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I. AuHOTALIUA

1. leap n 3aga4y AMCUUILIMHBbI

[lenbt0 OCBOCHUS AUCHUIUIMHBI SBIsAETCS (OPMHUPOBAHHWE Yy CTYICHTOB
PO(eCCUOHATIBHBIX KOMITETCHIINM, O0ECIIEYMBAIOIINX PEIICHUE 3a/1ad, CBSI3aHHBIX C
npodecCuOHaIbHON ¥ MHHOBAITMOHHOM JCATEILHOCTHIO 10 HanpaBieHn0 Du3nka.

3agagaMy OCBOCHUS U CIIAIIIIMHEI SABJISIFOTCS

YcBoeHME  COBPEMEHHBIX  MOJYKJIACCUMYECKMX U KBAHTOBBIX  3aKOHOB
(dheppomMarseTusmMa, OCHOB 30HHOW TCOPUH METAJIJIOB, TEPMOJIMHAMHYECKOTO TTOAX0/a K
OMMCAHUIO MATrHUTHBIX SIBICHUW, COBPEMEHHBIX SKCIHEPUMEHTAIBHBIX METOJIHK
M3YUYCHHS 30HHOM CTPYKTYpbl MAarHETUKOB, KBAHTOBBIX OCITUJUISIITUOHHBIX 3(PHEKTOB.

N3ydenne TpaHchOpMUPOBAHHBIX OCHOBHBIX KJIACCHUYECKUX 3aKOHOB MarHeTu3Ma
C Y4€TOM MHKPOMAarHUTHOTO MOX0/1a.

YraybneHue TMpeacTaBICHUH O MHUKPOCKOIMUYECKOM TMPUPOJE MarHeTu3Ma,
yMEHHUE TIPU OOBSICHEHUHU DSKCIIEPUMEHTAIBHBIX OCOOCHHOCTEH MarHWUTHBIX CBOMCTB

MMPUMCHATb COBPEMCHHBIC MOACIN MAaIrHCTHU3MaA.

2. Mecro nucuuniannsl B cTpykrype OOII

Jucunnnvmaa «MarHeTu3M B KOHJICHCUPOBAHHBIX CPEAX» OTHOCUTCS K MOJIYIIIO
®dusznka MarHUTHBIX sBiaeHUM broka 1. Jucuummeel 4YacTh y4deOHOIO IUIaHA,
dhopmMupyemMoil yuacTHUKaMu 00pa30BaTEIbHbIX OTHOIIICHUMN.

Jlornuecku u cojiepkaTesibHO OHA CBA3aHA C JUCIHUILUIMHAMU «/[OMOJHUTEIIbHBIC
IJ1aBbl MarHeTusmay», «MarHeTusm penKo3eMENbHbIX COEAUHEHUN», «Marnetusm
HAHOPA3MEPHBIX MaTepuanoB», « DyHKIIMOHAIIBHbIE MAarHUTHBIC MaTepuanb. dusnka
MAarHUTHBIX SIBJICHUM TECHO CBSI3aHA C TaKMMM OTPACIISIMU COBPEMEHHOW HAyKH Kak
MaremaTuka, (u3ndeckas XUMHs, ODJICKTPOHUKA, KOMIIBIOTEpHbIE HAyKH U
MH(POPMAITMOHHBIC TEXHOJOTHH. OJTa JIHUCHUIUIMHA TIPEArojiaraeT 3HAaHHE TaKHX
pasziennoB (GU3MKH KaK MEXaHHMKa, TEPMOJIMHAMHKA, JICKTPOMArHeTU3M, KBAaHTOBas M

anepHas pusuKa.



3. O0beM AUCHMIUIMHBI: 4 3aueTHBIX enuHuibl, 144 akageMuyecKux daca, B

TOM YHUCJIE:

KOHTAKTHasi ayauTopHasi padora: ysekiuu 30 yacoB, mpaktuueckue 3ausatus 30

YacoB;

camocTosiTe/ibHAs padora: 84 yaca, B TOM 4nciie KOHTPOJb 27 4acoB.

4. Ilnanupyemblie pe3yJbTaTbl 00yYeHHUs] MO0 JMCUMILINHE, COOTHECEHHbIE C

IUVIAHUPYEMbIMH Pe3yJIbTATAMH 0CBOEHHUsI 00Pa30BaTeIbLHOI NIPOrpaMMbl

IInanupyemvle pesyrbmamsl 0C80eHUs
006pa306amenbHOU NPOCPAMMbL
(hopmupyemvle komnemenyuu)

IInanupyemvle pe3yromamsi 00yueHuss no OUCYUNIUHE

IK-3. Criocoben BBITIOJTHSTH
IIPOEKTUPOBAHKE U Pa3pabOTKy MPOAYKIIUH B
YacTH, Kacaromencs pa3paboTKu 0OBEMHBIX
HaHOMETAJUIOB, CILJIABOB U KOMITIO3UTOB Ha MX
OCHOBE, a TaKXe BbIOOpa pacXoIHbIX U
BCIIOMOTaTeNbHbIX MaTEPUAJIOB.

[1K-3.1. dopmynupyer peKoMeHaauun 1o
U3MEHEHHIO COCTaBa, CTPYKTYpbl MaTepHajioB, a
TaK)K€ PEKUMOB U CIIOCOOOB X 00paOOTKU Ha OCHOBE
aHaJ M3a MOEJel, XapaKTepH3YIOIIUX CBS3b MEXKIY
AKCILTYaTallMOHHBIMH, TEXHOJIOTUIECKUMHU u
WH)KCHEPHBIMU CBOMCTBAMU M NapaMeTpaMH COCTaBa
U CTPYKTYpBI MaTepHala,

[1K-3.2. Opranusyer mpomecc HU3MEpeHHs |
UCTIBITAHUS TTOJTyYEHHBIX 00pa3IoB Ha KOHTPOJIBHOM,
U3MEPHUTEIBHOM H UCTIBITATEIbHOM 000PY/I0BaHUH;
[1K-3.3. Amnanusupyer pe3ynbTaThl HCIBITAHUN
00pa310B MaTepHasoB.

[K-5. OcyuecTBieHue Hay4HOTO
PYKOBOJICTBA IPOBENECHUEM HCCIEIOBAHUN
10 OTACJIBHBIM 3aJadyaM.

I1K-5.1. PaspabaTbeiBaeT IUIaHBI W METOAMYECKHE
IpOTrpaMMbl POBEJICHUS UCCIIEAOBAaHUM U pa3paboTOK
I10 OIIPEEIICHHON TEMAaTHUKE;

[1K-5.2. CucrematusupyeT © H3y4aeT Hay4yHO-
TEXHUYECKYI0 HH()OPMAITHIO TTI0 TEME HCCIIEIOBAHNS.
[1K-5.3. IIpoBoauT aHanmu3 M  TEOPETUYECKOE
0000111eHNe Hay4yHbIX JIaHHBIX B COOTBETCTBUU C
3aJjauaMM UCCIICOBAHMSL.

5. @opma NpoMeKYyTOYHOM ATTECTALMM U CEMECTP MPOXO0KIACHUS

JKx3aMeH B 1 cemecTpe.

6. SAI3bIK mpenogaBaHusA. PyCCKUI.

1. Conepxxanue TMCUMILIMHBI, CTPYKTYPHMPOBaHHOE N0 TeMaM (pa3aejaM) ¢

YKazanueM OTBCACHHOI'0 Ha HHX KOJHYECTBA aAKAACMHUYCCKHX 4YaCOB H BH/I0B

Y4eOHBbIX 3aHATHH.




1.l cTyAeHTOB 04HOI (pOpMBbI 00yUeHHS

Y4eOHast mporpaMmMa — HAMMEHOBAHHE
pas3zesioB U TeM

Bcero
(dac.)

KonrakTHas padora (dac.)

Camocros
TenbHast
pabora, B
TOM YHUCIIe
Kontposs
(dac.)

Jlexuuun

IIpakTrueckue
3aHATHS

BCETO B T.4.

I1I1

BCECTO B T.4.

I1I1

1. ®dusuyeckas npupojia MexaHu3Ma
MPsIMOT0 OOMEHHOTO B3aUMOJCHCTBHS.
Mogens [NaliTnepa -JIoH10HA.

2. O6o061eHne BbIBOAOB Mojienu ["aiftinepa
-Jlonnona na cucremy u3 N-
BOJIOPOAOIOA00HBIX aTOMOB. MoIemb
@penkens — ['eiizendepra. Kpurepuit
(beppomaraeTusma.

3. dusnyeckas MpUpoIa KOCBEHHOTO
0OMEHHOTO B3aMMOJAEHCTBUA B 30
nepexoaHbix U 4f penkozeMenbHbIX

Metautax. Moaens Lllyouna -BoHcoBckoro.

