degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO
JupexTop pu3TEeX-IMIKOJIbI
3JIeKTPOHHUKH, JOTOHMKHU U
MOJICKYJISIPHOH QU3UKH

B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: Du3NKO-XUMUS MOBCPXHOCTHU MATCPUAJIOB MUKPO U HAHOIJICKTPOHUKHU
0 HANIPaBJICHUIO: HpI/IKHaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)PIJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa MUKpPO- U HAHODJICKTPOHHUKH

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnuddepeHunpoBaHHbIi 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 15 gac.
Bcero gacos: 45, Bcero 3ad. ef.: 1

[Iporpammy cocrasuin: B.II. bokapes, kaHI. XUM. HayK

[Iporpamma obcyxeHa Ha 3aceqannu Kadenpbl MEKpO- U HaHO3JeKTpoHukH 29.05.2020



AHHOTANMA
Kypc "Owusuko-xumusi MOBEPXHOCTH MaTepuajoB MHKPO ¥ HAHORJIEKTPOHUKH' TpedycMaTpHUBaeT
(¢bopMHpOBaHHE CHENMAJIbHBIX 3HAHMUA B 00JacCTH NPAKTUYECKOH (U3NUECKOM XUMHH IOBEPXHOCTH
KPHCTAJIJIOB, HEOOXOMMMBIX HpU pacuére Temreparyp (a30BbIX INPEeBpAICHUH HAHOKPUCTAIUIMYECKUX
CTPYKTYp, MHUHUMAJIBHBIX TEMIIEpaTyp CpalIMBaHUS IIOJYNPOBOJHUKOBBIX IUIACTUH M  CIHEKaHMA
MOPOIIKOOOPA3HBIX ~MaTepHajloB, W3MEHEHHUS OJIEKTPONPOBOAHOCTH HAHOCTPYKTYp, a Takxke i
MPAKTUYECKUX PACUETOB MOBEPXHOCTHBIX SHEPTHH KPUCTAIUIMYECKUX MAaTEPHAIOB U UX aHU30TPOITHH.

3anaum Kypca:

- PaccMOTpEHHUE OCHOB (PU3HUECKON XHUMHUHU KPUCTAIIINYECKUX MaTepHAIIOB;

- PaccMOTpPEHHUE BIUSHUS MOBEPXHOCTHON 3HEPTUU TBEPABIX BEIIECTB HA UX CBOMCTBA;

- paccMOTpeHHE OCHOBHBIX TEOPETHUYECKHX U IKCIIEPHUMEHTAIBHBIX METOO0B ONPEIEICHUs TTOBEPXHOCTHOM
SHEPTUH, X HEAOCTATKOB U NPEUMYILECTB;

- paccMOTpeHHE TeOMETPUYECKOro IMOAXOoJa K  IPOTHO3MPOBAHMIO  (PU3MYECKHX  CBOMCTB
HAHOKPUCTAJUIMYECKUX CTPYKTYD;

BBCACHHC B TCOPHUU IIJIABJICHUSA TBECPAOTO TECJIA,

HU3JI0)KCHUC «OHCPTCTUUCCKOI'O KPpUTCPUSI» aMOp(bI/IBaLII/II/I KPUCTAJIMYCCKOI'O BCIICCTBA,

PaCCMOTPCHUC «K()Op):[HHaL[HOHHOﬁ» MOZCIIU IIJIABJICHUSA KPUCTAJlJIA,

- [IPOBEICHUE pAcu€TOB IIOBEPXHOCTHBIX JSHEPIMH KPUCTAJUIMYECKUX BELIECTB, OCHOBAaHHBIX Ha
«KOOPIMHALIMOHHON» MOJENH IJIABICHUS KPUCTAUIOB M HA <«IHEPreTHYECKOM KPHUTEPHH» amMopu3aliu
KpPHUCTAJUIMYECKOT'O BELECTBA;

- COIIOCTAaBJICHHE PE3Y/IbTAaTOB PacYETOB IOBEPXHOCTHBIX 3HEPTUI C UMEIOILUMHUCS 3KCIIEPUMEHTAIbHBIMU U
TEOPETHYECKUMH TaHHBIMU;

- COIIOCTABJICHUC PC3YJILTATOB paC‘IéTOB TCMIICPpATyp MOBCPXHOCTHOI'O IUIABJICHHA C HMCIOINIUMUCH
SKCIICPUMEHTAJIbHBIMU U TECOPECTUICCKUMU JaHHBIMH,

- paccMOTpeHHE IPUMEHUMOCTH MPEATI0KEHHON MOIEIH TUIaBIeHHS B (PU3HMUECKOM XMMUM TBEPAOTO Tea;

- paccMOTpeHHE NPUMEHUMOCTH MPENIOKEHHOW MOJENHU IIJIaBIEHUs A pacd€TOB TeMIleparyp CIEKaHUs
MOPOIIKOOOPa3HBIX U MOHOKPUCTAIIIMYECKUX MaTepHAIIOB;

- paccMOTpEHHE NPUMEHUMOCTH NPEIJIOKEHHONM MOIEIM IUIABJICHUS [JIs1 POTHO3UPOBAHUS H3MEHEHUS
(U3UKO-XMMHUYECKUX CBOMCTB MaTepralioB MUKPOIJIEKTPOHUKH C YMEHBIIEHHEM HX JIMHEHHBIX pa3MepoB.

ITo pe3ynbTaram 0CBOEHHS Kypca CTYJCHT JI0JDKEH:

3HaTh:

- (U3MKO-XMMHUYECKHE XapPaKTEPUCTUKH IOBEPXHOCTH TBEPABIX TeJ; Pa3IM4Msig MEXKIY I[MOBEPXHOCTHOU
SHepruel U IOBEPXHOCTHBIM HATSDKEHUEM; BIMSHUE JIMHEHHBIX pa3MepoB TBEPABIX Tel Ha HX
(U3MKO-XMMUYECKHE CBOMCTBA; «DHEPreTHUECKUH KpUTEepUld amopdus3anuu TBEPABIX TeiI»; OCHOBHBIC
MOJEJIN IUIaBlIeHUs TBEPABIX Tel; «KoopauHannoHHY0» MOAEb IUIABIEHUS KPUCTAJIOB; Pa3ivuus MEXIY
O00OBbEMHBIM M TOBEPXHOCTHBIM IUIABJICHMEM TBEPABIX TeEJ; CHOCOOBI IepeBoja TBEPAOTO BEIIECTBA B
BBICOKOHEPI€THUECKOE COCTOSHUE; CBSI3b MEXK/ly TaOUTYCOM H CTPYKTYPOI KPHUCTAJIIOB.

