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Pabouas nporpamma mucuuiuuHsl «@Pa3oBble nepexons! U $Ha3oBble COCTOSHHUS B TBEPIBIX
TEax» COCTaBJIEHa HA OCHOBAHUHU IPOrpaMMBbl IIOATOTOBKM HAYYHBIX M HAYYHO-IIEJIArOTUYECKAX

KaJIpOB B aCIMpPaHType N0 HayIHOH crenuanbHocTy 1.3.8 Ousuka KOHAEHCHPOBAHHOIO COCTOSHMUS

1. eanb 0CBOCHUS THCHHUILIHHBI

Lenavmu ocBoeHus mucHMIUTMHB! «®Da3oBble mepexoms! U (pasoBBIE COCTOSHUS B TBEPIBIX
TeNnax» ABJIAIOTCA (QOPMUPOBAHHE Yy ACIHHPAHTOB, OOYYAIOIIMMCS II0 HAYYHOM CIENMAIBHOCTH
1.3.8 ®usuKa KOHIECHCHPOBAHHOIO COCTOSHHS, HAYYHOrO Kpyrosopa B (U3MKEe TBEPIOrO Tena,
IIOHUMAHUA MEXAHU3MOB (Da30BBIX IIEPEXONOB U MPHUPOIH! (HA30BBIX COCTOSHUM Pa3IMYHOro TUIIA B
TBEPIOTENIBHBIX CHCTEMAX PA3JIMYHON Pa3MEPHOCTH, YMEHUS IPUMEHSTE 3TH 3HAHHUS 11 CO3TAHUSL

H HCCIICAOBAHMSI HOBBIX MaTEPUAJIOB, IIEPCIICKTUBHEBIX B IIJIAHE IIPAKTHYECKOI'O IIPUMCHECHHUS.

2. Mecro aucumnumHbI B crpykrype OOII

Hucnurumiaa «®a3oBble Mepexons! ¥ (ha3oBble COCTOSHMSA B TBEPABIX TENAX» BXOIUT B
00s3aTeNbHYI0 YacTh 00pa30BaTENBHOTO KOMIIOHEHTa [POrpaMMbl aCIUPAHTYpPhl U HAIpaBiIeHa
Ha [TIOArOTOBKY K Ca4ye KaHIUAAaTCKOrO SK3aMeHa.

Kype wmsydyaercs acnupanTamu Ha 2-M roxy oOydenus. Obyderue Bemetcs B (opme
ayIUTOPHBIX 3aHATUN (JIEKLMI) U CAMOCTOSATEIBHOM IIOATOTOBKH.

B pesynprare mpoxoxaeHMs Kypca OOyYeHHs IO JAHHOW IpOrpamMe, aclUpaHT JOJDKEH
OCBOUTH 0a30Bble NPUHLMIBI (QHM3UKH TBEPJOrO TelJa B pyclie NPOONEMATHKH 1abopaTOpHH
(rpymmel), tae paboTaeT ero Hay4HbBIH PyKOBOAHTENb, U TIe GyIET MPOXOIUTH CAMOCTOSTENBHAS
HayyHas paboTa acmupaHTa. V3ydeHne NaHHOW AUCUMIUIMHBI M CHENU(HUKA MOIAYM OTIENBHBIX
BONIPOCOB MOXKET BAPHUPOBATECSA B 3aBUCUMOCTH OT MHIMBHIYAIBHOIrO IUIaHA paboOTHl acClUpPaHTa,
COIJIACOBAHHOIO C €ro Hay4YHbIM DPYKOBOOUTENIEM B LEIIX ONTHMAILHOIO COOTBETCTRHS

pe€IIacMbIM 3aJavyam.

3. Komnerenuun acnupanTa, GopMupyeMbie B Pe3yJbTaTeé OCBOCHHS JUCIUIIHHBI
«®a3oBbie nepexoanl U Gpa3oBbie COCTOSHHUA B TBEPABIX TEIaX»

IIpouecc usyyenust qucnurunbl «Da3oBble mepexons! U (HasoBble COCTOSHHSA B TBEPIBIX
TeNnax» HalpaBleH Ha GOPMHUPOBAHHUE CIIEYIOMIUX KOMIIETEHIHIA:

3.1. YuugepcanvHsie komnemenyuu:

- CIIOCOOHOCTH K KPUTHYECKOMY aHAIM3y M OLICHKE COBPEMEHHBIX HAYYHBIX JOCTIIKCHHIA,
T€HEPUPOBAHUIO HOBBIX HIEH IpPH PEIICHUH HMCCIEIOBATENBCKUX M MPAKTHYECKUX 337a4, B TOM
YUCIIE B MEXIUCUUIIMHEAPHBIX 00nacTsax (YK-1);

- CIIOCOOHOCTH MPOEKTHPOBATH U OCYINECTBIIATH KOMIUIEKCHBIE HCCIIENOBAHUS, B TOM YHCIIE
MEXIHUCUUIUIMHAPHBIE, HAa OCHOBE LEJIOCTHOTO CHCTEMHOTO Hay4YHOTO MHpPOBO33DEHHS C

HCIIONIb30BaHUEM 3HaHUH B 061acTu ucTopuu 1 punocoduu Hayku (YK-2);
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- TOTOBHOCTB Y4aCTBOBAaTh B paboTe POCCHHMCKUX M MEXAYHAPONHBIX HCCIIEN0BATENLCKUX
KOJIJIEKTUBOB 10 PELIEHHIO HAyYHBIX ¥ Hay4IHO-00pa3oBaTenpHbIX 3a1a4 (YK-3);

- TOTOBHOCTh MCIIOJIb30BaTh COBPEMEHHBIE METOIBI M TEXHOJOIMH HAYYHON KOMMYHMKALUH
Ha rOCYIapCTBEHHOM M HHOCTPaHHOM s3bIKax (YK-4);

- CIOCOOHOCTH ITaHMPOBaTh M pEINaTh 3aJadd COOCTBEHHOIO NPO(ECCHOHAIBHOIO H
migHocTHOrO passutus (YK-5).

