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OCHOBBI
JJIEKTPOAUNHAMHUKHA
(ITpomom:xenue)

IlpogomxuM uM3ydenwme sIeKTPOAUHAMHUEH. O3HaAKOMHUMCH
C MArHUTHBIMH IIOJIAMY, He M3MEHAMIIMMUCHA C TEYeHHEM Bpe-
MEeHHM, ¥ MATHUTHEIMH M 3JIEKTPUYECKHUMM IIOJAMH, H3Me-
HAIMAMHACA cOo BpemeHeM. C 2JeKTPUUYECKHMH IOJAMHU, He
H3MEHAINUMHACA C TeUeHHWEM BPEeMEeHH, BBl O3HAKOMMJIHCH
B 10 Kjacce.

I'masa 1. MATHHTHOE IIOJIE

HenmoaBu:kHbIe aJIeKTPUUYECKHUE 3apPAIBLI CO3JAI0T BO-
Kpyr ceba ajeKTpudecKkoe noje. J[Buakynecs saps-
OBl CO3JAI0T, KPOME TOr0, MATHHTHOE TIoJIe.

§1 B3AHUMOJENCTBHUE TOKOB

Mexy HENOABMIKHBIMH 3JI€KTPHYECKHMMH 3apaIaMH Iei-
CTEVIOT CHJIBI, OlIpenenseMeble 3akoHoM Kymona. Cormacso Teo-
puH OJIM3KOZEHCTBHUA 5TO B3AUMOAECTBHE OCYIIECTBJIAETCH
TaK: KayKIbIH H3 3apAJ0B CO3JaeT SJIeKTPHUYECKOe I10Jie, KOTO-
poe IefCTBYeT Ha APYroi 3apdAf.

OgHaKo MeXAY 3JIeKTPUYECKHMH 3apAJaMH MOTYT CYIIeCT-
BOBATHL CHJIBI 1 WHOM TpHpoAkl. UX MOMHO 0OHADYKHUTE € IIO-
MOIMIbIO CJIEVIOIIEro OIEITA.

Bosbmem gBa ruGKMX NPOBOJHHMKA, YKPENHM HMX BEPTH-
KaJbHO, & 3aTeM [PHCOETUHHM HHMXHUMH KOHIAMHM K IIOJIO-
caM HCTOYHHKa ToKa (puc. 1.1). IIpursakeHns MIH OTTAIKUBA-
HHUA [IPOBOJHUKOB IIPH 3TOM He OOHapyxuTcal.

Ecnu Teneps Apyrue KOHIIBI IPOBOJHUKOB 3aMKHYTh IIPOBO-
JIOKOH TaK, 4YTOOHI B IPOBOJHMKAX BOSHUKIIH TOKH NPOMUEONO-
JIOHCHO20 HANPABAeHUSA, TO TPOBOJHUKH HAYHYT OTTAIKHBATECA
Apyr ot Apyra (puc. 1.2). B ciyuae e TOKOB 00H020 HANpa&.Le-
HUsA IPOBOAHUKHK mpuTarusawores (puc. 1.3).

BzaumopeiicTBua MekJy NPOBOAHHKAMH C TOKOM, T. e.
B3aMMOJEUCTBHA MEXAY HANPABJIEHHO ABMMXVIIUMUCH JJICK-
TPUYECKHUMH 3apALaMu, Ha3LIBAIOT MazHUMHbIMU. CHIBI, ¢ KO-

! Mposoxanky sapaskaioTes or HeTOURMKA TOK&, HO 3aPA/LI IPOBOTHUKOB
IpH Pa3HOCTH MOTEHIIMAJOB MeXJY HUMH B HECKOJLKO BOJIBT HUYTOMKHO
masnbl. [loaTOMY KYyJOHOBCKHE CHUNIBI HUKAK He NTPOABJIAIOTCA.



Puc. 1.1 Puc. 1.2 Puc. 1.3

TOPBEIMH IIPOBOAHUKHK C TOKOM JeHCTBYIOT APYT Ha Apyra, Ha-
3BIBAIOT MAZHUMHBIMU CULAMU.

MarauTtHoe moae. CorjacHo TeopuH OGIM3KONEMCTBUA, IO-
N00HO TOMY KaK B IPOCTPAHCTBE, OKPYIKAIINeM HeImoABUKHbIe
aJIeKTpUYECKHe 3apANbl, BOBHUKAET 2JIeKTPUYECKOe IoJie, B IIPOo-
CTPAHCTBE, OKPYIKA0IeM TOKH, BOBHMKAET [oJe, Ha3biBaeMoe
MATrHHTHBIM.

DIeKTPUYECKUH TOK B IIPOBOJHUKE CO3J4aeT BOKDYT cebs
MATHHTHOE I10Je¢, KOTOpOe AeHCcTBYyeT Ha TOK B APYroM IPOBOJ-
HHKe. A 1ojie, CO3JjaHHOE SJIEKTPUYECKUM TOKOM BTOPOro mpo-
BOJHHKA, JeMCTBYeT HA NepBBIN.

MarsuTHOe IoJie IpeAcTasiseT coboi ocobyro Gpopmy Mare-
PHH, IIOCPEACTBOM KOTOPOMl OCYINeCTBIAETCA B3auMojeiicTBHE
MeXAY ABHMKYIIMMUCH 3JeKTPUYECKU 3apAKeHHbIMH YacTH-
IaMH.

IlepeunciiM OCHOBHBIE CBOIiCTBa MAarHMTHOTO IIOJIA, KOTO-
pble YCTAHOBJEHEI SKCIIEPHMEHTAJIBHO.

1. MarguTHOe I0Je MNOPOMXKAAeTCHA INeKTPHYECKHM TOKOM
(HampaBJIeHHO ABUIKYLIMMHCH 3apAJaMH).

2. MarguTHoe TmOJie ODHAPYKHBAeTCA IO AeHCTBHIO Ha
SJIEKTPUYECKHII TOK (HAa ABMIKYIHMECH 3apAJLI).

IlomobHO 3JIeKTPHUYECKOMY IIONI0, MAarHWTHOe IIone Cy-
[ECTBYeT pPeajbHO, HE3ABHCHMO OT HAC, OT HAIIMX 3HAHUM
0 HEM.

OKCcIepHMEeHTAJBHBIM JOKA3aTeJIbCTEOM PealbHOCTH MarHuT-
HOIO IOJIS, KAK M PEeaJIbHOCTH 3JIEKTPUYECKOro II0JNd, MOMKeT
CIYUTh (PAKT CYI[eCTBOBAHHA dJIeKTPOMATHHTHBIX BOJH.
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3aMKHYTBIH KOHTYP ¢ TOKOM B MAarHMTHOM moJe. [I1a uay-
UYeHHUA MardMTHOIO OIS MOYXHO B3ATH 3aMKHYTHIH KOHTYD Ma-
JIBIX (II0 CPaBHEHHUIO ¢ PACCTOAHMAMM, HA KOTOPBIX MATHHUTHOE
1noJjie 3aMeTHO H3MeHseTcA) pasMepoB. Hanpumep, MOMKHO
B3ATE MAJIEHBKYIO IIJIOCKYIO IIPOBOJIOYHYIO PAMKY HPOM3BOJIE-
HOM dopmel (puc. 1.4). IoaBoAAIINE TOK NMPOBOJHUKH HYMKHO
PacHoNOXHUTE OJU3KO APYr K Apyry (puc. 1.4, a) unu coectu
ux Bmecre (puc. 1.4, 6). Torga pesyiabTHpyIOmMAs CHIa, AeiicT-
BYIOIIad CO CTOPOHBI MAarHMTHOT'O IOJA HA STH NPOBOJAHHKH,
OymeT paBHA HYJIIO.

BeigAcHHTE XapaxkTep AefiCTBUSA MArHUTHOTO HOJA HA KOH-
TYP € TOKOM MOKHO C IIOMOIIBLIO CJIEAVIOIIEro ONbITA.

IlogBecuM Ha TOHKHMX I'MOKHMX IIPOBOJHHKAX, CIJIETEeHHBIX
BMECTE, MaJICHbKYIO ILIOCKYIO PAMKY, COCTOSAIIYIO U3 HECKOIBKUX
BHTKOB IIPOBOJIOKH. Ha paccrossHuM, 3HAUUTEILHO OOIbIEM pas-
MePOB PAMKH, BEDTHKAJBEHO PACIION0¥KUM nIpoBog (puc. 1.5, a).
Pamxa py mIponycKaHWH 3IeKTPUIECKOT0 TOKA Uepes Hee U ye-
pes3 IPOBOJ MOBOPAYHMBAETCA H PACIOJATAETCA TAK, YTO IPOBOJ
OKa3bIBAETCHA B IJIOCKOCTH paMKH (puc. 1.5, 6). Ilpu uaMmeHeHEHH
HapaBJIeHHWs TOKA B IPOBOJE PaMKa moBopauuBaercsa Ha 180°.

OnbIT IOKABHIBAET, YTO MATHUTHOE II0JIe CO3[aeTCA He TOb-
KO TOKaMH B IIPOBOZHUWKAX. JI1000e HAIlIpaBJIeHHOe IBHKeHUe
JJIEKTPHYECKHX 3apAOB BBI3LIBAET IIOABJIEHHWE MATHHUTHOTO
nonsa. Tak, HanpuMep, TOKH B rasax, HOJYIPOBOJHUKAX BBIZEI-
BalOT BOBHHKHOBEHHEe B OKDYJKalolleM HX IPOCTPAaHCTBE Mar-
HUTHOTO noJssA. CMelnteHre CBA3BaHHEIX 3JIEKTPUYECKHUX 3apA0B
B JHIJIEKTPUKE, IIOMEeIlleHHOM B IepeMeHHOe 3JeKTPHYEecKOoe
moJie, TAK)Ke BBI3BIBAET IOABICHNE MATHUTHOTO HOJIS,

W3 rypca pU3MKH BaM W3BECTHO, YTO MarHMTHOE TIOJIE CO3-
JilaeTcA He TOJBKO 3JIEKTPHYECKHM TOKOM, HO W IMOCTOSHHBIMH
MarguTame. Eciau MBI moAgBeCHM HA MHOKHX MPOBOAAX ILIOCKYIO
PaMKy C TOKOM Me3K/Jy HOAICAMH MATHUTA, TO paMKa 6yaeT moBo-

B | B~
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a) 6) a) 6)
Puc. 1.4 Puc. 1.5




pauMBaThLCS [0 TeX IOp, IOKAa ee IJIoC-
KOCTE He YCTAHOBHTCHA IEpHeHIHKY-
JAPHO JUHUH, COeTUHAIOIIEH MONHChI
maraura (puc. 1.6). Takum obpasom,
MAarHHUTHOE I10JIe OKA3LIBAET HA PAMKY
¢ TOKOM opuexnmupyiouee deiicmaue’.

i ;r’ Isuskyinueca 3apanbl (dJIeKTpUUe-
| CKHH TOK) cO3ZAal0T MarHuTHOe IMoJie.
i Bokpyr n00BIX HAIPaBJIEHHO [IBH-
= RMYIIUXCA 3apsAfoB BO3HHUKAaeT Mar-
X HuTHOE mojyie. OHO TaKsKe NOABJIIAETCH
B cJIy4ae, €cJii B IPOCTPAHCTBE Cyllle-
CTBYeT 3JIeKTpHYEecKoe IIoJe, H3Me-
HSAIOI[Eecs CO BpeMeHeM.
O6HapyXuBaeTca MarHuTHOE IIOJIe
Puc. 1.6 110 JeMCTBHIO0 Ha dJIeKTPHYECKHIl TOK.

1. Kakue B3aHMOQEeHCTBMA HA3bIBAIOT MarHMTHbIMH!
2. MepeyncnuTe OCHOBHbIE CBOHCTBA MarHMTHOro Nons.

,  BEKTOP MATHHTHOM HH/IYKIIMH.
§ JIMHAY MATHHTHOU MHAYKIIUH

DJIeKTpPHUYECKOe II0Jié XapAKTEPH3YeTcs BEeKTOPHOU BeJu-
YUHON — HANPAMKEHHOCTHIO dJeKTpuueckoro nojis. Hamo 6m1
BBECTH TaKe W BeJIWYMHY, XaPaKTepH3YIOIIYK MAaTrHUTHOE
IIoJie KOJWYecTBeHHO. [leI0 3TO HeIpoCcToe, TaK KaK MarHUTHBIE
B3aUMOZEHCTBUS CJIOMKHEee BIIEKTPUYeCKHX. BeKTOPHYIO Xapak-
TEePHUCTHKY MATHHTHOI'O IOJIA HA3HIBAIOT BEKTOPOM MArHUTHOM

s
MHAVKIHK u obosHavaiorT OykBoil B. CHayajsa MBI PACCMOTPUM
—

BOIIPOC TOJLKO O HANpasieHuu eexmopa B.

MarsuTHaa cTpeixa. MbI Bujgenu, 4TO B MATHUTHOM IIOJe
paMKa ¢ TOKOM Ha ru6KOM IoOjBece, CO CTOPOHBI KOTOPOTO
He JefiCTBYIOT CHJILI YIPYT'OCTH, IPEIATCTBYIOIHEe OPHeHTAlNH
paMKu, IOBOpPAYMBAETCH /[0 T€X IOP, MOKA OHA He YCTAHOBUTCHA
onpejeneHHbBIM o6padomM. Bam H3BeCTHO, YTO TAK e BeJeT cebs
¥ MATHWUTHAA CTPeJKa — MAaJEeHbKHH IIPOAOJIrOBATHIH MarHuT
¢ OByMs IOJIOCAMH HA KOHIAX — IOKHBIM S M ceBepHBIM N.

! OnnoposHOe MArHHTHOe [OJie OKA3LIBAET HA PAMKY, KAK HNOKasblBAeT
ONBIT, JHIIE OPHEHTHpYIOLlee AeilcTBHe. B HeoJHOPOAHOM MATHMTHOM IIOJE
paMKa, Kpome Toro, 6yAeT ZBHTAThCA NMOCTYHNATENbHO, NPUTATMBAACH K MPO-
BOAHMKY C TOKOM HJIHM OTTAJKHMBAACHE OT HETO.
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HampagriieHne BeKTOpa MAarHHT-
Hou mHAYKIMHK. OpHeHTHDYIOIIEe /eii-
CTBHE MATHHTHOIO OOJSA HA MATHHT-
HYI0 CTPEJIKY HWJIH paMKy C TOKOM
MOYKHO HCHOOJIB30OBATHL [AJIA OIpenese-
HHUA HaOpaBJeHHWs BeKTOpa MAarHuT-
HOW MHIVKIIHH.

3a Hanpaseaenue eKmopa MazHum-
HOll uHOYKYUL IPUHUMAETCA HAIIPAB-
JIeHue, KOTOpOoe II0KAa3bIiBAeT CeBepPHBIH
moJyroc N MarHuTHOI CTpeKu, ¢cBobox-
HO YCTAHABJIHMBAKINENHCSA B MATHUTHOM
none (puc. 1.7, a). 3To HanpaBieHUe
COBIIaJlaeT C HAIIPaBJIeHHEM IIOJIOMKHU-
TeIbHOH HOpMAaJIH K 3aMKHYTOMY KOH-
Typy ¢ Toxkom (pue. 1.7, 6). ITonoxu-
menvHas HOpMAQJab HAIpaBJeHA B TY
CTOPOHY, KyJa nepeMemniaercsa Oypas-
yuK (Cc OIpaBOH Hape3Koii), ecJaH Bpa-
IIaTh €ro II0 HANPAaBJIEHHUIO TOKA B paM-
ke (puc. 1.7, 8).

Hcoone3ysa paMKy € TOKOM HJIH
MATHHTHYIO CTDEJIKY, MOYKHO OIIpee-
JIUTH HAIpaBJIeHHE BEKTOpa MAarHur-
HOH MHAVKIHH B J000H TOYKe IOJA.

Ha pucyrkax 1.8, 1.9 mokasaHm
OOBITHI C MArHUTHON CTPEJKOH, IIO-
BTODAIOINHE OIBITHI C paMKoi (cM.
puc. 1.5, 1.6).

B MarsuTHOM mnosie IPAMOJIUHEH-
HOT'O IIPOBOJHUKA C TOKOM MATHHUTHASN
CTpeIKa B Ka)KAOH TOYKe yCTaHAaB-
JINBAETCHA 10 KACATEJIbHON K OKPYIKHO-
ctu (cM. puc. 1.9). IlnockocTs Takoi
OKPY’KHOCTH NMEPHeHANKY/IAPHA IPOBO-
Iy, a IeHTP ee JIEKHUT Ha OCH MPOBOJA.

Hanpapienne BeKTOpa MarHUTHOM
WHAYVKIOIHHA YCTAHABIHWBAKIOT ¢ IOMOIILIO
npasuaa 6ypasiura: ecau Hanpaee-
HuUe nocmynamenbHozo deunxcerus 6y-
pasuukxa coenadaem ¢ HanpasieHueMm
moxa 8 nposodHuUKe, MO Hanpaate-
Hue 8pauieHus pyiKku Oypasiura yKa-
3vleaem HaAnNpasieHue seKxmopa Mmaz-
HUMHOI UHOYKUUU.

OnelT IO OmpemeNeHUI0 HAIpABJe-
HHA BEKTOPa UHAYKIHUH MAaTrHUTHOTO

=t

it




Puc. 1.9

MoJigd 3eMIH OPOBOAUT KaKIbIH, KTO OPHEHTHPYETCH Ha MeCT-
HOCTH IO KOMIIacy.

Jiuauu marauTHONH MHAyKIuH. Harnanayro xaprumy mar-
HHTHOTI'O MOJH MOMKHO IIOJYYHTH, €CJIH IOCTPOMTH TAaK HAaSLI-
BaeMble JHHHH MATHUTHOH MHAYKIHU, JIMHUAMH MarHuTHOM
MHIYKIMH HA3bLIBAIOT JIMHUH, KacaTelbHbIe K KOTOPEIM B aiobon

>
HX TOYKE COBIIAJAI0T C BEKTOpOM B B [JaHHOH TOUKe IOJA
(puc. 1.10). JIuaun BeKTOpa MAarHUTHON HHIYKIIMY aHAJIOTHYHEL
JIMHHAM BEKTOPA HAIPSAYKEHHOCTH 3JIeKTPOCTaTUYEeCKOr0 IO,
st MATHUTHOTO [IOJIS MPSAMOJMHEHHOI0 IPOBOJAHUKA C TO-
KOM H3 IPHBEJeHHBIX PaHee OIILITOB CJeAyeT, YTO JIMHUK Mar-
HUTHOH MHIVKIIMHM — KOHIEHTPUYECKHe OKDYMHOCTH, JIeKa-
mue B ILIOCKOCTH, INEPIHEHAHKYIAPHOH BTOMY IIPOBOIAHHUKY
¢ TokoMm (cm. puc. 1.9). IlenTp OKpY:XHOCTeH HAXOJHUTCA Ha
ocHu nposBogHuka. CTpelKH HA JUHHUAX YKa3bIBAKOT, B KaKYIO
CTOPOHY HAIpAaBJeH BEKTOP MATHHUTHOH HHAVKINH, KacaTelb-
HBIM K JAaHHOM JHHHH.

MarauTHOe moJte 3eMIu Ha pucyske 1.11 nmokasana
KapTHHA MAarHUTHOTO IIONA Ka-
TYIIKX C TOKOM (coJeHOHa).
Ecau gauHa coJleHOMZAa MHOIO
fosbIlle ero AUaMerpa, TO Mar-
HHUTHOE I10Jie BHYTPH COJIEHOM /A
MOJKHO CUHTATHE OFHOPOOGHBLM.
JIMHMM MATHHTHOM HMHAYKIIHH
TAKOr0 TIOJNS napaiellbHbl U
HaXOIATCHA HA PABHBIX PACCTOs-

HHAX APYTr OT Apyra.
Ha pucyske 1.12 morxasaHo
3 MarHHTHOe moje 3eMian. JInaun

Ock Bpamerus Maraursad ochk o

MArHUTHOH HHAYKIINHA IOJIA 3eM-
Puc. 1.12 IM TOoAO00HBI JUHUAM MArHHT-




Puc. 1.13 Puc. 1.14

HOM MHAYKIHHK II0JIS coJdeHonga. MarHuTHBIN CeBEPHBIM IOJIIOC
N 6amzor x HOxHOMY reorpaduuecKOMy MOJIOCY, & MArHHT-
HBIM I03KHBIH mojoc S — x CeBepHOMY reorpaguyeckoMy Io-
aocy. Och Takoro GOJBIIOr0 MATHHTA COCTABIAET C OCHIO Bpa-
menna 3emau yroa 11,5°. IlepuoguyecKky MAarHUTHEIE ITOJIIOCHI
MEHAT CBOK IIOJAPHOCTL. llociemHasa Taxkad 3aMeHa IIPO-
uzonnia okoso 30 000 ger masaz.

KapTuay THHHNA MArHUTHON MHAYKIIHKA MOXXHO CAEJATh BH-
JIUMOM, BOCIIOJIb30OBABIIINCE MEJKHUMH JKEJe3HbIMU ONHUJIKaMHU.
C 3THM METOIOM BBl yKe 3HAKOMBEL.

B MarsUTHOM ITOJIe KaKAblii KYCOUeK ¥KeJie3a, HACKIIIAHHBIHN
Ha JIMCT KapTOHA, HAMATHUUYHWBAETCH U BeJleT ceba KaK MasleHb-
Kad MarHUTHadA CTpelKa. BoJibllioe KOJUYECTBO TAKUX CTPEJIOK
MO3BOJIsieT B OOJIbINIEM YHCJie TOUYeK OIpele/HTh HAIIpaBIeHHe
MarHdTHOTO MOJA U, CAeJOBATEJIbHO, TOUHEE BBIACHUTE pPacIo-
JOJKeHWe THHUHA MAarHUTHOR NHAVKI KA. [IppMepsl KApTHH Mar-
HHUTHOTO II0OJIA IIPUBEJeHBI HA pucyHEKax 1.13—1.16.

Buxpegsoe mojge. BaxxHasg ocob0eHHOCTL JUHHMH MarfHuTHOMH
WHIYKIWK COCTOMT B TOM, YTO OHH HEe WMEKT HHA HAJYaja,
HHU KoHIa. OHU Bcerja 3aMKHYThI. BCIIOMHUM, 4TO C 3JIEKTPO-
CTATHYECKHM II0JieM Aeso obcTouT mHAYe. KEro CHMIOBBIE JH-
HHUH BO BCEX CJYYAAX HMEIT WMCTOUHUKH: OHU HAYHHAKTCH
Ha IIOJIOMKUTENBHBIX 3apAfaxX W OKaHYHBAIOTCA Ha OTPHIA-
TeNbHBIX.

I[lons ¢ 3aMKHYTBIMH BE€KTOPHLIMH JIMHHSMH HA3BIBAIOT
BUXpeBBIMH. MazHumHoe noje — suxpesgoe no.e.

S3aMKHYTOCTh JIMHHUA MATHHTHON WHAYKIWHU IpPeACTABIAET
coboil (hyHIZaMeHTANIBHOE CBOMCTBO MarHUTHOro nons. OHO 3a-

Puc. 1.15




KJH4YdaeTcsa B TOM, 4TO MaAarHMTHOE I10JIe He UMeeT HCTOYHHKOB.
Mazrnumnbix 3apados, nodobnbLx anexmpuieckum, 6 npupode
He cyuiecmeyem.

MarsuTHOe TIoJie — BHUXPEBOE II0JIe, B KaXKI0i TOUKe MOJIA
BEKTOD MATHUTHOHM MHAYKIHH HMeeT OIpeeIeHHOe HalpasJe-
HUe. ITO HANIPABJIEHHE YKAa3BIBAeT MAarHMTHAas CTPEJIKA UJIH ero
MOKHO OIpeAeauTh 0 mpaBuiy GypaBumka. MaraEuTHOE IOJIe
HEe UMeeT MCTOUYHHKOB; MArHUTHBIX 3apAAO0B B IIDHPOJAe He Cy-
oIecTByeT.

KOHTYP € TOKOM M MarHWTHas crpenkal
2. YTO Ha3bLIBAIOT NMHHHMAMM MArHHTHOM MHAYKUMMI
. Kakue nons Ha3biBalOT BUXPeBbiMM]
4. Yem BuxpeBoOe none OTNHYAETCH OT NoTeHuHansHoro!

?' 1. Kak OpMEHTMPYIOTCS B OfJHOPOAHOM MarHMTHOM MONEe 3aMKHYTbIH

w

g MO/1YJIb BEKTOPA MATHUTHON WHIYKIIHH.
§ CHJIA AMITEPA

MarguTHOe IIoJie AefiCTBYeT Ha BCce YUacTKH IIPOBOJAHHKA
¢ TOKOM. 3Hasf CUy, AeHCTBYIOMIYIO HA KaKAblil MaJblil ydac-
TOK IIPOBOJHHKA, MOXXHO BBIYHUCIHUTH CHJIY, HeMCTBYIOLIYIO HA
BeCh 3aMKHYTHII IIPOBOJHUK B IeJI0M.

3aKoH, ONpeAeIAIIIUA CHILY, AeHCTBYIOIIYIO Ha OTAeIbHbIN
HeGoMBmION YyYaCTOK IPOBOJAHHKA (371eMeHT TOKa), OBLI ycTa-
HoBJieH B 1820 r. A. Amuepom!. Tak Kak co3zats o6ocobnen-
HBIH 2JIEMEHT TOKAa HeJIb3sd, TO AMIIep IPOBOAMI OIBITHI C 3aMK-
HYTHIMH IPOBOZHUKaMH. MeHaa (opMy NPOBOJHHKOB #M HMX
pAacIIoJIo)KeHHe, OH CyMeJl YCTAHOBHTEL BhIDAXKEHHE [JIA CHJIHL,
IelicTBYIOIMIEH Ha OTAEJbHBIH 3JIEMEHT TOKAa.

Moayis BeKTOpa MATHHTHOM MHAYKIMH. BbIACHMM JKCIe-
PHMEHTAJbHO, OT 4ero 3aBHCHT CHJa, JelcTByIOIlas Ha IIPO-
BOJHUK C TOKOM B MATHHMTHOM II0Jjie. 9TO IIO3BOJMUT HaAM JATh
ompejiefieHre MOAYJIA BEKTOPA MATHUTHOM MHIYKIMU, & 3aTEM
HaWTH cuIy Amnepa.

IleficTBue MArHMTHOIO IIOJSA HA NPOBOJAHUK C TOKOM Oynem
M3y4yaTh Ha yCTAHOBKe, M300pakeHHOH Ha pucyHke 1.17. Cso-
60LHO TOABEINEHHLIH TOPHU30HTAJbHO MPOBOAHHK HAXOZUTCA
B IIOJIe TOCTOAHHOrO NoAxoBooOpasHoro marmuTa. Ilose mar-

1 Tounee roeops, AMmep YCTAHOBWJ 3aKOH JJISl CHJIBI B3aMMOJeHCTBHA
Me Ay ABYMA HeGoJbIITHMH y4acTKaMy (dIeMeHTaMH) IPOBOAHUKOB ¢ TOKOM.
OH 6B CTOPOHHMKOM TEOPUH JNAJbHONEHCTBMA M He NOJL30BAJICA NMOHATHEM
mossa. OgHAKO MO TPAAWIMKA M B MaMATH O 3acjJyrax 3TOr0 YYE€HOTO BhIpaike-
HMe ]I MarHMTHOH CHJIBI, AeHCTBYIOIel Ha IPOBOAHMUK C TOKOM CO CTOPOHBI
MATHHTHOTO TIOJH, TAK}¥e HAJEIBAIOT 3aKOHOM Amrepa.



Amnep AHape Mapu (1775—1836) —

BEMUKMI (DPEHLLY 3CKMIH (PM3MK M MaTEMATHK, OJMH U3
OCHOBOMONOMHHUKOB 3nNeKTPpoarHamHKku. Been B cu-
3MKY MOHATME «3NMEKTPHYECKMH Tok» m paspaboran
NepBYyO TEOPHIO MarHeTM3mMa, OCHOBaHHYIO Ha r1no-
Te3e MONEKYNsSPHbIX TOKOB, OTKPbIN MeXaHM4YecKoe
B33MMOJEHCTBME 3MEKTPUHECKHX TOKOB M YCTaHOBMN
KOMMYECTBEHHbIE COOTHOLUEHHA ONA CHMNbl 3TOMC B3a-
umopencTeua. Hazean Makcsennom «HeroToH anek-
TpuuyecTBa». Pabortan Takxe B 06nactv MEXaHWKM,
TeopuH BEPOATHOCTEN M MaTEMaTMUECKOrO aHarn4sa.

HHTAa COCPEJOTOYEeHO B OCHOBHOM MEKV €ro MMOJII0CAMM, IO3TO-

My MarHuTHas CHJa JeHCTBYeT MPAKTHUYECKH TOJIbKO HA YacTh

IIPDOBOJHUKA JIHUHON Al, paclIoIOMKeHHYIO HeIIOCPeICTBeHHO
>

Mesxay noaocamu. Cuna F usMepseTcs ¢ IOMOIbIO CIIeIHANb-
HBIX BECOB, KOTODbIE COEAUHSAIOT C IPOBOAHHUKOM JIBYMS CTEp-
seHbKaMu. OHa HaIpaBJieHa N'OPUB0OHTAJBHO, MEePIIeH UKy IAD-
HO IPOBOSHHUKY U JUHUAM MATHUTHON WHIYKIIHH.
VBenuumBasg CHJIYy TOKA B 2 pasa, MOXKHO 3aMETHTB, 4YTO
M OeHCTBYIOINAA Ha IPOBOJHHUK CHJIA TAKIKE YBeINUYHBAETCHA
B 2 pasa. [[o6aBUB ellle OQWH TAKOH 3XKe MarHWUT, MBI B 2 pasa
yBeJIMYUM pasMephl o00JacTH, IJe CYIIecTBYyeT MarHUTHOe
Iojie, ¥ TeM CaMbIM B 2 pasa yBEIWYHM AJIHHY YACTH IPOBOJ-
HHKa, Ha KOTOPYIO AelcTByeT MaruurTHoe nojue. Cuaa mpu atoM
Takke yBeJUYHuTca B 2 pasa. VI HakoHen, cuia Ammepa 3a-
—

BHCHUT OT yIvia, 00pasoBaHHOIO BEKTOPOM B ¢ NPOBOLHHKOM.

Puc. 1.17
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B asroMm MoHO yOenuThCsH, MeHAS HAKJOH IIOJACTABKH, Ha KO-
TOPOH HAXOAATCA MarHWTHI, TaK, 4YTOOBI U3MEHAJCA Yol MexX-
Oy IIPOBOOZHUKOM W JIMHUAMH MAarguTHON wHAyKIuu. CHia

oy
JOCTHUraeT MaKCHUMAaJIbHOIO 3HadYeHHA F,, Korja BEKTOp Mar-
HHUTHOM MHAYVKIHH NEepHeHUKYIAPeH IPOBOAHUKY.

HTak, MakcuMalnbHAas CHJIA, AEHCTBYIOIas Ha OTPe30K
IPOBOJHUKA AANHOH Al, IO KOTOpPOMY HeT TOK, IPAMO IIPO-
MOPIHOHAJbHA IPOU3BENeHHUIO CHIbI TOKA I Ha JUIMHY yYacTHKa
Al: F,, ~ 1 - AL

ITOT OOBITHBIN (PAKT MOMKHO HCIIOJIL30BATH JJIA OIpejelie-
HHUS MOAYJIA BEeKTOpAa MATCHUTHON MHAYKNHUH. B camom gene,

F
mocKoabRy F, ~ IAl, To oTHOIIEHHE ITT: He OyIeT 3aBHCETH HU

OT CHJIBI TOKA B IMIPOBOJIHUKE, HU OT JJIMHEI YIACTKa IPOBOJHM-
Ka. HUmenuo mOo3TOMY STO OTHOIIIEHHE MOHO INPDHHATHE 3a Xa-
paKTepHCTHKy MAaArHUTHOrQ I1oJjid B TOM MecCcTe, rjae pacno.no-
JKeH YYaCTOK NPOBONHHMKA NIWHOH Al.

Moayns BeKTOpa MarHMTHOH MHAYKIHH OIpeJelsercsd
OTHOILIIEeHUEeM MAaKCUMAJILHOM CHJIBI, JEeMCTBYIOIIEH CO CTOPOHBI
MATHHUTHOI'O II0JIA Ha OTPEe30K IpOBOJHHUKA C TOKOM, K IIPDOH3-
BEJIeHHI0 CHJIBI TOKA HA QJIHHY 3TOT0 OTpe3Ka:

F

= Ik L
IAL .1

MarsuTHOEe MoJieé MOJHOCTBI0 XapAKTepPH3yeTCs BeKTOPOM

—_
MarguTHOH HHAVKOHHA B. B Kamnoll TouKe MArHHTHOTO IIOJIA
MOJKHO OIPEeleUTh HalpaBJIeHHe BEKTOPA MAarHUTHOH MHIYK-
IHHA U ero MOAY/bL, €CJIH U3MEPUThH CHJIY, AeHCTBYIOMYIO Ha OT-
Pe30K MPOBOAHHUKA C TOKOM.
Monyas cuasl Amunepa. IlycTe BeKTOp MArHHTHOM MHIYK-
—>

nuu B cocraBasaer yroa o (puc. 1.18) ¢ HanpaBiieHEHeM OTpe3Ka
IIPOBOJAHHKA C TOKOM (3JIeMEeHTOM TOKa). (3a HanpaBiieHHe dJie-
MEHTAa TOKa IIPUHUMAaIOT HallpaBjieHHe, B KOTOPOM II0 HPOBOJHM-
Ky ujeT Tok.) OmBIT MOKA3LIBAET, YTO MAariuTHOE MoJie, BEKTOD
WHIYVKIHH KOTOPOrO HAIIPABJIEH B/0Jb IPOBOJHHUKA C TOKOM, He
OKAa3bIBAeT HUKAKOIO JeHCcTBHA Ha ToK. Moayab CHIIbl 3aBHCHT

]
JHIOIL OT MOLYJA COCTABJSIONIEN BeKTopa B, mepneHIuKyaap-
HOM IPOBOAHUKY, T. . oT B, = B sin o, ¥ He 3aBHCHT OT COCTaB-

naweil By, HanpaBJeHHO#! BJ0JIL IPOBOJHHUKA.
MaxcumanbHas cuia Awmnepa coriacaHo dopmysne (1.1)
paBHa:
F,=IAlB,

o T
eH COOTBeTCTBYyeT yroJa o = E. HPH IOIPOMU3BOJIBHOM 3Ha4YeHHH

yriaa O cuja NOpONOpHMOHAAbHAa He B, a cocraBisiomein
12



B,
I
/ v e
B,
F
Puc. 1.18 Puc. 1.19

B, = Bsin o. Iloaromy BeIpaskenue i cHIbl F, qeficTByOmeR
Ha MaJIbIil OTPe30K HmpPOBOAHHKA Al, IpH cHJe ToOKa B HeM I,

-
CO CTOPOHBI MATHHTHOrO IIOJIA ¢ HHAYKIOHeH B, cocTaBisaomei
C 3JIEeMEHTOM TOKa yroJi O, ©UMeeT BUJ

F=1I|B|Alsino. (1.2)

9TO BRIpaKeHHe Ha3hIBAlOT 3akoHom Amnepa. Modyne
cunsv. Amnepa paéen npou3éedenuIo CuUibl. MOKA, MOJY-
A 6eKmMOopa MAZHUMHOU unHIYyrKyuu, OLUHBL ompeska
NPo600HUKA U CUHYCA Y2ia MedHcOY HANPAELeHUAMU 6€K-
mopa mMazHumHou UHOYKYUL U ILeMEeHMaA MOKA.

HampaBienue cuiasli Ammnepa. B paccMOTpeHHOM BBIIIe

-
OIBITe BeKTOp F HNepneHJAMKYNAPEH 3JIeMEHTY TOKa U BEKTODPY

i
B. Ero HampaBJeHUe OIpPeAedaeTcs Npasulom Je6oii pyrKu:
€CJIM JIEBYIO PYKY PacCHOJIOMKHTH TaK, YTOOBI IEpHOeHAUKYIADHAA

—
NPOBOJHHUKY COCTABJISAIONIAA BEKTOPAa MATHHUTHON WHAVKIUHN B
BXOAMJIA B JAaJOHB, a4 YeThIPE BBLITAHYTHIX Majblla OLLIN HAa-
IpaBjieHbl 0 HAIIPABJIEHHIO TOKA, TO OTOTHYTEHIH Ha 90° 6oJib-
10l majern yKajkeT HalpaBJeHHEe CHUJILI, JeHCTBYIOINed Ha OT-
pe3ok npoBogHHKAa (pmc. 1.19).
9TO IPaBUJIO COPABEAJHBO BO BCEX CIyYadx.
Ennanna MarauTHOM MEAYKIME. MBI BBeJIM HOBYIO BeJIUIH-
HY — BEKTOD MarHMTHOM MHAYKIHHU. 34 eJUHUYY MOOYNA 8eK-
mopa MaZHUMHOU UHOYKUUU MONHO NPUHAMbL MAZHUMHYIO
UHOYKYUIO 00HOPOOHO20 NOLA, 8 KOMOPOM HA OMPE30K NPoeod-
Huka 0aunoii 1 M npu cune moka 6 Hem 1 A deitemasyem co

CMopoHsbL noaa marxcumarvrhad cura F, =1 H. Coraacuo dop-

myie (1.1) eguEAa MarEUTHON MHAYKIIAK paBHa 1 =
- M
Envanna MarsuTHOR HHAVKIMH IOJYYHIA Ha3BaHHE Mecad
(Tx) B wecTs cepbckoro ydeHoro-anexrporexauka H. Tecaa
(1856—1943).
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H3mepas cuny, AEHCTBYIOIIYI0 CO CTOPOHBI MAarHHMTHOTI'O
IOJA Ha YYaCcTOK IIPOBOJAHMKA C TOKOM, MOXKHO OIpelelHuTh
MOAYJb BEKTOPA MAarHUTHOM MHAVKIHH. ChopMyaIMpoBaH 3a-
KOH AmMnepa AJfA CHJbI, AEMCTBYIOIIEH HA YYACTOK IIPOBOIHH-
K4 ¢ TOKOM B MATHHUTHOM IIOJIE.

2. Yemy paBeH MOAYNb BEKTOPa cMnbl Amnepa!

3. ChopmynupyiiTe NpaBMno ANA onNpefAeneHMs HanpPaBNeHWs CHIbI
Amnepa.

4. B KaKMX eiMHMLAX BbIPaMaeTCsd MarHWTHas MHAYKUM=a!

‘ ? 1. Kak onpepensierca mofynb BEKTOPA MarHMTHOM MHAYKLMM]

§4 SJEKTPOU3SMEPHUTEJIbHBIE ITPHBOPHI

OpueHTHUDYIOIlee NeHCTBHE MATHHTHOIO MOJA HA KOHTYD
¢ TOKOM (cM. § 2) HCHOJB3YIOT B 3JIEKTPOU3MEPUTEJILHBIX
npubopax MarHUTOIJIEKTPUUYECKOM CHCTeMEBI — aMIepMeTpax
U BOJBTMETpAax.

HUamepuTenbHBIN DTpubop MATHUTOSJIEKTPHUECKON CHCTEMBI
yeTpoeH caeayiomuM obpaszom (puc. 1.20). Ha merkymo amoMu-
HHEBYIO pPaMKy 2 OpAMOYroJbLHOH (OPMBI € IPHKPEILIeHHOH
K Hel cTpenkoil 4 HaMOTaHa KaTylika. PaMKa yKpemnJjeHa Ha
IBYX nosyocax OO’. B moloKeHHH PABHOBECHA €€ YIePIKHBAIOT
JBe TOHKHWe CIHpajJbHbIe NPYKUHEL 3. CHUJIBI YIPYTOCTH CO CTO-
POHBI IPYKHWH, BO3BPAIIAIOIIHE KATYIIKY B IOJIOMKEHUE PABHO-
BeCHsdA, NPONOPIMNOHAIBHELI YIJIY OTKJIOHEHHA CTPEJIKH OT I10JI0-
JKeHHA paBHOBecHA. KaTymIKy IIOMeEINAlOT MeXAY II0JHCAMH
NOCTOAHHOTO MarHuTa M ¢ HaKOHEUMKAMM CHelHaJabHON Gop-
MBI. BHYTpHM KaTYIIKH PpAacIoJo-
aeH muaueap I ua xeaesa. Takas
KOHCTPYKIHA o0ecneuWBaeT pagu-
aJbHOEe HallpaBJieHWe JIMHUM Mar-
HUTHOH MHAVKIINH B TOH objacTH,
rie HAXOAATCA BHTKHM KaTYIIKH
(puc. 1.21). B peaynbraTe 1IpM Jro-
60M MMOJIOMKEHHH KATYIIKH CHJIBI,
IeHCTBYIOIHMEe HA Hee CO CTOPOHBI
MATHHTHOTO TOJSA, MaKCHMAILHEI
H IpH HeU3MeHHOH CHJIe TOKAa IIOo-

CTOAHHEI. BeKTODEI Fu-F uzobpa-
JKAIOT CHJIBI, NeHCTBYIOIINE Ha Ka-
TYIIKY CO CTOPOHBI MAarHMTHOIO
mons W moBopaumBaipmue ee. Ka-
TYIIKA ¢ TOKOM IIOBOPaYHBaETCA A0
TeX TOop, IOKa CHJbI YOPYTOCTH CO




CTOPOHEI IMPYXHUH HE YPaBHO-
BeCAT CHJIBI, NeHCTBYIOIIHe Ha
pPaMKy CO CTOPOHBI MarHuTHOI'O
moJisg. YBeJWYHBas CHJIY TOKa
B 2 pasa, MBI 00HADYIKHM, 4YTO
CTpeJIKa IIOBOPaYMBaeTCA Ha YroJl,
BABOE OONBIMUIM, H T. 1. ITO IPO-
MCXOJUT IIOTOMY, YTO CHUJIbI, JAe¥i-
CTBYIOIIIHE Ha KaATYIIKY CO CTO-
POHBI MATHUTHOI'O IIOJIS, IPAMO
IpPONOPIMOHAJBHEI CHJe Toka: Puc 1.21

F,, ~ I. Brarogaps aToMy MOKHO

OIpeJesUTh CHIY TOKAa II0 YIJIY HOBOPOTA KATYIIKH, €CJaHU IIPo-
rpagyupoBaThk npubop. Iasi 3TOro HajJ0 YCTAHOBUTh, KAKHM
yIjaM IIOBOPOTA CTPEJIKHM COOTBETCTBYIOT M3BeCTHBIE 3HAYEHUHA
CHJIBI TOKA.

Tako# ke mpuOOp MOXXeT H3MEepATH W HanpsKeHwme. [lna
ATOTO0 HYXXHO IpajynpoBaTh npubop Tak, 4ToObI YIoJ IOBOPOTA
CTPEJIKH COOTBETCTBOBAJI OIpeJeJIeHHLIM 3HAYEHHAM HAOpA-
swenuda. Kpome Toro, compoTuB/€HHE BOJBTMETPa JOJKHO
6BITE MHOTO GOJBIIIE CONPOTHBIEHUSA aMIIepMeTpa.

B ocHoOBe yc'rpoﬁc'rna SJIEKTPOHM3MEPDHTENBbHBIX npnﬁopon
MarHUTO3JEKTPUUYECKOM CHCTEMEI JIEKHAT JAeMCTBHe MArHUTHO-
'O I0JIA HAa paMKy C TOKOM.

1. Moyemy MarHMTHbI@ CMNbi, AEMCTBYIOLIME Ha NPOBOAHMKM KaTYLUKM
‘? npubopa, He 3aBMCAT OT yrna NoOBOpPOTa KaTylKu!
b 2. Y70 yAepmHBaeT pamKy OT BPalleHHs B MarHMTHOM none!

3. Yem amnepmeTtp OTNMYAETCH OT BONbTMeTpal

IIPHUMEHEHHUE 3AKOHA AMIIEPA.
§5  I'POMKOTrOBOPHTEJID

3HasA HanpaBJIeHHWEe ¥ MOAYJb CHJBI, HeHdCTBYIOIIEil Ha JI0-
00#l Yy4acTOK MNPOBOAHHMKA C TOKOM, MOXXHO BBIYHCIHTH CYM-
MapHYIO CHJIY, AEeHCTRYIOIIYIO HA BeCh 3aMKHYTHIH ITDOBOJHUK.
Ilnsa sToTo HAAO HAWTH CYMMY CHUJI, JeHCTBYIOINHX HA KaMKIbIH
VYacTOK NPOBOHHKA C TOKOM.

3akoH AMIepa HCIONL3YIOT AJHA pacdera CHJ, AeHCTBYIO-
IMX Ha IPOBOAHUKHK C TOKOM, BO MHOTHX TeXHHYECKHX YCT-
policTBax. B yacTHOCTH — B 3JIEKTPOJBUIraTeJIAX, C KOTOPLEIMH
Bbl O3HAKOMHJIMCE B IMPeIbIIVITHX KJaccax.

PazbepeM ycTpPo#CTBO rpOMKOrOBOPHUTENIA.

I'pomrozogopument CIYKUT OJIA BO3OYKIEHHA 3BYKOBBIX
BOJIH IIOJ| EMCTBHEM MepPeMeHHOT'0 3JeKTPHYEeCKOro TOKa, Me-
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HAOIIErocs CO 3BYKOBOM u4acTo-
Toii. B BIeKTpoguHAMHYECKOM
TPOMKOTOBOpPHTENE  (IUHAMHKE)
HCIOJIb3yeTcHA AeiicTBHe MarHUT-
HOT'O IIOJIA IOCTOSHHOTO MarHuTa
HA HEPEeMEeHHBIN TOK B IOJBHK-
HOH KaTyIIKe.

Cxema yCcTpoOiicTBA I'PDOMKOTO-
BOpUTEJIS IIOKazaHa HA PHCYH-
Ke 1.22, a. 3ByKOoBadA KATYHIKa
I 3ByKoBas 3K pacnoJsiaraercs B 3a30pe KOJIb-

BOJIHA mesoro marauta M, C KaTyuIkoi
JKEeCTKO CBA3aH OyMaKHBIA KO-
"Hyc — guadparma D. Jluadparma
yKpeIieHa Ha YIPYTrHX IIOJBe-
cax, MO3BOJAKIIUX el coBep-
Puc. 1.22 maTh BHIHYIKJAEHHBle KOJebaHusa
BMECTEe C IMOABHKHON KATYIIKOMH.

Ilo xaTymKe OPOXOAHT MEPEMEHHBIN JJEKTPHYECKHUH TOK
¢ 9acTOTOI, PABHOM 3BYKOBOH 9aCTOTe CHrHAja ¢ MHKpodoHa
HJIM ¢ BBIXOJIA PAJHONPHUEMHHKA, IIPOUTIDEIBATENA, MATHUTOGHO-
Ha. Ilon neficrBuem cusibl AMmnepa KaTylIka KojaebieTrcsa BIOJIb
ocu rpoMmikorosopurenss 00, (cMm. puc. 1.22, @) B TaxkT ¢ KoJe-
baHUsAMH TOKAa. ITH KoaebDaHus nepejaTca Auagparme, w1 IMo-
BEPXHOCTHL JHadpPaArMbel U3JIVUAET 3BYKOBBIE BOJIHEI.

IlepBOoKJIACCHBIE T'DOMKOTOBODHUTENN BOCIPOM3BOAAT 0Oes
3HAUMTENbHBIX MCKAYKeHHH 3BYKOBBIe Kosie6aHWA B fUanas3oHe
40—15 000 I'. Ho Taxkue ycTpoiicTBa OYeHb CI0xHBI. IloaTo-
My OOBIYHO HPHUMEHSAIOT CHCTeMBI H3 HECKOJIbKHX I'DOMKOT'OBO-
puTeneil, KaXKIbIil M3 KOTOPHIX BOCIPOHM3BOAHT 3BYK B oIIpene-
JesHOM HeGosbIIoM MHTEepBade uacToT. O0IMM HeZoCTATKOM
BCeX rpoMKorosoputeneil apiasercs ux Mauaeiii KIII. Oru na-
aydaioT aumbs 1—3% noaBOAMMOI SHEPTHH.

3BYK B pajHONpHEeMHUKe, IPOUTPEIBATE e ¥ MarHutrodpone
BO3HHUKAET B peayJibTaTe ABHIKEHHA KaTYIIKH C TOKOM B IIOJe
MIOCTOSHHOTO MarsguTa.

Hapany ¢ aleKTpoMexXaHWYeCKUMH I'POMKOTOBODHTEISAMH
B HACTOsAIIEee BpeMs IMIHPOKOEe IPHMeHEeHHE MOJYYUIN IPOMKO-
rOBOPHUTENH, OCHOBAHHEIE HA NLE303JIEKTPHUYECKOM adderTe.
Jror abhderT npoaBadgeTca B BHAe Ae(@OpMaIlMH HEKOTODBIX
THIOB KPHCTAJLJIOB B 3JIeKTPOCTATHYECKOM noje. I[Be mbeso-
JACTHHKH CKJIenBaloT. IlaacTHHKY MoA0MpaloT TakK, YTO OZHA
W3 HUX YBeJIUYHMBAETCHA II0 AJIMHE IoJ AeiicTBHeM IOJdA, a ApPYy-
rasg ymeHsimaercsa (cM. pue. 1.22, 0). B pesyasrare moJay4arT
3JIeMeHT, KOTOPLIM CHUIBHO H3rmbaercs IOJ AeliCTBHEM IIOJA
U IIpHM II€PEeMEeHHOM 3JIEeKTPHUYECKOM IIOJIe CcO3/aeT aKkycThde-
CKVIO BOJHY. [Ibe30rpOMKOTOBOPHTENIH O4YeHb VIOOHBI B H3rO-
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TOBJIEHHH ¥ MOTYT OBITE COBCEM MAJIEHEKMMMU, BejeacTBre 3TOro
OHH HAIIIW INTHPOKOe NpUMeHeHHue B paguoresiedoHax, MO-
OHMIBHBEIX TededoHaX, HOYTOYKAX M MHKPOKOMIILIOTEDAX.

BsamMmogeiicTBUe TOKOB 1 IIBE303JIEKTPUYECKIH apdeKT mo-
JIOKEeHBI B OCHOBY IIPHHIIHIIA PabOTHI COBPEMEHHLIX I'DOMKOI0-
BOpUTEJIEH.

Yramure HanpasneH1e BeKTOPa MarHMTHOH MHAYKLMH, 3NEeKTpHYecKoro

? TOK@ H CHNBI AMNepa Ha CXeme TPOMKorosopurens (cm. puc. 1.22).
N

JENCTBHE MATHHUTHOI'O I1OJISA
§6 HA IBHKYIIUNICA 3APA/.
CHJIA JIOPEHITA

ONeKTPUYECKHH TOK — 3TO YHOODPAJOUYEHHO IBHKYINHECS
3apsAKeHHble JacTUObl. IlosToMy JelicTBHEe MATHUTHOIO IIOJA
Ha OPOBOJHHEK C TOKOM €CTh Pe3yJbTaT NeHCTBUA IIOJA HAa OBU-
KylIHecs 3apAKeHHBIe YACTUILI BHYTPM NPOBOAHMKAa. Haii-
JeM CHJIY, JeHCTBYIOMIYIO HA OJHY YACTHILY.

