‘ Wenb paboTbl: 03HAKOMNEHUE C ABNEHUEM dugbparcyuu Ha OomeHHoT
CTPYKTYPE NPO3PAYHLIX MaZHUTHbIX OUINEKTPUKOB U C OCHOBaHHbIM Ha ITOM RE-
neHuu cnocobe 3anucu UHgHopmayuu.

TEOPETHUYECKAA YACTbD
1.MAFHUTHbLIE CBOMCTBA KPUCTANNMYECKUX CPER

XOpOLIO M3BECTHO, HTO BCE KOHAEHCHPOBaHHbIE CPEAI MOXKHO PasfenuTs
Ha KNacthbl MO WX MarHWTHbIM cBoiicTeam. Ecnn npu no6oi TemnepaType cpeaa
npuo6peTaeT MarHWTHLIR MOMEHT (HamarHvuuMBaerca) TONLKO B MPUCYTCTBUW
BHELIHEro MarHUTHOro NOAA, TO TaKylo Cpeay HasbiBaioT napamarHuTHONW Wnn
AWAMarHUTHOW B 3aBNCMMOCTU OT TOFO, BO3PACTaeT UK YMEHbLLIAETCR MarHUTHbIN
NOTOK B_HEW MO CPABHEHWIO C BHEWHUM NOTOKOM. Mexay BHEUWHUM MarHUTHbIM
nonem H n marnnuTHOM Mnnymyeﬁ B CylWecTByeT CBA3b:

E-pH,

rae /a, — TeH3op MaI:\HMTHOﬁ NpOHULIaEMOCTH, CBA3aHHbIA C TEH30POM MarHUTHON
BOCNPUUMUUBOCTU X  KakK /u:/ +4 77 2 .B anamarHMTHbIX BELECTBaX MaTpuy-
HbIE 3NEMEHTbI TeH30pa % oTpuuarenbhbie (HO He BENUKYM NO MOAYNIO) , TAK YTO
MarHUTHLB NOTOK, NPONOPUXOHANLHLIM B, MEHbWE MAarHUTHOTO NOTOKa, OKpY-
AIOWEro AMaMarHuTHb obpasey. B cnyyae napamarHeTMKa MaTpuiHble aNemen-
Tbl TEH3OpPa MAarHUTHOW BOCNPUMMYMBOCTHU NONOXKUTERLHBI (Ho HesemMku no
aBCONIOTHON BennuuHe) W l 8l » |H| , TaK YTO MarHUTHbI NOTOK B BelecTee
Gonblue, YeM B OKpYXalouiem ero npocTpaHcTee. [inamarHeTuku v napamarte
TUKMW UHOrAA Ha3bIBAKT CNAGOMar HUTHLIMWU CPEAaMM.

HapRay C NEpPeuwvcneHHbIMM CYULECTBYIOT CUJILHOMarHuTHbIe cpeab! —
theppomarHeTuku, aHTU(PeppoMarHeTnkn n cdeppumarHeTukn. AnA Hux xapak-
TepHa Pa3Han 3aBUCUMOCTb MArHMTHbIX CBOWCTB OT TeMNepaTypb! T. Cywecr-
BYET TaKam KpUTMYECKaA Temnepatypa T, 4To npu T > T, Bee 3T cpeasb
napamaruuTHel. OfHaxko ecnn T < T, , 70 B.3TuX CpeAax BO3HUKaeT MarHuTHoe
ynopAaoueHne 6naronapA OGMEHHOMY W CMIMH-Op6UTanbHOMY (penaruaucrckomy)
B3aMMOAGACTBNIO MEXAY MarHUTHBIMW MOMEHTaMW OTAeNbHbIX aTOMOB. B atom
cnyyae Aaxe B OTCYTCTBMM BHELHEro MartHMTHOro_NonAa cpeaa o6napaer 6onb-
WWM MaKPOCKOMWYECKUM MarHUTHbIM MomenToM M, Moayne Kotoporo no no-
PAAKY BENuMHbI paBeH Npg |, roe N — uucno atomos B o6pasue, /s~ marHe-
ToH Gopa. C NOBBILEHNEM  TEMMEPaTypbl BENMUNHA MarHWTHOrO MOMeHTa
YMEHbLLAEeTCA 1 06pallaeTcA B HYNb NpH T= TK.

OnvcaHHoe Bbiwe MNOBEAEHWE MarHUTHOrO MOMEHTa XapaKTepHO AnA
tdeppomarnetukos. Ecnu KpucTannnyeckan peilerka cUnbHo MarHuTHoOW cpeabi
npeacTasnAeT coboit BNOXeHHble APYr B APYra NOAPELeTKH {A v B, nanpumep)
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W CNOHTAHHBIE MATHUTHbLIE MOMEHTbI KaKAOH U3 NOAPELIETOK TaKOBbI, YTO K/I?A =
= —MB, TO HUXE KPUTUYECKOW TemnepaTypbt B KaXKAOW W3 noapeweToK Mpo-
UCXoanT eppoMarHUTHOe YNOPAAOYEHHE, HO MNOAHBLIN MAaFrHUTHLII MOMEHT pa
BeH Hymo. Takaa cpeaa HasbigaeTcA aHTUdeppomarHeTuikom. Ecnm MPUNOXKEHO
BHELUHEe MArHKTHOE NOMe, TO NOMHbIA MAarHUTHLI MOMEHT HYMIO He paBeH W pac-
TeT ¢ gg’crom—’l-l. Mpy onpepeneHHOM 3HaYeHUN BHELUHErO MarHWTHOIrO NONA BEK-
TopbLl M AY MB CTaHOBATCA NapannensHbIMU ¥ aHTMd)eppOMaI’HETE’ K Befer cebn
noao6Ho dheppomarHeTuky. MarHuTHblE MOMEHTLI NOADELLETOK Mp m MB'MO-
ryT OTNWU4aTLCA N0 abcontoTHOM _Bennuute no paay npuunu. B aTom cnyuae non-
HbIA CNOHTaHHbLIA MOMeHT M = My + g He HYNEBON N B OTCYTCTBMN BHELUHEro
nons. Takue cpeabl HasbIBalOT theppumarnetukamn.

