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JlaGoparopis “EjiekTpuku Ta MaraeTusmy ”’
JladbopaTopHa po6ota Nel?7

“BUBYEHHS MATHITHUX BJJACTUBOCTE ®EPOMATHETUKIB”

MeTta poboTu

1. BuBuuTH mporiecu HaMarHiuyBaHHS Pi3HUX MarHETHKIB.
Busnauntu xkpuBy HamarHiuyBaHHs B(H ) mis TpaHcOpMAaTOpPHOI CTaii, BYTJICHEBOTO 3ai3a
1 pepury.

3. Bu3Ha4YHMTH 3aNEXKHICTH MarHiTHOI MPOHUKINUBOCTI 4( H ) Bix Hampy>KEHOCTI MarHiTHOTO TIOJIS
Ta poOOTY IO MepeMarHiyyBaHHs OJUHHULI 00’ €My KOXKHOTO MarHEeTHKA.

4. IlpoBecTu MOPIBHAJIBHUM aHaNI3 XapaKTEPUCTHUK HaMarHidyBaHHsS, OTPUMAHHMX [JIS PI3HUX
(epoMarHiTHUX MaTepiatiB.

Beryn

KoxHa peuoBuHa, SIKIIO ii MOMICTUTH B MarHiTHE IOJie, 3MIHIOE CBOI BJIACTUBOCTI. MarHiTHi
BJIACTUBOCTI PEYOBHHHM TOB'SI3aHI 3 OpOITaIbHUM PYXOM €JICKTPOHIB B aTOMi, 3allOBHEHHSIM
EJIEKTPOHHUX OOOJIOHOK B aTOMi, Ta MArHITHUMHU BJIACTUBOCTSIMH, SIK CAMUX EJIEKTPOHIB, TaK 1 1HIITUX
YaCTUHOK. MarHiTHI BJIACTMBOCTI OUIBIIOCTI PEYOBMH JOCUTH claOki. Jlo HUX BITHOCATHCS
JiaMarHeTUKU Ta MapaMarHeTHKH, SIKl y BICYTHOCTI 30BHIIIHBOIO MAarHiTHOTO TOJISI HE CTBOPIOIOTH

=

MarfitHe mnosie. HamarHivueHicTh PEYOBHHU XapaKTePHU3yeThCs BEKTOPOM HamarHidenocti |, 1o
JIOPIBHIOE MarHiTHOMY MOMEHTY OJIMHHMII 00'€éMy MarHeTHKa,
= 1
- 5p (1)
AV
ne | - namarniuenicrs, |3m - MarHiTHUM MOMeHT MoJiekyu, AV - 00'eM Maraeruka.

VY cna0kux Mar”HiTHHX MOJIAX B MapaMarHeTWKax 1 JiaMarHeTUKax HaMarHiueHiCTh JIHIIMHO
3aJISKUTH BiJl HATPY)KEHOCTI MarHiTHOTO TOJISt

I=xH, )
Je K - MarHiTHa CIPUHHATIMBICTH PEUOBHHHU, XapaKTepHa Ui JaHOTO MAarHeTHKa, BEJIMYMHA SKOi HE

3aJI€XKUTh B1Jl BETUYUHU HANPYKEHOCTI MarHiTHOTO MOJIs H.

depoMarHeTHKM MarOTh TaKWW MAarHITHUW YMOPSIKOBAHWM CTaH PEYOBUHH, TIPH SIKOMY
OUTBIIICT, ATOMHUX MArHITHUX MOMEHTIB TMapajielbHi OJWH OJHOMY, TaK IO pPEYOBHMHA Mae
CIIOHTAaHHY HaMAar”Hi4eHIiCTh HaBITh Yy BIJACYTHOCTI 30BHINIHBOTO MAarHITHOTO TMOJdsA. MarsiTHi
BJIACTUBOCTI ()epPOMArHETHKIB BU3HAYAIOTHCS BIACHUMHM MAarHITHUMH MOMEHTAMHU eJIeKTpoHiB. Jlo
yucia GepoMarHeTUKIB BITHOCATHCS KPUCTAIM TIEPEXITHUX METaiB (3a1i30, KOOATIBT, HIKEIb), JETKUX
PiAKO3EeMeNbHUX E€JIEMEHTIB 1 psAy CIIaBiB, pepUTH.

Jnst epoMarHiTHUX KPUCTATIB XapaKTEpHA HASBHICTh BHYTPIIIHIX  HE3aMOBHEHUX
eNeKTPOHHUX piBHIB. Hanpukiiam, 1uist 3ai3a, HIKeo i KoOaIbTy He3anoBHEHUM € 3d - piBEHb.

[TosiBa y ¢epoMarHeTukax MarHiTHOTO TOPSAKY OOyMOBJIEHA TaK 3BaHOK OOMIHHOIO
B33a€MOJII€I0, 110 Bi/AMOBI/A€ 3a BCTAHOBJICHHA CIIIHIB CYCiIHIX aTOMiB ab0 10HIB MapaielbHO OIUH
OJTHOMY.

