Bce noswvie punocoghor 6 comnenve.

Dghup omeepanu - Hem ocnaaMeHeHbsl,
HUcuesno Connye, u 3emns nponana,

A kak naumu ux - 3HaGHUsL He CMaJo.

Bce npuznarom, ymo mup naw na ucxooe,
Konv uwgyym meorc nnanem 6 nebecrom ceooe
llo3nanuii noswvix... Ho edsa ceepuumcs
Omxkpvimve - 6ce Ha AMOMbL KPYULUMCAL.

"

Bce - uz vacmuy, a yenoeco ne cmarno ...
Jloicon J[onH

JEKTPOAUHAMUKA
(AJJEKTPOMATI'HUTHBIE KOJTEBAHUSA U BOJIHbI)

BBenenue
Pa3BuTne MBINUICHHWS ydYallUXCs — OJHA M3 3ajJa4 COBPEMCHHOM INKOJbI, B TOM
gyuciiec W yddmTelds (u3nku. biiaromaps 3TOW CHOCOOHOCTH YYEHHUK MOXKET
YCTaHABJIMBATH CBS3U U OTHOIICHUS MEX/y TT0O3HABAEMBIMU 00bEKTaMH, PacCYX/1aTh,
CTPOUTH MOJIENb MpoIiecca, MPOrHO3UPOBATh €ro MPOTeKaHUE, CUCTEMAaTU3UPOBATh U
0000111aTh 3HaHUE, JIeTIaTh BEIBOBI U 3aKiItoueHUs. V3ydaembie 00BEKTHI U MPOLIECCH
HEOOXO0IMMO, TIPEXK]IE BCETO, BBIACIUTh U3 OKPY’KAIOIIEro Mupa, chopMHUpOBaTh UX
o0pa3bl U TOJIBKO TOT/Ia MOXXHO OYJEeT MPOBOAUTH JIOTMYECKHUE OMEPALMH C ATUMHU
oOpa3zamu. Y4YeHUK UX HE BblyuyuBaeT U He (ortorpadupyer, a co3gaeT 3aHoBo! C
dbopMupoBaHUEM M paCIIMpeHUEM 3TOW 0a3bl 00pa30B M CBS3CH MEXAy HUMHU
HEMOCPEJICTBEHHO CBS3aHO TIOCTYMATENbHOE [BIKCHHE Y4YalluXcsl OT ILIEHHOCTH
3HAaHMSI, KaK TaKOBOTO, K S3bIKYy 3HAaHMS, M Jajee — K IEHHOCTSIM pPa3BUTHUSA
WHTEPECOB, CIIOCOOHOCTEW M KJIIOYEBBIX KOMMETEHIMH. CKOPOCTh 3TOr0 JIBUKCHUS
CYIIECTBEHHO BO3PACTAa€T, €CJIH MpeajiaraeMble 3a/adyd TOHSATHBI, Pa3BUBAIOT
KapTUHY MHpaA, TPOCICKUBACTCS METOJOJIOTHYSCKUN MOAXOA TPHU HX PEIICHHH.
bonee Toro, Bech OMNBIT TMpemojaBaHUsl TOKAa3bIBae€T, YTO CcHUCTeMa 00pa3oB
CTPYKTYPHBIX €IWHUIl (PU3MUYECKOTO 3HAHUS 00pa3yeT Ty camMylo «OHOIHOTEKY
UCCIeoBaTens», 0e3 KOTOpOH HE MOXKET CYIIECTBOBATH TBOpPYECKAs JUYHOCTD.
Oco0eHHO 7TO 3aMeTHO B KjaccaXx (HHU3UKO-MATEeMAaTHYECKOTO (TEXHHUYECKOTO)
npousis TpH pEeNIeHHH WCCIeA0BAaTeIbCKUX 3a7ad, KOTrjJa MepBbI (YepHOBOW)
BApUAHT PEIICHUS BBIOUPACTCS HWHTYUTHUBHO W3 HMEIOIIETOCS OIbITa, U3 YKE
chopMUpOBaHHBIX TpeAcTaBieHU 00 oObekTax U sBIeHUSAX. Hampumep,
ANIEKTPOMArHUTHAasT WHAYKIUS — BaXHEHIEe DSIIEKTPOJIMHAMHYCCKOE SIBJICHHE.
JloctaTrouHO  CKa3aTh, 4YTO  TPAKTUYECKH  BCS  DJICKTpUYECKAas  DHEPrUs

BbIpa0aThIBAETCA Ha AJIEKTPUUYECKUX CTAHIUAX, TJle MpeoOpa3oBaHHE Pa3IHMYHBIX
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BUJIOB DJHEPrUM B DJIEKTPUUECKYIO DHEPrUI0 OCYIIECTBISAETCS C€ MOMOIIBIO
MHIYKIUOHHBIX T€HEPaTOPOB NEPEMEHHOro TOoKa. Pa3HOOOpa3Hbl MU NpPUMEHEHUs
JAHHOTO  SIBJICHUSA, TMOATOMY (OpMHUpOBaHME I1ETOCTHOTO oOpa3a JaHHOU
CTPYKTYPHOM €IWHUIbl 3HAHUS — OJIHA W3 BAXKHEWINMX 3a7a4 IIKOJIBHOI'O YUMTENs
¢u3nku. DTOT MpollecC HAUYMHAETCS B OCHOBHOM IIKOJIE C CO3JaHMs NepBooOpasza
MOHSATUS M BAXXHO €ro chopMUPOBATH TAKUM 00pa3oM, 4TOOBI OH MOT Pa3BUBATHCS, U
€ro MOXXHO OBLIO MCHOJB30BaTh [JIsl pELICHUs TBOpYECKUX 3anad. Hapsany c
UCCIICIOBATEIILCKUMH (TBOPUSCKUMHM) 3a/ladaMM, PEIICHHE KOTOPBIX MpEIroiaracT
UCIIOJIb30BaHUE BCETO ajJrOpUTMa HAyYHOTO MCCIIeIOBaHus, MOJe3Ha CUCTeEMa 3ajad,
3aKpeIUIAIONIasl BaKHBIE CBSI3M MEXKAY DJIEMEHTaMH 3TOro mpouecca. B kHure 4
NPOJEMOHCTPUPYIO ATH CBSI3M Ha mnpumepax: 1) ¢akTbl — HayuHble (DakThl; 2)
Hay4HbIi ()akT — TUnoTe3a; 3) TUmore3a — 3KCIEPUMEHT; 4) JKCIEePUMEHT —
Teopus; 5) Teopuss — MpaKkTUUecKue MpuMeHeHus. [IpuHSB 3TO yTBepKIAeHUU 3a
aKcUoMy, TIONPOOYI0 Ha MpUMEpax MoKa3aTh, KAk METOAMYECKH MPABUIBLHO MOKHO
c(hOpMHPOBATH ITH 1IEIOCTHBIE 0OPA3BI.

MO0>XHO MHOTO M JOJITO pacCyX/1aTh Ha YPOKaX O JOCTOMHCTBAX (PU3UKH, KaK HAYKH,
BBI3bIBAsl TAKUM OOPAa30M «HMHTEPEC» K €€ M3YyUEHUIO0, OJJHAKO OOJBIIETr0 pe3yJbTara
MOKHO JOCTHYb, pelIasl 3aJauyd, KOTOpPbIE Pa3BUBAIOT KAPTUHY MHPA, 3aCTABIISIIOT
3HaHHE «paboTaTh» B TEXHUKE U OBITY, IPUMEHSTH €ro B MPOIECCe TUCKYCCUU WIH
npocToro odieHus. B 3ToM ciiyyae yduTens BBICTYNAET HE B POJIU MPOMOBEIHHUKA
¢u3uku, a B POJM TMpernojaBaTelis, M HOTOT €ro mnepexoj B 0Oojee BHICOKOE
KauyeCTBEHHOE COCTOSIHME Bcerga OyJeT MO JOCTOMHCTBY OILIEHEH €ro yYeHUKaMH.
Crnenyer mo06aBUTh, YTO B HOBBIX YCJIOBHSIX YXKE€ COBEPIICHHO HEIOCTATOYHO YUUTh
peliaTh 3a/1a4u «KaK BCE W KaK BCETJa», a HEOOXOIUMO MOCTaBUTh yUYEHUKA B TaKue
yCIIOBHS, YTOOBI B KaXXJ0W 3amaye, B 000N >KU3HCHHOW CHUTyallMd, OH HCKaj
OpUTMHAJIBHOE, KPACHBOE M OTJIMYHOE OT APYTHX PELICHUE, PACKPBIBAI U PAa3BUBAI
cBoi TBopueckuid moreHnuan. C 3Tux no3uuuu (uU3MKa, Kak Hayka o HauOoiee
OOIMX 3aKOHaX NPUPOJBI, 3aHUMAET JUAMPYIOIIME TO3WLMU CpeIud Bcex
€CTECTBEHHO — MAaTE€MaTHYECKMX HayK, OJHAKO B IPOLECCE MpEernoJaBaHus
HEeoOXonMuMO "TOAMPaBUTH" coIepKaHUE HU3Yy4aeMoro y4eOHOro maTepuana Tak,
4ToOBl OHO JaBajo KapTUHY MHpa, a CHCTEMa TBOPYECKMX M HAy4YHO-
MCCIIEIOBATEIbCKUX 33Jad B CBOIO OYepeIb pa3BUBala y4yeHUKa U (hopmupoBaia
TBOPUYECKYIO JIMYHOCTb. Bce 3TH 3aaunM M MOM PEIICHMs] 3TUX 3aJad Ha YpPOKax
(bu3HKYU TIpeICTaBIeHbI B KHUTE «DJIEKTPOMATHUTHBIE KOJICOAHUS U BOJIHBI B IIIKOJIE,
KOTOpYIO 5 IpejaJiararo BamieMy BHUMaHUIO.

VYuurens duzuku MBHOVY "T'umuazus Ne 44" A. Hannun
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"B ucmopuu denosedecmed (eczlu nocmvompems Ha Hee, CKAdicem, depes oecsama
mbulcAd Jzem) camvim 3HayumenvHovim coovimuem X1X cmojiemusl, HECOMHEHRHO, 6y()em

omkpwvimue Makceeiniom 3aKoH08 I1eKmpoOUHAMUKU' .
P. @eunman

Ecnu enocnedcmeuu 603uukHym Kaxue-iubo uHvle 832110bl HA COCMOAHUE UTU CBOUCMBA (NYCcmo2o)
NPOCMPAHCMBA, MO UX HYHCHO OYOem Y8A3amb CO CEOUCMBAMU MO20, YMO Mbl HA3bIBAEM NYCHbIM
NPOCMPAHCMBOM CeUdac ¢ COOMBEEMCMEUL ¢ OAHHLIMU ONbIMAMU.

Mauixkn @apaoeti

HNPUMEPHBIE IIVTAHBI YPOKOB 110 3JIEKTPOINHAMUKE
(QJUEKTPOMAI'HUTHBIE KOJIEBAHUA U BOJIHbI)

Ecmb, o0Hako, 00HO cuacmiaueoe oo6cmoamenbcmeo: Kakogvl Ovl HU ObLIU
HAWU MHEHUS,, UM He U3MEHUMb U He pacCmpoums 3aKOH08 Npupoobl!
Maiixn @apaoeii

Ymoobuwl yoeporcamov 1udepcmeo, Ha0o NPoCcmo iyuuie pabomams.
Hpyeux peyenmog nem. Haoo kaxicovlii 0eHb 4mo-mo yiyuyuiams.
Apxaouti Bonoow (ocnosamens komnanuu Hnoexc)

3aoauu 60yoym umnmepecuvle. OOHY U3 HUX cel4ac peuwiaem 6cs
kagheopa. Ecnu pewium, mol ee 8xnoyum 8 IK3AMEHAYUOHHYIO pabOm).
Lumamuwl npenooasameneti MOTHU



"Omu paccyxcoenus u evimeKkarOwjas U3 HUX KAk Cleocmeue Haoexicod
HOMYYUMb IIEKMPULeCme0 Npu NOMOWU OObIKHOBEHHO20 MACHEeMU3MAd 6
pasHvle  8pemeHa  NoOYHCOanu MeHs  IKCHEPUMEHMANIbHO — U3YUamb

UHOYKMUBHOE Oelicmaue 31eKMpudecKux mokos" .
M. ©@apadoii

El Vpok 57/ 1!; AJIEKTPOMAT'HUTHAA UHAYKIINUA
TO HA3LIBAKOT MATHHUTHBIM MOTOKOM (II0TOKOM BEKTOPAa MATHMUTHON MHIYKIHH)?

HEJIb YPOKA: I103HaKOMUTb y4daluxcs ¢ UCTOPUEN OTKPBITUS AIEKTPOMArHUTHON

UHAYKIIMM W OCHOBHBIMM  OCOOEHHOCTSIMH  3TOrO  SIBJICHHUA. Y CTaHOBUTH
AKCHEPUMEHTAIIBHO 3aKOH JIEKTPOMAarHUTHOM MHTYKIIMH.

THUIT YPOKA: nexuus.

OBOPYJIOBAHMUE: yHuBepcanbHblii TpaHCHOPMATOP C MPUHAICKHOCTIMHU, Tallb-

BAaHOMETP OT BOJbTMETpa (ociuiorpad), MarHuT AyrooOpasHbIi, OJOK MUTAHHS,

IMPOBOAHUK.
IIJTAH YPOKA:
1. BcerynurenbHas yacTh
2. Jlexmus
3. 3akperuieHue
4.

3amanue Ha 1OM
II. /o mocineaHero BpeMEHH MBI HM3ydald IOCTOSIHHBIE (CTallMOHApPHBIC)

ANEKTPUYECKUE W MarHuTHble mnons. MHTepecHbl nepeMeHHble moyis. OHU MOTYT
co3iaBaTh JpYr Apyra, Ojarojiapsi yeMy CYHIECTBYIOT paguoBOJHBI U cBeT. Dakr,
KOTOpBI ynmanoch ycTaHoBuTh B 1820 r (omeiT Opcrena): “'Inekmpuuecmeo
cozoaem maznemusm''. llenb, KOTOpyr TOCTaBWJI Tiepen coboit  Dapasoii:
"Ilpespamums macnemuzm ¢ 3Inekmpuuecmeo!'’. Ilouemy Dapanero He cpazy
yJlaJoch HaOIIOJATh SIBJICHUE DJIEKTPOMArHUTHOW MHAYKIMU? COBEpPIICHCTBOBAHHE
JEMOHCTPAlMOHHON yCTaHOBKH. OTKPBITUE SIBIICHHS 3JIEKTPOMArHUTHOW WHAYKIUHU

(29 aBrycra 1831 1.).
A B | B A b 15 A B
/_“@ ' < A ® Bi < Il Th
Iv 6 'r% ) \%/I;\‘Q TT‘,p\"‘\0 %i
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OnbiThl @apanes:

® OHLITH C ABYMsS KaTyIIKaMU (BKJ’IIO‘ICHI/IC N BBIKJIFOUCHUC JJICKTPUYCCKOTO TOKa B HepBOﬁ
KaTYIIKe).

® OHLITH C ABYMs KaTyIIKaMHU (OTHOCI/ITeJ'ILHOG JABUXCHHUC KaTYH_IeK).

e OnbITH C ABYMS KaTyIIKaMu (M3MEHEHHUE CUIIBI TOKA B MIEPBOM KaTYIIKE).

® OHLITLI C MAarHuToM Hu KaTYHIKOﬁ (OTHOCI/ITCHLHOC ABUKCHUC KAaTyHIKM U Mar HI/ITa). B »stux
OIIbITaX HEBO3MOXKHO 06Hapy>KI/ITB, YTO ABUKECTCA — MAarHuT UJIn KaTYI_HKa!



B 3aMKHyTOM NpOBOASIIIEM KOHTYpPe BO3HHUKACT JIEKTPHYECKHMH TOK NPH
BCAKOM M3MEHEHUM YHUCJAa JMHMIA MATHUTHOW WHAYKUMH, NMPOHM3BIBAKIIMX
MOBEPXHOCTH, OTPAHMYEHHYIO 3TUM KOHTYPOM (3JICKTPOMAarHUTHAS UHITYKIIHS).

BriBog ®apanes: Konuuecmso anekmpuuecmea, npueooumoe 6 O8udcenue, npsamo
NPONOPYUOHANLHO YUCTY NepeceKaemblX TUHULL' .

Ecnu wm3MeHsiercss 4YMCIIO JMHUM MAarHUTHOM MHAYKLIUU 4Yepe3 IOBEPXHOCTD,
OTPaHUYECHHYIO KOHTYPOM, TO U3MEHAETCS] MArHUTHBIN ITOTOK:

®=B-S-cosa
3aBUCHMOCTh CHWJIBI MHAYKIMOHHOTO TOKa OT CKOPOCTM W3MEHEHHSI MarHUTHOTO
NOTOKA, YMCJIa BUTKOB B KOHTYPE U €r0 CONPOTUBIEHUS (AeMOHCTpaIus).

l; —ﬂ; | =% gi:—g—wi:—d)’.

R- At R At
3aK0H JJEKTPOMArHUTHOM WHIyKnuu moiaydeH @. Heiimanom B 1845 r. [lowemy 3akoH
3JIEKTpOMarHuTHOM nHAYKIMU popmynupyercs ang DJ1C, a He 1 cUITbl TOKa?
Tpu cnocoda M3MeHeHHs] MATHUTHOrO MoToka (m3menenwe B, S m «) W Tpu cnocoda
NOJIyYeHUs] HHAYKIIHOHHOTO TOKA. A €CTh JIM YeTBEPThIN (IBIIKCHHUE MPOBOJHUKA B MArHUTHOM
nojie)? JleMoHCTpalusi Tpex CIOCOOOB TOJyYCHHS WHIYKIMOHHOTO TOKa (IBa TOCIEIHUX -
CIIEICTBHE YETBEPTOTO, a IMEPBBIM - CIEACTBHE TOrO, YTO H3MEHSIOIIEECs MAarHUTHOE II0Jie
MOPOXKIAET B OKPYKAIOIIEM MPOCTPAHCTBE AIEKTPUUECKOE TI0JIE).

3HaueHue OTKphITUs Dapaznes: OTKPbUT (M3rOTOBHJI) NMPUHIMNHAJILHO HOBBIH

HNCTOYHHK 3JIEKTPHYECKOT0 TOKA - 3aAMKHYTBIil MPOBOASIIINI KOHTYpP (KATyIIKa)

B IIEPEMECHHOM MArHUTHOM I10JI€.

@apaneil OblT yIUBUTEIBHO CKPOMHBIM M JOOpO’KenaTeabHbIM denoBekoM. OH JroOui aenarhb
Jpy3bsSM Ha Mpa3IHUK MOJAPKU COOCTBEHHOTO M3TOTOBJIEHHMS, HApuUMep, OPUTBBI U3 CO3AaHHOTO
UM HOBOTO copTa crtaiud. Haxonsce 3a rpaHuileif, Bce BpeMsi AyMal O CBOUX OJIU3KHX
POJCTBEHHUKAX: "Omumu cepoeuHvlMu 4y8Cmeamu s 00pONCY KAK JYYUUM VKpAUeHUuem
yenoseveckoeo cepoya” - nucan Oapaei.

"Hayka 3axeamvléaem HAc moabKo mo20d, K020d, 3aUHMepeco8asULUCh HCUIHBIO BENUKUX

uccireoosamereti, Mbl HAUUHAEM ClLeOUMb 3 UCMOPUel pA38UMUsL UX OMKPLIMUUL' .
Makxcesenn

Uepe3 150 mer renepanbHoro cekpetapst KoposieBckoro mHcTHTyTa BenukoOputanumu MapTuHa
CIPOCHIIM, YTO Jall HayKe MHCTUTYT. OH OTBETWIJ JJAKOHUYHO: «MHCmumym — 2mo mo mecmo, 2oe
acun u paboman @Dapadetiy. CIycTsi IBECTH JIET MOCIE OTKPBITHS SJeKTpoABUrarens Maiikia
®dapajes 1Mo MpaBy MOMHSAT 3a BCE €ro pabOThl B 00JacCTU AIIEKTPOMArHeTU3Ma, a TaKkKe 3a €ro
CIIOCOOHOCTH XMMUKA, JIEKTOpa U SKCIIEPUMEHTATOpPa.

1. 3a0auu:

1.3a 5 mc B coneHoune, coaepxkaiiem 500 BUTKOB MPOBOAA, MAarHUTHBINA MOTOK
paBHOMepHO yoObIBaeT ¢ 7 no 3 mB6. Haiitn DJ1C uHayKInu B COICHOUIE.

2. MarHuTHBIA TOTOK, TIPOHU3BIBAIONIMK KOHTYpP TIPOBOJHUKA, PaBHOMEPHO
ymenbimmics Ha 0,6 BO Tak, uro DJIC mHayknuu okazanach paBHou 1,2 B.
Haiinute Bpemss W3MEHEHHsI MarHuTHOro noroka. Omnpenenure  cuny

MHIYKIIMOHHOTO TOKa, €CJIM CONPOTHUBICHHUE TTpoBoaHMKa 0,24 OwMm,
IV. §§ 1-2. Ymp. 1, Ne 8.

1. IloaroToBuTh IATUMHUHYTHOC COO6H.[€HI/Ie O )KM3HHU U Haquoﬁ ACATCIIBHOCTHU Gbapazleﬁ.
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2. Ilpunymaiite, kak, ucnonb3ys IC MHAYKIMH, U3MEPUTHh OCCKOHTAKTHBIM METO/IOM, TO €CTh, HE
pa3pbiBasi Liellb, TOK B IPAMOM MpoBoJie. ONUIIUTE COOTBETCTBYIOIUN PUOOP.

... ecnu maznum 608UHYMb 8 CNUPALL U NPOHECMU Yepe3 Hee OOHUM HenpepbléHbIM
o08udICeHUeM, MO CMpeaKa cMmewaemcs 6 OOHY CMOPOHY, 3amemM 6He3aNnHO

OCMAHABIUBAETNCA U, HAKOHEY, HAYUHAem 08USAMbCSL 8 OPY2YI0 CHOPOHY" .
M. @apaoeii

E Vpok 58/2. é HAIIPABJIEHUE HTHAYKINOHHOI'O TOKA
JbY : HayunTs yyamuxcs onpeaensaTs HallpaBJIeHUe UHAYKIIMOHHOIO TOKA
B 3aMKHYTOM IIPUBOJSILEM KOHTYpE.

TUIT YPOKA: KoMOMHUPOBAHHBIH.
OBOPYJIOBAHUE: maruut ayrooOpas3Hbiii, ralbBAHOMETP OT BOJIbTMETpA, Ipubdop

[TerpoBckoro, auaduibM "SBleHHE JIEKTPOMArHUTHON WHIYKIHMH' ', 000OIIaroias

Tabynua "3aKoH 3JEKTPOMArHUTHOM MHAYKIUU . ,
TJIAH YPOKA: . ,0

BcerynurensHas yacTh
Onpoc

OO0bscHeHne
3aKperuieHue

5. 3amanne Ha TOM

I1. Onpoc dbyHaameHTanbHbli: 1. SIBJIEHUE JEKTPOMArHUTHOW MHIYKIUHU. 2. 3aKOH

PoNE

AIEKTPOMArHUTHON MHIYKIIHH.

3aoauu:

1. KpyroBoii mpoBONOYHBIN BHTOK MIOMAAbi0 20 cM° HAXOZMTCA B OZHOPOIHOM
MarHUTHOM I10JI€, HHIYKIUSI KOTOPOro paBHoMepHO m3Mensercs Ha 0,1 Tu 3a 0,4
c. IlmockocTh BHUTKA MNEPHNEHAMKYISPHA JUHHUSAM MAarHUTHOW WHAYKIUUA. Yemy
pasHa DJIC, Bo3HUKarOIIast B BUTKE?

2. Butok momamu S pacnoyiokeH MEepHeHIUKYIIPHO MAarHUTHOMY TIONIO0 C
uHaykuueil B. OH 3aMKHYT uepe3 rajibBaHOMETp ¢ comnpotuBieHueM R. Kakoii
3apsii POTEUET Yepe3 3TOT TaIbBAHOMETP, €CJIM BUTOK MOBEPHYTH MapajielIbHO
MOJII0?

3. MaruuTHBII MOTOK, CBA3aHHBIN C 3aMKHYTHIM KOHTYpOM compoTuieHueM 0,5 Om,
B TedeHue 10 ¢ mocne Havana oTcuera BpemeHu paBeH 50 MBO, 3aTeM Bo3pacTaeT B
teuerne 10 ¢ va 3 MB06 3a 2 ¢, mocine atoro yosiBaeT Ha 10 MB06 3a 1 ¢ mo Hy:s.
Haveptuth rpaduik 3aBUCUMOCTH OT BPEMEHH CHIIBI TOKa B KOHTYpE, MAarHUTHOTO
MOTOKA, CBI3aHHOTO ¢ KOHTYpoM, U DJIC MHIYKIIMU B KOHTYpE.

Bonpocwi:

1. Kak Hajmo mepemeniaTh B MAarHUTHOM TOJi€ 3€MJIM 3aMKHYTBI MPOBOJOYHBIN
MPSIMOYTOJIHUK, YTOOBI B HEM HABOIMIICS TOK?

2. Kak criemyer opweHTHpOBATH MPOBOJOYHYIO PAMKY B OJHOPOJHOM MAarHUTHOM
nosie, 4ToObl MAarHUTHBIA MOTOK YEpEe3 OrPaHUUYEHHYIO €10 MOBEPXHOCTh OBLI: a)



paBeH Hyq0; 0) MakCHUMaleH [0 MOAYJII0 M OTPULATENIEH; B) MaKCUMAJIEH; I)
paBeH MOJIOBUHE MAaKCUMAJIbHOTI'O 3HAUCHHMSI ?

3. [Ipy moBoOpoTEe KaTyIIKHM Ha 180° B marmuTHOM moNe 3emiH, rajbBaHOMETP
peructpupyert Tok. [Touemy?

4. Kakumu  Tpemss  cnocobamMud  MOXKHO  M3MEHUTh  MAarHUTHBIA  TOTOK,
IIPOHU3BIBAIOIINI 3aMKHYTBIA KOHTYp?

5. Ins  yHWYTOXEHUA Kopalbiied NPUMEHSJIUCh MHUHBI €  UHAYKIIMOHHBIM
B3pbIBATEJIEM, OCHOBHBIM 3JIEMEHTOM KOTOPOTO SIBJISJIACh KaTyIIKa, HAMOTaHHAs
Ha MOCTOSHHBIN Maruut. OOBSCHUTE MPUHIIMIT €TO IEUCTBHSL.

6. [IpoBosOYHBIII KOHTYpP B BHJE KBajapaTa co cTopoHOM 10 cM pacmosioxkeH B
MarHUTHOM TI0JI€ TaK, YTO TIUIOCKOCTh KOHTypa MepHeHIUKYIspHa JUHUAM
OJIHOPOJHOTO MArHUTHOrO Mojs ¢ uHaykuued 2 Tn. Ha kakoil yronm Hazno
HNOBEPHYTH MJIIOCKOCTh KOHTYpPA, YTOOBI HU3MEHEHNE MarHUTHOTO MOTOKA COCTABUIIO
10 mB06?

7. Ilouemy BO BpeMsi COJHEYHOW OypHM MOTYT MOBPEKIATHCS HHEPrOCUCTEMBI U

BO3HHUKATh IIOMCXHU IIPU Teﬂe(l)OHHOﬁ CBS3U?

8. Jlia wmccrnenoBaHus CTadbHBIX 0ajoK (PeIbCOB) HA HUX HAJCBAIOT KATYIIKY H30JHPOBAHHOM
NPOBOJIOKH, 3aMKHYTYIO Ha TajbBaHOMETP, W MepeMemarT ee¢ BIojib Oanku. [Ipu Beskoit
HEO/THOPOJTHOCTH CTPOCHUS OaiKH (TPEIIVHBI, PAKOBHHBI M T.JI.) B TaIbBaHOMETPE BO3HUKAET
TOK. OOBSICHUTE SIBIICHUE.

III. Ilpu BBegEHWUM B 3aMKHYTHIA MPOBOMSAIIMNA KOHTYp MAarHura, B KOHTYpE
Bo3HMKaeT DJ{C MHAYKIMU U, CIE€I0BAaTEIbHO, MHAYKIMOHHBINA TOK. THIYKIIMOHHBIN

<+—>

Puc. 1
TOK JIOJDKCH CO3]1aBaTh CBOC MAarHMTHOE II0JIe, IOCPEACTBOM KOTOPOro OH OyAeT
B3aMMOJICHCTBOBATh C MATHUTHBIM TI0JIEM MHIYKIIMOHHOTO TOKa (PUCYHOK Ha JIOCKE).
B uyem otmiauume KoieOaHWUN MarHuTa, MPOMCXOASIIMX IIPH 3aMKHYTOM H
Pa30MKHYTOM KJ04e Ha pucyHke 1? Ilpw 3aMKHYTOM KIIFO4e KOJCOaHHS 3aTyXHYT

ObICTpee, TI0ITOMY MAarHuT JOJKEH TOPMO3HUTHCS IMPHU BXOJAE B KATYIIKy W TIPH
BBIXOZIe W3 Hee (MHIYKIMOHHBIM TOK 3a0upaer »JHEPrul0 y MaramTa)?

MHeMOHI/I‘-IeCKI/Ie nmpaBuiia Jis1  OINPCACIICHUA @ @*
HaIpaBJICHUA HHAYKIXMOHHOI'O TOKaA. q* TO _ - TO *
B* Bif B * B i

IpaBuwio JleHua: NHAYKIUOHHBIH  TOK,
BO3HMKAKWIIMKA B 3aMKHYTOM KOHTYpe, Bceraa

8



HampaBJI€H TaK, 4YTO0 Cco3JaBaeM0€ HM MArHMTHOEC I10JI€ TMPENATCTBYET

U3MEHEHHI0 MATHUTHOI0 MOTOKA, BbI3BABIIEMY 3TOT MHAYKUMOHHBIA TOK''. B
(¢HU3MKEe YacTO BCTPEYAIOTCS CHTYallMH, KOTJa BHEIIHEE BO3JCHCTBHE Ha KAaKOH-THOO OOBEKT
MPUBOJNUT K TMOSIBICHHIO MPOTHUBOJICHCTBHS CO CTOPOHBI 3TOro oO0bekTa (MHEpIHs, C)KAaTHE rasa,
ANEKTPOCTATUYECKAS] MHAYKIINSA).

KakoB ¢u3nyeckuil CMbIC] 3HAKa B (popmysie aasa IAC muaykuuu? Ecmn
npUOIKATh K KOHTYpY MarHut, 10 AD® > 0, a £ < 0, T.e. UHIYKIIMOHHBIH :
TOK TEYEeT NPOTHB BHIOPAHHOTO HAMH IOJIOKUTEIHHOTO HAarpaBlICHUS, |
OTIPENIeNIIEMOTO HAIPABICHUEM HOPMald, KOTOPOE 3a/JaeTcs MPaBUIOM
npaBoro BuHTa (OypaBuuka). [Ipu 3TOM BepTHUKaIbHAs COCTABJISIONIAsT CUIIBI
Ammnepa OyzeT ycKopsTh KOHTYp, a caM KOHTYp OyAeT HarpeBarbcsi. DTUM
CTIIOCcO0OM TaKKe MOYKHO OTIPENENIATh HApaBJICHNUEe HHIYKIIMOHHOTO TOKa! I,

1V. 3a0auu:
1. MeTtamndeckoe KoJbllo paauycoM 4,8 ¢cM pacnojio)KeHO B MAarHUTHOM IIOJIE C

uaaykiuei 0,012 Tn nmepneHANKYJISPHO K JIMHUSAM MarHUTHOW WHAYKIMu. Ha ero
ynanenne w3 nousst 3arpauuBaetcs 0,025 c¢. Kakas cpennss OJIC npu stom
BO3HUKAeT B Koublie? OnpenenuTe HampaBieHUE WHAYKIIMOHHOTO TOKa B KOJIbIIE
JIBYMsI ClIoco0amu.

Bonpocwi:

1. Onpenenute HanpaBJIeHUE WHIYKIIMOHHOTO TOKa B MpoBosiieM Koutype (Puc. 1),
€CJIM UHJIYKIIUS MAarHUTHOTO TIOJISl YMEHBIIIAeTCsl.

2. Onpeienute HampaBlieHWE WHIYKIMOHHOTO TOKa B KOHTYpe O B MOMEHT
3aMblkaHus ¥ pa3mbikanus kiatoua (K) (Puc. 2).

- A
B L2 |0 SN ® 0| ©
[ I B —
X - ® ® ®
| B
Puc. 1 Puc. 2 Puc. 3 Puc. 4

3. Onpenenure OByMs crnocoO0aMu HAMpaBlICHHE WHIYKIIMOHHOTO TOKa B KOJIBIIE,
KoTOpOe mpubIImKaercs K Maruuty (Puc. 3). Uto 6yaeT NpOMCXOIUTh PKOIBLIOM?

4. TIpoBomauk AB CKOJB3UT 1O IBYM HAIPaBISIONIAM, 00pa3ys 3aMKHYTBIM KOHTYD
B ogHopongHoM wmarHuTtHom none (Puc. 4). Omnpenenure HampaBieHUe
MHJIYKIIMOHHOTO TOKAa B KOHTYpE.

V.§3. Yop. 1, Ne 2-4

1. N3006pasute B pUCyHKaX CUTYyallUd, JEMOHCTPUPYIOIIUE CIPaBeUTMBOCTh MpaBuiia JIeHna.
2. 3aueM Ha HEKOTOPBIX aMEPUKAHCKUX FOPKAX HCIIONB3YIOTCS 3JIEKTPOMAarHUTHBIE KaTamyJIbThI?

"B Hayxke HeobXoO0umo e6oobpadicenue. Ona He UCYepNbIBAemCs UYeIUKOM HU
MamemamuKou, Hu JT02UKOU, 8 Hell eCb Ymo-mo om Kpacomsl U nod3uu ..."
Mapua Mumuenn

E YPOK 59/3. z PEHIEHUE 3ATAY
MEHHO Os1arogaps 3Tomy 3¢¢eKTy cTajia BO3MOKHA MATHUTHAS JeBUTAIUSA !




HEJb VYPOKA: Hayunth ywanmuxcsi MpPUMEHATh 3aKOH AJIEKTPOMAarHUTHOMU

WHAYKIWW U TipaBuiio JIeHIa B KOHKPETHBIX CUTYaIUsX.
THUIT YPOKA: pemienue 3anau.
OBOPYJIOBAHMUE: o6o0maromas tabnuia "3akoH 3J1€eKTPOMarHUTHOM UHIYKLIHUU' .

IIJTAH YPOKA: —
1. BcerynurenbHas yacth -
2. Ompoc A
3. Pemenue 3amau —

4. 3amanue Ha IOM

II. Onpoc pynnamenrtanbusbiii: 1. Ilpasuno Jlenna. 2. Bropoit

croco0 OIIPCACICHUS HAIIPABJICHUA MHAYKITUMOHHOI'O TOKA.

3aoauu:

1.

N3 npoBona quHOM 2 M caenaH KBaApar, KOTOPBIN pacmloiioKEH TOPHU30HTAIIBHO.
Kaxkoi#t snmexkTpudeckuid 3apsii MpoWIeT MO MPOBOJY, €CIU €ro IMOTSHYTh 3a JIBE
JMAarOHAJIbHO TPOTHBOMOJIOKHBIE  BEPIIMHBI TaK, YTOOBI OH  CJIOYKHUJICS?
ComnpotuBnenue nposoga 0,1 Om. BeprukanpHas cocTaBisitolias MarHUTHOTO
rroJist 3emuin 50 Mk T

2. [lpoBogsinuit  crepxkenb OC  Bpamaercs ¢ yrjioBol 3
ckopocthto 300 ¢t BOKPYT OCH B  IUIOCKOCTH, ®
NEPHNEHAUKYISAPHOM K JIMHUSM MAarHUTHOIO TMOJS  C R ¢
uaaykued 1 Tn (Puc. 1). KonHenr ctepxHs CKOJB3UT IO a)
IPOBOJHUKY B BHJI€ IYI'M OKPYKHOCTH paauycoMm 10 cm. 0 Puc. 1
Mexay TpOBOAHUKOM M KOHIIOM CTEpXHS BKIIOYEH
pesucrtop compotuBienneM 30 Om. KakoBa cwia Toka B pe3UCTOPE U €T0
HarpaBjieHUE?

Bonpocwi:

1. Kakue npeBpamieHust SHEPruu MNPOUCXOAST NPU BBEJACHUU MarHuTa B 3aMKHYTOE
MIPOBOJISIIECE KOJIBITO?

2. B HaKOpOTKO 3aMKHYTYIO KaTYyIIIKy BABUTAIOT MarHUT: OJUH pa3 OBICTPO, a IPyroi
— MEJUIeHHO. B kakoM cirydae depes KaTyIiKy npoTeder Oonpmuii 3apan? B kakom
Clly4ae B KaTYIIIKE BBIICTUTCS OOJbIe Teria?

3. l'opusoHTanbHas Kpyrias pamMKa HAXOJUTCS B MAarHATHOM TOJI€, HAMPABICHHOM
BepTUKaIbHO BBepX. Kakum Oyner HampaBieHHME HWHIYKIMOHHOTO TOKa IMpHU
HAOJFOICHUH PAMKH CBEPXY, €CIIU TI0JIe YMEHBIIIAETCsI CO BpeMeHeM?

4. OnpenenuTh HampaBlIeHUE HHAYKIMOHHOTO TOKa B cienyrwomeMm omnbite. Och
MPSIMOTO TOCTOSIHHOTO MAarHuTa pacrlojiokKeHa BIOJIb MAarHUTHOTO MeEpHUJIMaHA.
Han marauToM, mapamieabHO €My IMOJBEIICH MPSAMOJIMHEHHBIM NpoBOJA. Marnut
OBICTPO MOBOPAYMBAIOT HA 90° CEBEPHBIM TOJIFOCOM Ha BOCTOK.

5. Teneponnble HAYIMIHUKK UCHONB3YIOTCS Kak TenedoH U Kak MHUKPOQOH.

OO0bsicHuTe pabOTy HAYIIHHUKA B KQUeCTBE MUKPO(OHA.
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. Kak nm3mensercs MOJYJIb BCKTOpa MarHuTHOM HHAYKIOHUU B CUTyalllH,

. MoxxHo 1u SKpaHUpPOBATH IIEPEMECHHOC MAarHUTHOE IOJIC C MOMOIIBID  f “ivii 1

METaNINYECKON CETKU WU (OJIbru? ( J)

o

M300paKEHHON Ha PUCYHKE?

. CkBO3b OTBEpCTHE KaTyIIKU Najaer npsMoid MarHuT. W300pa3uth npuMmepHbli Trpaduk

3aBUCHUMOCTH YCKOPEHMSI MarHuTa oT BpeMeHU. COnpoTUBIIEHUEM BO3/1yXa IIpeHEOpeyb.
'ymamo Haoo panvwe, a 8 11-om knacce naoo yyce 3namsp!"

I11. 3aoauu:

1.

[IpoBoanuk B popme crepkust anuHoit 1 m, maccoii 0,1 kr u conpoTtuBieHuem 1
OM majmaeTt, coxpaHsisi KOHTaKT C BepTUKaIbHBIMU cToMkamu [1 — o6pa3Hoii popmbl
U o0pa3ys ¢ HUMH 3aMKHYTBIM KOHTYp. CONpOTUBIEHHUE BCEX JeTalield, KpoMme
CTEp)KHS, HHUYTOXKHO  Majo. MarauTHas UWHIAYKOMUS — TEPHEHIUKYIspHA
MOBEPXHOCTH KOHTypa u paBHa 2 Tn. IlpeneOperas TpeHuem, HaWauTe
YCTAaHOBUBIIIYIOCSI CKOPOCTD IMaJICHUSI CTEPIKHSI.

. O}IHOpO}IHOG MAravuTHOC IIOJIC ICPIICHAUKYIIAPHO K INIOCKOCTH MCAHOI'O KOJIbIIA,

uMeromero auamerp 20 ¢cM M TONIIMHY MPOBOJOKM 2 MM. C Kakol CKOpPOCTBHIO
JIOJDKHA M3MEHSTHCS BO BPEMEHM MAarHWUTHAs WHIYKIMS, YTOObI MHIYKIIMOHHBIN
TOK B KoJibll€ paBHscsa 10 A?

. Kakoii Tok HACT YCPEe3 aMIICPpMCETD, l'IpI/ICOG,ZII/IHeHHLIﬁ K JKCIIC3HOAOPOKHBIM

penbcaM, KOrja K HEMY CO CKOPOCThIO 72 KM/4 mpuOiImkaercs moesn?
BeprukanbHas coctaBisiomas WHAYKIUKW MarHuTHoro mons 3emin 50 mkTi.
Conporusnenue amnepmerpa paBHo 100 OM. PaccTosinue mexay penbcamu 1,2 M.
Penbchl cunTaTh N30IMPOBAHHBIMU APYT OT APYra U OT 3EMIIH.

Bonpocwi:

1.

[MpoBomsmuii kouTyp (0) ymanaseTcs OoT KOHTypa ¢ TokoM (a) Ha pucyHke 1.

L SIS R

——

[ a) 6 | —*>

- o Oi G 1 [

Puc. 1 Puc. 2
Puc. 3 Puc. 4

Onpenenute HalpaBiI€HUE UHAYKIIMOHHOIO TOKAa B KOHTYpE 0.

. Onpenienure HaNpaBICHHE WHIYKIIMOHHOTO TOKa B KOHType (0) MpW BKIIOYCHUH

JIEKTPUIECKOTO TOKA B KOHTYpE (a) Ha pUCYHKE 2.

. Kak u3MeHsieTcsi MarHuTHBINA TTIOTOK IIpHu ABHKCHUHU IIPOBOAHUKA M3 IIOJOXKCHUA ad

B mojoxeHue a'60’ mHa pucynke 3. KakoBa TmpuYMHA BO3HUKHOBEHUS
WHIYKIIMOHHOTO TOKa B KOHType? Kak oH HampaBnen? KakoBo HampabieHue
JUHUN MarHUTHOW WHIYKIIMH, CO37aBAa€MbIX WHIYKIIMOHHBIM TOkoM? Kak Biuset
MarHUTHOE TI0JI€ Ha JIBIKEHUE TTPOBOTHUKA C TOKOM?

. Onpenienure HaNIpaBlIeHUE WHAYKIIMOHHOTO TOKa B KOHTYype (0), eciiu mpuOImKaTh

KOHTYPp (a) k koHTYpY (0) Ha pucyHke 4.
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. 3aBUCUT JIM KOJHUYECTBO TCIUIOTBI, BBIACIKICMOC IIpH YAAJICHHU 3aMKHYTOI'O

MPOBOJSALIETO KOHTYypa W3 OJHOPOAHOIO MAarHUTHOTO TOJsA, OT
BpEMEHU?

. B kakom HarpaBJICHNH IICPEMCIIACTCA ABWIKOK pCoCTaTra, €CJIN B O

KOHType O BO3HUK HWHIYKIHMOHHBIA TOK, HampaBJIE€HUE KOTOPOTO
MOKa3aHO Ha PUCYHKE?

JonosnurtensHas nugpopmanus: "BriBoa" 3akoHa AIEKTPOMArHUTHON UHAYKITUH.

. _ 12 . _
A= IBla; Q =1°RAt; A, =&AL "E’
E+¢&; AD .
= A+ , I = ! ’ gi = ——, : —
V. ¥Yop. 1, NoNe 6-7. 1% Bl
1. CocraButh o0O0OOOmIAtONIYy0 TaOIUIly "3aKOH JJIEKTPOMArHUTHOU i ® e [ ®

2.
3.

WHIYKIIUU", UICTI0JIb3Yysl PUCYHKHU, YEPTEKU U TEKCTOBBIA MaTepHal.
OnuiuTe, Kak OCYIIECTBIISETCS 3allMCh HA MATHUTHYIO JICHTY U YT€HHE C JICHTHI.

Karymka HacaskeHa Ha yrooOpa3HbIii MarHUT | MOJKIIOYEHA K TaibBaHoMeTpy. Kak, He aBuras
HU MarHuT, HU KaTyIIKY, TOJYYUTh B I[EMH TOK?

[Touemy B mieepe mpu BOCTIPOM3BEACHUHN BO3HUKAET MIUTIAIINN 3BYK, €CJIH TMOJIHECTH CHUIIBHBIN
MAarHuT K 3BYKOCHUMAIOIIEH TOJIOBKE?

. 3amava st moouteneil. B 5KOHOMUYHOM COBpeMEHHOM (oOHapHKe (BMECTO JIaMIOUYKH TaM

HCIIOJIB3YETCA OYCHb ﬂpKI/Iﬁ CBGTO)II/IO}I) IMPUMCHAKOT HAKOMUTEIIb JHCPIrurh - KOHACHCATOP
emkocthio 0,1 @. Ero '"HakaumBarT" »Heprueid, BCTpsxuBas (OHAPUK - TPU OTOM
UWIMHAPUYECKUA MArHAT JJIMHOW 2 CM W JuaMeTpoM | CM MPOCKAKMBAET TO B OJHY, TO B
JIPYryl0 CTOPOHY 4Yepe3 KaTyuiky, cojaepskamyro 1000 BUTKOB W HamoTaHHyiO0 B 10 cioeB Ha
mmHe 2 cM. J[mmHa TpyOKH, B KOTOpPOM JBMKETCS MarHuT, paBHa 7 cM. Ha koHmax TpyOku
C/IeTaHbl 3JaCTUYHBIE YMOPHI - MAarHUT NpPHU yAape O Takod ymop ocTtaHaBiuBaercs. Cuuras
MAarHUTHYI0 MHAYKIHUIO MOJs y Topua marHuta paBHoi 0,2 Tui, omneHuTe BpeMs, 3a KOTOpPOE
MO>KHO 3apsAIuTh KOHJEHcaTop 10 HanpsbkeHus 3 B. UToObl KoHIEHCATOp HE pa3pshkaics yepes
KaTYILKY, €ro HOJKII0YAt0T Yepe3 AUO/.

B nabopamopuu - ouenv npakxmuuHno, HO MeONeHHO bl MoOdiceme Y3HAMb
Qusuueckue "axmot", om menxux oemaneii 00 0OWUX 3AKOHOS.
3. Pooorcepc

E Ypoxk 60/4. z JIABOPATOPHAS PABOTA Ne 1: «<M3YUEHUE

JEKTPOMATHUTHOMW UHJYKIHAW».

B 4em npuHmun 6ecnipoBOIHOM 3apAAKH?

IHEJIb PABOTDBI: Beisichuth BO3MOXHOCTH BO3HUKHOBEHHS WHAYKIMOHHOTO TOKA B 3aMKHYTOM
IPOBOIALIEM KOHTYPE, ONPEETUTh €r0 HAMPABIEHHE U PACCMOTPETH BO3MOIKHBIE NPAKTHUECKHE
IPUMEHEHUS TOTO SBIECHHUS.

THUIT YPOKA: na6oparopras paGora.

OBOPYJIOBAHMUE: npoBonounsiii MOTOK, CepAE€YHHK, MATHUT MOJIOCOBOM, MUILTUAMIIEPMETP,

OJIOK MUTaHMS U TIPOBOJIOYHBIM BUTOK (JOMOJIHUTEINBHO). .
IIJTAH YPOKA:
1. BcrynurenbHas 4acTh Z
2. Kparkuif ”HCTpYKTax
3. Brmonnenue paboTs | /
4. TloaBeneHue UTOTOB \/ \/
5. 3anaHue Ha I0M
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II. HanpaBneHue 31EKTPUYECKOTO TOKA Yepe3 MULIHAMIICPMETP W HAIMpaBJICHHE 0TOpOCa CTPEIIKH
(memonctpanus). OnpeaeneHre MoJICOB MarHUTAa € MOMOIIbI0 MAarHUTHOM CTPEJIKH.
IlepBasi yactb padorbi: OIBITHI C MATHUTOM, KAaTYIIKOW M MUJUIMAMIEPMETPOM (IIPOBECTH TPU
ombita). [locme Kaxmoro ombiTa B TETpaad pPHCYHOK, TIPEAINOJIaraeMoe HalpaBICHHE
WHAYKIIMOHHOTO TOKA U HAIIPABJICHHE TOKA B AKCIIEPUMEHTE.
Bropasi yacts pabothl: J[Be KaTylIKM Ha OJHOM CepJeYHHKE. BKiIIOueHHe W BBIKIIOYCHHUE
AIIEKTPUYECKOT'O TOKA B TIEPBOM KATYIIKE; OTHOCUTENFHOE ABIKEHHE KaTYIIIEK.
[locme Kaxmoro OSKCOEpUMEHTa B  TETPaad PHUCYHOK, MpEANoJiaraeMoe  HalpaBlICHHE
MHAYKIIMOHHOTO TOKA W HAIPAaBJIEHUE TOKA IO pe3yIbTaTaM 3KCIIEPUMEHTA.
JonosnuTeabHoe 3aaanue: 1. OmpenenuTh ¢ MOMONIBIO MarHWTa IUIOCKOCTh W HAlpaBJICHUE
HaMOTKHU BUTKOB B KaTyIIKe, KOTOpas IOMEIIeHa B "UepHbIN AIUK".
2. OnpezeneHue MoICOB y KEpaMUYECKUX MarHUTOB.
I11. Beimonaenue paboThl (MOKHO MO OMUCAHUIO-UHCTPYKITUH ).
V. [IpumeHeHus siBIEHUS.
V. Vop. 1, NeNe 1-5.

Mbt 1i0bum 6ce: u sHcap Xon00HbIU YUCT

U oap booscecmeennvix udeHuUll. ..

A. Brok

E YEOK 61/5.|§ BUXPEBOE QJIEKTPUYECKOE ITOJIE

CBEpXﬂpOBOI{HI/IKH CO3JaKI0T MAIrHUTHOE IMOJI€ TOJIBbKO CHAPY KU ceos.
HEJIb YPOKA: Pa3BuTh npejcTaBieHHUs] y4daliuxcs 00 3JEKTPOMArHUTHOM IIOJE.

BBecTu moHsiTHE BUXPEBOrO AJIEKTPUUECKOTO IOJIsl, PACCMOTPETh €ro CBOWCTBA U
HEKOTOpbIE TEXHUYECKHUE PUMEHEHHUS.

TUIT YPOKA: xoOMOMHUPOBAHHBIM.

OBOPYJIOBAHUE: TtpanchopmaTop yHUBEpPCAIbHBIA C MPUHAMICKHOCTIMHU, OJIOK
nuTaHus, o0oo1Iaronas Tadauma "3aKoH JIEKTPOMAarHUTHON HHIYKIHH'".

[IJIAH YPOKA:

BerynurensHas yacTh
Onpoc

OObscHeHHE
3akperuieHue
3agaHue Ha IOM

II. Onpoc dyngamentanbHbii: 1. SIBneHUE 37MEeKTpO-

agrwnPE

MarHUTHOW MHIYKIUU. 2. 3aKOH AJIEKTPOMAarHUTHOW UHTYKIIHH.

3aoauu:

1. KopoTko3amkHyTast kKarymka, uMmeromas N = 1000 BUTKOB, HaxoAHWTCS B
MarHUTHOM II0JI€, BEKTOP MHAYKUMH B KOTOPOrO MapajyiejeH OCH KaTyLIKH.
[Inomanpe momnepevyHoro ceuyeHusl Karymku S = 5 cM’ Monayne MHIYKUAH TOJIS
n3MeHseTcs co ckopocTeio AB/At = 0,2 Tn/c. HaiiTih MOIITHOCTH TETUIOBBIICIICHUS
B KaTyllke, 3Has ee conporusieHre 100 Om. Otser: 0,1 MBrt

2. Ha nByX rOpM30HTaJbHBIX PENbCaX, PACCTOSHUE MexXAy KoTtopeiMu € = 1,0 M,
JEXKUT TPOoBOAHMK compotuBieHueM R = 1,0 Om, maccoit m = 0,5 «xr.
Koaddunuent tpenus mexay npoBoaHUKoM M penbcamu (L = 0,1. Bes cucrema
HaxoJUTCS B OJHOPOJHOM MArHUTHOM IIOJ€ C BEPTUKAJIbHBIM HAMpPABICHUEM
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JUHUN MarHUTHOM WMHAYKUMHM. 3Hau€HHEe MarHuTHoW uHaykuuum B = 0,1 Tu.
Penbcbl monkmtouaroT k uctouHuky Toka ¢ JJIC € = 10 B. IlpeneOperas
BHYTPEHHHM CONPOTHBICHUEM HCTOYHHKA U  CONPOTUBICHHEM  PENBCOB,

OIpeCACINTC YCTAHOBUBINYIOCA CKOPOCTh ABMIKCHHA IIPOBOAHHKA.

3. Tok B KaTyIIke HapacTaeT JIMHEWHO OT HyJs 10 5 A 32 9 ¢. 3a 3TO BpeMs B MPOBOSIIEM KOJIbIIC,
pacrnosio’keHHoM BOiu3u KaTymiku, Beiaensiercsa 0,5 Jx temmorsl. Kakoe KOIM4eCTBO TEIUIOTHI
BBIJICJIUTCS B KOJIbLIE, €CJIM TOK B KaTyIlIKe Oy/eT Bo3pacTaTh JUHEHHO oT Hyis 10 10 A 3a 3 c?

Bonpocwi:

1. OObsicHUTE KauyeCTBEHHO, Kak MpaBuio JIeHIa CBA3aHO C 3aKOHOM COXPAaHEHMS
SHEPTUu.

2. OnpeeniiTe HaIMpaBiI€HUE HWHIAYKUMOHHOTO TOKa B KOJIbLIE, K KOTOPOMY
npuOIMKAETCsl FOKHBIN MOJIIOC MAarHUTA.

3. Kak y3HaTh, HAMarHu4eH Ju CTAJIbHOM CTEp>KEHb, UMEsI B PACHOPSIKEHUU KYCOK
MEHOM MPOBOJIOKU U KAaTYIIKy C HUTKaMu?

4. Tlouemy KOJIbIIO U3 CBEPXIPOBOAHUKA MAPUT HAJ MArHUTOM?

5. [TonocoBo#t MarHUT mnagaeT BEPTUKAJIBHO Yepe3 3aMKHYTYIO IPOBOJIOYHYIO
KaTymky (BUTOK). [locTpouTh mpumepHbd TpaduK 3aBUCUMOCTH CHJIBI TOKa B
BUTKE OT BPEMEHH.

6. Ilo npssMoIMHENTHOMY PEIbCOBOMY ITYTH, U30JUPOBAHHOMY OT 3€MJIM, PABHOMEPHO
ujaer noesa. B kakoM-To Mecte 00a penbca 3aMKHYTBI Ha TajibBaHoOMeETp. byayT nu
U3MEHSATHCS MOKa3aHUs T'aJlbBAaHOMETpPA B 3aBUCHUMOCTU OT TOTO, MPUOJIMKAETCS

IMOC3I K I'aJIbBAHOMCTPY HIIN YAAIACTCA OT HETo?

7. JIBa OJMHAKOBBIX MOJAKOBOOOPA3HBIX MAarHUTa CIIOKEHBI MPOTHUBOIMOJIOKHBIMU IOJIOCAMH TakK,
41O 00pa3yloT 3aMKHYTHII KOHTYp. Ha ofquH M3 MarHUTOB HajeTa KaTyIIKa, KOHIIBI KOTOPOU
MIPUCOEMHEHbI K TajJbBaHOMETPY. B MOMEHT OTphIBaHMS OJHOTO MarHuTa OT JAPYroro U B
MOMEHT MX COCAMHEHHUS CTPEJIKa TaJlbBAHOMETPA OTKJIOHSAETCS (B MPOTHUBOIOJIOKHBIE CTOPOHBI).
VYkaxuTe NPpUYUHBI OTKIIOHEHUS CTPEJIKH TraJIbBAHOMETpA.

III. JlemoHCTpamusg BO3HMKHOBEHHS HWHAYKIHMOHHOTO TOKa B 3aMKHYTOM
MPOBOJSAIIEM KOHTYpPE NpPU BBEJICHUHM B HEro MOCTOSHHOro Maruuta. Kakoe mose
MOXET BBI3BaTh JIBIKCHUE CBOOOHBIX 3aPsHKCHHBIX YACTHI] B POBOJHHUKE, €CIIH OH

nenoasmxken? bBarapeiika?! Dnexrpuueckoe mone! F,=qE. A maramtHoe?! Her!
F, =quBsina. Eciin v=0, To F,,= 0. Dnexrpuyeckuili TOK B HEMOJABUKHOM KOHTYpE

MOKET BbI3BATH TOJBKO JIEKTPHUYECKOC IMOJIE€, KOTOPOC B JaHHOM ClIy4dac CO3aaCTCA

INECPECMCHHBIM MAariuTHBIM I1IOJICM. B.
A

N3mensomeecsi CKBO3b [JaHHBIA KOHTYP (B [JaHHOH >0
00J1aCTH MPOCTPAHCTBA) C TeYeHUEM BpPeMEeHH MATHUTHOE
nojie MOPOXKIAET B  OKPYKAKOIIEM INPOCTPAHCTBE E

BHXPeEBOE dJIeKTPpUIecKoe ImoJie.
HanpaBiienne BHXPeBOro 3JIEKTPHYECKOro mojsi (pucyHok Ha jaocke). To, dro
OJIMH Ha0ItoJaTenb (PUKCUPYET KAK SJIEKTPUUECKOE IOoJie, Ipyroid HaboaaTelb Ha

MarHute UKCUpyeT KaKk MarHUTHOE. JTH /IBA MOJIA - POCTO Pa3Hble MPOSBJIEHUS
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oaHoil cymHocTu! IIpu OBICTPOM ABMKEHHWHM MArHUTa MOXHO OIIYTUTH HE TOJBKO

MAarHeTHU3M, HO U TOJIUKY JJIEKTpU4ecTBa!

Ocob0enHocTH moJis:

e CuwioBble JIMHMH 3AMKHYThI (BUXpPeBoe 10JIe).

e HanpapieHue BHXPEBOr0 JJICKTPUYECKOI0 IOJs1 00pasyeT JieBblii BHUHT C
HAPACTAIOLIMM BEKTOPOM B .

e Pa0ora  BHXpPEBOIr0  JJICKTPHYECKOr0  MOJA  NPH  NepeMelIeHHH
3JIEKTPUYECKOr0 3apsja MO0 3aMKHYTOMY IYTH He PaBHA HYJI0 (moJsie He
NMOTEHUHAJIbHOE), a JJIeKTPUYecKasi CWJIa, BbI3BAHHAA JTHM I0JIeM,
HEKOHCepPBATHBHASI.

e 3aMKHYTBI NPOBOASIIHNI KOHTYP, MATHUTHBINA IOTOK CKBO3b KOTOPBIN M3Me-
HSAETCH, ABJISIETCH MCTOYHMKOM 3JIEKTPHUYECKOr0 TOKA.

e DHepreTHYecKass XapakTepucTuka ucrouHuka toka - IAC. IAC unaykuumn
o0ycJsioBJieHA PadoTOl BHUXPEBOr0 JJEKTPUYECKOr0 TMOJIsl, MOITOMY ISl
JIIO00ro KOHTYypAa:

AB

At

AD
A=qEl =qlg| = q‘ﬂ =qS

JHeprusi, cool0maemMasi 3apsily, 4epnaercis OT MCTOYHUKA, KOTOPbIi

o0ecreunBaeT H3MeHEHHE MATHUTHOIO MOJIsl.

BuxpeBble TOKH (OTBITHI C YHUBEPCAILHBIM TPAHCHOPMATOPOM):
e 3aMKHYTBHIM MPOBOMISIIMA KOHTYP C JIAMIIOYKOW B TIEPEMEHHOM MAarHUTHOM TM0Jjie (CBEUCHHUE

/——'"All

.3: w .m\l
‘a":'n |“‘“!, ,

JIAMITOYKH OT KaTymku Ha 6 B, moaxmouenHoit k 31).

e HarpeBanue koJell (TporaroT y4eHUKH ).

e lnaykunoHHble eun (MHIYKIIMOHHBIN HAarpeB).

e MUKPOBOJIHOBKA (IM3MeKTPHHUECKHii HATPEB).

e Tpancdopmatop.

e (CBapouHBbIil TpaHCHOPMATOP.

e B aspomoprax NPUMEHSIOTCS JETEKTOpPhl MeTajuia, KOTOpbIe
(UKCHUPYIOT OS] UHAYKIIMOHHBIX TOKOB B METAITUYECKHUX IIPEeIMETax.

e DJEeKTpOJMHAMHYECKas MOJABECKA B MOE3/]aX Ha MAarHUTHOM MOMYIIIKE.

e Mopenb OeTaTpoHa.

e BzaumojeiicTBe  HMHIYKIIMOHHOTO  TOKa C  TEPEeMEHHBIM  MAarHUTHBIM  TIOJIEM
(MoOIenb CIIUIOMETDA).
DOnexTpoMarHuTHas Mydra. TopMokeHHe pauanbHbBIX THJI MAarHUTOM.

[ ]
IV. 3a0auu:
1. Kakast sHeprusi coo6IaeTcst dIEKTPOHY, JBIKYIIEMYCS co CKopocTthio 2107 m/c

0
[l

[0 OKPY>KHOCTH paauyca 50 cM, ecinu MHAYKIHUS MarHUTHOTO MOJIS HA IUIOLIAIH
OKPY>KHOCTH 3a OJIMH 000POT 3JeKTpoHa yBennuuBaetcs Ha 0,1 T

2. KBagpatHas mpoBosiogHas pamka co cropoHoir 40 cm jexut Ha ctoiye. JluHuum
WHIYKUAA OJHOPOJHOTO MATHUTHOTIO MOJIS MEPHEHANKYIISIPHBI IIIOCKOCTH PAMKH.
Mopaynb uHIYKUIHMH 3TOro noiist 3a Bpemsi T = 10 ¢ paBHOMepHO yObiBaeT oT B = 1
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Tn go nyns. Conportusnenue Butka 1= 0,5 kOm. Onpenenute padoTy, KOTOPYIO
COBEPIIAET BUXPEBOE IEKTPUUECKOE TTOJIE B PAMKE 3a 3TO BPEMS.

. MHayKuyss MarHuTHOro MOJs BHYTPU LWIMHJIpa paguyca 8 CM BO3pPacTacT CO BPEMEHEM IIO

-4 2
3akony B = ¢ -t? (xoapdumuent o = 10™ Tn/c”). MarHuTHOE MOJIe HATPABIEHO BOJbL OCH
MHIpa. YeMy paBHaA HANPSDKEHHOCTh BUXPEBOTO JIEKTPUYECKOTO 1oJisi Ha pacctosiHuu 0,1 M
OT OCH LIMJIMH/IPA B MOMEHT BpeMeHH t1 = 1 ¢; tp = 4¢?

Bonpocwi:

1. Yto mpou3oiifeT B KOJbLIE, KOT/Ia B HETO BBEAYT MAarHUT, €CJIH KOJBLO CAEJIAaHO
13: a) TUAJIEKTPUKA; 0) TPOBOIHUKA; B) CBEPXIPOBOIHUKA?

2. Merannuyeckuil 1apuK, TMOJABEIIEHHBI Ha HHUTH K IITaTUBY, COBEpIIAET
kosneOanud. Kak, He mpukacasch K IApUKy, YCKOPUTh 3aTyXaHHe KojieOaHui?

3. CHYTHHKM Ha TeOCTallMOHApHOW opOuTe BCE KE TEpSAIOT CKOPOCTh H3-3a
B3aMMOJICHCTBUS C MATHUTHBIM mojieM 3emiid. [louemy?

4. Iloyemy MarHuTHOE MOJ€ BHYTPU CBEPXIIPOBOJHUKA BCETJa PABHO HYIIIO?

5. MaruuTHoe 1oJie HeJb3s HUYEM DKPaHUPOBATh, OHO MPOHUKAET CKBO3b JHOOBIC
BEIIECTBA, KPOME CBEPXIIPOBOJHUKOB. Tak Jin 3TO?

6. Ilouemy TOokM B TpyOOmpoBOJax, BO3HUKArOIIME mocie Bembimek Ha CoHie
(reOMarHUTHO-UHAYIIMPOBAHHBIE) MOTYT JOCTUTaTh Thicsuy ammep? [louemy
nocjie KaXJOW COJHEYHOW BCHBIIMIKKM CTEHKH TPYOONPOBOJAOB CTaHOBSITCS
TOHBIIE?

7. Kak nepemeriaercs 1o pejibcaM Moe3 | Ha MarHUTHOM MOJTyIIKe ?

8. Ha BepTHKanpHO pacmoiOKEHHOM KaTyIIKe JIEKHUT MeTajulhuecKkas MOHeETa.
[Touemy oHa HarpeBaeTcs, KOT/a 10 KaTyIIKe TeYET MePEMEHHBIN TOK, U OCTaeTCs
XOJIOJTHON — TP MOCTOSTHHOM TOKe?

9. Tlouemy M3MEHEHHS MAarHUTHOTO TOJIA 3€MJIM BO BpPEMs COJHEYHBIX BCIIBIIIEK
TEeHEPUPYIOT DJEKTPUUYECKUE TOKH B COJICHOM Boje, auTocdepe 3emiiu, JTHUHUAX
AIEKTPONEpPeIaun U APYTUX MPOBOTHUKAX?

10. Potop paOoTaromiero sjeKTporeHepaTopa HCHBITHIBAET TopMoxkeHue. Kakosa
IIPUPOAA CUJI, BBI3BIBAIOLINX 3TO TOPMOKEHUE?

11. Tlepeuncnute peaabHbIE CIIOCOOBI JICBUTAIUH.

V §§ 5-7. Ymp. 1, Ne 9.

w

. Hammumure MHUKPO-COUMHCHUC C KIIFOUCBBIMU CJIOBAMU: KATYIIKA, MArHuT, MPOBOA, MArHUTHAA
CTpPCJIKa, KaKas-ToO TalHa.

. Bo ®panuuu Obl1a TOCTPOEHA MOJIENb IEKTPHUECKOro opyausi, Opocasiiero cHapsag maccoit 50

r co ckopoctbto 200 m/c. Hukakoro naBiieHHs, HHYTOXHAs TeMIIeparypa, MOYTH HHUKAKOTO
3Byka. KakoB mpuHImI neiicTBus 3toro opyaus? Iloyemy ke HE TMOCTPOUTH MO 3TOW MOICIH
HacTosiee 6oeBoe opyaue?

. Ilpeanoxxurte KOHCTPYKLIMIO TpUOOpa JUIsl U3BMEPEHUS YTIIOBON CKOPOCTH (TaXOMETpa).
. Ecnmn xonbiieBoit cBepxnpoBoaHuK ("OyOnuK") MOMECTUTh B MAarHUTHOE TOJIE€ U TOCIE ATOTO

IIEPEBECTH €0 B CBEPXIPOBOAAIIEE COCTOSHUE, TO MAarHUTHBIM MOTOK Yepe3 3TOT KOHTYp
OKa)KeTCsl "3aMOpOXKEHHBIM", TO ecTh He OyzeT u3MeHsTbes. [louemy?

. KaKYIO CHUITY HCO6XOIII/IMO IMPUJIOKUTD, YTOOBI BABUI'aTb MArduT B 3aMKHYTOC HPOBOIALICC

KOJ'ILI_[O? OI_ICHI/ITC, KaK 3aBUCHUT 3Ta CUJIa OT paCCTOAHUSA.
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6. CnenaiiTe BOTUYOK, IPOTKHYB MOHETY UTJION. ECIu Takoil BOTYOK OKAXKETCS B IOJI€ MOCTOSTHHOTO
MarHuTa, TO Pe3KO U3MEHUT TPACKTOPUIO CBOETO ABMkeHus. [louemy?

7. Ecau meOnas niacmunka nosopaiugaemcs 601Uy om MAaHUMHOU CIMPEnKy Ui Om MAazHumad,
NO0BEULEHHO20 MAKUM 00pA30M, 4MO OH MOXCem B8pPAuamsvCs 8 NIOCKOCMU, NApPAIelbHOU
NIOCKOCMU NAACMUHKU, MO MASHUM CMPEeMUmcs c1e0o8ams 3a OBUICEHUEM NAACMUHKU, eClu
JHce noBOPaAUUBAEMCsl MAHUM, NAACMUHKA CIPEMUMCcs c1edo8ams 3a €20 08UINCEHUEeM; U MO
g3aumooeticmeue AGIAEMcs HACMONbKO CUTbHLIM, YMO NOBOpAYUBAEm MA2HUmMbl, ULU
NIACMUHKU, 8€COM 8 HECKOIbKO YHMO8. Imo u ecmb sAeieHue, omkpvimoe Apazo.

M. @apaoeii
[TpoBeauTe ONBITH U JaiiTe 00BICHEHUE STOMY SIBIICHUIO.

Hacmano epems nam 832enamnyms Ha nymo,
Komopuwiii npotioen 6vir,
U sckunymo 630p K sepuiume,
Komopyto cmpemumcs mvt docmuun".
Iic. Bpaonu
Ypok 62/6. JIEKTPOMATIHUTHOE IMOJIE

YpaBHenuss MakcBeJuia WM o4emMy cBeT ObicTpee, yeM 3Byk!!!
HEJIb YPOKA: O600umuTh M CUCTEMATH3UPOBATH 3HAHMS YydYalIUXCA OO0 IJIeK-

TPUYECKUX M MArHUTHBIX IOJIAX; JaTh KAa4eCTBCHHYIO (DOPMYJIHUPOBKY OCHOBHBIX
3aKOHOB 3JICKTpouHaMuKH (ypaBHEHHI MakcBea).

TUIT YPOKA: xoOMOMHUPOBAHHBIM.

OBOPYJIOBAHMUE: katymika WHIYKTUBHOCTH, yHHBEpCaJIbHBIH TpaHchopMarop,
obobmaromas Tabiuia "IIeKTpoMarHuTHoOE mosie".
[IJIAH YPOKA:

BcerynurensHas yacTth
Onpoc

OObsicHEHHE
3akperuieHue

. 3amaHue Ha IOM

I1. Onpoc dynnamentanbubiii: 1. BuxpeBoe anexkTpuueckoe mose. 2. Buxpesbie TOKH.
3aoauu:

agrwnPE

1. TopounmanpHas BakKyyMHas KaMepa pacrojio)keHa I10 TMepudepurn MarHurta
nrametrpoM 1 M. Uemy paBHa HampsHKEHHOCTh AJIEKTPUYECKOTO TOJIA B KaMepe,
eciau MarauTHas uHAyKIus Bo3pactaet 3a 0,01 ¢ or 0 o 1 Tn?

2. 3apsag Q paBHOMEPHO paclpenesiéH MO TOHKOMY JUAJIECKTPUYECKOMY KOJIBILY
Maccon M, nexameMmy Ha TJaJKOM TOPHU30HTAIBbHOM TI0CKOCTH. Kombno
HaXOJUTCS B OJHOPOJHOM MAarHUTHOM I10JI€ ¢ MHAYKIMEH B, MarHUTHbIC JTMHUU
HampapJeHbl BEPTUKAIBHO. ONpeenuTe YrioBYI CKOPOCTh, KOTOPYIO MPHOOPETET
KOJIBIIO MOCJIE€ BBIKJIKOYEHHSI MArHUTHOTO TOJIS.

Bonpocwi:

1. B mepemeHHOE€ MarHMTHOE IT0Jie MoMelleHa Karymika u BUTOK. [louemy DJIC B

KaTyIIKe OOJbIle, 4YeM B OJJHOM BUTKE?
2. IlomocoBoW MarHUT IOOYEPETHO BBOJIUTCS B  KOJBIECBBIC IPOBOJHUKH

paznuyHOro paamyca. Uto Bel MoxeTe ckazatb 00 OJIC MHAYKUIHWH, BO3HU-
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10.

11.

12.

13.

KalolIe B TPOBOJHUKAX, HAMPSIKEHHOCTH BUXPEBOTO JJICKTPUUYECKOTO TIOJIA;
CHUJIE TOKa?

Omnpenenute D/C wHAYKIIMA B KOHTYpE, €CJIM MarHUTHBINA MOTOK Yepe3 KOHTYP
3a Kaxaple 2 ¢ yBenuuuBaetcs Ha 10 B6. 5 B.

[Touemy mIpu TpPaHCIOPTHPOBKE KJIEMMBI 3JICKTPOM3MEPUTEIBHBIX MPHOOPOB
3aMBIKAIOT IPOBOAOM?

Kakum o0Opa3oM MOXKHO 3KpaHHpPOBATh HEKOTOPYIO 00JACTh MPOCTPAHCTBA OT
BIUSTHUS OBICTPOM3MEHSIONTUXCSI MATHUTHBIX TTOJICH ?

BuxpeBoe 371eKTpUIeCcKOe T0JIe UMEET COBEPIIICHHO JAPYTUe CBONCTBA B OTJIMUUU
OT 2JIeKTpocTaTudeckoro mos. Kakue?

[Tpennoxxkute TPOEKT WHAYKIIMOHHOW KOH(OPKH IS TPUTOTOBJICHUS TIHIIIH.
[Touemy ux KIIJ nocturaer 98%?

MarauT majgaetr BIOJb OCH IOJOr0 METALIMYCCKOTO IWIMHIApaA. Bnwser
paspes 1o o0pa3yronieil UINHIpa Ha CKOPOCTh €ro MajaeHUs?

[Tpu ObIcTpOM HapacTaHWU U 0OJICe MEIJICHHOM YOBIBAHHHM MMITYJIbCHOTO TOKa B
KaTyIIIKe, AJITIOMUHUEBBIN CEp/ICYHUK BBITATKUBaeTCs U3 Hee. [louemy?

Monnus ypapuna B 31aHuMe  (usmyeckoil  ynabopartopuu.  HekxoTtopswie
ANIEKTpOU3MEepUTENIbHbIE pubopa cropenu. Kakue?

MenunuHckuii puOop Uisi U3BJI€UCHUS He()eppOMAarHUTHBIX METaUIMYECKHX
ONMWJIOK W3 TJia3a MPEJCTaBIseT COOON CHIIbHBIN 3JIEKTPOMArHuT, MUTAEMbIN
nepeMeHHbIM TOKOM. KakoB gomkeH ObITh rpauK 3aBUCHMOCTH CHJIBI TOKa B
OOMOTKax »dJEKTpOMarHuTa OT BPEMEHH, YTOObI MPUOOpP OTBEYAT CBOEMY
Ha3HA4YECHUIO?

Ecnu Bpamare MarHdT 1O TOPU3OHTAIBHBIM  AFOMHUHHUEBBIM  JIHUCKOM,
3aKpETIEHHBIM Ha BEPTUKAJIBHON OCH BpaIeHUs, TO OH TOKE HAYHET BPAIAThCA.
Crnenyet 11 U3 3TOTO, YTO AJTIOMUHUMA MPUTATUBAETCS MarHUTOM ?

Ecau Obl Bamr 7oM ObLI HAIOJHEH INIa3MOM, ABM)KEHHE MAarHUTa 3aCTaBHUIIO OBl
BO3AyX nBUrathes. [louemy?

