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OnpeneneHne MArHUTHOI MPOHUIIAEMOCTH IF'OPHBIX MOPOI 1 MUHEPAJIOB
IL1an:
1.0cHoBHBIE 3a7aYH
2. lopsaa0oK BHINMOJIHEHHS PAdOThI
3. 3apanus
4.byun Tect
S.I'noccapui

Heasn: Llens 510l pabOTHl MPH OMPEACICHUN KayecTBa TOPHBIX MOPOJI, PACCMOTPEHHE
BO3MOYKHOCTEH MarHUTHOTO 06aFOHI€HI/I$I TIOJIC3HBIX MCKOITa€MBIX U ONPCACICHUC MarHUTHOM
MIPOHUIIAEMOCTH MUHEPAJIOB U TOPHBIX MOPOJ B MCCIEA0BAHUU MOKa3aTeleld TPEeIMHOBATOCTH,
BIIQKHOCTH TP Pa3BEIKe Tel PYA.

KiroueBble ci0Ba: TOpHbIE IIOPOJbI, MAarHUTHAas IPOHMIAEMOCTbb, WHIYKIIHS,
HaIpsDKEHUE.

Saxanud:

1. O3HOKOMHUTCS MATHUTHBIMHU CBOWCTBAMH TOPHBIX ITOPO]T

2. V3yunTh 3aBHCHMOCTh MEXAY MarHMUTHOW WHAyKIuMed B w HanpspkenHocteio H
MarHuTHOTO TOJIs

Paznenenue nopoji Mo MarHUTHBIM CBOMCTBaM

Urto Takoe mapaMarHeTUKH, JUAMAarHETHUKU U peppoMarHeTUKaMu

C nmenath BBIBOJIBI TIO PE3YJIbTaTaM JIAOOPATOPHOM pabOTHI

ok w

IIpudopsbI M peaKkTUBBI:
CKOpOCTb yIIPyrocTH BOJH OMPEENSIETCS ¢ OMOIIbIO TpUOopa yIbTPO3BYKa.
OO6pa31ibl TOPHBIX TOPO/I.

AHanmuTHYECKHE BECHI.

MeTtoanuyeckoe yKasaHue

l'opHas mopona, MMeromas BBICOKOE 3JIEKTPUUYECKOE CONPOTUBJICHUE, Haxojsdulascs B
IIEPEMEHHOM DJIEKTPUYECKOM II0JIE, XapaKTEPU3YETCsl €Ie OJHUM IapaMeTpoM — YIJIOM
JM3JIEKTPUYECKHX 10Teph 8. YTol § MOXKHO IIPeICTaBUTh KaK YroJl, JonoHsrommii 10 90°, yron
cipura (a3 MEXIy TMOJHBIM IE€PEMEHHBIM TOKOM, MPOXOJIIUM Yepe3 KOHJEHcaTop,
3aII0JIHEHHBIN TUAJIEKTPUKOM, U HAIIPSDKEHUEM MEX Ty OOKJIaIKaMU KOHJICHCATOPa.

[Tapamerp tgd onpenenseT KOIMUYECTBO AIEKTPUUYECKON SHEPTrUuM, KOTOpask peBpalaercs
B FTOPHOM MOPOJIE B TEIUIOBYIO.

Bennuuna, oOpaTtHast tgd, Ha3bIBaeTcsl 10OPOTHOCTHIO. VICX0/15 M3 M3JI05KEHHOTO IPUHIIUIT
U3MEPEHUs TUAJIEKTPUUECKON NMPOHUIIAEMOCTH MOPOJbI 3aKIHOYAETCS B ONPEICIEHUN €MKOCTH
HEKOTOPOTO KOHAeHcaTopa 6e3 mopoas! Co M TOTO K€ KOHJEHCATOpa, 3al0IHEHHOro nopoaoit Crr.



C
OueBHIHO, OTHOLIEHHE —> =g¢;. OJIHOBPEMEHHO OMNPEEIAIOT JI0OPOTHOCTH IYCTOTO U

Cn
3aIIOJIHEHHOTO MOPO/I0H KOHAEHCATOPOB, IO KOTOPBIM BBIYHCIISIOT 20 MOPOIBI.