VY ¢epomarneTukiB icHye Tak 3BaHa Temnepatypa Kiopi, Buie sxoi pepoMarHiTHI BIacTUBOCTI
3HHMKAIOTh M (PepOMAarHeTUK CTa€ MapaMarHeTHKOM (hepOMarHiTHOTO MOXOIKEHHS.
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VY BIiACYTHOCTI 30BHIIIHBOI'O MAarHiTHOTO MOJis (epOMarHETUK
CKJIAJIA€ThCSA 3 JIOMEHIB — oOJjacTell OJHOPIAHOI CIIOHTAaHHOI 1 / t
HaMarHiueHocTi. Y BiICyTHOCTI 30BHIIIHHOIO MAarHiTHOTO IOJIS
HaIpsIMA MarHiTHUX MOMEHTIB JIOMEHIB Pi3Hi, TAKUM YUHOM, 1110 d '
CyMapHUH MOMEHT BCHOTO MAarHeTHKa JOPIBHIOE HYIIIO
(cxemaTtnuHe 300pa’keHHs JOMEHHOI CTPYKTYpHU JUB. Ha pucC.1). }
XapakrtepHi po3mipu gomeHiB [ — 10 mxm .

Puc.1.

[ToBeninka pepoMarHeTHKIB y 30BHIIIHHOMY MarHiTHOMY MOJII XapaKTepU3y€eThCS HEIIHIIHOO
KPHBOIO HAMarHi4yBaHHsI, SBUIEM MarHITHOTO TiCTEPE3UCY; 3aJICKHICTIO MAarHITHOI CIPUHHSTINBOCTI
BiJl HAMPSIMY MarHiTHOTO TIOJISL.

[Ipu HamarHiuyBaHHI (hepOMarHETHKIB 3MIHIOIOTBCS iX PO3MipH Ta Gopma (Mae micue SBUIIE,
10 HA3UBAETHCS MArHITOCTPUKIILIA).

Sk paBWIIO y (pepoMarHiTHUX KpUCTalIax CIOCTEPIraeThCsi MarHiTHA aHI30TPOIIis, sIKa O3HAYa€e
CYTT€BY BiAMIHHICTh MarHITHHX BJIACTUBOCTEH B3JJOBK PI3HUX HAIPSAMIB B KpUCTAaX.

Jliis criocTepekeHHsT (PEPOMArHiTHOTO CTaHy PEYOBHHHU JOCUTH MOMICTHTH IIMATOK CTalli,

S 0 . o . .
Harpituii nmpubausuao 10 800 C, B 1o CTANOr0 MarHiTy i moBoIi #oro oxomoauty. ITicst ycyHeHHs

30BHIIIHBOTO MAarHITHOTO TIOJNS CTalb camMa BHUSBUTBCA CTAJIMM MAarHiTOM B  pe3yJbTari
(bepOoMarHiTHOTO BIOPSIKYBAaHHS JOMEHIB.

[Tapa- i giamMarHeTHKH — e CIA0KO MarHiTHI PeuOBUHHU. Lle TOSICHIOETBCS THM, IO TETIOBHIMA
PYX JI€30pIEHTYE MAarHiTHI MOMEHTH OKPEMHUX aToMiB. MarHiTHUI MOMEHT aToMa JOPiBHIOE

e e
P,=—L~—n, 3
" 2m, 2m, )

ne h —crana Inanka 7= 1.05-10* I - c.
Enepris aToMa B 30BHIITHHOMY MarHiTHOMY I0JIi

W =-P,B. 4)
Tak, Hampukiaa, MOpH HaOpyKeHOCTI MarHiTHoro mons H =1 02 ra TeMIIeparypi

T =10" K remnosa enepris kT npubmuzno B 15 pasiB Gimbiie eHeprii aroma B 30BHIIIHBOMY

MarHiTHoMy 1moni. HamarsiueHictp (epoMarHeTHKiB TEpEBHUINYE HAaMarHi4eHiCTh Jia- Ta

. . 10
napaMarHeTukiB y 6arato pasis (mo 10°").
depoMarHeTu3M Mae CIIHOBE IOXO/KEHHS, 1 CIHIHM TIEBHOI TIpyNH €JNeKTPOHIB Yy
depomarnerukax npu I <7 (T, —rtemneparypa Kiopi) opieHTOBaHI mepeBakHO ofHaKoBo. Lle

YHCTO KBAaHTOBUH edekt. B pe3ynmbprari 00’€MHOT B3aeMOil BIacHI MarHiTHI MOMEHTH EJIEKTPOHIB
PO3TAIIOBYIOTHCS TTApaeIbHO OJIUH OJHOMY Ta BUHHKAIOTh 00JIACTI CIIOHTAHHOT0 HaMarHiueHHs, sKi
HA3UBAIOTHCS IOMEHAMH.

