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NpepucnoBue

Kypc «Teopetndeckue oCHOBBI 97IEKTPOTEXHUKW» B Halllell CTpaHe CTAHOBUJICS B Te-
yeHre Bcero XX B. B YCJIOBUSX UHTEHCUBHOTO Pa3BUTHS TPOMBITIIJIEHHOCTH, a TaKKe
MaciTabHOrO MPOU3BOJACTBA, MPeodpasoBaHusl, Tepelayr W PaCIHIAPSIONIXCS
obsracteil MpUMeHeHUsT SHEPTUH JIEKTPOMArHUTHOTO 1oJis1. B JIenuHrpaje oH coszia-
BaJICS M Pa3BUBAJICA NelicTBUTebHbIMY UieHaMu Akagemun Hayk CCCP B. @. Mut-
keBuueM, JI. P. Hefimanom u ipodeccopom I1. JI. KamanTaposeim. Ilocte Benmukoit Ore-
4eCTBEHHON BOMHBI OHU co3faau U B 1948 r. uzmaim yHUKAJIbHBINH y4eOHIMK UMEHHO
no kypcy TOI, koropsiii cran BexymmuM B CCCP. 9tor yueOHUK ObLI TIepeBeseH 1
M3/IaH BO MHOTHX CTPaHAX M CHITPAJI PEIIAIOILYI0 POJIb B CO3MAHUN B HUX COOCTBEH-
HbIX 1Ko 1o TO 3. B 1966 1. pazsutne xypca TOI Hamo cBoe oTpaskeHue B HOBOM
yuebnuke, cosgannom JI. P. Heitmarowm u ero yuennkom K. C. lemupustom. Hacrost-
it yae6Huk mo kypcy TOI Buixoaut ciyctst 20 JIeT mocJie ero mocJae{Hero, TpeThe-
rO U3JIaHUSI.

[TepBoHavaIbHYIO TIPOrpaMMy PaboT TI0 MOATOTOBKE YETBEPTOTO WM3JAHMS TPH-
IIJIOCh U3MEHUTH 1ocsie coObrTrii 1991 . 1 moc/eayIonero KaueCTBeHHOrO 3MeHe-
HUS 9KOHOMUYECKUX U OPTAHU3AIMOHHBIX OCHOB MOTUBAITUHY TTOATOTOBKU HAYYHBIX U
WHKeHepHBIX KaipoB B Poccun. 3a 20 jieT cyIiecTBeHHO U3MEHUINUCH TaK:Ke TeXHU-
YecKHe CPe/ICTBA BBIYMCJIEHUN M WX JOCTYITHOCTh. 3HAUUTENBHO TIOBBICUJIACH POJIb
uH(GOPMAIMOHHBIX TEXHOJOIWI B TIpoliecce 00yd4eHuss 1 mpodecCHoHaJIbHON jes-
TeJIbHOCTU. B HOBBIiT yueOHUK TPHUIILIIOCH BBECTH TaKKe M KOPPEKTUBBI, CBSIBAHHBIE C
YMEHbIIIEHHEM ayIUTOPHBIX YaCOB HEIOCPEICTBEHHOTO OOIIEHUsT CTYIAEHTOB C TIpe-
MO/IABATEISIMUA U YBEJIMUEHUEM JIOJIM KYpPCa, OCBAMBAEMON CAaMOCTOSTEIbHO. B aT0il
CBSA3KM Y4eOHUK JIONOJHEH pasjlesiaMu, TTO3BOJSIONNMI 00eCIeYnTh €ro caMoCTOs-
teaproe ocBoenne. H. B. Kopokuubim u B. JI. Yeuypunbim Obiin pa3spaboTaHbl 1
BKJIIOUEHBI B y4eOHUK HOBBIE Pa3/eibl, BOIPOCHI, METOMUYECKIE YKa3aHNUsI, 3a[auHIK
U TIPUMeEPBI pellieHnst HanboJjiee TUITMYHBIX 3a/a4.

Crosetnuii onbIT peniogaBanus Kypca TOI B CCCP u Poccun mokassiBaeT, 4To
HepBOHaYaIbHAs OPHEHTAIMsI Kypca Ha IEePBUYHOCTh MOHUMAHUST 0COOEHHOCTEN
9JIEKTPOMArHUTHBIX TIPOIIECCOB B PACCMATPUBAEMOM KOHKPETHOM YCTPOWCTBE HAJI
(hopMasbHO-pacYeTHBIMI METOIaMU TIpuoOpeTaeT Bee HGoJiee BaskHOe 3HaueHue. Pas-
BUTHE BO3MOKHOCTEr DBM 1 nx mporpaMMHOTO 06eciedeH s B HACTOSIIEe BpeMst U
B MIEPCTIEKTUBE TAKOBBI, UTO U3YUEHNE PACIETHBIX METO/IOB /IJISI IX OCBOEHUS U PA3BU-
THS TiepecTaeT ObITh MPUOpUTETHBIM. Ha mepeHuii 1ran BeICTyaeT HeoOX0AUMOCTb
MOHVMAHWS CYTU M3Y4aeMbIX SIBJICHUI W METOAMYECKUX OCHOB CTAHIAPTHBIX MPO-
TPAMMHBIX CPECTB JJIS OIeHKU HaJeKHOCTH TOJTYIeHHBIX YUCAEHHBIX W Tpadude-
CKUX JIaHHBIX M MX COOTBETCTBHUSI PeabHbIM OCOOEHHOCTSIM PacCUYUTHIBAEMOTO YCT-
poiictBa wim siieHusi. OMHON W3 BakKHEHIINX 3ajlad IMpejsiaraeMoro y4eOGHUKa
SIBJIAETCS CO3/IaHNE y YUTATENS] UMEHHO YMEHUS W MPUBBIUYKA BHUKATH B CyTh (hU3U-
YeCKUX SIBJIEHUH, TPOUCXOAIININX B M3yIaeMbIX CUCTEME WU YCTPONCTBE.

Cueryer oTMETUTD 0COOYI0 POJIb OJHOTO U3 aBTOPOB HACTOSIIErO y4eOHHMKA, BbI-
Jaronierocs: yaeHoro-anekTpotexunka, akagemuka AH CCCP JI. P. Heiimana, B pas-
BUTUM TIpe/iMeTa M Kypca «TeopeTnyeckue OCHOBBI 3JIEKTPOTEXHUKU» HE TOJBKO B
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CCCP, HO 1 BO MHOTHX CTpaHax, Tjie 3TOT IPeMeT MOSABUIICS, 6JIaroaps ero Tpyiam
u yueOHukaM. Mue u mouM yuennkam B. JI. Heuypuny n H. B. KopoBkuHy gocranach
HOYEeTHAsT ¥ TPYAHOBBIIOJHUMAs 3a/a4a ObITh JOCTOMHBIMU MTPOAOJIKATH TPAJUIIHH,
3asnoxennble B Kypc TOI ero ocHoBarenssmu — 3aBenytoniumu kadeapoit TOD Jle-
HUHTPAZICKOTO ToJinTexHndeckoro nucrutyra akagemukamun AH CCCP Bmagumu-
pom Denoposuuem Mutkesudem, Jleonngom PobeproBuuem Heiimarom u npocec-
copom IlaBmom JlazapeBuuem KanmanTapoBbiM.

ABTOpBI CYMTAIOT CBOMM JIOJITOM MPEXKIe BCEro mobJarofaputh Ipodeccopa
. @. Kysnerosa 3a ero 60JbIION TPy 10 PEAAKTUPOBAHUIO HACTOSIIETO YIeOHNKa,
sasenytomtero Kadenpoit TOD Cankr-IleTepOyprekoro rocyapcTBEHHOTO MOJNTEX-
HUYecKoro yHusepcurera npodeccopa B. H. Boponuna — 3a opranusanuio paboThi
10 co3Mannio yyeOHUKa, 3aBeayoniero kadeapoir TOD MoCKOBCKOTO aHepreTuye-
CKOTO WHCTHUTYTa, 4siena-koppecronsenta PAH II. A. Byreipuna u npodeccopa
B. I. MupoHoBa, oka3aBIIMX [TOMONIb IIPU U3J1aHUU y‘le6HI/IKa.

Astopsl Omaromapubl goneHty E. E. CenuHoll m crapiiemy pernogaBaTeso
T. 1. KopoJieBoii 3a IoMOIIb B pa3paboTKe BOIIPOCOB, YIIpaKHEHU 1 3a/1a4. Becbma
noJie3Hoii 6oina oMo acnupanTos A. C. Anaznesa, 10. M. Banarynsi, T. I. Mume-
B4, M. B. Jiinemuiepa, KOTOpble TTOATOTOBUJIN PeNIeHN TIPeJlaraeMbIX 3a1a4, YTO
MOMOTJIO UM TIPU 3aBepIIEHUU PabOThl HaJl AUCCEPTAIMSAMI. ABTOPBI TPU3HATEIbHBI
KauauaatTy texuudeckux Hayk A. H. Momxynunoii u nakenepy B. A. Kysbmunoii 3a
HEOIIEHNMYIO TIOMOTI[b B MO/ITOTOBKE PYKOITNCH K TieyaTH, a Takxke jporenty P. I1. Ku-
ATKUHY ¥ BceM cotpyaanukam kadeapot TOD Cankr-Ilerep6yprekoro rocymapcrBeH-
HOTO MOJIMTEXHUYECKOTO YHUBEPCUTETA, CAETABIIMM TOJIe3HbIe 3aMeYaHust TIpu 00-
CY/KIIEHUU HOBBIX Pa3/le/ioB yueOHUKA Ha OCHOBE MCIIOJb30BAHHBIX B HACTOSIIEM W3-
JIaHWK METOJIMYECKUX PazpaboToK Kadeapsl.

3asepiieHno U 0hOPMIIEHUIO U3JAHK HACTOSIIEro yueOHMKa B pelraolieil cre-
nenu crocobcrsoBana puHancosas nomoun POD,

Heticmeumenvioiil unen Axademuti nayx CCCP u Poccuu K. C. Jemupusn



BBepgeHue

Teopetnueckas anexrporexnnka B Poccun m CCCP pasBuBanach Ha OCHOBE TIPU3HA-
HUS MaTePUATbHOCTU JIEKTPOMATHUTHOTO TTOJISI M BAKHOCTU TIOHMMAHUS KapPTHHBI
MPOTEKAHNST PACCMATPUBAEMBIX (PU3UUECKUX MPOIECCOB JIJIsI UX MPAKTUYECKOTO UC-
MOJTh30BAHUS M OTIMCAHUS B BUle MaTeEMAaTUUeCKUX Mojesieli. PazBuTre aTOI MTKOJIBI
B Teyenre XX CTOJETUS OTIMYAETCS OCBOCHHEM JOCTUKEHWIT B 00JIaCTSIX, TIIaBHBIM
06pa3oM, (hM3UKK 3IEKTPOMArHUTHBIX SIBJEHUN U IPUKJIAJIHON MaTeMaTUKU. Xapak-
TEePHBIM 7151 9TOTO Tiepuoza aid yuenbix Poccun u CCCP caenyeT cunTaTh npakTu-
YeCKYI0 HeICTUMOCTh MCCAeOBAHNH (PU3WUYECKUX SBJICHUHN, pa3paboTKU Mojesei
9TUX SIBJIEHUI U PENIeHns TPUKJIAIHBIX 33/1a4, CBA3AHHBIX C PACYETOM MCCJIEYEMBIX
(pusmIecKux BeTUUMH.

[TepBbie Tpybl B 00JIaCTH 9JIEKTpUYeCTBa B Poccun TpuHA/IeKaT reHUaIbHOMY
pycckomy yuyeHomy akajgemuky M. B. JlomonocoBy. M. B. JlomoHOCOB, co3/iaBInii B
PasHbIX 00JACTSAX HAYKM MHOTO 3aMeyaTebHbIX TPYAOB, TIOCBATHII GOJIBIIOE YUCIO
paboT U3YYEHUIO HIEKTPUUYECTBA. B CBOMX TEOPETHUYECKHUX UCCIIEIOBAHMSIX OH BbIBH-
raJi MOJIO)KEHHsI, KOTOPbIe 3HAYMTEIbHO OMEPEKAIN €ro JMO0XY, U CTAaBUJ MPOOTIEMBI
UCKJIIOYUTENbHON rryOunbl. Tak, 1o ero npeaioxennio B 1755 . AkageMust HayK Bbi-
JIBUHYJAa B KaueCTBe KOHKYPCHOU TeMbI HAa MPEMUIO 337aUy <«CHICKATh TOIATUHHYIO
€JIEKTPUYECKON CUJIBI TIPUUUHY U COCTAaBUTH TOYHYIO €€ TEOPUIO».

Cospemennnkom M. B. Jlomonocosa 6bi1 pycckuil akagemuk @. dnunyc. Emy
MPUHAIJIEKUT TPUOPUTET OTKPBITUS TEPMOIJIEKTPUUECKUX SIBJIEHUN W SIBJIEHUS
aJIeKTpoCcTaTHYecKoil MHAYKInU. Ocobo ciepyer OTMETUTH celanHblii umM B 1758 1. B
AxamemMun Hayk AOK7an Ha TeMy <«Peub 0 poacTBe eJeKTPUUYECKOU CHUJIbl U
MarHeTu3Mas.

B macrosiee BpeMs HaM XOPOIIO U3BECTHO, UTO MEXIY ITEKTPUIECKUMU U Mar-
HUTHBIMU SIBJIEHUSAMU CYIIECTBYET HepPa3phIBHAS CBSI3b, U ITO TOJOKEHUE JIEKUT B
OCHOBE COBPEMEHHOTO yueHHsI 00 3JIeKTPOMArHUTHBIX siBJeHUsIX. OHAKO K TaKOMY
yOesKIeHII0 HaydHast MBICJIb TIPUIILIA JIUIIb B UTOTE [INTENLHOTO HAKOILJIEHUS OTTBIT-
HBIX (PAKTOB, U B TEUEHUE JOJTOTO BpEMEHU SIBJIEHU JIEKTPUUECKIE U SIBJIEHIS Mar-
HUTHBIE PACCMATPUBAINCH KaK CAMOCTOSITE/IbHbIE, He MMEOIIe MeKY cOO0i CBS3M.
[TepBoe 06CcTOSITEIBHOE HAYYHOE COUMHEHNE O MATHUTHBIX M OJIEKTPUYECKUX SIBJICHU-
sIX, puHajieskaiee [mip6epty, oo B 1600 r. B atom Tpye Twibbept mpuiied,
OJTHAKO, K HETIPABUJIBHOMY 3aKJTIOUYEHWIO, YTO DJIEKTPUUECKIe I MATHUTHBIE SIBJIEHUS
HE MMEIOT MesKy OO0 CBSI3N.

CXO/ICTBO MEXy MEXaHUYECKUM B3aUMOJICHCTBUEM JIEKTPUYECKU 3aPsIKEHHbBIX
TeJ U MEXaHWYeCKUM B3aUMO/ICHCTBUEM TIOJIOCOB MAaTHUTOB €CTECTBEHHO MPUBEJIO K
HOIBITKE OANHAKOBO OOBSICHUTD 9TU ABJIEeHUsL. BOBHUKIIO IIpecTaBIeH e O TOJIO0KN-
TeJIbHOI M OTPUIIATEIbHON MAaTHUTHBIX MaccaX, paclpeieIeHHBIX Ha KOHIIAX MAaTHUTA
U SABJISIIONIMXCS IIPUYUHOM MATHUTHOTO B3auMoaeicTBus. OqHaKO I0L0OHOE IIPEAIIOo-
JIO’KEeHUe, KaK HaM Teleph U3BECTHO, He OTBevaeT (PU3NUecKol Mpupojie MarHUTHBIX
sapaennii. OHO BO3HUKJIO UCTOPUUYECKH TIO0 aHAJOTUH C TIPEACTaBIEHUEM O TIOJIOKU-
TEeJIbHOM U OTPUIATEJBHOM 3JIEKTPUUYECTBE, OTBeUAIONeM (PU3NIECKON CYNTHOCTH
aneKTpuuecknx siBiaeHuil. COTJIacCHO COBPEMEHHBIM IIPE/ICTABJIEHUSIM, 3dJIEKTpHUYe-



12 Bsegenve

CKMiT 3apsj1 J0060ro Tejia o6pasyercst COBOKYITHOCTHIO 3apsI0B, HAXOASIINXCS B He-
[IPEPBIBHOM JIBUKEHUU TIOJIOKUTEILHO WM OTPHUIATEJIbHO 3apPSIKEHHDBIX JIeMeHTap-
HBIX YaCTUI[ — IPOTOHOB, 3JIEKTPOHOB U T. ]I.

KosmuecTBeHHbIEe COOTHOIIEHMS, XapaKTePU3YIONIMe MEXaHUYeCKHue B3auMOJIeii-
CTBWUSI 9JIEKTPUYECKH 3aPSKEHHBIX TET U MEXaHMYEeCKHe B3aUMO/IECTBUS MAarHUTHBIX
Macc MoJII0COB MarHUTa, TiepBbiM omyOankosan B 1785 r. Kynon. Ho yske Kynon o6pa-
TUJI BHUMAHUE HA CYIIECTBEHHOE PA3/IMUMe MEK/Y MATHUTHBIMU MACCAMU U JIEKTPU-
YECKUMU 3apsIIaMH.

Pasmune BBITEKAET U3 CIEAYIOIUX IPOCTHIX ONbITOB. Ham 6e3 Tpyaa yaaeTcs oT-
JIEIATD JIPYT OT JPyra TOJIOKUTEIbHBIN U OTPUIIATEIbHBIN 3JIEKTPUUYECKUE 3aPsI/Ibl,
HO HUKOTI/IA U HU B KAKUX YCJIOBUSIX HE YIAeTCsI IPOU3BECTH OIIbIT, B PE3yJIbTaTe KOTO-
POro OKasaich ObI OTAETEHHBIMK JPYT OT JAPYyra IMOJOKUTETbHAS U OTPUIATEIbHAST
MarHuTHble Macchl. B cBsg3u ¢ atuM KyJioH BbICKa3as MPeANOIOKeHNe, UTO OTHeTb-
Hble MaJible 9JIeMEHThI 0ObeMa MarHUTa TIPY €ro HaMarHMYMBaHUK 0OPalaloTcs B Ma-
JICHbKME MarHUTUKN U YTO JIMITh BHYTPU TAKUX 9JIEMEHTOB OObeMa TI0JI0KUTEIbHbIE
MarHUTHbBIE MACChI CMEIIAIOTCS B OJJHOM HaIlpaBJIeHUH, & OTPUIlATETbHbIE — B IPOTH-
BOITOJIO;KHOM HAITPaBJIEHUN.

OpHako ecau Obl MOJOKHUTEIbHAA W OTPUIATEIbHAS MarHUTHBIE MACChl MMEJIN
CaMOCTOSITEIHHOE CYIIECTBOBAHUE BHYTPU 3JIEMEHTAPHBIX MArHUTUKOB, TO BCE Ke
MOKHO OBIJIO OBl HAZIESITHCST B KAKOM-JIOO OTIBITE, B KOTOPOM OCYIIECTBJISLIOCH ObI He-
MMOCPE/ICTBEHHOE BO3JIENICTBYE Ha 9TH dJleMeHTapHble MArHUTUKHU, OT/IEJIUTh OTPUIIA-
TEJIHYIO MacCy OT MOJIOKUTEJIbHON MOJ0OHO TOMY, KaK, BO3AECTBYs Ha MOJIEKYJIY,
HUMEIOILYIO CYMMapHbII 3JIEKTPUYECKUI 3apsi/l, PABHbBIN HYJIIO, HAM YJaeTCsl paciiie-
IATh €e Ha OTPUIIATEIPHO U MOJOKUTENbHO 3apsizKeHHbIE YACTUIIBI — TaK Ha3bIBae-
Mble HoHbl. Ho U B a/1eMeHTapHbIX [IpolleccaX HUKOI/IA He 0OHAPYKUBAIOTCS Pasieib-
HO CYIIECTBYIOIIME TIOJIOKUTETbHAS 1 OTPUIATEIbHASI MArHUTHBIE MACCHI.

PackpriTrie neficTBUTEIbHON TPUPOABI MATHUTHBIX SBJACHUN OTHOCUTCS K HAUATy
MO3AIPOILIOT0 CTOJETHS. TOT TIEePUOJL BHAMEHYETCST PSI/IOM 3aMeYaTeTbHbIX OTKPbI-
THH, YCTAHOBUBIINX TECHENTITYIO CBSI3b MEKIY SBJIEHUSIMU 2JIEKTPUIECKUMU U sTBJIE-
HUSIMU MaTrHUTHBIMU.

B 1820 r. Ipcre mpoUsBest ONbIThI, B KOTOPHIX 0OHAPYKUJI MEXaHUYECKOe BO3/Ieii-
CTBUE 3JIEKTPUYECKOTO TOKA HA MATHUTHYIO CTPEJIKY.

B 1820 r. Ammiep mokasair, 4To COJIEHOW/ C TOKOM TI0 CBOUM JENCTBUSAM aHAJIOTH-
YeH MarHUTY, U BbICKA3aJl MBICJIb, UTO U JIJIsl IOCTOSIHHOTO MAarHUTa JAeiCTBUTEbHON
MIPUYMHON BO3HWUKHOBEHMSI MAarHUTHBIX JEUCTBUI SIBJSTIOTCS TaKXKe JIEKTPUYECKUe
TOKH, 3aMBIKAOIIUECS 110 HEKOTOPBIM 3JIEMEHTAPHBIM KOHTYPaM BHYTPH TeJIa MarHUTA.
OTH WJIeN HAILJIN KOHKPETHOE BbhIpaskeHre B COBPEMEHHBIX TIPeICTABIEHHIX, COTJIACHO
KOTOPBIM MarHUTHOE TOJIe MOCTOSTHHOTO MarHuTa 06y CIOBJIEHO 9JIeMEHTaPHBIMU DJIE€K-
TPUUECKUMU TOKAMU, CYIIECTBYIONMMU B BEIIECTBE MATHUTA W 9KBUBAJIEHTHBIMU Mar-
HUTHBIM MOMEHTaM 9JIeMEHTAPHbIX YaCTUI], 0OPa3yoIInX BelecTBo. B yacTHoCTH, 3TN
aJIeMeHTapHble TOKH SIBJISTIOTCS PE3YJIBTATOM BPAIIEHUST 3JTEKTPOHOB BOKPYT CBOUX
ocell, a Tak;ke BpallleHus SJIeKTPOHOB 110 OpOUTaM B aTOMax.

Takum 06pa3oM, Mbl TIPUXOAMM K YOEKIEHUIO, YTO MATHUTHBIX MacC B J€HCTBH-
TEJILHOCTU HE CYIIECTBYET.

BceMu yHoMsAHYTBIMU KCCIEA0BAHUSMU ObLIO YCTAHOBJIEHO BasKHENIIIee 0I0Ke-
HUE, YTO JIBUJKEHME 3JIEKTPUYECKH 3aPSIKEHHBIX YaCTHUI[ U TeJl BCErJa COIPOBOK/IA-
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€TCsT MAaTHUTHBIMU SIBJIEHUSIMU. DTHUM CaMbIM YK€ ObLJIO TTOKa3aHO, YTO MarHUTHBIE
SIBJICHUST HE TIPEJICTABIISAIOT c000ii, Kak moJiarai [uabbeprt, 4ero-ambo caMoCTOsITE b=
HOTO, HUKAK He CBSI3AHHOIO C ABJIeHUAMHU daeKkTpuueckumu. B 1831 r. Mapaneii coo6-
U 00 OTKPBITHN SIBJIEHUS 9JIEKTPOMArHUTHOM MHAYKIMK. OH 0GHAPYKUJT BO3HUK-
HOBEHUE 3JIEKTPUIECKOTO TOKA B KOHTYPE, IBUKYTIEMCS OTHOCUTEIBHO MATHUTA WJIH
OTHOCHUTEJIBHO JIPYroro KOHTypa ¢ TOKOM. Takum 00pas3oM, GbLIO MOKa3aHO, YTO U
AJIEKTPUYECKHE SBJIEHNS MOTYT BO3HUKATh KaK CJIE/ICTBHE MPOIECCOB, OTHOCATITIXCS
K 00J1aCTH MarHUTHBIX SIBJIEHHIA.

B 1833 1. pycckmii akagemuk J. X. JleHI BriepBbie c(hOPMYIMPOBAT YPE3BBIYANTHO
Ba)KHOE TIOJIOJKEHKE, B KOTOPOM YCTaHABJIMBAIKCh OOUIHOCTh ¥ 0OPAaTUMOCTh SIBJIe-
HuUii, oTKpbITEIX Ipcregom u MDapageem. B atom mnosiokenun cojepxaiach 0OCHOBA
Ba)KHOTO IPUHIMITA 0OPAaTUMOCTH 3JeKTPpUYecKrX MariuH, J. X. JIeHI[ ycTaHOBMII
MPaBUJIO OTIpe/IeIeH ST HAlTPaBJIeH s WHyKTHPOBAHHOTO TOKA, BhIpaskaloliee GpyH/a-
MEHTAJIbHBIN TIPUHITUATL 9JIEKTPOJAUMHAMUKN — IIPUHITATT 3JIEKTPOMATHUTHON HHEPIIUH,

B ¢Bsi3u cO BceMM 9TUMU OTKPBITUSIMH HEOOXOANMO OCOOEHHO OTMETUTh OCHOB-
HYIO UJIeI0, KOTOPOU HEeM3MEeHHO PYKOBOJICTBOBAJICS B cBoux uccienoBanusx Da-
pazieii u KoTopast Oblia pasBuTa B TpyAax akajemuka B. @. MutkeBuya, — e o
(hmamueckoit peaTbHOCTH TIPOITECCa, COBEPIIAIONIETOCS B TIPOCTPAHCTBE MEXK/LY AJEK-
TPUYECKN 3aPSKEHHBIMU TeJIaMU U MEXKIY KOHTYPaMU C 3JIeKTPUYECKUMU TOKAMU.
CorylacHO 9TUM TIPEJICTABJIEHUSIM, B3AMMOJIECTBIE 3aPSI)KEHHBIX T, a TAKKe B3au-
MO/JIEHICTBUE KOHTYPOB C TOKAMU OCYIIECTBJISIIOTCS Yepe3 TOCPE/ICTBO OKPYKAIOIIETO
UX 3JIEKTPOMArHUTHOTO T10JIsI, SIBJISTIOIIETOCST OCOOBIM BUIOM MaTEPUU.

3acJiyra co3/laHus TEOPUH 3JIEKTPOMArHUTHOTO TIOJIS TIPUHAJIEKUT MakcBeJuty,
UBJIOKKBIIEMY €€ B KJacCuueckoM Tpyze «TpakraT o0 ajieKTpuuecTBe U MarHeTus-
Me», BoimeanieM B 1873 1. DTOT TpaKkTaT COAEPKUT M3JTOKEHWE B MAaTeMaTHUeCKOU
dhopmMe u nanbHeilIee yryOaeHne U paciinipeHne OCHOBHBIX (husnveckux uaeii Ma-
pazes.

JKCIepUMeHTATbHOE TTOATBEPSKIEHNE U PA3BUTHIE MAKCBEJJIOBON TEOPUM DJIEKT-
poMarauTHOTO ToJig ocytiecTBaeHsl [epriem (1886—1889 rr.) B ero samevaresbHbIX
OIBITaX MO TOJYYEHHWIO ¥ PAaCIPOCTPAHEHUIO 3JIEKTPOMAarHUTHBIX BOJIH, B paboTax
I1. H. JleGenena (1895 1.) 110 reHepUPOBAHKUIO W PACIIPOCTPAHEHHIO DJIEKTPOMATHIT-
HBIX BOJIH BeChbMa KOPOTKOW JIJINHBI, B e€ro Kjaaccudeckux ombitax (1900-1910 tr.),
B KOTOPBIX OBLJIO HKCIEPUMEHTAIBHO JI0KA3aHO J[aBJIeHIe CBETa, B M300PETEHUI pa-
mio A. C. ITorroseiM (1895 1) 1 B 0CyIIeCTBIEHU UM PAJINOCBSI3H, a TAK)Ke BO BCEM
JATbHEHIIeM Pa3BUTHH MPAKTUYECKON U TEOPETUYECKON PaJMOTEXHUKH.

Bce nepeunciienHbie OTKPBHITHA TPUBEJINA K TPU3HAHUIO TJIYOOKON CBSIZM MEXKIY
SIBJICHUSIMU 9JICKTPUYECKUMU U SIBJICHUSIMU MarHUTHBIMU. B 00111l COBOKYITHOCTH
TEOPETHYECKUX MTPOOIIEM, OTHOCSIIUXCS K 00JIACTH 3JIEKTPOMArHUTHBIX SIBJIEHUT, BCe
GoJibliiee pasBUTHE MOJTyYaeT TeOPHUs SIEKTPUUECKUX U MATHUTHBIX Tiereil. B ocHoBe
TEOPUH IJIEKTPUIECKUX TIeTIel JIesKaT 3aKOHBI, yeTanoBaenasie OmoMm (1827 1.), /Ixxo-
yaem (1841 1.), Jlenniem (1842 r.) m Kupxrodom (1847 r.). B mocnenyiomyio paspa-
6OTKY 9TOI Teopun GOJIBION BKJIaJl BHECIH MHOTHE OTE€YECTBEHHbIE M 3apyOeKHbIe
y4Y€eHbIe.

B nacTosiee BpeMs B CBSI3U C YPE3BBIYANTHBIM YCI0KHEHUEM JIEKTPOIHEPTETUYE-
CKUX CHUCTEM, PAIUOTEeXHUYECKON U 3JIEKTPOU3MEPUTENHHON anapaTypbl, CHCTEM aB-
TOMATUYECKOTO KOHTPOJISI U YIPaBJIeHUs, OICTPOAEHCTBYIONMX 3JIEKTPOHHBIX BbI-
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YUCUTETBHBIX MAIIUH U MH(DOPMAIMOHHBIX TEXHOJIOTHIT BOSHUKAET HEOOXOMMOCTh
co3anust 0OOOIIEHHBIX METOIOB aHAJN3A, TIPH KOTOPBIX I[eJIble KOMILJIEKCHI HJIeMeH-
TOB 2JIEKTPUUYECKON TETTH, SBJISIONNECS YACTSIMU 3TUX CJOKHBIX CUCTEM W BBITIOJ-
HSIOIUE OTpe/ie/ieHHble (PYHKIINU, PACCMATPUBAIOTCS ¢ MOMOIIBIO UX 0000IIEHHBIX
napamMeTpoB. TaKMMU KOMIIJIEKCAMU 2JIEMEHTOB TIeNU SIBJSIOTCS, HAPUMeD, reHepH-
pyoliie, TepeiaroIine Wik Ipeodpasyolie s1eKTPOMArHUTHY IO SHEPIUIO YCTPOICT-
Ba B 9JIEKTPOIHEPTETUUECKUX CUCTEMAX, TEHEPATOPBI, YCUIUTEHU U TTPeoOpa3oBaTesin
CUTHAJIOB B CUCTEMaX MPOBOTHON CBSI3H, PAJINO- U TeJIeTePeaun, SIeKTPUUECKUX U3-
MepeHU U aBTOMATHYECKOTO YIIPAaBJIEHUsI U KOHTPOJISl, HCTOYHUKHU TTTAHWs, OJIOKH,
BBITIOJTHSIOTIUE JIOTHYECKUE OTIEPAIIMU B 3JIEKTPOHHBIX BBIUNCITUTETHHBIX MAITUHAX,
JUCKPEeTHBIE TI(POBbIE TIPe0dPa30BATENN U T. TI.

ITHU OT/IeJIbHBIE KOMIIJIEKCHI BKJIIOUYAIOT B ce0st IMHEIHbIE 3JIEMEHTBI €11, Tapa-
METPBI KOTOPBIX HE 3aBHUCST OT TOKA, HAIPUMEDP PE3UCTOPHI, UHAYKTUBHbBIE KATYIIKH,
KOHJIEHCATOPBI, a TaKKe HeJUHeIHbIe 2JIEMEHTBI TIeMN ¢ MapaMeTpaMy, 3aBUCATIIMMU
OT TOKa WJIN HAIIPSIKEHMs, HAPUMep 3JIeKTPOHHbIE JIAMITbI, TPAH3UCTOPBI, UHIYKTHB-
HbIE KaTYIIKH ¢ (PepPOMATHUTHBIMU CEPACTHUKAMI. ITHU HJTEMEHTDI 1ETTH PA3TTIHBIM
00pa3oM CoeIMHEHBI MeKy co0O0il 1 00pasyIoT ysKe BHYTPH TaKUX KOMILIEKCOB J0C-
TATOYHO CJIOJKHBIE dyieKTpudeckue 1ern. CaMu e KOMILJIEKCHI, B CBOIO OY€Pe/lb, TEM
WJIM WHBIM CIIOCOOOM COEIMHSIOTCST MEKIY c000ii, 06pasyst CJIOKHbBIE CUCTEMBbI.

O60011IeHHbIE METO/IbI AHAJIM3A CIOKHBIX CUCTEM JIAl0T BO3MOKHOCTD MCCJIEI0BAThH
B3aMMOJIENCTBHE ITUX OTAETBHBIX KOMILJIEKCOB, SIBJISIONUXCS YacTAMU cucteMbl. Mc-
XOJIHBIMU JIJIs IOCTPOEHUST TAaKUX OOOOIIEHHBIX METOJIOB SIBJISIIOTCST T€ JK€ OCHOBHbBIE
(puzmueckme 3aKOHBI ATEKTPUUECKUX Ieniell — 3akoHbl OMa 1 Kupxroda, koTopsle uc-
MOJIB3YIOTCS U JIJIST pacYeTa CPABHUTENHLHO HECJIOMKHBIX JTEKTPUYECKUX TIETe.

Touno Tax ke moJiydaet jajibHeliliee pa3BUTHE TEOPUST AJIEKTPOMATHUTHOTO TIOJIST
B CBS3U C Pa3BUTHEM HA3eMHOH M KOCMUYECKOW PAMOCBI3U U PALUOACTPOHOMUMU,
a TakxKe co Bce 6oJiee MUPOKUM UCIIOIH30BAHUEM JIEKTPUYECKUX U MATHUTHBIX TMO-
JIelt U 9JIEKTPOMATHUTHBIX U3JIYYeHUH B HOBBIX AJIEKTPOTEXHOJIOTHYECKUX U AJIEKTPO-
(hU3NYeCKUX YCTAaHOBKAX.

Bce usioxkeHHOE TIPEABSABISIIO BCEr/a M OCOOEHHO TIPEIBSBISET B HACTOSIIIEE
BpeMsi TPeGOBaHS K OPTaHM3AINU HA BHICOKOM HAYYHOM YPOBHE BBICIIIETO AJIEKTPO-
TEXHUYECKOTO 00pa3oBaHust. B 9TOM OTHOIIEHUH UCTOPUUYECKH UMENO OOJIbIIOE 3HA-
YyeHUe CO3/[aHue MEePBbIX HAYYHbBIX TUCITUILINH /IS BBICIIEN [TKOJIbI, B KOTOPBIX U3JIa-
raJinch Teoperdyeckre mpodsembl aekTporexauku. B 1904 r. mpodeccop B. @. Murt-
KeBUY Hayas yuTaTh B [leTepOypreKoM mOMNTEXHUYECKOM HHCTUTYTE CO3/IAaHHBIN M
Kypc «Teopust aByeHU 9IeKTPUIECKUX U MATHUTHBIX», a 3aTeM Kypc «Teopus nepe-
MeHHBIX TOKOB». B 1905 . mpodeccop K. A. Kpyr Hauan ureHne B MOCKOBCKOM BbIC-
IIeM TEeXHUYEeCKOM YYHJIUIIE CBOero Kypca «Teopust nepeMeHHBIX TOKOB», a 3aTeM
Kypca «OCHOBBI 3JIEKTPOTEXHUKH.

B nocsietytotiieM ati TeopeTndeckie TUCITUTLINHBI PA3BUBATIICH B COOTBETCTBUU C
HOBBIMU (DU3NYECKUMU W/IESIMU, HOBBIMU TEOPETHUYECKUMH U IKCIIEPUMEHTATbHBIMU
METO/IAMU UCCJIEIOBAHSI 9JIEKTPOMATHUTHBIX SBJCHUN M MCKIIOYUTETHHO OBICTPHIM
Pa3BUTHEM TEXHUYECKUX MPUMEHEHUI ITUX SIBJEHUI U 06pa3oBaIy JAUCIIUATLINHY,
HUMETONIYIO HbIHe HAUMeHOBaHue «TeopeTnyeckre OCHOBBI AJIEKTPOTEXHIKU».

Kypc «Teoperudeckiie 0CHOBBI 2JIEKTPOTEXHUKUY COJIEPIKUT yeThipe yactu. [lep-
Basi, CDAaBHUTEJIbHO KOPOTKAsl YacTh, uMeHyeMasi « OCHOBHbBIE MTOHITHUS U 3AKOHBI T€O-
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pUU 3JIEKTPOMATHUTHOTO TOJISI M TEOPUM BJIEKTPUYECKIX U MAaTHUTHBIX TIETeli», co-
AEPKUT 0000IIeHNe TOHATHI 1 3aKOHOB 13 00JIACTH 3JIEKTPOMArHUTHBIX SIBJIEHUIT Ha
OCHOBE CBeJIeHU, TIOJYIeHHBIX B Kypce (pusuku, u pa3putue HOpMyIUPOBOK U OIpe-
JIeJIEHU T OCHOBHBIX ITOHSITUI U 3aKOHOB TEOPUU 3JIEKTPUUECKUX U MATHUTHBIX TleTIel,
OTHOCSIIITUXCS KO BCEM pasJie/iaM 3TON TeOpUH. ITa 4acTh JIOJIKHA PACCMATPUBATHCS
KaK CBSI3bIBAONIasd Kypc (PU3UKHU ¢ KYPCOM TEOPETUIECKUX OCHOB 9JTEKTPOTEXHUKU U
obecrieunBaronas (HU3MIECKoe MpeACTaBIeHIEe O MPOIleccax, IMPOUCXOASIIUX B DJIEK-
TPUYECKUX U MATHUTHBIX IIEMISAX U B 9JIEKTPOMArHUTHBIX 1oJisX. OHa numeeT OOJIbIoe
3HaYeHUe /I TPAaBUJIBHON MaTeMaTHyeckoil (popMyJIMPOBKH 3a/iay, periaeMbIX Me-
TOZAMU, M3JaTaeMbIMI B TIOCJIEAYIOMNX JacTax Kypca. OcBoeHme maTepuaia 3TOH
YaCTH UMeEeT Ba)KHOE 3HAUEHUE B CBSI3M C TEM, YTO IPOrpaMMHOe obecriedyeHne coBpe-
MEHHBIX U [EPCHEKTUBHBIX DBM crocobHO peannsoBaTh YMCIEHHBIE PacyeThbl st
IIUPOKOTO CIIEKTPa MaTeMaTideckux Mojeseil. UTobsl nsberaTh OmmbOYHBIX TPAKTO-
BOK Pe3yJIbTaTOB pacyeTa, MPeACTaBIEHHBIX B BUIe YNCJIEHHBIX U TpahdecKux AaH-
HBIX, CIIEITATNCTAM HeOOXOAMMO TIyGOKOe MOHUMaHue (hU3MIECKOil CyTH H3ydaeMo-
rO SIBJICHUSL.

Bropas, wanbosbiias no o6beMy 4acTh Kypca MMeHyercst «Teopust JIMHEHBIX
3JIEKTPUUYECKUX Ileneil». B Hell uamaraiorcst CBOMCTBA JIMHEUHBIX 9JIEKTPUYECKUX 11e-
el M MeTOIBI PacyeTa MPOIECCOB B TAKUX IETIX. B OCHOBHOM B 3TOI YaCTH PacCMOT-
PEeHbI METO/Ibl AHAM3A IETEeH, T. €. OlpejleJieHre MPOIECCOB B 33J[aHHBIX IIEIISIX, HO
Tak)Ke yJeJsieTcsl BHUMaHWe U CUHTe3y W JIMarHOCTUKE IeTel, T. €. BOIpocaM O TI0-
CTPOEHUH HTEKTPUUIECKUX TIeTell ¢ Harepel 3aTaHHBIMUA CBOMCTBAMU W METOIaM JKC-
MEPUMEHTAIBHOTO OIpEeIeIeHNsT MapaMeTPOB PeaTbHBIX yCTPOUCTB. JIMHeHBIMI
Ha3BIBAIOT 1E1TH, TTAPAMETPHI BCEX 2JIEMEHTOB KOTOPBIX HE 3aBUCST OT TOKA M HAIPSI-
skeHus. 1o oTHOIIEHNIO K HUM TPUMEHUM BayKHBIN ITPUHITUTI, HA3bIBAEMBIN TTPUHITU-
oM HajoKkeHus. [lo MpUHIIMTY HATOKEHUs CJIeACTBUS, BBI3bIBA€MbIE B HEKOTOPOI
(husryeckoii 06CTaHOBKE COBMECTHBIM JIEHCTBUEM HECKOJIBKIX OJHOPOIHBIX TPUYKH,
SIBJISIFOTCST CYMMOW CJIE/ICTBUI, BBI3BIBAEMBIX B TOH sKe (pr3nuecKoil 06CTaHOBKe KaK-
JI0¥i U3 3TUX MPUYMH B OT/IeJIbHOCTU. VcIiomb30BaHMe 3TOTO MPUHITUTIA TA€T BO3MOXK-
HOCTH PACIPOCTPAHUTDL Pe3yJbTAThI, MOTYIEeHHbIE [T MPOCTBIX CIydaeB, HA CIydan
6osee caoxubie. VI Ha060POT, IPUMEHEHUE ITOTO TPUHIIMIA O3BOJISIET PACUICHUTh
CJIOJKHYIO 3a/[ady Ha HECKOJIbKO OoJiee MpocThiX. Mbl OyieM MIMPOKO MOJb30BATHCS
MPUHITUTIOM HAJIOKEHUS MPU U3YYEHWM JIMHEHHBIX 2JIEKTPUYECKUX TIETel, a TaKKe
MIPU U3YYEHUH JIEKTPOMArHUTHBIX TTOJIEN B IMHEWHBIX Cpe/lax, MapaMeTPhl KOTOPBIX
He 3aBUCAT OT MHTEHCUBHOCTH IIpoIiecca.

TpeTbst yacTh MMeeT HaMMeHOBaHKe « Teoprsl HeJIMHEWHBIX 3JIEKTPUYECKUX U Mar-
HUTHBIX 1lemieii». B Hell m3saraloTcs CBOMCTBA HEJIMHEWHBIX JIEKTPUUECKUX U Mar-
HUTHBIX IeTIell 1 METO/IbI PacueTa MPOUCXOIANINX B HUX TIpoileccoB. [TapameTpsr Ta-
KUX I[eTell 3aBUCAT OT TOKA, HATIPSIKEHU UJIM MAaTHUTHOTO TIOTOKA, ¥ 9TO TIPUBOIUT K
CYIIECTBEHHOMY YCJIO}KHEHWIO MAaTEMATUYEeCKOrO aHa/IM3a IIPOIECCOB B 9TUX IIETIsIX.
BMmecTte ¢ TeM 3T BOIIPOCHI MMEIOT OOJIBIIOE 3HAYEHUE B CBSA3M C MIMPOKUM HCITOJIb-
30BaHUEM DJIEMEHTOB TleTlell ¢ HeJWHEWHBIMU XapaKTEPUCTUKAMHU B COBPEMEHHBIX
yCTpOHCTBaX.

[Tocnennsisi, ueTBepTasi, YacTh UMeET HAaMMEHOBaHUE « Teopust 2JIEKTPOMATHUTHOTO
noJist>. MHOrue 3JIeKTpoTeXHuYecKre mpobsieMbl He MOTYT ObITh TOJHOCTBIO pac-
CMOTPEHBI TIPH TIOMOIIM TEOPHUHU TIeMeil 1 MOTYT ObITh PEIIeHbI JIUIh METOAAMK TEO-
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puu ajeKTpoMarauTHOTO noJis. IIpeskze Bcero, g pacyera mapamMeTpoB aJeKTpuye-
CKUX M MarHUTHBIX Ierneil HeoOXOAMMO 3HATh dJEKTPUUYECKHe W MarHUTHbIE T10JIs,
CBSI3aHHBIE C 9TUMU IEMSIMU. JTO BIOJHE 3aKOHOMEPHO, TaK KaK MapaMeTpPhl 3JeK-
TPUYECKUX U MATHUTHBIX I[erel, (haKTUUECKH, OTPAKaloT B cebe B MHTerpanbHoil ¢hop-
Me KOH(MUTYPAIUIO 3JIEKTPUYECKUX W MATHUTHBIX IOJIel, CBA3aHHBIX C pacCMaTpu-
BAaeMBIMU TIETISIMU, 1 PU3NIECKIE CBONCTBA CPEIBI, B KOTOPOI CYIIECTBYIOT 9TH TIOJIS.
Psji BecbMa BaKHBIX BOITPOCOB MOKET OBITh PEIIEH TOJBKO METOaMH, Pa3BUBAEMbI-
MU TOJbKO B Teopuu ToJig. K TakuM BOIpocaM OTHOCSITCSI, HAIPUMED, U3JIydeHUe
3JIEKTPOMArHUTHBIX BOJIH AaHTEHHOH M PacipoOCTpaHeHNe UX B TIPOCTPAHCTBE.

Hanmame ocHOBHBIX 3aKOHOMEPHOCTEH, C(hOPMYTMPOBAHHBIX B ITEPBOIT YacTH KyP-
ca, JIaeT BO3MOKHOCTh Ha4aTh PACCMOTPEHUE TEOPUN DJIEKTPOMATHUTHOTO TI0JIst € 00-
MIUX YPaBHEHUH, XapaKTEPU3YIOIIUX ATO TI0JIE B I[EJIOM, U [T0Ka3aTh, YTO CJIy4au, B KO-
TOPBIX BBISBJSETCS TOJBKO 3JIEKTPUUECKOE NN TOJTHKO MAarHUTHOE I10JIe, TTPE/ICTaB-
JISIOT co00il YaCTHbIE CIydan, KOTIa YCIOBUSA HaOMIOAeHs TAKOBBI, 4TO B HEKOTOPOI
OrpaHUYeHHON 06JIaCTH TPOCTPAHCTBA OOHAPYKUBAETCS TOJBKO OJ[HA CTOPOHA DJIEK-
TPOMArHUTHOTO IPOIlecca. JTUM SIPKO BbIJIEJISIETCS MBICJIb O €IUHCTBE dJIEKTpHUYe-
CKMX W MaTHUTHBIX SBJIECHUT.

B yuebHUK BBeIeHO GOJIBIIOE KOJUYECTBO HOBBIX METOAUYECKMX MaTepUasioB B
BHJIE BOIIPOCOB, YKa3aHWI 1 IPUMEPOB PellieHrst HarboJiee THITMYHBIX 3a/1a4, a TAK/Ke
3a[[aYHKUK. ITH HOBbIE Pa3/leJIbl IOMOTYT BOCIIOJIHUTH yiiiep0, HaHEeCEHHbIIT HETOCPe/I-
CTBEHHOMY OOIIEHUIO CTYICHTOB C TIPENOAABATE/SIMU B CBSA3U C YMEHbBIIIEHUEM ay/I1-
TOpHBIX YacoB. OHM MOTYT GbITh TOJE3HBIMU [t H0JIee CO3HATENBHOTO U d(DPEKTHB-
HOTO OCBOEHHUSI TeX Pas/IeioB Kypca, KOTOPBIE I0JIKHBI ObITh M3YYEHbI CAMOCTOSITEILHO.

Borpocsl, yripaskHeH!s U 3a/laud TPYIIUPYIOTCS TaK, 4TOObI OHU OXBATBIBAJIN He-
CKOJIBKO TJIaB TEOPETUYeCcKOoro Kypca. Hampumep, rpynma HOBbIX METOANYECKUX MaTe-
pHAJIOB CJIefyeT Tocye TIepBoil 9acTh Kypca ((hus3udeckrne OCHOBBI 9JIEKTPOTEXHUKH ).
CJiestytorast TpyIina BOIPOCOB, YIIPaKHEHUH 1 3a/1a4 00beIMHSIET BTOPOIl pasies Kyp-
ca —OCHOBHBI€ TTOHSATHSI TEOPUH DJIEKTPUUECKUX M MarHUTHBIX Ttereil. Takum obpasom,
MIPY U3YYEHUU Kypca TOSIBJISETCS BO3MOXKHOCTD, UCIIOJIB3YsT 3TH METOMYECKUE MaTe-
PHUAJIBI, 3aKPETTUTH TTOJyIeHHbIE TEOPETUYECKIEe 3HAHUS.

CIOXHOCTD TpeAaraeMbIX BOIMPOCOB W YIPAKHEHWH Pa3jndHa, BOMPOCH U
YIPAKHEHUS TI0 Pa3/iely Kypca PacioioKeHbl 110 MePe BO3PACTAHUS X CJAOKHOCTH.
Hawubosiee ciioskHble yrpasKHEeHNsT BbIIEJAEHBI B IPYIIIIBI 3a/1a4.

[Toxbop BOMPOCOB, yHpasKHEHUH ¥ 3a4ad OCYIIECTBJISAICS U3 COOOpaKeHUI He
TOJIBKO YCBOEHHUSI TEOPETUYECKON YacTH Kypca, HO U GoJiee yriayOJeHHOTO HOHUMAaHUST
U u3ydyeHus HanboJsiee CJOKHBIX MIed U METOIOB TEOPETHUYECKOI 2JIEKTPOTEXHUK.
HexoTopsle 13 mpeayaraeMbiX BOIMPOCOB U 33j1a4 MOTYT OKa3aThCS TPYAHBIMU JIJIS
U3YYaioUX KypC CTYJAEHTOB, HO OYAyT IIOJIE€3HBIMU HE TOJIBKO JJIsl HUX, HO U JUJIS ac-
MUPAHTOB U WH)XKEHEPOB.

3aksouennbie B ckoOkn Oyksbl (O) u (P) B pasmenax «Borpocsl, yrpaxkHeHwsl,
33/1a4M K TJIaBaM...» O3HAYalOT, YTO B KOHIIE TOMa IPUBEJECHBI OTBET WJIU pellleHne
Ha COOTBETCTBYIONIUH BOTIPOC, YIIPaKHEHWe WU 3a/a9y.

Coziepkanue, paciioioyKeHre U U3JI0KEHHE 9TOTO METOANYECKOTO MaTepralia B yueh-
HUKE TaKOBBI, YTO CYIIECTBEHHO 0OJIErdaeTcsi MpOIece 3a04HOT0 MM CAMOCTOSITE I b-
HOTO ocBOeHUs Kypca TOI.



YACTb MNEPBA4

OCHOBHDbIE MOHATUA U 3AKOHblI TEOPUUA
SJIEKTPOMATHUTHOIO NoJis U TEOPUN
ANIEKTPUYHECKUX N MATHUTHbIX LLEMNEN

[naBa nepsas

0606L1eHe NOHATUN U 3aKOHOB
3J/1IEKTPOMArHMTHOro nons

1.1. O6wan ¢pusnuyeckas oCHOBa 3ajay TEOPUM /IEKTPOMArHUTHOIoO
nossi U TEOPUMU 3JIEKTPUYECKUX U MarHUTHbIX Lenen

DIEKTPOMATHUTHOE TIOJI€ SABJSIETCS TeM OCHOBHBIM (PU3WIECKUM areHTOM, KOTOPBII
MIMPOKO MPUMEHSAETCS B TEXHUUECKUX U (PUBMUECKUX YCTPOUCTBAX JIJIS TIepeiadul 1
peoOpa3oBaHus SHEPIUK WM CUTHATOB. CBsI3aHHbBIE € 9JIEKTPOMATHUTHBIM TOJIEM
MIPOIIECCHI XaPAKTEPHBI TEM, YTO TPEOYIOT OMUCAHUST JIEKTPOMArHUTHOTO TOJIsI BO Bpe-
MEHH ¥ B TIPOCTPAHCTBE. ITO MPENONpe/essieT HeoOXOAUMOCTh Pa3BUTHsI METOIOB
TEOPUU JIEKTPOMATHUTHOTO 1015, CJIOKHBINA XapakTep OMUCAHUS 9JEKTPOMATrHUT-
HBIX SIBJICHUI B KOHKPETHBIX YCTPOMCTBAX 3aCTaBJISIET U3BICKUBATH CIIOCOOBI pacyera
HTUX TPOIECCOB TJIABHBIM 00Pa30M B 3aBUCUMOCTH OT BPEMEHH, YTO CBSI3aHO C PA3BU-
TUEM TEOPUU DJIEKTPUUECKUX TICTICI.

BoiienuB omipeziesieHHbIE YCTPONCTBA, B KOTOPBIX MPOSBIISIOTCS T€ WU WHBIE 0CO-
GEHHOCTH JIEKTPOMATHUTHOTO TIOJIsl, B KAUeCTBE HJIEMEHTOB JIEKTPUIECKUX IIeTIeii,
MBI TI0JIy4aeM BO3MOXKHOCTb UCIIOJIb30BATh TEOPUIO JIEKTPUUECKUX IIEMel /7151 co3/1a-
HUST HOBBIX CJIOKHBIX TPUOOPOB M YCTPONCTB, BHITTOJHSIONIMX 3alaHHble (DYyHKIIUH.

Teopust 2JIEKTPUYECKUX TI€MIEH MOJMYYNIa MCKIIOYUTEIBHO OOJIBIIOE pPa3BUTHE
UMEHHO OJ1arofiapst TOMy 00CTOSITENILCTBY, YTO OHA JIaeT BO3MOKHOCTD YIIPOCTUTH Pac-
YeThl 9JIEKTPOMATHUTHBIX MIPOIIECCOB. BMecTe ¢ TeM 3TU yIIPOIIEeHUs B CBOEH OCHOBE
coziepKar psiji JAOMYIIEHUH U TIPEIIONOKEHH, KOTOPble HEOOXOIMMO OCO3HATh U
OIEHUTD, [IJIsl Y€T0 HEOOXOMMO PaCIiojiaraTh YeTKUMI 3HAHUSIMI OCHOBHBIX (busnde-
CKUX 3aKOHOB 9JIEKTPOMArHUTHBIX SIBJIEHUI M MX MIHPOKUX 0O0OIIEHUI.

[IepBrie ABe T1aBBI IEPBOH YACTU Kypca U MPeIHA3HAYEHBI CAYKUTD TaKuM (husu-
yecKUM (DYHIAMEHTOM JIJIsI TIOCJIEYIONUX YacTel, B KOTOPBIX OYIyT U3JaraThCsi Ma-
TeMaTUYeCKIe METOJBI PAcyeTa 3JIeKTPUUECKUX W MAarHUTHBIX TeTieil U aJIeKTpoMar-
HUTHBIX ToJieil. Hamnune takoro yHzaMeHTa 06eciiednT KpUTHIECKOe OTHOIIEH e K
HCXOJIHBIM TIOJIOKEHUSIM (DOPMAJIbHBIX MATEMATHUECKUX METOOB U UCKJIIOYUT BO3-
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MOKHBIE OIMIMOKU TIPU X (HOPMYJIUPOBAHUU. ITO OOECIIEUUT TAKKe PACCMOTPEHME
(pusmIecKoit CTOPOHBI IPOIIECCOB B IJEKTPUIECKUX IETIX W 9TeKTPOMATHUTHBIX TT0-
JITX, OMUCHIBAEMBIX (DOPMATBHBIMU MeTOaMU. B KOHIle TIepBoil 9acTH, B ee TpeThel
rJ1aBe, Mbl CMOJKEM TIPU TAKOM I10/[X0JI€ BBECTH OCHOBHbBIE TIOHSITUSI TEOPUU JIEKTPU-
YEeCKUX ¥ MAarHUTHBIX T[€TIel, OCHOBBIBASICh HA (DM3UYECKUX MTPEACTABIEHUSIX 00 DJTeK-
TPOMArHUTHBIX SBJIEHUSAX W, CJIe0BATEIbHO, AaBas cebe SICHbII OTYeT B IPUHUMAae-
MBIX TIPW 3TOM JIOTTYIIEHUSX.

1.2. 3apsKkeHHble 3/1IeMEeHTapHble HacTULbl U 3J/IEKTPOMarHMTHoe
nosie Kak oco6bie BUabl MaTepumn

VccenenoBatus B 001aCTH 9JIEKTPOMArHUTHBIX SIBJICHUH AT OCHOBHbIC UICH Y WHCT-
PYMEHTBI JIJIsI CO3/IaHUsT COBPEMEHHBIX ITPE/ICTAaBIeHN 0 cTpoeHnu BetecTBa. Ocobo
BKHOE MECTO B 3TUX UCCJICAOBAHUSX 3aHSIN dJIEMEHTApPHbIC 3apsKeHHbIe YacTH-
bl — C TTOJIOKUTETBHBIM 3JIeMEHTAPHBIM JIEKTPUYECKUM 3apg/ioM (Harpumep, mpo-
TOH M TIO3UTPOH) M OTPUIATEIBHBIM 3JIEMEHTAPHBIM 3JICKTPUYECKUM 3apsoM (Ha-
[IPUMED, JIEKTPOH ). DJIeMEeHTaPHbIE 3aPSIKEHHbIE YACTHUIIBI BXO/ST B COCTaB ATOMOB U
MOJIEKYJI BEIIECTB, a TaK;Ke MOTYT OBITh U B CBOOOIHOM cocTOsTHIM. OHU HAXOIATCS B
HETPEPBIBHOM JIBVXKEHUH U OKPY>KEHBI, KAK MBI TOBOPUM, 3JIEKTPOMATHUTHBIM ITOJIEM,
KOTOPOE B 3aBUCUMOCTH OT XapaKTepa 3TOTO JABUKEHUS MOXKET MPOSBJISATHCS B BUJIE
9JIEKTPUUYECKOTO UJIM MATHUTHOTO 110Jist. O6JIafatoniie aJIeKTPUIeCKIM 3apsIIOM dac-
THIIBI U WX 9JEKTPOMATHUTHOE TMOJIe MPEACTaBASIOT co00il 0cOObI BUI MaTepuu B
TOM CMBICJIE, YTO UM IIPUCYIIM CBOMCTBA, HE YUUTHIBAEMbIE TIPU PACCMOTPEHUU JIPY-
TUX, HAIPUMeEp MeXaHn4ecKkoi, (popMm ABMKEHUS MaTepHN.

DJIEKTPUUYECKHH 3apsi/l OTUX YACTUIL SIBJSETCS UX BAKHENINM (DU3MYEeCKUM CBOII-
CTBOM, XapaKTEPHU3YIOINM B3aMMOCBSI3b YaCTHIL ¢ COOCTBEHHBIM 3JIEKTPOMATHUTHBIM
MoJIeM W WX B3aMMOJICHCTBUE € BHENTHUM 3JICKTPOMATHUTHBIM TIOJIEM. JJIEKTpHIye-
CKUIT 3apsii — OCHOBHOE OTJIMYUTENHbHOE CBOMCTBO ATUX YAaCTUI[ MATEPHHU, 00JIa1at0-
IIUX TaKKe U IPYTUMU CBOMCTBAMU: MACCOM, dHEPTUeH U T. /., — MPUCYITUMU U IPY-
ruM (hopMaMm JIBMKEHUST MaTePUH, N3yYaeMbIM, HAIPUMED, B MEXaHUKe.

JIBUIKEHUE MaTepyi, ¢ KOTOPBHIM MBI CBSI3BIBAEM TIOHSITHE 00 3JICKTPUYECKHU 3apsi-
JKEHHOIT YaCcTHIle, a TAK)Ke MOHSATHE 00 3JIEKTPOMATHUTHOM TIOJIE€ He MOKET ObITh CBe-
JIEHO K MEXaHUYECKOMY JBMIKEHUIO, Y JIEKTPOMArHUTHBIE SIBJIEHUSI HE MOTYT ObITh
CBEJICHBI K SBJICHUSIM, M3y4YeHUE KOTOPBIX COCTABJSET MpeAMET MeXaHuku. B mexa-
HUKE PACCMaTPUBAETCsI JIBUKEHUE B TIPOCTPAHCTBE MAaTEPHATbHBIX TEJT, 00IaIAf0IINX
uHepTHO# Maccoil. To, 4ToO 9TH Tesa MOTYT 06JaHaTh AIEKTPUUECKUME 3apPsIIaMH,
a TaK’Ke TO, UTO CAMU TEJIA COCTOST U3 TOJIOXKUTEIHHO U OTPUIIATEIBHO 3aPSIKEHHBIX
3JIEeMEHTAPHBIX YACTUI], COBEPIICHHO HE BXOIUT B KPYT BOIIPOCOB, PACCMATPUBAEMBIX
B MexaHuKe. [T09TOMy U eCTeCTBEHHO, YTO U3 3aKOHOB MEXaHUKH HE MOTYT OBITh BbI-
BeleHbl GoJiee TIyOOKUEe 3aKOHBI OJIEKTPOMATHUTHBIX SIBICHUT.

Jlist XapaKTepUCTUKHU 3JIEKTPOMArHUTHBIX SIBJIEHUIT HEOOXOIMMO BBECTU HOBBIE
MOHSATHS, KOTOPbIe HE PACCMAaTPUBAIOTCS MEXaHWKOW W MPUHIUIUAIBLHO HE MOTYT
OBITH TIOJTHOCTBIO OTIPEIETIECHBI TOJBKO Yepe3 BeJMYMHBI, JOCTATOYHbIE JIJIS TOCTPOE-
HIsI MEXaHUKH, HATIPUMEP TOJBKO Yepe3 Maccy, nHy 1 Bpemst. Heobxoanmo BBecTn
YEeTBEPTYIO OCHOBHYIO BEJUUKUHY, OTPASKAIONIYIO CIEIU(PUKY 2JIEKTPOMATHUTHBIX SIB-
nennii. TakoBoit MOKeT ObITh BhIOpaHa Jr00ast 3JIeKTPOMArHUTHAS BETNYUHA, HATTPH-
Mep 3IEKTPUUECKUil 3apa/l. KosmdecTBeHHO 3JIeKTPUYECKIH 3apsi/i YaCTUIBI MaTePUN
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WJIN TeJla MOJKET OBbITh OITPEIeJIEH TOJBKO 110 UX B3aUMOJIEHCTBHIO € APYTOil 9JIEKTPHU-
YEeCKHU 3apsKEHHOM YacTUIlel WM JIPYTUM 3aPSKEHHBIM TEJIOM WJIM K€ 110 WX B3au-
MOJIEHICTBUIO ¢ BHEITHUM 3JIEKTPOMATHUTHBIM TIOJIEM.

To4yHO Tak ke He TPEJNCTABJISIETCS] BO3MOKHBIM TIPH OIPEAETEHUI MOHSATHST 00
9JIEKTPOMArHUTHOM 10JIe 000HTHCH Ge3 NCIT0Ib30BaHKsI OHATHS O 3aPsIKEHHOI Yac-
THIlE, TaK KaK OCHOBHBIM OTJUYUTEJNbHBIM OT JPYTUX BUIOB MaTePUHU CBOWCTBOM
3JIEKTPOMATHUTHOTO TIOJIS SABJSIETCS €T0 CUIOBOE BO3EHCTBYE HA 3apsKEHHBbIE Jac-
tutibl. CHUIIOBOE BO3/IEICTBYE HJIEKTPOMATHUTHOTO TI0JIsI HA 3aPSIXKEHHbIE YACTHITHI HO-
CUT BEKTOPHBII XapaKTep M 3aBUCUT OT CKOPOCTHU JIBMKEHUS YACTUIl U 3HAYEHUS UX
9JIEKTPUUECKOTO 3apsifia. B cOOTBETCTBUU CO CKa3aHHBIM BBIIIIE MOXKHO /1aTh CJIEIYTO-
e OTpeneIeHNUs.

DIEeKTPOMATHUTHOE MOJ€E €eCTh BUJ MaTePuH, ONPEEJISIONNICS BO BCeX
TOYKAX JIBYMSI BEKTOPHBIMHU BEJIMYMHAMH, KOTOPbIE XapaKTEPU3YIOT JIBE€ €r0 CTOPOHBDI,
HA3bIBAEMbIE «3JIEKTPUUECKOE T10JIE> M «MarHUTHOE 110JI€», OKa3bIBAIOIINI CUIIOBOE BO3-
JIEICTBYE HA 3aPsSi’KEHHbIE YACTUIIbI, 3ABUCSIIEE OT UX CKOPOCTH U 3HAUYEHUSI UX 3apsi/ia.

DJleMeHTApPpHBIN BJMEeKTPUUECKUUN 3apsa] €CThb CBOWCTBO 3JEKTPOHA
WM TIPOTOHA, XapaKTepU3yIolllee NX B3aMMOCBSI3b C COOCTBEHHBIM 3JIEKTPUYECKUM
[0JIEM U UX B3aMMOJIEHCTBUE C BHENIHUM 3JIEKTPUUECKUM TI0JIEM, OTIPEIEISIEMOE JIJIsT
9JIEKTPOHA M TIPOTOHA YMCJECHHBIMU 3HAYECHUSIMH, PaBHBIME TI0 aGCOJIOTHON
BeJIMYMHE, HO TIPOTUBOIIOJIOKHBIMU 110 3HAKY (IIPU 3TOM YCJOBHO OTPUIIATEJbHBIH
3HAK TIPUTIMCHIBAETCS 3aPsi/Iy 2JIEKTPOHA, a MOJOKUTETbHBIN — 3apsiy MPOTOHA).

B cBere aTux onpeenennii gobas 3apsKeHHas 4aCTHIA, COAEPsKaIasd OMUH WU
HECKOJIBKO 3JIEMEHTAPHBIX JJIEKTPUYECKUX 3apsOB, SBJSETCSI HOCUTEIEM 3apsia.
Hanpumep, HocutesisiMu 3apsijia SIBJISIIOTCS 9JIEKTPOH, ITPOTOH, UOH, & TAK)Ke YCJIOBHO
U <«JIBIPKa» B TIOJYTIPOBOTHUKE.

ITo cytu nena, 3apsiKeHHbIE 2JIeMEHTAPHbBIE YaCTUIIBI U UX 9JIEKTPOMATHUTHOE
HoJie MpeACTaBIsioT coboil equaoe 1enoe. CTPOro ToBOpsi, Mbl HE MOYKEM YKas3aTh
TOYHOU IPAHUIBI MEXK/Y YACTUIIEN C 2JIEKTPUUECKUM 3aPSIZIOM U €€ 9JIeKTPOMAarHuT-
HBIM TT0JIeM. BMecTe ¢ TeM Bce jke MOKHO TI0JIaraTh, YTO YACTHIIA U €€ 3JIeKTPUUECKUI
3apsil, HalIpUMEP 3apsjl 9JIEKTPOHA, TPOTOHA U T. [I., COCPEAOTOUYEHBI B BeChMa MaJIOH
obsacti TipocTpancTBa. VIMEHHO IS 9TOH BecbMa MaJioil 06J1acTy MPOCTPAHCTBA Xa-
pakTepHa Ta (hopMma JBUKEHUST MAaTEPUH, C KOTOPOW CBSI3bIBAETCS TIOHSATHE 00 3JIeK-
TPUYECKU 3apsiKEHHO yacTuile. BHe 9T0it 06sacTi Ha TEPBBIN MJIAH BBICTYIIAET TO
(busnueckoe sinenue, Ta hopMa JIBUKEHNSI MATEPUH, C KOTOPBIMHU MbI CBSI3bIBAEM T10-
HATHE 00 JIEKTPOMATHUTHOM T0JIe. ITO 0OCTOSTETBCTBO €T BO3MOKHOCTH BBECTH
MPeJICTaBJIEHIE O TOM, UTO 9JIEKTPUYECKUIT 3aPsiJ] 3JIEMEHTAPHOI YaCTHUIIbI, KaK 1 cama
YaCTUI[A, 3aHUMAET TOJILKO HEKOTOPYIO OrpaHUYeHHY10 0bsacThb mpocTparcTBa. Corac-
HO TaKOMY TIPEICTABIEHUI0, B POCTPAHCTBE, OKPYIKAMOIIEM 9Ty 00JIaCTh, CYIECTBYET
TOJIBKO CBSI3aHHOE ¢ OOJIa/IAfoIIel 3aPs/IOM YaCTHIEH 3JIEKTPOMArHUTHOE TTOJIE.

ITpu Takoil MUPOKO MCIOJNb3yeMON HAyYHOU aOCTPAKIMK BO3HUKAET HEOOXOIH-
MOCTb JIaTh HAMMEHOBaHKe TOi 00JIaCcTH IPOCTPAHCTBA, B KOTOPOH CYIIECTBYET DJIEK-
TPOMarHUTHOE 110Jie, HO B KOTOPOI OTCYTCTBYIOT M3BECTHbIE HAM YaCTHUIIbI MATEPUU.
B nanmbreiiem g 0603HaYeHUsT TaKOil 00JIACTH MTPOCTPAHCTBA YCIOBUMCS TIPUMe-
HSATH TEPMHUH MY CT O T a. ITOT TEPMUH Oy/leM OTHOCHTDH TOJBKO K MOHSITHIO O TIPO-
CTPaHCTBE Kak (popMe CyIecTBOBAHNS MATEPUU B BU/IE TTOJIsT, HO HE K TIPOUCXOSTIINM
B 9TOM IIPOCTPAHCTBE (DU3UIECKUM [TPOIIECCAM, IOMHSI IIPU 3TOM, UTO IIPOCTPAHCTBO
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HEOT/IEIMMO OT MPOMCXOASIIMX B HEM MaTePUAJIbHBIX MPOIECCOB, YTO abCOMIOTHO
MYCTOTO MPOCTPAHCTBA, He 3AMOJHEHHOTO (GU3NIeCKON MaTepueil, HeT U He MOKeT
OBbITH 1 YTO B TON 00JIACTH IPOCTPAHCTBA, KOTOPYIO Oy/IeM Ha3bIBaTh IyCTOTOM, BCETIa
CYIIECTBYET 2JIEKTPOMArHUTHOE TI0JIe, a TaKJ)Ke TI0Jie TSATOTEHUs, MPeCTaBISIONINE
€000l 0cOObIE BU/IBI MATEPHH.

Hepenxo, crpemsich nszbexarh CJOBa «IIYCTOTa», WCIOJB3YIOT B AHAJOTHYHOM
CMBbICJIEe TEPMUH B a Ky y M. OJTHAKO CJIOBO «BaKyyM» HAXOAUT IMUPOKOE TPUMEHEHIe
B BaKYYMHOI TEXHUKE, I/le TOHUMAeTCs B MHOM CMBbICJIe, 2 UMEHHO KaK CTeleHb pPas-
peskenusi. [oBOpAT 0 HU3KOM, Cpe/lHEM UM BHICOKOM BaKyyMe, O BaKyyMMeTpax —
npubOpax st M3MEPEHHst BakyyMa. TepMUH «ITyCTOTa» B 9TOM OTHOTIEHWUH SIBJISICTCSI
GoJiee OTpeIeIeHHBIM — OH O3HAYAET MPeeJIbHOE 3HAYEHIE BAaKyyMa ITPU YKa3aHHON
BbIlITe aOCTPAKIIMK, KOT/IA MIPEAIOJIAraeTcsi, YT0 B HEKOTOPOil 06JIaCTH MPOCTPAHCTBA
MaTepus CyIIECTBYeT TOJIbKO B (hopMe TIOJIS.

CJietyer OTMETUTD, YTO ecyii 00JIAJAOIIYIO 3aPSIIIOM IEMEHTAPHYIO YaCcTHILy Be-
IECTBA HEJIb3sT MBICJIUTD 0€3 ee aJeKTPOMATHUTHOTO TI0JISI, TO 3JIE€KTPOMATHUTHOE
0JIe MOJKET CYIIECTBOBATh B CBOOOJHOM COCTOSIHUM, OT/IEJIEHHOE OT YacTHIlbl. Tako-
BBIMU SBJIAIOTCS (DOTOH, a TakKe 3JIEKTPOMATHUTHOE TI0JIe, U3JTy4eHHOe aHTEeHHOI.
IJIEKTPOMATrHUTHOE TI0JIE B CBOOGOIHOM COCTOSIHUH, HE CBSIBAHHOE € YaCTUI[AMU Bellle-
CTBA, PACIIPOCTPAHSIETCS] B IICTOTE [IPU OTCYTCTBUU BECbMA CUJIbHBIX IPABUTAIIMOH-
HBIX TI0JIell C eCTECTBEHHOM JI/IsI Hero cKopocThbio ¢ = 2,998:108 m/c ~ 3-108 m/c.

B BeriecTBe, a Tak;ke IPW HATUYMH BECbMa CUJTHHBIX TPABUTAIIMOHHBIX MTOJIETH, T. €.
BOJIM3KM BecbMa GOJIBIIIX MAcC BEIIECTBA, CKOPOCTh PACIPOCTPAHEHUST DJIEKTPOMAr-
HUTHOTO TI0JISI MEHbIIIE BEJIUYUHDI C.

JList u3MepeHUst 2JIEKTPOMATHUTHBIX BEJIMYMH OYy/IEM TT0JIb30BaThCST MEXKLyHAPO/I-
Hoit cucremoii exuaull CU (cuctemMa WHTepHAIIMOHAIBHAS ). DTa CUCTEMA CONEPIKUT
CeMb OCHOBHBIX e/IUHUIL Memp — eTMHUIA JJIUHBI, KUL0ZPAMM — €JIMHUIIA MACCHI, Ce-
Kynla — eIVHUIA BPEMEHU, amnep — eIUHUIIA CHJIBI AJTEKTPUUECKOTO TOKA, Kelb-
6UH — eJIMHUIA TEPMOJAMHAMUYECKON TEMITEPATYPbI, MOJIb — €JMHUIA KOJNYeCTBa Be-
IECTBA, Kandeia — eluHUIA CuJIbl cBeTa. OHA OXBATHIBAET €MHUIBI MEXaHIMUECKHUX,
3JIEKTPOMArHUTHBIX, TETJIOBBIX W CBETOBBIX BEJIMYMH.

Jlist u3MepeHust 2JIEKTPOMATHUTHBIX BEJIMYMH HEOOXOAMMO M JIOCTATOYHO MMETh
YeThIPe OCHOBHBIE €IMHUIIBI COOTBETCTBEHHO TOMY, YTO OBLJIO CKa3aHO paHee O He0O-
XOIUMOCTHU TIPUHSITHS YeThIPEX OCHOBHBIX BEJIMYUH B 00JIaCTH yYeHUsT 00 HJIEKTPO-
MarHUTHBIX sIBJIeHUsX. OcTabHble 3JIEKTPOMATHUTHBIE BEJTMYUHDBI M, COOTBETCTBEH-
HO, MX €IUHUIIbI SIBJISIIOTCST TIPOU3BOAHBIME OT BBIOPAHHBIX Y€THIPEX OCHOBHBIX, T. €.
MOTYT OBITh YCTaHOBJIEHBI C TIOMOIIBIO T€X MJIM WHBIX 3aKOHOMepPHOCTel. B cucreme
exuant] CY B kauecTBe 4eTBEPTOIl OCHOBHOU €MHUIILI /IJI 3JIEKTPOMArHUTHBIX Be-
JIMYUH TIPUHAT aMnep — eIMHUIA CUJIbI dJIEKTPUYECKOTO TOKA. DTO CAENAHO TIOTOMY,
YTO UMEHHO e[MHUIIA CHJIBI TOKA MOJKET OBITh B HACTOSIIIIEE BPEMsI OTIpesieieHa abco-
JIFOTHBIM METOJIOM ¢ HanGOJIbIIEll TOYHOCTHIO HA OCHOBE M3MEPEHUsT MEXaHIMUYECKOTO
B3aUMO/IEHICTBUS 3JIEKTPUUYECKUX TOKOB B TIYCTOTE C TIOMOIILIO TOKOBBIX BECOB.

Cucrema equnun; MKCA (MeTp, KustorpamMmm, CeKyH/Ia, aMTiep) SIBJSETCS 4acThio
cuctemsl CU. Cucrema MKCA cBs3ana ¢ parmonasn3oBaHHON CUCTEMOH ypaBHEHNH
9JIEKTPOMArHUTHOTO TI0JIsI, B KOTOPOIl MHOKUTEJb 47 PACIIOJIOKEH B YPABHEHUSIX B
HanboJiee eCTECTBEHHOM MECTe, a MMEHHO: OH SIBHO BXOJIMT B T€ 3aBUCUMOCTH, KOTO-
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pble COOTBETCTBYIOT CJy4asiM, XapaKTePHU3YIOIUMCcS chepruiecKoil CUMMETPHEN.
Becbma cymiecTBenHO TakKe, UTO TPU PAIlMOHAIN30BAHHON (hopMe ypaBHEHUI JIeK-
TPOMArHUTHOTO TIOJIS IOCTUTAETCS CUMMETPHUS 3aBUCUMOCTEH, OTHOCATITNXCS K AJIeK-
TPUYECKUM U MAarHUTHBIM BEJIMUNHAM.

Ennantieit anextpuyeckoro 3apsza (KoJMYecTBa 3JIeKTPUUECTBA) SABISAETCS KYIOH
(Ko).

1.3. CBsi3b M@y 3/IEKTPUUECKUMUN U MarHUTHbIMU SIBJIEHUSIMM.
dieKTpUyecKoe U MarHUTHOE MNOJIA KakK fiB€ CTOPOHbI
€AMNHOro0 3JIEKTPOMArHUTHOro nonsa

JI1060e 3IeKTPOMAarHUTHOE SIBJICHUE, PACCMAaTPUBAEMOE B IIEJIOM, XapaKTePU3YeTCst
JIBYMs CTOPOHAMU — 3JIEKTPUIECKON W MATHUTHOM, MEKIY KOTOPBIMU CYIIECTBYET
TecHas CBsI3b. TaK, 3JIeKTPOMarHUTHOE TI0JIe UMEET /IBe B3aUMOCBsI3aHHbIE CTOPOHBI —
PJEeKTpPUUYECKOEe TTOJie © MATHUTHOeE ToJe. Baknelinieir Hameil 3ajadeit
B IIEPBOM TJIaBe OyeT PACCMOTPEHHUE CBS3U MEK/Y DJIEKTPUIECKUMU 1 MaTHUTHBIMU
ABJIeHrAMEI. BMecTe ¢ TeM MOKHO CO3/1aTh YCIOBHS, KOT/Ia B HEKOTOPOii 06J1aCTH IIPO-
cTpaHCTBa OOHAPYKMBAIOTCS TOJBKO JIEKTPUYECKUE WA TOJBKO MATHUTHbIE SIBJICHISL.
Hanpumep, BHe 3apsiZKeHHBIX HEMTOABUKHBIX ITPOBOIAIINX TeJI OOHAPYKUBAETCS TOJIb-
KO 2JIEKTPUIECKOe TI0JIe. AHAJIOTUYHO B IMTPOCTPAHCTBE, OKPYKAIONIEM HETIOIBUKHBIE
MOCTOSTHHBIE MarHUTBI, OOHAPYKUBAETCS TOJBKO MarHuTHOe moJie. OTHaKO U B 9TUX
cayJdadx, eCJTU PacCMaTPUBAThH SBJEHUE B 1IeJI0M, HETPYAHO YCMOTPETh KaK dJIEKTPH-
YeCcKylo, TaK M MaTHUTHYIO €TO0 CTOPOHBI. Tak, 3apsbl HETIOABIKHBIX 3aPSsKEHHBIX
Tes1 00PasyTCsi COBOKYITHOCTBIO 3apsIIOB HJIEMEHTAPHDBIX 3aPsIKEHHBIX YaCTHUIL, JBH-
JKYIIUXCS XaOTUIECKU OKOJIO TMOBepxXHOCcTel Tes. Kaxmas takas gacTuiia okpyskeHa
9JIEKTPOMATHUTHBIM TIOJIEM, HO BCJIEICTBUE XaOTHMYECKOTO ABVIKEHWS JaCTHI[ UX pe-
3yJIBTUPYIOIee MATHUTHOE TI0JIe TPAKTUYECKU MCUe3a€eT yiKe Ha HUITOKHBIX PACCTOS-
HUSAX OT IOBEPXHOCTEN TeJl. DJIEKTPUYECKUE JKe II0JIST YACTULL IIPU M30bITKEe Ha TeJje
YACTHUI] € 3aPsIIaMHU TOTO WJIM MHOTO 3HAaKa CYMMUPYIOTCS 1 0OHAPYKUBAIOTCS B OKPY-
JKaIoIEeM TeJia MPOCTPaHCTBe. B okpysKkaonieM HelmoABUKHbBIE TOCTOSTHHBIE MAaTHUTHI
[POCTPAHCTBE, HA0OOPOT, B3AUMHO KOMIIEHCUPYIOTCS SJIEKTPUUYECKHE TI0JIsI DJIEMEH-
TapHBIX YaCTHUI], 0OPA3YIOIUX BEMIECTBO MATHUTOB, BCJEACTBHE PABEHCTBA CyMMap-
HBIX 3apS0B TIOJIOKUTETHLHO W OTPHUIATETHHO 3apsLKEHHBIX 4YacTHIl. MarHUTHBIE
IOJIST BCJIEACTBUE COIVIACOBAHHOTO JBUIKEHUS YACTHUII, BO3HUKIIETO MIPU HAMArHUYH-
BaHWUW MarHUTOB, CYMMUPYIOTCST B TIPOCTPAHCTBE, OKPY KAIONEM MaTHUTHI. TakuM 06-
pasoM, U B 9THX 0COOBIX CIIydasix, KOTja B HEKOTOPOil 061acTH IPOCTPaHCTBA OOHAPY-
JKMBAETCSI TOJIBKO 3JIEKTPUUYECKOEe TI0JIe MJIM TOJbKO MArHUTHOE TI0Jie, SIBJeHUEe B
IIeJIOM OKa3bIBAETCST 2JIEKTPOMArHUTHBIM. Ho BechMa BasKHO B 9TOM CMBICJIE, 1 9TO Oy -
aeT 0co00 pacCMOTPEHO Jajiblile, YTO B IIEPEMEHHOM 3JIEKTPOMArHUTHOM I0JIE CaMO
9JIEKTPUUYECKOE T10JIe BO3ZHUKAET BCJIEJACTBHE M3MEHEHHUsI BO BPeMEHM MarHHUTHOTO
MOJIST U, B CBOIO O4Yepe/lb, BOSHUKHOBEHNE MAaTHUTHOTO TIOJS SBJISIETCS PE3yTBTaTOM
M3MeHEeHN BO BPeEMEHU 3JTeKTPUIECKOTO TTOJIS.

DEeKTPUIECKOe TI0JIe CO3AETCS MEKTPUUYECKUMU 3apsilaMi, a TaKyKe N3MeHSIO-
HIUMCS MAaTHUTHBIM 110J1eM. MarHuTHOe 1oJie cO3/aeTCs ABMKYIIUMUCS 3aPSIKCHHBI-
MU YaCTHUIIAMU, a TAKKe U3MEHSIONIUMCS 3JIEKTPUUECKUM TTOJIEM.

Jliist oOHapy KeHUsT SIeKTPUIECKOTO ¥ MATHUTHOTO MOJIEil MOKHO BOCIIOJIb30BATh-
CsI T€M WJIV WHBIM WX TTPOSIBJIEHUIEM.
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INEKMPUUECKUM NOJEM HAZBIBAIOM OOHY U3 CIOPOH JNEKMPOMAZHUMIO20 NOLSL, XA~
PAKMEPUSYIOUYIOCS B030CTUCMBUEM HA SNEKMPUUECKU 3APSIHCEHHYIO UACTIUUY C CULOTL,
NPONOPUUOHATLHOL 3aPsI0Y UACMUYDL U HE 3ABUCSUELL O ee CKOPOCTU.

JI/1s1 BBISIBJIEHUST BJIEKTPUYECKOTO MOJIst IOCTATOUHO B3SATh HEMOABUIKHOE 3apsKeH-
HOE TeJIO, TaK KaK He3aBUCHMOCTb CHUJIbI OT CKOPOCTH MO3BOJISIET BBIOUPATH JIFOObIE
CKOPOCTH, B TOM YHCJIe U HYJIEBYIO.

Jlist viccaieIoBaHusT AIEKTPUYECKOTO TI0JIsT, KOTOPOE XapaKTePU3YeTCsT HEITPEPhIB-
HBIM pacrpe/eseHueM B IIPOCTPAHCTBE, HEOOXOAUMO B3SITh IIPOOGHOE TOYEUHOE 3apsi-
JKEHHOEe TeJIo, UMeIolIiee CTOJIb MaJible JIMHEITHbIe pasMepbl, 4TO B MpPeeaax Majoro
o6beMa, 3aHIMMAEMOTO 3TUM TEJIOM, MCCJEyeMoe TI0Jie MOKHO PacCMaTPUBATH KAk
OIHOPOHOE. ITO YCIOBHE 00ECTIEUNBAETCSI, €CIIH JINHENHbIE Pa3MePbI TIPOGHOTO Tesa
PeHeOPEKUMO MaJIbl 110 CPABHEHUIO ¢ PACCTOSTHUEM OT Hero 0 Apyrux e Kpome
TOT0, 3aPsi/l IIPOGHOTO TeJia J0JIKEH OBbITh JOCTATOYHO MAJIbIM, YTOOBI €10 BHECEHUE He
BBI3BAJIO CKOJIb-HUOY/Ib 3AMETHOTO Mepepacipe/iesieHusT 3apsi/IoB Ha PYTUX TeJiax.

B cooTBeTcTBUM € TeM, YTO BJIEKTPUUYECKOE MOJIE€ HEMPEPLIBHO PACIIPEIESeHO B
[POCTPAHCTBE, B KasKA0M TOUKE IPOCTPAHCTBA U B KasKbIIi MOMEHT BpeMeHU IPOOHOE
3apsiKEHHOE TEJIO OY/IeT UCIBITHIBATH BIIOJIHE OTIPEAETIECHHYIO 110 3HAUYEHUIO 1 HallPaB-
JIEHUIO MEXaHUUYEeCKY10 cuiry. [[0Ib3ysich aTHM, MOKHO OTIPEIETUTh OCHOBHYI (PU3i-
UECKYI0 6eUUUNY, XAPAKTEPUSYIOILYIO JIEKTPUIECKOE T0JIe B KaK/IOI €0 TOUKe U Ha-
3bIBAEMYIO HATI PS)KEHHOCTHIO DJIEKTPUUYECKOT O T10JI 5.

Hanpsiicennocmy 31eKmpuueckozo nois ecmv 6eKMOPHAS BEIUMUNA, XAPAKMEPU-
3Yowas dNeKmpudecKoe nojie U onpeoessiouast Cuy, 0eticmeylouyo Ha 3apaiceHHy0
YaACMUYY cO CMOPOHLL INEKMPUUECKOZ0 NOJISL.

(Besze manee GykBbl, 0603HAYAOIINE BEKTOPHBIE BEJNYNHBI, HAOPAHbI KUPHBIM
KYPCUBHBIM TIPUQPTOM.)

HanpsizkeHHOCTD 9J1eKTPrUYecKoro noJist u3obpaskator BekropoM E, 1o Harpasiie-
HUIO COBIAJAIONINM C BEKTOPOM f MEXaHUUYECKOW CHJIbI, IEHCTBYIONIEH Ha TT0JOKN-
TEJBHO 3apsiKeHHOe poOHoe Teso. ViMeem

-1
9o

[Tonmoe oTcyTcTBUE BAMSHUS 3apsa ¢, Ha paclpeeseHne 3apsa0B, OMpeiesio-
IUX KCCJeLyeMoe Tose, OyaeT Tpu ¢y, crpeMmsiieMcss K Hysio. COOTBETCTBEHHO,
MOJKHO JIaTh CJIEYIOIee TOUHOE OIpe/iesieHue.

Hanpsicennocms s1eKmpuueckozo nois eCmv 6eKMOPHASL 6EIUNUNHA, PABHAS Npede-
JIY OMHOWEHUSL CULbL, C KOMOPOLL INEKMPUUECKOe Noe Oeticmeyem Ha HenooBUNCHOe mo-
UCUHOE 3APSNCEHHOE MEIL0, BHECEHHOE 8 PACCMAMPUBAEMYIO MOUKY NOJSL, K 3apsi0y Imo-
20 meaa, Kozda IMOM 3aPs0 CMPEeMUMCs K Y0, U UMEIOWAs HANpasienue,
cosnadarnuee ¢ HanpasIeHuem CUivl, 0eUCmeyuwell Ha NOJOICUMETDHO 3APANCEHHOE
moueyroe meno:

E=lim L.
709 g,
OrmpeziesnB HAIPSIKEHHOCTH TMOJIST BO BCEX €T0 TOYKAX, MOSKHO MTPOBECTU PSJL JIN-
HUI Tak, 4TOOBI B KaKAOM TOUKE STUX JUHUN KacaTeJbHble K HAM COBITAIAIN 110 Ha-
MIPaBJICHUIO ¢ BEKTOPOM HANPsKeHHOCTH 1ot (puc. 1.1). ITn TUHUT HA3BIBAOT JI U -
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HUSAMU HANPSIKEHHOCTH 3dJeKTpuyeckoro mnoJsd. Ha dyeprexxe wnx
n300pakaloT co CTPeJKaMH, yKasblBaooluMu HarpasieHue Bektopa E. CoBokyr-
HOCTb TaKUX JUHUN 00pas3yeT KapTUHY 3JIE€KTPUIECKOTO TOJIS.

Boo6Gpasum 3aMKHYThIIT KOHTYP, OrPaHIYUBAOIINIT HEKOTOPYIO OBEPXHOCTD, U TIPO-
BeJIeM uepe3 BCe TOUKU ITOTO KOHTYPA JIMHUY HAPSIKEHHOCTH 110J11. COBOKYITHOCTb
9THUX JIMHUIT 06pasyeT Tpyduaryio noepxHoctb. O61acTb aJIEKTPUUYECKOTO MOJIsl, OTpa-
HUYEHHYIO TaKOH TpyGYaToil MOBEPXHOCTHIO, HA3BIBAIOT TPYOK O HaT P s K eH -
HOCTH MO JS.

Ha puc. 1.1 usobpakena kapTuHa 3JI€KTPOCTA-
TUYECKOTO TOJISI OKOJIO JIBYX 3apsSyKEHHBIX TeJ C
PaBHBIMHU U TPOTUBOTIOJOKHBIMU IO 3HAKY 3apsi-
mamu. Ha pucynke moxazaH Takyke P JUHUH
HATPSKEHHOCTU HJIEKTPUYECKOTO TT0JIs1, TPOXO/Isi-
MUX Yepe3 TOYKM KOHTYPa, OrPAaHWYUBAIOININX
MOBEPXHOCTh § W 00pasyiommx TpyOKy Harpsi-
SKEHHOCTH TIOJIS.

B cooTBeTCTBUM € BBINIEU3T0KEHHBIM JIE000E
HETIO/[BUIKHOE TOUYEYHOE TEJIO C 3apPSA/IOM ¢ WCIIbI-
THIBAeT B 2JIEKTPOMArHUTHOM TI0OJIE CUTY

fi=¢qE.

JTa CuJia, COTJIACHO JIAHHOMY BBIIIE OTIPEJIeJIEHNI0, BO3HUKAET MOJ| JIeHCTBUEM
9JIEKTPUYECKOTO TIOJIS.

Ecau cuna, meiicTByiomas Ha ABWKYNTYIOCS 3apsKEHHYIO YAaCTUILY, 3aBUCUT U OT
CKOPOCTH JIBUKEHMSI, TO 9TO O3HAYAET, UTO KPOME CUJIBI AJIEKTPUYECKOTO TIOJIST Ha Jac-
THUILY JAefCTBYET TaKKe U JOMOJHUTEIbHAS CHJIa [y, BOBHUKHOBEHIE KOTOPOM TIPHUIIH-
ChbIBaeM HAJIWYUIO MATHUTHOTO I10JIS.

B COOTBETCTBUM € 9TUM MAZHUMIBIM NOLEM HA3LIBAIOM 00HY U3 08YX CMOPOH SeK-
MPOMAZHUMHOZ0 NONSL, XAPAKMEPUSYIOUYIOCS B030CUCMBUEM HA OBUNCYUYIOCS K-
MPUUECKU 3APAACCHIHYIO YACULY C CULOU, NPONOPUUOHALLHOU 3aPSA0Y YACTUUbL U ee
cKopocmu.

OTcroza ciemyeT, 4YTO MAarHUTHOE TT0JIe IeHCTBYET TOJBKO Ha ABWKYIIHECS 3aps-
JKeHHbIe YaCTHUIbL U TeJIa.

3HayeHue JOTOJHUTENBHON CUJIBI fo MPOMOPIMOHANBHO 3apsfy ¢ ABUIKYIIMX-
CsI YacTUIl, U ee HalpaBjeHHe 3aBUCUT OT HaIlpaBJIeHMs] BEKTOPa ¥ MX CKOPOCTH.
B kaskmoit TouKe MAarHUTHOTO TIOJIST B KKl MOMEHT BPEMEHU €CTh OIPeeIeHHOe
Harpas/enre (0603HAYUM €r0 eANHUYHBIM BEKTOPOM 1), XapaKTEPU3YIOIEeCs TEM,
YTO cuiia f, OKas3bIBaeTCss HauOOJIbIIei, KOTIa BEKTOP CKOPOCTH © MEPIEHINKYIAPEH
BekTopy 7 (puc. 1.2), T. €. TeKUT B IJIOCKOCTH S, MEPIEHANKYIAPHON n. IIpu mobom
JIPYTOM HaIPaBJIE€HUU BEKTOPa CKOPOCTH © Cuja f, O6yAeT MeHbIIe — OHa MPOIop-
[UoHaabHa Tpoekiu v, (puc. 1.3) BekTopa © Ha 3Ty IUIOCKOCTh. Bektop cuibl f;
MePIEHANKYJIIPEH K YKa3aHHOMY HallpaBJIeHHIO, T. €. BEKTOPY M, a TakKe, KaK yKe
OBLIIO OTMEUEHO, TIEPIIEHINKYIIPEH BEKTOPY CKOPOCTH 0.

[Tonb3ysich aTUM, OTPENETUM OCHOBHYIO PUIUUECKYIO BEeAUUUHY, XaPAKTEPUIYIO-
MIyI0 MarHATHOE TI0JIe B KQJK/JOW €r0 TOYKe U Ha3bIBaeMyl0o MATHUTHO M MHAYK -
11 ¥ e . MarHuTHas MHIYKIMS €CTh BeKTOpHast BesnunHa. OHa n300pakaeTcst BEKTO-
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poMm B, uMerommM HalmpaBJieHHe, COBIaaloniee ¢ HanpaBiaeHueMm n (puc. 1.2 u 1.3).
Cuuia f, mporopinoHaibHa 3HaY€HII0 MarHUTHOW MHAYKIH. CyIIecTByeT paBeHCTBO

f2 = CI[Z)B]’

rne [oB] — BexkTOpHOEe TpOM3Be/icHNE BEKTOPOB © U B.
DTO BbIPAKEHUE U MOJKET CJIYKUTH OTIPE/IeIEHUEM 3HAYCHWST U HATIPABJICHUS BEK-

B, fmdleB

topa B. Cuna f, nepnenaukyisipia © u B. Ecim emnte BoIGpaTh Takoe HarpaBJieHUE
cKopocTu @, 4ToObI 661710 © L B (puc. 1.2), To 3HaYeHUE CUIBI f5, KaK yke OBLIO CKa3a-
HOo, Oyzer Hanbosbmum. [Ipu aToM Bee Tpu BeKTOpa, fo, v 1 B, OyayT B3auMHo Tep-
MEeHIUKYJISIPHBI U B3aMMHO OPUEHTHUPOBAHBI, KaK MOKa3aHO Ha puc. 1.2. ITo ompe-
JeJIgeT HarpaB/ieHne BeKTopa B. 3Hasg B 9TUX yCIOBHAX 3HAYEHUS 0 U f,, 3HAYEHHUE
MarHuTHOW WHIAYKIMK B HAXOAUM U3 BbIPasKeHUSsI

B=72,
qo

Cuie1oBaTeNIbHO, MAZHUMHASL UHOYKUUS eCb BeKMOPHASL BEIUMUNHA, XAPAKMEPU-
3YIOUASL MAZHUMHOE NOJE U ONPEOeNSIOUAsL CULY, 0UCMBYOWYH HA OBUNCYUYIOCS 3~
PANACCHHYIO YACMULY CO CMOPOHDL MAZHUMHO20 NOJISL.

MarauTHas UHAYKINSA YUCTEHHO PaBHA OTHONIEHUIO CUJIBI, MeHCTBYIONIe Ha 3aps-
JKEHHYIO YaCTHUILY, K IIPOMU3BE/ICHUIO 3apA/a 1 CKOPOCTU YaCTUILbI, €CJIN HallpaBJIEHUE
CKOPOCTH TaKOBO, YTO 9TA CUJIA MAKCUMAJbHA, U UMeeT HAIlPABJIEHUE, TTEPIEeHINKY-
JISPHOE HAITPABJIEHUIO BEKTOPOB CHUJIBI U CKOPOCTH, COBIAJAIONIEE C MOCTYATETbHBIM
IepeMenieHueM 1IpaBoro BUHTaA IIPpU BPpallleHUHW €TI0 OT HallpaBJIEHMWA CUJIbl K HallpaB-
JIEHUIO CKOPOCTH YaCTHUI[bI C ITOJIOKHUTEJIbHBIM 3apsA/10M.

MaruutHy10 UHIYKIIUIO MOKHO OIPEIENSATh TaKKe 10 BO3JEHCTBUIO HA OTPE3OK
MIPOBOIHUKA JTMHOM [ ¢ aeKTpudeckuM TOKOM i. COOTBETCTBYIONIEE BHIPAKEHUE JIETKO
MOJKET 6BITI) HOJIYY€HO M3 TOJIbKO 4YTO HAIIMCAHHOTO. HyCTb l — BEKTOpP, I/IMeIOH_[I/Iﬁ
IJINHY, PaBHYIO [IJIMHE OTPE3Ka IPOBOJHWKA, 1 HaHpaBJIeHHbeI II0 OCH IIPOBOJHMKA B
HarpaBJieHnn Toka i. Ilycth ¢ — 3apsizi B 06beMe OTpe3Ka MPOBOAHKKA, ABUKYIHIACS
YIOPSIZIOYEHHO B/IOJIb OCH TIPOBOJHUKA CO CKOPOCTBIO © ¥ 0OPas3yoIInuil P CBOEM
JBVKEHUM TOK 1. EcJiu 3apsii ¢ mpoxoauT 1y Th [ 3a Bpemsi ¢, To v = I/t. Tak Kak 1mpu aTom
CKBO3b cevyeHue TIPOBOJTHIKA 32 BPeMsI ¢ TIPOXO/IUT 3apsijl ¢, TO i = q/t. Imeem

I q, .
= 7=71=l
qo C]}f . l

nu, cjaeaoBaTe/JIbHO,
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f, = qlvB] = i[IB],

Ecnu I L B, to cuna npu gauubix i, [ 1 B umeer HanboJibliee 3HaYeHNE, PAaBHOE

/f, = ilB.

A
il
W HarpaBJieHue BekTopa B ompesemnsercs corsacHo puc. 1.4.
[/t HEOTHOPOIHOTO TIOJIsi HEOOXOIMMO B3SITh OTHOIIEHWE CHJIIBI Af, K OTpe3Ky
MPOBOJIHUKA Al, KOT/Ia 3TOT OTPE30K CTPEMUTCSI K HYJIO:

B atom ciyuae

Wcnonb3oBanue 3jieMeHTa TPOBOJHUKA C TOKOM JIJIsT  OTIpe-
JleIeH1sI BEKTOPa MAarHUTHON WHYKITUYA UMeET TO TIPEUMYIIIECTBO TI0
CPaBHEHUIO C MCIOJb30BAHNEM JABWKYIIEHCS 3apssKeHHON YaCTHITHI,
YTO CyMMAapHbIil 3apsiji 9JIeMeHTa ITPOBOIHUKA MOKET ObITh paBeH
HYJI0, TaK KaK 3apsi/l IBVKYIIUXCS B HEM YaCTUI[ PaBeH U TIPOTH-
BOIIOJIOJKEH TI0 3HAKY 3apsily HEIOABKHON perneTku, oOpasyromieit
TeJ0 MpoBOAHKMKA. [Ipy 5TOM CHIa f; CO CTOPOHBI HIEKTPUYECKOTO
TMOJISE paBHA HYJIIO U BCsI CHUJIA, JIEHCTBYIONIAST HA TAaKOH TIPOBOJHUK B Puc. 1.4
9JIEKTPOMArHUTHOM ITOJIE, OTIPEEISIETCS TOJbKO MATHUTHBIM TIOJIEM.

[l 9acTUIIeI JKe ¢ 3apsIoM ¢, IBIKYIIENCS B 9JIEKTPOMATHUTHOM TIOJIE CO CKOPO-
CTHIO ©, Pe3yJbTUPYIONIast Cua MMeeT o0e COCTAaBJSIONINE, ONpelesieMble OJHa —
ANIEKTPUUECKUM, a IPYTasi — MAaTHUTHBIM MOJIEM:

S =fi+ [, =qE +q[vB].

ITY cuty 9acto uMeHyIoT cuiioit Jloperntma. OHa sBJIsIeTCST BEKTOPHOM BETUIUHON
1 UMEET JIBE€ COCTaBJIAIOIIINE: SJIGKTPI/I‘IGCKYIO, HE BaBI/ICHH_IyIO oT CKOpOCTI/I HJaCTUILbI,
06y CTIOBIEHHYIO DJIEKTPIUYECKUM TI0JIEM, M MATHUTHYIO, TIPOTIOPIIHOHATIBHYIO CKOPO-
CTHU YaCTUIIbI, ILefICTByIOIJ.[yTO CcO CTOpOHbI MarHmTHOTO IIOJIA.

JleiicTre cuitfi v f; cyiectBeHHO pasinano. Cuiia f; o CTOPOHBI 9JIEKTPUYECKOTO
IT0JId MOJKET M3MEHATDH KaK HanpaBneHHe CKOpOCTI/I SapHXQGHHOﬁ YaCTUIbl, TaK 1 3Ha-
yeHue 3T01>,I CKOpOCTI/I, T. €. UISBMEHATDb KI/IHeTI/I‘{eCKyIO SHepFI/IIO YaCTUIIbI. CI/IJIB_ >Keﬁ
€O CTOPOHBI MArHUTHOTO TOJIsA, HAITPaBJIEHHAs BCEr/la MepreH/IMKYISPHO BEKTOPY CKO-
pOCTI/I JaCTUIbI, USBMEHACT TOJILKO HaHpaBJIeHI/Ie ABUKECHUA YaCTUIIbI, HO HE U3MCHAET
3HaYEeHUA CKOpOCTI/I 1, COOTBETCTBEHHO, €€ KI/IHeTI/I‘IeCKOfI SHepI‘I/II/I.

STI/I O6CTOHT€JIBCTBa LHI/IpOKO I/ICHO.HBSYIOTCH JJIA YCKOpeHI/IH SapHXeHHbIX YaCTUIL
141 praBJIeHI/IH X ABUXCHUEM B BJIeKTpOHHbIX OCIII/IJUIOI‘pa(baX, SJIeKTpOHHbIX MUK-
pOCKOHaX nu YCKOpI/ITeJIﬂX 3&p${>KeHHI)IX YJaCTHUII.

Boipaskenue jiist pe3yIbTUPYIOIIeil CUITbI f TIO3BOJISIET ClIe/IaTh BEChbMa CYIIECTBEH-
HbII7I, I/IMeIOIHI/IfI HpI/IHHI/IHI/Ia]II)HOC 3HaUYeHne BbIBO/, UTO AeJIeHUe e JNHOI'0 3JI€KTp0-
MarHmTHOTI' O Hpouecca Ha /IB€ €ro COCTaBJIAIOIIINE — SJIeKTpI/I‘{eCKyIO nu MaI‘HI/ITHYIO —
OTHOCHUTEJIbHO. ﬂeﬁCTBI/ITeJIbHO, FOBOpI/ITb (0] CKOpOCTI/I 0 9aCTHUIIbI MOJXHO TOJIBKO IIO
OTHOIIIEHNIO K HeKOTOpOﬁ cucremMme KOOpIII/IHaT, T. €. K HeKOTOpOfI CHUCTEME OoTcHeTa.
ECJII/I Ha6JHO]_[aT€JIb HEIIO/BUJKEH B 3TOI71 cucremMme KOOpJ_[I/IHaT, TO © €CThb CKOpOCTb qac-
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THUIIBI 110 OTHOIIEHMIO K HabmoaaTemo. Eciu Takoil Habmogaresb oOHapyKuBaeT o0e
COCTaBJISIONINE, fi ¥ f,, CUIIBLf, TO, COTJIACHO JJAHHBIM BBIIIIE ONPE/IeIeHUsIM, OH YTBEP-
JKIIAET, UTO CYIIECTBYET KaK dJIEKTPUYECKOe ToJie ¢ HanpsikeHHocThio E, Tak m mar-
HUTHOE T10JIe ¢ MArHUTHOU UHAYKIel B.

[IpencraBum Temeps APYTYIO CUCTEMY OTCUETA, ABUKYIIYIOCS OTHOCUTEIBHO Tep-
BOII cO ckopocThio ©. HabJmomaresnb, HENOABUKHBIN B 9TOI HOBOM cHCTEMe KOOPU-
Hat, OyJeT BOCHPUHUMATH B TOT K€ MOMEHT BPEMEHHU YaCTHUIy C 3apsiioM ¢ Kak
HEMOJBYKHYIO W, CJI[I0BATEJIbHO, BCIO cuiy f Oyler OTHOCUTH 3a CYeT JAeHCTBUS
3JIEKTPUYECKOTO T0JId C HAIPSKEHHOCTbIO E'

f =qE'

CuileroBaTebHO,

E'=F +|vB].

Takum 06pa3oM, HATIPSZKEHHOCTh 9JIEKTPUYECKOTO TI0JIsk B OJHOI ¥ TOil JKe TOYKe
U B OJIUH U TOT K€ MOMEHT BPEMEHU /IJIsI PA3HBIX ABMKYIIUXCSI OTHOCUTETBHO JPYT
apyra Habsogareseil okasbiBaeTcsl pas3anaHoi. To sKe 1mosokKeHne, Kak HETPYIHO 110-
Ka3aTh, OTHOCUTCS M K MATHUTHOW WHAYKITAM.

Bce aT0 eme pa3 momuepKuUBaeT TJIABHYIO MBICJIb, YTO MBI BCET/Ia MMEEM JIeJI0
C eIMHBIM, OOBEKTHBHO CYIIECTBYIOIUM 3JIEKTPOMAarHUTHBIM SIBJICHUEM, HE 3aBUCS-
UM OT ycJIoBHil HaboneHust. JleieHue ke ero Ha 3JIeKTPUYECKY0 U MarHUTHYIO
COCTaBJISIONINE OTHOCUTENBHO. DTU JIBE COCTABJISIONINE HAXOIATCS APYT C IPYTOM
B TECHOI B3aMMOCBSI3M.

OTMeTHM 3/1€Ch, YTO, PACCMATPUBAST TO UJIM MHOE 9JIEKTPOMATrHUTHOE sIBJIEHIE, OY-
JleM OTHOCUTH €r0 K HEKOTOPOM OoIpe/ieIeHHON cucTeMe OTcueTa, XOTsI CIelUaTbHO
9TO U He OTrOBapWBas.

B 3axirouenvie mpuBeeHHBIX BbIIE OCHOBHBIX TIOJIOKEHMIA ellle pa3 00paTM BHI-
MaHKe Ha Ba)KHOE 0OCTOSTENbCTBO, UTO B OIPEAEICHUSX MEPBbIX MOHATUI JIEKTPO-
MarHUTHOIO OJIA U SJIEKTPUYECKOrO 3apsijia IPUHIMITNAIBHO HEJIb3sl ObLI0 000WTH
3aBUCUMOCTH OJTHOTO OT APYTroro. TOYHO Takoe Ke ToJI0KEHEe UMEET MECTO U B OTHO-
MIEHUHN TTOJTHBIX OTIPeleJIEHNH 9IEKTPUIECKOTO M MAarHUTHOTO TIOJIeH, TOCKOJBKY 9TH
MOJIST SIBJISTIOTCST IBYMSI CTOPOHAMY €IMHOTO 3JIEKTPOMArHUTHOTO TIOJIA.

OmnpejiesieHus1 BCEX TOCJAEAYIONUX MOHSATUI JIOJUKHBI CO/lepsKaTh B cebe TOJIBKO
MIOHATHS, paHee ysKe orpe/ieJieHHble Ha OCHOBE MCIIOJTh30BAHUS T€X MJIN MHBIX KOJIH-
YECTBEHHBIX 3aKOHOMEPHOCTEN.

1.4. CBaA3b 3apsaa YacCTUL U TeN C UX JIEKTPUYECKUM MNOoJIEM.
Teopema lNaycca

BBenem nonsTHe 0 MOTOKE BEKTOPA CKBO3b HEKOTOPYIO TIOBEPXHOCTH, B TAHHOM CJTY-
Yae 0 IMOTOKE BEKTOPA HANPSIKEHHOCTHU 3JIEKTPUIECKOTO TMOJIS.

[IpescTtaBuM B 3JIEKTPUYECKOM T0JI€ TIOBEPXHOCTH S, OTPAHUYEHHYIO HEKOTOPBIM
KoHTypoM (puc. 1.5). O603HaunM yepes B yros Mexay BeKTopoM E M yCI0BHO Bbi-
OpaHHON IIOJI0KUTEILHON HOPMa/IbIo N K IIOBEPXHOCTH B HEKOTOPOIL €€ TOUKe. YCJI0-
BUMCSI TAKJK€, YTO IIPU 3aMKHYTOI TTOBEPXHOCTH TOJIOKUATEIbHAsT HOPMaJib Beera 0y-
JIeT HallpaBJieHa BO BHellrHee mpocTpancTBo. Cocrasiisionas Bekropa E, HopmaibHast
K 9JIEMEHTY [OBEPXHOCTH ds, pasHa E, = E cos . VIHTerpa oT MponsBeeHmii o1eMeH-
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TOB [TOBEPXHOCTU Ha COCTABJIAOININE BEKTOPA, HOPMAJIbHbIE K 9TUM dJIeMeHTaM, pac-
[IPOCTPAHEHHDbIN 110 BCEil IMOBEPXHOCTHU S, HOCUT Ha3BaHHWE IIOTOKAa BEKTOPpa
CKBO3b 3Ty MoBepxHOCTDL. [ToTOK BekTOpa HANPSIKEHHOCTH 3JIEKTPUYECKOTO TIOJIS
CKBO3b MOBEPXHOCTH S, KOTOPbIT 0603HaunM uepe3 Wy, paBen

Y, = IECOS Bds.

Puc. 1.5 Puc. 1.6

0O0603HaYNB yepe3 ds BEKTOP, AJIMHA KOTOPOTO YMCJIEHHO PaBHA IO/ TOBEPX-
HOCTH 3JIeMeHTa (S, a HalpaBJieHne COBITAJIAeT C HAIIPABJIEHUEM TIOJIOKUTETBHOM HOP-
MaJId K 3TOMY JKe JIEMEHTY, HATTUIIIeM BbIPakKeHre TTOTOKA COKPANIEHHO B BEKTOPHO
opwme:
Y, = J.E ds,
S

rae E ds = E cos B ds ectb ckansproe mpoussesierne BekTopoB E 1 ds. TIoTok Bek-
TOpa — BeJIMYMHA CKaJISIPHAS.

[IycTh Toueunslit 3apsi g pacnosoxen B mycroTe. V3 onbiTHOrO 3akona Kysona

a4, r

4megr® T

CJIEAYET BbIpaKECHUE JIA HAIIDAKEHHOCTHU IJIEKTPUIECKOTO I10JIA TO-

YeyHOTO 3apsKeHHoro Tesa (puc. 1.6):

p-L1_ar
gy 4mr® r

Benmuuuna g, Ha3zbiBaeMass 2 JE€KTPHUUYECKOU MOCTOSHHOM, SBISETCS
XapaKTepUCTUKON IIyCTOTHI ¥ paBHA BeJWYWHE, OOpPATHOH IIPOM3BEICHUTO
nocTosdHHOM 47t-10~7 ['/M Ha KBazpaT CKOPOCTH CBeTa B IYCTOTE:

B 1
4m107¢?
TJIe &) BBIUUCISIETCS 8 hapadax Ha memp.

Eciu npunsite, uto ¢ = 2,998:108 ~ 3-10% M/c — uuncjoBoe 3HaUE€HUE CKOPOCTU
CBeTa B MYCTOTE, TO

€9

1 >y
gon——  ~885-10"2®/m.
" 41.9.10° /
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PaccMoTpuM 3aMKHYTYIO TIOBEPXHOCTD §, OTPAHUYHBAIONIYIO YaCTh TIPOCTPAHCTBA,
B KOTOPOW HAXOAUTCS TOYEUHbIH 3apsii q. 3aMKHyTas KpuBasi, W300pakeHHas Ha
puc. 1.7 mTpuxoBol JTMHUEH, IPeACTaBIseT COOOM CJIe]] TAKOI TTOBEPXHOCTH B ILJIOC-
KOCTH PUCYHKA.

Puc. 1.7 Puc. 1.8

Bripaskenue s mortoka Bektopa E cKBO3b 3aMKHYTYIO TIOBEPXHOCTD S B PACCMAT-
pUBaEMOM cJIy4ae UMeeT BU/]L

r
§E ds =1 j;—s ds.
dne, 7
s S
[ToppiHTErpaIbHOE BhIPAsKEHUE OTIPEIEISIET TEJECHBIN YTroJI, M0 KOTOPhIM BUIHA
IJTOMIA/KA S OT TOYKH, T/Ie PACIIOIOKEH 3apsil. IIOCKOIBKY BCSI HOBEPXHOCTH 3aMK-
HYTa, TO CyMMapPHBII YrOJ PaBeH 47, U MO3TOMY JIJISI TOYEUHOTO 3apsi/ia UMeeM

fEds =1
s €o

[TosryuerHOE COOTHOIIEHNE SBJSETCS MAaTEMAaTUYECKUM BBIPAKEHUEM TEeOpeMbl
laycca, xotopasi riacut: nOmMoOK 8eKMOpPa HANPSIHCEHHOCMU INEKMPUUECKOZO MO
CKB03b 3AMKHYMYI0 NOBEPXHOCMb 8 NYCMOMe PaseH OMHOUEHUIO LeKMPUUECK0z0 3a-
pAOa, 3aKII0UEHHOZ0 BHYMPU IMOL NOBEPXHOCMU, K INEKMPUUECKOLU NOCMOSHHOI.

To cyecTBeHHOE 0OCTOSATENBCTBO, YTO PEIYJIBTAT TONYIAETCS HE 3aBUCSIIAM OT
MeCTa PaCIOIOKEHHS 3aPssKEHHOTO TOYEYHOTO TeJla BHYTPH 00bheMa, OTPaHUYEHHOTO
3aMKHYTOI1 TOBEPXHOCTBIO S, TIO3BOJIsIET 0OOOIUTD HTO BhIPAKEHHeE /IS JTI0OOTO YnC-
JIa TOYEYHBIX 3aPSIKEHHBIX TEJT, a CIEI0BATEIbHO, U JIJIS JII0O0TO YKCIa 3apsiKeHHBIX
TeJT TPON3BOIBHON (POPMBI.

Takum o6pasoM, Teopema [aycca ycTaHaBIMBaeT CBA3b MEXKLY TIOTOKOM BekTopa E
CKBO3b 3aMKHYTYIO MIOBEPXHOCTb U CYMMAPHbBIM 3apsA/l0M TeJI, 3aK/JIIOYE€HHbIX BHYTPU
00bemMa, OrpaHUYeHHOTO TOBEPXHOCTBIO .

[Tpumensist reopemy laycca K TOBEPXHOCTH, OTPaHUUYMBAIONIEH OTPE30K TPYOKM
HanpskeHHoCcTH 1o (puc. 1.8), umeem

§Eds:jEds+jEds+jEds:0

N S9 )

Ho J.E ds =0, tak kak BekTOp E KacareseH K OGOKOBOIl MOBEPXHOCTH S, TPYOKH.
S0
CrenoBaresbHo, IE ds =— I Eds, T. e. nomox ck603b pasauuibie nonepeunvle cedeHus
St $2

mpy6icu HANPAHCEHHOCTIU 1O UMEEN 0010 U MO Jice 3nauenue.
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N3 Teopembl Taycca BbITekaeT BaKHOe CJIE/ICTBHE, YTO JIEKTPUUECKUI 3apsijl HA
3apsiKEHHOM MPOBOIATIEM TeJie JTI000H (hOPMbI PaCIIPEIesISIeTCsT HA €T0 TOBEPXHOCTH,
WM, TOYHEee, B BECbMAa TOHKOM CJioe BOJIM3U MOBePXHOCTH. HampsiKkeHHOCTD MoJist
BHYTPU TIPOBOJHHMKA PU CTATUYECKOM COCTOSIHUU 3apsiIoB JIOJKHA ObITh paBHA
HyJ0. JleficTBUTENbHO, IPU HATUYMK 3JIEKTPUYECKOTO TIOJIST B IPOBOJSIIEN Cpelie
CBOOOIHBIE JIEKTPUIECKH 3apsKEHHbIE YaCTUIBI MPUAYT B JBUIKEHUE W, CJIeI0Ba-
TeJIbHO, CTATUYECKOE COCTOSIHUE YCTAHOBUTCS TOJBKO TOT/IA, KOT/Ia HANPSIKEHHOCTD
0JIs1 BHYTPU ITPOBOZHUKA BO BCEM €ro oObeMe cTaHeT paBHOU HyJrro. IToaTomy, 1mpo-
BOJIst JIIOOYI0 3aMKHYTYIO MOBEPXHOCTH BHYTPHU MPOBOJSIIETO TeJla, TOJYIUM MOTOK
Y, = &E ds CKBO3b 3Ty MOBEPXHOCTH PABHBIM HYJIt0. TakuM 06pa3oM, COrJIacHO Teo-

S
peme laycca, 3aps BHYTpU TaKOW TOBEPXHOCTHU TaK:Ke paBeH Hy 0. OTciona cienyer,
YTO BHYTPH TeJIa CYMMAPHBIN 3aps/i PaBEH HYJIIO U 3apsi/l TeJla PaclpeieieH TOJIbKO
HA eT0 MOBEPXHOCTH.

1.5. NMonspusauuns BewecTB. ANEeKTpUYecKoe CMeLLeHMe.
Mocrynat MakcBenna

PaccmoTpum mipoiiecchl, KOTOpbIe TTPOUCXO/ISIT B BEIIECTBE 10/ BO3/I€HICTBUEM JJIEK-
TPUYECKOTO TOJIsE [IPU YCIOBUK OTCYTCTBUSI B BEIECTBE CBOOOAHBIX HOCUTEIEN 3apsi-
na. 3apsKeHHbIe YaCTHUIIBI, BXOJSATINE B COCTaB MOJIEKYJT BEIECTBA, UCIIBITHIBAIOT CO
CTOPOHBI T0JIsI MEXaHUUECKUE CUJIbL. TU CUJIbI BBI3BIBAIOT BHYTPHU MOJIEKYJI CMellle-
HU€e YaCTHUIL C TIOJIOKUTETbHBIMU 3aPSAIaMU B CTOPOHY OIS W YaCTHI] C OTPUTIATENh-
HBIMM 3apg/laMi — B TIPOTUBOTIOJIOKHOM HaNpaBieHnH. Ecjin Hanps:KeHHOCTD TI0JIS
HEYPE3MEPHO BEJUKA, TO YACTHUIIBI C MTOJOXKUTETHHBIMU ¥ OTPUILIATETLHBIMU 3aPsi/la-
MU COBEPIITEHHO PA30UTUCH HE MOTYT, TAK KaK OHU yAEPKUBAIOTCSI BHYTPUATOMHBIMH,
BHYTPUMOJIEKYJIIPHBIMY WA MEKMOJIEKYIAPHBIMU CUTaAMHU.

Cy11ecTByeT psj BENECTB, MOJIEKYJIbI KOTOPBIX TIPU OTCYTCTBUU BHENTHETO TIOJIS
AJIEKTPUYUECKU HEUTPAJIbHBI, T. €. 3aPSI/Ibl, BXOAIINE B COCTaB TAKOW MOJIEKYJIbI, B CPE/I-
HEM He CO3/IaI0T 3JIEKTPUYECKOTO TMOJISI BO BHEITHEM TIO OTHONIEHWIO K MOJIEKYJIE
MPOCTPAHCTBE, MHBIMU CJIOBAMM, TIEHTP 3JEKTPUUECKOTO JeMCTBUS BCEX ITEKTPOHOB
B MOJIEKYJI€ COBITQIaeT C TIEHTPOM JIEHCTBUS TTOJOKUTENIBHBIX SA7ep.

B pesyabraTte cMmelnienust oy 1efiCTBUEM BHEITHETO MOJIS TOJIOKUTETBHO U OTPU-
IATETHHO 3aPSKEHHBIX YaCTHIL, BXOASIINUX B COCTAB MOJIEKYJIbI, B TPOTUBOMOJIOKHBIX
HAIPaBJICHUAX IIEHTPBI DJEKTPUYECKOTO AHCTBUS MEPBbIX U BTOPBIX yiKe He OyayT
COBIAaTh W BO BHENIHEM IPOCTPAHCTBE MOJIEKyJa OyAeT BOCHPUHUMATBCS Kak
9MEeKTPUUYECKUN AUIOJIb, T. €. KAK CUCTEMa IBYX PABHBIX, IIPOTUBOIIOJIOKHBIX
10 3HAKY TOUEYHBIX 3aPSIOB ¢ ¥ —¢, CMETEHHBIX JIPYT OTHOCUTEIHHO JIpyTa Ha HEKO-
Topoe paccrosinuie d. [IpousBesienne gd Ha3bIBAIOT 9JTEKTPUIECKUM MOMEH -
TOM MO DICKTPUIECKUNT MOMEHT JIWTIONS PAacCMAaTPUBAIOT KaK BEKTOPHYIO
BEJINYMHY, HAIIPABJIEHHYIO B CTOPOHY CMEIIEHUs TIOJI0KUTEILHOTO 3apsijia, U 0003Ha-
YaioT p.

[Tox meficTBHEM BHEITHETO 3JIEKTPUYECKOTO TMOJIS Kaskasi MOJIEKYJIa 0Oparaercst
B JIUTIOJTh, U BEIIECTBO OKA3BIBAETCS B NOAAPUI0BANHOM cOCTOSHUN. PaccMoTpennble
JIMTIOJIM UMEHYIOT KBa3UyIpyTUMK AUNoJsiMi. K BerecTBam, MOJIEKYJIb KOTOPBIX 00-
JIAZIAIOT TAKUMU CBOMCTBAMHU, OTHOCSTCS, HAIIPUMeP, Ta3bl: BOJOPOJI, KUCIOPO, a30T.
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CyIecTByeT Apyroi Kjaacc U30IUPYIONIUX BEIIECTB, MOJEKYJIb KOTOPhIX 00Jaza-
10T OTJIUYHBIM OT HYJIS 3JIEKTPUUECKUM MOMEHTOM JIaXKe TPU OTCYTCTBUHU BHETITHETO
o1, Takve MOIEKy bl HA3BIBAIOT 110 JI 51 P H bI M 1. B KauecTBe mpuMepa Ha30BeM Tra3
xsopuctbiit Bogopo (HCI), MoJiekyJibl KOTOPOTrO COCTOSIT U3 MOJIOKUTENBHOTO MOHA
BOZIOPO/Ia ¥ OTPUIATETBHOTO MOHA XJIOPA, HAXOAANINXCS Ha HEKOTOPOM PACCTOSTHUN
JIPYT OT JAPYTa, T. €. ABJSTIOMNXCS AUTIOJIMU. TeTnIoBoe ABMIKEeHIe PUBOIUT TUTTOTH
B XaOTHUYECKOE PACTIONOKEHNE, U 3JIEKTPUUECKIUE TIOJIS OTAETbHBIX U0 B3aTMHO
HEUTPAIU3YIOTCS BO BHEIITHEM ITPOCTPaHCTBe. Eciin BHECTH Takoe BelecTBO BO BHETII-
Hee 110J1e, TO U0 Oy YT CTPEMUTHCS PACIIONOKUTHCS CBOMMMU OCSMU BIOJIb JIMHUI
o1, OHAKO 9TOMY YIOPSIIOYEHHOMY PACTIONOKEHUIO TIPETISITCTBYET TETLIIOBOE JIBU-
JKeHme. B pe3ysibTaTe MPOUCXOANUT JUITh HEKOTOPBIN MTOBOPOT AWTIOJEN B HAIIpaBJie-
HUM T10JIsI, U BEIIECTBO OKAa3bIBAETCs B OIPEEIeHHOI Mepe ToJsIpu3oBaHHbIM. [Ipu
9TOM K a(pdeKTy opueHTalur OCeil AuIoeil 0ObIYHO J0OaBISETCS PACCMOTPEHHBII
BhITITEe a(pheKT mepopMariii MOJIEKYI.

INeKMPUUCCKUM MOMEHINOM HEKOMOPO20 00b6eMa NOLAPUI0BANHOZ0 BEULECMEA HA-
3b16A10M BEKMOPHYIO BEIUUUHY, PABHYIO 2€0MEMPUUECKOL CYMME INEKMPUUECKUX MO-
MeHMO6 6cex OUNOJIeH, 3aKIIOUCHHBIX 6 IMOM 00beMe.

CreneHn 2JIEKTPUIECKO TOJIIPU3AINH BEIIeCTBa B JAHHOM TOUKE XapaKTepU3yioT
BEKTOPHOW BEJTWYWHOM, Ha3blBAEMOM MOJSPHU30BAaHHOCTbHIO WIM WHTEH -
CUBHOCTBHIO MOJSPU3AIUU, 1 0003HAYaIOT OYKBOI P,

Ionsipusosanmnocmsy pasna npeoeny OMmHOUEHUS. INCKMPULECKOZ0 MOMEHMA HEKO-
mopozo obvema 6ewecmsa, cooepIcauezo Oaniy mouky, Kk amomy obvemy, kozoa no-
CeONULL CIMPeMUMCS K HYIO.

B BemectBax ¢ KBa3uynmpyruMu AUTOIMU TTPU HATUIUN JIEKTPUIECKOTO TIOJIST
OCH BCeX JIUIIOJIEN UMeIOT OJJMHAKOBOE HallpaBJieHHe, K MOKHO HAIINCATh

P=N,p=Nqd,

riae Ny = dN/dV — ducio gunoseii (MoJeKyJ1), OTHECEHHOE K erHuIe 0ObeMa Belle-
cTBa, npudeM dN uucyio gunoseil B obbeme dV. OIbIT IOKA3bIBAET, YTO B MOJISX, C KO-
TOPBIMU MBI UMEeM JIeJI0 Ha TMPAKTUKe, [T BCeX TAKUX BeIleCTB MOIIPU30BAHHOCTH
[IPONOPIMOHAJIbHA HANIPSAKEHHOCTH 11014, T. €. P = yE.

ITa TMPOMOPITNOHATHLHOCTH XapaKTepHa U I BEIECTB ¢ TMOJIPHBIMI MOJIEKYTa-
mu. [Ipu 9TOM OHA HapyIIAeTCs JIUIIb IIPU OYEHb CUJIbHBIX TI0JISIX, KOTA MOUTH BCE
JIUTIOJIN OPUEHTUPYIOTCS BIOJIb BHEITHETO ITOJIS.

KoaddurimenT y HasbiBaioT a6 COTIOTHO W AUDNEKTPUUECKON BOCIIPHU -
UMUYUBOCTHIO BemectBa. OTHOMIEHUE Y, = % /€) HA3BIBAIOT OTHOCUTEJNbHOU
JAUDNTEKTPUIECKON BOCIPUUMYNBOCTD IO, WIN IIPOCTO LU DTEKTPUYE -
CKOW BOCIPUUMUYUBOCTHIO.

Bewecmeo, 0CHOBHDIM AIEKMPUUECKUM CBOLLCMBOM KOMOPO2O SGAACMCS CNOCOO-
HOCMb NOLAPUI0BAMBCS MO0 BO30CUCTNEUEM IIEKMPUUECKOZ0 NOJSL, HA3IBACMCS OU-
ANEKMPUKOM.

