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AHHOTANMA

Llenms kypca - ¢QopmupoBaHHe 0a30BBIX 3HAHMH B 00NAacCTH (PU3MKKM TMOBEPXHOCTH KaK JAUCIHMIUIMHBI,
HHTErpHUpYyIone 00IedU3nIecKyr0 ¥ OOIIETEOPETUYECKYI0 TOATOTOBKY (U3WKOB M O0ECIIeYHBAIOIICH
TEXHOJIOTUYECKNE OCHOBBI COBPEMEHHBIX HMHHOBAIIMOHHBIX cdep aestenbHocTd. OCHOBBI JAByMEPHOM
kpucramorpaduu. CepxBbICOKHH BakyyM. [10AroToBka MOBEPXHOCTH ISl UCCIEJOBAaHUN B CBEPXBBICOKOM
BaKkyyMme. MeTopl M3yueHHs CTPYKTYPHI MOBEPXHOCTH (AM(pPaKUIUs SIIEKTPOHOB, aTOMHAs MHUKPOCKOIHS.
Penakcamusi u  pekoHCTpyKuus TOBepXHOCTH. OCHOBBI 3NeKTpoHHOW crmekTpockonuu. EXAFS,
¢dortosnekrponHas audpakuuss. CKaHUpyOMas TyHHENbHAas MHKPOCKOMUS. OJIEKTPOHHAs CTPYKTypa
noBepxHocTH. IloBepxHocTHbie coctosHusi [llokmu n Tamma. AjpcopOrms. duznueckne MeXaHWU3MbI TPU
B3aMMOJICHCTBUM aroMa (MOJIEKYJbI) MPHU Pa3HbIX BUAax ajgcopOuuu. Kuneruka agcopOuuu, ko3hGUIHEHT
NPUINNAHUS, TTOPSA0K aacopOIMHy, U30TepMBbl afcopOiun. I1IoBepXHOCTHBIE CTPYKTYpPhI IPU (POPMUPOBAHUH
MoHocnosi. CopasmepHast U HecopazMmepHas perieTkd. IloBepxHocTHas muddys3us. Tumbsl TOBEPXHOCTHOU
mupdysun. Mexanmsmbl auddysun Ha aromHoMm ypoBHe. [loBepxHocTHas nudQy3uss KIacTepos.
DKCTIepUMEHTaIbHBIC METObI HAOTIOACHUS MOBEPXHOCTHOM M dy3un. PocT TOHKHX IJICHOK.

1. leau u 3apauu

eap AUCUMNIMHBI
OCBOCHHE CTyIeHTaMd (YyHJaMEHTAIbHBIX 3HAHWK B O0ONACTH KBAaHTOBOW OITHUKH, OBJIAJICHUE
METO/IaMU KBAaHTOBOW TEOPHH, a TAK)KE IIOHUMAaHUEM CITIOCOOOB UX MPAKTHYECKOTO MPUMEHEHUSI.

3anayu QUCHUNIHHBI
. (dopmMupoBaHue 0a30BBIX 3HAHUH B 00NAaCTH (U3MKH ITOBEPXHOCTH KakK JIMCIUILIHHBL,
HHTETpHUpYIOLIel 00mepHU3NIecKyIo U 00IIETEOPETUIECKYIO MTOATOTOBKY (DU3UKOB M oOecrieunBaromnen
TEXHOJIOTUIECKUE OCHOBBI COBPEMEHHBIX HHHOBAIIMOHHBIX c(hep AeSTeIbHOCTH;

*  oOy4eHHE CTYICHTOB OCHOBHBIM MNPHHLMIIAM M MOAXOAaM OOJIACTH (PU3HKH TMOBEPXHOCTH H
OCBOCHHE OCHOBHBIX TEOPETHYECKHX METO/I0B, IPUMEHUMBIX B 3TOH 001acTH (PU3UKY;

. ¢opMupoBaHue NPABUIBHBIX  TEOPETHYECKMX IOAXOAOB K BBHINOJHEHUIO HCCIEJOBAaHUN
CTy-ZIIEHTaMH B 00JIaCTH (PU3HMKH MOBEPXHOCTH B PaMKax BBIITYCKHBIX pabOT Ha CTENIEHb MarucTpa.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