Ose noapeweTku paccMOTpeHbI 3aeck NPOCTO PafM NPOCTOTHI U BOIMOXK-
Hbl CUTyaunm, rae CyluecTByeT Bonbluee WICAO noapeleTok. B pesynbTate Bo3-
HUKAeT MarHuTHoe ynopAgodyeHne Gonee COXHON CTPYKTYPbI, YeM PacCMOTPEH-
HbiE Bblle, KAK TO: aHTUDEPPOMAarHETUKN cO cnabhiM heppomarHeTUIMOM U
BELIECTBA CO CMUPASLHLIMA MarHUTHLIMKU CTPYKTYPaMu. AHANOMMYHbIE MarHUT-
HbIE CTPYKTYPbl BO3HMKAIOT. J@Xe B CPEAax ¢ OAHON KPUCTAaniMueckoi peiuer-
KOI, B pesynbraTe B3aUMOLGACTBUA MEXAY ATOMaMW HEOBMEHHOrO xapaKTepa.

_ ,3HaYeHue KpUTHUECKO TemnepaTypbi TK AnA deppoMarHeTMKoB nopaa-

ka 103 K (Hanpumep T { Fe ) = 1043 K,TK {Ni) = 631K); ana anmw-
(bep%omaruemxos TK ~ 10 + 10° K u ana deppumarnetuxos {1 = 05)x
x 10° K. Ana ucnonbayemoit B onToanextpoHuke nnenkn /11 B¢ TK-—— 633 K.

WHorpa ynobHo dieppomarHeTMK paccMaTpuBaTL Kak napamarHeTuK,
HaxXOAALWWACA B 3(PEKTUBHOM MarHMTHOM none — none Beitcca ( /).
O6meHHOe B3aMMOAGINCTBUE KAaKOrO-IMGO BbIAENEHHOFO CAMHOBOIO MOMEHTa
aToMa ¢ COCeAAMU 3aMEHAETCA B3aMMOAENCTBAEM MAarHATHOrO MOMEHTa 3TOoro
aToMa € MarHuTHbiM nonem Hy, . Ecnv HamarHUYeHHOCTb (MarHUTHbIH MOMeHT)
Ha OfiMH y3en peweTkn 0603HaIUTL S , TO W:Rmo’, rae A, Napametp mone
KYNAPHOro nona:

_3%kT, Te
o ———————— e »
M= 22 S5+7) T C
rae ~ taktop Manpe; S — crnumosoe KBaHToBOE umcno {anA anekTpoHa
3:1/ . = 2); C — noctoAHHaA Kiopn. Mpu paccmoTpeHun maruutoonTuye

CcKkuX 3htheKTOB MOXKHO CYMTATL, 4TO npos_p_a_qnmﬁ obpa3el, Ha KOTOpbLIA nagaet
fy4 CBeTa, HAXOAUTCA B MarHuTHoM none H, KoTopoe AnA napamarHnTHOroO Be-
HiecTBa ecTh BHewHee Mone, a Ana cbeppomarnmmofo BeLIecTRa eCTb CYMMa NonsA
Beitcca v sHewnero nona. Cna6oie no cpasHenuio ¢ 06MeHHbIM B3aumogeicTerem
PeNATUBUCTCKME B3AMMOAEGACTBUA MEXAY aTOMaMM BeufecTBa NPUBOAAT K cnaboil
33BNCHMOCTU 3HEPIUM BEWLECTBA OT HANPaBAEHMA HAMArHUMEHHOCTM — MarHUTHbIe
CBOWCTBA CPeAbi OKa3blBAOTCA AHU3OTPOMHbIMM. BHyTpeHHIo0 aHepruio, ceAzan-
HYO C PENATUBUCTCKUMMU B3aMM6neﬁCTBMHMM,Ha3bIBal0T 3Hepruei aHuzoTponum.
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Ecnn & — yron Mexay BeKTOPOM HamarHWueHHOCT M U rnasHol ero OCLio
CUMMETDUU, TO 3Hepruio annsotponun [,,, TNpeACTaBAAIOT PAAOM MO CTENEHAM '
BennumHel  sin® O M 4aCTO MOXHO OFPaHUYMTBCA TOMLKO NEPBbIM YNEHOM

3T0rO pAaa:
U= K, $irn? O =‘—2£/3/‘1&sén.2@,

p — KOHCTaHTa aHM30TpONUNU. Ecrm /5 > 0,70 U::LN. MuHKManvHa, ecm cpepa
HamMarHuyeHa BAONL OCU CUMMETPUN — Ha3biBaEMOW OCHIO NErKoro uamarumeuuﬂ
Ecnmn /3 < 0, MUHUMYM 3HEepPruM aHN3O0TPONUKN p.ocmraewn Korga M nexuy 8
nmmocKocT, K KOTOpOM rnaBHaA oOCb CUMMeTPUM Kpuctanna HOpmanbHa — B
I'lllOéKO(:TH NIerKoro HamarHmieHmn.