Cuny, 7eCTBYIOMIYIO HA JBHXKYINYIOCHA 3apAKeHHYI0 YaCTH-
Iy CO CTOPOHBI MArHUTHOTO IOJA, HASEIBAIOT cuioi JlopeHua B
YeCTh BEIMKOIo roanagackoro dusura X. Jlopenma (1853—
1928) — ocHoBaTena dNE€KTPOHHON TEOPHUH CTPOEHHS BeIleCT-
Ba. Cuny JlopeHIa MOKHO HAfTH ¢ IIOMOIBIO 3aK0oHA AMIepa.

Monayas cuasl JlopeHa paBeH OTHOIIEHHIO MOAYJIA CHIIEL F,
JeHCTBYONed Ha YYaCTOK NPOBOAHUKA AAUHON Al, K uyncay N
3apAMKEeHHBIX YAaCTHI[, YNOPAJOYEHHO [IBMMKYIIHUXCA B 3TOM
yuacTKe IPOBOJHHKA:

F
Fp= ¥ (1.3)

PaccMOTpHM OTpe30K TOHKOT'O OPAMOI0 IIPOBOJAHHMKA C TO-
koM (puc. 1.23). Ilycrs gnuna orpeska Al ¥ niomans momeped-
HOT'O CeYeHHsA NPOBOJAHHUKA S HACTOJIBKO MAaJLI, YTO BEKTOP

>
UHAYKOHHA MAardMTHOTO I0oJA B MOMXHO CYHTATH OJHHAKO-
BBIM B Ipefesax 3TOr0 OTpe3Ka
nposojHuKa. Cuna Toxa I B mpo- Bi A
BOJHHUKE CBA34aHA C 3apAJOM dYac-
THUIL ¢, KOHIIeHTpallleil 3apsarKeH-
HBIX YacTHII (YHCIOM 3apsAI0B
B eIWHHIle 00b€Ma) U CKOPOCTHIO
UX YIOOPAIOUYEHHOTO JBUIKEHUS U
crenyiomeil ()OpMyJIOn:

I =gnvs. (1.4) Puc.1.23

(-1}
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Moayne CHIIBI, [AeMCTBYIOOIEH €O CTOPOHBI MAarHMTHOIO
moJisA HA BEIODAHHEBIA 3JIeMEHT TOKAa, paBeH:

F=|I|BAlsina.

IlonacraBasasa B 3Ty ¢opmynay BeipaxkeHue (1.4) Aaa cHIbI
TOKa, moaydaem.

F =|g|nvSAlBsino = v|q|NBsina,

roe N = nSAl — 4uclio 3apsAMKeHHBIX YaCTHI[ B pacCMaTpHUBae-
MoM obbeme. ClremoBaTelbHO, HA KaKAbIM ABMIKYIOHICA 3a-
pPHJ €O CTOPOHBI MAarHUTHOTO MOJIA AedcTByeT cuia JlopeHna,
paBHAaA:

FH=%=]q|vBsina, (1.5)

rae 0. — yroJ MeXJIy BEeKTOPOM CKOPOCTH U BEKTODOM MAarfuT-
—
HoOit mEAYKNEH. Cuna JlopeHna nepneHANKYIAPHA BeKTOpaM B

u U. Ee Hanpas/ieHUe oIpejieifeTcA C MOMOIILIO TOTO K€ npa-

6uaa 1e60il pPYyKu, 9TO U HAIPABJIEHNEe CHJILI AMIIepa: eciu Jie-

BYI0 PYKY PacnoJIOKUTh TaK, YTOOBI COCTABIAIONAA MAIHUTHOMN
-

WHAYKIUH B, mepneHANKy/JIApHaA CKOPOCTH 3apaja, BXOAHIA
B Nafi0Hb, 4 YeThIpe BEITAHYTHIX Majblla ObIIHM HampaBJeHEBl 110
IBHKEHHIO IOJOKUTEIBHOTO 3apafa (IPOTHB IBHKEHUs OTPHIIA-
TeJIbHOr0), To oTorHyTEIH Ha 90° GosbIoii Imaen yKasKeT HAIIPaB-
JIeHMe HelicTByiomieit Ha s3apsaj cuiasl Jlopenna Fy (puc. 1.24).

DneKTpHUecKoe IMoJe [AeHCTBYeT Ha 3apal ¢ € CHJIOH

—_ e
F,, = qE. CnemoBaTesJIbHO, €CJIH €CTh H JJIEKTPHYECKOe IIoJe,
>

M MarHuMTHOE Ioje, TO cymMmapHas cuJa F, nelicTBymolmaa Ha
3apAn, paBHA:

—= e -

F = .F;_,1 7 F.TI'

Tax kak cuya JlopeHIa mep-
NeHAUKYIAPHA CKODOCTH dYac-
THIIBI, TO OHA He cosepuiaem
pabomut. CoracHo TeopeMe 0 KH-
HeTHYeCKO# sHepruu (cMm. yued-
HuK pusuku gasa 10 kaacca) aTo
oszHauaeT, uTO cuia JlopeHna He
MeHAem KuHemuyeckymo aHep-
2U0 Yacmuuybl ¥, CIeloBaTelb-
HO, MOAyJb ee ckopoctu. Iloxg
melictBueM cuiabl JlopeHma Me-
HAETCHA JHUIIL HAIpaBJIEHHEe CKO-
Puc. 1.24 POCTH YaCTHIBI.

z




JBHoKeHMe 3aPsIKeHHON YaCTH-
ObI B OMHOPOAHOM MATHHTHOM IO-
Je. PaCCMOTpHM ,I(BH_}REHHE qacTH-
OBl C 3apsAAOM ¢ B OJHOPOJHOM

-

MarsuTHOM IloJjie B, HanpaBaieHHOM
OepIeHIUKYIAPHO K HAYaJbHOH

a3
CKOpOCTH uacTHOBl U (puc. 1.25).
Cuna JlopeHua 3aBUCHT OT MOAY-  pyc. 1.25
el BEKTOPOB CKOPOCTH YACTHILBI
U HHAYKIOHUK MarHUTHOrO mosid. Tak Kak MarduTHOoe I1oJe
He MeHAEeT MOAYJIb CKOPOCTH JBHKYIEeHca YaCTHIILI, TO OCTAET-
cA HEM3MEeHHBIM M MOAYJb cuJibl JIopeHma. OTa cuiia mepueH -
KYJISIDHA CKOPOCTH H, CJIeJ0BATEILHO, OIpeaeligeT MeHTPOCTPe-
MHTEJbHOE YCKOPEeHHe dYacTHIbl. Hem3MeHHOCTH MO MOIYJIIO
IIeHTPOCTPEMHUTENEHOr0 YCKOPEHHUA YACTHUIlbI, ABUMKYIIEHCH ¢
IIOCTOAHHOM II0 MOAYJIIO CKOPOCTBIO, O3HAYAET, YTO YaCTHIA
PABHOMEPHO ABHIKETCHA II0 OKPY:KHOCTH pajguycom r. Ompeje-
JIAM 3TOT pajguyc.

CornacHo BrOopomy 3akoHy HeroToHa (cMm. pue. 1.25)

muv®
- = |q|vB.
Orcrozma _—
r= 2IB" (1.6)

Bpems, 3a KOTOpoe yacTHIla JeJiaeT IIOJHEIN 00opoT (mmepu-
on obpalrneHusi), paBHO:

ﬂ_ 2nm
v |g|B’

(1.7)

HcnonnzopaHHe JeHCTBHS MATHHTHOTO MOJA HA ABHIKY-
muiicsa 3apan. eficTBue MAarHUTHOTO IOJA HA ABUKYIIIAKCSA 3a-
pAL IIAPOKO HCIOJb3YIOT B COBPEMEHHOH TexHuKe. [locTaTouno
VIOMAHYTE TeJIeBU3HMOHHBIE TPYOKM (KMHECKONBI), B KOTOPBIX
JeTAllde K 9KPAHY 3JIEKTPOHEI OTKJIOHAIOTCS C IIOMOIIBIO Mar-
HUTHOT'O IIOJIfA, CO3[4aBAE€MOr0 0CO-
OBIMM KATYIIKaMH.

Cuna JlopeHIa HCHOJB3YeTCH
B YCKOPHTEJEe 3aPAKeHHLIX JACTHIL
(UMKJIOTPOH) /IS IOJAYYEHHA Uac-
THIL ¢ DONBIIUMY 9Hepruamu. IIuk-
JIOTPOH COCTOMT M3 OBYX IIOJBIX
ODoNynuiInHAPOB (AyaHToB) 3, HAa-
XOOAINHUXCA B OJHOPOJAHOM MAr-
HUTHOM moJe (puc. 1.26). Mexay
AyaHTaMH CO3/JaeTcs IepeMeHHOoe Puc. 1.26
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Barapes, cosnaromasn aneKTpuyeckoe moJe. CorsiacHo
YVeROpAInee HATDAKeHne dopmyJie (1.6) npu yBesuueHHN
CKOpOCTH uacTHOBI [ panuyc
- oKpyxHOCTH (TpaeKktopuu 2),
®©B 110 KOTOPO ABHXKeTCS 4acTHUIlA,
yBenuuuBaetcs. Ilepuojy obpa-
POTOMNIACTHHKA IIEeHUSI YACTHIIEI He 3aBUCHUT OT

vh

T cxopoctu (cm. dopmyay (1.7)),
—_|E M, CJIe0BATeIbHO, Yepea IoJIIe-

T ﬁi’ pHoza, BCIEeICTBHE HN3MEeHeHHS
e 1 HAIIPABJEHUA SJIEKTPHUECKOTO
gacTHI[ K macocy II0JIs, YACTHUIlA CHOBA OKA3BIBA-

eTcsi B YCKODPAIOIeM ee IIoJie
Puc. 1.27 u T. n. Ha mocieiaeM BUTKe 4ac-
THUIA BBIJIETAET U3 IUKJIOTPOHA,
Ha neiicTBMM MarHMTHOrO IMOJIA OCHOBAHO TaKKe M YCTPOIi-
CTBO MpUOOPOB, TO3BONAIIINX Pas3/leIATh 3apAKeHHEIe YaCTH-
OBl [I0 UX YJeJbHBIM 3apAjaM, T. €. OO OTHOWIEHHIO 3apsana
YacTHIEI K €e Macce, U IO MOJNYYEHHBIM pPe3yJbTaTaM TOYHO
onpeeAaTh Macchl yacTurn. Takwe mpuboOphLI MOJYyYHAJIH HA3BAa-
HHE Macc-cnexmpozpagos.
Ha pucyske 1.27 nuzobpakeHa IpHHOUNIAAJIBHASA CXeMa IIPo-
creiimero macc-cnekTporpada. Bakyymuas kamepa mpubopa
—»

noMellneHa B MarHuTHOe moJie (BeKTOp MHAYKIOHU B mepneHIH-
KYJIApeH PUCYHKY). ¥ CKODEHHEIe BJIEKTPUYECKHUM II0JIeM 3apsd-
JKEHHBIE YACTHUILI (3IeKTPOHEBI MJIM MOHBI), ONIHCaB AYyTy, Hola-
naoT Ha GOTOMIACTHHKY, I'/leé OCTABISAIOT CJe]], MO3BOJIAIIHHA
¢ BBICOKOI TOUHOCTBLIO H3MEPHUTH paauyc Tpaexkropun r. Ilo aro-
MY pafuycy OlipeJeiAeTcA YAeJbHBIA 3apsas HoHa. 3HadA 3apan
HOHA, JIETKO BRIYHCIUTH €ro Maccy.

Ha ABHKYIOVIOCS 3apsKeHHYIO YacTHIY CO CTOPOHBI Mar-
HUTHOTO noJsa geficteyer cuia JlopeHnma. JTa cuia neprneH/u-
KYJApHA CKOPOCTH H He coBepiaer padoThI.

2. Kak ABMMETCH 3aps)KeHHasl 4acTHLla B OfHOPOJHOM MAarHMTHOM
none, eCNM HavyanbHas CKOPOCTh YacTHLbI MEPNEHAWKYNSPHA NHHHAM
MarHMTHOH MHAYKLMHKI

3. Kaxk onpepennts HanpaBnexwe cunbl Jlopexyal

? 1. Yemy paeen mopyne cunbl Jlopenuya!

§7 MATHHUTHBIE CBOMCTBA BENIECTBA

MarguTHOe TIoJie CO3/laeTcd He TOJBKO 3JIEKTPHYECKHMH
TOKaMH¥, HO M INOCTOAHHBIMHA MarsHuTaMiu.

HamaramuuBanue seumiectsa. IlocToaaable MATHUTEI MOTYT
OBITH U3TOTORJIEHEI JIUIITH U3 CpPaBHUTEJHHO HEMHOI'MX BeIecTB,
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HO BCe BellleCTBa, TOMEIeHHbBIe B MArHUTHOE 10Jie, HAMATHAYIH-
BAalOTCHA, T. €. CaAMHM CTAHOBATCA HCTOUHHKAMH MATHUTHOTO
nonsi. B pesynapTaTe 9TOr0 BEKTOP MATHHUTHOH MHAVKIIMH IIDH
HaJIWYHUH BellleCTBa OTJIMYAeTCS OT BeKTOPA MATHHUTHOMN WHIYK-
MU B BaKyyMe.

I'mnoresza Ammnepa. IIpuwunHa, BeeAcTBHE KOTOPOM Teja 006-
JaganT MarHUTHBIMU CBOMCTBaMM, OBLIA yCTAHOBIEHA (paH-
OY3CKUM ydeHBIM Amnepom. CHauama, moj HEMOCPEeACTBEHHBIM
BIleYaT/IeHHeM OT HabJlJeHus 3a II0BOpaYWBalomMelca BOIU3H
IIPOBOAHHKA C TOKOM MarHHUTHOM CTPENIKOH B OOBITaX JpCTena
AwMmep OpeAnoIOKHAI, YTO MATHETHSM 3eMJIM BEISBAH TOKAMH,
TIIPOXOAAIIAME BHYTDPH 3eMHOTr0 1apa. ['iaBHbIH mar 6611 caexan:
MaAZHUMHDbLE CB0ILCMEA Mena MONCHO 00BACHUMb UUPKYJLUDPYIO-
wumu eHympu Hezo morxamu. Jlanee AMmuep npuinen K obmaemy
BaKJIIOUYEHUIO! MAZHUMHbLE c80licmaa 1100020 meaa onpedens-
0OMca 3AMKHYMbLMU 3JleKMPULeCKUMU MOKAMU 6HYMPU HEZ0.
9TOT pelIaOIIWil IIAT OT BO3MOMKHOCTH 00'bACHEHMS MATHHT-
HBIX CBOMCTB Tejla TOKAMH K KaTeropM4eCKOMY yTBeDKAeHHIO,
4YTO MArHHUTHEIE B3aWMOJIEHMCTBUSA — 9TO B3AaHMOIEMCTBUA TO-
KOB, — CBH/JETEeJIbCTBO OOJILIIOH HAyYHOH cMeJIOCTH AMmepa.

CorsnacHo runoTese AMnepa BHYTPH MOJIEKYJ M ATOMOB ITHP-
KYJIHDPYIOT 2JIeMeHTapHble sneKTpudecKue TOKH. (Teneps MBI
XOpOIIO 3HaeM, 4TO 3TH TOKHM 00pas3ylTCaA BCJEJCTBUHE [BHKe-
HHUA BIIEKTPOHOB B aroMax.) Ecim mI0cKoCTH, B KOTOPBIX IIHP-
KYJHPYIOT 3TA TOKH, PaCIOJIO}KEHBEI 0ecrnopsaAZo4YHO IO OTHO-
MIeHNI0 APYr K APYrYy H3-3a TEeNJIOBOTO OBHXEHHA MOJEKYJI
(pmc. 1.28, a), To uX [eficTBUA B3aMMHO KOMIEHCUDPYIOTCSH,
¥ HUKaKWX MardHUTHBIX CBOMCTB TEJIO He O0Hapy:KuBaeT. B Ha-
MArHU4Ye€HHOM COCTOAHHU 3JIeMeHTaPHBIE TOKH B TeJle OPUEHTH-
POBaHEI TAK, YTO MX JeHCcTBHA cKJIafeIBaioTcs (puc. 1.28, 6).

lunoresa AMnepa o6BACHAET, IOYEMy MATHHTHASA CTPeNIKa
H paMKa (KOHTYD) C TOKOM B MATHUTHOM IIOJIe BeAyT cebs ommHa-
KO0BO (cM. § 2). CTpelIKy MOYKHO pacCMaTPHBATE KaK COBOKYITHOCTH
MaJeHbKHX KOHTYPOB C TOKOM, OPUEHTHUPOBAHHBIX OJUHAKOBO.

Hamnbonee cuirbHBIE MAarHWTHBIE TIOJASA CO3JAIOT BEIECTBA,
HaselBaeMble (peppomarmeTnkaMu. MarHEUTHBIE IIOJIA CO3IAOT-
cA (eppoMarseTMKaMH He TOJBKO BCIeACTBHe oOpamieHEus
JIEKTPOHOB BOKDYT AJlep, HO M BCJEACTBHE UX COOCTEEHHOIO

Puc. 1.28
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Bpamenusi. CoOCTBeHHBIH BpalaTeJbHBIH MOMEHT (MOMEHT
UMITYJIBCA) 2JIEKTPOHA HASLIBAETCH CIMHOM. JJIEKTPOHEI BCerja
Kak OBl BpamjaiTcsi BOKPYr CBoeil ocu u, obiajgas 3apsajoM,
CO3/IaI0T MATHUTHOE II0JIe HapAAY € IoJeM, NOABIAKIIHMCT 34
cueT MX OpOMTANIBLHOrO ABMIKEeHUA BOKPYT Anep. B deppomar-
HETHKAX CYIIeCTBYIOT 00JiacTH ¢ IapajliejIbHbIMH OpHeHTa-
NUAMHK CIHMHOB, Has3biBaeMble JOMEHAMH; pasMepbl JOMEHOB
nopaaka 0,5 mxMm. IlapannensHas opueHTalUsA COUHOB obec-
meurBaeT MHUHHMYM [NOTE€HUUAJbHOU sHepruu. Ecmu deppo-
MAarHeTHK He HAMATrHHYeH, TO OPHeHTAIUA JJOMEeHOB XaoTHYHA,
¥ CyMMapHOe MarHUTHOe II0Jie, co3JlaBaeMoe JOMeHaMHu, PaBHO
Hya10. [Ipu BKIOYEHHM BHEINHEr0 MarHUTHOI'O IOJHA JOMEHBI
OPHEHTHUDPYIOTCH BJAOJbL JUHHE MAarHUTHOH HMHAYKIMH 3TOr0
[OMA, H MHAYVKIIUA MArHUTHOTO II0JA B (peppoMarHeTHKax yBe-
JAUMYABAETCHA, CTAHOBACH B THICAYM M Ja)e MUJIJIMOHBI pas
0O0JIbIlle HHAVKIINK BHEIIHEro II0Js.

Temuneparypa Kropu. IIpu remoeparypax, 00JbIIAX HEKOTO-
poii ompeneneHHON AaA AaHHOro eppoMarseTHKa, ero ¢eppo-
MarHdTHBIE CBOMCTBA MCYe3aT. JTY TEeMIepaTypy HA3BIBAIOT
TeMmnepaTtypoii Kopu 0o “MeHH OTKPBIBIIEr0 JaHHOE SBJIeHHE
dpasy3cKoro yuyeHoro. Ecau 1ocTaTouHO CHJIBHO HArpeTh Ha-
MargM4YeHHLIN I'BO3/lb, TO OH IIOTEPAET CHOCOOHOCTH NPHUTATH-
BaTh K cele »Kesle3Hble mpeaMeThl. Temieparypa Kopu naa xe-
neza 753 °C, gns nukens 365 °C, a pna xobansra 1000 °C.
CyliecTBYIOT (heppOMATHUTHBIE CILIABbI, Y KOTOPBIX TeMIepa-
typa Kiopu mensine 100 °C.

IlepBble AeTajibHbIE MCCIENOBAHUA MATrHUTHBIX CBONCTB
deppPOMArHETHKOB OBLJIM BBINOJHEHBI BBIJAMIIHMCA DPYCCKHUM
¢pusuxkom A.T.Cronerosem (1839—1896).

@deppoMarHeTHKH U UX NpuMeHeHHe. X0oTA (DepPPOMArHHUT-
HBIX TeJ B NPUPOJEe He TaK YK MHOTO, MMEHHO UX MarHUTHEIE
CBOICTBA MOJYYHJIN HauOOJbIIee IpaAaKTUYECKOe NPHUMeHeHHe.
Henesusl NI CTANBHOHN CepAeYHHUK B KaTYIIIKe BO MHOTO pas
YCHJIMBAET CO3JaBaeMoOe €0 MarHuTHOe IIoJie, He yBeJUYHBAd
CHJIY TOKA B KATYIIKe. 9TO KOHOMHUT 3jeKTposHepruio. Cep-
IeYHUKH TpaHc(hOpMAaTOPOB, FeHEPATOPOR, 3JIeKTPOABHUTaTe e
M T. . A3TOTOBASIOT U3 (heppoMarHeTHKOB.

IIpu BBIKIIOUEHHH BHEIIHEr0 MarHHTHOTO II0Js deppomar-
HETHK OCTaeTCd HAMATHMYEHHEBEIM, T. €. CO3JaeT MarHHTHOe
IoJie B OKPY’KalIleM IpocTpaHcTBe. JTO 00BACHAETCS TEM,
YTO AOMEHBI He BO3BPAIAIOTCHA B NIpe)KHee II0JOKeHHe W HUX
OpUEHTANlWA YaCTHYHO CoxpaHdAeTcd. Biaromapsa asromy cy-
MIeCTBYIOT IOCTOSHHBIE MATHUTEHL.

ITocTogHHBIE MATHHUTHI HAXONAT IIAPOKOE MPUMEHEHHE B
2JIEKTPOU3MEPUTENBHEIX NpHOOpax, TPOMKOIOBOPHTEIAX U Te-
JedoHaX, 3BYKO3AMINUCHIBAIOIINX alllapaTax, MAarHUTHBIX KOM-
macax W T. .
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Bonrmoe nmpuMeHeHMe mOJay4YuaHn GeppUTH — (eppomar-
HUTHBIE MaTepHaibl, He IPOBOAANIHE BJIEKTPHUYECKOIO TOKA.
Onu mpeacTaBaAOT co00il XMMHYECKHE COCIMHEHHUA OKCHIOB
JKejgesa € OKCHAAMHM IPYrux BemmecTB. OJHMH M3 M3BECTHBIX
(eppOMATHUTHEIX MAaTePHAJIOB — MATHUTHBIA JKeJIe3HAK —
ABaseTcA (HpeppUTOM.

MarsuTHad 3anuck HHpopmauuu. M3 deppoMarseTHKos
H3MOTOBJAKT MATHHTHEBIE JEHTHI M TOHKHE MArHHTHBLIE ILJIeH-
KH. MarHHTHEIE JIEHTHI HIMPOKO UCHOJABL3YIOT AJI 3BYKO3aIIUuCH
B MarHuTooHax M A8 BHAEO03alHCH B BUAeOMarHuTodoHaX.

MaruuTHas JIeHTa OpejcTaBiaAeT coboil rubKyio OCHOBY H3
MOJHXJIOPBUHHAJIA HMJIH APYTUX BemecTB. Ha Hee HaHOCUTCA pa-
0ouMii CJIOM B BHJEe MATHHTHOI'O JIaKa, COCTOAIIET0 M3 OUYeHb
MeNIKHX HIoJbhYaThIX HACTHIL JKejesa HJIH Apyroro dgeppomMar-
HETUKA ¥ CBA3YIOOIHX BEIEeCTB.

3anuchk 3ByKa IIPOM3BOAAT HA JIEHTY C MOMOIILIO 3JEKTPO-
MarsuTa, MarHuTHOE I10Jie KOTOPOI'0 UBMEHAETCH B TAKT CO 3BY-
KOBBIMH Kosiebanuamu. IIpu qBUKeHHUH JIEHTHI BOJIHU3M MATHHUT-
HOH rOJIOBKH Pa3jIMYHBIE YYACTKU IJIEHKH HAMATHHYHMBAIOTCH.
CxemMa MarHHTHOM MHAYKIIMOHHON FOJIOBKH IOKa3aHa HA PUCYH-
Ke 1.29, a, rae 1 — cepaeyHHK 3JI€KTPOMarHuTa; £ — MAarHHT-
Has JeHTa; 3 — pabouuii 3a3op; 4 — 00MOTKA 3JIEKTPOMATHUTA.,

IIpu BocnpousBeneHMu 3ByKa Habnwgaercsa obpaTHEIH mpo-
Iecc: HaMarHHYeHHAsA JIeHTa BO3-
OysxmaeT B MarHMTHOHM TOJIOBKe
3JIeKTPUYECKHEe CHMI'HAJIBI, KOTO-
phle I0CJIe YCHJIEHHSA MOCTYNAoT
Ha JUHAMHWK MarfsuTodoHa.

ToHKHe MarHUTHEIE ILIEHKH CO-
CTOAT U3 CJ0A (PeppoOMarHuTHOrO0 2
maTepuana roamuHoi or 0,03 mo
10 mxm. Wx npumensitor B 3a-
OOMHHAKIAX YCTPOMCTBAX 3JIeK- a)

Iluck Ilens ana  ONeKTPOMATHUTHAA
\ TOJIOBKH \ / TOJIOBKA

6) ABHIraTel]b

Puc. 1.29
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TPOHHO-BEIYHCAUTENbHBIX MamuH (9BM). MareutHsie ILIeHKH
npeaHa3HAYEHEl AJIsI 3alHMCH, XPAHEHUS M BOCIPOM3BEJEHHA
nadopManuu. VX HaHOCAT HA TOHKHUH aIIOMHUHHUEBBIH TUCK HJIH
bapaban. MudopMAIINI0 3ATHCHIBAIOT W BOCIPOHU3BOIAT IPH-
MEpHO TakK e, KaKk U B 00bIYHOM MarHUTO(doHe. 3anuch HHPOP-
manmuu B 9BM MO0XHO ODPOH3BOAUTL M HA MarfuTHBIE JIEHTHI.

PasBuTHe TeXHOJOIMH MATHAUTHOM 3aIHCH IIPHBEJIO K MOAB-
JEeHWI0 MAarHUTHBIX MHKPOTOJIOBOK, KOTODBIE€ MCIIOJNB3YIOTCH
B 9BM, IIO3BOJMAIOIIHNX CO34aBaTh HEMBICIHMYH paHee IIJIOT-
HOCTh MArHUTHON 3anucu. Ha (heppoMarEMTHOM MeCTKOM JUCKe
IMaMeTpPOM MeHbIIe 8 CM XPAHUTCHA N0 HECKOJBbKHX TepabaiT
(102 Baitr) uadopmanuu. CyuTHIBAHKWE W 3aNUCh WHOOPMAIIHH
Ha TAKOM AWCKE OCYINEeCTBJISETCA ¢ IOMOIIbI0 MHKDOTOJIOBKH,
PACIIOJIOKEeHHOM Ha MoBOpOoTHOM peryare (puc. 1.29, 6). Cam
OUCK BpAIldeTcsi ¢ OIPOMHOI CKOPOCTBIO, M TOJIOBKA IJIaBaeT
HaJ HUM B MOTOKE BO3QyXa, UTO IIPeLOTBPAINaeT BO3MOMKHOCTD
MeXaHWUYeCcKOro MOBpPeXIeHus AUCKA.

Bee BemiecTBa, momelneHHBIE B MarHHTHOe IIOJe, CO3JAIOT
coberBennoe moge. Hawubosiee cUIBLHBIE TIONA CO3Aai0T (heppo-
MarHeTuku. VI3 HUX mesaloT IIOCTOAHHEBIE MarHHTBI, TAK Kak
nojie QeppoMarHeTMKa He HMCUYEe3aeT I0CJe BBIKJIIOUEeHUA Ha-
MarHUYMBAIOIero mojas. PeppoMarHeTHKH IIHPOKO IIPUMEH-
IOTCSI HAa IPaKTHKe.

Wil 1. Kakue BewjecTtea HazbiBalOT (heppoMarHeTHKamu!
9_ 2. [Ing KaKMX Lefied NPMMEHSIOT heppoMarHHTHbie MatepHansi!
L4 3. Kaxk ocywecTensieTcs 3anuce vHchopmaumn B IBM!?

! IIPUMEPHI PEIIEHUA 3ATAY

Pemnienue 3ajad ¢ IpUMeHeHHMeM 3akoHa Awmmepa (1 He-
MOJIB30BAHHEM BBIDAMKEHMSA AJs cuabl JlopeHIa) aHAJIOTHYHO
pelIeHuo 3alady MexXaHUKH. KpoMe MeXaHMYECKHX CHJI, HAXO
yuuTEIBaThE cuwiay Ammepa (mum cuny Jlopeniia) m npaBHIBHO
onpenesisiTh €e HallpaBJIeHHe.

1. Mexay nojgocaM¥y MATCHUTA IOJBellleH TOPH30HTAJIbHO Ha
IBYX HEeBECOMBIX HHTAX NPAMON IpoBoXHUK Amunoi [=0,2 M u Mac-
coit m= 10 r. BeKTOp HHAVKIMK OJHOPOJHOT'O MAarHHTHOIO I10JIA Iep-
MeHAWKYIAPEeH NIPOBOJHUKY W HANpaABIeH BepTHEaNsHo; B= 49 mTa.
Ha xKako#l yroj ¢, OT BEePTHKAJH OTKJOHATCA HHUTH, MOJJEPHHUBAIO-
[1e TIPOBOSHHUK, ecJH 110 HeMy npomyctuts Tok? Cuna Toxka [ =2 A.

Pemenue. Ha IIpOBOlIHHH JeHCTBYIOT CIeAVIOIINe CUJIbL:

CHJIBI YIIPYTOCTH JBYX HUTEH T cuiia TAMKECTH mg U cuna Am-
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Yi
Yi
B
] .
- X
0] X Z
Puc. 1.30 Puc. 1.31

5
mepa F (puc. 1.30). Moaynas cunel Amnepa F= IBl. Ilpu pas-
HOBECHH NIPOROJHUKA CYMMBI IIPDOEKIIMH CUJI HA BEPTUKAJbHOE
¥ FOPM30HTAJILHOE HANPABIEHHA (C YIETOM HX 3HAKOB) PABHEI
HYJIIO:

-mg+ Tcosa=0,
—F + T'sin o = 0.
Orcropa

tga = L =B 50,2,
mg  mg

Cnepmosarensuo, yroa o = 11,3°.

2. B npocrpaHCTBe, TAe CO3JAHLI OJHOBPEMEHHO OAHOPOIHBIE
1 INOCTOSSHHEIE 3JIEKTPUYecKOe M MArHUTHOE TOJifA, N0 TpAMOJHHe-
HOHM TpaeKTOPHH JBHIKETCA NMpoToH. M3BECTHO, UTO HANPAMEHHOCTH

— —
2JIeKTPHYECKOT0 IoJiA paBHa E. Onpejenure MHAVKIHIO B Marsur-
HOT'O IOJIA.

Pemenue. I[IpamonnneiiHoe ABHKEHHE IPOTOHA BO3MOK-
HO B [JBYX CJay4Yafx.

e
1) BexTop E HamnpagmjieH BJAOJb TPAEKTOPHHU IBHKEHUH
—-

nporoHa. Torma BexTop B Take N0JIKeH ObITH HAIpaBJIeH
BJOJL 3TOH TPaeKTOPHU, W ero MOAYJIb MOKeT OBITh JIIOOBIM,
TaK KaK MarHHTHOe IoJie He OyjaeT AefiCTBOBATH HA YaCTHILY.
e

2) Bexrope! E, B u U B3aMHO NePIeHANKYIAPHbI, U CHJIA,
JeHCTBYIONIAS HA IIPOTOH CO CTOPOHEI 3JIEKTPHUYECKOTO HOJ,
pPaBHA IO MOAYJII M IIPOTUBOIOJOKHA IO HANPABJIEHHWIO CHJIE
Jlopenna, gefcTBYIOIed HAa HPOTOH CO CTOPOHBI MATHHUTHOTO
mona (puc. 1.31). Tak Kax

TO

eE—evB=0HB:§.
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YIIPAGKHEHHE 1

L 1. Hcnonwaysa npaBuio OypaBYuKa
¥ I[PABHJO JIEBOH PYKH, NOKaXKHUTE,
YTO TOKH, HAIDABJIEHHbIE [APAJIeNb-
HO, IPHUTATHBAIOTCH, 4 HANpPAaBJIEHHEBIE
IPOTHBONOJIOMKHO — OTTAJIKHBAIOTCH.

2. Tlo gBYM CKpelIHBAIOIMMCS HOJ
OPAMBIM YTJIOM IPAMOJNHEHHBIM IIpPO-
BOIHHKAM TIIponyckKaiT TOKH. CHIBI
tokoB I, u I, (puc. 1.32). Kax 6yzer
M3MEHATHCA PACIOJOMKEeHHe IPOBOJHH-
KOB OTHOCHTEJIbHO APYT Apyra?

3. Ilpoeoxgauk anuHoM [ = 0,15 M mepneHAUKYIAPEH BeKTOPY
MATHUTHOM HHAYKIMH OJHOPOXHOTO MarHWTHOTO IOJA, MOAYJIb KOTO-
poro B= 0,4 Tn. Cuna Toxa B nposoguuke I =8 A. Onpegenure pa-
fory cuabl AMiepa, KoTropas Oblla cOBepIIeHa HpPH lepeMelleHHH
nposopHuka Ha 0,025 M no HanpaBJIeHHIO AeHCTBHA 3TOH CHJIBI.

4. OnpejsenuTe pafiuyc OKPYKHOCTH U [epUOJ oOpalieHusA 3JIeK-
TPOHA B OJHOPOJAHOM MATHHTHOM mnose ¢ uHayknueit B= 0,01 Ta.
CKOpOCTH 3JIEKTPOHA MePHeHAHKYJIAPHa BEKTOPY MArHMUTHOW MHAYK-
mua u paBHa 10° m/c.

Puc. 1.32

KPATKHE HTOI'H T'JIABBI 1

1. BzaumopelicTBHe B3JIeKTPUUYECKHMX TOKOB OCYILECTBJIAET-
ca mocpeacTBoM MarauTHoro mnois. OcHOBHOI XapaxTe-
pﬂCTHKOﬁ MATHHTHOTO IOJA fABJSAEeTCA BEKTOD Mﬁl“HHTHOﬁ

—»
uHAYKOUU B.
Mogyap BeKTOpa MATHHTHOH HHIYKIIMHU OIPEJNeNdAeTcs OT-
HOIlleHHeM MaKCHMAaJbHON CHJbI, NeHCTBYIOIIEH Ha OTpe-
30K IPOBOJHMKA C TOKOM CO CTOPOHBI MArHUTHOI'O IOJIHA,
K NpOH3BeJeHHUIO0 CHJIBI TOKA HA JJIMHY 2TOT'O0 OTpe3Ka.
2. JluEuM MarsUTHON MHAYKIIMH BCerja 3aMKHYThI. Maraur-
HOE II0JIE ABJIAETCA BHXPEBBIM.
3. CornacHo 3akoHY AMIepa Ha OTPEe30K IIPOBOJAHHUKA C TOKOM
nnuHON Al cO CTOPOHBI MATHHTHOI'O IOJIA AeHCTBYeT CHIA,
—
MOJYJIEL KoTopoit pasen F= I |B|lsin o, rae o — yroa Mesx-
o
Ny HamnpaBJIeHHMEeM TOKa M BeKTopoM B; I — cumia TOKa

B NpoBOAHMKe. HamnpagjieHHe CHJBI OIpejesisieTcs II0 Ipa-
BUJIY JIEBOIl DYKH.

4. Ha paBMsRyHIyIOCA 3apAMKeHHYI0 dYacTHIy B MarHHTHOM
mone pgeicrByer cusa JlopeHma, MOAYJIb KOTOPOH paBeH
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Fo= vBsin o, roe o — yroJg Mexay CKOPOCTBI) YaCTH-
JI —=>
usl 1 BekTopoM B. Cuaa JlopeHna mepneHIUKyJIsSIpHA CKO-

-
POCTH YaCTHIIbI 1 BEKTODY B.

5. Bce Tena B MAaTHMTHOM I10JIe HAMArHWU4YMUBAKOTCHA, T. €. CAMH
CO3aI0T MATHUTHOE II0JIE.
V GoJBOIMHCTBA BeIeCTE MATHHUTHEIE CBOMCTBA BLIPAMKEHBI
IoBOJBHO ciabo. JInine B peppoMarseTHKax, K KOTOPBIM OT-
HOCHUTCSH KeJe30, HHAVKIWA MArHHTHOIO IOJA CYIIEeCTBEH-
HO YyBeJIHWYHMBaeTcA. XOTA (PeppoMarHeTHKOB CPABHUTEIBHO
HEMHOTO, HO OHH UMEIT OueHb OOJIBIIOoe TpaKTHYecKoe 3Ha-
YyeHHEe, TaK KAaK II03BOJIAIOT BO MHOTO pa3 yBeJINYHBATH
MHAYKIAI0 MATHHUTHOrO II0JA 0e3 3aTpaT sHepruu.

I'masa 2. JJIEKTPOMATHUTHAA WHAYKIIUA

Jlo cux ITOp MBI paCCMaTPHUBAJIY DIIEKTPUUECKIEe U Mar-
HUTHEIE TI0JIs, He H3MeHAOIINecH ¢ TeYeHneM BpeMe-
HU. BEIJIO BEIACHEHO, YTO 3JIEKTPOCTATHUECKOE IIOJIe
CcO3/IaeTcHd HEeIOABMIKHBIMH 3apsKeHHBIMHM YaCTHIIA-
MU, a MATHUTHOE I10Jle — OBUMKYIIUMUCH, T. €. dJeK-
TPUYEeCKUM ToKOM. Temeph IMO3BHAKOMHUMCH C JJek-
MPUYECKUMU U MAZHUMHbIMU NOLAMU, KOMmMOpbLe
MEHAIMCA CO 8peMeHeM.

Camplii BasKkHBIN (baKT, KOTOPBIH yxanoch 00HADYKHTH, —
3TO TecHelIlIad B3aMMOCBA3b MEKLY dJIEKTPHYECKHM M MarduT-
HBIM IoasaMu. OKasaniocsk, YTO H3MEeHSAIeecss BO BpeMeHH Mar-
HHTHOE II0JIe IIOPOKJaeT dJIeKTPUYEeCKoe I10Jie, 4 U3MeHI0Iee-
CHA DIeKTPHUYEeCKOe II0Jie — MAarHuTHOe. Bes3 aToil ¢CBA3U Meay
MOJsIMY Pa3Ho00pasue IPOABIEHUN 3IeKTDOMATHUTHEIX CHJI HE
05110 GBI CTONE ODIIMPHBIM, KAKHUM OHO HAOMIOZAETCS HA CAMOM
npese. He cynrecTBoBanio ObI HM pagHOBOJH, HH CBETA.

OTKPBITHE 3JIEKTPOMAIHHTHOH

§8  pHIYROUH

B 1821 r. M. dapageii sanucan B ceBoeM gHeBHuUKe: «IIpe-
BPaTUTh MATHETH3M B 3JeKTpHUYecTBO». Yepes 10 ger ora sana-
ya ObL7Ia MM DENIeHA.

He ciyuyaiiHO nepBbIi, PEIIaOIIHi Al B OTKPBITHHA HOBBIX
CBOMCTB 3JIEKTPOMATHHMTHBIX B3aHMOJEHCTBHIH cIeJaH OCHOBO-
HOJIOXKHUKOM IpPeACTABIeHUH 00 3IeKTPOMATHUTHOM IIOJIE
M. dapazneeM, KOTOPLIil GBI YBEPEH B €4UHON IPHPOJAE dJIeK-
TPHYEeCKHMX M MATHHUTHBIX #BJeHHIi. Bjaromaps sToMy oH U
cliejlaJl OTKDPBITHE, BOIIEAIIee B OCHOBY YCTPOMCTBA TeHEPATO-

27



a) 6)

Puc. 2.1

POB BCEX 3JEKTPOCTAHIMHA MHpa, IIPEeBpalaloluX MexXaHHYe-
CKVIO DHEPTHIO B SHEPTHUI0 deKTpudecKkoro troka. (Mcrounukn,
paboTarIlnue Ha APYTHX NPUHOUIAX: raJbBAHWUYECKHE 3JIeMeH-
THI, AKKYMYJATOPEI ¥ Ip., — JAAl0T HUYTOMXKHYIO NOJIO BBIpa-
faTbIBaeMOM 3JIEKTPUYECKON SHEpPrHuH.)

OnexkTpHUYecKHii TOK, paccyxpan M. dapazgeit, crnocobeH
HAMardHuTHUTh KYCOK keneda. He MokeT JiM MarsvT, B CBOIO
odepe/b, BbI3BATh MOSBJIEHHE dJIeKTpUYecKoro Toka? Iloaroe
BpeMsl 3Ty CBA3L O0HADYKHTH HE yAaBaJock. TpyAHO OBLIO 10-
IYVMaTBCA [0 IIaBHOTO, 8 MMEHHO: [BUMKYINHUICA MArHuT, WJIH
MeHAIINeecss BO BDEMEHHM MATHUTHOE II0JIe, MOMKeT BO3DYAUTh
3JIEKTPUYECKHUHA TOK B KaTyIIKe.

Kaxkoro pojga ciy4aifHOCTH MOTJIM IOMeINaThL OTKPBITHIO, 110-
KassiBaeT caenyomuil paxt. Iloutn ogaoBpeMeHHO ¢ Papageem
IMOJIYYHUTE 3JIEKTPHYECKHH TOK B KATYNIKEe C IOMOIbI0O MarHuTa
meiTanca meeidnapckuil gusuk KoananoH. B xome paboTel oH
[M0JIL30BAJICA FaJIbBAHOMETDOM, JIETKasdA MarHUTHAas CTPEJIKAa KO-
TOPOro NOMEINAaJIach BHYTPH KaTymky npubopa. YTobbr MarHur
He OKAa3hIBAJ HEIOCPEeACTBEHHOI'0 BIAUAHNSA Ha CTPEJKY, KOHIIEI
KaTyIIKH, Kyaa KonnagoH BROAUI MATHUT, HAJIEACHh MONYIUTH
B HeH TOK, OBLIIH BBIBEJEeHBI B COCEIHIOI KOMHATY M TaAM IIPHACO-
eqWHEHBI K NaJlbBAHOMeTPY. BCcTaBUB MarHUT B KaTymky, KoJ-
JIAJIOH IIesI B COCeNHIOI KOMHATY ¥ C oropueHHeM ybesxpacs,
uTO raJbBAaHOMETD He moKasmiBaeT Toxa. Cromno Obl eMy Bee
BpeMsa HAGIIOJATH 3a raJbBAHOMETPOM, a KOro-HUOy/Ab MOIPO-
CHTH 3aHATHCA MArHHTOM, 3aMEYATEJLHOE OTKPHITHE OBLIO OB
cnenaro. Ho aToro He cayumioch. IIoKOAMHIICA OTHOCHTENBHO
KaTYIIKH MarduT He BBISBIBAET B HEHl TOKA.

fABnenue 3NEKTPOMATHHTHOH HWHIYKIIMHM 3aKJII0YaeTCs B
BO3HHKHOBEHHH 3JIEKTPUYECKOT0 TOKA B IPOBOJASAIIEM KOHTYDE,
KOTOpPBIA 160 MOKOHUTCS B IEePEeMEHHOM BO BpEeMEHH MAartHuT-
HOM IoJe, JU00 ABHUMKETCA B MOCTOSHHOM MarHHTHOM IIOJie Ta-
KuM 06pa3oM, 4TO YHUCJIO JUHHAN MATHHTHOH MHAYKIIUHA, IPOHHU-
3LIBAIOIINX KOHTYpP, MeHAeTCA. JTO ABIeHHe ObLLIO OTKPHITO
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29 aBrycra 1831 r. Peaxmii caayuaii, Korja JaTa HOBOTO 3aMeua-
TeJbHOTO OTKPEITHA H3BECTHA TAK TOYHO!

Crauana @apaneem Oblna OTKPBITA 3JIEKTPOMATHUTHAA WH-
OVKIIUS B HEMIOJABHUYKHBIX OTHOCHTEJBHO APYT Apyra IPOBOLHM-
KaxX OpH 3aMBIKAHWH W PA3MBIKAHHUHU IeIIH. 3aTeM, SCHO IOHH-
Mas, 4To cONMMKeHHe MM yhajieHWe IPOBOJHUKOB C TOKOM
JOJIXKHO IPHBOLUTE K TOMY K€ Pe3yJjbTaTy, YTO H 3aMBIKAaHHE
W pasMbBIKaHWe Henu, Papageil ¢ IOMOIIBIO ONBITOB JOKA3AJ:
TOK BO3HHKAaeT IIPH NOepeMelleHUM KaTyIleK OTHOCHTEeJILHO
ApYyr Apyra. 3HaKOMEIH ¢ Tpyaamu Amnepa, @apajsei noEUMAaUI,
YTO MArHAT — HTO COBOKYIHOCTH MAJEHBKHX TOKOB, IIUPKYJIH-
pYIOIIUX B MoJeKyJaax. 17 oxkTabpsa, Kax 3aperMcTpHPOBAHO
B ero JijabopaTopHOM KypHae, ObLI 00HADYKeH HHIYKIHOHHBIA
TOK B KaTyIIKe BO BpeMsd BBeJeHUA (MJIM yJaleHUs) MarHuTa.

B Teuenme ogHOro mecamna Papageid OOLITHBIM IIYTEM yCTa-
HOBHJI BCe I'JIaBHBEIE OCOOE@HHOCTH SIBJIIEHUS DJIEKTPOMATrHUTHOMR
uHAYKOWUH. B HacTosmiee Bpems onblTel Papanes MOXKET IIOBTO-
PHUTE KaskAbeli. [lJIa aTOro Hazo MMeTh JBe KaTYIIKH, MATHHAT, 6a-
Tapeio 3JIEMEHTOB ¥ JOCTATOYHO UYBCTBHUTEJILHEIN I'aJIbBAHOMETP.

B ycraHOBKe, n300paskeHHOH HA pucyHKe 2.1, a, MHAYKIM-
OHHBIM TOK BO3HHMKAET B OJHOH M3 KATYIIeK B MOMEHT 3aMBIKa-
HHUA WJIHA PA3MBIKAHHSA JIEKTPHYECKOH IenH JPYyrofl KaTyIIKH,
HEeIOABHXHOM OTHOCHTEILHO IEePBOii. B Ipyrux onkiTax HHAVK-
IHUOHHEBINA TOK BO3HHKAET NPH U3MEHEHUH CHUJIbI TOKA B OJHOM K3
KaTyoiex ¢ moMomIbio peocrarta (pue. 2.1, 6), IpH ABMIKEHHH
KaTyIIeK OTHOCHTEJEBHO Apyr apyra (puc. 2.2, a), OpU ABHIKEHUHA
NOCTOAHHOI'0 Mar€HuTa OTHOCHUTENbHO KaTymku (puc. 2.2, 6).

Vixe cam @apajieil 3aMeTHJI TO 00IIee, OT Yero 3aBUCHT IIOSB-
JIeHHe HMHIYKIMOHHOIO TOKA B ONLITAX, KOTOPHIE IOCTABJIEHBI
II0-pas3sHOMY.

B szamxHymom nposodauiem KOHmMYpe 803HUKAEM MOK NpU
U3MEHEHUL YUCAA JUHUL MAZHUMHOU UHOYKUUW, NPOHU3LL-
6AUWUX TNOBEPXHOCMb, 0ZPAHUYEHHYI IMUM KOHMYPOM.

a) 6)
Puc. 2.2
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wht {445 W uem GuicTpee MeHAeTCA UHCJIO JHHUI Mar-

e~ HUTHON HWHAYKIHH, TeM O00JbIlle BO3ZHHKAIO-
U HHIYKIHOHHLIN ToK. IIpu saToM nmpuumuHa
H3MEHEeHHs 4YMCJIa JUHMH MATHUTHON HHIVK-
MUY He CYIIeCTBeHHA. ITO MOKeT OBITL M U3Me-
HEHUWe YHCAA JUHWHA MATHUTHONH HUHIYKIIUHU,
NPOHU3BIBAIOIINX ITIOBEPXHOCTh, OIDaHWYEH-
HYI HEIOIBMYKHBIM HPOBOOAIIMM KOHTYPOM,
BCJIEICTBME M3MEHEHHs CHJIBI TOKA B COCEIHEl
Karymke (cMm. puc. 2.1, 6), ¥ u3MeHeHHe YHCJIa
JUHUN MHAYVKIWAH BCJIENCTBUE ABUMKEHUA KOH-
TYpa B HEOJHOPOAHOM MATHUTHOM NOJE, TYCTO-
Ta JTUHUH KOTOPOTO MeHJeTcA B IPOCTPAHCTBE
(puc. 2.3).

Puc. 2.3

B npoBopamemM 3aMKHYTOM KOHTYpe BO3HHMKAaeT dJIeKTpHUe-
CKHH TOK, €CJIM KOHTYD HAXOJIWUTCSH B IepeMeHHOM MATHUTHOM
oJe WIM ABHKeTCcA B MOCTOAHHOM BO BPEMEeHH MATHUTHOM
moJie TaK, YTO YHCIO JHUHMUA MATrHUTHOM MHAYKIINHM, IPOHU3LI-
BaIOIIUX KOHTYP, MEHAETCH.

5 1. B 4yem rnaBHoe OTNMYHE NEPEMEHHbIX 3NEKTPHYECKHX H MarHMTHbIX
’ i nonex oT NOCTOAHHbIX!
e 2. B yem 3aKnovaerTcs sBNeHWe BHBHTPOMBI'HHTHOﬁ unnynquu!

3. Kak foneH [ABHraThbCs 3aMKHYTbIH NPOBOASIHH KOHTYP B OfHO-
POOHOM MarHMTHOM MONE, HE 3aBHCHALLEM OT BPEMEHM: noctyna-
TenbHO MNM BpaLlaTenbHo, YTOObI B HEM BO3HMK MHAYKLMOHHLIH TOK!

§9 MATHHUTHBIA IIOTOK

A Toro 4To0bI AATh TOUHYIO KOJTHYEeCTBEHHYIO (hOPMYyIHPOB-

Ky 3aKOHA 2JIeKTPOMATHUTHON MHAYKIuK Papanesa, HyKHO BBe-

CTH HOBYIO BEJIMYHHY — IIOTOK BEKTOPA MArHUTHOH HHAYKIIAH.
-

BexkTop MarauTHOM MHAYKIUU B xapakTepuayeT MarHuTHOe
IIoJIe B KasKJ0M TOUKe ImpocTpaHcTBa. MOXXHO BBECTH eIle OJHY
=g

BeJIMYMHY, 3aBUCANIYI0 OT 3HAYEeHHH BeKTOopa B He B OJHOH
TOYKe, a BO BCeX TOYKAX NOBEPXHOCTH, OTDAHMYEHHOH IJIOC-
KHM 3aMKHYTHBIM KOHTYDOM.