Ko 1 HaumMeHOBaHKE KOMIIETEHINH WNnaukaTtopsl AOCTHKEHUS] KOMIIETEHIIUN
OIIK-1 Bnaneer cuctemoit pynnamenransueix |OIIK-1.1  3Haer w  cmocoOeH — HMCIONB30BaTh B
Hay4YHbIX 3HaHUH B o0sacTu npo(ecCHOHAIBHON  JEATENIBHOCTH  (hyHIaMEHTAJIbHBIE
(u3MKO-MaTeMaTHYECKUX HayK Hay4HbIC 3HaHUS B 00JacTy (PU3NKO-MaTeMaTHIeCKUX HayK

OIIK-2 Nmeet npeacrasienne o6 akryanbHbix |OITK-2.1 UMeeT npeacraBieHre 0 COBPEMEHHOM COCTOSTHUH
npoOiieMax HayKd M TEXHUKU B OOJIaCTH CBOGH |MCCIIEOBaHMI B paMKaX TEMaTW4ecKol o00JacTH CBOeH
poeCCUOHANTBHOM I TENFHOCTH, CIIOCOOCH  |TpOo(heCcCHOHATBHOM JIeATENLHOCTH

Ha HayYHOM SI3bIKE (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-3 Cnioco6eH BbIOMpaTh 1 (MIIN) OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, [JIaHUPOBAThH
pa3pabaThIBaTh MOJAXOBI K PEIICHHUIO TUIIOBBIX |ITyTH peIIeHHs, Npeiarath U KOMOMHHPOBATH CIIOCOOBI
Y HOBBIX 337134 B 00J1aCTH MPO()ECCHOHATBHON | pereHuUsI

JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

I[IK-1.2 CnocobeH BbIBHTaTb THIIOTE3bl, CTPOUTH
[MK-1 CriocobeH cTaBuTh, GOpMaNTU30BLIBATS K |MAaTCMAaTHYCCKUE MOJCIU  JIJIS  ONHUCAHHMS  HM3Yy4acMbIX
pelars 3a1a41, B TOM YUCJIe pa3pabarTbiBaTh U |ABIEHUH U IIPOLIECCOB, OLIEHUBATH KA4€CTBO Pa3pabOTaHHOM
HCCJIEOA0BAaTh MAaTEMATUUYECKUE MOJICIIN MOACIN

U3y4aeMBbIX ABJICHUI U TIPOLECCOB, CUCTEMHO  |[TK-1.3 Cmoco0eH NpUMEHATh TeopeTudeckue u  (WIIH)
aHAJIM3MPOBAaTh HAy4YHbIE IIPOOJIEMBI, OIYYaTh |3KCIIEPUMEHTAIBHBIE METOIBI MCCIIENOBAHNN K KOHKPETHOM
HOBBIC HAYYHBIC PE3yJIbTaThI HayyHOM 3amadye W WHTEPIPETHPOBATH  MOTYyYCHHBIC
pe3yabTaThl

[MK-3.1 TloHuMaeT NPUHIUIBI PabOTHI HCIOIHE3YEMOTO
000opynoBaHUs (cienmanu3upOBaHHBIX MAaKETOB

[TK-3 Criocoben npodeccrnoHanbHO paboTaTh ¢ MPUKITAHBIX TPOTPAMM)




HCCICNOBATC/IIbCKUM U UCLIbITA1ICIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAaHHBIMH TAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMeTHON 00JIacTH

[IK-3.2 Criocoben MIPOBOJINUTH 3KCIIEPUMEHT
(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIOBATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTHh ITOJYYCHHBIX
SKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaTOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCIUIIMHBI 00y4alOIINecs JOIKHbBI

3HATb.

YMETB:

-MECTO H POJIb OOLIMX BOIPOCOB HAYKH B HAYYHBIX HCCIICAOBAHUSAX;

-COBpEeMEHHbBIC TIPOOIeMbl (PU3UKHN U MaTEMaTHKH;

-TeopeTuIecKue MoJenH (hyHIaMEHTaIbHBIX MPOIECCOB U SABICHUN B (PU3MKE U €€ MPUIIOKCHUSX;
-[IPUHLIUIIBI CAMMETPHH U 3aKOHBI COXPAHEHHUS;

-HOBEHUIIINE OTKPBITHS €CTECTBO3HAHUS;

-[I0OCTaHOBKY IPo0JIeM MOJETHPOBaHUS (PU3MYECCKUX IPOLIECCOB, MPOTEKAIOLINX B TBEPABIX TEJax;
-0 B3aMMOCBSI3SIX M ()YH/IaMEHTAIbHOM €JMHCTBE €CTECTBEHHBIX HaYK.

