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Pabouas nporpamma GakynbTaTHBHOM mucHMIUIHHEL «COBpEMEHHBIE  METOIBI
HCCIENOBaHMs TBEPIBIX TENI» COCTABIE€HAa Ha OCHOBAaHHM IPOrPaMMBI IIOATOTOBKHM HAYYHBIX M
Hay4HO-TIENaroru4ecKux KaJpoB B aCIUpPaHType B paMKaX IMOATOTOBKH aCIIHPAHTOB IO HAYYHOM

cnenuanbocTy 1.4.15 Xumust TBepaoro tena (qanee- mporpamMma acIupaHTyphI)

1. IEJb OCBOEHMS JUCHUIIJINHBI

Llensro kypca sBiagercs oOecHeYeHHEe IOHMMAHUS OCHOB (HM3MYECKHX OCHOB H
OPUHIKUIOB QYHKIMOHUPOBAHHS COBPEMEHHBIX METOIOB HCCIEIOBAHUSA TBEPABIX TEll, TAKHUX
KaK PEHTTeHOBCKas NUQpPaKiys, MpOCBEYMBAIOIIAs JIEKTPOHHAS MHKPOCKOIHS, PacTpoBas
SNIEKTPOHHAs MHKPOCKOIHUS, CKaHUPYIOIIAas TYHHENIbHAs MHKPOCKONHS M aTOMHO-CHIIOBAs
MHKpOCKONHs. By XyT momydeHs! 3HaHUS B Pa3IMYHBIX 001acTaX ¢usmku TBepaoro tena. Kpome
TOro, OyDyT pacCMOTPEHB! B3aUMOIEHCTBHS IOBEPXHOCTH TBEPABIX TENI C PEHTTEHOBCKUM
U3JIyYEHUEM, BHICOKO3HEPIeTHYHBIMH 3JICKTPOHAMHM H HOHAMH, TAKXKE CO CBEPXOCTPBIMH
TBEPIOTENBHEIMY 30HAaMH. ByIyT npuBeneHs! IpuMepsl O TOM, KaK MCIIOJIb30BaTh OIMCAHHEBIE
BBIIE METONBl M OIpEeNeNeHUs pasMmepa, (GOpMBI, KPHCTAUIMYSCKOM M 3JIEMEHTHON

CTPYKTYpBI HAHOMATEPHATIOB ¥ HAHOCTPYKTYP.

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE ITIPOI'PAMMBI ACIINPAHTYPBI

Vuebras qucnuummHa « COBpeMEHHBIE METOIbI MCCIIECAOBAHUA TBEPABIX TEI» BXOIUT B
(baxyIpTaTHBHYIO YaCTh IMPOrPaAMMBI ACIIUPAHTYPEL

OG6yuenue Benercs B popMe ayIUTOPHBIX 3aHATHM U CAMOCTOSTENBHOM IOATOTOBKH.

W3ygenne OMCUMIUIMHBI SIBISETCS OCHOBOM [UIS  CaMOCTOSTENBHOM  HaydHO-
HCCIIEI0BATENLCKOM paboTHI B 00IaCTH HCCIENOBAHNS CBOUCTB KOHICHCHPOBAHHBIX CHCTEM.

B pesynerare NIpoOXOXKAEHHS Kypca OOYYeHHs MO NAaHHOM JUCLAIUIMHBI aClUpaHT
JOJDKEH OCBOMTH 0a30BBle NPUHIMIBE! (PU3MKH TBEPHOTO Telda B pycie MIpoOIeMaTHKd
naboparopus (TpyNIsL), rae paboTaeT ero HaydHbIi PyKOBOOWUTENb, U Te OYIET MPOXOIUTE
CaMOCTOsATeIbHAs Hay4dHas paboTa acnmupaHTa. M3ydyeHne naHHON TUCIUMIUIAHEL ¥ cenuduka
[0Jay¥l OTIEIBHBIX BOIIPOCOB MOXET BapbUPOBATHCS B 3aBHCHMOCTH OT HHIMBHIYAILHOIO
IIaHa paboTBl aCIHMpPaHTA, COIVIACOBAHHOIO C €ro HAyYHBIM DPYKOBOJHUTENEM B IENAX

ONITUMAJIBHOI'O COOTBETCTBUA pEeIIaCMbIM 3aJa4yaM.

