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Heanb padoTbl: ModyyeHUE METIM TUCTEPE3HCca HA SKPAHE OCLHILIO-
rpada u CHATHE OCHOBHBIX XapaKTEPHUCTUK (peppoMarHeTrka OCIuiorpadu-

YCCKHMM MCTOAOM.

IIpu6Gopsl U NPUHANIEKHOCTH: YCTAHOBKA, COCTOSINASI U3 MOHMXKAIO-
miero TpancdopmaTopa, 3aMKHYTOM MarHUTHOM II€MU U3 UCCIIEyeMOTO MaTe-

puaina ¢ oomoTkamu u RC-miensto, ocumiiorpad.

JJIeMEeHThI TeOPUH
OcHoBHOI1 XapaKTepHCTHKOﬁ MAaraHuTHOI'O COCTOAHMA BCUIICCTBaA ABJISA-
CTCiA BCKTOPp HAMAroHndCHHOCTH, KOTOpBIﬁ OIIPCACILICTCA KaK MarHMTHBIA MO-
MCHT € IMHUIIbI o0beMa BCIICCTBA.

Zp
J=="r, 1
WV (1)

B sTtom BBIPAXKCHHNH B YHUCIINTCIIC CTOUT BEKTOPHAA CyMMa MAaIrHUTHBIX

MOMEHTOB [} aTOMOB, MOJIEKYJ] B 00BbeMe AV.

Tak Kak cuioBas XapaKTepHCTUKA MarHUTHOIO ITOJII — MarHUTHAs WH-
nykuus B 3aBUCHT OT cpenibl, B KOTOPOW HAaXOJUTCS MCTOYHUK MArHHUTHOTO
OJIs, B KA4eCTBE XapaKTEPUCTUKHU MOJIA O3 yuera 3TOM HaMarHWYeHHOCTH,
BBOJIUTCSl HANPANCEHHOCHb MASHUMHO20 NOJIsl, KOTOpas, C YYETOM pa3Mep-

HOCTel BennuuH J U B, onpenensiercs kak

H=—"1-17J. )

VY GombIIOro Kilacca BEIIECTB HAMArHUYEHHOCTh OKa3bIBACTCS TPOITOP-
ITMOHABPHOW BEJIMYMHE HANPSHKEHHOCTH MAarHUTHOTO TIOJIS:

J=yH, (3)
r71e K03 GUIUESHT MPOTIOPIIUOHATBLHOCTH Y, HA3bIBACTCS MACHUMHOU 80CHPU-
UMYUBOCMbIO BEIIECTBA.

U3 (2) u (3) monydaem
B =, (1+)H =puH, (@)
rae =1+ ecTb MacHUmMHAs NPOHUYAEMOCMb eLecmaa.

Tak kak HaMarHU4YEHHOCTh B BaKyyMC€ OTCYTCTBYCT, TO OTCrOda CJIICAYCT

(U3MYECKUN CMBICII MAarHUTHOW TNPOHHUIIAEMOCTH — OHAa IOKAa3bIBAeT, BO



CKOJIbKO Pa3 BO3pacTaeT MATHUTHAsI UHAYKIMS B BEIIECTBE 110 CPABHEHMIO C
MarHUTHOM MHIyKIUEH B BaKyyMe (CKa3aHHOE OTHOCUTCS K Cllydaro, KOrja
Cpela 3aIloNHAET BCE MPOCTPAHCTBO, Y ONPAHMYEHHBIX TEJI MarHUTHas WH-
AYKIUS B HUX 3aBUCHT TaK)Ke OT TEOMETPHUUECKON (hOPMBI).