3.2. Obuenpogheccuonanvhvle Komnemenyuu:

- CIIOCOOHOCTH CaMOCTOSATENBHO OCYIIECTBISATh HAYYHO-HCCIIEOBATENBCKYIO JEATETBHOCTE
B COOTBETCTBYIOLIEH NPOPECCHOHANIBPHOH OOJNACTH C HCIOJIb30BAHUEM COBPEMEHHBIX METOIOB
HCCIIeJOBaHNS U HHPOPMALMOHHO-KOMMYHMKAIIMOHHBIX TexHoorui (OITK-1);

- TOTOBHOCTh K IIPEIOJABAaTEbCKOH NEATENBHOCTH IO 00pa3oBaTEeIbHBIM HPOrpaMMam
BeicLIero oopaszosaunus (OITK-2).

3.3. Illpogpeccuonanvuvie Komnemenyuu:

- CIOCOGHOCTH IUIAHMPOBAaTh M OPraHM30BBIBATH PabOTy, HANPABICHHYIO Ha paspaboTKy
OKCHCPUMEHTAIBHBIX METOINOB U3y4eHMs (H3MYECKHX CBOMCTB M cO3JaHHe (DU3UYECKUX OCHOB
IPOMBIIUTICHHOW TEXHOJOIMU IIOMYYEHHS MaTEpPHUAIOB C ONPEHCICHHBIMHA CBOMCTBAMHM, HOBBIX
(usryecKkuX MPUHIUIOB pabOTH! U CO3JaHKE NPHOOPOB Ha (ase MOIyIPOBOJHIKOBEIX MATEPHAIOB
U KOMITO3HLUOHHBIX IIOJIyIIPOBOJHHMKOBBIX CTPYKTYp, pa3pabOTKy METOIOB MCCIEI0BAHMS
NOIYIIPOBOAHKKOB ¥ KOMIIO3UTHBIX MOJIYIPOBOAHUKOBEIX CTPYKTYp (ITK-1);

- CIIOCOOHOCTE K TEOPETHIECKOMY M 9KCIIEPUMEHTAIBHOMY M3YYEHUIO (PU3MUECKUX CBOMCTB
Pa3sIMYHbIX KOHICHCHPOBAHHBIX CPEMl, UCCIENOBAHMIO BO3ACHCTBUS pa3IMuHbIX BUIOB U3Iy4eHHIH,
APYTHX BHEIIHUX BO3JEUCTBHMH HA MPUPOIY U3MEHEHUH QU3MYECKUX CBOMCTB KOHIEHCHPOBAHHBIX
Bemects (T1K-2);

- CIIOCOOHOCTh K pa3paboTKe MaTEMaTHYECKHX MOJENEH MOCTPOEHH GU3HYECKHX MOIeeit
¥ TPOTHO3UPOBAHHIO HM3MEHEHMsS (QHM3UYECKHX CBOWCTB KOHICHCHPOBAHHBIX BELIECTB B
3aBUCHUMOCTH OT BHEIIHMX yca0BHH ux Haxoxaenus (I1K-3);

- CIIOCOOHOCTH MOIy4YaTh, 00pabaThIBATh, aHATH3UPOBATH U CHCTEMATH3UPOBATH HAYYHO-
TEXHUYECKYI0 HHGOOPMALMIO IO TeME HCCIeJOBAHMS, BHIOUpPATh M OOOCHOBBIBATH METONUKH M
CpencTBa pemieHus nocTasieHubIx 3aqad (I11IK-4).

B pesynbrare 0CBOEHMS MUCHMILIMHBI ACTHPAHT JOJDKEH NEMOHCTPUPOBATH U NPUMEHSTH
yIIyOIeHHBIE 3HAHUS B TPO(}ECCHOHATBHOM TeATeTbHOCTH.

3HATh:

OCHOBHBIC pasfie/ibl HayYHOM MUCUHUILIUHBI «Da30Bble Nepexosl U (asoBBIE COCTOSHUS B
TBEP/IBIX TENIaX»:

- OCHOBHBIC sIBJICHHS U 3P (EKTHI, 00yCIOBIeHHbIE HaMu4ieM (a3oBBIX NMPEBpAINECHUH, 1

X TECOPETUYECCKOE ONMCaHUE,



- Tteopuro Jlannay ¢azoBeix nepexonos II poma u pa3oBeix mepexonoB I pona, Ou3kuX X
nepexonam Il pona;

- METOABI JKCIEPUMEHTAIBHOIO HCCIIEJOBAHUS OCHOBHBIX CBOMCTB, OOYCIIOBIIEHHBIX
(bazoBBIMHU NIEpPEXOJaMH B YIOPALOYCHHYIO (a3y;

- 001aCTH MIpPaKTHYECKOTO IPUMEHEHUS MaTepHalOB, KOTOPhIE HMEIOT BaXKHbIE JUIs
NPAaKTHKK CBOKCTBA, IpUOOpeTaeMble 3a CUET peaau3aluy (pa3oBBIX COCTOSHHUN IpH (PazoBBIX
niepexoax (B CErHETOdIEKTPUYECKUX, MAarHUTHBIX, MYIbTH()EPPOUIHBIX ¥ APYTHX MaTepHaax).

yMeTh:

- CaMOCTOSATENIbHO W3y4YaTh M IIOHMMAaTh HAy4HYIO JIHTEparTypy, CBSI3aHHYIO C (ha3oBBIMH
nepexonaMu U Ga3oBBIMU COCTOSIHUSIMHU B TBEPIBIX TeJax;

- TPOBOIUTHL pacyeTsl B paMkax Tteopuu Jlanmay cummerpum (a3, pearusyeMblx B
pesynbTare Gpa3oBBIX EPEXOIOB;

- (eHOMEHOJOrHYECKH ONHCHIBATh paznuyHbIe 3¢ dexTHl, 00yCIIOBIIEHHBIE
YHOPSIOYEeHHEM npu (Ga3oBEIX  mepexomax  pa3IMYHOrO  THUma  (CTPYKTYPHBIX,
CETHETOIEKTPUYECKUX, MATHUTHBIX | [Ip.);

- paboTare CO CHENHANbHOH JUTEpaTypoil M NPHMEHATH TEOPETHYECKHME 3HAHMS IT
MHTEPIIPETAMU Pe3yIbTaTOB IKCIEPUMEHTA,

NpOQECCHOHANBHO U3JIaraTh Pe3yJIbTaThl CBOMX HMCCIENOBAHMM U MPEACTABIATh UX B BHIE
Hay4HBIX MyOJnMKalui, HHPOPMAIMOHHO-aHATUTHYECKUX MATEPHAIOB U IPE3EHTALMIA.