III. Daexrpuueckoe mose. UTo SBIAETCS HCTOYHUKOM HIIEKTPUUYECKOTO IMOJIs?

HcTouHnkaMu 3JIEKTPUYECKOT0 TMOJIA SABJISAIOTCH JJIEKTPHYEeCKHe 3apsiabl.
MarnuTHOoe moJie. ECTb I HICTOYHUKN Y MATHUTHOTO NOJISI? DJIeKTPUUYECKOe T0JIe

4 MOXET OBITh CO37JaHO OJIHUM «IIOJFOCOMY
(MOHOTIOJIEM ), @ MATHUTHOE CO3/1a€TCS TOJBKO

|
]

+q

A

napoil MOJIIOCOB, CEBEPHBIM U  FOXKHBIM
(mumoneM). Y MArHMTHOIO MOJIsI B MpUpojae

v

A 4

|
= -1

v q>

+

HeT HCTOYHHKOB (MATHUTHBIX 3apsiIOB).
I[O CUxX IIOp HE O6H&py>KCHO HaJIn4yusg Mar"MTHOI'O

o

3apsaa, CB0606p8.3HOF0 OTACJIBHOTO TCJIa TOJIBKO € CCBCPHBIM HJIM TOJIBKO FOKHBIM IIOJIFOCOM.
Iloucku BCAYTCA MHOTO JICT, XOTA WU HC NPHUHHOCAT IIOKa pC3yJibTara. Ha Bcsakuii Cﬂy‘{aﬁ ObLIH
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MPOBEPEHBbI @K€ MHOTHE M3BECTHBIC YACTHIIBI BPOJC JJICKTPOHA - CAMOE YyBCTBUTEIILHOC
00opyIoBaHKE HE OOHAPYKHIIIO Y HETO CJICJIOB MATHUTHOTO 3apsi/a.

Ha  4yro  jeiicTBYWOT  JjleKTpHYeckoe  TMoJie;  MarHuTHoe  moJje?
F, =QE; F,, =quBsine.

I[eMOHCTpaHI/Iﬂ SABJICHUA 3HeKTp0MaFHHTHOfI HHAYKIINA (HeCKOHBKO MCCALICB pasacidacT ICHb

poxeHus MakcBelsia U JIeHb OTKPBITHS 3aKOHA JJICKTPOMAarHuTHOW WMHAyKuuu). Kakoe mone B

JTAHHOM CJIy4ae BbI3BIBACT JIBUKCHUE CBOOOIHBIX 3JICKTPOHOB (IJCKTPUUECKUI TOK) B KaTyIIKe?

DNEeKTpUYECKOE I10JI€ BCErJa BBHINOJHSIET pPadOTy HaJ JABMKYIIMMCS

3apAa0M, a MArdHuTHOC IIOJIC — HHKOIrJa, W IIOTOMY OHO HC MOXKCT

HU3MCHUTH €0 KNHETUYCCKYIO SHCPIUIO.

Tperbe  ypaBHenme  MakcBessia (Il Bakyyma):

= 1dB
rotk = ——E(TOHBKO (bopMyJia U KaYeCTBEHHOE OOBSICHCHHE).
C

BHXpeBoe AIEKTPUIECCKOEC IMOJIE CO3TACTCH NEPEMEHHBIM MAIHUTHBIM IMOJIEM.

Ecnu osuscemcss maenum, a npoBOOHUK HNOKOUMCA, MO 60KpYe Ma2Huma
B03HUKAEM INeKMPUiecKoe noje, Komopoe nopoxcoaem mox 6 npo8oOHUKe.
A. Sunwmeun
JlonoJIHUTEIbHBIN MaTepuaJsl. MBICIIEHHBIN SKCIIEPUMEHT C 3apsIKOH KOHAeHcaTopa (PUCYHOK Ha
nocke). Uem co3maercs MmarautHoe nosie? YerBeproe ypaBHeHHe MakcBesia (TOJIBKO PUCYHOK).
MarauTHoe moJie co3aeTcs JJIeKTPUYECKUM TOKOM M IlepeMeHHbIM 3JIEKTPUYeCKHM I0JIeM.

Unes MakcBema 3aKJIF0YalIach B TOM, 49TO
M3MEHSIONIEECS] BO BPEMEHH JJICKTPUYECKOE TI0JIe AE
C ONPEJECICHHON TOYKHM 3pEHUsT MOYKHO paccMaTpUBaTh E/ ——>

KaK DJIEKTPUYECKHIl TOK, U 3TOT TOK CHOCOOEH
BO30YXKJaTh B OKPYXAalOIIeM MPOCTPAHCTBE MAarHMWTHOE
ToJIE. Acummerpus MEXAY IIEPEMEHHBIMU =
JNIEKTPUYECKMMH W MAarHUTHeIMH nossimu.  Hammaue
IEKTPUYECKUX 3apsAJ0B WJIM MarHUTOB KOPEHHBIM
0o0pa3oM M3MEHSET CBOMCTBAa MPOCTPAHCTBA BOKPYr 3TUX 3apsJOB WJIM MarHuToB. MakcBesul
u3MeHW1! (U3UKy 10 Hey3HaBaeMOCTH. OH BBeJ TEpPMHUH 3JIEKTPOMArHUTHBIX IOJIEH, Mpeackasai
JIEKTPOMAarHUTHBIE BOJIHBI, JaBJICHUE U IPUPOJY CBETA.
Tom OvLn 602, KMo HANUCAL SMU CMPOKU.
JI. bonvuman
[IpsimpIM cileaCTBUEM ypaBHEHUN MakcBelia 0Ka3aluch 3JEKTPOMAarHUTHBIE BOJIHBI OT PagHOBOJIH
10 ynpTpaduosieTa, BKIIOYas MHUKPOBOJIHBI M BUIUMBIH cBeT. CBsA3b 3JIEKTPOMAarHUTHBIX BOJIH
C 3apsAlaMU U AJIEKTPUYECKMMU TOKaMH I03BOJIWJIA OTKPBITh MOHOC(HEpPY U UYETBEPTOE COCTOSIHHUE
BEIECTBA — IUIa3My, a TaKXKE CO3JaTh DPAaIUONEPENaTYMKU U PAJIUONPUEMHUKH, COBPEMEHHBIE
CcMapTQOHBI, pagapsl, HOJIIPU30BaHHbIE (PUIBTPBI U MHOTOE JPYroe.
IIposiB1eHUs 2JIEKTPHYECKUX H MATHUTHBIX IOJICH.
JJIeKTpUYecKoe IMoJie - CO3/aéTcs JIOObIM 3apsDKEHHBIM TEJIOM WM NEePEMEHHBIM MarHUTHBIM
10JIeM, OKa3bIBAaeT BO3/IeHiCTBHE Ha JH000€ 3apsKEHHOE TEIO.
MarnuTHoe moJjie - Co34a€TCs ABMKYIIUMUCS 3apsSHKEHHBIMU TEIaMU, 3apsHKEHHBIMU 4acTHULAMU,
MMEIOIIUMU CIIMH, U TMEPEMEHHBIMU DIIEKTPUYECKMMH IIOJISIMH, OKa3bIBa€T BO3ICHCTBHE HA
JBIDKYLAECS 3apsiibl U 3apsKEHHBIE TEIla, UMEIOIINE CIIHH.
Ha camoM gene 3apsapl MU TOKM CO3HAKOT DJIEKTPOMArHUTHBIE IIOJA, a4 pa3lelcHUuEe HUX Ha
JJIEKTPUYECKYI0 U MATHUTHYIO COCTABJIAIOLIYIO IIPOU3BOAMTCS B 3aJAaHHOW CHUCTEME OTCUeTa IS
YIPOILEHHUS ONMUCAHUS, €CIIU 3TO BO3MOXKHO. DJIEKTPHYECKOe M MATHUTHOE I10JISI - IPOSIBJICHUSA
€IMHOT0 U HeJeJUMOro 3J1eKTPOMATHUTHOIO MoJist! DJIeKTPOMAarHUTHOE T0JIe - BUJ MATEPHH,
NPOABIAIOILIUICH NPU B3aUMOJCHCTBUH C 3aPAKEHHBIMH TeJIaMH.
AHEKJOT. B snextpuuke Ha ckamelke cnutT cryneHT. Ilox ronosoii kHura Jlangay «Teopus
noJis». Ha KoHe4Ho# ocTaHOBKe K HEMY NOJIX0AUT 0abka: - Becmasail azponom, npuexanu!
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Hcropuueckuii pakr: B mkone /xeliMc cHayana OYEHb CUJIbHO OTJIMYAJICSA OT APYTHUX YYEHUKOB.
OH roBOpUJI C CUJIbHBIM aKIIEHTOM, HOCHJI CTPAHHYIO, TIOIIUTYIO €r0 OTIIOM OJEXAYy M ObLI OYEHb
3amymMuuBbIM. Kak Torja ObUIO TPHHATO, B MIECTHAANATH JIET MaKCBEIT MPUCTYMWI K yuebe
B yHUBepcuTeTe. Uepe3 Tpu roja oH mepesescs u3 DAuHOyprckoro yHuBepcutera B KemOpumx
M C CaMOT0 Hauajga CYHMTAJICS TaM OJHUM W3 JIyYIIUX CTYACHTOB. OJUH U3 YHUBEPCUTETCKUX
npenojaBaTesie cuuTal, 4yto MakcBesm B 00nacTH  (PU3MKHM, Ka3alioch, ObUT Jake€ IIPOCTO
HE CIIOCOOEH BBICKAa3aTh KaKyr-HUOyIb HEBEpHYIO MbIcib. OmHaxasl dapajeii, 3aMETUB CBOETO
MOJI0JIOTO Apyra MakcBeiia B IJIOTHOM KOJIbIIE CTYIACHTOB, BOCKIMKHYI: «Xa, MakcBem! Bel He
MOXETEe BBIOPATbCS CKBO3b TOJIY, TaK 3TO BBl — TaKOW CHEHHAIUCT IO MOJICKYISIPHOMY
TIBIKEHUIO ! »

WNuTepecHo To, uto Makcpei, Oymyan (PU3HKOM, TUIOXO 3HAJ MaTeMAaTHKY, HO BiaJien 6 sSI3bIKaMu.

IV. Bonpocur:

1. BuyTpu KOHJAEHcaTOpa CYIIECTBYET OJJEKTPUUECKOE ¢ MAarHUTHOE TOJIA.
N3mensiercst i 1 Kak 3apsi]i Ha 00KJIagKax KoHIeHcaTopa?

2. Ecnmu OBl cyliecTBOBaM MarHUTHBIE 3apsjibl, TO, KaK TOrJa MOXXHO ObUIO OBl
O0OBSICHUTB TIPUPOJIY 36MHOTO MarueTusma?

3. Ilpyu OTHOCHUTENPHOM JBMI)KEHUM MarHuTa M KaTYIIKH B KaTyIIKe BO3HHKAET
aneKkTpudeckuii TOK. OOBSICHUTE MPUUMHY €r0 BOZHUKHOBEHHUSI B KXKJIOM CITydae.

4. TloueMmy SJEKTPUUECKOE TIOJIE MOXKHO AKPAaHHPOBATh, & TPABUTAIIMOHHOE TMOJIE —
HEb35?

5. Uem oTnmyaeTcs AJIEKTPUUECKOE IM0Je, CO3AaHHOE HETMOBUKHBIMH 3apsaMu, OT
AIEKTPUUECKOTO OIS, CO3IAHHOTO NMEPEMEHHBIM MarHUTHBIM TIOJIEM?

6. [Inockuit KOHAEHCATOP MOJKIIOUYEH K MCTOYHHUKY IMOCTOSIHHOTO HampskeHus. YTo
HY>KHO CJIeJIaTh, YTOOBI BOKPYT KOHJIEHCATOPa BOZHUKJIO MAarHUTHOE ToJie?

7. IToueMy mIacTUK WJIM JIOOOH APYrol HEMPOBOMSIIMK MaTepuan 0e3 Tpyna
MIPOHUKHET B MOIIIHOE 3JIEKTPUYECKOE I MAarHUTHOE TIO0JIE.

8. Mexay moObIMU TBYMSI TOYKaMU OJJHOPOJHOTO MPOBOJOYHOTO KOJBIA PA3HOCTH
MOTEHIIMAJIOB paBHA HYJIIO, a TOK B KOJbIIE cymiecTByeT. Korna 3To BO3MOKHO?

9. [Toyemy ABMXKYIIUNACSA MAarHUTHBIM MOHOIOJL OyneT oOpa3oBBIBATH BOKPYT ceOs

KpYTrOBO€ 3JIEKTPHUUECKOE T0JIe?
V. § 10.

1. CoctaBuTh 0000MIAONIYI0 TAOIUILY "INEKTPOMArHUTHOE MOJIe", UCIOb3ysSd PUCYHKH, YEPTEHKHU
1 TEKCTOBBIA MaTepHall.

2. Kak Bena Obl ce0st MarHuTHasi CTpEIIKa, €ciid Obl OHA JIBUTajlaCh MAapaJICIbHO 3JICKTPOHHOMY
MY4YKY C TOU K€ CKOPOCTHIO, UTO U IJEKTPOHBI?

3. B oqHOpOTHOM MarHUTHOM TIOJIE DNIEKTPOH JIBUKETCS TI0 OKPYKHOCTH OIPEACTICHHOTO paanyca.
YMeHbIIaeTcs WK YBEIUYUBACTCS PalyC KPUBU3HBI TPACKTOPHH DJIEKTPOHA MPU MEJIEHHOM
BO3pPACTaHUH UHIYKIIMA MAaTHUTHOTO TOJISL.

4. TlogBoHas TOJKA CO CTabHOM OOMIMBKOI BHI3BIBAET MECTHOE BO3MYIIIEHHE B MAaTHUTHOM TOJIE
3emun, G6rmarogaps 4emy JIOJKY MOKHO OOHApY>KUTh C TIOMOIIBIO MPUOOPA, YYBCTBUTEIHHOTO K
OuYeHb CIA0BIM M3MEHEHHsIM mouist. [Ipenoxkure KOHCTPYKIHIO Mpubopa U 00OCHYHTE crocob
€ro MpUMEHEHUSI.

5. CKUPMHOHBI TIPEJACTABISIOT COOOM KPOIICYHBIC BpAIAFOIINECS MAarHUTHBIE "BOJOBOPOTHI",
KOTOpBIE, CJIOBHO MBIIIbL MO/ KOBPOM, MOTYT MEpEABUTATHCA MO0 MOBEPXHOCTH MaTepuana. Kak
CO3aTh TaKOH «BOJOBOPOT» U KaK MepeMeliaTh ero 1mno noBepxXHOCTH MaTepuana?
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HUckpa npu omxpvimuu yenu Oyoem cuibHee, Ko20a ONUHHYIO
COeOUHUMENbHYI0 NPOBOJIOKY HAMAMBIEAIOM HA YUTUHOP 6 8uUoe

cnupanu, a ewje cuivbHee, K020a YUiuHop 0yoem dHcene3Hbll.
2. Jleny

Ypoxk 63/7. CAMOUHAYKIUA
Kak 3acTaBUTh Me/IHYI0 KATYLIKY J1€TATh?
HEJIb YPOKA: Ilo3HakOMUTH YyYalluxcs C SIBJICHUEM CaMOWHAYKIMM H €ro

MIPAKTUYECKUMH PUMEHEHUSIMU.
TUIT YPOKA: KoMOMHUPOBAHHBIH.
OBOPY/JIOBAHMUE: kaTymika MHIYKTUBHOCTH C CEpPACYHMKOM, HEOHOBAas JIaMIla,
OJIOK mnuTaHus, 0puOOp IS U3YYEHHS SBJIICHUS CAMOMHAYKLMH, JIAMIIOYKa
HakanuBaHus 2 mryku Ha 30 B, peoctat, kitou.
IIJTAH YPOKA:

BcerynurensHas gacTte
Onpoc

OO0bscHeHne
3aKperuieHue

. 3amaHue Ha JOM

I1. Onpoc dynnamenTanbHbiii: 1. DneKTpOMarHuTHOE MOJIE.

1\
A\

agrowdE

3aoauu:

1. U3 mpoBoga nnuHOM 2 M, HMEIOWIEro comnpoTtuBieHue S5 OM, HU3rOTOBJIEH
KBaJpaTHbI KOHTYp. B oany u3 cropon BkiatoueH ucrounuk ¢ 3JC 10 B u
conporuBieareM 2 Owm. KoHTyp mnomemieH B OJHOPOJHOE MarHUTHOE IIOJIE,
CWJIOBBIE JIMHUM KOTOPOTO MEPHEHAUKYJISPHBI IUIOCKOCTH KOHTypa. Moaynb
WHIYKIIMA MarHuTHOTO TOJIsl Bo3pacTaeT mo 3akoHy B = kt, rne k = 10 Ta/c.
Haiitu cunmy Toka B KOHType NHpH OOOMX BO3MOXHBIX HAMPABICHUAX IOJIS.
BHyTpeHHUM CONPOTHBICHHUEM UCTOYHUKA TOKA MPEHEOPEUb.

2. Ilon neiictBueM mNOCTOSHHOW cuibl 1o I[I-o0pasHOMy TpoBOaY IepeMeniaeTcs
nepemMbraka co ckopocteio 0,5 m/c. KoHTyp, cocTosimuii u3 mpoBoAa U MEPEMbIYKH,
HaxOJIUTCSI B MAarHUTHOM TI0JI€, CHJIOBBIE JIMHUU KOTOPOr0 NEPHEHAUKYISPHBI €T0
IJIOCKOCTHU. BBIYMCIIUTE MOYJIb JEUCTBYIOIIENW CHIIBI, €CIU B

KOHTYpE BbIAENSETCA B cCeKyHAY 2 JIX TernoTsl?

3. Ha pucynke n3o0paxeHa MOJeNb JBUTATeNs MOCTOsHHOTO Toka. DJ1C
6aTapeI/I & , UHAYKIOWUA MarHuTHOTO ITOJIA B, CONMPOTUBJICHUC LCTIN R,
MUJIMHa  TICPEMBIYKHA L. OHpeI[eJ'II/ITC YCTAHOBUBIIYIOCA  YIJIOBYIO
CKOPOCTb NCPEMBIYKHU U TOK B ICIIH, €CJIU CHJIa TPCHUSA B IOABUKHOM KOHTAKTC F.

Bonpocwi:

1. Beppo M yTBEpXKIEHHE, YTO DJJEKTPOMArHUT HE JACHCTBYeT HaA MEIHYIO
TJTACTHHKY ?

2. Bo3uukuHet u DJIC B pacmoaoXeHHOM TOPHU30HTAIBHO KPYrOBOM KOHTYpE, €CIIH
BJIOJIb OCH 3TOT'0 KOHTYypa OyJeT CBOOOHO MajaTh 3apsyKEHHBIN IapUK?
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3. B K01b110 U3 IUAIEKTPUKA BABUTAIOT MarHUT. Kakoe BO3HUKAET SBICHUE?

4. TloBepX JIJIMHHOIO COJIEHOHWJA BIUIOTHYIO HaMOTaHa KaTyllka. TOK B COJICHOUJIE
HapacTaeT MpsSMO MPONOPLUHUOHAIBHO BpeMmeHU. KakoB xapakrep 3aBUCHUMOCTH
TOKa OT BPEMEHH B KaTyIIKe?

5. IlpoBosiuii  KOHTYp MPOHM3BIBAECTCS TMEPEMEHHBIM MArHUTHBIM  TIOJIEM,
UHIYKIMS KoToporo B = at, meprneHIuKylspHa TIUIOCKOCTH KOHTypa. Kak
WU3MEHSETCS] TOK B KOHTYype?

6. [ToueMy HEBO3MOXHO MTHOBEHHO CO3/JaTh MarHWTHOE TOJIE B MpOCTpaHCTBe? A
YHUYTOXKHUTH?

7. IToueMy BHCHUT JIETKOE aQTIOMHUHHEBOE KOJBII0 HAa BEPTUKAIBHOM CEpACYHUKE
KaTYIIKH, IO KOTOPOM MPOITYCKAIOT MEPEMEHHBIN TOK?

8. Ilouemy wuHOrAa HEMAJEKO OT MeCTa yJapa MOJHHM MOTYT PacIUIaBUTHCS
NPEAOXPAHUTEIN B OCBETUTEIBHOW CETH U TIOBPEIUTHCS YYBCTBUTEIIBHBIC
ANEKTPOU3MEPUTETbHBIE TPUOOPHI?

9. KakoBa mpuunHa BOZHUKHOBEHHUSI TOKA B KOPOTKO3aMKHYTOW KaTyIIIKe: a) MPHU ee
MPUOIMKEHUHM K MarHuTy; 0) Ipu NPUOIMKEHUN MarHuTa K katymke? MoHO Jiu
00€ MpUYMHBI BOSHUKHOBEHUSI UHTYKITMOHHOTO TOKa CBECTH B OJIHY?

III. Ha nocke wu30o0pakeHa cxeMa »JJIEKTPUUYECKOM IenHu, COOpaHHOW Ha

JEMOHCTPAIIMOHHOM cToJie (Hakaj ciaObli). 3aMbIKaHHEe KIFOYa U HAOJIOJCHHE 3a

namnamu. [Ipumepnsie rpaduku HapacTaHUs CUJIBI TOKA B Jammnax. Hapacranue Toka

¥ M3MCHEHHE MarHUTHOTO MOTOKA CKBO3b KOHTYP KaTyIIKH (0OOBSICHEHUE IO PUCYHKY

u rpadpuky). BosuukHoBenue IJIC caMOMHIYKIMHM M HWHAYKIIMOHHOTO TOKa B

KaTyIlKe, €ro HaIpaBJICHHUE.
i 1 ®~B~1; N-&=L-1; N-A@=L-Al

I, [formes — | = ——| .1’
2 S g, LAt —>€, L-1"

OObsicHenue rpaduka CHIBI TOKA B

|
t G b KATyIIKE OT BPEMEHH.

HNuayktuBHocTh (L) — CBOMCTBO JJIEKTPHYECKOM LeENu
% —Eas
gl &

(IpoBOAHMKA MJIM KATYWIKM) MPOTHBOACHCTBOBATH
U3MEHEHUI0 B Hell CHJIbI JJIEKTPHUYECKOr0 TOKaA,
u3MepsieMoe OTHOUICHHEM IAC CAMOMHIYKIIMH,
BO3HHUKAKOIIEH B 3TON LeNH, K CKOPOCTH M3MEHEHUS TOKA

. BosuuknoBenune JD/IC camouMHAyKIMHU TIPU

B Heii. Emununa waayktuBuocth B CHU: [L] = [TH].
2
WNHAYKTUBHOCTDh KATYIIKU: L = sy,

pa3sMBIKaHWH  BJIEKTPUYECKOM  1enu. HanpaBineHne  MHAYKIMOHHOTO — TOKa

(nemoncTpanus). [Ipu pa3MbIKaHUHM JJICKTPUYECKOW IIEMM TOK MPOJOJDKACT TEUb

(MHAYKIIMOHHBIA TOK), a IMO3TOMY MEXIy pPa3OMKHYTBIMH KJIIEMMaMH KIt04a
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MOSIBJIICTCS pa3HOCTh NoTeHanoB (Hampsbkenne). Ecmu L =11TH, =1 A, a At =
3

10° c. To g = 1000 B. IlosToMy MNpOCKAakMBaeT HMCKpa MEXJIy KOHTaKTaMHU

pyOWJIBHHMKA TIPH WX pPa3MbBIKAHUM H 3aropaercs

\

HCOHOBAJ JIaMIIa, IMOAKIKOYCHHAA IapallJICIbHO WM.

OT10T 3P PEeKT UCTIOJIB3YETCS B CUCTEME 3aKUTaHUST AaBTOMOOMIISI
R (marneto). [leMoHcTpamusi 3aXKUTaHWsi HEOHOBOW JIAMIIBI OT
t »  ucrounuka Toka ¢ 9J1C 4 B.

DKCIEPUMEHTBI YYSHHUKOB C IPOCCEIbHON KaTymKoH ("KOIbIo ApYKObI").

[lpu OTKIIOYEHUHM NHMTAHHS DJICKTpOMAarHuTa (KaTYIIKM) MAarHUTHBIA TOTOK B HEM HauyMHACT
OBICTPO YMEHBIIATHCS, YTO TMPUBOJUT K BO3HUKHOBeHWIO DJIC caMOMHAYKIHH, KOTOpas MOXKET
nocrturath 3 — 4 xB. B psge ciydaeB 3T0 naxke MOXKET MNPUBOAUTH K MpoOoro Karymiku. s
MPEJOTBPAIIEHUsT STOTO WHOTAA TMOJAKIIOYAIOT K KATyIIKe CHENHaTbHOE COMPOTHBICHHE,
Ha3bIBAEMOE Pa3psIHBIM, WM MapaJIeNbHO KaTyIIKe BKIIOYAIOT JWOJ, HO MPOTHB HAIPSDKEHHS
nuTanus. [logemy ¢ moMomIpIo AHo/1a yOupaeTcs: MUK HapsKeHUs ?

BHe3amHO€ OTKIIIOUEHHE IEKTPHUYECTBA U3-32 SJHEPTETHUECKOTO KPU3HCA MOXKET BBIBECTH M3 CTPOS
kotaiiziep crommoctsio 4,4-10° $ (B [IEPHe paccMaTpHBaioT TaKy0 BO3MOXKHOCTB)!

Camounaykuuss - BO3HMKHOBeHune J/[C B mnpoBoasimieM KOHType NpH

Pasmrikanue
BIKAHHEC

H3MECHCHMHU B HEM CHJIBI JJICKTPUYIE€CKOI'0 TOKA.

JonoanutenbHass uHopmanus. B oaHoll aHrnumiickoil nabopaTopuu ydeHbIE MBITAIHCH
MIOCTaBUTh OTIBIT: BbI3BATh JIEKTPUUECKYIO UCKPY U3 TepMOMapbl. ITO HE CMOT c/enaTh HU Yapib3
VYurcon, uu Maiikn ®@apaneit. [IpucyrcrBoBaBmmii amepukaner; [[xo3ed ['eapu ObicTpo HamoTan
Ha majer] MpPOBOJIOKY, BCTAaBWJI B CIHUPAb KEJIE3HBIM CEpPACUYHHK M MOJydrsl HUCKpy. Dapaaei
BOCXMIIEHHO 33aILUTOAMPOBAT M BOCKIMKHYN: «Ypa skcnepumenmy sinku! Ho umo orce 6vi makoe
coenanu?». Ilocne storo JI. I'eHpm mpunuioch OOBSCHUTH SIBJICHHE CAMOMHAYKIIMHA YYEHOMY,
OTKPBIBILIEMY SIBICHHE 3JIEKTPOMArHUTHON MHIYKIUU.

IV. 3a0auu:
1. Karymika conpotuBinenueM 0,5 OM u uHIyKTUBHOCTHIO 4 MI'H

COeJIMHEHA TapajuIeIbHO ¢ TIPOBOJIOM COMpOTHBIeHUEM 2,5 OwM, _—

0 KOTOPOMY T€4YeT MOCTOSHHBbIA TOK cuiod 1 A. Omnpenenutsb

KOJIMYECTBO DJJIEKTPUYECTBA, KOTOpOoe OyIeT HHAYLUHUPOBAHO B KaTyIIKEe MpHU
Pa3MBIKaHUU LIETHU KIFOUOM.

2. bonpiioit MarHuT 11 McclenoBaHuid ¢ mojieM 1,5 Ti v miomaapio mornepeyHoro
ceuenns 0,1 m” umeer ooMoTky u3 100 BuTKOB. UeMy paBHO cpefHee HaIpsiKEHUE
Ha €€ BbIBOJIaX, €CJIM pa3MbIKA€TCs BBIKIIIOUATENb U 1enb pa3pbiBaercs 3a 0,01 ¢?

3. B nenu uanykruBHocTh Karymku 0,1 ['H, ee compoTuBieHUE MNPEHEOPEKUMO
Masio. DJIC uctounmka Toka 12 B, ero BHyTpeHHee compotuBieHue 0,3 Ow,
CONPOTHUBIICHUE PE3UCTOPA, BKIFOUEHHOTO MOCIEI0BATENbHO C KaTylKo, 2,7 Om.
Kitou 3ambikarot. 1) Haiitu ckopocTh Bo3pacTaHusi TOKa cpa3y MOCie 3aMbIKaHUS
Kitoya. 2) HallTu ckopocTh BO3pacTaHUsi TOKA B MOMEHT, KOTJla TOK JIOCTUTHET 1
A. 3) HaiiTu ycTaHOBUBILHIICS TOK B LIETIH.

4. ConeHouji U3roTOBJIEH U3 MEAHOW MPOBOJIOKU, UMEIOIIEH TIONIA/lb MOMEPEUYHOTO
ceuenns S = 1 Mm% JnuHa conenounpa £ = 25 ¢cM, €ro OMHYECKOE CONTPOTUBIICHUE
R = 0,2 Om. OnpenenuTh MHAYKTUBHOCTH cojieHou1a L 0e3 cepaeuHuka.
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5. B pesynprate nedopManuy KaTylmiKd €€ HMHIYKTHBHOCTh YMEHBINAETCS IO 3akoHy L =
0,1-0,004-t (I'n), rne t — Bpemsi, c. KakoBo 3nauenue 3/]C caMOUHIyKIIMU, €CIM MO KATYIIKE
TEeUeT IMOCTOSHHBIN TOK 10 A?

Bonpocwi:

1. Kak ompenenuTh WHAYKTUBHOCTH JOCTATOYHO JJIMHHOW KATYHIKH, MPOMYyCKas
4yepe3 Hee MOCTOSHHBINA TOK?

2. Ecnu  2JeKTpUYECKYyl0  JlaMIly — TOJKIIOYUTh  MapajUieIbHO  KaTyIIKe
WHIYKTUBHOCTH, TO MIPU Pa3MBbIKaHUHU KJIIOYA JIaMIIa sIPKO BeObIXxuBaet. [louemy?

3. Kak ¢ nmomo1pio TUHEHKN U3MEPUTh UHAYKTUBHOCTh OJJHOCIOMHOMN KaTylIKu 0e3
cepaeyHuka’?

4. Eciii CONPOTUBIIEHUE 3aMKHYTOTO KOHTYypa pPaBHO HYJIO (CBEpXIPOBOAHHK). To
Py BBEJCHUU B HErO MarHuTa BO3HUKAJ Obl OeCkOHEUHO 00Jbioi Tok. [louemy
A3TOr0 HE MPOUCXOAUT? MarHutHoe T0J€ B MPOBOJHHUKE, KOTOPHIA HAXOMUTCS B
CBEPXIIPOBOJISAIIEM COCTOSIHUH, BO30OYIUTh HEBO3MOKHO. [Touemy?

5. MOXXHO 1M CcYUTaTh WMHAYKTUBHOCTH COJICHOWJIA C J>KEJIE3HBIM CEPJACYHHKOM
MTOCTOSIHHOM BEJIMYMHOM ?

6. HazoBuTe OCHOBHBIC SIBICHUS, MOATBEPXKIAIOIINE CYIIECTBOBAHWE MAarHUTHOTO
TIOJIA.

7. MosxeT 11 BO3HUKATh HNCKpPa MCKAY ABYM:A KOHTAKTaMHU IIPU UX paBMBIKaHI/II/I?

8. HazoBuTe CBOICTBO MPOBOTHUKA:
® HaKaIUIUBaTh AICKTPUUCCKHUH 3apsi;
® OKa3bIBaTh MPOTHUBOJICHCTBHE MPOTEKAIOIIEMY IO HEMY JIEKTPHUIECKOMY TOKY;
® IIPOTHBOJICHCTBOBATh M3MEHEHHIO DJICKTPUUECKOTO TOKA B HEM;
® 3aHMMAaTh YaCTh MPOCTPAHCTBA;
® IIPOTHBOJICHCTBOBATh H3MEHEHHIO CKOPOCTH.

v § 8. Ymp. 1, Ne 10.

. CocraButh 0606maromnue Tadauiel "ManyktuBHOCTE 1 "CaMOUHIYKIUS'', UCTIONIB3YSI PUCYHKH,
YEPTEKU U TEKCTOBBIA MaTeprall.

2. Cobepute SJIEKTPUUYECKYIO IIEThb, COCIWHUB IOCIEI0BATEILHO BBHIKIIOUYATENb JIA0OPATOPHBIMH,
UCTOYHUK TOKa, JaMIly HaKallMBaHUS, JJIEKTPUYECKUA 3BOHOK U JIPOCCENbHYIO KaTYIIKY.
[lapannensHo KaTyllke NPUCOSAMHHUTE HEOHOBYIO jammy. [Ipu 3amblkaHumM Lenu padoTaeT
ANIEKTPUYECKUH 3BOHOK M TOPUT HEOHOBAs JiaMIla, a JiaMIla HakaJuBaHWs He roputT. Ecmum
WCKIIFOYHUTh M3 LIETIM 3BOHOK, TO 3aropaeTcs JiaMIla HaKaJIMBaHWs, a HEOHOBAs JIamIia racHeT.
[Touemy?

3. IIpuBenute HamOoJIbIIEE KOJWYECTBO TMPHUMEPOB IIOJIC3HOTO M BPEIHOTO IPOSIBICHHS
CaAaMOWHTyKIIHH.

4. B dotochepe CoiiHIIa 4aCTO BO3HUKAIOT COJHEYHBIC IMATHA, KOTOPHIC YCHIMBAIOT MarHUTHOE
moyne 3Be3fpl. [[OTOM OHO € TOMOIIBIO COJTHEYHOTO BETpPa OTKIOHSET TalaKTHUeCKue
KOCMUYECKHE JIydd U TakuM oOpa3oM, CHMXKAeT OOLuil YpOBEHb KOCMHUYECKOW paaualuud Ha
3emie. Bo3amMoxkHO 11 3T0?

Dapaoeti Ovi1 21YO0KO VOeducOeH 8 aKcuome UlU, eciu xomume, 8 0o2me,
Umo mamepusi He MOdcem 0elcmeosams mam, 20e ee Hem.
Jloc. Jloc. Tomcon

E VYpox 64/8. g IJHEPI'USA MATHUTHOI'O I10J15
€CTO YaCTHII 32aHSIM 10JIsI — 3aMO0JIHSIBIIME BCE MPOCTPAHCTBO HA MaHep OKeaHa.
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HEJIb YPOKA: Ilonb3ysce aHanorue Mexay CaMOMHAYKLIHWEW W HWHEPLUEH,
MOJIYYUTh (POPMYIy JUJIsl ONPEAENICHUS] SHEPIMH MATHUTHOIO MOJS TOKAa U HAyYHTh
YYEHHKOB IPUMEHSTH €€ B KOHKPETHBIX CUTYyalUsX.

TUIT YPOKA: KoMOMHUPOBAHHBIH.

OBOPYZIOBAHMUE: nBe npoccenbHble KATYIIKWA, CEPACYHUK, BBIIPSIMUTEIb, KIIIOY,
o0ob1maromas Tadauna "3akoH JIEKTPOMAarHUTHOW MHIYKUIUHU "

IIJTAH YPOKA:

BcerynurensHas yacTth
Ormpoc

OObscHeHne
3akperieHue
3agaHue Ha IOM

I1. Onpoc dpyHnameHTanbHbIi: SABIeHHEe CAMOUHAYKIUU. 2. IHITYKTUBHOCTb.

agrowd e

3aoauu:
1. B anexTpuueckoi 1emnu, npeacraBieHHoi Ha pucynke, IC R,

MCTOYHHMKA TOKa paBHa 15 B, mmaykruBHOCTH KaTymkd 107 :lL o
1

I'n, comporuBnenuss Ry = 10 Om, Ry, = 20 Om. Onpenenure ._IWVW\]\_D

MaKCHUMaJIbHOC 1 MUHHUMAJIBHOC 3HAUYCHUA CHJIbBI TOKA B ICIIN. I
I

BHyTpeHHUM  CONpPOTUBICHHMEM  HCTOYHMKA  TOKa U
COTIPOTHBIICHHEM KaTYIIKH IPEHEOPEUb.

2. OnHOCTIOMHBIN coneHou 0e3 cepaeunuka JmHo £ = 20 cMm u auamerpom D = 4
CM MMe€ET IUIOTHYIO HAMOTKY MEIHBIM MpoBogoM guameTpom d = 0,1 MM. 3a Bpems
At = 0,1 ¢ cuna Toka B coneHouze yosBaeT oT I3 =5 A 10 0. B
Onpenenute 3/IC camonHyKIIMU B cojieHouae. 1,6 B

3. Karymika ¢ yuciom BUTKOB N M IUIOMIAJIbIO OCHOBAHUSA S

IIOMENIEHA B OJHOPOJHOE MArHUTHOE MOJIE ¢ MHAYKUUEH B,

HamnpaBJICHHOE BIOJb €€ ocu. Kakol TOK BO3HUKHET B
KaTyIlKaX, €CJIM MarHUTHOE T0JIe BBIKIIOUNTL? MHIYKTUBHOCTH Katymek Ly u Ly,
COTPOTHBIICHUEM IIETTH TIPEHEOPEYb.

Pemuts: ei + ecl + ecz =0 umn 4epe3 3aKOH COXpAaHCHUA MAIrHUTHOI'O IIOTOKA.

4. OnpenenuTsb CUIy TOKa, KOTOPbIA T'€HEPUPYETCS B CBEPXIIPOBOJSIIEM KOJIBILIE U3
HUOOWSI AMAMETPOM 2 CM MPU MTHOBEHHOM HW3MEHEHHH WHAYKIIMU MarHUTHOTO
o ot 0,025 Ta no Hynst. UHAYKTUBHOCTB KOJIbLIA 3:10° 'u.

5. [lapannenbHO COENMHEHHBIE KaTylllKa C WHAYKTUBHOCTBIO L um pesucrop R,
MOAKJIIOUEHBI Yepe3 KoY K UICTOYHHUKY TOKa ¢ nocTossHHOUW DJ1C € u BHyTpeHHUM
CONIPOTUBJIICHUEM I. B HayanbHBII MOMEHT BPEMEHU

KJIIOY Pa30MKHYT, U TOKa B uenu HeT. Kakoil 3apsn
MPOTEYET YEPE3 PE3UCTOP IOCIE 3aMBIKAHUS KIOYA. == &6 L R

OMHUYECKUM COMPOTUBJICHUEM KaTYyIIKU MPEHEOPEUb.
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Bonpocwi:

1. Ilpu »snexkTpocBapke NPUMEHSETCS CTAOMIM3aTOp - KaTylmlka €O CTaJbHBIM
CEpJIEYHUKOM, BKIIIOUEHHAsl MOCIeAoBaTeNbHO ¢ Ayroil. Ilouemy crabunuzarop
o0ecreynBaeT ycTOWYMBOE TOPEHHUE T1yTU?

2. Bce pa3Mepnl KaTymku yBelIMYWMId B 2 pa3a. Bo ckoibko pa3 M3MeHWIach ee
WHYKTUBHOCTH?

3. B xakoii MOMEHT HMCKPUT pYOMJIBHUK: MPU 3aMbIKAHUM WU pa3MbikaHuu? Eciu
napajjielbHO pyOMJIBHUKY BKIIIOUUTH KOHAEHCATOP, TO UCKPEHUE MpEKpaIiaeTcs.
OOBsicHUTE SIBJICHUE.

4. Tlouemy npu OTpbiBe Oyrenass TpaMBas OT BO3AYIIHOIO TIPOBOJA HCKPEHHUE
HE3HAUUTEIbHO, €CJIM pabdoTaeT TOJBKO OCBEIIEHWE BaroHa, a JBUraTelNb
OTKJTFOYEH ?

5. UMeroTcs ABa mpoBoOa paBHOM JIMHBI, HO pa3HOro ceueHus. Kakoit u3 HUX HY>KHO
HAaBUBaTh (OJIHOCIOMHON HAMOTKOMW) Ha >KEJE3HBIH CEPJACUYHHK, YTOOBI MOJYYUTH
OOJIBIITYIO0 UHTYKTUBHOCTb?

6. [ToueMy mis monydeHus OOJbIIed WHIYKTUBHOCTH MPUMEHSIOT TOPOUAATBHYIO
KaTylmKy?

7. ITpenyoxxute KOHCTPYKIIUIO "0€3 MHAYKIIMOHHON" KaTYIIIKH.

8. [Touemy HeKOTOpBIE JTAMIIBI IHEBHOT'O CBETA MPU BKIFOYEHHUH JI0JIT0 MUTAIOT?

III. Anamorust Mexay CaMOMHAYKIIMEH W WHEpIUeH. 3aMKHYThIH KOHTYp, 0Onamas

OTpEJICTICHHOW HWHIYKTUBHOCTBIO, TMPUOOPETAET IIEKTPUUYECKYI0 HHEPTHOCTb,

3aKJTIOYAIONIYIOCS B TOM, YTO JI000€ M3MEHEHHE TOKa TOPMO3HUTCS TEM CHIIbHEE, YeM

00JbIIIe MHIYKTUBHOCTD KOHTYpPA. AHAJIOTHS C pa3rOHOM aBTOMOOMIIS.
JilekTpUYecKas Henb. MexaHn4ecKkasi aHAJIOTHA ¢ PA3rOHOM aBTOMOOMJISL.

[y
|I
2 2

: mo
YBenuueHne CUITbl TOKa: A = +Qu; A, =Q,. YBenndeHne CKopocTh: A = 5

+Q,

L — MHIYKTUBHOCT®. M — Macca. ,
LI D-1
dopmyna Ay onpeeeHUs] JHEPIUM MATHUTHOIO TOJISI TOKA: W =—=—

JleMoHCTpalys BO3HMKHOBEHHS SJIEKTPUYECKOW Iy MpPHU pa3MbIKAHUU SIIEKTPUUYECKON LIETH.
. U LI?

DHeprus, 3anaceHHas B apoccenbHoit karymke: U =6 B, R=500wm, | = R =0,12A, W =— =

0,008 /Ix. Ha xakyro BBICOTY HEOOXOJMMO MOJHATH KAaTYIIKY, YTOOBl OHa oOjajana TakoW e

sHeprueir (m = 2 xr)? Ho eciu or 3101 sHepruu "uszbaBuThes" 3a At = 1 MKc, TO BBIACINTCA
b
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MomHocTh 8 KBT!  Bonpoc: Ilpum 3aMbplkaHMM M pa3MbIKaHUM LENU B KaTyUIKE BO3HHUKAET
WHAYKIIMOHHBIA TOK. B KakoMm ciydae ero 3HaueHue Oyxaet Oosbie?

Karymika MHIYKTHBHOCTH MOKET 3al1aCaTh 3JIeKTPUYECKYI0 JHEPIruio!
I'ne cocpenorouena 3ta sueprus? [IMOTHOCTh 3 HEPTUM MATHUTHOTO MOJIS:
2
LI? 1] 4N?S || BI 1B° 1B?
W =—-==th : ==2 Sl sy == —
2 2 I HoN 2 1 2 1o

COeIII/IHeHI/Ie KaTyllICK MTHAYKTHUBHOCTHU!

. . 1 1 1
1. llocaexoBareanbHoe: L =L+ L, 2. MapanieabHoe: T f+L_ :
1 2
Hakonurenn sHeprum - CBEpXIPOBOJAIINE COJICHOMABL. MarnMTHOe moJie HEUTPOHHOM 3BE3BI.
DneKkTpoMarHuTHas Macca 3JeKTpoHa. [lepe3amblkaHne MarHUTHBIX TOJIeH U BenbIKY Ha CoJHIIE.

IV. 3aoauu:
1. CpaBHute 3HEepruu KoHjeHcaropa eMkoctbio 10 Mx®, HanpsrkeHrne Ha OOKIaaKax
koToporo 20 B, n kaTymku nHAYKTUBHOCTHIO 10 ['H nipu cune Toka B Helt 20 A.

— ol 2. HyCTB B CXEMC KJIIOY HAXOAUTCA B ITOJIOKCHHNU lus

2 .
R=20wMm LHeny TedeT MOCTOSHHBIM TOK. Kakas sHeprus

&=4B
'E‘Z Om L=05TH 3amacaerca B karymke? KakoBa moyiHasi sHeEprus,

pacceuBacMasds B PE3HUCTOPC TIIOCIIC K

NEPEKITIOUCHUS KITIo4a?

3. Ha pucynke mokaszaHa ujeanbHas Lielb, COCTOSIIAs U3 UCTOYHUKA & —
OAC € wu xkarymku wuWHAYKTUBHOCTH L. IlycTh mosHOE
COTNPOTHBIICHHE LIeTTH paBHO HYI0. Kakoit Tok OyAeT B 1lenu ciycTs
1 ¢ mocne 3ambIkanud Kiaroda, ecan L=0,1 T'a,ae=1,5 B?

4. B oqHOPOJITHOM MarHMTHOM I0Jie¢ ¢ MarHuTHOW nHaAykuueit B = 0,2 Tn Haxoaurtcs
KBaJPATHBIM MPOBOJAIINNA KOHTYp cO cTopoHOM a = 20 cM u Tokom [ = 10 A.
[InockocTh KBajgpaTa COCTaBIsIET ¢ HampasieHueM nojis yroa B 30°. Onpenenute
paboTy yaaneHust KOHTypa 3a Mpeaelibl moJsl.

Bonpocwi:

1. OgauM W TeM 3>K€ MarHUTOM MOKHO HAMarHUTUTH OOJIBIIOE KOJIMYECTBO

CTaJIbHBIX TBO3/eH. biaromapst kakoi sHepruu NPOUCXOIUT UX HAMarHUIMBaHUE?

2. Kak u3aMepuTh 2HEPrUi0 MarHUTHOTO MOJIST KaTYIIKH ?

3. Ilpu marpeBanum Boitie Touku Kiopu Maruut pazmaranuuBaercsa. Kyna ucuesaer
SHEPIusi MArHUTHOTO MOJIs?

4. llpu BHECEHHM BHYTPb COJICHOMJA IKEJIE3HOrO0 CEepJIEYHHMKA DHEPrus ero
MAarHUTHOTO MOJISl BO3PACTAET B THICSYU pa3. 3a CYET YEro 3TO MPOUCXOIUT?

5. Ilpu cOamxeHuu JBYX MArHUTOB OJHOMMEHHBIMU TMOJIOCAMHU MPUXOJIUTCA
coBepliaTh padboTy MO MPEOJOJICHUIO CHJIbI OTTajdkuBaHusA. Ha 4Tto Tpartutcs
3Heprus?

6. Kompio u3 CBEpXMpPOBOJHHMKA MPOHHU3BIBAET MArHUTHBIA MOTOK. B KOJbIle HET
toka. Kakum Oy/1eT MarHUTHBIN MOTOK Y€pe3 3TO KOJbIO, €CJIH YOpaTh MarHut?
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7. Kak wu3MeHsieTCs SHEprus MarHUTHOTO TMOJS TpU NPUONMKEHUHM MarHuta K
METAJUNIMYECKOMY KOJIbITY?
8. JluameTp mpoBoma coJeHOWAA TMPU CIJIOMIHOW HAaMOTKE yMEeHbIIWIU. YTo
BO3pOCIIO OOJIbIIIE - MATHUTHAS MHAYKIUS WIH 3JIEKTPUUYECKOE CONTPOTHUBIICHHE?
9. Kakwue siBneHuUs HENb3s1 OOBSICHUTD AJIEKTPOMArHUTHOW UHIYKITUEH?
e [lapeHue KoJbLa U3 CBEPXIIPOBOAHUKA HAJl MAarHUTOM.
e lckpeHue pyOMIbHUKA MPU PA3MBIKAHUM DJICKTPUYECKOH TIETIH.

e OTKJIOHEHHE MarHUTHOM CTPCJIIKHU BOJIM3U IMPOBOJHHUKA C TOKOM.

e [ToBpexkIeHHE SHEPTOCUCTEM BO BPEMsI COTHEUHOU OypH.
e TopMOXeHUE PaIHATILHBIX T MAarHATOM.
10.Kakyro paboTy HE0OXOAUMO COBEPIINUTH, YTOOBI U3 CBEPXITPOBOISIIICH KATYIIKU
WHIYKTUBHOCTBIO L ¢ cuiol Toka I ymamuth (GeppoOMarHUTHBIA CEpIACYHHK C
MarHUTHOW MTPOHMIIAEMOCTHIO U7

11. 3apsokeHHas 4YacTHIIA JIBMDKETCS MNpsMOJuHEHHO. Kak M3MEHUTCS sHeprus
AJICKTPUYECKOTO OIS 3TOW YaCTHIIBI ITPH TIEPEX0JIC B CHCTEMY OTYETa, B KOTOPOUH
3Ta 4YacTULA TOKOUTCA?

12. Ecnmu BIOXKHTH OJWH B JIPYrodl JBa COJICHOMJA C OJMHAKOBBIM MOIYJIEM
MarHATHOW WHIYKIIMH, TO TTOJTHAS 3allaCeHHAss UMHU YHEPTHsI BO3PACTET B JIBa pa3a
WIN CTaHeT paBHOU Hyt0? Tak i 310 M Iouemy?

13. 3aueM mpu XpaHEHUU JYrooOpPa3HOTO MAarHUTa €ro KOHIbI COSAMHSIOT JKEIe3HBIM
OpyckoM (ssKkopem)?

V. §9

1. [Ipn cOmmwKeHWH ABYX OTTAJIKMBAIOIIUXCS MAarHUTOB BO3pAacTaeT MOTCHIMAIbHAs SHEPTUs
cucrembl. Kyza ncuesaer sHeprus, pacxoayemasi py CONVMDKEHUH JIBYX IPOBOJAHUKOB C TOKAMH
MPOTHUBOMOJIOKHBIX HAITPABICHUM?

2. Kak MoxHO un30exaTh aBapuH, CBSI3aHHOW C II€peropaHueM OOMOTKH CBEPXITPOBOSIIETO
cojenounaa’?

3. Tonkoe mpoBosIIee KOJIBIO TTOMEICHO B MarHUTHOE TI0JIE C MHIyKIMel B, meprnenaukyispHoe
IUIOCKOCTU KoJsblia. Pajguyc KoJiblla yBEIMUMBACTCSI C MOCTOSIHHOM CKOpocThio v. Onpexnenure
3aBUCHMOCTh TOKa B KOJIBIIC OT BPEMEHH, €CJIM B HayaJIbHBII MOMEHT CONPOTHUBIICHHE KOJIbIA
Ro, a paguyc xosbua ro. CuuTarh, 4TO IUIOTHOCTH M IPOBOJUMOCTH MaTepuaja KoJbla MpH
pacTsKEHUH HE MEHSIOTCSL.

Ecmb makue 3a6nyscoenus, komopule Henvss onposepeHyms. Hado coobuums
3abayxcoaroujeMycs ymy maxue 3Hauus, Komopwle e2o npocsemam. Tozoa
3a0ayscoeHus ucuesHym camu cooor. Hmmanyun Kanm

Ckaorcu, u 51 3a0y0y; noKasdicu, u s 3anOMHI0, 0all 0elicmeo8amy, U s HAY4)Ch.
Kumaiickas myopocmo

SProx659. 1 PELIIEHME 3AJIAY

Kakas sHeprus y 371eKTpH4€CKOro Toka?
HEJIb YPOKA: Hayuwnte ywamuxcs pemarh 3aJayd Ha NPUMEHEHUE 3aKOHa

3JEKTPOMArHUTHOW MHAYKIIMU B KOHKPETHBIX CUTYaILUX.
THUIT YPOKA: pemienne 3anau.

OBOPYIOBAHMUE: MUKPOKaNBbKYIATOP.
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IIJTAH YPOKA:

BcerynurensHas yacTtb
Ormpoc

Pemenue 3amau

4. 3apanue Ha I0M

Omnpoc ¢ynmameHTanbHbii: 1. DHeprus marHutHoro mnoss. 2. IlnoTHOCTH

W

OHCPIruv MarHuTHOI'O I10JIA.

3aoauu:

1.

B uenu R = 0,2 Om, L = 0,03 I'n, HanpsiKeHWE HA KIIeMMax

R L
nenu 0,5 B. B [1aHHBII MOMEHT BpEMEHM TOK I:I ]

yBEJIMUYMBAETCS cO CKOpocThio 3 A/c. KakoBa BenuunHa TOKa B 3TOT MOMEHT?

. HpI/I YBCIIMUYCHUU CHJIBI TOKA, IMPOXOIAIICTO YCPC3 KATYHIKY MHIYKTUBHOCTU 0,5

FH, B ABa pa3ad, SHCPIruA MArHuTHOTO ITIOJIsSI BO3POCJIa Ha 3 I[)K Haittu HayanbHbBIC
S3HAYCHUS CHUJIBI SJICKTPHUYCCKOI'O TOKA U QHCPTHUU MATrHUTHOT'O I10JIA.

. ITo xarymke comnpotuBieHueM 3 OM B Teuenue 0,1 ¢ mpoTekan TOK, IPU 3TOM

HHEPrys MArHUTHOTO MOJS OKa3allaCh PaBHOW PHEPrUU, PACCESTHHOM OOMOTKOM.
Onpenenute MHAYKTUBHOCTh KaTYIIKH.

.B KOpOTKOSaMKHYTOﬁ KaTylIKC C BUTKaAMM M3 CBCPXIIPOBOIAIICTO MCTAJIJIa TCUCT

Tok I = 100 A. HMuayktuBHOoCcTh Karymiku L = 1 TI'n. Ilpu mnoBbiieHun
TEMIIEpaTyphl CBEPXIPOBOJHUK IIEpelIesl B HOpMalibHOe coctosHue. Kakoe
KOJIMYECTBO TETUIOTHI (Q BBIIEIMIOCH B KaTyIIKe?

. Tox B 3dMKHYTOM HAKOPOTKO CBCPXIIPOBOOAIICM COJICHOMAC MCIJICHHO

U3MEHSETCS BCJIEICTBUE HECOBEpUIEHCTBA KOHTakTa. Co31aBaeMoOe ATUM TOKOM
MarHuTHOE MoJje yMeHblnaeTcs Ha 2 % 3a 1 yac. Omnpenenure CONPOTUBICHUE
KOHTakTa R, eciiu uHAyKTUBHOCTH cosieHouaa 1,0 ['H.

. Z[J'Iﬂ 3allUThI OTCEKAa KOCMHUYECCKOI'O KOpa6J'I$I OT IIOTOKOB 3aps’KCHHBIX YaCTHUI H3IrOTOBUJIN

coneHou ] JyiMHOM £ = 5 M u BHyTpeHHUM auamerpoM D = 1,5 M. CKOJIBKO SHEpPruu JOJKHBI
3aTpaTUTh COJIHCUHBIC OaTaped IJIsd IOJYYSHHS B cojieHouae moJyid uHaykuumu B = 1 Tn?
3arparaMu dHEPrUU Ha HArpeB MpoBoJa B OOMOTKE COJICHOMJA MOXHO IIpeHeOpedb, IoJie B
COJICHOHU/IE CYMTATh OHOPOHBIM.

Bonpocwi:

1. Kak ocnabuTh cwily HHAYKIMOHHOTO TOKAa, BO3HUKAIOUIEIO NpPH pPa3MbIKaHUU
1enu ¢ OOJBIION WHIYKTUBHOCTHIO?

2. B memp Oartapen aKKyMyJSITOPOB TIIOCJEAOBATEIFHO BKIIOYCHBI OOMOTKA
AJIEKTpOMAarHuTa M JiamIa HakajluBaHusA. B TO Bpems, Korma 3JIeKTpOMarHuT
MPUTATUBAET K cebe rpy3, Hakaldl HUTH JiaMmbl yMmeHblaercs. OObsicHUTE
SIBJICHUE.

3. TlosicauTe TpeBpaIleHust SHEPTUN, TTPOUCXOJISIIINE TTPHU CIETYIONINX MPOIECccax:

MarivuTHas CTpEJIKa MOBOPAUYNBACTCA BOJIM3H MIpOBOAHUKA, IO KOTOPOMY IMPOIMYCTHUIIN TOK.
QJICKTPOMArHUT MMPUTATUBACT K cebe SAKOPb.
OT 3JICKTPpOMArHura, 110 00MOTKE KOTOPOIr'0 TCUYCT TOK, OTPBIBAIOT AKOPb.
MOCTOSHHBINA MarHuT MPUTATHUBACT K cebe KYCOK JKeJIC3a.
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4. WneanbHyr0 KaTylIKy W PE3UCTOP IMOCIENOBATEIbHO COEAMHWIM C OaTapeei
yepe3 kirod. Kirou 3ambikator. Yemy Oyaer paBHa cuila TOKa, KOTJla MarHUTHas
AHEpPrus B KaTyuike JocTurHeT Makcumyma? Koraa Oyaet HaubombIieil CKopocThb
HarpeBaHus pe3uctopa?

5. Bokpyr nmpoBojHHKa MpU NPONYCKAHUM TOKAa BO3HUKAET MarHuWTHoe mose. Yto
ABJISIETCS NCTOYHUKOM 3HEPTUU 3TOTO MO ?

6. Jlokaxutre, 4dYTO TpPU  TMOCIEIOBATEIBHOM COCIMHEHMHM  KaTylIeK HX

HHAYKTUBHOCTH CKJIIAAbIBAIOTCH. I/
7. HGHB COCTOUT H3 TpPCX OJAHMHAKOBLIX JIAMII U _I_

JBYX WJEabHBIX Karymiek. [lpu 3amMKHyTOM
KJII0OU€ BCE JIaMIIBI TOpSIT OoAuWHaKoBo. Kak OyayT ropeTh jJaMIibl cpa3y IMocie
pa3MbIKaHus Kiro4a’?

8. Hapucyiite cxeMy c 2JIEKTPOMarHUTHBIM peJie, KOTopass Obl MpeaoTBpaliaia
B3PBIB CBEPXIIPOBOJSAIIEIO COJICHOWJA BCIEJICTBHE TOTrO, YTO KaKOH-IMOO0
y4acTOK €ro 0OMOTKHU yTPaTHJI CBEPXIPOBOISIIIINE CBONCTBA.

9. UM3mepuB MOABEMHYIO CUJTY NMOCTOSSHHOTO MarHuTa W IJIONIAb €0 MOMePEeYHOro
CEUYECHUS, MOXKHO OMPEICTUTh €r0o MarHUTHYIO UHIYKIHIO. Tak Jin 310?

10. IloueMy HEBO3MOXHO BO30YIUTh MAarHUTHOE TI0JIe B BEUIECTBE, KOTOpPOE
HAXOJMUTCS B CBEPXIPOBOISIIEM COCTOSTHUN?

11, 3aoauu:

1. Conenoun muHOM £ = 50 CM U TJIOMIAIBIO TTOTIEPEUYHOTO CEUCHUS S = 2 cMm?
UMEET UHIYKTUBHOCTh L = 2- 10" I'n. [Ipu kakoii cuse Toka MIOTHOCTh SHEPTUH
MATHUTHOTO TOJIS BHYTpH costeronza U = 107 Tix/m®.

2. Karymka uanyktuBHocThio 0,3 I'H, HaMOTaHHasi TOJICTHIM MEIHBIM IPOBOJIOM,
COEIMHEHA TapaJJIeIbHO C PE3UCTOPOM COMPOTHBIEHHEM R W monkiodyeHa K
uctounuky toka ¢ OJIC 4 B u BHyTpeHHuMm compotuBieHueM 2 Owm. Kaxoe
KOJIMYECTBO TEIUIOTHI BBIAEIUTCS B KaTYyIIKE M PE3UCTOPE

ITIOCJIC OTKJIKOUCHUA NCTOYHHUKA TOKa? Ly

3. B menm wHAYKTHBHOCTM Karymiek paBHbl L; u Lp, a konzencarop WLWW
emkocThio C 3apsukeH a0 Hanpspkerus Up. Onpenenure MakCUMalIbHBIC /WWZW\ s
3HaUEHUs CWJIBl TOKAa B KaTylIKax TMocje 3aMblkaHus kioya K.
ConpoTuBICHHEM KaTYIIEK U COETUHUTENbHBIX IPOBOJIOB MPEHEOPEYb. | Cl K

V. IloaroroBka K KOHTPOJBLHOU paboTe.

1. Ecnu BIOXHTH JBa OJMHAKOBBIX COJIEHOMJIA C TOKOM JIPYT B ApPYyra, TO SHEPTys UX MArHUTHOTO
moJist 100 y4eTBEpUTCs, TMO0 CTaHEeT paBHOU Hymt0. [ToueMy 3TO mpoucxoauT?

2. Kako# MCTOYHHMK 2HEPTUU CaMbIii MOIITHBIH ?

He nuwu xpamko. Dmo ceudemenvcmeyem aubo o 60abwom manaume, aubo o
ckyoocmu yma. Hu mozo, Hu Opy2o2o onnonenmul mebe ne npocmsm.
Du3zuKu nPoOOIHCAIOM ULYMUMD

E Ypoxk 66/10. Z KOHTPOJIBHAS PABOTA Ne 1

BbI 10/2KHBI OBITH Y€CTHBIMH, A 51 HE J0JI’KeH ObITh JIOXOM!
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Koeoa ooun ¢panyysckuil nucamenv ROMCANOBANCA, UMO €20 He
uzopanu 6 axkademuxu, Hanoneon npeononodxcun, umo smo nomomy,
umo mom He 3Haem OuPdepeHyUaIbHO20 UCYUCTICHUS.

Hcemopuueckuii pakm

Cywecmeyem  nopasumenvhas — 803MOJNCHOCMb  081A0enb
npeomMemom MamemamuyecKku, He NOHUMAsl Cyujecmsa oeid.
A. Durwmenin

IHPUMEPHBIE IIVIAHBI YPOKOB 110 TEME:

IJTEKTPOMAITI'HUTHBIE KOJTEBAHUS
L. Ypok 67/1 (TAPMOHMYECKHUE KOJIEBAHUSI)

Hoquy Y KOMApoB B I'yCTOM TYMaH€ YMCHLIIACTCH YaCTOTAa B3Max0oB KprJILIIlIKaMI/I?
LHEJIb YPOKA: BbIsiICHUTH TJIaBHBIC OCOOCHHOCTH KOJICOATEIIbHOI'O JIBHKCHHS,

HOBTOPHUTh C YYalIUMHUCS IMOHATHS. aMIUIMTYJa, MEPHOJ, YacToTa, CMEIICHUE.
BeiBeCTH ypaBHEHME [BW)XEHUS NPYKUHHOTO W MATEMAaTUYECKOTO MasiTHHKA,
NOJIYYUTh YPaBHEHUE TAPMOHUYECKUX KOJIECOAHUIA.

THUII YPOKA: neknus.

OBOPYJIOBAHUE: HUTAHOM M NPYKUHHBIA MasiTHUKU, CEKYHIOMED IEMOHCTpa-
LUOHHBIH, TUHENKA JEMOHCTPAIIMOHHAS, IUCK BPAILAOIIUICS C TPUHALJIC)KHOCTIMH,
IIPOEKIMOHHBIN anmnapar.
IIJTAH YPOKA:

BcerynurensHas yacTth
Jleknus
3akperieHue
4, 3amanue Ha I0M

II. Cnenyromas tema - "DiekTpoMarHuTHbIE KoJebaHus'", OJHAKO IMapy YPOKOB HEOOXOIMMO
OTBECTU ISl TOBTOPEHHUS TeMbl ''MexaHu4yeckue Koje-
Oanus”. CoOcTBeHHbIE KojieOanus. [IpumMepsl COOCTBEHHBIX
kosieOanuii. Kaxkumu cBolicTBaMuM [IOJDKHA  00Jagarh
KojebaTenbHass cucTeMa JUIsl TOro, 4TOoObl B HEM MOTJHU
BO3HUKHYTh  COOCTBEHHbIe  KoJyieOaHuA?  [IpyXKuHHBII

W

MasaATHHK. P3360p JNHaMHUKH KOJIEOaHUH TOPHU30OHTAJIBHOTO IIPYXUHHOI'O
MasTHUKa. Y PAaBHECHHE JBIIKCHUS [MPYKUHHOTO MASTHHKA!

MaremaTuyecKuili MasiTHUK — MAaTepHaJbHAsA TOYKA,
MOJABEIICHHAs] HA HEBECOMOM M HEPACTSKUMON HUTH.

ypaBHeHI/Ie JABHIKCHMUA MAaTEMaTH4ICCKOI'O MasiITHUKA.

a,=—Ix= ~w?, - x. [IpyMEHUB OCHOBHBIC 3aKOHBI MEXAHHKH, MbI

" I
MOJIYYUJIN YpaBHEHUS JIBUKEHUS JIBYX KOJIEOATENbHBIX CHCTEM, KOTOpPbIE OYEHBb
IIOXOXM Jpyr Ha Jpyra, OJHAKO OCHOBHAs 3ajJaya MEXaHUKU COCTOUT B
ycTaHOBJICHHH Buaa QyHKIUH X = X(t), yIOBIETBOPSIONICH ypaBHEHUIO JBHIYKCHUSI.
Ota QyHKUUS UMEET BUA: x = ACos(at + ¢,).
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o 4dero noxymananch mareMatuku: [lon-mutpoBas OyThIIIKa MOCKOBCKOHM 0Cc000¥ BOJIKM CTOMIIA
2,87 py6ms, a uetBeptuHa — 1,49 pyons. UTo moimyduTcs, €Ciu CTOMMOCTh YeTBEPTHHBI BO3BECTH B
CTETIEHh CTOMMOCTH TIOJUTUTPOBKU?

Cvemienue (X) - 3HaYeHHMe KOOPAMHATHI TAPMOHMYECKH KOJe0JII0Ierocs

00beKTa B JaHHBIIl MOMEHT BpeMeHH. X = [-A; A].

«Ilpouszeoonas — smo ckopocms...»
V. Tomcon
Hy, noouggepenyupyiime. Imo... paccrabnsem.
Lumamuwl npenooasameneu MOTHU

. d
% =x'=-Awsin(at+¢,);a, = (;X =(,) = X"=-Aw’cos(at +¢,) ,TO

JETKO TI0Ka3aTh, 4T0 X = ACOS(wt + ¢,) yIOBIETBOPSET ypaBHEHUIO IBMXeHHs. [lo Qopmynam

Tak xkak v, =

MOJKHO OIIPENENIUTh CMEIIEHHE, MPOEKIUI0 CKOPOCTH W TPOCKIHIO YCKOPEHHUS TapMOHUYECKU
KoJieOmroIerocst 00beKkTa B 1000 MOMEHT BPEMEHHU.

Avmuaryaa (A) - HauOoJIbIee OTKJIOHEHHE OT CPeIHEero 3HaAaYeHUsl BeJIMYMHBI,
U3MEHSIONIEHCS MPU KOJIeOAHUAX 10 TAPMOHUYECKOMY 3aKOHY.

Mepuon xonedanuii (T) - CBOMCTBO rapMOHMYECKH KOJIEOIIOMIErocsl 00beKTa
NMOBTOPATH CBOE JBHKEHHE Uepe3 ONpedeJIeHHbI TMPOMEKYTOK BpPEMEHH,

H3MepsieMoe YacaMM B CEKYH/aX.
2
X =Acos(a(t+T)+¢,) = Acos(at +¢,) > ol =27 > w= e 27.
®daza (¢p) - HIMEHAWNIIUICA AapPryMeHT (YHKIOHMH, ONHKCHIBAIOLIEH
KoJIe0aTeJLHbIN MPouecc.
Havaabnas ¢a3za (¢o) - paza Koiedanuii B HAYAIbHBbIE MOMEHT BpeMeHH.

Ecin npu t =0, x = A, 10 @ = 0; "Tpusuanvno” u "ouesuono" - eonuwebHoe 3axKnuHaHUE
t=0,x=04 =+, 10 Qo = 1/2; Kaxcoo2o mamemamuxa!
t=0,x=-A, T0 Qo = T; Lumamul npenooasamenei MOTH

t=0,X=OTi,T0(po:§n.

[Tonsatue "HavanbHas ¢a3a" moapoOHO MOBTOPUTH HA MMPUMEPaAX H

X | | |
I\i i i/i JEMOHCTpAlMAX C ABYMS HUTSAHBIMM MAasATHUKAMH OJUHAKOBOU
0 ' r v —> JJINHBI.
/"W it Hukanyeckasa 4acrora () — OTHONIEHHUE U3MEHEHUS
5o 4/@:\% ¢a3pl KoeO0aHMIT K NPOMEKYTKY BpeMeHH, 3a
o | | | . 2
O\i/l : ) KOTOPBIii 3T0 M3MEeHeHHe MPOU30ILIO0: o = 7” =27zv.
' E E E [Moctpoenne Ha Jocke rpaduka
Q =&, CMeLICHHUSI TapMOHMYECKH _ k. Tooz M
/N ! KojeOdromerocst Tena OT BpeMeHu " m’ k'
E . > (nauanmpHas (aza paBHa HYIH), |
| ;\:t IIPOCKIUU CKOPOCTH M MPOCKUUU @), = g; T=27x|—.

. 2
ycKkopenus. v, = Aw;a,, = Ao”.
CB00OOJHbIE KOJICOAHHSI IPYKUHHOTO U HUTSIHOTO MasiTHUKOB SIBJISIFOTCS] FAPMOHHUYECKUMU.
I'padmueckoe mpeAcTaBIeHHE FAPMOHNYECKUX KosebaHuit: rpaduueckuii X = x (t), cieKTpaibHbIH,

MCTOJ BEKTOPHBIX JUAr'paMM.
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JonosnuTeabHbIii  MaTepuan: Cnoxenue Konebanuil. 3adaua: CknanplBaroTCs — JBa

rapMOHHYECKHX KoJIeOaHus, A

nepuoabl M AaMIUIMTybl KOTOPBIX X

paBHBI, a (asbl CMEIIEHBI JIPYr | I [ o X
OTHOCHTENBHO Apyra Ha /2. Uemy ° : 0 > >

paBeH MEpUOJl PE3yIbTUPYIOIIErO

KoiebaHus W €ro amIuIuTyaa?

Haueptute rpaduk pe3ynbTUPYIOMIETO KOJeOaHMs.

T'apmonnyeckunii ananau3. Cunrerusatop peun. Dypbe MOKazaj, 4YTO CIOXKHAsA (opMa BOJIHBI
(xonmeGaHMil) MOKET OBITH MPEACTaBIeHA KaK CyMMa IMPOCTHIX BOJH. YPaBHEHHS, OMHCHIBAIOIINE
KJIACCUYECKHUE CUCTEMBI, JIETKO PEIIAIOTCSA IS KaXKJO0M M3 3TUX IPOCTHIX BOJIH. ODTH IPOCTHIE
pELIeHNs MO)KHO CYMMUPOBATh, YTOOBI OJYYUTh PEIICHUE BCEH CIIOKHOM 3a7jau B LIEJIOM.
JononHurenbHblii Marepuay: CliokeHue KojieOaHUM, NPOUCXOAAIIUMX B JBYX B3aUMHO
NePICHIMKYISAPHBIX HanpasieHusx (durypsr Jluccaxy). Ipumepsi: @urypsr Jluccaxy moryt
OBITh 3aMKHYTBHIMH M He3aMKHYThIMH. [Ipn kakom ycrmoBumu? /s HabGmromenust guryp Jluccaxy
MOKHO HCHOJIb30BaTh ocimiuiorpad (ucciemoBanue B JTa0OpaTOpUM), MasTHUK, CTaJbHYIO

JIMHEWKY, W30THYTYIO Tak, YTO IUIOCKOCTh .

OIHOI — mneiixn X = A1 sinot X = A cosmt | X = Acoswmt
HepreHUKYIISpHA INIOCKOCTH APYroif, a omuH |y = A, Sinmt y = Asinot |y = Assinot
W3  KOHLOB  3aXaT JIaIKOM  IITaTUBA A A 2 + y2 = A2 22 )
(cooTHOLIEHHE MEsK Ty 9aCcTOTaMH | y="2xtgg =2, r LY 4
OTIpesieNseTcs UTHHOM 3a)KaToTo KOHIA). A A A AL

Jomonuurteabnblii  matepuan: OmHaXIbI

[llepnok Xonmc u nokrop BaTcoH, oTnpaBUBIIMCH, B MNYTEHMIECTBME Ha BO3AYIIHOM IIape,
MPU3EMJIMIIUCH B HE3HAKOMOW MeCTHOCTU. BCkope oHM 3aMeTUITi MpUOIMKAIOLIET0Cs YeIoBeKa.

- He mormm 6bI BbI, XOTsI Obl MPUOIU3UTENBHO, CKAa3aTh HaM, I'JIeé Mbl HAXOJUMCS? — CIPOCHI €ro
Xomnmc.

UYenosek 3aymaiicss Ha HEKOTOPOE BPEMS U 3aT€M OTBETHII:

- Tlouemy mpubnuzuTenpbHO? I MOTY OTBETHTH aOCOJIIOTHO TOYHO. BBl Haxoautech B KOP3WUHE
BO3J1YIIHOTO HIapa.

OuepenHOM MOPHIB BETPa MOHEC 1IAP AAJbIIE, B HEU3BECTHOM HAIPABIICHUH.

- Uept 661 moOpas 3TUX MaTeMaTukoB! — paszapaxeHHo mporosopui Hlepnok Xomamc.

- A moueMy BBl CUMTAETE, UTO STOT YEJIOBEK ObLII MaTeMaTUKOM? — KaK Bcerja, yauBuics Barcon.

- Hy, Bo-mepBBIX, Mpexe 4eM OTBETUTh, OH IMOJyMall, a BO-BTOPHIX, €r0 OTBET ObLI aOCOIIOTHO
TOYEH U aOCOJIIOTHO OecIoie3eH /I Hac.

1. 3a0auu:

1. 3anmcarp  ypaBHEHHWE TapMOHHUYECKOTO  KOJIEOATEIBHOTO  JIBIDKCHHSI  C
napametpamu: A = 0,05 m, T = 0,5 ¢, oo = n/2. B BbiOpanHOM MacmiTabe
MOCTPOUTH TpadUK 3TON 3aBUCUMOCTH.

2. Touka coBepiiaeT rapMoHUUYeckue konebanus ¢ ammmutynou 0,15 M, gactoroit 25
I'm n HavanpHOM (pa3oi 7/2. 3amucaTh 3aKOH M3MEHCHUS CMEIICHUS, MPOCKITUU
CKOPOCTH ¥ TIPOEKINH YCKOpeHus: Touku. [locTpouts rpaduku.

3. Macca Jlynst B 81 pa3 mensbIlie Macchl 3eMiu, a paauyc Jlyner B 3,7 pa3a MeHbIIe
panuyca 3emnu. KakoB nepuoj konebanuii MasiTHuka Ha JlyHe, ecnu Ha 3emie OH
paseH 1 c?

4. TlocpenuHe JIETKOr0 rOPU30HTAIBLHOIO IIHYpa IIuHOM 2L 3akperieH mManeHbKUi
rpy3 maccod m. CunTasi HaTSXKEHHUE LIHYpa MOCTOSHHBIM M paBHbIM F, Hangute

nepuo kosuebanuit rpy3a. Cuiy TSKECTH HE YUUTHIBATD.
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. [Inarpopma coBepmraer rapMOHHYECKHE KOJEOAHUS B TOPU3OHTAIHLHOM HAINPABICHHH C

gacrotoir 0,25 I'. Ha murardpopme nexut rpy3, KodpPUIUEHT TPEHUST KOTOPOro o Iardopmy
pasen 0,1. KakoBa MokeT ObITh MaKCHMaJIbHASI aMILUTATY 12 KoJeOaHui miaTrgopMbl, YTOOBI TPy3
HE CKOJIb3WJI 110 HEW?

Bonpocwi:

1. Yro M™MOXHO ompeAeauTh 1Mo rpaduKy ABUXKEHUS TPU TapMOHUYECKUX
KoseOaHusx?

2. B xakoif aBTOMaIImHe TPSICET MEHbIIIE — MYyCTON UK Harpy>keHHoi? [louemy?

3. B onuHakoBBIX WM pa3HbIX (azax KOJEOMIOTCS KpbUIbS JIETALIEH NTHIBI? A
PYKH YeJIoBEKa MpHU X060¢e?

4. VI3amMeHuTCcs M TNEpUOJ KOJeOaHWUNW HUTSHOTO MAasTHUKA OT TOr0, YTO €ro
MOMECTHUJIU B KHUJIKOCTh, BI3KOCTHIO KOTOPOM MOXKHO TIpeHeOpeyb?

