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MarHeTuam: oT atoma Ao

raJiaKtTuku

LLlanaeBa T.b., husnyeckun chakynsrer MI'y
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MarHuTHoOe none
NnaHeTa 3emnsa
Bonblon agpoHHbIN Konnangep — camas

KpynHas 3KCrnepumMeHTaribHas yCTaHOBKa

v’ TpaHCnopT Ha MarHUTHOM noAyLukKe

v MarHuTtHas 3awmTa geHer nfacTUKOBbIX KapT
v 3akoH ®apages — OCHOBa COBPEMEHHOM
3HepreTukKm

v 3anucb uHcopmauum

v' YenoBeK Kak MarHUTHbIN MaTepuan

v Tpupoaa marHeTusma

MAMR
Breakthrough

Innovative Spin Torque Oscillator
/ delivers Energy Assist and path

Writer

? for Areal Density Growth to 4Tb/in?



Marnerap —  HEUTpPOHHAs  3Be3la,
oOJlagaromiasl CaMbIM CUJIBHBIM MarHUTHBIM
noneM (mo 10Y  Tn). Teopernueckn

CYIIIECTBOBAaHHUE MAarHeTapoB OBLIO
npeiackazano B 1992 romy, a mepBoe
CBUJIETEIBCTBO nX peaIbHOTO

cymiecTBoBanus nonydeHo B 1998 rony npu
HAOJIIOJIEHUM  MOIIHOM  BCHBIIKUH B
co3Be3auu Opina. [Io COCTOSSHMIO HA MIOJIb
2021 roma moOATBEPKACHO CYIIECTBOBAHMUE
24 MarHeTapos.

JluameTp mar"HerapoB okojao 20—
30 kM, Maccel OOJBIIMHCTBA
npeBbimator  Maccy  ComHia.
Marnerap HACTOIBKO CXKaT, dYTO
TOpPOIIIMHA €0 MaTepuu Becuja Obl
0onee 100 MUIIMOHOB TOHH.




Bo BHYTpeHHEM CTPOEHUHU
3emMnu BblaensieTcs
pacnnaBrieHHOe BHeLlHee
A0po, rae CroXxHas
TypOyneHTHasi KOHBEKLUA
co3gaeTt reoMarHUTHoe
none.
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MarHutHoe cknoHeHue (oTKpbin X. Konym6 B 1492 r.)

CeBepHbIXM NONKOC

FO K HLIIH MarHuTHas ocb

Y MATHHATHBIH COCTaBIAeT yroJs
2, HOJIIOC 11,5° ¢ ocbtoO
BpaweHna 3eMnu

BocTo4yHOE CKNOHEHWe

3anagHoe CKNoHeHWe
\4 2 North Pole 'I Sp zbergerx \
+

1 CknoHeHne =0

HO*HbIW Nonwce

NonoxeHue
reorpadou4eckoro u
MarHUTHOro nositocoB
3emnu 3a nocnepHue 400
ner.

CKOpOCTh ITEpEMENIEHNS] CEBEPHOTO
MOJIFOCA YBEJIMYMIIACH € 15 KM B roj
B 2000 rogy mo 55 kM B rox B 2019

rofy.




B Poccuu k 1829 r. Maruutabie o6cepBaropun (MO)
obUH ocTpoeHsl B [letepOypre u Kazanu (onu
osu1n epBrIMU B EBpore), 3arem MO ObuTH co31aHbBI
B Hepuuncke, bapuayne, KonbiBanu, ExarepunOypre,
Tounucu u ap. [lepsas B mupe nomnsipaas MO
oTkpbITa B 1924 1. B iponuse Maroukus Illap Ha
Hogoii 3emie.

KapTa reoMarHuTHbIX 00cepBaTOpuii

F

B nHacrosiee BpemMsi B MUpE HaCUUTBHIBAETCS CBBILIE COTHU
MOCTOSIHHO JICMCTBYIOIIMX MarHUTHBIX 0OcepBaTtopuid. 29
poccuiickux 1 90 3apy6exxubix MO perynisipHO HanpasJsiOT
MH(OPMAIIMIO O COCTOSTHUM MarHUTHOTO TOJISI © HOHOC(HEPHI
3emiu B MexayHapOoaHble LIEHTPBL, KOTOpBIE HaxoasTcs B Poccun,
CIIA, Benukobpuranuu, Kanane u Snonuu.

