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AnHoranus

Jucuumnuna «TeopeTudeckre OCHOBbI HAHOJUATHOCTHKU» BXOAMUT B 00pa30BaTEIbHYIO
IpoTrpaMMy BBICIIET0 00pa3oBaHUsl — NPOrpaMMy OakallaBpHara 10 HalpaBJICHUIO MOArOTOBKH/
crenuanbHocTH 27.03.01 «CranmapTuzanmst ¥ MeTposiorus» HampasieHHocTH «l{udposas
METPOJIOTHSI M CTaHAapTH3anus». JucuuminHa peanusyercs kadempoit «Neby.

JlucuuniuHa HalejaeHa Ha GOpMHUPOBAHKE Y BBITYCKHUKA CIEIYIOIIUX KOMIIETEHIIUNI!

IIK-1 «CrnocobeH MpoBOIUTH aHAIU3 COCTOSIHUS METPOJIOTUYECKOTO OOECIeYeHHs B
MOJIpa3ielIeHuU METPOJIOTUYECKOM CITYKObl OpraHU3aI|I)

IIK-3 «CnocoOeH oOCyIIeCTBIATh pPa0OThl IO BBIABICHUIO M  IPEIOTBPAILCHUIO
HECOOTBETCTBHI MPOAYKIIUU HPEIbIBISIEMbIM TPEOOBAHUSIM

Conepkanve JUCUUIUIMHBI OXBaThIBA€T KPYT BOIPOCOB, CBSI3AHHBIX C METOJAMH
uccienoBanust  (U3NYECKUX, (PUIUKO-XUMUYECKUX M TEOMETPUYECKUX TMapaMeTpoB U
XapaKTEPUCTUK TBEPJOTEIbHBIX M MOJEKYJISIPHBIX CTPYKTYyp. Cpeaum MHOXKECTBA METOJIOB
WCCJIEIOBAaHHUM, METOABl CKaHUpYlouel 30HA0BON Mukpockonuu (C3M) sBiustoTcs Haunbolee
pacnpocTpaHeHHbIMU. OHH  TO3BOJISIIOT  IOJYYUTh  BBICOKOE  pa3pellieHue, peaabHO
o0ecrevynBaroT BU3YAIH3AIMI0 CTPYKTYpPbl OOBEKTOB MCCIIEOBAHUS C ATOMHBIM pa3peIICHUEM.
B HacTos11ee BpeMsl UCIOJIb3YEeTCs ONPEIEICHHbI KOMIUIEKC METO/I0B MCCIEA0BAHNUS MUKPO U
HAaHOCTPYKTYpP, CPEIU KOTOPBIX MOKHO BBIAEIUTH OCHOBHBIE T'PYNIbl METOJOB: 3JEKTPOHHAs
MHUKPOCKOIIHUSI BBICOKOTO pa3pelieHusi; METOJAbl CKaHUPYIOMICH 3JIEKTPOHHON MHKPOCKOIHUH;
CKaHUpYIOLasi ~ TyHHEJIbHAs  MHUKPOCKOIUS;, PEHTTeHOIU(PaKINOHHbBIE METOABl  C
UCIIONIb30BaHUEM 3 ¢eKTa BBICOKOH CBETHMOCTH  CHHXPOTPOHHBIX HWCTOYHHKOB; METOIBI
3JIEKTPOHHOU CIIEKTPOCKOIUHU JJIsl XUMHUYECKOT0 aHaJIn3a.

[IperoaBanrie MUCHMIUIMHBI TPEAYCMAaTPUBAET CleAylomue (HOPMBI OpraHU3alUN
yueOHOro Mpoliecca: JeKIUH, IPAKTUIECKHUE 3aHITHS CaMOCTOsTENIbHAs paboTa 00y4aroierocs.

B nporpammy, Ha (oHe MHUPOKOTO BHEAPEHUS MH(DOPMAIIMOHHBIX TEXHOJIOTHA BO BCEX
cdepax uyeIoBEUYECKOH IesTeNbHOCTH, B TOM 4Hcie U chepe oOpa3oBaHUS U, B YAaCTHOCTH, B
cucreme ['YAlla, BKIIOUEHBI OTAEIBHBIE JIEMEHTHI UCKYCCTBEHHOTO MHTEJUIEKTA, KOTOPBIE BCE
OoNbIlIE CTAHOBATCS HEOTHEMJIEMOM 4YacTbio 00pa30BaTENLHOTO IpOLECcca, CYIIECTBEHHO
MOBBIIIAIOIIETO €r0 KauyecTBO U 3P (HEKTUBHOCTD.

[IporpaMmMoil AMCHUIUIMHBI MPEAYCMOTPEHBI CIEAYIONIME BHUIbI KOHTPOJS: TEKYIIHI
KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUHAsI aTTecTals B (opMe 3a4era.

OOmiasi TpyIOEMKOCTh OCBOCHHS IUCIMILTUHBI COCTaBISET 2 3a4€THBIX E€AMHMIIBI, /2
yaca.

S3bIK 00yUYeHUs IO TUCIUILTUHE «PYCCKHM »



1. TlepedeHb IIaHUPYEMBIX PE3yJIbTATOB O0YyUYCHUS MO TUCLUILIHMHE

1.1. Ilenpto mpemomaBaHus JAUCHMIUIMHBI  SBJISCTCS — MOJYYEHHE  CTYICHTaMH
HEOOXOUMBIX 3HAHUI chepe BBICOKMX TEXHOJIOTMH CBA3aHHBIX C TMPUKIATHBIMU
UCCIICIOBAaHUSIMH KOHCTPYUPOBAHUEM M TMPAKTUYECKAM HCIOJb30BAHHEM MATECPUAIOB |
BCIICCTB HAa ATOMHOM M MOJICKYJIAPHOM YPOBHAX, a TAKXKC CpCACTBAX, MCTOAOB W MCTOJUK
ucciaenoBaus  (QU3NYECKUX, (DU3UKO-XUMHUUECKMX M T'€OMETPHUYCCKHX IapaMeTpoB |
XapaKTEPUCTHK TBEPIOTENbHBIX M MOJEKYIApHBIX 00BekTOB. [Ipu 3TOM OC000€ BHUMaHHE
yIOCNEHO  M3YYCHHI0  OCOOCHHOCTEH  BBICOKOPA3pEHIAIONIMX  METOMOB  HCCIICIOBAHUM
MOJICKYJISIPHBIX OOBEKTOB, OOCCIICUMBAIONIUX MOJMydyeHUE HamOojee MOJHOW HHpopMaruu 00
OCHOBHBIX CBOWCTBAX M XapaKTEPUCTHKAX U MPOTEKAIOIINX B HUX MPOIECCcax.

1.2. JlucuuminmHa  BXOOUT B  COCTaB  4YacTH, (OPMUPYEMOH  y4aCTHHKAMHU
00pa3oBaTe/IbHBIX OTHOIICHH, 00pa30BaTEILHOI MPOrpaMMBbl BBICIIIET0 00pa3oBaHUs (Iaiee —

OI1 BO).

1.3. IlepeueHp IIaHUPYEMBIX PE3YIBTATOB O0YUEHHS IO JUCLUILINHE, COOTHECCHHBIX C
IUTaHUpYyeMbIMH pe3ynbTratamu ocBoeHust OI1 BO.

B pesynbrare m3ydeHus TUCHMIUIMHBI OOyYaroOLIUics TOJDKEH 00MajaTh CieqyIoIuMH
KOMITETEHIIMSIMU HJTH UX 9acTsMH. KoMIeTeHIIMy M WHAMKATOPHI UX AOCTHKEHHS PUBEICHHI B

Tabimue 1.

Tabmuna 1 — [lepeyeHp KOMIIETEHIIMI U HHIUKATOPOB MX JOCTHKCHHS

Konu
Kareropus (rpynna) Kon n HanMeHOBaHHME UHIUKATOPA JOCTHIKCHHUS
HaMEHOBaHUE
KOMIIETEHIINHU KOMIIETEHIINHU
KOMIIETEHIIUHA
I1K-1 Criocoben
IIPOBOJIUTEL AHAJIN3
POBOZL I1K-1.3.3 3HaTh 001aCTh MPUMEHEHHUS METOJIOB
COCTOSIHUSI
U3MEPECHUS
METPOJIOTUYECKOTO
[Ipodeccuonanbubie 06ECICUCHIS B [1K-1.3.4 3HaTh KOHCTPYKTHUBHBIE OCOOEHHOCTH U
KOMIIETEHIINHU MIPUHIUIIBI pa0OTHI CPEJICTB U3MEPEHUS,
nopa3aeieHun
o TEXHOJIOTHYECKHE BO3MOXKHOCTH B 00J1aCTH
METPOJIOTUUECKOU
MIPUMEHEHUS CPEACTB U3MEPEHUS
CITYKOBI
OpraHu3aln
I1K-3 Criocoben
OCYLIECTBIIATh I1K-3.3.3 3HaTh ¢u3nvecKkrue NpUHIMIBI padoThI,
paboThI MO BO3MOKHOCTH ¥ 00JIaCTH MPUMEHEHUSI METOIOB U
BBIABIIEHUIO U CpEICTB U3MEpPEHUN
[Tpodeccuonanbuble
KOMITETEHIIH MPEIOTBPALICHHUIO [1K-3.VY.3 ymeTs BoIOUpaTh U pa3padaThiBaTh
HECOOTBETCTBUHI METO/Ibl U CPEICTBA KOHTPOJISI TEXHOJIOTUYECKOTO
MPOTYKIIUH mpoiiecca, TEXHOJIOTHYECKOM oreparuu,
MPEABSIBISIEMbIM pa3pabaThIBaTh CXE€Mbl U3MEPEHUI 1 KOHTPOJISI
TpeOOBAHUSIM

— OCHOBBI I/IH(I)OpMaTI/BaI_II/II/I H3MCpCHHﬁ;

2. Mecro nuctuIuIMHEL B cTpykType OI1

JucuumnimHa MoXKeT 0a3upoBaThCS HA 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIONTUMUCS
MIPY U3YYECHUH CIEAYIONIUX AUCUUTUIAH:
— (u3HYECKHE OCHOBBI U3MEPEHUH U 3TATOHBI,
— METOJBI U CPEJICTBA UBMEPEHUM, UCTIBITAHUN U KOHTPOJIA;

— OCHOBBI IEKTPOTEXHUKHU U PAJUOTEXHUKH;
— OCHOBBI MOJIEJIUPOBAHUE CUCTEM U MPOLIECCOB;
— I[pUKIagHad U 3aKOHOAATCIIbHAaA MeTpOJ'IOFI/ISI;
— oOutas Teopus U3MepeHuit




3HaHMs, TNOJYYEHHBIE NPU HU3YUYEHUU MaTepuala JaHHOM IUCIUIUIMHBI, UMEIT Kak
CaMOCTOATENILHOE 3HAYEHHE, TaK U MOT'YT UCIIOIb30BATLCS IPU U3YYECHUU APYTUX JUCLUIIINH:
— - IUQPOBBIC METOJIBI U CPE/ICTBA H3MEPEHHIA;
— - IPOU3BOJACTBEHHAs IIPAKTHKA;
— - IPOU3BOACTBEHHAs IIPEAJUILIOMHAs IIPAKTHKA.

