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AHHOTaIUs

JucuumnuHa «MeTolpl HMCCIEI0BaHUs C HCIOJIb30BAHUEM CKAaHUPYIOLIEH 30HI0BOM
MUKPOCKOIIUM» BXOJIUT B 00pa3oBaTeNbHYIO MPOTrPaMMY BBICIIETO 00Opa30BaHUSI — MPOTrPaMMy
OakamaBpuaTa 1O HampaBleHUIO MOAroTOBKH/ crermanbHOCTH 27.03.01 «Crammaptuzanus u
MeTposiorusi» HampasiieHHocTH «L{udpoBas merposorus u crapaaptuzanusy». Jucruruinna
peanuzyetcs kapeapoit «Neby.

JlucuuniauHa HalejaeHa Ha GOpMHUPOBAHKE Y BBITYCKHUKA CIIETYIOIIUX KOMITETEHIUI:

IIK-1 «CrnocobeH MpoBOIUTH aHAIM3 COCTOSIHUS METPOJIOTUYECKOTO OOECIeYeHUs B
MOJIpa3ielIeHUU METPOJIOTUYECKOM CITYKObI OpraHU3aI|I)

[IK-3 «CnocobOeH oOcCymecTBIATh pPadOThl 1O BBIABICHHIO M IPEAOTBPALICHUIO
HECOOTBETCTBHIl MPOAYKLUHU IPEIbIBISIEMbIM TPEOOBAHUSIM

CopepxaHue IUCHMIUIMHBI OXBAaTbIBAET KpPYI BOIPOCOB, CBSI3aHHBIX C METOAAMHU
uccienoBanust  (U3NYECKUX, (QUIUKO-XUMUYECKUX M TEOMETPUYECKUX MapaMeTpoB U
XapaKTEPUCTUK TBEPAOTEIBHBIX U MOJIEKYSIPHBIX CTPYKTYp. OTH METOJbl M CpeACTBa
JTUArHOCTHKYU HIMPOKO BXOAT B MPAKTUKY UCCIIECIOBAHMS M U3yUYEHUsI HAHOOOBEKTOB, 00JIaJa0T
BBICOKMM  pa3pelieHHEM, [03TOMY peajbHO IO3BOJSIOT  IPOBOAMTH  MCCIIEI0BaHUS
HAHOOOBEKTOB HA aTOMAapPHOM YpPOBHE, BILIOTH IO BU3YaJU3allUU CAMOU CTPYKTYpPhI OOBEKTOB.

[IperoaBanrie MUCHMIUIMHBI TPEAYCMaTPUBACT ClieAylomue (OpMbI OpraHU3aALUN
yueOHOro Mpoliecca: JEKINH, IPAKTUUYECKHE 3aHITHS CAaMOCTOSITENIbHAS paboTa 00yJaromerocs.

[IporpaMMoil IUCHUIUIMHBI NPEIYCMOTPEHBI CIEAYIOUIME BHJbI KOHTPOJSA: TEKYIUN
KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOYHAs aTTecTanus B opMe 3a4era.

OO0mast TpyA0eMKOCTh OCBOCHUS JHMCIMILIMHBI COCTaBIsICT 3 3adeTHhIX eawHmibl, 108
YacoB.

SA3bIK 00yUYeHUs 10 AUCIHUIUIMHE «PYCCKUN»



1. TlepeueHb IIIAHUPYEMBIX PE3YJIbTATOB O0YUYCHHS MO JUCIUTUINHE

1.1. llenpto  mpemojaBaHusl  JUCIHMIUIMHBI  SBJSIETCS — MOJYYCHHE  CTYACHTaMH
HEOOXOUMBIX 3HAHUI chepe BBICOKMX TEXHOJIOTMH CBS3aHHBIX C TPHKIATHBIMH
UCCIICIOBAaHUSMH KOHCTPYMPOBAHUEM M MPAKTUYSCKUM HCIIOJIb30BAHHMEM MATEpUAlIOB H
BCIICCTB HA ATOMHOM W MOJICKYJIAPHOM YPOBHAX, a4 TAKKC CPCACTBAX, MCTOAOB M MCTOJUK
ucciaenoBaHus (U3NYCCKHX, (DU3UKO-XMUMHUUECKMX M T'€OMETPUYECKHX IapaMeTpoB |
XapaKTEPUCTHK TBEPIOTENbHBIX M MOJEKYIAPHBIX 00BeKkTOB. [lpu 3TOM OC000€ BHUMaHHE
yIOCNEHO  M3YYCHHUIO  OCOOCHHOCTEH  BBICOKOPA3pEHIAIONIMX  METOMOB  HCCICIOBAHUM
MOJICKYJISIPHBIX OOBEKTOB, OOCCIICUMBAIONIUX TOTyYeHHEe HamboJee MOJHOW WHpopMaruu 00
OCHOBHBIX CBOWCTBAX M XapaKTEPUCTHKAX U MPOTEKAIOIINX B HUX MPOIECcax.

1.2. JlucuumimHa  BXOOUT B  COCTaB  4YacTH, (OPMUPYEMOH  y4aCTHHKAMHU
00pa3oBaTe/bHBIX OTHOIICHHI, 00pa30BaTEILHOIN MPOrpaMMBbl BBICIIIETO 00pa3oBaHUs (Iajee —

OI1 BO).

1.3. IlepeueHp ITaHUPYEMBIX PE3YIBTATOB OOYUEHHS IO JUCLIUILINHE, COOTHECEHHBIX C
IUTaHUpYyeMbIMU pe3ynbratamu ocBoeHus OIT BO.

B pesynbrare m3ydeHus TUCHMIUIMHBI OOyYaroLIMiCs IOJDKEH 00ajaTh CleayIoIuMH
KOMIIETEHIIMSIMU WJTH WX 9acTsAMH. KoMIeTeHInu 1 WHAMKATOPHI UX JOCTHKCHHS TPUBEICHBI B

Tabimue 1.

Tabmuna 1 — [lepeyeHp KOMIIETEHIIMI U HHIMKATOPOB MX JOCTHXKEHHS

Konu
Kareropus (rpynna) Kon n HanMeHOBaHME WHIUKATOPA JOCTHKECHUS
HaMEHOBaHUE
KOMIIETEHIINHU KOMIIETEHIINHU
KOMIIETEHIIUH
I1K-1 Criocoben
IIPOBOJINUTEL aHAIN3
POBOZL I1K-1.3.3 3HaTh 001aCTh MPUMEHEHHUS METOJ/IOB
COCTOSIHUSI
U3MEPECHUS
METPOJIOTUYECKOTO
[Ipodeccuonanbubie 06ECICUCHIS B [1K-1.3.4 3HaTh KOHCTPYKTHUBHBIE OCOOEHHOCTH U
KOMIIETEHIINHU MPUHIUITBI pa0OTHI CPEICTB U3MEPEHUS,
nopa3aeieHun
o TEXHOJIOTHYECKHE BO3MOXKHOCTH B 00JIaCTH
METPOJIOTUUECKOU
MIPUMEHEHUS CPECTB U3MEPEHUS
CITYKOBI
OpraHu3aln
I1K-3 Criocoben
OCYLIECTBIIATh I1K-3.3.3 3HaTh ¢pu3nvecKkre NpUHIUIBLI padoThI,
paboThI MO BO3MOKHOCTH ¥ 00JIaCTH MPUMEHEHUSI METO/IOB U
BBIABIIEHUIO U CpEICTB U3MEpPEHUN
[Tpodeccuonanbuble
KOMITETEHIIHH MPEIOTBPALICHHUIO [1K-3.VY.3 ymeTs BoIOUpaTh U pa3padaThiBaTh
HECOOTBETCTBUH METO/bl U CPEICTBA KOHTPOJISI TEXHOJIOTUYECKOTO
MPOTYKIIUH mpoiiecca, TEXHOJIOTHYECKOM oreparuu,
MPEABSIBISIEMbIM pa3pabaThIBaTh CXE€Mbl U3MEPEHUI 1 KOHTPOJISI
TpeOOBaHUSIM

— OCHOBBI I/IH(I)OpMaTI/BaL[I/II/I H3MCpCHHfI;

2. Mecro nuctuIuIMHEL B cTpykType OI1
JucuumnimHa MoXKeT 0a3upoBaThCS HA 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIONTUMUCS
MIPY U3YYECHUH CIEAYIONIUX AUCUUTUIAH:
JuctumimHa MOXKeT 0a3upoBaThCS HA 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIOITUMUCS
MIPY U3YYECHUH CIEAYIONIUX AUCIUTUIAH:
— (u3HYECKHE OCHOBBI U3MEPEHUN U ITATOHBI STUHUII,
— METOJBI U CPEJICTBA UBMEPEHUMN, UCTIBITAHUN U KOHTPOJIS;

— OCHOBBI JICKTPOTCXHUKU U PAIUOTCXHHUKHU,
— OCHOBBI MOJCIIMPOBAHNEC CUCTEM U IIPOILICCCOB,
— TIIpUKJIagHas ¥ 3aKOHOAATCIbHAsA METPOJIOTUA,




— o0mas Teopusi U3MEPEHH
3HaHUs, MOJMYYCHHBIC NPU W3YYCHHH MarepHaia NaHHOH JUCHUIUIMHBI, MMEIOT Kak
CaMOCTOSATENILHOE 3HAYCHUE, TAK U MOTYT MCIIOJIb30BATHCS IPU M3YUCHHUU JAPYTUX AUCIHILIHH!
— - nqudpoBbIe METOIBI U CPECTBA U3MEPEHHI;
— - IPOU3BOJICTBEHHAs NIPAKTHKA,
— - IPOW3BOJCTBEHHAs NPEUINILIOMHAs TPAKTHKA.
3HaHUs, MOJNYYCHHbIC NPU W3YYCHHH MarepHaia JaHHON JUCHUILUIMHBL, UMEIT Kak
CaMOCTOSATENIHOE 3HAYCHHUE, TAK U MOTYT MCIIOJIb30BATHCS IPU M3YUCHHUHU JAPYTUX AUCIHILIHH!
3HaHUs, MOJYYCHHBbIC NPU W3YYCHHH MarepHaia INaHHOH JUCHUIUIMHBI, MMEIOT Kak
CaMOCTOSATENIFHOE 3HAYCHHUE, TAK U MOTYT MCIIOJIb30BATHCS IPU M3YUCHHUU JAPYTUX JUCIHILIHH!
— 1udpoBBIC METOABI U CPEICTBA H3MEPEHNUH;
— TPOU3BOJCTBEHHAS IPAKTHKA,;
— TPOW3BOJCTBEHHAS MPEIUILIOMHAs IPAKTHKA.