3. TPEBOBAHUS K PE3YJIBTATAM OCBOEHUSA JUCIAITIIAHBI
ITponecc u3ydenus mucummHel « COBpeMEHHBIE METOMBI MCCIEIOBAHMS TBEPIBIX TE»
HalpaBlieH Ha (QOPMHUPOBaHME CIEIYIOIIMX KOMIIETCHIMH B COOTBETCTBHH C NPOrPaMMOM

aACIIAPAHTYPBI:



3.1. Ynueepcanvnoie komnemenyuu:

- CIOCOOHOCTP K KPUTHYECKOMY aHAJM3y H OLEHKE COBPEMEHHBIX HAyYHBIX
JOCTH)KEHHH, TEHEPUPOBAHMIO HOBBIX HICH NPH PEIIECHUH HCCIIENOBATENBCKUX U MPAKTHYECKUX
3a/1a4, B TOM 49HCIIE B MEXIUCIUIUTMHAPHBIX obmacTsax (YK-1).

3.2. O6wenpogpeccuonanvmsle KomnemeHyuu:

- CIOCOOHOCTH ~ CaMOCTOSITENHHO — OCYIIECTBIATH  HAYYHO-HCCIIENOBATENBCKYIO
JEeATEIPHOCTE B COOTBETCTBYIOUIEH INpPO(ECCHOHANBHOM O00NacTH ¢  HCIOJIB30BAHUEM
COBPEMEHHBIX METOJOB HCCIENOBAHUA M HH(YOPMAIHOHHO-KOMMYHHKAIMOHHBIX TEXHOJIOIHH
(OIIK-1);

- TOTOBHOCTh OPraHU30BaTh pabOTy HCCIIEAOBATENHCKOrO KOJUIEKTHBA B 001aCTH XUMUI
U cMexHbIX Hayk (OIIK-2).

3.3. lIpogpeccuonanvhvie komnemenyuu:

- CHOCOGHOCTH IUIAaHUPOBATH M OPTaHU30BEIBATH PA0OTHI, HANPABIEHHBIE HA CO30aHNE U
COBEPINCHCTBOBAHKME JKCIIEPHMEHTAIBHBIX METONOB U3yYeHUS (DU3UKO-XHMUYECKUX CBOMCTB, a
TaK)K€ OCHOB MPOMBIIIEHHON XMMHYECKOH TEXHOJOIMH MONYYCHUS MATEPHAIOB C 3aJaHHBIMU
cporicrBamu (I1K-1);

- CIOCOGHOCTH K TEOPETHYECKOMY U OKCIIEPUMEHTAILHOMY BBIABIECHHIO B3aMMOCBS3EH
COCTaB-CTPYKTYpa-CBOMCTBA [UI1 Pa3IHYHBIX XMMUYECKUX COCIUHECHHM U MaTepHalioB Ha MX
OCHOBE C ITOMONIBIO Pa3IMYHBIX BUNOB BHEIHUX Bo3aeicTeuit (IIK-2);

- CHOCOOHOCTP K pa3paboTke TepMOIMHAMHYECKHX M KHHETHYECKMX MOJeNeH
NPOTCKAHUs XMMHYECKHX IIPOIECCOB M IIPOrHOZMPOBAHHIO H3MEHEHHS (HU3UKO-XUMHUECKHX
CBOMCTB Pa3IUYHBIX XUMHYECKUX COCIUHEHUA U MATEPHAJIOB HA HX OCHOBE B 3aBHCHMOCTH OT
BHemHuX ycnopuit (ITK-3); .

- CIHOCOOHOCTH IONy4YaTh, O0OpabaThIBaTh, aHAIM3WPOBaTh W CHCTEMATHU3UPOBATH
HAy4YHO-TEXHHYECKYI0 HHpOpMAIHUIO IO TeME NCCIeNOBaHHs, BHIOMPaTh M OOOCHOBHIBATH
METOJUKH ¥ CPEJICTBA PEIICHU II0CTaBIeHHbIX 3amay ([1TK-4).