3. OO0BEM ¥ TPYJOEMKOCTh JUCIUILTAHBI
JlanHbie 00 00mIEeM O0BbeMe JUCIUILIMHBI, TPYJOEMKOCTH OT/ACIBHBIX BHUJOB Y4eOHOMH
paboThI 1O TUCIUILIMHE (M paclpeieieHue 3TOH TPYA0EMKOCTH IO CEMeCTpam) IpeACTaBICHbI B
Tadymue 2.

Tabmuna 2 — O6beM U TPYIOEMKOCTh TUCIUIITMHbI

TpynoeMkocTh Mo

Bun yueGHO# paboThI Bceero cemMecTpam
No8
1 2 3

Oowan mpyooemKkocmp OuUCYUnJIUHDL, 3/ 108 3/ 108
3E/ (uac)
H3 nux uacoe npakmuueckoil n0020moeKu 10 10
AyoumopHhuie 3auamus, BCEro 4ac. 20 20
B TOM YHCIIE:

nexmu (JI), (gac) 10 10

npaktudeckue/cemunapckue 3aastus  (I13),

(aac) 10 10

nabopaTtopHbie paboTs (JIP), (uac)

KypcoBoi nmpoekt (padota) (KII, KP), (gac)

9K3aMeH, (4Jac)

Camocmosmenvnas paboma, Bcero (dac) 88 88
Buo npomesxcymounoi ammecmayuu’ 3auer,

mudd. 3auger, sx3amen (3auer, udd. 3ay, | 3auer 3auer
DK3.*%*)

*k
IIpumedanue: kaHaUAATCKHI SK3aMeH

4. ConepxaHue JUCITUTUTHHBI
4.1. PacnpeneneHue TPyJIOEMKOCTH JUCIHUILTHHBI IO pa3JeiaM U BUAAM 3aHITHIA.
Paznensl, TeMBI JUCIUATITNHBI U MX TPYAOEMKOCTh TIPUBEICHBI B TAOIHIIE 3.

Tabnuna 3 — Pa3aensl, TeMbl AUCIUIIIUHBL, UX TPYAOEMKOCTh

Paznensl, TEMBI TUCIUITIIMHBI Jlexuma | 113 (C3) - JIP KII CPC
’ (dac) (dac) (uac) (dac) (Jac)
CemecTp 8

Pasnen 1. OOmume cBenenust 00 0ObeKTax
HCCIIEAOBAHUA B 00JIaCTH HAHOTEXHOJIOTHH. 5 9 28
Bunbl HaHOCTPYKTYp, Ha3HAYEHUE, OCHOBHBIE
onpezeneHus, kinaccuduxaiysi 00beKTOB

Paznen 2. Ctpyktypa, CBOMCTBA, METOIbI IOTYUYEHUS U 2 2 20
0COOCHHOCTH IPUMEHEHHSI HAHOCTPYKTYP

Paznen 3. XapakTepucTHKa KOHLIETIINI 5 9 20
MOJIEKYJIIPHBIX HAHOTEXHOJIOTHIA

Paznen 4. Obmias xapakTepucTuKa METOI0B 4 4 20
HCCJIEJIOBaHUH 00bEKTOB MUKPO U HAHOCTPYKTYP

HUroro B cemectpe: 10 10 88

Hroro 10 10 0 0 88




[IpakTnueckas

MoATOTOBKA  3aKIOYacTCd B HCHOCPCACTBCHHOM  BBIIIOJHCHHUU

00ydJaronuMucs  OMpPEACNICHHBIX  TPYAOBBIX  (QYHKIMHA,  CBSI3aHHBIX ¢ Oymymiei
npodeCCHOHATIBHOMN 1S TETbHOCTBHIO.

4.2. CopnepskaHue pa3/ieioB U TeM JICKIIMOHHBIX 3aHITHH.
Copep:xanue pa3aesioB M TeM JICKIIMOHHBIX 3aHITHIA MIPUBEICHO B Ta0HIIE 4.

Tabnuna 4 — ConeprkaHue pa3JesioB U TEM JEKIIMOHHOTO ITUKJIIa

Howmep pasznena

Haspanue u copepxaHue pa3iesioB U TEM JICKIMOHHBIX 3aHATHI

Pa3pen 1

Tema 1. OcHOBHblE TOHATHS HAHOTEXHOJOIMH M HH(GOPMALUOHHBIX
TEXHOJIOTHH. O6IIII/IC CBCACHU 00 oOBekTax HCCIICA0BAaHNUA HAHOCTPYKTYP.
Haznauenwe, onpenenenns, kiaccuduxanus

Tema 1.1.1. BBenenne B HaHOMHP M B WH(POPMAIMOHHBIC TEXHOJIOTHH, OCHOBHBIC
MOJIOKEHUS.

B Hacrosmee BpeMs NMpOUCXOISIT KOPEHHBIC M3MEHEHUS B c(epe BBICOKHX
TEXHOJIOTHH, MHKPOMEXaHWKH M JpPYTHX OONacTAX UYEeOBEYECKOH HEATEIHHOCTH,
CBSI3aHHBIX €  (yHIAMEHTAJIbHBIMH W  TPHUKIAJHBIMH  HCCIEIOBaHUSIMH,
KOHCTPYUpPOBaHMEM H TPAKTHUYECKHM HCIIOJIB30BAHHEM MAaTepHalioB, YCTPOWCTB U
CPEACTB M3MEpEHH 00BEKTOB, JIEMEHTHl KOTOPBIX UMEIOT pasMepsl MeHee 100 HM.
Wndopmanms (ot nar. «Information) - 9TO 3HaHMS, CBeIeHMs, COOOILCHUS,
SBJISIFOLIMECS] OOBEKTOM XpaHEHMs, MpeoOpa3oBaHUs, Nepeladyd M TOMOTraloliue
pemaTh MOCTaBICHHBIC 3a1a4H.

Wndopmannonnas  texHojoruss  (GOpMHpYEeT TEpeAHHH  Kpalh — HaydHO-
TEXHMYECKOTO Tporpecca, co3aaeT HHPOPMAIIMOHHBIN (DyHJaMEHT pa3BUTHS HAYKH H
BCEX OCTAJBHBIX TeXHOJOrni.Pa3BnTre NHOOPMAMOHHBIX TEXHOJIOTHI BO BCEM MHUpE
00BsACHSIETCSI BO3pOCHIeH MHTEHCHBHOCTHIO MH()OPMAIMOHHBIX MOTOKOB BCIEJCTBHUE
PasBUTHSL  MPOIECCOB  TJI00ANM3alMd  MHPOBOH HKOHOMHKH U CTAHOBJICHUS
MH()OPMAMOHHOTO MPOCTPAaHCTBA. YTIPAaBICHYECKAasl NESITENLHOCTh HYXIAaeTcs B
nHdopmManmoHHOM o0ecrieueHnH, Tak Kak oOpaboTka MH(pOpPMAIMU Ul MPHHATHS
YOPaBIEHYECKUX PEHICHWH M BBIPAOOTKM YHPABISAIOIINX BO3ACHCTBHN 3aHMMAaeT
JIOCTATOYHO MHOTO BPEMEHH.

Tema 1.1.2. HanotexHosoruu B MHGOPMALIOHHBIX TEXHOJIOTHAX

B HacTosmee BpeMs HAHOTEXHOIOTHAM yaenseTcsd OoJblIoe BHUMAaHHE -
CO3/IAI0TCSl UCCIIEOBATEILCKUE WHCTUTYTHI, Pa3BEpPHYTa MOATOTOBKA CIEIHAINCTOB.
B CILIA »TuMu BompocamMu 3aHHUMAIOTCSI TaKue W3BeCcTHBIE pupmbl, Kak Intel, MEMS
Industry Group, Sandia National Labs. PaccmaTpuBaeMbIii KpyT BOIIPOCOB - OT PYYKH
0e3 pa3OpbI3ruBaHMsT YEpHWI 10 OSCIPOBOJIOYHON Nepeqadl JaHHBIX, ONTHYECKHX
YCTPOMCTB YIIPaBJIECHHUS OPYXHMEM W MHHHUCITyTHHKOB. ATCHTCTBO NEPCICKTHBHBIX
pa3paborok MO CIIIA peammsyeT mporpammy "YMHas TBUTE", HANpaBICHHYI Ha
CO3/JaHME CBEPXMHHHUATIOPHBIX YCTPOWCTB, CIOCOOHBIX T'€HEPHUPOBATH HHEPTHIO,
MPOBOIUTE MOHHTOPHUHT OKpY)KAalOIIeH cpenbl, HaKalIMBaTh U IepeaaBaTh
napopmanmio OueHb 3HAYMMOE JTOCTIKEHHE B 00JIACTH HAHOTEXHOJIOTHH - CO3/1aHue
s;ipa ONEPALUOHHON CUCTEMBI.

Slapom - meHTpanmbHas — 4acTh  omepanuoHHoW — cuctembl  (OC),
obecrieunBaromas  MPUIOKEHUAM  KOOPAMHUPOBAHHBIM  JOCTYH K pecypcam
KOMITBIOTEPA, TaKHUM KaK IPOIECCOPHOE BpeMs, IaMsATh W BHEIIHEE arapaTHoe
obecrieuenne. Taxoke OOBIMHO SPO MPEIOCTABISIET CEPBHUCH (HaiIoBON CHUCTEMBI H
ceTeBbIX NpoTOKoJIoB.Ha janHOe BpeMst yke BBITYIIEHBI ONEpPalMOHHbIE CHCTEMBI Ha
ocHOBe 2, 4 u 6 szep.

Ceromust yXe cO03/1aH HOBBIH TEIJIOOTBOAHBIN HHTEp(dEiic, NpHU3BaHHBIN
3aIIMIIATh MHUKPOCXEMBI OyAyLIEro OT IHeperpeBa. YUeHbIe PEIIMIM OTKa3aThCs OT
TPagUIIMOHHOTO WHTep¢eiica Ha Ma3eBOH OCHOBE, COJAEpKaIlel  MEJKHe
METAJUINYECKHE YacTHUIBl. BMeCTo 3TOro OHM TPEUIOKHIM  BBIPALIUBATH
TEIUTOOTBOIHBIE SJIEMEHTHI IIPSMO Ha MMOBEPXHOCTH MHUKPOCXEMEI.

