JABOPATOPHASA PABOTA 17

W3YUYEHUE 3ABUCUMOCTHU MATHUTHOM MPOHUILIAEMOCTH
PEPPOMAI'HETHUKA OT HAIIPS’KEHHOCTHU MAT'HUTHOI'O IIOJISA

1. EJb PABOTHBI

[TocTpoenue rpaduka 3aBUICUMOCTA MarHUTHOM MPOHUIIaEMOCTU (heppoMarte-
THKA OT HAPsDKEHHOCTH MarHUTHOTO 1mojist U, (H) 1 OCHOBHOM KPHBOM HaMarHHYIHBa-
uus B(H).

2. BUBJINOTPA®UYECKU CIIMCOK

1. Hernad A. A., Asopckuit b. M. Kypc dusuku -M.: Beiciias mkona,
1989. -§§ 24.3, 24.5, 25.2.

2. Kamamuwukor C.I'. DaektpuuectBo. -M.: Hayka, 1977.-§§ 93, 109-
110, 119.

3. TEOPETUYECKOE BBEJIEHUE

Cpeapbl, U3MEHSIOIINE BHEIIIHEE MATHUTHOE 110JI€, HA3bIBAIOTCSI MATHETHKAMM.

[Io MarHUTHBIM CBOKCTBaM BCE BEILIECTBA B IPUPOJAE IEIISATCA HA S BUAOB: AUa-
MarHeTHKHU, MapaMarHeTHKu, (peppoMarHeTuku, aHTH(GEPPOMATrHETHKU U (Peppu-
MarHeTuku (hepuThi).

MaruuTHyt0 aKTUBHOCTh MPOSBISIOT BCE BEUIECTBA 0€3 MUCKIIOUYEHUS, CIEA0-
BaTEJIbHO, MAarHUTHBIE CBOMCTBA UX OIPEAEIAIOTCS JIEMEHTAPHBIMH YaCTHULAMU,
BXOJISIILIMMHU B COCTaB KaXKJI0I'0 aTOMa: 3JIEKTPOHBI, IPOTOHBI, HEUTPOHBHI.

deppoMarHeTMKM — 3TO BEIECTBA, 00J1a1atolue CIOHTaHHON HaMarHu4YeH-
HOCTBIO, T.€. OHU HAMArHUYEHBI J1a5K€ MPHU OTCYTCTBUU BHEITHETO MATHUTHOTO MOJIA.
K deppomaruernkaMm Kpome OCHOBHOTO WX MPEJCTABUTENST — Keje3a (0T Hero u
UJET Ha3BaHUE «(heppOMarHeTU3M») — OTHOCATCS, Halpumep, KoOaabT, HUKEIIb,
raJioJIMHAM, UX CIUIaBbl U COCUHEHUS.
deppoMarHeTUKU TOMUMO CITIOCOOHOCTH CHJIBHO HAMarHMYMBaThHCsl 00J1aat0T enle
U JIPYTMMH CBOMCTBaMU, CYIIECTBEHHO OTJIWYAIOIIMMU UX OT JHMa- U MapaMarHeTu-
koB. Eci jy1st cmaGoMarHuTHBIX BEIIECTB 3aBUCUMOCTH J (HaMarHW4eHHOCTH) OT
H (HampsiKeHHOCTH MarHUTHOTO TOJIST) IMHEHHA, TO I (peppoOMarHeTUKOB 3Ta 3a-
BHCUMOCTb, BIIEpBbIC M3y4YeHHAas B 1878 r. MeTo10M OaIMCTUYECKOTO rajibBaHO-
MeTpa JuIs xkene3a pycckum ¢usukom A.I.CromerosiM (1839—1896), spnsercs
JIOBOJIBHO clIoxHOM (cM. puc. 1). ITo mepe Bo3pacTanusa H HaMarunueHHOCTH | CHa-
yaja pacTeT OBICTPO, 3aTeM MEJICHHEE U, HAKOHEII, JIOCTUTACTCS TaK Ha3bIBAEMOE
MarHMTHOE HACBIIIEHHE [, ., YK€ HE 3aBUCSUIEE OT HAPSKEHHOCTH TTOJIS.