-3 ()eKTHBHO MCIONB30BaTh HA TPAKTUKE TEOPETHUCCKUE KOMIIOHEHTHI HAyKW: TIOHSTHS, CYXICHUS,
YMO3AKIIOUECHUS, 3aKOHBI;

-IPEACTaBUTh MAHOPaMy YHUBEPCAIBHBIX METOJOB U 3aKOHOB COBPEMEHHOTO €CTECTBO3HAHNS;
-paboTaTh Ha COBPEMEHHOM IKCIIEPUMEHTAILHOM 000PY/I0BaHNH;

-a0CTparupoBaThCsl OT HECYIISCTBEHHBIX BIUSHUA TPU MOJCIMPOBAHUM pEajbHBIX (PUINICCKHX
CUTYALIUii;

-TJIaHUPOBATh ONTUMAJIFHOE MPOBEIEHNE IKCIIEPUMEHTA.

BJIAJIETh:

-IJIAaHUPOBAHUEM, ITOCTAHOBKON M 00pabOTKOM pe3ysIbTaToB (PU3HUECKOTO IKCIIEPUMEHTA,

-Hay4HOU KapTUHOW MHpa;

-HaBBIKAMH CaMOCTOSITETIbHOM paboThl B J1a0OpaTopuM Ha COBPEMEHHOM SKCIEPHUMEHTAIHLHOM
000pyI0BaHNH;

-MaTeMaTU4eCKUM MOJICTTMPOBAHUEM (PU3MUYECKHX 3a/1ad.

4. Conep:xanue TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
OCHOBHBIE TIOHATHS O MOBEPXHOCTH Kak
1 o cnenuduyeckoM 00beKTe (PHU3UUECKUX 10 15 25
HCCIEIOBaHUM.
DKCTIepUMEHTaJbHbIE  TONXOABI  IPH
) paboTe ¢ MOBEpXHOCTHIO TBEPAOTO TeJa B 10 15 75
KOHTPOJIHUPYEMBIX YCIIOBUSIX
CBEPXBBICOKOTO BaKyyMa.
CoBpeMeHHOE COCTOSHHE el B 001acTu
3 P 10 15 25
(pM3MKH TOBEPXHOCTH.
Hroro yacos 30 45 75
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 180 gac., 4 3au.ex.




4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)
1. OcHOBHBIE TIOHATHUS O TIOBEPXHOCTHU KakK O CHEMPHIECKOM 00beKTe (PU3NUECKUX HCCIIeIOBAHUH.

UYucrele noBepXHOCTH. II0BEpXHOCTH METAJIIIOB U MOJIyIPOBOAHUKOB. II0BEpXHOCTHBIE COCTOSIHHUA.

ONEeKTpOHHAsl CTPYKTypa IOBEPXHOCTHU. TeopeTuueckue IOAXOnAbl. DKCIIEPUMEHTAJIbHbIE METOAbL
HCCIIEIOBaHMS.

Kpucrammueckas ctpykrypa. PekoHcTpykius. MeTos! aHanusa.

Ontuyeckue cBOMCTBA.

dusnueckas aacopOnus.

Xumuueckast ancopOnusi.

IToBepXHOCTHBIE XUMHUYECKUE PEAKIIVH.

dazoBble MEePEeXo/Ibl HAa YUCTOM MOBEPXHOCTH M OBEPXHOCTH, IOKPHITOH aCcOpOaTOM.
PocT kpucTanioB Ha MOBEPXHOCTH.

2. DKcrepuMEHTaNbHbIE MOAXOABI PU paboTe ¢ MOBEPXHOCTHIO TBEPIOTO Tejla B KOHTPOIUPYEMBIX
YCIJIOBUSIX CBEPXBBICOKOTO BaKyyMa.

OCHOBHBIE IKCIIEPUMEHTAJIbHBIC METO/IbI aHAJIM3a TOBEPXHOCTH B CBEPXBBICOKOM BaKyyMe.
CkaHupylo1masi TyHHeJIbHasi MUKPOCKOIHNS/CIIEKTPOCKOIHS U €€ BO3MOXKHOCTH.

3. CoBpeMeHHOE COCTOSIHUE JIeN B 00JIaCTH (PU3UKH TOBEPXHOCTH.
CoBpeMeHHbIe TPoOIIeMbl (PU3UKH TTOBEPXHOCTH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaTEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

Heob6xoaumoe o0opynoBaHue Ul JIEKIUI U MPaKTUYECKUX 3aHATHH: ydeOHas ayAuTOpus, OCHAIIICHHAS
KOMITBIOTEPOM M MYJIBTUMEIUHHBIM 000pyI0BaHNEM (IIPOCKTOP, 3BYKOBasi CUCTEMA).