Mexny MarHUTHOW MHAYKIUEH B u HanpspkeHHOCThO H MarHUTHOTrO 1oJIsl B BELIECTBE
CYLIECTBYET IPSIMO MIPONOPLUOHANIbHAS 3aBUCUMOCTb:

B= Ha Ha

IJI€ Wa — HEKOTOpas XapaKTEpUCTHKA BELIECTBA, Ha3blBacMasl aOCOJIFOTHOM MarHWTHOM
IIPOHULIAEMOCTHIO.

B BakyyMe Ua = po=4n - 10 ' /M. [0 — Ha3BIBAETCS MATHUTHOM TIOCTOSHHOM. Wa/ Lo —
Ha3bIBAETCS OTHOCUTEIbHOW MarHUTHOM MPOHUIIAEMOCTHIO LL.

Ecnu ropnast nopo/sia, BHECEHHasi B MarHUTHOE T0JI€, OKa3bIBaeT Ha MOCIEAHEE BINUSIHUE,
TO 3TO CBSI3aHO C HAMarHU4YMBaHWEM MOpojbl. [IpMunMHON HaMarHMYEeHHOCTH (MAarHUTHOMU
MOJISIPU3aLlMN) SBJISIOTCS AJIEMEHTapHbIE MAarHUTHBIE TUIIOJIM, CYIIECTBYIOLIME B TOPHOM MOpoJie
WJIM BO3HUKAIOIINME B HEH 101 BO3AEWCTBUEM BHEIIHETrO NOJIsl. MarHUTHbBIE JUIIOIU 00YCIIOBIEHBI
AJIEMEHTAapHBIMU TOKAaMHM, CYHIECTBYIOIIMMU B MOJIEKyJax M aromax mopojsl. Kaxibiii
JJIEMEHTapHBIA TOK TMPEACTABISET COOOW TUIOCKHI MarHUTHBIA JIUIIONL C  Pa3IMYHBIMU
MOJISIPHOCTAMHU Ha 00euXx IUIOCKOCTsX. lIpow3BereHne 31eMEHTapHOro TOKa Ha IJIOUIa/b
MarHUTHOTO JIUTIOJNISL HAa3bIBA€TCSl MAarHUTHBIM MOMEHTOM. Ecium mnopoay NOJIBEpPTHYTH
BO3JICHICTBUIO MAarHUTHOTO TOJS, TO B pe3yjlbTaTe B3aUMOJEHCTBHUS MOJS C 3JIEMEHTapHBIMU
TOKaMHU TOSIBSTCSI CHUJIbI, CTPEMSAIINECS] OPUEHTUPOBATh MarHUTHBIE TUIOIU 10 HaIlpaBJICHUIO
BHEIITHEro MOJIsl.

W3meHeHne WHIOYKIMM MarHUTHOTO TOJSl MPU BHECEHUU B HEro IMOPOAbl CBS3aHO C
HaMarHuuMBaHueM ee. [103ToMy HaMarHM4eHHOCTh J TOPHBIX MOPOJ OBITH OIpeneieHa Kak
MpUpaIleHe MATHUTHOM MHAYKIIMH MOJIS B BEIIECTBE 10 CPABHEHUIO C IIOJIEM B BaKyyMe:

J = paH - poH = poH(p - 1)

Kosddunuent (u - 1) = K Ha3pIBacTCS 00bEMHONH MATHUTHOH BOCIPHUMYHBOCTBHIO, a
OTHOIIICHHUE K/p - Ha3bIBACTCS yAeJIbHOH MATHUTHOH BOCIPUUMYHBOCTHI0. HamMarHMueHHOCTh
MOpoAbl 00YCIOBIIEHA CYMMOI MarHUTHBIX MOMEHTOB 3JIEKTPOHOB, aTOMOB, JJOMEHOB.

