOCBAPKHU
Ha TOCTOSTHHOM TOKE, JIJIs1 OCBEIICHUSI MTOE3/I0B, B KaueCTBE BO3OYAUTENEeH CUHXPOH-
HBIX MaIIUH U T. 1. ManorabapuTHbIe HU3KOBOJIbTHBIE reHepaTophl (6—12 u 28 BonbT)
IIMPOKO MPUMEHSIIOTCS 1JISI OCBEIICHUS UM 3apsAJIKM aKKyMYJISITOPOB Ha CaMmoJieTax U
aBTOMOOWUJISIX BCEX TUIIOB.

B psine citydaeB 115l clieMaIbHBIX HYX TPUMEHSIOTCS MAllIMHbI IOCTOSIHHOTO
TOKa C TIOCTOSIHHBIMU MarHuTaMu BeChMa Majiol MOITHOCTH B Ka4ECTBE TaxOreHepa-
TOPOB (151 UBMEPEHUS YaCTOThI BpaIllCHHs] MaIlIMH), B KaU€CTBE WHIYKTOPOB JIJISI HC-
MIBITAHUS U30JISIIIMY, B 3allajIbHBIX MAITMHAX BO B3PHIBHOM JIEJIC U T. II.

[upoxoe npumenenue MIIT tpedyer GosbiIoro pazHooOpaszus MX HOMUHAIb-
HBIX JIaHHBIX (MOIIIHOCTH, YaCTOThI BPAIICHUS, HAMIPSDKEHMS ) U PA3JIMYHBIX KOHCTPYK-
TUBHBIX MCIOJIHEHUN COOTBETCTBEHHO YCJIOBUSIM MX YCTAHOBKHM M JKCIUTyaTanuu. B
Hacrosiiee BpeMst MIIT u3rorosisroTcs Ha MOIIIHOCTH OT Josieit BaTT 10 12 MBT. Ho-
MUHaJIbHOE HampsikeHue ux He npesbimaet 1500 B u Tonbko uHOTAA 7151 KPYITHBIX
MamuH goxoaut 1o 3000 B. Yacrota Bpamenus MIIT konebnercss B mMpOKUX mpee-
JaX: OT HECKOJIBKUX 000POTOB 0 HECKOJIBKHUX JECATKOB THICSY OOOPOTOB B MUHYTY.



1.2 llpuHUMN JeCTBUS U KOHCTPYKIUS MAIIMH MOCTOSTHHOTO TOKA

Ha pHuc. 1.1 MpcacTaBjJICHa CXEMa HpOCTeI‘/’IHIGI‘/II MallTMHBI ITIOCTOAHHOI'O TOKA.

Puc. 1.1. IIpocreiimas MamHa NOCTOSIHHOTO TOKa

HenoaBuxHas yacTh MalllMHbI, Ha3bIBaEMasi UHOYKMOPOM, COCTOUT U3 2/Ia6HbIX
NoI0CO8 U KPYTJIOTO CTAJIBHOIO ApMa, K KOTOPOMY IMPUKPETUISIIOTCS MOJIIOCHL. HaszHna-
yeHuem UHOYKMopa SBISIETCSl CO3[JaHUE B MAIIMHE OCHOBHOIO MAarHMTHOI'O MOTOKA.
NunyxTop, n3o0paxkeHHbld Ha puc. 1.1, mpocreiieil MalIuHbl, UMEET JIBA 21AGHbIX
nonoca 1 B BUjie MOCTOSTHHBIX MAarHUTOB.

Bpamaromasics yacte MIIT coCTOMT M3 YKPEIUICHHBIX Ha Bally LIWJIMHIpPUYE-
CKOTO SIKOPs 2 U KoyuieKTopa 3. SIKOpb COCTOUT U3 cepoeyHuKa, HaOpaHHOTO U3 JTUCTOB
AIEKTPOTEXHUYECKOM CTAIH, U 0OMOMKU, PACTIONIOKEHHOM B Ma3ax cepAeuHUKa IKOPSI.
Ha3nauenne sxops — 3JIEKTPOMEXaHHUYECKOE MPeoOpa3oBaHUE HYHEPTUU: MEXaHUYe-
CKOHM B DJICKTPUUECKYIO U HA000poT. OOMOTKA SKOpS B MOKa3zaHHOU Ha puc. 1.1 mpo-
CTEHIIEel MalllMHE UMEET OAUH BUTOK. KOHIIbI BUTKA COEIMHEHBI C NU30JUPOBAHHBIMU
OT BaJIa MEJHBIMU IUIACTUHAMU MPOCTEUIIETO KOJJIEKTOPA, YACIIO KOTOPBIX B paccMmar-
pUBaEMOM Ciiy4dae paBHO IBYM. K KOJIEKTOpY MpHIIETalOT ABE HEMOJABHKHBIE DJIEK-
TPOMPOBOASIINE IIETKH 4, C TOMOIIBIO KOTOPBIX 0OMOTKA SKOPSI COEIUHSETCS C BHEILI-
HeH 1LIenblo.

OcHoBHOI MarHUTHBIA TTOTOK B MIIT co3mgaeTcs oOMOTKOM BO30YXKIACHUS, KO-
TOpasi pacnoJIOKEHA Ha CEPACYHUKAX MTOJIIOCOB U TUTAETCS OCTOSHHBIM TOKOM. Mar-
HUTHBINA IOTOK MIPOXOJUT OT ceBepHOTOo noiroca N depes KOph K I0KHOMY MOJIOCY S
M OT HEro 4epe3 ApMO CHOBA K CEBEPHOMY Moutocy. CeplaeuHrKH MOJIFOCOB U SIPMO
TaK)K€ U3TOTaBIUBAIOTCS U3 (DEPPOMATHUTHBIX MaTEPUATIOB.

Ha puc. 1.2, a n3o0paxxeH riaBHbIN MOOC MamuHbl. CepACYHUKN TTOTIOCOB
HAOMPAIOTCS U3 JINCTOB U3 KOHCTPYKIIMOHHOM CTamu TOMMMHON 0,5—2 MM MM MOTYT
OBITh MUTHIMHU. Tak KaKk MarHUTHBIN MOTOK TOJIFOCOB B CTallMOHAPHBIX PEKUMAaX HE
U3MEHSIETCS, TO JIUCTBI APYT OT APyra OOBIYHO HE U30JIUPYIOTCS.

CeplieyHUK MOJOCA CTATMBAETCA INUIbKaMU, KOHIBI KOTOPBIX PacKJIENbIBa-
10Tcsl. HIKHSS, ylmumpeHHas 4acTh CEpJICUHUKA HA3BIBAECTCS NOIIOCHBIM HAKOHEYHUKOM
WM bawimarkom. PacronokeHHas Ha moJiroce 0OMoTKa (0OMOTKa BO30YKIEHHS ) 4aCTO
pa3zOuBaeTcst Ha 2—4 KaTyUIKU JUIsl JIYYILEro €€ OXJIaXACHUS.



Yuco r1aBHBIX TOIKOCOB BCET/Ia YETHOE, MPUYEM CEBEPHBIE U F0KHBIE MOJTFOCHI Ye-
PEIYIOTCS, YTO JIOCTUTACTCSI COOTBETCTBYIOIIMM COCTUHEHHUEM KaTyIIIeK BO30YKICHHUS OT-
JICITLHBIX TOJTFOCOB (TIOCIIEIOBATEIbHOE COSTMHEHNE). MOIIHOCTh, 3aTpauyrBaeMasi Ha BO3-
Oyx1eHue, cocraBisieT 0kojo 0,5-3 % 0T HOMUHATIBHOM MOIITHOCTH MaIIIMHBI.
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Puc. 1.2. 'naBHbIN a 1 106aBouHbI 6 momrocsl MIIT:
1 — cranuHa; 2, 7 — TOMIOCHBIC KATYIIKW; 3 — IMOJTIOCHBIN HAKOHCYHHUK;
4, 6 — cepACYHHUKY TIOJTFOCOB; 5 — OOT

Jns ynyduieHusl yCIOBUM TOKOChEMa C KOJUIEKTOpa B MAallMHAX MOILIHOCTHIO
6onee 0,5 kBT Mexy TTITaBHBIMU MOJTIOCAMU YCTAHABIUBAIOTCS TAKXKE OONOIHUME b=
Hble (000asouHble) Noa0Chl, KOTOPHIE MEHbIIIE TTIABHBIX 1O CBOMM pa3zMepam. Cepieu-
HUKH JTOTIOJIHUTEIBHBIX TOJIFOCOB OOBIYHO M3TOTABIMBAIOTCS M3 KOHCTPYKIIMOHHOU
CTaJIM U MOTYT OBITh KaK IIUXTOBAHHBIMHM, TaK M JUThIMH (puc. 1.2, 6).

Kak rinaBHbIe, TaKk ¥ JOMOJHUTEIbHBIE TOJIIOCHI KPEMATCS K SIPMY C MOMOUIBIO
00JITOB. SIpMO B COBPEMEHHBIX MalllMHAX OOBIYHO BBITIOJHIETCS U3 CTalu (U3 CTajlb-
HBIX TPyO B MalllMHAX MaJIOl MOIIHOCTHU, U3 CTAJIbHOIO JUCTOBOTO MPOKaTa, a TAKKe
13 CTaJIbHOTO JIUThA).

B MIIT maccuBHOE sipMO SIBJISE€TCS OAHOBPEMEHHO U CTAaHMHOM, T. €. TOM Ya-
CTBIO, K KOTOPOH KPEMATCs IPyTrue HEMOABUIKHBIEC YACTH MAIIMHBI, U C TIOMOIIBLIO KO-
TOPOM MalIMHa OOBIYHO KPENUTCS K PYHIAMEHTY WA JPYroMy OCHOBAHHUIO.

B oOMoOTKe sikOpsi MPOMCXOAUT MpoIiecc MpeoOpa3oBaHus JHEPTUU OTHOTO BUIA
B IpYyIOM.

Ceprneynuk sikopsi HAOMpaeTcs U3 MITaMIIOBAHHBIX TUCKOB (puc. 1.3) ameKTpoTexHH-
yeckoi ctanu TommuHoi 0,5 M. JIucThI cepaedHrKa 00BIMHO U30JIMPOBAHBI C IByX CTOPOH
TOHKOM IJICHKOH JIaka, HO MOTYT ObITh M OKCUAMPOBAHbL. J{1CKH HacayKuBatoTcs JIMOO HEro-
cpenctBeHHo Ha Bai (mpu D, <750 mwm), mmOO HaOMpArOTCs Ha SIKOPHYIO BTYJIKY (

D, 2750 mm), kotopas HageBaercs Ha Bal. Cepreunuku sikops auamerpoMm 1000 MM u

BBIIIIE COCTABJISIOTCS U3 IITAMIIOBAHHBIX CETMEHTOB JJIEKTpoTexHuueckou cramu. Cer-
MEHTBHI HAOMPAFOTCS HA CTYMHILY SIKOPS, KOTOpasi M3rOTABIMBACTCSI OOBIYHO M3 JIMCTOBOTO
CTAJTLHOTO IPOKATa M C TIOMOIIIBIO BTYJIKH COSUHSIETCS ¢ BasioM (puc. 1.4). s kperuieHust



K CTYITUILIC SIKOPA CEIrMCHTBI IITAMITYIOTCA C THE3AAMU JJIA <«JIACTOYKHHBIX XBOCTOB» JI00 C
BBICTYIIAIOIMUMU <«JIACTOYKUHBIMH XBOCTAMI).

Puc. 1.3. ITnactuna sikopst MIIT ¢ OTKpBITEIMU TTA3aMH @ U TIOJTy3aKPBITBIMU O

B cepeuHuke SKOps IS JIYUIIErO OXJIaXACHUS MAllMHbI U B 3aBUCUMOCTH OT
BBIOPAHHOW CUCTEMBI BEHTHISIITUU MOTYT OBITh aKCUalbHble WU paoudibHble KaHAbl
JUTSL OXJIAXKIeHUs. AKCHAJIbHBIE KaHAJIbl 00pa3ylOTCsl BBHIIITAMIOBAHHBIMHU B JHCKaX
cepaecuHrka orBepcTusiMu (puc. 1.3). PaguanbHbie KaHAIBI CO3AIOTCS C TTOMOIIBIO JTH-
CTAHI[MOHHBIX PACIOPOK WM BETPEHMI, IMOCPEACTBOM KOTOPBIX CEPACYHUK SIKOPS
Mo/Ipa3ieNiaeTcs Ha OTAeNbHbIe MmakeThl 1 mupuaON 40—70 MM W KaHAIBI 2 MEXKIY
HUMU MUPHHOH 0K010 5—10 MM (puc. 1.6). BeTpeHUIIBI MPUKIICTBIBAIOTCS WK ITPHBa-
PUBAIOTCA K KpallHUM JucTaM NakeToB. CEepleuHUK SKOPS KPEMHUTCS C MOMOIIBIO
HQXUMHBIX AT WK (priaHies 6.

Puc. 1.4. Cermenrt cepaeunuka sikops MIIT

B ma3el Ha BHENTHEH MTOBEPXHOCTH SIKOPS YKJIAABIBAIOTCS CeKIIMA 00MOTKH. O0-
MOTKa SIKOPSI BBITTOTHACTCS U3 H30JIMPOBAHHOTO TIPOBOJIA KPYTIIOTO MM TPSIMOYTOJIb-
HOTO CEYCHUS B 3aBHCHMOCTH OT MOIIHOCTH MamuHbL. OHA COCTOWT M3 OTACIIBHBIX
aneMeHToB — cekyutl (puc. 1.5), oOpa3oBaHHBIX M3 OJHOTO WJIM HECKOJIbKHUX BUTKOB.
CeKIuy U3roTaBIMBarOTCA 1Mo IradaoraM. KoHIBI ceKIuiA MPUTIanBarOTCs WU TIPUBa-
PUBAIOTCS K KOJUICKTOPHBIM IUTacTHHAM. J[J1s1 KperIieHusl CeKIMA B Ma3ax MpUMCHS-
I0TCSI ICPEBSHHBIC, TETHHAKCOBBIC UJTM TEKCTOJIUTOBBIC KIIMHBA. KpoMe BUTKOBOM U30-
TS 0OMOTKA UMEET Ma30BY0 U3OJISIITUIO OT CEPACYHHIKA. BBICTYMArOMMe ¢ KaXK 101
CTOpPOHBI U3 cepaeuHuKa skops (puc. 1.6) 1000BbIe YacT OOMOTKH 3 UMEIOT BUJI ITH-
JUHAPUYECKOTO KOJIbIa U CBOMMH BHYTPEHHUMH MMOBEPXHOCTSIMH OIMMPAIOTCS HA 00-



MOTKOJIEp)KaTeNH O, a MO BHEUIHEH MOBEPXHOCTU KPEMATCS MPOBOJOYHBIMU OaH[a-
xKamu /. OOMOTKa COEIUHSETCS C KOJUIEKTOPOM 4 1 XapaKTepU3yeTcs I1araMu.

Puc. 1.5. PacnionoxeHnue npoBOJHUKOB OOMOTKH Ha SIKOpe

BennunHa BO3MyIIHOTO 3a30pa MEXKIY MTOJKOCAMU U IKOPEM B MAJIBIX MAIIMHAX
MeHee | MM, a B KpynHbIX — 10 10 MM.

¢

Puc. 1.6. Cepaeunuk sikopst MIIT ¢ oOMoTKOI:
1 — makeTsl; 2 — KaHaJbI; 3 — T0OOBBIC YaCTH OOMOTKH; 4 — KOJUICKTOD;
5 — oOMoTKOAEpKaTenu; 6 — daHIbl;, / — OaHIAKH

DNEKTPOU30ISLIMOHHBIE MaTEPHAIIbI, TPUMEHSEMBIE JIS1 U30JSILIUH OOMOTOK, 10
CTEIEHH TEPMOCTOMKOCTH JEJISITCS Ha KJIACChI, KOTOPBIE JAOMYCKAIOT ONPEIEICHHYIO
TeMIIEpaTypy HarpeBa. B mMammHax MOCTOSHHOIO TOKa NMPUMEHSIOTCS, B OCHOBHOM,
knaccel m3osiuu A, B, F, C u H.

VYeTpoiicTBO KOMIEKTOpa MalllHbI MoKa3aHo Ha puc. 1.7. OH cocTouT U3 Men-
HBIX MacTuH 1 TonumHoM 3—15 MM, H30JIMPOBAHHBIX APYT OT Apyra MUKaHUTOBBIMU
MPOKJIAJAKAMU TOJIIUHON 0K0JIO 1 MM. [lTacTUHBI MMEIOT TpaneuenaalibHOe CEYEHNE
U BMECTE C MPOKIAJAKAMH COCTABJISIOT KOJIBLIO, KOTOPOE CKPEIUISETCA C IMOMOLIBIO
HOXXUMHBIX (JaHIEB 4, CTIHYTHIX CTSOKHBIMU Oontamu /. OT HOKUMHBIX (DJIAHIICB
IJTACTHUHBI KOJJIEKTOPa U30JIMPYIOTCS MUKAaHUTOBBIMU KOJUIEKTOPHBIMU MaH>KETaMH 2,
CoOpaHHBIN KOJIJIEKTOP KPEMUTCS Ha Bally 6 ¢ oMoIso mmoHku 5. K kaxmoit mia-
CTHHE KOJUIEKTOPA MPUCOEAUHSAIOTCS COETMHUTENbHbIE MPOBOIHUKHU — IETYIIKID) 3 —
oT 0OMOTKH sikopsi. COOpaHHBIN KOJUIEKTOP MpeacTaBiieH Ha puc. 1.8.



Puc. 1.7. YcrpoiictBo komiekropa MIIT:
1 — MenHbIe TUTACTUHBI; 2 — MUKAaHUTOBBIC MAHKETHI; 3 — «IIETYIIIKN,
4 — HaXXUMHBIC (ITAHIIBI; 5 — MTMOHKA; 6 — BaJ; 7 — CTSHKHBIC OOJITHI

Puc. 1.8. O6mmii Bua kosuiexkropa MIIT:
1 — xopnyc; 2 — CTsDKHOM 00NT; 3 — HAXKMUMHOE KOJIBIIO; 4 — MUKaAaHUTOBAs MPOKIIAJIKA,
5 — «IEeTYIIOK»; 6 — «JIACTOYKUH XBOCT»; / — IJIACTUHBI KOJUIEKTOpa

[ToBepxHOCTh MENHBIX IUIACTUH KOJUIEKTOpa B Ipolecce padoThl MAIlIMHBI T10-
CTENEHHO UCTUpAeTCs meTkaMu. UToObl pU 3TOM MUKAHUTOBBIE MPOKJIAAKNA HE BbI-
CTynajnu HaJ pabodeil MOBEpXHOCTbIO MEIHBIX IJIACTHUH, YTO MOTJIO Obl IPUBECTH K
HapYILIEHUIO 3JIEKTPUUECKOr0 KOHTAKTa KOJIJIEKTOpa CO IIETKaMH, MIPUXOJUTCS Mepu-
OJINYECKH BBITIOJHATH «IIPOOPAKUBAHUEY KOJJIEKTOPA. DTa ONEPALUS COCTOUT B TOM,
YTO MEXAY pabourMU MOBEPXHOCTIMU KOJIEKTOPHBIX IUIACTUH (Ppe3epyroT nassl (10-
POXKH) Ha TIyouHy 110 1,5 mm (puc. 1.9).

H 2

!
I

0,8—1.5 MM

Puc. 1.9. «IlpogopaxuBanue» KOJJIEKTOpa:
1 — MeZiHbIE TUIACTUHBI; 2 — MUKAHUTOBBIE TTPOKIIAJIKH



Jlyis 0TBO/Ia TOKA OT BpaIIAIOUIETroCs] KOJIJIEKTOpa U MOIBOAA K HEMY TOKa MpH-
MEHSIETCS WemoyHblll annapam, KOTOPbIA COCTOUT U3 IIETOK, IIETKOepKaTENeH, 111e-
TOYHBIX MaJbIIEB, IICTOYHON TpaBepChl U TOKocoOuparomux 1mmH (puc. 1.10).

HemnocpeicTBeHHBIN KOHTAKT € KOJUIEKTOPOM MMeEET IieTKa. OHa BBIMOIHSIETCS
0OBbIYHO W3 00paboTaHHOM cMecH yTJisl, TpaduTa U APYTUX KOMIIOHEHTOB B BUJIE TIPsI-
MOYTOJIbHOM MPHU3MBbI U TTOMeIIaeTcs B 00oiimy mieTkonepxkarens. [llerka moxer me-
pemeniaThcsi B 000iMe B paIdalibHOM [0 OTHOIIEHUIO K KOJIJIEKTOPY HAMpPAaBJICHUH U
JUIS TUTOTHOTO TIPUJIETaHUs IPXKUMAETCS K HEMY MPY>KUHOM Yepe3 HaXKMMHOM phluar.
HleTkoaep:karenu YKpEIUISIOTCS Ha IIETOYHBIX MaibliaXx. Ha KaXkaoMm MeToYHOM
najnblie OOBIYHO MOMEIIAIOT HECKOJIBKO MIETKOIEpKaTeseH co meTKaMu, KOTOpPBIE pa-
6oTaroT napayensHo. [eTku 115 paBHOMEPHOTO H3HOCA KOJIJIEKTOPA PaciojaraloTcs
HA €ro MOBEPXHOCTH B MIAXMATHOM TMOPSJIKE U COCTUHSIOTCS C MaabllaMi METHBIMU
ruOkumu Tpocukamu. [l{eTouHbie maabIlbl, YHUCIO0 KOTOPBHIX OOBIYHO PABHO YHCITY TJ1aB-
HBIX ITOJIFOCOB, KPETSTCS B IIETOUYHOM TpaBepce U 3JIEKTPUUECKH U30JIUPYIOTCS OT HEe.
TpaBepca kpenuTcs K HEMOJBUYKHOM YacTH MAalIMHBI: B MAllIMHAX MaJOW U CpelHen
MOIIIHOCTH — K BTYJIKE MOJAIIMUITHUKOBOTO IIUTA, & B KPYIMHBIX MalllMHAX — K CTAHUHE
i pyHaaMeHTHOHN miuuTe. MoeT ObITh MpPeayCMOTPEHa BO3MOKHOCTh ITOBOPOTA
TpaBepChl JUIsl YCTAHOBKU IIETOK B MPaBUIIBHOE MOJOKEHUE (Ha JTUHUHM FeoMeTpuye-
ckoil HelTpanu). [loaspHOCTH 1IEeTOUYHBIX NaNblieB YepeaytoTcs. [lanbibl, nMeromume
OJIMHAKOBYIO TMOJISIPHOCTb, COEIUHSIOTCA MOCPEACTBOM COECIUHUTENbHON HIMHBI, OT
KOTOpPOM JeNlaeTcs OTBOJ B KIEMMHYIO KOpPOOKY MaIlIMHbI WK K OOMOTKE JOTOIHU-
TeIBHOTO TOJIoca. B KIIeMMHO# KOpOOKE yCTaHABIMBACTCS M3OJISIIIMOHHAS TTAHEIb C
KJIEMMaMH, K KOTOPBIM TIOJICOSTUHSIOTCS BBIBOABI OOMOTOK MAIIIWHBI I COSTUHEHHS
C BHEILIHEM DJIEKTPUUYECKON CETHIO.

Konnektop u meToyHbli anmapaT SBISIOTCS BeCbMa OTBETCTBEHHBIMH y3JIaMU
MAIIINHBI, OT KOHCTPYKIIMH U Ka4yeCTBa M3TOTOBIICHUSI KOTOPHIX B OOJBIION CTETICHU
3aBUCHUT OecriepeOoitHas paboTa MaluHbl U HAJCKHOCTh AJIEKTPUUYECKOTO KOHTAKTa
MEX1y KOJIJIEKTOPOM U HIETKaMH.

Puc. 1.10. IlleTkoaepxkaTenb cO MIETKOM:
1 — oboiiMa mieTkoiepKaTens; 2 — MeTKa; 3 — HaXKUMHasl IPYKUHA;
4 — TOKOBEAYIIUN KaOesb, 5 — KOJIOAKH JIJIsi KPETUICHUS K MaJIbITy
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Paccmompum pabomy mawunwl 6 pesicume eenepamopa — I'TIT (puc. 1.11, a). [pen-
TIOJIOXKHM, YTO SIKOPh MAIIIHBI IPUBOIUTCS BO BpAIICHHUE TI0 9aCOBOM cTpedike. Tora B rpo-
BOJTHUKAX OOMOTKHU SIKOPS MHIYKTHpYeTcs anekTpoasrkyias cuia (3/1C), nanpasnenue
KOTOPO MOYKET OBITH OIPE/IEIICHO 10 TIPaBUITY MPaBOi pykKu. [ I0CKOIbKY MarHUTHBIN TIOTOK
TIOJTEFOCOB SIBJISIETCS] HEU3MEHHBIM BO BpeMeHH, TO 3Ta D /IC HIyKTUpyeTCst TOJIBKO P Bpa-
1eHnU sKops U HazbiBaeTcs 3/[C gpawenus. BenurHna MHIYKTHPYEMO B IPOBOTHUKE 00-
MoTKH sikopsi DJ1C Beruucisiercs o popmyse:

enp = BLU, B, (1.1)

rae B — BeJMYMHA MarHUTHOW MHIYKLIHH B BO3AYLIHOM 3a30pPE€ MEXIY IOJIOCOM U
SAKOPEM B MECTE PACIOJIOKEHUS IPOBOJHUKA, T11;

( — aKTUBHAs JUIMHA MPOBOJHMKA, T. €. Ta JUIMHA, HA NPOTSIKEHUH KOTOPOU OH
pPacnoJioKeH B MAarHUTHOM I10JIE, M;

V — CKOpOCTb BpaILIEHUs IPOBOJIHUKA, M/C.

Puc. 1.11. Pa6ota npocreiimeit MIIT B pexxume renepatopa a u JBUTATENS O

B 00oux mpoBOgHHKAX BCIEACTBHE CUMMETPUM UHIYKTHPYIOTCS OJUHAKOBBIE
3/1C, xoTOpBIE IO KOHTYPY BUTKA CKJIaAbIBAIOTCS, U Mo3TOMY nojiHas IC skops pac-
CMaTpPUBAEMOI MaIlIMHbI PaBHA!

Ey=2-eyy=2B(v,B. (1.2)

Orta DJIC aBnsercs nepeMeHHOH, T. K. MPOBOAHUKNA OOMOTKHU SIKOPSI TPOXOAT
IIOTIEPEMEHHO TOJ1 CEBEPHBIM U FO’KHBIM MOJIIOCAMH, B PE3YJIbTATE YErO HAIlpaBJICHUS
3/1C B npoBoanukax MensatoTcs. [1o hpopme kpusas 3/1C npoBogHUKA B 3aBUCUMOCTHU
OT BPEMEHHU NOBTOPSET KPUBYIO PACIPEAECICHUS MAarHUTHOW MHAYKIMU BJAOJb BO3-
AaymrHoro 3a3opa (puc. 1.12, a).
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Frne-

Puc. 1.12. Kpusbie 3/1C u Toka npocrenmen MIIT B sikope a
Y BO BHEILIHEH 1enu 6

Yacrota SI[C B HBYXHOHIOCHOﬁ MalIKHC paBHA CKOPOCTHU BpallICHUS AKOPA:

f =n, o0/c. (1.3)

B o0miem ciydae, korja MalimHa UMEET p Tap MOJIFOCOB € YepeAYIONIeHcs Mmo-
JSPHOCTHIO, TO yactoTa DJIC Beruncsercs mo gpopmyie:

f = pn, o0/c. (1.4)

Ecau oOMoTKa SIKOpsI ¢ TTOMOIIBIO MIETOK 3aMKHYTA Yyepe3 BHEITHIOK I1eTTh, TO B
3TOM LENH, a TaKkKe B OOMOTKE SKOpsl BO3HUKAeT TOK |, . B 0OMoTKe sikopst 3TOT TOK

Oyner nepemeHHbIM (puc. 1.12, a). OnHako BO BHEUIHEW MK HAIIPaBIICHHE TOKa Oy-
JCT MOCTOSIHHBIM (puc. 1.12, 6), 4TO 00BICHSIETCS JeHCTBUEM KOJUleKTopa. [leiicTBH-
TEJIBLHO, TIPH TIOBOPOTE SKOPs U Kojuiekropa Ha 180" n u3menenunu Hanpasnenus DJIC
B IIPOBOJHUKAX OJIHOBPEMEHHO MPOUCXOAUT TAKKE CMEHA KOJUIEKTOPHBIX IJIACTHH
noj 1erkamu. BenenctBue 3Toro, moj BepxHeil HIETKON Bcerga OyIeT HaXOAUThCS
IJIaCTUHA, COEMHEHHAs ¢ TPOBOJHUKOM, PACIIOJIOKEHHBIM 10/l CEBEPHBIM ITOJIFOCOM,
a MoJ HWKHEHN METKOM — IUIACTUHA, COEMHEHHAs C IPOBOAHUKOM, PACIOJIOKEHHBIM
IOJ1 FOKHBIM MOJIOCOM. B pe3ynpTaTe 3TOro nojiipHOCTb IIETOK U HAIIPABJICHHUE TOKA
BO BHEIIHEHN LENU OCTAIOTCS HEU3MEHHBIMU.

Takum 006pa3oM, B reHepaTope KOJUIEKTOP SBISETCS MEeXaHUUEeCKUM GbINPAMU-
mejem, KOTOPBIM peoOpa3yeT nepeMeHHbIH TOK OOMOTKHU SIKOPS B MIOCTOSIHHBIN TOK
BO BHEIIIHEHN LEMN.

HanpsikeHue nNoCcTOSHHOTO TOKa Ha 3a)KMMax sIKOpsl TeHepaTopa Oy/1eT MEHbIIe
FE, Ha BenW4uHY NaJeHNs HANPSOKCHKS B COIIPOTUBIICHUN LIENU SIKOPS:
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ITpoBOIHUKH OOMOTKH SIKOpSI C TOKOM |, Haxo#saTcsa B MarHUTHOM IIOJIE, IIO-
ATOMY Ha HUX OyAyT JEHCTBOBATh 3JIEKTPOMATHUTHBIE CUJIbI, BEIYUCISIEMBIE 11O (POp-

Mmyiie 1.6, HarpaBiIeHUE KOTOPBIX ONPEIESAETCS MO MPAaBHITY JIEBOW PYKH:

Fy

p =By, A, (1.6)

DOTH CWIBI CO3/IAI0T MEXaHWYECKHUI BpaIaromui MOMEHT M |, HalpaBJICHHBIN

om?

BCTPCYHO M KOTOpBIﬁ HA3bIBACTCSA 2/1€EKMPOMACHUNTHBIM MOMEHINOM 1 PABCH!

nepg.ogue’

D
My = Fyp - Dy :Bfla7a,H-M, (1.7)

rae Da — IUAMETP AKOPS, M.

['TIT npeoOpazyeT MEXaHUYECKYIO PHEPTUIO B AJIEKTPUUECKYIO.

PaccmaTrpuBaemas mpocteiiiias MalmHa MOXeT paboTaTh TaKKe dgueamenem —
JIIT u npeobpazosvieams d1eKMpUYECKYIO IHEPSUIO 8 MEXAHUYECKYTO, €CTTU K OOMOTKE
€€ SIKOPSI MOIBECTH IMOCTOSIHHBINA TOK OT BHEITHETO HCcTOYHMKA (puc. 1.12, 6). [Tpu aTom

Ha MPOBOAHUKUA OOMOTKH SIKOpsl OyIyT AEHCTBOBATH AJIEKTPOMArHUTHBIE CUIIbI an 17§

BO3HHMKAET 3JICKTPOMArHUTHBIA MOMEHT M . . Bennunuel an u M KaK U JUId

oM
reHepaTopa, ompeaensroTcs paBeHctBamu 1.6 m 1.7. [lpu mocratouHol BeIMdYMHE
M ,,, SKOpb MAIIMHBI IPUJET BO BpameHne. MomeHT M ,,, Tpu 5TOM SIBJISCTCS [IBU-
KYIIUM U IEMCTBYET B HAIIPABJICHUU BPAILCHUS.

YToObI TIpH TOH 7K€ MOJISIPHOCTH MOJIFOCOB HAIPABJICHUS BpallleHUs TeHepaTopa

Y ABUTATENS OBUIM OJMHAKOBBI, TO HANpaBJjeHue AeucTBUs M a clenoBaTeIbHO, U

oM >
TOKa |5 y JABUrarens J0/KHbI ObITH OOPATHBHIMU MO CPABHEHHUIO C TEHEPATOPOM.

B pexxume nBurartesnisi KoJUIEKTOP MpeBpailiaeT noTpeOasieMblid U3 BHEITHEN 11U
MMOCTOSIHHBIN TOK B TIEPEMEHHBIA TOK B OOMOTKE SIKOpSI 1 pabOTaeT B KA4eCTBE Mexa-
HUYeCKO20 UHeepmopa TOKa.

[TpoBOTHUKYM OOMOTKH SIKOPSI IBUTATEISI TAK)KE BPAIIAIOTCS B MATHUTHOM TIOJIE,

TI09TOMY B 0OMOTKE IKOps iBUrartens Toxe uaaykrupyercs 9JIC £, , Bennunna KoTo-
poit onpeaensercs paBeHcTBoM 1.2. Hanpasnenue stoit 3/C B gBUraTesne Takoe xe,
KaK 1 B reHeparope. Takum o0pasom, B apurarene IJC sxops E, HanpaBjieHa IPOTUB

TOKa |5 W MPUIIOKEHHOTO K 3aKMMaM sKopst HanpsukeHust U 4 . [loaromy D/IC sxopst

JBUTATENs] HA3BIBAECTCS NPOMUBOOBUINCYUYEl CUTOU.
[TpuiiosxeHHOE K SIKOPIO ABUTaTENs HapsKeHue ypapHosemuBaercs OJ1C £, u

MMaJCHUCM HAIIPAKCHUS B 0OMOTKE SAKOPsL:

Ua = Ea + Iara, B (18)
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Takum oOpazom, kaxaas MIIT moxeT paboTaTh Kak B peKMMe reHepaTopa, TaK
U B pEKUME ABUTATENS. Takoe CBOMCTBO MPUCYLIE BCEM TUIAM Bpamarommxcs OM u
HA3BIBACTCS 0OPAMUMOCIIBIO.

s mepexona MIIT u3 pexuma renepaTopa B peskUM JABUTATENS U 00OpaTHO MPU
HEW3MEHHOM MOJSIPHOCTH MOJIFOCOB U IIETOK M IIPU HEM3MEHHOM HAIIPaBJICHUH Bpa-
HmieHus: TpeOyeTCsl TOJIbKO M3MEHEHHE HalpaBJIeHUs Toka B 00MoTke sikopsi. [lorTomy
TaKOM MEPEXO]] MOKET OCYIIECTBISITECA BECbMA MPOCTO U B OMPEAECIEHHBIX YCIOBUAX
JIa’K€ ABTOMATUYECKH.

1.3 O0OMOTKHM IKOPSI MAILIMH MOCTOSIHHOTO TOKA

Obmomka AKops MalllMHBI TOCTOSIHHOT'O TOKA MPEACTAaBISAET OO0 3aMKHYTYIO
CUCTEMY MPOBOJHUKOB, ONPEICICHHBIM 00Pa30M YJIOXKEHHBIX B Ma3ax Ha BHEIIHEH
MOBEPXHOCTU CEPACUYHUKA SIKOPS U MPUCOECTUHEHHBIX K KOJUIEKTOpY. Takue oOMOTKH
Ha3bIBAIOTCSl OapaOaHHBIMHU.

