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IIIP: OCHOBBI U TIPUMEHEHH S

IporpaMMbI IIOATOTOBKH HAYYHBIX H HAYYHO-TIEJATOTHYECKHUX KaJpoOB B aCIIHpPaHTYpeE

10 HAYYHOH crienuanbHocTd 1.3.8 Dusnka KOHIeHCHPOBAHHOTO COCTOSIHHUS
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Pabouass mporpamma (axynbTaTHBHOH JuCHMILUTHHBL «OIIP: OCHOBBI M NpHMEHEHHA»
COCTaBJIeHa Ha OCHOBAHHH IPOrPaMMbI OJATOTOBKH HAYYHBIX M HAYYHO-IIEJArOTHYECKHX KaJpoB
B aClUPaHType MO Hay4HOH crenuaibHocTH 1.3.8 dDH3nka KOHAEHCHPOBAHHOTO COCTOSHMUS

(nanee — nporpamMma acrupaHTyphI)

1. EJIM Y1 3AJTAYM YUYEBHOM JUCIIATIIMHEI

Lenbro U3y4YeHUs IUCIHUITMHBI ABJISETCS 0OOecredeHHe [IOHUMAHKS OCHOB CTIEKTPOCKOTHH
SJIEKTPOHHOI'0 NapaMarHuTHOro pesonanca (DIIP) u coBpeMeHHBIX mnpuMeHeHHH MeToma DIIP

AT HCCIIENOBAaHW A KOHJICHCHPOBAHHBIX CHCTEM.

2. MECTO JUCHHMITIJIHHBI B CTPYKTYPE IPOTPAMMBI ACIIMPATYPBI

2.1. Mucuunmnna «3I1P: oCHOBBI M NpHUMEHEHHS» BXOAMT B (aKy/IbTAaTHBHYIO 4YacThb
00pa30BaTeIbHOr0 KOMIIOHEHTA IIPOrPaMMBbl aCITHPAHTYPBI € LEBIO PACIIMPEHHs U yIIyOaeHns
HAy4HBIX M NPUKJIA/IHBIX 3HAHUH aClIMPaHTOB M OPraHH3YeTCsl IO BBEIOOPY H YKEJAHHIO ACIIHPAHTA.

2.2. Hsyyenuwe JMCUHMIUIMHBI OOeCIIEYHBAeT 3HAHUA B 00JAaCTH CIIEKTPOCKOIMH
3JIEKTPOHHOTO IIapaMarHUTHOTO pPEe30HAaHCAa TBEPABIX Tel. V3ydeHHe JHCHIHILUIMHBI SBISETCS
OCHOBOM JUIsi CaMOCTOATEIbHOH Hay4HO-HCCIEOBaTeNbCKONH paboThl B 00IACTH HCCIIE0BAHUS
CBOICTB KOHJICHCHPOBAHHBIX CHCTEM.

B pesyiabrare mpoxoxxaeHHMs Kypca OOYYeHHs 110 [JaHHOW MCLMIUIMHE ACIHPAHT
JOJDKEH OCBOMTH 0a30Bhle IPHUHIMIBI (U3HKH TBEpAOro Tela B pycie MNpoOIeMaTHKH
naboparopuu (cekTopa), rie paboTaeT ero HaydHbIl PyKOBOAMTENb W Ti€ OyIeT MPOXOIUTh

CaMOCTOsATE/IbHasI HaydHas pa60Ta acllipaHTa.

3. TPEBOBAHUS K PE3YJIBTATAM OCBOEHUS JUCHUITJINHBI

3HATH:

OCHOBHBIE pa3Jiesibl Hay4yHoil qucuuIUIUHEL «O1IP: OCHOBEI M IpUMEHEHU S !