YMeTs:

- paccuuTbhlBaTh 3aBUCHUMOCTb TEMIIEPATyphl IUIABICHUS MOHOKPHUCTAJUIOB OT HX JIMHEMHBIX pPa3MepoB;
pacCUMTBHIBaTh MOBEPXHOCTHYIO DHEPrHUI0 M aHHU30TPOIHIO IMOBEPXHOCTHBIX JOHEPIrUH  KPHCTAIIOB
JJIEMEHTAPHBIX BEILECTB; PACCUUTBHIBATH H3MEHEHUE CpPEIHEr0 KOOPAMHALMOHHOIO 4YHcja aroMOB B
MPOCTEUIINX HAHOCTPYKTYpax; pAacCUHUTHIBATh TEMIIEpaTypy IOBEPXHOCTHOIO IIIABICHHS KPHCTAIIIOB
3JIEMEHTAPHBIX BELIECTB.

Bnaners:

- 3HAHWUSAMH PABHOBECHOW TEPMOAMHAMMKHM, KpUCTaIOrpaduy M KPUCTAUIOXMMUHU; HABBIKAMH MAalIMHHBIX
pacuéToB pa3MEPHBIX 3aBUCUMOCTEH (PU3UKO-XUMHUUECKUX CBONCTB KPUCTAIJIOB JIEMEHTAPHBIX BELIECTB.

OcHOBHOE cofepX)aHue Kypca H3JI0KEHO B CIEAYIOMINX pa3aesax:

1. BBeaenue B GU3NUECKYIO XUMHUIO TOBEPXHOCTH.

2. TeopeTHYECKHUE U IKCIIEPEMEHTAIBHBIE METO/IBI OLIEHKH ITOBEPXHOCTHOW SHEPTUN

3. IloBepxHOCTHAs 3HEPTUs U (PU3UKO-XUMHUYECKUE CBOMCTBA MAaKPO- U HAHOKPUCTAIIIOB
4. DHepreTuvecKuil Kputepuil aMmop(r3annm TBEPAOTO BELIECTBA



5. BnusHue noBepXHOCTU HA CpeHEe KOOPAMHALMOHHOE YHMCIIO aTOMOB B HAHOKpHCTAJIaX

6. Pacuérel M3MeHEHHsS CpeJHEero KOOPAMHAIIMOHHOTO YHCJIa arOMOB B HACAIBHBIX KpHUCTAJIaX MpH
YMEHBIIICHUH WX JIMHEHHBIX pa3MepOB

7. IlnaBiieHHE KPUCTAIIIOB

8. «KoopanHanuoHHas» MOIEIh TUTaBIICHUS KPUCTAJLIOB

9. BnusHuE MOBEPXHOCTH Ha TUIABJICHUE KPUCTAILTA

10. IToBepXHOCTHOE MJIABIICHUE KPUCTAIIIOB

11. BiisiHre TOBEPXHOCTHOTO TUTABIICHUS HA CBOWCTBA METAIIMYECKON Pa3BOIKH MUKPOCXEM

1. leau u 3apauu

eap AUCUMNIMHBI

- (opMHpOBaHUE CHEHUATBHBIX 3HAHUM B 00IaCTH MPAKTUYECKON (PM3NYECKON XMMHUHU MOBEPXHOCTH
KPHCTAJIJIOB, HEOOXOAUMBIX NPH pacuéTe Temreparyp (a3oBbIX MPEBPALICHUI HAHOKPUCTAIUINIECKUX
CTPYKTYp, MHUHHMMAJbHBIX TEMIIEparyp CpallMBaHUS MOJIYNPOBOJHUKOBBIX IUIACTUH M CIIEKaHUS
MOPOIIKOOOPA3HBIX MAaTepuanoB, H3MEHEHHS 3JIEKTPONPOBOJHOCTH HAHOCTPYKTYpP, a TaKkkKe I
MPAKTUYECKUX PACUETOB MOBEPXHOCTHBIX SHEPIHH KPUCTAIUIMYECKUX MAaTEPUAIOB U UX aHU30TPOITHH.

3agauu AUCUMIIHHBI
- PaccMOTpEHHUE OCHOB (PU3HUECKON XHUMHUHU KPUCTAIIINYECKUX MaTepHAIIOB;
- PaccMOTpPEHHUE BIUSHUS MOBEPXHOCTHON 3HEPTUHU TBEPABIX BEIIECTB HA UX CBOICTBA;
- paccMOTpeHHE OCHOBHBIX TEOPETHUYECKUX MW OSKCHEPUMEHTAIBHBIX METOAOB ONpPEACTICHUS
[IOBEPXHOCTHOH 3HEPrUM, UX HENOCTATKOB U IIPEUMYLIECTB;
- paccMOTpeHHe TE€OMETPUYECKOro IOAXOAa K MPOTHO3WPOBAHMIO (U3MUECKUX CBOKWCTB
HAHOKPUCTAJUIMYECKUX CTPYKTYD;

BBCACHHC B TCOPUU IIJIABJICHUSA TBEPAOTO TCJIA,

HU3JI0)KCHUC «OHCPTCTUUCCKOI'O KPpUTCPUSI» aMOp(bI/IBaLII/II/I KPUCTAJUIMYICCKOI'O BCIICCTBA,

paccMOTpEHUE «KOOPAUHALMOHHOW» MOJIENH TIABJICHUS KPUCTAJIA;

- IpOBEIEHUE pacu€TOB IOBEPXHOCTHBIX JHEPIMH KPUCTAJUIMYECKUX BELIECTB, OCHOBAaHHBIX Ha
«KOOPAVHALIMOHHOW» MOJENM IIJIABICHMS KPHCTAIUIOB M HA «QHEPIeTUYECKOM KPUTEPHH»
amop(u3aIMy KPUCTAJUINIECKOTO BEIIECTRA;

- COIIOCTABJIEHUE PpE3yJbTaTOB pAacy€TOB IOBEPXHOCTHBIX SHEPrMM C  HMMEHOLIUMUCS
9KCIEPUMEHTAIBHBIMU U TEOPETUYECKUMH JaHHBIMH;

- CONOCTAaBJICHUE PE3yJAbTATOB Pacu€TOB TEMIIEPATyp MOBEPXHOCTHOTO IUIABJICHUSA C MMEIOIUMUCS
JKCIIEPUMEHTAIbHBIMU U TEOPETUUECKUMU JaHHBIMU;