CymiectByeT ocobasi rpyIina JIusJIeKTPUKOB, TaK HAa3bIBa€Mble CETHETOIIEKTPUKH,
Y KOTOPBIX BEJIMUMHA ) CUJIBHO 3aBUCHUT OT HATIPSIKEHHOCTHU TIOJISI U TIPU HEKOTOPBIX
3HAYEHUAX HANPSIDKEHHOCTH MOJIST M TEMIIEPATyPhl JOCTUraeT BecbMa GOJbIINX 3HaUe-
HUM.
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[Tonsspr30BaHHOCTD AMAIEKTPUKA MOXKHO OXapaKTEPU30BaTh TaKikKe HECKOJIbKO
MHayve, CBsI3aB Olpe/leIeHIe MOJISIPU30BAHHOCTH ¢ (DaKTOM CMEIEHUS B JIM3JIEKTPUKE
MOJIOJKUTENBHO U OTPUIIATENbHO 3aPsKEHHBIX YaCTUIl IO AeiicTBrueM 1mojid. [lycth
M30JIMPYIOIee BENECTBO MOMEIIEHO B OJIHOPOIHOE 2JIEKTPUYECKOE T10JIe MEK/LY JIBY-
M3 3aPSTKEHHBIME MeTAJIJINYECKUMU TITacTHHAMU. [Ipu yCcTaHOBIEHUH TTOJIST YaCTHITBI
C TIOJIOKUTEJIbHBIMU 3aPSIJIaMK B IN3JIEKTPUKE CMEIIAIOTCS 110 HAIIPABJIEHUIO K OTPH-
[aTeJbHO 3aPsKEHHON IIJIACTUHE B CPeIHEM Ha paccTosHue x. YacTuipl ¢ oTpuia-
TeJILHBIMU 3apsiIaMH TIPU 3TOM IEPEMEINAIOTCS 110 HANPABJIEHHUIO K TOJIOKUTENLHO
3apsKeHHON TLTacTHHE Ha paccrosiiue d — X, The d — cpejHee pacCTOsHUE, OTCUK-
ThIBAEMOE 110 JIMHUU HAIPSIKEHHOCTH TI0JIsI, Ha KOTOPOE PACXO/ISITCS 110 OTHOIIEHUIO
JIPYT K JIPYTY YaCTUIIBI C TIOJIOKUTEIbHBIMU U OTPUIIATE/IbHBIMY 3apsifamu. /st kBa-
3UYTPYTHUX JUI0JIEH d €CTh PACCTOSTHUE MESKLY EHTPAMU 3apsi/IOB JIUTIOJS, T. €. JIJTH-
Ha OCH AUTIOJsL. J{JIst TIOJISIPHBIX MOJIEKYJT d — cpejiHee 3HAUYeHHUe TIPOEKIIHii Ocel Iu-
1oJiell Ha HalpaBJieHUe HAINPSIKEHHOCTH TIOJISL,

PacceueM MbICTIEHHO AMAJIEKTPHUK TJIOCKOCTBIO, HOPMAJIBHON K JIN- B
HUSAM HAIPSKEHHOCTH T0JIsI, B PACCMOTPUM ITOBEPXHOCTD S, SIBJISTIO- 737
IIYIOCS YacThIo 9ToH miaockoctu. Ha puc. 1.9 ciex a — b mosepxHocTh §
MOKa3aH KUPHBIMU TPUXaMU. 32 BPeMsi U3MEHEHUs HAIPSIKEHHOCTH
[0JIsl OT HYJISL JI0 KOHEYHOTO 3HAYeHUs] CKBO3b [TOBEPXHOCTD S MIPOXO0-
JIIT B HAIIPABJIEHUN CHUJI TI0JIsI BCE MOJIOKUTENbHbIE 3apsiibl, KOTOPbIE
JI0 Haya/ia yCTaHOBJIEHUSI 110JIs1 ObLIN 3aK/II0YeHbl B 0ObeMe XS, U TIPO-
TUB CHUJI TI0JISI — BCE OTPUIIATEIbHBIE 3aPsi/ibl, KOTOPbIE JI0 YCTAHOBJIE-
HUS 110J1s1 ObLIN 3aKjoveHbl B o0beme (d — x)s (puc. 1.9). Ecim g —
HOJIOKUTEIbHBIN 3apsi JUIIOJIA U Ny — YUCI0 AUIOJel B eAuHuIe 00b-
€Ma, TO B TIPOIIeCCe YCTAHOBJIEHHS MTOJIST CKBO3b IIOBEPXHOCTD S CMETIIa-
eTcsI B HalpaByieHnu BeKTopa E MooKuTeNbHbIH 3apsin g xS 1 B IIPO-
THUBOITOJIO;KHOM HAITPaBJICHUN — OTPUIATETbHBIN 3apsn —gN,(d — x)s.

Tak Kak cMelieHre OTPUIATEBHOTO 3apsijia IPOTUB CUJI TI0JISI IKBUBAJIEHTHO CMe-
IIEHUIO [I0JIOKUTEIBHOTO B HAIIPABJICHIH CHJI TIOJISI, TO OOLIMIL 3apsiji, CMECTUBIIUICS
CKBO3b TIOBEPXHOCTD S, PaBeH

Q' =qNyuxs + gN,(d — x)s = N,qds = Ps,
tak kak N,qd = P. Ctano ObITb,

a

i
/_

+ + + + + + + +

A

Puc. 1.9

’
p-9
S
B O6IH€M cJiydae [IJid HEOAHOPOAHOTO II0JId CAEAYET 3alluCaTb

P =lim AQ _ Q,
As—0  AS ds
T. €. NOJAAPUIOBAHHOCMb PABHA npeaeﬂy OMHOWENRUS JNEKMPUUECKOZ0 .’)’apﬂad, nepeno-
CUMOZ0 3APANCECHHBIMU YACTMUUAMU, CMECTNMUBULUMUCH 6 BEeULECIEe auaﬂeKmpuKCl 6 npo-
uecce yYycmanosieHus Nojid CK603b 3JIEMEH NOBEPXHOCMU, HOpMaJleblZZ K HanpasieHuro
CMEUWEHUS UACUY, K pA3MePY IM0Z0 dAEMERNA NPU CMPEMIEHUU HOC/leaHeZO K HYJ10.
B AHU3O0TPOITHBIX KPUCTAJIJIMYECKUX TeJIaX JINSJIEKTPUIECKad BOCIIPpUNMYNBOCTD 110
Pa3JIMYHBbIM TJIaBHBIM OCAM HMEET pPa3/indHble 3HAUYE€HUWA, U €CJIU BEKTOP E ne Ha-
IpaB/eH Mo OAHOI M3 TJIABHBIX OCEH KpHUCTasia, TO BEKTOp P ye He COBIazaer mo
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Harnpasiernio ¢ BekropoM E. Dusndecku a1o 0ObACHSIETCS TEM, YTO 3apSLKEHHBIE DJ1e-
MeHTapHbIE YACTUIIBI B MOJIEKYJIAX KPUCTAJIJIOB CMEINAIOTCS He B CTOPOHY JEHCTBUS
BHEITHETO TOJISI, 2 HECKOJBKO YKJIOHSIOTCI B TOM HAIPaBJI€HUW, B KOTOPOM TIPO-
TUBOJIEHCTBYIOIINE CMEIEHUI0 MEKMOJIEKYJISIPHbIE CUIIbI HanboJsiee ciabbl 1 IUDJIEK-
TpUYeCKass BOCIPUUMYMBOCTL Haubosbinass. IIpM [IPOU3BONLHOM, HO 3aJaHHOM
pacniosioskenuu oceir 0X, 0Y n 0Z 1o OTHOINEHWIO K TJIABHBIM OCSIM KPHCTaJIa CBSI3b
MesKLy cocraBisgionMu BektopoB P u E o ocam 0X, 0Y u 0Z mMosker ObITH 3aricaHa
B BUJE

P x = XxxEr—’_XxyEy—i_szEz;
Py = nyEx+nyEy+XyzEz;
Pz = szEr+XzyEu+XzzEz;

T. €. IU3JIEKTPUYECKast BOCTIPUUMYUBOCTD (Kak abCOTIOTHAS, TaK M OTHOCUTEIbHAST )
SIBJISIETCS TIPU 9TOM TEH30PHOU BEJTMUNHON.

Pacemorpum, Kak u B § 1.4, Tesio 060t popmbl ¢ 3apsiaom g (puc. 1.10), HO Te-
nepb Oy/eM CYUTATh, YTO TEJIO OKPYKEHO JAUBIEKTPUKOM, B 0OIIEM CJIydae HEOIHO-
POMHBIM U aHU30TPOTHBIM. OKPYKUM MBICJEHHO TEJO 3aMKHYTON
MOBEPXHOCTHIO S, PACTIONIOKEHHO B indiekTpuKe. [Ipu yBemmuenm

B cBobommOro 3apsaa g Tema OT HyJs 0 €0 KOHEYHOTO 3HAYCHMUS

i N B JIUAJIEKTPUKE YCUJIMBAETCS JEKTPUUECKOE MOJIe U YBETUUUBACT-
S-S\ s TOJNSApU3ANus JUHJIEKTPUKA. B mporiecce ycTaHOBIEHUS TOJS
@ MIPOUCXOUT CMEIeHNe 3JIEMEHTAPHBIX, O00JIAAIONINX JJIEKTpIUe-
N ./ CKUM 3apsiJIoM YaCTHUII, BXOJSIIINX B COCTAB BEIIECTBA [IUIIEKTPUKA,
""""" U CKBO3b IIOBEPXHOCTH § HTUMH YACTHUIAMU TiepeHocutcs 3apsig Q.
Puc. 1.10 CorlacHO U3JIOKEHHOMY BBIIIIE, 3TOT 3apsi/l MOKET OBITh TPEICTaB-

JIEH B BUJIE

N E 4P

Q= ﬁPcosB’ ds = §>Pds,

rie P — BeKTOp MOJIIPU30BAHHOCTH B TOYKAX TOBepXHOCTH S. [Ipu aTtom, ecam g > 0,
Tou Q' > (), Tak KaK B 3TOM CJIy4ae MOJOKUTETHHO 3aPsiZKEHHbIE YACTHUITbI CMEIAI0TCs
B HAIIPaBJIEHUW MOJOKUATEJbHON BHEITHEN HOPMAJIU K TIOBEPXHOCTH S.

B o6beme 1pocTpaHCTBa, OTPAHUYEHHOTO MOBEPXHOCTBIO S, IOMUMO CBOOOIHOTO
3apsifia g MOSIBUTCS] TaK HA3bIBAEMbIl CBSI3AHHBIM 3ap4a] ¢, T. €. 3apsi/l YACTHIL,
CBSI3aHHBIX BHYTPUMOJIEKYISAPHBIMU CUJIAMU, HO yKe He KOMIIEHCUPYIONTUHCS 3apsi-
oM npyroro 3Haka. [Ipu ogHOpOMIHOM AMANIEKTPUKE CBA3AHHBIN 3apsi/] MOSBISAETCS
Ha TPaHUIIE AUBIEKTPUKA OKOJIO TOBEPXHOCTH 3aPSPKEHHOTO MTPOBOHUKA, T/i€ Kak Obl
0OHaKAIOTCST 3apsijibl JAUTOJENH OMHOTO 3HAKa, TPOTHBOIMOJIOKHOTO 3HAKY 3apsiia ¢
NPOBOAHUKA. B 00IiemM ciydyae y HEOAHOPOIAHOTO AMBIEKTPUKA CBSI3aHHbBIE 3apsi/Ibl
HOSIBJISTIOTCST TaK/Ke Ha TPAHUIAX pasjesia yacTeil AUseKTpuKa, obJaJafonux pas-
JINYHBIMU JINDJIEKTPUIECKUMU TIPOHUTIaeMOCTsIMU. CyIIecCTBEHHO OTMETUTD, YTO He-
3aBHCHUMO OT TOTO, T/ie Pa3MelleHbl CBSI3aHHbIE 3aPSI/Ibl, TOJXKHO UMETh MECTO OYeBU/I-
HOE PaBEHCTBO

q'=-Q"
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JleiicTBUTENIbHO, 10 00pa3oBaHKsA 2JIEKTPUYECKOTO MOJs 00beMHas ILJIOTHOCTD
5JIEKTPUYECKOTO 3apsiia B JUIJIEKTPHKE BCIOLY ObLIa paBHA HYJIIO U CBSA3AHHBII 3apsij
g’ TaxsKe ObLT paBeH HyJTi0. [109TOMY TI0sIBJIeHE M30BITOYHOTO CBS3aHHOTO 3apsijia q'
OJIHOTO 3HaKa B 00beMe, OrPaHMYEeHHOM ITOBEPXHOCTHIO §, TIOC/IE YCTAHOBJICHUS OIS
BO3MOKHO TOJIBKO BCJIEJCTBHME TOTO, YTO CKBO3b MOBEPXHOCTH S CMEMIAIOIMMUCS B
polecce MOJIAPU3ANNE 3aPAKEHHBIMU YacTUIIAMU TiepeHocuTes 3apsi Q. Ilpu atom
abcosmoTHble 3HaueHus |g'| 1 |Q'] 10KHDI OBITH PABHBI APYT APYTY, HO CAMM BEJTUYMHDI
g’ 1 Q' NOJKHBI OBITH MPOTHBOIOJIOKHBI 110 3HAKY, TaK KaK, €CJIM HOJ0KUTETbHbII
3apsJl CMEIIAETCS CKBO3b MTOBEPXHOCTD § M3HYTPU HAPyKYy, TO B 00beMe, OrpaHuyYeH-
HOM 5TOH II0BEPXHOCTBIO, 06pasyeTcst U30BITOK OTPUIATENBHOTO 3aps/Ia.

NTak, nmeem

q:—Q:—§Hk.

YuuTeiBas, uTO B pe3yJbrare MOJSIPU3ANNU MOIBISIETCS CBI3aHHBIN 3apsy ', Mbl
JOJIDKHBL paccMaTpuBarh II0Jie KaK CYLIeCTBYIOIlee B IIyCTOTE, HO CO3JaHHOEe He
TOJIBKO CBOOO/THBIM 3apSIZIOM ¢ TEJia, HO U CBSI3aHHBIM 3apsizioM ¢'. COOTBETCTBEHHO,
MO’KHO HamucaTh Teopemy laycca B gpopme

§Eds=Q+q.

€

YMHOXUB TIPaBYyIO U JIEBYIO YaCTU PABEHCTBA HA &), TIOJIyYaeM:
ﬂ;goEds =qg+q= q—ﬁgPds.
OTcrona HAXOANM
§%Eds+§Pds:§@aE+}Uds:q

O6o3naunm yepes D BeKTOp, paBHbIil cymMMe BeKTOPOB gyE u P:

D=¢E+P
1 Ha30BEM €TI0 BEKTOPOM 3JEKTPHUYIECKOIro CMelueHu . I/IMGGM

i;Dds =§>Dcos[3ds =g,

T. €. NOMOK BEKMOPA INEKMPUUECKO20 CMEUEHUS CKBO3b 3AMKHYMYIO NOBEPXHOCMY 8 HA -
nPasIeHul 6HeWHell HOPMAIU Paser c60000HOMY INEKMPUUECKOMY 3aPAY, 3AKTIOUEH -
HOMY 8 Uacmu npocmpancmed, 02panuuerHoll 3motl n08epPxXHOCMbIO.

B mnocneanem cootHomnieHun B ecTbh yroa Mexay BeKTopoM D u HOpMasibio K
9JIEMEHTY (S TOBEPXHOCTH S.

Enunuieii a/eKTpUYecKoro CMeNieHust sIBJSIETCST KYJIOH HA KBAOPaAmHvLi Memp
(Kin/m?).

Bocnosibzyemest cootnomennem P = ¢ E, Torna

D=¢gE+yE= (gt y)E=¢E e=¢)+y.

B aHU30TPOMHBIX KPUCTAINIECKUX TeJIaX MPU MPOU3BOJIHHOM, HO 33[aHHOM pac-
nosioskennu oceit 0X, 0Y, 0Z 1o oTHOIIEHWTO K TJIAaBHBIM OCSIM KPHUCTAJIJIA CBSI3b MEXK-
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J1y TIPOEKITUSIMU Ha OCH KOOpArHAT BeKTopoB D u E MoxeT ObITh 3amucaHa B Gopme,
AHAJIOTUYHOI TOM, B KOTOPOI ObLjIa 3alicaHa BhIIIE CBSI3b MEXK/Y TIPOEKIIMSAMUI BEK-
topoB P u E. IIpu aTOM nMajieKTpuYecKas MPOHUIIAeMOCTD SIBJISIETCS TEH30PHOI Be-
JIMIUHOM.

Benmmuuna € sBisieTcsi OCHOBHON XapaKTEPUCTUKON MMITEKTPUKA U HAa3bIBAETCS
abCONIOTHON AUINEKTPUYECKON MPpOHUIIaeMOCThbIo. OHa Xapakrepu-
3yeT MUIJIEKTPUYECKHEe CBOICTBA BEIIECTBA, SIBJSETCS CKAJSIPHOW BETUIMHOM JJIsT
M30TPOITHOTO BEMIECTBA, PaBHA OTHOIIEHWIO MOMIYJS DJEKTPUYECKOTO CMENEeHUs K
MOJIYJTIO0 HATIPSIKEHHOCTU 3JIEKTPUYECKOTO OIS U SABJISIETCS TEH30PHOW BeTMYMHON
JUISl aHU30TPOTTHOTO BetiecTBa. OTHOIIIEHUE €, = £/€; HA3bIBAIOT OTHOCU T EJI b H O i
NUDITEeKTPUIECKON MPOHUI[AEMOCTH IO:

€, :1+L=1+xr.
€y

11 OTHOPOIHOM M30TPOITHON CPe/ibl UMeeM

i}Dds :§8Eds :S§Eds =g wm §Eds =qJe.

S

[Tocienee BbIpakeHue sIBJsieTcsl Teopemoil Taycca [jist 11060ro OJHOPOIHOTO
M30TPOITHOTO INAJIEKTPUKA.

[Tonsite 06 HIEKTPUIECKOM CMENIEHNU B JAUBJIEKTPUKE M O BEKTOPE dJIEKTPHYe-
CKOTO cMelleHnst ObLI0 BBeZIEHO MaKCBeIoM.

Bropast cocrasiisioniast P BeKTOpa 9JIEKTPUYECKOTO CMeIeHrsT Oblla HaMU TTPe/l-
cTaBJieHa KaK Pe3yJIbTaT CMEIeHUsI 2JIeMEeHTAPHBIX, 00JaafonX 3apsi/IOM YacTHIl,
BXOJISATIUX B COCTAB BEIECTBA UATEKTPUKA, CKBO3b IOBEPXHOCTH, HOPMAJIBHYTO K Ha-
IIPpaBJIEHUIO CMEIIEHNA ITUX YaCTUII.

[TepBasi cocraBisitomast €,F BeKTopa 2JIEKTPUYECKOTO CMEIIEHHUsT, KOTOPYIO 060-
3HaYUM uepe3 D, He ABISETCS PE3YJIbTATOM CMEIIEeHUS 3TeKTPUIECKN 3aPSKeHHBIX
YaCTHI] CKBO3b HEKOTOPYIO MIOBEPXHOCTD, TAK KAK OHA OTHOCUTCS K 9JIEKTPUIECKOMY
TOJTIO B TIYCTOTE, T. €. K TOI 00JIaCTH ITPOCTPAHCTBA, B KOTOPOH OTCYTCTBYIOT 3apsSIyKeH-
HbI€ YaCTHILbI.

Bemuuuna D, = gyFE, Tak ke Kak U HaNpsoKeHHOCTh oyt E, xapakTtepusyeT camMo
9JIEKTPUYECKOE T0JIe B JAHHOI eTo TOYKe. BaskHO 0TMETUTD, UTO husnueckasi pazmep-
HOCTb BeJTMUUHBI D, Ta e, YTO U MOJAPU30BAHHOCTH P TNANIEKTPUKA, T. €. dJIeKTpIye-
CKOTO 3apsijia, OTHECEHHOTO K eIUHUIIE TIOBEPXHOCTH. ITO 00CTOSTEIHCTBO €T BO3-
MOKHOCTb CJIeJIaTh BeCbMa BaskKHbIe 0000IIEHNST, OTHOCSIIUECS K M3MEHSTIOIEMYCSI BO
BpeMeHU 3JIeKTprdecKoMy oo, OHu OGyIyT pa3BUTHI Hajee B maparpadax o6 syiek-
TPUYECKOM TOKE W €r0 MarHUTHOM TIOJI€.

CootHotrenme

§Dds = q,

yCTaHaBJIWBAIOIIEe PABEHCTBO MOTOKA BEKTOPA JEKTPUUIECKOTO CMEIIEHNS CKBO3b
J00YI0 3aMKHYTYIO IOBEPXHOCTD C60600HOMY 3aPS]Ly, 3aKII0YEHHOMY B 00beMe, orpa-
HUYEHHOM 5TOU MMOBEPXHOCTDHIO, HA3BIBAIOT MHOrAA 0 000 eHHOH TeopeMOn
Tay cca, HOCKOJBKY OHO CIIPaBEJIMBO YiKe JJIst 000 CpeIbl.
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MBI oJTy9msIn 3TO COOTHOIIIEHWE, UCTI0b30BaB Teopemy laycca. OpHako Teopema
laycca moxaswiBaeTcd JMMTh I anexmpocmamuueckozo moig. CooTHOIIEHWe XKe
ﬁDd s = g, cienyst MakcBesuty, TIOJIaraloT CIIPaBe/JInBbIM BO BCeX 6€3 MCKIOYEHIST
S
CJTydasix ¥ JIUIst CKOJIBKO YTOZHO OBICTPO M3MEHSTIOIINXCST NEPEMEHHBIY DTIEKTPUUECKITX
noJeii.

[Tpu TakoM TUPOKOM 0OGOOTIEHUI HTO COOTHOIIEHHUE CJIELyET PacCMaTpUBaTh Kak
OCHOBHOI TOCTYJIAT TEOPUM JIEKTPOMATHUTHOTO TIOJIsI. Bce BBIBOIBI ATON Teopuw,
MPUHUMAIOIIIEN ero B KAaUeCTBE OJIHOTO U3 IJIABHBIX MOJIOKEHUH, TTOJTHOCTBIO TTO/ITBEp-
JKIAIOTCS OTIBITOM. byzieM Ha3piBaTh ero noctyaaToM MakcBeJsa.

OrmipeziesnB BEKTOP 3JIEKTPUUECKOTO CMeTIe-
HUSI BO BCEX TOYKAX I0JIT, MOJKHO TIPOBECTH
PsiIl IMHUI TakuM 00pa3oM, 4TOObl B KasKIoil
TOUYKE TUX JIMHUHN KacaTeJbHbIE K HUM COBIIA-
NI TI0 HATIPABJIEHUIO C BEKTOPOM CMeIeHUst
(puc. 1.11). OT™n IMHUM HA3LIBAIOT TUHU A -
MU BJIEKTPUUYECKOTO cMmelnienus. Ha
PHCYHKaX UX M300pPaKAIOT CO CTPEJIKaMHU, yKa-
3pIBafONUMU HarpaBienne Bektopa D. CoBo-
KYIMHOCTH JINHUW CMeIeHus, TPOXO/ISIINX ye-
pe3 Bce TOYKM KOHTYPa, OTPAHWYMBAOIIETO
HEKOTOPYIo ToBepxHOCTh § (puc. 1.11), o6pasyer TpyOUaTyio MOBEPXHOCTH, KOTOPast
BBIJIEJISIET M3 BCETO TOJIsI TaK Ha3blBAeMY0 TPYOKY 2JE€KTPUIECKOTO
cMeneHus. JInHuM ¥ TPYOKY CMEIeHNs] HAYMHAIOTCS Ha MOJIOKUTEIBHBIX 3apsi-
JIaX U KOHYAKTCS HA OTPUIIATEThHBIX.

YeTaHOBUM CBSI3b MEXKILY 3apsilaMu Ag, U Ag, Ha KOHIIaX TPYOKU CMeIeHusI.

[Tpumensis moctysaT MakcBesa K 3aMKHYTOW TIOBEPXHOCTH, 00pa3oBaHHOI 60-
KOBOI1 MOBEPXHOCTBIO Sy TPYOKHU ¥ MOBEPXHOCTSIMU $; M Sy BHYTPU 3aPsiKEHHBIX MTPO-
Bozstux test (puc. 1.11), 6ymem nvern

J‘Dds+J.Dds+J‘Dds=Aq1 +Aq,.

Sl 0 2

Puc. 1.11

Ho I Dds + J.Dd s =0, Tak Kak moJjie BHYTPU 3aPSKEHHBIX TTPOBOAINX TEJT OTCYT-
St $2
CTBYET, U j Dds =0, Tak kak BekTop D KacateJieH K TIOBEPXHOCTH S,. Takum 06pazom,

S0

Ag, = -Aq,,
T. €. MpYOKa SNEKMPUUECKO20 CMEUCHUSL ONUPACTNCS CEOUMU KOHUAMU HA PABHbIE U
NPOMUBONOJONCHBLE NO 3HAKY 3APLObL.

1.6. dneKkTpuuyecKkme TOK1 NPoBOAUMOCTH, NEPEHOCa U CMELLEeHUsA

SBienue HallpaBJIECHHOTO ABUKEHM A CBO6OZ[HI)IX 3apsa/10B I/I/I/IJII/I ABJIEHNE U3MEHEHU A
BEKTOpPaA 9JIEKTPUYECKOTI'O CMEMIEHNA BO BpEMEHU, COITPOBOXK/IaeMble MATHUTHBIM T10-
JIEM, HAa3bIBAIOT TIOJTHBIM 2JIEKTPUYECKUM TOKOM.
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TepMUH «3I€KTPUUECKUI TOK» TPUMEHSIOT He TOJBKO JIJIT XapaKTePUCTUKY SBJIe-
HU, HO U JIJII OTIPeieIeHNsT MHTEHCUBHOCTH 9TOTO SIBJEHUSI B KauyeCcTBe CUHOHUMA
TEPMHUHA «CHUJIA DJIEKTPUIECKOTO TOKA».

YT106bI MCKIIOYUTD ABOMHOE TOJIKOBAHUE TEPMUHA «IJEKTPUYECKUI TOK»>, IIPUHSI-
TO TIPUJIaraTeJbHOE «3JEKTPUUECKUI» TIPUTTHCHIBATD TOJIBKO SBJIEHUIO.

[TosiHbIi 2J1eKTPUYECKUI TOK ITPUHATO Pa3/eNaTh Ha CJe/lyIolie OCHOBHbIE BUJIbI:
TOK TIPOBOJIMMOCTH, TOK TI€PeHOca U TOK CMENIeHMUS.

DJIEKTPUYECKUM TOKOM MPOBOJMMOCTHU MPUHSTO HA3bIBATH SIBJIEHUE HAIIPABJIEH-
HOTO JIBUKEHUST CBOOO/IHBIX HOCUTEJIEN JIEKTPUUECKOTO 3apsijia B HEKOTOPOM 00be-
Me V BeliiecTBa WM TIyCTOTHI, KOTA Z q;0; #0. 31eco g; U v; — BeJIMYNHA ¥ CKOPOCTD

JIBVKEHMSI 1-TO 3apsijla, BXOASIIETO B COBOKYIHOCTH N ¢BOOOIHBIX 3apsiioB oObema V.

Hexkoropbie BeltecTBa 00J1a1a10T CBONCTBOM, Ha3bIBAEMBIM 3 JIE K TP O P OB O I -
HOCTBhI0, IPOBOAUTD IO/l IEHCTBUEM He M3MEHSIONIETOCS BO BPEMEHU 3JIeKTpHye-
CKOTO TIOJIg He M3MEHAIONNICS BO BPeMeH! ajieKTpudeckuii Tok. COOTBETCTBEHHO,
BelecTBa, 00Jaalone TaKUM CBOMCTBOM, TIPUHSATO HA3bIBaTh IPOBOAHUKAaM 1
WIMTIPOBOASIIUMHU BelllecTBaMu. /|11 HUX OCHOBHBIM 2JIEKTPUYECKUM CBOI-
CTBOM SBJISIETCS 3JIEKTPONPOBOAHOCTD. CyIIeCTBYET PsiJl BEIIECTB, /IJIT KOTOPBIX Xa-
pakTepHa CUJIbHAS 3aBUCHMOCTD JIEKTPOIIPOBOHOCTH OT BO3/IEHCTBUS BHEITHNX (haK-
TOPOB (HATIPUMeEP, OT TEMIIEPATYPHI, CBETA, dJEKTPUIECKIX 1 MATHUTHBIX TTOJIEN U T. 1. ).

Tox TPOBOAUMOCTH CKBO3b HEKOTOPYIO TOBEPXHOCTH S OIPEENSieTCsl KoJiude-
CTBOM 3apsJIOB ¢, MPOXOJSAIINX Yepe3 Hee 32 eIMHUILy BpeMeHU. B mpon3BoJIbHBIII
MOMEHT BPEMEHU TOK MMPOBOANMOCTH PaBeH TTPOU3BOHON 1TO0 BPEMEHU OT 9JIEKTpUUe-
CKOTO 3apsi/ia, IePeHOCMOr0 HOCUTESMHA 3apsia CKBO3b HEKOTOPYIO paccMaTpuBae-
MYIO TIOBEPXHOCTbD S, T. €.
i= 44

dt’

IIEKTPUIECKUH TOK — BeJIUINHA CKaJIIpHasd. B pasHbIx aie-
MEHTaX TIOBEPXHOCTHU S HAIPAaBJICHUE [BUKEHUS 3aPSIKEHHBIX
YaCTUIl MOXKET ObITh caMbIM pasirmyHbiM. OHAKO, paccMaTpu-
Basd BechbMa MAJIBI 9JIEMEHT TTOBEPXHOCTH AS, MOKHO CUUTATh
HaIPaBJIEHUE JIBVKEHUS 3aPSKEHHBIX YaCTHUI[ BO BCEX TOYKAX
9JIeMEHTa OJIMHAKOBBIM, MPUYEM 3TO MOJIOKEHUE CTAHOBUTCS
Bce OoJiee CTPOTMM TI0 Mepe YMeHbIneHus As, T. e. Korza
As — 0. B cBa31 ¢ 2TUM BBOJIAT B PACCMOTpPEHNE BEKTOPHYTO Be-
JUYUHY — MIOMHOCTb MOKA, PAsHyI0 npedeiy omuouenus moka Ai ckeo3v aiemenm
nosepxHocmu As, HOPMATLHBIL K HANPABICHUN) OBUNCEHUSL 3APSNCCHHDIX UACTUY, K
IMOMY SNIeMEHMY, K020a NOCICOHUTL CIMPEMUMCS K HYJI0,

Puc. 1.12

U UMEIOWYIO HANpasienue, Conaoaiouee ¢ HanpPasieHuem OBUNCCHUS NOTONCUMETLHO
3APSHCEHHBIX UACUY, UTU, COOMBEMCMBEHHO, NPOMUBONOLONCHOE HANPABLEHUIO 08U~
JCEHUST OMPULAMENHHO 3APIHCCHHDIX YUACTIUY,.

Ecau Bextop J (puc. 1.12) cocTaBigeT ¢ MOMOKATETHHON HOPMAJIBIO K TTOBEPXHO-
CTHU YTOJI 3, TO CYIIECTBYET COOTHOIIIEHUE
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di =J cosBds = Jds.
Tok, NpOXOAANINIT CKBO3b MOBEPXHOCTH S KOHEYHBIX Pa3MepOB, I0ITOMY PaBeH

i:IJcosBds =Ist.

Tonbko B ToM CJIydae, Korja IJIOTHOCTb TOKa BO BCEX TOYKaAX IMOBEPXHOCTU OJlMHA-
KOBa 110 3HAYE€HHNIO N COCTABJISAET C HOPMaJbIO K IHOBEPXHOCTU BCIO/lY O/IUH U TOT K€
yroJi, MOKHO HalluCaTb

i= JcosBIds = JcosPs.

Ecau, xpome Toro, HampaBeHne TOKA HOPMATBHO K TOBEPXHOCTH, TO i = Js. Takoe
yCJI0BHE COOJIOAETCS TIPU MMOCTOSTHHOM BO BPEMEHH TOKE JIJIsT IMHENHBIX TIPOBO/HI-
KOB, ITOTIEPEYHbIE Pa3MePBI KOTOPBIX MAJIbI 110 CPABHEHUIO ¢ UX JHON. [loaTomy nipn
M3yYEeHUH TIPOIECCOB B AJIEKTPUUECKUX TIETIIX, COCTABACHHBIX U3 TNHEWHBIX TTPOBOJI-
HUKOB, 0OBIYHO TOBOPSIT O HAIPABJIECHUH BCETO TOKA B TOM WJIM WHOM Y4acTKe IeIH.

B ob1iem cirydae THHUSIM U T O Ka Ha3bIBAIOT JIMHUH, K KOTOPBIM BEKTOPBI TLJIOT-
HOCTH TOKa BCIOLY KacaTeJbHbl, U TPYOKaMu TOKa — 00JacTh, OTPAaHUIECHHYIO
Tpy6YATOI TOBEPXHOCTHIO, 0GPA3OBAHHO JTMHUSAMUI TOKA.

Emununeit Toxka saBasgercsa amnep (A) m enuHUIEH TJIOTHOCTH TOKA — amnep Ha
xeadpammoiii memp (A/M?).

XapakTepHBIM OTJNYUEM TOKA IMPOBOMMOCTU B TIPOBOJHUKAX OT JPYTUX BUJOB
TOKA SABJSIETCS TO, YTO TIIIOTHOCTD TOKA MTPOBOAUMOCTHU TIPH MIOCTOSTHHON TeMTIepaType
[IPOBOIHUKA [IPOITOPIIMOHATBHA HAIPSIKEHHOCTH 3JIeKTprdecKoro 1moJst. [Ipu atom B
M30TPOITHON Cpejie BEKTOP IJIOTHOCTH TOKa J COBIAJIAeT 110 HAIPABJIEHUIO C BEKTOPOM
HATPSKEHHOCTU 3JIEKTPUYECKOTO 10Jist E M JIMHUYM TOKA COBIAJIAIOT C JIMHUSIMU Ha-
MPSKEHHOCTH 3JIEKTPUYECKOro 1051, [1oaTOMY /1714 TIJIOTHOCTH TOKA TPOBOAMMOCTH B
MPOBOAIINX CpeZlaX MOKHO HATNCATh

J =vE.
Benuunny y Ha3bIBaIOT Yy eJbHOU 3IeKTPUUYECKOU HPOBOAMUMO -
CThIO BellleCTBa.
Bennuuny p = 1/y, 06paTHYIO yAeJbHON POBOAMMOCTH, HA3bIBAIOT Y /I € JI b H bI M
QINEKTPUUYECKUM CONPOTUBJIEHUEM BelleCTBa.

CJIeJIOBaTe]II)HO, CBA3b MEK/Y HAIIPAKEHHOCTDBIO 9JIEKTPUIECKOTO I10JIA U IJIOTHO-
CTBIO TOKA MOJKET OBITDH IpeacraB/ieHa B BUAe

E=pJ.
Emunuiieit yaenpHOTO cOompoTuBiIeHNd aBisietca om-umemp (Om-m). [leticTBuTesns-
. B ™? B-Mm
HO, U3 cooTHolleHud p = E/J umeeM st 370N euHUIIBI 1 —-X = 1T =10Mm- M,
M

tak Kak 1 B/A =1 Om ecTh euHUIIA 3JIEKTPUUECKOTO COMPOTUBIeHUST. COOTBETCT-
BEHHO, eJIMHUIIEN yIeTbHON MPOBOANMOCTH ABJgeTCS cumenc na memp (Cm/m).
B03MOKHOCTh XapaKTepU30BaTh IIPOBOJSIEE BELIECTBO OIPEAEJICHHON BEIMYN-
HOW ¥ (WU p) SIBJISETCS PE3YJIBTATOM TOTO, YTO B TIPOBOJISIIEM BENECTBE CPEJI-
HsISI CKOPOCTD 3apsSIKEHHBIX YacTHIl P 3a[aHHOM TeMIlepaType, a CJIe0BaTeIbHO,
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U TJIOTHOCTH TOKA OCTAIOTCS B TIOCTOSTHHOM 3JIEKTPUYECKOM IT0JI€ TTOCTOSTHHBIMU, TaK
KaK KWHeTHYeCKast dHeprus, nmpruodperaeMasi STUMHU YaCTUIAMU TP YCKOPEHUH WX
B 3JIEKTPUYECKOM I10JI€, TIEPEJIAETCSI AaTOMaM BEIeCTBa U MIEPEXOUT B TEILJIOBOE JIBU-
JKEHUeE.

DJIEKTPUYECKUI TOK B MeTa/llaX MPEACTaBJsieT coO0M JBUKEHUE 3JIEKTPOHOB
rpoBoanMOCTH. K IpoBo/sIIIinM BelllecTBaM OTHOCSITCSI TAKJKE YTOJIb U 3JIEKTPOJIUTHIL
B asekTposuTax mpoBOMMOCTD OCYIIECTBJSIETCS MOJIOKUTEJbHBIMU U OTPULIATE -
HBIMYM MOHAMM.

YnenpHast TPOBOANMOCTD Y M, COOTBETCTBEHHO, Y/IEIbHOE COTIPOTUBIIEHUE P MTPO-
BOJISINIIMX BEIECTB 3aBUCSIT OT TEMIIEPATYPBI.

PacemoTpum gipyToii BUji 3JIEKTPUUECKOrO TOKA IIPOBOIUMOCTU, UMEHYEMBbIH 3JIEK-
TPUYECKUM TOKOM I €P € H O C a, 10J[ KOTOPbIM TTOHUMAIOT SIBJIEHHE MIePeH0Cca AJIeK-
TPUYECKUX 3aPSIOB JBUKYIIMMICS B CBOOOJHOM TIPOCTPAHCTBE 3aPsKEHHBIMU Yac-
TULIAMU WK TeJlaMu. TOK repeHoca OTJINYaeTcsi OT TOKa IPOBOJUMOCTUA B IIPOBOJI-
HUKaX T€M, 4TO €ro IJIOTHOCTh He MOKET OBITh MpejicTaBjieHa cooTHoleHeM J = yE,
rjie yJeJbHas MPOBOJMMOCTb Y €CTh OIpe/le/ieHHas] BeJIMYMHA, XapaKTePHU3yIoIast
cpemy, TIPOBOJISIILYIO TOK. B citydae c60600H020 ABUKEHUsT 00JIAIAIONINX SJIEKTpUYe-
CKHMM 3apsi/IOM YaCTHI[ UJIU 3apPSIKEHHDBIX TeJI B 3JIEKTPUYECKOM 110JI€ UX CKOPOCTH HE
MPOTIOPITUOHAIbHA HAMPSKEeHHOCTH o E. [lelicTBUTENbHO, CUJIa, TEHCTBYONAT Ha
YACTUILY C 3apsIOM ¢ B 3JIEKTPUYECKOM T10Jie, paBHA gE. YcKOpeHue Takol 4acTUIlbl
[POHOPIMOHATIBHO HANpPsiKeHHOCTH 110J1st. COOTBETCTBEHHO, JABMKEHKE €€ B CBOOOI-
HOM TIPOCTPAHCTBE OyAeT PaBHOYCKOPEHHBIM, TaK KaK OTCYTCTBYET CONPOTHUBJIEHME
CPEJIbI.

BaxxHbIM BUIOM 2JIEKTPUYECKOTO TOKA TIEPEHOCA SIBJSIETCS /IBUMKEHUE B IIyCTOTE
9JIEMEHTAPHBIX YaCTHIL, 0OJaA0IINX 3apsiioM. He MeHee BasKHBIM BHIOM 3JI€KTpUYe-
CKOTO TOKa TIePeHO0Ca SIBJISIETCS] 9JIEKTPUYECKUI TOK B rasaxX. BbIpasuM ILJIOTHOCTb

ds TOKa TEePeHOca Yepe3 CPeAHIoIn OOBEMHYIO IMJIOTHOCTh P 3apsiia
@/—>” JIBIDKYIIUXCSL YaCTUIL U UX CKOPOCTb 0. C 3TOI 11eJIbI0 BBIIETTUM B
7l [POCTPAHCTBE MPSIMOYTOJIBHbII TTapasiiesIen e, UMEIOINii 00beM
dl ds (puc. 1.13). Ilyctb pebpo dl nmapajiesbHO BEKTOPY CKOPOCTH.
Puc. 1.13 3aps BHYTpU mapamienenunena dg = p dl ds. Becb aror 3apsin
IPOIiJIET Yepe3 TTOBEPXHOCTD ds 3a TAKOI IPOMEKYTOK BpeMeHH df, B TedeHne KOTOPO-
ro 9JIeMeHTapHbIe 3aPsKEHHbIE YACTHUIIBI TPOXOAST My Th dl. DTOT TPOMEKYTOK Bpe-
MeHU ompeessiercs: yeaosueM dl = v dt. CieroBaTeibHO, TOK CKBO3b TIOBEPXHOCTD ds
paBeH di = dq/dt = po ds, n 111 IIOTHOCTH TOKa MMeeM J = di/ds = pv. Tlpu aBrsKeHrn
YACTUIl C OTPUIIATEBbHBIM 3apsioM (p < () yCJIOBHOE MOJOKUTEIbHOE HAIPaBIeHUE
TOKa [TPOTUBOIOJIOKHO HAITPABJICHWIO JIBUKEHWS, U MEKY aOCOMIOTHBIMU 3HAYEHMSI-
Mt J U 0 cylecTByer cootHotnenue J = —p v. Oba COOTHOMIEH NS 115 JTI0OGOTO 3HAKa P
00BEANHAIOTCS B BEKTOPHOI (hopMe:

J = po.

[Ipu p > 0 BexTOpHI J U © coBNamaioT o HarpasaeHuio. [Ipu p < 0 onu mpoTuBO-
MOJIOKHBI.

Ecnu ogHOBpeMEHHO NMeeT MeCTO ABUKEHUE MOJOKUTENBHO 3aPSKEHHBIX YACTHUI]
CO CKOPOCTBIO ¥, TP OOBEMHOMN MJIOTHOCTU 3aPSIOB P, U JBUKEHHE OTPHUIIATETHHO
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3apsKEHHBIX YAaCTHUI[ CO CKOPOCTHIO ©_ NMPU 0OBEMHON ILIOTHOCTU 3apsiioB p_, TO
IJIOTHOCTh TOKA TIepeHoca
Juep = p+v+ + p,v_ .

PaccmoTpuM Temeph TpeTHil BU 3JTEKTPUUECKOTO TOKA, HA3BIBAEMBIN T O KO M
9NMeKTpUUYECKOTO cMemeHnsa C 3TUM BUAOM TOKA TPUXOAUTCS CIUTATHCS
IIPU TIePEMEHHOM 2JIEKTPUYECKOM I10JI€ B INDJIEKTPHUKE.

[Ipu BcskoM mM3MeHEHUM 3JIEKTPUYECKOTO TIOJISI BO BpEMEHU U3MEHSIETCS TIOJIS-
pusoBaHHOCTE P auanektpuka. [Ipm aTom B BelllecTBe AMATEKTPUKA ABUXKYTCS dJie-
MEeHTapHbIEe YaCTHUIbl C JIEKTPUUECKUMU 3apsilaMu, BXOJSIINE B COCTaB aTOMOB U
MOJIEKYJI BEIecTBA. IJTOT BUJl IJEKTPUYECKOTO TOKA B JIMAJIEKTPUKE HA3BIBAIOT
9JMEKTPUUYECKUM TOKOM MOJAPHU3aIl KU Tak Kak B AMITEKTPUKE 3apsKeH-
HbIe YACTUI[bl HE SBJSIIOTCA CBOOOAHBIMU U MOTI'YT CMEIAThCs 10/ AeHCTBUEM DJIeK-
TPUYECKOTO TIOJI, TO TOK TTOJIPU3AINY HA3bIBAIOT TAK/KE AJIEKTPUUECKUM TOKOM CMe-
IEHMs, TPUYEM OH COCTaBJISIET, KaK OY/IeT OTMEYEHO, JajIbliie, TOJIbKO Y4acTh 00IIEro
TOKa CMeIlleHns B IuayieKTpuKe. HeTpyHo cBsI3aTh MIIOTHOCTD J' 3TOTO TOKA € U3Me-
HEeHUeM TOJIIPU30BAaHHOCTHU P BelecTna.

B § 1.5 BesimunHa P Oblia BbIpaskeHa yepes aJIeKTpudecKuil 3apsi dQ’, iepeHeceH-
HBIN CBSI3aHHBIMH 3aPsiKEHHBIMU YaCTUIIAMHU, CMECTHUBIINMUCS B BEIIECTBE [UAJIEK-
TPUKa B MPOIECCE YCTAHOBJIEHUS DJIEKTPUUECKOTO TI0JIsI, CKBO3b 9JIEMEHT MTOBEPXHO-
cTU ds, HOpMAJIbHBIN K HATIPABJEHUIO CMEIeHusT yacTuil, B Bujge P = dQ'/ds. Ecin
9JIEMEHT IIOBEPXHOCTU dS OPUEHTUPOBAH 10 OTHOIIECHUIO K HAIIPABICHUIO CMEIECHUS
3apsiPKEHHBIX YaCTHIl TPOU3BOJIBHO, TO, COOTBETCTBEHHO, Oyaer P, = dQ'/ds, tne P, —
cocraBJsiionast Bekropa P, HopMasibHasi K 2JIeMEHTY TTOBEPXHOCTH dS.

[Tpu uameneHny BeTMYMHbLI P BO BpeMEHH CKBO3b 3JIEMEHT TIOBEPXHOCTH dS OyieT
MIPOXOIUTH TOK

dpP
" ds.
dt
C npyroit cropoust, di = J!ds, tie J! — HOpMabHAsK K 3IEMEHTY dS COCTaBIISIO-
mast Bekropa 1otHocTr Toka J'. Takum o6pasom,

. d
di=—(P,ds) =

odt
Tak Kak pacroioKeHne 2JeMEHTa TOBEPXHOCTH ds MOKET OBITh BHIOPAHO TIPOM3-
BOJIbHO, TO IMTPUXOJAWUM K BbIBO/lY, YTO COCTABJIAIONIAA BEKTOPA IIJIOTHOCTU TOKaA J' o

KaKOMy-JII/I6O HallpaBJICHUIO paBHA HpOI/ISBOZ[HOIL/,I 110 BpEMEHU OT COCTaB]IFIIOH_[eIL/,I BEK-
TOpa ITOJIAPHU30BaHHOCTH BEIIECTBA P 1o 9TOMY HallpaBJIEHUIO. B YaCTHOCTHU, UMEeM

dP,
J;:dpx;Jl’/: "’;J;:dpz.
Yode U dt dt

BeKTOp IIJIOTHOCTHU TOKa

.dp. .dP dp. d ,. )
J =i Y +k—z="iP. + jP, +kP)),
! dt " dt i dt dt(l * TS )

rze i, j, k — equamynbie BekTops! mo ocsim 0X, 0Y u 0Z.
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Tax xak iP, + jP, + kP, = P, To
J' =dP/dt.

Wrak, paccmaTprBaeMasi 4acTh BEKTOPa IMJIOTHOCTH TOKA CMEIIeHUsT paBHA MTPOU3-
BOJIHOI BEKTOPA TOJISIPU30BAHHOCTH BEIECTBA 110 BPEMEHMU.

Bolie ObLJI0 OTMEYEHO, YTO TOK CMELIEHUS U, COOTBETCTBEHHO, IIJIOTHOCTh TOKA
cMerenns J', 06si3aHHbIe CBOMM MOSIBJICHIEM U3MEHEHUIO MOJISPU30BaHHOCTH Belle-
CTBA, COCTABJISIIOT TOJIBKO YaCTh BCEIO TOKA CMEIeHUsI U, CJIeJ0BAaTe/IbHO, ILJIOTHOCTI
TOKa CMellleHus B ndjieKTpuKe. /leiicTBUTEIbHO, BEKTOP JIEKTPHYECKOTO CMeIeHUsT
D B 1useKTpUKe UMeEET JiBe cocTaBisioniue, Dy u P:

D=D,+P

rie Dy = gE. TIpy u3MeHeHUN 2JIEKTPUYECKOTO TOJIsT U3MEHSIOTCST 06€ COCTaBIISIIO-
1re; TaKuM 06pasoM,

dD dD, N dpP

dt  dt  dt

Bropast cocraBJisiionasi B mocJelHeM BbIPaKEeHIH, KaK TOJBKO YTO ObLIO YCTaHOB-

JIEHO, €CTh BEKTOP MJIOTHOCTH TOKa J' cMeleHwsi, 00sS13aHHOTO CBOMM TOSIBJIEHUEM
JBVZKEHMIO 00JIa/IaloIUX 3apsiiaMi 9JIeMEeHTAPHBIX YaCTUI[ B BEIECTBE AUDJIEKTPUKA.
OueBUHO, U TIEPBasg COCTABJIIONIASA UMeeT (HU3MIECKYI0 Pa3MEPHOCTh TIJIOTHOCTU
Toka. OHa xapakTepusyeTt (GU3NUYECKUIl TIPOIIECC B CAMOM 3JIEKTPUYECKOM T10JIe TIPU
ero n3MeHeHuu Bo BpeMeHu. O6JacTh POCTPAHCTBA, PACCMAaTPUBAEMOTO Kak (hopMa
CYIECTBOBAHUSI MaTEPUU B BUJIE I0JIs, T. €. 00J1aCTh, B KOTOPOW OTCYTCTBYIOT N3BECT-
Hble HAM YaCTHI[Bl MaTepPHH, paHee Oblia HazBaHa MycToTOoil. ClreoBaTebHO, IEPBYIO
COCTABJISIONYIO MOKHO Ha3BaTb MJIOTHOCTHIO TOKA CMEI[EHUSI B IYyCTO-
Te, 0003HAUNM ee

dD,
dr
TaKI/IM O6paSOM, BEKTODP IIVIOTHOCTU 6C€20 TOKa CMEIIEHUA B JUIJIEKTPUKE, KOTO-
poiii 06o3HaunM J,,,, paBeH
dD D dD P
o = =d—=J0 sy=4Dy AP
dt dt dt dt

[TponsBoHyT0 BEKTOPA 3JIEKTPUUECKOTO cMeleHns D 1o BpeMeHu cieayeT TOHH-
MaTh B BEKTOPHOM cMbicye. Eciin B ToOuKe A BEKTOP CMelleHNs U3MEHSIETCST He TOJbKO
0 BeJIMYMHE, HO U 10 HampaBJeHuio (puc. 1.14), To BekTop miaoTHOCTU TOKA J,,, yKe
He OyzieT cOBIAIaTh MO HATPABJIEHHUIO ¢ BEKTOPOM cMelenust. Hampasiienue BeKTO-
pa J,, ecTb HalpaByeHIe, K KOTOPOMY CTpeMuTcs npupaiienue AD BekTopa cMerie-
nust D, mpoucxo/isiiee 3a IpOMeKyTOK Bpemern At, koraa At — 0. Ha puc. 1.15 1 1.16
MPUBEJIEHBI YACTHBIE CJIydau, KOT/Ia DD MeHsIeTCsT TOJBKO 10 BeJTUYNHE WU TOJBKO 0
HATIPaBJIEHUIO.

[l coCcTaBASIONNX BEKTOPA MJIOTHOCTU TOKA CMEIIEHNs KMeeM BO BCEX CJIydasix
BBIPQKEHUS

J, =

J

dD
JCM X = de ; JCM Yy = - ; JCM z = dD . N
dt ’ dt dt
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AD
- .]CM
A Jw D D+AD
D +AD
Ay )) 4 AD
D D
Jou 4 D+AD
Puc. 1.14 Puc. 1.15 Puc. 1.16

[Ipu mepemMeHHOM T10JI€ TOK CMeIeHNsI, TPUHITUITHAIBHO TOBOPS, CYIIEeCTBYeT He
TOJIBKO B TUDJIEKTPUKAX, HO TaKyKe W B TMOJIYITPOBOAININX U TIPOBOIAIINX BEIIECTBAX.
[leticTBUTETLHO, TION NEWCTBUEM BHEITHETO TIOJISI MOJIEKYJIBI 9TUX BENIEeCTB JAOJIKHBI
MOJISIPU30BATHCS TAK K€, KAK U MOJIEKYJIbI JIMAJIEKTPUKA, U, KPOME TOTO, JI0JKHO BO3-
HUKATh CMellleHne B IyCTOTe. B MoympoBOASIINX BeIecTBaX ¢ TOKAMU CMEIIeHUs
MPUXOIUTCS CYUTATHCS TOJBKO MTPU JOCTATOUHO BBICOKUX YaCTOTAX M3MEHEHUS JJIEK-
TPUYECKOTO T0JIS1. B TPOBOASIINX JKe BelecTBaX TOKN CMENIEHNST HUYTOKHO MaJTbl 110
CPaBHEHWIO C TOKAMU TIPOBOIMMOCTH JIasKe IIPU BeChMa BbICOKUX yacToTax. C apyroii
CTOPOHBI, B U30JIUPYIONIEM BEIECTBE HAPSALY C TOKAMH CMeIleHUsI OOBIYHO CYIIECTBY-
10T TOKW TTPOBOMMOCTH, XOTSI OHU BeChbMa MaJIbl 10 CPAaBHEHUIO C TIEPBBIMU ysKe TIPH
HU3KUX YaCTOTaX.

B oTHomenun nepBoii cocTapJisionel J, BeKTopa MJI0THOCTHA TOKA CMENIeHNs, T. €.
IJIOTHOCTH TOKA CMETIEHUSI B ITyCTOTe, HArJIsI/THAs] MHTEPIIPETAINS TPU COBPEMEHHOM
COCTOSIHMM HAyKU He MOKeT ObITh JaHa, TaK KaK MBI ellle He UMeeM CKOJIb-HUOY b J1ie-
TAJIBHOTO TIPEICTABJIEHNS O BHYTPEHHEM CTPOEHUU 3JEKTPOMATHUTHOTO TOJIS, O TeX
BHYTPEHHUX IIPOIleccax, KOTOpble B HeM coBepinaiorcst. OHaKo, faxke He MMesl JIJIst
MePBON coCTaBJISIONIEN J; TIIOTHOCTU TOKA CMEIEHUs MTPeJCTaBIeHUs CTOIb JKe Ha-
TJISIIHOTO, KaK JJIsT BTOPOI €To cocTaBJsaiolieil J', MOKHO BBICKA3aTh UPE3BbIUANIHO
BKHOE TIPEATIONOXKEHNE, & UMEHHO: CJIEAYeT OXKUIATh, YTO BaKHEHIIee TTPOSIBICHIE
BJIEKTPUIECKOTO TOKA — TOSIBJIEHHE CBSI3AHHOTO ¢ HUM MAarHUTHOTO TI0Jist — Oy/er
OJIMHAKOBBIM /st 00enx cocTaBsgionux. OIbBIT MOJHOCTHIO IOATBEPKIAET TaKOe
MPEATOI0KeHHeE,

ITu ujen BIEpBbIe ObLIM BbICKa3aHbl MaKCBEIOM M IPUBEIU K CO3AAHUIO UM
TEOPHUH BJIEKTPOMArHUTHOTO 10JIs. [leficTBUTENbHO, COTJIACHO 3TUM HJIESIM, TIPHU BCsI-
KOM M3MeHEHWH 3JIEKTPUYECKOTO IOJIs, Aa’Ke B IIPEAINOJIOKEHUN OTCYTCTBUS B HEM
gacTull BemecTtBa (P = 0), T0/KHO BO3HUKATh B TOM K€ TIPOCTPAHCTBE CBI3aHHOE C
9JIEKTPUIECKUM T10JIEM MarHUTHOE TI0JIE, T. €. 00pa3yeTcst eANHOE DJIEKTPOMATHUTHOE
1oJie. ITH BasKHbIE IIPEICTaBIeHUsI OY/IyT HAMU Pa3BUTHI OAPOOHEE B IaJIbHEHIIIEM.

B cBete ckazaHHOTO paHee KOJUYECTBEHHO ITOJTHBIIN 9JIEKTPUIECKUI TOK, VJTH TTOJI-
HBIN TOK, €CTh CKaJgpHAs BEJTUUINHA, PaBHAS CyMMe TOKa MTPOBOJIUMOCTU U TOKA CMe-
MIeHNs CKBO3b PAacCMATPUBAEMYIO TTOBEPXHOCTb, T. €.

. dq d
=44 1p g5
de dt,
B 5TOM BBIpasKE€HUN B ¢ BXOIAT U 3apsiibl CBOOOMHBIX HOCUTEJEH, U CyMMapHBIi
CBSI3aHHBIN 3apsijl, POXO/SAIINI CKBO3b MOBEPXHOCTD MPU TOJSPU3AIUN BEIeCTBA.
Bropoii wien B BbIpaKeHUH [JIsl TOKA MIPEACTABIISIET COOOI TOK CMEIeHNs B ITyCTOTE,
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SABJISIONIMICS CKAIIPHOU BEJIMUMHON M PaBHBIN POU3BOJIHOM 110 BpEMEHU OT ITOTOKA
9JIEKTPUUECKOTO CMETEeHNsI CKBO3b PACCMAaTPUBAEMYIO TIOBEPXHOCTD.

1.7. NMpuHUMN HENpPepbIBHOCTU JIEKTPUYECKOro TOKa

Boo6pasum B uaIeKTpUKe 3aMKHYTYI0 MTOBEPXHOCTD § (prc. 1.17) u npeacraBuM, 4To
3apspKaeTcs Teso A, paclosio)KeHHOe BHYTPH 3Toi noepxHoctu. 1lpu yBesndyenun
3apsna g Tesla YCUJIMBAETCS OKPY:Kaollee ero aJeKTPUYecKoe IoJie U BO3pacTaeT
aJIeKTpUYecKoe cMelllenne B auasekTpuke. [IoaToMy cKBO3b 110OBEpXHOCTD § U3HYTPU
Hapy’Ky IIPOTEKaeT TOK cMeleHus. [IoTok BeKTopa cMeleHns CKBO3b IIOBEPXHOCTD §
paBeH CBOOOTHOMY 3apsifly ¢, 3aKJI0YEHHOMY BHYTPU ITOBEPXHOCTH:

§D ds =q.
BosbMeM MPOM3BOIHYIO OT 9TOTO PAaBEHCTBA 110 BpeMeHH. [lomydnm:
ab . _dq.
> dt dt

Besmunna
§ail? s = §JOM ds =i,

€CTh TOK CMENIeHHsI CKBO3b IIOBEPXHOCTh § U3HYTPU HAPYKY.
Benwuuna dg/dt ectb ckopocTh HapacTaHus CBOOOJIHOTO 3apsijia, 3aKJII0UEHHOTO
BHYTPH MOBEPXHOCTH S. YBeJMUYeHIe CBOOOIHOTO MOJIOKUTEIBHOTO 3apsijia B 00beMe
IPOCTPAHCTBA, OTPAHUYEHHOTO IOBEPXHOCTBIO S, BO3-
MO’KHO TOJIBKO IIyTEM HePEeHoCca MOJIOKUTEIbHBIX 3apsi-
JIOB M3 BHENIHETO MPOCTPAHCTBA BHYTPh 0ObEMA HJIH
OTPUIATEJBHBIX 3aPsI/IOB — B 0GPATHOM HAIIPABJICHUM.
ITOT MEPEHOC MOKET ObITh OCYIIECTBJIEH JIMOO MPU TOKE
IIPOBOJANUMOCTH i, B TIPOBOJHUKAX, EPECEKAIOIUX 110~
BEPXHOCTD S, JINOO IIPH TOKE TEPEHOCA i), KOTIA 3apsi-
JIbI TIEPEHOCSTCS CKBO3b TIOBEPXHOCTH Ha 3aPSKEHHBIX
Puc. 1.17 TeJax WAU ABMKYIIMMUCS B IIPOCTPAHCTBE 3apssKeH-
HbiMu yactuitamu. Eciu dq/dt > 0, To nosioxkurebHbie
3apsA/Ibl IEPEHOCSATCS U3 BHEITHETO IIPOCTPAHCTBA BHYTPh 00beMa, OrPaHIMYEHHOTO T10-
BEPXHOCTBIO S, A CJICJI0BATEILHO, CyMMa TOKOB (iy, + i,¢,) OY/IET OTPHUIIATEIbHA, TAK KAK
OJIOKUTEJILHOI CUMTaeM BHENIHIO HOPMasib, Takum oOpazoM,

@:
dt

_(inp + inep )

dD dg
PagsenctBo §>7 ds = o Ternepb MOXKeT ObITh MEPEIcaHo B BUJIe
ot t

i, = —(znp + znep) wia i, +i, +i. =0.

Cuie1oBaTeNIbHO, CYMMA MOK08 8Cex P0008 — NPOBOOUMOCMU, NEPEHOCA U CMeUe-
HUSL — CK603b JII0OYI0 3AMKHYMYI0 NOBEPXHOCIL PABHA HYIIO.
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Ecim o6o3naunth 4yepe3 & 6e3 mHeKca MJIOTHOCTH MOJHOTO TOKa (8 =J +J )
M Yepe3 i — BECh TOK CKBO3b MOBEPXHOCTH, TO /IS JTIOOOIH 3aMKHYTO TTOBEPXHOCTH
OyeM uMeTh
i=§8ds=0,
N

YTO W SIBJISIETCS] OOIIMM BbIpasKEHMEM IPUHIUIIA HEMPEPHIBHOCTH 3JIEKTPHUECKOTO
TOKA. ITOT Ba)KHBIN MIPUHITUT TJIACUT: NOAHILL JNEKMPUUECKUL MOK CKBO3b 631MY10 8
Kaxotl yeo0Ho cpede 3aMKHYMY10 nNOBEPXHOCMb paser Hya1o. IIpu 9ToM BBIXOIATINI U3
MOBEPXHOCTU TOK CYUTAETCS MOJOKUTEIBHBIM, BXOASIIAI — OTPUIATEIbHBIM.

TaxkuM 06pa3oM, JIUHUK TOKA HUT/IE He UMEIOT HI Havasia, Hi KOHIA, OHYM PUHIIN-
MUAJBHO ABJSIOTCA 3aMKHYTBIMU JIMHUAMW. DJIEKTPUYECKNN TOK MPOTEKAeT BCETIa
M0 32aMKHYTBIM ITyTSIM.

W3 Bcero cka3aHHOTO SICHO, UTO TIPUHIIAIT HETIPEPBIBHOCTH, WJIH, UTO TO K€, TIPUH-
IUIT 3AMKHYTOCTH TOKa, TIproOpeTaeT BeeobIee 3HaYeHNE TOIbKO ¢ BBEIACHUEM TIOHS-
THS O TOKE CMETEHNS B INAJIEKTPUKE M UMEHHO C yYETOM TOKA CMEIIEHUS B ITyCTOTE.

B kauectBe nipriMepa paccCMOTPUM, KaK OCYIIECTBJSETCS 3aAMKHYTOCTb JIMHUH TOKa
MepeHoca, T. €. IBMIKYIIUXCS 3apSKEeHHBIX TeJ MW YacTUIl. DTOT CIydail mMeeT Iry-
60KOe MPUHIINITATBHOE 3HAYEHIE, TaK KaK BCIKHUN 9JIEKTPHUYECKUIT TOK, KPOME TOKa
CMEIIeHNsT B MYCTOTE, MPEACTABIsIET c000il ABMKEHIE OOIBIIOr0 YNCIA OTAETbHBIX
3apSIKEHHBIX HJIEMEHTAPHBIX YaCTHII.

PacemoTpuM yenuHEHHBINT TOYEYHBINH 3aps/l ¢, ABVIKYIIMICS B ITyCTOTE CO CKO-
poctbio v (puc. 1.18). B kaxaplii MOMeHT BpemeHu BekTop D B /060 TOUKe
MPOCTPAHCTBA HANIPABJIEH TIO PAANATBHON TPSAMOM, MCXO/ATIEH W3 TIeHTpa 3apsja,
U MMeeT Beanunny, paBHyio D =gy E = q/(4nr?) (npeanoyaraemM, 4To v 3HAYUTETbHO
MEHbIIIe CKOPOCTU CBETAa W, CJEN0BATEJIbHO, MOJIe UMEET TaKOU Ke XapakTep, Kak
U JITIsT HETIO/IBVKHOTO 3apsijia).

Puc. 1.18

3a TIPOMEKYTOK BpeMeHU At 3aps] MPOXOIUT MyTh Az = vAt. COOTBETCTBEHHO HO-
BOMY TIOJIOXKEHUIO 3aPsi/la BEKTOP CMEIIEHUs B KAJK/IOU TOUKE MPOCTPAHCTBA TOJyUYaeT
HOoBoe 3HaueHue D + AD. Bexrtop miotHocTi ToKa eMetetnus J.,, = dD/dt Bciony nme-
€T HaIpaBJieHne, K KOTOpoMy cTpeMuTcst BeKTop AD mipu At — (0. Ha pwuc. 1.18 mo-
CTPOEHBI BEKTOPBI IJIOTHOCTH TOKA B HEKOTOPBIX TOUKaX IpocTpanctBa A; — As. Ecim
ObI MbI IIPOM3BEJN HTO MOCTPOEHKE B JOCTATOYHO OOJIBIIIOM YHUCJIE TOYEK MTPOCTPaH-
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CTBa, TO MOJIYYNJIH ObI BOBMOMKHOCTD ITPOBECTH JIMHUU TOKa cMeliennst. OHU nMesn
ObI BUJL INHWIT, N300pakKeHHBIX HA PUCYHKe. MBI BUIMM, YTO TOK CMEIIEHUS SIBJISIETCS
MPOIOJIKEHNEeM TOKa TIePeHoca M JIMHUN TOKA OKAa3bIBAIOTCS 3aMKHYTBIMM.

[Tpu GOJIBIIOM YHCJIe ABUIKYIIIMXCST 3JIEMEHTAPHBIX 3apPSPKEHHBIX YaCTHIl KapTHHA
JIMHUI TOKA CMEIIEHUS YCJIOXHSAETCs, HO TO-TIPEKHEMY JTUHUM TOKA OKa3bIBAIOTCS
3aMKHYTBIMHU, TaK KaK 3Ta CJIOXKHAS KapTUHA MOJIyYaeTcss HATOKEHNeM TTPOCTHIX T10-
cTpoeHuil, n3obpaskeHHbIX Ha puc. 1.18.

B kauectBe npyroro mpumepa paccMOTpuM JuHuio nepegauu (puc. 1.19). Ilpu me-
PEMEHHOM HaNPSIKEHUU MEK/Ly TIPOBOJIAMY B JIMAJIEKTPUKE BO3HUKAIOT TOKU CMellle-

s Hust. [IpoBeieM 3aMKHYTY10 TOBEPXHOCTH § TaK, YTOOBI OHA OX-

itiey o=m==~_ i
= = BaTWJIa 9acTh OAHOTO TPOBOJA JUHWHU. TOKW B MPOBOJIE —
\' \'\N]\—'ﬁ\ I BXOJISIIMUI B IMIOBEPXHOCTH W BBIXOSINMI M3 Hee — pasJyinya-
CM
c I0TCST MKy cOOOi Ha 3HAUEHMEe TOKA CMEIIEHHUS B JAMIJIEK-

TPHUKe, IPOXOJSIIEro CKBO3b NOBEPXHOCTL §. [ToaTomy mnepe-
MEHHBIII TOK B TPOBOJIE B OAWH W TOT K€ MOMEHT BPEMEHU
pas3jindyeH B Pa3HBIX MMONEPEYHBIX ceueHUsX MpoBoaa. C aTUM 0OCTOSITENbCTBOM MPH-
XOJIMTCSI CYUUTATHCS MPU OBICTPBIX M3MEHEHUSIX HANPSIKEHUsT MEKY TPOBOAAMU U
JUId OYeHb JJIMHHBIX JIMHUM.

Puc. 1.19

1.8. dnekTpuuyeckoe HanpsHKeHue.
Pa3HOCTb 3/1eKTPUYECKUX NOTEHLMANOB. DIeKTPoABMIKYLLLAA cunia

[TepeiizieM Kk pacCMOTPEHUIO BECHbMA BAJKHBIX BEJTUYHUH, CBSI3AHHBIX C AJEKTPUUECKUM
MOJIEM, & UMEHHO: JIEKTPUYECKOTO HATPSLKEHWS, PAa3HOCTH
ANIEKTPUIECKHUX TTOTEHITNAIOB U AIEKTPOJBYKYITIEN CUITBI.

Ecnu yacruia ¢ 3apsiioM g 1epeHOCUTCsI B dJeKTpUye-
CKOM TIOJIE BJIOJIb HEKOTOPOTO MYTH, TO IEUCTBYIOIINE HA Hee
CuJIBI TOJIs coBepinator pabory. OTHomeHne 3Toi paboThl
K TIEPEHOCUMOMY 3apsijly TPEICTaBIsET co00i (GU3NIECKYIO
BEJIMYNHY, HA3BIBAEMYIO D TEKTPUUYECKUM HATIPSIKeE -
HueM. [Ipu nepemeriernu dyactuibl o mytu dl (puc. 1.20)
Puc. 1.20 CHJIBI TIOJISI COBEPIIAIOT PaboTy

dA = f cos audl = qE cos adl = qEdl

Yepes dl obo3HaveH BEKTOP, PaBHbII M0 BEJIUYUHE DJIEMEHTY MyTH dl ¥ Harpas-
JIEHHBIH 110 KacareabHo# T K MyTH B CTOPOHY TlepeMenieHus 3apsaKeHHON YaCTHIbL.
Yron o ectb yros mexay Bektopamu E u dl.

Pa6ora, coBepinaeMast CHIAMH TIOJIST TIPU TIEPEMEIIEHIN YaCTHI[bI BIOJb BCETO TTyTH
ot Touku A 1o Touku B (puc. 1.20), paBHa

A =j3fcosa dl =quEcosoc dl =qudl.
A A A

B
OHa nponopIoHaIbHa JUHEHHOMY HHTETPATY I E cosa dl Hanpsi;KeHHOCTH TI0JIST BIIOJTB
A
3aIAHHOTO ITyTU. JTOT JUHENHBIN UHTETPAT PAaBEH 2JIEKTPUUECKOMY HAPSSKEHUIO BIOJb
3agannoro myTn ot A K B. [IpuHsaTo obo3HadaTh Hanpsikenne GykBoit u. Takum 06pasoMm,
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uAB

 —

B
Ecosa dl :jEdl.
A

CuireioBaTesbHO,

A=qu,,.

B o61em ciryyae paccMaTprBaeMblil Iy Th MOKET ITPOXOANTH B JIFOOOH cpejie, B Ya-
CTHOCTU OH MO’KET OBITh B3SIT LEJIUKOM B IIPOBOJHUKE, LEJIUKOM B AMIJEKTPUKE WL
MOJKET TIPOXOIUTHh YACTUYHO B IIPOBOJHUKE M YACTUIHO B JIUIJIEKTPUKE.

B cOOTBETCTBUN € UBJIOKEHHBIM AJIeKMPUUECKOe HaAnpsicerue npedcmasisem coooi
(pusUUeCKYI0 BEIUMUNY, XAPAKMEPUSYIOUWYIO ATEKMPUUEcKoe Noje 800Jb PACCMAMPUBACMO-
20 MYmu U PasHyrO JUHEUHOMY UHMEZPATLY HANPSHCCHHOCIU SNEKMPUUECKO20 NOJIsL 600b
2M0o20 nymu.

Hepenko, roBopst 0 HampsKEHUH BIOJIH HEKOTOPOTO ydacTKa IyTH, YIIOTPeOISIOT
TEPMUH TA€ HU € HATI P siKeHU s BI0Jb3TOro yuactka. COOTBETCTBEHHO JIMHEH -
HBII MHTETPaJl HAIPSI)KEHHOCTH 9JIEKTPUUYECKOTO T10JIsI BI0JIb HEKOTOPOIO 3aMKHYTO-
ro KOHTypa f£ E d1 npencrasnser co6oii cyMMy T1afieHUil HanpsAKeHUi BIOJIb BCeX yda-

CTKOB 9TOTO KOHTYpa.
Enununeit nanpstxkenus sasigercs onivm (B).
W3 cka3aHHOTO BBITEKAET, UTO 3HAUEHUE HANPSICCHHOCMU IIEKMPUUECKO2Z0 NOLs

PABHO NAOCHUIO HANPANCEHUS, OMHECEHH020 K eOUHUUE ONUHBL TUHUL HANPAHCCHHOCTIU

nons. B camom nene, majienue Hanpskenust Ha myTti dl pasro du = E dl, ecoim iy o dl

COBITIAJIa€T € JUHUEH HANPSKEHHOCTHU 1oJid, 1, ciaegosaresibho, E = du/dl. ITostomy

eMHUTIEN HATIPSIKEHHOCTH 9JIEKTPUUIECKOTO TIO0JI aBJgeTcst BoabT Ha MeTp (1 B/m).
Kaxk 6b110 orMedeno B § 1.6, B mpoBozsiell cpejie HAIPSIKEHHOCTD 9JIEKTPUIECKOTO

nosist E cBsi3ana ¢ 1ioTHOCTHIO ToKa J cootHotenreM E = pJ, riie p — y/ieibHOe COTpo-

THUBJIEHUE cPefibl. B mpocTeiinem cirydae /71 TPSIMOIITHEHOTO OTPe3Ka MPOBOAHNKA C

HOCTOSTHHBIM TOKOM i, JITMHO# [ 1 cedeHureM s majieHue HarpsikeHus B HeM u = El, a Tok

i =Js. Takum o6pasom, u = pJIl = pli/s = ri. BeunHa 7 = u/i SABJISI€TCS DJIEKTPUYUECKUM

COIIPOTUBJIEHNEM PACCMATPUBAEMOTO OTpPe3Ka IPOBOAHUKA. DJIEKTPHUECKOE COIPOTHB-

Jierne uaMepsiercss B omax (Om).

CootHomienne u = i npeacrasiasier coboir sakon Oma nns
ATOTO y9acTKa MPOBOAHUKA. MOIIHOCTD, OTIPeNesIsTIonias KOIu- @
YeCTBO DHEPTUH, BBIIEISIEMOI B IIPOBOJHUKE B BH/IE TEILIOTHI B @ y

eJMHUIY BpEMEHU, UMeeT BuIpaxkenue p = A/t = uq/t = ui = ri°. \::—"“\\
ITO COOTHOTIIENNE BhIpaxkaeT 3axon /coyra—Jlenya. Equnnieit PR
MOTIIHOCTU sBJsieTcsa eamm (BT). @

PaccmoTpum Ternepb BeTMUNHBL, UMEHYEMbIE D JIE K TP U Y € -
CKUM MOTEHI[MAJOM W PA3HOCTBIO DJIEKTPHUYUE-
CKUX MOTEHIIMAJTOB.

[Iycth nMeeTcsiameKTPOCTATUUYECKOE TTOJE, T. €. MOJIE TTOKOATINXCS 3apsi-
skeHHBIX Teal (puc. 1.21). B asekTpocTtaTudecKoM 1oJie JUHEUHBIM UHTerpas Halps-
JKEHHOCTH TOJIST 110 JIFDOOMY 3aMKHYTOMY KOHTYPY PaBeH HYJIIO: {)E dl=0. 3o Baxk-

HOE CBOWCTBO 3JIEKTPOCTATHYECKOTO TIOJIST BHITEKAET M3 MPUHITUITA COXPAHEHUST SHEP-
run. [Ipeanosoxum, 4To 10 3amMKHyTOMYy TIyTH AmBnA (puc. 1.21) nepemeniaercs



46 Yactb 1. OCHOBHbIE MOHATMS M 3aKOHbI TEOPUM

TOYEYHOE TEJIO C 3apsiioM ¢. Ha yacTu 3aMKHYTOTO 11yTH JABUXKEHKE Oy/IeT IPOUCXO0-
JINTH B HATTPABJIEHUH CUJT TI0JIsT 1 pabOTa, COBEPIIEHHAS CUJIAMU TT0JIsT, OYIET MOJIOKHU-
TeibHOI. Ha ipyroii yacTi 3aMKHYTOTO Ty TH JIBUKEHHE OY/IeT TIPOMCXOAUTD TIPOTUB CHLIT
OJIs1 M, COOTBETCTBEHHO, paboTa CuJI 1oJist OyeT oTpuIareibHoi. PaboTta, coBepiiieH-
Hast CHJIAMU T10JIs Ha [epeMellleHre TeJa ¢ 3apsi/ioM ¢ 110 BCeMY 3aMKHYTOMY Iy TH,
JOJIKHA OBITH paBHA HYJIIO:

q§>Ed1 =0, T e §>Ed1 =0.

JlelicTBUTEIHHO, IPU OTCYTCTBHUM 9TOTO YCJIOBUS BCET/Ia MOKHO OBLIIO ObI BRIOPATDH
Takoe HarpasJieHre 00xoja KoHTypa AmBnA, 4tob6bl paboTa OKazanach MOJOKUTENb-
Hoit. OHaKo mocse 06X0/a Mo 3aMKHYTOMY TIyTH CHCTEMa, BKJIIOYas U TEJIO C 3apsi-
JIOM ¢, BO3BPAIIAETCSI B TOYHOCTU B MCXOJHOE COCTOSIHUE,  9TO 3HAYUT, YTO MOKHO
6b110 ObI TIOBTOPSITH 06XO0/] KOHTYPA TEJIOM € 3aPsIIOM ¢ JIFO0E YUCIIO Pa3 U MOJIydYaTh
[P KaKI0M 06X0/Ie KOHEYHYIO TIOJI0KUTENbHY0 paboTy. BoaMosKHOCTH cyliecTBOBa-
HUSI TOI0OHOTO HENCYEePIaeMOro MCTOUYHMKA SHEPTUH TIPOTHBOPEYNT MPUHIIHITY CO-
XpaHeHust aHepruu. Takum 06pa3oM, B 3JEKTPOCTATHUECKOM T0JIe JTUHENHbIT HHTe-
rpal HaIPsDKEHHOCTH TIOJISI 110 JII0OOMY 3aMKHYTOMY KOHTYPY JOJIKEH OBITh paBeH
Hys0. OTcro/la HEMOCPEICTBEHHO BBITEKAET HE3aBMCUMOCTD JIMHEIHOTO WHTerpaja
HAIPSKEHHOCTH TIOJIST OT BHIOOPA My TH MHTETPUPOBAHNS TIPH 33[aHHBIX HAYAIbHOM 1
KoHeuHOH Toukax A u B nyTu. [leficTBuTenbHO,

§;Ed1= jEd1+ _[Edl:O,

AmBnA AmB BnA

OTKYy/la

jEdl:—jEdl: jEdl,
AmB BnA AnB
B
a TaK KaK MyTU M W 7 B3SITHl IMPOU3BOJIBHO, TO, CJIE€JOBATEIbHO, WHTETPAT J.E dl
A
B 9JIEKTPOCTATUYECKOM I10JI€ He 3aBUCUT OT BbIOOpPA IyTH MHTErPUPOBAHUS U SBJISIET-
¢S TOBKO (DyHKITMEN KOOpAuHAT Touek A u B.
Benuuuny, pasnyio amomy unmezpany, Ha3vli8arom pasHocmvio aﬂegmpuuecxux no-

menyuanos mouex A u B u o6osnauarom U, — Uy. imeem U, — Uy = _[Edl.
A

C apyroii CTOPOHBI, STOT MHTErPAJ PABEH HAIPSKEHHUIO BIOJIb HEKOTOPOTO IyTH
ot Touku A k Touke B. CiieioBaTeIbHO, B IPUMEHEHUH K 9JIEKTPOCTATUYECKOMY ITOJTIO
TEPMUHBI «HATIPSKEHME» U «PA3HOCTh MOTEHIIMATIOB» OTHOCSTCS K OJHOW M TOM Ke
BeJIMYMHE.

B nanbHeiimem pasHOCTb OTEHIMAIOB Oy1eM 0003Ha4aTh OYKBOM #, KaK U HATIPsI-
JKEHHUe, B COOTBETCTBUU € YeM OyjieM npuMeHsTh obosnauenue Uy — Uy = uyp.

13 cka3aHHOTO BBIIIE SICHO, YTO PASHOCMYb JNEKMPUUECKUX NOMEHYUAT0E O8YX TO-
UeK ANEKMPOCMAMUUECKO20 NOLS YUCIEHHO PABHA PAOOmMe CUL NOJISL NPU NePEMEUCHUU
MOUCUH020 3APANCEHHOZ0 MENA C NOTOHCUMETLHBIM 3APAOOM, PABHBIM €OUHUYE, U3 00-
HOU OAHHOU MOYKU 6 OpY2Yio.
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M36epem B KauecTBe KOHEYHON TOUKHM 3ajlaHHyI0 B pocTpaHcTBe Touky P. Toraa
P

3HaueHWe MHTerpasa _[ Edl sButcst dyHKIMeil TONbKO KOOPAMHAT X, ¥, Z TOUYKH A.
A
Ob6o3nauas sty dyukimio yepe3 U, umu U (x, y, z), MOKEM HATIHCATH

P
jEdl=UA =U(x,y,z).
A

Benmmuuna U HasbiBaeTcst 9JeKTPUUYECKUM MOTEHIMAJTOM paccMmat-
puBaemoit Touku moJsd. [loTertman 3amaHHON TOYKM P paBeH HYyJO, TaK KakK

P
Uy =[Edl=0.
P

IJIEKTPUYECKIIT TOTEHIINA, XapaKTEPUIYIOIINI TAaHHOE TI0JIe, MOKET OBITh OTIpe-
JIeJIEH JIUIIIH ¢ TOYHOCTBIO /10 TPOU3BOJILHON MTOCTOIHHOM, 3aBUCAIIEH OT TPOU3BOJIb-
HOTO BBIOOPA TOUKK P, B KOTOPOU TIOTEHIMAJ TPUHUMAETCSI PABHBIM HYJI0. DJIEKTPU-
YeCcKoe 110JIe, KOTOPOe MOKET ObITh B KaK/IOI TOUKE OXapaKTEPU30BAHO € TOYHOCTHIO /10
MTPOU3BOJIBHON TTOCTOSHHOW CKaJIPHON BEJIMYUHBI, UMEHYEMON 2JIEKTPUYECKUM TI0-
TEHIINAJIOM, HOCUT Ha3BaHNE TOTEHIMAJTbHOTO 9TEeKTPHUIECKOTO T O JA.
TakoBbIMU, B YACTHOCTH, SIBJISIIOTCSI 9JIEKTPOCTATUYECKOE TI0JIE, & TAKKE dJIEKTpUye-
CKOE TI0JIe TIOCTOSTHHBIX TOKOB, MTPOTEKAIONIUX 110 HEMIOIBIKHBIM ITPOBOJHUKAM, TIPH
YCJIOBUH, YTO TIOJIE PACCMATPUBAETCST BHE 00JIACTH JIECTBUS UCTOYHUKOB HJIEKTPO-
IBILKYIUX CUJL. [leficTBUTETbHO, paciipeieieHrie 3apsiI0B Ha TPOBOTHIKAX TP TOM
OCTAEeTCsl, KaK ¥ B 9JIEKTPOCTATUKE, HEM3MEHHBIM BO BPEMEHU. DJIEKTPUUECKOE TI0JIe
OKOJIO HETIO/IBUKHBIX IIPOBOJTHUKOB C TIOCTOSTHHBIMY TOKAMW W BHYTPH 9TUX TTPOBO/JI-
HUKOB Oy/leM Ha3blBaTh CTATMOHAPHBIM 3JMeKTPUUEeCKUM mOTeM (Eqy).
OroBopka 0 HEOOXOAMMOCTH OrpaHmdeHust 00acThio BHe WCTOUHUKOB IJ[C st
TOr0, 4YTOOBI T0JIe GBLIO TOTEHIIMAIBHBIM, OYIEeT PacCCMOTPEHa B KOHIIE 3TOTO Tapa-
rpada.

B peasibHBIX TPaKTHYECKUX 3ajladyax 3JeKTPOCTATUKU OOBIYHO NMPUHUMAIOT PaB-
HBIM HYJIIO TIOTEHIINAJ MMOBEPXHOCTU 3eMyn. [Ipn TeopeTudeckom mccie[oBaHNUN 3a-
Jlad, B KOTOPBIX PACCMATPUBAIOTCS 3aPSIKEHHbIE TeJIa, PACIIONIOKEHHbIE B OTPAHIYEH-
HOI 00JIaCTH MPOCTPAHCTBA U OKPYsKEHHbIE GECKOHEUHON JNAIEKTPUIECKOIl CPeIoii,
0OBIYHO TIPUHUMAIOT PABHBIM HYJIIO TIOTEHIIUA TOYEK, OECKOHEUHO y/IaJeHHbIX OT 3a-
PSUKEHHBIX TeJI, T. €. OTIPENesITIOT MOTEHITNAM KaK WHTeTPaJ:

U =]SEdl.
A

HOBerHOCTI/I, KOTOpbI€ IEPECEKAIOTCA JUHUAMN HAIIPAKEHHOCTU 3JIEKTPUIECKOTO
TIOJIA T1I0/1 IPSAMbBIM YIJIOM, ABJAITCA T OBEPXHOCTAMMU PABHOTIO 9JIEKTPU -
YeCKOro morTe”Himuama. ﬂeﬁCTBHTeﬂbHO, B OJIb JIOO0H IMHNK Ha 9TOI IIOBEPX-

B

HOCTH UMEEM J E cosa dl =0, Tak kak cos o = 0. CieioBaTeIbHO, Pa3HOCTb TIOTEHIMA-
A

JIOB JIOOBIX JBYX TOYeK A w B, je)amux Ha 3TOH MOBEPXHOCTH, PaBHA HYJIO.

Ypasuenue U(x, y, z) = const orpeziesisieT COBOKYITHOCTb TOUEK, JIeXKAITUX HA TOBEPX-
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HOCTH PaBHOTO IOTEHI[MAJIA, T. €. SIBJISIETCS ypaBHEHUEM 3Toi 1moBepxHocTh. Clie/ibl
MOBEPXHOCTU PABHOTO TMOTEHIMAIA HA TLJIOCKOCTH YEPTeKa HA3bIBAIOT JI U H U 5T M 1
paBHOTO MoTeHI 1aga O4eBUIHO, TUHUU PABHOTO MOTEHINAIA TEPECEKAIOTCS
C JIMHUAMUN HAIPAKEHHOCTU 110JIA BCIOAY IO NPAMBIM YIJIOM.

HarnpsizkeHHOCTD 9JIEKTPUYECKOTO T10JIs1 BHYTPHU IIPOBOAHUKOB IIPU CTATUYECKOM
COCTOSIHMM 3aPS/IOB J0JIKHA ObITh paBHA HYJIIO, TaK KakK IPU oTCyTCTBIK ToKa (J = 0)
umeeM E = pJ = 0. [ToaTOMY B 37IEKTPOCTATUUECKOM COCTOSIHUU KAKJI0€ TIPOBO/ISIIEE
TeJIO UMEET BO BCEM O6'I)€Me O[[I/IHaKOBbII;JI IOoTeHINaJI; ITIOBEPXHOCTU ITUX TEJI CYTh 110~
BEPXHOCTH PAaBHOIO IMOTEHIIMAJNA, W JIMHUU HAIPSIKEHHOCTU II0JIST B JIMDJIEKTPUKE
HOPMaJIbHbI K HUM.

Ecau nmuamexTpudeckass TpoOHUIIAEMOCTh U30JUPYIONIEH cpenbl, OKpysKaoiiel 3a-
PSIKEHHOE TIPOBOISIIEE TEJIO, HE 3aBUCUT OT HAIIPSKEHHOCTH 9JIEKTPUUYECKOTO TI0JIS,
TO BesmurHa E BCIOAY B AM2JIEKTPUKE, a CJeJoBaTebHO, U noteHiuan U tera OyayT
MPOIIOPIMOHATIBHBI 3apsify ¢ Tena. OTHonienne g Kk U Ha3bIBaeTcst 3JeKTpUY e -
CKOW €eMKOCTHIO TeJa:

c=1
U
[pUYeM PaBHBIM HYJIIO MPUHUMAETCS MOTEHIUAN B OECKOHEYHOCTH. DJIeKTPUYeCcKast
€MKOCTh YEeJMHEHHOTO TeJia 3aBUCUT OT TEOMETPUYECKHUX [TAPaAMETPOB g, OIPe/IeIsiio-
mux HopMy U pasMepsbl TeJia, U 0T aOCOMIOTHON JAUAIEKTPUYECKO TPOHUITAEMOCTH €
okpyzKaioriero ero amanexktpuka: C = F(g, €). Ecim amamexkTpuk opHOpoOzeH, TO
C = ¢f(g). Ilpu ykazaHnHoii OTOBOPKE, UTO £ He 3aBUCHT OT E, Besmunna C He 3aBUCHUT
orqu U.
st IBYyX TIPOBOASIINX TeJ, OKPY>KEHHBIX JIMJIEKTPUKOM, TIPU YCJIOBUHU, UTO UX
3apsIbl PaBHBI W TPOTHUBOMOJIOKHBI 110 3HAKY, T. €. 1 = —(@,, PA3HOCTH MTOTEHIINAJIOB
9TUX TeJI OyIeT IPONOPIMOHAIbHA 3apsiLy OAHOTO U3 HuX. [Ipu aToM BesmumrHa

C: qi _ q2
v, -U, U,-U,

HA3BIBAETCSIAJTEKTPUUYECKON e MKOCTbIO MEXKIY 9TuMu Tesiamu. OHa 3aBUCUT
OT TeOMETPUYECKUX BEJIMYNH g, OTIPEe/IeIAIONTNX (popMy, padMephbl 1 B3aWMHOE PacIio-
JIOKEHHUE TeJT, a TaKKe OT abCOTIOTHON JNAIEKTPUIECKOI TPOHUIIAEMOCTH € JMAJIEK-
tpuka: C = F(g, €). [l onropoauoro auanektpuka C = ¢ [ (g).
CucreMa U3 IBYX TaKUX TeJl, CHEIUATbHO CO3/JaHHAS JIJISI NCTIOTh30BAHUS €€ 3JIeK-
TPUYECKON eMKOCTH, HA3bIBAETCSI KOHAEHCATO PO M.
B dopmyie mist eMmkocT MeXIy Tesamu GepeTcst 3apsii TOTO TeJia, OT KOTOPOTOo
OTCUUTHIBAETCS] Pa3HOCTH NoTeHInanoB. [Ipu atom ecezoa C > 0.
Exnnuieil snekTpudeckoit eMKkocT ciykut ¢gapad (D).
Enunurieii aGComoTHON IMAIEKTPUYECKOI IPOHUIIAEMOCTH, KaK OBLIO OTMEYEHO
B § 1.4, asasercs dapan va metp (D/m). [lelicTBuTeNbHO, U3 Bhipaskenust € = D/E
CJIE/LY€eT, YTO eINHUIIEN BEJIMIMHBI € OyeT
1KJI_B_1 Kn _1<I>
M M B-m M
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[lepeiinem Terepn K mocyeHEMY U3 paCCMAaTPUBAEMOM TPYIIIBI TOHSATUI, a MMEH-
HO K TIOHATHIO «3JIEKTPOJIBUIKYIIAS CUTIas.

XapaxTepHoe CBOHCTBO BCAKOTO MOTEHIINAIBHOTO AJIEKTPUYECKOTO TOJIs, U B Ya-
CTHOCTHU 3JIEKTPOCTATUYECKOTO TO0JIsl, 2 MMEHHO PaBEHCTBO HYJIO JIMHEHHOrO UHTE-
rpajia HalpsKEHHOCTH T0JIS BJIOJIb JII000T0 3aMKHYTOTO KOHTYPa, OTHOCHUTCS JIMIIb K
06J1acTH TIPOCTPAHCTBA, PACIIOJOKEHHON BHE MCTOYHMKOB TaK HA3bIBAEMBIX 3 JI € K -
TpoaBuxxymux cua (I/C).

[TosBnenue I/]C cBg3aHO ¢ HATMUNUEM DJTEKTPUIYECKUX TT0JIe HeaJleKTpocTaTuie-
CKOTO U HEMTOTEHIIMAJIbHOTO XapaKTepa.

B o6iiem ciyuae GyieM rOBOPUTb, YTO 8 3AMKHYMOM KOHMYype Oeticmeyem JeK-
mpoosuNCywas cuna e, eciu JUHEHbIL UHMeZPAaL HANPSHCEHHOCTU ILeKMPUUECKO20
noJst 600Ib 3AMKHYMO20 KOHMYPA He PABEeH WY, Npudem, Kak Oyoem ceuuac noxa-
3ano, amom auneunviil unmezpan pasen 3/[C, deticmeyiowell 8 Koumype:

§Edl:e¢o

Ucrounnkamu I/[C MOryT SIBISITHCSI, HATPUMED, SJIEKTPUIECKHE FeHEPATOPBI, TaJlb-
BaHWYECKHE ATIEMEHTBI, AKKYMYJISITOPBI, TEPMOITIEMEHTBL.

Jlast ysacHeHWsT CYNTHOCTH BEJTWMYUHBI, K KOTOPOM TPUHATO OTHOCHUTDL TOHSITHE
«ATIEKTPOJIBUIKYIIAST CUJIa», PACCMOTPUM B BHUJIE TIPUMeEPA raJIbBAHUYECKUN DJIEMEHT
(puc. 1.22). Tera A n B, noakIioYeHHble K 3aKUMaM 3JIEMEHTa, OKa3bIBAIOTCS 3apPsi-
skenupiMu 1071 fetictBreM J/IC anementa. Murerpan Bekropa E 1o mobomy myTu
B IUDJIEKTPUKE MEXIY Teamu A W B paBeH Pa3HOCTHU MOTEHITHATIOB 9THX TeJl:

IEdl:UA—UB:uM.

AmB

OpnHako ecsii usbepeM IyTh HHTErPUPOBAHUS OT Te-
Jia A 0 COeIMHUTEBHOMY TPOBOTHUKY K TOJTOKUTEIb-
HOMY 9JIEKTPOJLy 3JIEMEHTA, 3aTeM 4Yepe3 IJIEKTPOJIUT
(TTyTh 1) K OTPUTIATETTHHOMY 3JIEKTPO/Y U, HAKOHETI, 10
COETUHUTETPHOMY TIPOBOAHUKY K Tely B, TO TOJIKHBI
MPU3HATh, YTO BIOJIb 9TOTO ITyTU WHTETPAJ PaBeH HYJIIO:
JpE dl = 0. [IeficTBUTEIBHO, 9TOT IIYTh JIEKUT HEJTUKOM
AnB
B TIPOBOJISAIIIEI cpeie. B Metaste mpoBoauMocTh obectre-
YUBAETCS HATMINEM 3JIEKTPOHOB TTPOBOIUMOCTH, B AJ€K- .
TPOJUTE — HATMINEM TIOJIOKUTETbHBIX U OTPUTIATETBHBIX UA:|_|_ :EU(&'ICK'IPOJIM'M)
nonos. Tak kak J= 0, To Ha BceM aToM 11yt E = pJ=0. ] UBU=0

B ToHKUX C/I0SX Y TOBEPXHOCTEH 3JI€KTPOIOB OTCYT-
CTBUE Pe3yJBTUPYIOIiero aekTprdeckoro mosst (E = 0) Puc. 1.22
SBJISIETCS CIENCTBUEM HAJMOKEHUS BHYTPHU ITUX CJIOEB
Ha 2JIEKTPUYECKOE TI0JIe ¢ HANPSKEHHOCTBIO E,,,,, 00pasoBaHHOE 3apsilaMi 9JIEKTPO-
JIOB U 3JIEKTPOJIUTA, PABHOTO U IIPOTUBOIIOJIOKHOTO EMY CMOPOHHE20 DJIEKTPUIECKOTO
I0JIS1 C HAIIPSKEHHOCThIO E ., MUMEIOLIET0 HEe3IeKTPOCTaTHIECKOE TPOUCXOKIEHHE,
YTO MOKHO 3aMUCATDh CIEAYIONNIM 00pa3oM:

E= ECTaT + ECTOp =0 nm E(‘TaT = _ECTOp'
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COOTBGTCTBGHHO,6YH6M NMETb

[Eoudl=-[E

AnB AnB

crop

dl= [E,dl
BnA

Bemuuuna
[Eomdl=e
BnA
u npezcrasisier coboit D/IC rasbBaHMYECKOTO 3JIEMEHTA, CTPEMSIIYIOCs 0bJIa1an-
e 3apsSoM YacTHUIhI BHYTPU 2JIEMEHTA MPUBECTH B JBUIKEHUE TMPOTUB CUJ 3JIEK-
TpocTaTudeckoro nonst E. ..

O6parum BHEMaHKe Ha TO, 4To D/IC OyaeT MoJ0KUTeTbHON, €CJIU Ty Th HHTErPH-
POBaHUS BHYTPU UCTOYHUKA TTPOXOJIUT OT €T0 OTPUIATEIBHOTO 35KMMa K TIOJIOKU-
TEJIbHOMY.

[Ipupona 3Toi 3/1IeKTPOJABUIKYIIEH CUJIBI 3aKJII0YACTCS B TOM, UTO IO/ IefiCTBUEM
JIABJIEHNST PACTBOPEHUS TIOJIOKUTETbHbIE MOHBI (aTOMBI MeTAJIIa, JTUIIEHHbIE dJIeK-
TPOHOB TTPOBOJIUMOCTH ) CTPEMSTCS BBINTU U3 3JEKTPO/A B 9JTEKTPOJUT. ITOMY Iie-
pexXoy MPOTUBOIEHCTBYET OCMOTHYECKOE JIaBJIeHUe, KOTOPOE UCIBITBIBAIOT TTOJIOKH-
TeJIbHbIe MOHBI MeTajljla cO CTOPOHbI ajiekTposnTa. [loj geiicTBUeM pasHOCTH 3TUX
JTABJIEHWH W TTPONCXOIUT TEPEXO/T TIOJOKUTETBHBIX NOHOB U3 9JIEKTPOJIA B AJIEKTPO-
JIUT WA B 0OpPAaTHOM HAllPaBJIEHUH B 3aBUCUMOCTH OT TOTO, C KAKOW CTOPOHBI JIaBJie-
Hue 1peobiaziaer. B urTore a7eKTPO/l OKa3bIBA€TCsl 3aPsSKEHHBIM B IEPBOM CJTydae —
OTPUIATENBHO (M3OBITKOM OCTABIIUXCS B METaJlJie BJIEKTPOHOB MPOBOAUMOCTH), BO
BTOPOM CJTy4ae — TMOJOKUTENbHO, 8 3JIEKTPOJUT TIPHOOPETAET 3apsijl TIPOTHBOMOJIOK-
HOTO 3HaKa. MexX/y 2JIeKTPO/IOM U 9JIEKTPOJIMTOM YCTaHABINBAETCS PAa3HOCTD MOTEH-
[aIoB U obpasyercst ajekTpocTatideckoe nose E,. .., TPemnsTcTByiolee mepexory
1noHOB. [lepexo/ mpekpariaercs, Koria pa3HoCTb JaBJIeHNN yPaBHOBEITNBAETCS CUIA-
MU 3JIEKTPOCTATUYECKOTO T10JIS.

JleiicTBre Ha MOH MeXaHUUYECKO CHUJIbI f, 00yCIOBIEHHON PasHOCTBIO JaBJIEHU,
9KBUBAJIEHTHO HAJIMYNIO 9IeKTPUYECKOTO 110/ HanpsikeHnoctoio ., = f/q, rne g —
3apsijl MOHA, YTO HAXOMTCST B TIOJTHOM COOTBETCTBUU € OOIIMM OIIPEIeIEHIEM HaTIPsi-
JKEHHOCTH 3JIEKTPUYECKOTO 110J1st. TakiM 06pa3oM, paBHOBECHOE COCTOSTHIE HACTYIIa-
€T [pU YCJIOBUU

ECTaT + ECTO]) = E = 0'

Ha puc. 1.22 Bexrops E,,,, n E,,,, ycI10BHO 1300paskeHbI B TIPOCTPAHCTBE MEXKLY
BJIEKTPOIAMU B OOJIACTH, 3aHITOM 3JIEKTPOJIUTOM, XOTsI, KaK sICHO M3 U3JIOKEHHOTO,
OHW OTJINYHBI OT HYJIS TOTBKO B TOHKHUX CJIOSX MEK/LY 9JIEKTPOIAMU 1 3JIEKTPOJTUTOM.

Ecam amekTposibl BBITIOIHEHB! U3 Pa3HbIX MATEPHAJIOB, TO PA3HOCTU TTIOTCHITNATIOB
MESK/Ly HUME U 9JIEKTPOJUTOM OYyT PasiudHbI, YTO MPUBOAUT K TOSIBJEHUIO Pa3HO-
CTH MTOTEHIINAJIOB MEKIY 2JIEKTPO/IAMU. DTO MOSICHIETCS 3IIOPOIi pacIpeie/IeHus 110-
TeHI[Maja BHU3Yy Ha puc. 1.22.

CocraBnss auHeHHBI WHTErpas BekTopa E 10 3aMKHYTOMY KOHTYPY AmBnA,
MPOXOAIIEMY CBOel dacThio snympu nctounuka J/[C, momygaem

§Edl= [Edl+ [Edl=U, -Up, tax xax [Edl=0.
mB BnA

AmBnA A BnA
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C npyroii CTOpPOHHBI,

§;Ed1=§E

AmBnA

d1+§;E dl = e,

crar crop

TaK KakK

PE.dl=0, a §E, won

dl = jE dl =e
BnA

CiiefoBaTeIbHO,
e=U,-U,,
T. €. JJeKMPOOBUNCYUASL CUILA INEMEHMA PACHA PAZHOCTNU NOMEHYUUATOB UL, 9TO B JaH-
HOM CJIy4ae OJHO U TO JKe, HaNpsNCeHUI0 Ha €20 3aNCUMAX NPU PASOMKHYMOLU 8HeulHell

yenu (TIpU OTCYTCTBUM TOKA B IIETIN ).
W3 cxazanHOTO BUIHO, YTO YCJIOBHUE j;E dl = 0 cripaBeIMBO TOJBKO B 0OJIACTH TIPO-

cTpaHcTBa BHe ucTouyHnKOB J/IC.

B npumepe ¢ raibBaHIMYECKUM 3JIEMEHTOM TIPU OTCYTCTBUY TOKA PE3YJIBTUPYIOIIee
noJie (MPU MaKPOCKOTIMYECKOM PACCMOTPEHUH SIBJIEHWST ) BHYTPH 9JIEMEHTA BCIOY OT-
CYTCTBYET, UTO SIBJISIETCST CJIEJICTBUEM JICHCTBUS HEDIEKTPOCTATUIECKUX, B TAHHOM CJTy-
gyae aJaeKTpoxumMudeckux, npuuud. COOTBETCTBEHHO HANpsiKeHue BAOJb yTn BnA
BHYTPH 3JIEMEHTA IPU OTCYTCTBUU TOKA PABHO HYJIIO.

BBenierrie IOHATHST CTOPOHHETO HJIEKTPUYECKOTO TIOJIST KAK COCTABJISIONIEN Pe3yIb-
THUPYIOIIETO TIOJIST ¥, COOTBETCTBeHHO, TIousTrs DJ[C e = §>E dl umeet cMbIC B TOM

cTop

OTHOIIeHUH, 4To uMeHHO aToil D] C onpepensieTcst pabora, 3aTpaunBaeMast Ha TiepeHe-
ceHue 00JIAAOIINX 3apsilaMi 2JIEeMEHTAPHBIX YaCTHII, CBSI3aHHAsI C DJIEKTPOXUMUYe-
cknumu 1iporieccamu. CiepoBatesbao, nvenno J/[C xapakrepusyeT npu mpoxox/ie-
HUM TOKa MpeoOpasoBaHue SHEPruy BHYTPH 3JIeMeHTa. B ¢Bsi3u ¢ aTuM, TOBOpst 00
ncrtoununkaxIJIC, bymem yrnorpedsaTh TakKe TEPMUH K CTOYHUK D HEPT U .

BecbMa BaKHBIM 00CTOATENBCTBOM ABJAETCS TO, uTo DJ[C s71eMenTa oYTH He 3a-
BHUCHUT OT 3JICKTPUYECKOTO TOKA B €TO T[CTIH.

OJIEKTPOABIKYIINE CUJIBI BOSHUKAIOT TaKyKe TIPU COMTPUKOCHOBEHNUN PA3HOPOHBIX
MeTasioB. B atoM cayuae BosumkHOBeHUE IJ/[C, HA3BIBAeMBIX KOHTAKTHBI M U
I/1C, cBsI3aHO € MTEPEX0/IoM 3JIEKTPOHOB ITPOBOANMOCTH B MECTe KOHTAKTa U3 OJIHOTO
MeTaJijia B IPYToil U 00pasoBaHUEM BCJIEICTBHE 3TOTO B OJIHOM MeTaJLie U30BITOYHOTO
HOJIOKUTENBHOTO, B IPYTOM — M30BITOYHOTO OTPUIATETHHOTO 3JIEKTPUYECKOTO 3apsi-
7a. DTOT MEPeXo] JEKTPOHOB MOKET PAacCMAaTPUBATHCA KaK Pe3yJbTar JCHCTBUS B
MecTe KOHTaKTa CTOPOHHErO 2JIEKTPUYECKOTO TI0JIsI, UMEIOIIEro HedJeKTPoCTaTHye-
ckuii xapaktep. [losiBienue Ha conpukacaonmxcs MeTaIax 3aps/0B Pa3HbIX 3HAKOB
MPUBOINT K BO3HUKHOBEHWIO TaK HA3bIBAEMOI KOHTAKTHON Pa3HOCTH TOTEHITMATIOB,
paBHo# mpu oTcyTcTBUN ToKa KoHTakTHOl I/[C. Kontakthnas J/[C 3aBucur ot pona
COIPUKACAIONIUXCS METAJJIOB U OT TEMIIEPATYPBI.

[Tocsienee 0OCTOSITEBCTBO MCIIOJIB3YETCSI B TaK HA3BIBAEMBIX TEPMOIJTIEMEHTAX.
Ecam coctaBuTh 3aMKHYTYTO TIeTTh M3 IBYX Pa3HOPOIHBIX MMPOBOHUKOB, TO TIPU Pa3-
JINYHBIX TeMTIePaTypax ¢ 1 ¢y IBYX MECT CIIaeB 9TUX MPOBOAHUKOB KOHTaKkTHBIe J/[C B
MecTax cliaeB OyAyT pasjMyHbIMU ¥ He OYIyT B3aUMHO KOMIIEHCHPOBATHCS BIOJIb
nenu. B utore B 3aMKHYTOH 11enu Oyet geifictBoBarh pesysasrupyioiiast I/[C, Ha3bi-
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BaeMasi TEPMODJEKTPOABUKY el cuoil B obiiee 3HaueHne TepMOsIeK-
TPOJABUIKYIIEN CUIBI BOUIAYT TaksKe ellle TonmoaHuTebHbIe J/]C, KOTOpble BO3HUKAIOT
BIIOJTh KAXKOTO U3 IBYX OJAHOPOIHBIX MTPOBOIHUKOB BCJIEACTBUE TOTO, YTO OAWH KO-
Hell MX HaXOJUTCSI B cpejie GoJiee BBICOKOI TeMIIepaTypbl, 4YeM JAPYTroil. ITH JOTO0JI-
HurteabHble J/[C ABAAIOTCA PE3yIBTAaTOM HEKOTOPOTO TEPEXojia 3JIeKTPOHOB MTPOBO-
JAMMOCTH OT OoJiee HArpeToro KOHIIa MPOBOAHKMKA K MeHee HarpeTOMY BCJIEACTBHE
TOTO, 9YTO UHTEHCUBHOCTH TEILJIOBOTO JIBIKEHUS JEKTPOHOB BO3PACTAET C yBeJUUe-
HUEM TeMIIEPATYyPhI.

B tepmoasiemente zefictBue I/[C mpu MpoxXoxKAeHUN TOKA CBS3aHO ¢ MPeodpaso-
BaHMEM TEIJIOBOW HHEPTUU B 3JI€KTPOMAarHuTHYI0. OOBIYHO TPUMEHSIEMbIe TEPMOTIa-
pot nmetotr J/IC mopsaaKa HeCKOIBKUX MUJIJIUBOJIBT UJIN JE€CATHIX MUJIIUBOJIBTA TIPU
TeMIlepaTypax XOJIOJAHOTO U ropgyero craeB coorBeTcTBeHHO 0 1 100 °C.

B caenyromux naparpadax moHSITHE «3JIEKTPOABIIKYIIAs CUjia» OYIEeT PaciupeHo
BKJIOUeHueM B Hero D/ C, uHAyIIMPyeMbIX [IPU U3MEHEHUH BO BDEMEHU MAarHUTHOTO
MOTOKa, 1 Tora Oy/IeT aHo obliee orpe/esieHe dTOTO BasKHOTO MOHSITHSL.

O6parum ocoboe BHUMaHUe Ha TO, 4To npu onpenenernn IJC, Kak ye ObLIO
CKa3aHo, Iy Th MHTETPUPOBAHUS OEPETCS BHYMPU NCTOUHNKA SHEPTUN OT OTPHUIIATEb-

HOT'O 3a’knuMa K IOJIOJKUTETIbHOMY (6 = ‘[ E dl j , 4 IIpU OIIpeAe/ICHUN HallpsAKe-
BnA

cTop

HUSI Ha ero 3akumax B u A WHTETPUPOBaHNE BEAECTCA 110 IIYTHU 6H€ UCTOYHUKA OT I10-
JIOJKUTEJIBHOTO 3aKMMa K OTPpUIATEC/IbHOMY:

Uy =U,-U, = jEdl.

AmB

1.9. MarHuTHbIN NOTOK. MpUHLUMN HENPEepbIBHOCTH
MarHUTHOro NOToKa

[ToTok BekTOpa MarHUTHON WHAYKIIMU CKBO3b HEKOTOPYIO MOBEPXHOCTH § (puc. 1.23)
Ha3bIBAIOT KPATKO MATHMTHBIM MMOTOKOM CKBO3b 3Ty ITOBEPXHOCTh U 0003HA-
qaioT O. lImeem

(Dszcosﬁals:_[Bds.

MaruuTtHast WHIYKIUST SIBJISIETCS TIJIOTHOCTHIO MATHUTHOTO TIOTOKA B TAHHOM TOY-
Ke moJist. JleiicTBUTEIbHO, MTPOBE/s OBEPXHOCTh HOPMAJIbHO K BeKTOpy B, Oynem
umeth cos B = 1; d® = Bds; B = d®/ds.

Enunuieii MarauTHOTrO OTOKA siBJsiercst ebep (BO). Ennnu-
1eil MarHUTHON MHYKIIMU — mecia, PaBHas 6ebepy na keaopam-
noui memp (1 Tn = 1 B6/m2).

JIMHUSAMY MarHUTHON WHAYKI[MW HAa3bIBAIOT JIMHUU, TPOBE-
JIEHHbBIE TaK, YTOObI KacaTeJIbHbIe K HUM B KasK/I0i UX TOYKE COB-
Ha/lajiv 1o HAIPaBJIEHUIO ¢ BEKTOPOM B. It jimHun nzobpaka-
10T CO CTPEJIKAMM, YKa3bIBAOIIMMHU HallpaBjieHe BeKTopa B.

YacTh NPOCTPAHCTBA, OrpaHUYEHHAs TPyOYaTOil MOBEPXHO-
CThI0, 00PA30BAHHON COBOKYITHOCTBIO JIMHUI MArHUTHOW WH/IYK-
Puc. 1.23 I[1M, Ha3biBaeTcss TPYOKONW MATHUTHON WMHIYKIIHUIL
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MOKHO TIpe/ICTaBUTh BCE MarHUTHOE TIOJIe MO/Pas/IeJeHHBIM Ha TPYOKU MarHUTHOI
UHYKIIMKA W YCIOBUTHCS U300paskaTh KaskIyio TaKyko TPYOKY OJHOMN JUHUENH MarHuT-
HOIl MHIYKIMU, COBIAJAIONIEN € OCBIO TPYOKH.

TpyOKM MarHUTHOIN WHAYKIMH, MOTOK CKBO3b MONEPEYHOE CeYeHNEe KOTOPhIX pa-
BEH eJINHUIlE, HA3bIBAIOTCS e ITMHUYHBIM U TPy O KaMu. COOTBETCTBEHHO JIMHUT
MarHUTHON MHAYKIUK, U300paskaioliie euHIIHbIe TPYOKHU, Ha3bIBAIOTCS € L M H U Y -
HBIMU JUHUSMU MAarHUTHOUN UHYKI[U U

[IpuHIMIT HENPEPBIBHOCTU MAarHUTHOTO MMOTOKA, UMEIOTIUI B TEOPUU AJIEKTPOMATr-
HUTHBIX ABJICHUHN (DyHIaMeHTaIbHOE 3HAUYEHUE, TJACUT, YMO JUHUU MAZHUMMHOU UH-
OyKyuU Huzoe He UMEIM HU HAYALd, HU KOHUA — OHU 8CI00Y HeNnpepbleHbL.

MbI ybeskaeMcst B CIIPaBeTTMBOCTH 3TOTO Ba;KHOTO MTPUHITAIIA BO BCEX O€3 UCKITIO-
YeHMsI CJTydasiX, KOrJla MarHUTHOE 110Jie CYIIeCTBYeT B BO3IyXe W/ BOOOIe B TaKOW
cpelie, B KOTOPOii TI0Jie MOKET OBITh HEITOCPEICTBEHHO UCCJIEI0BAHO OTIBITHBIM ITyTEM.
Tak, HarpuMep, TUHUT MAaTHUTHON WHAYKIIMA OKOJIO TPSMOJITHENHOTO TPOBO/IA C TO-
KOM SBJISIOTCS OKPY>KHOCTSIMU, UMEIOMUMU IeHTPhI Ha ocu mpoBozaa (puc. 1.24).
Harmpasiienne MHUI CBSI3aHO ¢ HAIIpaBJIeHWEM TOKa MPaBUJIOM IIpaBoro BuHTa. Ha
puc. 1.24 nzobpakeHO HOPMAJILHOE CeYeHne MTPOBO/IA, TIPUYEM TOK YXOIUT OT HAOJIIO-
JlaTeJsist, 9YTO MOKa3aHO KOCBIM KPEeCTOM, M300pakaloninM XBOCT CTPesKU. B ToM ciry-
Jae, KOTJIa TOK HalpaBjieH Ha HAGJIOAATEs], CTABAT YCJIOBHYIO TOUKY, H300pakaio-
HIYI0 OCTPUE CTPEJIKH.

Kax 6b1 HE Oblyia cJ10skHa (opMa KOHTYPa 3JIEKTPHYECKOTrO
TOKAa, TUHUW MATHUTHOW WHAYKIIUW, OKPY KaIOIIe 9TOT KOH-
Typ, BCETJa OKa3bIBAIOTCS HENPEPBIBHBIMU. B Bume mpumepa
MOJKHO YKa3aTh I10JIe COJIEHOU/IA C TOKOM, KapTUHA JIMHUIA KO-
TOpOro usobpaskena Ha puc. 1.25.

Tpebyer 0co60r0 paccMOTPEHMUsT BOITPOC O HEMTPEPBIBHOCTH
JINHUI MAarHUTHON MHJYKIIUU B TOM CJIydae, KOT/la B MarHuT-
HOM I10JI€ PACIIOJIOXKEHbI TBEPJIbIE TeJa W MbI JIUIIEHbI BO3-
MO>KHOCTH HEMOCPE/ICTBEHHO MCCIEeI0BATh 10Jie BHYTPU 3TUX
Tes1. Tak, HampuMep, MoJjie MOCTOSTHHOTO MarHuTa N3yJIuTh He-
MOCPEJICTBEHHO OTBITHBIM IIYTEM MOYKHO TOJBKO B TIPOCTPaH-
crBe BHe MarauTa. [ToaToMy HEOOXOANMO YCTAHOBUTH HAa OCHOBE KaKMX-JHOO JOTI0JI-
HUTEJIbHBIX (DAKTOB MJIM KaKUX-JTMO0 COOOPasKEHMil, MTPOIOJIKAIOTCS JIM JIMHUKM Mar-
HUTHOW WHAYKIIUYA W BHYTPU TeJa caMoro maruuta. Jlefi-
CTBUTENHHO, CYIIECTBOBAHUE TIOJII BHE MarHUTa MOKHO
66110 OBl OOBSICHUTD HAJIMYKMEM Ha MMOBEPXHOCTH TOJIO-
COB MarHuTa 0COOBIX UCTOYHUKOB MAarHUTHOTO TOJIsI, Ha-
3bIBa€MbIX MATHUTHBIMU MaccaMu. CormacHo ta-
KOMY TIPE/ICTaBJIEHUIO, HA CEBEPHOM IOJIOCE MATHUTA,
rjie, KaK HaM Ka’KeTcsl, HAYMHAIOTCS JIMHUU MarHUTHOM
WH/LYKIIMY, JTO0JIKHA OBITh PACIIOIOKEHA TTOIOKUTETbHAST
MarauTHasg Macca, U Ha I05KHOM, T/ie TUHIH KOHIAI0TCST —
oTpHuIlaTeThbHAs MAarHUTHAS Macca. Takoe mpe/icTaBIeHne
O NPUPOJIe MATHUTHBIX SBJIEHUHN U CJOKUIOCH UCTOPUYE-
CKM JIO 3TIOXH, HAYaJIOM KOTOPOIi SBUJIOCH OTKPBITHE Mar-
HUTHOTO TIOJI DJIEKTPUYECKUX TOKOB. Puc. 1.25

Puc. 1.24
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Ecnu 651 110JI€ CO3aBAJIOCh MATHUTHBIMU MacCaMU 71, TO I10Jie BHYTPU MarHuTa
JIOJIKHO OBLIO ObI BBITJISAAETH TaK, Kak 9TO M300paxkeHo Ha puc. 1.26, — JuHUKM Mar-
HUTHOW WH/YKIIMU BHYTPY MarHuTa, TakK jke Kak U BHE €ro, OKa3aJuch Obl HAITPABJICH-
HBIMM OT CEBEPHOTO TI0JTI0CA K I03KHOMY.

B Hacrosiee BpeMs HaMarHUY€HHOCTh MarHUTA, WM BOOOIe HAMarHUYeHHOCTh
Tesia, 0ObSICHSIIOT CYIIECTBOBAHMEM 3JIeMEHTAPHBIX TOKOB BHYTPHM BeEIIECTBA TeJia,
SIBJISIIONIIMXCST PE3YJIBTATOM J[BUJKEHUS DJIEKTPOHOB MO0 OPOUTAM B aroMax, a TakiKe

CYIIIECTBOBAHMEM MAarHUTHBIX MOMEHTOB 3Jie-
MEeHTapHbIX YacTHIl. XOTsI BHyTpPEHHee CTpoe-
HUe 2JIEMEHTAPHBIX YACTHUI[ U, COOTBETCTBEHHO,
MPUPOJIa X MArHUTHBIX MOMEHTOB B HACTOSI-
niee BpeMs ellle He U3y4eHbl, HO MOKHO BbBI-
CKa3aTh TIPENIOJOXKEHNE, UYTO W MarHUTHBIE
MOMEHTBI 3JIEMEHTAPHBIX YACTHUIL IBJIIIOTCS pe-
3yJIBTATOM BHYTPEHHETO ABVKEHUS B 9TUX Jac-
THUIIAX, UMEIOIIEro XapakTep 3JIEKTPUUYECKUX
TOKOB.
Puc. 1.26 Puc. 1.27 Wcxons 3 aTuX MpeACcTaBIeHNH, TPUXOIUM
K 3aKJIOUeHWIO, YTO BHYTPU MAarHUTa JUHUN
MATHUTHON WHYKITUY OJUKHBI HATH TaK JKe, Kak B coenonsie (eM. puc. 1.25), — onn
JIOJIKHBI TIPEJCTaBAATh cOOO0 MPOMOIKEHIE JIMHIH, PACTIONIOKEHHBIX BHE MarHUTa.
Takas nmpaBuU/IbHasE KapTUHA 10JIsT M300paskeHa Ha puc. 1.27.

AT cooOpaskeHMsI IPUBOJAT K BBIBO/LY, YTO MAHUTHBIX MACC B IEHICTBUTEBHOCTH
He cyliecTByeT. Takoli BBIBOJ MOATBEPKAAETCS OMBITOM € JIOMaHueM MarHuTa. Ha ka-
Krie ObI MEJIKMEe YacTH HU APOOWIM MATHUT, HUKOTAA HEBO3MOKHO MOJYYUTH TaKie
ero 4acTH, Ha KOTOPBIX HaBJII01a/10Ch Obl HaJIMure U30bITKa MATHUTHO MacChl OJIHOTO
3HaKa.

Bce atu coobpaskeHust OCTAIOTCSI B CUJIE TI0 OTHOIIEHUTO K JII0O0MY TeJly, 4epe3 KO-
TOpPOE MPOXOAUT MAarHUTHBIN TTOTOK.

Wrak, maznummoe noie 6cezoa c6s3amo ¢ lekmpuueckum mokom. Bo ecex 6es uc-
KIIOUCHUS CAYUASX JTUHUU MAZHUMHOU UHOYKUUU HeNPePbLEHDL.

MaremaTruecku PUHITUI HEITPEPIBHOCTA MAarHUTHOTO TIOTOKA (hOPMYJIUPYETCST
CIIEAYIONUM 00Pa3oM:

§Bds =0,

T. €. MAZHUMHDBLI NOMOK CKBO3b JI0OYI0 3AMKHYMYI0 NOBEPXHOCIL PABEH HYJIO.

[Ipumenss ypaBHeHUE i;Bds =0 K TIOBepXHOCTHU ITPOU3-
S

BOJIBHOTO OTpe3Ka TPyOKy MarHuTHON uHaykiuu (puc. 1.28),

HETPYHO YOEAUTBCS, YTO TOTOK, BXOAAIIMIA CKBO3b CEYEHE

$; TPyOKHM, paBeH TOTOKY, BBIXOISIIEMY 4Yepe3 CEUYCHUE S,.

CiienoBaTesibHO, TIOTOK CKBO3b PA3JIMYHbIE IOIIEPEYHbIE Ce-

yeHusi TPYOKKM UMEET OJIHO U TO JKe 3HaYeHHe.

Puc. 1.28
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1.10. 3aKOH 3/1eKTPOMAarHUTHOW MHAYKLMMU

ABnenvie aekTpOMarHUTHOW WHAYKIMW OTKPbITO B 1831 1. Dapaseem, KOTOPHIi B
UTOTe CEPUU OIBITHBIX MCCJEJOBAHMI YCTAHOBU OCHOBHOW 3aKOH, XapaKTePU3YIO-
MU 9TO SIBJIEHIE KOJUIECTBEHHO.

PaceMoTpuM 3aMKHYTBIH KOHTYD abcda 3 TOHKO-
TO MTPOBOJIHUKA, PACTIONIOKEHHBIN BO BHEIITHEM MATHUT-
HoMm mosie (puc. 1.29). Ilycts @ — MarHUTHBIN TOTOK
CKBO3b MOBEPXHOCTD S, OTPAHUYEHHYIO HTUM KOHTY-
pom. [Ipenmnonoxum, 4To 9TOT KOHTYD TepeMelaeTcs
3a BpeMs df B MATHUTHOM TIOJIE€ TaK, YTO KaK/bIH €ro
asleMeHT dl TIpoxXoauT 1y Th dE, mocje 4ero KOHTYp 3a-
HUMaeT HoBoe Tosioskenue a'b'c'd'a’. CKBO3b moBepx-
HocTh | dE dl), ouepuusaemyro anemenmom dl nipu ero
JBYKEHUH, TPOXOJUT MATHUTHBIN TOTOK

Bldedl) = —[dEB] dl.

MarHuTHbIl 10TOK d®, IPOXOAAIIUN Yepe3 BCIO IIOBEPXHOCTD dS MTOJIOCKH, OUep-
YIBaeMYyIO BCEM KOHTYPOM abcda Tipu ero niepeMelennn,

dd = -53 [deB]dl, *
!

e j; O3HavYaeT WHTETPAJ 110 3aMKHYTOMY KOHTYpY abcda.
!

BMmecTe ¢ IPOBOIHUKOM MEPEHOCSTCST HAXO/ISIIIECS B HEM CBOOOIHBIE AJIEKTPIUe-
CKW 3apsiKeHHbIe YacTUIIL. [Py IBIKEHIM B MATHUTHOM TIOJIE CO CKOPOCTBIO © = d /dt
YACTUIIBI C AJIEKTPUUECKUM 3aPsIIOM ¢ Ha Hee JIEHCTBYET CO CTOPOHBI MArHUTHOTO TI0-
st Mexannveckas cuia (em. § 1.3)

dg
f ,=qloB]=q B |
dt
B cooTtBercTBUM O ckazaHHBIM B § 1.3 ABMXKYyIINiicS BMecTe ¢ TPOBOTHUKOM Ha-
6JI01aTeb, IJIT KOTOPOTO YaCTUIIBI C 3apPsIOM ¢ HEMOABUIKHBI, BOCIIPUHUMAET 3TY
CUJTYy KaK Pe3yJbTaT IeliCTBUS Ha YaCTUIIBI 2JIEKTPIUIECKOTO OIS C HATIPSIKEHHOCTHIO

E-2_[oB)- {d&B}
q dt

HazoBem 270 ajiekTpryeckoe 1ojie MHAYKTUPOBAHHBIM 3JIEKTPUUECKUM ITOJIEM U
Oynem ob6osnayath ero HanpsikenHocts E,, . Vurerpan Besmunust E,,, B1osab pac-
CMaTPUBAEMOTO HAMU KOHTYPa paBeH

§E,.dl - $[oB)di - ﬁ[ng}dl.
/ / 1 dt

Ecau oz d€ monuMars myTh, IpoXoaAnMblii asemeHToM dl 3a Bpemst dt, oounakosoe
05t 6CEX 2NeMEHMO8 KOHMyYpPa, TO BEINYUHY df MOKHO BBIHECTH 32 3HAK WHTErpaa,
u OyjieM UMeTh
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§[d§ B]dl
§E dl =
/ dt
WJIM COTJIACHO BhIpaskeHHIo (*)
PE il = 4o
dt

i

ITOT BLIBOJ ObLI C/Ie/IaH B IIPEAIIOIOKEHNH, YTO KOHTYP abcda NBUKeTCs BO BHEII-
HEM MaruomTHOM IIO0JI€, T. €. ABUJKETCA 110 OTHOIICHUIO K UCTOYHUKaM 3TOIO MaramuT-
HOTO I10JId — ITOCTOAHHBIM MarHvtamM WJIN HpOBO,Z[HI/IKaM C TOKOM, CO3aaloninM 3TO
noJe.

Opnnako B koutype abcda nnpyuupyercs 9JIC u B ToM cirydyae, KOrja KOHTYD He-
ITO/ZIBUKEH 1 TIOTOK o N3MEHAETCA BCJIC/ACTBUE [ABUKEHUA NCTOYHUKOB MarHuTHOTI'O
I10JId — TIOCTOAHHBIX MAarHUTOB NJIN HpOBOI[HI/IKOB C TOKaMM1 UJIN K€ BCJIEeCTBUEC N3-
MEHEHUsI TOKOB B IIPOBOHUKAX, CO3AAIOIIUX 9TO 0Jie. BaskHO JIuiib, 4TOOBI OBLIO OT-
HOCHUTEJIbHOE JIBUIKEHNE KOHTYpa ¥ BHELIHEr0 MAarHUTHOTO I10JIs1, IIPUBOSIIEE K 13-
MeHeHHUIO moToka O.

B § 1.8 6bw10 BbICKa3aHo obiiee MOJMOKEHHUE, YTO €CAU JIMHEHHbIA NHTErpal Ha-
Hpﬂ)KeHHOCTI/I 3JI€KTpI/I'-IeCKOFO I10J14 BJ1OJIb SaMKHyTOFO KOHTypa HE paBeH Hy]HO, TO
B koHType zeiictByer D/IC, paBHasg sToMy uHTerpaxy. TakuM 00pasoM, IOCaeHee
PaBEHCTBO CBUJAETEIbCTBYET, UMO 60 6CEX CAYUAAX, KO20a maznumivii nomox @,
NPOXOOAUULL CKBO3b NOBEPXHOCM, 02PAHUMEHHYIO HEKOMOPbIM KOHMYPOM, USMEHACMCSL
80 epemenu, 6 amom Konmype unoyyupyemcs: I/[C, pasnas 63s4moi co 3HAKOM MUNHYC
CKOPOCMU USMEHEHUSL IMO20 NOMOKA:

7(0) s
6=§E“Hndl=—7. ( )
t
ITO ypaBHEHUE U BBIPAKAET 3aKOH 9JEKTPOMATHUTHON MHAYKIINH B (POPMYIUPOB-
Ke, TaHHOI MakcBeJioMm.
B o6iem cirydae oTok @ siByisietcst GyHKIINEH reOMeTprYeCKUX KOOPIMHAT KOH-

Typa 1 BpEMEHU, 1 MOKHO HallMCaTb

e= jSE dl=-2== —@+§[vB]dl,
o
e coCTaBJIgIoNas —6CD/ Ot omipejieJisieTcs U3MEHeHeM MarHUTHOTO TI0JIsI BO BpeMe-
HHU, T. €. U3BMEHEeHNEeM MMOTOKa @ B HEMOABMKHOM KOHTYPE, a COCTaBJIIONIAST i;[vB] dl
i

OIIpee/IAeTCA ABUKEHUEM KOHTypa B MAarHuTHOM IIOJIE. COOTBGTCTBGHHO, n BeJIn-
unia [vB] npencrasisier co60 TOTBKO OHY COCTABISIIONIYIO HampsukerHoctu E,,
WHAYIOMUPOBAHHOTO 3JIEKTPUYECKOTO 10JIA, OIPEAETAEMYIO JABUKEHNEM 3JEMEHTA dl
BO BHEIITHEM IT0JI€ CO CKOPOCTHIO ¥. MokHO OBLT0 GBI OTIpeiesinTh BCio Besmunuy E,,
M3 aHAJIOTMYHON (hOPMYJIbBI:

Em—m = [U’B],

HO BeJIMUMHA ¥’ 371eCh YK€ NOJIPKHA IMTPEACTABJIATD HE CKOPOCTD © 9JIEMEHTA dls paccmart-
pHBaGMOﬁ CHUCTEME KOOPAMHAT, a €r0 CKOPOCTb OTHOCHUTE/JIbHO MAarHMTHOTO I10JIA.



