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QJIEKTPOMAI'HUTHAA UHAYKLUA
3AKOH PAPAJAEA

BuxpeBoe djieKTpu4ecKoe moJe

SIBneHue snekTpoMarHUTHOW uWHAYKIuu (OMHU), otkpsitoe M. @apaneem B
1831 r., wmOCTpUpyeTCsl CIEAYIONIMM ONbITOM. Eciu K MpoBOIAIIEMY BHUTKY
OBICTPO MOAHECTH MOCTOSHHBIN MarHuT, TO B HEM BO30YKIAETCs DJIEKTPUIECKUH TOK,
perucTpupyemblii rainbBaHomMeTpoM (puc. 1,a). Korga MarHuT ObICTPO YyZIAISIOT OT
BHUTKA, BOSHUKAIOIIUNA TOK UMEET Apyroe HampasieHue (puc. 1,0).

NHayKUMOHHBIE TOKA COOTBETCTBYIOIIMX HAIPaBiICHUI BO3HUKAIOT M B TOM
clly4ae, €CJid MarHuT HEMOJIBUKEH, & BUTOK MPUOJIMKAETCA WU YJAJISETCs OT HETO.

KonuuecTBeHHble  uccnenoBaHusi, MpoBeAcHHble  PapajneeM, MO3BOJIHIN
YCTaHOBUTH, YTO BEJIMUMHA ANEKTpoABKYyLend cuibl (94C), UHIYKIUHA 3aBUCUT OT
CKOPOCTH U3MEHEHUSI MATHUTHOTO MOTOKa Dp

@, = [B,dS . (1)

3I[GCB B, - IIPpOCKIHUA BCKTOpaA MarHUTHOM HHAYKIHHW Ha HOpPpMAJIb K 3JICMCHTY

n
MOBEPXHOCTU dS, a HHTerpanl
oeperca 1o 000 MOBEPXHOCTH
S, OrpaHUYECHHOW MPOBOASIINM
BUTKOM. EIWHUIIE MarHUTHOTO
MOoTOKa sBIsieTCs Bebep (BO):
186 =1Tan’. Tak Kak HHIYKIUS
MAarHUTHOrO IMOJi1 B  paBHA
MarHuTHOMY  TIOTOKYy  4epe3
CIMHHUILY IUTOIIAIN: B=CDB/S ,

€€ MHOI'/Ia HAa3bIBAIOT INIOTHOCTHIO
MAarHUTHOTO MOTOKA.

Hcnonb3ys IIOHATHE
MAarHUTHOIO TIOTOKA, pEe3yJbTaT
OIIBITOB ®dapajes MOKHO
3amucaTb ~ MaTeMaTh4yecKd, a Pac. 1
nMeHHo: J/[C uHAYKUMU B
KOHTYpE paBHA CKOPOCTH U3MEHEHHUSI MAarHUTHOIO NMOTOKA YEpe3 CEUEHUE KOHTYpa:

e=— 3% )
dt

Bemnuuna 3/[C WHIYKIUMA TOTY4YaeTCs B BOJIBTAX, €CIM CKOPOCTh M3MEHEHUS
marauTHOTO moTOKa O®,/dt BeIpaskeHa B BeOepax B cekyHuay (Bo/c). Drto

YTBEP)KIICHUE HA3BIBACTCS 3aKOHOM OJJICKTPOMArHWTHOW wuHayknuu Dapanes u
MPEACTABISIET COO0OW OAWH W3 (PYyHIAMEHTAIBHBIX 3aKOHOB AJIEKTPOMArHeTHU3Ma.
Ecnu kOHTYp COCTOMT M3 N OJIMHAKOBBIX BUTKOB, TO WHAYIUPOBAHHBIE B KaXKIOM
Butke I/[C cknaapiBaroTcs u hopmyia (2) npuHUMAaeT BU:



do, 3)
dt

3nak muHyc B (2) u (3) yka3pIBaeT HampaBjeHUE, B KOTOpoM JnenctByeT I/[C
UHAYKIUU, T.e. €€ NoJApHOCTh. COrjiacHO 3KCIEepUMEHTaNbHBIM JaHHbIM 3/C
UHAYKIIUU BO30YXJAaeT B KOHTYpE TaKou
TOK, UHAYKI[MSI MarHUTHOTO TOJII KOTOPOIO
BCeraa IPOTHUBOJICHCTBYET
NEepPBOHAYAILHOMY M3MEHEHUIO MarHUTHOTO
NOTOKa. JTO TMOJIOXKEHUE M3BECTHO Kak
npaswio Jlenna.
Baxno ormeruts, uro I3/[C wHOyKUuH

e=—N

Lzt Y dswireT

RS Px-435 BO3HMKAacT BCErAd, KOIAa IPOUCXOAUT
W3MEHEHHE MarHUTHOTO MOTOKa. ITockonbky
Puc. 2 MAarHUTHBIN IIOTOK paBeH
D, = J.BndS = J-B cosadS , To 3akoH Papajess MOKHO 3alMCaTh B BUJIE
S S
d
g=—— IBCOSadS : 4)
dt ¢

TZ€ O - YIOJ MEXJy BEKTOPOM B U HOPMAJIbIO K JJIEMEHTY dS IOBEPXHOCTH S,
4yepe3 KOTOPYIO CUYUTAETCS IOTOK.

Orcroaa cneayet, yto 3//C UHIYKIIUU MOXKET ObITh MHAYIIUPOBaHA CIAEAYIOIUMU
crnocobamu:

1. M3MeHeHMEM HHOYKIMN MarHUTHOTO NOJIA: dB/dt # 0.

2. VI3MeHeHneM OpUEeHTAllMH KOHTYpa MO OTHOIIEHHUIO K BEKTOpY B! da/dt #0.

3. M3MeHeHMEeM IUIOIMAAN CEUEHUS KOHTYpa: dS/dt #0.

[TepBoiit cioco6 mnosydyeHus I/[/C MHAYKIUU TOAPOOHO PACCMOTPEH BHIIIEC HA
npuMepe oImbITa, H300pakeHHOro Ha puc. 1. BTopoil cnocob, T.e. uU3MEHEHHE
OPUEHTAIIMU KOHTYpa MO OTHOIIEHHUIO K B, TOJI0KEH B OCHOBY TaKOT'O MTPAKTUYECKOTO
YCTPOMCTBA, KaK T€HEPATOp MEPEMEHHOIr0 TOKa (Hampsbkenus). Ecnu mpoBoasinyro
paMKy MOMECTUTH B TOCTOSIHHOE MATHUTHOE MOJIE C UHAYKIHUEN B 1 Bpamarh BOKPYT
oCH, JIeJKallle B TUIOCKOCTH PaMKH, C IIOCTOSIHHOM YIJI0BOUM CKOPOCTBIO O (PHC. 2), TO
MMOTOK MAarHUTHOM HWHIYKIIMM dYepe3 CeUYeHUue paMku S OyAeT H3MEHSThCA 3a
MOJIOBUHY TIICpHOJa OT 3HauCHUsA & =BS [0 3HA4YCHUA @ =-BS 1O 3aKOHY
@ = BScosax .