MarHuTHbII MOMEHT aTOMOB W MOJEKYJI TOPHOW HOPOJIbI NMPU OTCYTCTBHUM BHEIIHETO
MarHuTHOTO TOJISl MOXKET ObITh paBeH HYIII0, TUOO OTIUYATHCS OT HYJIS.

Ecnu MarHuTHBIE MOMEHT aTtoMOB paBeH Hymto npu H = 0, To Takue mnopoisl
AUAMATHEeTUKHU. B nuamarneTnkax aeKTpoHHbIe 000J0UYKH aTOMOB CHUMMETPUYHBI U 3aMKHYTBHI.
[Ipy BHeceHMH TakOro aToMa B MAarHUTHOE IIOJIE€ €ro OJJIEKTPOHHAs OpOMTa MOJIy4aeT
JOTIOTHUTEIBHYI0 CKOPOCTb, M KaXJblii aTOM MOPOIbl MPHOOpPETaeT MAarHUTHBII MOMEHT,
HaIlpaBJICHHBI NPOTUB NOJsA. BennumHa nuaMarHeTusma OINpEeNeNsieTcsl pagnycaMu aTOMHBIX
OopOUT 1 B OOJILIIMHCTBE CIy4yaeB HE 3aBHCHUT OT TeMIEpaTypbl. MarHUTHas MPOHUIIAEMOCTb
JTMaMarHeTUKOB MEHbIIIE €TUHULIBI.

l'opHble mOpobI, aTOMBI KOTOPBIX OOJIaJalOT MAarHUTHBIM MOMEHTOM IpPH OTCYTCTBUU
BHEIITHETO MOJIs, HA3bIBAIOT MapaMarHeTukamu. OqHaKo B 1eJIoM o0pasel] mapaMarHeTuka npu
OTCYTCTBHHM MAarHHUTHOTO TOJsl MAarHUTHBIMH CBOMCTBAMHU He 00JajaeT, TaKk KaK MarHUTHBIE
MOMEHTBI OTHEJIBHBIX aTOMOB B HEM pacCHpeleNIeHbl XaOTHMYHO. MarHuTHas IpPOHULAEMOCTH
MapaMarHeTUKOB C TOBBIIIEHUEM TEMIEpaTypbl yMEHbIIAeTcs. B 1enoM uxX MarHuTHas
MIPOHUIIAEMOCTBH |l HECKOJIBKO OOJIbIIIE €ANHUILIBI.

JlnamMarauTHasi HAMarHU4eHHOCTh MTPUCYIIA BCEM TOPHBIM MOPOJIaM U MUHEpaJlaM, HO TaK
KaK OHa HE3HAuMTellbHa 0 BEJIMYMHE M HaNpaBlIeHa MPOTUBOIOJIONKHO MapaMarHUTHOU
HAMarHMYE€HHOCTH, TO B CUJIBHBIX IapaMarHeTUKax TMOCHEAHSs MpeodiagaeT M CTaHOBUTCS
peLIaronen.

I"opHbIle MOpPO/BI, Y KOTOPBIX Lieble 00BbeMbl (JOMEHBI) 001a/1al0T MArHUTHBIM MOMEHTOM
IIpM OTCYTCTBUM BHEIIHEro IOJs, Has3blBaloTcsa (peppomMarHernkaMu. brnaromaps nomeHam
MarHuTHas MPOHUIIAEMOCTh (PEPPOMArHETHKOB 3HAYUTENHLHO OOJbIE, YeM y MapaMarHUTHBIX



nopoJi. HamarunueHHOCTh (peppOMAarHETHKOB JOCTUTAETCS HE TOJBKO BHEIIHUM II0JIEM, HO U
HaMarHA4YMBAIOIIMM JIEHCTBUEM JONOJHUTEIBHOIO BHYTPEHHETO MOJIEKYJIIPHOTO MTOJISL.