5. B kakoM TMOJOXEHWHM  TAHTCHIIMAIBLHOE  YCKOPEHHUE  KOJECOJIOIIETrocs
MAaTeMaTUYECKOr0 MagTHUKA PAaBHO HYJO?

6. B KaKOM MOJI0KEHUU HOpPMAaJIbHOE YCKOpEHHE KOJIEOITIOIIEeroCs
MaTeMaTUYE€CKOr0 MagTHUKA MAKCUMAJIbHO?

7. Ecnum moBopayuBaTh CTYJ, HA KOTOPOM YKPEIUICH KOJCONIONIMNCS HUTSHOU
MasTHHUK, TO OH HE U3MEHSET TJIOCKOCTH CBOMX Kosiebanuil. Kak 310 00bICHUTE?

8. Illapuk moaBemieH Ha JIMHHOW HUTHU. [lepBbIil pa3 ero MoAHUMAIOT IO TOYKHU
MoJIBEca U OTIYCKAIOT, BTOPOM pa3 ero OTKJIOHSIOT Ha HEOOJBIION Yrojl U TOXe
OTITyCKaroT. B kKakoM ciiydae ¥ BO CKOJBKO pa3 ObICTpee IIapuK BO3BPATUTCS B
Ha4yaJbHOE COCTOSIHUE?

9. TlokaxuTe, YTO KOHMYECKUI U MAaTeMaTHYECKUI MasSTHUKU OJMHAKOBOW JJIMHBI
UMEIOT paBHBIC MEPUOBI KOJICOAHMIA.

10. T'apmonunueckue konebGaHus Teaa IPOUCXOAT 110 3aKOHY: X = 5-sinmit, Tpe X B caHTUMeTpax. B
HEKOTOPBIA MOMEHT t; Bpemenu x = 2,5 cMm. Onpenenure MpOEKIUI0 CKOPOCTH Teia B ATOT
MOMCHT BPCMCHHU.

11. Ilycte meMmOpaHna B TpyOKe AOoMaIIHEro TejaedoHa COBEpIIacT TapMOHHYECKHE KOJeOaHUs C

yactoto | xI'q u ammurynoii 1,0 10 m. Yemy paBHaA aMIUTUTY]1a YCKOPEHUSI MEMOpaHb1?

IV. Koncnexkr

1.

2.
3.

Hcnonw3ys MeTol aHAJIOTUH W METOJ Pa3sMEPHOCTEH, ONpeaeiauTe COOCTBEHHYH) 4YacTOTY
KOJICOaHU BO3IYIIHOTO My3bIPbKa BHYTPH XKHJIKOCTH.

[Tocrpotite rpaduk pynkmuu x(t) = -1 + c0s(20-t), rae t B cekyHIax, a X — B CAHTHMETpax.

K oaHOMYy KOHIly yHpyrod CTajJbHOM JHUHEHKH MPUKPEIUICH I'Py3, a APYrod KOHEI[ JKEeCTKO
3a)MKCHUPOBAaH TaK, YTO JHHEHKa BepTUKalbHA. OTKIOHSS TPy3, BBI3BIBAIOT €r0 KOJIeOaHUSI.
OmvH pa3 OmBIT TPOBOAAT TMPU BEPXHEM IMOJOXKEHHH Tpy3a, a JPYrold — TpPU HIDKHEM.
OObscHUTE, TOYEMY MEepUOAbl KOJIeOaHHH MpU MPUMEPHO OJMHAKOBOM aMIUIUTYAE 3aMETHO
OTJIMYAIOTCS.

. prs Ha JICTKOM CTCPIXKHC — TOT K€ HUTSHON MasaTHUK. Kak ¢ IMOMOIIIBIO TAKOI'0 MasTHHKA

A0Ka3aThb, YTO €T0 IIEPUO KOJIeOAHHMH 3aBUCHUT OT YCKOPCHUMA CBO6OI[HOF0 HaI[eHI/I}I?

. HopManpHbIl IynbC CIOHA OKOJIO 25 yIapoB B MUHYTY, y 4EJIOBEKA OKOJIO 75, y KOIIKH OKOJIO

130. ITouemy?

. Cimoxure rpa(bnqecm/l JABa TapMOHHYCCKHUX OJWHAKOBO HAIIPAaBJICHHLIX KoJIeOaHHs PaBHBIX

MIEPHOJIOB, HO CMEIICHHBIX MO (Da3e APyr OTHOCUTENBHO JApYyra Ha 7. AMIUTUTYJIbI OTHOCSTCS
Mexay coboif kak 3:1.
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7. Onpenenurte BpeMsl COylapeHHsi TEHHUCHOI'O IIapHka (Ms4a) ¢ TBEpJAOH MOBEPXHOCTHIO IIPU €ro
MaJIEHUH C BBICOTHI | M 0€3 HauaabHOM CKOPOCTH.

8. ['opu30HTANBHBIA MUIMHIP Pa3[esi€éH MOTOoJaM MAaCCHBHOW MEPEropoJKOW Macchl M TakK, 4TO
JUTMHA KaKJ0W mosioBMHKM nuimHapa L. [lnomans mopmus S; Tpenus Her; Temmnepatypa 7.
Haiitu yacTtoTy Manbix cBOOOJHBIX M30TEPMUYECKUX KOJICOAHUI MEpPEeroposIKu, €Clu B KaxI0i
[IOJIOBUHE IWJIMHJApPAa HaxoAuTcsa: a) 1 MoJyib uAeadbHOro rasza; 6) 1 MoJib HachIIEHHOIO
BOJISTHOT'O 11apa; ) 1 MoJib ueanpHOro raza u 1 MoJjib HaChILIEHHOTO Iapa.

Kaoicoas uz obnacmeu guzuxu cogopum na ceéoem "HAYUOHATLHOM' A3bIKe, HO
ecmbv ""UHMEePHAYUOHAILHBIU' A3bIK, U MO A3bIK - MeOPUU KOaeOAHULL.

JLU. Mawnoenvuumam

E Vpok 68/12. z IPEBPAIIIEHUSI DQHEPTUM IPU T'APMOHMWYECKHX
KOJIEBAHUAX

Kak u3roroBUTh MasiTHUK € MaJIbIM 3aTyX3HI/IeM?
HEJIb YPOKA: Iloka3aTh, KakKu€ MPEBPAILECHHUS SHEPIHMU MPOUCXOIAT B CHCTEME,

COBEpIIAIOIIEH FTAPMOHUUYECKHUE KOIeOaHusl.
TUIT YPOKA: koMOMHUPOBAHHBIH.
OBOPY/JIOBAHMUE: neMOHCTpallMOHHBIN NPYXUHHBIA U HUTSHON MAasiTHUKH, BEJEp-
KO C OTBEpPCTHEM, II€COK, JIUCT Oymaru, KamMepTOH C OCTpPHEM, 3aKOMYEHHas
IUTACTUHKA, CTaJIbHAS IJIACTUHKA, TUCHI, 3BYKOCHUMATENh, OCIIIIIOrpad.

IIJTAH YPOKA:

BcerynurensHas yacTth
Onpoc

OO0bscHenue
3akperuieHue

. 3amaHue Ha JOM

II. Ompoc ¢ynnamentanbubiii: 1. CoOCTBeHHBIE TapMOHHMYECKHE KOJIeOaHUs

agrwnE

NpPY>KUHHOTO MasTHUKa. 2. CoOCTBEHHbIE TapMOHHYECKHE KoJieOaHHs Marema-
THUYECKOTo MasiTHUKA. 3. CKOPOCTh M YCKOPECHHE MTPH rapMOHUYECKHX KOJICOaHUSX.
3aoauu:

1. lap moiokeH Ha Kpaid TIaKoro CToJia, TNIOCKOCTh KOTOPOTO TIEPIICHINKYIIIpHA K

otBecy. OnpeaenuTe Neprol ero MajablX KoJeOaHUH.

Ecnu npopeiTe B 3emile TOHHENIb MEXAY ABYMs IOpPOJaMH, TO BPEMs JABHKEHUS MOE€3/a MEXIY
HUMH COCTAaBUT 84 MUHYTHI. 3aue€M TaKOMY I10€3/1y BCe ke OyAeT HYKEeH JABUraTelb?

2. Paccumraiite nmepuoy konebanuii cToii6a Boasl B U-00pa3Hoii TpyOKe ¢ TUIOIAIbIO
nornepeynoro ceuenus 0,2 cm®. Macca Bojs! 5 T. BA3KocTbIO NpeHeopeyb.

2. HalimuTe mepuon Manbix KoseOaHWd MOPITHS MAacChl M, Pa3fesfoNiero TIaJaKui
MWIMHAPUYIECKAN COCyA cedyeHuss S Ha nBe 4dactu 1iauHbl { kaxnas. [lo o6e
CTOPOHBI OT MOPIIHS HAXOAUTCA ra3 npu aasieHun Po. [Iponecc nzorepmudeckuil.

3. Onpenenure nepuoj; KoaeOaHU MabIX KOJIEOAaHWH MAaTEeMaTHYEeCKOTO0 MasTHHKA
JUTUHOM 15 cM, MOJBEIIEHHOT0 K MOTOJKY BaroHa, ABHMXKYIIETOCS C YCKOPEHHUEM S

2
m/c”.

Ha oxgnom sk3amene B MHCTUTYT COpOOHHBI ObIIT MAATHUK, U HEOOXOAMMO OBLIO C €ro MOMOILBIO
U3MEPUTh YCKOPEHHE CBOOOJHOTO MajieHus. Y OOJBIIMHCTBA MOXydmiIoch 9,8 u Tonpko y aByx 11.
WX u 3auncnm — noJ CTOJI0M 3K3aMEHATOPbI CIIPSATAIA MarHur.
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«Mamemamuxka - amo caxap, a usuxa - nIOWKA K 4aio!»

4. Ilepron koneOGaHUN MAaTeMaTHYECKOr0 MAasTHUKAa Ha OHKBaTOpe ChepUyYECKOu
mwiaHeTsl B n = 1,5 pa3a Oonbiie, yueM Ha ee nomtoce. Haiitu nepuos oOpaieHus
IJIAHETHI BOKPYT €€ OCH, €CJIM TUIOTHOCTh BEIIECTBA TUIAHETHI p = 3 r/em®. 2,54

5. JlepeBsiHHBINA CTEP>KEHb MACChl M BHE3KAET C OTHOJMPOBAHHON METAJUIMYECKON MOBEPXHOCTU
Ha HeoOpabOTaHHYIO JEPEBSIHHYIO MTOBEPXHOCTh. Uepes Kakoe BpeMsi OH MOJIHOCTHIO OKaKeTCs
Ha JIEPEBSIHHOMW TTOBEPXHOCTH, €CJIU ero jymHa L?

Bonpocwi:

1. Bo ckoipko pa3 UBMEHUTCS 4acToTa KojieOaHUN aBTOMOOWIISI Ha peccopax mociie

MPUHSTHS TPy3a, PABHOT'O Macce MOPOKHET0 aBTOMOOMIIS ?

2. llpennoxure, kak MOXKHO OOJbIIE CIOCOOOB yBEIWUYEHHUS TEpUoaa KojeOaHui
MAaTeMaTUYECKOr0 MasTHUKA.

3. B kakue MOMEHTbl BpPEMEHU NPOXOJUT TOJOKEHUE PABHOBECHUS TOUKa,
coBepIaronias kojiebaHus Mo 3aKOHY cMHyca ¢ nepuogoM T = 1 ¢ u HaYanbHOU
dazoit ¢pg = /2? t, = T/4 (2n-1), tme n = (1,2,3...n)

4. VIaMeHuTCs U Mepuoj; KojieOaHU HUTSHOTO MAasTHHKA MPU MOTPYKEHUU €r0 B
Boay? IlpyxuHHOro?

5. Kak u3MeHHTCS TepHoJl BEPTUKAIBHBIX KOJeOaHWM TIpy3a, BUCAIIECTO HAa JIBYX
OIMHAKOBBIX MpPYKUHAX, €CIM HMX INOCIEJ0BATEIIbHOE COCAUHEHUE 3aMEHUTH
napajuiesIbHbIM ?

6. Ilouemy mepuoxa kojiebaHUN NPYKUHHOTO (HUTSHOTO) MAasiTHUKA 3aBUCUT OT
TeMIepaTyphl?

7. B Kkaxoif TouKe yCKOpEeHHE KOJICOIIOMIETrocsi HUTSHOTO MasiTHUKA PABHO HYIIO?

8. Kak wu3MensieTcss yrom MexAy YCKOPEHHEM H CKOPOCTbIO Tejla TMpu
TapMOHUYECKUX KOJIEOAHUSIX MATEMAaTHYECKOTO MasTHUKA?

9. Kak wusMmeHuTCs meEpHoJ KoJeOaHWl HUTSHOTO MAasSTHHKA, €CIM INTaTHB C
MasATHUKOM YCTAaHOBUTH Ha HAKJIIOHHYIO INIOCKOCTh C YIJIOM HaKJIOHA 30%?

10. TTouemy rpaduk CKOPOCTH BCIUIBIBAIOIIETO B KUJIKOCTH My3bIpbKa BO3JyXa Ha
HayaJbHOM JTalle HAIIOMHHAET 3aTyXalolINil TapMOHUYECKUH TTporiecc?

11. VckopeHune CBOGOIHOrO IaieHus Ha moBepxHocTH Mapea 3,7 m/c’. Kak u BO
CKOJIBKO Pa3 M3MEHUTCS TMEpPHOJl KoJeOaHWH MaTeMaTUYeCKOTO M MPYKHUHHOTO
MasiTHUKa Ha Mapce 1o CpaBHEHUIO ¢ 3eMiieit?

12. Ha kaxoii yron noBepHeTCs INIOCKOCTh KoyieOaHus MasTHHKAa DYyKO 3a CYTKH: a) Ha ToJtoce; 0)

Ha ’KkBaTope; B) B HoBoky3Herke?

Mastauk @yko. Ecnm mnpencraButh cebe MaTeMaTHYeCKH MAasSTHHUK, TOJBEIICHHBIH Haj
CeBepHBIM TOJIFOCOM, TO TUIOCKOCTh €ro KadaHui OyneT (QuKCcHpoBaHA OTHOCUTEIBHO 3BE3[, a
3eMHOM HaOIrI0AaTe b YBUIUT, UTO 32 CYTKH OHA IOBOpPAYMBAETCs Ha 360°.

13. Yactuma nBUKETCS PaBHOMEPHO IO OKPYKHOCTH C IIEHTPOM B Hadaje KOOPAMHAT, MEPHOJT

obpamenus 4,0 c. Eciu B MomeHT Bpemenu t = 0 ¢ e€ monoxkenne (2; 0) M, To Kakas mapa
ypaBHEHUH 3a/1a€T KOOPAUHATHI X U y?

II. JleMoHcTpauuss KojgeOaHWW TOPU3OHTAIBHOIO MPYKUHHOTO MasiTHUKA. MBI

COBepIIMIN PaboTy (pacTsAHYJIM TPYKUHY) W TpYyKuHa (aKKyMyJsTop) 3amacia
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sHepruto. Kak Oyner u3MEHATbCS MOTEHUUAIbHAs

E4
\ /\ SHEPrus NOPYXKUHBI, €CIUM OTHYyCTHTh TIpy3? A
KUHETHYecKas 3Heprus rpys3a? ['paduku Ha qocke.
Oe »
ar o oor | mo?  kx?
E4 4 2 E=Eyx+Ep= E
/" E 4
E, =—(1+cos—7rt); E, :E(l—cosA'—”t)- 0e3 BBIBOJA.
O'/l 3 > 2 T 2 T
—T —T t Kunernueckas wu NoTCHIMAJIbHAs OJHEPIruM HU3MCHAIOTCA C
8 8

4acTOTOW 2 , B JIBa pa3a MPEBBIIIAIONIEH YacTOTy KoJieOaHuit!
[TockosbKy IMOJHAs SHEPrus HEM3MEHHA, TO MOXHO IIPUPABHATH
MaKCHUMAaJILHBIE 3HAUYEHUS KHHETHYECKOU U HOTGHHI/IaHBHOﬁ SHEPTHUH.
2 2
K-A"_ m-vp,
2 2 \
w 1
I'pacduk moTeHIMaNBHOM SHEPTrUU TOPU30HTAIBHOIO MPYKMHHOTO MasTHUKA :\
]
A

DU =0 A

(3aBHCUMOCTDh TIOTEHIMATBHOW YHEPrHHM OT cMenleHus). [lomHas sHeprus.
I'pannunbie Touku. Kak Oyner pacnoiiokeH rpaduk KUHETUYECKOW SHEPrUu

kx?
E.=E —7? Kak 3aBHCHUT MNOTeHUMATbHAs W KUHETUYECKash SHEPTHs

MPYKMHHOTO MasTHHKa OT BpPEMEHHM U KakoBbl Ipaduku 3Tux 3aBUcuMocTeil? Bo3spacranue
aMIUTUTYZAbl KoJeOaHUH Npu yBEJIMYEHUU MOJHOM 3Hepruu. TemoBoe paciupeHue ten (rpaduk
MNOTEHIMAIBLHON 3HEPTrUM B3aUMOAEHCTBUS IBYX MOJIEKYJ OT PACCTOSHUS MEXAY HUMHU).

. k
Junamugeckuii noaxonx: ma, =F, =—kx, o=, |—. ) ky
m
2 2
. mo®  Kkx k
JHepreTuyecKuii Moaxo; +——=E=const, o=,/—. ky k, ky
2 2 m
CBoOogubple  KojeOaHWs  NPH  HAIUYMA  TPEHHS kik;
(zemoHcTpamws). CBoGoxHbIe KoteGanus B cucreme mpn K =ki+ky © 7 ki +k,

HAJIMYUH TPEHUS SBJISIOTCH 3aTYyXAKIIMMHU.
Bbiny:kaeHHble  Kosie0aHusi:  ['OpU3OHTAIBHBIA  TPYKUHHBIN
MAasiTHUK, Ha KOTOPBIM JEUCTBYET BHEIIHAS IEPHOJMYECKAS CHJIA:

F
ma, = —kx+F cosat — x" + w?x = —coswt. PerieHne B BUIE X = AcCoS at.
m

Boiny:k/1eHHbIEe KOJIe0aHUS MPOMCXOIAT ¢ YACTOTOM BHEIIHEH
NepuoOINYECKOM CHJIbI!

F
2

———— 0> @y, A —> o,
m(e” — wy,)

F F
— Aw’® cos wt + @; Acos wt = —cos ot — A(@° —al)=— — A=
m m

Pesonanc. [Ipu Hamumy TpeHUs aMIUTATYa KoneOaHnii KOHeYHa !
IV. 3a0auu:

1. I'py3 maccoit 300 T Ha KOHIIE TIPYXUHBI COBEpIIAET 5 KoieOaHUN B CEKYHIY C
ammumatygo 0,2 M. Berumenure momHy0 SHepruto cuctembl. Ompemenure
KMHETUYECKYIO U MOTEHIHAIBHYIO SHEPTUU TAHHOTO MPYKMHHOTO MasiTHUKA B TOT
MOMEHT, KOTJla €r0 CMEIIEHNE PABHO MOJIOBUHE aMILTATYBI.
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. [Ilapuk, MOJBELIEHHBI HA HUTH, KAa4aeTCs B BEPTUKAIBHOM IUIOCKOCTH TaK, 4TO

€ro yCKOpPEHUS B KpalHUX — BEPXHEM M HM)KHEM IOJIOKEHUSAX PaBHBI APYT NPYTY.
Haiiti yroja MakCMMaabHOTO OTKJIOHEHHUS HUTH OT TIOJ0KEHHUs paBHoBecHs. 53°

. Touka Maccet M = 10 r coBepmaer rapMoHuuyeckoe koisiebanue. Hammcatp

ypaBHCHHE TapMOHHYECKOTO KOJICOATEIHLHOTO ABWKCHUS, €CIM MaKCHMaJbHOC
YCKOPEHHE TOYKH ama = 49,3 cm/c’, mepron xomebanmii T = 2 ¢ W CMELICHHE
TOYKH OT TOJIOKCHHUS PABHOBECHUS B HayaJbHBII MOMEHT BPEMEHU X, = 25 MM.
Hamucate ypaBHEHHE IJ1s1 3aBUCUMOCTH ITOTEHITUATBLHOW SHEPTHH OT BPEMEHHU.

. B xakoil MOMEHT BPCMCHHU TIOCJIC IPOXOKIACHUA YCPC3 ITOJIOKCHUC PABHOBCCUA

KHHCTUYCCKAs SOHCPTUA MAATHUKA CTAHCT paBHOﬁ €ro HOTCHHH&HBHOﬁ 3H€pFI/II/I?

. HpI/I KaKHuX CKOPOCTAX IOC3Ja MOKHO OXUIAATbh 0COOEHHO CHJILHOE paCcKadYnBaHHUC

HIapuiKa, MoJBEIICHHOr0 Ha HUTU JiauHOM 80 cm? PaccTosiHue MEXIy CThIKaMHu
penbeoB 20 M.

Bonpocwi:

1.

10.

11.

MasTHUK coBeplillaeT rapMoHUYeckue kKojiebanus. KakoBo COOTHOIICHUE MEXKTY
KMHETUYECKON 1 MOTEHIIMAJIBHOW SHEPTUsIMHU MasTHHKA yepe3 1/8 mepuona?

[Tpu ornuuaromuxcs B 3 paza yacToTax BBIHYXKJEHHBIX KOJICOaHUM MasiTHUKA WX
aMIUINTyJla OJWHAKOBa. BO CKOJIBKO pa3 OMIMYAKOTCS HMX MaKCUMAaJIbHbIE
KMHETUYECKHUE SHEPTUU B 3TUX COCTOSTHUAX?

Kak M3roToBUTH MasATHHK C MAJIBIM 3aTyXaHUEM?

I'py3 komebeTcst BIOJIb OCH X T10 3aKOHY: X =5sin(3t—0,1), rie t B CeKyHIax, X B

cantumeTrpax. Hailtu aMminTyagHoe 3HaYE€HUE CKOPOCTH U YCKOPEHUS Tpy3a.

Ha crapeix pa3be3KeHHBIX TPYHTOBBIX JOpPOrax aBTOMOOWIIb MOJKET CHJIIBHO
packauuBaTbcs. [ToueMy 3To mpoucxoaut?

[Touemy mpu HEKOTOPOH CKOPOCTH aBTOMOOMUJISI M300paKeHUE B 3epKajie 3aTHETO
BUJIa «Pa3MbIBACTCS»?

UeMm Oombliie XOJIECTEPUHA OTKJIAJBIBACTCA B COCYJE, TEM apTepUsi CTAHOBUTCS
JKECTUe U TeM OBbICTpee MO HEeMl pacrpoCcTpaHsIeTCs MyJbcoBas BoJIHA. Tak Jiu 3TO?
IToreHmuanbHasi SHEPrusl KUJIKOCTH, BHaYaje HaXOASAIICHCS B OJHOM M3 KOJICH
COOOMIAIIIMXCS COCYJIOB, BJABOEC OOJIBIIE, YeM B IIOJOKCHHUU PaBHOBECHS.
Joxaxwute 310. Kyna ke moaeBaiach Mojg0oBUHA 3allaCEHHON dHEPTruu?

Kakyto ¢hopmMy ngokHa MMETh Yallika, YTOOBI IIAPUK, KATAIMMNACS BBEPX-BHU3 110
ee CTEeHKaM, B Hjieajie MOT OBl COBEpIIaTh TAPMOHHYECCKHE KoJIeOaHms ?

HutsHOM MasTHHK JOBOJIBHO OBICTPO ocTaHaBiauBaeTcs. [loa cranpHOM mIapuk
nojoxunu MarHuT. Ilepuon ymenwiuics. IlodyeMy yBenMUMBAEeTCS BpeMs
3aTyXaHus?

Ha kakux xauensx mpole packauyuBaThCs: C BePEBKAMU WM ¢ METAJUTUYECCKUMH
TaHraMu?
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12.

13.

14.

15.

16.

V.
1.

Ecnmu niawHy MaTeMaTH4ecKOro MasTHHKAa YMEHbBIIATh, KOTJa OH TMPOXOJIUT
MOJIO’)KEHUE PAaBHOBECHS, U YBEIWYMBATh B T€ MOMEHTHI, KOT/Ia €T0 OTKJIOHEHHUE
MakCHMajbHO, TO aMIUIUTyJa KoJieOaHUN MasTHHKAa HAYHET BO3pacTaTh.
[Touemy?

[Touemy nBa HHUTSHBIX MasSTHUKA NPHOJUZUTEIBHO OAMHAKOBOW JIIMHBI,
MOJIBEIIICHHBIE HAa TOPU3OHTAJbHO 3aKPCIUICHHOW HHUTH, TpU KOJIeOaHMX
0OMEHUBAIOTCS SHEPTrUei?

YroObl OTBECTH Kayelud C CHIANIMM Ha HUX YEJIOBEKOM Ha OOJBIIONH yTOo,
HEOOXOMMO TPHUIIOKUTH Oomblnyto cuiy. [loueMy jke packadarh Kadeld 0
TaKOTO K€ yIJIa MO’KHO C TIOMOIIIbI0 MEHBIIIETO YCUITHS?

Ecnu x py>xuHe npuaepKuBasi MOJIBECUTh TPy3 U OTIYCTHTh €ro, TO B KpaitHEM
BEPXHEM IOJIO)KCHUH TOTEHIIMATbHAS YHEPTHUS Tpy3a MgA, a IPYKUHBI C TPY30M

AZ
B ITOJIOKCHUU PAaBHOBCCHA T . HOIIGMY?

MaccuBHBIM T'py3, NOABEHIEHHBIM K IIOTOJIKY Ha TNPYKHUHE, COBEPIIAECT BEPTUKAIBHBIE
cBoboauble Konebanus. Ilpyxuna Bcé€ Bpemst octaérea pactaHyrod. Kak Beaér cebs
MOTEHIIMATbHAS SHEPrusi TNPYXKUHBI, KUHETHUYECKash SHEprusi rpysa, €ro MOoTeHIHaIbHas
SHEPTHS B TIOJIE CHJIBI TSHKECTH, KOT/a TPY3 JBMXKETCS BBEPX OT ITOJIOKEHUS] pABHOBECHS ?
Kosncmnexr.
JIOKa)xuTe, 4YTO KOJMYECTBO INYK M Kapaced B NPYyLy HU3MEHAETCS C TCUEHUEM BPEMEHU II0
rapMOHUYECKOMY 3aKOHY. XMIIHUK U kepTBa. M300uiane kopma momMoraer OBICTPOMY pPOCTY
KOJIMYECTBA pbICEH, KOTOpbIE COKpAIlalOT YHCIEHHOCTh 3aiflieB. B Takoe Bpemsi OXOTHUKH
JNOOBIBAIOT MHOTO PHICBUX LIKYp, @ 3aAYbUX CAIOT MEHbIIIE, YeM 00BIYHO. A KOI'Ja M3-3a rooia
IIOTOJIOBBE PHICEH COKpAIAeTCsl, 3alillbl CHOBA PA3MHOKAIOTCSL.

. I'py3 coBepmiaer kosiebaHusi Ha PE3UMHOBOM InHype. Bo CKOJIbKO pa3 M3MEHHUTCS NEpUOA

BCPTHUKAJIbHBIX KoJieOaHMi Ipy3a, €CJId €ro IMoABCCHUTh Ha TOM K€ HIHYPEC, CI0KCHHOM B,Z[BOC?

. Ecniu  yckopeHHe 3aBHCHUT OT BPEMEHH [0 JHMHEHHOMY 3aKkoHy: a =K, To KakuMm Oyaer

BBIpQKEHUE JIJIS pacuéTa rnepeMenieHus?

. IIpu ymape ¢ytO0JIbHOTO Msiua O CTEHKY OH jAedopmupyercs, nmpu 3ToM JAedopmanusi Msda X

MHOTO MEHBIIE ero paauyca. JlaBleHHe p BO3JIyXa BHYTPHM MsS4Ya B IIpoIecce yaapa
yBenuunBaeTcss Ha 3%. OLeHHTEe BpeMs COyIapeHusi MsS4a CO CTEHKOH, IpeHeOperas
YIOPYrOCThIO IOKPBIIKH. Kak MOXXHO y4ecTh YIPYrocTb NOKphIMKHA? [IpoBecTn YncioBOM
pacyer s cinydasi, koraa macca Mssua m = 0.6 kr, naBieHue p = 2 at™ u paauyc R = 12,5 cm.

. Ha ocHoBe QHCPICTHYCCKUX Hpe,Z[CTaBJ'ICHI/Iﬁ INIOKAaXXHUTEC, 4YTO KoJIeOaHUs KHUIAKOCTH IINIOTHOCTBIO

p B U-00pa3Hoii TpyOKe MOCTOSIHHOTO CEYEeHUsI OYIyT TapMOHMYECKHMHU M BBIBECTH (POpMyIy
JUIS TIEpHOJIa ATUX KoJleOaHui. BSI3KOCTBIO )KUIKOCTH MpeHeOpeyb.

. Bo ckoibko pa3 HYy’)KHO U3MCHUTH JJIMHY MAasATHUKA B HACTCHHBIX MCXAHUYCCKUX Yacax, YTOOBI

UX MOIJIM MCIOJIB30BaTh B OBITY MepecesieHlbl Ha Mapce, jKenaroliie COXpaHUTh MPUBBIYHOE
JIeJIEHUE CYTOK Ha 24 Jaca?

. OI_IGHI/ITC qaCToTy COOCTBEHHBIX KOJICOAHUN KaIlIH BOJbI paanyCcomM 2 MM, HaxoJslIeics B

neecomocti. ITnotHOCTH Bogs 1 r/em®, kosdduiment moBepxuocTHOro Hatsmkerus 0,07 Hiu.

. Kecrkas TOPU3OHTAJIbHAA IINIACTHHA KoJie0aeTcs BBCPX-BHU3 C 4acTOTOM MopsaKa 100 I'm.

KonycooOpa3Hasi Kydka MENKOAMCIIEPCHOTO MOpPOIIKa (HAampuMep, JUKIOIWS WU TallbKa),
HaChbIlIaHHAs Ha IUIACTHHKY, OCTAeTCsl YCTOMYMBOM NMpH MajblX aMIUIMTyAax BuOpauuu. Ecmu
aMIUIMTyZla YBEIMUYMBAETCA, KOHYC paspymaercd. JlanpHeilliee yBeIMUEHUE aMIUIUTYABI
IPUBOJUT K pacIpelieNieHUI0, OYepUEHHOMY pPE3KOM IpaHullei, a mpu emie O0oJjiee BBICOKHUX
aMIUTUTY/IaX CHOBA BO3HUKaET Kydka. Vccrienyiite u oObsICHUTE SIBIICHHE.
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7. HackonbKO BEIMKO OTHOCHUTEIBHOE HW3MEeHeHue mepuoaa konebanmii AT/T MasTHUKOBOTO
rpaBHEMETpa HAJl MECTOPOXKICHUEM PYIIbI C TUIOTHOCTBIO B 3 pa3za 0oJibllie MIOTHOCTHA OCTATLHOM
3emun, umeroriero Gopmy mapa nuamerpom 1 km Ha Tiryoune 1,2 km.

8. [lo kakoMy 3aKOHY HM3MEHSETCS KHMHETHUYECKas W TMOTCHIMAJbHAS SHEPTUsi TOPU30HTAITBHOTO
MPYKUHHOTO MAasTHHKA TMPU €ro TapMOHUYECKUX KojebaHusx? byayr nm 3t koneOaHus
rapmoHnveckumu? Ecnu na, To ueMy paBHa MX 4acTtoTa?

Hem maxux omoanennuix s61eHuti, 00 NO3HAHUL KOMOPLIX Helb35 ObLIO Obl 00CMUUD,
U Hem MaxKux MmauHCMeEeHHbIX AGIeHUll, KOMopbie Helb3s 0bl10 Obl NOHAMD.
Pene Jlexapm

E Ypok 69/13. g CBOBOJHBIE U BBIHY K/IEHHBIE
JIEKTPOMATI'HUTHBIE KOJIEBAHUSA

Yem 3i1eKTpHUECKOe N0J1e OTINYAETCS OT MATHUTHOTO M0J1sA?
HEJIb YPOKA: Tlo3HaKOMUThH y4alllMXCSl C XapakTepoM pas3psjia KOHAEHcaTopa

4yepe3 Ppe3UcTOp U 4Yepe3 IMPOBOJOYHYH KaTymky. JlaTb KadecTBEHHOE
Mpe/ICTaBlIEHUE O MPOLECCax, MPOUCXOASIINX B KOJIeOATEIbHOM KOHTYpE.

THUII YPOKA: neknus.

OBOPYJIOBAHUME: OGartapess KOHAEHCATOPOB, KaTylIKa WHIYKTUBHOCTH C Cep-
JIE€YHUKOM, BhIIpsiMutTesb BYTI-2, ranpBaHOMETp OT BOJIBTMETPA, IEHCTBYIOIAS
MOJIEJIb T€HEpAaTOpa NEPEMEHHOIO TOKA.

IIJTAH YPOKA:
1. BcrynurenbHas 4acTh
2. TloBTopenue
3. OObscHeHue
4. 3akperieHue
5. 3amanwne HA MOM
I1. 3aoauu:

1. InviHa HUTU MaTeMaTUYECKOro MasTHUKA {, Macca Iapuka

m. Ompenenuts cuily, IEHCTBYIOIIYI0 Ha IIApUK, MpU
OTKJIOHEHHUSAX €r0 OT TMOJIOKEHHUS PABHOBECHS Ha X B Clydae MalblX KOoJeOaHHi,
T.€. mpu X <<{. Kak 3aBUCHUT OT X NOTEHLKAIbHAsI IHEPIUs IIapuKa?

2. Teno coBepiaeT rapMOHUYECKHE KoyieOaHus MO 3akoHy X(t) = Xy cosot ¢
nepuoaoM T = 20 ¢ u ammmuTynon x, = 50 cm. Kakoil myTe mpomnuio teno 3a
MIEPBYIO CEKYHIY, 3a nepBbIe 5 ¢, 3a 40 c?

3. Ha paGounii cTonm BuOpocTeHa, KoaeOmommiics ¢ gactoToid v = 5 ['1i, moctaBieH
JUIS. WCTIBITAHUSA CHUCTEMHBINM OJIOK TEepPCOHAIBHOTO KoMIbioTepa. IIpu kakoit
aMIUTUTYZIe KoyieOaHWUW OJIOK He OyIeT OTPBIBAThCS OT MOBEPXHOCTH pabOdYero

croyua?

4. HeOouspbmoit ctanok maccoi 200 kr BuUOpupyeT npu paboTe M3-3a HEOJHOPOJHOCTH TSXKEJIOTO
MaxoBHUKa, UMeoLIero yactoty obpamenus 600 o6/c. YToObI CHU3UTH BUOPALIMIO MEPEKPHITHS B
1[eXe, B KOTOPOM YCTaHOBJIEH CTAHOK, I10J] CTAHWHY IOJIOXKHWIN YIPYTYIO MPOKIAAKy TOJIIIMHON
10 cm U3 marepuana ¢ MOIYJIEM YIPYTrOCTH 3,1-10% H/m. TInoutans OCHOBAHHS CTAHHHBI 2 M.
[IpuBener nu ycTaHOBKa MPOKJIAAKA K YMEHbIIEHUIO BHOpauuii nepekpeitusa? He nyumie nu
CBUHIIOBO-PE3MHOBAsl ONOpA - ONOPHAsl KOHCTPYKIMS, PAcCIOJIOKEHHAs II0J OCHOBaHUEM U

BBIIIOJIHCHHAA U3 PC3UHBI C HCHTPAJIIbHBIM CTCPKHEM U3 MATKOI'0 METaJlJIa (CBI/IHI_Ia)?
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III. Ilenp Hamero ypoka - IO3HAKOMMUTCS C XapakTepoM pas3pslaa KOHIEHCATopa
4yepe3 MPOBOJIOYHYIO KaTyliky. JleMoHcTpamus u mpoOnemHbiit Bompoc: 'Tlouemy
npu paspsnae kougeHcaropa (20000 mx®) depe3 MpoBOJOUHYIO KaTyIIKy (KaTylika
ApoccenbHasl) HEBO3MOKHO YCTAaHOBHTDH HATPABICHUE HAMATHUYCHHOCTH KaTyIIKu?"
[lepBblii KOHIEHcaTOp - JeHAeHCKas OaHka. YCTpOHCTBO KOHJEHcAaTtopa
(moBTOpEHME) U cOcOOBI ero 3apsaku. Kak 3aBUCUT BemuurHA 3apsiia KOHIEHcaTopa
OT BPEMEHU €r0 3apsiIKU; OT €ro 3JeKTpoeMKOocTH; oT DJ{C uctounuka Toka?

_t 2
U=e(l—e ©)>U,_ =¢—>q, =CU__ —>wc=qzmg.
1 2 |
t \
K > \
- A—— L
—l_ 0 g
i »
O t: /
/

Pa3psin koHIEHCAaTOpa Yepe3 MPOBOJOYHYHO KATYIIKY (aHAJOTHS ¢ KOJieOaTeIbHBIM
MpOIIECCOM B BaHHE C BOJOW). Bospactanue Toka M yObLIb 3apsiia KOHICHCATOPA.
[Touemy cuia Toka B KaTyIIKe YBEIUYMBAETCS JOCTATOYHO MeIJIEHHO? [0 KakuX mop
OyZeT Bo3pacTaTh CUjia TOKA B Karymike? B kakoil BUA SHEpPTUM MEPEXOAUT SHEPTUS

LIZ o
ANIEKTPUUYECKOTO TIOJIA KOHJAeHcaTopa? W, =—"<_ B mnpou3BOJbHBIN MOMEHT
q2 i2
BpeMeHu: W =5t YUTo mnpouCXOAUT B KOHTYPE B CIEAYIOIMIMA MOMEHT
C

BpeMeHn? [louemy cuira Toka B KaTyIIKe yObIBaeT MejieHHO? Kak u3MeHsieTcst 3apsi
KoHzeHcaTopa? Jlo kakux mop OydeT MNPOWCXOAHWTH MPOIECC TMepe3apsaIKu
KOHJICHcaTopa? 3akaHYMBAIOTCS JM HAa OTOM IIEPEXOJIHBIC IIPOIECCHl B
KoJjiebaTeabHOM KOHTYpe? OOCyKIeHHUE MOCISAYIOIINX IPOIIECCOB B KOJIeOATEILHOM
koHType. [lo kKakoMy mnpuMepHO 3aKOHY HW3MEHSETCS 3aps] KOHACHcaTtopa C
TEUYCHUEM BPEMEHH, CHUJIa DJIEKTPUUYECKOI'0 TOKAa B KaTYIIKE (mpumepHble rpaduKu Ha

. d i .
mocke (=0, COSwt —>i =—d—?; i=1,sinwt)? Paspsan KommeHcaTopa uYepe3

KATYIIKY HOCHUT KoJie0aTeJIbHbII Xxapakrtep. JleMoHcTpanus CBOOOJHBIX
AIICKTPOMArHUTHBIX KojieOanmii. KoJiedaTejIbHbIH KOHTYP - CHCTeMa, COCTOSIIIASI
U3 KOHJIEHCATOPAa M KATYHIKH MHAYKTHBHOCTH, KOTOpPble COeIMHEHbI
MOCJIeI0BATEIbHO.

BTopoe HazHaYeHHEe KATYHIKH - JJISl CO3MAHUSA JJIEKTPUYECKON KO0JIe0aTeJIbHOM
cucTeMbl!
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BoJiee Mekue 3JIeMEHTBI COCTABJAKT 0oJsiee KPYIHbIe CTPYKTYPbl ¢ HOBBIMH
CBOHCTBAMHU, sIBJISIeTCH 0230BbIM NNPUHLIHUIIOM CTPOCHUSI Mupa!
DJIEKTPOMATHUTHBIE KoJIeOaHus - B3aMMOCBSI3AHHBIE KOJIeOaHUA
JJIEKTPUYECKUX M MATHMTHBIX IOJIedl. Ecau M3BECTHBI aMIUIMTYAHOE 3HAYCHHE
3apsia KOHJEHCATOpa M CWJIbl TOKAa B KAaTyIIKE, a TaKKe LUKIMYECKas 4acToTa
KOJI€0aHH, TO MOKHO ONPEAEIHUTS ...7

Ha cnenyromem ypoke Mbl JOKaXeM, YTO KOJeOaHHUsS B KOHTYpE HPOUCXOIAT IO
rapMOHUYECKOMY 3aKOHY, U BbIBEJIEM (POpMYITy AJIs Ieproia KoJeOaHHil.

BbiHy:K/IeHHbIe KOJIe0aHMsA (neMOHCTpamMsi ¢ HCMOJb30BAHMEM MOJEIN TeHepaTopa
TIePEMEHHOTO TOKa).

V. 3a0auu:

- Ompuyamenvroe 3uauenue s yacmomoi?!
— Moowcem, smo 6 noosane? Hy, mo ecmb Ha MuHyc nepsom smasice?
Juanoe ¢ ne-gpuzuxom C.K.

1.3apsn KoHIEHcaTOpa M3MEHsETCS ¢ TeYeHHeM BpemeHu 1o 3akony: = 0,005
€05100xt (sce Benuuuns 8 CH). Onpeaennure aMIUIATYy KOJIeOaHHH 3apsiia, MEPHO/
M 9acTOTy KOJIeOaHWH, a TaKkKe 3aps/] KOHJACHCaTopa
B MOMeHT BpemeHu t = 0,01 ¢ ot Hauana KojaeOaHUH.

2. B snexTpuyeckoil menu MpuU 3aMKHYTOM KIIIOU€
yepe3 KaTylKy MHAYKTUBHOCTH T€UET MOCTOSHHBIN

Tok. Kimtou pazmbikator. Beruucianre HanpsskeHue Ha
KOHJEHcAaTope JJii TeX MOMEHTOB BPEMEHH, KOT/la CHjla TOKa, MPOTEKAIOIIEro
yepe3 KaTyIIKy UHIYKTUBHOCTH, BJABOE MEHBIIIE CUIIBI TOKAa, KOTOPHIHA ObUT B IIEMHU
npu 3aMKHYTOM Kitode. [TapaMeTpsl cXeMbl yKka3aHbl Ha PUCYHKE.

V. §§ 11-13. Yp. 2, Ne 1.

1. Ecnu BHEIMIHME CHJIBI MPOAOJDKAIOT BO3JEHCTBOBATh HA OCIHIILIATOP B Ipoliecce KojeOaHui, To
BO3MOJKHBI TaKW€ BHJIbI KOJICOAHUI: BBIHY)KJICHHBIC, ITapaMeTPUUECKHE, aBTOKoJIeOaHus. B uem
uX oTiangue?

..MOOJIUHHBIL ~CMBIC]I B80NPOCA - HNOHUMAEM JiU Mbl OAHHYIO

Qusuueckyro npobremy - Onpeoesiemcs mem, MoNCemM JaU  Mbl

CKOHCMPYUPOBAMb COOMBEMCMBYIOULYIO MEXAHUYECKYIO MOOeb?
Bunvam Tomcon

E Ypox 70/14. z NEPUO/J CBOBOJHBIX DJJEKTPOMATHUTHBIX
KOJEBAHUN

Kaky1o poibs HrpaoT HHAYKTHBHOCTb H €MKOCTBH B K0JIe0aTeIbHOM KOHTYype?
HEJIb YPOKA: Tlonyunts "ypaBHEHHE ABUKEHUSI CBOOOIHBIX JIEKTPOMArHUTHBIX

KoJIeOaHMl B KOHTYPE U TEM CaMbIM JIOKa3aTh, YTO OHU SBIISIOTCS TAPMOHUYECKIMHU.
OKCHEepUMEHTAIbHO  O0OCHOBAaTh  CIPaBEUIMBOCTh  (HOPMYNBI  JUIsl  TEepuoja
CBOOO/IHBIX AJIIEKTPOMArHUTHBIX KOJIeOaHUH B K0JIeOAaTeIbHOM KOHTYpE.

THUIT YPOKA: koMOMHUPOBaHHBIM.
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OBOPYJIOBAHUE: OGarapes KOHAEHCATOPOB, KaTyllka JApoOcCelbHas  C
ceplieyHuKOM, Beinpsmutenb BYII-2, ociuumiorpad 1eMOHCTpallMOHHBIMN.

IIJTAH YPOKA: e —
1. BceTynuTenbHas 4acTh — seroums | — 1) 7 —
2. Ompoc i | i
3. OO6bsacHeHue [ Joed l 7
4. 3akperuieHue I i
5. 3agaHue Ha JOM

I1. Onpoc ¢pynnamentanbublii: 1. CBOOO HBIE 3JIEKTPOMArHUTHBIE KOJIEOaHMUS.

3aoauu:

1. MakcuMaibHOe 3HadeHHe 3apsia KoHpencaropa 6-10™ Kur. Ileprox cBOGOXHBIX
ANeKTpoMarHuTHeIX Kojebanuil B koHType 0,01 c. [lonb3ysich 3TUMH JAaHHBIMH,
3aMMIIMTE 3aKOH W3MEHEHMs 3aps/ia KOHJEHCATopa M CUJIbl TOKa B KaTyIIKe C
TedeHueM Bpemenu. [loctpoiite rpadukm.

2. B HEKOTOpBIii MOMEHT CBEPXIPOBOIAMIMIT comeHonn oGbemoM 40 cm® mox-
KJIIOYaIOT K BBICOKOBOJIBTHOMY KOHJIeHcaTopy eMKocThio 100 Mx®, 3apskeHHOMY
no Hampspkerus 1 xB. 3BecTHO, 9TO TpM WHIYKIMKM MAarHUTHOTO TIOJS B
cosenonzie 1,6 Tn paspymiaercst cocTosiHue CBEPXMPOBOAMMOCTH Marepuaia, U3
KOTOpPOTO BBINIOJIHEHA O0OMOTKa cojeHouaa.  Ompenenute, NPOU3OHAET U
paspylieHrue CBepXIpOBOAMMOCTH B ONIUCAHHOM JKCIIEPUMEHTE.

"Umoobwbl evigecmu 5my ¢hopmyny, MHe 00OCMAMOYHO CNUHHO20 MO32d'""!

III. KoneGatenbHblii KOHTYp (TMapoMexaHuueckas aHaiorus). [lo3HaBaTelbHBIE

3amaun: HeoOxonuMmo goka3ath, YTO CBOOOJHBIC AJIEKTPOMArHUTHBIE KoJieOaHUsS B

KOHTYpe SIBISIOTCA TapMOHWYECKUMH. BbIBecTH ypaBHEHHE,

OIHCHIBAIOIIIEE MPOIIECCHI B KOJIEOATEILHOM KOHTYPE.

i
— Ld_ — ﬂ N q”
dt C
CBo0oaHbIE 3JICKTPOMATHUTHBIE KOJIe0aHUSI B KOHTYype

2

1 "_
——Eq—>q =-0q

HOCSAT TAPMOHHMYECKHIA XapaKTep.

®opmyaa Tomcona: T = 27+/LC . Hakammsarb SHEPIUI0 KOHJIEHCATOPhI MOTYT CaMH, a BCE
OCTaJIbHOE MOTYT JIe/1aTh TOJIBKO BMECTE C PE3UCTOPAMHU WM KaTyIIKaMU (MHIYKTUBHOCTSIMH).
VYunbsam ToMcoH 3a HayuHble TPy/bl TOTY4na TUTY Jopaa KenbBuna!

B ¢huzuke yacmo cnyyanoce, umo cywecmeennwiii ycnex Ovil 00CmMueHym npogedeHuem

nocne0o8amenbHoOU AHAI02UU MeXCO) HECBAZAHHBIMU NO 8UOY AGTIEHUAMU.

A.Dunwmerin, JI. Ungenvo

JleMOHCTpaIsi 3aBUCHMOCTH Tepuojga CBOOOJIHBIX DJIEKTPOMArHUTHBIX KOJEOaHW B
KoJe0aTeTbHOM KOHTYpPE OT €MKOCTH KOHJIEHCATOpa W WHAYKTHBHOCTH KATYIIKH.
Co0cTBeHHas1 4acTOTAa K0J1€0aTeJILHOr0 KOHTYpa. JleMoHCTpalust oCIuIorpaMm
CBOOOHBIX AJIEKTPOMArHUTHBIX Kojebanuit. [louemy 3tu KonebaHus 3aTyxaromniue?
JonoanurenbHasa uHopmammsa: Ilpocreiimuii  nepuOpuIATOp  MpEACTaBIsSET  COOOH
KOJICOATENbHbIM KOHTYp, COCTOSIUI M3 KOHAeHcaTopa eMKocTblo 20 MKk®D u KaTymKH
MHAYKTUBHOCTBIO 0,4 I'H. 3apsiiuB koHAEHcaTOp 10 HanpsbkeHus 1 — 6 kB u paspsaaus ero uepes
KaTylnIKy M IalMeHTa, COINPOTHBIEHHE KOTOPOro cocTaBisieT Okojao 50 OM, MOKHO HOJIY4YUTb
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HUMITYJIbC TOKA, HEOOXOJMMBIN Il BO3BpAIECHUS MAlMEHTa K >KU3HU (PHEprus paspsja uepes
IpyAHyo KiIeTKy MoxeT focturatsh 400 k). MuHouckarens (METalJIOUCKATEND).

IV. 3aoauu:

1. Kongencatop emkocthio 50 n®d cHayana NoJAKIIOUMIN K UICTOYHUKY Toka ¢ 3C 3
B, a 3arem k karyiike HHAYKTUBHOCTbIO 5 MKI'H. UeMy paBHa yacToTa KojebaHuii,
BO3HUKAIOIIUX B KOHType? Uemy paBHO MaKCHUMaJlbHO€ 3HAYEHUE CUJIbl TOKA B
KOHTYpe?

2. B nporiecce koneOanuii B Ua€aIbHOM KOJIeOaTeIbHOM KOHTYpPE B MOMEHT BPEMEHU
t 3apsa koHaeHcaTopa q = 4 HKU, a cuaa Toka B Katymike | = 3 MA. Ilepuon
konebanuii T = 6,3 mkc. Haiinute ammutyay 3apsja.

3. B uneanbHOM KoJeOaTeNbHOM KOHTYpE aMIUIUTyJa KoieOaHWW CHiIbl TOKa B
KaTylIKe MHIYKTUBHOCTU 5 MA, a aMIUIUTyAa KoyieOaHUU 3apsiaa KOHAeHcaTopa
2,5 uKi1. B HEKoTOpBIii MOMEHT BpeMeHH 3apsal KoHaeHcaropa 1,5 uKn. Haiinure
CUJIy TOKA B KaTylIKEe B ’TOT MOMEHT BPEMEHH.

M

4. B cxeme wmou (K) 3amMkHyT W pexum ycraHoBwics. Kakoe e, r
KOJIMYECTBO  TEIJIOTHI  BBIJCIUTCS  Ha  PE3UCTOpE  C L
compoTuBiieHueM SR mocne pa3mbikanus kiroda? M3imydeHnem 3R
sHepruu npenedpeus. [lapameTprl cxembl ykazaHbl Ha PUCYHKE.

V. §§ 14-15. Yip. 2 Ne 2,3, C 5R

1. 3anonHUTE HECKOJIBKO pasHBIX MO pa3Mepy eMKoCTel }—:—

(akBapuyM, KacTpIojist) HAOJOBHHY BO0M. CO3/1aB MPOI0JIBHOE
BO3MYIIIEHHE, OIEHUTE C TTOMOIIBIO YacOB MEPUO KoJIeOaHUN KUIKOCTH B KaXJI0W M3 HUX. B
KaKo¥ M3 eMKOCTeH mepuo kosebanuii 6onpme? [Touemy?

2. Tlpemioxure KOHCTPYKITUIO U PACCUUTANTE apaMeTpbl MUHOMCKATEIIS.
3. Ucnonw3ys Metos pazmepHocTeid, BeiBenute Gpopmyny TomcoHa.
Kpacoma oana nam 0Ona  moeco, umooOwl

MladeHyeckoe yenogeyecmeo nocmueaio bozea ...
Enugpac Jlesu
Hem npezpao uenoseueckoti mvicau.
C. I1. Koponés
E VYpoxk 71/15. g PEHNIEHUE 3AJTAY
LEJIb YPOKA: HayuuTh yuammxcs pacCUMTHIBATH MapameTpbl Koi1e0aTeabHOTO

KOHTYpa U OMUCHIBATh MPOLECCHI, TPOUCXOAIINE B HEM.
THUII YPOKA: pemienue 3aaad.

OBOPYJOBAHUE: MUKPOKaTbKYIATOP.

ITJTAH YPOKA:

BcerynurensHas yacTth
Onpoc

Pemenue 3agau

. 3amaHue Ha JOM

Il. Omnpoc dyHnamentanbHbiil: 1. YpaBHeHHE CBOOOJHBIX 3JIEKTPOMATHUTHBIX

PophbE

KojeOanuii B KOHTYpe, 2. Dopmyna TomcoHa.
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Bonpocwi:
1. [InacTUHBI TMJIOCKOTO KOHJIEHCATOPa, BKJIIOUEHHOTO B KOJIEOATENbHBIM KOHTYD,

commkaror. Kak OyeT MeHsAThCs MpU 3TOM YacToTa KojeOaHuil KoHTypa?
2. KongeHcaTop NOAKIIOYWINA K HCTOYHUKY TOKA C U3BECTHBIMU NTapaMETPaAMHU.
e Uemy paBHa cuia TOKa B Ha4aJbHBI MOMEHT BPEMEHN?
e Uemy paBHO HanpsKEHUE HA KOHJIEHCATOPE B HAYAJIbHBI MOMEHT BPEMEHHU ?
e YeMmy paBHO HaIpsKEHUE HA KOHACHCATOPE MOCIIE €T0 3apsiiKu?
e Kakas sHeprus 3anaceHa KOHACHCATOPOM B IPOLIECCE €T0 3apsaKh?

Kakyto paGoTy coBepinia UCTOYHUK TOKA B MIPOLIECCE 3aPSAKU?

3. Kongencaropsl B cXxeMax BKIIOYEHUS JIOMUHECIICHTHBIX JIaMII CO BpPEMEHEM
BBICBIXAIOT OT HAarpeBa, U 3TO U3MEHSIET YacToTa nmysibcanui Toka. Kak?

4. InAyKTUBHOCTh  KOJIEOATENIBHOTO  KOHTypa  MHUHOHUCKaTenss  oOpa3oBaHa
IPOBOJIOYHBIM KoOJIbIIOM. Korjga 53T0 KOJBIO TpUOIMKAETCSs K MeTaly, B
Teae(OHHBIX HAyITHUKAX BBICOKMM TOH CMEHSETCS Ha HHU3KUH TOH. Uem 3To
OOBSICHHUTH?

5. 3apsOKeHHBIM  KOHACHCATOP TOJKIIOYAIOT K COJCHOUIY B CBEPXIPOBOJIAIICM
COCTOSIHUH.

e Uemy paBHa cuia TOKa B Ha4aJbHbIA MOMEHT BPEMEHU?

e Uemy paBHa CKOpPOCTbh U3MEHEHHUS TOKA B HAYAJIbHBIA MOMEHT BPEMEHH U KaK
OHa U3MEHSETCS CO BpeMeHEM?

e Korpna cuia Toka B IIeNU JOCTUTA€T MAaKCUMaJIbHOTO 3HAUYEHHUS ?

3aoauu:

1. Onpenenuth MHIYKTUBHOCTH KAaTYIIKK KOJEOATENIHHOTO KOHTYpA, €CJIU €MKOCTh
KOHJIeHcaTopa paBHa 5 Mk®, a mepuos konebdanwmii 0,002 c.

2. KonebaTenbHBIM KOHTYpP COCTaBIIEH W3 JApocceliss ¢ MHAYKTUBHOCTBIO 0,2 ['H u
KoHJeHcatopa eMkocTeio 10 Mx®. B MoMeHT, Korja HampspkeHHE Ha
KoHieHcaTope paBHO 1 B, Tok B koHType paBen 0,01
A. KakoB MakCHMaJIbHBII TOK B 3TOM KOHTYpe?

3. B nemu L,C,& wu3BeCTHBI, BCE JJIEMEHTHI LIENH HIEATbHBIE.
Kirou 3aMbBIKarOT Ha HEKOTOPOE BpEMs M 3aTEM pPa3MbBIKAOT.
Onpenenure cmiy Toka lg B KaTylmike cpa3y Imepen
pa3MbIKaHUEM KJII0Ya, €CJIM TMOCe pa3MbIKaHUS MaKCUMallbHas
CHJIa TOKa B KaTyIike Obuia 2-Io.

1. 3a0auu:
1. B xonebarenbHOM KOHTYype ¢ WHAyKTHBHOCTHIO 0,4 I'm m emxocthio 20 mMx®d

amrutyaHoe 3Hadenne Toka 0,1 A. Kakum Oyner Hampsi-

L
K
JKCHHC Ha KOHJCHCATOPE B TOT MOMCHT, KOrjga SHCpPruu f/ W
& —_—

AIEKTPUUYECKOTO U MArHUTHOTO MOJeH OynyT pPaBHBI.

Eciin koHIeHCATOP pa3psizKeH, TO BeldeT cedsl B LeNU MOYTH KaK
KOpOTKOe 3aMbikaHue!!!

—cC
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2. B cxeme, wu3oOpaxeHHOW Ha pucyHke, kmou K 3ambikaror. Haiigure
MaKCUMaJIbHBI TOK B LENHM M MAaKCHMalbHOE HANPSKEHUE HAa KOHAEHCATOpE.
[lapameTpbl CcXeMbl CUMTaTh W3BECTHBIMHU. 3apsn

J

KOHJIEHCAaTOpa MaKCUMaJIeH, KOrla TOK paBeH Hyiao! A Tok? —‘

3. Haiiqure ~ MakcMManbHOE  HAaNpsHKEHWE  HA  BEPXHEM — U, C
KOHJICHCATOPE U MaKCUMaJbHBIH TOK 4Yepe3 KaTyLIKY. 2C L
ComnpoTuBienre 0aTtapeiiku U MPOBOJOB CUMUTATh HEOOJBIINM. |

C=1mxd,L=1TH,Uy=10B.
IV. IloaroroBuTh MATUMUHYTHOE COOOIIEHUE O KU3HU U HAydHOU AestenbHocTu M. Dapajes.
lloxa noou 6yoym nonvzosamuvcs Oaazamu d1eKmpu-
yecmaa, oHu 6yoym nomrums ums Papadest.

I'envmeonvy
E}ypox 72/16. z IIEPEMEHHBINA TOK

IToyemy He NpUMEHSIIOT /Il OCBeLlleHHUs NlepeMeHHbIH TOK YactoToii 10 -15 I'n?
HEJIb YPOKA: Tlo3HaKOMHUTB y4alIuxcsi CO CIocoOamMu MOJYYeHUsT TIEPEMEHHOTO

TOKa ¥ €r0 OCHOBHBIMU XapaKTEPUCTHKAMHU.
TUIT YPOKA: koMOMHUPOBAHHBIH.

OBOPYJIOBAHHME: monens reHepatopa IEPEMEHHOTO TOKA, HWCTOYHHMK MeEpe-
MEHHOTO TOKa, OJJIEKTPOHHBIN ocuwiorpad, Habop mo Tpexpa3HOMY TOKY,
ob6o6maromas Tabsiumma "TlepeMeHHBIN TOK".

IIJTAH YPOKA:

BcerynurensHas yacTth
Onpoc

OO0bscHenue
3akperuieHue

. 3amaHue Ha IOM

II. Omnpoc d¢ynnamenTanpHbii: 1. VYpaBHEHHE, ONHMCHIBAIOIIEE IMPOIECCH B

agrwnE

KoJeOaTeIbHOM KOHTYPE.

3aoauu:

2. KakoB quamna3oH ¢BOOOJHBIX 3JICKTPOMArHUTHBIX KOJIEOAHWH B KOHTYpE, €CIIH €T0
WHIYKTUBHOCTh MOXKHO M3MeHsTh B mpejenax oT 0,1 mo 10 mxI'H, a emKocTh B
npeaenax ot 50 mo 5000 nd?

3. Kongencarop emkocthio 20 Mk®D, 3apsokeHHbld n0 Hanpsbkenus 1000 B,
paspsixaetcss uyepe3 kKarymky uHAYKTUBHOCTH 0,004 T'H m KakuM-TO COmpO-
TUBJICHUEM. Uepe3 HEKOTOpoe BpeMsl KOHACHCATOP Pa3pAIUiICS J0 HANPSIKCHUS
600 B, a tox B katymke mgoctur 20 A. Kakoe KOJW4YeCTBO TeIula BBIASIUIOCH K
ATOMY MOMEHTY B KaTyIIIKe?

4. B kosne0aTelbHOM KOHTYpPE, COCTOSIIEM U3 KaTYIIKU ¢ UHAYKTUBHOCTBIO 1 MI'H 1
aKTUBHBIM comnpotuBieHrneM 5 OM u koHzaeHcatopa eMKOCcThio 40 Mk,
MIPOUCXOIAT 3aTyXarmue Kojaebanus. B HEKOTOphIif MOMEHT BpEMEHH! aMILIUTY/ 1A
Toka B KoHType 0,1 A. Kakoe KOIMYECTBO TEIUIOTHI BBIJICIUTCS B KAaTYIIKE OT
ATOT0 MOMEHTA JI0 TMOJTHOTO 3aTyXaHus KojeOaHui B KOHType?
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5. 3apsbKeHHbIM  KOHJeHcaTop eMKocThio 0,5 Mk® moakimoumiv K KaTyIlKe
MHIYKTUBHOCTHIO 5 MI'H. Uepe3 kakoe BpeMsi OT MOMEHTA MOAKIIOUECHUS KaTyIIKU
DHEPIusl DJIEKTPUYECKOIrO TOJsl CTaHET pPABHOM SHEPruM MArHUTHOTO TMOJS

KATYIIKN? AKTUBHBIM CONPOTUBICHUEM KaTYIIKU IPeHEOpeUb.

6. Konnencarop emxoctu C, 3apspkeHHbIN 10 HanpspkeHust U, gepes ximrou K moakimodeH K AByM
KaTyllKaM ¢ HUHAYKTUBHOCTAMU L1 u L,. Eciu 3amMknyTs Kirou K, To uepes

K
HCKOTOPOC BPEMs KOHACHCATOP MOJTHOCTBIO IIEPE3aAPAAUTCA. Kaxkmne 3apsAAbl L J_
MIPOTEKYT Yepe3 KaTYyUIKU 32 3TO Bpemsi? g Lo C
Bonpocwi:

1. B xonebaTenbHOM KOHTYpE HW3MEHWIM HAYAJIbHYIO BEJIMYMHY 3apsjaa Ha
KoHJieHcaTtope. Kakue BeTMunHbl U3MEHWINCH OT 9TOTO, a KAaKUe HEeT?

2. Kak usmenutcsa nepuoja kojiebaHU B KOJIeOaTEILHOM KOHTYpPE, COCTOSIIIEM W3
MJIOCKOTO BO3JAYITHOTO KOHJACHCATOPA M KATYIIKA WHIYKTUBHOCTH, €CITU MEXKITY
oOKJIaIKaMH KOHAEHCATOPA MOMECTUTh METAJTUYECKYIO TIACTUHY ?

3. Tlouemy B kosie0aTeTbHOM KOHTYpE KoJieOaHUsI HE TTPEKPAIAlOTCsI B TOT MOMEHT,
KOT'/1a KOHJIEHCATOP MOJHOCTHIO Pa3psIUTCS?

4. HaiiTu OTHOIIEHHUE YHEPTUU MATHUTHOTO TOJISI K SHEPTUH AJIEKTPUUECKOTO OIS
JUIsi MOMEHTa BpeMmeHu t=T/8, cunras, 4To ImpOIEeCcChl MPOUCXOIAT B HACATHHOM
KoJe0aTeIbHOM KOHTYPE.

5. 3apspKeHHBIM KOHJIEHCATOP MOJAKIIOUMIIM K KaTyIIKe, B pe3yjbTaTe 4Yero B
KOHTYpE BO3HUKIIM TapMOHHYECKHE KojieOaHus. B TOT MOMEHT, Korja TOK 4epes
KaTyIIKy oOpaTujcs B HYJb, C TMOMOIIBIO KJIHOYa OTCOSTWHUIIN 3Ty KaTYIIKy
(cxemy HapHUCOBaTh) M MOAKIIOUMIIN KATYIIKy BABOE OOJIBIICH WHIYKTUBHOCTH.
Bo ckonpko pa3 u3MeHWIach aMIUIUTyAa KoJICOAaHWM TOKa W aMIUIUTYyAa
HaIpsHKEHUS T0CJe 3TOro?

6. KomebGaHusi B SJIEKTPUYECKOM KOHTYpPE 3aTyXaroT. 3HAYHMT, MaKCHMaJlbHas
BEJIMUMHA 3apsijga Ha JIF0OOW M3 IJIACTHH €ro KOHJEHCATOpa CTAaHOBUTCS BCE
MeHbIe. He mpoTUBOPEYUT 1M 3TO 3aKOHY COXpaHEHUS 3apsiaa?

7. Kak m3MmeHnseTcst epuo KoieObaHul Mpu UX 3aTyXaHWH (aHAJIOTHUS C IIApUKOM,
KOTOPBIM YPOHWIN HA TOPU3OHTAIIBHYIO TJIUTY)?

8. Bxomsamuii B KojeOATSIBHBIM KOHTYP INIOCKHH KOHIEHCATOP TaKOB, YTO €T0
OOKJIaKA MOTYT IIepEeMEeIIaThCsl OJHA OTHOCHUTEIBHO Jpyrod. MOXKHO IH
YBEJIIMYUTh DHEPrui0 KoJeOaHWM B KOHTYpPE IMOCPEJICTBOM IEPEMEIICHUS
00KJ1aJT0K?

9. Uro m kKak HEOOXOIWMO CJejaTh, YTOOBI IPH HEU3MEHHOW WHIYKTHBHOCTHU
HCaTbHOTO KOJICOATeTbHOTO0 KOHTYpa YMEHBIIUTH AaMIUIMTY1y KOJeOaHMMA
HaIPsDKCHHS Ha DJICKTPUYCCKOW €MKOCTH BJIBOE?

10. Umetorcs nBa  KoJeOaTeNbHBIX KOHTYpa C KOHJEHCATOPAMH OJMHAKOBOH €MKOCTH.
MakcuMaiibHasi BEIMYMHA HAIpSOKEHUS Ha KOHJEHCATOPE BTOPOTO KOHTypa BO BpeMms
cB0oOOIHBIX KoyeOanuii Umz, = 120 B. MakcumanbHOE€ 3Haue€HHE CHIIBI TOoKa Iy B mepBOM
KOHType B 3 pa3a MeHbIIIe, a 4aCToTa KoJiebaHui 1 B 2 pas3a 00JbIle, Y4eM COOTBETCTBYIOIIHE

47



BEJIUYMHBI Im2 U 2 BO BTopoM KoHType. Halitn MakcuManbHOe 3HaueHue HanpsbkeHus Ump Ha
KOHJIeHcaTope nepBoro kourypa. Oteet: 20 B

III. JleMoHcTpamus [JOEUCTBYIOIIEH MOJEIM TIeHepaTropa INepeMEeHHOr0 TOKa.
[Mpunun paboTel reHepaTopa (PUCYHOK Ha JIOCKE).

® =B-Scosa; Pn=B'S; a=at; D = Dy COS «t.
[Ipunun paboTel reHepaTopa (PUCYHOK Ha JIOCKeE).

MarHuTHbIM MOTOK, A -
IIPOHU3BIBAIOIIUN / ™
qp/ TIPOBOASTIIHIMA KOHTYP N o

)

\></t' (pamky). Ilo  kakomy (VAR NER
' 3aKOHY U3MEHSETCS

MAarHuTHBIN MOTOK, MPOHU3BIBAIOIINNA paMKy, IIPH
BpallEHUN PaMKU C IMOCTOSSHHOM YIVIOBOM CKOpPOCTBIO B OJHOPOJHOM MAarHMTHOM
nosie? 3aKOH DJIEKTPOMAarHUTHOM HWHAYKIMU. MrHoBeHHoe 3HaueHue OJIC
UHAYKIUUA. e=-NO'=NBSw-sinat =¢, Sinat. €nax = NBSw0 = DOpo -
ammutyaHoe 3HaueHue JJIC. [Ipu pa3oMKHyTOM BHEHmIHEN nenu e=u=U, sinat -

rie Unax - aMIUIMTYJHOE 3HA4YeHWE HaNpspKeHWs. ['paduk MarHUTHOTO TOTOKAa |
nepemennoit DJ]C Ha qocke (Bbiuepunparor yuenuku). [10J10KEHHS paMKH B MAarHUTHOM
noje, npu kKotopbix 3/JIC MakcMManbHa WX paBHA HYJII0 (TOXKE I MArHHUTHOTO
notoka). JleMoHcTpalus moyiokeHuii Ha mojenu. IlleTkw,
Bremnss BJICKTpUYECKas 11(S11:9 [TepemeHHBIM
BJIEKTpUUECKUM TOK. Da30BbIA CABUT MEXIY CHIJION TOKA H

HAMpsODKCHUEM B IIEMH MEPEMEHHOIr0 TOKa (o6muii ciydait):
=1, sin(at+¢@,).
Henwvzs uzobpecmu paouo, noka He Hay4uubcs NOLY4ams nepemennvlil mox!

JleMoHCTpanuss ocLWUIOrpaMM  IepeMeHHoro Toka. CraHmapTHas 4YacToTa

nepemeHHoro Toka B P® 50 I'm.

Mopeans nenu. bepem 3aMkHyTyI0 cucteMy TpyO ¢ BOJOil U mopmiHeM BHyTpu. llopiieHs y Hac
HaxoauTcs B ABWKeHUU. Kak OyayT IBUraThCsi MOJIEKYIIbI BOJIBI IPH KOJIECOAHUSX MOPIIHS?

IlepeMeHHBII TOK - BbIHY:KI€HHbIE KO0JI€OAHUSI CBOOONHBIX 3JIEKTPHUYECKHX

3apsi10B B MPOBOJIHUKE MO/ JeiicCTBHEM MepeMEeHHOr0 YJIEKTPUIECKOro moJs.

IV. 3aoauu:

1.Tlpu BpameHWd TPOBOJOYHONH pPaMKA B OJHOPOJHOM MArHUTHOM IIOJIE
MPOHU3BIBAIONINN PAMKy MAarHUTHBIA TOTOK HW3MEHSETCS MO 3akoHy ¢ =
0,01cos(10t)B6. Hammcate Qopmymny 3aBucumoctd mnepemenHon IJIC,
BO3HUKAIONIEH B paMKe, OT BpeMeHH. UeMy paBHBI MaKCHUMaJIbHBIC 3HAYCHUS
MarHuTHOro notoka u JJC?

2. Ilo menu teuetr mepemeHHbIH TOK dactoTror 20 I'm. YUepe3 kakoil MPOMEKYTOK
BpPEMEHU TOCIIE TIPOXOXKACHUS Yepe3 HYJIeBOE 3HAUYCHHE TOK OyAeT paBeH 25 MA,

ecnu ero amrumatyaHoe 3Hadenne 100 MA?
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Aneknor: Chaer CTYOEHT DK3aMEH MO 3JeKTpoauHamuke. OTBEYaeT IPEKpacHO, NOpaxkaeT
9K3aMEHAaTOpa CBOMMHU 3HAHUAMU. TOT CTABUT EMY «OTJIIMYHOY», & IOTOM CIIPAlIUBAET:

- Cymaiite, HeY)KeIu BbI ISHCTBUTEIILHO BCE TaK OJIECTSAIIE MTOHUMAETE?

— Jla He Bce, - MHETCS CTYACHT, - €CThb Y MEHS OJMH BOIIpOC. Benp nmepeMeHHbIN TOK — OH BCeraa
TaKOM, - CTYJIEHT YEPTUT B BO3[yXe CUHYyCOUy. — Tak nmoyemy OH IO MPSAMBIM IIPOBOJAM XOJIUT?
Bonpocui:

1. KakoBa  TpaekTopusi  3JEKTPOHA, MPOJETAIOMIET0  MEXKIy  IJJaCTUHAMU
KOHJICHCATOpa, Ha KOTOPBIE ITOJaHO IIEPEMEHHOE HANPSLKCHUE?

2. Ecnu mepeMeHHbIN AJIEKTPUYECKHI TOK MEHSET HaIlpaBJIeHHE THICAYM pPa3 B
CEeKyH1y, TO TOTJa OH IPOTEKAaeT JIMIIb IO IIOBEPXHOCTHU, HE 3aXOAs BHYTPb
npoBoJHUKA. [Touemy?

3. UTo 3HaUUT «COBNAAAIOT MO (pa3ze» U «HAXOAITCS B IPOTUBO(A3E».

V § 17. Ynp. 2, NoNe 4-5.

1. Haxoasch B TEMHOI KOMHATe, HaOJIFOIaliTe N300paKeHNe JaICKOH JIIOMUHECIICHTHOW JIAMITHI B
mIockoM 3epkane. llepememast 3epkano, mgobedTech, 4TOOBI HM300paK€HUE JAMIIBI B HEM
COBEpIIAJI0 KPyroBoe nBmkeHWe. OnumuTe Bamw HAOMIOACHHUS W OOBsICHUTE uX. Kakwe
pe3yNbTaThl BBl MOJy4UTe, HAOMIOAAs 3a MepeMelIeHHeM U300paKeHHS JTaMIThl HaKaTUBaHUS ?
MO3KHO JIF TIO pe3yJbTaTaM 3TOTO IKCIIEPUMEHTA ONPEACTUTh YaCTOTY IMIEPEMEHHOTO TOKa?

2. Eciii Ha KyCOK aTFOMHUHHEBOM (DOJIBIH MOJIOKHUTH (PHIBTPOBATLHYIO Oymary, cModerHyro 10 %
pPacTBOPOM HAMIATHIPS, B KOTOPOM pacTBopeHo 0,3 T pOJAaHHUCTOM MIIH KEJITON KPOBSIHON COJIH U
ObicTpo mpoBecTH MMWIOM (GoJibra U IMHI0 TMOAKIFUYCHBI K KIIEMMaM MCTOYHHKA MEPEMEHHOTO
HanpspkeHus 60 B), To Ha Oymare MOSIBUTCSI OTYETIIMBO BUAMMAsS [[BETHASI IPEPHIBUCTAS JIMHHSI.
[Touemy?

3. Ecniu k HachIIIeHHOMY pacTBOpPY MOBApEHHOM COJM TMOJABECTH C TOMOIIBIO JABYX IUIOCKHX
KEJIe3HBIX AJIEKTPOJOB MEpeMEHHOE HampshkeHrue 0 B, TO MBI MOTy4UM ... SIEKTPOJIUTUUECKHE
yacel. JlokaxuTe 3TO0. A 4YTO, €CIM OAWH W3 DJIEKTPOJOB 3aMEHUTh TOHKOW MEIHOW WU
YKEJIE3HOW TIPOBOJIOKOH uameTpoM He Oosee 0,5 Mm?

«/[oicopoarc, st 106t ece denamov Haobopom. Henvss nu ouggepenyuposamo naobopom? »

((KOHellHO, MOIHCHO, Jlennu. Omo nasvieaemcs UHmezpuposarHuemy.

EVBOK 73/17. g AKTUBHOE COITPOTUBJIEHME B IIEIIN
INIEPEMEHHOI'O TOKA

B poccuiickux po3erkax yacrora 50 repu u Hanpsizkenue 220 BosbT. UTo 310 3HAYMT?
HEJIb YPOKA: Ilo3HakOMUTh y4YalMXCs C JCHUCTBUSMHM IIEPEMEHHOIO TOKa M

CPaBHHUTH MX C MEHCTBUSIMH TOCTOSHHOTO TOKa. JlaTh mpencTaBieHne 00 aKTUBHOM
COTPOTHBIICHHH B IIEMH I[EPEMEHHOTO TOKa ¥ BBECTH OJIHY W3 OCHOBHBIX
XapaKTepUCTUK MIEPEMEHHOTO TOKa - JICHCTBYIOIIEE 3HAUCHHE.