OOMOTKa SIKOPSI ABJIETCS BaXKHEUILIUM 3JIEMEHTOM MAIIUHbI U JOJKHA YIOBIIE-
TBOPSITH CIAEAYIOLUIUM TPEOOBAHUSAM:

1) oOMOTKa JTOJIKHA OBITh pACCUMTAHA HA 3aJaHHBIC BEJIUYMHBI HATIPSIKCHUS U
TOKa Harpy3Ku, COOTBETCTBYIOIINE HOMUHAIBHON MOIIHOCTH;

2) 0OMOTKa JIOJDKHA UMETh HEOOXOJUMYIO 3JICKTPHUYCCKYI0, MEXaHHYCCKYIO H
TEPMUYECKYIO MPOYHOCTh, 0OECIEYMBAIOILYIO IOCTATOUYHO MPOJIOJKUTEIIBHBIA CPOK
Ci1y>kK0bI MatuHsbI (10 15-20 ner);

3) KOHCTPYKLMSI OOMOTKH JOJIKHA OOECIIEUUTh yIOBIETBOPUTENIbHbBIE YCIOBUS
TOKOChEMa C KOJUIEKTOPA;

4) pacxoJ MaTepHasa IMpyu 3aJaHHBIX dKCILTyaTalnoHHBIX moka3aTensax (KIT/ u
Ip.) AOJHKEH ObITh MUHUMAJIbHBIM;

5) TeXHOJIOTUsI K3TOTOBJICHNS] OOMOTKH JIOJDKHA OBITh 0 BO3MOKHOCTH ITPOCTOM.

OOBbIYHO 0OMOTKA SIKOPS BBIMIOJIHSAETCS U3 U30JIMPOBAHHOTO MTPOBOJA KPYIJIOTO
WJIY TIPSAMOYTOJIBHOTO C€YEHHUs B 3aBUCUMOCTH OT MOIIHOCTH MAaIlIWHBbI, @ B MalIMHAX
0O0JIBIIMX MOIIHOCTEW — W3 HIMH NPSIMOYTOJIBHOTO TonepeyHoro ceuyenus. OHa co-
CTOUT U3 OTAEIBHBIX 3JIEMEHTOB — cexyutl, 00Pa30BaHHBIX U3 OJJTHOTO MJIM HECKOJIBKHUX
BUTKOB. HEeCKONbKO CEKIni, CKPEIIEHHBIX MEXTy COO0W st yaoOCTBa YKIIaJIKU B
nasbl SIKOpsi, o0pa3yroT kamywiky. CeKIUU W3rOTaBIMBAIOTCS MO madioHaMm. YacTtu
CEKIIUH, JIeKAINE B a3y, HA3bIBAIOTCS AKMUBHLIMU CIMOPOHAMU CeKYUuu, OHU HAXO-
IATCS B MArHUTHOM I10JI€ TJIABHBIX MOJIFOCOB U ITPU BPAILLICHUH SIKOPS B HUX UHAYKTHU-
pyercs DJIC. Yactu cekuuu, HaxoAdIIMecs BHE Ma30B, HA3BIBAIOTCS 10008bIMU Ya-
cmamu. OHU HAXOIATCSI BHE OCHOBHOI'O MATHUTHOT'O MIOTOKA U COEANHSIOT MEXKIY CO-
0ol akTUBHBIE CTOpOHBI. Hauana v KOHIIBI CEKIMI MPUNAUBAIOTCS WM IpUBapHUBa-
I0TCS K KOJUIEKTOPHBIM MiacTuHaM (puc. 1.13). Jlns kperieHus cekuuii B nazax npu-
MEHSIOTCS JEPEBSHHBIE, TETUHAKCOBBIE UJIN TEKCTOJMTOBBIE KIIMHBSA. Kpome BUTKOBOM
M30JISIIMA OOMOTKA UMEET Ma30BYIO U3OJISIIIUIO OT CEPJCUYHUKA.
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Puc. 1.13. CxeMBbI OJHOBUTKOBOU ¢ 1 MHOTOBUTKOBOU O CEKIIUHA
BOJIHOBOI OOMOTKH:
1 — aKTUBHBIC IPOBOJIHUKH; 2 — MEPEIHSA J1000Bas YaCTh;
3 — 3aaHss 1000Bas 4acTh, 4 — KOJIJIEKTOPHBIE TIJIACTUHBI

Jlnst yioGHOTO pacioyioKeHHs BBIXOIAIINUX U3 Ma30B JJ0OOBBIX YacTe 0OMOTKHU
SIKOPS BBIMIOJIHSIOTCS ABYXCIOUHBIMU. [Ipy 3TOM B KaXA0M Mma3y CEKLMM pacriojara-
10TCs B iBa ciios (puc. 1.14): ogHa cTopoHa Ka)X A0 CEKIIUU — B BEPXHEM CJI0€ OJTHOTO
nasa, a pyrasi — B HIDKHEM CJIO€ JIpYroro nasa. BepxHss cTopoHa OJHOW CEKLHMH U
HIDKHSISL CTOPOHA JIPYTOM, YJIOKEHHBIEC B OJTHOM a3y, 00pa3yloT TaK Ha3bIBaeMbIi 2.e-
Menmaphblii na3. B pealbHOM a3y MOXET pacrojararbCsi HECKOJIbKO 3JIEMEHTAPHBIX
Ma30B, UX YKCJIO pABHO YMCIY CeKUMi B KaTymke. Ha puc. 1.15 npeacrasnen paspes
peaIbHOro Masa, COCTOSIIIEr0 M3 OJHOIO 3JIEMEHTApPHOTO Ma3a, U pa3pe3 peajbHOro
a3a, BKJIIFOYAIOIIETo IBa AJIEMEHTapPHBIX Ma3a.

m

Puc. 1.14. Yxmanka oOMOTKY B mazy:

1 — cTopoHa CEKIIMU BEPXHETO CIIOS;
2 — CTOPOHA CEKIIMU HIKHETO CII0s

\m

15



) 1l 01NN

N NN

Puc. 1.15. Pa3pes peanpHOro nasa, cogepx’amero OJ1uH 3J1EMEHTAPHBIN a3 a
U pa3pes nasa 6, UMEIOIEro JBa deMeHTapHbIX na3a Us = 2

Ha cxemMax 0OMOTOK CTOPOHBI CEKIIMiA, HaXOSIIUECs B BEPXHEM clioe, OyneM
M300pakaTh CIUIONIHBIMU JIMHUSIMU, & CTOPOHBI, PACIIONIOXKECHHBIE B HIXKHEM CJIO€, —
HITPUXOBBIMHU JTUHHUSIMH (puc. 1.16).

a) 7,
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Puc. 1.16. CoennHenue CeKIMil ETIEBONA ¢ U BOJIHOBOW 6 0OMOTOK

——_————

OOMOTKH SKOPS TIOJIPA3NIETISIIOT HA 8OJIHOBblEe U Neniesble, U B 3aBUCUMOCTU OT
CXEeM COCAMHEHHWI Ha npocmoele WU clodcHvle. KomOunupoeannas (nacyuieyvs) o0-
MOTKa SKOPS MAIIIMHBI TOCTOSIHHOTO TOKA MPEICTABIIAECT COOOW COUETaHUE COCTUHEH-
HBIX MEXTy COOOM CEKIIMI METIICBOM M BOJIHOBOM OOMOTOK, PAacTIOJIOKEHHBIX B OJTHUX
rnazax ¥ MPUCOCAMHEHHBIX K O0IIEMY KOJUIEKTOPY. B KOMOMHUpPOBAaHHBIX OOMOTKaxX
CEKIIMH YKJIQJBIBAIOT B MMa3ax B YETHIPE CJIOS, a K KaXJA0U MIIACTUHE KOJUJIEKTOpa Mpu-
MauBalOT MO YETHIPE BbIBOJIA 0OMOTOK. JIOCTOMHCTBOM KOMOMHUPOBAHHBIX 0OMOTOK
SBJISIETCS OOJIBIIIOE YMCIIO MapajuieSIbHbIX BETBEHM, HO UX MPUMEHEHUE OTPaHUYCHO
TEXHOJOTUYECKUMU TPYAHOCTSIMU — CJIOXKHOCTh W3TOTOBJICHUS M YKJIQJKU CEKIIUH,
CJIO’KHOCTb MAlKKU UX BBIBOJIOB K «IIETYIIIKaM» KOJUIEKTOpA.

Ilpocmas nemnesas obmomxa

[leTtneBass 0OMOTKA MOTYYAETCs, €CIU MOCIEI0BATEILHO COCTUHITH MEXKIY CO-
oot psaom nexamue cekiuu. CBoe Ha3BaHWE OOMOTKA MOJy4YnsIa BCICACTBUE TOTO,
YTO MPH TOCJICIOBATEIIHHOM COSIUHEHUHN CEKIIHI OOMOTKH 00pa3yroT popMy TIETENb.
Ha puc. 1.17 npencrapiieHsl JBa BO3MOXXHBIX BApUAHTA MOCIEA0BATEILHOIO COEIUHE-
HUS CEKIMI MPOCTON METIEBON OOMOTKM — HEMEPEKPEIICHHONW U TIEPEKPEIICHHOM.
Ecnu yxknagka cexmuii 0OMOTKH BeAETCS clieBa HAIIPaBO 110 SKOPIO, TO 0OMOTKY Ha3bl-
BaIOT 1PABOX00060U U HenepekpeujeHHOoU, a €Cli YKIIaJKa CeKIui BeETCS crpaBa
HaJIeBO, TO OOMOTKY HAa3bIBAIOT J1€80X00080U WIU NepeKpeujeHHol. DTy OOMOTKY
Ha3BIBAIOT TaKKe napainenvrol. Ha puc. 1.17 moka3aHsl maru npocTou meTyieBoil 00-
MOTKH sikopst MIIT:
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W~ I’l€p6bll:2 YACMUYHBIL a2 — pacCTOAHHUEC 110 ITOBCPXHOCTH AKOPS MCKIY

Ha4yaJIbHOM ¥ KOHEYHON CTOPOHAMHU CEKIIUH;

Y, — 6MOpOU 4acmuyHbli wiae — PACCTOSHUE MEXIy KOHEYHOU CTOPOHOM
JAHHOM CEKIIMM W HAaYaJIbHOW CTOPOHOW MOCIEAYIOIIEH 3a HEe Mo cxeMe OOMOTKHU
CEKIINH,

Y. — wae no KowleKmopy — PAaCCTOSHHE B KOJUIEKTOPHBIX ICICHUAX MEXIY
CepeAHAMHU KOJUIEKTOPHBIX IIACTUH, K KOTOPBIM MPUCOETUHEHBI KOHIIBI TJAHHOW CEKLIHY;

Yy — pe3yrbmupyrowuil uiae 0OMomKu — PACCTOSHUE MEXK]Y HadaJIbHBIMU
CTOPOHAMHU JTAHHOW U MOCJIEAYIONIEN 32 HEH CEKIUEH.

[ITarm OOMOTKHM M3MEPSIOT B DJIEMEHTAPHBIX IMa3ax, a IIar mo KoJIeKTopy — B
KOJUICKTOPHBIX JICTICHUSX.
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Puc. 1.17. Cexkunn HenepeKpeIeHHON a U epeKpeieHHOn 6
MPOCTOM METIIEBON OOMOTKH

Hlar y, BEIOMpAIOT TaKUM 00pa3oM, YTOOBI HAYAJIO U KOHEL CEKIIMK PacIoJjiara-

JIUCH TIOJT TIOJIFOCAMH Pa3HON MOJIIPHOCTH, T. €. YTOOBI IUPUHA CEKITUU PaBHSIACH 10~
mocHomy aenenuto. Toraa npu BpameHuu skops DJC, HaBoAMMBIE B CTOPOHAX CEK-
1uu, OyJyT UMETh IPOTUBOTIOJIOKHBIE HAMIPABIICHHS, & B KOHTYPE CEKIIUU OHU OYIyT
CYMMHUPOBATHCA.

Har y, onpenensercs no Gpopmyie:

=Lrig (1.9)
2p
rae Z., — 4UCIO JJIEMEHTAPHBIX [1a30B;
P — uucio nap noiarocoB MIIT,;
& — IpaBUIbHAs JpOOb, IPU KOTOPOU ), paBEH LIEJIOMY YUCIY (3HAUYE€HUE £ MO-

’KET OBITH B35ATO CO 3HAKOM ILIIOC M CO 3HAKOM MHHYC, Halll¢ BCCTO & MPUHUMAIOT CO
3HAaKOM MHHYC, TaK KaK B 3TOM CJIy4a€ YMCHBIIACTCA pacxod IIpoBoOJa Ha O6MOTKY) .
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Ecmu vy, :2—9 =7, LeJI0O€ YHUCIIO, TO IIar OOMOTKH HA3bIBAIOT IIOJIHBIM WU

IUAMETPAIbHBIM (7, — HOJIOCHOE JCIICHHE, BBIPAKCHHOE B JJIEMEHTAPHBIX I1a3aX).

z o
ITpu vy, < > 2~ 0OMOTKa OyJeT HMETh YKOPOUYEHHBIH miar. JIjis BceX MPUMEHSEMBIX B

MaIlliHaX TOCTOSHHOIO TOKa OOMOTOK Iar Yy, OLPEACsICTC 110 (bopMyne 1.9.

3Ha4YEHHMs IPYTUX IIaroB 3aBUCST OT TUIIA OOMOTKH.
Pe3ynbTupyromnuii mar npocToi neTaeBoi 0OMOTKH HAXOJSAT U3 BhIPAKCHUS:

Y=ty (1.10)
[IIar mo KOJIIIEKTOPY B MPOCTOM METIIEBOM 0OMOTKE paBEH:

y=y,=tL. (1.11)

3HaK IUIIOC COOTBETCTBYCT CIYYal0 |y,|>); U Takue OOMOTKM Ha3bIBAKOTCS
HenepekpeuyenHbLMU; 3HAK MUHYC COOTBETCTBYET CIY4aio |y,|> ), u Takue 06MOTKH

HA3BIBAIOTCS nepekpeweHHbiMu. Bo BTOPOM citydae pacxoa MeIu HECKOIbKO OOJIbIIIe,
Y TI0ATOMY BBITIOJTHEHUS TaKUX TMETICBBIX 0OMOTOK M30eraroT. B a5ekTpoMarauTHOM
OTHOIIEHUU 3TU OOMOTKHU PABHOIIEHHBI U PA3JIMYAIOTCS TOJBKO TEM, YTO MPHU TOU Ke
MOJISIPHOCTH TIOJIFOCOB M TOM K€ HAIpPABJICHUH BPAIICHUS MOJSIPHOCTH MIETOK MPOTH-
BOTIOJIOXKHBI.

ITocTpoum cxemy-pa3BepTKy AJIs IETIIEBOM 0OMOTKU pu Z.,, =18 u 2p=4.

[ITaru oOMOTKH OyyT UMETH CIEAYIOIINE 3HAUCHUS
2p 4 2
Vv, =y—y=1-4=-3,y=y =+1.

Byzaem nprcBanBaTh CEKIMOHHBIM CTOPOHAM HOMEpPA TE€X 3JIEMEHTAPHBIX 11308,
B KOTOPBIX OHM JiexkarT. Toraa mo U3BECTHBIM 3HAYEHUSIM IIarOB MOKHO OIPEIEIHTh
COCIMHEHUS CEKIITMOHHBIX CTOPOH 00MOTKHU (puc. 1.17), ucxons u3 omnpeaeneHHOro
AJIEMEHTApHOIO Ma3a U MpuOaBisisi K HOMEPY 3TOr0 Ma3a 3Hau4eHUE MEePBOr0 YacTUY-
HOTO Il1ara, 3Ha4yeHue BTOPOro Iiara, 3aTeM OIATh NepBOro u T. A. Homepa BepxHUX
CTOPOH CEKIIMM, N300paKE€HHBIX CIUIOMIHBIMU JIMHUSIMH, TIpOCTaBieHbl Ha puc. 1.18
CBEpXY, a HOMEPA HUKHUX CTOPOH CEKLUN, N300pa’KEHHBIX IITPUXOBBIMU JTUHUSMU, —
cHuzy. Takum 00pa3oM, 0OMOTKa SIBISIETCS 3aMKHYTOM.

ITo n3BeCTHBIM I1araM MO>KHO Ha4EPTUTh TakxkKe cxemy oOMoTkH (puc. 1.19). Ha
JAHHOM PUCYHKE IIPOCTABJIEHBI HOMEPA 3JIEMEHTAPHBIX Ma30B. Y CIIOBUMCS IIPUCBau-
BaTh KOJUIEKTOPHOH IJIACTUHE HOMEP TOM CEKIMH, C HAYaJIOM KOTOPOIl COEIMHEHA 3TA
IJIaCTHHA.
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Puc. 1.18. CoetHEHNs CEKIIMOHHBIX CTOPOH MPOCTOH METIEBOil 0OMOTKH

[Tpu BpaieHNH IKOPs HEKOTOPask YaCTh CEKIUH, BbIIEJICHHBIX Ha puc. 1.19 xup-
HBIMHU JIMHHUSIMHM, OKA3bIBAETCS HEU30€XKHO 3aMKHYTOM HAKOPOTKO 4Yepe3 IIETKH.
Yrob6sl uHAYKTUpPYEeMbIe B 3TUX cekiusix DJC Obuin MUHUMAIbHBI U B CEKIUSIX HE
BO3HMKAJIO YPE3MEPHBIX TOKOB, KOTOPBIE BBI30BYT IEPErPY3KY IETOYHBIX KOHTAKTOB,
TaKMe KOPOTKO3aMKHYThIE CEKIUU JOJKHBI HAXOAUTHCS HA JIMHUU T€OMETPUUYECKON
HEUTpaJId WU B OJKaUIed OT ATOM JIMHUM HEUTPaIbHOU 30HE.

JlJis 3TOro 1IETKU YCTAaHABIIMBAIOTCS TaK, YTOOBI B CEpEAMHE MEpPUOJa KOPOT-
KOT'0 3aMBIKaHUS CTOPOHBI CEKI[UHU PaCIoJIaralich CHMMETPUYHO OTHOCUTEIIBLHO Cepe-
JUHBI I0Jr0ca. Torna roBopAr, 4To IIETKH YCTAHOBJICHBI HAa HelTpanu. [Ipu cummer-
pU4HOI opMe JTOOOBBIX YaCTEH CEKIUN HIETKU PACIIONOKEHBI IO OCSAM IJIaBHBIX MO-
JIIOCOB.

Cosepmm 06xo et oOMoTkH (puc. 1.19) cneBa HanpaBo, HAYWHAS C CEKITUU
2. IIpoxons mocienoBaTeNbHO, HAUMHAS OT METKH B/, cexmuu 2, 3, 4 u 5, moaydum
IBWKEHUE MO0 HanpaBiieHnto nHAYyKTupyembix DJC u Beixoaum k metke Al. Crneno-
BaTEJIbHO, 3TH CEKLIMHU COCTABIAIOT OJIHY NapajuleiabHy0 BeTBb, DJIC KOTOpOH paBHa
cymme DJIC atux cexuuit. [Ipoxonas 3arem ot metku A/ k meTke B2 1o KOHTYpy Cek-
i 6, 7, 8, 9, 06x0oaMM BTOPYIO apajIeNbHYO BETBb, IBUTASICh TPOTUB HAMIPABJICHHUS
uaayktupyembix JJ1C. Cexnus 10 3amkrayTa HakopoTtko. Cekrun 11, 12, 13 u 14, pac-
MTOJIOKEHHBIE MEXKY IeTKaMu B2 u A2, COCTaBIISIIOT TPEThIO BETBb, a ceKiuu 15, 16,
17 u 18, pacnioyioxkeHHbIE MKy EeTkaMu A2 u B1, — yeTBepTyt0 BeTBb. O0X0/ ATOU
IIOCJIETHEN BETBH TAaK)KE COBEpIIAETCs MPOTUB HanpasieHus D/1C, npuyem nocie Hee
npoucxoauT npuxof k maacture 1. Cexips 1 Takoke 3aMKHyTa HAKOPOTKO. Uepes KaxIyto
IIETKY TPOCTOH METIEBOM OOMOTKHU MPOTEKAIOT TOKU JIBYX MapaJlIeIbHBIX BETBEH.

BepxHue CTOpOHBI CEKIIMN KaKI0M MapaJUIeIbHOW BETBU HAXOISITCS MO OJTHUM
MOJIFOCOM, a HIKHUE — oA ApyrumM. Ha puc. 1.18 KopoTko3aMKHYTbIE CEKIIUM 0003Ha-
YEeHbI IITPUXOBBIMU MPSIMOYTOJIBHUKAMU, a Ha pUC. 1.19 — )KUpPHBIMU TUHUSAMU.

Takum 006pazom, 0OMOTKa Ha puc. 1.19 umeeT yeTbipe napajsienbHbie BETBHU, a B
o011eM ciryyae mpocTas nersiaeBas 00MOTKa COAEPKUT YUCIIO NMapaJlieIbHbIX BETBEH:

2a=2p, (1.12)

YTO SBJIIETCS XapaKTePHOU 0COOCHHOCTHIO 3TOM OOMOTKHU.
Ecnu mammna pabotaer B pexuMe reHeparopa, CTpesiku Ha puc. 1.19 ykasbl-
BAIOT TAK)KE HAIpaBICHHUE TOKOB B 00MOTKe. IIpu 3TOM momHbI TOK Akops |, Toxe

pacmpenesnsercs Mo YeThIpeM BETBAM. B COOTBETCTBHUHM ¢ M3II0KEHHBIM I1€TTh OOMOTKH
MOHO M300pa3uTh YIPOIIEHHO, KaK ToKa3aHo Ha puc. 1.20, rae BeTBH OOMOTKHU U
pacmpenesieHue TOKa BRITIISIAT OoJiee HaTJISTHO.
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Puc. 1.19. Cxema-pa3BepTKa mpocToi NETIEBO OOMOTKH C
2p=4,2=2,=S=K=18,y=4,y,=-3,y=y.=+1

Ha ocHoBanuu paccmotpenus puc. 1.19 MoKHO ycTaHOBUTH TaKXKe CIIEAYIOLIEe.
Ecnu 0OMOTKa MMeeT MOJIHBIH IIar U IETKU yCTaHOBJIEHbI Ha HelTpaiu, To D/{C BeTBH
Oynet HauOosbliel. KpoMe Toro, nmpu 3ToM HalpaBi€HUU TOKOB BCEX MPOBOJHUKOB,
JeXKalIUX MO/l OJHHUM IOJ0COM, OYIyT OJAMHAKOBBI, U MMO3TOMY Pa3BUBAEMBIN AJIEK-
TPOMAarHUTHBIA MOMEHT OyneT MakcuMallbHbIM. ClieoBaTeNbHO, TAKOE YCTPOIMCTBO
OOMOTKHM ¥ TaKO€ PaCMoOJIOKEHUE MIETOK SBISIOTCS HauOosiee BhITOHbIMUA. He0ob-
110€ OTKJIOHEHUE 1ara ), OT II0JIHOI'O HE OKa3bIBAET 3aMETHOIO BIIMAHUA HA BEIUYUHY

O/J1C u Bpamaroiiero MOMEHTa, Tak Kak u3MeHeHue HanpasiieHun DJ{C 1 TOKoB npu
ATOM MPOUCXOJUT TOJIBKO B TAKUX MPOBOJIHUKAX MapajliebHON BETBU, KOTOPHIE pac-
MoJTararoTcs BOJM3M HEUTpaH, T. €. B 30HE CIa00TO MAarHUTHOTO TTOJIS.

[IpocThie meTaeBblc 0OMOTKH SKOPEH MaIIuH MOCTOSTHHOTO TOKAa IPUMEHSIOT B
MaJIOMOIITHBIX JABYXITOJIFOCHBIX MAaIllMHaX IOCTOSHHOTO TOKAa, a TaK)Xe€ B MOIIHBIX
(300-590 kBT) MHOTOTIOIFOCHBIX MAIlIMHAX TP HU3KOM HAIPSHKCHUH, T. €. OHH MPH-
MEHSFOTCS JJISI MAaIlIMH PabOoTaroMuX ¢ OOJBIINM TOKOM Harpy3KH.

Cnooicnas nemnesas 06MomKka

CloXXHYI0, WM MHOTOXOJIOBYIO, TIETJICBYI0O OOMOTKY MOHO paccMaTpUBaTh
KaK COYETaHHNE HECKOIBKUX (M =2, 3...) MPOCTHIX METIEBLIX 00MOTOK. Takyro 00MOTKY
Ha3bIBAIOT TAKXKE CIOJCHOU napaiienvHol. B paccMarpuBaeMoii 0OMOTKE CEKIIMHM U
KOJUICKTOPHBIE TUIACTHHBI 71 TIPOCTBIX OOMOTOK TIO0 OKPYKHOCTU UEPEAYIOTCS U JIS
OTBOJIa TOKAa M3 OOMOTKH HEOOXOAMMO, YTOOBI MIMPUHA MIETOK ObLTa HE MEHBIIE M
KOJIJIEKTOPHBIX JIEJICHUAM.

Takum 06pazom, m MPOCTHIX 0OMOTOK M-XOA0BOM OOMOTKH BKJIFOYAIOTCS C TI0-
MOIIIbIO HIETOK MapajuieIbHO U KOJTMYECTBO NapalIeIbHBIX BETBEH CI0KHOM NMETIeBOM
O0OMOTKH:

2a=2pm. (1.13)
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Puc. 1.20. YnpomeHHOe TpeICTaBICHAE IETTH OOMOTKH,
nokaszaHHou Ha puc. 1.19

Pe3ynpTupyroniuii mar rno 3J1€MEeHTapHbIM Ma3aM M IIar Mo KOJUIEKTOPY CIIOXK-
HOH TeTJIeBOM 0OMOTKH HaXOJAT 10 hopMyJie:

y=y =tm. (1.14)

[laru y, 1 y, ONpelnessoTCs TakK K€, KaK U s IPOCTOM NEeTAEBOl 0OMOTKH.

CnoxHas metsieBasi OOMOTKAa MPUMEHSETCS B MOIIHBIX MaIllMHAX C OOJBITUMHU
TOKaMHU SIKOPSI, U CEKIIUU OOMOTKH B 3TOM CJIy4ae SIBJISIFOTCS OJTHOBUTKOBBIMU.

Ilpocmas eonnosas oomomrka

Ha puc. 1.21 npencraBiaeHbl CEKIIMU MTPOCTON BOITHOBOM 0OMOTKH. OOX0/151 1MO-
CJIEIOBATEIbLHO COCIUHEHHBIE CEKIMM MPOCTON BOJHOBOM OOMOTKH, COBEpILIACTCS
BOJTHOOOPA3HBIM 00X0]1 AKOPSI, MPUUEM KaXbIi1 00X0/1 BKIIOYAET p CEKLMM U 3aKaH-

YUBAETCS HA KOJUIEKTOPHOM IUIACTHHE, KOTOPask HAaXOIUTCS CJIEBA WM CIIPaBa psAIOM
C UCXO/IHO. B nepBom citydae mosydaercs: HenepekpeneHHass 0OMoTKa, a BO BTOPOM
— mepekpeleHHas. Bo BTopom ciydae pacxon mMeau OyaeT HEeCKoJIbKo Oosblie. Pac-
CMaTpUBaeMyI0 OOMOTKY Ha3bIBAIOT TAKXKE MPOCTOM MOCIIEI0BATEIBHOM OOMOTKOM.
[Iar mo KOJJIEKTOPY U Pe3yIbTUPYIOLIMKA 1IAr B IPOCTOM BOJHOBOW OOMOTKE
paBeH:
V. :y:R—”'. (1.15)
p
3HaK MUHYC OTHOCHUTCSI K HETIEPEKPEeIIEeHHON 00MOTKe, a 3HaK IUIIOC — K mepe-

KkpeueHHo!. [lockonbky mar y =y A0IKEH OBbITh LENBIM YACIOM, TO K HE MOXKET
MPUHUMATh TPOU3BOJIBHBIX 3HAYCHUM.
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Puc. 1.21. Cexuuu HeniepeKpenieHHOW a U IepeKPEIeHHON O
MPOCTOM BOJIHOBOW OOMOTKH

[IIar y; onpenensiercst o hopmyiie:
Yo=Y =W (1.16)

Hlaru y, u y, OMM3KU K 7,2 Y, =) —K 27,,.

ITocTpoum cxemy-pa3BepTKy sl BOTHOBOM 0OMOTKM py Z =7, =S =K =17
uz2p=4.

[ITarn oOMOTKH OyyT UMETH CIEAYIOLINE 3HAUCHUS:

K-1 17-1 _

y;(:y: = :8,
p 2

V= , _5:£_£:41
2p 4 4

Y, =y—y=8-4=4

[Topsinok coemmHeHn A CEKITMOHHBIX CTOPOH OOMOTKH MPEACTABICH Ha puC. 1.22,
a cxema-pa3BepTKa MPOCTOM BOJIHOBOM OOMOTKHM UMEET B, TOKa3aHHbIN Ha puc. 1.23.
Psin cexumii, BbIIEIEHHBIX HA pUC. 1.23 KUPHBIMU JIMHUSIMU, B OTJIMYKE OT CEKLIHM
METJIEBBIX OOMOTOK 3aMBIKAETCSI HAKOPOTKO Yepe3 JBE IIETKU OJAHOM MOJIIPHOCTU U
COCIMHUTEIbHBIE TTPOBOJIa MKy HUMHU. KOPOTKO3aMKHYThIE CEKIIMM OOBEICHBI PaM-
KOM TakXe u Ha puc. 1.22.

[Tockosbky Kaxkaass U3 BETBEHM MPOCTONW BOJHOBONW OOMOTKH MPOXOIMT IO
BCEMH IOJIF0OCAMU, TO HEPABEHCTBO MOTOKOB IOJIFOCOB HE BbI3bIBAET HEpaBeHCTBA D /[C
U TOKOB MapajuieabHbIX BeTBed. [loaTOMy Takass oOMOTKAa HEe HY>KJAeTCs B ypaBHHU-
TEJIbHBIX COEMHEHUSIX.
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Puc. 1.22. CoenrHeHns CEKIMOHHBIX CTOPOH MPOCTOM BOJTHOBOW OOMOTKH
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Puc. 1.23. Cxema-pa3BepTKa MIPOCTON BOJTHOBOM OOMOTKH C
2p=4,2=2=S=K=1/,yi=4,yv,=4,y.=8

e
Y
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[Tpu BoHOBOM 0OMOTKE Ha KOJIJIEKTOPE MOKHO YCTAHOBUTH TOJILKO JIBA ILETOY-
HBIX MaJblla, Harpumep, A/ n B2, kak moka3aHo Ha puc. 1.23, Tak Kak Bce IIETKH JaH-
HOI MOJIIPHOCTH COEAMHEHBI KOPOTKO3aMKHYTBIMU CEKIUSIMHU, Yepe3 KOTOPhIE TOK
Harpy3Ku pacrnpeesseTcs o napauieabHo padoTaroNMM HIeTKaM KaXI0M MOJISIpHO-
cTH. JIBa 1IETOYHBIX Majbla NPUMYT Ha ce0sl BECh TOK Harpy3ku, U KOpOTKO3aMKHY-
TBIX CEKIIMI HE Oy/erT.

DTa BO3MOXHOCTh MHOT/Ia UCMOJIb3YETCA B MalllMHaX MOIIHOCTBIO 10 0,5 kBT,
€CJIM JIOCTYH JUIA YyXOJia 3a LIETKaMHU I10 BCEM OKPYXHOCTH KOJUIEKTOpA 3aTPyAHEH.
OnHako ycIoBHS KOMMYTAIIMU TIPU 3TOM yxyamatotcs. Kpome Toro, B 6oJiee MOITHBIX
MalIuHaX BO3HHUKAET HEOOXOAMMOCTh YIJIMHATH KOJUIEKTOpP. [loaToMy 0OBIYHO CTa-
BUTCS TIOJIHBIA KOMIUIEKT (2p) IIETOYHBIX MAaJIbIIEB.

OOBIYHO TIPOCTHIE BOJIHOBBIE OOMOTKH SIKOPEH MAIlIMH MMOCTOSIHHOTO TOKA MPH-
MEHSIIOT B MalmHax MoltHocThio 10 50 kBT Ha Hanpsbkenue 110 B u o 500 kBTt Ha
Hanpspxkenue 440 B nim 600 B.

Cnooicnas 6onHo8asi 06MOMKaA

CnoHYyI0 BOJIHOBYI0O OOMOTKY MOXHO paccMaTpHUBaTh Kak cOYeTaHUE M Tpo-
CTBIX BOJIHOBBIX OOMOTOK, KOTOPbIE€ BKJIIOUAIOTCS Ha MapaijiesibHyI0 paboTy C MOMO-
IO LIETOK.

Uucno napamienbHbIX BETBEH TaKOH 0OMOTKH COOTBETCTBEHHO B 711 pa3 OOJIbIIIe

Yycya BEeTBEH MPOCTON BOJIHOBOM OOMOTKH:
2a=2m. (1.17)
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PaccmarpuBaemMyro 0OMOTKY Ha3bIBAIOT TAKKE CIIOKHOM ITOCTICIOBATENEHOM OOMOTKOI.
BEITIONTHEHNE CHMMETPUYHBIX /1 -XOJIOBBIX BOJIHOBBIX OOMOTOK BO3MOKHO TIpH
yCIIOBUH:

2

P _ yenoe 4ucio . (1.18)
m

MakcumaibHO BO3MOXKHOE YKCIIO XOJIOB MPH 3TOM PaBHO M =2 P, a MAKCUMAJILHOE
YKCJIO BETBEU OIpEENsieTcsl BhIpakeHueM 2a =4 p, T. €. TaKoe e, KaK Yy JIBYXXOJ0BOM

nerieBoit 00MOTKU. CeKIMU 1 KOJUIEKTOPHBIE TUIACTUHBI /71 -XOJI0OB OOMOTKH 10 OKPY>KHO-
ctu yepeayrores. [loatomy nocne onHOro 00xoAa p MocCiaeA0BATENBHO COEIMHEHHBIX CEK-
LI BOKPYT SIKOPSI JOJDKHBI BBINTH HE K COCETHEN HCXOAHOM IIIACTUHE KOJUIEKTOPA, KaK ITPH
MPOCTOM BOJTHOBOM OOMOTKE, a CO CIBUTOM Ha m JEJICHUI BJIEBO WJIM BIpaBo. B cooTseT-
CTBUM C 3TUM MOKHO 3aIIMCaTh CJIETYIOINE BBIPAKECHHUS:

py.tm=K; (1.19)
KFm K=Fa
Ve=Y= = : (1.20)
p P

Hlaru y, u y, =y —y, onpeaenstorcs 00bIYHbIM 00pa3oM. KpaTHOCTh 3aMbIKa-
HUs OOMOTKH paBHa 00IIeMy HauOoJIbIIEMY JIETUTENt0 urcen m u K .

