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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

CopepxaHve IUCHMIUIMHBI OXBAaThIBAET KpPYI BOIPOCOB, CBS3aHHBIX C METOJAaMHU
uccienoBanust  (U3NYECKUX, (PUIUKO-XUMUYECKUX M TEOMETPUYECKUX TMapaMeTpoB U
XapaKTEPUCTUK TBEPAOTEIbHBIX M MOJIEKYISIPHBIX CTPYKTyp. Cpeaum MHOXeCTBa METOJI0B
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
HAHOCTPYKTYP, CPEAM KOTOPBIX MOKHO BBIJEIUTH OCHOBHBIC T'PYMIBI METOMOB: SJIEKTPOHHAS
MHUKPOCKOIIHS BBICOKOI'O PAa3peLICHMs; METOJAbl CKaHUPYIOIIEH 3JIEKTPOHHOW MHKPOCKOIIUY;
CKaHUpYIOLasi ~ TyHHEJIbHAs  MHUKPOCKOIUS;, PEHTTeHOIU(PaKINOHHbBIE METOJIbI ¢
UCTIONB30BaHUEM d((eKTa BBHICOKOH CBETUMOCTH  CHHXPOTPOHHBIX HMCTOYHHUKOB; METOJIbI
AIIEKTPOHHOW CHEKTPOCKOIUU Il XMMUYECKOTO aHaIn3a.

[IpenogaBanre AUCHMIUIMHBI MpEIycMaTpUBAaeT cieayrouue (opMbl OpraHu3aluu
yueOHOro Mpoliecca: JeKIIH, IPAKTUIECKHUE 3aHATHS CaMOCTOsTENIbHAs paboTa 00y4arouierocs.

[TporpaMMoil AMCUMILIMHBI MPEAYCMOTPEHBI CIIEAYIOIIUE BHJIbI KOHTPOJIS: TEKYILUN
KOHTPOJIb YCIIEBAEMOCTH, IIPOMEKYTOUYHAsI aTTecTalus B hopMe 3a4era.

OO0mast TpyA0eMKOCTh OCBOSHUS JMCIMILIMHBI COCTaBIsET 3 3adeTHBIX eawHmibl, 108
4acoB.

S3bIK 00yueHus IO JUCIUILIUHE KPYCCKHUM »



1. TlepedeHb IIaHUPYEMBIX PE3yJIbTATOB O0YyUYCHUS MO TUCLUILIHMHE

1.1. Ilenpto mpemomaBaHus JAUCHMIUIMHBI  SBJISCTCS — MOJYYEHHE  CTYICHTaMH
HEOOXOUMBIX 3HAHUI chepe BBICOKMX TEXHOJIOTMH CBA3aHHBIX C TMPUKIATHBIMU
UCCIICIOBAaHUSMH KOHCTPYMPOBAHUEM M MPAKTUYECKUM HCIOJIb30BAHUEM MATEPHUATIOB |
BCIICCTB HAa ATOMHOM M MOJICKYJIAPHOM YPOBHAX, a TAKXKC CpCACTBAX, MCTOAOB W MCTOJUK
ucciaenoBanus (U3NYECKUX, (DUBUKO-XUMHUUECKMX M T'€OMETPHUYCCKHX IapaMeTpoB |
XapaKTEPUCTHK TBEPJIOTENbHBIX M MOJEKYIAPHBIX 00BeKkTOB. [lpu 3TOM 0c000e BHUMaHHE
yIOCNEHO  M3YYCHHI0  OCOOCHHOCTEH  BBICOKOPA3pEHIAIONIMX  METOMOB  HCCIICIOBAHUM
MOJICKYJISIPHBIX OOBEKTOB, OOCCIIEUUBAIONIUX TOJTy4YeHHe Hambosee moiaHod uHopmammu o0
OCHOBHBIX CBOWCTBAX M XapaKTEPUCTHKAX U MPOTEKAIOIINX B HUX MPOIECCcax.

1.2. JlucuumiuHa  BXOOUT B  COCTaB  dYacTd, (HOpMHpPYyeMOH  ydacTHUKAMHU
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
KOMIIETSHIIMSIMU WJTH WX 9acTsAMH. KoMIeTeHIMu 1 WHAMKATOPHI UX JOCTHKCHHS TPUBEICHBI 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
IIPOBOJINUTEL aHAIN3
POBOZL I1K-1.3.3 3HaTh 007aCTh IPUMEHEHUS METO/IOB
COCTOSIHUSI
U3MEPECHUS
METPOJIOTUYECKOTO
[Ipodeccuonanbubie 06ECICUCHIS B [1K-1.3.4 3HaTh KOHCTPYKTHUBHBIE OCOOEHHOCTH U
KOMIIETEHIINHU MIPUHIUIIBI pa0OTHI CPEJICTB U3MEPEHUS,
nopa3aeieHun
o TEXHOJIOTHYECKHE BO3MOXXHOCTH B 00J1aCcTH
METPOJIOTUUECKOU
MIPUMEHEHUS CPEACTB U3MEPEHUS
CITYKOBI
OpraHu3aln
I1K-3 Criocoben
OCYLIECTBIIATh I1K-3.3.3 3HaTh ¢u3nvecKkrue NpUHIMIBI padoThI,
paboThI MO BO3MOKHOCTH ¥ 00JIaCTH MPUMEHEHUSI METO/IOB U
BBIABIIEHUIO U CpEICTB U3MEpPEHUN
[Tpodeccuonanbuble
KOMITETEHIIH MPEIOTBPALICHHUIO [1K-3.VY.3 ymeTs BoIOUpaTh U pa3padaThiBaTh
HECOOTBETCTBUHI METO/Ibl U CPEICTBA KOHTPOJIS 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:
— (u3HYECKHEe OCHOBBI U3MEPEHUH U ITAJIOHHI,
— METOJBI U CPEJICTBA UBMEPEHUM, UCTIBITAHUN U KOHTPOJIA;

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




3HaHMs, TOJYYEHHBbIE NPHU H3YYEHUU MaTepuala JaHHOM IUCUUIUIMHBI, MUMEIOT Kak
CaMOCTOATENILHOE 3HAYEHHE, TaK U MOT'YT UCIIOIb30BATLCS IPU U3YYECHUU APYTUX JUCLUIIINH:
— - IUQPOBBIE METOJIBI U CPEICTBA U3MEPEHHIA;
— - IPOU3BOJACTBEHHAs IIPAKTHKA;
— - IPOU3BOACTBEHHAs IIPEAJUILIOMHAs IIPAKTHKA.

3. OO0BEM U TPYTOEMKOCTh JUCIUILTAHBI
JlanHbie 00 00mIEeM O0BbeMe JUCIUILIMHBI, TPYJOEMKOCTH OT/ACIBHBIX BHUJOB Y4eOHOMH
paboThI 10 TUCIUILIMHE (M paclpeieiCHue 3TOH TPYAOEMKOCTH 110 CEMeCTpam) IpeACTaBICHbI B
Tadymue 2.

Tabmuna 2 — O6beM U TPYIOEMKOCTh TUCIUIITMHbI

TpynoeMkocTh Mo
Bun yueGHO# paboThI Bceero cemMecTpam
Ne7
1 2 3
Oowan mpyooemKkocmp OuUCYUnJIUHDL, 3/ 108 3/ 108
3E/ (uac)
U3 Hux uacoe npakmuyeckoil no020moeKu 8 8
AyoumopHhuie 3auamus, BCEro 4ac. 16 16
B TOM YHCIIE:
nexmu (JI), (gac) 8 8
npaktudeckue/cemunapckue 3anarus  (113), 8 8
(gac)
Camocmoamenvnan paboma, Bcero (4ac) 92 92
Buo npomesxxcymounoit ammecmayuu:. 3a4er,
mubd. 3auger, sk3amen (3auer, Hudd. 3auy, | 3auer 3auer
OK3.%%)

*k
HpI/IMe‘IaHI/IeZ KaHAUJATCKHUU 3K3aMCH

4. ConepxaHue JUCITUTUTHHBI
4.1. PacnpeneneHue TPyIOEMKOCTH JUCIUILTHHBI [0 pa3/ielaM U BUIaM 3aHSATHI.
Paznensl, TeMBI TUCIUTIINHBI U MX TPYAOEMKOCTh TIPUBEICHBI B TAOIHUIIE 3.

Tabnuna 3 — Pa3aensl, TeMbl AUCIUILIUHBL, UX TPYAOEMKOCTh

Paznesbl, TeMbl TUCIUITITUHBI Jlexmm | 113 (C3)| - JIP KII CPC
’ (dac) (dac) (uac) (dac) (Jac)
Cemectp 7
Paznen 1. O0Omue cBeneHust 00 00bLeKTax
MCCJICIOBaHMS B 00JIaCTH HAHOTEXHOJIOTHH. 2 2 o5

Bunbl HaHOCTPYKTYp, Ha3HAYEHUE, OCHOBHBIE
ofpeieNneHus, Kiiaccudukanus o0bEeKTOB

Paznen 2. CtpykTypa, CBOWCTBA, METOIBI TOTYUCHHUS U ) 5 23
0COOCHHOCTH MTPUMEHEHUSI HAHOCTPYKTY]P

Paznen 3. XapakTepucTrKa KOHLIETIINI
MOJICKYJIIPHBIX HAHOTEXHOJIOTHIA

Paznen 4. OOmias xapakTepucTuKa METOI0B
UCCIIeIOBaHUN 00BEKTOB MUKPO M HAHOCTPYKTYP

Hroro B cemecTpe: 8 8 92

Hroro 8 8 0 0 92




HpaKTI/I‘-IeCKaH IIoAroTOBKAa 3aKJI0YacTCA B HCIMMOCPCACTBCHHOM BBITIOJIHCHU U
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 pa3JeyioB U TEM JEKIIMOHHOTO ITUKIIA

Howmep
HasBanue u conepxanue pas3iesioB U TEM JICKIIMOHHBIX 3aHATHI
pazzena
Pasgen 1 | Tema 1. OcHOBHBIE TIOHATHS HAHOTEXHOJOTHHA W MH()OPMAIMOHHBIX TeXxHOMoTui. Obmne

cBeneHnst 00 OOBEKTax HCCIeOBaHUsI HAHOCTPYKTyp. HasnaueHwe, onpeznencHus,
KJIACCU(UKAIUSL
Tema 1.1.1. BBeneHue B HaHOMHD U B HH(POPMAIIMOHHBIE TEXHOJIOTUH, OCHOBHBIE TIOJIOKEHUSI.

