degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
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YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
OMOJIOrHYecKoii M MeIUIIHHCKOM
buznkn

J.B. Ky3bmun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: OCHOBEI HWHKCHCPUU IJIA HaHOOMOTEXHOJIOT Ui
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
IIpO(l)I(lJIb MnoATrOTOBKMU: BI/IO(i)I/BI/IKa " MHXXCHCPUA B HAHOOMOTEXHOJIOTUIX

dusrex-mkoia buomornyeckon 1 MeaunmHckoln OU3HKH
IEHTpP 00pa3oBaTeNbHBIX MporpaMM DU3TEX-ITKOIBI OMOTOTUIECKON U METUIIMHCKOM

(buzuku
Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, hOpMBI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - DK3aMeH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
Jekuuu: 15 gac.
cemuHapsl: 0 yac.
nabopaTtopHble 3aHATHS: 15 yac.

CamocrosrensHas padora: 75 4ac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au4. ex.: 3

[Iporpammy cocrasuin: A.B. Ilymkapes, kanj. ¢us.-mar. HayK, MPernojaBareib

[Tporpamma oOCy>k/IeHa Ha 3aCEJaHUU LIEHTPa 00pa30BaTEILHBIX porpaMM DHU3TEX-IIKOIBI OHOJIOTHYECKOM 1
MeIUIUHCKON Qu3nku 28.12.2023



AHHOTANMA

[Mporpamma «OCHOBBI HHXEHEPUH JUTSI HAHOOMOTEXHOJIOTHI MpeAHA3HAYCHA ISl H3YYeHHsI OMOJIOTHYECKOTO
MpHOOPOCTPOCHHUSI, MHOTOOOpa3usi W pa3BUTUSl NpUOOpHOW 0a3bl, a TaKKe OCHOBHBIX TEXHOJOTHH U
YCTPOKMCTB [uIsi pabOTHl B 00IaCTH HAHOOMOTEXHOJIOTHH. B paMKkax mporpaMmbpl y4acTHHKH H3y4aT OCHOBHBIE
NPUHLMIBI ¥ TEXHOJIOTHU MPUOOPOCTPOCHHS, a TAKKE NPUMEHEHUE MHXCHEPHBIX PEIICHUH JUIs CO3JIaHUs
OMOMEUIIMHCKUX PHOOPOB M TEXHOJOTHI Ha OCHOBE HaHOMaTepHuajoB. Kpome Toro, mporpamMmMa BKITIOYAeT
NPAKTUYECKUE 3aHATHA 10 MPOCKTHPOBAHUIO W CO3JaHUI0O WHHOBAIMOHHBIX YCTPOWMCTB, YTO IO3BOJHT
BBIITyCKHUKaM YCIICIIHO TNPUMEHSTH IMOJMy4YCHHBbIC 3HaHMSA B c(epe HAaHOOMOTEXHOJIOTHH M y4acTBOBATH B
pa3paboTKe Mepe1oBbIX TEXHOJIOT U ISl METUIIMHbBI U OHOJIOTHH.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- mpuoOpeTeHne 3HAHWN M HaBBIKOB B OOJIACTH MHXXEHEPUH. YCICIIHOE NMPUMEHEHHE WHXKEHEPHBIX
METO/IOB U MTOJXO0B IpU paboTe B 006JacTH HAHOOMOTEXHOJIOTHH.

33]13‘[1/[ JAUCHUIIINHBI

- W3yYCHHWE OCHOBHBIX TOHATHH W TPUHIUIOB MNPUOOPOCTPOCHUS W HHXCHCPUH IS
HAaHOOMOTEXHOIOT UL

- QHAJIN3 COBPEMEHHBIX TEXHOJIOTUI U METOI0B U3MEPEHHS;
- pa3paboTKa ¥ MPOEKTUPOBAHKUE TPUOOPOB JJIsi OMOMETUIIMHCKAX U OMOTEXHOJIOTUICCKUX TIeIIeH;

- yCHEIIHOE IPUMEHEHHWE WH)XXEHEPHBIX METOJOB U IIOAXOJAOB mpu pabore B obmactu
HAaHOOMOTEXHOJIOTHA;