M fo=

Puc. 1.NetnA rucrepesuca

OHeprua aHM3OTRONUMU NPUBOAMT K ABYM BaXKHMbIM CSOWCTBAM MarHuT-
HbIX Mmatepnanos. lepBoe. — 3TO HEOAHO3HAYHOCTL B 3aBUCUMOCTU HaMarHUYEH-
HOCTH BeulecTBa OT @HELHEro MarHWTHOrO NOAA — ABNEHUE rucTepesnca
{puc. 1) . Ecnu 661 He Buino aHM30TPOMUN MArHUTHBIX CBOICTB, TO NoGoe Hanpas-
nexHvie BEKTOPa MarHUTHOrO MomeHTa M oTBevano 6bt MUHUMYMY _3Hepruv sele-
cTBa. AHM3OTpPONUA Xe dmxcwpyet onpepenenHoe Hanpaenedne M. CywectByoT
ase Kondmrvpau.uu opueHTauunin M UMEIOWNX OAMHAKOBYIO IHEPTUio (tak Kak
[/ ~M ). MNpyu npunoxeHUU BHELWIHETO MaruuTHOro nonAa H oana u3 koH-
dmrypauuu CTaHOBUTCA MeTacTabunbHol, BekTop M ( CTPEMUTCA OPUEHTUPOBATL-
cA napannensHo H. Ecpn npu H = 0 coctorHuua ¢ M u —M 6binu 3aceneHbl oau-
HaKoBO, T.e. NOAHLIN MarHWTHbIN MOMEHT BCEro BewecTBa PaBeH HYyMo, 10 ¢
YBENUYEHNEM BHELLIHErO MarHUTHOTO MOMA HACeNEHHOCTN 3TUX COCTOAHUN U3Mme
HATCA: 4aCTb MarHWTHbLIX MOMEHTOB aTOMOB NEpeBepHeTCR, CTaB MapannenHo
sextopy H. DT0T npouecc 6yseT NpoAOMKATLCA AC TeX NOP, MOKA He HACTyNUT
HacCbIWLeHWEe HAMarHUYeHHOCTH Npu Hs /j Ecnu Teneps yMeHbWNTL BENU-
YNHY MArHWTHOrO NOMA, He U3MEHUB Er0 OPUEHTaUMK, NONHOroO BO3BPaTa B MCXOA*
HY10 KOH(Urypaunio He npousoinger. Mpwu H=0 cpeaa OCTaeTCA HamarHuyeH-
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Holt, M (H = 0) = ﬁr Ha3bIBAETCA OCTaTOMHON HamarHuMeHHoCTbIO. ECH Bbi He
66iN0 HUKAKOW PENaKcauuv opueHTaLuu HaMar HU4eHHOCTH (ceggauuoﬁ ¢ Tenno-
sbiMu (NYKTyaunamMu M, Hanpvnmegl , TO M_r paBHANOCh 661 M ¢  — HamarHu-
4eHHOCTH HacbieHmAa. Peanbho xe M, < M. MpunoxeHite MarumtHoro nonA 8
oBpaTHOM HanpaBneHnu aenaerT MeTacTabuNbHON KOHMMIrypaumio ncxogHoOro mar-
HUTHOTrO COCTOAHUA CPEeAbl, KOTOpaR NepBOHaYanbHO Gbina crabunoHoi, Mpu He-
KOTOPOM 3HAaYeHUW MarHUTHOro NOnA -ﬁc NPOUCXOAWUT BbIPaBHUBAHWE HaceneH-
HOCTEA ¥ NONHaA HamarHWUMeHHOCTh BEeWEeCTBa CTaHeT Hynesoi. ITo ABNeHUEe Ha
3bIBAIOT KOIPUUTUBHOCTLIO, @ Hc — KO3PUUTHBHOM CUNON.

Bropoe cBOWCTBO MarHUTHbIX MaTepuanoB, o6A3aHHOE aHW3OTpONMK —
AOMeHHaA cTpyKTypa. Kak yrke roBopunocs, PpaBHOBeCHbIMM K0H¢Mrypauunmu
MarHUTHOW CTPYKTYpb! ABNAKTCA Takue, rae M nu6o napannénsHbl, NM60 aHTK-
napannefbHbl OCK fIEFKOrO HamarHuveHWA. JHEprUA BCero Tena MWUHUMAanbHa,
ecny NONHbLIK MarHUTHLIA MOMEHT ero paseH Hynto. BeirogHo pas6uenne Ha aBe
06nacT¥ ¢ NPOTUBOMNONOXKHO OPUEHTUPOBAHHBIMU BEKTOPaMMK M. Ho TYT Hauu-
HAOT MrpaTh PONb KOHEeYHble reomMeTpuyeckue pasmepbl obpasua v obmeHHoe
B3aumopeiictene. [locnepHee nPUBOAWUT K YBENUUEHUIO BHYTpPeHHeW MOMHOW
aHepruun. CornacHo Teopun AOMEHHON CTPYKTYpbi, passutoil bnoxom, Knttenem,
Nanpay n Nndwmuem, npoucxoaut paszbueHne scero obbema HamarHUMEHHOro
BEL\ECTBA HA PAJ CNOEB — AOMEHOB, KOTOpPbLIe NPEACTaBNAIT cOBOW pasnnuHble
tassl (Hanpumep, theppomMarHeTMkM) , OTAUYAIOWMNECH OPWUeHTauMel CBoel CriokH-
TaHHOR HamarHuueHHOCTM. MexdasHble rpaHMubl — AOMEHHbIE CTeHKN — npea-
CTaBNAOT COBOM fepexofHbie CNou, B KOTOPbIX HanpaBsieHWe BexkTopa M meHa-
eTcA OT OAHOro K Apyromy. TofiliMHA AOMEHHON CTEHKW, onpeAeneHHan 13 yc
NOBUA TEPMOANHAMNYECKOrO PaBHOBECHA :

S=VkT, Jap/T;
rAe (1 — NOCTOAHHAA peLIeTKY KpucTanna;, % — nocTofaHHaa Bonsumana. Ecnu
* TONWMUHY MNAACTUHBI HAMarHUYEHHOTO BewlecTBa 0603HaUNTL Yepe3 Z , 7o Ton-
wunHa aomeHa (L =2/27 0 . (Mpu BoiBOAE 3TOro BbIPaXKEHNA NPeANONaranoch,
4TO MOBEPXHOCTb NAACTUHbI OPTOrOHaNLHA OCH NErKOro HamarHuYeHua.)

Ecnu KpucTann MOMECTUTh BO BHelHee MarHutHoe none H, HanpaeneH-
HOE napannensHO OCU NErKoro HamarHWUYeHUR, TO rpaHuLbl MEXAY AOMEeHamu
NPUAYT B [OBWXEHME, TAK YTO CMOM C MarHWTHbIM MOMEHTOM, napannenbHbIM
MO0, HAYHYT PAcCLUMPATLCA. CKOPOCTL 3Toro aBMxenunA npu || << Hc naetrca

ctopmynoir el )
P = —F— ,
mct,
rae 7, — KOHCTaHTa penaKcauuu MarHUTHOTO MOMEHTA 13-38 PERATUBNCTCKUX

B3aUMOAENCTBUI K paBHOBeCHOMY (B paHHOM none H) 3Hauenuio.