Mnasa 1. 0606LeHNE NOHATUI 1 3aKOHOB 3/1EKTPOMarHuTHoro nons 57

MbI npejnosiarain, 9To KOHTYp abcda ob6pa3oBaH TOHKUM TIPOBOIHUKOM. Makc-
BeJi1 000061 paBeHCTBO (**) Ha KOHTYP, PAaCIIONOKEHHbI B II000I cpee. Mbl Tak-
JKe CIUTAeM ITO PABEHCTBO CITPABE/IUBBIM JIJIsST JIIOOOTO 3aMKHYTOTO KOHTYPA, He 00sI-
3aTesibHO 00Pa30BAHHOTO MPOBOAHUKOM. B 00111eM cirydae aTOT KOHTYP MOXKeT ObITh
1 BOOOPaskaeMbIM KOHTYPOM, PACIIOJIOKEHHBIM TIEJTMKOM B JIN3JIEKTPUKE WA YaCTHY-
HO B TIPOBOJISITIEN Cpejie M YaCTHYHO B AUdJEeKTprKe. Bo Beex 6Ge3 MCKIIOUeHUs CIry-
Yagx Mpu U3MEHEHWHW BO BPEMEHM MAarHWTHOTO MOTOKA CKBO3b IIOBEPXHOCTb, Orpa-
HUYEHHYIO JI0OBIM KOHTYPOM, B TtocjenHeM BosHukaer J/1C. B mpoBossiueit cpeme
I/1C MoskeT BBI3BaTh TOKM TTPOBOIUMOCTH, B AUaIeKTprUKe nepeMenHas J/[C BbI3bI-
BaeT TOKH 3JIEKTPUIECKOTO cMetenus. [Ipu takom o6061ieHn paBeHcTBO (**) cBu-
JIETEeNBLCTBYET, UTO NPU USMEHEHUU 60 BPEMEHU MAZHUMHOZ0 NOLA NOABALEMC 8 MOM
Jce NpocCmpancmee C8si3aHHOe C HUM INEKMPUYECKOe NoJe, NPUUeM NeKMpPUYecKoe
nanpsircenue 600.1v 1100020 3amknymozo koumypa pasno I/ C, undyuupyemor 6 amom
Konmype.

[o cytu mena, 06a smu noisi — MAZHUMHOE U INEKMPUUECKOE — ABTSIOMCS NPU
AMOM OBYMSL CIMOPOHAMU eOUNHO020 INEKMPOMAZHUNHOZO NOSL.

[Tonmmaemoe B TakOM ITUPOKOM CMBICJIE ypaBHeHUe (**) ABjgeTCcs OHUM U3 OC-
HOBHBIX YPABHEHUIl JIEKTPOMATHUTHOTO TOJIS.

B ciyuae, korma KoHTyp 06pa3oBaH MPOBOJIHUKOM, B HeM Tiof aeiictBuem D/[C
BO3HMKAET TOK MPOBOAMMOCTH, U 3TOT TOK CO3/Ia€T BOKPYT KOHTYPA CBOE MAarHUTHOE
noste. IIpu atom @ B Beipaskenuu (**) sBjsgeTCcsS MOTOKOM, CO3/JAaHHBIM BHEITHUMMU
WCTOYHUKAMW M TOKOM I B CAMOM KOHType. Ecjii B KOHTYpe HeT PYTUX NCTOYHNKOB
I/1C, a umenno croporrux I/ C, paccmoTperHsix B § 1.8, To 1 1719 HATPSZKEHHOCTH
pesyasrupyioniero nosis E nveem

do
§EI/IH)] dl = - 7
t
Bemmmunna §E wnn A €CTH CyMMa TaJIeHNii HATIPSPKEHHS! BJIOJIb BCETO 3aMKHYTOTO KOH-
Typa, paBHasd TOKY i B KOHType, YMHOKEHHOMY Ha 5JIeKTPUYECKOEe CONPOTUBJICHUE 7
koHTypa. CiieoBaTesIbHO, B 9TOM CJlydae

_do
dt

wim i dt r=— d®, r dqg=— d®, . e. dq =— dO/r.
[l KoHeuHOTO M3MeHeHusl TOTOKA Ha Benunny A®D moJsyuaem

ir=

B aroii hopme 3aK0H 2IEKTPOMATHUTHOM WHAYKIIUU W ObLI YCTAHOBJIEH HKCIIEPH-
menTtanbao Mapageem.

[TpuBenennsie HOPMYJINPOBKH IPEANIONATAIOT U3MEHEHNEe MOoTOKa @ CKBO3b 110-
BEPXHOCTH §, OIPAaHUUYEHHYIO KOHTYpPOM, B koTopoM uuuyuupyercs IC. Tak kax
KOHEYHAs He3aMKHYTast TOBEPXHOCTH OTPAHMYNBAETCS BCET/IA 3AMKHYTBIM KOHTYPOM,
TO TOJBKO IO OTHOIIEHWIO K 3aMKHYTBIM KOHTYpPaM, HO OTHIOIb He K UX OTpe3KaM,
IPUMEHUMBI BBIIIENIPUBECHHBIE (POPMYINPOBK.
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JIVHUM MarHUTHON WHIYKITUU BCIOMY HelpepbIBHBL [loaTomy JmHUS MarHuTHOM
UHIYKITAN MOKET BOWTU BHYTPh KOHTYypa WHIYITUPOBAHHOTO TOKA WJIW BBIUTH W3
HEro, TOJIbKO Tepecekast Tie-au60 KoHTyp. Takum o6pasom, nusmenenne A® MOTOKa,
OXBaTbIBAEMOTO KOHTYPOM, JIOJIKHO PABHSTBCS YMCJTY €IMHUYHBIX TUHUN MarHUTHOM
uHayKun AN, epecedeHHbIX KOHTYpoM: A® = AN u Takxke d® = dN.

3aKOH 3JIEKTPOMArHUTHON MHAYKIIUK MOKET ObITh TIPEJCTaBJIEeH Ternepb B (hopMax

AN dN
Ag=—— 1 e6=——+,
r dt
T. €. JAEKMPOOSUNCY WA CULA, UHOYUUPYEMAs 6 KOHMYPe, PABHA CKOPOCMU nepeceye-
HUsL KOHMYPA eOUHUUHDIMU JUHUAMU MAZHUMHOU UHOYKUUU, B3MOTL C 0OPAMHBIM 3HA-
KOM.

ATy HOPMYIUPOBKY 3aKOHA JTEKTPOMATHUTHON WHIYKIMK OYyeM Ha3bBaTh (ha-
pajsieeBoit GopMYJIUPOBKON, TaK Kak OHa CBsi3aHa ¢ ocHoBHOU ueeit Mapajiest o nepe-
CEYeHUN TIPOBOIHUKA MAaTHUTHBIMU JIMHUSMU.

B npumenennu kK 3aMKHYTBIM KoHTypaM dopmyaupoBku Makcsesia u Mapajes
TokAecTBeHHBI, U 171 /[ C, BodHUKAaIOMIe! B 3aMKHYTOM KOHTYPe, BCEria MOSKHO Ha-
MUCaTh

dd  dN
dt dt’

Onnaxo, ecam MaKCBEJAJIOBO BhIpaxkeHue A1 uHayimpoBanuoit I/1C mo cBoemy
CYIIECTBY MOJKET OBITH MPUMEHEHO TOJBKO K 3aMKHYTBIM KOHTYpaM, TO (hapaieeBo
Boipaskenue st D/IC, B KOTOPOM Bce BHUMaHHe OOPAIAeTcsl Ha aKT MePecedeHust
KOHTYpa eIMHUYHBIMY JTUHUSAMHU MarHUTHON MHIYKI[UH, MOKET ObITh IIPUMEHEHO U
K OTpe3KaM KOHTypa. B 9TOM OTHOIIIEHUY MTOCTIeIHee BhIpaskeHre OKa3biBaeTcs boJiee
YHUBEPCAIBHBIM.

ITycTh OTpe30K TMPOBOAHWKA dl ABUIKETCST ¢ MTPOM3BOJLHO HAIIPABJIEHHON CKOPO-
CTBIO © B 001I[EM CJTydae B HEO[HOPOIHOM, HEM3MEHHOM BO BPEMEHU MarHUTHOM ITOJIE.
[Tyctb B ecTh BEKTOP MarHUTHOW MHIYKIIMK B MECTE PACIIONOKeHus oTpe3ka dl B 1aH-
HbIil MoMeHT Bpemenu (puc. 1.30). D/IC, unayimpyemas Ha otpeske dl,

de=E  dl =[ovB]dl

B nannom yactHOM ciydae, Korzia npsMOJUHERHBIN ITPOBOHUK JITUHOMN [ nBuzKeT-
CS1 CO CKOPOCTBIO © B OJHOPOAHOM MATHUTHOM I10JI€ TAK, YTO HAIIPABJICHUS BEJIMYUH /,
B v v B3aUMHO TIePIIEHINKYISIPHBI, TTOJyYaeM JJisi MHAYIpyeMoii B orpeske [ DJ1C

BbIpasKeHune

e = vBlL.

B Hamnpasrenne 3/C MOXHO OINpenesnTh, MOJb3YSCh MPABUIOM
dl npaBoil pyku. Ecsu GOJbINON, yKa3aTeJbHBIA U CPEAHUIT MaIbIlbl
[IPaBOl PYKHU PACIIOJIOKUTh B3AUMHO MEPIIEHIUKYJISIPHO U TaK, 4TO-

v ObI GOJIBINON Tasel] ObIT HAIIPABJEH B CTOPOHY JIBUKEHUS, a yKa3a-
TEJIbHBIN — B CTOPOHY IOJIsI, TO CPEAHUIT Tasiell Oy1eT yKa3biBaTh Ha-
npassetne DJIC. DTo MpaBUJIO JIETKO 3aIOMUHAETCS, €CJI 00PaTUTh

BHUMaHHE Ha TO, YTO MOPSIOK MaJblleB Ha PyKe — GOJIBINON, YKa3aTeIbHbIM, CPe/-

HUIT — COOTBETCTBYET HOPSIZIKY 10 a/ihaBUTY HAYAIbHBIX OYKB CJIOB: JIBUKEHUE, TTOJIE,

I/1C nnm gBuUKeHue, 1moJe, TOK.

Puc. 1.30
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1.11. NoTokocuenseHune. 34C caMOMHAYKLUN U B3AUMHOMA MHAYKLUMN.
MpUHUMN 3N1eKTPOMAarHUTHOW UHEpLUUN

Maruuthbiii TOTOK @ CKBO3b TTOBEPXHOCTH S, OTPAHUUYEHHYIO KOHTYPOM, HAIPUMEP
KOHTYPOM TIPOBOJISIIEN 1IeTTH, PABEH TIOBEPXHOCTHOMY MHTErPajly BEKTOpA MarHUT-
HOW MHIYKIIMH, PACIIPOCTPAHEHHOMY 110 TTOBepxXHOCTH S D = I B ds. 9o BhIpakeHue
S

CIIPaBEeIJINBO IS TI0O0H MOBEPXHOCTH, OTPAHNYEHHOI CKOJIb YTOAHO CJAOKHBIM KOH-
TypoM. B ob1ieM cirydae Takast MOBEPXHOCTh MOJKET MMETh BEChbMa CJIOKHYIO (hopMY.
Tak, Ha puc. 1.31 MITPUXOBKOII TOKa3aHa IIOBEPXHOCTD, «HATSIHYyTas» Ha KOHTYP, pac-
MOJIOKEHHBIN 110 BUHTOBOM JIMHUK ¥ 00Pas3yIOIUI KaTyIIKy U3 TpeX BUTKOB. OTaesb-
Hble JIMHUW MAarHUTHOW WHYKIIUU [TPOHU3BIBAIOT 9TY TOBEPXHOCTh HECKOJIBKO Pas:
gunuu 4, 5, 6, 7 u 8§ — Tpu pasa, JuHuUs 3 — JBa pasa.

[lesrecoo6pasHO B TaKMX CJIOKHBIX CJIydasiX BBECTH MOHSTHE O TOTOK O CI[ €Tl -
neauu Y. TepMUH «IIOTOKOCIEIIEHIE> HEOOXOIUMO BBECTH B CBS3U C TEM, YTO OT-
JleTbHbIE TAHUN MAaTHUTHON WHAYKITUN HECKOJBKO Pa3
CIETJISIIOTCST CO BceM KOHTYpoM. 3Hauenue ¥ MOKHO
MOJYYUTh, YMHOKASI MOTOK KaXKIO0W €IUHUYHON JIH-
HUU MarHUTHON WHIYKIIMU HAa YUCJIO BUTKOB IIEIIH,
C KOTOPBIMY OHA CIIETIJISIETCS, ¥ CKJIaIbIBas MOTyYeH-
Hble pe3ysbratbl. ClI0KeH1e ClieyeT TPOU3BOJINUTD aJl-
reOparyecKu, IPUYEM TMOJIOKUTETbHBIMU CJIEYET CU-
TaTh JIMHUA MAarHUTHOM WHIYKITMH, HATIPABJIEHUE KO-
TOPBIX CBSI3AHO C MOJIOKUTETHHBIM HAIIPABJIEHUEM TO-
Ka B KOHTYPE 3JeKTPUUIECKON TIeT TTPaBUJIOM MIPaBo- Puc. 1.31
rO BUHTA.

Acno, yro I/ C, unaynupyemasi Bo BCeil 1Ie1H, OnpeesisieTcst TOTOKOCIeTIeH -
em V. JleiicTBUTENIHO, IPU YMEHBINEHUN TOTOKA JI0 HYJIST KaykK/1ast IMHUST MAaTHUTHOM
WUHJYKI[MU CTOJIKO Pa3 [epecevyer KOHTYP TOKA, CKOJIbKO Pa3 OHa C HUM CIEILJISIETCSI.
[ToaTOMY 10JIZKHO GBITH PABEHCTBO

dN _ d¥Y
dt dt
[ToToxu, criemgionuecss ¢ OTAEAbHBIMUA BUTKAMU KaTYITKA, pa3audHbl. [loaTomy
pazimunbl U D/IC, uHAYIMPYEMble B OT/AENbHBIX BUTKaX. B psizie ciydaeB mpuoIim-
JKEHHO MOKHO CYUTATh, UTO BCE JJUHUM MAaTHUTHOM MHAYKIIUK CIETJISAIOTCS CO BCEMU
@ BUTKaMW KaTyIIKU. Torza mMOTOKOCIeTIenie KaTyIIKN CBI3bIBAETCS C TOTOKOM O
B OTHOM BUTKe TIPOCTHIM cooTHomeHueM V¥ = w®. B Takom caygae I/[C, uanymupye-
Masi B KaTYIIIKE,
d¥y do
—_—=—w—.
dt dt
TakuM yIPOIIEHHBIM PacdeTOM OOBIYHO MOKHO IOJIB30BATHCS TIPU BBHIUYNCICHUN
I/1C, uHaynupyeMbIX B KaTYIIKaX ¢ 3aMKHYTBIMU CepieYHUKaMK 13 (peppoMarHuT-
HBIX MaTEPHUAJIOB.

B npocreiiniem caydae 75 0JJTHOTO KOHTYPaA € 3JIEKTPUYECKUM TOKOM MArHUTHbBIN
MOTOK, CIETJIAIONIAICS ¢ 9TUM KOHTYPOM, OIpPEAesIeTcsI TOKOM i, POTEKAIOIINM
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B 9TOM JKe KOHTYpe. Takoii MOTOK Ha3bIBAIOT TOTOKOM caMouHAyKuu. [loTo-
KOCIeTTJIeHne CaMOMHAYKIIUNA HEKOTOPOTO 3JIEKTPUYECKOTO KOHTYpa WJIH,
YTO TO K€, HEKOTOPOW HEPa3BETBJIEHHON 2JIEKTPUYECKOil 1ienu, o6o3Hadaror ;. Mox-
HO TIPE/ICTABUTH €T0 B BUJIE

Y, = Li.

Bemnuuny L HasbiBalOT cOOCTBEHHON MHAYKTUBHOCTHIO WM IPOCTO
HHAYKTUBHOCTHI KOHTYpa. IHAYKTUBHOCTD 3aBUCUT OT T€OMETPUUYECKUX BEJH-
YUH g, ONPEAENSIONINX pa3Mepbl U (hOpMy KOHTYPa, a Takke OT abCOMOTHON MarHuT-
HOI ITPOHUIIAEMOCTH L CPejibl, B KOTOPOH cyIecTByeT MarHuTHoe tone: L = F(g, ).
JL71st OMHOPOIHOM cpefibl ¢ u = const mmeeM L = uf(g).

[Ipu usmMeHeHNN MOTOKA CAMOMHAYKIINA B KOHTYyPE BO3HUKAET 2 T€KTPO B -
Kyllasi cuja caMoUuHAYKIuuU VM3menenne nmoroka ¥, MOXKET MPOUCXOUTH
KaK BCJIEJICTBUE N3MEHEHUS TOKA, TaK W BCJIEACTBUE NU3MEHEHNST MHAYKTHUBHOCTH. [1o-
aroMmy B o0mieM caydae I/C caMOMHAYKIMK €, MOXKeT ObITh MpeCTaBieHa B BHUJIE
CYMMBI IBYX UJICHOB:

o o A% AL) _ didL
dt dt . dt

IIpu L = const
di
dt
1 2 [l MByX WJTM HECKOJBKUX KOHTYPOB C TOKAMHU MaTHUT-
HBII TTOTOK, CIEIJIAIONIAICA ¢ OTHUM U3 9TUX KOHTYPOB, OII-
pelesisieTcst TOKaM# BO BceX KOHTypax. PaccMoTpum jiBa KOH-
Typa U TPEJIIOJI0KUM, YTO TOK TIPOTEKAET TOJIBKO B IEPBOM U3
nux (puc. 1.32). MoxeT oxazarbcd, 4YTO 4acTh JUHUN Mar-

i) =0 HUTHOW WHAYKIIUN TTOTOKA CAMOWHAYKITUU TTEPBOTO KOHTYpPaA

i + _ CHETISIETCS TAKIKE M CO BTOPHIM KOHTYPOM. [Tpu atom TOTOK,

) 3 CHETJISIONIMICS CO BTOPBIM KOHTYPOM U OIIPEJIE/ISIEMbBIIT TO-

KOM B TIEPBOM KOHTYP€, Ha3bIBAIOT TOTOKOM B3aUMHON

nanyknun. [loTokocmensenne B3aMWMHON HWH-

AYKILUHU COBTOPBIM KOHTYPOM GyieM o6o3Hadath Wy, viin

W,,. [lepBbiil uHIEKC Beeria Oy/eT yKas3bIBaTh, C KAaKOW Ie-

MIbI0 paccMaTpUBaeTCs CIleTJieHne TT0ToKa. BTopoit mHeKc

(M nnu 1) yxaswiBaeT, YTO MOTOK OTPEAENSIeTCI TOKOM, TTPOTEKAIOMNM B IPYTOH,
B JIAHHOM CJIy4ae B IepBoii, menu. MoKHO HAlucaTh

e, =-L

D Dy

Puc. 1.32

\IJ2M = M21Z1.

Benuuuny M,, Ha3pIBalOT B3AaNMHONW MHAYKTHUBHOCTHIO KOHTypoB. OHa
3aBUCUT OT F€OMETPUYECKUX BEJUYMH g, ONPEESIONUX pa3Mepbl U (DOPMbI KOHTY-
POB M UX B3aWMHOE PacCIIOJIOKeHNe, a TakkKe OT abCOMOTHON MarHUTHOW TIPOHMIIAe-
MocTH u cpeast: M = f(g, n). Ecim p = const, To M = pf(g).

Enmunuiieit vHIyKTUBHOCTU W B3aUMHOU WHAYKTUBHOCTH ABJsgeTcs zenpu (1').

[Ipu u3MeHeHUN TTOTOKA B3aUMHON WHJIYKIIUU, CIEILJISIONIET0Cs CO BTOPBIM KOH-
TYPOM, B 9TOM KOHTYPE€ BO3HUKAET d3JI€KTPOABUIKYI[Aasl CUJAa B3aUMMHOM
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uH Yy KU [Totok Wy, MOKET U3MEHSThCS JTMO0 BCJEACTBIE U3MEHEHUsT TOKA iy,
J60 BCJIEACTBIE U3MEHEHUs B3auMHO# uHayktuBHoctu M,,. CoorBercrBerno, JJ1C
B3aMMHOU MH/IYKIIUHU, BOSHUKAIOIIAST BO BTOPOM KOHTYPE, MOKET OBITh ITPE/ICTaBIeHA
B BUjIE
_ dLP2M _ d(M21i1) _ di1 ; dM21
€om =~ =" =M,y ——i—=.
dt dt dt dt
di,

21 dt .

OctanoBumcs etie Ha o61eM xapakrepe HHAYIUPoBaHHbIX J/[C. 3HaK «MUHYC»>
B BbIpakennn i nuayimpoBanaoit J/1C cBunerenseTByet o ToM, uto ata I/LC cTpe-
MUTCSI BBI3BaTh TOKH, HallpaBJIEHHbIE TAaKUM 0OpPa3oM, 4TOOBI BOCIPEISATCTBOBATH
M3MEHEHWI0O MAarHUTHOTO TOTOKAa. JTO TOJIOKEHUE BBIPAXKAET CPOPMYIMPOBAHHBIHN
JleHteM TPUHIIUT 3JeKTPOMATHUTHOW WHep I UHU. B camom gmese, mipen-
HOJIOKUM, YTO MOTOK, CIEIUISIONMIiCsS ¢ KOHTYpoM, yobiBaeT, T. e. d' ¥ < 0. B takom
ciydae e = — dW¥/dt > 0, u cieoBaTebHO, Bo3HUKaoMast B KoHType I/[C crpemutcest
BBI3BATD TOK B ITOJIOKUTETHHOM HATIPABJIEHIH 1 TEM CAMBIM BOCIIPEIISITCTBOBATD YObI-
BaHuIo noToka. Haobopor, ecan motok Bozpacraet, To d¥ > 0 1 e < 0. B atom ciryuae
I/1C B KOHTYpe CTPpEeMUTCS BBI3BATh TOK B OTPHUIATEIBHOM HAIIPaBJICHUHN U 9TUM BOC-
MPENATCTBOBATh YBEJUUEHUIO TTOTOKA. MBI BUANM, uTo nHAynuposarnHeie J/[C nme-
IOT XapaKTep CUJI WHEPITUH.

Ha ocroBanmm cxazaHHOTO MOXHO C(HOPMYJIUPOBATH TPUHIINTI AJIEKTPOMATHUTHOM
WHEPIINY B OTHOIIEHNN 2JIEKTPOMArHUTHBIX TTPOIECCOB, COBEPIIAIONINXCA B CUCTEME
KOHTYPOB C 9JIEKTPUUECKUMU TOKAMU, & UMEHHO: 68 CUCMEeMEe KOHMYPO8 C leKmpuye-
CKUMU TOKAMU CYUCMEYem MeHOCHUUS. K COXPAHEHUIO HEUSMEHHIMU MAZHUMHBIX NO-
MOK08, CUENILSIOUUXCSL C OMOCIHLIMU KOHMYpamu cucmemol. Ilpu écsikoil nonvimxe
UBMEHUMb NOMOKU, CUENISIOWUECS C KOHMYPAMU, 8 KOHMYPAX 603HUKAIOM INEKMPO-
OBUIICYUUE CUTBL, CIMPEMAUUEC BOCNPENIMCME08AMb IMOMY UsMeHenuto. B ipocTeii-
HIeM cJiydae JIJIsi O/IHOTO KOHTypa ¢ TOKOM BozHmKaeT D/IC caMOMHAYKITNH, paBHAS

:_d(Li)= Lﬁ

Ecmm My, = const, To e,,, = -M

dt dt’

B npocreiiniem ciydae, KOTOPBIA paccMaTpuBaeTcsl B IMHAMUKE, 2 UMEHHO, IIPU
JBUKEHUH CBOOOHON MaTePUATBHON TOUKH, TPUHITAIT MHEPITUU 3aKTI0YAETCST B TOM,
4TO cBOOOIHOI MaTepUaIbHON TOUKE CBONCTBEHHO COXPAHSITH CBOE KOJMYECTBO [[BH-
skeHus. Ecm oz ieficTBHeM BHEIIHUX CUJI U3MEHAETCs KOJIMYeCTBO ABUKEHHUS TOU-
KU, TO, BBO/ISI B PACCMOTPEHUE CHUJIbl MHEPIUN, PAaBHbIE U IIPOTUBOIIOJIOKHBIC BHEII-
HUM CHJIaM, MOYKHO pacCMaTpuBaTh 3TU CHUJIbl MUHEPUUM KaK IPENATCTBYIOLINE
M3MEeHEeHUIO KOJIMYecTBa [BUsKeHns. Ecm HanpaBieHe CUJIbI COBIIAIAeT ¢ HallpaBJie-
HUEM CKOPOCTHU ¥, TO CUJIa UHEPLUUU UMeeT BbIPaKeHUe

d(mo Y
po_dlm) _ o

m
dt dt
rlie m — Macca MaTepuajbHON TOYKH.
Mpbr BUiMM, YTO MarHUTHBIHM IIOTOK MOKHO PacCMaTpUBaTh KaK KOJINYECTBO JIBU-
SKEHMSI B 9JIEKTPOMAarHUTHOM IIpoliecce, HHAYKTUBHOCTD KOHTYpa — Kak Koapduiu-

e

’
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€HT HJIEKTPOMArHUTHON WHEPIINH, TOK — KaK 3JEKTPUUECKYIO CKOPOCTh. DJIeKTpHrye-
CKOW KOOPIMHATON CUCTEMBI TIPU DTOM SIBJISIETCS 3JIEKTPUIECKUI 3apsif ¢, TepeHece -
HBII Yepe3 MomepevyHoe cedeHne KOHTYypa OT HEKOTOPOTO HAYaThbHOTO MOMEHTA Bpe-
MeHHU, TaK Kak i = dq/dt.

Cuuibl nHepIy HanboJiee MOJHO MPOSIBISIIOTCST B CUCTEME, He UMETOIIEN TPEHMSI.
CoOTBETCTBEHHO, 1 HJIEKTPOMArHUTHAST MHEPIIUST BhISIBJISIETCST Harboiee MOJIHO B KOH-
Typax, 9JIEKTPUIECKOe COMPOTUBJICHNE KOTOPBIX PAaBHO HYJ0. Takyio CBEPXITPOBOIS-
HIYIO I[€Ilb MOXKHO OCYIIECTBUTD HA OIbITE. SIBJIeHNE CBEPXIIPOBOIMMOCTU 3aKJII0Ua-
€TCsl B TOM, YTO HEKOTOPbIE METAJIJIbI, HAPUMED CBUHETI, OJIOBO, PTYTh, U CILJIABBI —
HUOOUH—TUTaH, HHOOMI—OJIOBO TIPM BeChbMa HU3KKMX Temiieparypax (IopsiKa He-
CKOJIBKUX KeTbBUHOB) MMEIOT yIeTbHOE COMPOTUBJEHUE, MPAKTUIECKU PaBHOE
HYJTIO.

[Tomoxum, 4TO KOJIBIIO M3 OJHOTO U3 TEPEYNCIECHHBIX MAaTEPUATIOB BHECEHO BO
BHelIHee MarauTHoe 1oJie (puc. 1.33) u 3aMOPOKEHO, T. €. CeJTaHO CBEPXITPOBOIS-
M. [IycTs mpu 9TOM ¢ KobItoM criemsieTcss BHenmani moTok ¥y, = W, (7muaunm 71— 6).
Bynem tenepb BBIHOCUTH KOJIBIIO M3 BHEITHETO T10JIs. B KOJIbIle BOSHUKAET BHEIIHSIS
IC ey =— d¥,,/dt, nox nelicTBIEM KOTOPOH B KOHTYPE KOJIbI[A IIOSABJISIETCS TOK i U
obpasyetcs motok camomaaykimn ;. Cymma srenrreir /1C u /IC caMonHAyKINN
JIOJKHA OBITH PaBHA TTAJIEHUIO HAIIPSIKEH WS i B KOHTYpe. Tak kak 7= 0, To mosyyaem

_d\PM _leL -0
dt dt

b

OTKyZa CJIEeAYET, 4TO

V¥, + ¥, = const.

Puc. 1.33

B nmavaspaoM mososkenuu koutypa Wy, = W, u W, = 0 (puc. 1.33, a). Crnenona-
tesbHo, ¥y, + W, = ¥,. Korga koHTyp OyseT BbiHeCeH 3a TIpejieibl BHEITHEro MoJIst
(puc. 1.33, 6), 6ynem nmers ¥y, =0 u ¥, = Li = ¥,

Mo BusuM, uto 1ipu # = (0 3J1IeKTPOMArduTHAsE UHEPIIUS TIPOSIBISETCS B MOJHON
Mepe — pe3yJbTHpYIolee TOTOKOCIETITIEHNe OCTAETCS MTOCTOSHHBIM U JIMIIb COBEp-
maeTcst mpeoOpasoBaHue BHEITHETO MOTOKA B MOTOK CAMOWH/IYKITHH.

1.12. MNoTeHunanbHOE U BUXPEBOE JIEKTPUYECKHNE Nons

BepHEMCH K OCHOBHbBIM OIIpeAe/JIeHUAM TEPMUHOB <«3JJEKTPOABUIKYIIAsA CUJIa»,
<QJIEKTPUYIECKOE HAIIPAKEHUE» N «PAa3HOCTb IJIEKTPUYECKHX ITOTEHI[MAJIOB», YTOOBI
ACHO cebe MpeACTaBrUTh, B KaKUX CJayYasdX MOJKHO I10JIb30BATbCA TEM WMJIN WHBIM
n3 HUX.
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I/IC, deiicmeyrowas 6001b HEKOMOPO2O NYMiU, PABHA JUHEUHOMY UHMEZPALY 6001b
9MO20 NYMuU HANPAICEHHOCTU CMOPOHHEZO INEKMPUYECKO20 NOJIS, A MAKICe INeKMPU-
4ecK020 NOJsl, UHOYUUPOBAHHOZ0 USMEHAIOUUMCS Maznumnbim nosem. IlosiBienne
I/IC MoxeT ObITH 0OYCIOBIEHO Pa3INYHBIMU TPUYUHAMU. ECIM B 3JIEKTPUUYECKOiT
IENU COIePIKATCS YYACTKU C JIEKTPOJUTHUECKON TTpoBOMMOCTbio, To J/IC MoxeT
BO3HMKATD BCJIEACTBHE AJIEKTPOXMMHIYECKIX TTPOTIECCOB. B MecTe KOHTaKTa IBYX MPoO-
BOJHUKOB M3 PA3JINMYHBIX METAII0B Bo3HWKaeT KoHTakTHasg DJ[C. IIpu usmenenun
MarHMTHOTO TIOTOKA B KOHTYPaX, PAacIOJIOKEHHBIX B JII0OOH cpeje, BosHuKaioT J/[C
WHIYKITUH.

[TonsTne «anexTprUecKoe HATIPSKEHNEe, NN «TTaJIcHIe HATIPSIKEHUS»>, CBA3aHO C
PE3YJIBTUPYIONIMM 3IEKTPUUECKUM TIOJIEM. DIEKMPUUECKOE HANPSHCEHUE B00b HEKO-
mopozo nymu om mouku A 0o mouxu B paeno aunetinomy unmezpany nanpsjiceHHocmu
PE3YAbMUPYIOW,e20 INEKMPUYECK020 NOAst (3IeKMpocmamuieckozo, CmayuoHapHozo,
CMOPOHHEZ0, UHOYUUPOBAHN020) 800Ib IMO20 NYMIU.

Heo6xommmo Mo4epKHy T, 4TO HANPsIKEHNe MeKLy ByMst Toukamut A u B (puc. 1.34)
[IPU TEPEMEHHOM MarHUTHOM I10JIE 3aBUCHUT OT BHIOOPA Iy TH, TI0 KOTOPOMY COCTaBJIs-
eM JIMHEIHBINT WHTerpaj HAPSKEeHHOCTH 3JIEKTPUYECKOTO MOJsl OT TOUYKU A K Tou-
ke B. [lefictBuTenbHO, 7151 3aMKHYTOTO KOHTYpa AmBnA B mepeMeHHOM MarHUTHOM
moJie UMeeM

do
dr’

rme @ — MATHUTHBIA MOTOK CKBO3b ITOBEPXHOCTH, OTPAHMYEHHYIO 3TUM KOHTYPOM.
CienoBaTeabHO,

§Edl= jEdl+ jEdl:—
BnA

AmBnA AmB

[ Edl - [ Eal-2.
AmB AnB dt

B Bume mpumepa paccMOTpUM IieNb TMEPEMEHHOTO TOKa
(puc. 1.35). MaruuTtHoe 110J1€, OKpYsKaloliee IMPOBOHUKH Ta-
KO 11enu, udMensercs Bo BpeMenu. [loaTomy B KOHTYpax, Ko-
TOpBIE MOXKHO TPEJACTABUTH MBICTIEHHO B JIUAJIEKTPUKE, UHIY-
IUPYIOTCS JEKTPOJBIKYIIHE CUJTBbI. BesencTsuie sToro Ha-
IpsKEHNe MEXIy TouKaMu A W B Iienu 3aBHCUT OT BBIGOpa
myTn oT Toukn A k Touke B. U peiicTBUTENBHO, TTOKAa3aHUE
BOJIBTMETPA B 9TOM CJIy4ae, B MPUHITHIIE, 3aBUCUT OT TTOJIOKe-
HUST BOJIBTMETPA U COEMHUTENBHBIX TTPOBOAHUKOB 1O OTHO- Puc. 1.34
HIEHUIO K KOHTYPY Tenu. OTciozia sicHo, 4TO 10 OTHOIIEHUIO K
IETISIM TEPEMEHHOTO TOKA, €CITH TTOJIXOIUTH CTPOTO, HETb3ST TO-
BOPUTH O HATIPSIZKEHUN MESKIY IBYMs TOUKAMU TIETTH VI O Ha-
NPSUKEHNN Ha 3aKMMax IeTH, He JeJias OTOBOPKH, BIOJb Ka-
KOTO TIyTH Ompesiesisiercss Hanpspkenve. OfHAKO Mbl 4acTo
MOJIb3YEMCSI BBIDAKEHMEM <«HATPsDKEHUe Ha 3a’KUMax Ilenu
HIEPEMEHHOTO TOKa» 0e3 BCSIKUX OTOBOPOK, TaK KakK yKasaHHast
HEOTIPE/IEJIEHHOCTh B OOBIYHBIX IEISIX MPH HU3KUX YaCTOTAX
U He CIIMIIKOM OOJIBININX TOKAX MPaKTHYECKH He3HAUYNTE IbHa,
ecJIi, KOHEYHO, He BBIOMPATDh MyTell WHTErPUPOBAHUS B MeC-

W
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Tax, rjie MepeMeHHble MarHUTHbIE MOJISI OCOOEHHO CUJIbHBL. JTa HEOIPeNeTeHHOCTD
CTAHOBUTCS MPAKTUYECKU OIIYTUMOM IPU OY€Hb BBICOKMX YaCTOTaX U IPU BeCbMa
GOJIBIINX TOKAX B IENH. B TaKuX Cydasix MOKHO FOBOPHUTb TOJBKO O HATIPSIKEHUH
MESKITY IBYMsI TOYKAMHU TIETTA BJIOJIb OTIPEIETIEHHOTO 3a/[aHHOTO TYTH.

Kax panee GbLI0 1MOKa3aHO, JIMHEHHbBII WHTErPa HATIPSIKEHHOCTH BJIEKTPUYECKOTO
OJIst COBEPIEHHO He 3aBUCUT OT BBIOOPA IyTH MesK1y Toukamu A v B B ajiekTpocTa-
TUYECKOM TI0JIE U BJIEKTPUUECKOM I10JI€ TIOCTOSIHHBIX TOKOB, IPOTEKAIONUX B HEIO/I-
BIZKHBIX MTPOBOJTHUKAX, €CJIM MYTh MHTETPUPOBAHUS He MPOXOIUT Yepe3 MCTOUHUKN
IJC. B rakux nmosasx I/IC B mob6OM 3aMKHYTOM KOHTYpe, He TIPOXOIAIIEM depe3
nucrounnku I/[C, pasHa myso. Takue OIS MOTYT OBITH MOJHOCTHIO OXapaKTEPH-
30BaHbI CKAJISIPHBIM 3JIEKTPUYECKUM TIOTEHITUAJIOM, T. €. SIBJSIOTCS TOTEH I U A b -
HBIM U T0JIsIMA. 110 OTHOIIEHUIO K HUM TPUMEHUM TEPMUH «PA3HOCTD TIOTEHIINATIOB
B TOuKax A u B».

Takum 06pa3oM, MOHATHE «Pa3HOCTh MMOTEHIIMATIOB>, IPUMEHUMOE TOJIBKO K I10-
TEHI[UAJIbHBIM TIOJISIM WJIK COOTBETCTBEHHO K MOTEHIIMAJIbHBIM COCTABJISIONIUM pe-
3YJIBTUPYIOIIETO MOJIsI, UMeeT OoJiee Y3KUI CMbICI, YeM MOHSITHE «HATIPSIIKEHUE, TPH-
MEHUMOE K JIFOOBIM 3JIEKTPUUYECKUM TIOJISIM.

Pasnocmo anexmpuueckux nomenyuaios 08yx mouex pasHa IUHeHOMY UHMezZpaLy
HAnPsICeHHOCMU NOMEHUUATLHOZ0 (INEKMPOCMAMULECKOZ0 U CIMAUUOHAPHOZ0) JTeK-
MPUUecKozo noist 0m 00HOU OanHOU MoUKU 00 OPY2olL.

Jl71s1 TIOTEHIUATIBHOTO TIOJIST TIOHSITUST <HAIPSIKEHWEe MeXy TouKamu A u By u
«Pa3HOCTH MOTEHIIUAJIOB B TOUYKaX A U By, 110 CyIIECTBY, COBIIAJIAIOT.

PaccMoTprM HECKOJIBKO MOAPOOHEE TOJIHKO YTO BBICKA3AHHBIE OOIINE MOTOKEHNUST
Ha KOHKPETHOM IIpuMepe Ielu, u3obpakentoi Ha puc. 1.35.

Ecsm 661 TOK B 9TO 11€1u GBI MOCTOSTHHBIM, TO 3JIEKTPUYECKOE T10Jie ObLIO Obl
CTAI[MOHAPHBIM ¥ TIOTEHIIMAIBHBIM, T. €. TIPU 9TOM MOKHO ObLI0 OBl HalKcaTh

E=E

cTaig nim E = E]'IOT'
ITO 3JIEKTPUUECKOE T10JIe CBSI3AHO C 3apsi/laMy Ha I0BEPXHOCTHU IIPOBOJIOB U B JIaH-
HOM CJIydae sIBJISIETCSI Pe3yJIbTaTOM IajleHusl HAIPSDKEHUs! B COIIPOTUBJICHUY LTI,
DJIeKTpHUYeCcKoe HalpsKeHne Mexay ToukamMu A 1 B B aTOM ciydae, Kak TOJBKO
4TO OBLIIO OTMEUEHO, He 3aBHUCHUT OT BHIOOPA ITyTH, 1 HATIPSIKEHE BIOJIb JTI0OOTO 3aMK-

HYTOTO KOHTYpa PaBHO HYJIIO: iﬁEdl =0. ITocnennee cornacyercs ¢ Tem, uto I/C B

JI000M 3aIaHHOM KOHTYpe € = — d® /dt B TakOM 110JI€ paBHa HYJIIO, Tak Kak ® = const.
Ecau Tox B mpoBozax 1enu cTaHeT U3MEHSAThCSI BO BPpeMeHU, TO (PU3UIECKU ITO
NIpUBEZET K M3MEHEHUIO 2JIEKTPOMAarHUTHOTO TI0JISI OKOJIO TTPOBOJIOB. B aToM miepe-
MEHHOM TI0Jie HalpsDKeHue Mexay ToukamMu A m B B KaXAbli MOMEHT BPEMEHU
3aBUCHUT OT BbIOOpA IyTH MexkK1y 9TUMU ToukaMu. IIpu atomM (opMaibHO MOKHO pe-
3yIBTUPYIONIEE JIEKTPUIECKOE TT0JIe PacCMaTPUBATh KakK HaJOKeHWe ABYX TOJIel —
CTAIMOHAPHOTO (TMOTEHITNAIBHOTO) 2JIEKTPUYECKOTO OIS, TaK JKe, KaK TP TOCTOSTH-
HOM TOKE, CBSI3AaHHOTO C 3apsijlaMU Ha IMOBEPXHOCTU TIPOBOJIOB, U MHJLYIITUPOBAHHOTO
(TaKk Ha3BIBAEMOTO BUXPEBOTO) JJEKTPUUYECKOTO ITOJISI, BHI3BBAHHOTO M3MEHSIO-
MIMMCSI MAarHUTHBIM TIOJIEM, K COOTBETCTBEHHO MMeeM
E=E

cralg

+E.  wm E=E  +E

WH/T ot BUXp*
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Jlst crarorapHoro (IIOTEHIUANIBLHOTO) MOJIS IS JTI060r0 3aMKHYTOT0 KOHTYpa

ﬁEmJﬂZQ
g uHIAYIIMPOBAaHHOTO (BUXPEBOTO) TIOJIT
§E“Hudl __ado #0
dt
U 711 PE3YJIBTUPYIONIETO TOJIS
d®
Edl=¢(E_ +E, )dl=——=0.

§ ﬁ( crarg HUHIT ) dt

[Ipy mpuHATOM OTIpeieIeHN N TIOHATHS «3JIeKTPOABMKYIIAS CUJIa» TOJIBKO BEJIN-
YuHa §E ma @l PACCMaTpPUBaETCS KakK d1eKTPOABIIKYymas cuia. Ee Moo mpescra-

BUTh Kak cymmy ID/IC Ha OTHeIbHBIX yYacTKax KOHTYpa, Harpumep (cm. puc. 1.33)
B BU/JIE
§E,.dl= [E,d+[E,.dl
AmBnA AmB BnA

HOJIBByHCb TMIPUHATBIMU OIIpeIC/ICHUAMMN TOHSITHN <HAITPAXKEHUE» U «IJIEKTPO/IBU-
JKyllasda cujia», 1Jd 3aMKHYTOTO KOHTYpa UMeEEM

§>E dl = §Emdl, )

T. €. Hanpsicenue 860016 3aMKHYmMozo koumypa pasno /1 C, unoyuupyemoi 6 3mom Kom-
mype. JTo nomydaercs Bcerna, Tak kak ¢ E . dl = 0. /lnsa oTaesbHBIX jKe y4acTKOB
KoHTypa Hanpspkenne n J/[C Ha yyacTke He paBHBI IPYT APYTY, HAIIPUMeEP

Uy = |Edl= [E,dl+ [E,dl# [E,.d

AmB AmB AmB AmB

craig

TaK KaK
[ E il #0.

AmB

Ecmm paccmarpuBarh HEKOTOPBIH 3aMKHYTBIH KOHTYD 3JEKTPUYECKON IETTH, TO
B HeM, omuMmo I/C e, NHAYIUPYEMbIX U3MEHSIONIMMCS BO BPEMEHN MarHUTHBIM
IIOTOKOM, MOTYT AieiicTBOBaTh Takke croponnue I/C e, Hanpumep 31eKTPOXUMHU-
YeCKOTO MJIM KOHTAKTHOTO TIpoucxoskaeHust. [Ipu aTom BMecTo ypaBaeHus (*) Oymem
UMETh

§Edl=§E, dl+§E,dl

1.13. CBSI3b MAarHMTHOIO MOJIA C 3JIEKTPUUYECKUM TOKOM

Marmutioe mojie BO Bcex 0e3 UCKIIOUEHUsT CAYYasaX CBSI3AHO C AJIEKTPUYECKUM TO-
KOM. DJIEKTPUUYECKUI TOK U €r0 MAarHUTHOE 110JIe BCEra CYLeCTBYIOT OJHOBPEMEHHO
U, 110 CYTH JieJIa, SIBJISIOTCS JIMIIDb Pa3HBIMKU XapaKTePUCTUKAMU eINHOTO (PU3UUECKO-
ro mpoiecca. B nacrosiimem naparpade noctaBuM mepes cob0i 3aauy YCTAaHOBHUTH
CBA3b MEKy HUMHU.
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PacemoTprM mpoBosIINE KOHTYP TPOU3BOJIBHON (hOPMBI, TI0O KOTOPOMY MTPOTEKA-
eT anmekTprueckuii Tok i (puc. 1.36). Boxpyr Hero cyiiecTByer MarHMUTHOE TIOJIE.
[Ipenronoxum, 4T0 KOHTYP HAXOAUTCSI B IIYCTOTE,

CocTaBUM JMHENHDBINT WHTErpajg MarHUTHOU WH-
YK BJIOJIb HEKOTOPOTO 3aMKHYTOTO KOHTYPA,
OXBaTBIBAIOIIETO KOHTYP € TOKOM ¥ H300PaskeHHOIo
Ha PHUCYHKe MTPpUxoBoH mawHuel. HazoBeM aTOT
KOHTYP KOHTYPOM uHTerpupoBanusi. O1bIT TTOKa3bI-
BAa€T, UTO HE3ABUCHUMO OT (hOPMBI KOHTYpa UHTETPH-
POBaHUSI MHTErpaj MarHUTHOW HHAYKIUU BIOJIb
HETO MPOIOPIIMOHAJIEH TOKY, OXBATHIBAEMOMY 3THM
KOHTYPOM, T. €. UMEET MECTO PaBEHCTBO

j;Bcosa dl = §;Bd1 =1,

Bennmunny i, Ha30BeM MATHUTHO W MO CTO 5 H H 0 . OHa nMeeT GU3NIECKYIO
pPa3MepHOCTD, CBA3AHHYIO C PA3MEPHOCTBIO AJIEKTPUUYECKOH TTOCTOIHHOI &). [leficTBu-
TeJbHO, JieBask YaCTh PaBEHCTBA MMEET CJIEIYTONTyI0 Pa3MepHOCTD:

I I T I O 14
501 7] - 7] -

YuuThIBas pa3MepPHOCTH 2JIEKTPUIECKOTO TOKA [i] = [q/¢], moamyyaem pa3mMepHOCTD
MarHUTHON TTOCTOSHHOM:

¢ 1
Io] = g,l’ - g0

Cuie1oBaTesIbHO, Pa3MEPHOCTD L) PaBHA Pa3MEPHOCTHU BEJIMYMHbI, 0OPAaTHOI MPO-
M3BEIEHNTO AIEKTPUUECKON TTOCTOSHHOM €, HA KBAJpaT CKOpocTH. YmcaoBoe 3Have-
HYE BEJNYUHBI L) 3aBUCUT OT BBIOOpA CHUCTEMbI eMHIIL. ExuHuIeil MarHuTHOI 1o-
crosinaoir B cucteMe CU aBasierca ezewpu na memp (I'm/m). [elictBuTenbHO, U3
MPUBEIEHHON CBSI3M MEXKLy MHTETPAJIOM MAaTHUTHON WHLYKIIMH 110 3AMKHYTOMY KOH-

TYpy U TOKOM I BUJIHO, UTO €IMHUIIEH L, SBJSETCS TaM = B?X = 156 Ho B6/A
M -M

€CTb eIMHUIA UHIYKTUBHOCTH — TeHPU. B aTOll cucTeMe eUuHUI] TPU PAIIMOHATBHON
(opMe ypaBHeHUIT MAaTHUTHAST TIOCTOSTHHAsI UMeeT 3HaYeHle

Wy =4n-107 = 125710 ° T'm / m.
CrpaBe/InBOCTh PABEHCTBA
Bl =y,

MOKeT OBbITh ITPOBEPEHA CJIEAYIONIUM OIBITOM.

BosbMeMm ToHKyIO rHOKYIO JIEHTY M3 H3oJupyoiiero mMarepuaia. O6oBbeM aTy
JIEHTY PaBHOMEPHO TI0 BCeil ee JyinHe TOHKOI nipoBosiokoit (puc. 1.37). Ilycts w; —
YUCJI0 BUTKOB OOMOTKY Ha €[MHUILY JJIUHBI JIEHTBI, S — CeYeHHUe JIEHTbI, HOPMaJIbHOE
K ee ocU, U dl — 3JIeMeHT JJIMHBI JIeHTbl. MarHuTHBIN IOTOK CKBO3b CEUYCHUE JICHTHI
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o= J-Bds. BBumy manoctu ceueHust JI€HTHI MOKHO CUUTATh
N

B TIpe/iesiaX KaXK/Io0TO CeYeHUs B OT/EJbHOCTU T0JIEe OHO-
POJIHBIM, T. €. IPU BbIUUCJIEHUU MTOTOKA CUUTATh WHYKIIUIO
noctoguuol. CrenoBatensro, ® = B cos Bs, tae B — yroa
MeK/Ty HOPMaJIbIo K CEUeHUIO S U HalpaBJjieHueM BeKkTopa B.
Ho HOpMasb K CEYEHHUIO COBIAAAET M0 HAIpaBJICHUIO ¢ dl.
CrenoBaTesbHO, YTOJ 3 paBeH YIIIy o MEKIY HAIPaBIeHUEM
BekTopa B u kacarenpnoit T K ocu JeHTwl. Tak, MOTOK, 1po-
HU3BIBAIOIUI OANH BUTOK OOMOTKH,

=B cosas.
ITorokocIerieHne ¢ BUTKaMU Ha OTpesKe dl JIeHThI

d¥ = ®w,dl = B cos o sw,dl.
[ToTokocLemIenre co BCeMU BUTKaMU OOMOTKHM JIEHTBI Ha BCEil ee J/InHe
Y= swéBcosa dl.

Takum 06p3.30M, N3MepPsA IMOTOKOCHEIIEHN E Y 11 3Hasd BEJIMUUHDI S U w4, IOJIy4aeM
BO3MOJKHOCTb USBMEPUTDb MHTETPAJI §BCOSOL dl BZIOJIb OCH JICHTBI. OHI/ICEIHHyIO JIEHTY

JUIST KpAaTKOCTH Oy/leM Has3biBaTh MaTHUTHBIM 110 c oM. [Torokocuernnenne ¥
TIPY TTOCTOSTHHOM TOKE i MOJKHO M3MEPHUTH € TTOMOIILIO OaIMCTIHYECKOTO TalbBaHo-
MeTpa, BBIKJIIOYask TOK WJIM Pa3MbIKast JIEHTY U OBICTPO YIAJIsist €€ 3a TPEEIbl OIS
[Tpu mepeMeHHOM TOKE aMILTUTY/Ly TOTOKA MOKHO OTIPEIETUTh, U3MEPSIST aMIIUTY/LY
IC, uHayIUpyeMoii B 06MOTKe JIEHTHI.

[Tpou3BO/ISt OIBITHI ¢ MATHUTHBIM MOSICOM, YOEKIAEMCs, 4TO UHMezZpal j;B dl no

3AMKHYMOMY KOHMYPY, 0XEAMbIBAIOW,EMY KOHMYP C MOKOM 1, He 3asUcum om Qopmovi
KOHMYPa unmezpuposanus 1 nponopuuonaier moxy i. 3aMeTuM TIpU 3TOM, 9TO eCIIU
HOJIOKUTEIbHOE HallpaBJieHne 00X0/1a KOHTYPa HHTErPUPOBAHKS CBSI3aHO C TIOJIOKHU-
TeJTbHBIM HATPaBJIEHUEM TOKA i MTPABUJIOM MPABOTO BUHTA, TO f*;B dl v i mostyyarorcst

O/IHOT'O 3HaKa. Ecmm KOHTYD UHTEIPUPOBaHUWA HE OXBATbBIBAET TOKA, TO MHTETPaAJI j;Bdl

BIIOJTb HETO PaBeH HYJIO He3aBUCUMO OT (DOPMbI KOHTYpa UHTETPUPOBAHUS.
CootHornrenne §Bdl = I, 1 BBIPQJKAET HEPA3PLIBHYIO CBS3b MArHUTHOTO 1O U TO-

ka. JleficTBUTENBHO, €CIM COBMECTUTh B MATHUTHOM I10JI€ KOHTYD MHTErpUpOBaHMUs
¢ mo6oii TMHUel MarHUTHON MHAYKIUY, KOTOpas BCerja 3aMKHYTa, U BbIOpaTh Ha-
npasaenne 00Xoza BOJIb KOHTypa MHTETPUPOBAHUA B HallpaBjeHuMn BekTopa B, To
Oy1eM UMETh ff;Bdl > 0 u, caegoBaresbho, i > 0. Takum 06pasoM, Kaxcoas Aunus maz-

HUMHOU UHOYKUUU 00a3amenvHo oxeamvieaem cobol snrexkmpuveckuii mox. Coomeem-
CMBEHHO, INEKMPUUECKUL MOK 6C€20A OKPYHCEH MAZHUMHBIM NOTEM.

MaruutHoe 1oJie siBJASIeTCS OCHOBHBIM TIPU3HAKOM CYIIECTBOBAHUS JJIEKTPUYE-
ckoro Toka. O cyIecTBOBaHUH 3JIEKTPUIECKOTO TOKA MOXKHO CYAUTH TI0 Pa3TMUHbBIM
MpU3HAKaM, HAlIPUMeP 10 TETJIOBOMY WJIH TI0 3JIEKTPOXUMUUECKOMY JEeHCTBHUIO TOKA.
Omnako aT1 TPOABJICHUS TOKA UMEIOT MECTO JIUIID TIPU HA/JIeKAIINX YCIOBUIX, Mar-
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HUTHOE XKe 110JIe HEM3MEHHO COITyTCTBYET 3JIEKTPHUUECKOMY TOKY. B OT/Ie/IbHBIX CJIy-
YasgxX MOKHO CYZUTHh O HAINYUHU AJTEKTPUYECKOTO TOKA TOJBKO 1O €r0 MaTHUTHOMY
moJto. TakuM TpUMepoM SIBJIIETCS TOK B CBEPXIIPOBO/IATIEM KOHTYPE, TTPOTEKAIOINI
6e3 3aMeTHOTO BbIJIEIEHHSI TETIOTHI.

O6061IMM COOTHOIIEHIIE §B dl = p,ina 6omee cioxibie KOHTYpBL [lycTh nMeeTcst

HECKOJIBKO KOHTYPOB C 9JIEKTPUYECKUMU TOKAMH, KOTOPbIE OXBAThIBAIOTCSI KOHTYPOM
nHTerpuposanus (puc. 1.38). Becerna MOXHO TpU TTOMOTIU JIOTTOJTHUTENbHBIX JIMHUH
paseuTh ITOT KOHTYP MHTErPUPOBAHUST HA HECKOJBKO KOHTYPOB, OXBATBIBAIOIINX
KasK/[bIil TOJIBKO OIMH TOK. Tak, n3obpaskeHHblil Ha puc. 1.38 koHTyp ambncpa, oxsa-
TBIBAIOIIMIT TPU TOKA, MOKHO JIMHUSIMU ad, bd v cd pasmennth Ha KOHTYpbI ambda,
bnedb n cpadc, oxBaTbIBaolNre Kaxk bl 0 0OJHOMY TOKY. MiMeeM

§Bdl =iy §Bdl = iy, $Bdl = pi,.

ambda bncdb cpadc

Cuoxum o111 paBeHcTBa. [Ipr 9TOM COCTABISIONINE UHTETPAIOB BAOIb JUHUH ad,
bd v cd nonapHoO CKOMITEHCUPYIOTCS U B JIEBOI YACTH OCTAHETCSI MHTErPaJl BIIOJTb KOH-
typa ambncpa. Tlonydaem

§Bﬂ=u¢q—5+g)

ambncpa

[TpaBast yacTh ypaBHEHUsI MTPEACTABISIET OO0 CYMMY BCEX TOKOB, ITPOXOISIIUX
CKBO3b TIOBEPXHOCTH, OTPAHUUEHHYIO KOHTYpOM MHTerpupoBanusd. Ha puc. 1.39 ata
MOBEPXHOCTH 3allTPUXOBaHa U 0bo3HaYeHa Yepes . [ToM0KUTeTbHBIMU MBI JOJIKHBI
CUMUTATh TOKH, HAIIPABJIEHHBIE B CTOPOHY TOCTYIATENbHOTO JIBUKEHUS [IPABOTO BUH-
Ta, TOJIOBKA KOTOPOTO BPAIAETCs B HANIPABJIEHUH BHIOPAHHOTO MOJIOKUTETHHOTO 00-
X0/Ia KOHTypa MHTErPUPOBAHUsI, TaK KaK IIPU 5TOM HallpaBJieHHe JIMHUI MarHUTHOMN
WH/IYKI[UH TTOJIST TOKA COBIAAET € TIOJIOKUTEbHBIM HAPaBIeHneM 06X0/1a KOHTYpa
uHTErprpoBanus. B ciydae, nzobpaxkenHom Ha puc. 1.39, TOKH i; ¥ i5 TIOJIOKUTETBHBI,
a TOK I, OTPUIIATEJIEH.

Puc. 1.38 Puc. 1.39 Puc. 1.40

Moxket OKa3aTbCsd, YTO YCJIOBHDbIE TTOJIOKUTE/IbHbIE HAIIPpABJ€HWA TOKOB B 9JIEKTPU-
YECKUX KOHTYpaX 3da/laHbl HE3aBUCHUMO OT BI)I60p3. ITIOJIOJKUTEJIbHOI'O HallpaBJIEHUA
06x011a KOHTYPa MHTEIrPUPOBaAHUA. B stom CJiy4da€ B HpaBOfI JacCTu 11epej| aJIre6paI/Iqe—
CKUM BbIPAKEHUEM KaK/I0T0 TOKA JOJIZKEH OBITH TOCTABJIEH 3HAK TIJTIOC WIIH MUHYC B 3a-
BUCUMOCTH OT TOI'O, COOTBETCTBYIOT WUJIM HE COOTBETCTBYIOT IIPABUJIY IIPABOT'O BHUHTA
YCJIOBHBIE ITOJIOKUTEJ/IbHBIEC HAIIpaBJIEHWA TOKa M1 O6XOII3. KOHTYpPa MHTErpUpOBaHUSL.
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PaccmoTpuM BaxKHBIN YaCTHBIH CJIydail, KOrjia NMeeTcsl KaTyllKa, COCTOsIIas U3 w
BHUTKOB, 110 KOTOPbIM IIPOTEKAET TOK i, U KOHTYP MHTETPHUPOBAHMNA OXBATbIBAET BCE
BuTKHN KaTymkn (puc. 1.40). CymMmma TOKOB, TPOXOAAIINX CKBO3b TTIOBEPXHOCTH S, OTPa-
HUYEHHYIO KOHTYPOM UHTETPUPOBAHUs, IIPU 3TOM paBHA wi. ClenoBaTesbHo,

Bl = i

1.14. HaMmarHMyeHHOCTb BellecTBa
M HaNpsYKeHHOCTb MarHUTHOro nons

B npexpiayiiem maparpade OblT pacCMOTPEH CJIydaii, Kora MarHuTHOE 1MoJie KOHTY-
POB € TOKaMU CyIecTBYeT B 1ycTore. OIbIT TOKa3bIBAET, YTO €CJIU T€ K€ KOHTYPBI C
TEMU K€ TOKAMHU OKPYKHUThH BEIECTBOM WU XOTs ObI B YaCTU TPOCTPAHCTBA OKOJIO
HUX PACIIOJOKHUTD TeJIa U3 TOTO MJIM MHOTO BEIECTBA, TO MArHUTHOE TI0JIe B OOJIbIIIEN
WJIM MEHBIIIE Mepe U3MeHsieTcsl. DTO U3MEHEHUE T0JIsl SIBJSETCS CJIEJCTBUEM BO3-
HUKHOBEHMS B CAMOM Bell[eCTBe MO/ IEHCTBNEM BHEIITHETO MarHUTHOTO TI0JIS oTipe/ie-
JIEHHOW OPUEHTAINN 9JIEMEHTAPHBIX BHYTPUMOJIECKYISPHBIX I BHYTPUATOMHBIX 3JICK-
TPUYECKUX TOKOB.

DJIeMeHTapHbIe TOKU CYTIECTBYIOT BHYTPU BCAKOTO BEIECTBA W MIPU OTCYTCTBUU
BHEITHETo MoJist. Mbl ipezicTaBIisieM cebe 9TH TOKU KaK JBUKEHIE DJIEKTPOHOB 110 OP-
O6uTaM BHYTPHM aTOMOB BEIIECTBA M KaK BpallleHHE 3JEKTPOHOB BOKPYT CBOUX OCEil.
K noHsaTHIO «3/IeMeHTapHBII 9JIEKTPUYECKUI TOK» 3/16Ch OTHOCUM U €llle He U3y4yeH-
HOe BHyTpPeHHee /IBUKEHNE B 3JIEMEHTAPHBIX YaCTUIAX, KOTOPOE MTPUBOJIUT K MOSIBJIE-
HII0 MATHUTHBIX MOMEHTOB 9THX YACTHII, O 4eM Oy/eT CKa3aHO B KOHIIE HTOTO Mapa-
rpaca. Eciiv aslemeHTapHble TOKU BHYTPY BEIECTBA OPUEHTUPOBAHBI XaOTUYECKH, TO
MPU MaKPOCKOITMYECKOM PACCMOTPEHUH SIBJIEHUS] OHU HE CO3/Ial0T MATHUTHOTO TIOJIS.
OpmHako ecyv 1O IefiCTBUEM BHENTHETO TOJIsA, B KOTOPOE BHOCUTCS BEIIECTBO, MOSIB-
JIgeTCd B M3BECTHON Mepe COTJIaCOBAaHHAs OPUEHTAINS 2JIeMEHTaPHBIX TOKOB, TO OHU
CO3/IaI0T CBOE JIOTIOJTHUTEIbHOE MAarHUTHOE 110Jie, KOTOPOE, HaJlarasich Ha BHEIHEE
1oJie, U3MEHSIET €To.

CyI1ecTBYIOT BEIECTBa, B KOTOPBIX 3JIeMeHTapHbIe TOKH 110/ IECTBUEM BHEITHE-
TO TIOJIST PACTIOJIATAIOTCS TaK, YTO TMPOUCXOANT yeuaenne mosd. K HuM oTHOCATCS Tak
Ha3blBaeMble TapaMarHuTHbie U peppoMarHuTHbie BenjecTBa. Cyie-
CTBYET JIpyrasi TPYIIa BEIeCTB, HA3bIBAEMBIX I AM AT H U T H bl M U, B KOTOPBIX TIOJI
JieficTBMEM BHEIITHETO MAaTHUTHOTO TI0JII BO3HUKAIOT TAKUeE JOTTOJHUTENbHbIE SJIeMeH-
TapHble TOKU, KOTOPBIE OCIA0JSIOT BbI3BaBIIEE MX TOJIE.

PaccMoTpuM Katymiky ¢ TOKOM i, IMEIOIYI0 @ BUTKOB, B KOTOPYIO BHECEHO TEJIO
u3 Kakoro-au6o semecrsa (puc. 1.41).

CocTtaBuM JTUHENHBIN WHTErPAJ MAaTHUTHON WHAYKITUN
BJI0JIb 3aMKHYTOTO KOHTYpa AmCnA, oXBaTBIBAIOIIETO BCe
BUTKHU KaTymku. Yacte AmC KOHTypa UHTETPUPOBAHUS
pacroJio’keHa BHYTpH Tesa U 4yactb CnA — B 1ycTore.

[Ton nmeficTBeM MarHUTHOTO TOJIS, BBI3BAHHOTO TO-
KOM i B KaTyIIKe, TeJI0 HAMarHWYUBAETCH, T. €. dJIeMeHTap-
HbI€ TOKU B BEIECTBE TeJa OPUEHTUPYIOTCS B U3BECTHOM
Mepe MesKiry coO0i COrJIacOBaHHO M CO3/Al0T CBOE MarHUT-
Hoe mose. CymMMa 2JIeMEHTaPHBIX TOKOB, OXBATBHIBAIONINX Puc. 1.41
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muanio AmC, Gyner otanyarbes ot Hyss. O6o3HaunM oty cymmy depes i'. Bygem
METh:

§Bdl = wi+p,i'.

[TycTp di' — cymma sieMeHTapHBIX TOKOB, OXBaThIBAIONIX 0TPe30K dl mur AmC.
Bennunna di' /dl nipencrasisier coboit oxBaTbiBatonuii suHu0 AmC sieMeHTapHbIil
TOK, OTHECEHHBIN K e[MHUIIE IVINHBI 3TOW JIMHUU B JIaHHOU ee Touke M. EcTecTBeHHO,
uro BesmunHa di' /dl 3aBucut ot HarnpaBienus unuu AmC, T. e. OT HAPaBJIEHUS OT-
peska dl B paccmarpuBaemMoii Touke M. IIpu HEKOTOPOM OIIpeIeIeHHOM HallpaBJIeHUH,
KOTOpOe 0003HAYUM eJUHUYHBIM BEKTOPOM R, Beauunna di' /dl nmeer nanboJbiiee
snauyeHne. O603HAUYNM OTPE30K d/ B 3TOM HallpaBJIeHUH Yepe3 dn 1 BBEIEM BEKTOP-
HYIO BEJIUYNHY

5
M = d—l n,,
dn
KOTOPYIO HA30BeM HAMATHHUYEHHOCTHTIO BET[E€CTBa.

Hamaznuuennocmo sewecmsa no 3HaAUeHuio UUCIeHHo PasHa CYMMe J1eMeHMapibLx
MOKOB, 0XBAMBIBAIOUUX COUHUUY ONUHBL TUHUU, NPOBEOCHHOU Uepe3 OaHHYI0 MOYKY 6
maxom nanpasienuu, umobvl ama cymma oviia nauboavwerl. Hanpasienue éexmopa M
u ecmov maxoe nanpasnerue. OHO C83AHO C HANPABILEHUEM SJEMEHMAPHBIX MOK08 NPa-
BUNIOM NPasozo eurma. J1jisi TPOU3BOIHLHOTO HAMPABJIEHMS OTpe3Ka dl mveeM

5
d—l =M cosa,
dl
Tjle o — YroJI MeX/Iy HalpaBjeHneM BeKTopa M ¥ HOJIOKUTENbHBIM HalPaBIeHIEM
kacarenabuoil T x smaun AmC B paccmarpuBaeMoit Touke M. Takum o6pa3om, cymma
9JIEMEHTAPHBIX TOKOB, OXBATHIBAIOIINX BCIO JTUHUIO AmC, nMeeT 3HaveH e

P [Mcosadi - [Mal.
AmC dl AmC AmC

Tak kak Ha yuactke CnA 3aMKHYTOrO KOHTYpa WHTerpupoBanus (cMm. puc. 1.41)
HET 3JIeMEHTaPHBIX TOKOB, TO
fMdl= [Mdl=i.
AmCnA AmC
Nrax,

§ Bl = ,wi+ i’ = powi+p, § Mdl

nin

B .
i.) — —M |dl = wi.
o
BekTopHyo BeIMYnHY, CTOAILYI0 B CKOOKax 110 3HAKOM MHTerpasa, 0003Hava-
0T HI/I Ha3bIBAIOT HaHpH?KeHHOCTbIO MATrHUTHOTIO IIOJI4. I/IMCCM

-2 _m

Ho
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[lns nzorpomnnoro BemectBa M = »c Hu B=, (1 + ») H=pH, tie »c — MarHuTHas
BOCIIPUMMYHNBOCTD, 4 | — MarHUTHAas ITPOHUIIAEMOCTDb BellecTBa. B yacTHoM ciyvae
s myctotel M = 0 u B = p H.

BBozst obosnauenue H B BbIpaskeHue 1M0Ji 3HAKOM WHTETPAJIa, MOJydaeM

§; Hdl = wi.

[IpuBeeHHOE OMpeiesieHre HAPSSKEHHOCTH MarHUTHOTO TIOJIST JIJIst OOTIEro CJIy-
Yas 1IeHHO TMEHHO TTOTOMY, UYTO TIPU 9TOM MHTETPAJ HANIPSIKEHHOCTU MAarHUTHOTO T10-
JISL BJIOJIb JIIOOOTO 3aMKHYMO20 KOHTYPA ONPENESETCS MOAbKO MAKPOCKONUUECKUMU
moKamu, TPOTEKAIONINMI B ITPOBOJHUKAX, OXBATHIBAEMBIX KOHTYPOM WHTETPUPOBA-
Hud. Hammyme aimeMeHTapHBIX TOKOB B BEIlECTBE He 6Ausem Ha 3HAYE€HNEe WHTerpaja
HAIPSKEHHOCTH MarHUTHOTO TIOJIS B/IOJTb 3AMKHYMO020 KOHTYPA.

OrtipejiesinB HATIPSIPKEHHOCTHh BO BCEX TOYKAX MArHUTHOTO T0JIsI, MOKHO ITPOBECTU
PSULJIMHUH, 00JIa/IATOIINX TeM CBOMCTBOM, YTO BO BCEX TOUKAX HTHUX JIMHUIA HAaIlpaBJie-
HIUE KacaTeJbHBIX K HUM COBIIaJIaeT ¢ HarpayenueM Bekropa H. Takue munnun Ha3bl-
BAIOT ITMHUSMU HATPAKEHHOCTU MATHUTHOTO 110 Js. VX uzobpakaror
Ha PUCYHKAX CO CTPEJKaMHU, YKa3bIBAIOINMI HarpaBjenne Bexropa H.

HamarnmuennocTn BerectBa M MOKHO JIaTh eliie APYTOe orpesese-

HUe, CBI3aHHOE C TIOHITHEM O MATHUTHOM MOMEHTE d3JeMeH- S
TAapPHOTO TOKAa. MarHUTHBIM MOMEHTOM 7, JIEMEHTAPHOTO TOKA i

HA3BIBAIOT TIPOU3BE/IEHNE BEJUMYUHBI iy HA TIJIOMIAb MOBEPXHOCTU S), S
OXBATHIBAEMON 9TUM TOKOM. MarHUTHBII MOMEHT eCTh BEKTOpHAs Be-
guunna. Hampasnenne BekTopa my, (puc. 1.42) mpuHNUMAIOT BAOJb TEP- Puc. 1.42
MEHANKYJIIpa K IIJIONA/IKe Sy U CBSA3BIBAIOT C HAIlpaBJICHUEM TOKa i,

[PABUJIOM TIPaBOTO BUHTA. Takum ob6pasom,

m,

m, = iy$,,

rjie §; — BEKTOP, 10 BeJIUYNHE YUCJIECHHO PABHBIN Sy 1 MMEIONNI YKa3aHHOE HaIlpaB-
JIeHUe.

BbitesuM BHYTpPM HaMarHUYeHHOTO BeIIeCTBA IIH-
JIUHZApP AauHOM [ ¢ ocHoBanueM s (puc. 1.43) u mpeamo-
JIOSKVIM, YTO BEIECTBO B 00BEME IIUINH/IPA HAMAarHITIEeHO
B MaKPOCKOITMYECKOM CMbBICTIe OMHOPOAHO. [lycTh m —
reoOMeTpUYecKast CyMMa MarHUTHBIX MOMEHTOB M, BCEX
9JIEMEHTAPHBIX TOKOB B 00beMe IUIMH/pa. BeKTOpHYIO Puc. 1.43
BEJTMUNHY M HA3bIBAIOT MATHUTHBIM MOMEHTOM
TaHHOTO 0OObeMa BelleCTBa.

[Ipenronoxum, 94TO IMUINHID BBIZIETEH TaK, YTO BEKTODP M HAIIPABJIEH 10 €T0 OCH.
Bce snemenTapHbie TOKU B 00beMe IIUIMH/PA MOKHO 3aMEHUTH OJIHUM 9KBUBAJIECHT-
HBIM TOKOM ), 00TEKAIOMNM OBEPXHOCTD nuinHapa (puc. 1.43), BeiOpas Besmdi-
HY i) Tak, YT00bI COXPAHUTH 3HAUYEHNE MATHUTHOTO MOMEHTA 17, T. €. PUHSIB

ipS =m.
Takoii BEIGOP HEOOXOAUMO C/IEJIATH TIOTOMY, YTO MATHUTHOE TI0JIE 3JIEMEHTAPHBIX
TOKOB IIOJIHOCTBIO OIIpeAesIAeTCA UX MarHUTHBIMU MOMEHTaMU.
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ITpoBenem unm0 AB, TIPOXOsILyIo 110 ocH tmnaapa. Ha mmine [ mpumumpa aty
JIMHUIO OXBATBIBAET TOK ify. Clle10BaTe/IbHO, B COOTBETCTBUY C PaHee JAHHBIM OIIpe/ie-
JieHreM HaMarunuenHoctu M Berecta umeeM iy = M1, 1. e.ips =m= Mls = MV uim

M=y M=
%

Vv
Ecin BemecTBO HaMarHu4eHO HEOAHOPOAHO, TO HEOOXOAMMO MEPENTH K IIpeiesry
. Am dm
M =lim — =",
AV=0 AV dv

rie Am — MarHuTHBIM MOMeHT oObema AV BeliiecTBa.

TakuM 06pa3OM, HAMAZHUYEHHOCTb BEWECBA 8 OAHHOL MOUKe PAsHA npedeny om-
HOWEHUS, MAZHUNHOZ0 MOMEHMA HEKOMOP020 00beMA BEUECNEA, COOEPHCAUEC20 OAHHYIO
mouKy, Kk amomy 0bvemy, K020a NOCAeOHUI CIMPEeMUMCS K HYIo.

Bbliiie 6b1I0 OTMEYEHO, YTO K TIOHSTUIO «3JIEMEHTAPHBIA TOK» MBI OTHECJIN U €lIle
He M3y4eHHoe BHyTpeHHee JABMKEHNE B 2JIeMEHTAPHBIX YaCTUIAX, KOTOPOE TIPUBOIUT
K TIOSIBJICHUIO X MAarHUTHBIX MOMEHTOB. MarHUTHBIIT MOMEHT 2JIeKTPOHA UMEET OIlpe-
JleJIeHHOE 3HaY€eHHe, T. €. UMeET KBAHTOBBIN XapakTep. JJIeKTPOH 00JIa1aeT TakKe OIl-
pesiesIeHHBIM MOMEHTOM KOJIMYeCcTBa ABMKEHWS. MarHuTHBIT MOMEHT W MOMEHT KO-
JINYEeCTBA JBMKEHUS 3JIEKTPOHA MOKHO PACCMAaTPUBATH KaK TPOSBICHNUE BPAIIEHNS
(crmHA) 37eKTPOHA BOKPYT €ro ocH. JlelicTBUTeNIbHO, KPYTOBOe JIBUKEHUE 2JIeMEHTOB
3apsijia 9JIEKTPOHA OKOJIO €r0 OCH TIPEICTABJISAET OO0 3aMKHYTHII KPYTOBOM HJIeMEH-
TapHBIN TOK, KOTOPBIM, KaK BCAKUN 9JEKTPUYECKUN TOK, OKPYKEH CBI3aHHBIM C HUM
MarHuTHBIM 1TosieM. OTHAKO TaKkoe IIPOCTOoe Mpe/ICTaBIeHIe He aeT BO3MOKHOCTH CO-
JIacOBaTh MesKy COOOM 3HAYE€HMST MATHUTHOTO MOMEHTA 1 MOMEHTA KOJIYEeCTBA JIBU-
JKEHUSI 3JIeKTPOHA C BO3MOKHBIMU 3HAUEHUSIMU PaJIiyca U YIJI0BOK CKOPOCTH Bpalle-
HUSI BJIEKTPOHA. MarHUTHBIM MOMEHTOM 00JIa/IAI0T TaKKe U DJIEMEHTaPHBIE YaCTUIIbI,
He MMEIOIINe 3JIEKTPUYECKOTO 3apsjia, HapuMep HeHTPOoH.

Takum 06pasoM, IPUXOAUTCS TPU3HATH, YTO MATHUTHBIE MOMEHTBI 3JIEMEHTaPHBIX
YACTHUIL ABJISIIOTCS PE3yJIbraToM GoJiee CJ0KHBIX BHYTPEHHUX TIPOIECCOB B ATUX Yac-
THTIAX, OMPe/IeIAI0ONINX TIPUPOJY U OCHOBHBIE CBOIicTBA yacTuIl. OHAKO 37Iech COBEp-
MIEHHO €CTeCTBEHHO MPOAOIKUTH T€ JOTMUECKNE PACCYKAEHU, KOTOPbIE TPUBEIHN B
CBOE BpeMs K OTKa3dy OT MPEeACTaBJIEHUS O PEaTbHOM CYIIECTBOBAHUU MAaTrHUTHBIX
Macc, MOXOOHBIX IEKTPUYECKUM 3apsiziaM. To 00CTOSITENTCTBO, YTO MATHUTHOE TI0JIe
6bLII0 OOHAPYIKEHO OKOJIO TPOBOIHUKOB ¢ MAKPOCKOITMUYECKUMHE 3JIEKTPHIECKUMU TO-
KaMM, & He TOJIbKO OKOJI0O HAMAarHMYEHHBIX TeJ, IaJI0 OCHOBAHHUE TIPEIIOI0KATD, YTO
U JIJIst HAMarHUYEeHHbBIX T€JI MAarHUTHOE 110J1e 00YCJIOBJIUBAETCS TAKIKE IEKTPUYECKHU-
MU TOKaMH, CyTIECTBYIONUMHU BHYTPH BeIeCTBa Tesa B (hopMe ajieMeHTapHbIX (MoJre-
KYJIIPHBIX ) 3aMKHYTBIX TOKOB.

B To Bpemst, korma AMIiepoM BiiepBbie GbIJIO BBICKA3aHO ATO MPEANOTIOKEHNUE, elle
He OBbIJIO Pa3BUTO IPeCTaBieHe 00 3JIEKTPOMArHUTHOM CTPOEHUH aTOMOB M MOJIe-
KyJ BellectBa. [Ipomoskast aTo paccyskieHue, B HaCTosIIee BPeMsl MOKHO IIPe/Io-
JIOKUTH, YTO U MATHUTHBI MOMEHT 2JIEMEHTAPHBIX YACTHUI] TaK)Ke SBJISIETCS PE3yIThb-
TATOM HEKOTOPOTO CJIOKHOTO BHYTPEHHETO ABMKEHWS B 3TUX YACTUIIAX, NMEIOIIETO
XapakTep 3aMKHYTHIX JIEKTPUYECKUX TOKOB, HO HTO JBUKEHUE 3HAYUTENbHO GoJiee
CJIOJKHO, YeM ITPOCTOE BpAIleHHe 2JIEKTPOHA KaK I[eJI0r0 BOKPYT cBoeii ocu. Cyiie-



Fnasa 1. O606lLeHNe NOHATUI 1 3aKOHOB 3NeKTpoMarHuTHoro nonst 7.3

CTBEHHO OTMETUTDH, UTO N B KBaHTOBOM Teopnun (bOpMaJIbHOe paCcCMOTpEHNE MAarHuT-
HOTO I10JIA, O6yC]IOBJIeHHOI‘O MAarivMTHBIMHU MOMEHTaMU 3JIEKTPOHOB, IIPUBO/IUT K HE-
KOTOpOMY O6H_[6My BbIpaXCHUIO [IJIA IIJIOTHOCTU 9JIEKTPUUYECKHUX TOKOB.

Takum O6p8.30M, HNMEIOTCA BCE€ OCHOBaHUA ITIOHATUEM <«3dJIEMEHTAapHbIE€ TOKHU B BE-
HIECTBE» OXBATbIBATb BCE ABJIEHUW, IIPDUBOJAIINE K HAMAIrHUYE€HHOCTU BEIIECTBA, 1 B
9TOM ITMPOKOM CMbICJIE COXPaHATH YTBEPIK/IEHUE, UTO BO BCEX 6e3 NCKII0YeHNS CJ1y-
YasgX MaromuTHOE I10JI€ CBA3aHO C 9JIEKTPUYECKHUMHU TOKaMMH.

1.15. 3aK0OH NOJIHOro ToKka

B coorBercTBHU C orpeae/eHueM HallpSKEHHOCTH MaTrHUTHOT'O I10JIA4, ITaHHBIM B IIpe-
AbIAYTIIEM Haparpa(be, JTUHENHBIN MHTETPaJl HAIIPAKEHHOCTU MAarHUTHOTO ITOJIA BAOJIb
3aMKHYTOI'O KOHTYpPa paB€H 9JIEKTPUIECKOMY TOKY, OXBATbIBAEMOMY 3TUM KOHTYPOM,
T. €. TOKY CKBO3b ITOBEPXHOCTbD §, OTPAHNYEHHYIO 9TUM KOHTYPOM!

§Hd1 =i

B 06HIE‘M CJIydae, Korga TOok i paciipenesieH 110 IIOBEPXHOCTHU § C IVIOTHOCTbIO 6,
paS]II/I‘{HOﬁ B Pa3HbIX TOYKaX IMOBEPXHOCTHU, UMEEM COOTHOIIEHNE

§Hdl=j5ds=i.

Hampumep, ecim KOHTYp HHTETPUPOBAHNS OXBATBIBAET YACTh CEUEHUS TIPOBOIHU-
Ka ¢ TokoM (puc. 1.44), To B IpaBoOii YacTH ypaBHEHUsI J0JIKHA ObITH TN
ydTeHa TOJBKO Ta YacTh TOKA B TIPOBOJIHUKE, KOTOPAsk OXBATHIBAETCS \

KOHTYPOM MHTEIPUPOBAHUSI.
7

CorstacHo MakcBeJuny, B TIpaBOi YacTH ypaBHEHUS §>Hdl =i 10j

S

o . /
BEJIMYMHON { CJIeIyeT MOPa3yMeBaTh He TOJIBKO TOKHW TPOBOANMOCTH, % s
HO W TOKHU IIEPEHOCA, a TAKKE 1 TOKU CMEIEHUsI CKBO3b TTOBEPXHOCTD, R
OTrpaHNYEeHHYI0O KOHTYPOM MHTerpupoBanus. CyMMa TOKOB TIPOBOJIH- Puc. 1.44

MOCTH, [IePeHOCca U CMEIIEHUsT MOXKET ObITh Ha3BaHAa MOJHBIM TO -
KOM CKBO3b PAacCMaTpUBAEMYyIO MOBEPXHOCTb. COOTBETCTBEHHO, COOTHOIIEHHE
ﬁHdl: i UMEHYIOT 3aKOHOM MOJHOTO TOKaA.

JIMHeNHbIN WHTEeTPAN HAPSKEHHOCTH MAarHUTHOTO TOJIST BAOJb HEKOTOPOTO KOH-
Typa Ha3bIBAIOT MAaTHUTOABUXYyHeit cunoit (MJC) Brosb aTOro KoHTYypA.
MarHuToABHIKYIILYIO CUITY TIPUHATO 0003HaYaTh OykBOii F.

Wcnonb3ys TepMuH «MarHUTOBUZKYINAS CUIa», 3aKOH MTOJTHOTO TOKA MOXKHO BBI-
Pa3uTh CJAEAYIOMUM 00PA3ZOM: MAZHUMOOBUNCYUASL CULA BO0TL 3AMKHYMOZ0 KOHMYPA
PAasHa nOIHOMY MOKY, 0X6AMbLBACMOMY IMUM KOHMYPOM.

YpaBHenue §Hdl = { [Ip1 OTMEUYEHHOH IIUPOKOI TPAKTOBKE €ro IPaBO YacTH CTa

HOBUTCSI OJITHUM W3 OCHOBHBIX YPaBHEHWH 3JIEKTPOMArHUTHOTO TOJIS.

[leticTBUTETHHO, TPEATIONOKUM, YTO TOKH TTPOBOJIUMOCTH U TIEPEHOCA OTCYTCTBY-
10T ¥ UMEIOTCS TOJTBKO TOKM cMeTieHus. Ho Tokn cMmenenns B 1naieKTpuKe BO3ZHUKA-
IOT TOJIbKO [PU W3MEHEHUU BO BPEMEHU 3JjieKTpudeckoro mois. CienoBaresibHo,
ypaBHEHME

§Hd1=i
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CBU/ICTEJILCTBYET, UTO NPU BCAKOM USMEHEHUU 80 BPEMEHU INEKMPUUECKOZ0 NOJLSA 803~
HUKaem 6 mom Jce NPOCMPAHCmee Nojie MAzZHUMHoOe, MECHbIM 00PA30M CEA3AHHOE C
ANEKMPUUECKUM NOJEM U C €20 USMEHEHUSIMU U, NO CYMU, NPEOCMABIIOUee ¢ HUM eOu-
HOE 27IeEKMPOMAZHUMHOE NOJTE.

3aMeTnM, 4TO MOHSITHE «MATHUTOABIKYIIAs CUJIa» MOXKeT ObITh IPUMEHEHO U K
OTpe3Ky JUHUU OT Toukn A 1o Touku B. [Ipu atom

B
F,= j Hdl.
A

[Honp3ysch MOHATHEM «MAarHUTOABIDKYIIAS CUJIA», MOKHO TPUAATH CJETyIOIIII
CMBICJI BeJIMYMHE, KOTOPYIO Ha3bIBAeM HAIPSKEHHOCTbIO MarHUTHOrO ToJisa. Hamps-
JKEHHOCTD T10JIS1 OKa3bIBAETCS YMCJAEHHO PaBHOW MarHUTOABWKYIIEH cuse, TTPUX0/i4-
meica Ha eIMHUILY JUIMHBI B HAITPABJIEHUN JUHUW HANIPSKEHHOCTH TIOJIS:

H = dF/dl.
Orciofia BUAHO, YTO €IMHUIIEN HANPSKEHHOCTH MAarHUTHOTO TOJIS SIBJISIETCST amnep
na memp (A/m).
W3 n3noskeHHOTO B IPEABIAYIEM Taparpade ciaemyeT, 4To eInHNTIel HaMarHuIeH-
HOCTH BEIEeCTBA TaKKe SABIsAeTCI amnep na memp (A/M).

1.16. OCHOBHbIE ypaBHEHMSA 3J/IEKTPOMArHUTHOro nonsa

BecbMa BasKHO MPH MOCTPOEHUU JIIOOOTO pasjiesia (PU3UKN TOJOKUTH B €0 OCHOBY
MIHUMAaJIbHOE HEOOXOMMOE YK CJI0 COOTHOIIEH T, IPUHUMAEMbIX KaK OIbITHBIE (hak-
TBI, PACCMATPUBAEMBIX C COOTBETCTBYIOIIUMHU UX 0OOOIIEHNUSIMU B KaY€CTBE aKCHOM.
OcTasibHbIE COOTHONIEHUS TOJKHBI BBIBOJUTHCS U3 HUX KaK CIAEICTBUS, T. €. SABJSATh-
CS TEOPEMaMU.

Beliite B 0CHOBY 10JI0’KeHBI, KaK BbITEKAIONNE U3 OIMBITA U COOTBETCTBYIOIUX €r0
000011IeH1iT, MAKCBEJJIOB TIOCTYJIAT, IPUHIUIT HETIPEPBIBHOCTH MarHUTHOTO MOTOKA,
3aKOH 3JIEKTPOMArHUTHON WHIYKIINUA M 3aKOH MOJHOTO TOKA.

Ha ocnoBanum ombiTHOTO 3ak0oHa Kystona m BeITeKaroniell 13 HEeTo /i OJHOPO/I-
HOHN M M30TPOITHOMN CPe/bl U 3JIEKTPOCTATHYECKOTO MOJIs TeopeMbl Taycca, 06001eH-
HO 3aTeM JIJIs1 JII0O0M CPeIbl U [IIst JTF0OOTO M3MEHSTIOIIET0CST BO BpEMEHH 3JIEKTpUde-
CKOTO TI0JId, TIOMYYUIN mocTyaar MakcBesia:

iﬁDds =g,

CBS3BIBAIONINH 3JIEKTPUYECKOE TI0JIE C BJIEKTPUIECKUMU 3apiaMy YaCTUI] UJIN TeJI.

OmnbITHBIN (DaKT HETPEPBIBHOCTH JUHWH MAaTHUTHON WHAYKITNH, HETIOCPEACTBEHHO
MTPOBEPSIEMBII BCIOALY, T/le 3TO AOCTHKUMO B MATHUTHOM TI0JIe, OKPY>KAIOIIEeM 3JIeK-
TpUYeCKHe TOKU, 0O60OIIEHHBIN Ha OCHOBE COBPEMEHHBIX (DM3UYECKUX IPEICTaBIIe-
HUIT 00 BJIeMEHTapHBIX TOKAX B BEIECTBE U O MATHUTHBIX MOMEHTAX 3JIEMEHTAPHBIX
YACTHUI] BEI[ECTBA JJIST MATHUTHOTO TOJIsl BHYTPHU JIIOOOTO TBEPAOTO TEJa, TIe HEelo-
CPeCTBEHHBIN AKCIIEPUMEHT HEBO3MOKEH, c(hOPMyTUPOBaH HAMU B KadecTBe hyHIA-
MEHTAJIbHOTO MPUHIUIIA HEMTPEPBIBHOCTU MATHUTHOTO TTOTOKA:

§;Bds =0.
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ITOT MPUHIIMI TJIACUT, YTO MArHUTHBIX MAacC KaK UCTOYHUKOB JIMHUI MarHUTHOTO
TIOJIST, QaHAJIOTUYHBIX 9JTEKTPUIECKIM 3apsaaM YacTHUIl WU TeJI, SBISIONNXCSI NCTOU-
HUKAMU JTUHUHA 3JIeKTPUIECKOTO TI0JId, B IPUPOJie He CYIIeCTBYET.

YcTaHOBIEHHBIN ONBITHBIM IyTeM [IJis ITPOBOJHUKOBON 3aMKHYTON aJjeKTpuye-
CKOW 11eI1 3aKOH 9JIEKTPOMArHUTHON WHAYKIMU, 0O0OIIEHHbII /151 JTI0O0TO MbIC/IEH-
HO B3SITOrO KOHTYPa B M3MEHSIOIIEMCS MArHUTHOM TI0Jie B JII0OOH cpeje,

fEd--2
dt
aeT O/IHO U3 BAKHEUIITNX ypaBHeHI/IfI QJIEKTPOMAIrHUTHOTO I10JI5, CBA3bIBAIOIIECE U3~
MEHAJIIeeCdad MarHUTHOE I10Jie ¢ BO3HUKAIOIIIUM HpI/I ITOM IIOJIEM SJIeKTpI/I‘{eCKI/IM.
Jlununm Takoro JJIEKTPUYECKOTO II0JIA ABJIAIOTCA HEIIPEPbIBHBIMU, T. €. 3aMKHYTbIMU.
TaK}Ke yCTaHOBJIeHHI)Iﬁ OIIBITHBIM HyTeM IJIsI TOKOB HpOBOZ[I/IMOCTI/I " HepeHoca
3aKOH IIOJIHOT'O TOKa, O6061HeHHbII>'I Ha BC€ BU/Ibl 9JIEKTPUYECKOI'O TOKa, BKJIIOYasd 1
TOKHM 3JIEKTPUYECKOI'O CMENIEHMA,

§;Hd1=i

JlaeT JIpyroe BajKHeiilllee ypaBHEHUE 2JIEKTPOMArHUTHOTO M0Jisl, CBI3bIBAIOIIEE JIBU-
JKeHre 9JIEKTPUIECKU 3aPSLKEHHBIX YaCTUIl W Te W U3MEHSIONIeecs 3IeKTPUIecKoe
M0JIe C BO3HUKAIOIIUM ITPU 3TOM MAarHUTHBIM ITOJIEM.

[IpunAB 9TH COOTHOIIIEHN 32 OCHOBHbIE, TIOJyYaeM OCTATbHbIE COOTHOIIEHMS KaK
UX CJIEJICTBUE.

B o61iem cirydae ot ypaBHEHUsT HEOOXOAUMO JIOTIOJHHUTD CBSI3SIMEI MESK/Y BEKTO-
pamu D u E u mexkny Bektopamu B u H. /{751 M30TPOINHON Cpelibl 3TU CBI3U UMEIOT
Buz D = ¢E v B = pH. Kpome T0oro, He0OX0AMMO UMETh B BU/LY, YTO B OOIIEM CJydae
TOK i MOKeT ObITh TOKOM ITPOBOAMMOCTH B IIPOBOHKMKE, TOKOM TIepeHoca MU TOKOM
3JIEKTPUUECKOTO CMENIEHNS, TIIOTHOCTH KOTOPBIX UMEIOT, COOTBETCTBEHHO, BhIPaKe-
HUS:

o= J+CZ;, e J=J, +J J =VE; I, =p.0, +p 0] i{t) =J,,.

B nepBbix ke maparpadax mocsieHeil 4acTH, MOCBSANEHHON TEOPUN 3JIEKTPOMAr-
HUTHOTO TI0JIsl, YBUIKMM, YTO JIJIsI TOJHOTO OTpeeJeHUs oJIst IIoOOro BeKTopa Heob-
XOJIMO 3HATh 3HAUEHUS MHTETPAJIOB 9TOTO BEKTOPA IT0 BCEM BO3MOKHBIM 3aMKHY ThIM
KOHTYpaM, a TaKyKe UCTOKH JINHUI BEKTOPA, T. €. 3HAYEHUS] MHTETrPAJIOB 3TOTO BEKTOPA
10 BCEM BO3MOKHBIM 3aMKHYTBIM TIOBEPXHOCTSIM. DTO U OCYIIECTBIISIETCST B M30paH-
HBIX BBIIE OCHOBHBIX COOTHOIIEHUsX. TakuM 06pasoM, X BbIOOD He SBJISETCS CJIy-
gaitHpiM. OH TeCHO CBSI3aH C CYIIHOCTBIO UCCIEAYEMBIX SIBJIeHWI. Bpipasus atu co-
OTHOIIIEHUS] B TOCJeHell 4YacTu Kypca B auddepeHimanibHoi (Gopme, MOIyIrNM
BO3MOKHOCTDb PACCUUTHIBATH AJIEKTPOMATHUTHOE TOJIE I/ PA3JIMUHBIX KOHKPETHBIX
3a71a4 C yIYeTOM IPAaHWYHBIX 1 HAYaJbHBIX YCIOBU. /[y pacueTa aHepruu, mepeHocu-
MO 9JIEKTPOMArHUTHBIM TI0JIEM, HEOOXOAMMO JIOTIOJIHUTENBHO 3HATH Paciipe/iesieH1e
9HEPrUH B TIOJIE, YTO OY/IET PACCMOTPEHO B CJIEYIONIEH TIaBe.

nep ’



[naBa BTOpas

3Heprm| N MéXaHUn4YecCKue nposasiyieHns
ANNEKTPUYHECKOINro " MArHUTHOro nonewu

2.1. DHeprua cucteMbl 3apsiXeHHbIX Ten. PacnpeneneHue aHeprum
B 3/IEKTPUYECKOM noJsie

Cucrema 3apsSyKeHHBIX TeJl SBJISIETCS HOCUTEJIEM ONPeIeIeHHOTO 3araca SHepPrum. JTa
BHEPIUst COOOIAETCS CHCTEME BHEITHIUMHI HCTOYHUKAMHU B IIpoitecce 0O6pa3soBaHs 3a-
PSIZIOB M MOKET ObITh BHOBb BO3BpallleHa MCTOYHUKAM WJIH TIpeodpa3oBaHa B pyTHe
BU/IBI 9HEPTUU MPU YMEHBIIEHUH 3aPSIIOB.

s monyueHust BoIpaKeHUs I 9HEPTUHU, 3aM1aCEHHOI B CUCTEME 3aPsIKEHHBIX
MPOBOJISIIIX TEJ, PACCMOTPUM PaboTy, COBEPIIAEMYIO BHENTHUMHU UCTOYHUKAMU TIPU
06pa3oBaHUM 3apPSAIOB CHCTEMBL. JJIeMEHTapHast paboTa, MPOM3BOANMAST BHEIITHM-
MU CHJIAMU TIPH YBEJIWYEHUU 3apsijla ¢, HEKOTOPOTO Teja Ha BEJWUYUHY dg, paBHa
dA, = Uydq,, rie U, — noteniman resa. [ToaHast paboTa pu n3MeHeHNH 3apsi/IoB BCEX
1 TEJI CUCTEMBI OT HYJISA 10 KOHEYHOTO 3HAYEHUS MMeeT BhIpakeHue

k=n k=n k
A=A, :ZIdeqk.
k=1 k=Y

Bynem mpenmnosiarath, 4To cucTeMa 3apsiKaeTcs BechbMa MeEJJIEHHO, TeOpeThye-
cKr — OGeCKOHEeYHO MeieHHO. [Ipu aToM 3JIeKTpUYecKre TOKH, BO3HUKAIOIME TIPU
HepeHoce 3apsijioB Ha MOBEPXHOCTD 3aPssKAEMBIX TeJl, 0ECKOHEYHO MAJIBI, a CJIe0Ba-
TeJIbHO, GECKOHEYHO MAJIbl M TIOTEPH B TIPOBOAHUKAX KOHEYHOTO COMpOTHBIeHUs. [[0-
MyCTUM TaK)Ke, YTO B CAMOM JIUIJIEKTPUKE [IPU U3MEHEHUN HATIPSIKEHHOCTH TI0JIsT He
COBEpIIAETCss HeOOPATUMBIX MIPOIECCOB. B TakoM ciiydae Ha OCHOBaHUM 3aKOHA COXpa-
HeHUsT 9HEPTUU MOYKEM YTBEPIK/IATh, 4TO BCs paboTa, CoBepIiaeMast UCTOYHUKAMHE TTPU
06pa3oBaHNy 3apsIIOB, WIET HA CO3/IAHNUE 3aTaca aJeKTpudeckoil aneprun W, B cucre-
me: A = W, [Torentman U, k-ro Tejia 3aBUCKT OT 3apsijioB Gy, G, . . ., ¢, Bcex Tet. [Tpu mo-
CTOSTHHOH /TMAJIEKTPUYECKON TIPOHUIIAEMOCTH CPEJlbl 3Ta 3aBUCUMOCTh MMEET JIMHET-
HBIIl XapakTep U, COrJIACHO TPUHIIUITY HAJIOKEHUsI, 10JKHA ObITh BhIpaskeHa B BUJIE

Up=04q; +0 gy +...+0 4q, + ... +00 44,

KoadduiinenTs! oo HA3bIBAIOT MOTEHITUAIBHBIMU KO3 PUIIeHTaMu. ITO BhIpaKe-
HUe CJIelyeT MOJCTAaBUTh MOJ] 3HAK MHTErpajia B BbIPAKEHUH /I paboThI A.

Ha ocHoBaHWMM 3aKOHA COXPAHEHUsI SHEPIHU MOKEM YTBEP/KIaTh, 4TO paboTa, Co-
BepiaeMast BHEITHUMU UCTOYHUKAMY TIPU YBEJIMUEHUN 3aPSI0B Ted OT HYJSI 0 UX
KOHEUYHBIX 3HAUEHUH, He 3aBUCUT OT TOPSIKA YCTAHOBJIEeHU 3apsoB. VlHaue MbI Bee-
rj1a MOTJIM Obl BBIOPATh TAaKOW MOPSIOK YCTAHOBJIEHHS 3apPSA0B U OTJIMYHBIN OT HETO
TaKOH TIOPSZIOK YMEHBIIEHUsT 3aPsi/IOB, YTOObI DHEPIHsl, 3aTpayeHHass BHEIIHUMK HC-
TOYHUKaMHU, OblJIa MEHbIIIE SHEPIHH, M BO3BPAIIEHHOI, YTO SBUJIOCH OB HAPYIIIECH-
eM 3aKOHa coxpaHeHus sHeprun. [109ToMy MbI BIIpaBe BBIOPATH TOPSIIOK YCTAaHOBJIE-
HUS 3apsi/IoB 110 CBOEMY yCMOTpeHUIo. [IpearnonoxuM, 94To Bce 3apsiibl BO3PACTAIOT
MIPOTIOPIIMOHATBHO JIPYT APYTY, T. €. Gs = Yi1, TIIE Y4 = const. Torma moTenmman Kaxmo-
ro Tesia OyeT BO3pacTaTh MPOMOPIUOHAIBHO €r0 3apsiy:
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Uy = (a MYr T Y ... T 0 /mYkn)CIk =My,
npudem my, = const. Vickomast pabora

k=n Tk k=n

k=n qk k=n 2 U
AZZIdeQk :zkadeQJe :ka;]k :Z quk-
k=1 0 k=1 0 k=1 k=1

Wcnionbayst paBenctBo A = W,, osryuaem
1 k=n

W3 =7 Z Uk qy-
25

Cuie10BaTeNIbHO, SHEP2USL CUCTNEMBL 3APSIHCEHHDLY METL PABHA NOTYCYMME NPoussede-
HULL NOMEHUUAN08 Mel HA UX 3apsobl.

Enunvneit sueprum siprsiercst 0xcoyan (Jx).

B BechbMa BaXXHOM YaCTHOM CJIydae JIJisl 3apsKEHHOTO KOHIEHCATOpa MMeeM J[Ba
3apsIKEHHBIX TeJIA € 3APSIIAME ¢4 U (5, PABHBIMY 10 3HAUEHWTO ¥ ITPOTHUBOIOJIOKHBIMU
no 3Haky. [IpunasaB g = ¢, = — ¢,, oTyYaeM BbIpaXKeHUE JIJIST SHEPTUN 3aPSIKEHHOTO
KOHJIEHCATOpA:

W o= U,q, i Uyg, _ (Ui U, )q.
’ 2 2 2
OboszHavas pazHocTb noTeHipanos U; n U, 00KIa/I0K 4epes ¢ 1 MOJIb3YsICh COOT-

HOIIEHUEM ¢ = Cu, rae C — eMKOCTh KOH/IeHCaTOPa, IMoJIlydYaeM
2

_ug _Cu® _q
2 2 20
HOK&)KQM, YTO SHEPIUIO JICKTPUIECKHU 3aPAKEHHDBIX TEJI CJICAYET paCCMaTPpUBaATb
KaK pacnpeﬂeﬂeHHon B SJIEKTPI/I‘IGCKOM I10J1€, 0pr>1<a10meM SaprKeHHbIe TeJsa, 4TO
COOTBGTCTByeT BSFJIH[[y Ha 3JIeKTp0MaFHI/ITHO€ I10JI€ KaK Ha OCO6bII>)I BU/L MaTepI/II/I.
[IpenrmonoKuB 9TO, MbI IOJKHBI CUUTATD, YTO KaXK/IBIN 3JIEMEHT obbeMa JIDJIEKTPUKA
ABJIAETCA HOCHUTEJIEM OIIPEC/IEHHOTO 3allaCa SOHEPTUH, U CJIEAYET TOBOPUTH 06 O6’I>€M-
HOI71 IIJIOTHOCTU 9HEPIUU B Ka)KlIOfI TOYKE ITO0JId. O603Haqa$1 O6L€MHyIO IIJIOTHOCTDb
9HEePruu SIEKTPUUECKOTO MO uepe3 W), MOKeM BBIPDa3UTh S9HEPIUIO CUCTEMBI 3aps-
JKEHHBIX T€JI KaK 9HEPruio BCEro 0pr>i<a10mero UX 9JIECKTPUYECKOTO I10JIAA B BU/I€ MH-
TerpaJsa:
W, =[w;dv,
\%4

pacIIpOCTPaHEHHOTO TI0 BCEMY 3JIEKTPUUECKOMY TIOJIIO.

PaccmorpuM cHavasa npoctedmmil ciaydail — ofHOpoAHOe 1oje. TakuM sBJsteTcs
0JIe B CPEeIHEN YacTh MESK/LY Hapalie/IbHbIMU MnacTuaamu (puc. 2.1). Boiaemmm us obe-
WX TUJTACTUH TIPOTUBOIIOJIOXKHBIE JIPYT APYTY YacTu ¢ TO-
BepxHOCTAMU S. IlycThb 3apsifipl, pacrosioKeHHble Ha
3TUX YaCTAX MJIACTHH, PaBHBL ¢; = — ¢, = q. COOTBETCT-
ByIOIIIas UM 3dHepTusi mMmeeT Boipaxkenue W, = ugq/2,
MPUYEM U — PA3HOCTb TOTEHITMATIOB TIIACTUH. TaKk Kak
0JIe OIHOPOIHO, TO U = Ed, riie d — paccrostiuie MesKLy
maactTuHaMu.  [loTok — aJexTpmyeckoro  cMenieHus Puc. 2.1
CKBO3b JIFOOYIO MOBEPXHOCTB S, IPOBEJACHHYIO B JAUJICK-

S
P I —
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TPUKE MEX/Y TJIACTHHAMU TIAPAJJIETbHO MOBEPXHOCTSM TJIACTHH U PACCEKAIOIYIO
BCe TPYOKM CMEIEeHUsI, HAUMHAIONIMeCS Ha 3apsle ¢, = ¢, PaBeH 3TOMY 3apsiLy
(cm. § 1.5). Beuay ognopoxamoctu mosst umeeM Ds = g. CreoBaTeninHo,

W, = X pEsd = LDV,
2 2

riae V= sd — obbeM IuaIeKTPUKa, B KOTOPOM COCPEIOTOYEHO T10JIE 3aPSIIOB ¢ U (.
IHeprusi, OTHeCEHHAs K eMHIIle 0ObeMa I0JIs, TTOJyJaeTcsl PaBHON
W, _1pp_¢E° _D°
2 2 2¢

IHeprust BCETo MOJsl, TAKUM 00pa3oM, MOKET ObITh IIPE/ICTaBJIeHa B BUE MHTE-
rpaJa:

W=

W, =£SE;dv.

[TosydyeHHoe BBIpaskeHUe st OOBEMHON IJIOTHOCTH SHEPTUU BJIEKTPUIECKOTO
MOJIS CIIPABETMBO JIMITh 7S U30TPOITHOM cpefibl, B KoTopolt BekTopbl E n D coB-
HaJaioT 10 HarpasjeHuto. [TokakeM, 4To [7ist aHU30TPOITHON CPe/ibl OObEMHAST TIIIOT-

HOCTb SHEPrM paBHA
ED
W, =—
2

rane ED = ED cos o ecTh ckajigpHoe rpousBesieHue BeKTopoB E 1 D, cOCTaBISIONINX
APYT ¢ ApyroM yroJi o.. COOTBETCTBEHHO, SHEPTHS BCETO MOJIST MOKET OBITh ITPEACTaB-
JIeHa BhIpasKeHUEM

W, = { E2—DdV.

Y6enmumcest B CIIPaBeJIMBOCTA 3TOTO BBIPAsKEHUSI TSI
ob1tero ciaydass — st HEOAHOPOIHOTO TOJISI B aHU30-
TpotHoi cpene. C aTOM MeTbI0 PACCMOTPUM JBA TIPOBOJIS-
IIUX TeJIa, UMEIOIIUX PABHbIE 3aPsi/ibl IPOTUBOIOIOKHBIX
3HAKOB: ¢; = — Gy = q (puc. 2.2). Boimeaum B ajieKTpuye-
CKOM 10Jie  OECKOHEYHO TOHKYI0 TPYyOKY CMeIeHUsI.
B o6beme GeckoneuHo Masioro orpeska dl TpyOKu mosie
MOKHO CYMTaTh OJAHOPOAHBIM. JHEPTHUST MOJIST B 0ObeMe
3TOTO OTpe3Ka TPYOKH

W' dsdl = %DE cosa dsdl,

e ds — HopMasibHOe cedeHue TpyOku. VIHTerpupyst Bao/ib Beeil TpyOKH ¥ BCIIOMU-
Hasl, YTO MOTOK cMelieHust Dds oNHAKOB BO BCEX IMONEPEYHBIX CEYEHUSAX TPYyOKH
U paBeH 3apsiiy dg Ha KoHie Tpyoku (cm. § 1.5), momydaem

1 1 1
dw, = IED dsE cosa. dl = 5D ds.[Ecosoc dl = 5(U1 ~U,)dq,
! !

TaK KaKk WHTErpaj IE cosa dl paBeH PasHOCTH MOTEHIMATIOB Ha KOHI[AX TPYOKH.
1
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Jlst TpyOKM KOHEYHOTO CEYeHUsI, eCJIU 3aps/ibl Ha ee KOHIAX PacIoJIOKeHbl Ha
HOBEPXHOCTAX PABHOIO MOTEHIIMAJA, HAIPUMEDP Ha MOBEPXHOCTHU [ABYX 3aPsisKEHHBIX
HPOBOSAIIMX TeJI, Oy/IeM UMeTh

1
AW, =—(U, -U,)Aq,
B 2( 1 z) q
rie Ag — 3apsij Ha KOHIe TPYOKHU.

CyMMUPY$ 9HEPTHUIO TI0 BceM TPYOKaM CMEIeHUsT 1 3aMedast, 4TO JIJIs BeeX TPYOOK
BesimunuHa Uy — U, uMeeT oIMHAKOBOE 3HAUECHHE, TT0JydaeM

1 1 1
W, :E(Ui _Uz)q:§U1CI1 +5U2‘]2-

Takum 06paszom, BeIpaKeHNE HEPIUU B BUJE MHTErPAsa M0 BCeMy 00BeMY MOt

k=n
ED
W, = j—dV 9KBMBAJIEHTHO BbIpakeHuio W, = —quU 4» KOTOpOE OBLIO TI0Jy4eHO
k=1
Vv

Ha OCHOBaHMH 3aKOHa COXPaHEHHA dHEPIUu. B tom CJIydae, Kora 1oJie Co3/1a€Tcsda He-
IMOABUKHBIMU 3apA/laMiu, C Q)OpMaJIbHOI‘/JI TOYKU 3pEHUA 6(331)8.3.711/1‘{HO7 KaKHNM M3 9TUX
Bpra)KeHI/If/,I TIO/Ib30BaTbCA TPU BbIYUCJIEHUN dHEPTUU. OI[HaKO JJIEKTPUYECKOE T10JIE
MOJKET BOSHUKATDb IIPHU U3MEHAIOIEMCSA BO BpEMEHN MAarHMTHOM II0JI€ 1 IIPpU IIOJTHOM
OTCYTCTBUU IJIEKTPUIECKUX 3apPA/10B. Takoe ToJie, HallpuMep, CYHIECTBYET B 9JIEKTPO-
MarHUTHON BOJIHE, PIS]Iy‘IeHHOﬁ pal[HOB.HTeHHOfI. B atom CJiydae TIpy1 BbIYMCJIECHUN
IHEPTUU OCTAETCA €JUHCTBEHHAA BO3SMOKHOCTDb PACCMATPUBATDh €€ KaK 9HEPTUIO TTOJIA
1, CJae10BaTe/IbHO, I10Jb30BATbCA BbIpaK€HUEM

Wg:}[EdeV.

Touno Tak e aHepTrNs IJEKTPUUECKOTO MO ABUXKYTIETOC IEKTPUYECKOTO 3apsa
MOJKeT OBITh OTIpesiesieHa UMEHHO W3 3TOTo BbhipakeHwust. [LoJb3ysich UM, BO BCex
c/lydasiX TOJIyYaeM BeJIMYMHBI, COTJIACYIONIMECs: ¢ OMBITOM. 1109TOMy HEOOXOANMO
MPU3HATh, UTO TPENCTABICHNE O PACIpEleSeHUN 9HEPTUU B 3TEKTPUUECKOM IOJe
¢ 06beMHol I0THOCTBIO 1/2 ED oTBeyaeT CYIIHOCTH paccMaTpuBaeMoro ¢pusnde-
CKOTO SIBJICHUS.

2.2. DHeprus CUCTeMbl KOHTYPOB C 3J/IEKTPUYECKUMUN TOKaMM.
PacnpeneneHve sHeprum B MarHUTHOM nose

B anexTpuueckux 1engx mMpu yCTAaHOBJIEHWM B HUX TOKOB Bo3HUKaoT I/C mHmyK-
1uy. BHeNIHNe UCTOYHUKN SHEPIUU, K KOTOPBIM IO/IKJIIOUEHDI 3JIeKTPUYEeCKHe 1eIH,
IPU ITOM COBEpIIAT paboty, Tak kak IJ[C MCTOYHUKOB MOJIKHBI TIPEOOTEBATH
I/J1C uHayKIINM, BO3HUKAIOIINE B KOHTYypax Iemell. YacTh aHEepTUn, OTAaBAEMOI UC-
TOYHUKAMH, 3aMaCAETCsI B JIEKTPUYECKUX TETSIX W MOXKET OBITh BHOBb TTOJHOCTBIO
WJIM YaCTUYHO BO3BPAIlCHA IPU YMEHBIIEHUH TOKOB B KOHTYpaX Iemeil.

Hamnpsixenne u;, co3aaBaeMoe BHEITHMM HUCTOYHUKOM 9HEPTHM HA 3aKUMax k-ii
TeTH, I0JKHO MTMETh COCTABJISIONTYIO, PABHYIO TTA/IEHUIO HATIPSKEHNS B COMTPOTUBIIE-
HUW I[elH, U COCTaBJAINYI0, ypaBHOoBemuBalomnyio J/IC, nnaynmupyemyio B aToi
HeTIH:
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a¥y
dr
Hpe[[HOJIO?KI/IM, qyTO BHyTpeHHee COHpOTI/IBJIeHI/Ie HNCTOYHUKaA 3HepFI/II/I paBHO HyJIIO
NJIN K€ 4TO OHO queHo B COIIPOTUBJIEHWU ILIECIIN. B TaKOM cnyqae SHC €, NCTOYHHNKa,
TMOJIKJIIOYEHHOT'O K 3asKMMaM L€, paBHA HAIIPAKEHUTO Uy, 1 pa60Ta HNCTOYHUKa 9HEPI'NH,
coBeplaemMast 3a Bpems dr,

u,iydt =iy r,dt +i,d¥,.
HepBoe CJIaraemMoe 1pe/iCTaBJIAEeT 0060171 JQHEPI'UIO, TEPAEMYIO B IIDOBOJHUKAX IIETIN
B CBA3U C HeO6paTI/IMLIM IIpoeccoM BbIAENEHNA TEILJIOTHI.
BTopoe CjlaraeMoe IpeacTaBIdaAeT C060ﬁ HJaCTb pa60TbI NCTOYHUKA, CBA3aHHYIO C
u3MeHeHneM 1oTokocterienust W, Ira yactb paboThl HAC HEMIOCPEACTBEHHO U Oy/IeT
NHTEPECOBATD. O6OSH3‘-II/IM ee

i,d¥, =dA,.
IIycTh B paccMaTpHBaeMoil CHCTeMe IeTlell NMEeTCs 72 OT/AEbHBIX KOHTYPOB. [ToJ-
Hast paboTa BCEX MCTOYHMKOB DHEPIUH, 3aTPAUNBAEMast MU B CBSI3U C U3MEHEHHEM

HOTOKOCHGH]IGHI/Iﬁ BO BCEX 71 KOHTYPaxX CUCTEMbI OT HYJIAA 10 KOHEYHOI'0 3HAY€HU:],
NMEET BbIPpasKEHNE

HpeZ[HOJIOH(I/IM, 4YTO MaroHuTHas IIPOHUIAEMOCTDb CpeAbl HE 3aBUCUT OT HAIIPAKEH-
HOCTH TOJIsI U YTO TOKHM YCTAHABJIMBAIOTCSI BechMma Mejiento. I[Ipu atom B cpeje,
OKPY’KAIOIIeN MPOBOAHUKY 3JIEKTPUUECKHX T[ETEH, He COBEPIIAETCS HUKaKIX HeoOpa-
TUMBIX MTPOIECCOB. Bce KOHTYPHI OyieM CUUTATh TEOMETPUIECKH HEM3MEHSIEMBIMHE 1
HEIIOABUKHBIMU. CJIG[[OBB.TCJII)HO, B CUCTEME HE COBEPUIACTCA MeXaHU4YeCKON pa6OTbI
MO TIepeMelieHnio KOHTYPOB. [Ipu Takux ycJaoBUSX MOKEM YTBEPIKIATh HA OCHOBA-
HUW 3aKOHA COXPAHEHUsI HEPTHUH, YTO BCst paboTa A WMIeT Ha CO3/laHue 3amaca Mar-
HUTHOU sHepruu W, B cucTeMe 2JeKTPUIECKUX 1erneid, T. e. A = W,.

HpI/I 66CKOH€'~IHO MEJIEHHOM YCTAaHOBJIEHUW TOKOB MAarHMUTHOE I10JI€, OKPYKato-
1ee KOHTYPBI ¢ TOKAMHU, MOJKET PACCMATPUBATHCS B KAK/IBIN OT/IETbHBIIT MOMEHT Bpe-
MEHM KaK TIOCTOSTHHOE TToJie. [109ToMy TOKM B KOHTYpPax ¥ MOTOKHU, C HUMHU CIETLIISTIO-
IHecs], CBA3aHbI MKy cO00i COOCTBEHHBIMU M B3aMMHBIMEU WHIYKTHBHOCTSIMH,
orpeae/IdeMbIMU IIPU IIOCTOAHHBIX TOKaX. It WHAYKTUBHOCTU 3aBUCAT TOJIBKO OT
reoMeTpPUYeCKIX KOOPAMHAT CUCTEMbI U OT 3HAYEHUsT MATHUTHOHN TTPOHUIIAEMOCTH.

[TockoabKy MPUHSATO, YTO BEJIMYMHA [L HE 3ABUCUT OT HATIPSIKEHHOCTH TTOJIST, MOK-
HO TIOJTb30BAThCS MPWHIMIIOM HATOKEHUS W PACCMaTpUBaTh TOTOKOCIenierne ¥,
C k-M KOHTYPOM KaK CYMMY HOTOKOCHEIVIEHUA CaAMOWHAYKIIMU, OIIPEEJIAEMOTO TO-
KOM B 9TOM K€ KOHTYPE, ¥ MOTOKOCIETJIEHUH B3aUMHON WHIYKIIUU, OTIPe/IEsIeMbIX
TOKaMH B OCTaJIbHBIX KOHTYpax:

¥, =L,i, + iMkpip (p=k).
p=1

Ha ocHoBaHMM 3aK0HA COXPaHEHUsT SHEPTUH MOKHO YTBEPK/IaTh, 4To paboTta A He
3aBHMCHUT OT MOPSIIKA YCTaHOBJIEHUsI TOKOB. Havye Bcerma MOKHO ObLIO ObI BBIOpAThH
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TAKOU MOPSI/IOK YCTAHOBJIEHNS] TOKOB ¥ OTJIMYHBIN OT HETO TAKOH TOPSIZIOK yMeHbIIle-
HUA TOKOB BHOBb /10 HYJIA, I{TO6I)I 9HEprud, 3aTpadyeHHad BHEINTHNUMHW MCTOYHUKAMMU,
Oblyla MEHbIIIE 9HEPIUU, UM BO3BPAIIIEHHOM, YTO SIBUJIOCH Obl HAPYIIEHIEM 3aKOHA CO-
xpaHeHus: aHepruu. [ToaToMy MMeeM 1paBo BHIOPATh MOPSIIOK YCTAHOBJIEHHUS] TOKOB
10 CBOeMY yeMoTpeHuto. IHTerpupoBatie B BBIpaKeHUH 17t PabOThI A TIPoIIie BCero
BBIIIOJTHUTD, €CJIV IPUHATDH, YTO BCE TOKU BO3PACTAIOT IIPOIIOPIUOHAILHO APYT APYTY,
T. €. I, = Oyl TIE oy, = const. [Ipu oTOM BBIpakeHne A1 TOTOKOCHEIIEHUS MOKHO
IIPpUBECTU K BUY

=n =n
¥, =L, +§:Mkpakpzk =| L, +2Mkpakp i, = myi,,

p=l p=1
rae
=n
prkum, =1L, +§Mkp(x }p = const.
p=l
Vckomast paboTa mosrydaercst paBHOIA
k=n i

k=n "k =
A= [idv, =3m,
k=1

k=1

k=n

.9 hen +
[ivdi, =Y m’ez’k =y Zk‘;k.

'k
0 k=1 k=1

Wcnonwaysa pasenctso A = W, Haxonum
1 k=n

W, =->i,¥,.
233

CrenoBaTesbHO, aHep2Usi CUCMEMbL KOHMYPO8 ¢ MOKAMU PABHA NOIYCYMME NPOU3-
8e0eHUll MOKOB 8 KOHMYPAX HA NOMOKOCUENICHUS KOHMYPOE.

[TogcTaBuM B TIOJTy9eHHOE HAMU BhIpasKeHUe s 9Heprun W, BeIpaskeHus ToTOo-
KocierieHnii W, uepes TOKM B KOHTYpaxX M cOOCTBEHHbBIE ¥ B3aWMHbBIE WH/YKTHBHO-
CTH KOHTYpPOB. 3amedast, 4to My, = M, noaydnm

P
W—1L'2+1L'2+ +1L'2+ +M g, + M id, ... +M, Qi +
=3 i 3 Sy ... 3 ir . AN iy F o Wplnly -

M

Takum 06pa3oM, 9HEPTUS CUCTEMBI KOHTYPOB € TOKAMU €CTh KBapaTudHas hyHK-
115l TOKOB B KOHTYpax.

Pasencrso M, = M,, aBisgeTcs BbIpa)K€HMEM NPUHIMIIA B3aMMHOCTH /IS pac-
cMarpuBaemoro ciydast. CrpaBefIMBOCTb paBeHCTBa My, = M, MOKHO II0Ka3aTb, pac-
CMaTpuBas [iBa KOHTypa. YCTaHaB/IMBas CHavasa TOK Iy,  3aTe€M TOK iy, IOJIy4UM Bbl-
paskerue a7t aneprun L,i? /2 + L,i2 /2 + M ,i,i,. YeTaHaBIuBast TOK iy, @ 3aTeM TOK i,
nomyunm L,i? /2 + L,i2 /2 + M ,,i,i,. Tak KaKk 9Hepris MArHUTHOTO IIOJIsE KOHTYPOB He
3aBUCHUT OT MOPSIIKA YCTAHOBIEHUS TOKOB, TO My = My,.

IHepruio CUCTeMbl TOKOB IIpe/iCTaB/IsieM paclipele/IeHHON B MarHUTHOM II0JIe
9TuX TOKOB. COrJIaCHO 5TOMY, S9HEPIHIO CUCTEMbl TOKOB BCEI/la MOXKHO BBIPA3UTbh B
Bujie 00bEMHOTO WHTerpasa:

W, =[wiav,
\%4
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PacIpoCTpaHEHHOTO IO BCEMY TOJII0, pudeM W/ — oObeMHast TIOTHOCTh dHEPTHH
MarauTHOTO TOJIA.

PacemoTpnM cHavasa mpocTednii coryvaid, KoTaa 1moje MosKHO CYUTaTh OTHOPO/I-
HBbIM, 2 UMEHHO, PACCMOTPUM TOHKWE KOJIbIIEBOI COJIEHOW] C PABHOMEPHO paciipejie-
JIEHHOU 0OMOTKOM, nMmerorieil @ Butkos (puc. 2.3). Ilyctsb s —
HOTIEPEYHOE CeYEHUE CePeYHrKa, [ — ero juvHa u u — abeo-
JIIOTHAS MarHUTHAs TPOHUIAEMOCTh MaTepuasa CepAeYHMKa.
Besnmunny p GyneM npeamnosarath mocTosiHHoi. [Ipu mroTHoM
0OMOTKe BCe 110JIe COCPEOTOYEHO BHYTPH CEPIEUHNKA U KasK-
Jlast TMHUS MAaTHUTHOW WHAYKITUU CIETIJISIETCS CO BCEMU BUT-
kamu oomotku. CirejoBaTesibHO, ToToKoclerienue W ¢ o6MoT-
KOW CBSI3aHO C IIOTOKOM  CKBO3b CEYeHHUe CepjeuHuKa
cooTHoteareMm ¥V = w®.

DHeprus, 3anaceHHas B Takoil 1emnu, papia W, = Wi/2 = ®wi/2. Tak kax B mpe-
Jleax cedeHwsl S MOKHO CYMWTATh MAarHUTHYIO WHAYKITMIO TTOCTOSHHOM, TO MOKHO
Hanucath ® = Bs. Kpome TOro, Ha OCHOBaHMM 3aKOHA IIOJTHOTO TOKA HMeEEM
wi = j;H dl = HI, tak xak H = const B1ob cepaeuynuka. Takum o6pa3oM, BbIpaskeHUe

IJIs1 SHEPTUU MOKeT ObITb mpezacrasaeto B suge W, = BHsl/2. Beauuuna s/ = V ectb
00beM IIPOCTPAHCTBA, 3aHATOTO MArHUTHBIM moJieM. CiiejoBaTeIbHo, 00beMHast ILI0T-
HOCTb 9HEPTUU MArHUTHOIO TI0JIsI UMEET BbIpakeHue

, _W, _BH _pH® _B’

Ty 2 2 2u
L[]IH aHI/ISOTPOHHOfI Cpeabl 06'I)CMH3.FI IIJIOTHOCTDb 9HEPrun I10JIA AOJIXKHA MMETDH
BbIpasKeHune

wo - BH
2

riae BH = BH cos oo — ckajsipHoe npoussejenne Bektopos B u H, uMeromux B oO1iem
caydae B aHM30TPOITHOU cpejie Pa3TNIHble HATPABIECHUA. YTOJ O, €CTh YTOJ MEXKIY
BekTopamu B u H.

[TokaskeM, 4TO 3TO BbIpaskeHUe /s OOBEMHON MJIOTHOCTU SHEPIUH TI0JIsl ClIpa-
BEJTMBO B caMOM 00IIeM cJiydae, KOTja MoJjie HeOJAHOPOAHOE B aHU30TPOITHON Cpe/ie,
T. €. YTO DHEPIUs IIOJISI MOKET OBITh [IPEJCTAB-
JleHa B BUJIe MHTerpaja

BH
W, =£7dv,

PacCIpOCTPaHEHHOTO TI0 BCEMY TIOJIIO.

C 27011 11eJIbI0 PACCMOTPUM TI0JIe KaTYIIKH,
nusobpaxkeHHol Ha puc. 2.4. IIpeacraBum Bee
0JIe Pas/ieJIeHHBIM Ha 9JIeMeHTapHbIe TPYOKU
MarHUTHON MHAYKIHUK. BbiiesumM B OJHON U3
Puc. 2.4 TakuX TPYOOK 9JIeMEHTAPHbI OTPE30K JIJIH-
Hoil dl. ITycTh ds ectb cederue TpyOKH, HOP-




FnaBa 2. DHEPrus 1 MexaHu4ecKme MpOSIBIEHNS 3MIEKTPUYECKOro U MarHuTHoro noneii 83

MaJsibHOE K ee ocu. B mpezenax 6eckoHeuHo maioro oobema dV = dsdl orpeska TpyOKu
0JIe MOKHO CYUTATh OXHOPOAHBIM. [101b3ysICh BhIpasKeHUEM JIJIsT 0GBEMHOM TJIOTHO-
CTHU BHEPTUH, MOJTy4aeM IHePTHIo moJst B 06beme dV:
BH cosa dl ds

5 .

Boruncomm teneps suepruto dW,, B oObeme Beell anmeMenTapHoil Tpyoku. C aToit
1eJIbI0 TIPOMHTErPUPYEM TIOJTydeHHOE BbIpaKeH e BA0JIb ock TpyOKu. IToTok d® = Bds
CKBO3b ceueHue TPyOKM MMeeT MOCTOSTHHOEe 3HAaueHue BJOJIb BCeil TPYOKM M MOKET
ObITH BBIHECEH 3a 3HAK MHTerpasa. [loaydaem

aw. §BH°°S°‘ dsdl = d;’iﬁﬂcow dl
1

W'dV = Bf v -

Ha ocnoBaHuuM 3aKoHa IIOJHOTO TOKA UMeeM
ﬂ;Hcosadl =wi,

IJle @ — YUCJO BHUTKOB, C KOTOPBIMHU CIIEIUIsIeTCsl JaHHas TpyOka. 3amedasi, uyTo
wd® = d¥ ecTb 107151 TOTOKOCIETIEHNsI, BHOCHMAsI JJaHHON TPYOKON B 3HAYEHNUE T10-
TOKOCIEIJIEHUST BCell e, oJrydaeM
do . id¥Y
AW, = —wi=——.
2

Jlst mosryuenust aneprun W,, BCero moJist HeoOX0ANMO ITPOCYMMHUPOBATH SHEPTUH

BCEX 9JIEMEHTAPHBIX TPYOOK. BBITIOIHSIS Takoe CyMMUPOBaHIe, HAXOIUM

id ‘P 7 J‘ dV¥ = ﬂ
2
T. €. IPUXOJAUM K BbBIPpAKEHUIO, IMOJYYEHHOMY Ha OCHOBaHUHN 3aKOHa COXPaHEHUA
JOHEPTUH.
Taxum 06pa30M, 9HEPTruA BCEro MaroMuTHOTIO IIOJIA B O6H.I€M CJIydyae MOKET 6bITb

IpeacTaBJ/€Ha B BUAE MHTErpaJsa:

W=l

I—dv

/i€ MHTErpupoBaHUE€ PACIIPOCTPaHAETCA 110 O6’I)€My BCETro IMpOCTPaHCTBa, B KOTOPOM
CyHIECTBYET MarHUTHOE T10JI€.