B Hacrosmiee BpeMs NPOHMCXOIAT KOPEHHBIE M3MCHEHHS B c(hepe BBICOKMX TEXHOJIOTHH,
MHKPOMEXaHHKH W  JpYrux oONacTaX  YeNOBEYEeCKOW  AEATEIBHOCTH, CBA3AHHBIX  C
(yHIaMEHTaNbHBIMH ¥ TPHUKIAJHBIMA HCCIEIOBAaHUAMH, KOHCTPYHPOBAHHEM M IIPAKTUYECKUM
HCTIONb30BaHUEM MAaTepHajOB, YCTPOWCTB U CPEACTB M3MEPEHHH OOBEKTOB, 3JIEMEHTHl KOTOPBIX
umeror pasmepsl Meree 100 HM. Mupopmanus (ot nar. «Informatio») - 370 3HaHUs, CBeACHHS,
COOOILCHNSI, SBIISIONIMECS] 00BEKTOM XpaHEeHHUs, IPeoOpa3oBaHus, epeaady U MOMOTAOIIIe PeIaTh
MIOCTaBJICHHBIC 3a/1a4H.

Wudopmanmonnas texHosorus GopMHpYeT NEepeIHUN Kpall HayqHO-TEXHHUYECKOTO Mporpecca,
co3JaeT MHPOPMAIIMOHHBIA (YHIAMEHT pa3BUTHSI HAyKH U BCEX OCTAJILHBIX TeXHOJOrnil.Pa3Burue
NH(GOPMAIMOHHBIX TEXHOJOTHI BO BCEM MHpE OOBACHAETCS BO3POCHIEH HMHTEHCHBHOCTHIO
nH()OPMAIMOHHBIX MOTOKOB BCIIEACTBHE PA3BUTHS MPOLECCOB INIOOATM3ALNN MHUPOBOH SKOHOMHKH
1 CTAHOBJIEHUS MH(OPMAIMOHHOTO INPOCTPAHCTBA. YIIPABICHUECKAsl AEATEIbHOCTh HY)KIACTCS B
nH(popMannoHHOM 00ecnedeHn , Tak Kak 00padoTka nH(GopManny At TPUHATHS YIPaBICHISCKNAX
pelIeHui 1 BEIpaOOTKN YIPaBIISIOMNX BO3ACHCTBHUI 3aHUMAET JOCTATOYHO MHOTO BPEMEHH.

Tema 1.1.2. HanotexHonoruu B MHGOPMAIOHHBIX TEXHOJIOTUSIX

B mHacrosimiee BpeMs HAHOTEXHOJIOTHSM yneiseTcs OOJblIoe BHUMaHHE - CO3JAl0TCA
HCCIIeI0BATENILCKIE HHCTUTYTHI, Pa3BepHyTa MOAroToBKa crennanictoB. B CIIA stumu BompocaMn
3aHMMAalOTCsl Takue u3BecTHble (upmbl, kak Intel, MEMS Industry Group, Sandia National Labs.
PaccmarpuBaemblii Kpyr BOMPOCOB - OT PYYKH 0e3 pa3OpbI3rUBaHUs YEPHUI 10 OECIPOBOJIOUHOMN
nepeaydl JaHHBIX, ONTHYECKUX YCTPOWCTB YMPABJICHUS OPYKMEM M MHUHHUCIIYTHHKOB. ATEHTCTBO
mepcreKTHBHBIX pa3padoTtok MO CHIA peammsyer mporpammy "YMHas MbLUTh", HapaBIeHHYIO Ha
CO3/IaHWE CBEPXMHHHUATIOPHBIX YCTPOMCTB, CIIOCOOHBIX TEHEPHUPOBATH JHEPTHIO, IPOBOANTDH
MOHHUTOPHHI' OKpYJXKalollel cpebl, HaKaluMBaTh W IiepenaBarTh uH(popManuio OueHb 3HAYNMOE
JIOCTHKEHHE B 001aCTH HAHOTEXHOJIOTHH - CO3/IaHMe /Ipa ONEPALHUOHHON CHCTEMBI.

Slnpom - neHTpanbHas 4acTh omepanuoHHoi cuctembl (OC), oOecneunBaromnias
TIPWIIOKEHUSIM KOOPIMHUPOBAHHBIN JIOCTYI K pecypcaM KOMIbBIOTEpA, TAKUM KakK IPOIECCOPHOE
BpeMs, IaMsATh U BHEIIHEE anmnapaTHoe odecnedeHne. Takke 0OBIYHO SIIPO MPETOCTABISAET CEPBHUCHI
(aiisoBOM cUCTEMBbI M CeTeBBIX NpoTokosioB.Ha naHHOE Bpemsi yke BBINYIIEHBI OINEpaluOHHbIC
CUCTEMBI Ha OCHOBe 2, 4 u 6 siep.

CerogHs yke CO37aH HOBBIM TEMJIOOTBOAHBIM HWHTepdeic, NPU3BAHHBIN 3aIUIATh
MHKPOCXEMBI OyIyIIero OT TeperpeBa. YUeHBbIE PEeIMIN OTKa3aThCsi OT TPaJUIOHHOTO
nHTepdeiica Ha Ma3eBOI OCHOBE, Co/IepIKaIleii METKHEe MEeTAIIMYECKIE YacTUIRl. BmMecTo 3Toro oHn
IIPEUI0KUIIN BBIPAIUBATh TEINIOOTBOAHBIE AIIEMEHTHI NIPSIMO HAa MOBEPXHOCTU MUKPOCXEMBI.

B pesynbraTe MOBEPXHOCTh 4YMIIA IIOKPHIBAIACh LEIBIM JIECOM HAHOCKOIMUYECKUX
YIJIEPOJIHBIX HAHOTPYOOYEK, KOTOpBIE M MPEACTABISIIM COOOH OCHOBY HOBOI'O TEIJIOOTBOJHOTO
nHtepdeiica. s BbIpamuBaHus HaHOJEca HA IIOBEPXHOCTH IIOJIYNIPOBOJHUKA OBUIM HAHECEH
PHCYHOK C HCIIOJIb30BAaHMEM CIEIHAIBHBIX MIA0JIOHOB M3 MOJIEKYJ C pa3BETBICHHOH LEMbIO,
nMeHyeMbIX aeHapumepamu (dendrimers). 3areM B TOYKax pas3BETBICHHUS PHUCYHKAa OBLTH
pa3MeIeHsl YaCcTUIIBI-KaTaIn3aToOphl pOCTa YIIEPOAHBIX TPYOOUeK, BBHIMOJHEHHBIE U3 MEPEXOIHBIX
METaJUIOB: JKeJe3a, HUKeINs, KoOajapTa Wi Hautaaus auamerpoM mopsaka 10 M. O6paboTanHbIe
KaTaln3aTopaMH IOJYNPOBOJHUKN TOMEINAINCh B KaMepy C METaHOBOW artmocgepoil, rae u
MIPOUCXOJWI COOCTBEHHO TIpoIlecC 'BBIpAIMBaHUA" YIIEPOAHBIX HAHOTPYOOK C JHAMETPOM,
CTPEMSIINMCS K TAKOBOMY YaCTHI[-KaTaJIH3aTOPOB
Tema 1.1.3. VickyccTBEHHBIN MHTEIUIEKT U MAlIMHHOE 00y4EeHHe.

VckyccTBEHHBINM MHTEIUIEKT XapaKTepH3yeTcsi METOJJaMH, KOTOpPbIE MO3BOJISIFOT UMUTHPOBATh
yejoBeueckoe mnoBesieHHe. Ha ocHOBe NaHHBIX 00 OCOOEGHHOCTSX HMHTEIUIEKTa M paciIngpoBKax




ACIIEKTOB OOYYCHHMs MaIllMHA MOYET BOCHPOHM3BECTH TH MPOLECCHL. BRIACIAIOT TpU IPYIIIBI CUCTEM
HMCKYCCTBEHHOTO MHTEJIEKTA:

- OTpaHWYCHHBIM UCKycCTBeHHBIH MHTeekT (Narrow Al) — pemreHue ogHONH KOHKPETHOW
3a1aun;

- o0muit wnckyccTBeHHBIM HWHTEUIEKT (AGI) — MOXXET BBINIOJNHATH MHOTO 3a7ad  Kak
YeITOBEYCCKHIA MO3T;

- CBEPXpPa3yMHBII HCKYCCTBEHHBII HHTEIUICKT — BEINIE HHTEIIICKTA YeJIOBEKa.

MarmnHHOe 00yueHIEe — HAMpaBJICHUE UCKYCCTBCHHOTO MHTEIUICKTA, BKIIFOUYAIOIIEE METOJBI, C
MMOMOIIFI0 KOTOPBIX MOXKHO OOydYuTh. MaIIUHBI TONYy4YarOT JaHHbIC W OOYYaKOTCSA II0 HUM.
Hampumep, pemenue kiacca 3ajad Ha pacrio3HaBaHUe 00pa3oB.

I'mybGokoe oOyuyeHHE - TMOAMHOXKECTBO MAIIMHHOTO OOYYCHUS — UCIOJB3YeT HCHPOHHBIC CETH
JUISL pelIeHMsl pealbHbIX 3a7a4u. HelipoHHbIE ceTH UMUTHUPYIOT YelloBeUeCcKoe MOBEACHHE B IpoIiecce

MIPUHATHSL PELLIEHUN.

KommprotrepHoe 3peHne- 001acTh HCKYCCTBEHHOTO WHTEIUICKTA, HAIIPaBJICHHAS Ha aHAJIN3 BHUICO
n uzo0paxenuit. Kommplorep HanemistoT HaOOPOM METOJIOB, C MOMOIIBIO KOTOPBIX OH H3BJIEKaeT
UHPOPMAIIUIO U3 YBUJCHHOTO. MalIlHBI MOTYT OOHAPYKUBATh, OTCICKUBATH M KIACCUPUIIMPOBATH
OOBEKTHI.