[Tpu atom 3/[C nHayKIMK, HABOANMAS B paMKe, OYJIeT U3MEHSITHCS 10 3aKOHY:

_4Ps _ Bssinot (5)

eE=

WN3meHeHne 1omaau KOHTypa HENOCPEACTBEHHO CBSA3aHO C JBHYKEHUEM
AJIEMEHTOB MPOBOJAHMKA B MAarHUTHOM II0JIE, YTO TAaKXE CONPOBOXKIAETCA
BO3HUKHOBeHHEM J/[C MHAyKUMU. AHAJINA3 3TOTO Cllydas IMO3BOJSIET Oojiee MOJHO
NOHATh mnpupony Haogumoir JI/[C. IlycTp OAHOPOJAHOE MArHUTHOE IIOJIE C
UHIYKIMEH B NepneHAuKYIsIpHO  IUIONIaAW, OrpaHU4YeHHON  [/-00pa3HbIM
IPOBOJHUKOM U JIeXKAIllM Ha HEM IOJABHKHBIM CTep>KHEM (puc. 3).
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Puc. 3. Tlore B mepmeHAUKYAXPHO paMKe ¥ HANPABAGHO BHH3.

Koraa crepkeHb CKOJIB3UT MO MPOBOAHUKY CO CKOPOCTBIO V, OH MPOXOJUT 32
Bpemsi dt paccrostHue dx =vdr. [lnomans KOHTypa MpH 3TOM yBEIHMYUBACTCS Ha
BeNMUUHY dS =I[vdt. CormnacHo 3akony ®apanes (2), B konrype HaBoautcs IJC
WHTYKIIUU

dd  BdS
dt dt

DTO COOTHOIICHWE CIPaBEUIMBO MpH ycioBu, 4ro B, | m VvV B3aummHO
MEePICHIUKYIISIpHBL. ECIM OHM HE MEpPNeHAMKYJSIPHBI, TO YUYWUTHIBAIOTCA JIUIIb UX
B3aUMHO NEPIEHIUKYISPHbIE KOMIIOHEHTHI.

To Xe camMO€ COOTHOLIEHHWE MOKHO TNOJYy4uTh noMuUMO 3akoHa Dapanes.
N3BecTHO, 4TO HA JBUXKYIIUKCSI B MarHUTHOM TIOJIE 3apsl AeUCTBYeT cuia Jlopenua
F =q Iu?: [Ipn nBMKEHUM MPOBOJAIICTO CTEPKHS BMECTE C HUM JIBHKYTCS

—Blv (6)

HaxoJAIMECs B HEM HOCHUTENM 3apsiia - JJIEKTpOHbI. B pesynbrare Ha KaxKIblid
AJIEKTPOH HauMHaeT AeicTBoBath cuia Jlopenua F, =evB. Wuaekc «ll» ykasbiBaer,

YTO CHJIa HaMpaBjeHa BJIOJIb IPOBOIHMKA (puC. 3,2).

oo e‘é_e \®

Puc. 4. CHAOBHI®e AMHMM BHMXPEBOro 3AEKTPHYECKOr® IIOAS,
BO3HHKAIOUIErO IPH HIMEHEeHHMHM MAarHUTHON MHAYKUMH B B
COAEHOMAE, PAAMYC COAeHOMAA R.

JlelicTBHe 3TOM CWJIBl JKBUBAJIEHTHO JIEMCTBUIO JJIEKTPUYECKOW  CHIIBI,
0oOyCJIOBIIGHHON TIOJIEM HANpPsDKEHHOCThIO E =vB. llom aeiicTBUEM ATOW CHITBI
ANIEKTPOHBI TIEPEMEIAIOTCS BIOJb MPOBOJHUKA CO CKOpocThio U (puc. 3,0).
BcenenctBue 3Toro mosiBIsETCS MEPHNEHMKYJISIpHAs COCTaBIisiomas cuibl JlopeHna
F, =euB. Taxum o0pa3om, pe3yiabTUpylomias cuia JlopeHia, neilcTByromas Ha



AJEKTPOH, paBHa F =F,+F, . PaGora »aTOif cumpl 3a Bpems dtf paBHA
dA=F,udt - F,vdt. C ydeToM HampaBlieHUs BEKTOPOB F,, F, ,v W & TOJHas padoTa
cuiibl JIopeHa oka3bpIBaeTCsl paBHOW HYJIIO.

Tak kak cuna F, Hanpasi€Ha NIPOTUBOMNOJIOKHO CKOPOCTH HOABUKHOTO
MIPOBOJTHUKA V, TO JIJISI €r0 MepeMEIIeHUs] K HeMy HE00X0IMMO MTPHIIOKHUTH BHEITHIOKO
cuily F,,, paBHYH CyMME€ BCE€X [MEpPIEHAUKYJSIPHBIX COCTaBISIIOIIMUX F|,
JEUCTBYIONIMX Ha AJIEKTPOHBI B MPOBOAHUKE. 3a cueT paboThl ATOW CHIIbI U OyjAeT
BO3HUKATh HHEPIHs, BBIACISAEMAas B KOHTYpE€ HWHAYKUIHOHHBIM TOKOM, T.e. J/C
VUHJYKIUH.

Puc. 5. Obwmn sup AK3-1 OBo3HaYeHBl TOABKO  IAEMEHTHI
KOMIIAKCA, KOTOpPhI® HCMOAB3IYIOTCA MNPH BLINOAHEHMIHt HacToAW(eH
paborw

1 - coreHoMAm, 2 - paTuMK DMM D, ., 3 - xpoHwTedM AaTynka D, .
4 - KoaxcHaAbHuIA Kabeab, S5 - pefitep, © - NMAOCKMIT KOABUEBOMN
AaTuHK D, (cM. puc. 6), 7 - reHepaTop nepemenHoro Toxa (puc. 7), 8

- ocuuAarorpad (puc. 8).

W3 paccMOTpEHHBIX BbIIIE MPUMEPOB CJIEAYET BaXXHbI BBIBOJ: H3MEHEHHE
MarHMTHOTO MOTOKA BEJET K BOBHUKHOBEHHUIO 3JIEKTPUYECKOIO MOJIsl. ITO OTHOCUTCS
HE TOJBKO K IMPOBOJHHUKAM - 3JIEKTPUYECKOE IO0JIe€ BO3HUKAET B J0OOW oOnactu
IPOCTPAHCTBA, TJ€ MPOUCXOJUT HW3MEHEHHWE MArHUTHOIO TIOTOKa. JTO T0Je
HERJIEKTPOCTATUYECKOM MPUPOJIBI, T.€. AJs €ro BO3HUKHOBEHHs He Tpelyercs
HaJIM4YUsl CBOOOJHBIX 3aps/IOB; YAacTO 3TO IOJIE HA3BIBAETCS BHUXPEBBIM IIOJIEM.
CunoBble JIMHUM BUXPEBOTO DJEKTPHUUYECKOTO TIONS SBISIOTCS 3aMKHYTBIMU
(HenpepbIBHBIMM) TUHUSAMH (pHC. 4).