Heobxonumoe nporpammHoe obecnedenue: oducHeiii maker OpenOffice mis pedeparos u
npe3eHTauui, nporpamma Origin (IIp1 HATUYUH TEXHUYECKOM BO3MOKHOCTH).

Obecrieuenue caMOCTOSTENTLHON paOboThl — AocTyMl B IHTEepHEeT, 6a3bl JaHHBIX 0 KypHaJIaM American
Physical Society, American Institute of Physics, Institute of Physics, Nature, Springer Verlag,
o6ubmnorexa MO PAH.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa
1. ®uzuka noBepxuoctH [ Tekcr]/D. 3enrynn , nep. ¢ annt. C. A. Benkcrepna [u np.] , -M., Mup, 1990

2. Beenenwne B ¢puzuky noBepxuoctH [ Tekcr] = Introduction to surface physics/M. IIparton , -M. ;
WNxeBck, Perynapras u xaotnyeckad quHamuka, 2000

3. Beenenue B ¢usuky nosepxuoctu [Texct]/K. Oypa [u gp.] , -M., Hayka, 2006

JomnonHutensHas auTeparypa
1. ®usuka tBepmoro tena [Texcr] : B 2 1. T. 1 / H. AmkpodT, H. Mepmus ; niep. ¢ anr. A. C.
Muxaiinosa ; mox pen. M. U. Karanoa .— M. : Mup, 1979 — 399 c.
2. ®usuka tBepuoro tena [Teker] : B 2 1. T. 2 : [y4e0. mocoOue mst By3oB] / H. Amkpodt, H. Mepmun
; mep. ¢ anr. K. WM. Kyrena, A. C. Muxaiinosa ; nog pea. M. U. Karanosa .— M. : Mup, 1979 .— 424
C

3. Surface Science, v.500 (2002) pp.1053

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)



Kypuans! o ¢pusuke TBepaoro tena (Pusnka TBepaoro tena, Kpucramnorpadus, KT, [Tucbma B
JKT®, Physica Status Solidi b, Physical Review B u np.), noctynusie yepes Internet HayuHsle u
Hay4YHO-TEXHUYECKHE XKypHAIbI: http://scitation.aip.org/, http://www.sciencemag.org/ 3neKTpOHHbIE
KOHCTICKTBI JIEKIN, y4eOHbIe TOCOOUS 1 COOPHHKH 337134, pa3padoTaHHbIE [T JaHHOTO Kypca.

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha neKunoHHBIX 3aHSATHAX UCTIOJIB3YIOTCS MYJIBTHMEANHHBIC TEXHOIOTUH, BKITFOYAsl IEMOHCTPAIIHIO
npeseHTanuii. B nmpouecce caMocTosTeNnbHOM paboThl 00y4YaromMXCsi BO3MOXKHO HCIOJIB30BAHNUE TAKHX
MporpaMMHBIX cpeacTs, kak OpenOffice.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

Cryznent, u3yuatomuii Kypc «BBenenue B pU3MKy OBEpXHOCTHY, TOJDKEH C OJHOM CTOPOHBI, OBJIA/IETh
OOMIMM TMOHSATUHHBIM anmnapaToM (HU3UKKM KOHJCHCHPOBAHHOIO COCTOSIHHS, a C APYTOW CTOPOHBI,
JIOJDKEH HAy4MTbCsl IPUMEHSTh TEOPETUYECKUE 3HAHUS Ha IPAKTUKE MIJs pacueTa pasInyHbIX
xapakTepucTuk. [lockonbKy B Xonme JIEKUMH [Js WUIIOCTpPAlMK OOIIMX IPHHLMUIIOB MPOBOJUTCS
00Cy’KeHHEe COBPEMEHHBIX aKTyalbHBIX MpoOieM (pU3MKK MOBEPXHOCTH, KOTOPbIE HE B IOJIHON Mepe
OTPaKEHBI B CYIIECTBYIOIINX YUYeOHUKAX, IOCCIICHHUE JICKIIUH SBIISIETCS aOCOMOTHO HEOOXOAUMBIM JIJIs
YCIELIHOI0 YCBOCHHUS U3y4aeMOro MaTepuaia.