Moaens Kongopckoro. Kputepun
(dheppomMarHeTu3Ma B THX MOJICTISIX.

15

4. duznyeckas mpupoia KOCBEHHOTO
0OMEHHOTO B3aUMOJICHCTBUS B
MarHUTOUAJICKTpUKax. CyrmepoOMeH.
Moaens Kpamepca -Aunepcona. Kpurepuit
dbeppomarseTusma.

5. OcHOBBI 30HHOW TEOPUU
deppomaruerusma. Kputepuii
(dheppoMarseTru3mMa B 30HHOM TEOPHUH.

6. OcoOeHHOCTH 30HHOM CTPYKTYpHI U
noBepxHocTeld @epmu 3d- u 4f- meTanios.
Mertoab! pacueTa 3MeKTPOHHBIX
SHEPreTUYECKUX CIEKTPOB (30HHON
CTPYKTYyphl). Meron siueek Burnepa-
3einita, metox I111B, OIIB, meTox
¢bynkuunit I'puna, metos
TMICEBJIONTOTEHITHAJIOB.

10

7. OCHOBBI TEOpUU
BHYTPHKPUCTAIUTMYECKOTO TIOJIS.
MarHuTHbIE CBOIICTBa HOHOB B KpPUCTAJIIAX.
Oddexr Ana-Tennepa. 3amopakuBaHue
OpOUTaIBHOTO MarHUTHOTO MOMeHTa B 3d —
MeTaJuIax.

8. ITapa- 1 TuamMarHeTu3M METaJlIoB.
Yposnu Jlannay. [TapamarantHas
BocIpuMMUHUBOCTh [laynu. D¢ dexTs
[lly6nuxosa - Jle ['aaza u Jle ['aaza — Ban




Anbdena.

9. HuskosHepreTuyeckre BO30YXICHHUS B
CHCTEME JIEKTPOHHBIX CIIMHOB. Teopus
CIIMHOBBIX BOJIH. 3akoH biioxa jis
TeMIepaTypHOH 3aBUCUMOCTH
HAMarHMYEeHHOCTH ()epPOMArHETHKA.

10. TepmouHamMuyeckas TOpus
(dbeppoMarHuTHOTO MpeBpamieHus. Meron
TEPMOJUHAMHYECKUX KO3 PUIIMEHTOB.
®da30BbIe AMArpaMMBbI 1JIs1 TEMIIEpaTyphl
Kropu.

11. Tepmoaunamuueckas Teopus caaboro
¢beppomarseTusma 1o /[3s10mmHcKomy.
SIBnenue cyneprnapaMarHeTusma.

12. 3akon Kropu-Beiicca ¢ yuetom
MPOCTPAHCTBEHHOTO KBAHTOBAHMSI
MarHMTHOTO MOMEHTA JJIsl CIIy4aeB
c11aboro, CHIIBHOTO U TPOMEKYTOUYHOTO
3HAYEHUI BHYTPUKPUCTAIIINYECKOTO TOJIS.

13. DxcniepuMeHTaIbHBIE METObI
HUCCIEOOBAHUS CUCTEM MAarHUTHBIX
MOMEHTOB aTOMOB ¥ aTOMHBIX SI7IEP.

IK3aMeH

27

27

Hrtoro

144

30

30 84

I11. O0pa3oBaTebHbIE TEXHOJIOTHH

Y4eOHast mporpaMmmax- Bun 3ansatus OO0pazoBaTebHBIE TEXHOJIOTUN
HAaUMEHOBAHHE Pa3JIelIOB U TEM
1. ®usnyeckas mpupoIa Jlexyuu, npakmuyeckue | 1.HU3n0dcenue meopemuuecko2o
MeXaHH3Ma MPSIMOTO 3aHamus Mamepuana (npezenmayus)
0OMEHHOTO B3aUMO/ICHCTBUS. 2.Pewenue 3a0au
Mogens [Naiitnepa -JIoH10HA. 3.CamocmoamenvHoe u3yueHue

MmeopemuyecKo20 Mamepuaia

2. O6o011IeHIE BHIBO/IOB Jlexyuu, npakxmuyeckue | 1.M31031cenue meopemuueckoeo
Mogaenu ["aiitnepa -JIonoHa Ha | 3anamus Mamepuana (npezenmayus)
cucremy u3 N- 2.Pewenue 3a0au
BOJIOPOAOTIOOOHBIX aTOMOB. 3.CamocmosmenvHoe u3yueHue
Mopens Openkens — meopemu4ecko2o mamepuaia
I'eiizendepra. Kpurepuit
dbeppomarseTusma.
3. ®usnyeckas npupoaa Jlexyuu, npakmuueckue | 1.M3n001cenue meopemuyecko2o
KOCBEHHOT'O OOMEHHOTO 3AHAMUSL Mamepuana (npezenmayus)
B3aumoelicTeus B 3d 2.Pewenue 3a0au
nepexoaHbix u 4f 3.Camocmoamenvroe usyuexue
PEeIKO3eMEeNTbHBIX MeTaJlIax. meopemuyecko2o Mamepuaia
Mopnens [ly6una -
Boucosckoro. Mojaenb
Kongopckoro. Kpurepun
(dheppoMarneTusma B 3THX
MOJIETISIX.
4. ®uznueckas npupojia Jlexyuu, npakmuueckue | 1.13n0o1cenue meopemuyecko2o




KOCBEHHOT'O OOMEHHOTO 3AHAMUSL Mamepuana (npe3zenmayusi)

B3aMMO/ICHCTBUS B 2.Pewenue 3a0au

MarHUTOANDIIEKTPUKAX. 3.Camocmosamenvroe usyueuue

Cynepobmen. Moaenb meopemuyecko2o Mamepuaia

Kpamepca -Annepcona.

Kpurepnii peppomaraernsma.

5. OCHOBBI 30HHOU T€OpUHU Jlexyuu, npaxmuyueckue | 1.H3n001cenue meopemuieckoeo

dbeppomarnerusma. Kpurepuit | sauamusa Mamepuana (npesenmayus)

(dheppoMarseTusma B 30HHOM 2.Pewenue 3a0au

TEOPHH. 3.CamocmosmenvHoe uzyyeHue
mMeopemuyecKo20 Mamepuaia

6. OcobeHHocTH 30HHOM Jlexyuu, npakmuyeckue | 1.H3n02cenue meopemuuecko2o

CTPYKTYpPHI U TOBEPXHOCTEH 3aHamus Mamepuana (npezenmayus)

®epmu 3d- u 4f- meTayioB. 2.Pewenue 3a0au

MeTtop1 pacueTa 3JIeKTPOHHBIX 3.Camocmosamenvroe usyueuue

SHEPreTUYECKUX CIEKTPOB meopemuyecko2o Mamepuaia

(30HHOU CTPYKTYpHI). MeTon

sueek Burnepa-3eiitua, meTos

[I1B, OIIB, meTon dbyHkIuit

['puna, meton

TICEBIOTIOTEHITNAIIOB.

7. OCHOBBI TEOPUU Jlexyuu, npakmuyeckue | 1.HU3n02cenue meopemuuecko2o

BHYTPUKPHUCTAIIINYECKOTO 3auamus Mamepuana (npezenmayus)

noJisi. MarHuTHBIE CBOMCTBA 2.Pewenue 3a0au

HMOHOB B KpUCTaJIJIaX. 3.CamocmosamenvHoe usyueHue

D¢ dexr Ana-Temnepa. meopemuyecKo2o Mamepuaia

3amMopakvBaHUE OPOUTAILHOTO

MarHMTHOrO MOMeHTa B 3d —

MeTaax.

8. Ilapa- u tuamarueTusm Jlexyuu, npakmuyeckue | 1.HU3n0dcenue meopemuuecko2o

MeTaoB. Yposuu Jlannay. 3aHamus Mamepuana (npezenmayus)

[TapamarauTHas 2.Pewenue 3a0au

BOCIIPUUMYHUBOCTS [layn. 3.Camocmoamenvroe usyuexue

Oddexrs [llyonukosa - Jle meopemuyecko2o mamepuaia

l'aaza u Jle ['aaza — Ban

Anbdena.

9. HuzkoaHepreTuueckue Jlexyuu, npakxmuyeckue | 1.M3n03cenue meopemuueckoeo

BO30YKIEHUSI B CCTEME 3auamus Mamepuana (npezenmayus)

JJIEKTPOHHBIX CIIMHOB. Teopus 2.Pewenue 3a0ay

CIMHOBBIX BOJH. 3akoH bioxa 3.Camocmosamenvroe usyueuue

JUIS TEMIIEPATypPHOU meopemuyecko2o Mamepuaia

3aBUCHUMOCTHU

HaMarHMYEeHHOCTHU

(beppomarHeTuka.

