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1. Mecro u neau AucuMnInHbI B cTpykrype OIIOIT
Hucuuruimna «CHIHUH3aBUCUMBIE SIBJICHHS B TBEPABIX TelNax» OTHOCUTCS SIBISIETCS
(baxyIbTaTUBHOM TUCHMIIMHON 1 U3ydaeTcs Ha 2 roy oOy4deHus B 4 cemectpe.
HeasiMu ocBOEHMS AUCHUIINHBI ABJISIOTCS

(hopMHpOBaHHE y ACIMPAHTOB MPEACTABICHHS O (PU3HKE CIIMH-3aBUCUMBIX SIBJICHUI B TBEPBIX TeNax,
MOJTYIPOBOAHUKAX U HAHOCTPYKTYpaX W MIPUMEHEHUH TUX SBJICHUH B MCCIEAOBAHUIX TOIYITPOBOTHIUKOB
MOJTYIPOBOAHUKOBBIX HAHOCTPYKTYp. YUEeOHBIMH 3a/1auaMU Kypca SIBIISIIOTCSI, BO-TIEPBBIX, NMPHOOpETEHHE
3HaHUI TEOPHH CIMH-3aBHCHUMBIX SIBICHHH B MOJIYMPOBOAHUKAX M HOIYNPOBOJIHUKOBBIX HAHOCTPYKTYpaXx,
HEOOXOJMMBIX JUIS €€ MPaKTHYECKOr0 NPUMEHEHHUS, BO-BTOpPBHIX, MPUOOpETeHHE acHUpaHTaMH
MPAaKTUYECKUX HABBHIKOB TIPM M3YYEHHH METOJOB PETUCTPAlldM CIIMH-3aBHCUMBIX  SIBICHHHA C
WCTOJIb30BaHUEM CIIMHOBOTO PE30HAHCA U DIIEKTPHUYUECKH JIETEKTHPYEMOro MarHuTHOro pesonanca (3/IMP),
addexra Dapajnes, CKBUA-TICHKN U CHHHOBOTO 3 dekTa X0oia It UCCIEeJOBAHUS CBOMCTB TBEP/IBIX Tell.

3. CTpyKTYpa U cojiep:KaHue THCHHILIHHBI.
O0beM IUCIUIUTHHBI (MOYIISI) COCTaBIIsIET BCETo - 36 yaca, u3 KOTOPBIX 36 4acoB
COCTaBJISIET KOHTAKTHAsl paboTa 00yJaromerocs ¢ mperno/iaBareseM (3aHsATHs JICKITAOHHOTO THIIA).

Taoauua 2
CTpyKTypa AMCUMIIJIMHBI
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Ounoe
Tema 1 Beenenue.
Vri1oBoii MOMEHT U 6 2 4
CITMH 3JIEMEHTAPHOM
YaCTHIIBI
Tema 2
B3aumozeiicTBHeE CIHHA 6 2 4
C BHEIIHMMH TIOTSAMHU
Tema 3 CBepxToHKast
CTpYKTypa yp013.HeI71 10 6 4
apamMarHMTHOM
YaCTHIBI
Tema 4
CIUH-CIITHOBEIE 9 4 5
B3auMOJIENCTBUA
Tema 5
CruH-penreTouHbIe 12 6 6
B3aUMOAEUCTBUS
Tema 6 CruHoBast
pesaKcanys HOCUTENen 10 6 4
TOKA.
Tema 7
CnuH-3aBHCHMBIE 8 4 4
SIBIICHUS B




NOJTYIIPOBOAHUKAX U
MOJTYIIPOBOAHUKOBBIX

HaHOCTPYKTypax

Tema 8
MeTtonpl MccneaoBaHus 10 6 4
CIIMH-3aBUCUMBIX
SIBJICHUH

BCEI'O 71 36 35

B T.u.Texymmii 2
KOHTPOJIb

[IpomexyrouHas arrecranus - 3a4eT

Taoauna 3

ConeprxaHue TUCUUILTHHBI

4. ®opMbl OPraHU3ALUM U KOHTPOJISI CAMOCTOSITEIbHON PadoThl 00y4arOLIUXCS

CamocTrosTrenbHas paboTa 1oipa3yMeBaeT UCI0JIb30BaHNE PEKOMEH0BaHHbIX IHTepHeT-
PECYPCOB, T.€. U3y4EHHE OCHOBHOM M JOTIOJHUTEIBHON JIMTEPATYPHI IO KYpCYy.
[lepeuens pekoMeHJOBaHHOM TUTEepaTyphl U UHTEpHET-pEeCypcoB NpUBEIEH B /-M pa3jesne