BJIANETh:

- CBOOOINHO BIAAETh 3HAHMAMH 1O (GYHIAMEHTAIBHBIM — pasigenaM  (U3MKH
KOHIEHCHPOBAHHBIX Cpell, HEOOXOMMMBIMHU JUIS PELIEHUS HAYYHO-HCCIIENOBATENLCKAX 3a1ad,
HAyYHOW TEPMUHOJIOTUEH, OCHOBHBIMM NOHATHAMM (GH3MKH TBEpAOrO Tella B Ipenenax,
HEOOXOMMMBIX /I TIOHUMAHHS CIIeIHATbHON HAyIHOM JIMTepaTyphl, CBA3AHHOM C IpobIeMaMu

bu3uKy $azoBbIX IEPEXONOB U (Pa30BBIX COCTOSHUM B TBEPIBIX TENAX.

4. CtpykTypa M cojep:kande AHcHMIIMHbI «Pa30Bbie mepexoasl M (azoBble
COCTOSIHMS B TBEPIABIX TeJIaxX»:
001mas rpyA0eMKOCTh JUCIHILIMHBI COCTaBISET 2 3a4eTHhIE eqUHUIEI (72 Yaca).

4.1. O6vem oucyunIuHbl U KOIULECHEO YUEOHBIX HACO8:

Bun yueOHoi paboThI Tpynoemxocts
(B ak. yacax)

AyYIUTOPHBIE 3aHATHSL:

Jlexun 28

CamocrostenpHas paboTa acupasTa 44

NTOI'O 72

By utorosoro KOHTpoIIsA 3a4eT




4.2. Cmpyxkmypa oucuyunnunsl

Ne | Tema Bunger yuebnoit pabotsl, | KoHTposs
B BKJIIOYAs CaMOCTOSTEIBHYIO
1/ paboTy, U TPYLOEMKOCTh
1§ B aK. Yacax)
Jlex CP
1 Bsenenue. OCHOBHBIE IOHATHUS U OIPEICIICHHUS. 2 3
2  |®eHOMEHOJIOTHYeCKue XapaKTePUCTUKU 2 3
nporecca Ga3oBoro nepexosa.
3 [Teopus Jlannay ¢azoBsix nepexomnos Il poxa. 4 6
4 |®@nykTyanuu rnapamerpa nopsiaka npu GpazoBoM 4 4
nepexoie BToporo pona. Kpuruueckue spieHus.
5 |CIpyKTypHBIC M CETHETOIJIEKTpUIECKUe (Pa3oBbie 4 8
nepexoas! ¥ (a3oBble COCTOSHUS.
6 MaruTtHbIe ha30BBIE HEPEXOIBI 2 4
7 [ DPeppouku u MyJbTUDEPPOHKH 2 4
8  (Da30oBHI MEepexo. B CBEPXIPOBOISIIEE COCTOSHHIE 2 4
9 |MapreHcuTHble (a30BbIe IPEBPAIICHHUS. 2 4
10 [IpuMeHeHME B yCTpOMCTBAX MUKPO- U 2 4
HAHO3JIEKTPOHUKY CBONCTB TBEPABIX Tel,
00yCI0BIeHHBIX (ha30BEIMHU MPEBPAIEHUAIAME U
yIpaBlIeHUueM (Ga3oBBIMU COCTOSTHUSIMHU.
Bcero 1o jucuuniimmHe 28 44 3ager

5. ConepixaHue pa3nenos (TeM) TUCHUILIMHbI

5.1. Codeporcarnue ayoumopHvLx 3aHAMUU

Tema 1 — Beenenne. OCHOBHBIE ITOHSTHS ¥ OIPEIEITICHHUS.

(nexyuu - 2 waca)

O6mue nonarus u onpenencHus. Paspr Bemecra. Dasosble nepexoxusl mepsoro (I) u

BToporo (II) poma. ®a3oBble mepexoAbl THIA IOPANOK-OECIOPANOK W THIA CMEINCHU.

I[HCTOpCI/IOHHLIe U PEKOHCTPYKTHBHBIC (ba3OBLIC IIEPEXOOBIL. CrnioHTaHHBIE U HHOYOUPOBAHHBIC

dasosrie nepexonsl. Ilpumeps! hazoBex mepexomos. [Tapamerp mopsaxa. PazoBas aMarpamma.

OOmiee onpeneneHue KPUTUYECKUX ABIeHuM. KpuTHyecKne TOuKy.

(CP - 3 yaca)

Tema 2 — ®eHOMEHOTOTMIECKHE XapaKTEPUCTUKH Iporecca (pa3zoBoro mepexoa.

(nexyuu - 2 waca)

@yHKIMA paclpeeeHuss COCTOSHIN KBa3H3aMKHYTON MOACKCTeMBI. Teopema JInyBHILIA.

MHKpOKaHOHI/I‘ICCKOC pacupe€acicHuc B KJIaCCUYECKOM M KBAHTOBOM cTatucTHKE. CTaTHCTHYECKOE

OIpEJIEIEHNE HHTPOIMU M €€ BBIpKECHHE depe3 (DYHKIHIO pacrnpeneieHus coctosHuit. Ckadok

sHTpolMM Ipu (azosom mepexone. OmpeneneHue Temmeparypsl ¢aszoBoro mepexona. Cpemrue
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3HA4YECHUS TEPMOAMHAMHYECKUX BenuuuH. JlapneHuwe. PaBeHCTBO TeMmmepaTyp H JaBIICHUMA
KOHTakTHpyromuXx ¢(a3. Temnora ¢azoBoro nepexoma. TepMOIMHAMHUYECKHE HEPABEHCTBA.
TennoBas ¢ynkuus. CpoOomHas odHeprus Hu ee moBegeHWe Inpu (a3oBOM  IEpeEXOe.
Tepmonunamuueckuit noreHuuan. COOTHOIIEHHS MEXKIY MPOM3BOIHBIMH TEPMOIMHAMUYECKHX
BenuyKH. Xumnorenuuan. Pacnpenenenue I'nb6ca.