Heiipocetn - maremaTudeckast MOJICIb, IPOrpaMmMa KOTOPOH (PYHKIIHOHUPYET MOJT00HO MO3TY
XKHUBOTro opraHu3Ma. CyIHOCTh HeWpoceTel 3aKIoyaeTcs B MOCTPOSCHUH MPOTPAMMBI IO MPHUHIUITY
(YHKIIMOHUPOBAHUSI OMOJIOTMYECKUX HEHPOHHBIX cereil. C MOMOIIBI0 HEHPOHHBIX CETeH pelaroT
3a[au KIacCU(UKAIINH, IPEICKa3aHUs, pAaCTIO3HABAHMUS

biiox4eiiH 1 KpUNTOBAJIOTHI.

Brokueitn — HempepbIBHAS IIETIOYKa OJIOKOB U XpaHCHHUS WH(POpPMAINU, CPOPMHUPOBAHHAS
IO OTIpe/IeIeHHBIM TIpaBmiIaM. L{nppoBeie JaHHBIC 3aIIUIIECHBI OT IOAMEHBI U I3MCHEHUIA.

KpunroBamota - pa3sHOBHIHOCTH HU(PPOBOW BamOTHl. Ee KONMWYEeCTBO OIpeaernseTcs
KOJIMYECTBOM [I@HHBIX PACUYETHBIX €AMHMUIL, KOTOPOE 3alUCBIBACTCA B COOTBETCTBYIOLIEH INO3ULUU

nH(GOPMAIMOHHOTO MaKeTa IPOTOKOJNA Iepefavyd JaHHbBIX.bonpmme nannsle nnm Big Data —
CTPYKTYPHUPOBAHHBIC WM HECTPYKTYPHUPOBAHHBIE MAacCHBBI JaHHBIX OonbImoro obbema. Mx

HCTIONB3YIOT ISl CTATUCTUKH, aHATN3a, IPUHATHUS PEIICHHH »
Tema 1.2 THCTpyMEHTHI HAHOTEXHOJIOTHU

CoBpeMeHHbIE METOJ/BI UCCIIEIOBAaHUS, MPUMEHSIEMbIE B HAHOTEXHOJOTHUSX CTAJId BO3MOJKHBI,
Korja ObuUtM  pa3pabOTaHbl M WHCTPYMEHTAJIBHO TIOJATBEPXKIEHBI OCHOBHBIE UAEH ATOMHO-
MOJIEKYJISIPHOM TEOPHUH W TMONYYCHBI IIePBBIC PEHTTEHOBCKHE AH(DPaAKIMOHHBIE H300paKCHUS
KPUCTaJUTHIECKUAX CTPYKTYp. BaKHBIM cOOBITHEM B WCTOPMH HAHOHYKH CTal0 H300peTeHUE
MPOCBEUMBAIOMICH  AJIEKTPOHHOH  MHUKPOCKONHH, TO3BOJIONICH  IONYyYUTh  HU300paKeHHE
HAaHOPa3MEPHBIX CTPYKTYP, a TAaKXKe U300peTeHHE CKaHUPYIOIIETO TYHHEIPHOTO MUKPOCKOTIA.
Tema 1.3 UccnenoBanne 00bEKTOB HAHOTEXHOJIOT AN
[IpeameToM HAHOTEXHOJIOTUN SIBISETCSI HOBbIE OOBEKTHI — HAHOCTPYKTYPBI, KOTOpPBHIE HMEIOT
CyOMHKPOHHBIH pa3Mep B OJHOM K3 HAIPaBJICHHN, KOTOpPhIE B COK OYepelb, HYXIAOTCSI B
kinaccuukaiui. B oCHOBY Kiaccu(pHKaIMU MOJIOKEHBI CTPYKTYpa, COCTaB, a TaKKE MX (PU3UKO-
XMMHUYECKHE CBOMCTBA.

Paznen 2

CTpyKTypa, CBOWCTBa, METOIBI IOYUSHISI 1 OCOOCHHOCTH MIPUMEHEHUST HAHOCTPYKTYP.

Tema 2.1 OU3UKO-XMMUUYECKHE CBONCTBA HAHOCTPPYKTYP

B o0macTu BBICOKHX TEXHOJOTHH HIMPOKO HCHOIB3YeTCS KIacCH(pUKAIMS AUCIHEPCHBIX CHCTEM II0
JMCHEPCHOCTH, T.€. TI0 pa3MepaM M y/IeJIbHOH IO MOBEPXHOCTH JUCTIepCHO (a3bl. B mepBom
NIPUOIMKEHUH AUCIIEPCHBIE CUCTEMBI MOJIPA3IEISIIOTCSl Ha TPpyOOANCIIEPCHBIE U TOHKOANCIIEPCHBIE,
TaK Ha3bIBa€MbIe KOJUIOWTHBIE CHCTEMBI.

Tema 2.2 YrnepoaHsle CTPYKTYPHI - YITIEPOJ SIBIIIETCS HanOoJIee pacpOCTPaHEHHBIM AJIEMEHTOM B
MIPUPOJIC, OH CYIIECTBYET B TBepAOH (haze M HECKOIBKUX MOAMMUKAIMAX C PA3NIUIHBIMH (PH3HKO-
XUMHUYECKUMH CBOWCTBaMU: rpaduT, aimas, kapOouH, rpadeH. Bakuelinielr o0coOOEHHOCTRIO yriiepoia
SIBIISIETCSl CIIOCOOHOCTH 00pa3zoBwiBaTh Ienoukun —C —C — C-, KOTOpBIE MPHUPOJIa UCTIONB3YET IS
co3/1aHus1 OMOJIOTHUECKHUX TTOJIMMEPOB, a YENIOBEK ISl IPOM3BOJICTBA PA3IMYHBIX CHHTETHYECKUX
MaTepHUaoB.

Tema 2.3. B KOHIIe MPONUIOrO CTOJETHsI OBUIM OTKPHITHI HOBBIE YIJIEPOJIHBIE COSIAMHEHUS, Cpelr
KOTOpBIX (yiuiepeH, oOyiafalomnii yHUKalbHBIMU CBoWcTBaMH. (DysiepeH HMMeeT KapKacHYIO
CTPYKTYpPY, KOTOpas COCTOMT W3 3aIUIaTOK IATH- W [IeCTHYroiabHON ¢(opmer. B 1990 r. Obun
pa3zpaboTaH METOJ MMoJIydeHus QyepeHa.




Tema 2.4. B 1991 1. B ipoayKTax 3JIeKTPOAYTOBOTO HCIapeHus rpaduTa ObUTH 0OHAPYKEHBI
MIIMHAPUYECKUE YTICPOIHbIC KOHCTPYKINH, TIOJTyYUBIINE HA3BaHUS «HAHOTPYyOKm». HaHOTpyOKa
TIPEICTaBIsIET COOOH MPOTSHKEHHBIC IIMITHHIPHYECKIE CTPYKTYPBI THAMETPOM OT OJZHOTO 110
HECKOJBKHX JIECATKOB HAHOMETPOB U JUTMHOH 10 HECKOJIBKUX CAaHTUMETPOB. [1o cymecTBy Takas
HaHOTPYOKa MpPEACTaBIsIeT COOOH OHY MOJIEKYITy, COCTOSIIYIO U3 MIUUIHOHA aTOMOB yriiepona. B
obrmieMm ciiyyae, YHT 00nafgar0T yHUKaIbHBIME DJICKTPHICCKIMU, MEXaHUICCKUMHU ¥ XUMUYCCKUMHU
CBOWCTBaMH.

Pasnen 3

XapakTepucTUKa KOHUENIUI MOJIEKYIIPHBIX HAHOTEXHOJIOTUI
Tema 3.1. McTopus pa3BUTUS HAHOTEXHOJIOTUI

Wpero o ToM, 4TO BO3MOXKHO CO3/1aBaTh HYXKHBIE HAM YCTPOWCTBa W JIpyrue oObEKTHI, cOOMpas nx
"MoJIeKyla 3a MOJeKyJnoi" u, naxe, "arom 3a aToMOM" OOBIYHO BO3BOJSAT K 3HAMEHMTOM JIEKLUU
omHOTO M3 KpynmHeHmHxX ¢m3ukoB XX Beka Pruapna deftamana «TaM BHU3Yy — MHOTO MecTay. JTa
nexknust Obuma mpounTaHa uM B 1959 roxy; OOJBIIMHCTBO COBPEMEHHMKOB BOCHPHHSIN €€ Kak
(haHTACTHKY WIH LIYTKY.

CoBpeMeHHBIH BHJ HEH MOJICKYJSIPHON HAHOTEXHOJIOTHMH Hadanu mprooOperats B 80-¢ rombl
XX Bexa B pesynbrate pador K. D. JIpekciepa, KOTOpble Takke CHadala BOCHPHHUMAIHNCH Kak
Hay4dHas ¢aHTactuka. [Ipu stom QyHnameHransHas moHorpadus "HaHocuctemsl. MoekynsipHast
TEXHHKa, IPOU3BOJICTBO M BBIYHCICHUA" MMEeT, HECOMHEHHO, OCHOBOIMOJararlIee 3HadeHue. Cam
TePMHUH HAHOTEXHOJIOTHS CTaJl MOMYJSIPeH MMEHHO IOCie BBIXOJA B CBET 3HAMEHMTOM KHHUTH O.
Hpexcnepa "Mammunbl TBOpeHUs" U ToceA0BaBIIei 3a 3TuM auckyccun. [lozxe JIpekciep B cBUX
HAyYHBIX pPaboOTax CTaj HCIOJIb30BaTh TEPMHH MOJIEKyJsipHas HaHoTtexHojorus (MHT) nns
Pa3IMUCHHUS TIPEUIaraeMbIX UM PEIICHUH.

Tema 3.2. OcoOEHHOCTH TBEPAOTEIHHBIX HAHOCTPYKTYDP.