- UCCJICAOBAHNC MCTOA0B U ITPUHIIUIIOB Oe3omacHOCTH npu pa60Te C 6I/IOMC,I[I/II_H/IHCKI/IMI/I an60paMH n
HaHOMaTepuajlaMu,

- pa3paboTKa MHHOBALMOHHBIX PELICHUI B 001aCTH HAaHOOMOTEXHOJIOTUIl ¢ MCIOJIb30BAaHUEM 3HAHHUN
0 PUOOPOCTPOCHHUIO U HHKEHEPHH.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie CIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

YK-1 Cnocoben ocymectBnsaTs kputnueckuid | YK-1.1 Ananusupyer npoOieMHy0 CUTYaIHIO KaK CUCTEMY,
aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

YK-3 Cnocoben oprann3oBbiBath 1 pykoBouTh | YK-3.4 CriocoOeH IIaHUpOBaTh KOMaHIHYI pabory,
paboToil koMaHabl, BEIpa0daTeiBas KOMAaHAHYIO  |paclpeaessiTh NOPYUYECHHs YjeHaM KOMAaH[bl, OPraHU30BaTh
CTPATETHIO IS JOCTUKEHUS [T0CTABICHHON 00CyXJIeHUE pa3HBIX UJICH 1 MHEHHUI

3a1auu

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHUN B
paMKax TemaTHueckoi oOmacTu cBoeil mpodeccrnoHambHON
[IK-1 CnocoGen craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pelarh 3aja4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIABUTATH  THIOTE3bI, CTPOUTH
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH MaTeMaTHYeCKHUe MOJACIH ISl  ONHCAaHHA W3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH U MPOLIECCOB, OLIEHUBATh Ka4eCTBO pa3pabOTaHHOM
aHaJM3UPOBATh HAYYHBIC TIPOOJIEMBI, IOIyYaTh |MOJIEIN

HOBBIC HayIHBIC PE3YIIbTaThI [IK-1.3 CmocobeH mNpuUMEHSATh TeopeTudecKkue u (W)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEN0BAHUN K KOHKPETHOU
HayyHOM 3amadye W WHTEPIPETHPOBATH  MOTYyYCHHBIC
pe3yabTaThl

[MK-3.1 TloHumaeT NpPUHOUIBI PabOTHI HCIOIBE3YEMOTO
000opynoBaHUs (cienmanu3upOBaHHBIX MAaKETOB

[TK-3 Criocoben npodeccrnoHaNbHO paboTaTh ¢ MPUKITAHBIX TPOTPAMM)

HCCIIeIOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX

o o
TAATAAN M) D TINAAATIITATT TrRATIaT™ITATT ARTAATTx

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C HCIOIBb30BAHUEM HCCIIC0BATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)