- paccMOTpeHHE NMPUMEHUMOCTH MPEAI0KEHHON MO/IeNn! IUIaBIeHus B Gru3ndeckoil XMMUHU TBEPIOTO
Tena;

- paccMOTpeHHE NPHUMEHHMOCTH NPEIOKEHHON MOJENH IJIaBICHHA Ul pacdéToB TEMIEPATYp
CIIEKaHHs OPOIIKOOOPA3HBIX U MOHOKPHCTAIUIMYECKUX MaTepPHaIoB;

- paccMOTpeHUE NPUMEHMMOCTH MPENJIOKEHHON MOJEIM IUIABIEHUS U1 TNPOTHO3UPOBAHHUSA
U3MEHEHHsS (HU3MKO-XMMHYECKUX CBOMCTB MAarepualoB MHKpPOIJIEKTPOHMKH C YMEHBIIEHHEM HX
JIMHENHBIX pa3MeEpOB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 CriocobGeH oCcymiecTBIsITh MOKCK, VK-1.1 AnanusupyeT 3a7a4y, BbIICISAA dTallbl €€ PEIICHHUS,
KPUTHYECKUHN aHAJIN3 ¥ CHHTE3 HH(opManuy, |AEHCTBHS 10 PEIICHHIO 3a1a4u
OPUMCHSATH CHCTEMHBIN MOAXox i pemennst | VK-1.3 PaccmarpuBaeT pasiuyHbIe BapHaHTBl PEIICHUS

NOCTaBJICHHBIX 3a1a4 3a7a4M, OLICHUBACT UX IIPCUMYIICCTBA U HEAOCTATKHU

[IK-1 CriocobeH turaHupoBaTh U MPOBOUTH IIK-1.1 Brmaneer  dyHmamMeHTaNbHBIMH — TOHATHIMH,
Hay4YHbIE SKCIIEPUMEHTHI (B 1/136paHH01‘/'1 3aKOHaMH U TCOPHUSIMHU COBpeMeHHOI‘/'I (1)1/13141(1/1

npeaMETHOH obnacty) u (unu) teopetndeckue |[IK-1.4 VYmeer CTpOUTh MareMaTHYeCKME MOJEIH Ui
(amanuTUYeCcKHe U UMUTAIIMOHHBIE) OMHUCAaHUA W HCCICAOBAaHUS IIPOLIECCOB U SIBICHUU B

HUCCIICA0OBAHUA COOTBCTCTBYIOIINX HAYYHBIX 00macTax




3. IlepeyeHb MIIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHS 110 AMCHUILINHE (MOXYJII0)

B pesynbrare 0cBOGHUS AUCHUIIMHBI 00Yy4aIOIINeCs JOIKHbI

3HaTh:
- (PU3UKO-XUMHUUECKHE XapaKTEPUCTUKHN TTOBEPXHOCTU TBEPIBIX TEJ; PA3INUMS MEXITY IOBEPXHOCTHOM
SHeprueidl M IOBEPXHOCTHBIM HATSDKEHUEM; BIIMSHUE JIMHEHHBIX pa3MepoB TBEPABIX TeJN Ha HUX
(U3UKO-XMMUYECKHE CBOWCTBA; « DHEPreTHUECKHU KpuTepuid aMopdr3aunuu TBEPIABIX TEID»; OCHOBHBIC
MOJEJNIN IUIaBieHus TBEPAbIX Tell; «KoopauHalMOHHYI0» MOJEINb IUIABICHUS KPHUCTAUIOB; pa3ivuus
MEXIy OOBEMHBIM M TOBEPXHOCTHBIM IUIaBJICHHEM TBEPABIX TEN; CIOCOOBI MepeBofda TBEPAOTO
BEILECTBA B BBICOKOIHEPTETUYECKOE COCTOSTHHE; CBS3b MEXIY TaOUTYCOM U CTPYKTYPOH KPHCTAIIIOB.

YMETb:
- PacCUUThIBAaTh 3aBUCUMOCTb TEMIIEPATYPHI IJIaBJICHUS] MOHOKPHUCTAUIOB OT MX JIMHEHHBIX pa3MepoB;
paccuuThIBaTh MOBEPXHOCTHYIO SHEPIHI0 M aHU30TPOIHIO TOBEPXHOCTHBIX 3HEPrUil KPHUCTAJUIOB
9JIEMEHTAPHBIX BEILECTB; PAaCCUMTHIBATh M3MEHEHHE CPEAHEr0 KOOPIAMHALMOHHOIO YHClla aTOMOB B
MPOCTEHIINX HAHOCTPYKTYpaX; PacCUMTHIBATH TEMIIEPATyPy MOBEPXHOCTHOTO IJIABICHUS KPUCTAJIIOB
3JIEMEHTAPHBIX BELIECTB.

BJIaJIETh:
- 3HAaHWSIMHU PABHOBECHOW TEPMOIMHAMHKH, KpUCTAIIOrpaduu W KPUCTAJUIOXUMHM; HaBBIKAMH
MAlIMHHBIX pacdéTOB pPa3MEPHBIX 3aBUCHUMOCTEH (HU3MKO-XMUMHUECKHUX CBOMCTB KPHCTAJIOB
3JIEMEHTAPHBIX BELIECCTB.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTh
pabora
1 Beenenne B (usMuecKkyro  XUMHUIO 3 )
[IOBEPXHOCTH
) Teoperuueckue u SKCTIEPEMEHTATBHEIE 4 )
METO/IbI OLICHKH TTOBEPXHOCTHON 3HEPTUU
[ToBepxHOCTHAA SHEPIus u
3 (U3MKO-XMMHUYECKUE CBOWCTBA MaKpo- U 3 2
HAaHOKPHUCTAIIJIOB
4 DHepreTuyecKkuit KpUTEpHd 3 )
amopdu3anuu TBEPIOTO BEIIECTBA
BnusHue noBepxHOCTHM Ha  cpedHee
5 KOOpDAWHALIMOHHOE YHCIO aTOMOB B 2 1
HaHOKpHUCTAILIax
Pacuérel HA3MEHEHUS CpenHero
6 KOODIMHALIMOHHOTO 4YHUCJIa arOMOB B 3 1
UJealbHbIX KpHUCTaJLIax npu
YMEHBILICHUH UX JIMHEHHBIX Pa3MepOB
7 [InaBneHne KpucTamioB 3 1
] «KoopnuHaunoHHass» MoJeNb MIaBICHUS 3 1
KpUCTAJUIOB
9 BnusiHue noBepXHOCTH Ha IUIABJIEHUE 3 |
KpHUCTaJIa
10 |IToBepXHOCTHOE IIABJIEHNE KPUCTAIIIOB 2 1
BrnusiHre TOBEpXHOCTHOTO IJIABJICHUS HA
11 CBOMCTBA  METAJJIMYECKOW  Pa3BOAKHU 1 1
MHUKPOCXEM
Nroro gacos 30 15




[ToaroroBka k sK3aMeHy

0 gac.