B  pesympraTe  MOBEPXHOCTH  YWMA  MOKPHIBAJach  IEBIM  JIECOM
HaHOCKOTIMYECKHUX YTIJIEPOAHBIX HAHOTPYOOUEK, KOTOphIE W MPEACTABISUIN COOOH
OCHOBY HOBOT'O TEIUIOOTBOJHOTO HWHTepdeiica. [lng BhIpaniuBaHhs HaHOJEca Ha
MOBEPXHOCTH MOJYNPOBOJHMKA OBIIM HAHECEH pPHCYHOK C HCIIOJIb30BAHUEM
CHeLUaJIbHBIX IIA0JOHOB W3 MOJIEKYJ C Pa3BETBICHHOW IENbl0, HMEHYEMbIX
jgeHapuMepamu  (dendrimers). 3ateM B TOYKax pa3BETBICHUsl PUCYHKA OBUIH




pa3MellIeHbl YaCTUIIbI-KaTaIN3aTOPbl POCTa YIIIEPOAHBIX TPyOOUEK, BBINOJIHEHHBIC M3
MEePEXOJHBIX META/UIOB: JKele3a, HHUKENs, KoOalbTa WM Maulainsl AWaMeTPOM
mopsinka 10 aM. OOpaboTaHHBIE KaTalH3aTOpaMH ITOTYIPOBOJAHHUKH MOMEIIAINCH B
KaMepy ¢ METaHOBOH aTMocdepoil, Trae H TPOUCXOAWI COOCTBEHHO Mpolece
"BBIpamMUBaHus" YTICPOTHBIX HAHOTPYOOK C THAMETPOM, CTPEMSIINMCS K TaKOBOMY
YaCTHI-KaTaIn3aToOpPOB

Tema 1.1.3. MckyccTBEeHHBIN HHTEIUIEKT U MAITHHHOE 00ydeHHE.

VckyccTBEHHBIN MHTEIEKT XapaKTepU3yeTcss METOJaMM, KOTOPbIE MO3BOJISIOT
UMHTHPOBATh 4eJoBeYeckoe moBejaeHHe. Ha ocHoBe maHHBIX 00 OCOOEHHOCTSIX
MHTEJUIEKTA U PAacCHIM(ppPOBKAX ACIEKTOB OOYYEHHs MalllHa MOXKET BOCIPOM3BECTH
9TU NPOLECCHL. BBIENAIOT TpU IPYNIBI CUCTEM UCKYCCTBEHHOI'O MHTEIJIEKTA:

- OTpaHUYCHHBIA UCKYCCTBEHHbIM HHTe/eKT (Narrow Al) — permieHue onHOM
KOHKpPETHOH 3a/1a4H;

- 00mmif nckyccTBeHHBIH MHTEIUEKT (AGI) — MOXKET BBITOTHATH MHOTO 3a/1ad
KaK 9eJIOBCUCCKHUI MO3T;

- CBEpXPa3yMHBIN HCKYCCTBEHHBIH HHTEIUIEKT — BBIIIC HHTEIUICKTA YEJIOBEKA.

MammuHHOe ~ 00y4YeHHEe —  HANpaBICHWE  HCKYCCTBEHHOTO  HMHTEIUICKTa,
BKJTIOYAOIIICE METO/BI, C MOMOIIBIO KOTOPBIX MOXKHO OOy4YHTh. MaIIMHBI TOIy4aroT
JaHHBIC U 00yJatoTCst Mo HUM. Hanpumep, penieHne kiacca 3a/1a4 Ha paclo3HaBaHUE
00pa3zos.

I'nmyOokoe oOyueHHE - IOJMHOKECTBO MAIIMHHOTO OOYYCHMsI — HCIOIb3YyeT
HEUPOHHBIC CETU MJI pELIEHUs peaibHbIX 3anad. HelpoHHbIE CETM MMUTUPYIOT

YEIIOBEUECKOE TIOBEAEHUE B IPOLECCE TIPUHSITHS PELICHUI.

KommsroTepHoe 3peHne- 001acTh HCKYCCTBEHHOTO MHTEIUICKTA, HAIIPABJICHHAs Ha
aHanM3 BUIEO M m3o0paxeHuil. Kommblotep Hazensior HaOOpoOM MeETOMOB, ¢
MOMOIIIBI0 KOTOPBIX OH H3BJIEKAeT MH(OPMAIMIO M3 YBUAECHHOrO. MalIMHBI MOTYT
00OHapyXUBaTh, OTCIEKHUBATH U KIIACCUPUIUPOBATH OOBEKTHI.

Heiipocetn - maremaTtuyeckas MOJENb, IPOrpaMmMa KOTOPOW (YHKIIMOHUPYET
MoJO00HO MO3Ty JKHBOTO opraHm3Ma. CyIHOCT HeHWpoceTel 3akirouaeTcs B
MOCTPOEHUU TPOTpaMMbl 110 MPUHIMNY (QYHKIUOHMPOBAHUS  OMOJOTMYECKUX
HeWpoHHBIX ceTell. C MOMOIIBI0 HEHPOHHBIX CEeTeH pelaroT 3a/1a4u KJIacCU(pHUKALIUH,
IpeJcKa3aHus, PaCO3HABAHUS

bnokueiH u KpUNTOBAIOTHI.

brokueiin — HenpepbIBHAs Ieroyka OJIOKOB sl XpaHeHWs HWH(opmanuw,
copMUpPOBaHHAs 110 OINpPEJCICHHBIM IpaBwiaM. L{npposble HaHHBIE 3AIUIICHBI OT
MOJMEHBI U U3MEHEHUI.

KpunroBanmora - pa3HOBHIAHOCTh HU(POBOH BamoThl. Ee KommuecTBo
OTIpesieNnsaeTcs] KOJMYECTBOM JAaHHBIX PACUETHBIX €AMHUI], KOTOPOE 3aIMHChIBACTCS B
COOTBETCTBYIOIIEH TO3MIMK WHYOPMALMOHHOTO TIIaKeTa TMPOTOKONA Tepeaadn

JnaHHbIX.bombmme  manmHble wim Big  Data—  cTpyKTypupoBaHHBIE — WU
HECTPYKTYpHUPOBAHHBIE MAaCCHUBBI JAaHHBIX OONBIIOr0 oOBbema. VX MCHONB3YIOT I

CTAaTHCTHKH, aHAIN3a, IPUHSATHS PEIICHHH »
Tema 1.2 IHCTpyMEHTHI HAHOTEXHOJIOTHHI

CoBpeMeHHbIE METO/Ibl MCCIIEIOBAHNUS, IPUMEHIEMbIE B HAHOTEXHOJIOTUAX CTaJIH
BO3MOYKHBI, KOT/1a OBUIH pa3paboTaHbl M MHCTPYMEHTAIBHO ITOATBEPKICHBI OCHOBHBIE
WAeH AaTOMHO-MOJIEKYJSIDHOH TEOPHM W TIONyYeHBl TepBble PEHTTEHOBCKHE
JudpakunoHHbIE M300paKEHUs] KPUCTAUIMYECKUX CTPYKTYp. BakHbIM cOObITHEM B
WUCTOPHM  HAHOHYKM  CTaJ0  MW300peTeHHe  TNPOCBEUMBAIONIEH  BJIEKTPOHHOM
MHUKPOCKOIINY, TTO3BOJISIONIEH MOJIYYUTh M300pa’keHne HaHOPa3MEPHBIX CTPYKTYD, a
TaKKe M300peTeHne CKaHUPYIOIIETr0 TYHHEIBHOTO MUKPOCKOIIA.
Tema 1.3 HMccnenoBanne 00beKTOB HAHOTEXHOJIOTHIA
IIpenMeToM HAaHOTEXHOJIOTHH SIBJISIETCSI HOBBIE OOBEKTHI — HAHOCTPYKTYPBI, KOTOPHIE
NMEIOT CYOMUKPOHHBIN pa3Mep B OJHOM M3 HallpaBlIeHHWH, KOTOPHIE B COI0 O4Yepenb,
HYXTal0TCsl B KiIacCU(pUKaMd. B OCHOBY KiIacCH(UKAaIMU TOJO0XEHBI CTPYKTYpa,
COCTaB, a TaKKe UX (PU3UKO-XMMUIECKHE CBOHCTBA.

Paznen 2

CrpyKkTypa, CBOWCTBAa, METOJIBl IMOJYYEHHS U  OCOOCHHOCTH IPUMEHEHHs
HaHOCTPYKTYP.
Tema 2.1 ®u3uko-xMMHU4YEeCKHE CBOUCTBA HAHOCTPPYKTYP




B o06macTy BEICOKHMX TEXHOJIOTHH MIMPOKO HUCTIOIB3YETCs KIACCU(HUKALMS JUCTIEPCHBIX
CHCTEM IO IUCIIEPCHOCTH, T.€. IO pa3MepaM M YACIbHOW IUIOMAAN TOBEPXHOCTH
JUcriepcHOr ¢aspl. B mepBoM npuONMMKEHNH ANUCTIEPCHBIE CHCTEMbI MOAPAa3ACIIOTCS
Ha rpy0ONCIIEPCHBIC U TOHKOANCIIEPCHBIE, TAK Ha3bIBAEMbIEC KOJUIOUIHBIE CHCTEMBI.
Tema 2.2 YriepoaHsie CTPYKTYPHI - YTIEPO ABJSETCA HanOoIee pacrpoCTpaHECHHBIM
3JIEMEHTOM B IIPUPOJIE, OH CYIIECTBYET B TBEPOH (paze M HECKOJIBKUX MOAN(PHUKALUIX
C pa3IMuHBIMH (U3UKO-XMMHUYECKUMHU CBOiicTBaMHu: rpadut, aaMas, KapOuH, rpades.
Baxkneiimeli 0COOEHHOCTBIO yriiepoJia sIBISIETCS CIOCOOHOCTh 00Pa30BBIBATh LIETIOUKH
—-C —C - C-, KOTOpble MPHUPOJA KCIOIB3YEeT M CO3MaHHUS OHOJOTUYCCKUX
MOJIMMEPOB, a YEJIOBEK IS TPOM3BOACTBA PA3TMYHBIX CHHTETHYECKUX MaTepHaJIoB.
Tema 2.3. B KOHIle TPONUIOTO CTONETHS OBUIM OTKPHITHI HOBBIE YTIIEPOIHEIC
COEAMHEHUS, CPEeIH KOTOPBIX (yIIepeH, oOIagaroninii yHUKaIbHBIMA CBOWCTBAMH.
QynnepeH MMeEEeT KapKacHYIO CTPYKTYpY, KOTOpas COCTOMT M3 3alUIaTOK ISITH- |
mecTHyrobHOM hopmel. B 1990 r. 6b11 pa3paboTaH MeTO NOIyICHUS QyiuiepeHa.
Tema 2.4. B 1991 r. B mpoaykTax 3JIeKTPOXYyTrOBOTO HCMapeHus rpaduTa OpuH
06Hapy>1<eH1>1 MUIUHAPUYCCKUEC YTIICPOJHBIC KOHCTPYKIIUU, TOJTYUUBIINEC HA3BAHUA
«HaHOTPYOKM». HaHoTpyOKa mpeacraBiisieT co00il NpOTsHKEHHbIE UIHHAPHYECKHE
CTPYKTYPbI AUAMETPOM OT OJIHOTO JJO HECKOJIBKUX JIECSITKOB HAHOMETPOB U AJIMHOU 710
HECKOJIbKUX CaHTHUMETpOB. [o cymiecTBy Takas HaHOTpyOKa MpeacTaBisieT co0oit
OJIHY MOJICKYJY, COCTOSIIYIO U3 MIJIJIMOHA aTOMOB yrieposa. B oomiem ciyuae, YHT
00J1a1al0T YHUKAJIBHBIMA 3JICKTPHIECKUMH, MEXaHMIECKUMH U XUMUYECKUMHU
CBOMCTBaMH.