10. TepmonnHamuyeckas Jlexyuu, npaxmuueckue | 1.H3n0dcenue meopemuuecko2o

Teopus heppoOMarHuTHOTO 3auamus Mamepuana (npesenmayus)

npespaiieHus. Meton 2.Pewenue 3a0ay

TEPMOAMHAMUYECKUX 3.Camocmosamenvroe usydeuue

ko3 uurenToB. dazoBsie meopemuyecko2o Mmamepuana

JTUarpaMMBbl T TEMIIEPaTyPhI

Kropu.

11. TepmonnHamuyeckas Jlexyuu, npakmuyeckue | 1.M3n0ocenue meopemuuecko2o




Teopus ci1aboro 3AHAMUSL Mamepuana (npe3zenmayusi)

(beppomarseTusma mo 2.Pewenue 3a0au

J3snommHCcKkoMy. SBiIeHue 3.Camocmosamenvroe uzyuenue

cylneprnapaMarHeTusma. MmeopemuyecKo20 Mamepuaia

12. 3akon Kropu-Beiicca ¢ Jlexyuu, npaxmuyueckue | 1.M3n001cenue meopemuieckoeo

Y4€TOM MPOCTPAHCTBEHHOI'O 3auamus Mamepuana (npesenmayus)

KBaHTOBaHUsI MarHUTHOTO 2.Pewenue 3a0au

MOMEHTa IS CIIy4aeB ciadoro, 3.Camocmoamenvroe uzyuexue

CHJIBHOTO ¥ IIPOMEKYTOYHOTO meopemuyecko2o Mamepuaia

3HA4YCHUU

BHYTPUKPHUCTAIIINYECKOTO

0JIS.

13. DkcnepuMeHTaIbHbIE Jlexyuu, npaxmuyueckue | 1.M3n001cenue meopemuieckoeo

METO/]Ibl UCCIIEIOBAHUS CUCTEM | 3aHAMUSA Mamepuana (npesenmayus)

MarHUTHBIX MOMEHTOB aTOMOB 2.Pewenue 3a0au

Y aTOMHBIX sAJIEP. 3.CamocmosamenvHoe u3yueHue
meopemuyecko20 Mamepuaia

IV. Ounenounble MaTepuaJbl VISl MPOBeeHUs] TEKYyllel U MPOMEKYTOYHOM
aTrecTanun

Dopma nposedeHUs NPOMENCYMOYHO20 KOHMPOA: CTYIEHTbl, OCBOUBLINE
nporpamMmy Kypca «MarHetTu3M B KOHJEHCHUPOBAHHBIX CpeAax» MOTYT CAaTh SK3aMEH
[0 WTOraM CEMEeCTpPOBOM arrectanuu cornacHo «IloJokeHnio O MpOMEKYTOUHOU
aTTecTanu (PK3aMEHaX MW 3auerax) OOydallMXCi IO MporpaMmaM BBICIIETO

obpazoBanust TBI'Y» (mpotokos Nell ot 28 anpens 2021 r.).

Jliis mpoBeieHHsl TEKyLeld U MPOMEKYTOYHOM aTTeCTALUM:

IIK-3. Cnioco0eH BBINOJHATH NPOCKTHPOBAHNE M Pa3pad0TKY NPOAYKIUHUM B YaCTH,
Kacamwlueiicss pa3padoTku 00beMHbIX HAHOMETAJJIOB, CILUIABOB M KOMIIO3UTOB Ha
HX OCHOBE, 2 TAKKe BLIOOPA PACXOAHBIX M BCIIOMOTIaTeJILHbIX MATEPHAJIOB!
[IK-3.1. ®opMynupyeT peKOMEHIAMH 10 MW3MEHEHUIO COCTaBa, CTPYKTYPHI
MaTepuaioB, a TaKXKe PEKUMOB M CHOCOOOB WX OOpabOTKM HAa OCHOBE aHaIM3a
MOJIeJIel, XapaKTePU3YIOLIUX CBSI3b MEXAY IKCIUTYyaTallMOHHBIMHU, TEXHOJIOTHYECKUMU
Y MHXEHEPHBIMU CBOMCTBAMM U MMapaMeTpaMu COCTaBa U CTPYKTYpPbl MaTepHalia;
[1K-3.2. OpranusyeTr mpolecc M3MEPEeHHs] M HCIBITAHUS TOJYYEHHBIX OOpas3IoB Ha
KOHTPOJIbHOM, U3MEPUTEIHHOM U UCIIBITATEIbHOM 000PY/1I0BaHUU;

[1K-3.3. AHanmu3upyeT pe3yabTaThl UCTIHITAHUNA 00pa3IoB MaTepHasoB.,



J171s1 BceX MHMKATOPOB OJJMHAKOBBIE CIIOCOO OLEHKHU.
3apanue:
[IpoBecT u3MepeHUs] U  MPOBEPUTh  ACCUMIITOTHYECKHN  3aKOH IS

TEMIIEPATypPHON 3aBHCHUMOCTH CIHOHTAHHOW HAMAarHUYEHHOCTH (EeppOMarHeTHKa B

obmactu Hu3kux (T=0K) um Beicokux (T= 9) TEeMIIEpaTyp, HCHOJIb3ysl TEOPHIO
MOJIEKYJIApHOTO noJist Belicca.

Cnoco0 arrecTanuu: MUCHMEHHBIN

Kpurepuu oneHku:

*OTBET 1IE€JIOCTHBIN, BEPHBIN, TEOPETUUECKH 000CHOBaHHBINA. KiTtoueBbie moHATHS
U TEPMHUHBI TIOJIHOCTBIO PACKPBITEI. @DakThl W TPUMEPHl B TOJHOM O0BEME
000CHOBBIBAIOT BBIBOILI —30 0a/LIOB;

*TECOpETUUECKAsl apryMEHTAIlMsl HETOJIHAS WJIM CMBICI KIIFOYEBBIX TMOHSTHI HE
00BsacHeH —20 0anoB;

*JIONYIIEHbI OIIMOKU, MPUBEAIINE K HCKAXKEHUIO CMBICIA. TEPMUHOJIOTHYECKUI
amnmnapar packpbIT —10 6aios;

*[IONYIIEHbl  OMIMOKH,  CBUJCTEIBCTBYIONIME O  HEMOHUMAHUU  TEMBI.

TepmuHOTOTMYECKUI anmapat He packpbIT —0 OaIIOB;

IIK-5. OcymecTBiieHHe HAYYHOT0 PYKOBOACTBA IMPOBeJIeHHEM HCCJIEI0OBAHMH 110
OTAECJbHBIM 3224YaM.
[IK-5.1. Pa3pabaTpiBaecT TIaHBI W  METOAMYECKHE TMPOTPAMMBI  MPOBEACHUS
MCCJIEIOBAHHUM U pa3pabOTOK MO OMpeIeICHHON TeMaTHKE;
[1IK-5.2. CuctemaTu3upyeT M U3y4aeT HAYYHO-TEXHUYECKYI0 MH(POPMALMIO MO TEME
HCCIICIOBAHMS.
[1IK-5.3. TlpoBoauT aHamM3 W TEOPETUYECKOE OOOOUIEHWE HAyYHbIX JaHHBIX B
COOTBETCTBHHM C 33JJa4aMH UCCIIEIOBAHUSI.

3amanue: 1. IlonyuyuTh acCUMNTOTHMYECKHI 3aKOH [IJisi TeMIEpaTypHOU
3aBUCUMOCTHM CIIOHTAHHOW HAaMarHWYeHHOCTH (peppomarHeTuka B oOmactu HU3KUX (T

0K) u Boicokux (T) Temmepatyp, UCHOJIb3Ysl TEOPHUIO MOJIEKYISIpHOTO ToJist Beiicca.



2. B Tteopunm ¢deppomarnernsma BoHcOBckoro-3uHepa MPUHSATO, YTO
JIOKQJIN30BaHHbIC HemapHble 30-3JICKTPOHBI OJHOTO HOHA «IIOJMArHWYUBAIOT) 4S-
AJIEKTPOHBI  (IJEKTPOHBI TMPOBOJUMOCTH), a OTH DOJICKTPOHBI B CBOIO OdYepenb
«ITOJIMarHUYIMBAIOTY JIpyrue WOHBI. [Ipemmonoskum, dTo S—0-B3aMMOICHCTBHE MOXKET
OBITH OMUCAHO B MPUOIMKEHUH MOJICKYJISIPHOTO TIOJISI U 9TO B3aUMOJICHCTBUEM MEXKITY
3d-37eKTPOHHBIMH 000JI0UYKaMH H 4S-3JIEKTPOHAMH MOXHO MpeHeOpeyb. [TokaszaTk, 4To

CCJIM HAMAIrHM4CHHOCTb HOHHBIX OCTOBOB INOAYUHACTCA 3aKOHY KIOpI/I, TO TEMIICpaATypa

T, = CNy;
Kropu T, ompenensiercsi COOTHOIIEHHEM  °© Knapa W rme Knapa nayJiaueBcKas

BOCIIPUUMYHMBOCTDH 3JIEKTPOHOB POBOJUMOCTH, Nw _ MOCTOSTHHASI MOJICKYJISIPHOTO
TIOJISI.