LIPUL PAiviivl ] D YIDQUPAMOVYL LLIPVIVIVIAVYL UWJ1av 1L

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAJILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)
B pesynberare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATh!
- OCHOBHBIEC IPUHLHIIBI IPHOOPOCTPOCHUS U MH)KCHEPUH, IPUMEHsIEMbIe B HAHOOHMOTEXHOJIOTHSIX;
- KaK BBIOMPATh U TIPOCKTUPOBATH MPUOOPHI 17151 pabOThI ¢ OMOJIOTUUECKUMH CHCTEMAMU;
- IpUMEHEHHE HH)XEHEPHBIX METO/IOB U MO/IXO0B IPU paboTe B 00J1acTH OMOMETUIINHEL;
- OCHOBHBIC METO/Ibl M TEXHUKH PaOOTHI ¢ OMOIOTHYECKUMU MTPUOOpaMH;
- COBpPEMCHHBbIC TEHJCHIMM W HaNpaBlIeHHS pPa3BUTHA B 00JaCTH HPUOOPOCTPOCHMS IS
HaHOOMOTEXHOJIOTHIA;
- HaBBIKU paboTHI C OCHOBHBIM 000pYy/IOBaHHEM U MPUOOpaMU JIJIsl ONOMETUITUHCKUX IKCTIEPHUMEHTOB;
- KaKk TPOBOJAWTh M AaHAJIM3HPOBATh pE3YJbTAaThl HSKCIIEPUMEHTOB NpPU IOMOIIM HPUOOPOB U
000pyIOBaHUSI.
YMETh:
- IPOEKTHPOBATH U CO3/aBaTh MPUOOPHI JUIs IIPOBEJCHUS IKCIIEPUMEHTOB B HAHOOHOTEXHOJIOTHSIX;
- IPUMEHSATh OCHOBHBIE METOJIbI M TEXHOJIOTUHM U3MEPEHHI 1 aHaJIN3a B HAHOOMOTEXHOJIOTHSIX;
- IPOBOAUTH IKCIEPHUMEHTHI U 00pabaThIiBaTh MONTYyYCHHBIC JaHHBIE B COOTBETCTBHU C TPEOOBAHUSMH
HayKH U TEXHUKH;
- TIOHMMAaTh TPUHIMIBI Oe30macHOd paboThl ¢ OOOpYIOBaHHMEM W MarepuanaMyd B Jaboparopuu
HaHOOMOTEXHOJIOTHIA;
- BJIJICTh HaBBIKAMU PabOTHI ¢ HH)KEHEPHBIM 000PYI0BaHHEM U HHCTPYMEHTAMH;
- OBITH CIIOCOOHBIM KPUTUYECKH MBICIUTh U aHAJIM3UPOBATH MTOJTYYCHHBIC PE3YIbTATHI;
- 20 (heKTUBHO HUCKaTh JHUTEPATYpy M JPYTyio ClelualibHyl0 HHpOpManuio B W30paHHON ob0mactu
HAyKU;
- QHAIM3UPOBATh HAy4yHbIC CTAaTbU [0 TEME HWHXXCHEPHM U INPHOOPOCTPOCHUs B 00NacTh
OMOMETUITMHCKUX MCCIICIOBaHUH.
BIIAJICTh!

- 3HAaHUSAMH OCHOB OMOJIOTUYECKOTO MPHOOPOCTPOCHUS;

- mpo(ecCHOHATHLHON TEPMHHOIIOTHEH;

- HaBBIKAMH PabOTHI ¢ JIAOOPATOPHBIM 000PYIOBaHHEM;

- HaBBIKAMH MIPOEKTHUPOBAHUS JTA0OPATOPHOTO 00OPYI0BaAHUS;

- MH)KCHEPHBIMU METO/IaMH U TIOIX0AaMH IPpH padoTe B 001aCTH HAHOOMOTEXHOJIOTHIA;
- YMEHHMEM aHAIN3UPOBATh MOJIYUYCHHBIC TaHHBIE;

- YMEHHE IPUMEHSTH MOTY4YCHHbBIC 3HAHHS U HaBBIKH B IIPAKTUYECKOU IESTEIHHOCTH.

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

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

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.

Jlextiun | Cemunapsr | JlaGopat. paGoOTHI pabora

MHuoroobpazue npubopHOH 0azbel U
1 pasBUTHE npubOpPOCTPOCHUS, 2 10
COCTaBJISIOIINE YaCTH IPHOOPOB.

buocencopsl, perucrpanus
2 KOJIOPUMETPHUECKUX, (IyOpeCleHTHBIX 2 2 6
1 OMOTIOMUHECIIEHTHBIX METOK.




3 JlerekTopsl B ipubOpax. 2 2 6
4 JleTeKTOpBl ONTHYECKOTO H3ITyUEeHHUS. 2 2 10
5 OnTHueckure 3JeMEeHThI B IpuOopax. 2 10
6 Hctounuku cBera B mpubopax. 2 2 5
7 Mexanuueckue COCTABJISIIOLME ’ 5
npuOOpOB.
] Turnet JIBUTATENEH u Croco0bl 2 6
yIpaBICHUS UMH.
Vnpasnstomue KOHTPOJIJIEPHI, ux
9 OTJIMYUS u MOAXOAbI K 2 6
MPOTrPaMMHPOBAHHMIO.
10 Buapl mmH nepenadu AaHHBIX U paboTa ¢ 1 3 6
HUMU.
11 [Iporpammuoe obecniedeHne MpuOOPoOB. 5
Hroro wacos 15 15 75
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue AUCHUTLTAHBI (MOYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 1 (Ocennwii)

1. MHorooOpasue mnpuOOpHOH ©0a3pl M pa3BUTHE NPHUOOPOCTPOCHHS, COCTABISIONIAE YaCTH
npuOOopoB.

PasnuuHble TUNBI TPHOOPOB, MX COCTABISIONIME YacTH, HAa3HAYCHUE, OCHOBHI pa3pabOTKH |
NPOM3BOJICTBA, @ TaK)KE OCHOBHBIC TEXHOJIOTMM W METOAbl INpubopocTpoeHus. CoBpeMeHHbIE
TEXHOJIOTUH U HOBEHUIIIHE JOCTH)KEHUS B 00J1aCTH MHCTPYMEHTAILHON 6a3bl B pa3paboTKu MPUOOPOB.