2.MATHUTOONTUMECKUE ABNEHUA o

BsaumopelicTBMEe 3NEKTPOMAarHMTHOrO W3fy4eHWR, ANMHa BONHbLI KOTO-
pOro COOTBETCTBYET ONTUYECKOMY AMana3oHy ¢ MarHUTHLIMW CPeAaMu, ABNAETCA
MpeAMEeTOM MarHutoonTuku. Mpu 3TOM BHUMAaHWE COCPEAOTOYMBAETCA Ha U3Me
HEHUM CBOWCTB NPOLIEALLErO MM OTPAXEHHOro OT BeuwecTsa usnyyeHun. OcHoe-
HblE TAKWE N3MEHEHUA — MOBOPOT NAOCKOCTV NONAPU3ALNU, 3aBUCMMOCTL KO3dr
hvumMeHTa NOrMOLLEHUA OT NONAPU3ALNM ¥ W3MeHEHUE CaMUX NMONAPM3AUMOHHBIX
CBOWCTB M3nyyYeHus OGHLEANHAIOTCA NOA OBLWMM Ha3BaHWeM: MarHuToonTUYeckue
(MO) adrpexcre.

Bce onTuyeckue ABNEHVUA (hemMeHOsorMyecku MoryT GbiTh ONMCaHbl Ha
ocHoBe ypaBHenwit Makceenna uau BOAHOBOrO YPaBHEHWA ANIA HANPAXKEHHOCTU
3NEKTPMYECKOro MOMIA CBETOBOW BONHLI E, B KOTOPbIX (UFYpUpYeT TeH30p AW
3NEKTPUYECKON NPOHUUAEMOCTH g , ABNAIOWWIACA 3a4aHHOI BennuunHow. NycTb
£,; — KOMMOHEHTbI TOrO TEH30pa; OHM MOryT 6bITH KOMMNEKCHLIMWA BENUYUHE
MU B OBLUEM Cnydae W CBA3aHbI MeXAYy COBOI ONpefeneHHbIMU YCIOBURMU —
COOTHOWEHUAMYU CUMMETPUU. DTU COOTHOWIEHUA He 33BUCAT OT KOHKPETHbIX
mogaenein u ABNAITCA (hyHAAMEHTANbHbIMK .

DnA HeMarHWTHOW cpeabl B OTCYTCTBAN BHELWHUX CUA TEH30P 5 cUM-
METPUYHBIA :
P 5‘;/- = 5};' . . ‘

Ecrm cpena HamarHudeHa BHELWHUM Nonem H, unu obnapaeT CNOHTaHHbIM Mar-
HUTHBIM MOMEHTOM M YTO MOXHO TPaKTOBaTb KakK HeHyneBoe none Beiicca Hw
CBOMCTBO CUMMETPUW NPUHUMaET BUA:

el H =¢,0 (-H )
B oTCyTCTBUU NOrNOLWLEHKA, Kpome TOTO, .
(370 CBOWCTBO Ha3bIBAETCA 3PMWUTOBOCTLIO) . KOMNNeKcHbIe BenuunHbl 67 MOXHO
Pa3AenUTL Ha AEHCTBUTENLHYIO (5." ) ¥ MHUMyO { 6::/ ) wacTu:

€= by iy,

W3 CBOWCTB CUMMETPUM W 3DMUTOBOCTY cneayeT, 410 _{ 6 o } — oBpasyer cum-
METPUYHBIA TEH30P, ABNAIOLMACA YeTHOM dyHKuWen H a 6,'/ ) — aHTUCUM-
METPUYHbIN TEH30P, ABNAIOWMIACA HE HequHow d)yHKuMeVI H:

7(2 /H) J'L'(__;/’)’
el (H)=-¢i (F)= ¢ (-H).

o060 aHTUCUMMETPUYHBIA TEH30p BTOPOrO paHra moxet 6b|Tb CBA3aH C Bek-

I

Il

TOPOM C MOMOLLLIO aBCOMOTHONO aHTUCHMMETPUUHOrO TeH3opa € = (e, K)
nwmMmeruero CBOWMCTBA: /
LJ/(:~e‘/'£K:e/KL s
€03 = 7 .. 7



———l
AnA MHUMOI vacTu ananexTpuyeck ol NpoHnuaemoctk 55”' ( /77, Takum obpa-

30M, MOXHO CONOCTaBnTL BEKTOP 9 ( H ) + Ha3bIBAEMbI BEKTOPOM rUpaLMK:
¥/
5:;’/ (;Dz i e (H).
WHorpa 6biBaer yno6HO uCNonbL30BaTH obpaTHbIA TeH3op AN3ANEKTPUYeCcKon
nponnuaemoctu £< | ceoiictea CUMMETPUN KOTOPOW COBMaAaloT Co CBOMNCTBaMMN
cummerpun: £ . fna /, 5’"9— HTUCUMMETPUYHOMO TeH30Pa BTOPOro paHra —
CONnoCTasnAEeTCA BeKTOp (O — BeKTOP ONTHYECKON aKTUBHOCTMU

(]/ﬂg—jé.z G,‘ .
GK:—SK;.S}_/-/d&Z{é‘.

Ucnonbsyn sexTop rupaumm, ceAss Mexay KoMNoHeHTamu: BEKTOPOB 3nNeKTpu-
HECKON MHAYKUMN N HANPAXKEHHOCTLIO MOXHO NPEACTaBUTH KAk
- —»

D=&IE v iEXF

e iy«
Mpu atom

Axanoruuso -

—— —
E=(Reé™).D+iDxG,
R —

Cpeast ¢ Takoi casbio mexay £ w 1) maswBatotca FUPOTPONHLIMMK.

AHanuz xapakTepa BOMH, PacnpOCTPAHAIWMXCA B @HWU3OTPOMNHOI rupo-
TPONHON cpefe MOKa3sbiBaeT, YTO TaKue BOMHbI 6yayT anaunTUYeckn nonApu-
3oBaHbl. B n3otponHeix cpegax MO-adibekT MoXeT BbiTh AMHENHbIM 0 MarHuT-
HOMY Tofto p BeipaxaTbeR Gonee ApKo, yem B anusoTponHeix. Mokasatens
ApeNioMNeHMA ANR MPaBo- M NEBOMONAPU3OBAHHbLIX BONH OKAa3biBAETCA B rupo-
TPOMHEIX CpeAax passMuHbIM. JlHeliHO nONAPU3OBaHHOE M3nyueHve npu npe-
NOMNEHUN Ha rpaHuue ABYX CPEA, OAHA M3 KOTOPbIX' FMPOTPORHA, GyaeT Uchbi-
TbIBaTb ABYNY4ENPENOMNEHUe U OKaXeTCA NGO AN NTUYECKH NONAPU3OBAHHbBIM,
nMGo NNHEHHO NONAPUIOBAHHLIM, HO C NOBEPHYTHIM OTHOCHTENLHO nepeoHavan.
HOTO Hanpaenexwuem nonapusaumu. inA nornowaiowmnx cpen, KPOME Toro, Ko3d-
(huuveHTH! NOrNouleHUA Npago- n NEeBONONAPUIOBAHHBLIX BONH pasnnuHbl. B 3Tom
Cyuae NUHEHHO NONAPM3OBAHHAA BONHA NPEBPALLAETCA B 3MMATUYECKU nonspu-
308aHHYI0 — 3heKT MarHUTHOI O KPYrOBOro AUXPOUIMA.