3. IlokasaTh A1t IpOCTOM KyOMUeCKO# pelieTKy (B ciiydae ABYX U3MEPEHHIT), UTO
KMHETUYeCcKasi PHEprusi CBOOOJHOTO 3JIEKTPOHA B YTIy MEpBOM 30HBI bpuiiitosHa B ABa
pasa OoJblie, 4eM B cepeiuHe OOKOBOTO pedpa 30HHI.

Cnocod aTrecTaliMu: MMChbMEHHBIN

Kpurtepuu onenku:

*OTBET IICJIOCTHBIM, BEPHBIN, TEOPETHUYECKH 000CHOBaHHBIN. KiTtoueBblie MOHATHS
U TEPMHUHBI TIOJHOCTBIO PACKpbIThl. DakThl M MPUMEPHl B TMOJHOM O0BEME
000CHOBBIBAIOT BBIBOAKI —3(0 0aJLIOB;

*TEOPETHUYECKAs apTryMEHTAlLMsl HEIMOJIHAS WM CMBICJ KJIIOUEBBIX TMOHATHI HE
00BsacHeH —20 0amoB;

*IOITYIIEHBI OIMMUOKH, MPHUBEIIINE K MCKAKCHUIO CMBICTIA. TEPMHUHOJIOTHUYCCKHUI
anmapat packpsIT —10 6anios;

*[IONYIIEHbl  OIIMOKH, CBUJACTEIBCTBYIOIIME O  HEMOHUMAHUM  TEMBL.

TepmuHOTOTHYECKMI anmapaT He packpbIT —0 OaIIOB;

V. YueOHO-MeTOAMYECKOE U MH(OPMAIITUOHHOE OOecTiedeHne JUCIUILTUHbI
1) PexoMeHniyeMast tureparypa

a) OCHOBHas JUTepaTypa:



CagenneB U. B. Kypc obmeit ¢puzuku. T. 2 : DnekrpudectBo U maruetusm / U. B.
CagenneB; CasenbeB U. B. - 5-¢ uzn. - Cankr-IletepOypr : Jlans, 2021. - 352 c. - ISBN
978-5-8114-1208-2. https://e.lanbook.com/book/167870

boposuk E. C. Jlekuuu o maraetusmy / E. C. boposuk, B. B. Epemenko, A. C.
Munbaep. - MockBa : OUIMATIIUT, 2005. - 510 c. - [DaexTpoHHBIN pecypc]. —
Pexum nocryna:

http://biblioclub.ru/index.php?page=book&id=75475

dusnyeckue CBOCTBa MaTepuaioB: yueoHoe nocodue / B. U. I'peizynos, T. N.
['pei3ynoBa, O. A. KnernoBa u ap. - 2-e u3sn., crep. - Mocksa : @aunra, 2015. - 248 c. :
cxeM., Tabi. - bubmmorp. B kH. - ISBN 978-5-9765-2404-0 ; [DnexTpoHHEIH pecypc]. —
Pexxum noctyna: http://biblioclub.ru/index.php?page=book&id=461082

OnexTpuyecTBO U MarHetusM: yueoHoe nocobue / I. A. [MupanumBunu [u 1p.].
— DnektpoH. naH. — Cankr-IletepOypr: Jlanb, 2017. — 160 c. —[DneKTpOHHBIH
pecypc].- Pexum mocryna: https://e.lanbook.com/book/91880

0) TONOJIHUTEIbHAS TUTEpaTypa:

[Tarea FO. B. Dnexrpomarnerusm: ynekuuu 1o ¢usuke / FO. B. Ilamema. -
Mockga ; bepnun : Iupekr-Menua, 2015. - 124 c. : wi. - bubauorp. B kH. - ISBN 978-
5-4475-4031-9 ; [DJIeKTPOHHBII pecypc]. — Pexxum JOCTyTa:
http://biblioclub.ru/index.php?page=book&id=298188

Mysbiuka A. FO. MexaHnuka U 3JIEKTPOMarHeTU3M: TEKCThI JIEKIUH 1Mo oO1en
¢uzuke : nexuuu / A. FO. My3ssiuka. - Mocksa; bepaun : [lupekr-Menua, 2015. - 280 c.
: ui. - (Beicmas mkomna). - ISBN 978-5-4458-9569-5; [OnextponHsiii pecypc]. — Pexxum
noctyma: http://biblioclub.ru/index.php?page=book&id=256579

Kysuenmos C. W. Kypc ¢usuku c mnpumepamu pemieHus 3agad. Y. I
OnextpuyecTBO U MaruetusM. Konedanus u Bosnbl. - Cankt-IlerepOypr : Jlanp, 2021. -

416 c. - ISBN 978-5-8114-1718-6. https://e.lanbook.com/book/168718

buprokoBa O. B. ®@u3nka. DIEeKTpUUECTBO U MArHeTU3M. 3aJa4yul C PEIICHUSIMU
[DnexTponHHbIN pecypce]. - Cankt-IlerepOypr : Jlansb, 2021. - 180 c. - ISBN 978-5-8114-
3164-9. https://e.lanbook.com/book/169255



https://e.lanbook.com/book/167870
https://e.lanbook.com/book/168718
https://e.lanbook.com/book/169255

2) [IporpamMmmMHOe obecrieueHne

a) JIneH3snoHHoe NporpaMmMHoOe 00ecreueHrne

0) CBOOOHO pacnpocTpaHsieMoe NPOrpaMMHOE 0OecTieueHre

3) CoBpemMenHnbie ipodeccruoHanbHbIe 0a3bl JaHHBIX U HH(HOPMAIIMOHHBIE
CTIPaBOYHBIE CHCTEMBI

1.OBC«ZNANIUM.COM)» www.znanium.com:;

2.9BC «YHuBepcuterckas onbnmoteka onnaita» https://biblioclub.ru/;

3.9BC «Jlaub» http://e.lanbook.com

4) Ilepeyenr pecypcoB HWH(DOPMAITMOHHO-TEIEKOMMYHUKAIIMOHHONW  CETH
«HTEepHET», HEOOXOAUMBIX ISl OCBOCHHMSI TUCLIUILINHBI

Hayunast sanexktponHas 6ubnuoreka eLibrary.ru;

OnextpoHHas 06a3a gaHHbIX aucceprauuii PI'b;

baza nannsix PedepatuBnbix xxypuanos BUHUTU;

[TonmHOTEKCTOBBIN AOCTYyN K KypHaiam AIP (AmepukaHCKHU HHCTUTYT QU3HUKH);

[TomHOTEKCTOBBIN AOCTYN K )KypHajiaM M KHUTaM u3faTtenbceTBa Springer Verlag;

[T0JIHOTEKCTOBBIM JIOCTYII K OTAEJIBHBIM JKypHaJaM W KHuram HMHcTtHTyTa
WH)KEHEPOB 10 3JekTpoTexHuke u ektponuke (Institute of Electrical and Electronics
Engineers);

PedeparuBnas 06aza Inspec (moctym Kk pedeparaM H TOJHBIM TEKCTaM
MoHorpaduii U Hay4yHbIX cTaTed B 00JacCTH (PU3UKH, SJIEKTPOTEXHUKH, SJIEKTPOHUKH,
KOMMYHHMKAIMI, KOMIIBIOTEPHBIX HAYK U MH(OPMAIIMOHHBIX TEXHOJIOTH).

VI. Meroanyeckue Marepuajgbl JAJasi OOy4YAlIIUXCS IO OCBOCHHIO
AUCHUNIMHBI

IIpumepsl 3aga4

3amaya 1. J[lokazatb, yto B wuHTepBane Temneparyp O0<T< cymecTByer
YCTOMUYMBOE TEPMOJMHAMUYECKOE PABHOBECHE CHUCTEMBI 3JIEMEHTApHBIX MAarHUTHBIX
MOMEHTOB,  COOTBETCTBYIOLLEE  IOSIBJIEHUIO  CIIOHTAHHOM  HaMarHMYE€HHOCTH
(beppoMarHuTHOMY yNOPSAOUYEHNUIO MAaTHUTHBIX MOMEHTOB).