Pasznen 3

XapaKTepUCTUKA KOHUENIUI MOJIEKYJIIPHBIX HAHOTEXHOJIOTUI

Tema 3.1. UcTopus pa3BUTHsI HAHOTEXHOJOTUN
Wpeto 0 TOM, 94TO BO3MOXKHO CO3/1aBaTh HYXXHBIE HAM YCTPOWCTBA M JPYyTHe OOBEKTHI,
cobupas ux "MoOJIeKya 3a MOJIEKyJon" U, Haxe, "aToM 3a aTOMOM" OOBIYHO BO3BOJSAT
K 3HAaMEHUTOHM JIEKIMH OJHOr0 U3 KpynHedmmx ¢usnkoB XX Beka Puuappa
Oeciinmana «TaM BHH3y — MHOT0O MecTa». JTa JeKuus Obuta mpodyuTaHa uM B 1959
rojy; OOJILIIMHCTBO COBPEMEHHUKOB BOCIIPHHSUIN €€ KaK (paHTaCTHKY WIH IIYTKY.

CoBpeMeHHBIH BUJ HJIEH MOJIEKYJIIPHON HAHOTEXHOJIOTHH Havyalld IPHOOpETaTh B
80-¢ romer XX Beka B pesyinbrate pador K. D. [Ipekciepa, KOTOphIC TAKKE CHayaia
BOCIIPMHMMAJUCh Kak HaydyHas (aHTacTuka. Ilpm 3ToM (yHAameHTanbHas
MoHorpadus "Harocuctembl. MosnekysipHasi TEXHUKa, TIPOU3BOACTBO M BEIYUCIICHHS "
MMEeeT, HECOMHEHHO, OCHOBOIIOJIararomiee 3HadeHue. CaM TepMHUH HAaHOTEXHOJIOTHSA
CTaJ TIONYJISIPEH MMEHHO I0CJe BBIXOAAa B CBET 3HaMEHWTOH kHuMrH J. Jlpekciepa
"MamuHsl TBOpeHHUs" U MociieJoBaBIIeH 3a 3TUM auckyccuu. [lozxe  [pekciep B
CBUX HAy4YHBIX paboTax CTaJ MCIOIb30BaTh TEPMHUH MOJIEKYJSPHAS HAHOTEXHOJOTHS
(MHT) nns pa3nuueHus mpeyiaraéMblX UM peIIeHuil.
Tema 3.2. OcoGeHHOCTH TBEPAOTEIHHBIX HAHOCTPYKTYDP.
Or1eHKH MapaMeTpoB HAHOMEXaHMUYECKUX YCTPONCTB M MAIllMH - B CBOMX pabortax 3.
Jpekciep u ero mocienoBaTeNd OLEHUBAIN IapaMeTPhl B OCHOBHOM MEXaHHYECKHX
YCTPOMCTB, KOTOPbIE OHM MOTJIM OBl HUMETh IIPU MPUOJIMKEHNH pa3Mepa KOMIIOHEHT K
MOJIEKYJISIpHOMY Maciitady. JTo OOYCIOBJIEHO HE TeM, YTO OHM HEJIOOLCHUBAIOT
BO)XHOCTH JICKTPUUECKHUX, ONTHYECKUX U T. . 3()(EKTOB, a TEM, YTO MEXaHUYECKHUE
KOHCTPYKLIIMM TOpa3fo IIpollle W JIOCTOBepHee Macmrtabupyrorcs. Ilpum sTom
0CO3HAETCs, YTO BIEKTpHYeckne W Ipoure 3(dexTsl MOryT 1arh 3HAYMTEIbHBIC
JIOTIOTHUTEIbHBIE BO3MOXKHOCTH. [IpoW3Benss COOTBETCTBYIOIIEE MAacCIITaOMpOBaHUE
Jlpexciep momydni ClIeAyIoie YUCICHHbIE OLICHKH:
- MO3UIIMOHUPOBAHUE PEATUPYIOIINX MOJIEKYJT ¢ TOYHOCTHIO ~0.1 HM;
- MEXaHOCHHTE3 C TIPOU3BOAUTENHHOCTHIO ~106 omep/cex Ha YCTPONCTBO;
- MOJIEKyJIsIpHasi cOopka o0bekTa Maccoit 1 kr 3a ~104 cex;
- paboTa HAHOMEXaHUYECKOro yCTpOHCTBa ¢ 4acToToi ~109 I'm.
Tema 3.3. OOBbEKTH HAHOMOJIEKYJIIPOHOH TEXHOJIOTHH
Boutn mpoBezieHBl MCCIIEOBaHUS IO BOIIPOCaM BO3MOXKHOTO (DYHKIIMOHHUPOBAHUS
paboTsl "ycTpolcTBa" aHAJIOTMYHOrO MaciTada B JKMBBIX OpraHu3Max. B kauectse




npuMepa Lenecoodpa3Ho paccMOTpeTh pabOTy MPENCTABUTEINST JKUBOIO OpraHu3Ma
AT®-cuHTa3a SBIAIONIEr0 (GepMEeHTOM, MPeoOpa3yIomuUM pPa3HOCTh KOHIIEHTPAIHNA
MPOTOHOB TI0 pa3Hble CTOPOHBI MEMOpaHbI B JHEPruio, 3aMacéHHYI0O B MOJEKYyJax
anenosuHTpudochara (ATD). IlocmemHee wHCHONB3yeTCS MPAKTHIECKH BCEMH
MeXaHU3MaMHU KIJIETKU B Ka4eCTBE YHUBEPCAJIBbHOIO HOocUTens sHeprun. ATd-cuHTa3a
NPUCYTCTBYET B "IHEPreTUUECKHX CTAHIMAX' PACTUTENBHBIX M )KMBOTHBIX KJIETOK -
XJIOpOIIACTaX M MHUTOXOHAPHAX M MPEACTaBIsIET COOOH JOBOJBHO CIOXKHYIO
KOHCTPYKLIMIO U3 HECKOJIBKUX TUIIOB €JMHUII - OEIIKOBBIX MOJIEKYIL.

Pasnen 4

XapakTepucTHKa METOJIOB HCCIIEI0BaHUI 00BEKTOB MUKPO H HAHOCTPYKTYP
Tema 4.1.McTpyMeHTBl HAHOTEXHOIOT UM
OfHUMH U3 TEPBBIX MHCTPYMEHTOB, KOTOpbIE IIOMOIVIM WHUIMHMPOBATh HUAEU
HAHOTEXHOJOTUH, OBUIM Tak Ha3blBaeMble CKaHHPYIOIIWE 30HIBL. Bce THIIbI
CKaHMPYIOLIMX 30HA0B ObutM paspaboransl B Lltopuxe B Hauase 80-x romos. Cama
uzesl OYEeHb IIPOCTa: €CIIH, K IPUMEpY, MPOBECTH MaJbIIEM MO NMOBEPXHOCTH, TO JIETKO
OTIIMYMTH OapxaT OT CTalNM WIM AepeBa. B naHHOM sKcneprMeHTe majern JeHCTBYeT
KaKk CTPYKTypa H3MepeHus cwibl. JlaHHas uzaes W IOJIOKEHa B OCHOBY paOOTHI
CKaHHPYIOIIETO MHUKPOCKOIIA, OJHOTO M3 PACIPOCTPAHEHHBIX CKAHUPYIOIIMX 30H/OB.
CkaHHUPYIOIINI 30HA NPH M3MEPEHHWH CKOJB3HUT MO IMOBEPXHOCTH TAK K€, KaK 3TO
JIeNaloT majblbl. 30HA UMeeT HaHOCKONMUYECKHil pa3mep (YacTo BCEro OJHH aToM).
IIpu nBMKEHUHM OH MOJKET OIpPENeNsATh HECKOJBKO pa3IMYHBIX CBOICTB, KaXKaoe U3
KOTOPBIX COOTBETCTBYET HHOMY U3MEPEHHIO.
Tema 4.2. ATOMHO-CHIJIOBO MUKPOCKOII
B aToMHO-CHIIOBOM MHKPOCKOIIE 3JICKTPOHHMKA HCIONb3YeTCs IS W3MEPEHHUS CHIIBI
BBOJMIMON KOHYMKOM 30HJA MPH €ro ABWXEHUH BJOJb MOBEPXHOCTH HCCIIETYEMOTO
o0ObeKTa.
Tema 4.3. TyHHEIbHBI MUKPOCKOIL.
B TyHHETBHOM MHKPOCKOIIC H3MEpSCTCA BEIMYMHA 3JICKTPUIECKOTO  TOKa,
MPOXOASAIIEr0 MEXIy CKAaHUPYIOIIMM 30HAOM M HOBEPXHOCThIO. TyHHENbHAs
MHKPOCKOTIHS — JTO TPaKTHYECKH TEPBBIN pa3paOOTaHHBI MeETOJ 30HA0BOTIO
CKaHUPOBAHMS, HaIIIEIIET0 MHUPOKOE IPUMEHEHHE.
Tema 4.4. MarHuTHO-CHUJIOBOH MUKPOCKOIT
B MarHuTHO-CHJIOBOM MHKPOCKOINE 30HJ, CKAaHHUPYIOIIMHA IOBEPXHOCTH, SBISAETCA
MarHUTHBIM, OH TIO3BOJISICT MOYYBCTBOBATh HA IOBEPXHOCTH JIOKAJIHHYIO MarHUTHYIO
CTPYKTYpPY. 30HA MarHUTHO-CHJIOBOTO MHKPOCKOIIa paboTaeT 1oJoOHO CUUTHIBAIOIIEH
TOJIOBKM BHHYECTEpa WJIM MarHuTopoHa. CKaHHPYIOIINE MHKPOCKOIBI ITO3BOJIHIN
BIIEPBBIC YBUIETH OOBEKTHI Pa3MEPOM C aTOM.