[Too6HeIi1 XapakTep 3aBUCUMOCTH J 0T H MOXHO 0OBACHUTH TE€M, YTO 110 MEpe
YBEJIUYEHHSI HAMarHWYMBAOIIETO MOJsl BO3PACTAET CTENEHb OPUEHTALUN MOJIEKY-
JSIPHBIX MArHUTHBIX MOMEHTOB IO MOJ0. OZHAKO 3TOT MPOLECC HAYHET 3aMe-
JSITHCS, KOT/1a OCTAETCS BCE MEHBIIIE U MEHbIIIE HEOPUEHTUPOBAHHBIX MOMEHTOB, H,



HaKOHEll, KOIJa BCE MOMEHThl OyAyT OpPUEHTHPOBAHBI MO IOJIIO, JalbHEWIIEe
YBEJIMUEHHE J MPEKPAIIAETCSA U HACTYIIaeT MATHUTHOE HACBIILICHUE.
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MaruutHas uaaykuust B = po(H + J) B cnaObIx mOJIsAX pacTeT OBICTPO C yBe-
audeHrueM f BciencTBHe BO3pacTaHusl J, @ B CHIIBHBIX IOJISIX, TIOCKOJIBKY BTOPOE
cmaraeMoe ocTostHHO ( J = [, ), B Bo3pacraer ¢ yBenuueHrueM H HO THHEHHOMY
3aKkoHy (puc. 2).

CymiectBeHHass 0COOCHHOCTh (PEPPOMATHETUKOB — HE TOJIBKO OOJIBIINE 3HA-
yeHus Y (Hampumep, s xeneza — 5000, s criaBa cynepmaiuios — 800 000!),
HO U 3aBUCUMOCTH U oT H (puc. 3). Bnauane y pacrer ¢ yBenuuenueMm H, 3atewm,
JOCTHTas MAKCUMYMa, HAaUWHAET YMEHBIIIATHCSI, CTPEMSCH B CITydae CHIIbHBIX TIOJICH

B
Kl (u=——=1+ é, no3roMy npu | = J,,. = const ¢ poctoM H, OTHOLIECHHUE

upH
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H

|
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deppoMarHeTUKM — 3TO CHUJIbHBIE MAarHETHKH, 00JaJaroliue 0COObIMH Mar-
HUTHBIMH CBOMCTBaMH. MarHuTHasi MPOHUIIAEMOCTh (DEPPOMArHETHKOB [L, 3aBHCHUT
OT HanpspKeHHOCTH H MarautHOro noiist. [1o 3Toit npuurHe OT BennunHbl H 3aBUCAT
Y T€ XAPAKTEPUCTHKHA KOHTYpPa, KOTOPHIE CBS3aHbl C MATHUTHOW MPOHHUIIAEMOCTBIO
Cpeabl, HalpUMEpP, UHAYKTUBHOCTH CoJieHOuAa L:

N2S
L= prbto—~ (1)
Y €70 HHYKTUBHOE CONPOTUBIICHUE IEPEMEHHOMY TOKY X
X, = wl, (2)

IJi€ g — MarHuTHas NocTosiHHas, N — 4YuCII0O BUTKOB COJIEHOWZA, S — IUIOIIA/Ib
MIOTIEPEYHOTO CEYCHUS CEpPICYHMKA COJICHOMA; | — nnuHa cpeHel 0CeBOM JTMHHUU
CEepICYHHKA; () — IMKIMYECKass YaCTOTa IEPEeMEHHOT0 ToKa (w = 27mv).

B nanHoii paboTe n3MepeHrne MarHUTHOM MMPOHUIIAEMOCTH CEPJICYHHKA (L, OCHO-
BaHO, corjiacHo ¢opmyre (1), Ha u3MepeHus X THAYKTUBHOCTU L KaTyiiku u ee reo-
MmeTpudeckux napametrpoB N, [ u S. J{ns onpeneneHuss UHAYKTUBHOCTH JOCTaTOYHO
WU3MEPUTh MHIYKTUBHOE CONPOTHBIICHHE KATYIIKH NEPEMEHHOMY TOKY H3BECTHOU
4acToThl w. [loaHOE CONMpPOTUBIIEHNE KATYIIKHA IEPEMEHHOMY TOKY

z=Jm, 3)