(CP - 3 yacos)

Tema 3 — Teopus Jlannay ¢azossix nepexonos Il pona.

(nexyuu - 4 yaca)

@a3oBplii IEpexo], KaK M3MEHEHHE CHMMETPUM. OJEMEHTHl TEOPHH CHMMETPHU
xpucramioB. OmnpeneneHue TpPYNNBl CUMMETPUM. TO4YeUHBIE M IIPOCTPAHCTBEHHBIE TI'PYIIIIbI
cummerpur. Hempusoaumele npencraBieHus rpynn cuMMmeTpur. OCHOBHBIE HOJIOXKEHHS TEOPUH
Jlanpay. TepmoauHaMuuYecKui NOTEHIMAT Kak (GYHKUHOHAN (GYHKUMH IUIOTHOCTH KpUCTaslla.
Onpenenenue napameTpa HOpsIIKa. Cummerpus koaddunueToB Pa3IoXKEeHUSI
TEPMOIMHAMUUECKOTO IIOTEHIIMANIA 110 CTeNeHsIM nlapaMeTpa nopsaaka. @azopsie nepexons! I pona,
ONMCHIBAEMBIE  OJHOKOMIIOHEHTHBIM  IapaMeTpoM  mopsaka. Ckadek — TeImIOeMKOCTH.
TemmneparypHas 3aBUCHMOCTH NapaMeTpa HOpPSAKAa M APYIHX MAaKpPOCKONMYECKHX (QH3UYECKHX
XapaKTEepUCTHK KpHcTauta npd (azoBeix nepexomax Il poma. BiusHue BHemsero mons Ha
dazoBslii nepexon. CunpHOE ¥ cnaboe moje. BocnpuuMYnBOCTS.

(CP - 6 yaca)

Tema 4 — OnyxTyanuu Inapamerpa Iopsaka Ipu (a3oBoM Iepexoie BTOPOro poia.
Kpuruueckue siBnesus.

(nexyuu - 4 yaca)

®nykryauuu mapamMeTrpa mopsnka Ipd  ($asoBOM — IEpexoAe  BTOPOro  poja.
Koppensauuonnei pamuyc. OyHKIHS Koppensuud. Yuer (IyKTyauuil Iapamerpa NOpsAKa B
teopun Jlammay. O6nmacte mpumeHuMocTH Teopuu Jlammay nns ¢asoBbix mepexomos II pona.
[Tapamerp T'un3Oypra - JleBamioka. Kpurwmueckwe sBnenus. KpuTuueckue WHIEKCH H
cooTHomeHuss Mexay Humu. lloHaTHe MacmTabHON WHBapHAHTHOCTH. V30JHUpOBAaHHBIE U
KPUTUYECKHE TOYKH HENPEPBIBHOIO (a30BOro nepexona; TPUKPUTHYECKasS TOUKa.

(CP - 4 yaca)

Tema 5 —CTpyKTypHBIE M CeTHETORNEKTpUYecKHe (a3oBble NEpexXOnbl U (ha3oBHIE
COCTOSIHUSL.

(nexyuu - 4 yacog)

Knaccudpuxanus CETHETO3JIEKTPUKOB (cobcTBEeHHBIE, HECOOCTBEHHEIE,
TIICEBIOCOOCTBEHHBIE), OCHOBHBIE XapaKTEPUCTHKH. AHTHCETHETOdNeKTpukd. Ilpunuun Kropw.
IIporuo3upoBaHHE CETHETONEKTPHUYECKUX (a30BBIX IEPEXOJOB M CHMMETpuM (a3 Ha OCHOBE
teopur Jlanmay u npunununa Kropu. IIpadasa. TeopeTudeckoe onucanue aHOMAIAM (PU3HIECKUX

CBOMCTB CErHCTOJJICKTPUKOB Ha OCHOBE TEOPHUH JIaHI[ay: CIIOHTaHHAas  IIOJIApHU3alusd,
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JUDJIEKTPHYECKAs IPOHULAEMOCTh, SHTPOIIHS, TEIIOEMKOCTh, 00beMHAS cmnMéeMOCTL, TETIJIOBOE
pacmiupeHue. BnusHMe ONEKTPUYECKOro TONI HA aHOMAIHH  (M3MYECKHX  CBOMCTB
CErHETOANEKTPUKOB. Penakcopsl. BupryanbHsle cerHeToIeKTpUKH. MHIyIMpOBaHHAS IPUMECIMHE
CEerHEeTOdJIeKTpUYecKass (asa B  KBAHTOBBIX  [apadieKTpukax. J[OMEHHas  CTPyKTypa.
BosuukHOBEHHE TOMEHOB IPH CETHETOIEKTpUYEcKOM (asoBoMm mepexone. CTPyKTypa JOMEHHOM
crenkd. Ilpomeccel mepexmouyenus. JIMHAMHKA CETHETORNEKTPUYECKHX (DA30BBIX IEPEXOIOB.
Husnextpudeckas mpoHumaeMocTs ¥ Msarkas moma. CootHomernne Jlunnana-Cakca-Temnepa.
Cernerosnactuxu. PazoBbie nepexons! 1 pona, Gmuskue k nepexonam II poxa. TpukpurHyeckas
TOYKA. Cerneroanekrpuyeckue TOHKHE TUTCHKH. Hedopmanmonnas HHKEHEpHs
CErHETOANICKTPUYECKUAX TOHKMX IUICHOK: MHIYOMPOBAaHHOE AeopMamusMu  BO3pACTaHHE
TEMIIePaTypHI lIepexoia B apadeKTPUIecKyIo ha3y; ha3oBble quarpaMMBI IUIEHOK B KOOPAMHATAX
nehopmanus — TEMIEparypa; crenupuIeckie CerHeTOEKTPHIECKUe (asbl, CTAOMIM3HPOBAHHbIC
neGopManusIMyU peIeTKH.