VYeneniHoe  OCBOEHHE Kypca TpeOyeT HampsoKEHHOH — CaMOCTOATENBHOM — paboThl  CTyIEHTA.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHUE U KOHCIICKTHPOBAHNE PEKOMEH/IOBAHHOM JIUTEPATYPHI,

— TpopaboTKy ydeOHOro Marepuaia (IO KOHCIIEKTaM JICKIWiH, y4eOHOH M Hay4dyHOW JHTeparype),
MOATOTOBKY OTBETOB HAa BONPOCHI, IPEIHA3HAUYEHHBIX IS CAaMOCTOSTEIBHOTO  M3Y4CHWUS,
JI0Ka3aTeJIbCTBO OTIEJIbHBIX YTBEPKIECHUM, CBOMCTB;

— peleHne 3a1a4, IpeaaraéMblX CTYJJeHTaM Ha JICKIUAX U MPAKTUIECKUX 3aHATHAX,

— MOJITOTOBKY K NPAaKTHYECKUM 3aHSITHAM, SK3aMEHY.

PyKOBOICTBO ¥ KOHTPOJIb 3a CaMOCTOSTENBHOW pPabOTOi CTyneHTa oOcCymecTBisercss B (opme
MHIUBUYaJIbHBIX KOHCYAbTalMid. C Lenblo ynTyONeHHOTO M3y4YeHUs TeX WM HHBIX Pa3zenoB Kypca
CTyJICHTaM MOTYT OBITh IPEIUIOKEHBI CHICIIMAIBHBIC TEMBI JUTSI CAMOCTOSTEIIBHON paOOTHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kageapa Ja3epHbBIX CUCTEM U CTPYKTYPHUPOBAHHBIX MAaTEPUaIOB
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: K.H. Enbnos, a-p ¢us.-mar. Hayk



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-2 Nmeet npeacrapieHne 00 aKTyalIbHBIX
mpo0iemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCHOHANBHON e TENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 NmeeT npeacTaBIeHHE O COBPEMEHHOM COCTOSTHUU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEIHHOCTH

OIIK-3 CniocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOJXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 Cnocoben ananu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIIEIOBAHUI K KOHKPETHOM

IMK-3 Cniocoben npodeccnonaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAHHBIMH TAKETaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

Hay4yHOM 3ajau€ W HHTEPIPETUPOBATh  IOJIYUYEHHBIE
pe3yabpTarhl

[IK-3.1 IloHumaer mnpuHOMUIBI PabOTHl HCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

[K-3.2 Criocoben MIPOBOANTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIO0BATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare n3yueHus AUCIMIUIMHBI « BBeneHne B GU3HKY MOBEPXHOCTH 00yUaroImuiics JOMKeH:

3HATb:

-MECTO H POJIb OOLIMX BOIPOCOB HAYKH B HAYYHBIX HCCIICAOBAHUSAX;

-COBpEeMEHHbBIC TIPOOIIeMbl (PU3UKHN U MaTEMaTHUKH;

-TeopeTuIecKre MoJenH (hyHIaMEHTaIbHBIX MPOIECCOB U SBICHUN B (PU3MKE U €€ MPUIIOKCHUSX;
-[IPUHLIUIIBI CAMMETPHH U 3aKOHBI COXPAHEHHUS;

-HOBEHIIINE OTKPBITUA CCTCCTBO3HAHUA

-[I0CTaHOBKY MPO0OJIEM MOJEINPOBAHUS (PU3NIECKUX MTPOIIECCOB, IPOTEKAIONINX B TBEPABIX TENAX;
-0 B3aUMOCBSI35X U (PyHAaMEHTAIbHOM €IMHCTBE €CTECTBEHHBIX HAyK.

yMeTh:

-3(EeKTUBHO HUCIIOIBH30BaTh HA MPAKTHKE TEOPETHYECKHE KOMIIOHEHTHI HAayKH: HMOHSATHSA, CYXKICHHS,

YMO3aKJIKOYCHHNA, 3aKOHBI;

-[IPEICTaBUTh IAHOPaMy YHUBEPCAIbHBIX METOAOB U 3aKOHOB COBPEMEHHOI'O €CTECTBO3HAHUS;
-paboTarh Ha COBPEMEHHOM 3KCIIEPUMEHTAIEHOM 000PYI0BaHUY;
-a0CTparupoBaTbCsi OT HECYIIECTBEHHBIX BIUSHUN HpPU MOAEIMPOBAHUU DPEATbHBIX (U3NUECKUX

CUTYALUii;

-IJIAHUPOBATh ONITUMAJIBHOC IIPOBEACHNUE SKCIICPUMCHTA.