Oobmas TpynoEMKOCTb

45 ygac., 1 3au.ex.

4.2. Cogep:xaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 8 (Becennuii)

1. BBC,I[GHI/IG B (I)I/IBI/I‘IGCKYI-O XUMUIO TOBECPXHOCTHU

OCHOBBI PaBHOBECHOW TepMOAMHAMUKHK. [lOBEpXHOCTH KaK OCHOBHOM HEYCTpaHUMBIA JedeKT
KPUCTAJUIMYECKON CTPYKTYpbl. YUET BIMSIHMSA I[OBEPXHOCTU B TEXHOJOIMU MHUKPOIIEKTPOHUKH.
Bxrnang moBEepXHOCTM B TEpMOAMHAMHUYECKHE CBOMCTBa cHcTeMbl. [loBepXHOCTHas JHEPrus M
MOBEPXHOCTHOE HATSDKCHHE. Y/eNbHas TOJIHAs M yJelbHas CBOOOIHAs MOBEPXHOCTHBIC SHEPIHU.
AHM30TpONHS MOBEPXHOCTHON DHEPTUH.

2. TeOpeTI/I‘{eCKI/IG 1 OKCHICPECMCHTAJIbHBIC MCTOABI OLICHKHA HOBerHOCTHOﬁ OHCPIrun

CnocoObl M3MepeHHs IMOBEpXHOCTHON »Heprur. OCHOBHBIE NPOOIEMBI B IKCIIEPUMEHTATIBHOM
[IOJIy4YEHHH TOYHBIX 3HAYEHWH ITOBEPXHOCTHOM BSHEpPrHH. PacuéTbl MOBEPXHOCTHOMW DHEPIHH.
ComnocraBieHue pacu€THbIX U 3KCIIEPUMEHTAJIbHBIX IaHHBIX.

3. IToBepxHOCTHAsI SHEPTUS U HUZUKO-XMMUYECKHE CBOMCTBA MaKpO- M HAHOKPUCTAILIOB

BrnusiHre moBepXHOCTH Ha TeMIeparypy IuiaBineHus TBEPAbIX BemiecTB. @opmyrna ['mb606ca-Tomcona.
CriocoObl  TONMYyYEHHsI BEIIECTB B BBICOKOPHEPIeTHUYECKOM COCTOSIHMU. lIpenenbHble 3HAYEHUS
pasMepoB  KpHCTAUNIMUECKUX OJIOKOB. BimsHHME BBICOKMX KOHLEHTpauui JeeKToB Ha
(U3MKO-XMMUYECKHE CBOIICTBA TBEPABIX BELIECTB.

4. DHepreTHYECKU KpUTEpUi aMmoppu3auy TBEPIOTO BEIIECTBA

Pacuér n3smeHneHus TeMiiepaTypsl IJIABICHUS HA OCHOBE « DHEPreTHUECKOr0 KpUTEpHs aMophu3aiu
TBEPIOIO BELECTBAY.

5. BausiHue IoBEpXHOCTH Ha cpellHee KOOPAMHALMOHHOE YUCIIO aTOMOB B HAHOKPUCTAILIAX
Koopaunannonnoe yncino aroMoB (MOJIEKYJ) B KpUCTaJUIE KaK OIHA U3 OCHOBHBIX XapaKTEPUCTUK
ero (U3MKO-XMMUYECKHUX CBOWCTB. BiusHue naBieHHs W TeMoeparypbl Ha KPHCTALIMYECKYIO

CTPYKTYDY.

6. Pacu€Tel N3MEHEHUS CPEAHET0 KOOPAMHALMOHHOTO YKCIIa aTOMOB B MICANBHBIX KPHCTAIUIAX MPH
YMEHBIIEHUU UX JIMHEHHBIX pa3MepoB

Pacuérbl U3MEHEHUs! CpPEeJHEr0 KOOPIMHALMOHHOIO YMCJIa aTOMOB B MJI€AJIbHBIX KPUCTAJIIMUECKUX
pelméTkax OpH YMEHBIIEHHUM JMHEWHBIX pa3MepoB Kpucramia. CoONocTaBlIeHHE pPE3yJIbTaToB
pacuéToB C pacu€TaMu HM3MEHEHHUs TEMIIEpaTypbl IUIABIEHUS KPHCTAUIOB IIPU YMEHBIIEHUM HX
pa3MepoB.

7. IlnaBneHne KpUCTAIIOB

OCHOBHbIE MOJETH IUIABJICHUS KPUCTAUIOB. SIBIEHUS MpeAIUIaBiICHUS. DKCIEPUMEHTAIEHOE
oOHapyKeHHEe TTOBEPXHOCTHOTO TUIABTICHHUS U MHTEPIIPETAINs JAaHHOTO dPQeKTa B pa3HbIX padoTax.

8. «KoopanHanroHHas» MOAEINb TUIaBJIEHUS KPUCTAIIOB

ConocTaBieHrue TNPeAOKEHHOW MOJAENH IUIABI€HHS C HM3BECTHBIMH. Pacuér TONIIMHBI MEepBOM
KOOPAMHALMOHHOM c(hepbl aTOMOB JIJIs1 KPUCTATMUECKUX CTPYKTYP KyOHMUECKOH CHMMETPHH.



9. BausiHue OBEpXHOCTHU Ha IIJIaBJI€HUE KpUCTalIa

Pacuér mNOBEpXHOCTHONH OSHEPrUM KPUCTAUIOB 3JIEMEHTAPHBIX BEIIECTB W  aHU30TPOIUU
MOBEPXHOCTHON SHEPrHH C NMPUMEHEHHUEM «DHEPreTHYeCcKOro KpUTepHsi amopu3aluuu TBEPIOrO
BeuiecTBa» U «KoopauHalmoHHOW» MOzeH IIaBjIeHus! KpucTawuioB. ColloCTaBleHUE paCCUMTaHHBIX
BEJIMYMH [TOBEPXHOCTHON DHEPTUU C U3BECTHBIMH SKCIIEPUMEHTAIBHBIMHU U PACUETHBIMU TAHHBIMH.