https://intermagnet.github.io/metadata/#/map




YHOCTKM OBPATHOIO

MonwTHOrD fons KapTrsbl
MArHUTHOI'O I0JIs
3a 1980 u 2000 rr.
OH-nailH
N—— _mm;:;::. KaJbKYJ/IATOPLI AJIs1
p— OLICHKHU TEeKYIIHUX U

NPOULJIbIX 3HAYCHUH
MATHUTHOI'O IMOJIS.
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https://www.ngdc.noaa.

g W gov/geomag/WMM/ima
P, j ge.shtml
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So4C

Mopgenb Kutanckoro
komnaca nepuoga
onHacTum XaHb (206
00 H.3. — 220 oo H.9.)




ConHeyHbIn BeTep —
NOTOK NOHU3NPOBAHHbIX
yacTtuy, wuctekarowmm un3
CONMHEYHOW  KOPOHbI  CO
ckopocTbio 300—1200 km/c.

MarHunTtHble nons
HEeKOTOpPbIX NylaHeT
CornHe4yHOM CUCTEMDI
(*10° Tn)

Mepkypumn 0,35
BeHepa 0,003
3emMnA 30 - 60
JlyHa 0,001
Mapc 0,05
IOnutep 420
CartypH 20
YpaH 13
HenTtyH 6,5




[TonapHoe
CUSAAHME Ha
3emne.

CRKHN

PoTtorpadus
reT4yunka-
KOCMOHaBTa
reposi Poccuum
denopa
HukonaeBu4
FOpunxuHa




[lonapHble
CUAHUA Yalle
BO3HUKalOT
BECHOU "
OCEHbIO.

3a 0OHO U3
3aperncTpnupoBaHHbIX B
2007 rogy BO3MYyLLEHNN
Bblaenunocb 5-1014 [Ix



bonbLwoun :
aApPOHHbIN  BrE
Konnaunaep.

OPAHUWA ALICE

CeH-XKenn ®

© NetexTopsl 4acTuy ATEAS PS ‘MeﬁpuuLHCD

IUBEVLIAPUSA

®)KXeuepa

v Upesa npoekTta 1984 r.

v' CtpoutenbctBo 2001 — 2006 r.r.

v OdomumanbHbIn nyck 2008 r.

v' B 2014 roay Ha4aTo usy4eHue
BO3MOXHOCTU CTPOUTENbLCTBA
Konnangepa nepumetpom o 100
KM.

v' CyuTaeTcA 4YTO C Y4ETOM BCeX

moaepHusauum BAK npopaboTtaeTt
https://lhome.cern/science/accelerators/I 0o 2034 roaa,

arge-hadron-collider




bonbLion aapoOHHbLIN Konnaunaep

1 — NUHEenHbIN yckopuTterb. CKOPOCTb
NPOTOHOB Ha Bbixoae =1/3 ¢
EAK
2 — konbuo (L,=157 M), ckopoCTb Ha
Bbixoae 0,96 ¢
|IIIIlI
3D
Fhb
1z
bonblwoe Konbuo BAK — L=27 kM. lNMy4kn npoToHOB
MOryT ABUraTbCA B MPOTUBOMOSIOXHbIX
HanpaBneHUAX U nepeceKkaroTcs B 4 ToOYKax.

3 — MPOTOHHBLIN CUHXPOTPOH (L,=628 M)
cKkopocTb Ha Bbixoae 0,999 ¢, macca B 75

— AHeprua npotoHoB 7 TaB, macca B 7000 pa3 6onble
S — MaccCbl MOKOS.

pa3 bosblUue Macchl MNOKOSA

4 — L,=7 KM, 3Heprug Ha Bbixoae Takas,
4yTO Macca vacTtumubl B 1350 pas bonbLue
MaccChbl NMOKOS

AHanu3 gaHHbIX MOXeT MoOMOYb MOHATb, Kak noABunacb BceneHHas,
KaKk OHa pa3BMBanacb, YTO ynpaBnsieT el CerogHsi, u 4YTo XaeT ee B

Gyayuiem.



o superconducting
Iloe3n Ha MaruuTHOU magnets

noayuike (MarjieB)

-

electrical
power source

electromagnet

[Toe3n Ha MarHUTHOM MOayIIKe MarieB (magnetic
levitation) — aTo moe3x miM TpaMBai,
YIEPKUBAEMBIN HAJl TOJIOTHOM JOPOTH, JBUKUMbBIN
Y YIIPABIISIEMBINA CUJIOW 3JIEKTPOMATHUTHOTO MOJIS.