Jlasi 9TOTO PACCMOTPHM ILIOCKHIH 3aMKHYTBIH IIPOBOJHHMEK
(KOHTYD), OrpaHUYHBAIOIIUI TOBEPXHOCTH ILJIOINAABIO S M II0-
MelleHHBIH B ofHOpOAHOe MarHuTHOe noJie (puc. 2.4). Hop-

MAaJb 7 (BEKTOP, MOAYJb KOTOPOTO PaBeH eIMHUIE) K IIOCKO-

CTH IPOBOSHHUKA COCTABJSET YIoJ O ¢ HalpaBJeHHEM BeKTOopa
-

MATHHTHOH MHAVKOHUM B. MarEuTHbIM moTtokoM @ (moroxom

BEKTOpa MArHMTHOM WHAYKIMH) 4Yepe3 NOBEPXHOCTh ILJIOLLA-
IBI0 S Ha3BIBAIOT BEJHMUYNUHY, PABHYIO IPOM3BEJEHUI0O MOAYJISA
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—
BEKTOpAa MArHHTHOM HMHAYKIHM B Ha ILI0-
manbL S ¥ KOCHHYC yIJIa 0. MeXJy BeKTopa-
= d
mu B u n:
® = BScos 0. (2.1)
ITpoussenenme B cos . = B, mpencraBis-
eT co00H NPOEeKIIUK BEKTOpA MATHUTHOI MH-
-

OIVKIIUA HA HOPMAJL 71 K IJIOCKOCTH KOHTY-
pa. ITosTomy

Puc. 2.4

® = B,S. (2.2)

MarsuTHEII DOTOK TeM 0Ooibllle, 9eM Goabire B, u S. Benu-
ynHa © HasBaHA «MATHUTHBIM IOTOKOM» IO AHAJIOTHH C IIOTO-
KOM BOJBI, KOTOPHEIH TeM 0oJiblle, 4eM OOJIbIIE CKOPOCTH Tede-
HUSA BOJBI U ILIONIAAL CeUYeHUsI TPYOHI.

MarsuTHBIH OOTOK Ipa)HuecKH MOXKHO HMCTOJKOBATH KakK
BEJIMUHMHY, IIPONOPIHNOHAIBHYIO YHCIY JHUHUNA MarHUTHOH MH-
OYKIIMH, IPOHH3LIBAIOIUX IIOBEPXHOCTE MJIOINAABI0 S.

Enununeii MarHuTHOTO DOTOKA siBiIdeTcs sebep. Maznum-
Holll nomok 6 1 eebep (1 BO) cozdaemcea 00HOPOOHBLM MAZHUM-
Hbim noaem ¢ undyryueii 1 T uepes nogepxnocmsv nious,advio
1 M2, pacnonoxcernnyio nepnendUKYIAPHO 8eKMOPY MAZHUM-
HOll uHOYKYUU.

MarsuTHBIN OTOK 3aBHCHT OT OPHEHTAIIMH ITOBEPXHOCTH,
KOTOPYIO IPOHU3LIBAET MAarHUTHOE I0JIe.,

o HAIPABIEHHE HHJYKIHOHHOTO TOKA.
§ IIPABUJIO JIEHITA

IIpucoegmHEUB KaTyIIKy, B KOTOPOil BO3HHUKAET UHAYKIIH-
OHHEBEIH TOK, K IaJIJbBAHOMETDY, MOKHO OOHApPYKHUTh, 4TO Ha-
npasjieHHe 3TOr'0 TOKA 3aBHCHT OT TOT0, OPHOJIMMKAeTCA Ju
MarfuT K KaTyIIKe (HalpuMep, CeBEPHBIM IIOJIIOCOM) HJIH yaa-
nsgerca oT Hee (cMm. puc. 2.2, 0).

Bospukaomuil HHAVKIMOHHBIA TOK TOr0 HJM HHOIO Ha-
OpaB/IeHHsA KaK-TO B3aMMOJeHCTBYET ¢ MATHUTOM (IPHTATHUBAET
WJIH OTTAJIKHBaeT ero). Karymka ¢ IpoXoAsiIuM II0 Hell TOKOM
nmonobHa MATHHUTY C ABYMA IOJIOCAME — CEBEPHBIM U JOMKHBIM.
HanpaBieHue HHIYKIIMOHHOIO TOKA ONpegeaseT, KaKoH KOHeI
KaTYIIKHW BBEINOJHAET POJIb CEBEPHOTO MOJ0ca (JIMHMKM MarHuT-
HOM MHAYKUMH BRIXOAAT U3 Hero). Ha ocHOBe 3aKoHa coxpaHe-
HUA SHEPTHH MOXKHO IIPEJICKA3aTh, B KAKHX CAyYaaX KaTYIOKa
OyZeT IPUTATHBATE MATHUT, 4 B KAKUX OTTANKUBATH €ro.

BzanmopeiicTBHe MHAYKIMOHHOTO TOKa ¢ MarsuTom. Eciau
MAaTHHT OPUOJHIKATE K KATYIIKE, TO B HEH MOABIAETCA HHIYK-



OHOHHEIH TOK TAKOr0 HalpasJe-
HHS, YTO MArHHAT 00A3aTelLHO
orrajkuBaerca. Jas coOmmixe-
HHS MAarHUTA U KaTYIIKH HYJKHO
COBEPIIUTE MNOJIOMKHUTEIBHYIO Pa-
fory. KaTymka cTaHOBHTCH IIO-
NOo0HOW MarHuTy, o0pamieHHOMY
ONHOWMEHHBIM IIQJIOCOM K IIDH-
famaxaoIeMycad K HelW MarHu-
Ty. OAHOMMeHHBIE JKe MOoJIoca
OTTAJKHBAIOTCH.

IIpu ypasesnm Marsura, Ha-
000pOT, B KATYIIKE BO3HHKAET
TOK TaKOro HalpaBJeHHs, 4TO-
OBl MOSABHUJIACH MPHTATHBAIOIIAA
MATHHT CHJIA.

B ueM CcOCTOUT pasziauuue JBYX
OIBITOB: MIPUGIHIKEHNe MArHUTA K KATYIIKe B ero yiajleHue?
B mepBoM cayuae YHMCI0 JUHUA MarHUTHOM WHAYKIHH, IPOHH-
3BIBAIOIINX BHUTKM KATYNIKH, WJIH, YTO TO K€ caMoe, MarsmuT-
HEIII IIOTOK, yBeauuuBaercsa (puc. 2.5, a), a BO BTOPOM cJydae
YMeHBIIAeTCA (puc. 2.5, 6). IlpuueM B mepBOM cJydae JIMHHH

HHAYKIHYA B’ MarauTHOro 1mojis, CO34aHHOTO BOSHHUKIIIAM B Ka-
TYIIKE MHIYKIHMOHHBIM TOKOM, BBEIXOAAT U3 BEPXHEro KOHILA
KaTyIIKH, TaK KaK KaTyIIKa OTTAJIKUBaeT MArHuT, a BO BTOPOM
ciyuae, Ha000pOT, BXOAAT B 3TOT KOHEILl. JTH JHHHU MarEHTHOH
HHAVKIIHYA HAa PUCYHKe 2.5 n3obpaskeHsl YePHBIM I1BeToM. B ciry-
uge @ KaTYIIKa ¢ TOKOM aHAJIOTMYHA MATHUTY, CEBeDHBIN IIOJIIOC
KOTOPOT'0 HAXOJUTCH CBEPXY, a B ciaydae 6 — CHH3Y.
AHAJOTUYHBIE BEIBOABI MOYKHO cAeJaTh ¢ IOMOIILIO ONBITA,
noxaszagHOro Ha pucyHke 2.6. Ha KoHIax cTep:KHA, KOTOPBIH
MOKeT CBOOOJHO BPAIATHECA BOKPYT BePTHKAILHON OCH, 3aKpe-
MJIeHBl JBA MIPOBOAAINNX ANMIOMHHUEBLIX Koabna. OgHO M3 HUX
¢ paspesom. Ecam nogHecTH MarHuT K KoJbily Oe3 paspesa, TO
B HeM BO3HMKHET MHAYKIMOHHBIA TOK W HamIpasleH OH Oyaer
TAK, Y4TO 3TO KOJBIO OTTOJKHETCSA OT MarfiuTa 1 cTep:XeHb II0-
BepHeTcA. EC/M yAanATs MATHAT OT KOJIbIIA, TO OHO, HA00OpOT,
npuTaHeTcsa K marauty. C paspe3aHHBIM KOJBIIOM MATrHUT He
B3aMMOJEHCTBYeT, TAK KaK paspes Ipe-
NATCTBYET BO3HMKHOBEHUIO B KOJbIlE
HHAYKOUOHHOrO Toka. OTramkusBaer
WJIH TIPUTATHBAET KATYIIKA MAarHur,
3TO 3aBHCHUT OT HANpaBAEHUA HHAYK-
IMOHHOTO ToKa B Hei. IlosToMy 3aKoH
COXpaHEHUs SHEPTUH N03BoasAeT chop-
MYJIHPOBATE IIPABHJIO, OIpeaessioniee
HAanpaBJeHHe MHAYKIIMOHHOIO TOKA.

%

a)

Puc. 2.5




Iipaeuno Jlemnma. Temeps MBI HOJOLIIM K IJIABHOMY: IIPH
YBEINYEeHNH MarHMTHOIO IIOTOKA 4Yepe3 BUTKH KATYIIKH HH-
AYKIIMOHHBIN TOK MMeeT TAKOe HalpaBJIeHHE, YTO CO3JaBaeMoe
MM MAarHHTHOE II0JIe IIPeNATCTBYeT YCHJIeHHI0 MAarHUTHOTO II0-

—_
TOKa Yepe3d BHTKHM KaTyIIKH. Belb TUHMM MHAYKUIHH B’ aTOro
>

IIoJiA HaTpaBJeHBl IPOTHUB JUHUN MHAVKOHH B mons, uaMmeHe-
HHe KOTOPOro MOPOMKIAET dJIEKTPHUUYeCKHH TOK. Ecian e Mmar-
HUTHBIHN IIOTOK Yepe3 KaTYIIKy ocaadeBaer, TO HHAVKIIMOHHBIN

e
TOK CO3JaeT MarHUTHOe IoJie ¢ UHAYKOuel B’, yBeauuymsaio-
Iee MAarHUTHBIH IDOTOK Yepe3 BUTKHU KaTYIIKH.

B aTOM H cocTOHUT cynHOCTE 00IEro mIpaBuJIa OIpeaeIeHrs
HATIPABJIEHUA WHAYKIMOHHOTO TOKA, KOTOPOE IPHMEHHMO BO
BCeX caydafx. ITO IPaBUJIO OBLIO YCTAHOBIEHO PYCCKHM (hu-
sukom 9. X. Jlenme m.

Cornacuo npasuny JleHna 603HUKAIOW UL 6 3AMKHYMOM
KOHMYype UHOYKYUOHHBLI TMOK CE0UM MAZHUMHBLM NO-
nem npomueodeiicmeyem Mmomy UIMEHEHUIO MAZHUM-
HO20 NOMOKA, KOMOpuLM OH 6bl3saH. Bojiee KpaTKo 31O
MPaBHUJI0 MOMKHO cOPMYJHMPOBATH CIAEAYIONIHM O6paszoM: HH-
AYKIMOHHBIN TOK HANpPaBJeH TaK, 4YTOOBI IIPenaTCTBOBATH
IpUYNHE, er0 BLISLIBAIOIIEH.

ITpuMeHATH HpaBmio JIeHIa A HAXOKJIEHUs Halpase-
HAA MHIYKIIMOHHOI'O TOKA B KOHTYpPE HAJO TaK:

1. OmpenenuTe HanpasieHWe JHHUHA MAardHUTHOH HHIVK-

—

nuu B BHeIIHero MarduTHOIO I10JIA.

2. BRIACHUTH, YBeJIHMUYHBAETCA U MOTOK BEKTOpPA MarHHT-
HOH MEAYKIMH 3TOTO0 II0JIS YePe3 MIOBEePXHOCTh, OrPAHUYEHHYIO
KoHTypoMm (A® > 0), nnu ymensinaerca (AP < 0).

3. YCTaHOBUTH HaIpaBJeHWE JUHUA MATHHUTHOH HHIYK-

o

nuy B' MarEUTHOrO NoJsA WHIYKIHMOHHOTO TOKA. DTH JHHHUH

NOJIKHBI OBITE COTJIACHO mnpaBusy JleHIla HampaBAeHBI IIPO-
—

THBOMOJOMKHO JIMHUAM MATHUTHON MHAYKINHU B mpu AD >0
M MMeTh OJUHAKOBOE C HHUMH HampaBiaeHuWe npu A® < 0.

4. 3Has HampaBIeHWEe JMHHUNA MArHHTHOH WMHAVKIuH B,
HAWTH HalpaBJeHUe HHAYKIMOHHOIO TOKA, IOJIb3yACh IPaBU-
JoM OypaBUHKA.

HarzpaBneHne HHAYKIIMOHHOI'O TOKAa onpenensgeTrcsa ¢ IIOMO-
OIbI0 3aKOHA COXpaHeHUA s3Hepruu. WHAVKIMOHHEINA TOK BO
BCEX cJydYadX HaIpaBJ/ieH TaK, YTOOLI CBOMM MATHHUTHBIM IIO-
JieM NPenATCTBOBATHL M3MEHEHHI MarHMTHOIO IIOTOKA, BHIZHI-
BalOUIEro JaHHBIH WHAVKIIMOHHBINA TOK.

2. BO3HHMKHET nM B KOonble C pa3pe3oMm 3NEeKTPMYEeCKOoe none, ecnM

? 1. Kak onpepensiercs HanpaeneHMe WHOYKUMOHHOro Tokal
NOAHOCHTL K HEMY MarHmr!
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§11 3AKOH SJEKTPOMATHUTHON HHAYKIIUH

ChopMynupyeM 3aK0H SIEKTPOMATHUTHON HHIYKIHHA KO-
audecTBeEHO. OnbITel @apajes IOKA3ATHN, UTO CHJIA WHAYKINU-
OHHOI'0 TOKa I; B NPOBOAAIIEM KOHTYpE IPONOPIIHOHATIBHA

-

CKOPOCTH HM3MeHeHHMs YMCJia JUHHH MarHUTHOH HMHAYKOUU B,
IIPOHM3LIBAKINHX I[IOBEPXHOCTH, OIDAHMYEHHYIO 3THM KOHTY-
poM. Bosiee TouHO 3TO yTBepKAeHNe MOMHO CHOPMYJIHDPOBATE,
HUCIOJIB3YHA IMOHATHE «MATHHUTHBIA IIOTOK».

MarsuTHBIHA DOTOK MOXXHO IrpaduuecKy IpPeACTaBUTh KaK YHC-
JIO TMHUM MATHUTHOM HWHAYVKIINH, IIDOHU3BIBAIOIINX IIOBEPXHOCTh
maomanae S. Yem GoJibille HHAYKIIAA MAarHMTHOTO IOJISA, TeM
foJbITee YUCJIO JUHUM MATHUTHON WHAYKIIUH IIPOHU3bIBAET BTY
MMOBEPXHOCTh. [103TOMY CKOPOCTE H3MEHEHHA 9TOr0 YHUCJIA eCTh
He 4TO MHOe, KaK CKOPOCTh M3MeHeHHA MATHHTHOI'O ITOTOKA.

Ecnu 3a majnoe BpeMsa Af MarHHUTHBIH IIOTOK MeHAeTCA Ha
A®, TO CKOPOCTH M3MEeHEeHHWA MarHHTHOI'O IIOTOKa DaBHA %’-.
IMosToMy yTBep:KIeHHE, KOTOPOe BEITEKAeT HENOCPeACTBEHHO
H3 OIBITa, MOMHO C()OPMYIHPOBATH TAK: CULA UHOYKYUOHHOZ20
moxa nponopyuoHalbHa CKOPOCMU U3MEHEHUA MAZHUIMHO0Z0
nomoka uepe3 NOBePXHOCTL, 02PAHUYEHHYI KOHMYpPOM:

[ 22 (2.3)
At

IJIC maayxkuuu. M3BecTHO, YTO B IleNH IIOABIAETCH SJIEK-
TPUYECKHH TOK B TOM CJIy4ae, KOrja Ha cBOOOAHEBIE 3aPAbL IPO-
BOAHHMKA JeHCTBYIOT CTOPDOHHME CHJEI. BeJWYMHY, YHMCIEHHO
paBHYIO paboTe 9THX CHJI IPH IIepeMelleHNH eAHHUIHOIO I0JIO-
SKHUTEeNBHOTO 3apfAfa BAOJb 3aMKHYTOTO KOHTYpPAa, HA3bIBAIOT
adeKTpoaBMKYINeH cuioii. CrenoBaTe/lbHO, IPH H3MEeHEHHH
MATHHTHOI'O IOTOKA 4epe3 MOBEPXHOCTh, OTPAaHUYEHHYIO KOHTY-
poOM, B KOHType IOABJAITCA CTOPOHHHE
Hanpasnenue cubl, JNefCTBHEe KOTOPBLIX XapaKTepH3yeT
ooxona = OMC, maspiBaemas IIC maaykuuu. OGossa-

B gajor ee Gyksoit GE,.
CornacHo 3aKOHY Oma aa 3aMKHYTOH

z
nenu I, = ?‘ ConpoTHBIEHHEe TPOBOAHUKA

He 3aBHUCHT OT U3MEeHEeHHUHdA MaArHuTHOI'O II0-
Toxka. CremoBaresibHO, cooTHomreHue (2.3)
CIpaBefJIMBO TOJNBKO moToMmy, uro IJIC
AD
MHAYKIUH [PONOPIUOHAIBHA —= .
3aK0H 3JJMEeKTPOMATHUTHOH WHIYKIHH.
3aKoH AJIEKTPOMArHUTHON MHAYKIHHA (op-




MyJaupyerca uMmenHo ana IC, a He IiIA CHIBI HHAYKIIHOHHO-
ro TOKAa, T. K. CHJIa TOKa 3aBUCUT M OT CBOMCTB IIPOBOAHHKA,
a JIIC onpenenserca TONBKO M3MEHEHHEM MATHHUTHOTO IIOTO-
ka. CormacHO B3aKOHY »3JIEKTPOMATHMTHON wHHAVKIHH I3JC
UHOYKYUUL 6 3AMKHYMOM KOHMYpe paéHa no Modynio
CKOpOCMU U3MEHEHUSL MAZHUMHOZ0 NOMOKA “epe3 no-
6epXHOCMb, 0ZPAHUYEHHYI0 KOHMYPOM:

_ | a0
| At

<

Kaxk B 3aKoHe 2JIEKTPOMATrHHUTHOW HHAYKIHH Y4eCTh Ha-
npaBjJeHHe MHAYKIHOHHOTO ToKa (Mau 3Hak IC mayKImun)
B COOTBETCTBHMH ¢ npaBuiaom Jlemma?

Ha pucysxe 2.7 usolpakeH 3aMKHYTHINI KOHTYp. Byzem
CUMTATH IIOJIOXKHUTEIBLHEIM HanparBJeHHe 06X0/1a KOHTypa Ipo-

. -
THB 4acoBoH cTpeaku. Hopmank n K KOHTYpY oOpasyeT mpa-
BBIII BHHT C HalpaBJeHHeM o0xoma.

5
IlycTe MarauTHas HHAYKLOKSA B BHeIlIHero MarEuTHOI'O HOJISA
HanpagsJieHa BAOJb HOPMAaJIi K KOHTYDY U BO3PACTAEeT CO BpeMme-

AD
Hem. Torga @ >0 n = > 0. CornacHo npaeuay Jlenna nHAYK-

IMOHHBIA TOK CO3JlaeT MarHUTHHINA H0TOK @’ < 0. JInEnM uHAYK-
nuy B’ MarEMTHOrO IOJS WHAYKIMOHHOTO TOKA M300paXeHbI
Ha pucyHKe 2.7 yepHBEIM nBeroM. ClenoBaTelbHO, MHAYKIIHOH-
HEIH TOK COIJIACHO HpaBuiay GypaBuMKa HaNpaBJeH 110 4Yaco-
BOM cTpeinKe (IIPDOTHB HANpaBJeHHA MOJIOMKHTEABHOTO 00xoma)
u 3JIC uEAyKnuM orpunarensHa. [loatomy B dhopmyse nida 3a-
KOHA 3JIEKTPOMATHUTHON MHAYKIIMH HOJI?KE€H CTOATH 3HAK «—»,

= AD
VKa3eIBawOIMil HA TO, 94TO &, U —; UMeIOT PasHEIe 3HAKH:

AD

%=-7 (2.4)

9J1C MHAYKIUHN OIpeJe/aeTcs CKOPOCTHI0 H3MEeHeHHA Mar-
HHUTHOTI'O IIOTOKA.

1. YTo Ha3LIBAETCA MArHWTHLIM NOTOKOM (MOTOKOM MAarHMTHOM MH-
‘? AyKumm)?
hd 2. MoveMy 3aKOH 3NEKTPOMArHHTHOH HHAYKLUMH hopmynMpyeTcs ans

3/AC, a He gns cHnbl ToKal

3. Kax opmynHpyeTca 3aKOH 3NEKTPOMArHHTHOH MHAYKUMH!

4. Mouemy B hopmyne ANs 3aKOHA 3NEKTPOMArHHTHON MHAYKUMM CTO-
MT 3HaK «—nl
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§12 BHXPEBOE 3JIEKTPHYECKOE IIOJIE

MarauTtaeE nmoTrok @ = BS cos 0. I3MeHeHEHe MarEHTHOTO
IOTOKA Yepe3 KOHTYP MOKEeT IPOHMCXOAUTh: 1) B ciaydae Heoj-
BUHOI'O MPOBOASAINEr0 KOHTYpPAa, IIOMENIeHHOro B HMB3MEeHSI0-
Ieecss RO BpeMeHH moje; 2) B ciIy4Yae IPOBONHUKA, JBUMKYIIE-
rocs B MArHMTHOM MOOJ€, KOTOPOe MOKEeT W He MEeHATLCHA CO
ppemMeHeM. 3Hauenune IJIC HHAVKIIHHE B 000UX caydadax ompeje-
nsercd saxosoM (2.4), Ho npoucxokgeraune aToi JJC pasirudHO.

PaccmoTpuMm cHayajia 1epBRId cayuail BOBHUKHOBEHUHA WH-
AYKIIHOHHOTO ToKa. [loMecTHM KPYroBOii IPOBOJOUHBIH BHTOK
paguycoM r B IepeMEeHHOEe BO BpeMeHH OJHOPOJHOEe MarHUTHOE
moie (puc. 2.8). IlycTs MEAYKIIMS MAarHUTHOTO IIONA yBeJIHYH-
BaeTcs, Torga 0yJer yBeIHYUBATLCA CO BDeMeHeM M MarHUTHBIH
IIOTOK Uepes3 IOBePXHOCTh, OrpaHH4YeHHYI0 BUTKOM. CoryacHo 3a-
KOHY 2JIEKTPOMATHUTHOM MHAYVKIIMYA B BUTKE MOABUTCH WHAYK-
MUOHHEIA TOK. IIpM maMeHeHMU HMHAYKIIUM MATHHTHOTO IIOJHA
0 JMHENHOMY 3aKOHY UHAVKIMOHHEBEIA TOK OyaeT mOCTOSAHEH.

Kaxie :Xe CHIBI 3aCTABIAIOT 3apAibl B BUTKe JBHIATHCA?
CamMo MarsuTHOE IOJie, IPOHU3EIBAIOINEee KATYIIKY, 3TOI'0 Cle-
JaTh He MOMKeT, TAK KaK MArHMTHOE IIoJie HeHMCTBYeT HCKJIIOUHN-
TeJIbHO HA ABHMKYIIHEecH 3apaAbl (3TUM-TO OHO M OTIHYAETCHA
OT 3JIEKTPHYECKOro), a IIPOBOOHHUK C HAXOAAIIUMHCA B HEM
3JIeKTPOHAMH HEIIOJBHKEH. ‘

Kpome MarsmTHOrO TOJs, HA 3apAAbl, IPHYEeM KaK HA JABU-
YHIMecs, TAK ¥ HA HENOJBUIKHBIE, NTeHCTBYeET ellle dJIeKTpH-
yeckoe moJsie. Ho Bems Te 1moJisi, 0 KOTOPBIX HOKAa IHIja pedb
(27eKTPOCTATHYECKOE HMJIH CTAIMOHADHOE), CO3JAI0TCH JJIeK-
TPHYECKUMH 3apAlaMM, a AHAYKIHOHHBIH TOK IOABIAETCS B
pesyabTaTe AeWCTBUA MEHSIoIlerocas MarHuTHoro mnoas. Ilo-
3TOMY MOKHO IPEeAIOI0MKHUTh, YTO IJIEKMPOHbL 6 HEenodsuic-
HOM NpoB0OHUKEe NPUB0IAMCA 6 OBUNCEHUEe INeKMPULeCKUM
noniem u 3mo noje HenocpedcmeeHHo nopoxcdaemcs MeHAw-
wumes mazHumuobtm nojem. Tem caMbIM yTBep:KaaeTcsa HOBOe
dbyHIaMeHTAIbHOE CBOMCTBO IOJA: USMEHAACH 60 8DEeMEHU,
MazHUMHOe none nopoxdaem 3leKmpu4ieckoe noae.
K »sTomy BbIBOAY BHepshie mpuimesa [:xx. Makcse .

Teneps siBJIeHHE JJIEKTPOMATHHUTHOH MHAYKIIMH NPEJCTaeT
Imepen HAMH B HOBOM cBeTe. I'JlaBHOe B HEM — 3TO IPOLEcC Io-

POKIAEHHS TIOJEeM MATHHTHBIM IOJIA

B(t) »saexkTpuueckoro. I[Ipu aTom Hannumue

IIPOBOMSINIET0 KOHTYpa, HaOpHMep

KaTYIIKH, He MEHSET CyIIecTBa IIpo-

necca. IIpoBogHMK ¢ 3an1acoM cBoOO-

I, I HBIX 3JIEKTPOHOB (MM APYyrux dac-

THII) UTPaeT POJib OpHbopa: OH JUIIL

Puc. 2.8 MO3BOJIAET OOHADYIKHUTE BO3HUKAIO-
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oree SIeKTPHUUYecKoe moJie. Ilose
NPHUBOJUT B ABUYKEHHE 3JIEKTDPOHEI
B IIPOBOJHHUKE M TeM caMbiM obOHa- _
pysxkuBaer cebAa. CyigHOoCTh #BIE- —X
HUSA BJIEKTPOMArHUTHON HHAVKIIHHA
B HENOJBHXXHOM IIDOBOJHHKE CO-
CTOUT HE CTOJBKO B MOSBJIEHAN HH-
OYKIIMOHHOTO TOKAa, CKOJABKO B BO3-
HUKHOBEHHH 3JIEKTPUUYECKOT0 IIOJIH,
KOTOpPOEe IIPUBOAMT B [IBHIKEHHE
IIEKTPUYECKHE 3apPAEI.

JIeKTPUYECKOe I[10J€, '« BO3HU-
KaIliee IIpH H3MeHeHHH MarHuT-
HOI'0 IOJfd, UMeeT COBCeM JAPYryrn  Puc. 2.9
IPUPOAY, YeM BJIeKTPoCTaTHUecKoe.
OHO He CBSI3aHO HEMNOCPEICTBEHHO € 3JEKTPUUYECKUMMU 3aps-
JdaMy, ¥ ero JUHWHA HANPAMKEHHOCTH HE MOI'YyT HA HHUX Ha4YH-
HaThcA U KoHuUaTheAa. OHH BoOOIIe HUTE He HAYMHAIOTCA M He
KOHYAIOTCH, a IPeICTABIAIOT cO00M 3aMKHYTEIe JIMHUH, II000-
Hble JUHUAM UHAYKIWHA MarHUTHOTO IOJs. JDTO TaK HasblBae-
MOe BHXpeBoOe 3dJeKTpudecKoe moje (pumc. 2.9).

Yem OblcTpee MEHSAETCH MAarHUTHAA MHAYKIIHAA, TeM 00oJbIne
HaNpPAMKEHHOCTh JJIeKTpHuecKoro monasa. CoraacHo mnpasuiay

= AB
JleHna IpH 603pacmaHuU MATHUTHON HHIVKIUH R = 0| Ha-

5
opaBjieHHEe BeKTOpa HaIPAXEeHHOCTH E NEeKTPHYEeCKOIr0o moJasa

-
obpasyer Jle6blil BHHT ¢ HallpaBJieHHeM BeKTopa B. 9To o3Haua-
€T, YTO IIPK BpallleHUH BIHTA C JIeBOI HAPE3KOM B HANPABJICHUH
JIMHHH HaNOPAMXKEeHHOCTH €K TPUYECKOT0 OIS IOCTYIIaTeAbHoe
lepeMelleHre BHHTA COBIIa/laeT ¢ HAlIpaBJieHHEeM BEKTOpAa MAar-
HUTHOH HHAYKnuu. HanporwB, npH yobléaHuu MarHUTHOH

AB =
HHIYKIIHNA [E < 0) HampaBJeHHe BeKTOpa HaNpsAXeHHocTH F

o
obpasyeT npasslii BUHT ¢ HalpaBJIeHHeM BeKTOopa B.

4

HanpasiieEre cCHIOBBIX JUHMIE HanpsaxeHHocTH E coBmaja-
eT C HaIlpaBJIeHWeM WHAYKIHOHHOTO ToKa. Cuia, geiicTeyomas
CO CTOPOHBI BUXPEBOTO 2JIeKTPHYECKOro I0JA Ha 3apsan q (cro-

— -
POHHAA CHJIA), No-IpexcHemy paBHa F= gE. Ho B otiuuue ot
cly4das CTAallHOHAPHOTO 3JIEKTPHYECKOro noasa pabora BUXpeBO-
'O IIOJIA IO IepeMellleHUIO 3apAla ¢ Ha 3aMKHYTOM IIYTH He paB-
Ha Hyn0. Benb IIpE mepeMemeHMM 3apsAfa BIOJIL 3aMKHYTOM
JMHHAY HAOPAKEHHOCTH JIeKTPHYECKOro mons pafoTa Ha Bcex
y4dacTHax IIyTH MMeeT OOJHH H TOT Ke 3HaK, TaAK KaK CHJIa H IIe-
peMeleHHe COBIIAJAIOT II0 HaupaBjieHH0. Padora BHXpPeBOro
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JIEKTPHUYECKOr0 IOJA IIPH IIepeMeleHHuH eJHHHYHOrO I0JIO-
JKUTEJLHOTO 3apAAa BAOJb 3aMKHYTOr0 HEIIOABHKXHOT'O IIPOBOJ -
HEKa uncjeHHo paBHA JC HHOAYKOIHU B 9TOM IPOBOJHUKE.

WBayKIHOHHBIE TOKM B MAacCCHMBHBIX mnpoBomHuHkKax. Oco-
0eHHO OOJBIIOr0 UHCJOBOIO 3HAUEHHA HUHAYKIMOHHBIE TOKH
IOCTHIal0T B MACCHBHBIX MPOBOJHHUKAX, H3-3a TOTO, 4TO HX CO-
IPOTHBJIEHHE MAaJIo.

Taxkue ToOkH, HazbIBaeMble Mmokamu Pyxo o HMeHH HCCJe-
DOBABLIETr0 MX (hppaHIy3CcKOro (PM3MKa, MOMKHO HCIOJNLB30BATH
I HarpeBaHHs OpPOBOOHHMKOB. Ha aToM NpHHIMIE OCHOBAa-
HO YCTPOMCTBO MHAYKIIMOHHBIX Ileuell, HaIpHMep MCIOJb3ye-
MBIX B ObITYy CBY-mmeueii. Taxkie 3TOT NPHHIWUI HCIOJIbL3YETCH
I IJIAaBKH MeTaioB. KpoMe aTOro sBjIeHHEe 3JIEKTPOMATHHUT-
HOM MHAYKIMH HUCIONb3YEeTCHA B IeTEKTOPaX MeTaJljia, yCTAHAB-
JIMBaeMBbIX IIPH BXOJaX B 3JaHUA a3POBOK3aJIOB, TeaTPOB U T. A.

OnHaKO BO MHOTHX YCTPOMCTBaX BO3HHMKHOBEHHE TOKOB
DyKO IPUBOAUT K OECIOJIe3HBIM H JaXe HeMKejJaTeJbHbIM IIO-
TepAM dHEPIUM Ha BhIfieseHHe Tema. IToaromy kejesHble cep-
JeYHUKH TPaHC(HOpPMAaTOPOB, 3JIEeKTPOABUIaTe ell, FeHepaTopoB
A T. . AeJAOT He CIUIOMIHEIMH, & COCTOSAIUMHA M3 OTAeIbHBIX
[IJIacTHH, U30JHPOBAHHEIX Apyr oT Apyra. IloBepxHocTH mia-
CTHH JOJIKHBI OBITh HePHIeHIUKYJIAPHLI HAIIPABJIEHUIO BEKTOPA
HaAIpAMXKEeHHOCTH BHXPEBOr0 3JIeKTpHuecKkoro nojas. ConpoTus-
JIeHHe 3JIEKTPHUYECKOMY TOKY ILIACTHH Oy/JeT IPH 3TOM MaKCH-
MAJILHEIM, & BBIJEJI€HWE Telljla — MHUHHMAJILHBIM.

IIpumenenue deppuror. PagmosmekTpoHHas anmaparypa
paboraeTr B 06JIaCTH OYEHBb BBICOKHMX YacTOT (MHJJIHMOHBI KOJe-
OaHHII B CeKyHIY). 3/ech IPpUMeHeHNe CePAeYHHKOB KaTyIIeK
U3 OTHeNbHBIX IJIACTHH yaKe He JaeT HYKHoro sdpdexra, Takx
KaK Oogpmue Toku PYKO BOZHHKAIOT B Ka)XJ0H IJIacTHHE.

B § 7 ormeuanoch, YTO CYINECTBYIOT MArHHTHBIE M30JIATO-
pel — deppursl. IIpy nepeMarEMYNBaHUY B (hepPHUTAX He BO3-
HHMKAaIOT BUXPEeBhIe TOKH. B pesyabTaTe IIoTepu SHEPI'UH HA BEI-
neleHWe B HHX TelJa CBOAATCA K MuHHMyMmy. llosromy ua3
dbeppUTOB AENAT CEPAEYHHKH BBICOKOYACTOTHHIX TpaHCcdOp-
MAaTOPOB, MATHUTHBIE AHTEHHBI TPAH3UCTOPOB U Ap. PeppHTO-
BBI€ CEpPAEYHHUKH HM3TOTOBIAIOT U3 CMeCH IIOPOMIKOB MCXOJHBIX
pemecTB. CMech mpeccyeTcsi W IIOJBepraeTcs 3HAYHUTEJILHOM
TepMUUeCcKoil ob6paboTke.

Ilpm 6BICTPOM M3MEHEHHH MATHUTHOIO MOJA B OOBIYHOM
deppoMarHeTHKe BOSHUKAIOT MHAYKIIMOHHBIE TOKH, MArHUTHOE
IoJie KOTOPBIX, B COOTBETCTBUM C NpasuioM JleHna, nNpenATcT-
BYeT U3MEHEHHI0 MAI'HUTHOTI'O IOTOKA B CEPAEYHHKE KATyIIKH.
WM3-3a 3TOr0 MOTOK MArHUTHOM MHAYKIMH OIPAKTHYECKH HE Me-
HAETCA U CepAeYHUK He NepeMarHu4yuBaeTcd. B heppurax Bux-
peBble TOKH OYeHb MAJIbI, MO3TOMY MX MOKHO GBICTPO mepemar-
HUYHBATE.
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Hapsaay ¢ NOTeHIHATBHBIM KYJOHOBCKHM JJI€KTPHUYECKHM
II0JIeM CYIIeCTBYeT BUXPEBOE 3JIEKTPHYECKOe Noje. JIMHuHN Ha-
NPAXEHHOCTH 3TOro IMoJsA 3aMKHYTH. BuxpeBoe moje moOpox-
JaeTcs MeHSIOIHMMCA MarHHTHBIM IIOJIEM.

1. KakoBa npHpofia CTOPOHHMX CHI, Bbi3bIBAIOLHX NOSENEHHE MHAYK-

‘? UHOHHOFO TOKa B HEMOABHXHOM NPOBOAHHKe!

B 2. B yem OTNMYHE BMXPEBOrO 3NEKTPHYECKOro NONS OT 3NeKTPOCTaTH-
4YeCKOro MNM cTayMoHapHoro!

3. Yro Takoe Toku Myko!

4. B yem npeumyLlecTea heppPHTOR MO CPABHEHHIO ¢ OBbINHLIMK thep-
pomarHeTHKamm!

13 9AC HHAYKIIUU B IBHKYIIUXCA
§ IIPOBOHHAKAX

PaccmorpuMm Temeprs BTOpO# ciydall BOSHUKHOBEHHS WH-
AVKIIMOHHOTO TOKA.

Ilpn ABHMXXEHHH HIPOBOJAHHMKA €ro CBODOJNHBIEC 3apAILI JBH-
WyTcA BMecTe ¢ HuM. [loaToMy Ha 3apsgbl CO CTOPOHEI MATHHUT-
HOTO NoJas AedcTByeT cusa Jlopenna. OHA-TO ¥ BHI3BIBAET IIe-
peMelniesue 3apAfoB BHYTpH npoBomuuka. INAC uEAYKIINH,
clenoBaTeJIbHO, MMeeT MAarHUTHOE IIPOMCXOKIeHHe.

Ha mHOrHX 3JIeKTPOCTAHOMAX 3€MHOI'O MIApA HMEHHO CHJIA
JlopeH11a BBEIBBIBAET IMepeMelleHie 2JIEKTPOHOB B ABHIKYIITUXCA
TIPOBOMHHUKAX.

Beruncnum 3C MHAYKIINM, BOSHUKAIOIIYIO B IIPOBOIHUKE,
OBHIKYINEMCA B OJHOPOJAHOM MAar"HuTHOM mnone (puc. 2.10).
Ilycrs cTopona kouTypa MN nauHOM | CKOJAB3UT C MOCTOSHHOMN

—_
CKOPOCTBIO U BAOJL cropoH NC u MD, ocraBasick BCe BpeMs

5
napajesbHo#d cropoHe CD. BeKTOp MarHMUTHOHM HHAVKOHH B
OJHOPOJHOTO TOJIA TEePHeHAUKYIAPEeH IIPOBOAHHKY M COCTAB-
JAeT yroJ ¢f ¢ HaIpaBJIeHHEeM er'o CKOPOCTH.
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Cusna, ¢ KOTOpPOil MarHuTHOE IMOJIe AEeHCTBYeT Ha JBUIKY-
[IYIOCS 3apAMKEeHHYI0 YacTHIy, PaBHA IO MOMYJIIO

Fy;=|q|vBsino. (2.5)

Hanpaenena sta cmiaa BAoJb npoBogHuka MN. Pabora
cuasl Jloperna! Ha nyTu ! NMONOKHUTENLHA H COCTABIAET:

A= Fyl =|q|vBlsina.

ONeKTPOABHKYINAA CHJIA MHAYKIHUY B NpoBogHuUKe MN
paBHA, IO OIpeIe/leHHI0, OTHOIIEeHWI0 paboTel IO Hepemerlre-
HHUO 3apAfa ¢ K 9TOMY 3apany:

& =2 - vBisina. (2.6)

lgl

Ora ¢dopMmyia cupaBeIiuBa I nmﬁor‘o TIPOBOAHHUKA OJIH-
HOH [, ABHIKYIErocsi CO CKOPOCTBIO U B OXHODOAHOM MAarHHT-
HOM II0JIE.

B npyrux nposogankax KoHTypa 3J1C paBHa HyJII0, TAK KaK
9TH NPOBOAHMKM HenoABWKHEI. CiezoBaTesbHO, BJZ[C BO BCEM
xKoHType MNCD paBHa &; U OCTaeTCs HEU3MEHHOM, ecIu CKO-
DOCTH ABHKEHMSA U IOCTOAHHA. DIEKTPUYECKUN TOK IPU 3TOM
OyneT YVBeJIHYMBATHLCH, TAK KAK IIPU CMEINeHMHU HIPOBOJHUKA
MN sBrupaBo yMeHbIIaeTcs 00IIee CONPOTHUBIIEHNE KOHTYpA.

9C MHAYKIHH MOYKHO BEIYHCIHTH TaKKe M C IIOMOIIBLIO
3aKOHA SJEKTPOMATHHTHON WHAYKUIUH (cM. dopmyny (2.4)).
IlelicTBUTENBHO, MATHHTHBIH [OTOK Yepe3 KoHTYp MNCD
paBeH:

® = BS cos (90° — o) = BSsin q,

rae yrox (90° — o) ecTb Yrosm MeKJIy BEKTOPOM B u HOP-
Maibi0 7 K I[IOBEPXHOCTH KoHTypa (puc. 2.11, Bug cGoky),
a S — mnomane, orpasrdenHas KoHTypoM MNCD. Ecnu cun-
- TATH, YTO B HAYAJBHEIH MOMEHT
B spemenu (t = 0) nposogauk MN
HaxoauTca Ha paccroaauun NC or
nposogauka CD (cm. puc. 2.10),

n

90°-a TO IpU IepeMeIeHHH IpOBOJ-
M,N a ¢c,p HHKa IOmAans S U3MEHSETCA CO
» ' BpeMeHeM CJIeAyIOIIIM 00pasoM:
Puc. 2.11 S =I(NC — vt).

19310 memosnas pabora cuasr Jlopenna. Kpome cunsl Jloperna (em. dop-
myay (2.5)), nMmeercs cocraBiaApIad cunel JlopeHna, HanpasjleHHaA IPOTHB
CKOPOCTH U NPOBOJAHUEA. JTa COCTABIAIOINAA TOPMO3UT ABUKEHNE IIPOBOJHM-
Ka ¥ COBepIIaeT OTpHIATeIbHYI0 pabory. B pesyibrare HojJHAd paboTa CHJIbL
JlopeHlla OKA3BIBAETCHA PABHOM HYJIIO.
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3a Bpemsa Af mioinaak KOHTYpa MeHserca Ha AS = —IvAl.
3HaK «—» YKasBIBAe€T HA TO, UTO OHA yMeHbmiaerca. Mamene-
HHe MarHMTHOIO MOTOKA 3a 3TO BPEeMA pPaBHO:

AD = —Blv At sin oL.

CremoBaTennHoO,

AD .
;= ——— = Blvsina.
At
Ecnau Becs korTYp MNCD aBM)XeTCA B OAHOPOAHOM MarHHT-
HOM I10JIe, COXPaHAA CBOI0 OPHEHTAIIUIO 10 OTHOIIEHHUIO K BeK-

5
Topy B, To 3[1C mEAYKIME B KOHTYpe GyZeT paBHA HYJIO, TaK
Kak IoToK ¢ uepe3 NOBEPXHOCTh, OTPAHHYEHHYIO KOHTYDPOM, He
MeHseTcAa. OOBACHUTE 9TO MOXKHO TaK. IIpy ABMIKeHNHN KOHTY-
pa B npoBogHHKax MN u CD BO3HHKAKWT cuiabl (cM. (hopmy-
ay (2.5)), neficTByIOILIMeE HA 3JIEKTPOHEI B HAIpaBJIeHUAX oT N K
M uor C x D. CymmapHas paboTa 3TUX CHJ IPH 00X04e KOHTY-
Pa 1o YacoBOil CTpeJIKe MM IPOTHB Hee PaBHA HYJIIO.

9C MHAVKIHMM BO3HHMKAET TAKKe IPH NOBOPOTE PaMKHU
B MarHMTHOM I10Jie, T. €. IPU M3MEeHEeHHH CO BpeMeHeM yrIJa o

(cm. § 31).

9IC MEAVKIHK B NPOBOAHHKAX, JBHKYINUXCA B IIOCTOSAH-
HOM MarsuTHOM II0JIe, BO3HUKAET 34 CUeT AeMCTBUA Ha 3apabl
npoBogHuKa cuiabl Jlopera.

1. Yemy paBHa cuna JlopeHua M KaK OHa HanpaeneHa!
2. Ot 4ero 3aBMcHT I C MHAYKUMM, BOZHMKAIOWaa B NPOBOAHMKE, KO-
TOPLIH ABMMETCA B NEPEMEHHOM BO BPEMEHH MAarHMTHOM nonel

§14 SJIEKTPOOIUHAMHUYECKHH MAKPO®OH

B rnase 1 Bbl 03HAKOMHJIHCH C 3JIEKTPOAUHAMHUYECKHM
IDOMKOTOBOPHTeNEeM, NIpeodpas3yioniuM KoiefaHus 3aeKTpude-
CKOI'0 TOKa B 3BYKOBEIe KoaeDanus. OOpaTHBIM npoilecc mpe-
BpallleHUs 3BYKOBBIX KoJieOaHWI BO3AyXa B KoJaebaHUA 3JIEK-
TPHUYECKOT'0 TOKa OCYIIECTBIAETCA C IOMOIIBI MHKPO(OHA.

MuxpodoHEI IIHPOKO OPUMEHAKTCA B PAAHOBEIIAHUH, Te-
JeBHIEeHHH, CHCTeMaX YCHJIeHHUS 3BYyKa M 3BYKO3aIlUCH, OIS
TeJiehOHHOM CBA3H.

HeficTBHe OOHOTO M3 CAMBIX PACIIPOCTPAHEHHBIX MHUKDPOQO-
HOB — 3JIEKTPOAUHAMHUYECKOT0 — OCHOBAHO HA ABJIEHUU DJICK-
TPOMAarHETHOH MHAYKIWHU. D9TOT MUKPOMOH YCTPOEH CJIEAYIO-
muM obpazom. [umadparma 2 W3 TOHKOH IIOJHUCTHPOJIBHOH
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IlnacTuEKH
3JIeKTpeTa
a) 6)

Puc. 2.12

IJIEHKY MU aJIOMHUHHEBOH (DOJBIH KeCcTKO CBA3aHAa CO 3BYKO-
BOM KaTyiuko# I u3 ToHKOM npoBoaoku (puc. 2.12). Karymxka
IIOMEeI[aeTCsA B KOJbIIEBOM 3a30p€ CHJILHOTO IIOCTOAHHOIO Mar-
Huta 3. JIuHMM MarHUTHON HHAYKIUH NepHeHIUKYJIAPHEI
K BUTKaM KATYIIKH.

3BYKOBasA BOJHA BHIBBIBAET KoaebaHUA nuadparMbl U CBdA-
3aHHOM ¢ Hel KaTymku. IIpy ABH)KEHHMH BHTKOB KaTYIIKH
B MArHMTHOM II0JIe B HUX Bo3HuKaeT nepeMmeHHass JC uHayK-
nuu. B pesynbpTaTe Ha 3arKMMax KaTYyIIKH IOABJIAETCA Iepe-
MeHHOe Halp#AMKeHHe, BhI3biBalollee KoaebaHuA 3JIeKTPHYIeCKOo-
ro TOKa B Lenu MUKpodoHa. ITH KojJebaHUA mociae YCHIeHU:A
MOTYT OBITE IIOJAAHEI HA 'DOMKOTOBOPUTENb, 3alIMCAHBI HA Mar-
HUTHOI JIeHTe U T. I.

DJIeKTPOAUHAMUYECKHEe MUKPOMOHEI IPOCTHL IO KOHCTPYK-
UM, UMeIOT HeboJbmIne rafapuThl M HANEXKHBI B JKCILJIyaTa-
muu. Hckayxemumsa mpeoOpasyeMBIX KoneOaHHH B HHTepBale
gactoT orT 50 g0 10 000 I'y HeBenHKH.

B renmedonHBIX anmaparax NPUMeHSAOT MeHee COBepIleH-
HBIe, HO 3aTo 0oJiee JelleBble YroJbHble MHUKpodoHEI. [lua-
dparmMa B TAaKHX MHKpo(oOHaAX [elHcTByeT Ha YTrOJbHBIH IOPO-
IIIOK M CO3JAEeT B HEM IEPHOJMYECKHE CIKATUA U paspexkeHHd.
OT 2TOr0 MEHHAIOTCS CONPOTHRJIEHHWEe INOPOIIKA U CHJIA TOKa B
JIEKTPUYECKOH wnenu Mukpodona. CymecTByOT M Apyrue
TUIEI MUKPOGOHOB.

B rpomxoroBopuTese cuia AMIepa BBI3bIBAeT KojgebaHUSA
KaTyIIKH U CBA3aHHOH ¢ Hell AHadparmel.

B mukpodone xomebamma muadparmbl IepefarmTcd IIOO-
BHOKHOM KaTyIlKe, W B Hell BO3HHKAET MHAYKIIMOHHBINA TOK.

9 MOMHO NH HCNONBL30BaTh B KAYECTBE YYBCTBMTENLHOIO 3NEMEHTa MMK-
podoHa oaHy M3 obknagok KoHaeHcaTopa, KoneGniowylocs nog aen-
CTBMEM 3BYKOBOH BOMHLI!
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§15 CAMOMHIYKIHSA. HHAYKTHBHOCTD

Camomaayknusa. Ecam mo xa- R 1
TYIIKe HAeT MepeMeHHBIN TOK, — 1 ®
TO MATHHUTHBIH IIOTOK, IPOHU3EI-

BAIOIIMH KAaTYIIKY, MeHseTCH. L 2
ITosToMy B TOM Ke camMOM IIpO- v ®
BOJHHKE, II0 KOTOPDOMY HIeT IIe-

peMeHHBINI TOK, Bo3HuUKaeTr JJC

HHIYKOHH. OTO SBJIEHHUE HA3bl- - ,|>_ _||
BAIOT CAMOHMHAYKI[HEIH. 1

IIpr caMOHMHAYVKIIMU I[IPOBO-
AAHI KOHTYD BBINOJHAET ABOM-
HYIO0 pOJIb: IIEPEeMeHHBII TOK B
NPOBOJHMKE BHI3bIBAET IOSABJIEHHNE MATHHTHOTO IIOTOKA Yepes
NOBEPXHOCTH, OTPAaHWYEHHYI0 KOHTYPOM. A TaK KaK MarHuT-
HBIIl IIOTOK HM3MEHAETCA CO BpeMeHeM, TO mosBJiserca IJIC
uHAYKOHHA &, [To npasuny JleHiia B MOMEHT HapacTaHUA TOKA
HANIPAMXEHHOCTb BUXPEBOTO 3JIEKTPHUYECKOTO MOJIA HAIIPABJIeHA
nporuB Toka. CirenoBaTesbHO, B 9TOT MOMEHT BHXPEBOE IIOJE
OpensATCTBYeT HapacTaHWio Toka. Haob6opoT, B MOMEHT YMEHb-
LIeHHA TOKA BHUXPEEBOE IT0JIe IOAIePsKUBaeT ero.

SpreHNe CaMOMHAVKIIMM MOYKHO HaOMIOZATL B IPOCTHIX
oneiTax. Ha pucyuke 2.13 noxasaHa cxeMa HapasljIeIbHOIO CO-
eIUHeHUd JBYX OAMHAKOBBIX JaMn. OIHY U3 HUX MOAKJIIOYAIOT
K HCTOYHHKY depe3 pesucrtop R, a IpPyryo — mocjaenoBaTe k-
HO ¢ KaTYIIKO# L, cHaOMeHHOIl »KeJe3HLIM CepAeYHUKOM.

Ilpu samMBiKAHUM KJIIOYA [IePBAd JIAMIA BCIBIXMBAaeT IIpaK-
THYECKH cpasy, a BTopas — ¢ 3aMeTHBIM 3anmo3gaaueM. JIC ca-
MOMHIYKIIMY B I[N 83TOH JIaMIObI BeJIMKA, ¥ CHJIA TOKA He Cpasy
JOCTHUTaeT CBOEro MaKCHUMAJIbHOI0O 3HaYeHus (puc. 2.14).