O1eHKH ITapaMeTpOB HAHOMEXAaHWYECKUX YCTPONCTB M MAIllMH - B CBOMX paborax 3. [lpekciep n
€ro TIOCIIEOBATEIN OIICHUBAIM MAapaMETPbl B OCHOBHOM MEXaHMYECKHX YCTPOMCTB, KOTOpPBIE OHH
Morii Obl MMETh IPU NPHONMMKEHHH pa3Mepa KOMIIOHEHT K MOJIEKYJISIPHOMY MacmTaly. OTo
00yCJIOBJIEHO HE TEM, YTO OHHM HEJOOLEHUBAIOT BAXKHOCTH IEKTPHYECKHUX, ONTHYECKHX U T. 1.
pdekToB, a TeM, UYTO MeEXaHWYEeCKMEe KOHCTPYKIHMH TOpa3fgo Tpolle U JIOCTOBEpHee
Macmradbupytorcsi. [Ipu 3Tom oco3Hagresi, 4To 3JeKTpudeckue U npoyre 3PGEeKTbl MOTYT AaTh
3HAYUTENIbHBIE TOTIONHUTEIBHBIE BO3MOXKHOCTH. [Ipon3Bens cOOTBETCTBYIOIIEe MacmITabupoBaHHUE
Jpexcnep nomy4dm1 CleAyOIIUe YUCISHHBIE OI[CHKH:

- O3UIIMOHNPOBAHUE PEATUPYIONINX MOJIEKYJ ¢ TOUHOCTHIO ~0.1 HM;

- MEXaHOCHHTE3 C TIPOU3BOIUTEIHHOCTRIO ~106 omep/cex Ha YCTPOWCTBO;

- MOJIeKyJIsipHast cOopka o0bekTa Maccoii 1 kr 3a ~104 cek;

- paboTa HAHOMEXaHHIECKOTO YCTpOHcTBa ¢ yacTtoroi ~109 I'm.

Tema 3.3. OOBEKTH HAHOMOJICKYJIIPOHOU TEXHOJIOTHU

Boutn  mpoBeneHB HCCIEOBAHUS II0 BONPOCAM BO3MOXKHOTO (DYHKIIMOHMPOBAaHUS PabOTHI
"ycTpoiicTBa" aHATOrMYHOTO MaciiTaba B )KUBBIX OpraHu3Max. B kadecTBe mpumMepa 1esnecooopasHo
paccMoTpeTh paboTy mHpeacTaBUTENs KUBOTO opraHmsMa AT®-cuHTasa SBIAONIETO (EepMEHTOM,
peoOpas3yIonM Pa3HOCTh KOHIIGHTPALUi MPOTOHOB IO pa3HbIE CTOPOHBI MEMOpPaHBI B YHEPTHIO,
3anacéHHy0 B MoJieKyiax ajgeHosuHTpudocdara (ATD). IMocnenHee UCMONB3yeTCS MPAKTUYCCKU
BCEMH MEXaHM3MaMM KIETKH B KauecTBe€ YHHMBEpcalbHOro Hocutens sHepruu. ATd-cunraza
MPUCYTCTBYET B "DHEPreTUYECKUX CTAHIMAX" PACTUTENBHBIX U XKUBOTHBIX KJIETOK - XJIOPOIJIACTaX U
MHUTOXOH/IPHSX W IIPEACTaBIISICT COOOH JOBOJBLHO CIIOXKHYIO KOHCTPYKLHMIO M3 HECKOJBKHX THIIOB
€IMHHIL - OEJIKOBBIX MOJICKYJL.

Paznen 4

XapakTepuCTHKa METOJIOB HCCIIEIOBAHNH 00BEKTOB MUKPO W HAHOCTPYKTYP

Tema 4.1.McTpyMeHTBI HAHOTEXHOJIOT U

OnHMMU U3 NEPBBIX HHCTPYMEHTOB, KOTOPbIE IOMOTIIM HHUIIUMPOBATh MW HAHOTEXHOJIOTHH, ObLIN
TaK Ha3bIBa€Mble CKaHHPYIOIIME 30HIbI. Bce THITBI CKaHMPYIONIMX 30HIOB ObUIM pa3paboTaHbI B
ropuxe B Havane 80-x romoB. Cama muess 04eHb IPOCTA: €CIIH, K MPUMEPY, IPOBECTH MaJBIEM IO
MOBEPXHOCTH, TO JIETKO OTJIMYUTH OapxaT OT CTajlu WJM JiepeBa. B JaHHOM 3KCHepHMEHTe Maliell
NEHCTBYeT Kak CTPYKTypa u3MepeHusi cuibl. JlaHHas waes W TOJOXeHa B OCHOBY pabOTHI
CKaHMPYIOIIEr0  MHUKPOCKOIA, OJHOTO W3  PACHPOCTPAaHEHHBIX  CKAaHMPYIOIIUX  30HJOB.




CkaHMpyONMH 30HA IPU U3MEPEHUH CKOJIB3UT IO TTOBEPXHOCTH TaK )K€, KaK 3TO AETAOT MallbIIbl.
30HI WMeeT HaHOCKONHMYECKHH pa3Mep (4acTo Bcero oauH atoMm). [Ipu JIBMKEHHMH OH MOXET
OTPENETSATh HECKONBKO  PA3MHYHBIX CBOWCTB, KaXI0€ M3 KOTOPBIX COOTBETCTBYET WHOMY
N3MEPEHUIO.

Tema 4.2. ATOMHO-CHIIOBOIf MHKPOCKOTI

B aroMHO-CHIIOBOM MMKPOCKOIIE 3JIEKTPOHHMKA HCIIOJIB3YeTCS JUIl HM3MEPEHHs CHIIbI BBOJUMOM
KOHYHMKOM 30HJ1a IIPU €0 JIBUKEHHUH BJIOJIb IOBEPXHOCTH HUCCIIEIYyeMOT0 00beKTa.

Tema 4.3. TyHHETbHBIN MUKPOCKOIL.

B TyHHENTHbHOM MHKPOCKONE HM3MEpSETCS BEIMYMHA JJIEKTPUYECKOTO TOKA, IMPOXOJISIIET0 MEXIy
CKaHMPYIOIIUM 30HJIOM U MOBEPXHOCTHbIO. TyHHEIbHAs! MHKPOCKOIUS — 3TO MPAaKTHYECKU MEPBBIA
pa3paboTaHHBIH METO 30HJOBOTO CKAHUPOBAHHS, HAIIEAIIETO IHPOKOE MPUMEHEHHE.

Tema 4.4. MarHUTHO-CHIIOBOM MHUKPOCKOTI

B MarEMTHO-CHJIOBOM MHKPOCKOIE 30HZ, CKaHHPYIOIINI NOBEPXHOCTb, SBISICTCS MarHUTHBIM, OH
MIO3BOJISIET TTOYYBCTBOBATh HA IOBEPXHOCTH JIOKAJTBbHYI0O MATHUTHYIO CTPYKTYpPY. 30HI MarHWTHO-
CHJIOBOTO MHKPOCKOIIA paboTaeT MoJ00HO CUNTHIBAIOLICH TOJOBKM BHHYECTEPA WIIM MarHUTO(OHA.
CkaHUpYIOIE MUKPOCKOIIBI TIO3BOJIMIIM BIEPBBIE YBUICTh OOBEKTHI pa3MEpOM C aTOM.

4.3.

[IpakTuyeckue (ceMUHAPCKUE) 3aHSITUS

TeMmbl IPAKTUICCKUX 3aHATHH U UX TPYAOCMKOCTb TPHUBCACHLI B Ta6J'II/ILIe 5.

Tabmuna 5 — [IpakTuyeckue 3aHATHS U UX TPYJOEMKOCTb

N3 Hux No
Ne TpynoemMko | IpakTHU4ECKO -
o/ TeMbl MpakTUYECKUX @OpMBI IPAKTUYECKUX oTh i pasnena
3aHITHHI 3aHATUN ’ JTUCIINIT
1| (dac) MMOATOTOBKH,
JIMHBI
(dac)
Cemectp 7
1 OCHOBHBIE uepThl | AHalIM3 M OIEHKAa  PECypcCoB, 2 1 1
COBPEMEHHBIX IT. | HEOOXOAUMBIX JUTSt yIpaBJIeHUs
CTpyKTYpUPOBaHHOCTH nHpopmanueii, [10, HeoOxoaumMoe st
CTaH/IapTOB nuppPOBOTO | CO3MAHUSA, XpaHEHHs, YIPaBJICHUS,
oOMmeHa JAaHHBIMHU | TIepeladdl U MOUCKa HH(popMauu
ITOPUTMOB
2 UccnenoBanue nosepxHoctu | [IpoBeneHue BHEIIHEr0o OCMOTpa U 2 1 2
METOJIOM  aTOMHO-CHJIOBOH | moxroroBka C3M k pabote B pexume
MUKPOCKOIINH ATOMHO-CHJIOBOM MUKPOCKOIINH
3 Hccnenosanne IIpoBeneHne BHEWIHEIO OCMOTpa H 2 1 3
IOBEPXHOCTM  MeTojoM | mogrotoeka  C3M  k  paGore,
ATOMHO-CIJIOBOLL MOJITOTOBKA 00pa3ia K HCCIeTOBAHUIO
MHUKPOCKOIHH
4 | UccnenoBanue O6paboTka Pe3yJIbTaToOB 2 2 4
HOBerHOCTI/I METOJI0OM HCCJICAOBAHUs 06pa3ua u AHaJIn3
ATOMHO-CIJIOBOLL Ppe3yIbTaTOB U3MEPEHUH
MUKPOCKOITHH
Bcero 8
4.4. JlaGopaTopHbIE 3aHATHS
Tembl 1a00paTOPHBIX 3aHATHIA U UX TPYJOEMKOCTb TPUBEICHBI B TaOIHIIE 6.
Tabnuua 6 — JIabopaTopHble 3aHATHS U UX TPYJIOEMKOCTb
N3 Hux No
No TpynoeMKocTb, | TPaKTUYECKOU | pa3aena
HaunmenoBanme nabopaTopHbix paboT pyA - [ TP pasit
n/m (uac) MTOATOTOBKH, | JHCIIHII
(gac) JINHBI