10. IToBepXHOCTHOE MJIABIICHUE KPUCTAIIIOB

OObsicHeHHE SBICHHMS MOBEPXHOCTHOTO IUIABIEHHS Ha ocHoBe «KoopanHannoHHOW» MoIenu
IUTaBJICHUS KpHCTaUIoB. TemmepaTypa Havaja MOBEPXHOCTHOIO IUIABICHMSA, BBIBOJ (HOPMYIIBL.
Pacuér temmeparyp Hauana IIOBEPXHOCTHOIO IUIaBIEHMsS CBUHLIA U 30j0Ta. CoIlOCTaBlICHUE C
SKCIICPUMEHTAJIbHBIMU  JaHHBIMH. Pacuér Temmeparyp Hadaja IOBEPXHOCTHOTO IUIABJICHUS
KpUCTAJUIOB JibJa. CIIOXKHOCTH 3KCIEPUMEHTAIBHOIO OIpPEeseHUs] TeMIepaTyp IIOBEPXHOCTHOIO
wiapnenus. ['aburyc kpucrtamno. [loBepxHOocTHas sSHeprust U raburyc KpucTtaywioB. OTiauuue
raburyca oT paBHOBECHOM (opMbl KprcTaiia. [IpuanHb! oTianyms.

11. BiusHre moBEpXHOCTHOTO TUIABJIEHUS! HA CBOWCTBA METANINYECKONW Pa3BOIKH MUKPOCXEM

«OneKTpoMUrpanus» 1 €€ CBs3b C TEMIIEpaTypoll NOBEPXHOCTHOIO IUIAaBIEHUs MeTaioB. CBs3b
MPENETBHBIX DIEKTPUUECKUX TapaMETPOB METAITMYECKON PA3BOJIKH C IMHEWUHBIMU pa3MepaMHU.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

Heobxonumoe obopynoBaHue Jist JISKIHUN: yueOHas ayIUTOPHS, OCHAIIEHHAS KOMIIBIOTEpPOM U
MYJIBTUMEITUHHBIM 000pyI0BaHUEM (TIPOEKTOP, 3BYKOBAsi CUCTEMA).

ObecrieueHue caMOCTOSTENTLHON paOoTHI: TOCTYI B ceTh IHTEpHET, J0CTYIT K PeKOMEHI0BaHHOMH
JUTEpaType.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. Opmont b.®. Beenenne B pu3nNUEcKy0 XUMUIO ¥ KPUCTAIOXUMUIO TIOTYIPOBOAHHUKOB. - M.
Beicmi. mikona, 1982, - 528 c.
2. Anamcon A. ®usndeckas XUMHsI TIOBEPXHOCTH. - M.: Mup, 1979. - 567 c.
3. Y66enone A. IlnaBnenue u Kpuctajuindeckas ctpykrypa. - M.: Mup, 1969. - 419 c.
4. Yo6enone A.P. PacrutaBnenHoe coctosiHue BemecTsa / mep. ¢ auri. - M.: Meramnyprus, 1982. - 376
c.

JomnonHurenbpHas auTeparypa
1 boxkapes B.I1., I'.{l. Kpacaukos. OtieHKa n3MeHEHUS
(U3HMKO-XMMHUYECKUX CBOWCTB HAHOPa3MEPHBIX KpucTanieckux marepuanos// JIAH, 2008, T. 420, Ne
2,c. 186-189
2 bokapes B.I1., Topues E.C., Togya I1.A. Ouenka temmeparypbl MOBEPXHOCTHOTO IJIaBICHUS
MOHOKPHCTAJUIOB 311eMeHTapHbIX BemecTs. / PAH, Kpucramnorpagus, 2013, 1. 58, Nel, C.155-157.

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

He ucnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUH 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

MyJIBTI/IMe)_II/II\/’IHLIe TCXHOJIOTUH, BKIIHOYAad ACMOHCTpAUIO npeseHTauHﬁ.



9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_IyJ'lﬂ)

OO0s3arenpHble 3a0aHUS
WunuBuyaibHbIC 3a/1aHKs 10 TEMaM Kypca:

1. Pacuér wu3MeHeHus TemIeparypbl IUIaBJIECHUS KPUCTAJUIOB JJIEMEHTApHBIX BEIIECTB IPHU
YMEHBIIIECHUH X JIMHENHBIX pa3MepOB.

2. Pacuér u3MeHEeHHUs CpEeJHEr0 KOOPAMHALMOHHOTO YHCJIa aTOMOB B MACAJIBHBIX KPUCTAJUINYECKHX
peléTKax Ipy YMEHbIIEHUH JUHEHHBIX pa3MepoB KpHUcTalla.

3. Pacuér mOBEpXHOCTHOW OJHEPrHM KPHUCTAJUIOB OJJIEMEHTApHBIX BEIIECTB U aHU3O0TPOIUHU
MTOBEPXHOCTHOW YHEPTHUHU.

4. Pacuér TCMIICPATYpPhbl HaYaJla MOBEPXHOCTHOIO IJIABJICHUS KPUCTAJIJIOB 2JICMCHTAPHBIX BCIICCTB.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa MUKpPO- ¥ HAHODJICKTPOHHUKH

Kypc: 4

KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnddepeHunpoBaHHbIi 3a4eT

PaszpatGoTunk: B.II. Bokapes, kaHA. XUM. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 Criocoben oCymiecTBIsTh [TOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
NPUMEHSATh CUCTEMHBIH MOXO/ sl PEICHUS
MOCTABJICHHBIX 33]1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.3 PaccmarpuBaeT pas3iHyHBIE BapUaHTHl PELICHUS
3a[1auy, OLICHUBAET UX IIPEUMYILECTBA U HEOCTaTKU

[MK-1 CriocoGeH mi1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)
WCCIICIOBAHMSI

I1IK-1.1 Bnameer  gyHIaMeHTanbHBIMH  TIOHSTHIMH,
3aKOHAMU M TEOPHUSIMU COBPEMEHHOU (DPU3UKH

I[IK-1.4 VYmeer cTpOoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W MCCIEAOBaHHUA TIPOLECCOB M SABIEHUH B
COOTBETCTBYIOIUX HAYYHBIX 001aCTIAX

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynbrare u3ydeHMs —AUCLUIUIMHBI
HAHOJIEKTPOHUKNY 00YYaroIIUACs TOJKEH:

3HAThb:

«DU3UKO-XMMHS  [IOBEPXHOCTHM  MAaTepUalloB MHUKPO H

- (pU3MKO-XUMHYECKHE XapaKTEPUCTHKH ITOBEPXHOCTH TBEPBIX TEJI; PA3IUUUSI MEXKLY IOBEPXHOCTHOM
SHEpPrued W TOBEPXHOCTHBIM HATSHKEHHEM; BIMSHHE JIMHEWHBIX pa3MepoB TBEPIABIX TEl Ha HUX
(PUBHMKO-XMMUYECKHE CBOWCTBA; « DHEPreTUUCCKH KpUTEpUd aMop(r3aluu TBEPIBIX TEIDY; OCHOBHBIC
MOZENH IUIaBiIeHHUs TBEPABIX Tell; «KOoOpAMHAIMOHHYIO» MOJAENb IUIABJICHUS KPUCTAJUIOB; PA3JIAYUA
MEXIy OOBEMHBIM M IOBEPXHOCTHBIM IUIaBJICHHEM TBEPABIX Ted;, CHOCOOBI mepeBoja TBEPIOTO
BEIIECTBA B BEICOKOPHEPIETUUECKOE COCTOSIHUE; CBS3b MEXKIY Ta0UTYCOM M CTPYKTYPOH KPHCTAJIIOB.

yMeTh:

- PacCUMTHIBATH 3aBUCUMOCTB TEMIIEpPATyphI IIJIABICHUSI MOHOKPHCTAJUIOB OT MX JIMHEHHBIX pa3MEpOB;
paccuuThIBaTh IOBEPXHOCTHYIO SHEPIMI0 M aHU3OTPOIHIO IIOBEPXHOCTHBIX 3HEPruil KpHUCTaJIOB
JIEMEHTApHBIX BEIIECTB; PACCUUTHIBATH M3MEHEHHE CPEAHET0 KOOPAMHAILMOHHOIO YHCIIa aTOMOB B
[IPOCTEHIINX HAHOCTPYKTYpax; pacCUUThIBATh TEMIIEPATYPy HNOBEPXHOCTHOIO IIJIABJIEHUS KPUCTAJIOB

AJIEMEHTAPHBIX BEILIECTB.
BJIaJeTh:

- 3HAaHWSMHU DPABHOBECHOW TEPMOIMHAMHUKH, KpHCTaIOrpaud W KPUCTAJUIOXMMHUH; HABBIKAMU

MAaIIMHHBIX paC‘IéTOB PasSMCPHBIX
3JICMCHTAPHBIX BCIICCTB.

3aBUCHUMOCTEH (1)I/I3I/IKO—XI/IMI/I‘-IGCKI/IX CBOICTB KpHUCTAJUIOB

3. IlepeyeHb THNOBLIX (PMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C 1enplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Y4eOHOro MaTepuaina MpOBOAUTCS YCTHBIH ONpoC B
HayaJje 3aHATUSA 110 TeME IPOIUIOHN JIEKIIMH WU B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAeHHUA ITPOMEKYTOYHOM aTTecTaluu

o0yvyarommxcst

Bonpocs! asist moaroToBkH K AudQepeHIIMPOBAHHOMY 3a4ETy:

BBeznenne B pU3MUECKYI0 XUMHIO TOBEPXHOCTH.

. TeopeTnueckue U SKCIIEPEMEHTAIbHbBIE METOIbI OLIEHKH TTOBEPXHOCTHON SHEPTHH.

[ToBepxHOCTHAs 3HEPTrUs ¥ (PU3NKO-XUMHUYECKHE CBOHCTBA MAaKPO- U HAHOKPHCTAJIJIOB.

Bausiaue IOBEPXHOCTH HA CPCAHECC KOOPAUHALMOHHOC YN CJIO aTOMOB B HAHOKPUCTAJJIAX.

1
2
3
4. DHepreTHYecKHil KpUTEpHU aMopdu3auy TBEPIOTO BEIIESCTBA.
5
6

Pacuétel n3menenus CpE€OAHCTO KOOPAMHAIITMOHHOI'O YHCJIa aTOMOB B HJCAJIBHBIX KpHUCTAIaX IIPU

YMEHBIIECHUH X JIMHENHBIX pa3MeEpOB.
7. IlnaBneHuE KPUCTAIIOB.

8. KOOpI[I/IHaI_H/IOHHaSI)) MOZCIIb IJIaBJICHUS KPUCTAJIJIOB.

9. Bnusanue MNOBCPXHOCTHU HA IJIABJIICHUC KpUCTAJlJIA.

10.IToBepXHOCTHOE IIaBICHUE KPUCTAILIOB.




11. BiusHue moBEpXHOCTHOTO TUIABJIEHHUSI HA CBOWCTBA METAJUIMYECKOM PAa3BOAKH MHUKPOCXEM.

Kpurepun onennBanus
10 6ainos — (ITIPEBOCXOIHO):

*  CHUCTEMaTU3UPOBAaHHbBIC, IIyOOKHE M MOJHBIE 3HAHUS IO BCEM pasjenaM y4eOHOIl mporpammsbl, a
TaKXe [0 OCHOBHBIM BOIIPOCaM, BBIXOIAIIUM 3a €€ IPEEIbI;

. TOYHOE HCIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCIE Ha HMHOCTPAaHHOM S3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  OesymnpedHoe BIAJCHHEC HHCTPYMEHTapHeM Y4eOHOW NWUCIUILTUHBI, yMEHHE ero 3(pQPeKTHBHO
HCIOJIB30BaTh B MIOCTAHOBKE M PEILICHUH HAyYHBIX U MPO(GECCHOHANBHBIX 3a1a4;

. BBIP2KEHHAs! CIIOCOOHOCTh CaMOCTOSITENIbHO M TBOPUYECKHM peIIaTh CJIOKHBIE HpoOIeMbl B
HECTaHJAPTHOW CUTYyalUu;

*  TIOJHOE W IIIyOOKOE yCBOEHHE OCHOBHOW M JOTMOJHHUTENBHON IUTEparypbl, PEKOMEHJIOBAaHHOMN
y4eOHOI mpoTrpaMMOi TUCITUTUINHEI;

* yMEHHE OPHUEHTHPOBATHCS B TEOPHAX, KOHLEHIMIX U HANPaBICHUIX 0 U3y4aeMOW AMCLUUIUIMHE U
JlaBaTh UM KPUTUUYECKYIO OLICHKY, UCII0JIb30BaTh HAYUHbIE JOCTHKEHUSI JPYTUX JUCLUIUINH;

*  TBOpYECKas CaMOCTOSTEIbHAs paboTa Ha MPAKTUYECKUX, JTa0OPAaTOPHBIX 3aHATHSIX, AKTUBHOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbl HCIIOJTHEHHS 33 JaHHMA.