Takoil cocTaB, B IPOILECCE ABUKECHUS HE KACAETCS TOBEPXHOCTH pebCa. Tak Kak MeExay
MOE37I0M U MMOBEPXHOCTHIO ITOJIOTHA CYIIECTBYET 3a30pP, TPEHUE MEXKAY HUMU UCKIIOYAETCS, U
€IMHCTBEHHOW TOPMO3SIIIEH CUIION ABJISIETCA a3POJMHAMUYECKOE CONTPOTUBIICHUE.

CkopocTh, JoCTHTraemas IO€3JI0OM Ha MAarHMTHOM IIOJAYIIKE, CpaBHHMa CO CKOPOCTBIO

caMoJIéTa 1 MO3BOJIIET COCTAaBUTh KOHKYPEHIIMIO BO3IYIIHOMY TPAHCIIOPTY Ha PACCTOSHHUH 0
1000 kM.



IToe3x Ha MaruuTHOU
noayuike (MarjieB)

v' B IOxmnoii Kopee B 2016 1., mcrons3ys
TEXHOJOrnKM Komnanuu Hyundal, oTkpeiTa
gopora anuHOM 6,1 kKM, MakcumabHas
ckopocTh aBmxkeHus 110 km/4.

v' B Snonuu, uWCHoiab3ys COOCTBEHHBIE
texHonoruv, B 2015 ObuinM 3amymieHbI
moe3na, JIEMOHCTPHUPYIOIIHE  CKOPOCTh
cBbiiie 600 km/4.

[lepeas  nyOnamyHast  cucTema
marieB (M-Bahn) 6puta oTkpeiTa B
bepnune 28 aprycra 1989 rona.
Iloes3na MO JIOCTUTATh
ckopoctr 80 KM/4 M BMEIIAIHA 10
130 maccaxupos. bepnuna.

v' B urone 2021 r. 8 Kurae, ucnons3ys
COOCTBEHHBIC pPa3pabOTKH, 3aITyCTHIIH
moe37,, CKOPOCTb KOTOPOTO MOXKET
nocturath 600 km/4.

v' B HacTosiiee BpeMsi 3TO CAMBIii
OBICTPBIA HA3eMHBIA TPAHCIOPT B
MHpe.



500 py6nen 2010 r Bbinycka
TS,

1000 pybnen

MarauTHag 3a1mTa
HEHEr M MJIACTUKOBLIX
KapT

MarHuTHas 3awmTta 6aHKHOT
obecneunBaeTcsa bnaropaps
Kpackam, coaepXxawmum

cheppOMarHNTHbLIN MUTMEHT.




MarauTHAasd 3alIUTa JeHer
U IJIACTUKOBBIX KAPT

NMnacTukoBas KapTa
coAepPXUT MarHUTHYKO Nonocy
c o6 bemom nHopmaLum
okono 100 6anT, Ha Heun
3anucaHa nHcgpopmauma ob
UMeHM BnagesnbLa n Homepe
ero cyera.

B coBpeMeHHbIX KapTaX MarHUTHbIe NOSIOChl NU3roTOBJIEHbI U3
MaTepuarnoB, TPeOyHLWMNX CUNbHbLIX NOMen AN 3anucu

nHcpopmaumu. u_j‘ =]
MarHuTHbIe NeHTbl YYBCTBUTENbHbI K Bnare, 3arpa3HeHUuo u VA Sy
LapanuMHam

-
@ rark
= CAHKT-METEPBYFI

MarHuTHbIe KapThbl,
copgepxawume ymn

3almLeHbl N
cunbHee =l BB )




OcHoBa cOBPEMEHHON IHEPreTUKn —
3akoH Papapen Onsa 3NeKTPoOMarHUTHOU
MHOYKUUN
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Hanpae/JeHHe HHAYKIMOHHOTO TOKA
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v' OneKkTpomarHuMTHas nHAykums Obina obHapykeHa He3aBMCMMO ApYr OT Apyra
Mawuknom ®apageem u [Ixxoszecdom NeHpu B 1831 roay, ogHako Papageu
nepBbiM onNybnunkoBasn pesynsraTtbl CBOUX UCCea0BaHUMN

v [lepBbi reHepaTop 3MEKTPUYECKOro TOKa, OCHOBAHHbLIN Ha ABNEHUN
ANEKTPOMarHUTHOM MHAYKUMK, BbIn NOCTPoeH B 1832 I. napmXcknmm
TeXHMKaMun 6patbsamun MNUKCHH.