IloaBnerne 3C caMOMHAYKIIMK IPH PA3SMBIKAHHH MOKHO
HaOJIOJATE B OIEBITE C IEIIBI0, CXEMAaTHYECKH IIOKa3aHHON Ha
pucyake 2.15. IIlpu pasMbBIKaHMM KJIOYa B KaTymikKe L BO3HH-
kaer 9C caMOMHAVKIWUK, MOAAEPKHUBAONIAA NePBOHAUAIE-

Puc. 2.13

Ii L

0 —

Puc. 2.14 Puc. 2.15

~¥
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HBIH TOK. B pesynbraTe B MOMEHT Pa3MBIKAHUA Uepes rajabBa-
HOMETDP HJeT TOK (I[BeTHas CTpeJiKa), HaIpaBIIeHHLIH IIPOTHB
HAYaJIbHOIO TOKa [0 pasMmbiKaHusi (depHas crpenka). Cunia
TOKA IIPU PASMBIKAHUH II€NH MOXKET IIPEeBBINIATHL CHJIY TOKAa,
OPOXOJAINIEr0 uYepe3 TAJBBAHOMETD IIPH B3aMKHYTOM KJIOUe,
9ro osHagaer, uto JIIC camourayKIUu &, 6oabmie JIC € ba-
TAapeH BJIeMEeHTOR. &

HuegyktusHOCTh. MOAy/ip BeKTOpa MHAYKIHHM B MarHuT-
HOTO IMO0JIsA, CO3JaBaeMoro TOKOM, IIPONOPIHOHAJIEH CHJe
Torka. Tak kaxk MarHUTHEIA moToK ¢ mpomopumoHaneH B, To
& ~B-~1,

MosxHO, clefoBaTelbHO, YTBEPKAATE, UTO

o = LI, (2.7)

rge L — xoadpunUeHT NPONOPIHMOHANIBHOCTH MeXXIAY TOKOM
B IPOBOASAINEM KOHTYpe M MArHUTHBIM MOTOKOM. Benuuuny L
HA3LIBAIOT MHAYKTHBHOCTLI0 KOHTYypa, UJIH ero KoddgdunueH-
TOM CAMOMHIYKIIHH.

HWcnonb3ysa 3aKOH 2JIEKTPOMATHHUTHONW HHAYKIUH H BBIpa-
xxerue (2.7), morydaeM paBeHCTBO

A AT
At At’

Bp= - = (2.8)

eCcJId CUUTATE, YTO (DOPMA KOHTYPA OCTaeTCs HEM3MeHHOH H II0-
TOK MEHSIETCH TOJLKO 3a CYeT M3MEeHEHHUs CHUJIBI TOKA.

W3 hopmyne: (2.8) caegyeT, 4ToO HEHAYKTHBHOCTH — 3TO (hu-
3UYecKas BeJuYMHA, ducjeHHO paBHas I]IC caMOMHAYKIWH,
BO3HHKAMIOMIEH B KOHTYpPEe IIPH U3MEHEHHUH CHJBI TOKA B HEM HA
1Aszalec.

WNEAYKTUBHOCTL, NONOOHO BJIEKTPOEMKOCTH, B3aBHUCHT OT
reoMeTpudecKux GaKTOPOB: pa3MepPOB IPOBOJHHUKA U ero (op-
MBI, HO HE 3aBHCHUT HEIOCPEACTBEHHO OT CHJIBI TOKA B IPOBOJ-
Huke. Kpome reomerpum npoBOJHUKA, HHAYKTHBHOCThL 3aBH-
CHT OT MATHHTHEIX CBOMCTB CpeJbl, B KOTOPOH HaXOIHUTCH
ITPOBOJHUK.

OueBHAHO, UYTO UHAYKTHBHOCTL OGHOTO IIPOBOJIOYHOTO BUTKA
MeHbIIle, YeM Y KaTyInKu (CoJleHoHuzIa), cocTrodaneil u3 N TaKkHx
3Ke BUTKOB, TAK KAK MAUHHUTHEIN IIOTOK KATYIIKN YBEIHYHBAET-
ca B N pas.

Epuauny naayktusHoctu B CH maswiBaioT zenpu (obosHa-
yaerca I'm). Hndyxmuenocme npoéodnuka pasua 1 I'm, ecau
8 HeM npu PasHOMEPHOM U3MeHeHUU cuabt moka Ha 1 A salc
sosnuraem IC camoundyryuu 1 B:

1B B¢

1FH=1£=1 z
c
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ABanorusa MemXJy caMOMHAYKIHEeH M uHepuuein. SiBienwme
CaMOMHAYKIMH Non0o0HO ABJIEHMIO MHepuuu B MexaHuke. Tak,
HHepIHA IPHBOJUT K TOMY, YTO IIOJ AelicTBHEM CHJEBI TeJIO He
MI'HOBEHHO IpHo0peTaeT OmpenesieHHYI0 CKOPOCThb, 4 IOCTEeIleH-
HO. Teso Helb3A MIHOBEHHO 3aTOPMO3HTH, KaK OBl BeJIMKa HHU
Oblna TopMosAmaa cuaa. ToyHO Tak Ke 3a CUET CAMOMHJYK-
OUHW OPH 3aMBIKAHWH IeNH CHJIA TOKa He cpasy mpuobperaer
oInpefiejleHHOe 3HAYeHUe, a HapacTaeT IIOCTelleHHO. BeIKIouas
HMCTOYHHK, MBI He IOpeKpalgaeM TOK cpasy. CaMOHMHAYKIOUA
noajepKuBaeT ero HeKoTopoe BpeMs, HEeCMOTpPA Ha CONPOTHB-
JIeHHe IEeITH.

fABNeHNe CaMOMHIYKIIMH BEHEIINOJHSET O4YEHL BAXKHYIO POJIb
B DJIEKTPOTeXHHKe H paguoTexHHKe. WHAYKTHBHOCTE IeNH
OKAa3bIBAET CYIIECTBEHHOe BIMAHUE HaA NPOXOMKIAeHHE 0 Ienu
nmepeMeHHOro ajgeKTpryeckoro Toka. Ilogpobro 06 atom Oyzmer
pacckasaHO B riase 4.

IIpu n3MeHeHNH CUJIBI TOKA B IPOBOAHUKE B HEM BOSHHKAET
BHXPpeBOe 3JIeKTPUUYEeCKOoe I1oJie. ITO II0Je TOPMO3HUT 3JIEKTPOHBI
IIpY BO3PACTAHUH CHJILI TOKA M YCKOPAET IPH YOLIBAHHWH.

1. YTo Ha3LIBAIOT CAMOHHAYKUHEH!

2. Kak HanpaBneHbl NMO OTHOWEHHIO K TOKY NMHWM HanpPsXeHHOCTH
BHXPEBOrO 3MEKTPHYECKOro MNOns B NPOBOJHMKE NPH YBenM4YeHMH
H YMEHbIIEHHH CHNbI TOKa!

3. Yro Ha3LIBAIOT HHAYKTMBHOCTLIO NPOBOAHMKA!

4. Yro NpHHMMAIOT 3a egMHMLY HHAYKTMBHOCTH B CH!

5. Yemy paBHa 3[1C camomMHAYKUMHT

§ 16 9HEPTHA MATHHUTHOTI'O IIOJIA TOKA

CorsacHO 3aKOHY COXpAHEHHs SHEPTHH JHEPrUs MAaTHHT-
HOI'O IOJIf, CO3LAHHOTIO TOKOM, PABHA TOH SHEPTrHH, KOTOPYIO
JOJIKEeH 3aTPATHTH HCTOUHHUK TOKA (rajJbBaHHUYeCKHU 2JIeMeHT,
reHepaTop Ha 2JeKTPOCTAHIHMH U JAp.) Ha co3aaHue TokKa. Ilpm
PasMBIKAHWH Iell¥ 3Ta DHEPruA IEepPexXOJHUT B APYTHE BHILI
9HEPruH.

To, uTo mnsa cozgaHUA TOKA HEODXOOWMO SATPATHTH dHEP-
I'HI0, T. €. HeOOXOAMMO COBEPIIHUTE pabory, 0ObsACHAETCA TeM,
YTO IPH 3aMBIKAHHWM IIENH, KOI'JAa TOK HAYMHAET HAPACTATEH,
B IIPOBOJIHUKE MOSABIAETCA BUXPEBOE 3JIEKTPHUYECKOE TT0J1e, Jei-
CTBYIOIIlEe IPOTHB TOr'O 3JIEKTPHYECKOIO II0Jif, KOTOpPOe CO3-
JaeTcd B IPOBOJAHMKe Osaromapsa HMCTOYHHKY TOKa. Iasa Toro
4yTOOBI CHJIA TOKA CTaja PaBHOU I, MCTOYHMK TOKA HOJIKEH CO-
BepIIUTE paboTy NPOTHB CUJI BUXPEBOTO HoJid. 9Ta padora uuer
Ha yBeJIMYeHHEe DHePrUH MATHHUTHOIO IOJSA TOKA.
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IIpu pasMEBEIKAHMH NN TOK MCYE3aeT, U BUXPEeBoe IoJie Co-
BeplIIaeT MOJOXKHUTEJNBbHYI0 pabory. 3amnaceHHas TOKOM 3JHED-
TusA BBIAENAeTcA. JTO O0HADYIKHUBAETCA, HAIIPHMED, II0 MOII[-
HOH MCKpe, BOSHMKAIOIIEeH MpH Pa3MBIKAHUH Ienu ¢ 00IbIIoHi
UHIYKTHBHOCTBIO.

OHeprusa MarHUTHOTO IIOJIA, CO3ZAHHOTO TOKOM, IPOXOMs-
UM II0 YYaCTKY IellH ¢ HHAYKTHBHOCTLIO L, onpenensercs o
dopmyne

2
W, = LTI (2.9)

DHepPrus MarHHMTHOTO II0JI BRIPAJKEHA 3Jech Uepes xapak-
TEePUCTHUKY NpoBogHuUKAa L u cuny toxka B Hem I. Ho aty ke
SHEPrHui0 MOJKHO BEIPDASHTL U UYepe3 XaAPAKTEDHCTUKH IOJIA.
BriunciaeHNA NOKAa3bIBAIOT, YTO IJIOTHOCTb SHEPTUH MarHATHO-
ro nouada (T. e. 9HEPruUA eJUHHIOLI 00beMa) IPOIOPIHOHAJIbHA
KBaJpaTy MarHUTHOW MHAYKIUH: W, — B2, nogo6HO ToMy Kak
IJIOTHOCTH SHEPrUH 3JIEKTPHUYECKOro II0JIS IPOIOPIHOHAJILHA
KBaJpaTy HaIpSKEeHHOCTH BJIEKTPUYECKOro Mo w, ~ E2.

MaraurHoe moJie, co3gaHHOe 3JIeKTPHUYECKUM TOKOM, obJja-
JaeT sHEPrueii, MPAMO IPONOPIHOHAILHOH KBaJpaTy CHJIBI TOKA.

e 1. ﬂo-lemy ANA CO3[AHHA TOKA MCTOYHMK [OMKEH 3aTpaTtHTh BHEpI'MIOE
? 2. Yemy paBHa 3HepPrus MarHWTHoro nona!

§17 OSJEKTPOMATHHTHOE IIOJIE

HN3ayuasa croiicTBa 3JeKTPOMArHHUTHOTO nona, Makceesa 3a-
JIaJICsA BOIIPOCOM: €CJIM IIePeMEeHHOEe MarHUTHOE IIoJIe IOPOoKIaeT
3JeKTPUYECKOE M0JIe, TO He CYIIeCTBYET JIH B IpHpoae 0OpaTHO-
ro npouecca? He mopoxkaaeT U ImepeMeHHOe 3JIEKTPHUYecKOoe
moJie, B CBOIO OUepelb, MAariuTHoe? 910 coobpakeHne, TAKTYe-
MO€ YBEPEHHOCTBIO B €/JTHHCTEE IPHUPOEI, BO BHYTPEHHEH CTPOH-
HOCTH ¥ T'AapMOHHMH €€ 3aKOHOB, COCTABJIAET OCHOBY I'HIIOTE3EHI
Maxcsesia.

Bo3HMKHOBeHHMEe MATHHMTHOTIO TOJISA IIPH M3MEHEHHMM JJIeK-
TPHIECKOTO moJisa. MaKcBeasT JOMYCTHII, YTO TAKOTO POJAa IIpO-
HEeCcC peajbHO IPOMCXOIUT B IpupoAe. Bo Bcex ciayuaax, kozda
aNeKmMpuieckoe noJe U3MeHAemcs co pemMeHeMm, OHO TOPOdC-
daem mazhummHoe noJe. JINHEM MArHUTHOM MHAYKIWM 3TOTO
II0JIA OXBATHIBAKOT JIMHHUH HAIPAKEHHOCTH 3JIEKTPUUECKOTO
nouas (puc. 2.16), mogo6HO TOMY KAaK JHUHHW HAIPSXKEHHOCTH
3JIEKTPUUYECKOr0 TOJIA OXBATBIBAIOT JHHHHM HHAYKIHHN Iepe-
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MEHHOI'0 MArHuTHOro mojsa. Ho Temeps mpu BO3pacTAHUM Ha-
NPAKEHHOCTH JJIEKTPHYECKOr0 IIOJA HAIpaBJieHHE BeKTOpa
-

MHAVKOUKA B BO3HUKAIEro MArHUTHOrO nojas obpasyeT npa-

-
6blil BUHM ¢ HANpaBIeHHeM BeKTopa E.
IIpu yOBRIBAHWH HANPAMKEHHOCTH 3JIEKTPHYECKOro IOJs Ha-

—
npaBjieHHe BeKTOpa MArHMTHOH MHAYKUuH B obpasyer ¢ Ha-
o

npaBjieHUEM BeKTopa E neawlii sunm.

CornacHo runorese Makcpesjila MarHUTHOe II0OJie, HAIIpH-
Mep, IIPH 3apAfKe KOHIEHCATOPA IIOCJe 3aMBIKAHMA KJHUYa
CO3/aeTCH He TOJBKO TOKOM B IIPOBOJHUKE, HO U H3MEHAIOI[AM-
CA 3JMeKTPHYEeCKHM II0JIeM, CYIIEeCTBYIOIIHM B IIPOCTPAHCTBE
Mexay obxknagkamMu KoggeHcatopa (puc. 2.17). IIpuuem usme-
HAKIIeecd 3JIEKTPUYECKOe MoJie CO3JlaeT TaKoe e MarHuTHOoe
moJjie, KaK ecjad ObI MeXIy OOKJIaMKaMK CYII[ECTBOBAJ SJIEKTPH-
YecKHH TOK, TAKOH ’Ke, Kak B npoBogHuke. CnpaBennBOCTH
runore3bl Maxceesna OblIa JOKA3aHA SKCIEPHMEHTAJIBHBIM
o0Hapy»KeHHeM 3JIeKTPOMATHUTHLIX BOJH. DIeKTPOMATHUTHLIE
BOJIHBI CYIIECTBYIOT IIOTOMY, UTO IEPEMEHHOE MArHUTHOE II0JIe
OOpOoXKAaeT IIepeMeHHOe 3JIeKTPHYECKoe MmoJie, KOTOpoe, B CBOIO
odepeab, IMOPOKAAET MepeMeHHOe MATHHTHOE MoJie U T. 1.

JaexTpoMarsuTHoe moJie. Ilociie OTKPBITHA B3aMMOCBA3H
MKy HM3MEeHAINUMHACA 5JeKTPHYECKHMM M MATCHUTHEBIM IIO-
JIAMH CTaJIO ACHO, YTO 9TH IIOJIA He CyIIecTByIoT ofocobiaeHHo,
He3aBHCHMO OJHO OT apyroro. Henwsss co3gaTs mepeMeHHOe
MAarHHTHOe Iojie 6e3 Toro, yToOLl OJJTHOBPEMEHHO B IIPOCTpaH-
CTBE HE BO3HHUKJIO M 3JIeKTpHUUYecKoe moJie. M maobGopor, mepe-
MeHHOEe 3JeKTPUUYECKOe [0Jie He MOXKeT CYIIeCcTBOBATHL De3 mMar-
HHUTHOIO.

He MeHee Ba)XHO M TO, UTO 3JIEKTPHUYECKoe Iojie 6e3 mar-
HUTHOI'O WM MArHUTHOe 0e3 BJIEKTPHUYECKOI'0 MOTYT CYIIECT-
BOBATH JIUINE II0 OTHOIIEHHIO K OIpPEeAeIeHHOH CHCTeMe OTcue-
ra. Tak, nmoxkoAmmuiicsa 3apsA] CO3ZaeT TOJBKO 3JEKTPHUECKOoe
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none (puc. 2.18). Ho Beas 3apAj MOKOMTCS JIHIIL OTHOCHTEb-
HO OOpefesNeHHOH cHcTeMbl oTcueTa. OTHOCHUTENBHO JPYTHX
CHCTEM OTCHUEeTa OH MOJKeT IBHUTATHCA H, CJAeJ0BATEILHO, CO3Ia-
BaTh U MarHEUTHOe noJe (puc. 2.19).

TouHO Tak Xe B cUCTeMe OTCUEeTa, CBA3AHHOM ¢ MATHHUTOM,
obHapyXHURaeTCs JUIIEL MarauTHoe nojae. Ho gemxyimuiics oT-
HOCHTEJbHO Mar"uTa HabnogaTels OOHADY:KHT H 3JIEKTPHYUE-
ckoe moJjie. Bear B cHcTeMe OTCYeTa, ABUIKYIIEHCS OTHOCH-
TeJIbHO MATHHUTA, MATHHUTHOE II0Jie OyAeT MeHSThCA C TeYeHHueM
BpeMeHH IO Mepe NpHOIMIKeHus HabarogaTe s K MAarauTy WJIn
yaaJleHuA OT Hero. IlepeMeHHOe Xe BO BpPeMeHH MArHHUTHOE
IIoje HOpOJaeT BUXPeBoe 3JIeKTPHUYecKoe IIoJe.

3HAYUT, YTBEPKAEHHE, UYTO B JAHHON TOYKE IIPOCTPAHCTBA
CyIIecTBYeT TOJbBKO 3JIeKTPHYEeCKOe WJIH TOJIbKO MarHUTHOE
moje, HeCCMBICIEHHO, €ClIH He YKAa3aTh, II0 OTHOIIEHHIO K Ka-
KO# cHCTEME OTCUYEeTa 9TH IoJiA paceMmarpusawTcesa. OTcyTcTBHE
BJIEKTPHUYECKOr0 MOJIS B CHCTEME OTCUeTa, COIepIKallel IoKos-
muiicdA MarHdT, COBCEM HE O03HA4aer, 4YTO 3JIEKTPUYECKOTO
moJia HeT BooOmge. ITo oTHOIEHHWIO K M0G0 ABMIKYINEHCcs OT-
HOCHTEJIBHO MATHHUTA CHCTEME OTCYEeTa 3TO II0Je MOXKeT OBIThb
obOHapyIKeHO.

DneKTpHYeCKHe ¥ MATHWUTHBIE IO — IPOfABIeHUe eJUHO-
r0 LEeJ0ro — 3AeKMmpoMAZHUMHO020 NOAS. DIeKTPOMATHHTHOE
noJie — ocobasa (opmMa MaTEpPHH, OCYINEeCTBAAKINAA 3JIEeKTPO-
MArHUTHOE B3aWMOJelcTBHe. B 3aBHCHMOCTH OT TOr0, B KaKOH
cHCcTeMe OTCUETAa PACCMATPHBAIOTCHA IJIEKTPOMATHUTHBIE IIPO-
IeCChl, IIPOABIAITCA T€ WU MHBIE CTOPOHBI €HHOTO IEeJIor0 —
3JIEKTPOMATHUTHOIO 0. Bee MHEpIHAIBHEIE CHCTEMEI OTCUE-




Ta paBHONpaBHEI. IloaToMy HHM OJHOMY M3 00HAPYKHMBAEMBIX
OpPOABIEHUN 3J1€KTPOMATHHTHOTO MOJA He MOKeT ObITh OTHAHO
nopenmnmo4YTeHHe.

CornacHo runorese MakcBessia mepeMeHHOe aJIeKTPUUecKoe
[IoJie MOPOXJaeT MarHUTHOe [MoJe. JIeKTPOMAarauTHOe [oje —
€IMHOEe IIeJIoe: B 3aBHCHMOCTH OT CHCTEMBI OTCYeTa HPOABJIS-
I0TCA Te MJIH MHBIE CBOMCTBA IOJIA.

1. B pesynkrare KaKMX NMPOLECCOB BO3HMKAGT MarHMTHoe nonel

2. MoueMmy yTBEPAEHHE O TOM, YTO B JAHHOH TOYKE NPOCTPAHCTBA CY-
WeCTBYeT TONbKO 3NEKTPHYECKOE MOoNe MNM TOMbKO MarHuTHoe
none, He SIBNSETCA TOYHLIM!

! IIPUMEPBI PEHIEHUS 3ATAY

1. TIpsmoyronbuEbl KouTyp ABCD mepeMemaeTcA HOCTYIATEIh-
HO B MarHMTHOM IIOJI€ TOKa, WAYIIEro o IPpAMOJIMHENHOMY AJIUHHO-
My nposoaHHKY (puc. 2.20). Onpegennre HanpaBieHHe TOKa, HHIY-
LMPOBAHHOT'O B KOHTYDE, eCJIH KOHTYD yAaJserca oT Iposoja. Kakue
CHJIEI IeHCTBYIOT Ha KOHTYpP?

—
Pemenne. BekTop MaranTHON HEHAYKINE B MarHuTHOro
moas Toxka I HanpaBiieH NePHEeHAHUKYIAPHO ILIOCKOCTH KOHTY-
pa or Hac. Ilpu yrameHEnu KOHTYpa OT NPOBOAA MArHHUTHBIM I10O-

TOK yepesd maomanky ABCD yoeiBaer (A® < 0). CremoBarenn-
—
HO, BEeKTOD MarHUTHOM MHAVKOHYU B’ MarHuTHOrO mojs toxa [ i

—

coryiacHO npasuJyy JleHIla HanpasjeH OT HAac, KAK W BeKTOp B.
ITpumenas npaBuino GypaBumKa, HAXOAHWM, YTO HMHIYKIIHOH-
HBIH TOK B KOHType HAIpAaBJIEH 110 YaCOBOH CTpeJKe.

BzanMopeiicTBHe TOKa B KOHType € HPAMOJHHEHHBIM TO-
KOM NPHBOAWUT K IOABJIEHHIO CHJ, AEHCTBYIOIIMX Ha IPOBOJ-
HHUKH KOHTypa. IIpuMeHUB npaBujio 1eBOH PYKH, MOKHO BBI-
SICHUTb, YTO 3TH CHJIbI, BO-TIEPBBIX, PACTATHUBAIOT pPaMKY,
CTPEMACH YBEJIHWYHUTE ILIOMIab KOHTYPA, U, BO-BTOPBIX, CO3/a-
IOT Pe3yJbTUDPYIOI[YIO CHIY, Ha- '
OpaBJIEHHYI0 K IPAMOJHHEeHOMY O L 0'
npoBogHHKY. Oba meiicTBua Oy-

IYT TPEeNsiTCTBOBATHL YMeHBIIIe- I,
HUIO MarHUTHOTO IIOTOKA depea A - B
KOHTYD.
2. Konbuo m3 cBepPXIPOBOLHU- El
KA [OMEIIeHO B OJHOPOLHOE MAr-

HUTHOE IIOJie, HHAYKIHA KOTOPOTO D c
HapacTaeT OT HYJA 0 Bo- ITnoc- Puc. 2.20
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KOCTE KOJbIlA IepHeHAHKYJAPHA JUHHUAM HHAYKIHU noad. Onpexe-
JIHTe CUIY MHAYKIMOHHOTO TOKA, BOSHUKAIOIIETo B Konbie. Paguyc
KOJIbIIA I, HHAYKTHUBHOCTEL L.

Pemenue. Tak Kax cOOpPOTHUBJIEHKE KOJbIA PABHO HYJIO,
TO M CyMMapHAas 3JeKTPOABUIKYIas CHIa B HeM JOJKHA OBITH
pasHa Hysi0. Hade cmia TokKa coriacHo 3akoHy Oma craHer
deckoreunoi. CiremoBarebHO, U3MEHEHHE MATHHTHOI'O IIOTOKa
BHEIIHEero MardMTHOI'O II0JSA PABHO IO MOAYJI K IPOTHBOIO-
JIOMKHO IO 3HAKY M3MEeHEeHHI0 MAarHUTHOI'O IIOTOKAa, CO3/JaHHOTIO
MHAYKIMOHHBIM ToKoM: A® = LAl. YuuThiBas, 4TO IOTOK @,

sapacraeT ot 0 10 tr’B,, a ciJIa HHAYKIIHOHHOTO TOKA MeHsAeTCS
nr
npu atom ot 0 mo I, momyuaem nriB, = LI. Orcioga I = LBO ,

YIIPAXKHEHHE 2

1. OnpegenuTe HanpaBJeHHe HHIYKIWOHHOIO TOKA B CIJIOIIHOM
KOJBIE, K KOTOPOMY IOAHOCAT Maraur (cm. puc. 2.6).

2. Cuna Toxa B nposogauke OO0’ (cm. pwuc. 2.20) yOGniBaer.
OmnpefendTe HAUpPaBIeHMe HHAYKIMOHHOTO TOKA B HENOABHKHOM
KoHType ABCD ¥ HampaBJieHHS CHJI, NeHCTBYIOIIHX HA KamJAyi0 H3
CTOPOH KOHTYDA.

3. MeranindecKoe KOJbIO MOXeT cBOOONHO JBHraThCA IO Cep-
IeYHWKY KaTyNIKH, BKIOYEeHHOH B I[eb TOCTOAHHOro ToKa (puc. 2.21).
Yro GymeT IPOMCXOAUTE B MOMEHThI 3aAMBIKAHHSA U PASMBIKAHUA Ienn?

4. MarsuTHslii IOTOK 4epe3 KOHTYD NPOBOJAHMKA CONIPOTHBJIEHHEM
3.1020mM 3a 2 ¢ usmenuaca ga 1,2-1072 B6. Onpexenure cuiay TOKa
B NPOBOAHMKE, €CJIH M3MeHeHHe MOTOKa MPOUCXOAHIO0 PaBHOMEDHO.

Puc. 2.21
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5. CamoseT JeTHT TODHM30HTANLHO €O CcKopocTbio 900 km/u.
OnpegenuTe pasHOCTH HOTEHIIMANIOB MEMIY KOHIIAMH €r0 KPLLILEB,
€CIM MOAYJb BEPTHKAJBHOH COCTABJIAKIEH MATHUTHOM HUHAYKINH
3eMHOro MarsuTHOro mojs 5 - 107° Tu, a pasmax KpsuieeB 12 M.

6. Cuna Toka B KaTymKe maMeHAeTca oT 1 A 10 4 A 3a Bpems,
paBHoe 3 c. [Ipu aTom BosuuKaer IIIC camounayKnuu, pasaas 0,1 B.
Omnpeznenure MHAYKTUBHOCTh KATYIIKM W H3MeHEHHMe SHEDPIUM MAT-
HHUTHOTO IIOJA, CO3LABAEMOr0 TOKOM,

7. B xarymxke uaaykrusaocteio 0,15 TH 1 oUyeHs MaJbIM colpo-
THUBJIEHHEM 7 cHUJa Toxka pasBHa 4 A. IlapannenbHo KaTyHIKe IIPH-
COEJHMHHJIM DPE3UCTODP conmpoTHBJIeHHeM R > r. Kakoe KonmuecTBO Te-
NIJIOTHl BBIJENHUTCA B KaTyIIKe M B pPe3HCTOpe Iocie BBICTPOro
OTKJIIOYeHHA HCTOUYHHKA TOKAa?

KPATKHE UTOI'H I'JIABBI 2

1. SBneHme 5IEKTPOMATHWTHON WHAYKIOWUHM IPOABISETCS
B BO3HHKHOBeHMM IJIC MHAYKIOUHM B 3aMKHYTOM KOHTYpe
IpY HM3MEHEHWH CO BpeMeHeM MATHHTHOIO IIOTOKa dYepes
NOBEPXHOCTh, OTPAHMYEHHYIO 3THUM KOHTYPOM. ITO ABJe-
HHe JIeXHT B OCHOBe paboThl reHEpPaTOPOB BCEX 3JIEKTPO-
crannuii. CormacHo 3aKOHY 9JIeKTPOMATHUTHOH HHIYKI[MH
OIC wmHAYKIMM B 3aMKHYTOM KOHTYpe DABHA CKODOCTH
HN3MEeHEeHHsI MATHHTHOTI'O IOTOKAa, B3ATOH CO 3HAKOM «—»:

Cgi = _Eu
At

2. Cornaceo mpaBuny JleHna BosHUKaKOmMMUA B 3aMKHYTOM
KOHTYPEe HMHAYKIMOHHBIH TOK CBOMM MATHHUTHBIM IIOJeM
OPOTHBOJEHCTBYET TOMY H3MEHEHHI0 MarHMTHOTO IIOTOKA,
KOTOPBIM OH BBI3BaH.

3. Ilpy BOBHHKHOBEHHMHM HMHAYKIMOHHOIO TOKA B HEIOJBHIK-
HOM IPOBOJHHKE B POJIM CTOPOHHEH CHJILI BEICTYIAeT CHJIA,
AeiCTBYIOMAA Ha 3apsAjbl CO CTOPOHBI BUXPEBOT'O 3JIEKTPH-
YEeCKOr'0 IOJf, IIOPOXKIAEMOTr0 IepeMeHHBLIM MATHHUTHBIM
noneM. B nBmiKyImeMcs NPOBOAHMKE CTOPOHHEH CHJIOH fAB-
JsgeTcA MarHuTHad cunaa JlopeHna, gelicTByooinas Ha JBHU-
JHYyLIHecsa BMeCTe C HPOBOJHHMKOM 3apsAXeHHbIe YACTHIIHI.

4. Ba)XHBIM YAaCTHBEIM CJIYy4YaeM 2J€KTPOMATHUTHON MHIVKIIHHA
fAIBNIAETCA caMOMHAYKIusa. [IpM caMOMHAYKIMH H3MeHSIO-
meecA MATHUTHOe mosie MHAynupyer JC B ToMm camom
IIPOBOJHUKE, II0 KOTOPOMY UIET TOK, CO3JAIONIMN 3TO IIoJIe.
9IC caMOMHAYKIUH NPAMO NPOMOPIHOHAIBHA CKOPOCTH
H3MEHEHHs CHUJIBI TOKA B NPOBOSHHKE:

Al
o= —L o
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5.

KoahpuupuerT OpOmOPIHOHAIGHOCTH L Ha3BIBAIOT HHAYK-
THBHOCTHIO. WHAYKTHUBHOCTE 3aBUCHUT OT Pa3MepoB U (DOPMBI
[IPOBOJHHKA, a TAKMKe OT CBOMCTB cpejbl, B KOTOPO HaXo-
AWTCA NPOBOAHUK. EMHNIA MHAYKTUBHOCTH — TeHpU:

B-¢
iTe=1 T

DHeprus MarHMTHOTO IIOJISI TOKA paBHa TOHM paboTe, KOTO-
PYIO IOJKeH COBEPIIUTh HCTOYHHUK, YTOOBI CO3/|aTh JaHHBIH
TOK: ;

LI

WM = "—2'—.

Ilpz asaiuse sABJIEHUA BIEKTPOMArHUTHOM WHAYKIIUMH
MaxcBesiioM OBLI CAeJIaH BBIBOJ O IIOPOMKIEHHH BHUXPEBOTO
BIIEKTPHYECKOTO [OJIsA IePEMEeHHBIM MarHuTHEIM moseM. On
OpeAIoJIOMKUI TaKyKe, YTO AHAJOIMUYHBIM 00pasoM Iepe-
MeHHOe 3JIeKTPpHUYeCcKoe 110Jie IOPOXKAaeT BUXPeBoe MarauT-
HOe II0JIe.



5-0| KOJEBAHHS U BOJIHBI

o cuX nop mpH H3ydYeHUH QUBUKHU MBI IpHAEPKHBAIHACH
onpejeNeHHOH MocleloBaTelbHOCTH. IIpH H3yYeHUWM MexaHM-
KH paccMaTpPHBAJIOCh MeXaHHYECKOe [IBHIKEHHE: H3MeHeHHe
IOJOXKEeHUA TeJl (MIH HX YacTell) OTHOCHTEIBHO APYr Apyra
B IIPOCTPAHCTBE C TedyeHWeM BpeMeHH. IIpw uayuyeHHH TepMoO-
TUHAMHUKH H MOJIEKYJIAPHON (QHUBHUKH MBI O3HAKOMHMJIHCE C Tell-
JIOBBIMH IIPOI€CCAMH, a 3aTeM HNepelllI¥ K U3YUeHHI0 3JIeKTPO-
AuHaMuKH. Ee naydenue mel mpogomxnan u B 11 kinacce. Eme
IIPEeACTOUT O3HAKOMHUTBCA C TAKMMH Ba)XHBIMH IIPOIECCAMH,
KaK IePeMEeHHBbIN TOK, 3JIeKTPOMAarHUTHEIE BOJHEI (PajHl0oBOJI-
HBI) U T. A. Jl18 TOro 4rofs B 3THX Ipoleccax XOPOIIO Paso-
OpaTbcA, HAO BEPHYTHCA K MEXaHHKE M CHAYAJIA PACCMOTPETH
MexXaHHYeCKHe KoJebaHUA, a 3aTeM B3aKOHUYHTh W3y4eHHe
SJIEKTPOAMHAMHUKH. [[Is coBMeCTHOro HW3yd4eHHMs KoJebaHHil
M BOJIH HMEIOTCH BeCKHe OCHOBAHWSA.

Kaszanoce 651, 4TO 06I11[er0 Mex Ay Koae0aHUAMY MaATHAUKA
U paspAafoM KOHAEHCATOpa Yepe3 KATYINKY HUHAYKTHBHOCTH?
Onmako obmee ecth. CKOPO BHI y3HaeTe, 4TO U MeXaHUUYECKHE,
H 3JNeKTPOMArHHTHBIE KOJMeDaHUA HONUYHHAKTCA COBEPIIEHHO
00UHAKOBBLM KOLUUECTNBEHHbIM 3AKOHAM. D10 OGHAPYKHBAa-
eTcsd, ecId WHTepecoBaThCA He TeM, ¥mo xouaebierca (rpys Ha
NPYXHUHE WA 9MeKTPHYECKUH TOK B eIH), a TeM, KAK COBep-
manTes Kouebanna. QOMHAKOBLEIM KOJHYECTBEHHBIM 3aKOHAM
MOAYMHATCA U BOJHOBBIE IPONECCHl PA3JIHYHON IPHUPOALI.

B coepemenHnoil GHU3UKe BHIZIETNIICH CHENAATBHBIN pasmes —
pusuka Konrebanuii. B HeM xomeGaHWs PA3IUYHON IPHUPOJLI
paccMaTpHUBaTCH C eJHHON TOUKH 3peHud. @U3HMKa KoJjie0aHui
3aHHMAaeTCdA HCCAeNOBAHWeM BHOpaIHil MAINIWMH W MEXAHU3MOE,
ee BBIBOJBI JIEXKAT B OCHOBE 3JIEKTPOTEXHUKHM IIepeMeHHEIX TO-
KOB ¥ PAIHOTEXHUKH.

I'nasa 3. MEXAHHYECKHE KOJIEBAHHUSA

B aT0i1 riiaBe MBI paccMOTDHM OCOGEHHOCTH MeXaHH-
YEeCKHX KolleDaHWil ¥ MX OTIHYHE OT JAPYrHX BHUAOB
MeXaHWIEeCKOIr0 ABHKEHHA.

§ 18 CBOBOJHBIE X BBIHYKJIEHHBIE KOJIEBAHUS

KonebarenrsHble [BMIKEHHS, HIH TIPOCTO KOJIeOAHMA, IIUPO-
KO pacnpocTPaHEHkl B IPHpPOJe. 3aCTABHTEL HpeaMeT KoiebaTsh-
Cd, T. €. COBePIIATh HOBTOPAIOIHMECH ABHIKEHUA, OY€Hb IIPOCTO.
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Puc. 3.1

IogeBecuM NpYKUHY K mmTaTuBy. K HHiKHeMy CcBOOOAHOMY

KOHILYy NPY’KMHBI NPUKpenuM Merajaudeckui mapux. IIpy-
—

JKHHA DACTAHeTCH, W cuia ynpyroctu Fy . ypaBHOBECHT CHIY
—>

rsaoxectn F,, peiicteyromyo Ha mapuk (puc. 3.1, a). Ecau
Temeph BBIBECTH [IAPDUK M3 IOJIOMKEHHsS DaBHOBECHA, CJIEeTrKa
OTTAHYB €ro BHH3, W OTIYCTUTh, TO OH HA4YHET COBepUIaTh
IBUKeHHUS — BBEPX-BHH3, BBepX-BHU3 u T. A. (pumc. 3.1, 0).
Takoro poja ABUMKEHWs, IPH KOTOPBLIX TEJ0 I00YepeaHo
cMelaeTcd TO B OZHY, TO B JPYIYyI0 CTOPOHY, M Ha3bIBAIOT-
cs1 konebanuavu. C TeyueHneM BpeMeHU KojlebaHUA OCTEIeH-
HO ocsabeBaloT (3aTyXaloT), U B KOHIE KOHI[OB IIapHK OCTAHO-
BHUTCSH.

Emje npoime MOMHO 3aCTABUTH IIAapUK Ko0yebaThCs, eClIH
[OJBECUTh ero Ha HUTU. B IOI0XKeHUHM PABHOBeCUA HUTH Bep-

i
THKANBHA U cuUja Taxectn F , meficTBylomias HA MIADUK, ypas-

-
HOBemmMBaeTca cumoit ynpyrocru Fy  autu (puc. 3.2, a). Eciu
mapUK OTKJOHHUTH M 3aT€M OTIYCTHThL, TO OH Ha4YHeT KauaTbCsd
HAnpaBo-HAJeBO, HajeBo-Hampaso (puc. 3.2, 6) 40 Tex IIOp,
moxa Koaebammsi He 3aTyxHyT. lllapuk, mojBeINeHHBIHM Ha
HUTH, — 9TO IpocTedmuit maamuuk’.

Boo6me e 00BIYHO MAafgTHHKOM HAa3bIBAIOT MOJBEIIEHHOE
HA HUTH WM 3aKpemjieHHOoe Ha OCH TeJ0, KOTOpoe MOXKeT CO-
BepmaTh KoaebaHusa NoJ JeiicTBHEeM CHJIBI TAXKECTH. ITpu saTom
oCh He JOJIKHA IPOXOAHUTHL Uepe3 LeHTP TsKecTH Tena. Masr-
HHMKOM MOYKHO HASBATE JHHEHWKY, IOJBEIIeHHYIO Ha IBO3Jb,
JIIOCTPY, KODOMBICJIO PHIYaKHBIX BECOB H T. [.

1 Hy:xHO HMEeTH B BHAY, 4TO IIapHK, TojBellleHHBIH Ha HUTH, OyIeT npex-
CTABAATE COBOH MAATHMK JUINb B TOM cJydae, ecjii Ha Hero JeicTByeT cuia
rsoxectn Bemau. Coajamimuii 8Ty CHILY 3eMHOM IIap BXOAHT B KojebaTemb-
HYIO CHCTeMy, KOTOPYIO MbI JJI KPATKOCTH HA3EIBAEM MPOCTO MAATHHKOM.
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Yro xe aABAAeTcA Hambolee XapaKTepHBIM NMPH3HAKOM KO-
JnebarenpHoro ABmxeHun? IIpesx e Bcero aTo To, 4T0 IpH KoJe-
OaHHAX ABUKEHUS TeJla N08MOopPAMCA WU IIOYTH IIOBTOPSIOT-
ca. Tak, MasTHWK, COBEPIIMB OJMH IWKJ KojebaHWii, T. e.
[IpojieJiaB IIyTh OT KpaMHero JieBOro IOJIOXKeHHA O0 KpalHero
IIpaBoro U 00paTHO, BHOBL COBEPIIAET TAKOH e UKJ. Ecyiu aBu-
YKe€HHEe IMOBTOPAETCA TOUHO, TO €ro HA3bIBAIOT MEePHOTHIECKHM.

MexaHH4YecKMe KogebaHMA — 5TO JABUKEHHHA, KOTOpPBIE
TOYHO HJIH OPpUOIN3UTENHHO HOBTOPSIOTCA Uepes OlpeleieH-
Hble MHTEePBAJILI BDEMEHH.

IloBTOpPAIOTCA ABHI)KEHHA MOPIIHEH B ABUrareje aBTOMOOHU-
Jis, IOIJIAaBKA Ha BOJIHE, BETKY JiepeBa Ha BeTPY, HAIIEr0 Cep/-
ma. Bece aTo pasnuuyHble mpUMepsl KoJebaHUii.

CpoGonnnie konebanua. ['pynny Ten, ABHKeHHWe KOTODPBIX
MBI H3Y4Ya€M, Ha3bIBAIOT B MeXaHHUKEe CUCMeMOl meJ WA MIPo-
cTo cucmemoti. HamoMHUM, 94TO CHJIBI, AEHCTBYIOHIIUE MEMXIY
TEJIaMH CHCTeMbl, HA3BLIBAIOT S8HYMPEHHUMU. BHewHUMU cu-
JlaMU Ha3BIBAXOT CHIBI, NeHCTBYIOINE HA TeJjla CHCTEMEI CO CTO-
POHBI TeJI, He BXOAAINIUX B Hee.

CaMBIM IPOCTBEIM BHAOM KOJIeOAHHMI SABJIAIOTCA CBOOOIHBIE
KosiebaHua. CBOGOTHBIMH KoneOaHMAMM Ha3bIBAalOTCH KoJeba-
HHfA B CHCTeMe IIOJ AeHCTBHEM BHYTPEHHHX CHII, IOCJEe TOr'o
KaK CHCTeMa BhIBe/eHA M3 MOJOMKEeHWA PAaBHOBECHA M IIperoc-
TaBJeHa 3aTeM caMoM cele.

Konebanusa rpysa, NIPpUKPENIEHHOrO K NPYKHHE, HJIH TPY-
34, IIOABEIIEHHOI'0 HA HUTH, — 3TO OIPHUMEPHI CBOOOLHBIX KoOJe-
G6amuii. Ilocne BHIBeZEHUS CUCTEMbI U3 IOJOMKEHHUS pPaBHOBe-
CHs CO3JAITCA YCIOBHSA, IIPH KOTOPBIX I'Py3 KoJiebierca Ges
BO3/[IeMCTBHA BHEIIHHUX CHJI.

Onsako ¢ TeueHUeM BpeMeHH KONe0aHWA 3aTyXalT, TaK
KaK Ha TeJa CHCTeMBI BCeTZia AEeHCTBYIOT CHJIBI COIIPOTHBJIE-
HusA. Ilox meficTBHEM BHYTpPeHHHX CHJI M CHJI CONPOTHBIEHUS
CHCTeMa COBepIIaeT 3aTyXalolulHe KoJeGaHHA.

1 .
k iy
o
e e ]
a) 6)

Puc. 3.2
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Brmny:xnennsie konebanud. [lna Toro urobsl Konebanus He
3aTyXaJld, HA TeJla CHCTEMEI JOJIIKHA AEHCTBOBATH IepHOoaHYe-
CKM HM3MeHAMaAca cuiaa. [locTosHHAA cHIa He MOMKeT IIOJ-
IepyKHBaTh KojeDaHHSA, TaK KaK IIOA AeHCTBHEM JITOH CHJIBI
MOKET M3MEHHTHCH TOJBKO MOJOXKeHHe pPaBHOBECH:, OTHOCHU-
TEJILHO KOTOPOTO IIPOHCXOMAT KoJiebaHud.

BeIHy:KIeHHBIMH KOJe0aHUAMM Ha3bIBAIOTCA Koaebanus Tes
IoJi eMCTBHEeM BHEIIHHX NePHOAUYECKH M3MeHAIOIMUXCA CHJI.

Konebanusa O6uIBaroT cBOOOAHBIMHU, 3aTYXaIOIMHMHA A BEIHYMK-
nepHeIMu. HanboJsibliee 3HAUYeHHE HMMEIOT BBIHYMKJIEHHBIE KO-
agebaHUA.

o YCJIOBHs BOSHUKHOBEHHS
§ CBOBOJTHBIX KOJIEBAHHU

BrlACHMM, KaKHMH CBOMCTBAMM JOJI’KHA 00/1a1aTh cCHCTEMA
IUISI TOTO, YTOOBI B Hell MOIJIM BO3HMKHYTH cBOOOZHBIE KoJeba-
HHUA. Yo0Hee BCero paccMOTpPeTh BHAYaJjle KoJeOaHUA IIapu-
Ka, HAHW3aHHOI'O Ha TIaJKHH TrOPM30HTANLHBIH CTePIKeHb I0J
neficTBMEM CHJIBI YIPYTOCTH MPYXXKUHBI.

Ecay HeMHOI'0O CMECTHTDH HIAPUK M3 NOJ0XKeHUsA PaBHOBECHUA
(puc. 3.3, a) BupaBo, TO ANWHA IPYXHUHLI YBEJIUUYUTCH HA X,
(puc. 3.3, 6), 1 HA MIADHK Ha4YHET JeHCTBOBATEL CHJIA YIIPYTIOCTH
CO CTODOHBI IPYXHHBI. OTa CHiAa coryiacHo 3akoHy I'yka mpo-
NopIHAOHAIBHA AedopManuy NPY:KUHBl M HaIpaBJeHa BJIEBO.
Ecjm OTOYCTHTE HIAPHK, TO MOJ AEHCTBHEM CHJIBI YIIPYTOCTH OH
HauHeT JBUTAThCH ¢ YCKOPEeHHEM BJIEBO, YBEIHUYHWBAA CBOI CKO-
pocth. CHjla yIPYyrocTH Ipu dToM Oyjer yOBIBaTh, TAK Kak Je-
dopmanmua npyKuHb yMeHbIIaerca. B MmomeHnT, KOrjga mapuk
MOCTUTHET IT0JOKEeHHA PABHOBECHU A, CUJIA YIIPYTOCTH MIPYHUHBI
cra"eT paBHOi Hyaw0. CiaexoBaTeIbHO, COTJIACHO BTOPOMY 3aKO0-
Hy HpioTOHA cTaHET PABHEIM HYJIIO U YCKODEHHE [MIapHuKa.

K sToMy MOMEHTY CKOpPOCTE IIapHKa [JOCTUI'HET MAaKCH-
MaJIbHOTO 3HaueHHUsA. He OCTAHABIMBAACH B MOJOKEHHUH PABHO-
BeCHdA, OH Oy[eT Mo MHEPIHH IPOJOJIKATEH IBUIATHCA BJIEBO.
IIpy:xuHA OpM 3TOM CiKHMaeTcd. B pesyibTaTe MOABIAETCH
cuia yIpyrocTH, HampaBJeHHAd yiKe BIPABO M TOPMO3AINAA
nBUKeHHe mapuka (puc. 3.3, 6). Ora cHJja, a 3HA4YUT, H Ha-
paBleHHOE BIIPABO YCKOPEHHe YBEeJIHYMBAIOTCA II0 MOJYJIIO

! Ananus xoneGarmii mapuKa, HOABEINeHHOT0 HAa BEPTHKANLHON NMPYXH-
He, HECKOJBKO clioxHee. B aToM ciayuae felicTBYIOT OAHOBPDEMEHHO MepeMeH-
Hasd CHIa YVIPYTOCTH TMPY’KUHBI M IIOCTOSHHAA cuja Tamectd. Ho xapakrep
Kone0aHHM B TOM H JPYIOM cIydafX COBEPIIEHHO OAWHAKOB.
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a)

6)

B)

Puc. 3.3

OIpAMO NPONOPIHOHAIBLHO MOAYJIK CMENIeHHA X IIAPHKA OTHO-
CHUTEJIBHO II0JIOKeHuA paBHOBecHA. CKOpOCTh Ke 6yer yMeHb-
IIaThCA A0 TeX MOp, NOKA B KpPaHHEM JIEBOM IIOJOMKEHHH IIa-
puxka He obpaTuTca B HyJab. [locjie 3Toro mapux HadHeT
VCKOpeHHO ABHUraTkcd BopaBo. C yMeHBIIeHHMEM MOAYJISA CMe-
IeHuA X cuia Fy ., yObiBaeT M0 MOAYJIIO M B IOJOKEHHH PaB-
HOBECUHA ONATH obpamiaerca B HyJb. HOo mapuk yKe ycmesaeT
K 3TOMY MOMEHTY IIpH0OOpecTH CKOPOCTEH M, CJAeNOBATENbHO, II0
MHEPIMH IPOJOJIKAET IBUraThCA BIPABO. JTO OBUMKEHHE IPHBO-
AT K PaCTAKEHHIO IPYKUHBI U ITOABJIEHHI0 CHILI, HAIIPABJIEH-
HOI BJeBO. [IBM)XeHHe IIapuKa TOPMO3UTCH [0 IOJHOH ocTa-
HOBKH B KpaiiHeM IIpaBOM IIOJIOMKEHHH, IIOCJIE Yero BeCh IIPOIEce
IIOBTOPAETCA CHAYAJA.

Ecnu 651 He cymmecTBOBaIO TPEHHUS, TO ABHKeHHE IapUKA He
npexkpaTuiaock 0bl HUKorAa. OQHAKO TPeHHe U CONMPOTHUBIEHUE
BO3[lyXa IPEHmATCTBYIOT [IBHMIKEHWI0 HmIapuxa. Hamnpasienue
CHJIEI COIPOTUBJIEHHA KaK IIPKU ABHIKEHNH [IIAPDUKA BOPABO, TAK
W OpH ero JBMMKEeHHH BJI€BO BCe BPeMs IPOTHBOIOJJOMHO Ha-
[IPaBJIEHUI0 cKopocTH. Paszmax ero konebaHuii mocrenesHo 0y-
AeT YMEeHbUIATECA 0 TeX II0op, [IOKAa ABHUIXKeHHe He NIpeKpaTHuTCHA.
IIpn ManoM TpeHHMH 3aTyXaHHE CTAHOBHTCS 3aMETHBIM JIHIIE
IocJie TOro, Kak IIapuK COBEPUIMT MHOro Konebanuii. Ecnu Ha-
6aromaTh JBHIKEHVE MIAPDUKA HA IPOTAMKEeHUH He OYeHb DOIBII0-
ro MHTEepBaa BpeMeHH, TO 3aTyXaHueM KoaebaHuil MOKHO IIpe-
HeOpeub. B aToM cayuae BausHMEe CHJIBI CONPOTHUBIEHUA HA
OBHMKeHHe MOYKHO He VUHUTHLIBATE.

Ecam cuna comporuBiienus BeauKa, TO NpeHebpeysb ee meii-
CTBHEM JajKe B TeUeHUE MAJBIX MHTEPBAJIOB BPEMEHU HEeIb3d.
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OnycTuTe mIapMK Ha IOPYXHHE B CTaKaH
C BASKOH 3XUIKOCTHIO, HAIIPUMED C IIIMIepH-
HoM (puc. 3.4). Ecin XecTKOCTh IPYXKHHBI

MaJia, TO BBIBEJAEHHBIA M3 MOJIOXKEHHA paB-
HOBECHsl IapHK coBceM He OymeT KoJebaThb-
cda. Ilox meiicTBMeM CHJIBI YIIPYTOCTH OH IIPO-
CTO BepHeTCA B MOJIO}KEHHe paBHOBecHd
————————————— (TpuxoBas JIMHHA Ha pUCYHKe 3.4). 3a
cyeT AeHCTBUSA CHJBI COIPOTHBJIEHHS CKO-
pPOCTE €ro B HOJIOMKEHHH paBHOBecHA OyreT
NpaKTUYeCcKH pABHA HYIIIO.