VY (deppoMarHUTHBIX BEILECTB, B OTJIMYUE OT JUa- U MapaMarHeTHKOB,
3aBucUMOCTb J(H) CyliecTBeHHO HENWHEWHHas1, T. €. MarHUTHAs! BOCTIPUMMYH-
BOCTb, @ CJIEIOBATEIbHO, U MATHUTHAs IPOHULIAEMOCTh TOKE 3aBUCAT OT Be-
mnunsbl H. Kpome Toro, B 3HauMTENbHOM JUana3oHe 3HaueHui H BenmunHa
¥ (1 1) beppoMarHeTUKOB CYIIECTBEHHO OOJbIIe eIUHUIBI (Y CHEUaTbHBIX
Ma2HUMoMAKUX CIIABOB MOYKET JOCTUTaTh 3HaUYeHUM mopsaaka 10°).

KpoMme 3HauuTeNbHOr0 YCUJIEHUsT MarHUTHOTO T0JIA Y (heppoMarHeTu-
KOB, KaK IIpaBWJIO, HaOIIOAAETCA SIBICHUE cucmepesucd. ITO SBICHUE COCTO-
UT B TOM, YTO HAMAarHMYEHHOCTb CPEJbl 3aBUCUT HE TOJBKO OT BEIMYUHBI H,
HO U OT TOr'0, KAKMM OBLIO MAarHUTHOE COCTOSIHUE 3TOM CpeAbl NPH IPEabIay-
IIMX U3MEHEHUSX BHEIIHETO MAarHUTHOTO TOJIS.

K npumepy, npu nepuo-
JUYECKOM M3MEHEHUU BEIHYHM-
Hbl HANpPSHKEHHOCTH MArHUT-
HOTO  MOJA IO  3aKOHY

H=H,sinot xpuBas 3aBucu-

moctu J(H) mpu ymeHbIeHUM

H ne Oyner coBmamarh ¢ Kpu-

Boit 3aBucumoctu J(H) mpwu
Bo3pactanun H. Ilonnas 3a-
MKHYyTasi KpuBasi, OMMChIBacMast

BOCXOJSIIEN M HUCXOIAIICH

BETBSIMHU DOTOM 3aBHCHMOCTH,
Puc. 1. IIpenenbHbIi 1 YaCTHBIC ITUKIIBI

Ha3bIBACTCSH  CUMMEMPUUHOU
rucTepesuca

nemaeti eucmepesuca. Jlunus,
COEIMHSIONIAsl BEPIIMHBI YACTHBIX CUMMETPUYHBIX METENb rucTepesuca (mpu
pa3IMYHBIX 3HaueHUsX Hpg), Ha3bIBAE€TCS HYJIEBOW, WIM OCHOBHOU KPUBOL
Hamaznuyennocmu. [1lpu Oonblnx 3HaUYeHUAX H HaMarHM4YEHHOCTh JTOCTHUra-

eT HacbleHus Js (puc. 1). Takoil nuMka rucrepe3rca Ha3bIBACTCS MPEEib-



w

HBIM. Tak Kak y ¢eppomaraeTukoB B =~ ,J, To ructepesucHsie nukiasl B(H)

1 J(H) moutu onuuakoBsl 1o ¢popme. Bennuuna Jr Ha puc. 1, COOTBETCTBYIO-
mas 3HadyeHutro H =0 nans mpenenbHOro IUKIA, HA3bIBACTCA OCMAMOYHOU
HamaeHu4eHHocmylo, a BenmnunHa He, cooTBeTcTBYIOmas 3HaueHuto J = 0 as
ATOTO K€ LUKJA, HA3bIBAETCS KOIPYUMUBHOU CUNOU.

[Ipu HamarHM4YMBaHUM BelllecTBa coBepiaercs padbora. Ecnu npu He-
OOJIBIIIOM M3MEHEHUHU HAIPSKEHHOCTH MoJjsi H MarHuTHas MHIYKUUS U3Me-
HseTCs Ha BeinyuHy 0B, To paboTa B equHMIIe 00beMa IPH TAKOM H3MCHEHUN
nojs oyaer dA = HdB.