OcHoBHbIMU MO-achdexTamn cuMTatotcs apdextnl Papanen, KotroHa —
Myrona {(unu doxrta) u Keppa. MNepsbie aBa adexrta HabmopaoTen npu npo-
XOXACHNM UINYYEHUR YEPEe3 MArHWUTHLIE rMPOTPONHbIE CPEALI, NOCHeAHUI — npn
OTPAXKEHUMN,

. Mycrs nuneitHo nonapusosaHHoe nznyvenmne NPOXOANT Yepes Kpucrann,
BEKTOp HaMarHWYeHHOCTH KOTOPOTO NapansieneHd HanpasneHuio pacnpocTpaHeHun.
Mpu npenomnennn Ha NOBEPXHOCTH KPUCTanNNa BOIHUKAOT ABe NonApU30BaHHbIe
Mo Kpyry npenomnenHele BofiHb! (ABoIiHOE Kpyrosoe npenomnenue) . MuHelito
nonApuU3oBaHHylo BonHy /K MO;&:O NpeacTaBuTh B BUAE CYneprniosuumm aByxX
NONAPU3OBAHHBIX MO KPyry,B0MH & u £, PacnNPOCTPAHAIOWMNXCA C pasnn4HbIMuU
BONHOBLIMM BekTopamn A~ =A£_ % | rae rnokasarenm ux npenomnenus nt
ONPeAenAITCA BbipaXXeHUAMM
8



n?:no(/z-eia),

. FAe 72, — noKasaTenb NPENOMIJEHUA CPeAbI NPy M=0 : Q _5~ MarguToonTuyeckunii
napamerp {=9/n? ,/ A,/=(w/c) n Q= Q’A’,‘, /1%, .Hasbixone
3 KpucTanna TonwnHoit 7  Gyaem UMETh CHOBa JIMHEIHO NONAPU30BAHHYIO BON-
HY, HO HanNpaBneHWe NONAPU3aUMN GYAET NOBEPHYTO Ha yron ‘f,_’. , FRe ‘f; =

=wp./20/lb=w/7/00/26. 370 ABReHWe HasbiBaeTcA aguperctom Gapagen (puc. 2),
yron ‘/’,r — YAenbHbimM yrnoMm ¢apapeesckoro spauieqnn, UHorgpa, yuuTLIBaA
nHediHocTs MO-napametpa (unu BekTopa rupauuu) no MartuTHomMy nonio H,
BLI3BABLUEMY HaMarHWYEHHOCTb KPUCTanna, NOBOPOT NONAPU3ALUMK BbIPAKAIOT

B Buae: ?[i:%i___c‘,ﬁil

rae C,, — noctoAHHan Bepae. Benuunna adpexra dapapen (yron nosopoTa
NROCKOCTU NONAPWU3aUMK) 3aBNCMT OT HaNPaBNEHWA BEKTOPA HaMarHUYEHHOCTU
M (8 otnnuue or adibexTa ectectBeHHOro BpaweHur) u yABauBaeTcA nNpu npo-
XOXAeHUM cBeTa B NPAMOM W o6paTHOM HanpaBneHusx. B peanbHbix cpepax
atipext Papajien conpoBoxAaeTCA MPUOBPETEHNEM HeGONLLLION 31 NTUNHOCTY
CBETOBON BONHbI U3-33 MAFHUTHOrO KPYrOBOIO AMXPOU3MA, YeMm, OAHAKO, MOXHO .
npuHebperaTs.

Puc. 2. MaruutoonTuyeckuin adext Papanen

Ecnu Ha kpuctann  nagaeT NuHeliHo NONAPU3OBAHHbLIA CBET B Hanpasne;
HUWA, OPTOroHanNbHOM BEKTOPY HaMarHUYeHHOCTM, W NAOCKOCTL KoneGaHuii E
HaKMOHeHa K NAOCKOCTU, coaepKalLlen M w )ﬁo — BOMHOBOI BEKTOP U3MNyYeHNA
BHE CPeAbl, TO BONHY MOXHO NPEACTaBUTL KaK CyNeprosuumio ABYyX BOSH , fin-
HEAHO MONAPUIOBAHHLIX C HANPAaBNEHUAMU NOAAPU3AUMM BAOAL U nepneHpuKy-
napro M . Nokasatenm ApenoMaeHua 12, W 71, 3TMX BOAH GYAYT pasnnuyHbt u
COOTBETCTBEHHO pa3nnyHbl UX (hazoBbIe CKOPOCTH. I'Iocxom:Ky( n,-n J) N/\ﬁvh’f
TO pPa3HOCTb (has nocne MPOXOXKAEHUA CBETa uepes CPERY TONWMHON T nponop-
umonansHa /L. Boswxmkaloulee Takum o6paszom nuHeiiHoe ABynyy4enpenomneHue
NPUBOANT K NPEBPALLEHNI0 NUHEIHO NONAPUIOBAHHOrO CBETa B INNMNTUYECKN NO-
NAPU3OBaHHLIA. ITO ABNeHUe HasmiBaeTcA dththextom KoTroHa — MyTtona (nnu
9



doxTa) (puc. 3) v ABNAETCA MAarHUTHbLIM aHanorom 3aNeKTPOONTUIEEKOFD 3t
dexta Keppa. Hapray ¢ MO-acbdbextom KoTroHa — MyToHa MoXeT BO3HUKaTL
MarHUTHbI NMHENHBIA AMXPOU3M K NIOBOPOTY ANOCKOCTY nonApu3aumu . .