Insa Toro, 4uro6bl B CHCTEME€ MOIJIH BO3-
HUKHYTh CBODOAHBIE KOJIe0aHHA, HOJMKHBI
BBITIOJIHATLCA OBa ycaoBus. Bo-nepssix, Ipu
BBEIBEIEHHUH TeJIa W3 MOJIOKEHUS PABHOBECHSA
B CHCTeMe J0JKHA BOSHHKATh CHJIA, HATIpABJIEeHHAsA K [0J0KEeHUI0
pAaBHOBECHSA M, CJIEIOBATEILHO, CTPEMAINIAACA BO3BPATHUTE TEJIO
B IOJIO’KEHHe paBHOBecH#A. VIMEHHO Tak JeHCTBYyeT B paccMOT-
peHHOI HaMu cucTeMe (cM. puc. 3.3) IPYKHUHA: IPH IIepeMelre-
HHH IIapHKa ¥ BJIEBO, W BIPABO CHJIA YIPYTOCTH HalpasJjieHa
K TOJIOMKEeHUI0 paBHOBecHs. Bo-eémopbix, TpeHHe B CHUCTEME
IOJIZKHO OBITH fOCTaTOYHO Masio. MHaue konebaHua ObICTPO 3a-
ryxHyT. HesaTyxammue KosiedaHUA BO3MOMKHBI JIHIIb DA OT-
CYTCTBHM TPEHHA.

Puc. 3.4

1. Kakwe konebauus HasbiBaloT cBOOOAHBIMM]
? 2. MpH KaKKX YCNOBHSX B CHCTEME BO3HMKAIOT cBoboaHble konebanusl
L 3. Kakue vonebanus Ha3bIBaIOT BIHYXAeHHbIMK! MpHBeaKTE NPpHMEpPS]

BbIHYMAEHHbIX KonebaHwui.

§ 20 MATEMATHYECKHN MASTHHK

MaremMaTH4eCKH MAaATHHEK — 9TO0 MaTepHa/JIbHAdA TOYKAa,
moJBeINeHHAsA HA JJHHHON HeBeCOMOM M HEDACTAKHMMOM HUTH.
Mamemamuyueckuii MAAMHUK — MOJeJb OObIYHOTO (pealbHO-
ro) MassTHHKA, IPeACTABIAIONIEro co0oii HeGoMbII0Ee TeJIO, IO~
BeIlIeHHOEe Ha JJIWHHOH HUTH.

BrIBeleM TeJi0 MAATHUKA (IIAPHK) U3 IIOJOKeHHUs PABHOBE-
cud U orryetuM. Ha mapuk O0yayT JecTBOBATH JBE CHJIBI: CHJIA

-

TAMECTH FT = mE, HalnpaBJieHHad BEPTHKaJbHO BHH3, H CHJIa

e
yopyrocTyd HUTH F . HanpaBjieHHas BAOJIb HATH (puc. 3.5). Ko-
HEe4YHO, IPH JBMKEHHH MaATHUKA HA Hero elle AeNCcTBYeT CHJIa co-
npotusaeHus. Ho Mu1 6yaemM cuMTATh ee IpeHeGpesKMMO MaJIoi.

Ilna Toro uToGBl OTUYETIMBO HPEACTABUTH cebe AMHAMHKY

IBUIKEeHUS MaATHUKA, YI00HO CHIY TAXKeCTH Pa3JI0XKUThL Ha [Be
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—

cocraBndnmue: F,, HanpasieH-
-

HYIO BAOJIbL HUTH, B F_, Hanpas-
JIEHHYIO NEPIIeHIUKYIIAPHO HUTH
II0 KacaTeJIbHOH K TPaeKTOPHH

o -
mapuka. Cuner F, u F, B cymme
-

cocraBagoT cuny F, . Cuna yupy-
e

roctd HUTH F . ¥ cocraBisdio-

4]
>
masd cuibl TAKecTu F, meprmeH-
OUKYJIAPHBI CKODOCTH MAATHUKA
H co00mIaI0T eMy IEeHTPOCTPEeMH-
TeJIbHOE yCKOPeHHe. JTO YCKOPEeHHEe HAIIPABJIECHO K LEeHTPY AYTH
OKDYXHOCTH — TPAEeKTOPHM [IBHMXKeHHS MasTHHKa. Pabora
9THX CcHJ paBHa Hyaw. Iloaromy, corjlacHo TeopeMe O KH-
HeTHYEeCKOH 3Hepruu, OHH He MEHSIOT CKOPOCTh MAaATHHUKA 110
monyaoo. Ux felicTBMe NPUBOANUT JUIIb K TOMY, UTO BEKTOP CKO-
POCTH HeIIPePbIBHO MeHAeT HaOpaBJIeHHE, TAK 4TO B JIIOOOH MO-
MeHT BpeMeHH CKODOCTH INapUKa HalpaBJeHa IO KacaTeJdbHOH

Puc. 3.5

—
K ayre oxkpykHocTd. ITox neiicrBrem cocraBisionieit F, cuibl
THAXECTH MaATHUK HaAYWHAaAeT JBUI'aThCdA IIO AyIe OKPYXHOCTH
BHH3 C HapacTamIeH II0 MOAYJ/II CKOPOCThIO. IIpH ABHMIKEeHHH
MasATHHKA 3Ta COCTABJIAIOINAA CUJIBI TAMKECTH, HAIIDABIEHHAA K
IIOJIOEeHUI0 PaBHOBECHHA, YMEHBINAETCS II0 MOAYJII, U B MO-
MEHT, KOorga MadTHHK IIPDOXOAUT yepes3 II0JIOXKeHHe DPaBHOBe-
CHsI, OHA CTAHOBHUTCS paBHOU HYNI0. BesiencTBue cBoeil MHepT-
HOCTH MAaATHHK OPOJOJIMKAaeT [BHKEHHEe, MOLHHMAACh BBEPX.

>
IIpu aToMm F, y:xe Oyner HampaBJieHa IPOTHB cKopocTu. Iloaro-
MYy MOJIYJIb CKODOCTH MAafATHWKA CTAaHET YMEHbIIAThcA. B Mo-
MEHT OCTAHOBKH MasiTHHKA B BEePXHeH TOUKe eTr0 TPAEKTOPHH

5
MoAyJab F. MakcuMasieH B oHA OyAeT BLI3LIBATH IBUIKEHME Ma-
AATHHKA B CTOPOHY IIOJIOKEHHA paBHoBecud. [lajsee CKOPOCTh
MasATHUKA YBEJIUYUBAETCH 110 MOJAYJIIO, M OH CHOBA ABHXKETCA
K IOJIOXKeHHIO0 paBHOBecuda. IIpoiinsa mosoyKeHHe paBHOBECHS,
OH BO3BpAalllaeTcsd B MCXOJHOEe IIOJIOMKEHHEe, €CJIH TOJBKO CHJIAa
COIPOTHBJIEHHA MaJja M ee paboToll B TeueHHEe HEDOJIBIIOIO
HHTEPBaJla BPeMeHH MOXHO npeHeOpeds. OmyCcTHB MasTHUK
B COCY/] C BASKOH MHUIKOCTBIO, MBI TYT K€ 00HAPYKHUM, YTO KO-
nebaHMsA He MPOHMCXOJAT COBCEM HJIH 3aTyXalT O0YeHb GLICTDO.

MaremaTuuecKuii MAATHHK CBOGOAHO KoyiebIeTcs IpU ABYX
yciaoBusAx: 1) npH BEIBEIEHMH €ro U3 IO0JOXKeHHS paBHOBe-
CHsl B CHCTeMe BO3HHKAaeT CcHJia, HallpaBJeHHad K II0JIOXXe-
HHIO PaBHOBeCH#A; 2) TPEHHe B KoJiefaTeJIbHOH CHCTEeMe JOCTa-
TOYHO MAJO.

59



§21 JAHAMHKA KOJEBATEJBHOI'O JBHKEHHA

Il Toro 4Tobbl ONMHMCATE KOJWUYECTBEHHO KoJsebaHMS TeJa
Ion ,ILeﬁCTBHEM CHJIBI YIOPYTOCTH IPYMHHUHBI HIH KosebaHuA
ImapuKa, II0JBEIIEeHHOI'0 Ha HHTH, BOCIOJb3YEeMCHA 3aKOHaMH
MexaHUKH HploToHAa.

YpaBHeHHE IBHIKEHHUS TeJia, KOJeOIIOmerocsa moJ AedcT-
BHeM cuabl ynpyroctu. CoraacHo BropoMy 3axkoHy HbroToHa
NpOM3BeJeHNe MACCHI Teja m HA YCKODeHWe ero d paBHO

i
paBHOAeMcTByOmEerH F Bcex cUJ, NPHUIOXKEHHBIX K TeJy:
g —=
ma=F. (3.1)
9T0 — ypaBHeHHMe [IBHMKeHHsA. 3alulleM ypaBHeHHEe JBU-
JKeHUA JJsd IIapuKa, IBHMKYINEerocsa OPAMOJIMHEHHO BAOJb I'0-
—_

PHM3OHTAAM IO JAEeWCTBUEM CHJBI ynpyroctd F  IIDYKUHBI
(cM. pue. 3.3). Hanpasum ocs OX Brupaso. IlycTe Hauamso orcue-
Ta KOOPAMHAT COOTBETCTBYET IMOJIOKEHHIO PABHOBECHA IIapHKa
(cm. puc. 3.3, a).

B npoexnuu Ha ock OX ypaBHeHHe ABMiKeHMA (3.1) MOKHO
sanucaTs rak: ma, = F, ., riea, n F, ., COOTBETCTBEHHO I1PO-
eKINHH YCKOPEHHUA M CHJILI YIIPYTOCTH IPYKHHBI HA 3TV OCh.

CornacHo 3axkoHy I'yxka mpoexknusa F, . TOpsAMO HpPOIOp-
UOHAJNLHA CMEIeHHI0 IIApUKA N3 IIOJOKeHHUA DaBHOBECHH.
CmMemeHHe K€ PABHO KOOPAWHATE X IIapHKa, IPpUYeM [IPOeK-
OUA CHJBI M KOOPAHMHATA HMEIOT IPOTHBOIOJOMKHEIE 3HAKH
(cMm. puc. 3.3, 0, 6). CiiegoBarenbHo,

Fo o = —k%, (3.2)

rae B — MeCcTKOCTh NPV KHUHBI.
VpaBHeHHe [BHKEHHUS IMAPHKA TOTJAa IPHUMET BH]

ma,=—kx. (3.3)

x
PasfenuB JeByi0 M IpaByio 4acTu ypaBHeHHA (3.3) Ha m,

IDOJIYYIHM

a,= -2z (3.4)

X

Tak Kak Macca M M MXeCTKOCTh Bk — DOCTOAHHBIE BEJIHYH-
k
HBI, TO HX OTHOIIIEHHEe E TaK»e IIOCTOAHHAaA BeJIMdHHA.

MuI MONYYKUIN YpDaBHeHHEe, ONUCEIBaIONlee KomebaHusa Tela
moj AeicTBHeM cHIbI ynpyrocTu. OHO OUeHb IPOCTOE: NpPoeK-
yua a, YCKopeHus mena npsamo nponopyuoHaIbHA €20 KoOpJu-
Hame X, 83AmMOl ¢ NPOMUBONOJONCHBLM 3HAKOM.

YpaBHeHMEe /IBUKEHHS MAaTeMaTH4YeCcKoro MaaTHHKa. [Ipu
KonebaHMAX IIapyuKa HA HEPACTAMUMON HMTHU OH BCe BpeMsd
IBUIKETCH 10 [yTe OKPY’KHOCTH, PAJUYC KOTOPOI paBeH JJIMHe
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HuTH [. [TosToMy nono)xenue mapuka B 1060 MOMEHT BpeMe-
HU oIpefensaeTcd OJHOM BEJIHYMHOM — YIVIOM O, OTKJIOHEHHUA
HHTH OT BePTHKaIH. Byaem cuuTATE YroJI O TOJIOMHUTEILHBIM,
ec/ii MagTHHK OTKJIOHEH BIIPABO OT IOJOKeHUA DARHOBECHH,
U OTPHIIATEJbHBIM, €CJIH OH OTKJIOHEeH BJIeBO (cM. puc. 3.5).
KacarenpHyo K TpaexkTopuu OyZeM CYHTATL HANPABIEHHOMN
B CTOPOHY IIOJIOKHUTEIbHOTI'O OTCYEeTa YIJIOB.

O003HAYMM MOPOEKIHIO0 CHJBLL THMECTH Ha KacaTeJlbHYIO
K TPaeKTOPHH MaiATHHUKA depesd F.. JTa mpoeKmusA B MOMEHT,
KOrJa HAThE MaATHHUKA OTKJOHEHa OT IOJIOMKEHHS PaBHOBECHA
Ha yroj ¢, paBHAa:

F.=—-mg sin o. (3.5)

3HaK «—» 3/1eCh CTOHT IOTOMY, UTO BEJIMUYHHBI F, 1 00 ©UMEIOT
IIPOTHUEBOIIOJIOMHBIE 3HAKH. HPH OTKJIOHEHWH MasaATHHKAa BIIpa-

—_
BO (0. > 0) cocTapnAoImIasA CUILI TsXKecTH F, HalpaBJieHa BJIeBO

u ee npoexknusa orpunarensHa: F, < 0. Ilpu oTKIOHEeHUH MaAT-

HHUKa BIeBO (0 < 0) sTa DpoeKnHA HOJOKHTEeNbHA: F, > 0.
0O003HAYMM NIPOEKINI0 YCKOPEHUA MAATHHKA Ha KAacaTelb-
HYIO K €ro TPaeKTOPHH Yepes a,. JTa NPOeKIHA XapaKTepuayeT
OBICTPOTY M3MEHEHHHA MOIYJA CKOPOCTH MaATHHKA.
CoryiacHo BTOpOoMy 3axoHy HbioTOHA

ma, =F,,

1581871
ma, = —mg sin o. (3.6)

Pasnenuns jeByi0o U npaByio 4aCTH STOTO YPaBHEHUs Ha M,
ONYyYUM
a,=—gsin o. (3.7)

Panee nmpeanosaraiock, 4To yribl OTKJIOHEHHMA HATH MasT-
HHUKa OT BEPTHKAaNKW MOIyT OBITh JMI00EIMH. B fansHeiimem 0y-
AeM CUHUTATh HX MadbiMu. [Ipn Maneix yriax, eciiu yroja msame-
PeH B pajuaHax,

sin o = Q.

CJIe,ELOBﬂ.TeJIbHO, MOMHO IPHHEHATH
a, = —go. (3.8)
Ecnu yron o Man, T0 NpoeKnusa yCKOPeHUS NPUMEDHO PaB-
Ha NPOEeKIHMH yCcKOpeHus Ha ock OX: a,=~ a, (cM. puc. 3.5).
W3 tpeyromeEuka ABO [niia Majioro yrija o, ¥MeeM:
o=—. (3.9)
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IlogcraBuB aTO0 BBIpa)KeHHe B paBeHCTBO (3.8) BMecToO
yrija o, IOJy4YuM
= —§x. (3.10)

9T0 ypaBHEHHEe HMeeT TaKOH XKe BHJ, UTO U ypaBHeHHe
(3.4) nnA yCKOpeHHUs IMapUKa, IPUKPEIJEeHHOTO K IPYKUHe.
CrnemoBaTesbHO, U pPellleHHEe dTOTO YpaBHeHUdA OyaeT HMeTb TOT
JKe BHJ, 4TO U pelleHWe ypaBHeHH#A (3.4). JTo o3HauaeT, 4YTO
JBMKeHNe IapuKa U KoJefaHusa MagTHHKaA NPOHUCXOAAT ONU-
HakKoOBEIM oOpasom. CMmemieHus IapyvKa Ha IOpy)KHHe U TeJa
MasATHHKA OT IIOJIOXKEeHHI PaBHOBECHUA H3MEHAKTCA CO BpemMe-
HEeM [0 OJHOMY M TOMY JKe 3aKOHY, HECMOTD# Ha TO, YTO CHJIBI,
BRIBBIBAIONINE KoJaebaHHsA, HMMeIOT pPas3iuYHyo (H3HYecKyIo
npupoay. YMHOKHUB ypaBHeHud (3.4) u (3.10) Ha m u BCIOM-
HHUB BTOpOH 3akoH HrioTroma ma, = F, .., MOXKHO cZejiaTh BbI-
BOJ, 4YTO KOJeDaHMs B 3THX ABYX CAy4YasX COBePIIAIOTCA IIOJ
JeficCTBHEeM CHJI, PABHOAEHCTBYIOIIAA KOTOPEIX IIPAMO IIPOIIOP-
OHOHANBRHA CMEIeHMI0 KOJIeOJIIOMeroca Teja OT MOJIOMKEeHHA
paBHOBECHs U HATIPABJIEHA B CTOPOHY, IPOTHBOIOJIOMKHYIO 3TO-
MY CMeIleHHIO.

a

Vpasuenue (3.4), xak u (3.10), Ha BHA OYEeHBL IPOCTOE:
YCKODEeHHEe NPAMO IPONOPIIHOHAIBHO KOOPJUHATE (CMeIeHuI0
OT IOJIO}KEeHHsS DABHOBECHH).

§ 22 TAPMOHHYECKHE KOJJEBAHHA

3Has, KaK cBA3aHBI MeXAy co00il ycKopeHHEe M KOODAUHATA
KoJIebIIoIerocs Teja, MOMXHO HAa OCHOBE MAaTEeMaTHYEeCKOI'o
aHaJIM3a HAWTH 3aBHCHMOCTH KOOPJAWHATEI OT BPEMEHH.

Ycxkopenue — BTOpas IPOM3BOJHAA KOOPIHMHATHI IO Bpe-
MeHH. MrHOBeHHaA CKOPOCTh TOUKH, KAK BaAM M3BECTHO U3 Kyp-
ca MaTeMaTHWKH, IIpe/cTaBsgeT co00H NPOM3BOAHYIO KOODAUHA-
THI TOYKH TI0 BpEMEHH. ¥ CKOpPeHHe TOYKH — 3TO IPOM3BOAHAHA
ee CKOpPOCTH 110 BpeMeHH, WX BTOPas IPOU3BOJHAA KOOPAHHATHI
o BpemeHu. [loaTomy ypaBHeHue (3.4) MOXXHO 3allMCATh TaK:

= —%x, (3.11)

”n

x

rae x'' — BTOpas NMpOH3BOAHAA KOOPAHHATHLI IIO BpeMEHH. Co-
riacHo ypaBHeHHIO (3.11) npu cBOoGOAHBIX KoJebDaHHSAX KOOP-
IUHATA X U3MEHAETCA CO BpeMeHeM TaK, UYTO BTopas IPOM3BOA-
Hasg KOOPAMHATHI 110 BDEMEHH IIPAMO NPOIOPIMOHATBHA CAMOU
KOOpPAMHATE ¥ IMPOTUBOIIOJIOXKHA € 10 3HaKY.
T'apmonnuyeckue Kogedbanuda. Mz kypca MaTeMaTHKH H3BECT-
HO, YTO BTOpEIE IPOM3BOAHLIE CHHyca H KOCHHYCA IO HX apry-
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MEHTY IIDOIOPIIHOHAIBHEI CAMHM QYHKIIUSAM, B3ATHIM C IPOTH-
BOMOJIOXXHBIM 3HaKoM. B MaTeMaTHdYecKOM aHaJi3e NOKAa3bIBa-
eTcsd, YTO HHKAKHe Apyrue (QYHKIIMHA TAKHM CBOMCTBOM He
obnamaror. Bece 9TO MO3BOIAET C IMOJIHBIM OCHOBAHHEM YTBEDIK-
laTh, 4TO KoopduHama mena, coeepuLaouiezo c60600HbLe Kole-
6anus, MEHAEMCA C MeYeHUeM 8PeMeHU NO 3AKOHY CUHYCA ULU
Kocunyca. Ha pucyHke 3.6 moxasaHo H3MeHEeHHE KOODAHHATEI
TOYKH CO BPEMEHEM II0 3aKOHY KOCHHYCA.

Ilepuonyyeckne HaMeHeHHA (DU3MI€CKOM BEIHYNHEL B 3aBH-
CHMOCTH OT BpeMeHH, INPOHUCXOAAIINEe II0 3aKOHY CHHYCA HJIHA
KOCHHYCAa, Ha3bIBAIOTCS rapMOHHYECKHMH KOJXe(GaHHAME.

Brauane MblI OyZeM paccMaTpPHBATE M'ADMOHHYECKHE H3Me-
HeHHMA KoopAHHATEI. B nansHelimeM 03HAKOMHMCSH C FADMOHH-
YeCKMMH M3MEeHEHHAMH APYTHX BEJIHYUH.

AMnauryna KojebaHuil. AMIVIMTYN0H rapMOHHYECKHX KO-
Jne0aHuil HasbIBAETCA MOAYJIh HAUOOJBIIEro CMEIe A TeIa OT
MOJIOMKEHUsI PABHOBECHS.

AMnnuTyna MoskeT MMeTh PasIMYHbIe 3HAUYEHHA B 3aBHCH-
MOCTH OT TOrO, HACKOJBKO MbI CMEI[aeM TeJI0 OT IIOJOXKeHHA
PaBHOBECHS B HAUANBHBEIM MOMEHT BDEMEeHH, HWJIH OT TOro, Ka-
Kaf CKOPOCTh coobmiaeTcs Teny. AMITATYAA ONpeelaeTcHd Ha-
YaJlbHBIMH YCJIOBUAMH, A TOUHEe sHepruei, coobimaeMoii Tery.
Ho maxcuMasJbHBIE 3HAYEHHSA MOAYJIA CHHYCA U MOLYJISA KOCH-
Hyca paBHbI eguHHIe. [loaTomy pemmenmne ypaBHeHHA (3.11) He
MOKeT BEIpasKaThCA IIPOCTO CHHYCOM HJIH Kocuumycom. OmHo
JOJKHO UMEeTh BHJ IPOH3BeJeHHA aMIJINTYABI KoJiebaHuil x,,
HA CHHYC MJIH KOCHHYC.

Pemrenune yparHeHHs, ONHCHIBANOIIEr0 CBOOONHEIE KoJeha-
HHuA. 3aOUlleM pelleHue ypasHenud (3.11) B cneaymomem Bue:

x=x, cos‘/Et. (3.12)
m

B astom cilaydae IiepBad IIPOHU3BOAHAA MPHHHMAaET BH]

; | B .1 |k
X = == x, sin,|—1,
m m
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a BTOpas IPOH3BOAHAA OyJeT paBHA:

n k k k
"= —— X, C08,|—t=—-—x
m m m

Me1 monyuunu ypasHeHue (3.11). CiaemosaTtenvHO, (PyHK-
ous (3.12) ects pemenue uexogHoro yparHenud (3.11). Pemre-

. k
HHUEeM 2TOr0 YypaBHeHHUA OyaeT Tak:xe QyHKINA X = X, Sin ~

k
0O603HAYMM TIOCTOAHHYIO BeJIHUYUHY ‘,E’ 3aBHCALIYVIO OT
CBOMCTB CHCTEMBI, Yepes Wy:

g = ?%' (3.13)

Torpa pemenune ypaBHernud (3.11) MOKHO 3almMcaTh TaK:
X = X, COS Wyt. (3.14)
Camo ke ypasHenue (3.11) npuruMaeT BH]
X" = —Wix. (3.15)

I'paduk 3aBMCHUMOCTH KOOPAWHATEI TeJIa OT BpeMeHH COrjac-
HO (3.14) mpeacrasasier coboii KocuHycouay (cm. puc. 3.6).

Ilepuon u yacTora rapMoHHUYecKHX Kojgebananii. ITpu Koge-
faHMAX ABHIKEHHS TeJja NepUoAUYecKH moBTopsiorcsa. IIpome-
KyTOK BpemeHHu T, 3a KOTOPHIH CHCTeMa COBepIIaeT OOHWH I10J-
HBII IUKJ KoJeDaHW, HasbIBaeTCA MePHONOM KoJebaHMii.

3Had Iepuof, MOMKHO OIPEJeNUTs YaCTOTy KoJieOaHMii,
T. . YUCJI0 KoJieDaHWi B eIUHHUITY BPpeMeHH, HAllpHUMep 3a ce-
KyHAy. Ecim omsEo Kosebanme copBepmiaeTca 3a Bpemss 1, TO
JHCI0 KoJiebaHuU# 3a CEeKYHAY

1
W= (3.16)
B Me:xayHaponHoii cucreme engunun (CH) wacmoma koge-
banuil pasgna eduHuye, ecau 3a cekyndy cosepwaemcs 00HO
Konebanue. EgmEHMIa dYacTOThl HA3LIBAETCA zepyem (COKpa-
menHo: I'l1) B yecTh Hemenkoro ¢usuxa I'. 'epa.
Yucno xonebanmit 3a 27 ¢ paBHO:

0y = 21V = 3,} (3. 17)

BelnunHa 0, — MHKJIAYECKasi, MY KPyrosad, 4acTora Ko-
nebanuii. Eciu B ypasHenuu (3.14) Bpemsa ¢ paBHO OJHOMY Iie-
puony, 1o 0,I = 2n. Takum oOpasoM, ecii B MOMEHT BpeMeHH
t=0x=x,, TO u B MOMeHT Bpemenn t =T x=x,, T. e. 4yepe3
MPOMEKYTOK BPEMEHH, PaBHBIH OJHOMY NEePHOAY, KoJiebaHu:d
TIOBTOPAITCA.

64



YacTtory CBOOOAHBIX KOJeO0aHMI HA3BEIBAIOT COOCTBEHHOM
YacTOTOH KojefaTeJbHOH CHCTeMBI!.

3aBHCHMOCTh YAaCTOThI M MEPHOJAa CBOOOIHBIX KoJeOaHMI
oT cBolicTB cucremel. CoOcTBenHasa wacroTa KoJaebaHUH Teia,
NPHUKPENJIeHHOro K IPYKHHe, COrJIacHO ypaBHeHHIO (3.13) paBHa:

Wy = -

Ona tem Gonpine, yeM GOJbIlIe KECTKOCTh TIPYKHUHBL £, I TeM
MeHbIIe, YeM 0oJIbIlle Macca Tesa m. 9T0 JerkKo MOHATh: ¥eCTKasd
Npy:XHHAa coobImaeT Tesy Gosbiniee yCKOpeHue, ObICTpee MeHAET
CKOPOCTE TeJia. A yeM TeJio MacCHBHee, TeM MeJJIEeHHee OHO U3Me-
HseT CKOPOCTE II0J BINsAHueM cuibl. [lepuon Konebanuii pases:

P T 2KJ%. (3.18)

Wg

Pacnonaraa Habopom Opy»XKHH PA3IUYHOHN KECTKOCTH U Te-
JaMH pPa3JuYHOH MAacCHl, HeTPYAHO yOeAUTHCH HA OIBITE, YTO
dopmynsl (3.13) u (3.18) mpaBUILHO OIHUCEIBAIOT XapaKTep 3a-
BUCHMOCTH Wy u T oT k 1 m.

3aMeuaTenbHO, YTO IEPHOJ KojebaHWii Tela Ha OPYKHUHEe
H nepuoj KonebaHMil MAATHHKA IPH MAJBIX YIJIaX OTKJIOHEHHA
He 3aBHCHAT OT aMILIMTYALI KoJebaHmii,

Mozayne KoadpunMeHTa IPOIOPIHOHAIBHOCTH MEKAY YCKO-
peHueM a, 1 cMemleHHeM x B ypaBHeHuu (3.10), onucriBaromem
kosiebaHNA MasATHHKA, OpeAcTaBasfeT coboil, KaK U B ypaBHe-
Huu (3.11), xBagpaT nUUKIHYecKoil yacrorsl. CllegoBaTenbHO,
cobcTBeHHAA YACTOTa KOJIe0aHMHA MaTeMaTHUeCcKOro MasgTHHUKA
OpU MaJbIX yIaaxX OTKJIOHEHUA HHUTH OT BEDTHKAJIH 3aBHCHT OT
OIHHEI MAATHUKA ¥ YCKODEHHUA CBOOOAHOrO majeHusd:

®p = J%. (3.19)

ITepuop ke aTux KomebaHWN paBeH:

o [T
T sz; . (3.20)

Jra ¢opmyna Obliia BHepBbIEe MOJy4YeHA M I[IPOBEpPEHA HA
oneiTe rojiaHAcKEM yueHbIM I'. 'lo#ireHcoM — coBpeMeH-
HuKOM M. HrroTou a. OHa conpaBeqinBa TOJNBKO IS MAJBIX
VYTJIOB OTKJIOHEHHS HUTH.

'Yacro B nanpmeitmenm AN KPATKOCTH MBI OyJeM HA3BEIBATE OHEKIHYE-
CKYI0 4acTOTY HPOCTO YacToToM. OTIHYUTE HHKIHUYECKYIO YacTOTY OT OObIY-
HOM YACTOTBHI MOXKHO 0 0G03HAYEHHAM.
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Tlepuon xoaebaHMii BO3pacTaeT ¢ YBeJIHUYEHHEM AJHMHBI Ma-
arauka. OT Macchl MAATHUKA OH He 3aBHCHT. JTO JIETKO IIpoBe-
PUTH Ha OTBITE ¢ PA3JUYHBIMH MagTHHKAMH. 3aBHCHMOCTh IIe-
puona xoiaebaHuii OT YCKOPeHHA CBOOOJHOTO MaJeHHdA TaKKe
MOKHO 00Hapy:XuTh. Yem MeHbIIe g, TeM 0ojblle mepuos Ko-
nebaHuil MasTHHKA M, CIeJOBATEIbLHO, TeM MeljeHHee HAYT
yacel ¢ MAATHUKOM. Tak, gacel ¢ MAATHHKOM B BHJe Ipy3a Ha
cTep;XHe OTCTAHYT 34 CYTKH IIOYTH Ha 3 C, €CJIN UX NOJAHATE U3
moaBasia Ha BepXHHI aTam MOCKOBCKOro yHMBepcuTeTa (BBICO-
Ta 200 Mm). U 370 TONBKO 3a cUeT YMEHBIIeHHA YCKOPeHUA CBO-
60IHOTO MaJleHHuA C BBEICOTOH.

3aBUCHMOCTb IepHoAa KojebaHW MaATHHKA OT 3Hade-
HUA g UCIOJB3yeTCA Ha mpakTuke. Vamepsas mepuon xoJseba-
HMil, MOKHO O4eHb TOYHO OIpPeAeJHUTh g. Y CKOopeHHe cCBOOOAHO-
ro majeHus MeHAeTcs ¢ reorpadmuueckoit muporoit. Ho u Ha
AaHHOH NIMpOTe OHO He Be3je OAMHAKOBO. Beab IJIOTHOCTH
3eMHOI KOpBI He BCIOAY OAMHAKOBa. B paiioHax, rae saneraimor
[UIOTHEIE TIOPOJAbI, YCKOPeHHe g HeCKOJbKo Gosbinee. 3TO y4u-
THIBAIOT IPH MOMCKAX [OJEe3HBIX HCKOMNAaeMbIX.

Tak, JxenesHas pyha o0iaazaeT MOBBIIIEHHOH ILIOTHOCTHIO
o0 cpaBHeHWIO ¢ OOBIYHBIMH Topozamu. IIpoBeseHHbIE ITOJ
pyKoBoAcTBOM akageMuka A. A. MuxaiinoBa HM3MepPeHHU:A
yckopeHMs cBoOoxHOro mnajgeHus moj KypcKOM IIO3BOJMIH
YTOYHHTh MecTa 3ajieraHus JkeaesHoil pyasl. CrHavasa OHM
6bLIM OGHAPYIKEHBI ITOCPEACTEOM MATHHUTHBIX H3MEPEeHMM.

CeoiicTBA MeXaHHUYECKHMX KoJeOaHMH HCHOJNL3YIOTCHA B
ycTpoHcTBax GONBINMHCTBA 3JI€KTPOHHBIX BECOB. Basemupae-
MoOe Telo KJaayT Ha miaaTdopMy, IMOJ KOTOPOH yCTAHOBJIEHA
JKecTKas MpyxuHA. B pesynabraTe BO3ZHHUKAIOT MeXaHHYECKHEe
KoaebaHMA, YACTOTA KOTOPHIX HM3MepAeTCA COOTBETCTBYIOIIMM
naTYNKOM. MUKDOOpPOIECCOop, CBA3AHHBIM C 3THM JaTYHKOM,
NepeBOAUT YACTOTY KouebaHHMH B Maccy B3BelINBaeMOro TeJa,
TaK KaK 9Ta 4acTOTa 3aBHCHT OT MACCHI.

Ionyuennsie hopmyst (3.18) u (3.20) pia nepuozna xoje-
GaHUIl CBHAETEJLCTBYIOT O TOM, YTO IepPHOJ FapMOHHYECKHX
KoebaHuil 3aBUCUT OT [1apaMeTpPOB CHCTEMBI (KeCTKOCTH IPy-
SKHHEBL, IJIWHBI HATA U T. I.)

§ 23 ®»A3A KOJTEBAHUH

BeezeM emle OAHY BeIHYHWHY, XapaKTePH3YIOMYI0 rapMo-
HUYecKHue Kojebauus, — a3y xosebaHuil.

IIpu sajaHHON aMILIUTYAe KoneGaHUI KOOpAHHATA Koseb-
JIIOIIEerocA Tesa B 000 MOMEHT BpPeMeHH OJHO3HAYHO OIIpe-
nensieTcs apryMeHTOM KOCHHyCa HJIM CHHyca: @ = Wgl.
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Benuuuny ¢, croAmymo mnox sHakoM (YHKIHMHM KOCHHY-
Cca MJIH CHHYcCAa, HaselBaioT (hazoil KogebaHHMH, ONHCLIBaeMOM
aroii pysrnueil. Bripaskaercsa (asa B yriaoBeIX eJHHUIAX —
paguaHax.

®aza ompenenseT He TOJLKO 3HAUEHHE KOODAMHATEHI, HO
U SHa4YeHHe APYTHUX GQU3UYeCKHX BeJIWYWH, HAIPUMED CKOPO-
CTH H YCKOPEeHU A, U3MEHAIIHXCA TAKKe II0 TADMOHHUYECKOMY
sakoHy. IloaTromy mMoxkHO ckasaTs, 4TO aza onpedensem npu
3adannoii amniumyde cocmosHue Koae6amenbHoll cucmemvl
6 11000l momenm épemeHu. B 9TOM COCTOMT 3HAYEHUE IOHS-
THUA (hassl.

Konebarua ¢ OJMHAKOBLIMU AMILIMTYZAMH M YACTOTAMH
MOT'YyT pa3audaTkcs (hasamu.

2n
Tak Kak m, = 7 T

O = wt = 27:%. (3.21)

t
OrHomienue 7 YKAasklBaeT, CKOJbKO IePHOAOB HPOIIO OT

MOMeHTa Ha4dana kKonxebauuii. Jlrobomy 3HaueHHiO BpeMeHw t,
BBIDAXX@HHOMY B 4ucie nepuogoB T, COOTBETCTByeT 3Ha4e-
HHe Gas3sl @, BHIpa)KeHHOe B paguaHax. Tak, mo mpomecTBuu

T
BpeMeHH t = 3 (deTBepTH nepmoza) @ = o4 0 IPOLIECTBHUH IIO-

JIOBHMHBI IepHofa ¢ =T, II0 IIPOIIECTBHH IeJOro mepuoja
o=2n u T. 1.

MosxHO M306pasnuTh Ha rpadHKe 3aBHCHMOCTD KOOPAHHATEI
KosebJrolieiica TOUKM He OT BpeMeHH, a oT dassl. Ha PHCVH-
ke 3.7 mokasaHa Ta Xe KOCHHYCOM/A, 4TO X HA pucyHke 3.6,
HO Ha TOPM3OHTAJIBHON OCH OTJIOXKEHBI BMECTO BPeMeHH paa-
JINYHBIE 3HAUEHHA (Passl (.

ITpencrasienne rapMoHHYECKHX KoJeGaHMI € IMOMOIIBIO
KOCHHYCa M CHHYyca. Bl y»ke 3HaeTe, 4TO IPH rapMOHHYECKHX
KoJIe0aHUAX KOODAMHATA Tejla UBMEHSeTCA CO BpEMEeHeM II0 3a-
KOHY KOCHMHYyca umaM cuHyca. Ilocie BBeeHMA NOHATHA (Dasbl
OCTaHOBMMCS Ha 3TOM moapobHee.

X

Puc. 3.7
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n
Cumnyc oT/IMYaeTCs OT KOCHHYCA CABHIOM apryMeHTa Ha o,

4YTO COOTBETCTBYeT, KaK BHAHO U3 ypapHeHus (3.21), mpome-
JKYTKY BPEMEeHH, PABHOMY YeTBEPTH IIepHOJa:

. T
cos @ = sin [(p + 5)' (3.22)
IIosToMy BMecTO GOPMYJBI X = X, COS Wyl MOMKHO JJIA OImHCA-
HUA TADMOHHYECKUX KoJebaHuil MCIOoIb30BaTh GopMyJsIy

x=x, sin((oot+%]. (3.23)

Ho mpu aToM HaualbHad asa, T. €. 3HaUeHue ¢da3sl B MOMEHT
ppemenu t = (, paBHa He HYJIIO, a g—

O6uIuHO KosebaHus TeJsia, NPUKPENIeHHOI'0 K MIpYyXKHHE,
MM KoNebaHua MAATHHKA MBI BO30yxaaeM, BEIBOAS TeJI0 Ma-
ATHHKA W3 IIOJOKEeHWA pPABHOBECUA H 3aTeM OTIYCKas ero.
CMemeHHe OT IOJOXKEHWs DABHOBECHS MaKCHMAalbHO B HAa-
yaJaBpHOHM MOMeHT. [loaTOMYy AJIA OIIMCAHUA KoJsiebanmii ynobHee
moas3oBaThed dopmyJoii (3.14) ¢ npEMeHeHHeM KOCHHYCa, 1eM
tdopmyoit (3.23) ¢ IpuMeHEHHEM CHHYCA.

Ho ecyiu 651 MBI BO30YyIuAN KoJdebaHUs IMOKOALIEroCsd Teja
KPATKOBDEMEHHEIM TOJYKOM, TO KOOPAHHATA Tejla B HAYAID-
HBIH MoMeHT ObLIA GBI paBHA HYJIIO, 1 U3MEHEHUS KOODAWHATEHL
co BpeMeHeM 65110 GBI yZoOHEe OMKUCHIBATE C IIOMOIIBIO CHHY-
ca, T. e. QOpMYyIOit

x = x,, sin wyt, (3.24)
TaKk Kak IpH 9TOM HadajabHas (asa pasHa HYJIO.

Ecnu B HauaabHBIA MoMeHT Bpemenu (npu t = 0) ¢asa xose-

6anuii paBHA ©, TO YPaBHEHHE KoJebaHuM MOYKHO 3aIIMcaTsL B BUAE

x = x,, sin (0yt + ).

Cneur ¢a3. Konebauns, onuceisaeMele GopMyIaMu (3.23)
u (3.24), orimyaioTca APYr OT Apyra TOJBKO ¢aszamu. Pas-
Hocmb (pa3, MM, KaK 9acTO FOBOPAT, cdsuz (a3, aTX Konebda-

. T
HHJ COCTABJIAET = Ha pucyske 3.8 noxasaHbl 'PAQUKH 3aBH-
CHMOCTH KOODAMHAT OT BpPeMeHH IJisi ABYX lapMOHHYECKHX
. T
koJiebanuil, CIBUHYTHIX IIO dase Ha 5 T'padur I cooTBETCTBY-

eT KoleGaHHAM, COBEPIIAIINMCA [0 CHHYCOHULAJIBHOMY 3aKO0-
HY: X = X, sin oy, a rpabmux 2 — kosebaHMAM, COBEPIIAIO-
IMIUMCS 10 3aKOHY KOCHHYCA:

X T
X = X, co8 Wyt = xmsm(mot % E)
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Puc. 3.8

s onpenesneHus pasHocTH Gas ABYX KoJebaHME Hano B 060-
X CHAy4asxX KoJebIIomyiocs BeJIHYHHY BbIPDA3UTHL Yepe3 OAHY
H Ty e TDUTOHOMETPUYECKYI0 QYHKINIO — KOCHHYC MJIH CHHYC.

2. Kax cesa3aHbl yCKOpPeHHe M KOOPAMHATA NPH rap MoHWuecKHx koneba-

hd Husx!

3. Kaw cesizaHb! uMKnmMyecKas yacrota kone-  %» CMA
Ganmwi M nepuop KoneBanmitl

4. NMovemy 4vactota KonebaHuH Tena, npu-
KPenneHHoro K NpyxuHe, 3aBHCHT OT ero
MAacchl, a HacToTa KonebGaHMi MaTemaTh-
YECKOrOo MAasTHHKA OT MAacChl HE 3aBMCHT!

5. KakoBbl amnnMTyAbl M NepMOAblI Tpex
Pa3snMYHLIX FaPMOHMYECKHX KoneGaHmii,

rpadMKM KOTOPLIX NPEeACTABNEHb! Ha PH-
CyHKax 3.8, 3.9 Puc. 3.9

? £ 1. Kakwe wone6GaHMsi HA3LIBAIOT rapMOHHYECKMMM?

IIPEBPAIIIEHUE SHEPTHH
524 P rAPMOHHYECKHX KOJEBAHHSX

PaccMoTpuM mpeBpamieHne 3HEPruH IPH TapMOHHYECKUX
KoJie6aHHAX B JBYX CAyYasX: B CHCTEME HeT TPeHHUS; B CHCTe-
Me ecTh TPeHHe.

IIpespamennsn sHepruu B cucreMax Ge3 Tpenmsa. Cmemas
IIapUK, NIPUKPEIUIeHHBIH K npysxuHae (cM. puc. 3.3), BIpaBo Ha
paccToAHHe X,, Mbl coo0miaeM KojebaTenbLHOM CHCTeMe IIOTeH-
IUATBHYIO S9HEPrHio: ,

kx
WI:( = Tm.

IIpu aBHXXEeHHH IADHKA BIeBO Ae(opMalnus NPYKHHEL CTA-
HOBHTCA MEHBIIE, U MOTeHIHAILHAA SHEPIUA CHCTEMBl YMEHb-
maeTtcA. Ho ogHOBpeMeHHO yBeJMUYMBAeTCA CKOPOCTBH M, CJe-
AOoBaTeJbHO, BO3pacTaeT KHHETHYeCKad DJHeprud. B MoMeHT
OPOXOMAECHUA IIAPDHKOM II0JIOYKEHHWs pPABHOBECHA IIOTEeHIIH-
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aJlbHAA dHeprud Kojebare/bHON CHCTEMEBI CTAHOBHTCH DaBHOM
Hymio (W, =0 nopu x = 0). KuHerndyeckas ke sHeprus AOCTH-
raeT MakKcuMyMa.

IToce IPOXOXKAEHH S IIOJ0KEHHA PABHOBECHA CKOPOCTS II1a-
pHKa HauuHaeT ymMeHbmIaTbeda. CiefoBaTesIbHO, YMEHBINAETCS
1 KMHeTudeckas sHeprus. [loTeHuyalbHAA Ke dHEPrus CHCTe-
MBI CHOBA yBeJuuuBaeTcs. B KpaiiHeil JeBoil TOYKe OHA JOCTH-
raeT MaKCUMyMa, 2 KHHeTHUYeCKasa 9HEePriuA CTAHOBHUTCSA PAaBHOM
gymo. Takum o6pazoM, IpH KoneGaHMAX NePUOJUUYECKH HPO-
HMCXOJUT Iepexol] IOTEeHIHAIbHONW 5HEePrMH B KMHETHYECKYIO
u obparHo. HeTpyaHO mpociefuTh 3a T€M, YTO TAKHe JKe IIpe-
BpallleHUA MeXaHUYeCKOH JHePruH U3 OZHOTO ee BH/Ja B JPyTou
MIPOUCXOAAT U B cJIydae MaTeMaTHYeCKOro MaATHHUKA.

IlonHas MexaHMYeCKas JHEPrusa NpH KoJjedaHUAX Teia,
NPUAKPEILIEHHOI0 K [pPYy’KHUHe, PABHA CyMMe KHHeTHYeCKOH n
[MOTeHIIHAILHOH 3Hepruil KojiebaTebHON CUCTEMEL:

2 2
W I W b e B (3.25)
2 2

KuHeTnueckas ¥ MOTEHIMAJbHAS DHEPrHM MNepHOIHYECKH
uaMeHsiI0TCHa. Ho momHaa MmexaHNYecKasd sHePrus U30JHPOBaH-
HOH CHCTeMBI, B KOTOPOIl OTCYTCTBYIOT CUJIBI CONPOTUBJICHHUA,
coxpaHsiercss (COTJIACHO 3aKOHY COXPAHEHU:A MeXaHWYecKOi
pHeprum) HeumameHHoU. OHa paBHa JKUbO NOTEHIUATLHON dHED-
M B MOMEHT MAaKCHMAJBLHOI'O OTKJIOHEHHHA OT IOJOMKEeHHA
paBHOBecus, nub0 jKe KHHETHYEeCKOH JHEePruu B MOMEHT, KO-
Ta Tejl0 NPOXOAUT IIOJoMeHHe PaBHOBECHA:

2

We o o 2R (3.26)
2 2

DHeprus Kojebymomerocsa Tesa OPAMO MPOIOPIHOHAIBHA
KBaZipaTy aMILIATYAbLI KOJIeGaHMH KOODAMHATHI MIH KBaJApaTy
aMIUIMTYABI KoaebaHui ckopoctu (cM. dopmyry (3.26)).

3aryxaroomue konebammsa. CBoGoxauble KojebaHuA rpysa,
NPHKPEIIeHHOTO K IIPYKUHe, HIX MadTHUKA ABJIAIOTCA rapMo-
HUYECKHMH JIMIIb B TOM cjJydae, Korga HeT TpeHudA. Ho cuianl
TPeHW#A, HJIH, TOYHEe, CHJbl COIPOTHUBJIEHHA OKDYKalOIIei
cpenibl, XOTA, MOeT ObITh, ¥ Majkle, Bcerjla AeiCTBYIOT Ha KO-
JeboIneecs Teo.

CuJisl CONPOTHBIEHHMS COBEPINAIOT OTPHIATENBHYI paboTy
¥ Te€M CaMBIM YMEHBIIAKT MEXaHHYECKYI0 S9HEePIrui0 CHCTEMEI.
IloaToMy € TeueHHMeM BpPeMEeHH MaKCHMAaJlbHbIE OTKJIOHEHUA
Tejia OT IIOJIOKEHHA pABHOBECHA CTAHOBATCH BCe MEHbIIe
1 MeHbITe. B KOHIle KOHIIOB, IIOCJe TOTO KaK 3alac MexXaHude-
CKOIi DHEPIHH OKAMKeTCHd MCYePHaHHBIM, KoJeO0aHHA IpeKpa-
rarea coBceM. KomebaHHA OpHW HAJHYHUH CHJI COIPOTHBJIEHUSA
SABIAIOTCA 3AMYXAOUUMU.
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Puc. 3.10

I'pachuk 3aBHCHMOCTH KOOPZHHATHI TeJia OT BPEeMEHH HpH
3aTyXawimux KoJebanuax musobpayken Ha pucyHke 3.10. Ilo-
HBOOGHBIM TpadHUK MOXeT BBEUEPTHTL caMo KoJjebiolneecs
TeJo, HalpuMep MAasATHHK.

Ha pucysxe 3.11 usobpakeH MaaTHHK ¢ mecoununei. Ma-
ATHUK Ha PaBHOMEDHO ABMIKYINEMCS II0J, HUM JINCTe KapTOoHa
CTPYHKOH mecKa BeIYepUYHBaeT rpaMK 3aBUCHMOCTH CBOEH KO-
OPAWHATHI OT BpeMeHH. ITO IPOCTOH MeTo BpeMeHHOM pasBepT-
KM KoseGaHHH, MAIOM[HH AOCTATOYHO MOJHOE MpeACTaBJIEHHE
0 mponecce KoJjebaTenbHoro Apu:keHud. Ilpum HeGoabImoMm co-
OPOTHUBJIEHHH 3aTyXaHue KoaebaHni Ha TPOTAKEHUH HECKOJIb-
KHX IepuojoB Mano. Ecjiu )Xe K HUTAM II0JBeca IPUKDPENHUThH
JIMCT TJIOTHOM OyMaru AJis yBeJIMYeHUs CUJIBI CONPOTHBIEHUS,
TO 3ATYXAHHE CTAHET 3HAUMTEJILHBIM.

B aBromMobuasix mTpPUMeHSIOTCH
cnenuaJbHBIe AMOPTH3ATOPBI IJIS
rameHus KoJebaHME Ky30Ba OpH
e3Je mo HepoBHOM mopore. IIpu Ko-
nefaHuAX KY30Ba CBA3AHHEIN C HUM
NOpUIIEHL [OBHMKETCA B IUIHHJApPE,
3alOoJIHEHHOM KHUJKocThio. MHuz-
KOCTh IIepPeTeKaeT Yepe3 OTBEePCTHUHA
B IIOPIIHE, UTO NIPHBOAUT K MOABJIE-
HUI0 OOJIBIINX CHJI COIPOTHBIEHHSA
1 OBICTPOMY 3aTYXaHHUI0 KoJieOaHHIi.

JHeprusa Koiaebmiolmerocs Teja
IIPpH OTCYTCTBHH CHJI TPpeHHusdA coxpa-
HAEeTCS HEeHM3MeHHOIH.

Ecnm Ha Tena cucrembl AemcT-
BYKT CHJIbI COIIPOTHUBJIEHHUA, TO KO-
nebaHUsA ABIAIOTCSA 3aTYXAIOM[MMM.

Puc. 3.11

A



§ 25 BBIHYKJAEHHBIE KOJIEBAHHA. PESOHAHC

Kax Ham u3BecTHO, cBOOOAHEIE KojJeDaHHMA 3aTyXalT 3a
onpeeJeHHOe Bpemd.

Ho maubosiee Ba)KkHOe 3HAUEHUE UMEIOT He3aTyxallnue KoJje-
faHuA, — Te, KOTOPBEIE MOTYT JJIHTHCS HEOIPDAHUYEHHO JOJTO.

Campblil pocTOoH criocod BO3OY:KIeHHA He3aTyxXalomuxX Ko-
JedaHu# COCTOHUT B TOM, YTO HA CHCTEMY BO3AelCTBYIOT BHENI-
Hell mepwmomuueckoi cmmoit. Takwe KoneGaHUA Ha3BIBAIOTCA
BBIHYK/ICHHBIMH.

PaGora BHemHe#d cHABI HAJ cucTeMoil ofecmeuuBaeT IpPH-
TOK 3HEPruu K cucreMe uaBHe. [I[pUTOK 2Hepruu He JaeT KoJe-
0aHUAM 3aTYXHYTh, HECMOTPA Ha JAeHCTBME CHII TPEeHHA.

Ocobblii MHTepec NPeACTABIAKT BBIHYMKIEHHBIE KoJeda-
HHSA B CHUCTeMe, CIIOcOOHOM coBepIIaTh IO4YTH CBODOJHEBIE KOJIe-
danusi. C 9TUM cliyuaeM 3HAKOMBEI BCe, KOMY IIPUXOJMJIOCE pac-
Ka4yuBaTh pe0eHKa Ha KadeldX.