1.4 Bp10op THIIa 00MOTKH. Y pABHUTE/IbHbIE COeINHEHUSA

Buvibop muna oomomxu

Hcxoas u3 paliMoHaNbHBIX B TIPAKTUYECKOM OTHOIIIEHUHM Pa3MEpOB Ma30B, MpO-
BOJTHUKOB OOMOTKHU SIKOPS, KOJUIEKTOPHBIX TUTACTUH U IIETOK, & TaK)KE U3 YCIOBHIMA
KOMMYTAallUH, TOK NapaulebHON BETBU OrpaHuuMBaroT 3HaueHusamu i, =300-350 A, a

B OTAENbHBIX ciaydasx I, =400—-450 A. C npyroii CTOpoHbI, B MalIMHAX MaJIOl MOIL-
HOCTH JUJIs1 TOJIy4€HHUS 3aJaHHOT0 3HAYE€HUSI HOMUHAJIBHOTO HanpsbkeHnd U | u3-3a Ma-

JIBIX 3HAYEHUH MarHUTHOTO MOTOKa @ TpebyeTrcs 0O0JIbIIOe YUCIO BUTKOB B BETBU 00-
MOTKH, YTO OIPAaHUYMBAET CEUEHHE IPOBOJHUKOB U TOKa I, . [Io3TOMy B Takux mamiu-

Hax IPUMEHSETCS 0OMOTKA C MUHUMAJILHBIM YHCIIOM BETBEH, T. €. TPOCTast BOJIHOBAs
00MOTKa, a B MaIlliiHaxX OOJIBIIINX MOIIIHOCTEN — IPYTHe TUITBI OOMOTOK.
CootBetcTtBeHHO 3TOMY Tipu U, =220 B mpocrast BoJaHOBas 0OMOTKA MCIIOJIb-

3yeTcs 10 HOMUHaIbHbIX MomHocTel P, =80 —100 kBT, cnokHas BosHOBast 0OMOTKa
—npu P, =150-300 kBT, a npocras nerneBas oomoTka — npu P, =150 —-500 kBt un

BbIle. CJI0KHBIC TIETIIEBbIC OOMOTKH MPUMEHSIOTCSI B MAIlIMHAX HU3KOTO HAMPSHKEHUS
(U, <50 B) Ha GospIire TOKH U B KPYIHBIX MAIIMHAX HOPMAJILHOTO ¥ MOBBILIEHHOTO

Hanpspkenns (U, >-110 B). Ilpu apyrux HanpsoKeHUSIX yKa3aHHBIE MOIIHOCTH H3Me-
HSIOTCS TPONOPIUOHAIBHO U .
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KomOunnpoBaHHble OOMOTKH HaxOJAT HEKOTOpPOE MPUMEHEHHE B MalllWHaX
NpeleNbHON MOIIHOCTU U TMPHU TSKEIBIX peXuMax paboThl (OBICTPO MEHSIOIIUECS
Harpy3ku 4 T. 1.). Ha BbIOOp THMa 0OMOTKM BIIMSET TaKXK€ YUCIIO TMOJIFOCOB, YAaCTOTa
BpalIEHUA U T. 1.

3HayeHue U, =1 KCIIOJIL3yEeTCs TOJBKO B MAlIMHAX HU3KOI'O HANPSKEHUS IPU

oonbmux Tokax. [lpy U, =220 B u P, =30—-50 kBt 4ncio BUTKOB B CEKLIMH BCETa

PaBHO E€JIMHHUIIE.
Ypasnumenvuvie coeounenus
PaccTrostHue Mex 1y IByMsl COCEJHUMH PaBHOMOTEHIIUATbHBIMU TOYKAMH Ha3bl-
BAIOT NOMEHYUAIbHLIMU YPAGHUMEbHBIM WA20M, A3MEPSEMBIM YHCIOM KOJIJIEKTOP-
HBIX JEJICHUN WX YUCIIOM CEKIHM, COOTBETCTBYIOIIMX OJTHOWM Mape BETBEM:

, K s_K w21
a a p
[TomHOE YKCIIO ypaBHUTEIBHBIX COCTUHEHUI IEPBOTO POJa PABHO:
K
N, = o (1.22)

B nensix 5KoHOMUM M€Y U YIPOIIEHHUS] MAIIMHBI 0OBIYHO MPUMEHSIOT HEMOJI-
HOE YHCJIO YPaBHHUTEJICH U3 MEIHOrO MPOBOJIA ¢ ceueHUeM, paBHbIM 1/2, 1/4 ceucHus
MIPOBOJITHUKA OOMOTKH SIKOPSI.

Ypaeuumenu nepsozo pooa pacnonararoT co CTOPOHbI KOJUIEKTOpA MO Mepe-
HUMH JIOOOBBIMH YacTsIMU OOMOTKHU sikopsi. Eciiu mpocThie BOJTHOBbIE 0OMOTKH HE Tpe-
OYyIOT HMKaKUX YpaBHUTEJIbHBIX COCIMHEHUH, TO CJIOXXHbBIE BOJIHOBbIE OOMOTKHU XO-
po1110 paboTaOT NPH BBHIIIOJIHEHUH UX C YPAaBHUTEIbHBIMU COEAMHEHUAMU. B cloxHOI
BOJIHOBOM OOMOTKE COEIMHEHHUS KOJUIEKTOPHBIX IJIACTHH NMPUHAAJIEKAT Pa3HbIM MPO-
CTBIM BOJIHOBBIM 0OMOTKaM. Eciu mepexo/iHble CONMPOTUBIICHUSI MEXIY IIETKaMU U
KOJUIEKTOPHBIMH IJIaCTUHAMU, MIPUHAAJICKAIUM pa3HbIM 0OMOTKaM, HE paBHBI, TO U
TOKH B OT/ICJIbHBIX BOJHOBBIX 0OMOTKaX Takke He paBHbl. HepaBHOMEpHOE pacnpe/e-
JIEHUE TOKAa MOBJEYeT 3a cO00i MajeHue Hanps>KeHus B 0OMOTKax, BCIEJICTBUE YETO
HaIpsHKEHUE MEXKTY COCETHUMHU KOJUIEKTOPHBIMU TJIACTUHAMU MOKET CUJIBHO YBEJIH-
guThCs. [{7151 ycTpaHeHus 3TOro HeJ0CTaTKa COEAUHSIOT YPAaBHUTEIbHBIMU [IPOBOIaMU
TaKM€ TOYKH MPOCTHIX BOJHOBBIX OOMOTOK, KOTOPbIE TEOPETHUUECKH HOJKHBI UMETh
OJIMHAKOBBIE MOTEHIUAIBI.

VYpaBHUTEIbHBIE COCIMHEHNUS, BRIPABHUBAIOLIMNE HECUMMETPUIO pacpeIeIeHUs
HaIpsHKEHUS IO KOJJIEKTOPY, Ha3bIBAIOT YPAGHUMENIMU 8MOPO20 POOd.

Takum 006pazom ypaBHUTEIH MEPBOTrO POJia BHIPABHUBAIOT HECUMMETPUIO Mar-
HUTHOM CHCTEMBI MAILIMHBI, & YPABHUTEIN BTOPOr0 PoJia — HECUMMETPHUIO pacripese-
JIEHUSl HANPSKEHUS MO KOJUIEKTOPY. YPAaBHUTEIBHBIE COEIMHEHMSI NMPUMEHSIOT HE
TOJIBKO B CJIOKHBIX BOJHOBBIX, HO U B CIIOXHBIX METIEBBIX OOMOTKAX.

B xoMOnHMpOBaHHBIX 0OMOTKAX MPOCTAsi BOJTHOBAst 0OOMOTKA BBITIOJIHAET (PYHK-
[IUU YPAaBHUTEIBHBIX COCAMHEHUN MEPBOTO poJia AJisl MPOCTOM METIeBO 0OMOTKH, a
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mpocTasi meTiaeBasi 0OMOTKa BBIIOMHSAET (PYHKUIMN yPaBHUTENBHBIX COCTUHEHHUI BTO-
pOro poja Jijisi IpOCTO BOJIHOBOM OOMOTKHU.

HNHoraa B MallIMHax ¢ TSKEIBIMHU YCIOBUSIMH KOMMYTAIIUU B ABYXXOJOBBIX IET-
JIEBBIX OOMOTKax MPUMEHSIOT Takke ypagHumenu mpemve2o pooa. VX 3amaya cBo-
JTUTCSL K TOMY, YTOOBI NMpU BpallleHHMH KOJUIEKTOpa IEeTKa 3aMbIKajla HAaKOPOTKO HE
cpa3y BCIO CEKIIUIO, a CHaualla OJHY €€ MOJOBUHY U 3aTEM APYTYIO.

1.5 MaruutHas menbp MalumHbI MOCTOAHHOI'O TOKA

OcCHOBHBIM MACHUMHBIM NOMOKOM @5 Ha3bIBACTC ITIOTOK B BO3JJYIIITHOM 3a30PC
5, HpHXOI[iIIHHﬁCSI Ha OIHNH IJIaBHBIM MOJIIOC MalllMHBI. Bennmunna @5 OIIpCACIIACT

3HaUY€HHUE UHAYKTUpYeMoi B 00MoTke sikopst D/IC. Maruuthsiii notok B MIIT cozna-
ercs nox aeictBueM M/IC oOMOTOK BO30YKIE€HHMS TJIABHBIX MOJIFOCOB. JTOT MOTOK
3aMBIKAETCS B MAILIMHE MEXKY Pa3HOMMEHHBIMH ITOJIOCAMU IO ONIPEACICHHOMY ITyTH,
KOTODPBIN Ha3bIBAECTCH MACHUMHOU Y€nbl0 MAILIAHBI.

Marnutnas uens MIIT uzobpaxkena Ha puc. 1.24. OObIYHO MarHUTHAs 1EMb
CUMMETPUYHA M UMEET IIATh XapaKTEPHBIX OJHOPOIHBIX YYAaCTKOB: IJIaBHBIE IIO-
arockl h, BO3aymIHBIN 3a30p O, 3yOIusl sikops h,, cepneunuk sikopss L, u ctaHuHy

(apmo) L . MarauTHBIN IOTOK, CO3/1aBa€MBbI KaXKIbIM U3 IIOIIOCOB, IEIUTCS OTHOCH-

TEJIHLHO MPOOJBLHON OCH TOJIF0CA HA JIBE YacTH, 00pa3yrolue BMECTE C COCETHUMHU
MOJIOCAMM JIBA OJIMHAKOBBIX MAarHUTHBIX KOHTYpa. UHCIIO TaKMX KOHTYPOB PaBHO
YHCITY MOJI0COB. PacueT MarHuTHOM 11eMy MPOUCXOIUT MPHU XOJIOCTOM X0o¢€ (X. X.) Ma-
HIMHBL, Korja Tok sikops |, =0, u 3akmrouaercs B onpeaenecanu MJIC, HeoOxoaumoit

IUISL CO3IaHuA MOJ T1aBHbIMU TostocamMu MIIT OCHOBHOrO MarHUTHOTO MOTOKA Tpe-
OyeMoil BeJTUYUHBI.

Lenvio pacuema macnumnou yenu MIIT siBiisseTCa onpeAeaeHrue IONIAAEH ce-
YEHUN €€ YYaCTKOB U CTEIICHU €€ HACHIIICHHUS.

BceneacrBue cuMMeTprn yCTPONCTB MaIlIMHBI M paBEHCTBA MMOTOKOB BCEX TTOJIIO-
COB JIOCTAaTOYHO PACCMOTPETh MAarHUTHYIO 1I€TTh OJHOM Maphl MOJIIOCOB.

Ha puc. 1.24 ans kaxaoro moJjroca ITPUXOBOM JMHUEH MOKa3aHa Takas mar-
HUTHAs JIMHUS MATHUTHOTO MOTOKA @, NNIMHY KOTOPOM MOKHO CYMTATh CPEIHEHN I

BCE€X MarHUTHBIX JTUHUU.
MarHuTHy 1enb MOXHO PAaCCYMTATh HA OCHOBE 3aKOHA IOJHOIO TOKA JJIs
CpEHEW MAarHUTHOU JINHUM:

[Hde=3i, (1.23)

rae H — HanpsbkKeHHOCTh MAarHUTHOTO TOJIS;
d/— snemMeHT MIMHBI MATHUTHOM JINHUM;

Zi — TIOJIHBIA TOK, OXBAThIBAEMbId MAarHUTHOM JIMHUEH.
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Puc. 1.24. MarautHasg nerp MalnuHbl IOCTOSHHOT'O TOKa

HpeI[HOJ'IO)KI/IB, 4TO Ha MPOTAKCHHUU KAXKAOI'0O OAHOPOAHOI'O YUaCTKa HAITPSKCH-
HOCTh MarHuTHOrO 1oasa H , COOTBCTCTBCHHO, ITOCTOAHHA, 3aMCHACM MHTCI'PAJI CyMMOI>'IZ

[H o =Y 1=F, (1.24)

rae H,— HalpsKeHHOCTh MArHUTHOTO MOJIS HA KaYKAOM OJHOPOJHOM YYacTKe;
(, — cpeHss AJIMHA OJHOPOIHOIO Y4acTKa,
F, — monnasg MJIC napsl oroCOB, AEUCTBYIONIAs B KOHTYPE LIEIIN.
Tornma BMecTo paBeHcTBa 1.23 molyduM cieayroniee BbIpaXkeHue:

2H;6 +2H,h, +2H L, +2H h +2H L =2w.i

66

(1.25)

rne 0, h,, L,, h,, L —mnoxa3anHsle Ha puc. 1.24 reomeTpuuecke pa3Mepbl, paBHbIC
JUTMHAM OTPE3KOB CPEIHEN MATHUTHOM JIMHUM;

H;, H,, H,, H,, H, —Hanps»>K€HHOCTH MarHUTHOTO I10JIs B BO3YIIIHOM 3a30p€,
B 3yOI11ax SIKOps, B IpME SKOPsI, B CEPACUHHUKE MOJI0CA, B IPME CTAHUHBI;

W, — 4HCJIO BUTKOB OOMOTKH BO30YKI€HUS, IPUXOAIINXCS HA OJUH IJIaBHBIN I10-
JIFOC MaIlIHHI,

I, — TOK BO30YXKIECHHUS.

Ortaenpabie wieHbl cooTHomnenus (1.25) mpeacrasisior coboit MJIC oTaeapHbIX

YYaCTKOB MAarHUTHOM LIETH, @ X cyMMa — IoaHyto M/IC MaimHbl Ha apy HOIHOCOB.
Tak kak s Kaxaoro yuactka MmaruutHou nenu MJIC onpezensieTcs BbIpaxe-
mmem F = H/{ | 1o pasenctro 1.25 M0XkHO 3aMeHNTH COOTHOIIEHHEM:
2F; +2F, + 2F, + 2F, + 2F, =2F, =2w.i

68!

(1.26)
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rae F, — monnas M/IC, npuxondmascs Ha OJUH IJIABHBIM NOJIIOC MAIWHBI.
ITpu pacueTe MarHUTHOM L€, UCXO4 U3 3afaHHOro0 3HayeHusa DJIC E, u npo-
NOPLMOHAILHON €1 BEJIMYMHBI MATHUTHOM MHIYKIMHU B BO3IYIIHOM 3a30ope B;, ompe-

JEJIAI0T 3HaueHus1 H Ha OTAENbHBIX y4acTKax LIENH, Ipearosaras Ipu 3ToM, 4yTo Io-
TOK pacHpelesieTcss paBHOMEPHO 10 CEYEHMSIM ITHX YYAaCTKOB, M 3aTE€M BBIYMCIISIOT
cymmy 1o ¢opmyine 1.25 umn 1.26. [TogoOHbINH npuOIMKEHHBIA pacyeT JaeT J0CTa-
TOYHYIO JUISl TEXHUYECKUX LI€JIEN TOYHOCTD. [ [py 3TOM pacuer Beaercst Ha O1UH MOJIOC,
T. €. BBIYHUCIISAETCS MOJI0BHHA CyMMBI (1.25).

Cnoxus BeruucieHasie MJIC yyacTkoB MarHuTHoOM nenu, noaxyuyuM MJIC ma-
IIMHBI TTOCTOSIHHOTO TOKA, MPUXO/SIIYIOCS Ha OJMH IOJIIOC:

F=FK+F+F +F +F, (1.27)

rae F,=wi,.

8

Ecnu moBroputs pacuer F, i psaa 3Ha4€HUH OCHOBHOTO IOTOKA @, TO MOYKHO
HIOCTPOUTH 3aBUCUMOCTH @5 = f(F) mm @5 = (i) (puc. 1.25, kpuas 1) KoTopble OTIH-

YaIOTCs TOJIBKO MaciTaboM 1o ocu adciucc. Takue 3aBUCHMOCTH Ha3bIBAKOTCS KPUBLLMU
HAMACHUYUBAHUAMU WITA MACHUMHbIMU XAPAKMEPUCMUKAMU MALLHBI.

HavanpHas, npsaMonanHeHas 4aCTh MATHUTHOM XapaKTEPUCTUKU COOTBETCTBYET
HEHACBIIIEHHOMY COCTOSIHUIO MarHuTHOM 1enu, korga MJIC ¢peppoMarHuTHBIX y4acT-
KOB DTOM 11€II1 BECbMa MaJlbl 110 cpaBHEHUIO ¢ F . ITooToMy, ecnu mpoBecTH Kacareib-
HYI0 2 K HadaJbHOU yacT KpuBoil 1 (puc. 1.25), To oHa nmpeactaBuT coboil 3aBUCH-
MocTh @, = f(F}). Paznocts aberuce kpuBoii 1 u npsimoit 2 pasna cymme MJIC ¢ep-
POMarHUTHBIX Y4aCTKOB MarHUTHOW LIETIH.

CreneHb HACBHIIMICHUS MarHUTHOM IEMHM XapaKTepu3yeTcs xoagguyuenmom
HACbIWEHUSL:

K :F6:1+ FZ+Fa+Fm+Fﬂ’ (1.28)
g F§ F5

KOTOPBII MOKHO OIPEAEIUTh TaKXKe [0 MArHUTHON XapaKTePHCTUKE MAIluHbI (pHC.
1.25), 1. e. o BeIpaxkeHuo 1.29:

_AC_, BC
““AB ~ AB’
CTpOI/ITB MaliuHy C HeHaCBIHIeHHOﬁ MarHuTHOU IOEMIbKO HEBBLII'OJHO, TAK KaK
IIpHU 9TOM MAaTCPHAJIbI 6y,[[YT HCIONCIIOJIBb30BaAHbI U MAllIMHA ITOJIYIUTCA Tspxenon. He-
I_ICJICCOO6p8,3HO TAKXKC CTPOUTH MAIlIUHY C quBBLIqaﬁHO H&CBIH.ICHHOﬁ MariuTHOM ne-
IIbIO, TAK KaK B 3TOM CJIy4ac FB BCJINKO 1 HGO6XOI[I/IMO BBITIOJIHUTH MOIIIHYTIO O6MOTKy

k (1.29)

BO30Y>KIEHHS C OOJBIINM PACXOI0OM MEAH WM aTIOMUHUSA U C OOJIBIIMMU MOTEPSIMU
MOIIIHOCTH Ha BO30y»kaeHue. [1o 3TuM mpuyuHam 37eKTPUYECKUE MAIIUHBI U3TOTOB-
JSIIOTCSL ¢ YMEPEHHBIM HACBIIIEHUEM IPU HOMUHAIBHOM pexkuMme. [Ipu aTom pabouas
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TOYKA JIS)KUT HECKOJIBKO BBIIIE KOJIEHA MATHUTHOW XapaKTEPUCTUKHU (0KOI0 Touku C
Ha puc. 1.25). OOBbIYHO NPY HOMUHAIBHOM MarHuTHOM moToke k , =1,20+1,35, a B He-

KOTOpBIX ciydasx K, =1,7+2,0.

ig,fp

) __

Puc. 1.25. MaruutHas XAPAKTCPHUCTHKA MAaIlINHBI ITIOCTOAHHOI'O TOKa

[Tpu mpoextupoBanuu MIIT cedyenus: yuacTKOB MarHUTHOM 1ETH BEIOUPAIOTCS
OOBIYHO TaKUM 00pa30M, YTOOBI TP HOMUHATHLHOM PEKUME 3HAUYCHUS MAarHUTHOU MH-
TYyKIIMY HAaXOAUJIUCH B OMPENICIICHHBIX 3aJaHHbIX npeaenax. Kpome Toro, B mocienxee
BpeMs JJIsl U3TOTOBJICHUS MOJIIOCOB MPUMEHSETCS TAKXKE XOJOAHOKATaHasl AJIEKTPO-
TeXHHUYecKas cTaiib. [Ipu 5TOM B riaBHBIX Motocax gomyckaercs B, =1,8 7.

1.6 OcHoBHBIE AJICKTPOMATrHUTHBIC COOTHOIICHUA MAIIIUH IMTOCTOAHHOI'O TOKA

SC sxops MIIT Beruucnsiercs o popmyre:

PN
E, = c0a N, (1.30)
WIH
E,=c.®n, (1.31)
rae C, — AIeKTpUIecKas IOCTOSTHHAS:
¢ = PN (1.32)
60a
Ecnu BMecTo BenmmunHbI 72 BBeCTH B popmyity 1.30 yrioByro 4acTOTy BpallleHUs:
w=2nn, (1.33)
t0o 3/1C sixops OyneT paBHa:
E, =c, D0, (1.34)
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rac CM — MardmMTHasd IIOCTOsAHHAA:

- (1.35)
© 2n 2ra
OnextpomarHuTHbI MOMEHT MIIT omnpezesnsercs no BEIPaKEHUIO:
MaM = C/n@ﬁja ! (136)
rae |, — Tok skops.
OnextpomarautHas MomHocth MIIT Beruucisiercs mo gopmyse:
P =EI =M o. (1.37)

K ocHOBHBIM a1ekmpomacnumuvim Haepyskam MIIT OTHOCSAT: MarHUTHYIO WH-
AYKIHIO B BO3AYIIHOM 3a30p€ B, , IMHEHHYIO HATPY3Ky A, U IUNIOTHOCTb TOKA |, .

Maenumnas quym;uﬂ — OTO BCJIMYHMHA MArHUTHOI'O ITOTOKA, IIPUXOAAIIAACA Ha
CANMHHUILY ITOIICPCUYHOI'O CCUCHUA MAaIrHUTOIIPOBOJA:

B=—. (1.38)

Jlunetinas naepy3ka — 3TO TOK, TPUXOAALINICS HAa €IMHUILY JJTMHBI OKPYKHOCTH
SIKOPS:
4= (1.39)
r2aD,
rae |, — ToK sKops;
N — 4HCII0 TPOBOAHUKOB OOMOTKHU SKOPS;
2a — 4ICII0 MapajlIeIbHBIX BETBEH.

1.7 IlleTKku HOBOM KOHCTPYKUMHU

B 1999 r. B PocTOBCKOM IroCy/1apCTBEHHOM YHUBEPCUTETE MMyTEH COOOIIECHUS Ha
Kadeape «IIeKTpUUYeCKrue MaIMHBI U annapaTs» ObUI0 pazpaboTaHO YCTPOMCTBO TO-
KOCBhEMa CO IIeTKaM1 HOBOW KOHCTPYKIIMH U noJydeH nateHT PD Ha ero nzobperenue
(puc. 1.26).

JlaHHO€ YCTpOMCTBO BKJIIOYAET B C€0sl MIETKY 2, pa3pe3aHHYI0 B MPOJI0JIbHOM
HAIPAaBJICHUH, YCTAHOBIICHHYIO B HIETKOJIEp)KaTesle 3 U KOHTAKTUPYIOIIYIO ¢ KOJUIEK-
topoMm 1. Harpy3ouHoe ycTpoicTBO 4 MJIOTHO HNPHXKUMAET IIETKY K KOJUIEKTOpy. B
paspe3 LIETKHU, a TAaKKe MEXAY HEl U KOJUIEKTOPOM BBEAEHA CMa3Ka 5, coaeprkanias
MOPOLIKOBBII 3JEKTPONPOBOASIINNA HANOJHUTEIb W 3alOIHSIOMAs MPOCTPAHCTBO
MEX1y HEPOBHOCTAMHU MPOQUIIS MIEPOXOBATOCTH paboyuel MOBEPXHOCTH KOJIIEKTOPA.
KonunuecTBo 31eKTponpoBOASIIEro HAOIHUTENS cocTaBisaeT 2+15 % ot oobema cma-
304HOro marepuaia. Kpome Toro, B cMa3ou4HbIii MaTepual, HaXOASIINUNCA TOJIBKO B
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pa3pe3C MECTKHU, IOMHUMO ITOPOITKOBOI'O HAITOJIHUTECIIA, JOITOJIHUTCIIBHO BBCICHBI 3JICK-
TPOIIPOBOAAIIHNC YITICPOAUCTBIC UIIX MCIOHBIC HUTHU 6, PAaCIIOJIOKCHHBIC BEPTHUKAJIBHO.

R \ _
7 ofo|e|e|e 7
o] |u|s|#] 3
e T
—~_ 4 NHRHE &
S SERESSE SRR IR

Puc. 1.26. YcTpolicTBO TOKOCHhEMA CO MIETKAaMU HOBOW KOHCTPYKITUU:
1 — xosexTop; 2 — meTKa; 3 — HIETKOoAepKaTenb; 4 — Harpyskaroliee yCTponuCTBO;
5 — 3JIeKTpOIPOBOAALIAs CMa3Ka; 6 — 3JEKTPONPOBOSIINE YTIIIEPOAHbIE HUTH;
P — ycunue, nprxkumarouiee meTky

[TpunHIIMT pabOTHI JAHHOTO YCTPOMCTBA CIIEIYIONTUH.

Ecnu pa3pe3annyro METKY NPUIOKUTh K KOJUIEKTOPY U MPUBECTH €r0 BO Bpa-
IIEHUE, TO CMAa30YHbIA MaTepuall 00s3aTeNIbHO ToMaieT B 30Hy TpeHus. [Ipu 3Tom B
KOHTAKTHBIM 3a30p IOINAAYyT TOXE M YaCTULBI 3JIEKTPONPOBOASUIETO MOPOLIKOBOIO
HAIOJIHUTENISA, 00pa3yss MOCTUKH JOMOJHUTEIBHON MPOBOJUMOCTH OT IIETKH K KOJ-
JIEKTOPY U Ha000pOoT. B 3TOM citydae a1eKTponpoBOISIINE HUTH TTO3BOJIST OBBICUTD
HaJiex)kHOCTh padoThl KII[Y 3a cueT 0IHOBPEMEHHOTO YMEHBIIICHUSI UCKPEHUST MEXTY
KOJUIEKTOPOM U IIETKOM Y YBEIIMYECHUS B Pa3pe3€ MIETKU JICKTPUUECKON MPOBOIUMO-
ctu. Takxke mpu 3TOM CHU3BUTCA M U3HOC TOKOMPOBOASIIETO CKOJIB3SIIETO0 KOHTAKTA
KOJUJIEKTOP-IIETKA.

DKCMEPUMEHTAIBHBIM IMyTeM OBbLIO YCTaHOBJICHO, YTO IPUMEHEHHE IIETOK HO-
BOM KOHCTPYKIUM MO3BOJIMIIO NMOBBICUTH KIIJ[ TAroBOrO ABUraTess u yaydluTh KOM-
MYTalHI0 HA OJUH KJIAcc.
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2 PEAKIIHUA SIKOPSA U KOMMYTANUSA MIIT
2.1 Peakuus sikopst MIIT u ee BuabI

MarauTHoe ToJie JBYXIOJIOCHON MAaIllMHBI MOCTOSHHOTO TOKAa, CO31aBacMOe
00MOTKOM BO30yxeHus, npu xoaoctoM xoxe (1, =0) npeacrasneno Ha puc. 2.1.

Puc. 2.1. MarnutHoe none MITT IIPH X. X.

ITpn Harpyske mamunsl (1, #0) 0OMOTKa IKOPsI cO31a€T COOCTBEHHOE MarHUT-

HOE TT0JIe, KOTOPOE MPHU YCTAaHOBKE IIETOK Ha TEOMETPUICCKON HEUTPAIH U TIPH OTCYT-
ctBum Bo30yxaeHus (i, =0) uzobpaxeHo Ha puc. 2.2.

Puc. 2.2. Maruuthoe rose MIIT [IPU HATPy3Ke

Kak BugHO 13 puc. 2.2, 0Ch NOJIA SKOPS HAaIIpaBjeHa Mo ocH merok 1-1, T. e. nmo
JVHAA T€OMETPUYECKOW HEUTpaIH. JIMHKS Ha NMOBEPXHOCTH SKOPSA, NPOXOASAIIas B
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OCEBOM HAIpPAaBJIICHUU TOCEPEANHE MEKY ABYMSI COCETHUMHU MOJIOCAMU, Ha3bIBACTCA
JIUHUEU 2e0MEeMPUYECKOU HeUmpaiu WA 2e0MempuldecKou Helmpaibio, TaK Kak BAOJIb
ATOW JMMHUW MarHuTHas MHAyKnus B =0. Pa3BuBaeMbIii B MaIllMHE 3JIEKTPOMArHUT-
HBI MOMEHT MOXHO paccMaTpuUBaTh KakK pe3yjbTaT B3aUMOICHCTBUS MOJIIOCOB TOJIS
sxkopss N, —S, u nomocos nosst Bo3oyxaenus N —S.

MarauTHbI€ OIS SKOPS ¥ MHAYKTOPA, ICHCTBYIOIINE COBMECTHO, 00pa3yIoT pe-
3yJIbTUPYIOIIEE T0JIe, BUJI KOTOPOTO IMoKa3aH Ha puc. 2.3. [lonspHOCTh MOIIOCOB U
HaIIpaBJIEHUS TOKOB SIKOPSl HA 3TOM PUCYHKE COOTBETCTBYIOT CIIy4al0, KOTJa B PEXKHME
rereparopa (/) sKOpb BpaIllaeTcs M0 4acOBOM CTpPEJIKe, a B pekuMe ABurarens (/) —
IPOTUB YaCOBOM CTPEJIKHU.

N3 puc. 2.3 BUAHO, YTO MO BIMSHUEM I10JISI IKOPSI OCHOBHOE MarHUTHOE I0JIE
IJIaBHBIX IIOJIFOCOB MAILIMHBI U3MEHSIETCS. DTO SIBICHUE HA3BIBACTCS peakyueu AKops.

IIpu ycTaHOBKE IIETOK HAa r€OMETPUYECKON HelTpanu 1-1 mosie skops Harpas-
JIEHO TIONEPEK OCH IOJIIOCOB, U B 3TOM CIIy4a€ OHO HA3bIBACTCS NoOJeM NONnepeyHol
peaxyuu axops. Ilonepeunas peakiust sIkopsl BbI3bIBACT OcIa0IeHHE OIS IO OJHUM
KpPaeM MOJIFOCA U €r0 YCUIIEHUE IO IPYTUM, BCIEACTBUE YEr0 OCh PE3YIBTUPYIOLIETO
I10JIsI TOBOPAYMBAETCS B TEHEPATOPE MO HAIIPABJICHUIO BPAILLEHUS SIKOPSL, a B IBUTaTENE
— B 00paTHyI0 cTOpoHY. Ecnu ycloBHO paccMaTpuBaTh JUHUM MarHUTHON MHAYKIIUU
B KaQU€CTBE YIIPYTUX HUTEH, TO BOSHUKHOBEHUE AJIEKTPOMAarHUTHOTO MOMEHTA MOYKHO
paccMaTpUBaTh KaK Pe3yJibTaT JEUCTBUS YIIPYTUX CUJI 3TUX HUTEH, CTPEMSIINXCS CO-
KPAaTUTBCSA U MOBEPHYTH AKOPb. [IpM TakoW TpakTOBKE SBJICHWI HANpPAaBICHUS IECH-
CTBUSI MOMEHTOB COBITIAJAI0OT C PEAIbHBIMU KaK B PEXKMME F€HEPATOPA, TAK U B PEXKUME
JBUTATEIIS.

Puc. 2.3. PesynapTupytoiee marautHoe noje MIIT
[lon BO3aEHCTBMEM NONEPEYHOU PEAKIMHU SKOPS HEUTpAJbHAs JIMHHS HA I10-

BEPXHOCTH SIKOpsI, Ha KoTopoii B =0, moBopaumBaeTcs U3 MOJOKEHUS TeOMETpUIC-
ckoil HedTpaym 1-1 Ha HEKOTOPBIA yroj [ B MONOXKEHUE 2-2, KOTOPOE Ha3bIBACTCS
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Junueli ¢uzuyeckou Heumpanu. B renepatope gusmueckas HEWTpaslb MOBEpHYTa B
CTOpPOHY BpallleHus IKOps, a B ABUTATENIe — B OOPaTHYIO CTOPOHY.

U3 puc. 2.2 ciaenyert, 4TO U BPAILIEHUU SKOPS B MPOBOAHUKAX, TOKA3aHHBIX B
JeBOM YacTu puc. 2.2, rnose nonepevHoi peakuuu saxops uaaykrupyetr 3/1C ogHoro
HaIpaBJeHUs, a B IpaBoil — Jipyroro. B pe3ynpTare 3TOro mpu ycTaHOBKE IIETOK Ha
reoMeTpuyeckoil HelTpanu cymmapHas 2/JC oT mons peakuuu siKopsi B Kax10H na-
pajieIbHOM BETBM OOMOTKH U Ha IIETKAX paBHA HYIIO.

Ecnu mieTky cABUHYTHI ¢ TeoOMeTpuyecKor HeiTpanu Ha 90° am. (puc. 2.4), To
TOJIe SIKOPSI IEHCTBYET B0 OCH TIOJIOCOB U Ha3bIBACTCS 10JIEM NPOOOIbHOU peaKyuu
AKOps. ITO TIOJE B 3aBUCUMOCTH OT HANpaBJCHHs TOKa B SIKOPE OKa3bIBAET HA MOJIE
MOJIFOCOB HAaMarHWYMBAIOIIee WU pa3MarHUYMBAIOIIee JCHCTBHIE, U B PE3YyIbTaTE €ro
B3aMMOJICHCTBHS C TIOJIEM TOJIOCOB AJIEKTPOMArHUTHBIM MOMEHT HE BO3HMKaeT. 1H-
OykTupyeMas mpu BpamieHuu sikops OJIC Ha merkax OyJIeT B 3TOM Cilydae TaKxKe
paBHa HYJIIO.

OOBIYHO LIETKU yCTaHABIMBAIOTCS Ha reOMEeTpruuecKoi HelTpanu. OgHaKo B pe-
3yJlbTaTe€ HETOYHOM YCTAaHOBKH ILETOK, @ TAK)KE CO3HATEIbHBIX NEHCTBUI MepcoHana
IIETKH MOTYT OBITh CABHUHYTBI C T€OMETPUUYECKON HEUTpald Ha HEKOTOPBIN Yroia o
(puc. 2.5, a), npuyem 0 < <90° 1. B Takom o01ieM ciryyae mOBEPXHOCTDb AKOPS HA
HPOTSKEHUH JIBOMHOIO MOJIIOCHOTO JIEJICHHUSI MOXHO pa30OUTh Ha JIBE Mapbl CUMMET-
PUYHBIX CEKTOPOB: 1) ab u 28, 2) ac u 66. ToKU NIepBOI Mapbl CEKTOPOB (pHC. 2.5, 6)
CO3JIAIOT TI0JIC MOTIEPEYHON PEAKIIMU SIKOPS, a TOKA BTOPO# mapsl (puc. 2.5, ) — mosne
IIPOJOJIBHON PEAKIINU SKOPSI.

Puc. 2.4. Tlone npoaoabHON pEAKINU AKOPS
VYka3aHHble Ha puc. 2.5, a NOJIIPHOCTH IMOJIFOCOB U HAIIPABIICHUS TOKOB SIKOPS

COOTBETCTBYIOT BpAIIEHUIO SIKOPS B pekUMe TeHepaTtopa (/) mo yacoBoi CTpeske, a B
pekumMe aBurartens (/) — MpOTHB YaCOBOM CTPEIIKH.
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Puc. 2.5. Paznoxenne M/IC peakuuu sSsKopsi Ipy CABUTE HEUTpAIIU a
Ha TIOTIEPEYHYIO O U MPOJIOIBHYIO 8

Kak cnenyer u3 puc. 2.5, npu noBopoTe MIETOK FT€HEPATOpa B HAIIPABICHUU Bpa-
IICHUS U NIETOK JBUTATEINs MPOTUB HANPABICHUS BPAlICHUSI BO3HUKAET pa3MarHu4u-
BAIOIAS MPOJIOJBHAS PEAKIHNS SIKOPS, BBI3BIBAIOIIAS YMEHBIIIEHUE MATHUTHOTO ITOTOKA
1oJt0COB. OCHOBHYIO POJIb B KOMIICHCAILIMH TTONIEPEYHON PEAKIINU SIKOPSI B COBPEMEH-
HbiXx MIIT urparotr 100aBOYHBIE MOJIIOCHI, MAarHUTHBIM MOTOK KOTOPBIX HAIpaBJICH
BCTPEYHO MOTOKY SKOPSI.