JTaHHOU TIporpaMMbl. KOHTpOJIB camMocTosITesHOM paboThl oOydaromuxcs, npu yciaosuu 100%
MOCENIaeMOCTH, IIPOUCXOANT B (hOpME KOJUIEKTUBHOTO OOCYKICHHSI TEMAaTHKH Pa3/IeiiOB
JTUCIMIUTAHBI BO BpeMs JISKIIHHA, a IPOMEKYTOYHAs aTTecTarus (3a4eT) mpenosiaraet
MIPOBE/ICHHUE SKCITPECC aHAJIM3a YPOBHS OCBOCHHS KOMIIETEHITNH B (hOpME KOJUIOKBUYMA, TECTOBBIC
BOTIPOCHI KOTOPOTO BBHIBEIICHBI M3 TEKCTa JAHHON paboueil mporpaMMbl B MPHIIOKEHHE (OHAA
orieHouHbIX cpencTB (POC). Tam ke moapoOHO oTMcaHa U MTPOLIeIypa OIICHUBAHUS PE3YJIbTATOB.
[TomMuMoO BBITIIETIEPEYHCICHHBIX (POPM KOHTPOJIS U IPOMEKYTOYHON aTTECTAIlMd UMEETCS

TaKXKe MepeueHb KOHTPOIBHBIX BOIIPOCOB, PUMEHSEMBIX B (pOpME YCTHOTO 3aueTa.

5. ®oH/I OLIEHOYHBIX CPEACTB /IJIsl ATTECTAIUM 110 TUCIHUILINHE

5.1. Kpumepuu u npouedypot ouenueanus pe3yiomanog 00yuenus no OUcCyuniune.
[Ipu BBIMOIHEHUU BCeX PabOT YUUTHIBAIOTCS CIIEAYIOUINE OCHOBHbIE KPUTEPHU:

— YpOBEHb TEOPETHMYECKMX 3HAaHUU (MOJIpa3yMeBaeTCs HE TOJNbKO (opManbHOE
BOCIIpOM3Be/ieHHE HMHGPOpPMAIMK, HO U TIOHUMaHUE TMpeAMEeTa, KOTOpOoe MOJATBEPKIACTCS
MPaBUJIbHBIMU OTBETAMHU Ha JIOMOJHUTENIbHBIC, YTOUHSIOIINE BOMPOCHI, 3a/laHHBIC YJICHAMU
KOMHCCHH);

— YMEHHE HCIOJIb30BaTh TEOPETUYECKHE 3HAHMs MpU aHallM3e KOHKPETHBIX MpodieMm,
CUTYAallUH;

— Ka4eCTBO M3JI0XKEHUS MaTepHala, TO €eCTb 000CHOBAaHHOCTh, YETKOCTb, JIOTHYHOCTh OTBETA, a
TakKe ero MoJHOTa (TO €CTh COAEPKATETFHOCTD, HE UCKITIOYAIOIIas CKaTOCTH);

- CIIOCOOHOCTH YCTAHABIMBATH BHYTPH- U MEXKIPEAMETHBIE CBSI3H,

- OPUTMHAIBHOCTH MBIIUICHUS, 3HAKOMCTBO C JOMOJIHUTENBHON IUTEpaTypol U Apyrue
(baxTopBHI.