HamaraudenHocTs (peppOMarHeTUKOB 3aBHCUT OT HANpPSHKEHHOCTH MAarHUTHOTO TMOJIS,
IIpUYEM IIPU OIPEAEICHHOM 3HAYEHHUH €0 3Ta 3aBUCHUMOCTb MCUE3a€T — HACTYIACT HACBIIICHUE.
IIpy CHMXKEHUM HANPSIKEHHOCTM MAarHUTHOIO IIOJISL O HYJIs  IOpPOABI IIOJIHOCTBIO HE
pa3MarHM4MBaloTCs (OCTaTOYHAs HaMarHWYEHHOCTh). [l MOJIHOrO pa3MarHUYMBaHUS MOPOIbI
HEOOXOMMO TPUJIOKHUTH OOpaTHO HANpPaBICHHOE MarHUTHOE ToJje. BemuumHa 3TOrOo mosis
XapaKTepHU3yeT MOPOAY U Ha3bIBAETCS KOAPLUUTUBHOM cuiloi. [l peppoMarHeTUKOB XapaKkTepHa
NETJI TUCTEPE3HCa.

3HaueHUsl OTHOCUTEJIbHOM MarHUTHON IPOHUIIAEMOCTH Y HEKOTOPbIX IOPOJT

JlnaMaraeTUKH 0.999836 - 1,0 arlaTHT, BOJIA, YTOJIb
[TapamarueTuku 1.0 - 1.0064 JOJIOMHUT, XPOMUT
®eppomarnetukn  1.0064 -5 F€MAaTUT, MAarHETUT

HamaramueHHOCTH q)eppOMaFHCTI/IKOB 3aBUCUT oT HaIPsKCHHOCTU BHCUIHETO
MarHUTHOTO IIOJI, MpPUYEM IPHU ONPEICICHHOM €€ 3HAa4YeHMHM 3Ta 3aBUCHMOCTb HMCUE€3aerT,
HAaCcTynnacT HaCbIIICHUC. HpI/I YMCHBIICHUN HANPSKCHHOCTH IO 0 HYJIA TaKHUC IMOPOJIbI
MOJIHOCThIO HE Pa3MarHUYMBAIOTCS, MOSBISIETCS OCTATOYHAS HAMAarHU4eHHOCTb. i1 TOro
9TOOBl MOPOAY pa3MarHUTUTh, HEOOXOIUMO BO3JIEHCTBME HAa HEe HEKOTOPOro oOpaTHO
HAIpaBJICHHOI'O MAardHuTHOTO IIOJIA. HaHpH)KeHHOCTB II0JIA, MPHU KOTOPOM IPOUCXOJUT IOJTHOC
pa3MarHM4YMBaHUE, XapaKTEPU3YET TOPHYIO MOPOY Y Ha3bIBAECTCS KOIPUETHBHOM CHJIOM.

C moBBINIEHHEM TEMIICPATYPhI paCTECT MOABHMKHOCTH aTOMOB, COCTaBJIAIOIIUX JOMCHBI.
HpI/I TEMIICPATYPE TOYKHU KIOpI/I JOMCEHBI IIOJHOCTBKO JIMIIAKOTCA MArHUTHBIX MOMEHTOB, U
(heppoMarHeTuK MePEexXoUT B MapaMarHeTHK.

Hexkotopsie deppomMarHeTnku 00J1a7al0T MarHUTOCTPUKIIMOHHBIMU CBOMCTBaMu. [lpu
HaMarHMYMBaHUU TaKUX TOPHBIX MOPOJ MPOUCXOAUT UX OTHOCUTEIbHOE YAJIMHEHUE (MarHeTur,
YKEJe30) WIN YKOpauYnBaHUE (HUKEIb).

Iopsinok BbINOJHEHHUS PA0OTHI

. [Tonxmrouaem k padborte mpudop «CeTh» (AMEeKTpo cuctema) yepes Tymoep E4-5A.