BexkTop HampspKeHHOCTH BHXPEBOTO JJIEKTPUYECKOTO TMOJs E  HampaBleH MO
KacaTeIbHON K CHJIOBBIM JIMHUSM, a UX TUNIOTHOCTH MPOTOPIIMOHATbHA BETUIHHE E .

OCHOBHBIM OTIIUYHUEM BUXPEBOTO ANEKTPUIECKOTO OIS OT IIEKTPOCTATHIECKOTO
(MOTEHIIMANILHOT0) 3aKJIF0YaeTCs B TOM, UYTO padoTa MO MEPEeMEIICHUI0 3apsja o
3aMKHYTOMY KOHTYPY B BHXPEBOM II0JIe OTJIMYHAa OT Hyms. JleHcTBUTENBHO,
HaBoAuMas B KOHTYpe J//C MHAYKIHMH paBHA pabOTe MO MePEMENICHUIO EAMHUYHOTO
MOJIOKUTEIBHOTO 3apsAga MO KOHTYpPYy, T.€. paBHAa IUPKYJSIUU BEKTOpa £ TIO
3aMKHYTOMY KOHTYpY
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Llenbto HacTosimieil pabOThl SBISETCS SKCIEPUMEHTAIBHOE HM3Yy4YCHHUE SIBICHUS
AJIEKTPOMAarHUTHOW  MHAYKIMM, TpoBepka 3akoHa Dapanes, UcCCIEJOBaHHUE
BUXPEBOTO  3JIEKTPUUYECKOTO IOJII BOKPYI COJIEHOMJIA, BO3HUKAIOIIETO IpU
M3MEHEHUHU B HEM TOKA, T.€. MArHUTHOM MHYKIUH.

OIIMCAHUE YCTAHOBKH

[IpakTueckass dYacTb pabOTHl BBHINONHACTCS HAa MHOTO(YHKITMOHATHHOM
naboparopuom kommiekce JIKOD- 1. B Hacrosimelr pa®oTe HCMONB3YIOTCA
CIEAYIONINE IEMEHTHI KoMILIekca (puc. 5).

1. JIBa cOOCHO 3aKkperieHHbIX cojieHousa Ly u L, ¢ HeOOIbIIUM 3a30pOM MEXKTY
co0oii. BkirroueHHBIE TIOCTIEIOBATEIPHO OHH MTO3BOJITIOT MOJICTHPOBATh OECKOHEYHO
npoTsbkeHHbIH  conmeHouna (d<<l) (pumc. 5). Ilapamerpbsl 000MX COJICHOHIIOB
uAcHTUYHBL mauHa |=/20 mm, uducino BuTKOB N=422 BHUT., CPCAHHI IHAMETP
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Puc. 6
oomoTku <d>=52 mm.
2. JlaTumk 3nekTpoMarHuTHOM MHAYKUMHA D; C pukcHpoBaHHBIMYM apaMeTPaMHU.
JlaTuuk mpeacTaBiseT

5 é 22 co0oit KaTyLIKY,

/. /
e Y j 3aKPCIICHHYIO Ha
E:l / BEPTUKAIBHOU ocH

i P ()5 *40 #100 @ Mﬁ 5* @ 04 TAKMM 00pas3oM, 4YTO
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[ OCb KaTyIIKh MOKCT
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i
3 4 9 57 MMOBOPAYUBATHCS B
TOPU30HTATLHOM
Puc. 7. Tenepatop I'CQ-1. UIOCKOCTH Ha  yrolI

1 - Brasoverne npubopa, 2 - HHAMKATOD BEANOMEHHMA, 3 - MAABHAA o
yCTaHOBKA YacTOTHI, 5 - cBeToBoe Tabio HHAMKAUMH ycTaHOBAeHHOro +90°. Yron II0BOPOTa

JHAYEHHS 4acTOTH (C ydeTom Bm6paHHOM KpatHocth), 6 - cbpoc  (DUKCHUPYETCS o

noxasaHui Tabro, 7 - ycramoeaenWe pemmMa paboThl reHepaTopa
KaK HCTOYHMKA IIepeMeHHOTO TOKa CHHYCOHMAaABHOR dopMel, B - MOy . Hatmk
YCTAHOBKA BRIXOAHOrO HampsXeHMdA (ToKa) npamMoyroasHoH dopmur,  YKPEIIICH Ha
9 - yCTAHOBKA BRIXOAHOrO HANPAXKeHHA (ToKa) nuaoofpasHol thopma,
10 - mheMMBl (IHe3aa) BRIXOAHOIO HanpaAXeHHs, 11 - DAaBHax ToAcTaBKe, KoTopa
peryAHpoBKa Hanpsa)KeHHA (TOXa) Ha BRIXOAS, MOXCT IICpCMCIIaTbCA



M0 peuTepy cOo MKamou. Pedrep OpUEHTHUPOBAaH BIOJbL OCH COJIEHOWUZIOB, YTO
MO3BOJISIET YCTAHABIIMBAThH KATYIIKY JaT4MKa B JIFOOOW TOYKE HA OCHU COJICHOHUJOB.
[TapameTpsl KaTymku gatuuka D; © qiauHa [ = 10w, YACTIO BUTKOB N = 250, TUaMETP
0OMOTKHU d = 18 mm JIMOCKUN KOJNBIIEBOM JATYUK JICKTPOMArHUTHON MHAYKIMH D, |
COCTOAIIMHN M3 9 KOHLIEHTPUYECKUX KOHTYpPOB (pHC. 6,a). UHCIO BUTKOB B Ka)JI0OM
KOHType N =50, panuycel KOHTypoB Ii= 10, 15, 20, 25, 30, 40, 50, 60, 70 mm.,
COOTBETCTBEHHO. (CXeMa KOHTYpPOB M NOJKIIOYEHHS UX BBIBOJIOB MOKa3aHa Ha pHLC.