- B UeM 3akiouaercs ssienue DIIP;

- Teoputo DIIP;

- OCODEHHOCTH pEIAKCALHOHHBIX IPOIECCOB B3aHMOJCHCTBHS CIIMHOBON CHCTEMBI C
aTOMaMH KPHUCTAJUIMYECKOH pelIeTKH;

- DKCIIEPHMEHTAJIbHBIE MeTO 16l B H3yueHuu DI1P;

- npumeHenus DIIP B npuxIaaHbIX HCCleTOBAHMSIX;

yMeTh:

- CaMOCTOATEJIbHO H3y4YaTh M IIOHMMAaTh HAy4YHYIO JIMTEparypy, CBS3aHHYIO C
npodnemMamMu (PU3UKU TBEPJIOTO TENa;

- caMOCTOsITeIbHO paboTaTh Ha criekTpomeTpe D11P;

- BJIAACTL MaTEeMaTHYECKHM armaparoM H cBOOOJHO I0JB30BATHCSI OCHOBHBIMH



¢opmynamu, HcCHONb3yeMBIMM Ul OLIEHOK BEIHMYHH, XapaKTEpH3YIOIMX pejaKCcal[HOHHBIE
[POLIECCHl B KPHCTAUIMYECKHX CHCTEMAaxX Pa3/IMiuyHOM pasMepHOCTH;

- MIPO(ECCHOHANLHO M3JIaraTh Pe3yNIbTaThl CBOMX HMCCIENOBAaHMIl M MPEICTaBISITh HX B
BHJIe HayYHBIX MyOIHKalui, HHPOPMAMOHHO-aHATHTHIECKAX MAaTEpPHATIOB M Hpe3eHTaIHil;

BJIA/1eTh:

- HaBbIKaMu 00paboTKH pe3ynasratoB DIIP-criekTpos;

- ¢cBoOOJHO  BIAZETh 3HAHHAMM 110  GYHIAMEHTAIBHBIM  pasjenaM  (DH3HKH
KOHJICHCUPOBAHHBIX ~ CPEJl, OCHOBHBIMH IOHATHAMH  PAJHOCIEKTPOCKOIIMH B  IpeJenax,
HEOOXOMMBIX JUlsl TIOHHMAHMS CTICIMAIBHOM Hay4HOI JIMTepaTyphl, CBA3aHHOH ¢ IpobIeMaMu

(1)H3H](H KOHICHCHPOBAHHBIX CPell, B TOM YHCIIE B CUCTEMAaX ITOHHKEHHOM PasMEPHOCTH.

4. CTPYKTYPA U COAEP)KAHUE YYEGHON JUCITATIIMHBI

4.1. O6vem oucuunIUHBI U KOTUHECH80 YHEOHBIX HACO8:

Buja yue6Hoii padorsl TpynoemkocTh
(B yacax)
Jlexnun 54
CemuHapbl -
CamocrosrenpHas paboTa aciupanTa 90
HUTOT'O 144
Bua uroroporo KoHTpons 3ayer

4.2. Cooepacarnue pazoenos (mem) oucyunjuHbl

Ne Buaer ydebHoii paGorbl, BKJIIOYAH CaMo-
n/n (Tema CTOATENLHYIO padoTy, H TPYA0eMKOCTh
(B 4acax)
Jlek CEM JIab CP
1. Benenue 6 10
2. MarHuTHBII ~ MOMEHT  3JIEKTPOHHOH 6 10
0007104KH cBOOOIHOTO aToMa (HOHA).
3. |Yci10BHSI MATHUTHOTO pe30HAHCA. 6 10
4. [Knaccuueckoe MoBeJeHHE MAarHUTHOTO | 6 10
MOMEHTA B MArHUTHOM TIOJIE.
5. | AToM BOZI0OpO/ia B OCHOBHOM 6 10
COCTOSIHUH B MAarHUTHOM IIOJIE.
6. |ATOM BOJIOpOJIa B BO3OY KIECHHBIX 6 10
COCTOSIHUSAX B MAarHUTHOM IIOJIE.
7. |Ciyuaii mpoMexXyTOYHOTO 6 10
KPHCTAUINYECKOTO TOJIS.
8. | AumM3oTponHslii g-(axTop. 6 10
9. | AHHM30TPOIIHOE CBEPXTOHKOE 6 10
B3aUMO/JIEICTBHE
10. | 3ayer
UTOI'O 54 90




4.3. Codeprcarnue mem

Tema 1 — Benenne.

(nexyuu - 6 yaca)

Otxpeitre DIIP E.K. 3aoiickum u Mecto DIIP B ciekTpocKomui. Pagunocnekrpockomnusi.
CHcTeMBl ¢ HeCIapeHHBIMH CITHHAMH. MarH|THBIH IUM0Tb. MarHUTHBIH MOMEHT JTHITOIS.
MarumTHOE TI0JIe, CO31aBAEMOe MATHUTHBIM aumnoseM. ['upoMarHuTHOE OTHOLIEHHE. g-PaKTop
OpOHMTATIBHOTO U CITHHOBOTO MOMEHTOB.