4.3. Tlpaktudeckue (CeMUHAPCKUE) 3aHATHUS
TeMmbl MpakTUUECKUX 3aHATHIA U UX TPYAOEMKOCTh IPUBECHBI B TAOIUIIE 5.

Tabmuna 5 — [IpakTudeckue 3aHsATHS U UX TPYJOEMKOCTh

No N3 Hux No
TpynoeMKOCTS | IpakTU4e -
o Tembl MPAKTUYCCKUX qDOpMBI MMPaAKTUYCCKUX CKOIA pa3aciia
3aHATUH 3aHATHH ' JUCIAI
/ (gac) MOJITOTOB
JIMHBI
i KH, (Jac)
Cemectp 8
1 | OcnoBHubIe uepTsl | AHanus u OLICHKA pecypcos, 2 1 1
COBPEMEHHBIX IT. | HEOOXOAUMBIX JUISE YIpaBJIeHUs
CTpyKTYpUpPOBaHHOCTH uapopmanueii, I10, HeobXxoauMoOe AJIs
CTaHIApTOB LU(PPOBOro OOMEHa | CO3MaHUs, XPaHEHUWs,  YHpaBICHUS,
JTAaHHBIMU aJITOPUTMOB nepeadu 1 noucka HHopMaluu
2 | Uccnenosanne  mosepxnoctu | IlpoBemenue BHEMIHETO OCMOTpa U 2 2 2
METOJIOM aTOMHO-cHIoBOH | moxroroska C3M k paboTe B pexume




MI/IKpOCKOHI/II/I aTOMHO-CHUJIOBOM MI/IKpOCKOHI/II/I
3 | UccnemoBanme moBepxHocTh | IIpoBeneHne BHEIIHETO oOCMOTpa | 4 3 3
METOJIOM aTOMHO-CHJIOBO# | moarotoeka ~ C3M  x  pabore,
MI/IKPOCKOHI/H/I IIOATOTOBKA o6pa3ua K UCCJICJOBAHUIO
4 | Uccnemoanue moBepxHocTd | OOpaboTKa pe3ysnbTaToB UCCIENOBAHHUS 2 2 4
METOJOM  aTOMHO-CHJIOBOM obpasua MH aHAJIN3  pe3yJIbTAaTOB
MHUKPOCKOITUH M3MCpCHIH
Bcero 10
4.4. JlabopatopHble 3aHATUS
Tembl 1a00OPaTOPHBIX 3aHATHIA U UX TPYAOEMKOCTh MPUBEACHBI B TaOHIIE 6.
Tabnuua 6 — JIabopaTopHbIe 3aHATHS U UX TPYIOEMKOCTb
N3 Hux No
Ne TpymoeMKoOCTh, | MpaKTHYECKOH | pa3ena
HaumenoBanue nabopatopHbix paboT Py - [ TP pasit
/11 (gac) MOJTOTOBKH, | JUCITHII
(dac) JINHBI

Y4eOHbIM MJIAHOM HE MPEAYyCMOTPEHO

Bcero

4.5. KypcoBoe nmpoeKTHpOBaHKE/ BBITIOJHEHUE KyPCOBOU PabOTHI
Y4eOHBIM MJIaHOM HE TPEIyCMOTPEHO

4.6. CamocrosTenbHas paboTa 00yJaronuxcs
Bunbl camocTosiTenbsHON paboTh U €€ TPYJA0EMKOCTh MTPUBEICHBI B TabHIe 7.

Tabmauna 7 — Bunbl caMmocTosTenbHON pabOThI U €€ TPYAO0EMKOCTh

N Bcero, | Cemectp 8,
Bun camocrostensHo# paboTh
4Jac 4Jac
1 2 3
H3yuyeHne TeOpeTHYECKOro MaTepraa
58 58
nquctumiuasl (TO)
[MoxroroBka K TEKyIeMy KOHTPOJIO 10 10
ycneaemocTs (TKY)
HomamrHee 3amanme (/13) 10 10
IToaroroBka kK MPOMEXKYTOYHOHN aTTECTAINH 10 10
(T1A)
Bcero: 88 88

5. Ilepedyens yueOHO-METOUIECKOTO 00ECTICUCHUS
JUIS CAMOCTOSITENIEHON PaboThl 00yYaroImuXCs MO JUCHUIUIHHE (MOJTYJIIO)
Y4eOHO-MeTOAMYECKE MaTepHuasbl Il CaMOCTOSITEIbHON paboThl O0yYaromMXcsl yKa3aHbl B

. 7-11.

6. IlepeueHb MeYaTHBIX U ANEKTPOHHBIX YU€OHBIX U3TaHUN

[lepedyeHb neYaTHBIX U SJICKTPOHHBIX YIeOHBIX M3IaHHI MTPUBEIEH B TaOIUIIE 8

Tabmuna 8— [lepedeHb MEYaTHBIX U MJICKTPOHHBIX YUCOHBIX U3IaHHMA




Tudp/
URL anpec

bubnuorpaduyeckas ccpiika

KomuectBo

IK3EMITISIPOB
B OMOJIMOTEKE

(kpome
AIIEKTPOHHBIX

HK3EMILISIPOB)

https://www.booktech.ru/books/nanotehnologii

®duznyeckre OCHOBBI MUKPO- U
HaHOAJIEKTPOHHKH, JlypHakoB A.A.,
/yae6HOe ocodue/, YpdY, 2020, -
252 c.

https://obuchalka.org/knigi-po-nanotehnologiyam

dusnyecKre 0OCHOBBI
HAHOTEXHOJIOTUH M HAHOMAaTEPHAIIBI,
Cwmupnos B.U. /yuebnoe nocobue/,
Viesnosek, YaI'TY, 2017, 240 c.

https://obuchalka.org/knigi-po-nanotehnologiyam

BbazoBbie TEXHOIOIMH MUKPO- U
HaHOBJIEKTPOHUKHU: BOpOTHIHIIER
B.M., Ckynos B./I., -M, , IIpocnekr,
2017, -519 c.

https://obuchalka.org/knigi-po-nanotehnologiyam

Marepuansl 1 METO/bI
HaHoTexHojorui, Crapoctux B.B.
/yaebHoe nocobue/, -M, buHowm,
2016, -431c.

https://obuchalka.org/knigi-po-nanotehnologiyam

Hanomarepuansr: yueOHOE
nocobue/, JI.1. Penkonkos, B.B.
JIésuna, 2.J1. JI3umsurypu, -M,
bunowm, 2017, -343 c.

https://obuchalka.org/knigi-po-nanotehnologiyam

BrruncaureabHbIe
HaHOTexHojoruu, [TormoB A.M.,
/yaebHOoe ocodue/, Kno-Pyc, 2017,
-126 c.

https://znanium.com/catalog/product/1032129
(mara obopamenwus: 07.09.2021). — Pexxum
JIOCTYTIA: MO MOJIIHCKE.

HUcaes, C.B. NHTennekTyanbHbIe
cucremsl : yueb. nocodue / C.B.
HUcaes, O.C. Ucaesa. - KpacHosipek :
Cub. dpenep. yu-1, 2017. - 120 ¢. -
ISBN 978-5-7638-3781-0.

https://znanium.com/catalog/product/1060845
(mata o6pamenus: 07.09.2021). — Pexxum
AO0CTyIIa: 1O NOATIIMCKE.

Onuunos, b. E. Mogenu u
po0JIeMbl HHTEIUIEKTYJIbHBIX
cucteMm : MoHorpadwus / b.E.
OnunnoB. — Mocksa : UHOPA-M,
2020. — 219 c. — (Hayunas
mbiciis). — DOI 10.12737/1060845.
- ISBN 978-5-16-015839-6.

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

CBHIIETENBCTBO O TOCYAAPCTBEHHOM
peructpanuy nporpamMmmsl s O9BM
Ne 2021612957

Howm xauectBa «QFD»
IIpaBoobnamarens: ®I'AOY BO
«Cankr-IlerepOyprekuii
rOCyapCTBEHHBIN YHUBEPCUTET
A’POKOCMHYECKOTO
pubopoctpoenus» (RU)



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

ABtop: YabaHeHko AJeKCaHap
BanepreBuu (RU)

7. IlepeyeHb AMEKTPOHHBIX 0OpPa30BaATEIbHBIX PECYPCOB
H(OPMaLIMOHHO-TEJIEKOMMYHUKAIIMOHHOH ceTu «IHTepHeT»
[lepeuens AIIEKTPOHHBIX o0pa3oBaTeNbHBIX pecypcoB nH(OPMaLIMOHHO-
TEJICKOMMYHUKAIIMOHHOW ceTu « HTepHeT», HEeOOXOAUMBIX JJii OCBOCHHS JIUCIMILIAHBI
npuBe/ieH B Tabsmie 9.

Tabmuma 9 — IlepedyeHb OJIIEKTPOHHBIX O0pa30BaTEIBHBIX PECYPCOB HH(POPMAIIOHHO-
TEJICKOMMYHUKAIIMOHHOU ceTu « HTepHeT»

URL anpec HaumenoBanue
http://science.quap.ru Hayunas u nHHOBannoHHas nesaTenbHocTh 'Y AL

http://www.consultant.ru | CnpaBouno-nipaBoBas cucrema «Koncynprant [lnrocy

http://www.garant.ru Nudopmarmonno-mpaBooit mopran «CAPAHT»

http://list-of-lit.ru CIHCOK JUTepaTyphl M0 HAHOTEXHOJIOTHH
/nano/nnotechnologii

8. IlepeueHp MHPOPMALIMOHHBIX TEXHOJIOTUI
8.1. [lepeyenp mpOrpaMMHOTO OOECHEUeHUs, HCIOJIB3YEeMOTO TMPH OCYIIECTBICHUN
00pa30BaTeNILHOTO MpoLecca MO AUCLUIIUHE.
[lepedeHp UCIONIB3yeMOro MPOrPpaMMHOTO obecriedeHus npeacrasieH B Tadumie 10.

Ta6ymmma 10— [Tepeyers mporpaMmMHOTo o0ecrieueHus

Ne i/ HaunmeHnoBaHue

He npenycmorpeno

8.2. Ilepeuenn MH(}OPMALIMOHHO-CITPABOYHBIX CUCTEM,HCII0NIb3yEeMbIX npu
OCYIIECTBIICHUU 00Pa30BaTEIHLHOTO MPOoIlecca MO JUCIUILTHHE

[lepeuenr UCHONB3yeMBIX HHPOPMAIIMOHHO-CIIPABOYHBIX CHCTEM TMPEJICTaBICH B
Tabauie 11.

Tabmuua 11— Ilepeyenp HHPOPMALIMOHHO-CITPABOYHBIX CHCTEM

Ne m/m HanmeHnoBanue

He npenycmorpeno

9. MarepuanpHO-TeXHHYECKast 6a3a
CoctaB  MaTepuaIbHO-TEXHUYECKOH 0a3bl, HEOOXOIUMOW Ui  OCYIIECTBJICHUS
00pa30BaTeIILHOTO TpoIiecca MO TUCIUTUIHHE, TIPECTaBIeH B Tabmuiel 2.