2.2 HanpsizkeHne MeKAy KOJLUIEKTOPHBIMH IJIACTHHAMM

Peakius axopsi B ONPEICIICHHBIX YCIOBUSIX MOXET BbI3BaTh HEKEIIATEIBHBIEC 110
CBOMM TIOCIIEJICTBUAM SIBJICHUA. K 4nCIly Takux SIBJIEHUW OTHOCUTCS, MPEXKAE BCETO,
YBEJIIMYEHUE HAMPSHKEHUSI MEXKAY KOJJIEKTOPHBIMU TIJIACTUHAMHU BCIIEICTBUE MCKaXKe-
HHUS TTAJIS IO/, BO3JAEHCTBUEM IOMEPEUHON PEaKIMU SIKOPs. DTO HANPSKEHUE Ha3bIBa-
CTCSI MEANCTAMEIbHBIM.

[Ipu X. X. MAKCUMAJIBHOE HAMPSIKEHUE MEXKIAY COCETHUMU KOJUIEKTOPHBIMH ILJIA-
CTHHAMH B CiIy4yae, HalpuMep, IPUMEHECHHS TIPOCTOM MEeTIeBO OOMOTKH OIpees-
€TCS 110 BBIPAKCHUIO:

u =2Bw.l,, (2.1)

rac Wc — YHCJIO0 BUTKOB CCKIIUH.

[Ipu Harpy3ke MakCUMalibHas MHAYKUHS MOJ OJHUM U3 KPaeB IOJIKOCA JOCTH-
raeT HEKOTOpOro 3HadyeHus B MOATOMY MaKCUMaJIbHOE HANPSIKEHUE MEXKAY CO-

makc 2

CCAHUMH KOJUICKTOPHBIMHU INNIACTUHAMUA BBIYUCIIACTCA 110 Q)OpMYHCZ

u =2B

K.MaKc omaxc

w.l,. (2.2)
CrnenoBaTenbHO, OTHOIICHUE HANPSHKEHUH OyaeT paBHO:

u

K.MaKe __ B(iwakc ) (23)
u B;

K
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CpCI[HeC HaIIPAKCHUC MCIKAY COCCOAHUMU KOJUICKTOPHBIMU IINIACTHUHAMM OIIPC-
ACIICTCA 110 BBIPAKCHHUTO!

U, = 2B, WL 50, =2a,B; w0, (2.4)

K. ocp ocp

CJ'ICI[OB&TCJILHO, OTHOIICHHUC HaHpH}KeHI/Iﬁ 6YI[CT PaBHO:

uK.MaKC — B dmakc (2 5)
ul(.cp a5B5
[Ipu pacuere MIIT umciio KOJJIEKTOPHBIX MIAacTUH K BBIOMPAETCS TAKUM,
YTOOBI CpelHEE HANPSIKEHHE MEXIYy COCEAHUMHU KOJUIEKTOPHBIMU IUIACTUHAMH HE
npesbimano 14-22 B:
u - 2pyU,
K.cp K

. (2.6)

CornacHo BBIPpAKCHUAM 25mn 26, MAaKCHUMAJIbHOC MCIKJIAMCJIBHOC HAIIPSAXKCHHC
BBIYUCIISACTCA 110 (bOpMyJIe:

u — 2 pUH . Bé‘.mmc (2 7)

K.makc ' :

K  o4B;

HpeﬂeJ'IBHOC 3HayeHUue U OTPaHUYIHBACTCS BOSMOKHOCTHEIO BO3SHUKHOBCHM

K. MaKc
AICKTPUYECKON TyTH MEXIY CMEKHBIMHU IacTuHaMu. [loaToMy oObIdHO TpedyeTcs,
4yTO0BI U <30-+50 B.

K.Makc

HenonmyctumMoe noBeIieHue U MOKET MTPOU30UTH TMOO BCIEACTBUE YBEIIH-

K. makc

yeHust B

dmakc

rpy3Ka MallluHbI), INOO BCIEACTBUE YMEHBIICHHS B (ABUraTelu C peryJMpoBaHUEM

1O/, BO3JCHCTBUEM pEaKLMU SIKOps (HampuMep, 3HAUUTEIbHAs Mepe-

CKOpPOCTH B IIUPOKUX Mpe/eiax).

HckaxxeHne KpuBOM NOJISL TEM 3HAYUTEIIBHEE, YEM MEHBIIIE BO3IYIIHBIN 3a30p.
Bennuuny 3a30pa B MaimmHax cpeaHeit U 00JIbIIONH MOIITHOCTH BBIOMPAIOT OOBIYHO Ta-
KOU, 4TOOBI P HOMUHAJILHOM PEXKUME MHAYKITHUS IO KpaeM IOJIFoca He MEHsIJIa CBO-
€ro HaIpaBJICHUSI.

2.3 KoMmieHCAIITMOHHAA 00MOTKA

D@ deKkTUBHBIM CpeACTBOM OOpbOBI ¢ MCKAKEHMEM KpPUBOW TOJIA W yBelnye-
HUEM HANPSOKEHUS] MEKY KOJUIEKTOPHBIMU IUIACTUHAMMU SIBJISIETCS] IPUMEHEHUE KOM-
IEHCALIMOHHOW OOMOTKH.

Ona pa3meraercsi B ma3ax, BBIIITAMIIOBAaHHBIX B TMOJIOCHBIX HAKOHEYHHUKAX
(puc. 2.6, a), Tak, 4TOOBI HAIPaBJIEHUS TOKOB B 3TO OOMOTKE U OOMOTKE SIKOPSI B IIpe-
Jenax KakJoro TMOJIIOCHOTO JefieHHs ObUIM TPOTUBOMOJOXKHBEL. Eciu nuHelHble
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Harpy3ku o0eux oOMOTOK paBHbl (A, = A ), TO BIMSHUE [IONIEPEYHON PEeaKUH SIKOPSI

B MpeJienax MojJloCHOI0 HAKOHEYHHUKA YCTPaHSIETCs MOMHOCThIO (puc. 2.6, 6). Tlocne-
JOBATEJIbHOE COEAMHEHUE 3THX OOMOTOK OOECHEYMBAET TAKYH) KOMIICHCALMIO IPH
Bcex Harpyskax. OnHako coOmoaeHue ycinosuss A = A | B TOYHOCTU HE BCErJa BO3-

MOJKHO.

B takux Clydasax B IIpCAciIaX IMOJIOCHOI'O HAKOHCUYHHKA COXPAHACTCA HCKOTO-
POC BIIMAHHC HOHCpC‘{HOﬁ PCAKINU AKOPSA U MAKCHUMAJIBHOC 3HAYCHHC MI{C pPCaKInn
SAKOpA B HCfITpaHBHOﬁ 30HC TaKXE YBCINYNBACTCS.

F, = % - —AK§b5 . (2.8)

[Ipy HaIMYMKM KOMIIEHCAIIMOHHONW OOMOTKHM BEJIMYMHY BO3AYIIHOIO 3a30pa
MOYHO OpaTh MUHUMAJIBHO IOMYCTUMOM MO MEXaHUYECKUM YCIIOBUSIM.
KomneHncannonnass oOMoTKa 0OBIYHO MPUMEHSIETCS B MOIIHBIX U OBICTPOXO/I-

HBIX MamuHax, koraa U, >400+450 B, ;” >80+100 kBt, mammua moaBepraeTcs
P
neperpy3kam 6osee 20 % u kommyTanus 3aTpyaaeHa (peaktusnas D/1C e, >5+7 B).

2.4 KommyTanusi MAallIMH MOCTOSIHHOTO TOKA

Ilpupooa nposooumocmu 6 wemouHom Konmaxme

Kommyranus B MIIT — 310 npouecc u3aMeHeHus: HapaBJICHUsI TOKa B CEKLIMU
0OMOTKH SIKOpsI IPH MIEPEXOIE €€ U3 OAHON NapalIeIbHOW BETBH B Apyryro. Bo Bpems
KOMMYTAIMU CEKIIMHU 3aMBbIKAIOTCS] HAKOPOTKO IIETKAMH, YEPE3 KOTOPBIE TOK U3 SIKOPS
IEpENAETCs BO BHEIIHIOKO LIETh WM U3 BHELIHEW LIETIH B AKOPb. SIBIECHUS B IIETOYHOM
KOHTAaKTe, T. €. MEXIYy IIETKaMU U KOJJIEKTOPHBIMU IIACTHHAMM, OKa3bIBAtOT 0O0Jb-
110€ BJIMSHUE HAa KOMMYTALMIO U Ha UCTIPABHYIO Pa0OTy MAIIUHBbI.

[lepenaya Toka OT LIETKU K KOJUIEKTOPY M OOPAaTHO MOXKET OCYIIECTBIISITHCS YEPE3:

1) HEemocpeACTBEHHbBI MEXaHUYECKUI KOHTAKT MEK/y IIETKOU U KOJIEKTOPOM;

2) MenpYaiIIIie YacTUIlbl METHOU U TpaUTHON TBLIN;

3) NOHU3UPOBAHHBIE BO3AYLIHBIE IETN MEXY IETKON U KOJUIEKTOPOM.

COOTBETCTBEHHO T'OBOPST O 30HAX:

1) HEmoCcpeICTBEHHOTO KOHTAKTA;

2) IBUICBUIHOTO KOHTAKTa;

3) HOHHOI MPOBOUMOCTH.

BBuay HEpOBHOCTHM MHUKpOpeibeda HENOCPEICTBEHHbIH MEXaHUYECKHN KOH-
TaKT, W CONPUKOCHOBEHHUE WIETKH C KOJUIEKTOPHBIMU IIJIACTUHAMH, MPOUCXOIUT
TOJBKO Ha YaCTU KOHTAKTHOW MOBEPXHOCTH IIETKU M TOJBKO B OTACJIBHBIX TOUYKAX.
[I1OTHOCTP TOKA B ATUX TOYKAX JOCTUIAE€T HECKOJIBKHUX THICSY aMIEP HA KBAJAPaTHBIM
MUJIUMETP. ToUeUyHbIE KOHTAKThl HEMOCTOSIHHBI BBUAY UX M3HOCA U pa3pyLICHHUs, a
TaKke MepeMENIEHUsl KOJUIEKTOPa, MPUYEM BpEMs CYLIECTBOBAHUS KAXKJIOIO TOYEU-
HOI'O KOHTAaKTa B OTJEJIBHOCTHA BECbMA HEBEIHUKO.
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Puc. 2.6. Pacnionoxenue KoMeHcalnoHHo 00MoTKH a u nuarpammbl MJIC
sikops ( F, ), komneHcarmonHoi oomotku (F, )

u pesynstupytomeit MJIC (F, + F_ ) npu paBencrse 0

Y HEPABEHCTBE 8 JTMHEHHBIX HAIPY30K SKOPS
1 KOMIIEHCAIIMOHHOW 0OMOTKH

BcenenctBue n3Hoca METOK U KOJIJIEKTOPa B KOHTAKTHOM CJIOE€ BCET/1a UMEETCS
MHOKE€CTBO MEJIKUX MBUTMHOK. [[03TOMY KOHTaKT M mepeaada TOKa YaCTUYHO OCY-
IIECTBIISIFOTCS Yepe3 ATU NbUIMHKHU. [[JIOTHOCTH TOKA MpU 3TOM TakKe BeJMKa, a Mpo-
TOJDKUTENIBHOCTh KaXKJIOI0 KOHTAKTa M3-3a JBHXKCHUS KOJJIEKTOpA U CTOPaHUS MbLIN-
HOK HEBEJIMKA.

Touku HEMOCPEICTBEHHOTO W TMBUICBUIHOTO KOHTAKTa BCIICJCTBUE OOJIBIINX
MJIOTHOCTEHN TOKA HAKAJISIOTCS JI0 KpacHOTO 1 Oenoro kanenwus. [Ipu kpacHOM KanieHuH
MeIb U IETKH, MOJISIPU30BAHHbIE aHOTHO, UCITyCKatoT HOHEL. [Ipu 6emom kasienuu npo-
HCXOJUT TEPMHUYECKAS] IMUCCHUSI DJICKTPOHOB U3 KAaTOAHO MOJISPU30BAHHBIX IIETOK U
IJIACTUH. DMUTUPYIOLIUE 3JIEKTPOHBI, B CBOIO OYEPEh, MOHUZUPYIOT BO3yX B KOH-
TaKTHOM cJioe. B pe3ynibrate 3TOro co3naercsi MOHHasg NPOBOJUMOCTh TOKa. B 30He
MOHHOM MPOBOJUMOCTH IO METKOM BO3HMKAIOT TaK)Xe CIa0ble DJIEKTPUUYECKUE HC-

KPOBBIC U AYI'OBBLIC pa3psAbI. Takue paspAabl MOABJIAIOTCA M HA KpasdX IICTOK IIpH 3a-
MBIKAaHHUH CeKIII/II\/'I HAaKOPOTKO U UX PA3SMbIKaAHHH.

38



PazHopoiHbIe 30HBI MPOBOAMMOCTH HEBEJIMKH 10 Pa3MepaM, EPEMEKAIOTCS IPYT C
JPYroM U MEepEeMENIatoTCs 0 KOHTAKTHOM MOBEPXHOCTH 1IETKU. MIOHHAs MpOBOAMMOCTD

o 4 A
peo0IafaeT pu OONBINKX IIOTHOCTAX TOKA MO meTKoH ( J, >5-10"—).
M

HckpoBbIE M TyroBBIE pa3psbl OKa3bIBAIOT MHTEHCUBHOE TEPMHUYECKOE JEH-
CTBHE Ha MaTEpHAJIbI IIETKU U KOJuIeKTOpa. KaTtog TepMuyecku pa3pymaercs, U dJIeK-
TPOJIHOE BEIIECTBO IIEPEHOCHUTCS C KaToAa Ha aHOA. B pe3ysbrare 3Toro npoucxoauT
JIIEKTPUYECKAs 3pO3Us, CIECIACTBUEM KOTOPOU SBIETCA IEPEHOC MaTEpHUalla U U3HOC
ANEKTPOAOB. BbICOKME TeMIlepaTypbsl BOZHMKAIOT JHUIIb B OTAEIBHBIX TOYKAaX, U IIO-
ATOMY WIETKU U KOJJIEKTOPHBIE IJIACTUHBI B LIEJIOM HE HarpeBarOTCA 10 BBICOKOM TEM-
IepaTypsl.

B BO31yXxe Bcerna ecth Bilara, M BC€ MPEAMETHI IIOKPBITHl TOHYANIIEH TNIEHKON
BJIary, KOTOPasi UMEET ONPEIEIICHHYIO CTEIIEHb KHCIOTHOCTH, TaK KaK B BO3yX€ BCe-
I71a COJEPKATCA Pa3IMYHbIE OKUCIBL. [109TOMY npH MPOXO0KIEHUHM TOKA YEPE3 CIIOU
LIETOYHOI'0 KOHTaKTa BOZHUKAET SIBJICHUE AIEKTPOIN3a. B pesyibrare aj1eKkTpoinsa Ha
KOJUIEKTOpe 00pasyeTcst OnecTsias IJIeHKa OKHCIOB MEIH, UMEIoUIas pa3inyHylo
OKpacKy (po30BYyI0, KOPUUHEBYIO, (PMOJIETOBYIO, CUHE-CTAJIbHYI0) U Ha3blBaeMas no-
aumypou. llonnTypa yBEIMYMBAET IMEPEXOJHOE CONPOTHUBIICHHE IIETOYHOIO KOH-
TaKkTa, OTPaHUYUBAET, TEM CAMbIM, BEJIMUMHY TOKa KOPOTKOTO 3aMbIKaHUs (K. 3.) CEeK-
LU U yIy4lIaeT KOMMYTAIUIO.

Hannuwme xopomrel noauTypsl Ha KOJUIEKTOPE SBJISIETCS MPU3HAKOM XOPOIIEH
KOMMYTallMU. 3€pKajio METKA IPH XOPOIlIed KOMMYTallud UMEET TAaKKe OJIECTSIYIO
ITOBEPXHOCTb.

CHIIBHOE WCKPEHUE U IYTOBBIE Pa3psiibl Pa3pyLIAIOT HNOJUTYPY U 3€PKAIBHYIO
ITOBEPXHOCTB IIETOK, KOHTAKTHBIE TOBEPXHOCTH CTAHOBSITCS MATOBBIMH U MOSBIISIIOTCS
cnensl Harapa. [lepexogHoe CONMPOTUBIEHNE NIETOYHOTO KOHTAKTA MPU 3TOM YMEHb-
LIAETCs, U YCIOBUSA KOMMYTALUN YXYIILIAOTCH.

Benencreue C0KHON NPUPOABI IIETOYHOIO KOHTAKTA €ro NEPEXOIHOE COMPO-
TUBJICHHE HE SIBJIIETCS IOCTOSIHHBIM, a 3aBUCUT OT BeJIW4YMHBI Toka. Ha puc. 2.7
CIUIOIIHBIMM JIMHUAMU ITOKA3aHbI JBE BOJIbT-AMIIEPHBIC XapaKTEPUCTUKH ILIETOK, IPE-
CTaBIISIIOIIME COOOM 3aBUCHMOCTH MMAJICHUs HAMPSHKEHUS B KOHTAKTHOM CJIO€ ILETKU
AU, OT cpeiHeii MIIOTHOCTH TOKA MOJ WIETKOW |, . TaM e ITPUXOBBIMH JIMHUAMU

M300paKEHBI KPUBBIE YIIENBHOTO MIEPEXOHOTO CONPOTUBIIEHUS B QYHKIMH ],

P = (2.9)

Ha HayanbHOM, KPyTO IIOJHMMAIOIIEMCS, y9acTKe KpuBbIXx AU = f (jm) npe-

06J1anaeT KOHTaKTHadA MPOBOJUMOCTDL, 4@ HAa IMOJIOTOM YHYAaCTKEC — HMOHHAS IIPOBOIAU-
MOCTB.
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Puc. 2.7. BonbT-aMIiepHbIE XapaKTEPUCTUKH IIETOK

Kpusbie 1 Ha puc. 2.7 COOTBETCTBYIOT CIly4aio, KOr/ia IpU MaJbIX |, CONPOTUB-

JICHUC P, BCJIHMKO M Ha4daJlbHas 49acCTb BOHBT-&MHGpHOﬁ XApPAKTCPUCTHUKH KPYTO IIOJI-

HuMaeTcs. Takue meTku 00ecTeurnBaroT JYUIIUe YCIOBHS KOMMYTAIIMU, YEM IIETKH,
COOTBETCTBYIOIINE KPUBBHIM 2.

Ipuuunwvl uckpenus

C mpakTU4eCKOM TOUKHU 3pEHUS BAXKHO, YTOOBI KOMMYTAIIUSI IPOUCXoauiia 0e3
3HAYUTEIHLHOTO UCKPEHHUS Y KOHTAKTHBIX MOBEPXHOCTEH MIETOK, TaK KaK CHJIbHOE UC-
KpEHHME TIOPTUT IMOBEPXHOCTh KOJIJIEKTOPA U MIETOK U JIeJaeT JJIUTENIbHYI0 paboTy Ma-
IIMHBI HEBO3MOKHOM.

[IprunHbBI UCKPEHUS Ha MIETKAX MOXKHO MOAPA3AEIUTh Ha:

1) mexaHnuueckue;

2) 3JICKTPOMarHUTHBIE.

Mexanuueckue npuuunsl uckperus OOJNBIIEH YAaCThIO CBSA3aHBI C HAPYIICHUEM
KOHTAaKTa MEXK]ly IIETKAMU U KOJUIEKTOPOM.

Takue HapyIIeHUS BHI3BIBAIOTCS:

1) HEpOBHOCTHIO TOBEPXHOCTH KOJUIEKTOPA;

2) nnoxoi npuiuIMGOBKON HIETOK K KOJUIEKTOPY;

3) 6oeM KoJuiekTopa, eciau oH npesseimaeT 0,2—0,3 MMm;

4) BBICTYMIaHUEM OTJEIBHBIX KOJUIEKTOPHBIX TUIACTHH;

5) BBICTYITAHUEM CJIIOJIBI MEXKy KOJUIEKTOPHBIMU TJIACTUHAMU;

6) 3aeaHreM IIETOK B IIETKOJAEpKaTEAX (Tyras mocajaka);

7) BuOparueil meTok (HeXKEeCTKOCTh TOKOCHEMHOT0 anmnapara, rioxasi 0anaHcu-
POBKa MAIlIMHBI, CIUIIIKOM CBOOOHOE PACIIOJIOKEHHUE IIETOK B IIETKOACPKATEISIX C
3azopamu 6omee 0,2—0,3 MM, CITUIIIKOM OOJTBIIIOE PACCTOSTHHE MEXIY 000HMOM IIETKO-
JepKaTeIIs U KOJJICSKTOPOM — 0ojiee 2—3 MM H T. JI.).

Hckpenne MOXKeT ObITh BBI3BAHO TAK)KE€ HEPABHOMEPHBIM HATSATOM IETOYHBIX
MPY>KWH, HECHMMETPUIHOU pa30MBKON MIETOYHBIX MAJBIIEB U MIETOK MO OKPY>KHOCTH
U IPYTUMH MPUYUHAMU MEXAHUYECKOT0 XapaKTepa.
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DnekmpomazHumnsle NPUYUHLL UCKpeHUsi Ha IIETKaX CBS3aHbl C XapaKTepOM
POTEKAHUS IEKTPOMATHUTHBIX MPOIECCOB B KOMMYTHPYEMBIX cekiusax. Obecrneye-
HUE JOCTaTOYHO OJaronpusTHOrO MPOTEKAHUS ITUX MPOIIECCOB SBJSETCS BAXKHOM 3a-
nadedt ipu co3nanuu MIIT, B 0cOOEHHOCTH KPYITHBIX.

KauectBo kommyranuu, cornacHo ['OCT (ta6un. 2.1), onieHUBaeTCs CTENEHbIO
UCKpeHHUs (KJIacCOM KOMMYTAalluu) MOJ COErarmolMM KpaeM IIEeTKH, T. €. MOJ TeM
KpaeMm, U3-110J1 KOTOPOTO IIJIACTUHBI KOJUIEKTOPA BBIXOJAT IIPU CBOEM BpaieHuu. Cre-

1 ,1
IIEHU UCKpeHus 1, lz U 15 JOITYCKAIOTCS MIPH JHOOBIX pexkuMax padoThI.

Ilomenyuanvroe uckpenue

B omnpeneneHHbIX YCIOBUSAX BO3HUKAIOT HCKPOBBIE Pas3psiibl MEXKIY OTICIb-
HBIMHU KOJUIEKTOPHBIMH TIJIACTUHAMM Ha CBOOOHOM MOBEPXHOCTH KOJIJIEKTOPA, HE 3a-
HATOM meTkamMu. Takoe MCKpeHUe Ha3bIBaeTCsl nomenHyuanvbHolM. OHO BBI3BIBAETCS
100 HAKOTUICHUEM YTOJIbBHOM MBUIA U TPSA3U B KaHABKAX MEXIY COCETHUMHU KOJICK-
TOPHBIMU IJIACTUHAMU, JTUOO0 BOSHUKHOBEHUEM UPE3MEPHBIX HAMPSHKEHUN MEXKITY CO-
CEHUMHU TIaCTUHAMU. Takoe UCKPEHHE OMAacCHO TE€M, YTO OHO CITIOCOOHO Pa3BUTHCS B
K. 3. MEXy IUIACTUHAMU U B TaK HAa3bIBAEMbIN KPYTOBOIl OTOHBb.

Kpyzoeoii oeons nipenctaBisieT co00i KOPOTKOE 3aMbIKAHUE SIKOPSI MAILIMHBI Ye-
pE3 PIEKTPUUECKYIO YTy HAa HOBEPXHOCTH KOJIEKTOpa. KpyroBoil oroHb BOZHHKAET B
pe3ynbTaTe Ype3BbIYANHO CHIIBHOTO PacCTpONCTBA KOMMYTAIMH, KOT/a Mo coeraro-
IIUM KpaeM HIETKU MOSBISIOTCS CUIIbHBIE UCKPBI U AJIEKTpuUeckue ayru (puc. 2.8).

Tabnuya 2.1
Crenenb UCKpeHUs (KJIaCC KOMMYTAIIUK ) MAIlIMH TOCTOSIHHOTO TOKa
Crenennb uc-
KpeHus XapakrepucTuka Cocrosinue
(K1acc KOM- CTeNeHU NCKPEeHUs KOJJIEKTOPA M IIEeTOK
MYTAIIMH)
1 OtcyTcTBUE UCKPEHUS (TEMHAS KOM-
MYyTarlus)
1 1 Cnaboe ToueuHoe uckpeHue noj He- | OTCyTCTBUE MTOYEPHEHUS Ha KOJI-
4 OOJIBIION YaCThIO MIETKU JIEKTOpE W Harapa Ha IeTKax
[TosiBieHue cne10B NOYEPHEHUS
. Ha KOJUIEKTOpE, JIETKO yCTpaHse-
1 Cnaboe uCKpeHue 1o 0oJbInei ya- pe, yerp
1— MBIX IPOTUPAHUEM TTOBEPXHOCTH
2 CTBIO LICTKU
KOJUUIEKTOpa OCH3MHOM, a TaKke
CJIe/IOB
ITosiBieHME CIEA0B MTOYESPHECHUS
Nckpenue o BceM KpaeM IIETKH.
Ha KOJUIEKTOPE, HE YCTPAHSIEMBIX
JlonyckaeTcst TOJIBKO MPH KPaTKO-
2 NPOTUPAHUEM KOJJIEKTOpa OCH-
BPEMEHHBIX TOTYKAX HArpy3KHU U Tie-
3MHOM, a TaKXK€ CJIEJIOB Harapa
perpysku
Ha IeTKaxX
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Oxonuanue maon. 2.1

3HaYUTEIHLHOE UCKPEHUE T10]T BCEM
KpaeM IIETKU C HATMYUEM KPYITHBIX
Y BbLIETAIOMMX UCKp. JlomyckaeTcs | 3HAYUTENbHOE TOYEPHEHUE Ha
TOJIBKO ISt MOMEHTOB MpsAMOro (0e3| KOJUIEKTOpe, HE YCTpaHsIeMOe
3 PEOCTaTHBIX CTYIECHEH) BKIIFOUCHHUS | TPOTHUPAHUEM ITOBEPXHOCTH KOJI-
WJIM PEBEPCHUPOBAHUS MAIIIMH, €CJIU |JIEKTOpa OEH3MHOM, a TaK»Ke IMO/I-
IIPY 3TOM KOJUIEKTOP U LIETKH OCTa- rap u pa3pyueHue meToK
I0TCSI B COCTOSIHUM, IPUTOTHOM JIJIsI
JaJbHEUIIEeH paboThI

s,

ﬂ

Puc. 2.8. PactipocTpaHeHue KpyroBoro ortsi o KOJUIEKTOpY

PacnpocTpaneHne oras npOUCXOAUT MYTEM MOBTOPHBIX 3a)Xxuranui ayru. llo-
ABJISIFOIIASICSA MO/ IIETKOM Ayra pacTArMBAaeTCs JEKTPOAMHAMUYECKUMU CHUJIAMU U
racHET, OCTaBJIsAA 32 COO0M MOHM3UPOBAHHOE NMpOocTpaHcTBo. [ToaTOMy nmocnenyromas
Jyra BO3HUKAET B OoJiee OJAronpusATHBIX YCIOBUSX, SBIIAETCS 00Jee MOUTHOW U pac-
TATUBAETCS Ha OOJIbIIEE PACCTOSHUE MO KOJIEKTOPY, U, HAKOHEIL, TyT'a MOXKET pacTsi-
HYTBCS 10 LIETOK MPOTUBOIOJIOKHON MOJISIPHOCTH.

KpyroBoii oronb BO3HUKAaeT OOBIYHO MPHU OOJIBUIMX TOJTYKAX TOKA SKOPs (3HA-
YUTEJIbHBIE NTEPErPY3KH, KOPOTKUE 3aMbIKAHMS HA 3AKMMAaX MAILLIWHBI UK B CETH U T.
1.). [Ipu 3TOM, C OAHOUM CTOPOHBI, MOSIBISETCS CHIIBHOE UCKPEHUE («BCIBIIIKAY) MO
LIETKOM, a, C APYrOM CTOPOHBI, IPOUCXOJUT 3HAYUTEILHOE UCKAKEHUE KPUBOWU Mar-
HUTHOTO IOJISI B BO3AYIIHOM 3a30p€ M YBEJIMYEHHE MEXKJIAMEJIBbHOI'O HAINPSIKEHUS
MEX/1y OTIEJIbHBIMHU KOJIJIEKTOPHBIMU IJIACTUHAMHU, YTO CHOCOOCTBYET BO3HUKHOBE-
HUIO KPYroBoro orus. KpyroBoi oronb BbI3bIBa€T NOPUY MOBEPXHOCTH KOJIJIEKTOPA U
LIETOK.

JlelicTBEHHOM MepOM IPOTUB BO3HUKHOBEHUS KPYTOBOT'O OTHSI SABJISAECTCS [IPUME-
HEHHE KOMIIEHCAIIMOHHON OOMOTKH, a Tak»Ke OBICTPOJIECUCTBYIOIINUX BBIKIIIOUATENEH,
OTKJIFOYAIOIIMX KOpOTKHUE 3aMbikaHus B Teuenue 0,05-0,10 cek.

Wnorna 8 MIIT, npu U, >1000 B, mexxy meTouHbIMU OpakeTaMy pa3HbIX I0-
JSIPHOCTEH CTaBSATCS TaKkKe U30JIALUOHHBIE Oapbephl, MPEMATCTBYIONIUE PACIPOCTpa-
HEHUIO Ayrd (puc. 2.9), a Takke MeXAy KOJJIEKTOPOM M OOMOTKON yCTaHaBIMBAIOT
U30JIMPYIOIIUI 3KpaH U NPUMEHSIOT BO3AYIIHOE IyThE, CAyBAIOIIEe NyT'y B CTOPOHY
3AIIMIIEHHOTO NOAIIMITHUKA.
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Puc. 2.9. bappepsl U3 U30JALHOHHOTO MaTepHalia MKy HIETOYHBIMU OpakeTaMu

DneKTpUyecKas 1yra 3aMbIKaeT HAKOPOTKO BCIO WM 3HAYUTEIbHYIO 4acTb 00-
MOTKH SIKOPsI, BCJIEICTBHE YETO PE3KO BO3PACTAET TOK MAIINUHBI. KpyroBoi oross siB-
asieTcst KpynHoi aBapueid. OOpa3oBaBLIasiCs Jyra CUIIbHO MOBPEXKIAET KOJIIEKTOPHBIE
IUTACTHUHBI, U30JISITOPHI IIETKOAEpKATeNIed U M30JSLUI0 JIOOOBBIX YacTel MaIlHHBI,
BBIBOJIS €€ U3 CTpos. B TsroBwix anekrpoasurarensx (TI/]) myra ywacto nepedpachiBa-
eTcsl Ha OJIvKalIne 3a3eMIICHHbIE YaCTH MAILIMHBI — KOPITYC M HAKOHEYHHK TJIABHOTO
nontoca (puc. 2.10), BbI3bIBas TakKe TshKeNble moBpexaeHus. [losBienue Takoil 1yru
Ha3bIBAIOT BCHLIUKOU HA KOJLIeKmope dIEKTpuieckoil Mmamuusl (OM).

*Iﬂ Ig { Nepexpoimue

Hpyeolod
oZOHb

Puc. 2.10. Bo3HukHOBeHHE KpyroBoro orus B TO/]
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IIpoyecc kommymayuu

ITpu BpamieHny SKOps CEKLHMH MEPEXOAAT MONEPEMEHHO U3 OJHOM Napallieib-
HOH BETBH B JIPYT'yIO, IPUYEM BO BpEMs TAKOT'O IEPEXOA CEKLUS 3aMbIKAETCS HAKO-
POTKO IIETKOM ¥ B HEHM MMPOUCXOIUT U3MEHEHHE HAIIpaBJICHHUs TOKa, HAIIPUMED, OT 3Ha-
4yeHMs +i, 10 3HaYeHus —i,. DTo sBICHUE HA3bIBACTCA KOMMymayuetl cekyuu. SIBne-

HUS B KOPOTKO3aMKHYTOM CEKIIMH BIIUSIOT Ha BEJIMYMHY TOKOB B IIETOYHOM KOHTAKTE
1 Ha paboTy meToK. COBOKYITHOCTD SIBJICHUH, CBI3aHHBIX C 3aMbIKAHUEM CEKITUA HAKO-
POTKO IMIETKAaMH, MEPEX0I0OM ITUX CEKIIMHA U3 OJHUX MapaJlICIbHBIX BETBEH 0OMOTKH
B IpyTHE U Tiepefadel ToKa Yepe3 CKONB3SIINI KOHTAKT MEXITy KOJUICKTOPOM | IIET-
KoM, Ha3eIBaeTcs kommymayueri MIIT (puc. 2.11).

IIponiecc koMmmyTaMK Xapakrepusyercs nepuodom kommymayuu T, KOTOPBITA

MPECTaBIACT COOOM BpeMs (THICSIUHBIC U ACCATUTHICAYHBIE IOJIM CEKYH/IbI), B TECUCHUE
KOTOPOTO CEKITUsl 3aMKHYTa HAKOPOTKO IIETKONH U KOMMYTHPYETCS.
B cmyuae npocToit netiieBoil 0OMOTKH 7', paBeH BPEMEHH IEPEMELIEHHs KOJI-

JICKTOpA, Bpalaronierocsa ¢ OKpy>kKHOU CKOPOCThIO v, Ha HIUPHUHY HICTKU bm .

b, b
T=tu_Da P (2.10)

b =", (2.11)

rae D, — quamerp KOJIEKTOpa;
L. — K03 OULHEHT IETOUYHOTO NEPEKPBITHS, KOTOPBII HAXOUTCS B Ipesenax 2—/:

b
f=p" (2.12)
k

DneKmpoosudICywue CUlbl 8 KOMMYMUPYemou ceKyuu

DIIEKTPOIBUKYILIHE CUIIBI, THAYKTUPYEMBbIE B KOMMYTUPYEMOM CEKIIUU, OKa3bI-
BAIOT Ha KOMMYTAIMIO BECbMa CYILIECTBEHHOE BIIMSHUE.

KommyTtnpyemas cekuus 001a1aeT onpeeIeHHOM HHIYKTUBHOCTBIO L, Beaen-

CTBHE YEro B HEW Npu KoMMyTaluu uHaykrupyercst 34C camoundykyuu BeYUCIsAE-
Mas 1o ¢hopmyie:
di
e =—-L.—, (2.13)
dt
rae L, — MHOYKTMBHOCTb CEKLIUU.
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Haberarmoumii
Kpai meTKn

2iq 2iqg

Coheraronmii
Kpail meTKu

Puc. 2.11. IIpouecc kommytanuu MIIT

3nak munHyc B popmyie 2.13 o3Hauaert, uto nanHas JJ]C crpeMuTcs 3aMeITNTh
KOMMYTALMIO, YTO BIIOJIHE ECTECTBEHHO, T. K. B PE3YJIbTATE CAMOMHAYKIIMY U3MECHEHHE
TOKa B LIETIA BCETJa 3aMeIJISIeTCSl.