(CP - 10 uacos)

Tema 2 — MarHuTHbIH MOMEHT JIEKTPOHHOI 000/104KH CBOGOIHOr0 aTOMA KH

(nexyuu - 6 yaca)

Tepm u moprepm. Cnmu-opbutamsHoe B3amoseicrsue. Ilpapuna Xymma. IIpasmiio
unTepBainos Jlanao. g-paxrop Jlanms. MarHUTHBIA Junons B MaruuTHOM moste. DddekT 3eemana
AU OT/ENIBHOIO CHMHA (YPOBHH 3HEPrHH Ul CIIHHA B MAarHMUTHOM moje). BaauMoneiicTsie
MarHUTHBIX JUIOJIEH MEKIY CODOMH.

(CP — 10 yacos)

Tema 3 — YcenoBust MATHHTHOTO Pe30HAHCA.,

(nexyuu - 6 yaca)

HaceneHHOCTH  JHEpreTHUeCKHX  ypOBHeW B  MarHHTHOM mnoiie.  MaruuTHas
BocHpuuMuHBOCTh. IlpaBuna ortbopa. CruHoBas penakcanus. V3MeHeHHe HacelIeHHOCTel
CIIMHOBBIX YPOBHEH 107 JEHCTBHEM pPE30HAHCHOIO MHKPOBOJIHOBOI'O IIOJIA M CITMHOBOI
penakcaimu. Ilornomenue (u3nydyeHue) SNEKTPOMAarHUTHOW osHepruun B DIIP  (SIMP)
OKCIIePUMEHTaX.

(CP — 10 uacos)

Tema 4 — KnaccHueckoe noBe/ieHHe MATHHTHOTO MOMEHTA B MATHHTHOM TOJI€.

(nexyuu - 6 yaca)

Ypasuenus broxa. Bpemena crMHOBOM penakcaiuu, BBeJeHHBIE IS TpoaonbHoil T1 i
nonepe4yHoit T2 ciMHOBOH penakcamuu.

(CP— 10 uacos)

Tema 5— Arom BogopoJa B OCHOBHOM COCTOSIHHH B MATHHTHOM TI0J1€.

(nexyuu - 6 yaca)

CaepxToHkoe B3auMojeiictBre. M30TponHoe cBepXTOHKOE B3aMMOJIEHCTBHE B OCHOBHOM
COCTOSIHHH aToMa BOJIOpoJa. ['aMHIbTOHMAH M SHEepreTHYeCKHe YPOBHH JUIS aToMa BOJOpPOJa B
MarHuTHOM Tonie (dopmyna bpeiita-Pabu); npasuna otbopa. PazoOuieHHoe u compsikeHHOE
NpeJICTaBIeHNsA. DHepreTHUeckue YPOBHH JUIs aToMa JIeHTepHs, aTOMOB M HOHOB, HMEIOLUX B
OCHOBHOM COCTOSHHH OJIHH HeCTIapeHHEIH s-371eKTpoH (S, cocTostHue).

Amnmnaparypa DIIP u npuHuuns! perucrpanun crektpos DIIP (yacts 1-1)
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(CP — 10 uacos)

Tema 6 - AToM Bo10po/1a B BO30Y:KIEHHBIX COCTOSIHHSAX B MATHHTHOM II0JI€.

(nexyuu - 6 yaca)

CruH-opbutanbHoe B3anMoJeHicTBHe Uil 2p dleKTpoHa B aToMe Boxopoxa. DIIP B
KOHJIEHCHPOBAHHOM COCTOSIHHH. ATOMbI H HOHBI B COCTOSHHH S B KPHCTAIIMYECKOM_IOJIE.
Ilepexozupie 571€MEHTHI B KOHICHCHPOBAHHBIX cpelax. I10aX0M KPHCTAIHYECKOTO IO,
Kaccu(HKAIUA KPUCTATITHYECKHX TOJIEH.