Onucanue wKavl OUCHUBAHUA HA npomeafcymouuoﬁ ammecmauuu 6 t])opme zauema

OHeHKa YPOBCHB nmoaAroToOBJICHHOCTH, XapaKTepH:&yeMblifI OLIEHKOH

3aumeno KPUTHYCCKH aHAJIM3UPOBATh U CPABHUBATH CYHICCTBYIOIIUEC ITOAXOABI 1 MCTOABI

BJIaJICHUE IIPOrpaMMHBIM MaTepuaioM, IIOHUMAaHUe CYILIHOCTHU
paccMaTpUBaEMBIX MPOLIECCOB U SBJICHUN, YMEHHUE CAaMOCTOSATEIIEHO 0003HAUYNTh
npoOJIEMHbIE CUTYyallUd B OpraHU3allMi HayYHbIX MCCIEAOBAHUN, CHOCOOHOCTh

K OLIEHKE Ppe3yJbTaTUBHOCTU HAYYHOH JEATEIbHOCTH, CBOOOJHOE BIIAZICHUE
UCTOYHMKAMH, YMEHUE YETKO U SICHO U3J1araTh pe3yJbTaThl COOCTBEHHON pabOThI,
CJIeI0OBaTh HOPMaM, IPUHSITHIM B HAYYHBIX JUCKYCCHSIX.

3A4YmeHo CYIICCTBYIOIUME KOHLCIIIUHU, MOAXOJAbI M MCTOAbI, HCYMCHHUC SACHO H3JIaraTtb

HEMOHUMAaHHUE CMBbICIA KIIOYEBBIX IPOOJEM, HEJOCTaTOYHOE BIIAJICHUE
HayKOBEIYECKON TEpPMUHOJIOTHEH, HEYMEHHE CaMOCTOSTENIbHO O003HAUYMThH
He IpoOJeMHbIE CUTyalluH, HECHOCOOHOCTh AaHAIN3MPOBATh U  CPaBHHUBATH

pe3ynbTaThl COOCTBEHHOM paboThl, Cle0BaTh HOpMaM, IPUHATHIM B HAYYHBIX
JUCKYCCUSIX.

5.2. Ilpumepvt munoevix KOHMPOIbHHIX 3A0AHUI UMW UHBIX MAMEPUATIOE,
UCROIL3YEMBIX 015 OUCHUBAHUS PE3)/IbMaAm 08 00yueHus no OUCYUNIUHE

9H€KTpOHHBII71 n ﬂHCpHBIﬁ MAarauTHBIC AUITOJIBHBIC MOMCHTHI. Hpeueccm[ CIIMHAa B MarHUTHOM
noine. Kmaccudueckoe paccMOTpEHUEC TUHAMUKHA CITMHOB.

Ypasuenus bioxa. Ananm3 perennii ypasHeHuit bioxa.

KBaHTOBOMEXaHUYECKOE OMTUCAHNE TUHAMUKHU CITIMHOB. BeposTHOCTh KBAHTOBOTO TIEPEX0Jia C
nepeBopoToM crimHa. Gopmyna Pabu. CpaBHEHHE ¢ KIACCHIECKUM CITy9dacM.

CruuHOBBIY TaMIUIBTOHHAH. HaxoxkieHne COOCTBEHHBIX 3HAYEHUH U COOCTBEHHBIX BEKTOPOB
CITHHOBOT'O TAMHIJIFTOHMAHA B MATPUIHOM IIPEICTABICHHUN.

ToHKas CTPYKTypa HEPreTUYECKOro cnekrpa. Ilpupona aHu30TpONUM COMHOBBIX COCTOSIHUI.
CruH-opOuTanpHOe B3auMoZIeiCcTBIE. Pacienienre B HyI€BOM TOJIe.

CBepXTOHKasI CTPYKTypa 3HEPreTHIeckoro crekrpa. [Ipupona H30TpOIHOr0 CBEPXTOHKOTO
B3aMMOJICHCTBH . BiHsiHIE KOBaIGHTHOCTH HA KOHCTAHTHI CBEPXTOHKOTO B3aMMOJICHCTRUSI.

CHMHOBBII TAMHJIBTOHHAH C YYETOM CBEPXTOHKOTO B3aMMOIEHCTBHSA. JHEPreTHUECKas THarpaMma
M CBEPXTOHKAs CTPYKTYpa CrieKTpa st cinydas S=1/2, 1=3/2.