3. O0beM u TpyI0EeMKOCTb TUCIUILIAHEI
Jlarable 00 00mEeM oO0beMe TUCIUIUIMHBI, TPYJOSMKOCTH OTACIBHBIX BHJIOB y4eOHOU
paboThI 10 TUCIUILTHHE (M paclpeie]ieHue 3TOH TPYJO0EMKOCTH TI0 CEMECTpam) IPEeACTaBICHbI B
Tabauie 2.

Tabnuna 2 — O0beM U TPYAOEMKOCTh JUCIUIIITNHBI

TpynoemMkocTs 1o

Bun yuebnoit paboTbl Bcero ceMecTpam
Ne7
1 2 3
Oobwan mpyooemKkocmp OUCYUNIUHDL, 3/ 108 3/ 108
3E/ (uac)
U3 nux yacoe npakmuyeckoii 0020MoeKu 8 8
AyoumopHnuie 3anamus, BCEro vac. 16 16
B TOM YHUCIIE:
nexuuu (JI), (dac) 8 8
npakTuyeckue/cemunapckue 3anstus  (113), 8 3
(dac)

naboparopusie pabotsl (JIP), (dac)

KypcoBoii npoekT (padota) (KII, KP), (gac)

HK3aMeH, (4Jac)

Camocmosmenvnas paboma, Bcero (dac) 92 92
Buo npomesxcymounoi ammecmayuu’ 3auer,

mudd. 3auger, sx3amed (3auer, udd. 3au, | 3auer 3auer
DK3.%*%*)

EJ

HpI/IMe‘{aHI/ICZ KaHIUJATCKUM SK3aMEH

4. CoaeprkaHue TUCHUTUTHHBI
4.1. Pacnpenenenne TPyI0€MKOCTH JTUCIUTUINHEI 110 pa3JeiaM | BUAaM 3aHATHN.
Pa3nensl, TeMBl AUCHUTITUHBI U MX TPYAOEMKOCTh MPUBEIEHBI B TaOIuUIIE 3.

Ta6mmma 3 — Pa3nensl, TeMbl TUCIUIUIMHBI, KX TPYJI0EMKOCTh

Jlexnu 113 JIP KII CPC

Pa3nensl, TEMBI TUCIIATUIMHEI (1ac) (C3) (1ac) (wac) | (ac)

Cemectp 7

Paznen 1. XapakTepucTika KOHLIETIINI
HAHOTEXHOJIOTHHA 2 2 20
Tema 1.1. XapakTepucTuka KOHIIEOIUI




HAHOCTPYKTYPHBIX U MOJICKYJISIPHBIX
HAHOTEXHOJIOTUI

Pasznen 2. MeToap! uccieqoBaHus HAHOOOHEKTOB

Tema 2.1. O0Omue cBeaeHus 00 00bEKTAX 2 2

HCCICI0BaHUs B 00J1aCTH HAHOTEXHOJIOTUH

40

Pasnen 3. OCHOBHBIE reTEPOTreHHBIE NTPOLIECCHI
(dopMupOBaHUS HAHOCTPYKTYPHPOBAHHBIX

00BEKTOB 2 2

Tema 3.1 XapakTepucTuka, CBOMCTBA, IPOLIECCHI
(dbopMHpOBaHUs HAHOCTPYKTYP

20

Paznen 4. [IpyuHIUIIBI TOCTPOCHUS TEXHUYECKUX
CPEJICTB MCCIIEIOBAHUS HAHOCTPYKTYP

4.1 OcHOBBI MEXaHUKH U KOHCTPYKIIUIA CPENICTB
WCCJICTOBAHNSI HAHOCTPYKTYPHUPOBAHHBIX 00BEKTOB

12

Htoro B CEMCCTPC:

8 8 92

Hroro 8 8 0 0 92

[IpakTnueckas

MoATOTOBKA  3aKJIIO4YacTCA B  HCHOCPCACTBCHHOM  BBIIIOJHCHHUU

OoOydJaloIMMUCS  OMNpENeJeHHBIX  TPYAOBBIX  (YHKIMH,  CBSI3aHHBIX ¢  Oya;yulei
PO ECCHOHAIBHON JEATEIHHOCTHIO.

4.2. CopnepxaHue pa3/iejoB U TEM JICKIIMOHHBIX 3aHSATHH.
CopepxaHue pa3/ieiioB U TeM JICKIIMOHHBIX 3aHATHI IPUBEICHO B Ta0HIIE 4.

Ta6mmma 4 — ComepxaHue pa3aesioB U TeM JEKIIMOHHOTO UK

Howmep pazaena

Hazpanue u COACPIKAHUC Pa3acCIOB U TEM JICKIHMOHHBIX 3aHATHH

Pazmen 1

Tema 1.1 XapakrepucTuka KOHLENUUNH HAHOCTPYKTYPHBIX H
MOJIEKYJISIPHBIX HAHOTEXHOJIOT U

Npmero 0 TOM, 4YTO BO3MOXHO CO3/1aBaThb HYXXHBIE Ham
ycTpoiicTBa M Jpyrue oOBeKThl, coOupas uX "MoyeKyja 3a
MoOJIeKyJIon" U, maxke, "aroM 3a aTOMOM'" OOBIYHO BO3BOJAT K
3HaMEHHUTOM JIEKIIMU OAHOTO U3 KpynHeHmmx gusnkoB XX Beka
Puuapna ®elinmana «Tam BHU3Yy — MHOIO MecTa». JTa JIEKIUs
Obu1a mpounTana UM B 1959 roay; OOJMBIIMHCTBO COBPEMEHHUKOB
BOCIIPHHSUTN €€ Kak (DaHTACTUKY WM LIYTKY.

CoBpeMeHHBIN BHJ HJIEW MOJEKYJISIpPHOW HAHOTEXHOJOTMH
Havyanm npuoodperath B 80-e¢ roapl XX Beka B pe3ysibTare padboT
K. 3. lpekcnepa, KOTOpbIE TaKkKe CHaYaIa BOCIPUHUMAIHNCH KaK
HayyHas ¢anTacTuka. [Ipu sTtom pyHnamenTanbHas MoHorpadust
"HanocucreMbl. MonekynsdpHas TEXHHKA, IPOU3BOACTBO U
BBIUMCICHUS"  UMEET, HECOMHEHHO,  OCHOBOIIOJIArarouiee
3HaueHue. CaM TEpMUH HAHOTEXHOJIOTHUS CTal MONYJISpEH
MMEHHO TI0CJIE BBIXOJa B CBET 3HAMEHMTON KHMIHU J. [Ipekciepa
"MamuHbl TBOPEHUA" W MOCIEIOBABIIEH 3a ITUM JIUCKYCCHUH.
[Tozxxke Jlpekcnep B CBUX HayYHBIX paOOTaxX CTaJl HCIIOJIb30BaTh
TEpMHH MoJieKyJsipHas HaHoTexHonorusa (MHT) ans paznuuenus
IIPEAJIaraéMbIX UM PEIICHUM.

OueHky mnapaMeTpoB HAHOMEXAHMUYECKHUX YCTPOWCTB U




MaIlliH - B CBOMX paborax D. /Ipekciep u ero mocienoBaTesn
OLICHUBAJIM TIapaMeTPbl B OCHOBHOM MEXaHHUYECKUX YCTPOMCTB,
KOTOpbIE OHM MOTJIM Obl MMETh NPH NPHOIMKEHHUU pazMepa
KOMITOHEHT K MOJICKYJSIpHOMY MaciTady. To 00yCIOBIEHO HE
TE€M, YTO OHHU HEJOOIICHUBAIOT BAXKHOCTh DSJIEKTPHUUECKHUX,
ONTHUYECKUX U T. O. 3h(dEeKToB, a TeM, YTO MEXaHUYECKHE
KOHCTPYKIIMU TOpa3o MpoIIe U JOCTOBEpHEE MAaCIITaOUPYIOTCS.
[Tpu 3TOM OCO3HAETCS, YTO dJIEKTpUUECKUe U Ipoune >PPEeKThI
MOIyT JaTh 3HAUUTENbHbIE JIOMOJHUTEIbHBIE BO3MOXHOCTH.
[TpousBeast COOTBETCTBYIOIIEE MacmTabupoBanue Jlpexciep
MOJIyYNJI CIEAYIOLIUE YNCICHHbBIE OLIEHKU:

- IO3ULIMOHUPOBAHUE PEATUPYIOLIUX MOJIEKYJ ¢ TOUHOCThIO ~0.1
HM;

- MEXaHOCHHTE3 C NPOM3BOAMTENbHOCTHIO ~106 omep/cek Ha
CTPOMCTBO;

- MOJIeKYJIsipHas cOopka oObekTa maccoi 1 kr 3a ~104 cek;

- paboTa HAHOMEXaHUYECKOTO YCTpoicTBa ¢ yacToToit ~109 I'w.

JIpyruM Ba)XHBIM HANpPABICHUEM H3y4YCHHS  SBISIOTCS

00BEKThl HAaHOMOJIEKYJIPOHON TEXHOJOTUHU - UCCIIEIOBAHUS 10
BOIIpOCaM BO3MO>KHOI'O (bYHKIMOHHPOBAHUS paboThI
"ycTpoiicTBa" aHAIOTMYHOTO MaciTada B )KUBBIX OpraHuzMax. B
KauecTBe IMpUMepa IelIecoO00pa3HO  paccMOTpeTb  paboTy
MPEJICTaBUTEN KUBOrO opraHmdMa AT®-cuHTa3a SBISIIOIIETO
dbepMeHTOM,  MpeoOpa3ylIIUM  Pa3HOCTh  KOHIIEHTpAIHid
IPOTOHOB 10 pa3Hble CTOPOHBI MeMOpaHbl B 3SHEPIHIO,
3armacéHHyl0 B MoJieKynax aneHo3uHTpudochara (ATD).
[Tocneanee wucnonb3yercs MPAKTUYECKH BCEMH MEXaHHU3MaMH
KJIETKM B KAa4eCTBE YHUBEPCAIBHOIO HocHTens sHeprun. ATd-
CHHTa3a TMPUCYTCTBYET B  "DHEPreTHUYECKUX  CTAHIMAX"

pacTUTENbHBIX U OJKUBOTHBIX KJIETOK - XJIOpOIJacTax |
MUTOXOHJIDHSIX M TPEACTaBISET COOOM JIOBOJIBHO CIOXKHYIO
KOHCTPYKIIMIO W3 HECKOJbKUX THIIOB EIUHHII - OEIKOBBIX
MOJIEKYJL.