VY4eOHbIM MJIaHOM He MPEAYyCMOTPEHO




Bcero

4.5. KypcoBoe nmpoeKTHpOBaHKE/ BBHITIOIHEHUE KyPCOBOU PabOTHI
Y4eOHBIM IJIAHOM HE IPEAYCMOTPEHO

4.6. CamocrosTenpHas paboTa 00yJaronuxcs
Bunbsl camocTosiTenbHON pabOTHI M €€ TPYAOEMKOCTh IPUBEICHBI B Ta0IUIIE 7.

Ta6ymmma 7 — Bugsl caMOCTOSTENBHOM pabOTHI M €€ TPYT0EMKOCTh

. Bcero, | Cemectp 7,
Bun camocrosiTensHO#M paboTh

yac yac
1 2 3
H3ydeHne TeopeTHuecKoro MmaTepuania
25 25
nucuurnael (TO)
[ToaroroBka K TeKyIieMy KOHTPOJIIO 23 23

ycneBaemoctu (TKVY)

Jowmamnee 3ananue (J13) 23 23

IToaroroBska k IMPOMCIKYTOYHOU 29 29

atrecrauuu (I1A)
Bcero: 92 92

5. IlepeuyeHnb y4eOHO-METOAMYECKOTO OOSCTICUCHUS
JUIS CAMOCTOSITENIEHON PaboThl 00yUaromuXcs M0 JUCHUIUIHHE (MOJTYJIIO)
Y4eOHO-MeTOAMYECKE MaTepHalbl Il CaMOCTOSITENIbHON padoThl 00yJaromMXcsl yKa3aHbl B
. 7-11.

6. IlepeueHb MEeYaTHBIX U ANEKTPOHHBIX YUEOHBIX U3TaHUN
[lepedyeHb MeUaTHBIX U DJIEKTPOHHBIX Y4eOHBIX M3/IaHUH MPHUBEIeH B Ta0IUIE 8.
Tabnuua 8— [lepeyeHp Me4YaTHBIX U AJIEKTPOHHBIX YUEOHBIX M3AaHUMN

Komaectso
9K3EMILISIPOB
U g_ll_ngt[rgec bubnuorpaduueckas ccpiika i 612552;;61@
AIIEKTPOHHBIX
9K3EMIULIPOB)
https://www.booktech.ru/books/nanotehnologii dusnyeckre OCHOBBI MUKPO- U

HaHORJICKTpOHUKH, JlypHakoB A.A.,
/yuebHoe nocodue/, YpdYVY, 2020, -
252 c.

https://obuchalka.org/knigi-po-nanotehnologiyam | ®usu4eckne ocHOBBI
HAHOTEXHOJIOTUH U HaHOMaTCpHralibl,
Cwmupnos B.U. /yuebnoe nocobue/,
Viuesnosck, Yal'TY, 2017, 240 c.

https://obuchalka.org/knigi-po-nanotehnologiyam | Ba3oBsie TEXHOIOTHE MHUKPO- H
HAHOJ3JICKTPOHUKMU: BOpOTLIHI_IeB
B.M., Cxymnos B./l., -M, , IIpocrmekr,
2017, -519 c.




https://obuchalka.org/knigi-po-nanotehnologiyam | Marepuainsl 1 METOIbI
HaHoTexHojoru#, Ctapoctux B.B.
/yaebHOoe mocodue/, -M, buHowm,
2016, -431c.

https://obuchalka.org/knigi-po-nanotehnologiyam | Hanomarepuassr: yueOHOe
nmocobue/, JI.1. Pepkonkos, B.B.
JIésuna, 2.J1. I3umsurypu, -M,
bunowm, 2017, -343 c.

https://obuchalka.org/knigi-po-nanotehnologiyam | BeruuciurenbHbie
HaHoTexHojoruu, [TomoB A.M.,
/yae6Hoe mocodbue/, Kno-Pyc, 2017,

-126 c.
https://znanium.com/catalog/product/1032129 Hcaes, C.B. UHTemiekTyanbHble
(mata oopamenus: 07.09.2021). — Pexxum cuctemsl : yaeb. mocooue / C.B.
JIOCTyTIA: 110 MOATHCKE. HUcaes, O.C. Ucaesa. - KpacHosipek :

Cub. dpenep. yu-1, 2017. - 120 ¢. -
ISBN 978-5-7638-3781-0.

https://znanium.com/catalog/product/1060845 Onumnnos, b. E. Mogenu u

(mara obpammenwus: 07.09.2021). — Pexxum POOJIEMBI HHTEIUICKTYaJIbHBIX
JOCTYTIA: TI0 TIOATIHCKE. cuctem : MoHorpadwus / b.E.
Onmunnos. — Mocksa : UHOPA-M,
2020. — 219 c. — (Hayunas
mbicib). — DOI 10.12737/1060845.
- ISBN 978-5-16-015839-6.

https://fs.quap.ru/science/patents/2021612957.pdf | CBumeTeabCTBO O rOCYAaPCTBEHHON
peructpanuu nporpammsl s O9BM
Ne 2021612957

Hom kauectBa «QFD»
[IpaBoobnanarens: PI'AOY BO
«Cankr-IlerepOyprekuii

rOCYJapCTBEHHBIH YHUBEPCHTET
a’pPOKOCMHYECKOTO
npubopoctpoenus» (RU)
Astop: YabaneHnko Asekcanp

Banepsesuu (RU)

7. TlepedyeHb AIMEKTPOHHBIX 0OPa30BATEIBHBIX PECYPCOB
WH(OPMaIMOHHO-TEIIEKOMMYHUKAITMOHHOM ceTu « IHTepHeT»
[Tepeuenn AIIEKTPOHHBIX o0pa3oBaTeNbHbIX pecypcoB nH(pOpMaITMOHHO-
TEJICeKOMMYHUKAIIMOHHONW ceTu «MHTepHeT», HEOOXOOMMBIX JJIi OCBOCHHUS TUCIUILIMHBI
npuBeieH B Tabmuie 9.

Tabmuma 9 — IlepedyeHb DIEKTPOHHBIX O0pa30BaTENbHBIX PECYPCOB HMH(POPMAIIMOHHO-
TEJIEKOMMYHUKAIIMOHHOU ceTh « HTepHeT»

URL anpec Haumenosanue
http://science.guap.ru Hayunas 1 nHHOBaIMOHHAs AeaTenbHOCTh [ 'Y ATL
http://www.consultant.ru CrpaBouno-nipaBoBas cuctema «Korcynsrant ITmocy
http://www.garant.ru HNudopmarnmonHo-nipaBooii noptan «[CTAPAHT»
http://list-of-lit.ru Crucok uTeparypsl 0 HAHOTEXHOJIOTHH
/nano/nnotechnologii



https://fs.guap.ru/science/patents/2021612957.pdf
https://clck.yandex.ru/redir/nWO_r1F33ck?data=NnBZTWRhdFZKOHQxUjhzSWFYVGhXYUVETW1PdmNaRHdZNFZ4c3hXM1dla21DTk5yZVBNVmpwTlhiRURSZGlid3BVWTlCRjhMaVpHSWF4UF85NGFZMUo1bnVRZWxnemdHR0RWRmp0bjFYOUk&b64e=2&sign=6eebbd4f1db331f530d71da5a6643efc&keyno=17
http://www.consultant.ru/
http://www.garant.ru/
http://list-of-lit.ru/

8. IlepeueHb MH(YOPMAITMOHHBIX TEXHOIOTUNA
8.1. [lepedyenr mporpaMMHOrO OOECIEUEHHUs, WCIOIb3yeMOr0 TMPU OCYIIECTBICHUHN
00pa3oBaTeNLHOTO MpOoIecca MO AUCIUIINHE.
[lepedeHp UCONB3yeMOTr0 IPOrPAaMMHOTO oOecriedeHus npejcranieH B Tadumie 10.

Tabmuna 10— [lepeueHs mporpaMMHOTo 00€CIICUCHIS

Ne i/t HaumenoBanmue

He npenycmorpeno

8.2. Ilepeuenn MH(}OPMALIMOHHO-CITPABOYHBIX CUCTEM,HCII0JIb3yEeMbIX npu
OCYILECTBIICHINH 00pa30BaTEIbHOTO MPOLECcCca MO AUCIUIUINHE

[lepeueHb HUCHOMB3YeMBIX HH(POPMAIIMOHHO-CIIPABOYHBIX CHCTEM IIPEJICTaBICH B
tabnuie 11.

Tabmuna 11— [lepeuens nHGOPMAITMOHHO-CIIPABOYHBIX CUCTEM

Ne i/ HaunmeHnoBaHue

He npenycmotpeno

9. MarepuanbpHO-TeXHHYECKast 6a3a
CocrtaB  MaTepUAIbHO-TEXHUYECKOH  0a3bl, HEOOXOMUMOW Ui  OCYIIECTBIICHUS
00pa30BaTeILHOTO MpoIiecca Mo TUCIUIUIHHE, TPEICTaBICH B Tabmuiel 2.

Ta6mmma 12 — CoctaB MaTepualibHO-TEXHHUECKOM 0a3bl

Ne HaumenoBaHue cOCTaBHOM yacTu Howmep aynutopuu
n/n MaTepUaIbHO-TEXHUYECKOMN 0a3bl (mpu HEOOXOMMOCTH )
2 MynpTuMeanitHas TIEKINOHHAS ayAUTOPHUS 13-13

Crnenmanu3upoBanHas abopatopus «Jlaboparopus uccnenosanus | Teppurtopus OBY «Tect
HaHOOOBEKTOBY

- C.-IleTepOypr»

10. Onenounsble cpeacTBa AJs MPOBEIEHHS IPOMEXYTOUHOM aTTeCcTallu
10.1. CocTaB OIICHOYHBIX CPEICTB/IJIS TPOBEACHUS IPOMEKYTOUYHOW AaTTeCTAIluU
oOyyaromuxcst o JUCUUIUIMHE IpuBeAeH B Tabnuue 13.
Tabmuna 13 — CocTaB OIEHOYHBIX CPECTB Il IPOBEICHHS POMEKYTOYHOH aTTeCTAIIuN

Bug HpOMe)KyTO‘-IHOI\/‘I aTTeCTallun Hepequb OLICHOYHLIX CPCIACTB

3auer Crrcox BONpPOCOB;
TecTts;
3anayu.