Tabnuna 12 — CoctaB MaTeprallbHO-TEXHIYECKON 0a3bl

No HanmeHnoBanue coctaBHOM 4acTu Howmep aynuropuu
n/m MaTepUaIbHO-TEXHUUECKOH 0a3bl (pu HEOOXOMMOCTH)
MynpTUMeniiHAs JEKINOHHAS ay JUTOPHS 13-13
2 CrnenmanuzupoBanHas taboparopust «Jlaboparopus uccienoBaHus Tepputopust ®bY «Tect
HaHOOOBEKTOBY - C.-IleTepOypr»

10. OmeHo4HBIE CpeICTBA ISl MPOBEICHUS TPOMEKYTOUHOU aTTECTAIINH
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Tabmuna 13 — CocTaB OIEHOYHBIX CPEACTB Il IPOBEIECHUS IPOMEKYTOUHOM aTTeCTalllH

Buza npomexyTo4HON arTecTaluu IlepedyeHb OLICHOUHBIX CPEACTB

3auer Cnucok BOMpOCOB;
TecTtsr;
3amaun.

10.2. B kauecTBe KpUTEpPHUEB OIICHKH YPOBHSI CHOPMHUPOBAHHOCTH (OCBOCHUS)
KOMIIETCHIIMA OO0y4YaIONIUMUCS TPUMEHSIETCS S5-0a/TbHas MIKaia OIEHKA cHOpMHUpPOBAHHOCTU
KOMIIETEHIINM, KOTopas npuBeaeHa B Tabnuie 14. B Teyenue cemectpa MOXKET MCIOIB30BATHCS
100-0annpHast ~ mKama ~ MOAYJBHO-PEUTHHTOBOW  CHUCTEMbl ~ YHUBEPCUTETa,  IpaBHIa
HCIIOJIb30BaHUsI KOTOPOM, YCTaHOBJIEHBI COOTBETCTBYIOIIUM JIOKaJIbHBIM HOPMAaTHUBHBIM aKTOM
['YAIL
Ta6mmma 14 —Kpurepuu orieHKH ypoBHS CPOPMUPOBAHHOCTH KOMIIETEHITUN

Or1eHKa KOMITETEHIUI

XapakreprucTiuka chOpMUPOBAHHBIX KOMIIETEHI I
5-0ayutpHad mIKaa PAKTEp (bopmp

— oOyyaronuiics TJIyOOKO W BCECTOPOHHE YCBOMJ IPOrPaMMHBIN
MaTepHal;

— YBEpPEHHO, JIOTHYHO, ITOCIICIOBATEIHFHO U TPAMOTHO €T0 M3JIaracr;

— ONMHpasiCh Ha 3HAHWS OCHOBHOW W JOMOJIHUTEIHHOU IJIUTEPATYpPHI,
TECHO MPHBS3BIBACT YCBOCHHBIC HAYYHBIC TOJIOKCHHS C TIPAKTUICCKOM
JICSITCIIBHOCTBIO HAIPABJICHHUS;

— yMeJ0 000CHOBBIBAET U ApTYMEHTUPYET BBIJIBUTACMEBIC M HJICH;

— JIeJIaeT BBIBOJIBI U 0000IIEHMS;

— cBOOOJIHO BJIaJICET CHCTEMOM CIIeNMaIN3UPOBAHHBIX TOHITHH.

«OTJIIMYHO»
<(Ga4YTCHO»

— 00y4Jaromuiicst TBEPI0 YCBOMII IPOTPAMMHBINM MaTepuall, IPaMOTHO U
[0 CYIIECTBY U3JIaraeT e€ro, ONUpasCh Ha 3HAHUS OCHOBHOU
JTUTEPATYPHI;

— HE JIOMYCKAaeT CYIECTBEHHBIX HETOYHOCTEH;

— YBSI3bIBA€T YCBOCHHBIE 3HAaHUS C MPAKTHUYECKON AESITeThbHOCTHIO
HaTPABIICHUS;

— apryMEHTUPYET HAyIHBIC TTOJIOKEHUS;

— JIeJIaeT BBIBOALI H 000OIIEHHS;

— BJIaJICET CUCTEMOH CIeMaTu3UPOBAHHBIX MOHSITHIA.

(XOPOLIO»
(Ga4YTCHO»

— oOyyarouuiicss yCBOWJI TOJbKO OCHOBHOW IpPOrpaMMHBIA MaTepual,
[0 CYIIECTBY M3JIaraeT €ro, ONMpasch HAa 3HAHUSA TOJBKO OCHOBHOM
JUTEPaTypHl,

— JIONyCKaeT HeCYIIEeCTBEHHbIE OIINOKU U HETOYHOCTH;

— UCIIBITBIBAECT 3aTPYAHEHUS B IPAKTUYECKOM IPUMEHEHHH 3HAHUI
HallpaBJICHUS;

— cn1abo apryMeHTUpPYeT Hay4dHbIE MTOJIOKEHHUS;

— 3aTpyaHsieTcs B GOpMYIMPOBAHUN BBIBOAOB M 000OIIEHHUI;

— YaCTUYHO BJIAJECET CUCTEMON CIIENMAIN3UPOBAHHBIX OHSITHII.

«YAOBJICTBOPUTCIIEHO»
(Ga4YTCHO»

— O0ydJaromuiicss He YCBOWJI 3HAYUTEIBHOW 4YacTH MPOrPaMMHOTO
MarepHaa;

— JIOMYCKAeT  CYLIECTBEHHbIE  OIIMOKM W  HETOYHOCTH  NpHU
paccMOTpeHHH TIPo0JIeM B KOHKPETHOM HalpaBJICHUH,

— MCTIBITBIBAET TPYTHOCTH B MPAKTHYECKOM IPUMEHEHNN 3HAHHI;

— HE MOXET apryMEeHTHPOBATh HAY4YHbIE MOJIOKECHHUS;

— He (JOpMYIIHPYET BBIBOJAOB H 0000IICHHH.

HCYIOBJICTBOPUTCIILHO»
«HEC 3a4YTCHO»

10.3. TunoBble KOHTPOJILHBIE 3a/1aHUS WM UHBIE MaTePHAIIBI.
Bomnpocsr (3agaun) ass 9K3aMeHa mpeICTaBIeHb B Tabuie 15.

Tabmuia 15 — Borpocs! (3amaun) 115 9K3aMeHa

Ne n/mt ‘ IlepedyeHp BOpocoB (3a7a4) i SK3aMeHa ‘ Kog




WHIUKATOpa

Y4eOHBIM MIIaHOM HE MPEIYCMOTPEHO

Bomnpocsr (3agaun) s 3aueta / qudd. 3aueta npepcraBieHsl B Tabmuie 16.

Ta6ymia 16 — Boripocs! (3amaun) mist 3aueta / audd. 3adera

Ne Kon
[Tepeuens BompocoB (3ama4) ams 3adera / qudd. 3ayera

/o WHIUKAaTOpa

1 OnummTe GU3NIECKUHA CMBICTT XpOMAaTHIECKON abeppariiu I1K-1.3.3

2 [Ipoananmms3upyiite B 4eM paziudne XapaKTepHCTUK paspemieHus ontmueckoro u | [1K-1.3.4
3JIEKTPOHHOTO MUKPOCKOIIOB

3 [Ipoananu3upyiTe XapaKTepUCTHKY pa3penamniei cnocoonoctu OM 11K-3.3.3

4 OnumunTe Ha3HAYEHUE U YCTPOICTBO M CBOIICTBA MICTOYHHKA DIIEKTPOHOB I1K-3.Y.3

5 HazoBuTe KOHCTPYKTHBHBIE OCOOCHHOCTH CHCTEMBI OCBemeHNsT DM IMKY-1.3.3

6 OnumuTe yCTPONCTBO CHCTEMBI KOPPEKITMN acTUTMaTH3Ma B OM 11K-1.3.3

7 Onuimre NpUHIUT PadOTHl  YCTPONCTBO CUCTEMBI H300paskeHnss OM I1K-1.3.4

8 Omnumure 010K-cxemy u npuHIUN pabotel MUKpockona BCOM I1K-3.3.3

9 Onumute 0J0K-CXeMy U MPUHIHAI JeicTBIs OKe-CIeKTpoMeTpa TIK-3.V.3

10 | OmmmmTe MUKPOCKOII, OJI0K- CXeMY, TPUHITUT TEHCTBUS | I1K-1.3.3 |

11 | Omummte GOTOINEKTPOHHYIO PEHTTEHOBCKYIO CIIEKTPOCKOIHIO, OJIOK-CXEMY, IK-1.3.3
MPUHLINI 1€MCTBUA

12 | Onumwurte npuHIMT paboThl PaMaHOBCKOM CIEKTPOCKOINNH, OJ0K-cxembinponecca | [1K-1.3.4
HU3MEPEHUM.

13 | Omummure Ha3HAYECHHE MPUHLOUN  JAeWCTBHA (DOTOMFOMHHECIICHTHON I1K-3.3.3
CIEKTPOCKOTINU

14 | Onumurte nHGOpMAIIMOHHBIE TEXHOJIOTHH B I3MEPHUTENBHBIX CHCTEMaX I1K-3.Y.3

15 | OmumuTe MHGOPMALMOHHBIE TEXHOJIIOIHU B HAHOTEXHOJIOTHAX | TIK-1.3.3 |

16 | Ommmure MPUHIUTBL U OCHOBHBIE 3JIEMEHTHI uckyccreennoro | I1K-1.3.3
MHTEJUIEKTa

17 | O Onumwure Qu3nyecKkre MPUHIUIGI JTyda MHKPOCKOTA I1K-1.3.4

18 | Onuimute QuzMyuecKrue MPUHIMUIIBI JCUCTBUS METOIOB U CPEICTB Macc- T1IK-3.3.3
CIEKTPOMETPHUH

19 | Onummre pu3NUECKyIO CYILIIHOCTh TyHHeJBHOTO 3¢ (dekTa B IIK-3.¥.3
PanO3IEKTPOHHUKH

20 | OnumuTe OCHOBHBIE TIOHSATHUS U ONIPeeNiCHHs B 00JIaCTH HAHOTEXHOJIOTHIA | TIK-1.3.3 |

[lepeuenp TeM s KypCOBOTO NPOEKTHPOBAHUS/BBIIIOJHEHUS KypCOBOM pabOThI
Mpe/ICTaBIeHbI B Ta0nuie 17.
Tabnuna 17 — Ilepeyens TeM Juisi KypcOBOTO IPOEKTUPOBAHUSI/BBIIIOIHEHUSI KYPCOBOM pabOThI

Ne /i [TpuMepHBIii TepeueHb TeM ISl KypCOBOTO MPOEKTHPOBAHUS/BBITIOTHEHUS
KypcOBOIl pabOThI
Y4eOHBIM MIaHOM HE TPETyCMOTPEHO

Bompocsl 111 mpoBeneHHsT TPOMEXYTOYHOM aTrTecTaliii B BHUJIE€ TECTUPOBAHUS
IpeJICTaBICHBI B Ta0wmIe 18.
Tabmmma 18 — [IpumepHBIii IepedeHb BOITPOCOB TSI TECTOB

. Kon
Ne /m [IpuMepHBIii IepeyeHb BOIIPOCOB ISl TECTOB
WHIUKAaTOpa

1 Hccneoosanue Mukpo- u HAHOCMPYKMYp. . I1K-1.3.2

[poananm3upyiiTe ,Kakue METOBI TUArHOCTHKH HAanOoJIee pacpoCcTpaHeHbI
IUIs MicceqoBaHusl (PU3NYECKUX MapaMeTPOB U XapaKTePHUCTUK HAHOOOBEKTOB!
-3JIEKTPOHHAsI MUKPOCKOTIHS BBICOKOTO pa3peleHus;

-OTpaXkaTelbHas 3JIEKTPOHHASI MUKPOCKOTIIHS;

-MHUKPOCKOIHSI MEJUIEHHBIX 3JIEKTPOHOB.;




-~OINTHYCCKAsd MUKPOCKOIIHS.