. [Tpubop nomkeH HarpeBaetrcst 15 MUHYT.

o B3BemmBaemMyo KaTylIKy 3akperisieM KIEMMbl Ha Kpblmke mpudopa «Lx».
Omnpenensem ¢ nomouibio pykosTku «HynsQ» B BoabMeTpe 3HaYeHHE HYJIb.

o YCTaHOBUTHh YaCTOTy B3BEIIMBAEMOIl BMECTHUMOCTH KATYIIKU 4epe3 PYKOSATKU
«/Inano3zonnap» u «4actortay.

o C nomo1pio pyKosSKH «YCTaHOBUTHY) CTaBUM CTPEJIKY Ha YpOBHE KO3 HIIEHTA
MIPUBOJIUM K EMHHIIC.

. [ToBepHYB pYKOSTKY TMOKa3biBasg IIOKa3aTellb BMECTUMOCTH, YCTaHaBIMBaeM
KoHTYp. Ecnu - ctpenka BonbT™MeTpa «Q» U3MEHSTCS, TO PYKOSATKY IKaibl mpuBoauM «Q=400».

. Bwmectumocts Cyx omipesiensieM 1o ImiKaie.

. OmnpenenseM BMECTUMOCTh KaTYIIKH Ha Pa3IUYHOIN YacToTe.

. NunaykTuBHOCTH onpezensieM 1o cienyoomei hopmyre:
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rae: f—yacrora, kI'1;
C — BMECTUMOCTb, ID;
L — unaykTUBHOCTD, MKI H.
° [To dhopmyne onpenensieM MarHUTHYIO TPOHUIIAEMOCTD /{ d.

yﬂeHLHyIO MMPOBOAUMOCTD 06paBL[a B JIBJKCHUHU ONIPCACIIACM I10 CJICI[yIOI.ueﬁ (I)OpMyJIeZ
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rnae: P —wmacca o6pasna, H.



o HOHy‘-IeHHBIe JaHHBIC 3aHOCATCA B Ta6m/1uy.

MarnuTtHas MMPOHUIACMOCTDb T'OPHBIX ITOPOJ

TadIHUIIa
MaruntHas VY nennHas
YacroTa, kI'11 MPOHULIAEMOCThH B MarHuTHask IPOHU
v v JIBHKEHUHUHT IIaeMOCTbh

KoHTpoJibHbIe BONPOCHI:

1. HazoBuTe XapakTepUCTUKy MArHUTHOTO TIOJISI: MAarHUTHAs TMPOHUIAEMOCTh;
HaIpPsHKEHHOCTh; HAMarHWYE€HHOCTh; BOCTIPUUMYHUBOCTb.

2. JlaiiTe ompejesieHue OTHOCHTEILHOW MarHUTHON MPOHUIIAEMOCTH.

3. Y Kaxoii TOpHO# MOpOIpl HAaNOOIIBIIas BETMYMHA | TPAHUTA, TeMaTUTa, aHTPAIUTA,
M3BECTHSKA?

4. Pa3MmepHOCTbh aOCOJIIOTHOM MarHUTHOU npoHuriaemoctu B cucreme CU: ['a/m; Ta/m?;
Ta/™Me.

5. JlaiiTe ompeneneHue AEMCTBYIOMIEH MarHUTHOW MTPOHUIIAEMOCTH.

6. Kakme rOpHBIE TOPOJBI, KaK MPaBUIO, MMEIOT MCHBIIYI0 MarHUTHYIO
MPOHUIIAEMOCTh: JUDIEKTPUKH, TIOTYITPOBOHUKN?

7. Kakumu BenMUYMHAMHM XapaKTEPHU3YeTCS MAarHUTHOE II0JIe: TAHTE€HCOM YrIiia
JUDJIEKTPUYECKUX MOTEPb, MHAYKTUBHOCTBIO, YJEIBHBIM 3JIEKTPUYECKUM COMPOTUBICHUEM,
JTURJIEKTPUYECKON POHUIIAEMOCTBIO.

8. 3HaueHWe BENWYMHBI MArHUTHON NMPOHHUIIAEMOCTH MO3BOJIET OMpPENEIUTh TAaHTE€HC
yrila AUDJIEKTPUYECKUX MOTEPh, TUAIEKTPUUECKYIO NMPOHUIAEMOCTh, YAEIBHOE AIEKTPUUECKOE
CONIPOTHUBIIEHHE, KAYECTBO JKEJIE30COAEPKAIUX PYA.