Kauenu — sTo MaaTHHMK, T. €. KoJjebaTelbHasd cHcTeMa
C ompeje/ieHHOM co6CcTBeHHON yacToToi. OTKIOHUTH KadyeJau Ha
GONBIINI YIOJI OT IIOJNOMEeHUS PABHOBECUA C IIOMOINBI IIOCTO-
AHHOM BO BpeMeHHU HeOoJIbINOoN CHIbl HeBo3MoxkHO. He ynaercsa
pacKadaTh KaueJd W B TOM CIyYae, eciad UX 0ecrnopsAf0UHO IOJ-
TAIKHBATE B pasHwele cTopoubl. OpgHako, ecaiu HadaTh B IIpa-
BAJBHOM PHUTMe IOATAJKHUBATL Kadesd BIiepe] KaKJbIH pas,
KOI[la OHH IIOPaBHANITCA C HAMH, TO MO HO 1 6e3 60JbII0ro Ha-
OpsXeHHdA PACKAYATh UX OueHb cuiabHO. IlpaBzna, gns aToro mo-
TpebyeTca HekoTopoe BpeMa. Karkablil TOT4OK caM 1o cebe Mo-
KeT OBITER HesHAYWUTEeNbHBIM. llocJie mepBOTrO TOJNYKA Kadelun
OyAyT cOBepIIaTh JIHIIL OYeHb MaJble KolebaHua. Ho eciam
TeMII 3THX KoJie0aHHH ¥ BHEIIHUX TOJNYKOB OAHWH WU TOT e, TO
BTOPOH TONMUOK GyeT CBOeBpeMeHHBIM M YCHUJIHT JeHCTBHE IIep-
Boro. Tperuit yecunut xonebanus eme Goasme u T. 4. IIponsoi-
IeT HAKOILJIEHHE Pe3yJIbTATOB AeHMCTBHUA OTAEJAbHBIX TOJUKOB,
U aMIIATyAa KojnebaHME Kauesnel craHer Oonbmroii. Mexny
TEeM eCJIH OTAEeNbHBIE TOJNYKU CJIENYIOT APYr 3a IPYroM HEBIO-
Taj, To AeHcTBHe OJHOro OyIeT YHHUYTOKATHCA JeiicTBHeM cJle-
IyioImero, u saMeTrHoro addexra He Oyger.

BoTr 5Ta BO3MOMXHOCTE 3HAYUTEJLHOI'O YBeIHYeHHA aMILIH-
Tyabl KoJebaHuii cucTeMbl, cIIOcOOHOM COBEPIIAThH IIOYTH CBO-
GomHBIe KoJebaHus, IIPU COBOAJEHHWH YaCTOTLI BHeIllHeil mme-
PHOAMYECKOW CHJIBI ¢ COGCTBEHHOH 4HacTOTOH KoJsebaTeabHOU
CHCTEMBI ¥ IIpe[CcTaBJigeT ocOOBI HHTepec.

BeinysxkaeHHbIe KOJIe6aHNA NIapHKa, MPUKPEIIeHHOro K npy-
sxuHe. PaccMoTpUM BBEIHY K AEHHEBIE KoIe0aHus B cucreme, oba-
narwlneil codbcTBeHHOM yacToToi KonebaHuii. BMecTo MaaATHHKA
ynobHee B3ATH IaPUK, NPUKPEIJIEHHLIH K npyxuHe. IlycTs Ko-
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Puc. 3.12

Hell OAHOM U3 NPYKUH OyAeT npHKpeleH K HUTH, IeDeKHHYTOH
yepes 670K (puc. 3.12), a HUTH COeUHEHA CO CTEeP)KeHLBKOM Ha
nucke. Eciy BpanmiaTek JUCK ¢ MOMONIBI0 3JIEKTDOABUIATENA, TO
Ha IMTapHUK HAYHET AeifiCTBOBATE IIePHOANYECKAA BHENIHAA CHUJIA.

ITocreneHEHO IIAapUK HaYHET pacKauduBarbed. llpu aTom
aMILIHTYAa KonebaHnii OyaeT HapacTaThk. CIycTa HeKOTOpOe Bpe-
MA KoJe0aHHA IPHODPETYT YyCcmaHOoB8UBUWLUICA XapaKTep: HX
aMILIUTyZa IIepecTaHeT WM3MeHAThCA cO BpeMeHeM. Ilpuuem
MOXKHO OOHADPYKHUTBH, YTO 4acToTa KoJebaHui mapuxa' pasHa
4acToTe KoJeOaHuH KOHIA A NPY:KUHEL, T. €. YaCTOTe U3MEeHe-
HHUA BHENIHEH CUJIBL. (JTa 4acTOTa PABHA YKMCJIY 000DPOTOB JHCKA
B CEKYHAY.)

ITpu ycTaHOBHBHIIMXCA BBIHYKIEHHBIX KOJeDAHUAX UYACTO-
Ta KoJieDaHMil Bcerga paBHa YAaCcTOTE BHEINHEH IMepHuOoguYecKH
IeHCTBYIOIEeH CHJIEI.

Pezonanc. Ilonbp3ysicek yecTaHOBKOM, M300pakeHHON HA DH-
cyHKe 3.12, BRIACHUM, KaK aMILIMTYAA YCTAHOBUBIIMUXCH BhI-
HYKIEHHBIX KOJIe0aHH#H 3aBHCHT OT YACTOTHI BHEIIHEH CHJIEL.
IlnaBHO yBelHMUYHBasdg YacTOTy BHEINIHeH CHJIbLI, Mbl 3aMETUM,
4TO aMILIATyZa KoaebaHuii mocreneHHo Bozpacraer. OHa moc-
THATaeT MaKCHMyMa, KOTJa BHEIIHAA CHJIa JeHCTBYET B TAKT CO
cBOOOJHBIMHE KOJIEeOAHHAMM IIAPHKA.

IIpn panbpHeHIIeM yBeJIWUEHHH YaCTOTHl aMILJIUTYAA yCTa-
HOBHBINHMXCA KoJebaHWIl ymMeHBbIIaeTcs. 3aBHCHMOCTL aMILIH-
Tyapl KoneGaHHii OT 4yacTOoThl M300parkeHa Ha pucyHKe 3.13.
IIpu oyens GONBIIMX YAaCTOTAX BHEITHEH CHJILI aMIJIMTY/Ia BEI-
HYXJeHHBIX KoJiefaHu# cTpeMHTCA K HYJIIO ¢ POCTOM YACTOTEI,
TAK KAK TeJIO, BCJIEACTBHE CBOeil MHEePTHOCTH, He YCIeBaeT 3a-
METHO CMeNIaThCH 38 MaJjible IPOMEXKYTKH BPEMEHH U «APOXKHUT
Ha MecTe».

Peskoe BospacTaHue aMIIHUTYALI BBIHYKIEHHBIX Kojeba-
HHUH IOPH COBHANEHHM YACTOTHI HU3MEHEHWS BHEIIHEH CHJIBI,

L Ygcrory BHYmKAeHHBIX KoseGanuil Oynem ofosravarsk OYKBOM O B OT-
JHYHe OT YacTOTH COOCTBEHHEBIX KoNebaHMI cHCTEMBI (.
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IeHCTBYIOIIEN Ha CHCTeMY, C 4acTOTOH ee cBODOAHEIX Kojeba-
HUH HA3BIBAETCA pe30HaHCOM (OT JATHHCKOTO CJIOBA resonans —
JalomuAil OT3BYK).

ITouemy BosHHMKaer pesoHaHc? OOBACHHUTL ITO HABJIEHHE
MOJKHO C DHEPreTHYeCKHUX MO3HIIUM.

IIpu pe3oHaHCe aMILIATYAA BEIHYKIeHHBIX KoJleGaHHH MakK-
cuUMaJibHA M3-3a TOr0, 94TO co3garTca Haunbosee OaronpuATHREIE
YCIOBUA s NepeJadd SHEPTHH OT BHEIIHEro MCTOYHHKA IIe-
PHOAHYECKOM CHJIBI K cucTeMe. BHeIIHAA cHJla IPDH Pe30HAaHCe
neiicTByeT B TAaKT co cBoboaHBIMEU KoJsiebaHuAMHE. Ha mporaxe-
HHH BCero epuojia ee HallpaBJIeHHe COBIaaeT ¢ HallpaBJeHueM
CKopocTH Kosebiomierocs Tena. ITosToMmy Ha IPOTAMKEHHH BCe-
ro Iepuojia 3Ta CHJIa COBePIIaeT TOJLKO IMOJOKHUTEIbHYIO pabo-
Ty. IIpu ycTaHOBHBIIUXCA KOJeOaHUAX MOJIOKHUTEIbHAsA paboTa
BHeIIHeil CUJIBI paBHA 110 MOAYJII0 OTPULATEIbHOH paboTe CHIIbI
COIIPOTUBJIEHHUS.

Eciu wacToTa BHelllHel CHJIBI He paBHA cOOCTBEHHOH 4acTo-
Te ), KosebaHuil CHCTEMbI, TO BHEIIHAA CUJA JUIIL B TeUeHHE
YacTH epHOJAa COBepIIaeT MoJOKUTeNbHYI0 pabory. B reuenne
JKe APYroi 4acTH Imepuoja HalpaBJjeHUe CHUJILI IPOTHBOIION0MK -
HO HAINPaBJEHWI0 CKOPOCTH, M pabora BHeNIHeH cHIEl Gyzer
oTpHuIAaTeabHOI. B 1esoM paGoTa BHeIIHeH CHJIBI 38 IEPHOA He-
BeJIMKA M COOTBETCTBEHHO HEBEJIHKA W aAMILIUTYJa YCTAHOBHB-
muxca xojgebanui. CyujecTBeHHOE BIHAHNE HA PE30HAHC OKa-
3bIBAeT TPeHHEe B cHcTeMe. IIpH pe3oHaHCe MOJOXKHUTeIbHAA
pafoTa BHeIIHeH CHJIbI LIEJMKOM HJeT Ha MOKPBITHE pacxoja
SHEPrHH 3a CUeT OTPUILATE]IbHON PAb0oThI CHIIBI COIPOTHBJIEHHA.
IlosToMy yeM MeHbIIe K03(h@dHUOUEHT TpeHUdA, TeM Oojbiie
AMILIATYAA YCTAHOBHUBIINXCHA KoJieDaHHH.

WsMeHeHMe aMILIUTYAEI BEIHYK/IEHHBIX KoJeO0aHHH B 3aBH-
CHMOCTH OT YaCTOTHI IPH Pa3JHYHBEIX Koa(dHuIueHTaX TPEHUA
M OZHOI M TOM e aMILIUTy[e BHEIIHeH CHJBI H300pakeHO Ha
pucynke 3.14. Kpugroii 1 cooTBeTCTByeT MUHUMAaNbHOE TPEeHHUE,
a KpuBoi 3 — MakKcumanbkHoe. Ha aToM puCYHKe XODOIIO BUI-
HO, YTO BO3pAacCTaHHe AMILJIATYIbI BBIHYXKJEHHBIX KoJebaHHi
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IIpH pe30HAHCe BEIPAYKE€HO TeM OTdYeTJIMBee, UeM MeHBIIle Tpe-
HHUE B CHCTEME. :

IIpu MaoM TPEHHUHM DPE3OHAHC «OCTPHIM», a IpH GOJBIIOM
«Tynoit». Eciu wacTora KonebaHUE () HajleKa OT Pe30HaHCHOI,
TO aMIOIHUTYAA KoJaebaHHH Majla M IMOYTH He 3aBHUCHT OT CHJIBI
COIIPOTUBJIEHUA B CHUCTEME:

B cumcreme ¢ MasBIM TpeHHMEM aMIIUTyAa KoJebaHUM Ipu
pesoHaHCce MOMKeT OBITH OUueHbL OOJBINOH [Aa’ke B TOM cJyuae,
KOra BHeEIIHAsS cuja mana. Ho Oojapmias aMoauTyjga ycra-
HABJIMBAETCA TOJBKO CIYCTA IPOAOJIKHTENIbHOE BPEMA IIOCJIE
Hayaja JeMCcTBHUsS BHEIIHeH CHJILI. B COOTBETCTBHM C 3aKOHOM
COXpaHEHHUs DHEPIHWH BBI3ZBATH B CUCTeMe KoJyebaHuA ¢ 60Jb-
MI0OH AMIJINUTYO0H, a4 3HAYHT, COOOIMHUTE CHCTEeMe OOJBINYIO
9HEPrui0 HeOOJIBIION BHEIIHEeH CHJIOH MOJKHO TOJBKO 3a IIpO-
AOJKHUTEJbHOE BpeMdA. Ecau TpeHHe BEIHKO, TO aMILIHTYIA
KonebaHU Oyner HeDOMBINOH, M AJS YCTAHOBJIEHHA KoJieba-
Huil He norpebyeTcsa MHOIO BpEMeEHH.

O pe3oHaHCe UMEET CMBICJ FOBODHUTH, €CJIH 3aTyXaHHe CBO-
6onHBIX KoneGaHUH B cucTeMe A0CTATOYHO Masio, Have aMmmian-
TYZa BBIHYXKJIEHHBIX KojJebGaHHil Opu o = ®, OyZeT Majo OT-
JIAYATBECA OT aMILIUTYAbl Koe0aHUH NPy APDYIHX YACTOTaX.

§ 26 BO3JIEMCTBUE PE3OHAHCA # BOPbBA C HUM

Ecimu xonebaTensHasi cucTeMa HAXOJAUTCH IO eHCTBHEM
BHEIIHEH NepHOANUYECKOMH CHJIbI, TO MOKET HACTYIIHTH Pe30HAHC
M CBA3AaHHOE C HUM Pe3KO0e YBeJIMUeHHe aMILIUTYIbL KOJeDaaui.

JIro6oe ynpyroe Teio, 0yab TO MOCT, CTAHMHA MAIIWHEI, €€
BaJl, KOpIyc KopalJsa, ImpegcTaBider co0oi KoJebGaTeJlbHYI0
CHCTeMy M XapaKTepH3yeTcs cOOCTBEHHBIMM YAaCTOTAMHU KoJeba-
aui. [Ipun pabore gBuraTeseil HepeJKo BOZHUKAIOT IIepPHOLHYe-
CKHe YCHJIUSA, CBA3aHHBIE ¢ ABHIKEHHEM dYacTei qBurarens (Ha-
npuMep, MOPIIHeH) MIKM ¢ HEeJOCTATOYHO TOYHOMN IEHTPOBKOH
HX BpallamwIuXcs Jeranell (HanpuMmep, BanoB). Eciau uacrora
9THX IePHOJHIEeCKHX YVCHUJINH COBIIALAET C YACTOTOM CBOGOHBIX
KomeGaHHH CHCTeMBI, TO BOSHHKAET Pe30HAHC. AMILIHUTYIA KO-
JebaHWil MOXKeT BO3PACTH HACTOJBKO, YTO BO3MOXKHA IIOJOMKA
MAIllMH, XO0TA HANIPAMXeHUe B MaTepualie ¥ He IIPeBLIIIAaeT IIpe-
Jlejia IPOYHOCTH IIPH CTATHUYECKHUX Harpyskax. Ileso B ToM, 4TO
#Keles30, CTaJNb U APYyrue MaTePHAJbI IPH IIepeMEHHBIX HATPY3-
KaXx CO BpeMeHeM TepAIOT MPOYHOCTE, II0CJIe Yero BHe3aIlHo pas-
PYIIAIOTCH.

Bo Bcex aTHX ciydasx OPHHHUMAIOTCH CHEeNHAIbLHBIE MEPHI,
4T00BI He JOUYCTHTH HACTYIIJIEHHA DPE30HAHCA MIM OCJabuTh
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ero feficTeue. [/ 9TOro yBeJIMYMBAIOT TPDEHHE B CHCTEME HIIH
Ke mobuBarOTCsA, 4TOOLI COGCTBEHHBIE YacTOTHl KoJiebaHuil He
COBIIQJIaJIM C YACTOTOH BHeINHeH cuabl. 3BecTHEI caydyan, KO-
Ta OPUXOAHUJIOCE IIepecTPauBaTh OKeaHCKHe JaHHephl, YTODEI
VMEHBLIIHTL BHOPAIHIO.

IIpu mepexope dYepes MOCT BOMHCKHM YACTAM 3alpelaeTcs
uaTu B HOry. CTpoeBoOii 1iar IpUBOAUT K IEPUOJHUYECKOMY BO3-
OeHCTBHIO HA MOCT. Ecam caydyaiiHO UacTOTa 3TOrO BO3JEHCT-
BHA COBHOAJET ¢ cOOCTBEHHOMH 4YacTOTOi KonefaHHII MmocTa, TO
OH MOXKeT pas3pyIINUThLCAH.

MzuI IpHBOAMJIN IPUMEPEl BPEAHBIX IIOCJEJCTBHN pe30HaH-
ca. Ho ecTs m moJsiesHsle.

C Ba)XKHBIMUA NPUMEHEHHMAMHM DPe30HAHCA MBI O3HAKOMHMCH
B JaJbHEHIIIeM.

NOABELIEHHBIE Ha HHTAX PABHOW ANMHbL. MacChl WIAPHKOB Pa3nH4Hbl.
KonebaHns Kakoro M3 MasiTHHKOB NpeKpaTaTcs ObicTpee: nerkoro
Mnu Tsorenoro!

2. MNpuxoaMnock NM Bam HabmofaTe SBNEHME PE3OHAHCA JOMA MNM Ha
ynuyet!

3. ina Toro 4tobbl yaepKaTe OTKPLITYIO fiBeph B BecTHGIONEe MeTpo
(mBepb oTKpbIBaeTCcs B 06e CTOPOHLI H BO3BPAaLaeTCH B NONOHEHHe
PaBHOBECHS NPYMHHAMM), HYXKHO NPHNOMHTE K PYYKE ABEpPH cHAy
okono 50 H. MOMHO NM OTKPLITh ABEPb, NPHMACKHE K Py4YKe cuny
0,005 H! (Tpenuem B NneTnax asepu npenebpeus.)

4. NMpwH KAKOM YCNOBMM PE3OHAHCHLIE CBOHCTBA KonebaTenbHOH CHCTe-
Mbl NPOSBASRIOTCA OTYETNAMBO!

? 1. [isa MasTHMKa NpeACTaBNMIOT COOOMH WaPMKH OAMHAKOBOTO pagMyca,

* % %

HWrak, MBIl 03HAKOMHJIHNCEH C MEXaHHYECKUMH KoJIe0aHuAMH.
O6paTuM BHEMaHHE Ha OJHY OOIIYI0 AJIA BcexX KojebaHME oco-
0eHHOCTH, OTJHMYAIONIVIO UX OT APYIHX BUAOB MeXaHWYECKOI'o
JABUIKEHHS.

Kax npasujio, Ipu pacCMOTPEHHHM MEXaHWYECKOTO JBHMKe-
HUA Teja (HApHMep, ABMIKEHUA KOCMHYECKOro Kopabusa uiam
OJaHeTHl MOJ JAeHCTBHEM CHJ BCEMHPHOTO TATNOTEHHSA) HYMKHO
OBIBAET OIPENeJUTh IOJOYKeHHe Tejla B er0 CKOPOCTH B JI000#
MOMEHT BpeMeHH. Ho IpH H3yUYeHHH NePHOAHYECKHX Koseba-
TeJbHBIX IIPOIECcCOB 0CODbIN HHTEPeC IPEeICTABIAIOT O0IIUe IpH-
3HAKH, XapaKTepH3YIOIIHe HOBTOPSAEMOCTh B JIBH3KEHHH, a He
MOJIOKEHUE U CKOPOCTh KOJIeOIoinerocd Teja B 1000 MOMEHT
BpeMeHH. Ba)xXHO 3HATh AMILIUTYAY, Iepuoj 1 a3y Konebanui,
T. €. BeJIMUMHEBI, XapaKTepuaylioliue nponecc B meygom. IIpu BeI-
HYXJeHHBIX KoJleOGaHHAX HaJO 3HATH OTHOIIEHHE YacTOTHI BhI-
HYXJalOmel CHJILI () M YACTOTHI CBOGOAHBIX KoJebaHWH .
VMeHHO OHO OMpeAenseT aMILIUTYAy u (asy KorebaHHIH.

76



! IIPHMEPHI PEINEHHA 3AIAY

1. Cronbko KoseGaHWI coBepIIaeT MATEMATHYECKHUI MaATHUK
anuHO#M [ = 4,9 M 3a Bpema t = 5 MuH?

Pemenne. [lepuon xonebanuit onpenensercs mo opmysie

T= ZTEJI.
g

Hcrxomoe umcsio KoJgebaHuii MOMKHO HANTH Tak:

t t
o o ~ 68.
"=r o

2. BepruxansHO HOABeNIeHHAA NPYKHHA DPACTATHBAETCA IPUKDEI-
JIEHHBIM K He# rpys3om Ha Al = 0,8 cm. Yemy pasen nepuog T cBoGoj-
HBIX KojebanHuii rpysa? (Maccoii npyXuHEI npeHeGpeys.)

Pemenwue. Ilepuoy konebanuii rpysa, ODPUKDEIIeHHOTO
K IpyXXHHe, OoIpejesdaerca (OpMYyJIOi

T = ZTI:JE,
k

rge m — macca rpysa; B — »eCTKOCTb TPy RAHEL Ha rpys

OeHCTBYIOT CHJIAa THMXKECTH F U CHJIa YyOPYI'OCTH F . Korga
rpy3 HaXOAHUTCH B PABHOBECHH, STH CHJBI PABHEI 110 MOJ.'[YJ'IIO:

F.=E,,

Tak xax F,=mg u F, = kAl (3axkon I'yka), To mg = kAL,
OTK a ﬂ = ﬂ
VA E- g

CrnenoBaTennHoO,

T = 2( 0,2 c.
g

3. Ha ropusoHTansHOM CTep:XHe HAXOAMTCS IPY3, IPHKpPEIJIeH-
HBIA K npyxuse (cM. puc. 3.3). [Ipyroil KoHen OpYXHUHEI 3aKpeILeH.
B HEKOTODEBIH MOMEHT BpeMeHH Irpy3 CMeIIaioT OT MOJOMKEeHUA PABHO-
Becusa Ha x, = 10 cm m ormyckaror. OmnpezienTe KOOPAHHATY I'pysa
cuycra 1/8 mepuoga konebanuii. (Tpenre He YVIMTEIBATE.)

Pemenue. 3aBHCHMOCTh KOODAMHATEI IPy3a OT BPeMeHHU
BhIDAMKaeTcsa Tak:

X = X, cOs Wy,

2 T
ITockonbky W, = ?rc mit= g’ ToxX=2x, cos = 0,071 M.
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4. I'pys, npuKpemIeHHELH K NpyXKUHe, KoaeGleTcas HA MOPH30H-
TANTBHOM IJIAAKOM cTep:kHe (cM. puc. 3.3). OnpesenuTe OoTHOIIeHHE
KNHETHYECKON SHepruy rpysa K NOTEHIMAJILHON SHEPrUuM CHCTEMBI
B MOMEHT, KOTIjJa rpy3 HaXOZUTCH B TOYKE, PACIIOJOXKEeHHOH mOCpenu-
He MeXAY KDallHUM IIOJIOMKeHHeM H IIOJIOKEeHHeM DaBHOBECHH.

Pemenue. Koopguaara ykasaHHON TOYKHM paBHA HOJIOBHU-

X
He aMIIJIUTYIbL KoJebaHui: x = Tm. HOTEHHH&JILH&H JHeprua
CHCTEeMEI B MOMEHT IPOXO0XKIEHUA Ipysa uepe3 9Ty TOUKY paBHA:

(ol kax? ot kxﬁ,

W,
- 2 8

B sn1060#f MOMEHT BPEMEHU BBINONHAETCH PABEHCTBO

s
W, +W, =—:
2
IToaTomy KuMHeTHYECKAA SHEPIHA Ipy3a B MOMEHT IIPOXOXK-
JeHHA UM YKa3aHHOH TOYKH OIpeNeNseTcA Tak:
2 2 2
kx kx;,  kxp,

W = D = s
= 2 Wa 2 8

3
= ~kxZ,.
8 *m

W
CienoBaTesIbHO, e 3.

n

YIIPAYKHEHHUE 3

1. I'pys maccoit 100 r cosepmaer koneGaHus ¢ gacToToi 2 I'mg
noJ geiicTeueM npyskuHEBL. OnpeienrnuTe MeCcTKOCTh IPYKHHEL.

2. B Camxr-Ilerepbypre B McaakueBcKOM cofope BHCeN MAATHHK
®dyko, AnuHA KoTOpOoro Onina papHa 98 M. Yemy OblI paBeH mepHOL
kosnebaEuil MasTHUKA?

3. Illapuk Ha Npy’KHMHE CMECTHJH Ha paccTosHHe 1 cM oT moJjo-
JKeHUs papHOBecHA M oTmycTmiu. Kakoil myTh mpoiifer mapuk 3a
2 ¢, ecay yacTora ero Koxebanmit v = 5 I'n? (3aryxanuem xouebanuii
MOXKHO mpeHebOpeus.)

4. Teno maccoit 200 r copepmaer KoneGaHusA B FOPH30HTAIbHOH
NJOCKOCTH € aAMILIMTYZOH 2 C¢M IOJ AeHcTBHEM IDYMKHHBI JKecT-
kocTeio 16 H/M. OnpegennTe MUKINYECKYIO 9acTOTY KoneGaHUH Tesa
U 9HEPrui0 CHUCTeMHEI.

5. ABTOMOGHJIL ABHYKETCA IO HEpPOBHOU mopore, Ha KOTOPOH pac-
crogHHe Mexay Gyrpamu npubausureabHO paBHO 8 m. Ilepuon cBo-
GonuBIXx KonebaHMil aBTOoMoOMIA Ha peccopax 1,5 c. Ilpum kakoi
CKOPOCTH aBTOMOOMIIA ero KonebaHHs B BEePTHKAJBHOM ILIOCKOCTH
cTaHyT 0CODEHHO 3aMeTHBIMH?
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KPATKHE UTOI'H I'’'TABBI 3

KonebGanusa pasnuyHOH NpHPOALl (MeXaHHUeCKHe, 3JeKTPH-
YeCKHe HU ,I[p.) OIIMCHRIBAKTCA OJHMHAKOBBIMHA ypaBHEHHHMPI.
PasznuuarmT cBOOOAHBIE, 3aTYXAIOIIHe U BRIHYXKJEHHBIE KO-
JebaHuA.

CBOGOJJ;HHE Kojebanusa BOSHHUKAIOT B CUCTEMe IIOJ BJIHUAHHU-
€M BHYTPEHHHX CHJI IIOCJie TOI'0o, KakK OHa BbIBEeHa H3
COCTOAHHA pPaBHOBECHHA. C TedyeHmeM BpPEeMeHH caoﬁo,zmme
KoJieDaHusA BCJIeICTBHE TPEHHA 3aTyXalT.

BeiHy:KIeHHbIe KoJaebaHMS BO3HHKAKIT OpPH JeHCTBHUH Ha
CHCTEMY BHENIHeH NepHojudYecKoil CHIBI. ITH KoJgebaHuA
He 3aTyXalT A0 TeX IOop, IIOKA JeHCTByeT BHEIIHAA CHJA.
Ilpumep BBIHYKIEHHEBIX KoJeDaHHH: pacKauMBaHHE Kade-
Jell ¢ TIOMOILIBIO IIePHOLHUYECKHX TOJYKOB.

CrobopHBIe KOoNebaHUA Ipys3a, IPUKPENJIEHHOrO K IPYMXKH-
He, MOKHO OmMcaTh BTOphIM 3akoHoM Heiorona. Ero cien-
CTBHEM INPHUMEHHTEJNbHO K /JAaHHOMY CJIyd4al HABJIAETCA
ypaBHeHHe

x" = -oix,

rge Xx — CMeIlleHHe TIpysa OT I[0JIOXKEeHUs pPaBHOBECHH;
x" — yCKOpeHHe rpysa; 0% — IOCTOAHHASA, 3ABUCAINAS OT
CBOIICTB CHUCTEMBI.

Pemenmne ypaBHeHHs, ONMCHIBAIOIIEr0 CBOOOAHEIE KoJeba-
HH#A, BBIPAXKAaeTcsa dYepes KOCHHYC: X = X,, cos (Wt + @) —
HJIH CHHYC.

Konebarusa, npoucxoidAIinue IO 3aK0OHY KOCHHYCA HJIH CH-
HyCca, HA3BIBAIOTCA IapMOHHYECKHMM,

Mozayp MAKCHMANBHOTO CMEIIEeHUA Tea X, OT IOJOMKEeHHA
paBHOBECHUS HA3BIBAETCA aMILTUTYZOH Kosebanwii. Bexwun-
Ha (), Ha3elBaeTCsa IMKJWYECKOH dYacTOTOH KoJeOaHHH M
BBIpaXKaeTcs depe3 4acTOoTy KoJaebGaHWUM VvV Tak:

W, = 2mv.

IIpoMe)kyTOK BpeMeHM, 3a KOTODPBIH CHCTEMAa COBepllaer
OOHO IOJHOEe KojebaHWe, HA3BIBAETCA IIEPHOLOM KoJle-
6anuit. Ilepros MOKHO BRIPA3UTEH Uepes IHKJINYECKYIO Jac-
TOTY:

G BN
Wy

Benuuunay, CTOANIIyIO moj 3HAKOM KOCHMHYCA WJIHA CHHYycCA,
HasepIBalOT (asoil xonebamumii. Paza ompepesseT MmMOJIOKe-
HHUe KOJIeDII0MmIerocs Tela B IPOU3SBOJbBHBIM MOMEHT BpeMe-
HH IIPpHA 3aJaHHOM aMIJIHTYAe KoseGaHui.
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9. CobcTBeHHas NIHKJANYeCKasd dHacToTa KojebamMii Tpysa,
IIPUKPEIJIEHHOTO K IPYXHWHEe, 3aBHCHT OT €ro MAacchbl M
M KEeCTKOCTH IIPYIKHUHLI k:

k
M= +f—-
0 m
CobcTBeHHAS MUKIHYECKAd UacTOTa KojaeGaHHH MaTeMaTH-

YeCKOT0 MasgTHHKA ompeneiserca Gopmyioi

g
(D 0 = T,
rje £ — yCcKopeHHe cBOOOIHOIO najeHusd, a [ — pjauHa Ma-
ATHEKA. YacToTa (KaK ¥ IepHoj) rapMOHHYECKHX KoJjeda-
HUH He 3aBHUCHT OT aMIlJIHTyABbI.

10. Dueprus koaebioIerocs Tejxa MPU OTCYTCTBHUH CHJ Tpe-

HUSA COXPaHAeTCH:
W= mv§+kx2 _ muv?, _ kxﬁl.
2 2 2 2

Briny:xgeHHBIE KoJie0aHKUsI COBEPINAIOTCA IIPH BO3eHCTBUH
Ha CHCTEMY, B KOTOpPOi MOTYT OPOMCXOAWUTEH KojebaHWUA, IIe-
pHOAWYecKOH cuibl. IIpr aToM MokeT HalIIOZATHCA PE30-
HAHC: Pe3KOoe BO3PACTAHHE aMIJIMNTYAbl BRIHYKJEHHBIX KO-
mebaHuil NpH COBIAJEHHMH YACTOTHI M3MEHEHUS BHeIIHeH
CHJIBI ¢ COBCTBEHHOM uacToTOM Konebaumii cucreMsl. Peso-
HaHC IPOABJIAETCHA OTYETJMBO JHUINbL B CHCTEMax C MaJbIM
TpeHHUeM.

I'masa 4. 3JIEKTPOMATHHUTHBIE KOJIEBAHHUA

B 3T10if ri1aBe MBI OyZeM U3y4aTh 3JIeKTPOMarHUTHEIE
Konebarus. Ocobo oTMeTHM eIHUHCTBO KoJebaTesb-
HBIX IIPOLECCOB PASJMUYHON IPHUPOIEIL.

CBOBOJIHBIE M BBIHY:KJIEHHBIE
§27  5JEKTPOMATHHTHBIE KOJEBAHUSA

DIeKTPOMATHUTHEIE KOoaebaHus ObIIM OTKPBITEI IIOUTH CJIY-
yaitno. Ilocie Toro kaxk usobpesn JeiifeHcKYI0 OaHKY (IepBbIil
KOHIEHCATOP) U HAYUHJINUCE coobmaTs eil 6obINOH 3apAs ¢ Io-
MOIIbIO 2JIEKTPOCTATHUYECKOM MAIIMHLI, HAYAJIW M3Y4aTh dJIeK-
TpuYecKHil paspaa OaHKHM. 3aMbIKasg OOKIAAKH JeilIeHCKOH
faHKM ¢ NOMOIbI0 IIPOBOMOUYHON KATYHIKH, 0DHADPYMHHIH, YTO
CTaJbHEIE CIMIBEI BHYTPU KATYIIKYM HaMarHuuusaworcesa. B aTom
HUYEro YAUBUTEILHOTO He OBbLJIO: 2J1eKTPUUECKHI TOK U JOJIKEeH
HAMAIHUUYMBATH CTAJLHON cepAeunuk Karymky. CTpaHHBIM e



OBLIJIO TO, YTO HeNb3A ObLIO mpen- “el
CKas3aTh, KAKOH KOHEIl CepledHH-

Ka KaTYIIKHA OKaXeTCs CeBePHBIM
IIOJIIOCOM, a KAKOM — IOMKHBIM.
IToBTOpPAA ONBIT IPUMEPHO B OLH- t
HAKOBBIX YCJIOBHAX, MOJYYATIH B
OJHHX CIy4YadAX OAUH pe3yabTaT,
a B Ipyrux — Apyrou. Jlajeko He Puc. 4.1

cpasy HOHAJH, YTO IIPH paspajKe

KOH/IEHCATOPA Yepes KATYIIKY B 3JIeKTPHUYECKO el BO3ZHUKA-
0T KoJebaHHA. 3a BpeMs paspsjKH KOHAEHCATOP yCIeBaeT
MHOIO pa3 Iepe3apsaiuThCA, U TOK MEeHSeT HAIIPABJIEHWe MHOI'O
pas, B pesyJbTaTe 4Yero CepAeYHHUK MOMKeT HaMarHH4YHBaTLCH
pasauYHEIM 00pasoM.

Ilepuoguyeckre MM NOYTH NePHOAMYECKHe H3MeHeHHA 3a-
pdAja, CUIbI TOKA H HAIIPAKEeHUA Ha3hIBAIOTCA 3JIeKTPOMATHHUT-
HBIMH KoJebanuamu. OOBIYHO 35TH KoJieDAHUA IPOMCXOLAT
C o4YeHb 0OJIBIION YaCTOTO#, BHAUNTENBHO NPEBBIIIAIOIIEH Jac-
TOTY MeXaHHUYecKHX KoJsiebaunuii. [loaTomy ansa ux HabaogeHnsa
M HCCIeNOBAHHA O4YeHb yJ00eH 3JMeKTPOHHBIN ociuiaorpad.

B aneKTpoHHO-Ty4YeBOH TpyOKe ocuminorpada ysxumi my-
YOK 2JIEKTPOHOB IONajgaeT HA BKDAH, CIOCOOHBIM CBETHTHCH
npu ero GomMGapAHpOBKE sJIeKTpoHAMH. Ha TOPHM30HTAILHO
OTKJIOHAKINHE MJACTHHBI TPYOKH IOJaeTcA MNepeMeHHOe Ha-
OpAKeHWe pPasBepTKH u, IuiloobpasHoit dopmer (puc. 4.1).
CpaBHHTEIBHO Me,n;.ueHHO HaNpAMKeHHe II0BLIIIAeTcd, a IIo-
TOM OYeHb PEe3KO IOHMIKAeTCd. DJIEKTPHYECKOEe I10JIe MeXIy
OIacTHHAMH 3aCTABIAET JIEKTPOHHBIN Jy4 nmpoberaTh sKpaH
B NOPH30HTAJbHOM HaIpPaBJIEHUU
C IIOCTOAHHOM CKOPOCTBI H 3a-
TeM TI0OYTH MIHOBEHHO BO3Bpa-
marbesa Hasan. Ilocsae aToro sech
mpolecc IoBTopsercs. Ecam Te-
neps OPHCOEAUHUTH BEPTHKAJLHO
OTKJIOHAKIIINE TJIACTHHEBI TPYOKHT
K KOHJEHCATOPY, TO KoJjebaHus
HAIPAMEHUA IIPH €ero paspsikKe
BBIBOBYT KOJIe0aHHSA Jy4da B Bep-
THKAJIbHOM HampaBJIeHHH. B pe-
3yIbTaTe Ha sKpaHe obpasyercs
BpeMeHHAsA pasBepTKa KoJjeba-
HUH (puc. 4.2), momobHasa TOII,
KOTOPYI BBIYEDUYHMBAET MaSATHHK
C IeCOYHHIeH HaJl NBHIKYIIUMCH
aucrom Gymaru. Kosmebamusa za-
TyXalnT ¢ TeYeHHEeM BDEMEHH. Puc. 4.2
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Atu KojmebaHuA ABIAITCA cBOOOZHBIMU. CBOOGOTHBEIMH KO-
JefaHMAMM HA3bIBAIOTCH KoJebaHuA, KOTODPBbIe BO3HMKAIOT B
CHCTeMe MOCJIe BEIBEIeHN A ee U3 II0JOMKeHns papHoBecud. B Ha-
mreM ciaydae KonebaTenbHad cucTeMa (KOHZEHCATOD M KaTyIIKa)
BBIBOAUTCA H3 PABHOBECHUA IPH COOOIEHMHM KOHAEHCATODY 3a-
pana. 3apsAAKa KOHJEHCATOPA YKBUBAJIEHTHA OTKJIOHEHHIO Ma-
ATHHKA OT IIOJOXKeHHUs paBHOBECH .

HeTpyAHO HOJIYYUTH B 3JIEKTPUYECKON Ienu TakmKe U BbI-
HYKJIeHHbIe 3JIEKTPOMATHUTHBIEe KonebaHus. BuIHYXKIeHHBIMH
KOJIe0AHHAMHE HA3LIBAIOTCA KoJebaHus B LENH II0J AelcTBHeM
BHEITHEeH [epHOAUUYecKr H3MeHAIoImencs BIEKTPOABHIKYIIei
CHJIBI.

CrobOIHBIE 3IeKTPOMATHATHEIE KoIe6aHusA BOBHUKAIOT IIPH
paspAzKe KOHJAEHCATOpa Yepe3d KaTyMIKY WHAYKTHBHOCTH. Bri-
HYXJAeHHBIe Kone0aHuA BEI3BIBAIOTCA nepuoaundeckoi IIC.

1. Y10 Ha3LIBAIOT INEKTPOMArHHTHLIMM KoneGanuamu!
2. B yem pasnuune Memay CBOBOAHBIMM H BLIHYAGHHBIMH 3NEKTPO-
MarHMTHLIMH KonebGaHnamu!

KOJIEBATEJIBHBIM KOHTYP.
§ 28 ITPEBPAIIEHUE SHEPIHH
IIPH 3JEKTPOMATHUTHBIX KOJIEBAHHUAX

IIpocTeiimas cucTeMa, B KOTOPOH MOTYT IPOMCXOAUTE CBO-
GomHBIE 3JIEKTPOMarHUTHBIEe KoebaHus, COCTOUT 13 KOH/IeHCa-
TOpA M KaTYLIKH, IPHICOeIUHEHHOM! K ero obriankam (puc. 4.3),
M HA3LIBAETCH KoJeldaTeJbHBIM KOHTYPOM.

3apaguM KOH/JEHCaTop, NPHCOEeJUHHUB ero Ha HEKOTOpoe
BpeMsa K OaTapee ¢ NOMOINBLIO HNepPeKIOYATENA (puc. 4.4, a).
IIpu 5TOM KOHAEHCATOP IOJYYHUT SHEPrUio

2
W= o
2C
rae g, — 3apAj KoHaeHcaTopa, a C — ero 3JIeKTPOEMKOCTE.
Mexay oOKIaZKaMH KOHJeHCAaTODa BO3HMKHET DPa3HOCTH IIO-
reruuanor U,.

IlepeBeseM mepeKJoOYaATENb B
nonoxenue 2 (puc. 4.4, 6). Kon-
é ' "/ [eHcaTop Ha4YHeT Da3paKaTbHCH,
—— 4 M B IeNH IOABUTCA BIEKTPHIE-

ckuii Toxk. Cuna ToKa He cpasy
IOCTHraeT MAaKCHUMAJBHOIO 3HAa-
YyeHUHA, A YBEJIUUYHBAETCH IIOCTE-
Prc. 4.3 MeHHO. JTO CBA3AHO C ABJIEHHEM

(4.1)




T FIFE I» - T a0l
_|_ e 5 (i _|_ = e O q
a) 6)
Puc. 4.4

caMOUHAYKIHHN. IJIC caMOMHAYKIMY BO3HHKAET NIPH IOABJIe-
HHH TOKAa B IIelIH U IIPpenATCTBYeT ero yBeJIUYeHHIO, IIO3TOMY
TOK B II€IIM PACTeT IIOCTEeeHHO.

Ilo mepe paspAfKH KOHAEHCATOPA SHEPIUA IIeKTPHIECKOTr0
IIOJIsi YMEHBIIAeTCs, HO OJAHOBPEMEHHO BO3DACTAET JHEpPrus
MarsuTHOIO IIOJISA TOKAa, KOTOpas onpeaendeTca (OpMyJIon

_

w, 2

. (4.2)

rje i — CHJIA IIePeMEeHHOro TOKa; L — WHAYKTHBHOCTEL KATYIIKH.

ITonnas sueprua W a1eKTPOMArHUTHOT'O M0/ KOHTYpa pas-

Ha CyMMe 3HEPrui ero MarHMTHOI'O M 3JIeKTPHYECKOTro IOoJIeit:
Lz ¢?

W= 2 + 26" (4.3)

B MoMeHT, Korja KOHJAEHCATODP IOJHOCTBIO PASPALUTCH
(¢ = 0), sHeprusa a/JeKTPHYIECKOr0 NOJA CTAHET PABHOH HYJIIO.
JHeprus ke MarHUTHOI'O II0JIS TOKA, COTJIACHO 3aKOHY COXpaHe-
HHA SHEPTruM, OyZeT MaKCHUMaabHOI. B 3T0T MOMEHT CHIIa TOKA
TaKyKe NOCTHUTHeT, KOHeYHO, MAaKCHMAaJIbHOTO 3HAYeHu [ ,,.

HecmoTps Ha TO YTO K 3TOMY MOMEHTY Pa3HOCTH IOTEHIMA-
JIOB HAa KOHIIAX KATYIIKH CTAHOBUTCHA PABHOM HYJIO, 3JIEKTDH-
YeCKUIl TOK He MOKeT NPeKPATUTHCA Cpasy. DTOMY IIpemsT-
CTByeT #ABJIE€HHEe CaMOHHAYKIWH. Kax ToapKOo cuiaa ToKa u
CO3laHHOE MM MATHHMTHOE II0JI€ HAUHYT YMEHBLINATHCA, BOSHMU-
kaer JJIC caMOMHAYKIUH, CTPEMAIIAACH MOALEPIKATH TOK.

B pesysbrare KoHAeHcaTOp OGyZeT mepesapsKaTHCS 4O TeX
IIOp, IOKa CHJIa TOKA, IIOCTeIIeHHO YMEeHBIIAACE, HE CTAHET paB-
HO¥i Hy/110. DHEePrus MATHHTHOTO IOJIS B 3TOT MOMEHT TaKsKe 6y-
A€T paBHA HYJIIO, 9HEPTHUA 3JIEKTPHYECKOro II0JIA KOHJeHCcaTopa
OIIATEH CTAHET MAKCHUMAJIBLHOIM.

ITocne aroro KoHAZEHCATOP BHOBL HAUHET MePe3apAMKATHCH,
H cHCTeMa BO3BPATHTCA B MCXOJHOE COCTOAHHe. Eciau 6bl He
Ob1710 IOTEPh SHEPIHUH, TO HTOT IIPOIECC MPOAOJIIKAJICH OBl CKOIb
yroguao jponro. KomebGanus Geuim GBI He3aTyXamoNuMH. Yepes
OPOMEXKYTKH BPEMEHH, PaBHEIE NePHOAY KoJsebaHuii, cocTos-
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HHE CHCTeMbl B TOYHOCTH IoBTOpsAiochk Obi. Ilonmnas sHeprua

IIPY 3TOM COXPaHAIaCh ObI HEM3MEHHOM, ¥ ee 3HaUeHHe B JII000#

MOMEHT BpeMeHH Ob1JI0 6bI pABHO MAaKCHMAaIbHOI 3HEPIUH 3JIeK-

TPUYECKOro TOJA HJIM MAKCHUMAaJAbHOH SHEPrHH MArHUTHOTO

IIOJIA:

wolf & _ G _ L 4.4

2 t2cT 2 2 (#4)

Ho B JeHCTBHTEILHOCTH TIOTEPH Heprun HemsbesxHbl. Taxk,

B UACTHOCTH, KATYIIKA M COeJUHHUTEJbHEIE IPOBOAa 0basaioT

comporusJeHneM R, a 3TO BeJleT K IOCTEINEHHOMY IIpeBpaimie-

HHIO SHEPI'HHU 3JIeKTPOMArHHTHOI'O II0JI BO BHYTPEHHIOIO dHEpP-
THI0 [IPOBOAHHKA.

B xosebarelbHOM KOHTYpe SHEpPrHdA 3JIEKTPHYECKOTO ITOJIA
3apAKEHHOr0 KOHeHcaTopa MepuoUYecKy epexXoJuT B 9Hep-
M0 MATHATHOTO moad Toka. IIpu oTcyTeTBHM CONPOTHUBIIEHHSA
B KOHTYpE IIOJIHAA dHEePTrUd 3JIeKTPOMArHUTHOTO II0JIA OCTAETCH
HEeM3MeHHOM.

- 1. Yemy paBHa 3HePrua KOHTYPA B NPOH3BONLHLIA MOMEHT BpeMeHHu!
:‘?1 2. Moyemy NPH NOAKMIOYEHHH KOHAEHCATOPA K KaTylKe OH paspsxa-
2o ercs nocreneHHo!

AHAJIOTHSA MEJKIY MEXAHHYECKHAMH
§29 y 3EKTPOMATHHUTHBIMH KOJEBAHUSAMH

DIeKTpOMarHUTHBIE KOJIeDaHUA B KOHTYPe HMeIT CXOACTBO
co CBOGOAHBIMHM MeXaHMYECKHMM KojebaHMAMH, HanpuMep
¢ KoNeBaHUSAMH Tesa, 3aKpPeILIeHHOr0 Ha NpYKHHe (IPyXKuH-
HEIH MaaTHUK). CXOACTBO OTHOCHTCA He K IPHPOJE CAMHX Beé-
JIMUUH, KOTOphle MepHOAWYECKH H3MeHAITCH, a K IIpomeccam
MepUOAUUYECcKOro U3MeHeHHd DA3JIMYHBIX BeJIMIHH.

IIpu MexaHWYECKHX KoJIeOaHUAX NepUOATIeCKH H3MEeHAIOT-
cA KOOPAMHATA TeJia X U IIPOeKIIUs ero CKOPOCTH U, & IIPH dJIeK-
TPOMArHUTHEIX KoJieDaHHAX H3MEeHATCH 3apA/] ¢ KOHAEHCaTo-
pa u cuia Toxa i B memu. OAUMHAKOBEIA XapaKTep H3MEHEHHA
peamuuH (MEXaHWUECKUX U 2JIEKTPHYECKHX) OOBACHAETCH TeM,
YTO MMEeTCH aHAJOTHA B YCIOBUAX, MPH KOTOPHIX BO3ZHHKAIOT
MeXaHUJYecKHe U 3JIeKTPOMATrHUTHEIe KonebaHUA.

BosBpaniesue K MOJIOKEeHHI0 PABHOBECHSA Tejla HA NPYXHHE
BBI3BIBAETCSA CUJION ympyroctd F, ..., [IPOIIOPLHOHANBHON CMe-
IMeHHI0 TeJia OT IMOJOXKeHHA PABHOBECHA. KoahdunueartTom Ipo-
NOPHUOHANBHOCTH ABJIAETCH KECTKOCTh NPYKUHBI k.

PaspsaKka KOHZeHcaTopa (I0siBJIeHMe TOKa) 00yCcIoBIeHa Ha-
OpaXeHHeM U MeK 1y IJIaCTHHAMH KOHIEeHCATopa, KOTOpoe Ipo-
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OOPHHUOHANBHO 3apAny ¢. KoaddunueETOM HPOIOPIMOHAILHOCTH
1
ABJIAETCA BeIHUYHNHA c’ o0paTHAA eMKOCTH, TAK KaK u = Eq'

ITogo6HO TOMY Kak, BelaeACTBHE MHEPTHOCTH, TEJIO JIHIIE
OOCTENEHHO YBeIHUYHUBAET CKOPOCTh MO AeHCTBHEM CHUJIBI ¥ 9Ta
CKOPOCTE ITOCJ€e NpeKpaleHus AeHCTBHA CHUIBI He CTAHOBHUTCA
Cpasy PaBHOH HYJIIO, DIEKTPHYECKHH TOK B KaTyIIKe 3a CYeT
SABJIEHUA CAMOMHIYKIIMYN YBEeJIHWUYHBAETCs II0[ [NeHdCTBHEeM Ha-
NIPAXKEHUA IIOCTEIIeHHO U He BcYe3aeT cpasy, KOrja 3To Hampd-
JKeHHe CTAHOBUTCH DAaBHBIM HYJNI0. MHAYKTUBHOCTE KOHTYpa L
BEIIIOJIHAET TY Ke POJIb, YTO M MACCa Teja m NpH MeXaHude-

CKHX KoJebaHuAX. CooTBeTCTBEHHO KHHeTHYEeCKasaA OJYHepruda
muv 12
Teaa —éi AHAJO'MYHA 3HEePruH MAardHMTHOIO IIOJA TOKa ?.

3apsaaxa KoHJeHcaTopa or faTapeu aHAJOrMYHA COOGIe-
HHUIO Tely, NPUKDEIVIEHHOMY K MPYXKHHE, NOTeHIHaXbHOH

X
dHEPruum —2£ IPH CMeIIeHUH Tejia Ha PACCTOSHME X, OT IIOJIO-
JKeHus paBHOBecus (puc. 4.5, a). CpaBHMBaA 3TO BRIpaKeHHE
2
- q
Cc DHeprueil KoHAeHcATOpa "2%’ 3aMeYaeM, 4TO KeCTKOCTb k

NPYKHUHBI BHINOTHAET NPU MeXaHUYECKHX KONe0aHUAX TAKYIO
1
JKe poJlb, KAK BeIMYHHA c’ obpaTHas eMKOCTH, IIPU 3JeKTpPO-

MarHUTHHIX KoJebanuax. IIpm sToM HauajbHAA KOOpAMHATA
X, COOTBETCTBYeT 3apsAy q,,.

9m ~9m
I
e
. i -
t=0 t= 4 t P
Xm X Xm
v=0 7] Um v=0
a) 6) B) )
Puc. 4.5
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Bo3HMKHOBeHHE B 9JIEKTPHUYECKOH eI TOKAa i COOTBETCTBYET
NOABJEHHIO B MeXaHUYeCKOH KoJiedaTelbHOH cucTeMe CKOPOCTH
Tesa v, oJ; AeHCTBUEM CHIIBI YIIPYTOCTH IPYKHHEI (puc. 4.5, 0).

MomeHT BpeMeHH, KOTrJa KOHAEeHCATOD pas3pAAHuTCsH, a CHIa
TOKA JOCTUIHET MaKCHMyMa, aHAJOTW4eH TOMY MOMEHTY Bpe-
MeHH, KOrjaa Tejo O0yJeT HPOXOAUTH ¢ MaKCHMAJIBHON CKOPO-
cTeio (puc. 4.5, 8) MONOXeHHe PABHOBECHA.