B pesynbraTe 0cBOCHMS QUCHUILUTHHEL ACIIUPAHT JOJDKSH JEMOHCTPUPOBATH ¥ IIPHMEHATE

yTIIyOJIeHHBIe 3HaHUS B PO ECCHOHATBHOM AEATENLHOCTH.

4. CTPYKTYPA M COAEP)XAHUE JUCHUILINHBI

4.1. O6vem oucyuniuHsl U KOJIUYECHIBO YYEOHBIX YACOE

Bun yue4noii padoTsi TpynoemkocTb
(B yacax)

- JIexnuu 54

- CamocTosTenpHas paboTa acmupanTa 90




UTOI'O 144

Bun utorosoro KOHTPOJIA 3a4€T

4.2. Cmpyxkmypa oucyunnumsl

n/n Tema Bune! yae6Hoit padoThl, BKIOYAs
CaMOCTOSITeILHYI0 padoTy, 1
TPYA0EMKOCTH (B Yacax)
Jlex CEM Jla6 cP
1. |Brenenue 6 3
2
MeTos! AUAarHOCTUKY TBEPABIX TEN 6 8
[IapaMeTpsl, OIpeaeIsieMble C IIOMOIIBIO
3. | dudpaknuoHHEIE METOIBI
HCCIEeNOBAHUS KPUCTAILTNIECKOM 6 12
CTPYKTYPHI
4. | BsIcoxopa3peniaromas peHTTeHOBCKas 6 12
I paKIus
5. |PactpoBas a5eKTpoHHAs MEKPOCKOIIHS 6 3
6. |IIpocBeunBaromas 3JeKTpOHHAS 6 10
MEKPOCKOITHS
7. |BropuyHas HOHHAS MacCIIEKTPOMETPHUS 6 10
8. | ATOMHO-CHIIOBAsS MHKPOCKOIIHS 6 10
9. | CxaHupyromas TYHHEIbHAs
MHUKPOCKOITHS 6 12
10. |3auer
Hroro 54 920

4. COAEP)KAHHME PA3JEJIOB (TEM) U CIHAIIJINHBI
5.1. Cooepircanue ayoumopHuvix 3anamuil
Tema 1. Beenenue.
@usuka TBEpHOro Tena. OCHOBHBIE NapaMeTPHl U XapaKTEPUCTUKH TBEPIBIX
TeN.
Tema 2. MeToapl JMATHOCTHKH TBEPABIX TeJI M MapaMeTpbl, onpenejsieMble ¢ HMX
NOMOIIBLI0
Qu3HYeCKHe OCHOBBl M INPHHUIMUNG (DYHKIMOHUPOBAHUS COBPEMEHHBIX METOIOB

HCCIIENOBAHUA TBEPABIX TEJI, TaKHX KaK pPEHTrCHOBCKas nn(bpalcum, IIpOCBEYHUBArOIIAA



3NIEKTPOHHAs MUKPOCKOIIMS, PaCTPOBast 3NEKTPOHHAS MUKPOCKOIHS, CKAHUPYIOIas TYHHEIbHASL
MHUKPOCKOIMS ¥ aTOMHO-CHJIOBAsI MUKPOCKOITHUS.

Tema 3. ludpakuuonHbIe METOABI HCCIEJOBAHUSA KPHCTAIIHYECKON CTPYKTYPBL.

Wctoynnkm peHTreHoBckoro mamydeHms. Omerrer Jlays u  Bpoarra.  Judpaxmus
PEHTIEHOBCKHX JIyYeH Ha aTOMHBIX IUTOCKOCTIX. CXeMBI YCTaHOBOK PEHTTCHOBCKOM AU paKIMK.
Pentrenorckas Tonorpadus.

Tema 4. Boicokopa3pemaomas peHTreHOBCKast {udpaKuus.

Bricoxopaspemaromas peHTreHoBcKas nudpakius. Biugnue Hamuuus U BUIOB AeHEKTOB
B CTPYKTYpe Ha IIOJIOKEHHE B HOPMY MAKCUMyMa OTPAXKESHUS, X UICHTUADUKALHSL.