10.2. B kadyecTBe KpUTEpUEB OICHKH YpPOBHSA C(HOPMHUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIIMH 00ydJarouMMHcs MpUMEHseTcsl 5-0ajuibHas MIKajla OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETeHIINH, KOTopas npuBeaeHa B Tabnuie 14. B Teyenune cemectpa MOXKET MCIOJIB30BATHCS
100-0annpHast ~ mKajma ~ MOAYJBHO-PEUTHHTOBOM  CHUCTEMbl ~ YHUBEPCUTETa,  IpaBHIa
WCITOJIb30BAaHNs KOTOPOW, YCTAHOBJIEHBI COOTBETCTBYIOIIUM JIOKAJIBHBIM HOPMATHUBHBIM aKTOM
I'VAIL

Tabnuna 14 —Kpurtepuu onieHKH ypoBHS c()OPMHUPOBAHHOCTH KOMITETEHIIUHN

Or1eHKa KOMITETEHITUH

XapakTepucTrka c(h)OpMUPOBAHHBIX KOMITETEHITUIHA
5-0ayuIpHAas mIKaIa P P (bop




OneHKa KOMIIETEHIA X .
5 GaIibas Ikaa apakTepucTKa c(hOPMHUPOBAHHBIX KOMITCTCHITUIA
— oOyyvaromuiics TJIyOOKO W BCECTOPOHHE YCBOMJ IPOTPaMMHBIN
MarTepual;
— YBEPEHHO, JIOTUYHO, I1I0CIEA0BATEIBHO U TPAMOTHO €0 U3J1araer;
COTIIHOY — ONMPAsACh HA 3HAHHS OCHOBHOM M JONOJHUTEIBHOU JITEPATYPHI,
GAITCHO TECHO IMPUBSA3BIBAET YCBOCHHBIE HAYYHBIE TIOJIOKEHUS C MPAKTUYECKOU
JIEATEIIbHOCTBIO HAIIPABIICHMUS;
— yMeJi0 000CHOBBIBAET U apIrYMEHTUPYET BBIIBUTAEMbIC UM UJICH;
— JIeJIaeT BBIBOJIBI U 000O0IIEHMS;
— cBOOOJIHO BJIAJICET CHCTEMOM CIIeUaTN3UPOBAHHBIX TOHSTHH.
— o0yJaromuiics TBEPI0 YCBOWII MPOTPAMMHBINA MaTepuas, TPaMOTHO H
[0 CYUIECTBY M3Jaraer €ro, ONWpasCh Ha 3HAHUS OCHOBHOM
JIUTEPaTypBHl;
«XOPOIIO» — HE JIOITYCKAET CYIIECTBEHHBIX HETOUHOCTEM; 3
— YBA3bIBACT YCBOCHHBIC 3HAHUS C NPAKTHYECKON JIESITEIBHOCTHIO
«Ga4YTEHO»
HaIlpaBJICHUS;
— apryMEHTUPYET HAYUYHBIE TIOJIOKECHUS;
— JIeJIaeT BBIBOJIBI M 0000IIEHMS;
— BJIQJICET CUCTEMON CIIELIMAIM3UPOBAHHBIX OHITHH.
— o0yyaromuiicss YCBOMJI TOJBKO OCHOBHOW MpPOrpaMMHBIN MaTepual,
[0 CYIIECTBY M3JIara€T €ro, ONHMpasCh HAa 3HAHUSA TOJbBKO OCHOBHOM
JIUTEPATYPBHI;
— JIOMYCKaeT HECYIIECTBEHHbIE OIMOKH U HETOYHOCTH;
«yJIOBJIETBOPUTEIILHO) .
GATTCHON — ACHBITBIBAET 3aTPYAHEHHS B IPAKTUYECKOM MPUMEHEHUM 3HAHUU
HaIIpaBJICHUS;
— cnabo apryMeHTHUPYET HaYyUHbIE MTOJIO0KEHNUS,
— 3aTpyAHseTcs B (OPMYyITUPOBAHUN BBIBOJIOB M 000OIICHUI;
— YAaCTHUYHO BJIaJIEET CUCTEMOM CIIELIUATIU3UPOBAHHBIX [IOHATUH.
— oOyyaroluiicss He YCBOWJ 3HAYUTENBbHOM 4YacTh MPOrpaMMHOTO
MaTepuaa;
— JIOTMYyCKAaeT  CYIIECTBEHHbIE  OMMUOKKH W  HETOYHOCTH  TIpH
«HEYIOBIIETBOPUTEIILHOY .
«HE 3AUTCHOY paccMOTpEeHHH MPOoOJIeM B KOHKPETHOM HalpaBlIeHUY; 3
— HCTBITBIBAET TPYJAHOCTH B IPAKTUYECKOM ITPUMEHEHUHN 3HAHUM;
— HE MOYKET apryMEHTHPOBATh HAYYHBIE MOJIOKEHHUS;
— He QOpMYIHUPYET BHIBOJAOB U 000OLIECHHIA.
10.3. TunoBble KOHTPOJILHBIC 3a/IaHUS WM WHBIC MaTEPHAIIBI.
Bormpocs! (3agaun) nmst sKk3ameHa mpecTaBlieHbl B Tadumie 15.
Tabmuma 15 — Borpocs! (3agaun) 115 9K3aMeHa
Kon
Ne i/m [Tepeuens BompocoB (3aa4) AJsl IK3aMeHa
VHJIUKaTopa
Y4eOHbIM IJIaHOM HE IPEYCMOTPEHO
Bompocsr (3amaun) s 3ageta / qudd. 3aueTa npejgacraBieHsl B Tadbmuie 16.
Tabnuna 16 — Bonpocs! (3agaun) nns 3adera / qudd. 3agera
Ne Kon
[Tepeuens BompocoB (3amay) ams 3a4yera / Audd. 3auera
/1 WHJUKATOpa
1 Omnummre GU3MYECKHA CMBICT XpOMaTHUECKON abeppaliu I1K-1.3.3
2 [Ipoananusupyiite B 4eM pazauyuue XapakTepUCTHK paspemieHus ontuueckoro | [1K-1.3.4
HDJICKTPOHHOI'O MUKPOCKOITIOB
3 [Ipoananm3upyiiTe XapakTepUCTHKY pa3peniaroiei cmocooHoctn OM 11K-3.3.3
4 OnumuTe Ha3HAYEHUE U YCTPOICTBO M CBOIICTBA MCTOYHHKA DIIEKTPOHOB I1K-3.¥.3
5 Ha3oBuTe KOHCTPYKTUBHBIE 0COOEHHOCTH CUCTEMBI OCBeleHnss DM [1KY-1.3.3
6 OnuimuTe yCTpoicTBO CHCTEMBI KOPPEKIIMHU acTUTMaTu3Ma B OM I1K-1.3.3
7 OnummmuTe MPUHITAT pabOTH M YCTPOMCTBO CUCTEMBI N300paxkeHuss OM I1K-1.3.4




8 Omnumure 010K-cxeMmy U npuHOUN padbotel Mukpockona BCOM I1K-3.3.3

9 OnummuTe 0J10K-CXeMY U PUHITAIT eicTBrUS OXe-CIIeKTpoMeTpa I1K-3.Y.3

10 Onuiure MEKPOCKOI, OJI0K- CXeMY, IPUHIUII A€HCTBUS | TIK-1.3.3 |

11 Onumute POTOINEKTPOHHYIO PEHTTE€HOBCKYIO CIIEKTPOCKOITHIO, OJIOK-CXEMY, IIK-1.3.3
MPUHIMI ICHCTBHS

12 Onuiwure npyuHIUT pabOThl PAMAHOBCKOW CIIEKTPOCKOIMHUH, OJIOK-CXEMBI [IK-1.3.4
npolecca U3MEepPEHU.

13 OnumuTe Ha3HAYCHUE MPUHITUN e CTBHS (POTOTOMHHECIICHTHOM I1K-3.3.3
CIEKTPOCKOTINHU

14 Omnumure nHGOPMAIMOHHBIEC TEXHOJIOTHH B U3MEPHUTENILHBIX CHCTEMAax I1K-3.V.3

15 Onuinre MHGOPMAIIMOHHBIE TEXHOJIOIMU B HAHOTEXHOJIOTHAX | TIK-1.3.3 |

16 OnumuTe TpUHIAIGT | OCHOBHBIE anmeMeHThl  uckyccrBenHoro | [1K-1.3.3
HHTEJUIEKTa

17 3 Onumwte pu3nyeckne MPUHIMIBI JIyda MUKPOCKOTA [1K-1.3.4

18 Onuiute GU3NIECKUE MPUHIIMITBI JSHCTBUS METOIOB M CPEICTB Macc- TIK-3.3.3
CIEKTPOMETPHUH

19 Onumute GU3NIECKyI0 CYIITHOCTh TYHHETBHOTO 3{deKTa B K-3.¥.3
Pano3IEeKTPOHUKH

20 OnuimTre OCHOBHBIE TIOHATHUS U ONPEACICHUS B 001aCTH HAHOTEXHOIOTUH | IK-1.3.3 |

[lepeuens TeM JIi KypCOBOTO IPOCKTHPOBAHUS/BBITIONHEHUS KYPCOBOW pPabOTHI
MpeCTaBICHBI B Ta0wmIe 17.
Tabmuna 17 — IlepedeHn TeM JUIsi KypCOBOTO IPOSKTHPOBAHMSI/BBITIOJIHCHUST KYPCOBOM paOOTHI

IpeJICTaBICHBI B Ta0wmie 18.