MPUHLMMN YCTPOWUCTBA NrEHEPATOPOB 3NIEKTPUYECKOIO TOKA

BUTKOK, B KOTOPOM MHAYUWUPYETCAH
TOK BPALAETCH OTHOCUTENBHO
MAFHUTHOIO NONA

.

2. Butok
4 3. OnekTpomarHur

4. Ckonb3suwue
KOHTaKThl

MArHUTHOE NOJNE BPAWAETCH
OTHOCUTENBHO BUTKA,
B KOTOPOM MHAYUMUPYETCH TOK

WHOYKUMOHHBLIV TOK BO3HUKAET B TEX CTOPOHAX BUTKA,
KOTOPbLIE NEPECEKAIOTCA MArHUTHLIMU NTUHUAMU



JAnHamMunka MUPOBOIO
IPOU3BOACTBA JIEKTPOIHEPIrUH
(Mapa.kBT.9)

MupoBas
JHepreTuka

Mpon3BoAcTBO 311I€KTPOIHEPrumn B
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o B % pa3jinyHbIX MCTOYHMKOB B MUPOBOM
NMPOU3BOJACTBE JIeKTpo3Hepruu B 2019 roay mo 1aHHbIM
MexayHapOaHOro JHepreTu4eckoro AreHrcrea (MJIA)

B Vronu/Topd (36,7 %)
] NpupopHsii ras (23,5 %)
B rvopo (16,0 %)

B Anepras (10,3 %)

- Betpoeas (5,3 %)

B Hedors (2,8 %)

ConHe4vHasn (2,6 %)

Evotonnueo u aHeprva us
oTxonoe (2,4 %)

[eoTepmanesHas, NpUIMBHAA W
npo4une (0,5 %)

DJIIEKTPOMATHUTHAA MHAYKIMSA —
OCHOBA COBPEMEHHOU IHEPreTUKM




Ona xpaHeHUA OaHHbIX eXerogHo TpaTUTca okKoro 5%
BCen BbipabaTbiBaeMOUN 4er10Be4eCTBOM 3HEeprum



https://www.backblaze.com/

MarHuTHaga 3anucb MHopmMaLnu

OavH u3 nepBbIX
KOMMep4YeCcKnx
KOMMNbIOTEPOB

IBM 305 RAMAC,
1956 roa

NMNOTHOCTL: 2 K6/Aronm?
ckopocTb: 70 kb/c
eMKocThb: 5 MO




CoBpeMeHHbIU XKeCTKUN OAUCK
Toshiba, 2018 rop,

nnoTtHocThb: ~1 TB/aronm?
ckopocTtb: 70 Mb/c
emkocTb: 1 Tb

IBM 305 RAMAC,
1956 rop

1 k6 = 102 6auT
1 M6 = 106 6anT NMNOTHOCTL: 2 K6/Aronm?
116 =10° 6anT ckopocTtb: 70 kb/c

1 To = 1012 6aunT emMKocTb: 5 MO



KooupoBaHue
MHpopMaL MM Ha
XXeCTKOM AUCKe




Kak nepe3anucartb
eaAnHnuy nHdopmaummn

Perpendicular vs. HA

Soft Underlayer

cnonb3oBaThb
MarHUTHoe none

Ncnonb3oBaThb
MarHUTHoOe norne v
Harpes




MarHutTHasa namaTb
Ha aTOMHOM ypOBHe

STM tip \' \’

§ High voltage G Radio-frequency
‘ ¢ voltage

E.D,MHMU‘a namAaAT™™ — 12 Magnetic ﬁTd - |
aToMOB Xene3a : \_}
Magnesium »)
oxide [ é T\
‘ ...:".m:* / Ho Fe?) Spin flip
'.. [ O Tl / I _—
-~ L, F |

Silver substrate

1 atom -1 ouT




YenoBeK Kak MarHUTHbIU MaTepuan

IloueMy HeKOTOpBIE JIKOAH YYBCTBYIOT Ce0
HEYBEpPEHHO BO BpeMsi MATHUTHBIX Oypb?