2. buoceHCOpbl, perucTpainys KOJIOPUMETPHUYECKHX, (DIyOpeCHEeHTHBIX M OHOJIOMHHECICHTHBIX
METOK.

Buaer 6noceHCOPOB, OCHOBHBIE XapaKTEPUCTHUKH, CYIIECTBYIOLIME NpPOOJIEeMbl B OOJNIACTH U HX
pemenns. CriocoObl BO30OYKACHUS (UIyOPECICHIINH, UX HPEHMYIIECTBa U HEAOCTATKHU, AETEKTOPHI
cBeTa. Buapl cBeTOUIBTPOB, OCHOBHBIE MX XapaKTEPUCTHUKH W METOABI BBHIOOpA ISl AOCTHXKEHUS
OINITHMAJIbHBIX XapaKTEPUCTHUK Mpuodopa.

3. JlerekTopsl B IpubOpax.

Bunbl netekropoB (Temmeparypbl, BIa)KHOCTH, HANpsDKEHHS, CBeTa M T.II.) M CIOCOOBI HX
MOJKITIOYEHHS. AHAJIOTOBbIE U U(PPOBBIE IETEKTOPHI

4. I[eTeKTOpLI ONTHYCCKOTO U3JTYyUCHUS.

[IpuHUMOBL PaOOTHl M TUIBI IETEKTOPOB ONTHYECKOTO H3IydeHHus. VX mpuMeHeHHe B Pa3IUYHBIX
ONITUYECKUX CHUCTEMaX U yCTpOMCTBaXx.

5. OnTuueckue NEMEHTH B TPUOopax.

OcHOBHBIE CBOWCTBA M OCOOCHHOCTH MPAKTUYECKOTO MPUMEHEHHsS PAa3JIMYHBIX THIIOB ONTHYECKUX
aneMeHTOB.  JIMH3BI, 3epKania, MPU3MbBI, ONTHYECKHE QWIBTPHI M JPyTrde 3JIEMEHTHl. MeToabl
M3TOTOBJIEHUS Pa3IMYHBIX ONTHYECKUX JIEMEHTOB.

6. crounuku cBeta B mpudOpax.




Pa3nuuHple THOBI WMCTOYHMKOB CBETAa, MX HPHHIMIIBI pabOThl, OCOOCHHOCTH W IPUMEHEHHE B
pa3IMYHBIX TpUOOpax M yCTpoWCTBax. JlamIbl HakajdMBaHWS, JIOMHHECIICHTHbIC Jammbl, Light
Emitting Diodes (LED), razopaspsiiabie jgammbl ¥ Apyrue. OQQPEKTHBHOCTh W yIpaBlcHHE
MCTOYHUKAMH CBETA.

7. MexaHn4ecKkre COCTABIISIONINE MTPHUOOPOB.

CtpoeHue 1 NpUHIMI PabOTHl MEXaHUYECKUX Y3JI0B M MEXaHM3MOB, TAaKUX KaK JiepKaTesn 00pas3os,
ONTUYECKUX 3JIEMEHTOB, AaKTIOATOPBI, 3JIEMEHTHl KOpIycoB mnpubopoB u T.a1. lloaxomel kK
MPOEKTUPOBAHUIO U U3TOTOBJIEHHUIO MOJJOOHBIX CUCTEM.

8. Tunbl ABUTATENCH U CIIOCOOBI YIIPABICHUS] HMH.

PaznuuHble THIBI 3JEKTPUYECKUX ABUraTelIeH, MX NPUHIUIBI paboTsl. OCHOBBI pabOTHI C CUCTEMaMU
YIPpaBJICHUS JBUraTENISIMU, BKIIOYasl JIEKTPOHHBIE KOHTPOJUIEPbl U YCTPOMCTBA I MOHUTOPUHIA
paboThl 1BUTATENEH.