(CP - & yaca)

Tema 6 — MaruutHsle pazoBbIe IEPEXOIBL.

(nexyuu - 2 yaca)

CrionTanHble ¥ MHIYNHPOBAaHHBIE MAarHUTHBIE (BasoBble mepexomsl. PaszoBsle mepexons! B
(eppomarneTukax, aHTH(eppoMarHeTukax, (eppumarserukax. [IpuGiMKXeHHE MOIEKYISPHOTO
noss. Ilpumenenue teopuu Jlanpay M1 MarHUTHBIX [EPEXOOB. VHIYIUpPOBaHHBIE MArHUTHBIM
II0JIEM OPUEHTAMOHHBIE MATHUTHBIE (ha30BBIE IIEPEXOIBL.

(CP - 4 uaca)

Tema 7 — @eppouxu u MyIbTUGEPPOUKH.

(nexyuu - 2 yaca)

Omnpenenenne u xnaccuduxanus Gepponxos (monHsle GEPPOMKH, YACTHUHBIE (EPPOUKH,
Hedeppoukn), IIPUMEPHI (beppouKoB. CerseromMarHeTHKu (MarHUTORNIEKTPUYECKHUE
MyJIbTU(GEPPOUKH), MATHATOANIEKTPUKH. COCYIECTBOBAHUE CETHETOIIEKTPUYECTBA M MAaTHETH3MA
B onHOdasHEIX KpucTamiax (heppUT BHCMYTa, MAHTAHHUTHI, OOPAIUTEl U T.N.); TEPMOAHHAMHUKA
MyIbTH(GEPPOMKOB; MArHUTOdIEKTpHUeckue dbdexTsl NeGOPMANUOHHOIO NPOUCXOKICHHS B
KOMITO3UTHBIX MaTepuaiax u TeTePOCTPYKTYpPax; IPaKTHYECKHe PUMEHEHUS
MarHuTO3IEKTPHUECKUX MYIbTH()EPPOUKOB.

(CP - 4 yaca)

Tema 8 — DazoBbIi Tepexo] B CBEPXIIPOBOISAIIEE COCTOSHUE.

(nexyuu - 2 yaca)

OTkpbiTHE  CBEpXNMPOBOAMMOCTH. KBaHTOBaHHE MArHUTHOrO MOTOKA. D EKTHI
Ixosedeona. Ipdexr Meticcepa. MarHuTHBIE CBOHCTBA CBEPXIPOBOJHUKOB NIEPBOTO H BTOPOTO
pona. TepMomHaMuKa CBEPXIPOBOJHUKOB: KPHUTHYECKOE TEPMOJAUHAMHYECKOE MATHUTHOE IOJIE.

OHTpPOMHS CBEPXNIPOBOAHHUKA. TemnoeMKocTs i cBoboHas sHeprust. Teopus ['mn36ypra - Jlannay:
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IUIOTHOCTE CBOOOMHOM 3HepruM; ypaBHeHue ['uu30ypra - Jlanzjay; rpaaueHTHas HHBAPUAHTHOCTE;
ANHA KOrepeHTHOCTH; 3 ekt Omusoctr. OcHoBHbIe monoxenus BKII. BricokoremneparypHas
CBEPXIIPOBOAUMOCTE.

(CP - 4 yaca)

Tema 9 — MapteHcuTHbIE (a30BbIe IPEBPALIECHUS.

(nexyuu - 2 yaca)

Omnpenenenue MapTeHCHTHOro npespamenus. OOpa3oBaHue 3apOibINIel TBEPAOH (asbl.
IIpusHaxy MapTEHCHTHOTO IIpPEBpAINCHHS. BBIBOIAbI TEOPHHM MApPTEHCUTHBIX IIPEBPAIICHUH.
Da3oBbIi mepexon MeTawl - noaynpoomHuk (PIIMII) kak mpumep MapTeHCHUTHOrO (Ha3oBOro
npespamenys. Ontuyeckue sBieHus, conpoBoxxaaroumme OIIMII: ckaukud ONTHYECKHX KOHCTAHT,
uHTepEepEHIMOHHbBIE IPDEKTH, CMATYeHHe KOMOMHAIMOHHBIX YACTOT. BHYTpEHHss CTPyKTypa
IETIH TEeMIEpaTypHOro rucrepesuca. OyHKIMS pacHpeleleHHs KOIPUUTHBHBIX TEMIIEPATyp.
®IIMII B Torkux mieHkax. [Ipumenenus OIIMII.

(CP - 4 yaca)

Tema 10 - Tlpumenenre B yCTPORCTBAX MUKPO- M HAHO3JIEKTPOHUKH CBOWCTB TBEPIBIX TEII,
00ycnoBIEHHBIX (ha30BBIMH IPEBPAINCHUSMHE M YIIPABIeHUEM (a30BEIMU COCTOSHHAMH.

(nexyuu - 2 yaca)

3amuce W cuMThIBaHME HHpOpManmmu. MoOIynATOpel M JpYTME€ MAarHuTo- |
anekTpoonTuyeckue ycrporcrsa. Kompencaroprl. ITupompuemnrixu. ITosuctoper. ['ubpummbie
CTPYKTYphl. Pe3ucTuBHOE nepexmoyenue. MeMpucTopsl.

(CP - 4 yaca)

5.2. CamocTosiTeIbHAS pa00Ta ACMPAHTA
CamocTrosiTensHas paboTa acHUpaHTa BKIIOYACT MOBTOPEHME JIEKIMOHHOTO MaTepHaia

10 T€- MaM, YTCHHUEC peKOMeHHOBaHHOﬁ JIMTEPATYPBl U Hay‘{HOfI NEPUOOUKH, & TAKXKEC U3YICHUEC

METOIUYECKHX PEKOMEHAAIMH K paboTe B 1a00paTopuu.

6. OueHoYHBIE CPEACTBA NSl TEKYIIEr0 KOHTPOJIS M NPOMEKYTOYHOMN aTTeCTAlHM

[lens KOHTPONS - MONy4eHWE HHGOPMAIMHK O pe3yabrarax OOYYeHHS M CTEIEHH HX

COOTBETCTBHUS pe3yIbTaTaM O0YYEHHUS.