Iloyemy cymiecTByeT KOPpeasiliisi MEXKIY
YPOBHEM MATHUTHOIO IIIYMa U
BE€POSAATHOCTHIO PAKOBBIX 3200J1eBaHU A ?

IloueMy TaKk MHOT'0 MeIMIIMHCKHX
LHEHTPOB UCIMOJb3YIOT JJIEKTPOMATHUTHOE
U3JIyYeHHe IJI5 Tepalny HHUPOKOro Kpyra
3200J1eBAHNHA YeJI0BeKAa?

JIuHuuU 301eKkTponepenay, ObITOBBIC
AIEKTPONPUOOPHI U MOOUIIBLHBIEC TEJIE(OHBI. . .
JIroin TOCTOSTHHO HAXOASTCSl B €CTECTBEHHBIX U
TEXHOT€HHBIX MAarHUTHBIX MOJIsIX. OHU HE
0€3pa3IMYHbI K ’TUM IOJISIM TaK K€ KakK U Jpyrue
’KUBBIC OPTraHU3MBbl. ITOT (PAKT MOATBEPKICH
OTPOMHBIM YHMCJIOM Hay4HBIX pa0oT. O1HAKO
OOJIBIITMHCTBO aBTOPOB OTMEUAIOT, YTO (PU3NYECKAs
MPUYMHA 3TOTO SIBJICHUS 1O CHUX MOpP HEU3BECTHA
U MapajoKcaJbHA.



MachmyM dKTUBHOCTU PA3HbLIX OPraHoOB JI€XXUT B PaAa3HbIX
Anana3oHax 4acToT, a BeJINYNHa aMIIJINTYAbl XapakKTepuiyeT
COCTOsAAHNE OpraHa.

5 .B,1¢c
s [ aasppovarme pymaonposae
10 MHOI'MX OPTraHOB
_7 5 CONMPOBOKIAETCSA
10 l'oponcxorn reHepanmeil nepeMeHHbIX
10 UIYM 1eKTPOMATHATHBIX
CeteBas moMexa
NOTEHIHAJIOB,
10 TEDMHHMTHHH\ \ perucTpanys KOTopbIX Ha
10 \ cepaue NMOBEPXHOCTH TeJIa IHUPOKO
| N Mprmer : HCIIOJIB3YETCSl B MeIUINHE
1012 Hasd DITMBI MO3Ta NIl JHATHOCTHKH.
OTKJIHKH MO3Ta
10_1 1 [Topor 4yBCTBUTETBHOCTI

CKBHIOa

162 161 1 10 10° 10° £ 1 e =104 T



MaTepuansbli, hopmMmupyroime 4acTm XXNBoro
opraHmsma, Ha 95 % cocTtodaT 3 atomos 4
3rieMeHTOB: yrrnepoaa, Bogopoaa, kKucrnopoaa v
asora.

Beluecrtsa, BxoasLMe B COCTaB OpPraHnu3aMos

HeopraHuyeckue Opranuyeckue

Bona MuHepanbHble B MoHoMepb Buononumeps
Belwecrea (amuHokucnoTel, § (Genku,
MOHOCaxapuabl, J§ nonucaxapuabl,
XVUPHbIE KUCNOTbI, § HYKNEeUHOBbIE
HyKNneoTuab!) KUCNOTbI, NUNUAbLI)




Kanns Bogbl, NArywka m Xxyk,
NeBUTUPYHOLLME B CUITLHOM
MarHUTHOM nore



B opraHname B3pocnoro
yenoBeka (70 Kr)
copepxutca 4 — 5 r xxenesa

XXene3o B opraHusme;:

e OKOJ10 2/3 BCero xenesa BXoaAuT B
cOoCTaB reMornoouHa

e NpUMepHO 25% Bcero Xxenesa
3anaceHo (B KOMmnrekce ¢ 6erikom
deppnuTUHOM) B cene3eHKe, KOCTHOM
Mo3re, ne4YeHwu

e TONbKO 0,1% xene3a HaAaxXxoAUTCH B
nnasme KpoBMU.




APUTPOLUTLI UMEIOT Pa3Mep OKOJIO 8 MKM.  cmpoenue

3ATO ABOSAKOBbLINYKIbIN AUCK, BHYTPU OY€Hb R

rmokon 060M04YKN HAXOANUTCA pPacTBOp
remorno6bmHa n ero coeagnHeHuM.