9. MarnuTHas HHAYKIUS n3Mepsercs B cucreme CU : Bo/m?; T'a/m%; TH/M.

10. Ecnm mMarHMTHBIHE MOMEHT aTOMOB paBeH HyiIto mpu H = 0, To Takue mopoiml
Ha3bIBAKOTCA: rapaMarHeTUKaMH, MaMarHeTUKaMH, dbeppomarseTKamu,
aHTH(eppOMarHeTHKaMU.

BbJaun- tect:

1. ‘{eMy POBHA MaruuTHas IMMpOHHUIACMOCTb I[I/IaMaFHCTI/IKOB?
MECHBIIC CAMHUIIBI
4

P00 o

0
2
3

YeMy poBHA MarHuTHas POHHUIIAEMOCTh TTapaMarHeTuka’?
OOJIBbIIIE €IUHULIBI
0

o0 TN

1
2
3

w

Kak Biauster TEMIICpaTypa Ha AuaMar HETU3M?



HE 3aBUCUT TEMIIEPATyphbl
3aBUCUT OT TEMIIEPATYPhI
YBEIMYMBAECTCS IIPU HATPEBE
YMEHBIIAETCS IIPU HAarpeBe
BCE OTBETHI BEPHBIC

D0 o

4. Kak u3MeHsieTcs MarHUTHAsI IPOHUIIAEMOCTh MTaPaMarHeTUKOB C MOBHIIICHUEM
TEMIIepaTyphl?

YBEINTUNBACTCS

YMEHBIIIAETCS

TeMIIepaTypa He BIUSIET

cHkaercs 70 0

YBEIMYUBACTCS 10 MAKCUMyMa

o0 T

5. Or 4ero 3aBUCUT HAMarHU4E€HHOCTh (PePPOMArHETUKOB?
OT HaIPsHKEHHOCTH MarHUTHOTO TOJIsA

OT MarHUTHOT'O OIS

OT AJIEKTPOMArHUTHOTO TIOJISt

OT HaIPsHKEHHOCTH 3JIEKTPOMArHUTHOTO MOJIS

OT JURJIEKTPUUECKUX MOTEPh

o0 T

I'noccapuii

JluaMarHeTHKHU TOPOJIbl Y KOTOPBIX MATHUTHBIA MOMEHT aTOMOB paBeH HyJto mpu H =

ITapamarseTukamMu ropHsle OPO/IbI, ATOMBI KOTOPBIX 00JIaJal0T MArHUTHBIM
MOMEHTOM IIPU OTCYTCTBHH BHEIIHETO MOJIS.

deppoMarHeTMKaMM ropHbI€ MOPObL, Y KOTOPBIX 1ieJIbie 00bEeMBbI (IOMEHbI) 00J1a/1a10T
MarHUTHBIM MOMEHTOM IIPH OTCYTCTBUU BHEIIHETO IMOJIA.

KospueruBass cuiia  HampsHKeHHOCTh MOJS, HPU KOTOPOM MPOUCXOAMUT TMOJHOE
pa3MarHM4MBaHUe, XapaKTepU3yeT TOPHYIO TOPOIY.
OcraroyHasi HAMATHUYEHHOCTh TPH YMEHbBIIEHUU HAPSHKEHHOCTHU OIS 10 HYJIS

IIOPO bl IOJHOCTBIO HE pa3sMariHn4uBarOTCsA, IMOABJISACTCA.

BuiBos: IIpOBOJIA na6opaTopHy10 pa60Ty oJrydacM JaHHBIC O MAarHUTHBIX CBOMCTBax
nopoa. I/I3yquI/Ie MarHUTHBIX CBOMCTB HY>XXCH IJIA 135160pa TCXHUKU ITpU )106]':»1‘16 TIOJIC3HBIX
HCKOITaCMBbIX.