My

M

F
| __JT_

Puc. 3. 3dbdhext KotToHa — MyToHa

B 3aKMIOueHWM 3TOrO pasaend cneayer ynomaHyTbh O MO-ahdekTax, Ha
GRIOR3EMbIX MPWU OTpaXeHun cBeTa OT NOBEPXHOCTU HaMarHuJIeHHoOW cpeabl.
CBA3b MEXAY aMmiMTyaamMu aneKTpuueckoro nona napaowweit U OTPaKEHHON
CBETOBLIX BONH BbipaxaetcA- qopmynamu Openena. lMockonbky nokasateny
NPenoMieHUA LR PasNnYHO NMONAPU3OBaHHLIX BOMH B MarHUTHON rMpPOTPONHOW
cpefie PasnMuHbi, TO COCTOAHWE MONAPWU3aUMKN CBETa NpW OTPAKESHUM anech 6yaer
nsmeHATbCA. CootseTcTByiowme 3abheKTsl COCTaBAZIOT Fpynny MO-athdhexToB
Keppa, KOTOpble B 3aBUCMMOCTV OT OpUeHTauun M, nnockoct nagenna 1 no-
BEPXHOCTH FMPOTPONHOWA CPeAb! PasAenAioT Ha nonapwbii (a), MepUAVansHbIi
{npoponeHbii) (6} u akBatopuanbHelii  (nonepeunsin)  (B)  adbexTbl Keppa
{puc. 4) . Bo Bcex CRy4aRX NMHEAHO MORAPM3OBaHHOE UanyueHwne A3eT INNAN-
TUYECKW MONAPV30BAHHOE N3NYUYeHe OTPaXKEHHOro ceeTa. _

AdpexTtsl Keppa MaKcuMasibHbl, KOrAa 4actoTa CBeTa NoMapaer BHYTDRb
nonocsLl MornolweHnsa, Torga Kak ahdexTsl Papagen n KotroHa — MyToHa Ha
6nloaaloT B 06nacTv npo3payHocTy. B 06nacTv pesoHaHCHOro NOrMoLeHNA cBeta
BO3MOXHO Habmoaenne obpatHoro atbdexTta Papanen {HamarumnueHHoCTb Cpeabl
noa ACTBMEM UMPKYNAPHO MONAPU3OBAHHOrO cBeTa) U ruranTckoro addexra
dapagen B peXXMMe KOFepeHTHOro PacnpocTpaHetun ynbTpakopoTKoro nMnyne-
ca u3nyueHunna.

3

a - f I'4
- Pue. 4. MarnnTtoontuueckue addexTol Keppa
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3.NPUMEHEHMUE 3OOEKTA GAPALER T

Oaxum 13 npunoxxennih MO-3thdexta dapagen AnA ynpasneHna cBETOBbLIM
NYYKoMm ABAAETCA UCNONb3OBaAME ero ANA moaynAuuu ceeta. Moaynauua Hamar-
HUYeHHOCTU Kpuctanna (c yactoToit ) ) ,4Yepes KOTOPbLIA NPOXOAUT HenpepbIB-
HbIi CBETOBOW NyY,NPUBOGNT K MOAYNAUMK HanpaBneswn KoneGakwii BexTopa
anekTtpuyeckoro nonAa A . Ecnn pacnonoxuts Ha nyT BbilLieawwero U3 Kpu-

. CTANna Nyya aHanMsarTop, TO WHTEHCMBHOCTb CBETA OKAaXeTCA NPOMOAYNMpOBaHa
¢ Tol e vacToToi. Cxema TaKory MOAYNATOPA NpeAcTaBneHa Ha puc. 5.

77 /111 X A @
O

I e & o 2 N

| I

)
Puc. 5. Cxema MO-moaynatopa Ha ocHoBe athdexTa Papanen

1

Nyets fo — WHTEHCUBHOCTb CBETOBOrO Ny4a, N3faloilero Ha Kpucrtann

(K) , pacnonoeHHbiii B nepeMeHHOM marHutHom none, A — KoaddmumeHT
ocnabReHua CBeTa B BEUIECTBE C YAensHbIM (hapafeeBCKUM YrfioM BpallleHuR
’y SU — yron Mexay ocamu nonapuaatopa {M) v aHanusatopa (A) . UHTen-
CMBHOCTbL CBeTa Ha Bbixoge (Ha cotonpuemuuxe (®)) B MomeHT npunoxkenua
MarHWTHOro nNons napannensHo (aHTunapannensHo) HanpaBneHuIo pacnpocTpa
HEHWA CBeTa pasHa I + ( L ). Ontuueckan sdhekTMBHOCTL MoAYNATOpa onpe-

AENAETCA KakK
q ==L/,

CornacHo 3akoHy Mantoca
L=1, exp(-At)eos?( ¥ o),
MakcumaneHan ahtheKTMBHOCTb Npu Tonwune kpucranna =7 /.{ noctraerca
npu ],,=]0 /e n /_ — MuHumansHom 3HaueHun, v paBHO l"‘ﬂ,i , IPY 3TOM
n=elsin?(2%/L).
Mapametp %: 2 Se. /A , Ha3bIBaeMbIii MarHMTOONTUYECKON NOGPOTHOCTLIO,
NPUHUMAETCA 33 Mepy KayecTBa MarHWTHOro marvepuana, ucnonssyemoro 8 MO-
moaynatope. [lnA GOfLLUMHCTBA MarHMTOONTAYECKUX CpeA B Buaumom m UK
AManasone /7 He npesbiwaet 30%.
Ecom uibpars V=7 /4, 1o . )
: Q:e”’&uz(é% 1)]
nnpn ¥ <</ adipekTMBHOCTL MOAYRALMK BbILLE, YEM TPV Y=z ‘7‘} 7. 1