Koxuuii nomen ¢QepoMarHeTHKy CIOHTaHHO Yi LB
HaMarHiueHui 1 Mae NeBHUNA MarHiTHUM MOMEHT.
I[li MOMEHTH y BIACYTHICTh 3O0BHIIIHBOTO [g | --------------
MarHiTHOTO TIOJISI Xa0TUYHO OPIEHTOBAHI, TaK 110 /
y BIJACYTHICTHh 30BHIIIHBOTO TOJS CyMapHUM /
MOMEHT  BCHOIO  TiTa  pIBHUH  HYJIO. / /
XapakTepHOIO OCOONMUBICTIO (DEPOMATHETUKIB €

cKNajHa HemiHiitHa 3anexwuicts [(H )i B(H) o I 0

(puc.5). Ilpm cCuIBHUX MATHITHHX IOJISIX
HaMarHiueHiCTb Jocarae HacuueHHs [ = [g.
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VY Bunmaaxy pepoMarHeTHKiB MOXHA 3aMUCaTH

I'=yH iB=uy(I+H)=upH, (%)
ane mpu IbOMY ' Ta A HEOOXiJHO PO3rIsAAaTH AK (QYHKIil HAIPYKEHOCTi MarHiTHoro mons H .
XapaktepHuii  rpadik  3amexHocti  u(H) M(H)
HaBeneHW Ha puc.3. BigzHaummo, mo QyHKIis
H(H) mae wmakcumyMm. Ilpum  mocuieHHi
MAarHiTHOTO TIOJIS H — «, MarHiTHa
nponukiuBicte 4 —>1. KpusBi Ha puc. 3

XapaKTepHi JJIs MOIKPUCTAIB, TIOBEIIHKA SIKUX B
MarHiTHOMY II0JIi € 130TPOTMHOIO.

Hpyra BaxinBa 0cCOOMUBICTH (EepOMarHeTUKIB
HOJISITa€ B TOMY, IO 3aJIeXkHicTs B Bin H abo 3, 1

BeKTOpa HamarHiwewocti | Bix H € T
HCOHO3HAYHOIO, & BH3HAYAETHCS IMEPEIICTOPIErO 4
HaMarHivyBaHHs 3pa3ka. lle moB’s3aHo 3 TUM, 110
3aJIaHOMy 3HAYEHHIO HANpPY>XEHOCTI MarHiTHOTO
nojs H BignoBijgae nekinbKa 3HAYCHb 1HIYKIIIT
B. 1IIi oOctaBuHM € XapakTCpPHUMHU IS
MarHiTHOro ricrepesucy (puc.4). Puc.4.

oo
A

PosrnssnemMo ¢epomarHiTHHI 3pa3ok, IO CIIOYaTKy, € HE HaMarHiueHWM, a TOTiM OyaeMo
HaMarHiuyBaTl MOTo, 30UIBIIYIOYH HAINPYKEHICTh MArHiTHOTO IOJIS BiJl HYJIS O JESKOTO 3HAYEHHS
H, (xpuBa 0—1). [Jlami Oynmemo 3menmyBatu FH Bin H; no -H;. Ilpu upomy xpusa

HaMarHidyBaHHS IiJe He MO0 TOMY X caMOMy IUISXY, a BHIIE - 1o musixy (I — Bg — 2). Sxmo
3MiHIOBaTH 1oJjie Bix - H, 1o H,, TO KpHBa HAMArHiqyBaHHS OPOIIC HUKYE Ta MOBEPHETHCS B TOUKY
1. Otpumana 3amkHyTa kpuBa ([ —> By — 2 —> —Bg — 1) Ha3uBaeTbCs MHeTJIel0 TricTepes3mcy.
3HaueHHS B Ha3MBA€THCS 3AJIMIIKOBOI HAMarHiueHicTI0 3pa3ka , a 3HaueHHs H,o -

KOePUUTHBHOIO CHJIOI0.

3Ha4yeHHs 3aJIMIIKOBOIO HAMAarHiuyeHHs Ta KOEPLMUTUBHOI CHWIM A1 (EepOMarHETUKIB
3MIHIOETHCS B IOCUTh IIUPOKUX Mekax. s M’ SKoro 3aii3a netis TicTepe3nucy By3bka (KOEpIUTHBHA
CWJa Mana), a JJs CTalli ¥ MaTepialiB, sIKIi HAyTh Ha BUTOTOBIICHHS CTAalUX MArHiTiB, - IIUPOKa
(KoepLUTHBHA CHJIA BEJIUKA).

TakuMm YMHOM MpU 3MEHILEHHI MarHITHOTO Mojist H 70 Hyssl 1HAYKIisI MarHiTHOTO ol B He
3BEpTA€THCS B HyJb. Lle 03Hauae, 110 HAMarHiuYeHHs 3pa3ka He 3HHUKAE.

Buacnmigok — ricTepe3ucy — HaMmarHidyBaHHS 1 NepeMarHiuyBaHHS  (epOMarHeTHKiB
CYTIPOBOJDKYEThCS ~BHIUICHHSM TeIUla, TaK 3BaHOro Temja ricrepe3ucy. Ilepme Hagano
TEPMOJMHAMIKM MarHeTUKIB JIJIs1 OJUHUIN 00'eMy Ma€ BUTJISI:

00 =dU + HdB . (6)

[Ipu iHTErpyBaHHI MO LHMKIY, TOOTO Y3M0BX 3aMKHYTOI METJ TricTepe3ucy, (pepoMarHeTHuK
TIOBEPTAETHCSI B MOYATKOBUI CTaH 1 TOMy BHYyTpilmHs eHepris U mpuiiMae moYaTKOBE 3HAYCHHS
(dU =0). B pe3ynbrari oTpuMaeMo