TUIT YPOKA: xoMOMHUPOBAHHBIH.

OBOPYJIOBAHUE: peoctar Ha 6 Owm, 1amMmodka Ha MOJCTaBKe, KIFOY, 3BYKOBOM
reHepaTop, JAEMOHCTPAMOHHBIM OCHUIOrpad, BOIBTMETP IMOCTOSTHHOTO TOKa W
BOJIBTMETp NepeMeHHoro Toka Ha 250 B, HeonoBas namma, Bemmpsimutens BYII-2.
[IJIAH YPOKA:

BerynurensHas yacth
Ornpoc

OObscHEHUE
3akpernieHue
3agaHue Ha I0M

agrwnE

49



Il. Onpoc ¢pynnamenTanbubiii: [lepeMeHHBIH TOK.

3aoauu:

1. 3aBUCUMOCTh CHJIBI TOKa OT BPEMCHHM 3aJlaHa YpaBHCHHEM: i =5sin200 (A).
HailiguTe yactoTy 1 nepuoJi KojaebaHui, aMIUIUTY1 CUJTbI TOKA, a TAK)KE 3HAUYCHUE
cuibl Toka B MoMeHT Bpemenu t = 0,01 c.

2. Cuna Toka B mnpoBoaHuke comnpotuBieHueM 100 Om 3a 50 ¢ paBHOMEpPHO
HapactaeT oT 5 A 1o 10 A. Onpenenuts 3apsi, NPOHISAININI Yepe3 MOMepeuHoe
CEYEHHE MPOBOJIHUKA 32 3TO BPEMS.

"He xouewiv 6pamov unmezpan — 6epu 1onamy!"

Bonpocwi:

1. Kak moHUMaTh BBIpAXKEHHE «TE€UET TOK» B Clydyae MOCTOSHHOTO U MEPEMEHHOIO
ToKa?

2. [louemy B po3eTKe HET IUTIOCa U MUHYca?

3. Ans u3MepeHrss MarHUTHOTO TOJIA 3€MJIM UCIOJIb3yeTCs] MarHUTOMETP, KOTOPBIM
COCTOMT M3 NPOBOJOYHOM paMKH, MPUBOAMMON B PaBHOMEPHOE BpallleHHE C
MOMOIIBI0 3JeKTpoABUraTess. OObSICHUTE MPUHIIUII €T0 JIeUCTBHUS.

4. C kakoil 4acToToil OyJeT BCIBIXMBAaTh HEOHOBAS JIAMIIOYKA, BKIIOYEHHASI B CETh
nepeMeHHoro Toka yactorou 50 I'n?

5. MaruuTHsbIii OTOK Yepe3 3aMKHYTBIN KOHTYpP U3MEHSETCS MO 3aKOoHYy cuHyca. [1o
KaKOMY 3aKOHY M3MEHSETCS BOSHUKAIONIAsl B 3TOM KOHTYype nepemeHHas D[ C?

6. [IpoBOHUK pa3MelIeH MEXKIy MOJI0CaMH CHIIBHOTO TyrooOpa3Horo MaruuTa. Yro
OyZeT IPOUCXOIUTh C MPOBOAHUKOM, €CIIH MPOMYCTUTHh Yepe3 HEro MepeMEHHBIH
TOK MPOMBIIIJIEHHONW YaCTOTHI?

/.byner nu mOpPOXOAUTH TOK YEpe3 DJIIEKTPOJUTHYECKYIO BaHHY C MEIHBIM
Ky[IOPOCOM, €CJIM €€ MOAKJIIOUNUTh K HCTOYHUKY MEPEMEHHOIO HAaIpsSKEHUS?

CrtaHer 11 BBIICISITHCS Ha 3JIEKTPOIaX MEAh?

8. Kak 00bscHuTh omnblT TOMCOHA: Ha JKeIe3HBIH CTCPIKCHb HAMOTAaHA KaTyllKa U3 00IBIIIOrO
4JucCiia BUTKOB MCIOHOT'O IIPpOBOAA. HpI/I BKIIFOYCHUHU KaTyHIKKM B LCIb IICPEMCHHOIO TOKa
AIFOMHUHHUECBOC KOJIbLO, OACTOC HA KATYHIKY, IOJACKAKHBACT. By,ZleT JIM IOJCKAaKHBAaThb KOJbIO,
€CJIM BKJIFOUUTH KAaTYHIKY B LICIIb IIOCTOSAHHOTO TOKa?

I11. bonee geTanpHOE 3HAKOMCTBO C MPOIIECCAMH B IPOBOJHUKE, IO KOTOPOMY TEYET
nepeMeHHbld TOK. Kak JBMXYTCA 3JEKTPOHBI B IPOBOJHHUKE IMOJ JACHCTBUEM
MepeMEHHOr0 AeKkTpudeckoro noisn? [Ipu yactore mepemennoro Hanpspkenus 50 I'm
A1eKTpoHbl B npoBoAHuUKe 3a 0,01 ¢ ycmnerT nepeMecTUThCs Ha OY€Hb HEOOJBIIOE
paccTosiHue, KakK »JJIEKTPUYECKOE II0J€ HA4yHeT JIEMCTBOBAaTH HAa HUX B
MIPOTUBOMOJIO)KHOM HANpPaBJICHUU. BOT moyeMy 3JIEKTPOHBI OTKIIOHAIOTCS TO B OJHY,
TO B JIPYTYIO CTOPOHY (KOJEOIIOTCS), HO HE MOKH/IAIOT MMPOBOIHHUK.

Byner nmu mpoBOJHUK OKa3bIBaTh COMPOTHBIICHUE TEPEMEHHOMY TOKY? AKTHBHOE
conporusjienne (R) - comporuBieHne B eNu MepeMEeHHOr0 TOKAa, HA KOTOPOM

BblJeJIseTcsl JHeprusi. [IpuMepsr: sieKkTporuMTKa, Jammnodka. JleMoHcTpanus 1nenu
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IIEPEMEHHOTO0 TOKAa C aKTUBHBIM CONPOTHUBJIEHUEM. Pa30BbIE COOTHOLICHUS MEXKIY
CUJION TOKA M HAIIPSKEHWEM Ha aKTUBHOM COIIPOTHUBIICHUMU.

—1 Ha akTMBHOM CONPOTHBJICHHM CHJIA TOKA W HAIPSKEHUE
cOBHAJAIOT O ¢a3se.

3akoH OMa a1l yd4acTKa LENU MEPEMEHHOr0 TOKA C AKTUBHBIM

.si . U . .
m COTNPOTHUBIICHUEM: |=%=TmRsma;t = Iy sinet, Ttoe Iy

AMIUIUTYAHOC 3HAYCHUC CHJIbI TOKA. BCKTOpHaH AuarpaMmma SHCKTqueCKOﬁ Oeru C

> »

YHUCTO aKTUBHBIM COIIPOTUBJIICHUCM. In Un

OI[I/IHaKOBoe JJMU KOJIHMYCCTBO TCIIJIOTBI BBIACIUTCA Ha
AdKTUBHOM COIIPOTHUBJICHHUHN TIIPpU TIOCTOAHHOM U IIpHU

nepeMeHHOM Toke (rpaukd MEPEeMEHHOTO TOKa C
amrututyoit 10 A u moctosuaoro 10 A Ha mocke)? Her! A

KaKOM IMOCTOSIHHBIN TOK BBIACIUT Ha COIIPOTUBJICHUU TAKOC

K€ KOJIMYECTBO TEIUIOThI, KaK JaHHBIA TNEpPeMEHHBIA 3a
onlHO W Toxe Bpems? 7 A?! JlelicTBylommMM 3Ha4YeHHeM IEPEMEHHOr0 TOKa
HA3bIBAKOT TaKoe ero 3HauyeHHe, KOTOpPOe B TeIUVIOBOM OTHOIIEHUH
IKBHBAJIEHTHO TAKOM e CHJIbI MOCTOSIHHOMY TOKY.

.
|

dQ=i’R-dt > Q= |i’R-dt = I1°RT — | =1

{ N

OnpeneneHI/Ie HAIIPSOKCHUS 3aKUTaHUA HEOHOBOU JIaMIIbI. HO‘IGMY HCOHOBAas JiaMIla
ropur, ccCjii €€ IIOAKIIIOUUT K HCTOYHHKY IICPCMCHHOI'O HAIIPSAKCHHUA C
I[eﬁCTBYIOHIHM 3HAa4YCHHUCM, MCHBIIIUM HAIIPSKCHU A 3aXKHUTI'aHHA JIAMIIBI ?

I'pagynpoBka 3j1eKTpOU3MePUTEIBLHBIX NPUOOPOB MEPEMEHHOI0 TOKA.

JonosnutenbHas uHopmanusi: OIHO W3 OTPUIATEIBHBIX CBOWCTB IEPEMEHHOTO TOKa -
MPOBOJIA, TI0 KOTOPBIM OH IPOTEKAET, HEOOXOAMMO PACCUMTHIBATh Ha aMIUIMTYJAHOE 3HAYCHHE, a
MPaKTHYECKH MCIOJb3YeTCs HEMHOTUM Oosiee 2/3 3TOro 3HaveHus. Bropoe - mepeMeHHbIH TOK
pacrpeeseTcss He PaBHOMEPHO 110 BCEMY CEUEHHIO, a IIaBHBIM 00pa3oM BOJIM3H HMOBEPXHOCTH (B
MenHOM mpoBoje mpu dactrote 50 T'ip riyOMHA NPOHMKHOBEHHS 9 MM), YTO MHPUBOJHMT K
YBEJIIMYEHHUIO COTIPOTUBIICHUS IPOBOIHUKA.

[Touemy roBopsT, 4TO MepeMEeHHbIN TOK O0Jiee omaceH AJis YeJIOBEKa, YeM MOCTOSHHBIN?

TsxecTh NOpaKEHUSI TOKOM Ilepemennbiii | [TocTostHHO#M
TOK, 50 I'g TOK
ITopor 4yBCTBUTEIBHOCTH. 1,1 MA 6 MA
He otmyckaromuii Tok (BO3HUKAIOT HEMIPEOJ0TUMbIE 15 MA 50 - 80 MA
CYJIOPO’KHBIE COKPAILIEHUSI MBIIII).
OUOPMIIAIIMOHHBIN TOK (MOKET BBI3BATh OCTAHOBKY cepana). | S0 MA -5 A 300MA-5A

V. 3a0auu:
1. Harucate ypaBHenus i(t) u U(t) B menu 3meKTporuIuTKU conpotusicHrueM 50 Owm,

BKJIFOYCHHBIM B CETh MEPEMEHHOTO ToKa ¢ yactotoit 50 't u Hanmpsikxennem 220 B.
[Touemy HUTH Hakaja HU3KOBOJILTHOM JTaMIIbI JOJDKHA OBITH TOJICTOM, KOPOTKOW M MPOYHOM?
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2. HeonoBas namna BKJIIOYEHA B LIETIb MEPEMEHHOIO TOKA MPOMBIIIIEHHON YaCTOTHI
HanpspkeHuem 127 B, a HanpspkeHue 3aKuranus Jaminsl paBHo 84 B. Onpenenure
MPOJOJKUTENBHOCTD BCIIBILIEK HEOHOBOW JaMIbl U BpeMsl MEX1y HUMH. CunTath

HAIPsHKCHUEC 3aKUTaHUS JIaMITbl paBHBIM HAIIPAKCHUIO I'allICHUA.

3. Cuna Toka B mpoBOHHKE conpoTuBicHreM R = 20 Om HapacTaeT B TeUeHUE BPEeMEHH t = 2 C TI0
nuHerHoMy 3akoHy OT lop = 0 1m0 Imax = 6 A. Ompeaenure KOJIUYECTBO TEIIOTHI Q1,
BBIJICJIMBIIIEECS B 9TOM IIPOBOJHUKE 3a MEPBYIO CEKYHIY, U Q2 — 3a BTOPYIO, a TakKe HAUJIUTE
OTHOIIIEHHUE ATUX KOJUYECTB TEIUTOTHI Q2/Q1.

V. §18

1. IlepemeHnHOE HANIPSAKEHHE MEHSET CBOE 3HAUCHHE C TEUEHUEM BPEMEHH, TOYHO TaK K€, KaK BbI
MEHSIETE CBOE€ II0JIO)KEHHE B IPOCTPAHCTBE, KOIJAa KadaeTech Ha Kauensx. lIpoemurte
aHaJIOTHIO.

Xopowo. Paccmompum 015 npumepa, Hanpumep, maxkou npumep.
3nanue copoumcsi mem, YmMO MAK MHO20 Y3HAIO;
Myopocms cmovloumces moeo, wmo He y3HaI0 OOabULE.
Yuneam Kynep
E YROK 74/18. g EMKOCTbh U UHIYKTUBHOCTbD B LIETISIX
IMNEPEMEHHOI'O TOKA.

KTo0 He B3s1J1 HHTErpaJ, noxaayicra, Bo3bmMmure!
IEJIb YPOKA: Paccka3zaTh 0 €eMKOCTHOM M MHIYKTUBHOM COTIPOTHUBJIEHUSX B IEMAX
NEPEMEHHOr0 TOKA U MPAKTUYECKUX MPUMEHEHUAX ITUX 0OBEKTOB.
TUIT YPOKA: nexuus.

OBOPYJIOBAHUE: o6arapes xkouaeHcatopoB, Onok mnurtanus BC-24, nammna

HaKaJMBaHHUs, 3BYKOBOW T'€HEpPATOp, AJIEKTPOHHBIN ociuiorpad, JiaMmmnoyka, Habop

KOHJCHCATOPOB, KaTyIlIKa MHAYKTUBHOCTH, TpaHC(HOPMATOP YHUBEPCAIBHBIN.
IIJTAH YPOKA:

BcerynurensHas yacTth
Onpoc

OOBbscHeHHE
3akpenieHue
3agaHue Ha IOM

II. Onpoc ¢yHnameHTanpHbIN: 1. AKTUBHOE CONPOTUBICHUE B IEMU MEPEMEHHOTO

agrwn

ToKa. 2. JleficTByro1Iee 3HaUeHNE IEPEMEHHOTO TOKA.

3aoauu:

1.Cuna TOKa B TPOBOJHUKE M3MEHSETCI CO BPEMEHEM IO  3aKOHY:
i =10Asin507 -t. Halitu  3apsn, nOpouienmui  4epe3  IONEpPEeYHOE  CEUYCHHE
MMPOBOJHUKA 33 BPEMSI, paBHOE MOJOBHUHE Nepruoa. KoamyecTBo TeninoTsl, KOTOPOE
BBIJICIIUT JaHHBIN TOK Ha pe3uctope conpotusieHueM 20 Om 3a nepuoa.

2. PaccumTaiiTe 1OMyCTUMYIO JIJIsl BAaIlIed KBAPTUPHI MOTPEOIIEMYIO MOIITHOCTh, €CITU
JNEUCTBYIOIIEE 3HAYEHHWE MEPEMEHHOro HamnpsbkeHus B cetn 220 B, morepu
HaIpsDKeHHsT HA MOJBOSIIMX MPOBOAAX HE JOJKHBI IpeBblmaTh 5 B, a oOmiee
CONIPOTUBIICHUE Mapbl MOABOISAIINX MPOBOJOB B CTAHJIAPTHBIX KWIbIX aAomax 0,5

Owm. Bce Harpy3ku cuMTaTh aKTHBHBIMM.
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Bonpocwi:

1. Ha xakoe HampsiK€HUE HaJ0 PacCUUTHIBATH M30JIATOPHI JUHUU 3JIEKTPONEpEIayHu,
eclu JiericTByollee 3HaueHne HanpsokeHus 430 kB?

2. Yto BBI TENephb 3HAETE O JACHCTBYIOIIEM, AMIUIUTYIHOM U MITHOBEHHOM 3HAaY€HUU
IIEPEMEHHOTO TOKa?

3. KakoBbl, Mo BameMy MHEHHUIO, HEJOCTATKU JIIOMUHECUEHTHBIX JaMIl JHEBHOTO
ceera’?

4. Tlouemy 1715t pe3UCTOpa HE UMEET 3HAUCHUSI, KaK MEHSETCS HanpsiKeHue?
I11. KongeHncaTop B IeNH MOCTOSTHHOIO TOKa (JIeMOHCTpaI[us).

Konaencarop paspsbiBaeT unenb noCTOsIHHOro Toka. Konaencarop B menu

nepeMeHHOro Toka. Pa3poiBaer i KOHAEHCATOP HeNb MepeMeHHOro Toka? Her!
B wMmeramne, W3 KOTOPOro cleNaHbl IUIACTHHBI KOHJIEHCATOPa, OJJIEKTPOHbI CMEHIAloTCs K
MIOBEPXHOCTH IUIACTUHBI, YAAJEHHON OT IMOJIIoca HCTOYHHMKA, 00pasysl 3JIEKTpUYECKOe IIoJIe,
KOTOpPO€ MPOXOIUT Yepe3 U30JSITOp K IAPYrol MEeTauIMYecKOl IJIacTHHE, BbI3bIBas CMEIEHUE €€
ANIEKTPOHOB K JPYroMy IMOJIFOCY UCTOYHHMKA MHUTaHHs. BOT 3TH-TO mepeMenieHus (WM CMeIeHHs)
00pa3yroT KpaTKOBPEMEHHBIN TOK, IPH 3TOM KOHJIEHCATOP 3apsKaeTcsl OT UCTOYHUKA MUTAHMUSL.

I 3aMKHEM 06KJ'IaJIKI/I KOHJACHCATOPA HAKOPOTKO. OkaspIBaeT U

| | KOHJIEHCATOP ~CONPOTUBIEHHE IIEpeMEHHOMY TOKy? Jla!
EMKOCTHOE ~CONpPOTHBIEHHE. JIEMOHCTpalus 3aBUCHMOCTH

)/ CMKOCTHOI'O COIMPOTUBJICHUSA oT QJICKTPOCMKOCTHU
u=U, sinot KOHJIEHCATOpa W OT YacTOTHI MEPEMEHHOIO 1
o ] X, =—
TOKa (3BYKOBOI T'eHepaTop): T oC
JIis  1menu ¢ YHCTO  €MKOCTHBIM  CONPOTHBIICHHEM: i=1, s &, n dg=i-dt,

. | I .
g= I | ., Sinat - dt = 2 (—cos at) = " sin(wt — %) [TocrostHHAs: HHTETPUPOBAHKS BHIOMPAETCS
@ @

Y3 HAYaJbHBIX YCIOBUN (KOTJa TOK paBeH HYIO, 3apsij KOHAECHCATOpa MaKCUMAalbHbIN) U paBHA
HYIIIO.

q | . V4 . V4
T U=—=-""2gjn(aet — =) =U sin(at — =).
orja e e ( 2) maxc SIN( 2)

— Dmo kakasa-mo mazus!
— Huxaxoii macuu nem! — ecmsv auuib mynoe ciedogarue npasuiam Mamemamuxu.

JIeMOHCTpamus CripaBeIMBOCTH 3akoHa OMa JIUIs ydacTKa IEMu MEPEeMEHHO TOKa C
AJIGKTPOEMKOCTHIO (B KauecTBE HWHAMKATOpPAa TOKA HCIIONB30BATh JIAMIIOUKY WIIH
amrepMeTp). AMIUIMTY/a CHJIBI TOKAa W JEHCTBYIOIEe 3HAYCHHE TOKAa B IICIIH,
COJIepKaIllel  YUCTO  ©MKOCTHOE  CONpoTUBJIcHHE. [lpmpoma  eMKOCTHOTO
COIPOTUBJICHUSI (TOKU 3apsAKu M paspsiaku). Da3oBble COOTHOIICHHUS MEXIY TOKOM
u  HanpsokenumeM  (memoHcTparus).  [Jomyctum, d9ro  i=1 sinet, Torma

. V4 9
Ue =U sm(cot—E). BexktopHas amarpamMma 3JIEKTPUYECKOM LEMH C

YUCTO EMKOCTHBIM COIIPOTHUBIICHUCM. I

le/lMeHeHHﬂ KOHAEeHcaTOopAa:

Uc
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L4 OrpaaneHne CWIBbI MEPEMEHHOI'0O TOKA.

e Pa3jiesieHHe NMOCTOAHHOIO M IMEPEMEHHOI0 TOKA. IlepeMeHHBI TOK, Yalle HIrpaeT
POJIb CUTHAJIOB, HECYLIUX MOJIE3HYIO HH(POPMAIIHUIO.

e Ociia0jieHHe HU3KHUX YaCTOT.
o CaBur ¢a3bl MeK1y CHI0N TOKA U HANIPSIZKEHUEM B 1eNU NePeMEeHHOI 0 TOKA

(Tpexda3HbIii  JIEKTPOABUTATEb MOKHO BKIKYHNTH B OTHO(AZHYIO CETh).

[Toyuemy €eMKOCTHOE CONPOTHBIICHUE B JIMHUU NIEKTPOIIEpENadYy IIEPEMEHHOIO TOKAa 3aBUCUMOCTD
OT JUTMHBI JINHUU?

B cerp mepeMeHHOro TOKAa TPOMBINIJICHHOW dYacToThl HampspkeHuem 120 B Brurounnm
MOCIIEIOBATEIHHO KOHJICHCATOP U aMIlepMeTp, KOTOPBIH mokaszan cuity Toka 240 MA. Yemy paBHa
€MKOCTh KOHJIeHCaTopa?

Karymika MHAYKTUBHOCTH B IEMH TOCTOSSHHOTO TOKa (IEeMOHCTpaIusi). AKTHBHOE
conpoTuBieHre kaTymku. Kak ero umsmeputs? byaeT 5u oka3piBaTh KaTylIKa
COMpOTHBIIEHHE TNepeMeHHOMY ToKy? Kakoe xe? WHAYKTHMBHOe CONPOTHBJIEHUE
(XL) - TOMOJIHUTEJIbHOE CONPOTHBJIEHNE KATYIIKH MePeMEHHOMY TOKY.
JleMoHCTpalusi 3aBUCHMOCTH WHIYKTUBHOT'O CONPOTHUBJICHHUS] KAaTYyIIKM OT WH-
JYKTUBHOCTH KaTYIIKH M OT YaCTOThI MEPEMEHHOro TokKa: X =w-L

3akoH Owma Juig yyacTKa IeNM HEPEMEHHOTO TOKa C

E HWHAYKTUBHBIM COIIPOTHUBJIICHHUCM (B Ka4C€CTBC HHIAMWKATOpPaA

HCIIOJIBb30BaTh JIaMI'[OLIKY). U
L

U:Umsina)t I = — Imax = —_—

[Mpuposa WHAYKTUBHOTO COMPOTHBICHUS (sSBJIICHHE CaMOWHIyKIMK). Da3oBbie
COOTHOIIICHUS] MEXK/Y CUJION TOKa U HanpshHKeHUEM (IEeMOHCTpAIus).

. . . T
Homyctum, dyto i=1_sinet, 1O U =U_, Sin(at +E)' Bekrtopnas nuarpamma

3HeKTpI/I[IeCKOI>i e ICPpEMCHHOTO TOKA C YHMCTO MHAYKTHBHBIM COIIPOTHBJIICHHCM.
OcHoBHbBIE mapamMeTpbl BbICOKOYACTOTHBIX KaTylI€eK — HWHAYKTHUBHOCTD, I[O6pOTHOCTb
(OTHOI_HGHI/IC HHAYKTUBHOI'O COIIPOTUBJICHUA KATYIIKHU K €€ dKTUBHOMY COHpOTI/IBJ'IeHI/IIO).

IIpuMeHeHUs KATYIIKU MHIYKTUBHOCTH
e OrpaHuyeHue CHJIbI IEPEMEHHOI0 TOKA B LENH.
e Ocia0jieHre BHICOKHUX YaCTOT.

e CaBur ¢a3bl MeKIy CHI0H TOKA U HATIPSKEHUEM.

B BBICOKOYACTOTHBIX ILIEMAX MPUMEHSIOTCS KAaTyIIKH C WHAYKTMBHOCTBIO OT COTBHIX J10JIeH
MHUKPOT€HPH JI0 JIECSATKOB MUJUIMTeHpU. Karyiiku, Hcrosib3yeMble B HHU3KOYACTOTHBIX IETISX,
UMEIOT UHIYKTUBHOCTB JI0 COTE€H U ThICSY I€HPH.

Aneebpa weopa. 3auacmyio ona oaem 60vuile, Yem y Hee Cnpauiueaom.

Kan Jlepon /I’ Anambep
IV.3a0auu:
1. KaTyiika ¢ HUYTOKHO MajibiM aKTUBHBIM COMPOTUBICHUEM (JIPOCCENH) BKIIOUCHA
B IIeTTh TTepeMeHHoro Toka ¢ yactoroit 50 I'm. Ilpu nanpspkennn 125 B cuna Toka
paBHa 2,5 A. KakoBa WHIyKTUBHOCTh KaTymku? Jlpocceiab - 3TO KaTylIKa

HHAYKTHBHOCTH ¢ HUYTOKHO MaJIbIM aKTHUBHBIM COIIPOTHUBJICHHUECM.
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2. Konebanust HanpspkeHHsT Ha KOHJAEGHCATOpe B LENM MNEPEMEHHOro ToKa
onuckiBaeTcs ypaBHenuem: U = 40-c0s500t, roe Bce BenmuuuHbl BeipakeHsl B CH.
EMkocts konAeHcaTropa paBHa C = 6 Mmx®. HaliT amMmmnTyny CUibsl TOKa B LETIH.

Bonpocwi:

1. Kakum cioco6oMm yuiie BBIKIOYaTh OCBEIICHHE B 3PUTEILHOM 3ajie?

2. IloueMy KOpOTKOE 3aMbIKaHUE KOHJEHCaTopa B LENU MEPEMEHHOI0 TOKa
PaBHOCWJIBHO TOMY, YTO €r0 eMKOCTbh CTAaHOBUTCSA O€CKOHEYHO OO0JIbIION ?

3. KonaeHcaTtop nepeMeHHOW €MKOCTHM BKJIOUYEH B I€Nb NEPEMEHHOrO0 TOKa
MOCJIEIOBATENILHO C JJAMIIOYKOM OT kapMaHHOro goHapsi. Kak u3meHnsiercsa Hakanl
JAMIIOYKH, €CJIU: a) HE MEHsS €MKOCTH KOHJAEHcAaTopa, YBEJIMYHMBATh 4YaCTOTY
NEPEMEHHOTr0 TOKa; 0) HE MEHSSl YacTOTY, YBEITMYMBATh EMKOCTh KOHJIeHcaTopa?

4. Tloyemy KOHJIEHCATOp HarpeBaeTcsi B LENU MEPEMEHHOr0 TOKa, OCOOCHHO Ha
00JBIIMX YacTOTax?

5. Tlouemy y xarymek c (QeppUTOBBIMU CEPJACUYHMKAMU OOJIbIlIasi MarHUTHAsI

IPOHMIIAEMOCTh U MaJIble TTIOTEPH Ha OOJBIINUX YacTOTaxX?

6. [locrmemoBaTenbHO C JIAMIIOYKOW B IIETIh TMEPEMEHHOTO TOKa BKIIOYEHA KaTymka. Kak
U3MCHUTCA HaKaJl JJaMIIOYKH, CCJIM: a) HC MCHIAA ‘IaCTOTy, IIOMCCTHUTH B KaTyHIKy )KeﬂeSHBIﬁ
CepJIeUHHUK; 0) yMEHBUIUTH YaCTOTY?

V. §§ 19-20. Vp. 2, Ne6.

1. Ucnone3yss MeTon pa3MepHOCTEH, BbIBeauTe (QOpPMYIbl HHIYKTUBHOTO U €MKOCTHOTO

COITPOTHUBJICHHIA.
2. [lpennoxkute KOHCTPYKIMIO MWHAYKTUBHOTO WJIM €MKOCTHOTO JaT4yhKa IepeMelieHHUS,
TEH30/1aT4HKa.
Hcmuna - smo mo, umo modcem Oblmv UCNOb30BAHO.
byooa
E Ypok 75/19. g PESOHAHC B HEIIX IEPEMEHHOI'O TOKA

Kak u3 oaqnoi ¢gopmyJibl MOJYYUTH HeJIbIX ecTh ¢popmya?
HEJIb YPOKA: VYrnyOouth 3HaHUSA ydaluXcsi OO0 AJIEKTPUYECKUX TIEHSIX TMepe-

MEHHOT'O TOKA; TIO3HAKOMHUTH WX C SBJICHUEM JICKTPHUECKOTO pe30HAHCA.

TUIT YPOKA: xoMOMHUPOBAHHBIH.

OBOPYJIOBAHUME: onektpoHHbld ocmmwiorpad, OaTapes KOHAEHCATOPOB,
TpaHcPOpMaTOp YHUBEPCATBHBIN, 3BYKOBOI T€HEPATOP, JTAMIIOUKA HA MOJCTaBKE.
[IJIAH YPOKA:

BerynurensHas yacth
Onpoc

OObscHEHUE
3akpernieHue
3agaHue Ha IOM

Il.  Ompoc pynnamentanpubiii: 1. EMKOCTE B 11enu mepeMeHHOTO TOKA.

aogrwnPE

2. IHAyKTUBHOCTH B IIEMTH TIEPEMEHHOTO TOKA.
3aoaua: T'enepatop ¢ DJC e=¢,sinot MoMeHT BpeMenu t = 0 MmoAKIIOYAKOT K

KaTyInIKC HMHAYKTHUBHOCTH L. OHpeI[eJII/ITB 3aBUCHUMOCTb TOKa B ILCIIKM OT BPCMCHHU.

AKTHUBHBIM COIPOTUBIICHUEM LIEIIA MOXKHO MTpeHEeOpeYb.
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Bonpocwi:

1.

w

10.

[To npsitMOITMHENTHOMY MPOBOJHUKY TE€UYET TOK BBHICOKOW 4acTOThl. Kak n3MeHuTcs
CONPOTHUBIIEHUE 3TOTO IPOBOJHUKA, €CIIU EMY NIPUAATH POPMY cojieHOnaa?

UYTo BBI TENEPH 3HAETE O KATYLIKE MHAYKTUBHOCTH; KOHJIEHCATOPE; PE3UCTOpE?
UYemy paBHoO 3HaueHue npousseneHus 20 mx®-500 Om?

JInst perynmpoBaHusa CHJIbI TOKA B LEMAX MOCTOSHHOTO TOKA YacTO MPUMEHSIOT
peocTaThl, a ISl PEryJIMpOBaHUS CWIbl TOKa B ILENAX INEPEMEHHOIO TOKa -
npoccenu. [louemy 3To nemaercs?

JlonyCcTUMO 1M B ILE€Nb MEPEMEHHOTO TOKa HampsbkeHueM 220 B BKIIOYUTH
KOHJEHCaTOop, HanpsKeHue mpo0ost A1t KoToporo paBHo 250 B?

B npoBoanuke Tewer mynbcupyromuii Tok. Ilpennoxkure cmnoco® pasneneHus
MTOCTOSIHHOM Y MIEPEMEHHON COCTABJISIOIINX 3TOTO TOKA.

Jlamria BKJIFOUEHA MOCIIEI0OBATEIBHO C KOHAEHCATOPOM B CETh IEPEMEHHOTO TOKA.
Kak u3MeHHMTCS Hakan JIamMIbl, €CIM B CETh BKIIOYUTH €LIE OAWH TaKOM XKe
KOHJIEHCATOP NapaJyieJIbHO IEPBOMY?

[Touemy (pa3oBBIi CABUT MEPUOAMUECKOTO CUTHAJIA TP €ro Mepeaaye mo Kadelro
3aBUCHUT OT €ro 4YacCTOThI, & TAKXKE OT COMPOTUBICHUS, MHIYKTUBHOCTH U €MKOCTH
kabensa? JIroOoi mepuoaMYecKUil CUTHAT MOXHO paslIokuTh B psan dypwe, TO
€CTb INPEACTaBUTh, KaK CYMMY CHHYCOHUJ C pa3jJdYHbIMM YacCTOTaMH U
aMIUIUTYIAMU.

Yto BbI TCIICPb 3HACTC O KATYIIKC MHAYKTUBHOCTH,; KOHACHCATOPC, p€3I/ICTOp€?

B xonebarenbHBIE KOHTYP TOCIIEIOBATEIBLHO BKIIOUEH HMCTOYHUK cuHycounanbHOu JJIC
MOCTOSTHHOW aMIUIUTYbl. [IpeneOperass BHYTpEHHUM CONPOTHUBIICHHEM HCTOYHHKA, OIICHHUTE
HaIpsDKEHHUE Ha KaTyIIKe WHAYKTMBHOCTH W Ha KOHJEHCATOPE NPH OYCHb MaJbIX U OYEHb
OOJIBIITUX YACTOTaX M0 CPABHEHUIO C COOCTBEHHOM YaCTOTOM KOHTYpa.

DnekTpuuyeckass IIeMb IEePEMEHHOr0 TOKa, COJAepJKaIasl IOoCcae0BaTEIbHO
COCMHEHHbIE AKTHBHOE CONPOTHUBIICHHE, KOHJIECHCATOP

L C
R U KaTylmKy HWHAYKTHBHOCTH. BekTopHas auarpamma
JNIEKTpUYecKo  1enu  (PUCYHOK  Ha  JIOCKE).
U=,UZ2+(U, -U;)?- D3KCIepUMEHTalbHAs HpOBEpKA
? @ dbopMyIbL.
Ui U= Unaxsin(ot)  3axom Oma s 1aHHOMN Henu nepeMeHHOr0 TOKaA:
U U
| =—= .
2 R +(X —Xc)’
da30BbIi CABUI  MEKIY
CHJIOH TOKA 7| HAIIPS/KEHHEM
U U -u X, =X R . .
tgp=—="L —“C "L "¢ cosp=—.—>i=1_ sin(at—g).
g¢ 0. 0. R 0= mex SIN(0t — @)
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T
fu-i-dt
MouHOCTS B e, P = OT = P=Ulcosg.

Pe3oHaHC B 3JIEKTPHYECKOM LEeNU IMEPEeMEHHOro TOkKa. Pe3oHaHCHas 4acToTa:
1

v, =—+——. JleMOHCTpauus pe3oHaHca.

" 2zLe

Pe3oHaHc B JJIeKTpPHYECKON Henu HAOJIOJAETCH NPH COBIAJCHHH YACTOTHI
BHemHel nepeMenHoit IJ{C ¢ coOOCTBEHHOM YaCTOTOI K0J1€0aTeJILHOI0 KOHTYpA.
AMIUTUTYIa CUJIBI AJIEKTPUUECKOr0 TOKA MPU pe3oHaHce. AMIUIMTYAA HampsHKEHUS

Ha KOHACHCATOPC U HAa KATYIIKC MHAYKTUBHOCTH IIPHU PC30HAHCC. 1.4 _|
m

U L = [ rR=350

Vpe3:V; IPGSZE; UC:ULZIpe3 E
B QJICKTPUYCCKUX LECIIX PC30HAHC BO3HHUKACT HaA OHpeHeﬂéHHOﬁ qacToTe,
Koraa HaIIpsOKCHUC Ha HHAYKTUBHOCTHU u €MKOCTH CHUCTEMBI
YpPaBHOBCIICHEI, qTo IMMO3BOJIIECT OJHCPruM  MUPKYJIUPOBATH MCKOY
MArgfmTHBIM IIOJIEM MHIAYKTHBHOI'O JJICMCHTA H JJICKTPUYCCKUM IIOJIEM
KOHACHCATOopa. CaM MexaHu3M PE30HAHCA 3aK/Iro4acTCca B TOM, UYTO

[0

MarHuTHOE TIOJie HWHAYKTUBHOCTH TEHEPUPYET DIIEKTPUUECKHH TOK, T
3apsOKAIONINN KOHACHCATOP, a pa3psijika KOHASHCAaTOpa CO3/1aéT MarHUTHOE
MoJie B HHIAYKTUBHOCTH — TMIPOLECC, KOTOPBIM MOBTOPSIETCSI MHOTOKPATHO, MO AHAJIOTUU C

MEXaHUYECKUM MasSTHUKOM. Pe30HaHC MOXET BBI3BIBATH HapaBHTHBIfI IIYyM U UCKAXXCHH CUTHAJIA.
da30BbIC COOTHOIICHUS MCIKOAY CHUJION TOKa U HAIIPSAKCHUCM B BHCKTquCCKOﬁ OCIIn

npu pezoHance: ¢ = 0. MomHOCTh B IIeNU MEPEMEHHOTO TOKa MpU pe3oHaHce: P =

Uy, = IZpe3 R. Yuer u wucnonb3oBaHuWE pe30HAHCA B TEXHHUKE. KOMITAKTHBIE

JIOMUHECIICHTHBIC JIAaMIThl, ITYCK OJHO(A3HOr0 3JICKTPOJABHUTATENSI TEPEMEHHOIO

ToKa. Pe3oHaHc B OBITY: y KaXJA0T0 CBOSI COOCTBEHHAs! YaCTOTa, Y HEKOTOPBIX MHOTO.

IV. 3aoauu:

1. Jlammouka ot kapmannoro ¢ouaps (3,5 B, 0,28 A) BkitouaeTcst B TOPOACKYIO
OCBETUTEIBHYIO ceTh. KakoBa 1omkHa OBITh eMKOCTh KOHJIEHCATOPa, YTOOBI
JaMIloyka ropena HopmainbHbiM Hakainom? (Ilocine ompeneneHuss €MKOCTH
Mo100paTh HEOOXOAMMBIN KOHJIEHCATOP U BKIIOYUTH JIAMIIOYKY B CETh).

2. Kakasgs WHAYKTHBHOCTH JIOJDKHA OBITH COEIMHEHA IMOCJIENOBAaTEIBHO C
anekrpuaeckoit mammnoukoit (110 B, 60 Bt), eciiu oHa 107KHA HOPMAITBHO TOPETH,
Korja Bes 1enb Oyner npucoeauaena k cetn 220 B, 50 I'ii?

3. Konnencarop émkocteio C = 5 Mmk® u npoBogHuK conpotuBieHneM R = 150 Om
BKJTFOUEHBI MOCJIEIOBATEIBHO B IIENb MEPEMEHHOTO TOKA C HampsbkeHuem u = 120
B u gacroroit v = 50 I't. OnpenenuTh aMIUIMTYAHOE U JEUCTBYIOIIEE 3HAUYCHUE
CWJIBI TOKA, CABUT (a3 MEXKITY TOKOM U HAIMPSKEHUEM, a TaK K€ BBIJECISIONTYIOCS B
L€ MOITHOCTb.

V. § 21. Vop. 2, Ne 6.

1. HaCTpOﬁTe paauoOIIPpUCMHUK Ha MNCPEAAOINYH0 CTAHUOHUIO, YCTAHOBUB OHpCIICJ'ICHHHﬁ YPOBCHBb
T'POMKOCTH. MeniaeHHo nepeMenas pydky HaCTpOﬁKH BJICBO U BIIPABO, OIMUIIHUTC XapaKTCP

57



M3MEHEHHsI TPOMKOCTH 3ByKa. IlocTpoiiTe mpuOImM3uTenbHblid TpadiK 3aBUCUMOCTH TPOMKOCTH
3By4aHHUs OT YaCTOTHI.

. Pesucrop comporuBiennem 2 kKOM u KOHAEGHCATOp e€MKOCThio | MK®D coeauHeHbI

IIOCJIEIOBATEIbHO U BKJIKOYEHBI B CETh C JCWCTBYIOUIMM 3HaueHUeM HanpsokeHus 120 B
CTaHJApTHON YacTOThl. | OpU30HTaANbHBIE MJaCTHHA OcHMLIOrpada MOIKIIOUYEHB! MapauieIbHO
pe3nucTopy, a BepTHKaIbHbIE - MapaiieIbHO eMKocTu. Hapucyiite kapTuHY, KOTOPYIO BbI
0’KHJaeTe YBUIETh HA DKPAHE U CPABHUTE €€ C PEalIbHOM KapTUHOM.

. Ilo otHOIIEHHIO K MNEPEMCHHOMY TOKY YCJIOBCYECKOEC TCJIO MOKHO pacCMATpuBaTh Kak

MapajuielIbHO COSAMHCHHBIM pe3ucTop W KOHJeHcarop. [IpaBma mm, 9TO0 B 3TOM Cllydae
COMPOTHBIICHUE TeJIa YEJIOBEKAa MEHBIIE, YeM IPH MOCTOSHHOM TOKE W IOATOMY TEPEMEHHBIH
TOK OITACHEE MOCTOSIHHOTO?

Yousumenvuvie sewyu wacmo baedHerom nepeo quyom euje 6oaee 4y0ecHvlx seujell.

Tanuneu
VYpoxk 76/20. TEHEPATOP HE3ATYXAIOIINX KOJJEBAHUH
ZHA JIb VPOKA O0600mUTh 3HAHMS ydYalIUXCS 00 aBTOKOJIEOATENBbHBIX CHUCTEMaX;

IMO3HAKOMHUTDH YYCHHKOB C TCHCPATOPOM HEC3ATYXArOIIUX koaeOaHuii Ha TPAH3UCTOPC

U YCUJIUTEJIEM HU3KOW YaCTOTHI.
TUIT YPOKA: xoMOMHUPOBaHHBIN.
OBOPYJIOBAHUME: wmopens 3BykoBOro reneparopa, Bbinpsmutens W3III-1,

OaTapes KOHJIEHCATOPOB, OCHIIIIIOrpad paguoIrOOUTEIs.
[IJIAH YPOKA:

BcerynurensHas 4acth
Onpoc

OObsicHeHUE
3akperuieHue
3azanue Ha 1OM

agrwnE

I1. Onpoc dynmamentanbubiii: 1. 3akoH OMa Ui TOJTHOM LIETIHA MEPEMEHHOTO TOKA.

2

. Pe3onanc B uenm IMCPCMCHHOI'O TOKaA.

3aoauu:

1.

[Ipyn moakiIrOYeHUW KaTYIIKA WHAYKTUBHOCTH K OaTapee ¢ HampspkeHueM 45 B
yepe3 KaTyuky TedeT Tok 3 A. Ilpu ee mogKIIIOUEHNU K UCTOYHUKY MEPEMEHHOTO
HanpsbkeHust 120 B ctangapTHOM 4acTOThI, CHila TOKA Yepe3 KaTyIlIKy paBHa 5 A.
OnpenenuTs UHAYKTUBHOCTh U AKTUBHOE COMPOTHUBJICHUE KATYILKH.

. Karymka wanyktuBHOocTH L oOnmamaer BHyTpeHHUM compoTuBieHueM R. Ilpu

KaKol YacToTe TEPEMEHHOTO HAaINpsHKCHHsS TOK OyneT OoTcTaBaTh Mo (ase or
HaTpsHKeHUs Ha 11/47

. [lociienoBaTenbHO € 3JIEKTPOIUIMTKOM B TOPOACKYHO CE€Th MOAKIOYWIN KATYIIKY

WHIYKTUBHOCTH, IIPU 3TOM MOUIIHOCTH IUIMTKHM yIaja B JBa pas3a. Haiknure
WHIYKTUBHOCTh KaTYIIKH, €CJIM aKTUBHOE CONpOoTUBIIeHNUE MIUTKHA 50 OM.

.,HJIH YMCHBIICHHUA MOIITHOCTH 10-KuI0BaTTHOTO IIPOMBIIIJICHHOI'O HarpcBaTCJid,

pacCUMTaHHOIO Ha JKcuyaranqui B cety 220 B mepemeHHOro TokKa,
MOCJIEIOBATENBHO CO CIUPAIIbIO BKIIIOUMIHA APOCCENb MHAYKTUBHOCTBIO 0,1 IT'H 1
COOCTBEHHBIM aKTUBHBIM compotuBienneM 2 Owm. KakoBa Tenepp MOIIHOCTH
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. ‘lepe3 napauiCJIbHO COCIUHCHHBIC peE3UCTOP

HarpeBaTes, €Clii OH B CBOEHW KOHCTPYKIIMM HE COJCPKUT IPYIUX PEAKTUBHBIX
SJIEMEHTOB?

conpotusieHrueM 200 OM 1 KOHIEHCATOP EMKOCTBIO

5 MK® TeyeT IEepEeMEHHBIM TOK C LUKIMYECKOU
o 3 -1 v

yactorou 10° ¢. Ammepmerp Aj nmokassiBaeT cuily Toka 1 A. Halinure noka3anue

amriepmerpa Ay. CONpoTUBIEHUE AMIIEPMETPOB MaJIO.

Bonpocwi:

1. B snekTpudecKkyro 1enb BKJIIOYEHA KaTyIllKa, M0 KOTOPOW MPOMYyCKarT CHayasla

9.

TIOCTOSIHHBIN, a 3aTeM MEePEMEHHBI TOK TOTO K€ HampspkeHus. B kakom ciydae
KaTyllka Harpeercs 6osbiie?

. SHeKTpI/I‘ICCKaH JJaMIla TTOAKJIHOYCHA IMOCIICAOBATCIIBHO C KOHIACHCATOPOM K CCTHU

nepeMeHHoro Toka. Kak HM3MEHHWTCS Hakaj JaMIlbl, €CIM KOHJAEHCAaTop OyaeT
POOUT U LIETTh B ’TOM MECTe 3aMKHETCs?

.B oenb IICPEMCHHOTO TOKa IIOCICAOBATCIIBHO BKIHKOYCHBI JJICKTPUYCCKAA

JJaMIIO4YKad, KOHIACHCATOP H KaTyllkKa HWHIAYKTHBHOCTHU oe3 CCPpACYHHKA. HpI/I
IMOCTCIICHHOM BBCJICHHU B KAaTYIIKY CCPACUYHUKA JIAMIIOYKA CHAYdJId CTalla TOPCTh
ApUc, a 3aTEM HaKaJl €€ HUTH YMCHBIIHJICH. HO‘IGMY?

. KOH,IIGHC&TOp )41 njacajibHasd KaTyIllKa HWHAYKTUBHOCTH COCIUMHCHBI

MOCIIEIOBATEeNIbHO (MapaJlIeIbHO) U TOJKIIOYEHBl K HCTOYHHKY TMEPEMEHHOTO
HanpspkeHus. [locTpoliTe BEKTOPHYIO JUarpaMmy IEmu.

. KOH,IIGHC&TOp )41 nacajibHasd KaTyIllKa HWHAYKTUBHOCTH COCIUHCHBI

MOCIIEJIOBATENIbHO M TOAKIIOYEHBl K HCTOYHUKY PEryJIupyeMOro MepeMEeHHOTO
HanpspkeHus. B kakoMm ciyyae cuiia TOKa B IIEMM HE 3aBUCUT OT BEJIMYUHBI
HaINpsHKEHUA ?

. [Ipenynoxkure rpaduueckuid crocod ompeesieHus] pe30HAaHCHONW Y4acTOThI B IENH

IICPCMCHHOI'O TOKaA.

. JlensaHy10 KOpKYy Ha BBICOKOBOJIBTHBIX JIMHUSX JUKBUIMPYIOT, HarpeBas MpoBoOJaa

0

nocTossHHBIM ToKoM 10 100 — 130°C. TloueMy 3TOr0o MOYTH HE IETAIOT C TOMOIIBIO
MIEPEMEHHOT0 TOKa CTaHJAPTHOM 4YacTOThI? A ecilu JUisi 3TOTrO HCIOJIb30BaTh
MEePEMEHHBIN TOK BBICOKOM yacToThI (60mbiie 10 kI'1)?

. Karymka ¢ aktuBHbIM comnpoTuBieHueM 2 OM W HUHIYKTUBHOCTBIO 75 MI'H

COEMHEHA MOCJIEA0BATEIBHO ¢ KOHJIEHCATOPOM M BKIIIOUEHA B CETh IIEPEMEHHOTO
Toka ¢ HanpspkeHueM 50 B u wactroroi 50 I'n. Ilpu kakoil eMKOCTH KOHJIEHCATOpa

B 1IN BO3HUKAET PE30HAHC?

Kak »skcmepuMeHTanbHO ONpeAeiauTbh KO3(D(OUIMEHT MOIIHOCTH DJISKTPUYECKON LemH,
conepxamieit R, L u C? YkaxuTte, Kakylo cXeMy HYHO HUCHOJIb30BAaTh.

III. I'enepaTopbl He3aTyxarOMUX KOJIEOAHUN TPUMEHSIOTCS BO MHOTHX YCTPOMCTBax

- paaMoOINpUEMHHKAX, TEJIEBU30pax, MarHUTO()OHAX, KOMIBIOTEPAX, AJIEKTPOOpraHax
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U T.7. YacToThl T€HepaTOPOB MOTYT JIEKAaTh B JIMANA30HE OT HECKOJBKUX JECATKOB
repr] (HU3KHE HOTBHI B AJIGKTPOOPraHe) JO COTeH merarepil (TeJICBHICHHE) U JIaxe
HECKOJIbKMX Turarepi] (CIyTHHKOBOEe TelieBuacHue, pamapsl ['AN). MoIIHOCTB,
KOTOPYIO MOXET OTAaTh TE€HEepaTop MOTPEOUTENI0, COCTABIAET OT HECKOJIBKUX
MUKpOBATT (T€HEpaTop B HApYYHBIX Yacax) 10 JCCATKOB BarT (reHepaTop
TEJICBU3UOHHOW pa3BepTku). Dopma KoneOaHMH BO3MOXKHA Kak camasi Ipocras -
cUHycouaiabHas (reTepoAMH pPATUONPUEMHUKA) MM MPAMOYrojbHas (Taiimep
KOMITBIOTEPA), TaK U BEChbMa CIIOKHAS - "UMHUTHUPYIOIIAs'" 3By4aHUE MY3BIKAJIbHBIX
MHCTPYMEHTOB (MYy3bIKQJIbHBIC CHHTE3aTOPBI).

B peanbHOM KOHTYpe KoJeOaHus 3aTyXaromue (AaKTHBHOE COMTPOTHBIICHHE).

HNneanbHbI KOHTYP. PeajibHBIN KOHTYP.

Kak ckxomneHcupoBath MOTepU HHEPruu B KOHType? B KOHTYp HE0O0X0aumo
[OJIKAYMBATh JIOIOJHUTEIBHYIO DJHEPruIo, T.6. BBecTH IepemeHHyro OJIC:
q

—Li'+e =iR +—. [Ipoie BCero BOCIOIb30BATHCS MATHUTHBIM ITOJIEM, CO3/1aB
| c
R
I /E\ I > t
L oc—— i NZEE Y%

>

JOTIOJTHUTEIbHBIA  TIEPEMEHHBIA MArHUTHBIA IIOTOK, IPOHU3BIBAIOIIAN BUTKH
KaTymkd KoHTtypa L. Jlisg Toro 4rtoObl HU3MEHATh IO HYXXHOMY 3aKOHY I,
HEOOXOUMBI UCTOYHHUK TOKAa M TpaH3UCTOp. [IpMHIMN neicTBUS TpaH3UCTOpA THIIA
p-n-p (moBTopuTh). I'eHEpaTOp HE3aTyXarONIUMX KOJICOAHNUI Ha TPaH3UCTOpe (CXeMa U
rpaduku Toka Ha gocke). ['apmMoHnMueckue KojeOaHWs B KOHTYpE. 3aBHCHUMOCTH
4acTOThI KOJIeOaHMI OT MmapaMeTpoB KOHTYypa (aeMoHcTpamus). OCHOBHBIC 3JICMEHTHI
aBTOKOJICOATETLHOM CHCTEMBI. KoJiedaTeJbHasi CHCTeMa HMCTOYHUK HJHEPIruH,
oOpaTHasi CBSI3b.

Kianaun »| KonebarenbHas
cHcTEMA

Hcrounuk OHEPruun

\ 4

L obOpaTHast cBsI3b
U BBIX

Jono/HUTeILHBI] MaTepHuaJ.
Ycunurenn HHU3KOM  YacTOTBI Ha
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TpaH3ucTOpe (TPaH3UCTOPHBIM YCHJIMTEIBHBIH KacKaa ¢ OOIUM SMUTTEpOM). JleMOHCTpamus |
oOBsicHeHUe TpuHIHMMIA AeicTBHus. OOpaTHas CBA3b MOXKET CTaTh HEYNPAaBIsIEMOH, Kak OBIBaeT,
KOT/1a 3BYK U3 TPOMKOTOBOPHUTEIISI TPOXOTUT 00paTHO uepe3 MUKPO(OH, MTHOBEHHO YCHUITHBASICH 10
HEBBIHOCUMOTO BU3ra.

IV. 3aoauu

1. AkTuBHOE compoTuiieHUE KosebatenbHoro kouTypa 0,33 Om. Kakyro MOIIHOCTH
NoTpeOIsIeT KOHTYp NHpH MOJAEpKaHMM B HEM HE3aTyXalolluX KoyieOaHui ¢
aMIUTUTy10i criibl Toka 30 MA?

2. [lapameTpsl KosnebaTenpHOro KoHTypa umerot 3Hadenusd. C = 1 u®, L = 6 MkI'H,
R = 0,5 Om. Kakylo MOIIHOCTh HYXHO TMOJBOAUTh K KOHTYpPY, UYTOOBI
NOJIEP>)KUBATh B HEM HE3aTyXaroulue KoseOaHusl ¢ aMIUIUTYAO0M HampsKEHUs Ha
koHaeHncarope 10 B?

Bonpocwi:

1. Yem oTiiMyaeTcsi yCWIMTEIb CUTHAJIOB OT TeHepaTopa CUTrHaioB? MOXXKHO 1M U3
YCUJIUTENIS] CUTHAJIOB CJIeNIaTh reHepaTop?

2. Pa3pe3anHoe amlOMHHHMEBOE KOJBLIO MOJBEIIEHO Ha HUTU K MITaTUBY. [louemy
KOJIBIIO OY/IET OTTAJIKUBATHCS MIPHU OBICTPOM BBEJECHUU B HETO MarHuTa ¢ OOJIBIION
OCTaTOYHOW HAMAarHUYeHHOCTHIO?

3. KakoB mnpuHIMN [OeWCTBHS KBapIEBBIX YacoB (TOYHOCTh HECKOJBKO JOJeh
CEKYH/Ibl B CYTKH)?

V. § 22.

B Bamewm pacnopsbkenun ects pesuctop conpotuieHueM 1000 Om, kaTymika HHIYKTUBHOCTBIO 1
I'a u xonaeHcatop eMkocThio 10 Mk®. VicTounnk nepemeHHoro HanpspbkeHust yactoTsl 50 ['p nmeer
ammumtyny 1 B. Kak HY)KHO COEQMHHTH 3JEMEHTHI IeNH, YTOOBbl TOK Yepe3 pe3UucTop ObLI
MUHHMAaJbHO BO3MOXKHBIM, HO HE HyJeBbIM? Kak HY)XKHO UX COETUHUTH, YTOOBI TOK Uepe3 Pe3nucTop
ObUT MakcUMalIbHBIM? HaliiuTe aMImmuTy bl STUX TOKOB. DJIEMEHTHI LIEMU CUUTATh U1eaTbHBIMU.

"Beunvim 3akomom Oa OyOoem. Yuumov U YYUmMbCs 8CeMy uepes

npumepbl, HACMABIeHUs U NPUMEeHeHUs Ha dene" .
AHu Kamenckuii

Ypok 77/21. PEHIEHME 3AJIAY
ZI:H:JU) YPU.'IﬂKIaYIII/ITL YUYEHHUKOB OIPEAENATh CUIy TOKa B JJIEKTPUYECKOW LIeNH, KOTOopas

COJICP’)KUT aKTUBHOE WJIM PEAKTHBHOE COMNPOTHBIICHHE; MPOU3BOIUTH  HMACHTU(DUKALIUIO
AIIEKTPUYECKUX MPUOOPOB MO MX BOJILTAMIEPHBIM XapaKTEPUCTHKAM.

THUII YPOKA: pemienne 3kciepuMeHTalbHbIX 3a/1a4.

OBOPYJIOBAHMUE: mnpubop "llpaktukym", munnuammnepmerp noctosHHoro Ttoka 0-50 MA,
MuIHamIepMerp nepemMenHoro Toka 0-50 MA, "uepHsble smmku”.

ITJIAH YPOKA:

BerynurensHas yacth
Onpoc-noBTOpeHue
OKCIIEpUMEHT
4. 3aganue Ha IOM
I1. 3anonHenune oboOImatomiei Tabuuibl (MEPBYI0 CTPOKY 3aroJIHIEM BMECTE C YYCHHKAMHU, a B
OCTaJIbHBIX - TOJBKO BOJIbTAMIICPHBIC XapaKTEPUCTUKH).
III. BoimosnHeHWe >KCIEPUMEHTAIBHOrO 3afaHMs. KakaoMy YYEeHHKY BBIIAIOTCS NPUOOPHI U
"gepHble ANUKU". YUEHUKY HEOOXOUMO MOCTPOUTH BOJIHTAMIIEPHYIO XapaKTEPUCTHKY SIIUKA HA

Sl
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MOCTOSIHHOM M TEPEMEHHOM TOKe (OCH KOOpAMHAT M MaciiTad yKa3aTh Ha JIOCKE) M 10 MX BHIY
000CHOBAHHO OTBETUTH Ha BOTIPOC O COJAEPKUMOM ''dEpHOTO sIIHKa".

DnexTpuyecKui Konnencarop Karymka nanykrusHoctu | Pesucrop
puoop.
YerpoiicTBo J1Be oOknaaku, Karymka ¢

pa3IeleHbl CEpJICUHUKOM.

U30JIITOPOM.
O06o03HaueHne Ha —
cxemax ‘l F ‘J/Il —/\/\/\/\/\/\/\— _|:|_
XapaKkTepuCTUKU EmkocTs; mpobuBHOe | MHIyKTHBHOCTS. CornpoTuBieHue;
npubdopa HaIlpsDKEHUE. MOUIHOCTb.
BonpramnepHnas I I I
XapakTepuCcTHKa Ha
MTOCTOSIHHOM TOKE

0 U 0 U 0 U
Bonpramnepnas I I I
XapakTepuCcTUKa Ha
MIEPEMEHHOM TOKE
0 0 0
U U U

[IpakTrnueckue OrpaHudeHue Toka, OrpaHudeHue Toka, OrpanuueHue
IIPUMECHECHUS (GWIBTP HU3KUX (GUIBTP BBICOKHX YacTOT, | TOKa.

4acTOT, CABUT 10 (pa3e. | caBur 1o dase.

[Touemy pesucTop HE pearupyer Ha W3MEHEHHUE HANPSDKEHUS W CHIbl TOKA, KaK 3TO JENalT
KOHJICHCATOPHI U KaTYIIKH WHIYKTUBHOCTH?

IV. Yap. 2 Ne6

1. Ilerb MepeMEHHOTO TOKA MPOMBIIIJICHHONH YaCTOThI COCTOUT W3 MOCJIEI0BATEILHO BKIFOUEHHBIX
aktuBHOTO conpotuBieHus 10 Om, naayktuBHocty 0,2 ['H 1 koHAEHCaTOpa eMKOCThIO 20 MKD.
Onpenenure MaKCHMaJIBHOE YUCIIO HEU3BECTHBIX BEIMYMH, €CIU JIEHCTBYIONIEE 3HAUYCHUE CHUITBI
TOKa B ienu 1 A.

2. llemb COCTOMT W3 TOCIEIOBATENIBHO COSAMHEHHBIX aKTUBHOTO compoTtuBiieHus R = 10 Om u
koHzaeHcaropa C = 50 Mx®. Onpenenuth caBUT (a3l MEXKAY CHIOW TOKA M HaIPsSIKEHUEM B
LETH TIPU TUKIMYECKON YaCTOTE TOKA (O = 103¢7",

Ecnu 6v1 5mo 6110 max, 3mo 0wl ewé Huue2o, a eciu Ovl HU4E20,
OHO Obl Mmax u ObLNO, HO MAK KAK MO0 He mak, mo oHo u He smax!
Anuca 6 3azepkanve

A nawen cnocob npespawjeHus d1eKmpuiecmea 8 MacHemu3m u Haobopom.
M. Dapaoeu

ZYpOK 78/22. Z

TEHEPUPOBAHUE DJIEKTPUYECKOM SHEPTUU
YTo Je1aTh, €CJIM HAM HYKHA dJIeKTPpHYecKasi JHeprus, HO ee HeT?
HEJIb YPOKA: Ilo3HaKOMUTH y4alllUXC C YCTPOHCTBOM MPOMBIIIJIEHHOTO T'EHe-

paTopa mepeMeHHOro Toka. Jlarb mpeacTaBieHHEe O cHnocobax MOJy4eHUs
MIOCTOSIHHOTO TOKA.

THUIT YPOKA: koOMOMHUPOBaHHBIH.

OBOPYJIOBAHUE: wnaGop nna wusyudeHus Tpex(pa3HOro TOKa,
36 B,

JIEMOHCTPAIMOHHBIH,

JJaMIIO4YKa Ha

MOJICTABKE MOJENb TE€HEepaTopa IEPEMEHHOr0 TOKa, BOJIBTMETP

ociuuiorpadg  A€MOHCTPALMOHHBIN, MOJYINPOBOJAHUKOBBIN
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MO Ha KOJIOJKE, MOCTHKOBas TMOJYMPOBOJHUKOBAS CXEMa BBINPIMICHUS
MEPEMEHHOTO TOKa.
ITJTAH YPOKA:

BcerynurensHas yacTtb
Ormpoc

OObscHeHue
3akperieHue

5. 3agaHue Ha JOM

1. Omnpoc dynnamenTanbubiii: ['eHepaTop He3aTyXaOMKUX KOJICOAHU.

NS

3aoaua:

1. KoHTyp cOCTOUT U3 KaTyIIKA UHAYKTUBHOCTBIO L = 30 MkI'H, conpoTuBieHuem R
= 1,0 Om u xongeHcaropa 3aekTpoeMKocThi0 C = 200 Mx®. Kakyro MOIIHOCTB
JIOJDKEH TOTPeOJIATh KOHTYp, UTOOBI B HEM TMOJIEPKUBAINCH HE3aTyXarollue
KoJeOaHus, MPU KOTOPHIX MaKCUMAJIbHOE HampsikeHue Ha KoHJeHcaTope Umax =
300 B.

Bonpocwi:

1. Kak moctuds pe3oHaHca B IIENH MIEPEMEHHOT0 TOKa, HE U3MEHSIS UHAYKTUBHOCTH U
€MKOCTH B 1IeTn?

2.B kakux ciayyasx B KojeOarenbHOM KOHType OyayT He3aTyxalouue
ANIEKTPOMArHUTHbIE KoJeOaHus ?

3. MuHouckarenb MPECTABISIET coboi reHepaTop HE3aTyXarolnX
ANIEKTPOMArHUTHBIX ~ BOJH 3BYKOBOM  4acTOThl. MHIYKTHBHOCTH KOHTYpa
BBITMIOJTHEHA B HEM B BHUJE MPOBOJIOYHOrO KoJjblla. Korjga komibio, nepeMeniaemoe
M0 MOBEPXHOCTU 3€MJIU, MPHUOIMKACTCS K MHUHE WU APYTOMY METALNTMYECKOMY
npenMeTy, B Tele(OHHBIX HAYIIHUKAX BBICOKHM TOH CMEHSETCS HU3KUM TOHOM.
Kak 310 00bscHUTDH?

I1l. TenepupoBanue 3j1eKTPpUUYECKOl IHePruM. Mbl rOBOpMM O T€HEPUPOBAHUU

SHEPTrYH, HO HA CaMOM Jelie pedb UACT O €€ MpeoOpa3oBaHUM M3 OJHOTO THIMA B

apyroil. Mbl U3BJIE€KaeM XHMHYECKYIO SHEPrUI0O W3 YIJIS U MOPUPOJHOIO Trasa u

npeoOpa3yem ee B TeII0, KOTOPOe, B KOHEUHOM CUeTe, BpalaeT TypOUHbBI U CO37aeT

anekTpuuecTtBo. Cama ke XMMHUYECKasl SHEprus, CKpbITas B yrie W rase, MojydeHa

M oT CollHIIa, U MOTOMY COJIHEUHAsl SHEPrusl €CTb KOPEHb IMOYTH BCETO, YTO

paboTtaeT Ha 3emuie.

[loyemy npenMyIIECTBEHHO BCE€ BHJIBI IHEPTHHM MPEOOPa3ylOT B SIEKTPUUECKYIO

SHEPTHIO?

IIpeumyuiecTBa 3JIEKTPUYECCKOM IHEPIUH:

e MoxHO mnepeaBaThb IO MPOBOAAM Ha O0OJIbIINE PACCTOAHHUS C MAJIBIMH
NOTepPSIMH.

e Y100HO pacnpeae/sieTcss Me:K1y NOTPeOUTeIsIMHU.

® DJIeKTPUYECKON Hepruei Jerko ynpaBisTh.
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e C noMombI0 HECJ0KHBIX YCTPOMCTB JIerko mpeodpasyercss B Jpyrue BH/bI
JHEPIruM.

MOXHO cKa3aTh, YTO 3JIEKTPHYECTBO JIETKO IlepeJaeTcsi HAa paccTOsiHMe, He
TpedyeT CKJIAJACKHX INOMEIIEeHUIl, TOTOBO K HeMeJJeHHOMY IOTpPelJIeHNnI0 W
SIBJISIETCS IKOJOTHYeCKH YHCThIM.
Baxxnass 0COOEHHOCTh MOCTOSIHHOT'O 3JEKTPUYECKOr0 TOKAa - 3TO BO3MOXHOCTH €r0
AKKyMYJIMPOBaHUS, TO €CTh HAKOIUIEHHUS B aKKyMYJSITOpax WJIM MOJIy4EHHs €ro 3a
CYeT XMMHUYECKOH peakuuu B OaTtaperikax. OT akKyMyJasiTopa MOOMIIBHOTO TenedoHa
NOJIy4aroT MOCTOSIHHBIA TOK HanpspkeHueM 3,7 B.
briBIIEE KOTJa-TO MPEUMYIIECTBO MEPEMEHHOTO TOKa Mepeja MOCTOSHHBIM TOKOM:
NepeMEeHHbIA TOK MOKHO TPAaHC(POPMHUPOBATH.
I'eHepaTopbl: ragbBaHUYECKHE JIIEMEHTHI, 3JEKTPO(OpHBbIE MAIHMHBI, AJIEKTPO-
MEXaHMYeCKHe WHAYKIMOHHBbIE TIeHepaTophl. [leMoHCTpalus MoJeiau TeHepaTopa
NEPEMEHHOr0 TOKAa: MHAYKTOP M SIKOph, POTOpP M CTaTop, LIETKH. Bpamaromuiics
Mar"HuT (MHAYKTOP) CO3JaET BHYTPU OOMOTKH (SIKOpS) IEPEMEHHOE MarHUTHOE MOJIe
U TEM CaMbIM MHAYLUUPYET B HeW nepemeHHyro JJ(C.

e=NBSwsinat = ¢, Sin ait.

Mbt coenaem anekmpuyecmeo maxKum 0ewésbim, Ymo xHeeub ceedu 6)y0ym moabvko b6oeayu.
Tomac Doucon

Or kakux (HakTOpOB 3aBUCHUT YACTOTa HWHAyHUpyeMmou reHepatopom JJC?
Hemonctpanuss  TpexdaszHoro reHeparopa u3  Habopa. KoHCTpyKTHBHBIE
OCOOEHHOCTH. MAarHWTHas CHUCTEMa IOYTH 3aMKHyTa, OOMOTKM B Ta3zax, poTop -
UHAYKTOD, SIKOpb - cTaTop. YMCio map mojitocoB M 4acTtoTa BpamieHus. [Ipumepsi.

[TopkiroueHne TaMIOYKHU K TEHEPATOPY U JEMOHCTPALMS €€ CBEUCHUS.

CBs3b MEXIy D3JEKTPUYECTBOM M MarHeTU3MOM HaOJIOJAeTcsl Kak IpH JBHXEHUU 3apsijioB,
CO3/IAI0IIMX MAarHuTHOE MoJieé (KaKk B 3JEKTPOMAarHUTax M HJICKTPOABMraTelsix), TaK U IpHU
JBYDKEHUU MarHUTOB, CO3/IAIOIINX JIEKTPHUECKOE 110JIe (KaK B AEKTPUUECKUX T'eHepaTopax).
JononHurenbHblii MaTtepuai. Maiikn @apaneit yuran ogHaxael jekuuio B KoposeBckom
yauBepcurere (Jlongon). Ilpu 3TOM OH JIE€MOHCTPUPOBAN ONBIT: MOJHOCWI K IPOBOJOYHOM
KaTyIIKe MarHUT U TOKa3bIBaJl, YTO B KaTYIIKe BO30YXK/1a€TCs YyTh 3aMETHBIN 3IEKTPUUECKHUI TOK.
- [Ipodeccop, cipocuia ero nocie JEKUUU 0/1HA U3 CIIYILATENIbHULL, - HO €CJIU JaXKe TaKoM ci1aObli
TOK ¥ BO3HUKAET, KAKOE 3TO MOXKET UMETh 3Ha4eHUE?
- MagawMm, - raaHTHO OTBETHJI €l y4eHbIil, - MOKeTe JIM Bbl IIpeJicKa3aTh CyAb0y HOBOPOXKJICHHOTO
pebenka?
JonoaHuTEIbHBI MaTepuan. /id nojgydeHHs: MarHUTHOTO MOJs ¢ MHIyknuei nopsaka 30 Tn
IIJI. Kanuna ucnosnp3oBajl T€HEPATOP IMEPEMEHHOIO TOKA, POTOP KOTOPOTO MPUBOIWICA BO
BpalllecHHE DJJIEKTpoJBUTaTeseM. B MOMEHT, Korja HampspDKeHHE Ha KiIeMMaX TIeHeparopa
CTAaHOBMJIOCH PAaBHBIM HYJIIO, K HUM IOJKIIIOYAIACh KaTYIIKa ¢ MaJIbIM aKTUBHBIM COIPOTHBIIEHUEM
n yepe3 0,01 ¢ oTkirOUanace.

O0na comas cekyHObl — 3M0 2POMAOHOE 8peMsl, eClu 6bl 3HAeMme, KaK €20 UCNONb306AMb.

11 JI. Kanuya

Bonpocut:
1. TToyeMy TOK B KaTyIIKe JOCTHraJl HECKOJIBKUX COTEH amiiep?
2. TloyeMy KaTyIIKa MOJIKIIOYAIACh K TEHEPATOPYy Ha TAaKOE KOPOTKOE BpeMsi?
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3. Tloyemy OTKJIIOUEHHE KATYIIKU MPOU3BOIMIOCH C TIOMOLIBIO CIIEIHATBHOTO KOMMYyTaTopa?
4. Tlouemy B mepBOM OTBITE KaTymika Obuia pazopsana, u I1.JI. Kanuue npunuiocs u3roToBUTH
HOBYIO KaTYIIKY U3 CBEPXIPOYHOU OpOH3HI?

JI1s1 KaKuX 1eiei B MPOMBIIIICHHOCTH M TEXHUKE HEOOXOUM MOCTOSTHHBIA TOK?
Hampumep, HEoTheMIIeMyI0 4acTh Kabensl mUTaHus HOYTOyKa - 3TO ajganTep, mpeoOpa3yrolmuii
IIEPEMEHHBIA TOK, IOJY4aeMbId OT HACTCHHOW DJJIEKTPUYECKOM PO3ETKH, B IIOCTOSHHBIA TOK,
TpeOyeMblid JUIsl TUTaHWS HOYTOyKa. AJbTEpHATHBHBIA HWCTOYHUK IMHTAaHUS YCTPOWCTBA —
BHYTPEHHSSl aKKyMYJIAITOpHas Oarapesi, KOTopasl MpEACTaBiIseT COOOM HCTOYHUK IOCTOSIHHOTO
TOKa. 3apsaHbIe YCTPOHCTBA TPAHCHOPMHUPYIOT MEPEMEHHBIH TOK M3 CETH B IOCTOSHHBIA TOK, H
y’K€ B TaKOM BHJE OH 3apspKaeT akkymymarop. TpancdopmaTopbl, 5TO KaTYIIKH IPOBOJOB
U JJOBOJIBHO CJIOKHBIE IEKTPUYECKUE LIETIH, I0O3TOMY CAENIATh aJanTepbl OYEHb MAJCHBKUMH IOKa
HE yJlaercs.

ITocTOSIHHBIN TOK UCIOJIbB3YETCH:

o Jlms mepemaun 3JIEKTPOIHEPTMU HA BBICOKOBOJIBTHBIX JIMHHSAX JJICKTpoTepeaay
(manpumep, 1500 kB).

o Ilpu AIEKTPOJIN3E (padunupoBaHue METAJIOB, raJlbBaHOILIACTHKA,
rajgbBaHOCTET ).

o B KOHTaKTHBIX CETSAX DJIEKTPUUYECKOTO TPAHCIIOPTA — TPOJIIICHOYCOB M TpaMBaeB —
1o 3000 B.

o« B cerax no 1000 B nnst snexTpoABUraTesiel ¢ TSKEIBIMU YCIOBUSIMU TyCKa —
IIPOKATHBIE CTaHBI, IIEHTPUPYTH U TIpoUee.

o Jlns snextpocereii 1o 500 B, ucnons3yeMbIx s TPY30MOIEEMHBIX MEXaHU3MOB —
MOTbEMHBIX JICKTPUUECKUX KPAHOB.

o B kauecTBe MCTOUHMKA MUTAHUS PA3TMYHBIX MEPEHOCHBIX

OBITOBBIX NpHOOPOB — (QoHAPHUKU, ayAUOTPUEMHUKH, Hete =3

JTUArHOCTUYCCKUE MPHUOOPHI, MYJIBTUMETPHI, MOOWIbHBIC F >

TeneOHBI. Konzextop
Kak ero mnonyunts? I'eHepaTop NOCTOSHHOrO TOKa. k
[TonynpoBogHUKOBbIE  auOAbI  (KpaTKOE  IOBTOPEHHE)
OaHonorynepuoaHasi cxeMa BbHINPSAMJIEHHS. > N

JleMoHcTpanus OCIMIUIOrpaMM HamnpspbkeHus: Ha Harpyske. RC — dunbTp.

CHeKTp MyJIbCHPYIOLIETO TOKA COJACPHKHUT MOCTOSHHYIO COCTAaBISIIOIIYIO H R
TapMOHUKH C YaCTOTaMU, KPATHBIMHU YaCTOTE IOBTOPEHUS UMITYJIHCOB.

EmkocTh koHIIeHCaTOpa (DuIbTpa BIOUpAETCS C TAKUM PacueToM, YTOObI

€ro COMpOTHBIEHHUE ObUIO 3HAYUTENHBHO MEHBIIE COIMNPOTHUBICHUS

Harpy3Ku Ui IepBOil TapMOHUKHU BBIIPSIMIIEHHOTO TOKA.

i | = tm '

2
/\ »i Moctuk o a
\./ \_/ oBasi
cxema:
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IV. 3a0auu:

1. Pamka mromanso 400 cm® mmeer 100 BUTKOB BpaIllaeTCs B OJHOPOIHOM
MarHutHoM nojie ¢ unaykuuen 0,01 Tn, nmpuuem nepuon ee Bpamienus 0,1 C.
Onpenennte makcuMaibHoe 3HadeHue JJ[C, BO3HMKAIONIEH B paMKe, €CIU OCh
BpallleHus NePHeHANKYISIpHA JUHUSAM MAarHUTHOW WHYKIIUH.

2. Ckonpko map moisitocoB umeer reHepatop [oppkoBckoit I'DC, ecnu dactora
BpalleHus poropa 62,5 06/Mun?

3. B cxeme, nokazanHoii Ha pucyHke, R; = 10 kOm, R, =
R; = 5 kOM, a Ha KJIeMMBbI TOJAaHO TAPMOHUYECKU
U3MEHSIOINICECs] HAMpsKEHUE, JEeUCTBYIOIIee 3HaAUCHHE
KOTOPOTO 220 B. Onpenenutsb MOIIIHOCTB,
paccenBaeMyro Ha pesuctope Rj;. Juoawsl cuutaTh

naCaJIbHBIMU.