BJA€Th:




-IJIAaHUPOBAHUEM, ITOCTAHOBKOW M 00pabOTKOM pe3ysIbTaToB (PU3HUECKOTO IKCIIEPUMEHTA,

-Hay4HOU KapTUHOW MHpa;

-HaBBIKAMH CaMOCTOSITETIbHOM paboThl B J1a0OparopuM Ha COBPEMEHHOM SKCIEPHUMEHTAIHHOM
000pyI0BaHNH;

-MaTeMaTU4eCKUM MOJICTTMPOBAHUEM (PU3MUYECKHX 3a/1ad.

3. [lepevyens THNOBBIX (IPUMEPHBIX) BOMPOCOB, 32/1aHMI{, T€M /151 MOATOTOBKHU K TEKYIIeMYy KOHTPOJIIO
[TpumMepHBIE TEMBI 3aJaHHI 711 CAMOCTOSATENILHOM paboThI (pedeparsi):

CrinH-nosipu30BaHHasi CKAHUPYIOIIAsl TYHHEJIbHAs! MUKPOCKOIIUS.

Teopus ¢yHKIIMOHATIA IUIOTHOCTH U €€ IPUMEHEHHSI K TOBEPXHOCTH.

ATOMHBIE peKOHCTpyKIMH oBepxHoCcTH AIIIBV.

Pexonctpyxmus moBepxaoctd Au(111). CaBoeHHbIE TOMEHHBIE CTCHKH.

Ucnonb3oBanne CTM a1 U3roTOBNEHUS yCTPOMCTB HAHOANEKTPOHUKH.

Crosiune 371eKTPOHHbIE BOJIHBI HA TIOBEPXHOCTU METAJUIOB.

Heynpyroe TyHHeIMpOBaHHE 3JIEKTPOHOB M KojeOaTenbHas CIIEKTPOCKOIHS OJMHOYHBIX MOJICKYII.

e AN I M

OcobeHHOCTH a7IcOpOIUH KKCIOPOAa Ha MIOBEPXHOCTH METAJUIOB.

9. ®oTOo’neKTPOHHAS YIBTPAPHOIETOBAs CIIEKTPOCKOIHS C YIJIOBBIM PAa3pEIICHUEM.

10. OcobeHHOCTH CKaHUPYIOICH TYHHEIIBHOM CIIEKTPOCKOITUH MMOBEPXHOCTH MOTYPOBOTHUKOB.
11. Cxanupyromas TyHHeIbHas! JTIOMUHECIICHIIN.

12. Peanu3anys KBaHTOBBIX BBIYMCICHUH HAa OTAEIBHBIX aTOMax.

13. BakyyMHBIE€ TEXHOJIOTHH CO3AaHUs IPpa)eHOBBIX CIIOEB U UX U3yUYCHHUE.

4. lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

Hepequb KOHTPOJIbHBIX BOIIPOCOB IJId CAAYM 5K3aMCHaA:

Temsr:

1. OcHOBBI ABYMEpPHOW KpHCTAILUIOTpapuu

» JIByMepHBIE peIIeTKU

» Hunexcsl Musuiepa U1t JByMEPHBIX PELIETOK
» (O003HaYeHHS TOBEPXHOCTHBIX CTPYKTYP

* OOparnas pemerka

» JIBymepHas 30Ha bputrooHa

ITonxomp! K U3yYEHUIO CTPYKTYPBI IOBEPXHOCTH
. CBepxBBICOKHMII BAKyyM
. IToaroroBka MOBEPXHOCTH JIJIsl CCIEAOBAHNUIN B CBEPXBBICOKOM BaKyyMe

AW DN

. MeTonpl n3y4eHus CTPyKTYphl TOBEPXHOCTH

Judpakuus 3IeKTpOHOB

ArtomHas MHKPOCKOIIUA
. PGHaKcaHI/IH 1 PCKOHCTPYKIUA MOBECPXHOCTHU

AN WD

. OCHOBEI 3J'ICKTpOHHOﬁ CIICKTPOCKOIINHA

Krnaccudukanums MmeTonoB 1o nosyyaeMoi HHPpOpMau

» CnexTp BTOPUYHBIX JIEKTPOHOB MPH BO30YKICHUU DIIEKTPOHAMH U (POTOHAMHU
» Kak peructpupoBars 3J1€KTPOHbI

* DJIeKTPOHHAs 0XKe-CIIEKTPOCKOIHS

* CnexTpocKonus XapakTepUCTHIECKHUX ITOTEPh

* DOTORNEKTPOHHAS CHEKTPOCKOIHS

. EXAFS, doroanexkrponnas nuppakius

DneKTpoHHas CTPYyKTypa nosepxHocth. [loBepxHocTHBIE cocTosHUs [[lokmm n Tamma.