Tak Kak o0blYHO R << X, TO BEJIMYMHON aKTUBHOTO COMPOTUBIICHUS KAaTYIIKU R
MOKHO IpeHeOpeyb M0 CPaBHEHUIO ¢ MHIAYKTUBHBIM CONPOTHBICHUEM IEPEMEH-
HOMY TOKY yacTtoTsl 200 ',
3akoH Oma NO3BOJIAET ONPEEIUTh BEIMUYNHY Z MYTEM U3MEPEHUM ToKa [ n
HanpspkeHus U Ha ydacTKe Leu, COAEPIKaIEeM COJICHOM:
U
7 =_ (4)
I
PacueTtHas popmyna uist onpeneneHus MarHUTHOM IPOHUIIAEMOCTH, MOJTyYeH-

Hasl C UCIOJIb30BaHUEM BbIpakeHui (1) - (4), uMeeT clieayomui BUI:
Ll [ U U 5)

= = —=K ,
UoN2S  wuyN3S I I

— IOCTOsIHHAA YCTaHOBKH.

Uy
rne K =
21 (l)ﬂ.oNzS
HaHpH)KeHHOCTB MAarHuTHOI'O IOJIA, KOTOPOEC CO34aCTCA B KOJBICBOM CCpACU-

HUKE TIPH MPOTEKAHUU IO 0OMOTKE TOKa I, MOKHO pacCUMTATh 10 (hopmyIie

H = ¥ (6)

Takum 00pazom, KaKAOMYy 3HAYEHHIO TOKa I COOTBETCTBYIOT ONpe/esieHHas
HaIPSOKEHHOCTh MAarHUTHOTO MOJs H, MarHuTHas MNPOHUIIAEMOCTh CEpIACYHUKA
U, ¥ MHOAYKLWSI MATHUTHOTO 1OJIsA B

B = pu,uoH. (7)

Onpenensist Bemuuubbl H, |, 1 B 1ipy pa3nuyHbIX TOKaX, MOXHO 3KCIEPUMEH-
TaJbHO YCTAHOBUTH CIICAYIOIIUE 3aBUCUMOCTH:

a) B = f(H) — 3aBHCUMOCTh MarHUTHOW WHIYKIUH OT HANPSHKEHHOCTH Mar-
HUTHOTO T0JIsl (OCHOBHAS KPUBAasi HAMarHMUMBaHUs (heppOMarHeTHKa);



4

0) U, = f(H) — 3aBHCHMMOCTh MArHHTHOH IPOHHMIIAEMOCTH CEPJACYHHMKA OT
HAPSHKEHHOCTH MarHUTHOTO TIOJI.
4. IPUBOPHI U ITPUHA JIVIEZKHOCTHA

1. Munu6i0k «PeppoMarHeTuK.

2. Munn6mox «CornpoTUBICHUEY .

3. 'enepaTop cUrHasioB crieUAIbHON (YOPMBI.
4. MyJIbTUMETPBL.

5. OIMCAHHUE YCTAHOBKHA

3J'IGKTpI/I‘I€CKaH CXCMa YCTAaHOBKH IIOKAa3daHa Ha PpHUC. 4, MOHTAa>XXHasd — Ha PpHUC.

Puc. 4. DOnexkTpuyeckas cxema:
1 — reHepaTop CHUTHAJOB CHEIUATBHOU (POPMBI; 2 — MYJIBTUMETDP (pedrcum
A~200 mA, Bxoast COM, A); 3 — 6nok «Conportusienue», Ry = 100 Om; 4 —
MYJIBTUMETD (pexcum V~2 B, 6xooer COM, VC)); 5 — KONIBIIEBOUN CEPICUHHK C
oomotkamu N; u N, ; 6 — G110k «DeppomarHeTHK»

Ha xonb1ieBoii cepieuHuK 5, U3TOTOBJICHHBIN U3 HCCIeayeMoro ¢peppomar-
HUTHOTO MaTepuasia, HaMoTaHbl N; TIPOBOJIOYHBIX BUTKOB. JTa 0OMOTKA, IO KOTO-
poM MPOMyCKAaroT epeMeHHbI TOK 4acToThl 200 [T, CIy>KUT 1)1 HaMarHu4rBa-
HUSI MAarHEeTUKa, U TI0 €€ TapaMeTpaM OMpe eS0T HaNpsHKeHHOCTh H HaMarHu-
YUBaIIero moJisi. ['eHepaTop CUrHaioB crnenuaibHOu GopMbl 1 O3BOJAET U3-
MEHATh HanpspkeHue U, a ciegoBaTesbHO, U TOK [ B 0OMOTKE TOpoua. DTH BEJIU-
YUHBI U3MEPSAIOT COOTBETCTBEHHO BOJIBTMETPOM 4 U MHJUTUAMIIEPMETPOM 2.