6.1. Texymmii KOHTPOJIL

Texymmii KOHTPONH HPOBOMHUTCS eXeHexeabHO. Kpurepuu (GOPMUpPOBAHUS OLUECHKH —
IIOCEIaeMOCTh 3aHATUH, aKTUBHOCTD CTYI€HTOB Ha JIEKIUAX, YPOBEHH ITOATOTOBKH.

Texymas camocrosTensHas paboTa acIEpaHTa HapaBieHa Ha YIIyOJIeHHe U 3aKpeIUICHHE
3HaHWMH, ¥ Pa3BUTHE IPAKTUICCKUX YMECHHUH.

6.2. ArrecTanus

ATTecTanus npoBoIuTcs B popMme 3ayera.



KOHT[)OJ’IBHBIC BONIPOCHI AJIfl aTTECTAIUH:

Ne KoHTpoasHbIe BONPOCHI

1. | ®a3m BemecTBa. Pazosele nepexoan nepsoro (I) u Broporo (II) poxa. ®azosbie
IepexoIbl TUIIA IOPSIIOK-0ECTIOPAIOK U THIIA CMEINeHHs. JJUCTOPCHOHHBIE K
PEKOHCTPYKTHBHEIE (pa30oBbIe epexoapl. CIIOHTaHHBIE U HHIAYIIUPOBaHHbIE (ha30BbIE
nepexonbl. ITpumeps! dazoBsix nepexonos. [Tapamerp mopsiaka.

2. | OyHKUUS paclpeneNeHus COCTOSHUM KBa3Uu3aMKHYTOM ITOACHCTEMEL.
MuKpoKaHOHHYECKOE paclpefeeH e B KIACCHIECKOM U KBAHTOBOM CTATHCTHKE.

3. | OnpeneneHue rpynmel CAMMETPHH. TOYEUHBIE ¥ IPOCTPAHCTBEHHBIE TPYIIIIEI
cumMerpuu. HermpuBoauMele IpeacTaBiIeHUs IPYIIT CHMMETPUH.

4. | OcHoBHbIe nosoxeHus Teopuu Jlannay dazosbx mepexonos II pona.

Onpenenenye napaMerpa nopsaaka. Pasnoskenne TepMoIuHaMIYeCKOro OTEHIHATA IO
CTENEHSAM ITapaMeTpa NOopsaKa.

5. | ®asossle nepexons! Il pona, onucrBacMBble OTHOKOMIIOHEHTHBIM [TapaMeTpOM
nopsnka. Ckadek TernoeMKocTd. TemnepaTypHas 3aBHCHMOCTD ITapaMeTpa MopsaKa
npu a3oBsx nepexonax Il pona.

6. | Bausanue BHemHero moss Ha ¢a3ossrit nepexon Il pona B pamkax teopuu Jlanaay.
CunbHoe U cnaboe mose. BocnpuuMYnuBOCTS.

7. | Yuaer dnykryanuit mapamerpa nopsaka B reopuu Jlannay. O61acTh IpUMEHAMOCTH
teopuu Jlannay mist ga3ossix nepexonos Il pona.

8. | Kputnueckue sBnenust. OCHOBBI TeOpuH monooust. Kputuueckue HHIEKCHL

9. | Cerneroanexrpuyeckue ha3oBbie MEPEXOAbI U3 LHEHTPOCHMMETPHYHON IPYIIIBI
Y

mmm

10. | ®a3oBBIe MEPEXOBI C BOSHUKHOBEHHEM CIIOHTAHHOM MOJISIPU3AIMHA B KPUCTAILIE
KyOHM4eckoro xkimacca m3m .

11. | AHOMATHH TEIUIOBBIX M NEKTPHYECKUX CBONCTB IMPH COOCTBEHHBIX
CErHETONIEKTPHYECKUX (Pa30BBIX Nepexonax (OJHOKOMIIOHEHTHBIH apamMeTp
IOPsIIKA), BIUSHUE SJIEKTPUYECKOrO MOJIS.

12. | da3oBsle nepexons! I pona, 6nuskue x mepexonam II pona.

13. | BupryanbHble CErHETONEKTPUKU. VIHIyIHpOBaHHAS IPUMECSIMHE
CETHETOIEKTpUYecKas (aza B KBAHTOBBIX ITAPAdJICKTPHKAX.

14. | TepopmanmoHHas HHKEHEPHUS CETHETOIICKTPUIECKIX TOHKUX [ICHOK.

15. | ®a3oBele nepexonsl B heppomarnerukax. [Ipubmmkenue Monexyspaoro mois. Teopus
Jlanpmay.

16. | ®azoBsle nepexos! B aHTH(GeppoMarHeTukax. [IpubImKeHre MOIEKYISPHOTO MO,

17. | ®azoBsle nmepexonsl B anTH(GeppomarteTukax. Teopus Jlannay.

18. | MaaynupoBaHHbIe MATHUTHBIM II0JIEM OPUEHTAUMOHHbIE MATHUTHEIE (ha30BHIe
NEePeXOIbl.

19. | Onpenenenue u xnaccudukanus peppoukos. Mynbsrudepporku. CoCyIIecTBOBAaHUE
CETHETOIEKTPHUYECTBA M MarHeTH3Ma B 0THO(a3HBIX KPHCTALIAX.

20. | TepmonuHamuka MyIbTUGEPPOUKOB. [IpakTHYeCKUe IPUMEHEHHSI
MarHUTOIIEKTPUIECKUX MYJIBTH(HEPPOUKOB

21. | CeepxnpoBoaumocTs. KBaHTOBaHME MarHUTHOrO MOoTOKa. Dddextsr [rozedcona,
MeliccHepa. MarHuTHBIE CBOWCTBA CBEPXIPOBOJHHUKOB IIEPBOTO M BTOPOTO POJa.

22. | Teopus I'muzbypra — Jlangay U1 CBEpXIPOBOJHHUKOB: ILTIOTHOCTH CBOOOIHOM SHEPIHY;
ypasHeue [ mu3bypra — Jlannay.