9. anaBJmIomHe KOHTPOJUICPBI, UX OTJIMYUA U TOAXOAbI K IPOIrpaMMHPOBAHULO.

Buapl ynpaBnsiomux KOHTPOJIEPOB, UX OTIMYHS IPYr OT JIpyra U OCOOCHHOCTH MPAKTUYECKOTO
HIpUMEHEHHs.. MUKPOKOHTPOJIIEPB: 0COOCHHOCTH IPOTPaMMUPOBAHUS M I'PAHUIIBI IPUMEHECHHUS.

10. Bunb! mvie niepegadyn JaHHBIX U paboTa ¢ HUMH.
Paznuynble BUABI IMH NEPEAaqn JaHHBIX, UX 0COOEHHOCTH U criennuka padoThl.
11. [TporpammHOe obecrieueHne MpudoOpoB.

OcHOBBI pa3pabOTKK M TECTUPOBAHUS MPOIPAMMHOTO U alllapaTHOro OOSCTIeYeHUs ISl pa3InIHbIX
npubopoB. OCHOBHBIC MPUHIUIBI obecrieueHus] 0€30MaCHOCTH U HAJIKHOCTH pabOThl MPOTPaMM B
pa3IMYHBIX IPUOOpax.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMON AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

VYuebHas ayquTopHsi, OCHAIEHHAs! KOMITBIOTEPOM U MYJIbTUMEIMHHBIM 000py10BaHHEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa



Jluteparypa npenocrasinsieTcsi Ha 6a30Boi Kadeape:

— Fluorescent Magnetic Nanoparticles for Bioimaging through Biomimetic Surface Modification.
Andrey S. Drozdov, Kristina S. Komarova, Elizaveta N. Mochalova, Elena N. Komedchikova, Victoria
O. Shipunova and Maxim P. Nikitin .

— Lectin-Modified Magnetic Nano-PLGA for Photodynamic Therapy In Vivo. Vera L. Kovalenko,
Elena N. Komedchikova, Anna S. Sogomonyan, Ekaterina D. Tereshina, Olga A. Kolesnikova, Aziz B.
Mirkasymov, Anna M. [ureva, Andrei V. Zvyagin, Petr [. Nikitin and Victoria O. Shipunova.

— Green Synthesis of Size-Controlled in Vivo Biocompatible Immunoglobulin-Based Nanoparticles
by a Swift Thermal Formation. Afanasy V. Lunin, Egor S. Korenkov, Elizaveta N. Mochalova, and
Maxim P. Nikitin.

— Non-complementary strand commutation as a fundamental alternative for information processing by
DNA and gene regulation. Maxim P. Nikitin.

— Metal-organic frameworks for simultaneous gene and small molecule delivery in vitro and in vivo.
A. Ringaci, A.V. Yaremenko, K.G. Shevchenko S.D., Zvereva, M.P. Nikitin.

— Targeted Two-Step Delivery of Oncotheranostic Nano-PLGA for HER2-Positive Tumor Imaging
and Therapy In Vivo: Improved Effectiveness Compared to One-Step Strategy. Victoria O. Shipunova,
Elena N. Komedchikova, Polina A. Kotelnikova, Maxim P. Nikitin.

JomnonHutensHas auTeparypa

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIsA)

He ncnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMBbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NporpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nek1inoHHBIX 3aHATUSX UCIIONb3YIOTCS MYIBTUMEIUIMHBIE TEXHOJIOTUH, BKIIIOYasl JEMOHCTPALIUIO
npeseHTauuii. [IpuBeTcTByeTCS HaTMUKE BO BpeMst 3aHATUH cMapT(OHOB/HOYTOYKOB I y4acTHS B
HUHTEPAKTUBHBIX YIPAKHEHUSX.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCIHUIIINHBI (MO)_Iy.Tlﬂ)

VYeneniHoe ocBoeHue Kypca TpeOyeT HanpsHKEHHOM caMOCTOATEeNIbHOM paboThl cTyaeHTa. B nporpamme
Kypca NpUBEICHO MUHHMAJIbHO HeoOXoanmoe Bpemst s paldoThl CTyIeHTa Haj TEeMOM.
CamocrosiTenbHas padoTa BKIIIOUAET B ceOs:

— YTEHUE U KOHCIIEKTHPOBAaHNE PEKOMEH/I0BAHHOH JINTEPATYPHI;

— TpopaboTKy ydeOHOro Marepuaia (IO KOHCIIEKTaM JICKIWiH, y4eOHOH M Hay4yHOW JHTeparype),
MOATOTOBKY OTBETOB HAa BONPOCHI, MPEJHA3HAUYCHHBIX IS CAMOCTOATEIBFHOTO — M3Y4CHHS,
JI0Ka3aTeJIbCTBO OTAEbHBIX YTBEPKIACHUN, CBOMCTB.

PykoBOACTBO W KOHTPOJNb 3a CaMOCTOSATENBHOM paboOTON CTygeHTa ocyuiecTBisieTcst B (opme
VHIUBUyaJIbHBIX KOHCYAbTali. [ popmMupoBaHus yMEeHUSI IPUMEHSTh TEOPETUUECKHE 3HAHUS Ha
MPaKTHKE CTYIEHTY HEOOXOAMMO pemath Kak MOKHO OoJblie 3aj1ad. B Hauane 3aHATH, KaK IPaBHUIIO,
npoBoguTcs kopoTkui (10-15 MuHYT) ompoc MO Marepuany NPOIIEANINX 3aHITHH B YCTHOW WU
MUCbMEHHOM (hopme. BaskHO 10OUTHCS TOHMMaHHS U3y4aeMOro Marepuaia, a He MEXaHW4eCKOTO €ro
3anomuHanud. [Ipu 3arpyaHeHMH H3y4YeHHS OTAEIBbHBIX TEM, BOIPOCOB, CIEAyeT oOpamarbcs 3a
KOHCYJIBTAIIHSMH K JIEKTODY.

[TpoMesKyTOYHBII KOHTPOJIb 3HAHUH TMPOBOJMTCS B BUJIE OMIPOCOB, HA KOTOPBIX CTYACHTY MPEUIaraeTcs
YCTHO OTBETHTh Ha TEOPETHYECKMH BONPOC M PEIINTh JBE 3a7a4yd Mo TeMe ceMuHapa. CTyIeHTHI,
YCHEWHO Mpouiemue Bce GOpMbl MPOMEKYTOUHOTO KOHTPOJIS, IOIMYCKAIOTCS K cAade SK3aMeHa 10
JMCLUIIINHE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: buodwusuka u nHxEeHEpPUS B HAHOOMOTEXHOIOTHSIX
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
IEHTpP 00pa3oBaTeNbHEIX MporpaMM DU3TEX-IIKOIBI OMOTOTUIECKON U METUIIMHCKOM

(buzukn
Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH artectanuu: 1 (oceHHUH) - DK3aMeH

Pa3zpatGoTunk: A.B. Ilymxkapes, kaH. (pu3.-MatT. HayK, IpernogaBaTeib



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

YK-3 Cnoco6GeH oprann30BbIBaTh H PYKOBOIUTD
paboToii KoMaH/IbI, BEIpa0aThIBasi KOMaHIHYTO
CTpATETHIO JUIS JOCTHKCHUS ITOCTABICHHOMN
3a/1auu

VYK-3.4 CnocobeH miaHupoBaTb KOMaHAHYIO padoTy,
pacnpenensaTh HOpy4eHUsl 4ieHaM KOMaHbl, OpraHU30BaTh
00CyXJIeHUE pa3HbIX UICH 1 MHEHUI

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIie pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000INATH
nH(pOpMaNKIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3y4aeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl HCCIIEIOBAHUI K KOHKPETHOM

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAHHBIMH TTAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMeTHON 00JIacTH

Hay4yHOM 3ajau€ W HHTEPIPETUPOBATH  IOJIYUYEHHBIE
pe3yabpTarhl

[IK-3.1 Ilonumaer mnpuHOUIBI PabOTHl HCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

[K-3.2 Criocoben MIPOBOANTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIOBATEIBCKOTO
o0opynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
3KCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaTOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynbrare usydeHus IUCHUILIMHBI «OCHOBBI WMH)KEHEPHM IJII HAHOOMOTEXHOJOTH» 0Oydaromuics