Tabmuna 18 — [IpumepHBIii IepedeHb BOITPOCOB JJIsI TECTOB

No 1/ [TpuMepHBIii IepedeHb TeM il KypCOBOI'O MPOEKTUPOBAHUS/BBIIIOJIHEHHS
B KypCOBOi1 pabOThI
Y4eOHbIM IIJIAHOM HE IPEAYCMOTPEHO
Bonpockl i1 mpoBeneHHs IMPOMEXYTOUYHOM aTTecTallud B BHJAE TECTHUPOBAHUSA

No

o/

IIpumepHBIii IepeueHb BOIPOCOB ISl TECTOB

Kon
WHIAUKATOPA

1

Hccneoosanue muxpo- u Hanocmpykmyp. .

[Ipoananm3upyiiTe ,KaKue METOABI TUATHOCTHKHA HAaHOOJIee pacpOCTPaHEeHBI ISt
uccie0Banus GU3NUECKUX MapaMeTPOB U XapaKTEPUCTUK HAHOOOBEKTOB:
-3JIEKTPOHHAsI MUKPOCKOTIIHSI BEICOKOTO pa3peleHus;

-OTpaXkaTelbHas 3JIEKTPOHHAST MUKPOCKOIIHS;

-MUKPOCKOIIHS MEIUICHHBIX 3JIEKTPOHOB.;

-ONTHYECKasE MUKPOCKOITHSL.

[1K-1.3.2

Baoicnetimue  mexnonocuueckue QoCmudiceHUst 80 8MOPOU NOJIOBUHE
08a0UAMO20 CMONCMUsL.

[Ipoananm3upyiite, 4TO CIOCOOCTBOBAIIO, B HANOOJIBIIEH CTEIIEHH, UTHTCHCHBHOMY
Pa3BHUTHUIO HAHOTEXHOJIOTUH B CTpaHe U 3a pyoexom?

-TeXHOJIOTHS CO3/IaHMsI AJIEKTPOBAKYYMHBIX IPHOOPOB;

-CO3/]JaHIE€ MUKPOMOJYJIbHBIX JIEMEHTOB;

-CO3/JaHNE WHTETPATbHBIX TIEYaTHBIX TUIAT;

-CO31aHHC TTOJIYIIPOBOAHHUKOBEIX 3JICMCHTOB 3HeKTpOHHOﬁ TCXHHKH.

IK-1.3.3

Qusuyeckas cywpocms 3axona I opoona Mypa.

[Ipoananu3upyiite, B UeM 3aKJIHOYAETCSI CMBICI SMIIMPUUECKOT0 3aKkoHa Mypa?
-00BSCHAT NPUHITUI MTOJIYYECHUS YePHO-0€I0ro N300pakeHus Kajpa TelIeBU30pa;
-3aKOH OOBSICHSICT TIPUHITATI (GYHKITHOHUPOBAHHS ONITOBOJIOKOHHOI'O
JJIEMEHTA;

-TpeAeNbHbIC TPAHUIIBI OBICTPOICHCTBHS KOMITBIOTEPA;

-TIpeAeNTbHOE YHCIIO Pa3MelleHus] TPAaH3UCTOPOB Ha MEYaTHOH IiaTe KOMIIBIOTEPA.

[IK-1.3.4




Cpeocmea usmepeHust 05t UCCIe008aHUSL HAHOCMPYKMYD.

[poananu3upyiiTe, B UM 3aKIIFOYAETCS] OCHOBHBIE JOCTOMHCTBA JIEKTPOHHOTO
MHUKpoOcKora?

-yIy4IICHBI BECOBBIC U ra0apUTHBIC XapaKTePHUCTHKH IIPHOOPOB,
-BO3MOXKHOCTh NU(POBOTO  TPEACTABICHHS Pe3yIbTATOB aHATIH3a,

-0oJiee COBEpIICHHAS, IT0 CPABHEHHIO C ONTHYECKHM MHKPOCKOTIOM, CUCTEMA
MOJTyYEHHUs H300paskeHNs HAOII01aeMOTO O0BEKTa;

-BO3MOXHOCTh TMOJIYYCHUs 00Jiee pa3Ho0Opa3Hoi nHpopMaIl 00 00BEKTE;
-MpeJielTbl YBEINYEHHS UCCIIElyeMOro 00hEKTa.

[IK-1.V.1

OcHognbie napamempul U Xapakmepucmuxku MUKPOCKONO8

HazoBute NpeneibHbIE  3HAYCHHS XapaKTEPUCTUKU YBEITUYCHUS
ONITUYECKOTO0 MUKPOCKOTIA!

- 100 pas3;

- 200 pas3;

- 400 pas3;

- 700 pa3;

- 1000 pas3;

- 1500 pa3

[IK-1.B.1

OcHogubie napamempul U XapaxKmepucmuKku MUKPOCKONOS.

YcTaHoBUTE IpeiebHBIC 3HAYCHUS YBEIMYCHHS AIEKTPOHHOTO
MHUKPOCKOIIA!

- 1000 pas3;

- 2000 pas3;

- 5000 pas3;

- 8000 pas3;

-1MmH. pas;

-2 MJIH. pa3

IIK-1.B.3

OcnosHvie napamempul u XapaKmepucmuKu MUKPOCKONOS.
[Ipoananm3upyiiTe, YeMonpeaesieTcsl pa3peraroas ciocoOHOCTb
OTNITHYECKOT0 MUKPOCKOTIA:

- YPOBHEM OCBEIIEHHOCTH paboyeil TUH3bI;

- BEJIMYMHON (JOKYCHOTO PACCTOSHUS;

- COBEPILEHCTBOM OTKJIOHSIOIIEH CHCTEMBI;

- JUITMHOW BOJIHBI CBETA.

I1K-3.3.2

OchosHbie napamempul u XapakmepucmuKky MUKPOCKONOE.
[Tpoananu3upyiite, 4eMoNpeaenseTcss pas3pelarnas criocoOHOCTh
3JIEKTPOHHOTO MUKPOCKOTIA!

- KOHCTPYKIIEH CHCTEMBI H300PaKEHUSI MUKPOCKOTIA;

- YCTPOHCTBOM 3JIEKTPOHHOM ITYILIKH,

- CHCTEMOH CUMTHIBaHUS PE3yJIbTaTOB 00pabOTKN U3MEPEHNUH;
- paccTosHUEM IPOJIETa IIEKTPOHA;

- CKOPOCTBIO IIpoJIeTa 3IEKTPOHA.

I1K-3.3.3

Ipeumywecmea 31eKmpoOHHO20 MUKPOCKONA.

[Ipoananusupyiite, yeM 0OBACHIETCS BBICOKAs pa3peliaromias CnocoOHOCTb
AJIEKTPOHHOTO MUKPOCKOTIA!

-TEOMETPHUUECKUMH pa3MepaMu paboueii 30HbL;

-HCII0JIb30BaHUEM HIIEKTPOHHOT'O MOTOKA BMECTO CBETOBOTO ITOTOKA,
-JUIMHOW BOJIHBI 3JIEKTPOHA.

IK-1.3.3

10

11. IIpoananu3upyiite, Kakasi CEpHsi CTAHIAPTOB B HACTOSIIEE BPEMS SIBIISICTCS
OCHOBHOM JJIs1 CTaHAApTOB U3 obmactu UT?

a. cepus 25000;

b. cepus 9000;

C. cepus 14000;

d. cepusi 16000.

IK-1.3.3

11

12. YcTaHOBUTE J1Ba OCHOBHBIX cTaHaapTa B obnmactu UT. a. 12207:1995;
b. 19760:2003;
c. 16326:1999;

[IK-1.3.2




d. 90003:2004;
e.15288:2002.
12 13. YcranoBure ab0peBHaTypy MEKIYHAPOIHOTO CO03a IIEKTPOCBS3H: I1K-3.3.3
a. IEEE;
b. IEC;
C. ITU;
d. ISO.

[lepeyeHb TeM KOHTPOJBHBIX PadOT MO AMCLUMUIUIMHE OOYYAIOUIMXCS 3a04HON (HOPMBI
00yd4eHus1, mpeIcTaBIeHbI B Ta0ymie 19.

Tabmuna 19 — [lepedeHb KOHTPOIBHBIX PadOT

No i/t [TepeyeHb KOHTPOJIBHBIX PAOOT

He npenycmorpeno

10.4. MeToquveckre  MaTepUaNbl,  ONPEACISAIONIUE  TPOUEAYPHl  OICHUBAHUS
WHAMKATOPOB, XapaKTEpU3YIOLIUX dTanbl (OPMUPOBAHHUS KOMIIETCHLUH, COJIEPKATCA B
JIOKaJbHBIX HOpPMATUBHBIX akTax [ YAIl, periaMeHTHpyIOUIUX TOPSJIOK U MPOLEAYPY
MIPOBEJICHUS TEKYIIEr0 KOHTPOJIS yCIIEBAEMOCTH U MPOMEKYTOUHOM aTTecTalui 00yJaronmxcs
I'VAIL

11. Meroauueckue yKazaHus JUisl 00y4aroMUXCsl 10 OCBOCHUIO UCIUIITUHbBI

11.1. Meroauueckue yKazaHus s OOyYarOIIUXCS 10 OCBOCHHIO JIEKIIMOHHOTO
MaTepuaia

OcHOBHOE Ha3HA4Y€HUE JIEKIIMOHHOTO MaTepuana — JIOTUYECKU CTPOHHOE, CHUCTEMHOE,
riyOOKoe U sICHOE W3JIOKEeHHe ydeOHoro marepuana. HasHadueHue COBpEMEHHOM JieKIuU B
paMKax JUCHUIUIAHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(POPMALHIO TIO TeME, 2 B OCBOCHHUH
(byHaaMeHTalbHBIX MpoOJeM JUCHMIUIMHBI, METOJOB HAayyHOro I103HaHMS, HOBEHIIMX
JOCTHKEHUI HayyHOW MbIcau. B yuyeOHOM mpoliecce JIEKIHs BBIIOJIHSAET METO/I0JIOTMUYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYIO (QYHKIMU. JIeKIUs packpbIBaeT MOHATUHHBIN anmapar
KOHKpETHOH oO0jacTu 3HaHUA, €€ MpoOJeMbl, JAaeT LEJIbHOE MpPEJCTaBICHUE O AUCLUIUIMHE,
MIOKAa3bIBAET B3aUMOCBS3b C IPYTUMU JUCLUTIIIMHAMH.