6,6. BwBombI i-r0 KOHTYpa

—_j? .r.! ol ""’ g ~’_f 5 ;"f INOAKIYCHBI K KJIEMMaM C
7 71 , HOMepamu i u I+1.
O m @ 4. TouHblit pe3ucTop
' &+’ R=100m ¢ OTKJIOHECHHUEM
D }
;’I 0 no HoMuHaly +1%
/ /3 ® CMOHTHUPOBAHHBIN Ha
| . OTIEJILHOW  ITaHEJbKE C
00 // F F“F”” o
KJI€MMaMH. JIBa
4748 gk 15 KOAKCHAJIbHBIX  Kabems ¢
Puc. & Dmu_umpaq: Cl-131/1, Pa3BCTBJICHHBIMU
1 = srasoyende npabopa [HMAMKATOD B KHONKE), 2 - BXoA fepBoro |
kamara (¥}, 3 - Bxos sToporo kamana [Yi), 4 - ycTasoBa AManadtoma HIpPOBOTHUKAMH,
HaMepReMux HanpaxeHud (B, MB) no ¥, # Y, cooreeTcTBemNHG, 5 - COCIUHUTCIBHBIC ITPOBOJA C
YOTAMOBKA MyBCTEHTEARHOCTH Mo Y, M Y, .COOTEETCTEEHHO [CM. PHC,
9], 6 - ycTAMOBKA AAMTEARHOCTH PalBepTH mo X, 7 - ycTanomka IMPOCTBIMHU nu
AMANAZIOHA PAIBEPTEH mo X B MKC. HAM Mc, (mS/uS), B8 -
CHHXPOHHIAUHA (JAMYCK paiBepTeH oo X| BEHeLIHAR Ll':.';H BHYTREHMAR K0M6HHHpOBaHHBIMH
[EXT/INT). 9 - HHBepcHA (CMeMA MOARDHOCTH] HANPAMEHHA Ha
nepeoM Kakase, 10,11 - meaovenme sprocTs nepalnrn (¥} u BToporo H‘ITeKepaMH’
[y aywa, cooTEeTcTReHNo, 12,13 - cuemenne nepeere (Y, # sToporo KOM6HHHp0BaHHBIﬁ IITEKEep
[Y3) Ay4a Mo BepTHRAAM, COOTBETCTEEHHO, |4 - CMelOeHHE PalBepTRiE
ofonx KaHaAoB [KAPTHHKM] no ropusostanst, 15 - peryanposxa (H_ITGKCp C FHCB)IOM)

YPOBHA CHHXPOHMIANHH (0o Y, mAx Y], 16 - BruoyeHHe pemuMa XY
[pazseptia no X OCYlESTRAAETER HARpAMEHMeM MEPROTO KAHAAL),
7 - doxycuposra ayuedt, 18 - peryAMpeBKa ApxocTH Ayved, 19 -
IKPpaAH Haanauenye oCTAALHLY apralos  VHpaBASHHA, He
HCOOARIYEMBX B AAHHOR 3apave, He YEAILBAETOH

UCTIONB3yeTCs B TOYKaX, TIe
Ha CXEeMe MMEIOTCS Y3JIbl.
(Y3en - TOuka, B KOTOpOM

CXOIATCA TpU WM Oojee
MIPOBOJTHUKOB. )
5. I'eneparop curnanoB pyHkuoHanbHbli [ CD-1, puc. 7.
6. Ocummtorpad 2-kananpubiit C1-131/1, puc. 8.

Buumanue!
Tak kak Bce M3MepEHHUs B HACTOSIIECH pab0Te OCYIIECTBIISIOTCS C TTOMOIIBIO ATHX
I[BYX HpI/I60pOB, HGO6XO)II/IMO BHUMATCIIBHO O3HAKOMUTBHCIA C HABHAUCHUECM OpFaHOB
YIPABJICHUS, PACIIONIOAKEHHBIX HA UX JIMIEBBIX MaHEIAX, puc. 7-9.

BBIIIOJTHEHUE PABOTDI

BoiHyTh W3 3a30pa MeXIy cojieHouAamu Iuiockuil natuvk D, . YcraHoBuTh
natuuk D; Ha peiTep, pacnoyioKeHHbIH BJOJIb OCHU cCOJeHOUI0B (puc. 6). [ToBepHYThH
KaTymky naaryuka D; Tak, 4yToObl ee och cOBMajana C OChbIO COJIEHOMAOB (0°Ha
mumb6e). [lepememass moactaBky nmatumka D; mo peidTepy, BABUHYTH JaT4YHWK B
COJICHOU[IBI TaK, YTOOBI OH OKa3zajcs Mexay HUMH. [Ipu 3ToM pucka Ha MOJCTaBKE

9



JaTuyuKa JOJKHA OKa3aThes Ha JeneHnu 456 mu. 1o mkaine peirepa. KoakcuanbHbli
kabenb ¢ gatuuka D; (cuHMI) MOAKIIOUMTH K pa3beMy BXOJa BTOPOr0 KaHalla
octmorpada Y, .Cobpath cxemy, Kak mokazaHo Ha puc. 10.

[Ipu sTomM myis TOro, 4roObl MArHUTHOE I0JIE B OOOUX COJICHOMJAX OBLIO
HAIpaBJICHO B OAHY M Ty K€ CTOPOHY, HEOOXOJIMMO HIKHIOIO (BTOPYIO) KIEMMY

JIEBOTO

100 50 20 10 5 2 — COJIEHOMAA
0 5 2 4 .5 .2 V mV

r T T G T L T Y COGI[I/IHI/ITB C

0 7) BEpXHEU

. (epBoif)

0 5 8 4 .5 .2 . .05.0f KJIEMMORA

1 ,_| 5 TIPaBoro

conenoupga. Ilpu

Puc. 0. (a) - nepewarowenHe amanaszoHo V, mV (cmpasa) mu HGCOGJIIOI[GHI/II/I

YYBCTEHTEABHOCTH (UeHh! AeAeHHMA LIKaAll 3KpaHa) nmo Y, (Y, (caesa).
(6) - ycraHoBKa BpeMeHM pasBepTKM mo X (AMamasod paspeprok B D100  YCJIOBHA
MC., MKC. 33Aa€TCH KHONKo 7, puc. 8). MAargdmMTHOC IIOJIC

B obnactu
3a30pa OyJieT paBHO HYJIIO.

B y3max cxembl UCHOIb30BaTh KOMOMHUPOBAHHBIE IITEKEPHI (C THE3AAMM), UTO
MO3BOJIAET B 3TUX TOYKAX MOACOEAUHSITH Oojiee 0HOTO MpoBoAHMKa. Hampsikenue ¢
pe3ucTopa R mocpencTBom KoakcuaabHOTO Kadess (0enoro) moaarh Ha pa3beM BXoj1a
MepBOro KaHana ocuuiorpada Y.

Ilepen BrIOUYeHHMEM MPUOOPOB CIEAYET BHUMATEIBHO O3HAKOMUTHCS C
Ha3HAYeHHEM WX OPraHoB ympaBieHus (puc. 7,8) W TMepeBecTH MX B HCXOTHOE
COCTOSIHME, T.€. YCTAaHOBHUTb pEXKUM padbOTbl TPUOOPOB, HEOOXOTUMBIN JIs
npoBeneHus dkcriepuMenTa. [lo X0y BBITOTHEHHS SKCIIEPUMEHTa PEKUM PabOThI
npruOOPOB MOKET KOPPEKTUPOBATHCSI.

3amaHue pexxuma paboThl TeHepaTtopa MPOU3BOIUTCS B CIEAYIOUIEM IOPSIIKE.

[LitaBHbIE

' pEryJInpOBKHU

re®d ot ﬁl_é_é YaCTOTHI u
:531 4 2 i 2 BBIXOJIHOTO

la HampspKEHUs

#a Y, ocy. TIOBEpHYTH B
KpaunHee JIEBOE
IOJIOKEHUE

Puc. 10 (MPOTUB  YACOBO¥

cTtpenku). KHOMKM ¢ cuMBOJIaMU « x100» U «mOK» JIOHKHBI OBITH B HaXKaTOM

Ha l; ocy.