4. K oObrunoii cetu 220 B, 50 'ty moAKIIOYMIA HOCIEI0BATEIHHO
COCMHEHHBIE KOHAECHCATOp eMKocThlo 1 Mk® wu HarpeBarenb-pesuctop. Haitu
MAaKCUMaJIbHYI0 MOIIIHOCTh TAKOI'O HArpeBaTesl.

Bonpocwi:

1. KakoBa wdacToTa MyJIBCHUPYIONIET0 TOKA B CXEME€ OJHOIOJIYIIEPUOIHOTO
BBIIIPSIMJIEHHUS; B MOCTUKOBOI cxeme?

2. KakoBbl HemOCTaTKM MpHU TEpenade M paclpelleICHUU DIIEKTPOIHEPTUU C
MOMOIIBIO MMOCTOSTHHOT'O TOKa?

3. Uemy paBHO JEHCTBYIOIIEE 3HAYCHUE MYJIbCUPYIOIIETO TOKA, MPOTEKAIOIIETO
yepe3  pe3ucTop B CXEME€  OJHOMNOJIYIIEPUOAHOTO  BBINPAMIICHHUS;
JBYXIIOJYTIEPUOIHOTO  BBIMPSMIICHUA? OKBUBAJIEHTHBI JIM TEIUIOBBHIE U
XUMUYECKHUE AEHUCTBUS ITUX TOKOB?

4, Tlodyemy 2JIEKTPOMOOHIIA TEPSIFOT MOIITHOCTH MOCJE JOCTIKEHUs ckopocTr 100-
150 xm/4.

5. B nenu Mexay Toukamu 1 ¥ 2 momaeTcs nepeMeHHOe 3
HanpspbkeHne: Uu=U,sinet. Kakoe HampshkeHue
YCTaHOBUTCS MEXIY TOUKamu 3 u 47? ___’4
6. IloueMy IIJTIOCKOCTHBIC IHOABI HE HCIOJIB3YIOT B 2; T T

EMSAX TEPEMEHHOTO TOKa BEICOKOM YaCTOTHI?

7. Tlouemy eMKOCTh PMIBTPA KOHJIEHCATOPA B ABYXIOIYIIEPHUOTHOM BBITIPSIMHUTEIEC
MO>KET OBITh B JIBa pa3a MEHbIIIE, YEM B OJTHOTIOTYIIEPUOHOM BBIIPSIMHTEIE?

V. § 19. Vop. 3, NeNe 1,2.

1. Mo>KHO 11 € MNOMOIIbKO JUOAHOT'O MOCTA M3 IIOCTOAHHOTO TOKA IOJIYYUTDh HepeMeHHBIﬁ TOK?

2. B reHeparope ecTb crieruajgbHasi CUCTeMa, KOHTPOJIMPYIOIIas paBHOMEPHOE BpallleHHE poTopa
HE3aBUCHUMO OT TOTO, CKOJBKO 3JIEKTpO’HEpruu notpedisercsa. Kak Bbl cebe mpexacraBisere
3Ty cuctemy?

JonoanurenbHass mHpopmanus. Tecna u Daucon («BoiiHa TokoB»). byayum crapuie Tecna Ha

J€BSTH JIET, DIUCOH IrpeMen 1o BceMy mupy. OH ObUT CaMOYYKOMH: MOcie TOro, Kak OJHAaXKIbI
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yUYuTeb Ha3Bajd ToMaca «IOJHBIM TYMUIICH», BO3MYIICHHAs MaTh 3a0pajia ero u3 MIKOJbl, U TOT
MPOJI0JDKAI 00pa30BaHUE CaMOCTOSITENbHO. ToMac MHOTO YHMTAN U, HE UMEs IOCTaTOYHO CPEJICTB
Ha BOCXUTHUTEJbHBIE UT'PYLIKH, KOHCTPYUPOBAI UX CaM, MOIYTHO A0padaThiBasi M COBEPIICHCTBYS
MEXaHU3MBl. DJIMCOH YCOBEPIIEHCTBOBAJI MHOTrHE M3 HpuOOpoB. OpraHu3oBaB COOCTBEHHYIO
nabopaTopHio, OH IPEBpaTHJI €€ B HAcTOSIIyl0 «(}aOpuKy H300peTeHHiD». YCOBEPIICHCTBYS
M300peTeHHbIe APYIrUMH MPHOOPHI, OH Jefal MX YAOOHBIMH, MOIYJISPHBIMH H IPOJABAEMBIMU
(6onee 1000 matentoB). UyBcTBys B Tecie TanaHTIMBOrO KOHKYPEHTa, DJIMCOH HE TOJIEPIKaT
€ro PEeBOJIIOLIMOHHBIE IJIAHBI OTHOCUTENBLHO NepeMeHHoro Toka. Korna Tecna nomydni nateHTt Ha
TeHepaTop NePEMEHHOTO TOKa, PEBHUBHIN HaYaJIbHUK Pa3BEPHYII IPOTUB HETO HACTOSIIYIO BOWHY.
K cuacteio, n3BeCTHBIN MPOMBIIUICHHUK U u300peratens [xopmk Bectunrays, mpucyTcTBys B
1888 r, Ha ogHOM U3 oKnanoB Tecina, cpa3y OLEHUT €ro UAer U BbIKYNU y Hero 40 nmaTeHToB Ha
CHUCTEMbl Nepelauyd W pacrpeaeseHuss Tpex(pa3HbIX TOKOB (T€HEpaTophbl, 3JEKTPOJBUTATENH,
tparchopmatopsl), mpumepro 1o 25000$ 3a martent. Bckope mpuHammexamas (upme
Becrunrayza Huarapckas ['DC nHavana reHepupoBath nepeMmeHHblil Tok. llotepneB ¢uacko B
JI0Ka3aTeJIbCTBE SKOHOMMUYECKON HEIeNecO00pa3HOCTH MCIOJIb30BaHUsI MEPEMEHHOTO TOKa,
DIMCOH 00paTUiiCs K JAPYTMM apryMeHTaM — CTajl Co3JaBaTh 00pa3 CMepTEeIbHON OMacHOCTH,
KOTOpOil moaBepraer ceds BCSKUM, KTO PUCKYET BOCIOJB30BAThCS NMPUOOpPAMU U MEXaHU3MAMH,
MUTaEMbIMH TIEPEMEHHBIM TOKOM. B 4acTHOCTH, TIpOBEI MoKa3aTeIbHBIE IEMOHCTPAINH YOHiCTBa
KOLIEK M co0ak MepeMEeHHbIM ToKoM HampsbkeHueM 330 B (Ha MOCTOSHHOM TOKE OHHU
BeiziepkuBai 1000 B), mo cimyxam, JIMYHO CKOHCTPYMPOBAN «DJICKTPHUECKHH CTYI» Ha
nepeMeHHoM Toke. OJHAaKO BCKOpe DAMCOHY NPUILIOCH YCTYHMUTh, MOCKOJbKY (HHAHCOBas
3¢ (HEeKTUBHOCTH MAIIIWH MTEPEMEHHON TOKA CTaJIa OYEBUIHOM.

Hzobpemamenem s cuumaro uenogexa, Hauleouieco HOBYI0
KOMOUHAyUio yoce U3BECMHBIX 000pY008anull 0as Hauboaee
9KOHOMHO20 YOO08IemMBOPEHUs Yel08eHeCKUX NOMpeOHoCmel.
A. Dunwmeiin
Ypok 79/23. TPAHC®OPMATOPBI U UX IPUMEHEHUE
zmﬂé [To3HaKOMUTH ydalIUMXcs C YCTPOMCTBOM M IMPUHIUIIOM JI€HCTBUS
TpaHcpopMarTopa, ero MPaKTUUECKUMHU TPUMEHEHUSIMU.

TUIT YPOKA: KoMOMHUPOBAHHBIH.
OBOPYJIOBAHME: TtpancdopmaTop yHHUBEpCaIbHBIN, KaTyIIKa WHIYKTUBHOCTH,

aMIepMeTp ¥ BOJBTMETP JEMOHCTpPAIMOHHBIE, pPEOCTaT, TpaHCPopMmaTop Ha
MaHeld, CHIIOBOM TpaHcdopmaTop, Jamrodka 6,3 B Ha moacraBke, mammouka 220 B
Ha MOJICTaBKe, ocmiuiorpad, kunopuiasM "TpanchopmaTopsl 1 ux mpuMeHeHue".

[IJIAH YPOKA:

BerynurensHas yacth
Onpoc

OObsicHEHUE
3akpernieHue
3agaHue Ha IOM

II. Omnpoc  ¢ynmamentansubiii: 1.  T'enepatop

agrwnPE

MIEPEMEHHOTO TOKa. 2. BeIpsIMiIeHNE TEpEeMEHHOTO TOKA.

3aoauu:

1. 3amucate 3akoH m3MeHeHus DJC ¢ TedeHneM BpeMeHU, HABOJMMON B paMKe,
BpAIIAONICHCs B OJHOPOJHOM MAarHUTHOM IIOJI€, €CJIA OCh BpAICHUS PaAMKH
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NEPHNEHIUKYJIpHA JIMHUSAM MAarHUTHOM WHIYKIMHM, 4YacToTa BpAIllCHUS
cocrasisieT 50 06/c, miomanp pamku 0,01 M’ ¥ MarHUTHAs unaykius 0,2 To.

2. DneKkTpuyeckuil nasnbHUK MolHOocTH 50 BT paccuuTaH Ha BKJIIOYEHUE B CETh
MEPEMEHHOTr0 Toka ¢ HampsbkeHueM 127 B. Kakast MOmHOCTD OyAeT BBIIEIATHCS
B MasUIbHUKE, €CJIU €0 BKJIIOYUTDH B CETh MEPEMEHHOI0 ToKa ¢ HampsikeHueM 220
B nocnenoBarensHo ¢ uaeanbHbIM 1uoAoM? CONpoTUBIIEHHUE MAsNIbBHUKA CYUTATh
MTOCTOSTHHBIM.

3. [lepeMeHHBIN TOK, BBIIPAMIISIEMbIA MPUOOPOM, MPOMYCKAIOIIUM TOJBKO OJHY
NOJIOBUHY TMepuoja, MpoxoauT B TeueHue 10 MuUH 1o pacTBOpy MeEIHOTO

kynopoca. Ha sanextpone Boiaensiercss 200 mr menu. KakoBa ammuuryzaa Toka?

4. Kakoe 49mcio N 00OpOTOB B CEKYHAY pAa3OBBET 3JIEKTPOMOTOP TMOCTOSITHHOTO TOKa C
MMOCTOSTHHBIM MarHWTOM, BKJITIOYCHHBIN B 11enh ¢ DJ[C € mpu NOJTHOM CONPOTUBIICHHUH Tienn R?
PaboTtas B kauecTBe renepatopa, oH pazBuBaer J/IC &1 mpu unciae 0o00pOTOB B CEKyHIY N1, a
MOMEHT CHJIbI TPEHHUSI Ha ocu MoTopa paBeH M. Kakoit Tok Oyner Teub 1Mo uenu u uemy Oyzaer
paBHO yuciI0 060poTOB Tipu M = 0?

Bonpocui:

1. Kakum 00pa3oM MeXaHMYECKOe JIBI)KCHHE UCIOJIb3YeTCs A TOJyYeHHUs
ANEKTPUUYECKON dHEprun?

2. [louemy B 1eMmAX MEPEMEHHOTO TOKa BBICOKOM .
4aCTOTHI UCIOJIb3YIOT TOYEUHBIE JUOBI?

3.Kak  BpIIpssMHUTH  TEPEeMEHHBIM  TOK,  €CIHU
HaIPSKEHUE Ha BBICOKOBOJBTHOW JMHUUA BO MHOIO
pa3 MpeBbIIIaeT HAMPSKEHUE MPo00s MOTYNPOBOIHUKOBOTO AHOA?

4. Kakas 13 JlaMII 3aropaeTcs Ipu MepeMeieHn MaruuTa?

5. Ecimm K KJIeMMaM HCTOYHUKA IIOCTOSSHHOTO TOKAa C MOCTHKOBOM CXEMBI
BBIIPSIMJICHUS MTOAKIIOUATh KOHIEHCATOP, TO NTOKa3aHUsl BOJIBTMETPA YBEJIMYATCS.
[Touemy?

6. Kak npoucxoauT criakxuBaHue MyabCalliii UHIYKTUBHOCTHIO?

7. Kak npoucXoIuT CriaXXMBaHUE MyJIbCalluii eMKOCTHIO?

III. MoxHo Hauath ¢ MPOOJEMHOM 3a7auv O MOLIHOCTH, BBIACISIONIENCS Ha MPOBOJE, IO
KOTOPOMY HOCTyHaeT 3JiekTpuueckass sHepruss ot TOILl B ropoxa. Y mNOCTOSIHHOrO TOKa ObLI
CYLIECTBEHHBII HENOCTAaTOK - OrPAHMYEHHOCTh IE€PeAadd DJIEKTPOIHEPrUU II0 MOIIMHOCTH U
paccrosiHMIO. B snexkTpocTaHIMAX OAMCOHAa MCIOJIB30BANOCH HANpsDKeHHe, OnM3Koe K
noTpeduTensckomMy HanpspkeHuto - ot 100 go 200 B. [Totepu snepruu B mpoBoaax. [lepengaua snek-
TpodHepruu Ha paccrosiaue no nposojaam (JIDII). Tpancdopmaropsl, MOBbIIIAsS HAMPSHKESHUAE 10
3HAUEHUHN TOpsAKa THICAY KWJIOBOJIBT, MO3BOJISAIOT CYHIECTBEHHO CHU3WUTH IOTEPHU INpHU Iepenade
3JIEKTPOAHEPTUN Ha OOJIBIINE PACCTOSHMS, a 3a0/JHO M YMEHBIINTH IJIOLIA/lb CEYEHUs MPOBOJIOB
JIDII. MoskHO 1 OBITOBBIC IEKTPONPUOOPHI MOJKIIOYATH K 3TON ceTh (KMcTouHMKaM Toka)? Kak?
MoHO 1u namnodky Ha 6,3 B monkiarounTh K ropojickoil ocserutensHoit cetu? Her! A uyepes
tpancopmarop (memonctpanms)? MoskHo! HampsbkeHne, KOTOpoe MOJAETCsl MOIIHBIMH
reHepaTopaMu NIEKTPOCTaHLUH, cocTasiseT nopsaka 330 000-220 000 Bonwt. Takoe HanpsokeHue
HeNb3s MOJaBaThb B JOMa M KBAapTHUPbI, 3TO OYEHb ONACHO MU CIOKHO C TEXHUYECKOW CTOPOHBI.
[loaToMy mnepeMEeHHBIH 3JIEKTPUUECKUM TOK C 3JIEKTPOCTAHLIMM IOJAETCSl Ha IEKTPUUYECKUE
MOJICTAHLIMYU, TJ€ MPOUCXOJTUT TpaHC(POpPMAalLlUs C BBICOKOTO HAaIpsDKEHHs Ha Oojiee HH3KOe
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HanpspkeHue. s manpHEWero mpeoOpa3oBaHUs HAMPSHKEHUS MEPEMEHHOTO TOKa B CTOPOHY
yMeHbllleHus: (Hanpumep, cuioBble Tpanchopmaroper ¢ 10000 B ropoackux cereit mo 220 B
JIOMAIITHEH CeTH) MPUMEHSIOTCS TOHIKAIONTUE TPAaHCPOPMATOPBL.

TpancpopmaTop — YCTPOICTBO, NpeIHA3ZHAYEHHOE ISl
npeodpa3oBaHMs MEPEMEHHOI0 TOKA OJHOI0 HANPSKEHHUS B

BXxogHoe
HanpshkexHve
BbIXoAHOE
HanpsXxexue

NepeMEeHHbIH TOK APYroro HaNpssKeHUus TOH e YaCTOThI.
OOpaTtHOe TpeoOpa3oBaHUe HAMPSIKCHUS (IEMOHCTpAIMs 3a)KUTaHHUS JIAMIIOUKH Ha
220 B ot wucrounuka mnepeMeHHoro Hampsbkenus 6,3 B).  VYcrpoiictBo

TpaHchopmaTopa 1 ero 0003HaYEHHUE HA DIIEKTPUUECKUX cxemax. [IpuHiun paboThl.

Oxzamenamop:

— Pacckasxcume mHe, kak pabomaem mpaucgopmamop.

Cmyoenm:

— K-orc-d1c-o1c-d1C-01C.

— Henpasunvno. Tpancgopmamop pabomaem max — y-y-y-y-y-y.

N3 d4ero cocrout TpaHchopmarop? B

N1 N>
U% npocTeiimeM  cily4yae — M3 OJHOIO
|¢ t' U, MCTAUIMYECKOro  CEpACYHMKA M JBYX
- 1 2 2
f c c R o6MoTOK.  OOMOTKM  DIEKTPUYECKH  HE
1 2 H
CBsI3aHbl OJHA C JAPYrodl M IPENCTABISIOT
Ri R
2

co0olt u3oyMpoBaHHbIe MpoBoja. [lepBuunas
OoOMOTKa  TOJKIIOYAEeTCI K  HCTOYHUKY
NEPEeMEHHOT0 HamNpsDKeHWsT W 10 HEW Te4eT TMEepPEeMEeHHBIH TOK, KOTOPBIH
NepeMarHuyuBaeT cepAeyHuK. EciM MarHUTHBI MOTOK MW3MEHSIETCS CKBO3b
3aMKHYTBIA KOHTYp IO TapMOHHYECKOMY 3aKOHY ¢ =@, CcoSat, TO B KOHTYpE
NBSw
NI

[TockonbKy 0OMOTKHM TpaHCHOpPMATOpPa PACTIONOKEHBI HA OJHOM CEPICYHHKE, TO:

Bo3HMKaeT mnepeMeHHas OJOIC e=¢, sinat, toe e, =NBSo, a &=

ﬁzﬂzk_
& N,

JlemoHcTpanus: VYcraHoBuB OOMOTKH TpaHc(opmaTopa psioMm,
JPYT C IPYrOM, CHUMAaeM OCIIHJLIOTPaMMY BBIXOJHOTO HarpsikeHus. HameB oOMoTKH
Ha CEpJACYHUK M 3aMblKasi €ro sSpMOM, CHHMaeM ociuuiorpaMmbl. OObICHHUTE
PE3YNIBTATHI OTBITOB.

OcHoBHble popMynbl: U, = LR, +&;; & =LR, +L,R,; U, =1,R,.
OcHOBHBIE peKUMBI pabOTHI TpaHc(hopmaTopa:
” N, U
1. XoaocToii xoa. M3mepenue korddummenta tpanchopmaruu: k = . N—l =0
&, 2 2

JleMoHcTpanus TpaHcpopmaropa Ha mnaHend. KakoB ko3(p¢HUIMEHT TpaHc)OpMaluu 3TOro
Tpancopmaropa? Kak paccuutars Tpanchopmarop?

2. Pe:xxum Harpy3ku (BTOopuuHas oOMOTKa 3aMKHyTa depe3 Harpysky). OCHOBHbIE
hopMYIEL: P~ P, =20, = 2,1, 1 =100% = 222100% = 22 100%,
P & &
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KII[ tpanchopmaropa nopsaka 98 % (MeIHbIH IPOBOJI, ITMXTOBAHHBIN CEPICUYHHK).
JlemoHCTpanus ¢ yHuBepcalbHbIM TpaHchopmaTopoM. Uucnosoit npumep: I; = 0,5 A,
Uy = 125 B, & = 25 B, I; -? Uem Ooublie cuia TOKa BO BTOPUYHON OOMOTKE
TpaHcopMaTopa, TEM CHIIbHEE OCHA0JISIETCS MATHUTHBIM MOTOK CEpACYHHUKA, TEM
Menblie DJ[C caMOMHIYKIMU B MEPBUYHON OOMOTKE U

OombIie notpediusieMast TpaHC(HOPMATOPOM MOIIHOCTb.

Jononnuteabnass uHpopmanusa. KospounueHnr mosie3HOTO
neicTBUs TpaHCc(hOpMaTOpPOB TOCTATOUHO BHICOK. Tem He MeHee, B
OoOMOTKE ¥  CEpACYHHMKE NPOUCXOIAT TOTEPH  SHEPIHH,
NpUBOJALIME K TOMYy, 4TO TemmepaTrypa mpu pabote
TpaHcpopmaTopa mnoBelmaercs. OXnaxaeHue TpaHchopMaTopoB.
WsrotoBnenne TtpaHchopmaropa (IEMOHCTpalMsl C KaTyIIKON
WHIYKTUBHOCTH,  HECKOJbKMMM  BUTKaMU  TpoOBOJa MU
ocimuiorpagom). Ilpumenenne TpanchopMaTopoB (MUKPOKAIBKYISATOP, TEIEBU30D, CBAPOUYHBIH
TparcopmaTop (IeMOHCTpaIHs)).

JonmonnurtespHass uHpopmauuss (MArHUTHBIA ycuaMTe b). [IpeacTtaBpTe NMpOCTYyI0 KaTyIIKY
MHIYKTUBHOCTHU: IIPOBOJIOKY, OOMOTaHHYIO BOKDPYT JK€JI€3HOTo CTepkHs (cepaeuynuka). Korga Tok
MIPOTEKAET MO0 IPOBOJHUKY, BHYTPH CTEp:KHS BO3HUKAET MEpPEeMEHHOE MarHutHoe mose. Eciu B
MIEPEeMEHHOM MarHUTHOM I10JI€ pa3MelIEH IPOBOJHUK, TO B
Hem mosBisercs OJ[C caMomHAyKOUH, W OHA Oyaer
MIPOTUBOCHCTBOBATH NIEPEMEHHOMY TOKY. B ciydae, korja
BEJIMYMHA NPOIYCKAEMOIO0 TOKAa BBICOKA, JKEIEe30, U3 e
KOTOPOTO M3TOTOBJIEH CTEPKEHb, HACHIIIAETCS U MEePECTaéT '_'12'20 nS
HaMarHnumBatbess ganpme. € 3TOro  MOMEHTa TOK
MIPOXOJIUT MO IPOBOJAHUKY MPAKTUYECKU O€3 MPEensITCTBUM. s

BHemHe — MarHUTHBIM ~ yCWJIMTENb  TOXOX  HA ol

TpaHcGopMaTOp: B LIEHTPE KOHCTPYKIMM HAXOJUTCS JKEJIE3HBIM CTEp)KEHb, HA HET0O HaMOTaHbI J1Ba
win Ooree BHUTKa NPOBOJIOKU. Yamie Bcero CepAeYHUK TMpeAcTaBisieT co00l KOJbLIEBYIO
(TopoupanbHas ¢dopma) WIM KBagpaTHYIO paMKy. Bropas oOMoTka HyXHa IJii YIOpaBJICHUS —
MIPOIMYCKAEMBbIN Uyepe3 He€ MOCTOSHHBIN TOK O3BOJISIET HACKIILATH CEPACYHUK WM BBIBOJAUTH €TI0 U3
COCTOSIHMSI HACBIILEHHUs, BbI3bIBAS YBEIMYEHUE WJIM YMEHBLUIEHWE MAarHUTHOTO IIOTOKa,
MpoHU3bIBaOIIero paMky. OOMOTKa ympaBieHusi NOTPeOIsieT HEeOOJIbUIYI0 MOIIHOCTb. JTO
[I03BOJIACT, HCIOJb3YS MAJyI0 CHUJly TOKA, PEryJMpOBaTh B IIMPOKOM JAHAaNa3oHE MOIIHOCTb
Harpy3ku. lloaTtoMy paccmarpuBaeMOe€ HaMHM YCTPOMCTBO M MOJYYWJIO TaKO€ Ha3BaHUE —
YCUITUTEINb. Y CHIIUTENb BEAET ce0s Kak MepeKItouaTellb — B COCTOSSHUM HACBIIIECHHS TOK TPOXOIUT
10 0OMOTKe OECTIPEensATCTBEHHO, B HEHACBIIICHUH TOK MOJHOCTHIO OJIOKUPYETCSI.

MarsHuTHble YCWIMTEIN NPUMEHSIM B 3JIEKTPUUYECKUX TOPMO3aX JIOKOMOTHUBOB, I'PY30BBIX
MalllMH U TpaMmBaeB. VX Mcnosib30Baiiu Ajisl peryJanpoBaHusl OCBEILICHUS B TeaTpax U KMHOTeaTpax,
JUIsl YIIPABJIEHUS] BBICOKOBOJIBTHBIMH CUCTEMAMU 3JIEKTPONUTAHUS, a TAK)KE B MIPUBOJIaX HABEJCHUS
KOpaOeNnbHBIX OPYIUM U Ui MOIYJSIMM BBIXOJHOIO CHTHajla MepefaTdvka B COOTBETCTBUH C
CHJIONM peueBOro CUrHajla B TPAaHCATIIAHTUYECKOM paauoTeneoHHH.

IV. JlemoncTpanums ¢pparMenTa KHHOPMIbMA.

3aoauu:

1. onmwxkaromwuii Tpanchopmarop ¢ ko3 dumnmrentom tpanchopmaruu paBHbM 10,
BKIIFOYCH B ceTh ¢ Hampsokenmem 220 B. KakoBo HampsbkeHHe Ha BBIXOJE
TpanchopMaropa, €Ciau COmpoTHUBIeHHWE BTopuyHOM oOmoTkm 0,2 Owm, a
COTIPOTHBIICHHE TOJE3HON HArpy3Kku 2 Om?
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. [lepBuunas oOmoTKa TmoOBBIIIAKONMIETO TpaHchopmaropa ¢ KOdDPUIUEHTOM

tpanchopmanmu 1/3 BKIIOYEHA B TOPOACKYIO ceTh ¢ HampspkeHueMm 220 B, a ko
BTOpPUUYHOI 00MOTKe, umeronieir conporusienre 20 OM, MOAKIIOYEH PEIUCTOP.
Hamnpsbxenne Ha 3axxuMmax BTOpuuHOM 00MOTKM paBHO 650 B. IlpeneOperas
MOTEPSIMU U COTPOTUBIICHUEM TIEPBHYHON OOMOTKH, OMPEIEIUTE CONMPOTHUBICHHE
pe3UCTOpa U CUJTy TOKA B IIEPBUYHON OOMOTKE.

-Umo 3a myxicuunsvl nowLtu, 0OUH, YMo maxKoe mpaHchopmamop He 3Haem, Opyeol 60H CUOUM U
3axona Oma ne snaem!
HUmetime 6 6udy, eciu 6vl coenaeme ObiCMpo U NJIOXO, MO 100U 3a0YOYM, 4MO 6bl COENANU

ObICMPO, U 3aNOMHAM, YMOo bl coenanu nioxo. Eciu vl coenaeme mednenHo u xopowo, mo noou

3a0y0ym, 4umo 8bl cOenNanu MeoieHHo, U 3aNOMHIM, YMO bl COeNanU Xopouio!

C. I1. Koponés

Bonpocwi:

1.
2.
3.

[Touemy 6e3 Harpy3ku TpaHnchopmMaTop MOTPeOIIIET OUCHb MAJI0 SHEPTHH ?
M3meHsieTcs Jin MOIITHOCTh TOKa MPU IIPe00pa3oBaHUM €ro B TpaHchopMaTope?
[Toyemy cepAcUYHUKU TPAHCHOPMATOPOB JODKHBI JIETKO IMEPEMarHUYMBATHCSA H
HE JIOJDKHBI TTPOBOUTH DJICKTPUUYSCKHUH TOK?

K demy mnpuBeaeT 3aMeHa INMXTOBAHHOTO CEpJICYHUKA B TpaHchopmaTope
CIUTOITHBIM MEJIHBIM CEPJICYHUKOM?

Nmeercs nBa oamHakoBbIX TpaHchopmaropa ¢ 220 B Ha 12 B. MoxHo 1 ux
COCJMHUTH TaK, YTOOBI MOIYy4uTh 6 B?

B uem paznuna mexay TpaHcGopMaTopoM U FeHEepaTOPOM MEPEMEHHOT0 ToKa?
[louemy mnpu  pa3oMKHYTOW  BTOpUYHOM  0oOMOTKe  mOTpedisiemas
TpaHchopMaTOpoOM PHEPrusi MUHUMalIbHa? YeM oHa ompeaenseTcs?

Kak wu3MeHWTCS Hakan Jammbl, BKJIIOYEHHOM B TMEPBUYHYIO OOMOTKY
TpaHchopMaTopa, MpHu YBEIUUCHUH HATPY3KH BO BTOPUIHON 0OMOTKE?

3apucut nu DJIC B mepBUYHOW M BTOPUYHOM OOMOTKE TpaHchopmaropa OT
TOT0, B KAKOM PEXHME OH paboTraet?

10.Ilouemy mnpu TEOMarHUTHBIX OypsAx Hauboiee VYI3BUMBI MOHUKAIONIUE

TparnchopMaTopbI?

v § 24. Yip. 3, NeNe 3-7.

1. Tlouemy HarpyxeHHslii Tpanchopmarop ryaut? KakoBa wyactora 3ByKa TpaHchopmaropa,
BKJIFOUEHHOTO B CETh TOKa MPOMBIIUICHHOW 4acToThl? Pa300pHbIil MIKONBHEIN TpaHchopmarop,
K BTOPUYHOH 0OMOTKE KOTOPOTO MOJK/IIOUEHA Harpy3Ka, BKIIOUEH B ceTh. Kak M3MEHHUTCS TOK B
NEepBUYHON M BTOPUYHOM 0OMOTKE MpU yAaJeHUH BEPXHEH 4acTH ceplieuHuKa?

. Kax 6y,Z[CT U3MEHAThCS HaKajl CUTHaJIbHOH JJaMIIOYKH, BKJIIOYEHHON MOCJIeI0BaTEIbHO

(mapanuienbHO) MEpBUYHON O0OMOTKE TpaHcpopMaTopa MpHU YBEJIWYEHHWH TOKAa BO BTOPUYHOM
obOMoTKe?

Kakue HampsokeHHs (AecsATh) MOXKHO IOJIYYUTh OT HCTOYHHMKA MEpeMeHHoro Ttoka 12 B,
UCTOJb3Yysl TpaHC(POpPMATOP C ABYMSI OOMOTKAMH, €CIIM YMCIO BUTKOB B OJHOM M3 HUX B 3 pasa
6osblie, yeM B Apyroi oOMoTke?
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Teopus, moti Opye, cepa, HO 8eUHO 3elleH0e 0ePeBO HCUHUL.
U.B. ['eme

EYPOK 80/24§ HnHPOU3BOJACTBO, IIEPEJAYA MU HCHOJIB30OBAHHME
SJEKTPUYECKOM SHEPTUN.

l'[oquy ICKTPUYCCKYIO JHEPIUI0 NEPEAAIOT IPHU BLICOKUX HANIPSIZKEHUAX U MaAJIbIX TOKax?
HEJIb VYPOKA: Ilo3HakoMUTh ydYalMXcsi CcO CcHoco0aMu  IPOU3BOJICTBA

AIEKTPUUECKOW SHEPruM, €€ Mepegadel K MOTpeOUTeasiM U HUCIOJIb30BAaHUEM B
MPOMBIIIIEHHOCTH U OBITY.
TUIT YPOKA; koMOMHUPOBAHHBIH.

OBOPY/JIOBAHUE: JBa YHUBEPCAITbHBIX TpaHchopmaropa, "nuHus
AJIEKTpoTepeaun’, JlaMIoyka Ha TOJCTaBKe, HAa0Op sl M3ydeHHsl Tpexda3zHOTo
Toka, guaduaeM  TIpou3BOACTBO, nepenadya  u
MCIIOJIb30BaHUE 3JIEKTPUUYECKON IHEPTUN".
IIJTAH YPOKA:

1. BcerynurenbHas 4acTh

2. Ompoc

3. OObscHeHHE

4. CamocrosaTenbHas padoTa

5. 3akperuieHue

6. 3amanue Ha TOM

II. Onpoc pynnmamentanwubiii: 1. Tpanchopmatop. 2. OCHOBHBIE PEKUMBI PaOOTHI

TpaHchopmaropa.

3aoauu:

1. [lepuunass odmotka Tpanchopmaropa umeer 2400 BuTKOB. CKOJIBKO BHUTKOB
JI0JI’KHA UMETh BTOPUYHAsI 0OMOTKA, 4TOOBI MPU HANIPsHKEHUU Ha ee 3axumax 11 B
nepeaaBaTh Harpy3ke MomHocTh 22 B1? ConporuBnenue BTopuuHoi ooMoTku 0,2
Om. Hanpspkenne B cetu 380 B. ComnpoTuBieHueM TMEpBUYHON OOMOTKHU
npeHeopeyb.

2. [Nonwmxkaromuii Tpanchopmatop ¢ kodhPuimeHToM TpaHchopManuu 5 BKIIOYEH B
ceth ¢ HampspkeHuem 220 B. Ompegemuts KIIJI tpanchopmatopa, ecinu morepb
SHEPTrUM B MEPBUYHOM OOMOTKE HE TMPOWCXOJUT, a HAMPSHKEHHWE Ha BTOPUYHOUN
oomoTke 42 B. (95%)

3. MomHocTh, moTpebisiemast Tpancpopmaropom, P = 100 Brt, a Hanpspkenue Ha
3axkumax BropuuHoid ooMoTku U, = 50 B. Onpenenute cuny Toka [, Bo BTopuuHOi
oomotke, ecau KI1/] tpancdopmaropa n = 0,8.

4. Cuna Toka X0J0CTOr0 X0J1a B IEPBUYHON 00OMOTKE TpaHCcpopMaTopa, MUTaeMOM OT
CETH NEPEMEHHOI0 ToKa ¢ yactotor v = 50 I'n m Hanpsbkenuem U = 220 B, paBHa
I; = 0,2 A. DnekTpruyeckoe COmpoTUBIeHUEM NepBUYHON 00MOTKH R; = 100 Om.
OnpenenuTs UHAYKTUBHOCTH IEPBUYHON OOMOTKH TpaHChOpMaTopa.

5. Hanpsixkenue Ha nepBuuHOi oOMoTKe Tpancpopmatopa U; = 120 B u cuna Toka B
et I = 0,5 A. Ko BTOpnuHON OOMOTKE MOJCOCAMHEHA JIaMIla, CHjia TOKa B
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kotopou I, = 3 A, a Hanpstxenune Ha Her U, = 10 B. KII] R,

tpancpopmaropa n = 0,7. Haiitu ciBur ¢aspl MexXIy CUION Eﬁ]
TOKa W HAMPSDKEHUEM B TIEPBUYHOM OOMOTKE. Ry ¢

6. Ompenenurte cuiy TOKa B M TIEPBUYHON 0OMOTKH TpaHCHopMaTopa.
Kosddunuent tpanchopmanuu pasen Kk, KIIJ] tpanchopmartopa 1
cunutath paBHbIM 100%, HUKINYECKas 4aCTOTA IEPEMEHHOIO TOKA (. ? 2

Bonpocwi:

R.

1. Tloyemy BO BCeX CTpaHax MHUpPa UCIOJIB3YIOT UMEHHO TIEPEMEHHBIN TOK?

2. B kxakom cnydae ¢ BTOpUYHON OOMOTKHM TpaHcpopmaTopa MOXKHO CHUMATh
MOCTOSITHHOE HampsiKeHue?

3. M3MeHsaTh mOofaBaeMoe IMOTPEOUTENI0 HANPsHKEHHE MOXHO C  TMOMOIIBIO
noTeHIHoMeTpa (3apucyiite cxemy). B ueM HemocTatok Takoro crnoco0a
TpaHchopMaluu HaNpsHKEHUs?

4., Tlpu peMoHTE TMOHWXKAIOIIETO TpaHchopMaTopa pa3MOTaId €ro IMEePBUUYHYIO
0OMOTKY ¥ BKJIIOUMJIM €€ KOHIIBI B CETEBYIO PO3eTKy. B pe3ynbTaTe meperopenu
PEeIOXPAHUTEH, XOTS TpaHCchOpMaTOp ObLT pacCUUTaH HA CETEBOE HAIPSKEHUE.
Kaxk 310 00BICHUTE?

5. Ilpennoxute crmocob omnpesenaeHus 4ucia BUTKOB B 00MOTKe TpaHchopmarTopa,
HE pa3MaThIBasl ee.

6. Ilouemy c yBeIMYEHHMEM HAarpy3Kd BO BTOPUYHOW IIEMKM aBTOMATHYECKHU
yBEJIMUYMBAETCs MOTpedIigsemMas Tpanc(hopMaTopoM MOIIHOCTH?

/. Otdyero HamuM4Me OYEHb BBICOKOTO HAMPSIKEHUS BO BTOPUYHOM OOMOTKE
MOBBIIIAIONIETO TpaHCcPopMaTOpa HE MPUBOIUT K OOJBIITUM MOTEPSIM SHEPTUH HA
BbIJICJICHUE TEIUIa B cCaMOi 0OMOTKe?

8. Kak u mouemy Oyner W3MEHSTHCA HANpsHKEHWE W TOK B TIEPBHYHOM U BO
BTOPUYHON 0OMOTKE TpaHCPOopMaTopa MpU yBEIUUECHUN aKTUBHOW HArpy3Ku?

9. MoxHO aM cAenatb KOPOTKOE 3aMbIKaHUE, PEMOHTHUPYS PO3ETKY WIIU
BBIKJIFOYATEIIb?

10. 3akpbIThIil TpaHC(HOPMATOP UMEET YeThIpe KiIeMMbl. Kak onpeaenuTs OTHOLIEHUE
Yyclia BUTKOB B JIBYX OOMOTKax, He pa3dupas tpanchopmatop? Kak y3Hats,
KaKue KJIEMMBbI TIPUHAJJIEKAT OJHOU 0OMOTKE?

11. Tlouemy naumbonpmuii KI1J] nmeror Te TpanchopmaTopsl, B KOTOPBIX OOMOTKH U3
TOJICTOTO TPOBOJA PACIHOJIOKEHbI OJHA HAJa APYrod WIM Ja)xe OJHAa IMOBEpX
Jpyrom?

12. TloueMy omacHO 3aMbIKaHWE XOTS OBl OJHOTO BHTKAa BTOPUYHON OOMOTKH
Tparcpopmaropa?

13. TpanchopmaTop paccuntan mpeoOpa3oBeIBaTh HanpsikeHue 220 B B HampsikeHne
11 B. Kakoe HampsieHUe BbIIACT TpaHCPOPMATOpP, €CIIU MEePEMmyTaTb KOHTAKTHI U
NOAKIIOUNUTH HanpskeHue 220 B k BrIxoay, Ha KOTOPOM JOJIKHO ObITh 11 B?
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14. Tlouemy U MOHIIKAIOMIMX MTPOMBILIUICHHBIX TPAHCPOPMATOPOB OTACHBI TOKH, BOSHUKAIOIIHE
IIPU CUJIbHBIX T€OMAarHUTHBIX BO3MYIIEHUSIX (MarHuTHbIEe Oypu)?

III. TTorpeGHOCTH AIAEKTPOIHEPTUU MO CEKTOpPaM SKOHOMHKHU: MPOMBIIIJIEHHOCTD -
33%, xomMmyHasibHbI cekTop - 37%, Ttpancnopt -19%,
celbckoe X03siiicTBO - 3%, He TOomIMBHBIE HYXIbl — 8%.
[lotpebHocT Poccum B 31EKTPOIHEPTUU  YAOBIETBOPSIOT
ANEKTPOCTAHIIMU CyMMapHOW MoiHocThio 215 I'Bt. CBblmie
20% BoipabateiBatoT 1'9C, okono 10% - ADC, noutu 70% -
T3C, menee 1% ['eoDC npsimoro u OMHAPHOTO ACHCTBUS.

Ilepenaua »3JiekTpodHeprud Ha paccrossHue. CrocoObl |
YMEHBIICHUS MOTEPh: YMEHBIIICHHE YACJIBHOTO COTIPOTUBJICHUS,
CBEPXIPOBOJIUMOCTh, YBEIMYCHUE JHUaMETpa MPOBOJA, YMEHBIICHHE CHJIbI TOKa.
HeoO6xoauMocTh  BBICOKOTO — HANPsIKEHUS

4001<B
BHJHA W3 CJICAYIOIIEro IIPOCTOro pacyera. | 121<B % ,g % IZKB 2203

JlommycTum, 4TO 3JIEKTpUYECKas MOIIHOCTh 66 [ H T

AV JAvaY
- V.4 1,_. R

Ter z
KBT mepegaeTcs OT 3JIEKTPOCTAHIIMU B TOPOJT a,fé’é’f",fé‘.” T ﬁ;i%ﬁii“ﬁ:ﬁ&’é‘é‘éﬁfm e
CTAHUMA TToncrannua. TopcTaHquA. TIoBuKaOI U

noa Hamnpspbkenuem 220 B, a comportuBieHue Dot o L
JIDIT paBuo 0,4 Om. Toraa cuia toka B JIDIT: | = P/U = 300 A, a BbiaenuBIIasICs B
JIMHUM MOIIHOCTEL P, = I’ R =36 kBT, uto cocrarmsier 54,5% ot mepenaBaemoi
MOIITHOCTH. A eClii 3Ta MOIIHOCTH 1o Tou ke JIDII mepemaercss mpu HanpsoKEHUU
22000 B, to motepu coctasat Toasko 0,005%.

brnok-cxema nMHMM Tiepenadyr TEpeMEHHOro Toka. IIpucoeaMHEHHBIH K JIMHUU
BBICOKOT'O HaINpsHKEHUST TpaHC(HOPMATOP JOCTABISAET SHEPTHIO K TOTPEOUTEITIO.
Hanpsixkenne B 220 BoJbT 3a1a€T HE JJIEKTPOCTAHIMA, a IOHMXKaroIas
TpanchopMaTropHasi TMOACTAHIMSA, KOoTopas Haxoautcs He nairee 500 MeTpoB OT
KOHEUHBIX TIOTpEeOUTEIICH.

HenocraTku mMHUN BBICOKOTO HAIPSDKEHUS . HAIMYHUE WHIYKTUBHOTO COTIPOTHUBIICHUS
(crocoObI  yCTpaHEHHs.  pacIlelICHHE IPOBOJAA; BKIIOYCHHE B  JIMHHUIO
KOHJICHCATOPOB). BlIOK-cXeMa JTUHUH Iepeadu ICKTPOIHEPTUU MOCTOSHHOTO TOKA.

HeoOxonumocTh co3manus NanbHUX JUHUW DIIEKTPOIEpEIayn.
CrocoObl yMEHbIIIEHUS MOTEPHh B TUHUU. CBepXNpoBOAsIINeE
JuHuu. IIpeoOpa3zoBaHue »JHepruu, mnocTynamwiei or 'i"'
IJIEKTPOCTAHIMHU K moTtpedurtento. [lorepu sueprum. OO6mas '

tengenius: guanu 500, 750, 1150 kB mepemeHHOoro TOKa M

1500 kB nocrostHHOTO TOKa. CO3/1aHue €IMHOM dHEPTreTHUeCKOi cucteMbl Poccnn.,

I'padux cyTo4HOM HArpy3KH B Cllydae €JMHON CUCTEMBI.

V. 3amonaenue tabauiy 56-58 Ha cT. 61-62.

Bonpocwi:

1. Ecnu B TeMHOE BpeMsl CyTOK JIIOMUHECLIEHTHYIO JJaMIy BOTKHYThH B 3€MJIIO IO/
JIDII, To ona sipko 3aropurcs. [louemy?
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10.

V.
1.

Kak ysennuute KIIJ[ tuaum snektponepenaun?

Tpanchopmartop, paboTaromuii Ha Oojee BBICOKOW 4YacTOTE, UMEET MEHBIITUE
rabapuThl U BeC, 4eM pabOTaIOUIMi Ha YacTOTe MAThaecAT repil. [louemy?
[louemy Bcnbiiku Ha CoJIHIE MOIYT TMpUBECTH K cOosiM B pabore
TpaHC(POPMATOPOB B DJIEKTPUUYECKUX CETAX M JaKE BBIXONY HUX H3 CTpOs
(meperopanue nNepBUYHBIX OOMOTOK)?

Kakue pexomeHaanuu no noBbIILIEHUIO YCTOMYMBOCTH SHEPIOCETEN B OTHOILIEHUN
M3MEHEHUS COJTHEYHOW aKTUBHOCTH Bbl MOXKETE 1aTh?

[louemy Tak HEIKOHOMHO (C OOJIBIIMM MPOBHCOM) pa3BEUIEHbI MPOBOJA JIMHUU
aNeKTponepenayn?

[Ipy pa3MblkaHMM UENMU TMOCTOSHHOTO TOKAa BO3HHMKAaeT Oosiee ycToWYuBas
AIIEKTpUYECKas Ayra, 4eM MpH pa3MbIKaHUU 1ieneil nepeMeHHoro Toka. [Touemy?
JIDII mocrosiHHOro TOKa mo cpaBHeHUIO ¢ JIDII mepemMeHHOro TOKa MMEIOT
MEHBIIME TOTEPU Ha COMPOTHBJICHUE MPOBOJOB, OOJBIIYIO TPOMYCKHYIO
CIIOCOOHOCTh U MEHbIIIME TPEOOBAHUS K U30ISAIUU. Tak u 310?

CrtouT nTUle Ha MPOBOJIE JIMHUK BHICOKOTO HAIPSKEHUSI KOCHYThCS €IE KaKoro-
HUOYb 3a3eMJIEHHOTO MpeaMeTa, HalpuMep, METAUTMYECKON YacTH OMOpbl, OHA
cpazy norubaer. [Touemy?

HyxnaroTcst 7M1 CBEpXMPOBOASIIME JIMHUM JJIEKTPOINEpeaadyd B JOPOTOM
BBICOKOBOJIETHOM 00OpYAOBaHUH?

3aoauu:

OT nojcTraHUMU K TOTPEOUTENIO TiepenaeTcss MolHoCcTh 62 kBT. ConpoTuBieHue
auauu 5 OM. [[ns ciydaeB ocCyiecTBIEHUs Mepefadyd MPU HANPsHKCHUW JIMHUH
620 B u 6200 B ompenenuts: 1) Kakyio MOIIHOCTH IMOJIy4aeT HMOTPEOUTEND; 2)
HaIPsDKEHUE TIOTPEOUTEIIS.

. Jlunus snexkrponepeaadyn nomkHa nepeaaBath MomHocTh 100 kBT Ha paccrosiHue

100 xm. [loTepu sHeprum He AOMKHBI TpeBbimath 2 %. Kakoe mMuHUMAanIbHOE
CEUCHHE MPOBOJIA C YJIECIbHBIM CONPOTUBICHUEM 1,7-10'8 OM'M TPUTOJIHO IS
sTOM menu, ecnu nepeaaBaemoe HampspkeHue 5000 B? Bo ckonbko pa3 MOkKHO
YMEHBIIUTH CEYCHHE MPOBOJIA MPHU yBEIMUCHUN HanpshkeHus 10 50 kB?

VI. §§ 25,26.

1.

OnumwnTte BBIMBIIIIJICHHYKO CUTYAllUIO B q)opMe pacckasa, COACpPKaHUEC KOTOPOTrO BO MHOTUX
ClIydadX HaXO0OuJIOChb ObI B IMPOTUBOPCUNHN C COBPECMCHHBIMHA MPECACTABIICHUAMA O IIEPEMECHHOM
TOKEC.

. Kakum o6pa30M B JIDII mocTosHHOTO TOKa MOAHUMACTCA HAIPSAXKCHUC OO0 TPAHCIIOPTHOI'O

ypOBH:?

. I[MasmpHUK ¢ HOMUHATBHBIM HanpsbkeHrneM Uy= 40 B u momtHocThio P = 65 BT Hy)XHO TTUTaTh OT

CETH INepeMeHHOro Toka yactotod v = 50 I'm m Hanpsbkenuem U = 220 B. Paccmotperts
BO3MOJKHBIE BapHaHThl CXeM M BbIOpaTh HambOonee dGGEKTUBHBIA € TOYKH 3pEHUs
HSKOHOMHYHOCTHU M 0€30MaCHOCTH UCTOJIb30BaHus. VIMeeTcs BOBMOKHOCTh UCIIOJIb30BaTh JHOObIE
MaTepHajbl U KOMIUIEKTYIOIIHE.
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Ilomnio s necmuuy ckpunydecmo
U 2nexmpuuecmea miaenve.
Tlomnio 5 6yiinyro yuecmo
Hawezo nokonenus.

. JI. Mapmuinosg
Z Ypok 81/ ZK YCIHEXU M MNEPCIIEKTHUBBI J2JIEKTPUOUKALINUU
POCCHUHA

HEJIb YPOKA: Ilo3HakOMHUTH y4YallUXCAd C MEPCHEKTUBAMM AIEKTPUPUKALIUU

Poccun.
TUIT YPOKA: KoMOMHUPOBAHHBIH.

OBOPYJIOBAHMUE: nuadunbm, pedepaTsi.
[IJIAH YPOKA:

BcerynurensHas yacTe
Ormpoc

CooO0mmeHns yJqammxcs
Pemmenue 3agau

. 3amaHue Ha I0M
Omnpoc ¢ynmamentansubiii: 1. TlpousBoacTBo anekTposnepruu. 2. Ilepemada

agrwnE

anekTpodHepru. 3. [ToTpediieHne JIeKTPOIHEPTUH.

3aoauu:

1.

[To nBym mpoBomam comporuBiearneM 0,055 OM kaknaplii  mepemaercs
anekTpuueckas MomrHocTh 80 kBT, Kakux moTepbh MONIHOCTH B JIMHMHM YJIACTCS
n30eXxaTh, €CJIM HE T0J1aBaTh B JIMHKUIO HanpsbkeHue 120 B, a cHayama MOBBICUTH
ero 10 1200 B u B KoHIE JUHWM IOHU3UTH cHOBA 10 120 B ¢ moMoIsro
tpanchopmaropor, KIIJ[ kaxagoro u3 kotopsix 99 %?

. [TorpebuTens momHocThi0 1 MBT moakmioueH depe3 JUHUIO 3JIEKTpoIiepenadn

conpotuBiieaneM 0,1 OM Kk muHam mnojactaHuuv. Kakoe HanpsskeHHe OJKHO
ObITh HA IIWHAX TOJCTAHIIMK, 4YTOOBI TIOTEPU MOIMHOCTH B JIMHUHU

AIIEKTPONEPeIaun He MPEBBIAIN 5% OT MOTpedIsieMOi MOIITHOCTH?

Omnpenenure Maccy MeIH, HYKHYIO Al yCTPOMCTBAa JBYXIPOBOJHOW JMHHUM JUTMHOH S KM.
Hamnpsbkenne Ha mmHax cranuumu 2400 B, mepenmaBaemas motpebutento momHocTh 60 kBT,
JOITyCTHMasl TOTePsl HANPsDKEHUS B IpoBojike 8 %0.

Bonpocwvi: Y Bac ecTh HATh IEKTPUUYECKUX MPUOOPOB: TpaHCHOPMATOp, TEHEPATOP, aKKYMYJISATOP,
KOHJICHCATOP, MOJIYIPOBOAHUKOBBIN AuoJ. Kakoit n3 npubopoB HEOOXOAMMO UCTIOIB30BATh IJIS: a)
MIPOMBIIIJIEHHOTO TPOU3BOJACTBA JIIEKTPOIHEPTuu; 0) ocnablieHuss HHU3KUX YacTOT B IIEmsX
MIEPEeMEHHOTO TOKa; B) BHIMPAMIICHHS MIEPEMEHHOTO TOKA; I') HAKOTUJICHHSI SJIEKTPUUYECKOIN YHEPTUH;
1) TpeoOpa3oBaHUS TMEPEMEHHOTO TOKa OJIHOTO HAmNpsHKEHUS B TEPEeMEHHBIH TOK JPYroro
HaMPsKEHUS.

I1l.  Coobmenus ygamuxcs. [lnan TODPJIO.

Kpymnneiimue snexrpocraniiuu Poccun u Kysbacca.

Enunas sneprocucrema Poccum.

Pa3Butne aromHoOM 3HEpreTrku B Poccuu.

DKOJOTUYECKHE MPOOIeMbl U IYyTH UX PELICHUSI.

Bo3o6HoBIIsIeMbIE ¥ TAPMOBBIE HCTOUYHUKH AJIEKTPUIECKON SHEPTUH.
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Co epemenu obocHosanusi meopemuyeckou gusuxu Hvromonom Haubonvuiue

UBMEHeHUs 6 e€ Meopemuyeckux OCHO8AX, Opy2UMU Cl08AMU, 8 HAuleMm

npeocmagieHuu 0 CmpyKmype peaibHOCmu, Obliu OoCmuecHymul 61a200apsi

UCCIe008aHUSM dNIeKMmpomMacHumuslx sieienuti @apaoeem u Maxceeniom.
Anvbepm Dunwmerin

IV. 3aoauu:

e DjekTpoasurarens nuraetrcs oT 6arapeu ¢ D/IC 12 B. Kakyio MOIIHOCTh pa3BUBAET JBHTATEIb
[IPH MPOTEKAHKUH 110 €r0 0OMOTKE TOKa 2 A, €CiIy IpH MOJHOM 3aTOPMaKUBAHUH SIKOPS 110 LIETTH
TedeT TOK 3 A? BHyTpeHHUM cOnpoTHBICHHEM OaTapeu mpeHeOpeyb.

e XBaTUTh JM MOIIHOCTH THIPOAICKTPOCTAHIINH, YTOOBI HCIIAPUTH BOJY, MPOTEKAIOIIYIO Yepe3 ee
TypOuny?

V. § 27.

1. CocraButh 06061marontyto Tadnuny "'IlepemeHHsbIi TOK".

U seunwiii 60it! [lokoti Ham MOIbKO CHUMbCS

CK803b KpOBb U NbLIY ...

Jlemum, nemum cmenuas KooviIUUA

U mnem xoswiny ...
A. Brok

E Ypok 82/26. E KOHTPOJIBHAS PABOTA Ne 2
a meoplsl, Komopyl A npeodnazar, Moxcem Oblmb HA36aHA meopueu

ANEKMPOMACHUNKO2O0 NOJIA, NOMOMY 4Ymo OHA umeem oeno ¢ npocmpancmeom,

OKpYIHcaArowum Ia1eKmpudecKue uiu MacHumHusvle mejd, U OHa mMoacem ObIMb HA36AHA
makosice OUHAMUYECKOU meopueﬁ, NOCKOJIbKY OHA OonyCKaem, umo 6 Omom
npocmpancmee umeemcs mamepus, H(,ZXO()}IU/{(,Z}ZC}Z 6 deuofceﬂuu, I’lOCdeCI’l’l@OM
'

KOMOPOU U Npou3eoo0simcs Habarooaembvle dieKmpomacHumHble seneHus’”.
Maxceenn

ITPUMEPHBIE IIVIAHBI YPOKOB 110 TEME:

Ilo33us — HeBUOUMbIIL UCMOYHUK DHEPeUU, KOMOPAsi OMPaAXCaemcs
8 CO3HAHUU KAK B0JIHbL, NOOOOHbBLE BOJHAM HCUOKOCMU.
O. Manoenvumam
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Mnoeo nu ecmv mooeti, kKomopwvie, 00YACHL USPOU BOIH HA
NO8epXHOCMU pyUeuKa, OyMaiom, KaKk Haumu ypagHeHus, no KOmopsim
MOICHO OBbLIO OBl BLIUUCIUM b POPMY 100020 BOIHOB020 2PEOHSL.
JI. bonvuman
S| Ypox |  YPABHEHME BET'VILIEi BOJHBL BOJHbBI B CPEJE.
HEJIb YPOKA: Ilo3HakOMUTb yYaluxcsi ¢ OCHOBHBIMU OCOOEHHOCTSIMU BOJIHOBOT'O
JBIUKEHUSI (OCHOBHBIMHU CBOMCTBaMU BOJIH). BrIBeCTH ypaBHeHHE Oeryiei miocKoi
BOJIHBI M McclieIoBaTh ero. CUcTeMaTu3upoBaTh 3HAHUS yUalUXCs O BOJTHAX.
TUIT YPOKA: KoMOMHUPOBAHHBIH.
OBOPY/JIOBAHUE: BonHOBas BaHHA C NPUHAJIEKHOCTIMU, JJIMHHAS CHOUpAIbHAs

MpPYy>XHUHA, BOJTHOBAA MalllMHA.

ITJTAH YPOKA:
1. BcerynurenbHas 4acTh
2. Jlexuus ‘ .
3. 3akpemnnenue e - Bucota
4. 3anaHuie HA TOM Monowss codgcd

I1. BoaHoBbIe MMNYJILCHI HA PE3MHOBOM INHYPE W Ha CHOMPAJIBLHON NpyXHHE (IeMOHCTpanus).
Hpyrue mpumepsl: 1) BO3IYIIHBIA BOJHOBOW UMITYNbC; 2) mepenada B IletepOypr usBecTus o
KOpOHaIuu ummneparpuilbl EnmzaBersi, mpoucxomsmeid B MockBe (conmatel ¢ Quaxkkamu); 3)
Jenoaspu3anus MeMOpaHbl akCOHa MPHUBOJUT K OTKPBITUIO HATPUEBBIX NOp (MOHBI HATpuUs
MIPOHUKAIOT BHYTPh aKCOHA), YTO MPUBOAMUT K YMEHBIICHUIO MOTEHIIMAala CHAPYXKU B COCEIHEH
obmactu (memoJisipu3aiisi MeMOpaHbl) M OTKPBITUIO HATPUEBBIX MMOp. AKTHBHBIM y4acTOK
nepeMeniaeTcss mo BOJIOKHY co ckopocTeio oT 0,1 mo 10 m/c. KpaTtko moBTOpHTH CBOMCTBa
BOJIHOBBIX UMITYJIbCOB. BCTaB B Kpyr U B3SIBUINCH 32 PYKH, IPOJEMOHCTPUPYNUTE pacripocTpaHeHHE
BOJIHOBOT'O UMITYJIbca. CBOMCTBA BOJIHOBBIX HUMITYJIbCOB (IIOBTOPEHME).

Kak monyuuTts Ha cOupambHOM TMPYKUHE OJWHOYHBIA BOJHOBOW HMITYJIBC;
MEPEBEPHYTHIII OJMHOYHBIA BOJHOBOW HMMITYJIbC; CHMHYCOUAAIbHYIO BOJIHY (ABa U

l /\ Oonee BOJTHOBBIX uMmnyibca)? JauHa Boaubl (M) -

CBOMCTBO TAPMOHHYECKON BOJIHbI IOBTOPSITH CBOIO

l«— -- _7:\ - —,£ ¢dopMy B TIpPOCTpPaHCTBe, H3MepsieMoOe IMHOM

oTpe3ka MeXAy ABYMSl OJMKAWIIMMH TOYKAMH
BOJIHBI, KOJICOJIOIMUMHCS B OIMHAKOBBIX (pa3ax.

A
CkopocTh pacnpoCTpaHEHHUsS] BOJIHBI: v = i A-v.

v

ITonepeuHnwbie " NMPOA0JIbHbIE BOJIHBI
(nemoHcTpanusi). BctaB B Kpyr M B3SBIIMCH 32 DYKH,
HpOHCMOHCTpprﬁTe pacnnpoCTpaHCHUEC BOJIHEI.

CxopocTh BOJIHBI 3aBUCUT OT CBOMCTB TOM CpPEJbI,
B KOTOpPOM OHa pacnupoCTpaHsieTcsi. Bomna Bcerja mpeicTaBiseT CcoOOH  pe3yibTaT
HpOTHBO,[[CfICTBHH ABYX (I)aKTOpOB - UHCPIIUHU YaCTHUILl UJIN CPCIAbl U HEKOU BO3BpaHlaIOHleﬁ CI/IJ'IBI!

o F
CKOpoCTh pacnpoCTpaHEHUs IONEPEYHOM BOJHBI MO WIHYPY o= / “, THE W -
Y7,
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JIMHEWHAs TUIOTHOCTH MIHYypa. CKOPOCTh MPOJOJIBHOW BOJIHBI B JNIMHHOM CIUIOIIHOM

E
CTEPIKHE JIAETCS BBIPAKEHHE v = |— , TA€ E - MOLylIb yIIPyrocTH BENIECTBA, @ p - €10
P

IJIOTHOCTb.
Bonna Bosib 6€CKOHEUHOTO MHYpa (PUCYHOK U IEMOHCTpaIlus). YpaBHEHUE BOJIHBI

y 27 .27
B JJaHHBIII MOMEHT BPEMEHHU: X = A-smT. X= A-SInT(r —ut) - ypaBHEHHE BOJHBI

o .27 o
IEpEMENIAIOIIENUCS BIIPABO. X = A-S|n7(r+ut)- ypaBHEHUE BOJIHBI, OETYyIIEH BIIEBO.

[Ipeobpazyem ypaBHEeHUE: X = Asm(—r——t) A-sin(kr — at).

JonoaHuTtenbHass MH(popMauus. Hano;erne JpyT Ha Ipyra JIByX OJUHAKOBBIX CHHYCOUJATbHBIX
BOJIH, OErylux IO IIHYpYy B NMPOTHBOIOJIOKHBIX HAIPaBICHUAX M 00pa30BaHUE CTOSYEH BOJIHBI

. . 2 /4
(memoHCcTpanus). YpaBHEHHE CTOIYeld BOJIHBI szA-SII’ITI’-COS?t. Paccrosnne mexmy

JIBYMsI COCEIHUMHM y3JIaMH B cTosiueid BoiHe { = A/2. JIIMHBI CTOSYUX BOJIH Ha CTPYyHE, KOHIIBI

. 21 .
)..(”—\_( n—1| KOTOpOW 3aKperieHbl: Ay = — ¥ COOCTBEHHBIC YaCTOTHI KOJICOAaHUH
' n
v .
m n=2| CTPYHBL: V, = En ,tmen=1,2,3,....n. OCHOBHOIi TOH U 00€PTOHBI.
M X Ecnm «moracuth» OCHOBHOW TOH, CleTKa TPUJIOKHB TMaliell K
i

cepearHe 3By4Yalllell CTPYHBI, TO MBI YCIIBIIIUM 3BYK BIBOE OOJIbILIEH

M ,| HacToThl (TmepBbIit 00€pTOH).
o
"Kmo eoanbl, 6ac ocmaro6ui.
w Kmo oxosan eaws 6ee moeyuuii,
n=35 o

Kmo 6 npyo 6e3monemnwiii u opemyuuti
! : Tlomoxk mameoicnviii oopamun?"

A.C. Iywikun
"Hecrubaemplii XxapakTep" CHHYCOUAILHON BOJIHBI (OCTIa0JICHUE BOJIHBI, H3MCHEHHE

JUTAHBI BOJIHBI, OJJHAKO OHA OCTA€TCSI CHHYCOUIAIBHOM ).

Bosnbl B cpene. BouHoBOi mpomece - mporecc pacipocTpaHeHusi KojiebaHuil B CILUIONIHOMN
cpene (mepeHoc sHepruu 0e3 nepeHoca BeullecTBa). BojHa B OKeaHE MOXKET JOCTUraTh BBICOTHI
MIOJIyKUJIOMETPA, TaK, Hanpumep, B 1958 r. Ha Ajsicke MOILHBIN OIOJI3eHb B OyXT€ CO3/1all BOJIHY,
KOTOpast MPOCTO 3aXJIECTHYA IPOTUBOIOJIOXKHBIN Oeper, CMbIB C HEr0 JIECCHON MOKPOB U BBIOPOCHB
Ha Oeper cTosBIINE B OyXTe cy/a.

Ilnockass BonHa (pucyHok). [loueMy BonHa Ha3bpiBaeTcs IUIOCKO? BomHoBas
do 0 dr

dt dt Tk
JleMoHcTpanus miockux BosH. KosibeBble BOJIHBI M cepuyeckne BOIHbI. B Oerymieil BoiaHe
SHEPIUs CKJIaJbIBAETCS U3 PaBHBIX JA0J€H KHHETHUECKON U MOTEHIIMAIbHOW SHEPTUH.

Ecnmm B cpene cedennem S pacmnpocTpaHseTcsl MpoaoasHas (TionepeyHasi) BOJIHA, TO:

IIOBEPXHOCTDL U JIy4. DazoBas ckopocTh: @ = Kr—at = nocm.

kA2 2 2 2 I‘ "l |‘_ 7._’{
T k =4z*mv?, mostomy E =27°pSv-tv? A%
HIE < S S S
. -4
JHeprusi, TepPeHOCHMAasi BOJIHOH, NPAMO -~ g :
NPONMOPIHOHAIBHA KBAAPATY €€ AMIUIUTY/Abl. ——= - : - -
HNuaTeHcuBHOCTL BOJHBI (I) — CBOWCTBO BOJIHBI MEPEHOCHTH JHEPrUI0 B
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MPOCTPAaHCTBE, USMEPAECMOEC OTHOIICHUEM nepeHeceHHOﬁ JHEPIrmu K I1uIomaiuv
MOBEPXHOCTHU, Y€PE3 KOTOPYIO OHA MEPECHOCUTCHA, U INMPOMEKYTKY BPEMCEHH, 3a

o el E _ 26 _2p2
KOTOPbIN OHA NEePEeHOCUTCH: | aryrd | = po-v27°A°.
NHTEeHCMBHOCTH BOJIHBI MPSIMO MPONOPIMOHAJIBLHA KBAJAPaTy €€ aMILUTUTYAbl. B
2 2
CUJIy cOXpaHeHus 3Heprun Si-A;” = Sy*Ay" , modtomy: 1) ecnu S; = S, (mrockas
1
BOJIHA), TO A; = Ay; 2) ecnu BoJiHA cpepuueckas, TO r1- Ag = ' Ay, oTKyna: A ~ =.
r

JonoaHuTteabHass ungopmanus: BoyiHa cymiecTByeT Be3le, KpOME TOYKH, W3 KOTOpPOM ObLia
ucnymena. Tak nu 310? Ecnam BoJiHA IyHaMu BBIXOJUT Ha MEJKOBOJBE, TO €€ CKOPOCTh
YMEHBINIAETCs, a aMIUIUTY/Ia BOJHBI yBenuuuBaeTcs. [louemy? JIpyroe BeIpakeHHe JUIsl TNIOTHOCTH

N F
MOTOKAa YHEPTUH: 35 :§U — | = pvo=0ov . Kakum o0pazoMm nepenaercs sHeprusi oT Oykcupa K

cynny? Uepes Tpoc? [IIOTHOCTH MOTOKA SHEPTHH (HHTEHCHBHOCTD):

e CoJHEYHOM SHEPTUH Y TOBEPXHOCTH 3eMIIH 1,6:10* Br/m?
e B ryp6unax ['2C 10" Br/m®
e J[ns MaBOK M UCMAPEHUS B BAKYyMe 10° Br/m®
e (OO6paboTka MaTepraIoB MyYKOM 3apsHDKCHHBIX YaCTHII 5-10% Br/m?
e [Ipu B3pbIBE KyMYJISATUBHOTO 3apsa 10* Br/m?
e B coBpeMeHHBIX MOIIHBIX JIa3epax 10% Br/m?

B IOxnoi1 Kopee 3amycTmnm camplii MOLIHBIM B MHpE Ja3ep, KOTOPBIA ITOMOYKET PacKphITh
MHO>KECTBO 3arajiok (pu3uku. IHTEHCUBHOCTH UMITYJIbCOB JIA3€PHOIl  YCTAHOBKM  paBHa  BCEMY
nagaromeMy Ha 3emmo cBery ConHia, cpoKycMpoBaHHOMY B Jyd auamerpoMm 10 MHKpOH
(10%" Br/m?).

Ynapuasi BoaHa. BemiecTtBo Bmepeau Tena, KOTOPOE JIBHXKETCS CO CBEPX3BYKOBOW CKOPOCTHIO
(manmpumep, camoneT), oOpasyer GPOHT ymapHOW BOJIHBI (ITUPHHA TOPSIKA HECKOJIBKUX JTHH
cBOOOHOTO TmpobOera). YaapHas BOJHA, KOTOpas BO3HMKACT NPH aTOMHOM B3pBIBE, HMEET
temmneparypy nopsaka 3500 K u naBnenue coime 100 armocdep.

1. 3aoauu:

1. YpaBuenue Oerymieit BoaHbl umeeT Bua: X = 0,2 sin (20r — 30t). KakoBa ckopocTh
BOJIHBI?

2. Bomupl ¢ wactorori 1 I'm u amMmuTyol KosiebaHui 2 ¢M pacrpoCTPaHSIIOTCS CO
ckopocThio 30 M/c. UeMy paBHO CMeEIIEHHE TOYKH, HAXOJSIICHCS Ha pacCTOSHUU
30 M OT UCTOYHHKA BOJH, B TOT MOMEHT, KOI'Jla OT Haydajaa KoJIcOaHWH MCTOYHHKA
npornuio 4 ¢?

3. CKOpOCTh pacrpocTpaHEHHUs BOJIHBI 10 CTPYHE C 3aKPETUICHHBIMU KOHIIAMH paBHA
2 wm/c. Paccrosame ™Mexnmay ys3nmamm cTosumx BoiaH 4 cM. KakoBa dacroTa
KoJeOaHmit?

4. HaifTu 4acTOTy 3BYKOBBIX KOJEOAHHMI B CTaJIBHOM CTEP)KHE, €CITU PACCTOSHUE
MEXy ONMKaIIMMU TOYKAMHU 3BYKOBOW BOJIHBI, OTJIMYAIOIIMMUCSA MO ¢a3e Ha
7 /2, cocraBnseT 1,54 m. CkopocTh 3ByKa B ctepxHe S000 m/C.

5. Ilogcuntath MakCUMalbHOE YCKOPEHHE U MAaKCUMaJIbHYI) CKOPOCTh YacCTHII
BO3/lyXa B YJIBTPa3BYKOBOW BOJHE 4YacTOTOM 50 KI'Il M aMIUIUTYyA0M CMEIICHUS
yactuil 0,1 MxM.
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.CpaBHI/ITB CKOPOCTH PACIHPOCTPAHCHUSA AKYCTHUCCKHMX BOJH B CTaJIXM M MCOU,

npuHsB Moayib FOura nns cranu Ege = 216 I'lla, qns menu Eq, = 118 I'Tla.

7. KakoBO COOTHOIIIEHHUE AMILIUTY KOHe6aHI/If/’I B TOYKaX BOJHBbI, OTCTOAIIMUX OT HCTOYHHKA
cooTBeTcTBEHHO Ha 10 u 25 cM, KOrjja HCTOYHHK M3ITy4aeT: a) IUIOCKYIO BOJHY; 0) chepruiecKyro
BOJIHY.

8. Berymas BosHa uMeeT BUI Y =Amax-cos(Cx + Bt). KakoBa cKopocTh BOIHBI?

Bonpocwi:

1. Ecnu moactaBuTh JIe3BHE HOXa IO TOHKYIO CTPYWKY BOJIbI, TO Ha TMTOBEPXHOCTHU
HOXa BO3HHMKaeT crtosiuasg BosHa? Ilouemy? Uem ompexpensiercss AIUHA STOU
BOJIHBI?

2. Hargrumass cTpyHy cuiibHEe, Mbl HM3MEHSEM 4YacTOTy KosiebaHui. Kak BbI
TyMaiTe, yBEIMYMBACTCS 4YaCTOTA UM YMEHbIIIAETCS ?

3. Kakum obpazom nepenaetcst sHeprus mpu o0padoTke Marepuana 3youaom?

4. Tlouemy 6acoBbI€ CTPYHBI MY3BIKATBHBIX HHCTPYMEHTOB OIUIETAIOT CIIUPAIBIO U3
IPOBOJIOYKHU?

5. 3axxuMmasi CTpyHY TUTaphl MaibIeM, Mbl Kak Obl YMEHBIIIAEM €€ JUJIMHY, TTOUYTH HE
MeHsIs HaTsDKeHusl. Kak BbI JyMaiiTe, 4To MPOUCXOUT C BHICOTOM 3ByKa?

6. IImactunky Ha 33 000opoTa B MUHYTY MOCTaBWIH Ha 45 000poTOB B MUHYTY. Kak
M3MEHUJIACh YaCTOTa BCEX 3alMCAaHHBIX HA HEWl 3BYKOB?

/. Kak BBl Jymaere, Mo4yemMy CKOPOCTh 3ByKa B BOJE YBEIMYUBAECTCS KaK C
YBEJIMYEHUEM TEMIIEPATYpPhl, TAK U C YBEIIMUCHUEM JABICHUS?

8. VYTBepkmaercs, 4yTO Ha YJUIE CTPYHHbIE MHCTPYMEHTHI 3BydYaT BBIIIE, YEM B
TEIUIOM MTOMEIICHUH, a TyX0Bble HA000poT. Tak i 310?

9. Ecau BB cromTe B moJjioce MpuOOs, TO MaJICHbKas BOJHA HE COObET Bac C HOT.
[Touemy?

10. 3aBucuT 1M 3BYK CTPYHBI OT €€ OOMOTKH, M €CIM Ja — TO Kakas 3TO
3aBUCUMOCTH? Y KaKoW CTPYHBI 3ByK OyJIeT rpomMye, a Y KaKoi — BBbIIIIe?

11. Kakum oOpa3om BeTep pa3roHseT BoJiHY Ha o3epe? Kak uaMensiercs ee CKOpocTb,
JUTMHA BOJIHBI U aMIUIUTY1a?

12. Yto sBAsieTCs NPUYMHON IIETECTa, KOTOPHI MOXXHO YCIBIIIATh Ha IOJeE,
3aCEsIHHOM 3€pPHOBBIMU KYJIbTypamu?

13. IloueMy BOJHBI Ha MOpE TEM BHINIE, YeM OOJBINE JUIsI HUX IMPOCTOPA, YEeM
CUJIbHEE BETEp U YEM JI0JIbIIIE OH JIyEeT?

14. T[louemy MHTEHCUBHOCTh TPABUTAIIMOHHBIX BOJIH OYEHb MaJia?

15. Tlouemy 1yHamMu HeceT 04eHb OOJbITYI0 dHEPrUi0? CKOPOCTh IIyHAMH TIPUMEPHO
720 km/4, BOBIEKAaeTCA B JBMKEHUE BCS TOJIIA BOJBI OT JIHA JO MOBEPXHOCTH
(rmybuna nmpumepHo 4 kM, anuHa paziaoma ot 100 1o 400 km).

16. 'paBuTanimoHHas BOJHA CXKHMAeT IMPOCTPAHCTBO B OJIHOM HAIpaBICHUU U
pacTATrMBaeT B NEPHEHAUKYISIPHOM. DTO BOJIHA MOINEPEYHask WU MPOAOIbHAS?

17. Mouemy yBenuuuBaeTcs aMIUIATY 1A IlyHaMu (HaKaTa BOJIHBI) IPH BBIX0€ Ha Geper (10 30 m)?
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IV. Koncniekr

1. BcranpTe B OJHY IIEPEHry U IONBITAWTECh MPOJAEMOHCTPUPOBATH PACHPOCTPAHEHUE
IIOIIEPEYHON BOJIHBI; IIPOJAOIBLHOM BOJIHBI.

2. Kak, nosip3ysach COOOpakeHUSIMH Pa3MEPHOCTH, ONPEIACTUTh 3aBUCUMOCTh CKOPOCTH 3BYKOBBIX

BOJIH B cTepkHE 0T Moy FOHra u niuoTHocTH Marepuana?

. Kak noikHa 3aBruceTh CKOPOCTh pacpoCTpaHEHUS 3ByKa B OKEaHe OT ITyOUHBbI?

4. BO3OymIHBIA MIAPUK, HAIOJHEHHBIH BOJOW IMOYTH A0 pa3pbiBa, cOpachBAIOT 0e3 HavaIbHOU
CKOpOCTH C BBICOTHI 5 M Ha acdanbT. OleHUTe MaKCUMAIBHBIA pa3Mep IsATHA, 00pa3yroIerocs
Ha acdanbTe B pe3yibTaTe pa3pbiBa miapuka. Kak 3aBUCHT pa3Mep MATHA OT BBICOTHI MaJCHUS
mapuka?