MNneHkKM CMABHO MarHUTHOro BewecTBa OBLIYHO COCTOAT U3 JOMEHOB,
umeloumx Qopmy napannenbHbix nonoc. CoceaHue AOMeHL! HamarHWueHbl B
NpoTMBONONOXHbIX Hanpasnewuax. Bnaropapa atomy capaneeackoe BpawerHne
COCEAHUX AOMEHOB TAaK)XKe Pa3AMYHO RO HaNPaBJIeHWIo U BCA AOMEHHAA CTPYKTYpa
AGNCTBYET Ha CBETOBOW NY4OK Kak AudpaKunoHHan pewerka. Ecnm sty pewerky -
MOXHO CYMTaTe TOHKOW (Da30BOW peLIeTKON, TO nanalowmii nyy audparupyer

noa yrnamm ‘
sin G,=ma/A,

rae /L — nepuoa pomenHol cTpyKTYpSI, N addexTMBHOCTL ANDpaKuWn n o,
OfipeAeneHHan KaK OTHOLWEHUE WHTEHCMBHOCTM B MEpPBOM  ANMPAKLMOHHOM
MaKcUMyMme K NapaioLiert HTEHCMBHOCTU, eCTh

n=e"J] ‘2/ %)
(npennonaraercn HOpManeHoOe naneHue) B. tom cnyuae, ecnu TonumHa nnerku
1 vaxosa, yto 2T LA /M3 1 . IMeeT MecTo BparroBCKMi peskum avdpakumn:
napaowmnii noa yrnom 65 NY4 OTKNOHAETCR Ha yron 2 9 OT CBOEFrO HauyanLHOro
HanpasneHua ¢ achiheKTUBHOCTbIO Andpaxum

1=ex%0(~L T/ cos O5 ) sin?(L % /2 cas B ),

rae sinO=2/2 A . Nepuoa andpaxumonnoii pewerkn A = 2 oL * (d*
TONWUHA OAHOrO AOMEHA MNOC AOMEHHOW rpaHWubl) . C NOMOWLIO BHELHEro
MarHUTHOTrO NONA, NPUOKEHHOTO B NNOCKOCTH NNEHKM, MOXHO U3MEHATL Nepw-
OA AOMEHHOWN CTPYKTYPbi, TEM CaMbiM OTKAOHATL anparupoBaHHbin nyy. Kak
u B cnyyae MO-moaynaTopa, onucasHbiit 3aece MO-gednexrtop xapaxtepusyercn
MarHMTooNnTMYeCK o A06POTHOCTBIO
YepY /L.

Ana nneHok M BL  Ha anuue Bonke 7 =.6328 A Lf,z 7,5-‘105 rpap/cm n
¥~35. ,

HanGonbiuee BHUMaHWe yRenAETCA MCMONL3OBAHWIO MarHUTHBIX matepua
foB B8 KayectBe HocMTenen MHMOPMauun (3aNoMuHaOWMX cpes) B  cucTemax
onTuyeckod namATH. Ha ocHoBe TOHKWMX nneHok eppuUTOB yaanocs co3path
BecbMa ah(peKTUBHbIE YNIPaBNAEMbIe TPaHCNaPaHTbI.

OCHOBOI MarHUTOONTUYECKONW 3anucy MHMOPMaUMN ABNAETCA BO3MOX-
HOCTb CO3AGHWA NMPOW3BONLHON [OMEHHOI KOH(MIypauuu B nneHKe MarHuTo-
OAHOOCHbIX MaTepuanos TWNa rpaHata UM opTodeppUTa C MOBLILEHHONH KO-
UMTUBHOCTBLIO NYTeM NPUNOXKEHUA K Hell NIOKANbHO HEOAHOPOAHOrO MarHUTHOrO
MIK Tennosoro NonA. 3annCcaHHaA TakuM 06pasom KapTUHa BU3yanupyetca B
NOcneayioweM ¢ NOMOLWLI MPOXOAALLEro MNONAPU3OBAHHOrO CcBeTa. O6uwmmu -
TPEGOBAHMAMN K MarHUTHLIM U 3aNOMMUHAIOWUMM CPEAaM ABNRIOTCA MHOropaso-
BOCTb MCNONL30BaHuA, Bbicokoe paspewenne { «r 2000 nun/mMM<) , poctaTouHo
Bonbiioce BpeMa XpaHeHUA (3aBMCUT OT KOHKPETHOFO npumeHenua) . Aina ynpas-
TIAEMbIX TPAHCNApPaHTOB BAXHOM XapaKTePUCTMKON, KPOMe TOro, ABNAETCA Bbli-
cTpopencTeue,
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Mpw TepMomaruuTHOW 3anucu o6nacTb, rae cHOKYCMPOBAHO H3MYYEHNE
MOLHOro 123epHOr0 UMMYNbCa HAarpeBaeTCA A0 KPUTWYECKOW TeMnepaTypb!
(remnepatypel Kiopu) # Bo BHewHem MarHUTHOM rone NPOUCXOANUT NOKanb-
HOEe M3MeHeHWe BeKTOpa HamarHuueHHocty M oceewleHHoro yuactka. Ctupanme
U epesanuch OCYLLECTBAAGTCA TeM e crnocobom (uameHmercAa Tonbko Hanpas-
NeHne MarHUTHOro NonA 8 npouecce ctupaHuA) . TpeGyeman AnA TepMOMarHuT-

HOW 3aNUCK NNOTHOCTL 3HEPTUN OLEHUBAETCA NO hopMyne

W,=C1laTL

rae £ — ynenuHas Tennoemkocts; 1 — TOMUMHA NAEHKK; A — xoabduupent
MOrNOWEHUA; A 7 — W3MEeHeHWe TEeMNEPaTypbl OT 3HAUEHUA T\ DmrensHocts
UMMynbca CBETa OrpPaHUUMBAETCA BPEeMEHEeM Mepeaauy Tenna COCEAHUM y4acT-
Kam NnneHKu, rae repej 3tTum yike npousseaera 6oina 3anvcs. Ecnu A}— Xapak-
TepHbIA PasMep TaKWUX y4aCTKOB NMAEHKU U Q - ko3t dmumeHT TENNONPOBOAHO-
CTW, TO ANUTENLHOCTbL UMAYSLCa tp ROMKHa yAOBNETBOPATL HEPABEHCTBY
¢, < A‘! /4T3 9 ;

f thakTMyeckn paer BerHIOlO rpan-mu.y spemenn 3sanucu. lMNepemarHnunsaio-
u.uAe BHellHWEe MarHuTHble NOMA AOMKHLI GbITh GONblle KOIPUNTUBHON CUnbI.