Pa3nen 2

. Meros! ucciienoBaHusi HAHOOOBEKTOB
Tema 2.1. OOmme cBengeHUss 00 OOBEKTaX WCCIEIOBAHUSA B

o0nacT HAHOTEXHOJIOTHA

OgHuMH M3 TEpBBIX HHCTPYMEHTOB, KOTOpPBIE IOMOTJIHU
WHUIUUPOBATh UJEH HAHOTEXHOJOTHH, OBUIM TaK Ha3bIBaeMbIC
CKaHUPYIOIIUME 30HBI. Bce Tunel CKaHUPYIOIIUX 30HI0B ObLIH
paspabotansl B [{ropuxe B Havane 80-x ronoB. Cama ujes oueHb
MPOCTa: €CIIA, K MPUMEPY, MTPOBECTH TAIBIEM MO MTOBEPXHOCTH,
TO JIETKO OTJIWYUTH OapxaT OT CTalW WK jJepeBa. B maHHOM
AKCIIEPUMEHTE Mayel] JAEUCTBYEeT Kak CTPYKTypa HW3MEpPEHHs
cunbl. JlaHHas wWHes W TOJOXKEHAa B OCHOBY pabOTHI
CKaHUPYIOLIEr0 MHMKPOCKONA, OJIHOIO M3 PacHpOCTPaHEHHBIX




CKaHUpYIOLUX 30HA0B. CKaHUPYIOUMI 30HJI IPU H3MEpPEHUU
CKOJIB3UT IO TIOBEPXHOCTH TaK K€, KaK 3TO JAETAlT MaJbLibl.
30H] UMEET HAHOCKOIIMYECKUH pa3Mep (4acTo BCETO OJUH aToOM).
[Tpu NBUMKEHMM OH MOKET OIPENENSITh HECKOJIBKO Ppa3IU4HbIX
CBOMCTB, KaXJ0€ M3 KOTOPBIX COOTBETCTBYET HHOMY
WU3MEPEHMUIO.

ATOMHO-CHJIOBOM MHUKPOCKOIT
B aTOMHO-CHIIOBOM MHKpPOCKOIIE 3JIEKTPOHHUKA HCIOJIb3YETCS
JUISL U3MEPEHMsS] CWJIBI BBOJAMMON KOHYMKOM 30HAA IPU €ro
JBY)KEHUH BJIOJIb TIOBEPXHOCTH UCCIIEIYEMOT0 OOBEKTA.

TyHHENBHBI MUKPOCKOIL.
B TyHHenpHOM  MMKpOCKONE  M3MEpsieTCs  BEIUYMHA
JIEKTPUYECKOTO TOKA, IPOXOIAIIET0 MEXAY CKaHUPYHOIIUM
30HIOM M IIOBEPXHOCTHbIO. TyHHENbHAas MHUKPOCKONHUS — 3TO
IOPAaKTUYECKH TEpBbId  pa3pabOTaHHBIH METOJ| 30HI0BOTO
CKaHHPOBAHMsI, HAIEIIIETO IIUPOKOE IIPUMEHEHHUE.

MarauTHO-CHII0BON MUKPOCKOII
B MarHuTHO-CWJIOBOM MHMKPOCKOIIE€ 30HJ, CKaHHUPYIOLIUI
[IOBEPXHOCTh,  SIBJISIETCS ~ MAarHUTHBIM, OH  II03BOJISIET
[IOYYBCTBOBaTb Ha IOBEPXHOCTH JIOKAJIbHYIO MAarHUTHYIO
CTPYKTYpy. 30HJ MAarHUTHO-CHMJIOBOI'O MMKpOCKomIa paboTaer
noJ0o0HO  CUMTHIBAIOIEH  TOJIOBKM  BHUHYECTepa  WIH
MarauTooHa. CkaHUpPYIOIINE MUKPOCKOIIBI TO3BOJIMIIN BIIEPBbIE
YBHUJIETh OOBEKTHI PA3MEPOM C aTOM.

Paznen 3

Tema 3.1 CaolicTBa npoueccoB GopMHUpOBaHUS HAHOCTPYKTYP

B o6mem cnydae 1oA TeTEpPOreHHBIMH  MPOIECCAMU
MOHUMAIOT TEXHOJOTHYECKHUE TMPOIECCHl, MPOUCXOJANINE Ha
rpanuile pasaena $Ga3 u GopMUPYIOIIHE TETEPOrCHHBIE CUCTEMBI.
['ereporennas cucTema MPEACTABIISIET co0oit
TEPMOJUHAMHYECKYIO CHCTEMY, COCTOSIIYIO M3 Pa3lUYHBIX IO
bu3MYeCKUM W XUMHYECKUM CBOWCTBaAM dacted wunm ¢as,
KOTOpBIE OTIENEeHbl APYr OT Apyra MOBEPXHOCTSMHU pajena.
Kaxngas w3 ¢a3 mpum 3ToM TOMOreHHa H €€ TOBEJCHHE
MOTYUHSETCS 3aKOHAM TEPMOIUHAMUKH.

a) XUMHYECKHE TeTePOreHHBIC MPOIECCHI.

MHorre TeTepOoTeHHBIE TMPOIECCh HE  CBSI3aHBI  C
XUMHUYECCKHMH PEAKIUSIMH W OCHOBAHBI TOJBKO Ha (PH3UKO-
XUMHUYECKUX SBICHUSAX. XUMHYECKHE TeTePOTeHHBIEC MPOIIECCHI
BKIJIIOYAIOT B KA4eCcTBE dTala XWMHUYECKUE PEaKIHH, KOTOphIE
UAYT B OJHOM M3 (a3 mocie mepeMenieHus Tya PeareHTOB WK
Ha TIOBepXHOCTH pazaena ¢a3. Ha rereporeHHBIE paBHOBECHS
BIIUSAIOT TeMIIepaTypa, JTaBJeHWE, KOHIICHTpPAIlUd pPEareHTOB W
MPOJIYKTOB peakiuu. PaBHOBECHE TeTEPOTCHHBIX IPOIECCOB
ONpeAeNsieTcs KOHCTAHTOM PaBHOBECUS XMMHUYECKHX pPEaKIIHid,
3aKOHOM pachpeielieHUus] KOMIIOHEHTOB Mexay (aszamu U




npaBuioM (a3. PaBHOBeCHbIE KOHIIEHTPALUU KOMIIOHEHTOB B
COIPHKACAIOLIUXCS dazax OTIPEIEIISIOTCS 3aKOHOM
pacripesie/ieHus BEIIeCTBa, KOTOPBIH YCTaHABIMBACT MOCTOSTHHOE
COOTHOIIEHHE  MEXJy  paBHOBECHBIMH  KOHLEHTpAIMSIMU
BemiecTBa B JBYX (azax CHUCTeMbl TIpU  ONpEIesICHHOM
Temneparype. I'ereporenHbie mporecchl
0) CBoiicTBa reTeporeHHbIX MPOILIECCOB

MexaHu3M TeTepOreHHbIX MPOIECCOB CI0KHEE TOMOTEHHBIX,
TaK KaK B3aWMOJICHCTBHIO pEareHTOB, HaXOMSAIIMXCS B Pa3HBIX
¢azax, mpeAmecTByeT UX AOCTaBKa K MOBEPXHOCTH pasjena a3z
u  maccooOMeH wMmexay — ¢asamu. [lodToMy  CKOpPOCTH
IeTEPOTeHHBIX HEKATAJUTUYECKHX IMPOIECCOB, KakK IPaBHIIO,
MEHBIIIE CKOPOCTH FOMOTE€HHBIX IMpoleccoB. MaccooOMeH MeXTy
dazamu  ocymiecTBiseTcss ¢ nomombio  aguddysum u
xapaktepusyercsa KoddduuueHTom Maccooomena rae D —
kodurment quddy3un, O - TONIMHA TOTPAHUYHOTO cos. J{ms
pacueta 3, KOTOPBIH CIY>)KUT OMHCATEIHHON XapaKTEPUCTUKON U
Ui Ooyee  CIOXKHBIX MEXaHHU3MOB IE€PEHOCA, HCHOJIB3YIOT
KpuTepuajabHble ypaBHeHus. 3 = D /0 B mepuoj npoTrekaHus
reTeporeHHOro Imporiecca.

Paznen 4.

4.1 OCHOBBI MEXaHUKH U KOHCTPYKLUU CPEICTB UCCIIEIOBAHUS
a) OOmacTpi0 TNPUMEHEHHUS HAHOCTPYKTYPHPOBAHHBIX
OOBEKTOB  SBIIICTCS HAHOOOBEKTHI, pa3MEpPbl KOTOPBIX
Haxomarcs B auamnaszone or 0,1 mo 100 M. DTOoT ImMama3oH
MPUHATO HAa3bIBaTh HaHomacuimabom. COTIACHO TPOEKTY
TexHuueckoit crenudpuKanuu ISO/DTS 12805
MIPOU3BENICHHbIE HAHOOOBEKTHI PA3ACNAIOT 1O MPU3HAKY
reoMeTpuueckod ¢GopMbl Ha TPU KaTErOPUHU: YACTHIBI -
00BEKTHI, UIMEIOIIHE TPU pa3Mepa B HaHOMacIITabe; BOIIOKHA -
0o0BEKTHI, HMEIIINE [JIBa pa3Mepa B HaHOMacITaoe;
IJIACTUHBI - OOBEKTHl, HMEIOIIMEe OJWH pa3Mep B
HaHOMAacIITaoe.