[InaHupyeMble pe3yibTaThl IPU OCBOEHUU 00YYaIOUIMMUCH JIEKIIMOHHOTO MaTepuaa;

— TIOJYyYEHHE COBPEMEHHBIX, LEJIOCTHBIX, B3aNMMOCBA3aHHBIX 3HAaHUH, YpPOBEHb
KOTOPBIX OINPEAEIISIETCS LEJIEBOW YCTAHOBKOM K Ka)KJ10M KOHKPETHOM TEME;

— TIOJIyY€HHE OIbITa TBOPUECKOH pabOThl COBMECTHO € MPENOoJaBaTeIeM;

— pa3BuTHEe NOpPOPECCHOHATBHO-IENOBBIX  KauyecTB, JIIOOBM K TpeAMETy H
CaMOCTOSITEIBHOTO TBOPYECKOI'O MBIILITICHHUS.

— TOsBJIEHHE HEOOXOAMMOI0 HHTEpeca, HEOOXOAUMOTO JIJIsl CAMOCTOSITEIbHOU paboThI;

— TIOJy4YyeHHE 3HAHUNW O COBPEMEHHOM YpPOBHE pAa3BUTHS HAyKM U TEXHUKU U O
MIPOTHO3€ UX Pa3BUTHSI HA ONMKaiIine rofbl;

— Hay4yuThCs METOJUYECKH oOpabaTbiBaTh MaTepuan (BBIACIATH TJABHBIE MBICTH U
MIOJIOKEHUSA, MPUXOAUTh K KOHKPETHBIM BBIBOJAM, IIOBTOPSATh HUX B  Pa3jIM4YHBIX
bopMynupoBKax);

— TOJIyueHHE TOYHOT'O TOHUMAaHHUs BCEX HEOOXOIUMBIX TEPMUHOB U TIOHSATHH.

JlekMOHHBI  MaTepuad MOXKET COINpPOBOXKAATHCS JIEMOHCTpAalMEN  ClIaliioB U
HCIIOJIb30BAaHUEM pa3aTOYHOrO0 MaTepuaja IMpH MPOBEIEHUU KOPOTKHX JHUCKYCcCHUH 00
0COOEHHOCTSX MPUMEHEHUS OTJENBHBIX TEMATHK M0 JUCIUTUIMHE.

11.2. Metoau4ueckue ykazaHUs UIsi OOYYaIOIIUXCS TO TPOXOXKACHUIO MPAKTUUYECKUX
3aHATHI

11.3. IIpakTHdeckoe 3aHSATHE SIBISETCS OJHOM M3 OCHOBHBIX (hOpM oOpraHH3aIluu
y4eOHOT0 TMpoIecca, 3aKJIIOYAIOIIAsCsS B BBIMOTHEHUH OOYJAONIUMUCS T0J] PYKOBOJCTBOM




Iperno/iaBaTess KOMIUIEKCa YUeOHBIX 3a/1aHUH C IIETbI0 YCBOCHUS HAYYHO-TEOPETHUECKUX OCHOB
y4eOHOHN TUCIUIUINHBI, IPUOOPETEHUS! YMEHUI U HABBIKOB, OTBITa TBOPYECKOH JEITEIEHOCTH.

HGHBIO MMPAKTUYCCKOI'0 3aHATUA IJIA 06yanOLuer0051 SABJIICTCS NPUBUTUC O6y‘-IaIOH_[I/IMC$I
YMEHHI ¥ HaBBIKOB ITPAKTUYECKOHN JEATEIBHOCTH 10 N3y4aeMON TUCIUILINHE.

[Tnanupyemble pe3yabTaThl IPH OCBOSHUH 00y4YaIOMIMMCS PAKTUIECKUX 3aHATHI:

— 3aKperieHue, yriryOleHHe, pacIIMpeHHe W JeTaau3auus 3HaHUH TNpH PEUICHUH
KOHKPETHBIX 3a]1a4;

— pa3BHTHE [IO3HABATEJIbHBIX CIOCOOHOCTEH, CaMOCTOSITEIBHOCTH  MBIIUICHUS,
TBOPYECKOH aKTUBHOCTH;

— OBJIAJICHHE HOBBIMH METOJAMH M METOJUKAMH M3Y4YEeHHUS KOHKPETHOW yueOHOI
JVCLIUIIJIMHEIL

— BBIpa0OTKa CIIOCOOHOCTH JIOTHYECKOTO OCMBICICHUSI MONYYCHHBIX 3HAHUN IS
BBITIOJTHEH U 3a/[aHNUH;

— olecrneueHne palMOHAIBHOIO COYETaHMS KOJUIEKTMBHOM M MHIMBHIYaIbHOH (GopM
00y4eHwUsI.

11.4. Meroauueckue yKazaHus JUIsi 0OYyJaIOMIMXCS MO MPOXOKICHHIO CAMOCTOSITEIHHOM
paboThI

B xone BbINOMHEHUSI CaMOCTOSITEILHOM pabOThI, 00yJarOUIUiCs BBIMOIHAET paboOTy 1O
3aJJaHUI0 U TIPU METOJAMYECKOM PYKOBOJACTBE IpErojaaBaressi, HO 0e3 ero HemocpeICTBEHHOTO
y4acTusl.

g oOydarommxcsi 1Mo 3a04Hoil ¢opMe 0OydeHHs, CaMOCTOSITENbHAas padoTa MOXKET
BKJIFOYATh B CEOsI KOHTPOIBHYIO padoTYy.

B mporecce BBIMOTHEHHSI CaMOCTOSTENbHON paboThl, Yy obydaromierocs (hopMupyercs
1enecoo0pa3sHoe IIAHUPOBaHUE Pabovero BpEMEHH, KOTOPOE MO3BOJISIET UM Pa3BUBAaTh YMEHUS
U HaBBIKM B YCBOGHHUM U CHCTEMAaTH3allMU MPUOOpEeTaeMbIX 3HAHHWM, 00ecrnedynBaeT BBICOKUMN
YPOBEHb YCIIEBAEMOCTH B IEPHOJ OOYYCHHS, ITOMOTAET IOJYyYUTh HABBIKA TIOBBIIIICHUS
npohecCHOHALHOTO YPOBHSL.

MeroaudueckuMu ~ MaTepualiaMy,  HANpPaBJSIIONIMMU  CaMOCTOATENbHYI0 — paboTy
00y4JarOIIUX CASBISIOTCS:

— y4eOHO-METOIMYECKHI MaTepHal Mo AUCIUILUINHE,

— METOAMYECKHE YKa3aHHS IO BBIMOJHEHUIO KOHTPOJIBHBIX paboT (s 00ydaromuxcs
10 3a04HOU (hopme 0OyueHus).

11.5. MeTtoauueckre yKazaHus [UIsl OOYyYaroIIMXCS IO MPOXOXKACHHUIO TEKYIIEro
KOHTPOJI YCIIEBAEMOCTH.

Texkymuil KOHTPOJIb YCIEBAEMOCTH NIPEIyCMaTpPUBAET KOHTPOJIb KayecTBa 3HAHUU
00yyYaroImuxcsl, OCyIIECTBISEMOI0 B TEUEHUE CeMecTpa C ILIeJbI0 OLCHMBAHUS XO0Jla OCBOEHUS
JTUCIUIUINHBI.

11.6. Mertoauueckue ykazaHUs Ui OOYYAIONIUXCS 10 MPOXOXKACHUIO MMPOMEKYTOTHOM
aTTECTALIUH.

[Ipomexyrounas  arrectauus  oOydaroluXcsi — MpeAycMaTpUBAaeT  OLICHUBAHHE
IPOMEXYTOUHBIX M OKOHYATEJIbHBIX PE3yJIbTaTOB 00ydeHus no aucuuruiiHe. OHa BKIIIOYAeT B
ceos:

— D9K3aMeH — ¢opMa OIEHKM 3HAHHH, MOJYyYEHHbIX OOydYalolmMMCs B Ipoliecce
U3y4eHHs BCel AMCUUIUIMHBI WM €€ YacTH, HaBBIKOB CAMOCTOSTENbHOU paboThl, CHOCOOHOCTH
NPUMEHSTh HMX JUIS pEHIeHHs MPAaKTUYECKUX 3a7ad. DK3aMeH, KaK IpPaBUJIO, MPOBOJIUTCS B
NEPUOJ HSK3aMEHAIIMOHHOW CECCHMM W 3aBEpIIAETCsl aTTECTAllMOHHOM OLIEHKOM «OTJIIMYHOY,
«XOpOULIO», «yIOBIETBOPUTEIILHOY, HEYIOBIETBOPUTEIBHOY.

— 3aueT — 3To (hopMa OLIEHKU 3HAHUH, MMOTYYEHHBIX O0YYaIOUIMMCS B XOJI€ U3yUCHHS
y4eOHOM TUCHUIUIMHBI B LIEJIOM UM IPOMEXYTOUYHas (110 OKOHYaHUU CEMECTpa) OLIeHKAa 3HaHUMN



00yJaromuMcst TI0 OTJENBbHBIM pa3fiesiaM AMCLUUIUIMHBL C aTTECTAMOHHOW OIEHKOW «3auyTeHO)
WU «HE 3a4TCHOY.

— 1uddepeHIpPOBaHHBIM 3a4eT — 3T0 (opMa OLEHKM 3HAaHUM, IOJy4YEeHHBIX
00YyJaroMMCs TP U3YYEHUH JUCHUILIMHBL, PH BBIIOJHEHUH KYPCOBBIX MPOEKTOB, KYPCOBBIX
paboT, HAy4YHO-UCCIIEAOBATENILCKUX PabOT U MPOXOXKACHUH MPAKTHK C aTTECTAI[HOHHON OLIEHKOM
«OTIMYHOY», «XOPOLIOY», KYIOBIECTBOPUTEIBEHOY, «HEYIOBICTBOPUTEILHO.



Jluct BHeceHus: U3BMEHEHUH B pabouyio MporpamMmy JUCIUTUIMHBI

JlaTta BHECEeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOIA
3aceaHusl
Kadeapsl

Ionmuce
3aB.

kadempoit