Tema 5. PacTpoBasi 31eKTPOHHAS. MHKPOCKOIHSI.

VCIpo#CTBO pacTpOBOr0 3JIEKTPOHHOTO MEKPOCKOIA, IPHHIWII JEHCTBHS, OCHOBHEIE
XapaKTEePUCTHKH. B3amMmomelcTBHe BBICOKOIHEPreTUYHBIX JJEKTPOHOB C IIOBEPXHOCTHIO
TBepaoro Ttena. llomydeHume wn300pakeHMH C IIOMOINBIO CHUIHAIOB: OOpPATHO-pAaCCEeSHHBIX
"3JIEKTPOHOB, BTOPHYHBIX 3JIEKTPOHOB, O’Ke-3MEKTPOHHOB, KATONOTIOMEHHCUCHIUS H TOKA,
HMHAYLMPOBAHHBIA 3JIEKTPOHHBIM 30HIOM. PEHTTeHOBCKUI MUKPOAHATH3.

Tema 6. IlpocBeynBaromas 3JJeKTPOHHAT MUKPOCKOIIMS.

VCIpOWCTBO IPOCBEYHBAIOMIEIO JNEKTPOHHOTO MEKPOCKONA, TPHHIMI JEUCTBUS,
OCHOBHBIE XapaKTEPUCTHUKH, IapaMEeTphI, ONIpeNeNIsieMble IIPH €ro IOMOIIH. MeTOIbI MOy YeHHUS
u300pakeHut B mudpaknuoHHOM ©  (dasoBoM KoHTpacte. IloaroroBka o06pasoB IA
HCCIIEI0BaHMS B IIPOCBEYHBAIOIIEM JIEKTPOHHOM MHUKPOCKOIIE.

Tema 7. Bropu4Hasi HOHHAsI MacC-CIIEKTPOMETPHSI.

B3aumopelicTBre BBICOKODHEPT€THYHBIX HMOHOB C IIOBEPXHOCTBIO TBEPAOrO Tela.
KoncTpyknms Macc-crieKTpoMeTpa ¥ IpPHHIMI ero JAeHCTBUS. BHIBI HCCIENOBaHMIA,
IPOM3BOAMMEIX C IIOMOIIBIO BTOPUYHOIO MOHHOTO MAaCC-CIIEKTPOMETpPa, H3MepseMBbIe
BETMYHUHEL..

Tema 8. ATOMHO-CHIOBasi MHKPOCKOIHUS.

VYCTpOHCTBO aTOMHO-CHJIOBOIO MHKPOCKOIA ¥ TPHHIUI €ro IeWCTBHsS. MeXaHU3MBI
B3aMMOJICHCTBHS 30H/a ¥ IIOBEPXHOCTU TBEPIOIO Tejla. BUIbI HccienoBanui, MPOU3BOIUMEIX C
€ro MOMOUIBIO, U3MEPSIEMBIE BETUUYUHEL, JOCTH)KAMASA TOYHOCTb.

Tema 9. Ckanupyomas TyHHeIbHAs MAKPOCKOMUS.

VCTpOoWCTBO TYHHENBHOTO 30HJOBOIO MHKPOCKONA ¥ NPHUHIMI €ro JeHCTBHSL.
TyHHensHBI TOK Yepe3 TOHKHUE Oapbep. Bumel mccnemoBaHuif, MPOU3BOJUMEIX C IOMOIILIO
CKaHMPYIOIIEHA TYHHEIBHOM MMKDOCKOIMH, H3MEpSEMBlEe BEIUYHHEI, TOCTH)KMMAS TOYHOCTE.

MaHI/Il'IYJ'IXL[I/IH aToOMaMu.



5.2. Camocmoamenvnaa paboma acnupanma
CamocrosTenbHas paboTa aciEpaHTa BKIIOYAET IIOBTOPEHHE JIEKIIOHHOTO MaTepHasa mo
TeMaM, YTE€HHE PEKOMEHIOBAaHHOHM JUTEpaTypbl M HAy4YHOH NEPHOAMKH, a TaKXKe H3ydYCHHE

METOOHUYECCKHUX peKOMCHlIaIII/Iﬁ IS CaMOCTOSTENBHOMR pa6OTI>I.