2.3. Cunbl, AEACTBYIOLLME Ha 3aps)KeHHble Tena

MexaHu4YeCKre CUJIbl B3aUMOJIEHCTBYSI TOYEYHBIX 3aPsKEHHBIX TeJl MOTYT OBITh BbI-
YHUCJIEHBI TTPU TTOMOIIH 3akoHa Kysnona. B cayuadx, korza 3apssKeHHble Tea HeTb3s
paccMaTpuBaTh Kak TOUYeUHBbIe, HETTOCPECTBEHHOE TTpuMeHenne 3akona Kysona me-
BO3MO’KHO. B 00111eM ciydae BbIYNCIIEHIE PE3YIBTUPYIONIE CUITbI, IefiCTBYIONIEH Ha
JIaHHOE 3aPSIZKEHHOE TEJIO, MOKET OBITh BBITIOJIHEHO J0CTATOYHO MTPOCTO, €CJIU U3BECT-
Hbl EMKOCTH TeJI WJT EMKOCTH MEXAY TeTaMU Kak (yHKITUU TeOMETPIYECKUX KOOp-
JTTHAT.

Patiee GbLIO YKa3aHO, YTO €MKOCTh 3aBUCHUT OT JUIJIEKTPUUECKON IIPOHUIIAEMOCTH
cpellbl U OT TEOMETPUYECKUX BEeJUYMH, 0003HAUYEHHBIX 4Yepe3 g W ONpPedesIsIONnX
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(dhopmy, pasmepbl 1 B3aUMHOE paciiosioskeHune tel. B janbHeiiem 6yieM Ha3bBaTh Be-
JIMYMHBL € 060G EeHHBIMU FeOMETPUYECKUMHU KOOPAUHATAMU CUCTE-
MbI. DTO MOTYT OBITh JIMHEHHBIE TIEPEMEICHHUsT TeJT 110 3aJaHHOMY ITYTH, PACCTOSHISI
MEXK/Iy TeJIaMH, YIJIbl IOBOPOTA TEJI BOKPYT HEKOTOPOW OCH, TOBEPXHOCTH WJIN 00be-
MbI TeJ1 U T. 1. IIpur TakoM 060061IeHHOM MOHUMAaHUK KOOPAMHAT g TOYHO TaK JKe ¥ CH-
JIBL [, CTpeMsIIUecss UBMEHUTh KOOPAMHATHI, JOJKHbBI PACCMATPUBATHCSA Kak 0600 -
meHHble CuJbl. Bo Becex ciydasx o6oOmieHHas cuia [ JI0JIKHA YIOBJIETBOPSITH
OCHOBHOMY TPeOOBaHMIO, 4TOOBI IPOU3BEAEHNE CUJIbI HAa IPOU3BOIMMOE €l0 N3MeHe-
HIe KOOPJAMHATHI PABHSIOCH paboTe, COBEPIIAeMOI CUJION MPU STOM U3MEHEHUHU KO-
opauHaThl. B 3aBucuMocTi 0T BhIGOpa 0600IIEHHOI KOOPAMHATEI & 1 0006IIeHHas
cHJIa TIoJTydYaeT TOT WM WHOU cMbicr. Tak, ecm g€ — JiMHeitHOe niepeMertienue, To f —
0ObIYHAs MeXaHWYeCKast CUJIa; eCJIM & — YroJl TI0BOPOTA, TO / — MOMEHT Hapbl CHUJ;
ecJii g — MOBEPXHOCTD, TO / — TIOBEPXHOCTHOE HATsKEHHE; eciii g€ — o0beM, To [ —
JlaBJIeHIE.,

Haumenbinee yncso 0600IEHHBIX KOOPAUHAT, HEOOXOAMMOE [ OIPELEICHM
[OJIOKEHUS CUCTEMBI, PABHO, KaK U3BECTHO M3 MEXaHWKH, YUCIY CTeleHeil cBoOOIbI
cucreMbl. Tak, /7151 Tesa, epeMenianierocs 1o HeKOTOPol Ha-
MPaBJIAIONIE, A0CTaTOYHO 3HATh IyTh, IPONAEHHBII TEJIOM
BJIOJIb HAITPABJISIONIEH OT HAYaIbHOTO TIOJIOKeH s, [IJ1s1 0/[HOTO
TeJa, 3aKPEIJIEHHOTO Ha OCH, JJOCTATOYHO 3HATh TOJBKO yTrOJI
MOBOPOTaA TeJsia BOKPYT 3T0ii ocu. Ecim Tesio 3akperieHo B Tou-
Ke, TO ero MOJIOKeHNEe MOKET ObITh ONPENETEHO TPEMS YIJIaMK
noBopoTa, u T. A. Kaxaoi 060061eHH0l KOOPAUHATE COOTBETCT-

Puc. 2.5 ByeT cBOst 0000IIEHHAs CUJIa, CTPEMSIIAACA UBMEHUTh UMEHHO
3Ty KOOP/MHATY.

PaccmoTpuM 11pou3BOJIbHYIO CUCTEMY 7 3apsiKeHHbIX Test (puc. 2.5). Ipemmoio-
JKUM, YTO BCE 3apsKEHHBIE TeJla, KpoMe Tesla A, HEIOABIKHO 3aKPEIICHbl i TOJTbKO
TeJI0 A, MOXKET TIePeMeIaThCs TakK, YTO U3MEHSIETCsI OJHA €r0 KOOPANHATA g. DTO U3-
MEHEHHe KOOPJAMHATBI & COBEPIIAETCS MO ICHCTBUEM CHJIBI f, SIBJISIOIIECsT pe3yib-
TATOM B3aHMOJIEHCTBHS 3apsKEHHOTO0 Tea A, CO BCeMH JIPYTUMH 3apKEHHBIME Te-
JIAMU CHUCTEMBI.

Byzem ucxoauTh U3 IPEAnonoKeH s, YTO Kak BO3MOKHBIE U3MEHEHUs 3apsii0B
TeJl, TaK M TlepeMeleHne Teaa A, MPOUCXOAT BeChbMa ME/JIEHHO, TEOPETHYECKH —
6ecKoHeYHO MeieHHO. IIpu aToM sjleKTpuYecKre TOKH, BOSHUKAIOIINE Ha IOBEpPX-
HOCTH TeJI BCJICACTBUE Mepepacipe/ie/ieHus 3apsiioB, OECKOHEYHO MaJibl, 1, CJIeI0Ba-
TEJbHO, MOKHO CUUTATh, YTO TIOTEPU SHEPIUU B IIPOBOHUKAX OTCYTCTBYIOT. [Ipesio-
JIOKUM TaKsKe, 4TO M3MEHEHMEe HATIPSIPKEHHOCTH T0JISA B IMAJIEKTPUKE He COMPOBOIK/Ia-
ercst morepeil sHeprun B HeM. [Ipu oTuX ycaoBusax pabora, 3aTpayrBaeMast BHEITHUMU
HUCTOYHMKAMU 9HEPIUU Ha M3MEHEHUs dq;, 3apsiioB TeJ, H0JKHA OKPBIBATh TIPUpPa-
IEHNE SHEPIUU DJIEKTPUYECKOTO M0/ M MEXaHIMYeCKyI0 paboTy, COBEpIIaeMyro CH-
JIOW f, N3MEHSIONIEH TOJI0KEeHNe Tea Ap:

k=n
Y U,dq, =d W, + f dg
k=1

Nnpekc g y Benmuunsl d,W, ykasbiBaeT, 4TO pacCMaTpHBaeTCs IIPUPAIeHNe SHEPIuH,
COOTBETCTBYIOIEE M3MEHEHNIO TOIBKO OIHON KOOPANHATHI & CUCTEMBL. JTO ypaBHe-
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HUe ClipaBeJINBO HE3aBUCHUMO OT TOI'O, KaKUM o6pa30M N3MEHAIOTCA 3apAAbl U 110~
TEHIIUAJIbI TE€JIA. Ono gBistercs BbIpaKEHNEM 3aKOHa COXpaHEHUA SHEPTUU ITPUMEHM -
TE€JbHO K PACCMATPUBAEMOMY HaMU CJIydaro.

Y008I IOJIYyYUTb Haubosee IIPOCTOE BbIpaKE€EHUE [1JIA CUJIbI f, NpeAITIOJIOKNM, YTO
3apA/ibl BCEX TeJI OCTAIOTCA HEM3MEHHBIMU: (), = const. Ito yciaoBue ya0BJIETBOPAET-
Cd, €CJIM BCe Teja OTKJIIOYEHBbI OT MCTOYHUKOB SJIGKTpOI[BI/I)KyHleﬁ cubl. Ho Tora
qu =0 1, COOTBETCTBEHHO, paBHA HYJIIO pa60Ta BHEITHUX MCTOYHHNKOB!:

k=n
ZU g, =0.
k=1
B atom ciyuae
0= (di3 )qk:const + fdg
nJjin
fdg = _( di3 )qk =const * (*)

OG6mmuii uHAEKC ¢, = cONSt Y IPUPAIIEHNUS 9HEPTUH YKA3BIBAET, UTO 3aPSIIbI COXPAHSI-
I0TCSI HEU3MEHHBIMU.

Eciu dg ectb nepemernienue, mpoucxosiiee moj aAeicTsreM cuibl f, To fdg > 0.
I3 nocaeuero pasencTsa ciepyert, uto d,W, < 0, T. €. sHeprus aIeKTPHYECKOTO T10JIsI
yObiBaet. [leficTBUTENBHO, MexaHUYecKasi paboTa MPU OTKJIIOYEHHBIX BHEITHUX HC-
TOYHUKAX SHEPTUU MOKET COBEPIIATHCS TOJBKO 32 CYET BHYTPEHHUX 3aMacOB dHEP-
TUW B CHCTEME, B JAHHOM CJIyyae 33 CYeT IHEPIUU HJIEKTPUUECKOTO TOJIS.

N3 pasenctna (*) moayuaem

f — { dg Wa _ 0 ‘/V3
dg qp=const 6g qp=const

T. €. MEeXAHUYECKAs. CUNLA, CMPEMAUASLCT USMEHUMb OAHHYI0 KOOPOUHAMY CUCTNEMbL,
PABHA YMEHBULEHUIO IHEP2UL STEKMPUUECKOZ0 NOLsL, OMHECEHHOMY K eOUNULe NPOU3BO-
0UMO020 CUNOTL USMEHEHUS KOOPOUNAMDBL, 8 NPEONOSONCCHUL, UMO 3aPA0bL BCEX el CO-
XPAUSIOMCS HEUSMEHHBIMU.

Enununeit cumbt saBasercs notomon (H).

PaccmoTpum etne apyroif, TakskKe BechbMa BaJKHBIN CJIydail, KOTZa BO BPeMs JIBU-
JKEHUSI CUCTEMBI MTO/I/IEP;KUBAIOTCSI HEM3MEHHBIMU TTOTEHITHAJBI BCEX TEJ, T. €. KOT/a
U, = const. Takoii pe;KUM MMeeT MeCTO, KOTJa BCe Teja MOAKJIIOUEHbl K 3aKMMaM
BHeIIHMX NCTOYHUKOB I/ C, HampsizKeHs Ha 3a;KMMaxX KOTOPBIX OCTAIOTCS HEM3MeH-
HbiMu. Tak Kak npyu U3MEHeHUU TeOMeTPUYECKON KOHMUIYypaIi CUCTEeMbI OYAyT 13-
MEHSITHCSI EMKOCTU MEK/Y TeJaMH, TO IPU MOCTOSIHCTBE MOTEHIIUAIOB TEJ JIOJIKHBI
U3MEHSIThCST UX 3apsi/ibl. JIOMOMHUTEIbHBIE 3aPsIIbl MOTYT COOOIIATHCS CUCTEME TOJIb-
KO OT BHEIIHUX UCTOYHMKOB, KOTOPBIE IOJKHBI Ha 9TO 3aTPATUTh HEKOTOPYO paboTYy.
Takum 06pa3oM, Bce UJIeHbI YpaBHEHM

k=n
Zdeqk = di3 +fdg

k=1

Terepb OTJANYHBI OT HYJA. OnHako ecau U, = const U AuajieKTpuIecKue MpoHUIae-
MOCTHU CPe/l He 3aBUCAT OT HAIIPSAKEHHOCTH 110JI51, TO CYIIECTBYET IIPOCTOE COOTHOIIIe-
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HUe MesKy paboTOil BHEITHUX MCTOYHUKOB M IIPUPAIEHIEM 9HEPIUU 9JIEKTPUYECKO-
ro noJjs. [leiicTBUTEIbHO, 3HEPrusl 3JIeKTPUYECKOrO 10JIsSI CUCTEMBbI 3aPSIKEHHBIX TeJl
IIPU 3TOM MOJKET OBITH TIPe/ICTaBIeHa BbIPAsKEHUEM

1 k=n
W, = 5 ZU e
k=1
", CJ€/10BaTEC/IbHO, €€ IpUupallieHre 1IIpru IMMOCTOAHCTBE IMOTEHIINAJIOB

1 k=n
(di3 )Uk =const = 5 ZUk qu ’
k=1

T. €. B TOYHOCTH PABHO MOJIOBUHE PAGOTHI BHENTHUX UCTOYHUKOB. OcTaibHAs MOJIOBH-
Ha pabOThI BHEITHUX MCTOYHUKOB MJIET HA COBEPIIEHNE MEXaHUIeCKOW paboThl fdg.
Taxkum 06pa3om, MexaHdecKass paboTa paBHa MPUPAIIEHUIO IHEPTHU HJIEKTPIHUECKO-
TO TOJIS:

fdg = (di3 )Ukzconst'

Ecan B cucreme IIPOUCXO/IUT IIepeEMeEICHUE T10/] JIEICTBUEM CUJIBI f, TO fdg > 0.
HpI/IpaH_[eHI/Ie 9HEPruu 1pu Uk = const TaKKe OKa3bIBACTCH ITOJIOKUTEJILHBIM, U JHEp-
s 110JiA BO3pacTaer.

3 1ocieIHero paBeHCTBa TOJIy4YaeM ellle OJ[HO BhIPaKeHUe ISl MeXaHUYeCKOI
CUJIBI:

ow
f = ,
ag Uy, =const

T. €. MEXAHUYEeCKAs CUNLA, CIPEMSUASCS USMEHUMb OaHHYI0 KOOPOUHAMY CUCTEMb,

PABHA YEEIUUEHUI) FHEPLUL INCKMPUUECKOZ0 NOJISL, OMHECEHHOMY K eOUHUe NPOU3BO-

OUMO20 CUNLOTL USMEHEHUSL KOOPOUHAMbL, 8 NPEONOJONCEHUU, UMO NOMEHUUALbL BCEX Mel

n000epHUBAIOMCSL NOCMOSHHLIMU.

O06a BbIpakeHUs st CUITBI (M 9TO HEOOXOIUMO MOAYEPKHYTh ) TOKIECTBEHHO PaB-
HBI JIPYT JPYTY, T. €. MO’KHO HAIIUCATh

= ow, _ (oW,

g og

qp, =const

Uy, =const

Cua 3aBUCHAT TOJIBKO OT IOJIOKEHUS TeJl U 3HAYEHUN UX 3apA/10B B L[aHHbIﬁ MO-
MCHT 1 HE MOJKET 3aBUCETH OT TOTr'O, KaK 6y[[€T Pa3BUBaTbCA QHCPFCTI/I‘{BCKI/Iﬁ Impomecc
B TOM CJIy4ae, €C/an CUCTeEMa IPpUJAET B ABUKEHHNE T10/] HeﬁCTBI/IeM CUJIBI.

HpOI[eMOHCTpI/IpyEM TOXKAECTBEHHOCTD O6OI/IX BBIpa}KeHI/Iﬁ JUISA CI/I]Ibe Ha mpuMepe
CHUJIbL TIPUTAKEHUA O6K.H3I[OK KOH/JieHCaTopa. aHepFHﬂ 3apAKEHHOTO KOHEHCATOPa

Cu2 q2

W, =1
2 2C
rie u = Uy — U, — pasHOCTb MOTEHIMAIOB 0OKJIa0K KOoHaeHcaTopa. OT KoopauHat

SIBHO 3aBUCUT eMKOCTh C KoHzieHcaTopa. Onpesenss cuiry 1o popmyJie IpH g, = const,
BOCITOJIb3YEMCSI BBIPKEHMEM dHEPIUH Uepe3 3apsii KoHjaeHcaropa. [lonyyaem
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/- o(q __qza(lj_ g’ oC _u’oC
C

og\2C) ... 208 2C* 0g 2 0g

[Ipu onpespenennu cumsl o opmyte ipu U, = const BOCTIOIb3yeMCsT BBIPasKEHU-

€M 9Hepruu yepe3 pa3HoCTh MoTeHImanoB. Haxoamm
f = +g CLQ = ﬁ%
ag 2 u=const 2 ag

Wrak, 1eiicTBUTEIbHO, 00a BBIPAXKEHUS /ISl CUJIbI COBEPIIEHHO OAUHAKOBLL TOJIb-
KO IPU B3ITUU MPOU3BOIHON CJI€/IyeT CUYMTATH ITOCTOSSHHBIMK B OJ[HOM CJIydae 3apsi-
JIbl, & B JIDYrOM — I[TOTEHIIHAJIbIL.

Tak Kak TpU ABYKEHIKM 00KJIaJ0K KOHIEHcaTopa MO AefcTBUeM CHUJIbl [ nMeeM
Jdg > 0, T0 U3 1OCJIeTHEr0 BBIPAKEHUsI CJIE/LYEeT, 4TO TPH TakoM aBvskernn dC > 0,
T. €. eMKOCTh Bo3pactaet. Clie/[oBaTeIbHO, MEXaHUYEeCKUE CHIIBI, I€HCTBYOIINE Ha 00-
KJTaIKU KOHIEHCATOPa, CTPEMSTCS YBEJUYNTh EMKOCTh KOHIEHCaTopa.

[[eHHOCTH TONYYEHHBIX BBIPAKEHWMIT — B WX OONIHOCTH: /IS BHIYMCJIEHUS CHJIBI
HaM JIOCTATOYHO TOJIbKO 3HATh, KAK 3aBUCST OT KOOPJMHAT 3JIEKTPUUECKUE EMKOCTH
C, BXoJisAMe B BbIPAKEHWE JIJIST SHEPTUH 3JIEKTPUYECKOTO TMOJIS.

B kauecTBe 1pumMepa pacCMOTPUM CHJIbI BBAMMHOIO MPUTSKEHK OOKIAL0K 3apsi-
JKEHHOTO TIJIOCKOTO KOHeHcaTopa. bymem ompenendaTs Cuiy, MefCTBYIONTYIO HA BIpe-
3aHHYIO [IEHTPAJIBHYIO YaCTh OOKJIAKU, OKPY/KEHHYIO OXPAHHBIM KOJIBIIOM, IOCTaTOY-
HO ITUPOKKMM, 4TOOBI 110JIE TIO/ IIEHTPATBHON YaCThI0 OOKIAJKU MOKHO OBLIIO CUUTATH
otHOPOMHBIM (cM. puc. 2.1). EMKOCTB 3TO 1IeHTpasbHOI YacTh KOHIeHCcAaTopa PaBHA
C = es/d (cm. § 3.5), ipudemM s — BHYTPEHHSISI TIOBEPXHOCTh BBIPE3aHHON YacT 00-
KJaagku 1 d — paccrosiiue Mexay oOkmagkamu. Cuiia, CTpeMsIIascs U3MEHUTb pac-

CTOAHUE,
f=£%=_£§
2 od 2 d*

2
o u
BBI/IIIy OJITHOPOZIHOCTH I10JIA B paCCMATPHUBA€EMON CUCTEME NMEEM — = E2 u, cTaJio
d

ek’ ED .
ObITh, [ = _TS = —73. 3HaK «MUHYC» YKa3bIBaeT, 4YTO CUJA IEHCTBYET B CTOPO-

HY YMEHbIIIEHUsI PACCTOSIHUS d, T. €. CTPeMHUTCS COMU3NUTH OOKIaAKK. AOCOMIOTHOE
3HAYEHWe CUJIbI, TPUXOSIIENCS Ha eMHUILY TOBEPXHOCTH OOKJIAJIKH,

fie /| ED
s 2
YUCJIEHHO paBHO 3HepI‘I/II/I 3JI€KTpI/I‘{eCKOI‘O I10JId B €/IMHUIIC O6’beMa ,Z[I/ISJICKTPI/IKa.

2.4. DneKTpoMarHUTHas cwia

HpOBO,ZIHI/IKI/I C 9JIEKTPUYECKUMU TOKaMU, PACITIOJIOJKEHHBbIE B MATHUTHOM I10JI€, NCITbI-
TBHIBAIOT MeXaHUYECKUe CUJIbL. DTH MeXaHUUYeCKHe CUJIbl HA3bIBAIOT 3 J1 € K T poMar-
HUTHBIMUW CUJAaMHW WIN 3JJCEKTPOJUHaAaMUYECKUMU CHJJTAMU. Dek-
TPOMAarHuTHbIE CUJIbI BOSHUKAIOT HE TOJIBKO B KOHTYPE C TOKOM, PACIIOJIOKEHHOM



88 Yactb 1. OCHOBHbIE MOHATMA 1 3aKOHbI TEOPUM

BO BHEIITHEM TI0JIe, HO M B TOM CJIydyae, KOT/Ia 9TOT KOHTYP YelMHEeH U T0Jie, eT0 OKPY-
JKatollee, OIPe/IeJisieTcsI TOKOM B CAMOM KOHTYPE.

K 5/1eKTpPOMArHuTHBIM CHUJIAM OTHOCUM TaK)Ke MEXaHUYECKHUe CUJIbI, JIeHCTBYIOIINE
Ha TeJsia U3 (peppOMArHUTHOTO MaTepuasa, PACcIoJOKEHHbIEe B MATHUTHOM I10JIe, TaK
KaK, 110 CYIIECTBY, U B 9TOM CJIy4ae UMEeEeM JIeJI0 C MEXaHUYECKUMU CUJIAMU, KOTOPbIE
HCIBITHIBAIOT B MATHUTHOM I10JI€ 3JIEKTPUYECKHEe TOKH. B JaHHOM ciiydae 3To sjieMeH-
TapHble TOKHU, CYIIECTBYIOIINE B TeJe 13 (heppOMArHUTHOTO MaTepuala.

PaccmoTpum cuctemy, coCTOSINIYI0 M3 # KOHTYPOB ¢ Tokamu. llonoxkenue KoH-
TYPOB OTIPEEISIETCS HEOOXOAMMBIM YKCIOM 0000IEHHBIX TEOMETPUIECKUX KOOP/IH-
Hat g O6GOOIEHHON TeOMEeTPUYECKON KOOPAMHATOM, Kak ObLIO pasbsacHeHo B § 2.3,
MOJKET OBITh JII00ast TeOMETPUYECKast BEJMUMHA, OPEIesSIONnast MOJOKeHne CHUC-
TeMBbI B IIPOCTPAHCTBE. MexaHWuecKue CUJIbl, CTPEMSIIUECS U3MEHUTh KOOPAMHATHI
CHCTEMBI, TIPU 9TOM TaKsKe JOJKHbI PACCMATPUBATHCST Kak 0O0OIIEHHbIE CHJIBL.

ITycts Moz meficTBUEM CUJIBI f HEKOTOpas KOOpAHUHA-
-2 4 Ta g CHCTEMBbI TI0JIydYaeT npupaiienne dg B HarpaBJeHUN
nericTBUST cuibl. [Ipeanosmoxmm, 4To Bce ocTalbHbIE KO-
OP/IMHATBHI CHCTEMBI OCTAIOTCS HenmsMeHHbIMU. Harmpu-
Mep, OJIMH M3 KOHTYPOB cucTeMbl (puc. 2.6) mepemera-
eTcs B HEKOTOPOM HAIPABJIE€HUHU, BCE K€ OCTAJIbHBIE
KOHTYPbI OCTAlOTCsI HeoABMKHbIMU. Cuiia [ 1pu 9TOM
cosepiiaer pabory fdg. B pesynbrate nusmMeHeHUs KOOP-
JMHATHI g B 0011eM cilydae IPOU30IAET U3MEHEeHNe dHep-
MU MArHUTHOTO MOJis KOHTYPOB C TOKAMU Ha BEJUYV-
ny d,W,. lnjekcom g oTMeyaeM, 4T0 U3MEHSETCS TOIBKO
0JlHA TeOMeTPUYECKast KOOPAMHATA.

[TpeamonoxM, 9TO B Cpejie, OKPYysKalolieil TPOBOHUKHN, OTCYTCTBYIOT HEOOpaTH-
MbIe TIpoliecchl. B TakoM ciydae paboTa BHEIIHUX MCTOYHUKOB SHEPIHH, AEHCTBYIO-
IUX Ha 3aKMMaX KOHTYPOB CHCTEMbI, OY/IeT PacXo0BaThCsI Ha BbIJIEJECHIE TEIJIOTHI
B KOHTYpaX, HA U3MEHEHUE 3a11aca 9HEPTUM B MATHUTHOM TI0JI€ U HA MEXaHUYECKYTO
pabory fdg, coBepiiaeMyio sJIeKTPOMarHUTHON CHJION:

k=n k=n
Duiydt =Y iirode+d W, + fdg.
k=1 k=1

uj

JIist HanpSTKEHNsT Uy, CO3[aBAEMOTO BHEIITHUM MCTOYHIKOM HEPTUH Ha 3aKIMAax
k-To KOHTYpa, UMeeM

¥y
’
dt
e W, — motokocierienye ¢ aTuM KouTypom. CrrenoBateibHo, cyMmMa paboT Beex Uc-
TOYHUKOB SHEPTHH MOKET OBITH TIPe/ICTaBIeHa TaKyKe B BUJIE

k=n k=n k=n
k=1 k=1 k=1

CpaBHuBast MexIy co00it 06a BHIPAKEHUS [Jisl CYMMBI pabOT HCTOYHUKOB dHEP-
TUH, UMeeM

U, =1,7, +
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k=n

>id¥, =d W, + fdg

k=1
T. €. 4aCTb pa6OTbI NCTOYHUKOB, CBA3aHHAA C USMEHEHNEM ITIOTOKOB B KOHTYpPaAX, 3a-
TPAauMBAECTCA Ha UBMEHEHUE IHEPIUU MAarHUTHOTO TI0JIA 1 Ha MEXaHUYECKYIO pa60Ty.

HOCJIeI[Hee YpaBHEHHE CIIPpaBEAJINBO HE3AaBUCHUMO OT TOT'O, KAKNUM O6paSOM n3me-
HAIOTCA BO BpEMEHU TOKH B KOHTYpaX U IMOTOKOCIEIJIEHNA KOHTYPOB. Omno gBagercs
BbIpa’KEHUEM 3aKOHa COXPaHEHHUSA 9HEePruu IPUMEHUTEIBHO K pacCMaTpUBaeMOMY
cJaydJaro.

HaI/I60JIee IIPOCTbIE BbIPpaK€HUA AJId CHUJIbL f IMOJIy4aloTCAd, €CJan IPEAIIONIOKNUTD,
qToO JII/I6O IIOTOKROCHEIIJIEHNSA CO BCEMU KOHTYPaMU, JII/I6O TOKHM BO BCEX KOHTYPax OCTa-
IOTCA HEUM3MECHHDBIMU.

HyCTb IIpr ABUIKEHUUN KOHTYPaA IHOTOKOCHENJIEHUA TTOJAIEPKUBAOTCA HEM3MEHHDI-
MU, T. €. ‘Pk = const. Tak kak IIpy USMEHEHWN KOOP/INHATbI U3BMEHAIOTCA 3aBUCANINE OT
Hee MHAYKTUBHOCTH, TO, OYEBUIHO, AJIA MMOAJAEPKAHUA TTOCTOAHCTBA ITOTOKOCIEILIE-
HUT He0OXOAUMO COOTBETCTBYIONUIUM 006pa3oM U3MEHSITh TOKH B KOHTypax. JTOT 4Ya-
CTHBIN PEKUM MHTEPECEH TEM, YTO UCTOYHUKN Z—)HepFI/II/I coBepHuiaroT pa60Ty TOJIBKO Ha

BBI/[CJICHIIE TEILTTOTHI B KOHTYPaxX, Tak Kak d ¥, = 0 u sz d¥, =0. B yactnocry, ecim
k=1

Obl COIPOTUBJIEHUS 7}, BCEX KOHTYPOB ObLIN paBHBI HYJIIO, TO MUCTOUHUKU SHEPIUU
ObLIN OBl COBEPIIEHHO He HY/KHBI, TAK KaK B CBEPXIIPOBOASIINX KOHTYpaX MMOTOKHU CO-
XPAHAIOTCSI HEU3MEHHBIMU COTJIACHO MPUHIIUITY 3JIeKTPOMAarHUTHON wHepiuu. B ciy-
yae ¥, = const umeeM

0= (d W, )W + fdg.

Tak KaKk Mbl pacCMaTpUBaeM repemelieHue dg o [eiicTBreM cuibl f, To fdg > 0 u,
cesoBaTensHo, d,W, <0, T. e. sHeprust MarHNTHOTO 110151 yObIBaeT. DTOTO U CJIe0Ba-
JI0 OJKU/IATh, TAK KaK MOJIOKHUTETbHAST pA00Ta JIEKTPOMATHITHOI CHIIBI MOJKET COBEP-
IIATHCST B IAHHOM CJTy9ae TOJIBKO 33 CYET dHEPTHH MArHUTHOTO moJist. VI3 mocsennero
YPaBHEHUsI TI0JTy4aeM

=const

P A 7
dg ag Wp, =const

Wy, =const

T. €. JNEKMPOMAZHUMHAS CULA, CIPEMUASCS USMEHUMD OAHHYIO0 KOOPOUHAMY CUCTE-
Mbl, PABHA YMEHLULEHUIO SHEPLUU MAZHUNHOZ0 NOJIsL, OMHECEHHOMY K eOUHUYE NPOU3BO-
OUMO20 CUNLOTL UBMEHENUSI KOOPOUHAMBL 8 NPEONOSONCEHUL, UMO NOMOKOCYUCNIIEHUS KOH-
Mypos COXPAHAIOMC HEUSMEHHIMU.

IIpenronoxum Terepb, 4YTO BO BCeX KOHTYpaX TOKHU IOJIEPIKUBAIOTCS HEU3MEH-
HbiMU. IIpu fABUKEHUM 11O/ JlefiCTBUEM 3JIEKTPOMArHUTHON CUJIBI OTHOTO U3 KOHTY-
pOB Oy/lyT M3MEHSTBCS TTOTOKOCIeTIeHust P, 11 9acTb pabOThl NCTOYHUKOB, CBSI3aH-
Hasi ¢ U3MEHEHUEeM MOTOKOCIEIIEHNH KOHTYPOB, He Oy/leT paBHA HYJIIO, T. €.

k=n
> i d¥, #0.
k=1
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Mesx 1y 3HaueHneM 9Toi paboThl U puparierneM sHepriuu W, MarHUTHOTO 110JISA B
paccMaTpruBaeMOM CJydae CYIecTBYET IPOCTOe COOTHOIeHne. MBIl MMesn BhIpaske-
HUe /I SHePTUHn

15,
W, == sz Y,.
253
IIpu i), = const nmosydaem

k=n
(diM )ik:const - 51 z ikd\Pk :
k=1

[Ipuxoanmm K 3amMeyaTeJIbHOMY BBIBOMY: TIPU TIOCTOSTHCTBE TOKOB TIpUpAIlleHUe
9HEPTUYM MAaTHUTHOTO TIOJISI B TOYHOCTH PABHO MTOJIOBUHE PacCMaTPUBAEMO YacTH pa-
6OTBI, COBepITaeMoil HCTOUHIKAMU dHeprin. OcTaabHast MOJOBUHA 9TON YacTi pabo-
ThI UCTOYHUKOB B COOTBETCTBUU C YPaBHEHUEM

k=n
D d¥Y, =d W, + fdg

k=1
UJIET HAa COBEPIIEHNE MeXaHn4ecKoii paboTsl. [ToaTomy

fdg = +(diM )ik =const ”

Takum 06pa3oM, IPU MOCTOSAHCTBE TOKOB IIOJIy4eHNe MeXaHUUEeCKOI paboThl CBsI-
3aHO ¢ HeM30eKHBIM yBeJMYeHNeM 3allaca S9HePTUK B CHCTeMe, B TOYHOCTH PaBHbBIM
COBEPIIIEHHOI MEXaHUYECKOIT paboTe.

W3 mocieiHero paBeHCTBA MOTyYaeM ellle O/IHO BhIPasKeHUe JIJIST AJIEKTPOMATHUT-
HOW CHJIBL:

oW,
ag if, =const

T. €. AEKMPOMAZHUMHAS CULA, CIMPEMAUUAACT USMEHUNTD aClHHyTO Koopauﬁamy cucme-
Mbl, PABHA YBEIIUUEHUIO IHEPIZUU MAZHUNMHOZ0 N0/, OMHECEHHOMY K eauHuLge npouseo-
aUMOZO CUTIOUL UBMEHEHUS KOOanHdmbl, 6 npe@nozloofceHuu, umo moxKu 6 KOHmypax 7’[06'
aepafcuemomc;l HEUSMEHHBIMU.
HeO6XOlII/IMO MMOAYEPKHYTD, 4YTO 0621 ImosrydeHHble HaMUW BbIPpasKeHUA OIIPEAeIAI0T
CO601>1 OMHY U TY € CUJy, T. €. MOKHO HaIlMCaTb
Fo oW _[aw, ‘
ag W), =const ag iy, =const

PacemorpuM cuity f, E€HCTBYIOIIYIO Ha CPEIHION0
YacTh TI0JIIOCA IJIEKTPOMATHUTA, M300PAKEHHOTO Ha
puc. 2.7, n CTpeMsIIylocsi U3MEHHUTh paccTrosiHue d

N
L HAHTH
MeXy TosmocamMu. VI3 Bcero mostioca BeIpe3aeM TOTBKO
S €r0 CPEJIHIO YaCTh, OKOJIO KOTOPOI 110JIe MOXKHO CUH-
S TaThb OJHOPOJAHBIM. [l BBIYMCTIEHNST CUJIBI BOCIIOJb-
3yeMcs BhIpaKeHueM

=4+

Puc. 2.7



FnaBa 2. DHEPrus 1 MexaHny4eckme MposIBIEHNs SMEKTPUYECKOro M MarHuTHoro noneii 91

(oW,
ag Wp, =const

[Tpu GeCKOHEYHO MAJIOM TIePEMEIEHU Y CPEIHEN YACTH TIOJI0CA TI0JIe OCTAETCS OfI-
HOpoHbIM. Tak kak W = const, TO HEM3MEHHOIT OCTAETCs I MArHUTHAST MHYKIWsT B,
a TaxKe obbeMHas TJIOTHOCTb sHepruu mnoas W/ = B? /(ZM). [ToaTomy nsMeHenue
OHEPTHU TOJISI MPOUCXOJUT TOJNBKO BCJIEACTBHE U3MEHEHUsI 00beMa IPOCTPAHCTBA
MEK/ly BBIPE3AHHOII YaCTBI0 CEBEPHOTO MOJIOCA U FOXKHBIM IOJTIOCOM. JHEPTUs,
3aKioueHHast B 3ToM o0beMe, papaa W, = W sd, tiie s — mOBepXHOCTD BbIPE3AHHOI
gacTu mosoca. TakuM 06pasoM, nveem

2
| = _W _ -W's = —B—s = —ﬁs,
ad 2, 2
npudeM abCoIOTHASE MArHUTHAST TPOHUIIAEMOCTD BO3/yXa PUHATA PABHOMU ). 3HAK
«MUHYC» YKa3bIBaeT Ha TO, YTO CHJIBI CTPEMSITCSI YMEHDBIINUTD PACCTOSTHUE MEKY T10-
mocamu. AGCOJIIOTHOE 3HAYEHUE CUJIbI, TPUXOAIICHCS HA €IMHUILY MOBEPXHOCTH
110JTI0CA,

[ =

B
2 ’

T. €. YUCJIEHHO PaBHO 9HEPTHUU MArHMTHOTO I10JIA B €AVHUIE obbema IIPOCTPAHCTBA
MEKAY HOJIIOCAaMU 2JIEKTPOMArHuUTa.
B HpOCTeﬁH.IeM cjydae Jid OJHOTO KOHTYpa C TOKOM 3HEPTUA MAarHUTHOTO I10JIA

Li?

Pt

BOCHOJII)SyeMCH JIJIsI BbIYMCJIEHU A SJIGKTpOMaFHI/ITHOfl CWJIbI BbIPpAa’KE€HUEM, I10JTYy-
YEHHBIM B IIPEAITIOJIOKEHUM, YTO ik = const. meem

PR
ag i =const 2 ag

Ecau iepemerniienne dg mpoucxoauT 1o aeiictBuem cuJibl f, o f dg > 0 u, craio
6b1Th, dL > 0. CiejoBaTesIbHO, B KOHTYPE BO3HUKAIOT TaKKe CHJIbI, KOTOPBIE CTPEMSIT-
¢ Tak 1eOpMUPOBATH KOHTYP, YTOOBI €r0 MHAYKTUBHOCTD YBEJNYNIIACh.

3aMeTuM 3/1eCh, YTO MOCJIEAHEE BhIPaKEHUE yiKe He TpeOyeT HUKaKUX OrOBOPOK
0 IIOCTOSHCTBE TOKA. JTa OFOBOPKA MIOJIHOCTHIO UCIIOAb30BAaHA IIPU BHIHECEHUH i
3a 3HAK MPOM3BOAHOI. ITO BhIpa)KeHUEe IPUTOAHO U JJIs BBIYMCACHUS MTHOBEHHOM
9JIEKTPOMATHUTHOI CHUJIBI IIPU JAHHOM MTHOBEHHOM IE€PEMEHHOM TOKE.

Bbimre ykasbiBasoch, uto 00e (hOpPMYJIbl, TIOJyYEHHbIE B TIPEATIONOKEHUN, YTO
¥, = const, ¥ B IPEAIOIOKEHHIH, YTO i, = CONSt, TOKAECTBEHHBI, T. €. MOKHO HAIIICATD

s o, _[aw, |
ag W), =const ag ik =const

[TpoxeMoHCTPUPYEM 9TO Ha TPUMEPEe OAHOTO KOHTypa. UTOOBI BOCITONB30BATHCS
mepBoit (POPMYIION [T CUIIBI, CJIEAyeT BBIPA3UTh SHEPTUIO Yepe3 TMOTOKOCIIETLIeHTe
camonHAyKIuu. meem




92 Yactb 1. OCHOBHbIE NOHATMS 1 3aKOHbI TEOPUM

L (L) _w}

w, = ¥
2 2L 2L
[Tosyyaem ’ ‘
) o) W ra
ag W =const 2 ag L 2L2 6g 2 8g
4TO IIOJTHOCTbBIO COBIIAZAET C PE3YJAbTATOM, IOJYYEHHBIM W3 BbIPDAKEHUA
ow
fe(2e)
ag i=const

Paccmorpum ziBa kontypa ¢ Tokamu. st sHeprun MarHuTHOTO 10T CUCTEMBI, CO-
CTOSIIEH M3 IBYX KOHTYPOB C TOKAaMH, UMEEM BBIPAKCHIE

1

.2 1 .2 ..
W, ==L +=L,i, + Mi,i,.
2
Haiiziem 31eKTPOMarHuTHYIO CHILY, CTPEMSIILYIOCS U3MEHUTD KOOPIMHATY g, Olpe-
JeJISTIONIYIO B3aMMHOE PAacoJiokeHre KOHTYpoB. OT 3TOI KOOPAUHATLI 3aBUCUT TOJIb-

KO B3anMHasd MHAYKTUBHOCTb. HOSTOMy HNCKOMas 3JIEKTPOMAaroiuTHasa Cujia

-2V, .. oM
= =Uly —.
ag iy, =const ag
B atom BbIpa’K€EHNM BbIHECEHDbI 3a 3HAK HpOI/ISBOHHOﬁ 063. ToKa. BeiHocs 3a 3Hak
HpOHSBOZIHOﬁ TOJIBKO TOK B O/THOM M3 KOHTYPOB, IIOJIYYUM

.| o0(Mi (oY
f =i 9(Mi,) = | i
ag ig =const ag ig =const
nJjin B
.| o(Mi . (oY
Foi[P0R] ()
ag i =const ag i =const

Ecsi KOHTYPBI TIepeMeIaioTes Mol AefcTBIeM Cuitbl f, To fdg > 0. B Takom ciydae
u3 1epBoro pasercTsa umeeM i,d ¥y, > 0. Takum obpasom, mpu i; > 0u d¥,, > 0, 1. €.
HOTOKOCIETJIEHWEe B3auMHOM nHAyKImn Wy, yBesnunBaetcst. VIHbIMU CJIOBaMHU, €CJIN
HOTOKOCIETJIEHWE CAMOWHIYKITUH Lyi; MOJIOKUTETHHO, TO MOTOKOCIIEIIEHIE B3aM-
HOU MHAYKIUK Mi, CTPEMHUTCST TIPUHITH HAUOOJIbIIee BO3MOKHOE IMOJIOKUTETHHOE
suavenue. [Ipu i; < 0 umeem d\¥,, <0, 1. e. ¥y, ymeHbinaercs. Cie1oBaTe/IbHO, €ClIn
HOTOKOCIETJIEHWE CAMOMH/IYKIINU Li; OTPUIIATEIBHO, TO ¥ IOTOKOCIEIJIEHUE B3aM-
HOU uHAYKIUH W), CTPEMUTCS CTATh OTPUIATEHBHBIM M TIPUTOM HAMOOJIBIITM 110 a6-
COJIIOTHOMY 3HAUYEHUIO. AHAJIU3UPYST BTOPOE PABEHCTBO, IPUIEM K aHAJIOTUYHBIM BbI-
BOZIaM TIO OTHOIIEHUIO K IOTOKOCIETIIEHUI0 B3aUMHON WHAYKIWH Mi; BTOPOTO
KOHTYpa.

Utak, snexmpomaznumuvle CULbL CIPEMSIMCS PACNOLONCUND HCECMKUE KOHMYPbL
cucmemvl. maxkum 06pasom, umobvl JUHUU MAZHUMHOU UHOYKYUL BHEWHez0 NOMOKA
BHYMPU KOHMYPOS NPOXOOUNU 8 TOM Hce HANPAGIEHUU, YMO U JUHUU MAZHUTNHOU UH-
OYKUUU NOMOKO8 CAMOUHOYKUULL.
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OmnpejiesinM elie Bpalamoiuii MOMEHT f, KOTOPBIH UCIBITBIBAET TJIOCKUN KOHTYP
C TOKOM i BO BHEIITHEM OTHOPOHOM MarnmMTHOM II0JIE. HyCTb B — marnutHag NMHAYK-
[[Msl BHEITHETO M0Jisl, S — MOBEPXHOCTD, OrPAaHUYEHHAST KOHTYPOM TOKa, U 0. — YTOJI,
COCTaBJISIEMbBIN TOJOXUTENbHON HOPMaibio N K 3TOH MOBEPXHOCTU ¢ BeKTOpoM B
U OTCYUTBHIBAEMBIl OT HamrpaBieHusd Bexktopa B (puc. 2.8). IlonoxuTrenbHoe Hampas-
JIEHNE HOPpMaJIX CBAYKEM C ITOJIOKHUTEJIbHBIM HallpaBJIECHUMEM TOKa 1 IIpaBHUJIOM IIpaBOT'O
BUHTA.

CoracHo BbIIIEITPUBEAEHHBIM BbIPpaKEHUAM

L[ OV, [0y,
/=i uf =i, )
g g

ip=const i{ =const

VMCKOMBIH BpaIafoniuii MOMEHT MOKHO TTPE/ICTaBUTD KaK TPOU3BEICHIE TOKA i B KOH-
Type Ha Ipou3BoHyI0 0'P/0a OT BHELIHero OTOKOCIeIIeHUs 110 yIiy o. Mmeem

N4 Co .
Y = Bscosa u f =i— = —isBsina = -mBsina,
oo,
r7ie m = iS €CTh MATHUTHBI MOMEHT 3aMKHYTOTO TOKA.
B BexTopHOIT hopme mocyenHee BeipaxkeHue umeeT Bz (puc. 2.8)

f=[mB].

MpbI puXo[UM K 3aMedaTesibHOMY BBIBOJLY, UTO Bpalllaio-
MM MOMEHT He 3aBHCHUT OT/IEJLHO OT i U S, a OIPe/esIsIeTCs
MarHUTHBIM MOMEHTOM 771.

CkaszaHHOE TIOJIHOCTBIO OTHOCHUTCSI K JIFOOBIM dJIeMeHTap-
HBIM TOKaM, TaK KaK I10 OIPE/IeJIEHUIO 9JIeMEHTAPHBIM HA3bIBa-
€M 3aMKHYTBII TOK, TPOTEKAIONIUI 110 CTOJIb MaJIOMY KOHTYPY,
YTO B TIpeJieiaX 9TOT0 KOHTYpa BHEITHee TI0Jie MOKHO CUUTATh
OTHOPOJTHBIM.

B 3akmtouenue ompenenuM 3J1eKTPOMATHUTHYIO CUITY, Jeii-

CTBYIOIIYIO HA TIPSIMOJUHEHHBIH OTPE30K TPOBOJIHUKA C TO- Puc. 2.8
KOM i, IMETOIIHIT UTUHY /, pactoIo/KeHHBIN BO BHEIITHEM OJIHO-
POIHOM TI0JIe HOPMAJIbHO K BEKTOPY MarHUTHOW mHAyKInu B (puc. 2.9). OTpe3ok
COCTaBJSAeT YacTh 3aMKHYTOTO KOHTypa Toka. Ha puc. 2.9 mpyrag gacts KOHTypa
[IPEJII0JIaraeTcsl PacloJiosKeHHOo! cripaBa. [Ipu TakoM pacrioJioskeHuu HarpaBJieHUe
JIMHUT WHLYKIIUW BHEIITHETO MOTOKA COBIA/[AeT C HAIIPaB-
JIeHWeM JIMHUH WHIYKIIMU TTOTOKA CAMOWHIYKITUU KOH-
typa (M >0), mosToMy cusia I0JsKHA OBITh HalpaBIeHa
BJIEBO, TAaK KaK IIPU JIBUJKEHUU OTPE3Ka B 9TOM HaIlPaBJie-
HUK OO TOTOK YBEJINYNBAETCS M3-32 POCTa BHEIIHE-
ro moToka (IMOTOKAa B3aUMHON WHAYKITUN ).

Ecau temepsb cuntath, 9TO ApyTras 4acTh KOHTypa Ha-
XOJIUTCS CJIEBA OTPE3KA, TO B ATOM CJIydae JTUHUU UHIYK-
MU [OTOKA B3aMMHOW WHIYKIUK (BHENTHETO IMTOTOKA)
OyLyT HATIPABJIEHbI IPOTUB JIMHUN MHAYKIUKU [IOTOKA Ca- B
MomHayKImn koutypa (M < 0). CrenosarenbHo, cuia
JIOJIKHA OBITH HATIPaBJIeHa, KaK U MPEXK/IE, BJEBO, TaK KaK

,\
Ain
I
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MIPY IBUKEHUU OTPE3Ka B TAKOM HAITPaBJIECHUN YMEHBIIIAETCS HAPABJIECHHBIN TPOTUB
MOTOKA CAMOWHAYKITUY TTOTOK B3aNMHOM WHAYKIIUY (BHEITHWH TIOTOK) U yBEJINYNBa-
€TCsl CYMMapHBIN MTOTOK.

Harnpassienne cusibl MOSKET ObITh OTIPEEIEHO 1 TP TIOMOIIH BbIpaskeHust f= g|oB].
Hamnpasisienue v coBnajiaet ¢ HalpaBJIeHUEM TOKA; TO9TOMY, €CJIN, COTJIACHO MTPABUIY
MPaBOTO BUHTA, BPAIATh BUHT TI0 HATIPABJIEHUIO OT BEKTOPA CKOPOCTH K BEKTOPY WH-
AYKIAW, TTOJYYUM HarpaBIeHne CUJTBI f, TokaszaHHoe Ha puc. 2.9.

[Ipenromoxum, 9TO OTPE30K MPOBOJHUKA MEPEMECTUTCS 10/l JAEHCTBUEM 3JIeK-
TPOMATHUTHON cuJIbl Ha paccrosHue dx (cm. puc. 2.9). BHeurnee noroxocienienie
C KOHTYPOM TOKa IIPU 3TOM TIOJIydaeT TpUpalieHme

dV¥ = d® = Bl dx.
CornacHO BBIPOKEHUSIM

/=i %

Hf:iQa\gJ )

in =const g iq=const

MICKOMast CHJIa MOKeT OBITH ITPEeICTaBIeHA KaK MPON3BEIEHIE TOKA i B OTPE3Ke IIPOo-
BOJIHUKA Ha TPOM3BOAHYIO dV/dx OT BHENIHEro IOTOKOCIEIIEHHS 110 KOOPANHATE.
[Honyuaem

f:idﬂ:iBldx:

dx dx

Bli.

[IpencraBisier uHTEpPEC CPAaBHEHUE MTOJYIEHHOTO BBIPAKEHUS C BbIPAKEHUEM JIJIsT
I/1C, muayupyemMoii B IBUKYIIEMCS TIPOBOTHUKE:
e =Bl
Mexanudeckast cuia f, CTPEMSIIIASACS U3MEHUTh T€OMETPUYECKYI0 KOOPIMHATY X
MIPOBOJIHUKA, OIPEESIETCS HIEKTPUUECKON CKOPOCTBIO, T. €. TOKOM B TIPOBOJHUKE
i =dq/dt. 9]1C, cTpemsiiasicsi BbI3BaTh TOK B IIPOBOHUKE, OTPEIESIETCS] TEOMETPHU-
YeCKOI CKOPOCTHIO MIPOBOAHUKA 0 = dx/dt.
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1.1. CeBsA3b 3apsifa YacTUL U TeN C UX JIEKTPUYECKUM NosieM.
Teopema lNaycca
BOMPOChI

1. (O) MosHO /11 yTBEPIKAATh, YTO JIBA OJHOMMEHHO 3apsIsKEHHbIE U PACIOJIOKEHHbBIE
B IIyCTOTE TeJia OTTAIKUBAIOTCsI? HeoOX0AnMOo Jin [7Ist TAKOTO YTBEPIKAEHMSI YCIIOBHE,
yTOODBI Tes1a ObLIM TOYEYHBIMU?

2. HO,Z[ I[eﬁCTBHeM CHJIbI CO CTOPOHBI JIEKTPUYECKOTO T10JIA 3apAKeHHadA YacTulia ABU-
JKETCA BAOJIb JIMHUN HaIIPAKEHHOCTH. Kakoii BU/I UMEET JIMHUA HaHPSDKCHHOCTI/I?

3. B kakoii uz Touek (A wau B) HanpsokeHHOCTb E 9/IeKTPUYECKOro 1oJist 6oJiblie
(puc. B1.1)?

a 6 8

q>0 q<0 B
° E

Puc. B1.1

4. (O) Ob6paraercst Jin B HYJIb HAIIPSKEHHOCTD 3JIEKTPUYECKOTO TIOJIST B TOYKaX A, B,
C npu ykazannoi na puc. B1.2 muneiiHoi 10THOCTH T, 3aps10B KUJIbl 1 1 Ty 060109~
Kk 2 kabeJst?

9. MoKHO i1 paccunTaTh HANPSIKEHHOCTD AJIEKTPUYECKOTO TTOJIsI ¢ TTOMOTI[BIO Teope-
Mbl [aycca, ecyin 3apsKeHHbIE TeJla PACTIONOKEHbI He B IIYCTOTE, a B: @) OJHOPOJHOM
JIUBIEKTPHUKE; 6) KYCOUHO-OHOPOIHOM [IMATIEKTPUKE?

6. TToToK BeKTOpa HAIPSKEHHOCTH 3JIEKTPHUYECKOTO TIOJISI CKBO3b JIIOOYI0 U3 3aMKHY -
TBIX MOBEPXHOCTEH B BBIOPAHHOI 06acTu paBeH Hy 0. MOKeT Jii B 3TOit obacTu
CYIIIeCTBOBATH dJIeKTpUUeckoe osie? MoryT i B Helt HaXOAUTHCS TeKTPUIECKIe 3a-
pSBI?
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YMPAXKHEHWSA

1. (P) JBrzKymiasicst o CKOPOCThIO © = ai + bj + ck 3apsikeHHast yacTHIA UCTIBIThIBAET
CO CTOPOHBI MArHUTHOTO TI0Jist cuty f = mi + nj + pk. Paccuuraiite cocraBisoniye
BEKTOPAa MAarHUTHOM MHAYKIMU npu: a) 0 = 0i + 57 — 2k, f=1i; 6) v = 0i + 3j + 1k,
f=25i6)v=1,51—2j — 0,5k, f=—4,5i — 2,25j — 4,5k. 3apsx vactuie g = 10-10 K.

2. BecbMma jjiHHbBIE NApaJlie/ibHbie TOHKUE 3apsiKEHHbIE MTPOBOJIA PACIIOJIOKEHDBI B
Bozztyxe. OmpesiesnTe HAMIpaBIeHNe U BETMUNHY BEKTOPA HANPSIKEHHOCTH DJIEKTPH-
YecKOro 1oJis B ykazanubix Ha puc. B1.3 Toukax A, B, C ipu 3a/JaHHBIX MOJOKEHUAX
IIPOBO/IOB W JIMHEWHOU IJIOTHOCTU UX 3aPs/I0B.

Puc. B1.3
3. (P) Ilocrpoiite KpUBYIO UBMEHEHUS HANPSDKEHHOCTH o 1 2 b
BJIEKTPUYECKOTO TIOJSI BAOJb MPAMOil ab, coemuusgiomen :1— """"""""""" :; """""
CEUYEeHMs ABYX OUEHb JJIMHHBIX MapaJIebHBIX TPOBOIOB
Puc. B1.4

1u 2 (puc. B1.4). JIuneitnplie maoTHOCTH 3apsAn0B T, > 0,
Ty = —T,.

4. (P) KaknMm 10JKeH OBITh 3aKOH U3MEHEHUST B TPOCTPAHCTBE 0OBEMHOMN TIJIOTHOCTH
p(7) aJeKkTpuIecKoro 3apsza, Mpyu KOTOPOM TIOTOK BeKTOpa HampspkeHHocTu E aex-
TPHUUYECKOTO TI0JIsT CKBO3b C(hepruecKyto OBEPXHOCTh ' = CONSt: @) He 3aBUCUT OT 7,
6) CTPeMHTCSI K HYJIO C POCTOM 7; @) TPOTOPIIMOHANEH 3afanuoil dyukunu f(r)
(g = const Bcioay)?

5. Haiignre moTok BeKTOpa HAMPSIKEHHOCTU HJIEKTPUYECKOTO MOJISI CKBO3b YKa3aH-
uble Ha puc. B1.5 nmosepxuoctu. /lyis BApMaHTOB a—2 € = €, BCIOJLY.

6. (P) O6bsicaure, moyemy u3oOpaskeHHble Ha puc. B1.6 muHuu He MOTYT OBITH JIU-
HUAMU HAIPSKEHHOCTU SJIEKTPUYECKOrO II0JIs, €CJU CBOOOJHbIE 3apsAibl B YacTU
[IPOCTPAHCTBA, Ile M300paskeHbl JIMHUHU, OTCYTCTBYIOT.

7. Vlcriosib3yst CBOMCTBO CUMMETPUH TI0JIst, K300pa3nuTe CEMENCTBO JINHUIT HATIPSIIKEH-
HOCTH 3JIEKTPUYECKOTO TIOJIS 3aPsifia, PACIIPeIeIeHHOTO PABHOMEPHO: @) Ha 6eCKOoHeu-
HO MPOTSIZKEHHON MIJIOCKOCTH; 6) Ha IOBEPXHOCTH GECKOHEUHO UIMHHOTO TIPOBOISIIE-
TO IWJIMH/PA panycoM R; 6) B 00beMe 6ECKOHEYHO JUIMHHOTO IUJINH/PA PAUyCcoM R;
2) Ha MOBEPXHOCTHU IIPOBOAAIIErO miapa; 0) B o6beMe cepbl; ¢) Ha IOBEPXHOCTH TOH-
KOTO TIPOBOJISIIETO AMCKA PAANYCOM R; 2ic) BIOJb TOHKOTO KPYTOBOTO ITPOBOJISIIETO
BUTKA PafiniycoM R; 3) B 06beMe GeCKOHEYHO MPOTSKEeHHOM MIACTUHBI TOJIIITHOM /.
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E = const

N

q BHYMPU 3AMKHYMOT
noeepxXHOCmU S

Jlurnuu HANPAACEHHOCIU
nepneH()uK}',mprl noeepxHocmu s

2 0

q 6HYMPU 3AMKHYMOT
nosepxnocmu s

Puc. B1.5

Puc. B1.6

3AO0AYN

1. (P) [IBe paBHOMEPHO 3apsiKeHHbIE He3rpaHNYHbIE IIJIACTUHBI ¢ TOBEPXHOCTHOI IJI0T-
HOCTBIO 3apsifia +G M —G PACIOJIOKEHbI MapaJIebHO APYT APYTY HA PACCTOSHUY d.
PaccunraiitTe HANPSKEHHOCTD SJEKTPUIECKOTO MOJIST B 00IACTH MEXK/IY TIACTHHAMU
u BHe ux. [locTpoiite KpUBYIO U3MEHEHUST HANPSKEHHOCTH T10JI BAOIb IIPSIMOM, HOP-
MaJIbHO K TIIACTUHAM.

2. Jlmuetinas MIOTHOCTD 3TEKTPUIECKOTO 3aPsiia OUe€Hb IJIUHHOTO MIPSIMOTO TOHKOTO
poBojia paBHa t. Haiijiute HAIPsSI;KEHHOCTH 3JIEKTPUYECKOTO TI0JISI B TOYKAX BHE MPO-
BOJIA.

3. Onpezenure HAPSIKEHHOCTD JIEKTPUYECKOTO TTOJIsE B TOYKAX MEK/Y OOKJIaJIKaMU:
@) TJTOCKOTO KOHJIeHcaTopa. PaccTosiHie MexIy OOK/IajKaMu d, TIOBEPXHOCTHBIE TLIOT-
HOCTH UX 3apPsA/I0B +G U —G; 6) NUJIMHAPUIECKOTO KOHAeHcaTopa. Pajaunychl 06KIaI0K
R u R, (R, < R,), tuneiinble MJIOTHOCTH 3apAL0B 00KIAI0K +T 1 —T; 8) c(HepUuIecKoro
KoHeHcaropa. Paauycsl 00kmanok Ry u Ry (R < R,), ux 3apsiasl +q u —q. JIusnex-
TPUYECKYIO TPOHHUIIAEMOCTD BEIECTBA, MOMENEHHOTO MEXK/LY OOKJIa[KaMu, IPUMUTE
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paBHOIT 2¢g,. Paccrosinie Mexay OOKJa[KaMU 3HAYNUTENbHO MEHbIEe MX JIMHEHHBIX
pas3MepoB.

4. PacrionoskeHHbIN B IyCTOTE BeCbMa JIJTMHHBIN MTPSIMOJUHENHBIN 3apsKeHHBIN 1TPO-
BOJI pafinycoM ceuenust Ry =1 cM c imHeitHOM TioTHOCTBIO 3apsaa T=2-10-7 K /M ox-
BaueH COOCHOI ¢ HUM IPOBOAMAIIEH He3apsAKeHHOH TPyOOH ¢ TOJIMHON CTEHKU
d = 0,5 cM 1 BHyTpeHHUM pajgnycoM R =3 cMm. Paccunraiite 1 mocTpoiite 3aBUCUMOCTh
HATPSKEHHOCTHU HJIEKTPUUECKOTO T0JIsl OT PACCTOSIHUS 7 OT OCH TIPOBOJIA. YKAKUTE, B
Kakix 00JIaCTSIX AJIEKTPUUYECKOE TT0JI€ U3BMEHUTCSI, & B KAKMX OCTAHETCST HEU3MEHHDIM,
ecau TpyOe cooOIUTh 3apsi/l, JMHENHHas I0OTHOCTh KoToporo Tt = —2-10-7 Ki/m.

3. (P) dnexTpudeckoe ToJe B BO3/IyXe CO3/AETCS 3aPS/IOM BEChbMA [TMHHOTO TIPSIMO-
JIMHEHHOTO MPOBOJIa paJinycoM R ¢ TMHEHHON MJI0THOCTBIO T. Haiinnte paanyc nuiavH-
JPUYECKON 00JIaCTH, B KOTOPOIl BO3AYX MOHU3MPOBAH, €CJIU HANPAKEHHOCTh HJIEK-
TPUYECKOTO TIOJISA, TIPU KOTOPOH TMTPONCXOIUT NOHU3AITNS BO3/LyXa, paBHa E = 23,3 kB/cm.
Uucsennslii pacyeT BoirnoanuTe mpu R = 1,2 cm, 1= 2-10"6 K /m.

6. (P) KpyroBoii mpoBoAAIIII BUTOK PAANyCOM R pPaBHOMEPHO 3apsKeH C INHEIHOM
IJIOTHOCTBIO 3apsiia T. OTCUNTHIBASL KOOPAUHATY Z BJIOJIb OCH OT IJIOCKOCTH BUTKA,
HaiiITe ee 3HAYEHNE, TPU KOTOPOM OCeBast COCTABJISFOIIAst HAMTPSIKEHHOCTH 110JIsT Oy -
ner Hanbosbieit. Pacuer soimosnuTe pu R = 0,2 M, t=2-10-8 Ki/M, € = .

7. (P) B mape u3 QusieKTPUKa, 3apsSsKEHHOM ¢ 00bEMHOM ILIOTHOCTBIO 3apsiga p,
nMmeeTcs ceprueckas HesapsKeHHas 1oJiocTh (BKparienue). [lokaxknre, 4To asex-
TpUYeCKoe 1oJjie BHYTPH MOJOCTH OIHOPoiHOe. HaliinTe Hampsi>KeHHOCTD 3TOTO TTOJIA.
JlnamexkTpudeckast MPOHMIIAEMOCTh BO BCEX TOUKAX MIPOCTPAHCTBa €. Paccrosmnne mex-
Jy TIEHTpaMHU Ilapa U BKPaIJIeHUsI PaBHO d.

8. (P) Ilokasxkute, uTo B 06BEME, 00TIEM JIJIST IBYX PA3HOMMEHHO 3apsIKEHHBIX TAPOB
paguycamu R ¢ 00beMHON TUIOTHOCTBIO p U —p, AIEKTPH-
yeckoe 1oJe ogHopoznnoe (puc. B1.7). Ilpu d — 0, p — o
U yci0BUN pd = const 1apbl COBMEIAIOTCST, IPUYEM BHYT-
pu "X p = 0. KakoBo mipu aTOM pacripeiesienue maoTHO-
CTH TIOJTy4aeMOTO Ha TTOBEPXHOCTHU 3apsja, MPU KOTOPOM
moJie BHYTPU MIapoB oxHOpoaHoe? Hailinute cooTHOIIeE-
HI€ MeXK/Iy HAMPSIKEHHOCTDIO TOJIST ¥ HAnbOJIbIIed T1J10T-
HOCTBIO 2JIEKTPUYECKOTO 3apsifia Ha MOBEPXHOCTH.

Puc. B1.7
1.2. dnekTpuueckoe cMmeweHue. Mocrynar
Makcsenna

BOMPOChHI

1. (O) IIpoBoziiee 3apssKeHHOE TEJO € 3apsIoM +¢ pac-
HOJIOKEHO B 00JIaCTH, TIe AUJIEKTPUYECKUE MPOHUIIA-
E€MOCTH CPEIl € > &, & < g3 (puc. B1.8). Kakue 3naku
UMEIOT CBSI3aHHBIE 3apsi/Ibl HA MOBEPXHOCTSIX Sy, Sy, S3?
W3ameHsiTCst Jin CBsI3aHHbBIE 3aPSi/Ibl, €CJIU 3apsiJl Tesia pa-
BeH —q?

Puc. B1.8
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2. Jlist yBeIM4eHsl eMKOCTH KOHJIEHCATOPa MPOCTPAHCTBO MEKLY €ro 0OKJIajKaMu
(€ =€) 3aMOJHSIOT BEIECTBOM C [IUIJIEKTPUUECKOI TPOHUIIAEMOCTBIO € = 5¢,. I13Me-
HUTCSI JIN HATIPSKEHHOCTD 9JIEKTPHYECKOTO TOJISt MEXK/LY OOKJIAIKAMU, €CIIH WX 3apsij]
COXpaHSIETCS TeM Ke?

3. (O) Jluanu HAPSIKEHHOCTU OHOPOTHOTO SJIEKTPHUUECKOTO TTOJIsT HAallPaBJIeHbl HOP-
MaJIbHO K ITOBEPXHOCTU Pasjiesia JIBYX Cpejl, AU3JIeKTPpUIecKre IMpOHUIaeMOCTH KOTO-
PBIX pasandHbl (g, > &,). Jluaun BekropoB D u E mpoBe/ieHbl Tak, YTO OHU 00pasytoT
pr6KI/I C OJIMHAKOBBIMM 3HaUeHUSIMM ToToKa AW, u motoka AW B kakoil u3 cpen
IUIOTHOCTD JIMHUI HANIPSKEHHOCTH 10JIst OOJIblIIe U oYeMy?

4. (O) DnexTpudecKuil 3apsi PacooKeH B TIOJOCTH He-
3apsKeHHoro mpoBozsiiero tesaa (puc. B1.9). Yemy pa-
BEH TIOTOK BEKTOPA 3JIEKTPUUYECKOTO CMEINIEHUS CKBO3b
3aMKHYTYIO [TOBEPXHOCTD, OXBaTBIBAIOILYIO: @) 3aPsi/l U TIPO-
Bojsiee Teso (sy); 6) 3apsi/i ¥ 4aCTUYHO MPOBOJISIILYIO
cpeny (8,); 8) TONBKO 3apsiz (s3)? OObsICHUTE CIIeIyIOTIee
nporuBopeurie. B ciydae 6), Korjaa moBepXHOCTb OXBAThI-
BaeT 3apsil, MPOXO/IST MMOJTHOCTHIO B IPOBOJISIINEN Cpee,
B COOTBETCTBUM C TTOCTyJIaToM MaxcBesia §>Dds =q. On-
N

Haxo B mpoBogHuKe D = 0 u, ciemoBaTenbHO, §Dds =0.
S Puc. B1.9

3. (O) Beerna sim Ha rpaHuile BYX JU3JIEKTPUKOB, HAXOSIIUXCS B 9J€KTPUUECKOM
TI0JIe, TIOSIBJISIETCST CBS3AHHBIN 3JIEKTPUUECKU 3apsi?

6. (O) YkaxxuTe HammpaBIeHNe BEKTOPA HATIPSKEHHOCTH 3JIEKTPUYECKOTO TI0JIS Ha TT0-
BEPXHOCTH 3aPsKEHHOTO MPOBOAHMKA. [Ipy KakoM HaIpaBJIeHWH TJIaBHBIX OCEN aHU-
30TPONUN OKPY>KAIOIIETO MPOBOJHUK JNAJEKTPUKA BEKTOP 3JIEKTPUUECKOTO CMelle-
HUI HAa €TO TTOBEPXHOCTU UMEET TO Ke HaIllpaBJeHWe, YTO U BEKTOP HAIPSKEHHOCTH
3JIEKTPUUECKOTO TI0JIST?

YNPAXXHEHWA U 3AOAYN

1. (P) Ocu mpsaMoyToJbHOI CUCTEMBI KOOPIUHAT COBMAAAIOT C TJIABHBIMU OCSIMU aHU-
30TPOIUH KPUCTAJINIECKOTO Tea. 3alMuIuTe COCTABJSIONINE TEH30pa UAJIEKTPH-
YeCKOU MPOHUIAeMOCTH. VI3MEHSTCS JIM COCTABJISIONINE TeH30pa IPU: @) Mapajiiiesb-
HOM TlepeHoce oceil KOOpArHAT; 6) MOBOPOTE OCEH KOOPANHAT Ha HEKOTOPBIN YIOJI.

2. (P) B kakoii 3 obaacreit, nzobpaskennnix Ha puc. B1.10, maoTHocTs TUHAN HATPsI-
JKEHHOCTH 3JIEKTPUYECKOTO 10JIsT OOJIbIIIE, €CIIM OHM MPOBEIEHbI TaK, YTO PasOUBAIOT
BCe MPOCTPAHCTBO Ha TPYOKHU paBHOTrO TOTOKAa AW ;? TlocTpoiite KpUBbIE U3MEHEHVST
BesmynH D, E, P BI0JIb KOOPANHATHI NU3MEHEHUS IUATEKTPIUECKON TPOHUIIAEMOCTH.
3. IloBepXHOCTHU CJIOEB MJIOCKOTO TPEXCIONHOTO KOH/IEHCATOPA SBJSIOTCS TIJIOCKUMEI
U mapajijieJbHbIMU ero oOkaagkaM. [TocTpoiiTe KpuBble usMeHenus seauunn D, E, P
MesKLy OOKJIaIKaMy BIOJIb HOPMAJIBHON K HUM JInHIH. [[Ma/ieKTpudecKue mpoHuiae-
MOCTH €, CJIOEB YKa3aHbl B TAOJUIlE HA CJIEAYIONIE CTPaHUILe.
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Cohepa 1nockui I1nocxocmy Turunopuueckuii
Kondencamop Konderncamop
Puc. B1.10
Howmep Bapuantsi
CJI0A 1 2 3 4 5 6
1 1 2 1 1 2 5
2 1 2 2 2 5 2
3 2 1 1 5 1 1

4. (P) Ilpu HenoTHOM TIPUJIETAHUU CJIOS AUITEKTPUKA K TOBEPXHOCTU BHYTPEHHEH
OOKJTaJIKU OTHOCJIOMHOTO TIMJIMHIPUIECKOTO KOHIEHCATOPA MEKILY HUMH 00pa3oBai-
csl paBHOMEPHBIIT BO3IYNIHBIN TPOMEXKYTOK. J[omyckas, 4To 3apsiibl OOKJIAI0K MpU
3TOM HE M3MEHUJINCH, HAaliJIUTe, BO CKOJBKO pPa3 BO3PACTET M3-3a ATOTO HAIPSKEH-
HOCTb BJIEKTPUYECKOTO T10JIsi Ha MIOBEPXHOCTH BHYTPEHHEN OOKIaAKK; ee paanyc R,
JIUBJIEKTPUYECKAs TPOHUIIAEMOCTD BEIIECTBA CJIOH &,

5. IToroma BHavase ObliIa cyxasi, TOTOM TIOIIEJ IOK/Ib, HA MTPOBOJIAX BO3IYIIHOI JIH-
HUW TIepeladll TOSBUIICS CJIOI BOJIbI, IOCJIE Y€TO MOXO0JIOATO0 U Ha HIX 00pa30Baiach
Haslesb. B Kakylo 1Orojy HalpsDKEHHOCTb 3JIEKTPUYECKOTO IO0JIST Ha ITOBEPXHOCTH
POBOIOB HanbGoJbinasi? Bo CKOJIbKO pa3 n3aMeHsieTcst HAPSIKEHHOCTh TOJIST Ha T0-
BEPXHOCTH TTPOBOIOB MPU M3MEHEHUHN TOTOBI TIPU YCIOBUHU, YTO 3apS/Ibl TIPOBOJIOB
HEM3MEHHBI.

IHpumeuanue. OTHOCUTETbHAS TUAIEKTPUYECKAST TPOHUIIAEMOCTD BOHI €, = 88, Ibaa
g, = 3,1.

6. (P) Jlunum BekTOpa MOJIAPU30BAHHOCTH HOPMAJIBHBI K TIOBEPXHOCTH pasfiesia JIBYX
CPEJl C PA3JIMYHBIMU JIMJIEKTPUUECKUME TIPOHUIIaeMocTsIMu. [lomydnre Bbipaxkenue,
CBSI3BIBAIOIIEE BEKTOP TTOJSIPU30BAHHOCTH P ¢ TIOBEPXHOCTHON TJIOTHOCTHIO CBSI3aH-
HOTO 3JIEKTPUYECKOTO 3apsijia.

1.3. Buabl aneKTpmUecKoro Toka u NpyMHLUN HenpepbiBHOCTU
3NIeKTPUYECKOro ToKa

BOMPOChHI

1. (O) K xakoMy BULy 3JIEKTPUYECKOTO TOKA CJIE[yeT OTHECTH SBJICHUE: @) ABVKCHUS
3apsKCHHBIX YaCTHUI B HEWICATHHOM UATIEKTPHUKE IO/ JIeHCTBUEM HEM3MeHsIoIe-
rocst BO BPEMEHU 9JIEKTPUYECKOTO TOJIsA; 0) ABUKEHUST BIEKTPOHOB B IIPOCTPAHCTBE
MEK/LY 2JIEKTPOJIAMU HJIEKTPOHHOI JIAMIIBL; 8) IBVXKEHUS HJIEKTPOHOB B M30JIMPOBAH-
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HOM ITPOBOJISIIIEM TeJIe TIOJL JeHCTBUEM 3JIEKTPIUECKOTO T0JIST? 2) JIBVIKEHMS 3apssKeH-
HBIX 4aCTUIL B NA€aJIbHOM IUIJEKTPUKE IO IIefICTBHGM N3MEHAIONETOCA BO BpEMEHN
3JIEKTPUUECKOTO TI0JIST?

2. (O) HesapsiskeHHoe MTPoOBOJIsIIIiee TEO MEPEMEIAETCST B HEOJHOPOJIHOM JIEKTPU-
yeckoM mote. [Iporekaer i TOK B 0ObeMe Tesia, a TakyKe B OKPY/KAIONIEM €TO MPo-
cTpaHCcTBe?

3. (O) B ipocTpaHCcTBO MEKILYy O0KIAJKaMK 3aPSKEHHOTO TIOCKOTO BO3/YIITHOTO KOH-
JleHcaTopa BHOCST, He Kacasch MX, He3aps:keHHoe Teso. [Ipoiimer i npm aToM TOK
B Tese?

4. (O) B npucoeqnHeHHOM K UCTOUYHUKY MOCTOSTHHOTO HAINPsIKEHUs KOHZeHCcaTope
ojiHa U3 0OKJIaJIOK COBepIaeT MeXaHnuecKue KoJiebaHust, IepUoANYecKr IpubmKa-
Ach W yAangsach ot apyroi. IIporekaer s nmpm aToM TOK B KOH/IEHCATOpE?

3. 3apsiKeHHOe TIPOBOJISIIEE TEJIO TIEPEMENAETCs B TyCcTOTe. BO3HUKAET JiN TIPU 9TOM
ToK cMmettenusi? Tok mepenoca? Tok npoBoammocTn?

6. JInHUM TOKA TIPOBEIEHBI TAK, YTO OHU PA3IE/ISAIOT IIPOCTPAHCTBO HA TPYOKH, CKBO3b
ceveHre KOTOPBIX TeueT OJIMHAKOBBIN TOK. MOXKHO JIU 110 BULY JIUHUH CYIUTh O TOM,
B KaKUX TOYKaX IJIOTHOCTb TOKa OOJIbIIe, a B KAKUX MeHbIIe?

7. (O) dekrpuueckuii 3apsij| epeMeniaeTcss BOJU3N MPOBOISIIETO HE3aPssKEHHOTO
Tesia. Bo3HUKAET JiM TOK MTPOBOAUMOCTH B 9TOM TeJie? V306pasure OIHy M3 3aMKHY-
THIX JTUHUH 3JIEKTPUUECKOTO TOKA.

YMPAXHEHUA

1. (O) YxaxkuTte HarpaBjieHNe BEKTOPA IJIOTHOCTUA TOKA CMEIIEHUS B TOYKe, PACIIOJIO-
JKEHHOW HAa HEKOTOPOM PACCTOSTHUU OT TeJia, MMOJIOKUTEIbHBIN 3apsi/i KOTOPOTO BO3-
pacraer.

2. B Touke Mexy OOKJIa[KaMK KOHJIEHCATOpa HallPaBJIeHHEe BEKTOPA CMEIIEHWS 13-
BECTHO. YKa:KUTe HalpaBJeHre BEKTOPA IJIOTHOCTU TOKA B 3TOH TOYKE TIPH 3apsi/IKe U
paspsaaKe KoOHIeHcaTopa.

3. (P) Toueunslii MOMOXKUTENbHBIN 3PSl ¢ ABUXKETCS PABHOMEPHO B OIHOPOJHON
cpe/ie TI0 OKPY’KHOCTH PaJInycoOM R € yTJIOBO CKOPOCTHIO M. 3aNUIINTe BbIPAKEHUE
MJIOTHOCTH TOKA CMENIeHUs B IEHTPe OKPYKHOCTH. /[MasiekTpruyecKkyio MpoHUIae-
MOCTH CPe/ibl IPUMUTE TMOCTOTHHOT.

4. (P) 3akoH naMeHeHUs 3JIeKTPUUECKOTO cMelieHns D(¢) B TOUKe yKa3aH Ha rpadu-
kax puc. B1.11. Paccuuraiite 3aBucumoct J,, () u usobpasure ux Ha rpadukax.

D()

Dysinot
7

Puc. B1.11
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3. (P) BekTop NJI0THOCTH TOKA HIEKTPUUECKOTO cMereHust J,, = 1 J,,, U3BMeHSIeTCsI 110
ykasanHoMmy Ha puc. B1.12 zakony. Mzo6pasure 3aBucumoctu D(t).

a 6 8
JCM(") J('M(")

Jypsin of J() "()

J(.'M(,') ',(.'M(,')

e P ,]( ) e—at

12 1 721 T

Puc. B1.12

3AO0A4YN

1. (P) MBossnust NUINHAPUIECKOTO KOAKCUAIBHOTO Kabesist UMeeT yIeJbHYIO dJeK-
Tpudeckyto mpoBoaumMocts y = 107 Cm/m. Paguyc xuibl kabeist R, = 4 MM, BHYT-
peHHuil paguyc 060m09ku R, = 8 Mm. Paccuuraiite mpoBOIMMOCTD U30JSIUN U TOK
IPOBOJIMMOCTH MEXK/Y KON U 000JI0UKO#i, TIIOTHOCTH TOKA TIPOBOANMOCTH Ha T10-
BEPXHOCTSIX JKUJIbI 11 000JIOUKH, MOIITHOCTD TI0TePh B M30JIsi1iuu Kabesist jmnoi 100 m
IPU HAIPSKEHUN MeKAY JKUJIOH 1 060J04K0i u(t) = 220+/2 sin 1007t (B). Paccuu-
TaliTe TakKe TOK CMEIICHNs ¥ IJIOTHOCTb TOKA CMEIeHNs Ha MOBEPXHOCTSIX SKUJIbI
u 06os0uku. OTHOCHTENBHAS IMIIEKTPUYECKAst TIPOHUIIAEMOCTD U30JISINN €, = 5.

2. (P) Cdepuueckuii 3a3eMInATEb, TPEACTABISIONNA 000 TPOBOASIILYIO chepy pa-
auycoM R = 0,5 M, morpysken B 3emstio Ha riyouny A >> R. Tlpunnmast yaebHyio aek-
TPUYECKYIO TPOBOIMMOCTD TT0UBHBI ¥ = 1072 CM/M, €€ OTHOCUTEBHYIO TN3JIEKTPUICCKYIO
IPOHUIIAEMOCTb €, = 2, PACCUUTANTE IUIOTHOCTb TOKOB IPOBOAMMOCTU U CMEIIEHUS,
a Takyke MOIITHOCTD TTOTEPh TIPY BBOAINMOM B 3a3€MJINTEIH TOKE i = 100~/2 sin 1007t (A).

IIpumeuanue. YauroiBasi cootnorienue 7 >> R, OKPYKaIONIYIO0 3a3€MJIUTEb MOYBY
npumMuTe Ge3rpaHMYHOI.

3. (P) OrHocuTenbHast AMATEKTPHUECKAsT TPOHUIIAEMOCTD CPE/Ibl MEKLY OOKTaKaMu
KOHJICHCATOPA U ee y/IeTbHas 3JIeKTpUYecKast IPOBOANMOCTD PABHBI, COOTBETCTBEHHO,
g,=8uy=10"6 Cwm/m. [Ipu Kakoii yacToTe U3MEHEHUS TPUIOKEHHOTO K KOH/[EHCATO-
Py HaPSKEHWST aMILIATY/IBI TOKOB MTPOBOJAMMOCTHU U CMEIICHUST PABHbI?

4. (P) Mexay oOkmagkaMu TUIOCKOTO KOHIEHCATOPA Mapa/lIeIbHO MM BCTaBJIEHA
TOHKAsT TIPOBOAIIAS TIJIACTUHA, Y/AeNbHAS 3JIEKTPUIEcKast MPOBOIUMOCTH KOTOPOH
v=3,5-107 Cm/m. Tox konzmencaTopa i = 1073 sin 105¢ (A), momaap Kaxmaoi n3 obKIa-
1ok S =10 cm? paBHa mI0MaAN IIacTUHBL PaccuuTaiiTe JI0THOCTD TOKA TPOBOIMMO-
CTH B NIJTACTUHE U HATIPSIKEHHOCTD AJIEKTPUIECKOTO T0JIsT B Heil. [IpaBomMepHo i iput
3JTAHHBIX 3HAYEHUSX JOTYCTUTD, 4TO HAPSIKEHHOCTD 9JIEKTPUUYECKOTO TOJIST B TLJIa-
CTUHE 3HAYUTETHHO MeHbIle HATPSIKEHHOCTH MOJISI B IUAJIEKTPUKE, U OTIPEIETUTh
MJIOTHOCTH MMOBEPXHOCTHOTO HJIEKTPUYECKOTO 3apsijia TIACTHHBI Kak 6 = D = ¢E? Jlu-
9JIEKTPUYECKasl MPOHKUIIAEMOCTh BelllecTBa Mexkay obkmagkamu 80g,. Kpaesbim a-
(heKTOM MOKHO TIpeHeOpeyb.
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1.4. DneKkTpuuyeckoe HanpshKkeHue U noTeHuuan

BOMPOChHI

1. (O) Ilpu nepemeriieHNN 3apsKEHHOTO TeJIa BAOJb HEKOTOPOTO 1yTH paboTa He co-
Bepiaetcst. KakoBo Hanpasienne Bektopa E 110 OTHOIIEHUIO K TPAEKTOPUY TepeMe-
MIeHNs B TOYKaX MTyTH?

2. CuJibl 110JIst COBEpIIAOT paboTy IO TlepeMelieHnIo Tesia ¢ 3apsiaom g < 0. B kakom
HATPaBJIEHUH ITePEMEIAETCS TEJIO, €CIU DJIEKTPUYECKOe TI0JIe OJTHOPOHOE 1 HATIPaB-
senue BekTopa E 3amano?

3. llox meiicTBMeM CHJIBI TIOJIS TeJo ¢ 3apsanaoM g > () mepeMecTHsoch U3 TOYKHA A
B TouKy B. KakoB 3HaK HAIPSIKEHUS U, 5?7

4. Ilo mposomy (puc. B1.13) TedeT MOCTOAHHBIN TOK i.
B

OnuHakoBoe JI 3HaYeHUe TIPUHIMAeT UHTerpa I E dl, BuI-

A
YUCJISIEMBII BOJIb TIyTeir 1 u 2, ecin 1yTh 1 TIPOXOAUT
MTOJTHOCTHIO BHE MPOBOJIA, a MyTh 2 — CBOEI YacThlo, yKa-
3aHHOW TMYHKTUPHON JUHUEH, — B TIPOBOjIE?

5. Hampsukenue mMesxay JOOBIME TOYKaMU B HEKOTOPOI
obmactu paBHO Hyso0. O3HAYAET JI 3TO, YTO B Heil HyeK-
TPUYECKOE T0JIe OTCYTCTBYET?

6. (O) Hanpsikenue MekIy JIOOBIMU TOYKAMK HA JaHHON
MOBEPXHOCTH PaBHO HyJ0. O3HAYaeT M 3TO OTCYTCTBUE
AJIEKTPUYECKOTO TOJI Ha MTOBEPXHOCTN?

7. (O) NMeloTcs 11 orpaHUYeHust, HajaraeMble Ha BLIOOP
TOUYKH, B KOTOPOH MOTEHIINAJ 3JIEKTPIUYECKOTO TTOJIST MO3K-
HO TIPUHSTH PAaBHBIM HYJIO?

8. Moxno i, 1306pa3uB JMHUU HANPSIKEHHOCTH JJIeK-
TPUYECKOTO TI0JIsI, OTPeeUTh HAlpaBieHne, B KOTOPOM
MOTEHIMAT: @) BO3pacTaeT ¢ HambOJbIIeH CKOPOCTHIO;
0) He U3MEHSIETCST; 8) YMEHbBIAETCs ¢ HanboJIbIIeil CKOpo-
CTBIO?

Puc. B1.14

9. VameHnTCS T HATIPSKEHHOCTD DJIEKTPIUIECKOTO OIS, €CIN N3MEHUTH TIOTEHITHAT
BO BCEX TOYKAX CYIIECTBOBAHUSI MMOJIST: @) Ha OJHO U TO Ke YKCJIO; 0) B k pas?

10. Cy1mecTByeT Jin 2JIeKTPUYECKOe ToJie B rtosioctr (puc. B1.14) 3apsikentoro mpo-
BOZATIETO Tesa? YeMy paBHa pasHOCTH MOTEHIINAIOB MeXKIy ToukamMu A, B?

11. (O) VmeeT Jiit CMBICJI TOHSITHE EMKOCTH: @) GECKOHEYHO JVTMHHOTO TPSIMOTO MTPO-
BOJIa; 0) TOYEYHOTO TEJIa; 8) TeJia U3 BEIIECTBA C IUIJIEKTPIYECKOIT TIPOHUIIAEMOCTBIO &;
¢) TIPOBOJISIIIETO TeJa € TMOJOCTHIO, 3aMOJHEHHOM TUAIEKTPUKOM; 0) MPOBOSAIIETO
JIUCTA KOHEYHBIX Pa3MepOB?
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YMPAXKHEHWSA

1. IMocrpoiite KPUBYIO M3MEHEHWs MOTEHIIMANA MEKIY OOKJIaIKaMU KOHJEeHCaTopa
st yeqoBuh ynpakaenus 3 § 1.2.

2. (P) Bnoas npsimoii Ox, coeinHsONIEH MIacTUHBI T1J10C-
KOT'O0 MHOTOCJIOIHOTO KOH/IEHCATOPA, IIOTEHIINAT U3MEHSI-
eTcsl 110 OJJHOMY M3 yKazaHHbIX Ha puc. B1.15 3akoHoB.
CKOJIBKO CJI0EB JAMAJIEKTPHUKA MMeeT KoHaeHcatop? Ka-
KM 00pa3oM MOJKHO OIPENETUTh COOTHOIIEHME MEKILY
JINBJIEKTPUYECKUMHU TIPOHUIIAEMOCTSIMU CJIOEB U3 Tpadu-
ka? IlocTpoiiTe KpuBBIe W3MEHEHWS HAMPSIKEHHOCTH
HOJIST MESKLY OOKJIaJIKaMHu.

I

3. HampsikeHHOCTh 9JIEKTPUYECKOTO IOJS MeXIy 006- —i_i—\{
(%) 1

KJTaJIKaMU TIJIOCKOTO MHOTOCJOWHOTO KOHIEHCATOpa W3- 6 !

MeHseTCs 1o yKazanHoMmy Ha puc. B1.16 3akony. Omnpene- ! '_'
8.

JINTE YN CJIO CJ0EB JUIJIEKTPHUKA B KaKAOM U3 IIPUMEPOB U 1 1 N
1

1
1
1
|
COOTHOIIEHUE MEKAY ANIJIEKTPUYECKUMU IIPOHUIAEMO- E
1
1
1
1
1
1
1
1

CTSIMU BelllecTBa cyioeB. 306pasure KpuBbie H3MEHEHUST . E
1

MOTEHIMAIA MEKLY OOKJIaIKAMI. _‘_i—21
AN

4. Hafiziure pa3HOCTDb MOTEHIIMAIOB MEXK/Y YKa3aHHBIMU _i—i_\‘
0

Ha puc. B1.17 Toukamu A, B. Penure 3aauy 11 corydaes, i i |

KOT/[a TI0JI€ CO3/IAHO @) TOYEYHBIMU TeJIAMU, ) JTNHEHHbI- ﬁ

MM BeCbMa JITMHHBIMU TIPSIMBIMU TTPOBO/IAaMU, TIJIOTHOCTD ' ' I

3apsII0B KOTOPBIX YKazaHa B CkoOKaX. JuajexTpruyeckast

MIPOHUIIAEMOCTH CPeNlbl PaBHA &.
a 6

+q +q
(+1) (+1)
¢ d
tq o —-q
(+r)I PR By I(—r)
Puc. B1.17

5. Haiinure pasHoctsh moteHnmanoB mMeskay toukamu A, B (puc. B1.18). Pacuer BbI-
MOJIHUATE [IJIS CJIyYaeB, KOT/IA TI0Jie CO3/IaHO: @) MPOBOAAIINM IIAPOM PAIUyCcoM R;
6) mapom paaiycoM R ¢ 06beMHOiT MIIOTHOCTBIO 3apsijia P; 6) BeChMa JTMHHBIM TPO-
BOJAIIUM ITUJIWHIPOM PaIuycoM R; 2) BecbMa JUIMHHBIM IMJIUHAPOM PajinycoM R
¢ 00BEMHON TIJIOTHOCTBIO 3apsiaa p. J{usiekTpudeckasi MPOHUIIAEMOCTh CPE/bl PaB-
Ha g,. [Ipumute r, = 0,6R (Bapuant 6), 7, = 0,8R, r; = 0,6R (Bapuanr 6).
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>l

%

O

Puc. 1.18
3A0AYN

1. (P) BeiBenute BeIpaskeHme 1Jid ompeeseHNs TOTEHITHAA MO IBYX Pa3HONMEH-
HBIX TOYEYHBIX 3aPSIIOB +¢ U —¢, PACCTOSTHUE MEK/Y KOTOPBIMU d. YIIPOCTUTE €T0 JIJIsT
CJIyYasi, Kor/a MoTeHINAJ CJIeYET UCKATh B TOYKAX, PACCTOSHUE ¥ 10 KOTOPBIX 3HAUM-
TEeJIbHO TIPEBBITIAeT d.

2. (P) Ucnonp3ys nmosmydennoe paHee Bbipaskenue (cM. 3azavy 1, §1.1) amsa manps-
JKEHHOCTH TIOJIsI, CO3/IABAEMOTO JBYMsI OECKOHEUHO TPOTSIKEHHBIMU 3aPsKEHHBIMI
IJIOCKOCTSIMY, BBIBEJIUTE BBIPAKEHME sl TOTeHInaa mnoJs. PaccrosiHue mexmy
IJIOCKOCTSIMU d, TOBEPXHOCTHAS MJIOTHOCTh UX 3apsi/ioB 6 1 —c. V3o6pasute Kpu-
BYIO M3MEHEHNS TIOTEHIATa BHE U MEXKAY TIIOCKOCTSIMU BIOJIb TIPSMOH, HOPMaJIb-
HOH TIJTOCKOCTSIM.

3. (P) PaccumraiiTe eMKOCTD Ha IMHUILY JUITNHBI ABYXITPOBOHON BO3IyIIHOHN JNHNH,
Mpe/IoJaras, YTo pajuyc R MPOBOIOB 3HAYUTEIHHO MEHbIIE PACCTOSHUS D MeEKILy
HUMU, U JIONyCKash PABHOMEPHBIM pacIipe/ie/icHue 3apsi/oB TIPOBOIOB MO0 OKPYKHO-
ctam ux cedennit. [Ipmvmte R =1 cm, D = 20 cm.

4. (P) Hampskenne Mex/y 0OKJIQIKaMy IIUTHHPIYECKOTO KOAKCUATLHOTO KOH/IEHCa-
topa U= 60 kB. Pagnyc BHemneit ookmaaku R, = 10 cm. Paccunraiite MUHUMAIBHO
JOIYCTUMBIN pasinyc R; BHYyTpeHHEN 0OKIaKH, IPU KOTOPOM HATIPSIKEHHOCTD 3JIeK-
TPUYECKOTO IOJIA He TPEBBICUT HANPAKEeHHOCTH 1mpobos Bosmyxa £, = 30 kB/cwm.
5. Paccuuraiite eMKOCTb Ha €JIMHUILY VIMHBI KOAKCHAILHOTO Kabesist, UMEIOTIEro Ba
ciog n3onaiun. [loBepXHOCTD paszesna cji0eB N30JAINN TTUIUHAPUYECcKast, KOaKCH-
aJIbHAst C MOBEPXHOCTBIO JKIJIbI 1 00010uKHN Kabesst. Paauyc bl Ry = 1 cM, oBepx-
HOCTH pasjena — R, = 3 cM, obomouku — R, = 4 cm. [lusiekTpudeckas POHUIAE-
MOCTb BEIIECTBA CJIOEB & = 28, & = J&,.

6. (P) Ilpu cO60pKe IJIOCKOrO KOHJEHcATopa MKy OOKIAAKON M AMIJIEKTPUKOM
(g, = 4) obpasoBasicsi paBHOMEPHBIN BO3AYIIHbBIN 3a30p. PaccrostHue Mesky oOKIa-
Kamu d = 0,5 cM, MexIy 0OKIaiKoi u quasekTpukom dy = 0,01 cm. Paccuuraiite, Ha-
CKOJIBKO M3MEHUJIOCH €T0 MTPOOUBHOE HAIIPSIKEHIE, €CIIM HATIPSKEHHOCTD TI0JIst TIPO-
60s Bo3ayxa pasHa 30 kB/cMm, a quanextpuka — 200 kB/cm.

7. Boisenure (hopMysly eMKOCTH TIJIOCKOTO KOHIEHCATOPA ¢ MHOTOCJOWHBIM JIUDJIEK-
TpukoM. Paccuuraiite eMKOCTh TPEXCJOWHOrO KOHJIEHCATOPa MPU TOJIIUHAX CJIOEB
d, =2 mm, dy =3 MM, d5 = 2 MM, UIX JIUBJIEKTPUYECKOI TIPOHUIIAEMOCTH €, = 28, &) = 4&),
g5 = 3¢, wonaau obknanok S = 100 cm2
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8. (P) Paamychl 0OKJIaJOK 7-CJOWHOTO IUJIMHAPUYIECKOTO KOHAeHcaTopa R, u R,
BHENTHUE PAJNYChI CJI0eB AuaNeKTpuka Ry, Ry, ..., R, = R.. [losydure cooTHOIIEHUS,
CBSI3bIBAIONINE BEJIUYUHDI €, €y, ..., €, U Ry, Ry, ..., R,_{, IPU BBIIIOJHEHUN KOTOPbIX
HarOOJIbIIIE HATIPSPKEHHOCTH TI0JIst BO BCEX CJIOSIX PABHBIL.

1.5. MaruuTHaa vHaykuus. NMpvHUKMN HENPEepbIBHOCTYU
MarHMTHOro NMOTOKa

BOIMPOCHI

1. Ha puc. B1.19 uzo6paskeHo ceMeiicTBO JIMHMIT MarHuT-
Holt muaykiun. B kakoit u3 rouex (7, 2, 3, 4) maruutHas

UHIYKIMS UMeeT HanboJibliiee (HauMeHbllee) 3HaYeHne? %\\
Ykaxkure HOMepa TOUEK B IOPsiIKE BO3PACTAHUS B HUX ﬂ\\

MarHUTHON WHAYKITUN. Y RN
N
2. (O) MoxHo 11 yTBEp:KIaTh, UTO MOIYJb BekTopa |B
(0) YTBEPHIL Y pa |B| Puc. B1.19

MarHUTHON WHIYKIIUHU B JII0OO0W TOYKE JIMHUKM MarHUTHON
WHIYKITAU UMEET OTHO U TO JKe 3HaueHue?

3. Kak gosoken ObITh HallpaBJieH BEKTOP MAarHUTHOM WHIYKIIMU OJHOPOJHOTO Mar-
HUTHOTO IOJIS1 B TOYKAX IIOBEPXHOCTH, YTOOBI MATHUTHBIN MOTOK CKBO3b Hee ObLT Hau-
OOJIBITIM?

4. Butok m3 ruOKON HUTH JIEKUT B TJIOCKOCTH, HOPMAJIbHON K JIMHUSIM MarHUTHOM
nnaykiuu. ClenjeHHbii ¢ HUM TOTOK paBeH @ . Kak ciepyer usmeHuTh (hopmy BUT-
Ka, 9TOOBI OH, OCTaBasiCh B TOH JKe€ TJIOCKOCTH, OXBAaTHJI: @) HAWOOJBIIMNA MOTOK;
6) HAMMEHBIIHIT TOTOK?

5. (O) B marHuTHOM 110JI€ KOHTYPa ¢ TOKOM BbIOpaHa Ge3rpaHidHast II0CKast TOBEPX-
HOCTH, CKBO3b KOTOPYIO PACCUMTAH MarHUTHBIN MOTOK. UeMy paBHO ero 3HaueHue?

6. [ToBepxHOCTD OTIMpaeTCss HA KOHTYP C TOKOM. 3aBUCHUT JI1 3HAaY€HUE MAaTrHUTHOTO
MOTOKA CKBO3b 3TY MOBEPXHOCTH OT (POPMbBI TIOBEPXHOCTH ?

7. (O) TlocTostHHbBIIT MATHUT TIPEICTABJISIET COOOI CTEPIKEHb KPYTJIOTO CEYeHUsT JITTH-
HOI [. MOKHO JIM OTIpeIe/TNTh MAarHUTHBII MOTOK, TPOXOASIIMI BHYTPH MarHuTa Je-
pe3 ero cevyenue, U3Mepsisi MArHUTHBIN TTOTOK B OKPY’KAIOIIEM ITPOCTPAHCTBE?

8. M3meHurcs i 3HadyeHue MarHUTHOIO II0TOKa O = I Bds, ecnu Bo Bcex TOUKax II0-

s

BEPXHOCTHU S IIPUHATOE HallpaBJeHNE HOPpMa/JI # USMEHUTH Ha HpOTHBOHO]IO)KHOG?

9. B wacty ipocTpaHCcTBa MATHUTHBIN TOTOK CKBO3b JIFOOYIO BEIOPAHHYIO B HEll 3aMK-
HYTYIO TTOBEPXHOCTb paBeH Hyst0. O3HAYaeT JIM 3TO, YTO MArHUTHAS WHAYKIUS BO
BCeX TOYKaX paBHa HYJIO?

10. (O) Conenonz nomernieH B HEOJHOPOAHOE MAaTHUTHOE TT071e. YeMy paBeH MarHuT-
HBII TOTOK @ CKBO3b GOKOBYIO TIOBEPXHOCTH COJIEHOUIA, €CJIA ONBITHBIM ITyTeM OBLIO
Hali/IeHo, YTO B OJIHY M3 €r0 TOPIIEBBIX TTOBEPXHOCTEH BXOAUT MAarHUTHBIN MOTOK Dy,
a 13 BTOPOH TOPIIEBOH MMOBEPXHOCTU BBIXOJUT MAarHUTHBIN TMTOTOK D,?
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YMPAXKHEHWSA

1. Oana 3 TMHUIT MAaTHUTHON WHAYKITUU — TIpsaMas. [Ipu 1BMKeHUn BIOJIb Hee Mar-
HUTHAS WHAYKIINS BHaYaJle BO3pacTaeT, a 3aTeM yMeHbiaetcs. [IpoBenurte cocennme
JIMHUY MAaTHUTHOU WHIYKIIUM.

2. (P) dnexrpuueckuii TOK TeYET 1O IJIOCKOMY KPYrOBOMY TOHKOMY BUTKY. Hafiure
COOTHOIIIEHNE MEKTY MATHUTHBIM TIOTOKOM CKBO3b YaCTh IIIOCKOCTU, OTPAHUIEHHYTO
BUTKOM, U CKBO3b OCTABIIYIOCS YaCTh TIJIOCKOCTH.

3. (P) MaruuTHoe 110JIe CO3aH0 TOKaMU +i, —i ABYX OECKOHEYHO AJMHHBIX MapaJi-
JIEJTbHBIX TTPOBOIOB, MTEPECEKATONTNX HOPMAJIBHYIO K UX OCSIM TIJIOCKOCTh B TOUKax A
u B. HaliauTe cooTHOIIEHNE MEXIY MATHUTHBIMHU TTOTOKAMH CKBO3b MTOBEPXHOCTH,
caielaM# KOTOPBIX sIBJIstioTcst oTpe3ok AB u siyd BC. ITpu atom sryu BC yxoaut B Gec-
KOHEYHOCTb, SIBJISISICH TTPOJIOJIKEHeM oTpe3ka AB.

4. Hailimute 3HaYeHNE MAaTHUTHOTO MTOTOKA, CIIETIEHHOTO ¢ KOHTypoM (puc. B1.20),
MIOMEIIeHHBIM B OJTHOPO/IHOE MAarHUTHOE T10Jie ¢ UHAYKINEel B, HOpMaJbHON K KPYyTO-
BBIM y4acTKaM KOHTYPOB pajnycoM R.

(L4l

Puc. B1.20

3. (P) B oxHOpoHOM MarHUTHOM TTOJTe ¢ MHAYKInel B =0,2i +0,5j + 1k T Boienena
MJI0CKasl TIOBEPXHOCTH TIOMAAbIo S =1 M?, HanpaBjeHue HOPMAJIU B KayK/[0M TOUKe
KOTOpOIi ecTh 7 = 11 + 1j + 1k. PaccumnraiiTe MarHUTHBIN TOTOK CKBO3b TIOBEPXHOCT.

1.6. 3aKOH 3/1IEKTPOMArHUTHOM MHAYKLUN

BOMPOCHI

1. B MarauTHOM T0JIe ABVKETCS Tesio u3 auasekTpuka. [lomsgpusyercs gm ono?

2. (O) IlpoBogsiee Tes0 ABUKETCS C MOCTOSHHON CKOPOCTHIO B OJHOPOTHOM Mar-
HUTHOM I10JI€ B HAIIPaBJECHUU, HOPMAJIBHOM K JIMHUSIM MAarHUTHON WHAYKIUU. VHy-
nupyetcst i B HeM J/[C? Teder Jiu B HEM TOK ITPOBOJUMOCTH?

3. (O) IIpoBongiiee TeI0 ABUKETCA B MAaTHUTHOM TioJie. [Ipu BeITIOJTHEHITH KaKUX yC-
JIOBUI B Tesie OyeT MPOTeKaTh dJIeKTPUIECKUN TOK?

4. (O) NamenunTcs am aMIJIMTy/la CHHYCOUIATHBHOTO MarHUTHOTO TIOTOKA, CIIEeTLIEeH-
HOTO C HAaXOJAINUMCST BO BHEITHEM MAarHUTHOM I0Jie KOPOTKO3aMKHYTBIM BUTKOM,
MIPOBOIMMOCTH BEIIECTBA KOTOPOTO Y, €CJIU €r0 3aMEHUTH BUTKOM TOH 3Ke (hOPMBbI, HO
UMEIOIIUM TTPOBOIUMOCTD y; > y?

3. (O) VYkaxwnre nampasaenne JJ[C, HHAYIIMPYEMOil BO BPAIIAIOIIEMCS ¢ TTOCTOSTH-

HOI CKOPOCTBIO IPOBOJISAIIEM IUCKE, OCh BPallleHUs1 KOTOPOTO MapasjiebHa JUHUSIM
MarHuTHON WHAYKIMU. [IpoTekaeT u B AUCKe TOK?
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6. IIpoBoasmuii NIUJIWHAP KOHEYHOW JIJTMHBI BPAIAETCS C MOCTOSHHONW CKOPOCTBHIO
B OJIHOPOJIHOM MAarHUTHOM T10JI€, BEKTOP MAarHUTHON MHAYKIMU B KOTOPOro TeprieH-
JIUKYJISIPEH OCU BpallleHNs MITHHAPA. YKAKUTe HAITPaBJIeHUs WHIYITUPYEMbBIX B ITU-
gunaape I/C.

7. (O) BuemHMil MarHUTHBIN TTOTOK, CIETIIEHHBIN ¢ 3aMKHYTBIM ITPOBOISIIIIUM BUT-
KOM, n3MeHsieTcs 1mo 3akony @,(¢). [Ipu KakoMm JOIyIIeHnn TOK B BUTKEe MOXKHO pac-

B

. 1
cuntath 1o (opmye i(t) = —— , TJle ¥ — COIIPOTHBJIEHHE IIPOBO/IA BUTKA?

-
8. (O) CmpaBennuBo u yTBep:KaeHUe, yTo nHaynupyemas I/IC Bcerma cTpeMutcs
CO3/IaTh TAaKOU TOK, MATHUTHOE TIOJIe KOTOPOTO HAIMPABIEHO B CTOPOHY, MPOTHBOIIO-
JIO’KHYIO HallpaBJIEHUIO MAarHUTHOTO IIOTOKA, Bhi3Basinero I/ C?

9. Ilnockuii TPOBOAANINN BUTOK PACTIONOKEH B OAHOPOIHOM MAarHUTHOM II0JIe, HOP-
MaJIbHOM TIJIOCKOCTHU BUTKA. Vnaynupyercs i B Butke /1 C, ecnu oH: @) epemerna-
eTcsl B CBOEH TJIOCKOCTH, He U3MeHsIst (POPMBI; 6) MEHsIeT CBOIO (hOpMy OT KPYyTJIOH /10
Mpe/iesIbHO BBITSIHYTOM; @) TTepeMelaeTcs B MIPOCTPAHCTBE B TTPON3BOJIBLHOM HaIpaB-
JIeHUW, He U3MeHIs cBOoel (hOpMBI; 2) BpalaeTcs BOKPYT cBoeil ocu?

10. [TocTosTHHBIN MATHUT IBUKETCS C TIOCTOSTHHON CKOPOCTBIO B/IOJIb OCH BUTKA, BHA-
wasie mpuGIIIEKAsICh K HEMY, a MOCJIe TIEPECEUEHUsT €r0 TIOCKOCTH — YAAMSSICh OT HETO.
Metstet v 3HaK uHAyIMpyeMas B BuTke J/[C? M306pasuTe KPUBYIO U3MEHEHWS MH-
nynupyemoii B Butke JD/[C.

11. (O) [IpoBomsammuit BUTOK TiepeMeIaeTcss B OJHOPOTHOM MAarHUTHOM TIOJI€ B TIJIOC-
KOCTH, HOPMAJIbHOW JTMHUSIM MarHUTHON WHAYKIINHU, TaK YTO CIETIJIEHHBIH C HUM I10-
TOK He m3MeHsercs. B coorBeTcTBUM ¢ (hOPMYIMPOBKOIT 3aKOHA 3JIEKTPOMArHUTHOMN
nHaykunn Maxkcsessa 9/1C B BUTKe paBHa HYJIIO, TOT/IA KaK B IIPOBOJIE BUTKA B CBS3U
¢ TlepecevyeHreM WM CUJIOBBIX JUHUH, cornacHo dopmyimnposke Dapazest, I/C we
paBHa HyJ10. VIMeeTcst Jin TPOTUBOPEYNE B ATOM PACCYKIAEHUN ?

YMPAXKHEHWSA

1. ITocrpoiite kpuByio ndmenennsd J/1C, mHIYIIMPYyEeMOii B KOHTYpe, €CIH CIIeTJICHHBIH
€ HUM MarHUTHBIN TIOTOK U3MEHSeTCsT BO BpeMeH! TI0 YKazaHHOMY Ha puc. B1.21 3akomny.

2. IlocTpoiiTe KPUBYIO M3MEHEHUS] MAarHUTHOTO TIOTOKA, OXBATBIBAEMOTO KOHTYDOM,
ecay WHAyIMpoBaHHAs 3THM ToTokoM J/[C u3Mensercss 1O yKasaHHOMY Ha
puc. B1.22 3akony.

3. (P) IIpoBoasmias acTiHa, BBICOTA KOTOPOI 3HAUNTENILHO OOJIbIIIE €€ TONIIUHBI /1,
a JUTMHA 3HAYMTELHO GOJIbIIE BBICOTHI, ABUKETCS B CPEle C AUDJIEKTPHIECKON MPo-
HHUTIAEMOCTBIO ) CO CKOpOoCThIo v (puc. B1.23) B MaruuTHOM T0JIE, IMHAN WHILYKIIUN
KOTOPOTO MEePIEeHANKYISAPHBI BeKTOPY 0. HalinTe NI0THOCTD 3IeKTPUYECKUX 3aps-
JI0B, BOSHUKAIOIINX HA TPOTUBOTIOJOKHBIX CTOPOHAX 7, 2 TIJTACTUHBI.

4. (P) Haiigure 9/1C, waAyIIMPYEMYI0 MEXIY TOUYKAMH BPAINAIONIETOCS CO CKOPO-
CThIO (%) TTPOBOAIIEM IUCKE PAANYCOM R, 0ch BpaleH!sd z KOTOPOTO TapasiebHa
JIMHUW MarHUTHON WHAYKIIMUA B OZIHOPOJTHOTO MarHUTHOTO TTOJIS.

Ipumeuanue. Takoe yCTPOUCTBO SABISETCSI MOIETHIO YHUTIOISIPHOTO TeHEPATOPA.
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3. (P) PaccumraiiTe MOIIHOCTD B HATPY3KE YHUTIOISPHO- 2

ro reHepaTopa, K JMCKY KOTOPOTO 4Yepe3 NpUKHMHBIE !
IIETKH, pacroyokennuble Tpu Ry = 0,6 m u Ry, = 0,1 M, /KJ:.
nozakaioder pesuctop R = 10 Om. CropocTsb BpamieHus
nucka n = 120 06/MuH, MarHUTHAS WHIYKITHS, HAITPAB-
JIEHHAs1 BJ0JIb ocu Bpaienus, B = 0,5 Ti, ajmexkrpudeckoe
COIIPOTUBJIEHUE IIPOBOJAIIErO ANUCKA Mexay merkamu —{°
Ry=10m. e 3%

3AOAYN

1. (P) /IBa BechbMa JIMHHBIX TTPOBO/IA KPYTJIOTO CEYCHUST
¢ Tokamu iy = I, sin ot u i, = —I, sin ot 06pasyioT AByX-
MPOBOMHYIO TUHNIO. Kak ciemyeT paciosoKUTh B MIPOCTPAHCTBE M K KAaKWUM TOIKAM
MOJICOEIMHUTH KOHTYP, COCTOSIIINI U3 IBYX TIPOBOJIOB ¥ BOJBTMETPA, /LI U3MEPEHUST
Ha/leHnsT HallPsKEeH s Ha JIUTHE [ JTMHUN?

L —
————————————
————————————
[ S ——

[ EP B
=

. B1.23

o
=
g



110 Bonpocsl, ynpaxHeHns, 3aaa4m K rnasam 1 v 2

2. B KoakcuasbHOM KabeJie BHYTPEHHSISI JKUJIa SIBJISIETCS IIMJIMHIPOM KPYTJIOTO cede-
HUsI, @ BHENIHsIsE TpyGUaTast 060J04Ka ¢ 00paTHBIM TOKOM — TPyOOii CO CTEHKOIi HEKO-
TOPOI ToJHbL M306pasute Ha PUCYHKE M3MEPUTEIbHBIA KOHTYD /IS U3MEPEHUsT
najieHus Hanpspkenust Ha jummne [ kabemst. Kak ciefyer pacmoioKuTh M3MepuTeb-
HBII KOHTYP IIPU U3MEPEHUH TTaleHUsT HATPSKeHUst Ha JinHe [ TpyObi?

3. (P) B Bo3aynrHoM 3a30pe MeKIy poTOpoM U Tiagakum (6e33yOI0BbIM) CTaTOPOM
9JIEKTPUYECKON MalllMHbl HOPMAJIbHASL K TOBEPXHOCTU CTATOPA COCTABJISIIONIAST Mar-
HUTHOW WHAYKIIMU U3MEHSIeTCS 110 ero OKPYKHOCTH 10 3aKoHYy B = B,, sin o, r1e ¢ —
YIJI0Basi KOOPAWHATA TOYKHU TIOBEPXHOCTH CTaTOPa. DTOT 3aKOH 0OECTIEYMBAETCSA COOT-
BETCTBYIOIIIUM paclipeieieHneM Toka potopa. [Ipu BpaiieHnu poTopa ¢ yriioBoi CKo-
POCTHIO (® MATHUTHOE T10JIE BPAIIAeTCsI BMecTe ¢ HuM. Pajiiyc okpys;kHOCTH cTaTtopa R.

A. Paccunraiite 3/1C, MHAYIUPYEMYIO: @) B TIPSIMOM TIPOBOJIE [ITITHOI /, Jieskatiem Ha
MOBEPXHOCTH CTAaTOPa; 6) B KOHTYpe, 00Pa3oBaHHOM IIPU MOCJIE0BATEIBHOM COE/IN-
HEHUU JIBYX MPSIMBIX TPOBOIOB AJIMHOM [ KayK/IbIH, JIEKAIUX HA TOBEPXHOCTH CTaTOPa
Ha paccTOSTHUM oLR ZIPYT OT /Ipyra, OTCUNThIBaeMOM 110 noBepxHocTu. J/|C HaiiauTe,
OCHOBBIBASICh Ha ABYX (POPMYIMPOBKAX 3aKOHA IJIEKTPOMATHUTHONW WHIYKITUU —
Maxkcsenia u Dapazest.

b. ITpu kakom 3uavernu o D/[C B KOHTYpe MMeEeT: @) HaOOIbINYIO; 6) HAMMEHBIIYIO
aAMILTUTY/Ty ?

B. Uamenntcsa mm 3/1C B mpoBoJie U B KOHTYPE, €CTM UX TIOMECTUTH He Ha TTOBEPXHO-
CTH, a B 11a3aX CTATOPa, BBITTOJTHEHHOTO M3 (DEPPOMArHUTHOTO BelecTBa?

1.7. MHAYKTVIBHOCTI: U B3aMMHasaA MHAYKTUBHOCTb
BOIMPOCHI
1. MoseT Jiu MHAYKTUBHOCTh OBITH OTPUIATEIHHOI?

2. (O) PaBHa i1 UHAYKTUBHOCTD JBYX MOCJIEI0OBATEIHHO COEIMHEHHBIX KATYIIEK CYyM-
Me MX WHAYKTUBHOCTEN?

3. (O) 3aBucur a1 UHAYKTUBHOCTH PACIOTIOKEHHON B MyCTOTE KATYIITKU OT IPOTe-
KaIoIlllero 1mo Heu Toka?

4. (O) Kax namenutcs (yBeIMUNTCA WM YMEHBITUTCS ) MHAYKTUBHOCTD KATYIITKH,
OXBaThIBaIOIIEN (PePPOMArHUTHBIN Cep/IeYHNK, TTPU U3MEHEHUH eT0 COCTOTHUS OT He-
HACBINIEHHOTO (TIPU MaJIBIX TOKAaX KaTYIIKK) 0 HACBIIEHHOTO (1TpK OOJIBIIMX TOKAX
KaTYIIKN ) ?

5. (O) Karymka obpasoBaHa MPOBOJOM, HAMOTAHHBIM 110 BUHTOBOI JIMHWK Ha IIU-

JIMHAPUYECKYIO ITOBEPXHOCTD. Wamennrcs au WHAYKTUBHOCTb KAaTYIIKU IIPU YMEHb-
IIeHnn I1ara HaMOTKIN (Luara CHI/IpaJII/I) 1 COXpaHEHUN IJINHbI HpOBO,Z[a?

6. TTpoBos, 06pasyouii KATyIIKy ¢ HECKOJbKUMU BUTKAMH, PACTSTUBAETCS 1 MIepe-
XOUT B TIPSIMOJIMHEHHBIN. YBEJUUNIACh WM YMEHBIIMJIACH TP 9TOM WHIYKTHB-
HOCTB?

7. (O) Vsmenurcs a1 WHAYKTUBHOCTD KaTYIIKU, €CTU B Hee BCTABUTH CEPICUHUK U3
MPOBOJISAINIIETO0 HEMATHUTHOTO BellecTBa? OJMHAKOB JIM OTBET MPU: @) TTOCTOSTHHOM;
0) epeMEeHHOM TOKe KaTyIITKU ?
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8. 3aBUCHT I UHIYKTUBHOCTD MPOBOJISIIIIETO BUTKA, U €CJIU 3aBUCHT, TO KaK: @) OT pa-
Jiyca MPOBOJIa BUTKa; 6) pajiyca BUTKA; 8) XapaKTepa pacrpe/lesieH s dIeKTpuye-
CKOTO TOKa TI0 CEYEeHUIO TTPOBOA?

9. (O) KakoB xapakTep 3aBUCUMOCTU UHIYKTUBHOCTU BeCbMa JIJIMHHOTO COJIEHOUA
OT €ero pajamyca?

10. IIpn xakoM pacroJIOKEHUN /IBYX MJIOCKUX KOHTYPOB WX B3aWMHas WH/YKTHB-
HOCTb NPUMET HanboJIbIlee 3HaYeHne?

11. (O) MHIyKTHBHOCTH JBYX OJAWHAKOBBIX KOHTYPOB paBHbI. KakoBo HanbGoJbiiee
3HaYEHNEe NX B3aUMHOHN WHIYKTUBHOCTH?

12. TloToku caMOWMHAYKIMU ABYX KOHTYPOB PaBHBI MTOTOKY B3aUMHOM WHIYKITMH.
UeMy paBHA B3auMHAasI WHAYKTUBHOCTH?

13. Kartymka HamMmoTaHa Ha MeIHbIN Kapkac. OMHAKOBOE JIM 3HAYeHUe UMeeT UHYK-
TUBHOCTD KaTYIIKK IIPU IIPOTEKAHUH 110 Hell: @) MOCTOSHHOTO; 6) ePEMEHHOTO TOKa?

14. Tpu KaTyImKu UHIYKTUBHO CBSI3AHBI IPYT C APYTOM. VI3aMeHuTCd v B3auMHast NH-
JAYKTUBHOCTD M5, €CJIM TPETHIO KaTYIIKY YAAJIUTh HAa BeChbMa OOJIBIIIOE PACCTOSTHUE OT
NIBYX JIPYTHUX?

15. Tlox meficTBUEM 3IEKTPOMATHUTHOW CUIIBI (DePPOMATHUTHBIN CEPACUHNK BTSITH-
BaeTcst B cojieHou . Kak 1mpu 9TOM U3MeHsIeTCsl MHYKTUBHOCTDb COJIEHOM/1A?

YMPAXHEHNSA

1. PacriosioxuTe 1I0CKyi0 PaMKy, HAXO/SIIYIOCS B MArHUTHOM TI0JI€ TOKA, TPOTEKAI0-
miero 1o BeCbMa VIMHHOMY IIPAMOMY IIPDOBO/Y, TaK, LITO6I)I B3anMHad MHAYKTUBHOCTb
MESK/IY TTPOBOJIOM M PAMKOH 0Ka3aJach PaBHOW HY.JTIO.

2. (P) /It uaMepeHust MHAYKTUBHOCTH KaTYIIKK B JJaAOOPATOPHBIX YCIOBUAX OIPe/Ie-
JISIOT aMILIATY/BI TIPUJIOKEHHOTO K Hell Hanpsiokenus U, u Toka [,,. Tok namensiercs
10 3aKkony i = [,, sin w¢. Ha ocHoBe cooTHommenust u = L di/dt HaxoasaT WHAYKTUBHOCTD
L = U, /ol,. TTockoabKy MPOBOJ KaTyIIKK 06JIafaeT COMPOTHBIEHNUEM 7, TO TIOTPEI-
HOCTH OTIpefieJIeHNsT MHAYKTUBHOCTU OKa3bIBAETCS 3aBUCAIIEH oT 7. OnpenennTe co-
OTHOIIIEHUE MEXK/Y BEJIUYMHAMU ®, L U 7, IPU KOTOPOM TIOTPEIIHOCTD OTIPeieJIeHUS
WH/LYKTUBHOCTHU HE IIPEBBICUT JIOITYCTUMYIO €,y

3. Pacriosioskute Ba IJIOCKMX KOHTYpa Tak, 4TOObI MX B3aWMHas WHIYKTUBHOCTb
OblJIa paBHOU HY.JTIO.

4. Pacrnioyioxute TpU IJIOCKUX KOHTYPa TaK, YT0ObI B3aUMHAs WHALYKTUBHOCTD JIIOOBIX
JIBYX KOHTYPOB Oblyia PaBHOIT HYJIIO.

5. B oHoM u3 ZIBYX MHAYKTUBHO CBsI3aHHBIX KOHTYpoB DJ[C B3anMHOI MHAYKIIUN
U3MEHSEeTCS B COOTBETCTBMM € yKasaHHbIMM Ha puc. B1.22 kpusbiMu. MzoGpasure
KPUBbIe U3MEHEHUS TOKA APYTOTO KOHTYPA.

6. (P) Ilokaxkure, yTO MOHSATHE UHAYKTUBHOCTU HA €IUHUILY JUITMHBI BECbMA JIJIMHHO-
ro 6eckoHe4Ho TOHKOro (R = 0) mpsMOro nmpoBojia He UMeeT CMbICIIA.

7. PaccunTaiiTe B3aMMHYIO UHAYKTUBHOCTH BEChbMa JAJIMHHOTO TOHKOTO MIPSMOTO TTPO-

BOJIa U IJIOCKOM paMKH, KOTOpas PaclloioKeHa B OJHOW IJIOCKOCTH C ITPOBOJIOM
(puc. B1.24).
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Puc. B1.24

8. Paccuuraiite B3auMHYIO MHAYKTUBHOCTb HA €IUHUILY JJIUHBI BYX 2-IIPOBOJHBIX
JIUHUHT TIPU UX PA3IMIHOM B3aUMHOM pacriososkennu (puc. B1.25, mposoza 1-it mu-
nuu 1, 7', 2-it — 2, 2"). HanpaBsieHue TOKOB U PACCTOSTHUS MEK/LY ITPOBOJAMU JIMHUI
yKa3aHbl Ha PUCYHKE.

a 6 2 2 8
dy D dr dz d 26
) 5 ’ | .
® O] '®
1 I 2 2 F o, T ! ! 2
|
D
Puc. B1.25

9. (P) B navanbHBINT MOMEHT BPeMeHHU TOK B UAEATHHO MPOBOMAIIIEM KOJbIE PAaBeH
HyJ0. MarHuTHast MHIYKIUST BHEITHETO OHOPOHOTO MAarHUTHOTO I0Jisl, HOPMaJib-
Hasi K TUIOCKOCTH KOJIbIIa, U3MeHseTcst 110 3akoHy B(¢) (puc. B1.26). Mzo6pasute kpu-
BYIO M3MeHeHUsI TOKa i(Z) B KOJIbIIE.

i 2
B () : B (t) 5 B (1)
______________ . 0
ar < /Bm sino! By (1 - t/t0)
By (1- ™) /
7 0 T

Puc. B1.26

a

10. XapaxTep n3aMeHeHUsI MArHUTHOTO TIOTOKA B (DEPPOMArHUTHOM CEPEYHUKE DJIeK-
TPOMArHUTHOTO pejie W BPeMsl JIOCTHIKEHUS UM YCTaHOBHBINETOCS TOCTOSHHOTO
3HAYEHMST MOJKHO UBMEHUTH, OXBATUB CEPIEUYHUK KOJBIIOM UJIHM TUJIB30H 13 XOPOIIO
IIPOBOJISITIIETO BelllecTBa. BhicTpee MM MejlsieHHee TIPU 9TOM Oy/eT BO3pacTaTh Mar-
HUTHBIN TIOTOK TIPH MOKTIOYEHUI OOMOTKY PeJie K NCTOYHWKY TMOCTOSTHHOTO HATIPSI-
xenusi? Mzobpasure kpusbie @ (¢) u ®y(t), COOTBETCTBYIONINE U3MEHEHWIO TOTOKA
B Ccep/leyHUKE, OXBAYEHHOM W He OXBAYEHHOM KOJIBIIOM HJIW THJIb30N.
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11. (P) UneanbHo mpoBosIee KOJBIIO ¢ TOKOM, OTKJIIOUEHHOE OT MUCTOYHMKA, Jle-
opMupyeTcst 1Mo NeficTBIEM BHENTHUX MPUJIOKEHHBIX K Hemy cuil. [louemy mpwm
9TOM HU3MeHseTcs TOK? Bo CKOJBKO pa3 M3MeHWIach WHAYKTUBHOCTD KOJBIIA, €CJIN
mocye gechopMarii ToK yBeananics B 1,5 paza?

12. [lo AByM OTKJIIOYEHHBIM OT MCTOYHUKA yAAJE€HHBIM JIPYT OT JAPyra TOHKUM Hjle-
aJIbHO TIPOBOJIAIINM BUTKaM OJMHAKOBOM (hopMbl TeueT Tok i. Kakoe 3HaueHue oH Oy-
JIeT UMeTh TOCJIe COBMENIEHNST BUTKOB, €CJTM B3anMHAs UHIYKTUBHOCTH M > 07

13. (P) B niiockom mieasibHO TIPOBOJIATIEM BUTKE HHAYKTUBHOCTBHIO L, OTKIIOUEHHOM
OT UCTOYHUKA, TeUeT TOK i. Kakoe 3HaUeHEe TPUMET TOK TI0CJIe BHECEHW BUTKA B OJI-
HOPOJHOE MarHUTHOE TI0JIe ¢ UHAYKITHEH By, TMHUT KOTOPOI HAMPaBIeHBI K TIJIOCKO-
CTHU KOJbIIA 107 yrioM o? OxBarbiBaeMasi BUTKOM ILJIOIIAb paBHA S.

14. KopoTkoszaMKHyTas UeanbHO IPOBOASIIAs OOMOTKA ¢ YHCJIOM BUTKOB @, UMEIO-
mas (GopMy TPIMOYTOJNBHOW PaMKH, BpallaeTcs BOKPYT CBOEH OCU B OJHOPOTHOM
MAarivMTHOM I1OJI€, IMHUU UHAYKIIUN KOTOPOIO BO NEPNEH/IUKYJIAPHBI OCHU BPalll€eHNW .
Tok 0OMOTKHM paBeH HYJIIO, KOT/A IJIOCKOCTh PAMKU OXBAThIBAeT HAMOOJBIINI Mar-
HUTHBII noToK. KakoBa aMIumMTya Toka B 0OMOTKe, eCJii ee WHAYKTUBHOCTD L, a T110-
IaIb, OXBaTbIBaeMasi paMKOM, S?

15. (P) B mymHHBIN KOPOTKO3aMKHYTBIN HI€AJbHO ITPOBOISIIUI COJIEHOU C TOKOM i
BCTaBJISIOT CBEPXITPOBOASIINN ITUHHBIN muanHap. Kakim 6yaeT TOK coleHomn/Ia, ecim
BHYTPEHHUH pafiiyCc COJIEHOWIA paBeH R;, BHEITHUN paanyc MUIWHIPA paBeH R.?

1.8. NoTeHUuManbHOE N BUXPEBOE dJIEKTPUUECKME NOoNA
BOMPOChI

1. Ilo mpoBoay TedeT mMOCTOAHHBIN TOK. CyMMapHBIN 3apsi 97ieMeHTa TIPOBOIa PaBeH
mymo. CyIecTByeT Jin aJIeKTPUYecKoe 1oJie BHe TPoBojia?

2. PaSOMKHyTaH Ha KOHIIE /IBYXIIPOBO/JAHAaA JIMHUA IIPUCOE/IMHEHA K MCTOYHUKY U3-
MEHSIOIIENCsT BO BpeMeH!n SIIC HpI/I KaKHUX yCJIOBUAX IJIEKTPUYECKOE 110JI€ BOKPYT
IIPOBO/IOB MOJKHO paCcCMaTpUBaAThb KaK IOTeHIMaIbHOE?

3. Ilo fyMHHOMY TIPOBOJY KPYTJIOTO CeYeHUs TedeT
MOCTOSHHBIN TOK. Hamnpsikenune m3aMepsioT Mexmy
Toukamu A, B moBepxHOcTU TIpoBoaa (puc. B1.27).
3aBUCUT JIM TTOKA3aHUe BOJBTMETPA OT PACIIOJIOKE-
HUST COEJIMHUTENBHBIX TPOBOIOB @, b? V3menurcs
JIN OTBET, €CJIM TOK MPOBOJIA IePEMEHHbII?

4. ITo npoBoay (puc. B1.27) teuer nnepeMeHHbII TOK.
[Ipu xaxom u3 BapuanToB (7, 2, 3) pacnoJiokenus
MPOBOJIOB a, b HampsLKeHNe MeXay Toukamu A, B
nMeeT HauMeHblllee 3HaueHue?

Puc. B1.27

a 6
9. (O) Ilnockuil poBOASAIINIT 3aMKHYTbBIII BUTOK B l l l l l l Bl

HaXO/[UTCA B IIepeMeHHOM MaAaronuTHOM I1oJIe
(puc. B1.28, a), BcieacTBue Yero Mo BUTKY TedyeT 5 Vi
TnepeMeHHbIil TOK. Byser /m B HeM mpoTekath TOK, %z

€CJIN BECh ITPOBO/L BUTKa 9KPaHUPOBATHb OT MAarHuT- Puc. B1.28
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HOTO TI0JIs], 3aKJII0YKMB ero B TpyOuarhiii (heppomMaruuTHbiil skpan? Ha puc. B1.28, 6
MOKA3aHO CeuyeHue TIPOBOJIA W 3aIITPUXOBAHHOE CeYeHNe IKPAHA.