JpuTpourT 339 O,

J (nocry‘naat 0,
J w3 nenwx)  (BeicBoBoXaaeToR
8 KneTkax (Tkannx)

22

1.5
MUKpOMEmpPOS

2
_| muxpostempoa

B JIerkux

Kucnopog FEMOTIJIOBUH
Monexynui j

remornobuna

e Oucmenomoém&_\
(HDO;)

i

Atom xenesa

ANeKTPOMarHuTHble napamMeTpbl KNeTOK KpoBU
onpenenstoT KNHETUKY N BA3KOCTb KPOBM,

npouecchbl CBepPTbIBaHNA, TOOMOMPOBAHNA COCYAOB ;o
n ap. axe cnadble afneKTpoMarHMTHble CBOMCTBa m—

KJNTeTOK UCNOoJ1b3yHTCHA B 6MOHOFVI‘-IECKVIX, Kenesa

MU KpO6V|OJ'|O|'VI‘-IeCKVIX n CbapMaU,eBTVI"-IeCKVIX Kicaopai
dafnapartax. OKCUTEMOTNOBUH 0T1aBaeMblii TKaHAM



MaraurHasi BOCIPpMUMYUABOCTD

BemecTBo 1100
Bozmyx +0,34
Bona -9,05
AprepualibHas KPOBb —9,01
BeHo3Has kpoBb -8,04
OpUTPOIIUTHI, —9,03
oOoraieHHbIe

KHCJIOPOAOM

OpUTPOILIUTHI, +3,88
HeoOoTralleHHBIE

KHCJIOPOAOM

Jlerkue Ha BIoxe -3,9
Jlerkmne Ha BBIJIOXE 4.1
MyckynbHast TKaHb -9,0
[Teuenn -8,8
KocTHast TkaHb -10

10151,
E _ [_j H — HAnpSIKEeHHOCTh
H MATHUTHOI'O MOJIsI,
_ L — MAarHHTHAs
p=1+x

IMMPOHUIMACMOCTD

OTHOCHUTEJBbHASI MATHUTHAS IPOHUIIAEMOCTD |l
TKaHeH 0Jin3Ka K 1, T.K. UX OCHOBHBIMH

KOMIIOHCHTaAMU ABJAKTCA BOJAA, YIVICEBOAbI U JIMIIU/BI,

KOTOPbIC ABJAKTCA THAMAI'HCETUKAMHA

aptﬂpount JJJ O_
&9 (nocrynaer 0,

bt B us nersux)  (BeiceoBoxnaeTcs
8 KneTkax (Tkannx)

P

0,

Monexynsi ST

remornobmnna

(Hb) 3
Oxcuremornobnme =2

(HbO;)

apI/ITpOIII/ITI)I HapaMarHuTHbI WIH TMAMAIrHUTHBI, T.K. HICHTPAJBbHOC€ I10J10KCHUC B
MOJICKYJIC reMoOrjI00MHA 3aHUMAaeET K€JI€30, KOTOPOC MOKECT HAXOJAUTHCH B PAa3HOM

COCTOSAAHMNNH

B — vHAYKIUSA MATHUTHOIO



MPT (marHunTo-pe3oHaHCcHasa Tomorpadua)

1973 roa Non
JloTepOypr.

2003 r. HobeneBckas
npemusa no onsnonorum
n meguuuHe NMon
NoTtepOypr u NMutep
MaHcdunpg
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MarHutokapaunorpamma
Kponuka

Mariuntokapaunorpamma
yerioBeka npw
HOPMarbHOM BHELUHEM
MarHUTHOM norne
3emnu (Il — 50 mkTn),
NPU UCKYCCTBEHHOM
yBernnyeHuu
MarHuTHoro nons (I —
110 mKTn) v npu ero
yMmeHblueHuu (Il — 0).

J



YyeHble Hac4YnTbIBalOT OKoro 50 BUAOB XXUBbIX cyuwecTB —
MneKkonunTarwwux, nTtul, ISeMHOBOAOHbLIX NMpeCMbIKalOLWUNXCH, pbl6 n gaxe
HaCeKOMbIX, KOTOpbl€e MOTyT NoJib30BaTbCA MarHUTHbIM NnoJrem 3emMnu gns
_IiaBI/IraLIMM

hi

Korga BHellHee MarHMTHoOe norse ocriabneHo nnu, oTCyTCTBYET, OPraHu3m
OKa3bIBaeTCs B KPUTUYECKOM CUTyaLUMN.