CymnepcBepXTOHKOE B3aMMOEIHCTBUE U €r0 BIMSHUE Ha CIIEKTP.

CrnmH-penieTodHas peakcaiys JJOKaJIN30BaHHbIX CTUHOB. CIIMH-()OHOHHBIE B3aUMO/ICHCTBHSL.
Mexanusm Banepa, Ban-®neka, Opbaxa, baroma-Op6axa.

CnuH-ciHOBBIE B3anMoeicTBrs. CIIMHOBAS pellaKcanns ¢ Y9aCTHEM CITHH-CITHHOBBIX
B3aNMOJEUCTBHH.

CnuHoOBas penakcanus HocuTened Toka. MexaHu3Mbl CIIMHOBOW pernakcalui HOCUTENIEH ToKa
Ommotra-Sdera, psxkonosa-Ilepens, bupa-AponoBa-Ilukyca, MexaHU3M, CBSI3aHHBIHN C
HEOAHOPOIHOCTHIO g-(haKTopa, MeXaHU3M, 00YCIIOBIICHHBII CBEPXTOHKUM B3aUMOCHCTBHEM,
penakcanys, BbI3BaHHAsI aHU30TPOITHBIM OOMEHHBIM B3aHMMOJICHCTBUEM.

CnuH-3aBUCUMBIE SIBJIEHUA B MTOIYIMPOBOJIHUKAX U MOTYITPOBOAHUKOBBIX HAHOCTPYKTYpax.
[Ipupona cnMH-3aBUCHMBIX SIBJIEHUN B OITYIPOBOJHUKAX U MOIYIPOBOIHUKOBBIX
HaHOCTPYKTypax: CIMH-3aBUCMBII TPAHCIIOPT, pEKOMOWHAIIMS U pacCcesHnEe HOCUTEIEH TOKa.
CrinnoBsii 3¢ dext Xomna. [Ipupona cimH-3aBUCUMBIX SIBJIEHUH B OIYTIPOBOIHUKAX U
MOJTYIPOBOAHUKOBBIX HAHOCTPYKTypax: CHMH-3aBUCMBIN TPAHCIOPT, PEKOMOWHALMS U paccestHue
HOCHTENEN TOKaA.



Paccessnus Ha MarauTHBIX TpuMecsx. Dddext Konno Ha MarHUTHBIX IPUMECSAX U PE3OHAHC
Abpukocosa- Cyrna.

Crnnn-opburansHoe B3anMoseiicteue. CrinHoBas penakcanus .CIHH-3aBUCHMOE PAacCesHUE.
CrinHoBeii 3¢dekT Xomna: MexaHu3Mbl OOKOBOTO MPBIKKA U KOCOT'O pacCesHUSI.

SIBneHre CIMHOBON «HaKauyKW» (TAMIIMHTA) U €ro MPUMEHEHUE sl KCCIeJOBAHHSI HHBEPCHOTO
cnuHOBOTO (hdexra Xomna

TpaHcopT B HU3KOpa3MepHBIX crucTeMax: 3((eKTh pa3MepHOro KBaHTOBAHHUSL. J{ByMepHBIH
3J7IeKTPOHHBIN ra3. [lonynpoBoJHIKOBEIE KBAHTOBBIE sIMBbl. KBaHTOBBIE TPOBOJIOKH.

KeanToBbie Touku. CIUH-OpOUTAIEHOE B3aMMOJICHCTBIE B HU3KOPa3MEPHBIX CHCTEMaX.

Oddexr KoHmo B mpoBoaMMOCTH Uepe3 KBAHTOBYIO TOUKY.

Meroap! uccenoBaHus CIIMH-3aBUCUMBIX SIBIEHUN. MEeTObI perucTpaiiy CliuH-3aBUCUMBIX
SIBIICHUH B TTOYITPOBOJAHMKAX M TOIYIPOBOIHUKOBBIX HAHOCTPYKTYypax. CrimHoBBIN 3ddexT Xomia
Y MHBEPCHBIN CMIMHOBBIN 3P PYyKT Xomra. CIMHOBBIN pe30HAHC U DIIEKTPUYECKH JIETEKTHPYEMBbIN
MarauTHbI pe3onanc (DJAMP). Dddexr papanes. CkBun. MeTonsl n3MepeHHs CKOpOCTel
CIIMHOBOM peakcaluu.