6. (O) B naxozsmiemcs B iepeMeHHOM MAarHUTHOM T10Ji€ TIPOBOJISIIIEM Tesie MHIYIIH-
pyercst D/IC u BcencTBUE 9TOTO B HEM MPOTEKAET JTEKTPUIECKUIT TOK. MoKeT i
CYIIeCTBOBATh TOTEHIMATbHAS COCTABJLAIONIAS 3TEKTPUIECKOTO MO B OKPYsKaro-
ImeM ero uaJjieKTpuke? B mpoBosiem Tee?

YMPAXKHEHWSA

1. Becbma nnwHHBIN (eppOMarHUTHBIN TUJIWHAPUYECKUN MPOBOASANINN CTEPsKEHDb
pamycom R = 0,5 cM momerien B mapajuieibHOE €ro OCH OJHOPOJHOE MarHuTHOe
noste. MaruuTHasi WHAYKIMST B JIOOOH TOYKE CTEP)KHSI M3MEHSIETCS 110 3aKOHY
B=0,7 sin ©-103% (Tor). Onpenenure HaNPsSKEHHOCTh BUXPEBOTO 3JIEKTPUUYECKOTO
MOJIS HA TTOBEPXHOCTU CTEPIKHS.

2. B pesysibraTe paspbiBa BUTKa BTOPUYHOI 06MOTKM TpaHchopmaTopa Toka (W, =1)
ob6pasoBajicst BO3AYIIHBII TPOMERYTOK A = 2 mM. TIponsoiizer au sJIeKTpUIecKuii
po6oii TOTO MPOMEKYTKA, €CJU MATHUTHBII MOTOK CEPAEYHHKA, OXBATHIBAEMOTO
BuTKOM, ® = 2 sin 27-50¢ (B6)?

3. Ilockas ogHOCTONHAL KaTyNIKA ¢ BHYTPEHHUM PAJILyCOM 2 CM M BHEIITHUM Pajiy-
com 6 cm obpaszoBana 1wIoTHON ykaaakoi 100 BUTKOB mpoBoja mo crupasnu. Paccun-
taiite /IC, MHAYIMPYeMYyIO B KaTyIIKe OJHOPOJHBIM MEPIEHANKYJISIPHBIM TLJIOCKO-
CTH KaTYITKW MAaTHUTHBIM T10JieM ¢ uHaykimeit B = 0,5 sin 2r1-103¢ (Ta).

1.9. CBA3b MArHUTHOIO MOJIA C SJIEKTPUNYECKUM TOKOM
BOMPOCHI
1. Boanyminblii KOHAEHCATOP MOAKJIIOYEH K UCTOUHUKY ITePEMEHHOTO HAIPSKeHUs.

CyHIeCTByIOT JIN B IIPOCTPAHCTBE MEKIY 06KﬂaI[KaMI/I KOHZIEHCAaTOpa 3aMKHYTbI€ JIN-
HUW MarHUTHOU I/IHlIyKLII/II/I?

2. TIpoBoz ¢ ToKOM i = 2 A pacnosioskeH B myctore. MOKHO JIM IPU WHTETPUPOBAHIH
BEKTOpPa MarHuTHOU VMHAYKIIUN BbI6paTb OXBaTbIBaIOH_II/Iﬁ IIpOBO/J 3aMKHyTBII>’I IIyTb,
B/IOJTb KOTOPOTO WHTETPAJT §Bdl ObL1 ObI paBeH —21g; 3uo; 6oy 1,200 —14pe; 27

I

YMPAXKHEHNSA N 3AAAYN

1. Tox B KoHTYpe paBeH 3 A. YKkaskuTe IIyTh MHTETPUPOBAHUS TIPU PacyeTe MHTEeTpajia

ﬁBdl, P KOTOPOM €T0 3HavyeHwue PaBHO 3pgy; 6y Iug;

[

15p0; =610 Y.

2. 3HaueHue MHTErpaJa &B dl BOTb yKA3aHHOTO TTYHK-
[

tupoMm Ha puc. B1.29 xonTypa paBHO 7y, Onupenemute

TOK is, eciiu iy = 10 A, i, = 5 A.

3. Becpbma nIMHHBIN TOHKWI TIPAMON TTPOBOJ M30THYT
noz yriaoMm 90° B Touke A. Omnpeznesnte MarHUTHYIO WH-

Puc. B1.29
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JYKIIMIO B TOYKAX Ha OCU MPOBOJIA, €CJIU MPOBOJI PACTIOJIOKEH B ITyCTOTE M €r0 TOK
paBeH 1.

4. (P) Tox Teyet 110 pacnosio;KeHHOMY B ITyCTOTE MTPOBOJSIIEMY JIUCTY, TOJIINHA KO-
Toporo BecbMa Maja. JIucT pacrnosioxken B mrockocTd x = (), Tak 4TO HAa3bIBAEMbIi
MOBEPXHOCTHBIM TOK JINCTA Te€YeT B HATPABIEHWM OCU Z W MMeeT JIMHEHHYIO TJIO0T-
HOCTD jk, T71e k — eqummdnsbiii opt ocu z. Kakne cocraBiistioniye coIepKUT MarHuTHAsT
nnaykiua? Hafianre nx B Toukax x > 0 mx < 0.

9. Hcronp3yst MeTos HaJIOKEeHHsI, PellnTe MPEeAbIAYINYIO 3aiady s Caydast ABYX
JIUCTOB, JIEKAMINX B TIOCKOCTAX X = 0 1 X = d, 10 KOTOPBIM TEKYT TOKH TIIOTHOCTHIO:
a)jkw—j.k;6) j.kn jk;e) jku j,j;2) —j.kn j,j. Haiinure B(x, y, z) B Toukax x < 0,
0<x<dx>d

6. BecbMma A/IMHHBIN COJIEHOM] pafnycoM R paccMarpuBaeM Kak OECKOHEYHO J[JIIH-
Hblil. I[JIOTHOCTD HAMOTKU BUTKOB COCTaBJIgeT @' = w/l, TOK cosieHonza i. Cumraem
BUTKH OOMOTKHM IUIOTHO YJIOKEHHBIMU, @ TIPOBOJ OOMOTKHM WMEIONIMM HaMeTP
d << R. Omnpenennrte MarHUTHYIO WHIYKIIMIO BHYTPH U BHE cojieHouza. Iloctpoiire
kpuByio B = f(r) nist 0 <7 < oo, B uem 3akiodaercst 0cOOEHHOCTD MOBEAEHUS (PYHK-
un B = f(r) B Toukax 7 = R?

7. Vcnonb3ysi MeTOJ/l HAJIOKEHUSI, PEIUTe MPEAbYINYIO 33/1a4y /Ui Caydast JABYX
BechbMa JIJIMHHBIX COOCHBIX COJIEHOUZIOB pajinycamu Ry, R, ¢ TOKaMU: a) iy = — iy
0) iy = iy; 8) iy # iy, ILIOTHOCTH HAMOTKK y KOTOPBIX OfiHAKOBa. IlocTpoiite KpuBbie
B=f(r) nna 0 <r <o,

8. (P) Becpma nymuHibIe IPSIMOTMHEHBIE TIPOBO/IA PacIIpeiesieHbl PABHOMEPHO I10 OK-
PY’KHOCTH pafilycoM R, pudeM AuaMeTp Ka’KOTO W3 MPOBOIOB, YIOXKEHHBIX BILJIOT-
Hy10, d << R. Toku TpoBOJIOB paBHbI i. PaccunTaiite JTMHEHHYIO TJIOTHOCTH j SKBUBA-
JIEHTHOTO TIOBEPXHOCTHOTO TOKa. OIpe/iesinTe COCTABISAIONINE MATHUTHOW UHAYKIIUY U
nocrpoiite kpuByio B(r) mis 0 < r < co. B yem sakiouaercss 0COGEHHOCTD MOBEJEHUS
byaxkmmm B(r) B Toukax r = R? MarauTHag nmpoHUIIAEMOCTh PaBHA [y BCIOZY.

9. (P) B asexTpuueckoil Matiute ¢ riaagkuMu (6e33y0I0BbIMEI) HEMarHUTHBIMU PO-
TOPOM U CTaTOPOM JIJINHHbBIE TIPSIMOJIMHENHBIE TTPOBOJIa, 0Opa3yioIine 0OMOTKY CTa-
TOpa, pABHOMEPHO pacIpesieJieHbl TI0 OKpyKHOCTH pajmycoM R. Toxku 1mpoBojoB Ta-
KOBBI, YTO JIMHENHAs IJIOTHOCTh j TMOBEPXHOCTHOTO TOKA, PACIPEIEJEHHOTO II0
OKPY’KHOCTHU, UMeET BU/ j = j,, cos o. Haiimure 3aBucumoctsb B = f(r) npu o = 0 mist
0 <7 < oo u ocTpoiiTe ee.

10. BuyTpennsist o60om0uka (JKMIa) KOAKCHAIbHOTO Kabesst 3aMeHeHa BechbMa JIJINH-
HBIM MPSAMOJIMHENHBIM (pagnycoM 7 — 0) IPOBOZOM € TOKOM +i, a BHEIIHssT 000J104-
Ka — OXBATBIBAIOIINM JKIJIY COOCHBIM TOHKOCTEHHBIM (ToJrHa cTeHku d — 0) 1u-
JUHAPOM ¢ TOKOM —i. Paamyc mumunjpa R. Halijure 3aBUCMMOCTb MarHuTHOU
unaykun B(r) ot paccrostaust 1o ocu kabesst. [Toctpoiite KpuByIo 3aBucuMocT B(7)
1 00bsICHUTE 0OCOOEHHOCTD TIoBeeHust hyHKiuu B(r) ipu 7 = R. MarHutHas IpoOHU-
I[a€MOCTDb paBHA Ly BCIOY.

11. (P) Karymxa ¢ uncsioM BUTKOB @ TIJIOTHO HaMOTaHa Ha TOPOUAAJIBHBIN Cep/ed-
HUK MPSIMOYToJibHOTO cedenust (R, — R;), MarHuTHON mipoHuIiaeMocTbio p. Yepes
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okHo Topouza (puc. B1.30) mpoxoxur GeckoHewHO
JUTMHHBIN TIPOBOJI, COBIA/AIONIUN C OCBIO TOPOW/[IA.
Oripeiesiite B3aUMHYI0 UHAYKTUBHOCTb MEXK/LY ITPOBO-
JIOM 1 OOMOTKOW TOPOWIa U TIPOBEPHTE BBHITIOJHEHUE
paBenctBa M, = M,;, IpUHUMAs, YTO MarHUTHBIE
CUJIOBBIE JIMHUU TOKA KATYIIKKU 3aMbIKAIOTCSI TOJBKO
B cepjeunuke. Yucjiennoe 3HayeHue MOJYIUTE JIJist
R,=8cm, R, =1cm h=1cm, w= 2000, p=400p,.

Puc. B1.30

1.10. HaMarHM4YeHHOCTb BelleCTBa U 3aKOH MOJIHOro ToKa

BOIMPOCHI

1. (O) Cuonrnoit nap n3 ¢hbeppoMarHuTHOTO BEIECTBA, MATHUTHAS TPOHUIIAEMOCTD
KOTOPOTO PaBHA |, HAXO/IUTCA BO BHEITHEM OIHOPOZHOM MarHWUTHOM TIOJie C WHYK-
mueil B. Kakoe u3 3HayeHuit MarHUTHOM MHAYKIUK Oosibine: By wim B, BHYTpH 1apa’?
Kakoe n3 3HayeHUI HANpsKEHHOCTH MarHUTHOTO ToJist Gosbiie: Hy = B,/u, BHe
nian H; BHyTpu mapa?

2. Y 0IHOTO U3 ABYX TeJI OJMHAKOBON (hOPMbI MarHUTHAsI BOCHPUUMYUBOCTH GOJIBIIIE.
B kakoM u3 Tet, TOMEIEeHHbBIX B OJJMHAKOBOE MAarHUTHOE TI0JIe, OOJIbIIE: @) MarHUTHAST
WH/YKIMs; 0) HAMarHWYeHHOCTD; 8) HANPSIKEHHOCTh MATHUTHOTO TOJIST?

3. B xakom 13 IBYX MPOBOIOB OJMHAKOBOI (POPMBI 1 pa3MEPOB C OIMHAKOBBIM TTOCTO-
SIHHBIM TOKOM MATHUTHAsI WHAYKIIUASI U HATPSDKEHHOCTh MATHUTHOTO TOJIST GOJIBIIIE:
B MEZIHOM W1 (hePPOMArHuTHOM IIpOBoJie?

4. DeppoMarHUTHBINA TOPOUAATBHBINA CEPACYHUK ¢ TOKOM i OOMOTKH MMEET BO3LYIII-
HBII 3a30p, B KOTOPbIil BCTaBJISIOT (heppoMarHuTHyto 1actuny. Kakum Oyaer mpu
5TOM XapaKTep U3MEHEHUs: @) MATHUTHOW UHIYKIIUU U HATIPSKEHHOCTU MAarHUTHOTO
HOJIST B CEP/IEYHUKE; 6) HAMATHUYEHHOCTHU CEePIeYHIKA?

5. (O) B6smsu BUTKA ¢ TOKOM pacioioxkeHo peppoMarauTHoe tesio. O IMHaKOBbIE JIT
3HAYEHUS TPUHUMAIOT WHTETPAJIbI j;B dl, BorumnciisieMbie BIOJIb IBYX KOHTYPOB, OXBa-
/
TBIBAIOIINX TOK U OTJINYATONIUXCS OJMH OT J[PYTOTO TE€M, YTO OJIH U3 HUX MepecekaeT
TeJo, a Ipyroil — HeT? OMUHAKOBBIE JIU 3HAYEHUS UMEIOT WHTETPAJIbI §>H dl, Bbrumc-
/
JisieMble BJI0JIb 3TUX KOHTYPOB?

6. (O) Becbma ATUHHBIN TPIMOJTUHEHHBIN TTPOBOJ KPYTJIOTO CEYEHUS C TOKOM OXBa-
YeH COOCHBIM ¢ HUM (PEPPOMATHUTHBIM ITUJIUHIPOM C BHENTHUM paamycoM R. Jkpa-
HUpPYeT JU IMUJIUHAP B TOYKAX ¥ > R MarHuTHoe 1oJe npoBoaa? Mamendarcs au -
3HAYEHUS MATHUTHOW WHAYKIUU W HATPSKEHHOCTH MarHUTHOTO TOJISI B TOYKaX
BHYTPH TIPOBOJIA, MEKIY MPOBOJIOM U IUJIWHAPOM, BHE ITUJINH/IPA TIOCTE yAAJCHUSI
MUIMHApA?

7. (O) Vnorna ucnosib3ytoT AOMyNIeHUEe O TOM, YTO MarHUTHAsI TPOHUIIAEMOCTH Be-

IrecTBa 6eCcKOHEYHO BesrKa. YTO MOKHO CKa3aTh O 3HAYEHUU HaIlIPAKEHHOCTH ITOJIA
B TaKOM H/I€AJIM3UPOBAHHOM BeH_IeCTBe?
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8. B nByx Toukax heppoOMarHUTHON CpeJibl MATHUTHAS MH/IYKIIUSI OJ[MHAKOBA, HO Ha-
MPSIZKEHHOCTh MATHUTHOTO ToJist pasinyna: H, > H,. B kakoii u3 Touek 6obliie: a) Ha-
MarHM4YeHHOCTb; 6) MarHUTHas IPOHUIAEMOCTb; 8) MarHUTHAsA BOCIPUUMYUBOCTH?
W3mensaTcs iu OTBETHI HA 3TU BOTPOCHI, €CJIU CPe/la SIBJISIETCS TUAMATHUTHOM ?

9. [louemy ypaBHeHue §>H dl = i, a He OIIBITHOE COOTHOIIEHNE §>B dl = p,ipaccmarpu-
/ /
BaeTCs KaK OJ[HO U3 OCHOBHBIX YPABHEHUI 3JIEKTPOMATHUTHOTO TIOJIS?

10. MosxHO i TPUMEHUTDH 3aKOH ITOJIHOTO TOKA JIJIS OTIUCAHUSI MAarHUTHOTO TOJIST B
cJyJae, KOr/Ja 3JIeKTPUYECKUI TOK U3MEHSIETCSI BO BPEMEHM ?

11. VisMenuTcs u 3HAYEHNE WHTErpaia {)H dl = i, ecoii HanpaBJIeHWe WHTErpUpOBa-
1
HUI U3MEHUTDh Ha TPOTUBOTIONOKHOE?

12. (O) CaemyeT 1 U3 3aKOHA MTOJIHOTO TOKA, YTO MPU U3MEHEHUU BO BPEMEHU Mar-

HUTHOTIO I10JIAA BOSHUKAET CBA3aHHOE C HUM 9JIEKTPHUYIECKOE roJie?
B

13. 3asucur m M/IC IH dl = F,, ot BBIOOpA Ty TH WHTETPUPOBAHUS MEKIY TOUKA-
A
M A 1 B, ecaii mio6ast apa us 1yTeil He OXBaThIBaeT HJIeKTPUYECKU TOK?

14. B xakoM HalpaBJeHUHN OTHOCUTEIBHO JIUHUHN HAIPSKEHHOCTH MATHUTHOTO TIOJIS
M/IC usmeHnsiercst ¢ HanboJIbIeil CKOPOCTHIO?

YMNPAXXHEHUSA N 3AOAYN
1. AamsorponHas dheppoMarHUTHAS cpefla XapaKTepU3yeTcs BO BCeX TOYKAX TEH-

100 0 O
30POM OTHOCUTEJbHON MarHUTHON mponunaemoctu (u,)=| 0 100 0 | Paccuu-
0 0 10

TaiTe: @) MArHUTHYIO WHIYKIIAIO, €CJIA HATPS)KEHHOCTh MAarHUTHOTO ToJist H =1-3-10% +
+7-2:103 + k103 A/M; 6) HATPSKEHHOCTH MATHUTHOTO TTOJIsI, €CJIN MATHUTHAST HHIYK-
st B=14-0,9 +j1,2 + k0,1 Ta.

2. B HEKOTOPO# TOUKe N30TPOITHOTO (hePPOMATHIUTHOTO BEIECTBA OTHOCHUTETbHAS Mar-
HUTHAsI IPOHUIIaeMocTh W, = 900 1pu HANPSEKEHHOCTH MAarHuTHOTO ToJist H=10"3 A /m.

OnpeaeﬂMTe 3HAYEeHUST MarHUTHON WHAYKIIMKW, HAMAaroin4€HHOCTH, MarHUTHOI BOC-
IIPUMUMYKMBOCTH BEUIECTBA B ATOU TOUKE.

3. (P) lmmunapruuecknii heppoOMarHuTHBIN CePeYHNK IMTOCTOSTHHOTO CeYeHMs BCTaB-
JIEH B COJIEHOW/]I, PACTIOJIOKEHHBIN B BO3/yXe. YUCI0 BUTKOB COJIEHOU/IA HA EIUHUILY
JuHbL @ /[, ero TOK i. JIJTMHBI coleHOUIa 1 cep/leyHnKa GECKOHEUHbI, OJIHOPOIHO Ha-
MarHM9eHHBIH CepleuHnK XapaKTePU3yeTcsd MaTHUTHOW MPOHUIaeMOCThio p. Haii-
ITe HaMarHMIeHHOCTh M 1 MarHUTHYIO WHAYKINO B B cepaeunuke. Kakyio gacTh
CeYeHUsT COJIEHOM/IA I0JIKHA COCTABJISITh ILIOIIA/b CEYEHUsT CePAeYHNKA, YTOObI TIPU
€r0 BBEJICHUU B COJIEHOW]I WHAYKTMBHOCTb HA €UHUILY €T0 JIJIMHbI YBEJIUYUJIACh
B 7 pas’?

4. (P) OnHOpOMHO HAMATHUYEHHBIN IIJIMHAPUYECKUN CTeP:KeHb IINHOM [ XapakTe-
pusyeTcs HaMarHUIeHHOCThIo M, HalrpaBIeHHOI TI0 OCH cTepKHA. PaccunTaiiTe TOK i
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9KBUBAJIEHTHOI'O €MY COJIEHOH /A TOI'O K€ C€HYEHU A, YTO U CTEPIKEHD, N1 PACITOJIOKEH -
HOTO B Ccpefie € MaTrHUTHOM IIPOHUITAEMOCTDBIO [

IIpumeuanue. MarauTHoe ToJie COJIEHOWA M HAMAarHWYEHHOTO BellecTBa HKBUBA-
JIEHTHBI, €CJT CO3/IaBaeMble UMW MarHUTHBIE TTOJISI OAMHAKOBBI BO BCeX TOYKAX IIPO-
CTPaHCTBA.

9. (P) BeckoHeuyHO MIMHHBIN IMUJIMHAP PaguycoM R HaMarHW4YeH OJHOPOIHO B Ha-
MPaBJIeHNH, HOPMAJIBHOM K OCH z MUIUHApPa. PaccunTtaiiTe TUHEITHYTO MIOTHOCTH j( )
PaCIOTIOKEHHBIX B ITyCTOTE TOKOB, PACTIPEIeIEHHBIX MO OKPY>KHOCTU ITUJIUHAPA TOTO
JKe pajinyca u CO3/Ial0NINX BHE ITUJIMH/IPA TAKOE e MarHUTHOE T10Jie, KaK U HaMarHu-
YEHHBIA UJINH/P, XapaKTepU3yeMblii HaMmarHn4eHHocTbio M = jM, .

6. (P) OgHopomaHOo HaMarHMYEeHHBIH Map paamycoM R XapaKTepusyeTcs HaMarHuJIeH-
Hoctbio M =jM, . Paccunraiite TMHEAHYIO IIOTHOCTD j(() PaCION0KEHHBIX B ILyCTO-
Te TOKOB, PacIIpeieJIEHHBIX 110 TIOBEPXHOCTU HEMATHUTHOH cepsl pagunycoM R 1 co3-
JatoNrX BHe cepbl Takoe ke MaTHUTHOE TI0Jie, KaK M HaMarHMYeHHBIH Tap.

7. Ha niockoii 6e3rpaHUYHOI MOBEPXHOCTH TeJIa, MATHIT-
Hast TPOHUIAEMOCTH KOTOPOTO TIPUHSITA PaBHON OeCKOHeY-
HOCTH, JIEKUT TPSIMOJUHENHBIN N30IMPOBAHHBIH ITPOBOJT €
tokoM i (puc. B1.31). Mzo6pasute ceMelcTBO JIMHUIT Ha-
npsbKeHHOCTH MarHuTHOro noss. Yemy paBaa M/C Fp
BJIOJIb TIYTH, TIPOXojisIiero B Bosayxe? IlocTpoiite kpu- Puc. B1.31
Byio m3menerus M/IC Brosb TOBEPXHOCTHU TeJia.

Ho

8. Ha puc. B1.32 ykazanbl BapuaHThI PACIIONIOKEHUS INHEMHBIX TOKOB i Y TIOBEPXHO-
CTHBIX TOKOB TJIOTHOCTBIO j(X) Ha IUIOCKOH Ge3rpaHryYHOI IIOBEPXHOCTH TeJIa C TIPO-
HUTIaeMocThio 1 = oo, [loctpoiite kKpuBbie uamenenus M/[C Broms ocn x.

a 6
Mo Ho
—i +i —i +i i +i —i +i
(X) 0 (o) X ® X 0 X -
| d d d d | d | d | d
H=0 H =00
8 2
Ho Ko
_ +7 .
J 0 ] ¥ 0 l N
(| (-
H =00 H =00
Puc. B1.32

9. Paccunraiite M/IC mexxmy Toukamu A, C Broab ykaszannoro Ha puc. B1.33 myTu.
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1) B, =const 2) d 3)
W 2
A
N C
d D —~—c
C B, = const
S) 6) 7

ES

a
-
RS

Puc. B1.33

10. (P) IToctognnstii Tox i = 100 A TeyeT mo TIOCKOM TI7Ta- y
CTUHe TOMIMHON A = 1 cM B HampaByieHuu ocu z. Jlomyckas,
YTO JJINHA W MIMPUHA A TTACTUHBI 3HAYUTENHLHO MPEBBI- A i
MIAIOT ee TOMIHY A, HaliziuTe u moctpoite dhynkimn H(y), h
B(y) mpu x = 0, y << h. MaruutHast TIPOHUIIAEMOCTD TLIa-

Puc. B1.34
crutbl p = 200p, £ =20 cm (puc. B1.34).
11. Ilo ABy™M mapamniesbHbBIM HEMAaTHUTHBIM (L = L) TiJIa- y
CTWHAM TOJIIUHON A = 5 MM, Ay = 8 MM (puc. B1.35) co- AT —
OTBETCTBEHHO TEKYT TIOCTOSTHHBIE TOKHU TTpsiMoro i =+100 A

. o Ay —i X X
u obpatroro i = —100 A HampaBieHUil. YUUTBIBast, YTO : i
JuMHa W mupuHa h=0,2 M Kajk[Ioil TIaCTUHBI 3HAYM-
TeJIbHO GOJIbLIE UX TONIIMHDI, HAUAUTE U IIOCTPONTE KPU- Puc. B1.35

ByIo 3aBucumoct H(y) nipu x = 0. IToctpoiite H(y) Tak-

JKe 7T corydast, KOT/la TOKU TITACTUH MMeIoT OJIMTHAKOBOE HalpaBJeHne. 3aBUCUT JIN
Bun pyaximn H(y) oT paccTosTHNS MEXIY TIIACTUHAMM?

12. IlocTostHHBIH TOK i TEUET 110 BEChMa JTMHHOMY MPSAMOJIUHEITHOMY TIPOBOLY KPYT-
Jloro cedenus pagmycoMm R. OmpenennTe HaNpssKeHHOCTh MAarHUTHOTO TOJIS M Mar-
HUTHYIO WHAYKIIMIO BHYTPY W BHE TPOBOJIA B TOUYKAX HA PACCTOSHHUU ¥ OT €r0 OCH.
MarsuTHas NpoOHUIIAeMOCTD BelllecTBa TTpoBoja 1 = 100p,,.

13. Tlo BecbMa JUITMHHOMY TPSIMOJUHEIHOMY TPYOYaTOMY TIPOBO/Y C BHYTPEHHUM M
BHEITHUM painycaMy, PaBHBIMU, COOTBETCTBEHHO, Ry =6 cM 1 R, =7 cM, TedeT 1mocTo-
auubiil ToK i = 200 A. [TocTpotite kpuBbie 3aBucumocteit H(r), B(r), e ¥ — paccTos-
HUE OT TOUKH 10 OcH TPYObI, /st 3HaueHnii 0 <7< R,. MarHuTHast IPOHUIIAEMOCTD Be-
mectBa TpyObl paBHa 200w,

14. Tlocrostnubiii Tok i = 200 A nmpsMOTO HAIPaBJIEHUs TeYeT 10 BeChbMa JJIMHHOMY
IPSIMOJIMHEITHOMY TIPOBOJIY PAZnycoM R = 3 MM, a TaKOM ke TOK MPOTUBOIOJIOKHOTO
HAIPaBJIEHNS — 110 TAKOMY JKe MapaJijieIbHOMY TTIPOBOJY. PaccTosiHue Mexy ocsMu
npoBonoB D = 1 m. [TocTpoiite kpuByto 3aBucumoctu H(x), e x — KoOpAuHATa, OT-
CUMTBIBAEMASI TI0 TPSIMON, COEIMHSIONIEN OCH TIPOBOJIOB U TEPHEHAUKYISIPHON WM.
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135. Ilocrostaubrii Tok I = 100 A Teder 110 BecbMa JJIMHHOMY IIPSIMOJIMHEHHOMY IIPOBO-
Iy PaiycoM R = 5 MM, a TaKOH e TOK MTPOTUBOIOJIOKHOTO HAITPABJIEHUsT — TI0 COOC-
HOH ¢ HuM TpyGe (puc. B1.36) ¢ BHyTpeHHUM W BHEHNTHUM pajauycaMu R; = 8 mwm,
R. = 10 mmM. MarnuTHast IpoHUIIaeMOCTbh TpoBoaa paBHa 100u,, BemecTBa TPyOBI —
200p,. Paccunraiite 3aBucumoctu H(7), B(r) v mocTpoliTe KPUBbIE MX UBMEHEHUS JIJIsT
snHavennii 0 <7 < R, (r — paccTosiHME OT TOYKH JI0 OCH TTPOBOJIA).

Puc. B1.36 Puc. B1.37 Puc. B1.38

16. (P) Ha Topounanbubiii cepredauk kpyraoro cedenus (puc. B1.37) mnotHo yio-
JKeHa 06MOoTKa ¢ yrcsioM BUTKOB @ = 200. Onpeznesnnrte HanboJIbliee 1 HAUMEHbIIIEe
3HAYEHUs] HATPSIKEHHOCTH MATHUTHOTO IOJIsT MU MAarHUTHOM WHIYKIIMK BHYTPHU Cep-
JIEYHIKA, ecau TOK 0OMOTKM i = 100 A, MarHuTHAS IPOHUIIAEMOCTD BELMIECTBA CEP/ed-
Huka p = 200u, R, =5 cM, R, = 8 cm.

17. Ha TopommambHBIN cepAeuyHUK TPIMOyTosbHOTO ceuenns (puc. B1.38) mmorHo
yJI0:KeHa 06MOTKa ¢ uncaoM BUTKOB @ = 200. Ompegesnte u mocTPONTE 3aBUCHMOCTD
H(r) npu R; < r < R, npuHUMAasi MarHUTHYIO MTPOHUIIAEMOCTD BelllecTBa CePAeYHNKA
u=200u,i=10 A, Ri=4 cm, R.=5 cm.

2.1. DHeprusa cUCTeMbl 3apsXXeHHbIX Tes.
SHEeprua KOHTYpoOB C TOKaMu
BOMPOChI

1. I1pm BBIBOZIE (hOPMYIIBI 715 pacyeTa SHEPTUH CUCTEMBI 3apPSPKEHHBIX TeJT TPUHUMA-
eTcst IOty IieHre 00 OTCYTCTBUU HEOOPATHMBIX TIPOIIECCOB B nasekTprke. Kakue He-
o6paTuMbIe TIPOIECCHI MEIOTCST B BHILY?

2. Ipemnoxure crocod, KOTOPHIM MOKHO MPE0OPa30BaTh IHEPTUIO AJIEKTPUIECKOTO
TOJIST 3aPSIKEHHOTO KOHAEHCATOPA B IPYTOI BUJI 9HEPTUH.

3. (O) Pasnocth mOTEHITHATIOB ABYX MPUCOEAUHEHHBIX K ncTounnky J/1C mpoBoas-
IUX TeJT paBHA . VI3MEHSIETCST TN 9HEPTUST ATOM CUCTEMBI TIPU COMMKEHUN TEJT?

4. (O) /IBa OMHOMMEHHO 3aPsSKEHHBIX TeJia TPUOJIMKAIOTCS APYT K ApyTy. V3meHseT-
CS T SHEPTHS 3TOH CUCTEMBI?

5. VameHuTcst iu aHEPTHsT 3apSKEHHOTO KOHIEHCATOPA, €CJIU B €T0 HIEKTPUIECKOe
MoJie BHECTU He3apsKEHHOE MPOBOJISIIEE TEJI0?
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6. (O) [IpoBona ABYyXIPOBOAHON JUHUY TIePeladil TOKPBIBAIOTCA cyoeM Jbja. V3me-
HSETCS JI BHEPTUS 3JIEKTPUIECKOTO TI0JIs, a TAKKe EMKOCTh MeKIY mpoBogamu? OT-
HOCUTEJbHASA N3JIEKTPUYecKas ITPOHUIIAeMOCTh Jbjia €, > 1 (u = const).

7. VI3MEHUTCsI JI 9HEPTHSI BIEKTPUIECKOTO M0JIsT KOHAEHCATOPA, ECITH €0 OYMasKHY IO
M30JISIIIAIO IIPOIIUTATh MACJIOM, JUJIEKTPUYEcKasi IPOHUIIAEMOCTh KOTOPOTO IIPEBbI-
maeT g,?

8. l3MeHsTCS I €MKOCTh M 9HEPLHsl 9JIEKTPUIECKOTO II0JISI Pa3psiIHUKA, [IPEICTaB-
Jigioniero coboit mpucoeauHennpie K ucrounnky DC aBe Mertamindeckue cdeps,
[IPU U3MEHEHUHU CYXOH TOrO/Ibl Ha HOXKIJNBYIO, B PE3yJIbTaTe 4Yero OHU MOKPBIBAIOTCSI
TOHKHUM CJIOEM BOJIbI?

9. (O) Y kakoro 3apsiKEHHOTO Iapa SHEPIUst SJIEKTPHUIECKOTO T0JIst OOJIBIIE: Y TIPOBO-
JISIIIIETO WK Y Tapa ¢ TaKUM JKe 3aPsIIoM, PABHOMEPHO PaCIipeieJIeHHbIM B 00beme?

10. ¥ noBepxHOCTU KaKoil 13 0OKIAZ0K OAHOCJOMHOTO MUINHAPUIECKOTO COOCHOIO
KOHJIeHcaTopa — BHYTPeHHell WIn BHelllHell — 00beMHasl IJIOTHOCTh SHEPTUU DJIeK-
TPUYECKOTO MOJIst GOJIbIIIe?

11. VIsmMeHuTCst vt 9HEPTUS MAarHUTHOTO TOJIST IBYX KOHTYPOB € TOKAMHU, €CJIU U3Me-
HUTbH HAIIPaBJIeHKe TOKA Ha IPOTUBOIIOIOKHOE: @) B OJHOM U3 KOHTYPOB; 6) B 0001X
KOHTypax?

12. V3meHUTCS U 9HEPTUS MAarHUTHOTO TI0JIS KaTYIITKH, IO KOTOPOH TedeT MOCTOSIH-
HBIH TOK, €CJIM BHYTPb Hee BHECTU (PEePPOMArHUTHBIN CePAETHUK?

13. /IBa yaieHHbIX APYT OT APyTa TIOCKUX KOHTYpa ¢ ToKamu cOmmkaiores. Kaknm
JIOJKHO OBITh UX B3aMMHOE PACIOJIOMKEHME TI0CIe COMMKEHNs, YTOObl 9JHEPTUST Mar-
HUTHOTO 10Jis1 OblJIa: @) PpaBHOII CyMMe SHEPruil yeIMHEeHHbIX KOHTYPOB; ) OoJiblie
CYMMBbI DHEPIHil yeJUHEHHBIX KOHTYPOB; 6) MEHbIIE CyMMbI 9HEPIUil yeIMHEHHBIX
KOHTYPOB?

14. [Ins yaydieHus MeXaHUIeCKUX CBOMCTB JIMHUI 2JIEKTPOTIepe/iad aTioOMITHUEBbIE
MPOBO/Ia HABUBAIOT HA CTATBHYIO CepATIeBUHY. VI3MeHIIOTCS T TIPU 9TOM WHIYKTUB-
HOCTH TTPOBOJIOB W 9HEPTUS MATHUTHOTO TIOJIS?

15. (O) Tlouemy OoJiblliee pacrpocTpaHeHre Ha TPAKTUKE HAILIM HE €MKOCTHBIE,
a WHIYKTUBHbBIE 3JIEKTPOMEXAaHUYECKIE MAIIUHbI, MPeoOpasyiolie MeXaHnIeCKyo
9HEePTHIO B 9HEPTUI0 MATHUTHOTO, a HE AJIEKTPIUYECKOTO MOJI?

YMPAXKHEHWSA

1. HanpskeHHOCTD 3IEKTPIUYEeCKOTO TIpo0ost Bosayxa cocranisier 30 kB/cm. Paccun-
TaiiTe MpefeTbHyI0 00BEMHYIO IIOTHOCTH SHEPTUH AJIEKTPIIECKOTO MOJIS B BO3/IYXE.

2. Paccuuraiite paboTy, KOTOPYIO HEOOXOMMO BBITIOJHUTD [IJIsI 3aPSAJAKH KOHIEHCATO-
pa emkocTbio 1 MKD 0 Hanpskenust 200 B.

3. Tlnomaab Kaskaoit u3 0O6KIAM0K MJIOCKOTO ABYXCJIOMHOTO KOHAeH caTopa S = 50 cm2.,
JlusiekTpuueckre TPOHUIIAEMOCTH BEIECTBA CJIOEB PABHBI &, = 4€, & = 2§, UX TOJI-
muHbl d; = 2 MM, d, = 3 MM, Hanpsiokerne mexay oOkimaakamu pasho u = 200 B. Pac-
CYNTANTE DHEPTHUIO HIEKTPUIECKOTO TIOJIST B CIOSAX U TTOJHYIO SHEPTHIO HJTEKTPUIECKO-
TO TI0JIst KOHJIeHcaTopa. B KaKoM M3 CJI0eB MJIOTHOCTb SHEPTUH TI0JIst GOJIbIe?
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4. PaccuuTaliTe 9HEPTUIO 2JIEKTPUUECKOTO TIOJIST B KaK/IOM M3 CJIOEB JIMAJIEKTPUKA,
MOJIHYIO SHEPTHIO 3JIeKTprdYeckoro 1moust W,, o6beMHYIO MIOTHOCTD sHeprun W/ (r)
9JIEKTPUYECKOTO MOJIST: @) B ABYXCJIONHOM IIMJINHAPUYECKOM; 0) B ABYXCJIOWHOM che-
pUYECKOM KOHJeHcaTtopax. Paamychl 00KIam0K Ry, Ry, pajnyc MOBepXHOCTH, 00TIei
JUIst 0OOMX CJIOEB [IUAJIEKTPUKA, R, ANATIEKTPUUYECKIE TPOHUITAEMOCTH CJIOEB €4, €y, Ha-
HpsoKeHre Mexay OOKIaaKamMu ¢, YucaeHHble pacyeThl BHIOJHUTE ISt Ry = 2 M,
Ry=1cMm, R=1,5cMm, g = 4g, & = 2gy, u = 300 B.

9. (P) Paccumraiite 9Hepru0 MarHUTHOTO II0JISI TPEX IOCIEI0BATEIBHO COEIUHEHHBIX
WHIyKTUBHO CBSI3AHHBIX KATyIeK ¢ TOKoM 1 A, umeronwmx nuaykrusioctu Ly = 1,5 mIH,
Ly, =2 mlH, Ly = 1 mI'Hm 1 B3anmHbBIe UHAYKTUBHOCTH My = 0,3 MI'H, M3 = 0,2 MIH,

M23 = 0,06 MIH.

6. OHpelIGIH/ITe 9HEPTHUIO MarHUTHOTO I10JIA KaTyHIEK B YCJIOBUAX Hpem)mymeﬁ 3ala-
qu, ecan 'y BTOpOfI KaTyHIK1 ITOMEHATb MECTaMU 3a;KNMBbI.

7. Omnpenenite OTHOIIIEHHE TIOTHOCTU 9HEPTUHU HJIEKTPUIECKOTO U MATHUTHOTO TT0-
sieit B Bosayxe upu B = 1,5 T, E =30 kB/cm.

8. TopoupaibHbIil CEPAEYHUK KATYIIKA WHIYKTHBHOCTH A | A
00pa3oBaH ABYMsS KOJbLAMU IIPAMOYTOJBHOTO CEYEHMUS, _u ,
pasjieJIeHHBIMU BO3/LYIIHBIM 3a30poM A (puc. B2.1). Ilpu- :

HMMas TMHUY MAaTHUTHON NHAYKIMK B CEPACYHUKE U B 3a- <1§—'l Ry |

30pe OKPYKHOCTSIMMU, PaccuuTaiite oTHOLIEHHE 0ObeMHOIl ~—2t—  Ri ]

MJIOTHOCTH DHEPTUU MAarHUTHOTO TI0JIsl B 3a30p€ U MPUJIe-
raoimx K HeMy TOYKaxX cepjedyHuka (U = L), a TaKxKe
OTHOIIIEHNE YHEPTUH MAarHUTHOTO TIOJIS B Cep/lIeYHIKe K SHEPTUH MarHUTHOTO TIOJIS B
3asope.

Puc. B2.1

9. (P) Ilaker jmcroB (TOMMMHON d KasKmbIil) U3 "
MarHUTHOTO MaTeprasa, pa3/eJIeHHBIX BO3AYIIHBI- A
MU TIpoMeskyTKaMu A (puc. B2.2), momenien BHava-

ne B npopoabHoe (||), a 3atem B monepeunoe (L)
MaruutHoe noJie, ipuyem M/IC coxpansercs He-

usmenHoit: £, = F,| = F,, = F, (ab = ac). Onpenesn- TBJ_

a!\ b. B
ra

Te OTHOINEHUE CPEeHUX [IJIT HECKOJbKUX JINCTOB Puc. B2.2
3HAYCHNUII MAarHUTHOH WHAKIMH — 2  rie
dep
ol D, [l e
B, ., = 35 B, = 5 S, = S.. Mosxer yin 3HaueHne —— ObITh MeHble 17
I 1 Lep

10. HemarnutHas sKuga KOaKCHAJIbHOTO Kabesiss MMeeT paauyc R, a HeMarHuTHast
obojiouka — BHyTpeHHMIT pagnyc R; u BremHuii R,. ConocraBbre MHAYKTUBHOCTh Ha
eIMHUILY JUTMHBI Kabesist B CJAEMAYIONNX CAYYasix: a) TOK pacrpesesieH PABHOMEPHO
[0 CEYEHUIO JKUJIBI U 000JIOUKH; 6) TOK TEYeT B TOHKOM IIOBEPXHOCTHOM CJIOE JKUJIBI
U TOHKOM CJIO€ BHYTPEHHEH TTOBEPXHOCTH 0OOJOUKH.
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11. (P) Ilpu 3apsimke koHgeHcaTOpa eMKOCTbIO C /10 HAINPSIKEHUS U TOK U3MEHSETCs

.u t " o
T10 3aKOHY 1 = exp(—c Paccuuraiite oTHOLIEHIE 9HEpTrru, 3armacaeMon KOHAEH-
r r

CaTOPOM, K TEILIOBOI 9HEPTUHU, BBIJIEJISIEMOI B PE3UCTOPE 7, BKIIOYEHHOM MOCJIE/I0Ba-
TeJIbHO ¢ KOH/IEHCATOPOM M MCTOYHMKOM HaIpsiKeHus. MI3amMeHuTcs i 310 OTHOIIIE-
Hue nipu uamenennu C wiam »?

12. (P) IIpsiMmosinHeiitblie BechbMa JUIMHHBIE TOHKKE TIPOBO/IA, 00pasyst 0OMOTKY, YJI0-
JKeHBI BIUIOTHYIO Ha TIOBEPXHOCTH HEMAarHUTHOTO poTopa paauycoM R. Tok mpoBooB
pacrpeziesier 1o 3akomy i = I, cos o, Te oL — yrJoBas KOOpAWHaTa TOYeK MOBEPXHO-
CTU pOTOpa. Paccuuraiite IHEPTHI0 €€ MAariHuTHOI'O 1OJIA U MHAYKTUBHOCTDb, 3aMEHAA
0OMOTKY TOKOBBIM CJIOEM pajinyca R v NpuHUMast, 4TO YUCJIO BUTKOB OOMOTKY .

13. (P) B ruy6okom mpsimoyrosibHoM 1asy (puc. B2.3)
VJIOJKEHBI J[BA HEMATHUTHBIX MPOBojia T U 2 ¢ PaBHBIMU
TOKaMW +i Pa3TMYHBIX HampaBaeHnii. Paccunraiite anep- 2L Kl
TMI0 MArHUTHOTO TIOJIST TOKOB U MHIYKTUBHOCTH TTPOBOJIOB,
[PUHUMA, YTO MarHUTHAs TIPOHUIIAEMOCTh BEIeCTBa, 00-
PasyIOIIEro a3, L = o0, ¥ YTO JIUHUN HAPSIZKEHHOCTH Mar-
HUTHOTO TOJIST TIePIIEHINKYJISPHBI CTeHKaM T1a3a. Tok 1o Puc. B2.3
CEYEeHUIO MPOBOJIOB PacIipe/ie/ieH PABHOMEPHO.

U =00

hy hy

=
Il
8

2.2. Cunbl, AeHCTBYOLME HA 3aps)KeHHble Tena.
SsieKTpoOMarHUTHas cuna

BOMPOChHI

1. B xakom HallpaBJIEHUUN lIeﬁCTByeT ChJia Ha 9JIEMEHTBI ITIOBEPXHOCTU YEJIMHEHHOTO
IIPOBOJANIETO 3aPAKEHHOTO Tesa’?

2. (O) 3apsisKeHHOE TeJI0 PACIIOIOKEHO BOINU3H OBEPXHOCTU HE3APSIKEHHOTO IIPOBO-
JISITIETO TeJia, HarpuMep, BOJIM3U moBepxHOCTH 3eMyin. CyIecTByeT Jii CHJia B3aMO-
NENCTBUSA MEKITY 9TUMU TeJTaMU?

3. (O) ITouemy He3zapsi:KeHHas1 IIPOBOJISAIIAS YACTUIA, TIOMEIEHHAs B HEOJTHOPOIHOE
9JIEKTPUYECKOE TI0JIe, NCIIBITBIBAET CHUJIY, HallPaBJIEHHYIO0 B CTOPOHY GoJjiee CUIbHOTO
OIS ?

4. (O) HezapszxenHas mpoBodIasl YacTUIA BHECEHA B TIPOCTPAHCTBO MEXY ITLja-
CTUHAMU TIIOCKOTO 3aps’KEHHOTO KoHJieHcaropa. [louemy oHa nmpuTtarnBaercs K TOi
IJIACTHHE, K KOTOPOU GJIVIKE PaciosioskeHa?

3. (O) dnexrpudeckuil GUILTP OUUCTKU BO3yXa COCTOUT U3 JJTUHHON MTPOBOJIATIEN
TpyObI U COOCHOM ¢ HEll HUTH, K KOTOPBIM MPUJIOKEHO Harpsiukerue. K kakoMmy aJiek-
Tpoay — TpyOe MU HUTH — NPUTATUBAIOTCS 3aTrPSA3HSIIONINE BO3LYX YaCTUIIBI TIBLIH?
6. (O) [IByXCIOWHBIN IJIOCKUN 3apSKEHHBIN KOHAEHCATOP OTKJII0YEH OT MCTOYHUKA.
Omnpesieiute HalpaBJeHUEe CHUJIBI, IEMCTBYIONIEH Ha OOIIYI0 MOBEPXHOCTH JBYX JU-
AJIEKTPUKOB, MAPAIJIETHHYIO TIIacTHHAM. /MamekTprieckre TTPOHUIIAEMOCTH CJIOEB
PaBHBI g U &) < &;.
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7. (O) VameHuUT /i HaIlpaBJIeHWE CUJIA, IEHCTBYIONAs Ha OOIIYIO TIOBEPXHOCTD JABYX
JINBJIEKTPUKOB B YCJOBUIX M3 MPEBIIYIIEro BOMPOCa, eCTU KOHJIEHCATOP 3apsiKeH,
HO HE OTKJIIOYEH OT MCTOYHUKA?

8. Tliockuii KOHIEHCATOP MMEET MesKy OOKJIaJKaMu J[Ba CJIOST IUDJIEKTPUKA, IPaHMU-
I1a KOTOPbIX HOPMaJibHa K MOBEPXHOCTH TacTul. OObscHUTE AeHCTBIE CUJIBI HA T10-
BEPXHOCTH JAMITEKTPUKOB B YCIOBUSAX U3 ABYX MPEABIIYIINX BOIPOCOB.

9. Yenunennas 3apstkeHHast cpepa OKpysKeHa KOHIIEHTPUUECKUMU CIOSIMU [TU3JIEK-
TPUKA, UMEIOIIET0 N3JIEKTPUIECKIE TPOHUTIAEMOCTHU € > €9, €) > €3, €3 < 4. YKAKUTE
HaIpaBJIeHIe CIJI, ACHCTBYIONMX HA OOIINe TIOBEPXHOCTH CJIOEB AUAIEKTPUKOB.

10. (O) ITo ru6romy TIPOBOLY, 0OpasyleMy BUTOK, TedeT TOK. Kakyio dhopmy crpe-
MUTCS TIPU/IATh BUTKY 3JIEKTPOMArHuTHAsS CUia?

11. TopongaabHBIN cepAeUHNK KAaTYITKN WHAYKTUBHOCTU UMEET pa3pes BIOJIb Pay-
ca TOJMMHON A. B KakoM HarpaBieHNN [elicTByeT Ha TOBEPXHOCTh pa3pe3a 3JeKTPo-
MarHWTHAas CuJia?

12. Cepuueckas yactuia (1pobb), BEIECTBO KOTOPOIl UMEET IIPOHUIIAEMOCTD Ll > Lo,
MOMeIIeHa B OJTHOPOIHOE MarHUTHOe 1oJte. JelicTByeT i Ha Hee 3JIeKTPOMAarHUTHAS
cusa? Bynmer nu meiicTBOBATh Ha Hee 3JEKTPOMATHUTHAS CHUJIA TIPU Pa3MeEIIeHNH ee
BOJIM3Y MOBEPXHOCTU OJHOTO W3 MOJIOCOB MAarHWTa, CO3JAM0IIEr0 OJHOPOIHOE Mar-
HUTHOE T0Je?

13. B BuUTKe, MJIOCKOCTH KOTOPOTO HOPMaJbHA K JUHWUSAM BHEITHETO OXHOPOIHOTO
MarHUTHOTO TI0JISI, TeYeT TOK. 3aBUCUT JIM HallpaBJeHHWe 3JIEKTPOMAarHUTHON CHUJIBI,
JeficTBYIOIEel Ha BUTOK, OT B3aMMHON OPUEHTAIIUU TOKA U MAarHUTHOTO TOJIS?

14. (O) Bnonp ocu KpyroBoro BUTKA MPOXOANUT TPoBOJ. CyIecTByeT JU CUJIOBOE
B3aNMO/IEHICTBIE MEX/y BUTKOM ¥ ITPOBOIOM, €CJIN 110 HUM Te4eT TOK?

15. (O) Kakue 3ieKTpOMarHUTHbBIE CUJIBI AEHCTBYIOT Ha ABE PSIOM PACIIOJIOKEHHDIE
(I)eppOMaFHI/ITHBIe C(l)epI/I‘{eCKI/Ie YJaCTUIlbIl, ITOMEIICHHbIEC B OIIHOpOIIHOG MardmTHOE
roJe?

16. Tok TeueT 10 BechbMa JAJUHHON MPSAMOJUHENHON TpyOe. VICIbIThIBAET I BHYTPEH-
HSIsI TIOBEPXHOCTH TPYObI JaBJIeHIe CO CTOPOHBI MATHUTHOTO TOJIsT?

17. (O) Ilo aByM COOCHBIM JAJIMHHBIM COJIEHOUAM ¢ paguycamu Ry, R, > R; u uucjiom
BUTKOB Ha eJIUHUILY JJIUHBI @, U Wy TEKYT TOKH i; U iy. [Ipy1 KaKUX HATIPaBIEHUSIX U Be-
JUYNHAX TOKOB CUJIA, IeMCTBYIOMAd Ha OJUH U3 COJEHOUIOB, PaBHA HYJIIO?

18. HesapszxkenHas poBoOISIas YacTHIIA, TTOMEIEHHAsT B HEOITHOPOIHOE AJIEKTpUUe-
CKOE€ TI0JIe, UCIIBITHIBAET JIEMCTBUE CHJIBI, CTPEMSIIENCS TTEPEMECTUTL €€ B CTOPOHY
6oJsiee cUILHOTO T0JIsd. IToueMy HeMarHUTHBIN MPOBOAHUK O€3 TOKa He MCIBIThIBAeT
NeTICTBUS 97IeKTPOMATHUTHOU CUJIBI, €CJIN OH TTOMEIEeH B HeOJHOPOTHOE He N3MEHSIO-
1meecst BO BpeMeH! MarHuTHOe T0Je?

YNPAXHEHNA
1. Onpenenure cuiry MPUTSDKEHU, AEHCTBYIONYIO Ha eAMHUILY TTOBEPXHOCTU ABYX
HapaJieJibHbIX Oe3rpaHUYHBbIX Pa3HOMMEHHO 3apsi’KEHHBIX IJIOCKOCTEH, MIOTHOCTh

3apsi/ia KOTOPBIX paBHa ©. [loyeMy cuia He 3aBUCUT OT PACCTOSTHUST MEXKY TJIOCKO-
CTAMM?
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2. Paccrosinue Mex/y JIByMsl BECbMa JITMHHBIMU TIPSIMBIMU TTAPAJITIEIbHBIMU TTPOBO-
JlaMU, 3apsiPKEHHBIMU PA3HOMMEHHBIMU 3apsiflaM¥, 3HAUYNUTEJNHHO GOJIbINE MX Pany-
coB. OmnpenenuTe CUITY, AEHCTBYIONIYIO HA eIMHUILY IJTUHBI TPOBOJIOB, €CJTM HATIPsTKe-
HUe MEeXy HUMU PaBHO .

3. Haiiaute cuity, meiicTBYONIYIO Ha €AMHUILY TIOBEPXHOCTH YEIMHEHHOH IIPOBO/IS-
et cepsl paanycoMm R ¢ 3apsioM q.

4. Ornpenenute CUJIBL, ICHCTBYIONTME HAa BHYTPeHHIO (7 = R;) 1 BHemHIO©0 (7 = R,)
OOKJIAJIKI: @) OTHOCJIOIHOTO IIJINHPUYECKOTO; ) OHOPOIHOTO C(hepUIecKOro KOH-
nercaropoB. Hanpsikenue MeskIy 0OKIaKaMi PaBHO U.

3. (P) TToBepxHOCTD $ Pa3iesaeT ABE CPEIbI C AUITEKTPUUECKIMI TTPOHUTIAEMOCTSIMI
€ ¥ &. Onpezenure cuiy, IeCTBYIONIYIO HA €UHUILY TOBEPXHOCTHU, €CJIM BEKTOP
AJIEKTPUUYECKOTO cMellleHus: D HampaBJjieH 1Mo HOpMaiu K Heil.

6. (P) Haiigure cuibl, geficTBYIOIIME HA €UHUIY TOBEPXHOCTU OOKJIALOK IIJIOCKOTO
JIBYXCJIONHOTO KOHeHcaTtopa (ZaBleHue), IPU IUIJEKTPIUIECKUX MTPOHUIIAEMOCTIX
CIIOEB &, € W UX TOJIMHAX d;, dy. OTnipeiesnTe JaBieHne Ha IPAHUILy pasjiesia CI0eB.
3aBUCUT JIX HAIlpaBJIeHNE MaBJEHUS OT COOTHOIIEHUSI MEXAY & U €,? Hanpsxenue
MEesKIy OOKJIaJKaMi PABHO L.

7. (P) B miockoM ABYXCJIOHHOM KOHIEHCATOPE TTOBEPX- I f I

HOCTD pas/iesia ANJIEKTPUKOB C ANIJIEKTPUICCKUMU TTPO-

HUIIAEMOCTIMU €; U € HOPMaJbHAa K €ro IJIACTUHAM el & d
(puc. B2.4). Onpenenure naBjieHye Ha TPAHUILy pasjesia

TTBIIEKTPUKOB.

8. Yenunennas 3apstkeHHas cdepa OKpysKeHA KOHIIEH-
TPUYECKUMU CJOAMU JIUIJIEKTPUKOB, UMEIOIIUX JUIJIEK-
TPUYECKUE TTPOHUIIAEMOCTH & > €, € > €3, €3 < &;. Pac-
cyuTaiiTe JJaBJeHNs Ha TPAHUIIbI CJIOEB JIM3JIEKTPUKOB.

Puc. B2.4

9. lmsnexTprudyeckuie MPOHUIIAEMOCTHU CIOEB ITUINHAPUIECKOTO ABYXCIOMHOTO KOH-
JIeHCaTopa PaBHBI €, €, (& > €.). Pagnycel 00KIa0K R;, R,, paauyc MUINHIPUIECKON
MOBEPXHOCTH pasfena cioeB R, Paccuuraiite cuiy, AeHCTBYIONIYIO Ha OOKJIAIKH,
a Takyke Ha OOIIYIO OBEPXHOCTH coeB. Kakast M3 9TUX CUJI MBMEHUTCsI, €CJIU BHYT-
PEHHUI CJI0H MPUMeT TTPOHUIIAEMOCTD &,, & BHENTHUN — g;?

10. OO6bsicHuUTE, TIOYEMY 3JIEKTPOMArHUTHASI CHUJIA, JIEHCTBYIOIIAs Ha TPOBOIHUK B
Touke A, nMeeT ykazaHHoe Ha puc. B2.5 HanpasieHue. YKakuTe HalpaBjeHUe 3JIeK-
TpoMarHuTHO# cuiibl B Toukax C, D, E nmpoBoaankoB. Cuma f, obycioBiieHa aeiicTBu-
€M Ha TIPOBOJI C TOKOM CO CTOPOHBI COOCTBEHHOTO MATHUTHOTO TIOJIsT TOKA, cuia f, —
CO CTOPOHBI MATHUTHOTO TIOJIST IPYTOrO KOHTYPA ¢ TOKOM (BapuaHT §).

11. IIpamosuHeiiHblii 6eCKOHEYHO JJIMHHBIA TOHKWII MPOBOJA M30THYT U 0Opasyer
B Touke A mpamoti yro. Haiimure pactpenenerue BI0JIb TPOBOIA CUITbI, CTPEMSAIIIEH-
cs ero pazorHyTh. Tok mpoBoza i = 100 A, p = p, Bcomy.

12. Kparuaiiniee paccrosiHie Meskay AByMsi OECKOHEYHO JITMHHBIMU B3aWMHO Iep-

MEeHIUKYISAPHBIME TTpoBogamMu ¢ Tokamu i = 10 A pasro d = 5 cm. ITocTpoiiTe KpHUByIo
pacmpeziesieHns 3JeKTPOMArHUTHON CHJIBI BAOJIb OJTHOTO M3 TIPOBOJIOB.
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d d T Ha T ha
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5) ff 6) *f | 7 8) Afl
4 c v

Puc. B2.5

13. (P) JlnmnubIi TPAMOIUHERHBIH TPOBOJL C TOKOM i U TIPIMOYTOJIbHAS paMKa € pa3-
MepaMu CTOPOH @, b HaXOSATCs B OJIHO# MTOCKOCTU. PaccunTaiite cuity, CTpeMsILyio-
CsI UBMEHUTD TI0JIO’KEHUE PAMKH, IIPU TOKe paMKH ;. [Ipu unciennom pacuere npumu-
Trea=5cm, b=10cm,i=10 A, i; = 100 A. KpaTuaiimee paccrosuue d oT mpoBoja 10
GJsKaiiTieil K IpOBOJLY ¥ TapaJIeJIbHO €My CTOPOHE @ PaMKH PABHO 5 CM, [ = L.

14. (P) WHAyKTUBHOCTH KPYIJIOTO BUTKA MOKHO pacCuuTaTb 10 (opmyJie
L=R ][y, (In8R/r—2) + u/4], ecaiu paguyc r mpoBojia 3HAYMTETHHO MEHBIIIE PAjIyca
R Butka. Haiigure Bbipaskerune 000OIMIEHHBIX CUII fp U [, CTPEMSIIIIUXCSI U3MEHHUTh
pa3mepsl BUTKA. MarunuTHas MPOHUIIAEMOCTH BellecTBa ITPOBO/IA PaBHA . Bermomran-
Te Boruucsaenus 1t R =8 em, r= 0,25 cm, i = 20 A npu: a) p = po; 6) p = 500p,.

15. KpyrJibiii I0CKUIA BUTOK PaJiiycoM R U3 MEHOTO MTPOBOJIA, PAJUYC CEYEeHUsT KO-
TOPOTO 7, PACMOJOXKEH B OAHOPOIHOM MATHUTHOM TIOJIE€ TaK, YTO YTOJ MEXIY BEKTO-
POM MarHUTHON UHAYKIIUY B 1 HOpMaJbio K IJIOCKOCTU BUTKA COCTABJIIET o. Paccun-
TafTe CUITY, CTPEMSIIYIOCS UBMEHUTD PAJNyC R BUTKA IPU PA3JIMYHBIX HAITPABJIECHUSX
MarauTHON MHAYKIIMH W TOKa i BUTKa. Yncenupiit pacuet BoimosauTe pH i = 100 A,
R=4cm,r=0,5 MM, B=0,4 T [Ipu kakux o cuJjia, JeiCTBYIONIAast HA BUTOK: @) HAU-
MeHbInast; 6) HarnbOJIbIIast?

16. (P) Ompenennte 3HaveHMe TOKA i, TTPOTEKAIONIETO IO HAPYKHON TOBEPXHOCTHU
(TIpu yCJIOBUHM PE3KO BBIPAKEHHOTO MOBEPXHOCTHOTO 3(hdeKTa) cTanbHOil TPyOBI ¢
BHEITHUM PaJnycoM R, MPU KOTOPOM JIaBJIEHUE CO CTOPOHBI 3JIEKTPOMATHUTHOTO
TOJIs TPEBBICUT MIPEIET IPOYHOCTH G CTai U Tpyba HauHeT fehopMupoBarbest. Yuc-
JIEHHBIH pacyer BoimosHUTEe 1P R = 1,5 cm, 6 = 0,1 kr/Mm2,

IIpumeuanue. 1lpu ycioBuu pe3ko BBIPAKEHHOTO TTOBEPXHOCTHOTO adhdeKTa ToK Te-
YyeT B TOHKOM [OBEPXHOCTHOM CJIO€ TPYOBI.

17. (P) Becpma IIUHHBIN COJMEHOU PAANYCOM R MMeeT @ BUTKOB Ha €UHUILY JIJIN-
Hbl. PaccunTaiite cury, IefiCTBYIONLYIO HA €IUHUILY JJIMHBI COJIEHOUIA U CTPEMSITITYIO-
CsI U3MEHUTH €TO PATUYC.

18. Ompeznenute xapakTep W BeJIUYUHY CWJI, MEHCTBYIONIUX HA OIHOCTIOWHYIO Ka-
TYIIKY paauycoM R, JJIWHOI [, ¢ 4MCIOM BUTKOB @, TPUOJIMKEHHOE BbIPAKEHHe
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. 4R*0® s
MHAYKTUBHOCTHU KOTOPOU MOJKHO 3allMCaTb B BU/IE L= m -10 7 T'n. Yucaennoe
+

3HAYEHWE CUJIBI oTpesieTe mpu Toke i = 3A, R =2cm, w =100, [ =8cm.
19. MHAYKTUBHOCTH BeChMa JUIMHHOTO KOAKCHAJIBHOTO KabeJsIst ¢ PaJnyCcoM Kbl R
U BHYTPEHHUM PajuycoM 000JI04KK R; Ha eIMHUILY ero JJIMHBI IIPU BHICOKOI 4acToTe
. R,
MIPOTEKAIOIIETO TI0 HEMY TOKA MOKHO HaWTH, TOJIb3YsICh BhIpaskeHueM L' = Ll PN
2 R,
Paccuuraiite cuiy, 1€HCTBYOILYIO Ha eIMHUILY JIMHBI Kbl 1 000JOUKH, TPUHUMAST
Ry =3 MM, R, = 6 mm. Tok kabesst i = 1 sin wt A.
20. TopougayibHast KaTylIKa UMeET CPeHMil pajnyc R, KPyrjoe cedeHue pajuycom 7
2.2
M@ T
R+~R* -7’
CHJTBI, CTPEMSITITIECST UBMEHUTH PANyChl R, ¥ Katyimku. OmpeiesinTe ux 4nucJeHHble 3Ha-
yenust 1pu Toke karymku 1 A, w =200, 7=1cm, R =10 cm.

W YMUCI0 BUTKOB @. VHIyKTUBHOCTD Takoil kKatymku L = . Paccunraiire

21. (P) TopounampHbIll cepAiedHUK MPSMOYTOJILHOTO CEYeHWsT MMeeT PaBHOMEPHO
HAMOTaHHYIO 0OMOTKY ¢ 4yucjgoM BUTKOB @ = 200. CepAeyHUK MMeeT pajuasibHbIi
3a30p A = 1 MM, BHyTpeHHMIT paguyc ceppednnka R, = 0,2 M, Buemnnii — R, = 0,25 M,
ero Beicota 3 cm, i = 10 A, p = 100p,. Paccuuraiite cuiy, nelicTBYONIyIo Ha 3Je-
MEHT MOBEPXHOCTU CEP/IEUHUKA, PACIIOJIOKEHHBIN B IIEHTPAIHHON YaCTH 3a30pa IIPH
R, =Rtk
cp 2
3AOAYUN

1. (P) lIpsamonuneitHblii BecbMa IJIMHHBIA HEMATHUTHBIN MTPOBOJ KPYTJIOTO CeYeHUs
c TokoM i = 1000 A pacmosokeH B BO3yxXe MapasieJbHO TIIOCKON MOBEPXHOCTHU Cpe-
Ibl, MATHUTHAS IIPOHMUIIAEMOCTb KOTOPOI MOKET OBbITh IPUHATA OECKOHEYHO O0JIb-
moit. Paccumraiite cuiry, eiCTBYIONIYIO HA €IUHUILY JIJTMHBI TIPOBOJIA, TIPU PACCTOS-
HUU MeKIY OChIO MMPOBOJIA U MOBEPXHOCTDHIO d = 5-10-2 M.

2. Jluneiinble 6ECKOHEYHO JJIMHHBIE IIPOBOAA Pa3MEI[eHbl Ha MOBEPXHOCTU HEMAr-
HUTHOTO IUJIMHJPA pajrycoM R. JInHeliHas MIOTHOCTD j TOKOB MTPOBOJIOB U3MEHSIET-
CsI TI0O OKPYZKHOCTH CeYeHus MIJTHHAPA 110 3aKOoHy j = j,, cos a.. Hafimure paanaabHyTo
F (o) n taurennmanpiyio F(o) cocraBigioniue CHUIBI, JEHCTBYIONEH Ha TTPOBOJIA,
YYHUTBIBASL, YTO CO3/AHHOE TOKOM MarHUTHOE [0JIe BHYTPY LHINH/APA OJHOPOJHOE €

MarHuTHON WHAYKINEH B = % (cMm. ymp. 9, §1.9).

3. (P) Ilo GeckoHeYHO TIPOTSAKEHHON B HAIPABJIEHUW OCEH X, y TJIACTUHE TOJIIIN-
HOIT 2d TIPOTEKAET HJIEKTPUUECKUIT TOK, TIOTHOCTH KOTOPOro J = iJ, MOCTOSTHHA BO
BCeX TOYKaX IUIacTUHBL PaccumTaiiTe pacmpeneseHue 3JeKTPOMATHUTHON CHUJIBI
B/I0JIb JIMHWY, HOPMAJIbHON TOBEPXHOCTH TIJIACTUHBI, & TAKKE ITOJTHYIO CHITY, CKUMAI0-
Y10 eMHUIy 00beMa IIacTUHbl. BbiBeaure GopMyy s cKUMAONIEN IIaCTUHY
CHJIBI TIPU TIepexojie K GeCKOHEeYHO TOHKOU mactute, koraa d — 0, J — oo u Koria
IJIACTUHA TIEPEXOIUT B TIOBEPXHOCTD C IMHEMHOU TIJIOTHOCTHIO TOKA j ([ = Ly BCIOAY).
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4. (P) Kpyrosoii kouTyp ¢ TokoMm i = 10 A pacriosiosken B OJIHOM MJIOCKOCTHU C TIPSIMO-
JIMHEHHBIM OECKOHEYHO JIJTMHHBIM TIPOBOJIOM, TOK KoToporo i, = 1000 A. Kparuaiiee
paccTosiHue MeXKIy KOHTYPOM U TIPOBOJIOM PaBHO d = 2 cM, pajryc KOHTypa R =5 cM.
Paccuuraiite cuny B3auMoIelicTBUSI TOKOB KOHTYPA U IIPOBOIA M TIOCTPOITE 3aBUCH-
MocThb cunbl F = f(¢) B Toukax KoHTypa B pyHKIMK moiokeHus Toukn (0 < ¢ < 27).
[TocTpoiiTe Takke 3aBUCUMOCTD JIEKTPOMArHUTHON CHUJIBI BIOJb TTPOBOJIA.

9. (P) Ha BHyTpeHHel 1uanHAPUYECKOi ToBepxHocTH (R = R,) craTtopa ajiekTpuye-
CKOI MaIlIMHBI TOKOBAsI HaTpy3Ka (IMHeHHasd MJIOTHOCTD TOKA) j, = j.,, COS O, a Ha T0-
BepxHocTu poropa (npu R, < R, ) j, = j,nm €0s (o + @). CTaTop 1 pOTOP BBIIOJIHEHDI 13
HEMarHUTHOTO BelllecTBa. PaccumTaliTe 3aBUCUMOCTH BpaNIalOero MOMEHTa, J1eicT-
BYIOIIIETO HA POTOP, OT yTJIa ¢, IPUHUMAs, YTO JITUHBI POTOPA ¥ CTATOPA 3HAUUTEIHHO
MPEBHIIIAIOT WX pagnychl. [Ipyr KakUX 3HAYEHMSAX yTJIa (¢ MOMEHT MEET: @) HanbOoIh-
1ee 3HaYeHne; 6) HaUMeHbllee 3HaYeHne?

6. (P) /IBe rmiockue MmoBepxXHOCTH TeJa, BEMIECTBO KOTOPOTO h
nmeer 6eCKOHEYHO GOJIBIITYI0 MarHUTHYIO MPOHUIAEMOCTD,
o6paszyior npsamoii yroa (puc. B2.6). Becbma mmunnbtii ne- M=%
MarHuTHBIN 1MpoBoJ; ¢ TokoM i = 1000 A pacroJioxkeH B Bo3-

JyXe TapajijielbHO ToBepXHOCTsM Tesa. Omnpenennte Ha-
MpaBJieHre M 3HauYeHWe CUJIBI, JEHCTBYIONIEH Ha IMPOBOZ,

npu b =5 cMm.

H=00

Puc. B2.6



[naBa TpeTba

OCHOBHbIE MOHATUSA U 3aKOHbI
TEOPUMN INTEKTPUYECKHUX uenen

3.1. dneKTpuyecKme U MarHUTHbIE Lienu

M37105keHHOE B MPEIBILYIINX ABYX TJIaBaX CO BCEH SICHOCTBIO MOKa3bIBAET, YTO JII0OOE
5JIEKTPOMArHUTHOE SIBJIEHUE, IPOUCXOAANIEE B CHCTEME 3aPSKEHHbBIX TeJl U KOHTYPOB
C TOKaMH, T. €. B JII0OOM 3JIEKTPOTEXHIMYECKOM YCTPOICTBE, ONMPEAENSETCS HE TOJBKO
(busMYeCKUMHU TIpolleccaMi Ha CaMMX 3apsDKEHHBIX TelaX U B IIPOBOAHUKAX, oOpa-
3yIOH_II/IX KOHTypr C TOKaMH1, HO 1 HE B MeHbIHefI Mepe (IJI/I3I/I‘IGCKI/IMI/I HpOHeCC&MI/I B
JIMBJIEKTPUKE, OKPYKAIOMIEM STH TeJa W MPOBOAHMKU. Jlaske MOXKHO CKasaTh 0OJIb-
e — MMEHHO DJIEKTPOMATHUTHOE I0JIe B AMIJIEKTPHUKE, OKPYyIKAIOIIee 3apsiKeHHble
TeJa U MPOBOAHUKK C TOKAMHU, SIBJSAETCA HOCUTEIEM 9HEPTUU CUCTEMBI, KOTOPas MO-
JKeT MepeaaBaThCsl OT OJHON YacTH CUCTEMBI K JPYTOil. DIEKTPUUYECKOE TI0JIE 3apsi-
JKEHHBIX TeJI HEJMKOM HAXOAMTCS BHE 9TUX TeJ — B OKPY’KaIOIIEeM UX AUDJIEKTPHUKE.
MaruutHoe 1 3JIeKTPUIECKOe MOJIS JIEKTPUIECKUX TOKOB, IIPOTEKAIOIINX 110 IPOBOJ-
HMKaM, CyIIECTBYIOT U BHE IPOBOJHUKOB, M BHYTpH uX. OHAKO 3JIEKTPHIECKOE MOJIe
BHYTPH IIPOBOJHUKOB C TOKOM CBSI3aHO TOJIHKO ¢ KOHEYHBIM Y/€JbHBIM COIIPOTHUB/IE-
HHEM MaTepuaJja 9TUX IIPOBOHUKOB 1, COOTBETCTBEHHO, OIIPpEAC/IAET IIOTEPU dHEPI'U
B IPOBOJHMKAX. DHEPTUA Ke, TepegaBaeMast BA0JIb IIPOBOAHUKOB, IIEJTMKOM OTHOCHUT-
4 K 9JIEKTPOMAarHUTHOMY HOJIIO B CPEJIE, OKPY KaIOIIel TPOBOHUKN. DJIeKTPUYeCcKast
E€MKOCTb 1 I/IH[[yKTI/IBHOCTI) JIIO6I)IX JJIEMEHTOB 9JIEKTPOTEXHUYECKOTI'O YCTpOﬁCTBa OII-
peJ_IeJIHIOTCH nux 3]IeKTpI/IquKI/IMI/I 1 MarHUTHBIMU TTIOJISIMUA HpI/I 3alaHHBIX 3ap${]_[aX n
TOKaX.
TakuM 06pa3oM, paccMaTpuBas ABJICHHE BO BCEHl €ro MOJHOTE, BO BCEX CIIydasx
HEOOXOIMMO M3y4aTh 3JIEKTPOMAarHUTHOE 10JIe UCCIIEYEMOTO YCTPOUCTBA.
MaremMaTnyecKoe onmcanye 9JeKTPOMAaTHUTHBIX MOJIei XOTS U JaeT HaM IIOJHYIO
KapTUHY SIBJIEHUIT, OKa3bIBAETCS CJI0KHBIM; 9TOMY OYZIET ITOCBANIEHA TOCTIEIHAS, YeT-
BepTas, 4acTh Kypca.
B 6OJII)H_[I/IHCTB€ C]Iy‘—laeB IpeAcTaBJIAEeTCA BOSMOKHDBIM JOCTATOYHO TOYHO OIIM-
caTh IIPOLECCHI B 3JEKTPOTEXHUYECKUX YCTPOMCTBAX, MOJb3YSACh TOJBKO TaKUMMU
MHTErpajJbHbIMU BeJIMYMHAMU, KaK 3JIEKTPOJBIKYIIAS CUJA € = §(E aop TE )dl,
B

SJIEKTPUYECKOE HATIPSIKEHHE U = IE dl, snexTpuuecknii 3apsan g = §Dds, JJIeKTpUYE-
A

CKUIL TOK i = JS ds = ﬁHdl, MaTHUTHBINA IOTOK @ = _[ Bds, ne paccmarpusast pacipe-

WH

S S
JleJIeHNsl B IPOCTPAHCTBE U M3MeHeHus Bo Bpemenu senmuud E. ., E,. ., E, D, 6, H
1 B, xapakTepusyolnX 3JIeKTPOMArHUTHOE 110J1e BO BCeX ero Toukax. Takast BO3MOXK-
HOCTH BO3HUKAET BCJIEJCTBUE TOTO, YTO MbI OOBIYHO CTPEMUMCS CO3/IATh OTIPE/IEIeH-
Hble, JIOCTATOYHO Y3KHWe MYTH JJS JeKTPUUYECKOTO TOKA, PacIiosaras BAOJIb 3TUX
mnmyTeil MPOBOJHUKY U3 MAaTEPUAJIOB C BBICOKOH 3JIEKTPUUYECKON ITPOBOAMMOCTDIO, OK-
PY’KEHHBIX XOPOIIO M30JIUPYIONIeil cpe/loii, HallpuMep B JIMHUSIX 3JIeKTpollepeiayuy,
B 9JIEKTPUIECKUX CETSX, B OOMOTKAX 9JEKTPUYECKUX MAIIMH U T. JI., UM MOMEIast
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BJIOJIb TUX IyTeil Kakue-arubo APyrue XOpoIlo MPOBOALIIIE, OTPaHIYeHHbIe 110 Pa3-
MepaM YCTPOMCTBA, HAIPUMEP SJIEKTPOHHBIE JIAMIIbI, TOJYTPOBOAHUKOBBIE TPUOOPHI,
3JIEKTPOJTUTUUECKHE BAaHHBI U T. JI.

Cosoxynnocms ycmpoticme u 066eKmos, 00pasyowux nymu Oist dNIeKmMpUecKozo
MOKA, JNEKMPOMAZHUMIBLE NPOUECCHL 8 KOMOPOLL MO2YM ObiMb ONUCAHDL C NOMOULHIO NO-
Hamuil 00 3NeKMpPoOBUNCY el Cule, MOKe U HANPANCCHUL, HA3bIBAIOM SJIeKMPUUECKOT
uenwvio.

TouHO Tak ke Mbl BO MHOTUX CJIy4asiX CTPEMMMCS CO3/IaTh OINpPe/IeJIeHHbIN Ty Th,
10 KOTOPOMY JIOJIKHBI 3aMbIKAThCST IMHUY MarHUTHON WHYKITMHU, pacIiojarasi B0JIb
9TOTO TYTH Tesia 3 GePPOMAarHUTHOTO MaTepHuaja ¢ BBICOKOH MarHUTHOHM TIPOHUTIae-
MOCTBIO, OKPY>KEHHBIE CPEION CO 3HAYUTESbHO MEHbBINEe MAaTHUTHOU MPOHUIAEMO-
CTbI0, HATIPUMED BO3JLyXOM. B aTOM ciydae npecTaBisieTcst BO3MOXKHBIM C [OCTATOU-
HOM TOYHOCTBIO OIHMCHIBATH TIPOIIECC C TIOMOIIBHIO TAKMX WHTETPATBHBIX TOHSATHH, KaK
MaTHUTOJBYIKYIIAS CHJIA (w0 = §Hdl U MarHUTHBIN MTOTOK @ = IBds.

N

CoBOKYNHOCMD YCMpOUcms, cOOePICAUUX peppomazHummnvle meia, leKmpomaz-
HUMHbLE NPOUECCHL 8 KOMOPOU MOZYM OblMb ONUCAHBL C NOMOULDIO NOHAMULL 0 MAZHUMO-
O0BUNCYWETL CULE U MAZHUMHOM NOMOKE, HA3bIBAIOM MAZHUMHOL Uenbio.

[Iepexom OT TOTHOM KAPTUHBI ABJIEHUH B 9JIEKTPOMATHUTHOM ITOJIE K YIIPOIEHHOM
KapTUHE TPOIECCOB B JIEKTPUUECKUX TIETSAX C YUETOM IOMYyCKAeMBIX TIPU 9TOM OT-
KJIOHEHUH OT JEHCTBUTENHHOUN CIOKHOU KapTUHBI SIBJICHUH U, CJe0BaTENbHO, TPH-
HUMaeMBbIX IIPU 9ToM abCTpakiuii 1 GyaeT Hallell OCHOBHOI 3ajadell B 9TOil IiaBe.
3/1ech JKe BBeleM OCHOBHbIE 001Ie TIOHATUS TEOPUU JIEKTPUUECKIX TeTeil, OTHOCS -
IIrecst KO BCeM ee pasfiesiaM, U aiiM UM OTipefieieHus. PagBuTuio aToil Teopun mo-
CBSIIIAIOTCST BTOPAst M TPEThsl YaCTH HACTOSIIETO Kypca.

3.2. neMeHTbl 3/1IEKTPUUYECKUX Liene.
AKTHBHbIE U NAaCCUBHbIE YaCTU IJ/IEKTPUUECKUX Lieneun

OCHOBHBIMU 3JIEMEHTAMU JIEKTPUIECKUX IeTel SIBIAIOTCSI UCTOUHUKH dJIEKTPOMAr-
HUTHON 9HEPTUH, YCTPOUCTBA IS TepeJadn 1 mpeodpasoBaHus JIeKTPOMAarHUTHON
DHEPTUM U TIPUEMHUKHU 9TON 9HEPTUU.

Hcmounuxamu snexmpomaznumnoil anepeuyl SBISIOTCS Pa3INYHble TeHEPUPYIONTTEe
YCTPOWCTBA, B KOTOPBIX 9HEPTHUS TOTO WM WHOTO BHUAAQ — TeIJIOBasd, XUMUUECKad,
siIepHast, 9HEPrust MEXaHUIEeCKOTO [IBVKEHUS 1 T. [I. — MPeodpasyercst B 3JIeKTPoMar-
HUTHYTO. TAaKOBBIMU SBJISIOTCS, HAIPUMED, dJIEKTPUUECKUE BPaIIAoNIecs: reHepaTo-
PBbI, TaIbBAaHUYECKHE 3TIEMEHTBI, AKKYMYJISITOPBI, TEPMO3JIEMEHTHI U T. 1. B HacTosmee
BpeMs pa3pabaThIBAIOTCS HOBBIE YCTPOICTBA IS TIPSIMOTO MPeodpasoBaHusl TEILIO-
BOH, AIepHOI ¥ XUMUYECKOI 9HEPTUU B 9JIEKTPOMATHUTHYIO, Takue, KaK, HallpuMep,
MarHUTOTHUPOMHAMWYECKNE TeHEPATOPBI M TOILJINBHBIE 9JI€MEHTHI.

Ilepedaiouumu 1eKMPOMAZHUMHYIO IHEPZUIO INEMEHMAMU Uenu SBIISIOTCS, Ha-
puMep, TUHUU dJIEKTPOTIEPeadn, JIeKTPUIECKUe CEeTH, TMHUU CBSI3M.

IIpeobpasosanue s1eKmpomazHumnoll snepeuu OCYIEeCTBIISIETCS ¢ TOMOIIBIO TPaHC-
(hopMaTopoB, M3MEHSIOIINX HATIPSIKEHUE W TOK, TIpeobpasoBaTesieil YacTOThI, YCUIIN-
Tesiel, a TakyKe MOHHBIX M MOJIYIIPOBOAHUKOBBIX MHBEPTOPOB, MPe0OPa3yIOIINX T10-
CTOSIHHBII TOK B IIEPEMEHHBbII, BBINPAMUTEIEH, TPeodpasyionnx MepeMeHHbIi TOK
B IIOCTOSIHHBIM, U T. II.
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IIpuemnuxamu B 37€KTPUYECKON TI€TTN SBJISIOTCS YCTPONCTBA, B KOTOPBIX OCYIIle-
CTBJISIETCS TIpeoOpasoBaHie dJIeKTPOMArHUTHON 9HEPruy B HHEPTUIO APYTOro BH/A,
HAIpUMEp B 3JIEKTPOIBUTATENSIX — B MEXaHUYECKYIO PabOTy, B 9JIEKTPOJIU3EPaxX U B
3apsIKAEMbIX aKKYMYJISITOPAX — B XUMUYECKYI0 9HEPTUIO, B 9JIEKTPUYECKUX TIeUax U
HarpeBaTeJbHBIX YCTPOICTBAX — B TEIJIOBYTO 9HEPTHIO, B PAJIMOTIPUEMHNKAX — B aKy-
CTUYECKYIO 9HEPTHIO U T. I.

Bo Bcex cayuagx, kora TO WM WHOE YCTPONUCTBO — JJIEMEHT 2JIEKTPUIECKOH I1e-
M — KWMeeT OCHOBHBIM Ha3HaYeHWEM TeHepUpOBaHUe, Tepenady, mpeodpasoBaHme
WM noTpebieHre 3IeKTPOMArHUTHOM SHEPTUH, HA TIEPBbIil TIJIaH BBIIBUTAETCS Tpe-
GoBaHue ero BbICOKOTO Koa(hUIMeHTa MOJIe3HOTO IeHCTBHS.

Bo MHOTruX ciydasix riaBHbIM Ha3HAYEHUEM TeX WU UHBIX 9JIEMEHTOB JIEKTPUYe-
CKOW 1ETTH SIBJISIETCST TIepejiada Wik peobpasoBaHiie 3JIEKTPUYECKUX CUTHAJIOB, & TaK-
K€ BBITIOJIHEHUE OTlepariiil M3MepeHus TeX U WHBIX BeJTMYMH WJIH YITPaBJIECHUS Ka-
KUMU-HUOYAb mporieccaMu. ITo — tesedoHHble U TejerpadHble TMHUNA CBI3U W UX
KOHIIEBBIE YCTPOICTBA, BeChbMa PasHOOOPa3HbIe 9JIEMEHTHI YCTPOWCTB aBTOMATUKH,
9JIEKTPOU3MEPUTENIbHBIX YCTPOUCTB, CYETHO-PEIIAIONINX U YIIPABJISIONIUX 3JIEKTPOH-
HBIX BBIYUCJUTEIBHBIX MAIIWH, PA3JINYHBIX PAJNOTEXHUIECKIX YCTPOUCTB U T. 1. s
BCEX HUX IJIaBHBIM TPeOGOBAHMEM SIBJISIETCSI TTOJTydeH e OPE/IeIeHHOTO KauecTBa repe/a-
BAEMOTO WJIU IIPeodpasyeMoro curiaia. EcTecTBEHHO, U B 9THX CJIydastX IPOMCXOJIST Tie-
pezaya u peobpazoBaHue AJIEKTPOMArHUTHON SHEPTUH 1 IMEET 3HaUYeHHe, XOTsT 1 He 0C-
HOBHOE, JIOCTHIKEHIE KaK MOKHO 60J1ee BBICOKOTO KOa(MUIIMEHTa TT0JIE3HOTO JIEHCTBYSL.

Hapsiay ¢ ynoMstHy ThiMu TpeOOBAHUSIMU DJIEMEHTBI 9JIEKTPHYECKUX 1eTIeil T0IKHBI
YIOBJIETBOPSITH TaK;Ke MHOTHM JPYIUM TPeOOBaHUSM — HAJIEKHOCTH PAbOTHI, 0JITO-
BEYHOCTH, €CJI HEOOXOMMO — OBICTPOAEHCTBUIO, YCTOWYUBOCTH PabOTHI, TOUHOCTH
JIENCTBULA U T. [I.

COOTBETCTBEHHO 3TOMY 3JIEKTPUUYECKHUE TIEITH COBPEMEHHBIX 3JIEKTPOTEXHIUYUECKUX
YCTPOUCTB SBJIAIOTCA BechbMa CJIOKHBIMU. [oaTOMY U Teopust amekTpudeckux memnei
BCEe BPeMsl Pa3BUBAECTCS U €l CTAHOBATCS CBOMCTBEHHBIMU Bce Gosiee 0600ILIeHHbIE
MeTozbl. B HacTosmeM Kypce, HauaB C MCCJEAOBAHUS MPOCTEHINNX 3JIEKTPUUECKUX
1erneii, Mbl OCTENEHHO TepeiiieM K 00IMM MeTOZaM pacyeTa CJAOKHbBIX dJIeKTpude-
CKUX TIeTielt.

YenoBuMcs B fasibHEHIIIEM YacTh 2JIEKTPUYECKO 11eH, B KOTOPOU IeHCTBYIOT UC-
TOYHUKHU 3JIEKTPOMArHUTHON SHEPTUU, HA3biBaTh aKTUBHOW YacThIO I[€IlH,
WM KOpoYe — aKTUBHOM 1enbio. Ee 6yaeM Hepeako 0003HauaTh IPSIMOYTOJBHIKOM €
OyKBOIi A B cepe/liHe ¥ ¢ TeM UMHbLIN UHBIM YKCJIOM BBIBOZOB (IPOBOAHUKORB), C I10-
MOIIBIO KOTOPBIX OHA MTPUCOEINHSIETC K OCTaTbHON yacTu mern (puc. 3.1).

YacTb 2JIeKTPUIECKO 11e1n, B KOTOPOW HET MCTOYHUKOB 2JIEKTPOMAarHUTHON aHep-
ruu, OyjieM Ha3blBaTh TaCCUBH O 4aCTh IO Il € IT U, WU KOPOoYe — MACCUBHOII 11e-
nbio. Ee Gyaem 0603HaYaTh TaksKe MPSIMOYTOJbHIKOM ¢ COOTBETCTBYIONIMM YUCIOM

BBIBOJIOB [IJISI TIPUCOEAMHEHUS K OCTAJIBHON
JacT 1tenn, Ho ¢ 6ykBoii I B cepeante mpsimo- T T
yronpHuka (puc. 3.2). Ilpemmomaraercs, 9T0 o—| L6 o— DY
BHYTPU 3THUX IIPAMOYTIOJbHUKOB HAXOIATCA A I

o o— f—-o0  O— —=-0
BCE 2JIEMEHTBI pacCMaTpHUBAEMOIl 4acTH IellH,

CO BCEMU COC/IMHEHUAIMU MEX, HUMUNU.
A Ay Puc. 3.1 Puc. 3.2



132 Yactb 1. OcHOBHbIE MOHATMS 1 3aKOHbI TEOPUN

3.3. ®usnueckue sBJIEHUS B /IEKTPUUYECKUX LiensX.
Llenu c pacnpeneneHHbIMU NapaMeTpaMm

Hawnbosiee mpocTbie SBJECHUS UMEIOT MECTO B 2JEKTPUYECKUX IIEINSIX IIOCTOSHHOTO
TOKa. JIJINTE/IbHbINA IIOCTOSHHBINA TOK B 9JIEKTPUYECKON LEIIX MOKET ObITh TOJIBKO MU
TOKOM TIPOBOJIUMOCTH, UJIM TOKOM TepeHoca. ToK cMelleHns B AUITEKTPUKE He MO-
5KeT ObITh MOCTOAHHBIM CKOJIb YTOAHO JOJITO€ BPEMs, TaK KaK 2JEKTPUUECKOEe CMe-
IEHKMEe W TOJIIPU30BAHHOCTD JIMAJIEKTPHKA HE MOTYT BO3pacTaTh Oecrpe/esibHO 6e3
HapyIIeHNs 3JIeKTPUIECKON TPOYHOCTH AUITEKTPUKA. [[09TOMY B T1€TTh TTOCTOSHHOTO
TOKa MOTYT BXOJIUTHh TOJBKO TaKHe YCTPONCTBA, B KOTOPBIX TOK CYIIECTBYET B BUIE
TOKa IIPOBOAKMMOCTHU, HAIIPUMEP [IPOBOJAA JIMHUK [epeadr, OOMOTKUA MAIIUH, DJIeK-
TPOTUTUYECKUE BAHHBI, TATIbBAHNYECKIE DJIEMEHTHI, aKKyMYJISITOPBI U T. [., WU Ta-
KUe, B KOTOPBIX TOK CYIIIeCTBYeT B (hOopMe TOKa IepeHoca, HallpUMep 3JIeKTPOHHBIE
Jamiibl. KOH/IEHCATOPBI C U/IAJIbHBIM JIUAJIEKTPUKOM, YeJbHAas IIPOBOJIMMOCTD KOTO-
POTO TIPEATOaraeTcs paBHOU HYJIIO, He TTPOBOIAT MOCTOSHHOTO TOKA.

XOTst BOKPYT IIEITU ITOCTOSTHHOTO TOKA CYIIIECTBYET MAarHUTHOE 10JIe, HO OHO HE U3-
MeHSIETCST BO BpEMEHH U, CJIeJIOBATETHHO, B IIENN TTOCTOSHHOTO TOKA He WHIYITUPYIOT-
cs I/1C.

Ecin uzosmmpyionas cpera Mesxy IpoBojamMu 00J1aIaeT XOTsI U MaJIOi, HO KOHeY-
HOU yZIeIbHOU TTPOBOJIMMOCTBIO, TO O] AeHCTBUEM TTOCTOSHHOTO HAIIPSIKEHUST MEXK-
Iy TIPOBOZIAMU yepes Hee GyIeT IPOTeKaTh TOK yTedKu. ToK yTedku OyIeT OTXOAUTh B
M30JIUPYIONIYIO CPEy OT BCEX JIEMEHTOB MPOBOIOB, COTIPUKACAIONTNXCS C HEH, B pe-
3yJIBTaTe Yero TOK BOJIb MPOBOA OyAeT MMEeTh pasHble 3HAUCHMsI. 3/1€Ch Mbl IMEEM
MPOCTEHIIIYIO IENb C PACIIPE/IEIEHHBIME BI0JIb Hee TIapaMeTpaMiu, a UMEHHO C paciipe-
JIeJIEHHO B/IOJT 1IN TTPOBOJIUMOCTBIO YTEUKH.

[Ipu mepeMeHHBIX TOKAX U HATIPSLKEHUSIX STBJAECHNS B 9JIEKTPUUECKOI 11eTTH OKa3bl-
BaroTcst OoJiee CIOKHBIMU. IlepeMeHHBIN TOK, T. €. MBMEHSIOIIUICS BO BPEMEHH TOK,
MOJKET CYIIECTBOBATDb U B JIMAJIEKTPUKE B Bujie ToKa cMmetieHust. [loatomy B anmextpu-
YeCKyIO LeMb IePEMEHHOr0 TOKa MOTYT BXOAUTH TaK:Ke KOHIEHCATOPbI, 0OKIa KN KO-
TOPBIX pasfesieHbl AUITEKTPUKOM. [Ipn mepeMenHOM HATIPSKEHWH Ha KOHAEHCATOPE
BO3HMKAET MePEMEHHOE DJIEKTPUYECKOE MOJIE MEXK/LY €r0 MeTa/INYeCKIUMU OOKJIaIKa-
MU, ¥ CJIE0BATENbHO, B Pa3AeIsaioneM OOKIaAK AUIIEKTPUKE BOZHUKAET TOK CMe-
menust. C y4eToM TOoKa 9JeKTPUYECKOrO CMEIIEHNUS IMHIU TOKa, KaK GbLIO OTMEYEHO
B § 1.7, okaspIBaloTCS BCETAA 3aMKHYTHIMU.

PaccmoTpum mpotiecchl B 9JIeKTPUYECKOH IETHN ¢ TTOCTIEeI0BATENbHO BKIIOYECHHBIM
KOH/IEHCATOPOM, IIPOUCXOSAIINE TIPHU 3apsiike U MPU paspsiike KoHjeHcaTopa. Ecin
He TIPUHUMATh BO BHUMaHMeE TOKOB CMeIEeHMNs, TO 9Ta IIelb KayKeTCsI Pa30MKHYTOI.
[IpenmosoxuM, 9TO TIPH TOMOTITHN Kafoua K He3apsKeHHbIH KOHIEHCAaTOP BKII0YAETCs

B HEKOTOPBIN MOMEHT BPEMEHU B I€ITb NCTOUHUKA TTO-

K np crossuaont I/IC (puc. 3.3). KonneHcatop 3apsikaercs;

s =77 I P ~.  9JIeKTPUYECKHEe 3apsjibl, MePeHOCUMble OT HMCTOUHUKA

+ /T T T\ 9JIC k obkiagkam KOHJIEHCATOPA TI0 COETUHSIONTNM UX
( i D] Jow  TIPOBOIHMKAM, cOOMpaioTcsl Ha aTUX OOKIankax. ITo
Mepe yBeJWuYeHUs 3apsiia Ha OOKJIaaKaX BO3pacTaer

JJIEKTPHUYIECKOE 110JI€ MEK/Y HUMU, 1 B JINDJIEKTPUKE BO3-
HUKAIOT TOKH 3JIEKTPUYECKOTO CMEIIEeHUA. Ecan oxsa-
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TUM OJHY M3 OOKJIAJO0K, HalpuMep OOKIaAKy A, 3aMKHYTOI IIOBEPXHOCTHIO S, TO BO
BpeMsI, KOT/Ia TI0 TPOBOJHUKY, TepeceKarolieMy 9Ty TOBEPXHOCTh, MPOTEKAET K 00-
KJ1aJiKe A TOK IIPOBOJMMOCTH i,,, B ANIJIEKTPHKE 00pasyeTcst TOK CMeIleH s, TPOXO-
AAMUI CKBO3b HOBEPXHOCTD S U3HYTPH HAPY’Ky U B TOYHOCTU PAaBHbIA TOKY i, B PO~
BogHUKe. JIMHUU TOKA CMEIIeHNsT B IUIJIEKTPUKE SBJISIOTCST MTPOAOJIKEHUEM JTUHUIA
TOKa B MPOBOAHUKE. [lefiCTBUTETBHO, 2JIEKTPUIECKOE TTOJIe HATTPABIEHO OT TIOJIOKH-
TeJIbHON OOKIanku A K orpunarenbuoil B u npu atom Bospacraer. CiemnoBaTeibHo,
JIMHUY TOKA CMENEHKs HAIIPaBJIEHbI TAKKE OT MOJIOKUTENbHOM 0OKIAAKU K OTPUILA-
TeJIbHOM. DJIEKTPUYECKIIT TOK, IPOTEKAIONUN B MPOBOJHUKE K ITOJOKUTEIbHON 06-
KJTa/Ike B BUJIe TOKA TTPOBOJIMMOCTH, TIPOZOJIKAET MPOTEKATh B TUIJIEKTPUKE KaK TOK
CMELIeHUs U faiee OT OTPULATENbHON 0OKIAAKY B IPOBOJHUKE — BHOBDb B BUE TOKA
poBOANMOCTH. Takum 06pa3oM, IeNb IEKTPUIECKOTO TOKA SIBJISIETCS 3aMKHYTOIL.

Ecau oTKII0YNTH 3apssKeHHBIH KOHEHCATOP OT HC-
tounmka J/IC 1 3aTeM 3aMKHYTbH €T0 Ha PE3UCTOP C CO-
mpoTuBJeHueM ¥ (puc. 3.4), TO KOHAEHCATOP HAUYHET Pas-
psxarbes. Tox i, B TIpoBoHUKe OyzeT HMpoTeKaTh OT
MOJIOKUTENbHOI 00KIaAKu A K oTpuiiareabHoil B. B au-
9JIEKTPUKE IJIEKTPUUECKOE TI0JIE TTO-TIPEKHEMY OCTAEeTCs
HAIIPABJIEHHBIM OT IIOJIOXKUTEAbHON OOKIAJKU K OTPH-
nareapbHoi. OfHAKO Temepb IoJie ocabeBaet, U Caefo0-
BaTeJIbHO, BEKTOP IJIOTHOCTH TOKA HaIpaBJieH NPOTHUB
BekTopa cMerenus D. JIMHUM TOKa CMEIIeHUsT HAIPaBAeHbl OT OTPUIATEIbHON 006-
KJTaJKN K TIOJIOKUTETBHON U SABJSIOTCS TIPOJOJCKEHNEM JUHUH TOKa B TIPOBOTHUKE.

CorylacHO TIPUHIIUAITY HETPEPBIBHOCTH dJIeKTprueckoro Toka (em. § 1.7), B soboit
MOMEHT BPEMEHH KaK IIPU 3apsiiKe, TaK U IIPH Paspsiike KOHIEHCaTOPa TOK CMEIeHHsT
B JIN2JIEKTPIKE MeK/y 0OK/Ia/KaMn KOH/IEHCATOpa B TOYHOCTH PaBeH TOKY i, B TIPO-
BOJIHUKAX.

Tok cMmereHusT TpU TepeEMEHHOM HAIPSKEHUN BO3HUKAET HE TOJIHKO B KOHIEHCA-
TOPax, T. €. B YCTPOWCTBAX, MOCTPOEHHBIX CHEIUATBHO JIJIsl UCIIOJIb30BAHUS UX €MKO-
CTH, HO TaK/Ke M B JUIJIEKTPUKE, OKPYKAOIIEM JII00bIe 3JIEMEHTHI IEIN ePEMEHHOTO
TOKa, TIOCKOJIBKY MEXKIY 9TUMU dJTeMeHTaMU CYIIeCTBYeT IepeMeHHOe HalpsKeHNe,
T. €. TIepeMeHHOoe AJIEKTpIYecKkoe mose. Tak, HampuMep, TOK CMEIIeHNsT BO3HUKAET B
JIUBJIEKTPUKE MEXK/LY TIPOBOJIAMY JIMHUY TIePelaul, €CJU HANIPSKEHUE MEK/Y MTPOBO-
namMu uaMensetcs Bo Bpemenu (cm. puc. 1.19). Beoegcrue aToro nmepeMenHblii TOK B
MPOBO/IaX JTUHUN HEOJWHAKOB B PA3HBIX MeCTaX JUHWH, aXKe eCTU yAeabHas MPOBO-
JIMMOCTD IWAIEKTPUKA PaBHA HYJIO, TaK KaK BOJIb BCEH TUHUM TOK OTBETBJISIETCS OT
MIPOBOJIOB Uepe3 JMJIEKTPUK B BUjie TOKa cMenienusi. OUeBUIHO, TIO9TOMY IIPOBOJIA
JIMHUU TI0 OTHOILIEHUIO APYT K APYIY, TaK Ke KaK U KOHAEHCATOP, 06/1afaloT eMKO-
cthio. CkazamHoe CIIPaBeINBO AJIst II0O60TO YCTPOMCTBA MPH TIepeMeHHOM Toke. Taxk,
HalpuMep, B PeocTaTe MPU MePeMEeHHOM TOKe TIOSIBJSETCA TTepeMeHHoe TTaZicHue Ha-
MPSDKEHUS, T. €. B IPOBOJIOKE PEOCTaTa U B OKPYIKAIOIIEM €ro [IU3JIEKTPUKE BO3ZHUKAET
nepeMeHHoe 3IeKTpudeckoe 1moje. [[0aToMy MexXay OoTIeabHBIMI YYacTKaMH ITPOBO-
JIOKH peocTaTa yepes AMIIEKTPUK MTPOXOIAT TOKU CMeleHUsI, BCIeACTBUE YeTO, TIPUH-
[IUTTHATTFHO TOBOPS, TOK B PAa3HBIX MeCTaX IPOBOJIOKM PEOCTATa MMEET Pa3JUYHbIE
sHavyeHus. OUeBUIHO, TOITOMY OT/IEIbHBIE YIaCTKU PeocTata 06J1aaioT 10 OTHOIIE-
HUIO APYT K APYTY 3JEKTPUUECKOI eMKOCTBIO.

Puc. 3.4
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Ecuu 110 MHIYKTUBHON KaTYIIIKe MPOXONT MEPEMEHHDII TOK, TO B KaTyIIKe B OT-
JIeJIbHBIX ee BUTKax uHaynupyercs nepementas J/1C. Ha sakuMax KaTyIIKA U MexK-
JIy ee BUTKAMM TIOSIBJISIETCS [IePEMEHHOE HallpsiKeHUe, T. €. TIEPEMEHHOE DJIEKTPH-
YeCKOe I0JIe, YTO TPUBOJAUT K BO3HUKHOBEHWIO B JMAJIEKTPUKE MEXKIY BUTKAMU
KaTYIIKK TOKOB CMeleHusi. VI B 9TOM ciiydae, CTPOTO TOBOPST, TOK B PA3JIUYHBIX MeC-
TaX MPOBOJIOKU KaTYIIKK MMeeT pasHble 3HaueHust. OUeBUIHO, TOITOMY CYIIECTBYET
DJIEKTPUYECKAsT EMKOCTh MEK/Yy BUTKAMU KaTYIIKH.

Urak, snekmpuueckas emMmkocms npuHyunuaivio écezda pacnpeoeiena 600ab 6cell
uenu.

To e caenyer ckaszaTh U 06 MHAYKTUBHOCTH Iienn. HeT Takoro yyacrka 1emnu, Ko-
TOPBII IPU TIPOXOKAECHIH 10 HEMY TOKa He OXBAThIBAJICSA Obl MATHUTHBIM TTOTOKOM.
[ToaTomy 1Ipu IepeMeHHOM TOKe Ha KaKIOM ydacTke 1enu uaaynupyores I/C ca-
MOWH/IYKIIUU 1 B3aUMHOM WHAYKIUN. OUeBUIHO, TI09TOMY KayK/IbI YIaCTOK, KAkl
9JIEMEHT T1eny 00safaeT MHAYKTUBHOCTBIO. VIHAYKTUBHOCTh UMEIOT He TOJIbKO KaTyIil-
KM, HO U TIPOBOJIA JIMHUH, PEOCTAThI U JIIOOBIE JAPYIUe IEMEHTHI IEIH TIePEMEHHOTO
Toka. J/laske KoHIeHCcaTOPbl 00J1/IAI0T MHYKTUBHOCTHIO, XOTsI U 04eHb MaJsioil. Takum
06paszoM, uHdyKmMusHoCms TakKe 6cezoa pacnpeoenena 600ab 6cell uenu.

[Torsonienyie 2JIeKTPOMATHUTHOM SHEPrUKM U MpeodpasoBaHue ee B TEIJIOBYIO
9HEPIHIO TIPU TIEPEMEHHOM TOKE TIPOUCXOAST TOYHO TaK JK€ BO BCEX DJIEMEHTAX IIETIH.
He ToJ1bKO peocTaTsl, HO U UHIYKTUBHbIE KATYIIKK, ¥ TIPOBO/IA JIUHIH, a TAaKXKe JPY-
rue 9JIeMEeHTHI 1enn 00J1a[al0T OTIUYHBIM OT HYJIst 9JIEKTPHYECKUM CONPOTUBJIEHHEM,
U TIPY [TPOXOKAEHUN TOKA B HUX TOTJIOIIAETCS 9JIEKTPOMATHUTHAST 9HEPTHA ¥ ITPOKC-
XOJUT BbIJIEJICHHE TEIIOThl. Ec/i KaTyIika uMeeT cepAedHruK u3 heppoMarHuTHOTO
Marepuajia, To, KpOMe MOTePb 9HEPrHuU B OOMOTKE KaTYIIKH, TIPOUCXOAST MOTEPH
SHEPrHUH B Cep/IeYHIKE Ha THCTEPE3NC U HA BUXPEBbIE TOKK. B KOH/IEHCATOPaX MpH Tie-
PEMEHHOM HalPSIKEHUH UMEIOT MeCTO MOTePU B AUIJIEKTPHUKE. B 9/IeKTPOHHBIX JIaM-
Hax TelioTa BBIIESIETCS Ha aHoJe, TaK KaK YCKOPEHHbIE B 9JIEKTPUYECKOM I10JIe
9JIEKTPOHBI TEPSIIOT 3/IECHh CBOIO CKOPOCTh. B MOHHBIX TPUGOpax 3JeKTPOMArHUTHAS
SHEPTHsI EPEXOUT B TEIJIOBYIO He TOJNBLKO Ha 3JIEKTPO/AX, HO U B Fa30BOM MPOMe-
JKYTKE MEKLY 9JIEKTPOIAMHU.

XapakTepuayst ClIOCOOHOCTh KaKOTO-JIMO0 ydacTKa IIEMH MPU TIPOXOKIAECHUH 110
HEMY TOKa TOTJIOIIATh 3JIEKTPOMAarHUTHYIO S9HEPTHIO 9JIEKTPUYECKUM COITPOTHUBJIECHNU -
€M 9TOTO y4acTKa, Mbl B COOTBETCTBHH CO CKa3aHHBIM JIOJIKHBI YTBEPIKAATH, YTO /€K -
mpuueckoe conpomueierue pacnpeoesieHo no 6cell NeKmpuueckoll yenu.

INEKMPUUECKAsL Yenb, 8 KOMOPOLL INEKMPUUECKUE CONPOMUBTEHUSL U NPOBOOUMOCTIU,
UHOYKMUBHOCTU U INEKMPUUECKUE eMKOCTU pacnpedeienvl 6001b Ueni, HA3bL8alom
anekmpuueckoil uenvio ¢ pacnpedeiennvimu napamempamu. CoOTBETCTBEHHO, TOKU U
HAINPSAKEHUsT B TAKUX IEIIX MEHSIOTCS B 3aBUCUMOCTH OT BPEMEHHU U OT OJHOM TIpo-
CTPAHCTBEHHOW KOOPAMHATHI ¥, CJEIOBATEIbHO, SIBJASIOTCS (DYHKIUSAMU JABYX Tiepe-
MEHHBIX. ITO 00CTOSITEIBCTBO CYIIECTBEHHO YCJIOKHSIET aHAJIU3 TTPOIECCOB B IETIH.

B oT/ieibHBIX yU4acTKax IMenu MOKeT MPOUCXOANTH TPpeobpasoBaHie 3JIeKTPoMar-
HUTHOI 9HEPTUU He TOJBKO B TEIJIOBYIO, HO M B JPYyrUe BUbI 9HEPTUH, HATIPUMED B
AKKyMYJISITOPaX TIPU WX 3apsijike — B XMMUYECKY10 9HEPTHUIO, B JIBUTATE/ISIX — B MeXa-
HUYECKYI0 paboty u T. 1. OIHAKO 9TH TPeodPasoBaHMUsI COBEPIIAOTCS He 00s13aTEIbHO
BO BCEX 3JIEMEHTAX HJIEKTPUIECKON TETIH.
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[Ipu n3yvyennn sHepreTUYECKUX MPOIIECCOB B AIEKTPUUECKUX IETIX TTePEMEHHOTO
TOKa HaM TIPHETCst 00paTuTh 0cob0e BHUMAHUE HA TO, YTO SJIEKTPUIECKOE U MATHUT-
HOE TIOJIST ABJATIOTCS HOCHUTEISMU OIpe/ieJIeHHOTO KoanmdecTBa aHepruu. [Ipm nepe-
MEHHBIX TOKaX M HANPSKEHUSX TU I0JIs UBMEHSIIOTCSl BO BpeMenu. [Ipu ycuinenun
1oJieii 3anac sHepruy B HUX BO3PACTaeT, pu ocJaabieHnu noJeil — yobIBaeT, epexo-
Il B IPYTHE BUBI 9HEPTUU WU BO3BPAIIAsICh K UCTOYHUKAM SHEPTHH, TeHCTBYIOTIITM
B IIETIN.

[Ipu n3MeHeHUsIX TOKA U HATIPSI)KEHUS B 9JIEKTPUUYECKOI T[e1TH, KAaK YBUIUM B KOH-
I[e YeTBEPTOIl YacTW Kypca MPU PACCMOTPEHUU TIEPEMEHHOTO 3JIEKTPOMArHUTHOTO
10JIsI, BOOOIIE TOBOPSI, MPOUCXOANUT M3IyYeHHE DJIEKTPOMATHUTHOTO TOJISI ¢ TIPHCY-
meit emy sHeprueit. OfHAKO B OOBIYHBIX IEIISIX TIPU CPABHUTEIBHO HU3KMX YaCTOTaX
TOKa W HAIPSUKEHMs U3JIyYeHHeM MOXKHO TIpeHeOpeyb.

Haxowerr, o6patumM BHUMaHUE €Ille Ha OJHO CYIIECTBEHHOE 0OCTOSATEICTBO, OTME-
yeHHoe yxke B § 1.12, a UMEHHO Ha TO, YTO HAIIPSKEHIE MEKILY ABYMs JIIOOBIMU TOYKA-
M A 1 B 1ienu mepeMeHHOro TOKa 3aBUCUT OT BBIOOPA TTyTH MESKLY 9TUMU TouKam,

BJIOJIb KOTOPOTO OIIpe/ie/isieTcsl HalpsukeHue. JleficTBUTesbHO, UMeeM U, = I Edl. Ho
A

JIBa PasHbIX IIyTH, HaIpuMep 1myTh AmB u nyth AnB (cMm. puc. 1.35), 06pasyioT 3aMK-

HYTBIH KOHTYp AmBnA, ¢ KOTOPBIM CIETJISETCS TTePeMeHHbI MATHUTHBIN MTOTOK @,

CYTIECTBYIONIUN OKOJIO PACCMATPUBAEMOU 3JeKTpUYecKkoil 1enu. V3meHstomuiics

notok @ ungynupyer B koutype AmBnA 9J1C. CrenosaresbHo,

Upy ~tpy = [Edl~ [Edl= [Edl+ [Edl= §>Edl=—‘f;f¢0,
BnA

AmB AnB AmB AmBnA

Upmp F U ppp-

TaxkuM 00pa3oM, ecsi OBITH COBEPIIEHHO CTPOTUMU, TO HEJIb3sT IPU MTEPEMEHHOM
TOKE TOBOPUTH O HATIPSIKEHUN MEK/Y KaKUMHU-JTHOO0 ABYMSI TOUKAMHU 1ETTH, B YaCTHO-
CTH, O HAIPSIKEHUN Ha 3aKUMaxX IIeTTH, KaK O HEKOTOPOI BIIOJIHE OTIPe/IeIEHHOM BeJH-
yuHe, CiieZlyeT TOBOPUTH O HATIPSIKEHUH MEXKIY JIBYMsI TOUKAMHU 11T BJIOJIb OTIpejie-
JIEHHOTO, 33JTAHHOTO ITYTU MEX/Y STUMU TOUKAMHU.

Bce m3i10/keHHOE CBUIETENBCTBYET O OOJIBIION CIOKHOCTH (DU3MUECKUX MPOIIEC-
COB, TIPOUCXOJISANINX B IIETISAX NTEPEMEHHOTO TOKA.

3.4. HayuHble abcTpakuMm, npuHMMaeMble B TEOPUM JTEKTPUUECKUX
uenen, ux NnpakTuyecKoe 3Ha4eHMUe 1 rpaHunLibl NPUMEHUMOCTHU.
Llenu c cocpefoToYE€HHbIMU NapaMeTpamMu

Jlasexo He BO BCex cJydasix HeoOXOAMMO YYUTHIBATh BCIO CJIOKHOCTh (DU3NYECKUX
IIPOIIECCOB, MPOUCXOAANINX B LEIAX epeMeHHoro Toka. Haoboport, B 6OJIbITNHCTBE
CITy4aeB MOYKHO CIeJIaTh PSIT NOMYIIEeHUH, CYIIeCTBEHHO YIIPOIIAONINX 3a7a4y 1 BMe-
cTe ¢ TeM He MPUBOJAIIMX K 3aMETHBIM OTKJIOHEHUSIM OT JIeCTBUTEbHOCTH.
PaBHomepHoe pacrpesesienre 3JeKTPUIECKOr0 U MarHUTHOTO TTOJIel BIOJIb TeTN
HAOJII01aeTCsT B CPABHUTEIBHO PEAKUX CJYYastX, HAIPUMEP B JVTMHHBIX JUHUSIX. 3Ha-
YUTEJBHO Yallle MAarHUTHOE U 3JIEKTPUYECKOE T10JIST paclpeiesiIioTCs B0JIb 1eln He-
paBHOMepHO. Ha ofHuX ydyacTKax Ienu, HanpuMep B KOHJeHcaTtopax, npeobjaagaer



136 Yactb 1. OcHOBHbIE MOHATMS 1 3aKOHbI TEOPUN

9JIEKTPUUYECKOE TI0JIe Y BBICTYIIAIOT HA TIEPBBIH TIJTAH sIBJIEHUSI, CBSI3aHHbBIE C €70 U3Me-
HEHUsIMU; Ha JAPYIUX ydyacTKaX, HalpuMep B MHAYKTUBHBIX KaTyIlIKaX, peobaagaer
MarHuTHOE I10JI€ M OCHOBHBIMM OKa3bIBAIOTCS SIBJIEHUS, BO3HMKAIOIIME BCJIEACTBUE
U3MeHEeHUsT MAaTHUTHOTO T10JIS.

TouHo Tak ke 1 IpeodpasoBaHKe 2JEKTPOMATHUTHON 9HEPTUU B TEILIOBYIO YacTO
ObIBaeT COCPEOTOUEHO B OCHOBHOM B OJHOM WJIM HECKOJbKUX y4acTKaX IEllH.

Paccmorpum B Bujie ipumepa peoctar. On 00s1aiaeT Hapsiay ¢ COMPOTUBICHUEM 7
TaK)kKe HEKOTOPOI €MKOCTBIO MEK/Y OT/EJbHbIMU €r0 BUTKAMU W HEKOTOPOI MHJYK-
TUBHOCTBIO. OJJHAKO €CJIM YacTOoTa IIePEMEHHOr0 TOKa HeBeJInKa UIH BOoobIie TOK 13-
MeHSIeTC 10 JII0OOMY 3aKOHY JOCTATOYHO MEIJIEHHO, TO TOKK CMEIl[eHMUs, OTBETBIISIIO-
nrrecss OT YIaCTKOB MTPOBOJIOKU B JAWATEKTPUKE, HUUTOKHBI 1T0 CPABHEHUIO C TOKOM
MPOBOZIMMOCTHU B TPOBOJIOKE PeocTara. DTUMKM TOKAMU CMEIIEHUS] B TAKOM CJydae
MOSKHO TIpeHe6Peyb, UTO H9KBUBATEHTHO TOMY, 4YTO eMKOCTh C MEKIY Y4aCcTKaMU TIPO-
BOJIOKM PeocTaTa MPUHUMAETCS PaBHOU HyJi0. TOUHO Tak ke MpU HU3KOH 4acToTe
TOKa WJIX BOOOIIE IIPY MEAJIEHHOM €r0 U3MEHEHMH MOKHO IpeHebpedb SIeKTPOABI-
JKYIIEN CUJION CAaMOWH/IYKIIMKM B PEOCTATe M0 CPABHEHUIO C TaJIEHUEM HAIPSKEHUS B
€Tr0 CONPOTUBJIEHNHN, YTO S9KBUBAJIEHTHO TPUHSATHIO PABHOW HYJIIO WHIYKTHBHOCTHU L
peocrara. IHbIMU cioBaMH, abGCTParupysich OT JAEHCTBUTEIBHO CJAOMKHON KapTHHBI
SIBJIEHUSI, JIOTTYCKaeM, 4TO peoctar 00JiaiaeT TOJbKO COpoTuBaeHuemM 7 # 0 1 uMeer
L=0u C=0. 3ameTnm, 4TO TAKOI y4acTOK LIETTN MOKHO XapaKTePU30BaTh TaKKe €r0
MPOBOIMMOCTBIO g = 1/7.

Ha mpaxtuke HaxoAsAT MIMPOKOe MPUMeEHEHWEe YCTPONCTBA, KOTOPbIE CIeInab-
HO CKOHCTPYMPOBAHBI TAKUM 00PA30M, YTO UX OCHOBHOIN XapaKTEPUCTUKOI SBJISIETCS
9JIEKTPUYECKOEe COITPOTHUBJIEHNE.

DJIeMEHT 2JIEKTPUIECKO TeTH, TIPelHa3HaYeHHBIH JIJIsI UCITOJTb30BAHUS €TO dJIEK-
TPUYECKOTO COMPOTUBJIEHNS, HA3BIBAIOT PE3 U CTOP O M.

B xauecTBe mpyroro BaKHOTO MpHMepa PacCMOTPUM KOHIAeHcATop. BmiaoTh 10
BeCbMa BBICOKMX YaCTOT MOKHO TpeHeOpedb MHAYKTHBHOCTBIO L KOHJEHcaTtopa U
CUMTATBLCS TOJBKO C ero eMKocThio C. Ecitu B 11erm nMeloTcst peocTaT U KOH/IEHCATOP
U 9HEPTH, TIOTJI0NaeMast B PeOCTaTe, 3HAUUTETHHO TTIPEBBINITAET JHEPTHIO, TEPSIEMYIO B
JMAJIEKTPUKE KOHJAEHCATOPA, TO B IIEPBOM HPUOIMIKEHUH IIOCAEAHEN MOKHO IIpered-
peub WJIN JIasKe MOKHO YYeCTb ee MPU PacyeTe COOTBETCTBYIONIUM U3MEHEHUEM CO-
HNpOTUBJIeHUs peoctata. [Ipu Takoii abeTpakiuu JOIyCKaeM, 4TO KoHeHcaTop 00Jia-
maet eMKocTbio C # 0, Ho g Hero L =0 u r= 0.

Haxkownerr, Ba;KHBIM TTPUMEPOM SBJIAETCS MHAYKTUBHAG Katymka. Ecam gactoTa
TOKa B KaTyIIIKe He CJMIITKOM BEJMKA, TO MOKHO TPeHeOpedb TOKaMU CMETeHUST MEK-
JIy BUTKaMU TTPOBOJIOKU KATYIIKH 110 CPAaBHEHUIO C TOKOM ITPOBOIMMOCTH B CaMO# Ka-
TYIIKeE, T. €. IpeHeOpeub eMKocThio C MeKy BUTKaMU KaTylmiku. IIpu He oueHb Maioi
4aCcTOTE MOXKHO IpeHeOpedb HafeHueM HAIPSKEHUs] B CONPOTUBJIEHUN IIPOBOJIOKU
KaTYIIKU 110 CPaBHEHUIO ¢ uHAyIupyemoi B Heit I/ C, T. e. IPUHATH PaBHBIM HYJIO
COTIPOTUBJIEHNE KaTymiku. [Ipy skeJlaHMM MOKHO Y4YeCTb COTPOTHUBJIEHUE KaTYIIKH,
MPEATOIIOKUB YCJIOBHO, UTO TIOCJAEA0BATENBHO C KATYIIKOH, nMeloreit 7 = 0, BKTioueH
peocrar, 061afaI0IUi COIPOTUBIECHUEM, PABHLIM COIIPOTUBJICHUIO IIPOBOJIOKU JEIi-
CTBUTEIHON KaTymiku. IIpu Takoil abCTpakIuK ToJlaraeM, 4To Karyiika oOJagaer
UHIYKTUBHOCTBIO L # 0 1 umeeTr =0 u C = 0.
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I[Tyctb 1ens (puc. 3.5) o6pasoBaHa U3 MOCIEA0BATEIBHO COEIN-

HEeHHBIX peaucropa (yuacTok ab), koHgencaropa (ydactok bc) n °_|;'_-\_
UHIYKTUBHOU KaTymiku (y4actok cd). Bymem mpexanonarars, 4To c
peobpa3oBaHue dJIEKTPOMAarHUTHOM SHEPTUH B TETJIOBYIO TIPOUC- L
XOJIUT TOJIBKO B PE3UCTOPE HA YYaCTKe ab, T. €. 4TO HA ITOM ydacT- -
Ke cocpedomoueno Bce COTPOTHBIIEHME 7 1ienn. byjem mpermoa-
raTh, YTO TOKU SJIEKTPUUECKOTO CMETNEeHUS CYIIECTBYIOT TOJIBKO Ha
ydacTtke bc Meskty 00KIaIKaMi KOHIEHCATOPa, T. €. YTO B 9TOM Y4acTKe cocpedomoue-
na emxocth C 1enn. Hakowerl, peAnosIoKuM, YTO TepeMEHHBIII MAarHUTHBINA TOTOK
uraympyer D/IC ToJIbKO B KaTyIlKe Ha Y4acTKe cd, T. €. 9TO B ITOM YUACTKE COCPedo-
mouena Bcsk MHAYKTUBHOCTD L TIer.

ITodo6n0z0 poda snexmpuveckue yenu, umerougue 8 0ouwem Ciyuae SHauumesLHo 60-
Jiee CLONCHYI0 KOHDUYPAUUIO U COOePICAUUE PASTULHBLE TLEMEHMBL, HA3bIBAOM INECK-
MPUUECKUMU UENSIMU C COCPEOOMOUEHHBIMU NAPAMEMPAMIUL.

[TpakTryeckoe 3HAYEHME YKA3aHHBIX HAYYHBIX aOCTPaKIMil MCKIIOUUTEIHHO Be-
siko. [IpuHsB c/ielanuble B HUX JIOTYIIEHWST, MBI TIOJIy4aeM BO3MOXKHOCTD IIOCTPOUTH
TEOPUIO AJIEKTPUYECKUX TeTIeil ¢ COCPeJI0TOYEHHBIMU ITapaMeTPaMu, OXBATHIBAIONIYIO
OTPOMHBIH KJIACC PeATbHBIX JEKTPUUECKUX IIeTeld, COepKalIuX caMble Pa3JTUIHbIe
TexHr4yeckue ycrpoiictsa. Croa OTHOCITCS BCe OObIYHbBIE 9JIEKTPUYECKUE TIeMU TPU
MIPOMBIIIZIEHHOH, & TaK’Ke MPU 3BYKOBOU 4acTOTe, 32 UCKJIIOYEHUEM JITUHHBIX JTUHUN
repeiauyn SHEPTUU U TIPOTSKEHHBIX JIMHWH CBSI3U. MHOTHE 3JIeKTpUYecKre Iemnu, nc-
HOJIb3yeMble B PaJMOTEXHUKE [TPH BeChbMa BBICOKMX YacTOTaX, TaKKe ¢ OOJIBINO TOY-
HOCTBIO MOTYT PACCMaTPUBATHCS KaK TETH ¢ COCPENOTOYECHHBIMU TTapaMeTPaMU.

UpesBbIYailHO BasKHO YETKO MPEACTABISTh cebe TPaHUIbl TPUMEHUMOCTH 110100~
HbIX abcTpakiuii. B camom siesie, o/iHa 1 Ta e peajibHas 1elb MOXKET BecTH cebst pas-
JIMYHO TIPU PasHbIX YacToTax. Hampumep, eciim Mpu HU3KOM 4acTOTE MOKHO TIpeHe6-
pedb eMKOCThIO MEXIY BUTKAMU WHAYKTUBHOW KATYIIKW, TO MPU OYeHB BBICOKOM
YacTOTe TAKOE JIOMYIIEHHE JIJIsT TO¥ JKe KaTyIIKU MOKET IPUBECTH K TPy0oil ommnbKe u
GyJIeT COBEPIIEHHO UCKaKaTh ICHCTBUTEIbHYIO KAPTUHY SABJICHUS, TaK KaK IPU BBICO-
KUX YacTOTaX B JEMCTBUTEIbHBIX YCIOBUIX TOKU CMEIIEHUS B AUIJEKTPUKE OKOJIO
BUTKOB KaTYIIKA MOTYT ObITh CPAaBHUMbI ¢ TOKOM B ITPOBOJIOKE KaTYIIKH.

B xayecTBEeHHOM OTHOIIEHUM 3aBUCUMOCTDH OT YaCTOTHI TOKA M HAIIPSIKEHUST 3HA-
YEHWI MOrPENTHOCTEN, KOTOPbIE MOTYT OBITh MOJIYYEHbI TIPH PACCMOTPEHHUH PEaIbHBIX
Terel Kax Ierei ¢ coCpeIoOTOYeHHBIMI TTapaMeTpaMH, ICHa U3 U3JI0KeHHOTO B TIpe-
IBITYIIEM U B HacTodmeM naparpadax. KosmuecTBeHHBIN KPUTEPHUN AOMYCTUMOCTH
OI00HOTO PACCMOTPEHMSI MOKHO OY/IET YCTAHOBUTD TOJIBKO TTOCJIE U3YUYEeHUsT TIepe-
MEHHOTO 3JIEKTPOMArHUTHOTO T0JIs B KOHIIE MTOCJeHel yacTu Kypca. Torma Mbl Bep-
HEMCST K 9TOMY BaskHOMYy Bompocy. Cefidac xe TOJIbKO c(OPMYJIUPYyeM 3TOT KpH-
Tepuil. Mbl yBuANM, 9TO TepeMeHHOE 3JeKTPOMAarHUTHOE T0Jie PACTIPOCTPAHSIETCS
B IIPOCTPAHCTBE CO CKOPOCTHIO cBeTa. B Bo3yxe ata ckopocTh paBHa ¢ ~ 3 - 108 m/c.

DJIEKTPUYECKYTO TI€TTh MOKHO PACCMAaTPUBATD KaK IEIb C COCPEIOTOUEHHBIMHU T1a-
paMeTpaMU, ecIM CKOPOCTH M3MeHEeHUs HaNPsLKEHUN W TOKOB B IETH CTOJIb MAaJIbl,
YTO 32 BPEMSI PACIIPOCTPAHEHUS 9JIEKTPOMATHUTHBIX BOJIH BJIOJIb BCEH 1ETH B JII0O0M
HAIPABJICHUY U3MEHEHUS HAINPSDKEHUN U TOKOB OCTAIOTCS MAJIBIMU 10 CPABHEHUIO
C TIOJHBIMHA WX U3MEHEHUSIMU B uccienyeMoM pexknme. [Ipu mepuopnyecknx Tokax
U HANPSDKEHUSIX 9TO 03HAYAET, YTO HJIEKTPOMATHUTHAS BOJHA YCIIEBAeT TPOGEKATD

Puc. 3.5
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B/IOJTh BCEW IIeNMM 32 HUUTOKHYIO JIOJTIO TIeprojia. B Takux cirydasx MOKHO He CUH-
TaThCs C BOJHOBBIMU TPOIECCAMU, XapaKTePUIYIOMMMHU TTepeMeHHOe dJIeKTpoMar-
HUTHOE TI0Jie, 1 WHTEPECOBAThCS B KOHIEHCATOPAX TOJBKO M3MEHEHUEM 3JIeKTpude-
CKOTO TI0JIsl, B KaTYIITKaX — TOJbKO U3MEHEHUEM MArHUTHOTO TIOJIS.

Jlasiee B 9TOM riaBe OYIyT pacCMaTPUBATHCS IIEMN C COCPEAOTOUYECHHBIMU MapaMeT-
pamMu. B mepBhIX 1BeHAMIIATH TJIaBaX BTOPOH YAaCTH, a TaKKe BO BCEX TIaBax TPeThel
YacTH Takke OyIyT pacCMaTPUBATHCS TN ¢ COCPEOTOYECHHBIMK Mapamerpamu. [le-
IISIM C pacIpeie/leHHBIMU TTapaMeTpamMu OyyT HOCBSIIEHBI CEMHAIIaTast 1 BOCEMHa-
JIaTast TIaBbl BTOPOM YaCTH.