BoAbIIMHCTBO HAHOOOBEKTOB MMEET YTIEPOJHYIO OCHOBY.
Jloarue TOABI CUMTAIOCH, YTO YIJIEPOJ MOXKET
00pa30BBIBaTh TOJIKO JBE AJTIOTPOIHBIE KPUCTATUIMUECKUE
CTPYKTYpHl - anma3 W  rpadutT. Amjgorponus -
CyIIIECTBOBAaHUE OJTHOTO M TOTO K€ XUMHUUYECKOTO JJIEMEHTA B
Hecxoxkux  ¢opmax. OmHAKO B TOCIHEAHHE TOABI OBLIN
oOHapyXeHbl elle JBe aUIOTPOIHbIE (GOPMBI Yriepoia,
UMEIOIe OOJBIIYI0 TMEPCHEKTUBY HUCIOIB30BaHUS B
HAHOTEXHOJIOTUAX.

6) CaoiicTBa OCTPUITHOTO 30HOBOTO JIaTUMKA.

OmauM U3 OOBEKTOB  HAHOMETPOJIOTHUU  SIBIISICTCS
OCTPUMHBIA  30HAOBBIA  JAaT4YMUK,  MCIOJB3YEMBIA B
CKaHUPYIOLIEW 30HI0BOM MHUKPOCKONHUH JIJIsI MCCIIEI0OBaHUSA
pa3MepoB M CBOWCTB MOBEPXHOCTH HAHOOOBEKTOB. JlaTumk




COCTOUT W3 TIOJYNMPOBOJHUKOBOTO KpHUCTaIa (4uIIa),
ruOkoii  koHcomu  (COOCTBEHHO  KaHTWIEBepa) U
TBEPJOTEIBHOTO 30HAA (WUriabl). OOBIYHO OTOT JATYUK
Ha3bIBAIOT KAHTUJIEBEPOM.
['eomeTpuyecku  30HA  MOpeAcTaBiseT  co0ol  uriy
KOHMYECKOW WJIM TPU3MATHYECKOW (OPMBI C YIJIOM IPH
BepmmHe 20 - 25[] u BwIcoTOM Okoyio 10 mxM. Hambonee
BOKHA XapaKTepUCTUKA 30HAA - paAUyC 3aKpyrieHHs
ocTpus I, 3HAaYE€HHUE KOTOPOro 0ObIYHO He Oojee 1 - 25 HM.
Bennumna pamuyca I BiaMseT Ha pasMmepsl  001acTu
npelenbHO  JOCTHXKHUMOro  paspemeHus.  CI0XHOCThb
U3TOTOBJIEHHUSI 30HJA CYILIECTBEHHO YBEIMYMBAETCAd C
YMEHbILIEHUEM pajiyca OCTpHSI.
B) TEXHUYECKUE XapaKTUPUCTHKU JTaT4IuKa
HaHOTIEpEeMENICHUI

B kadectBe WM3MEpUTENBHBIX MpeoOpa3zoBareieii B
HAHOTEXHOJIOTUU UCTOJb3YeTCs NaTYMK HAHOIEPEMEIECHUH,
IPEJICTaBISIIONINM  COO0OM COBOKYMHOCTh MEXaHMYECKOTO
AJIEMEHTAa M TpaH3ucTopa. MexaHMYeCKUM 3JIEMEHTOM
ABIIeTCS OpycOK (HAHOAJIEKTpOMEXaHUYEeCKasi MepeMbIUKa)
U3 apceHuja Tajulus, 3aKpeIUIEHHbId C OO0OMX KOHIOB.
Pasmepsr Opycka: miuHa 3 MkM, mupuHa 250 HM, TONIIMHA
200 ©M. JlerekTop TmepeMeuieHUs - OJHOAICKTPOHHBIN
TPaH3UCTOP - pACIONIOKEH Ha paccrosHuu 250 HM oOT
Opycka. TpaH3uUCTOp AJIEKTPUYECKH COCTUHEH C OpyCKOM
yepe3 €eMKOCTb. BHellHee HampspkeHHe, MPUIOKEHHOE K
OpycKy, 3acTaBisieT ero BuOpupoBaTh. [Ipm mepemenicHun
Opycka OTHOCHUTENBHO JETEKTOpa HW3MEHSeTCs  TOK,
MPOTEKAIOIINNA Yepe3 TPAHZUCTOP.
r) HazHaueHue naTunka CUJIbl U Macchl

B nmartumke cuibl M Macchl B KauecTBE IEPBHYHOTO
HU3MEPUTENBHOTO npeodpazoBaTes HCII0JIb30BaHa
OJIHOCJIOIHAs yriiepo/iHas HaHOTpyOka nquameTpoM 1 - 4 HM,
pacmojyoKeHHass MEXIy ABYMS 30JI0TBIMH 3JIEKTPOJIAMHU.
Pa3mepsl kaHaBKH, Yepe3 KOTOPYIO MPOTSHYTa HaHOTpYyOKa:
mmpuHa 500 vM, mnouHa 1,5 Mxm. bonbmas ynpyrocts
YIJIEPOJIHONM HAHOTPYOKM TIO3BOJISIET € KojebaThCs B
HIUPOKOM Jramna3zoHe yactot (o1 3 1o 200 MI'w). Ona moxeT
TaKke paboTaTh B KayecTBE TPAH3UCTOpA, YTO IMO3BOJISIET
OTpeAeNnsaTh YacToTy ee KojeOaHuid U  CMelleHue
OTHOCHUTEIIHHO TIOJIOKEHUSI TMOKOs. Y CTPOMCTBO paboTaeT B
BaKyyMe, TOCKOJIBKY Ha BO3[yXe OOJBIIOE YUCIO MOJEKYI
OyZaer  cCTalKuBaThCS C  HAHOTPYOKOM WM Jaxe
abcopOupoBaTbcs Ha Heil. B 3aBucuMocTH OT BO3JEHCTBUS
BHEIIHEW CHJIbI HA W3MEPUTENBHBIN MpeoOpazoBaTesib OH
M3MEHSIET CBOE MOJIOKEHUE. J[OCTUTHYTass 4yBCTBUTEIBHOCTD
YCTPOMCTBA IMO3BOJISICT H3MEPATEH cMeteHue B 0,5 HM.
1) Chepa nmpuMeHeHuUs 30H0BOTO AaTYUKa

30HIOBBIN JTaTYUK YCTPOMCTBO, BKJIFOYAroIIee
TBEPAOTENbHBI OCTPUNHBIA 30HA, TUOKYIO MPYKUHHYIO
KOHCOJIb - KaHTWieBep (aHri. cantilever - KOHCONb) W
Kpuctaul (nepxkarens). B auTeparype 3TO yCTpOMCTBO




HEpPEeIKO Ha3bIBAlOT MPOCTO  «KaHTWieBepom». W3rubd
KaHTUJIEBEpA C 30HJIOM PETUCTPUPYETCS OOBIYHO C
MOMOUIbI0  OTPAXEHHOIO JIa3epHOrO0 Iy4yka CBETa W

dboTonpreMHHUKA. Pazpemaromas CIIOCOOHOCTh
CKaHUPYIOIIUX 30HIOBBIX MHKPOCKOIIOB  OIPEIEIISCTCS
CICAYIOUIMMU  TapaMeTpaMu  KaHTWIEBEpa:  Paguyc

3aKpYIJIEHUS OCTPUSl WIJIBI; BBICOTA MWIJIbl, ACHEKTHOE
COOTHOILLIEHUE WIJIbl, XapaKTePU3yeMOE YIJIOM KOHYyca; Yy
HauOojee  COBEPIIEHHBIX  KAHTUJIEBEPOB  aCMEKTHOE
COOTHOUIEHUE A0CTUTraeT BennuuHbl 15:1. JIjis u3roroBiaeHus
KaHTHJIEBEPOB UCITIOJIB3YIOTCS MOJIyITPOBOIHUKOBBIE
mwiactuabl  (Hanpumep,  KJb-12:  kpemnuit  p-tuna
opueHtanmu  [110007). Pomp  wm3oympyromero  cios
BEIMIONHSAET Auokcun kpemuus SiO;. KoHconb kaHTHIIEBEpa
dbopMupyercss ~ SIEKTPOXMMHUYECKHM  TpaBJICHUEM B
noxorperoM pactBope menoun KOH. B mponecce
TpaBJIEHUSI 3arOTOBKA MEIJICHHO MOJHUMAETCA U3 PacTBOpa
LIEJIOYUN IS [TOJIyYE€HUsI KOHUYECKOW (WIIM PU3MaTHUECKOH )
(OpPMBI UIJIBI C OCTPHIM KOHIIOM.

[IpOMBINUIEHHOCTEIO OCBOEHBI B CEPUMHOM  MPOHU3BOJICTBE

JIECSATKU BUAOB KOHCTPYKIMHM KaHTUJIEBEPOB. OHU BBIIIYCKAIOTCSA
C OAHOH, IBYMs, TpeMsl WIM 4YeThlpbMs KoHcoisiMH. KoHcounb
MOXET ObITh B IUIAaHE HPSIMOYIOJIBHOM MM TPEYroyibHOM,
JUIMHHOW WJIM KOPOTKOM, C TOKPBITHEM WIH 0€3 IOKPBITHS.
Panuyc 3akpyriaeHus urisl 30542 - ot 1 10 25 HM..