Q=[HdB. (7)

TakuM 4YWHOM, TEIJIO TICTEPE3UCy, IO BHAUIAETHCI B OJHOMY IIMKJII HaMarHidyBaHHS,
YHUCENIbHO JIOPIBHIOE IJIONII METI TiCTepe3uCy.
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TpeTbot0 0COOIMBICTIO (PEPOMArHeTHKIB € TOM
dakt, mo icuye Temneparypal =7, Tak 3BaHa

nepexoay uepe3 Ky (epoMarHeTMK 3a3Hae
¢azoBoro mepexomy apyroro poxy. PedoBnHa €
(epomMarHeTHKOM TUIbKU HIDKYE 32 TOUKY Kropi, a
BUILE BOHA cTae apamMarHeTHKOM .

|

|

. . |

Temneparypa a6o Touka Kiopi, mnig uyac !
I

|

Simo -
~

€pOMAarHiTHOTO MOXO/KEHHS.
dep A Puc.5.
MarniTHa cipuiHATIUBICT M0OaM3Yy Touku Kiopi onmcyerbes 3akonom Kropi-Betica:
C
= C (®)
I-T¢

ne C - mesika craja, 10 3aJIeKUTh Bill POy PEUYOBHHH.
[Tin uyac mepexony Bix ¢epoOMarHiTHOro B MapaMarHiTHUW cTaH mpu Temmeparypi Kropi
CIOCTEPIraeThest CTpUOOK Ter10eMHOCTI C pEeYOBUHH.

V 3B's3Ky 31 CKIaaHOIO 3anexHicTio f( H ) anst xapakTepHCTHKH TOBEIIHKM MarHeTHKa B
3MIHHHX ITOJISIX BBOJUTHCS MOHATTS AU(EPEHIIaabHOI MATHITHOI IPOHUKHOCTI fL;
1 dB
Hq = Lo dH

Onuc eKCnepruMeHTAJIbHOI YCTAHOBKH.

)

Jnis oTpuMaHHS NeTi ricTepe3ucy B =

3MIHHOMY MarHiTHOMY noJI ° ¢z, Lo N @™ B
BUKOPUCTOBYETHCS yCTaHOBKa, C ]
NPUHIMIIOBA CXeMa SKOi 300pa)keHa ol T | |
Ha puc .6. '

VY nmabGopatopHiii poOOTI TOCHIKYIOTbCS MAarHITHI BJIACTUBOCTI (DEPOMATHETHKY, SIKAN
BUKOPUCTOBYETHCS B AKOCTI MarHitTonpoBoay. IlepBunHa oOMOTKa TpaHchopMmaTopa >XHUBUTHCS BiJl
JoKepena 3MIHHOTO cTpymy. Lls oOMoTka TpaHcopMaropa CTBOPIOE 3MIHHE MAarHiTHE TIOJIE, SIKE
HaMarHiuye cepJeuyHuK TpaHchopmartopa.

3B's30k /1 3 maminuam Hanpyru U y Ha pesuctopi R; B Koii MepBUHHOT 0OMOTKH MOXe OyTH

3HAWICHHUH MPU 3aCTOCYBaHHI 3aKOHY TIOBHOTO CTPYMY, Ta 3alMCaHUI Y BUTJISIL:

L T (10)
L, Ly Rj+Ry, R;+ Ry,

ne L; nowxuHa cepemHboi IiHII cepreuHmka TpaHchopmaropa, N;- YHCIO BHUTKIB I€PBHHHOI

OOMOTKH, 71 ; - YHCIO BUTKIB HEPBUHHOI OOMOTKH Ha OJWHHIIO JOBXUHH, R;; - omip mepBHHHOI

OOMOTKH.
[Maginng Hanpyru U, Ha pe3ucTopi R; MOAAETHCS HA BXiJ MiACWIOBaYa TOPU3OHTAIBHOTO

BIIXWIEHHs ociuiorpada. TakuM YMHOM TOPU3OHTAJIbHE BIIXWIIEHHS €JIEKTPOHHOTO IMPOMEHsS Ha
eKpaHi MpoNopIiiiHe HAPyKEHOCTI MarHiTHOro noss 1 .

Jlns BUMiproBaHHs 1HAYKIIT B y ¢epoMarHiTHOMy CepJIeUHUKY BUKOPUCTOBYETHCS SIBHIIC
€JIEKTPOMAarHiTHOI 1HIYKIIIi:

bt gy 0B,
dt

11
i (11)
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ne & - enekrpopyuiiiHa cuna iHgykuii, @ = BSN, - Mar"iTHuii NOTiK 4epe3 BTOPUHHY OOMOTKY
TpaHcopmaropa, S - IUIOLIA MONEPEYHOI0 MEPETUHY CEpACUHHKA, N, - YHUCIO BUTKIB BTOPUHHOI
OOMOTKH.

Jlst Toro, mo6 MoJaTH Ha BXiJl BEPTUKAIBHOTO BIIXHIJICHHS HAMPYTY, MPOMOPIINAHY 1HIYKITIT
B, mix BTOpHHHOIO 0OMOTKOIO 1 ocumiorpadom BIodaeTses iHTerpytounit nanmor R,C (puc.9).