VYKazaHue: Ipy pEelIeHUH MCIOJb30BATh BBIBOABI TEOPUH MOJIEKYJIIPHOTO MOJIS

Beiicca.


http://www.znanium.com/

3apaua 2. [lomyunTh acCUMOTOTHYECKMA 3aKOH JUJII  TEMIEPAaTypHOU

3aBHCHMOCTH CIIOHTaHHOM HaMarHW4YeHHOCTH (peppoMarteTuka B obsactu HU3KUX (7=
0 K) u Boicokux (T= 0 ) TeMIepaTyp, UCIOIb3Ys TEOPUIO MOJIEKYIISIpHOTO 1oJist Belicca.
3anaua 3. Haliaute OTHOCUTENBHYIO MATHUTHYIO BOCIPUMMYUBOCTD UACAIBHOTO
ra3a MarHUTHbIX MOMEHTOB MPYU HOPMAJIBHBIX YCIOBHSX.
3anaua 4. I[lokazarb, YTO MarHUTHAsE BOCIIPUUMYHUBOCTH MOPOLIKA, COCTOSAIIETO
U3 OPUEHTUPOBAHHBIX MPON3BOIBHBIM 00Pa30M KPUCTAIIJIOB, OMHUCHIBACTCS (POPMYIIOi

1
X:§(X1+X2+Xs)

X1 X2 X3 — rarbIe BOCHIPUUMMYHMBOCTH KpHCTAJIJIA.
3amaua 5. [Ipunumas, 4To MOJIEKYJISIPHBIE oJIA Hma u Hms

nByxmnojapenierounoro peppumardetrka npu T = 0 K paBHBI 110 BelMyuHE, MOKa3aTh,

4TO

Ma(0)/Mg(0) = (Nag + Ngg)/( Nag + Nan)

Haiitu Ma(0)/Mg(0), eciiu ipou3BoHas dM /dT — 0 o TaKOMY K€ 3aKOHY, UTO
al 2T

3anaua 6. [lokazaTh, 4yTO JJIs MapaMarHeTykKa, MOAYMHSIONIErocs 3akoHy Kropu,

Pa3sHOCTb  YACJBHBIX TEIUIOEMKOCTEH Inpu MMOCTOSIHHOM HAMarHMYeHHOCTH U

CH?
IMIOCTOAHHOM IIOJIC OIIPCACIIACTCA COOTHOIICHHUCM , II€ C -

nocrosinHas Kropu.
3amaua /. Hcnonw3ys teopuro JlaHkeBeHa TMOKa3aTh, 4YTO BBIPAXKEHUE IS

muddepeHnanbHOl MarHUTHOW BOCIPUUMYHMBOCTH TapaMarHeThKa WMeEEeT BUJL:

_di_(NgY 1(ij2+

=90 kT |5

KT

3amaya 8. PaccmoTperh mapamMarHUTHBIM Ta3, COCTOSIIIMM W3 OJMHAKOBBIX
MOJICKYJI, B TPEIINOJIOKEHUU, UYTO Kakaas MOJEKylna 00JiaJaeT TMOCTOSHHBIM
MarHUTHbIM MOMEHTOM [l M YTO IpPU HAJO0XEHUHW MAarHUTHOrO Mmojsi H BO3MOXKHBI

JIFOOBIE OpUCHTAOMM MArbMTHOrO MOMCHTA OTHOCHTCIIBHO HAIIPABJICHUSA IIOJIA.



PaccuntaTh HaMarHMYEHHOCTH B OOIIEM CIIydae W B TOM CIIydae, KOTJIa BBITOTHICTCS
ycimoBue pH/KT << 1.

3agauya 9. PomOuueckass MNPOCTpaHCTBEHHAas pEUIETKAa  XapaKTepU3yeTcs
a=5, b=2j] -k
] b

0a3UCHBIMH BCKTOpaMHn OJIMHBI KOTOPBIX BBIPAKCHLBI B

aarctpeMax. OnpenenuTs 0a3MCHBIE BEKTOPA U 00BEM DIIEMEHTAPHOUN STYEHKN 00paTHOM

PELIETKH.
3anaua 10. BekTopbl  3JIEMEHTApHBIX  TPAHCISALMM  TEKCarOHaJbHOU
= \/§ > ad= ¢ \/§ > o d-=
a=—ai+—j b=——ai+=-j - -
IIPOCTPAHCTBEHHOM PELIETKU PABHBI 2 27, 2 2", c=ck . Haiiru

BEKTOPHI 3JIEMEHTAPHBIX TpaHCIAUUNA 00paTHOM pemeTku A, B, C.

3apaua 11. Tlokasare aig mpocTOl KyOW4eckod pemieTkd (B ciiydae ABYX
U3MEpEHMIT), YTO KHHETUYECKasi SHEPTUsl CBOOOJHOTO 3JIEKTPOHA B YTy IEPBOW 30HBI
Bpunntosna B ABa pasa 0oJblie, 4eM B cepeuHe O0KOBOr0 pedpa 30HHI.

3anaua 12. [Toctpouts nepByto 30Hy bpuiiitosHa i MpOCTON MPSMOYTOJIBHON
pemeTKy (s ciryvasi IByX U3MEpPEHUH), IOCTOSIHHBIE PEIIETKH CUUTATh PABHBIMU @ U
6=3a.

3amava 13. Onpenenutb MUPUHY AOMEHA B MOHOKPUCTAILIMYECKOW IIACTHUHE
kobanbTa TommuHOM L =1wmkm, ecim OJIH nepneHaukyisipHa MNOBEPXHOCTH

INIACTUHKHU, a JAJOMCHHAsA CTPYKTypa HMCCT BHA INIOCKOIIAPAJUICIBbHBIX CJIOCB C

_1440rc ¥ =8627
HE3aMKHYTHIM MarHUTHBIM IIOTOKOM. M3BecTHO, uTO  Sc0 , M,

3anaua 14. Jlna sxene3a addextuBHas mupuHa 90°-HOW JOMEHHOW TpaHUIIBI
paBHa 500 A, komcranta ammsorpormu Ki;=5-10° spr/cm’. I'paHuiia pacmonoxeHa B
mnockoctr (001). PaccunTarh 3Ha4eHHe IIOTHOCTU TPAHMYHOM sHeprun 7

3apaua 15. Onpegenuts mupuHy 180°- HOM TOMEHHON IPaHUIBI U TUIOTHOCTH €€
rpaHUYHOM dHepruum nans  coeauHeHus SMCOs. KoHcTaHTa aHHU30TPONUU  NPHU
KOMHATHON TemmepaType K1=1,8-108 3pr/CM3, T.=860°C, cpennee MeKaTOMHOE
paccrosiHue a=500 A.

3anaua 16. [TokazaTh, 4TO U3 TEOPHUH CHUHOBBIX BOJH CIIEYET HEBO3MOMXHOCTh

CYILIECTBOBAHMS IBYyMEPHOI (heppOMarHUTHOM pEIIETKH.



3agaua 17. B Teopun ¢deppomarunerusma BoHcoBckoro-3uHepa MpHUHSATO, YTO
JIOKAaTM30BaHHbIC HemapHble 3d-2IIEKTPOHBI OJHOTO HOHA «ITOJAMArHUYMBAIOT» 4S-
AJIEKTPOHBI  (JEKTPOHBI IMPOBOJUMOCTH), a OTH DJJIEKTPOHBI B CBOIO O4YEpenb
«ITOIMAarHUYMBAIOT» Apyrue MOHBL [Ipenmonoxkum, uto S—0-B3aMMOACHCTBUE MOXKET
OBITh ONIMCAHO B MPUOJIMKEHUHN MOJIEKYJISIPHOTO IIOJISI M YTO B3aUMOJCHCTBHEM MEXIY
3d-2J1eKTPOHHBIMU 000JI0UKaMU U 4S-3JIEKTPOHAMH MOYKHO TIPEHEOpeYb.

HOKa3aTb, 4TO CCJIM HAMAarHM4YCHHOCTb MOHHBIX OCTOBOB IIOJYHHACTCA 3aKOHY

2

TC = Xnapa C:NW

Kropu, To Temneparypa Kropu T, onpezaensercs COOTHOLIEHUEM , The

Knapa MayJueBCKasgd BOCIPUUMYMUBOCTL DJJIEKTPOHOB IIPOBOJUMOCTH, Ny

IIOCTOSIHHAS] MOJIEKYJISIPHOTO I1OJIS.