7
8. Ckanupyroiasi TyHHEIbHAs MUKPOCKOIHS
9.
10. Ancopbuus

* Tums agcopOn



+ ®u3nueckue MeXaHU3MBbI IIPU B3aUMOACHCTBUY aToMa (MOJICKYJIBI) IIPH PA3HBIX BUAX aCOPO-LIUH
» Kunernka ajcopOrun, K03GGUIMESHT NPUITATIAHYS, TTOPSIO0K aJCOPOIMH, H30TEPMBI aJCOPO-TIHH.

*  IloBepXHOCTHBIE CTPYKTYpbl Ipu (opMupoBaHuu MoHOcCHO0A. Copa3MepHass M Hecopa3MepHas
pEILIeTKH.

» Kakue BenmUUMHBI U3MEPAIOTCS IPU U3YYCHHUN aICOPOIIMH aTOMOB M MOJICKYI.

11. IloBepxnocTHas auddy3us

* Tunsl noBepxHOCTHOM I dY3un

* Mexanusmbl JuQQy3uu Ha AaTOMHOM YPOBHE

 IloBepxHocTHas auddys3us KI1acTepos

* DOKCHepuMEHTalIbHbIE METObI HAOMIOACHNSI IOBEPXHOCTHOH nuddy3un

12. PocT TOHKHUX IJIIEHOK

[Ipumep sK3aMeHAIMOHHOTO OMJIeTa U3 TPEX BOIPOCOB, UCIIOJIB3YEMOTO Ul TPOBEACHUS SK3aMeHa!
Buner Nel
1. IBymepHsble pemeTku. MHaexcs Muiiepa 11 IByMEpHBIX PEHIETOK.

2. Kax peructpupoBarh dJEKTPOHBI. DIEKTPOHHAs —OXe-CleKTpockonusi. CHeKTpOCKOus
XapaKTEePUCTUYECKUX MOTEPb.

3. ®usnueckue MeXaHW3MBbI IPH B3aUMOAEHCTBUN aToMa (MOJIEKYJIbI) TPU Pa3HBIX BUAAX afcOpOLNU

Kpurepun onennBanus

Onenka «ommmyHo (10)» BeICTaBIsieTCsl OOyYalOIIEMyCsi, €CIM OH I[OKa3aJl BCECTOPOHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NHpOrpaMMbl AUCLUIUIMHBI M YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUM;

oueHka «omm4HO (9)» BbIcTaBIAETCS OOyyaromeMycs, €cld OH II0Ka3all BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh X Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HOPUHATBIX PELICHUH, HO IMpHU 3TOM OBUIM JOMYIIEHBl HEOOJbIINE HETOYHOCTH, KOTOPHIE OBLIH
CaMOCTOATENBHO OOHAPY>KEHBI U HCIIPABIICHBL;

oueHka «omim4yHO (8)» BhICTaBiIAETCS O0OyyaromeMycs, €clid OH IIOKa3all BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSThH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
NPUHATBIX PEIIeHUH, HO IpPHU 3TOM OBIIM JOMYIIEHbl HEOONbIIME HETOYHOCTH, KOTOpbIE MOCie
yKa3aHUsl 9K3aMEeHaToOpa ObUIM CaMOCTOSTEIBHO UCIIPABIICHBI;

OLIeHKa «xopomIo (7)» BBICTABISIETCS 00y4aromeMycs, €CJIM OH TBEPJO 3HAET MaTepHuall, IPaMOTHO U 1O
CYIIECTBY H3JIaraeT ero, yMeeT IpPHUMEHSATh IOJY4YCHHbIC 3HAHHWS Ha IPAKTUKE, HO JOIMYCKaeT
HETOYHOCTH B OTBETE MJIM JEIaeT HECYIIECTBEHHbIE OUIMOKY ITPH PEIICHUH 3a/1a4;