23. | OcHoBuble nonoxerus BKIL st cBepXIpOBOISIIMX METAILIOB.

24. | BeicoxoTemnepaTypHasi CBEPXIPOBOIAMOCTE.

25. | ®a30BBIH MEPEX0] METAILI — TOIYIIPOBOIHUK, KaK IIPHMEP MApTEHCUTHOTO (a3zoBOro
IIpPEBpALIEHUS.

26. | OnTuyeckue sIBICHMUS, COMPOBOXKAAIONIME (a30BBIHA MEPEXO] METAILT —
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| IIOJTYIIPOBOJHUK.

7. O6pa3oBaTebHbIE TEXHOJIOTHH

B npouecce 00yueHns DpuMEHSIOTCS CIeAyIoue 00pa3oBaTeIbHbIE TEXHOIOTUU!

1. CompoBoxaeHHE TeKIMH IOKa30M BU3YaJIbHOTO MaTepHaa;

2. Vcnonp30BaHKue KOMITBIOTEPHBIX MOAENEH (PHU3UIECKUX IIPOIIECCOB B IOIYTIPOBOTHUKAX;
3. BemmonHenue y4eOHO-HAy4HBIX pabOT C HCHOIB30BAHHUEM COBPEMEHHOIO HAy4HOIO

000pyHOBaHUS.

8. YueGHo-MeToaHYIecKOE H HHPOPMALIMOHHOE 00ecnedeHHe JHCIHITHHBI

Vyebuple, y4yeOHO-METONMYECKHE U MHBIE OHOIMOTEYHO-UH(POPMAMOHHEIE PECYPCHI
obecneduBa0T Y4eOHBI MpPOLECC ¥ TapaHTUPYIOT BO3MOXKHOCTH Ka4EeCTBEHHOTO OCBOEHHS
acnupaHToM obpasoBarenbHol nporpamMmel. OTU um. A.®.Modde pacmomnaraer oOUpHOM

OuOIMOTEKOH, BKIIOYANOLIEH OOIIEHAYYHYIO B CIEIHAIBHYIO JIUTEPATYPY.

9. JlurepaTypa

OcHogHaa numepamypa:

1. Jlagtay JL.A. Teoperuueckas ¢usuka: Yueb. mocodbue: mis By3oB. B 10 T. Tom V.
Craructuyeckas ¢pusuka. Yactes 1/ JI.J. Jlangay, E.M. Jludmmun - Mocksa: DUIMATIIUT,. 2005
— 616 c. (wu gpyrue roga).

2. Jagjay JILJ. Teoperuueckas ¢uzuka: Yued. mocobue: mans By3oB. B 10 1. Tom VIIL
OnexrpoauHamuka cromusx cpex / JLJ. Jlannay, E.M. Jludpmun - Mocksa: ®U3MATIINUT,.
2001 — 656 c. (umu npyrue roua).

3. Tagantsev Alexander K. Domains in Ferroic Crystals and Thin Films / Alexander K.
Tagantsev, L. Eric Cross, Jan Fousek - Springer New York Dordrecht Heidelberg LondonSpringer
Science+Business Media, 2010, - 831 p.

4. CrpykoB b.A. ®uspyeckue OCHOBBI CETHETORNEKTPUYECKUX SBIEHUHA B KpHUCTaJUIAX:
Vueb. mocodue: g By3oB / B.A. Ctpykos, A.Il. Jlesanrok — M.: Hayka. @u3marmur, 1995 — 304
c.

5. BoxoB B.A. ®u3nka MarseTHkoB: yueOHOoe nmocodue 1 By30oB / B.A. bokos - CaHkT-
ITerepOypr:- Hepckuit quanext, 2002 r- 271 c.

6. Kanmunukoc B.A. / B.A. Kanunukoc, A.b. Ycrunos, C.A. bapy3aun / CniuH-BOJHOBEIE
YCTpOMCTBa U 5X0-IIpouieccopbl. Mocksa, Paguorexunuka, 2013 r.

7. Kurrens Y. Brenenue B ¢u3uky TBepaoro tena. Y4eOHOE PYKOBOACTBO, 2-¢ u3m./ Y.
Kurrens. — 2006. M. OO0 «MeauaCrapy.

8. IlIlmunr B.B. Beenenue B pusuxy cepxnpooauukos. M., Hayka, 2000.

9. 5. DneKTpOHHBIE U PYKOIIUCHBIE BapHaHThl KOHCIIEKTOB JIEKIUH penojapaTesiei.
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[ononnumensnaanumepamypa

1. UzromoB 10.A., ®a3zoBrie mepexonsl U cumMmerpus kpuctawios / FO.A. Hstomos, B.H.
CripomsaTaukoB — Mocksa: Haykka, 1984, - 247 c.

2. M. Jlaitac, A. I'macc, CerHeTORneKTpUKH U POACTBeHHbIe Marepuansl / M. Jlaitue, A.
['mac - M.: Mup, 1981 — 736 c.

3. Cmonenckuii I.A. ®usuka cerHerodnexTpudeckux spienuii / I.A. Cmomnenckuii, B.A.
boxos, B.A. HUcynos, H.H. Kpaitnux, P.E. ITacemakos, A.W. Cokonos, H.K. ¥Oumu — JI.: Hayxka,
1985 - 396 c.

4. ITatammuckuit A.3. @nykryanuonHas Teopus Ga3oBsiX nepexonos / A.3. [laramunckuii,
B.JI. IToxposckuii — M.: Hayka, 'naBHast penakuus Gusnko-maTeMaTuieckoit tureparypsl, 1982 —

382 c.

10. IIporpamMHoe o0ecnieueHue
1. HoBrle mOmynpoBOTHUKOBBIE MaTepuanbl. HaHOCTPYKTYphl. XapaKTepUCTHKA U
cBolicTBa. basa maHHBIX pazpaboTaHa M NOJINEPXKUBACTCS CEKTOPOM TEOPETHUECKHX OCHOB

MUKPOJJIEKTPOHUKH: http://www.matprop.ru/.