6. OIEHOYHBIE CPEACTBA [JIsI TEKYIUETO KOTPOJISI M
MPOMEXXYTOYHOM ATTECTAILIAA

Llene KOHTpONA mHONydeHHEe HHGOpPMAIMM O pe3ynbTarax OOY4eHHsS M CTENeHH HX
COOTBETCTBHUS pe3yIbTaTaM 00y4IeHHUs.

6.1. Tekyujuit KOHmMpOb.

Texkymuii KOHTPOJIb TNPOBOAUTCA exeHemenpHo. Kpurepuum GOpMUpPOBAaHMS OLEHKH -
IIOCEIIAaeMOCTh 3aHATHH, aKTUBHOCTE CTYACHTOB Ha JIEKIMSX, YPOBEHb IIOATOTOBKH.

Texymas camocrosTenbHas paboTa aclIMpaHTa HallpaBjeHa Ha YIIIyOJleHue U 3aKpeIUIeHIe
3HAHUH, ¥ Pa3BUTHE NPAKTUYECCKUX YMEHUH.

6.2. Ammecmauyus

Attectanus nmpoBomuTcs B dopme 3avera. Kpurepuu GopMHpOBAHHS OLEHKH - YPOBEHb
3HaHUM IPOMICHHON YacTH Kypca.

KoHTpobHbIE BONPOCHI N/ ATTECTALUM:

Tabmuna 1

KOHTpOJ’leLIe BOIIPOCHI

1. | Audpaxius peHTTeHOBCKUX JIydeil Ha aTOMHBIX IUTOCKOCTAX

2, B3aumoneiicTue BBICOKOIHEPI€TUIHBIX JJICKTPOHOB C ITOBEPXHOCTHIO TBEPIOIrO TEa

3. | PeHTreHOBCKUI MUKpOaHAIU3

4. | Metonel nomydeHus wu300paXeHHH B JUPPaKIHOHHOM ¥ (a3oBOM KOHTpacre B
IIPOCBEYHBAIOIEM JIEKTPOHHOM MHKPOCKOIIE

5. BzaumopeiicTBue BBICOKOOHEPIE€THYHBIX HOHOB C IOBEPXHOCTBIO TBEPAOTO TEJIA.

6. | TyHHeNbHBIHA TOK Yepe3 TOHKHUI Oapbep

1 MexaHu3MBl B3aHMMOJIEHCTBHS 30HIA ATOMHO-CHIOBOIO MHUKPOCKOIIa U ITOBEPXHOCTH
TBEPOOTO TEIIA.

8. | dusuyeckue OCHOBBI M IPHHIMUNGI (GYHKIMOHHPOBAaHHS METOJa PEHTTECHOBCKOM
Iudpaxuuu

9. | Qusuueckue OCHOBBI U IPUHIMIE! (PYHKIMOHUPOBAHUS METOJAa IIPOCBEUMBAIOIIEH
3JIEKTPOHHOM MUKPOCKOIIHH

10. | ®dusuyeckue OCHOBHI U NPUHIMIEI (GYHKIIMOHHPOBAHUS METOA PACTPOBOM dIIEKTPOHHOM
MUKDOCKOIIUH, CKAaHUpPYIOIas TYHHEIbHAs MUKPOCKONMS ¥ AaTOMHO-CHJIOC HIJIOBas
MUKPOCKOIIUS




11. ®usugeckue OCHOBHl M IPUHOMNLI (QYHKIMOHUPOBAaHHS METOAAa CKaHUpPYIOLIEeH
TYHHEJIBHOH MHKPOCKOIIUH

12. | ®uspyeckue OCHOBBI ¥ NPUHIUIE! () YHKIIMOHUPOBAHUSI METOAA aTOMHO-CHIIOBOM
MHUKPOCKOIIHH

7. O6pa3oBaTebHbIE TEXHOJIOI MU

B nponecce 00ydeHus MpUMEHSIOTCS CIEAYIOIHe 00pa3oBaTeNbHbIe TEXHOIOTHHU:

1. ConpoBoxxnenue nefcunﬁ TI0Ka30M BU3yaJTbHOIO MaTepUaa,;

2. Ucnonk3oBaHWEe  KOMIBIOTEPHBIX ~ MojJeNed  (QU3MYeCKHX  IIPOIECCOB B
IIOJIyNIPOBOJHHUKAX M AUIIEKTPUKAX;

3. BemonHeHue n1abopaToOpHBIX pPabOT C HCIONB30BAaHUEM COBPEMEHHOTO HAYYHOTO

o0opynoBaHUS.