B akcnepumeHTe rpynnbl POCCUMUCKUX YUYEHbIX, Mbille NOMECTUIN B
KamMepbl, 3KpaHUPOBaHHbIE€ OT MarHUTHOro nonsi 3emMnu. Yxxe yepes CyTKM y
HUX Havyariocb pa3noXxeHue TKaHen. [leTeHbIWN TaKUX MbilLer poXaanuchb
NbICbIMU U POCNYN GONBbHbLIMM.



MarHUTHbIN
MOMEHT aTomMa

MarHuTHbLIN
MOMEHT sapa

+

OpobuTtanbHbIN U
CMWUHOBbLIN MOMEHT
3NIeKTPOHOB
(ocHoBHOM BKNnapg,!)

ATOM cocTOMT U3 HebonbLIOro
NONOXUTENBbHO 3apsAXXeHHOro sapa,
B KOTOPOM COCpenoTO4YeHa MNouTU
BCA Macca aTtoma, BOKpPYr KOTOpOro
ABUXYTCA 3N1eKTPOHbI, — NOAo0OHO
TOMY, KaK nJlaHeTbl [OBWXYTCSH
BoKpyr ConHua.



OdnamarHeTuku

MarHnTHbIn
MOMEHT aToma =0

(rpacpuT, Mmeab, 30n0T0O,
cepebpo, a3oT, Bogopoga,
BoAa, NoBapeHHas cofb ...)

Npu nonagaHnn B MarHUTHoe
none y aToMoB BO3HMKAIOT
MarHUTHbIe MOMEHTbI,
OPUEHTUPOBaHHbLIE NPOTUB
nons. No3aTtomMy anamarHeTUKu
ocnabnsalT BHelWHee
MarHuTHoe none.



[MapamarHeTuku

MarHnTHbIe MOMEHTbI
aTomMoB #O0,
OPUEHTUPOBaAHbI
XaoOTUYHO

(kmcnopoa, antoMUHUNA...)

= B

anI nonagaHnm B MarHuTHoe
nosfeé MarHnTHbieé MOMEHTDbI
dTOMOB OPUEHTUPYHTCHA BAOOJb
nons, yCunmnBas ero.



deppomMarHeTuKku (keres3o, HUKersnb, Kobanbr...)

MarHUTHblIe MOMEHTbI
aTomoB #0, O pMeHTUpPOBaHbI
ynopsano4veHo

anI nonagaHumM B MarHUTHoe€ none
MarHUTHbleé MOMEeHTbl aTOMOB
OPUEeHTUPYHTCA BAOJIb NOJIA,
MHOIoKpaTHO ycunuBas ero.



MonspHaa marHUTHas
BocnpnuMunBocTb (CI'C) u MarHUTHbIN
MOMEHT aTomMa

BemecrBo |y-10° | MaraurHO# MOMEHT
aTtoma, |y
Jlnamar — | I'enuit —2 0
SIS IIALEI Bonopon |—4 0

[Tapamar — |JIuTunit 24,6 1

I Harpwii 16,1 1/2

deppo— | Kenmezo  |~1010 -|6

MarHeTukd |Hywenn | 10M 5

KoOajbr 6




MarHeTuam: oT atoma Ao

raJiakKtTuku

LLanaeBa T.B., hnsnyeckun chakynsrer MI'y

v
v
v

MarHuTHoOe none
NnaHeTa 3emnsa
Bonblon agpoHHbIN Konnangep — camas

KpynHas 3KCrnepumMeHTaribHas yCTaHOBKa

v’ TpaHCnopT Ha MarHUTHOM noAyLukKe

v MarHuTtHas 3awmTa geHer nfacTUKOBbIX KapT
v 3akoH ®apages — OCHOBa COBPEMEHHOM
3HepreTukKm

v 3anucb uHcopmauum

v' YenoBeK Kak MarHUTHbIN MaTepuan

v Tpupoaa marHeTusma

MAMR
Breakthrough

Innovative Spin Torque Oscillator
/ delivers Energy Assist and path

Writer

? for Areal Density Growth to 4Tb/in?
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