OnDHOBPEMEHHO C paccMaTPUBAEMON CEKLIMEN B MAIllMHE KOMMYTHPYETCS Pl
Apyrux cexuui. OObIYHO b, =D, 1 MWETKH 3aMBIKAIOT HAKOPOTKO HECKOIIBKO COCEI-

HUX CeKIMU. Eclin 5TH ceKIuu HaxoAsITCSl B OJTHOM U TOM ke Ta3y (YUCIIO JIeMeHTap-
HBIX 1a30B U, >1), TO MEXy HUMH CyHIECTBYET CUIIbHAS B3AUMOUHAYKTUBHAS CBA3b.

Kpowme Toro, cexuuu, KOMMyTHPYEMbIE Pa3IUYHBIMU METKAMU W HAXOASIIUECS IO/
COCEIHUMH TIOJFOCAaMH, TaKK€ UMCIOT CHJIBHYIO B3aMMOWHIYKTHBHYIO CBSI3b, €CIIH
CTOPOHBI ATUX CEKIMI PacIoJIOKEHBI B OOIUX Ta3ax, BCICACTBUE YErO B pacCMaTPH-
BaEMOM KOMMYTHUPYEMOU ceKiuu HHayKTupyercs I/[C e3aummoii unoykyuu, KOTOPYro
MOYKHO OIIPEJICIIUTD 110 BEIPAKEHUIO:

e,=> e, :—ZMH%, (2.14)

n n

rae M, — B3auMHas MHIYKTUBHOCTb MEXJYy pacCMaTpUBAEMOM CEKIIMEW U OJHOBpE-

MEHHO C HEK0O KOMMYTHUPYEMOM CEKIEM.
O/JC e, nMeer Takoi ke 3HaK, Kak 1 OJIC € ¥ M03TOMY OHA TOKE CTPEMUTCSA

3aMeIUTh KommyTanuio. O0eruHo 3T DJIC 00beqUHSIOT B OOIIYIO, TaK Ha3bIBae-
Myto0, peakmuenyio 3/[C, paBHYIO:

e =e +e, . (2.15)
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Kpome Toro, B kommyTrpyemoil cekunu uHaykrupyercss 3/1C ot noss nomne-

quHOﬁ PCAKIHU AKOPA eaq , KOTOpas UMCCT TAKOC JKC HAIIPaBJICHUC, KaK U TOK CCKIINHN

B Hayaine Kommyrauuu. CrnegoBatenbHo, 3Ta DJ[C CTpeMHTCS COXpaHUTH MPEXKHEE
HaIpaBJICHUE TOKA, SBJISIETCS MOJOKUTEIIBHON U TAKKE 3aMEJISIET KOMMYTAIIHIO.

B o01iem ciyyae B 30HE KOMMYTHUPYEMBIX CEKIIMHA MOMKET CYIIeCTBOBATh Mar-
HUTHOE T10JIe, BHEIIHEE 10 OTHOIIEHHUIO K SIKOPIO, T. €. CO3/IJaBaeMoe HHAYKTOpoM. [1pu
BpAIICHUH CTOPOH KOMMYTUPYEMOM CEKIIMH B 3TOM ToJie B Hel unayktupyercsa D/1C,
KOTOpast MOKET UMETh TOT WJIM MHOM 3HaK B 3aBUCHUMOCTHU OT HAINPABJICHUS BHEIIHETO
OJIA.

Bo3zHukaer ctpemiieHne J0OUTHCS ¢ MOMOIIbIO BHEUTHETO MOJIsi KOMIICHCAIUH
ONIC e, u e,, B CEKUMHM, TaK Kak yXe B MallIMHAaX MOLIHOCTBIO nopsiaka 0,5 kBt atn

O/C cunbHO 3aTpyIHAIOT KOMMYyTaluio. Ha npakTuke 3T0 0OBIYHO OCYIIECTBIISETCA
C MOMOIIIbIO JT0OABOYHBIX MOJIFOCOB, KOTOPHIE CO3/Ial0T BHEIITHEE MOJIe HEOOXO0UMOM
VHTEHCUBHOCTH U HAIIPABJICHUS.

[Tone peakuuu sIKOpsl ¥ BHEIIIHEE MOJI€ MHIYKTOPA, JEHCTBYS COBMECTHO, 00pa-
3YIOT B 30HE KOMMYTUPYEMBIX CEKIIUN PE3YJIbTUPYIOLIEE, TAK HA3bIBAEMOE KOMMYTH-
pyromee nosie. Muaykrupyemas >TUM IosneM B KoMmytupyeMoi cexuuu OJIC e

HaszbIBaeTcs kommymupyioweti 3/]C n onpeaensiercs mo hopmyiie:
e =2Bw./ v, (2.16)

rae B, — MHAyKIMsA KOMMYTHPYIOLIETO MOJIS.

KoMmmyTupyemas cexuys IpOHU3bIBACTCS MATHUTHBIM IIOTOKOM IUIABHBIX ITOJIIO-
COB @; W CLEIIAETCS ¢ HUM. ECiin CTOPOHBI CEKLIMM PaCIONOXKEHBI B HEUTPaIbHON
30H€, TO MATHUTHBIN NTOTOK @; He unaykrupyer D/1C Bpamienus B oToi cekuuu. On-

HAKO €CJIM TIOTOK TJIAaBHBIX ITOJIFOCOB MU3MEHSACTCS BO BPEMEHHU, TO B KOMMYTHPYEMOMH
cekiuu uHayktupyercs 3C mpancopmayuu (nyavcayuu), paBHas:

€rp =W, d;fff . (2.17)

B MIIT sta 9/IC BO3HHMKAET TOJIBKO B OCOOBIX YCIOBUSIX, HAIPUMED, B HEYCTa-
HOBUBILIUXCS PEKUMAX.

Takum 00pa3oMm, B TEOPHUH KOMMYTAIIMM B OCHOBHOM pPAacCMaTpUBAIOTCS IBE
OJC — peaktusHas OJIC cekuuu €, u kommyrupyromas S1C e . g 1oCTHKEHUS

HAWJTY4IINX YCIOBUH KOMMYTalluu HE00X01uMo, 9To0bl 3Tu DJIC nmenn pa3nuyuHbie
HaIpaBJIeHUS ¥ ObLTH PAaBHBI M0 BETUYHHE (TTPSIMOJIMHEWHASI KOMMYTAITUS) JIA 9TOOBI
e. Obl1a HECKOJIBKO OoJibIle €, (cllerka ycKOpeHHas KoMMyTanus). st 3Toro KoMmy-
TUPYIOIIEE MOJIe JOHKHO MMETh HaIpaBIIEHUE, TIPOTHUBOIOI0KHOE HAITPABICHUIO TTOJIS
peakiuu sikops (puc. 2.12).
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Puc. 2.12. I3MeHeHue TOKa MpU NPSAMOIUHENHON a
U KPUBOJIMHEHHOW 6 KOMMYTAIUU

2.5 Coco0blI yJyqyieHus1 KOMMYTALMH

J{nst co3maHus XOpOUIUX YCIOBUM KOMMYTAIlUM HEOOXOJIUMO, MPEXKIE BCETO,
o0ecrneunTh HaJJIeXKAIIee COCTOSHHE KOJUIEKTOpAa M IIETOYHOrO ammapara, 4TOObI
YCTPaHUTh MEXAaHUYECKUE MPUUUHBI UCKPEHUS.

Crioco0sl yiyulieHus KOMMYTalliy HalpaBJIeHbl HA YMEHBIIIEHHUE J0OABOYHOTO
TOKa KOMMYTallMW WM TOKa KOPOTKOTO 3aMbIKaHUS KOMMYTHUPYEMOW CEKIUU U CBO-
JATCS K CIAEAYIOIIUM MEPONPUATHSIM:

1) camxenno kommyTrpyromei I/1C ¢ moMoIIbIo 100aBOYHBIX MTOTIOCOB HITH
CIABUTA IIETOK C TEOMETPUUYECKON HEUTPAIIH;

2) YBEITMUYCHHUIO COTIPOTUBIICHHUS IS KOMMYTHPYEMOM CEKIIHH;

3) ymeHnbieHuto peaktuBHoit I/C.

Yayuwenue xommymayuu ¢ nomowbto 006a80UHLIX NOTIOCO8

OCHOBHBIM CITOCOOOM YJTYUIIIEHHUSI KOMMYTAIlMd B COBPEMEHHBIX MalllMHaX IO-
CTOSIHHOTO TOKA SIBJISIETCS CO3JaHUE€ KOMMYTHUPYIOIIETO MArHUTHOTO MOJIS C TOMOIIBIO
100aBOYHBIX TTOJIFOCOB.

Jlo6aBOYHBIE MOJIOCHI YCTAHABIMBAIOTCS MEXK]Y TJIABHBIMHU TOJIOCAaMH (pHUC.

2.13) u kpensarca Oontamu K spmy uHaykropa. MJIC no6aBounsix momocosB F,
noiokHa ObiTh Hanpasiena npotus MJIC peakiuu sikopst F,, 9T00bI CKOMIIEHCHPO-
BaTh €€ U CO3JaTh CBEPX TOr0 KOMMYTHUPYIOLIEE MoJie B, s KOMIIEHCALIUYA PEAKTHUB-
Hoit O/IC e, . CnengoBarenbHO, IPU OTCYTCTBUM KOMIICHCALMOHHOW oOMoTKH F, , >~ F

, a npu Hanmuuu ee F, +F >F . B nocnennem ciyuae tpebyemas sennunna F,
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MEHBIIIE, TAK KaK OCHOBHASI JIOJISI PEAKITUU STKOPSI KOMIIEHCUPYETCS KOMITEHCAITMOHHOM
0OMOTKOM.

Puc. 2.13. PacnionioskeHre 1 MOISPHOCTH JOOABOYHBIX TTOJIFOCOB

VY4uTeIBas BBIIEU3I0KEHHOE, MOKHO CHOPMYJIUPOBATH MPABWIO: 32 TJIABHBIM
TOJIFOCOM JTAaHHOM TOJISIPHOCTH IO HAMPABJICHUIO BPALLICHHS SIKOPS B PEKUME reHepa-
TOpa JIOJDKEH CIIeI0BAaTh JOOABOYHBIN MOJIIOC MPOTHUBOIIOI0KHOM MOJISIPHOCTH, a B pe-
KM€ JIBUTATEIsI — TOOABOYHBIN IMOJIFOC TOU YK€ MOJISIPHOCTH.

Tak kak BeTUUUHBI Faq U €, MPONOPLHUOHAIBHBI TOKY SKOPS, TO IJIs UX KOMIIEH-

caunu F, wu B, Takxke NOJDKHBI OBITH MPONOPLMOHANIBHBI TOKY sIKOps. It ynoBie-

TBOPEHMSI 3TOTO YCIOBHsSI OOMOTKY JOOABOUHBIX IOJIOCOB COEIUHSIIOT I1OCIIENI0Ba-
TEJBHO C SIKOPEM, & 0OABOYHBIE MOJIFOCHI BBIMOJIHAIOT ¢ HEHACBHIILIEHHON MarHUTHOM
cucteMoid. [loaToMy npy HOMHHAJIBHON Harpy3ke B HUX JOIYCKaeTcsd MHAYKIUS He
oonpiie 0,8-1,0 Tn. Tak Kak Ha OTAENBHBIX YYAaCTKaX SpMa MHAYKTOpPA MarHUTHBIE
10JIs1 TJIaBHBIX U I00aBOYHBIX MOJIFOCOB CKJIAIBIBAIOTCS, TO BO N30€kKaHNE HACBILECHMSI
ATUX y4aCTKOB MHIYKIIUS TJIABHOTO MOJS B sIpME JOJDKHA ObITh HE Oonbiue 1,3 To.
Cepneunuky 100aBOYHBIX MOJIKOCOB U3TOTOBJISIOTCS MAaCCUBHBIMHM U3 CTaJIbHOM IO-
KOBKH WJIY U3 JIMCTOBOW CTaJH.

JloO6aBouHBIE MOIIOCH INPUMEHAIOTCS B MammHax ¢ P, >0,3 kBt. O6b14HO

YUCJI0 T00aBOYHBIX IMOJIOCOB OE€peTcsl paBHBIM YKCIY TJIABHBIX, OJHAKO B MalllMHAX
MOIIHOCTBIO 710 2—2,5 KBT nHOTr1a AeN1atoT OJIOBUHHOE YUCIIO 100ABOYHBIX MTOJTIOCOB.
[IpumeHeHne 100aBOYHBIX TOIOCOB MO3BOJISIET YBEIUYUTD JIMHEHHYIO HArPY3Ky Ma-
IIMHBI U TEM CaMbIM YMEHBIIUTH €€ pa3MepPbl U CTOUMOCTb.

Yayuwenue xommymayuu nymem cosuea wemox

B mammHax MOUTHOCTBIO JJO HECKOJIBKMX COTEH BaTT JOOABOYHBIX MOJFOCOB HE
ctaBiaT. KomMmyTupyroniee nosie mpu 3ToM MOXKHO CO3/1aTh ITyTE€M CBHUIa HIETOK C reo-
METPUUYECKOUN HeUTpaiu, Oarogaps 4emMy B 30HE KOMMYTallUU HAYMHAET JIEHCTBOBATh
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0JIe TJIaBHBIX MOMIOCOB (puc. 2.14). UtoObl HHIYKTUpYyEMas 3TUM TOJIEM B KOMMYTH-
pyemoii cexiuu DJIC e, uMena NpaBUIbHOE HAIIPABIICHUE, [10JI€ IVIABHBIX IIOJIFOCOB B
30HE KOMMYTAINI JOJKHO OBITh HAIIPABJICHO MPOTHUB MOJIS peakuu skops. s aToro

B IeHEepaTope METKH He0OX0UMO IMMOBEPHYTh B CTOPOHY BpAIlEHHUs, a B IBUTATEIIE —
Hao0opoT (puc. 2.14).

Puc. 2.14. Yay4dmeHue KoMMyTalluu
IIyTEM CIBUIA LIETOK C FTEOMETPUUECKON HEUTpAIIU

Ecau ook riiaBHbBIX MOJIFOCOB @5 HU3MCHACTCA IIPOIIOPHHUOHAIIBHO TOKY SAKOPA

(MaIMHBI ¢ TOCIeA0BaTEIBLHBIM BO30YKIEHUEM), TO MPU ONpPEAeICHHOM, (PUKCUPO-
BAHHOM I0JIOKEHUH IIETOK MOKHO JOCTHYb XOPOIUIUX YCIOBUM KOMMYTAIUU B IITUPO-
KOM JIMaNa30He U3MEHEHHs Harpy3ku. Ecnu ke @ = const, TO HAWITy4IlIUE yCIOBHS

KOMMYTAaIMU JOCTUTAIOTCS TOJIBKO MPU OJHOW OIPENEIICHHOM Harpy3ke. Y CTaHOBKY
IIETOK MPOU3BOIAT Ha TJ1a3, HAOI01ast 32 UX UCKPEHUEM.

Yeenuuenue conpomueénenus yenu KoMmMymupyemou cekyuu

VYBenuueHue ConpoTUBIICHUS LIEMTM KOMMYTHPYEMOU CEKIIMM BO3MOXKHO 32 CUET
BBITIOJIHEHUSI «IETYIIKOBY» KOJUJIEKTOpA C MOBBIIIEHHBIM CONMPOTUBIeHUEM. OgHaKO
3TO MPUBOIUT K yMEHbIIEHUIO Ko puimenTa nosesnoro nercraus (KIIA) mammnsl,
a TaK»e K YBEJIMYECHHIO TUIOTHOCTH TOKa y cOeraromiero kpas merku. Kpome toro, Ta-
KHE «IETYIIKW» HEHAJIeXKHBI B padoTe.

Cy11ecTBEHHBIM SIBISIETCS TOJI00P MIETOK C HAJUISKAIUMU XapaKTePUCTUKAMMU.
[Ipu TsOKEIBIX YCIOBUSIX KOMMYTAIIMH JTydIlle padoTaloT TBepbie TpadUTHBIE METKA
C TOBBIIIEHHBIM MEPEXOIHBIM COMTPOTUBICHUEM NEPEXOHOIO KOHTaKTa. OIHAKO TIPU
ATOM 3JIEKTPUYECKHUE MOTEPU B MEPEXOAHOM KOHTAKTE M MEXAHWYECKHE MOTEepU Ha
TpeHue Ttakxke 6ombire. [l{eTku ¢ kpyTo mogHUMAKOIIEHCS BOJIBT-aMIIEPHON XapakTe-
PUCTUKOHN OJArompusITHBI C TOYKW 3PEHUS YMEHBIIICHUS TJIOTHOCTH TOKa Ha cOeraro-
IIeM Kparo MIETKH U CIOCOOCTBYIOT YIYYIICHHIO KOMMYyTalud. MenHo-rpaduTHbIe
IIETKH, 00JIa/1al0IIH1e MaJIbIM MEPEXOIHBIM CONTPOTUBRIEHUEM, TPUMEHSIOTCS TOJIBKO B
MallliHax Ha Hanpspkenue a0 25-30 B.
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3TEHEPATOPBI U AIBUTATEJIN ITIOCTOSAHHOI'O TOKA
3.1 I'eHepaTOpbI MOCTOSTHHOTO TOKA

Hasnauenue, oonacms npumenenus u Knaccuguxayusi 2eHepamopos noCmosiH-
HO20 MOKa

['eneparopsl octossHHOro Toka (I'TIT) sBASIOTCS UCTOYHMKAMU TTOCTOSTHHOTO
TOKa, B KOTOPBIX OCYIIIECTBIIACTCS MPeoOpa3oBaHNe MEXaHUUECKOW YHEPTUU B DJICK-
TpUYECKYI0. SIKOpPh TeHepaTopa MPUBOAUTCS BO BPAILCHUE KAKUM-JIUOO MEPBUYHBIM
JIBUraTelIeM, B KAYECTBE KOTOPOTO MOTYT OBITh UCITOJIb30BAHbBI AJIEKTPUUECKUE JIBUTA-
TeJW, JBUTATEIIM BHYTPEHHETO CTOPaHUs U T. I.

['eHepaTopbl HAXOAAT MPUMEHEHHUE B T€X OTPACIISIX MPOMBIILICHHOCTH, T/IE 1O
YCJIOBUSIM MPOU3BOJICTBA HEOOXOUM WJIU SIBJISICTCS MPEANOUYTUTEIbHBIM MTOCTOSIHHBIN
TOK (METaJUTypTUYECKHUE U DJICKTPOIU3HBIC TPEANPUATHS, TPAHCIIOPT U JIp.).

B nociegHue roapl B CBSI3U € pa3BUTHEM MOJTYPOBOIHUKOBOW TEXHUKH JJIS T10-
Jy4YEeHUSI TOCTOSIHHOTO TOKA YaCTO UCTOJIb3YIOT BBIIIPSIMUTEIBHBIE YCTAHOBKH, HO, HE-
CMOTPS Ha 3TO, TE€HEPATOPHI MPOAOJKAIOT HAXOAUTh IIMPOKOE MPUMEHEHUE.

['eHepaTOpbl MOCTOSSHHOTO TOKAa BBIMYCKAIOTCS HA MOIIHOCTH OT HECKOJIBKUX
kmioBart 1o 10 MBT.

JIns KaKI0M AIEKTPUYECKON MaIlMHbI 3aBOJOM-U3TOTOBUTENIEM YCTaHABINBA-
€TCs TPEACIbHO JIOMYCTUMBINH PEXUM pabOTHI MPU OMPEACICHHBIX YCIOBUSIX €€ DKC-
IIyaTtanuy. BemnyuHbl, COOTBETCTBYIONIUE ATOMY PEXKUMY PabOThl (MOIIHOCTD, TOK,
HaIpsOKEHUE, YacToTa BPAIICHUS U JpP.), HA3bIBAIOTCS HOMUHALbHbIMU OAHHLIMU Ma-
muHbl. OHM YKa3bIBAIOTCSl B KaTaJoTraX U BHIOMBAIOTCS HA IIUTKE, MPUKPEIJICHHOM K
KOPITyCY MaIluHBI.

Ilo0 nomunanovnou mownocmoro B I'llT moHMMaeTcss MOIIHOCTh, OTJaBacMast
MAIlIMHOW B CE€Th, & MOJI HOMUHAJIbHBIM TOKOM — TOK HAarpy3Ku, COOTBETCTBYIOIIUMN
3TOM MOIIHOCTH.

Knaccugpuxayus I'TIT

Knaccuduxkaiys renepaTopoB NOCTOSHHOTO TOKA TPOU3BOAUTCS IO CIIOCO0Y UX
B0O30YxeHus. OHHM MOPa3AeISIIOTCS Ha:

1) reHepaTophl ¢ HE3aBUCUMBIM BO30YXKICHUEM;

2) TeHepaToOphl C CaMOBO30YKIACHHUEM.

llep6vlil mun eeHepamopos GblNOIHAEMCA C IeKMPOMACHUMHBIM U MASHUMO-
INEKMPUYECKUM 8030VIHCOEHUEM.

B reneparopax ¢ 3J€KTpOMarHUTHBIM BO30YKJICHHEM OOMOTKA BO30YKJICHUS,
pacriojaraeMasi Ha TJIaBHBIX TOJIFOCAX, MOJKIIOYACTCS K HE3aBUCUMOMY HCTOYHUKY
nutanus (puc. 3.1, a). Tok nenu Bo30yxaeHust |, MOXKeT U3MEHATHCS B INUPOKUX Ipe-

Jenax ¢ MoMolplo pesuctopa R . MomHocTs, noTpediasemas 0OMOTKOM BO30yxie-

HHA, HCBCIIMKA 1 B HOMHUHAJIBHOM PCKHUME COCTABJIACT 1-5 % HOMUHAILHOM MOIITHO-
CTH, CHHUMAEMOM C AKOps r€HEpaTopa. OOBIYHO IMPOUCHTHOC 3HAYCHHNEC MOIITHOCTHU BO3-
6y}K,ZI€HI/I$I YMEHBIIACTCA C BO3pAaCTAHHUEM HOMMHAaJIbHOM MOITHOCTHU MalllUHEI.
MaFHI/ITOBJIeKTpI/I‘-IeCKI/Ie I'CHCPATOPHbL B036Y)KI[3IOTC$I IHOCTOSIHHBIMM MAarHu-
TaMHU, U3 KOTOPBIX U3TOTOBJIAIOTCA IMOJIIOCHI MAllIMHBI. C takum BUAOM B036y)KI[eHI/I$I
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BeimostHsIOTCS ['TIT oTHOCHTENEHO HEOOMBIION MomHOCTH. HemocTaTkom renepato-
POB C MarHUTORJIEKTPUUECKUM BO30YXKIACHUEM SIBIIETCA TPYIAHOCTH PETYIHUPOBAHUS
HaIPSKECHHUS.

VY renepaTopoB ¢ caMOBO30YKJI€HHEM 00OMOTKa BO30YKICHHS MOTyYaeT MUTa-
HUE OT COOCTBEHHOTIO SIKOpsi. B 3aBUCHMOCTH OT crioco0a ee BKIIOYEHHUS TeHEepaTOPhI
C caMOBO30YKICHHEM TMOAPA3JICISAIOTCS HA: 2eHepamopsvl ¢ NapalesibHbIM, NOC1e00-
8aMeNbHbIM U CMeUanHbim 8030yocoenuem (puc. 3.1, 6, 6, 2).

CxeMa coelMHEHHs TeHepaTropa MapajuleIbHOTO BO30YKIEHHs IOKa3aHa Ha
puc. 3.1, 6. Pesucrop R, naer BO3MOKHOCTb U3MEHATH TOK BO30yxaenus | , a, cie-

AO0BATCJIBHO, U BBIXOJJHOC HAIIPAKCHUC. Toxk SAKOpA Ia Y TAKOI'o reHcpaTropa paBCH:
L=1+1, (3.1)

rae | — Tok Harpy3Ku.

Tox BO30YXJI€HHSI OTHOCUTEIHLHO Maj U JJIsi HOMHUHAJIBHOTO PEKHUMa COCTaB-
nsieT 1-5 % HOMUHAJIBHOTO TOKA MAIlTUHBI.

VY renepatopa nocienoBaTeasHOro Bo30yxaeHus (puc. 3.1, ) oOMoTka BO30yxK-
JICHUSI COETUHSCTCA TIOCIIEIOBATENBHO C IKOPEM, U €€ TOK BO30Y)KJICHHS PaBEH TOKY
SIKOPSL:

| =1=1. (3.2)

Puc. 3.1. Cxewmsl I'TIT ¢ He3aBUCUMBIM @, TapaICIbHBIM 0,
MOCJIE0BATEIBHBIM 68 U CMEIIaHHBIM 2 BO30YKICHHEM

VY reHepaTopoB cMemIaHHOTO BO30YkmeHus (puc. 3.1, 2) Ha monrocax pasMeria-
10TCs 1Be 00MOTKH. OTHA M3 HUX, UMEIoMIasi OOJIBIIIOE YMCIIO BUTKOB U BBITOJTHCHHAS
U3 MPOBOJHUKOB OTHOCHUTEIHHO HEOOJBIIIONO CEUSHHS, BKIIOYACTCS MapauIeIbHO C
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SIKOPEM, a aApyras 00OMOTKA ¢ MaJIBIM YHCJIIOM BHTKOB H3 IMPOBO/THUKOB 0OJIBIIIOrO Ce-
YCHU BKIIIOYACTCA ITOCIICA0BATCIIBHO C AKOPEM. Toxk SAKOPS TaKOTO I'CHEpATOpa PpaBCH:

| =1=I. (3.3)

VY 3Tux reHepaTopoB MapasuiesibHasl U MociaeA0BaTeIbHasi OOMOTKH MOTYT OBITh
BKItoueHbl cornacHo (MJIC sTux 0OMOTOK HampaBlIeHBI COTJIACHO) U BCTPEYHO (MX
M/IC nampaBiieHbl BCTPEUHO). B 3aBUCUMOCTH OT 3TOTO PaziMualOTCs 2eHepamopul
CMEUWAHHO20 CORNIACHO20 BKIIUEHUS U 2eHEPAmOopbl CMEUAHHO20 8CMPEYHO20 BKIlIO-
yenus. OOBIYHO B reHEepaTopax CMEIaHHOTO BO30y:kaeHus ocHoBHas yactb MJIC BO3-
OyXJeHUs CO3/]aeTCs MapajuieIbHOM 00MOTKOM. ['eHepaTophl mapaliebHOro, Mocie-
JIOBATEJILHOTO U CMEIIAHHOTO BO30YXACHHSI HHOTIa Ha3bIBAalOT COOTBETCTBEHHO 2eHe-
pPamopamu WyHmo8020, CEpUecHo20 U KOMNAYHOHO20 8030YHCOEHUS.

Cornacuo 'OCT nnst MIIT npunsto crienytomiee 0003Ha4eHUE BBIBOJIOB 0OMO-
TOK: OOMOTKHU sikopst A [-A2, He3aBrucuMoii 00MOTKHM BO30OyxaeHus H1-H2, mapasiens-
HOM 0OMOTKU BO3OYxkaeHus [[1]1-1112, nocnenoBaTeabHOM 0OMOTKHU BO30OYxkaeHus C1-
C2, 0OMOTKH JOTOTHUTEIBHBIX MTOII0COB /{1-/]2, KoMrieHcalinoHHOM 0OMOoTKH K1-K2.
Hudpa 1 o6o3HayaeT Hayasno, a uudpa 2 — KoHel OOMOTKH.

3.2 YpaBHeHHUsI TeHEPATOPOB NMOCTOSTHHOT0 TOKA

OCHOBHBIE COOTHOIICHUS, XapaKTEPUIYIOITUE pabOTy MAIIMHBI B KAYECTBE Te-
HepaTopa, MOKHO MPEJICTABUTh B BUJIE IPUBEACHHBIX HIKE YPABHEHUN. DTH ypaBHE-
HUS CIIPaBEJUIMBHI JIJIS1 BCEX T€HEPATOPOB HE3aBUCUMO OT CIIOCcO0a MX BO30OYXKIACHHUS.

Ypasuenue pasnosecus nanpsoicenus

HamnpsixkeHnue Ha BbIBOJIaX TeHEpaTOpa Beerja OyneT MeHbIIe HaBOJAUMOM B 00-
MoTke sikopst D/IC Ha 3HaueHre NaJeHUs HANPSHKEHUS B LENH SAKOPSI U B IIETOYHOM
KOHTaKTe:

U,=E,—-1,>r,—-AU,, (3.4)

rae |, Z I — NajeHuE HApsHKEHUS B 0OMOTKaX SIKOpS;
AU, — nmajeHns HanpsHKCHUS B IIETOYHOM KOHTAKTe.

CormnpoTuBIICHHE Z r, BKJIIOUYAET B ceOs CONMPOTHBIICHUS OOMOTKH SKOPSI U BCEX
MocJjeA0BaTeILHO COCIMHEHHBIX ¢ HeM 00MOTOK. B o01ieMm ciydae:

Zrazra+r()+rc+rk+rm, (3.5)

TOE Iy,T,,F, I, T, — COPOTUBIICHUS OOMOTOK SIKOPS, JOOABOYHBIX IIOJIFOCOB, MOCIEN0-

BATEIIbHON CEPUECHOM, KOMITCHCAIIMOHHOW | IIETOYHOTO KOHTAKTA.
B 3aBHCHMOCTH OT KOHKPETHOW CXEMbI T€HEpaTopa YacTh COMPOTHBICHHN B
D1y OymeT OTCyTCTBOBAT.
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JInst nprOAM>KEHHBIX pacyeTOB YpaBHEHHE 3.4 MOXKHO YIPOCTHUTH:
U =E -I R, (3.6)
rae R, :

R,=D0+r,, (3.7)

rac My MNEPEXOAHOC COIMPOTUBJICHUC MICTOYHOI'O KOHTAKTA HpI/I6J'II/I)KeHHO IIPUHUMA-

CTCA IMOCTOSAHHBIM U PaABHBIM!

r=—u (3.8)

anom

Tox sikopst reHepaTopa odycioBieH DJC saxopst U Bceraa uMeeT ¢ He ouHa-
KOBOE HaIpaBJICHUE:

E -U
| = M _ (3.9)
R
a
Ypaeuenue b6ananca mownocmu
VYpaBHeHue OanaHca MOUTHOCTH MOKHO MOJIYYUTh, €CJIM IPABYIO U JIEBYIO YaCTh
YpaBHEHUSI PAaBHOBECUS HAIIPSKEHUS! YMHOKUM Ha TOK SIKOPS:

a a

U, =El,—12>r,—AU,_I,. (3.10)

ITpoussenenne E I, =P, HasbBaercs anekmpomazHumHou MOWHOCMbIO W

om
MIPEACTABIISIET COOOU NOMHYI0 2IeKMPULECKYI0 MOWHOCMb, KOTOPAs MOIy4YaeTcs B pe-
3yJbTaTe MpeoOpa30BaHusd MEXAHUUYECKOW MOIIHOCTH. YacTh 3TON MOUIHOCTH pacxo-

JyeTCs B LIEIU SKOPS Ha JJIEKTPUYECKHE IOTEPH B OOMOTKAX Ifz r =P uBmnepexon-
HOM COIPOTHUBJICHUH IeTOYHOro KoHTakta AU, I, =P, . OcTanbHas 9acTb MOIIHO-

CTH, paBHas npousseneHuro U |, sBisgercs oTgaBaeMol MOLIHOCTBIO reHeparopa. B

IreHepaTropax HC3aBHCUMOI'O BO36y>KI[eHI/I$I 9Ta MOHIHOCTH IOCTYITACT BO BHCIIHIOIO
CETh U SIBJISICTCS I10JIC3HOM MOIDHOCTBIO IrCHEpaTopa:

P,=U1. (3.11)

B reneparopax mnapauiebHOTO M CMEIIAHHOTO BO30YXKICHUS TOJE€3HAST MOIII-
HOCTh, OTJ]aBacMas B CE€Th, Oy/IeT MEHBIIIC Ha 3HAUEHUE MOIITHOCTH, 3aTPAYNBaEMO Ha
BO30Y>KICHHE:
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R =U,1,-F =Ul (3.12)

K reneparopy ot aBuraresns, TPUBOJISIIETO BO BPAIICHUE €r0 SKOPb, MOABO-
AWUTCSL MEXaHW4ecKast MOIHOCTh P,. Bonblias yacTe 3TOI MOIIHOCTH IpeoOpasyercs

B JJICKTPHUYCCKYIO, TaK HA3bIBACMYIO JJICKTPOMAIHUTHYIO MOIIHOCTBL, a4 Apyrasa cc
JacCThb PaCxXoAycCTCA B ICHCPATOPC HA ITIOKPBITHUC MCXAHNYCCKUX ITIOTCPDb (TpeHI/Ie B I1O-
IIUITHHUKAX, BGHTHJIHHI/II-O), MAaruvuTHBIX IIOTECPb B AKOPC U I[O6aBOLIHI)IX IIOTCPL:

P].:Psm+PM>c+sz+P006' (313)

Paccmotpennoe npeobpazoBanue MoutHocTd B ['TIT mist HArmsIHOCTU MOKHO
MPEICTaBUTh B BUJIC SHEPTETUUECKON JUarpaMMbl, TIpeICTaBICHHON Ha pHc. 3.2. OTa
auarpaMma nocTpoeHa Jiisi FeHeEpaTopa NapajuieIbHOro BO30YyXKIEHUSI.

1 A
Pa
—_—
P’ P!H
#

Prx
Puc. 3.2. DHepreTrueckas AuarpaMmma reHeparopa rnapauiebHOTO BO30YKICHHUSI

[ToxenuB mpaByto U JIEBYIO YaCTH BeIpaXkeHus 3.13 Ha yIIIOBYIO CKOPOCTh SIKOPS
@, TIOyYM ypaBHEHUE PABHOBECUS MOMEHTOB:

M,=M_ +M,, (3.14)
rac M 0o MOMCHT, O6YCJ'IOBJ'ICHHBII>1 BHYTPCHHUMU IMOTCPSAMU B MAaIInHE.