MoBsblueHne YyBCTBUTENLHOCTM {yMeHbLUEeHMe W } mocTuraetca ymenn-
weHnem { — TOAWMHLI NAEHKM (Npu 3TOM, OAHAKO, YMeHbLLIBETCA yron noso-
poTa NAOCKOCTY MNONAPM3auMn 1 HeoBXOAUMO BbIBUPaTL MaTepuansl ¢ GonbLUO
BEMYMHON yaenbHOro (DapaneeBcKoro spauienna) v yMEHbu.IeHMeMAT. Mocnea-
Hee pOCTUraeTcs BbIGOPOM Matepuana, y KOTOpPOro TK 6nnaka K KOMHaTHOW
TemnepaType, M60 KOIPUMTUBHAA CURa PE3KO 3aBUCHT OT TemnepaTypbi. Y ep-
puUMarHeTMKoB, B TOM uncne y Bi-coaeprkalwero rpaHata, MCAONbL3YEMOro B AaH-
Hon nabopatopHoit paboTe, KOIPUNTUBHAA CUNAE OuYeHb BEAVKA B TOYKE KOMMEH-
cauum Tomn (HAMarHMYEHHOCTWM ABYX PEWETOK NpWU 3TOM pasHul) M pesko
najaet npuv yeenmueHun T Bcero Ha HeCKOMbKO rpaaycoB. Hanpumep, anA xene-
30rafonMHeeBoro rpaHara T 15°%CuaT= 3°C ROCTaTOMHO ANA nepexsio-
YeHUA HAMarHWyeHHOCTH, -

Cosganne BHeWwHUxX nepuoamqecmx nepeopmeumpy»ou.mx nonei pocTnra-
ETCA NyTem NPOTArUBaHWA BOGNNIM MarHUTHON NNeHKY MarHUTOOHHON fNEHTbI
(marHuTHOrO aMcka unwn Gapabaxa) , MMeroLLel 60NLLWIYI0 OCTaTO4HYIO HamarHu-
YEHHOCTL. TaKknM NyTeM peanusyeTtcA ynpasnAembli TbchnapaHT Ha ocHose B(-
coAepxallero rpaHaTa, NaeHKa KOTOPOro NpoapayHa AnA cqmmaa»ouiero cBeTO-
BOro nyya.

Kokrctpykumn MO-moaynatopos, MO-nedmeKTopos W pasnnuHbIX 3aioMu-
HAIOWMX YCTPOWCTB MOryT GbiTk BecbMa pasioobpastbl. Hanpumep, aByxcnoikble
nreHKW: matepuan, obnapaiowmii Gonblumm. (hapaaeeBckUM BpalLeHneM U Mpo-
3payHbiM B AaHHOM AMana3oHe, HaRbinAeTcA Ha (HOTONPOBOAAWLYIO NneHKy. B
NPO3pauHbIX’ MarHeTuKax ¢ QIoCTaToMHO CUNLHON Aucnepcueil yaensHoro dapa-
AEEBCKOTO BpaLLieHuA m OCTaTOYHO BbLICOKOH Mar HUTOONTMYECKON A06POTHOCTBIO
BO BCEM BMAMMOM AManasoHe Byner HabniogaThcA UBETOBOW KOHTPAacT MeXay

13
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Y4acTKamu pasnnuHoi HamaruuyenHoctu. (Mpumepom Takoro Matepuana TNYKAT-

¢ -copepxaimit rpaHat) . OTmevweHHOe ABAEHMME CAYXNT OCHOBOM CO3NaHWA
UBETHLIX YAPaBAAEMbIX TPAHCNAPaHTOB, YNPaBAAEMbIX CBETO(MUALTPOB N cUCTEM |
oToGpaxenna useTHol rHdopmaumm.
Mo Bceli BuUAMMOCTY, B ByayLLEM MArHUTOONTUYECKHE ABNEHMA 6yayT Ha
XoauTL Bee Gonee WUPOKOE NPUMeHEHUe B ONTO3NEKTPOHUKE U (hOTOHMKeE.

OLIUNE YKA3AHUA

1. PaGota ebinonHAeTcA B8 yyeGHo naGoparopum kadeapbl N° 25 MO,

2, Cxema 1 onucaHne NaGopaTOPHO YCTAHOBKH, a Take NOPAAOK BbiNON-
HeHuA paboTbl BbifaeTcA 8 nabopaTtopun. ‘

3. Mpn paborte ¢ nasepom Heo6Xoanmo cobmoaaTs MaKCUMafbHYI0 0CTO-
POXHOCTL. MHCTpyKUMA no TexHuke Ge30nacHOCTV HaxomuTcA B na6boparopun,
rae NPOBOAMTCA HacTOAWAA paboTa. 3HAKOMCTBO C Heil W CTPOroe BhINOSIHEHUe
BCEX MYHKTOB HEOGXO0AUMb! ANA KAKAOrO CTYAEHTa.

4. Bkniouath nasep ¥ NPOV3BOAMTL IOCTUPOBKY 3epKan pa3peLuaerTca Tonb-
KO B NpUCYTCTBUM NpenoaaBaTenna unm nabopaHTa.

KOHTPO/IbHBIE BOMPOCH!

1. KakoBbI OCHOBHbIE TUNBI MarHMTHLIX cpea?

2. B 4em cocTONT ABReHue rucrepesuca?

3. No kakuM NPU4MHAM B MarHMTHbIX MaTepuanax BO3HUKAeT NOMeHHaR
CTpyKTYpa?

4. Kakve cpesb) Ha3biBalOTCA FMPOTPONHBLIMU?

5. B uem ovnmune adipexta Papapen ot apdexra KorroHa — MyToHa?

6. Kakos npuHuvn co3naHua ynpasnAemeix TPAaHCMOPaHTOB Ha OCHOBE
Maruntoontuyeckux aghdekTos?

7.Y7o TaKoe gudpakuvn Bparra; audpakuma Pamana—Hara?

8. Ykaxute npuHUMNGI TepMOMArHUTHOW 3anucu uwHdopMauMm Ha mar-
HATHbIX MaTepuanax.

9. B 4eM npevmyLLeCTBa NPO3Pa4HBIX. MArHUTHBIX cpea nepep Henpospay-
HbIMW? -
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