3anumiemo 3akoH OMa JuIst BTOPHHHOI OOMOTKH TpaHchopmaTopa 3a ymoBH, mo EPC camoinmyxkiii
BTOPUHHOI OOMOTKHM MaJa:

8:Uc+12R2. (12)
Bpaxyemo, mo
qg 1
C y C CJ. 2 (13)

ne g - 3apsin kouaeHcaropa, a C - foro emuicts. 3 iHmoi croporn U =1, / @C . Tlaginns Hanpyru
Ha pesuctopi R, nopieaioe Up =Up =I;R;, toni Up /Uc = RyC. lns Ry =2x10 ‘Om,

w=3.14x10° C_I, C=40x10"%® OTPUMAEMO, IO UR2 >> U . Takum 4nHOM:

dB
e=I1,R,=SN,—,
242 2 dt
SN, dB
3Binku [, =227
R, dt
[Migcraisiroun BUpas ajist ctpymy /[ 5 'y Gopmyiy (13) oTpmMaemMo Hampyry, 1O TOJAE€ThCA Ha BXiJ Y
ocumiorpada:
SN SN
Uy=U,="2[dB=""2B. (14)
CR, CR,
TakuM YMHOM 1HYKIIISI MATHITHOTO TTOJIS Y (DE€pOMAarHeTHKY JOPIBHIOE:
CU_R
B—_ Y2 (15)
SN,

[Topatoun Hanpyry Uy Ha IJIaCTMHH TOPU30HTAIBHOrO BiaxwuieHHA, a Uy - Ha MIacTUHH

BEPTHKAJIBHOTO BIAXMICHHSA ocmmiorpadga OTPUMAEMO CyMy [IBOX B3a€EMHO TEPIECHANKYISPHUX
KOJIUBaHb. B pe3ynbTaTi 3a MOBHMIA Mepioa KOJMBaHb €JICKTPOHHUN MPOMiHBb BigoOpakae Ha eKpaHi
ocrmorpada B AesIkoMy MaciiTadi MeTiro TICTEPE3ucy.

Bukouanug podoTu.

1. 3ibpatun cxeMy TpaHcdopmaropa, 1€ MarHiTONPOBOJOM, Ha SKOMY HaMOTaHO IEpPBUHHY Ta
BTOPHHHY OOMOTKH, € TpaHc(opMaTopHa cTaib (prc.9) Ta BKIIOYUTH OCIUIIOTpad.

2. BxiounTtu ocruiiorpad Ta BCTAHOBUTH MPOMIHB B IIGHTP1 €KpaHy.

3. [logatu 3MiHHY Hampyry reHepatopa 3BYKOBUX koyimBaHb ['3-33 wactororo 50 I'y Ha mepBUHHY
00MOTKY TpaHncpopmaropa. 3a JOMOMOrOK MiJCWIOBaYa Mo oci Y oTpumatu Ha ekpasi
ociiorpada HaOUIBIIUK PO3MIP TIETII TICTEPE3UCY.

4. 3po0uTH KOMiI0 HETJi TICTEepe3nuCy 3 eKpaHy Ha KajlbKy, Ha sKiil 3a37ajerii> HaHeceHa CiTKa 3
CaHTUMETPOBHMH TOJTITKAMH.

5. 3MeHIIyIouM HaNpyry Ha MEepBUHHIM 00MOTII TpaHchopMaTopa, OTpUMATH KpUBI HaMarHigyBaHHS
¢ikcyroun KpaifHi TOYKH TETJIi TicTepe3ncy, He 3MIHIOIOYH MPH bOMY MiACHICHHS ocumiorpada
no oci U y .

6. 3a JONOMOrolw BOIbTMETpa abo ocumiorpada mpoBecTH KaniOpyBanHs kaHamiB X Ta Y
ocumorpada. [Tpu oMy Matu Ha yBasi, IO BOJIBTMETP 3BYKOBOro rereparopa ['3-33 mokasye
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e(eKTUBHE 3HAUYEHHS HANpPYyTH, a PO3TAlIyBaHHS CBITJIOBOTO IMPOMEHS Ha €KpaHi ocruiorpaga
BU3HAYAETHCS aMIUTITYIHUM 3HAaYEHHSIM HaIpyTH.

7. llobynyBaT KpuBy HamarHiuyBanHs B(H ) nHa wigiMerpiBui abo KoM 'roTepi. 3HAUCHHS

HAIpy>XeHOCTI MarHiTHOro noist /1 3HaxoauTH 3a gomomororo (opmynu (10), a s BU3HAUCHHS
B 3a nomomororo dhopmynu (15). Tlpu uncioBux po3paxyHKax BUKOPHUCTOBYBATH HACTYITHI JaHi
KUIBKOCTI BUTKiB OOMOTOK, JIOBKHH CEpelHbOI JIiHII MarHiTompoBofiB, onopiB R; Ta R,, miom

MIOMEPEYHOT0 MEPETHHY CEPJICUYHUKA MarHiTOMPOBOLY S .

Jlig TpancdopMaTOpPHOro 3aJi3a:
N;=500,L; =154 mm R; =2400m, N, =750, R, =20kOm, S=225mum’.