5. OOBSCHHUTE OIIBITHI:

e HanuBaeM BoJy B CTakaH U IepeBopadrBaeM ero BBepx JHoM. [louemy BoJsia BbIMBaeTcs?

e HaynuBaeMm BOJy B TOT )K€ CTaKaH, HAaKpbIBa€M €ro JIMCTOM OyMmaru, nepeBOpauyrMBaeM CTakaH U
oTmmyckaeMm Jinctok. [louemy Bosa He BbUtMBaeTcs?

e HanuBaem Boay BO (UIakOH OT JyXOB U IepeBopaurBaeM ero. [louemy Boja He BbIMBaeTCs?

buino nokKasaHo, 4mo 06e  00UHaKoevie cepuu  60JIH, MC)COOHIMM)C u3z OIU3KO

w

PACHONIONCEHHBIX OpYe K Opy2y YEeHMPOos, MOo2ym paspyuiams 3¢hghekm Kaxcoou us
HUX 8 ONpeOesleHHbIX MOYKAX, d 8 OPYeUx moukax yosoums smu 3¢ghexmoi.

T. FOne

EYpOK 2. K CBOHCTBA BOJIH

Mo:kHO /1M TOYYBCTBOBATH 3eMJleTPsiCeHHe BO BpeMsl 110J1eTa Ha camoJiere?
HEJIb YPOKA: TloBTOpUTH C y4yaniuMucs sSBJICHUS UHTEpPEpeHIIUU U Tupakiuu

BOJTH, 3aKOHBI MTPEJIOMIICHUS U OTPAKCHUS.
THUIT YPOKA: xoOMOMHUPOBAHHBIM.
OBOPYJIOBAHMUE: BonHOBas BaHHA C MPUHAJICKHOCTSIMU, OCBETUTEND JJIsl TEHE-

—— ]

BOT'0 IPOELUPOBAHUS, IITATHB.
IIJTAH YPOKA:

BcerynurensHas 9acth
Onpoc

[ToBTOpEeHue
3akperuieHue
3aaHue Ha JIOM 7 A

I1. Onpoc dyrnamentanbhblil: 1. CkopocTh BOJH. 2. YpaBHeHUE Oeryiiei BOJHBHIL. 3.

aogrwnPE

Crosturie BOJIHEL.

3aoauu:

1. Ilpu pacripocTpaHEHUH TIOCKOM BOJHBI YACTHUIIBI CPE/IbI KOJICOIIOTCS ¢ YaCTOTOM vV
= 25 I'. YacTuiisl cpeabl, OTCTOAIIME APYT OT Apyra Ha pacctossHuu Ax = 0,1 M,
Koseomores ¢ pasHocThio daz Ae = 600. Haiftm ckopocTh pacmnpocTpaHCHHS
BOJIHBI.

2. Ilycth cumHYcOMIaabHas BOJIHA PACHPOCTPAHICTCA IO PACTIHYTOMY IITHYPY,
COCTOSIIEMY U3 JBYX YYaCTKOB C JHMHCHHBIMH IUIOTHOCTAMHU W1 U o (L2 <ug).
Haiitu oTHOmIeHME CKOpPOCTEM BOJH W OTHONICHWE JJIMH BOJH B JIBYX Yy4YacTKax
H_IHypa HpI/I nepexoae€ UBMCHACTCA CKOPOCTh BOJIHLI, JJIMHA BOJIHBI, 4 4aCTOTa HeusMeHHa!

3. CmerieHne OT TMOJIOKEHUST PABHOBECHUS TOYKH, HAXOASMICHCS Ha paccTosHuH 4
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CM OT HCTOYHHMKA KoJicOaHWil, B MOMEHT BpeMmeHH (=T/6 paBHO MOIOBHHE
aMIuIMTyabl. Haitu JiiMHy BOJIHBL.
4. YacToThl ABYX MOCIIE0BATENbHBIX 00epTOHOB CTpyHBI paBHbl 320 u 360 ', Yemy

paBHa 4aCTOTa OCHOBHOI'O ToHa?

5. Ha xoueOumromeiicsi ctpyHe JIMHOW 12 CM y3JIBI pacrloJIOKEHBI Ha PAaCCTOSTHHH 4 CM JIpyT OT
npyra. Ckopocth pacmpocTpaneHuss BoiHbl 30 M/c. OmnpemenuTh YacTOTy KOJICOAHHIA.
[Iepeuncinre BCce BO3MOKHBIE HM3IIME PE30HAHCHBIE 4acTOThL. Halgure HaTs)KEHHE CTPYHBI
IIpHU YCJIOBUH, YTO €€ Macca paBHa 24 T.

Bonpocwi:

1. Crpyna 3Byunt ¢ yacroroir 400 ['. B kakom Mecte M Kak cieayeT 3aJepikarb
JBUKEHUE CTPYHBI, 4TOObI OHA 3By4ana ¢ yactotoi: 1) 800 I'; 2) 2000 I'i?

2. Ha kakom paccTOSIHUM OT Kpasi 3BydYallleld CTPYHBbI HY>KHO MPWJIOXKUTH Majell,
YTOOBI YCJIBIIIATh BTOPOI 00epTOH?

3. Tlouemy ynbTpa3ByK 00daJaeT JOCTATOYHOM SHEpruer, yToObl HAa PACCTOSTHUU
U3MeNbYaTh NOYEYHbIe KAMHU M CKUTATh OIMYXO0JIn?

4. Tloyemy mIym OT ABMXKYILErocs Moe3/a pe3Ko BO3pacTaeT, Korja moe3 ] Bhe3KaeT
B TYHHENb?

5. Kak wu3MeHurcs BbICOTA TOHA KOJIEOTIOMIEHCS CTPYHBI MpPU TOBBIIICHUU
TEMIIEpaTypsl BO3ayxa?

6. Ilouemy ofHa M Ta € HOTA HE 3BYUUT OJMHAKOBO Ha Pa3IMUHBIX MY3bIKaJbHBIX
UHCTPpYMEHTax?

7. lTlouemy Oonee CUIBHOE HATSKEHUE CTPYHbI COOTBETCTBYET 0oJie€ BBICOKOI
TOHAJIBHOCTH ?

8. Kakum o0Opa3oM MOCTOSIHHBIN BETEp HaJ OKEAHOM MOJKET YyBEJIWYUBAThH BBICOTY

rpeOHel U TIyOrHY BIaAuH BOJH?

9. Tlouemy cKOpOCTb 3ByKa B Cpejic OOpPaTHO MPONOPLHOHANbHA €€ TNIOTHOCTH?

10. Ecim OpocuTh B BOay KamMeHb y OeperoB ['mOpanrtapa, TO JoiaeT U BOJHA JO OEperos
CeBepHoOil AMEpUKH, M KakoBa OyleT y Hee aMmiuinTyaa? PaccTosHue Mexay STUMH TOYKaAMU
no kapte 6500 kM.

II1. [lemoncTparust MHTEPPEPEHIINH BOSHBIX BOJH.

NuTepdepenuneint Ha3bIBaeTCH sIBJICHHUE
HAJIOKEHUS BOJH [pyr Ha [Jpyra, B
pe3yjbTare KOTOPOro BIO0Jb OJHHUX
HANPABJICHUIl NPOUCXOAAT KoJeOaHus
VABOCHHOW aMIUIMTYAbl, a BJI0Jb
APYTrUX OHA PAaBHA HYJIIO.

PasHocTh X012 BOJIH JI0 TOUKK HaOmoAeHus,  YTO MOXKHO ONPEACIHTh IO HAOII0aeMOn
JIeXxanien Ha N-0il y3J10BOM JIMHUM:

1 1 uHTepdepeHIIMOHHON KapTuHe? Pa3HOCTh
An=(n - EM wim An = (2n - 1)5, TI€  xoma BOJAH 10 HEKOTOPOM  TOYKHU
n=123.... HAOMIOJIEHUST 10 PHUCYHKY Ha JIOCKE.
Paznocte  xoma  BOAH 10 TOYKH
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o o A
HaOJI0/ICHUs], JISKAIleW Ha n-0M JIMHUU MakcuMyMma: A, = nA wim A, = an’ rae

n=0123... Eciim 10 HeKOTOpOil TOYKHM HAOJIOCHMS PA3HOCTH XO0/4a paBHA

HeJI0MY YHCJIAY JIMH BOJH (YeTHOMY 4YMCJIY IOJYBOJH), TO B 3TON TOYKe
NPOMCXOJUT YCHJICHHE KOJIe0aHMH, a eCcJH He UeJOMY (HEYeTHOMY 4YHCIY
MOJIYBOJIH), TO B 3TOM TOYKE NMPOUCXOAMUT 0Caa0IeHue KoJeOaHui.

A ecnum  u3BeCTEH  pe3yabTaT  MHTEpPEpeHHHH B HEKOTOPOH  TOYKE
UHTEPPEPEHIIMOHHON KapTUHBI? B 3TOoM ciydae, 3Has HOMEp MaKCUMyMma
(MUHMMYMa) U Pa3HOCTh XOAa BOJIH JO 3TOM TOYKHU, MOXKXHO ONPENEIUTh IJIUHY

, X

BosIHBL. Kak paccunTarh pa3HocTh X042 BOJIH? A=PS, —PS, =d-sinp=d r”, ~d T”
Moxno nu HaOmogaTh HMHTepgepeHIHI0 3BYKOBBIX BOJIH, P

cBeTOBBIX BOJH? Kak Obln HU3MCPCHBI JJIMHBI CBCTOBBIX BOJIH?

byner nu nHaGmonatbcs uMHTEp(EpEHIIMOHHAsS KapTHHA, €CIM UCTOYHUKHU L
BOJH HE KOTEPEHTHBI (KOJEOIIOTCS C OJMHAKOBOM YAcTOTOH, HO HE C P
MOCTOSTHHOM pa3HOCTHIO (az)? 7

Hpuamun I'oiirenca: Kaxkaasa Touka cpeabl, 10 KOTOPOH s S,

1L BO3M HHU ABJAECTCA HMCTOYHHUKOM BT NYHBbIX o — X
J0IIJIO o3My1e c, JHACTC CTO 0 op — rvm\\\x |

AN

BOJIH, Oru0a0masi KOTOPBIX JaeT M0JI0KeHHe (POHTA BOJIHBI B [ :‘*}
cJIeAyIOIUii MOMEHT BpeMeHH.
OTtpaxeHne U npeioMJIeHUe BOJH. 3aKOH NMpPeJOMJIEHNUs] BOJIH:

sina v, Av A4 N
T T ==y N\ AL
siny v, Av 4, N
N\ \\
JIrobass BOJHAa MOXET pacHpOCTPaHATHCS, HE OTpaxkasch, B Cpeae, /// N\
COoZIeprKallleil paccerBalOUIMe IICHTPBI, €CIM OHM PACIOJIOKEHBI B BHIC e //

WJICATPHON  TMEPUOJAMYECKON pemieTku (IeMoHCTpanms). Maneimme _%

\
OTKJIOHCHHUA OT IICPUOJUYHOCTHU: HN3MCHCHHUE  paCcCTOSAHHUA  MCEKOY ////\/ \\
\ X

[IEHTPaMH, 3aMEHa OJTHOTO IIEHTpa JIPYTUM, OTCYTCTBHE IIEHTPA, BHI3HIBAIOT
paccesiHie BOJIH (JISMOHCTpAIs).

JMucnepcusi BoaH. JleMOHCTpaIusi MPeJOMIICHUS BOJIH PA3IMYHBIX YacTOT B BOJ-
HOBOM BaHHE. [louemMy "myiMHHBIE" BOJIHBI MPEJIOMIISIIOTCS CUJIbHEE, YeM "KOpoTKue'?
JIJist KakuX BOJIH TOKa3aTesb MpeoMieHus Oombiie? Jlucnepcusi BOJIH - sIBJIEeHHE
pa3OpacbiBaHUsI BOJH HAa TIpaHHlle pa3iena JABYX cpel, IMoOKa3aTelb
MpeJIOMJIeHHsI KOTOPOi#i 3aBUCHT OT 4acToTbl. Jducmepcusi (ot nar. dispergo —

paszbpaceiBath). Kak OyaeT Bectu ceOst Ha rpaHuIiie pas3jaena "oenas" BoHA?

[Touemy "ompokuasiBatoTCs" BOJHBI, NpUOIKaromuecs k o6epery (Mopckoil mpu6oit)? CkopocThb
BOJIH Ha BOJI€ 3aBHCUT OT aMIUIUTYAbI (4eM Oosblue, TeM Oojiblie), mosTomy "Oenass" BONHA WM
BOJIHOBOM MMIyJIbC OyayT paccemBaThes. Eciau koMneHcHpoBath 3G GeKT
paspyuieHus], TO BOSHUKAET COJIMTOH.

[Ipumenenne npunnuna [roitrenca-Openens I>>>>

JU1sL 00BbsSICHEHUS nudpaxkuuu BOJIH.

JAudpaxuuei Ha3bIBaETCHA orudaHus
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BOJIHAMH NPensTCTBHIl (IeMoHCTpanus 1u(paKIuy OT TN U OT IPEHSATCTBHSA).

»

At A 4

- -
/1v_ A /1v_ Ay

I~

Teopuss mudpakumm cBera ot menu (moBropeHue). HampaBienus, BIOAb KOTOPBIX OyzaeT

1
IPOHUCXOUTHh YaCTHYHOE rameHue (a) M nojHoe ramenue (0) BOJH: a) A, = (n—E)}t, rae n =

1,2,...,n;6) A, =nA,rmen=1,2,...,n. Ycnosue makcumyma: A =(2m-1)-(1/2),rne =1,2...m.

2AL

[IlupuHa neHTpanbHOrO0 Makcumyma: y = d +T. B kakom cimydae nudpakuus HaOmromaeTcs

HauOoJiee 0TYeTNINBO; TI0Xx0? Kak MoxHO Habm0MaTh AU pakiuio cBeTa?

1V. 3a0auu:

1.

[IpononbHas ceiicMuyeckasi BOJHA MMaJlaeT HA TPAHHUIY Pa3ziesl ABYX MOPOJ MOA
yraom 40°. OTHOCUTENbHBIE IUIOTHOCTH NEPBOM M BTOPOM MOPOABI PABHBI
cooTBeTCTBeHHO 3,6 m 4,9. Ompenenure yroja MNPEIOMIICHUs, CUMATAsl MOIYIU
YIPYTOCTH 3TUX MOPOJ] OJTUHAKOBBIMHU.

. Cxopocts BoaH B Boje 1450 wm/c. Yacrora komebanumit 725 I'm. Ha kakom

pPacCTOSTHUM HaXOJSATCSl OV KaMIIue TOYKH, COBEpIIaroIue Koiebanus: 1) B mpo-
THUBOIIOJIOXKHBIX (ha3ax, 2) B OAMHAKOBBIX (ha3ax, 3) npu pazHoctu a3z /4.

. PaccTostnue MCKIAY ABYMA KOI'CPCHTHBIMU HCTOYHHKAMH BOJIH Ha IMTOBCPXHOCTHU

BoAbl 5 cM. Touka HabmoaeHus P, nmexkamas Ha TpeThed y3JI0BOW JIMHUH, HAXO-
JIUTCSI HAa paccTossHUU 10 cM OT LIEHTpaJbHOM JIMHUM W Ha paccTossHuU 20 cM OT
TOYKH, JeXKallel TOCpEeINHE MEXAY UCTOUYHUKAMU. OnpeieNuTe IJIUHY BOJHBIL.

. Ha kpasix OTKpBITOI CLEHBI HA pPAcCTOSHUU 6 M YCTAHOBJICHBI JBE AKyCTUUYECKHUE

cuctembl. M3-3a  ommOku 3ByKOoomepaTopa OHHU  «3aryielny». 3pUTEb,
HAXOJMBIIUNCS HAPOTHUB IIEHTPA CIIEHBI Ha paccTossHUU 20 M OT He€, OOHAPYKHUII,
YTO €CJIM OH CMEIAETCs] U3 CBOETO HAYaJIbHOTO MOJIOKEHHUS BJIEBO WJIM BIIPABO Ha
2 M, TO TPOMKOCTb 3ByKa OKa3bIBa€TCs HauMEHbIeil. Ha kakoil yacTtoTe «rynenn»
akycTuaeckue cucteMbr? CKOpPOCTh 3ByKa B BO3/ayxe Obuta paBHa 345 m/c.

. Ot NEpBOTO UCTOUYHHKA AKYCTUYCCKUX BOJIH KoJIeOaHus JOCTHUIartOT MHKpoq)OHa M3a BpeMi T1 =

0,67 c. OT BTOPOro MCTOYHMKA, HA4aBLIEro paboTaTh OJHOBPEMEHHO C MEPBBIM, KoJeOaHUs B
TOUKY pacroyiokeHuss MUKpodoHa ToxoaT 3a T2 = 0,7 ¢. MUHUMAaNIbHBIA WM MaKCUMaJbHbIN
curHai oyzaer pUKcUpoBaTh MUKPO(OH, €CIIH BOJIHBI ¢ A = 6,8 M KOI'epeHTHBIE.

Bonpocur:

1.
2.

[Touemy BonHa «JmxeT» Oeper?
DKCNEepUMEHTATOp HaOMI0aeT MHTEP(EPEHIMI0O BOJH OT JABYX KOTE€PEHTHBIX
MOHOXPOMAaTUYECKUX HCTOYHUKOB. IIpu Kakux yCIOBUSIX OH HE YBUAUT Ha
AKpaHe MOJHOTO ranieHus BOJIH?

IIpu unTepdepeHu BOJHBI MOTYT TracuTh Apyr Apyra. He mpoTuBopeuut iu
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10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

o

ATOT (PAKT 3aKOHY COXPAHEHUS SHEPTUU ?

[louemy onuHOKast cBasi, BOUTas B JHO, HE OCJIA0JISET BOJH Ha Boje?

Bpamas 3Bywamuii KamMepTOH OKOJO yXa, MOXHO 3aMETUTh YCHJIIEHHE U
ocllabJieHue 3ByKa.

Ecnu nBe BoHBI HHTEPPEPUPYIOT APYT C APYroM, TO BIUSET JIU OJHA BOJHA Ha
pacnpoCTpaHeHUue Jpyrou?

Kak mayk, cunsiimuii B LIEHTpE CBOEH JIOBUEH CETH, Y3HAET, B KAKOM MECTE MyXa
3amyTanach B NAyTUHE WIM MPUJIUILIA K HEW?

[Touemy 3achillaHHBIN CHEKHOW JJABUHOW YEJIOBEK MOJKET YCIIBIIIATh CIIACATEIIEH,
a cracaTesid He MOTYT YCJIBIIIATh MOTPEOECHHOTO YesloBeKa 101 CHETOM?

MOXXHO 1M BO3HMKHOBEHHME CTOSIYMX BOJIH CUMTAaTh YACTHBIM CIy4aeM
uHTepdepeHunn?

JlaitTe onpeneneHne BOJHBI.

JlaiiTe onpeneneHue qUCIepCun.

Ecnu ckopocTu BeTpa M BOJIH paBHBI, BETEP BOBCE HE MEPEIAET BOJHE YHEPTHIO.
[Touemy?

[Touemy OT MPSIMOYTOJIBHOTO KUPHUYA HA TOBEPXHOCTU BOJIbI PACIIPOCTPAHSIECTCS
KOJbIIeBast BOJIHA?

[Toyemy KOpPOTKHE BOJHBI Ha MTOBEPXHOCTH BOJBI TEPSIOT OOJIBIIIE SHEPTUHU, YEM
JUIMHHBIE BOJIHBI?

BonHBI U3 OTKPBITOrO OKeaHa B TOM MeECTe, IJIe OHU JOCTHTAalT Oepera, OHU
BCeria eMy napasienbHbl. [Touemy?

[Tpunnun I'roiireHca-OpeHens gaeT BO3MOXKHOCTh OOBSCHHUTH TaKHE SIBICHUSA,
Kak pedpaknuio, qudpakiuto, nHTepdeperiuto. [loscaure!

ITouemy Ha BO3AYIIHOM Iape IACCAXUPhl XOPOIIO  CHBIIIAT 3BYKH,
MIOPOXKJICHHBIC Ha 3eMJIe?

3BYK, pOXKIAIOUIMNUCS B BO3AYyXe, TaM U OCTAETCSA, a 3BYK, POXKIAAIOIIUICS
B OKeaHe, ocTtaeTcsa B okeane. [louemy?

[Touemy m3aydaemMble TOYKAMH BOJHOBOT'O ()pPOHTA BTOPHUYHBIC BOJHBI 00pa3yroT
TOJIBKO OCTYIIYIO BIIEpe.T BOJHY?

. [Touemy 3ByKOBas BOJIHA, MOMAaj1asi B MyCTON KOPIYC T'UTApbl, YCUIUBACTCA?
. IlToBTOpUTH TEMY "3BYKOBBIE BOJIHBI".

BpochkTe B CHOKOHHBIN MPYyA OJHOBPEMEHHO JIBa KaMyllka M HaOIrofaiiTe MHTEpQepeHInio
BOJIH.

[Touemy xapakTepHas psOb Ha TMOBEPXHOCTU COCYJIBKH HWMEET MOUYTH TMOCTOSHHYIO JUITHHY
BOJIHBI?

[TonpITaliTeCh MOMYYUTHh CXOAAIIMECS BOASHBIE BOJHBI UCKYCCTBEHHO, Opocast 0001 (KOJIBIIO)
Ha TIOBEPXHOCTH BOJIbL. UTO BaM yAaaoch HaOMI0IaTh B OTBITE?

[Touemy BOJHOBOUW (PPOHT MMEET OJHOCTOPOHHIOID HAIMpPaBICHHOCTh BO BpemeHu? [louemy
npuHuun ['roiireHca HUYEro He "TOBOPUT" O BTOPUUYHBIX BOJIHAX, PACHpPOCTPAHSIOMIUXCS B
oOpaTHOM HampaBlieHHH (B ponuioe)?

[Touemy MOXKeET ryeTh BOJIOTIPOBOIHAS TPpyDa; mpoBoa?

CkopocThb 3ByKa B raze 3aBHCHT OT JaBJICHUS ) U TUIOTHOCTH rasa p. [lomyuute dopmyny ans
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CKOPOCTH 3BYKa.

O1neHuTe CIEKTPATIBHYIO pa3pelarolylo ClIOCOOHOCTh BAIIEro yXa.

VYcnplmas myM camosiera - Npuraurecs. ONUIINUTE Bally OMIYIIEHHUS U OOBSICHUTE HX.

9. Ilpu ymape OwuTMapIHBIX IIAPOB CIBIIIEH 3BYK. KakoBa BbICOTa OCHOBHOTO ToHA? KakoBBI
00epToHBI?

10. TTouyemy mrymuT Boja B 9aitHuke? OIEHUTE CPEITHIO0 YaCcTOTY 3TOTO IIyma.

11. CocraBbTe 0OOOmatomyto Tabnuny "MexaHuueckrue BOJHBI", UCIOJIb3Ysl PUCYHKH, YEPTEKU U
TEKCTOBBI MaTepHUal.

12. OnumuTe BBIMBIIIJICHHYIO CHUTYallMiO B ()epMe pacckasza, CoJEpKaHHe KOTOPOTO BO MHOTHX
Cllydasix HaXOJMUJIOCh Obl B IPOTUBOPEYUH C COBPEMEHHBIMU MPEACTABIECHUSIMHU O BOJHAX.

AHekaoT: UyKdy OCTaBHIIM CTOPOXXUTH OoJblIyo Oapxy ¢ kuprnudoM. Korma yrpom mpuexanu

pasrpyxars ee, To 4yykda Opocai B BOJy MOCJIETHUM KUPIUY U IPUTOBapUBAJL:

- Hukax ne notimy, nouemy Kupnuy npsamoy2oibHblll, a 601Hbl Kolbyesvle. B camoMm nene, nouemy?

My3blKCl ecnib padocmb dymu, Komopas evlducjiiem, cama noco He CO3HABAA.
T'omghpuo Jleionuy
S| Ypox. [< 3BYKOBBIE BOJIHbBI

Ilym Huarapckoro Bogonajga npupaBauBaercs mymy ¢padpuyHoro uexa.
HEJIb YPOKA: Ha mnpumepe 3BYKOBBIX BOJIH YIUIYOUTh U CHUCTEMATHU3UPOBATH

3HAHMS YYalIuXCs O BOJIHAX.
TUIT YPOKA: KoMOMHUPOBAHHBIH.

OBOPYJIOBAHUE: renepatop 3BykoBoi, wmukpodon, YHYU-3, ocmumiorpad,
IPOMKOTOBOpUTENHh - 2 TIT., dKpaHbl Metamwmdyeckue ot I[ICP, kamepTton c

o ~

MOJIOTOYKOM. MarHuTOCTpUKITMOHHBIN u3ny4yaTensb (18 kl'1r), mpoOupka c areToHoM,
aMIOMUHUEBAsT TMyJpa, CTEKIsIHHas TpyOKa, JUKIOAUM, Kpyrias JropaneBas

IUTACTHHKA, TIECOK.
IIJTAH YPOKA:

1. BerynurensHas 4acTh

2. Ompoc G

3. OObscuenne Ko -
4, 3axperieHue &

5.

3azanue Ha 1OM
Il.  Omnpoc ¢ynnamenrtansusbiii: 1. Uatepdepenmus BonH. 2. Qudpakuus BoiH. 3.

OTtpakeHue 1 MpeaoMIICHHE BOJIH.

3aoauu:
1. OnpeaenuTs MOITHOCTh TOYEYHOTO M30TPOIHOTO MCTOYHUKA aKyCTUUECKHUX BOJIH

N, eciu Ha pacCTOSTHUM T = 25 M UHTEHCUBHOCTH cocTapisieT [ = 20 MB1/M?.

2. [To moBepxHOCTH 0O3epa OEryT BOJHBI CO CKOpPOCTBhIO 2 M/c. MoTopHas ojka
JIBUKETCS HABCTPEUYy BOJHAM CO CKOpOCThIO 5 m/c. C Kakod 4acTOTOW OBIOTCS
BOJIHBI O HOC JIOJIKHM, €CJId TOIJIaBOK Ha TIOBEPXHOCTH BOJBI KOJEOJETCS C
gactotou 0,5 I'i?

I” BouHo#M Ha3BIBaIOT BCSIKOE H3MEHSIOIIEECS BO BPEMCHH IPOCTPAHCTBCHHOC YCPCAOBAHUC
MAaKCUMyMOB U MHUHHUMYMOB T000H (I)PBH‘ICCKOﬁ BCJIIMYMHBI (HHOTHOCTI/I, BBICOTBI TTOBECPXHOCTU
BOJBI, DJICKTPOMAIrHUTHOT'O TOJIA U T. Il.).

3ByKOBaﬂ BOJIHA - KoJIe0aTeIbHOe ABHIKCHHEC YaCTHI yﬂpyFOﬁ Cpeabl, KOTOpPOC
MNEPEHOCHUT IHEPIru1o, yaajadsaCb OT Me€CTa CBOCI'0 BOSBHUKHOBCHMUSL.
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3ByK - oulylieHue, BO3ZHHMKawIiee IPH BO3ACHCTBHM 3BYKOBOHl BOJIHBI HAa
peuenTopbl BHYTPEHHEr 0 yxa.

Hcrounnkm 3ByKa - j1100b1e Ko1e0I0muecss 00beKThl, BHI3bIBAKOIIHE MECTHOE
H3MEHEHHME [aBJICHHUSI MJIM MEXaHH4YeCcKoro Hampsokenusi. llpumep w
JEMOHCTpalusl C KOJIeOaHUAMM 3a)KaTOM B THUCKM CTalnbHOW nuHeWku. [Ipumepsl
HMCTOYHUKOB 3ByKa: KAMEPTOH, CTPYHA, AWHAMHK, CBUCTOK, CHUPEHA, TIOJIOCOBBIE
cBs3ku. [lpueMHNKH 3ByKa: MUKPO(OH, YXO.

OcuummnorpaMma  3Byka. ['apMoHMYeckuil  xapaktep KojebaHue MeMOpaHbl
MUKpopoHa (nemoHcTpanus). My3bIKaJdbHBIA 3BYK — TapMOHHYECKOe KosieOaHue
ONPEAECICHHOW YacTOThl M aMIUIUTYyabl. Ero xapakrepusyror Tpu (u3HYecKuXx
napaMeTpa: BbICOTa, TPOMKOCTb, TeMOp. 3aBUCUMOCTb BBICOTHI TOHA OT YaCTOTHI
Kosie0aHuil UCTOYHMKA 3BYKa. CKOPOCTh 3BYKa v =A-V.

I'pomkocTh 3ByKa. IHTEHCMBHOCTb — U3MEpAEMOE CBOMCTBO 3BYKOBOM BOJIHBI, a
IPOMKOCTh — OIIYUIEHUE, BbI3BAHHOE 3BYKOBOW BOJHOW. 3aBUCHMOCTb I'POMKOCTH
3ByKa OT aMIUIUTYAbI 3ByKOBOM BOJHBI (IeMOHCcTpalus). Equnnia rpoMKocTy 3ByKa
- neuuben (nb): p=10- IgIL, rie Ip = 1:10"? Br/mM® - mopor 3ByKOBOTO OIIYIIEHUSI.

0

Kpuk cuHero kura BO BpeMsi OpayHOTO IepuUoJa MOXHO YCIBIIIATh 3a COTHH
KWJIOMETPOB, TPOMKOCTb ero nocturaetr moutd 190 gb. 3amyck kKocMuyeckoro
maTTia TakKe OMJIYIIMTENEH - ero rpoMkocth gocturaetr 170 nb. My3bikaibHble
3ByKM M Iymbl. [lpubop mmsa u3aMmepeHus myma - mymomep. OcmwniorpaMma
yenoBeueckoro rosnoca. C pasutueM Dypbe-aHanuza - pa3lokKEHUs] CIOKHBIX

KojeOaHU ¥ BOJTH Ha MHOXXECTBO HE3aBUCHUMBIX KOJICOATEIIBHBIX IIPOIIECCOB -

MaTeMaTHYeCKOE H3YUYEHHE BOJIH CTaJIO0 HACTOJIBKO YIOOHBIM, 4YTO OTPOMHOE

KOJIMYECTBO 3aJ1ay, Ka3ajJoch Obl, HE CBS3aHHBIX C BOJHOBBIMH IPOIECCAMH, CTAIH

u3yyaTb HMMEHHO B TepMuHax BoiH! B ¢opmupoBanun TemMOpa  Kaxaoro

KOHKPETHOTO 3BYKa KJIIOYEBOE 3HAUCHHWE MMEIOT €ro OOEpPTOHBI U MX COOTHOIIEHUE

M0 BBICOTE U TPOMKOCTH, IIIYMOBBIE TPU3BYKH U Jpyrue (axropsl. OuiymeHue

TeMOpa omnpegejsierci BeJMYMHON AaAMIUVIUTYA OTAEJbHBIX TapMOHHMK -

OCHOBHOTI'0 TOHA U 00€PTOHOB. YJbTPa3BYK U HHPa3BYyK.

CBoiicTBa 3ByKOBBIX BOJIH:

1. OTpaikeHnue 3BYKOBBIX BOJIH (IEMOHCTpAIIMs).

2. IlpesioMienne 3ByKOBBIX BOJIH. Kak OyayT pacpoCTpaHsSIThCS 3ByKOBBIC BOJHBI,
€ClM BO3AyX Yy 3eMJid Oojiee MPOXJIaJHBINA, 4eM BoO3ayX Haja 3emiei? Takoe
MCKpUBIIeHNE (TIPETOMIICHHE) BOJTH Ha3bIBACTCS pedpaKiiuei.

3. UuTrepdepeHunsi 3BYKOBBIX BOJH (JIEMOHCTpamusi C JBYMS OJWHAKOBBIMU
nuHamukaMu Ha gactotax 1000 - 1500 't u m3MepeHre AJIMHBI BOJTHBI).

4. Indppakums 3ByKOBBIX BOJIH (eMoHcTpaius Ha yactoTe 2000 I'm).

5. He3aBHCHMOCTH pacnpocTpaHeHHs 3ByKOBBIX BOJIH (JIEMOHCTpALIUS).
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6. Opdexr Jommepa (memoHcTpanus). To=A¢/C - TmepHoa KojcOaHUU TpH
HENOJIBM’)KHOM MCTOYHHKE 3BYKa, A = Ay — VT -

A
e - > JUTMHA BOJIHBI, BOCIPUHUMAEMasi HETOBHKHBIM
1 C :
o ) HaOJI01aTeNIeM, €CJTM UCTOYHUK 3BYKa JIBHIKETCS
n _V:‘ Yl n HABCTPEYy IPHUEMHHUKY CO CKOPOCTBIO V :
C C C VO
LRIV, A VA
oo ﬂo _*ﬂ“o 1-—
c

C
<‘N\N\A&/\/\/\/\/\/\ Jlonmonnutenabnasi uagopmanus. Ipdexkr Jomnepa —

siBJICHHEe W3MEHEHHsI YACTOThI BOJIH, PerHCTPHPYEMBIX

OT JBHKYIIHXCS O0BEKTOB WM  JBHKYIIUMUCS
oObeKkTaMu, — HaOJIOJaeTCsl IOBCEMECTHO. OJTO CHOPaBEUIMBO MW JUIsL 3ByKa, M JUId
AJIEKTPOMArHUTHBIX BOJH (KOHEYHO, ¢ ornpezeneHHbIMU nonpaBkamu). C addexrom Jlommepa Mol
MOCTOSTHHO CTAJIKUBAEMCS B KM3HU, HAIIPUMEpP, KOT/Ia CIBIIIMM 3BYK CHadaia IMpHOIHKaIomencs
CHpEHBI, a MOoToOM — ymajsrorieiics. CHadama 3ByK KaKETCs BBIIIE, a IMMOTOM — HA00OPOT, HIDKE
ToHOM. Teopernuecku OH ObUT 0OOCHOBAH aBCTPUMCKUM (u3ukoM eue B 1842 roxy, a cerojaus
9TOT 3(h(}eKT mnpumeHsieTcs BO MHOTUX cdepax HaykKh W TEXHHUKH — OT KOCMHYECKHX
WCCIIEIOBAaHUI... /10 BbINKChIBaHUs mTpadoB BoautensiM. Hanpumep, Omaronmapst 3¢ddexty
Jlotuiepa, acTpOHOMBI YCTAHOBHJIM, YTO BceneHHas pacuiupsieTcs, W TaJaKTUKH pa30erarorcs,
OTIPENIETISIOTCS TTapaMeTPhl JBMKEHUS 3BE3]1, TUIAHET U KOCMUYECKUX armapaToB. JleMoHCTpanus ¢
JMHAMHKOM Ha HUTH, MOJKIIIOYEHHBIM K 3ByKOBOMY I'€HEpaTopy.
JonmonnurteabHass uHdgopmanus (OmeHus): Eciu 1Ba TPOMKOTOBOPHUTENS] HM3TYy4alOT 3BYKH,
HEMHOTO OTJIMYAIOLIUECs M0 YaCTOTE, TO BO3HUKAET 3PPEKT PeryaspHOro M3MEHEHUSI TPOMKOCTH —
ouenus. Eciiu ogHa 3BykoBast BostHa uMmeeT yactoty S00 ['m, a npyras — 503 I'ti, To yactoTa OneHmit
3 I'u. HacTpoilik NHAaHWHO HUCIHOJB3YET KaMEPTOH M PETyJUPYET COOTBETCTBYIOLIUE CTPYHBI
MMUAHWHO JI0 TEX TOp, TOKa He OYAyT yCTpaHEHBI OMCHUSI.
[IprmeHeHne CBOMCTB 3BYKA. Y JIbTPa3BYKOBBIE CECHCOPHBIEC YKPAHBI.

IV. 3aoauu:

1. Onpenenute JIMHY 3BYKOBOM BOJHBI B BOJIE, €CJIHM €€ JUIMHA B BO3JyXE paBHA
0,797 m. CxopocTh 3ByKa B BO3AyXe NpUHITH paBHOU 343 m/c, B Boge 1483 m/c.

2. 3ByKOBas BOJIHA C YPOBHEM rpoMKocTH 75 nb Hamaetr Ha OapabaHHYIO MMEPEMIOHKY
mromanso 5-10° M°. CKOIBKO SHEprHH IOIIOmAeT GapabaHHAs MEPENOHKA B
CEeKyHY?

3. 3ByKOoBOe oOImylieHne coxpaHsiercss y uenoBeka mnpumepno 0,1 c¢. Ha kakom
PACCTOSIHUM JIOJDKEH HAXOJIUTHCS YEIOBEK OT TMperpajbl, YTOOBI CIBIIIATH

pa3ielIbHO OCHOBHOM M OTPAaXKEHHBIN OT Mperpaabl 3ByKu?

4, CKOpLIfI oe3 1 HpI/I6J'II/I)KaeTC}I K CTaHIIMH, ABHUIasACh HpHMOHHHeﬁHO C HEM3MEHHOI CKOPOCTBIO.
MamuHUCT Jal CBHCTOK MMPOAOJKUTCIIbHOCTBIO 10 C, HO CTOSIIIIMN Ha CTaHIUU naccaxxup

CJIBIIIAJI 3TOT CBUCTOK B TeueHHue 9 ¢. Halliure cKopoCcTh IBUKEHUS : B ~

1oe3/1a, €CIM CKOPOCThb 3ByKa B Bo3yxe 340 M/c, BeTpa HeT. o ‘FM ---------- .|
5. JUts  ompeneneHHs CKOPOCTH 3Byka B  BO3AyXe METOIOM |, [ = =8

aKyCTUYECKOTO pEe30HaHCa HCHOJb3yeTcs Tpyba ¢ MOpUIHEM H —i—

3BYKOBOiI MeMOpaHOH, 3aKphIBaromieil oMU U3 ero Topuos. Haiitn |- EE o o7

CKOPOCTh 3BYKa, €CJIH PACCTOSHHE MEXAY COCEIHUMH MOJIOKCHUSMHU TMOPIIHS, MPU KOTOPBIX
HaOmogaetcs pesoHanc Ha yactore 2000 I'ti, coctaBisier 8,5 cm.

89



Bonpocwi:

1.

4.
5.
6.

[louemy 3aKpbIThle OKHa TrOpa3/l0 3aMETHEE 3aUIUIIAI0T OT JAOPOKHBIX IIYMOB
KBapTHUPBI HA BEPXHUX ATa)ax 37aHUs, YeM Ha HHXKHUX 3Taxax?

Hamm npenku Moriau paccipliliaTth JajJeKUil TOMOT KONBIT, IPUIIAB YXOM K 3€MJIE.
[Touemy %e 3TOT 3BYK He ObUI CIBIIIEH B BO31yXe?

OTdero »X0 OT BBICOKOTO 3BYKa, HampuUMep KpUKa, OOBIYHO TIpoMue H
OTYETIIMBEE, YEM OT HU3KOTO?

[Ipu oueHb TPOMKHX 3ByKaX pEKOMEHIYIOT OTKPbIBATh pOT. [[7s1 uero?

[Toyemy y CKpHUIIKH BCETO YETHIPE CTPYHBI, a Y ap(bl UM TUAHUHO — JECATKU?
3aueM MoJIbIN KOPITYC CKPUIIKH, BUOJOHYEHU, TUTAPHI JIeTat0T (GUTYPHBIM?

Uto06b! HA0OP COOCTBEHHBIX YAaCTOT MHCTPYMEHTA ObLI KaK MOYKHO Ooraue.

7.
8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

Ha kakoii yactoTe CibllieH Iyl u3 TpauchopMaTopHOi Oyaku?

[Touemy nHeM Ha IUISKE TroJioca 3BydYaT MPUTIIYIIEHHO, a BEYepOM HA00OPOT
3By4Yar rPOMKO?

[Touemy mocne BABIXaHMS TSDKEJIOro raza (Topuga Cepbl, KOTOPBIH BIATEPO
IJIOTHEE BO3/yXa, Ia)Ke JKCHIIUHBI HAYNHAIOT TOBOPUTH 0acoM?

Moraeie  BeTpa I[HMKJIOHA TMOPOXKAAOT HWH(MPa3BYK, KOTOPBIM  MOXHO
3a(UKCUPOBATh HA PACCTOSTHUU HECKOJIBKUX ThICAY KHJIOMETPOB. [Touemy?

Kaxoe BbIpakeHue SIBISIETCS MPABUIILHBIM: «BCSIKOE 3BYyYalllee TEJIO0 KOJIeOIeTCs»
WIH «BCAKOE KOJICOIIOIIEECs TeJIO 3BYUUT»?

B copeBnoBanusx «®opmyna — 1» mpoeskaromuidl aBTOMOOWIb HM3JaeT IIyM
rpoMkocThio mpumepHo 110 nb. Kakoit rpomMkoctn mym Oyayt u3gaBath 20
OJIHOBPEMEHHO MPOE3KAIOIMNUX MUMO HaOJI01aTeIIsl aBTOMOOMIICH ?

Uemy paBHa MUHUMaJIbHAs JJIMHA SILIAKA PE30HATOPA KAMEPTOHA, 3ByYalllero Ha
yactote 340 I'g?

YTo, eciii CKOPOCTh BETPA MPEBBICUT CKOPOCTH 3ByKa?

3aueM JISATYIIKY pa3ayBaloT My3bIPH - YIIHBIC WIH 300HbIE?

OTyero npu MNOAHECEHHHM K yXYy YallKd WJIH PAKOBUHBI MOPCKOTO MOJUIIOCKA
CJBILIEH 3BYK, HAIIOMHHAIOLIUNA OTAAIEHHBIN IIyM MOps?

[loyuemy 3BYKOBBIE BOJIHBI IPHU 3E€MIIETPSCEHUSIX MPOXOASAT uUepe3 Bce Oolee
rIIyOOKHE CIIOU C BCEBO3PACTAIONIEH CKOPOCTHIO?

B ycnoBuUsSIX THUIIMHBI CBIIIHO TUKAHbE YACOB, & B YCIOBUSX IIIyMa MOKHO HE
yCIBIIIATH J1a’ke TPOMKUIA pasroBop. [louemy?

IIpaBna 1, 9TO0 POKOT MPHOOS — ClIeICTBUE HHTEPhEpECHIINHN BOIH (OneHMs)?
Kak, mo-Bamemy, modemy B OOKaje MIAMIIAHCKOTO OOEPTOHBI BBICIINX YaCTOT
3aTyXaroT ObICTpee, YeM OCHOBHOM TOH?

Uemy paBeH MoOKazaTellb MPEIOMJICHUS BOAbI OTHOCUTEIBHO BO3JyXa JJIs
3BYKOBBIX BOJIH?

3aBUCUT JIH CKOPOCTb 3BYKa OT CBOWCTB CpeAbl, B KOTOPOHM 3BYK
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23.

24,

25.

26.

27.

28.
29.

o

o

10.
11.

12.
13.

14

pacnpocTtpansiercs?

Kak mOroHIIMKM CKOTa HIENKAIOT CBOMM KHYTOM: DHEPTUsS U UMITYJIBC BOJIHBI
IIPAKTUYECKNA COXPAHSAIOTCSA, a TOJIHMHA KHYTa CTPEMUTCA K HYJIO, ITOITOMY
CKOPOCTb KOJI€OaHHs YBEIMYMBAETCS U CTAHOBUTCA CBEPX3BYKOBOM. Tak ju 3107
[louemy y MAJIBUUKOB «JIOMAETCS TOJIOCH?

W3mensieTcss 1M BbICOTa 3ByKa CBHUCTKA, KOrja JAyeT BeTep (aHajorus c
MEePUOJNYECKON YCTAaHOBKOM MaKETOB HA JIBHIKYIIYIOCS JICHTY KOHTEelHepa)?
Kakum 06pazom co3gaeTcs IIyM MpHU JIBUKEHUU T0e3/1a (aBTOMOOWIIS) U KaK €ro
MOHO YMEHBIIUTH?

['onoc crnpliieH Ha OOJBIIOM PAcCTOSHMM, HO CJIOB MHOTAA pa3o0paTh HENb3S.
Uem 3T0 00BSACHUTH?

[Touemy J1r0AM TOBOPSAT HA Pa3HBIX SA3BIKAX?

Ha Oepery Mopsi pe3vHOBBIA IIap-30HA, MNPUOJMKEHHBI K yXy, BBI3BIBAET
CWIbHYIO 00Jb B yX€, €ClU TZIe-T0 B Mope OyuryeT mtopM. YeM OOBSICHUTH 3TO
SIBJICHUE?

. MoxHO 11 ycnblmaTh OpOyHOBCKOE BUKEHHE?

. [Touemy 6poyHOBCKOE IBM)KEHUE YACTHUIl BO3yXa HE BBI3BIBAET IITyM B yIax?
. Kornma ckopocTHON aBTOMOOWMIIb WM CaMOJIET TIPEOJI0JICBAET 3BYKOBOM Oaphep, OKpPYKaIoIIne

cIIpImaT XJIomok. CHBIIINT JIM 3TOT 3BYK CaM MMUJI0T?

. KoHcrexkr.

Kak Bo3HMKaeT 3ByK OT yMaBIIKUX B 03epo (JTyXKY) Kanemib 0?7

[Touemy B OoKayie MIaMIIAHCKOTO OOEPTOHBI BHICOKHMX YAacCTOT 3aTyXaroT ObICTpee, 4em Oosiee
HU3KAA OCHOBHOU TOH?

Korna pazbuBaeTcsi CTEKII0, TPEIIMHA PACIPOCTPaAHIETCSI CO CKOPOCThIo 4828 km/4. CKOpPOCTh
3ByKa B crekiie 4800 m/c. Kak BbI 1ymaeTe, 4To OOJIbIIE U IoYeMy?

[TouemMy OIMHAKOBBIM 3BYK (CKpHUII) M3JAIOT CTOJb pa3HbIe IMPEIMETHI: JIBEPH, IOJIOBHUIIBI,
HOBasi 00yBb, KYCOK MeJla, Kadaroluecs aepeBbs U mnp.? OT4ero oHU MOTOM MOTYT MepecTaTh
CKpUIETh?

[Ipenmonaraiot, 4To Ha TpaHulle Tporochepsl U 030HOBOTO CIIOS CYIIECTBYET 3BYKOBOW KaHAI:
3BYK PAaclpOCTPaHAETCs BJIOJIb HETO M HE MOXKET €ro MOKUHYTh. [loueMy Takoe BO3MOKHO?
[Touemy neuka ryaur, Korjga TONATCS?

Korpa Beiuenmue u3 neporo (okyca smnunca Fi BomHbsl 1o0epyrest 10 BToporo dokyca, ux
(GpOoHTHI OyIyT UMETh BUJI OKPYKHOCTEH ¢ HEHTPOM Fa, 1 MBI 3aMeTUM B 3TOT MOMEHT BCILIIECK
B Touke Fy. [Touemy 310 nmpouzonnio?

[Ipemioxure MeTo A NepeMenIeHUs IPEAMETOB 3BYKOBBIMU BOJTHAMM.

Ecnu B34Thb B pOT OJMH KOHEI] KOPOTKOM COJIOMUHKM U CHJIBHO TMOAYTh B HEro, TO
MIPOCTPAHCTBO BHYTPU COJJIOMUHKH CTAHOBHUTCS PE30HATOPOM, U OHA MU3JAET 3BYK, UITMHA
BOJIHBI KOTOPOT'O MPEBBIIAET JJIMHY COJJOMUHKH B J1Ba pa3a. Tak iu 310?

Kak onpeaenuts ckopocTh kKopabis Mo GOTo €ro BOJIHOBOTO ciena?

Ecnu B xpycranbHOM O0Kase, HAMOJIHEHHOM BOJIOH, MPOBECTH O €0 KPAard MOKPHIM MaNbIIEM,
TO OH HauHEeT "MeTh", IPU STOM B IIEHTPE BO3HUKAET Oyropok (aHAJIOTHMYHO C KacTprolied u3
HepxkaBeiikn). Mccnenylite u 00bsiCHUTE sIBJICHUE.

[Ipennoxxure MpoeKT YCTPONCTBA, KOTOPOE ObI raciiio HEMPUATHBIC 3BYKU B Ballleil KoMHaTe?
Korpa ToHkme OymaskHbBIE TMOJOCKA OOMYBAIOTCS MOTOKOM BO3/AyXa, CIBIIIEH XapaKTePHBIH
ryM. MOXHO JId TIO 3TOMY LIYMY ONPEAEIUTh CKOPOCTh OTOKA?

DHeprus, KOTOPYI OOBIYHO MEPEHOCAT 3BYKOBBIC BOJHBI, O4eHb Mana. Eciu crakan ¢ BoAou
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IIOJIHOCTBIO MOTJIOLIAJ BCIO MAJAIOLIYI0 Ha HEro 3BYKOBYIO 3HEPIHMIO, COOTBETCTBYIOILYIO
rpomkoctd 70 nb, To mis TOro, 4TOOBl HArpeTh BOAY A0 KumneHHs noTpedoBaock 061 30000
net. Tak au 3107

15. CkoJbKO HYXHO KpHYAIIMX JIIOAEH, YTOObI MPOU3BECTH JOCTATOYHO SHEPIUU ISl 3a)KUTaHHS
OOBIYHOH JIAMIIOYKH HAKAJIMBaHUSA?

16. Ecmu moxyte B rpaduH C JJTMHHBIM U Y3KHM TOPJIBIIIKOM, TO Pa3lacTcs 3BYK YacTOTOH V.
Haiinute 0ObeM ropiplika, €Ciiy IJIonaas CeYeHNs TopiIbIKa rpaduHa paBHa S, ero amuHa £,
a CKOpOCTb 3BYKa B BO3/1yXE C.

17. VHorma mpu pe3KOM BCTPSXMBAHUH TIIOJIOTEHIIEM MOXKHO YCIBIIIATh XapaKTEPHBIA 3BYK,
MOJIOOHBIN 3BYKY INEIKaHbs XibicTa. Mccnenyiire 3To siBneHue. [loueMy MOKpoe MOJIOTEHIE
mIEIKaeT TpoMye, yeM cyxoe?

18. Tlouemy Ha JHE BOJOEMOB 0Opa3yeTcs pedpucTas CTPYKTypa U Kak OHA 3aBUCUT OT TITyOWHBI
Bojoema?

19. 3auem kKamepTOH Jenaercs ¢ AByMsl HOKKaMu? ['OJWTCS M KaMEpTOH JUISl CBOETO OOBIYHOTO
MIPUMEHEHHUS], €CIIH OJHY U3 €r0 HOXKEK OTIUIIUTH?

20. KakoB, 1o BameMy MHEHHIO, IPUHIHIT JEHCTBUS aKYCTUYECKOTO XOJIOANIbHUKA ?

Inexmpomaznumnoe nojie - 3MoO ma Yacmv HPOCMPAHCMEA,
KOMOpasi CO0epxcum & cebe u OKpyicaem meid, Haxoosuuecs
8 INEKMPUYECKOM UTU MACHUMHOM COCMOAHULU.

. Maxkceenn
S| Ypox 3. [Z JIEKTPOMATHATHASI BOJIHA

Juis Bac Mo:keT ObITH MoJie3eH neBu3 MakcBesia « Work, finish, publish».
HEJIb VYPOKA: CucrematuzupoBaTh H O000OIIUTH 3HAHUSA ydalmuxcs 00

anekTpoMarHuTHOM Tojie. [lonb3ysick KauecTBEHHOW (POPMYIHMPOBKOW YpaBHEHUM
MakcBemia, 000CHOBaTh (aKT CYIIECTBOBAHMS AJIEKTPOMArHUTHBIX
BOJIH. JlaTh omnpenesieHue MOHATUSA "IJIeKTpOMarHuTHas BojHa'.

TUIT YPOKA: KoMOMHUPOBAHHBIH.

OBOPYJIOBAHMUE: xkarymka WHIYKTUBHOCTH, TaJlbBaHOMETP OT
BOJIbTMETpPA, MarHuT JIyrooOpasHbli, ocumuiorpad, TpanchopmaTop

yauBepcanbhbiii, ['BU ¢ u3nyyarenem u npuemHsiM aumnoiem, BYII-2,

KHMHO(parMeHT "DIeKTpOMarHuTHbIC BOJTHBI".
IIJTAH YPOKA:

BerynurensHas yacth
Onpoc

OObscHeHUE
3akpenieHue
3agaHue Ha IOM

II. Onpoc pynnamenrtansublii: 1. MaTEpdEpeHrs BOIH.

aogrwnPE

2. Mudpakmus BomH. 3. OTpakeHHe U MPETOMICHHE BOJH.
3aoauu:
1. Ilyns mposierena co CKOPOCThIO, B JIBa pa3a OojbIIei

CKOPOCTH 3BYKa Ha pacCTOSAHUU 5 M OT yesoBeka. Ha
KaKOM PacCTOSHHM OT YeJIOBeKa ObLIa IyJisi, Korjaa oH yciblman ee cBuct? Konyc
CHUJIBHO C)KaTOr0 BO3/lyXa PAaCHpOCTPaHSCTCS BOKPYT JIIOOOTO0 00BEKTa, CKOPOCTh

KOTOpOT'0 OOJIBIIIE CKOPOCTHU 3ByKa. Korja 3To c)katue I0CTUraeT 4eoBeKa, TO OH
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CJIBILINAT BHE3AHbIM U TPOMKUU 3BYK — 3BYKOBOM yJIap.

2. YpOoBEeHb TPOMKOCTH 3BYKa PEAaKTUBHOI'O camoiieTa Ha pacctossHuu 30 M OT Hero
paBeH 140 nb. KakoB ypoBeHb rpoMKOCTH OT camojera Ha pacctosHun 300 m?
OTtpakeHrueM OT 3eMJIM IPeHeOpeyb.

3. llpwxxumasi cTpyHy, CKpUIa4yM 3aJal0T YacTOTy KOJIeOaHMH, a KiamaHbl JTYXOBBIX
MHCTPYMEHTOB 3aJ1al0T JIJIMHY BOJIHBI U3/1aBa€MOTO 3BYyKa. M3-3a OTKPBITOrO B 3aJi€
OajyioHa ¢ rejieM CKOpOCTh 3ByKa yBenuumiach Ha 10%. Ha ckonbko repi Tenepb
CTaJIM OTINYATHCA YaCTOTHl HHCTPYMEHTOB, H3HAYaIbHO HACTPOEeHHBIX Ha 300 ['n?

4. PaboTtaroniass B TOMEIICHUH KUBOTHOBOJYECKOTO KOMIUIEKCA JJIEKTPOIOMKa
CO3/1a€T ypoBeHb 1iyMa B 75 Ab. Onpenenuts ypoBeHb IiIyMa, KOrAa B IOMEIIEHUH
OyIyT BKJIFOYEHBI Cpa3y TPHU TAKUX YCTAHOBKHU.

5. C aBmaHoOCIIa, ABHXKYIIETOCS CO CKOPOCTHIO V; = 60 KM/4 HaBCTpEUy 3CMUHITY, MOCHIIAETCS 10
BOJIC YJIBTPAa3BYKOBOM curHaia 4dactoTtol vo = 60 kl'm. OTpaxkeHHBI OT 3CMHUHIIA CUTHAI
MPUHUMAETCS Ha aBHaHoOCHE ¢ 4Yactorod v = 63 kl'm. OmnpenenuTs CKOPOCTh V, 3CMUHIA.
CkopocTb yapTpa3Byka B Boje ¢ = 1,5 km/c.

Bonpocwi:

1. TlormomaeMoCTh 3ByKa CTEKJIOM 3HAYUTEIHHO MEHBIIE IOTJIONAEMOCTH 3BYKa
BO3/IyXOM, OJTHAKO, 3aKpbIBasi OKHO, Mbl 3HAYUTEJIBHO OCIA0JIsIeM CIBIIIMMOCTh
YIUYHOTO IIyMa. YeM 3T0 MOKHO OOBSICHUTH?

2. Tlouemy 3ByKOBBIE BOJIHBI, UCITyCKaeMble KUTaMH, PACIPOCTPAHAIOTCS Ha OYEHB
OOJbIIINE PACCTOSTHUS, a IeNIb(PUHOB — TOJIBKO Ha HECKOJBKO JECSTKOB METPOB?

3. Kak usmenurcs 3ByK CTpyHbI, €CJIH yaAap OyJeT cuibHee?

4. Tlouemy He HaOmomaercss wuHTepdepeHnus 3Byka OT JBYX JMHAMHKOB
JIOMAIIIHETO KUHOTeaTpa?

5. TloueMy CBHCT CIIBIIIIEH HA OOJIBIIIEM PACCTOSIHUU, YeM KPHUK?

6. IloueMy OKOHHBIE CTEKJIA JIOMAIOTCS CO 3BOHOM, a Oymara mpH CBEpTHIBAHUU -
IIypUINAT?

/. IloueMy BO BpeMs CHeEToIajia Tak TUXO (BO3AYyX B CHEKUHKAX).

8. Ilo mepe morpyxeHus B TIIyOHHY T'0OJIOC BO/I0a3a CTAHOBUTCS] BUSTIUBEIM, a peb
Hepa3z0opumBa («yTuHas» peus). [louemy?

9. IloueMy CKOpPOCTH 3BYKa CJIOKHO Ha3BaTh KOHCTAHTON?

10. CymecTByeT 1 BEpXHSsI TpaHUIAa CKOPOCTH 3BYyKa?

11. KakoBa posb pymnopa?

12. AMmntyna 3BYKOBOW BOJIHBI BO3pOCia BABOE. UeMy O3TO COOTBETCTBYET B
nenuoenax?

13. IHTEHCUBHOCTh 3ByKa OT TPOMKOTOBOPHUTENS TMPSMO MPOMOPIIMOHATHHA
KBaJ[paTy NPWIOKEHHOIO0 HampshkeHHs. Ecnu HanpspkeHwe yBenuuuBaetrcs B 10
pa3, TO Ha CKOJIbKO JIe1I0eIl BO3pacTaeT I'POMKOCTh 3ByKa?

14. Ecnu nepeBo magaeT B JieCy, € HUKOTO HET, IPOU3BOAUT JIK OHO IPOXOT?
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15. YeM 0OBACHUTD, YTO YEIOBEK XYXKE CIBIIIUT HU3KHE U BHICOKHE YACTOTHI (TO K€
OTHOCHUTCS K 3PEHUI0)?

16. ODddexr [lomnepa mnpu pacnpoCTpaHEHUM 3ByKa CUIbHEE, KOTJa JABUKETCS
MCTOYHHUK, YE€M, KOT'/Ia IBH)KETCS HaOmoaaTenb. Tak jau 31o?

17. Ilouemy unauiickue ¢akupbl Opaiu 1 CBOUX (POKYCOB METAUIMUECKHUE Ba3bl C
JUTMHHBIM TOHKUM TOPJIBIIIKOM ?

18. IloueMy HenoNHBIA YaHUK Mepe] 3aKUIIAHUEM BOAbI "IIYMUT' CUJIbHEE, YeM
TIOJTHBIN?

19. Ha peke, Tekymieil co CKOpPOCTBIO V, PAaCHOJIOKEH HEMOABUXHBIA HMCTOUYHHK
kosnieOanuii. Huxke 1 BbIlIe MO TEYEHUIO PEKU YCTAHOBJIEHBI TAKXKE HETOABUKHBIC
NpUEMHHKHU Kojebanuil. Kakue 4acToThl perucTpupyroT MPUEMHUKH.

20. JIBa KOrepeHTHBIX UCTOYHHMKA U3TTy4alOT 3BYKOBbIE BOJIHBI B OJIMHAKOBBIX (hazax ¢
nepuomom 10° c. KakoB pesymbraT HHTEpP()EPEHIMH BOIH, s KOTOPBIX
pa3HOCTh X0/a paBHa 29 M, CKOpOCTh BOJIH 1450 m/c?

21. MOXHO JI1 YBUJIETh 3BOH?

III. OcHoBHBIE CBelleHUS 00 IIEKTPOMATHUTHOM I0JIE: BuxpeBoe siekTpuyecKkoe mose
co3laeTcsi NepeMeHHbIM MAarHuTHbiM mojem (Puc. 1). MaruuTHoe moJsie co3xaercs
3JIeKTPUYeCKHM TOKOM M IepeMeHHBIM JieKTpudyeckuM noJieM (Puc. 2). Acummerpus Mexay

_ AAB _ AE
B —>0 E —>0
At At |~
B
EPHC.I B Puc. 2

INEPEMEHHBIMU  DJICKTPUYCCKMMHU W MArduTHBIMHU  IIOJISIMH. HpOHBJ’IeHI/IH OJICKTPUYECKUX U
MarHUTHBIX ITOJICH. 3JI€KTpI/I'-IeCKOG U MAarHuTHOE 110J1€ -
NMPOABJICHUSA C¢AUHOI'0 H HeaeJIMMOoro
JICEKTPOMATrHUTHOI'O I10JI41. HUsmenenue QJICKTPHUYCCKOI'O
TOKa B IIPOBOAHUKEC u pacupoCTpaHCHUC

AJIEKTPOMArHUTHOTO UMITYyJbCA. 3apucoBath
pacmpocTpaHeHHuEe HMITylIbca B MPOCTpPAHCTBE (c3aau
W3MEHEHHUS TacsT YT Jpyra, a BIEpe. paclpoCTpaHsIeTCs

IIEKTPOMArHHTHBL HMIYIEC cO cKOpocThio 3:10° Mm/c). To ecTh, MBI MOXEM PacCMATPHBATH

IOPOBOJHUK C TIEPEMEHHBIM TOKOM, KaK TI'eHepaTop
JIEKTPOMAarHUTHOTO MOJS  YXOJALIEro Jajeko B
IPOCTPAHCTBO, O YeM TOBOPST TaK: MEPEMEHHBIH TOK
CO3/1aeT AJIEKTPOMArHUTHYIO BOJHY B IPOCTPAHCTBE.
[TomecTuB Ha ee MyTH MPOBOJHUK, Mbl OOHApYKHBaeM
3TY 3JEKTPOMArHUTHYIO BOJIHY.

DJIEKTPOMAarHuTHasi BOJIHA - [IOCJIE[OBATEIbHOCTD
JJIEKTPOMAarHUTHBIX UMITYJIbCOB, PACIIPOCTPAHSIOIINXCS
BIIPABO OT U3MEHSIOIIErocss B JaHHOW oOnacTu

MNpoOCTpaHCTBA  JJICKTPUYCCKOTO HWJIM  MArdtuTHOTO  IIOJIA. HaHpaBJleHI/IC MAarduTHOTO H
QJICKTPUYCCKOTO ITOJIA BJICKTPOMaFHI/ITHOﬁ BOJIHBI B €€ PACIIPOCTPAHCHUHN PACIIOJIOKCHBI TaK, KakK
0 9 o o o
PACTOIIBIPCHHBIC MO YTJIaMU 90 6OJ'IBI_I_IOI/I, YKa3aTCJIbHBIN U CPCAHUU MMAJICI ITIPABOU PYKHU.
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CunycounanbHas DJIEKTPOMArHUTHAS BOJIHA (MTHOBEHHBIH "CHUMOK"
AJIEKTPOMArHUTHOM BOJIHBI). YacTtoTa kojieOanuil. J[muHa »1eKTpOMarHuTHON BOJIHBI
10 pUCYHKY. CBSI3b MEXKIY JNIMHOW BOJHBI, YACTOTOM U CKOPOCTHIO PACIIPOCTPAHECHUS
BOJIHBIL: U = Av .

C

1
VEoHo \/E .

VYpaBHEHHsI IEKTpOAMHAMUKH, OTKpbIThIe MakcemioM B XIX Beke, J€riin B OCHOBY pa3BUTHUSA
anekTpoHukd B XX Beke. CorjlacHo ypaBHEHUSIM MakcBesia AJis 3J€KTPOMarHuTHOTO TI0JIsA, CBET B
MPOCTPAHCTBE BCErJa ABUKETCA C OJHOW M TOM K€ CKOPOCThIO, HE3aBUCHUMO OT CKOPOCTH
HaOIrogaTeN .
Cambim yenexamenoHblM NpeoMemom moe2o yyenus ovina meopus Makceenna. Ilepexoo om cun
0abHOOEUCMBUsL K NOJIAM KAK OCHOBHbIM 8eIUYUHAM, Oela] MU Meoputo peeortoyuoHHOU.

A. Dunwmenn
OOBIYHO TOBOPST, YTO DJIEKTPOMArHUTHAs BOJIHA JBAXKJBI IMOIMEpPEYHa, B OTIWYHE OT 3BYKOBOM
BOJIHBI, KOTOPAs JIUIIb €MHOXKIbI MPOJOIbHA.
JonosnutenbsHasa uHopmanus. B BakyyMe CKOpPOCTh PacHpOCTpPaHEHHUsS 3JIEKTPOMArHUTHBIX
BoyH ¢ ~ 3-10° m/c. B kakoii cucreme orcuera? Takas rumoternuecku BbinenenHas VUCO Gbuia
0OBSIBIICHA COIMYTCTBYIOIIEH MHUpPOBOMY d(Hpy Kak cpeae, B KOTOPOH pacmpoCTPaHSIOTCS
AJIEKTPOMArHUTHBIE BOJIHBI. D(UP MODKEH OBITh TEKYYHM, KaK XHUIKOCTh WJIH Ta3, YTOOBI
PaBHOMEPHO 3alOJIHATh MPOCTPAHCTBO, U BMECTE C TEM B MWJUIMOHBI pa3 TBEPXKE CTAU, YTOOBI
MOJIEPKUBATHh BBICOKHE YACTOTHI PACTIPOCTPAHEHUS AIIEKTPOMArHUTHBIX BOJH. Kpome Toro, adup
JOJIKeH OBITh 0€3MacCOBBIM U C HYJIEBOU BSI3KOCTBIO, YTOOBI HE BIUATH HA OPOUTHI IUIAHET, a TaKkKe
MOJIHOCTHIO MPO3pPAYHbIM, HEC)KMMaeMbIM M T.1. Takoil 3pup BBIXOAMI 32 BCE paMKH 3paBOro
cmbicina. Kanauaar Ha posib HOBOTO d(upa — Pusndeckuii BakyyMm. TemMHas SHEPTrus U paclIupeHHe
BcenenHoii ¢ yckopeHreM, KOTOpO€ Ha4aJloch 4epe3 S MUUIHapA0B JieT nocie bonpmoro B3peia.

3aKOH M3MeHEeHHsI JJIEKTPUIECKOr0 1 MATHUTHOI0 BEKTOPOB B 3JIEKTPOMATHHUT-
HOM#l BosiHe: E;= E__ sin(kr— at); B, = B sin(kr —at).

DopMyJIbl JIEKTPOAUHAMUKU: ¢ = (ckopocrts cBeta); B = E/c; v =

VYerpoiictBo 'BY. U3nyyenue u mpueM 31€KTPOMArHUTHBIX BOJIH.
BriBOADLI:

¢ JJIeKTPOMATHUTHAS BOJIHA MOINEpPeYHa.

o [lepeMeHHbIe 3J1eKTPOMATHUTHBIE MNOJSI OTPHIBAKTCH OT MPOBOAHHMKA C
TOKOM U MEPEHOCAT FHEPTUIO B IPOCTPAHCTBE.

e Hanuumne yckopeHusi - rjiaBHOe YCJI0BHE M3JIYy4YeHHS IJIEKTPOMATrHHUTHBIX

BOJIH.

KadecTtBenHoe o0bsicHenne. HenoIBIKHBIN 3apsij HE U3JIy4aeT SHEPruio, Kak U JBIKYLIUICS C
MIOCTOSIHHOM CKOPOCTBIO, MHAUE BCErJia MOXKHO ObLIO Obl YCTAHOBUTH, HAXOXKYCh 51 B ABMKYLICHCS

NCO nnun venonsmxHoi. M31y4aTh JHEPrui0 MOKeT TOIbKO YCKOPEHHO NBWIKYIIMIICH 3apsj,

2
X

MOCKOJIbKY 3apsJl U3JIy4aeT MNpU CMEIIEHUH B IOJIOKUTEIBHOM HANpaBIeHUU OCH X, TaK U B
orpunarensioM, Ho Toraa I ~ a’ ~ @' ~ v*. Ipuunuoii BO3HHKHOBEHMS 31eKTPOMATHHTHBIX
BOJIH SIBJISIETCS] YCKOPEHHOE ABHKEHH e 3JIeKTPHYeCKHX 3aps10B.

Bompoc: DneKkTpoHbl, KOTOPbIE JETAT O OKPY)KHOCTH CO CKOPOCTBIO, OJM3KOM K CKOPOCTH CBETa,
B MarHUTHOM T10JI€ TEPSIOT 3HEpruto B Bujae potoHoB! [Touemy?

BHCKTPOMaFHI/ITHaH BOJIHA - B3aMMOCBSI3aHHbIE€ KOJIe0aHHUs INCKTPHYECCKUX H
MarHmTHbIX HOJIeﬁ, KOTOPLIC PACHPOCTPAHAIOTCHA B IIPOCTPAHCTBE C KOHEYHOH

CKOPOCTBI0 H IICPECHOCAT IHEPIUIO.

npuueM, YeMm Oonblie yckopeHue (a. ), TeM Oojblie MmiIoTHOCTh nmotoka sHepruu (I). I ~ a
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JonosanutenbHas uHopmammsa. [Ipubopbl CBEpXBBICOKON 4YaCTOThI HA CErOAHSALIHMNA JICHb
3aM0JIOHMIM BCE: 3TO MMKPOBOJIHOBKM, COTOBAasl CBSI3b, MHTEPHET, PaJAMOJIOKALMU, CIIyTHUKOBOE
TEJICBUJICHUE U elIé Kyda-Kyda Bcero. Ecinm Bpemst koyie0aHus dJIeKTpoHa OyAeT CTOJIb MAIIbIM, U4TO
OH OyzeT (GakTHuecKH KojeOaTbcs HA MECTE, HU O KaKOM TOKE WJIM HANPSHKCHUU PEeUYH OBITh U HE
MoxeT! OIHaKoO €clii MBI IOCTaBUM PSAJIOM C LENbI0 NPUEMHUK, TO OH 3apETUCTPUPYET IHEPIHIO.
DT0 HAaBOJUT HAC HA MBICIIb O TOM, YTO HE TOK M HaIIPsLKEHUE TJIaBHbIE, a 10Jis. VIMEHHO coueTaHus
10JIEH, BO3HUKAIOLIUE B pe3yJIbTaTe KOJIeOaHUs 3JIEKTPOHOB, IEPEAAIOT SHEPTUIO HAa PACCTOSHUE.
bnaronaps MakcBesuly cTajio HOHATHO, YTO BUJIUMBIE JIY4H SIBJISIFOTCSI 3JI€KTPOMArHUTHON BOJIHOM -
SHEPTrHUeH, pacIpOCTPAHSIOIIEHCS B IIPOCTPAHCTBE.
A nonacaro, umo pacnpocmpanenue MASHUMHBLIX CUL OM MASHUMHO20 NONIOCA NOX0JHce HA
Konebanue 83601HO8AHHON 800OHOU NOBEPXHOCMU UNU JHCe HA 36YKOBble KOJIeOaHUs Yyacmuy 6030yxa,
m.e. sl HaMepeH NPULONCUMb MEOPUr0 KONeOAHUU K MASHUMHbIM AGNEHUAM, KAK MO COeNAHO No
OMHOUWIEHUIO K 38VKY, U ABNIAeMCs Hauboiee 8epoSMHbIM 00bACHEHUEM C8EeMOBbIX AGIeHUL.
12 mapma 1832 2. M. @apaoeii

IV. JlemoHcTparust kuHogparmeHTa "IIeKTpoMarHuTHasi BOJIHA'.
3aoaua:
1. Onpenenuth ATUHY SJIEKTPOMArHUTHOW BOJIHBI B BaKyyMe, €ClIM 4acToTa KoJieOaHWi B Hell

4,5-10"T'11. Yemy paBHA CKOPOCTH PACIPOCTPAHEHHS 1 UTHHA 3TOH ke BOJHBI B mapadume?
Bonpocwi:

1. Bokpyr 3apsK€HHOTO Tejla B 3aBUCUMOCTH OT BBIOOpA CHCTEMBI OTCUETa MOXKHO
pPETUCTPUPOBATh HAJIUYUE JJIEKTPUUECKOrO0, MAarHUTHOTO U DJIEKTPOMATrHUTHOTO
nosiei. O3HavaeT JM 3TO, YTO BBHIOOPOM CHCTEMBI OTCYETA TOJIE MOXKET OBITh
"YHUUYTOXKEHO"?

2. B HemocpencTtBeHHONW ONM30CTH JPYyr OT JApyra HaXOASATCS BIEKTPUYECKU
3apsHDKEHHBIM 11ap M MOCTOSIHHBIM MarHuT. CyIIecTBYET JM B OKPYXKAIOIIEM HX
IPOCTPAHCTBE AJIEKTPOMArHUTHOE 1oJie?

3. MrHOBEHHOE 3HAYE€HWE MArHUTHOW WHAYKIMA B PACHPOCTPAHSIOUICHCS BIIPABO
AIEKTPOMArHUTHOM BOJIHE M300paxaeTcsi B HEKOTOPOH TOUYKE BEKTOPOM, HIIYIIHM
OT Hac. B Kakyio CTOpPOHY HamlpaBi€HO YCKOPEHHUE BJEKTPOHA, OKA3aBILETOCs B

3TOU TOYKE?

4. Tlouemy DIEKTPOMArHUTHBIC BOJHBI JABIKYTCS B BO3IyXe OBICTpEe, 4eM B BOJC, & 3BYKOBBIC —
Ha000poT?

-

. IlepeBeauTe SMEKTPUYECKYIO SHEPIHUIO, 3allaCCHHYIO B KOHJIEHcATope eMKOcThio 10 MKD,
KOTOPBIN 3apsbkeH 1o Hanpspkenus 30 B, B sHepruro 3BykoByto. Pazpaboraiite ycTpoiicTBo, He
coJieprKallee BHyTpH ce0s MCTOYHUKOB SHEPTHH, KOTOpOoe Obl 00ecreynBaio Ha pacCTOsHUM | M:
a) MaKCUMaJIbHYIO TPOMKOCTB 3BYKa JJISl YEJIOBEYECKOTO yXa; 0) MaKCUMAIIbHYIO JUINTEIHLHOCTD
CHUTHaJIa.

2. JIx. K. MakcBen1 cBOUMH yIUBUTEIBHBIMU YpaBHEHUSIMH B 1865 roay oObeAMHUI pa3IuvHbIe
paszaensl GU3UKU: ONTHKY, 3JEKTPUUECTBO, MarHeTu3M. OOOCHYITE 3Ty MBICb.

. MI3roToBbTE MOJIENH 3JEKTPOMArHUTHONW BOJIHBI.

4. MUMO HENOABMKHOTO  HaOmrojaTens MpOXOAMT anekrpornoe3n. Ilpu  mpubnmxenun

3JIeKTpoIoe3/ia HalIro1aTeNb BOCIPUHUMAET 4acToTy cupensl vi = 1100 ', a npu ynanenun

noesfa — vo= 900 I'u. OnpenenuTs CKOPOCTH IEKTPOIIOE3Ja U YaCTOTY U3Ty4aeMOro 3ByKa.

..omu onvlmvsl mMo2cym CJayacuntb OCHOBAHUEM o meopuu 31eKnpomMacHUmMHbLX

w

sa81eHutl, Komopyio co3oan Makceenn, ocnosbleascy Ha 8033penusx Papadest.

I I'epy
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S| Ypox 4.[C U3J1YYEHUE DJIEKTPOMATHUTHBIX BOJIH
JICKTPOMATHUTHASI BOJIHA NMOABJISCTCH IPHU IBHKCHUH 3APHAKECHHDBIX YaCTHI ¢ YCKOPCHUEM.
HEJIb YPOKA: Jlate npeacraBieHue 00 yCIOBUAX U3IYUYEHHS AJIEKTPOMArHUTHBIX

BOJH. [Io3HaKOMHUTH yUeHUKOB ¢ onblTaMu I epria.
TUIT YPOKA: KoMOMHUPOBaHHBIN.