9 6amnoB — (OTJIMYHO):

* CcHCTEMaTU3UPOBAHHbBIEC, ITTyOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zeiaM yueOHOH MporpaMmbl;

. TOYHOE HCIIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCIIE Ha HMHOCTPAaHHOM S3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  BJIAJICHUE MHCTPYMEHTapueM y4eOHOM NUCLUIUIMHBI, yMEHHE ero 3(QQEKTUBHO HCIIOIb30BaTh B
MOCTAHOBKE M PELICHUH HAyYHBIX M MPO(PECCHOHANBHBIX 331a4;

*  CHOCOOHOCTH CAMOCTOSATEIBHO M TBOPUYECKH peEIIaTh CIOKHBIE MpoOIeMbl B HECTaHIAPTHOM
CUTyallud B paMKax Y4eOHOW MpOorpamMmbl, IOJIHOE YCBOCHHE OCHOBHOW U JIOMNOJHU "TEIbHOM
JUTEpaTypbl, PEKOMEHI0BAaHHON Y4eOHO! POTrpaMMO TUCIIUILITHBI;

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX M HAIPABICHUAX IO U3ydaeMOMU
JUCLHUIUTMHE U JaBaTh UM KPUTHUECKYIO OLEHKY;

*  caMOCTOsTENbHass padoTa Ha MPAKTUYECKHX, JaOOpaTOPHBIX 3aHITHUAX, TBOPUECKOE y4yacTHE B
IPYIIOBBIX 00CYKICHUAX, BBICOKUI YPOBEHb KYJIBTYphl HCIIOJTHEHHS 3aJaHuUi.

8 6amnoB — (IIOUYTU OTIIMYHO):

* CHCTEMaTHU3UPOBAaHHbIE, INIyOOKHE M IOJIHBIE 3HAHUS 110 BCEM IMOCTABJIEHHBIM BOIIPOCaM B 00beMe
y4eOHON NpOrpaMMel;

*  HCHOJb30BaHUE HAYYHOHM TEPMHUHOJIOTMH, CTHIIMCTUYECKH TIPaMOTHOE, JIOTMYECKH NPaBUIBHOE
M3JI0’KEHHE OTBETAa HA BOIIPOCHI, yMEHHE JieIaTh 000CHOBAaHHbIE BBIBOJIBI;

* BIAJICHUE MHCTPYMEHTapueM y4eOHOH AMCIMIUIMHBI (METOJaMU KOMIUIEKCHOTO aHAJIN3a, TEXHUKON
WH(POPMALIMOHHBIX TEXHOJIOTHH), YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE M PEUICHUU HAyYHBIX U
poQecCHOHAIBHBIX 33a4; CIIOCOOHOCTh CaMOCTOSTENBHO peIlaTh CIIOXKHBIE HPOOJIeMbI B paMKax
y4eOHON MpOrpaMMel;

*  YCBOCHHE OCHOBHOW W JIOTIOJHUTEJILHOW JUTEPaTyphl, PEKOMEHIOBAHHON y4eOHOH NpOrpaMMoit
JUCLUIUIMHBL,

* yMEHHE OPHEHTUPOBATHCA B OCHOBHBIX TEOPHUSAX, KOHLEMLMUSIX M HAMPABICHUAX MO H3Y4aeMOU
JUCLMIUIMHE W JaBaTh UM KPUTHUYECKYIO OLIEHKY C IO3ULUI rocydapCTBEHHOH wuieoioruu (o
JUCHUTUTMHAM COLUAIbHO-TYMaHUTAPHOTO LIKKJIA);

* aKTHBHAs CaMOCTOsTENIbHAs paboTa Ha MPAKTUYECKHX, J1a00PATOPHBIX 3aHATHUSIX, CUCTEMATHUECKOE
ydacTue B IPYIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.

7 6annos — (OYEHb XOPOILLO):

* CHUCTEMaTHU3UPOBAHHbIC, NTyOOKHE U MOTHBIE 3HAHMUS 110 BCEM pa3zieiaM yueOHOM MporpaMmel;

* HCII0JIb30BAHHUE HAyYHOM TEPMUHOJIOIMH (B TOM YMCJIE HA HHOCTPAHHOM SI3bIKE), IUHIBUCTUYECKU U
JIOTUYECKH MPAaBUIILHOE U3JIOKEHHE OTBETA Ha BONPOCH], YMEHHE AeNaTh 000CHOBAaHHBIC BHIBOJBL;

*  BIIAQJICHUE MHCTPYMEHTapHeM y4eOHOW NUCHMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE U
pELIeHNU HAayYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;

*  YCBOCHHME OCHOBHOW W JIOTIOJHUTEIHLHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH MpOrpaMMoit
JVCIUIUIAHBL;

*  YMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMAX M HANpPaBICHUAX IO H3y4acMOU
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;



*  camocTosTeNnbHas padoTa Ha IMPAKTHUECKUX, JaOOPAaTOPHBIX 3aHATHAX, y4acTHE B TPYyIMIIOBBIX
00CYXIIEHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJHEHUS 3adaHUH.

6 6aoB — (XOPOILO):
* JIOCTAaTOYHO ITOJHBIC U CHCTEMAaTU3UPOBAHHBIC 3HAHUS B 00beMe yueOHO! MPOrpaMMEl;

° HCIIOJIb30BaHHEC HeO6X0):[HMOI>'I HaquOﬁ TCPMUHOJIOTHUHN, CTUIUCTUYCCKU T'PAMOTHOC, JIOTUYCCKU
IPaBUIJIbHOC U3JIOKCHHUEC OTBETA HA BOIIPOCHI, YMCHUC ACJIaTh 000CHOBaHHBIE BBIBOJBI,

*  BIQJCHUE WHCTPYMEHTapueM Yy4eOHOH IMCLMWIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
y4eOHBIX U NMPO(pECCHOHAIBHBIX 33a4; COCOOHOCTh CaMOCTOSTEIbHO IPUMEHATh THUIIOBBIC PEIICHUS
B paMKax y4eOHOH NpOrpaMMel;

* YCBOCHHE OCHOBHOM JINTEPATYPbI, PEKOMEHJOBAaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  YMEHHE OPHUEHTHPOBAThCS B 0A30BBIX TEOPHUAX, KOHUEHIMAX M HANPABICHUSAX IO H3Y4aeMOM
IUCIUIIMHE M JaBaTh WM CPaBHUTEIBHYIO OIICHKY; AaKTHUBHAs CaMOCTOsTelbHas pabora Ha
MPAaKTUYECKUX, J1A0OPATOPHBIX 3aHATHSX, MEPUOJUYECKOE y4YacTHE B TPYNIOBBIX OOCYKACHUSX,
BBICOKHI YPOBEHB KYJIBTYPHI UCIIOJIHEHUS 3aJaHUN.