Baoicnetimue  mexnonocuueckue 0oCmudiceHUst 80 8MOPOU NOJIOBUHE
08a0UAMO20 CMONeMusL.

[Ipoananu3upyiite, 4TO CIOCOOCTBOBANIO, B HAMOOJIBIIIEH CTCIICHH,
WHTEHCUBHOMY Pa3BUTHIO HAHOTEXHOJIOTHH B CTpaHE U 32 PyOeKoM?
-TEXHOJIOTHSI CO3/IaHHS DJICKTPOBAKYYMHBIX TPHOOPOB;

-CO3/IJaHIEe MUKPOMOJYJIBHBIX 3JICMCHTOB;

-CO3/JaHNE MHTETPATbHBIX MIEYaTHBIX TLIAT;

-CO3/IaHUE MOJTYTTPOBOJTHUKOBBIX  2JIEMEHTOB 3JICKTPOHHOM TEXHHKH.

[1IK-1.3.3

Qu3suueckas cywHocms 3axkoua I opoona Mypa.

[Ipoananu3upyiiTe, B UeM 3aKII0YAETCSI CMBICI AMITUPUIECKOT0 3akoHa Mypa?
-00BSCHAT MPYHITUI TTOTYIEeHUS 9epHO-0eTI0ro N300pakeHns Kaapa
TEJIEBU30PA;

-3aKOH OOBACHSET MIPUHIINIT (YHKIMOHUPOBAHUST ONTOBOJIOKOHHOTO
3JIEMEHTAa;

-TIpelesIbHBIC TPaHULIbI OBICTPOIEHCTBUS KOMITBIOTEPA;

-IIpeNIeJIbHOE YMCIIO Pa3MELIEeHHUS TPAH3UCTOPOB HA IIEYaTHOM IUIaTe
KOMIIBIOTEPA.

[IK-1.3.4

Cpeocmea usmepenis 015 uccie008anusi HaHOCMPYKmMyp.

[Tpoananu3upyiite, B 4eM 3aKITI0YAETCS OCHOBHBIE JIOCTOMHCTBA HIIEKTPOHHOTO
MHKpocKora?

-yIIy4dlIeHBI BECOBBIC U rabapUTHBIE XapaKTePUCTUKHU IPHOOPOB,
-BO3MOXKHOCTh IIM(POBOTO  MPEACTABICHUS PE3yIbTaTOB aHAIIN3A;

-0oJee coBepIIeHHAs, 10 CPABHEHHIO C ONITHYECKUM MHUKPOCKOIIOM, CHCTEMa
MOJTYyYEHUs H300pakeHHs HAOII0IaeMOTO OOBEKTA;

-BO3MOXXHOCTH TIOIY9eHHUs Oojiee pa3HooOpa3Hoil nHpopMaIi 006 00BeKTe;
-IIPEeIIbl YBEIHICHHSI HCCIEAYEMOro OOBEKTa.

IK-1.¥.1

OcHognvie napamempul U XapaxKmepucmuku MUKPOCKONO8

HazoBute npeaenbHble  3HAUCHHS XapaKTEPUCTHKH YBEIHMUCHHS
ONITHYECKOI0 MUKPOCKOIA:

- 100 pas3;

- 200 pas3;

- 400 pas3;

- 700 pa3;

- 1000 pas3;

- 1500 pa3

I1K-1.B.1

OcnosHvie napamempul u XapakmepucmuKy MUKPOCKONOE.

YcraHoBuTE NIpeaeNbHbIE 3HAYEHUS YBEJIMUEHHS JIEKTPOHHOTO
MHUKPOCKOIIA!

- 1000 pas3;

- 2000 pas3;

- 5000 pas3;

- 8000 pas3;

-1mnH. pas;

-2 MJTH. pa3

[IK-1.B.3

OcHosHble napamempul U XapaKmepucmuku MuKpoCKonos.
[Ipoananusupyiite, 4eMONpPEIEIIeTCs pa3penaronias ClloCOOHOCTb
ONTHYECKOTO MUKPOCKOMA:

- YPOBHEM OCBEIIEHHOCTH paboUeii INH3HL;

- BEITUIMHON (DOKYCHOTO PaCCTOSHUS;

- COBEPIICHCTBOM OTKJIOHSIIOIIEH CUCTEMBI;

- JITMHOM BOJTHBI CBETA.

IIK-3.3.2

OcnosHbie napamempul u XapakmepucmuKky MUKPOCKONOE.
[Ipoananu3upyiite, YeMonpeaesieTcsl pas3peraronas ciocoOHOCTb
3JIEKTPOHHOTO MUKPOCKOTIA:

- KOHCTPYKITHEH CHCTEMBI M300paKEHUSI MUKPOCKOTIA;

- YCTPOMCTBOM JIEKTPOHHOM IYIIIKH,

I1K-3.3.3




- CHCTEMOW CUMTHIBAHUS PE3yJIbTaTOB 00pabOTKN U3MEPEHHIA;
- paccTosHUEM IIPOJIETa IEKTPOHA;
- CKOPOCTBIO MPOJIETA AIEKTPOHA.

9 Tpeumywecmea snekmpoHHO20 MUKPOCKONA. IIK-1.3.3
[poananm3upyiiTe, 4YeM 00BACHIECTCS BRICOKAs pa3peniaromniasi CiocOOHOCTb
3JIEKTPOHHOTO MUKPOCKOTIA!

-TEOMETPUUYECKUMU pa3MepamMu paboyueli 30HbI;

-HCII0JIb30BAHUEM 3JICKTPOHHOTO TTIOTOKA BMECTO CBETOBOTO ITOTOKA;
-JJIMHOM BOJIHBI AJICKTPOHA.

10 11. Ilpoananu3upyiite, Kakas cepus CTaHIAPTOB B HacTosmee Bpems seisietcst | [1K-1.3.3
OCHOBHOW JJIs1 CTaHAapTOB U3 oomactu UT?
a. cepust 25000;

b. cepus 9000;

C. cepus 14000;
d. cepus 16000.
11 12. YcraHoBUTE 1Ba OCHOBHBIX cTaHAapTa B oomactu UT. a. 12207:1995; IIK-1.3.2

b. 19760:2003;
c. 16326:1999;
d. 90003:2004;
e.15288:2002.

12 13. YcraHoBuTe a00peBUATYPY MEXKTYHAPOTHOTO COKO3a ICKTPOCBA3H: I1K-3.3.3
a. IEEE;
b. IEC;
C. ITU;
d. ISO.

[lepeueHs TeM KOHTPOIBHBIX PabOT MO MUCHUIUIHHE OOYYAIOIIUXCS 3209HON (hOPMBI
oOydeHus1, mpeacTaBieHbl B Tabnuie 19.

Tabmuna 19 — [lepedeHb KOHTPOJIBHBIX PadOT

Ne n/mt IlepeyeHb KOHTPOJIBHBIX PadOT

He npenycmorpeno

10.4. Meroguueckue  Marepuaibl,  ONPEACHSAIONIME  TPOIEIyphl  OLICHUBAHHS
UH/IMKATOPOB, XapaKTEpU3YIOIIUX d3Tanmbl (HOpPMUPOBAHMS KOMIIETEHLUH, COAep)Karcs B
JOKaJIbHBIX HOpMaTuBHBIX akTax [YAIL, pernameHTUpyOIMX TOPSAOK M TPOLEAYPY
NPOBEICHUS TEKYILEro KOHTPOJIS YCIIEBAEMOCTH U MPOMEKYTOUHON aTTecTalluy 00y4aroIuxcs
I'VAIL

11. Meroauueckue ykazaHus JUIsi 00y4aroMIUXCsl 10 OCBOEHUIO IUCIUIITUHBI

11.1. Metoauueckue yka3zaHus [ OOYYalOIIMXCS 10 OCBOCHMIO JIEKIMOHHOI'O
MaTepuaia

OcHOBHOE Ha3HAYEHHE JIEKIIMOHHOTO MaTepHanga — JIOTUYECKH CTPOMHOE, CHUCTEMHOE,
riyOOKoe W SICHOE W3JIOKEeHHe yueOHoro marepuana. HasHadeHune COBpEMEHHOM JeKIuU B
pamMKax JUCIUIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(OpMAIMIO 10 TEME, a B OCBOCHUU
(byHaaMEeHTaNbHBIX MpoOJeM JUCHMIUIMHBI, METOJOB HAayYyHOrO IIO3HAHMS, HOBEWUIIMX
JOCTHKEHUI HayyHOUM MbIcau. B yueOHOM mporiecce JIEKIHs BBIIOJIHSAET METO/I0JIOIMYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYIO (QYHKIMH. JIEKIMs packpbIBaeT MOHATUHHBIN anmapar
KOHKPETHOW o0siacTH 3HaHus, €€ MpoOJeMbl, JaeT LEJIbHOE NPEACTaBICHUE O AUCLUILINHE,
MOKA3bIBAET B3aUMOCBS3b C IPYTUMU AUCLUIIIIMHAMH.

[InaHupyeMble pe3yibTaThl IPU OCBOEHUU 00YUYaIOUIMMUCS JIEKIIMOHHOTO MaTepuana;

— TIOJyYEHHE COBPEMEHHBIX, LEJIOCTHBIX, B3aMMOCBSA3aHHBIX 3HAaHUH, YpPOBEHb
KOTOPBIX ONPEAEIAETCS LEIEBOM YCTAHOBKOM K Ka)KJI0M KOHKPETHOU TEME;

— TIOJIy4€HHE OIbITa TBOPYECKOI padOThI COBMECTHO € IPENOJaBATEIEM;




— pasBuTHE OPOPECCHOHATBHO-ACIOBBIX  KAuecTB, JIIOOBH K  TpPEAMETYy H
CaMOCTOSTEIILHOTO TBOPUYECKOTO MBIIIICHHUS.