4.3. IlpakTtuueckue (CEeMHUHAPCKHUE) 3aHATHS
Tembl IpakTHUECKUX 3aHATHH U UX TPYJOEMKOCTh IPUBEICHBI B TA0JIHIIC 5.

Tabnuna 5 — [IpakTudeckue (CeMUHAPCKHE) 3aHATUS U UX TPYAOEMKOCTh

N3 Hux Ne
Ne | Tewmbl mpakTHUECKUX Popmbl TpynoeMKoCTh, |pakTHYECKOH |pa3niena
/o 3aHATHI TTPAaKTHICCKIX (dac) MMOATOTOBKH, | JUCITHIT
SaHATHH (dac) JINHBI
Cemectp 7
1 OCHOBHBIE YEPTHI AHan3 U oIleHKa 2 1 1
coBpeMeHHBIX IT. pecypcos,
CTpyKTYypUpOBaHHOCTh HEOOXOAUMBIX IS
CTaHJapTOB YIIpaBICHUS
udpoBoro oOMeHa uHpopmanuei, [10,
JAaHHBIMU JITOPUTMOB HEO00X0auMOe IS
CO3/IaHHUS, XpaHEHUS,
yIpaBJIeHHUS,
nepesavyy v MoucKa
nHpopManuu
Hccnenosanue ITpoBenenue 2 1 2
MTOBEPXHOCTH METOJIOM | BHEIIHETO OCMOTpa H
aTOMHO-CHJIOBOM noaroropka C3M k
MHUKPOCKOITAN pabote, MOATOTOBKA
oOpa3sia K
HCCIICIOBAHUIO
HccnenoBanue O6paboTtka 2 1 7




MOBEPXHOCTU METOJIOM pe3yNbTaToB
aTOMHO-CHJIOBOU WCCJICTIOBAHHUSI
MUKPOCKOIIUU oOpa3lia 1 aHamu3
pEe3yIIbTaToB
U3MEpPEHUIT
[Toaroroska [Mopsimok u 2 1 11
ANEKTPOHHOTO MOCIIEZI0BATEIHLHOCTD
MHUKPOCKOTIIa U BKJIFOUCHUS U
(hYHKIIMOHATTLHBIX BbIKJIIOUeHUs1 C3M
0JI0KOB (Y3J10B) K moz. Solver PRO-M
paboTe B OCHOBHBIX
pabouux pexumax
Bcero 8
4.4. JlabopaTopHbIE 3aHATHS
Tembl 1a00OpaTOPHBIX 3aHATUN U UX TPYIOEMKOCTh IPUBEACHBI B TabHIIE .
Tabnuna 6 — JIabopaTopHbIe 3aHATHS U UX TPYJOEMKOCTb
N3 Hux Ne
Ne HaumenoBanue nabopatopHbix paboT TpynoeMKOCTS, | MPaKTHIECKOH | pasiea
/o (gac) MMOJTOTOBKH, | JMCIIHII
(gac) JIMHBI

Y4eOHBIM MJIaHOM HE MPEAYCMOTPEHO

Bcero

4.5. KypcoBoe npoeKkTUupoBaHKE/ BHIIOTHEHUE KYPCOBON PabOThI

Y4eOHbIM MJIaHOM HE IPeAyCMOTPEHO

4.6. CamocrodTenbHas paboTa 00yJarouxcs
Buabl camocTosiTenbHON pabOThI M €€ TPYI0EMKOCTh MPUBEICHBI B Ta0IUIIE /.

Tabmuna 7 — Bunbel camocTodTenbHON paboThl U €€ TPYA0EMKOCTh

. Bcero, | Cemectp 7,
Bun camocrositensHOI paboTh
qac qac
1 2 3
W3ydeHne TeopeTHuecKoro MmaTepuania
8 8
nucturaHbl (TO)
KypcoBoe npoextuposanue (KII, KP)
PacuetHo-rpaduueckue 3ananus (PI'3)
Brimonnenue pedepara (P)
[ToaroroBka Kk TEKymeMy KOHTPOJIIO
ycneBaemoctu (TKVY)
JomanmHee 3amanne (J13) 80 80
KonrtposnbHble paboTsl 3a04HKuKOB (KP3) 4 4
IToaroToBka K MpOMEKyTOYHOU
arrectaiuu (I1A)
Bcero: 92 92




5. IlepeueHs y4eOHO-METOAMYECKOTO OOECTICUeHUS
JUISL CAMOCTOSTEILHON PabOThI 00YUYAIOIINUXCS IO TUCIUTUTMHE (MOTYJTIO)

Y4eOHO-METOAMUECKNE MaTePHAbl JIJII CAMOCTOSITEIIbHON pabOThl OOYYArOIIMXCSl YKa3aHbI B
ma. 7-11.

6. IlepeueHb MeyaTHBIX U 3JIEKTPOHHBIX YIEOHBIX U3IaHUMN
[lepeueHb eYaTHBIX U SJEKTPOHHBIX YUEOHBIX U3IaHUH TIpUBeIeH B Tabmuile 8.
Tabnuna 8— [lepedeHb MeYaTHBIX U JIEKTPOHHBIX YUEOHBIX U3JaHHMA

KomuectBo
SK3EMILIAPOB B
Tudp/ bubnuorpaduyaeckas OUOIOTEKE
URL agpec CCBUIKA (kpome
ANEKTPOHHBIX
AK3EMILISIPOB)
https://www.booktech.ru/books/nanotehnologii Ou3HUECKUE OCHOBBI
MUKpPO- U
HAHODJICKTPOHUKH,

HypuakoB A.A., /yae6HOe
nocobue/, YpdVY, 2020, -
252 c.

https://obuchalka.org/knigi-po-nanotehnologiyam | ®usndeckre 0CHOBBI
HaHOTEXHOJIOTHI 1
HaHoMarepuaibl, CMUPHOB
B.U. /yue6Hoe mocobue/,
Viuesaosck, Yal'TVY, 2017,
240 c.

https://obuchalka.org/knigi-po-nanotehnologiyam | bazoBbie TexXHOTOTHH
MHKPO- U
HaHOSJ'IeKTpOHI/IKI/I:
BopotsiHnies B.M.,
Ckymnos B. /1., -M, ,
[Ipocnexkr, 2017, -519 c.

https://obuchalka.org/knigi-po-nanotehnologiyam | Matepuaibl 1 METOIbI
HAHOTEXHOJIOT |,
Crapoctun B.B. /yue6Hoe
nocobue/, -M, burowm,
2016, -431c.

https://obuchalka.org/knigi-po-nanotehnologiyam | Hanomarepuaisi: yae6HOe
mocooue/, J1.1.
Peoxonkos, B.B. JIéBuna,
2.J1. [I3unzurypu, -M,
bunowm, 2017, -343 c.

https://obuchalka.org/knigi-po-nanotehnologiyam | BeruncnurenbHbie
HAaHOTCXHOJIOI'UH, ITonos
A.M., /yae6HO€E TOCcOOUE/,
Kno-Pyc, 2017, -126 c.

https://znanium.com/catalog/product/1032129 HUcaes, C.B.




(mata obpamenus: 07.09.2021). — Pexxum
JIOCTYTIA: TI0 TIOIHCKE.

NHrennexryaibHbie
CUCTEMHI : y4e0. mocobue /
C.B. Ucaes, O.C. Ucaesa.
- Kpacnosipck : Cud.
dbenep. yu-t, 2017. - 120 c.
- ISBN 978-5-7638-3781-
0.

https://znanium.com/catalog/product/1060845
(mata obpamenwus: 07.09.2021). — Pexxum
A0CTYyIIa: IO IMMOATIIMCKE.

Opnunnos, b. E. Monenu u
pOoOIIeMbI
WHTEJUIEKTYaTbHBIX
cucTeM : MoHorpadus /
B.E. OnunuioB. — Mocksa
: UHOPA-M, 2020. —
219 c. — (Hayunas
Mmbiciib). — DOI
10.12737/1060845. - ISBN
978-5-16-015839-6.

https://fs.quap.ru/science/patents/2021612957.pdf

CBHIETENBCTBO O
roCyJapCTBEHHOMN
pPEruCTpaluy MPOTPaMMBbI
mst OBM Ne 2021612957
Jom kadectBa «QFD»
[IpaBoobGnanarens:
®enepanbHOE
roCy/1apCTBEHHOE
aBTOHOMHOE
oOpasoBarenbHOe
YUpEeXKIACHUE BHICIIETO
o0Opa3oBaHUs
«Cankr-IlerepOyprekuii
roCyJapCTBEHHBIN
YHUBEPCUTET
a’POKOCMHUECKOTO
npudopoctpoenus» (RU)
ABtop: YabaHeHKO
Aunekcannp BaneppeBuu

(RU)

7. IlepeueHb 371EKTPOHHBIX 00pa30BaTENbHBIX PECYPCOB
MH(POPMALMOHHO-TEIEKOMMYHHUKAIIMOHHOHN ceTn « HTepHeT»
[lepeuens AIIEKTPOHHBIX 00pa3oBaTeIbHBIX pecypcos

npuBeieH B Tabmuie 9.

Tabmuuma 9 — IlepedyeHb 3JIEKTPOHHBIX OOpa30BaTEIbHBIX PECYpPCcOB HHGPOPMALMOHHO-

TEJIEKOMMYHUKAIIMOHHOU ceTh « HTepHeT»

URL agpec

HaunmenoBanue

nH(}OPMaLIOHHO-
TEJIEKOMMYHHUKAIIMOHHON ceTn «MHTepHeT», HEOOXOMUMBIX JUISI OCBOCHHUS JTUCIMILIMHBI


https://fs.guap.ru/science/patents/2021612957.pdf

http://science.quap.ru Hayunas u nHHOBannoHHas nesatenbHOCTh 'Y AT

http://www.consultant.ru CrpaBouno-nipaBoBas cucreMa «Koncynprant [Tmocy»
http://www.garant.ru WNudopmannonno-npasooii nopran «I’APAHT»
http://list-of-lit.ru CIIHCOK JTUTEPATyphI [0 HAHOTEXHOJIOTHH

/nano/nnotechnologii

8. IlepeueHp MHPOPMALIMOHHBIX TEXHOJIOTUI
8.1. [lepeyenp mporpaMMHOr0 0OECHeueHUs, HCIOIb3YEeMOTO TMpPH OCYIIECTBICHUN
00pa30BaTeNLHOrO MpoLecca M0 AUCLHUIIUHE.
[lepedeHp UCIONB3yeMOTro MPOrPaMMHOT0 obecriedeHus npejacrasieH B Taduuie 10.

Ta6ymma 10— [Tepeyers mporpaMmMHOTO o0ecrieueHus

Ne i/t HaumenoBanue

He npenycmotpeno

8.2. IlepeueHb HH(OPMAMOHHO-CIIPABOYHBIX CHCTEM,HCIIOJIb3YEMbIX pu
OCYIIECTBIICHUU 00pa30BaTEIHLHOTO MPOIiecca MO AUCIHILTHHE

[lepeyeHb WCMONB3YEeMbIX WH(POPMALIMOHHO-CIIPABOYHBIX CHCTEM MPEICTABICH B
Tabauie 11.