3amaya 18. [lycte cucTtema COCTOMT M3 JBYX YACTHL, IOJIOKEHHE KOTOPBIX
¢ukcupoBano. Kaxxnas yacTuiia uMeeT MOCTOSHHBIM MarHUTHBI MOMEHT, PaBHBIN |L;
MarHUTHBIII MOMEHT MOJKET ObITh OPUEHTHPOBAH TOJBKO BAOJb MOJOKUTEIBHOTO WIN
OTPULIATEILHOTO HAIIPaBJIEHUM Ocu Z. MexX 1y yacTUlaMu IEUCTBYIOT CUJIbI OOMEHHOTO
B3aMMOJICICTBUS, TaK YTO IOJIHAS HHEPIrHsl CUCTEMBbl paBHa JMOO +C (korma jaBa
MOMEHTa MapajulesibHbl), MO0 —c (KOr/Ja OHU aHTHUIApaJUICNIbHBI), MpUYeM ¢ = CONSt.
Ha cucremy neiicTByeT BHEIIHee MarHUTHOe mosie H, HampaBieHHOe BIOJb OCH Z.
Y1066l 0OBSICHUTH MATHUTHOE MOBEJEHIUE HEKOTOPOTO TBEPAOI0 MarHeTHKa, IPUMEM B
KAaueCTBE €ro TEOPETHUYECKOW MOJENIM aHCaMOJIb CUCTEM ONMMCAHHOTO BBIIIE THUIIA, T. €.
MarHUTHbIX 4actull. Ilycte B eaunuune oOwbema conepxkutcs N Takux cucrem.
[Ipeanonaraercsi, 4TO OTAENbHBIE CUCTEMbI TAKOTO aHCaMOJid HE B3aUMOJECHCTBYIOT
IpYyr C IPYrOM U C OKpYyXKalolleW cpeaoil, Uckiatouas HeOOJbIINE B3aUMOACHCTBUS,
JOCTATOYHBIE JUIsl YCTAHOBJIEHUS TEPMOJIMHAMUYECKOIO PABHOBECHSI.

BeiBect TOuHyI0 (opmyny Ajis HaMarHMYEHHOCTH M Takoro MarHeTuKa,
HaxoJALIErocs B TEPMOJIMHAMHYECKOM PAaBHOBECUH ITPU IPOU3BOJIBHON Temneparype T’
B I10JI€ C HAIPSKEHHOCTHIO H.

BoiBectn 1 00CyauTh NPUOIMKEHHBIE BBIPAXKEHUS I HAMATHUYEHHOCTH IS

ClIeayromux 9aCTHbIX CIIy4acB:

1) |uH| << KT, |c| << KT;



2) |uH| << KT, |c|>> kT, c<0;

3)|uH| << KT, [c|>> kT, c>0;

4)|uH| >> KT >> d]

5)kT << uH << |c|,c<0;

6) KT << uH << |c|,c>0.

3apaua 19. Paccuurarth MOpeneCCHOHHYIO YIJIOBYIO CKOPOCTh MAarHMTHOIO
MOMCHTaAa aToma K06aJ'IBTa, IIOMCIICHHOI'O BO BHCIIHEC MAIrHUTHOC TIIOJIE C

HaIpsDKeHHOCThr0 H=5 k0.

BapuaHTbI KOHTPOJILHOM PadoThI
BAPUAHT 1

1. HaitfTu BenuuuMHy MarHMTHOTO MOMEHTa Imapa paauyca R u3 marepuana ¢
MAarHuTHOW BOCHPUMMYHUBOCTBIO ¥, €CJIM I1ap IMOMEIIEH BO BHEIIHEE MAarHUTHOE
nosie H.

2. Wcnonp3ysi TpeaCTaBICHHUS TEOPUM MOJIEKYJSIpHOTO Tolisi Belicca momydyuTh

ACCUMIITOTUYECKUI 3aKOH ISl 3aBUCUMOCTH 15(T) (deppomarseTuka B 00JaCTH

T —>0K)

HU3KUX TEMIIEPATYP (

BAPUAHT 2

1. JIea QeppomarHuTHbIX oOpasiia OJWHAKOBOW (OPMBI M3 MaTEPUATIOB C
MAarHUTHBIMH BOCIIPUUMYHBOCTSAMHU Y1 M Y= %1/3 MOCTUTAIOT MAarHUTHOTO
HACBIIICHUS B OJIMHAKOBBIX MO BEJIMYUHE BHEIITHUX MarHUTHBIX MOJsiX. CpaBHUTE
HaMarHWYeHHOCTH HACKIIICHHS 3TUX 00pa3IoB.

2. IlpumeHsisi OCHOBHBIE COOTHOIICHHS TEOPHHM MOJEKyIspHoro mois Belicca

MOJIYYUTh ACCUMIITOTUYECKUI 3aKOH ISl 3aBUCUMOCTH 15(T) (dbeppoMarHeTuka B

00J1aCTH BBICOKMX TEMITEpaTyp (T —Te )

BAPUAHT 3
1. Bo BHemHem marHutHOM Tmosie H cdepuueckuit dheppoMarHuTHBIM 00pa3er

JOCTUraeT HamarHuyeHHOCTH l,. OOpaszen cioxHOW (GOpMBI M3 TAKOrO ke



MaTepuaga B TOM K€ Iojie JocThraeT HamarHmdeHHoctu ly. Omnpenenure
pa3MarHuuMBaOImui ¢pakTop obpasiia ClI0KHON HOPMBI.
2. HaiimuTe KJIacCHYECKyI0 MarHUTHYIO BOCIPHMMYHBOCTH MapaMarHUTHOTO ras3a

QJICMCHTAPHBIX MAIHUTHBIX MOMCHTOB IIPU HOPMAJIbHBIX YCJIOBUAX.

BAPUAHT 4

1. HamarandeHHOCTh (DeppOMArHUTHOTO OOpaslia BO BHEIIHEM MAarHUTHOM IIOJIC
H=25 A/mM nocturaer 3Hauenus |=15 A/mM. BocnpuummMyuBOCTH MaTepuaja
obpasma y-1,3. Kakyto dhopmy nmeer 3Tot 0Opazer?

HmA HmB

2. Cuutas, YTO CyMMapHble  MOJEKYJSpHbIE  IOJS 51
AByxmnoapemerouHoro (eppumarnetruka npu T=0K paBHbl 1o BenuuuHe,

IIOKa3aTb, 4YTO OTHOIICHHC HAMarHM4€HHOCTEM MarHUTHBIX IMOAPCIHICTOK

1,(0) _ Wpg T Wgp

OIPENnEACTCSA BhIPaXKCHUEM IB(O) @pg T Dpa
Tect mo Kypcy
1. B kakom u3 IByX COCTOSHHMM MOJIEKYJIBI BOJOpPOJA: CHHIVIETHOM WIIN

TPUIUIETHOM TEOPETUYECKH BO3MOXXHO (DEPPOMATHUTHOE YIHOPSAOYEHHUE CIHMHOB

ANIEKTPOHOB cocennux atoMmoB? Kputepuii ¢eppomarsernsmMa B moxaenu [aiiTiepa-

JlonnoHna.

2. 3anuimure  Kputepud  (deppoMarHeTusMa B monenu  DpeHkens-
I'eiizenbepra.

3. Kakoii mexaHusmM OOMEHHOTO B3aMMOJACHCTBUS peanuszyerca B 3d-

nepexoaHbix MeTamuiax? [Ipu kakux ycloBUSX B HUX BO3HUKAET peppoMarHeTusm?

4, 3anumurte Kputepuit peppomarnerusma B mojaenu s-f oomena (LllyOuna-
Boncogckoro).
S. Kakoit MexaHu3M OOMEHHOrO  B3aUMOJCHCTBUS  peaju3yercs B

MarHaroauanekTpukax? K kakoMy Xxapakrepy yHoOpsIOYEHHs CIUHOB COCEIHMX
MarHUTOAKTUBHBIX HOHOB IPUBOJIUT 3TOT MEXaHU3M OOMeHa?

6. B uem coctout cmbicn s dexra Ana-Tennepa?



1. 3anummTe Kputepuil deppomaraerusma s 3d- mepexoAHbIX METaJIOB
(xputepuiit CTOHEpa) B 30HHON MOJIETHN

8. Kak oOBsicHseTCcs CyIIECTBOBAHME CIHOHTAaHHOW HAMarHMYEHHOCTH B
(dbeppoMarseTukax B paMKax 30HHOW MOJIETH?

Q. B uem cocTout Qusnueckas mpuyMHA CYIIECTBOBAHMS OCHMUISIIMOHHBIX
sbdexron: e ['aaza-Ban-Anwpena u lllyOnukoa-Jle-['aaza? C kakum BKJIaJoM B
MAarHuTHYI0 BOCIIPUMMYHUBOCTh METAJUIOB CBS3aHbI KBAHTOBBIE OCLMILISILIUA MAarHUTHON
BOCIIPUUMYMBOCTH M YJEIBHOTO AJIEKTPOCONPOTUBIICHUA? YeM OH oOTIHWYaeTcss OT
KJIACCUYECKOM NapaMarHUTHOM BOCIIPUMMYHBOCTH?