— TIOSIBIICHHE HEOOXOAMMOr0 UHTEpeca, HEOOXOAUMOTO JIJIsi CAMOCTOSITEIILHON paOoTHI,

— TMOJIyueHHE 3HAHUH O COBPEMEHHOM YPOBHE pa3BUTHS HAYKH U TCXHUKH H O
IPOTHO3E UX Pa3BUTHS Ha OJIMIKANIINE TOJIbI,

— Hay4uThCs METOJUYECKH oOpabarhiBaTh MaTepuai (BBIACIATH TJABHBIC MBICIH M
[OJIOKCHHS, NPUXOAMTh K KOHKPETHBIM BBIBOJAM, IIOBTOPSATh HX B  Pa3IMYHBIX
dbopmynHupoBKax);

—  MOJIy4eHHE TOYHOI'O TIOHUMAHHUS BCEX HEOOXOIUMBIX TEPMUHOB U TIOHSTHIA.

JIeKIIMOHHBIA ~ MaTeprajl MOJKET COINpPOBOKAATHCA JAEMOHCTpAalUEdl ClIaigIoB M
UCIIOJIb30BAHUEM DPA3aTOYHOr0 MaTepuajia IPH MPOBEACHUH KOPOTKHX JTUCKYCCHH 00
0COOEHHOCTAX MIPUMEHCHHS OTACIbHBIX TEMATHK I10 TUCIMILIHHE.

11.2. Meroauyeckue yka3zaHusl JUIsl OOYYaIONIUXCS TO TPOXOXKICHUIO TMPAKTHUYECKHUX
3aHATHH

[IpakTueckoe 3aHATHE SABIAETCS OJHOW M3 OCHOBHBIX (DOpPM OpraHu3anuu y4eOHOTo
mporecca, 3aKIIF0Yaroniasicsl B BHIOJHEHUN 00YJAIOIIUMUCS TIO0J] PYKOBOJICTBOM IIPEIIOAaBaATEIIs
KOMIUIEKCa Y4eOHBIX 3aJaHUil C LEeJIbI0 YCBOEHUS HAYYHO-TEOPETUYECKHMX OCHOB YyueOHOMU
JUCITUTUIMHBI, TPHOOPETEHUSI YMEHUI U HABBIKOB, OITBITA TBOPUECKOH JEATECIHHOCTH.

[enbro MpakTUYECKOTO 3aHIATHSI ISl 00Yy4aroIIerocs SBJSETCS MPUBUTHE 00YUAIOIIUMCS
YMCHHI U HAaBBIKOB MPAKTUYCCKOU JIEATEIHPHOCTH 110 U3y4aeMOU JUCITUTLINHE.

[Tnanupyemblie pe3yabTaThl MIPU OCBOCHUU 00yUYAIOLIUMCS IPAKTHUECKUX 3aHSATHIL:

— 3aKperuicHHWe, YriayOJeHHWe, pacIIMpeHHWe M JeTalu3alus 3HAHWWA TMPU PEIICHUU
KOHKPETHBIX 3a/1a4;

— pa3BUTHE IIO3HABATCIIBHBIX CIIOCOOHOCTEH, CaMOCTOSTEIBHOCTH  MBIILICHUS,
TBOPYECKON aKTHUBHOCTH;

— OBJIQJICHWEC HOBBIMH METOJaMH W METOJUKAaMU HW3YYCHHS KOHKPETHOH y4eOHOM
IUCIHATUIHHEL,

— BbIpabOTKa CIOCOOHOCTH JIOTMYECKOTO OCMBICICHUS TIOJYYCHHBIX 3HAHUW s
BBITIOJTHCHMS 3aTaHHI;

— ofecrnieueHue parMOHAIBLHOTO COYETaHUsl KOJJIEKTUBHOM M WHAMBHIYaIbHOU (Gopm
oOyueHusl.

11.3. Meroauueckue yka3aHus [Uid OOYYalOIIMXCS IO MPOXOXKICHHUIO KypCOBOTO
MIPOEKTUPOBAHUS/BBITIOIHEHUST KYPCOBOM PabOTHI (eciu npedycmMompero y4yeOHbIM NIAHOM HO
OaHHOU Oucyuniume)

KypcoBoii npoekt/ paboTa mpoBOAUTCA C 1ebI0 POPMUPOBAHUS Y 00yUaOIIUXCSI OTbITa
KOMIIJIEKCHOT'O PELICHUs] KOHKPETHBIX 3a/]1au MPOo(PeCcCHOHANBHOM NesTeTbHOCTH.

KypcoBoii npoekt/ paboTa 1mo3BoJisieT 00y4aromeMycsi:

CTpyKTVYpa MOACHUTENLHOM 3aIIMCKN KYPCOBOTO ITPOEKTa/ padOTHI
Obs3amenvHo 0115 3aN0IHeHUs npenooasamenem

TpeboBanust k 0HOpPMIIEHUIO TOSICHUTEIHHON 3aMMCKH KYPCOBOTO POEKTa/ paboThl
Obs3amenvHo 015 3anoIHEeHUs NPenoodasamenem

Ecnu memoouyeckue ykazauus no Kypco8omy NpoeKmuposanuio/ GbINOJIHEHUIO KYPCOBOU
pabomsl umeromcs 68 U30AHHOM 6ude, 8 8ude 3eKMpPOHHbIX pecypcod oubdruomexu ['VAIL
cucmemvl LMS, xagedpol u m.o., Heodxooumo dams Ha Hux ccoliky uau npusecmu URL adpec.

11.4. Metoauueckue yKazaHus JUIsl 00Y4arOIIUXCS MO MPOXO0XKAECHUIO CAMOCTOSATEIbHON
paboThI



B Xoze BBINOTHEHHS CAMOCTOSITENFHONW pabOThl, 0OyUYarOMIMNACS BBHIMONHAET paboTy 1o
3aJIaHUI0 ¥ TP METOJMYECKOM PYKOBOJICTBE IpEIojaBatelis, HO 0e3 ero HemOCPEACTBEHHOTO
YYaCTHA.

Jlns oOyuaromuxcsi o 3a049HOM (hopme OOydeHHs, caMOCTOSITeIbHAs paboTa MOXKET
BKJIIOYATh B €051 KOHTPOJIbHYIO padoTy.

B mpornecce BBINONHEHHST CaMOCTOSTEIbHOM paboThl, y oOydaromierocsi GopMupyercs
nenecooOpasHoe MmIaHupoBaHUE pabouero BpeMEeHH, KOTOpOe MO3BOJISIET UM pa3BUBATh YMEHUS
Y HaBBIKM B YCBOGHHM M CHUCTEMAaTH3allMU NPUOOPETaeMbIX 3HAHUH, 0OEcrieunBaeT BBICOKHI
YPOBEHb YCIEBAEMOCTH B NEpUOJ OOydYeHHs, IOMOTaeT IOJYYUTh HABBIKH ITOBBIIICHHS
poeCCHOHATBHOTO YPOBHSL.

MeTtoauyeckUMH ~ MaTepuallaMH,  HampaBJSIONIMMU  CaMOCTOSITENIbHYIO — paboTy
00yJaIOIIMX CSISIBISIOTCA:

—  y4eOHO-METOINYECKUN MaTepHal 1Mo IUCIHUILINHE;

— METOJIMYECKHE yKa3aHUS I10 BBIIOJIHCHHUIO KOHTPOJIBHBIX PaboT (At 00ydaronuxcst
1o 3a04HOU (hopme oOyueHus).

11.5. Metoauueckre yKazaHus [UIsI OOYYarOIIMXCS IO MPOXOXKACHHUIO TEKYIIEro
KOHTPOJIS YCIIEBAEMOCTH.

Texymuii KOHTPOJb YCIEBAaEMOCTH MpEAyCMaTpUBAEeT KOHTPOIb KadyecTBa 3HAHUI
00ydJarouMxcs, OCyIIECTBISIEMOT0 B TEUEHHE CEMECTpa C IENbI0 OICHUBAHUS XO0/a OCBOCHUS
IUCIHIIINHEL

11.6. MeTtoauueckue yka3zaHus A 00y4arouIuMxcs MO MPOXOKICHHUIO MPOMEKYTOYHOMN
aTTecTalnuu.

[IpomexyrouHas  arTectauus  oOydaroluxcs — MpeAycMaTpuUBaeT  OLICHUBAHHE
IIPOMEXKYTOUHBIX U OKOHYATEIbHBIX PE3Yy/IbTaTOB 00y4YeHMs MO JuciuIuinHe. OHa BKIIIOYAET B
ceos:

— D9K3aMeH — ¢opMa OIEHKM 3HAHWM, TOJYYCHHBIX OOy4YalomMUMCs B TIpoOIecce
I/ISY‘IGHI/H[ BCGI71 JAUCHUINIIMHBI UJIM €€ 4aCTHU, HAaBBIKOB CaMOCTOHTCHBHOﬁ pa6OTI)I, CHOCO6HOCTI/I
NPUMEHATh MX JJIs pEUIeHUs MPAKTHUECKUX 3ajad. JK3aMEH, Kak MpPaBWIO, MPOBOJUTCS B
MEepUoJ, HK3aMEHAIMOHHOM CECCHMM M 3aBEPIIAETCS aTTECTAIMOHHOMW OIEHKON «OTIUYHOR,
«XOPOLIOY, «YAOBJIETBOPUTEIHLHO», «HEYIOBIETBOPUTEIHHOY.

— 3a4eT — 3To (opMa OLIEHKH 3HAHUH, MOJYYEHHBIX OOYyYalOIIUMCS B XO/€ U3yUCHUS
y4eOHON TUCHUIUIMHBI B 1IEJIOM WJIM TPOMEKYTOUHas (M0 OKOHYAHUU CEMECTpa) OIleHKa 3HAHUMA
00y4JaromuMcs 10 OTAEIBHBIM pa3fesiaM TUCIUIUIUHBI C aTTeCTallMOHHOW OIIEHKOM «3auyTeHO»
NI «HEC 3a4YTCHO».

— muddepeHInpoBaHHbI 3aueT — 3To0 ¢dopMa OIEHKA 3HAHHWH, TOTYyYEeHHBIX
o0y4JarmuMcsl TpU U3YYCHUH AUCIMUILTUHBL, TPU BHIMOTHEHUH KYPCOBBIX MPOEKTOB, KYPCOBBIX
paboT, HayYHO-UCCIEA0BATEIILCKUX Pa0OT M MPOXOKIACHUU IPAKTUK C aTTECTAIIMOHHOMN OLIEHKOM
«OTIUYHOY, «XOPOIIO», «yAOBIETBOPUTEIBHOY, KHEYTOBIETBOPUTEIHLHO.



Jluct BHeceHUs: U3BMEHEHUH B pabouyio IporpaMmy JTUCIUTUIMHBI

JlaTta BHECEeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOIA
3aceaHusl
Kadeapsl

Ionmuce
3aB.

kadempoit