3.5. MapamMeTpbl aneKTpruYeckux uenen. JInHenHblie U HeJINHEHbIe
3J/IEKTPUYECKME U MarHUTHbIE Lienm

W3 u3noxkeHHoro B npeabymux naparpadax sicHO, YTO OCHOBHBIMH TIapaMeTpaMu
ANIEKTPUUECKUX TIeTIel SIBJSAIOTCS COMPOTUBIEHME #, eMKOCTh C M MHAYKTUBHOCTD L.
Ecmm nMeer MecTo aleKTpOMarHuTHOE BO3EHCTBUE HA JAHHYIO TI€TIb CO CTOPOHBI
APYTHX Ierneil Wiv ke ecJii BHYTPH JaHHOH 11en HabJII0[aeTcsl TAKOe BO3/IENHCTBIE
CO CTOPOHBI OTHOTO €€ YYacTKa Ha APYTOH, TO B YMCJIO MTAPaMeTPOB TN BOUIET elle
B3anMHAasI WHAYKTUBHOCTH M.

CTporo roBops, TapaMeTPHI 1IeNN TTOYTH BCeT/Ia B KAKOH-TO Mepe 3aBUCAT OT TOKa
u HanpsikeHust. COMPOTUBIIEHHUE 7 MEHSIETCS ¢ U3MEHEHNEM TOKA XOTsT OBl TOTOMY, UTO
B 9TOM CJIyyae M3MEeHseTCs TeMIepaTypa IPOBOJHUKOB. EMKOCTb KOH/IeHCATOPa MO-
JKeT 3aBUCETD OT HATIPSLKEHUS, €CJIN UDJIEKTPUUECKast TPOHUIIAEMOCTH BEIEeCTBA -
9JIEKTPUKA B KOHIEHCATOPE 3aBUCUT OT HATIPSLKEHHOCTU 3JIEKTPUIECKOTo mos. H-
JAYKTUBHOCTb KaTYIIKU 3aBUCUT OT TOKA, €CJIM MarHUTHAs [IPOHUIIAEMOCTb BEIEeCTBA
Cep/IeYHNKA KaTYNIKU 3aBUCUT OT HAIPSIKEHHOCTA MAarHUTHOTO TIOJIS.

B ob61em cayyae saBucuMocTy rapaMeTpoB 7, L u C OT 3HaueHHi TOKOB, HaIIPsIKe-
HUI MW UX HANIPABJEHUU MPUBOJAT K TOMY, YTO XapaKTEPUCTUKHU 3JIEMEHTOB 3JIEK-
TPUYECKON TIeTTN OKa3bIBAIOTCS HelMnmHeliHbIMU (kpuBble 7 Ha puc. 3.6).

a 6 8
u=ri 1 q="Cu 1 Y=L 1

Puc. 3.6

3aBUCUMOCTD HATIPSIKEHNS HA 3a’KMMaX dJIeMeHTa 9JeKTPUIECKO TIeMn OT TOKa B
HEM Ha3bIBAIOT BOJMIbT-aMIlepHOU XxapakTepuctukoit (BAX) (puc. 3.6, a).

3aBUCUMOCTD 3apsi/la KOHJEHCATOPa OT MPUJIOKEHHOTO K HEMY HAIPSDKEHUs Ha-
3BIBAIOT KYTOH-BOJNBTHOM XapakTepuctukoi (puc. 3.6, 6).

3aBUCUMOCTh TTOTOKOCIIETIEHNS dJIeMeHTa UJIN yYacTKa dJIEKTPUIECKOH e OT
TOKa B Hell Ha3biBalOT BeOep-aMIepHOl XxapakrtepucTtukoi (puc. 3.6, 6).

OnHaKko BO MHOTHX CJy4asiX, KOT/Ia HEJTMHEHHOCTU XapaKTePUCTUK BbIPAXKEHBI
BechbMa €J1ab0, UMK MOKHO TIpeHeOpeyb U MoJiaraTh IapaMeTpbl el He 3aBUCSIIIMU
HU OT TOKA, HW OT HANPsIKEHU. B aTHUX ciydasdx XapaKTePUCTUKU 3TeMEeHTOB dJIeK-
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TPUYECKON TENN OINpPeeAI0TCS Ha ANarpaMMax MpSMbIMUA JUHUSAMEU (KpuBble 2 Ha
puc. 3.6). Takue asleMeHTHI 1leNMM HA3bIBAIOT J U H e T HBI M U. [Ipoiiecchl B TeMAX,
CONEPKAIMNX TOJBKO JUHEUHble dlleMeHmbl, OTUCHIBAIOTCS TPU TTOCTOSTHHBIX TOKAX
JUHEUHbIMU alTeOPanYeCKUMI YPAaBHEHUSIMU, @ TIPU U3MEHSIONIMXCST BO BPEMEHH
TOKaX — Juneinvimu anrebpamdeckumu u auddepernmanbHbivMu ypaBaerusimu. Co-
OTBETCTBEHHO, TaKWe I[eNN HA3BIBAIOT TMHEHHBIMU 2TEKTPUIECKUMU II€ -
nsMu. Bes Bropas yacth OyzeT HOCBSIIEHA TEOPUW JIMHEHHBIX 9JIEKTPUYECKUX
eren.

Korna napamerpsl 271eMEHTOB 3JIEKTPUYECKOH TIeTTH CYIIECTBEHHO 3aBUCAT OT TOKa
I HATIPSKEHUS U, COOTBETCTBEHHO, XapaKTEPUCTUKHU ITUX DJIEMEHTOB MMEIOT Ha
IuarpaMMax KPUBOJUHEWHBIN XapaKTep, TaKue 3JeMeHThl HAa3bIBAIOT HeJTUHe I -
H bl M 1. Eciin a/1eKTpruecKast elb COAEPKUT XOTs Obl OJUH HEJIMHENHbI IeMEHT,
TO OHA SBJISIETCA HEJIMHE M HO M 3JTeKTPUYECKOMN eI b Io.

MaruuTHble 1€, cofiepsKalie y4acTKu 13 (DeppOMATrHUTHBIX MAaTEPUAJIOB, KaK
MIPABUJIO, HEJTMHEWHBI, TAK KaK MAarHUTHAS MPOHUIIAEMOCTD 9TUX MaTePUATIOB 3aBUCUT
OT HANPSI’KEHHOCTU MAarHUTHOTO TOJIS.

V3yueHre HeTMHENHBIX IJEKTPUUECKMX W MArHUTHBIX Ilereil uMeeT GOJIbINoe
[PaKTHYECKOe 3HaYeHKe B CBS3U € MIMPOKKUM KCIOJb30BaHUEM OCOOBIX CBOMCTB Ta-
KUX Tleleil B COBPEMEHHBIX 9JIEKTPOTEXHUYECKUX YCTPOUCTBAX, 0COOEHHO B YCTPOUA-
CTBaX aBTOMATUYECKOTO YIIPABJIEHUS U PEryJUPOBAHUS, B AJEKTPOUIMEPUTEILHOM
TEXHUKe, B PAIMOTEXHUKE ¥ T. JI. SIBJICHIS B HEIMHEHHBIX IeNsAX 60Jiee CJAOKHBI, 4eM
B JINHEHHBIX, a TI09TOMY G0Jiee CII0KHBI 1 METOJbI aHAJIM3a ABJEHUN B HEJIMHENHBIX
nengx. OCHOBHBIE TIOJIOKEHUS TEOPUHN HEJTWHEHHBIX 9JTeKTPUIECKUX W MATHUTHBIX
1erneii 6y/ayT pacCMOTPEHBI B TPEThEH YaCTH.

B pasbHeiineM B HacTOsIIEH IJIaBe U BO BTOPOH YacT OyjeM Mpearojararh, 4To
HapaMeTphbl 1€ He 3aBUCAT OT TOKa U HATIPSKEHUs], a TaKsKe, eCJIU 9TO He GyJIeT oro-
BOPEHO 0c000, ¥ OT BPEMEHH, T. €. YTO OHM TIOCTOSIHHBL.

B Bune npumeposn pacyeta BesinuuH C 1 L TIOJy4UM UX BBIPAKEHUS [IJIT HEKOTO-
PBIX ITPOCTBIX 3JIEMEHTOB IIETIH.

EMKOCTB IIJIOCKOTO KOHZIEHCATOPA OTIPE/Ie/INM, TIpeHedpe-

rasg MCKaKeHWeM Mo y ero KpaeB. lIpuMenum moctysat ’/: + . N
(%) v ! L

MakcBesiia K 3aMKHYTOW MOBEPXHOCTH, OXBaThIBaOIlel 3a- [T TTT T TTIT T

psin g onuoit iactunbl. Ciiell 9TONH 3aMKHYTOI TOBEPXHOCTH £ =

usobpakeH Ha puc. 3.7 MWTPUXOBON JuHKMeld. YacTh HoBepx- - ¢
HOCTU BHYTPHU KOH/IEHCATOPA IIPOBE/IeM HOPMAJIbHO K JIMHU-
SIM HAIPSIKEHHOCTU ToJisl. JIMHUN 10 TIepeceKaroT TOJIbKO Puc. 3.7
3Ty 4YacTb 3aMKHYTOH IIOBEPXHOCTH, PaBHYIO MOBEPXHOCTHU

iacTuHbl. Takum o6pasom,

Dds=Ds=qg u E=
f q

o |
Q

€S

Pa3HoCTb TIOTEHITNAJIOB U TUIACTUH @ U b KOH/IEHCATOPA PaBHA JIUHEHHOMY MHTe-
rpasy Bektopa E Bi0oJib HEKOTOPOTO MyTH MeXIy Tmactuaami. [Iycrts d — paccrosi-
HUe MeX/IY IacTuHaMu. V30upast myTh MHTErPUPOBAHKS BJIOJIb JIUHUW HATIPSIIKEH-
HOCTH TIOJISE M 3aMeyvast, YTO B OJHOPOJHOM TioJie E = const, moIydnm
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up :fEdt:fEdl:Efdz:Ed:qd.

€s
CuileioBaTesbHO,
c=4_%8
u. d
q
S
’,’ \‘l
!
\ q
\ y ?
ﬂé/
7l
-
3
Puc. 3.8 Puc. 3.9

Ormpe/iesiiMm elife eMKOCTh OTPe3Ka KOHIEHTPUYECKOTO KabeJsi InHOi [, ¢ paan-
YCOM BHYTPEHHETO TIPOBOJIA 7; M BHYTPEHHUM paJNyCOM HApy>KHOTO IPOBO/A 7
(puc. 3.8). OKpy:KuM BHYTPEHHWUIT TIPOBOJ 3aAMKHYTOIN MOBEPXHOCTHI0, 06Pa30BaHHOIT
UJITHIPUYECKON TTOBEPXHOCTHIO C PAIUYCOM ¥ U IBYMSI TJIOCKIMH TOPIIEBBIMU 110-
BEPXHOCTSIMH Ha KOHIAX oTpe3ka kabesst. [ToTok BekTopa D CKBO3b TOPIIEBBIE MO-
BEPXHOCTH paBeH HyJIf0. [IpuMeHsis K 9T0ii 3aMKHYTOIi TOBEPXHOCTH TIOCTyJIaT Mak-
CBeJLTTA, TToJTy4aeM

D
fpds =D2mi=q w E=—==_1
e &2mrl
IIPUYEM ¢ — 3apsi/i PACCMATPUBAEMOTO OTPe3Ka KabeJrst.
PasHocTb OTEHINAIOB U MEXKAY BHYTPEHHUM U HAPY>KHBIM [IPOBOJAMU OIIpejie-
JIIeTCs. MHTerPaIoM:
2 2 d
r 1 .
U :J‘Edrzi LA i P
e2ml L ToE 2nl 7,

Ut

nu, cjaeaoBaTe/IbHO,

Haiiziem BbIpaskeHue Ui MHIYKTUBHOCTH TOTO K€ KOHIIEHTPUYECKOTO Kabess, -
noJjiarast, YTO BHYTPEHHUI MPOBOJI SIBJISIETCS TIPSIMBIM, a HAPY/KHBIH — OOPaTHBIM.
Ha puc. 3.9 u3o6pakeHbl IHHUN HANIPSKEHHOCTH MAaTHUTHOTO TIOJIST B TAKOM Kabeure.
MaruuTHBIM [TOTOKOM B TeJie 06paTHOrO MpOBOja MpeHedperaeM BBULY MasON TOJI-
IIUHBI 9TOTO MPOBOA. MarHuTHOE MoJie BHe Kabessi OTCYTCTBYET, TaK KaK CyMMa
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TOKOB B IIPSIMOM 1 06paTHOM IPOBOJAX paBHA HYJIIO, U CJIe[0BAaTEIbHO, PABEH HYJIIO
JIHHefIHbIﬁ I/IHTeI‘paJI HaHpSDKeHHOCTI/I MardmMTHOT'O I10JIA, BSHTBIPJI 110 JHO6OMy KOHTy'
Py, OXBaThIBatoIeMy Bech kabeb. TakuM 00pa3oM, OCTAETCS YUECTh TIOTOK B M30JIH-
PYIOIIIEM BEIECTBE U IOTOK B TeJie BHyTPeHHeTo npoBoja. O6a aTH MOTOKA OIpe/Ieis-
I0TCS TOJIBKO TOKOM i BO BHYTpeHHEM MpoBoje. PaccMarpuBaeMbIil mpuMep 0coOeHHO
UHTEPECEH TeM, U4TO 371eCh HE0OXOAMMO PacCYUTATh MOTOKOCIIEIIEHIE, KOTOPOE OIlpe-
neJaderca JNHUAMN MaI‘HI/ITHOfI I/IHI[yKL[I/II/I, HpOXOI[ﬂH_[I/IMI/I B TeJjie caMoOro HpOBOI[a.
HanpsikeHHOCTD TI0JIsT B U30JIMPYIONIEM CJI0e Hall/IeM M3 3aKOHA MOJIHOTO TOKA:
. i
§Hdl =H2nr=i; H=—.
) 2nr
HanpskeHHOCTD 110JIsT B TeJle BHYTPEHHETO MPOBOJIA TT0JIydaeM U3 3TOTO 3aKOHA,
VUNTBIBAsl, YTO MATHUTHBIE JUHUHU 3[€Ch OXBATHIBAIOT TOJBKO YacTh TOKA, PABHYIO
Z.n72 )
)
;

2 "

2

pHAl = H2mr =i"-; H =

n 2mn

[PUYEM 7 — PAcCTOsTHUE OT ocH KabeJist 10 TOYKH, B KoTopoil onpenesiercst H. TTo-

caeHsist hopMyIIa CIpaBeIIBa TOJIBKO MIPU YCIOBUHM PABHOMEPHOTO PACIIPEIETICHIIST

TOKA 110 CeYEHUIO TIPOBOJIA, T. €., CTPOTO TOBOPSI, KAK YBUIUM JaJIbII€e, TOJBKO IIPH T10-
CTOSIHHOM TOKE.

PasjesiM MoTOK Ha KoJIblieBble TPYOKM, UMEIOLINE MPSIMOYTOJIbHOE TIOTIEPeuHoe

ceuenue ds = ldr, rne [ — nnuna orpeska kabesst. [IoToK CKBO3b ceueHne Takoil TpyOKu

d® = B ds = uHI dr.
TpyOKM MarHUTHOM MHIAYKIMH, PACIOJIOKEHHbBIE B CJI0€ M3O0JSIUH, CHEILISIOTCS

OJIMH Pa3 CO BCEM TOKOM I, U, CJIe/I0OBATEJIbHO, TIPUHSB JIJIS BENECTBA U30JISIIUH L = L,
ISt 5TUX TPYOOK MMeeM

d¥ = do =y, ldr
2nr

HOTOKOCHGH]’IGHI/IG q’”, o1peae/sieMoe JIMHUAMN MarHUTHON WHAYKIINU, PacIiojo-
JKEHHBIMU B U30JIMPYIOIIEM CJIO€, paBHO

Tdodr pg T
Y= — = ="%4In2.
_[Ho 2 r 2= n

TpyOK¥M MarHUTHOW WHAYKIIMH, PACIOJIOKEHHBIE B TeJie BHYTPEHHErO MPOBO/IA,
2

CIETIIITIOTCS TOJBKO € 9acThIO TOKA, PABHON i% =1,. Ecam Bech mpoBoz paccmaTpu-
i

BaTh KaK OJMH BUTOK, TO OTHOIIEHUE i, /i IpeAcTaB/seT coOOOI yacTh BUTKA, OXBAThI-

BaeMyio JaHHOW TPYOKOi MarHuTHON nHAyKIK. [Toatomy mortok d® B TpyOKe maer

notokocierierne d\¥ co BceM TOKOM i, paBHOE

2

. 2 . .
dv=rdo=" y ' gy
1 T 2 2n
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rie p — abCosIoTHAasE MarHUTHAs TIPOHUIIAEMOCTh MaTepuasa mposoja. IloTokocrern-
Jgerue W, onpejesiseMoe JTUHUAMA MAarHUTHOU MHAYKIIMY, 3aMBIKAIOIUMUCS B TeJie
MIPOBOJIA, UMeeT 3HAaUeHUe

[ .
v zfil—lrgdrzﬂil.
0

2n ! 8n
Vckomas MHAYKTUBHOCTD BRIpAsKaeTcsa GopMyJIoi
v+yr .
i 27 n 4

W3 ipuBeIeHHBIX IPUMEPOB CTAHOBSTCS SICHBI BhicKasaHnnbie B §1.8 n 1.11 obiue
MOJIOJKEHUST, YTO eMKOCTh C OTIpeiesisieTCsl TTapaMeTpPOM € CPEbl, I/le CYIIECTBYEeT
9JIEKTPUYECKOE T10JIe, U FTeOMETPUYECKUMHU Pa3MepaMu, a UHAYKTUBHOCTH L orpeje-
JsieTcst abCOMOTHBIMU MAarHUTHBIMU TIPOHUIIAEMOCTSIMU L CPEll, B KOTOPBIX CYIIECT-
ByeT MAarHUTHOE T10JIe, U TEOMETPUUECKUMU Pa3MePaMHU.

JI1s1 eMKOCTH 1 MHAYKTUBHOCTH Kabesrs XapakTepHa TaksKe MpsiMast 3aBUCHMOCTb
UX OT JJIHbI [ oTpeska kabesst. Bo3MOKHOCTD IIpeICTaBAeH s Kabesst COCPeI0TOYEH-
HOH €MKOCTbBIO WJIM MHAYKTUBHOCTBIO, KaK OBbLJIO OTMEYEHO B § 3.4, 3aBUCUT OT TOTO,
HACKOJIbKO B KabeJsie MeHbIIle TIPOn3BeleHne CKOPOCTH CBETA Ha TIPOMEKYTOK BpeMe-
HU, 32 KOTOPBIN Ipoliecc noBTopsiercst (repuos 1 st eproAnIecKux IpoIeccoB),
ero sumHbL I[TycTh yactoTa f paccmarpuBaemMoro mpoiiecca pasHa 50 kI, Torma nepuos
mporiecca paBeH T = 1/f =210 ¢. CaenoBaresibHo, ecim [ << 2-1075-3-108 = 6-103 w,
TO TaKOW Kabesib MOKeT ObITh PACCMOTPEH KaK y4YacTOK IeITH, MMEIOIIHiT COCPEN0TO-
YeHHDIE TTaPAMETPDL.

3.6. CBsi3n Mexxay HanpsHXeHUeM U TOKOM
B OCHOBHbIX 3JIEMEHTAX 3JIEKTPUYECKOMN Lenm

OO6paruMcst BHOBb K TIPOCTOM 9JIEKTPUIECKON 1eTH, N300pakeHHOI Ha puc. 3.5.

[TepBoIit yyacTok 1emu ab MbI OXapaKTePU30BAJIN COTPOTUBICHUEM 7. 3HA 7, TIPU
3aJIaHHOM TOKE i MOJKHO, TI0JIb3YsICh 3akoHOM OMa, HAliTH HaIPsIKEHMeE U,, HEOOXOIH-
Moe JIJIST TIPEOIOJIEHNS COTIPOTUBIICHUS 3TOTO YYacTKa IEIH, a UMEHHO

U, = 7i.
Bropoii yuactox 1ernu be npezactabisier co6oil KOHAEHCATOP. 3Hask eMKOCTh KOH-

nencaropa C, MOXKHO TIPY 33/[aHHOM 3HAYEHUU €ro 3apsi/la ¢ HAWNTH HANPSIKEHUE U
n3 cooTHomeHuss ue = q/C. Mexay TOKOM i W 3apsiloM ¢ CYIIECTBYET CBS3b

du,.
i C—X. CrenoBaTebHoO,

Cdt dt
q=[ide+q0),
0

rae q(0) — 3aps koHzeHcatopa B MOMEHT ¢ = 0, T. €. B MOMEHT, OT KOTOPOTO HauMHAEeM
oTcueT BpeMeHH. COOTBETCTBEHHO,
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Iidt+%()):%jidt+uc(0),

0 0

_1

Ue C

rie uc(0) — HampsKkeHne Ha KOHEHCATOPe B HAYaJIbHBI MOMEHT BpeMenu ¢ = (.
Tperwii y4acTok menu cd mpeacTaBiasieT cobOi MHAYKTUBHYIO KaTylIKy. 3Hast

WHIYKTUBHOCTH KaTYIIKK L, MOKHO TIPY 33JIaHHOM TOKE OIPE/IeUTDh OTOKOCIIeTLIe-

Hue caMmonHAyKIy W, = Li M TIpK 3a[aHHON CKOPOCTH U3MeHeHUs Toka di/dt maiitu

di
Bo3HuKaomyio B nenu I/JJC camonnaykium e, = —L —, a Takyke HalpsIKEHUE Ha 3a-
t
di
dt
Berpaskast Tok i B KaTyIlKe 1 TOTOK ¥, B Hell yepes HalPsKEHUE #; Ha ee 3aKNMaXx,
[IOJIyYUM

JKIMax KaTyllKu u, =—e, =+L

1 . .
lz—IuLdt+z(0) u ‘PLzllzjuL dt + ¥, (0),
Ly 0
rie i(0) m W (0) = Li(0) — TOK 1 TOTOK B HAYaIbHBIT MOMEHT BpemMenn ¢ = (.
[Tpu HATMYMK B3aUMHOI WHAYKTUBHOCTH COOTBETCTBEHHO Oy/IEM MMETh

di di
WY, = Miy; e,,=-M-—2 u u,, =-e, =+M—=
1M 29 1M 1M 1M .
dt dt
Berpakas Tok i, u notok V,,, = Mi, yepe3 HalpsOKeHUe Uyy, HalijieM

t t
i =ﬁj.u1M dt +i,(0) u ¥, = Mi, =Ju1M dt + ¥, (0).

0 0

Hanpskerre Ha Jr000M y4acTKe el PaBHO JIMHEHHOMY WHTErpaIy HalpsiKeH-
HOCTHU 3JIEKTPUUYECKOTO MOJIST BOJIb 9TOTO y4acTKa. TaKk Kak Mbl MOJHOCTBIO TIpeHed-
Perjiv 3JeKTPOABMIKYIIUMU CUJIAMU, UHIYIIUPYEMbIMU TTePEMEHHBIMU MAarHUTHBIMU
IIOTOKAaMU B IIEPBOM U BO BTOPOM Y4aCTKaX, TO 3JIEKTPUYECKOE I10JIe OKOJIO ITUX yYa-
CTKOB ABJIgeTCST nomenyuaivivim. CaefnoBaTesbHO, B BBIPAKEHUSIX

u, =jiEdl U U, =jEdl
a b

Iy TH WHTErPUPOBAHUST MEK/LY TOUKaMU a U b 1 MesKy ToYKaMu b u ¢ MOTYT OBITH 3a-
JIaHbl TIPOU3BOJIBHO. DTH IIYTH TOJBKO HE JOJKHBI TPOXOAUTD Yepes 001acTh MarHUT-
HOTO TIOJI KaTYIIKN. B 9acTHOCTH, OHM MOTYT MTPOXOANTH B/IOJIb TIPOBOJIOKH peocTaTa
U BHYTPU JMAJEKTPUKA KOHIeHcaTopa. Ho oHM MOTyT mposieraTh U OKOJIO peocTaTa
WJIN OKOJIO KOHJIEHCATOPA, T/le TaKKe CYIIECTBYeT aJIeKTpUYecKoe ToJe.

B Boipaxkenun

d
u, = [Edl
Cc
HWHTErpaJl 10JKeH 6bITb B3AT TaKK€ B/10JIb ITyTH, HE [TPOXO/JANIETO B MArHUTHOM I10JI€

KaTyHIIK1, HO OTHIO/[b HE BJOJIb ITPOBOJIOKN KaTYIIKH. [TosicHUM 5TO IIOJIOKEHUE. I[JIH
IIPOCTOTHI IMIPEAIIONOKNM, YTO KaTyIIKa UMEET OJNH BUTOK, COBMEIIEHHBIN C IIJIOCKO-
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ctpio pucynka (puc. 3.10). Marnutnsrii notok @, crienrsgomuics
C BUTKOM, TIPOXO/INT CKBO3b ILJIONIA/Ib, OXBATBIBAEMYIO BUTKOM
(3amTpuxoBaHa Ha pucyHke). JIMHeHbIN MHTErpana HaIpPsKeH-
HOCTH 3JIEKTPUUYECKOTO TI0JIsT, B3ATBIN [0 MYTH ¢d BHYTPH TIPOBO-
JIOKH BWTKA, PABEH HYJIIO, TaK KaK MBI TIOJHOCTBIO TIpeHeOperin

Puc. 3.10 COTIPOTHUBJIEHNEM BUTKA, a CJIE/IOBATEIHHO, HANIPSIKEHHOCTD 2JIEK-

TPUYECKOTO T0JI BHYTPU MaTeprajia IPOBOJIOKU paBHA HYJIIO.

CorylacHO 3aKOHY 3JIEKTPOMAarHUTHON WHIYKIIUU, UMEEM

fEa--12.
cndme dt
Tak kak JEdl =0, To
cnd
[Ed——2 y [pa- 22 A _ 4,
dmc dt cmd dt dt dt

[Ipu cpemaHHBIX TOMYIIEHUSAX U OTOBOPKAX MOKHO, COTJIACHO cKazaHHOMY B § 1.8
u 1.12, npuMeHATH M9 BEIUYUH U,, Ue U U; HAPAAY C TEDMUHOM HAaTIPSAKeHU e
TaKXe U TEPMUH PAa3HOCTHh MOTEHII M A JI O B.

3.7. YcnoBHbIe NOJIoXKUTEsNIbHble HanpasneHusa Toka n 3[4C
B 3/1IeMEHTaX Lenu 1 HanpsHKkeHUs Ha UX 3aXKmMax

[Ipu aHamm3e MPOILECCOB B DJIEKTPUYECKON Ieln HeoOXOAUMO 00s3aTe/IbHO 3a/1aTh
YCA08HBLE NOSOYCUMETbHLIE Hanpasienus TOKOB 1 J/]C B ajleMeHTax ey 1 HATIPsTKe-
HUIl Ha WX 3aKUMax, 0003HAYMB TaKye HAIPABJIECHUS Ha PUCYHKE CTPEJKaMH. JTH
VCTIOBHBIE TOJOKUTENbHBIE HATPAaBIECHNUSI MOXHO 337aTh MPOU3BOIBHO. [leticTBu-
TeJIbHbIE MIHOBEHHbBIE TOK i, Hanpstkerue u u DJC e 6yayT MONTOKUTEIbHBI, €C/IN
JleficTBUTEIbHBbIE HAIIPABIeHU TOKa, HanpsikeHusa u /[ C B 1aHHBINT MOMEHT BpeMe-
HU COBIAJAIOT C YCJIOBHO 33aJ[aHHBIMHU TIOJIOKUTETHHBIMU WX HAIPaBIEHUSIMU.
B mambHeiimeM 711 KpaTKOCTH YaCTO BMECTO «YCJIOBHOE TIOJIOKUTENbHOE HallpaBJIe-
Hue» Oy/leM TOBOPUTH «ITOJIOKUTEIbHOE HAIlPABJIEHUE>, BCETa TIOHMMAsT IOl 9TUM,
ecJIM He OTOBOPEHO 0c000, UMEHHO YCJIOBHOE MOJIOKHUTEIbHOE, a He JIeHCTBUTEIbHOE
HaIpaBJIeHe COOTBETCTBYIONIEN BETUINHBI.

MHorma yao6HO BbIpaKaTh YCIOBHOE MOJIOKUTETbHOE HATIPABJIEHNE TOKOB, HAIIPSI-
skennit wn DJIC He cTpeskamMu, a ABOMHBIMU MHIEKCAMK Y UX OYKBEHHOTO 0003HaUe-
HUS (119, Uy, €19, Ty s Ugp s €4p)- DTU MHIEKCHI JOJIKHBI COOTBETCTBOBATH 0O03HAYECHUSIM
TOYeK Ha TpahuIecKOM N300pakeHNN TIEMH, MPIUEM MOJOKUTETbHBIM CUNTAETCS Ha-
MpaBJieHre OT TOYKH 1IN, OTBEYAIOIIeil TepBOMY MHIEKCY, K TOUKe IeTH, OTBeJato-
el BTopomy mHAekcy. Hampumep, u,, > 0, xorma aeiicTBUTEIbHOE HANPSKEHUE Ha-
[IPABJIEHO OT TOYKH @ K TOYKeE b.

[IpunsaB mpuBeseHHbIe B TIPEBIAYINeM Maparpacde CBI3U MEXAY U, U i, MEXIY g
U U Vi MEKAY Uy, Y di/dt, MBI JOJIKHBI CYMTATh YCJIOBHBIE MTOJOKITEIbHbIE HAaIIPaBJIe-
HUS TOKa, HanpspkeHns n /[ C B KaxKI0M OT/IeIBHOM 9JIeMeHTe 1IeI OPUEeHTHPOBaH-
HBIMH B OJIHY U TY K€ CTOPOHY, UTO TIOKa3aHO cTpejkamu Ha puc. 3.11.

B camom geste, coryiacHO CBSI3M Uy, = ¥y, BETUWIUHBI U, = Uy W 1 = 1y JTOJIKHBI
OBbITB TIpH 7 > 0 OHOTO 3HAKA, T. €. OHOBPEMEHHO TIOJIOKUTENbHBI (BHAKU «+» U «—»
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Ha puc. 3.11) uiu oHOBPEMEHHO OTPHUIIATENBHBI, YTO U

COOTBETCTBYET OJJMHAKOBOMY BBIOODPY MX YCJIOBHBIX MOJIO- “Ti “Ti “Ti
JKUTEJIbHBIX HATPABJIEHMUIA, T. €. OJIMHAKOBOMY HarpasJie- + + +
HUIO CTPETIOK. ITO COOTBETCTBYET TaKyKe TOMY, UTO BCET/Ia ”"l ! “CL ”Ll "Ll
MOIIHOCTD p, =u,i> 0. - - -

Jlist KOHJIeHCAaTOpa MMEEM CBsA3b Uy, = ¢,/C, Tak Kak b b b
Onst mozo umobnt 6vino C > 0, kak ckasano B § 1.8, neobxo- Puc. 3.11

MO OpaTh 3apsifi TOU IUIACTUHBI, OT KOTOPOIl OTCUMTHI-
BaeTcsl HATIPSKEHUE, T. €.

CorylacHO 3TOIi CBSI3U, BEJIMUUHBI Uy, U ¢, — OJHOTO 3HaKa. IlycTb B HEKOTOPBIN
MOMEHT BPEMEHU TOK MMeEET JefiCTBUTETbHOE HaIlpaBJIeHHe OT 3a’KUMa d K 3aKH-
My b, T. e. i, > 0. I[TycTh KOHAeHCATOP 3apsKaeTcs, T. €. ¢, > 0 (3HaKh «+» U «—»
Ha puc. 3.11), a cie1oBaTeIbHO, U U = Uy, > 0, 4TO COOTBETCTBYET BHIGOPY YCIOBHBIX
MOJIOKUTENIbHBIX HATIPABJIEHUIT i U U¢, T. €. BBIOOPY CTPEJIOK, B OJIHOM HAllPaBJIEHUH.
ITO COOTBETCTBYET TaKKe TOMY, UTO TIPH 3apsijIKe KOH/IeHCaTOpa SHEPTUS MOCTYIIaeT
B HETO 1 MOIIHOCTb HA €r0 3aKNUMaX MOJOKUTEIbHA: pe = Ucl > 0.

di .
[lng xatymku nmeeM cBsI3b U, = +L —, nmpuueM Bceraa L > 0, Tak xak L = V¥, /i,
L dt L

a MOTOK CaMOMHAYKINU W) M TOK B KaTyIIKe i BCeT/ia OJHOTO 3HaKa — HallpaBJieHHe
TOKa W HallpaBJeHUe JIUMHUIT MOTOKa CAaMOWHIYKIIUH CBSI3aHbI MKy COOOM TpaBH-
JIOM TIpaBoro BUHTA. Ecim TOK mMeeT JeficTBUTENbHOE HAIpaBJeHUE OT 3aKUMa a
K 3axkumy b, 10 i, > 0. Ilyctb mipum aTOM TOK Bospacrtaet, T. e. di/dt > 0, Torma
u; = Uy > 0 (3HaKU «+» U «—» Ha puc. 3.11).

i
Taxum 06pa3oM, U [Jist KaTYIIKU, BBIOPAB CBsI3b u, = +L p MBI TEM CaMbIM BbIOU-
t

paeM yCJIOBHBIE TTOJIOKUTETbHbIE HATIPABJIEHUS TOKA { ¥ HATIPSIKEHUS U, T. €. HalpaB-
JIEHWS UX CTPEJIOK, B OJIHY CTOPOHY. Bce 5TO cOOTBETCTBYET TaKsKe TOMY, UTO TIPU BO3-
pacTaHUM TMOJIOKUTETBHOTO TOKA, T. €. TPH BO3PACTAHUU aOCOJIOTHOTO 3HAYECHUST
TOKA, YBEJIMUUBAETCSI SHEPTUSI MATHUTHOTO TI0JIsI B KATYIIIKE U MOTI[HOCTDb HA €€ 3aXKu-
MaX MOJIOKUTENbHA: Py = Uy i > 0.

Yenoshoe nososkurtenbuoe Hanpasienue st IJC e, caenyer MpUHUMATH TAKUM
Ke, KaK M JUIS Uy, TaK Kak TIPU 9TOM B COOTBETCTBUU CO CBA3BIO €, = —u; = —L Ez BCe-
I71a JeificTBUTe/IbHbIE HAIPaBJIeHUs €, U U, OyAyT MPOTUBOIOJIOKHBI, T. €. eCJId, Ha-
puMep, IeiCTBUTEIbHOE HAIIPaBJICHNE BEJIMYMHBI #; Ha 3aKUMax KaTyIIKu OyAeT 10
ee cTpenike (0T «+» K «—» Ha puc. 3.11), To AeficTBUTEIHLHOE HATIPABJIEHITE BETMUNHBI
e, B KaTyIIKe B TOT }Ke MOMEHT BPEMEHU OKAJKETCsI TPOTUB €€ CTPENKH (0T «—» K «+»
Ha puc. 3.11). Hanpsiukenue u;, Kak ObLJIO PasbsCHEHO B IpeAbIAyIeM maparpade,
caeryet OpaTh O MyTH MEK/Y 3aKMMaMK KaTYIIKK 6He ee MArHUTHOTO TI0JIsl, Hallpu-
Mep OT 3aKKMMa ¢ K 3akuMy d 1o nytu cmd ua puc. 3.10.

PaccmotpumM Terepb B3aMMHYIO WHIYKTHBHOCTH M MeXIy JBYMSI KOHTYpPaMHU.
BasxHO MMeTh B BUJLY, UTO €CJIH JIJIsl BCSIKOTO AJIEKTPUYEcKoro Koutypa L > (), To B3a-
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UMHas MHIYKTUBHOCTH M MOKeT OBbITh KaK MOJIOKUTEIbHOMN, TaK U OTPUIATELHOI 1,
B YaCTHOCTH, PABHOHM HYJIIO, TaK KaK 3HAKW MMOTOKOB B3aMMHON WHIYKIINN 3aBUCAT
IPU BBIOPAHHBIX TOJIOKUTEBHBIX HAIPABJECHUSIX TOKOB B KOHTYpax TakKe ele u
OT B3aMMHOTO PACIIOJIOKEHNsT KOHTYPOB. [10JI0KUTEIbHBIE HATIPaBJIEHUST TOKOB B 060-
UX KOHTypax BCerja MOXKHO BbIOpaTh MPOM3BOJILHO. [TOCKOIBKY 5TH HarpaBJeHWs
BbIOpAHbI, TO BeJIMYMHY M MbI JOJKHBI CYUTATh TIOJOKUTENBHO, KOT/Ia TIPU M0JI0-
SKATEJTbHBIX TOKAX MOTOKW B3aUMHOM WHAYKITNH, CIETJIAIONINEeCs ¢ KOHTYPaMH, OKa-
3bIBAIOTCS TAK)Ke TOJIOKUTEJNbHBIMU, T. €. COBIAJAIOT 110 3HAKY C MOTOKAMU CaMo-
nHaykiuu. VUuasivu cioBamu, M > 0, ecau npu noaojicumenvHulx moxax Mazuummuvle
NOMOKU 8 KOHMYPAX Hanpasienvl coznacko, u M < 0, eciu npu nosoICUmMenbHbIX MOKAX
NOMOKU HANPAsieHvl 6CMPeEUHo.

[Ipu atux ycaoBusx, ucxond u3 npuATsX B § 1.11 Berpaskenuii aia 9/1C B3aum-

iy diy 4
HOIWl MHIYKIUH €, = —-M,, —= 1 e,,, = —M ,, — 1 IPUHUMAas CBSI3U MKy HAIIpsi-

dt dt

di di
werusamu v DJIC B BUnC Uy, = —€, = +M —21u,, =—e,,, =+M —L (¢ yuerom, uto

dt dt
M {y =M, = M), MBI JOJKHBI YCJOBHBIE TTIOJIOKUTETbHBIE HATTPABIEHUS /IS 9TUX Be-
JIMYUH TPUHATD TAKUMHU JKe, KaK W JIUIF Uy W Uy, T. €. COBTAMAIONNMA C YCIOBHBIMU
MOJIOKUTEJIbHBIMU HANIPABJIEHUSIMU TOKOB iy U iy, YTO W IMOKA3aHO CTPEJKAMK Ha
puc. 3.12.

YacTo BMECTO 3TOTO MapKUPYIOT OJIMH M3 3a’KUMOB KXKJAOH KaTYIIKU >KUPHOM
Toukoii (o) (puc. 3.12). ITO 3HAUUT, YTO €CJIU TOJOKATETbHOE HATPAaBJIeHNE TOKA B
0OMOTKe OJHOM M3 KaTyIIeK MPUHITO OT TOYKH, TO ¥ TOJOKUTEIbHOE HAIIPaBJIEHIE
HATPSKEHUS Ha 3aKMMax Jpyroi kaTymku u J/[C B3auMHOI HHAYKITUN B HEN TaKKe
MPUHUMAETCS OT TOYKU.

CoOTBETCTBEHHO BbIOPAHHBIM TIOJIOKUTEIBHBIM HAIIPABIEHUSIM TOKOB 1y U iy WJIN
COOTBETCTBEHHO BBIOPAHHOI MapKUPOBKE TOYKAMM JIOJKEH ObITh 3a/1aH 3HAK B3aM-
HOW MHAYKTUBHOCTH, Hantpumep M = +0,5 I'n uau M = —0,5 Th.

o Mq Mbi GyzeM CTPEMUTBCS, Kak MPaBUIIO, BHIOMPATD TTOJIOKMN-
TeJIbHOE HallpaBJeHUe TOKOB iy W i, U MapPKUPOBKY TOYKAMU
COTJIACOBAHHBIMK MKy COOOM, Kak 9TO cjelaHo Ha puc. 3.12.

i B ITpu atoM TO U Apyroe 0603HAYEHUST B3AUMHO 3aMEHSIIOT JPYT

Puc. 3.12 npyra. Ecim 661 B 0COOBIX ciiydasix BbIOOD TOJIOKHUTENbHBIX

HAIPaBJICHWH TOKOB OKA3aJICS HE COTJIACOBAHHBIM C MAPKUPOB-

KOi1 TOUKaMu, a 3HaK M MbI [TO-TIPEKHEMY CBSI3aJIU Obl ¢ MAPKUPOBKOW TOYKAMM, TO
9TO 3HAYMJIO ObI, YTO HAJO MTUCATH

ulM*‘ﬁM‘ *eZM *MZM

di, di
_ _ 2 _ _ 1
Uy ==y =—M —=nuy, =-e,, =- E

dt

3.8. UctouHnkm 34C ¥ NCTOYHUKM TOKA

Wcrounrky sHEPTUU B JIEKTPUUECKUX TIETISIX IPUHSITO PACCMATPUBATh KaK K C T O U -
nuku I/C wm kak ucTouyHU KU ToKa. K ncrounukam DJ[C 0ObIYHO OTHOCAT
HUCTOUYHUKY 9JIeKTPOMATHUTHON 3Heprur, B KOTOPhIX D/ C e He 3aBUCUT WU TTPAKTU-
YEeCKHU He 3aBUCHUT OT TOKA, U/YIIET0 OT UICTOYHUKA B IPUEMHUK, U BHYTPEHHEE COIPO-
THUBJIEHUE 7, KOTOPBIX MAJIO, TAK YTO HATIPSKEHUE U = € — 17, Ha 3a)KUMaX UCTOUHUKA
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CPaBHUTENHHO MAJI0O U3MEHSETCS B TpeeiaXx M3MeHeHUs TOKa OT U
HYJIST 10 HOMUHAJIBHOTO 1, Ha puc. 3.13 nmpuBemena Tak Ha3bIBae-

Masi BHEUHSSL XAPAKMePUCMUKA, T. €. 3aBUCUMOCTb u = (i), TaKOTO Fan# 0 :,
UCTOYHUKA IIPU € = const u r,, = const. Oua npeacrasiser coboi ¢ !
npsamyto Juawio. JIuHeitHas 1enmb AOJIKHA COMEP:KaTh TOJIBKO WC- i
tounnku I/]C ¢ Takoii tuHeHON XapakTepucTukoit. Ecan r,, =0wu 0 fnon!
e =const, To # = e = const, 1 TAKON NCTOYHUK 6y1;[eM Ha3bIBaThb 1 ]I € - Puc. 3.13
anbHBIM UcTodHuKOM I/ C. Ecru y peasbHOrO MCTOUHUKA,

UMeloIero 7,, # 0, YyCJIOBHO BBIHECTH €TO BHYTPEHHEE COMPOTUBJIEHUE, TO MOJIYINM
ycJoBHOe nzobpaskenne ncroununka JJIC, npusenentoe Ha puc. 3.14, a. Heobxoxanmo
yKasaTh CTPEJKOW TosokuTeabHoe Hanpasiaenue J/C e. B obiiem ciydae aTo ecTh
ycJI0BHOE TIoJIoskuTesnbHoe Harpasiaenne J/IC, tak kak DJ[C MoKeT ObITh TIepeMeH-
HOIl, HAITpUMePp MepUoINIecKol, BemnunHou. Eciu Terepb OTHECTH 7, K IPUEMHUKY,
1100aBUB €ro K COTMPOTUBJIEHNIO TipreMHnKa (puc. 3.14, 6), To 1ernb OyaeT paccMaTpu-
BaThCA Kak cofepskaiias naearbHblii uctounnk I/ C.

B coryuae xorga xapakrepucTtuka u = f(i) KpUBOJIMHEITHA, YTO MOKET OBITh, €CJIN
BEJIMYMHA € HeJIMHEWHO 3aBUCUT OT i WU KOT/IA 7, 3aBUCUT OT i, 11eTTh, conepmamaﬂ
TAKOW MCTOYHUK, SIBJISETCS HEJUHENHON HeHbIO a
Bo BTOpOIT YacTH, TOCBAIEHHON TEOPUH JTMHEITHBIX
DJIEKTPUYECKUX Iierneii, OyaeM IperoiaraTh, 4To
ucrourrkn IJ[C obrasaoT JUHEHHON XapaKTepu-
ctukoit. Ucrounnkamu I/[C B ykazaHHOM CMbICJIE
SBJIAIOTCS, HATIPUMEpP, aKKyMYJSTOPBI, TaJTbBaHU-
YecKre IJIeMEHTBHI, Bpallaioluecs 3JIeKTPUIecKue
reHepaTopbl IIOCTOSTHHOTO TOKA. Puc. 3.14

K ucrounukam ToKa 0OGBIYHO OTHOCSIT MCTOYHU-

KW 9JIEKTPOMArHUTHOH 9HEPTUH, B KOTOPBIX TOK He 3aBUCUT WJIU MTPAKTUIECKU He 3a-
BUICUT OT HANPSLKEHUS ¢, KOTOPOE CO37aeTCs MCTOUHMKOM Ha 3aKUMaX TMPUEMHUKA.
VenoBuMcest B flaibHEIIIEM 3alaHHbII TOK MCTOYHUKA TOKa 00603Ha4aTh OYKBOM J,
4TOOBI OTJIMYATH €TI0 OT TOKOB i B IPHEMHUKE U B PA3JIMYHBIX €r0 y4acTKax. ITo Oyaer
COOTBETCTBOBATh TPUHSATOMY OTJIUYNIO 0O603HaueHust 3azanuoii J/IC e ucrounmka

I/IC ot 0bo3HAUEHMS HAIIPSIKEHMS ¢ Ha 3aKMMax MPUEeMHIKa U Ha | B

€r0 Pa3INYHBIX ydyacTkaX. lIpexamornaraercs, 9To MCTOYHUK TOKA g =0
uMeeT ,Z[OCTaTO‘{HO MaJIy10 BHYTPEHHIOIO TIPOBOIUMOCTD &, TAK YTO Zon#0 T
TOK i = 3 — Ug,,, TOCTyTAIONNI B TPUEMHUK, MaJI0 NU3MEHSETCA B I E
HpeI[eJIaX M3MEeHEeHUsT HANPsKeHUs ¥ OT HyJd 10 HOMUHATHHOTO i
Uy, Ha puc. 3.15 mokasaHa BHEIIHS JIMHENHAsS XapaKTepUCTUKa 0 Unor!
i = f(u) ncrounuka Toka mpu I = const u g, = const. 371ech Ke Mpu- Puc. 3.15

BeJleHa Xapakmepucmura udeaivbHozo UCmoYHUKAa moKa, UMEOIIero
3 =const 1 g, = 0, mpu KoTopoM i = I = const.

Ecau yc/i0BHO BBIHECTH TIPOBOAUMOCTD g, TO MOJYYUM YCJIOBHOE M300paskeHe
HUCTOYHUKA TOKA, NMPUBEJEHHOE Ha pHC. 3. 16 a. HeobxonmuMo yKaszaThb CTPENKOil
YCJIOBHOE IOJIOKUTEJNbHOE HalpaBjeHue Toka J. Ecau OTHeCTH IPOBOAUMOCTD &y,
K IPUEMHIKY, 100aBHB €€ K IPOBOAUMOCTH &, HpI/IeMHI/IKa (puc. 3.16, 6), To 1enb Oy-
JIeT pacCMaTPUBATBCS KaK cofepsKaiias UaeaJbHbII UCTOUHUK ToKa. [Ipu nsyuyenun
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TEOPUHM JIMHEHHBIX Iiereil GyneM Tperno-
Jlarath, 4TO MCTOYHWKU TOKa 00Ja1aioT
JUHEeHHOH XapakTepuctukoil. lctounnka-
MU TOKAa B YKa3aHHOM CMbICJIE SIBJISIIOTCS,
HaTNpuMep, UCTOYHUKYA 9HEPTUH, OCHOBAH-
Hble Ha M3JIyYeHUW 3apSLKEHHBIX YACTHII,
BBIZIEJITIONTNAXCS TIPU PATUOAKTUBHOM pac-
Tajie BEllecTBa, TaK KaK IPU 9TOM TOK UCTOUHUKA OTIPEIEJISIETCS CKOPOCTHIO Paciiajia.

Baxxupivu pasnoBugHOCTAMEI NCTOYHUKOB J/]C 11 TOKA SABJISIOTCS 3aBUCUMBIH HC-
tounnk J/|C m 3aBUCHMBII MCTOYHUK TOKA. 3ABUCHUMBIM HCTOUYHHUKOM
9MEeKTPOABUKYIIE W CUJBl HA3BIBAIOT TAKON UCTOUHUK, B KOTOpoM I /I C 3aBu-
CUT OT TOKA WJIN HAIIPS)KEHUS] B HEKOTOPOM y4acTKe 1enu. YacTo Takue MCTOUYHUKH
Tak)Ke Ha3bIBaIOT yrpasisieMbiMu. Ecim 3Hauenne 9/]C nctounnKa 3aBUCUT OT TOKA
(MM HATIPSIKEHUS ), TO TOBOPST, UTO TAKOH NCTOYHUK YIIPaBJIsIeM TOKOM (WU HATIPSI-
JKEHUEM ).

AHaJIOTUYHO UCTOYHUK TOKA, B KOTOPOM TOK 3aBUCHT OT TOKA WJIM HATIPSIKEHWS B
HEKOTOPOM Y4YacTKe IIeTTH, Ha3bIBAIOT 3AaBUCUMBIM HCTOUYHUKOM ToKa. Ecim
3HAYeHNe TOKA MCTOUYHWKA 3aBUCUT OT HANpPsKeHUs (MU TOKa), TO TOBOPST, UTO Ta-
KOU MCTOYHUK YTIPABJsieM HANpsoKeHneM (MU TOKOM).

ITpu saganuu snavenuil D/JC winM Toka 3aBUCUMbBIX UCTOYHUKOB JOJKHBI OBITh
OJTHOBPEMEHHO JIaHbI KOA(hPUITNEHTDI TIPOTIOPITMOHAIBHOCTH MEKIY YIPABISEMbIMU
U YIPaBIAONIUMA BeJMUYNHAMHU TIPU WX 3a[aHHBIX YCIOBHO-TIOJOKUTETHHBIX Ha-
MPABJEHUSAX U MECTOPACIONIOKEHNE YIIPABISIIONIEN BETUINHBI.

Puc. 3.16

a 6 8 2
a q ¢ P ao q ¢ P a 4 c r ao a ¢ P
Ep = ap  tap Ep = Buap 3p= Plab Uab 3p=Ntlap
Lab iab
b d bo d b d bo d
0 e X 3
q P 9 P
a ¢ ao ¢ a ¢ ao ¢
k b Mo bo k
* Uah u(d* Hab l *ucd =k ug u‘"’* * Upd Mcd+ ¢ ¢ ¢ U +M¢>d= k(upd —vad)
bo———od bo d do———od do d
Puc. 3.17

Ha puc. 3.17 mokaszanbl pa3iuHble 3aBUCHMbIE UCTOUHUKI: 3aBUCUMBIN HCTOYHUK
I/NIC, yupasiusiembiii Tokom (puc. 3.17, a) wim nanpstkenuem (puc. 3.17, 6); 3a-
BUCUMBII MCTOYHUK TOKA, YIpaBisieMblil TokoM (puc. 3.17, 8) uiu HanpsLKeHUeM
(puc. 3.17, 2). Ha puc. 3.17 xoacbduIimenT o. UMeeT pa3MepHOCTb COMTPOTUBJIEHHNS, KO-
addurmentsr B, p — Ge3pazmMepHble BeJTMUUHDBI, a KOIMOHUIMEHT 1 UMeeT pa3Mep-
HOCTh TPOBOAUMOCTH. [IpyM M3MeHEeHUU YCIOBHO-TIOJOKUTENBbHOTO HAMPABJIECHUS
YIPABJISIIONIET0 TOKA WJIN YIIPABJISIONIETO HAINIPSIKEHUS MIPU COXPAaHEHUU HallpaBJie-
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Husg J/1C nam Toka MCTOYHWKA CJielyeT MEHSTh 3HaKU y o, 3, p U M| WJIK BCe 3aBUCH-
MOCTH 3arucarh co 3HakoMm mMunyc. Harpumep, mycts I/[C 3aBUCHMOro HCTOUHUKA
HaIlpaBJIeHa, KaK IoKas3aHo Ha puc. 3.17, a. Ec/iu ToK B BeTBU ¢ HaIpaBJieH OT b K a, TO
nns DJIC B BetBU p GyzeM uMeThb Boipaskenue E, = — aiy, nmn E, = (— )iy,

[Ipumepom 3aBUCMMOTO UCTOYHUKA MOXKET CIYXKUTDH OIEPAITMOHHBIN YCUJIUTED,
B KOTOPOM BXOJIHOM M BBIXOJHOUW BEJTUUYMHAMHU SIBJISIIOTCSI HATPSUKEHUS Uy U Uy
(puc. 3.17, 0). DKBUBaJEHTHAST CXeMa OTEPAIMOHHOTO YCUJIUTENSA, KOTOPBIN MMeeT
6eCKOHEYHO GOJIBIIOE BXOAHOE U IPEHEOPEKUMO Maloe BLIXOAHOE COIPOTUBJICHHUS,
nokazana Ha puc. 3.17, e. B cirydae, xor/ia MoJsipHOCTH HAINPSKEHUI HA BXOJIE U BBI-
XOJIe YCUJTUTEJIsI TIPOTUBOIIOIOXKHDL, KO3(hMUIIMEHT YCUJIEHUs IPUHUMAETCSI PaB-
HBIM —k, ¥ TaKOil yCUJINTE/b Ha3bIBAIOT WHBEPTUPYOIINM.

Ha Bxoge onepainmoHHOTO yCUJIUTEJsST MOXKET [IeHiCTBOBATh HECKOJIBKO HAIIPsKe-
HUi1, a HEKOTOPbIe M3 HUX MOTYT OBITH TTOAKJIIOYEHbI K TaK HA3bIBAEMOMY WHBEPTHU-
pytommemy Bxoxy (puc. 3.17, ac). OnepaniuOHHbBIN YCUIUTEND C ABYMS BXOJaMU, OXIMH
13 KOTOPBIX SIBJISIETCS] MHBEPTUPYIOIIUM, MIPE/ICTABJIEH 9KBUBAJIEHTHON CXEMOIA, T10-
KazaHHOU Ha puc. 3.17, 3. B atom cayuae u.,; = k(uy; — ).

3.9. CxeMbl 3/1IeKTPUUYECKUX Lienen

IJIEKTPUYECKYIO TIeIh Ha YepTekax M300PasKatoT B BUJIE CXEMBI, IO/ KOTOPOil MOHMU-
MaioT Tpahuueckoe M300pakeHre dTEKTPUIECKOIT TIEMH, CoiepKaliiee yCJa0BHbIe 060-
3HAYEHNS ee 9JIEMEHTOB W TTOKA3bIBAIOIIee COeJMHEHNS 9TUX aJeMenToB. Harpuwmep,
Ha puc. 3.18 npe/icTaBIeHa asleKTpUYECcKas cXeMa Iel, B KOTOPYIO BXOJISAT CJIEyI0-
e yCTPOUCTBA: TeHEPATOp MepeMeHHOro Toka 7, TpancdopMatopel 2 U 5, TUHUN
aJieKTpoTepeiadn 3 u 4, mpeobpazoBaTesib TEPEMEHHOTO TOKA B TIOCTOSIHHBIN 6, Ha-
rpyska 7.

| 2 3 5 6 7
O ko
4
Puc. 3.18

I/ICCJIGHOBaHI/IE IIPOIECCOB B SJIGKTpI/I‘{eCKOfI oernu Tpe6yeT 3HAHUS CBS3ei MEXKLY
TOKaMM 1 HalIPSKEHNAMUA OT/IE/IbHBIX €€ Y4aCTKOB. OTH CBSI3U MOTyT OBITH OoIpeesIeHbl

. . 1
B BUJIe MaTeMaTUYECKUX COOTHOIIEHWH (Halpumep, BUia u = i, u; = +L? u z1p.).
t

Onut MOTYT OBITH 33/IaHBI ¥ B BH/I€ BOJIBT-aMIIEPHBIX MJIM MHBIX XaPaKTEPUCTHUK.
Kax mpasuio, 3ajanue cBsA3edl B BHUJie BOJBT-aMIIEPHBIX MJN MHBIX XapaKTepu-
CTUK — Pe3yJbTaT J1O0 HEBO3MOKHOCTU MATEMATHYECKOTO OTUCAHUS TIPOIECCOB B
JIAHHOM YCTPOWCTBE, JIOO CJIOKHOCTH PEINeHVsI MOJEBbIX yPaBHEHMH, Tub0 He3Ha-
HISI BHYTPEHHEH CTPYKTYPBI YCTPOiicTBA. B TakMX cirydasix e AMHCTBEHHBIM CITOCOOGOM
MOJIy4YeHNS U ONUCAHNS XapaKTepPUCTHUK yCTPOHCTBA OCTAETCS OIIBIT, TP MTOMOIIIH KO-
TOPOTO MOTYT ObITh M3MePEHbl HHTEPECYIONINE HAC TOKHU, HATIPSIKEHsI, 3apsi/ibl, T10-
TOKOCIICIJIEHUs M TIOCTPOEHBl COOTBETCTBYIOIUe XapakTepuctuku. IIpm nammymn
TaKMX XapaKTePUCTHK MOKHO ¢ T€M WU WHBIM TPUOIMKEHIEM OITUCATh X B BUIE
MaTeMaTHYeCKUX CBsi3eld, 4TOObI UMETh BO3MOKHOCTH BBITIOIHUTD AHATUTHYECKOE
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HccJIe/IoBaHKe TIPOIECCOB B Ienu. Pazymeercsi, Takoil epexojl B 0OIIeM cJydae He
HY’KEH, €CJIM aHAJIU3 TPOIECCOB B IIEMU MTPOUBBOJAUTCS YNCTEHHBIMU METOIAMU.

3ammcannble B aHAJIUTHYECKON (opMe COOTHOIIEHMS MEXIYy TOKaMU, HalpsKe-
HUSIMU, 3apsi/laM¥, MOTOKOCIEINJIEHUSIMUA 2JIEMEHTA IJIEKTPUUYECKOU TeTH SBJSIIOTCS
MaTeMaTHYeCKON MOJIEJIbIO 3TOTO ajieMeHTa. Tak, HanpuMep, U = 7i eCTb MaTeMaThye-
CKast MOJIeb pe3nctopa; u;, = d\V/dt — maremaTiyeckast MOJENb UIeaTbHON HHIYK-
TUBHOW KaTyuiku; u = ri + d(Li)/dt — npnbinkeHHast MaTeMaTUIeCKast MOZIENb JTHO0
peasibHOI KaTYIIKU TIPU YCJIOBUH MTPeHEOPEKEHUST TOKAMU CMETIIEHUsT MEK/LY BUTKA-
MU KaTYIIKH, MO0 [T , COAEpIKAIell pe3UCTOP U WIeaTbHYI0 MHAYKTUBHYIO KaTyIil-
KY, BKJIIOYEHHBIE TTOCJIE0BATETHHO.

1 #a060pOT, MATEeMATUIECKIM COOTHOIIEHUSIM, TIPUBEJEHHBIM BBITIIE, MOTYT OBITH
MOCTABJIEHBI B COOTBETCTBUE HJIEKTPUUECKUE TIETIH, COJlEPIKAINe U/leabHble UH/YK-
TUBHBIE KATYIIKU W PE3UCTOPBIL.

YesoBHBIE H300pasKEHUsT TAKUX OCHOBHBIX W/I€ATN3UPOBAHHBIX 2JIEMEHTOB JIEK-
TPUYECKON e, KAaKOBBIMM SBJSIOTCA PE3UCTOP, KOHAEHCATOP, WHAYKTUBHAA Ka-
TYIIKA, KATYIIKU ¢ MHAYKTUBHOMN CBsI3bI0, ncTOYHUKN D/[C 1 TOKa, ObLIN MPUBE/IEHbI
Ha puc. 3.11, 3.12, 3.14, 3.16.

MatreMaTHUeCKUM COOTHOIEHUSIM MKy TOKAMU, HATPSKEHUSIMU, TTIOTOKOCIIETT-
JIEHUSIMH, 3aPsIIAMU U IPYTUME BEJTHYUHAMH, CJI€I0BATEIHHO, MOTYT OBITH TIOCTaBJIE-
HbI B COOTBETCTBUE 3JIEKTPUYECKUE IIEIIH, CO/IePKAIUE TOJbKO WeaJn3UPOBAHHbIE
anemenTol ¥, L, C, M, E, 3  np. OueBUIHO, CXeMBI TAKUX TIeTIeli U CAaMU TIeTTA TOXKIECT-
BEHHBI, TAaK KAK KOKIOMY 3JEMEHTY CXeMbl COOTBETCTBYET €JMHCTBEHHBIN HIEMEHT
WIeaJITM3UPOBAHHON T1ETIH.

Takum 06pa3oMm, JIJIst pacdyerta IPOIECCOB B JIEKTPUIECKON IENN CJIeLyeT Olpe/ie-
JINTh MaTeMaThuyecKue COOTHONIEHUS /IS OT/AENbHBIX YYaCTKOB MCXOJHOM 1€, 110
3TUM COOTHONIEHWSM MTOCTPOUTH HEKYTO JIPYTYIO 11eMh, aHAJIN3 MPOIECCOB B KOTOPOI
3aMEHUT aHAJIN3 TPOTECCOB B MCXOIHOM peasbHOI Iemn.

CxeMy 3TOH JPYTOil 9JIEKTPUUECKON IEIH, 0TOOPasKAIONIEeN P OIPeIeTeHHbIX
YCJIOBUSX CBOWMCTBA PeayibHOM 1€, HA3BIBAIOT CXEeMO 3aMelleHUus dJIeK-
TPUYECKON IEeNMN WM KPAaTKO — CXeMOH 3aMeTeH n 4.

a L3 I3 4
b : b H%

Puc. 3.19

PaccMoTpuM B KauecTBe MpUMepa 3JIEKTPUYECKYIO 1elb, CXeMa KOTOPOil n300pa-
skeHa Ha puc. 3.18. MoskHO cocTaBUTh HEKOTOPYIO cxeMy 3amerienus (puc. 3.19) aroii
IeTTH, ecJIi MPUHATH BO BHUMaHNe coobpaskeHust, npuseaerube B § 3.2—-3.8. Tlycrp
WCTOYHUKOM 9HEPTUU CIYKUT KOHCTPYKINS (TeHepatop), onucannad B § 4.1 (cm.
puc. 4.2 u 4.3). Takoii renepaTop sABJgeTCS ncTOUHUKOM Ttepuoandeckoit /[C. Ecm
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yacroTa aToit J/IC, a cienoBaTeIbHO, M TOKOB B TIE€TTN IOCTATOYHO HU3KA, TO MOKHO
NpUOIMKEHHO TIpeHebpedb TOKaMK CMELIeHUsT MeKy BUTKaMi OOMOTKH reHepaTopa
U TIPEJICTaBUTh 9Ty 0OMOTKY B BUJIe WHYKTUBHON KaTYIIKK U PE3UCTOPA, SIBJISIOLIe-
rocst aKTHBHBIM COTIPOTHBJIEHHEM OOMOTKH reHeparopa. DJIEKTPOIBHKYIIYIO CHIY,
MHYIIUPYEMYIO B OOMOTKE CTaTOpa 3a CUYeT BpallleHusi MarHUTHOTO I0JISI POTOPA,
npeacTaBuM uzpeanbHbiM ucrourrkom J/1C. Takum o6pasom, cxema 3aMelleHr st TeHe-
paropa Oy/eT COCTOSTh U3 TPeX UaeaNbHbIX ajieMeHTOB: Ey, Ly u r; (puc. 3.19, a). Otu
TPU 3JIeMEHTa JIOJIKHBI OBITh COEIMHEHBI MTOC/IeI0BATEIBHO, TAK KaK 1 9HEPIUsl Mar-
HUTHOTO 10J1st Li2/2, 1 TI0Tepu SHEPIUH 127 B IIPOBOAHUKAX OOMOTKHY, U HAIIPSLKEHME i
OIIPEIETIAIOTCS TOKOM B 00MOTKe. TpanchopMaTopbl 2 U 5 MOIyT ObITh [IPeICTaBIeHbI
B BUJIe IBYX WHAYKTUBHO-CBA3aHHBIX KaTyTeK (L, Loy 1 M, nig TparchopmaTtopa 2
U, COOTBETCTBEHHO, Ls;, Ls;y 1 M5 17151 TpancdopmaTopa 5), eciu npenebpedn moTepsi-
MU 3HEPTUU B (PePPOMATHUTHBIX 3JIeMEHTaX KOHCTPYKIUU TpaHchopMaTopa U HeJu-
HeHbIMU CcBoOiicTBaMK (heppoMarHuTHOro Matepuaia (moapodbuee cm. u. 111, § 3.9).
Pesuctop 7, ABISETCS aKTUBHBIM COIIPOTUB/ICHIEM 00MOTKH Tpancdopmartopa 2. Jlu-
HUM niepenaunt 3 1 4 77151 JaHHOHN YaCcTOTHI IAHBI B BUJIE COBOKYITHOCTHU 3JIEMEHTOB 7, L
u C, KOTOpbIe BKJIOYEHbI B CXEMY 3aMelleHUs JIMHUU UCXO/IS U3 CJAEAYIONNX coobpa-
skenwil. [IyTh TOka B TMHNUY U CBSI3aHHBIE C HUM 9HEPTUS MAaTHUTHOTO TTOJIST U TIOTEPHU
9HEPTUM MIPEICTABJIEHBI B BUIE TTOCTETOBATENbHO COeTMHEHHBIX 2JIEMEHTOB L, 7311 Ly,
r,. Hanmuue sHeprum sieKTpPUUECKOTo T0JIsI, KOTOPAsi ONPe/eIsieTCs] HallPSIKEHneM
JINHUM, YYUTBIBaeTCS NByMs KoHzpeHncatopamu (Cs pusg qunun 3 u Cy g aunun 4),
BKJIIOYEHHBIMI B Havaje U B KOHIE TUHUN. MOKHO OBLIO BKIIOUNTD W OANH KOH/IEH-
catop 6o B Hayasie, MO0 B KOHIIE JIMHUK. ECTECTBEHHO, YTO TIPU HTOM JIOJIKHBI OBITH
CKOPPEKTUPOBAHBI TTAPAMETPBI L U 7 IUHIH JIJISE TOTO, 4TOOBI OCTABUTh HEU3MEHHBIMU
MOTEePU SHEPTUHN B IMHUU U PA3HOCTH HATIPSIKEHUH B HAUaJe U B KOHIIE JIUHUM. VIMeH-
HO 9TU BEJIMYNHBI B3STHI B KAUECTBE OMPEAEIIIONINX, TaK KaK I XapaKTePUCTUK JIH-
HUW 9KOHOMUYECKH Ba)KHBI 3HAUEHWE TIOTePh B IMHUU U TTa/leHre HATIPSIKeHMST Ha JIN-
Huu. Pasymeercs, Takasi mpocras cXemMa 3aMelleHus] JUHUU He YYUTHIBAET
pacrpesieIeHHbIN XapakTep napaMerpos 7, L 1 C muaun (oapobHee aToT Borpoc Oy-
net paccmotped B T. 11, to. 17 u 18).

[IpeobpasoBatue MePeMEHHOTO TOKA B TIOCTOSIHHBIN TIPOM3BOIUTCS ITPU MTOMOTII
UCIIOJIb30BaHUsI OCOOBIX CBONCTB HEJIMHENHBIX ajieMeHTOB HIg (B IaHHOM cirydae
JIMOJIOB), BOJIBT-aMIlepHas XapaKTEePUCTHKa KOTOPBIX TpuBeaeHa Ha puc. 3.19, 6.
bmaromapsa takoit BAX mpoucxoauT BeIIpsSMIEHNe TlepeMeHHOro Toka. Harpyska
mpeicTaBIeHa Pe3nuCcTOpOM 7, 1 Konjaencatopom C;. Hanmmune kongencatopa C; maet
BO3MOJKHOCTD YJIY4IIUTh (hOPMY KPUBOH TOKAa B PE3UCTOPE, YMEHbIIAs ee IyJib-
CaIUu.

[IpuBenennas ma puc. 3.19, a cxema 3aMeleHNs JEKTPUUECKO T[T, cXeMa KO-
TOpOii mana Ha puc. 3.18, aisiercss npuOIMKEHHON B IIpeiesiaX TeX AOMyIIeH i, KO-
TOPBIE C/IEJIAHBI TIPY MIPEJICTABICHUN CXEM 3aMelIeHU I OT/IeIbHBIX YCTPONCTB, BXOJIS-
MIUX B COCTAB IIEIIN.

Jlist Kaxa0ro anemMeHTa cxeMbl puc. 3.19, a MoryT ObITH 3alKcaHbl B aHAJIUTHYE-
CKOM 1 TpahUdecKOM BUJIe COOTHOIIEHMST MEXKIY TOKAMU, HATIPSLKEHUSIMU, 3apsia-
MU U TIoToKocterieHusiMu. CocTaBiieHre MaTeMaTHYeCKUX COOTHOIIIEHUIA, a CJie/loBa-
TeJbHO, U CXEM 3aMEIeHUH SBJAeTCs creludrIecKol /71 MHKeHepa 3a/1aueii, perie-
HUEe KOTOpPOii Tpebyer TyOGOKOro MOHUMAaHUS OCOOEHHOCTEH BJIEKTPOMArHUTHBIX
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[POIECCOB, YMEHUSI peliaTh B 00IIEM cJIydae 3aa4i MCCJAEe0BAHUS pacipe/iesieHus
3JIEKTPOMArHUTHOTO TOJIS.

B npasmbHeiiem, eca He ClelaHbl CHEIHATbHBIE OTOBOPKH, OyIeM yroTpebisiTh
TEPMUH <3JIEKTPUUECKAS TIeTIb» TPUMEHUTENBHO K TIeNH ¢ WjleaIn3UPOBAHHBIMU dJIe-
MEHTaMH, 3JIEKTPUYECKasi CXeMa M CXeMa 3aMellleHUs KOTOPOIl TOXK/IeCTBEHHBI.

IJIeKTpUYecKast 1elb U, COOTBETCTBEHHO, €€ CXeMa UMEIOT B O0IIEM CIydae Be T -
BU U Y 3.J bl

Bemsvio anexmpuueckoil yenu u, COOMEEMCMBEHHO, €€ CXeMbl HA3bIBAIOM 8eCh Yua-
CMOK JNEKMPUUECKOLL UeNnit, 8 KOMOPOM 6 J000L MOMEHM 8PEeMEHI MOK UMeem 00HO U
mo Jce 3nauerue 6001b 6cez0 Yuacmya.

BetBb MOXeT comepskarh JI0O0e YMCI0 MOCAEIOBATENLHO COEIMHEHHBIX dJIeMeH-
TOB IIEIIU: YYACTKOB C COIIPOTUBJIEHNEM, KOH/IEHCATOPOB, MHIYKTUBHBIX KaTYIIEK, UC-
tounukoB D/IC. Tlpu atom nocredosamenvivim coeouHeHUeM YUacmKO8 dAeKmpuye-
CKOUL Uenu Ha3vlarom coeounenue, npu KOmopom uepes ece Yuacmyi yenu npoxooum
00uH u mom e mMox.

[Ipumepom cXembl 1IeTH ¢ MOCJIe0BATETbHBIM COEJAMHEHNEM YUACTKOB SIBJISIETCS
cxeMa, nsobpaskentas Ha puc. 3.14.

Vanom anexmpuueckoil yenu u, coomeemcmsento, ee cxemvl HA3LIBAIOM MeCMO CO-
edunenust emeeti. Ha cxeme y3es n300paskaioT TOYKOM.

Ilapannenvivim coedunenuem yuacmkos (6emeeil) sNeKmpuueckoll yenu Ha3vlearom
coedunenue, npu KOMoOPoM 6ce Yuacmru (6emeiL) yenu npucoeouUnsOmcst K 00HOU nape
Y3708 U HA 6CEX IMUX YUACMKAX (8em8six) umeemcst 00HO u mo Jce nanpsixenue. Ipu-
MEPOM CXEMBI 11NN C MapayJIeTbHBIM COeIMHEHNEM YYacTKOB SBJISETCS CXeMa, U30-
OpaskenHast Ha puc. 3.16.

Crmewantvim coeOuneHuem Yyuacmros AeKmpudeckoll yenu Hasvléaom couemanue
n0C1e008aMeNvHO20 U NAPALIEILHOZ0 COCOUHEHUI.

Bonee croxmble anekTpryecKre el MOTYT He CBOJINTLCS K TTOCTe/I0BATETbHOMY
U NApaJJIEIbBHOMY COEJIMHEHUIO0 YYacTKOB (IIpUMep — cXeMbI Iienieil Ha puc. 3.23, a
u 3.22, a).

IJIEKTPUYECKYTO TeNb Ha3bIBAIOT MJAOCKOHN (MyaHapHOI), ecm OHA MOXKET
ObITh M300paskeHa Ha TIOCKOCTU B BUJIE CXEMBI C HETIEPECEKAIONIUMICS BETBSIMIL.
ITpumep cxeMbl ILJIOCKOM 1ely AaH Ha puc. 3.23, a; Ha puc. 3.22, a uzobpaskeHa HeIo-
cKas (HeTIaHapHast) Ielb.

Konmypom snexmpuueckoil yenu Hasoiarom a000t 3amMKHYmMoLil nymo, NPoX00suLULl
no neckonvkum eemesm. llpumep — xKoutyp abca na puc. 3.22, a.

B 3aksoueHre 0OTMETUM, YTO JH00as YaACTb JNEKMPUUECKOU Yeni,
umerowas 0ea 3axcuma (nOOCa), HA3bIBACMCS 08YXNOIOCHUKOM.
JIBYXTIOJTIOCHUK YCJIOBHO Ha CXeMe M300PaKaioT MPSIMOYTOJIbHUKOM
¢ 1ByMs BeiBogamu (puc. 3.20). PaccmoTpenne 11es10ii 4acTu Kak o/1-

Puc. 3.20 HOTO JIBYXIIOJIIOCHUKA TOJIE3HO TPU BBISICHEHUU OOIIMX CBOKHCTB

aTux yacreil nenu. Pazmmyaior aktuBuble (puc. 3.20, a) n maccus-
ubie (puc. 3.20, 6) ABYXIIOJIOCHUK.

Axmuenvim HA3BIBAIOT ABYXIIOJIOCHUK, COJEPKAIMNI MCTOUHUKN 3JIeKTPUIECKON
sHeprur. JIJisi TMHENHOTO JABYXIIOJIIOCHUKA 0OsI3aTEIbHBIM JIOTIOJTHUTEIBHBIM YCJIO-
BUEM SIBJISIETCS HAJIMYKE HA €r0 PA30MKHYTBIX 3a)KMMax HalPsKeHUs1, 00y CIOBIIEH-
HOTO UCTOYHMKAMMU DJIEKTPUYECKON 9HEPruu BHYTPU JABYXIIOJIOCHUKA, T. €. Heo0XO0-
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JIMMO, YTOOBI JeCTBUSI 9TUX UCTOYHMKOB SHEPIMK He KOMIIEHCHPOBAINCH B3aMMHO
BHYTPH JIBYXITOJIIOCHUKA.

IHaccusnvim Ha3bIBAIOT JIBYXIIOJIOCHUK, HE COEPIKALINN UCTOUHUKOB 3JIEKTPUYe-
CKOIi aHeprun. JIMHeHHbIN IBYXIIOMTIOCHUK MOXKET COZeP:KaTh UCTOUHUKH 3JIeKTpUie-
CKOW SHEPruM, B3AUMHO KOMIIEHCHPYIOIUECS TaKUM 0OpasoM, 4TO HalpsiKeHue Ha
€ro Pa30MKHYTBIX 3a;KUMax PaBHO HYJIIO.

OroBopka 0 BO3MOKHOCTU HAJIUYUsI B3AUMHO KOMIIEHCUPYIOIUXCSI UCTOUHUKOB,
[IPU KOTOPBIX JBYXIOJIOCHUK OCTA€TCsI MACCUBHBIM, HEOOXO/IMMA, TaK KaK caMa M/est
MpeICTaBJIEHUs 11eJIOM YacTH IeNU KaK JABYXITOJIIOCHUKA 3aKJII0YaeTcsl B PACCMOTpe-
HUK OOIIMX CBOICTB ATOI YacTH IeNN JIUIIb CO CTOPOHBI €€ BXOAHBIX 3aKMMOB. JTa
OTOBOPKA OTHOCUTCS MCKIIOUUTENBHO K JIMHEWHBIM IIETIsIM, TIOTOMY YTO B HEJIMHE-
HBIX I[EIIAX TaKas KOMIIEHCAIMSA MOYKET OBbITh TOJIBKO /IS OJJHOIO UJIU TOJIBKO JJISI He-
CKOJIBKUX OIPEAeJIEeHHbIX PEKUMOB 1 He OyAeT MMeTh MecTa JJisl APYIUX PeKMMOB,
TaK Kak rnapamMeTpbl HEJIMHEWHON 1IeNn 3aBUCIT OT TOKA WJIW HAIIPSIKEHHUSL.

B rur. 13, 1. II BBeieM aHAIOrMYHO OHATUE YETHIPEXIIOIIOCHUKA KaK 0000IIEHHOrO
aJIeMEeHTA IIEIIH.

3.10. Tonosnornyeckmue NOHATUA CXeMmbl
aneKkTpuueckou uenu. Npacd cxemol

B aslekTpruyeckux cxemax Iely Wik B CXeMax 3aMeIIeHIs Y3JIbl M300PasKaroTcs TOY-
KaMi. B CI0KHBIX cXemax, Te BO3MOKHBI B3aMHBIE TlepecedeHus JTUHUH, n306pa-
JKAIOIINX COEIMHUTEIbHBIE TIPOBO/IA, ISt 0003HAYEHMSI CYIECTBOBAHUST UX DJIEKTPH-
YEeCKUX COeJIMHEHNI TaKkKe MCIIOMb3YIOTCS TOUKK (HallpuMmep, TOYKK a, b, ¢, d, e, [, g,
a', b, ¢ na puc. 3.19, a). DopmanbHo BCe 9TH TOUKHM TaKKe MOKHO CUNTATh y3JTaMU
cxeMbl. OCOOEHHOCTD TAKUX MHUMBIX Y3JI0B 3aKJII0YAETCST B TOM, YTO OHU COEIMHEHBI
y4acTKaMHu IeMH, T/ie MPOTEKAIOT TOKU U HET HAINPSIKEHUI, TAaK KaK COIMPOTUBJIEHNE
TAaKUX YYACTKOB CUMTAaeM paBHbIM HYJIIO. [10 3TOIi IprunHe TOTEHITUATIBI TAKUX Y3JI0B
PaBHBI, U UX MOKHO M300pa3uTh OJHUM Y3JIOM, HECKOJBKO BHIOM3MEHNB cxeMy. Ha
puc. 3.19, a MOKHO OOBEIUHUTD Y3JIbl 4, b, ¢ B opuH, b', a’, ¢ — B npyroii u d, e, f, g —
B Tpetuii (puc. 3.21).

Yro6b1 caenaTh 6ojee HAMIAAHBIM U300pakeHue B3aUMHBIX COCAMHEHUN BeTBel
CXEMBI, 11eJ1eCO006Pa3HO BBECTH B PACCMOTPEHIE TaKoe N300pakKeHHe CXEMbI DJIEKTPHU-
YeCKOIl T[eTTH, B KOTOPOM BETBH CXEMBI TIPEICTABIEHBI OTPE3KaMu — BETBAME Tpada,
a y3Jibl — TouKaMu — yajamu rpada. Takoe Tornosiorndyeckoe rnpejicTaBjieHne CXeMbl
3JIEKTPUYECKON 1€ HOCUT Ha3BaHue Tpada 2JMeKTPUUYECKOU CXeMBl WA
Kopoue —Tpada cXeMBbl.

3ameTnm, 4TO Ha TOTOJOTHYECKOI cxeme ncrounnku DJIC u Toka He nzobpaxka-
forcs. [Ipu aTom BeTBb ¢ uctounnkom J/[C coxpansercs. BeTBu e ¢ MpeaqbHBIMA
HCTOYHMKAMHU TOKa BOOOIIE HE BXOJSAT B TOIMOJOTHYECKYIO CXEMY, TaK KakK BHYTPEH-
HsIST TPOBOJIMMOCTD TAKUX UCTOUHUKOB PaBHA HYJIIO U, COOTBETCTBEHHO, COMTPOTUBIIE-
HUe TaKUX BeTBeil paBHO GECKOHEYHOCTH.

I'pad, Mexay m000ii Tapoil y3/10B KOTOPOrO MUMEETCS] BETBb MJIU COBOKYITHOCTh
BETBEI, HA3BIBAIOT C B 513 H bl M.

Ecnm Ha rpacde nmeercst ykazanue yCJOBHO-TTOJIOKUTEIBHBIX HAMTPABICHUI TOKOB
WJIN HATIPSUKEHWH B BUJIE OTPE3KOB CO CTPEJKaMH, TO TaKoH rpad Ha3bIBaioOT Ha -
nmpaBJeHHBIM rpadoM CXeM bl



154 Yactb 1. OcHOBHbIE MOHATMS 1 3aKOHbI TEOPUN

Puc. 3.21

Hamnpasaennsiii tpad cxemsr (puc. 3.21, a) npezncrasien Ha puc. 3.21, 6. MoxHo
3aMETUTh, YTO BeJeAcTBHE ocobentHocTr yueta D/IC B3anMHONW MHAYKIMK rpad cxe-
MbI (puc. 3.21, a) pacnajiaeTcs Ha TPU paszieTbHbIE, T. €. HECBSI3aHHbIE, YACTH.

YcnoBumcst Bripesib Ha rpade CXeMbl y3JIbIl HyMePOBaTh YUCTAMK B KPYJKKaX, CTOSI-
X Y COOTBETCTBYIOIINX Y3JI0B, @ BETBU — 4ymcaaMu Oe3 Kpy:kkoB. Ha rpade cxembr
(puc. 3.21, 6) umeem 7 y3i0B u 14 BeTBeil.

BasxkubiM TOMmosIornyeckuM NoHSATHEM Tpada cXeMbl SaBJsieTcss f1epeBo rpada
C X € M bl, TIpejiCTaBJIsolee coboi M0OYI0 COBOKYITHOCTh BeTBEH Tpacda, CoenHsII0-
uXx Bee y3ubl rpada 6e3 obpazoBanust KOHTYPOB. OMH U TOT Ke Tpad CXeMbl MOKET
HMETh Pa3JNYHble JEPEBbs. YCIOBUMCS BeTBU rpada cxeMbl, 00pa3yiomire IepeBo,
n300pakaTh KUPHBIMK JTUHUSMHU.

BetBu, gononnsiomnue gepeso rpada /1o mosHoro rpada u, caeoBaTebHO, He TTPH-
HaJlIeXxalue iepeBy rpada, TpUHATO HA3bIBaTh CBA3 MU Tpada ¢ X e M bl. Yco-
BUMCST TaKHe BeTBU M300paKaTh MyHKTUPHBIMH, JTHOO TOHKUMHU JuHusIMU. OueBuj-
HO, YTO KaXKIOMY JlepeBy Tpaca cXeMbl COOTBETCTBYET CBOSI COBOKYITHOCTbL CBSI3eil
rpaca cxembl, Ha3biBaeMas KO-TpaoM CXEMbI, UM TOTIOJTHSIONUM TPadOM CXEMBI.
Hanpumep, muist rpacda puc. 3.22, 6 B gonosHstonuii rpad BoiayT BeTBH (CBsI3M rpa-
da), coenunstionte ysuasl ab, bf, fd, da, fa n bd. Ha puc. 3.21, ¢ BblziesieHO OHO 13
MHO’KECTBA BO3MOJKHBIX JIePEBbEB Tpacha CXeMbl.

Ha puc. 3.22 npuBesensr anexTpuyueckast cxema (a) u rpad 3Toil CXeMBbI € ByMsI
Pas3IMYHBIMU JiepeBbsiMu rpada cxeMbr (6 1 6).

Eciu cBsi3Hbiil rpad mMmeeT p BETBEH U ¢ y3JI0B, TO B ero gepese Oyner g — 1 BeT-
Beif, a YUCJIO CBsA3eN OKasKeTCs PaBHBIM 1 =p — (g — 1). DTu yTBep:KIeHUs BHITEKAIOT
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M3 caMUX OTIpeIesIeH NI JiepeBa 1 CBsi3eil rpada cXeMbl, TaK KaK ¢ y3JI0B CXeMbl MOTYT
ObITh COEIMHEHbl MUHUMYM ¢ — 1 BETBSAMU JiepeBa, a K CBA3SIM OTHECEHbI BCe OCTaJIb-
Hele p — ( g — 1) BeTBeli rpada cxempl. HarmpumMep, B OTZeTBHBIX 9ACTSIX HECBI3ZHOTO
rpacda cxembl, usobpakeHHoro Ha puc. 3.21, 6, umeeM: B JeBoii yactu rpada p = 2,
g=2,n=2—-(2—-1)=1;Bcpenneiivactrup=8,qg=3,n=8 — (3 — 1) = 6; B mpaBoii
yactu p=4,g=2,n=4-(2-1)=3.

3aMeTuM, 9TO 9TUX COOTHONIEHUU HET IS
rpada cxeMbl B 1iejioM. /JleiicTBUTENbHO, s
Bcero rpada cxembl uMeeM p = 14, g = 7 un
n=14 — (7 — 1) = 8, B To BpeMd KaK YNCJIO CB-
3eii papao 1 + 6 + 3 = 10. /l;19 He cBSI3aHHBIX B
TOTIOJIOTUYECKOM CMbIcJjie (OHAKO CBSI3aHHBIX
9JIEKTPOMArHUTHBIMU WJIW JPYTUMU SIBJIEHUS-
Mu) TpacdoB CXeMBl YHCJIO CBg3€il PaBHO
n=p-(q—-1)+N-1=p—-qg+ N,tne N — quc-
JIO OTJIEJIbHBIX TOTIOJIOTUYECKH HE CBS3aHHbIX
yacTell rpada cxeMbl. B rannom cirygae N =3, mu moatomy n=14 — (7 - 1) + 3 - 1 =10.
Jlst cxembr puc. 3.22 umeem p =10, g=5un==6.

Puc. 3.22

3.11. MaTpuua y310BbIX COeAUHEHUN

M3obpaskerue aJIeKTPIIECKON CXeMbl rpad)OM CXEMBI JITaeT BO3MOKHOCTH TIPEICTa-
BUTb UX B BUjie HEKOTOPOil Tabmibl. CocTaBiM 3Ty TabJIMILy CIIEAYIONM 00Pa3oM.
Pazzennm Tabmily 1o ropu3oHTaM Ha ¢ CTPOK COTJIACHO YMCITy Y3708 rpada. Pasme-
JM TabJIAILy 110 BEPTUKATIHM HA p CTOJOIOB COTJIACHO YHCJY BeTBeil rpada cXeMmbl.
[TpoHymMepyeM CTPOKH TabJIUIBI COMJIACHO HOMEpPaM Y3JI0B, a CTOJIOIbI — COTJIaCHO
HOMepaM BeTBel. YCJIOBUMCSI HyMEpOBaTh STY€HKU 9TOM TaOJMIIbI ABOMHBIM WH/EK-
coM (j, k). 3mech u BIIpe/ib TEPBBIN MHAEKC YKA3bIBA€T HOMEP CTPOKH TaOJINIIbI, a BTO-
poit — HOMep cToJIOIA. 3aMOTHUM ATy TabJIHUILY, cOOI0Iast CIeayoIIne mpaBrIa. 3a-
HUIIEeM B siueiiky jk Benmnuuny +1, ecn k-5t BETBb COeIMHEHA C j-M Y3JIOM U CTpeJIKa
BeTBM rpacda HalpaBJIeHa OT j-TO y3Ja. 3anuiieM B siueiiky jk Bemauny —1, ecim k-st
BETBb COEIMHEHA C j-M Y3JIOM U CTPeJTKa BEeTBU rpacda HalpaBiIeHa K j-My y3ay. SAdeii-
Ky jk octaBuM mycTOii (YCIOBHO MOKHO CUUTATD, YTO BCE IYCThIe STYEHKN 3aTI0OTHEHBI
HYJISIMU ), €CJIU R-51 BETBDb He COefIUHEHa ¢ j-M y3J0M. [Ipu coOII0IeHIN 3TUX TPABILI
JUIST cXeMbl, n300paskeHHoi Ha puc. 3.23, a, Tabauia ee rpacda (puc. 3.23, 6, 8) Oyzaer
UMETDb BU/]L

BetBu

1 2 3 4 5 6
1 1 -1

Vambl
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Puc. 3.23

Howmepa cTpok, HabpaHHbIE MOJYKMPHBIM MIPUGTOM, COOTBETCTBYIOT HOMEPaM
V3JI0B.

OTMeTuM HEKOTOpbIe XapaKTepHble OCOOCHHOCTH 3TOW Tabuibl. B Kakmom
croJibIie MOTyT GBITh TOJIBKO JIBE HEHyJeBble (He MMyCThie) STYEHKHU, TaK KaK KasKaast
BETBb MOKET OBITh COEIMHEHA TOJIBKO ¢ ABYyMsI y3iamu. CyMMa 4ucest si9eeK Kaskaoro
crosiblla paBHa HYJIO, TaK KaK CTPeJIKa Kaskioil BeTBU Oy/eT HalpaBjeHa OT OJHOTO
y3J1a K IPyroOMy W, CJIeIOBATEIbHO, B OMHON stueiike GyaeM umeTh +1, a B Apyroii —
ob6st3arensio —1. Vimest B BUty 9T0 00CTOSATENBCTBO, MOSKHO 3aIIOJHUTD TOJIBKO ¢ — 1
CTPOK TabJIMLbL, TAK KaK ¢-s CTPOKA BCEra MOKET ObITh BOCCTAHOBJIEHA TAKUM 0Opa-
30M, 9TOOBI CyMMa YHCesT KaK/I0ro cTosOna cTama paBHON HyJ0. Tabuuile coeanHe-
HUIT MOJKHO MPHU/IATh CMbBICJ MATEMATHYECKON BEJTMIMHBI — MATPHIIBL.

Hasosem mampuyetl y3n06vix coeOUHeHUT NPAMOY2OJIbHYI0 MAMPULY, CIPOKU KOMO-
POt coomeememeyiom ysiam o6es 001020, a CMoLOUbL — 6EMBAM HANPABIEHHO20 Zpada
ANEKMPUUECKOU CXEMBL, INEMEHMBL KOMOPOU PABHBL HYJIH0, €OUHUUE ULU MUHYC eOUHUUE,
eciu 0anHHas 6emenb, COOMBEMCMBEHHO, HE COCOUHEHA C OAHHbIM Y3NOM, HANPABILEHA OM
0anm020 Y3ia, HANPAGLEHA K OAHHOMY Y31Y.

O603HauNM MaTPHILY Y3JOBBIX COEIMHEHI KUPHOiT OykBOit A. JI71s1 rpaca cxeMbr
(puc. 3.23) nmeem

1t 0 1 0 0 -1
A=lay|=]-1 1 0 -1 0 0f=
0 0 -1t 1t -1 0
1 2 3 4 5 6
1 1 1 -1
=2|-1] 1 -1 q — 1 cTpox
3 1] 1]-1

p cToabIOB
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Matpwuiia y3710BbIX cCOeIMHEHNH nMeeT opsAoK (g — 1) x p, KOTOPBI oTpeiesisger-
CS YMCIIOM CTPOK MaTpuilbl (¢ — 1) u yrcaoMm ctoab1ioB MaTpuilbl (p). YCa0BHYTO 3a-
much (g — 1) x p He caemyer myTath ¢ yMHOXKeHneM unces. Hanmpumep, nmopsagok mMart-
PUIIBI Y3JI0BBIX coefiuHeHnil rpada cxemsl (puc. 3.23) paBeH 3 x 6, HO He paBeH 3 - 6 =
= 18. Dnementsl MaTpuIlbl 0603HaYNM OYKBOI @j. COrsIacHO ONpeJieleHnio MaTpH-
upl A, umeem ay, = 1, mmm ay, = —1, nwm a;, = 0.

Ecsu ipu mocTpoenuu TabIuIbl COEIMHEHNN CTPOKAM MTOCTABUTH B COOTBETCTBUE
BeTBU rpada cXeMbl, a CTOJIOIAaM — Y3JIbl, TO COOTBETCTBYIOIIAsT TAKOI TabJIHIle MaTpH-
nabyrerTpaHCHOHUPOBaHHONW MaTpuileit A. O603HAYMM TaKyrO TPAHCIIO-
HUPOBaHHYIO MaTpuily uepe3 A’ Jlns rpada cxems (puc. 3.23) umeeM

1 2 3
1 -1 0 11 1|-1
0 1 0 2 1
A lagl = 10 ~1 _ 31 1 -1
0o -1 1 4 1] 1
0 0 -1 ) -1
-1 0 0 6| -1

3.12. 3aKOHbI 3/IEKTPUYECKUX Lienen

[Ipu pacuete asmekTpUUeCcKUX TeTiel NCMOMb3YIOTCA ABa 3akoHa Kupxroda. Pacemort-
PUM KX B IPUMEHEHUHU K IIEMH C COCPEJOTOUEHHBIMI MTapaMeTPaMHu.

Ilepswiii 3axon Kupxeoga, nnu 3akon Kupxroda a1 y3/10B, TPUMEHUTETBHO K V3-
JIAM AJIEKTPUYECKOH TeTTH BBITEKAeT W3 TPUHITUIIA HETIPEPHIBHOCTH AJIEKTPUIECKOTO
Toka (cM. § 1.7). OxBaTtuM y3es ey 3aMKHYTO# TToBEPXHOCTLIO s (puc. 3.24). B co-
OTBETCTBUH C IPUHSTHIMU JIOIYIIEHUSIMUA BCSI 3JIEKTPUYECKast EMKOCTD B IIEIU C CO-
CPENIOTOYEHHBIMU TTApAMETPAMU TPETIONATAETCS] COCPEOTOUEHHOM ;
B KOHJ/IEHCATOPaX, BKJIOYEHHBIX B I[eIb. ITO COOTBETCTBYET MpeHeH-
PEKEHUIO TOKAMU HJIEKTPUYECKOTO CMEIEHUs, OTXOJSAIIUMHU OT CO-
eIMHUTEIbHBIX TIPOBOJAOB K JAPYIMM ydacTKaM Iernu. Takum oGpa-
30M, CKBO3b 3aMKHYTYIO TIOBEPXHOCTH S TIPOXOJAAT TOJBKO TOKU
MPOBOZIMMOCTHU B TIPOBOJIHUKAX, TEPECEKAIONIUX ITY TTOBEPXHOCTb.
CorsiacHO PUHITUITY HENPEPBIBHOCTH TOKA, B JIAHHOM CJIydYae TIoJTy- PuC. 3.24
yaem

f)st=11 +i, +iy =0.
N
[Ipu 060M Y¥csie 7 BETBEH, IPUCOEANHEHHBIX K Y3JIy TEITH, TMeeM
n
Zik =0,
=

T. €. CYMMA MOKO8, PACXOOSUUXCS OM Y31A SNeKMPUUECKOU Yenu, PAGHA HYJH0, 9TO
U aBJseTcsa GOpPMYJIUPOBKOM mepBoro 3akoHa Kupxroda.
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ITpu cocraBieHnu ypaBHEHMIT coryiacHo repBoMy 3akoHy Kupxroda Heo6xoanmo
3aaThCA YCJIOBHO-TIONIOKUTENbHBIMKA HAIIPABJIEHUSIMU TOKOB BO BCEX BETBSX, 000-
3HAUYMB UX HAa CXeMe CTpelKaMu. B jieBoii yacTu ypaBHEHUS CIemyeT
CTaBUTh 3HAK <«ILJIOC»> Tepesl OYKBEHHBIMU 0003HAYEHMSIMK TOKOB,
TTOJIOKUTEIbHOE HaIpaBJeHNe KOTOPbIX MPUHATO OT y37a, W 3HaK
«MUHYC»> TIepell OYKBEHHbIMU 0003HAYEHUSIMU TOKOB, TTOJIOKUTE b=
HOe HampaBJeHue KOTOPhIX HpUHATO K y3ay. g ciaydas Ha
puc. 3.24 mepesi BceMU TOKaMHU B YPaBHEHWU CJeflyeT NMOCTaBUTb
Puc. 3.25 3HaK «IJTIOC», KaK 3TO HAIMCAHO BhIle. B cirydae xe, peicTaB/ieH-

HOM Ha puc. 3.25, cjeLyer mucarthb

*i1+i2+l‘3:0.

Ecaiu B pesysibrare pacuera Oy/eT MOJYYeHO [IJisi HEKOTOPOTO TOKa B HEKOTOPBII
MOMEHT BPEMEHU TTOJI0KNTETbHOE Yucyao (i, > 0), To 5TO 3HAUNT, UTO TOK UMEET B JlaH-
HBIIT MOMEHT BPEMEHH JIEHCTBUTEIBHOE HATIPaBIeHIE COTIacHO cTpenke. Ecim ke 6y-
IeT mory4deHo i, < 0, To 9TOT TOK B MENCTBUTEIbHOCTH HAMIPABIEH TTPOTUB CTPEITKI.

Bmopou 3axon Kupxeoga, nnu 3axkon Kupxroda misg KOHTYPOB, MPUMEHSIETCS
K KOHTypaM 3JieKTprdeckoii rernu. OH BbITeKaeT U3 rnoydyennoro B § 1.12 coorHorire-
HUSI

§Edl=§E,, dl+{E.,,.dl
dl pasua cymme D]/1C z e

CTBYIOIINX B KOHType. Besnymna §>E Al BKITIOYAET B cebs1 BCe MHYIMPOBAHHbIC B

Benanuuma j;E UCTOUYHUKOB cToponaux I/ C, neii-

cTop cTop

koutype I/C — kax I/IC renepaTopoB, MeHCTBYONINX Ha TPUHIIATIE JIEKTPOMAr-
HUTHOH mHAYKIMY, Tak U I/ C caMOMHAYKIIUU U B3aUMHON WHIYKI[UU, UHAYIUPYe-

i
MBIX B KaTyIITKaX, BKIIOUEHHBIX B KOHTYp. Hanpnmep, nog xkatymkn e, = —L o Ecm
t

I/1C rene-

pPaTOpPOB, pAaCCMAaTPUBAEMBIX KaK UCTOUHUKH 9Hepruu, To I/ C caMonHIyKInu 1 B3a-
WMHOW UHAYKIIUU, UHAYIIUPYyeMble B KaTYIIKaX, TOJKHBI ObIThH IIepEeHEeCeHbl B JIEBYIO
JacTh ypaBHeHUs 1 yureHbl B Besinunne ¢ E dl kak nasenust HanpsuKeHnst Ha 3aKMax

MH]

YCJIOBUTBCA CIIpaBa B BEJIMYUHY {)Emm dl BKJI10YATh TOJIBKO CyMMy z 4

di
Karyniek. Hampumep, /1711 KaTylIku cjieBa MOsSBUTCSA YileH u, = +L o CueBa B Besu-
t

YUHY §Edl BXOZAT TaKXKe€ IMaJlcHUA HaIIPAKEHWA 7i Ha COITPOTUBJICHUAX, BXOAAIINX

B KOHTYD, U TIaJIeHUsI HANPsiKeHus U = q/C Ha coep:Kalnxcd B KOHType KOHJeHca-
topax. O6osHaunB cymmy I/[C MCTOUHUKOB BHEPIUH, ACHCTBYIONMX BO BCEX 7 BET-
BJIX KOHTYPa, B BUJIE

=~
]
I
=
]
I

k=n

€, = €r crop + Z € nHy?
k=1 k=1 k=1

OyzeM UMETh

bl
Il
=
b
Il
=
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Wrak, BTopoii 3akon Kupxroda riacut: cymma nadenuti Hanpsicenus 60 6cex 6em-
85X 1100020 3AMKHYMO20 KOHMYPA saeKmpudeckoll uenu paena cymme 3/[C ucmounu-
K08 anepzull, OeUCMBYIOUUX 8 IMOM KOHMYpe.

Ecuiu B k-ii BeTBU cozepikatcst B 001IeM CJIy4ae y4acTOK ¢ aKTUBHBIM COITPOTHBJIE-
HUEeM 7, KaTyIlIKa ¢ UHIYKTUBHOCTBIO L, 1 KoHeHcaTtop ¢ emkocThio Cy, (puc. 3.26, a),
TO TaJieHue HaTPSKEHUs BOJb BCeil 9TOil BeTBU OyAeT CKIaAbIBaThCs U3 MaJeHUi
HAMIPSUKEHUN Uy, Uy, U Uy, HA OTUX DJIEMEHTAX, T. €. Uy, = Uy, + Uy, + Uy CorstacHo moary-
YeHHBIM B § 3.6 BBIpaKEeHUSM, JJIsI 9TUX TMaJeHU HAIPSKEHUT MOXKEM HaIrmcaTh

di, . i, 1 o¢.

u, =ni, +L, = + c, =ni, +L, = + C. {lkdt+uCk(0).

Jlist cocTaBJIeHus ypaBHEHU COTTACHO BTOPOMY 3akoHy Kupxroda m0/KHbI ObITH

3aJIaHBI TTOJIOKUTETbHBIE HATpaBiaeHus TOKOB i, u J/[C e, NCTOUHUKOB dHEPTUU BO

Bcex BeTBsIX. [losioskuTesibHbIe HATIPABJIEHUS TIAIeHUI HATIPSIKEHUI 1), CIUTaeM COB-

MAIAONUMU C MTOJIOKUTETHbHBIMU HAIIPABJIEHUSIMU TOKOB i;. BbIOpaB 3aTeM HEKOTO-

poe HarmpaBienne 06X01a KOHTYPA, MBI OJCKHBI IPU COCTABICHUN CYMMBbI TaI€Hi
n n

HaIPsKEeHU I Zuk n cymmbr D/1C Zek cra- & m 6 m e m
k=t =

BUTH Tiepe/l OYKBEHHBIMU 0003HAYEHUSIMU

BEJIMYUH U, W €, 3HAK <IUTIOC», ECIIH MOJIOKH-

TeJIbHOE HATIPABJIEHNE ITUX BEJIMUYNH COBIIA/A-

eT ¢ HampabJeHreM 00X0a KOHTYpa, U 3HaK

«MUHYC» — B IPOTUBOIOJIOKHOM CJIy4ae. ek

B aJ1eKTpUYECKHUX I[ETISAX ¢ COCPENOTOYEH- l,T

HBIMHU [TapaMeTpamMu BTopoii 3akon Kupxro-

(a MosKeT OBITH 3aTHCaH U 7t KOHTYPa, KO- n

TOPBII TIPOXOUT OT OJHOTO y3Jia K APYrOMy

10 OKPY’KAIONIEMY YYACTKH 2JEKTPUYECKOI Puc. 3.26

IeNN POCTPAHCTBY. BesecTBre HaydHbIX abCTPAKIM, IPUHSATHIX TTPU TOCTPOEHUH

TEOPUU BJIEKTPUYECKUX TIETEl ¢ COCPENOTOUEHHBIMU TIAPAMETPAMU, MbI JOJIKHbI IPHU-

HSITh BO BHMAHUE, YTO B 9TOM OKPY’KAIOI[EM IIPOCTPAHCTBE OTCYTCTBYIOT MATHUTHbBIE

¥ CTOPOHHME TI0JIS1 |, CJIe0BaTeNbHO, PaBHBI HYMO DJIC €10y 1 €,y 1Ip1 TakoM BbI-

6ope KoHTYpa 06X0/1a MbI JIOJKHBI TTHCATD

§Edl =3 u,, =0,

e u,, — HampssKeHue MEXIy y3JaMu m 1 .

3aMeTuM, 4TO MHTErPaJl UMEET CMbBICJI, €CJIU TI0JIATaTh, YTO U B IEISIX C COCPEIO0TO-
YEeHHBIMU TIapaMETPAMK BO BHEINTHEM IPOCTPAHCTBE CYIIECTBYET 3JIECKTPUUYECKOE
noste. OJTHAKO TOKHM CMEIIEHIS U 9HEPIUst TAKOTO MOJIst TIPE/IIoaaraloTcst npeHebpe-
JKUMO MaJIbIMU.

Hasmmuue nctouHnkos aHepruu B BeTBu k (puc. 3.26, 6) HUKaK He OTpaskaeTCs Ha
rpace s10ii Bersu (puc. 3.26, 6). O003HAYNM TOKH 1 HAMPsEKeHUs B rpade BETBU i, M .
Tok 7, U HampsKeHWe @, OTHOCSATCS K HeKOmopol 0600ueHHol 8emeu, cooepicauell
ucmounux moxa u ucmounux 3//C (puc. 3.26, 6). Corsacto nepsomy sakony Kupxro-
(ba mpumenuTespHO K y3ay m' (uau n') Ha puc. 3.26, 6, nmeem

Uje
Umn

Ck
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CornacHo BTopomy 3akoHy Kupxroda 175 KOHTYPa, TPOXOASIIero o ITPOBOJIHM-
KaM BETBU R OT y3Jia m K 7 U 110 BHEIITHEMY IIPOCTPAHCTBY — OT y3Jia 1 K M, UMeeM

t .
u,, =, =u, —e, =1, +jt(Lkik)+J.gdt+uck(O)—ek.
0 "k

HOCJIG,Z[HI/IG BbIpaK€HMA CBA3bIBAIOT TOKKW W HAIIPAKEHUA B O606H_[CHHI)IX BETBAX
rpaca, n3obpakaeMbix B rpade cXxeMbl OTPe3KaMu, ¢ TOKaMU U HATIPSKEHUsIMU BeT-
Beil u ucrounrkamu Toka 1 J/[C, Korja TakoBble COEPIKATCI B MCXOIHOM CXeMe.

[Tpu 3anucu ypaBHeHUil cormacHo 3akoHaM Kupxroda st rpada cxembl OyaeMm
UMeTb B BU/LY, YTO B 9TU YPABHEHUS BOUAYT TOKHU U HATIPSIKEHUS 000011IeHHBIX BeTBeil
cxembl 1er. CeoBaTenbHo, st Tpada cXeMbl MOKHO HAITHACATD

izk=0 u iuk=0 WITH iuk=iek.
k=t k=t

k=1 k=1

3.13. Y3n0Bble ypaBHEHUA 4JIA TOKOB B Lienu

g amekTpuyeckoil 1enu ¢ g y3JiaMu MOKHO COCTaBUTb ¢ YPaBHEHUM, MPUMEHSIS
K KQXIOMY U3 y3JI0B MepBbIiit 3akoH Kupxroda. Oxrako Toabko ¢ — 1 U3 HUX He3aBU-
CUMBI JIpyT OT fipyra. HesaBucumocTh ypaBHEHUI 7151 TIEPBBIX ¢ — 1 y3J10B BBITEKaeT
U3 TOTO, YTO BCET/[a MOKHO YCTAHOBUTH TAKOW MOPSIZIOK BBIOOPA ITUX Y3JI0B, TIPU KO-
TOPOM KasK/IbIil TIOCJIEAYIOMINI y3es OYAeT OTIMIAThCST OT TPEAbIAYIIIX, TT0 KpaiiHeil
Mepe, OJTHOI HOBOI BETBBIO. 3aMETHM, 4TO cymMma JioObix j (1 <j < g — 1) ypaBHeHuit
ecTh ypaBHEHUE /I TaKOW 3aMKHYTOI TTOBEPXHOCTH, KOTOPasi OXBATHIBAET JIAHHBIE
J y370B. ITO cleyeT U3 TOTO, YTO TOKM TeX BETBEH, KOTOpPble He TMPOHU3BIBAIOT T10-
BEPXHOCTbH, HO HAXOJATCA BHYTPHU 3aMKHYTO MTOBEPXHOCTH, BOMAYT B YPaBHEHUS IBA
pasa: oJluH — €O 3HAKOM «MHUHYC», IPYTOll — CO 3HAKOM «ILmoc». Hampumep, cymma
ypaBHeHuil 17151 y3710B 1, 2, 3, 4 u 5 rpada Ha puc. 3.27 onpenesuT CyMMY TOKOB JIJIsS
MOBEPXHOCTH, OXBATBIBAIOIIEH 9TH y3/Ibl (IITPUXOBAs JUHUS 0003HAYAET CJIE ITON
ITOBEPXHOCTH).

Puc. 3.27

Ecmm moBepxHOCTh OXBaThiBaeT ¢ — 1 y370B, TO cyMMa TOKOB BeTBel, MPOHU3BI-
BAIOIINX 3Ty MOBEPXHOCTD, PaBHA ¢ OOPATHBIM 3HAKOM CyMMe€ TOKOB JIJISI ¢-TO Y3JIa,
U TI03TOMY @-€ ypaBHEHUE OKA3bIBAETCS CIECTBUEM MPEABIAYIUX ¢ — 1 ypaBHeHUI.
B cBsi3u ¢ aTMM OyzieM TOBOPHTD, YTO Iielb (Mo Tpad CXeMbl) € ¢ y3JaMU UMEET
JITTh ¢ — 1 He3aBUCUMBIX Y3JI0B.
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B 3aBucumMocT ot Toro, kKakuM 06pa3oM TOK B BETBU HATIPABJIEH 110 OTHOIIEHUIO K
HOPMAaJTH K TIOBEPXHOCTH, OXBATBIBAIOIIEH y3€es, OH MOKEeT BXOIUTh B ypaBHEHWE CO
3HAKOM <ILTIOC» WM «MHHYC». J[JIs1 ydeta 3TOro 0OCTOSTENhCTBA 3AIUIIIEM TT€PBbIil
3akoH Kupxroda B Buje

Saui, =0, j=1...(q-1),

k=1

rae a; =1 nm ay = 0.

[TycTh HOpMaJIb K 3aMKHYTOM MTOBEPXHOCTH HAIIPABJIEHA BO BHEIITHEE TPOCTPAHCT-
Bo. Torza ecsin TOK BeTBUM B HallpaBJIeH OT y3Jia j, TO OH BOW/IET B ypaBHEHHUE CO 3Ha-
KOM <ILIIOC», B IPOTUBHOM CJIyyae — CO 3HAKOM <«MHHYyC». B 1iepBom ciyyae a; = 1,
BO BTOpOoM @, = —1. Ecii BeTBb £ He coepnena ¢ JaHHBIM Y3710M j, TO a; = 0.

C y4eToM CcKa3aHHOTO Bbillie, Haripumep, st rpada 3.27, 6 (rpad uenu puc. 3.23),
rje g = 4, MOKHO COCTABUTb CUCTEMY TPEX HE3aBUCUMbBIX YPaBHEHUIA:

nst yana 1 L +1 —1g =0, a, =1 ay=1 a;=-1
miaysnal  —i 41, —1, =0, ay =-1 ay, =1 ay, =-1
piaysna3  —i, 1, —15 =0, ay=-1 ay =1 a;=-1

3aMeTHM, 4TO IIPaBUJIA, 110 KOTOPHIM ONPEAENSIOTCS BEJMYMHBI dj, IIOJTHOCTBIO
COBIIQJIAIOT C IIPaBUJIAMU, TI0 KOTOPBIM paHee Mbl COCTABJISAJIN MATPUILY Y3JI0BBIX CO-
eIVHEeHU.

Brarogapst eqrHO0Opa3HOMY MOIXO/Y IIPU OTIPEIETEHUN IJIEMEHTOB MATPHUIIBI CO-
eIMHEHNN 1 KO3(P(PUIIMEHTOB y TOKOB B YPaBHEHUSIX IMOJIy4yaeM BO3MOXKHOCTH HC-
M0JIb30BATh MATPUILY Y3JIOBBIX COEANHEHMIT /IS anreOpansann 3amiucu ypaBHeHni
IJIs1 TOKOB COIJIACHO IIepBoMYy 3akoHy Kupxroda.

[IpencraBum TokM B rpade cxembl (MM B cXeMe TIeTIN) B BUJIe MATPHUIIBI, COCTOS-
1eii U3 OHOTO CTOJIOIA U P CTPOK:

P=[il=l i k=1.p

Takasi ctTon6mMOBast MaTpuIla MOPSAKA p x | MHOTIA HA3bBIBAETCSI P-M € P -
HBIM BEKTOPOM IO aHAJIOTUU C BEKTOPHON BEJIMYNHON, y KOTOPOI MMeeTcs p co-
CTABJISIONTUX TI0 P-KOOPAMHATHBIM HATIPABIEHUSIM.

Kaxaast ctpoka MaTpuIlbl COeIMHEHMIT TIPeCTaBIsieT cOO0M Koa(hMOUIUEHTHI Y TO-
KOB B YpaBHEHUH, 3aMMCAHHOM COTJIACHO ITepBOMY 3aKoHy Kupxroda s ysia, Home-
POM KOTOPOTO OTIPEEiSIETCsl HOMeP CTPOKU MATPHIIbI coearHenuit. Takum ob6pasom,
COTJIACHO TIpAaBWJIaM MATPUYHOTO YMHOKEHWS, KaXk/I0e y3JI0BOE ypaBHEHNE MOXKET
OBbITH MIPEICTABICHO B BUJIE
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Jl@ ||| || x|ty |=ayly+...+at, +...+a,1, :ﬁajkzkzo.

BekTOp-cTpoKa (1 % p) : marpura (1 x 1)

BekTop-croaber (p x 1)

AHAZOTUYHBIX MAaTPUIHBIX yPaBHEHUI MokeM 3amucath ¢ — 1 miag g — 1 cTpok
MaTPHUIIBI Y3JIOBBIX COoeIUHeHWI. B MaTpuuHOli popMe crucTeMy TaKUX ypaBHEHUM
MO>KHO TIPE/ICTAaBUTDb B BUJIE

[lus rpada cxembr (cM. puc. 3.23) MﬁleeMO‘

0
1 2 3 4 5 6 7,

1] 1 { U I I R N R S S I

Ai= 2|-1] 1 -1 x|T,|=|-1,+41,-7,|=]|0]=0.
3 1| 1)1 F N S S S B )
(3x6) 16 (3x1) (3x1)

(6x1)

37ech Kakias CTPOKA MATPHUHOTO TIPOM3Be/IeHNs Al onpejiesisieT ypaBHeHue Jist
y3Jia COTJIACHO TiepBoMy 3akony Kupxroda.

Jlnist k-it 06001eHHO BETBU MOKHO 3aIliCaTh yPaBHEHUE

i, =i, +3,

rji€ i, — TOK B TIACCUBHBIX 3JIEMEHTaX BETBU k, a I, — TOK UCTOYHUKA TOKA B BETBU K,
eciu i, 1 3, HampaBJIeHbI OT OJIHOTO W TOTO Ke y3Jya (cM. puc. 3.26).

MartpuyHasg 3amuch CUCTEMBI YPaBHEHWI COTJIACHO TepBOMY 3aKoHy Kupxroda
JUISE TOKOB B 9JIEMEHTaX BETBEil CXeMbl Oy/IeT MMETh BH/[

Ai=Ai+AJ =0,

rie
-~ . ~
i i 3, 0
i=|:f; i=|:l; S=| :[; 0=|:
+ . ~
i i, 3, 0
(px) (px) (px1) (g-1)x

JTto YpaBHEHUE MOKHO 3allCAaTb TaKyKE B BU/E
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Ai = -AJ wm iajkik = —iajksk, j=1.. (q —1).
=t =t
B Taxoit dopme 3ammcu nepsoro 3akona Kupxroga uCTOYHUKY TOKA CHEIUAIbHO
BbI/ICJICHDbI.

3.14. KoHTypHble ypaBHeHM S Lenu. MaTpuua KOHTYpOB

[Tpumensist BTopoit 3akou Kupxroda, MOKHO COCTaBUTH CTOJBKO YPaBHEHUI, CKOJIb-
KO MMeeTCsI KOHTYPOB B 1ienu. OHAKO TIPU 3TOM OJIHU YPAaBHEHUSI MOTYT OKa3aThCsI
caencTBusiMu Apyrux. HesaBucumocTb ypaBHEHMIT 1JIsT KOHTYPOB, WK, KaK TOBOPSIT,
HEe3aBUCUMOCTH KOHTYPOB, Oy/er obecieueHa, eCIi 5TH KOHTYPbI BRIOUPATh TaK, 4TO-
Obl KayK/IbIH TOCTEAYIONNN OTJMYAICS OT TIPEABIAYIIIX, M0 KpailHeil Mepe, OXHON
HOBOII BeTBbI0. Hanbosiee mpocTo takoil BBIGOP MOKHO OCYIIECTBUTD, €CJIU BOCIIOJIb-
30BaThCs CBOICTBaMU jepeBa rpada, KoTopoe mpejcraBiserT coboil TaKylo COBOKYII-
HOCTb BETBeH, KoTopasi He 0OpasyeT KOHTYpoB. JlobaBiierue 060i cBsiau Tpada cxe-
MBI CO3/Ia€T KOHTYP, KOTOPbI 00pasyercsl OAHON CBA3bI0 M BETBAMU JepeBa rpada
CXEMBL.

Puc. 3.28

Ha puc. 3.28, a no6asienue cBs3u 4 06pasyer KOHTYp 4, Ky/Ja BXOJAAT BETBU Jiepe-
Ba 1 u 3. Ha puc. 3.28, 6 nobasiietine cBsiau 5 0Opa3yeT KOHTYP 5, Ky/ia BXOJST BETBU
nepesa 1, 2 u 3. Ha puc. 3.28, ¢ nobasiieHue cBsisu 6 o6pasyeT KOHTYp 6, KyIa BXOASAT
BeTBU JepeBa 1 u 2. TakuMm 06PasoOM, YUCIO HE3ABUCUMBIX KOHMYPOE ONPeOessiemcs
YUCTIOM CB53€ll 8 KANCOOM CBA3HOM zpae cxemvl, T.e.n=p — (q — 1).

3arnuiieM KOHTYPHbIe ypaBHeHUs [ist Tpada cxeMbl. O603HAYMM HAITPSKEHST BET-
Beit rpaca cxembl uepes 77, . KoHTypHbBIe ypaBHEHUS TPOHYMEPYEM COTJIACHO HOMEPaM
BeTBeli-cBsizeil. OOX0/] KOHTypa MPOM3BEIeM TaKuM 00pa3oM, u4TOObI HarpaBJeHMe
CBSI3M COBIIAJIO C HaTIpaBjieHeM 00Xo/1a. B KOHTypHOE ypaBHEHHe HAITPsIKEH e BETBU
BOWJIET CO 3HAKOM <ILITIOC», €CJIU HalPaBJIeHust 00X0/a ¥ CTPEJKU BETBU COBITAJIAIOT,
B IIPOTUBHOM CJTy4ae HATPSKEHIE BOMIET CO 3HAKOM MUHYC. YUTEM 3TO 0OCTOSITEb-
CTBO B 3aIUCH YPaBHEHUN BBeeHNEM KOd(M(DUIMEHTOB Cgy, T/I€ S — HOMEp CBsI3u; k —
HOMep BeTBH. By/ieM cuntarh, 4To ¢y = 1, €ciu k-s1 BETBb BXOIUT B S-if KOHTYP corJiac-
HO ero 00Xopy; ¢y = —1, ecii k-s1 BeTBb BXOAUT B $-il KOHTYP MPOTUB 00X0/1a; ¢y, = 0,
ecJiit k-s1 BeTBb He BXOAUT B s-il KOHTYP. [Ipu Takom moxoze BTopoit 3akon Kupxroda
1t Tpacha CXeMbl MOJKHO 3aITUCATh B BUJIE

i%}ﬁk =0, s=q...p

k=1
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[lnsa xonutypa 4 (puc. 3.28, a) nmeem
—, +d, +id, =0, c=-1 cH=1 cy=1
Jlnst koutypa 5 (puc. 3.28, 6)
0, +0, -, +i; =0; ¢5,=1 c5=1 c53=-1 ¢c55 =1
g xoutypa 6 (puc. 3.28, g)
T+, s =0; cq =1 cp=1 ce=1

CocrasuMm Tabsmity u3 KoahdOUIMEHTOB Cy. [IpoHYyMepyeM CTPOKH 9TON TabJIUIIbI
HOMepaMu cBsi3eil rpada 1ier, a ctoJabIl — HoMepamu BeTBell rpada tenu. Taxyro
NPAMOY2OILHYI0 MAMPULY, CIPOKU KOMOPOL COOMBEMCMBYIOM CEA3AM, A CMOIOUbL —
BEMBAM HANPABIEHHOZ0 2PAPA INCKMPUUECKOLU CXeMbl, SJEMEHMbL KOMOPOL pasgHvl
HYJ10, eOUHUYe UL MURYC eOuNule, eCliu npu 00x00e Koumypa, 00pasoeaniozo 0annou
CBAA3b10 U EMBAMU Depesa, 600.b CE53U 6eMBb, COOMBEMCMBEHHO, He 6X00UM 6 KOHMYP,
6X00UM 68 KOHMYP COZIACHO 00X00Y, 6X00Um 6 KOHMYp npomus 00x00d, HA3bI6aAlOm
mMampuuei KoHmypos.

O603HauMM MaTpUILy KOHTYpOB OykBOil C.

[IpenctaBum Hanps:keHU BeTBell Tpada cXeMbl B BUle MATPUIIBI, COCTOSIIEN 13
P CTPOK U OJJHOIO CTOJIOIA:

Kaskmast cTpoka MaTrpuisl KOHTYPOB TIPEACTABIsAET cOO0H KOa(DUIMEHTHI Y Ha-
MpsOKeHUN BeTBell rpada B ypaBHEHWH, 3alUCAHHOM COTJIACHO BTOPOMY 3aKOHY
Kupxroda mist KOHTYpa, KOTOPbIi 00pa3oBaH CBsI3bI0, HOMEP KOTOPOil OTIpeesisieT
HOMEp CTPOKM MaTPHIIbl KOHTYPOB. TakuM 06pa3oM, COrJIaCHO MpaBUIaM MATPHYHOTO
YMHOKEHUsI, KayKI0€ KOHTYPHOE YpaBHEHUE MOXKET OBITh 3aMUCAHO B BUJIE

i,
S| G || Co| | Cyp | x|y | T Ctlly T HCylly +.FC T, = kilcskuk =0.
=1
BekTop-cTpoka (1 x p) : matpuia (1 x 1)
Uy

BekTop-croJber (p x 1)

Takue MaTpUYHbI€ YPAaBHEHUA MOJKEM 3allMCaTb [JId BCEX 7 CBsI3el rpa(ba CXEMbI.
B ManI/I‘{HOf/’I (1)opMe IIOJIYYEHHYIO B UTOT'€ CUCTEMY ypaBHeHI/Iﬁ MOJKHO ITPpEACTaBUTDH
B BHUE

Cua=0.

[lng rpada cxembr (cm. puc. 3.23, 8) numMeeM
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1 2 3 4 5 6 i,
41-1 11 1 u ., —U U Uy u
Cu= 5| 1| 1]|-1 1 X|U,|=|u,+u,—tq+i, ==0,
6] 1] 1 1 i s U, +i,+ug m

Usg

3ech Kakiasi CTPOKa MaTpUYHOTO TpousseneHns Cl onpegessier ypaBHeHe st
COOTBETCTBYIONIETO KOHTYpa COTJIaCHO BTOpOMY 3akoHy Kupxroda.
Jliist k-it 06001IeHHON BETBY CIIPABEIJINBO ypaBHEHUE

Uy =Up =€,
rjie 4, — HalpsKeHKe B IaCCUBHOM yacTy BeTBU k, a ¢, — D1 C B BeTBU k, ipuyeM u;, 1
e; HAIIPaBJIEHbI COTJIACHO HAIIPaBJEHUIO BeTBU Tpada.

MarpuyHasg 3anuch KOHTYPHBIX ypaBHeHuil ass1 Hanpstbkenuil u 9J{C B BeTBIX
cXeMbl Oy/IeT UMETh BUJL

Ci =Cu-Ce =0,

e
i, u, e 0
a=| | u=| [, e= . 0=
u, u, e, 0
(pd) (p) () (nd)

[Tocnennee ypaBHeHIE MOKHO TIPEICTABUTD TAKXKe U B BUJE

Cu=Ce wum icskuk = icskek, s=q...p
k=1 k=1
YTO SABJIAETCA ysKe HallMCaHHbIM B § 3.12 ypaBHeHNEeM /I COOTBETCTBYIONIEIO KOHTY-
pa Lelu.

3.15. YpaBHeHus ANs TOKOB B ceyeHusx uenu. MaTtpuua ceueHmi

[Tepsbrit 3akon Kupxroda MoxeT 6bITh C(OPMYJIUPOBAH HE TOJBKO TPUMEHUTEIHHO
K OT/IEJTbHBIM y3JIaM IIeTH, HO ¥ K COBOKYITHOCTH Y3JI0B. B 9TOM ciryuae mToBepXHOCTb,
77T KOTOPOH 3aITMCBIBAETCS BhIPAKEHUE

pads =3, =0,

GyJIeT OXBaThIBaTh COBOKYITHOCTD y3JI0B U paccedet (paspesker) Ielb 1iu rpad cxe-
MbI Ha B€ YaCTU. Ceuenuda Ha pUCYyHKax 0603H3.‘-II/IM IMTPUXOBbIMU 3aMKHYTbIMU JIN-
HUSIMY, TPEACTABJISIONUMI OO0 CiIeibl 3aMKHYThIX moBepxHocteit. Ha puc. 3.27
1 3.30 MTPUXOBBIMK JIMHUAMK U300PasKEHBI CJIebl TaKUX MoBepxHocTeid. CedeHnit
B 9JIEKTPUYECKON TN UK B Tpade dIeKTPUIECKON CXeMbl MOJKET OBITh MHOKECTBO.
Kaskmomy cedennio OyzeT COOTBETCTBOBATDH OJTHO yPaBHEHIE, BHIPAKATOIIEE PABEHCT-
BO HYJIIO CYMMbI TOKOB BeTBeﬁ, pacCeraeMbIX /TaHHbIM CEYECHHEM.
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Panee MbI BBISICHUJIN, YTO YUCJIO HE3ABUCUMBIX YPaBHEHUI, COTJIACHO ITEPBOMY 3a-
kony Kupxroda, pasuo g — 1. CieoBatesbHO, YNCI0 HE3AaBUCUMBIX YPAaBHEHUH JIJIS
CeyeHU TaksKe J0JUKHO ObITh PaBHO ¢ — 1, Tak KakK Kaskjoe ypaBHEHUE JIJIsl CEUCHIsT
MOKET OBITh TIOJTy4EHO CYMMUPOBAHIEM COOTBETCTBYIOIINX Y3JI0BBIX YPaBHEHU J1JIst
Y3JI0B, OXBAau€HHbIX cedeHneM. UToObl YIPOCTUTh BBHIOOP CEYeHuH, 11eaecoodpasto
IPOBOANTH UX TAKKM 06Pa3oM, YTOOBI KaskK/I0e CeYeHIe Pa3pes3aio TOJIbKO OJHY BETBb
nepesa. [Tpu aToM 4mc/I0 cedeHnii Oy/IeT paBHO YKUCITY BETBEI iepeBa. YCIOBUMCS HY-
MEepOBaTh CEYeHMs HOMEPAMU BETBeil /iepeBa. YCI0BHUMCS TakyKe TEPMUH Hanpasiie-
Hue 6emeu TIPUMEHSTh B KaueCTBE CUHOHMMA TePMUHA HANpAsleHUue mMoka 6 6emeu.
HarmpaBum HOpMaJib K TIOBEPXHOCTH CEUEHUS] BHYTPb WJIM HAPY’KY B 3aBUCUMOCTHU OT
HaIPaBJIeHNs BETBU jiepeBa. Torjna B ypaBHeHUe I/ TOKOB B CEUEHUN TOK BETBHU jie-
peBa 1 TOKM BETBell, OPUEHTHPOBAHHbIE TI0 OTHOIIEHUIO K CEYEHNIO TaK JKe, KaK M TOK
BETBU JIEPEBA, BOWIYT CO 3HAKOM <ILJIIOC». Bce ocTanmblble TOKU BOWAYT B ypaBHEHME
€O 3HAKOM «MUHYyC». TOKM BeTBel, He pa3pe3aeMbiX ceueHneM, He BOUIYT B ypaBHe-
Hue. YdreM a9T0 OOCTOSATENBCTBO B 3allMCH ypaBHEHUIH BBeieHHEeM Koa(hdUIneH-
TOB d,,, Tle m — HOMEp BETBU A€PeBa, OIPeAeIAIONUN HOMEpP CedeHuss; R — HoMep
Betu. [Ipuuem d,, = =1, ecau k-g1 BeTBb paspesaercs m-M cedenuieM, u d,,;, = 0, ecin
k-s1 BeTBB He BXOANT B m-¢ cederne. Toraa ypaBHeHNE 71T TOKOB CEUEHUI MOJKHO 3a-
[1caTh B BUJIE

idmkfk =0, m=1..(¢g-1)
pam

Jlns rpaca cxembl, n306paxkenHoro Ha puc. 3.29, 11 cedenus 7, Tie TOK 7, BBIXO-
T U3 CEYEHNs, NMeeM

W+t —15-1=0; dy=1 d,=1 ds=-1 dgz=-1
[lnsa cevennsa 2, Tie TOK i, BXOAUT B CEYEHNE,

=i =15 =0; dy=1 dy=-1 dy=-1
Jlns ceuenns 3, T/ie TOK I, BXOAUT B CeYeHHUeE,
=iy +15 =0, dy =1 dy=-1 dy=1
Cocrasum TabauIy u3 Koo uImeHToB d,,. [IpoHyMepyeM CTpOK# 9TOi TabJIUIIBI
COTJIACHO HOMepaM BeTBeil jiepeBa, a CTOJIOIbI — COIJIACHO HOMepaM BeTBeil rpaca
cxeMbl. [Ipsmoyzonvhas mampuua, cmpoku Komopoi cOOmeemcmsyom eemesim oepesa,
a cmonbybl — 6eMBIM HANPAGIEHHO20 ZPAPA INEKMPU-
UECKOLUL CXEMbL, INEMEHMBL KOMOPOUL PABHBL HYI0, €0U-
Hue, MUHYC eounuue, eciu npu 00PaA30eaHUU 3AMKHY-
MOLL NOBEPXHOCMU, PA3PE3AIOUWEI TOJLKO 00HY 6eMEb
depesa u cés3u zpaga, 6emeb, COOMBEMCMBEHHO, HE PA3-
pe3aemcs, paspe3aemcs u Hanpasiena Kk n06epxXHocmu
CO2NacHO 0annoll 6emeu 0epesa, paspesaemcs u Ha-
npasiena K mnoBepXHOCMU NPOMUE OAHHOU 6emeu
zpaga, nasvisaemcs mampuyeli cedeHuil.
O6o3naunm mMatpuily cedernii 6yksoii D. TIpe-
CTaBUM TOKW BeTBel Tpada cXeMbl B BU/Ie MATPHUITHI,
COCTOSIIIEN M3 P CTPOK U OJHOTO CTOJIOIIA.
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Kakmast crpoka MaTpuilbl cedeHnil pecTaBisieT co00i Koa(hhUIIMEHTHI Y TOKOB
BeTBell B ypaBHEHUU JJIs CEUEHUs, HOMEP KOTOPOTO OTIpefiesifeTcss HOMEPOM BETBU
nepesa. CorsacHO TIPaBUJIaM MAaTPUYHOTO YMHOXKEHUS, KaXKI0e ypaBHEHNE CeUeHNs
MOKeT OBITh 3alIUCAHO B BUJIE

mp

m\dy | ...\ dy|...| dw|x]|1, :dm1i1+...+dmkik+...+dmpip:idmkik:0.
k=1

BeKkTOp-cTpoKa (1xp) : Matpura (1x1)

BekTop-crosber (px1)

Takue MaTpruHble ypaBHEHUST MOKHO 3aIUCATh JIJist BceX ¢ — 1 BeTBell fiepeBa rpa-
(ha cxembl. B maTpnuHoii hopMe TTOTYUEHHYIO CUCTEMY YpaBHEHUN MOKHO TIPE/ICTa-
BUTDH B BU/IC

Di =0.