8. YueOHo-MeToqmueckoe 4 HHpOpMANIOHHOE 00ecniedeHHe NHCIUIIIHHDI

VYyeOHple, y4eOHO-METONUYECKHE W HHBbIE OMOIMOTEYHO-HHGOPMAIMOHHEIE PECYpPCHI
ofecrneynBarOT y4eOHBIA IPOLECC M TapaHTHPYIOT BO3MOXKHOCTH Ka4YECTBEHHOI'O OCBOCHHS
aciupaToM oOpaszoBarenbHON nporpammel. @TU mm. A.®.JModde pacmonaraer oOIIHMPHOMI

OUOIMOTEKOH, BKIIOYAIOLIeH 00IIEHAYIHYIO M CIIEHUATBHYIO IUTEPATypy.

9. JIureparypa
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3. Coenc JIx. DKCIepEMEHTAIBHAS JIEKTPOHHAS MUKPOCKOIMS BBHICOKOTO Pa3peIleHHS.
M.: Hayxka, 1986. - 320 c.

4. PactpoBas 31eKTpOHHAs MHKPOCKOIIUS ¥ PEHTI€HOBCKHIA MuKpoaHamu3. Ku. 1. mep. ¢
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10. IIporpammHoe 060opyxoBanue
HoBsle momynpoBomHMKOBEIE Marepuanbl. HaHOCTPYKTYphl. XapakTEpHCTHKH U
cBoiicTBa. baza nmaHHBIX pa3paboTaHa U IOJNEPIKHBACTCA CEKTOPOM TEOPETHYECKUX OCHOB

MHKPO3JIEKTPOHUKY: http://www.matprop.ru.

11. MaTepHeT-pecypchl
Omeuecmeennule JICypHanbl:

- Ou3HKa TBEPAOTO TeNa (ANMEKTPOHHAS BEPCHS);

- Ou3KKa U TeXHUKa IOTYIIPOBOTHUKOB (ANEKTPOHHAS BEPCHS);
- XOTO (anexTpoHHAs BEPCHSA);

- Venexu ¢pusnyeckux Hayk (37MEKTpOHHAS BEPCHS)
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1. Physical Review B (American Physical Society);

2. Physical Review Letters (American Physical Society;
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4. Central European Journal of Physics;

5. The European Physical Journal B Condensed Matter and Complex Systems
(Springer);
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7. Journal of Physics and Chemistry of Solids (Elsevier (Science Direct);
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10. Nature (Nature Publishing Group);

11. Nature Materials (Nature Publishing Group);

12. Philosophical Magazine (Taylor & Francis Group);

13. Philosophical Magazine Letters (Taylor & Francis Group);

14. Physica B (Condensed Matter) (Elsevier (Science Direct);

15. Physica E (Nanosfructures) ) (Elsevier (Science Direct);

16. Physica Status Solidi A (Wiley);
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- Cxamupyromuii snekTporHsIit Mukpockon JEM-7001F, Jeol;

- IIpoceeumBarommuii anekTpoHHEI Mukpockon JEM-2100F, Jeol;

- YHHBepCaubHBIH BTOPUYIHO-HOHHEINA MUKpoanami3aTop lon Microanalyzer IMS-7F;

- Cxanupyrommii 31eKTpoHHbI Mukpockon FEI Quanta 200.

ITporpamma pazpaborana:
BEJI.H.C. 7a0. TMarHOCTUKY MaTePHAIOB M CTPYKTYP
TBEPIOOTEIBHOM 3JIEKTPOHUKH, I-p u3.-Mat. HayK, Bpyskos I1.H.