O

%_
Lo

MOJIO’KEHUH, OCTAJIbHBIE KHOTIKH OCTAlOTCSl B CBOOOJIHOM (OT>KaTOM) COCTOSIHUU.

B sTOM pexume renepatop paboTaeT Kak UCTOUYHUK CTAOMIBHOTO MO aMIUIUTY/IE
(umu Mo >P¢PEeKTUBHOMY 3HAYEHHIO) TOKA, IMOAJEPKHUBAas €ro HEM3MEHHBIM Npu
W3MEHEHMM 4YaCTOTbl WM  COIPOTUBJIECHUS  HAarpy3KH. Hanmomnaum, 49to
CONIPOTHUBIJIEHUE COJIEHOUAA IEPEMEHHOMY TOKY IPAMO HPONOPLIUOHAIBHO 4aCTOTE
IEPEMEHHOTr0 HANPSKEHUsI U MHAYKTUBHOCTH L coneHouzaa u paBHo Lo.
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AHanOTHYHBIM 00pa30M YCTAaHABIMBAETCS PEXUM paboThl ociuiorpada.

EXT

uS
Kuonmkm ¢ cuMmBomaMm «Yp», «Yo», «=», « S»’ « INT » MEPEBECTU B HaXXaTOE
m

COCTOSIHME, OCTaJIbHbI€ KHOIIKM TEPEBECTU B OTKATOE (CBOOOJHOE) COCTOSIHUE.
Y CcTaHOBUTH IHMAMTA30H U3MEPEHHM 10 000uM KaHasiaM MV, macmtad (eHa JeIeHUs
no Y) Ha nepsom kanane 100 mV/oexn, na BTopom kanaie - 10 mV/odex. (cMm. puc. 8, ).
YCTaHOBUTH JUITMTEIHHOCTh Pa3BEepTKU Mo ocu X (YacTtoTa reHeparopa pa3BEpPTKH)
paBHyto 2 mV/oex. (puc. 9).

[ToxcoennHUTh, MPUOOPHI K MCTOYHUKY MHTAHUA, T.€. BCTABHTh BWIIKY KaOes
NUTAHWUS B PO3ETKY ¢ HampspkeHueM 220B. Tlocie 3Toro MokHO BKITIOYUTH PUOOPHI
U JaTh WM Tporperbcs B TeueHue 2-3 mun. llocne moOsBIEHUS Ha JKpaHe

Y
T 1] N SN g dﬂ:ﬂl?
=T . NS \/
i 1] 4 Tf
i | -
| [ fﬂ\ f fn\ !dﬂré;lj
| : [ [, Ys 7 Z i
I L1
T | B
i T*’” 29
a) &)
Puc. 11

ociiuiorpada ayden, peryJIupoBKON BEPTUKAIBHOTO CMEIIEHUSI JIydel YCTaHOBUTH
ay4d mepBoro kaHama (Y;) Ha JBa JEJEHHS BbIIIE LIEHTPAJIbHOW JIMHUHU, BTOPOTO
kaHana (Y,) - Ha 1aBa neneHus Hmwke (puc. 1la). B ciydae HE0OX0IUMOCTH
CKOPPEKTUPOBAaTh  SIPKOCTb U (OKYCHPOBKY  JIyueid  COOTBETCTBYIOIIMMU
pEryJIUpOBKaMHU.

[1naBHOM peryaupoBKO# 4acTOThI T€HEPATOPAa YCTAHOBUTH 4acToTy, paBHyr0 100
I'y. Tlpu sTOM HEOOs3aTENBbHO JOOMBATHCS YCTAHOBKH 3HAU€HUA 4yacToThl TouyHO 100
Iy, BIIOJIHE JOCTATOYHO, €CJIM 3HAYEHUE YaCTOThI Ha TabJsio OyeT JeKaTh B Ipeaenax
90-110 /y. Ognako mpu MPOBEIEHUH H3MEPEHUM 0053aTeNbHO PErucTpUpOBaTh U
3aHOCUTH B TAOJUILYy T€ 3HAUCHHS 4aCTOThI, KOTOPhIE OTOOpaKarOTCs Ha TabJIo.

[limaBHOW pErysIMpPOBKOM BBIXOAHOTO HAIPSKEHUsI TEHEPATOpa yCTAHABIUBACTCS
TaKoe HaNpsDKeHWE Ha BBIXOZE (TOK B IENMU HArpy3Kd), IpU KOTOPOM YABOCHHOE
3HaYeHUE aMIUTUTY/bl HANIPSDKEHHUST Ha TMEPBOM KaHalle HE MpEBbIMaeT 3-x JCICHUH.
DTO COOTBETCTBYET MPUMEPHO OJHOMY JCICHUIO Ha JUMOE TUIABHOW pEryIHpOBKU
BBIXOJHOTO HaMpsKEHUsS TeHepaTopa.

Bce n3mepenust HanpspkeHU B HACTOALIEH paboTe OCYIIECTBIIAIOTCS C TTOMOIIBIO
ocuusuiorpada cienyromum oopazom. Ompeaensercss pacCTosIHUE M0 ocu Y MEXIY
MUHUMAJIbHBIM U MAKCUMAJIbHBIM 3HaYCHHUSIMH HANpsHKEHUN AU B IENEHUSX IIKAJIbI
skpaHa ocuwuiorpadga.  UtoObl MOMYYUTh HWCTUHHOE 3HAYEHHE HM3MEPSIEMOro
HAnpsDKEHUsT B BOJbTax (MWJUIMBOJIBTAX), HAA0 HM3MEPEHHOE 3HadeHne AU B
JeJIEHUSX IIKaJIbl YMHOXKUTH HA IIeHY JeNIeHus (1yBCTBUTEIBHOCTH), YCTAHOBICHHYIO
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Ha JaHHOM KaHayie. /[[1s NOBBIIEHUS JOCTOBEPHOCTH PE3YJIBTATOB H3MEPEHHIA
MO>KHO UCIIOJIb30BaTh METOJIUKY, CyTh KOTOPOi moscHseT puc. 11,0.