P, +P_+P
M, = Lo w* 000 (3.15)

M o aﬂeKIPOMaFHHTHBIP'I MOMeHT, HaHpaBJIeHHblﬁ B FeHepaTope HpOTI/IB BpaLueHI/DIZ
M am = CM]a@é‘ ) (3 ' 16)

HpI/I YBCIIMYCHUHN TOKa AKOPsSA 3TOT MOMCHT BO3pacTacT, a, CJICA0BATCIbHO, U
MOIIHOCTDb, IIOCTyIaeMasa OT IIPUBOAHOTO ABUTATCIIA.
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3.3 XapaKkTepuCTHKH FeHEePaTOPOB MOCTOSIHHOT0 TOKA

Paboumne cBONCTBA 3JEKTPUUECKUX MALIUH ONPEICISAIOTCS UX XapaKTepPUCTH-
KaMu. [1J11 reHepaTopoB MOCTOSIHHOTO TOKA OCHOBHBIMU XapaKTEPUCTUKAMHU SIBIISIOTCS
XapaKTEPUCTUKH XOJIOCTOTO X0/1a, Harpy304Hasi, BHELIHS, pEryJIMpOBOYHAas. Y Ka3aH-
HbIE XapaKTEPUCTUKH ONPEIEIIAIOTCS TP TOCTOSHHOM HOMUHAJIBHOM 4acTOTe Bpallie-
HUA sKops (N=n, =const). OH1 MOTyT OBITH IOTYYEHBI KaK JKCIEPUMEHTAIBHBIM,

TaK U PaCYETHBIM ITyTEM.
Xapaxmepucmuku 2enepamopa He3a8UCUMO20 8030VHCOEHUS
Ha puc. 3.1, a npeacrapiieHa cxema JJisl SKCIIEPUMEHTAIBHOTO HMCCIIEIOBAHMS
reHepaTropa He3aBUCUMOTO BO30YkaeHUs. J[J11 BO3MOKHOCTA U3MEHEHHUS B IIUPOKUX
npenaenax Toka lg 00MoTka BO30y X AEHUS MOJKII0YAETCA K HE3aBUCUMOMY UCTOYHHUKY
yepes peryaupoBounbiii pesuctop R, . Tok B nenwu sikops |, perynupyercst pe3sucro-

poM R .
IIpenensl n3MEpeHUs aMIIepMeETpa M BOJBTMETPA B LIEIH SKOPS CIETyeT BbIOU-
paTh UCXO/I U3 HOMUHAJILHBIX 3HaYeHU ToKa |, ~n Hanpsokenus U, , KOTOpbIE yKa-

HOM Hom

3BIBAIOTCS HA NIMTKE MAIIMHBI, IPUKPEIJICHHOM K €€ CTaHMHE. AMIIEPMETP B IIEH 00-
MOTKH BO30y>KI€HUs BBIOMPAETCS HA TOK, paBHbld 1-5 % | . IIpu cHaTum xapakre-

PUCTHUK Y4aCTOTa BPAILLCHUS ITOJICPKUBAETCS IMOCTOSIHHOM, PABHOM HOMUHAJIBHOM.
Xapaxmepucmuka Xo10cmozo xo0a
XapakTepucTrKa XO0JIOCTOTO X0Ja npejcrasisier codooi 3aBucumocts J/[C Ha
BBIBOJIaX reHepaTopa E oT Toka BO30YyXKIeHUs MpU Pa30OMKHYTOM Lienu siKops (BbI-
karouatenb QS orkmoueH, Tok |, =0). B o0mem ciaydae nmpu u3MEHEHUH TOKa BO3-

Oy>X7eHUsl CHavajla B OJTHOM HAIpaBJIEHWH, a 3aT€M B JPYTOM 3Ta 3aBUCHUMOCTD, T10-
CTPOCHHAs B UETHIPEX KBAJ[paHTaxX, UMEET BUJ METJIN, TOKa3aHHOM Ha puc. 3.3. Hecos-
MaJicHue KPUBBIX, TOJYUYCHHBIX TIPU YBEITMYCHUU U YMEHBIIICHUN TOKA BO30YKICHHUSI,
O0OBSCHSIETCS] HATMYMEM TUCTEPE3NCca B CTaU, U3 KOTOPOIl BHIMIOJIHEHA MATHUTHAS CH-
CTE€Ma MaIlINHBI.

3a pacyeTHYIO MPUHUMAETCS CpeIHsIsI KpuBas (Ha puc. 3.3 moka3aHa ITPUXOBOH
munuen). IIpu |, =0 B oOMoTke sxops HaBogurcs DJIC E . Ora DJIC co3nmaercs

IIOJIEM OCTAaTOYHOIO MarHeTU3Ma ctatopa u HocutT Ha3zBaHue J/[C ocraroyHoro mar-
Hetu3Ma. OHa npuMepHo paBHa 1-3 % HOMHHANIBHOTO HANPSKEHUS MALIUHBI.

JIJis mpakTUUeCKUX 11eJieil 0OBIYHO OTPAHUYMBAIOTCS CHATHEM YacTH METIH, KO-
TOPYIO MOJIY4aroT, yMEHbIAsA TOK |, OT MaKCUMAaJIbHOTO 3HaYeHus 10 HyJA (puc. 3.4).

[Tpomomkas MoJlydeHHYI0 KpUBYIO 1 10 MepeceveHus: ¢ OChI0 aOCIMCC B TOYKE A, a
3aTeM MepeIBUTas e¢ MapajlieIbHO caMoii ceOe BpaBo Ha oTpe3ok OA, MmorydyaroT xa-
PaKTEPUCTHUKY X0J0CTOro Xxoaa 2. IIpu CHATHHM XapaKTepUCTHKHU CIIeIyeT oOpaliarh
BHAMaHHUE Ha TO, YTOOBI TOK BO30YXXJICHHUS M3MEHSUICS B OJTHOM HaIlpaBJICHUU (WITH
TOJIKO YBEJTMUNBAJICS, WM YMEHBIIIAJICS ), TAK KaK B IIPOTHBOIIOJIOKHOM CiIydae OyaeT
OOJBITION Pa30POC TOYEK M3-3a TOTO, YTO OHU OYIYyT JIOKUTHCS HA pa3HbIE THCTEPE3HC-
HBIC KPUBEIC.
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Puc. 3.3. Ilonnas netns XApPaKTCPHUCTHUKH XOJIOCTOTO X044
I'CHCpPaTOpa HC3aBUCHUMOI'O B036Y)KI[GHI/IH

“

=
A0 Iy
Puc. 3.4. XapakrepucTuka X0JIOCTOTO X01a
reHepaTopa He3aBUCUMOTO BO30YKICHUS

B HavanbpHOM YacTu XapakTepuCTUKU X. X. I/[C u3meHsieTcs mponopuyroHaIbHO
TOKY BO30yxenusl, a 3aTeM pocT DJIC 3ameisieTcsi, 9T0 00bSICHSIETCS HACHIIIICHUEM
CTaJIbHBIX YYACTKOB MAarHUTHOM LIEIH.

[IpakTHyeCcKO€e 3HAYCHNE XAPAKTEPUCTUKH XOJIOCTOTO XO4a 3aKIIFOYAECTCS B TOM,
YTO T10 HEW MOYHO CYJIUTh O CTETIEHW HACBHIIEHUS MAarHUTHOM 1I€NX MaliHbl. Kpome
TOTO, 3Ta XapaKTEPUCTHKA HEOOXOIMMA JIJIs IOCTPOSHUS IPYTUX XaPAKTEPUCTUK MAITMHBI.

Hacpyzounasn xapakmepucmuka

[IpakTHueckoe 3HaUeHME HATPY30YHON XapaKTEPUCTUKU COCTOUT B TOM, YTO OHA
IIO3BOJISICT KOJIMYECTBEHHO OIPEICIIUTh pPa3MarHU4MBaroLlee JIEUCTBUE pPEaKIUU
SIKOPS U UCCIIEA0BATH 3aBUCUMOCTD €€ OT HACBHILLEHHUS MAILMHBI U TOKA SIKOPA.
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DTa XxapaKTepuCTHKA MPECTaBISIET COO0M 3aBUCUMOCTh HANPSIXKEHUS HA BBIBO-
nax MamHel U OT Toka BO30yXIeHHA |, Ipu yCIOBHM, 4TO TOK B LEelH siKops |,

MOJJICPKUBACTCSI HEU3MEHHBIM. MOXXHO CHSITh PSAJl XapaKTEPUCTHUK JJISI PA3JIUYHBIX
3HayeHnui Toka | . Ecim cHumaercd olHa Harpy3o4Has XapaKT€pUCTHKA, TO 4Yallle

Bcero npuHuMarot, yto |, =1 _=const. Tok Bo30yXAeHUS U3MEHSIOT B CTOPOHY

a HOM

YMEHBUIEHUS, HAUMHASI OT MAaKCUMAJIbHOTO €r0 3HAYCHHUS.
JInst conocTaBieHUs UM JATBHEUIIUX MMOCTPOCHHUI HAarpy304HYH XapaKTepu-
CTHKY 2 yAOOHO MOCTPOHUTHh HAa OJHOM IpaKe ¢ HUCXOMSIIEH BETBBIO XapaKTEpH-
CTHKH X0JIocToro xoaa 1 (puc. 3.5).
XapakTepuCTUKY XOJOCTOr0 X0/1a MOKHO PacCMaTPUBATh KAK YACTHBIN CiIydail
Harpy304Hoi xapakrepuctuku npu |, =0.

1 2
g Iy f3p 03
Puc. 3.5. Harpy3ouHas XxapakTepUCTUKa reHepaTopa
HE3aBUCUMOTO BO30YKJICHUS

Harpy3ouHasi xapakTepuUCTHKa pacIioiaraeTcsi HUKE XapaKTEePUCTHUKHU XOJIO-
CTOTO XOJla M3-3a MaJCHUs HANPSHKEHUS B 1IN SKOPS M pa3MarHAYMBAlIOLIEro Jeu-
CTBHUSI pEaKLIUH SIKOPS, yMeHbIIaomel notok u 3/]C MaluHsl.

Buewmnsasa xapakmepucmuxa

DTa XapaKTepUCTUKA SIBISETCS OCHOBHOW SKCIUTYyaTallMOHHOM XapaKTepHUCTH-
Kol reHepaTopa. OHa MOKa3bIBaeT, Kak M3MeHseTcs HanpsbkeHue U Ha BBIBOJaX Ma-
IIMHBI IPY BO3PACTaHUM TOKA Harpy3ku | =1 _, ecinu mpu 3TOM Ha 1ienb BO30YKICHHS

HE OKa3bIBaCTCS HUKAKOTO BO3JeWcTBUsA. [ TeHepaTopa He3aBUCHUMOTO BO30YKIe-
HUst BHemHIor0 xapaktepuctuky U = f (1) momywaror mpu |, = const. Mcxoanoii Tou-
KOHM 3TOW XapaKTEPUCTUKHU SBIISICTCS TOYKA, KOTJa IPH HOMHUHAIBHOM TOKE HArpy3KH
| =1 HaBBIBOJAX reHepaTopa yCTaHOBIEHO HOMUHAJIbHOE Hanpspkenne U, (puc.

3.6). HanpsbxkeHue ycTaHaBIMBAIOT PEryJMpOBKOM Toka Bo3Oyxkaenus |, a Tok
Harpy3ku | — M3MeHeHneM COnpoTHBIEeHUS pe3ucTopa R (cwm. puc. 3.1, a).
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Puc. 3.6. BHemHsAs XapakTepUCTUKA TeHEPATOPa
HE3aBHUCUMOTO BO30YKIeHUs (paboyast 00J1acTh)

Tok Bo30Oyxknenus, coorserctByromuit U =U, ,mpu | =1 Ha3bsiBaeTcs HO-

Hom !

MHWHAJIBHBIM TOKOM B036Y)KI[€HH51 I .B IMPOLCCCC SKCIICPUMCHTA 3TOT TOK IIOAACP-

6.1oM
’KMBaeTCs MOCTOAHHBIM. HaunHast OT MCXOAHON TOUYKH TOK |, MOCTENEHHO yMEHbIIIa-
erca 1o |, =0. HanpsbkeHnue reseparopa Impu 3TOM YBEIMUYUBAETCS, TaK Kak IIpU
YMEHBILIEHUH TOKa |, yMEeHbIIAIOTCA MaJcHUE HANPSDKEHUS B LENU SIKOPsS U pa3Mar-
HU4MBaroulee aeiicrsue peakuuu sikops. I[Ipu x. x. U =U, (puc. 3.6).

[1o BHENTHEN XapaKTEPUCTUKE ONPEIEIIIOT HOMUHAIBHOE U3MEHEHNE HATIPSIKE-
Husi AU , BeIpa)keHHOE B MPOIIEHTaX HOMUHAIBHOTO HATIPSKEHUS:

Yo =Yrou 19005, (3.17)

HOM

AU % =

AU =10+15% nns renepatopoB He3aBUCUMOTO BO30ykaeHus. Ha puc. 3.7 mo-
Ka3aHa BHEIIHSSI XapaKTePUCTHKA TeHepaTopa He3aBUCUMOTO BO30YKACHHSI TIPU U3Me-
HEHUU Harpy3KH OT X. X. 10 K. 3. TOK KOpOTKOro 3amblkaHust |y Takux reHepaTopoB

pasen 5-10 |

Hom "

Pezynuposounasn xapaxmepucmuxa
Kak cnenyer u3 paccMOTpEeHHUS BHELIHUX XapaKTEPUCTUK T€HEPATOPA HE3ABUCH -
Moro Bo30yxzaeHus, npu | =const HampsbkeHHEe Ha €ro BBIBOJAX C M3MEHEHHEM

Harpy3Ku HE OCTAaeTCsS MOCTOSHHBIM. [[7151 TOTO 4TOOBI COXpaHUTh HANIPSHKCHUE HEU3-
MEHHBIM, HEOOXOIMMO PEryJIUpOBaTh TOK BO3OYKACHUS. 3aKOH PETYIMPOBAHUS TOKA
BO30YKJICHHSI JJIsI COXpaHEHUSI HEM3MEHHBIM HaIPSKEHUS P U3MEHEHUN HATrPY3KU
JAeT PEryJUpPOBOYHAS XaPAKTEPUCTHKA, MPEACTABISAIONIAs CO00H 3aBHCHUMOCTH
I,=1f(l) npu U =U,  =const. PeryaupoBouHas xapakTepuCcTHKa I0Ka3aHa Ha pHC.

3.8. Haunnatot cHuMaTh ee ¢ xonocroro xoxaa, korga | =0. [Ipu yBennmueHnn Toka
Harpy3ku TOK BO30yxaeHHs |, HE00XOIMMO HECKOJBKO YBEIMYMBAThH, YTOOBI CKOM-

HOM

MEHCUPOBATh YMEHbIIICHUE HANIPSKEHUS W3-3a MaJeHUs] HaNpsHKEHUS U pa3MarHuyu-
BAIOIIETO JEUCTBUS PEAKIUU SKOPSI.
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IHOM 1 K

Puc. 3.7. IlosHast BHEIIHAS XapaKTEPUCTUKA
reHepaTopa HE3aBUCUMOTO BO30YKIECHUS

~Y

Ig b .

=

Puc. 3.8. PerynupoBouHasi XapakTepuCTHUKA
reHepaTopa He3aBUCUMOTO BO30YKICHUS

Xapaxmepucmuku 2eHepamopa napaieibHo20 8030YHCOeHUs

Camoeo30yacoeHue eenepamopa

VY reHeparopa napauieIbHOrO BO30YXKIECHUS OOMOTKAa BO30YKICHHUSI IMUTACTCS OT
coOCTBEHHOTO sIKOPsI (puc. 3.1, 6). DNEKTPOBIKYIIAsk CHJIA B SIKOPE TOSIBIISIETCS B PE3YJTh-
TaTe CaMOBO3OYXKJICHUSI MAIIIMHBI, TIPOUCXOSIIETO MO/ JISHCTBHEM OCTATOYHOTO MarHe-
TU3Ma B MOJIFOCAX U SipMe cTaTopa. 1715t Toro yto0bl B MAIIMHE MOSIBUAJICS TIOTOK OCTATOYHOTO
MarHeTu3Ma, OHa XOTs ObI OJTMH Pa3 J0JDKHA ObITh HAMArHUMYEHA ITyTEM TPOITYCKAHHSI TOKa
4epe3 0OMOTKY BO30Y>KICHUsI OT IIOCTOPOHHETO UCTOYHHKA.

[porrecc camMoBO30YKACHUSI TPOTEKAET CleAyromuM obpasoM. [lpu Bparenun
SIKOpSL OT TIOTOKA OCTAaTOYHOTO MarHeTu3ma B ero ooMotke HaBoautcst DJIC. Ora DJIC —
OJIC ocrarodyHOro marHetusma £ =~ — HeBelMKa M cOocTaBisieT 1-3 % HOMHHAIIBHOIO

HaNPsDKEHMsT MaIMHbL Tak Kak 00OMOTKa BO30YK/IEHHsI TIOAKIIOUEHA K skopto, To DJIC
E  co3maeT B Hel HEOOJBITION TOK. ITOT TOK, MPOTEKast IO 0OMOTKE BO30YKICHUS, YBE-

ocm
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JIMYUBAET MOTOK IMOJTFOCOB, KOTOPKIN B CBOO ouepeb yBermuuBaeT JIC B sikope. Y Bennue-
Hrie DJIC BBI30BET MOBBIIIIEHHE TOKA B 0OMOTKE BO30Y>KAECHHSI, KOTOPBIH €llle CHIIbHEE yBe-
JIMYUT TOTOK No1t0coB U DJ1C, HaBoAUMYIO B SIKOPE, UTO BBI30BET JaIbHEHIIIEe BO3pACTaHKE
TOKa BO30YKICHUSI, U T. JI.

[porrecc HapacTaHUs TOKa B 0OMOTKE BO30Y KAeHUs P X. X. MarmiHbl (| =0) mo-
KeT OBbITh orrcaH JuddepeHInaTbHBIM YPaBHEHHEM:

E= |62Rg+¥, (3.18)

rae L, — ”HIyKTUBHOCTh OOMOTKHU BO30YXKIEHHS;
Z R, — compoTuBieHus LeNnu 3TOM OOMOTKH, BKIIIOYas COIPOTUBIIEHUE PETYIIH-

POBOYHOTO PE3UCTOpA.
ITanenue HanpsHKEHUs B LIETIN AKOPS OT TOKa |, HUYTOXKHO, IIOATOMY B (hopMmyIie

3.18 nanpspkeHne Ha 3aKHUMax 0OMOTKH BO30ykaeHus npunsto paBabeM DJIC E.
[Ipormecc camoBO30YXICHUS 3aBEPIIACTCS, KOT/1a TOK B 0OMOTKE BO30YKJICHUS

d(L,1,)
dt

E=1.D)R,. (3.19)

JNOCTUTAEeT YCTAHOBUBILIETOCA 3HaYeHUs. Torma =0 u D/IC Oyner paBHa:

Ha puc. 3.9 nokasansl sasucumoctn £ = f(1,) u 1,) R = f (1, ). eppas 3a-

BUCUMOCTb SIBJISIETCSI XApakmepucmuxou xonocmozo xooa (kpusas 1), a Bropas — xa-
PAKmMepucmuKoll yenu 030yHcoeHuUsl.

EiTgERg)

Puc. 3.9. CamoB030yx)1eHIE TeHepaTopa ¢
napaJieTbHbIM BO30YXaeHHEM Tpu N = CONSt

Ecnu npussath, 4TO ZRg =CONst, TO XapaKTepUCTUKA LIeNH BO30Y>KIEHUS
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MIPEACTABIISIET COOOU MPSIMYIO JIMHUIO 2, UAYITYIO MO/ YIJIOM ¢ K och abciuce, mpu-

I R
yeM tgo =< =ZR8. Touka mepecedyeHUsT XapaKTEPUCTUK B TOYKE A COOTBET-
6

ctByeT paBeHCTBY 3.19, a DJIC E B 310 TOuKe siBisiercs Toi DJIC, koTopas ycraHo-
BUTCSI TIPU JIaHHOM COIIPOTHBIICHUU ZRg Ha BbIBOJax MamuHbL. [Ipu m3meHeHuun

ZR(; oynet uamensarbes DJIC E. Ecnu yBenuuuth conpoTuBIICHUE Z:R6 , TO yToJl

HAKJIOHA XapPaKTCPUCTUKHU LICIIU B036Y)KI[CHI/IH O BO3pacCTeCT, M TOYKA A MMCPCMCCTUTCA
BJICBO. HpI/I HCKOTOPOM COIMPOTHUBJICHHUHN LI CIIHN B036Y)KI[€HI/IH RK , HA3bIBACMOM Kpumu-

yeckum conpomuenenuem, npsmas | R coBnanaer ¢ npsAMOJIMHEIHHON YaCTbIO XapaK-

TCPUCTHUKH XOJIOCTOI'O X044 (HpHMEl}I 3) KpI/ITI/ILIeCKOG COIMIPOTHUBJICHHUC ABJIAICTCA MaK-
CUMAJIbHBIM COIIPOTHUBJICHUCM LCIIN OOMOTKH B036Y)KIICHI/IH, IIpK KOTOPOM €IIC BO3-
MOXHO CaMOB036Y)KIIeHI/I€ MalllnHEbI. HpI/I I[ElJILHGﬁHIGM YBCIMYCHUU COIIPOTHUBJICHUA

ZRQ CaMOBO30YKJI€HUS IIPOMCXOIUTh HE OyHIeT, TaK Kak IpsMasi |32R3 =f(1,)

(npsimas 4) He IepeceKkaeT XapaKTePUCTUKY XOJI0CTOrO X0/1a.
CamoB030yXk/1€eHUE FreHepaTopa IPOUCXOIUT B TOM Cllydae, eclu Tok |, mpore-

KarOIIHH IT0 0OMOTKE BO30YKIEHHS, CO3/IaeT MOTOK, HAITPABICHHBINA COTIIACHO C MOTO-
KOM OCTaTOYHOI'0 MarHetusma. [Ipu HenmpaBUILHOM BKJIOUEHUH OOMOTKH BO30YXKIe-
HUSI OTH MMOTOKH OYyJIyT HApaBJICHbI BCTPEUYHO M CAMOBO30YKICHUE MMPOUCXOIUTH HE
Oyner. Toraa ans U3MEHEHUs HaNpaBieHNs ToKa |, B 0OMOTKe BO30YyKAECHUS CIIEAyeT

MEePEKIFOYUTh KOHIIBI, MOJICOSUHSIONINE €€ K sikopto. Takum oOpazom, AJisi CaMOBO3-
Oy>KJIeHHsI TeHepaTtopa HEOOXOAMMO, YTOObI OBLT OCTATOYHBIA MAarHUTHBIN MOTOK,
9TOOBI COMPOTUBIICHUE TIEMTU OOMOTKH BO30YKACHUS OBLIIO MEHBIIIE KPUTUUECKOTO, U
9TOOBI 0OMOTKA BO30YK/I€HUS ObLIa MPaBUIILHO MOJCOEIUHEHA K SKOPIO.
Xapaxmepucmuku xXxo010cmo20 x00a u Hacpy304Has
B oTnuune ot reHepatopa HE3aBHCHUMOTO BO30YXKIEHUSI Y paccMaTpUBaEMOTO
reHeparopa Tok sikops |, He paBeH TOKy Harpy3ku | . IIpu oTkIroueHHON HArpyske

(1 =0) Tox sikops He paBeH Hy0, a OyaeT paBeH | .
XapaKkTepUCTUKH XOJIOCTOTO XOJla U HArpy304Hasi MOTYT OBITh MOJYYSHBI TaK

e, KaK U y TeHepaTopa He3aBUCUMOTO BO30YK/ICHHUS, U UMEIOT TOT e XapakTep. 1ok
|, mpu CHATUYM 3TUX XapaKTEPUCTUK YMEHBIIAETCS C IIOMOLIBIO pe3ucTtopa R, or mak-

CUMAJILHOTO 10 MUHUMAJIbHO BO3MOkHOTO0 3HaueHus1, /]C ocTaTouHOro MarHeTu3ma
OTpeIeIIIeTCS TPU OTKIIOUEHHOM 00OMOTKE BO30YKICHUS.

WM3-3a HEOOIBIIOTO 3HAUEHMs TOKA BO30YXIeHUs |, MajeHre HalpsKEHUs, Bbl-
3bIBAEMOE UM B LIENU SIKOPS, MAJIO M HE OKa3bIBAET CYIIECTBEHHOT'O BIUSHUS Ha HaIIps-
’KEHUE MalllHbI pU Harpy3ke. [Ipu X. X. MOKHO MPUHUMATh, YTO HAIIPSKEHUE HA BbI-
BoJiax npaktuuecku paBHo DJ[C sikops.

Buewnaa xapakmepucmuka

Buemmntoro  xapakrepuctuky U = f ( I ) CHUMAKOT IIpU YyCIOBUHM, YTO

Z R, =const. C nomouipto pesuctopa R, comporusineHue Z R, ycranaBnuBaercs Ta-

KHM, YTOOBI P HOMHUHAJIBHOM TOKC HAIrpy3KH I won HAIIPSDKCHUE Ha BBIBOJAX MAIlIMHbI
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ObL10 HOMUHAIBHBIM. TOK Harpy3KH ycTaHaBIUBAaeTCs pe3ucTopoM R . 3aTeM, u3me-

HsS TOK |, TIOJIyYaroT Jpyrue TOUKHM BHEIIHeH XxapakTepuctuku (puc. 3.10).

Kak cnenyer u3 puc. 3.10, ¢ yBenmuuenuem Toka | Hanpsbkenne U ymeHbia-
etcs. [lonmwxkenue nanpsbkenus U Ha BBIBOAAX reHeparopa mapauieabHOro BO30YXK-
AeHHs ¢ pocToM Toka | OyaeT mpoucXoIuTh CHIIbHEE, YeM Ha BBIBOJAX T'eHepaTtopa
HE3aBHCUMOI0 BO30YkJeHus, paboratomero npu |, =const. ¥ reneparopa ¢ napai-
JIebHBIM BO30YKJICHUEM HAIIPSKEHUE MOHMXKAETCS HE TOJIBKO M3-3a pa3MarHu4yuBa-
IOLIEro JIEUCTBUSI PEAKIIUU SIKOPS U MaJICHUs HAMPSHKEHUS B 1IN SIKOPS, HO U BCJE-
CTBHE YMEHBIICHHs TOKa BO30yxkaeHus | ,. YMeHblIeHHe TOKa BO30YKICHHUS

I, = R pu Z R, =const BbI3BaHO NOHMKEHKUEM HanpspkeHust U Ha BbIBoax Ma-

IIWHBI, K KOTOPBIM IIOACOCIMHCHA LICIIb OOMOTKH B036y)KI[€HI/I$I.

I
I
L =
Iy Lhon dkp I
Puc. 3.10. BHemHss xapakTepucTiKa reHeparopa
napajjieIbHOrO BO30YXACHUS

VY reneparopa napauiebHOro BO30YKACHHS ITPH YMEHBIICHUH CONPOTHUBIICHHS
Harpy3kud Tok | OymeT yBeIMYUBATHCSA JO OIMPEICICHHOIO 3HAYCHHS, HAa3bIBACMOTO
kputndeckum Tokom | (puc. 3.10): 1, =1,5+2,51, . Ilpn nanbHeimem ymeHble-

HUW CONIPOTHUBJIEHUS HArpy3KH TOK | HaunHaeT naaaTth. Takol XxapakTep BHEIIHEN Xa-
PaKTEPUCTUKU OOBACHSAETCS TEM, YTO T'€HEepaTop MapajiieIbHOro BO30YKIEHUS caM
ce0sl pa3MarHU4YMBaeT, TaK KaKk yMEHBIIAETCs TOK BO30yxaeHus. BHauane 3ToT npo-
LIeCC MPOTEKAET MEUIEHHO, TAK KAK CTajb MAIIMHBI HACHIIIEHA U YMEHBIICHUE TOKA
BO30YKJICHHsI HE BBI3BIBACT CHJILHOTO CHIKeHUs oToka u DJIC Mamuusl. 3aTem, Ko-
r/1a TOK BO30YXIeHHs OyeT COOTBETCTBOBATH JTMHEHHOM (HEHACKHIIIICHHOW ) YaCcTH Xa-
PaKTEPUCTUKH XOJIOCTOTO X0/1a, pa3MarHnyuBaHue Oy/1eT MPOUCXOAUTh O0Jiee NHTEH-
CUBHO, TaK KaK yMEHblIEeHHE ToKa | OyzeT BbI3bIBaTh OOJIbLINE U3MEHEHUS IOTOKA U

S/C. Ilpu k. 3. MalIMHA MPAKTUYECKU OYyJIeT pa3MarHuueHa U yCTAaHOBUBIIUICS TOK
KOpOTKOro 3amblkaHus | omnpenenserca Tonbko DJIC OCTaTOYHOrO MarHeTH3Ma.
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Bcenencreue manoctu aroit 9/IC Tok | B OONBIIMHCTBE CIy4aeB HEBEIIUK U HE Ipe-

BBHIIIIA€T HOMUHAJIBHOTO 3Ha4YeHUs. OJIHAKO HECMOTPS Ha 3TO, B IEPEXOTHOM PEIKUME
MIPY BHE3AITHOM K. 3. BCJICICTBHE MEIJICHHOTO crajaa motoka u 3/|C MrHOBEHHBIN TOK
KOPOTKOTO 3aMBIKaHUSI MOKET MPEBBICUTh HOMHUHAIHHOE 3HaUEHHE B HECKOJIBKO a3,
YTO BBI30BET CHJILHOE MCKPEHHUE IIETOK, a B HEKOTOPBIX CIydasx U MOSIBJICHUE KPYTro-
Boro orHs. [loaTomMy 3T TeHEpaTophl, Kak M BCE APYTHE TEHEPATOPHI, TOJDKHBI OBITH
CHAOXXEHBI TPEIOXPAHUTEIIIMA WU OBICTPOICUCTBYIOMUMH BBIKITIOYATEIISIMH, OT-
KIJTFOYAIOIIIMMH KOPOTKO3aMKHYTYIO IIETIb €II1€ 10 TOTO, KaK TOK SIKOPSI JOCTUTHET O0JTh-
muX 3Ha4eHU. HoMUHAIbHOE M3MEHEHHE HAIIPSDHKEHUS TEHEPATOPOB MapalICIbBHOTO
B030yxeHus cocrapisieT 15-20 %.

Pezynuposounas xapakmepucmuxa

PerynupoBouHasi xapakTepuCTHKa T'eHepaTopa MapauIeIbHOTO BO30YKIICHHS
I, =1 (I ) npu U =CONSt uMeeT TOT ke XapakTep, 4ToO U IS TeHepaTopa He3aBUCH-

MOTO BO30YyKJIeHud. JlJIs OAHOTO U TOTO K€ TEHEPAaTOpa PEryJIMPOBOYHBIE XapaKTepH-
CTUKH, IOJIyYCHHbIE TPU HE3aBUCUMOM MMUTAHUHA OOMOTKH BO30YXACHUS U MpU €€ Na-
pajIeIbHOM BKJIFOUEHUHU, OYyT COBIAIATh.

Xapaxmepucmuxu 2enepamopa nocieo08amenbHo20 8030YHCOeHUs

VY reneparopoB MocIe10BaTEILHOIO BO30YXKAEHU TOK BO30ykaeHus |, paBeH

TOKy akops |, (puc. 3.1, 6). [loatomy mpu xosocrom xoxe, korna |, =1 =1=0,3/C,
HaBOAMMasi B 0OOMOTKe sIKopsl, paBHa E .

XapakTepUCTUKU XOJIOCTOIO X0/1a U HAarpy304yHasi /i TAaKOro reHepaTopa MoryT
OBITH CHATHI MPU MUTAHUH OOMOTKH OT HE3aBHUCHUMOTO MCTOYHHUKA. JTH XapaKTepH-
CTHKHU UMEIOT TOT JK€ BUJI, YTO U JJIsl TeHEepaTopa He3aBUCUMOT0 BO30YKICHHUS.

CamoB030yX/1eHHuEe reHepaTopa MPOUCXOAUT, €CIH CONPOTUBICHUE HArpy3KH
OyZeT MeHbIIe KPUTHUECKOTO. BHEIIHS XapakTeprucTUKa reHeparopa moka3aHa Ha
puc. 3.11 (kpuBas 2). Ha 3ToM ke pucCyHKe H300pa’keHa XapaKTEepHCTHKA X. X.
E = f(I) (xpusas 1). [Ipu ogHOM U TOM ke TOKe | HampspKeHHe reHepaTopa Oyaer

MeHble, yeM D/]C mo XapakTepucTUKE X0JI0CTOrO TOKA, U3-32a MaICHNs HaPsyKEHUS
B LIETIH SIKOPS U pa3MarHU4MBarOLIErO JEUCTBUS PEAKLUU SIKOPSL.

[Tpu ManbIx Harpy3Kax, Korja TOK sIKOpsi, a CJI€A0BaTeIbHO, U TOK BO30YXKICHUS
|, Maubl, MalKHa He HacklleHHa U ee OJIC u3MeHseTcs: IPONOPLUUOHAIBHO TOKY | .

[TaneHne HapsHKEHUS U pa3MarHUYMBAKOLIEe JEHCTBUE PEAKIUU AKOPS MPAKTHYECKU
TaK)K€ MU3MEHSIOTCS MPONOPLHOHAIBHO TOKY. [103TOMY, Kak 3TO BUAHO W3 BHELIHEN
xapaktepuctuku (puc. 3.11), HanpsKeHHe Ha BBIBOJAAX MAIlMHBI PACTET MPOMOPIUO-
HaJabHO TOKY | . [Ipu OONBIINX TOKAX MPOUCXOIUT HACHIIICHHE MAaTHUTHOW CUCTEMBI
MmamuHbl, Beaenctsue yero IJ(C npu yBenuuenuu | OyaeTr U3MEHSATHCS Majo, Io-
ATOMY M HaNpsDKEHHE C POCTOM TOKA YBEJIIMYMBAETCS HE3HAYUTEIBHO, a IPU OYEHB
OOJBIIMX TOKAX M3-32 BO3PACTAHUS MAJCHUSI HANPSDKEHHS U pa3MarHUYMBAIOIIETO
NEUCTBUS PEAKLIMM SIKOPS HANPSHKEHUE HAUMHAET YMEHBIIATHCS.

63



IEII'-
~°B
Puc. 3.11. BHemHsa xapakTepucTUKa reHeparopa
MOCJIEIOBATEIHLHOTO BO30YKICHUS

N3-3a cUJIbHOW 3aBUCUMOCTH HAIPSDKEHUS] OT TOKA Harpy3KW T'€HEepaTophl MO-
CJI€0BATEIBLHOTO BO30YKIECHUSI IIIMPOKOTO MPAKTUUECKOTO TPUMEHEHUS HE HAIILIH.

Xapaxmepucmuxu 2enepamopa CMeuaHno2o 6030YHcOeHUs]

Cxema reseparopa CMEIIaHHOTO BO30YK/I€HUS TTOKa3aHa Ha puc. 3.1, e. [Tapan-
nenpHas ooMoTka Bo30yxkaeHust OBII MoxeTr ObITh MOJKIIOYEHA K LIETH SKOPS 10
nocienoBareabHo 0oMoTku OBC nnu nocie Hee (mpoBogHuk oMotk OBII nepe-
HocuTcs U3 Toukd [[2 B Touky C2). XapakTepuCTUKU reHepaTtopa NpHu TON U Ipyrou
cxeme OyIyT MpaKTUYECKHU OJIMHAKOBBIMH, TaK KaK MOCJIeI0BaTeIbHAs 0OMOTKA UMEET
HEeOOJIBIIIOE COMPOTURIICHUE U TIAJICHUE HANPSDKEHUSI B HEl OyzieT Masno. YBeIHUeHUe
MJIC nocnenoBaTenbHOM OOMOTKM W3-3a MPOTEKaHWs MO Heil Toka |, Takke HHU-

YTOXKHO M3-3a MAJIOrO KOJIMYECTBA €€ BUTKOB U OTHOCUTENEHO HEOOJIBIIOTO TOKA.
Camoso30yoicoenue reneparopa MpOTEKAET TAK JKE, KaK Uy TeHepaTopa napai-
nenabHOro Bo30yxaeHus. Tok axopa |, =1 +1,.