JiameTp mpoBigHuKa nepBuHHOT 00MoTKH d; = (0,25 MM , BrOpuHHOI 06MoTKH d; = 0,17 MM .

Omip nepBUHHOT 0OMOTKH R L= 70m.
J1si ByrjeneBoi cTaJIi:
N;=500,L; =72mm, R; =340m, N, =750, R, =20x0m, S=16mm".

JiameTp mpoBigHuKa nepBUHHOT 00MoTKH d; = 0,25 Mm , BropunHOi ooMotku d; = 0,17 mm .

Onip nepsuunoi 06motkn Ry, =10 Om.

Jlnsi deputy:
N;=400,L; =47 um R; =5000m, N, =500, R, =20kOm, S=265mm°.
Hiametp mpoBinHuka nepBuHHOi 0oMoTKH d; = 0,19 Mm , BropunHOT 00MOTKH d; = 0,17 MMm .

Omip nepunHOi 0OMOTKH R = 10 Om.

3nauenHst Uy 1 Uy po3paxoBylOThbCs 32 JONOMOTOI0 KOOPIMHAT TOUOK IETIi TiCTepe3nucy Hpu

BU3HAYCHMX 3HAYEHHSX Yy TJIMBOCTI TOPHU30HTAIBHOTO Ta BEPTUKAIBLHOTO KaHAIIIB OcCIiiIorpada.
8. 3HaiiTH 3aJeKHICTh MarHiTHOI MPOHUKJIMBOCTI Bl HANIPYKEHOCTI MAarHITHOTO MOJIs Ta MOOYAyBaTH
rpadik 3anexHocti ( H ), BAKOPUCTOBYIOUH CIIBBIIHONIEHHS (= B/ uyH .

9. llnaxom rpadiyHoro aAudepeHLiOBaHHS KpPUBOi HaMarHidyBaHHs 3HAMTH JuQepeHuiaabHy
MarHiTHy OPOHUKHICTb Ly = ) 'dB | dH i namamosaty ii ua nonepeIHpOMY rpadiky.

10.BUKOpHUCTOBYIOUM TpaHWYHYy METII0 TiCTEPE3UCy 3HAWTH 3alUIIKOBY iHAyKHito Bg Ta
KOSPLUTUBHY cuny H .

11.06uucautu poOoTy 10 nmepemMarHiuyBaHHIO OJIMHHI 00’ €My (pepOMarHeTHKy.
12.AHanoriuyHi BUMIPIOBaHHS Ta 0OYHCIICHHS MMPOBECTH IS BYTJICIICBOI cTali 1 pepurty.
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KoHTpoJILHI NUTAHHS.

1) Ha sixi BUau po3noaiisSioTECS MarHETUKH?

2) o Take BeKTOp HaMarHi4YeHHs?

3) Sxumu npuurHaMu 00yMOBIIEHO iICHYBaHHS Ta pO3Mip JOMEHIB?

4) o Take MarHiTHa CHPUHHSITINBICTD PEUOBHHU?

5) Ha3BiTh OCHOBHI BIaCTUBOCTI (PEpOMATrHETHKIB.

6) o take Temmeparypa Kropi?

7) o Take MarHiTHa MPOHUKIIUBICTh PEUOBUHU?

8) Illo Take sBHIIE TicTEpE3HCY 1 K OTPUMATH METIIO TicTepe3ncy?

9) [aru BU3HAYEHHs 3aIMLIKOBOI IHAYKILII By Ta KoepuuTUBHOI cunu H , ?

10) o take nudepeHiiaabHa MarHiTHa TPOHUKHICTS 1 5K ii OTpuMaTH?

11) SIkum 9MHOM PO3PaxXOBYETHCS HAMPYIKEHICTh Ta IHAYKIIiS MAarHiTHOTO TOJs y pepoMarHeTuky?
12) YuMm BHU3HAYAETHCS KUTBKICTh TETLIA, 10 BUALISETHCS NP MepeMarHivyBaHH1 (pepoMarHeTuky?
13) HamamoBaTu cxemy 1a00paToOpHOI YCTAaHOBKHU Ta MOSCHUTH MPUHIUN i1 poOOTH.

Beiicc (Weiss) IIbep Epnect (28.3.1865 — 24.10.1940). Buuscs B Ilropixcekomy
yHiBepcureti (1883—87) 1 B Hopmanphiit mkom B IMapmxi (1888— 1892). 3 1899 mpodecop
yaiBepcurety B Jlioni, 3 1903 nmomitexnikymy B Lropixy i B 1918—40 B CtpacOyp3i. OcHOBHI mparti
IpUCBAYEHI MarHeTu3My. ¥ 1907 BUCIIOBUB TinoTe3y Mpo iCHYBaHHS y (pepOMarHeTUKax BHYTPILIHbOT
B3a€MOJIi1, IO MPUBOJUTH 10 MHUMOBUIHHOI HAMArHIYeHOCTI, PO3BUHYB (DEHOMCHOJOTIYHY TEOpIito,
TEOPETUYHO  mepeadaynB 1 EKCIePUMEHTATbHO  BHUBUMB  QHOMAJIIO  TEMJIOEMHOCTI 1
MarHiTOKaJOPUMETPUYHHIA ePeKT y (hepoMarHeTHKIB i BiIKPHUB 3aKOH TEMIIEPATypHOI 3aJeKHOCTI
CHPUHHATIMBOCTI pepomarHeTukiB Buie 3a Touky Kropi (Kiopi - Beiicca 3akon). Y 1911 npuiimos o
BHCHOBKY TIPO iCHYBaHHSI MarHiTHOTO MOMEHTY aTOMa, SIKHi BiH Ha3BaB MarHETOHOM.