OBOPYJIOBAHUE: I'BY ¢ npuHamIeKHOCTAMH, aMIEPMETP IEMOHCTPALIMOHHBIM,
BBIIIPSIMUTEIb BBICOKOBOJIBTHBIN "Pazpsin”.

HIcTouHnKH /IEKTPOMardHuTHoOro \
\

[IJIAH YPOKA: 7
y " = =
1. BcerynurenbHas 4acThb a ~ b
)
2. Ompoc -
3. OOmbsicHeHUE s /\/
4. 3akperuieHue -

5. 3agaHue Ha JOM
II. Onpoc pyHmameHTanbHbIi: 1. DIEKTpOMarHuTHOE ToJie. 2. DIeKTpOMarHuTHas

BOJTHA.

3aoauu:

1. DnexTpudeckas COCTaBIISONIAs JICKTPOMATrHUTHOTO TTOJISI U3MEHSIETCS 110 3aKOHY:
E,(t,X) = 2-sin(3:10™t — 2-10'r) B/m. Haiinute mokasareis npeIOMICHHS CPEbL, B
KOTOPO# 3JIEKTPOMAarHUTHAsI BOJIHA PacCIpOCTPaHISTC.

Bonpocwi:

1. IToyemy Bo/1a O4€Hb CHIIBHO TIOTJIOIIAET 3JIEKTPOMArHUTHBIE BOJTHBI?

2. BHyTpu KOHJEHCaTOpa Ha PUCYHKE CYIIECTBYIOT JJICKTPHUYECKHE W MarHUTHBIC
noJsi. VI3MeHsieTcst i ¥ Kak 3apsij Ha oOKIiaaKax KoHJaeHcaropa?

3. Kakum Oyner ypaBHEHHE IIIOCKOW JJIEKTPOMArHUTHOW BOJIHBI,

pacIpoCTpaHsIOIEHCS B Cpeie C MOKa3aTesIeM MpeoMiieHus N?

4, 3apsiKeHHBIM IIApUK YKPENWIM Ha Kpalo JUCKa, KOTOpBIN
OpUBEIM BO BpamieHue. byner nu BpalleHUE COMPOBOXKIATHCS H3IYUYEHHUEM
AIEKTPOMArHUTHBIX BOJIH?

5. MruoBeHHO€ 3HAaY€HHWE MATHUTHOW MHAYKIUU B PACIpPOCTPAHSIOLICHCS BIIPABO
AIEKTPOMArHUTHOM BOJIHE M300paxkacTcsi B HEKOTOPOH TOYKE BEKTOPOM, HIYIIHM
OT Hac. B Kakyl CTOpPOHY HAIIpaBJIIEHO YCKOPEHHUE JJIEKTPOHA, OKa3aBLIETOCS B
3TOU TOUKe?

6. Uem BUXpeBOE MOJIE OTAUYACTCS OT MOTCHITHATBHOTO TTOJISI ?

/. Ecnu nBe 3JEKTPOMAarHUTHBIE BOJHBI OJMHAKOBOM YAaCTOTHl MPUXOASIT B OJHY
TOYKY, TO Y€MY paBHa Pa3HOCTh (Ha3 MEKITy HUMU?

8. [Touemy Bce Marepuanbl, TeMmIepaTypa KOTOPBIX BbIIIE aOCOIIOTHOTO HYIIS,
SBJISIFOTCSI ICTOUHMKAMHM 3JIEKTPOMATHUTHBIX BOJIH (3JIEKTPOMArHUTHBIN 11yM)?

III. 3aBUCMMOCTh HANPSKEHHOCTHM BUXPEBOTO JJIEKTPUUECKOrO MOJISI OT CKOPOCTH

W3MEHEHUSI MHIAYKUUM MarHUTHOTO MoJii M HaoOopoT. Bomna OyaeT moctatoyHo

WHTEHCUBHOM, €CIIM DJEKTPUUECKUE M MArHUTHbIE MOJs OyAyT H3MEHSIThCA C

0O0IbIION CKOpPOCTBIO. [InoTHOCTH OHCPIUHU M INIOTHOCTD ITOTOKA 3JICKTPOMAI'HUTHOI'O
97



U3Jy4eHUs (MHTEHCUBHOCTB):

2 2 2
U=EEO'E2+EB—=€O'E2=B—; |=Ed_v_u .C=¢ CE2=£.
2 Ho S dt Ho
B dopmyne B u E - jelictByronue 3HaueHus. I[ljioTHocTH 3Heprum

IJIeKTPUYECKOr0 U MATHUTHOIO MOJIel B 3JIEKTPOMATrHMTHON BOJIHE PaBHBI APYT
Apyry (OJHO ToJie MOPOXKIAeT APYroe). DIEKTPOMAarHUTHAs BOJHA TOACPKHBACT
ceOst B COCTOSIHUU JIBIDKEHUS TOJIBKO Oiaroiapsi TOMy, YTO OJJHa €€ COCTaBIsIoIIas,
JIBHTASsICh BIIEPE, IOAMUTHIBACT CBOCH dHEprueil Apyryio: I ~E2~B? ~ o' ~v' 51 ~ v,
NHTEeHCUBHOCTh M3J1y4aeMOH JJIeKTPOMAIHMTHOM BOJIHBI IPONOPLHOHAJIBHA
4acTore B YeTBEPTOM CTeNEHH.

UYTo MOXHO HCIONB30BaTh B KAaueCTBE MCTOYHHUKA OJIIEKTPOMArHUTHBIX BOJIH?
Kone6momuiica maruut?! Konebmouuiics 3apan?! KonebarenbHbiii KOHTYD!

Co0cTBeHHas1 4aCTOTA KOHTYpa: v =

1 =

= ‘4@\\‘

n @ _,_? [ H .; A ‘

W T G g -
Y IS

3aKkpbITEI  KOJNEOATEeNbHBIM KOHTYp TMpaKTHUYeCcKH He usiydaer. OQTKPBITHIH
Koje0aTe/IbHbINE KOHTYP. lI3MeHeHue ero CcOOCTBEHHOW YacTOThI M IJIOTHOCTHU

ITOTOKaA €ro U3JIy4YCHUA.

Oo0baBieHue. Hosbvlii kKoHOencamop Oe3 8peOHbIX ymeuek

- -
uwem uoeanbHyr0 Kamywky uHOYKmMueHOCmMu 01s CO30aHUs
coemecmHo2o Korebamenvho2o konmypa. Kamywxu moeym

ObIMb OeccepOeyHbIMU, HUZKUE YACTONMbL He NPedadeams.

0

' A
MuHumansHas JJIMHAa aHTCHHBI: (= E 3azeMIIeHHE MO3BOJISET YMCHBIIUTH NJIMHY aHTCHHBIL

enie BABOE. BKiroueHHWe MOCiIen0BaTEIbHO €MKOCTH YMEHBIIACT JUIMHY HM3JIy4aeMOW BOJIHBI, a
WHIYKTUBHOCTU — yBenuuuBaeT. OOo3HayeHHE aHTEHHA Ha cxeMax. JlnnHa BOJHBI «OBITOBOTO»
paauouarna3zoHa cocraBisieT ot 5,5 M s TB-kanana 1o 8 M 1t KaHajla COTOBOM CBSI3H.

[lepememnienre 37EKTPOHOB B MPOBOJHUKE U KOJEOAHMS 3apsHyKEHHOTO IIapuKa
MPUBOAAT K W3JIYYEHHUIO 3JIEKTPOMATHUTHBIX BOJIH. Bpamarouuiics
JUTIONIb-U3Ty4aTellb 3JIEKTPOMArHUTHBIX BOJIH. A aToM? : 2 j 2
[Touemy B paAMOTEXHHUKE UCTIONB3YIOT KOJE€OaHUS BBICOKUX YacTOT? ‘a '
Buopartop I'epua. Ilpuemusiii BuopaTtop I'epua. OnbiThl ['epra. 2 e

CKOpOoCTh pacnpoCTpaHEHHUS DJIEKTPOMArHUTHBIX BOJIH.

« cumraro, — nucan I'epu I'enpmrossiy B mapre 1888 roma, — 4TO BOJIHOBYIO %///
IPUPOJY 3ByKa B CBOOOJHOM IIPOCTPAHCTBE HENb3sd NPEACTaBUTh TaK K€ SICHO \S\t\ ///
U HarJsiJHO, KaK BOJHOBYIO IIPUPOJY NIEKTPOAUHAMUYECKOTO PACIIPOCTPAHEHUS».

Onekmpuueckue  Cuibl  MO2Ym — OMOENAMbC  OM  GeCOMbIX mel U
cyujecmeosams  Oaiee CAMOCMOSMENbHO KAK COCMOSHUE U USMEHEHUe ]
npocmpancmea. 7(' | ) ) ) >>>>>>\
I I'epy . /‘l‘_
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Koneb6anusi 371eKTPOHOB MOJX BO3JAelCTBHEM IEPEMEHHOr0 3JIEeKTPHYECKOro
HANIPSKEHWsT B AHTEHHE PajuolepeJaTYUKa CO3AAI0T JIeKTPOMATHUTHbIE

BOJIHBI, PACIIPOCTPAHAIOIIHMECH B 3¢eMHOU aTMoc(epe!

Bor tak! I'enpux I'epry coopyaun B 1abopaTopuu METII0 U3 MPOBOJOKHU, U 3aMETUI, YTO MEXIY
MIPOBOJIOYKAMHU MTPOCKAKKWBaeT UcKpa! BoT Tak OTKpBITHA B (PU3MKE MEHSIOT HAIly KU3HB!
Jononnurenbnass uHpopmanusi: B 1888 — 1895 romax Tecna skcnepUMEHTHUPYET B CBOEH
nabopaTopul € BBICOKOYACTOTHBIMH ~ MarHMTHBIMH — moysiMud  (Tpanchopmarop  Tecna,
BBICOKOYACTOTHBIE T'€HEpaToOphl, OECHpOBOJIOYHAs Iepejada JJIEKTPUYECKOW HHEPruu Ha
paccrosinue). B 1986 r. Tecna noOucs nepeaaun curxana Ha paccrosaue 40 KM, HO MHOTHE COYIN
3TO KoJA0BCcTBOM. B mae 1899 r. nmo mpurnamieHuto MeCTHOM 3ieKTpuyeckoil kommanuu Tecna
nepeexann B ropoaok Konopano-Crnpunre, rie opraHuzoBai j1aboparopuio. 3/1ech, sl CO3TaHUS
CTOSIYMX DJEKTPOMAarHUTHBIX BOJIH, OH CIPOEKTUPOBAJl PE3OHAHCHBIN TpaHchopmarop. OT
METAJJINYECKOTO I1apa MCXOJMIM T'PO30BbIE pa3psaibl JUIMHOW 10 45 M, a TpoM ObLI CiBIIIAH Ha
paccrosHun 10 24 kM. OH TNpeamnoyiokuia, 4YTO €ro YCTPOHMCTBO TE€HEPUPYET CTOosuue
AJIEKTPOMArHUTHBIE BOJIHBI, KOTOPBHIE CXOASTCS Ha MPOTHUBOIOI0KHONW TOYKE 3€MHOTO I1apa.
JomnosHuTeabHas uHpopmaums: 3myyaTens 3JIEKTPOMArHUTHBIX BOJH B MUKPOBOJHOBOW €YU
— Mar"HeTpoH. MaruerpoH (mojgorpeBaemMblii KaToJ, aHOJ, MarHUTHOE TOJI€, 3JEKTPOHBI JIBUKYTCS
[0 CIUpaid U M3MEHSIOT 3apsia pe3oHaTopoB). KosebGanus 3apsia B pe30HAaTOpax BbI3bIBACT
JIEKTPOMAarHuTHoe mnosie ¢ vactoro 2,45 I'Tu. MarHeTpoHbl Kak TI€HEpAaTOpbl CBEPXBBICOKHUX
4acTOT IIHUPOKO UCHOJIB3YIOTCSI B COBPEMEHHOM PainoIOKallMOHHON TEXHUKE.

JonoanurenbHass uHopmauusi: Koabo cMHXpOTpoHa MMEET HE WICAIbHO KpYIylo (opmy -
B HEM €CTh HECKOJBKO CErMEHTOB C OY€Hb KPYTHIMU MOBOPOTAaMHU U M3rHOaMH, KOTOpbIE y4EHbIE
Ha3bIBAlOT OHIysATOpamMu. Korma my4ok 4YacTui, ABWKYIIUXCA IIOYTH CO CKOPOCTBIO CBETA,
IIPOXOJUT YEPe3 3TU MOBOPOTHI, MOPOXKAAEMBIE CIIELIMATBHBIMA MAarHATaMU, JIEKTPOHBI HAYMHAIOT
TOPMO3HUTh, YTO 3acCTaBIs€T UX BbIPA0ATHIBATh MOIIHEHIINE IMyYKH PEHTICHOBCKUX (POTOHOB
M YaCTHI] CBETa MECHBIICH SHEPruM (CHHXPOTPOHHOE HM3IIYUYCHHE). DTO HM3IyUdCHHE, OO0Iamaroriee
HEBEPOSATHO BBICOKOU SIPKOCTBIO U "KYYHOCTHIO", MOKHO HCITOJIH30BATh ISl TOTO, YTOOBI CIICTUTH
3a IBMDKEHHEM DJIEKTPOHOB BHYTPM AaTOMOB M NpeoOpa3oBaTh 3TU JAHHBIE B OYEHb UETKHUE
(dhoTorpadun KpyImHBIX MOJICKYJI.

JonoHuTenbHas uHpopmanus: Jlaxe ecin yOpaTh BCIO MaTepHUIO, NPOCTPAHCTBO 0OIagaeTr
CBOEr0 pPOJAa HIACTHUYHOCThIO, KOTOpas (Kak ObLJIO HEJAAaBHO IOJATBEPXKACHO), IO3BOJISET
I'PaBUTALIMOHHBIM BOJIHAM - PsiOU CaMOTO NMPOCTPAHCTBA - PACIPOCTPAHATCS 110 HEMY.

V. 3aoauu:

1. Kakoil mmuHBI 3JIEKTPOMAarHUTHBIE BOJIHBI B BaKyyMe CO37aeT KoseOaTenbHbIN
KOHTYp eMKOCTbhI0 2,6 n® u nnayktuBHOCTHIO 0,012 MI'H?

2. Kakast sueprust mepenocutcst 3a 1 4 depe3 tuiomaaxy 1 cm’ AIEKTPOMArHUTHOU
BOJHOW, B  KOTOPOHM  CpegHEKBajpaTUYHOE  (ACHCTBYyIOIIEE)  3HAYCHHE
HAIPSHKEHHOCTH AJIEKTPUIECKOTO T0JIs paBHO 25 B/M?

3. [nockast sIeKTpOMarHuTHAS BOJTHA C HAMPSKEHHOCTHIO AJIEKTPUUYECKOTO mojs E, =
200-sin(6,28-108t + 4,55x) pacnpocTpaHsieTcss B Cpele C OTHOCUTEIbHOU
MarHuTHOM mpoHunaeMocteio | = 1. KakoBa CKOpOCTh BOJHBI M MOKa3aTelb
MPEJIOMIICHHS BEIlleCTBa Cpeibl?

4. JIyy nazepa moimHocThi0 5 MBT nmeer aumamerp 2 mMMm. Uemy paBHBI CpelHE-
kBagpaTuuHbie 3HaueHus E u B B nmyde nazepa?

5. Ilpu xakoil MIOTHOCTH PHEPTHU SJIEKTPOMArHUTHOM BOJIHBI HAYHETCS MOHU3ALUS
BO3/1yXa, €CJIM JIEKTPUYECKUM MPoOOH BO3ayXa MPOUCXOIUT IIPU HAMPSIKEHHOCTH
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noiist 30 kB/cm?

6. HaﬁHHTe JaCTOTy IeHcpaTopa, €CJIU IMOAKIOYCHHASA K HEMY HC3a3CMJICHHAA aHTCHHA M3J1y4acT
MaKCUMaJIbHYI0 MOIIIHOCTb, KOT/Ia €€ JyiinHa paBHa 30 cM.

Bonpocwi:

1. MoXHO M WUCHOJB30BaTh B KauyeCTBE U3Iy4YalONIEH aHTEHHBI PE3UCTOD;
KOHJIEHCATOP; KaTYIIKY UHAYKTUBHOCTH?

2. OT 4ero 3aBUCUT CKOPOCTh 3JIEKTPOMArHUTHOU BOJHBI?

3. OOxnagku 3apsHKEHHOTO KOHACHCATOPAa 3aMBIKAIOT CBEpXNMpoBOAHUKOM. Kyna
JI€BAETCA 3alaceHHAasl B KOHJICHCATOPE YHEPrusi?

4. Yemy paBHa 00BEMHas TJIOTHOCTh SHEPTUU B TEKYIIEH CO CKOPOCThIO & BOjE?

5. KunyOnu kaprodesnst mekyT B MUKPOBOJHOBOM IMEUHU, MPEIBAPUTEIIHHO HATEPEB UX
COJIBIO. 3a4UeM ATO JIeIaroT?

6. Ecnu jgniuHa TPOBOJHHMKA pPaBHA IEJIOMY YHCIY TMOJYBOJH (IJIs1 TPEAMETOB,
CTOSIIIIUX HA 3eMJIe, - YETBEPTEH BOJIH), TO BOSHUKAET PE30HAHC U MPOBOJHUK CaM
HAYMHAET U3JIy4aTh paauoBOIHEL. [louemy?

7. Tlokosimasicss 3apspKeHHAs 4YacTUIla, KaKk M JIBIDKYIIAACS C  IOCTOSHHOMU
CKOPOCTBIO YaCTHUIAd, HE M3Jy4aeT »JJECKTPOMArHUTHYKO BOJIHY, TaK Kak eu
HEOTKY/1a B3SITh JIJIsl 3TOT0 SHEpruto. Tak jim 31o?

8. B0 CKOJIbKO pa3 HaJI0 YBEIMYUTH YACTOTY KOJICOAHUH JIIEKTPOMArHUTHON BOJIHBI,
9TOOBl MPU YAWICHMH OT UCTOYHMKA Ha pPacCTOSHUE, BIBOE OOJbIIee
MEPBOHAYAILHOTO, UHTEHCUBHOCTH BOJIHBI HE U3MEHUJIACH?

9. Tlouemy KyCOK CHIPOrO Msica, 3aBEpHYTHIH B METAUIMUYECKYIO0 (DOJBIy, Jaxe He
HarpeBaeTCs B MUKPOBOJIHOBOM 1e4u ?

10. HOLIGMy B MHKpOBOHHOBOﬁ II€4Yn pasorpeBar0TCA JIFO0BIE IIPOAYKThI, COACPINKAIIIUC BOAY, BEAb

BOJda IUIOXOM IMPOBOAHUK SJICKTPHUYECKOT'O TOKa?

Henp3a mu npuayMaTb OPY>KUE, HAILICJICHHOC HAa BOAY B TCJIC genoBeKa? BC,Z[B Halliu T€JIa B CPCAHEM

Ha

TpU IIATBIX COCTOSAT H3 BOJBI. Takoe OPYIKHC pa60TaeT Ha TOM XK€ IPHUHOUIIC, YTO U

MHUKPOBOJIHOBKA. Econ HAIIpaBHUTh TAKHUC JIYYHW HaA 4YCJIOBCKA, OH IMOYYBCTBYCT cebs TaK, KakKk €CJIn
OBI KTO-TO IIPpUCTAaBUJI K UX KOKC FOpH‘lI/Iﬁ JKEIe3HBIN pyT, — NOYYBCTBYIOT JaK€ CKBO3b OHCKAY.

V.

1.

o1 b~

Koncnexr.
HGKOTOpHe U3 OIIBITOB C OJJCKTPOMAIHUTHBIMH BOJIHAMHU MOXHO IIPOBECTH B OOMAIIHUX
YCIOBHUSAX, HCIIOJIB3YA B KAYCECTBC H3JIy4aTCJIsl - BBIKJIKOYATCIIb, 4 B KauCCTBC IIPUCMHUKA -
TCICBHU30D. HpOBCI[I/ITe O9TH OIIBITHI U OITMIIUTC UX.

. Hoquy YBCIUYNUBACTCA NAJIBHOCTDB IEPCAAYH IIPU MOMCIICHUU IICPEAAOIICTO BH6paTopa Fepua

(MCKpOBOTO MPOMEXKYTKa) B Macyo?

. Ecnin B nensgHoll cTrakaH BCTaBUTL JABOMHOHN IIJIACTHUKOBBIM CTakKaH C BOJOW M IIOMECTHUTH B

MHUKPOBOJIHOBKY, TO BOJa Y€PE3 MUHYTY 3aKUIIHUT, a JICI €€ HC PACTACT. HO‘IGMY?

. Hoquy B MHKpOBOJ’IHOBOﬁ Ie4Yn HEJIb3s pa30orpeBaTh IMUIIY B ILIACTUKOBOM yHaKOBKe?
. OI_ICHI/ITC XapaKTECPHYIO YaCTOTY BpallCHHA MOJICKYJI KHUCJIOPOJda IIpH KOMHAaTHOH TEMIICPpATYpEC U

CpPaBHHUTE €€ C YacCTOTOH AJIEKTPOMArHWTHOW BOJIHBI B MHKPOBOJHOBOH meun (2 - 3 TI'm) u B
CBETOBOM BOJIHE BUJIMMOIO JIMANa30Ha.
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B 3axnouenue moey evipazumev Haoedcoy, umo Mou npubop, npu OanivHeluiem
VCOBEPUIEHCINBOBAHUY €20, Modicem Oblmb NpUMeHeH K nepeoaye CUSHANO08 Ha
PACCMOSHUA NPU NOMOWU OLICIPBIX DIEKMPUYECKUX KOJIeOaHUll, KaK movbKo oyoem
Hall0eH UCMOYHUK MAaKUuX Koebanuil, 061a0arouuii 00CmamoyHou dSHepuell.

A. C. Ilonos
1{ N30BPETEHMUME PAJIMO A.C. [IOITIOBBIM.
MNPUHIIUAII PAIUOCBS3M.

IHouemy 3/IeKTPOMArHUTHOE I0JIe BJUsIeT HA YeJloBeKa?
HEJIb YPOKA: II03HaKOMUTh YYEHUKOB C OJHUM M3 BAXKHEHIIMX TEXHHYECKUX

MPUMEHEHUHN 3JEKTPOMArHUTHBIX BOJH - OECIPOBOJIOYHOM CBSI3bI0 HA PACCTOSHMH.
O600UUTh 3HAHUS YYALIUXCS O MPUHIUIIE PAJAHOCBSI3H.

TUIT YPOKA: KoMOMHUPOBAHHBIH.

OBOPYJIOBAHUE: wmonens panuonpuemHuka A.C. IlomoBa, BBIIPAMUTEIND
"Pa3psa”, ammepMerp — JE€MOHCTPAaUMOHHBIA,  H3JydaTedb W  IPUEMHHUK
AIIEKTPOMArHUTHBIX BOJIH ¢ Korepepom, Tabnuua "llpunnmn paguocsszu".

IJIAH YPOKA: ]r.lﬂ il 8
. BerymurensHas yacthb W

Onpoc
O0bsacHenne
3akpervieHue
3amanue Ha 1OM

II. Ompoc d¢ynnamentanpubiii: 1. ILIOTHOCTH TOTOKAa 3JIEKTPOMArHUTHOTO
m3nydeHus. 2. OTKpbITBIM KojebaTenbHbld KoHTYp. OmnbiTel [epma. 3. [IpuHnun
COBPEMEHHOMN PaguOCBsI3H.

3aoauu:

agrwnE

1. Ecim eMKOCTh pa3pe3HOro AUIONs, McHosib3oBaHHOro ['eprieM, Obuta 30 nd, to
yeMmy ObljIa paBHA €ro MHAYKTUBHOCTH MPH pe30HAHCHOM YacToTe, paBHou 1 ['TT?
2. CtangapTHasi 4yacToTa MUKpOBOJHOBOM neun 2450 MI'1. Kakoii nivHe BOTHBI ATO

cooTBeTcTBYeT? KakoBo paccTosiHue MEXIy U3TydaTeiaeM U oTpaxkaTenem?

brnaronaps cosmanenuto dactotsl CBU-m3nmyuenus 2.45 [T u coOCTBEHHON y MOJEKYJ BOJIBI
(pe3oHaHC), MPOUCXOTUT Pa3orpeB MPOJYKTOB BHYTPU MHKPOBOJHOBOM meuu. [HPOTPOHBI
crocoOHbI reHepupoBaTh Ha yactotax 30 — 170 I'T nznmydenne momuocThio 10 1 MBT ¢ KIT 40 —
50%. CoznaTh MHUKPOBOJHOBKY ObLIO Obl HEBO3MOXKHO 0€3 MarHeTpoHa, Mpudopa, MpUIyMaHHOTO
mBeapckum Guzukom no Gamumuu ['peitnaxep.

3. Ha paccrosann 300 M or OCTaHKHMHCKON TENEBU3MOHHOW OamliHW IUIOTHOCTH
MOTOKA M3JIy4YCHUS MakcuMalibHa 1 paBHa 40 MB1/M%. KakoBa IUIOTHOCTB IIOTOKA
M3JIYYEHUs] Ha PACCTOSSHUM YBEPEHHOTO MpuemMa, paBHoM 120 km?

4. IlpennonokuMm, YTO OJJIEKTPOH MPOBOJAUMOCTH HAXOIUTCS B MNEPEMEHHOM
anektpuyeckoM mojie E, = Ep cosot, rme Eg = 100 B/Mm u v = 10 MI'n. KakoBa
aMIUTMTY/1a €T0 KoJieOaHW M MaKCUMaslbHasi CKOPOCTh?

Bonpocwi:

1. B xakoM 4YacTOTHOM JMama3oHe MNPOBOAWINCH OMNBITHI ['eplia M KakoBO HX

3HAYEHHUE JUISI PAAUOTEXHUKH ?
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2. IloueMy onuHaKoOBbl OOBEMHBIE TIJIOTHOCTH DSHEPTrUU DBJIEKTPUUECKOTO U
MAarHUTHOTO MOJeH B SJIEKTPOMAarHUTHOU BOJIHE?

3. TloueMy st yCKOpPEHHUs B3JEKTPOHOB B IUKIOTPOHE HEOOXOAMMO 3aTpPaTUTh
OOJIBIIYIO SHEPTHUI0, YUEM B JIMHEHHOM yCKOpUTEe?

4. Ha3zoBHUTe UCTOUHHMKHU JIECKTPOMATHUTHBIX BOJIH.

o

[Touemy nH(ppakpacHoe U3TyYEHUE HATPEBAET MPEAMETHI, & PaJAHOBOIHBI — HET?

6. Ilomemas mepej reHepaTOpoOM SJIEKTPOMArHUTHBIX BOJIH METAJUIMUYECKHUH JIKCT,
MOJIYYMJIM CTOSAYYIO BOJIHY. PaccTosiHMe MeXIy NyYHOCTSIMH paBHO 15 cM.
OrnpenenuTs 4acToTy FreHepaTopa.

7. Bo CKOIBbKO pa3 HAJ0 YBEIUYUTh YACTOTY KOJI€OaHUN 31€KTPOMArHUTHON BOJIHBI,
yTOOBl TpH yHAJEHUUW OT MCTOYHUKA HA pACCTOSTHUE, BJBOE Oosbliee
NEPBOHAYAIIBHOTO, UHTEHCUBHOCTD BOJIHBI HE U3MEHUJIACH?

8. Ecnm Obl ckopocTh cBeTa B BakyyMe Obla OOJbllI€ WJIM MEHBIIE HU3BECTHOTO
3HAYEHUS, TO IUJIOTHOCTH JHEPTUM JJIEKTPUYECKOIO M MArHUTHOTO TIOJIEN B
ANIEKTPOMArHUTHOW BOJHE ObuIM OBl HE paBHbI M Hapymaics Obl 3aKOH
COXpaHeHHMs 3Hepruu. Tak iu 310?

9. IlpuHuMnO AEHCTBUS KIUCTPOHA, HA KOTOPOM MPOUCXOAUT PA3rOH YACTHI] B
yCKOpHUTEJIe, 0TYACTU MOXO0XK Ha MEXaHW3M paboThl MUKPOBOJHOBKH. Kak 3T0
NOHUMATh?

10. IToueMy snexTpuyeckasi JIyra sIBISETCS HCTOYHUKOM DJIEKTPOMArHUTHBIX BOJIH
Pa3IMYHOM JUIMHBI U CO3/1A€T IOMEXH B PAIHONIPUEMHUKE?

11. Kak BbIpaxaeTcsi CKOPOCTh CBETA B BAKYyM€ U€pe3 JIEKTPUUECKYIO0 U MATHUTHYIO
MOCTOSIHHY1O?

12. TloueMy He BCsiKasi AJIEKTPOMAarHMWTHas BOJHA, HAIPUMEpP, CBET OT KapMaHHOTO
doHapuka, crmocoOHa 3aKapUTh OTOUBHYIO?

13. YenoBek — aHTEHHA, MPUHUMAIOIIAS SJCKTPOMArHUTHBIE BOJHBL. Yemy paBHa
cOoOCTBEHHAs 4aCTOTA ATON aHTCHHBI?

14. Ot uero 3aBucuT 6mogornyeckui 3GPEeKT AHCTBUS AIEKTPOMATHUTHOTO TIOJIS?

III. BuGparop I'epria nmemoncTpamuoHHbIH. OCHOBHBIE S3JEMEHTHI BUOpaTtopa u

OpUHIHUN ero neWctBus. [lpupomnbie BUOpPaTOpPHI

I'epua - IPO30BBIE oOnaxa. [Tpuemnauk

°
. 99 ;és .——l— AIEKTPOMArHUTHBIX BOJIH C Korepepom. M3myuyeHnue u

®

®

'[ ’ IpPUEM DJIEKTPOMArHUTHBIX BOJH (JE€MOHCTpAllUUd C

Mo>xHO 1 MpuOOp MCIOJIb30BaTh B KaUYe€CTBE I'PO30OTMETUHKA?
VYerporictBo  (rpo3ootmetrunka) A.C. IlomoBa. OcHOBHBIE
3JIEMEHTHI PaAUONIPUEMHHKA U MX Ha3HAUCHHE: Korepep, OaTapes,
3BOHOK, aHT€HHA, 3a3eMiicHHEe. O0bsICHEeHHEe MPUHIMIA PA00ThI

0OBSICHEHUEM TMPUHLINANA TEUCTBUS

panuonpuemuuka A.C. ITonosa).
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PaAHONPHEMHHKA.

A. C. IlonioB, CKOHCTPYHPOBAB MEPBbIil PaJAUOTIPUEMHHUK, CUATAII, YTO 3TO OyAET OTIMYHBIA IPUOOP
IUIsL TIpeficKa3aHusi morojsl. Passutue pammocBs3u. Mapkonu. B centsdpe 1896 roxy Mapkonu
MyOJIMYHO TMPOJEMOHCTPUPOBAJ IMEpeaady/IpueM COOOIICHUsI Ha PAcCTOSIHUM B MOJITOPHI MUIIH,
B MIOHE CIIEAYIOIIEr0 ToJia MOJy4YWs NAaTEeHT Ha NpUeMHHK paguocurHainoB. B 1902 rony
I'yneénemo Mapkonu (HobGenesckas mpemust 1909 1) ocymecTBrI paguornepeaady Ha pacCTOSHUE
3400 kM (paguocurHai npeojosen ATmanTudeckuii okean). CoolOnieHrne u3 Tpéx TOYEK, 4TO Ha
a3bIke a30yku Mop3e o3HauaeT «S», ObLIO OTIpaBIIEHO C loro-zanaia AHriauu Ha yacrtore 500
k' u npunaro Ha octpoBe Herodaynmienn na antenny Beicotod 150 M. Paanonepenaroniue
U paJHONpPUEMHBIE CHUCTEMBl TOTO BpPEMEHH pabOTaal IO MPUHIHUITY «BKIIOYCHO/BBIKIIOUCHO:
1100 UCIyCKaHUe PaMOBOJIH, JTHOO0 UX OTCYTCTBHE.

CymiecTBoBai BCETO OJWH KaHal paJuoNepenadyd, W UM IOJIb30BAJINCh BCE IMOTCHIMAIBHBIC
YYaCTHHUKH PasiocBsi3u. VICKpOBbIe MepeaTyiKy 3IIydalid Ha BceX 4acToTax!

IIpuHuMn coBpeMeHHOH paauocBs3M (OOBSICHEHUE MO IIaKary). biok-cxembl
nepeaaronero ¥ MpueMHOTo YCTPOUCTB. 3ByKOBbIe Konebanus: v = {20 - 20000 I'i}.
PaauocBsisp — mepexaya W npuém  uHpopMamuM ¢ NMOMOLILIO
3JIeKTPOMATHUTHBIX BOJIH PAAHOANANIA30HA.

PaguoBemanue — mepegaya W OpuéM  peYM M MY3BIKM C  TOMOIIBIO

3JIEKTPOMArHUTHBIX BOJIH paJIM0IMana3oHa.
TeneBuaenne — mepenada W Opu€M  H300paXKEHHs, pPEeUYM U MY3bIKH C IIOMOIIBIO
QJICKTPOMArdHUTHBIX BOJIH paguoguarasoHa.

3amaronuii  TEHEpaTop JJIEKTPUUYECKUX KOJeOaHUM BBICOKOW YaCTOTHI I'BU

BI)Ipa6aTBIBa€T TFapMOHHWYCCKHUC KoJIeOaHMS

/\/ /\/ B4 WNW\ BbICOKOM uactoThl BY (Hecymas wactoTa
6onmee 100 000 I'm). Hecymasi yacrora —

NEPEHOCYMK HU3KOYACTOTHBIX KOJIEOaHUH,

T.C. UI'PacCT POJIb ITOYTAJIIBOHA.
OoOpa3Hoe cpaBHeHMe: «BbICOKOYACTOTHBIN HIIIAK
HECeT Ha ce0e HU3KOUACTOTHYIO MOUTY.

e Mukpodon mnpeoOpazyeT MeXaHUYECKHUE 3BYKOBBIE KOJIEOaHHS B DIEKTPHUUYECKHUE TOH Ke
YaCTOTHIL.

e Moayaupyouiee YCTPOMCTBO H3MEHSET (MOAYTUPYET) IO AaMIUIUTYJE BBICOKOYACTOTHBIC
KoJieOaHus C TOMOIIBIO SJIEKTPUUYECKUX KoJebanuit Hu3kon yactorel HY.

o Ilepenaromas aHTeHHa U3Ty4aeT MOIYIUPOBAHHBIE IIEKTPOMArHUTHBIC BOJIHBI.

o [IpuémHasi aHTeHHAa TPUHUMAET DJCKTPOMArHUTHBIE BOJIHBL. OJIEKTPOMArHUTHas BOJIHA,
JOCTUTIIAs TPUEMHON aHTEHHBI, MHIAYIUPYET B HEH MEepeMEeHHBbIH TOK TOW K€ 4YacTOThI, Ha
KOTOpOil paboTaeT nepenaT4uk.

e JlerekTOp BBIACNSAET U3 MOJYIUPOBAHHBIX BBICOKOYACTOTHBIX KOJIE€OAHUN HHU3KOYACTOTHHIE
KoJieOaHusl.

o JImHamMuK mpeoOpasyeT dJIEKTPOMarHUTHBIE KOJIeOaHNs B MEXaHMYECKHE 3BYKOBBIC KOJIeOaHUsI.

Jluww nocne moeo, kax Knepk Maxceenn chpopmynuposan uemvipe mamemamueckKux

VPABHEHUs,  8bIPANCAOUWUX Yemblpe NPUHYUNA, PACKpbimue KOMOpbulX Oblio
MeONIeHHbIM U nompeb08ano OOIbULOU 3ampamvl mpyoa U MblCauU, paouo, Kaxk Mol
menepb HA3bl8aem €20, CIMAl0 803MOICHOCMBIO.

Bunvsaw bpeee
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IV. 3a0auu:

1. Ckonbko paguocTaHMid MOryT paborarh 0€3 NMOMEX B JMana3oHe JJIMH BOJH
20000 - 5000 M, ecnu Kaxk0¥ CTAaHIIUU OTBOJAT MOJ0CY 4acToT 4 kI'11?

2. BepTukanbHas aHTEHHa pagMOCTaHUMHU MOIIHOCTHIO 50 KBT M3nyuaer mo Bcem
HaIlpaBJICHUSIM  DJIEKTPOMAarHUTHYI0 BOJIHY. Yemy paBHa HHTEHCHUBHOCTH

paguocuraana Ha pacctossHuu 10 kM OT nepearonieid CTaHuuu?

3. TI10THOCTh MOTOKA ANIEKTPOMArHUTHOTO M3imydeHus: COJHIA y TIOBEPXHOCTH 3€MJIM COCTABJISIET
2
1400 Bt/m". KakoBo cpeiHee 3HaU€HNE HANPSHKEHHOCTH DJIEKTPUIECKOTO TTOJIST M3ITydIeHUs ?

V.

1. MzyunTe 3aBUCUMOCTH CONPOTHBIICHHS Korepepa oT eMkocTH (C), Hanpsokenus (U) u 3apsaa (Q)
KOHJICHCATOPa, UCIOJIb3YEMOI'0 B KAUECTBE M3Ty4aTess SIEeKTPOMArHUTHBIX BOJIH.

2. V3BecTHO, 4TO CTCKJISTHHAS TPYOKa C IBYMSI DJIEKTPOJAMH U METAJUTMYSCKUMU OIHITKAMU MEXITY
HUMH (Korepep) o0agaeT pa3audHbIM COMPOTHUBICHUEM B IIETISIX IEPEMEHHOTO U MOCTOSIHHOTO
Toka. Mccnenyiite 3aBUCUMOCTD 3JIEKTPUUYECKOTO CONMPOTUBIIEHUS KOTepepa OT YacTOThI TOKA.

Bcecoa nouemno uomu 6o enase Hayk. Ho eenuuaiiwee
Y0080IbCMBUE UYYBCMEYEULb OM CHACMAUBO20 UX NPUMEHEHUS,
npu3bI8aAIOue20 yuacmeos8ams 8 Hem 6ce Hapoobl...

Apazo

A PAHO

Hayka — 3710 cepbe3Hblil OM3HEC, YeJI0BEK 0TAaeTCs el HeJTuKoM!
HEJIb YPOKA: Pa3BuTh NpeaCTaBICHHUS YYalllUXCs O MNPUHIMIIAX COBPEMEHHOM

paauocBs3u. Jlate mpenctaBieHHE 00 aMIUTUTYIHOM MOIYJSALMU M O TMPUHIUIE
NENCTBHS IPOCTEUILIETO PATUOTIPUEMHUKA.

TUIT YPOKA: xOMOMHHPOBAHHBIM.

OBOPYJIOBAHMUE: 3BykoBoii reneparop, ocimmiorpad, mukpodon, YHU-3, tpan-
chopmaTtop Ha TaHENH, NETEKTOPHBIM paguonpueMHuk, npubdop IICP ¢ nmpunan-

JIEKHOCTSAMH, BBIIpAMuUTENs BYII-2 - 2 mIT., coenMHUTENBHBIC TPOBO/IA.
IIJTAH YPOKA:

1. BcrynurenbHas 4acTh

2. Ompoc

3. OObsicHeHHE

4. 3akperuieHue

5. 3amanue Ha 1O0M
Il. Ompoc ¢pynnamentanshsbiii: 1. Paguo A.C. Ilomosa. 2. [Ipuniun coBpemeHHOM
pPaaroCBsI3N.
3aoauu:

1. CpaBHUTE WHTEHCUBHOCTU 3JEKTPOMATHUTHBIX BOJH, U3Jy4ae€MbIX BHOpaTOpOM
pY OAMHAKOBON aMIUTUTY/AE KOJIeOAHUUN DIIEKTPUUYECKOTO TOKAa B aHTCHHE, €CIU
yacToThl Kosiebanuit 20 MI'pu 1 MI'.

2. AuTenna jummHOW 1,8 M OpHEHTHpPOBaHA MApPaUICIFHO BEKTOPY HAMPSIKEHHOCTH
3JIEKTPUYECKOTO TMOJISI 3JIEKTPOMArHUTHOW BOJIHBI. KakOBa HMHTEHCUBHOCTH BOJIHBI,
ecnu oHa Bo30yxaaet B antende DJIC 1 mB?
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Bonpocwi:

1. IlpaBga nu, 9to B ombITax ['ampBaHW JNATYIMIAYbs JIallKa CIYXWJIa WHANKATOPOM
AIIEKTPOMATHUTHBIX BOJIH, & CKaJIbIIeNIb UTPajl POJIb aHTCHHBI?

2. [loueMy MoONHHSA SBISETCS HCTOYHUKOM DPAJUOBOIH (pajivMONpPHEMHUKA TpELIAT B
rpo3sy)?

3. Pa3psin MmonHuM npencraBisieT coO0M Konebanust HEKOTOpoi yacToThl. [louemy?

4. [loueMy TpO30BBIE pa3psAbl YacTO HWTHOPUPYIOT MEAHBIE TPOMOOTBOIBI U
BBIOMPAIOT aJIbTEPHATUBHBIE MYTH K 3eMJIe?

5. [louemy omunku B korepepe paauonpuemHuka A.C. IlomoBa cBapuBanuch npu

MPOXOKACHHUHN YCPEC3 HUX BHGKTpOMaFHHTHOﬁ BOJIHBI?

6. Bumel MUKpOQOHOB: JTUHAMUYECKHE, KOHJICHCATOPHBIC, ICKTpeTHbIe. KaKkoB MTPHHIMIT HX
JIEUCTBUS?

I11. Paguo (ot Jaat. radio — ucmycKaTh Jy4d) — CIIOCO0 mepeaayd HH(poOpMAIHH

Ha pacCTOAHHUE JICKTPOMAIrHUTHBIMHA BOJTHAMMU.

MO’KHO JT UCIIOJIB30BaTh 3JICKTPOMArHUTHBIC BOJIHBI JUIS TIepeadn HHPOPMAIMHA Ha PACCTOSHHE?
Ecnu BKITIOYATh-BBIKITIOYATH TIEPEJATIUK C IIOMOIIBIO KITFOYa W MPUHUMATh CUTHAJ Ha CITyX WU Ha
OyMa)XHYIO JIGHTY, TO mMoJyduM a30yky Mop3se (memoHcTpamus ¢ wucnosibzoBanueM ['BU nu
tenerpagHoro kimroda). Cxema rmepenaTdynka OYeHb MPOCTA, MOITOMY AaKTHBHO HCIIOJNB3YeTCS B
OeCITPOBOTHBIX MYJIBTAX, PAJMOKHOIIKAX M IPOYUX YCTPOHCTBAX.

MoxHO 1M TIepeJaTh HA PAcCTOsTHUE peub; MY3bIKYy? Kak?

B ocHOBe paanocBs3H JeKAT TPU NPUHIIANA:

e Hcnosb30BaHue 3JIEKTPOMATHUTHOM BOJIHBI BBICOKOHM 4YacTOThl B KadecTBe
Hecylel HU3KOYACTOTHY0 HHPOPMALUIO;

e [IpuMeHeHMe B mepeJaT4UKe W B NPHEMHHKe KojJe0aTeJlbHbIX KOHTYPOB,
HACTPOEHHBIX HA HECYNLYIO YaCTOTY;

e Monyjsuusi BHICOKOYACTOTHOIO CUTHAJIA B MNepeJaTUYMKe CHTHAJIOM HU3KOM
YacTOThI U AeMOAYJIALMS B IPHEMHHKe.

Mukpodon. Haznauenune wmwukpodoHa. YCUIUTENh HUZKON

qacTOThl. MOXHO &M Kojiebanust ¢ Bbeixoma YHY momars

HEMOCPEACTBEHHO Ha aHTeHHY? Byner 1M aHTeHHa H31y4aTb

5T Koyiebanusa? Kak BelMka HWHTEHCHBHOCTH H3J1y4aCMbIX

AHTEHHOM 3JIEKTPOMarHUTHHIX BONH? Ha KakoM paccTOsSiHUM BO3MOXKEH Ipuem? A
€CJIM UCIO0JIb30BaTh 00J€€ MOIIHBIN YCUITUTENb HU3KOW YACTOTHI?

Hu3zko4acToTHBIE 3JIEKTPOMATHUTHBIE KOJIEOAHUS HeJb3sl HENMOCPeJACTBEHHO
nepeaatb Ha paccrosiHue. BricokoyacToTHbIe KojeOaHusA. TOIbKO TOYKU U THpE
.21 I'me xe Bbixog? A ecid Ha BBICOKOYACTOTHBIM CHUTHAJI HAJOXKUTh
HU3KOYACTOTHBIN? Moayasinusi - U3MeHeHHe aMILUIMTYAbI, YaCTOThl MM (pa3bl
BbICOKOYACTOTHOI0 CHTHAJIA, KOJeOAHUSIMM HU3KOIl 4YacToThbl. JlemMoHCTpanus
aMIuTyaHo moxynsaiuu (AM). MoaynupoBaHHBIA BBICOKOYACTOTHBIM CHUTHAI.
Ecnum ero mojmaTte Ha aHTEHHY, TO M3JIydaemas 3JICKTpOMAarHuTHas BOJHA OyAeT

JOCTAaTOYHO HWHTCHCHBHA. B cBoro oucpcab MOI[y.]'IHpOBElHHBIfI CHUIrHajl HCECCT
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MH(OPMAIMIO O HU3KOYAaCTOTHOM CUTHAJIE.
YacroTHas Moayasauusa. B uactotHo# Moaymsiiuu padoTaeT BceM usBecTHoe FM-Beranue.

JleMOHCTpalyss MOJIYJISALMU  yJAbTPA3BYKOBOM  BOJIHBI ~ KOJEOAHMSMH 3BYKOBOH  YacTOTHI
(ynpTpa3BykoBOi mpokekTop). IlepemaTdMk B cHUCTEMaxX COTOBOHM CBSI3M pabOTaeT B pexKUME
UMITYJIbCHOM MOAYISALUU (M3MEHSIOT, HAaIpUMEp, BBICOTY UMITYJIbCOB B COOTBETCTBHUHU C IOJIE3HBIM
3BYKOBBIM CUTHAJIOM).

IIpocreiimiasg cxema  paauonepesaTymka. B paguocBsi3d  UCHONB3YIOT
3JICKTPOMATHUTHBIE BOJIHBI C JUIMHOW BOJIHBI OT 5-10° go 10° ™ (B kauecTBe
HECYIINX), KOTOPbIE HA3bIBAIOTCS PAJIMOBOJHAMM.

Ilpuemuasi aHTeHHa. BBICOKOYACTOTHBIE IMEPEMEHHBIE TOKM B aHTCHHE (KaxKias
paauOCTaHIMA  MCHOJIB3YET  CBOK  HECYIIYIO
yacToTy). Kak BbIIENUTHh W3 KOJIEOAHUM Pa3IUYHBIX
; | YacTOT KoJjieOaHust maHHOW 4YacToThl? CBOICTBO

BBIACJATh OIIPCACIICHHYHO YaCTOTy IICPCMCHHOIO

— TOKAa Yy  Iapbl  KOHAEHCATOP-UHAYKTUBHOCTH
Ha3bIBAIOT pe3oHaHcoM. JlemoHcTpaums siBieHus pe3oHaHca ¢ I'BYU u npueMHbIM
KOHTypoM. Ecnu B mnpueMHON aHTeHHE aMmIuMTyda KojeOaHuil JoCTHraet
HECKOJIbKMX MUWJUIMBOJIBT, TO B KOHTYpE IPU PE30HAHCE HANPSHKEHWE B COTHHU pa3
Oonbuie - mopsaka 1 B. MoxHO aM BblIeJIeHHbIE KOJIEOAHUS HENOCPEACTBEHHO

[10JaTh Ha JUHAMUK?

[Tpu pe3oHaHCe HampsDKEHHWE HAa KOHIEHCATOPE MOXKET CTaTh BO MHOTO pa3 Ooibine (IPUMEPHO B
120 — 150) wnampspkenust TeHeparopa. CremoBarenbHO, KojieOaTeIbHBI KOHTYp 0OOJamaeT
YaCTOTHOM HM30MPATENhbHOCTHIO M BO BpPEMsl PE30HAHCA MHOTOKPATHO YBEIMYHMBACT HANPSIKCHHE
MOJIAHHBIX Ha HETO KOJICOaHUH.

JleTrekTpoBaHue (JeMOAYJIALMSA) - BblleJeHHe HU3KOYACTOTHOrO CHTHAJA H3
MOIYJIMPOBAHHOI0 BbICOKOYACTOTHOI0 KoJieOanus. Jlerexkrop. JlemoHcTpanus
BBIMPSMIICHHBIX BBICOKOYACTOTHBIX KoyieOanuil. OuibTp. AHAJIOTHS C COCYIOM, B
KOTOPBIM O TpyOe MaJIOro CEUYCHHS MOCTYHAIOT C OMPEACICHHOM
94acCTOTOM TOPIMU BOJBI, a MO TPyOe OONBIIOTO CEYeHUs BOAA
BBITEKaeT. JleMOHCTpaIss HU3KOYaCTOTHRIX KoJjiebanuid. Temedon.

Ycunurellb HU3KOW 4acTOThI. /JJMHaMUK.

B COBPEMCHHBIX paJJUOIIPUCMHHUKAX JIA YIIPABJICHHUA MECTHBIM HCTOYHUKOM
OHCPI'UH IIPUMCHAIOTCA BMECTO KOI'CpCpa 3JICKTPOHHAA JIaMIla HIIK TPAH3UCTOP.

IV. 3a0auu:

1. Crannus padoraet Ha gnuHe BOHBI 30 M. CKOIBKO KOJIeOaHUH HECYIIEH YacTOThI
MIPOUCXOJIUT B TEYCHUE OJTHOTO TIEPHOIa 3BYKOBBIX KOieOaHui ¢ yactoToit 5 kI'11?

2. bynyt nu mepeparonuii ¥ TMPUEMHBIN KOJeOAaTeNbHBI KOHTYp HAacTPOCHBI B
pe30HaHC, eci ux napaMmeTpsl TakoBbl: C;= 160 n®d, L; = 5 mI'H; C, = 100 nd, L,
=4 mI'H?

3. KonebaTenbHbIlt KOHTYp paamornepeaaTdnka HacTpoeH Ha yactoty 1 MI'm. Kak u
BO CKOJBKO pa3 HYXXHO HM3MEHUTh WHIYKTUBHOCTh KaTYHUIKHM KOHTYpa, 4YTOOBI

MEePEIATUNK U3Tydall PaJIHUOBOJIHY NIMHON 150 M?
106



Bonpocwi:

1. Ecniu Meramnuueckass TpyOa (KupnudHas TpyOa ¢ METaNIMYECKON IIMHOW IS
3a3eMiieHus1) uMeeT BbicoTy 70 M, TO C Kakod paJuMoCTaHIMel oHa Oyner
HaxonuThcsi B pe3oHaHce? Illouemy Takass Tpyb6a moxer neth? (Tak yctpoen
HOHO(OH).

2. HazoBuTE NPUEMHUKH 3JIEKTPOMArHUTHBIX BOJIH.

3. B 1Byx wuaeanbHbIX OJMHAKOBOM [JIMHBI W C OJUWHAKOBBIM YHCIOM BUTKOB
KaTylIKax, HO pa3HON IUIONIaJM, MPOTEKAIOT OAMHAKOBbIE TOKU. OT Kakod u3
KaTyIIeK IPH BBIKIIOYEHUH TOKa nmoMexa oyzaet Oonbie? [Touemy?

4. Tlouemy Bce pauOCTaHIIMK HE pabOTalOT HA OJJHOM HecyIleil yactoTe?

o1

. Kak ocymiecTBasiercst MOAYSIIUS U IEMOTYISIIUS?

6. Ha paccTrossHUM HECKOJIBKMX COT METPOB OT TMepenaroliell pajaruoCTaHIuU
3aropaetcs JlaMrouyka OT KapMaHHOTro (hOoHapuKa, BKIKOYEHHAs B IEMb MPUEMHOMN
aHTeHHbI. [Touemy?

[EY

. [lo3HakoMbTECh C MPUHIMIHUAIBLHONW JJIEKTPUUYECKOW CXEeMOH OBITOBOTO pPaaUONPUEMHHUKA.
KakoBo Ha3HaueHHe OT/AEIbHBIX OJIOKOB U y3JI0B paguoNpueMHuKa?
2. V3 4ero cocTouT pajnoBoaHa?
3. Kakum o00pa3omM B pajMONpPHEMHUKE BBIJEISAIOTCS M3 OOJBIIOTO YHCIA BBICOKOYACTOTHBIX
KoJIe0aHUH, MHIYIIUPYEMBIX B aHTEHHE, TOJIBKO KOJICOAHUS HYKHON palOCTaHIUK?
4. Kakyro HyKHO BbIOpaTh MHIYKTUBHOCTb MU €MKOCTh B KOJEOATEIbHOM KOHTYpE IE€TEKTOPHOIO
paguonpUeMHIKa, YTOOBI OH MOT B auamna3zone yactot oT 200 k' 1o 400 xk['1?

Onucannvle 3Kcnepumenmsl, Kaxk, HO KpauHeu Mepe, KadXCemcs MHe,
YCMPAHAIOM COMHEHUS 8 MONCOeCMB8EHHOCU C8emd, Menjio8020 U3JYUeHUs.
U 27IeKMPOOUHAMULECKO20 BOTHOBO20 OBUNCEHUSL.

I I'epy

S| Ypox 7. [ CBOMCTBA 3JEKTPOMATHUTHBIX BOJIH

YT10 TaKoe CBOMCTBA, H KAKHe OHU OLIBAIOT?
HEJIb YPOKA: [Tonp3ysck kauecTBEeHHON (hOpMyTupoBKO# ypaBHeHMIT MakcBesia

U cruenyiomeMy wu3 HHX (aKTy CyYIIECTBOBaHHUS JJIEKTPOMArHUTHBIX BOJIH,
MOATBEPKACHHOMY OSKCIEPUMEHTAIbHO, OOOCHOBATh JIOTHYECKYID CTPOMHOCTH
ANEKTpOANHAMUKU. Pa3BUTh MOHSATHE "SJIEKTPOMAarHUTHAas BOJIHA" M TMPOAEMOH-
CTPUPOBATh CBOMCTBA 3JIEKTPOMArHUTHBIX BOJIH.

THUIT YPOKA: koOMOMHUPOBaHHBIM.

OBOPYJIOBAHUME: mpubop TICP ¢ mpunamnexHocTsMmH, BhpsMutens BYII-2,
nuHamuk 1 YHY u3 Habopa 1o paJuoTeXHUKE, COCIMHUTENIbHbIE TPOBOA.
ITJTAH YPOKA: a4

BerynurensHas 4acthb
Ornpoc

OObscHEHUE
3aKperieHue
3agaHue Ha IOM

aogrwnPE
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Il. Onpoc ¢ynnamentanbubiii: 1. [lpuHnun paguonepenaun. 2. JleTeKTOpHbIN

pPaaNONPUEMHHUK.

3aoauu:

1. DneKkTpoeMKOCTh KOHJEHCATOpa B KOJIEOATETbHOM KOHTYPE pPaJHONpPUEMHHKA
IJ1aBHO MeHsieTcs oT 5 1o 25 n®d, a nuHayktuBHOCTH OT 20 1o 100 mI'H. B xakom
Juana3oHe JJIMH BOJH MOXET padoTaTh paJuoONpUEeMHHK?

2. Yemy paBHo paeiictBytoulee 3HaueHue JJIC, B0o30ykaaeMoil B aHTEHHE, KOTopas
MpecTaBisieT co0oil karymky nuameTpoM 0,5 cM, coaepxkairyto 600 BUTKOB, ecliu
AJIEKTpOMAarHuTHasi BoJiHa uMeeT yactoty 1 MI'1 ¥ mIoTHOCTh MOTOKA SHEPTUH B
00JIaCTH aHTEHHbI paBHA 2:10" Br/mM*?  Kak HEoOXOZHMO PaCIIOJIOKUTH
KaTyIIEUYHYIO0 aHTEHHY, 4TOObI HaBoAuMas B Heil DJ[C Obla MmakcumanbHa?

3. Bo CKONbKO pa3 HYXHO YBEJIWYUTh E€MKOCTb KOHTypa paJHONpUEMHUKA,
HAaCTPOEHHOTO Ha 4acTtoTy 6 MI'1, yToObl MOXHO OBUIO CIYIIATH PAJUOCTAHIINIO,
paboTarorntyro Ha JiuHe BOJIHBI 100 mM?

Bonpocwi:

1. Ilpu pe3oHaHce JIMHA AHTEHHBI JOJKHA OBITh B YETHIPE pa3a MEHBIIE JJIHMHBI
NPUHUMAEMOW 3JIEKTPOMArHUTHON BOJHBL. [louemy ke Ha MpaKTUKE MOJIB3YIOTCS
AHTEHHAMH 3HAYUTEJIbHO MEHBILEH JTJINHbI?

2. Ha xako#t yacToTe cyna nepearoT CUTHalbl OSACTBUS, €CIU M0 MEXAYHAPOIHOMY
COTJIAIIIEHUIO JUTMHA PaIMOBOIHBI 10DKHA OBITH 600 M?

3. [louemy yBenuueHHe NATBHOCTU PAIUOCBA3M C KOCMHUUYECKHUMHU ariapaTaMu B JBa
paza TpeOyeT yBeJlnueHHue MOIIIHOCTHY NIepeaTynKa Kak MUHUMYM B YeThIpe pa3a’?

I1l. TlocienoBaTenbHOCTh M3YYEHUS AJICKTPOJAMHAMHUKM TIOBTOPSETCS MO IUIAHY

u3ydeHus: (usnmueckor Tteopuu. YpaBHeHus MakcBemna. CyliecTBOBaHHE JIIEK-

TPOMAarHUTHBIX BOJIH. Makcsenn ymep B 1879 .

3auem, koeoa max sipxo Connye,

3auem, koeoa npekpacha HcusHs

Taxas 6016 npuxooum?
Maxceenn

DkcniepuMeHTasbHas mpoBepka Tteopun (I

I'epu B 1888 rony). IloBropeHue omnbITOB
I'epma Ha coBpeMeHHOM 00OpYyIOBaHWUH. YCTPOMCTBO W MNPHUHIUI JACHCTBUSA
reHepatopa BBICOKOW YacTOThl (IMOBTOPUTH). ['eHepaTop CaHTUMETPOBBIX BOJH
(cooctBennass uactora komeOanuit 10 I'Tm). Pymopnas anrenna. Ilpuemnmk
3JICKTPOMATHUTHBIX BOJH M €r0 MPUHIIUIT I1ECUCTBHS.
Ectb 111 B KJ1acce y4eHUKH ¢ OMoroseM (BMeCTo JMHaMUKa UCMOJIb30BaTh MUJLUTHamMmepmerp)?
CBoiicTBa INICKTPOMArHUTHBIX BOJIH C 00bsSICHEHHEM 110 PUCYHKY Ha TJOCKE M B
TCTpaan:
1. OTpaskeHue (Meraul U audiaexTpuk). IlpuMmeHeHus: pamuosokarus, texHojorus "Crenc"

(nemoHcTpaLus).
2. IoryiomeHue cJjioeM OUAJIEKTPUKA (poBepka "yMCTBEHHBIX CIOCOOHOCTER" ciaboro
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3.
4.

YUEHHUKA).

IIpesomiieHre TPeyroJbHON AMIJIEKTPUYECCKOM IPU3MOH.

JAudjiekTpruyeckasi JIMH3A.

HNuTepdepeHunss BOJIH. Ycblas myM caMmoaeTa —

IPUTrHUTECH. MOKHO JIM 110 JaHHBIM 3TOTO OIBITa U3MEPUTH A.?

CrnosxeHne KOTepeHTHBIX BOJIH: AZ= A2+ AP+ 2A1A2c0S(0).

5. Crostume BOJIHBI (u3mepenue JUTAHB
AJIEKTPOMArHUTHOM BOJIHBI U CKOPOCTH €€ PaclpoCTpaHEHUs
B Bakyyme): A2 = 1,5 cm, ¢ = A-v =310 m/c.

6. Iudpakius 371eKTPOMATHUTHBIX BOJIH.

- 7. DJIEKTPOMATHUTHBIX BOJIH — [ONEpeYHble
BOJIHBI. llosmspusanuonnas pemerka. I[lonspuzoBanHast
JJIeKTpOMarHuTHas BojHa. [lonsipuszatop ¥ aHanIM3aTOp.
IToBopoT mOCKOCTH moJisipu3anu. BojHa, W3nydaemas
BEPTUKAIBHON repeaaronein AHTEHHOM, UMeeT
BEPTUKAIBbHYIO TOJSPU3ALUIO, TO €CTh €€ AJIEKTPUUYECKOE
10JIE HAIPaBJIECHO TO BBEPX, TO BHU3 C TOM K€ YaCTOTOM,
YTO W MOPOJMBIINM 3TO ToJie 3apsd. [IpunsaTo cunrars, 4To
HaNPSDKEHHOCTH MOJIsl MeHble 5 B/M B anekTpoMarHutHOM
BOJIHE Oe30I1acHa I YEI0BEKA.

CaoiicTBa BOJH JI000H MpUpoAsl IO 00oOmIarome Taduue.

3HaHWe CBOWCTB PaJAMOBOJIH [aeT HaM TNpeICTaBJIeHHEe O BOJHAX CBeTa H Jaxe O
PEHTreHOBCKUX Jy4dax!

IV. Bonpocui:

1.

10.

VYCTaHOBUTE COOTHOIIEHUE MEXAY VYIJIOM TMAaJeHUs U YIJIOM OTPaKCHUS
AIEKTPOMArHUTHOMN BOJIHBI.

[Ipennoxure cnocoObl U3MEPEHUS JUTMHBI DJIIEKTPOMArHUTHOW BOJTHBI.

JIBe 3IEKTPOMArHUTHBIE BOJIHBI, W3JIyYEHHbIE KOT€PEHTHBIMH HCTOYHHUKAMH C
OJIMHAKOBOW HavaJIbHOM (ha30i, JOILIM O TOYKH HAJTOXKEHHS C Pa3HOCTHIO (a3
2n, w, 21t/3. IHTEHCUBHOCTH KaXK10i BOTHBI paBHa |. YeMy paBHa HHTEHCUBHOCTH
B 9TOM TOUKE BCJEACTBHE HHTepdepeHIuu. 41, 0, 2I

[Toyemy cTONMK, HA KOTOPOM TOTOBUTCS OJIF0JI0 BHYTPH MUKPOBOJHOBOH I€UH,
JenaloT MEIJIEHHO Bpallaromumcs?

B uem oTiamumue 31eKTpOMarHuTHON BOJIHBI OT MEXaHUYECKOUW BOJIHBI?

[Touemy MarauTona B aBTOMOOUIIE TTOMEIICHA B METANTUIECKUN KOPIyC?
[louemy wW3nydeHME MMKPOBOJHOBOM II€YM HE BBIXOAWUT HAPYXKY 4epes
MPO3pavyHyo ABEpILy?

DKoJlor, BBICTYyNAss MO pajgudo, CKazajl, 4To MPOXHUBAHUE YEIOBEKa B
XKEJIe300€TOHHBIX J0MaX YCWJIMBAET BO3JIEUCTBHE HA HETO SJEKTPOMArHUTHBIX
nosieid. [Ipas mm on?

Kaxkue ObITOBBIE TPUOOPHI CO3AAIOT AIEKTPOMArHUTHOE TOJI€ B Balel KBaptupe?
[ToueMy TOHKME METAJUIMYECKHE TUIEHKW HENPO3PAYHbI JJIs BUAUMOIO CBETA, a
JUTsL yIbTpadUONeTOBBIX JIydel Mpo3pavyHbl?

11. YroObl mpuHMMAThH Tenemnepenavy, HIyIylo B 3¢upe, HyKeH TelaeBu3op. be3 Hero Her HHU
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KapTUHKH, HU 3BYKa - 3TO MPOCTO BOJIHBI B 3dupe, HEe OoJiee TOro, M OTOKAECCTBIATh UX CAMUX
1o ce0e ¢ KapTUHKOM U 3ByKOM He umeeT cMblcia. Tak s 31o?
V. 1. Orpa3ute B puCyHKax 3KCIEPUMEHTHI 110 U3yYEHHUIO CBOICTB BOJIH Pa3IM4YHOMN MPUPOIBL.

CaoiicTBa Otpaxenue | [Ipenomnenne | Muarepdepenuus | Judpakuus | onspusamus
BOJIH
Bonasurie
3BYKOBBIC
DnexTpomar-
HUTHBIE
2. 30IbHOCTh KaMEHHOTO YIJISl MOXHO ONPEICTUTh pa3sHBIMH  CIIOCOOAMH: HW3MEpEeHHE
AJIEKTPOIPOBOJHOCTH 00pa3lia, HM3MEPEHHE WHTEHCHUBHOCTH, Ipoulennieil udepe3 oOpaszern
AJIEKTPOMArHUTHOM BOJIHBI U T.O. Mcmonb3ys HeoOxoaumoe o0OpyldOBaHUE, HCCIENyWTE 3TU
3¢ GEeKTHI ¥ NPeIoKUTE KOHCTPYKIIMIO TpUOopa A1l U3MEPEHUSI 30JbHOCTHU YIIS.
JononHutenbHass uHpopManusi: B oXpaHHBIX TOBapHBIX OSTUKETKaxX (JEHOJbI) MOMEIIEH
pe30HATOp, BBHINOJHEHHBIH K3 aMOP(QHONM MAarHUTHOM METAJTIMYECKOM TMOJOCKH CTpOro
OTIPENIETICHHOTO pa3Mepa (TOJNIIMHBI W JUIMHBI), KOTOPBIM BO30YXKAAETCS TMOJ JACUCTBHEM
MAarHUTHOTO TIOJIS1 BOJTHBI, U3y4aeMoO# mepeaaTynkoM Ha gactote 58 kI (CBEepXIITMHHBIC BOJTHBI).
[lepenatunk ¥ MpUEMHHUK BMOHTHPOBAHBI B paMy BXOJHBIX JBeped. [IpneMHuKk Britodaercs Ha 11
MC MEXJy UMITYJIbCaMU INepeAaTdyuka (B MOMEHT May3bl) U CUMTBHIBAET CHUTHAJ, MepeaaBaeMblil
aTHKeTKON. Eciii Ha mpUeMHUK MOCTYyMaeT YeThlpe CUrHala, BKIIOYaeTcsl curuai TpeBoru. CkaHep
Ha KaCCOBOM aIIapare pa3MarHi4MBaeT STUKETKH.

u mo, umo Hocumc:s 6 KOJZ€6JZIOLL{I/LXC}Z oUepmaHuix,

3AKpensenica 6 nPpoO4YHblX MblCIIAX.
I'eme
>|Ypox 8. PACIIPOCTPAHEHUE PAJIMOBOJIH. PEIIEHUE 3AJIAY.

DUeMy npuOOPHI VISl AUCTAHIMOHHOT0 YTEHHUSsI MbICJIeid HEBO3MOKHbI B IpUHUUNe?
HEJIb YPOKA: Ilo3HakoMUTh yYallUXCSA C  OCOOCHHOCTSAMHU  Tepeaadu

PaAMOCUTHATIOB Ha [JIMHHBIX, CPEIHUX, KOPOTKHX U YIBTPAKOPOTKUX BOJHAX.
Pa3BuTh pecTaBieHnus y4amuxcs O MPUHIIAIIE PATUOCBSI3H.

TUIT YPOKA: koMOMHUPOBAHHBIH.

OBOPYJIOBAHMUE: kunodgparment "PacnpocTpaneHue paanoBOJIH.

[IJIAH YPOKA:

1. BcrymnurensHas 4acTh

2. Ormpoc

3. OObsicHeHHe

4. 3akperuieHue

5. 3amanue Ha 10M
Il.  Onpoc ¢ynmamentanbubiii: 1. [lpunnunsl paguonepenaun. 2. JleTeKTOpHBIN
panuoNpUEMHUK.
3aoauu:

1. KonebarenbHblii KOHTYp paguONpUEMHHKAa MMEET MHIAYKTHUBHOCTh 0,32 MI'H u
KOHJICHCATOP IMEPEMEHHONW €MKOCTH. PalMONpPHUEMHHUK MOKET NPUHHUMATh BOJIHBI
nniHot oT 188 1o 545 M. B kakux mpenenax H3MEHSETCA 3JIEKTPOEMKOCTh
KOHJIEHCATOpa B IPUEMHUKE?

2. Kakoli nomkHa OBITh eMKOCTh KOHJEHCATOpa B K0JIeOATEIbHOM KOHTYpPE, YTOOBI C

KaTyIIKOW, HMeIoumed HHIAYKTUBHOCTh 25 MKI'H, oOecneduTh HACTpPOWKY B
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pe3oHaHC Ha AUHY BOJIHBI 100 M?

3. JIBe KOTrepeHTHbIE CBETOBBIE BOJIHBI OJMHAKOBOW ammuutyiasl En = 0,1 B/m,
JIMHEWHO TOJISPU30BAHHBIE B OJHOM HAIIPABJICHUM, NMPUXOASAT B OAHY TOYKY C
pazHocThi0 xo1a A = 2,4 mxM. Jlnuna BonHbl cBeta A = 733 HM. OnpenenuThb

aMIUTUTYAy KoJieOaHul B 3TOi Touke. Otset: 0,13 B/m

4. Jlyd cBeTa MpOXOJUT Yepe3 KUAKOCTh, HATUTYIO B CTEKIIAHHBIA (n = 1,5) cocyn, u oTpaxaercs
oT JHa. OTpa)kKeHHBIH JIyd MOJHOCTHIO MOJISIPU30BaH IPHU MAJEHUH €ro Ha JHO COCy/ia MO/ YIiIoM
42,67°. Tlox kakum YIJIOM JIOJDKEH IaJIaTh Ha JHO COCYAA JIyd CBETa, UAYIIUN B 3TON XKUIKOCTH,
9TOOBI HACTYITWJIO TIOJIHOC BHYTPEHHEE OTpakeHHE?

I1l. Jluanason pammosoin no cnpasounuky (EmoxoBuu, Ta6m. 208 ma cr. 175). K kakomy

JMarna3oHy NpUHaJIeKaT 3JI€KTPOMarHUTHbIE BOJIHBI C JUTMHOM BOJIHBL 5 M; 35 M; 105Mm?

JInHa BOJIHEL 2500 cm 45 cm 10 cm 7,5 CM

TTTAM-pammo TTTTTTC TTT7-13 0 TTT14-69 B ) -
'HMaHaSOH - 2_6 l TB TB - I -

- TB Q.. . N -
YacTrora 500 xI'u-1,6 MI 54 MI'u-108 MI'y 174-216 47N QNh&-0GNo 5 A4 T 10 7179 &
PacnpocTpaHeHue paguoBonH

Honochepa — 5T0 000709YKa U3 DICKTPOHOB U
3apsKEHHBIX aTOMOB M MOJIEKYJN, OKpYyKarouas 3eMIIto
n npoctuparoniascs Ha BbeicoTax oT 50 go 1000 xwm.
Jlonsi MOHU30BAaHHBIX MOJIEKYA B HOHOcChepe He
MIPEBBILLIAET 1% (cmabovoHM30BaHHAsT ~ IJ1a3Ma).
KoH1eHTpanus 3JeKTpOHOB B IIa3Me B IHEBHOE BpeMs Ha
NOPAZOK O0JIbIIE, YEM B HOUHOE BpeMsl.

[Inazma BiMsieT Ha pacHpOCTpPaHEHUE PaJMOBOJIH

TE€M, YTO AJIEKTPOMArHWTHAs BOJIHA NPUBOJIUT B
JIBUKEHUE CBOOOJHBIE DJIEKTPOHBI, KOTOPHIE
U3ITy4al0T BTOPUYHBIE BOJIHBIL. OTpaykeHHue paguoBOIH MOHOCPEPOil (IeMOHCTpAIIUS

¢ IICP u nammoi THEBHOT'O CBETA).

B nonocdepe odpazyercs nHeckoabko cioes (D, E, F) ¢ moBbIeHHOM KOHIIEHTpAIMEH JIEKTPOHOB.
WuTepdepeHIysi OTPaKEHHBIX OT 3THUX CJIOCB BTOPUYHBIX BOJH TPUBOJU K HUCKAKCHUIO W
0cna0JIeHUIO CUTHAIA.

Juppaxkuus paagunoBoH. IloBepxHOCTHAsT M NPOCTPAHCTBEHHAs BOJIHA.
[IpenmonoxxuTenbHbie CBOWCTBA M OCOOCHHOCTH pacmpocTpaHeHUs: 1) IITUHHBIX
BormH (10* - 10° m), 2) ceepxwmnmnbix Bon (10° - 10° M, mpoHmkaroT B TOMILY
okeaHoB 1 3emin), 3) cpexnux BonH (10° — 10? m), 4) koporkux BoxH (10° — 10 m), 5)
YIBTPaKOpOTKUX BOH (MeHbIme 10 m). /{1 paguoBosH ¢ gactotoi Bbime 30 Ml
noHocdepa mpos3pauna. Jlemoncrpaius KuHopparmMeHra.

JononuTeabHas uHgopmanus: 60% JIMHEHHBIX MOJIHUI — BHYTpU OONayHbIe U MEX 0OJIayHbIe
MOJHUH, 35% - HUCXOaAIME MOTHUH U 5% - BocXoAsA1IMe MOTHUHU. MOIIHBIN pa3psaa BOCXOAen
MOJIHUM TPHUBOJUT K OBICTPOMY M3MEHEHHIO 3JIEKTPUYECKOTO MO HaJ Tyuyell ¥ BO3HUKHOBEHHUIO
ceprueckoil 371eKTPOMAarHUTHOM BOJIHBI, KOTOpas Ha BbicoTe O0K0JO 100 KM BBI3BIBaeT CBEUYECHUE
pa3pekeHHOTO aTMOC(hEpHOro a30Ta (CIPANTHI U AMb(HI).

JonoanutenbHasa uHpopmauusi: TeparepieBsle BOJHBI UMEIOT yacToTy B uHTepBaie 0,1 — 10
TpWUIMOH Tepl. JlnuHa Takoi BonHBI MoxeT ObIThb OoT 3 nmo 0,03 mm. T-nmyun cCOOTBETCTBYIOT
CIEKTPAJILHOMY JMAINa30HY IEKTPOMArHUTHBIX BOJIH, KOTOPBIM SBJIAETCS IPOMEXKYTOUHBIM MEXY
MHOPAKpacHbIM CHEKTPaJIbHBIM Juana3oHoM u panuouyactoTHeiM CBY. Camoe riaBHOe
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JOCTOMHCTBO TEParepleBbIX BOJH — OHU HE OO0JIAAAI0T HOHU3UPYIOLIUM JICHCTBUEM U MEHEe
OIaCHBI AJS 4YeloBeKa. T-Iydu XOpOILO IMPOIYCKAIOT IUIACTHK, JEPEBO M IMOMIOIIAIOT METaJlIbL
[TpuGopsl ¢ TeparepleBbIM U3TYUYEHHEM UCIOIB3YIOT B a3PONOPTaX M HAa BOK3AJIaX.

V. 3a0auu:

1.

Kakoil  MUHMMaNbHOW  BBICOTBI  JOJKHBI  OBITh  JBE  TEJIEBU3UOHHBIE
AHTEHHBI-PETPAHCIATOPA, sl 0OECIIeYeHHs] YCTOMYUBOW Nepeiauyn CUTHala, eclli
paccrosinue Mexay HuMu 200 km?