10.  OOocHyiiTe TJIaBHOE 3HAUYEHUE TEOPUU CIIMHOBBIX BOJH ISl OOBSICHEHUS
(GyH1aMEHTaJIbHBIX CBOMCTB (pepPOMATHETHKOB.

11.  Kak 30HHas Teopusi OOBSCHSAET MPUUYMHY BO3ZHUKHOBEHHMS 3aIlPEIICHHBIX
DHEPreTUYECKHUX 30H B AJIEKTPOHHOM CIIEKTPE TBEPAOIO Teja?

12.  Jlaifre onpenenenust pemetku bpapa, siueiiku Burnepa-3eiitiia, oopatHoit
pelmeTKy, 3056l bpuiuirosHa.

KoHTpobHBIE BONIPOCHI AJIs1 IK3aMEHA

1. MexanusMm npsiMoro oOMeHHOro B3auMmozeicTBus. OOMeHHast sHeprus. Mojenb
dbeppomaraeTusma I aittiepa-Jlonmgona.

2. O0o01IeHre MOJen MOJIEKYJbl BOAOPOJa Ha cucteMy N BOJOPOIONOIOO0HBIX
atomoB. Monens ¢deppomarnetuzma dpenkens-Ieitzendepra. JlerepMUHaHTBI
Ciarepa.

3. NamunbTOHMAH CHCTEMBI DJIEKTPOHOB U MOHOB, aiadaTHUECKOe MPHOIKEHHE.
Meron Xaptpu-®doxka.

4. KocBeHHOE OOMEHHOE B3aUMOJICHCTBUE 4Yepe3 JJIEKTPOHBI MPOBOJUMOCTH.
Mopgens  Ilyouna-BoncoBckoro (s-d oOMEHHOE  B3aUMOJICUCTBUE) U
Konmopckoro (s-f oOMeHHOE B3anMOICHCTBIE), KpUTEepU (peppoMarieTusma.

5. KocBenHoe oOMeHHOE B3aMMOAEHMCTBHE B MarHUTHBIX IUAJIEKTpUKax. Mojeinb
Kpamepca-Anaepcona.

6. Bayrpukpucramumueckoe mone. OIOddexr Ana-Temnepa. 3amopaxuBaHue

Op6I/ITaJ'IBHOFO MaroMuTHOIO MOMCHTA.



7. 3akonsl Kropu n Kropu-Beiicca ¢ yueTom nelcTBUS BHYTPUKPUCTAIIMYECKOTO
TOJISL.

8. CniuHoBbIe BOJIHBI. 3akoH bjoxa Ui CHOHTaHHOW HaMarHUYEHHOCTH.
KBaHTOBaHME CIMHOBBIX BOJIH. 3aKOH AUCHEPCHH CIIMHOBBIX BOJIH.

9. OcobeHHOCTH ~ CTPOEHHSI  DBJCKTPOHHBIX  O0OJIOYEK M BJIEKTPOHHBIX
sHepreTuyeckux cmnektpoB 3d- u 4f- wmeramioB. 30HHas CTPyKTypa U
noBepxHoctu @epmu 3d- u 4f- metaioB. 30HHAS CTPYKTypa (HeppPOMArHUTHOTO
HUKEJIS.

10.30onHas Teopus peppomarnetusma. Kpurepuii peppomarneruzma 3d- MeTamioB B
30HHOU TEOPUHU.

11.TTpubnmxenue ciaaboil U CHIIBHOM CBSI3M, 30HBI bpumiosna. OMHOAIEKTPOHHOE
MPUOJINKEHNE.

12.Tlapa- u auamarHeTusM CBOOOJHOTO JJIEKTPOHHOrO Ta3a. YpoBHu Jlannay.
KBaHTOBBIE OCHIMILISAIIMU MarHUTHOW BocnpuuMunBocTU. D dextrl yOoHnkoBa-
Jle I'aaza u [le 'aaza — Ban Anbsdena.

13.MeTonpl pacyeTa MEKTPOHHBIX YHEPTeTUYECKUX CIIEKTPOB (30HHOU CTPYKTYPHI).
Merton sueex Burnepa-3eittiia, meron IIIIB, OIIB, meron dyukmuii I'puna,
METOJI IICEBIONOTEHIUAIIOB.

14.Omnpenenenust ¢$a3oBbIX TEPEXOJ0B TMEPBOro M BTOporo poja. llpusectu
KOHKPETHBIE TPUMEPHI XapaKkTepa U3MEHEHUs (PU3NUYECKUX CBOWCTB MarHETUKOB
B TOUKe MarHuTHoro (azosoro nepexona Il poxa.

15.TepmonunamMuueckass Teopust  (EeppOMArHUTHOTO  MpeBpalieHus. Meton
TEPMOJIMHAMHYECKUX K03 puimeHToB. Pa3zoBble AMarpaMMBbl JJid TEMIIEPATypbl
Kropu.

16.TepMoauHaMudecKkas Teopus ciiadboro peppomMarseruzma 1o JI3saommHCKOMY.

17.CnuH-niepeoprueHTAlUOHHbIE (MarHUTHBIE OPHEHTAIMOHHBIE) TEPEXOJbl B
MarHeTHKax.

18.5IBnenue cynepnapamMarHeTusma.

19.®eppomarHuTHbIA, (QEeppUMArHUTHBIA W aHTHU(GEPPOMATrHUTHBIA PE30HAHCHI.

AnepHbiii MarHUTHBIN pe3oHaHc. CimHOBOE 7X0. DddexT Meccbayapa.



Bomnpocs! AJ1s1 caMONIOATOTOBKH

KakoBbl OCOOECHHOCTH MPSMOTO O0OMEHHOTO B3aUMOJECHUCTBUSA B
dbeppomarnetukax? [lepedncnure npuMepbl BEIECTB, MArHETU3M KOTOPBIX 00YCIIOBIIECH
psIMbIM OOMEHHBIM B3aUMOICHCTBUEM.

Cdhopmynupyiite B oOmeM BHAE 3aJadyy O IMOBEACHUHM MarHUTOAKTHBHOIO
ANEKTPOHA, HAXOASAUIErOoCs BO  BHYTPUKPUCTAUIMYECKOM mose. UYTo  Takoe
annabaTudeckoe Mpuobamkenne? 3amuIInTe TaMUIbTOHHAH CHUCTEMBI DJIEKTPOHOB U
MOHOB B MPUOIMKEHUH HE3aBUCUMBIX DJIEKTPOHOB.

B yem cocrout MexaHH3M KOCBEHHOT0 0OMEHHOro B3aumozeictus? [louemy B
3d- mepexoIHBIX METaulaX W PeIKO3eMENbHBIX 4f- MeTauiax HEBO3MOXHO TMPSMOE
0OMEHHOE B3aMMOJIEHCTBUE MEKIY MarHUTOAKTUBHBIMU 3JIEKTPOHAMU?

KakoBbl 0COOEHHOCTH CTPOEHHSI MarHUTOIMAJIEKTpUuKoB? [lpuBenure mpumepsl
noI00HbIX BemecTB. ONUIINTE CXEMY peau3allid MEXaHHW3Ma KOCBEHHOIo oOMeHa
4yepe3 JIEKTPOHBI MATHUTOHENTPAJIBHBIX HOHOB.

[IpuBenute kpurepum QeppomarnernsmMa B Mozemsx Dpenkend-Ielizendepra,
[ly6una-Boncosckoro, Kpamepca-Anaepcona.

[louemy HM OfHA U3 KJIACCHUECKHX TEOPHUIl (eppoMarHeTU3Ma HE pPaCKpPbIBAET
¢u3nyecKkoil MpHUPOABI CYIIECTBOBAHUS CAMOIPOM3BOJIBHOW HAMAarHWYEHHOCTH B
dbeppoMarHeTukax?

Kak 30HHAs TEOpUs (deppomarneTuzma OOBSCHSET NOSIBJICHHE
CaMOTIPOM3BOJILHONM HaMarHM4eHHOCTH B (deppomarnerukax? [lpuBenure kpurepuit
(deppoMarHeTusmMa 30HHOM Teopuu. Kak BBIBOJBI 3TOH TEOPUU COTJIACYHOTCS C
AKCIIEPUMEHTAJIbHBIMU TAHHBIMU T10 UCCIIEJOBAHUIO 30HHOU CTPYKTYpHhI 3d- METAIIIIOB?