KBanTOBBIE KOMITBIOTEPHI Ha CIMHOBBIX A dexTax. CHOBBIE KyOUTHI, Mosenb KeitHa.

6. YueOHO-MeTOoAU4YeCKOe U HH(OPMAIIMOHHOE o0eciedeHHe TUCHUTLINHBI.
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AGparam A., biimau b. DneKTpoHHBIN MapaMarHUTHBIN PE30HAHC MEPEXO0IHBIX HOHOB.
M.: Mup, 1972, T.1, 2.
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8.MarepuajibHO-TeXHUYeCKOe o0ecnedeHne I CHUITHHbI

MTOMEIICHHUS IS TIPOBEJICHUS 3aHSATHIA: JIEKIIHOHHOTO THITA, CEMUHAPCKOTO THIIA,
TPYIOBBIX U UHIUBUAYAITBbHBIX KOHCYJIBTAIMH, TEKYIIETO0 KOHTPOJIS H TPOMEKYTOTHOM
aTTeCTAIllH, a TAaK)Ke MMOMEIICHHUS /ISl XpaHEHHSI U TIPOPHIIAKTHYECKOTO 00CITy)KUBAHUS
000py/I0BaHUS U IOMEUIEHUS JUIsl CAMOCTOATEIbHOU paboThl 00yJaromxcs,
OCHAIIIEHHBIE KOMITBIOTEPHOM TEXHUKOH ¢ BO3MOKHOCTBIO MOJIKIFOUEHUS K CETH
"NuTepHer" u obecrieyeHreM JIOCTYyIa B 3JEKTPOHHYIO HH(POPMAI[MOHHO-
obpa3zoBatenbHyto cpeny HHI'Y

[IporpamMmHbIe cpeacTBa 3anucH U 00pabOTKU CHEKTPOB CIEKTPOMETPA FIEKTPOHHOTO
napamarautHoro pesoHanca BRUKER-EMXplus-10/12 Electron-Spin Resonance
Spectrometer System: Bruker WIinEPR Acquisition, u Bruker WIinEPR Processing.

CrieKTpoMeTp 3JIEKTPOHHOTO MapamaruuTHoro pesonanca BRUKER-EMXplus—10/12 Electron-
Spin Resonance Spectrometer System ¢ TemueBBIM KPHOCTATOM, CO CTaOMIH3aIMeil
TeMriepatypsl B quanaszone 3.8-300K.

PabGoyas mporpamma y4eOHOW AMCIMIUIMHBI COCTAaBJI€HAa B COOTBETCTBHU C YYEOHBIM
rutaHoM, [loJioykeHreM O MOATOTOBKE HAYYHBIX U HAYYHO-TIEIarOTMUYECKUX KaJpOB B aCIIUPAHTYPE
(ampronkrype) (ITocranosnenue IlpaBurenbctBa PO ot 30.11.2021 Ne 2122), denepanbHbIMH
rOCyJapCTBEHHBIMH TPEOOBAaHUSAMHU K CTPYKTYPE MPOrpaMM TOATOTOBKMA HAYYHBIX W HAYYHO-
MeIarOTMYECKUX KaapoB B acnupantype (amptoHkrype) (Ilpmkas MwunoOpHayku PD ot
20.10.2021 Ne 951).

ABTOp 1.0.-M.H., Ipodeccop A.A. ExeBckuit
Penensenr:
1.¢.-M.H. ipodeccop E.C. emunoB

3aBenyrouuii kadeapoii
(U3UKN TOTYIPOBOJHUKOB, 3JIEKTPOHUKH U HAHOAIEKTPOHUKHU
1.¢.-M.H. podeccop . A. T1aBnoB

[Tporpamma omoOpeHa Ha 3aceJaHUU METOJMYECKOH KOMHUCCHU (H3HYECKOTO (pakyabTeTa OT
2022 rona, mpotokos Ne 6/
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