Kropi (Curie) IIsep (15.5.1859 - 19.4.1906). Y 1895 pomi oapyxuBcs
Ha Mapii CKJIOIOBCBKil 1 B TOMY K pOILli 3aXUCTHB JOKTOPCHKY AMCEPTALIO IO
MarHiTHHX BIJIACTUBOCTSX mapamaraetukiB (3axon Kropi). C 1904 mpodecop
[Tapusbkoro yHiBepcutery. OCHOBHI npati no ¢i3uii KpUCTaIiB, MarHeTHU3MY 1
pamioakTuBHOCTI. Pasom 3 Opatom Ilomemo JXamom Kiopi BimkpuB i
nocmimkyBaB  sBuiie 1'e3oenektpuku (1880). Kropi BuBuaB (1884—85)
CHUMETpiI0 KpUCTaliB (30Kpema, chopmyitoBas T.3. Kropi npuHmmm i mpobiemy
cumeTpii y ¢izuni B3arami (1894). JlocnmimkeHHS MarHITHHX SIBUI] MPUBEJIO
Kropi 10  BCTaHOBIIEHHS  3aJ€KHOCTI ~ MarHiTHOI  CIPUHHSTIMBOCTI
napaMarHiTHUX TiT Bix aOcomtoTHOI Temmneparypu (auB. Kropi 3akoH) 1 10
BUSIBIICHHS OCOOJIMBOI TeMIlepaTypH, BHINE 3a Ky (EpOMarHiTHI Marepiaid
nepeTBOprooThCs Ha mapamarHiTHi (Kropi Touka). 3 1898 pazom 3 npyxuHOI0O
M. Ckion0Bcbkor0-Kiopi 3aiiMaBCcsi BUBYCHHSM DPa/lioaKTHBHOCTI. HuMu Oynu BiAKpUTI TOJOHIN i
paniii (1898), BcTaHOBNEHO CKJIaa BUIIPOMIHIOBaHHS pajiito Ta (papOyBaHHs ckia 1 Gapdopy mia miero
poro BurpomiHioBaHHs (1899). V 1903 Kropi BHSBHB CIIOHTaHHE BUAUICHHS TEIUIA COJIIMU PAJIilo;
MIPOBOJIMB TAKOX JOCHIKEHHs Oiooriunoi aii paaioaktuBHOCT. HobeniBebka npemist (1903). Pazom
3 JpPYXHHOIO Yy BaXKHX pPOOOYMX YMOBAaxX TMPOBOAWB JOCHTITU [0 BHBUYCHHIO BIIACTHBOCTEH
panioakTUBHUX pedyoBUH. Y 1904 pomi oTpuMaB mnpu3HaueHHs Ha MocT mnpodecopa ¢i3uku 1
nupekTopa nabopatopii (HezabapoM meperBopeHoio B IHcTuTyT paxmiro) Copbonnu. Y xBiTHI 1906
poky IIeep Kropi 3arunyB B pe3ynbTari 0€3riry310r0 HEIACHOTO BHIIAJIKY, MOTPAIUBILY ITiJ KoJjeca
Bi3HHKa
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JTOMEHU

®epomarHiTHi 1oMeHn (abo 00IAcTi CIIOHTAaHHOI HAMarHIY€HOCTi) — HaMarHideHi 10 HaCHYeHHS

N . . -2 -3 .
yacTUHH 00'eMy QepoMarHeTuky (JTiHIHHI po3MipH, IO 3a3BU4ail MawTh ~10 ~ —10 ~ cm), Ha SKUX BiH

po30UBaeThCS MpH TeMIiepatypax, Hmxk4Iux Temrepatypu Kropi. Bekropu namarniueHocti J[. y BimcytHocTi
30BHIIIHBOTO MarHiTHOTO IOJISl OPIEHTOBAHI T. Y., IO PE3yJIbTYIOYa HAMATrHIYeHICTh ()epOMArHiTHOTO 3pa3ka B
iJIOMy, SK TIPaBWIIO, JOpiBHIOE Hyo. J[. mocTymHi 0Oe3nocepeHbOMY CIIOCTEPEKEHHIO (3a JIOMOMOTOI0
MIKpOCKOIIa) HACTYITHUM YHHOM. [Ipy MOKPUTTI MOBEPXHi )epOMArHETHKY IAPOM, IO MiCTUTH (hepOMAarHiTHUIH
MOPOIIOK, YACTUHKH MOPOIIKY OCiZaloTh B OCHOBHOMY Ha Mekax /l. 1 moka3yloTh KOHTypu aoMeHiB. Llnupoko
3aCTOCOBYIOTH iH. METOJH JOCII/DKEHHS JJOMEHHOI CTPYKTYPH, 30KpeMa MarHiTOONTHYHHH, K TaKWH, M0 Mae
outpITy po3ninsHy 3matHicTIO (Keppa edekr, Dapames edekr).