Jlerxo mokazatsk [1], uTo paboTa, coBepIiaemasi 3a OJMH MOJTHBIA UK
nepeMarHMYMBaHus, OyJeT paBHa miomaau netim rucrepesuca B(H). Ipu
TOM coBepiiaeMmasi padoTa MepexoJuT BO BHYTPEHHIOI 3HEpPruio odpasiua,
T.€. B TEIUIO.

W3 ructepesucHoro xapakrtepa 3aBucumoctu J(H) ciemyer HeomHo-
3HAYHBIH, T.€. TOXKE TUCTEPE3UCHBIN, XapakTep 3aBucumoctH x(H). Ecmu mos
OCHOBHOU KPHBOW HAMarHMYMBAaHUS MOXXHO OIPEICIUTh BOCTPUUMYUBOCTD
Kak y = J/H, mockonbky cama 3Ta KpuBas ONMpeaesisieTcsi OAHO3HAYHO, TO IS
BOCXOJISIICH W HUCXOJSIICH KPUBBIX METIN TUCTEpe3rca 3HAUCHUS ) TOCTHU-
ratoT 6eckoHeyHoctH npu H =0, yto ¢usmyecku OGeccMmbicieHHO. B 3TOM
Cllydae OJJHO3HAYHO OMNpEIEIsieMON XapaKTEepUCTUKOM siBisieTca nuddepen-
[HajIbHAsT BOCIIPUUMYUBOCTD: Y mp = dJ/dH. [IpumepHast 3aBUCUMOCTD ¥ 1 (H)

T TUCTEPE3UCHOTO 1ukia u cam muki1 J(H) mokasansl Ha puc. 2.

Puc. 2. 3aBucumoctu J(H) 11 e (H)



Ecnu o6paszenr u3 uccieayeMoro Marepuaiia siBJseTCsl 3aMKHYTHIM, T.€.
uMeeT hopMy Topouaa, To Ipu u3MepeHuu B u H 11 ocHoBHOM KpuBOM Mar-
HUTHYIO TPOHHUIAEMOCTh ISl KaXJIOW TOYKHA ATOM KPHUBOW MOKHO HAUTH

HETIOCPEACTBEHHO 10 (popmyIie
p=— ©
HoH

[ToBenenne ¢GeppoOMarHeTUKOB B MAarHUTHOM IIOJIE M WX MarHUTHBIC
CBOMCTBa OOBACHSIOTCS 3aKOHAMH KBAaHTOBOW MeXaHUKUA. OTBETCTBEHHBIMH
3a MarHeTusm (eppoMarHeTUKOB SIBJISIOTCS COOCTBEHHbBIE CITMHOBBIE MarHUT-
HbIE MOMEHTBI JJIEKTPOHOB; cHeluduueckoe KBAaHTOBOE OOMEHHOE B3aMMO-
JIEUCTBUE DJIEKTPOHOB COCEIHUX aTOMOB M MOJIEKYJ 3aCTaBJIsieT MarHUTHbBIE
MOMEHTHI 3JIEKTPOHOB BBICTPAMBATHCA B OJIHOM HampaBieHUH. Tak Kak Mpu
ATOM YBEJIMYMBAETCS pa3MarHU4YMBalollee moJjie moBepXHocTel oOpasiia, TO B
pe3ynbTate B (DeppoOMarHeTHKe BO3HUKAIOT O0OMEHbl, O0JIACTU CaMOIPOU3-
BOJIbHOM HAMAarHUYEHHOCTH, B TIPeiesiaX KOTOPBIX BEIIECTBO HAMATHUYEHO J10
HachlllleHus. B HeHamMarHu4eHHOM (peppoMarHeTKe MarHUTHBIE MO JIOMe-
HOB OPUEHTUPOBAHBI PA3JIMYHO MO0 OTHOIIECHUIO APYT K JAPYTY U UX CymMMap-
Hasi HAMarHWYEHHOCTh paBHA HYJIO. Y MPOCTHIX (peppoMarHeTHKoB (3kene3o,
HUKEIb ¥ UX CIUIABbI) JOMEHBI MIMEIOT pasMephl mopsaka 104 — 1073 cm.