Hcnonb3yst perynvpoBKy BEPTUKAIBHOTO CMEIICHHS JIy4ya, YCTaHABIMBAIOT JBa
COCeIHUX MHUHMMyMa (WJIM JBa COCEJHUX MaKCUMyMa) Ha OiKaiinyio
TOPU30HTAIBHYIO JIMHUIO. PerynmpoBKOW TOPU3OHTAIBHOTO CMEIICHUS JTy4dei
(BIIpaBO-BJIEBO) COBMEIIAIOT MAKCUMYM MEXIY COCETHUMU MUHUMYMaMH (MUHUMYM
MEXAY COCEIHHMMH MAaKCUMyMaMH) C LIEHTPaJbHOW BEPTUKAIBHOW JMHHUEH 3KpaHa.
OTOT mpUeM CyIIECTBEHHO YNPOUIAET CUMThIBAaHME MOKa3zaHuil. boriee Toro, Takum
o0pa3oM MOXHO II€PEMECTUTh Y4YacTOK KpPUBOH, Ha KOTOPOM IPOU3BOIATCS
U3MEpEHHs, B IEHTP OJKpaHa, YTO TMO3BOJIMT TEpEeUTH Ha 0Oo0jee BBICOKYIO
YyBCTBUTEIBHOCTh (YMEHBIIUTh LEHY JeleHus mKaiabl). OJHAaKo, MpPU TaKOM
YBEJIMYEHUH yJacTKa KpUBOW AU HE JOJKHO MPEBBIIATH 6-7 AeneHui

[Ipyu npoBeneHMrM U3MEpEeHU creayeT oOpaTUTh BHUMaHHE Ha JBa
oOcToATensCTBa. BOo-MEepBbIX, U3MEPEHHOE TaKUM 00pa3oM 3HaueHue AU paBHO
YIBOCHHOMY aMIUIMTYJHOMY 3HAUEHHUIO IMEPEMEHHOIO HaIpspKeHus. Bo-BTOpBIX,
IIKaJla 3KpaHa ocuuiuiorpada rno3BossieT U3MEpATh HallpsbKeHue ¢ TouHocThio Ao 0,1
AeyieHusl (MOJIOBUHA HAMMEHBIIEro JEJCHMsI UIKaibl), T.€. IOTPELIHOCTb TaKuX
WU3MEPEHHUN TOBOJIBHO BEJIUKA.

Yupaxuenue 1 5
HABJIIOAEHUE ABJEHUS 3JIEKTPOMAI'HUTHOMU
NHAYKIINU

1.1. HaGmronenne IMHU npu rapMOHUYECKOM U3MECHCHUHU TOKA B

COJICHOU/IE

[Tocne BBITIOJIHEHUS OMMCAHHBIX BBIIIE OMEPAIUil 10 YCTAHOBKE PeXrMa pabOThI
reHepaTopa Ha €ro BBIXOJE NEHEepUPYeTCs MEepeMEHHOe Hampsbkenue. [lpu 3ToMm B
ey Harpy3ku (MOCJIeIOBaTeIbHO BKIIIOYCHHBIX pe3uctopa R u coneHompa L)
BO3HUKAET TIEPEMEHHBIA TOK, W3MEHSIOIMUICSA 10 TapMOHHUYECKOMY 3aKOHY
I=1,cosmt .

Kak n3BeCTHO, MarHUTHOE TOJIE B COJICHOWJE MPSIMO MPOMOPLUUOHAIBHO TOKY:
B~I1. C ngpyroii cropoHbl, NaJeHUE HAOpsDKEHUS Ha pe3uctope R Takxke
MPONOPLUHOHAIBHO TOKY: U, =IR. CieaoBaTelbHO, 3aBUCUMOCTb OT BpPEMEHU
HanpspKeHus: AU , HaOJIro/1aemMasi Ha IMepBOM KaHajle ocuuiiiorpada, ¢ TOUHOCTBIO 10
MMOCTOSIHHOTO MHOJKUTEJISI TOBTOPSET 3aBUCUMOCTh OT BPEMEHHM MAarHUTHOM
UHAYKIUU COJICHOU A B(t) = B,coswt .

B cootBerctBuu ¢ 3akoHoM ®apanes (2,3) B karymke patunka IMH D,
Bo3HUKaeT J//C UHIyKIIUU

e - 9% __Ns, 9B _BNSwsinet . ®8)
dt dt

3apucoBath U 00BSICHUTH HAOIIOJa€MbIE 3aBUCUMOCTU U, (1) U U, ().

[TepeBectn ocrmuniorpad B pexum padotbl XY (HaKaTh KHOMKY ¢ CUMBOJIOM XY).
B sTtom pexume paboTel ocumiorpada pasBepTka mo ocu X oOecrnieurBaeTcsl He
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BHYTPEHHUM T€HEPATOPOM Pa3BEPTKH, a HANPSDKCHHEM, MOCTYMAIOIMUM Ha TIEPBBIN
kaHan Y;. [Ipu sTomM Ha skpane mosaBsTcs Gurypsl Jluccaxy BCIeACTBUE CIOKEHUS
NEePHEeHAUKYJISIPHO HAMPABIEHHBIX KoJieOaHui. 3apucoBaTh HAOIIOAaeMble KApPTUHBI.
Ananusupys nosyueHHble panHee 3aBucuMoctu Uq(t), U, (1), crioskeHre KoTophix
U TPUBOAMUT K HaOmogaeMbiM (urypam Jluccaxy, onpenenutb cABUT a3 MExIy
Us(t) 1 Uy(t).
BepHyThbCs K HCXOTHOMY pEKUMY padOThI ocimuiorpada (oTxkaTh KHONKY XY) u

IMPOU3BCCTHU CICAYIOINEC U3MCPCHUA:
AU, =n,0en.x100mV =...

AU, =n,0enx10mV =...
v=.1y
1.2. Hab0monenne IMHU npu uMnyJibCHOM U3MEHEHUH TOKA
CoJIeHOU1a (MMITYJIbC IPAMOYT0JIbHOI (OpPMBI)

[lepeBecT  reHepatop B  PEXUM  TEHEPUPOBAHHUS  UMIYJbCOB  TOKa
npSAMOYTOJIbHON (hopMbL. JI71s1 3TOrO HaZO Haxarhb (YTONHUTH) KHOMKY C CHMBOJIOM
«ITTI». Ilpu 3TOM TOK B COJIEHOUE 32 OUYEHb KOPOTKOE BpeMsl At (CKauyKoM) OyzAeT
MEHATh HampasiieHue (3Hak) ot -1 1o +| u B Teuenue nonynepuoaa umiyibca OyaeT
OCTaBaTbCs MOCTOSHHBIM. TOYHO Tak e OyAeT MEHSAThCA WHAYKIHUS MarHUTHOTO
OJIsl B COJICHOUIE, U B COOTBETCTBUM C 3aKkoHOM Papanes (2,3) 34C uHayKkuuu B
JaTYuKe.

3apucoBath U 00BACHUTH HaOMOMaeMble 3aBucumoctu U (t) u U, (t).

1.3. Ha0mopenne IMHU npu nnjioo0pa3HOM U3MEHEHUH TOKA B
COJICHOU/IE

Jlis mepeBoja reHeparopa B 3TOT PEXUM pabOThl HAJO OTXKAaTh KHOMKY C
CUMBOJIOM «ITI1» W HaxaThb KHOIIKY C CHMBOJIOM «AAA». Ilpm 3TOM TOK B
coleHouge OyneT B TEYECHHE TMOJyNepuoia M3MEHATbes OoT -1, A0 +1,. C
MOCTOSIHHOM cKopocThio. [lo TakoMy jke 3akoHy OyaeT H3MEHSThCS WHAYKIUS
MarHMTHOTO TOJs B cojeHouae. CrenoBaTenbHO, B COOTBETCTBUU C 3aKOHOM
®dapanes (2,3) B TeueHHe ITOro HHTEepBaa BpeMeHH I/[C WHAYKIUHU JOJKHA
OCTaBaThCsl TOCTOSTHHOM.