K renepatopy 0B
cur{anos
cneyvanbHoOM
thopmbl

Puc. 5. MouTaxunas cxema
2,3,4,6 —cwm. puc. 4



6. IIOPATIOK BBIIIOJIHEHUSA PABOTBI

1. 3anumwure B TaOJIUIly TapaMeTphl YCTAHOBKH U HCCIIEAyEeMOro oopasia:

Tabmnuua 1.
VY ciioBus 3KCIIEpUMEHTA
Hucmo BUTKOB Jnuna [Inomane | Huxmnueckas | [ToctostHHas ycra-
0OMOTKH TO- cpenHen CeUeHUs YacToTa. HOBKH
pouaa OCEBOU JIU- | CEPACYHUKA
HHU Cep-
JEYHHUKA
N=100 I=377mm | S=25mm? | w=400nc? | K=......A/B

2. Cobepute dIEKTPUUECKYIO I[ETh MO MOHTAXXHOW cXeme, IPUBE/ICH-
HOM Ha puc.5.

3. Ilepen BriroueHue moka3aTh COOpaHHYIO CXeMY IPEToAaBaTeNto WK UH-
KEHEpYy.

4. Bkmouute kHonkaMu «CeTh» NUTaHuE 0JIOKAa FeHEepaTOPOB HATIPSIKE-
HUI 1 OJ10Ka MyIbTUMETPOB. Haxkmute kHONIKY «VICXO/IHAs yCTaHOBKAY.

5.  Kuonkamu yctanoBku 4acTtoThl «0.2-20 xI'um» ycranosure 200 I'm.

Ta0mmra 2.
U, B I, mA H, A/m Uy B, mTh
5
55

6. Kuonkamu yctanoBku ypoBHs «0 - 15 By reHepaTopa CUTHAJIOB CIEITUATb-
HOM (hOpMBI yCTaHOBHUTE B 00MOTKE TOpouaa Tok I =~ 5 MA. 3anuimuTe B TaOIUILy
MOKAa3aHUs TOKa U HAIPSHKEHUS.

7. H3menHss TOKk B 0OMOTKE TOpOHU/IA C Iarom =5 MA 10 =55 MA, usmepnte
HaIpPsDKCHUS. 3aMUIIATE B TAOIUIYy MOKA3aHUS TOKA U HAPSHKCHUS.

8. Brixmounte kHonkamMu «CeTb» MUTaHUE 0JIOKA TeHEepPaTOPOB HaIpsKe-
HUH U 0JIOKA MYJIbTUMETPOB.

9. TIlo TpeboBanuIO MpemnoaBaTesisi MIOBTOPUTH MyHKTHI 1-8, HO s 200 BUT-
KOB B OOMOTKE TOPOHIA.

7. OGPABOTKA PE3YJIbTATOB U3SMEPEHUN
1. BpluuciauTe NOCTOSHHYIO YCTaHOBKU K B COOTBETCTBUH C hopmyJioH (5):

l
k=——===...A/B
wuoN?S /



Pesynbrat pacueroB 3anuiute B Tabiuiry 1.

2. Jlns kaxmoro 3HaYEHUS TOKA paccuuTaiTe BenmmuuHbl H, W, u B 1o dop-
Mynam (6), (5) u (7). Pe3ynpTarsl pac4eToB 3aMUIIUTE B TAOIUILY.