B HauanpHBIX cTaausX Mpoliecca HaMarHMYMBAHUS, B CJIA0BIX TMOJISIX,
MPOUCXOAAT HE3HAYUTEIBHBIN MOBOPOT BEKTOpAa HAMAarHUYEHHOCTH U HE3Ha-
yuTeNbHas JnedopManus CTEHOK Kaxaoro gomeHa. [Ipu yBenmwueHuwn mosis
HAYMHAETCS TPOILIECC CMEIICHUS TPaHUI[ JOMEHOB — IIPU ITOM JOMEHBI,
HaIpaBJIeHUE HAMAarHUYEHHOCTH B KOTOPHIX OJIM3KO K HAMPABICHUIO BHEIITH€-
ro TOJIs, YBEJIMYHMBAIOTCS B pa3Mepax, IMOTJIONias COCEAHUE TOMEHBI. JTOT
MPOIIECC HOCHUT CKAYKOOOpa3HbI XapakTep, CyMMapHas HaMarHHYEHHOCTb
YBEJIMYHUBAETCS TIPU 3TOM MUKPOCKOIMYECKUMHU CKauKaMu (OHHM Ha3bIBAIOTCS
ckaukamu bapkeaysena). Hakonen, npu npuOIMKeHUU K HACHIIIEHUIO TPO-
HCXOJIUT TTOBOPOT BEKTOpPAa HAMArHMYEHHOCTH 00Pa30BaBIIETOCS MaKCUMalhb-
HOTO JIOMEHA K HAIlPaBJICHUIO BHEITHETO TOJIS.

[Ipu ymeHbIIIeHUH OIS 10 HYJISA TOMEHHAsI CTPYKTYpa BOCCTAaHABIIMBA-
€TCSl HE TOJIHOCTHIO, YacTh JOMEHOB OKAa3bIBAETCS OPUEHTHPOBAHHOU Mpe-

MMYILECTBEHHO B HANpPAaBJIECHUU MPEIbIAYIIETO MOs. DTUM OOBSICHIETCS Cy-



IIECTBOBAHNWE OCTATOYHON HAMarHMYEHHOCTH U SIBJIEHMS THCTEpe3Hca B Iie-
JIOM.
MeToauka 3KCIIepUMEHTA
JIns moydeHusi OCHOBHOM KpuBoi mHAyKimu B(H) u mocnemyromero
noctpoeHus: 3aBucumoctd p(H) umcmonp3yercs ycTaHOBKa, cxemMa KOTOPOW

MoKaszaHa Ha puc. 3.

R,
1] 1 o o
C Y X
B ° °
R,
11— >
N, ~220 B

: >

Puc. 3. Cxema skCiEpUMEHTAIBHON YCTAHOBKH

B nenu nepBuuHON OOMOTKH 3aMKHYTOM MarHUTHOM IEMU HAXOJUTCS
pesuctop Ri, ¢ koToporo cHumaercs Hanpsbkenne Uy 1 mogaeTcs Ha TOPU30H-
TaJIbHO OTKJIOHSIIOIME TUIACTUHBI ociuiuiorpadga. MrHOBEHHbIE 3HAYCHUS
ATOTO HAMNpsKEHUsT OyIyT NPOMOPLUUOHATIBHEI MIHOBEHHBIM 3HAYEHUSIM
HaMpsHKEHHOCTH MarHUTHOTO ToJisi H B MarHUTHOM 1ienu:

H=B = 22U, ©)
L RL
rae N1 — 4uciio BUTKOB IEPBUYHOM OOMOTKH; L — IyTMHA CpeHel TUHUM Mar-
HUTHOM 1ieny; |1 — cuia Toka B IepBUYHOM OOMOTKE.