JIOJDKEH

3HAThb:

- OCHOBHbIE IPUHIUIIBI TPHOOPOCTPOCHUS M HHKCHEPHUH, TPUMEHsIEMbIE B HAHOOMOTEXHOJIOTUSX;

- KaK BBIOMpATh ¥ MPOECKTUPOBATH IPUOOPHI AJIsl pabOTHl C OMOIOIMYECKUMH CUCTEMAMU;

- IPUMEHEHHE NHKEHEPHBIX METOJIOB U MOJXO0/I0B IPpH paboTe B 001aCTH OMOMEANIINHEI,

- OCHOBHBIE METO/BI U TEXHUKHU pabOThI C OMOJIOTHYECKUMU PUOOpaMu;

- COBpPEMEHHBIC TCHACHLUMH M HANpaBICHHUS pa3BUTHA B 001acTM NPHOOPOCTPOCHUS IS

HAHOOUOTEXHOJIOT Ui

- HaBBIKU pabOTHI C OCHOBHBIM 000py/IOBaHHEM U MPUOOpaMU JIJIsl OMOMETUITUHCKUX IKCIIEPHIMEHTOB;
- KaKk TPOBOJMTh M AaHAJIM3HPOBATh pE3YJbTAaThl HSKCIIEPUMEHTOB NpPU IOMOIIM HPUOOPOB U

000pyIOBaHUSI.

yMeTh:




- IPOSKTUPOBATh U CO37[aBaTh MPUOOPHI [Tl TPOBEACHUS SKCIICPUMEHTOB B HAHOOMOTEXHOJIOTHSAX;

- IPUMEHSTH OCHOBHBIC METO/IbI U TEXHOJIOTUH U3MEPEHHI M aHAJN3a B HAHOOMOTEXHOJIOTHSIX;

- MPOBOJIUTH SKCIICPUMEHTHI ¥ 00padaThIBaTh MOJYUYCHHBIC JAaHHBIC B COOTBETCTBHU C TPEOOBAHUSIMHU
HAayKH U TEXHUKH;

- TIOHMMAaTh TPUHIMIBI Oe30MacHOW paboThl ¢ O0OPYIOBaHHMEM M MaTepuaiaMyd B JabOpaTopuu
HAaHOOMOTEXHOJIOT UL

- BJIQJICTh HaBBIKAMH PabOThI ¢ HHXCHEPHBIM 000PY/IOBAHHEM U HHCTPYMCHTAMU;

- OBITH CIIOCOOHBIM KPUTUYECKH MBICIUTD U aHAJIM3UPOBATH MOJIYYCHHBIC PE3YJIbTATHI;

- 3¢ (hEeKTUBHO HUCKaTh JIMTEPATYpPy U JIPYIyIO CHCHUANIbHYI HH(POpPMAIUi0 B W30paHHON ob0mactu
HayKH;

- aHaJM3UPOBATh HAyuYHBIC CTAaTbU MO TEME HHXKCHEPUH M TNPUOOPOCTPOCHUS B 00IacTH
OMOMEIMIIMHCKHX HUCCIIEIOBAHMIA.

BJIA1€Th:

- 3HAHUSIMU OCHOB OHOJIOTHUYECKOTO MPUOOPOCTPOCHHS;

- MPOQeCCUOHATEHON TEPMUHOJIOTHEH;

- HaBbIKaMH PabOTHI ¢ JIA0OPATOPHBIM 000PYIOBAHUEM;

- HaBBIKAMH IPOCKTUPOBAHUS 1a00OPaTOPHOTO 00OPYIOBAHUS;

- HHXCHEPHBIMHA METO/IaMH ¥ MTOJIX0JIaMH TIPU PaboTe B 00JaCTH HAHOOUOTEXHOJIOTHH;
- YMEHHEM aHAIM3UPOBATH MTOJYYCHHBIC TAHHBIC;

- YMEHHE IPUMEHATH MOTy4YEeHHbIC 3HAHHUS U HaBBIKU B MPAKTUYECKON 1EATEIbHOCTH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

MHoroo6pa3ue npubopHO# 6a3bl U pa3BUTHE TPUOOPOCTPOCHUS, COCTABIISIONINE YAaCTH IPUOOPOB.
BuoceHncopsl, peructpanus KOJIOPUMETPUIECKUX, (PIIyOPECHEHTHBIX U OMOIIOMHUHECLIEHTHBIX METOK.
JHerekTopsl B mpudopax.