3. Tlo maHHBIM TAOIUIBI TOCTPOWTE OCHOBHYIO KPHUBYIO HaMarHUYMBAHUS
B = f(H) u rpaduk 3aBucumoctu [, = f (H)

4. B BwIBOjJIC 1O paboTe OTpa3uTe 0COOEHHOCTH (HOPMBI OMBITHBIX KPH-
BBIX:

a) CONOCTaBbTE XOJI KPMBOM HAMarHMYMBaHUS C MOJIO)KEHHMEM MaKCUMyMa Ha
rpauxe p, = f(H);

0) cpaBHUTE TOJTyYCHHBIC KPUBBIC C M3BECTHHIMU TEOPETUICCKIMH M IKCIICPH-
MEHTAJIbHBIMH 3aBHCUMOCTSIMH.

8. KOHTPOJIBHBIE BOITPOCBHI

1. Yro Takoe MarHUTHAsi MPOHULIAEMOCTb?

2. Knaccudukarus MarHeTHKOB TI0O MAarHUTHON TIPOHHUIIAEMOCTH.

3. Kak Benyt cebs aua- mapa- u GpeppoMarHeTMKi BO BHEIIHEM MAarHUTHOM
nose?

4.  TlokakuTe BUI OCHOBHOM KpHBO# HamarHnuuBanus B = f(H) u rpaduka
3aBUCHUMOCTH OTHOCHTEILHOW MAarHUTHOW MPOHUIIAEMOCTH OT HAINPSYKEHHOCTH

U, = f(H) MarHUTHOTO TOJIS 1715 (hPePPOMArHETHUKOB:

aynpuT < T,; 0)npuT > T,; (T, — temneparypa Kiopw).

5. UeM omiMyaeTcs OCHOBHAs KpWBas HAMArHUYUBAaHUS (eppOMarHeTUKa OT
aHajoru4HoM 3aBucumoct B = f(H) mns Hepa3MarHudeHHOro oOpasiia?

6. Ha3zoBuTe xapakTepHble CBOMCTBA ()ePPOMArHETUKOB U OCOOCHHOCTH HUX
HaMarHUIMBaHU.

7. Onuimmre U3MEHEHUs IOMEHHOU CTPYKTYpHI (peppoMarHeTvika B mporecce
ero HaMarHW4YMBaHus (M0 Mepe pocTa HAMPSHKEHHOCTH ot H).

8. Ot KakuX BEJIUYUH 3aBUCHT:

a) HaMPsDKEHHOCTh H MarHUTHOTO TIOJIS TOPOHUA;

0) MHIYKIMS B MarHuTHOTO TMOJIS TOPOUIA C (PEpPOMATrHUTHBIM CEPACUHUKOM;

B) MarHUTHAasi IPOHUIIAEMOCTb U, CEPACUHHUKA TOpouaa?

9. Kakas 3aBUCHMOCTH COCTaBJIICT OCHOBY METOJIa OTIPEICIICHUS] MarHHT-
HOUM TIPOHMIIAEMOCTH CEepPACYHNKA?

10. Kaxko¥i 3aKk0H HUCITONIB3yeTCS B pabOTEe JJIs ONPEACIICHUS TIOJHOTO COMPO-
THUBJICHUS KaTYIIKH B IIETH IIEPEMEHHOTO TOKa?

11. Kaxkue nsmepsieMbie BETUIUHBI BXOJIST B paCUeTHYIO (hOPMYITy JIJIsi MAarHHUT-
HOM MTPOHMUIIAEMOCTH CEPICUHUKA?

12. Kaxkwue 3KcriepuMeHTaIbHbIE 3aBUCUMOCTH MOKHO TOTYYUTh, OTIPEICIISs
WU, H 1 B ipy pa3iu4HbIX TOKax?

13. Kakoii 351eMeHT 3JeKTPUUECKON 1eNH CIY>KUT JIJIsi U3MEHEHUST HalpsiKe-
Hus U?

14. Kaxue ¢hopMyIbl HCTIONIB3YIOT JIJIS1 ONIPEACTICHUS CIEAYIOMNX BEIMINH:

a) HaMpsHKEHHOCTU H MAarHUTHOTO MOJISl B CEPJCUHHKE;



0) MarHUTHOW UHAYKIUU B;

B) MarHUTHOM NMPOHULIAEMOCTH (4, MaTEpHAJIa CEpACYHUKA?

15. Kakue n3MepeHHbI€ BETUYMHBI HCIOJIb3YIOTCS ISl IOCTPOEHHSI OCHOB-
HOM KpHUBOW HaMarHU4MBaHUs?