Haubonbiiee npakTuyeckoe MPUMEHEHUE HAaXOJSIT TeHEpaTopbl C COTJIACHBIM
BKJIFOUEHHEM 0OMOTOK B030yxneHus. Haubonbmryro momro MJIC Bo3Oyxnenus co-
3naet mapaienbHas oomotka OBIII. TlocnenoBarenbHas 0OMOTKA PaCCUUTHIBACTCS
Tak, uTo0nl ee MJIC Heckombko mpesbiana MJIC pa3zMarHM4uBaroIieil COCTaBIIsIO-
el peakuuu sikopsi. B aTom ciydae nocnegoBaTesibHasi 0OMOTKA HE TOJIBKO CKOMIIEH-
CUpPYET pa3MarHM4UBaIOUIYI0 COCTABJISIONLYIO PEAKIUU SIKOPS, HO U CO3/1aCT U30BITOY-
Hyto MJIC, koropast OyzaeT yBeanuuBath noTok Bo3Oyxaenus u IJC saxops npu yBe-
JMYEHNH TOKA HArpy3ku. B pe3ynbTaTe moAMarHM4MBarOLIETO ACHWCTBUS MOCIEN0BA-
TeJIbHOW OOMOTKHM HampsiKEHHE TeHepaTopa ¢ pocToM Toka | Oyner Bo3pactaTh, Kak

9TO BUAHO 110 gHewnel xapakmepucmuke U = f (1) npu ) R, =const, u3oGpaxen-
HOI Ha puc. 3.12. YpoBeHb MOBBIIIECHHS HANPSKEHUs T€HepaTopa ¢ pocTOM Toka |
3aBHCHT OT YHUCJIa BUTKOB MOCIIEA0BATENbHON 0OMOTKH. OOMOTKY MOKHO pacCUUTATh

TaK, YTOOBI HAMPSKEHHE YBETUUYUBAIOCH HA 3HAYCHHE, HEOOXOIUMOE JJIsi KOMITEHCa-
MU NIaJICHNUS HAMPSDKEHHs B MIPOBOAX, HAYUIMX OT TeHepaTopa K notpedutento. To-
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raa y noTpeOuTess mpu Jr0bIX HAarpy3Kax HalpspDKeHHE aBTOMAaTU4YeCKd OyAeT moj-
Jep>KUBATHCS IPUMEPHO MTOCTOSTHHBIM.

IIpu cnaboii mocnenoBaTeaIbHON 0OMOTKE BHEUIHSSI XapaKTePUCTUKA UMEET I1a-
naromui xapakrep. OTMeTHM, 4To 3PPEKTUBHOCTH AEUCTBUSA MOCIE0BATEIBHON 00-
MOTKH 3aBHCUT OT HaCBILIEHUs] MarHUTHOM 1ienu mamusbl. MJIC nocnenoBaTenbHON
OOMOTKHU HpU CHJILHOM HACBIIIEHUH OYyZIeT AaBaTh HEOOJBIIOE YBEIHMUYECHHE MAarHUT-
Horo notoka u DJ1C, moaToMy naxke npu J0CTaTOYHO CUIILHOM OOMOTKE WX NP O0JIb-

J110%0,¢ HanyBKaX HaprDKeHI/IC Ha BbBIBOAAX MAIlIMHBI 6y,ueT YMCHBHIaTBCH C pOCTOM TO-
Ka |.

L

|
1
]
i
]
I
I
I
I
|
|

Ty 1
Puc. 3.12. BHemHss XapaKTepUCTUKA
reHepaTopa CMEMIAHHOTO COTJIACHOTO BKIIFOUEHUS

Xapaxmepucmuka Xo10cmozo xo0a

XapakTepuCTUKY XOJOCTOT0 X0/Ia TeHepaTopa CMEIIaHHOTO BO30YK/ICHUS CHU-
MAaIOT TakK ke, KaKk ¥ reHepaTopa napauieIbHOTO BO30YKIEHUS, 1 OHA UMEET TaKOH JKe
xapakTep. Tak ke, Kak U JJIs TeHepaTopa MmapauiebHOTO BO30YKICHHS, 1JIs TeHepa-
TOpa CMEIIAHHOTO BO30YKIACHUS CHUMAIOT HArpy304Hyro xapakrepuctuky U = f(I)
mpu | =const.

B 3aBucumocTu ot cootHomenuss MJIC nocnenoBareabHOH 0OOMOTKH BO30YX-
fenust F, ¥ pasMarHU4YMBaroIel COCTABISIONICH peakun siKopst F, HarpysodHast xa-

PaKTEPUCTHKA MOKET PacIiojaraTbCs UM BBIIIC, MM HIKE XapaKTEPUCTHKH X. X. [Tpu
JI0OCTaTOYHO CHJILHOM TMOCJIEIOBATEILHON OOMOTKE HArpy304Has XapaKTepUCTHKA 2
WJIET BBIIIE XapaKTEePUCTUKU X. X. 1 (puc. 3.13).
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Puc. 3.13. Harpy3o4yHas xapakTepuCcTHKa
reHepaTopa CMEMIAHHOTO COTIACHOTO BKIIKOYEHUS

Ecin mo 3TUM XapakTepuCTUKaM MOCTPOUTh XAPAKTEPUCTUUECCKUN TPEYTroyib-
HUK, TO €0 TOPU30HTAIBHBIA KaTeT OyJIeT MPOIOPIIMOHAJIECH PE3YIbTUPYIOIICH HaMar-
HuuuBatoied M/IC, co3ganHoi TokoM sikops o ocu OOMOTKH Bo30yxaeHus. Jl1uHa

(F.—Fy)

6

00pa3oM TPEYTroJbHUK UCIIOIB3YIOT JIJIS TOCTPOCHHUS XapaKTePUCTHK.
Pecynuposounas xapaxmepucmuxa
Perynuposounas xapaktepuctuka |, = f (1) mpu U =const y reneparopa cme-

ATOro KaTeTa B MacliTade ToKa BO30YK/I€HHs paBHA . [lomy4JeHHBbI TaKUM

IIIAHHOTO BO30YKICHHS 3aBUCUT OT BUa BHEIIIHEH XapakTepucTuku. [Ipu mocratouHo
CUJIBHOM MOCNEA0BaTENbHON 0OMOTKE BO30YX ACHUS, KOI/la HApsHDKEHUE TeHepaTopa
BO3PACTAaET C POCTOM TOKA HArpy3KH, PETyJIUPOBOYHAS XapaKTEPUCTUKA UMEET BU/I,
MOKa3aHHbIM Ha puc. 3.14.

I §

\________/

-

S

I

Puc. 3.14. PerynupoBouHas XapakTepucTUKa
reHepaTopa CMEIIaHHOTO BO30YKIeHHUs TpU corjacHoM BkitoueHuu OB

66



Buewmnssa xapakmepucmuxa

['eHepaTopsl CMEIaHHOTO BO30YKICHHUS TP BCTPEYHOM BKJIFOUCHUU OOMOTOK
NPUMEHSIOTCSI OTHOCUTENLHO PEAKO. Y 3THX T€HEepaToOpoB MociefoBaTeNbHas 00-
MoTKa Oynaet co3naBath MJIC, HanpaBiieHHyIO Tak *e, kak 1 MJIC pa3zmMaranumnBaio-
el COCTaBISIONICH peakiuu sKopsi. [1o7 X COBMECTHBIM pa3MarHUYHBAIOIINM JCH-
CTBUEM PE3YJIbTUPYIOIINI TTOTOK BO30YK/IEHHUSI MAIIMHBI C POCTOM TOKa Harpy3ku Oy-
JIET YMEHBINATHCA. B pe3yspTare 3TOro BHENTHSS XapaKTEpPUCTHKA TAKOTO TeHepaTopa
OyneT MMeTh pe3ko majatromui xapakrep (puc. 3.15). PerynmupoBounas xapakrepu-
CTHKa 3TOT0 TeHepaTopa Moka3aHa Ha puc. 3.16.

3.4 JIBurarejim NoCTOSIHHOI0 TOKA

brnarogapsi cBouM XOpOIIUM PETYIUPOBOYHBIM CBOMCTBAM JIBUTATENIN MTOCTOSH-
Horo Toka (JI1T) Hanum mupokoe pacrpocTpaHeHHE B MPOMBIIIIIEHHOCTH. B Tex ciry-
qasx, KOrja Mo yCJIOBUSIM pabOThl YCTAaHOBKU TpeOyeTCs MIUPOKOE M3MEHEHHE 4Ya-
CTOTBI Bpall€HUs, MPUMEHEHUE JI1 HUX ABUTATENEH MOCTOSHHOTO TOKA BO MHOTHX
Cilydasix siBJisieTcs OoJiee MpeAnOYTUTENbHBIM, YeM JBUTATENIeH MEPEMEHHOI0 TOKa.
OHHU HCTIOJIB3YIOTCS B METAJUTYPTHUECKON MPOMBIILIEHHOCTH, CTAHKOCTPOCHUH, IJIS
CO3/IaHHSI CUCTEM aBTOMAaTHYECKOro peryiaupoBaHus U T. A. lllupokoe nmpumMeHeHue
JIBUTATENIM TTOCTOSTHHOTO TOKA HaXOST B aBUAIlUU, aBTOMOOWJIECTPOCHHUH, Ha CYyJaX,
TPaHCIIOPTE, B TOM YUCJI€ U HA KEJIE3HOJOPOKHOM. MOIIIHOCTH, HA KOTOPHIE BBIMYC-
KalOTCsI 9TU JIBUTATEIIH, JIEXKAT B MPEJIesiaX OT HECKOJIBKUX BATT JO HECKOJIBKUX THICSY
KWJIOBATT. 3@ HOMUHAJIBHYIO MOIITHOCTD JAIBUTATENSl MIPUHUMAETCS MEXaHUUeCKast MOIII-
HOCTb Ha Baily P,. DTa MOIIHOCTh OOBIYHO YKa3bIBACTCA HA IUTKE, 3aKPEIUNIEHHOM Ha

KopIryce MamuHbl. KpoMe MOITHOCTH TaM yKa3bIBalOTCA U JPYTU€ COOTBETCTBYIOIIUE
ell HOMUHAJIbHBIC BEIMUMHBI: HanpsbkeHue U , Tok |, yactoTa Bparenus N.

Ly

tg

—
]

Puc. 3.15 BHemHsAs XapakTepuCcTUKa IPU CMENIAHHOM
BO30YXJEHHUHU ITPU BCTPEYHOM BKJIItoueHuu OB
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Puc. 3.16. PerynupoBouHas XxapakTepucTHKa
reHepaTopa CMEIaHHOTO BO30YKI€HUs Ipy BCTpeuHOM BKiItoueHun OB

JIIT, Tak ke, Kak ¥ TeHepaTOPbl, KIACCUDUIIMPYIOTCS 1O CIIOCO0Y BKIIOYCHUS
OOMOTKH BO30YKJI€HUS: HE3aBUCUMOT'O BO30YXKIEHUS, MapaJUIEIbHOTO (IIyHTOBOTO)
BO30YKJICHHUSI, TOCIIEI0BATEIHLHOTO (CEpUECHOT0) BO30YKICHUS U CMEIIAaHHOTO (KOM-
MayHJIHOTO0) BO30YKICHHUS.

[IpuHIMNIMATBHBIE CXEMBI ATUX JBUTATENIEM UMEIOT TAKOW K€ BUI, KaK U y CO-
OTBETCTBYIOHIMX reHepaTopoB (puc. 3.17). Tok Axops |, B ABUTraTensax HE3aBUCUMOTO

U TIOCJIEI0BATENILHOTO BO30YKIEHHS PaBeH TOKYy |, moTpediasieMoMy ABHUraTesieM U3
CEeTH, a B IBUTATENSIX MApaJIJIEIbHOIO U CMELIaHHOro Bo30yxaenus |, =1 —1 . Momi-

HOCTb, 3aTpaurBaeMas Ha BO30YyKJIeHHE, cocTaBIseT 1-5 % HOMUHAIBHOM MOIIIHOCTH
nBuraresisa. MeHbllee 3HaueHre OTHOCUTCS K 00JIe€ MOIIHBIM JIBUTATEIISIM.

Puc. 3.17. CxeMnl nBurareseil nOCTOSSHHOIO TOKa ¢ HE3aBUCUMBIM d,
napaJieTbHBIM 0, TIOCTIE0BATEIILHBIM 6 M CMEIIAHHBIM 2 BO30YXKICHUEM

[IpakTHYeckoe MPUMEHEHUE HAXOIAT IBUTATEIH BCEX YKa3aHHBIX BBIIIEC CHCTEM
BO30YXKICHHUS.

68



3.5 YpaBHeHus ABUTaTe el MOCTOSTHHOTO TOKA

Ypasuenue pasnosecus nanpsoicenus

HanpspkeHnue Ha BBIBOJIaX ABUTATENS Beerna OyaeT OoJibliie HaBOJIUMOM B 00-
MoTke skops I/IC Ha 3HaueHUE MaJeHUS HAMPSOKCHUS B IEMU SKOPS U B IIETOYHOM
KOHTAKTe:

U,=E,+1,D.r,+AU,, (3.20)

rac IaZra — INaACHUC HAIIPSAKCHUA B O6MOTK&X;
AUW — HaJCHUA HAITPSXKCHHA B IICTOYHOM KOHTAKTC.

COHpOTI/IBHGHI/Ie Z Iy BKJIIOYACT B cebs COIIPOTHUBJICHUA OOMOTKH SAKOPA U BCCX
MOCJIEAOBATEILHO COCAUHEHHBIX C HEH ooMoTOK. B O6HI€M cly4dac:

Zra:ra+ra+rc+rk+rm, (3.21)

rac ry,r,r.,r.,r, — COIPOTUBJICHUA 0OMOTOK AKOp:, I[O6&BO‘IHBIX ITOJIOCOB, ITOCJICOAO-

() 1% !
BaTeIbHOM (CepUecHOM), KOMIICHCAIMOHHOMW U IETOYHOr0 KOHTAKTA.
B 3aBHCHMOCTH OT KOHKPETHOH CXEMBI JIBUTATEIIS YaCTh CONPOTHBICHHI B ) Iy

OyJIeT OTCYTCTBOBATb.
JList mpuOAMKeHHBIX pacueToB ypaBHeHHE 3.20 MOKHO YIPOCTHUTH:

U,=E,+I,R, (3.22)
rae R, :

R,=D1+r,, (3.23)

rac Fy NEPEXOAHOC COIMMPOTUBJICHUE MICTOYHOTI'O KOHTAKTAa HpI/I6J'H/I)KCHHO IIpUHUMA-

CTCA ITOCTOSAHHBIM M PABHBIM:

r=—"u (3.24)

anom

[Tanenue nanpsokenus B nenu skops | R, ornocutensno Mano. Ilpu | =1

anom

OHO COCTaBJISIET 2—5 % HOMHHAJIBHOI'O HAIIPSIKEHUSI.

XapakTepHbIM yCIOBUEM pabOThl MAIIMHBI B IBUTATEIbHOM PEKUME SIBIISIECTCS
HepaBeHCTBO U > E. B ¢BsI3u ¢ 3TUM TOK B IKOpE ABUTATENS KMEET HaIllpaBJIeHUE, COB-
Majarolee ¢ HalpaBJICHUEM MPUIIOKEHHOTO HalpshkeHus U Berpeunoe ¢ D/C:
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| ="a"a) (3.25)

Ypasnenue 6ananca mowHocmu
VYpaBHeHue O6anaHca MOITHOCTH MOKHO TIOJTYYUTb, €CJIM IIPABYIO U JIEBYIO YaCTh
ypaBHEeHHS paBHOBecHs HanpspkeHust (3.20) yMHOXHM Ha TOK KOS

U, =EI,+12>r, +AU, I (3.26)

.

ITpoussenenune U | sABIsS€TCA MOIIHOCTBIO, MOABOJUMONW M3 CETH K LIENHU
skops. YacTh 3TOi MOLIHOCTU OyIET pacxomoBaThCs HA MOTEPH B OOMOTKAX B LENU
AKOpPs Ha DIEKTPUYECKHE IIOTEPU B OOMOTKAX Iera =P ¥ B IepexoIHOM COIIPO-

0.
THUBJICHHH IICTOYHOI'O KOHTAKTAa AUWIa = Pam OcranpHas 4acTh MOIOTHOCTH, paBHaAsA
IIPONU3BCIACHUIO Ea]a, Ha3bIBACTCA BHGKTpOMaFHHTHOﬁ MOITHOCTBIXO, KOTOpasd YHC-

JICHHO paBHA IOJHOM MEXAHMYECKOW MOIIHOCTH ABUTraTens. YacTh MEXaHWYECKOMN
MOILHOCTH IIOWJET Ha IIOTEPU BHYTPU IBUTraTelIA: MeXanudyeckue P, maruutHbie P

u IIO6aBOLIHBI€ P()Oﬁ . OcTanpHas ee 4acTh C Baja MallluHbI nepecaacTcsa COYICHCHHOMY
C ABUTATCJICM MCXAaHU3MY. OTa 4acTh MOIIIHOCTH P2 Ha3BIBACTCS MOJIC3HOM MOIIHO-
CTbIO MJIM MOIIHOCTBIO HAa BaJy:

P2 = P - Prux - PMZ - P()o6 ' (327)

am

[TonHast MOIIHOCTD, 3a0upaemMasi U3 CETU JJIs ABUTATENIeld HE3aBUCHUMOTO U MO-
CJIEZIOBATENILHOTO BO30YyKIeHUA, paBHa P, =U [ , a nus ABUratesedl napajiesibHOro

a“a’

Y CMEIIaHHOro BO30YyXJaeHMs Oyzaer Ooiiblle Ha 3HaueHue MoumHoctu P, =U I , no-

a“ e’

TpebasieMoi napasuieIbHON 0OMOTKOM BO30YKICHUSI MAILIUHbI:
Pl=Ua(Ia+I8):UaI : (3.28)

PaccmoTpenHoe npeoOpa3oBaHME MOLIHOCTH B JIBUraTelleé MOYKHO HArJIsJHO
NPEJCTaBUTh B BUJIC YHEPTETUUECKOM quarpammel (puc. 3.18).

YPCIGHQHM}Z pPasHosecusl MOMEHMoe6

2zn 7N
[Tonenus dopmyny 3.27 Ha YrIOBYIO CKOPOCTb SIKOPSI @ = 50 = 0 U npoje-
JIaB HEKOTOPbIE IEPECTAHOBKH, MOTYUUM:
M3,¢1:M2+M0:Mc’ (329)

rae M, — MOMEHT CTaTUYECKOIO CONPOTUBIIEHHUS,
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M — 3JIEKTPOMAarHUTHBIA MOMEHT, CO3/1aBAE€MbIH JIBUrATEIIEM.

Py P
Puc. 3.18. DuepreTudeckasi fuarpaMmma JIBUraTeNsl MapayijieIbHOTO BO30YKICHUS

OTOT MOMEHT HaNpaBJIEH B CTOPOHY BPAILEHHUS SIKOPS U CO3JJA€TCS B pE3yJIbTaTe
B3aUMOJICUCTBUS TOKA, MPOTEKAIOLIEr0 MO MPOBOJAHUKAM OOMOTKH SIKOpS, C MAarHUT-
HBIM ITOTOKOM:

M,  =c I Ds. (3.30)

DONEeKTPOMArHUTHBI MOMEHT YPaBHOBEIIMBAET TOPMO3HOM HArpy304YHbIA MO-
MEHT Ha BaJly MaIllMHbI, CO3aBAEMbIA COWICHEHHBIM C HEW UCIOJHUTEIBHBIM MEXa-
HHU3MOM:

M, =22, (331)
w

a TaK)K€ TOPMO3HON MOMEHT, 00YCIIOBICHHBIN MOTEPSIMU BHYTPU MAIIIAHBI:

Mme

Moz(PMx_'_P +P006) .

(3.32)
w

MowmeHT M, OTHOCUTENIBHO MaJl, U B HEKOTOPBIX IPAKTUYECKUX CIIy4asiX MOKHO
npuOIMKEeHHO NpuHATE M = M, = M .

PaBenctBo 3.29 cnpaBeInMBO MpU MOCTOSHHOW CKOPOCTH siKops. [Ipu Beakux
M3MEHEHUSAX CKOPOCTH BO3HHMKAET COCTABJISIIOLIAS MOMEHTA, UAYIIAasl HA Pa3rOH WU
TOPMOYKEHUE BPAILAIOIINXCS MAcC JBUTATENSI U UCIIOJIHUTENBHOIO MEXaHW3Ma. JTa

Jdw

COCTaBJAIOIIAsA, paBHasA =M 5, Ha3bIBACTCA OUHAMUYECKUM MOMEHMOM.

OOBIYHO TPUHUMAIOT, YTO Macca BpallalolIUXCS YacTed M SBISETCS MOCTOSH-
HOW, U TOTJJa MOMEHT MHEPIIMU PABEH:
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J=mp?, (3.33)

r7e p© — paauyCc MHEPLUH.
C y4eToM IMHaMUYECKOW COCTaBISIOLIEH ypaBHEHUE MOMEHTOB MOKHO IPEJ-
CTaBUTh B BUJIE:

M=M,+M,+M,, (3.34)
OTKyJIa CIEIyeT, 4TO:
do Ao
1) mpu M >(M, + MO) M, >~0mnu et E >0 . 3mech NOJIOKUTEITHHOMY IPH-

paieHuto BpemeHu At OyIeT COOTBETCTBOBATH MOJIOKUTEIBHOE IIPUPAILIEHUE CKOPO-
cTH Aw, T. €. B 3TOM city4dae OyleT IPOUCXOJUTh Pa3rOH JIBUraTelsl U COYJICHEHHOTO
C HUM IIPOU3BOJICTBEHHOTO MEXaHHU3Ma;

d A
2)mpu M <(M,+M,) M; <0n d—i) A_f[[) <0 . 31€ech NONOKUTENLHOMY IIPH-

palieHuio BpeMeHu At COOTBETCTBYET OTpHUIIATEILHOE TPUPAIICHUE CKOPOCTH A®, T.
€. B 3TOM cliy4ae OyJeT MPOUCXOIUTh TOPMOKEHHUE ABUTATENSI U COWICHEHHOTO C HUM
MIPOU3BOJICTBEHHOTO MEXaHU3Ma;

d
3)upu M =(M,+M,) M;=0mu d—io =0, T. e. CKOpPOCTb OyJE€T UMETh YCTaHO-

BUBIIIEECS MMOCTOSHHOE 3HAUCHUE.
Ypasnenue yenoeou ckopocmu
N3 popmyibl 3.22 MOXKHO MOTYYUTH BEIPAKECHUE:

U —IR =E, =cad,. (3.35)

Otkyga cnexyer, yTo HaBoguMas B oomoTtke sikopst DJIC E, 3aBucHT OT moaBo-
aumoro Hanpsbxkenus U, v nagenus Hanpsokenus | R . Ilpu yBennyenun uinm yMmeHb-
mennn U, u | R, coorBercTBeHHO nosmkHa usmensaTbes u DJIC E, Ilpu @; = const
9TO MOKET IPOU30MTH 3a CYET U3MEHEHHS CKOPOCTU ().

B cBoro odyepenr naMeHeHue NOToKa ABUrarens @; Npu MPOYUX PaBHBIX yCIIO-
BUAX TAK)XKE BBI30BET U3MEHEHUE ).

Taxum 00pa3oM, B JBUTATENAX IOCTOSHHOIO TOKA BCSIKOE U3MEHEHHE CKOPOCTU
BBI3BIBACTCSI HEOOXOAMMOCTBIO COXPAHEHUS AJIEKTPUYECKOTO PAaBHOBECHS B ILEMH
AKOps. MaTreMaTU4eCKyl0 3aBUCHUMOCTb YIJIOBOM CKOPOCTH OT YKAa3aHHBIX BEINYMH
MO>KHO MOJXYYUTh U3 GopMybl 3.35 B BUJE:

w:w. (3.36)
e 0
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3.6 XapakTepucTHKH ABUTraTe el MOCTOTHHOT0 TOKA

OCHOBHBIMH XapaKTEPUCTUKAMU, 10 KOTOPHIM OIEHUBAIOTCS paboune CBOKCTBA
JIBUTATEIICH, SIBIISIOTCS:
1) ckopocmnas xapaxmepucmuka (3nexrpomexanndeckas) o = f (I ) —3aBucu-

MOCTb YTTIOBOH CKOPOCTH SIKOPsI OT TOKa SKOpS;
2) momenmuas xapakmepucmuxa M, = f(I,) —3aBUCUMOCTb 3JIEKTPOMATHUT-

HOI'0O MOMEHTA OT TOKa SIKOPS;
3) mexanuueckasn xapaxmepucmuxa = f (M

am

) — 3aBUCHMOCTb YTJIOBOH CKO-

POCTH SKOPSI OT JICKTPOMAarHUTHOTO MOMEHTA.

CKOpPOCTHBIC M MEXaHMYECKHE XapaKTePUCTHKH CHHMAIOT NPH TOCTOSHHOM
HAIPSDKEHUH, TIOJBOJIMMOM K SKOPIO, a JUISl JBUTaTeIe He3aBHCHMOTIO, Tapajuieiib-
HOTO U CMEIIAHHOTO BO30YKJIEHHUsS, KPOME TOTO, ¥ MPH IMOCTOSHHOM 3HAUYCHUHU TOKa
BO30ykaeHus | .

Xapaxkmepucmuxu ogueamelisi NOC1e008AMeNbHO20 8030YHCOCHUS

Tak kak Ha JKeJIE3HOAOPOKHOM TPAHCTIOPTE B KAUECTBE TATOBBIX JIEKTPOIBUTA-
TeNel JUIsl MPUBOJIA KOJIECHBIX Tap MCHOJIb3yeTcst 0osiee 95 % nBurareneil mocTosH-
HOT'O WJIH MyJIBCUPYIOUIET0 TOKA MOCJIEI0BATEILHOTO BO30YKIEHHUSI, TO, PACCMOTPUM
OCHOBHBIE XapaKTepUCTUKN UMEeHHO dTux IIT.

Ha puc. 3.17, 6 nana cxema gBuratesis Mocie0BaTeIbHOr0 BO30YKACHU. Xa-
PAKTEPUCTUKH CHUMAIOT TaK K€, KaK U y JIBUTATENs MapauIeIbHOTO BO30YXKICHUSI.
XapakTepHO 0COOEHHOCTBIO IBUTATEINS SIBJISIETCSA TO, YTO €T0 TOK SKOPS PABEH TOKY
Bo30yxkaenus: |, =1 _=1.
=const. [na neura-

TeJsI TIOCIICAOBATEILHOTO BO30YKICHUS YpaBHEHHE CKOPOCTHOW XapaKTEPUCTUKU
UMEET TOT K€ BUJ, YTO W JIJIS JIBUTATEIII HE3aBHCUMOTO BO30YXICHUs. MarHUTHBINA
notok @ = f(l,) yaroro nurarens sBisercs pyHkuuei Toka skops | =1, . 3aBucu-

Crxopocmuas xapakmepucmuxka o= f(l1,) npu U =U

HOM

MocTh @y = f(I,), npuBeaeHHast Ha puc. 3.19, HOCUT Ha3BaHUE MACHUMHOU XapaKme-
pucmuku (mpuaIMaeM AQ@; =0).

Ecnu nns ynpolleHus: aHanu3a NpUHSTh, MpeHeOperasi HachlleHUeM MarHuT-
HOM LENH MAIWHbI, JUHEWHYIO 3aBUCUMOCTh MEKY MAarHUTHBIM IIOTOKOM M TOKOM
aKops (ITpuxoBas npsimas Ha puc. 3.19), T. e. cunuTaTh:

D; =kyl,, (3.37)

T0 opmyiy 3.36 MOKHO 3anucaTh B BUJIE:

COZM_ (3.38)
ckyl,
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Puc. 3.19. Maruutnas xapakrepucrtuka 11T
MOCJIEIOBATEILHOTO BO30YKICHUS

™

Tak xak nagenue Hanpsokenus | R manommpu |, =1,, =~ cocraBiser 2-4 %
U, .. TO YMEHBIICHUE YUCIUTEIA IIPU U3MEHEHUH TOKA SKOPs II0Jy4acTCs BECbMa He-
OonbIIMM, U MO3TOMY 3aBucuMocTs @ = f(l,) Hocur runepOonudeckuil xapakrep

(wrpuxoBast muHMs Ha puc. 3.20). OCOOEHHOCTHIO CKOPOCTHOM XapaKTEPUCTUKU JIBH-
raress nocjaeA0BaTeIbHOIO BO30YKIEHUS SABISETCS ee OoublIasi KpyTU3HA B 001acTh
MaJbIX 3Ha4eHHUI TOKa |,. 3HaYMTeIbHOE YBEIUYEHHE CKOPOCTHU IIPU MaJIbIX HATPY3-

Kax O6YCJ'IOBJ'H/IBaeTC${ COOTBCTCTBYIOIIMM YMCHBIICHHUCM MAIrHUTHOI'O IIOTOKA.

e b
i ==
L

Puc. 3.20. CxopoctHas xapakrepuctuka 11T
MOCJIEA0BATEILHOTO BO30YKICHUS

JletictBurenbHast xapaktepuctuka o= f(l,) mpu TOKax, HPEBBIIIAIONINX

(O’ 7 - O’ 8) Ia.HOM
3TO C TEM, UTO HpI/I 6OHBH_II/IX TOKaxX BCJIICACTBUC HACBIIICHUS MaFHHTHOﬁ eIy Mmar-
HUTHBIA IIOTOK C pOCTOM TOKa 6YI[eT YBeJ'H/ILH/IBaTBCﬂ Ha MCHBIICC 3HAYCHHUEC, YEM DTO

) OyAeT OTKJIOHSATHCA OT TUIEPOOIMYECKON 3aBUCUMOCTH. CBsI3aHO
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cnenyet u3 popmyist 3.37 (puc. 3.19), B pe3ynbraTe 4ero yriioBasi CKOPOCTh BO3PACTET.

Kpome Toro, pasmMarHU4MBaroIiee ACHCTBUE pEaKIUU SKOPS, YMEHBIIAIOIIEEe
MarHUTHBIA TIOTOK, TAKKE HECKOJIBKO YBEIMYUT CKOPOCTh. BCieacTBue aTHX MpuUanH
JICHCTBUTENbHAS XapaKTePUCTHKA B 00JIaCTH OOJBIIMX TOKOB MOWIET BHIIIE, YEM ITO
BbITeKaeT u3 popmysasl 3.38 (crutoriHas kpuBas Ha puc. 3.20).

Momenmnas xapakmepucmuxka M, = f(I,) npu U =U__ =const. C yuetom

dbopmyiibl 3.37 TOTYYUM BBIpAKEHHUE TSI SJIEKTPOMAarHUTHOTO MOMEHTA!

HOM

M =ck,I2. (3.39)

oM M@ a

N3 popmyner 3.39 ciemyeT, 4TO EKTPOMArHUTHBIA MOMEHT JIBUTATENs TIOCIIe-
JIOBATEJILHOTO BO30YKJICHUS MPOIMOPIIMOHANIEH KBapaTy TOKa, T. €. XapaKTepUCTUKA
M, = f(I,) nmeeT mapaboaMYeCKyt0 3aBHCUMOCTD (IITPUXOBas TUHUS Ha puc. 3.21).

C y4eToM HACBILIEHUS U PEaKUUU AKOpS MOMEHT B 00JacTh OOJBIIMX TOKOB OyIeT
OTKJIOHSITHCSI OT 3aBUCMMOCTH, TIOJTydyaeMoi u3 Beipakenus 3.39.

W3-3a 3TUX MPUYMH MarHUTHBIN TOTOK B IEHCTBUTENBHOCTH OYJET MEHBIIIE, YTO
BBI30BET COOTBETCTBYIOIIEE CHIDKEHHE MOMEHTA, M KpuBast M, = f(/,) npu 60nbIImx

TOKaX MOWIET HIKE (CIUIONIHAS KpuBas Ha puc. 3.21).
Mexanuueckas xapaxmepucmurxa o= f(M_ ) npu U =U,  =const. CornacHo

HOM

dbopmyre 3.39 Tok AKOps paBeH:

(3.40)

i

i

Puc. 3.21. MomentHas xapakrepuctuka JI1T mocnegoBaTenbHOTO BO30OYKICHUS

[ToncraBuB Beipaxkenue 3.40 B 3.38, moaydyuM ypaBHEHHE MEXaHUYECKOM XapakK-
TEPUCTUKH

=Tt (3.41)

UH()M _&
k M. K2
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rne kK, =, /Cqub :

W13 Beipaxenus 3.41 cnemyer, 94TO0 MeXaHUYECKas XapaKTEPUCTHKA JBHUTATEIIS
MOCTIEIOBATEIIHLHOTO BO3OYKICHHS TAK)KE, KAK U CKOPOCTHASI XapaKTEPUCTHKA, UMEET
rurepOomieckuil Xxapakrep (puc. 3.22).

wh

—

M
Puc. 3.22. Mexannueckas xapakrepuctuka 11T

MOCJIEIOBATEIBHOTO BO30YKIECHUS

Bcenencreue CUIIBHOM 3aBUCUMOCTH YITIOBOM CKOPOCTH OT HArpy3Ku MEXaHUye-
CKHE€ U CKOPOCTHBIC XapaKTEPUCTUKHU JIBUTATEJIEH MOCIEA0BATENILHOTO BO30YKICHUS
HAa3bIBAIOT MACKUMU.

Oco0eHHO cuiTbHas 3aBUCUMOCTb CKOPOCTH OT Harpy3KH MPOSBIISAECTCS TIPHU Ma-
JBIX 3HAUCHHUAX MOMeHTa 1 Toka sikopst. Ilpy M =0 u |, =0 Teopernyecku ckopocTh

paBHa OECKOHEUHOCTH, T. €. dgueameiib uoem epazHoc. UpeamepHoe MOBBIIIEHUE CKO-
POCTH OTIACHO C TOYKH 3PEHUS MEXaHUYECKON TMPOYHOCTH SIKOPS, T. K. M3-3a OOJIBIINX
3HaYeHUH LEHTPOOEIKHBIX CHJI, BOSHUKAIOLIUX B 3TOM ClIydae, MOXKET MPOU30UTH pa3-
pyuieHue 6annaxeit u komiekropa. [loaToMy Henb3st JomyckaTh paboTy ABUTATENS
MOCJICAOBATEIBLHOIO BO30YXKACHUS TMPU XOJOCTOM XOJ€ M MPHU MalbIX Harpyskax.
OObIYHO Harpy3Ka He 10JKHA ObITh MeHble 25-30 % HOMUHABHOM.

JInp Manble [BUTaTeNN (MOIIHOCTBIO B IECATKH BATT) OMYCKalOT paboTy mpu
XOJIOCTOM XOJI€, TaK KaK UX MOMEHT M, 00yClOBIIEHHBIN OTEPSIMHU B CAMOM JBUTa-

TeJIe, OTHOCUTENBHO BEIUK.
3.7 Ilyck B X0 ABUraTeJieil MOCTOSIHHOTO TOKA

[Tpu mycke B X0 (BKJIFOUEHUH) IBUTATEIISl B X0 HEOOXOAUMO:

1) obecneunTs HaUIeKAIMIA TyCKOBOM MOMEHT U YCJIOBHS JUIsl JOCTHKEHHUS He-
00X0TMMOM YaCTOTHI BPAIIICHHUS,

2) npenoTBpPaTUTh BO3HUKHOBEHUE YPE3MEPHOrO0 IYCKOBOI'O TOKA, OMACHOIO
JUISL IBUTATEJIs.

Bo3moxxHBI Tpu crioco0a mycka ABUraTelis B XO/:
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1) npsmou nyck, Koraa Uenb sIKOPs MOAKIII0YAeTCS HEMOCPEICTBEHHO K CETH Ha
€€ MOJIHOE HANPSIKEHUE;

2) nycK ¢ nomMowbio nycKo8020 peocmama WU TMYCKOBBIX CONPOTHBIICHUH,
BKJIFOYAEMBIX TIOCJIEIOBATENBHO B LIENb AKOPS;

3) nyck npu NOHUINCEHHOM HANPSINHCEHUU YenU SIKOPSL.

[Iyck xapakTepu3yercs:

I
1) KpaTHOCTBIO IIyCKOBOI'O TOKa K, = ——;

HOM

M,
2) KpaTHOCTBIO IIyCKOBOT'O MOMEHTa K = IR

o

3) BpeMeHeM (AIUTEIbHOCTBIO) ITycKa .