11. MaTepHEeT-pecypenl

OTeYecTBEHHBIE )KYPHAIIBL:

1. ®usuka TBEPAOrO TeNA, 3IEKTPOHHAS BEPCHUS;

2. Ou3KKa ¥ TEXHUKA ITOIYTIPOBOIHHUKOB, SIEKTPOHHAS BEPCHS;
3. KOT®, snextpouHas Bepcus;

4. ITucema B JKOT®, anexTpoHHAs BEpCHUS;

5. Ycnexu ¢pu3nuecKux HayK dJIEKTPOHHAs BEPCHS.

HHOCTpaHHbIE )KYPHAIBL:

1. Physical Review B (American Physical Society) snexTpornas Bepcus;

2. Physical Review Letters (American Physical Society) anexTponsas Bepcus;

W

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

4. Central European Journal of Physics;

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

6. International Journal of Modern Physics B (World Scientific Publishing Company)
3NIEKTPOHHAS BEPCHUS;

7. Journal of Physics and Chemistry of Solids (Elsevier (Science Direct) snekrpornas
BEpCUs;

8. Journal of Physics : Condensed Matter (UK Institute of Physics ) anexTponnas Bepcus;

9. Nanotechnology (UK Institute of Physics ), a1ekTpoHHas Bepcus;

10. Nature (Nature Publishing Group) snexTponsas Bepcus;
11



11. Nature Materials (Nature Publishing Group) anexTponHas Bepcus;

12. New Journal of Physics" (UK Institute of Physics) 3neKTpoHHasT BepCus;

13. Philosophical Magazine (Taylor & Francis Group) aeKTpoHHas BepCusi;

14. Philosophical Magazine Letters (Taylor & Francis Group), 371eKTpoHHas BEpCHUS;
15. Physica B (Condensed Matter) (Elsevier (Science Direct), anekTpoHHast BEpCus;
16. Physica E (Nanostructures) ) (Elsevier (Science Direct), aneKTpoHHas BEpCHS;
17. Physica Status Solidi A (Wiley), aneKTpoHHas BEpCHS;

18. Physica Status Solidi B (Wiley), snexrponnas Bepcus;

19. Physica Status Solidi C (Wiley) anekTpoHHast BepCHs;

20. Physica Status Solidi RRL (Wiley) anexrpornas Bepcus;

21. Solid State Communications (Elsevier (Science Direct), a5ieKTpoHHast BEpCHs.

12. Marepna/ibHO-TeXHAYECKOE O0ecnedeHne AU CHUTLIHHbI

denepanpHOE rOCYNAPCTBEHHOE OIOMKETHOE YUpEeKIeHHE Hayku PDU3UKO-TEXHHIECKUit
uHcTuTyT uM. A. ®. Modpde PAH pacnosnaraer marepuanbHO-TEXHHYECKONH 0a3oif,
COOTBETCTBYIOIIEH CAaHUTAPHO- TEXHMYECKHMM HOpPMaM M OOECHEeYHMBAIOIIEH NPOBEICHUE BCEX

BUJIOB TEOPETHYECKON M MPAaKTHYECKOH ITOArOTOBKH, IIPEIYCMOTPEHHOM YUEOHBIM I1JIAHOM.

Haumenosearnue 060pyoosanua 0na nposedeHua 3aHAMUIL O OUCUUNIUHE:

1. Jlexumonnas aytuTopus

2. MynbTUMeIUHHBIH IPOEKTOP

3. IlepcoHanbHBIH KOMIIBIOTED

JlabopaTopus ONTHYECKUX SBICHUH B CETHETONICKTPUYECKMX W MArHWTHBIX KPHUCTALIAX,
MMEIoIIas COBPEMEHHOE 00OpYNOBaHME I HCCICHOBAHHA SBICHHH IpH (Ha3oBBIX MEPEXONAX B
CETHETOJIEKTPUYECKUX U MATHUTHBIX MaTepraiax.

JlabopaTopus KMHETHYECKMX SBICHUH B TBEPHBIX TelaX [PH HHU3KHX TEMIEpaTypax,
UMEIolass COBPEMEHHBIM KPHOMArHUTHBIA KOMIUIEKC H3MEpPEeHUS (DHU3MYECKHX CBOMCTB
KOHICHCUPOBAaHHBIX cpesi PPMS-14, no3Bossiomuii 00ecrnednTs u3MepeHus GU3MYECKUX CBOWCTB
B uHTepBaie temueparyp (0.4-400)K u marHuTHBIX Donei 10 14T B KpyrIOCYTOYHOM DEXKME.
OGopynoBanue IIO3BOJAET OCYIIECTBIATH KOMIUIEKCHYIO XapaKTEPHU3AlMIO 3JIEKTPHYECKHX,
CBEPXIPOBOJSAIIMX, MATHUTHBIX, TEIUIOBLIX, TEPMOITEKTPHUECKUX CBOMCTB HOBBIX MAaTEpHAOB B
pasnu4HOM (Ha30BOM COCTOSHMM M KOMIIO3UTHBIX CHCTEM JUIS CO3IAHUS JIEMEHTOB 3JIEKTPOHHOHN
CEHCOPHOM TEXHHKHU.

JlaGoparopus ¢u3uka  (HeppoOMKOB, HMEIOIIAs COBPEMEHHOE OOOpYIOBaHHE  JUIA
VICCIIEI0BAHMS CBEPXOBICTPBIX MArHUTHBIX HHIYIIMPOBAHHBIX (Da30BBIX IPEBPALICHHUIA.

JlabopaTopust (U3MKH CETHETOdNEKTPHYECTBA W MarHeTU3Ma, MMEIOIas COBPEMEHHOE

o60py,u;013aHHe AT UCCIICNOBaHMs NUIJIEKTPUYICCKUX XapPaKTEPUCTUK TBEPABIX TEJI IIpU (I)a3OBI>IX
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nepexoaax B IIMPOKOM JUaNasoHe TEMIIEpATYD.

IIporpamma paspaborana:

BEl.H.C., I-p ¢u3.-Mar. Hayk, [Hanpun E.B.,
BEI.H.C., I-p pu3.-Mar. Hayk, H.A. ITepues
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