OLIEHKa «XOpOILO (6)» BHICTABIAETCS 00y4alOIIEeMYyCsl, €CJIM OH TBEPAO 3HACT MaTepHall, TPaMOTHO H 110
CYIIECTBY H3JaraeT €ero, ymeeT IPHUMEHATh IOJy4YEeHHbIC 3HAHWA Ha IPAKTUKE, HO [OIYyCKaeT
HeOoJIbLIMe OIMOKH B OTBETE U (WJIN) P PEILICHUH 3a]1ay;

OLICHKA «X0pomIo (5)» BBICTABISIETCS 00yUaromeMycs, €CJIM OH TBEPJO 3HAET MaTepHuall, IPaMOTHO U O
CYLIECTBY H3JIaraeT €ro, yMeeT MPHMEHATh MOJYYCHHbIC 3HAHHWS Ha TNPAKTUKE, HO OTBEYAET
HEYBEPEHHO U (WJIH) JI0ITycKaeT OMMOKH NIpU PEelIeHUH 3a71ad;

OLICHKA «YJIOBJETBOPHUTENBHO (4)» BhICTaBIseTCs OOydaromeMycs, MOKa3aBIleMy (parMeHTapHBbIH,
pPa3po3HEHHBIH XapaKTep 3HaHWM, HETOuHble (OPMYIUPOBKH Oa30BbIX MOHATHH, HapyIICHUS
JIOTUYECKON IIOCIIe10BATEIbHOCTH B U3JI0KEHUH IIPOIPaMMHOI0 MaTepuaa, €Clid IIpy 3TOM OH BIIaJeeT
OCHOBHBIMH pazfesiaMu y4eOHOW NMporpamMMbl, HEOOXOAMMBIMH JUIA AalbHEHIIEro o0yueH!s] U MOXKET
MPUMEHATH NTOIYYECHHBIC 3HaHU 110 00pasily B CTAaHAAPTHON CUTYallly;

OLICHKA «YJOBJIETBOPUTENILHO (3)» BBICTAaBIACTCS OOydaroLIeMycs, NMOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBIN XapakTep 3HAHWI, HETOYHbIE (OPMYIMPOBKH 0a30BBIX MOHSATHH, HapyIICHUS
JIOTUYECKOM TIOCJIEIOBATEIbHOCTH B H3JIOKEHHM IIPOIPAMMHOIO Marepuala, He BIIAJCIOLIeMy
HEKOTOPBIMH pa3liellaMi y4eOHOW MpOorpamMMbl, HO YMEIOIIEMY NPHMEHSTH NONTyYeHHbIC 3HAHHS IO
00pa3ily B CTaHJapTHOM CUTYallHu;

OIICHKA «HEYJIOBJICTBOPUTEIHHO (2)» BBICTABISAETCS OOydarolmeMycs, KOTOPBI HE 3HAaeT OOJbIIeH
YaCcTH OCHOBHOTO COJEPYKaHUSI Y4eOHOW MpOrpamMMbl JHCUUILIMHBL, JOIyCKAaeT IpyOble OMHMOKU B
(bOpMyIHPOBKaX OCHOBHBIX MOHSTHH AUCIUIUIMHBI M HE YMEET UCIIOIb30BATh MOIYyYCHHBIC 3HAHUS [IPU
PELICHNH TUTIOBBIX MPAKTUYECKUX 337134,



OLICHKA «HEYJOBJIETBOPHUTENbHO (1)» BBICTaBIseTCs 00ydaromeMycs, OKa3aBLIeMy [IOJHOE HE3HAHHE
y4eOHON NPOrpaMMbl JUCLUILIMHEI.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1M) oNbITA AESITEJILHOCTH

[Ipu nmpoBeneHun ycTHOro sK3ameHa oOydarolmeMycs IpeAocTaBisercs | acTpPOHOMHYECKMH 4ac Ha
noarotoBky. Ompoc oOydarorierocst mo OmieTy Ha YCTHOM 9K3aMEHE He JOJDKEH NPEBBIIATh OJHOTO
aACTPOHOMMYECKOTO 4Yaca.

Bo Bpems mpoBeneHust 3k3amMeHa 0Oydaroliydecss MOTYT IOJIb30BaTbCsl MPOrPaMMON AMCLUIUIMHBL, a
TAKXE CIPABOYHOM JIUTEPATYPOM, KOHCIIEKTOM JIEKLIMI U IEPCOHAIBHBIMYU KOMITBIOTEPAMM.