3apricoBaTh U 00BICHUTH HaOmomaembie 3aBucumocTr Us(t) u Uy(t).

N3mepenus:

AU, =n,0e1.x100mV =...
AU, =n,0enx10mV =...
v=.1y

1.4. PacyeT HHAYKIMHA MATHUTHOIO OJISI COJICHOM/IA
[Ipy BBIYKCICHUM BEJIMYHMHBI aMIUIUTYJAHOTO 3HAYEHUS WHIAYKIHUH MarHUTHOTO
MIOJISI COJIEHOW/IA UCTIONB3YIOTCS CIAEAYIOIINE BEIMYUHBI U TAPAMETPBI:
S; - IIomak BUTKa KaTyky natanka DMU Dy, S, = zd? /4 b .
d; - JUaMeTp KaTylIKu gaTtdyuka, d, =18mm=0,018m.
N; — 9MCJIO BUTKOB KaTYLIKH JaTYuKa, N, = 250.
£m — aMILTUTYAHOE 3HaueHue J/JC UHAYKUIUY, € = AU, 2 [Borem_.
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|, — aMIIMTY THOE 3HaYCHHE TOKA B cojieHoune, /, = AU, 2R b_, R=1,0 Om.

V - 4acToTa MePEeMEHHOTr0 ToKa B cojicHouae [/ y].

® - Kpyrosas (yrjioBas) 4acTota, o = 2xv [>aa:.

T — nepuon nepeMeHHOT0 TOKa, 7 =1/v ..

B CH BenmuuuHa WHAYKIWA MArHUTHOTO TOJs HW3MEpSieTCsl B TeCiax:
ITecna=10" Taycc. Taycc — enWHMIA HM3MEPEHHS MATHHTHOH MHIYKIHH B
AIEKTPOMArHUTHOM (raycCoBO) CUCTEME €IUHHUIL.

ITo pe3ynbTaTaM u3MepeHuidd B MyHKTEe 1.1 aMIIuTyaHOE 3HAYEHHWE MAarHUTHOM
WHAYKIIUU PACCUUTHIBAETCS 10 PopMmylie

£
= 9)
m ]
oN,S,
KOTOpas MOJy4aeTcsi U3 COOTHOIICHUH (3-5).

1) B, =...
Ilo pe3ynbpraTaM M3MEpeHHWH B IMyHKTE 1.3 aMImmMTyaa MarHUTHOM WHAYKUUN
paBHa:
— ng
" 4NS
Ora Qopmyna nosydaercs U3 TeX ke COOTHoueHui (3-5,9), ecnu ydecTs, 4To 32
IIOJIOBUHY IIEPHOJia MArHUTHAs! UHAYKLUS B COJICHOUIE MEHAETCS OT — B, 10 + B, 10

, (10)

JIMHEHHOMY 3aKOHY, T.€. C IIOCTOSIHHOW CKOPOCTBIO, PaBHOU 2B, /05T =4B, /T .
2)B =.. [
Pacder MHAYKIMM MarHUTHOTO MoJisg 1o (opMyne st OECKOHEYHO JJTUMHHOIO
COJIEHOU 1A
B, =Nl , (11)
rae u, =47-107 Th/m - MarHuTHas IOCTOSHHAs, N - YHUCJIO BUTKOB HAa COUHUILY
JUIMHBL COleHouaa: n= N/I, tae N =422 - 4YUCJI0O BUTKOB B Ka)KIOM COJICHOHJIE,

[=1200mm = 0,120 - JJIMHA KAXXIOI0 COJICHOMIA.

3) B, =.. .

CpaBHeHUE TpeX MOJYyYECHHBIX 3HAUEHUN MarHUTHOM MHAYKIHUU B cojieHouzae By,
MOKA3bIBAET, YTO JIBA MEPBBIX 3HAYEHHS OTIMYAIOTCS APYr OT JApyra B Mpenesiax
MOTPENTHOCTH JKCIIEPUMEHTa, KoTopas MoxkeT cocTaBiisith ~15 %. (Ilpemmaraercs
CaMOCTOSITENIbHO OIICHHTh PEaJbHYI0 MOTPEIIHOCTh pe3yibTaTa ompescieHus By,.)
Tperbe 3Hauenue B Oosiee CyIIECTBEHHO OTJIMYAETCS OT NEPBBIX ABYX: OHO
HECKOJIPKO 3aBBIIIIEHO, YTO BMOJIHE OOBSICHUMO. Jlelo B TOM, YTO 3TO 3HAYCHHE
noxy4deHo o ¢opmyse (11) mas uneanbHOro 6ECKOHEUYHO JJIMHHOTO COJICHOU A, IS
KOTOpOro /)yd. PeanbHbI COJIEHOUJ HMMEET OTHOIUCHUE I//d~5 U KPOME TOro
MEXK]ly ABYMS €r0 MOJIOBUHAMH UMEETCS 3a30p, YTO 3HAUYUTEIIBHO CHIXKACT BETUUUHY
Bn . CnepoBarensHo, 3HaueHus Bp, , mojydeHHble HHAYKIIMOHHBIM METOJOM
(popmymnsr  (9), (10)), Oosiee TOYHO COOTBETCTBYIOT WCTHHHOMY 3HA4YEHUIO
MarHUTHOTO TOJIsI COJICHOMIA.
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Yunpaxnenue 2
IKCIIEPUMEHTAJIBHASA ITPOBEPKA 3AKOHA OMHU
DAPAJIEA

N3mepeHuss BBIMONHIIOTCA TpU MUI000pa3HO (QopMe H3MEHEHHs TOKa B
coieHouze (cM. ynpaxkHenue 1, m.3). PeryiaupoBKkoil BBIXOJHOTO HAaIPSKEHUS
reHeparopa YyCTaHOBUTh AU, Ha D3KpaHe ocuwuiorpada, paBHOH JIBYM-TpeM
JENEHUsIM TP 4YyBCTBUTENBHOCTU MO Y1 100mV/oer. Ilpnm nanmpHeiimeil pabote
CIIEy€eT CIEIUTH 3a TEeM, YTOOBI 3TO 3HaUeHHE AU, OCTaBaJIOCh HEU3MEHHBIM.