Tabmuna 11— [lepeuens nHGOPMAITMOHHO-CIIPABOYHBIX CUCTEM

Ne i/ HaunmeHnoBaHue

He npenycmotpeno

9. MarepuanbpHO-TeXHHYECKast 6a3a
CoctaB  MaTepUAIbHO-TEXHUYECKOH 0a3bl, HEOOXOMUMOW Ui  OCYIIECTBIICHUS
00pa30BaTeILHOTO MpoIiecca MO TUCIUTUIHHE, TIPECTaBICH B Tabmuiel 2.

Tabnuna 12 — CoctaB MaTeprallbHO-TEXHIUYECKON 6a3bl

Ne HanmeHoBaHMe cOCTaBHOMN 4acTu Howmep aynutopun
n/m MaTepUaJIbHO-TEXHUUECKOH 0a3bl (pu HEOOXOMMOCTH)

MynsTUMeaUHAS JICKIUOHHAS ayIUTOPHS

JlabopaTopust HCKYCCTBEHHOTO MHTEJUIEKTA U ITU(POBBIX 13-13
TEXHOJIOTUI B METPOJIOTUU

10. Onenounble cpeacTBa AJIs MPOBEIECHUS TPOMEXYTOUHOM aTTecTallu
10.1. CocTaB OIICHOYHBIX CPEICTB/JS TPOBEACHUS IPOMEKYTOYHOH aTTeCTAI[HH
o0yyaromuxcs Mo JUCUUIUIMHE puBeAeH B Tabnuue 13.
Tabmuma 13 — CocTaB OIEHOYHBIX CPEACTB Ik IPOBEICHHSI TPOMEKYTOYHOM aTTeCTaIIH

Bug HpOMC)KyTO‘-IHOﬁ aTTeCTallnuu HCpC‘-ICHB OLICHOYHLIX CPCACTB

3auer IIepeuens BOIPOCOB;
ITpumepHas TemaTuKa JijIsl TECTUPOBAHHUS

10.2. B kadecTBe KpUTEpUEB OICHKH YpOBHSA C(HOPMUPOBAHHOCTH (OCBOCHHUS)
KOMIIETEHIIMH 00ydJarouMMucs MpUMEHseTcsl 5-0ajuibHas IIKajla OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEHIINM, KOTopas npuBeaeHa B Tabnuie 14. B Tedenune cemectpa MOXKET MCIOJIB30BATHCS
100-0annpHast ~ mKama ~ MOAYJBHO-PEUTHMHTOBOM  CHUCTEMbl ~ YHHUBEpPCUTETa,  IpaBUIIa
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HCIIOJIB30BaHUA KOTOpOfI, YCTAHOBJICHBI COOTBCTCTBYIOIIUM JIOKAJIbHBIM HOPMATHBHBIM aKTOM

I'VAIL

Tabmuna 14 —Kpurepuu onieHKH ypoBHS c(pOPMHUPOBAHHOCTH KOMIETEHITHH

Or11eHKa KOMITETEHITUI

5-0ayubHas mKana

XapakTepucTrka c(hOpMUPOBAHHBIX KOMITETEHIIMI

— oOyyaromuiicss TIyOOKO M BCECTOPOHHE YCBOWJI IPOTPaMMHBIN
MaTepua;

— YBEPEHHO, JIOTUYHO, [10CJIE0BATEIBHO U TPAMOTHO €TI0 U3J1aracr;

— ONMHUpasiCh Ha 3HAHHUS OCHOBHOM W JIOTMOJIHUTEIHHOW JIUTEPATypHI,

«OTIIMYHO) J
GATTCHO TECHO IMPHUBS3BIBAET YCBOCHHBIEC HAYYHbIC TOJIOKEHHS C MPAKTUYECKOU
JIeATEIbHOCTBIO HAIIPABJICHUS;
— yMeno 000CHOBBIBAET U ApTYMEHTUPYET BBIJIBUTACMBIE UM HJIEH;
— JIeJIaeT BBIBOALI H 0000IICHHUS;
— CBOOOJTHO BJIQJICET CUCTEMOM CIIeUATN3UPOBAHHBIX MIOHITHA.
— 00y4Jarouuics TBEPI0 YCBOMII MMPOTPAMMHBIN MaTepuai, TpaMOTHO H
[0 CYUIECTBY H3JaracT €ro, ONHUPAsIChb HA 3HAHMS OCHOBHOM
JTUTEPaTypHI,
OO — HE JIOIIYCKAET CYIIECTBEHHbBIX HETOYHOCTEN; y
— YBSI3BIBAET YCBOCHHBIE 3HAHUS C MPAKTHUYECKOW J1€ATEIbHOCTBIO
«3auTEHO)
HaIlpaBJICHUS,
— apryMEHTUPYET Hay4YHbIE [TOJIOKEHNUS;
— JIeJIaeT BBIBOALI H 0000IIECHHUS;
— BIIAJICET CHCTEMOM CIICIMAIU3UPOBAHHBIX OHITHH.
— oOyyarouuiicss yCBOMJI TOJBKO OCHOBHOW IPOrpaMMHBIA MaTepua,
M0 CYILIECTBY H3JaraeT €ro, ONHpasCh Ha 3HAHHUS TOJBKO OCHOBHOMU
JUTEpaTyphl;
— JIOIYyCKaeT HECYIIECTBEHHbIE OIIUOKU 1 HETOUHOCTH;
«yJIOBJIETBOPUTEIIHHO) o
GATTOHON — UCTIBITHIBACT 3aTPYAHEHUS B MPAKTUYECKOM NPUMEHEHUW 3HAHUMA
HaIlpaBJICHUS,
— cJ1abo apryMeHTHPYET HayuHbIE MOJI0KECHHUS,
— 3aTpyAHsieTcs B (OpMYyITUPOBaHUHU BHIBOJIOB M 0000IIIEHUI;
— YAaCTUYHO BJIAJICET CUCTEMOM CHEIMATN3UPOBAHHBIX MOHSITHH.
— oOyyJaronuiicss He YCBOWJI 3HAYUTEIBHOM 4YacTH TMPOrPaMMHOTO
MaTrepuana;
(HEYIOICTEOPHTEIEHO | JIOTYCKaeT  CYHIECTBEHHBbIE  OIUOKA U H(?TO‘IHOCTI/I npu
PacCMOTPEHHH MPOOJIEM B KOHKPETHOM HAIMPaBIICHUH;
«HE 3a4TEHO»

— MCTIBITBIBAET TPYTHOCTH B MMPAKTHYECKOM PUMEHEHNUHN 3HAHU;
— HE MOXKET apryMEHTHPOBATh HAYYHbIE MTOJIOKECHMUS;
— He (JOpMYJIHPYET BBIBOJAOB H 0000IICHHH.

10.3. TunoBbie KOHTPOJIBHBIC 33aHUS WIIK MHBIE MAaTEPUAIIBI.
Bormpocs! (3agaun) nmst sKk3ameHa mpeIcTaBlieHbl B Tadumie 15.

Tabnuna 15 — Bonpocs! (3agaun) 11 9K3aMeHa

Ne n/mt Ilepeuenp BonpocoB (3a7au) 1uis SK3aMeHa Kon
UHIMKaTopa
Y4eOHbIM MJIaHOM HE PEYCMOTPEHO
Bompocsr (3amaun) aiis 3ageta / qudd. 3aueTa npejpacrapieHsl B Tadbmuie 16.
Tabnuna 16 — Bonpocs! (3agaun) nns 3adera / qudd. 3agera
Ne i/t [Tepedyens BompocoB (3amav) myist 3adeta / nudd. 3auera Kozn
UHIMKaTopa
1 OcHOBHBIE TIOJIOKEHUS JIEKIUY, TpounTaHHoO! P. ®eitnmanom | 11K-1.3.3
B 1959 .
2 ['me 1 B Kakoil 061acTH MPOMBIIIIIIEHHOTO MTPOU3BO/ICTBA [IK-1.3.4
BIIEPBBIE CTAJIM PEAM30BbIBATh HJIeW HAHOTEXHOJIOTHI1?




3 Oco0eHHOCTH HAaHOPA3MEPHBIX BEIMUUH U UX [1K-3.3.3
KOJIMYCCTBCHHBIC 3HAUYCHN .

4 Pa6otsr akanemuka X.M. Andepoa B o6nactu [1K-3.Y.3
HAaHOTEXHOJIOTHI1

[lepeyenp TeM [Uii KypCOBOTO TPOEKTUPOBAHUS/BBINOIHEHUS KypCOBOH pabOTHI
MpeACTaBICHBI B TabmwmIe 17.
Tabmuua 17 — IlepeueHp TeM AJ1s1 KypCOBOTO MPOSKTUPOBAHMS/BHIIOJTHEHUSI KYPCOBOM paboThI

No /a1 [IpumepHBIii nepeueHb TeM sl KypCOBOTO MIPOEKTHPOBAHMS/BBIITOTHEHHS
B KypCOBOH pabOTHI

Y4eOHBIM MJIAaHOM HE MPEIYyCMOTPEHO

Bonpockl g npoBeneHHs IPOMEXYTOUYHOM aTTecTallud B BHJE TECTHUPOBAHUSA
npezcTaBieHsl B Tabmuie 18.

Tabmuna 18 — [IpuMepHbIi IepeYeHb BOIPOCOB JJIsI TECTOB

. Kon
Ne n/nt IIpumMepHbIii IepedeHb BONPOCOB 1Sl TECTOB
UHMKaTopa
1.. UccnenoBanue MUKpPO- U HAHOCTPYKTYP. . IK-1.3.3,

Hawano Bompoca: Kakue wMeroapl  nuarHoctuku — Hambonee | [1K-1.3.4
pactpoCTpaHeHbl Il HWCCIeNOBaHUS (DU3WUECKUX MapaMeTpoB U
XapaKTePUCTHUK HAHOOOBEKTOB:

- 3JIEKTPOHHAs! MUKPOCKOITHS BBICOKOT'O pa3peieHus;

- OTpaxkaTenbHas AIEKTPOHHAS] MUKPOCKOTIHS;

- MUKPOCKOTIHUSI MEJUICHHBIX 3JIEKTPOHOB.;

- ONTHYECKass MUKPOCKOIIHSL.