Hanpsoxenue, nHaylMpyeMoe BO BTOPUYHONW 0OMOTKE TpaHcdopmaro-
pa, mogaercs uepe3 pesuctop Ry Ha konaeHcarop C, a ¢ HEro Ha YCHJIUTEIb
BEPTUKAJIBLHOI'O OTKJIOHEHHUs Jiyda ocuuuiorpada. [lokaxkem, 4To Hampsixke-

HHC Ha KOHACHCATOPC 6y,[[€T IMPpOIMOpPHHUOHAJIBHO MarHUTHOM HHAYKIOINWH.



CornacHo 3aKOHY 3JEKTPOMAarHMUTHOM WHAYKIIMHU, BO BTOPUYHON 00-
MOTKe TpaHchopmaTopa BozHukaeT J/IC, paBHast 10 MOAYITIO
)= 22 N,
dt dt
raie @ — marauTHBIA MOTOK, N2 — YHCIO BUTKOB BTOPUYHOM OOMOTKH, S —
momaab MMOICpCYHOro CCUCHUA 06MOTKH, B - HWHAYKOWS MAroHuTHOT'O ITO0JIA.
Eciu akTtuBHOE COIMPOTHUBJICHUC LCIIM HAMHOI'O 00JIbIIIE €MKOCTHOT'O
(R, >>1/®C), To cuna Toka |, BO BTOpH4HOI 0OMOTKE ONpeessieTCs KakK
el _ SN, dB
’ R, R, dt
[Ipn n3MeHEHNH MHIYKIIMK MArHUTHOTO MOJIA 3a BpeMs t oT 0 10 HEKOTOpOro
3HaueHUs B HaIps’KCHUC Ha KOHI[eHcaTOpC CTAaHCT PaBHbLIM

t
Uzﬂzippu. N,
C C CR,;  CR,

Takum oOpazom, mojaBaeMoOe Ha BEPTHKAJIbHBIC OTKJIOHSIONIWE IJIa-
CTUHBI ocuuiuiorpada Hampspkenue Uy MpomopiuoHaIbHO MarHUTHOW WH-

TYKIIUH B 0Opa3iie:

UySMB
CR,
OTKyJa
CR
BSN2uy (7

IlopsiioK BBHINOJIHEHUS PA0OTHI

1. Cobpatb cxemy CcoracHo puc. 3.

2. IIpoBepuTh TOJIOKEHUE TEPEKITIOYATENICH HA TIEPEIHEH MTaHen OCIIHII-
jorpada corjiacHo NMpUIaraéMoil UHCTPYKIIUH.

3. Bxmtounts ocumiiorpad u, nofoxkaaB 1+2 MUHYTHI, C IIOMOIIBIO pe-
TYJIUPOBOK CMEIICHUs Jyda Mo ocaM X W Y BBIBECTH CBETsIIEECS MATHO B
LEHTP JKpaHa.

4. BKIIIOYUTH B CETh IKCMEPUMEHTAIbHBIA MaKeT, U3MEHsISI TOK B IEPBUY-
HOM 11enH, TOOUThCS TOro, YTOOBI METJsl THCTepe3rca 3aHuMana OOJBIIYIO

4aCTb 9KpaHa (I[J'I?I IMOBBIIMICHNUA TOYHOCTH I/ISMepeHI/Iﬁ MOXXHO A0 BKIKOYCHHA



YCTaHOBKH BBIBECTH CBETSIIECECS MATHO B JICBBIM HWKHHUHA YroJl U MOJTYYHUTH
aHAJIOTMYHBIM 00pa3oM M300pakeHHNE TIOJIOBUHBI METIU THCTEpE3nca Ha BCEM
JKpaHe).