5 6ammoB — (ITOYTU XOPOILIO):
* JIOCTaro4YHbIC 3HAHUA B 00beMe YUeOHOM MPOTrpamMMBbl;

® HCII0JIb30BaHUC Haquoﬁ TCPMHHOJIOTUU, CTUJIHMCTHUYCCKU TI'PAMOTHOC, JIOTUYCCKHU IIPAaBHUJIBHOC
H3JI0KCHHUC OTBCTA Ha BOIIPOCHI, YMCHHC [1CJIaTh BBIBO/bI,

*  BIAJCHUEC HMHCTPyMEHTapHeM y4eOHOW IHMCHUIUIMHBI, YMEHHE €ro WCIOJbh30BaTh B PEIICHHU
y4eOHBIX U IPOPECCHOHAIBHBIX 33/1a4;

* CIIOCOOHOCTH CAMOCTOSITENIFHO MPUMEHSTH THIIOBBIE PELICHUS B paMKaxX y4eOHOM MPOrpaMMBl;
* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTNHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSIX, KOHIEMUUSAX M HANpaBICHUAX MO H3ydaeMOi
JUCLUUIUIMHE U JaBaTh UM CPaBHUTEIbHYIO OLEHKY;

*  caMocTOsiTeNbHas paboTa Ha MPAKTHYECKUX, JIAOOPATOPHBIX 3aHATHSX, Y4acTUE B TPYNIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHHS 33/1aHHH.

4 6amia — (YAOBJIETBOPUTEJIBHO), 3AYTEHO:
* JIOCTaTOYHbIM 00BEM 3HaHHI B paMKax 00pa30BaTeIbHOTO CTaHIapTa;
* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTNHBL

® HCIIOJIb30BaHUC Haquoﬁ TCPMHUHOJIOTUH, CTUIMCTUYCCKOC U JIOTHUYCCKOC M3JIO)KCHUE OTBETA Ha
BOIIPOCHI, YMCHHUC ACJIATh BBIBOAbI 0e3 CYHICCTBCHHBIX OH_II/IGOK;

. BIIQJICHHE WHCTPYMEHTApUeM Y4YeOHOW IUCIUIUIMHBI, YMEHHE €r0 HCIIOJIb30BaTh B PEIICHUU
CTaHJIAPTHBIX (THUIOBBIX) 3aJ1a4;

* yYMEHHE [0 PyKOBOACTBOM ITPENOAABATENs PELIaTh CTaHJAPTHBIE (TUIIOBBIC) 3aJa4H;

® YMEHUE OPUCHTUPOBATHCA B OCHOBHBIX TCOPUAX, KOHLCHIMUAX H HAIPABJICHHUAX II0 I/IsyqaeMoﬁ
AUCHUIUIMHC U 1aBaTh UM OLICHKY,

. pabora moOx PYKOBOACTBOM IIPEMOJABATENsl HA MPAKTUYECKUX, JAOOPATOPHBIX 3aHITHX,
JIOITyCTUMBIHA YPOBEHb KYJIBTYPbl UCIIOJIHEHUS 3aJlaHUH.

3 6anna — (HEYAOBJIETBOPUTEJIBHO), HE3AYTEHO:
* HEIOCTATOYHO IOJIHBIN 00BbEM 3HAHMI B paMKax 00pa30BaTeIbHOTO CTaHIAPTA;
* 3HAHWE YaCTH OCHOBHOH JINTEPATypPhl, PEKOMEHI0BAaHHON Y4eOHOM MPOTpaMMOi TUCIIUILTHHB;

® HCII0JIb30BaHUC HaquOﬁ TCPMHHOJIOTUH, H3JIOKCHHUE OTBETA Ha BOIPOCHI C CYIIECCTBCHHBIMU
JIMHTBUCTHYCCKHUMU U JIOTHYCCKHUMHU OIHI/I6KaMI/I;

. cnaboe BIaJieHUE WHCTPYMEHTapueM Yy4eOHOW NHUCUIUIUINHBI, HEKOMIIETCHTHOCTh B PEIICHUU
CTaHJIAPTHBIX (THUIOBBIX) 3aJ1a4;

® HEYMCHUC OPUCHTUPOBATHCA B OCHOBHBIX TCOPUAX, KOHLUCHLHUAX W HAIPABICHUAX H3y11aeM0171
JUCIMITIIIMHBI;

* IMacCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KUHA YPOBEHb KYJIbTYPHI UCIIOTHEHUS
3aJIaHUM.

2 6amta — (HEYIOBJIETBOPUTEJILHO):

* (parMeHTapHbIC 3HaHUS B paMKax 00pa30BaTelbHOIO CTaHapTa;

. 3HAaHUSl OTHENBHBIX JINTEPATYPHBIX HCTOYHHKOB, PEKOMEHIOBAaHHBIX YYEeOHOH mMporpaMmmoi
JIHCIHILIAHDI,

. HEYMEHHE WCIIONh30BaTh HAYYHYI0 TEPMHUHOJIOTHIO TUCIUIUIMHEI, HAJIWYUE B OTBETE TI'PYOBIX
CTUIHUCTUYECKUX U JIOTHYECKUX OLINOOK;

* TACCHBHOCTh Ha MPAKTUYECKUX U JIA0OPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhl UCTIOTHEHUS
3aIaHUH.



1 6amn — (HEVIOBJIETBOPUTEJIBHO):
* OTCYTCTBHE 3HAHMH M KOMIIETCHLIMI B paMKax 00pa30BaTeIbHOIO CTaHAapTa UM OTKa3 OT OTBETA.

5. MeTonuveckne MaTepuabl, onpeneasione Npoueaypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu nposenenun uddepenupoBaHHOro 3adera olydaromiemycs npenocrasisercss 30 MHUHYT Ha
noAroroBky. Onpoc o0yyaromnerocs Mo OWIETy He JOJKEH MPEBBILIATh JBYX aCTPOHOMHUYECKHUX YacoB
B YCTHOW W (MJIM) TUCBMEHHOMU (hopMme.