B yem coctout ¢usnueckas mnpupoja BHYTpUKpHUCTaUIMueckoro mnons? Kak
CBOMCTBAa CUMMETPUU KPUCTAIUIMYECKON PEIIETKH BIMSIOT HA MPOSBICHUE MAarHUTHBIX
cBOMCcTB (eppomarHeTukoB? OOBSCHUTE KAYECTBEHHO Kak MPEJACTaBICHUS O
BHYTPUKPUCTAIIIMYECKOM T0JIe  OOBSACHSIOT  SABJIIEHUE MAarHUTOKPHUCTAJUIMYECKOM
AHU30TPOIIHH.

KakoBa mpupona «3amopakuBaHHs» MarHUTHOTO MOMEHTa B aTomax 3d-

MMEPEXOAHBIX MeTtaiaoB? Kak Biamser CUMMCTpUSI MOHOB OvKaMIIero OKPYXXCHHA Ha



OHEPTeTUYECKUIA CIEKTP MArHUTOAKTUBHOTO MoHA? B dem mposBisercs sdpdext SAna-
Tennepa? Uto takoe nyonetsl Kpamepca?

[louemy napamMarHuTHasi BOCIIPUMMYUBOCTh METAJIJIOB PEATIBHO IOpPa30 MEHbIIE
€€ 3HaYeHUs, PAaCCUMTAHHOTO Ha OCHOBaHMHU 3aKkoHa Kropu-Belicca? Kak 30HHas Teopus
O TOBEJEHUM Tra3a CBOOOJHBIX HJIEKTPOHOB B MArHUTHOM II0JIE OOBACHAET ITY
0c00eHHOCTh? UTO Takoe MarHUTHasE BOCOpUUMYUBOCTH [laynn?

OObscHUTE (U3MUECKYI0 TPHUPOAY BO3HUKHOBEHHs ypoBHed Jlanmay B
DHEPIreTUYECKOM CIIEKTpPE METALIOB. UeM ompeneissercss BeIU4YMHA JHAMarHATHON
BOCITPUMMYHUBOCTH METAJIJIOB?

Kakoit s¢dekt nokaspiBaeT cymectBoBanue ypoBHed Jlanmay? Yrto Takoe
KBaHTOBBIE OCUMJUIALIMYA JUaMarHUTHON BOCIIPUMMYUBOCTH METAJNIOB?

Kakne mnpenmymecTBa IO  CpPaBHEHMIO C  KJACCHYECKOM  TeOopHeEu
¢deppomarnetuzmMa Belicca maer mpeictaBieHME O CIHMHOBBIX BosiHax? Urto Takoe
CIIMHOBBIE BOJIHBI? 3aIllAIIUTE 3aKOH JUCIIEPCUHU CIIMHOBBIX BOJIH.

B kakoil obmactu TemriepaTyp BBINOJHsETCA 3aKOoH bioxa s TemmneparypHOM
3aBHCHUMOCTH HaMarHM4eHHOCTH (heppomarnetuka? ChopMynupyiite 3akoH bioxa.

Haiite ompexnenenus (ha3oBbIX MEPEXOIOB MEPBOrO MU BTOPOrO POJa COTIACHO
kinaccupukauuun OpeHdecta. Kak OLEHUTh M3 3TUX MPEACTABICHUIN Mepexoa u3
MarHuTOYIOPSII0YEHHOTO B IAPAMATrHUTHOE COCTOSTHUE?

[TonmyunTe B pamkax TEpMOJMHAMHYECKOW TEOPHUU 3aKOH, AHAJIOTUYHBIA 3aKOHY
Kropu-Beiicca nns HamMarHM4eHHOCTH (DeppoOMarHeTHKa, YKaXUTE TPaHUIBl €ro
IIPUMEHUMOCTH.

B yem cyTh MeTona TepMoauHaMuyeckux ko3¢ puunento? Kak ero npuMeHuTh
JUIS OMMCAHUS MTOBEACHNU HAMarHUYEHHOCTU KaK (PYHKIIMU TEMIEpaTyphl?

Kakue BemniecTBa sBisitoTCs cnadbiMu (heppomMarseTukamu? B ueM 3aknrovarorcs
O0COOEHHOCTH MX MarHUTHOM CTPyKTypbl? Kakue mpencraBieHus BHEC J[3sS10MTMHCKHIM
B TEPMOJAMHAMHYECKYIO TEOPHUIO JJIsi OTIMCAHUs CBOMCTB cladbIX (peppOMarHeTUKoB?

B yem cocrouT siBieHue cyneprnapaMmarsetusma? B kakux peanbHbIX 00bEeKTax

OHO SBHO HpOHBJ’IﬂeTCH? Kaxk onmceiBaeTcs HAMarHU4€HHOCTD cynepnapaMarHeTHKOB?



Ha yem ocHoBanbl siBneHus peppo-, heppu-, aHTUPEpPPOMarHUTHOTO pe3oHaHca?
YTo Takoe siIepHBbI MarHUTHBIA W 3JEKTPOHHBIN MMapaMarHUTHBIA pe3oHaHchl? Kakue
DKCIIEPUMEHTAJIbHBIE JAHHBIE O MAarHUTHOW CTPYKTYpE BEIIECTBA MOYKHO IIOJIYYUTH,

IMPUMCHASA IICPCHNUCIICHHBIC MCTOABI.

VIl. MaTepuajbHO-TEXHUYECKOE O0ecTedeHue

Y4eOHo-HayuHas nabopa- | 1. JlaGopaTopHbie ANEKTPOHHBIC Microsoft Windows 10
TOPHS MAarHUTHBIX U Becbl ¢ rupeit M-ER 122ACF JR- Enterprise - Akt Ha
IIEK-TPUUECKUX 600.01 LCD nepenady npas Nel051 ot
n3mepennit Ne 40 (170002 | 2. Bomermerp AKUIT-2101 05.08.2020 r.
Teepckas o6, T. TBepp, | 3. Bomermerp AKUII-2101 MS Office 365 pro plus -
Canoseiii niep., 1. 35) 4. VcTOYHUK MATAHUSA C OIIHUEHR AKT Ha nepesiauy rnpas

untepdeiica USB AKUII-1141 Nel051 ot 05.08.2020 r.

5. ICTOYHUK MNHTaHHS C OIIUCH Kaspersky Endpoint

untepdeiica USB AKUII-1141 Security mst Windows -

6. Komnetorep iRU Corp 510 I5- AKT Ha nepesiauy rpas

2400/4096/500/G210-512/DVD- Nel1842 30.11.2020

RW/W7S Apxusatop 7-Zip -

7. Kommbrorep ¢ morutopom 940N OecruraTHO

Core 6550 Box/Asus Acrobat Reader DC -

P5KSE/2*1024DDRII/160/7200/DV OecruraTHO

DRW/ Google Chrome —

8. Dkpan HacteHHblii ScreenMedia OecCIuIaTHO

153*203 [Toura Outlook —

9. MynbTumeTp UPPOBO BHICOKOU OecraTHO

tounoctu UT804 Origin 8.1 Sr2 -

10.  YcraHoBka UMITYJIbCHOTO

HaMarHuuuBaHus "MuIieHs" norosop Nel3918/M41 or

11. MynbTuUMETp uudposoit 24.09.2009 ¢ 3A0

BbIcOokoU TouHocTr UT804 (2 mT.) «CodrJTaitn Tpeiiny;

12.  Dnexrpomarur (3 mr.)

13.  Dnexrpomaraut OM-1 NI MAX Measurement &

14.  Ocummrorpag C-1-68 Automation Explorer —

15.  ®eppotecrep 6ecIIATHO

16.  bnok nuranus b5-9

17. Bomprmerp B7-27A (2 mr.) Microsoft Visual Studio

18.  T'emeparop I'3-102 (3 mT.) 2019 - AkT Ha mepeauy

IlfT') Herommmi mrammst b-5-8 (2 0\ 1051 or 05.08.2020

20.  Ocuummnorpag C-1-65 I

21.  Teneparop I'3-34 (2 . . .

22. BHOKPHI/ITSHI/ISI B-5(-21 : Mozilla Firefox -

23.  Muxkposebepmerp D-190 becraTHo

24.  Tlpoexrop BenQ MP777

25.  bnok nuTaHus

26.  Boasr™erp B-7-23

27.  Teneparop I'3-109

28.  T'eneparop P-578




29.

HUcroynuk nuranusg b-5-21

VIlI. CBenenusi 00 00HOBJIeHUM padoyeil MpPorpaMMbl THCUUILIHHBI

No .. OOGHOBJICHHBIN pa3aen Ornucanne BHECEHHBIX PexBU3UTHI TOKyMEHTA,
paboueii mporpaMmMbl W3MEHEHUN YTBEPAUBLIETO
JUCHUTITUHBI M3MEHEHUS
1.