2. Baxueimme TEXHOJOTUYECKHE JOCTHIKEHHS BO BTOPOHM IOJIOBUHE
JIBaJILIATOTO CTOJIETHUA.

Hauano Bompoca: Uto cmocoOcTBOBasio, B HAWOOJBIIEH CTEMEHH,

WHTEHCUBHOMY Pa3BUTHIO HAHOTEXHOJIOTUH B CTpaHe U 3a pydexom?
Hauaso Bomnpoca:

- TEXHOJIOTHS CO3/IaHUs AIIEKTPOBAKYYMHBIX TPUOOPOB;

- CO3/IaHM€ MUKPOMOJTYJIBHBIX 2JIEMEHTOB;

- CO3/IaHH€ UHTETPAJIbHBIX NI€YaTHBIX IUIAT;

- CO3JIaHKE TOJTYITPOBOHUKOBBIX AJIEMEHTOB JIEKTPOHHON TEXHUKHU.

3. ®usndeckas CylmHOCTh 3aKoHa ["'opona Mypa.

Havano Bompoca: B dem 3akiitodaercs CMbBICI 3MIMPHUUYECKOTO 3aKOHA
Mypa?

- OOBSICHAT MPUHIUN TOJIYYSHHsS YepHO-0EIoro M300pa)KeHHs Kajpa
TEJIEBU30Pa;

- 3aKOH OOBSCHSET NPUHIUI (YHKIMOHUPOBAHUS OINTOBOJIOKOHHOTO
2JIEMEHTA;

- IpeieTIbHbIC TPAHUIIBI OBICTPOJCHCTBIS KOMIIBIOTEPA;

- TIpEeACIbHOE YHCIIO Pa3MENICHHS TPAaH3UCTOPOB HA IMEUYATHOM IUIaTe
KOMITbIOTEPA.

4. CpexncrBa u3MepeHus JUIsl UCCIIEIOBAHNS HAHOCTPYKTYP.

Hauwano Bompoca: B uyem 3akiiouaercs OCHOBHBIE JOCTOMHCTBA
3JIEKTPOHHOTO MUKpPOCKoMna?

- yIIy4IlieHbl BECOBBIC U TA0APUTHBIE XapaKTEPUCTUKU TPHOOPOB,

- BO3MOKHOCTb IU(PPOBOTO MIPEACTABICHHS PE3yJIbTaTOB aHATN3A;

- Oonee coBepilIeHHAs, MO CPAaBHEHUIO C ONTHYECKHMM MHUKPOCKOIIOM,
CHCTEMa TTOTYYeHUST N300paKeHHsT HaOJIF01aeMOT0 00BEKTA;




- BO3MOXXHOCTHh TOJIy4eHHS OoJjiee pa3HooOpa3Hoi uHPoOpMamuu 00

00BEKTE;

- IIpe/IeTIbl YBEIIMYCHHS UCCIEAYEMOro 00bEKTa.

5. OcHOBHBIE TApaMETPhl U XaPaKTEPUCTUKH MUKPOCKOTIOB.

Hauano Bompoca: Ha3oBute mnpenenbHble 3HAYEHUS XapaKTEPUCTUKU

YBEJIMYEHUS ONTHIECKOTO MUKPOCKOTIA:

- 100 pa3;

- 200 pas3;

- 400 pa3;

- 700 pas3;

- 1000 pa3;

- 1500 pa3

6. OcHOBHBIE TapaMempbl U XapaKTEPUCTUKU MUKPOCKOIIOB.

Hauano Bompoca: IlpenenbHble 3HAYCHUS YBEIWYECHUS DSJIEKTPOHHOIO

MHUKPOCKOTIA:

- 1000 pas3;

- 2000 pas3;

- 5000 pas;

- 8000 pas;

- 1muH. pas;

- 2 MJIH. pa3

7. OcHOBHBIE TapaMempbl U XapaKTEPUCTUKH MUKPOCKOTIOB.

Hauvano Bompoca: Yem omnpepensiercs paspemaromas CrioCOOHOCTb

ONTUYECKOTO MUKPOCKOMA!

- YPOBHEM OCBEIICHHOCTH paboyveil JINH3HI,

- BETUYMHON (POKYCHOTO PACCTOSIHHUS,

- COBEPIICHCTBOM OTKJIOHSIOUICH CHCTEMBI;

- JUTMHOW BOJIHBI CBETA.

8.OCHOBHBIE TApaMeTPHI M XapaKTEPUCTHKH MUKPOCKOIIOB.

Hauano Bompoca: Yem ompexensieTcs paspeliaromias CrocoOHOCTb

AIIEKTPOHHOT'O MUKPOCKOTIA!

- KOHCTPYKLIMEH CUCTeMbI M300paKeHNs1 MUKPOCKOIIA;

- YCTPOWCTBOM 3JIEKTPOHHOM ITYIIKH,

- CUCTEMOM CUMUTBIBAHUS PE3yJIbTATOB 00PaOOTKU U3MEPEHUIL;

- paccTOsSIHUEM MPOJIETA AIIEKTPOHA;

- CKOPOCTBIO IIPOJIETa JIEKTPOHA.

9. Ilpenmy1iecTBa 3JIEKTPOHHOTO MUKPOCKOTIA.

Hauano Bompoca: UeM o0BsICHSIETCS BBICOKAsI pa3peliaronas

CIOCOOHOCTB AJEKTPOHHOTO MHKPOCKOTIA!

- TEOMETPHUECKUMH pazMepamMu pabouelt 30HbI;

- UCTIOJIH30BAHUEM IJIEKTPOHHOTO MTOTOKA BMECTO CBETOBOTO ITOTOKA;

- JUTMHOM BOJTHBI AJIEKTPOHA.

10. OcHOBHBIE MapaMeTpbl U XapaKTEPUCTUKH JIEKTPOHHBIX

MHUKPOCKOTIOB.

Havano Bonpoca: OT yero 3aBUCHT BETMYMHA BOJIHBI JJIEKTPOHHOTO

MIOTOKAa B MUKPOCKOIIE:

- rabapuThl paboyveil 30HbI;

- BETUYMHON HAMPsDKEHUS HAa aHOJIE;

- KOHCTPYKIIMEH CHCTEMBI H300paKeHNsT MUKPOCKOTIA;

- APXUTEKTYPhI OTKIIOHSIOIIECH CUCTEMBI MUKPOCKOIIA
11. Kakas cepus CTaHIapTOB B HACTOSIIIEE BPEMsI SIBIISIETCSI OCHOBHOM
JUTs cTanaapToB u3 obmactu UT?




a. cepus 25000;

b. cepus 9000;

c. cepus 14000;

d. cepus 16000.

12. Beigenute aBa OCHOBHBIX cTaHnapra B oonactu UT.
a. 12207:1995;

b. 19760:2003;

c. 16326:1999;

d. 90003:2004;
.€.15288:2002.

13.HazoBuTe ab0peBuaTypy MEXIyHAPOIHOTO COI03a IJIEKTPOCBSI3U:
a. IEEE;

b. IEC;

c. ITUY;

d. ISO.

[lepeyeHb TeM KOHTPOJBHBIX PabOT MO JAMCHUIUIMHE OOYYAIONIMXCS 3a04HON (HOPMBI
o0ydeHus1, IpeICTaBICHbI B Ta0mie 19.

Ta6ymma 19 — [lepeyeHb KOHTPOJIBHBIX PadbOT

Ne /i ITepeueHb KOHTPOJIBHBIX PAabOT

V4eOHBIM IJIAHOM HE MpeaAyCMOTPCHO

10.4. Meroauueckue  Marepuaibl,  ONpPEAENSAIONIMEe  HPOLEIypbl  OLIEHUBAHUS
WH/IMKATOPOB, XapaKTEpU3YIOMIUX dSTanbl (HOPMUPOBAHMS KOMIIETCHLIMH, COAEp)KaTcs B
JOKAJIBHBIX HOpMaTuBHBIX akTax [YAII, pernameHTHpyOIIUX NOPSAAOK M IPOLERYPY
NPOBEICHUS TEKYIEro KOHTPOJISI YCIIEBAEMOCTH U MIPOMEKYTOYHON aTTeCTaluy 00yJaroIInuXcCs
I'VAIL

11. Meroauyeckue ykazaHus JJisi 00y4JaromUXCs 0 OCBOCHUIO TUCITUTUTMHBI

11.1. Meronnyeckue yKazaHus i OOy4arOIIMXCSd IO OCBOEHHUIO JIEKLIHOHHOIO
MaTepuaia

11.2. OcHoBHOE Ha3HAYeHWE JICKIIMOHHOTO MaTephalia — JIOTUYECKH CTPOUHOE,
CHUCTEMHOE, I'TyOOKOe M sICHOEe H3JI0KEeHue yuyeOHoro marepuana. Ha3HaueHue coBpeMeHHOM
JEKIMU B paMKax JUCUUIUIMHBI HE B TOM, YTOOBI MOJIYYUTh BCIO MH(OpPMAIMIO MO TEME, a B
OCBOCHMHU (PYH/IaMEHTAJIbHBIX MPOOIEM TUCIMITIIMHBI, METOI0OB HAYYHOTO MO3HAHUS, HOBEHUIIINX
JOCTHKEHUI HayyHOUW MbIcau. B yuyeOHOM mporiecce JIEKIHs BBIIOJHSAET METO/I0JIOTMYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYIO (YHKIMHU. JIEKIUs packpbIBaeT MOHATUIHBIN anmapar
KOHKpETHOH oO0jacTu 3HaHudA, €€ MpoOJeMbl, JaeT LEeNbHOE MPEJCTABIEHUE O TUCIUILIMHE,
MOKAa3bIBAET B3aUMOCBS3b C IPYTUMU JUCLUIIIIMHAMH.

[InaHupyeMble pe3yibTaThl IPU OCBOEHUHU 00YYaIOUIMMUCS JIEKIIMOHHOTO MaTepuana;

— TIOJYyYEHHE COBPEMEHHBIX, LEJIOCTHBIX, B3aMMOCBSA3aHHBIX 3HAaHUH, YpPOBEHb
KOTOPBIX OINPEAEIAETCS LIEIEBOM YCTAHOBKON K KaKJJOM KOHKPETHOU TEME;

— TOJy4YyeHHE OMbITa TBOPUYECKOM pabOThl COBMECTHO C MPEIO/IaBATENEM;

— pa3BuUTHE TPOPECCHOHATBHO-JENOBBIX  KayecTB, JIOOBM K TpeAMETy H
CaMOCTOSITEIBHOTO TBOPYECKOI'O MBIIITIEHMS.