Ilpu npsamom nycke 0OMOTKa SIKOPsI MOJKIIOYAETCS HEMOCPEJCTBEHHO K CETH.
OOBIYHO B JIEKTPOJABUTATEIIAX TTOCTOSHHOTO TOKA MaJeHUE HANPSKEHUSI BO BHYTPEH-
HEM COIPOTHUBJICHUH IEMU OOMOTKHU SKOPS NPU HOMHUHAJIBHOM TOKE COCTABISET S5—
10 % ot U, , mOATOMY IpH MPSIMOM ITYCKE TOK SIKOPSI MOYKHO OTIPEJIEIUTH 1O BhIpa-

KCHUIO.

Hom

Ua

an Z Ra

YTO HEAOIYCTUMO JUIs MaUHbL. [10 3TON mpuynHe NMpsAMON IMyCK IPUMEHSIOT TOJIBKO
JUI ABUTATEIe OUeHb MaJloil MOIIHOCTH (/10 HECKOJIBKUX COTEH BaTT), B KOTOPBIX CO-

—(10-20)1 (3.42)

anom !

IMPOTHUBJICHHUC Z Ra OTHOCHUTCJIbHO BCJIMKO U MaJIbI MOMCHTBLI MHCPLIMK, U JIMIIb B OT-

NEJIbHBIX CIy4asX — JJId JIBATATEIECH MOIIHOCTHIO B HECKOJILKO KBT. Ilpu mpsamom
IyCKE TaKUX JBUTATEJEN IIyCKOBOU TOK PABEH:

1, =(4-6) (3.43)

anom *

Jlii orpaHuYeHus TOKa B LENb AKOPs BKIIOYAIOT IyCKOBOM peoctar R~ (puc.

3.23, a) — peocmamuvlii nyck; OH OOBIYHO MMEET HECKOJBKO CTYNCHEW (CEKIIHii)
R.,R,,R;, KOTOpBIE B Ipoliecce IycKa 3aMbIKal0T HAKOPOTKO CHEHUAIBHBIMH BBIKIIIO-

yaTensiMu (KoHTaktopaMu) I, 2 u 3. Ilpu 3TOM conpoTUBIIEHHE peocTaTa MOCTENEHHO
YMEHBILAETCs, YTO 00ECIeYNBaAET BHICOKOE 3HAUYEHUE ITyCKOBOI'O MOMEHTA B TEUCHHE
BCET0 BPEMEHM Pa3roHa JABUTATEIIS.

PaccMoTpuM nponecc peocTaTHOro mycka Ha MpUMeEpPe 3JIEKTPOIBUTATENS C MO-
ClIeZIOBaTEIIbHBIM BO30YXIeHNeM. B HadanbpHbII MOMeHT mycka ipu N =0 B memns 00-
MOTKH KOpSI BBOAUTCSI MaAKCUMalIbHOE conpotuBieHne R =R, + R, + R,, Bcieacreue

qero HYCKOBOfI TOK COI'JIACHO 3daKOHY Owma paBEH:

U

| =——
" R +R

(3.44)

77



n+ f)
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R, r 1234
] ]
: . e
Mamin ‘
Mo mox
-

Puc. 3.23. [IpuHIMnuaibHas cxema peoCTaTHOTO IMyCKa JBUTaTels d
1 KpUBBIC U3MECHEHHMS ITYyCKOBOTO MOMEHTA O

Conporusnenre R moaOMparoT Tak, 4TOOBI AJIs MAIIMH OONBIIOW U CPEeIHEM

mommoct |, =(1,5+18)l,, , a ans maums manoi Mousoctr |, =(2,0+2,5)I

HoM Hom *

HpI/I BKIIIOUCHHUH B IICIIb OOMOTKH AKOPs COIIPOTHUBIICHUA Rn ABUTATCJIb PA3TOHACTCA

o peocratHoll xapakrepuctuke 1 (puc. 3.23, 6), Ipu 3TOM B HAYaJIbHBI MOMEHT

IIyCKa JBUTaTellb pa3BUBACT MAKCUMAJIbHBIN IIyCKOBOM MOMEHT M, . PeryinpoBoy-

HBIIA peocTar R, B 3TOM Cily4ae BBIBOJST Tak, YTOOBI TOK BO3OYXAeHUs |, ¥ MOTOK

@ ObuIM MakcuManbHbIMU. [locne Toro kak SsKopb JBUTATENs MPUAET BO BPAILEHUE, B
oOMoTke saxopsa unayuupyercs 9J1C E 1 Tok sKopsi OyJeT paBeH:

et (3.45)
R,+R,

[To Mepe pa3roHa JBHUrarels U yBEIU4YEHU 4acToThl BpauieHusa N pacrer D/1C
E, BclieACTBHE YEro yMEHBIIAETCA TOK B OOMOTKE SIKOps |, M 31MEeKTpOMarHUTHBIN

MoMeHT M . IIpu 1oCTHKEHUU HEKOTOPOTo 3HaueHus M

min CTYIEHB R, comporus-
JIEHUSI ITyCKOBOI'O PE0CTAaTa BBIKIIIOYAIOT, 3aMbIKasi KOHTAKTOp 1, BcieacTBue 4yero yBe-

JIM4YMBAETCA TOK | . DIEKTpOMAarHUTHBIA MOMEHT IIPH 3TOM Bo3pacraer 1o M, .., a

3aTeM C yBEJIMYEHUEM YaCTOTHI BpalleHus: N MOCTENEHHO YMEHBUIAETCS MO PEOCTaT-
HOM XapakTepHUCTHKe 2, COOTBETCTBYIOIIEH CONpoTHBIIeHMI0 peocTtata R =R, +R,.
IIpn ymenbpmienun MoMeHTa 10 M, .

TUBJICHUS MTyCKOBOTO peocTaTa, W JIBUTATENh MEPEXOJUT Ha paboTy MO XapaKTepu-

BBIKJIIOUAIOT KOHTAaKTOpoM 2 4acTbk R, compo-

cTHKe 3, COOTBETCTBYIOMIEH conpotupienuio R =R,. Takum crnoco6oM, yMeHbIast

MOCTENIEHHO COMPOTHUBIIEHHE ITyCKOBOTO PEOCTATa, OCYIIECTBIISIOT PAa3roH JABUTATENS
0 OTJEIBHBIM OTPE3KaM PEOCTATHBIX XapakTepUCTHK [, 2 u 3 10 BbIXOAa Ha ecTe-
CTBEHHYIO XapaKTEPUCTUKY 4, COOTBETCTBYIOLLYIO conpoTusieHuto R =0. Ilyckosoii
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MOMEHT JBUTATEIS IPU OTOM M3MEHSETCS OT M, ..

no M, ... Uucio crynenen myc-
KOBOI'O peocTara 3aBUCUT OT >KECTKOCTH €CTECTBEHHOM MEXaHHYECKOM XapaKTepH-
cTUKU 4 u TpeOoBaHUM, MPEIBIBISEMBIX K ITUIABHOCTH Tycka. IlyckoBbie peocTaTsl
pacCUMTHIBAIOT Ha KPAaTKOBPEMEHHYIO paboTy noJ TokoM. [Ipu mycke nBurarens yka-
3aHHBIM CIIOCOOOM 4YacTOTa BPAIIEHUS €ro SKOPsS BO3PACTAeT IO JIOMaHOH KpuBoi 1
(puc. 3.24), a TOK OOMOTKH SIKOPSI U3MEHSIETCS 10 JIOMAaHOW KPUBOM 2 MEXKIY ABYMs

KpalHUMU 3HAYEHUAMM ITyckoBoro toka |, . w | ..

e

¢

Puc. 3.24. KpuBbie u3MeHeHNs TOKA U YaCTOThI BPAILICHUSI IPU MTyCKE ABUTATEIIS

[Tpu peocTaTHOM ITyCcKe BO3HUKAIOT JOBOJIBHO OOJbIINE TOTEPU SHEPTUU. DTOT
HEJIOCTATOK MOKHO YCTPAaHUTb, €CJIM BKIIKOYATh BUIATENb IIyTEM MIAGHO20 NOBbllle-
HUS HanpsdjceHus, oAaBaeMoro Ha OOMOTKY siIkopsi. Takoil MyCK Ha3bIBaIOT Oe3peo-
cmamuviM. 171 3TOro He0OX0JMMO UMETh OTAEJIbHBIA UCTOUYHUK MMOCTOSTHHOTO TOKA C
PEryIupyeMbIM HalpsiKeHUEM (TeHEpATOP WM YIIPaBIIIEMbIN BBIIPSMUTEN). be3peo-
CTaTHBIM IIyCK MIPUMEHSIIOT Ha IEKTPONIOJABUKHOM COCTABE IEPEMEHHOI0 TOKA U TE-
JIOBO3AX.

3.8 PeryjimpoBaHue 4acToThl BpallleHUsl IBUTaTe/Ieil MOCTOSIHHOTO TOKA

JIBuraTenu moCTOSSHHOTO TOKa HaXOAST MPUMEHEHHE B YCTaHOBKAX, re TpeOy-
€TCS PEeryJIupoBaTh YIJIOBYK) CKOPOCTh. YTJOBYIO CKOPOCTbH JBUTATEIE€l BO3MOMKHO
PEryIMpPOBaTh TPEMS CIIOCOOAMH:

1) U3MEeHEeHNEM CONPOTUBIIEHUS B LIETU SIKOPS;

2) U3MEHEHNEM MarHUTHOTO TIOTOKA (TOKa BO30YKICHNUS);

3) U3MEHEHUEM MOABOANMOTO HAIPSKEHMUS.

[Ipu comocTaBieHUN XapaKTEPUCTUK JBUTATENS B MIPOIIECCe PEryJIUPOBAHUS 3a
HCXO/HBIC TPUHUMAIOT CKOPOCTHYIO MJIM MEXaHUYECKYIO XapaKTEPUCTUKH, TTOTyUEH-
HbI€ TP HOMUHAJBHBIX 3HAUYCHUAX HANPSLKEHUS U TOKA BO30YXKIEHUS, a TakKe MpH
OTCYTCTBUU JOOABOYHBIX CONPOTUBICHUN B LIENHU AKOpsA. Takue XapaKTepUCTHUKU
HA3bIBAIOT ecmecmeeHHbIMU. XapaKTEPUCTUKH, ITOTYUYEHHBIE PU HATPSHKEHUSIX U TO-
Kax BO30YXJICHUS, OTIIMYHBIX OT HOMUHAIBHBIX, WU MIPU HAJTUYUK J0OABOYHOTO CO-
IPOTUBIICHHUSA B LIETIH AKOPS, HA3bIBAIOTCS UCKYCCTBEHHBIMU.

79



Pezynuposanue ckopocmu usmenenuem conpomuenenusi 8 yenu AKopsi.
[Tpu BKIIIOUEHHH MOCTEAOBATENIBHO B IIETh SKOPS PETYJIMPOBOYHOIO PE3UCTOpa
R,, (puc. 3.25) yBenu4urcs NajeHUue HAIPSHKEHUs, YTO IOBJIEYET 3a COOOM yMeHbIIe-

Hue HaBoauMou B oOMoTke skopsa DC E=cwo>®. [Ipu @ =const yMEeHbIICHUE
3/1C MOXeT NPOU30MTH 32 CHET CHUKEHUS YTII0BOW CKOPOCTH.

1T

Puc. 3.25. Cxema perynupoBaHusi yrioBOM CKOPOCTH JBUTATENS
BBECHUEM B LICTIb SIKOps pe3ucropa R

Otcrona cienyer, 4To MOCPEICTBOM pe3ucTopa R, MOXKHO PEryaupoBaTh yIilo-

BYIO CKOPOCTb B CTOPOHY €€ YMEHBLICHHUS.
YpaBHEHUS CKOPOCTHON M MEXaHUYECKON XapaKTEPUCTHUK ISl TOTO cirydas 0y-
IyT UMETh BUJI:

a):U—Ia(Ra+Ra()); Y _M(R;+2Ra0)
cD cD c’D

, (3.46)

rae ©=0,—AD.
[To »TuM ypaBHEHUSIM Ha pHC. 3.26 TOCTPOCHBI MEXaHUUYECKHE (CKOPOCTHBIE) Xa-

PAKTEPUCTUKH JIJIS IBUTATEIISI HE3aBUCUMOTO (TTapajuIeIbHOTO) BO30YKICHHSI TIPH pa3-
av4HbIX 3HaueHusax R, m U =const u |, =const.

BepxHsis xapakTepucTrKa SIBJISICTCS €CTECTBEHHOM.
N3 dopmynsl 3.46 u puc. 3.26 ciaeayer, 4TO BCE XapaKTEPUCTUKHU UCXOIAT U3
OJHOM TOYKH, COOTBETCTBYIOLIEH CKOPOCTH IIPU UAEaIbHOM XoaocToM xoze (1, =0 u

M =0):
Oy, =——, (3.47)

OTKYJa TaKKC CJICAYCT, YTO UEM OobIne 3HaYeHne R 40 > TeM CHJIBHEC M3MCHACTCA YITI0BAA
CKOPOCTH € YBCIIMYCHHUCM HAI'PY3KH, T. €. XaPAKTCPUCTUKU CTAHOBATCA MCHEC JKCCTKIMU.
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Puc. 3.26. MexaHnueckre XapakKTEepUCTUKU JIBUTATENIE HE3aBUCUMOIO
1 NIapajIeIbHOTO BO30YKICHHUS IIPU PA3INYHBIX 3Ha4eHUsAX R

CKOpoCTb, ¢ KOTOpPOIl ABUTATENb Oy/eT padoTaTh HA UCKYCCTBEHHBIX XapaKTe-
PHUCTUKAX B YCTAHOBUBIIEMCS peXUMeE, OTpeIesiieTCsl TOUKaMH NepecedeHus] MEXaHu-
YEeCKHUX XapaKTepUCTUK ABUraTels U COEIUHEHHOTO ¢ HUM IIPOU3BOICTBEHHOIO MeXa-
Hu3Ma. Touka nepeceyeHns XapaKTEpUCTUK COOTBETCTBYET PaBEHCTBY MOMEHTOB M
uM,.

Ecnu HOPUHSATH XapaKTePUCTUKY CTaTUYECKOTO COIIPOTHBIICHHUS
M =M, = const, TO cornacHo puc. 3.26 yrioBble CKOPOCTH OYAYT PaBHbl @, @, @,

u T. 1. PaccmarpuBaeMbIM criocoO0OM YMEHbLIATh CKOPOCTh MOYKHO B IIMPOKUX Tpee-
Jax, BIUIOTh J0 HYJIEBOTO €€ 3HAUEHUSI.

OnHAaKoO MeXaHWYEeCKHE XapaKTePUCTHKH, COOTBETCTBYIOIIME HHU3KUM CKOPO-
CTSIM, HACTOJIBKO KPYThI, YTO paboTa Ha HUX MpoTeKaeT HecTabuinbHO. HectaOuin-
HOCTH pabOTHI MPOSIBIAETCA B TOM, YTO BO3MOKHBIE HEOONbIINE KOIeOaHNSI MOMEHTA
OyIyT BbI3bIBaTh OTHOCUTENBHO OOJBIIME KOJIEOAHMS YIJIOBOH CKOPOCTH WM Jaxe
OCTaHOBKY JBUTATENs. DTO OOCTOSATEIHCTBO BO MHOTHX CIIy4asiX OTpaHUYMBACT Tpe-
JIeT PEeTyIUPOBAHUS.

,
[Ipenen peryaupoBanwus, T. €. OTHOIICHHE —™ OyJEeT 3aBUCETh OT 3HAYCHUS
..
min

HauOOJIBIIEr0 COMPOTUBICHUS R BKJIFOUEHHOIO B LIeNb sKOps. M3-3a cCHIKeHu

aomax !

KECTKOCTH MCKYCCTBEHHOW XapaKTEPUCTUKH ITpu R IIPEAENBI PETYJIUPOBAHUS HE

ao max
OCTAIOTCS TOCTOSTHHBIMU TIPH PA3JINYHBIX HATPy3KaxX.
Ipu camxennu M, (o M, Ha puc. 3.26) npenensl peryIupoBaHys yMEHbIIA-
IOTCSI.
[Ipu nanHOM criocoOe peryJupoBaHusl BO3HUKAIOT 3HAYUTEIbHbIE TIOTEPHU B pe-
I'YJIMPOBOYHOM peocTaTe, uTo Bbi3biBaeT cHuxkenue KII/1. JlefictBuTenbHO, €Ccinu 1BU-

rarens paboraer ¢ M =M _=c®/, =const , o ipu |, =const (@ = const ) TOK B IKOpe
TPH BCEX CKOPOCTSX OyleT MMETh OJIHO U TO e 3HadeHue. Ciea0BaTenbHO, U TT0JIBO-
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a¥Mas K nenu skops MomHoctk P, =Ul, ocraercs taxxe nocrosHHon. [lone3nas me-

XaHUYECKasi MOIIHOCTh, CHUMaeMas C BaJla MalllMHbI, 3aBUCUT OT YIJIOBOW CKOPOCTH:
P, Mo

P,=M_w. Torna KII[l 7 =—==—%—=w, orkyna cienyer, uro KILJ] nponopuuoHa-
R Ul

JIEH yTJI0BOM cKopocTu. Yem MeHblie ckopocTh, TeM Hike OyaeT KIIT/I. ITo aToit npu-

YUHE paccMaTpUBAEMBbI CIOCOO PETyIUPOBAHUS SIBISIETCS HEAKOHOMUYHBIM U UMEET

OTPaHUYECHHOE NMPUMEHEHUE.

Ilepexon ¢ 0AHOM CKOPOCTH Ha APYTYIO, HAIIPUMEDP C @ HA @, IPOUCXOJUT ClIe-

OyromumM oopazom. [Ipeanonoxum, 4To Ha €CTECTBEHHON XapaKTEPUCTUKE JBUTATENb
paboraet B Touke A ¢ MOMeHTOM M =C®@/,, = M ;. YT10Bas CKOPOCTb IIPH 3TOM PaBHA

@, a TOK B 1enu skops |, =———. Ilpu Brmouenuu pesucropa R, B mepBulii Mo-
a
MEHT BPEMEHU M3-3a MEXaHNYECKOM MHEPLIMU SIKOPsI CKOPOCTB, a caenoBarensHo, U D/1C
E = co® npu @ = const He U3MEHHTCH (ABUTATENb U3 TOUKU A TiepeiiieT B Touky B).
Toraa Tok B 1ienu SIKOPsL yYMEHBIIUTCS U OyJIET paBEH:

,  U-E

=— 3.48
" Ra + Raal ( )

DJIeKTPOMATHUTHBI MOMEHT M , pa3BUBaeMblii IBMTaTENEM NpH Toke 1! , cTa-
HeT MeHblie M, 1 yrioBas CKOpOCTh Ha4HET yMeHbIaThCsl. C yMEHBIIEHUEM CKO-

poctu DJIC Takke yMEHbIIAETCs, & TOK B IKOpPE YBEIUUUBaAETCA. ITO OyAET MPOUCXO-

IUTH JI0 TEX II0p, ITI0OKa HE HACTYIIUT paBHOBECHE MOMEHTOB M = M, IpH 3TOM TOK B

sIKope Oy/IeT paBeH MpeKHEMY 3HAYeHHIO | ., a CKOPOCTh @) < @).

PerynupoBanue CKOpOCTH U3MEHEHUEM CONTPOTUBIICHUS LIETH SIKOPS OBLIO pac-
CMOTPEHO HA MPUMEPE IBUraTeNIeld MapajIeIbHOIO M HE3aBUCUMOIO BO30YKICHMS.
OnHako Bce CKa3aHHOE MPUMEHHUMO U JUIsl IBUTaTENEN ITOCIEI0BATENIBHOTO U CMELIaH-
HOTO BO30yxeHus. /s npumepa Ha puc. 3.27 noka3aHbl MEXaHUYECKHE XapaKTepu-
CTUKU JIBUTaTessl MOCIEI0BATEIBHOTO BO30YKIECHUS C PA3JIMYHBIMU CONPOTUBIICHU-
MU B LIETH SIKOPSL.

Pecynuposanue ckopocmu usmenenuem nomoxa.

PerynupoBanue noToka ABUTaTeNs OCYIECTBISIETCS U3BMEHEHHUEM TOKa BO30YXK-
neHus. Tak Kak B HOMUHAJIbHOM PEXHUME (Ha €CTECTBEHHOW XapaKTEPUCTUKE) BUTa-
TeJb PaCCYUTHIBAETCS HA PabOTy MOYTH C HAUOOJIBIIMMH 3HAYEHUSIMH MIOTOKA U TOKA
BO30Y>KIEHMUSI, TO PETYJIMPOBAHUE MOXKHO OCYLIECTBUTH TOJIBKO B CTOPOHY X YMEHb-
HIEHUS. Y MEHBIIIEHHE MarHUTHOTO MOTOKA BEJET K YBEJIMYEHHUIO YIIOBOM CKOPOCTH.
T. e. B 3TOM Cily4yae OCyIIECTBISETCS PETYJIUPOBAHUE CKOPOCTH BBEPX OT OCHOBHOM.
Ecnu He yunThIBaTh U3MEHEHHE ITOTOKA U3-3a PEAKLIUU SIKOPS, TO CKOPOCTHBIE XapaK-
tepuctuku @ = f (1,) ABurareneil He3aBUCUMOro U MAPALIEIBHOO BO30YKICHHS

npu U =const u |, =const OyayT npeacTaBiasiTb coO0M NMpsiMble TMHUU (CIUIOIIHBIE
JUMHUM Ha puc. 3.28). B cooTBEeTCTBUY € ONpeAEIEHHBIM 3HAUEHUEM TIOTOKA KaXK1asl U3
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XapaKTePUCTHUK IIPH UEAIBHOM XOJOCTOM XO/I€ UMEET CBOIO CKOPOCTh @, = Y .U3-
0

3a BO3pacTaHUs MEXaHUYCCKUX MTOTEPh C TTOBBIMICHHEM CKOPOCTH TOK XOJIOCTOT'O X0/1a

|, OyIer yBeauunBaThCsl.

A

Ragz?ha g

Puc. 3.27. MexaHnueckrue XapakKTepUCTUKU JIBUTATEIIS
HIOCJIE0BATEIBHOTO BO30YKICHNUS IIPH PA3IUYHBIX 3HAYEHUAX R,

Cnm

‘rﬂ‘l HOM 1’;, fﬁ
Puc. 3.28. CkopoCTHBIE XapaKTEPUCTUKH JABUTATEIICH HE3ABUCUMOTO
Y apaJlJIENIbHOTO BO30YXACHUS TP PA3IMYHBIX TOKAX BO30YXKACHUS

Bce CKOpOCTHBIE XapaKTEPUCTHKH IEPECEKAIOTCS ¢ OChIO a0CIMCC B OJTHOU

. U
Touke (@ =0), cOOTBETCTBYIOILE} TOKY KOPOTKOrO 3aMblkaHus |, = —.

a
MexaHnudeckue XxapakTepUCTUKH, IPUBEAEHHbIE Ha pHC. 3.29, UMEIOT Npu Hjie-
AJIHOM XOJIOCTOM XOJI€ T€ 7K€ CKOPOCTH (0, , YTO U CKOPOCTHBIE. OTHAKO C OCBIO a0C-

IIUCC OHM OYAYT MepeceKkaThCsl B pa3HbIX TOUYKAX, TAK KaK MPU OJHOM M TOM K€ TOKE
|, 1 @=var myckoBble MOMEHTHI OyayT pa3nuyHbl. CIUIOIIHBIMU JIMHUSIMU Ha PUC.

3.29 nmoka3aHbl XapaKTEPUCTUKHU O€3 yueTa BIUSHUS PEAKIINH SKOPSI.
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M

HOM M
Puc. 3.29. Mexanuueckue XapakTepUCTUKU ABUTaTeIeH HE3aBUCUMOTO
Y TapaJJIENbHOTO BO30YXAEHUS IIPH PA3JIMYHBIX TOKAX BO30YXKIACHUS

Kak BuaHo Ha puc. 3.29, xapaxtepuctuku @ = f (M) mepecekaroTcst Mexmy co-

6OI>'I, IIO3TOMY IIPH HArpy304YHBIX MOMCHTAX, JICKAIIHNX 34 TOYKAMHU IICPCCCUCHMHA,
YMCHBIICHHUC ITIOTOKA 6y,Z[GT BBI3bIBATH HC YBCIIMUYCHUC yrHOBOﬁ CKOpOCTH, a €€ YMCHb-
nrenue. Yem OoJibIe COIIPOTHUBJICHUC LICIIU SAKOPA Ra , TEM MCHBIIINM 3HA4YCHHUAM MO-

MEHTa OyIyT COOTBETCTBOBATH TOYKU IMEPECEUCHUS MEXAHUYECKUX XapaKTEPUCTHUK
Mexay coOoi. [[ns OonbIIMHCTBA JIBHUrareieil 3TM MOMEHTHI OyOyT 3HAUYHUTENBbHO
00JIbIIIE HOMUHAJIBHOTO U MO3TOMY B IIpe/eiax MPAaKTUYECKH BO3MOXKHBIX U3MEHEHHM
Harpy3Ku CKOpPOCTb ¢ YMEHBIIEHUEM TIOTOKA BO3PACTAET.

YMeHbIIIeHHE CKOPOCTH MPU OCIa0ICHUH OISl MOXKET HAOIIOAaThHCS JIUIIIH B Ma-
IMHAX MaJO MOLIHOCTH.

XapakrepucTuku Ha puc. 3.28 u 3.29 nocTpoeHbl B MPEANOI0KEHUHU, YTO MPU
u3MeHeHnu |, 1 M MarHuTHbIN OTOK @ = const . Eciin y4ecTh BIHUsAHME pa3MarHu-

YUBAIOIIETO IEUCTBUS PEAKIIUU AKOPSI, TO OHU MPOUIYT HEMHOTO BBIIIIE U MPU MaJIbIX
TOKax BO30YXAEHHUS MOTYT MPUOOPECTH BO3pACTAIOLIMI XapakTep (IITPUXOBbIE KpU-
BbIc Ha puc. 3.28 u 3.29). PaGoTa nBuraTess mMpy BO3PACTAIONIMX XapaKTEPUCTHKAX
HOCHUT HEYCTOMYMBBIA XapakTep. Y MEHbIIEHHE MAarHUTHOTO MOTOKA M3-3a pa3MarHu-
YUBAIOUIETO JACHCTBUS PEAKIINU SIKOPS MPUBOJIUT TAKKE K CHUKEHHUIO ITyCKOBOTO MO-
MEHTA.

HeycroiiunBas paboTa 1BUraTess mpu MajlbIX TOKaX BO30YKICHHUSI SIBJISIETCS OJ1-
HOU U3 IIPUYMH, OTPAHUYUBAIOIINX BEPXHUM MIPEJIEIT YTIIOBOU CKOPOCTH IPHU 3TOM CIIO-
cobe perynupoBanus. [[pyroil mpu4MHON, OTPAHUYMBAIOIICH MaKCUMaIbHYIO CKO-
POCTb, SIBIISIETCS yXyAlIeHne KomMmyTanuu. OOBIYHO JOTOTHUTEIHHBIC MOTIOCH B Ma-
IIMHAX TMOCTOSHHOTO TOKA HACTPaMBAKOTCS HA MOJIyYEHUE HECKOJBKO YCKOPEHHOM
kommyTanuu. [loaromy kommyrupytomyto 9/1C e, BbIOMPAIOT HECKOJIBKO OOJbIIEH,

yeM Tpebyetcs 11t koMmneHcauuu peaktuBHoi D/IC e, . Paznocts 3tux 9/1C B HOMU-
HAJIbHOM pexXuMe (IIpU @ = @, ) IPUHUMAIOT TAKOi, 4TOOBI 00ECIIEYUTh ONTUMAIIb-

HOC IIPOTCKAHHUC KOMMYTAIIMOHHOI'O ITpOoHcCcCa. HpI/I IMMOBBIICHNH CKOPOCTU IIPOIIOP-
IMUOHAJIBHO YBCIMYMUBAKOTCS ek u er , a CJICA0BATCIIbHO, U UX PA3HOCTb ek —er . HpI/I

OHpe,HeJICHHOﬁ CKOPOCTH 3Ta pa3HOCTb MOXKCT JOCTUTHYTh HCAOIMYCTUMOT'O 3HAYCHHUA.
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KommyTtanus Oyner cuiabHO YCKOPEHHOM, MOSBATCA TOK pa3pbiBa U UCKPEHHE IIETOK.
HopmanbHas paboTa mamuHbl OyieT HeBo3MOkHa. KpoMe Toro, KoMmMmyTarusi py Bbl-
COKHMX CKOPOCTSIX yXYyJIILIAETCs U3-3a MOBBIILICHHOW BUOpAlUY IIETOYHOT'O anrnapara, a
TaK)K€ BCIEACTBUE YBEINYCHUS MAKCUMAJIbBHOTO HANIPSKEHUS MEX Y COCEHUMU KOJI-
JIEKTOPHBIMU IUIACTUHAMM B PE3YJITATE€ CUIIBHOTO MCKAKEHHSI MAarHUTHOTO IIOJIS W3-
3a MONEPEYHOM PEeaKINH AKOPS IPU MaJbIX TOKaX BO30YKIECHUS.

[Io yka3aHHBIM IIPUYMHAM B MAllMHAX HOPMAJILHOTO MCIIOJIHEHUS IIPEIEIIbI pe-
I'YJIUPOBAaHUS YaCTOThI BPALIEHUS! K3MEHEHHUEM MarHUTHOT'O TOTOKa cocTaBIsAoT (1,5-
2,5):1. B cnenmanbHO COPOEKTUPOBAHHBIX JBUTATENSIX MPEIET PETYIUPOBAHMS MOKET
ObITh MOBBIIIEH A0 10:1.

OcoOeHHOCTBIO PETYIUPOBAHMS YTJIOBOM CKOPOCTH paccCMaTpUBAEMbIM CIIOCO-
OOM SIBJISIETCSI U3MEHEHUE JOMMYCTUMOIO HArpy304HOIO0 MOMEHTA MPU MEePEX0JIe € Of-
HOM MCKYCCTBEHHOM XapaKTEPUCTHKU Ha Apyryro. CBsA3aHO 3TO € TEM, YTO IO YCIIO-
BUSIM HarpeBa JBUTATENsl HENb3sl JOIYCTUTb, YTOOBI IO OOMOTKE SIKOPS JIMTEIBHO

Coon < I
c®
YMCHBIICHHUHU ITOTOKA ITPOINOPIUOHAIBHO JOJIZKCH CHUKATBCA I[OHYCTHMBIﬁ Harpy3od-

IMPOTCKaJI TOK BbIIC HOMHWHAJIBHOTO, T. €. OTCIOI[a cJIeayer, 4ro 1pu

anom *

HBIA MOMEHT M

coon *

Tak kak w = 5 , TO JOIIYCTHUMAA MOIIHOCTb HAa BAJly ABHUIATCIIA

P,=M

coon

@ IIpu 3TOM 6y,ueT OCTaBaThCs MOCTOSTHHOM. HOZ)TOMy IIPUHATO CUUTATDL,

YTO PETyJIUPOBAHUE CKOPOCTHU U3MEHEHUEM MOTOKA MPOUCXOAUT C MOCTOSSHHOW MOIII-
HOCTBIO.

B oTnuuure oT 3TOro peryiampoBaHue yrioBON CKOPOCTH U3MEHEHHUEM COMTPOTHB-
JIEHUSI B LENM SIKOpsA, KOrna mpu < =Cconst OMyCTUMbIA HArpy304HbII MOMEHT
M._,,, =M =c®I =const, Ha3bIBACTCS PETYIUPOBAHUEM C HOCMOAHHLIM MOMEHMOM.

MouHocTs P, B 3TOM cilydae OyneT U3MEHATHCS IMPONOPLUOHAIBHO @ .

Coon

PerynupoBanue yriioBoii CKOPOCTH H3MEHEHHUEM MAarHUTHOTO MOTOKA SBJISICTCS
OJTHMM M3 HambOoJiee MPOCTHIX CIIOCOOOB M TIOATOMY HAXOJUT HIMPOKOE MPUMEHEHHE.
B nBuraressix mocieaoBaTeNbHOTO BO30YKICHHS PEryJIMPOBAHUE YTIIOBOW CKOPOCTH
OCYIIECTBIISCTCS IIYHTHPOBaHHEM 00MOTKH B030yxaeHus (puc. 3.30, a). Tok B 00-
MOTKE BO30YXJICHHS MPU 3TOM OyIET paBEH:

| =1 Ruc =1 ! (3.49)

. =
r
Fauu7_k r; ]__F _Cc

uic

rne r,,R = — compoTuBieHUs MOCIeI0BaTeIbHON OOMOTKU U IIYHTUPYIOIIETO Pe3u-

cropa.

Yem MeHbIIIE conpoTUBIEHHE R ., TeM HIKe OyayT TOK |, ¥ MarHUTHBIA ITOTOK
@ . C yMeHbIIIEHUEM MarHUTHOTO MOTOKa @ yrioBasi CKOPOCTh Bo3pactaeT. Ha puc.
3.30, 6 moka3aHbl MEXaHMYECKHE XapaKTEPUCTUKHU JABUTaTENsl MOCIEA0BATEIHHOTO
BO30ykaeHus npu R =oo (ectectBennas) u o >R >0.
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Puc. 3.30. PerynupoBanue yriioBoi CKOPOCTH JBUTATEIIS MOCIE0BATEILHOTO
BO30YXKJICHUSI ”3BMEHEHUEM TOKa BO30YKICHUSA:
a — CXeMa; O — CKOPOCTHBIE XapaKTEPUCTUKH

B naBurarensix cMemaHHOTO BO30YXKIEHHUSI OCJIA0JIEHHE TOTOKAa MPOU3BOAST
YMEHBIIICHUEM TOKa B MapajuiesibHOM 0OMOTKe BO30yxkaeHus. [Ipenensl peryaupona-
HUSI CKOPOCTU ATUX JIBUTATENIEH Takue e, KaKk U y JABUTraTeNel napajiesbHOTrO BO3-
OyxaeHus. Tak jxe Kak U y JBUTaTeIeH mapajjieIbHOro BO30YKIEHHUs, TAKOU CI1oco0
PEryJIMPOBAHMUS SIBJIAETCS YKOHOMUYHBIM.

Pezynuposanue ckopocmu uzmenenuem no080OUMO20 HANPANCEHUS]

VrioBass CKOpOCTb [BUTATENIE MOCTOSHHOTO TOKa MPUMEPHO MPOIMOPIUO-
HaJIbHA MPWIOKEHHOMY HanpsbkeHuto U . OTcrona ciietyet, 4To usMeHenueM U Bo3-
MOHO OCYIIIECTBUTH PETyUpoBaHue CKOpocTH. [lockombKy paboTa nBHUrartess mpu
U >~U,  HejomycTuma, TO JaHHBIMA CIIOCOO JaeT BO3MOXKHOCTB PETyJIMpPOBATh YIJIO-

BYIO CKOPOCTh B CTOPOHY €€ TTOHMKEHHS.

Peanuzarus aToro crioco6a BO3MOXHA B TOM CITy4ae, €CJIU JIBUTATENb IMOJydaeT
MUTaHUE OT OT/ACJIBHOTO HCTOYHHKA. B KauecTBe HCTOYHNKA MOXKET ObITh UCIIOJb30BaH
reHepaTop MOCTOSHHOTO TOKAa HE3aBUCUMOT'0 BO30YKIeHUS. Takue CHUCTEMbI, COCTOSI-
1[M€ U3 TeHEepaTopa 1 MOJAKIIOUYEHHOTO K HEMY JABUTATES, Ha3bIBAKOTCS CUCMEMOU 2e-
Hepamop-o0suecamens, uau cucmemoui 1-/1.

M
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