Amnnaparypa OI1P u npunnumne! perucrpanuu crextpos 1P (vacth 2-51)

(CP — 10 yacos)

Tema 7 - Cityuaii npoMeKYyTOYHOr0 KPHCTAJLIHIECKOI0 IOJIS.

(rexyuu — 6 vaca)

TepMBI OCHOBHBIX COCTOSIHMI II€PEXOIHBIX SIEMEHTOB ¢ HECIAPEHHBIMH d-3NIEKTPOHAMH.
3aMopakuBaHHe OpPOMTAILHOTO MOMEHTa B HEBBIPOKIECHHOM OPGHTAIBHOM COCTOSHHH.
CHMHOBBIH raMMIBTOHHAH JUIS OPOMTATBHOTO CHHIJIETAa. llpuMeHeHWe JUIs OpGHTATBHOTO
TPHUILIETA B OCHOBHOM COCTOSIHHH.

Cumynsuus  criektpoB OIIP ¢ pasiuyHBIMH CBEpXTOHKHMH M CYHEPCBEPXTOHKHMH
B3aHMOJICHCTBHAMH C HCITOJIb30BAaHHEM ITporpaMMbel WinEPR.

(CP — 10 uacos)

Tema 8 - Anm3oTponHblii g-pakTop.

(nexyuu - 6 uaca)

Toukast crpykrypa. Bkmag JMIONIB-IAMIIONBHOTO B3aHMOJAEHCTBHSA MEKIY JBYMS
SJICKTPOHHBIMH CIIHHAMH B TOHKYIO CTPYKTYpY. DHepreTHdecKHe YPOBHM B MAarHMTHOM IIOJIE
CHCTEM C ITOJIYIEJIbIM U LENbIM cHHaMu. KpaMepcoBbl 1y0eThI.

Pacuer sHepretnyeckux yposHelt u cnekrpoB DIIP ¢ momompio mporpamm R-Spectr
View EPR.

(CP — 10 yacos)

Tema 9 - AHH30TpPONHOE CBEPXTOHKOE B3aHMOo/IeiicTBHE.

(nexyuu - 6 yaca)

Cnyuaii cnaGoro mons HMIH pejko3eMenbHas cxema. TepMbl H TOATEPMBI OCHOBHBIX
COCTOSIHHM PE/IKO3EMENIbHBIX 3JIEMEHTOB C HECNApEHHBIMH f-3JIeKTPOHAMH. YPOBHH JHEPrHH U
BOJIHOBBIE (DYHKIIMH ISl OCHOBHOTO COCTOSIHHS PEAKO3eMeNIbHBIX HOHOB B MArHUTHOM I10JIE.

(CP — 10 uacos)

4.4. Camocmoamenvhas paboma acnupanma

CamocrosTensHas paboTa acnmupaHTa BKIIOYAeT [IOBTOPEHHE JIEKIIHOHHOTO MaTepHaja
0 Te- MaM, YT€HHE PEKOMEHI0BAHHON JIUTEPATYphl U HAYYHOM INEPHOIMKH, a TAKIKE H3YUCHHE

METOIMUECKUX PEKOMEHIALIUIT I CaMOCTOSITEIbHOM PaboTHI.
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5. OBPA30OBATEJIBHBIE TEXHOJIOT UA

B mporecce 06yuenns npuMeHSIOTCS CIeAYIONME 00pa3oBaTeIbHbIE TEXHOIOTHH:

1. ConpoBoxienue NeKIHi NOKa30M BU3YaIbHOTO MaTepuara;

2. Hcnonb30BaHne KOMITBIOTEPHBIX MOJIEIeN (PH3HUECKUX TIPOIECCOB B MOTYIPOBOIHHKAX

U JUDJIEKTPpHKax:

6. OUEHOYHBIE CPEACTBA VIS TEKYILIEIO KOHTPOJISI U IIPOMEXY-
TOYHOM ATTECTAIIUH

6.1. Tekymuii KOHTpPO.Ib

Texymmii KOHTpOIL NPOBOAMTCS eXKeHeneabHO. Kputepun (OpMHpPOBAHHS OLIEHKH —
IIOCEIIaeMOCTh 3aHATHH, aKTUBHOCTB CTY/IGHTOB Ha JIEKIHIX, YPOBEHD [TOJAMOTOBKH.