YcTaHOBUTH 4acTOTy TeHeparopa v~100/y W TPOBECTH HU3MepeHue AU, B
JeJIEHUSAX IIKaJIbl, MOJTYyYeHHOE 3HaueHHe 3aHecTH B Tabiuiy 1. W3menss yacroTy
reHeparopa ¢ maroM ~ 1007y, NPOU3BECTH aHAJIOrMYHOE H3MepeHue AU,. (IIpu
YCTAaHOBKE 4YaCTOThl ~400/%y M BBIIIC CICAYCT BOCHOJIL30BATHCSA TOIOJIHUTCIBHBIM
MHOMKUTEIEM x3 , A 4ero HEoOXOAMMO Ha)XaThb KHOMNKY C CHMBOJIOM « X 3)».)
Cnenyer 3aMeTUTh, YTO C YBEIMYEHUEM YACTOTHl YBEIMYMBAETCA CKOPOCTH
W3MEHEHUS MarHUTHOM WHAYKLUUHU dB/dt M, COOTBETCTBEHHO, AU,. Ilpm 3TOM I
IPOBEACHUS U3MEPEHU HEOOXOIUMO KOPPEKTHPOBATh UYBCTBUTEIBHOCTH BTOPOTO
KaHana ocuwiorpada Y, u anurenbHOCTh pa3BepTku Mo ocu X. C 3Toil 1enbio B
Tabnuie 1 npuBeaeHbl PeKOMEHAYEMbIE 3HAUECHUSA YyBCTBUTEIBHOCTH MO Y, U MO X
JUISL pa3iMyHbIX 4YacToT. IIpu mnpoBeneHUM peaibHbIX HM3MEPEHUN BO3MOXKHBI
OTKJIOHEHHSI OT PEKOMEHJOBAHHBIX 3HAYEHWN B Ty WJIM UHYIO CTOPOHY. B 3TOM
Clly4yae 3TH OTKJIOHEHHUsI CJIEelyeT 3aHECTH B TaONHIy. MOXHO CUUTATh, YTO YCIOBHS
MPOBEICHUS U3MEpPEeHN AU, ONTHUMAIbHBI, €CIH AU, HE MeHblle 2-3 JeJIeHHi, HO
He Oosblne 6-7 AelieHud, MpUuYeM H3MEpSEeMbIH YJacCTOK KapTHUHKU HE BBIXOJHUT 3a
npeJiesbl CeTKU 3KpaHa ocuusuiorpada.

Tabmuma 1
v, 'y | pa3s. mo Xxms/men | AU,, nen. | uena aen. ,mV/men. | AU,, mV | dd/dt, B6/c
100 2,0 5
200 1,0 10
300 1,0 20
400 0,5 20
500 0,5 50
600 0,5 50
700 0,2 50
800 0,2 100

Tak xak MarHuTHasE MHAYKUWS B COJICHOWJZIE MEHSIETCA MO JIMHEMHOMY 3aKOHY,
T.€. C IMIOCTOSIHHOM CKOPOCTBIO, OT — B, 110 + B, 3a MOJOBHHY II€PHUOJIA, TO CKOPOCTH
U3MEHEHUS [IOTOKA MAarHUTHOW MHAYKIIMY B KATYIIKE JaTYMKA MOXKHO PACCUUTATH I10
dbopmyiie

do

= ~4BuN:Sy Bo/c . (12)
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[TockoJIbKYy aMIUIMTYJTHOE€ 3HAUY€HUE TOKa B COJICHOUJE HE HU3MEHSIETCS [0
BenuunHe (AU, =const) TPU W3MEHEHUU YaCTOThI TeHepaTopa, TO B, SBISETCS

KOHCTaHTOM (3HaueHue B, ompeaessyioch B ynpaxHeHuu 1. m.3). CrenoBarenbHO,
d®/dt OKa3pIBAETCs MPSMO MPOMOPLUUOHAIBHO YaCTOTE V , a £m= AU, /2. IlocTtpouts
3aBUCUMOCTb €y, OT dP/dt .

Yupaxuenue 3
NCCIEAJOBAHUE BUXPEBOT'O DJIEKTPUYECKOI'O ITOJIA

BeinBuHYTh W3 coneHOMIOB Aatdyuk D; m OTCOEMWHUTH €ro Kabeib OT BXOjHa
BTOpOTO KaHaza Y, ocuwuiorpada. B 3a30p Mexy colieHOMIaMU BCTaBUTh MIIOCKUI
KOJIbIIeBOM natuuk D, Tak, 4ToOBl €ro ILEHTp OKa3ajcsi Ha OCH COJECHOUJOB.
Ucnonb3yst 3amacHOi KOaKCHalbHBIA KaOenb (CHHHUI) CO IITEKEpaMu Ha KOHIIE,
MO/ICOEUHUTH KO BTOPOMY KaHaly Y, ocuuuiorpada nepBblii KOHTYp (KjaeMMsl 1,2).
VYcTaHOBUTH YacTOTy TeHepatopa v~1007/y. W3mepuTh BenuuuHy AU, B JEJICHUSNX
IIKajdbl dJKpaHa M 3aHeCTH pe3ynbTar B Tabmuiy 2. (Pexomenmyemas
YyBCTBUTEIBHOCTh 1O Y, 5mV/dern., cM. Taba. 2). [l HOJKIIOYEHHsS] BTOPOIO
KOHTypa JIOCTATOYHO TIEPECTaBUTh INTEKEpP C KiIeMMbl 1 Ha kjaemmy 3 (Tak Kak
MOJISIPHOCTh AU, JUIsl HACTOSIIIUX M3MEPEHUM 3HAYEHUSI HE MUMEET) U MOBTOPSETCS

usmepenue AU,. llocnenoBaTenbHO MEpexons K CIEAYIOLEMY KOHTYPY, IIOBTOPSIOT
u3MepeHne AU, W JaHHbIC 3alKChIBalOT B TaOuuiy 2. [lpu moakmoveHun i-ro
KOHTYpa IITEKePHI JTOJDKHBI HAXOUTHCS HA KIIEMMax ¢ Homepamu | u i+1.

Tabmauua 2
r, mm 10 15 20 25 30 40 50 60 70
AUQ, ACII.
1I€Ha JIeJ1. O
Y,, mV/nen.
21tNr
En, mV/m.

HarnpsikeHHOCTh BUXPEBOTO AJIEKTPUUECKOTO MOJIsi B COOTBETCTBUM C TEOPEMOIL O
LHUPKYJISIIIUN PACCUUTHIBAETCS IO PopMyiie

AU
E(r) = —2
) AzNr (13)
rae I - paauyc COOTBETCTBYIONIIETO KOHTypa (cM. Tabmuiy 2), N =50- .9HCIIO0
BUTKOB B KaXI0M KOHType. IlocTpouTh rpadmk 3aBUCUMOCTH HAIPSKEHHOCTH
BUXPEBOI'0 DJICKTPUYECKOTO TOJIsI OT paauyca KOHTypa E(r) W OOBICHUTH

MOJIYYEHHBIN pe3ynbpTaTr. Paguyc coseHouna R, =26um.
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KoHTpoJibHbIE BOIPOCHI

UTto Takoe SIBIICHHE 3JIEKTPOMArHUTHON MHAYKIUN?

Cdopmymuposats 3akoH IMHU u nipaBuio Jlenna.

Kaxosa npupona 3/4C nHaykuuun?

UTo Tako€ BUXPEBOE JICKTPUUECKOE MOJI€ U KAKOBBI €r0 CBOMCTBA?

Uto Tako€ MOTOK U LIMPKYJISLMS BEKTOpA?

Ucnonb3yst HaOmomaeMble 3aBUCUMOCTH AU,(¢) W AU,(t), BBIBECTH

camocTtosaTensHo dopmysl (9), (10), (11), (12), (13).

SOk whE
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