. KopoTkoBoJIHOBBIM TmepeaTyuk H3iIydaeT € MOBEpXHOcTH 3emyn Ha vactore 30 MIm.

PanuoBoHBIL, OTpakasch OT HOHOC(EPHBIX CIIOEB, pacmoiokeHHbIX Ha BeicoTe 100 kM 1 300 KM,
MONaal0T B NPUEMHHUK, YJAJIEHHbIH OT nepenatuvka Ha paccrosiHue L = 2000 kM. Haiinure
3aKOH HM3MEHEHMs] MHTCHCHBHOCTM CHUTHAJla, €CIM MPUEMHUK IepeMeliaeTcs BIOJIb HpSIMOMN
JUHUM, COEAMHSIONIEH ero c¢ mnepenatuukoM. Ilepememienue mano mno cpaBHeHuto ¢ L.
CdepuunocTs 3eMIIM HE YUUTHIBATD.

Bonpocwi:

1. Tloyemy Henb3s OCYLIECTBUTH PAAUOCBA3b C IOJBOJHOW JIOJKOM, KOrJa OHa
HaXOJIUTCS O BOJOU?

2. TloueMy aHTEHHBI aBTOMOOWJIBHBIX PaJHONPHUEMHUKOB YCTaHABIWBAIOT, Kak
paBUJI0, BEPTUKAIBHO?

3. Uto 00miero ¥ B 4e€M OTIHWYHE DJICKTPOMArHUTHOW BOJHBI OT MEXaHUYECKOU
BOJIHBI?

4. Jlna dero cepeOpsST MPOBOJ, MAYIIUHA Ha HM3rOTOBJICHHWE KOPOTKOBOJHOBBIX U
YJIBTPAKOPOTKOBOJIHOBBIX KOHTYPHBIX KaTyIIEK?

5. IloyeMy He UCTIOJIB3YIOT PAAMOBOJIHEI JJIs IEpEeaavyl YHEPTUU HA paCCTOSTHUE?

6. Ilouemy manbHOCTH AeticTBust YKB - Tenedona orpannueHa?

7. TloueMy mpu paJHOCBsA3M HA KOPOTKUX BOJTHAX O0PA3YIOTCS 30HBI MOJTYAHUS ?

8. 12 nexabps 1901 roga uranpsHCcKui wHXEeHEp ['ynbenrbMo MapKOHH OCYIIECTBHII TIEPBBIM B
MHpE TpaHCATIAHTUYECKUH ceaHC paanocBsizu. [louemy 310 eMy ynanoch?

9. PaI[I/IOCBHSI) — Hnepc€aada OJJICKTPOSHCPIruh Ha pacCTOSAHHE C IMOMOIIBIO 3JICKTPOMArHUTHBIX

BoJiH. [Touemy man KII] aToro npouecca?

10. IToyeMy IJTMHHOBOJHOBBIC PAAHOINEPEIATIYMKH JOHKHBI UMETh OOJIBIITYI0 MOIITHOCTh?
V. 3anojHuTh TaOIUILY:

Jwnamazon JlmrHa BOJIHBL, M Yacrora, MI'1g O0macTh MpUMEHEHUS
pPaaroBOITH

CBepXUIMHHBIE 10° - 10*

Jmansre (JIB) 10*-10°

Cpennue (CP) 1000 - 100

Kopotkue (KB) 100 - 10

VYasrpakopotkue | Mensme 10 M

. Kak Biamsger Ha KadyecTBO I/I306pa)KeHI/IH TIOJIOKCHHUC HpHeMHOﬁ AHTCHHBI TCJIICBU3HMOHHOTO

npuemHuka? [louemy?

. Pa3paboraiite cnoco6 nepenaun nHpopMalyy, B KOTOPOM OHA MEpeHOCHIach Obl BOJHAMHU Ha

MIOBEPXHOCTH BOAbl. VccneayiiTe HanpaBiIEHHOCTh HM3TOTOBIEHHBIX BaMM IEpENAIOIIUX U
IIPUEMHBIX YCTPOMCTB.

. CI/IHyCOI/L[[aJ'IBHaH QJICKTPOMArHnuTHAsA BOJIHA - 3TO OceckoHeuHast CHUHYCOuJa CTpOro OJHOH

4aCTOTbI, © OHAa HC HCCCT HHUKaKOM I/IH(bOpMaI_[I/II/I. HO‘-IGMY? YToOBI CO30aTb CHUTHAJI, HYXXHO
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CHeNaTh KaKkyr-TO "OTMCTKy" Ha BoJiHe (Moayssiuusi). Ho kak TOJIbKO OTMETKa clejaHa, BOJIHA
TepsieT CUHYCOUIATbHOCTh. OHAa CTAaHOBHUTCS MOJIYJIMPOBAHHOM, COCTOSAIIECH U3 Habopa MPOCTHIX
rapMOHUK - TpyIIoi BoJH. CKOpPOCTh MEpPEMEILIEHUSI OTMETKH U SIBJIIETCS CKOPOCTBIO CHUTHaia
(TpyIImoBoOi CKOPOCTHIO), KOTOPAsi MEHbIIIE CKOPOCTH CBeTa B Bakyyme. [louemy 3To Tak?

Bcsa ucmopus passumus Hayku nokasvleaem, 4mo 081d0eHue 8CAKOU HOBOll
obnacmvio  AGIEHUN NPUPOObl 8ce20d NPuBoOUm K NPaAKMUYeCKUM

NPUMEHEHUAM, YACMO COBEPULEHHO HEOHCUOAHHO.
UE. Taum

S|Ypok 9. [< PAJTAOJOKALIMSA

Ha kaxkux npuHOunax ocHoBaHa padora paauosiokaropa?
HEJIb YPOKA: II03HaKOMUTh YYEHUKOB C OJHUM M3 BAXKHEHIIMX TEXHUUYECKUX

MPUMEHEHUN PaJMOBOJIH - paauosiokanueil. HayunTs yuamuxcst pemarb 3ajaya Ha
ornpeJieieHre rIyOuHbI pa3BeAKU PaJHoIoKaTOpa.

THUIT YPOKA: nexuus.

OBOPYJIOBAHMUE: nputop TICP ¢ npunamnexHoctssMu, BbimpsimMurens BYII-2,
muadwipM "Pagronokanus”, IeMOHCTPAIIMOHHBIN ocrLIorpad.

[IJIAH YPOKA:

BcerynurensHas yacTth
Onpoc

OO0bscHenue
3akperuieHue
3amanue Ha 1OM

Il.  Omnpoc pynnamenTtanbHbIi: PacnpocTpanenue painoBOIIH.

agrwnE

3aoauu:

1. 'enepatop u3ay4aeT UMIYJILCHl CBEPXBBICOKON YaCTOTHI C DHEPrUEH B KaXKJIOM
nMmiryabsce 6 [Ix. Yactora noBropenust umnyibcoB 700 I'n. KITJ[ reneparopa 60%.
CKOJIBKO JUTPOB BOJABI B 4Yac HAJ0 MPOIYyCKaTh YEPE3 OXJIAXKIAIOUIYI0 CUCTEMY
reHepaTopa, 4ToObl BOjla Harpeyiach He BoIle, yem Ha 10 K?

Bonpocwt:

1. Tlouemy mocie TPOJOIKATEIHLHOTO MPOJMBHOTO JOXKAS (HAJ OOIMMPHBIMU

BOJHBIMU MTOBEPXHOCTSIMH ) IaJIbHOCTh PaJuONepeaaun YBEIUUUBACTCS?

2. KaxoBblI IpenuMyIecTBa U HEIOCTATKH aHTEHHBI TUTIA «3aT9bU YT ?

3. 3adeMm HapyKHas aHTEHHAa UMEET HECKOJIbKO METAJUTMYECKUX CTEP)KHEH Pa3zHOTO
pazmepa?

4. Tloyemy mpomamaeT CUTHAJ CITyTHUKOBOTO TEICBUACHUS TIPH CHIILHOM JOXKIE?

5. Tlouemy HectaOunpHbie MarHuTochepa u woHOChepa camMu TEHEPUPYIOT
PaMOBOJIHBI, 3aMOJIHSISI ITYMOM IIMPOKHI AUANa30H 4acToT?

6. B kakom nHampaBneHnu B HOBOKy3HEIKe HY)>XHO OPHEHTHPOBATH CITyTHHUKOBYIO
aHTeHHy? KakoBa MUWHHMMAanbHash 4acTOTa CTOSAYEH 3JIEKTPOMATHUTHOM BOJIHBI,
"3axkatoil" noHochepoi BOKpYT 3eMIIH.

7. TloueMy aBTOMOOWJIBHBIN IPUEMHUK «3aMOJIKAET» B TYHHEIIE?

113



8. Ilocie coaHe4YHOW BCHBIIIKHU PagUOCBA3b ISl MHJIOTOB, JIETAIOMIMX B MOJSPHBIX
IMPOTaX, CTAHOBUTCS HEBO3MOKHOU. [Touemy?
9. ITlouemy Ha KOpPOTKOBOJIHOBOM JAHMAana3oHE pPagUONPUEMHHKA CIBIIIHO TOpa3ao

0O0JbIIIe CTAaHIIUHM, YeM Ha JJIMHHOBOJHOBOM JHana3oHe?

10. Ecnu B Ka4yecTBe aHTEHHBI MOJIB3YIOTCSI TOPOJCKONH OCBETHTEIBHOM CEThIO, TO MEXIy CEThIO U
MIPUEMHUKOM HEOOXOJMMO BKJIIOUMTH PA3AEIUTENbHBIM KOHAECHCATOP. 3a4eM 3TO Jeiaercs U
4yeMmy J0JDKHA ObITh paBHA EMKOCTh TAKOTO KOHJeHcaTtopa?

I11.Yto naspiBatoT sokanuein? Kakum o0pazoM MOXXHO ONPEACIIUThH HAIpPaBIICHHE
(a3uMyT) M paccTosiHME A0 LEIH, eclii OHa He BuAHa? Jlokauus C MOMOIIbIO

3BYKOBBIX BOJIH (10 KaJpaMm JAuauiibMa).

J1s1 3TOr0 HE0OX0AMMO:
1. Co3naTh HanpaBJIeHHbIH 3BYKOBOIi CUTHAJI.
2. TIpuHATH OTPa’KeHHbII 3BYKOBOii CHTHAJI.
3. U3mMepuTh BpeMsi MPOXO0KAEHUSI CHTHAJIA /10 LeJId U 00PaTHO, ONPeIeTUTh JaJIbHOCTh.

Curnan HeoOX0IMMO TMOCHUIATh B BUJIC OTACIBHBIX UMITYJIBCOB, C HEKOTOPOU Tay30i
MeX Ty HUMU. JTTEIbHOCTD MMay3bl ONPESIsIeT TIIyOuHY pa3BeaKH.

[Tpumepbl: 3x070T (KapThl MOPCKOTO JHA), JIETyYUE MBIIIH, YIIbTPa3ByKOBas
ne(EeKTOCKOIIHUS.

PaouoroKauus

R — paccrosuue ot nokartopa
Armeannwid A0 obvexTa
ncy}:.'rlmcvamd//b C — CKODOCTb CBeT a
I — Bpemsa NPOXOXAeHus

curHana no obvexra

06HaDY)KEHVIe n onpegesieHne MecTtonosoXXeHU4A
Pa3/1IN4HbIX 06B1EKTOB C MOMOLLbIO paANOBOJIH.

Pagnonokanusi — 3TO0 omnpeaejleHde W OOHAPY:KEHHE MECTONMOJI0KEHUSA
Pa3IHMYHBIX 00BEKTOB NMPHU MOMOIIUA PAANOBOJH. Panuonokanus oCylecTBISIETCS
npu noMou npubopa — paauonokaropa (pagapa). CrnocoObl MNOJy4eHUSs
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HE3aTyXalIIUX  JJIEKTPOMArHUTHBIX  KojeOaHuil.  KOHCTpyKIMs ~ aHTEHHBI,
CO3JA0IIE OCTPOHAIIPABICHHOE M3JIydeHUe. B pagapax aHTEHHBI INepeparomas u
MpUEMHAsl COCIMHEHBl BMECTE, PAJMOJIOKATOP — ATO KOMOMWHAIUS MPUEMHHUKA U
nepejaroiiero ycrpoictra. PaboTaer paavookaTop B HUMIIYJIBCHOM PEXHUME.
NMnynbCHBINA PEXUM COCTABISECT OJHY MUJUIMOHHYIO CEKYHIbI. [lochlmaercss curnan
— W paJap aBTOMATHYECKH NEPEKIIOYAETCS Ha IpHeEM 3Toro curHaia. CBoicTBa
paboThl pajapa OCHOBAaHbBI Ha TOM, YTO OJJIEKTPOMArHUTHAs BOJHA CIOCOOHA
OTpaXXaTbCsl OT MOBEPXHOCTH. BOT 3TOT OTpakK€HHBIN CUTHAN pajap U NPUHUMAET B
TOT MOMEHT BpPEMEHH, KOTJa OH paboTaeT Ha mpueM. PacctostHue g0 menu mnpu
NOMOLIM pajiapa ONpenesstoTcs no Gopmylie, KOTOPYIO UCMOJIb3YIOT MPU pacyerax:

I:C—Zt. Omnpenenenue azumyta (nemonctpaius [ICP). MoxHo nu ans u3MepeHus

MPOMEXYTKAa BPEMEHHM MPOXOXKJICHUS CUTHAja J0 I U OOpaTHO MOJIb30BATHCA
cekyHaoMepoM? DIEKTPOHHO-IIy4YeBas TpyOKa (IeMOHCTpaiusi ocuuuiorpada).
Bpems pa3BepTku U ompeneraeHue NaabHOCTH 10 Lenu. KakoBa riiyOuHa pas3Beaku
paauosiokaTopa, eciu BpeMms pazseptku 1/1000 c; 1/100 c?

KakoBa nmambHOCTH 510 1ienmu, ecnu Bpemsi pasBeptku 1/100 ¢, a "Bcmieck" ot
OTpa)X€HHOT'0 CUTHaJIa BO3HUK B IIEHTpPE dKpaHa?

['pagyupoBka B KritoMeTpax. biiok-cxemMa paanosiokaTopa (3apucosath B TETPab).

Bo BcéM mMuHpe HCHONB3YETCS HMMNYJIbCHO-IOINIEPOBCKUK pajiap, B KOTOPOM
ONpEJICJICHUE JAJIBHOCTH JI0 1I€JIM BBIMIOJHSIETCS MNyTEM HM3MEPEHUS BPEMEHU
3aJICP)KKA  OTPAXKEHHOTO OT HEeE B3OHIMPYIOLIETO CHTHajla, a OIpEJeIICHUE
CKOPOCTH WEIW - MO CABHUTY YAaCTOThl OTPAKEHHOTO CHTHAJIA, BO3HUKAIOIIEMY

BciencTBue 3¢ dexra Jlomnepa.

JonmosnurteabHass uaipopmauus. [lpuMenenne paguosokanmun: PaanonokalnoHHbIE YCTAHOBKHU
OoOHapyXHUBalOT KOpaOlIM M CaMOJIEThl Ha PACCTOSHUAX JIO HECKOJBKUX COT KuiomeTpoB. Ha mx
paloTy JIUIIb HE3HAYUTEIbHO BIMSIOT YCIOBHS HOrOJbl U BpeMs CyTOK. B Gonbmnx asponoprax
JIOKATOphl CIEAT 3a B3JIETAIOIMMHM M HAYLIMMH Ha MOcaaKy camoyetramu. Hasemuas ciyx0a
nepefaeT IO paauMo MUJIOTaM HEOOXOOUMblE YKa3aHUs M TakuM o0pa3oMm oOecreduBaer
6e3omacHoCcTh noseroB. Kopabau u camolsieTsl Takke CHAOXKEHbl PaJuoJIOKaTOpaMH, CIyKalUMH
JUIi HABUTALMOHHBIX Henedl. Takue oKaTopbl CO3MAl0T Ha HKpaHe KAPTHHY PaCHOJIOKEHHS
00BEKTOB, PACCEUBAIOLIUX PAJUOBOJIHBL, U ONEPATOP BUAUT PAJHOTIOKAUOHHYIO KapTy MECTHOCTH.
B Hacrosimee Bpems NpUMEHEHHE DPaJUOJIOKAIMM CTAaHOBUTCA Bce Oosee pazHooOpazHeiM. C
MIOMOILBIO  JIOKATOPOB HAOJIIOJAIOT METEOpbl B BEPXHUX CIOSIX artMocdepsl. JlokaTtopsl
UCTOJB3YIOTCS CIY)KOOW Morojsl Juis HaOMoJeHus 3a oOiakamu. JlokaTopel HMCHONB3YIOTCS B
KOCMHMYECKUX HucclieoBaHusAX. Kaxplii kocMudeckuil Kopabiib 00s3aTeIbHO HMMEET Ha OOopTy
HECKOJIbKO pajuosokatopoB. B 1946 r. B CILIA u Benrpuu Obul OCYIIECTBIIEH SKCHEPUMEHT IO
IIPUEMY CHUTHaJla, OTPaXKEHHOTO OT mnoBepXHOCTH JlyHbl. B 1961 r. yueHblMM Hamiel cTpaHbl
IIPOU3BEACHA PATUOJIOKALMS IUIaHEThl BeHepa, 4TO MO3BOJIMIIO OLIEHUTh NEPUOJ €€ BpPALEHUs
BOKpYI' CBOE€H OcH. B Hacrosiiee BpeMs OCYIIECTBIIEHA JOKalMs W Apyrux IuiaHeT CoJIHEYHON
cucteMbl. CeroJHs B aCTPOHOMUH PATUOJIOKALIUS 3aHUMAET CBOE 0CO00€ MECTO, PaAN0ACTPOHOMHUS
— 3TO OJIMH U3 BUJOB OYEHb CEPbE3HBIX, OBICTPOPA3BUBAIOIINXCS YacTe Hayku. Pamapel akTHBHO
NPUMEHSIOTCSI B BOGHHOM Jiesie (KpbulaThle pakeTs! W T.A.), paaapsl [MBJJ], panapubie neun
(MMKpPOBOJIHOBOE M3JIy4eHHE) M HarpeBaHUE BEILECTBAa, BHE3EMHAs HJIEKTPOCTAHLMS (meperaya

115



MHUKpPOBOJIHOBOIO U3Iy4eHMsT Ha 3emuo). Pajgapel Ha JUIMHHBIX M CBEPXUIMHHBIX BOJIHAX
(momHOCTB 1 — 2 MBT, nansnocts aeiictBus 3000 — 6000 kM, BeicoTa aHTeHHBI Topsiaka 100 m).

JonoaHurenbHass uHpopmanusa: Jleryyas MbIlIb HCHOJb3YET U SXOJOKAMM YIbTPa3BYK
qacroroii 8-10* Ty, uro COOTBETCTBYET JUIMHE BOJIHBI nopsiaka 4 MMm. CoHapbl JETYYUX MBIIIEH
yJIaBIMBAIOT CUTHAJIBI OT KOMapoB, MPOJIETAIOIIMX HA PACCTOSIHUU HECKOJIBKMX METPOB, Pa3IMyaloT
9XO0 OT HEMOJBMKHBIX U OT JIBHXKYIIMXCS OOBEKTOB, BOCHPUHUMAIOT 9XO OT JIETSIIEro KoMapa Ha
¢doHe BO MHOTO pa3 0osiee MHTEHCHBHOTO 3Xa OT IMOBEPXHOCTH 3EMJIH, OPUEHTHPYIOTCS B TTOJTHOM
TEMHOTE MEeLEpbl IPU U3AAIOIIKX 3BYKM MHOTHUX COTE€H ocoOeil. CUrHaibl, MochuUIaeMble JIeTydei
MBIIIIBIO B TIOJIETE, MMEIOT XapaKTep HMITYIbCOB — miemdkoB. JlmurensHocTs mermaka (1 — 5) <107 ¢.
ExecekyHHO MBIIIb IPOU3BOIUT OK0JIO 10 mienykoB. 3aMeTUB 0OBEKT, MBIILIb HAUMHAET OChUIATh
CHTHAJIBI 0OJiee 4acTo, a CaMH HIETYKH CTAHOBATCS 00jee KOPOTKHUMH. JJTMTETbHOCTH CHTHAJIOB
YMEHBIIIAETCsl IPUMEPHO B JECATh pa3, Korja yactora ux ciegoanus 10 100 — 200 uMmyabcoB B

CEKYH]Y.
JonosnuTebHas uHpopmainus (cresc-TrexHosoruu): Bee yrisl koHCTpyKInu B-2 paccunTansl
Tak, 4TO JIyd pajapa, HampaBJEHHBINH ¢ 000N TOYKH, HE OyAeT OTpa)xaThCs cpasy OOpaTHO K
HCTOYHUKY - YTO O3Ha4yaslo Obl OOHapy)XeHHe camolieTa. BMecTo 3Toro camosier ckopee moxXox Ha
3epKaJIbHBIN 1Iap B JUCKOKIyOe: OH pa3OpachiBaeT Jyd pajaapa Bo Bce cTopoHsl. Ho ocobas popma
- He eauHCTBeHHass Mepa. COBpEMEHHBIE CaMOJIEThl TMOKPBITHI KPAaCKOW, KOTOpask COCTOUT W3
KPOIIEYHBIX JKEJIE3HBIX IMAPUKOB, BIUTHIBAIOIINX SHEPTHIO pajiapa M MPEBPAIAIONINX €€ B TEIUIO,
3aTeM Iepenaronieecst BO3AyXy BOKpPYT caMoJIeTa.

IV. 3a0auu:

1. Paguonokarop moceuiaer 2000 ummnynbcoB B cekyHAay. Ompenenu JaabHOCTb
JNENUCTBHS 3TOTO PAHOIOKATOPA.

2. Panuonokarop paboTtaeT B HMIIYJIBCHOM pexume. Yactota NOBTOpEHUSA
uMinyJsibcoB v = 1500 I'm. JInuTenpHOCTh UMMYJbCOB T = 1,2 MKC. Uemy paBHBI
MaKCUMallbHasg U MUHUMAJIbHAS TaJTbHOCTH OOHAPYXEHUS 1ETH?

3. Ha »kpaHe »JeKTpOHHOJIYyYEBOM TYOKM pagUOJIOKATOpa PACCTOSHUE MEXIY
HUKaMHU OTIIPABJICHHOIO U oTpaykeHHOro curHana d = 10 mm. CKOpOCTh IBHIKCHUS
10 PKpaHy Jiyya, MPOU3BOASIIETO TOPU30OHTAIBHYIO pa3BepTKy, v = 1 M/c. Uemy
PaBHO PACCTOSTHUE OUT JIOKATOpa 0 0ObeKTa?

4, Onpenennute CKOPOCTh ABTOMOOWIISI, €CJIM YacToTa u3aydeHus pagapa 1,0 10" I'y,
a pPa3HOCTb MEXKAY YaCTOTaMH U3JIyYEHUs, UICIYIIIEHHOTO PaJapoM U OTPaXKE€HHOTO
JIBUKYIIAMCS TPAHCIIOPTHBIM CPENCTBOM (3apMKCHPOBAHHOTO pPaaapoM), paBHA
1000 I'm.

Bonpocwi:

1. Touemy yBeIM4YEHHE AAIBHOCTH PAJMOJIOKAIIMU B JIBa pa3a TpeOyeT yBEIMYCHHE
MOIITHOCTH paJiHoIepelaTyuKa Kak MUHUMYM B 16 paz?

2. [louemy mys OOHApYKEHHS JIETAIONIUX OOBEKTOB BBITOJHEE HCIIOIH30BATH
AJIEKTPOMArHUTHBIE BOJIHBI, a HE 3BYKOBbBIE?

3. Usnywyaemasi pamapom 3JIEKTpOMAarHUTHAas BOJIHA OTPa3ujach OT KOCMHUYECKOTO
00bEKTa U BepHYJIach Ha 3eMJII0 Yepe3 HECKOIBbKO JeT. MOoXeT Jiu ObITh Takoe?

4. TloueMy ¢ TIOMOIIBIO  pagUONIOKATOpPAa  MOXHO  OMNPEACIUTh  pa3Mepbl
PaaIMOaKTUBHOTO 00JIaKa U €ro CKOPOCTh?

5. Ilouemy nnst 3aropu3oHTHBIX PJIC HEOOXOAMMBI CBEPXMOIIHbIE U CBEPXOOJbIINE
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6.

V.
1.

2.
3.

IIPUEMOIIEPENAOIINE AHTCHHBI?
Kak «nmomemate» pabote pagapa?

Habmronast Ha SKkpaHe TeIeBU30pa CABOCHHOE M300paKEHUE M WU3MEPss BEIMYUHY CMEIICHUS,
paccumTaiiTe paccTosiHue 10 npeamMera (00beKTa), OTPaXKaroIIero JIEKTPOMArHUTHbIEC BOJTHBI.
[Mpensnoxure METO U3MEPEHHUSI CKOPOCTH 00BEKTa C MMOMOIIBIO PaIHOJIOKATOPA.

[IpemnoxxuTe KOHCTPYKIMIO PAITAPHOTO CIIHIOMETPA, B OCHOBE Pab0OTHI KOTOPOTO JISKHUT IPPEKT
Homnepa.

Ynpaenams npupoooii ModtcHo, moabko noOUUHAACS eli.
®@pencuc boxon

Sypox 10. 1< PEIIEHUE 3AJIAY

Yto BbI Tenepb 3HaeTe 00 3JIEKTPOMATHUTHOM BOJIHe?

HEJIb YPOKA: [Iponomkuth popMUpOBaHME YMEHUN peliaTh 3a/1a4yu Ha OINpesere-

HHE COOCTBEHHOH YacCTOTHI KOHTYpa, JJIMHBI HSquaeMOﬁ BHGKTPOMaFHHTHOﬁ BOJIHBI,

JNAJIbHOCTH JIEMCTBUS PAIMOJIOKATOPA. e
THUIT YPOKA: pemienue 3amau. l !j //;\\\\ i
OBOPYIOBAHMUE: MUKpOKanbKyJIsATOP. -‘- J i ﬁ@
IUTAH YPOKA:
; ]?)(IJT;};ZHTenLHaﬂ 9acTh M mpmgraes
3. Pemrenune 3amau

1.
3aoauu:

1.

4, 3amanue Ha I0M
Omnpoc dbyHaameHTanbHbIl: Pagunonokarmusi.

vamyNeHUE

FaMMa- Ay

Ha xakoMm paccTosiHuM OT paguosioKaTopa HaXOIUTCA CaMOJIET, €CIIM OTPaKCHHBIN
4
OT HEro CUrHaj NpuHAT yepe3 2107 ¢ mociie MOMEHTa NOCBHUIKK 3TOTO CUTHAJIA?

. AHTeHHa paJuoioKaTopa HaxoguTcsa Ha BbicoTe 50 M Haj ypoBHeM Mops. Ha

KaKOM MaKCHMaJIbHOM PaCCTOSTHUU MOXET OBITb OOHApY»XEeH KaTep MPOTHUBHUKA?
C xakoil MaKCUMaJIbHOW YaCTOTOM MPHU 3TOM JIOJKHBI HICITYCKAThCS 30HIUPYIOIINE
HMITYJIbCHI?

. Pannonokarop paboTtaer Ha BoJIHE 15 ¢cM M HCHYCKaeT UMITYJIbChl C 4acTOTOU 4

k['m. JImuTeNnbHOCTh KaXKa0ro uMITyjiabca 2 MKc. KakoBa HambobInas JaabHOCTH
oOHapy>xeHus 1enu? CKoJIbKO KOJeOaHU COEPKUTCS B OJTHOM UMITYJIbCe?

Bonpocwi:

1.
2.

KakoB npunnun aeiicteusa CBY-neun?
Kakum o6pazom »sddexr J[lomnepa obmerdaer oOHAPYKEHHE JBIKYIIHXCS
00BEKTOB TIPU PATUOTOKAIIIH ?

. Hoquy IITUIBI, IIOIIAJAar0IIKUC B 30HY I[GﬁCTBHH CBCPXMOIIHOI'O pagapa, IaaaroT

3aMCPTBO YK€ CBAPHUBIINMMUCA HTI/II_IaMI/I?

. Kakyto omumbky B omnpefeneHuud pacCTOSHUS 0 OOBEKTa MbI JOMYCKaeM,

WCNOJIB3YySl TP PAAUOJIOKALMHU 30HAUPYIOIIME HWMIYJbChl MHUKPOCEKYHIHOU

(HaHOCEKYHIHOMW) JITUTSIbHOCTH?
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8.
9.
I
1.

6.

. [Iouemy B MMKpPOBOJIHOBOM II€4YM €1a IIOMENIAETCs HA BPAILLAIOLIEMCS CTOJIE, a B

OOBIYHOM T1€YU — HET?

. ITouemy Ha 3KpaHe paaMOJIOKATOpa 4YEIOBEK OyAEeT HEOTIMYMM OT MeENIKa C

IpA3HBIM OenbEM?

. [ToueMy yBenuueHHe NaTbHOCTU PAJAUOCBS3U C KOCMHUYECKUMHU KOPaOIIMHU B 2

paza TpeOyeT yBeJIMYEHHWE MOIIHOCTH IepenaTtyuka B 4 pasza, a yBEIUUYCHUE
JTATBLHOCTH PaJNoJioKaTopa B 2 pa3a TpeOyeT yBeJIWUECHUE MOIIHOCTH NepeaTunKa
B 16 pa3?

MO>KHO 11 BUAETH AJIbIIIE JIUHUUA TOPU30HTA?

MoxHo nu ¢ nomoibio CBY-neuu cBaputh aio?

|. 3a0auu:

Pannocranums nepenaer 3BYKOBOM curHaj, dvactora kKortoporo 440 I'm.
Omnpenenure 4ucio KoyieOaHUM BICOKON 4acTOTHI, IEPEHOCSIINX OAHO KoneOaHue
3BYKOBOM 4acCTOTBI, €CIIM NEPEAATUYMK pabOTaeT Ha BOJIHE AIUMHON 50 M?

. IsmeHeHne TOka B KOJeOaTEIbHOM KOHTYPE COOTBETCTBYET YpPaBHEHHUIO:

I = 0,3 sin(15,7) t . HaliguTe MIMHY HM37ydaeMOW KOHTYPOM DJIEKTPOMArHUTHOM
BOJTHBI.

2 o
. Kakas OHCPIUA IICPCHOCUTCA 3a 1 4 qcpe3 IIoMAaaKy I c™m QJICKTPOMAriHuTHOM

BOJIHOM, B KOTOpOW JEWCTBYIOIIEe 3HAUCHHE HAMPSHKEHHOCTH JIIEKTPUYECKOTO
noJist paBHo 25 B/m?

. [lapameTpsl uMIysibca pyOMHOBOTO Jlazepa cieayroiue: Bpems ummynbca T = 0,1

Mc, cpennsist sueprust ummnyibea W = 0,3 [k, auametp nyuka d = 5 mm. KakoBsr
HANPSDKEHHOCTD AJIEKTPUUECKOTO TMOJIS U MHTEHCUBHOCTH U3TyYeHus jazepa’?

. Kakyro emkxocts C HYXHO MOAKIIOUHATH K KaTyiike uHAyKTUBHOCTRIO L = 0,001

I'a, 4TOOBI TIONYYEHHBIH KoJieOaTeNbHBI KOHTYp OBLI HACTPOCH B PE30HAHC C

AJIEKTPOMArHUTHON BOJHOM, juyiHA Kotopoit A = 300 m? CkopocTth cBeTa C = 3 -
8
10" m/c.

Kto GpicTpee yCIbIIIUT ToJIoC MeBLa: 3puTeib B 3ajie Ha paccTossHuu 50 M WK y TeleBU30pa Ha
paccrostnuu 3000 kM TIpu IPSAMOM TPaHCIISALIMKU?

I[OHOJIHHTGJILH&H 3agavda: HOKaTOp NOChUIACT PAAUOUMIIYJIIBCBI OJWH 3a JpYyruM Uepe3
HHTCPBAJIbl BpCMCHU Ti. OTpa)I(eHHLIC OT YAAJAIOIICTOCA aBTOMOOHMIIS HMITYJIBCbI BO3BPAIIarOTCs
BIOJIb IOCCE HA3a/l K JIOKATOPY YCPE3 PABHBIC IIPOMEIKYTKHU T,. Kaxkoga CKOpPOCTb aBTOMOOMIA?

IV. NeNe 16,17 u3 pazgena "3agaun Ha mOBTOpeHUE".

1.

HOCpeI[I/IHC TApCJIKN HACBIIIBTC IIOJIOCKY TEPTOI'O ChbIpa IHI/IpHHOﬁ okoiio 1 cm. Ilomecture
TapesKy B MUKPOBOJIHOBKY, ITPEIBAPUTENIbHO OTKIIOYMB (YHKIHUIO BpalleHus Omona. Yepes 10
— 15 ¢ BBIHBTE TapeCJIKy U3 MCUYU U ONIPCACIIUTC CKOPOCTH CBETA.

Cuna u mowb Hayku becnpeoenbHbl, Mak e becnpeoebHbl

U npakmudecKue ee NPUNoNCeHUs Ha 0.1a20 yenogeyecmad.
A.H. Kpuvinos

Ypoxk 11. Z TEJEBUJAEHUE

YesnoBek umeet 46 XpoMocom, Ha 2 MeHbIIIe, YeM KapTodeb.

HEJIb YPOKA: Ilo3HakKOMUTH y4amuxcs co Croco0amMu mpeodpa3oBaHUs ONTHYEC-
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KOIro M300pa)K€HUsl B DJIEKTPUUYECKUA CUTHAI U 0OpaTHBIM NpeoOpazoBaHueM. Jlathb
MIPEICTaBICHUE O MPUMEHEHMSIX TEJIEBUACHHS HA TPAHCIOPTE, B BUIEOTENE(HOHHOM
CBSI3M, MEIMIIMHE, IPOMBILUIEHHOCTH, KOMIIBIOTEPHOI TEXHUKE.

THUIT YPOKA: ypok-nekuus.

OBOPYJIOBAHUE: nuadunem "dusmyeckre oCHOBBI TEJIEBUACHUS'", TEIEBU30D C
BUJIEOMarHuTo(hOHOM, TUCTIIEH.
[IJIAH YPOKA:

BcerynurensHas yacTtb
Jleknus

3akperieHue

4. 3aganuve Ha IOM

Il. TeneBupenue (ot rpeu. tele - Bmamp, ganexo).

wnN e

Crpobockonmueckuii a¢dext. [IpuHIUnIbL, IexKamue B OCHOBE KUHO.

HpI/IHHI/IHbI, JeKalmme B OCHOBE TCJICBUACHUA

e IIpeoOpasoBaHue ONTHYECKOI0 U300PaKEHHUS B JJIEKTPHUYECKHE CUTHAJIBI.

o [Ilepegaua »3JjieKTpHMUYECKMX CHTHAJIOB HM300paskeHHs] € TOMOUILIO 3JIEKTPOMATHHUTHBIX
BOJIH. '

e [lpuem u mnpeobpa3oBaHHe NepeJAHHBIX JJIEKTPHYECKHX
CUTHAJIOB B ONITHYECKOE H300pakeHue.

YepHo - Oes1oe aHaorosoe reaesuaenne. Ilepenaromas
TEJEBU3MOHHAs TPyOKa - MKOHOCKOMN. Mo3an4HbIi 9KpaH
npelHa3HaueH JJsi  [peoOpa3oBaHUS  ONTHYECKOTO
U300paKeHUsT B IJIEKTPOCTATUYECKOE H300paskeHue.
Karymkn cTpoyHOU M KagpoBOW pa3BEPTKHU. [[BUKEeHHE
AJEKTPOHHOTO Jy4Ya MO MO3auyHoOMy 3KpaHy. B Poccumn
ucnoJib3yeTcst 625 CTpok pasznokeHus npu 24 kaapax B CeKyHAY. UUCIO 3IE€MEHTOB
paznoxenus B kaape 520000. B TeneBUIEHUMU HCTIOJIB3YIOTCS HECYIIUE YacCTOTHI
nopsiAka MuMapaoB repi. Ilepenada u npuem BuAeOCUTHANIA.

Kuneckon. IlocnenoBatenbHoe mpeoOpa3zoBaHUE BHICOCUTHATIA B ONTHYECKOE

nzoopaxkenue. Cunxponusupytonme umnyiaschl. YKB. Perpancmstopsr. Cucrema
"OpOura".

IpuHUHUIIBI, JeKalue B OCHOBE IIBETHOI0 TeJeBUAeHHus. [[puHUUIIbI, exalue B
OCHOBE paboThl BujeoMaruutodona. [I[puMenenus TeneBuaeHus.

Hudposoe TeneBunenue. B 1mdppoBom TB crangaptel BKIOUYalOT B ceOs
pazpemienue uzoOpakeHud a0 1080 nuaumit w 1920 Toyek Ha JMHUIO, YTO JACT
2073600 Touek Ha H300pa)KEHHE — ATO NPUMEPHO B JECATh pa3 OoJblle, 4YeM

PaspCUICHUC aHAJIOTOBLIX TCICBU30POB.
Bonpoc: Kocmuueckuii MUKpOBOTHOBBIA (DOH (PETUKTOBOE M3JIydeHHE) MOT ObITh OOHapyXeH B
CaMbIX HEOXHJIaHHBIX MECTax: HapuMep, B crapoM TeneBusope. [loscHuTe.

JonoanurenbHas nHpopMmanus. Kak nosiisiercss n3o0paskeHue Ha IKpaHe KOMNboTepa?

[TosiBNeHNe MIIOCKUX 3KpaHOB OOYCIOBMJIO pa3pabOTKy CMapT(POHOB U HOYTOYKOB, IMOCKOJBKY
TAKW€ DKpaHbl MOTYT MMETh Malble pa3Mepbl. OJTHU HOBBIE JUCIUIEM TAaKXE YIPABISIOTCS
SNIEKTPOHAMH, HO ropazo 0Oojee CIOXHBIM crmocoOoM. Bes momans skpaHa jaenurtcs
Ha MHOKECTBO KPOILIEYHBIX KBAJPATUKOB, IUKCENEH, a 3JIEKTPOHHOE YIPABJICHUE KaKJbIM TaKUM
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IIUKCEJIEM OIpeAeNsieT, CBeTUTCS Ju OH. Eciau paspemenue 5skpaHa cocrasisger 1280 x
800 nukceneli, 3HAYMUT, BBl CMOTPUTE Ha CETKY, COCTOSINYIO W3 00Jiee MUJUTMOHA OTAEIbHBIX
[IBETOBBIX ToueK. Kaxkmas W3 TakuX TOUYEK YIpaBisieTcs (BKIIOYEHUE/BBIKIIOYEHHE) pa3aebHO
yTeM MOJAa4YMd Ha HUX KpPOIICYHBIX HampspkeHUi. COCTOsIHME KaKIOro IHKcena OOHOBISETCS
HE MEHEE IIEeCTHICCATH pa3 B ceKyHAy. KoopauHamms pas3ienbHOro YIpaBJICHUS TaKUM
KOJIMYECTBOM TIHKCEJIOB — YPE3BBIYaHO CIIOXKHAs 3a/la4a, HO JJaKe OHA KaKETCS TPUBUAIBHON
110 CPABHEHUIO CO CIIOKHOCTBIO (DYHKITUH, BBITIOTHIEMBIX BalllUM HOYTOYKOM.

JonoanutenbHas undopmanus. Kak ycTpoeH mynbT yaaaéHHOTO YIpaBJIEHUS, KOTOPHIM MOKHO
nepekirodath KaHauel? LudpoBeie curHanel, nepenaBaeMble WH(PAKPACHBIM ITYJIBTOM, HEMHOTO
OTIMYAIOTCS TIPU HAKATHH Pa3HBIX KHOMOK. CBETONMpUEMHOE YCTPONCTBO aHAIM3UPYET Pa3HUILY
B [IEPUOIMYHOCTA MOPTaHUSl CBETa, ONpEJeNsIeT, Kakas KHONKa ObUIa HaXkara, M IEepeKITIoYacT
KaHaJ.

1. 3a0auu:

1. OnpenenuTh CKOPOCTh MEPEMENICHUS CBETAIICTOCS IMATHA O dKpaHy TPYOKH B
TEJICBU30pE, €CIIM M3BECTHO, 4To B TeueHue 0,04 ¢ Jiyd co3gacT Ha dKpaHE OJHO
n300pakeHne, mpodepurBas 625 TOPU3OHTAIBHBIX CTPOK, JJTUHOW 23 cM Kaxkaas.
BpemMeneM o0paTHOTO X0/1a JIy4a IpeHeOpeYb.

Bonpocwi:

1. IToyeMy mJIs MOAKIIOYCHUS AHTCHHBI K TEJICBU30PY HCIOJIB3YIOT KOAKCHATbHBIN
Kabenpb?

2. [louemy HEBO3MOXHO coTorpadupoBaTh U300paKEHHE C dKpaHA TeJIeBU30pa MpHU

OoJiee KOpOTKOH BhIZEpKKE, ueM 1/30 c?

. [louemy razera mpUTATrUBaeTCs K KHHECKOITY paboTarolero TejaeBuzopa?

. UTo BBI Temeph 3HAETE O TEJIIEBU30PE; BUICOKAMepe; BUIeoOMarHuTodone?

. ['oBOpsAT, 4TO OIU3KO JETAUIMI caMoJIeT BIuseT Ha paboTy TeneBusopa? [louemy?

o 01 B~ W

. Onummure, 4yTo B ACHCTBUTEIIBHOCTH Mbl MEHSEM IMPH PEryJIUPOBAHUH PYUEK
TEJIEBU30pa «pa3Mep KaJpa MO BEPTUKATINY, «SIPKOCTb)»?

7. KakuMm 00pa3oM MoyTy4aroT YepHBIH [BET HA KpaHE [IBETHOTO TeJeBU30pa’?

8. M0HO 71 cO3/1aTh JJAMITOYKY 10 MPUHIIMITY padOThl KWHECKOIIa TeJeBu3opa’?

V. § 44.

1. O3HaKOMBTECH C HpHHHHHHaHBHOﬁ BHGKTqueCKOﬁ cxemoit TCICBHU30paA. KakoBo Ha3HaueHue
OTACIBHBIX OJIOKOB U Y3JI0B TCJICBU3UOHHOTI'O HpI/IeMHI/IKa?
2. HOHpO6y1>iT€ YBUACTH J'II-OMI/IHO(I)OpHLIe IIOJIOCKHM Ha OCBCHICHHOM 3KPaHC IBCTHOT'O TCJICBU30PA.

Cucmemy cés3u Hautell nianemol 8 6y0yuweM MONCHO HA2TSAOHO cebe npeocmasums 6
suUde cucmemvl SUSAHMCKUX PeK, N0 KOMOPbIM MEKym NOMOKU uH@opmayuu us
OOHOU CMPAaHbL 8 OPY2Yio, U3 00H020 20p00a 8 OPY20li.
H.T. I[lemposuu
SIYpox 12./[C  PA3BUTHUE CPEJCTB CBSI3U B POCCHM.

Ipu6opsr MPT pabGoraroT, u3mepsisi paauoOBOJIHbI, HCIyCKaeMble
MOJIEKYJIaMH BO/IbI B TeJle YeJI0BeKA.

HEJIb YPOKA: Ilo3HakOMUTh YYEHHKOB C TJIABHBIMH HAIIPABICHUAMHU Pa3BUTHSA

CpelCTB cBsA3U B POD.
THUIT YPOKA: koOMOMHUPOBaHHBIM.
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OBOPYJIOBAHUE: naGop nuamno3uTUBOB, TaOJIUIIBIL.
ITJTAH YPOKA:

BcerynurensHas yacth
Ormpoc

CooOuieHus yqanuxcs
3aaHue Ha I0M

1. Onpoc mpoBecTn 1Mo NPONUIAEHHON Teme, UCHOJb3Ys

NS

KapTOYKH-3aJaHUs 110 TeME " DIIEKTPOMarHUTHhIE BOJIHBI'.

3aoaua:

1. C kakoil MakcHUMalbHOW CHJIOM B3aUMOJEHCTBYIOT MEXAY COOOW TMpoBojaa
JIDII Ha pacctossHMM 1 M IpH aMIIMTyAE CUIIBI TOKa B mpoBogax 50 A, ecnu
paccrosiHue Mexay onopamu S0 M. C kakoll MaKCHUMaJIbHOW CHJION
B3aUMOJEHUCTBYIOT 3TH NMPOBOAA C MarHUTHbIM mnosieM 3emiau? Ilouemy JIOII

ryasT Ha yactore 100 ['u?

2. Paccrosiaue L Mex Iy ormopamMu JIMHUM 3JeKTporiepenad paBHo 50 M. ['mOkue, HO HEpacTsHKUMBIC
MIPOBOJIa HATAHYTHI TaK, YTO BOJU3U OTIOP OHU COCTaBIISAIOT C TOPU3OHTOM OJMHAKOBBIE MaJble
yrael o = 10°. KakoBa camasi HU3Kas 4acToTa MOMNEPEYHBIX KOjeOaHUIl TakuX MPOBOJIOB MpHU
BeTpe? A IPOIOJIBHBIX?

Bonpocwi:

1. Kakue siBneHust HaOJIIOIAI0TCS TIPU BKJIIOYEHUU B CETh TeJIeBU30pa?

2. MakcBenn Obul Obl BeChbMa YAMBICH, OOHAapy>XHB, UYTO B 3allUCAHHBIX UM
YPAaBHEHMSIX SJEKTPOMArHUTHOTO MOJS CIpsiTaHa OecrpoBOJIOYHAS PAIUOCBSA3b,
TEJIEBUICHHUE U paguoiokamus. Tak jau 31o?

3. [Touemy Ha sKkpaHe TeleBU30pa MPU MOSBICHUU JETSIIETO camMoJieTa BO3HUKAET
JBOMHOE n300paxeHue?

4, TTlouemy OalTHU TEJEHEHTPOB CTPOST OUYCHBb BHICOKUMH ?

5. B kakom cnydae Ha SKpaHE TENEeBH30pa MOXXHO YBHJETH JICTAIIUNA BEPTOJET C

HCIIOABHUKHBIMHU JIONAcCTIMH?

6. 9J'IeKTpOMaFHI/ITHBIe BOJIHBI IICPCHOCAT HC6OJ'ILIJ_IYIO OHCPIrur0, HO OT HUX MOXKHO HOHpO6OBaTL
MOJIYYUTh TOJIMKY, NOCTATOYHYIO, YTOOBI HaApaCTUTh 3apsJ] B aKKYMYJIATOPE TGHC(I)OHa. Tak mu
3T0?

Il1l.Teneponnas cBA3p 1O BO3AYIMIHBIM JUHUSAM. KaOenbHBIE pagUOIMHUM.

Panuopeneiinpie TMHUU CBSI3U. PeTpaHCHSIMOHHBIE CIIYTHUKH CBA3U. Tenmerpad u

dororenerpad. MadopmamonHas SHTPOIHS.
B HCKOTOPBIX JAHala3oHax 3JICKTPOMATHHUTHBIX YaCTOT (paI[I/IOBOJIHBI) 3EMJIA  «CBECTHUT» ApUC
COJ'IHI_[a H B paanyce 100 cBeTOBEIX JIET BCC, KTO XOTAT U MOT'YT, 3HAOT O CYIICCTBOBAHUU Hamen
IIJIAHCTHI.

Mul ewge oaneku om co30anusi eOUHOU cucmemsl c853uU Ha 3emie,

HO paHo Uiy NO30HO NPUdem K IMOMY.

A. Knapx
Hcropust yenoBedecTBa - 3TO M UCTOPUSI PA3BUTHSI CPENICTB CBSI3U, OT CUTHAJIBHBIX
KoCcTpoB (adpukanckue OapabaHbl, Qakelibl, CUTHAJIbHBIE BBHICTPEJbI) 10 CIYTHUKOB
CBSI3M M TPAHCOKEAHCKMX ONTHUYECKUX KaOenel. 10% Bceil sIEKTPOSHEPTHH, KOTOPYIO
MMPOU3BOJUT YCIIOBCUYCCTBO, YXOAUT HA MOAACPKKY HHTCPHETA U cBs3u!
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1. Ontuveckuid Teaerpad, 1794 r, 6parest lanm. OnTuueckuii Tenerpad npeacTasisi coOoi
LENOoYKy OalieH Ha JUCTaHLIUU MPSIMOI BUAMMOCTU MEXAy (paHIy3cKuMu ropogamu llapmx u
JInnb, paccTosiHUE MEXAY KOTOPBIMU 225 KM.

2. B 1873 r. Camyanb Mop3e ycoBepLICHCTBOBAN IEKTPOMArHUTHBIA TenerpadHblil anmapar u
n300pen Ko, Ha3BaHHBIN a30ykoilt Mop3e. 27 utons 1866 roja ycrenrHo 3aBepiniach msatast mo
CUETY PKCIEIUIHS 10 MPOKIIAAKe TeserpadHoro Kadbems 1mo AHy ATIAaHTHYECKOT'O OKeaHa.

3. 1901 r. I'. MapkoH#H OCYIIECTBHII paguoTenerpadHyro nepeaady dyepe3 ATIaHTHUSCKUN OKeaH.

4. BOJIOKOHHO-ONITHYECKHE JIMHUM CBSI3M. B macrosmee Bpems o0mias uiMHA
IMPOJIOKCHHBIX BOJIOKOHHBIX JIMHUU CBA3U IMPEBLIIACT 500 MJIH. KM, MMM COCIOHMHCHBI BCC

pa3BUTHE CTpaHbI Ha BceX KOHTHHEHTaX. CkopocTh nepenaun napopmarmu 10 Tout/c, uepes 20
aet - 100 Tout/c.

5. Cerb najabHeid kocMuueckoi ¢Bsi3u HACA, npencrasnser co6oit Tpu KOMILIEKCA W3
HECKOJIbKUX  «TapejoK», PACHOJIOKEHHBIX B Pa3IMYHBIX YrOJKax Halled TIJIaHEThI.
Pamnoo6cepBaropun pacnosioxensl B CIIA, Hcnmanum u Apctpanmuu. Kaxnas mmeer Ha
BOOPYKEHUU MOIIHBINA 70-METpOBBIN pamap, CHOCOOHBIN T00paThCs 10 CaMbIX JAIEKUX MECT B
Conneunoit cucreme. Mmerorcss «rapenku» u nomenslne. Pacrosiokenune obcepBaTopuil He
SIBJISIETCSI CJIY4ailHBIM - BCE€ OHM paBHOYJAJEHBI ApPyr OT Apyra Ha 120 rpagycoB mo J0Jrore,
TakuM oOpa3oM Bce TpuU HaOIIOAATENbHBIX NyHKTa oOecneunBaroT 360-TpagycHbIi OXBaT
HebecHo# ceprl. Kommiekc Hagan padoTtats B Havase 1960-rogos. Llens ero co3ganus - CBs3b
C KOCMHYECKHUMH arrapatamMu, paauosiokanus ruiaHeT COJIHEUHOW CHUCTEMBI W HCCIEIOBaHUS
KOCMOCa B pajuoauamna3oHe. Eciu MOIIHOCTH MepeaaTynkoB Ha 3emiie He 0c000 OTpaHUYEHBI,
TO MOITHOCTh TMEpeAaTurKa, PACIOJ0KEHHOT0 Ha KOCMHYECKOM arfapaTe, OYeHb CHIIHHO
oTiM4aeTcsa oT 3eMHOro. OrpaHu4eH U IuaMeTp aHTeHHbI. B ciyyae ¢ "Bosmxepamu" quamerp
aHTEeHHBI cocTaBisieT Bcero 3,7 merpa. Ceityac onuH U3 anmnapaToB, Bosipkep-2, HaxoquTcs Ha
paccTosSTHUU OKOJIo 17.5 MWUIMApJOB KM OT HAIIero JoMa. MONITHOCTh €ro CHUTHajia 0e3yMHO
Maja. B gecsaTkn MWITMOHOB pa3 ciabee, yeM CUTHal OT 0a30BOM CTAHIIMH, KOTOPBIA JTIOBUT
ceityac Bam MOOWIBHBIN TenedoH. CKOPOCTh Mepeadn NaHHbBIX C 30H/a - 20 6aliTOB B CEKYHY.
Y AMBUTENBHO, HO YEJIOBEUECTBO BCE €IE CBA3BIBACTCS C ’TUM HEOOJBUINM anmapaToM, KOTOPbI
B Hacrtosimiee BpeMmsa nokugaer ConHeunyro cuctemy. "Bosypkep-1" yneren emé panblie
(6ombuie 20 MUITMAPIOB KHUJIOMETPOB), OT HEro CUrHai emgé ciabee U CKOPOCTh COEIMHEHUS
TOXKE XYK€, HO ¥ OH JI0 CHX TIOpP KOHTPOJIUPYETCS YEIOBEKOM.

6. CoToBasi CBfI3b — 510 (opMa CBA3M, KOTOpas MO3BOJIAET MCIIOJIB30BaTh MOOMJILHEIE
TenedOHEI.
CoroBblii TesredoH - MOOUJILHEIN TeJ1ed)oH, NpeaHa3HaYCeHHBIN JUIST paboThI B

CETSAX COTOBOIi cBs3M (nuana3oH yacToT 850MI 1, 900MI'n, 1800MI', 1900MI11); ucmoab3yet
npuéMonepelaTiuK paJuoArana3oHa W TPAJUIHMOHHYIO TeNe(QOHHYI0 KOMMYTAIMIO JUIS
OCYILIeCTBICHUS Telne(OHHON CBA3M Ha TEPPUTOPUM 30HBI MOKPBITHS €OTOBOI cetu. [Ipuém u
nepeavya CUrHajla IPOUCXOAT Ha pa3HBIX yacToTax (mapa 4acToT cOTOBOM cBs3u). Hampumep,
JUIMHA BOJIHBI MICXOJIHOTO CUTHAJA, IepeaBaeMoro MoOUIbHBIM TeneoHoM, paBHsIack 34,067
CaHTHMETpa, a AJMHA BOJIHBI CUTHANA, MepeIaHHOr0 0a30BOM CTaHIME 00paTHO HA MOOUITBLHBIN
tenedoH, - 34,059 cantuMerpa. OTH BOJHBI UMEIOT Pa3HYIO JUIMHY M HE CMEIIWBAIOTCA JPYT
c npyroM. To 0OCTOSTENBCTBO, YTO IO COTOBOM CBSI3M OJIHOBPEMEHHO pa3roBapuBaeT
MHOKECTBO JIIOZICH, HE UMEET 3HA4YEeHMs], MOCKOJBbKY BCE OHHU IOJIb3YIOTCS PaJMOBOJHAMU
pa3Hoil (XOTA U pa3NUYaIONIeicsi Ha HUYTOXKHYIO BEJIMUMHY) JUTUHBI.

MoOuibHbII TejiedoH - 3TO ABYHATIPABIEHHOE PAANO0, KOTOpOe 00ecreunBaeT 0THOBPEMEHHYIO
nepenavy v mpuem.

CoTtoBasi ¢BSI3b — PAa3HOBUAHOCTH PATUOCBS3U. MEXy YCTPOKWCTBOM, OTIIPABIISIFOIIMM CUTHAIT,
U YCTPOWCTBOM, MPUHUMAIOIIUM €T0, HAXOJIATCs 0a30BbIe CTAHIMH, KOTOPBIE PETPAHCIUPYIOT
CUTHAJ. DTUX CTaHIMI OYeHb MHOTO, U OHH Pa3MEIICHBI TaK, YTOOBI UX «KPYT'H OXBATa» KpasMH
HaKJIaJbIBAINCh APYr Ha JApyra M BMecTe o0pa3yloT ceTb. Ha wmaeanmbHOU (poBHOUW U 06e3
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3aCTPOMKHM) NMOBEPXHOCTM 30HA NOKpbITHS onHoM BC mpencraBisieT coboll Kpyr, HO3TOMY

COCTaBJICHHAsl U3 HUX CETh UMEET BUJ IIIECTUYTOJIBHBIX Y€K (COT).

OcCHOBHBIE COCTABJISIIONLIME COTOBOH CeTH — 3TO COTOBBIE Tese()OHBI M 0a30BBIC CTAHIMU,

KOTOpbIe OOBIYHO PACIIOJIAralOT Ha KPBIMIaX 3JaHUi U BBIIKaX. byay4yn BKIFOYEHHBIM, COTOBBIN

TeneoH mpociaymuBaeT 3hup, Haxoas curHain Oa3zoBoil cranumu. Ilocie sToro Tenedon

MOCBhUIACT CTAHIIMM CBOW YHUKAIBHBIA WACHTHU(DHUKAIMOHHBIN koA, TemedoH W craHmus

MOJICPKUBAIOT TIOCTOSIHHBIA PAJAMOKOHTAKT, TEPUOJUYSCKH OOMEHUBasch mnakeramu. Ecnum

TeleOH BBIXOJUT W3 TIOJIS JACUCTBHS 0a30BOW CTaHIMHM (MJIU KAadyecTBO paJHOCHTHAIA

CEpBHMCHOM COThI YXYJALIAETCs), OH HAJAXXUBAET CBSI3b C Apyro. Oneparopbl MOTYT 3aKI0YaTh

MEXy COO0M TOTOBOPHI pOyMHUHTa. biarogapst Takum 10oroBopam abOHEHT, HAXO/sICh BHE 30HBI

MTOKPBITHUS CBOEH CETH, MOXET COBEPIATh U MPUHUMATh 3BOHKU Yepe3 CETh APYroro oneparopa.

Ycayru coToBoi CBSI3U:

¢ T'omocoBoii 3BOHOK;

e ABTOOTBETUYHK B COTOBOH CBsI3M (yCIlyra);

o PoymuHr;

o AOH (ABTomaruyeckuii onpenenurens Homepa) 1 AHTHAOH;

o [lpuém u nepenavya KOPOTKUX TEKCTOBBIX cooOmeHni (SMS);

o Ilpuém u mnepegaya MyNbTUMEIUHHBIX COOOIIEHWH — H300pakeHUH, MeJOoIul, BUAEO

(MMS-cepsrc);

e MoOunbHbIN 6aHK (yciyra);

o Jloctyn B MHTEpHET;

e Buneo3BoHOK U BUACOKOHDEPEHITUS
JonosnutenbHas uHpopManusi: DJIeKTpoMarHUTHBIM uMmmyiase (OMU), creHepupoBaHHBIM B
pe3ynbTaTe aTOMHOIO B3pbIBa, CO3JAETCS B OCHOBHOM raMMa-iydaMd. B 3TuX Jgydax Tak MHOTO
SHEpPruM, YTO OHU BBHIOMBAIOT OTPULIATENILHO 3apsKEHHBIE 3JEKTPOHBI U3 aTOMOB B BO3AYX, C
KOTOpbIM cTajkuBatoTca. [IpoOerass uepe3 BO3AYyX, OTH 3JEKTPOHBI CO3/AIOT CHJIbHBIN
3JIEKTPHUUYECKUM TOK. TOK yCKOpsieTcsl moJ BO3ACHCTBHEM €CTECTBEHHOTO MarHUTHOTO IOJIS 3eMIIH,
U 3T YCKOPEHHBIE AJIEKTPOHBI HCIYCKAIOT HUMIYJIbC 3JIEKTPOMArHUTHOrO u3NmydeHus. JIroOoii
MIPOBOJHUK HA €ro MyTh — HampuMep, CXEMbI 3JIEKTPONpPUOOPOB - BeAET celsi Kak aHTeHHA U
MOTJIOIIAET HEKOTOPYIO YaCTh BOJIH, B PE3YJIBTATE YETO MOSIBIAETCA AIEKTPUUECKHM TOK. Ecin Tok
JIOCTAaTOYHO CHUJIbHBIN, OH NEPETPY3UT IEKTPUUECKYIO LEIb, COXIKET €€ KOMIOHEHThI U IPUBEAET
puOOp B HETOTHOCTb.
PabGora Hesmepubix OMMU - ycTpOMCTB OCHOBaHA Ha MPUMEHEHUU OOBIKHOBCHHOTO IIOJPHLIBHOIO
3aps/ia, KOTOPBIA CKUMAET MarHUTHOE T0JIE 1O BBICOKOW MHTEHCUBHOCTH. TOK IMPOMYCKaeTcs yepes
BUTOK IIPOBOJIa, KOTOPBIH - O1arofapsi MHAYKIMU - TEHEPUPYET B LIEHTPE MarHuTHoe nose. Buyrpu
BHUTKA HAaXOJUTCS MOJasi MeTajuinyeckasi TpyOKka, MOKPBITasi CI0eM B3pbIBUaTOro BemiecTBa. Korma
OHO JIETOHHPYET, yJapHas BOJHA CXKUMAET METAUIMYECKYI0 TPYOKYy W MarHuTHOE IOJIE y Hee
BHYTPH, YTO MPUBOAUT K CUIBHOMY BBIOPOCY 3JIEKTPOMArHUTHOTO U3JIy4EHUSI.

Bonpocwi:

1. Hyxpnarorcst 1M CBEpXIPOBOASIINE JUHUHM CBSA3U B JIOPOTOM BBICOKOBOJIBTHOM
obopyroBaHum?

2. BeicoxoBonbTHBIE JIDII ¢ Hanpsokenuem Gombiie 100 kB co3maroT 3ByK, MOXOXKUN
Ha TPOMKHI IIENEeCT Wiu moTpeckuBanue. [louemy oH BO3HUKAET MPU KOPOHHOM
paspsie Bo3ayxa BOJM3M MECT KPEIUICHUS TPOBOJIOB K OTIOPaM 4epe3 N30SI TOPHI.

3. MHOrHE CcuuTaloT, YTO TyJIEHWE BBHICOKOBOJIBTHBIX MPOBOJOB CBSI3aHO C BETPOM,
JIpyrue€ — C KOPOHHBIM pa3psioM, TPETbU — C MATCHUTHBIM TMOJEM 3eMJIH,
YETBEPTHIE — C MATHUTHBIM B3aMMOJIEICTBUEM MPOBOJOB. A KaK CUMTAETE BbI?

4. ITouemy paauo — pa3HOBUIHOCTb OECIIPOBOAHOM CBSA3U?

5. CymiecTByeT LENbIX TPEX crocobax yclblaTh 3Byku B kocmoce! Kak?
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IV.

1. OnummTte BBHIMBIIUICHHYIO CHUTYallMio B (opMe pacckasa, coaep)kaHHe KOTOPOTO BO MHOTHX
Cllydasix HaXOJAMUJIOCh Obl B IPOTUBOPEUYUH C 3aKOHAMHU IEKTPOAUHAMUKH.
2. IlpeanoxxuTe MPOEKT Mepelaun IHEPTUU Ha PacCTOsIHUE O3 TPOBOIOB.

U meepoum npupoowi conoc:
B saweii 61acmu, 6 saweti enacmu.
Ymobwl 6ce He packo1010Ch
Ha 6eccmvbicnennvie wacmu!
JI.H. Mapmuinos

OBOBIIA O YPOK O JEKTPOJIMHAMUKE

HEJIb YPOKA: OGo0HuTs, U CUCTEeMAaTU3UPOBATh 3HAHUS YUYAIIUXCS IO AJIEKTPO-
nuHamuike. [lOBTOpUTH OCHOBHBIC TIOHSITUS, OCHOBHBIE 3aKOHBI, CIIEJICTBUS,
CTPYKTYPHYIO CXeMY U3Yy4YCHUS JIEKTPOAUHAMUKH.

TUIT YPOKA: noBTOpuTEIHHO-000011aI0LITHH.

OBOPYJIOBAHUME: nBa nerkux mOpoBOJALIMX MIapuka oT mpudopa "Becsl
YyBCTBUTEJIbHBIC" HA IICJIIKOBBIX HUTSAX, YOOHUTOBASI U CTCKJISTHHAS MAJIOYKU, PUOOP
JUIT W3YyYCHHUS] MAarHUTHOTO B3aWMOJICHCTBUS, BhIIpsMuTeh BC-24, karymika
WHJYKTUBHOCTH, TaJlbBAHOMETP, MArHUT TIOJIOCOBOHM, oOoOmarmas Ttadauma

"OnexTpoauHamMuka'.
IIJTAH YPOKA:

BcerynurensHas 4acTh
O6o0maroriee MOBTOPEHUE
CamocrosTensHas paboTta
3amanue Ha 1OM

I1. 3anonaenue tadauins:: PU3NUYECKASA TEOPUSL.
IJEKTPOJINHAMMUKA

el

I. OCHOBAHHUE

1. HaGmromeHusi:  2JIeKTpU3amusl T,  JCUCTBUS  DJIEKTPUUYECKOTO  TOKa,
AJIEKTPUYECKUHN pa3psii, MATHUTHBIE CIIEKTPHI.

2. DKCIIEpUMEHTBI: B3aMMOJICHCTBUE 3apsOKCHHBIX TEJ, JJICKTPUUYCCKHE IICTIH,
B3aUMOJICHCTBUE JIEKTPUUECKUX TOKOB, OMBITHI Jpcreaa, Amrmepa, Dapanes,
DOHUXEeHBaJIbA.

3. OCHOBHBIC TIOHATHS: JICKTPUUYCCKHHA 3apsij, HANPSIKCHHOCTh AJICKTPHUYCCKOTO
MOJI, MOTEHIMAN 3JIEKTPOCTATHYECKOTO IIOJs, CHJIa JJIEKTPUUYECKOTO TOKa,
WHIYKIMS MarHUTHOTO TOJIs, SJIGKTPOMarHuTHas BOJIHA.

4. Monensb:

I1. AAPO TEOPUN

1. [loctynatsi:

2. 3aKOHBI: HMCTOYHUKAMH DJICKTPUYCCKOIO IIOJS SBISIOTCA DJIICKTPUUCCKHUC
3aps/ibl; Y MAarHUTHOTO MOJISI UICTOYHUKOB HET; BUXPEBOEC AJICKTPUUECKOE MOJIE
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CO3/1aeTCsl TEPEMEHHBIM MAarHUTHBIM TII0JIeM; MAarHUTHOE TIOJ€ CO37aeTCs
AIIEKTPUIECKIM TOKOM H MIEPEMEHHBIM AJIEKTPUUIECCKUM TTOJIEM.
12 7 8
3. Koncrautel: ¢, = 8.85-107° @/m; w,=4n-10" I'n/m; ¢ =3-10" m/c.

HI. CJIEACTBUA

1. ®opmynbl-crnienctusd: 3akoH Kynona, 3akoH Oma, 3aKOH 3J€KTpOMarHUTHOM
uHAyKIuu, npaBwio  Jlennma, ¢opmyna  TomcoHa,  cyllecTBOBaHME
AIEKTPOMArHUTHBIX BOJIH.

2. DKcneprMMeHTalIbHAsi MPOBEpKa: OMbITHI | 'epua.

3. 'panuiibl OpUMEHMMOCTU: 3aKOHBI JJIEKTPOJUHAMUKH HENPUMEHHMBI TPH
OOJBIIMX YAaCTOTaX 3JIEKTPOMATrHUTHBIX BOJIH.

4. TlpakTHuecKkre MPUMEHEHHUS: pauo, TEIEBUICHUE, dIEKTPUUECKUE T€HEPATOPHI
U JIBUTATENIN, PAJAUOJIOKALIMS, dJIEKTPOHHO-BBIUYNCIUTEIbHBIE MAIIIUHBI, PACYETHI
ANEKTPUUYECKUX U MAaTHUTHBIX MOJIEH.

III. Knaccupukanmss TpemIoKeHUH MO CTPYKTYPHBIM BJIEMEHTaM TEOpUH. 3aueTHas Iarka
"OnexkTpoauHamMuKka'.

IHonb3ysich MIIaHOM M3y4eHHs JH000H (PU3NUeCKO TeOPUH, BHISICHUTE, K KAKHUM

JIEMEHTAM TCOPUHU MOKHO OTHECTH IPUBECACHHBIC HUKE YTBCPKICHU.

1.

9.

CxopocCTh pacupocTpaHEHHs PJIEKTPOMArHUTHBIX BOJIH B Bakyyme paBHa 300000
KM/C.

BuxpeBoe 35eKTpruecKoe MoJie CO3/1aeTCsl IEPEMEHHBIM MAarHUTHBIM TOJIEM.
Pamnonpuemunk A.C. IlomoBa - yCTpOHCTBO, NIpeAHA3HAYEHHOE IS
OOHapy>KEHUS U PETUCTPALIMU AIEKTPOMArHUTHBIX BOJIH.

[lepronn CcBOOOAHBIX OSIEKTPOMATHUTHBIX  KOJeOaHUI B UJ€aJIbHOM
Kose0aTeTbHOM  KOHTYpE MOXHO paccuutaTh 1o  ¢opmyie TomcoHna:
T =2zJLC.

DNeKTpOMarHuTHas BOJIHA - B3aMMOCBS3aHHBIE KOJEOAHMS DIICKTPUUYECKUX U
MarHATHBIX TMOJIEH, PACOpPOCTPAHAIONIMECS C KOHEYHOM CKOPOCTBhIO B
IIPOCTPAHCTBE.

3aKOHBI KJIACCUYECKON JJIEKTPOJAMHAMUKU MPUMEHHMBI MHPH MajlbIX YacTOTax
AJEKTPOMArHUTHBIX BOJIH.

[Ipy BCAKOM M3MEHEHUM MAarHUTHOIO ITOTOKA YE€PEe3 3aMKHYTBIM IPOBOASLINN
KOHTYpP B HEM BO3HUKAET MHIYKIIMOHHBINA TOK.

VYpaBHeHuss MakcBeria ONUCHIBAIOT U3JYYEHHE CTPOrO IMOCTOSHHOM YacCTOTHI U
aMIUTUTYIBl B TEYCHHWE OECKOHEYHO OOJBIIOTO BPEMEHH, UTO SIBISCTCSA
HJICATN3ALUEN.

I'. T'epu sxCiepUMEHTATBHO JA0Ka3aJl CYIIECTBOBAHUE AJIEKTPOMArHUTHBIX BOJIH.

10.OneKTpOMarHuTHRIE BOJHBI, KaK W JIOOBIE BOJHBI, CIIOCOOHBI MPOXOIUTH NPYT

4yepes apyra, He U3MeHssl CBOel (hOpPMBI.

IV. [ToaroToBka Kk KOHTPOJIBHOM padoTe.
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1. CocraBpTe 000OmIArONIYI0 TAONHIy "DIIEKTPOJAUHAMUKA", WCIONB3YyS PUCYHKH, UYCPTEHKH H
TEKCTOBBI MaTepHUAIL.

2. LIUKJIOTPOHHOE M3IIyuYeHHE — 3TO HM3JIydyeHHE DJIEKTPOHA, BPAIIAIOLIETOCS TOMEPEK CHUIOBBIX
JUHUNA B MarHUTHOM TmoJie. YacToTa M3Iy4eHUsT paBHA 4YacTOTe OOpalieHHs JIEKTpOHA U He
3aBUCHUT OT €r0 SHEPruu, I0Ka IEKTPOH HE pEeNITUBUCTCKHUM. [loueMy OHa 3aBHCHUT TOJIBKO OT
BEITUYHHBI TTOJIS?

3. Korga yacte aToMOB HEpBOTO MarepHaja OKas3bIBaeTCs B SHEPreTUYECKUX MHHUMYMAX ITOJIS
Jpyroro, a 4acTb, HAOOOPOT, B MAKCUMYyMax, TO MPU CKOJIbKEHUU aTOMbl MEHSIOTCS POJISIMU, U
IIPU 3TOM HE MIPOUCXOAMT MOTJIOLIEHHS SHEpTrUn (ABMKeHus 6e3 TpeHus). Tak au 31o?

4. Ha xakoil BeICOTE€ Haja 3eMJIEH CIIEAYeT PAcIOJIOKUTh TPH CIYTHHKA, YTOOBI C MX MOMOIIBIO
MOXXHO ObIIO O00ECIeUNTh TENEeBUICHHE B JIt000H Touke 3emymn? KakoB MOJDKEH OBITH MEPHOT
oOpaleHus ’TUX CIIYTHUKOB BOKPYT 3eMiu?

5. IIpoucxoauT B3aUMOJIEHCTBUE MEXJIYy MArHUTHBIM TII0JEM CBETa U MAarHUTHBIM IIOJIEM,
CO371aBa€MbIM MarHUTOM?

6. Kax BBI mymaere, moyemy Mpu KOPOTKOM 3aMbIKaHHH MTPOBOJIA HCKPSIT?
B HAyKe e6am He obs3amenvHo  Obimob BEIHUCIITUBDIM ,

00CmMamoyto npocmo ObImb npaeovim.

Yuncmon Yepuunno
} Ypok 14. [ KOHTPOJIBHASA PABOTA Ne 3

JlonosiHuTEIbHAS HHpOPMAIHSI.

Kak pabGortaer xkepamuueckuii pesonatop? Kepamuueckuii
Pe30HATOpP - OTO JIEKTPOHHBIA KOMIIOHEHT, COCTOSAIIMA U3
KYCKa IbEe303JICKTPUUECKOTO KePaMHYECKOTO MaTepuaa c
NPUKPEIUICHHBIMA K HEMY JABYMs WM 0OoJjiee METaNTHYCCKHUMU
ANMEKTpoJaMu. B oCHOBE pabOThl HCHOJB3YETCS  SIBICHHE
MEXaHUYECKOTO PE30HAHCAa B IMbE30AJICKTPHUECKONH KepaMuKe.
[MpunosxeHre MEKTPUIECKOTO MOTEHIMATa K KEPAMUYECKON MJIACTHHE BBI3BbIBACT €€ JeopMAaIlHio
U HaobopoT, nedopmaims KepaMHKH MPUBOJIMT K MOSIBICHUIO Ha
MOBEPXHOCTH  IUIACTHHBI  3JIEKTPUYECKUX  3apsimoB.  [IpuioskeHue
MEPEMEHHOI0 JJICKTPUYECKOTO MMOTEHIMAIA MPUBEIET K BO30YKICHHIO T _hn
MEXaHUYECKUX KOJIeOaHMH KepaMH4ecKoM ruiactuHbl. Eciu yactora 3THX _| g priestieas
KoJIeOaHMi 6IM3Ka K 4YacToTe COOCTBEHHOTO MEXaHHYeCKOro pesoHaHca Preran = —
KEpaMHUUYECKON IUIACTUHBI, TO aMIUIMTyJAa KOJeOaHHWH 3HAYUTELHO
BO3pACcTaeT, yBEIMYMBACTCS  BEIMYMHA  3apsiioB, OOYCIOBIICHHBIX
nbe303ddexrom. B 3TOM cityuae kepaMuUecKuii pe30HATOP, BKITIOYCHHBIN B -
ANEKTPUUECKYIO II€Tb, IMPOSIBJIAET CeOS SKBUBAICHTHO KOJICOATCIHLHOMY

KOHTYpY. B 3aBHCHMOCTH OT TOTO, B KaKOW IUIOCKOCTH IUIACTHHBI MPOUCXOTUT PE30HAHC, MOYKHO
MOJIYYUTh Pa3IuuHble pabOYKre YaCTOTHBIC AUAMAa30HbI.

AHEKIOT.

Benercs onpoc cpeau mpemnogaBaTenei. 3aJar0T BOIPOC MPEToIaBaTelo 10 TEOMETPHHU U aredpe:
— Kaxk npunecmu ciona 6 ynusepcumem?

— IIpocmo: npusooum e20 Kk KAHOHUYECKOMY 8UO0Y, PACKIAObLEAeM O 6A3UCY, NEPEHOCUM NO
BEKMOPAM U 8 OOPAMHOM NOPsiOKe COOUpaeM.

DTOT e BOMPOC 33al0T NPENOIaBATEIIO 0 MaTaHAIU3Y.

— IIpocmo: ouppepenyupyem e2o, nepenocum u unmezpupyem. Bee ok.

CrpammBaroT JeKaHa.

— V ciona xeocm ecmv?

— Ecme.

JlexaH (HaMEHHO):

— Xa, eciu ecmv «x6ocmy — cam npuoem.
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