Po30utTst hepomarnetuky Ha /I. MOSACHIOETHCS HACTYITHUMHU pUUnHaMu. SIkOu Bech hepomMarHeTuk OyB
HaMarHiuyeHuil 10 HACHUYCHHS B OJHOMY HANpsMi, TO B HaBKOJHMIIHbOMY IPOCTOpi Oysio © CTBOPEHO NOCHTH
CHJIbHE MarfiTHe mojie. JIJis mboro moTpiOHO OUTBINe eHeprii, YuM MpH po30HTTI depoMarHeTuky Ha 1., mpu
SKOMY MarHiTHe I0Jie 103a 3pa3koM BiJICYyTHE, TOMY 1[0 MarHiTHUH MOTiK 3aMUKAETHCS YCepeInHi 3pa3ka.

Hanpsim BektopiB HamarnideHocti Jl. 3a3Buyail cmiBmajae 3 HAIPSMOM BiCi JIETKOTO HaMarHi4yBaHHS.
[Tpn 3MeHmIEeHHI pPO3MIpiB (GepoMarHeTuKy 10 IesKOl KPHUTHUYHOI BEIMYMHH po30uTTs Ha J[. Moxe cratm
SHEepreTHYHO HEBUTITHUM, YTBOPIOETHCA TaK 3BaHAa OJHOJOMEHHA CTPYKTYpa, IMOPH sIKi KOXHa epoMarHiTHa
yactuHka € ogHuM JI. Ha mpaktumi ne peanidyeTbcs y (epoMarHiTHMX MOPOIIKOBUX Martepiaiax i psmy
reTepOreHHUX CILIaBiB.

Y BIACYTHOCTI 30BHIITHHOT'O MarHiTHOTO TOJIA (hepOMarHeTHK PO30UBAETHCS HA TOMEHU TaKUM YHHOM,
0 HOro pe3yjbTYIOUHi MarHiTHUH MOMEHT OJM3bKHU 10 HyJs. [Ipu BKJIFOYEHHI 30BHINIHBOTO MAarHiTHOTO
MOJIsI €HEepris OKpEeMHX JIOMEHIB 3MiHIOIOThCS. EHepris 3MeHIIyeTbes AN TUX AOMEHIB, IJISI SKUX MPOEKIs
BEKTOpa HAMAarHiY€HOCTI Ha HAIpsM 30BHIIIHHOIO MAarHITHOTO € JOJaTHOIO, 1 HaBIAKU — 301IBIIYETHCS B
OPOTWICKHOMY HampsMKy. [IpW mboMy BHHHUKAae 3CYB MEX JIOMEHIB, B pe3ylbTaTi 4oro o00'eM IOMEHIB 3
MEHILIOI0 CHEPTIEI0 3pOCTaE, a 3 OUIBIIOI0 SHEPTi€l0 3MEHIIYEThCS. Y pasi claOKuX MOJIB 1i 3CYBH MEX MalOTh
3BOPOTHIN XapakTep i BH3HAYAIOTHCS 3MIHOIO 30BHIIIHBOTO MarHiTHOro moist. [lpu 30inblieHHI MarHiTHOTO
MOJIsI 3CYBH MEX JOMEHIB CTalOTh HE3BOPOTHHMH W TPH JCAKIH BETWYHMHI 30BHINTHHOTO MAarHITHOTO ITOJIS
EHEepreTHYHO HEBUTiJHI TOMEHH, MarHiTHI MOMEHTH SKHMX HampaBJiieHI MPOTH MOJs, 3HUKAIOTh 30BCIM. SIKIIo
nosie 301TbITYBATH i€ OUTbINE, TO BUHUKAE HOBUH XapaKTep HaMarHidyBaHHSI, P SKOMY 3MIHIOETHCS HAIIPSM

MArHiTHOr0O MOMEHTY JIOMEeHy. Y Iy)Ke CHIBHOMY MarHitHomy moii /4 ¢ MarHiTHI MOMEHTH BCiX IOMECHIB

BCTAHOBJIIOIOTHCSI TIApajIeIbHO 30BHINIHBOMY TIONIO. Y IOMY BHUNAAKY (GEpOMarHeTHK Mae HaHOUThIIAN
MardiTHHL MOMEHT oiuHMLi 00’eMy, Ommsbkuit [g. Ilpu MOZANbIIOMY IIOCHICHHI 30BHILIHBOTO IIOJIS

BEJIMYMHA HAMArHi4eHOCTI HE 3MIHIOETHCS.
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HaMarHi4YeHoCTi ; 3HaKu Oi® NnoKasylTb, WO HaMarHiYyeHicTb ) )
MeprneHavKynsapHa MAOWWHI, Ha Kl 3HaK 300paxeHwit, i 36inkLueHe 306paxeHHs AOMeHiB
HarnpaerieHa TakK, Sk NOKa3ylTb CTPINKU Ha NIOLLMHAX
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BoHcosckun C. B., MarHeTtuam, M., 1971;

Kupenckun J1. B., MarHeTtnam, 2 u3g., M., 1967;