Ilamee KOHAEHCATOP B XOJe 3JJIEKTPOMarHUTHBIX KoJseba-
HUIl HauHeT Imepe3apsiKaThCHd, 4 TeJI0O B X0Je MeXaHHM4YeCKHX
KomebaHU — CMeIaThCA BJIEBO OT MOJIOMEHHSA DaBHOBECHA
(puc. 4.5, 2). Ilo npourecTBHH MOJOBUHEI meproa T' KOHJeHCATOD
IIOJIHOCTBIO Nepe3apAgUTCA U CHJIA TOKA CTAHEeT PaBHOI HYJIIO.

IIpu MexaHWYECKUX KOJeDaHUAX 3TOMY COOTBETCTBYET OT-
KJIOHEeHHe TeJla B KpaliHee JieBoe MOJOMKEeHHe, Korja ero CKo-
pocTes paBHa HyJiio (puc. 4.5, ).

CoOTBeTCTBUE MEXAY MEXaHHUYeCKHMH M JJIeKTPHYeCKHMU
BEJIMUMHAMH NpH KoJyiebaTeabHBIX IpOIeccaxXx MOMKHO CBECTH
B TabMuIy.

Mexanuueckas BeJIHIHHA DieKkTpHYECKAad BeJIMYHHA
Koopaurara x 3apan g
CropocTs v, Cuna Toxa i
Macca m WaaygTuBHOCTE L 1
MecTKOCTL IPYIKHUHE k Benwnuunsa, ob6paTHad eMKOCTH, v
kx? q2
IToreHuuaabHAA dHEPIrHA —— DJHePruA 9JIeKTPHIECKOro MoJfd —
2 2C
2 2
ve i
KuneTnueckasi 3Heprus DHeprus MArHHTHOTO MOJSA —
2

DIeKTPOMArHUTHEIE M MeXaHHYeCKue KonebaHUA HMeIOT Pas-
HYIO IPUPOAY, HO OMHCHIBAIOTCHA OLWHAKOBEIMH YDABHEHUAMH.

1. B YeMm NPOSBNSETCS aHANOTHA MEN(LY INEKTPOMArHHTHIMK Koneba-
HMSMM B KOHTYPe M KonebaHusiMH NPYMMHHOTO MasTHHUKal

2. 3a cyeT KaKOFO SBNEHMS INEKTPHYECKMH TOK B KonebaTensHOM KOH-
Type He MCHe3aeT Cpa3sy, KOrjAa HanpsHeHHe Ha KOHAeHcaTope CTa-
HOBMTCH PaBHbIM Hymio!

YPABHEHHME, OIIMCBIBAIOIIEE ITPOIIECCHI
§ 30 B KOJIEBATEJIBHOM KOHTYPE. IIEPHO/L
CBOBOJIHBIX 2JEKTPHYECKHX KOJIEBAHUH

[lepeiifeM Temepb K KOJHYECTBEHHOW TEOPHH IIPOLECCOB
B KoJiebaTeIbHOM KOHTYPeE.

YpasHeHue, onuchiBaiouiee Mpouecchl B KoJie0aTeJIsHOM
KoHType. PaccMoTpuM KoJle6aTelbHBIA KOHTYD, CONPOTHB/IEHH-
eMm R KoTOpOro Mo;kHO npeHebpeds (puc. 4.6).
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YpaBHeHHe, omnuchIBawiee CBOOOJHBIE
BJIEKTPUYECKHEe KOJe0aHus B KOHTYpE, MOMK-
HO IIOJIYYHTh C MOMOIIBIO 3aKOHA COXPaHeHUSA

—q
snepruu. IlosHas sjeKTpoMarsWTHasa BsHep- =
rua W koHTypa B /11060#f MOMEHT BpeMeHH +q

paBHA CyYMMe ero B»HEPruii MArHUTHOTO U
3JIEKTPUYECKOT0 IIOJIeH:

Puc. 4.6

OJTa 5HePrusA He MEHSeTCH C TeUeHHEeM BDEMEeHH, eCJH CO-
npoTuBJeHne R KOHTypa paBHO HYJ0. 3HAYHT, NPOMU3BOAHASN
TOJTHOH SHEPrMHM IO BpPeMeHH paBHa Hymo. ClefoBaTesbHO,
PaBHA HYJIO CyMMa IOPOHM3BOJAHEIX II0 BPEMEHHM OT DHEPruii
MACHUTHOTO M 3J€KTPHYECKOTr0 IIOJIeH:

LEY (1.
(?) +[%) =

-2 ’ 2 ’
#)-g) e
2 2C
DusnYeCKHit CMBIC/ ypaBHeHUA (4.5) COCTOUT B TOM, UTO CKO-
POCTh H3MEHeHHUA HePruy MarHMTHOTO IOJIA 10 MOAYJII0 PABHA
CKOPOCTH H3MeHeHUs 9HePIrUHU 3JIeKTPHUECKOTO MOJIA; 3HAK «—»
YKa3blBaeT Ha TO, 4YTO, KOTAA DHEPTHA 3JIEKTPHUYECKOTO ITOJIA

BO3pacTaeT, YHePIrufA MarHUTHOrO Moy yoeiBaer (4 HaoGopoT).
Beryucsiue nmpousBogHble B ypaBHeHUH (4.5), moayyum’

HIIHA

Loy 1
E-Zu = e 2qq’. (4.6)

Ho npouspognas sapsajga mo BpeMeHH npexacrasiisger coboii
CHJIy TOKA B JAHHBIH MOMEHT BpeMeHH!:

i= lim—==gq'. (4.7)

Ilosromy ypasuernue (4.6) moxkHO IepenucaTs B CJIEAVIONIeM
BUE: qi
Li'i= " (4.8)

I Mu BBITHC/IAEM NPDOH3BOAHEIE 110 BpeMenwu. IlosTomy npoussomnas (i2)’
PaBHA He npocTo 2i, KaK ObII0 6bI IPHM BHIYHCICHUHT npou3BoAHOM mo i. Hymx-
HO 2i YMHOMMHTB eIlle HA NPOMSBOAHYIO i’ CHJIBI TOKA IO BpEMEeHH, TAK Kak
BEIYHCAAETCA NPOM3BOAHAA OT cJA0KHON dyaxmmu. To e caMoe OTHOCHTCH
K mpousBoaHoi (g2).
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TIponsBomHAas CHJIBl TOKA IO BPeMEHH ecTb He 4YTO HHOe,
KaK BTOpasd IPOM3BOJAHAS 3apsaia II0 BPeMeHH, NMOA00HO TOMY
KaK IPOM3BOJHAA CKODOCTH 110 BpeMeHH (YCKOPEHHe) eCThk BTO-
pas Tpou3BogHAs KoopauHATH mo BpemeHu. Iloncrasus B
ypaBuenue (4.8) i'=¢" u pasfenus JIeBYI0 H NpPaByl 4acTH
aroro ypaBHeHusi Ha Li, moqy4YuMM OCHOBHOE ypaBHeHHE, OIH-
chIBaoIIee CBODOMHEIE dIeKTPHUeCKHe KojiebaHusa B KOHType:

"o L
¢ =-35% (4.9)

Teneps BbI B MOJHOH Mepe MOKeTe OLIEHUTh 3HA4YeHWe TeX
yenauii, KOTOpble OBLIM 3aTPa4eHBl A8 U3yIeHusd KonebaHU
OIapMKa Ha NPYy)KHHE M MaTeMaTH4YeCKOoro MasTHHUKA. Bens
ypaBHeHue (4.9) HEYeM, KpoMe obo3HAUEHH, He OTJNYaeTcs
ot ypasHenusd (3.11), omuchIBAKOIIEro KoJefaHuA IMIapuKa Ha
npysxuse. IIpu samene B ypaBHenuu (3.11) x Ha ¢, x'" wa q",
E ma 1/C u m Ha L MBI B TOYHOCTH IOJy4YUM yPaBHEHIE (4.9).
Ho ypasrenue (3.11) ObL10 yiKe PelIeHO BbIIIE. ITosTomy, 3HaHA
$HOPMYJTY, OIKCHIBAIOIIYIO KOMeOaHHUA IPYKUHHOrO MaATHUKA,
MEL Cpa3y Ke MOKeM 3amucaTh (PopMyay ANA ONHCAHHA K-
TPUYECKHUX KoJebaHHUI B KOHTYpe.

®opmyna Tomcona. B ypaBHeHUH (3.11) xoapHIIEHT %
npezncrasifeT coboii KBaapar coBecTBeHHOII YacTOTHI KoJebda-

guii. [ToaTomy 1 KOIQPHUITHEHT Ic B ypasuenun (4.9) raxixe

npencrasJisger coboil KBaAPaT MUKIWYECKOH JacTOThl — B 9TOT
pas ajis CBOOOAHBIX JJIEKTPUYECKHX KoJiebaHni:
1 1

— (!) —_——
Le 9 [LC

Iepuon cBoGOAHBIX KoJebaHWi B KOHTYDE, TAKUM oGpasom,
paBeH:

0= : (4.10)

T = 3)—" = 2xJIC. (4.11)
0

®opmyna (4.11) HaspiBaeTca opmyaoi TomcoHa B 4eCThb
amrauiickoro dusuxa Y. Tomcoua (KenbsuHa), KOTOPBIN ee
BIIEPBbIE BBIBEIL.

VBejguueHHne IepHoga C¢BOOOIAHBIX KoyjebaHM ¢ BO3pacTa-
auem L u C HATIAAHO MOMKHO noscHUTh Tak. Ilpu yBemude-
HHM WHIYKTHBHOCTH L TOK MejJleHHee HapacTaeT coO BpeMeHeM
¥ MeJJieHHee majaeT A0 Hyad. A deM Goiblle eMKOCTb C, TeMm
Gonboiee BpeMs TpefyeTca AJiA Iepe3apAAKHd KOHAEHCATOPA.



I'apmonnuyeckue Konebanus 3apana u Toxa. [logodHo ToMy
KaK KOOpJMHAaTa NP MeXaHW4YeCKMX KoJjebaHHAX (B ciaydae,
Korga B HAYaJBHBLIA MOMEHT BpeMeHH OTKJIOHeHHEe TeJia MadAT-
HHKa OT IIOJIOXeHHUd paBHOBeCHUS MaKCHMAaJIBHO) M3MeHAETCHA
CO BPEMEHEM 110 TapMOHHMYECKOMY 3aKOHY:

X = Xy cos Wy,

3apdAJ KOHIOeHCaTopa MeHsaeTcd C TedeHHMeM BpPeMeHH IIO TaKo-
My JKe 3aKOHY:
q = q,, Cos Wyt, (4.12)

rme ¢, — aMILUIATyga KoaebaHuii 3apama.
Cua TOKa TakKe COBepIIAeT TAPMOHHUYECKHEe KoJebaHus:

J, (4.13)

n
i=¢q =—-Wy,, sinwyt=1, cos[u)ot+5

rae I, = q,®, — aMOoauTyga Koaebanuit cuasl Toka. Koseba-
b
HHUA CHJIBI TOKA OIlepe:karT mno ¢ase Ha = KosieDaHUA 3apAna

(puc. 4.7).
Touno Tax ke KosefaHHSA CKODPOCTH Tejla B cJydae Ipy-

T
JKHHHOI'O HJIHM MaTeMaTH4YeCKOI'0 MaATHHKA OIepe:XarmT Ha E

KoJe0aHNa KOODPOWHATHI (CMeIeHUsd) BTOTOo TeJa.

B gmeiicTBUTENBHOCTH, M3-3a HeH30eIKHOI'0 HAJHYMSA COIIPO-
THBJIEHHS JJIeKTPUUYEeCKOH menu, kKojebaHusa OyayT saTyxaro-
mumu. ConporusieHne R taxke OynerT BIMATL U HA NEPUOL
KonebaHUi, yeM O6oJbille compoTHBIeHHe R, TeM G6OIBIIAM
Oyner mepmon KosebGanuii. IIpu mocraTouHOo GOJBIIOM COIIPO-
TUBJIEHMH KojJebaHMA CcOBceM He BOSHHKHYT. KoHaeHcaTop
paspsaguTCA, HO Iepe3apAfKH ero He IPOU30HAeT, 3HepPrusd
3JIEKTPUUYECKOI0 U MATHHUTHOT'Q IIOJIeH mepeHzer B TeILIO.

IIpocreiimas cucremMa, rie HabJ0OLaOTCA CBOOOIHBIE 3JIEK-
TPOMarHHUTHLIe Kole0aHusA, — KoJiefaTeIbHBIN KOHTYD. Ypas-

HeHHe (4.9) — 5TO OCHOBHOE ypaBHEHUE, OIIMCHLIBAIOIIEE CBO-
OonHbIEe DJIEKTPHYECKHE KoaebaHUA B KOHTYDe.

NN AN

Puc. 4.7

q,il

(=]
~
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1. B yem pasnuume mexxay cBOOOAHbIMH H BEIHYAECHHBIMM JNEKTPHYE-
CcKMMM Konebannamu!

2. Kak u3meHMTCs nepuoji cBoBOfHLIX 3NEKTPHYeCcKMX KonebaHwi
B KOHTYpE, eCNM eMKOCTb KOHJJEHCAaTOpa B HeM BfIBOE YBENHUMTh
MNH e BABOE YMEeHbLIMTh!

3. Kak ceazaHbl amnnMtyabl konebaHuii 3apafa M TOKa NpuM paspsaxe
KOHJl@HCAaTOpa 4Yepe3 Karywxy!

§ 31 NEPEMEHHBIN 9JIEKTPHYECKHHA TOK

CBoBoHbIE 3/IeKTPOMArHUTHEIE K0JIe0aHus B KOHTYpe OBICT-
PO 3aTYXAlOT, M IOATOMY OHM IIPAKTHYECKM He MCIIOJNB3YIOTCH.
Hanporus, HesaTyxaionue BHIHYMKAEHHEIe KojebaHHA HMEIOT
OrpOMHOE NPAKTHYECKOe 3HAYEHHE.

IlepeMeHHBIN TOK B OCBETHTENBHOH CeTH KBApTHPBI, NPH-
MeHseMEIHA Ha 3aBojgax u abpukax M T. A., OIpefCTABISAET CO-
60i1 He 4YTO MHOE, KAK BLIHYMKJEeHHBIEe 2JIEKTPOMATHHTHEIE KO-
gebaana. Cuna TOKa W HaAOpAXKeHUe MeHAKTCHA CO BpeMeHeM
0 TAPMOHHMYECKOMY 3aKOHY.

Konebanusa HanpAKeHHUS JIETKO OOHAPYMHHTH € IOMOLIBIO
ocnunnorpada. Eciu Ha BepTHKAJIBHO OTKJIOHAIIME I1JIACTH-
HBI ociuiorpada NojaTs HanpsaKeHue OT CEeTH, TO BpeMeHHAs
pasBepTKa Ha KpaHe Oy/JeT IpeJCTABIATH CO00M CHHYCOHAY
(puc. 4.8). 3HaA CKOPOCTH ABUMKEHHA JyYa IO 9KPaHY B rOpH-
30HTAJILHOM HAIpABJIeHUH (OHA OIpejesfdeTcAd UaCTOTOH IIH-
1000pAa3HOr0 HANIPAYKEHHUA), MOXKHO BBIYHCIUTH YACTOTY KoOJle-
Gannii. YacTora mepeMeHHOr0 TOKA — 9TO UHCJO KoJsebaHuM
B 1 c. CrannapTHasg dacrora Ipo-
MBIIIJIEHHOIO II€PEMEHHOT0 TOKa
pasHa 50 I'm. 9To o3HAUAET, YTO HA
nporsixenun 1 ¢ toxk 50 pas maer
B onHYy cTropoHy ¥ 50 pas — B Ipo-
TuBOmosokHYI0. Yactrora 50 T
MPUHATA OJI5 IPOMBIIILIEHHOIO TOKA
BO MHOruX crpaHax mmpa. B CIITA
npunaTra yacrora 60 I'm.

Ecam mHanps:xeHHe Ha KOHIAX
Henyd MeHSeTcs II0 TaPMOHUYECKO-
My 3aKOHY, TO ¥ HaIpAXKeHHOCThb
SIEeKTPUUYECKOTO II0JIsI BHYTPH IPO-
BOJHHKOB OyIeT TaKyKe MeHATHCA
: . rapMOHHMYECKH. OTH TrapMOHHYe-

e | ckwe m3MeHeHUA HATIPAMXKEHHOCTH

1oJif, B CBOK O4Yepeab, BEI3BIBAIOT

rapMOHMYeCKHe KoJeDaHusA CKO-

Puc. 4.8 POCTH YIOPAAOYEHHOIO IBHMKEHUS
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3apAMKeHHBIX YaCTHUI ¥, cieloBa-
TeIBLHO, TapMOHHYeCKHe KoJjeda-
HUS CUJBI TOKA.

Ho mpu usMeHeHMH Halpsxe-
HHUA HA KOHIAX HEeNu 3JIeKTpude-
CKOe€ I10JIe He MeHSAeTCA MI'HOBEHHO
BO BceH nenu. lMsmeHeHMA oIS
PacupocTpaHAKTCA XOTS U ¢ OYeHb

Gonpumioi, HO He ¢ OGECKOHEeYHO
0ONBIIOH CKOPOCTHIO. Puc. 4.9

OpEaxo, ecaim BpeMs pacIiIpo-

CTpPaHEeHHs M3MeHEeHWMH IIOJIA B IEelIHM MHOI'O MeHBIIe IIepHoza
KoymebaHuH HATIPAXKEHU, MOMKHO CUHTATE, UTO BIeKTPUUECKOe
noJie BO BCei LeNy Cpasy ke MeHAeTCHA P M3MeHeHHH HAIp-
SKeHHuA Ha KOHIAX menu. IIpm sToM cujia TOKA B JAHHBIA MO-
MeHT BpeMeHH OyJeT UMeTh HPaKTHU4YeCKH OJHO M TO JKe 3Hade-
HUEe BO BCEX CeYeHHSAX HEepPA3BeTBJIEHHOH Ienu.

IlepemenHOe HampsAMKeHHe B MHE3[aX PO3ETKHM OCBETHUTENb-
HOII CeTH CO3/laeTCcd reHepaTOPaMH Ha aJleKTpocTaHuax. IIpo-
BOJIOYHYIO PAMKY, BPAIlAIOIIVIOCH B IOCTOAHHOM OJHODPOJZHOM
MAardHMTHOM IIOJI€, MOXKHO pPACCMATPHBATE KaK IIPOCTEHINYIO
MOZeJb TeHepaTopa IepeMeHHOro Toka. IloToxk MarsuTHOR
UHAYKOUY P, DPOHMILIBAKIIHUI IIPOBOJIOYHYIO PaMKy ILJIO-
manepo S, IPONOPHUOHANEH KOCHHYCY yIia O MeXIy HOpMa-
JBI0 K paMKe W BEKTOPOM MArHHTHOHM HMHAYKDuu (puc. 4.9):

@ = BS cos 0.

IIpu paBHOMEpPHOM BpaIlleHNH PAMKHU YI'0JI O YBEJITUYHNBACTCH
IPsAMO OPONOPIMOHAILHO BpEeMeHH:

o = i,

rae @ — YIJIOBAA CKOPOCTH BpamieHudA paMiku. [IoToOK Marsur-
HOH MHAYKIHUH MEHSEeTCsd II0 FAPMOHHYECKOMY 3aKOHY:

@ = BS cos wt.

3/1ech BeIMYMHA () UTPAET YIKe POJIb IIUKINYECKOH YaCTOTEL.

CormacHO 3aKOHY 3JI€KTPOMATHHUTHON MHAYKRIUHA IIIC muH-
IVKIIMHA B paMKe DaBHA B3ATOH CO 3HAKOM «—» CKODOCTH H3Me-
HEHHUSA NOTOKA MAarHUTHON MHAYKIWH, T. €. IPOU3BOJHOM II0TO-
Ka MarHMTHOH MHAVKIUH II0 BDEeMeHH:

e=—-®'=—-BS (cos wt)' = BSw - sin ot = &, sin ot,

rae €, = BSow — amoauryna 9JC MHAYVKIMH.

Ecim K paMKe NOAKJIOYUTH KOJeOATEIbHBIA KOHTYD, TO
YIIoBaA CKOPOCTH () BpallleHHUA PAMKH OIIPEAEJHUT YACTOTY M
KoJsiebanuit sHaveHui JJC, HANPAKEHUA HA PA3NIUUYHBIX yda-
CTKAX IelHd W CUJILI TOKA.
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Mgu1 OyaemM u3ydyaTh B JajJbHEHIIIeM BBIHYYKIEHHbIE 3JIEK-
TpHYeCcKHe KoJeGaHuA, IPOUCXOAAINNE B IeNAX IIof NeHCTBH-
€M HAINPAXKEeHUHA, MeHAIINerocs ¢ IIUKJANYEeCKOH Y4acTOTOH M
0 3aKOHY CHHYyCa MJIM KOCHHYCA: °

u="U,sin ot
WA
u = U, cos ot, (4.14)

rge U, — aMOIuTyAa HaUpsKeHHA, T. €. MaKCHMAaJbHOE IO
MOAVJI0 3HAUEHHE HAIPAKEHUS.

Ecinm Hanps)KeHHe MEHAeTCA ¢ IHUKJIHYEeCKOH 4acTOTOH o,
TO ¥ CHJIA TOKA B Ienu OyJeT MeHAThCs ¢ TOH ke yacToroil. Ho
KoJjie0aHUA CHJBI TOKA He 00s13aTeJIbHO JOJXKHBI COBOANATE 110
dase ¢ Kosebanuamu HanpsxkeHud. [losromy B o0IueM ciydae
cuja TOKa I B m000i MOMEHT BpeMeHH (MI'HOBeHHOe 3Ha4YeHHe
CHJBLI TOKA) ompefeiseTca no gopmye

i=1,sin (0t + @,). (4.15)
3gecy I,, — aMOAUTyZa CHJbLI TOKA, T. €. MaKCHMAaJbHOE IIO

MOJAYJI0 3HAYEHHE CHJbLI TOKa, a (, — pasHOCTh (cABHT) (a3
MeXJy KoJeOAHMAMH CHJIBI TOKA M HAIPAMeHH:.

B ODpOMBILIJIEHHBIX [ENAX MePpeMeHHOI0 TOKa CHJA TOKa U
HanpsKeHWe MeHAITCH rapMOHMYECKH ¢ dacTtoroit v = 50 I'm.
IlepeMeHHOE HampsKeHHWe Ha KOHIAX IeNH CO3JaeTcdA reHepa-
TOpPaMM HA BJIEKTPOCTAHIIMAX.

ey 1. MpH KaKMX YCNOBHMAX B INEKTPHYECKOH LieNH BO3HMKAIOT BbIHYMAEH-
‘? Hble 3NEKTPOMAarHuTHeie KoneGannsa!
b 2. OgHHaAKOBO NM MIHOBEHHOE 3HayeHMe CHNbl NEPEeMEHHOro TOoKa
B [aHHbIH MOMEHT BPEMEHM BO BCEX Y4YacTKaX HepasBeTBNeHHOW
yenm!

AKTHBHOE COIIPOTHBJIEHHE.
§ 32 JEUCTBYIONIHE 3HAYEHHWSA CHJIBI TOKA
U HAIIPSKEHUSA

Ilepeiinem x GoJiee AeTadbHOMY PACCMOTPEHHIO IIPOLECCOB,
KOTOpBIE IPOMCXOAAT B IeNH, NOAKJIOYEHHOH K HMCTOYHUKY
IIepeMeHHOTO HallpAXKeHHuHA.

Cuna Toka B menu ¢ pesmcropom. IlycTe mene cocTonT U3
COeIMHUATEJLHBIX IPOBOJOB M HATPY3KH ¢ MaJIOH MHAYKTHUBHO-
¢ThIO ¥ GonpmuM conporusienuneMm R (puc. 4.10). 9Ty BesHudHn-
HY, KOTOPYIO MEI [0 CHX IIOp Ha3bIBAJIH 3JIE€KTPUYECKHM CO-
[NPOTHBJIEHHEM HJIM IIPOCTO CONPOTHBIEHUEM, Tenmeps OyaeM
HAa3bIBATh AKTHBHEIM COIIPOTHBJIEHHEM.
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ComnpoTtugenenue R HasbiBaeTCs aKTUB-

HBIM, IOTOMY YTO IPH HAJHYHH HATDY3KH, é
obaaroieii 3TUM COIIPOTHBJIEHHEM, IeTh R u="U,, cos ot
IOTJIOIIAeT 3HEPryuio, IIOCTYIIAKINYH OT o

reHepaTtopa. JTa JHEPrHUs I[IpeBpAIaeT-
CA BO BHYTPEHHIOK 3HEPIrUI0 NPOBOJHU-
KOB — OHH HarpepawTca. bByzem cum- Puc. 4.10
TaTh, YTO HANDAKEHHUE HA 3aKHMax IelH
MeHsJeTCs OO0 TFapMOHHUYECKOMY 3aKOHY:

u = U, cos wt.

Kak m B cayyae moCTOSHHOIO TOKA, MIHOBEHHOe 3HAaUYeHHe
CHJIBI TOKA IPAMO IPONOPIMOHANBHO MI'HOBEHHOMY 3HAYEHHUIO
HallpAMXEeHHA. H03TOMY AJIA HaXO0ICHUA MI'HOBEHHOI'O 3Ha4de-
HHSA CHJIbI TOKA MOXXHO HPUMeHHTH 3aKoH Oma:

Pl CaSBHE. i ciner (4.16)
R R

B nposodHure ¢ aKMUBHbLM CONPOMUBILEHUEM KONEOAHUA
cunbl moka coenadam no gase ¢ KONEOAHUAMU HANPANCe-
Hus (puc. 4.11), a amnaumyda cunvt moka onpedensenca pa-
BEHCMBOM

I, =—=. (4.17)

MomuocTe B Ienu ¢ pesncropoM. B menm nepemMeHHOTro
TOKa IPOMBINUIEHHOH uacToTel (Vv = 50 I'l) cuia Toxa m Ha-
Opsi)KeHue U3MeHAIOTCA CPaBHHUTENBHO ObicTpo. IloaTomy mpu
NPOXOXKAeHHH TOKA II0 NPOBOAHHUKY, HAIIPHMED II0 HUTH 3JIEK-
TPHYECKOH JIaAMIIOYKH, KOJHUYECTBO BHIJECJIEHHON 3HEPrUH TaK-
e Oyzer OBICTPO MEHATHCA CO BpemeHeM. Ho aTHX GEICTPBIX
HU3MeHeHHH MbI He 3aMedaeM.

Kax npasmno, HaM Hy:XHO OBIBAET 3HATHL CPEIHIONO MOUy-
HOCMb TOKa HA YYACTKe Ienu 3a 00JIbIION IPOMEKYTOK BpEMeHH,
BKJIIOYAOIMHWHE MHOTO nepuoaos. g 3TOoro JOCTATOYHO HAHTH
CPeJHIOK MOIIHOCTH 3a ogwH mepuof. ITox cpeaneit sa mepuon
MOIOHOCTHK) IE€PEeMEeHHOI'0 TOKAa MNOHHMAIOT OTHOIIIeHHe CyM-
MapHOH dHEePTHH, IIOCTYIIAIOIIeH B IeNb 3a IePHOJ, K IepUOAY.

MougHOCTE B LM IIOCTOAH-
HOI'0 TOKa Ha y4JacTKe C COIIpo-

.
TuBIeHNeM R omnpepenserca Uy ) ug(t)
dopmyroi I ip(t)
P=TIR. (4.18) -
3

Ha IIPpOTAMEHHH O4YeHb Ma-
JIOTO HHTEepBalla BpeMeHH I1I1e-
PEeMEeHHBIM TOK MOMKHO CYHUTATH
IIPAKTHYECKH MNOCTOSAHHBIM. ITo- Puc. 4.11

[
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9TOMY MIHOBEHHasd MOIIHOCTh B IENH IIepeMeHHOro ToKa Ha
y4acTKe, MMeIOIlleM aKTHBHOE CONIPOTHRIeHHe R, onpenenseTca
dopmyioi

P =iR. (4.19)
Hai«'meM cpe,z[Hee 3Ha4YeHHe MOIIHOCTH 3a IIepHuon. ,H,Jlﬁ 9TO-

ro cHayajsa npeobpasyem Gopmyny (4.19), noacraBiaa B Hee
BeIpaskeHue (4.16) AaA CHUIBI TOKA M MCHOOJIb3YA M3BECTHOE U3

P 1+ cos2a
MAaTeMATHKHI COOTHOIIEHHE COS™ Ol = — =
IR I2R IXR
P= 5 (1 + cos 2wt) = "; + 5 C0s 2mt. (4.20)

I'paduK 3aBUCHMOCTH MTIHOBEHHOH MOINHOCTH OT BpeMe-
HM wusobpasken Ha pucyaxke 4.12, a. CorsacHOo rpadpury
(puc. 4.12, 6), Ha DPOTsAKEHHH ONHOM BOCBMOM Iepuoja, KO-

rpa cos 2ot > 0, MomHOCTE B 11000 MOMEHT BpeMeHH OoibIie,
2

yem . 3aTo Ha MNPOTAMKEHHH CJIeAYIOIeid BOChMOM uYacTH

nepuona, Korga cos 20t < 0, MOUIHOCTE B JII000H MOMEHT Bpe-

2
m

MEeHH MeHbIIIe, YeM . Cpenuee 3a mepuoj 3Ha4YeHue cos 20t

paBHO HYJIO, 8 3HAYUT DABHO HYJIIO BTOpPOE claraeMoe B ypaB-
mennu (4.20).
Cpennasa MomiHOCTH P paBHa, TakHM 006pasoM, NepBOMY
uneny B dopmyine (4.20):
I2R

P=i%R= 5 (4.21)

JlelicTEyIOIIMe 3HAYEHHA CHJIIBI 'x'om}2 M Hanpsixeaus. Ma
dbopmynel (4.21) BUAHO, YTO BEJIMYHHA —;i ecTh CpejiHee 34 IIe-
puoO/i 3HAUeHWe KBaApATaA CHJIbI TOKA:

I

*=—. (4.22)
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BenuunHa, paBHadA KBaJApaTHOMY KOPHIO U3 CpeJHero 3Ha-
YeHHA KBaj/JlpaTa CHJIbBI TOKa, Has3bIBaeTcHd I[eﬁCTBYWIHHM 3Ha-
YeHHEeM CHJBI INepeMeHHoro Toka. [lelicTBymOllee 3HauyeHHE
CHJIBI HIepeMeHHOro ToKa obo3HauaeTca depes [:

I
I=4i2= -2, 4.23
Vi = ( )

JelicTByloIlee 3HAYEHHE CHIBI MEePEeMEHHOT0 TOKA PABHO
CHJIe TaKOr0 MOCTOAHHOTO TOKAa, IPH KOTOPOM B IIPOBOJHHKE
BEIAEJIAETCA TO e KOJHYECTBO TeIJIOTHI, UYTO M IIPH HepeMeH-
HOM TOKe 3a TO JXe BpeMd.

HeiicTByionlee 3HAUEHUE ITEPEMEHHOI0 HANPAMKEHUS OIpe-
AensgeTcss AHAJOTHYHO AeMCTBYIONIEMY 3HAYEHMIO CHJIBI TOKA:

U
U=ut=—=. (4.24)
V2

3ameHasa B opmynae (4.17) aMOIuTyAHBle 3HAYEHHS CH-
JIBI TOKA M HaOpAMeHHA Ha UX JeiCTBYIONHe 3HAUYeHHdA, IIO-
Iy4yaem

I=—. (4.25)

9ro 3axkoH OMa 1Jisi yuacTKa Ny NepeMeHHOTO TOKa C pe-
BHCTOPOM.

Kax u mpu MexaHWUYeCKHX KOJMe0aHUAX, B CJIydae 3JeKTDPH-
YeCKHX KoJiebaHWi 00bIYHO HAC HEe MHTEePeCYOT 3HAYeHHA CUJIEI
TOKAa, HANPAXKEHHUA U IPYIUX BeJHUYUH B KasKIbIi MOMEHT Bpe-
meHH. BaykHEI 06IIue xapakTepucTuKH KonebaHuii, Takue, Kax
AMILIATY A, DEePHOM, YacTOTa, AeHCTBYIOIIHEe 3HAYEHHS CHJILI
TOKa ¥ HANPAMXKEHWs, CpeJHAA MOIIHOCTL. IMEHHO meHCcTBYIO-
mye 3HAYeHHWA CHJIBI TOKA W HAOPAMEHWUS pPEerucTPHpPYIOT
aMmepMeTpEl U BOJLTMETPEI IIePEMEHHOI'0 TOKA.

Kpome Toro, geiicTByoiiue 3HaueHNS yI00Hee MIHOBEHHBIX
3HAYEHHH ellle M NOTOMY, YTO HMEHHO OHH HeIOCpPeACTBEHHO
OIpefeJAIT CpefHee 3HAYeHHE MOIMHOCTH P IepeMeHHOro
TOKAa:

P=1*R= UL,

Kosiebanus cuIbsl TOKa B e ¢ PE3UCTOPOM COBIIAAAIOT II0
(ase ¢ KonebaHUAMY HAIIPAKEHUA, 4 MOIHOCTh ONpeJeIdeTcs
AEUCTBYIOIIUMY 3HAYEHUAMHM CHJIBI TOKA M HAIPIXKeHHU.

1. Yemy paBHa amnauTya HaNPSXKEHHS B OCBETHTENLHLIX CETAX Nepe-
‘? MEHHOTO TOKa, paccYMTaHHBLIX Ha HanpsmxeHne 220 Bl
hd 2. Yro Ha3LIBAIOT AEHCTBYIOWMMMH 3HAYEHHSMM CHNbl TOKa M Hanps-
yeHua!
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§ 33 RKOHAEHCATOP B IIEIIH ITEPEMEHHOTI'O TOKA

o o ITocToAHHEBIH TOK HEe MOMKET
A B A B ~ HIOTH 110 IelH, cofepxanieil KoH-
_:—o-‘ o a| o o JeHcaTop. Beab (haKTHUECKH IIpU

] : 5TOM IIeITb OKAa3LIBAETCS PA30OMK-
HYTOH, TAaK KaK 00KJIaJAKM KOHIEH-
caTopa pasfeseHbl JHAJIEKTPUKOM,

C IlepeMeHHBIH K€ TOK MOYKET HATH

T IO IIemH, cofleprKalel KoHJeHca-
Top. B sToM MOMKHO y0emuThCs
C IOMOIIbIO IIPOCTOTO ONEITA.

IIyers v HAC UMEHTCA MCTOYHUKH IIOCTOAHHOTO U IepeMeH-

HOT'0O HAIIPSYKeHUH, IPUYeM IIOCTOAHHOe HAaIDAKeHHe Ha 3aKH-

MaX MCTOUHHMKA PABHO AeHCTBYIOIIEeMY 3HAUeHHIO IepeMeHHOTO

HanpsaxeHns. Ilenb COCTOUT M3 KOHAEHCATOPA M JIaMIIbI HAKAJIH-

Bauud (puc. 4.13), coeiMHEHHBIX OCae 0BaTeJ bHO. IIpH BRJIIO-

UYeHHUH IIOCTOAHHOIO HAUPsKeHHsA (IepeKJjiodaTelb IIOBEPHYT

BJIEBO, IeIlb MOAKJIIYeHa K Toukam AA') maMna He CBeTHTCH.

Ho npy BKIOYEHHMH [ePEeMEHHOTO HAaTIPAXKeHMs (IepeKiroda-

TeJIb IOBEPHYT BIPABO, Iellh MOAKIIOUEeHa K ToukaM BB’) namna

3aropaeTrcs, eCcliM eMKOCTbh KOHIeHCaTopa AOCTATOYHO BEJIHKA.

Kak ’Ke mepeMeHHBIH TOK MOMeT HATH IO IeNnH, eC/Id OHa

(hakTHYecKHU PA3OMKHyTa (MeAy IJacTHHAMHM KOHJEHCATOpa

3apAnbl NepeMeniatseca He MoryT)? Bee meno B TOM, UTO IPOHC-

XOAUT DepHOoAUYecKas 3apaaKa 1 paspAiKa KOHJeHCcATOopa IO/

neiicTBMeM MepeMeHHOro HamnpsiKeHHs. TOk, HAYIIMH B Henu

IpH mepesapsijKe KOHJEHCATOpPA, HArPeBAeT HUTh JIAMIIbI.

VeTaHOBHM, KAK MEHSeTCA CO BpeMeHeM CHJIa TOKa B IelH,
coJlepsKaIieil TOIbLKO KOHIEHCATOD, eClIH COIPOTHUBIIEHHEM IIDOBO-

ZIOB ¥ OOKJIaZIOK KOHAEHCATODA MOXKHO nTpeHebpeus (puc. 4.14).

HanpsxeHnne Ha KOHIeHCATODE

Puc. 4.13

q

i = — = —

(PI (‘p2 C
pABHO HANPAMKEeHHWI0 Ha KoHnax nenu. ClrenoBaTesbHO,
% = U, coswt. (4.26)

Bapsa/ KOHAEHCATOPA MEHAEeTCs 10 TaDMOHHUECKOMY 3aKOHY:
g =CU,, cos wt. (4.27)

Cunna Toka, IpeaCcTABRIAIONAA CO-
l 60 ITpOM3BOAHYI0 3apfAna Mo Bpe-
MEeHH, paBHAa:

e BT s o B i=q =-U,Cosin ot =

j =U,,Co cos [wt - %] (4.28)

Puc. 4.14
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CnenmoBarensHo, Koaebanus cu- Yo, ic!

JlbL MOKA Onepexam no gase Ko- Up Ut
nebaHusa ua;tpmeuua Ha KOHOEeH- I,
camope Ha (puc. 4.15). b
AMnauTyna cHIBl TOKA paBHA:
I, =U,Co. (4.29)
Eciu BBecTn oboszmaueHue Prc. 4.45
% = X (4.30)

¥ BMECTO aMIIIUTYJ CHJIBI TOKA W HAUPAKEHHUS HCOOJIL30BATEH
UX JeHCTBYIONIMe 3HAYEHHUS, TO MOMYIUM

(4.31)
Xe

Bemwmuunry X, o6parayio npoussegennio oC DHKINIECKOR
YaCTOTEI HA 3JIEKTPHYECKYI0 eMKOCTh KOHAEHCATOPA, HA3LIBAIOT
€MKOCTHBIM CONPOTHBJIeHHeM. Poab 3TOH BeJIHYHHBI AHAJO-
THYHA POJIK aKTHUBHOTO conpoTuBJeHHa R B 3akoHe Oma (cm.
hopmyny (4.17)). HeiicTByroniee 3Ha4eHNe CHJIIBI TOKA CBA3AaHO
C JeHCTBYIOLIMM 3HaUeHHEeM HANDPAKeHHs Ha KOHAEeHCATOpe
TOYHO TaK ’Ke, KAK CBA3AHEI COTJAacHO 3aKkoHy Oma cuiia Toka
H HaIIpAMKEHHe IS YYACTKA IeTTH MOCTOAHHOI0 TOKA. 9TO U II03-
BOJAET PACCMATPHBATEL BeIHUYHHEY X KaK CONPOTHBIeHHE KOH-
JeHCaTopa IepeMeHHOMY TOKY (éMKOCTHOEe COIpPOTHRBJIeHHE).

Hem Gosbllle €eMKOCTE KOHAEHCATOPA, TeM OOJIbIIE TOK IIe-
pesapAAKH. ITO JIETKO OOHADPYKUTH IO yBeJIHUEHHIO HAKaja
JIaMIIBI IPM yBeJIHMYEHUHM eMKOCTH KOHZeHcaTopa. B To Bpemsa
KaK COIPOTHBIEHWE KOHJEHCATOPA IOCTOSHHOMY TOKY 0ecKo-
HEYHO BEeJIMKO, er0 COIPOTHBJICHHE IIEPEMEHHOMY TOKY HMeeT
KoHegHOe 3HaueHWe X .. C yBenUYeHHEeM eMKOCTH OHO YMEHB-
maeTcsA. Y MEHBIIAETCA OHO M C yBeJIWYeHUeM 4acTOTHI (.

B saxniouenue oTMeTHM, UTO HA MPOTAKEHHH YeTBEPTH IIe-
pHoza, Korja KOHIEHCATOD 3apsKaeTrca A0 MAKCHMAJILHOTO
HaOpAKeHUA, SHEePIUA IIOCTYNAET B Lielb H 3alacaeTcsd B KOH-
AeHcarope B (GoOpMe dHEPTUHN dIEKTPUIECKOT0 oA, B crexyio-
Iyl0 4YeTBEPThH MEepHoAa, IPHU paspsiKe KOHAeHCATOpa, 3Ta
9HepPrHus BO3BPAIIAETCH B CETh.

ConpoTuBIeHHe LmeOu ¢ KOHIEHCATOPOM 0OpaTHO MIpOIOp-
ITHOHAJIBHO IIPOH3BEeISHHU IO ]:[HKJIPI‘IECKOI"’I YacToOThI Ha 3JIEKTPO~
eMKoCThb. Kosebanusa cuibsl ToKa olepe:xaioT no (dase Koseba-

n
HUSA HAOPAMEHHUSA Ha E
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NPSYKEHHA Ha KOHAEHCATOPe B LEenM NepemeHHoro Tokal

2. Buigensercs nM 3Heprus B LLenu, cofiepixallel TONbKO KOHAEeHcaTop,
@CNM aKTHBHBIM COMPOTHMBIIEHHEM LIENH MOMHO npeHebpeys!

3. Beikniouatens yenu npepcraesnser coboi cBoero poja KOHAEHCa-
Top. Modemy e BhIKNIOYATENL HAAEWHO Pa3MbIKaeT yens!

? 1. Kak cBazaHbl mexy cO60H AEHCTBYIOWME 3HAYEHMS CHAbI TOKA M Ha-

KATYIOIKA HHAYKTHBHOCTH

§34 B IENU NEPEMEHHOI'O TOKA

WHAYKTUBHOCTH B LN BJIHAET HA CHJIY IIePEMEHHOT0 TOKA.
DTO MOKHO AOKA3aTh C MOMOIIBIO IIPOCTOIO OIBITA.

CobepeM 1enb M3 KaTYIIKKA ¢ 60JbIIOH HHIYKTHBHOCTHIO M
3JIEKTPUUeCKoil JaMnbl Hakanueasus (puc. 4.16). C momomeo
HEePeKII0YATeN sl MOKHO IOAKJIIOYUTE 3TY Henb JAub0 K HCTOY-
HHKY MMOCTOAHHOT'O HANIPAMKEHUA, TH00 K HCTOYHHKY IIepeMeH-
HOT'O HampaxeHHA. IIpU 9TOM HOCTOAHHOE HANDSAXKeHUe U Jeil-
CTByIOIIee 3HAYeHUe IePeMEeHHOr0 HaIPAMXKeHHUs JOJIKHEI ObITh
paBHbI. ONBIT MOKA3BLIBAET, YTO JAaMIIa CBETHTCHA spYe NPH IO-
cTossHHOM HanpaxxeHuu. CieoBaTelIbHO, AedCTBYyIOINee 3HaYe-
HUe CHJIBI IePeMEeHHOr0 TOKA B PACCMATPHBAaeMOW LeNH MeHb-
Imie CHJbl MOCTOSAHHOI'O TOKA.

OGBACHAETCA 3TO pasindype fABIeHHeM CAMOHMHIAYKIHH.
B § 15 rmaBul 2 paccKassIBAJIOCh O TOM, YTO IPH MOAKIIOYEHHH
KATYIIKH K HCTOYHHKY ITOCTOAHHOI'0 HANPSAMKEHUA CHIA TOKA
B IeNH HapacTaeT mocreneHHo. BosHmKalwllee IpH 3TOM BHX-
peBoe 3JEeKTPpHUYeCKOoe II0Jie TOPMO3SHUT ABHXKeHHEe 3JIEKTPOHOB.
JIume 1Mo mpolrecTBHM HEKOTOPOro BpeMEeHH CHJIa TOKa JOCTH-
raeT HamboJblIero (ycTaHOBHBIIErocs) 3HAYEHHHA, COOTBETCT-
BYIOIIEro JAaHHOMY [IOCTOAHHOMY HaNpPAMXKEHHUIO.

Ecsiu Hanps)XeHHe GBICTPO MeHAeTcs, TO CHJIAa TOKa He 6y-
AeT ycIleBaTh JOCTHUIHYTh TeX 3HAYeHUH, KOTOPhle OHA npuob-
pena 6Bl ¢ TedeHMEM BpeMEeHHM IPU IOCTOSHHOM HANPAMKEHUH.

CiefoBaTeIbHO, MAKCHMAJbHOE 3HaueHHE CHJIbI IepeMeH-
HOTO TOKa (ero aMILIUTy[a) OrpaHUUHBAETCA HHAYKTHBHOCTHIO
nenu ¥ 6yJeT TeM MeHbIIe, 4eM 6oJiblle HHAYKTUBHOCTE H 4eM
GOJbIIe YACTOTA MPUI0MKEHHOI0 HapAKEeHN .,

OmnpemenuM CHJIY TOKa B IEIH,

T I

°  copepxamieil KATyIIKY, aKTHBHBIM
o—=ajo o) o o COINPOTHBJIEHHEM KOTOPOH MOXMHO
-+ \ .

\ : npenebpeus (puc. 4.17). asa ato-
i ro IpeABapUTe]IbHO HalJeM CBA3b
MeX/y HaIpssKeHVeM Ha KaTyIlKe

u DJC caMOMHAYKINH B HEH.
Eciau compoTuBIeHHE KATYIIKH
Puc. 4.16 paBHO HYJIIO, TO U HAIPIKEHHOCTH
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JIEKTPUYECKOro II0JIsA BHYTPH IIPO- ey ‘—j
BOJHUKA B I000# MOMEHT BpeMeHH

JnonxHa OBITH paBHA Hya0. MHaue
CHJIa TOKA, COTJIacHO 3akoHy Oma,
6plma OBl OeCKOHEYHO GOJIBITION. T
PaBeHCTBO HYJII0 HANPAKEHHOCTH

IONA OKAa3bIBAGTCH BO3MOMKHBIM

IIOTOMY, YTO HAIIPAXE€HHOCTE BHX-

Puc. 4.17

-
PeBOro ajieKTpHYecKoro monas E,,
IOPOXKAAEMOr0 NePeMEeHHBIM MAardHHTHLIM IIOJIEM, B KaKAou
TOYKe PaBHA II0 MOAYJIIO ¥ IPOTHBOIIOJIOMHA 10 HAllPaBJIEHHIO

—_
HanpsAXeHHOCTH KYJIOHOBCKOTO Iond E_, co3gaBaeMoro B Ipo-
BOZHHKE 3apAJaMM, PACHOJIOMKEHHLEIMHE HA 3aXKUMaX MCTOYHH-
Ka ¥ B IpOBOJaxX LeIH.
—

5

Hs pasencrsa E,=-E, cneayer, uro ydeavhas paboma
suxpe6ozo noas (. e. IC caMOMHAYKINY €,) paéHa no mody-
JLI0 U NPOMUBONONLONCHA NO 3HAKY YOesbHOoll pabome KYJoHOE-
CK020 NOAs. YYWUTBIBAA, YTO yAeNbHas paboTa KYJIOHOBCKOI'O
MoNA paBHA HANDSMKEHHIO Ha KOHIAX KATYIIKH, MOYKHO 3aITH-
caTh: €; = —U.

Ilpn u3MeHeHUHM CHJIBI TOKA [0 raPMOHHUYECKOMY 3aKOHY

i=1,sin ot
IIC caMOMHAYKO MM paBHA:
e, =-Li' = -Lwl,, cos wt. (4.32)
Tak xak u = —e;, To HanpsAYKeENe HA KOHNAX KATYIIKHA OKAa-
3BIBAETCS PABHBIM
. T : T
u= Lo, coswt = Lol ,, sin (mt s EJ =U, sin (mt + EJ’
rae U, = Lwl, — aMnauTyna HanpaMKeHHd.
Caenosarensno, KoneGaHUsA HANPAXKEHUA HA KATYIIKE OIle-
T
pexxaroT o daze KoaebaHUA CHUJIBI TOKA HA 2° HJIH, 9TO TO JKe
caMoe, KONe0aHUA CUNbL MOKA Omcmam no (ase om koneda-
- T
HULL HATLPANCCHUA HA 5 (puc. 4.18).
AMIUTUTYAa CHJIBI TOKAa B Ka- ILUL

TyHOIiKe paBHa:

Un
p (4.33)

Ecnu BrecTn obosHauenme
oL =X, (4.34) Puc.4.18
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H BMECTO aMIILNIMTY[J CHJBI TOKA W HANPAMXEeHHA HCIOJIB30BaTh
HX JeUCTBYIOIIHEe 3Ha4YeHHuA, TO NOJyUYHUM:

U
I= X, (4.39)

Beauuyuny X,;, paBHYIO IIPDOM3BEJeHHIO NMUKIHYECKOHN dac-
TOTEI HA UHAYKTHBHOCTbH, HA3HIBAIOT HHAYKTHBHBIM COINPOTHE-
JeHHeM.

Cornacuo cgopmyne (4.35) meiicTByrollee 3HAYEHHE CHJIBI
TOKA CBA3AHO C JEMCTBYIOL[MM 3HAUEHUEM HalpAXKeHHA U HH-
AYKTHBHBIM COIIPOTHBJIEHHEM COOTHONIEHHEM, IIOZOOHBIM 3a-
Koy OMa [Jia menu IIOCTOSHHOI'O TOKA.

VHAYKTHBHOE COIPOTHBJIEHHE 3aBHCHT OT YacToThl M. Ilo-
CTOAHHBIH TOK BOOOINE «HE 3aMedaeT» MHAYKTHBHOCTH KaTyIIKH.
IIpu ®=0 MHAYKTHBHOE CONpPOTUBIEHHE paBHO Hymo (X, =0).

Yem GuIcTpee MeHseTcs HanpsixeHue, TeM 6onsme IIC ca-
MOMHIYKIMM M T€M MeHbIIe aMIJIUTYAa CHJIbLI TOKa.

Karymka WHAYKTHBHOCTH OKa3blBaeT CONPOTHBJIEHHE Iepe-
MEHHOMY TOKY. 9TO COIPOTHBIEHHEe, Ha3blBaeMOe HHAYKTHB-
HBIM, PABHO IIPOM3BEJAEHUI0 MUKJIMYECKONH JacTOThl HA HHAYK-
THBHOCTH. KojaebaHHA CHUJIBI TOKA B IeNHd ¢ HHAYKTHBHOCTBIO

o n
orcTalT no dase oT KonebaHMN HANOpSAXKeHHs Ha E.

1. Kak cBasanbl mexay cob0i feHCTBYIOLME 3HAUEHHSA CHITbI TOKA M Ha-
NPSAYKEHUA Ha KaTyLIKe MHAYKTHBHOCTH, AKTHBHBIM CONPOTHBNEHHEM
KOTOPOH MOMHO nNpeHebpeys!