[lng rpada cxempr (puc. 3.29) nmeem

1 2 3 4 5 6 |7,

1] 1 tl-t]-1] |7, To4T,~Ts-Ts| |0
Di = 2 1 1|1 x|7, |= T,-7,-7s |=|0]=0
3 11 1 7 T, T, 41, 0

3/1ech Kaskjiasi CTPOKa MaTPUYHOTO TIPOU3BEIEHUST OIIPEETISIET YPaBHEH e /IS TOKOB
CeueHUs COTJIacHO TepBoMy 3akoHy Kupxroda.
Jlnst k-1 0600611eHHON BETBU CIIPABEIINBO YpaBHEHIe

i, =i, +3,,

rjie i, — TOK B IACCUBHBIX dJIeMeHTax k-il BeTBH, a I, — 3HAYEHUE TOKA MCTOYHMKA
TOKa B k-il BETBU IIPU YCJIOBUH, YTO i, U I, HATIPABJIEHBI OT OIHOTO ¥ TOTO Ke y3J1a (CM.
puc. 3.26).

Marpuunast 3a1uch ypaBHEHUI TOKOB CEYEHMIT B 3JIEMEHTaX BeTBeil cxeMbl Oy/ieT
MMeTb BH/I

Di = Di +D3J =0,

rae
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ITO YPaBHEHHE€ MOJKHO IIEPENNCATDb TaK, YTO MCTOYHUKH TOKa 6leyT Bbl/ICJICHbI

0c000, a UMEHHO:
Di = -D3.

3.16. CBsizu Mexxay MaTpULLIAaMM COEAUHEHUN, KOHTYPOB U CeYeHU

Jlnst BeIICHEHMST CBsI3eli MeX/ly MaTPUIIAMU TTPOU3BEJIEM HEKOTOPOE YIOPsIoueHne
B HyMepaluu BeTBel rpada cXxeMbl. YCI0BUMCA BIIpeib HoMepa oT 1 1o g — 1 mpunu-
CBIBATh BETBAM JIepeBa M HOMepa OT ¢ 110 p — cBsa3aM rpada. [Ipu Takoit Hymepaun
marpuiibl A, C u D OyayT cocTosATh U3 ABYX ToaAMaTpuIl (U3 ABYX OJOKOB):

1...q -1, q...p 1...q -1, q...p
1 q
A= A A ; C= C, C |
q-1 p
(g-Dx@-1, (@-1)xn nx(qg-1, (nxn)
1...q -1, q...p
1
D= : D, D,
q-1

(g-Dx(q=1), (g=1)xn

CoOTBETCTBEHHO, TOKM (HAIPSTKEHMsT) rpaa CXeMbI TaKyKe MOTYT ObITh MIPEICTaBIIe-
HbI JIBYM$I CTOJIGIIOBBIMK GJIOKaMu — JIBYMsI TToAMaTpuiiamu. B epsom 6J0ke-crosiie
OyJIyT PacIiosIosKeHbl TOKU (HAIPsKEeHs ) BeTBel jepeBa ¢ Homepamu ot 1 710 ¢ — 1, a Bo
BTOPOM OJIOKe-CTOJIOIe — TOKM (HAIPsIKEHMs ) CBsI3el ¢ HOMepaMu OT ¢ JI0 P:

1 1
: 1 (g-1) x1 : u, |(g-1)x1
q-1 . = 71

T11, | @mxp i, | mx

P P

[Tpu TakoMm pasbueHUH MaTpUIl MATPUYHBbIE YPaBHEHUsI MOTYT ObITh 3aIllCaHbBI
B BH/Ie Ipou3BeneHnst 6JouHbix Marpuil. 1o mepBomy 3akony Kupxroda mpumenu-
TEJbHO K y3JIaM CXEMBl IMeeM

Al = |A | A, x

3necbh A — kBagpaTHasg moaMatpuiia mopsaaka (¢ — 1) x (g — 1), Tak Kak oHa UMeeT
g — 1 crosnb110B, cooTBETCTBYIONNX ¢ — 1 BeTBsAM JepeBa rpada cxembl, ¢ — 1 CTPOK,
cootBercTBYIONMX ¢ — 1 y3mam. TToamarpuiia-croaber i~1 Takke nMmeeT ¢ — 1 cTpOK,
COOTBETCTBYIONMX TOKaM BeTBell jepeBa. COOTBETCTBHE YMC/a CTOJOIOB TOAMAT-
pUIIBl A| UUCITY CTPOK TIOIMATPUILBI i~1 MT03BOJISIET 3AIIMCATh MATPUYHOE ITPOU3BEIEe-

Hue A,1,. Touno Tax ’xe nmeeT cMbICJ IpOM3BeieHNe A ,1,, TaK Kak A, IMeeT 71 CTOJIO-
1I0B, a i, MMeeT 7 CTPOK, COOTBETCTBEHHO PaBHBIX YUCJIY CBA3€il B Tpade cXeMbL.
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Paccy»xiada anajioruuno, MOJKHO TOKa3aTh, YTO MMEIOT CMBICJ CJEAYIONINe Mat-
PUYHBIE ITPOU3BE/ICHMUSI:

Cﬁ = = C1lf1 + CQl’fQ = 0.

= D1i~1 + D2i;:0-

31ech, Kak M paHee, i~1 U i, — MOAMATPHIIBI-CTOIOIBI TOKOB U HAIMPSIKEHWH BeTBeil
JiepeBa, a i~2 u i, — TIOIMATPHUIIBI-CTOJIOIBI TOKOB U HATIPSKEHU CBsi3ell Tpacda el

B matpuite konTypoB C HOMEpP CTPOKU OIpPe/EsISIeTCsI HOMEPOM CBSI3U, U TOCKOJIb-
KY B KOHTYD BXOJIUT TOJIBKO OJIHA CBsI3b, TO OUEBHU/IHO, 4TO B TogmaTpuiie C, Kakaast
cTpoka OyZeT MMeTh TOJBKO OAMH TOJOKUTENbHBIA HEHYIEBOH 2JIeMeHT. ITOT aJie-
MeHT GyJIeT B TOM CTOJIOLE, HOMEP KOTOPOTO OIPEEJISIETCsT CBA3bI0, 00pasyIomieil JaH-
HbIH KOHTYD. [10 3T0# pUYKHe Bce HEeHYJIeBbIe 3ieMeHThI oamaTputlbl C,, paBHbie 1,
OyayT pacroJioxkKeHbl 0 auaroHaan noamatpuilbl C,. Takas mMarpuiia Ha3bIBaeTcs
eI HWYHO I, Oynem obo3HauaTh ee yepes 1. [Topsimok moamarpuitel C, = 1 paBeH
n x n. OGBIYHO B JIUTEpAType VIS IMHIYHON MaTPUIbl IpuMeHsieTcst obo3Hauenme E;
OJIHAKO, 4TOObI He MyTaTh eANHUYHYIO MaTpuIly ¢ Marpuieii I/C, Oyzem UCIob30-
BaTh cuMBOJI 1.

[Ipu cocraBreHnn MaTPUITBl CEYEHUN CTPOKU HYMEPYIOTCSI COTJIACHO HOMEpaM
BeTBell fepeBa. [lockompKy Kakmaas BeTBb epeBa BXOAUT TOJBKO B OJIHO OIpenesise-
MOe HOMEPOM 9TOH BETBH cedeHue, moamarpuiia Dy 6yaer uMeTb CTPOKHU ¢ OJHUM I10-
JIOKUTETbHBIM HEHYJIEBBIM JIEMEHTOM. DTHU 9JIEMEHTBI OYyT PACHOJIOKEHBI TI0 THa-
ro"asu noaMatpuiibl Dy. Tlo aToit mpuuube noamatpuiia Dy gBisiercss eAMHUYHON
MmaTpuiieir opsiaka (g — 1) x (g — 1).

Takum 06pazoM, MOKHO 3aIlUCATh
1...q -1, gq...p g 1..q-1, gq...p

q-1 p

Kaxknoe cedenne pazpesaeTr oy BETBb /lepeBa M HEKOTOPBIE CBA3M rpada cxembl
(puc. 3.30). 13 aT0or0 06cTOSATENBCTBA BBITEKAET, YTO BeTBB (1 Ha puc. 3.30), onpee-
JIIOTIAst CedeHre, HEIIPEMEHHO BXOIUT B KOHTYPHI (j U 5), 00pa3soBaHHbIE TEMU CBSI3sI-
MU (j 1 ) Tpaca, KOTOpbIe pa3pe3aloTcst ceyeHneM, TaK KaK pa3pe3aHue JaHHOM BETBU
nepesa rpada mpuBeieT K pa3pe3aHuio BceX KOHTYPOB, KOTOPbIe 06Pa30BAHbI CBSI3sI-
MU CEUYEHUSI.

Ha puc. 3.30 mokaszanbl gBa nmoiarpada, Kotopbie 00pasyioTcsi cedeHueM BETBU 1.
B koHTYpbI, 06pa3oBaHHbIe CBSI3SIMHU S 1 f, BETBb 711 BXOJIUT, COOTBETCTBEHHO, CO 3HAKA-
MU Cy, = — 1 1 ¢j, = 1. B TO e BpeMst BETBHU $ 11 j BXOZAT B m-€ CeYeHne, COOTBETCTBEH-
HO, €0 3HaKaMu d,,, = 1 u d,; = — 1. /[ BceX KOHTYPOB U CEYCHHUI, CJIe/[0BATE/IBHO,
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L \an MOKHO 3aMeTUTh CJIEAYIONIYI0 3aKOHOMEPHOCTb.
T ~greesenue Cronbipl nogMaTpulibl C; MoryT ObITh 0OpasoBa-
e N HbI CTpOKaMu TtogiMaTpuiibl Dy, eciu y Bcex HeHy-

/ Ay

JIEBBIX 9JIEMEHTOB U3MEHUTH 3HAKMU.
Ecau y nByx MaTpuil cTpokaM OJHON MaTPUIIHI

\
1
1
1

\ 1

N / COOTBETCTBYIOT CTOJIONbI APYroii (1 HaoGopor),
Gm=1" gn=-1 TO TAKHe MATPHI(bI TOJIYYAIOTCS IyTeM B3aiM-
dmj =1 ; s dms=1 HOTO TpPaHCIIOHUPOBAHMS — MEPECTAHOBKU MECTAMU
Jj-Konmyp s-konmyp ~ CTPOK M cTOJIO1I0B. OBO3HAYNM TTPOIEYPY TPAHC-

MMOHUPOBAHUST BEPXHUM HHIEKCOM ¢ (MU <T»).
Torsa MMeroT MeCTO COOTHOIIEHUS

C,=-D, wm D,=-Cj.
Puc. 3.30 Yrobbl He THcaTh WHAEKCH y noamarpull C; u
D,, Beenem o6osnauenue C; = E Torna

C=| F |1 | D=| 1 |-F|

CrenoBaresbHO, Ay coctaBienus matpuil C u D goctatoyHo cocTaBuUTh OHY
noamatpuity E Hanpumep, 1st rpada cxembl, nzobpaskentoro Ha puc. 3.31, nmeem

1 2 3 4 5 6 7 8 9 10

111 11-1]-1
2 1 1] 1] 1 1] 1
D — = 1 7Ft )
3 1 1 -1 1
4 1] 11]-1 11-1]-1
T. €
1 2 3 4
S5|-1] 1 -1
6| 1 |-1|-1] 1 1.4 5..10
71 1] 1 5
8 1|1 10
9 -1 1
10 -1|-1] 1
U3 saxonos ueneii umeeM A i, =-A,i, u D|i, =-D,i,. Ho D, = 1, moatomy

1, =-D,i,.
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[Tommarpuiia A, siBiseTcs KBajpaTHOU noaMarpuiieid. Eciu onpenenurens A, He
paBeH HYJI0, TO MOXKHO HAalTH Takylo MaTpuily A; v IPpYU YMHOXKEHUU Ha KOTOPYIO
MaTpHUIlbl A cJIeBa TIOJIYIUM eIMHUYHYIO MaTpuIly. Marpuiry A[1 HasbIBalOT 0O par-

HOW MaTpuieii A;. YMHOKXUM IepBOe MaTPUYHOE ypaBHeHUe cJieBa Ha A", Tora
A'Ai, =1i, =1, =-A'A,i, =-D,i,,
T.e.D, = A;'A,, otkyna Taxke caenyert, uto -F' = A['A,.

[Tocneanue cooTHOIIEHNA BasKHbBI B TOM CMbICJIe, YTO OHU II03BOJIAIOT 110 MaTPHILe
COEJIMHEHNI IyTeM MaTPHYHBIX OIEPAINil COCTABJIATh MATPUIBI KOHTYPOB M ce-
YeHUH, 4TO UCKJIOYUTETIBHO BAXKHO IIPU HCIIOJIb-
30BaHMM BBIYUCIUTENLHBIX MAIIUH, pacyeTbl Ha RN RN
KOTOPBIX TPeOYIOT hOpMaTI3AINH TIPOLIELYPbI CO- ! D N
CTaBJIEHWS CUCTeMBbI ypaBHeHUM. /[ rpada cxe- ¢ 155
MBI BceT/ia cymiecTByeT noamarpuna D,, mostomy Y2 X
u3 pasercrBa D, = A['A, u cymectBoBanus A, RS

BBITEKAET W CYIIECTBOBaHUE OOPATHON MaTpuisl Y10 NG /
AI1 . 8 // N / /'l
Mo3KHO JIETKO TT0Ka3aTh, YTO OIPEIEIUTENb MaT- / s

pHIbl A CyIIECTBYET Beer/ia 1, boJiee Toro, OH pa- 3 ”
BeH 1. PazyiokuM orpesieluTesib 1Mo sJeMeHTam DS -
HEKOTOPOit cTpoku (v ctosbma). B onpexennre-
Je A, Bcerma MOXHO HAWTH CTPOKY, TJle UMEETCS
TOJIBKO OJINH HEHYJIEBOI 9JIEMEHT, TaK KaK B Jlepe-
Be Tpacda cXeMbl MOKHO HAWTH BETBb, KOTOPAs 3aKAaHUMBAETCS HA TOM y3Jie, KOTOPBIil
B KayecTBe JIMITHErO UCKJIIOUEH M3 PACCMOTPeHUsT (TaKOW MCKIIOUEHHbBIN Y3eJ1, Kak
MPABIJIO, HA3BIBAIOT Oa3ucHBIM). [Ipu pasmoKeHIH TTOIYINUM JIJIST OTIPEAETUTEST TPO-
usBezienne +1 n Munopa onpenenurens A,. Munop onpenennresns A; COOTBETCTBYeT
JIEPEBY, U3 KOTOPOTO UCKJTIOUEHBI OJIMH Y3eJI U oj/iHa BeTBb. [loaTomy mjist ocTaBieiicst
YaCTH JIEPEBa, a CJIeI0BATEbHO, U MUHOPA OIPEAETUTENsT MAaTPUIIbI A; MOTYT OBITH
[PUMEHEHBI T€ JKe caMble PacCy/KIEHUsI, 4TO U paHee st MaTpuilbl A, Takum oGpa-
30M, OIPEIETUTEb MATPUILBI A OY/IET COCTOSITH U3 TIpousBeeHust (¢ — 1) a1eMeHTOB
+1, 1. e. 6yzer pased jaubo +1, mubo —1.

3akonbl Kupxroda mpuMeHUTeNbHO K Tpady CXeMbI MU JTEKTPUIECKON TETTH XapaK-
TEPU3YIOT CHCTEMY B IeIoM 0e3 ydeTa XapaKTEPUCTUK ee 3JIeMeHTOB. MarpudHbie
ypaBHEHUST

Ai=-A3 (wm Di=-D3J) u Cu=Ce
OTIPEIEJIAIOT CUCTEMY U3 p OT/IEJIbHBIX ypaBHeHH . Takas cucTeMa HelocTaTOuHa JIJIs
OTIMICAHMS TIPOIIECCOB B AJIEKTPUYECKUX TIETISAX, TaK KaK He N3BECTHBI p TOKOB M p Ha-
MIPSIKEHU .
Yro06bl IOTIOJHUTH CUCTEMY yYPaBHEHUH, HEOOXOAUMO ONpeAe uTh (UM 3a/1aTh)
erie p ypaBHEHUN. JTH yPaBHEHMS JOJKHBI OTPAa’KaTh CBOMCTBA 2JIEMEHTOB CHCTe-
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MbI — BETBEN SHGKTqueCKOﬁ I1eIIn. O‘{GBI/I,ZIHO, 4YTO TaKne CBA3U JI0JIZKHbI ObBITH 3a1N-
CaHbl VI p BeTBeN nelm. B ManH‘IHOﬁ (I)OPMe 3allriieM 9T ypaBHEHUA B BUJIE

i=f(u) mm u=g(i),

SfiQuy,..u,) @, (yy--siy)

i=|:=]........] wm u=

S,y u,) ®,(,...s1,)
B saBucuMocTi ot XxapakTepa GYHKIUH f, 1 (pk(k =1... p) CUCTEMBI YpaBHEHUI
DJIEKTPUIECKHUX IIeTeid MOTYT ObITh JI M H € i H bl M U — JIJISI INHEHHBIX 9JIEKTPUYECKUX
Temet, T. e. 171 1eTel, y KoTopsixX 7, L, C u M He 3aBUCST OT 3HAYEHUN 1 HATIPABJICHUN
TOKOB M HAIPSLKEHWH B 1IENW, M HEJIMHEHHbIMU — JIJISI HEJIMHEMHBIX 2JIEKTPUUYECKUX
1eneii, T. e. 1714 1erei, y KoTopsix 7, L, C uau M XoTs 661 OJHOTO 13 y4aCTKOB 3aBUCST
OT 3HAUEHUH WU OT HATIPABJIEHUH TOKOB U HATIPSKEHUHN B 9TOM yUacTKe IIeni. 3aMe-
THUM, YTO IIPU TAKOM OIIPEeIeHUN B 3aBUCUMOCTH OT
TOTO, KaKMe TOKU U HATPSIKEHWST BXOJSAT B yPaBHEHUS
rpada cxembl, OfHA U Ta e Ielb MOXKeT ObITh 6O
JIMHeHOH, b0 HesnHeiHOoH. /[eficTBUTEIbHO, eCIn

= "l []r quis et (puc. 3.32), rie UMeIoTCs IBe BETBU C UJle-
i aspubiMu auozamu (BAX Ttakoro ajemeHTa CM. Ha
o—  puc. 3.19, 6), ypaBHEHUSI 3aITUCAHBI [JIST TOKOB i, 1, 1 iy,
TO cucTeMa ypaBHeHuit Oyzaer Henuneitnoi. B To ke

BpEMSI, €CJIM B CUCTEMY YPAaBHEHUIT 1[eTTU BXOJSAT TOJIb-

KO i ¥ &, TO 3TOT K€ YYaCTOK MOXKET OBITh PACCMOTPEH

p p

KaK JINHEHHas IeTb.

Eciu B GyHKIUM [, U @ BXOAAT IPOU3BOIHbIE TOKOB M HAIIPSIXKEHUIA, TO IPOIECCH
B 9TOIl JIMHEIHOI MM HEJIMHEHHON 3JIEKTPUYECKOI 1eu OYIyT XapaKTepU30BaThCsI
CUCTEMOI, COOTBETCTBEHHO, IMHENHBIX WU HEJUHENHbBIX AudPepeHnaabHbIX YpaB-
Henuit. [Ipr oTcyTCTBUN TIPOU3BOAHBIX B (DYHKITHSX f}, U @ IPOIIECCHI B ATOI JIMHE-
HOU MJIV HEJTMHEHOI 9JIEKTPUYECKON 1eru OyIyT XapaKTepru30BaThCsl CUCTEMOIA, CO-
OTBETCTBEHHO, JIMHEIHBIX WJIM HEJIMHEIHBIX alreOpanyecKux ypaBHEHU.

Cucrema u3 2p ypaBHEHUIl, BKIIOYAIOINIas B ce0s1 ypaBHEHMUsI, 3allMCAHHbIE COTJIAC-
HO 3akoHaM Kupxroda, n ypaBHeHNs, XapaKTepPU3YIOIIHe CBI3M MEXK/1Yy TOKAaMH U Ha-
MPSDKEHUSAME 3JIEMEHTOB 3JIEKTPUYECKON e, W eCTh MOJTHAs CUCTeMa yPaBHEHUH
9JIEKTPUYECKON 1IEIU, WU [TOJIHASI MATEMATUUECKasi MOJIE/Ib ATOM 1IeTIH.

YpaBHenwust, CBA3bIBAIONIAE TOKA W HATIPSKEHUS OT/IETBHBIX JIEMEHTOB 9JIEKTPU-
YeCKOH Ieu, MOTYT OBITh YUTEHBI MPHU COCTABJICHUM YPaBHEHUI COTJIACHO 3aKOHAM
Kupxroda. B kauecTBe mpuMepa pacCMOTPUM COCTaBJIeHUE CUCTEMBI auddepeHIm-
AJIbHBIX YPAaBHEHUN 7151 TUHEHHO 1enu (cM. puc. 3.23) ¢ cocpeloTOUeHHBIMU TIapa-
METPaMU.

Nwmeem (cm. § 3.13, 3.14)
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iy 0

1 2 3 4 5 6 I 0
1)1 1 -1 A 0 36
Ai = 2|-1] 1 -1 x| | ==A3 = -Ax |0 |=|0
3 -1 1 ]-1 I5 0 0

Ig Ry

I TI0 TIepBoMY 3akoHy Kupxroda:

s ysna 1

iy +i5 — ig = Jg
st y3na 2

—iti—i=0;
ISt y3Ja 3

_13+l4_25:0
Cormnacuo BTopoMy 3akony Kupxroda, mmeem Cu = Ce, e

u e
1 2 3 4 5 6 u, 0
41 -1 1] 1 U, es
C= 5| 1] 1|~ 1 : u= | u |; e= 0
6 1| 1 1 us es
Ug 0
[IponsBo/st yMHOXKEHUE MATPUIL, TOJYIHM
4 —uy + Uy U, —e te
Cu= 5 U+ Uy — Uy + Us =Ce = ej— eyt es
6 U + Uy + g — &

JleficTBUTEIbHO, B KOHTYP, 0Opa30OBaHHBIA CBs3bIO 4, BXOAAT BeTBU JepeBa 1
(orpurarenbuo), 3 (MOJOKUTETBHO) U cama cBsi3b 4. Ilpu atom 06x01 KOHTYpa
IIPOM3BOAUTCS TAKUM 0Opa3oM, 4TOObI HallpaBjieHue 00X0/1a COBIIAIO0 ¢ HAIIPABJICHM-
eM cBsi3u 4. B koHTyp, 00pasoBaHiblil CBSI3bIO 5, BXOAT BeTBH jepeBa 1 u 2 (110J10K1-
TeJbHO), 3 (OTPUIATENBHO) M caMa CB:A3b 5. B KouTyp 6 BXoagT BeTBHU siepeBa 1 u 2
(TTOTOXUTENBHO) U CBA3D 6.

K ypaBuenuam

— Uy T us + u;=— e + ey (g KoHTYpa 4);
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Uy + Uy — Us + us = e, — e5 + e5 (A KOHTYPa H);

Uy + us + ug = e, (1 KouTypa 6)
U K yPaBHEHUSIM JIJIST TOKOB B y3/1aX (MJIM CEYEHUSAX) CIIefyeT 100aBUTh ypaBHEHMS,
CBSI3BIBAIONINE TOKU U HANPSIKEHUsI B dJIEeMEHTAX TeTH:

o od . ¢
Uy =ny +%(L1l1)5 Uy :gédt+ucz(o);

! AW d ’ 4 ; l i
uy =(r; +13)is +£[(L3 +L3)i, ] +'([C73‘dt+uc3(0);

3

. d . d .
Uy =140 "‘E(LNU? Us =E(L515);

t .
Ug = Tylg +J.é—6dt+ucG 0).
0 6

COBMECTHO C IECThIO YPAaBHEHUSAMHU IEMTN 9TU COOTHOIIECHHSI 00Pa3yioT CHCTEMY

u3 12 ypaBHenwuii fjis1 6 TOKOB 1 6 HaINpsKEHUI BETBEH 1EMH.

3.18. Al'é.éé(; & feidac — aaa tifaina caaa+e

0didee yeaéose+anéed odiaé

3ajlaun TEOPUN BIEKTPUYECKUX IeTell MOryT ObITh pasjieieHbl Ha JIBe IPOTUBOIIO-
JIOSKHBIE TT0 MCXOIHBIM JaHHBIM 1 [0 KOHEYHOH 1[eJIH TPYIIIBI — 3a0aui Anaiu3a u 3a-
Odauu cunmesa dNEKTPUYECKUX IIEIIEil.

[espio ananm3a sSBJSETCS pacyeT dJTEKTPUYECKUX IMPOIECCOB B 3aJaHHBIX JJIEK-
TPUYECKUX TIETIAX, T. €. B METSIX ¢ 33[aHHON CTPYKTYPOH U ¢ 3aJaHHBIMI XapaKTepH-
CTUKAMU BCeX 3JIEMEHTOB IIeIH, HAIIPUMep pacdyeT M3MEeHEHHH BO BPeMeHU TOKOB B
3a/IaHHOM TIeTH TIPU U3BECTHOM 3aKOHe n3MeHeHust Bo Bpemenn I/ C, neiicTBytonmx
B 9TOU IIEIIN.

[lesbio cuHTE3a sIBJIsIeTcsl oOpaTHas 3ajlada — OThICKaHUE CTPYKTYPbI dJIeKTprYe-
CKOI TIeTIN 1 XapaKTePUCTUK ee JIEMEHTOB, IIPU KOTOPBIX 9JIEKTPUIECKUI IIPOIIECC B
nenu Oy/eT TMOAYMHATLCS 3a/laHHbIM 3aKoHOMepHOCTsIM. Harpumep, Tpebyercst 1mo-
CTPOUTH IJIEKTPUUECKYIO TIETTh, UMEIONIYIO /IBa BXOAHBIX M J[BA BBIXOAHBIX 3a/KMMA,
YIOBJIETBOPSIIOILYIO YCIOBUIO, YTOObI MIPH 3aJaHHOM M3MEHEHUU BO BPEMEHH HaIIPsi-
JKEHUST Ha BXOJIHBIX 323KUMax MOJIYyYaIoCh BIIOJIHE OINPE/IeJIeHHOE, TAaKKe HaTlepe/] 3a-
JlaHHOEe M3MeHeHHe BO BPeMEHM HalPsKeHMsT Ha BBIXOAHBIX 3askMMax. VHbIME cJio-
BaMM, TpeOyeTcs MOCTPOUTH Ilellb, KOTopas 00JafaeT CoCOOHOCTHIO MEHATH (HOPMY
KPUBOH BXOIHOTO HAMPSKEHUS B JKeIaTeJbHOM /I Hac HalrpaBjaeHnu. Takue 3amaun
MMeIOT Ba)KHOEe 3HaueHue, HallPUMeD, /IS CO3[aHusl dJIeKTPUYECKUX Ienei, popMu-
PYIOIIUX HA CBOEM BBIXO/IE€ UMITYJIbCHI OMPe/IeJIEHHON (POPMBI, YTO BAXKHO B PAJIMOTEX-
HUKe U B aBTOMATHUKe, WU BBITOTHSIONINX OTPe/ie/ieHHble aprudMeTHIecKue Uil JIo-
TIMYeCKre OmepaIuy, 9TO BAXKHO TTIPU MTOCTPOEHNH BEIYUCIAUTENHHBIX W YITPABIIIONTIX
3JIEKTPOHHBIX MaIllMH # T. TI.

Pemienne 3aaun cMHTE3a MOKET OBITH BBIIIOJIHEHO PA3JINYHBIMU ClIocobamMu. Jta
3aja4a MOKeT ObITh pellleHa MyTeM aHaau3a PAja Leleld ¢ IMOCAeAYIOIUM BbIO0OPOM
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HaunboJIee MOAXOAAIIEr0, ONTUMAILHOTO BApUAHTA IIeNU. Y3Ke B TAaKOU II0CTaHOBKE 3a-
Jlayl CUHTE3a BOZHUKAET BOIPOC O pa3paboTKe TpebOBaHMil, KOTOPBIM JOJIKHA YA0B-
JIETBOPUTDH ONTUMATbHAA Iemb. [[ocKOMbKY 3a7aua cMHTE3a dYallle BCETO BO3HUKAET
[IPU TIPOEKTUPOBAHUH PA3JIMUHBIX YCTPOUCTB, TO TPEOOBAHUST ONITUMATBHOCTH JI0JIK-
HbI ObITh 3a1aHbl WK pa3paboTaHbl 3apaHee. DTH TPeOOBAHUA MOTYT UMETh KaK 9KO-
HOMUYECKUH, TaK U TEXHOJOTUIECKUI XapaKTep, T. €. OHU MOTYT PETJIAMEHTHPOBAThH
Maccy, rabapuThbl, CTOMMOCTh YCTPOMCTBA, XapaKTep 9JIEMEHTOB, U3 KOTOPbIX JOJIKHA
OBITH OCYIIIECTBJIEHA UCKOMas 11ellb. Kpome Toro, nmpu pa3paboTKe TEXHUYECKUX Tpe-
GOBaHUI JOJKHBI OBITH 3alaHbl KAYECTBEHHBIE U KOJUYECTBEHHbIE TPeOOBaHMs OTHO-
CUTEJBHO MOMYCTUMBIX OTKJIOHEHUHN XapaKTEePUCTUK CUHTE3UPYEMOI e OT Hatle-
pell 3alaHHbBIX XapaKTepucTuK. TOJMBKO MPH yA0BJIETBOPEHUH BCEX OTUX TPeOOBAHMIA
MOKHO HAaWTH ONTUMAJIbHBIM BapUaHT peajin3allii Ha TIPaAKTUKe UCKOMOM T1e1TH.

Takas mocTaHOBKa 3ajlauM CHHTE3a MPEONPEeNsIeT HeOJHO3HAYHOCTh ee pellle-
Hug. Hampumep, Hamepen 3alaHAble XapaKTEPUCTUKN MOKHO TTOJTYUUTh, OCYIIIECTBUB
IeTb, B KOTOPOU MCTIOJIB3YIOTCS BCE 9JIEMEHTHI 9JIEKTPUUIECKUX TeTeld, a MMEHHO: WH-
JYKTUBHBIE KaTYIIKH, CBSI3aHHBIE B OOIIEM CJlydae ¥ 9JIEKTPUYECKH, W TIPU TOMOIIN
0011[ero MarHUTHOTO IOJIst, KOHAEHCATOPBI 1 pesrcTopbl. OIHAKO B Ipeesax J0Imyc-
TUMBIX OTKJIOHEHUH OT Hamepes 3aJaHHBIX CBOMCTB TPOEKTHUPYEMOTO YCTPONCTBA
BO3MO’KHO KOHCTPYUPOBAHUE IIETIH, COAEPsKaIIel TOJBKO KOHIEHCATOPHI U PE3UCTO-
PbI, WJIH 11eTTH, 00JIa/Iafolell TaKKe WHYKTHBHOCTHIO, HO B KOTOPOI OTCYTCTBYET B3a-
uMHas MHAYKIUs. B 1. 15 6yger mokasaHa MHOKECTBEHHOCTD PENICHHUs 3a[aul CIH-
Te3a Ja’ke B TOM cCJIydae, KOT/la COBEPIIEHHO Pa3JUYHbIe 1O KOH(PUTYpAIUW TeTTH
MMEIOT B TOYHOCTU OJMHAKOBLIE CBOMCTBA.

Kak yKa3bIBasoch, CHHTE3 9JIEKTPUYECKUX IETell OCHOBBIBAETCs Ha OOIINUX CBO¥i-
CTBaX HJIEKTPUYECKUX I[eTIel, KOTOPbIe MOTYT ObITh MCCJIEA0BAHBI IIyTeM aHaIU3a Iie-
neti. [ToaToMy cuHTe3y M0JKEeH MPEeAIIecTBOBATh aHATN3. DTO OTHOCUTCS B PaBHOM
CTeNeHn K JIMHEHHBIM W HeJWHEHHBIM 2JeKTPUYEeCKUM IernsiM. EctecTBenHO, Ham-
60JIblIell TeopeTHYecKoll pa3paboTKe IMOAZAIOTCS 3a4a4l aHAIN3a U CUHTE3a JIMHEel-
HBIX 9JIEKTPUYECKUX IIeTIe, COMePIKAIIUX DJIEMEHTBI, [TapaMeTPhl KOTOPBIX He 3aBUCST
OT TOKA B HUX U OT HAPsKEHU Ha UX 3axkuMax. Cremyiomias, BTopast, 4acThb IIeJIH-
KOM TIOCBSINAETCSI 3TUM BOIMpocaM. BO3MOXHOCTH CHUHTe3a IleTell CYIIeCTBEHHO
BO3PACTAIOT MPU UCIIOJIb30BAHUN HEJTMHENHDBIX 3JIEMEHTOB LENKU C TEMH WJIM UHBIMU
XapaKTepUCTUKAMU. AHATN3Y HEJTMHENHBIX 2JIEKTPUYECKUX TIeTIel TIOCBSIIAETCs Tpe-
Th$1 YaCTh, B KOTOPOH OY/yT M3y4eHbI CBOMCTBA TAKKMX IENEl U HEKOTOPBIE METOIbI UX
pacueta. Ha ocHoBe pe3ysbraTtoB, MOMYYEeHHBIX TPU aHATN3E PA3JUYHBIX HEJIMHE-
HBIX T[ereil, MOKHO OyeT KOCBEHHO CYIUTh U O BO3MOKHOCTH HCIIOJIb30BAHUS TEX
WJIV MHBIX HEJTMHENHBIX 9JIEMEHTOB JIJIsT CUHTE3a DJIEKTPUIECKUX TIeTIeN.

Bbilire 6b110 CKazaHo, 4TO MyTeM MoAbopa U aHajM3a MoA0OPaHHBIX Heneil MOKHO
penmTh 3a1a4y cuHTe3a. OHAKO TaKOW CII0CO0 PelleHrsl 3a/Iaui CHHTE3a HEIeIeco-
obpaseH. AHaJIM3 CBOMCTB CJIOKHBIX IeTTel, KAKOBBIMU B OOIIEM CJTydae OKa3bIBAIOTCS
Mo/IJIesKaIe CMHTE3Y TeNH, TP YCJIOBUH MCCJIeI0OBaHNs 3HAYUTENTHHOTO YHCa Ba-
PUAHTOB ABJIIETCS BeCbMa TPYIOEMKIM TIpoiteccoM. M cmob3oBanmie METOIOB CUHTE-
3a JIaeT BO3MOKHOCTb, UCXO/IsI U3 OOMIMX CBOWCTB IEMeid, MoJyYrTh PEKOMEH/IAINH,
MO3BOJISIONNE AHAJIUTUYECKU PACCUYUTBIBATD KAK CTPYKTYPY, TaK U MMapaMeTPhl TIellH,
obragaroreil Harepes 3aJaHHbIMU XapaKTePUCTUKAMMU.






YACTb BTOPAA
TEOPUSA JIMHEUHbBIX NTIEKTPUYECKUX LLENEN

[[naBa 4yeTBepTas

OCHOBHble CBOMCTBa U 3KBMBaJIEHTHble NapaMeTpbl
3/1IeKTPUYECKUX Lienen Npm CMHycoMaasibHbIX TOKaxX

4.1. CuHycompanbHble D[C, HanpsHXeHUst U TOKMU.
UctouHuku cuHycompanbHbix 3C n TOKOB

B svHeliHOM asieKTpUUecKoll 1ienu npu jerctBumn nepuogandeckux I/[C ¢ opmHako-
BBIM TIeproIoM T CIyCTst JOCTATOYHO OOJIBIION MPOMEKYTOK BPEMEHHU OT Havasa Jeii-
ctBus atux I C yemanasnusaiomes Bo BcexX ydyacTKax 1€y MEPUOANYECKAE TOKU 1
HarpsiKeHust ¢ teM ke rnepuogom T. Bemmuwna f=1/T sBastercsi uactoroit DJIC,
HAMPSKEHUS MM TOKA. JacToTa yncjieHHo paBHA YHCJTy TTePUOJIOB B eIMHUILY BPeMe-
Hu u uaMepsetcs B 2epyax (Ir).

Haubombimit urrepec npeactaBistior nepuogandeckie J/1C, HAPsOKEHUsT U TOKH,
SBJIIONTNECS CUHYCOUTATBbHBIMU (DYHKIIUSIMUA BPEMEHU:

e=E, sin(ot+vy,); u=U,sin(ot+vy,); i=1,sin(ot+vy,).

Benuuunsl e, u, i Ha3piBaloT MTHOBe HH B M 1 I/ C, HanpsikenneM u TOKOM. X
Hanbosbitne 3uavenns E,, U, v I, Ha3plBalOT aM U Ty 1a M u. Bernmuniy o = 2r/T =
= 2nf Ha3BIBAIOT YTJIOBOW 4aCTOTOMN. APryMeHT CHHYCA, OTCUYMTHIBAEMBIN OT
GJIvsKaieit pebly el TOYKK TTepexoia CUHYCOUIAIbHON BEJIMYMHBI YePe3 HYJIb
OT OTPUIATEJBbHBIX K TOJOXUTETHHBIM ee 3Ha-
YeHWSIM, Ha3blBalOT (a3 0, BeJUIUHBI V,, W,
Uy,— HauyalbHOU ¢ asoii, COOTBETCTBEHHO,
I/1C, HanpsiKeHNUs ¥ TOKA. /

Ha puc. 4.1 usobpaskeHbl CHHYCOMIAIbHbIC [
HATPSUKEHUE W TOK C OJTHUM U TEM JKe MTePHOAIoM.  —Lut (Vi
OGpaTiM BHUMAHIE HA TO, YTO TOJOKUTEIbHbIE ot Vul
dasbr v, > 0 1 y; > 0 ZOJKHBI OTKIAIBIBATHCS OT
Havasia KoopauHar Bieso. I1o ocu abermee MOsK-
HO OTKJIa/IbIBaTh UJIM BPEMsI , WU IIPOHOPIHO- Puc. 4.1

u

2n ot
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HAJIBHYIO €My YIJIOBYIO BenunHy of. COOTBETCTBEHHO, TIEPUOJOM OY/IET SABJISATHCS
win T, nnn 2.

Pasznocth a3 HApSKEHWS U TOKA @ = ¥, — ; HA3bIBAIOT TAKXKe YyTJIOM CIBH -
ra TOKa I10 OTHOIIEHUIO K HanpsiKeHuto. [Ipu ¢ = 0 mox u nanpscenue coenadaiom no
pase, npu ¢ = £ — NPOMUBONOL0INCHBL NO hase, npu ¢ = +1/2 — naxoosmcs 6 Keaopa-
mype.

B 6osibIiMHCTBE C/Iy4aeB Mbl CTPEMHUMCST K TOMY, 4TOOBI B 9JIEKTPUYECKUX IETISIX
TOKU U HANIPSIKEHUST U3MEHSIJIUCD 110 CUHYCOUIAJIbHOMY 3aKOHY, TaK KaK OTKJIOHEHUE
OT 3TOTO 3aKOHA BEJIET K HEXKEJIAaTeJIbHbIM SBJICHUSM — IOSBISIOTCS AOMOJHUTEID-
HbIE [I0TEPU B 3JIEMEHTAX IIel1, BO3PACTAET BJIMSIHIE MOI[HBIX JMHUHI Tepejadn Ha
cocejiHVe JIMHUU CBsI3M U T. Ji. HauneMm paccMoTpenue ¢ CUHYCOUAQIbHBIX (DyHKITHIT
errie v II0TOMY, 4TO JIOYI0 EPUOANIECKYO (DYHKITUIO MOKHO Pa3JIOKUTh B PSIJl CUHY-
COMIANIBHBIX (DYHKITHI pazindubix 4actoT (psig Dypbe), U cae0BaTeNbHO, PACCMOT-
peHue CUHYCOMAAIbHBIX TOKOB IMO3BOJIUT B JaJIbHEIIeM IepeiiTi K u3ydeHuio Goee
CJIOKHBIX TTepronuecknx J/[C, TOKOB 1 HaNIPSIKEHWT.

B coBpemeHHOIT TeXHUKE UCIIOJIB3YIOT TIePEMEHHBIE TOKU UCKJIIOUUTENBHO THUPO-
KOTO /IMala3oHa 4acTOT — OT JI0JIed Teplia 10 MIIInapioB repi. B Poccun u espo-
MefiCKUX CTpaHaX B 9HEPTETHMUECKUX CHCTeMaxX TpuMensiercst gactota 50 T,

B 3aBucumocTr 0T 9acTOTH UCTOUHUKAMU cruHyconaanbHol J/[C aBisaiorces reHe-
paTopbl TOTO WJIM MHOTO Tuma. [Ipv MPOMBIIIJIEHHBIX YacTOTaX HA 3JEKTPUUECKUX
CTAHIMSAX B HACTOAIIEE BPeMs B KauecTBE T€HEPATOPOB MPUMEHSIOT BPAIAIOIIAecs
9JIEKTPUYECKHE MAIllUHbL. JlJIsT TPOMBIIIJIEHHBIX U TTOBBIIIEHHBIX YaCTOT I€HEPUPO-
Banue nepemerHON J/[C OCyIIECTBAIIOT Tak)Ke ¢ TIOMOIIBIO MOHHBIX U MOJTYTTPOBOJI-
HUKOBBIX ITpeobpa3oBaTesieil IOCTOSTHHOTO TOKA B IIePEMEHHbII, UMEHYEeMbIX WHBEP-
Topamu. [Ipy TOBBIIIEHHBIX U BBICOKUX Y4aCTOTaX MCIOJIBb3YIOT MpeobpasoBaTesu ¢
AJIEKTPOHHBIMI TTPUGOpAMU, HATIPUMED JaMITOBBIE
rereparopsl. HakoHer, iist reHepupoBaHust Koseba-
HUIl ¢ YacTOTaMM, MPUOJIMIKAIOIIMMHUCS K YaCTOTAM
OTITMYECKOTO JIMATia30Ha, a TAK)Ke JIeKANMMK B OTI-
TUYECKOM JMATIa30He, UCTIOIh3YIOTCS KBAHTOBBIE Te-
HEPATOPbI, UMEHYEMble Ma3epaMu U JIa3ePaMHu.

O npuHnume AeUCTBUS WHBEPTOpPAa W TPaH3U-
CTOPHOTO TeHepaTopa OyIeT CKasaHO B CJeLYIOIIeit
YaCTH, TIOCBSIIEHHON HEJIMHENHDBIM 3JIEKTPUYECKUM
nenstM. PaccMoTpum 371ech B 06IIMX YepTax BOMPOC

Puc. 4.2 0 TeHepupoBaHUU cuHycouzanbHbix DJC ¢ momo-
IIHI0 BPAIMAIONIMXCS 9JIEKTPUYECKUX MAIINH.

Ha puc. 4.2 cxemarmuecku TIpe/iCTaBIeH CHHXPOHHBIN TUAPOTEHEPATOP C SIBHO Bbl-
PadNceHHbIMU NOTI0CaMU, IMETONITUI TPU TapsI orocoB (p = 3). Ha Bpamaroreiics gac-
TH MAIIMHBl — PO T O P € — HaJ0KeHa 0OMOTKA BO30Y KAEHMsI, TUTaeMasi IIOCTOSTHHBIM
tokoM. O6MOTKa, B KOTOPOii TeHepupyetcst epemernas J/[C, pacrosiosxkena B 1maszax
HETIOIBVKHOM YacTU MAIIMHBI — C T aT O P a. MarHuTHast 1ellb MallliHbl U3TOTOBJISIET-
€SI M3 3JIEKTPOTEXHUYECKOHN CTAJM; CTaTOP U TIOJIOCHBIE HAKOHEYHUKHU POTOPA — U3
JIUCTOBOI CTaJM, OCTAJIbHAS YaCTh POTOPA — M3 CILIONTHOIO CTAJIbHOrO MaccuBa. Yac-
tory rerepupyemoii /]C onpenensior 06braHO 110 hopmyie f = pn/60, rae n — yacTo-
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Ta BpaleHus (4ucjao o60potoB B MuHyTy). Hampumep, yactora BpaieHusi reHepaTo-
poB Ha /lHenpoBckoil Trapoasektpoctanimy 1 = 83% 06/mun. CienoBaTenbHo, AT
nostyderust 9actoTol f = 50 I aTi reHepaTtopsl UMEoT p = 36 map MOJI0COB.

B reneparopax ¢ SBHO BBIPAKEHHBIMU MOJIOCAMHU JIJIST TIOJYYEHUST CUHYCOU/IATh-
Hoit D/IC B 0OMOTKE SIKOPsI I0CTATOYHO COOTBETCTBYIOIUM 00pa3oM 1moao6path (op-
MY TOJIIOCHBIX HAKOHEYHUKOB, YTOOBI MArHUTHAsI MHAYKIUS B BIOJb OKPYKHOCTH
MAIITUHBI B BO3/IYIITHOM 3330Pe U3MEHSJIACH TI0 CUHYCOUIATTBHOMY 3aKOHY. JTO CJIey-
et u3 Beipaxkenust st I/ C, MHAYIUPYEMON B CTEPKHSAX 0OMOTKM cTaTopa: | e | = Blo,
rjie [ — aKTUBHAs JUIMHA CTEPKHEN U 0 — JIMHEWHast CKOPOCTb.

Caobozuble (puc. 4.2) masbl cTaTopa 3aroJIHs- !
10T MTPOBOJHUKAME €Ille JBYX APYTUX OOMOTOK.

CoBMeCTHO 3T TP OOMOTKM CTaTOpa 06pasyroT
TaK Ha3bIBaeMyI0 Tpexhas3Hyl0 CUCTEMY, O KOTO-

(03
(DUIHEHT TT0JIE3HOTO JAEHCTBHS MAPOBBIX TYPOUH
TIOJIYYa€eTCsl BBICOKMM TOJIBKO TTPU BBICOKUX YaCTO- B
Tax BpamieHust. [Toatomy TypOOreHepaTophl MMe-
10T MaJioe YHCJI0 Tap MOMI0COB — 00brvHO p = 1 0 /
wm p = 2. CoorBerctBento, npu f = 50 T yac- \ / ¢
Tota Bpartenus: noayvaercss n = 3000 06/MuH
B BO3JLYIITHOM 3a30p€e U3MEHSeTCs B 3aBU-
CHMOCTH OT yIJla o TIPUOJIM3UTETBHO 110
TpanelnenaaTbHoMy 3akoHy (puc. 4.4).
CootBerctBenno, n J/[C B karymrax Ha
cTatope M3MeHseTCS BO BPEMEHU 10 Tpa-

poii molizieT peub B crelnuaabHON raBe. Ha cxe-
wm n = 1500 06/mun. Bo usbexanue 60JIbIIMX
HenenalbHOMY 3aKoHY. Ecim 3a0KuTh Puc. 4.5

MaTHIeCKOM pUC. 4.2 [T KaKI0ii OOMOTKHU TOJ
KQKJIBIM TIOJIIOCOM HMMEETCS TOJIBKO 110 OHOMY =
mazy B crartope. OObIYHO X ObIBAET HECKOJBKO,
npryeM KaTyIIKH, JiesKalllie B COCeJHMX I1a3ax u
NpUHAJIEKAIIe OJHOM U TOW ke 0OMOTKe, CO-
e/INHATOT TI0CJIe/I0BATEILHO.

leneparopsl, cBsi3bIBaeMble C TAPOBBIMU TYP-
OGUHAMI, TaK Ha3bIBaeMble TYPOOTEHEPATOPBI, HMe- :
10T OOJIBIIMYIO YACTOTY BPAIEHHs, Tak KaK Koag- Puc. 4.3
MOTEepPh Ha TPEHHE O BO3AYX POTOPHI TaKUX Te- Puc. 4.4
HEPATOPOB BBINOJHAIOT TTaKUMU. VX HaspiBatoT
POTOPAaMU C HEsBHO GbIPANCEHHLIMU NOMIO- €
camu (puc. 4.3). O6MOTKY poTOpa yKJIa-
IBIBATOT B NMEIOMINECS B POTOPE Ta3bl.
[lnga  nosyueHus — CMHYCOMAQJIBHON
I/1C B TakMX reHepaTopax HEeT BO3MOXKHO- i
CTH BUIOM3MEHATH OPMY MOJIOCHBIX Ha- o/
KOHEYHUKOB. MaruutHasg wuHAyKnusa B 4

e=¢ teytes
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B COCE/IHUE 11a3bl OJIMHAKOBbIe KaTyIIKky (Ha puc. 4.3 momedensl nudpamu 1, 2, 3), to
kpuBbie D]/IC ey, €y, €3 B 9TUX KaTyIIKax OyIyT OANHAKOBBI 110 (hOpMeE, HO CABUHYTHI
JPYT OTHOCHUTETHHO ApyTa 1Mo ocu Bpemenu (puc. 4.5). CoelMHUB 3TH KaTyITKN
MOCJIeIOBATEIbHO, MOXHO TOJYYUTh, KaK BUAHO M3 PUCYHKa, cymMMapHyio I/C
e =e; + e, + e;, BO Bceil 0OMOTKe BecbMa OJIMBKYIO K CHHYCOUIATbHOM.

Csobomubie (puc. 4.3) TMasbl cTaTOpa 3aMOJHSAIOT elle AByMsi 0OMOTKaMu J17ist 00-
pasoBaHus Tpex(asHol CUCTEMBI.

4.2. leAcTBYIOLLME U CPpeAHME 3HAUYeHUNA
nepuoaunyeckux 3AC, HanpsiHXKeHU U TOKOB

O snauenusix nepuopndecknx IJ[C, HAMPSKEHUI U TOKOB OOBIYHO CYIST 1O UX CPEJi-
HIM KBQ/J[PATUYECKUM 3HAYEHMSIM 32 MepHojl, 0003HAUaeMbIM, COOTBETCTBEHHO, Yepe3

E U I
1 1t
E = —jezdt; U= —qudt; I =
TO TO

OTHU BeJTMYUHBI HA3bIBAIOT AeficTBYIOo MU MU Tepuoandeckumu I/ C, namps-
JKeHHeM 1 TOKOM. Takoii BBIOOP OINpPEAessieTcs HUKeCTIeAYIOMMMU COOOPaKeHISIML.

CpenHee 32 mepuoj 3HaUEHNE MOITHOCTH, XapaKTePU3YIolee BhIIeJICHUE TETIIOTH
B IIENIM C COITPOTUBJIEHUEM 7, UMEET BbIpaKeHUe

1¢ 1
—IiZthz V—J.izdtz 2.
TO TO

CurienoBaresibHO, BBOJISI TIOHSITHE O JIEHCTBYIONIEM MTEPUONYECKOM TOKE KaK CPEJl-
HeM KBaJ[paTUYECKOM 3HAUEHUW €ro 3a TMOJHBIH TEePHUOo, MoaydaeM (DOopMyIy s
CpenHell MOIITHOCTH, BRIPAKEHHON depe3 ATOT TOK, TAKyIO JKe TI0 BUIY, KaK W TIPH T0-
CTOSTHHOM TOKE.

MrHoBeHHas 2JIeKTPOMAarHUTHAS cuyia F B3auMoJIefiCTBUS IBYX KaTyIIEK WM BO-
ob11e ABYX JOOBIX KOHTYPOB, IO KOTOPHIM TIOCIEA0BATENBHO TIPOTEKAET OIIMH U TOT
JKe TOK I, BbIpasKaeTcsl B BUjle

oM _ . OM
og’

rne OM/0g — npou3Bo/iHAS OT B3aUMHOU MHIYKTUBHOCTU M KOHTYPOB 110 TOU KOOP-
JIUHATE g, KOTOPYIO CTpeMUTcs m3MeHuTh cuia F. Ilpu nmepuopnyeckoM uaMeHEeHUU
TOKa i CpeiHee 3HaUYeHue CUJIbI [, 32 epro/ MMEET BhIPaKEHIEe

F =i,

fﬁ%d&

1 1
Fo=—[Fdi=_
T T og

Ecuu katymiku 06/1a1aroT 10CTaTOYHO OOJIBIION HHEPIHEN 1Iu BOOOIIE 3aKperLie-
HBI U, CJIeJIOBATE/IbHO, HE MEHSIIOT CBOETO TI0JIOKEHUS B TeUEeHMe IIepUoia M3MEeHEeH U
TOKa B HUX, TO BeJmurHa OM/9g ocTaeTcst IOCTOSHHOI U MOKeT ObITh BbIHECEHA 32
3Hak naTerpamta. [lomygaem
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T
o :%1 i2dt = I'? %,
og Ty og

T. €. BbIpaK€HUe J1JIsd Fcp qgepes ]_[ef/,ICTBYIOH_Iee 3Ha4YeHune 1nmepuogn4eCcKoro Toxka I1moJay-
Ya€TCA TaKUM K€, KaK 1 IIPpU IMTOCTOSAHHOM TOKE.
MruoBenHas cuna F TIPUTAKEHUA IIJIACTUH KOHAEHCATOPA BbIPaKaeTCA B BU/IE

F=1u2 %7
2

g
r7le ¥ — MTHOBEHHOE HAIIPsKEHUE MeXY TtacTuHamMu; C — eMKOCTh MeK/y TLIacTH-
HaMU; & — KOOPAIMHATA, XapaKTepu3yTolas B3anMHOe PacIoJiosKeHne IacTUH, KOTO-
pyio ctpemutcsa usmenuth cuna F. Cpeanee 3a nepuoji snadenue cuibl F, Ipu ycio-
BUM, YTO WMHEPIUS IJIACTUH CTOJIb BEJIMKA, YTO TIOJIOKEHUE UX HEe U3MEHSIETCS B
TedeHue Tepro/ia HAPSKEHNS U, PaBHO

T T
F, =1J‘th=1%i wrde = Lu2 9
Ti 20T 2 g

Takum obpasom, Boipaskenue F,, yepes neiictpylomiee Hanpsikenne U oKa3biBaeTcs
COBIA/IAIONIUM C BbIPAKEHUEM P MOCTOSIHHOM HAIPSIKEHUU.

OrmpesieiuM  ¢BsI3b  jJlelicTBylomiero  3Haduenuss E  cunycowpanpaonn  O/C
e=E,sin(ot+y,) c ee ammiuryznoit E,,. Mimeem

1 ¢ 1-cos(20t +2vy,) E
1 dt =Em.
TI 2 ‘ J2

0

;
E = ]{J(;Ei sin®(ot +y,)dt = E,

TaK KaK

T
Icos (20t +2y, ) dt =0.
0

AHAJIOTTIHO I CUHYCOUJAJIbHBIX HAIIPAKEHUA U TOKa IMOJIy4YUM

pUn p_lu

V2 V2

Bosbiiast gactb nprbOPOB, UCIOJIb3YEMbIX JIJISI M3MEPEHUsT TEPUOINYECKIX Ha-
MPSKEHUH ¥ TOKOB, ITOKA3bIBaeT JIENCTBYIONIee 3HAUEHNE ITUX BEJTMYMH.

Cpentee apudmernieckoe 3HaueHne cunyconaaapubix I/ C, HapsoKeHUH U TO-
KOB 3a BeCh 11epHOJI paBHO HYJI0. [ToaTOMY BBOASAT NMOHSATHE 00 X CPEJHEM 3Ha -
YEeHUU 32 MOJOKUTEIBHBIN ITOTYIIEPUO/I.

Takoe omnpesiesienyie cpeHUX 3HAYEHUIT UCTIOMB3YIOT W JIJIs IEPUOINIECKIX HECH-
Hyconpaabubix J/|C, HAPsXKeHNWT W TOKOB, KOT/Ia MOJIOKUTETbHBIE U OTPUTIATEh-
HbIE UX TTOJTYBOJHBI OJUHAKOBBL.

Cpennee 3HaueHUe cunycouganbHoil J/1C paBHO, B 4aCTHOCTH,

T T

2 2
E, =21Emsinmtdt=2Em —cosot | =—2 =gEm
T+ oT ol =«
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1, COOTBETCTBEHHO,

2 2
U,==-U, n I, ==1I,
T T
OcobGeHHO TPOCTO BBIUMCsieTcs1 cpefee 3Haderune DJ[C, wHyIMpyemoil me-
PUOAMYECKN U3MEHSIONIMMCS IToToKOCIeieHneM ¥, yepes ero makcumaiabHoe W,

1 MUHUMaJIbHOE \I’min 3Hauenusd. /leficTBUTENBHO,

ij dt_f( jdt—— Taw-2scr,, v,

Y,

max

. tak kak I/C npoxoxut yepe3 uysp npu ¥ = V¥, ,,
¢ uV¥ =Y, ue>0 B uaTEpBasE, KOTA TOTOKOCIIEII-
sennie naMmensercs ot W .. 10 V.. B Tex cayuagx,
korna W = =Wy = ¥, momyunm E, = 4f\¥,,. I1a
0 ot TpocTasg GopMyJia He 3aBUCUT OT 3aKOHA N3MEHEHUS
v ¥ e notokocterienus ot W . 10 Wi, Ecam ke sxemaem
a2 onpeziesnTh zelictyiomyio I/C, To BEJIIHHY E,
HEOOXOIMMO YMHOKHUTD Ha TaK Ha3bIBAEMBbIil K 09 ¢ -
PUC. 4.6 bunument bopmul ky = E/E, xpusoit I/IC:

E=kE, =4k, [P,

B wactnoMm caryuae, mpu cunycouaabHoM notokocteriennn Y =W, sin (ot + ),
I/1C umeet BbIpaskeHue

E)H

4

e=-o¥, cos(ot+y) =¥, sin(mt +y - g)

Hnoyuupyemasn 3/[C omcmaem om nomokocuennenus ¥ na yzon n/2 (puc. 4.6).
IIpu cunycounanbuoit IC Koacb(bMuHeHT hopmbr

2F T
:— —~111
L)

cp

1, COOTBETCTBEHHO, E = 4,441,
BBoasT B paccmorpenuie Takke Koo G bunueHT amMmuaurtyas k, = E,/E.
B wacTHOCTH, IS CHHYCOU/BI R, = 2

4.3. U306pakeHne cuHycompanbHbix 3[C, Hanps>KeHUi U TOKOB
C NOMOLLbIO BPaLLAOLMXCA BEKTOPOB. BeKTopHble AuarpaMmbl

Cunyconzianbabie I C, HAIPSKEHUS U TOKU, HMEIOIINE YIJIOBYIO YaCTOTY , MOXKHO
n300pakaTh BEKTOPAMH, BPAIIAIONIUMIICS C YTJIOBOW CKOPOCTBIO, PABHOI ®; TIPHYEM
JUTHA BEKTOPA OTIPEIETISIETCS B COOTBETCTBY0IeM Mactitabe amrmtyaoi JJ[C, na-
HPSIKEHNS WM TOKA.

Ha puc. 4.7 m3o0paskena ¢ MOMOIIBIO BPAIIAIONIETOCS BEKTOPA CHUHYCONAAIBHAS
I/C e =E, sin (ot + ). Eciin yros (ot + y) OTCUNTBIBAETCS OT TOPU3OHTAILHOM
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0CH, TO TIPOEKIIM BPAIIAIOIIETr0Cs: BEKTOPA Ha BEPTUKAIbHYIO OCh PaBHA B M30PaHHOM
Macitabe MmrHoBennoit D/[C
[Iycte mmeem I/IC e, pasuyio cymme I/IC e; u e, OMHOI U TOI JKe YaCTOTHI:

e=e +e, =L, sin(ot+y,)+E,, sin(ot+vy,) =E, sin(ot +y).

Nzo6pasum I]IC e, u e, Bpamaommumucs Bekropamu (puc. 4.8). Tak kak mpoek-
s Ha JII0OYI0 0Ch TeOMETPUYECKOl CyMMBbI JIBYX BEKTOPOB paBHa ajrebpandecKoi
CyMMe UX TPOEKINi Ha 3Ty ocbh, TO I/[C e nzobpaxkaercsi BpaIaOIMMCs BEKTOPOM,
KOTOPBIil paBeH TEOMETPUIECKON cyMMe BeKTOPOB, naobpaxatonux I/[C e, u e,.

o
—~]

e T
AN . 0] ity Oty

Puc. 4.7 Puc. 4.8 Puc. 4.9

[Ipu paccmMoTpeHNM yCTaHOBUBIIUXCS CUHYCOWIATBHBIX TIPOIIECCOB HAYATBHYIO
(asy oIHOI M3 BEJUUYMH MOKHO BBIOPATH ITPOU3BOJIHHO, HATPUMEDP HAYATbHYIO (ha3y
I/1C nm npusokeHHOro HanpsikeHrsi. COOTBETCTBEHHO MTPOM3BOJIBHO MOKET OBITH
PACIOJIOKEH B HAYaJIbHBIII MOMEHT BPEMEHH BEKTOP, N300paKAMOIINI 9Ty BEJUUNHY.
BekTopbl BCex 0CTaIbHbIX BEJIMYKMH IIPU 9TOM OY/IyT IIOBEPHYTHI 110 OTHOIIEHUIO K He-
My Ha YTJIbI, paBHbBIE cABUTaM (has.

COBOKYITHOCTb BEKTOPOB, XapPaKTEPUIYIONUX [TPOIECCHI, IPOUCXO/ISIINE B TON WK
WHOI 1[eNU TIEPEMEHHOT0 TOKa, U TIOCTPOEHHBIX ¢ COOJI0ICHUEM TIPaBUIbHON OpUEH-
Talyu UX JIPYT OTHOCUTENHHO IPYTa, HA3hIBAIOT BEKTOPHO W AUarpaMMO .

Tak Kak OOBIYHO MBI MHTEPECYEMCS IEUCTBYIOMUMI 3HAYEHUSME CHHYCOU/IANb-
HBIX QYHKIIUH, KOTOPHIE B 2 MeHb1e 1x aAMILIUTYI, TO 11eJIeCO00Pa3HO Ha BEKTOPHOI
JMarpamMMe JJIMHY BEKTOPOB BBIOWPATh PaBHOW B M3OpaHHOM Maciitabe AeiCTBYIO-
muM IJIC, Tokam u nanpsuxkenusm. Hanpumep, na puc. 4.9 uzobpakena BeKTOpHAas
JMarpaMma HaIpsoKEeHUs ¢ U TOKa i, TPUYEM TOK CIBUHYT 110 OTHOIIEHUIO K HaIlpsiKe-
HUIO HA YTOJ .

B npasbHeiieM BeKTOPBHI, H300pasKaoOIie CHHYCOUAANbHbIE (DYHKIIUU BPEMEHH,
OyaeM 0003HaYaTh TeMH ke OYKBaMU, YTO U JEHCTBYIONIE NI MaKCUMAaJIbHbIE 3Ha-
yeHus1 9TUX (DYHKIIMIA, HO ¢ 4epToil Hajl OYKBOIi, B OT/IMYKE OT 0003HAYEHUS KU PHBIM
mprudTOM BEKTOPOB, N300PAKAMOIINX XapaKTePUCTUKK (PU3MUECKUX TIOJIEIL.

4.4. YCTaHOBUBLLUMICA CUHYCOMAAJIbHbINA TOK B Lienu
C nocnepoBaTesibHbIM COEAUHEHNEM Yy4YacTkoB 1, L u C

[uddepenimanbHoe ypaBHeHNE 715 IEMU € MTOCTAEI0BATENbHO COCIMHEHHBIMU yYa-
crkamu 7, L u C (puc. 4.10), kak 6b1710 niosryuero B § 3.12, umeer Buj
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. t
oodi 1.
u=u, +u; +u, =ri+L— +—Izdt+uc(0).
i Co
Obiiee penrerue i(t) 9TOro ypaBHeHUsI, KaK BCAKOTO JUHEIHOTO AnddepeHIuab-
HOTO ypaBHEHU:A, CKJIaJAbIBAECTCA N3 YaCTHOI'O PEHICHUWA i'(t), oIipene/iaAeMoro BuaomM

dyukmunm u(t), m moaHOTO MHTErpasa i’ (t) omHOpoaHOTO THddepen-

U oup U

— > 77 1MaJbHOTO YpaBHEHUS, TOJydaeMoro, ecan npuHATh u(t) = 0. Kak

uy — LcC l Gy/leT TIOKa3aHo B TJ1. 9, MOC/Ie BKIIOYEHUS eI 110/ /leficTBIe Ha-
1 .

npsikennst u(t) cocraBisionas Toka i”(¢) GbICTPO 3aTyXaeT, yMeHb-

Puc. 4.10 HIASCh 0 HyJIsl IPAKTUYECKU 32 JIOJIU CEKYH/IbI MU 33 HECKOJIBKO

cexkyHn. [letictBuTtenbHo, mpu u = (0, » # 0 Ipoitecc B e MOXKET CY-
IIECTBOBATH TOJILKO 32 CYET 3allaCOB IHEPTUU B MOJISIX 1IENN U OY/IeT 3aTyXaTh BCJIE/I-
CTBUE paccessHUs SHEPTUH HA yYacTKe C COMPOTUBJIEHUEM 7.

TakuM 06pa3oM, CIycTsi HeOOMBINON TTPOMEKYTOK BPEMEHHU TIOCTE BKIIOUEHISI
B IIENIN YCTAHABJWBAETCA TOK i(t), ompenmessseMblil YaCTHBIM pelieHueM i'(¢) ypas-
HeHus 1enu. Bennunna i'(f) ABASETCI TOKOM YCTAHOBUBIIETOCS PEXXKUMA
B 1 enu. [lepBbie IATH Ty1aB HACTOSIIEH YacTH TIOCBSAIIEHBI UCCIEIOBAHUIO YCTAHO-
BUBIITUXCS PEKUMOB.

[IycTh npusioKeHHOE K 1eIU HANIPSIKEHNE U3MEHSIETCST 110 CUHYCOU/IATbHOMY 32a-
Kony u = U, sin (ot + y,,). [Ipu 9TOM TOK yCTAaHOBHUBIIIETOCS pEsKUMa TaKsKe OyIeT Ch-
HYCOMIQJIBHBIM C TOI JK€ YACTOTOI M U, CJICI0BATEIBHO, MOKET OBITh BHIPAsKEH B BUJIE
i=1,sin (ot +y;) =1, sin (ot + y, — ¢). 3a7a9a 3aKII0YAETCI B OTBICKAHUH BEJTHINH
1,, m ¢ ipu 3aaHHbBIX BeanyuHax U, o 1 y,,.

Kak 6b1710 cKa3aHO paHblile, IPU UCCJAEJOBAHIK YCTAHOBUBIIIETOCS CUHYCONIAIb-
HOTO TIpollecca HavaabHast (asza \y, TMPUI0KEHHOTO HAIPSKEHUsT MOKET ObITh BBIOpa-
Ha TIPOM3BOJIbHO. Tak Kak B TaHHOM CJIydae OOIINM JIJISI BCEX YIACTKOB SIBJISIETCS TOK,
TO 1es1eco06pa3HoO BBIOPATh Y, = ¢, YTOOBI HavyaabHast (haza TOKa ObLIa paBHA HYJIIO,
T. e. y; = 0. Torna

u=U,sin(ot +y,)=U,sin(ot+¢) u i=I,sinot.
[HoxcTaBassa oTu 3HAUEHUS i U # B YPaBHEHUE
. t
i & L fide+uc ) =u
dt C+

Haljiem

I, sinot +oLl, coso)t—ilm cosmt+ilm +uc(0) =U,, sin( ot + ¢).
oC oC

Tax kak Bce 4JIeHbl, KpoMe JBYX MOCTIEIHUX B JIEBOU YaCTU ypaBHEHUs, He COfep-

1
JKaT MMOCTOSTHHBIX COCTABJISIONINX, TO °C L, +uc(0)=0.
®

ITO ypaBHEHHKE JIOJKHO ObITH CIIPABEIJIUBO J1JIst TI060r0 MOMeHTa BpeMenu t. [To-
Jlaras, B 4acTHOCTH, ot = /2 u ot = (), morydaem

rl, =U, cosq [(»L—l)lm =U,, sing.
oC
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BOSBG,ZIH IepBo€ M BTOPOE paBEHCTBa B KBa/IpaT 1 CJIOKNB, 6YIIeM NMETb

1 2
r2+(mL—j 1 =U;,
®

OTKYy/la HaXOAVM CBA3b MEXKAY aMIVINTyJaM1 TOKA 1 HAIIPAKEHUA:

I, = o

r? +(mL —)
oC

[TosesB 06€ YacTH 3TOTO BhIPAKEHUsT Ha V2, MIOJIYYMM aHAJOTUYHYIO CBSI3b MEX-
NIy AeMCTBYIOMNMHI TOKOM W HaNPSIKEHUEM:

U

Y
r? +(03L—j
oC

Kopenb caefyer 6parh Beera co 3HAaKOM <«IUTIOC», TaK KaK aMILIUTY/bI U JAeHCT-
BYIOIIIE 3HAYEHUS HAMPSKEHUS W TOKA CUUTAEM TIOJIOKUTETbHBIMI BETMIMHAMU.
[Tonenus BTOpOE paBEHCTBO HA MEPBOE, HAXOIUM

oL - 1/(0)())'

[ =

tgo=

B BwIpaskennsx, cBA3bBAOMNX aMITUTYAb! U, n [, nim feficTByIonie 3Ha4eHms
U n I HanpsKeHUsT ¥ TOKA, B 3HAMeHaTeJle CTOUT BEJTMUNHA, UMEIOTAsi Pa3MEPHOCTD
9JIEKTPUUYECKOTO COTPOTUBJIeHNs. Ee 0003HAYAIOT Yepe3 z M HA3BIBAIOT 110 JI H bl M
conpoTrtuBJeHueM 1enu. s paccMOTPEHHOI 1ieln

2
U U e feor--L ),
I 1 0}

m

B o61iiem cirydae B 1ienu mepeMeHHOr0 TOKa MOJHOE COIPOTUBJIEHNE Z OOJIbIIE CO-
MPOTUBJIEHUS 7 K MOKET OBITh €My PaBHO TOJBKO B 4aCTHOM ciydae. [IpuunHa aToro
COCTOUT B TOM, UYTO B pacCMaTPUBAEMON TeNN MPUIOKEHHOe HAIPSKeHe UMeeT He

. 1
TOJIBKO COCTaBJIAIONIIYIO 17, HO TAKKE€ COCTABJIAIOMIIYTO L Z’ IpeogoJieBatonyo 9[[(:
t

CAMOMH/IYKITNHN, U COCTABJAIONYIO ¢/C, PaBHYIO HANPSKEHUIO Ha KOHAEHCATOPE.

ConporuBiieHNe 7 HA3bIBAIOT aKTUBHBIM CONMPOTHUBJIECHUEM IElH, Tak
KaK TOJIbKO UM OTIPE/IENISIOTCS HeoOpaTiMble aKTUBHbIE MIPOIECCHI B 1ETH, B IAHHOM
caydae 1peoOpasoBaHUe 3JIEKTPOMArHUTHOW SHEPTUM B TEIIOBYIO. BeimmunHy
oL — 1/(0C), yIUTBIBAIONIYIO PEAKITUIO CAMOMHAYKIINA 1 eMKOCTUA W UMEIOIIYIO pa3-
MEPHOCTb COTIPOTUBJICHUS, HA3bIBAIOT PEAKTUBHBIM CONPOTHUBJICHHUEM
e u obosHavaiorT x. [Ipu aToM uieH ®L, yIUTHIBAOMINI PEAKIIMIO CAMOUH/IYK-
I[1H, HA3BIBAIOT MHAYKTUBHBIM CONMPOTUBJIEHHUEM IeNu U 0003HAYAIOT X7,
a wied 1/(owC), yYuTBIBAIONINN PEAKIINIO eMKOCTH, HA3BIBAIOT € MKOCTHBIM CO -
NPOTHUBJIEHUEM IENu 1 0003HAYAIOT X .
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NTak, nmeem

1 1
x, =L, x,=—; x=0L-—=x, —x,;
L C OJC (DC L C

1 2
z= |7 +(0)L —j =47t +x’.
oC
3amMeTnM, 94TO BO3pacTaHue X; TPU YBEJIUIEHUH YaCTOTBI OOBSCHSIETCS TEM, YTO
I/1C camMOUHIYKIINY TIPOTIOPIIMOHATBHA CKOPOCTH U3MEHEHUS TOKA, U CJIEJI0BATEh-
HO, ee aMIUTUTYZa pacTeT C yBEJIMYEHUEM YaCTOTBHI TIPHU
(L ,w_lc)jz T HEM3MEHHOW aMILTUTY/IE TOKA. YObIBaHUE BETHIUHBI X TIPH
YBEJUYEHUH YaCTOThI SIBJISICTCST PE3YJIBTATOM TOTO, UTO TOK
A Ur=1Ir CMeEIEHNS B KOH/IEHCATOPE MTPOTIOPITMOHAIEH CKOPOCTH M3-
N\ © MEHEHUST HaITPsUKEeHHS Ha 3a5KNMaxX KOH/IeHcaTopa 1, CJiefo-
BaTeJILHO, €0 aMIIUTY/Ia PacTeT ¢ YBEJIMYeHUEeM YaCTOTHI
Uc= [IPY HEU3MEHHOM aMILIUTY/Ie HANIPSIKEHUSL.
0 CrpyKTypa BbIpaKEHUS [IJIsI Z MOKET ObITh ysICHEHa,
€CJI PacCMOTPETh CABUTH (Da3 HANPSLKEHUN Ha OT/EIh-
Puc. 4.11 HBIX yYacTKaxX Ienu Mo OTHONIEHUIO K ToKy. C 1esbio Ha-
IJISIIHOCTU [TOCTPOMM BEKTOPHYIO JIMarpammy JiJisi pac-
CMaTpUBaeMoil I1enu. 37ech ¥ B TOCJAEAYIONEM AUarpaMmy OyeM CTPOWTD JIJist
AENCTBYIONMX BemduH. [[JisT KpaTKOCTH BEKTOPbI, M300pasKAIOIIIe TOK, HAIIPsIKEH e
u D/IC, GyemM Ha3bIBATH MPOCTO BEKTOPOM TOKA, BEKTOPOM HATPSI)KEHUST U BEKTOPOM
2/1C -
Hampasum BekTop TOKa I 110 BepTUKaIbHOI ocu (puc. 4.11).
Hanpsocenue na yuacmxe ¢ conpomusnenuem r

~|

Y
— N
U=oLl §

u, =ri=rl,sinwt
cosnadaem no ¢ase ¢ Mokom, ¥ MO3TOMY BEKTODP 3TOTO Hampsizkenus U, Harpapyien
BJIOJIb BEKTOPaA TOKaA.
Hanpscenue na yuacmye ¢ undyxkmugnocmoio L

u, =LZZ =oll, cosot =woll, sin(wt+§j

onepedxcaem mox Ha yzox T/2, i BEKTOP 9TOro HAmpsiKeHust U, M0KeH ObITh TTOBEP-

HYT OTHOCHTEJhHO BEKTOPA TOKA Ha YTOJ T/2 B TOJOKUTETHHOM HATPABJIEHUH.
Hanpsrcenue na yuacmre ¢ emxocmovio C

C o

omcmaem om moxa Ha yzoi T/2, i BEKTOp 9TOro Hanpsukenwsi U, 10JKeH ObITh TTOBEP-

t
Ue =4 :%Iidt+uc(0) = —0)—1C[m coswtzilm sin(oot—;cJ
0

HYT OTHOCHTEJIbHO BEKTOpa TOKa Ha yroJ /2 B OTPUIIATEJbHOM HAllPaBJeHUN.
CkJazibIBasg reOMeTpUYECKH BeKTOPhI HanpskeHuil Ha yyactkax nemn U, U, nU,,
MoJIy4aeM BeKTOp HarnpsikeHus U Ha 3akuMax Beeil 11eln, KOTOPBIA CABUHYT 110 OTHO-
IEHNI0 K BeKTopy Toka I Ha yros ¢. To 0O6CTOATENbCTBO, YTO BEJUYUHBI A = 0L
n iz = 1/@C) BXOAAT B BBIpakeHUE [T PEAKTHUBHOTO COTPOTUBJIEHUS C PA3HBIMU
3HAKaMU, OOBSICHSIETCST TEM, UTO HANPSIKEHUS U U Ue CIBUHYTHI JIPYT OTHOCUTETHHO
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Jpyra Ha yroJ T U, CJeI0BaTeIbHO, B J100O0II MOMEHT BPEMEHU MPOTHBOIOJIOKHBI
JIPYT JIPYTY, 4TO, B YaCTHOCTU, BUJIHO U3 BEKTOPHOMN /[MArPaMMObI.

Hanpsoxenws u, m (4, + u¢) CIBUHYTHI IPYT OTHOCUTENBHO ApyTa Ha yroa 1t/2. [o-
HTOMY TOJIHOE COTIPOTUBJIEHHE TIETTN Z HEJIb3sT ONPE/ENATh MyTeM apu(MeTHIecKoTo
CTIOKEHNUS 7' 1 X, A CJlelyeT BBIYUCIATD 1o (opMyie z = 7 +x°.

3abukcrpyem 0co60 BHUMaHHUE HA CJEAYIONINX BECbMA Ba)KHBIX Pe3yJIbTaTax:

® 1A YUACTNKe ¢ AKMUGHLIM CONPOMUGIIeHUeM MOK cosnadaem no ase ¢ nanpsiice-
HUeM Ha IMOM Yuacmxe;

* 6 UHOYKMUBHOU Kamyuwike MoK omcmaem no gase na yzon n/2 om Hanpsicerus
Ha Kamyuxe;

e 6 KoHdencamope mok onepexcaem no gase na yzoi w/2 HAnPSNCeHUe Ha 3aNCUMAX
Kondencamopa.

u U %>(p>0

; !
) 0= 0 > _T
l / i ! 7 <0 =<0
0 of 1 /10 of 0 i', ol
I [}
1 < A

N

__ Ix Il _ Ix —
U o’ Ir kg AU
>0 ¢<0
— ——> —~— —
IoL 0 _L IoL 0 L
oC oC
Puc. 4.12 Puc. 4.13 Puc. 4.14

PaccmoTpum Terepnb caBUr as ¢ MKy TOKOM U HallPSKEHNEM Ha 3aKUMax Beei
uenn. 1ok cosnadaem no (ase ¢ NPUIOKEHHBIM HAIIPSIKEHUEM TOILKO npu x = 0, T. €.
W 1Ipyu OTCYTCTBUU B IE€NU PEAKTUBHDIX COHpOTHBJIeHHfI, WJIn 1Ipu UX B3aMHOI
KoMmmeHcaru. IlocseHee nMeeT MECTO IIPU P € 3 0 H a H C €, SIBJIeHKe KOTOPOro Gyier
pacemotpeno B 171. 6. [leficTBuTebHO, M3 BEKTOPHON auarpamMmbl (puc. 4.12) BumHo,
uro npu x = oL — 1/0C = 0 cymma BekropoB U, u U, OGyner paBHa HyJio u BekTop U

TIPUII0KEHHOTO HATIPSIKEHNS COBIIAZIET O HATIPABJIEHUIO C BEKTOPOM I TOKa, T. €. YTOI ¢
Oyner paBeH HyJ0. KprBble TOKa U HAIIPSIKEHUS 171 9TOTO CJIydast H300pakeHbl Tak-
ke Ha puc. 4.12. Ecoit oL > 1/(0C), To x > 0, n/2 > ¢ > 0 u mox omcmaem no gase
OT HANPSEDKEHUs Ha 3aKMMax Iel. DTOT caydail maoOpasken Ha puc. 4.13. Ecim ke
1/(0C) > oL, Tox <0, —1n/2 < ¢ < 0 u mokx onepexscaem no paze HaNpsKeHNE HA 3a-
JKUMax Ienu. TOT ciydail nzobpaxker Ha puc. 4.14. Takum obpasom, rpejeamMu, Me-
KLY KOTOPBIMU JIEKUT @, ABJSIOTCST +71/2 1 —7/2.

4.5. YCTaHOBMBLUMWACA CUHYCOMAAJIbHbIN TOK B Lienu
C NapannenbHbIM COeANHEHNEM Yy4acTKoB g, L nu C

PaccmoTpuM 11erib, n300pakeHHYI0 Ha puc. 4.15, COCTOSINYIO U3 TPeX IapaiiesbHO
COEIMHEHHBIX YYAaCTKOB; TPUYEM IPEANOJOKIM, YTO TIEPBBIH y4acTOK obJagaer
TOJIBKO TIPOBOJIUMOCTBIO g, BTOPOI — TOJTBKO eMKOCTBIO C 1 TPETUIT — TOTBKO UHIYK-
TUBHOCTBIO L.
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[Ipumenss nepsoril 3akon Kupxroda, nmeem
Ig Tic +i; =1
Toku B BETBSIX MOKHO BBIPA3UTh Yepe3 TPUJIOKEHHOe Hampsikenue. Tox B mep-

BOHM BE€TBU lg = gu, rae g — IMpoBOJAUMOCTD IIEPBOTO y4acTKa. Tox BO BTOPOUM BETBU

_dq = dCu =c Tox s TpeTbell BeTBU i, = %

T w T dt

v, \

, 10 ¥, = |udt+¥,(0) u, crenosaresnb-
0

)
HO, i] = % j udt + i,(0), rze i,(0) = % ¥,(0).
0

Ho tak xak u =

Puc. 4.15

Takum ob6paszom, auddepeHIaIbHoe ypaBHeHHe PacCMaTPUBAEMOI e UMeeT
BU/][

du 1 . :
gu+CE+Z£udt+zL(O) =i

[IycTp & 11€TT TPUIIOKEHO CUHYCconAaabHOe Hanpsskerue u = U, sin ot . [Ipu aTtom
TOK i TakKe OyIeT CHHYCOMIQJbHBIM ¥ MOKET OBITh TIIPE/CTAaBJIeH B BHJIE
i=1,sin (ot — ¢). B garHOM ciy4ae 1iesecoobpasHo MPUHATH HadaIbHYT0 a3y mpu-
JIOKEHHOTO HANPsDKeHUs paBHOU HyJ 0 (W, = 0), Tak Kak HalpsiKeHue siBsieTcst 00-
IIINM JIJISI BCEX BETBEIL.

[ToscTaBUB 5TH BBIPA)KEHUS B YPaBHEHUE 1€, TIOJYIUM

gU. sinot +oCU, cosof ———U cosot+ iLUm +i,(0) = I, sin(wt - ¢).
. .

Tak kak Bce uJieHbl, KDOME JIBYX MOCJIeTHUX B JIEBOW YaCTU YPaBHEHMsI, HE CO/IEP-
1 .
JKaT TIOCTOSTHHBIX COCTABJISIONINX, TO oL U, +1i,0)=0.
®

VpaBHeHue 1enu crpaBeyinBo A1 J060ro MoMeHTa Bpemen £. [Tonaras ot = /2
n ot = 0, HaxoaUM

gUu, =1, cosq (1—ijUm =1, sine.
ol

BOSBC,ZISI IepBoe M BTOPOE paBEHCTBaA B KBaJApaT U CJIOKHUB, IMOJTyYUM

. (1 ’
I, =U,8 +| —-oC|.
ol

HO,Z[eJII/IB 00e 4acTu 3TOro BbIpaK€EHUA Ha \/5, IOJIYyYUM CBA3b MEK/IY HeflCTByIO'
UMK TOKOM K HAIIPpAKEHUEM!:

2
I=U,g" +(1—(0C) =Uy.
ol
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HOlIeJII/IB BTOPO€E paBEHCTBO Ha IIE€PBOE, HaﬁHeM

o ]/(coL) —o)C.
4

Benuuuny

U oL

Ha3bIBAIOT HOJHO U II POBOAMMOCTDIO IICIIN. HpOBOI[I/IMOCTb & Ha3bIBAIOT A K -

2
y:i: g +(1—oaC]

. 1
TUBHOW MPOBOAUMOCTH 0. Beruuuny —L—wC , UIMEIONLYIO TaKxXe pa3Mmep-
®

HOCTb IIPOBOJIMMOCTH, Ha3bIBAIOT PEAaKTUBHOM HPOBOAUMOCTDHIO LENU U
obosnavator b. IIpu atom unen 1/(wl) Ha3bBalOT MHAYKTHUBHOW MPOBOLU -
MOCTHhI0O U 0003HAYAIOT b, a yieH ®C HA3BIBAIOT EMKOCTHOW MPOBOJUMO -
cThi0 1 obozHavaoT b Vimeem
b:é—mC:bL by y=Ag b

Ha puc. 4.16 usobpaxkena BEeKTOpHasi AuarpaMMa [Jisi 9TOW IENU [JIsT CJIydast
1/(oL) > oC. Tok B IepBOM yJacTKe COBMaAeT 10 (hase ¢ HApssKeHeM, TOK B KOH-
JeHcaTope omepeskaeT 1o haze HA yrosa m/2 HampsLKeHUe, 5
a TOK B KaTyIIKe oTcTaeT 1o ¢ase Ha yroJ m/2 OT HalpsKe-
Hust. To 06CTOSATENBCTBO, UTO b 0OpasyeTcst Kak Pa3HOCTb by
1 b¢ , OGBSICHSAETCS TEM, YTO TOKU B KOHJIEHCATOPE U B KaTYIII- gU
Ke CIIBUHYTHI IPYT OTHOCUTEJIBHO JIPYyTa HA YTOJ T, T. €. B JIO-

| _
(Fr—0C)U=b0

60it MOMEHT BPeMEHHU HaIpaBJIeHbI 110 OTHOIIEHHUO K OOIIUM L/T=,0
3aKMMaM BTOPOiIl M TpeTbeil BeTBell B IPOTUBOIIOJIOKHbBIE

CTOPOHBI. ITU TOKHU CABUHYTHI OTHOCUTEIBHO TOKA B TIEPBO _0

BETBH Ha YTOJI 7/2, BCAEACTBIE Yero mosHast mposomumocts  ©CU (,—IL U
orpeziesisieTcst He apuMeTHUECKUM cIoKeHneM g 1 b, a hop- Puc. 4.16

MYJION
y=+g> +b*.

IIpn b, = b MMeeT MecTo pe3oHanc B eI 1 TOK I PaBeH TOKY i, B IEPBOii BETBIL.
ITpu 1/(wL) > oC ToK yepes KaTyIIKy OoJIbIle TOKa Yepe3 KoHjaencaTop (puc. 4.16) u
o061t TOK i oTcTaer 1o ¢aze Ha yroa ¢ ot Hanpspkenus, npudem 0 < ¢ < /2. [pu
oC > 1/(wl) Tok yepes KOHAEHCATOP GOJIbIIE TOKA Yepe3 KaTyIIKy ¥ OOIuil TOK i
ormepeskaet 110 ¢daze HanpsKeHue, mpuiem —n/2 < ¢ < 0.

4.6. AKTUBHaA, peaKTUBHasA U NOJIHasA MOLLHOCTHU

AKTHUBHOW MO ITHOCTDb IO PB SHGKTqueCKOﬁ e 1mpu nmepuogndeCKux I1po-
Ieccax Ha3bIBAlOT Cpe/lHee 3HaYCHNE MOITHOCTU 3a IIOJIHBII nepuon:

17 15
P =?£pdt=?£uzdt,

Fﬂepzui—MI‘HOBeHHaﬂ MOINITHOCTb.



190 Yactb 2. Teopust AMHENHBIX 3NEKTPUHECKMX Lienelt

Ecam nanpsokenne ¢ Ha 3akKMMax I11€TH U TOK i B TIETIN SIBJISIOTCS] CHHYCONIATbHbI-
MU GyHKIMIAMU BpeMenu: ¥ = U, sin of; i = [, sin (ot — @), TO

T T
pP= %'[2 sinotsin (ot — ¢) dt = gj. [cos ¢ —cos (2t — @)] dt.
2T Ty

r

Yuutersasd, 9To J cos (2wt — @) dt = 0, mosydaeM BBIPasKEHME I aKTIHBHON MOTITHO-

0
CTU TIPU CUHYCOUAATHHOM TIPOIIECCE:
P =Ul cos o.

MHuoOXUTEND COS (@ HA3pIBAIOT KO D PUIIUEeHTOM MOTIHOCTH. Tak Kak
cos ¢ <1, To P < Ul Tonbko B mpeneabHOM ciydae, koria ¢ = 0 u cos ¢ = 1, umeem
P = Ul B npyrom npeneipHOM caydae, Koraa ¢ = *x/2 u cos ¢ = 0, mmeem P = (.

DJeKTpUUIecKre MAITUHbI, TPAaHC(hHOPMATOPHI U APYTHE 3JIEeKTPOTEXHIYECKUE YCT-
POICTBA PACCYMTHIBAIOT HA OIPe/eleHHOe HOMUHAIbHOEe HarpsukeHue U, 00ycsioB-
JIEHHOE U30JIAIMEll 9TUX YCTPOICTB, U Ha ONpee/eHHbII HOMUHAIBHBIN TOK I, 00y-
CJIOBJIEHHBIN HATPEBOM ITPOBOIHWKOB 3TUX yCTPOICcTB. COOTBETCTBEHHO, HANBBICITIEE
UCIIOJIb30BAHUE TEHEPUPYIOMMX U TPEoOPasyIoNUX JEKTPOMATHUTHYIO 9HEPIHIO
yCTpOiicTB Oy/eT B cirydae, Koraa Koa(hMUIIMEHT MOIIHOCTH MTPUEMHUKOB, Ha KOTO-
pble OHU PabOTAIOT, PaBEH eANHMUIIE.

MakcumasbHoe TprOIMKeHre K enHnile Ko UIMeHTa MOIHOCTH MPEANPH-
TN, SIBJISIIONMXCS TPUEMHUKAMU 9HEPIUU, MOKET ObITh OCYIIECTBJIEHO IyTeM
PaIMOHATIBHOTO KOHCTPYHUPOBaHUsI 0O0OPYAOBAHUST ITUX TIPEAIPUSTUI, a TaKKe pa-
[IMOHAJILHON OpraHu3alieil ux paboThl, HATIPUMEDP MaKCUMAJIbHON 3arpy3Koii [Bura-
TeJield, Tak KakK TP XOJOCTOM XOJ€ COS ¢ JABHUraresieil 0ObIYHO HU3OK.

Tak KaK 0OBIYHO JJISI TPEATPUATHIL @ > 0 1, CJIe[0BaTEbHO, TOK HMEET WHILYKTHB-
HBII XapakTep, TO PaJMKaJIbHOW MEPOW IMOBBINIEHUST COS (¢ MOKET ObITh yCTaHOBKA
Ha 9TUX MPEINPUATASIX KOHIEHCATOPOB, BKIIOYAEMbIX MTAPAJJIENBbHO JPYTUM YCTPO-
CTBaM.

W3 muarpammst Ha puc. 4.11 mmeem U cos ¢ = U, = Ir, u u3 quarpamMmmbl Ha puc. 4.16
noxy4aeM I cos ¢ = Ug. CrenoBareybHO, /i1 aKTUBHOW MOIITHOCTH MOKEM HAIlUCATh
CJIeIyTolNe BBIPASKEHUS:

P=Ulcosp=1*r=U"g

Benuunny S = Ul Ha3bIBaIOT TOJTHOW MON[H O CT b 10. CMBICTT BBEIEHUS TTOHS-
TUS TIOJTHOM MOIIHOCTHU SICeH U3 cKazaHHoro Bbinie. Ecau o U u I monumMarb HO-
MUHAThHBIE 3HAYEHNS, T. €. JOMyCKaeMble TIPU HOMIHATBHOM PesKIMe JAeUCTBYIOIIe
3HAYEHUS HATIPSKEHUST M TOKA 9JIEKTPUYECKOM MallluHbl, TpaHchopMaTopa uin Jpy-
rux npeobpasoBatesieil sHEPrui, To npoussenerue S = Ul gaet HanGOBIIYIO BO3MOK-
HYIO aKTUBHYIO UX MOIIHOCTb IPU HamboJiee OJIaroNpUATHBIX YCJAOBUSX, T. €. TPU
cos @ = 1.

Nmeem caemytoniue BRIPaKEHUS I TOTHON MOIIHOCTU:

S=Ul=1%2=U2%y.
BBOI[HT B paCCMOTpeHI/Ie €lI€ TaK Ha3bIBAEMYIO PEAKTUBHY IO MOIITHOCTDb

Q = Ul sin ¢.
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[TpakTuyeckoe 3HaueHvie BBeJIEHUsI TOHSITHSI PEAKTUBHOW MOIIHOCTH BBITEKAET, Ha-
npumep, u3 caeayiomero. OObIYHBINA CYETYMK DHEPIUU JAeT 3HAYEHHe DHEPruu, OT-
JTAHHOM MPUEMHUKY 32 HEKOTOPBIN TPOMEXKYTOK BPEMEHM T. ITY SIHEPTUI0 MOKHO 3a-
nucarb B hopme

JEPdt=JT‘UICOS(pdt,
0 0

ecJIM 3aMeTHOe u3MeHeHue P IIPOUCXOAUT TOJIBKO 3a GOJIBIIIOE YHCIIO IIepruoa0B T Toka
n ecjmn, COOTBETCTBEHHO, T BO MHOI'O pa3 IIPEBOCXOJUT T. OI[HELKO IIOKa3aHMA TaKO-
o cyeTynKa He JaI0T BOSMOKHOCTU CYJAUTDH O TOM, IIPN KaKOM KOB(p(l)I/ILII/IeHTe MOIIT-
HOCTH COS @ pa60TaeT HOTp€6I/ITe]H) IOHEPTHM. Takas OIl€HKa BO3MOJKHa, €CJIN HapA/ldy
¢ OOBIYHBIM CUETYMKOM, ITOKa3bIBalOIINM l[ef/)ICTBI/ITeJIbHyIO JHEPTruio, 1nepejjaBacMyro
IIPUEMHUKY, BKIIOYUTH HA 3a’KMMbI IPUEMHNKA CHETUUK, HOKaBbIBaIOH_II/Iﬁ BEJIMYNHY
HWHTErpaJjia peaKTHBHOfI MOITHOCTH Q 3a TOT JKe€ IIPOMEKYTOK BpEMEHU T:

det:JEUIsin(pdt.
0 0

OueBu/HO, YeM GOJIbIIIE TIOKA3aHUE HTOTO CIETUNKA 110 CPABHEHUIO C TTOKA3AHUEM
0OBIYHOTO CYETYMKA, TEM HUKE CPEHee 3HAUeHKe COS ¢ TPUEMHHUKA 3a pacCMaTpu-
BaeMblil IIPOMEKYTOK BPEMEHHU.

Besmunny P MOKHO H3MEPHTD € TIOMOIIbIO 0OBITHOTO BATTMETPA, a BeTnunHy Q —
C TIOMOIIBIO CIHEINATHHO TPEHA3HAYEHHOTO /IS 3TOH 11eJTN 2JIEKTPOU3MEPHUTETBHOTO
npubopa. 3uast P u Q, MOKHO OIPEIETUTD Sin @ U COS @ MOTPEOUTEIST SHEPTHH B MO-
MeHT uaMepenust. O[HAKO TPEACTaBJIsIeT HHTEPEC UMEHHO 3HaTh XapakTep paGoThl
OTPeOUTEIS 3a JUTUTENbHBII TPOMEKYTOK BpeMeHu. C aTOH 1eJIbI0 1 UCTIOIb3YI0TCS
CUETYMKH, JIAIol1e Ha3BaHHbIe NHTErPAJIbHbIe BEJTMYNHBIL.

[TonsitueM peakTwBHOI MONIHOCTH () MIMPOKO IMOJB3YIOTCS TaKyKe TIPU pacyere
3JIEKTPUUYECKUX CeTeil IepeMeHHOro TOKA.

W3 mmarpamwmst Ha puc. 4.11 nmeem U sin ¢ = Ix, n u3 quarpammbl puc. 4.16 momy-
gaeM [ sin ¢ = Ub. CrieioBaTeIbHO, 1T PEAKTUBHOM MOTIITHOCTH CYTIECTBYIOT BBIPAKE-
HUS

Q =Ulsing=1°x=U"b.

[nsa mpuemnukoB aHepruu P u S Bcerzia MOJOKUTENbHDBI, HO PEaKTUBHAS MOTII-
HOCTH () TIOJIOKUTETbHA JTUITh TTpu ¢ > 0, T. €. 11 MHAYKTUBHBIX ITetelt, a mpu ¢ < 0,
T. €. V1T eMKOCTHBIX Ilellelf, OHa oTpUllaTesbHa.

3aMeTHM, 4TO 1pU ¢ = £71/2, HAITpUMep JIJisi KOHIEHCATOPOB WM KaTyliek 6e3 1o-
Tepb, aGCOMOTHOE 3HAYEHNE PEAKTUBHOI MOIITHOCTH COBITA/IAET C MOJTHON MOIITHOCTBIO.

OO6paruM BHUMaHME, 4TO TIOHSITIE aKTUBHOM MOIIHOCTH KakK cpejHeii 3a mepuos T
MOIIHOCTH CITPABEITMBO JIJIST JIIOOBIX MEPUOAMYECKUX HAIPSKEHWIT 1 TOKOB OTpe/ie-
nenHoi yactorel /= 1/T u He 00513aTeIbHO CHHYCOUIANBHBIX. [TOHSITIE JKe peakTHB-
roit motntHocTr B Buje Q = Ul sin ¢, Tak ke Kak W BBIPAKEHNE aKTUBHON MOIITHOCTH
B hopme P = Ul cos ¢, cripaBeiJIuBO JUIIh IPU CUHYCOUIATHBHOM IIpoIlecce.

[Ipu BBIBOZIE BCeX BBIIEITPUBECHHBIX COOTHOIIEHUH TIPEIIO0JIaraaoch, 4YTO Ha 3a-
JKUMax 11enu JefictByeT HanpsikeHue U. Eciiy IpeanonoxKuTh, YTo K 3aKMMaM 11eltn
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MPUKJIIOYEeH Uea bHbI UCTOUYHUK cuHycounanbnoin D/[C, mmelorieil neficTByIolee
3HavyeHune E, To Bce COOTHOIIEHUS OCTaHYTCS B cuyie ¢ 3ameHoll U Ha E, Hampumep:

I = E/z = Ey; S=El=12=E"y;
P=FElcosp=1°r=E*g; Q =Elsing=1°x=E"b,
4.7. MrHoBeHHasi MOLWHOCTb U KosiebaHus 3Heprum
B Llenyu CMHycouaasibHOro ToKa

MrroBeHHAs MOIIIHOCTD P = Ui TIeTIX TIEPEMEHHOTO TOKA SIBISAETCS (hYHKIME BpeMeHT.

PaccmoTpum aHepreTudeckue mporiecchl B eI , COCTOSIIEH 13 MOCIeI0BaTeTbHO
COeTMHEHHBIX y4acTKoB 7, L u C (puc. 4.17). YpaBHenue a1 HaAIPSLKEHWH B 9TOM
eI UMeeT BUJL

U=u, +u; +u, =71'+Lé+g.
da C

COOTBETCTBEHHO, /11 MTHOBEHHBIX MOIIHOCTEHN HA 3a’KUMax I[eIU W Ha OTAEJIb-
HBIX y4acTKax IEeNH [MOJYYUM ypaBHEHUE

. . . . .di qdq
=ui=p, +p, +p. =uit+ui+vui=ir+Li—+L"2=
p Pr TP+ Pc r L ¢ d o Cd
-2 2
R [ A i R T
de\ 2 dt\ 2C dt dt

4] ITOCJIE/IHETO BbIPpAKEHUWA BUAWM, YTO MOIIHOCTD p, = i’y Ha y4acCTKe C COITPpOTHB-
JIEHWEM 7 SIBJISIeTCS BEJTUUMHON BCeraga TMOJIOKUTETLHON U XapaKTepU3yeT HeO6paTI/I'

i L C MBIl IIpoliecc MorJoleHust aHeprun. MouHocTs p; = 7 (W)
W p U proUL PLUGC PO ompenenseT pu p; > 0 CKOPOCTH MOCTYTIJICHNS 9HEPTUU B Mar-
° HUTHOE TI0JIe KaTyliku 1 pu p; < 0 — CKopoCTh BO3BPAIIEHUS
Puc. 4.17 9HEPTUN U3 ATOTO 1MoJist. MOIHOCTD P = p (W,) ompenensier

t

npu pe > 0 CKOPOCTh TIOCTYIIEHUST JHEPTUH B JEKTPUUYECKOE TI0JIe KOH/IEHCAToPa,
apu pe < 0 — CKOPOCTh BO3BPAIEHUST SHEPTUU U3 ITOTO TOJIS.
[IycTp HATIPSTKEHME U U TOK i IBJISIOTCS CUHYCOUAANBHBIMU (DYHKITNSME BPEMEHT:

u=U,sin(ot +¢);, i=I,sinot.

31ech, Tak JKe Kak U B § 4.4, HavanbHad daza Toka IpuHATa paBHOU HyTi0 (\; = 0),
4TO YA0OHO, TaK KaK TOK SIBJISIETCST OOIIMM JIJIST BCEX YYacTKOB Ieri. IIpu aTom Ha-
yanbHas Gasa HATPSDKEHUST ¥ OKa3bIBaeTcst paBHoOi ¢ (Y, = @). MTHOBeHHbIe HATIPS-
JKeHUsT Ha OTAEJbHBIX yJacTKaxX TIPU 3TOM pPaBHBI (cM. § 4.4):

; . I
u, =ri=rl,sinot; u, =Ll cosot; u, =—-——-cosot.
®

COOTBGTCTBGHHO, JIJII MTHOBEHHDBIX MO].[IHOCTCfI Ha OT/IEJIbHBIX Y4aCTKaX IeIn T10-
JIyda€eM BbIpa’Ke€HUA
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p, =u,i=rlsin> ot =r(H2 I)zﬂl—cgs%)tj = Ul cos (1 - cos 20t);

p; =u,i=oLl’ cosotsinot = (DL(\E N? %siant =U,Isin20t

2 2
Do =Upl= —I—’"cosoatsin(ot = ﬂlsin&ot =-U_ Isin2wt.
oC oC

CYMMapHaH MOIITHOCTb Ha KOHAEHCATOPE N KaTYyIIKe

. 1 .
p.=p,+p. =U, U )Isin20t =[0)L _Cj I sin2wt =
®
= xI” sin2wt = Ul sin ¢ sin 2mt.
MorHocTh Ha 3aKMMaXxX BCEl e BbIPAKAETCS B BUJIE
p=p,+p,+pc =p, +p, =Ulcoso—Ulcos (2ot + ¢).
W3 mosryueHHbIX BIPAsKEHUI BUTHO, UTO CPEHSIS 32 TIEPUOJ MOIITHOCTD HA KaTYIII-

Ke 1 KOHZIeHcaTope paBHa HyJ 0. CpeiHss 3a Tepruoi MOIHOCTb, T. €. aKTUBHAS MOIII-
HOCTb, Ha 3aKUMaxX BCel 1eln paBHaA CpeiHel 3a Mepro/l MOIITHOCTH Ha YJacTKe ¢ CO-

HpOTI/IBJIGHI/IeM T,
170 170
P=—|pdt== dt = Ul cos o.
- { pi = { D, o

AMmrunTyna KosiebaHusT MOIIHOCTH P, paBHa ab-
COJIIOTHOMY 3HAYeHWIO PEaKTUBHON MOIIHOCTH
Q = Ul sin ¢.

Becpma BaxkHO 3aMeTHTB, YTO BCe MTHOBEHHDIE
MOIITHOCTU U3MEHSIIOTCS ¢ 4acTOTOI 2®, B /IBa pasa
MPEBBIIATONIEN YaCTOTY ® TOKA M HANPSKEHUS.

Ha puc. 4.18 omna mom apyro# faHbl ArarpaMMBI
TOKA i, HAMPSDKEHWH U, Uy, Uc, U, = Up — Ug, U T MOIIT-
HOCTEN Pr Pr, Po> Po P-

Ha muarpamme puc. 4.18, a m306pakeHbl BeJIndu-
HBI Ha y9acTKe 7. MBI BUIMM, 4TO B JIOOOIT MOMEHT
BpeMeHH p, > 0 u cpefHee 3HaYeHUE BEJUYUHBI P,
paBHo P = UI cos ¢.

Ha muarpamme puc. 4.18, 6 n306pakeHbl Bendu-
HBI, OTHOCSTIIIECS K KaTyTIKe. 3/1eCh cpejiHee 3Have-
HUEe BeJIMYMHBI p; PaBHO HYJII0. JHEPTHUS 3amacaeTcs
B MAarHUTHOM TI0JI€ KaTYIITKH, KOT/a TOK 110 abCOTOT-
HOMY 3HaueHmIo Bo3pacTtaeT. [Ipu atom p; > 0. Iuep-
TS BO3BPAIIAETCS W3 MArHUTHOTO TOJS KaTyIIKH,
KOT/[a TOK 110 abCOTIOTHOMY 3Hauenuto yobiBaet. [Ipu
atom p; < 0.

Ha puc. 4.18, 6 manbl BeTMUWHBI, OTHOCSTINECS
K KOH/IEHCATOPY. 3/1ech TaK e, KaK W Ha KaTyTIKe,

a
Upl, pr

Pr
Uy
i

Ulcoso

P =

6

ur, i, pL

=]

6 .
uc, i, pc

i

Ulcoso

P=

Puc. 4.18
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cpe/Hee 3HAYEHME MOIIHOCTH PaBHO HYJIIO. JHEPTUS 3aMacaeTcsl B 3JIEKTPUUECKOM
oJie KOHJIEHCAaTOpa, KOra HalpssKeHne Ha KOHEHcATope Mo abCOTIOTHOMY 3Have-
Huto Bo3pacTaeT. [Ipu atom p. > 0. DHEprusg Bo3BpamIaeTcs U3 3JeKTPUIECKOTO OIS
KOH/IEHCAaTopa, KOT/la HanpsiKeHHe Ha KOHJEHcaTope 110 abCOMOTHOMY 3HAYEHUIO
yobiBaet. Ipu atom pe < 0.

W3 comocrasiieHus guarpamm puc. 4.18, 6 u 6 BUANM, 4TO B YaCTHOM CJIyyae, JJist
KOTOPOTO ITOCTPOEHBI 9TU JMArPaMMbl, aMILJIUTY/Ia HAIIPSKEHKS Ha KaTyIIKe OOJIbIiie
AMIIUTYIbI HAIIPSIKEHUST Ha KOHZeHcaTope, T. e. U; > Uy, ITO COOTBETCTBYET COOTHO-
menuio oL > 1/(owC). Ha puc. 4.18, 2 nj1s1 aTOTO CoTy4ast AaHbl KPUBbIE TOKA, HAIIPSI-
JKeHWST U MOITHOCTU p, Ha yYacTKe TIeTH, COCTOSIIEeM M3 KaTYIIKU W KOHIeHCaTopa.
XapakTep KpPUBBIX 3/IeCh TaKOW K€, KaK W HA 3aKMMaxX KaTyIIKH, TaK KaK B JaHHOM
cayuae ®L > 1/(oC). OnHako aMIIUTY bl HANIPSLKEHUS U, 1 MTHOBEHHON MOIIHO-
CTU p, MEHBIIIE aMIUIUTY/l BEJINYUH U; U p;. ITO TIOCTEHEE SABJISETCS PE3YJbTaToOM
TOTO, UTO HAMPSKEHUS U; U U, TPOTUBOIOJIOXHEI TT0 (ase.

Ha auarpamme puc. 4.18, 0 npuBeieHbl BeJIMYMHbBI Ha 3aKUMax BCEH 1eIH, KOTO-
pble TOJIYYaroTCsi CYMMUPOBAaHUEM BEJIMYMH Ha Juarpammax puc. 4.18, a, 6 u ¢ wim
a u 2. Cpenree 3HaueHue MorHocTH p paBHo P = Ul cos ¢. KosebaHust 0kos1o0 310T0
CpeJIHEr0 3HaUYeHUd MPOUCXOAAT ¢ aMIIUTYyA0u Ul, 4TO BUJHO U3 aHAJIUTUYECKOTO
BBIpaKeHUS i p. TOK i OTCTaeT OT HAIPSKEHU # Ha yroJl ¢. B nntepsase BpeMenn
o1 0 110 £, MTHOBEHHASI MOIITHOCTD Ha 3a’KMMax ey nooxkuTeabHa (p > 0) u aHeprus
MOCTyTaeT OT UCTOYHUKA B 11e1b. B MHTepBajie BpeMeHU OT , /10 {3 MTHOBEHHAS MOTIT-
HOCTH Ha 3a’KMMax Iemnu oTpuiiateabia (p < 0) v 9HepTUs BO3BPALTAETCS NCTOUHUKY.

Ecan MmrHOBeHHAS MOIITHOCTD HA 3a’KMMaX MACCUBHON 1NN MOJIOKUTENbHA, TO Ta-
Kas MOILHOCTH HA3bIBAETCS MTHOBEHHOI OTPedIIsieMOIl MOLHOCTBIO. Ec/in MrHOBEeH-
Has MONIHOCTH Ha 3a)KUMaX MMACCUBHON I[eNTU OTPUIATEIbHA, TO TaKash MOIHOCTD Ha-
3BIBAETCS MTHOBEHHOH BBIZIaBAEMOI MOITHOCTHIO.

[ToHaTHE MIHOBEHHOI MOLIHOCTH IO3BOJsET B Gosee (pOPMANU30BAHHOM BUIE
OTIPEJIEJINTD TIOHSATHE PEAKTUBHBIX M aKTUBHBIX 3JIEMEHTOB 3JIEKTPUYECKON IIEIIH.
Tak, peakTUBHBIMU 3JIEMEHTAMU MOKHO HAa3bIBaTh TaKuWe, JJIsI KOTOPBIX WHTETpa
MTHOBEHHOU MOIITHOCTHU 32 OTPeeIeHHbII NHTePBAT BpEMEHU PaBeH HY.JIIO.

B akTuBHBIX 2/IeMeHTaX 9JEKTPUIECKON TeMN WHTETPaJ MTHOBEHHOW MOITHOCTH
3a OTIpe/ieJIeHHBINT MHTEPBaJl BpEMEHU SIBJISIETCSI OTPUIATEBHON BETMUMHON — 3TOT
3JIEMEHT SIBJISIETCS] ICTOYHUKOM SHEPTUU — OH BBIZIAET 9HEPruio. B 1MaccUBHBIX aJre-
MEHTax Ilereil MHTerpaj MTHOBEHHOI MOITHOCTH 32 OIIpe/leJIEHHBIN MHTEPBAJ BpeMe-
HU TIOJIOKUTEJIEH — 9TOT 3JIEMEHT MOTPEOJISIET 9HEPTUIO.

Tax xak ¢ < n/2 u, ciaegoBaTeabHO, cos @ > 0, To MOCTyIaoIasg B Ielb 9HePrusd,
ompeesgeMast OJIOKUTEIbHON TIONaAbIo KPpUBoii p(t), 60JIblile BO3BpAIlaeMOI 1c-
TOUHUKY 9HEPTUH, OTIPeeIIeMOl OTPUTIATETbHON TIIONMAAbI0 KPUBOH p(7).

Ha puc. 4.19 nmg pasnuaHbIx MHTEPBAJIOB BPEMEHU TTOKA3aHBI MMITPUXOBOU CTPEJI-
KO JIeMICTBUTEIbHOE HAIIPAaBJIeHNe TOKA U 3HAKAMU «ILTI0C» (+) 1 «<MUHYC» (—) Zeii-
CTBUTEJIbHBIE HAIPABJICHUS HANPSKEHWH Ha 3a’KMMax I[eMM U Ha BCEX Y4YacTKax.
CTpesikaMU ¢ XBOCTOBBIM OTIEPEHHEM yKa3aHbl HATIPABJIEHUS IOTOKOB 9HEPTUHU B CO-
OTBETCTBYIOITNE UHTEPBATHl BPEMEHMU.

Cxema Ha puc. 4.19, a cooTBeTcTBYeT UHTEpBaTy BpeMenu oT 0 70 ¢;, B TeueHue KO-
TOPOTO TOK BO3pacTaeT OT HYJIS /0 MAKCUMAJTLHOTO 3HaUeHUs. B 9To Bpems aHeprus
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3allaCa€TCAa B KaTyHIKeE. Tak kax HallpAKEHME Ha KOHAEHCATOPE 110 CBOEMY abCcoJIoT-
HOMY 3HAY€HUIO MMa/Ia€T, TO SHEPIUA JIEKTPUUYECKOTO I10JId, 3allaCeHHasdA B KOHAEHCa-

TOpE, BO3BpAllla€TCA U IIEPEXOAUT B 9HEPIrrUIO MaroMuTHOTO I10JISL a

katymiku. B nanaom cayuae oL > 1/(oC) u p; > pe, I09TOMY i 0<r<n

B KATYIIKY MOCTYIAET JOMOJTHUTE/IbHAS SHEPTHS U3 HCTOYHIKA, + oot~
MUATAIOTIETO TIeTh. [[uTatomuil 1enb UCTOYHUK TTOKPBIBAET TaK- ﬁj:;\—;
K€ AHEPTHIO, TIOTJIONAEMYIO COTTPOTUBIICHUEM 7. - o—-,

Cxema Ha puc. 4.19, 6 cOOTBETCTBYeT MHTEPBALy BPeMEHU 6 ; 1 <t<n

OT t; 10 t,. TOK i B 9TOM HHTEpBajie BPeMEHU YObIBAET, U SHEPTUS  + oo t——F Z~ovE
BO3BpAaIIaeTCs U3 MAarHUTHOTO TIOJII KaTYITKH, YaCTUYHO TTOCTY- Eﬁ:_—\i
mast B KOH/IEHCATOP, KOTOPBIM IIPH 9TOM 3apsiKaeTcs, U 4acTud- — — T
HO TIPEBPAIIAsiCh B TEIJIOTY HA Y4YacTKE C CONPOTUBJIEHUEM 7. g . Lh<t<ts

B sTOM MHTEpBaje BpeMEHM TOK MMEET €eIlle JOCTATOYHO OOJIb- ~ =4 I — — 4

IIoe 3HadYeHue M, COOTBETCTBEHHO, 3HAUNTEIbHA MOIIHOCTD i%7. i % 1+

[ToaroMy MCTOUHUK, Tak Xe KaK U B LIPeJblAylieM UHTepBate o—-l__
BpPEMEHH, MTOCHIJIAET HHEPTHIO B IIeIlb, YACTUYHO KOMIIEHCUPYIO- Puc. 4.19
uc. 4.

NIYIO TIOTEPHU B yYaCTKE C COMPOTUBJIEHNEM 7. MOMEHT ¢, Xapak-
TEPEeH TeM, YTO BeJIMYMHA 27 YMEHbIINJIACh HACTOIBKO, YTO CKOPOCTh YMEHBIIIEHUSI
9HEPTUU B KATYIIKe 00YCIOBINBAET CKOPOCTD MOCTYILIEHNS 9HEPTHH B KOHIEHCATOP
U Ha YYaCTOK C CONPOTUBJIEHUEM 7. B 9TOT MOMEHT MOIIIHOCTD Ha 3a3KUMaX BCEH TIeTIH
pasua nymio (p = 0).

Cxema Ha puc. 4.19, 8 COOTBETCTBYET CJIEAYIONIEMY HHTEPBATY BPEMEHU OT &y 1O 3,
B TeYeHNE KOTOPOTO TOK YMEHBINAETCS OT 3HAYEHU 1PN ¢ = ¢, 10 HyId. B aTOT mpome-
JKYTOK BPEMEHU SHEPTUs MPOJ0JIKAET BO3BPANIATHCS U3 KATYIIKH, MOCTYIIAst B KOH-
JIEHCATOP, HA YYaCTOK C CONMPOTUBJIEHUEM ¥ U B UCTOYHUK, TTOAKIIOUEHHBIN K 3aXKU-
MaM Tienu. B aTot mHTepBan Bpemenu p < 0.

Becw paccmorpennsiii natepBan () < ¢ < £3 COOTBETCTBYET MOJOBUHE TIEPUOA TOKA
(T/2). B HeM MOJHOCTBIO 3aBEPIIACTCS OAVMH LUK/ KOJeOaHUsT SHEPTUH, TaK KaK II€PU-
0J1 MTHOBEHHOI MOTITHOCTH B /IBa pa3a MEHbIIE ITeprojia Toka. B ciemayroryio moroBu-
HY TIeprojia I3MEHEHNS TOKA 3HEPTreTHYeCKIH TIPOTIece TIOBTOPSAETCST W TOJIBKO JIeicT-
BUTEJIbHbIE HATTPABIEHUS TOKA W BCEX HATIPSKECHUT MEHSIOTCS Ha TIPOTUBOTIOIOKHBIE.

4.8. DXBMBaJIEHTHbIE NapaMeTpPbl C/IOXKHOM Lieny NepeMeHHOoro TokKa,
paccMaTpuBaeMoM B LIeJIOM KaK ABYXMNOJIOCHUK

B § 4.4 w 4.5 paccMOTpEHBI TTPOCTEHIITIE TIeMH TepeMeHHOTo ToKa. st 1060 caIoK-
HOH IIE C TIOCTOSTHHBIMU TTapaMeTpaMy TIPU CUHYCOUAAIbHOM HAIPSIKEHUU Ha ee
BXOJIHBIX 3aKMMaX OOIINI BXOJHOI TOK Ienn Oy/IeT TaKsKe CHHYCOMIANIbHBIM U B 00-
MeM cydae CABUHYT MO OTHONIEHWIO K HaTpsiKe-

HUIO Ha YTrOJI (.

PaccmaTpuBast BCIO TeTlh B T[EJIOM KaK JBYXITO- I
JIIOCHUK M He MHTEPECYsICh €€ BHYTPEHHUM CTPOe- 14
HUEM, MOXKHO XapaKTepU30BaTb €€ HEKOTOPLIMU
9KBHMBaJEHTHBIMU mapamerpamu. Ha puc. 4.20 sta
JABYXIIOJIIOCHAS 1ellb M300paskeHa B BUAE MPSIMO-
YroJbHUKA. Puc. 4.20

i E
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HasoBeM sKBUBaJ€eHTHBIM IOJHBIM CONMPOTHUBJJNEHUEM Bcell
Hemnmun OTHOHIECHUE IIefICTByIOHII/IX HaIpAKEeHNA 1M TOKA Ha BXO/I€ IeIun:

OHO MOKeT ObITh U3MEPEHO € MOMOIIIBIO BOJBTMETPA U aMIIepMeTpa.

ODKBUBAaJEeHTHOE aKTUBHOE CONMPOTHUBJEHNE BCEH I e N ONpese-
JIUM KaK OTHOIIIeHNe aKTUBHON MOIITHOCTU Ha 3a)KMMax Ielu K KBapaTy AeHCcTBYIO-
IIIeT0 TOKA:
_ P

I 2

JDKBUBAJEeHTHOE PEAKTUBHOE CONMPOTHUBIeHUEe BCcell MeN U OI-

peziesuM Tak, 4TOOBI COXPAHUJIACH CBSI3b Z, = rf +x2, KOTOpas uMeJa MeCTO IS

3

5

PAaCCMOTPEHHBIX BbIIIE POCTEUIINX LEIed, T. e.

MpUYeM 3HAK <«ILTIOC» CTaBuM, ecau ¢ > 0,  3Hak munyc, ecan ¢ < 0. /g onpene-
JIeHUs 3HaKa yria ¢ Hy;KHO pacroJaratb Ga3oMeTpoM WU MOKHO, Halpumep, T0-
CTYIUTD CJEAYIOIUM 00pa3soM: BKJIOYMB IIOCJAEI0BATENBHO C IENbI0 KaTYIIKY,
MMEIONTYI0 HHAYKTUBHOE COTIPOTHUBIIEHHNE, MeHblliee aGCOTOTHOTO 3HAYEHUS | X, | pac-
CMaTpUBaeMoOIl 1ieru, IIOBTOPHO IIPOM3BECTH U3MePEeHUe BeJINUYNH 2., 7] 1 BBIUNCIUTD
x!. Ecau ipu 9TOM peakTUBHOE COIIPOTUBJIEHNE YBEJIUUNTCS, T. €. | X, | > | x, |, TOo aTO

3Ha4YuT, 9T0o @ > 0. B mpotuBHOM caydae ¢ < 0.
AHaJIOTUYHO OIPe/IeIMM SKBUBAJIEHTHBIE TPOBOJAMMOCTY U3 COOTHOIIEHUI:

I p [ 2
yazi’ ga b3:i yaz_gsz’

vy

[pUYeM, Tak e Kak U I/ X,, Oyaem cunutatb b, > 0 ipu ¢ > 0 u b, < 0 nipu ¢ < 0.
B manpHedimem ycioBAMCS OIYCKATh MHIEKC <.
YcraHOBUM CBSI3b MEK/Y SKBUBAJIEHTHBIMU COITPOTUBJIEHUSIMU U TTPOBOJAMMOCTSI-
MU ¥ yrJioM ¢. [l aKTHBHOTO COTTPOTUBJIEHUS] UMEEM
P Ulcoso
r= 72 = 72 = ZCOS (P
I I
U U3 cooTHOMmEHNS X% = 22 — 12 = z%(1 — cos? @) = 2% sin? ¢ /11 peaKTUBHOTO COTTPOTUB-
JIEHUS TIOJTyYaeM
X =zsing.
B nociennem BbIpaskeHUU TIPU U3BJIEUEHUH KBAJPATHOTO KOPHS U3 2% sin’ ¢ B3sT
3HAK <ILJIIOC», TaK KaK MBI YCJIOBUIUCH cunuTath X > 0 mipu ¢ > 0.
CoOTBETCTBEHHO, /IJISI AKTUBHOW TMPOBOIMMOCTH TTOJIYYUM BbIpakeHue
P Ulcosog _

_F_ e =y cos @
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u u3 cootromenns b? = y? — g2 = y*(1 — cos? ¢) = y* sin? ¢ [T peaKTUBHOMN TIPOBOIN-
MOCTHU Hanjem
b =ysinq.
N3 IMOJIy4Y€HHbBIX Bpra}KeHI/HL/JI nMmeemM

ro g . x b
cosp=-=2; sing===—.
z z oy
YauThiBasi 9TH COOTHOIIEHMUSI, TIOJIy4aeM CBSI3b MEKIy 9KBUBAJEHTHBIMH COIPO-
TUBJICHUSIMU ¥ TIPOBOANMOCTSIMU:

y=l gl __ T o r_
2'y 22 7’2 +JCZy 22 7’2 -|-JCZy
1 g g b b
=TT T oy YT T
Yy y- g+ y- g+

CxaszaHHOe BbIllIe MMPOUJLIIOCTPUPYEM BEKTOPHBIMU Auarpammamu. Ha puc. 4.21
n300paskeHbl BEKTOPBI TOKA U HANPSIKEHUST [UIs ABYX caydaes: ¢ > 0 u ¢ < 0. Dop-
MaJIbHO BCETZIa MOKHO PA3JOXKUTh BEKTOP HANPsKEHUI Ha ABE COCTABJIIIONINE —
BIIOJTh BEKTOPA TOKA U TEPIIEHIUKYISAPHO eMy. DTH COCTABJSIIONINE, COOTBETCTBEHHO,
OymyT paBubl U cos o= U r IruUsinp=U X Ix. 9T cocTaBIAgONIIIe NHOT LA HA3bI-

z z
BalOT aKTUBHOHN MU PeaKTUBHONH COCTABAAIONUMU IIPUTOKEHHOTO
HampssKeHUs, a obpasyemMble UMH U BEKTOPOM U TIPAMOYTOJIbHBIE TPEYTOJbHMU-
KI — TPeYTOJNbHUKAMHU HaNpIXeHUs Pa3nesus Bce CTOPOHBI 9TUX Tpe-
YTOJBHUKOB HA I, TIOJIy9UM TPEeyTOJbHUKU COMPOTUBJEHU U, KaTeTaMu
KOTOPBIX SIBJSIIOTCS 9KBUBAJEHTHBIC aKTUBHBIE U PEAKTUBHBIE COMPOTUBJICHMUS, & TH-
MOTEHY301 — SKBUBAJIEHTHOE TTOJTHOE COTPOTUBJIICHME.

AHAZOTUIHO MOKHO Pa3JIOXKUTh BEKTOP TOKA HAa COCTABJIIIONINE BIOJb BEKTOPA
HAMpsUKeHUS W MePHeHAUKYJIIPHO eMy. JTu cocrapiaoniue (puc. 4.22) paBHBI

n o ML

ICOS(szgngHIsin(p:[—:Ub. Vx nnorna Hasbl-
Y Y

U
BalOTAaKTUBHOMW U PEAKTHUBHOMN COCTAaBJIAIO - \

UMK TOKa, a obpasyeMble IMH ¥ BeKTOpoM I mps- ~ A A A
MOYTOJIbHbIE TPEYTOJbHUKY — TPEeyrodbHUKAMU a0 & 2/ <
TOKa. Pasje/B Bee CTOPOHBI 9TUX TPEYTONBHIKOB HA ¢ > 0 <0
U, IoNy4uM TPEeyTOJbHUKHN HPOBOAUMOCT e i, 0 0
KaTeTaMl KOTODPBIX SIBJISIOTCS SKBUBAJEHTHbIE aKTHB- PuC. 4.21

Hble ¥ PeaKTUBHbIE IIPOBOAUMOCTH, a TMIOTEHY30H —

9KBHUBAJIEHTHAaA ITOJJIHAA ITPOBOAUMOCTD. U Ub U
b
@
0

Ub
OtMmeTnM, 9TO KaK COCTABJIAIONIIE TPEYTOMBHUKOB CO- g TT Ug
MPOTUBJIEHUI, TaK Y COCTABJISIONIIE TPEYTOJBbHUKOB 1TPO- b |
BOANMOCTEH He SABJAIOTCS BPANAIONINMICS BEKTOPaMU, £ ° 7 ’ g
TaK Kak 7, X, z, & b 1 y ne nsobpaxkaior GyHKIMil Bpeme- b>0 b<

HU, KaK 9TO UMeeT MeCTOo A1 BekTopoB U 1 I. >0 ¢<0
O6paTuM BHUMAHME TaKKe Ha TO, YTO Pa3JIOKEHUEe
HATIPSDKEHUST HAa aKTUBHYIO M PEAKTUBHYIO COCTABJISIO- Puc. 4.22
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nue (puc. 4.21) nmeer GU3NIECKUH CMBICT TOJBKO JIJIS IPOCTOM TTOC/IE0BATETHHOM
e, PACCMOTPEHHOM B § 4.4, Tak Kak TIPW 9TOM aKTUBHAS COCTABJIIONIAs paBHA Ta-
JIEHUIO HATIPSIKEHUS HAa YYacTKe ¢ COMPOTUBJIEHNEM 7' 1 PeaKTUBHAS COCTABJISIONIAS
paBHA I1aJICHUIO HATIPSIKEHUST HA yYacTKe, CoJIepIKaIlieM KOHIeHCATOp U KaTy1iky. Jlist
napajiesibHol 1enu (cM. § 4.5), a TaksKe [JIs1 CJIOKHOM IEIN TaKoe PasJiosKeHne siB-
sgeTcs uncto popMasbabIM. COOTBETCTBEHHO, Pa3JioKeHNe TOKA Ha aKTUBHYIO U pe-
AKTUBHYIO COCTABJIAONINE NMeeT (DU3WUYECKUU CMBICJ TOJBKO JJIS MPOCTOU Tapal-
JIEJIHOH TIeTTH, PACCMOTPEHHOI B § 4.5, a B 00111eM cirydae siBisieTcsi (pOpPMasbHBIM.