Texymas camoctosTenbHas paboTa aclupaHTa HalpaBJieHa Ha YIIyO/IeHHe H 3aKperIeHHe
3HaHWH, H pa3BUTHE NPAKTHYECKUX YMEHHI.

6.2. IIpoMesxyTO4YHASI ATTECTALHS

[TpomexyTounas arrectanus HpoBoguTcs B dopme 3adera. Kpurepuu (opMHpoBaHHS
OIICHKH — YPOBEHb 3HaHHH NPOHAEHHOH YacTH Kypca.

KOHTpOJ’IbHLIC BOIIPOCHI JJIsl aTTECTALHHN:

Ne KoHTpobHBIE BOIPOCEHI

1. MaruuTHBI MOMEHT AUNOJIsA. MarHUTHOE 1oJIe, CO3/1aBaeMOE MArHHTHEIM JIHIIONEM.

2, ['HpOMarHMTHOE OTHOIIEHHE. g-(haKTOp OPOHUTATIBHOTO H CIIHHOBOTO MOMEHTOB.

3. MaruuTHBIH QMIIONE B MATHUTHOM T10J1€. B3anMoeiicTBHe MarHUTHBIX TUITOIEH MEKITY
co0oii.

4. Oddexr 3eemana 11 OTAENBHOIO CiMHA (YPOBHH SHEPIHH JUIS CIIMHA B MATHUTHOM
noJie).

D Hacenennoct sHepreTHUeCKHX YpOBHEH B MArHUTHOM I10J1e. MaruuTHas
BOCIPHUMYMBOCTE. IIpaBuia or6opa. CrinHOBasl pesakcarms.

6. Bpemena criuHOBOM pesakcaliy, BBeIEHHBIe s mpoaoibHoii T1 u nonepeynoit T2
CIIMHOBOH pejlaKcalluu.

7 CaepxToHKO€ B3anMojielicTBHE. M30TPONHOE CBEPXTOHKOE B3aUMOIEHCTBHE B
OCHOBHOM COCTOSIHHM aTOMa BOJIOpPO/IA.

8. ["'aMunBTOHHAH M S9HEpreTHYECKHE YPOBHH JJIsk aTOMA BOJOPO/iA B MATHUTHOM II0JIE;
npasuia orbopa.

9. DHepreTHYeCcKHUe YPOBHH JUISI aTOMa JeHTEepHsi, aTOMOB H HOHOB, HMEIOLIHX B
OCHOBHOM COCTOSHMH OJIMH HECIIApPEHHBII S-3JICKTPOH

10. Cnun-opOuTaneHOe B3aUMOJIeHiCTBHE JUIs 2p 3JIEKTPOHA B aTOME BOJIOPOJIA.

LL. [lepexonnble 271€eMEHTHI B KOHACHCHPOBAHHBIX cpeax. [10/1X0 1 KpucTauiyecKoro
1107151, KIacCH(PUKaIMs KPUCTAUIHYECKHX TTOJICH.

12, TepMBI OCHOBHBIX COCTOSIHUI IePEXO0/IHBIX 3JIEMEHTOB C HECTTAPEHHBIMHU d-
3IIEKTPOHAMH.

13: TepMel ¥ TOATEPMBI OCHOBHBIX COCTOSIHHH PEIKO3EMENBHBIX JIEMEHTOB €
HecnmapeHHBIMH f~3]IeKTPOHAMH.

14. Tonkas cTpykrypa. Bkinan IUIONb-IMIIONBHOrO B3aMMOJEHCTBHS MEKIY JABYMs
3JIEKTPOHHBIMH CIHHAMH B TOHKYIO CTPYKTYPY.

15. DHepreTHYeCKHE YPOBHH B MAarHUTHOM I10JI€ CUCTEM C MOJYIEIbIM H IEJIBIM CIIHHAMH.
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KpamepcoBsl a1y0eTsl.

16. VYPpOBHM 3HEPTUH H BOTHOBBIE (DYHKIHH JJIsi OCHOBHOTO COCTOSIHHS PEIKO3eMeIbHBIX
HOHOB B MarHUTHOM TI0JIE.

7. YHEBHO-METOAUWYECKOE U HUH®OPMAIIMOHHOE OBECIIEYEHUE
YUYEFHOM JUCIHATILINHBI

7.1. JIutepatypa

OcHognaa tumepamypa:

1. CA. Anstmynep, B.M. Ko3bipeB, DeKTpOHHBIH NapaMarHMTHBIA pe30HAHC
COE/IMHEHHH 3JIEMEHTOB IPOMEXKYTOUHBIX rpyii, Hayka, Mocksa 1972 r.