— TOsBIJIEHHUE HEOOXOAMMOI0 HHTEpeca, HEOOXOAUMOTO JJIsi CAMOCTOSITENIbHOM paboTHI;

— TIOJy4YyeHHe 3HAaHUW O COBPEMEHHOM YPOBHE pa3BUTHS HAyKHM M TEXHUKH U O
MIPOTHO3€ UX Pa3BUTHSI HA ONMkKailline rofbl;




— Hay4yuTbhCs METOJMYECKH oOpabaTbiBaTh MaTepuasl (BBIACIATH TJIaBHBIE MBICTH H
MOJIOKEHUS, TMPUXOAUTh K KOHKPETHBIM BBIBOJAM, MOBTOPSATH HUX B  Pa3IMYHBIX
dbopmynHupoBKax);

— TOJy4YyeHHe TOYHOIO NOHUMAaHHUS BCEX HEOOXOAUMBIX TEPMUHOB U TOHSATHUH.

JleKIMOHHBI ~ MaTepuad MOXET CONPOBOXKIATHCS JEMOHCTpalued ClaiiJoB U
UCTIOJIB30BAaHUEM DPA3aTOYHOIO MaTepualia IpH MPOBEIEHUH KOPOTKHX TUCKYCCHH 00
O0COOCHHOCTSIX MPUMEHEHHUSI OT/AETbHBIX TEMATUK I10 TUCIUIUINHE.

CrpyKTypa npeiocTaBieHusl JEKIIHOHHOIO MaTepraia:

- IpU TPOBEJACHUM OYHOTO 3aHATUS MaTepuan u3jaraercs B YCTHOU (opme, c
JIEMOHCTPALMEN CEPUH CIIANIOB;

- OpU  TMPOBEACHHUM 3a0YHOTO 3aHATHS MaTepuaj MPEeAOoCTaBIsSIeTCS B BUJE
AJIEKTPOHHOI'O pPECypca, C Pa3bsICHEHUEM MU IEPEYHEM KOHTPOJIBHBIX BOIPOCOB B
LEJISIX JIYYILEero yCBOGHUsl MaTepuaia JeKIUi.

11.3. Metoauyveckue ykazaHUs Uisi OOYYaIOIMIUXCS MO TPOXOXKICHHIO MPAKTHYSCKUX
3aHATHN

11.4. IIpakTHueckoe 3aHATUE SIBISETCS OJHOM M3 OCHOBHBIX (DOPM OpraHu3aluu
yueOHOro Tmpoliecca, 3akIIoYaroascsl B BBIIOJIHEHUHM OOYYalOIIMMUCS TOJ PYKOBOACTBOM
IpenojaBaTesisi KOMIUIEKCa y4eOHbIX 3aJaHUi C LI€TIbI0 YCBOCHUS HAYYHO-TEOPETUUYECKUX OCHOB
yueOHOM TUCIUIINHBI, TPUOOPETEHUSI YMEHUHN U HaBBIKOB, OIbITa TBOPUECKOH 1€ATEIHHOCTH.

[enbro npakTUYECKOTo 3aHATHSI ISl 00y4aroIIerocs SBJISETCS MPUBUTUE 00YUarOIIUMCS
YMEHHMSI 1 HaBBIKOB MIPAKTHUECKOH 1eATEIbHOCTH 110 U3y4aeMOi TUCIUTUIHHE.

[Inanupyemsble pe3yabTaThl IPU OCBOEHUHU 00YUYaOLIUMCS IPAKTUUECKUX 3aHATHI:

— 3aKperuvieHue, yriayOJleHue, pacliupeHHe M JAeTalu3alus 3HAHUWA TpU PelIeHUU
KOHKPETHBIX 3a/1a4;

— pa3BUTHE IIO3HABATEJbHBIX CIOCOOHOCTEH, CaMOCTOSITEIBHOCTH  MBIIUIECHUS,
TBOPYECKON aKTUBHOCTH;

— OBIIQJICHHE HOBBIMH METOJaMH M METOAMKAMU H3Y4YeHHsS] KOHKPETHOH y4yeOHOI
JUCITUTLIIAHBI,

— BbIpabOTKa CIOCOOHOCTH JIOTMYECKOTO OCMBICICHUS TOJYYCHHBIX 3HAHUW IS
BBITIOJTHCHMS 33 TaHMUI;

— obecredyeHne palMOHAIBHOTO COYETaHMs KOJIJIEKTMBHOM M MHIUBUAYaJIbHOU (GopM
o0OyueHusl.

TpeGoBaHust K MPOBEACHUIO NPAKTUYECKUX 3aHITUH:

MPAKTUYECKHUE 3aHATUS TPOBOJIATCS B CICAYIONTUX (popMax:

— MOJETUPOBAaHME CUTyallM MPUMEHUTENBbHO K mpoduio mnpodeccunoHaTIbHON
JESITEIbBHOCTH 00yJaromuxcs;

— pelIeHue CUTYAIIMOHHBIX 3a/1a4

— TpYNIOBasi AUCKYCCHSL.

[IperoaBaTens MpU NPOBENECHUM 3aHATHH BBIMOMHAET (YHKIHIO KOHCYJIbTAHTA,
KOTOpBI HANpaBisieT KOJUIEKTUBHYIO pabOTy CTYJIE€HTOB Ha MPUHATHE MPABHILHOTO PELIEHUS.
3aHsATHE OCYLIECTBISETCS B IUATOTOBOM PEXUME, OCHOBHBIMU CYOBEKTaMH KOTOPOTO SIBJISIFOTCS
CTYIEHTHI.

11.5. Metoauueckue ykazaHus JUisi 00Y4aroIIUXCs MO MPOXO0XKAECHUIO CAMOCTOATEIbHON
paboThI

B xone BBIMOSHEHUSI CaMOCTOSITEIFHOM PabOThI, 00yJarONIUICs BBITIOIHAET paboOTy 1O
3aJJaHUI0 ¥ TIPU METOJUUYECKOM PYKOBOJCTBE IperojaBaTelisi, HoO 0e3 ero HernocpeiCTBEHHOIo
y4acTusl.

Jns oOywaromuxcst 1Mo 3aoyHoi (opme O0ydeHHs, caMoCTOsITeNbHas paboTa MOXKET
BKJTFOYATh B CEOsI KOHTPOJIBHYIO paldoTYy.



B mporiecce BBIMOTHEHHSI CaMOCTOSITENILHON paboThl, Yy oOydaromierocst (GhopMupyercs
nenecooOpa3Hoe IIaHupPOBaHUE pabouero BpeMEeHH, KOTOpOe MO3BOJISIET UM pa3BUBaTh YMEHUS
Y HaBBIKA B YCBOGHHUU WU CHCTEMAaTH3allMU MPUOOPETaeMbIX 3HAHWM, 00ECIIEUYMBAET BBICOKUU
YPOBEHb YCIIEBAEMOCTH B TIEpUOJ OOYUYCHHs, TIOMOTAeT IIOJYYUTh HABBIKH TTOBBIIICHHS
po(hecCHOHATLHOTO YPOBHSL.

MetoauyeckiMH ~ MaTepuallaMH,  HaNpaBJSIONIMMU  CAMOCTOSITENIbHYIO — paboTy
00y4aroUUXCSASBIISIOTCS:

—  y4eOHO-METOJNYECKUN MaTepHall 1o TUCIUILIHHE;

— METOJMYECKHE YKa3aHUs MO BBIMOJIHEHUIO KOHTPOJIBHBIX paboT (i 00ydaromuxcs
10 3204HOM (hopme 0OyueHHs ).

11.6. Meroauueckue yKa3zaHus Ui OOy4aroIIUXCS MO MPOXOXKICHHUIO TEKYIIETO
KOHTPOJISI YCIIEBAEMOCTH.

Texkymuil KOHTPOJIb YCIEBAEMOCTH IIPEIyCMaTpPUBACT KOHTPOJIb KayecTBa 3HAHUU
00y4aroIuXxcsl, OCYLIECTBISEMOIO B TEYEHUE CEMECTpa C IIeJIbI0 OLEHMBAHUS XO0/1a OCBOCHUS
JUCLUIUINHBI.

11.7. Metoauyeckue ykazaHus Ijisi OOyHarOUIUXCs MO MPOXO0KICHUIO MPOMEXYTOUHOM
aTTeCTallUU.

[Ipomexyrounass  arrecranus  OOyYaIOIIUXCS  MPEAYyCMaTpPHBACT  OICHWUBAHHE
MIPOMEKYTOUHBIX U OKOHYATEIbHBIX PE3YyIbTaTOB 00y4YeHHs MO nuciuiuiiHe. OHa BKIIIOYAeT B
cedst:

— 3a4eT — 3TO (opMa OLIEHKH 3HAHUH, MOJYYCHHBIX OOYyYaIOMIMMCS B XO/€ U3yUYCHHS
yueOHOM TUCIUIUIMHBI B LIEJIOM WJIM IPOMEXYTOoUHas (110 OKOHYaHUU CEMECTpa) OlIeHKa 3HAHUM
00ydJaroumMcs 1o OTIEIbHBIM pa3jeinaM JUCIHUIUIMHBI C aTTECTAIMOHHON OIICHKON «3a4TEHOY
WIH «HE 3aU4TEHOY.

— muddepeHIMpPOBaHHbI 3ad4eT — 3TO0 ¢dopMa OIEHKA 3HAHWH, TOTYyYSCHHBIX
00ydJaronmMcs Mpy U3YYEHUHU JUCIHUIUIMHBI, TIPU BBHITTOJHEHUH KYPCOBBIX MPOEKTOB, KYPCOBBIX
paboT, Hay4YHO-HUCCIE0BATENBCKUX PAOOT U MPOXOKICHUH MPAKTUK C aTTECTAIlMOHHON OIICHKOM
«OTJIIMYHOY, «XOPOILIO», «yIOBIETBOPUTEIBHOY, «HEYI0BIETBOPUTEIHLHO.



Jluct BHECEeHUS! U3MEHEHUH B pabouyro MporpaMmy JAUCHUIUINHBI
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