5. OnpenenuTh KOOPAUHATHI BEPIIMHBI MEeTNIH rucrepe3uca X u Y oTHOCH-
TEJIBHO €€ IEHTPA B JCIICHUAX IIKAJIbI OCIIIIIOrpada U 3aHeCTH pe3yinbTaT B
TabIUIly. YMEHBIINB TOK B IEPBUYHON OOMOTKE, MOJYIUTh HA SKpaHE TETIN
MEHBIIIETO pa3Mepa W CHATH JJIsl HUX KOOpJAWHATHI BepimuHbl. [Ipogenars Ta-
kuM obpazom 10-+15 m3mepeHuii, moka meTis He CTSHETCS B Touky. [locie
IPOBEICHUS U3MEPEHUN OTKIIIOUUTh MaKeT U ocuuiiorpad oT CeTH.

6. 3aHecTH TaHHbIE UBMEPEHUM B TAOIHUILY.

No

X, nen Y, nen H, A/m B, Tn u, 10°
1/T1

7. Ins xaxpaoi napsl 3HadueHuid X u Y paccuutarh Benudunbl H u B. J{ns

sTOoro npeodpasyem dopmyisl (6) u (7) k BUAY:

H =k X, ®
B=k,Y,
rie
K =Ug g =y,
RL SN,

3neck Uy 1 Uy — tiensl aenenuns ocumiutorpacda mo ocsm X u Y (3ama-
torcst nepekmodarensimu «V/JIEJL I» u «V/JIEJ I1» cootBercTBenHO). Ilapa-
MeTpbl anekTpudeckod 1enu: R;=8,20m; Ry =22 kOm; C =10 Mx®;
S=0,5cm% L =8cm; N; =102; N, = 640.
8. PaccumTaTh 3HaYeHUs | JUISI BEPIIWHBI KaXJIOTO YACTHOTO ITUKJIA TH-
crepesuca o gopmyie (5).

9. [MoctpouTts rpaduku 3apucumoctu B(H) u u(H).



JlomoJiHMTEIbHOE 3aJaHHE

1. Mo rpaduxy 3aBucumoctu B(H), pazouBas ero va mansie otpe3ku AH
U OIpeessisi COOTBETCTBYIOIME M3MEHEHUs AB, paccuMTarb U IOCTPOUTH
rpaduk 3aBUcUMOCTH Ju(pdepeHuanbHON MarHUTHON NPOHUIIAEMOCTH U
CpaBHUTH €ro ¢ Tpadurom W(H).

2. HapucoBath MaKkCHMMaJIbHBIA IUKJI THCTEpe3nca (MOXKHO CPHUCOBATH C
sKpaHa ocumutorpada) B koopaunarax H u B. OueHUTh N0 TUIOUIAAN UK
padoTy, COBEpIIAEMYIO 3a OJIMH IUKJ [€pEMarHuYMBaHUs €AUHULBI 00beMa

Marepuaia oopasiia.

Bonpocs! 1 3a1aHus 111 CAMOKOHTPOJIS

1. JaTe omnpeneneHuss XapakTEPUCTUK MAarHUTHOTO TOJISI U MarHUTHBIX
CBOMCTB BemiecTBa. [loka3aTh pa3MEpHOCTH BEJIMYMH MCXOAS U3 UX OMpelie-
JICHUM.

2. JlaTh KadecTBEHHOE 00BSICHEHNE TTPUPOIBI heppOMarHeTU3Ma.

3. OOBSCHUTH X0/ KPUBOW HAMarHWYUBaHUS U IPUYUHBI TUCTEpE3HCA.

4. Onucath METOJMKY MOJYYEHHUs NETJIM THCTepe3rca Ha dKpAaHE OCILIMII-
norpada.

5. Kakue MarHMTHbIE XapaKTEPUCTHKU JOKEH UMETh (DeppOMarHeTuk,
UCIIOJIb3YyEMBII B TpaHc(popmaTopax?

6. 'me MoryT mucnonb30BaThes PeppoOMArHETUKU C OONBITMMH 3HAUCHHU -
MH KO3pUUTHUBHOM cwuibl? C mpsiMOyroiapHOM netier rucrepesuca? C odeHb

Y3KOH neTen rucrepesuca’?
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