2. NMouemy SAC CaMOMHAYKLUMM M HaNpsIKEHWE HA KaTylUKe MMeloT
NPOTHEOMONOXHbIE 3HaKM]

§35 PE30HAHC B SJIEKTPUYECKOH IENHA

Ilpu m3ydyeHHH BBIHYKJEHHBIX MeXaHUYECKHX KoJie0aHMu it
MBI O3HAKOMMUJINCE C sIBJIeHMeM peaoHaHca. Pesonanc Habnoa-
eTcsi B TOM ciIy4ae, KOrja cobCTBeHHASA 4acToTa Konebanuii CHC-
TeMBl COBIAAAET ¢ YaCTOTOl U3MeHeHMs BHeIIHeil cuibl. Ecau
TpeHHe MAJ0, TO AMILUIHTYZA YCTAHOBHBIINXCA BBIHYXKAEHHBIX
KosebaHuil TpH pe3oHaHCe pe3ko yBenuwuusaercH. Cosmaze-
HUe BUJ4 VPABHEHHH A/ ONMCAHUA MEeXaHUIEeCKHUX M 3JIEKTPO-
MATHATHBIX KOJeDaHHUH IM03BOJIAET cAeJaaTh 3aKJIIYeHHe O BO3-
MOXHOCTH Pe30HAHCA TAKIKe U B 3JIEKTPUUIECKOM [eIIH, eCJIH 3Ta
Henb IpejcTaBiafeT coboit KomebaTelbHBIH KOHTYD, 00Jazaio-
muii onpeeneHHON cOGCTBEHHOM 4acTOTOH KOJeOaHUH.

IIpy MexaHUUYECKHUX KoJieDaHHAX Pe3OHAHC BHIPAKEH OTHeT-
JIMBO TIPU MAJBIX 3HAUYeHHAX Koa(hdumuenTa TPEHHHA |L. B anek-



TPUYECKOH IlenH poJjib Koa(hdUIMEeHTA TPEHHS BBIIOJHAET ee
aKTHBHOE COIIPDOTHBJIEHHE R. Be,llb HMEeHHO HaJJAa4dYue 3Toro co-
NPOTHRBJIEHUA B L[eNH IPHUBOAUT K IIPEBPAIleHHUIO SJHEPIrUH TOKAa
BO BHYTPEHHIOIO SHEPI'MI0 IIPOBOJAHUKA (IPOBOJHUK HarpeBaer-
cs). IloaToMy pe3oHAHC B 5IeKTPHUYECKOM KoaebaTeIbHOM KOH-
Type OoJIKeH OBITh BEIPDAXKEH OTYETJIMBO IPH MaJOM AKTHBHOM
conpoTuBaeHun R.

MEI ¢ BAMH y:Ke 3HaeM, 4YTO eCJM AKTHUBHOE COIIPOTHBIIE-
HHe MAajo, TO cOOCTBeHHAS NUKJIWYECKas 4acToTa KoJjebaHuit
B KOHTYpDe OoIpenensiercs (hopMyJioi

Cuia TOKa IPH BHIHYKJeHHEIX KoJlebaHUAX NOJIHA HOCTH-
raTh MaxKCHMAJIbHBIX 3HAYEHUI, KOrZa YaCTOTa IIEePEMEeHHOro
HATPAMKEHH, IIPHUIOKEHHOI0 K KOHTYPY, paBHA cobOcTBeHHOMH
yacToTe KosebaTeJbHOro KOHTypa:

0 =iy (4.36)

JLC

Pesomancom B 3JeKTpHYEeCKOM KoJefaTeJbHOM KOHType
Ha3bIBAETCH SIBJIEHHE PE3KOr0 BO3PACTAHUA AMILIHTYALI BHIHY-
JKOEHHBIX KOJIe0aHHH CHJIBI TOKA IIPH COBHAJAEHHMH UYACTOTEI
BHEIIHEero NepeMeHHOro HANPAKeHNA ¢ coOCTBEeHHOM 4acToTOH
KonebaTeJLHOrO KOHTypA.

AMIuIMTYAa cHIBI TOKAa mpu pesomance. Kak u B cayuae
MEeXaHHYECKOI'0 pe3oHaHCa, HIPH pe3oHaHCe B KoJjebaTelb-
HOM KOHTYDPE CO3AAI0TCHA ONTHMAJIBHBEIE YCHOBHA AJA IMOCTYII-
JIeHHA 9HEPI'UH OT BHEIIHero UCTOYHUKA B KOHTYpP. MoOIHOCTL
B KOHTYpPE MaKCHMAalbHa B TOM CJydYae, KOTJa CHJa TOKA COB-
nazaeT mo ¢ase ¢ HanpsIKeHHeM. 3Aech HAOJIIONAeTCsa IIOTHASA
aHaNOTrMA C MeXaHHYeCKHMH KoJieDaHHAMH: IIPH pPe30OHAHCe
B MEXaHUYECKOH KojebaTenbHOIl cHCTeMe BHEIHAA cuia (aHa-
JIOT HaNPsXKeHUsl B IeNH) COBIAJaeT mo (pasde CO CKOPOCTBHIO
(aHAJOr CHJIEBI TOKA).

He cpasy mocsie BK/II04eHns BHEIIHETO IIePeMeHHOTO HAIIPA-
KeHHsdA B IIeNM YCTAHABIMBAETCHA DE30HAHCHOE 3HAYEHHE CH-
JBI TOKa. AMILIHTYZA KOoJeGaHuil CHIEI TOKA HapacTaeT IIoCTe-
IIeHHO — JI0 TeX II0P, IIOKAa 9HEePI'Hs, BEIAENSIIOM[AACH 3a IePHOS
Ha pe3uCcTOpe, He CPaBHAETCA C 9Heprueii, mocTynamIneii B KoH-
TYP 3a 9TO 3Ke BpeMs:

IZR U,I
2 2

YIpocTHB 3TO ypaBHeHHEe, MOMKHO 3alHCATD:

1, R=U,,. (4.37)

m

.




Imi
o Orcroza aMILIMTY/la YCTAHOBUB-

MmuxcA KojaebaHuil CUIBI TOKA IIPH
pesoHaHce OIpejendAeTcA ypaBHE-

HHUEM
Un
Ry I, =—. (4.38)
R
R, IIpu R — O pesoHaHCHOe 3Ha4Ye-
HHe CHJIbI TOKA HeOTPAaHUYEHHO BO3-
‘ R3 pacraer: (I,),, — oo. HaoGopor,

¢ yBeauueHneM R MaxKcHMajlbHOE
3HAUeHHE CHJIBI TOKA yMeHbIIaeT-
cd, U npu Goapmux R roBopuThH O
pesoHaHCe y)Ke He HMeeT CMbICJA.
Puc. 4.19 3aBHCHMOCThE AaMNIJUTYABI CHJBI
TOKA OT YACTOThHI IIPH Pas3IMYHBIX
conporuBnenusax (R, < R, < R;) mokasana Ha pucyHnke 4.19.
OnHOBPEMEHHO C yBeJHYeHMeM CHJIBI TOKa IIPH pe3oHaHCe
pe3K0 BO3pACTAIOT HANpAMXKeHHs HAa KOHJIEHCATOPe W KaTyllKe
WHIVKTHBHOCTH. OTH HANPAMKEHHUs IPU MaJOM aKTUBHOM CO-
IPOTHBJIEHNH BO MHOTO Pas PeBLIIIAIOT BHEIIIHee HAPpAKeHe.
Hcnons3oBanne pe3oHAHCA B pPaguocBA3U. FIBIeHue dJeK-
TPHUYECKOTO Pe30HAHCA IIMPOKO MCIIOJB3YeTCHA NPH OCYINecTB-
JIEHUV paguocBA3d. PalHOBOJHEL OT Pa3/IMYHEIX IepeJaroInux
cTaHNUi BO3OY:KIAIOT B aHTEHHEe DPAJMONPHUEMHHMKAa IepeMeH-
HBIE TOKH pPAa3JMuYHbIX YaCTOT, TAK KaK KayKJad nepejarolnasd
pagmocTaHIuA pafoTaeT Ha CBOei 4acToTe. C auTeHHOM MHAYK-
THBHO CBA3AH KouebaTerbHbIH KOHTYD (puc. 4.20). Beneacreue
57IeKTPOMATHUTHON MHAYKIIMH B KOHTYDPHOM KaTyIIKe BOSHUKA-
foT nepemenHsie DJIC cOOTBETCTBYIOIIUX YaCTOT U BBIHYXKACH-
HBIEe KOJIebaHMsA CUIBI TOKA TeX e yacToT. Ho TONBKO IPH pe3o-
HaHCce KonefaHmsa CUJLI TOKA B KOHTYpe M HAIPAMXKeHUsA B HeM
OyAyT 3HAYUTEILHBIMH, T. €. H3 KojaebDaHWi pa3JUYHbBIX 9aCcTOT,
BO30YKJaeMbIX B AHTEHHe, KOHTYD BbIJedAeT TOILKO Te, Jac-
TOTa KOTOPHIX paBHA ero cobcTBeHHOH uacrore. HacTpoiika
KOHTYpa Ha HYXHYIO 4acTOTY )y OOBIYHO OCYIIECTBJIAETCH IIy-
TeM M3MeHeHUs eMKOCTH KOHAeHcaTopa. B aToM 00BIYHO COCTO-
UT HACTPOMKA pajuoIpHeMHUKa Ha
onpefeseHHY0 PaJHuOCTAHIHUIO.
Heo06x0auMOCTb y4eTa BO3MOMK-
HOCTHM Pe30HAHCA B JJICKTPHYECKOH
menu. B HEKOTOPHIX CIydyasiX peso-
HAHC B 9JIeKTPUYECKOH eIl MOMKeT
npuHecTH O0JbIIOH Bpes. Eciu nens
He paccunTaHa Ha paboTy B YCJIOBH-
X pesoHAHCa, TO er0 BO3HUKHOBE-
Puc. 4.20 HHEe MOKeT IIPUBECTH K aBapuiu.

ey

0 ®g
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YpesmepHO GobIINe TOKKU MOTYT IIeperpeTh Npoeoja. Boasmue
HaANpPAXKEHHUA OIPHBOAAT K IIPo000 H30NAIMH.

Takxoro pojia aBapu# HEPEAKO CAYIAIHCH eIIe CPABHUTEJIBHO
HeJaBHO, KOTJa ILJIOXO IIPeACTaBIANN cebe 3aKOHEI dJIeKTpHYe-
CKHMX KoJebaHHil M He yMelIH NPABHUJLHO PACCYHUTBHIBATDL DJIEK-
TPHYECKHE I[eIIH.

Ilpu BHIHYMKIEHHBIX 3JIEKTPOMATrHUTHEIX KoJieDaHUAX BO3-
MOKEeH Pe30HAHC — pPe3K0oe BO3pacCTaHHWE aMILIATYABI Kojeba-
HHUI CHJBI TOKA W HANPAMEeHWUSA [IPH COBOAJEHHH 4YaCTOTEHI
BHEIIHEro NepeMeHHOTo HANIPAXKeHUA ¢ COOCTBEeHHOH UacTOTOM
Konebanuil. Ha aBneHuu pesoHaHCA OCHOBAHA BCS PAaJHMOCBA3L.,

1. MoMeT nu amnaMTYAa CHAbl TOKa NPM PE30OHAHCEe NPEeBbICMTL CHNY
NOCTOSHHOIO TOKAa B LieNH C TAKMM e aKTHBHbIM CONPOTMBREHHMEM
M NOCTOSHHbIM HanNpsXXeHHEM, PaBHbIM AMNAHTYfle NepemMeHHOro
HanpseHHa!

2. Yemy paBHa pasHocTe a3z Meway KonebaHMAMM CMNbI TOKa M Ha-
NpseHHMs NPpH pe3oHaHce!

3. MNpu KaKOM YCNOBMM pe30OHAHCHbIE CBOMCTBA KOHTYPa BbIpaMeHbl
Haubonee oryeTnueo!

TEHEPATOP HA TPAH3HCTOPE.
§36  ABTOKOJIEBEAHUSA

Brimy:xaeHHEBIe KOJIe6aHuA, KOTODPBIE MBI PACCMATPUBAJIH 10
CHX [IOpP, BOSHHKAIOT IIOJ NEHCTBHEM IEPEMEHHOr0o HaIIpdxKe-
HHUs, BbIpabaThIBAEMOrO0 IeHepaTOPaMM Ha 3JIeKTPOCTAHIHUAX.
Taxme reHepaTopbl He MOTYT CO31aBaTh KOJeGAHUA BEICOKOM
YacTOTHI, HEOOXOAUMEIe AJA paauocBasu. IlorpeboBanack ObI
upeaMepHO 0oJbIIad CKOPOCTH BpalleHus portopa. Konebanus
BBICOKOM YacTOTHI MOJYYAIOT ¢ MOMOINBLI0 APYTHX YCTPOMHCTB,
HallpuMep ¢ MOMOINBI reHepaTopa Ha TpaHaucrope. OH HaszBaH
TaK IOTOMY, YTO OJHOM M3 OCHOBHBEIX €I'0 4YacTell sBIAeTCH IIO-
JIYIIPOBOJAHUKOBBIN NPHGOP — TPAH3HCTOP.

ABTOoKone6aTensHEIe cucTeMbl. HezaTyxaroniue BEIHY K ICH-
HbIe KoNMebaHuA HepeaKo MoJAepKUBAIOTCA B LeNU AeHcTBHeM
BHEIITHETr'O IePUOUYeCcKOro HanpAxeHusa. Ho BO3MOMKHEI ¥ Apy-
rHe cIocoObl NOJyYeHHA He3aTYXaI[uX Kolebanmii.

Ilycte B cucreMe, B KOTOPOH MOTYT CyIIecTBOBATL CBOOOJ-
HbI€ 2JIEKTPOMAarHuTHbIe KoebaHuA, UMeeTCA UCTOYHUK dHEp-
ruu. Ecim cama cucrema GyaeT peryamMpoBaTh IOCTYILIEHHE
9HEPru¥ B KoJie0aTeJIbHBIH KOHTYDP [JIsi KOMIEHCAIIHH IOTEPb
9HEPI'MH Ha PEe3HCTOpe, TO B HEH MOrYT BO3HUKHYTh He3aTy-
xXapimue Konebanus.
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CHcTeMBI, B KOTOPBIX MeHEPHUPYIOTCS HEe3aTyXaloIlHue Koje-
6aHMA 3a CYET MOCTYILJIEHMA SHEPrHH OT HCTOYHHWKA BHYTPH
caMOii cHCTeMbl, HasbIBAlOTCA aBTOKoJeOareapHbIMH. Heza-
TYXawmIiue KojgebaHWs, CYIIeCTBYIOIIHe B cucremMe 06e3 BO3-
JeHCTBUS HA Hee BHEIIHHX NEePHOJMYECKHUX CHUJI, Ha3bIBAIOTCA
ABTOKOJE0AHNAMM.

IlemepaTop Ha TpaH3HCTOpPe — [IpUMeD aBTOKoOJebaTelbHOI
cucremsl. OH cocTOMT M3 KoJebaTelbHOr0 KOHTYpPa C KOHIEH-
caTopoM eMKocTs0 C U KATYMIKOH WHAYKTHBHOCTRIO L, HCTOY-
HUKA 9HEPrHU ¥ TPaH3UCTOpA.

Kak co3naTs HesaTyxaromue Koine6anusa B koHType? MapecT-
HO, 9TO eCJIM KOHAEHCATOD KoJie0aTeJbHOI0 KOHTYpA 3apAAUTS,
TO B KOHTYPE BOBHHKHYT 3aTyxaltomiue Konebanud. B KoraIe Kax-
J0r0 Mepuoma KoilebaHWil 3apAj Ha ILUIACTHHAX KOH/EHCATODA
HIMeeT MEeHbIIlee 3HAUeHWe, YeM B HauaJse nepuoga. CyMMapHBIi
3apsj, KOHEYHO, coXpaHseTcs (OH Bcerja paBeH HYJI0), HO IpoO-
HCXOAUT YMeHbIIeHHe TOJOKUTEJIbHOTO 3apAAa OTHOM IJIACTH-
HBl U OTPHIATENHLHOTO 3apsAjfa APYrod Ha PaBHBIE IO MOZAYJIIO
3HaueHusd. B pesyinTare sHeprus KojebaHHUH yMeHbLIaeTcsd,
TaK Kak oHa corsacHo dopmyJe (4.1) opomopliMOHANBHA KBaJ-
paTy sapsAja oNHOH M3 IJIACTHH KoHJeHcaTopa. UTobs Koseba-
HUA He 3aTyXalld, Hy:KHO KOMII€eHCHPOBaThL IIOTE€PH IHEPTHH 3a
KayKIBIH IepPHOI.

TIONOMHATE SHEPTUI0 B KOHTYPE MOJXKHO, MOA3apaAMKas KOH-
neHcaTop. 15 3TOr0 HAO IEePHOAUYECKH MOAKIKYATE KOHTYD
K MCTOYHHUKY IOCTOAHHOTO HampsaKeHus. KoHIeHCaTOD AOJHKEH
MOAKJIKYATECA K HCTOYHUKY TOJBKO B Te HHTEDPBAJIBI BpeMeHH,
KOT[a IPUCOeINHEHHAs K IOJ0MKHUTEeJIbHOMY IIOJIOCY UCTOYHH-
Ka IJIACTUHA 3apsdKeHa IIOJIOKUTEbHO, a IPHUCOeIUHEeHHAaA K
OTPHMIATEILHOMY TOJIIOCY — OTpuIaTenbHo (puc. 4.21). Tosnb-
KO B BTOM cJy4ae MCTOUHHK OyzeT 10oA3apAXKaTs KOHJAEHcaTop,
HONOJIHAA €ro HePrHio.

Ecnu e KJHOUY 3aMKHYTh B MOMEHT, KOrjJa NpHCOeqHHEH-
HAfA K MOJIOMKHTEJIbHOMY IIOJIOCY MCTOYHMKA IIACTHHA HMeeT
OTpHIIATENBHBIH 3apAL, a IPUCOeIUHEHHAs] K OTPUIaTeIbHOMY
IOJIIOCY — IOJOKUTENBHEIN, TO KOHJeHcaTop Oyaer paspAd-

Puc. 4.21 Puc. 4.22
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JKaThCHA 4Yepe3 MCcTOYHUEK (puc. 4.22). dHeprusa Kosnexrop
KOHAeHCATOPA IIPH 3TOM Oymer yOBIBATE.

CanenoBaTelbHO, HCTOYHHUK IIOCTOSHHOTO HA-
[IPAMKEHH S, IIOCTOAHHO IMOAKJIIOYeHHBIH K KOH-
IeHCcaTOpYy KOHTYypa, He MOMKeT MO eD:KHBATh
B HEM He3aTyXalliue KoJieDaHU#A, TaK JKe KaK
MOCTOAHHAA CHUJIa HE MOJKET MOIEPIKHUBATH Me-
xXaHuuecKHe Komebanusd. B TeueHHe MOJIOBHHEI
[IepHuofa dHeprus IOCTYIaeT B KOHTYP, 4 B Te-  Puc. 4.23
YyeHHe CJeAYIOeH II0JOBHHEL IepHo/ia BO3Bpa-
maercd B HCTOYHHK. B KOHType HesaTyxawlnue KojJebaHUA
VCTAHOBATCS JIMIITH IPH YCIOBHH, UTO UCTOYHHUK OyAeT MOAKJIIO-
YyaTbCcsd K KOHTYPY B T€ HHTEDPBAJBEI BDEMEHH, KOTrZa BO3MOXKHA
nepenada sHepruu Kougeacaropy. Ias sroro Heobxoaumo obec-
OeYUTh aBTOMATHYECKYIO paboTy Kiauda (MIMU KAanaxa, Kak
ero YacTo HaselBaioT). IIpu BeICOKOIT YacToTe KonebaHMil Kirou
JoxeH obajzaTh Hame:KHBIM ObicTpojeiicTBHeM. B KaudecTse
TAKOro NPaKTHYeCKH 0e3bIHEPIIHOHHOTO KJIKUYA U HCIOJIL3YeT-
Ccsi TPAHBUCTOP.

Tpas3ucTOp, HATOMHHUM, COCTOMT M3 TPeX PA3JHUYHBIX IIO-
JYOPOBOAHUKOB: BMHTTeEpa, 0adbl M KOJJIEKTODPAa. OMHUTTED
1 KOJIJIEKTOP MMEIOT OJMHAKOBLIE OCHOBHBIC HOCHTEH 3apAza,
HaIpyMep ABIPKH (3TO MONYIPOBONHHUK p-THHA), a 6asa mMeeT
OCHOBHBIE HOCHUTEJIH IIPOTHBONOJOMKHOIO 3HAKAa, HANDPHUMEp
3JeKTPOHEI (IONYOIPOBOAHUK n-Trna). CxemMaTHdeckoe usobpa-
JKeHHe TPaH3HCTOpa IOKa3aHO Ha pucyHke 4.23.

Pabora remepaTopa Ha TpaH3HCTOpe. YIPOIIeHHAd cXeMma
regepaTropa Ha TPaH3UCTOpe moKasaHa Ha pucyHKe 4.24. Koie-
GaTe/IbHBIA KOHTYP COEAHHEH IIOCJEJ0BATENBHO ¢ HCTOYHHKOM
HAIIPAXKEeHUS W TPAHSHCTOPOM TAKHM 00pasoM, 4YTO HA SMMT-
Tep nofaeTcsd IOJOKHATEILHBIN TOTEHIIHAN, & HAa KOJIJIeKTOp —
orpunarensHEIii. IIpn srom mepexon smutrep — Gasa (aMuT-
TepHBII Mepexo]) ABRJIAETCs MPAMBIM, a mepexon 6asa — Kou-
JIEKTOP (KOJLIEKTOPHEIH Hepexox)
OKa3pIBaeTca OOpAaTHBIM, H TOK
B IIeIIHM HEe HAeT. ITO COOTBETCT- K
ByeT Pa3OoMKHYTOMY KJOUy Ha B ~ &
pHcyHKax 4.21, 4.22, &

Yro0bl B IleIM KOHTypa BO3- p
HUKAJ TOK M NOJA3aPAMKAI KOH- I; Le)Cl Ty
JDeHCATOp KOHTYpPAa B XOmae KoJe- e ——
6aHHI, HYMKHO coobmiatre Gase F =
OTPULATENBHBIH OTHOCHTEILHO I
BMHTTEPA IOTEeHIMAJ, IPHUYEM B ||._ |
Te MHTEPBAJBI BpPeMeHH, KOoTria £
BepxHAA (cM. pHc. 4.24) mma- Puc. 4.24

dMuTTED
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CTHHA KOHJEHCATOpAa 3apsiKeHa IIOJIOMKHTEJbHO, a HIJKHAA —
OTPUIIATENBHO. ITO COOTBETCTBYET 3aMKHYTOMY KJIKYY HA DH-
cynke 4.21.

B unTEpBaNBI BpEMEHH, KOTJa BePXHAA ILJIaCTHHA KOHIEeHca-
TOpA 3apsAKeHa OTPHUIIATENLHO, 4 HHXKHAA — IIOJIOMKHUTENBHO, TOK
B IIeIIH KOHTYPA AOJI3KEH OTCYTCTBOBATE. [IJia saToro 6asa JOJMK-
HA UMEeTh MOJIOMKHUTENBHBIN TOTEHIIHAJ OTHOCHTEILHO 9MUTTEPA.

Taxum ob6pasoM, 418 KOMIIEHCAIIMH IOTEPh SHEPTHU KoJie-
0aHWII B KOHTYpe HAIPAXKeHHe Ha OBMHUTTEDHOM Iepexoje
JOJIKHO NEePHOAUYECKH MEHATH 3HAK B CTPOTOM COOTBETCTBHUH
¢ KoJie0aHUAMM HANpsKeHus Ha KoHType. Heobxomuma, Kax
TOBOPAT, 00pamHas Cc64A3b.

O6paTHas CBsI3b B pacCMaTPHBAaeMOM I'eHepaTope — HHIYK-
TuBHasg. K aMuTrepHOMYy mepexoAy NOJKIIOUeHA KATyIIKa MH-
AYKTUBHOCTHIO L, MHAYKTHBHO CBA3AaHHAA C KaTYIIKOW HH-
AyKTuBHOCTEIO L KouHTypa. KonebaHuA B KOHTYpe BCJEICTBHE
3JIeKTPOMATHATHON HHAYKINH BO30y K Ja10T KonebaHusa HANIPH-
JKEeHUA Ha KOHIaxX KATYIIIKH, a TeM CaMbIM ¥ Ha 9MHTTEPHOM IIe-
pexoze. Ecim daza xomebaHME HanpsAXeHHS HA SMHTTEPHOM
nepexoze mogobpaHa NMPABHUJIBHO, TO «TONMYKHM» TOKA B IENH
KOHTYpAa AeHCTBYIOT Ha KOHTYP B Hy’KHBIe HHTEPBAaJIbl BDEMEHH,
u KonebaHusa He saTyxarT. HanpoTue, aMOaIuTyna Kojaebanuii
B KOHTYpe BO3pacTaeT A0 TeX I0p, II0Ka IOTepH 3HEePruy B KOH-
Type He CTAHYT TOYHO KOMIIEHCHDOBATHCH IMOCTYILIEHHEM dHep-
rUH OT MCTOYHWKA. JTa aMIJINTYAa TeM OoJsiblne, 4eM OoJbIlle
HaIpsAKeHNe HCTOYHHUKA. ¥ BeJluUeHHe HalPAXKeHUA NPHBOJUT
K YCHJIEHHIO «TOJYKOB» TOKA, MO/3apAXKalIlero KOHAeHCaToPp.

TeepaTopbl Ha TPaH3HCTOPAX UIMPOKO NPHUMEHAIOTCA He
TOJBKO BO MHOTHX paZHOTEeXHHMYECKHX YCTPOHCTBAaX: PajHO-
IPHeMHUKAX, [IepeIaloluX PAJHOCTAHIIMAX, YCHIUTENAX U T, [.,
HO U B COBPEMEHHBIX 3JIeKTPOHHO-BBIYHC/IMUTEILHBIX MAITUHAX .

OcHOBHBIE 3JIeMeHThI aBTOKoJefaTeisbHOH cucTrembl. Ha
OpHMepe FeHepaTopa Ha TPAHSUCTOPEe MOMKHO BBIAEJIHATH OCHOB-
HBIe 2JIEMEHThI, XapaKTepHble AJig MHOIHX aBTOKoJebaTesb-
HEIX cucreMm (puc. 4.25).

1. UcTouyHHK SHEPruH, 3a CUeT KOTOPOI'o NOAJAepKHBAITCA
HezaTyxaloliue KoJie0anusa (B reHepaTope Ha TPaH3HCTOPE 3TO
MCTOUHHK IIOCTOAHHOI'O HANPSAXKEHUA).

r

ObGpaTrHad cBA3b

e ——— I'__ = I

' | | ¥erpoiicTso, ‘ 1
|
' I | Konebarensuast |
HcTouHUK | | perynmpyoiee .
aHepruu MOCTYILIEHUE \ cucremMa |
‘ SHEpPTruH ! I
Puc. 4.25
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2. KosnebaTenrHasa cHCTeMa — Ta 4YacTh ABTOKOJIeOATENb-
HOH CHCTEMBI, HEIOCPEeACTBEHHO B KOTOPOH IPOHCXOLAT KO-
gebanusa (B reHepaTope HAa TPAH3HCTOpe 3TO KoJebaTelbHBIN

KOHTYP)-
3. ¥YcrpoiicTBo, peryjupyiollee IIOCTYILJIeHHe DHEePruu OT
HCTOYHHKA B KoJle0aTeJbHYIO CHCTEMY, — KJAalaH (B paccMoT-

PEHHOM TeHepaTope POJib KJAllaHa BBIIOJHAET TPAH3HCTOP).

4. VcrpoiicTBo, obecmeumBarmiee 0OpaTHYIO CBfA3bL, C IIO-
MOIIBI0 KOTOPOH KoJsiefaTe/ibHAA CUCTEMA YVIPABIAET KIAIaHOM
(B reHeparope Ha TPAH3HCTOPE HPEAyCMOTDEHA HHAYKTHUBHASN
CBA3BL KATYIIKH KOHTYpPA C KATYIIKOM B e aMUTTED — 0asza).

IIpuMepsl APYrUuX aBTOKOJe0aTeAbHBIX CHCTeM. ABTOKOJIE-
6anHna BOBOYKIAIOTCA He TOJBKO B 9JIEKTPDHYECKHUX CHCTEMAax,
HO M B MexaHW4YecKux. K Takmm cucreMaM OTHOCATCA OOBLIU-
HbIe 4achl ¢ MAATHUKOM MJIH OajaHCUpPOM (KOJIECHKOM C IpPY-
JKUHKOH, COBepHIAIIMM KDPYTHJIbHBIE Kosaebanms). HMcrou-
HUKOM DJHEPruH B 4YacaxX CJHYKHT MNOTeHIHAJIbHAA JHEpPrus
MOAHATON TMPH WM CIKATON NPYKUHEL

K aBrokose6aTeJBHBIM CHCTEMAM OTHOCATCH 3JIeKTpUYe-
CKHI 3BOHOK C IIpephIBaTelleM, CBHCTOK, OpraHHbIe TPYyObI u
MHOTOe Apyroe. Hamie cepaie ¥ Jierkue Takske MOMKHO pac-
CMaTPHBATE KaK aBTOKOJebaTelbHBIE CHCTEMBI.

Myl 03HAKOMHJIHNCE ¢ HamboJee CI0XKHBIM BHAOM KoJueba-
HUM — aBToKoJebammamu. B aBToKoJieDaTelbHBIX CHCTEMAaX
BBIpa0aTHEIBAIOTCA HE3aTyXalllue KoJae0aHHS pasIMYyHBIX dac-
ToT. Bes Takux cmcreMm He ObIIO GBI HU COBPEMEHHOH paamo-
CBA3H, HU TeJieBUJieHHuA, Hu JBM.

-

. Yro rakoe aBTroKonebarennHas cMctemal

. B yem ornnume aBToKONe6aHMH OT BbIHYMAEHHbIX M CBOBOAHBIX KO-
nebanmi!

. OnHwMTe CBOHCTBA p—n-Nepexofa B NONYNPOBOJHHKAX.

Kax ycrpoen tpansucrop!?

. Kaxosa ponb TpaHsncTopa B reHepaumm asToKonebanmii!

Kak ocywecTensercs obparHas ceBs3b B reHepaTope Ha TpaH3McTope!

YHawHTe OCHOBHbIE 3NeMeHThbl aeTokonebaTensHOH CHCTEMBbI.

. MNpuBepnTe NpMMepel aBTOKONe6aTeNbHLIX CHCTEM, HE PACCMOTPEH-
Hbié B TEKCTe.

~

O N VAW

Ha sroM MBI 3aKaHYMBaeM M3yYeHHEe MeXaHWUECKUX U 3JIeK-
TPUYECKUX KoJdebannii. 3amMeuaTelbHa TOMISCTEEHHOCTE ObIIe-
ro xXapakTepa IIPOIECCOB DABJIHYHON IIPHUPOJLI, TOMIECTBEH-
HOCTh MATEeMATHYECKUX YypaBHEHHII, KOTOpBIe MX OIMCHIBAIOT.
9Ta TOMKAECTBEHHOCTh, KAK MBI BHEJIH, CYIIeCTBEHHO objerya-
eT u3ydeHue KoaebaHwuii,
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: r ITPUMEPHI PEHIEHHA 3A0AY

1. MaxkcumansHEIi 3apan Ha o6KJAAKAX KOHIeHcaTopa KoJeba-
TeIBHOTO KOHTYPa ¢,, = 10°°® Ka. AMniuTyHOe 3HaAYeHMEe CHIIBI TOKA
B KouType I,, = 10 A. Onpexenure nepuoa xonebanmii. (ITorepamu
Ha HarpesaHUe IIPOBOJHHUKOB MOMHO IpeHebpeds.)

Pemenue. AMOIUTYAHBIE 3HAYEHUA CHJBI TOKA ¥ 3apAja
CBfA3aHBI COOTHOIIEHHEM:

Irn o mOQm’
OTKyOAa

I,
Wy = —-

° qn

CneposaTensHo,
T=2"_oz ~63.10% (c).
g Im

2. Pamka niomazsio S = 3000 cm? mmeer N = 200 BUTKOB H
BpamaeTcs B ONHODOJAHOM MATHHTHOM IOJe ¢ WHAyKOueid B =
=1,5- 102 Tn. Makcumansnag IJC B pamke €, = 1,5 B. Onpeze-
JnuTe BpeMA oxHOro obopora.

Pemernue. MareuTHBIN IOTOK, IPOHU3BIBAIOINUI paMKYy,
paBeH:

® = BSN cos wt.

CorsacHoO 3aKOHY 3JIeKTPOMArHWTHON HHAYVKIIHH:
e = —®'=BSNwsin wt.
Avmnuatyna 3C mHAYKIHMYA

En=BSNo.
OTcropma
Em
©=BsN"
Bpemsa ogHOro obopora paMKH PaBHO!:
2
T=_23£=“_B_SN::3,8(C),
0] g

m

3. B nenp mepeMeHHOTo Toka ¢ uacroTrod v = 500 I'm BKJIOYEHa
KaTymka HEAYKTEBHOCTBIO L = 10 MI'a. Onpejgennre eMKOCTb KOH-
neHCATOpA, KOTOPBEIH HAAO BKAKNYHTE B 3Ty IeNb, YTOOB HACTYIIHJI
pe3oHaHC.

Pemenue. JiieKTpUUecKad Iellb COTJIACHO YCJAOBHIO 3aa-
4y mpeAcTaBafeT coboil KosebaTenbHBIH KOHTYDP. PesoHanc B
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3TOIl meNny HACTYIIMT, KOIJa 4acToTa MepeMeHHOro Toka Oyjer
paBHa cOOCTBEHHOM JacToTe KosefaTeIbHOr0 KOHTYpa (V = Vo).

1
Vo= ——.
°" anJIC
Orcrona
o b e et
C= 2 LvE 107° @ =10 MdP.

1. Tlocne Toro Kak KOHJEHCATOPY KOJeDATENIBLHOTIO KOHTYpa OBLI
coobmer s3apaj ¢ = 107 K, B KOHETYpe BOSHHUKJIM 3aTyXAa0LIue KoJle-
fanua. Kakoe KOJMHMYECTBO TEMJIOTHI BBIAEJHUTCA B KOHTYDE K TOMY
BpEMEeHH, KOrZa KoJebaHus B HeM IOJHOCTBIO 3aTyxHYT? EMKOCTb
rounencaropa C = 0,01 mx®.

2. KonebaTenbHBIH KOHTYDP COCTOMT M3 KATYIIKH UHAYKTHBHOCTHIO
L =0,003 Te u niaockoro KoHjaeHcaTopa emKocThio C = 13,4 od.
Onpegenure mepuoy ceoboaHBIX KoJaebaHHN B KOHTYDe.

3. B Kakux mpejenax AOJKHA U3MEHATHCA WHIYKTHBHOCTH Ka-
TYIIKXA KoJeGaTelbHOro KOHTYpa, 4ToGbI yacToTa KoneGaHMH H3Me-
gHaxack or 400 go 500 I'm? EMrocTs koHAeHcaTopa 10 Mird.

4. Onpepenure ammautyny II1C, HaBoAUMO# B paMKe, Bpallao-
lieicA B OJHOPOJHOM MArHMTHOM IIOJIe, €CJIM YacTOTa BpAaIleHHUd CO-
crasaser 50 06/c, mromanb paMmxu 100 cM? ¥ MarHUTHAS WHAYKIAS
0,2 Ta.

5. Karymra maaykTusHocThI0 L = 0,08 ' mpucoeirHeHa K HC-
TOYHHKY IIepeMeHHOI'0 HanpskeHuda ¢ gacroror v = 1000 T'a. HeiicT-
Bylomee 3HaueHue Hanps:keHus U = 100 B. Onpenenure aMIIATYAY
cuasl Toka I,, B memnu.

KPATKHE HTOI'H TI'JIABBI 4

1. IIpu 3JeKTPOMarHUTHHIX KoJe0aHHAX IPOHCXOLAT MepHOo-
IUYecKHe M3MEeHeHHs dJIeKTPUYECKOT0 3apsja, CHUJbI TOKAa
¥ HAIPAXKEHUs., DIeKTPOMATHUTHRIE KOoJIe0aHuA IoApazie-
JNAKTCA Ha cBOOOAHBIE, 3aTyXawNie, BEIHYKIEHHEBIE U aB-
TOKOJeOa U,

2. Ilpocreiimeil cumcTeMoil, B KOTOpPoM HalOmmomaioTca cBoOO-
HBIE 3JIEKTPOMATHUTHEIE KoJiebaHus, ABIAETCA KoJieDaTenb-
HBIH KOHTYD. OH COCTOUT M3 MPOBOJOYHON KATYIIKUA U KOH-
JeHcaTopa. Y pABHEHHEe, OIIMCHIBAIOINEe 3JIeKTPOMATrHHUTHBIE
KoJleDaHUA B KOHTYpe, HUMeeT BUJ

q" =~ (2}q’
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roe g — 3apAl KOHOeHcAaTopa; ¢’ — BTOpas IIPOU3BOAHASA
3apsja II0 BpeMeHH; ®§ = 7 KBaApaT IHKJIHYECKOH
4acTOThl KoJsebaHWi, 3aBHCANEH OT HMHIYVKTHUBHOCTH L
u emrkocru C.

Penlenne ypaBHeHHUsi, ONHUCHIBAIOIIEr0 CBOGOAHLIE 3EKTPO-
MarHuTHble KoaebaHmusa, BEIpaXKaeTcd JHO0 yepes KOCHHYC,
aud0 depe3 cCHUHYC:

q =g, C08 W HUIHU ¢ = ¢, Sin Oyt.

Konebanusa, nmpoucxoismue Mo 3aK0HY KOCHHYCA HJIH CH-
HyCa, HA3BIBAIOTCA rapMoHHUYecKHMH. MakcuMaabHOe 3Ha-
JeHHe 3apAja ¢, Ha O0OKJIagKaxX KOHAEHCATOPA HA3BIBAETCH
aMILINTYA0H KoJiebaHWil 3apana. Beanuunna o, HassIBaeTCH
IHKJIWYEeCKOH 9acToTON KoJaeGaHWH M BBIpA)KaeTcA depes
YHCJIO V KonebaHHH B CEKYHAY: My = 2TV.

Ilepuon xonebauHmuil BeIpaykaeTcd Uepes IHUKJIHYECKYIO 4ac-
TOTY cleyomuM obpasoM:

A ]
Wy

Benuuuny, cTosmiyo moj 3HAKOM KOCHHYCA HJIHM CHHYyCA
B pellleHVHU /Ui YpaBHeHHA CBOOONHEBEIX KonebaHWil, HA3BI-
BaioT (hasoil xomebanuii. Pasa omnpenensieT COCTOAHHE KO-
nebaTeIbHON CHCTEeMEI B JJAHHBIM MOMEHT BPEMEHH IIPH 3a-
IAHHOH aMILIATYIe KoJieOaHmii.

W3-3a Hanuumsa Yy KOHTYpa CONPOTHUBIECHHA KOJeDaHMS
B HEM C TedeHHEM BPEMEHH 3aTyXaloT.

BrinyxaenHble Kone0aHUA, T. €. HePEMEHHEBIN 3/IeKTpUYe-
CKHH TOK, BOBHHKAKT B IeIlH O] JelCcTBHeM BHEIIHero me-
PHOAUYECKOTO HAUPsKeHUsA., MeXIay KoJleOaHHAMEA Hanps-
JKeHHHA M CHJIBI TOKa B o0meM cayuae HabiamomaeTcsa COBHT
daz .

MommHOCTE B menu HepeMeHHOTI'0 TOKA ONpPeAesiseTcs Hei-
CTBYIOIIMMH 3HAYEHHAMH CHABI TOKA ¥ HAIPAMKEHHS:
P =1IU cos .

IIpu coBnaseHMM YACTOTHI BHEMIHEr0 MEPEeMEHHOT0 HAIP-
JKEeHHA ¢ cOBCTBEHHOM YacTOTOM KomebaTesIbHOT'O KOHTYpA Ha-
CTYIIaeT PEe30HAHC — pPe3Koe BO3PACTAHWE AMILIUTYIbI CHJIBI
TOKA HPH BbIHYXKAEHHBLIX KoJebanusix. PesoHaHC BohIpaskeH
OTYEeTIWBO JHUINE IPH JOCTATOUHO MAaJIOM AKTHBHOM COIIPO-
THBJIEHHUH KOHTYpA.

OQHOBpPEMEHHO C BO3PACTAHHEM CHJIBI TOKA IPH PE30HAHCE
IPOUCXOAUT PE3KOE YBeJHUYeHUEe HANPAKEeHUs HAa KOHJEH-
caTope W KaTyiuke. flBiieHWe 3/IeKTPUYECKOr0 pes3oHaHCA
HMCIIOJIB3YeTCA IPU PAJHOCEA3H.



9. Asroxkonebanmus Bo3OymmmamoTcA B KoJebaTelbHOM KOHTY-
pe reHepaTopa Ha TPAH3MCTOpE 3a CYeT SHePruH HCTOYHHKA
MOCTOSHHOTO HAaIpAMXeHUdA. B reHepaTope HCIOJb3YETCHA
TPaH3UCTOP, T. €. HOJYOIPOBOAHNKOBOE YCTPOIICTBO, COCTOA-
miee M3 SMHUTTepa, 0assl M KOJJIEKTOpa M HMeloImee IBa
p—n-nepexona. Konebasua ToKa B KOHTYPE BhI3BIBAIOT
Kosie0aHUA HaANPAXKEHUA MexJy sMUTTepoM u 6asoil, Ko-
TOpBIE YOPABIAAKT CHJI0M TOKAa B IeOH KoJedaTeJlbHOro
KoHTypa (oOparHas cBasb). OT HMCTOYHMKA HANDAMKEHHA
B KOHTYD MOOCTYIaeT 3HEeprus, KOMIEHCHPYIOIIAS IIOTePH
9HEPTHH B KOHTYDEe Ha pesucTope.

I'maa 5. ITPOHU3BOJACTBO,

§ 37

IEPEJTAYA U UCIIOJIB30BAHHE
AJIEKTPHYECKOHN D)HEPTHH

DneKTpHUYecKas 3Heprus o0JIaflaeT HEOCHOPHMBIMH
[IPeuMYIIeCTBaAMH IIepe] BCeMH APYTMME BHAAMHE 9HED-
ruu. Ee MOJKHO mepejaBaTh IO IIPOBOJAM Ha OT'POM-
HBI€ PACCTOAHUSA CO CPABHUTEJNHHO MAJBIMH IIOTEPs-
MH 4 yA00HO pacmpenenasaTh MeKAY MOTPeOHTeNaMH.
I'naBHOE 3Xe B TOM, UTO 3Ty SHEPTrHIO ¢ IOMOIILIO AOC-
TATOYHO IPOCThIX YCTPOMCTE JIETKO IPEBPATHTS B JIIO-
Oble gpyrme (hopmbl: MEeXaHHUYECKYIO, BHYTPEHHIO
(HarpeBaHue Tei), PHEPrUiO CBETA U T. I.
IlepemeHHEIH TOK B OTJIMYHE OT MOCTOAHHOTO HMEET
TO HOPEeHMYIeCTBO, YTO HANpPSXKeHHe U CUIY TOKa
MOJKHO B OY€HB INMPOKHX Npejeax IpeoGpasoBEI-
BaThk (TpaHCcOpPMHMPOBATE) IOYTH 0e3 moTepL 3HEp-
ruH. Taxue npeofpasoBaHus HEOOXOAMMEI BO MHO-
PUX 3JE€KTPO- W paZUuOTEeXHUUYECKHUX YCTPOMCTBax.
Ho ocobGermno Heo6xozuma TpaHchoOpMaunus Hanps-
JKEeHHA H TOKa HOpH Iepejade 3MeKTPOIHEPrHH Ha
OoJiblINEe PACCTOAHHSA.

TEHEPUPOBAHHE JJIEKTPHYECKOH
JHEPTHH

JJIeKTPUYECKHH TOK BHIpAGATHIBAETCS B TIeHepaTopax —
yCTPOHCTBaX, NPeolpa3yoNuX SHEPTHIO TOT0 HJIH MWHOTO BHIA
B 2JIEKTPHYECKYIO 9Hepruo. K reHepaTopaM OTHOCATCA I'ajibBa-
HHUYEeCKHe dJIeMeHTHI, 3JIeKTPOCTATHYeCKHe MAallluHbI, TepMoba-
rapeu!, conHeunsle GaTapen u T. m. MccleIyooTca BO3MOMKHO-

g TepMobaTapessX HCNOJB3YETCHA CBOMCTBO ABYX KOHTAKTOB DasHOPOJ-
HBIX MaTepHaaoB codzaBaTh JIIC 3a cueT PA3HOCTH TeMMOepaTyp KOHTAKTOB.
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CTH CO3JaHHA NPHHOUIWAJBHO HOBBIX THIIOB T'eHEpaTOpPOB.
Hanpumep, paspabaTbiBaioTCs Tak HasblBA€MEIE TOIJIHBHEIE
9JIEMEHTEI, B KOTOPBIX 2HEPTrHdA, 0CBODOKJa0INaACA B Pes3yiib-
TaTe peaKlluy BOJOPOJA ¢ KHCJIOPOAOM, HEIIOCPEACTBEHHO Ipe-
BpalaeTcsa B 3JEKTPHUYECKYIO.

OfnacTe IpUMEHEHHUSA KaKAOr0 U3 MEPEeUHCJIEHHBIX THIIOB
reHEPaTOPOB 3JIEKTPOIHEPTHH OIpeAesdeTcsad HMX XapaKTepH-
ctukamu. Tak, sJIeKTpOCTATHUYECKHE MAIIWHBI CO3JAI0T BBICO-
KVIO PasHOCTh MOTEHIMAJI0B, HO He CIIOCOOHBI CO3JaTh B HENH
CKOJIBKO-HHOYAbL 3HAYHTEJBHYIO CHJIY TOKAa. 'albBaHMUYECKHe
aJIEeMEHTHI MOTYT JaTh GOJIBIION TOK, HO IIPOJOJKUTENbHOCTh
UX JeMCTBHSA HeBeJIHKA.

OCHOBHYIO pPOJIbL B Halle BpeMsl BHIIOJHSIOT 2J1€KMpomexa-
HUuYecKUue UHOYKUUOHHBLE ZEeHepamopvl. NepemMeHH0z0 MOKd.
B sTux remepatopax MexaHM4YecKas JHePrusi IpeBpalaeTcs
B 3JIEKTPHUECKVI0. VX aelicTBHEe OCHOBAHO HA SABJIEHHH IJIEK-
TPOMATHUTHON MHAYVKIHUK. Takue reHepaTopbl HMeIOT CPaBHU-
TEJIBHO IPOCTOE YCTPOMCTBO M HMO3BOJIAIOT IIOJYyYaTh OOJBIIHE
TOKH IPH JAOCTATOYHO BBICOKOM HAINPAXKEHHH.

B panbHeiimmeMm, roBopsA O reHepaTopax, Mbl OyjaeM uUMeThb
B BHAY HMEHHO HHIAYKIIMOHHEIE 3JIeKTPOMeXaHWUYeCKHe I'eHe-
paTopsl.

T'emepaTop nepemenHoro Toka. [IppEnUN fgelicTBUA reHepa-
TOpa MepeMeHHOr0 TOKa yike ObLI paccMoTpeH B § 31.

B nHacrosmiee BpeMsa MMeeTCA MHOTO Pas/IMYHBIX THUIIOB MH-
AVKIITHOHHLIX reHepaTopoB. Ho Bce 0HM COCTOAT M3 ONHHUX U TE€X
7K€ OCHOBHBIX YacTeil. 3T0, BO-IIEPBBIX, 9JIEKTPOMAarHUT MJIH MO-
CTOAHHBIA MATHHT, CO3MAIOIINA MarsuTHOe IIoJjie, M, BO-BTO-
pBIX, OOMOTKAa, B KOTOpPOil mHAyHuUpyeTcs nepemeHHasa IIC
(B paccMOTpeHHOH MoJenu TeHepa-
TOpa STO BpaIaiolasics paMKa).
Tax xax 3]IC, HaBOJUMEIe B IIOCje-
JOBATENBHO COEJMHEHHBIX BHUTKAX,
craambIBaoTeA, To aMmmaaTyna 3JC
UHAYKIHAH B paMKe IIPOIOPIHO-
HajsHA uncyy ee BUTKoB. OHa mpo-
MOPIHOHAIBHA TaKyKe aMILIUTYIe
IepeMeHHOr0 MATHHUTHOTO IIOTOKAa
(®,, = BS) uepe3 KaMXAbli BHTOK
(cm. § 31).

s monydyenus GonpHIoro Mar-
HUTHOTO IIOTOKa B TIeHepaTopax
NPUMEHSIOT CIEIHAJILHYI0O MarHUT-
HYIO CHCTEMY, COCTOAIIYIO U3 ABYX
CepAEUHUKOB, W3TOTOBJIEHHBIX H3
3JIeKTPOoTeXHHYeCcKo# cranu. O6mor-
Puc. 5.1 KH, CO3JaolHe MarHuTHoe IIOJe,
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IMeTxkn Porop Kopnyc Typbuna

\'.

Puc. 5.2

PasMeIlleHEbl B IagdaxX OJHOIO U3 CePAeYHUKOB, a 0OMOTKH, B KO-
Topbix nHAYnupyerca IIIC, — B maszax apyroro. OauH u3 cep-
AEeYHUKOB (00BIYHO BHYTPEHHHIT) BMecTe ¢ 0GMOTKOH BpaIlaioT
BOKPYT MOPH30OHTAJBHOM MJIN BEPTHKAJIbHOM ocH. [loaToMy oH
HaseIBaeTCHa pomopom. HenmonBu:xHBIH cepiedHUE ¢ 0OMOTKOM
Ha3BIBAIOT CMAMOPOM. 3a30D MEXKAY CepAeYHMKAMEI craTopa
U pOTOpa [IesalT KaK MOXHO MEHBIIHM MAJIf VBEeJIH4YeHHS IO-
TOKa BEKTOPA MarHUTHOH HHIVKIIHH.

B uzobpaxkeHHO# Ha pucyHKe 5.1 Momenu regeparopa Bpa-
LIAXOT MPOBOJNIOYHYIO PAMKy, KOTOpas ABJIAETCA POTOPOM (HO
Ges sxeneaHoro cepiedHuka). MarHuTHOE TOJIe CO34AeT HENoJ-
BYJKHBIM TOCTOSHHBIM MaruuT. Pasymeercsi, MOMKHO OBLIO ObI
NOCTYNHTE M Hao6OpOT: BpalaTh MarHUT, a PAMKY OCTABUTH
HEeIIOABHIKHOMH.

B GosbmiMX NIpPOMBIMIIEHHBIX TI€HEPATOPAX BPAIAETCA
HMEHHO 3JIeKTDOMATHHT, ABJIAIIHICA POTOPOM, a 00MOTKH,
B KOTOPHIX HaBoguTca SJIC, yIoKeHHl B Ia3ax cTATOpa M OCTA-
I0TCA HENMOABHXHBIMHU. [lelo B TOM, YTO MOABOAUTE TOK K PO-
TOPY MJIM OTBOAHUTE €r0 M3 0OMOTKH POTOPa BO BHEIIHIOKO IIeIb
OPHUXOAMTCSA IPH MOMOINM CKOJB3AIMUX KOHTAKTOB, JJIg aToro
POTOP CHAOMXKaeTca KOHMAKMHbIMU KOAbUAMU, TIPHCOSIHHEH-
HBEIMHM K KOHIIAM ero o0MoTkH (puc. 5.2). HenoaBuXHbIe mWiIa-
CTHHBl — WeMKy — NPHKATEl K KOJbIAM U OCYIIECTBIISI