2. A. Abparam, b. baunun, DnekTpoHHBIH TapaMarHUTHEIA Pe30HAHC MEPEXOAHBIX HOHOB,
Mup. Mockga 1972 r.

3. k. Bepru, [x. Bonron, Teopus u nmpakTHueckue mpuiaoxenus meroxa DIIP, Mup,
Mocksa 1975 .

7.2. Jononnumensnas tumepamypa

P.G. Baranov and N.G. Romanov, Magnetic Resonance in Micro- and Nanostructures,
Applied Magnetic Resonance, vol. 21, pp. 165-193 (2001). (pdf ¢aiin 0630pa npukiagsBaeTcs).

7.3. Humepuem-pecypcot

OmeyecmeenHble HCYPHATI:

®u3uKa TBEpIOTO Tela, HIEKTPOHHAS BEPCHS;

Du3nKa 1 TEXHHKA MOJTYTIPOBOHUKOB, AJICKTPOHHAS BEPCHSI;

KOTD ; anexTponnas Bepcus;

[Tucema B KO T® snextponHast BepcHs;

Yenexu GU3HUECKUX HAyK 3JIEKTPOHHAs BEPCHS |

Huocmpannsie scypHanot:

1. Physical Review B (American Physical Society), anekrponnas Bepcus;

2. Physical Review Letters (American Physical Society), s5iektponnas Bepcus;

4. Applied Physics A: Materials Science & Processing (Springer);

5. Central European Journal of Physics;

6. The European Physical Journal B Condensed Matter and Complex Systems
(Springer);

7. International Journal of Modern Physics B (World Scientific Publishing Company),
SJIEKTPOHHAs BEPCHUS;

8. Journal of Physics and Chemistry of Solids (Elsevier (Science Direct), anekrponHas
BEpCHUs;

9. Journal of Physics : Condensed Matter (UK Institute of Physics ) asexrponnast Bep-

CHs;



10.  Nanotechnology (UK Institute of Physics), snextponnas sepcus;

11. Nature (Nature Publishing Group), sniekTponnas Bepcus;

12.  Nature Materials (Nature Publishing Group), ssiektponnas epcus;

13.  New Journal of Physics" (UK Institute of Physics), anextponnas Bepcus;

14.  Philosophical Magazine (Taylor & Francis Group), 37leKTpoHHas BepCHSI;

15.  Philosophical Magazine Letters (Taylor & Francis Group), smekTpoHHas
BEPCHS,

16.  Physica B (Condensed Matter) (Elsevier (Science Direct), anekTpoHHas BepcHsi;

17.  Physica E (Nanostructures) ) (Elsevier (Science Direct), anekTponmnas Bepcusi;

18.  Physica Status Solidi A (Wiley), anekrponHas sepcus;

19.  Physica Status Solidi B (Wiley), anexrponnas sepcus;

20.  Physica Status Solidi C (Wiley), anektponnas sepcus;

21.  Physica Status Solidi RRL (Wiley), anekrpoHHas Bepcus;

22.  Solid State Communications (Elsevier (Science Direct), anextponnas Bepcus

8. MATEPHUAJIBHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOM
JUCHHUITJINHBI

1. JlexuuonHas aytuTopus

2. Mynsrumenuiinsnii npoextop u (unu) LCD nanens Gonbioro pasmepa.

3. IlepcoHanbHbIH KOMITBIOTEP

4. DKcnepHMeHTaIbHBIE YCTAaHOBKH 110 uccienoBanuio DIIP u OJMP.

5. Ilporpammer R-Spectr m View EPR jans pacyera sHepreTHueckux ypoBHeil u

cumysanun crekTpos 1P u OJIMP.

ITporpamma pazpaboTaHa:

TTIaBHBIH HAYYHBIH COTPY/IHHK - 3aBelyIOIIHNii TabopaTopHei
71a0. MHKPOBOJTHOBOH CHEKTPOCKOIIHH KPHCTAILIOB,

I-p ¢u3.-mart. Hayk, Bapanos ILI.