4.9. CxeMbl 3aMeLleHns ABYXMNOJIFOCHUKA Npu 3apaHHOM YyacToTe

BBenenHbie BbIllle 9KBUBAJIEHTHBIE TTAPAMETPBHI BYXITONIOCHUKA CJIOKHBIM 0O6pa3oM
3aBUCST OT CTPYKTYPbI IEIM JIBYXIIOJIOCHUKA U KOHKPETHBIX MapaMeTPOB BeTBell
9TOI 1enu. DTU 9KBUBAJEHTHBIE MapaMeTpbl B 00IIEM CJy4ae CIOKHBIM 0OpazoM
3aBHCAT OT YACTOTHI IMPUJIOKEHHOTO HampsiKeHus. [l 3agaHHO 4acTOTHI M KOH-
KPETHOM eI OHU SIBJISIOTCST BIIOJIHE OIIPeeIeHHbIMHE, YTO 1aeT BO3MOKHOCTD 3aMe-
HUTbH JABYXIOJIOCHUK JIJISI 9TOM 4aCTOThI CXeMaMU 3aMellleHusl, N300paKeHHbIMU Ha
puc. 4.20.

U 3aMeTuM, 4YTO WHAYKTHUBHOCTU (WJIM, COOTBET-
CTBEHHO, EMKOCTHU ), a TaKKe COMPOTUBJIEHUS B I10-
cJIeIoBaTEIbHBIX W TMapajlIeJIbHbIX CXeMax 3aMelle-
HUSI Pa3jIMYHbl, B 4e€M JIETKO YOEAUTHCS M3 TOJTyYeH-
HBIX B IPEAbILyIEM raparpade cBsi3ell MEXy 7, X,
gub.

Hampumep, KoHIeHCATOP C TIOTEPSIMU B JIMAJIEK-
TPHUKEe MOKeT ObITh 3aMEHEeH CXeMaMW 3aMeleHMs,
MTOKa3aHHBIMI Ha puc. 4.23, 4.24, COOTBETCTBYIOIIN-
Cy Mu cxemaM Ha puc. 4.20 mpu ¢ < 0. [Iporieccs B Ta-

KOM KOHJIeHCATOPe IMPHUHITO XapaKTepu30BaTh TaK
HA3bIBAEMbIM YTIJIOM MOTEPD &, JOTMOJIHSIONIM abCo-
JIIOTHOE 3HadYeHue yraa ¢ a0 n/2. [lomydnm cBsI3b MeXIY TTapaMeTpaMy Mapajijiesb-
HOW U TIocJeloBaTeIbHON cxeM 3aMerienus. Mimeem

(sl

~
o

Puc. 4.23 Puc. 4.24

1 I 1/(oC))
—— g2 [ — u b2 — _(DCZ —
”z it +1)(0*CP) i+ (')
OTKYyZa
1 1
ry=nrl1+ ——|=rn| 1+ —
2 7w’ C? : tg?8
"
R R 1
’ 1+ 720’ C} 11+tg28’
TaK Kak
2
(925 = . h g0,

tglp 1(0?C?)
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Takum o6pasom, 7, > 7, u Cy < C,. Tak kak 06bIuHO tg & << 1,107, >> 1, a C; = C,.

[Ipu 3HaUNTETHHOM U3MEHEHUN YACTOTHI OT HEE 3aBUCST BCe rapamerpsr: 7, C, g
u C, o6enx cxeM 3aMelleHus. ITO CJEAyeT U3 TOTO, YTO MOTEPH B KOHAECHCATOPE TIPU
HepEMEHHOM HAMPSUKEHUN MPUOIU3UTEBHO MPOIOPIIMOHAIBHBI KBapaTy Harpsi-
SKEHMS M TIEPBOI CTEIEHU YacTOThI, U TI09TOMY g, U3MEHSIeTCS TIPUOIU3UTENHHO MTPO-
nopruoHaIbHO yactore. COOTBETCTBEHHO, 7 siBjisieTcs (pyHKIimen yactotsl. Ciemyer
y4ecTh, 4TO U tg 8, BOOOIIE TOBOPSI, UBMEHSIETCST ¢ U3MeHeHreM 4acToThl. [Ipu oueHb
BBICOKHMX YaCTOTaX MPUXOIUTCS CYMTATHCS C MHAYKTHBHOCTBIO, KOTOPOil obJasaer
KoHJleHcaTop. Bce 3To MPUBOAUT K TOMY, UTO 9KBUBAJIEHTHBIE COIPOTUBJIEHUS U TTPO-
BOJIMMOCTH KOHJIEHCATOPA, ITOJIy4aeMble PACCMOTPEHHBIM B TIPE/bIAYIIEM Taparpade
IyTEeM, CJIOKHBIM 00Pa3OM 3aBUCST OT YaCTOTHI.

AHJIOTUYHYIO KaPTUHY UMEEM U B JIPYTOM TIPOCTOM CJiydae — JIJIst OJTHOU peasib-
HON MHAYKTUBHOW KaTymku. IIpy HM3KMX 4acToTax KaTyllKa HpPeACTaB/IseT coOoi
WHIYKTUBHOE COIPOTHUBJIEHKE, HO IPU BBICOKMX YaCTOTaX HAJTUYKME EMKOCTH MEKILY
BUTKAMU KaTYIIKK MOKET TIPUBECTU K TOMY, UTO €€ HKBUBAJIECHTHOE COTPOTUBJICHUE
pruoOpPeTeT eMKOCTHBIN XapakTep. AKTHBHOE COITPOTHUBJIEHNE KATYIIKU TaKKe 3aBU-
CUT OT YaCTOTBHI BCJIEICTBUE BJIMSHUS TMTOBEPXHOCTHOTO 3(hheKTa M BUXPEBHIX TOKOB,
4To Oy/IeT MOSICHEHO B CJeAylolnieM naparpade.

Bosiee Toro, 10 u3MepeHUsIM MapaMETPOB WHJYKTHB- )
HOM KaTyNIKU TIPU HU3KOK YacTOTe HEBO3MOKHO Olpe- o }—r o
JIeJTUTh peajibHble TTapaMeTpbl 9TOro djeMenTa. s wi- .
JIOCTPAIIUK 3TOTO TOJIOKEHUST PACCMOTPUM TaKKe IIPU- i

" C
OJIVDKEHHYIO CXEMY 3aMellleHs] WHIYKTUBHOW KaTyIIKH,
npejicTaBaeHnyio Ha puc. 4.25. TlocienoBaTenbHbiii yua- Puc. 4.25
CTOK MMeET dKBUBAJIEHTHBIE TTapaMETPHI
g= r u b= oL
r’ +@’L? r’ + oL’

CJIGZ[OBaTeJIbHO, BCA 11€T1b, COCTOAIIAA U3 MTapaJlyIeJIbHOTO COEIMHEHNA 9TOTO y4ia-
CTKa C KOHAE€HCATOPOM, NMEET IlapaMETPbIL

r ol
g&=——— u b=——""---0C
7’ +o’ L’ 7’ +o’L’
[IpeobGpasyem aTu TapaMeTpsl B 7, 1 X,. Vimeem
g, r b, oL(1-0’LC)-or’C

el

= - , . - , t
g+b> (1-0’LC)* +(orC)’ g +b> (1-0’LC)* +(orC)?
IIpu BecbMa HM3KMX YacTOTaX, NpeHebperas caraeMbIMU, TIPOIIOPIMOHATBHBIMU
®?, MOYKHO 3aI1caTh

x3

2
r,=r, x,=a(L-r"C)=olL 1—71;—6 =ol, #oL.

W3 nocsieiiero BoIpaskeHus BUIAHO, YTO JIasKe IIPU BECbMa HU3KUX YaCTOTAX 9KBU-
BaJIEHTHASI UHYKTUBHOCTH HE PaBHA PeabHOI WHYKTUBHOCTH KaTYIIKW. JTO Hepa-
BEHCTBO — CJIEJICTBUE TOTO, UTO JlaKe TPU MOCTOSTHHOM TOKE 32 CYeT MaJleHUs HaTps-
JKEHUS B aKTUBHOM COTIPOTHBJICHUHN WHIYKTUBHOW KAaTYIIKN BO3HUKACT AJEKTpHYe-
cKoe ToJie, aHeprust W, KoToporo jo/ikHa ObITh yuTeHa. /leficTBUTEIbHO,
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_CUe: _Cry* _Crtit Gt Li* Gt

W, — -
2 2 2 L 2 L

Emte pas ybesxpaeMcsi B TOM, 4TO CXEMbl 3aMEIEHMsT 9JIEMEHTOB IEMU TIPEKIEe
BCETO JIOJKHBI TIPABUJIBHO OTOOPAKATh KAPTHHY PACIIPENeICHIsI SHEPIUU B CHCTEME.
[TpobGsiema ke BOCCTAHOBJICHUST CXEMBI M MAPAMETPOB PEATbHON TETN 0 M3MepPeH-
HBIM Ha ee BXO/I€ BEJTMYMHAM PEIaeTcs IPU MOMOIIY CHHTE3a 9JIEKTPIUUECKUX TIeTIeH.

W3 ckazaHHOTO BBITEKAET, YTO, ONPE/ICTINB TEOPETUUECKU WU IKCTIEPUMEHTATLHO
MapaMeTpbl TeM WU OT/CTbHBIX €€ 3JIEMEHTOB TP OHOW YacTOTe, B YaCTHOCTH,
MIPH TTOCTOSTHHOM TOKE, HEeJIb3s MOJb30BaThCs TUMNU TTapaMeTpaMu TIPH IPYTOH Jac-
TOTE, He YOeIUBIINCH TIPEBAPUTENHHO B IOMYCTUMOCTH ITOTO.

4.10. BamsiHne pa3sinyHbIX (pakTopoB
Ha 3KBMBaJIEHTHbIE NapaMeTpbl Lenu

B npenbiayniem maparpade ObLIO CKa3aHO, 4TO JIH0ObIe CIOKHbIE TeNb WU YCTPOHCT-
BO, COJIEPIKaIIME /IBA BXOAHBIX 3AKMMa, MOKHO TIPEJICTABUTH B BUJIE ABYXITOJIOCHUKA
U 0XapaKTePU30BATh MX SKBUBATEHTHBIMU MTAPAMETPAMU 7, X, 2, &, b 1 y. BbL1o oT™Meue-
HO, 4TO 9T TTapaMeTPhl CJAOKHBIM 00pa3oM 3aBUCAT OT KOHKPETHOI CTPYKTYPHI TN
1 OT BXOJAIINX B Hee 2JIeMEHTOB. BMecTe ¢ TeM 3TH TapaMeTpbl MOTYT 3aBUCETH OT
1esioro psizia hakTopos. Tak, HanpuMep, ecyiv B COCTaB IBYXITOJIOCHUKA BXO/ST aCUH-
XPOHHBIE ABUTATENN, TO WX MapaMeTPhl, a COOTBETCTBEHHO, U 9KBUBAJEHTHBIE TIa-
pameTpbl ABYXIOIIOCHUKA OYAyT 3aBHCETh OT HATPY3KHM Ha Basy asurateseil. Ecim
B COCTaB JIBYXITOJIIOCHUKA BXOUT CBSI3aHHBIN C aHTEHHOI KOJieOaTe/IbHbII KOHTYP pa-
JIMOCTAHIINY, TO Ha S9KBUBAJECHTHBIE TTAPDAMETPHI BJAUIET TaK:Ke W U3IyIeHre S9HEPTU.

B Buze npumepa cI0KHOI 3aBUCUMOCTH 9KBUBAJIEHTHBIX MTAPAMETPOB OT Pa3JIny-
HBIX (haKTOPOB yYKa)KeM CJydail /I7is CHHXPOHHOTO /IBUTATEJisd, 9KBUBAJIEHTHOE peak-
TUBHOE COIPOTUBJIEHUE KOTOPOTO MOKET ObITh OTPHUIIATENbHBIM, XOTsI B LIEIIH 1 He CO-
JiepsKaTcs KOH/IEHCATOPBI. Takoil eMKOCTHBIN PeKUM CHHXPOHHOTO JBUTATENS NMEET
MECTO TIPU IOCTATOYHO OOJIBIIOM TOKE B 0OMOTKE BO30Y KIE€HUS, TPEBBIIIAIOIIEM HO-
MUHAJIbHBII TOK BO30Y:kaeHus. TT0SICHUTD 3TO MOKHO cJiefyiomum obpa3om. Ycra-
HOBUM TOK BO30Yy»KIeHUsI B poTope TakuM, 4toObl I/[C, uuaynupyemas B 0OMOTKe
CTaTOpa TOTOKOM BPAIAIOIIEToCsT POTOPA, TOYHO YPAaBHOBEIIUBATIA TPUIOKEHHOE
K 0OMOTKE cTaTropa OT CeTH HarnpsikeHue. EcTecTBeHHO, TIPH 3TOM POTOP [OJIKEH Bpa-
MATHCST C TIOMOTIBIO TTOCTOPOHHETO JIBUTATEJISI HA €r0 Bally, Tak Kak TOK B 0OMOTKe
cratopa OyeT paBeH HyJIIO U HEPTHUs 13 CEeTH He mocTynaer. IIpu oTcyTeTBUM TaKOro
[OCTOPOHHETO JBUTATE/ISI OT CeTH OYAET MOCTyaTh He3HAYUTEIbHBIN aKTHUBHBII TOK,
00ecTieYnBaIOIIUI MOIITHOCTh, HEOOXOAUMYIO JIJISI TOKPBITUST TOTEPh XOJIOCTOTO X071
B CMHXPOHHOM JiBUTaTese. HazoBeM TOK BO30YKeHMsI B 0OMOTKE POTOPA MTPU TAKOM
peskrMe HOMUHAJIbHBIM. EC/IM yMEHBIINTH TOK BO30YKIEHUS HUKE HOMHHAJIBHOTO,
to D/IC, uHayupyemast B 0OMOTKe CTaTopa YMEHBIIEHHBIM TIOTOKOM POTOPA, TaKkKe
YMEHBIIUTCS U U3 CETU MOIIeT HAMAaTHUIMBAIOIIUIT TOK, YBEJIUIMBAIOIIUI PE3yJIbTH-
pylomuii moToK. Takoil Tok 6yxeT HOCUTh MHIYKTUBHBINA XapaKTep.

Ecnn yBemmunTh TOK BO3OY:KAEHUS BBINIE HOMUHAIbHOTO, To D/C, numyrmpye-
Masi B OGMOTKE CTaTOpa YBEJIUIUBIIMMCS TIOTOKOM POTOPA, MOKET TIPEBBICHTD MTPHJIO-
JKEHHOE HATIPSKEHNE U U3 CETH MOM/IeT pa3MarHuYMBatoIInui TOK, KOTOPbIit Gy1eT HO-
CUTb EMKOCTHBII XapakTep.
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Ha sxBuBasieHTHBIE TTAaPAMETPHI BJUSET TaKXKe yacToTa. Takoe BJIUSHIE UMeeT Me-
CTO, KaK MBI BUJIEJIN, Ta’Ke JJI CAMBIX TIPOCTBIX 3JIEMEHTOB TENH, TAKUX KaK PeocTar,
WHIYKTUBHAI KATYIIKA U KOHAEHCATOP. JTO CBSI3aHO, B YACTHOCTHU, C ABJIEHUEM TI O -
BEPXHOCTHOTO 3@ @ eKTa, 3aKITI0YAIONIETOCST B TOM, YTO TIEPEMEHHBII TOK pac-
MpejiesisieTcsT HepaBHOMEPHO 10 CEYEeHUIO MTPOBOIa — TIJIOTHOCTh TOKA Y TIOBEPXHOCTH
npoBoja GoJiblle, YeM BO BHYTPEHHUX dJieMeHTax cedeHus 1poBoja. HepaBHomep-
HOCTH pacIpesieJIeHUs TOKA M0 CeYEeHUIO TTPOBOIOB MPUBOIUT K YBETUUEHUIO aKTUB-
HOTO CONPOTHUBJIEHUSI ¥ YMEHBIIEHUIO WHIYKTUBHOCTH IENU, TIPUYEM ITU 0OCTOSs-
TeJIbCTBA TIPOSBJIAIOTCS Bee 6oJiee CUIBHO € YBEIMUEHIEM YaCTOThI. AHAJIN3 SBJICHUS
MOBEPXHOCTHOTO adderTa GymeT Mpou3BeieH B MOCAeIHEN JacTH Kypca.

Ha sxBuBasieHTHBIX TTapaMeTpax IeMN CKa3bIBAeTCS TaKKe BIUSHUE B U X P € B bI X
TOKO B, Ha3bIBaeMbIX Takke Tokamyu (DyKo, BOBHUKAIONIMX B MPOBOJSIIUX TeJax,
PaCIOJIO}KEHHBIX B TIEPEMEHHOM MATHUTHOM IT0Jie 9JIeKTpudecKkoi 1enu. [lotepn
Ha BUXPEBBl € TOKU MPUBOMAT K YBETUIEHUIO SKBUBATEHTHOTO aKTUBHOTO CO-
NPOTUBJIEHNUs 1leni. Bornpocy o pacdere morepb Ha BUXPEBbIE TOKH OYAET yAETE€HO
BHUMAaHMUeE [IPU U3JI0KEHUU TEOPUU HEJIMHENHBIX Tellell M TEOPUU 3JIEKTPOMArHUTHO-
'O I10JIS.

Bce ckazannoe cBUIETETHCTBYET O CITOKHON 3aBUCUMOCTU dKBUBAJEHTHBIX TIa-
PaMeTPOB IeTH OT Pa3IUYHbIX (PU3NIECKUX BEJTUIUH, B TOM YHUCJie OT 9acToTwl. Mc-
caieftyst TIPOIECCHI B Tl MPH HEM3MEHHOW YacToTre, Oy/eM CUYUTATh ITapaMeTphl ee
YYaCTKOB BITOJTHE OIpe/iesieHHbIMU. Ho 1 3ydJast 3aBUCUMOCTD 9KBUBAJIEHTHBIX MTapa-
METPOB OT YaCTOTHI TIPU NU3MEHEHUN TIOCTeIHEN B HEKOTOPBIX OTPAHUYEHHBIX MPejIe-
Jax, Gy/ieM moJiarath COMPOTUBIIEHNS 7 PEOCTATOB, HHIYKTUBHOCTH L KaTyIeK 1 eM-
koct C KOHIEHCATOPOB MOCTOSHHBIMU. B0 BceX MOCaefyonmx TJiaBax aTol 4acTu,
3a UCKJIIOYEHKEM IJI. 8, IJle 3aBUCHMOCTH [IapaMeTPOB OT YacTOThI OY/IeT pacCMOTPeHa
B BecbMa 0011eil (hopMe ¢ y4eToM BO3ZMOKHON 3aBUCUMOCTH OT YaCTOTHI ¥ BEJIMYKH 7,
L u C, Takxe GyjaeM npeanoarathb, 4to 7, L u C HOCTOSTHHBI.
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3.1. dneMeHTbI 3/1IeKTPUYECKUX Lienen
BOMPOCHI

1. HOquy B IIEIN IIOCTOAHHOT'O TOKa HaIIpAKEHUE, U3MEpPAEMOE Ha 3aKMMax IeIlu,
HE 3aBUCUT OT PACIIOJIOKEHMA ITPOBOAOB, COEANHAIOINX BOJBTMETP C HeHI)IO?

2. (O) Ilpu xakom IOTMyIIEHNH HANpsLKeHne, U3MepseMoe Ha 3aKuMax Ielu Tepe-
MEHHOTO TOKA, He 3aBUCUT OT PACIIOJIOKEHUs B IPOCTPAHCTBE TIPOBOJIOB, COEMHSIIO-
X BOJIBTMETP C TI€TbI0?

3. (O) ITouemy KOHIEHCATOPBI OOBIYHO XaPaKTEPUIYIOTCST MATBIMI WH/LYKTHBHOCTSIMI?

4. (O) Hdng oupezpeneHns: MHIYKTUBHOCTH 3JIEMEHTA II€IIN Yepe3 Hero IIPOITyCKAIoT
TOK i(f) W pacCYMTBHIBAIOT WHIYKTUBHOCTH O opmysie L = y(¢)/i(t). ABngercsa mu
HaiiJleHHas TaKuM 0OPa3oM UHIYKTUBHOCTH (DYHKIIMEH BpeMeHu ?

9. (O) Mesxay ydyacTKaMu 5JIEKTPHUECKON 1IN IIPOTEKaeT TOK cMelleHust. MoKHO
JI YTBEPIKAATh, YTO OTU YYaCTKHM 00JIaAAI0T APYT [0 OTHOIIEHUIO K APYTY dJIeKTprYe-
CKOHl eMKOCTBIO?

6. Bisinre MEsKBUTKOBOM €MKOCTH KaTYIIKA WHAYKTUBHOCTHU TIPOSIBJISIETCS TIPU Yac-
tore ToKa f = 103 [, YeunuBaercs 1M OHO TIPK: @) YBeJIUYeHUN; 6) YMEHbIIEeHUH Yac-
TOTBI?

7. (O) IToueMy npu COBTAAAIONINX YCIOBHO TIOJOKUTEIBHBIX HATIPABIEHUSIX TOKA U
HaMpsUKeHNs Ha KaTyIIKe WHAYKTUBHOCTH JeHCTBUTENbHOE HAIIpaBJieHre HalpsiKe-
HUs OyJIeT ONpeIesIeHO MTPaBUIBHO He TOJBKO IIPU YBEJTMYEHNUH, HO U IIPU YMEHbIIe-
HUM TOKa?

8. I1pu BEIOpaHHBIX YCJAOBHO TIOJIOKUTENbHBIX HAIIPABJIEHUSX TOKOB ABYX WHYKTHB-
HO CBA3aHHBIX KaTyIIeK BeJndnHa Koadduinmenta B3anMHON WHAYKIY M oTpuiia-
TesbHa. KakoBO HampaBJieHUe TTOTOKOB CAMOWHAYKIIUA U B3AaUMHON WHAYKITUN?

9. Crenyet v Tpu 3aJaHHOM 3HaKe KOd(PUIIIEHTa B3AMMHON WHAYKIIUY YKa3bIBATh
HaIpaBJIeHNe TOKOB KaTyTIeK?

10. Ob6s3arenbHa 1M MAPKUPOBKA UHAYKTUBHO CBSA3aHHBIX KaTyIIEK?
YMPAXHEHUSA

1. [IpoTsskeHHOCTD BO3AYNIHON IBYXIIPOBOAHON JTUHUW, COEAWHSIONEN MCTOYHUK
9JIEKTPOMArHUTHON SHEPTUH C IPUEMHUKOM, cocTaBister 10 kM. MoskHo jin paccMar-
pUBaTh ATO YCTPOMCTBO KaK IENb C COCPEAOTOUYECHHBIMU MapaMeTpaMu MPH YacToTe
toka f =50 Tii? IIpu kakoii yactore HEOOXOAMMO IPUHUMATH BO BHUMaHUE BOJTHOBOM
mpoiiecc B JIUHUN?

2. (P) Karymika MHAYKTHBHOCTH O0JIalaeT KaK 3JIEKTPUUYECKUM COTPOTHBIEHIEM,
TaK U MEKBUTKOBOH eMKOCTBIO. VI306pasure cxeMy 3JIE€KTPUUYECKOIl TIerH, 9KBUBa-
JIEHTHYIO KaTYIIKe M COCTOSIINX U3 UAeaTbHBIX Pe3UCTOPA, KAaTYIIKU U KOHAEeHCa-
Topa.

3. Konzerncarop ¢ HeMIeaTbHBIM THITIEKTPHKOM 00JIaIaeT SJIEKTPUUECKUM COTIPOTHB-
JIEHHEM, a TakKsKe HEKOTOPOU MHIYKTUBHOCTBIO. V300pasuTe CXeMbl 9JIEKTPUYECKUX
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1erel, 3KBUBAJIEHTHBIX KOHJIEHCATOPY M COZEPIKAIINUX TOJBKO H/leaTbHbIe PE3UCTOP,
KaTYIIKy WHAYKTUBHOCTH U KOHIEHCATOP.
4. (P) VmeeTcst 0TPE30K MIPOBO/IA PALUYCOM CEUEHUsT 7y U JTHOM [ >> 7,. 11300pa3u-
T€ COCTaBJIEHHBIN U3 TIPOBO/IA KOHTYP, MHAYKTUBHOCTb KOTOPOTO UMEET: @) HAOOJIh-
1ee 3HaYeHue; 6) HaMMeHblee 3HaYeHHe.

5. (P) Pesucrop 06pa3oBaH ImyTeM HAMOTKHU Ha IIUJIMHIPUIECKUI KapKac MPOBOa 13
MaTepuajia C BBICOKUM Y/IETbHBIM 3JIEKTPUUECKUM cOTNpoTuBieHueM. lIpemmoxure
Takoi ¢rnoco® HAMOTKH, I[P KOTOPOM HHAYKTHBHOCTH PE3UCTOPA OKA3bIBAETCS M-
HUMaJIbHOM.

6. Ha puc. B3.1 uzobpaskeHbl XapaKTePUCTUKN JTUHENHOTO ¥ HEJTMHEITHOTO Pe3UCTO-
POB, KOHJIEHCATOPA W KaTYIIKK WHAYKTUBHOCTHU. [locTpoiiTe cooTBETCTBYIOMIE UM 3a-

Bucumoct 7 = u/i = (i), C = q/u = f(u), L =y /i = f(i).
a u=ri 6 ¢g=Cu e ¥Y=Li
| 1 1

Puc. B3.1

7. (P) Ilpemnoxure crnocob HAXOKIEHUS WHIAYKTHBHOCTH
KOHILIEHTPUUYECKOTO Kabelis, ceueHre KOTOPOTo M300pakeHo
Ha puc. B3.2, ocHOBaHHBIN Ha pacyeTe YHEPTUU MarHUTHOTO
HOJIsT TOKa KabeJist, IPU AOMYIIEeHNH, YTO TOJIIIHA 000JI04-
ku 1 xkabess BecbMa Maia.

J = const

8. Paccunraiite MHAYKTUBHOCTD TIOCKOTO KOHIEHCATOPA C KPYT-
JIBIMU TIJIACTUHAME pasinycoM R = 1 ¢cM Ipu pacCTOSHUN MeX-
ny HuMu d = 1 mm. TIpuMuTe [0TyIIieHIe, YTO TOK KOHIEHCATO-
pa pacrpeiesieH MeXIy IJIaCTUHAMU PaBHOMEPHO U He BBIXO-
JIAT 32 TIpeJiesibl IIINHPA, 00PasoOBaHHOTO OOKJIaJKAM. Puc. B3.2

9. Haiinute Tok KOHAEHCaTOPa eMKOCThIO C TP HANPSKEHUN Ha €T0 3aKUMaX:

a) U, sin (ot + ,); 6) U, cos ot; 8) kt; 2) U, = const; 0) U, e e) U, e*.

10. Haiigure HanpskeHue Ha 3aKMMax KoHjeHcaropa eMkocTeio C = 1075 @, yuu-
ThiBast, 4yTo U (0) = 20 B u ero Ttox (B amrepax) pasen a) 0,1 sin (314t + 30°);
6) 0,2 cos 314t; 6) 2e71%; 2) 0,35¢; 0) 0,1t; €) 2/(2 + t); ac) 1 — 2t.

11. PaccuuraiiTe HanpsoKeHMe Ha 3a)KMMaxX KaTYIIKW WHAYKTHBHOCTBIO L = 0,1 TH,
ecan TOK (B amiepax) B Hell paBed a) 10e09% 6) 2t; 6) 1,5 (1 — e 0k); 2) 3¢
0) 2 sin (314t + n/4); e) 3v2cos (314t — ©/3); ac) 5-10-2e-001 sin 314¢.

12. PaccunTaiite ToK KaTymku WHAYKTUBHOCTBIO L = 0,2 1 ipu i;(0) = 2 A u Hanpsike-
HuK (B BOJIBTax) Ha ee 3akuMax: a) 100e%; 6) 220~/2sin (314 — = /6); 8) 127+/2sin 314¢;
2) 15992 sin (314t — 1/2); 0) 100¢; e) 20; o) 2te 0.
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3.2. ACTOYHHMKM B NIeKTPUUYECKUX Lensix
BOIMPOCHI

1. KakuM [0JKHO GBITH COOTHOIIEHIE MEKIY COIPOTUBIEHUEM 7y, ncTounnKa I/ C
U COIPOTUBJIEHUEM 7, TIOAKIIOYEHHON K HEeMY HarpysKu, 4ToObI HalpsiKeHHe Ha 3a-
JKMMaX MCTOYHHUKA €J1ab0 3aBUCEJIO OT TOKA HaIPY3KH?

2. quy PaBHa BHYTPEHHAA IIPOBOANMOCTD MI€AIbHOIO NCTOYHUKA TOKa?

3. Ilouemy cTpemsaTca mpuMeHATh Takue uctounuku J/[C, BHyTpeHHEe conmpoTusIie-

HIEe KOTOPBIX MMEET KaK MOKHO MEHbIIlee 3HaueHue? u
T =0
4. (O) Kakomy pexumy paborsr uctounnka I/[C coorBeTcTBYET =

TOYKA MepeceveHust ero BHEIIHel XapaKTePUCTUKU € OChIO: a) abce- Ty # 0
uce; 6) opaunar (puc. B3.3)?

5. (O) Kakwue OmBITHI CIEAYET TOCTABUTh W KaKie BEJUYMHBI U3- .
MEPUTD JJIsk HaXO0K/eHMsI BHYTPEHHErO COIPOTUBIIEHUS NCTOYHHUKA 0 friow
2/C? Puc. B3.3

6. B ajexkTprueckoii 1ienn HapsAy ¢ He3aBUCUMBIMUA MMEETCST TaKyKe 3aBUCUMBII TIC-
tounnk J/[C e, BKIIOUEHHBII B k-10 BETBb U YIIPaBJIAEMbIIl TOKOM ; j-it BeTBUL: e;, = 11,
Tie ¥ — IIOCTOSIHHAA BeaIn4ynHa. SIBageTcs Iu JUHEeHON Takas 1enb? V3Menurcs ain
OTBET Ha 3TOT BOIIPOC, ECJIN 3aBUCUMBIMU SIBJIAIOTCS HECKOJBKO MCTOUHUKOB, YIIPaB-
JISEMBIX TOKAMU W HANIPSKEHUSIMU BETBEN TeTn?

7. (O) B nenu umeercst KOHTYpP, 00pa3sOBaHHBINA TOJBKO HICAIbHBIMI HCTOYHUKAMU
IIC e,. Kakomy yciaoBuIo H0JKHBL yaoBaeTBopaATh D/IC e, 4ToObI Takoe coemHe-
Hie GBIIO KOPPEKTHBIM (4TOObI YI0BIETBOPSINCH 3aKk0oHbl Kupxroda)?

8. (O) B menu nmeetcs yses, K KOTOPOMY TOAXOMST TOJBKO HeaTbHble UCTOUHUKA
Toka J;. KakoMy yCI0BUIO IOJKHBI YIOBAETBOPATh TOKU Jj, 4TOOBI TAKOE COeAUHeE-
Hie GBIJIO KOPPEKTHBIM (UTOObI YI0BIETBOPSINCH 3ak0oHbl Kupxroda)?

YMPAXKHEHNSA N 3AAAYN

1. PaccuuraiiTe TOKM BeTBell M HANPsKEHUs Ha 2JeMEHTaX M300pa)KeHHBIX Ha
puc. B3.4 neneii.

a /AN 6
N I=1A
@ ®
¢=1B r=10m ¢e=1B r=10m
Puc. B3.4 Puc. B3.5 Puc. B3.6

2. (P) Omnpezennte COOTHOIICHIE MEK/IY COIPOTUBICHUSMU 7y, U 7, B T1€I1H, 1300pa-
JKeHHOH Ha puc. B3.5, mpu KOTOPOM: @) MOIIHOCTb B TIPUEMHUKE Oy/1eT HanOOobIIel;
6) sesmunna n = P,,/P, .., paBHas OTHONIEHHIO MOITHOCT! B TPHEMHUKE ¥ MOIIHOCTH
HCTOYHHUKA, IPUHUMAET HauOOJIbIIIee 3HAYCHME.

3. Onpezienure COOTHOMICHHE MEKITY TIPOBOJUMOCTSAMU &y, U &, B 1ICTIH, H300pasKeH-
HOI Ha puc. B3.6, ipu KOTOPHIX MOIIHOCTD B TIpueMHIKe OyeT Hanbosbineii. Paccun-
Taiite 3Hadyenue N = P, /P, IpU 5TOM COOTHOMIECHUU Gy ¥ &y
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r b
1
| S
K
’
| p—
| S

Puc. B3.7

4. Paccunraiite conporusienne tenu (puc. B3.7) mexy Toukamu a u b 1ipu 3aMKHY-
TOM U Pa3OMKHYTOM TioJioskeHnn kioda K, r=1 Owm.

3.3. TonosornyecKkne NOHATUSA CXEMbI JIEKTPUUECKOU Lienn

BOMPOCHI

1. MOXXHO JI1 CYUTATH Y3JIOM MECTO COeJIMHEHNUST IBYX BETBEil?

2. MoryT s yacTH HECBI3HOTO rpada nMeTh B CXeMe dJIeKTPHYECKUe COeNHEH NS ?

3. Mosker i KOHTYP ObITH 00pa30BaH OTPE3KaMU, BXOJSIINME B Pas3JHdHbIE YaCTU
HecBA3HOTO Tpada?

4. Ipad coctouT U3 ABYX y3J0B U AECITU COETUHSIONMMNX UX 0Tpe3KoB. CKOIBKO me-
PeBBEB COMEPKUT Tpad?

3. Mozxer st rpacd CXeMBI COCTOSITh M3 OJTHON BETBHU, COSAMHSIONEH 1Ba y3aa? Benp
TOK B 9TOM CJIyda€ HE3AaMKHYT, YTO IPOTUBOPEYUT TIPUHIUITY HETIPEPBIBHOCTU JJIEK-
TPUUYECKOTO TOKA?

6. MosxHO 1 BOCCTAaHOBUTH BUJ Tpada 3IeKTPUIECKON TN, eCTU 3aJaH0: @) OTHO
U3 €ro JIepeBbeB; O) [IBa €ro Jiepesa; 6) Bee AepeBbst rpada?

7. CoBmaaioT M MOHSTHUS TOTOJOTUIECKON W JIEKTPOMAarHUTHON CBsI3eli?

a I_ 6 8 I

T-

I
/AN

T -
VT 1T L=
O

Puc. B3.8

8. MamenuTtcs i rpad CXeMbI, eCJIn:
1) B ozty u3 ee BeTBell BKJIIOYNUTD Maea bubiil nctounnk: a) I/ C; 6) Toka?
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2) K mape y3J/0B, COeJIMHEHHBIX BETBbIO, MOAKIIOUUTH BETBb € WJI€ATbHBIM UCTOY-
Hukom: a) DJIC; 6) Toka?

YMPAXKHEHWSA

1. (P) IloacuuTaiite KOJIMYECTBO BETBEH IMOJTHOTO rpaca CXEMBI, T. €. TAKOTo Tpada B KO-
TOPOM JioObl€e JIBa y3J/1a COeJMHEHbl BETBbIO, IIPU Ynce y3jios rpada: a) 3; 6) 4; 6) N.

2. Ha puc. B3.8 uzo6paskeHbl cCXeMbl 2JIeKTPUYECKUX 1erneil. [lst Kax /10l 13 HUX Mpo-
HyMepyiTe y3Jibl U BeTBH, n3obpasure rpad u jepeBo rpada.

3.4. 3akoHbl Kupxroda
BOMPOChI

1. ITouemy B ypaBHEHUSX epBOro 3akoHa Kupxroda BbIXOAAIINE U3 Y3714 TOKU MTPU-
HSATBI TIOJIOKATENbHBIMI? MOKHO JIM CUMTATH YCJIOBHO IMOJOKUTEIBHO HATIPABJIEH-
HBIMW TOKH, TIOAXO/ATINE K y3ITy?

2. B omHoil U3 BeTBell Ienu JeHCTBYET UAeaNbHBII MUCTOYHUK ToKa. Kak ciemyeT
y4ecTh TOK UCTOYHWMKA TIPH 3aITHCH ypaBHEHUs MTepBoro 3akona Kupxroda ais ysia,
K KOTOPOMY TIOZIXO/INT 9Ta BETBB?

3. (O) B oxnoii u3 BeTBell 1enu AelicTBYeT UAeaTbHbIN UCTOYHUK TOKa. Kak HailTh
HaIpsiKeHne Ha 3TOi BeTBU?

4. MoxHo 7 3ammcaTh ypaBHeHUEe BTOPoro 3akona Kupxroda mg KOHTypa, 0Ha U3
BETBEU KOTOPOTO COJIEPKUT TOJTbKO M/I€aJIbHBI UCTOUHUK TOKa?

5. MosHO J 3amucath ypaBHeHHe BTOporo 3akoHa Kupxroda st m306pakeHHOTO
Ha puc. B3.9 xonrtypa ambna?

6. MOJKHO Ji1 TTPU COCTABJIEHUH YPAaBHEHUH [1JisI TOKOB BETBEH IeNU BbIOPATh 3aMKHY -
TYIO TIOBEPXHOCTH § TaK, 4TOOBI OHA OXBATHIBAJIA HECKOJIBKO Y3JI0B, & HE OJUH?

a s 6
ek C/. \_/ ~
’_______f ________ m _| S Tl n m I n
V | I_fw\_{:‘l : - o o o
m' Sa—— L E 8 ” ik i 0
' T — ' — — Yk e
a
Umn
Puc. B3.9 Puc. B3.10

7. CupaBe/IUBbI JI COOTHOWIEHUS 1, = i, + 3y, il, = u, — €, 17151 0600IIEeHHON BETBH,
usobpakeHHoil Ha puc. B3.10?
YMNPAXXHEHUSA

1. 3anumre ypaBHeHus 3akoHOoB Kupxroda /st 1ereit, nsobpaskeHHbIxX Ha puc. B3.8.

2. Ha puc. B3.11 uso6pasenst ysiust A, B, C, D, E snexrpuye- o4
ckoi 1enu. Hampsokenust uyg, Ucp, Upe, Upe 33J1aHBL. Boipasure B <

{€PE3 HIX HANPSKEHHS Unc, Uap, Uar, Upp, Upp Upps Usns Usy Usc-__—— C
3. (P) Iouemy ommboYHO ciiepyioliee paccyskaeHne: ypaBHe- T .

nus 2, = 0, 2, = 0 umetor ceoumu pemennsivu 1, =0, i, = 0, Tak Puc. B3.11
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YTO U3 COOTHONIEHUH i, = i} + Ty, i, =1y — €, MOKHO JIETKO HAWTU BEJTUUMHBI i U Uy, HE
perag cucTeMbl ypaBHeHWH 3akoHOB Kupxroda?

3.5. Tononornyeckne MaTpuubl
BOIMPOCHI

1. MOKHO 1M, MOJIb3YsICh MaTpHIleii COeIMHEHUi, BOCCTAHOBUTH: @) Tpad Iemny;
6) cxemy 1enu?

2. Nlmeet 5iu1 3HAUEHUE TIPU COCTABJICHUY MATPUIIBI COeTMHEHNH, KaKylo U3 CTPOK pac-
MIMPEHHON MATPUIIBI COEIMHEHUT BBIYEPKHYTD?

3. K kakuM U3MEHEHUSM MaTPHIlbl COCAMHEHMIT TIPUBEIET MePeHyMepalnst: a) BeT-
Beil rpada; 6) y3soB rpada?
4. 3aBUCHUT JIM BUJ MAaTPUIBI COeUHEHNI OoT BbIOOpa jepeBa rpada?

5. MosKeT Jii 9MCII0 HEHYJIEBBIX JIEMEHTOB CTPOKU MaTPHUIIbl COEIMHEHMIT ObITH PaB-
HBIM: @) OJHOMY; 0) IBYM; 8) TpeM uiau 6ojee?

6. MoxHO 7T TPAaHCTIOHWPOBAHHYIO MATPUILY COCIMHEHNN PacCMaTPUBATh KaK MaT-
puily coeinHEeHU HEKOTOPON CXeMBbI?

7. Moxxer 1 MaTpUTIa COeTMHEHNI He UMETh HyJIel?

8. MaTpuria coeiHennii UMeeT pa3MepHOCTh 4x6. KakoBa pa3aMepHOCTh: @) MATPUITHI
TOKOB BeTBeil; 6) MaTpuiibl Ai?

9. CoxpaHsieTcsi JIM OJHUM 1 TEM JK€ YHCJI0 KOHTYPHBIX YPaBHEHWUIT IIPU BHIOOPE pas-
JINYHBIX JIEPEBLEB?

10. IIpu xakoM mopsiIKe HyMepalluu CBSI3ell B MATPHUIle KOHTYPOB MOJKHO BBIZE-
JUTh €€ YacTb, IPENCTABJSIONYI0 CcOO0W eIMHUYHYI0 MATPHILy PasMEPHOCTHIO
[p — (@ — D]x[p — (¢ — 1)] (3necy p — umnciyio BeTBe, ¢ — YKNCIO y370B rpada)?
11. Uctounuros I/ C B mientu HeT. O3HavaeT au 970, 9T0 ypaBHeHuio Ci = 0 cooTBeT-
cTByeT pernienne a = 0?

12. [Ipu kaxom mopsizike HyMepaIuy BeTBell fiepeBa rpada B MaTpuIile CeYeHN MOJK-
HO BBIZIETTUTD YaCTh, SABJSIONMYIOCS eAMHUIHON AMAarOHAJbHON MaTpUIleii?

13. Yucro yamnoB rpada paBHo g. Kakoe HanbosibIiee 4ncI0 HEHYJIEBBIX 9JIEMEHTOB
MOJKET COJIEPKAThCA B CTPOKE MATPUIIBI CEUEHU?

14. Moxno s B cucreme ypasuenuii Ai =0, Cli =0, d=f(1) 3aMeHUTD ypaBHEHMSI
Ai =0 na ypaBHenus Di = 0? Viamensitcst sin penieHus i, U 9TUX YpaBHEHUI?

15. MOKHO Jint, UMest MaTPUILy CEYEHHiT, COCTABUTD: d) MAaTPUILY COeANHEHUH; O) MaT-
pUIly KOHTYPOB?

16. VamenuTCSA i MAaTPUIIA CEUEHUH, €CTU K HEKOTOPBIM y3JIaM IeMU MOAKIIOUNTh
BETBU C uzeaabHbIM uctounukom: a) IJC; 6) Toka?

17. VIsMeHWTCS T MaTPUIlA CEUEHU, €CIU B HEKOTOPBIE M3 BETBEH 1NN BKIIOUNTH
JIOTIOJTHUTEIbHbBIE MieaibHble ncTouHukn: a) DJIC; 6) Toka?

18. Toxu cBsazeit naiizensl. C MOMOIIBIO KaKOH M3 MaTPHUIL (TTOAMATPUIT) MOKHO pac-
CUNTATh TOKW BeTBell mepeBa’?
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19. BeTBu nepeBa 1 CBSI31 IPOHYMEPOBAHbI IPOU3BOJIBHO. MOXKHO JI BBIYUCIUTD MaT-
putiel C 1 D 110 usBectHoi MaTputie A?

20. Mosxno s, 3uas ameMeHThl MaTputlsl C u moamarputisl A, (cm. § 3.16), cocra-
BUTH MaTpuiry A?

21. B marpuiie coeuHeHnii yrepsina nadopmarust 06 anemeHTax k-ro croubia. Mox-
HO JIM €€ BOCCTAHOBUTb, €CJIM M3BECTHBI 3JIEMEHTBL: @) MaTPUIIbI KOHTYPOB; 6) cede-
HUI?

YMPAXKHEHWSA

1. Ha puc. B3.12 uso6paskenbi rpadbl cxem ajekTpudeckux ierneil. CocrtaBbre MaTpu-
bl coeqHennii. Paccuuraiite 3HaueHust omnpejesntesieit MaTpuil. 3aBUCST JI OHU OT
HyMepaluy BeTBel U y370B rpada?

) 2) 3) 4

N ST N
o & T
RN

0) 7 8) 9 10)

Jea
N N

1) 12) 13) 14) 15)

16) 17) 18) 19) 20)

Puc. B3.12

2. Cocrassre Tpad cxXembl, MATPHUIIA COEAMHEHNH A KOTOPOI M3BeCTHA:

0 1 0 0 1

0 0 1 0

A=|-1 -1 0 0 0
0 0 1 0 0

0 0 0 -10
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3. (P) Ykaxure omOKH, JOMYIIEHHbIE TPH COCTABIEHI MAaTPUIBI COEMHEHN I

0o 1 0 0 0 1
1 0 =20 1 0
A=|l0 -1 0 0 1 0
-1m 0 0 0 O
0 0 2 0 -2 1

4. Cuuras, yto B 1enu (puc. B3.13) Hapsiny ¢ n306paskeHHBIMU JIEHCTBYIOT OTOJIHI-
TeJbHbIe HCTOUHUKYN Toka T, (k =1, 2, ..., 5), HarpaBJieHHble OT y3Ja C MEHBIIUM HO-
MEpPOM K y3JIy ¢ OOJIBIINM HOMEPOM, COCTaBbTe MATPUIBI J 1 A J.

e3 r:3 L’3 C3 I’”3 L"}

i3

D N\ N L @ Ly
‘:_fw\—
i\ """ ®

~ r'e §L5
i6 i> . ()es

Puc. B3.13

3. [TyTp Mexay y3maMu m 1 7 TIPOXOANT TI0 HECKOJTBKUM BeTBsIM Tpada. B amextpu-
YeCcKon e 9T y3Jibl COEIMHAET TaKKE€ NCTOYHUK TOKaQ, HaHpaBJIeHHI)II'/JI OT y3Jla m
K y3sry n. CocTaBbsTe MaTpUIly I, CUMTas, 4TO YMCJIO BETBEl rpada paBHO p U UTO UC-
TOYHHMNKOB B IIE€IIN 6OJII)IH€ HET.

6. CocraBbre MaTpHIlbl KOHTYPOB rpadoB cxeM, n300pakeHHbIX Ha puc. B3.12.
7. CocraBbTe MaTpHIlbl cedeHuii rpadoB cxeM, M300paskeHHbIX Ha puc. B3.12.
8. 3anmmrire BeKTOPbI I IS cXeM, M300paskeHHbIX Ha puc. B3.8.

9. Msob6pasure Tpad cxembl, MaTprila cedeHnii D, KOTOPOro uMeeT BU/I

100 -1 0
D=0 1 0 0 -1j.
00 1 -1 1

10. Y6eautecs B cripaBeauBocTr cootnoniennit CDt = 0, DCt = 0, BbIpakaionmx op-
TOTOHAJIBHOCTH MATPUIL KOHTYPOB U CEUEHUI.
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3.6. YpaBHEHMSA 3/1eKTPUUYECKUX Leneun
YIMPAXHEHUS

1. (P) BerBu nemnu cojepsxar B 0611eM caydae HECKOJIBKO MOCTIEI0BATENIbHO COeIN-
HEHHBIX 9JIEMEHTOB, KKIBIN 13 KOTOPHIX MOKHO OTHECTH K OT/IeJIbHOI BETBU. YKa-
JKUTE TIPEUMYIINeCcTBa U HEAOCTATKU TaKOTO TMOAXOAA TIPU COCTABJEHWN YPaBHEHUI
e Ha OCHOBE TOTIOJIOTMYECKUX MATPHIL.

~ S =
2. (P) Hcrounuk Toka \SppraBJIHETCSI TOKOM U paBE€H ‘Sp = pqlq‘ Kaxkne HpeoﬁpaBO-

BaHUs ypaBHeHWH Al = —AJ He0OXOAMNMO BBITIOJHNUTD, YTOOBI ITpaBas YacTh ypaBHe-
HuA He coziepxkana Toka i,. Chopmympyiite anroput™ npeobpazoBaHnsa MaTPUIIBI A
IS corydast, KOT/la Bce MCTOUHNKN TOKA YIIPABJSIOTCS TOKOM OJHON M3 BETBEH.

3. Ucrounuku I/1C e ynpasistioTcst HanpsikeHussMu BeTBell. ChopMmyupyiiTe ajaro-
putM npeobpasoBanus ypasHenuii Cu = Ce, Ipr KOTOPOM B TIPaBYIO YacTh He OyayT
BxouTh D/ C yrpaBiasgeMbIXx NCTOUHUKOB.

4. B siHeliHOM 11enu IeMCTBYIOT MCTOYHUKU TOKA, YIIpaBJisdeMble HANPSKEHUSIMU
BeTBEll, I UCTOYHUKN HANPSKEHUS, YIIpaBJsieMble TOKaMu BeTBel. M3moxure anro-
putM peobpazoBanust ypasaenwuii mernu Ai = —AJ, Cu = Ce, i = Gu, u = Ri, npu koto-
POM B IIPABOIl YACTH MEPBBIX JIBYX YPABHEHUI OCTAIOTCS TOJBKO HE3aBUCUMbIE HCTOY-
HUKH.

4.1. XapakTepucTuKn cuHycompanbHbix 3[1C, HanpsHXeHUi n TOKOB

BOMPOCHI
1. Ilepron n3Menenus OHOTO N3 CUHYCOUAATBHBIX HampsKenuii pasen 0,02 ¢, gacTo-
ta u3menenust Apyroro 60 T, Y KoToporo ux Hux GOJIbIIE YIIOBask 4acToTa?

2. Y KaKoro U3 IBYX 3JIEKTPOMAIIUHHBIX TeHEPATOPOB cruHyconaaabHoit D/1C, nmero-
IUX OHY U Ty ’Ke YacTOTy HaIlpsLKeHWs, CKOPOCTh BpaIlleHUs POTOopa BBIIIE U BO
CKOJIBKO Pa3: y JBYXIIOJIIOCHOTO MJIN YETBIPEXTOJIOCHOTO?

3. Pasnoctsb (ha3 ABYX HampssKeHUiT BO3pacTaeT Mo JUHEHHOMY 3aKOHY OT BpeMEHU
¢ = kt. KakoBO COOTHOIIIEHNE MEXKIY YaCTOTAMU DTUX HAMPSIKEeHUIT?
4. (O) CoBnazaoT 11 KpUBbIE, COOTBETCTBYIOMNE (DYHKITUAM HAIPSKEHUS (B BOJIb-
Tax):

a) uy = 1sin ot 1 u, = 1 sin (ot + n);

6) u; =10 sin (ot + 30°) u u, = 10 cos (ot + 60°);

8) uy = 127+/2 sin (ot —=5)muy,= 12742 sin (ot + 355°);

2) u; = 22032 sin (ot — 2/3 1) 1 1y = 22072 sin (ot + 4/3 ).
3. (O) CrpaBennnBo Jin cieyioliee yTBep:KIeHe: BCe DIeKTPUIECKNe TeHePATOPDI

HePEeMEHHOTO HAIIPSIKEHMS], BXOSIINE B €IMHYI0 S9HEPreTHYecKyl0 CUCTeMY, Bpala-
IOTCST C OJTHON YTJIOBOM YacTOTOM ?

6. 3aBuCAT 11 cpejiHMe U JEUCTBYIONINE 3HAYEHUST CHHYCOUIATbHBIX TOKOB OT UX Ha-
YJaJbHbIX (hasz?

7. Bo CKOJIbKO Pa3 M3MEHUTCS cpejiiee 3HaYeHne CHHYCOMIAIBHOTO TOKA IIPH YBEJIH-
YEeHUU eTo Mepuoia B 2 pa3a U COXpPAHEHUU TOU Ke aMILIUTYIbI?
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8. Bo ckobKO pa3 uaMeHuTCs MeHCTBYolee 3HaYeHNe CUHYCOUJAIbHOTO TOKA TIPU
YBEJIMUYEHUH €T0 aMILIUTY/IbI B 7 Pa3 M COXPAaHEHUH TOH K€ YacTOTHI?

9. Mamensatcs s koadduient Gopmbl kg, 1 KoahduIneHT aMIinTy sl R, CHHyCou-
JATTbHOTO HANIPSKEHUS IPU U3MEeHEeHUH ero aMIntyasl oT U, no 2U,, u coxpaHeHUn
TOTO JKe Tepuoaa?

10. Cpeztee 3HaYe€HUE OJHOTO M3 JBYX CHHYCOMIAJbHBIX HATIPSIKEHUI GOJIbIIE, YeM
npyroro. CIipaBe/IJInBO JIU TaKoe JKe COOTHOIIeHUE 751 IeUCTBYIOINX 3HAYECHU M 9TUX
HanpsokeHnii? CrpaBesinBo iU 0OpaTHOE YTBEpPIKIeHIe?

11. KoabdummeHTsr (OpMBI IBYX HECUHYCOUATBHBIX MTEPUOANIECKUX HATIPSIKEHTH
onmHaKOBbl. OMHAKOBBI T (POPMbBI KPUBBIX 9TUX HANPsKeHU? VI3MeHuTcs i oT-
BET, €CJIM OJIMHAKOBBI KO3(PUITMEHTDI aMILIUTYAbl 9THX HATPSKEHU?

12. PaBabl u cpennane (AeCTBYIONINE) 3HAYEHNUS TPOU3BEACHUS CUHYCOUIATHHBIX
TOKA ¥ HANPSKeHUsT TIPOU3BE/ICHUI0, COOTBETCTBEHHO, UX CPeHUX (JeCTBYIOIMINX)
3HAYEHUIT?

13. Uzo6pasure kpusyio DJIC e(t), 1ist KoTopoit KoadduireHT (hOPMbI MEHBIIIE €11~
Huilbl. YeMy paBHBI MAKCUMATbHO BO3MOKHbBIE 3HAUEHUS kd) nk,?

YNPAXHEHNA
1. Onpezenure yroJ CABATA ¢ MEXK/Y HAIlPsKEHUEM 4 M TOKOM i U M300pa3uTe Ha
rpaduke Kpuble u(t) u i(t):

a) i=10v2 sin (o + 20°), u = 22032 sin (of — 20°);

6)i=10sin (ot + ©n), u = 2204/2 sin (ot — 1);

8)i=1,sin (ot + n/3), u= U, sin (ot + ¢ + ©/3);

2) i =~/2 sin (ot + 180°), u = sin (ot + 90°);

0)i=— 232 sin (ot —90°), u =100 sin ot

e)i=—sin ot, u =cos wt, a) i =2 cos ot, u = 10 sin ot.

Puc. B4.1

2. Vkaxute rpaduKh, Ha KOTOPBIX M300paKeHO HAIPsKEHUE, Olepeskaroliee TOK
(puc. B4.1).

3. CunycompampHoe Hampstkenue u(t) ¢ ammauryaou U, U,
nu300pakeHo Ha puc. B4.2 npu MpuHATOM Hayaje oTcyera
Bpemeny B Touke 0. 3anumure BbIpasKeHUE /I HANPSKe-
Hus u(t) Ipy IPYTUX HAYaIaxX oTcueTa BPEMEHW by, by, ts, Ly,
YKa3aHHBIX Ha PUCYHKE.

Puc. B4.2
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4. N306pasuTe KprBbIe MTHOBEHHBIX TOKOB ¥ HANIPSIKEHUH TaK, 4TOObI BBITTOIHSIINCH
cJIe/IyIolne YCJIOBUS: @) TOK OTlepesKal HanpsikeHne Ha Tt/2; 6) HanpsiKeHue orepe-
JKaJlo TOK Ha 7/4; 6) TOK M HampspKeHue ObLIN B KBAJPAType; 2) TOK W HalpsuKeHUe
ObLu B (pase, B mporuBodase.
9. (P) Onpenenure peiicTByIOININE 3HAYEHNST TIEPUOANIECKUX TOKOB U HAIIPSIKEHMUI,
n300paskeHHbIX Ha prc. B4.3.

a 6

B |u Blu
| |— 0,5 —
(014 [0
0 b 2n 0 T 21
0,5k-mmmmmm
8 Blu e Blu
1F-- 1F--
(014
0 T 2n
0 Ali
l\/\
X [0)]
0 e 2n
)KA i
1____
0 . ) | ot
/2 m 3n/2 2n
YAl
1\|\
[0)]
0 2n

Puc. B4.3

6. (O) Ompenenure cpennee 3navenue I/C, mHAyIIUpYEeMOU MEePUOANYECKU W3-
MEHSTIOIIUMCSI TTOTOKOCIIEIJIEHIEM, B/l KOTOPOTO yKaszaH Ha puc. B4.4. V3o6pasure
KpuBbIe e(t).

7. Onpenenute Koapduiuent Gopmbl 1 KOIGPUIIMEHT aMILTUTYIbI KPUBBIX, TIPE]-
CTaBJIEHHBIX Ha puc. B4.4.
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B6 | W Bo|W¥
Yok -, Yol -~
ot At
0 b 2n 0 T 2n
8 Bo|w ¢ Bo|w
Wol---, 2%

(011

7[\/2Tl.’ \/ 2n
1
Wof==mmmmaad “Wop------

Puc. B4.4

8. (P) Chopmynupyiite ycioBud, TpH BBITTOJHEHNN KOTOPBIX HaMpskeHne u(t), pas-
Hoe cymMme HanpspreHuin U, sin (@¢ + ;) u U, sin (¢ + ), n3MeHseTcs 10 Tie-
PHOMYECKOMY 3aKOHY.

4.2. BeKTOpHbIE AMArpaMMbl
BOMPOCHI

1. (O) MosxHO 1t TP TTOCTPOEHUN BEKTOPHBIX JUATPAMM UCIIOJIb30BATh He JIEHCTBYIO-
e W aMIJINTYHbIE 3HAYEHNUs, a CPEHIE 3HAUCHWST CUHYCOW/IATTHbHBIX BEJTUIMH?

2. (O) Bo3moskHO i1 n306paskeHne Ha OJHOM BEKTOPHOM JarpaMMe CJIeyOIuX map
HaIPSKEHUN U TOKOB:

a) u; = U, sin ot u uy = U,y cos ot
6)i=1,sin (ot — n) uu= U, sin ot + U, sin (ot + /2);
8) iy = I, sin ot u iy, = 1,5 sin 20¢;
2) uy = U, sin 3ot u uy = —U,, sin 3ot.
3. (O) Kaxkos yrou casura 110 (haze Mex1y CUHYCOMAAIbHBIM TOKOM KOHTYpa 1 00y-

CJIOBJIEHHBIM UM MarHUTHBIM TIoTOKOM? Mexny I/1C caMOMHAYKIINY KOHTYpa U BBI-
3BaBIINM €€ MarHUTHBIM TTOTOKOM?

4. Yronm MexIy BEKTOPAMH, COOTBETCTBYIOIIMMHU CHHYCOWAAIBHO MU3MEHSIONNMCS
TOKY U HallpsyKeHUI0, paBeH ¢ pu ¢ = ¢. COXpaHUT Ji OH CBOE 3HAYEHUE TIPH &, > t,?
B xaxom ciyuae 3HaueHUe @ 3aBUCUT OT BPEMEHU?

3. CoOTBETCTBYIOT JIM IIPABUJIA CJIOXKEHUST CUHYCOM/IAJIbHBIX BEJIMYMH HA BEKTOPHOMN
JuarpamMme TpaBuIaM UX CJ0KEHUS B TPUTOHOMETPUN?
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6. (O) MoXHO JiM ¢ TIOMOIIBbIO BEKTOPHBIX AMarpaMM M300pakaTb MEePHOANYECKIIE
HECUHYCOW/IAJIbHbBIE BEJTMUMHBI?

YMPAXHEHUA

1. V306pasure Ha BEKTOPHOMU JHarpaMMe TOK ¥ HAlPSKEHUEe TaKUM 00pa3oM, YTOOBI:
@) TOK onepeskas HarpspkeHue Ha 30°; 6) HalpsiKeHre 1 TOK HaXO[UJIUCh B TIPOTUBO-
(aze; 6) HanpspReHNe U TOK HAXOAWINCH B (Dase.

3anuimure COOTHOIIIEHM A, CBA3bIBAIOIME Hada/IbHbIE (1)8.31)1 TOKa M HaIIPpAKEHU:A B
YKa3aHHbIX BbIIIE CJIydadx.

2. N306pa3uTe Ha BEKTOPHOII [MarpaMMe CJIeAyoIine apbl TOKOB U HANIPSKEHUIL:
a)u=U,sinot,i=1,sin (ot +n/2);
6) u= U, sin wt, i =1, cos ot
8) u= U, sin wt, i =1, sin (ot + mn).
3. Ha BexTopHOIT 1rarpaMMe BBITIOJTHUTE CIOXKEHNE IBYX HATIPSKEHUN (B BOJIBTAX):
a)u, = V2 sin oL, Uy = V2 sin (ot + 1t/2);
0) u; = V2 sin o, Uy = V2 cos ot;
8) u; =2 sin (of — n/4), uy = /2 sin (ot + n/4);
2) u; = —sin ot, U, = sin ot
0) u; = sin ot, u, = sin (ot + ).
4. Tox KarTymKy WHAYKTUBHOCTA W HAMpPsDKEHWE HA HEH CBSI3aHBI COOTHOIIEHUEM
u, = L di/dt. VI306pasuTe Ha BEKTOPHOIN IWarpaMMe BeKTOpH U, u I, Tipu
i, =1, sin ot.

5. Pemure npeabiyinyto 3ajiady, paccMaTpuBasi BMECTO KATYIIKK WHIYKTUBHOCTU
@) pesuctop r, 6) kougencarop C.

6. (P) Maruutabii moTok @, cllernyIeHHbIi ¢ KOHTYPOM, I3MEHSIETCsI 110 CUHYCOUIATh-
HoMy 3akoHy. M3o06pasuTe Ha BEKTOPHOI AMarpaMMme BEKTOPbI IIOTOKA U MHIYIUPY-
emoii uMm B KoHType I/IC.

7. (P) B xoHType TeueT CHHYCOUAAMbHBIN TOK. FI300pasuTe Ha BEKTOPHOI ArarpaMme
BEKTOP MarHUTHOTO TIOTOKA, CIETIJIEHHOTO ¢ KOHTYpoM, 1 BekTop D/C camonnyk-
WU,

8. 3o06pasuite Ha BEKTOPHOI [ruarpaMme JiBa TOKa, CyMMa KOTOPHIX paBHa HY.JIIO.

9. (P) N3o06pasute BEKTOPHI TPEX TOKOB, JAEHCTBYIONIE 3HAYEHUsI KOTOPHIX PaBHBI,
a CyMMa paBHa HYJIIO.

10. (O) CunycounanpHble TOKA W HAMIPSIKEHUS HE MOTYT UMeTh 4acToTy o < 0. Ox-
HAKO TIOHSITHE OTPUIATEbHON YaCTOThI MOKET OBITh BBEIEHO (hOPMAJILHO M COOTBET-
CTBYIOII[€ BEKTOPBI TAKKe MOKHO M300pakaTh HA BEKTOPHBIX uarpammax. Yem pas-
JIMYAioTCs M300pakeHust BeKTOpoB i = I, sin ot u u = U, sin (ot + @) npu o > 0
uo<07?

11. (O) Ha puc. B4.5 nokasaHbl BEKTOPHBIE JUATPAMMbI, COOTBETCTBYIOIIIE HEKOTO-
POMY 3JIEMEHTY 3JIEKTPHUYecKoi 1ieru. V306pasute aTH 2JI€MEHTHI.
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Puc. B4.5
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12. (O) Ha cxemax puc. B4.6 ykasanbl meiicTByIOIINe 3HAUEHUST HAMPSIKEHU dJTe-
MEHTOB JIBYXIIOJIIOCHUKOB. OIIpejieJinTe ¢ MOMOIIbI0 BEKTOPHBIX JHUarpaMM JencT-
Byfoliee 3HaueHre U BXOZHOTO HAIPSIZKEHUS.

a 6 8
5B 5B 5B
U 5B U U
5B 5B
2 e} e
o—{—+— o— 1+ o—— 5B
5B 3B 3B 5B
S
U —— U U
5B 3B 5B
— |
Puc. B4.6

13. (P) M306pasute Ha BEKTOPHBIX JMarpaMMax TOKH ¥ HAIPSKEHMs Ha BCEX y4acT-
Kax Ileleil, moka3anHbeiX Ha puc. B4.7. [lapamMeTpbl 271eMeHTOB Iielleil, a TaksKe HaIpsi-
JKeHre Ha BXOjie TeTlell TPUMUTE TTPON3BOJIbHBIMII.

I

Cs r
U
L3 C 2
o

Puc. B4.7

T

14. (P) N3o6pasute cXeMy aJIEKTPUYECKON 1ETTH, COAEPIKAIILYIO TISITh TOCIe/I0BATE -
HO COEJIMTHEHHBIX 3JIEeMEHTOB, B KOTOPOI pu HanpsizkeHuu Ha Bxoze U= 220 B neiict-
BYIOIIME 3HAYEHUS HANPSKEHN Ha KaXK/IOM U3 ee 3JIeMeHTOB Takske paBHbI 220 B.

15. (P) Tpu anemenTa s7eKTPUYECKON TEMU COEMMHEHDI MOCIEI0BATETHHO-TTapaI-
JIeJTHHO, TIPUYEM JIEHCTBYIONINE 3HAYEHWST HAMPSIKEHUS Ha BXO/IE 1ENU U Ha KaXKIOM
U3 ee HJIEMEHTOB paBHBL. V300pasuTe cXeMy IEMU U ee BEKTOPHYIO JAUarpaMMy.
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16. (P) ITocTpoiiTe BeKTOpHBIE J[UarpaMMBI JIJIsT CXeM 3JIeKTpruaeckuXx 1ereit (puc. B4.8)
U ONpe/Ie/INTE YNCTICHHbIE 3HAUEHUS YKA3aHHBIX BEJTMUNH:

a) onpenenure U, I (r, = % =20m [[=10A; I,=14,1 A);
®

2

6) onpenenute U, I (I,=I;=4 A; oL, =1, =10 Owm);

8) onpenenute [ (U=10 B; I;=2 A; r, =2 Owm; b =3 Om);

oC,

2) onpenenute I, I,, I, (U= U, = U, =200 B; % =50 Om);
®

1
0) onpenenute U (I; =1, =4 A; 1, = oL, =oL, =2 Owm);
1

e) onpenemute I, I, I, (U=20 B; UL2 =10 B; T =6 Om; ;=4 Om).
oL,

Puc. B4.8

4.3. Tok B Lenu c nocnepoBaTesibHbIM U NapasiiesibHbIM
coeAuHEeHUEeM 3/1eMeHToB r, L, C

BOMPOChHI

1. (O) Ang uenu ¢ mocse0BaTeIbHO COEAMHEHHBIMU yyacTKaMu 7, L u C mocTpoeHa
BEKTOPHAs AuarpaMMa. Bo3MOKHBI JTU TaKKMe cOueTaHusT 3HaYeHU I TTapaMeTpoB 7, L 1
C, TP KOTOPBIX: @) BEKTOP HATIPSLKEHMST HAa PE3UCTOPe HAXOAUTCS B (ha3e ¢ BEKTOPOM
HANpPSKEHUsT Ha KaTyIIKe; 0) BEKTOP TOKa HaXOAUTCs B (hade ¢ BEKTOPOM BXOIHOTO
HaIPsKEHUsT; @) BEKTOP HAIIPSI’KEHUs Ha KOH/IEHCATOPE OTCTAET OT BEKTOPA HAIIPsIKe-
HUS Ha KaTYIITKe Ha YToJi 1/2; 2) BEKTOP HAINPSKEHUs HAa Pe3UCTOPe HaXouTes B hase
C BEKTOPOM BXOJIHOTO HAIPSIKEHUS ?

2. BO3MOJKHO JIM BBITIOJTHEHIE CJIEYIOIINX COOTHOIEHUI B M300pa- e ooHL Uc
sKeHHOH Ha puc. B4.9 uenu: a) U < U, 6) U < U;; 6) U > Ug °—|;|—”L“C-|
2)U,=Ug 0) Us> Uy e) U= U, "y i

3. [IpaBunbHbie yTBep:kAeHNA BomipocoB 1 u 2 nepedopmyaupyiite Puc. B4.9
TakUM 06pa3oM, YTOObI OHM OTHOCHINUCH (M OCTABAJIICH CIIPABEIJIN-
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BBIMU) K TI€TIH, COJIepsKallleil mapasieslbHo coeinHennble yuacTtku g, L u C. Ilposean-
Te aHAJIOTUIO MEX/Y IEISIMH, COCTOSIINME U3 TTOCIeI0BATEIbHO COCMHEHHBIX yda-
CTKOB 7, L 1 C u mapajyiesbHo COeIMHeHHbIX yyacTkoB g, L u C.

4. (O) TTouemy, HECMOTPsI HA OJIMHAKOBYIO Pa3MEPHOCTD BEJIMYWH 7 ¥ X, & TaKKe g 1 b,
TIPY pacueTax Hesb3sT WCIMOMb30BaTh BEJIMUUHB Z =7+ &; iy = g + b?

3. (O) Tloyemy B BBIpOKEHUU JIJIT PEAKTUBHOTO COMPOTUBIEHUST (ITPOBOIUMOCTH) WH-
NIYKTUBHOE U EMKOCTHOE COTIPOTHBIIEHUS (TIPOBOJIMMOCTH ) BXOZIAT C PA3HBIMU 3HAKAMU ?

6. B 1ienu, cocrogeii 13 mocyeoBaTeIbHO COeIMHEHHBIX YYacTKOB 7, L, C, BesmamHa
¥ CTPEMUTCA K HYJIIO. Onunmre n3MeHeHne yrija CABUTra MEKAYy BXOAHBIMU TOKOM U
HarpsiKeHNEeM.

7. (O) ¥Yroa caBura MeXIy TOKOM U HAIPSDKEHUEM B 3JEKTPUYECKON TeTH, COCTOS-
el U3 1MocaeoBaTeIbHO COeTMHEHHBIX YYacTKOB 7, L, C (IapajienbHO coelluHeH-
HBIX ydacTkoB g, L, C), mosoxkuteseH. MOKHO JIn M3MEHUTDb 3HAK YTJIA, MU3MEHSS:
@) conporusaenue r (IPOBOAUMOCTD &); 6) YacTOTy MPUIOKEHHOIO HalpsKEHUST;
B) eMKOCThb C; 2) UHIyKTUBHOCTD L?

8. Ilenb coCTONT U3 HOCTIEAOBATENBHO COEANHEHHBIX MCTOUYHUKA CHHYCOUIQJIBbHON
I/1C u pesucropa. MIamMeHuTCS JTt aKTUBHOE CONTPOTUBJIEHNE TIETIH, €CITH MapaJiieib-
HO PE3UCTOPY TOAKIIOUNTD: @) KOHIEHCATOP; 6) KATYIIKy WHAYKTUBHOCTH; 8) APYTON
pesuctop?

9. (P) B kakux npegesax OygeT U3MEHSATbCSA YIOJI MEK/IY BXOAHBIM TOKOM W Harpsi-
JKEHUEM Ha BXOJI€ JIBYXIIOJIOCHUKA, COCTOSIIIErO U3 COEAMHEHHbBIX TI0CIeI0BATEIBHO
y4acTKoB 7, L u C, Ipr UBMEHEHUH COTIPOTUBIIEHIS 7 PE3UCTOPA OT HYJIst 10 OECKOHeY-
HOCTH?

YMPAXHEHUA

1. YkaxkuTe cOOTHOIIEHUS MEXKAY BeanduHamu #, L u C 11 11emnu, COCTOSIIeH 13 1Mo-
CJIe/IOBATEJIbHO COEJMHEHHBIX YYacTKOB 7, L, C, IPU KOTOPBIX TOK: @) OIlepPesKaeT Ha-
npsKeHre Ha 45°% 6) coBIagaeT ¢ HalpsiKeHreM 110 (ase; 6) OTCTaeT OT HAIPSIKEH M
Ha yTos 1/2.

2. Onpenesiite 3HAYEHUE YTIOBOH YACTOTHI M), TIPU KOTOPOM aKTHBHOE COMPOTHBIIE-
Hye (aKTUBHAS TPOBOMMOCTD) IETH, COCTOATIEH U3 TTOCTeI0BATEeNbHO (TTapasiesb-
HO) BKJIIOYEHHBIX Y4acTKOB 7 (g), L, C paBHO ee TIOJIHOMY COIPOTUBJIEHUIO (TI0OJHOM
IIPOBOJIMMOCTH ).

3. (P) AxTuBHOE COTIPOTUBIIEHNE TPOBO/IA KATYIIKHU IPU YaCTOTE ) B IBA Pa3a MEHb-
1€ ee PeaKTUBHOTO conpoTusieHus (v =x;/2). Onpejpeanure 4acToTy ®, TPU KOTOPOIi
OyJIeT BBIIIOJHATBCS PABEHCTBO 7 = 2, TIPU YCJIOBHUH, YTO aKTUBHOE CONPOTUBJIEHME
He 3aBUCUT OT YaCTOTHI.

Puc. B4.10
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4. (P) Jlnst uzobpaxkeHnHbix Ha puc. B4.10 1emneii onpeaennTe oTcyTCTBYOIINE B TaO-
JIIle 3HAYEeHUs TOKA (CXeMbl @, 0, 8) WJIN HATPsKeHUsT (cxeMa 2).

Howmep Bapuanra | [, A I, A I,A |U,B | U,B | U.,B U, B
1* ? 5 2 1 1 1 ?
2 1 ? 3 40 40 ? 40
3 5 3 ? 10 ? 200 220

* Jlost cxeM a, 6, 2.

5. Beipasure neiicTBylonue 3HaUeHUST YKAa3aHHBIX Ha cxemax (puc. B4.11) TokoB u
HaNpsUKeHul yepes 3aganubie hyHkiun e(t) = E,,; sin ot, ey(t) = E,, sin (ot + ©/2),
3(t) = 3,4 sin ot, Iy(t) = T, sin (ot + ©/2) u Besmuunsl 7, L, C.

a i) 6 i(t)

Puc. B4.11
6. (P) CocraBbre mpocreiiiyue cxeMbl ABYXITOJIOCHUKOB, ¥ KOTOPBIX yTOJ CIBUTA
1o hase @ MesKIy BXOJAHBIMU TOKOM M Hamlpsikeruem: a) ¢ > 0, 6) ¢ = — n/2, ) ¢ = 0,
)0 <0,0)p=mr/2.
3AOAYN

1. (P) llokaxnTe, 94TO HE CyNECTBYET ABYXIOJIIOCHUKOB, COEPKAITUX TOJBKO Je-
MeHTbI 7, L n C, 1711 KOTOPBIX | @ | > 71/2.

2. (P) Llenn, cocTosimas u3 1mocyie0BaTeIbHO COCAIMHEHHBIX y4acTKOB 7, L u C, moj-
kmodena K nuctounuky J/C e(t) = E,, sin ot. [loxyunTte BoIpaKeHUs A BEJTTUNH
I(®), U(®), U (®). Onpegennte 9acToTy ®j, TpU KOTOPOH [(®) MOCTUTAET MaKCH-
MyMa.

4.4. MOWHOCTb B Llenu CUHYCOMAAIbHOIO TOKa

BOMPOChHI

1. (O) Mosxet a1 amexTprudeckas 1elb, B KOTOPOI MOTHAS MOTIHOCTD S paBHA aKTUB-
HOI MONIHOCTHU P, coziep:kaTh peakTUBHbBIE 3JIEMEHTHI?

2. TTpu KaKOM yCJIOBMM aKTHBHAsI MOIITHOCTH B TIeTH paBHa HyJ0? V306pasuTe aJiek-
TPUYECKYIO 11eTTh, COOTBETCTBYIONIYIO 3TOMY CJIyYalo.
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3. (O) MoryT /i1 6BITH OTPUIATELHBIMU: @) MOJHAST MOIIHOCTb; 6) aKTUBHAST MOIII-
HOCTD; 8) peaKTUBHAst MONIHOCT. [IpuBeanTe nmpumMeps.

4. IToueMy B 2JIEKTPO9HEPTETUKE CTPEMATCS K TMOBBITIEHNTO KO MUITNEHTA MOIITHOCTH ?

3. [lernb ¢ nocse10BaTENLHO COEIMHEHHBIMU YUACTKAMHY 7, L HAXOJUTCS TTOJ] IEHCTBH-
eM MCTOYHUKA Hampskenus u(t) = U, sin ot. VI3MeHuTCd 1 aKTUBHAST MOIITHOCTH B
eTH, eCJTU U3MEHUTDb YaCTOTY 7

6. CripaBeisIuBO Ji YTBEPIKAEHUE O TOM, YTO B JIBYXIOJIOCHUKE OTCYTCTBYIOT Peak-
TUBHBIE 3JIEMEHTHI, ecan @ = 07

7. (O) MrroBeHHasT MONTHOCTDb Ha BXOJIE 1IN, COCTOSIIEN U3 MOCJIeI0BATETHbHO CO-
eIMHEHHbBIX YYaCTKOB 7, L n C, paBHAa cyMMe MIHOBEHHBIX MOIITHOCTEH Ha KayKIOM U3
asnemeHTOB. CIIpaBeIuBO JIM 9TO YTBEPsKAEHKE st GoJiee CIIOKHBIX CXeM?

8. MmeroT i1 MecTo KosieGaHust 9HEPTUU B LIEISAX C OJHIUM PEAKTUBHBIM 9JIEMEHTOM?
9. Kousebiercst i akTUBHASE MOIIHOCTD TIPU KOJIeOaHUAX MIHOBEHHON MOIIHOCTH?
10. (O) MosxHO 11, T0Jb3YsICh TPAahUKOM MTHOBEHHOU MOIITHOCTH, OIIPEJETUTD, Ka-
KOI1 XapakTep (eMKOCTHBIN MJIM WHIYKTUBHBIN ) UMeeT CONPOTHUBJIEHNE TIETTN ?
YMPAXHEHNUSA

1. Berpaszute koauiineHT MOITHOCTH ABYXIIOIIOCHUKOB (puc. B4.12) yepes ux ma-
paMeTphbl, CYUTAs, UTO JIBYXIIOJIOCHUKH MOAKJIIOYEHbI K HCTOUHUKY CUHYCOU/IaIbHOTO
HaTPSKEHUS.
a 6 8 2

o (e}
G G J_
L C —|_ rl| C —|— r L
O O O

(e

Puc. B4.12

2. BoipasuTe cos ¢ 1enu 4yepe3 akTUBHYIO P 1 peakTuBHYT0 () MOTITHOCTH B 1IN CUHY -
COMJIATTHHOTO TOKA.

3. Ha puc. B4.13 nipuBeneHbl oCIUIIOrpaMMbl OIHOTO TIEPUO/Ia TOKA U HATIPSIKEHUS
JBYXIOJIOCHUKA. Haii/inTe akTHBHYIO MOIITHOCTb, TIOTPEOISIEMYTO IBYXITOJIOCHUKOM.

i(t) o Lo i(t)
U,,, Im _
) ) of ol— ) of | /2 3n/2
T 2n ke 2n b 2n
""" ~Unp---- I}~
Puc. B4.13
4. (P) Kak M3MeHUTCsI aKTHBHAS MOIIHOCTD IETIH, U300PasKeHHOI 10

Ha puc. B4.14, ipu e(t) = E,, sin ot, eciin BHYTPb KaTYIIKU BHECTU
dbeppomarauthbiii ceprednuk? (Ilotepsimu B cepiiedHuke mpeHed- e(t)<>

peun.)

Puc. B4.14
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3. (O) Tlenepatop cMHYCOUAAIHLHOTO HATIPSLKEHUS UMEET HOMUHATBHOE HATIPSKEHTe
U, HOMMHAJIbHBIN TOK [, 1 MOKET 1P aKTUBHOIN HArpy3Ke pa3BuThb MOITHOCTD Py = U,
I,. Ha cxosibko mpuiioch Obl TIOBBICUTD HalpsiKeHue redeparopa U, npu I, = const,
4TOOBI AKTUBHASI MOIITHOCTH Py B HArpy3Ke 0CTaJach HEM3MEHHOM TPH Ko uIreHTe
morHocTr Harpysku: a) 0,8; 6) 0,6; 6) 0,5?

6. I13BecTHBI aKTUBHAS MOIIHOCTD P B 1IeTH, a Tak’Ke TOJHAs MOIITHOCTD .S 1 TPUJIO-
JKeHHOe K 1tenn HanpspkeHue U. HalimuTte BeIpaskeHU U1 ONIpeieIeHIsT TapaMeTPOB
1 X, 2, & b, y nenn.

7. (P) ConporuBnenue mpoBOIOB KATYIIKU WHIYKTUBHOCTHU MIPU 9aCTOTE ®) MEHBIITE
ee MHYKTHBHOTO COIPOTUBJIEHNUs B 2 pa3a. Kak Hajlo MBMEHUTH YaCTOTY TOKA, YTOOBI
K03 bUIMeHT MOITHOCTH BhIpoc B 2 paza? [Ipumure fomyiienne o He3aBUCUMOCTH
COTIPOTUBJIEHUS TTPOBOIOB OT YACTOTHI.

8. (P) Onpeznenure koahPUIMEHT MOIIHOCTH B M300paskeHHbIX Ha puc. B4.15 cxe-
Max, CUUTast TIOKa3aHus IPUOOPOB U3BECTHBIMHU.

a) V, =120 B, V, =50 B, A, =2 A, P, = 50 Br;
6) V,=100 B, A, = 2 A, P, = 50 Br.

*

P,
E 23 |

Puc. B4.15

9. (P) Ompenenure mokasaHus BaTTMETPa B 300pakeHHBIX Ha puc. B4.16 cxemax.

a * 6 *

P r=10 Om OJJ_EEP_IlC:lO’SCD
I
L=01 rn§ &) CVD

[og

A1 =8A, A2=12A A1=5A,V,=40B

o2

V]ZIOB, VzZZOB,A|:lA A|:2A, V|:4B
Puc. B4.16



Bonpocsl, ynpaxHeHus, 3agaum k rnasam 3n4 221

10. Ha puc. B4.17 ngoGpaxen rpaduk MrHOBEHHOIN MOII- |,
HOCTH y moTpebuTesist asekTposnepruun. Onpepennre ak-
TUBHYIO, PEAKTUBHYIO U TIOJIHYIO MOIITHOCTH, & TAKKe COS @,
¢ KOTOPBIM paboTaer noTpebuTes.

P, =500 B-A, P.=100 B-A

11. Ilonyuute BbIpaskeHUS 751 MTHOBEHHOU MOIIHOCTU
Ha 3aKMMaxX BCeH I[eIH, a TaKyKe JJIsI MTHOBEHHBIX MOIIL-
HOCTEH Ha KaKIAOM U3 9JEMEHTOB HM300pakeHHbIX Ha
puc. B4.18 nemneit (e(t) = E,, sin ot, 3(t) = 3J,, sin ot).

a

6
@,/ @),
o]

e

3

Puc. B4.18

3AOAYN

1. (P) loxaxute, 94TO B I[N, COCTOSIIEH U3 TIOCIEOBATETPHO COCTMHEHHBIX yIacT-
KOB 7, L, Tp1 M3MEHEHUU 7, TOCTOSTHHON MHAYKTUBHOCTU L U MTOCTOSTHHON aMILJIUTY/Ie
MPUJIOKEHHOTO K IeNU CUHYCOWIATBHOTO HATIPSKEHWST aKTUBHAST MOIHOCTH JIOCTH-
raeT MaKCUMaJbHOTO 3HAUEHUS TIPH 7 = @ L.

2. (P) B ycnoBugx mpeabiyiieit 3ajaqu onpeaenTe MaKCUMyM aKTUBHON MOTIIHO-
CTHU TIPY MTOCTOSIHHOM 7 M TIepeMeHHOI L.

3. (P) C noMo1ibio BEKTOPHOII AMAarpaMMbl TIOSICHUTE, KAKUM 00Pa3OM MOAKIIOYEHIE
KOH/JZIeHCaTOpPa IIapaJljieJIbHO aKTI/IBHO-I/IH[[yKTI/IBHOI'/JI Harpy3ke MOJKET YBEJIMYUTb KO-
acpdurenT MOITHOCTH.

4.5. DKBMBaJIeHTHbIE NapaMeTpbl Lienu,
paccMaTpuBaeMoi KakK ABYXNOJIFOCHUK

BOMPOCHI

1. DxBUBasIICHTHBIC TAPAMETPHI ¥, 1 &, HEKOTOPOTO JABYXITOJIOCHNKA M3BeCTHBI. MOJK-
HO JIU 110 9TUM JAHHBIM OTIPEIETUTh BETUINHBI b, U X,?

2. (O) Mo:xxHO 1 N3BMEHNUTDb AaKTUBHYIO IIPOBOIMMOCTD I[eTIN, HEe U3MEHSIS ee aKTHB-
HOTO CONIPOTUBJICHUS?

3. (O) lenp nmepemennoro Toka coctonT u3 ncrounuka I/C u pesucropa. Kakue
HJIEMEHTDI CJIeyeT BKJIIOUUTH B II€1b, YTOObI BBOE YMEHDBIIHUTD €€ 9KBUBAJIECHTHYIO
AKTUBHYIO TIPOBOIUMOCTD, OCTABUB HEU3MEHHBIM aKTUBHOE COIPOTUBJIEHNE?
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4. (O) MsBectHbl KO2(PDUIIUEHT MOITHOCTH IBYXIOJIOCHUKA U €T0 9KBUBAJIEHTHOE
HOJTHOE cONpoTHBJeHne. MOryT Ji ObITh OZIHO3HAYHO OTIPE/EJIEHBI TI0 TUM JTAHHBIM
9KBUBAJECHTHOE aKTUBHOE M PEaKTUBHOE COTIPOTHUBIEHUS ABYXITOJIOCHUKA?

3. PeakTuBHAsI MOTIIHOCTD JIBYXIOJIOCHUKA OTpUIlaTesibHa. O3HAYAET JIU 9TO, YTO €T0
9KBUBAJIEHTHOE PEAKTUBHOE COTIPOTUBJIEHNE HOCUT EMKOCTHBIN XapakTep? MoxkeT i
ATOT ABYXIOTIOCHUK COMEPKATh KATyIIKU WHAYKTUBHOCTH ?

6. Moxer u OIVH 1 TOT K€ JABYXIIOJIIOCHUK MMETH PAa3/IMYHbIE CXEMbI 3aMEIEHUA
1PN Ppa3HbIX YaCTOTaX CMHYCONJa/JIbHOTO TOKa?

7. (O) MoskHO 7T TOCTPOUTD ABYXITOTIOCHUK C PEAKTUBHBIMU 2JIEMEHTAMHU, BXOHBIE
COTIPOTHUBJIEHNE U TPOBOJUMOCTH KOTOPOTO He 3aBUCSIT OT YACTOTHI?

8. DKBUBaJIEHTHOE AKTUBHOE COIPOTUBJIEHNE MACCUBHOTO MTPOBOJIHUKA [TPU YACTOTE
TOKa ®, paBHO 7. Kak n3meHseTcss 9KBUBaJI€HTHOE COIIPOTUBJIEHNE IIPOBOAHUKA TIPU
yBenndeHnn 9actothl? C KakuM (DU3UIeCKUM sTBJIEHNEM CBSI3AHO M3MEHEHUe COMpPO-
TUBJIEHUS ?

9. (O) K xatymike WHIYKTUBHOCTH, HAXOAIIEHCS IO/ IeMCTBUEM TIePEMEHHOTO Ha-
NPSDKEHMs], TOHECIN MeAHY0 OoBaHKy. Kak M3MeHUTCs 9KBUBAJIEHTHOE aKTHBHOE
COIPOTHUBJIEHNE KATYIIIKH?

YMPAXHEHUA

1. YkaxuTe c11ocod u3mMepeHust 9KBUBAJIEHTHOTO TIOJIHOTO CONMPOTUBJICHHS U 9KBUBA-
JIEHTHOTO aKTHBHOTO COTPOTHBJIEHUS Tienu. 300pasure cxemy € MCIIOJb30BaHUEM
aMITepMeTpa, BOJIBTMETPA U BAaTTMETPA JIJIsT BHITIOTHEHUS U3MEPEHUI.

2. (P) Cxema HEKOTOpPOTO ABYXIIOTIOCHUKA Hen3BecTHA. VICIob3yst aMIiepMeTp, BOJIBT-
METP U BaTTMETP, & TAKKe JIOTIOJIHUTEIbHbIE KOHJIEHCATOP U KaTYIIKY WH/YKTUBHOCTH,
MIPEITIOKUTE HECKOJIBKO PA3JIMUHBIX OTTBITOB, KOTOPBIE TIO3BOJIAT OTIPEETUTh BETMUIMHY
1 3HaK 9KBUBAJIEHTHOTO PEAKTUBHOTO COTIPOTHBIIEHUS ABYXITOJIOCHUKA.

3. (P) /lns cxem, nsobpaskeHHbIX Ha puc. B4.19, onpenennre sKBUBaJEHTHbBIE TTapa-
METPBI 7y, Xy Zy, Yoy Doy & TP X, = X =7 =1 OMm.

a 6

Puc. B4.19

4. (P) [lnst cxem, nsobpakeHHbIX Ha puc. B4.20, onpepesnnre BeJIMUMHY X, TPH KOTO-
POl TOK Ha BXOjie 1eNu U MPUIOKEHHOe K Hell HApsuKeHe COBIAIAIOT 1Mo (hase.

6 I 1 8 1 e
e
| l -
Xc
r XL XL
Xc
o o

Puc. B4.20
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5. (P) ITapamerpnl n3obpaskeHHbIX Ha puc. B4.21 anekTpudeckux nemnei mpu 4acro-
Te M = ©) HATIPSIKEH WS Ha BXOJIE TAKOBBI, UTO 7 = X7 =X ¢. COoCcTaBbTe CXEeMbl 3aMeIEeHNs
3TUX TIenel TIPU ® >> g © << .

a 6
¥
C L

—

8
47
C L

e
P
14

Puc. B4.21

6. HpI/IBelII/ITe IIpUMEPDbI ueneﬁ, CXEMbI 3aMEII€EHNA KOTOPbIX CJIEAYET N3BMEHATH IIPU
N3MEHEHUN YaCTOTbhI HAIIPAKEHNA Ha BXO/E.

3AO0A4YN

1. (P) Ha puc. B4.22 uzobpaskeHbl B 2JIeKTPUUECKUE [EMU. YKaKUTE A1arna3oH 13-
MeHEeHWs 9acTOThI ® TOKa, TIPU KOTOPOM ITH TIeTTH MOTYT paccMaTPUBAThC Kak IO-
ceoBaTesbHbIe ¥L-TIemnn.

2. VI3BecTHBI peaKTUBHASI COCTABJISIONIAS TPUJIOKEHHO- a
ro K Ienu HalpsSKeHU UP, peakTUBHAA COCTaBJIAIONIAA
TOKa Ielun Ip, AKTUBHASI MOIIHOCTb P, HOTpe6JIHeMaH L
nenbio. [lomyuurte BbIpasKeHUS 1751 OTpeNesieHUus cJie- O_||
AYIONIUX BEJIWYUH: COS @, 7, X, Z, & TaKK€ AKTUBHBIX
COCTaBJIAIONINX TOKA W HAIPSIIKEHUS. Puc. B4.22

3. (P) Ilenp coctout u3 mocyie0BaTeIbHO COEAMHEHHBIX UCTOUHUKA CUHYCOUATb-
noit J/1C, neficTBylolliee 3HaUeHNE KOTOPO# paBHO E, W ABYXITOJTIOCHUKA, SKBUBa-
JIEHTHBIE aKTUBHOE W PEAKTUBHOE COMPOTUBJIEHUS KOTOPOTO PaBHBI, COOTBETCTBEH-
HO, 7, 1 X,. OnpenennTe akTUBHYIO [, 1 PeaKTUBHYIO [, COCTAaB/IAIONIME TOKA JBYXIIO-
JIIOCHUKA.



[(naBa naTad

MeToabl pacueTa 3/1IeKTPUUYEecKkux uenem
Npy YCTAaHOBUBLLUXCS CUHYCOMAAJIbHOM
M MOCTOSAHHOM TOKaX

5.1. KomnnekcHbii MeTop

B macrosimeii rimaBe paccMOTPUM METOZBI pacdeTa YCTAHOBUBITUXCS PEKUMOB B JIH-
HEeWHON anekTpudeckoit menu, xkorga D/C, Toku W HANPSIKEHUS SBJISIOTCS CHHYCO-
upanbHbIMUA (DYHKIMsIMU BpeMeHH. Kak ObLII0 OTMEYeHO paHee, OnpeiesieHne TOKOB 1
HATPSUKEHNH B TAKWX TIETIIX CBSI3aHO C HAXOXK/IEHUEM YaCTHBIX PEIeHUH HeoTHOPOI-
HBIX i DepeHnnaIbHbIX YPaBHEHUI, 3aITNCAaHHBIX HA OCHOBE 3aKoHOB Kupxroda.

Brruncienme nemocpesicTBEHHO O TTEPBOMY 3aKOHY Kupxroda HEeKOTOporo Toka
0 JIPYTUM YoKe HalIeHHBIM TOKaM, CXOANUMCS K IAaHHOMY y3JIy TIeTIH, UJIU BhIYNC-
JieHue 1o BTOpoMy 3akony Kupxroda mnajenns HanpsiKeHUst Ha HEKOTOPOM y4acTKe
KOHTYpa IIeTTH 110 Y>Ke HalIeHHbIM TaJICHUSM HAIPSDKEHUS Ha PYTUX yYacTKaX KOH-
typa 1 D/IC, BXOAANNM B JaHHBIA KOHTYP IEIH, TPeOYIOT CYMMUPOBAHUSA CUHYCOM-
JATBHBIX TOKOB min Hanpssxkeruit nu /1 C. Oxnako ata omepanus cBsI3aHa ¢ TPOMO3]I-
KUMU U TPYJOEMKUMU BbIYUCTICHUSIMU.

IpOoMO3IKOCTD TIOI0OHBIX BBIYUCTIEHUI SIBJSETCS CJIECTBUEM TOTO, YTO CHHYCOM-
JaTbHAs BeJTMYNHA — TOK, Hanpsskenne, J/1C — mpu 3a1aHHOM YacTOTe ® OIpe/Ieis-
eTcst 08YMsi BEJIMIMHAMU — AaMIIJIUTYAO0NW U Ha4albHOU G a3oil.

Cy1iecTBEHHOE YIPOIIEHUE JOCTUTAETCST U300pakeHNEM CHUHYCOUIAIbHBIX (hyHK-
Ui BpeMeHN KOMILIEKCHBIMU YncIaMu A, Tak Kak Kaxkioe KOMILIEKCHOe YHCTIO CO-
JEPAKUT B cebe 06¢ BEIMUMHBI — MO 1Y JIb A U apTyMeHT \y, IPU MOKAa3aTeIbHON
bopwme sanmcu

A — Ael‘UA
WJIM BENEeCTBEHHYIO a;=A Ccos W, M MHUMY IO ja, =jA sin y, cocTaBisiomnme
npy anre6pandeckoil ¥ TPUrOHOMETPUYECKON (POpMax 3alucu

A=a, +ja, = Acosy , + jAsiny ,,
rae j = J—1u e — ocnosamue HaTypaJbHBIX JIOTAapU(MOB.

MeTo, OCHOBAaHHBIA Ha CHUMBOJIMYECKOM M300paKeHUN JeHCTBUTEIbHBIX CHHY-
COMAIBHBIX (PYHKITUI BpeMeHN KOMILJIEKCHBIMHU YHWCJIaMU, BBEAEHHBIH B TEOPUIO
nepeMeHHbIX TOKOB [IlTeitHMeriom, a 3ateM B mupokoe yrnorpebiaenue B Poccun aka-
nemukoM B. @. MuTkeBuueM, OyieM Ha3blBaTh KOMIJEKCHBIM MeTO 10 M. Ero
Ha3bIBAIOT TAKKE€ CUMBOJIMYECKUM METO/[0M, Tak KaK OH OCHOBaH Ha CUMBO-
JIMYECKOM M300pakKeHNN AeHCTBUTENBHBIX CHHYCOMAATBHBIX (DYHKIMI BpeMeHN
KOMILIEKCHBIMU YMCJIAMU.

Jlyist BelieCTBEHHON ¥ MHUMOM YacTeil KOMIIEKCHOTO YHCIa YIOTPeOISIOT TaKsKe
obosnavenus a; = Re (A), a, = Im (A).

Cy11ecTBYIOT cJIeyIolIe OYeBUIHbIE CBI3U:

a, =Re(A)=Acosy ;; a, =Im(A)=Asiny ,;; A=\a’ +a’; v, =arctg?.

a
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3amMeTum TaKKe, 4TO

JlBe KOMILJIEKCHBIE BeJIMYMHBI, UMETOIIIe PaBHbIe MOJLYJIA U PaBHbIE, HO TIPOTHUBO-
MOJIOJKHBIE 110 3HAKY apryMeHTbI, Ha3bIBAIOT C O 11 P 5 ’K € H H bI M 1. Ecsin nmeeM KoM-
nekcHoe uncao A = Ae™* = a, + ja,, To conpsiKeHHOe eMy KOMILIEKCHOE YUCI0 3ali-
mercs B opme A = Ae ™' = a; — ja,. Baxso oTMETHTH CIELYIONME CBOCTBA
COIPSIKEHHBIX KOMILICKCHBIX YUCEL:

AA = AeM Ae M = A%
Re (A):i(A +A); Im (A):i,(A-A).
2 2]

IIyctb nmeeTcst cuHyconiaibHO U3MeHsomuiics Tok i = I, sin (ot + ;). Ero mosx-
HO TIPEICTaBUTh B (hopMe

i=1I,sin(ot+y,)= ;,[Imej(w”“”) -1, e_j(w”“"')} =Im [Im ) }
J

YTO BUJHO TaKyKe€ N3 COOTHOIIIECHUA
I ej(wHw)

m

=1, cos(t+vy;)+jI, sin(ot +y,).
KommiexkcHoe yucsio

7| [y ; P . . .
I e](m W1) _ Ime]\ul e]ml, _ Ime]wl

m

u OGyjeM paccMaTpuBaTh Kak CHMBOJIMYECKOE M300pakeHue AeiiCTBUTENLHOTO CUHY-
COMIAJIBHOTO TOKA i = [, sin (®f + \;); OHO, TaK ’Ke KaK ¥ BeJTMUNHA i, ONIPEIEISIETCS
[IPU 3aIaHHOI YaCTOTe ® 08YMs BETUIMHAMU — aMIUIUTY0U [,, 1 HadaibHO# (a -
30i1 ;. Kommexcroe umeno I, e’ HasbiBaioT KOMIIeKCHO aMIJIUTY A0 i

Toka. BBozst 3Hak uzoGpaskenus =, Gyiem mucaTh
. . J( ot+y; . .
i=1,sin(ot+y;) = Ime( )=Ime"’”.

Takum 06pa3oM, [Jist Tepexoa OT AeHCTBUTENHHON CHHYCOUAATBHON (hYHKITHH,
HA30BEM €€ OPUTUHAJIOM, K €€ M300paKaIou[eil KOMILJIEKCHON BeIMUnHEe HEOOX0LUMO
MO/LYJIb TIOCJIE/IHEN B3SITh PABHBIM aMILJIUTY/IE CUHYCOUJANbHON (DYHKIIMM U apry-
MEHT B3SITh PaBHBIM apryMeHTy CUHYCOUAATHHON (DyHKITHH.

Jliist o6paTHOTO mepexoa 0T KOMIUIEKCHOTO YKC/Ia, N300pasKaroIiero AeiiCTBUTE b-
HYIO (DYHKIIMIO, K CAaMOWl JIeWCTBUTEIbHOU (DYHKIINH, T. €. K OPUTHHAIY, HEOOXOIUMO
B34Tb KO3(MUITMEHT MPU j MHUMOI 4acTH KOMIIJIEKCHOTO YHCJIA.

PaccmoTpum Temephb BeIpakeHue AT MPOU3BOIHON 1T0 BPEMEHU OT CTHYCOU/IATb-
HOI'O TOKA

Z;lzlf =ol,cos (0l+vy,)=0l, sin(mt+\ui +;j

V13 TOIbKO YTO CKa3aHHOTO BBITEKAET, UTO ee M300paxkenne OyaeT NMeTh BUJL
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j(wH\uﬁﬂJ
2

.
ol e =ol, e Hotwwi)

.TU
5 j(otty; . .7 i
2/(01v1) = jol e = jol ™.

Takum o6pasom,

di = jol ",
dt
T. €. OTleparyst B3SITUST TPOU3BOTHON OT JIEUCTBUTETHHON (DYHKIINU 3aMeHsIeTCS] YMHO-
JKEHHEM Ha jo ee KOMILUIEKCHOTO n3o0paxeHusi. COOTBETCTBEHHO, /IS IPOU3BOIAHOM
1-TO TIOPSI/TKA UMeeM
d"i

7

Jot

= (jo)"I,e"".

PaCCMOTpI/IM BbIpakeHune /Jid 3apsdna, paBHOTO MHTErpaly OT CMHYCOUIAa/JIbHOTO
TOKa:

t
q(t):Jidt+q(0):—[—’”cos(a)t+\pi)+ [—’”coswi +q0) |
! 0] o)

Tak Kak MbI paccMaTpUBaeM TOJIBKO CJlydad, KOTZa IPUJIOKEHHOE K 3aKIMaM
tenn Hanpsprenue u JJ1C, elicTByIoIIME B €N, CHHYCOU/IAJIbHBI U HE COJIEPIKAT T10-
CTOSTHHBIX COCTABJISIONINX, TO, KaK ysKe ObLIO MOJIy4eHO B § 4.4, HANPSIKEHUsT Ha KOH-
JIeHCATOPax, a CJIeA0BaTeIbHO, U 3apsiibl Ha KOHIEHCATOpaxX TakKe He COomepsKar I10-
CTOSIHHBIX COCTABJISIIOIINUX U, COOTBETCTBEHHO,

I
—cosy; +¢q(0)|=0.
0

Takum o6paszom,

t
Iidt+q(0) = —[—"’cos(mtﬂvi) = [’”sin(oatJr\yi _n}
o ) 2

0

Vckomoe nsobpaskenne OyaerT UMeTh BUJL

! j| otr =T _ir ot )
Iidt+q(0):>1’”e( 2]217"1@]261(“‘"):]46/%6 .
0 o Y Jo Jjo

joot I jot
Jot _ " m €] ,

T. €. OTIEePAINsT HMHTETPUPOBAHUS IEHCTBUTENHHON (DYHKITIY 3aMEHSIETCS JIeJIEHIeM Ha
J® ee KOMIIJIEKCHOTO N300paskeHusI.

Takum 06pa3oM, KOMILJIEKCHBIN METO/L SIBJISIETCST Memodom aizebpausavuu iudde-
peHIUaIbHBIX ypaBHeHui. CyIHOCTh ero 3aKII0YaeTcsl B TOM, YTO CHavaja Bce 3a-
AaHHble QYHKIUN BPEMEHU 3aMeHsieM WX KOMIUIEKCHBIMU M300pasKeHUsIMU U BCe
nuddepeHnmaibabie W anrebpandecKue ypaBHEHUS, COCTABJIEHHBIE 10 3aKOHAM
Kupxroda, 3amensiem anreOpandecKMMy ypaBHEHUSIMU B KOMILIEKCHOH (hopme, co-
JIePIKANTIMI KOMILIEKCHBIE BEJIMYUHDI 33JITAHHBIX U MCKOMBIX (DYHKIIUI ¥ UX TIPOU3-
BOJIHBIX ¥ MHTerpasios. Pelas s1u ajnrebpanyeckiie ypaBHEHUs, HAXOAUM KOMILIEKC-
HBIe BBIPAKEHUST MCKOMBIX (DYHKIUN W OT HUX TIEPEXOMM K OPUTHHAJIAM HTHUX
pyHKIIHIL.
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B Buie npumMepa paccmoTpuM yparerne Kupxroda /ist menu ¢ mocsie[oBaTebHO
COEIMHEeHHBIMU yyacTKamu 7, L 1 C, K 3a)KkuMaM KOTOPOIl NMPUJIOKEHO HAIPSKEeHUe
u= U, sin (ot + y,). OHO UMeeT BUJ

o t
isp %1 jidt+q(0) =u.
e C|y
t
M300pasuB HaMpsKEHME U, TOK i, €70 IPOU3BOAHYIO di/dt i uHTeTpa _[ idt + q(0)
0
X KOMIIJIEKCHBIMMA BbIpaK€CHUAMU

v, e, 1, jol, e u —me,
jo
rnel, =U, e ul, =1 e, nomyunm anreGpanmdeckoe ypaBHeHHe B KOMILIEKCHOI
dopme
Jot . Jjot Jjot Jjot
rl, e’ +joLl e +—1, e =U,e™.
joC
CokpaTuB ero Ha €', Haijem
. . 1 :
I,|r+jol+—|=U,
joC
i
i, = U
" r+joL +1/(joC)
N3 nocnenHero ypaBHeHUs JIETKO OINpPeeJisIeTcsT KOMIIJIEKCHAs aMILUIUTy/Ia TOKa

I, =1,e"", Haiisiss KOTOpYI0, CPa3y MOKHO HANMCATH PA3bICKMBAEMOE YaCTHOE peliie-
HUE, T. €. BBIPAKEHUE JIJIT MTHOBEHHOTO TOKA YCTAHOBUBIIETOCS PEXUMA, 2 UMEHHO

i=Im(l,e)=1,(sinot+y,).

Hac 006b14HO MHTEPECYIOT AeiCTBYIOIINE TOKKM U HAlPsKeHust. Tak Kak JIeidcTBYIO-
Hire CUHYCOUIAJIbHbIE TOKU U HATIPSI)KEHUST MEHbIIe UX aMILIUTY/L B 2 pas, To 0ObIY-
HO BMECTO KOMILJIEKCHBIX aMILJIUTY/I PACCMAaTPUBAIOT KOMIIJIEKCHbBIE€ JeUCT-
BYIOI[ME BeJ UYUH bI:

i:I—m:Iej‘"i; U:U—’":Uej“’“.
V2 V2

B nasbHeiiieM KOMILJIEKCHBIE JIeiicTBYIONME TOK, Hanpsikenue wim J/1C Oymnem
JUTSE KPATKOCTH UMEHOBATh KOMIIJIEKCHBIMY TOKOM, HATIPSAKEHUEM WIU
I/1C.

WnTepecysich TOABKO J€UCTBYIOIMIUMUA TOKAMU W HANIPSIKEHUSIMU U UX HAYAJIbHbBI-
Mu (hazaMu, a COOTBETCTBEHHO, M cABUraMu (a3, OyieM OIycKaTh MHOKUTEb €/,

YeTaHOBUM COOTBETCTBHE M300paKEHWMIT CHHYCOMIATBHBIX TOKOB, HAIPSKEHUI
u D/IC KOMILIEKCHBIMU JEHCTBYIOINIMMU 3HAYEHUAMKU ¢ UX HU300paKeHUsIMU C I10-
MOII[BIO BEKTOPOB.
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Bynem oTkmapiBaTh BEKTOPBI B KOMILJIEKCHOH 1itockocT. [1o BepTrKambHO# ocH,
Ha3bIBAEMOI O ChT0 BETI€EC T B € H H bl X, OTKJIAIbIBAEM BelllecTBeHHbIe yncya. [1o ro-
PU30HTATBHON OCH, HA3bIBAEMOH O CHI0 M H U M Bl X, OTKJIQIbIBAEM MHUMbBIE YHCJIA.
[TostoskuTeIbHBIE HAITPABJIEHHSI OCell OyieM OT™MedaTh 3HaKaMu «+1» u «tj» (puc. 5.1).
[TokasanHas Ha puc. 5.1 opueHTanust oceil OOBIYHO TIPUHUMAETCST TIPU TOCTPOCHUH
BEKTOPHBIX JHATPAMM.

7 +1 YesoBuMcs Havasia BEKTOPOB COBMEIATD € HAYaJIOM KOOP/IMHAT,

i JUTHHBI BEKTOPOB B COOTBETCTBYIOIEM Maciitabe Gparth paBHBIMU

_ Q\\i JEHCTBYIONUM TOKY, Hanpsikennto uian I/1C n yribl Mexay ochio
U W

BeI[eCTBEHHBIX 1 BEKTOPAMU MPUHUMATh PABHBIMU HAYAJIbHBIM (ha-
3aM COOTBETCTBYIOIMNX BeAUIUH. [Ipr 3TUX yCIOBUAX KaXKI0H KOM-
IJIEKCHOM BeJIMYMHE COOTBETCTBYET ompenesieHHbIN BekTop. Co-
+j 0 HPSDKEHHBIM KOMILJIEKCHBIM UYMCJAM  COOTBETCTBYIOT BEKTODBI,
SIBJISTIOTIIMECS] 3€PKATLHBIMUA U300PAKEHUSAMHE JPYT APyra OTHOCHU-
TEJIbHO OCH BeIeCTBEHHBIX.
Ha puc. 5.1 usobpakeHbl Ha KOMILJIEKCHON ILIOCKOCTU BEKTOPbI HANPSAMKEHUS U
TOKA, KOMIIJIEKCHBbIE BBIPAKEHUST KOTOPBIX MMEIOT BUJI

T _ Nu . _ TpVi
U=Ue"; I=1e"".
Ecin u — HanpsikeHue Ha 3aKMMax Ileld, a i — TOK B 3TOHW IIeMH, TO MEX/Yy WX

ZIeIL/,ICTByIOH_H/IMI/I 3HAYEHUSIMU nMeeTcs ¢Bs13b U = Iz 1 oHI C/AIBUHYTBI 110 cl)ase Ha yTroJi
¢© =V, — ;. [Ipu aTom /7151 TIepexo/ia OT BEKTOPA TOKA K BEKTOPY HANPSIKEHMS HAIO

Puc. 5.1

. a
TIePBbIiT TIOBEPHYTH HA YTOJI (¢ M U3MEHUTD [INHY BEKTOPA B — Z Pa3, T/ie @ — Macuitad
v

JUIsL BEKTOPA TOKA U © — MaciTad /sl BEKTOPA HALIPSIKEHMSL.

CoOOTBETCTBEHHO, [IJIST TIEPEX0/ia OT KOMILJIEKCHOTO TOKAa K KOMILJIEKCHOMY Hallpsi-
JKEHUIO HeOOXOMMO apryMeHT IIEPBOro YBEJIUUUTh Ha @, TaK KaK \J, = ; + ¢, U YMHO-
JKUTh €ro MOLYJib Ha 2, Tak Kak U = Iz, T. €. He0OXOANMO YMHOKUTH KOMILJIEKCHBIN TOK
Ha KOMILJIEKCHOE YUCJIO Z€/°.

Takum 06pasoM, YMHOKEHME KOMILJIEKCHON BEJIMYMHBI HA €® COOTBETCTBYET TI0BO-

m

. .y
POTY BEKTOPa Ha YTroJ . YMHOKEHIE KOMILJIEKCHON BEJIMYMHBI HA j = € 2 COOTBETCT-

ByeT TIOBOPOTY BEKTOpa Ha yToJI 1t/2.

TeomeTprueckoe CyMMEPOBaHUE BEKTOPOB, M300pAKAIONIMX HAMPSIKEHUST WJIH
TOKHU, COOTBETCTBYET aJIreOpanyecKOMY CYMMUPOBAHHUIO COOTBETCTBYIOIIIX UM KOM-
IIVICKCHBIX BCEJIMYNH. ﬂeﬁCTBI/ITGJIbHO, IIprU T€OMETPHUYECKOM CJIOKEHUUN BEKTOPOB
CKJIA/IBIBAIOTCST /ITeOPaNdecKH X TIPOEKITNH OTAEIBHO 110 OJTHON 1 OT/IEJIBHO T10 IPY-
roif B3aMMHO TEPHEHINKYJISPHBIM OCSM, a MpU aareOpandyeckoM CJIOKEHHH KOM-
IJIEKCHBIX YMCEJT CKJIA/BIBAIOTCS anreOpanveckyl OT/IeJIbHO UX BeleCTBEHHbIE U OT-
JA€JIbHO NX MHUMbIC COCTaBJIAIOIINE.

5.2. KoMmnnekcHblie CONpoTUBJ/IEHUE U NMPOBOAUMOCTb

OrtHomenne KOMIJIEKCHOTO HAMpsiKeHusA U K KOMIIZIEKCHOMY TOKY / Ha3bIBAIOT K O M -
NJIEKCHBIM COMPOTUBIEHUEM Ienu u 00o3HavaioT Z. B cooTBeTCTBUN C U3-
JIO)KEHHBIM B TIPeNbIAyIeM naparpadge nmeem
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U o oy .
Z=—=2ze" =zcos @+ jzsinp =7+ jx,
1
r7ie 7, X U Z — aKTUBHOE, PEAaKTUBHOE ¥ TI0JTHOE COTIPOTUBJIEHUS TIeTH, a Z U ¢ — MO-
IIyJTh U apTYMEHT KOMILTEKCHOTO COTTPOTUBIEHUS.
OTHOIIIEHEe KOMIIJIEKCHOTO TOKa | K KOMILJIEKCHOMY HampsikeHuto U Ha3pIBAIOT
KOMIJEKCHON MPOBOAMMOCTHIO 1enu u obosHavaior Y. Mimeem
1 1 o _ )
Y="=—"—=ye’ =ycosep— jysing =g— jb,
U ze*
r7e g b v y — aKTHUBHAs, PeaKTUBHAS U MOJHAS TPOBOJIUMOCTH TIETIH.
OueBuIHO, CYIIECTBYET CBS3b

ZY =1 wm (r+jx)(g-jb)=1
HampassieHusi BeKTOPOB, COOTBETCTBYIONIUX KOMILIEKCHBIM BeluunHaMm Z u Y,
SBJISIOTCS 3€PKAJIbHBIM U300pakeHUueM JPYT APyra OTHOCUTENIbHO OCH BEIECTBEH-

HbIX, TaK KaK apTyM€HTbI KOMIIJIEKCHBIX BEJINYNH ZnY PaBHbBI U TIPOTUBOIIOJIOKHBI
0 3HAKY.

5.3. Boipa)keHus 3akoHOB OMa u Kupxrodga B komnsiekcHou ¢hopme

Boeipaskenus sakona Oma B KOMILJIEKCHON (hopMe UMEIOT BU/T
.U .. A S
I=—; U=1Z;, U=—; I=UY.
Z Y
JlOCTOMHCTBO 9TUX BBIPAYKEHUIT 3aKJIFOUAETCSI B TOM, YTO B HUX YUYMTBIBAETCST KaK
CBSI3b MEXKJIY JAeCTBYIOMMMEI TOKOM [ 1 HanpstkenueM U, Tak u caBur ¢as3 ¢ MexILy

HUMT.
llepewiii 3axon Kupxeogha B IpuMeHEeHUN K Y3Jy 1€, JJs1 MTHOBEHHBIX TOKOB
n

UMEIOINI BUJL Zik =0, B KOMILJIEKCHOIT (popMe 3ariChIBaeTCs B BUJIE
k=1

L .
>, =0.
k=1
Bmopoii 3axon Kupxeogpa B mpruMeHEHNN K KOHTYPY IIeTTH, 71T MTHOBeHHbIX J/[C
n n

W NajieHuil HanpsKeHnii MMeromuii B e, = Y u,, B KOMILIEKCHOI opme 3amm-
= bt
CbIBa€TCA B BUJIE

ZEk = ZUk = zjkzky
k=1 k=t k=1

e F k,U k,f » 1 Z, — xomiuiekcHble D/IC, najeHne HalpsiKeHus, TOK ¥ COIIPOTHBJIE-
HUe B k-il BETBY, BXOJSIIEH B KOHTYP.

Ecni B BeTBb BXOJST 1IOCTIE/I0BATENBHO COETMHEHHBIE YIACTOK C CONPOTUBJIEHU-
€M 7}, KaTyIIKa ¢ HHAYKTUBHOCTHIO L, M KOHJEHCATOP C eMKOCTHIO C, TO COTJIACHO TIO-
aydennoit B § 5.1 c¢Bs3n
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n WM I'r+joaL+_i U

I r+j(x)L+.i =U
joC joC

m

JLJISI 9TON BETBU UMeeM

Z,=r1+joL, +

. 1 .
=rn+jloL, —— |=1, +jx,.
k oC,

Kak 6b1710 yKazaHo BbIllie, HEOOXOAMMO Hepe]] COCTaBIeHNEM YPaBHEHUI 10 3aK0-
nam Kupxroda 3amate nosoxureabible Hapaiaenus /[ C, TOKOB 1 HAIPSIZKEHWH BO
BCEX BETBSAX Ileld, 0003HAYNB TH HAlIPABJIEHUs HA CXeMe CTpeIKaMu. B aToM oTHO-
nreHuu, Kak Obu10 B 06memM Buje ckasano B § 3.7, T. I, BecbMa 1OJIE3HBIM MOKET OKa-
3arbcest obosnauerue I/C, TOKOB U HAIPSKEHUN ABOMHBIMU UHAEKCAMU, COOTBETCT-
BYIOIIUMU 0O03HAYEHUIO Y3JI0B, MEXK/IY KOTOPHIMU HAXOJAMTCHA JaHHASA BETBb IEIIM.
JlocTaTouHO YCIOBUTHCS, YTO TMOJOKUTETHHOE HAMpPaBIeHNe TPUHUMAETCS OT Y314,
COOTBETCTBYIOIIETO IEPBOMY UHIEKCY, K Y3JIy, COOTBETCTBYIOIIEMY BTOPOMY UHIIEKCY,
U TOT/Ia ysKe HEeT He0OXOAMMOCTH CTaBUTh CTPEJIKM HA CXEME, a caMa aHAJIMTHYECKast
3allCh BEJTMYUH YKA3bIBAeT MPUHSTOE WX MOJOKNUTENbHOEe HarpaBienue. [Ipu nsme-
HEHUW TOPSIKA PACTIONOKEHUS NHIEKCOB MeHsgeTcsa 3Hak J/[C, Toka nim Hampsixe-
HusI. Tak Kak CONMPOTUBJIECHUS BETBEU 1IETTH M TIPOBOJAMMOCTH SIBJISIIOTCS ITapaMeTpa-
MU, He MMEIOIIMMHU HATIPaBJIEHNsI, TO MOPSIJIOK UHIAEKCOB Y HUX Oe3pasiimyeH.

OueBUIHO, BCe TH MPABUJIA IEHCTBYIOT U IIPU UCITOJIb30BAHUN KOMIIJIEKCHOTO Me-
TOJA, T. €. UMEIOT MECTO COOTHOIIECHUS

ab :_jba; Uab :_Uba;
Zab =Zba; Yab =Yba'

Eb =-E,; I

a

B nanbHeiiniem Beerga mpu 0603HAYEHUN YKA3aHHBIX BEJUYUH C JABOMHBIMU WH-
nekcaMu OyeM HPUAEPKUBATHCS STUX MPABUIL

5.4. PacyeTt MOLHOCTH MO KOMIJIEKCHbIM HAaMPSYKEHUIO U TOKY

JI1s1 BBIYMCIEHUH aKTUBHOW M PEaKTUBHOM MOIIHOCTEH HeoOXOAMMO 3HATH HEHCT-
Bytolue HanpsikeHue U u ToK I u pa3HOCTH (pa3 ¢ MexX1y HUMU.

Besuvunna ¢ paBHa pazHOCTH HAYATBHBIX a3 HAMPsLKEHUs U Toka (¢ =y, — ;).
[T0aTOMY HEOOXOANMO MEPEMHOKHITE He KOMIIIeKCHbIe Bemantel U 1 [, Tak Kak mpu
9TOM apTyMeHT TIPOU3BeICHUS Ul OyzeT paBeH cyMMe ,, + \;, @ B3SITh IIPOU3BEICHUE
OJIHO¥ M3 HTUX BEJIMUNH HA COIPSIKEHHYI0 KOMILJIEKCHYTO IpYyTYio Besmuuny. [losyua-
€M B pe3yJIbTaTe TaKOoro IMepeMHOKEHNS KOMIIJIEKCHY IO MOMIHOCTb

S =Ul = Ue™ e =Ule® =Ulcosg+ jUlsing =P + jQ
WJIA, COOTBETCTBEHHO,
S = IU =IMUe?™ =Ule™ =Ulcos - jUlsing =P — jQ.
BellectBeHHast yacTh B 000MX cJlyyadx paBHa aKTUBHOU motHocTu P. PeakTus-
Hag MoITHOCTh  paBHA KOd(hPUIIMEHTY B TIEPBOM cirydae Tipu (+7), a BO BTOPOM —

pu (—j) B MHUMOI YaCTU KOMIIJIEKCHON MOITHOCTU. MOy/Tb KOMILIEKCHOHN MOIITHO-
CTH paBeH IMoJHOo# MorHocTh S = Ul



Mnasa 5. PacueT ueneii Npy CMHyCoMaanbHOM 1 noctosHHoM Tokax 231

5.5. Pacuet npu nocnepoBaTesibHOM COeAMHEHUM YHACTKOB Lienu

[Tpm mocnenoBaTeIbHOM COETMHEHNH YIaCTKOB Tienu (puc. 5.2) HanpsoKeHre Ha 3a-
JKUMax BCEH IeNU paBHSETCS CyMMe TIaJIeHUH HaNPSKEeHNI Ha OTAE/IbHBIX y9acTKaxX

n
U= Zuk. [Tpu cuHycoumasbHOM IIpoliecce, MOJb- o o, X
= R
3ysChb KOMILJIEKCHBIM METOJIOM U YUYUTBIBad, 4YTO v u GO
TOK SIBJISIETCS OJIHUM U TEM K€ BO BCEX yUaCTKaX, °
MOYKEM HallncaTh Puc. 5.2

n n n
U=>U,=>1,2,=1,>7 =1z,
k=t k=t k=t
tae Z, = 1, + jx, — KOMILIEKCHOE COMPOTUBJICHNE R-TO yUacTKa

Takum 06pa3oM, TIPH MOCIE0BATETBHOM COEIMHEHUN KOMILIEKCHOE COITPOTUBIIE-
HEe BCEH IeNn paBHO ajireOpanyecKoil cyMMe KOMITJIEKCHBIX COTIPOTUBJIEHUIT OT/I€Tb-
HBIX YYaCTKOB T[ETIH:

Z :Zn:Zk :Zn:rk +jzn:xk =7+ jx.
k=t k=t k=t

BpruncanB KoMmmIeKcHOE CONMPOTHBJIEHNE Z BCEH 1eMH, JIeTKO PAaCCUNUTATh KOM-
TJIEKCHBIN TOK | pu 3ajanHoM Hanpsokennn U.
W3 paBeHcTB

n n
r=Yr m x=Yx,
k=1 k=1

CJIe/lyeT, 4TO HEeOOXOANMO ajreOpanyecKyl CKJIaJbIBATh OMOCIbHO aKMuUGHvle W OmMm-
0enbHO PeaKxmueHvle COnpOmuUeEIeHis TI0CIeI0BaTENBHO COEJUHEHHBIX YUYaCTKOB.
[T0Ib3ySICH HTUM PE3YJIBTATOM, TIOJIy9aeM

12r:12irk:ilzrk W P:iPk;
k=t k=1 k=t

n n n
I*x = IQZxk = ZIka wm Q= ZQk,
k=t k=t k=t
T. €. akTUBHast P 1 peakTuBHast Q MOIIHOCTH BCEil TIeITN PaBHbI areOpandecKiM CyM-
MaM COOTBETCTBEHHO AKTUBHBIX W PEAKTUBHBIX MOITHOCTEH BCEX TOCJIEI0BATETHHO
COETMHEHHBIX YYACTKOB.

5.6. Pacuet npu napannenbHOM coeANMHEHNUMN YYaCTKOB Lienu

[Tpu napasielbHOM COe/IMHEHUH YYACTKOB Tienu (puc. 5.3)
o01HiT TOK Ha BXOJE Ield PAaBEH CyMME TOKOB B OT/IEJIb-
n

HBIX y4acTKax i = Zik. [Tonbaysce pu CUHYCOUATBLHOM
k=1

npolecce KOMIIEKCHBIM METOJIOM M YYHUTBIBasl, YTO Ha-

HpsiKeHre Ha BCeX yYacTKaxX OJIHO M TO JKe, MOJKEeM Halu-

caThb
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i=31, =30y, =03, =0,
k=1 k=1 k=1

rie Y, = g, — jb, — KOMILJIEKCHAsT TIPOBOJIMMOCTH k-TO y4acTKa.

TakuM 06pa3oM, TIPH MAPAJIETbHOM COEANHEHUH KOMILIEKCHAS TPOBOANMOCTD
BCeil Ileny paBHa anre6panyeckoil CyMMe KOMILIEKCHBIX TIPOBOIUMOCTEH OT/EIbHBIX
Y4aCTKOB L EIINn:

Y= ZY :ng _jzbk =g-Jjb.
P P =)

BprumcinB KOMILJIEKCHYIO IIPOBOJAMMOCTb BCEH IIENH, JIETKO PAacCUUTaTb KOM-
IIJIEKCHDBIN TOK [ npu 3asianHoM Hanpsikenuu U. V13 paBeHCTB

g=Y.8 u b=>b,
k=1 k=1

CJIEeAYET, 4YTO HeO6XOI[I/IMO aJH‘e6paI/I‘{eCKI/I CRJIa/IbIBATh omoenvHo aKmuenvie U om-
0envo peaxkmueHovle npoeoawocmu IapaJjijieJIlbHO COCAMHEHHDIX YYaCTKOB.
HOJII)SYHCB 9TUM PE3YJbTATOM, ITOJIyYaeM

U2g:U2igk=iU2gk WA P:ipk;
k=1

k=1 k=1

n n n
2 2 2
U’b=U*Y b, =>U’, wm Q=Y Q,

=l = =
T. €. aKTUBHAsE P 1 peakTnBHast Q MOIIHOCTH BCEil TIeTN PaBHBI aIreOpandecknm cyM-
MaM, COOTBETCTBEHHO, aKTHBHBIX U PEAKTUBHBIX MOIIHOCTEH BCEX MAPAIIETbHO CO-
eJINHEHHBIX yYaCTKOB.

5.7. PacueTt npu cMeLlaHHOM COeAMHEHUM YHaCTKOB Lienun

[Tox cMeraHHbIM coeMHEHreM OyJIeM MOHMMaTh COEAWHEHKE, TPEICTaBIISAIoNee
co60ii coyeTaHue MOCIeA0BATEIbHBIX W TTAPAJIIETBHBIX COCIMHEHUIT YIaCTKOB TETIH.
CoOTBETCTBEHHO, /IJI pacyeTa TAaKUX Tlerell MOKHO NCIOJIb30BATh METOBI, N3JTOKEH-
HbIE B IBYX MPEAbIYINNX Maparpadax.

[IposeMOHCTPUPYEM TO Ha TIPUMeEpE TIeTH, H300pasKeH-
[; Hoii Ha puc. 5.4. [Ipeanonoxim, 4yTo 3asano Hanpsukenue U
Ha 3aKUMax Ienu u TpedyeTcst OThICKaTh Bce TOKHU. Boc-
MOJIb3yeMCs KOMIIJIEKCHBIM METO/IoOM. BTOpoii 1 TpeTnii yua-
CTKW COEJMHEHBI TTApaJIebHO, 1, CIE0BATEIbHO, HEOOXO-
Puc. 5.4 JINMO CJIOKUTD UX KOMILJIEKCHBIE TTPOBOUMOCTH Yy U Y3 11715
MOJIyY€eHHsT KOMILJIEKCHOH TIPOBOIUMOCTH Yoy 0060UX TTapaJi-

JIEJTHO COeIMHEHHBIX y4acTKoB. Mmeem

Yy =Y, +Y; =(g, + &)~ j(b, +by).

31ech



Mnasa 5. Pacuet Leneil Npy CMHYCOMAANbHOM M NOCTOSHHOM Tokax 233

Y106bl N30aBUTHCA OT MHUMOCTH B 3HAMeHATeJe, HeOOXOMMO YMHOKUTD YHCIIH-
TeJb ¥ 3HaMEHATeJ/Ib Ha COIPSIKEHHYI0 3HAMEHATEJI0 KOMILIEKCHYIO Beanynny. Ha-
npumep,

_ Iy = J%, _ Xy i
2 = . . - 9 9 ] 9 9 - g2 ] 2
(ry +jxcy))(ry = jxy) 1y +4, Ty +X,

3/ecb UHTEPECHO OTMETUTD, UTO, MOTb3YICh KOMILJIEKCHBIM METOZOM, aBTOMATH-
YeCKH MOJTydaeM COOTHOTIEHUST MEX/Ty SKBUBATEHTHBIMHU TIPOBOANMOCTSIMU & U b 1
COTIPOTUBJIECHUSIMU 7' U X 1[eNI UJIN ee y4acTKa, BbIBe/leHHbIE B § 4.8.

[lepBBlit y4acTOK coemarHEH TOCJEN0OBATETHHO CO B3SITBIMU BMECTE BTOPBIM U
TpeTbuM yuacTkamu. 