Bunper netekropoB (TeMmepaTypbl, BIAQXHOCTH, HANpsIKEHHS, CBETa M T.II.) M CIOCOOBI HX
MOJKITFOUCHMUS.

Amnanorosble U IU(POBBIE 1ETEKTOPHI.
JleTeKTophl ONTUYECKOTO U3ITYyUCHMUS.

[TpuHIMIBE! paboOTEl M THIBI JAETEKTOPOB ONTHYECKOTO M3Iy4eHHUs. VX NmpuMeHeHHe B pa3In4HBIX
ONTHYECKUX CUCTEMAX U YCTPOMCTBAX.

OnTHryeckue 3JeMEHTHI B Iprudopax.

MeToas! U3rOTOBIEHUS PA3ITUYHBIX ONITHYECKHUX DJIEMEHTOB.
Hctounuku cBera B mpudopax.

MexaHnueckre COCTaBISIOIUE MPUOOPOB.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

1) TlonsiTre GMOCEHCOPOB, TPUMEDHI;

2) IlpuMepsl NIPUMEHEHHSI KOJOPUMETPHUYECKHX, (IIyOpECEHTHBIX U OMOIIOMUHECLICHTHBIX METOK B
OunoceHcopax;

3) CrocoOb1 BO30OY)IeHUS (ITyOpPECIISHITNH, X MPEUMYINECTBa U HETOCTATKH;

4) IlpuHuun paboThl HEKOTOPBIX JETEKTOPOB TEMIIEPATYPhl, BIaKHOCTU U CIIOCOOBI MX HOAKIIOYCHUS;
5) Otnuuust aHATOTOBBIX U HU(PPOBBIX IETCKTOPOB;

6) JleTekTopbl ONTHYECKOTO H3JIy4YeHUs BBl 3HaeTe. [ 1e ¥ B KAKOM Cllyyae OHM MIPUMEHSIOTCS;
7) Hpuanumn padotst [13C marputiel. Ommuus or KMOIT,

8) HcTovYHMKH ONTHYECKOTO M3Iy4YeHUs Bbl 3HAETE, B YeM OCOOCHHOCTH WX IPUMEHEHHUS;

9) Tunsl akTIOaTOPOB OCOOCHHOCTH U TPAHHIIBI UX IPUMECHEHUS;

10) [IpuHuKn paGoTHI IAroOBOTO ABUTAaTENsl U CLIOCOOBI YIPABICHUS UM;

11) Ipunmun paboTbl COPBOABUTATEIIS U CIIOCOOBI YIIPABICHUS UM;

12) Tumbl SHKOAEPOB, IPUHIUITBI KX PAOOTHI;

13) Ommmuus [IJIMC 1 MUKPOKOHTPOJIIEPOB, apXUTEKTYPbl MUKPOKOHTPOJUIEPOB;



14) Buapl muH nepefadd JAaHHBIX. Tumbl kabOened BuTas mapa W WX NpuMeHeHne KoakcuanbHbBIN
Kabeb;

15) S3bIKM IpOrpaMMHUPOBaHUS, HCIIONb3yeMble AJisl Hanucanus 110 k mpubopawm;

16) [Ipenmy1iecTBa 1 HEAOCTATKH BEICOKOYPOBHEBBIX M HU3KOYPOBHEBBIX SI3BIKOB.

[Ipumeps! OmiieToOB:

buner 1.
1) IlonsiTme GMOCEHCOPOB, TPUMEPHI.

2) IIpumepsl NpUMEHEHHS KOJIOPUMETPUICCKHX, (IIYOPECIEHTHBIX U OMOJFOMUHECIIEHTHBIX METOK B
OoroceHcopax.

buner 2.
1) Ipuniumn paboTel COPBOABUTATENS U CIIOCOOBI YIIPABICHUS HM.
2) Tumbl PHKOJIEPOB, MPUHIIUITLI UX PAOOTHI.

Kpurepun onennBanus
Onenka "ommuno" (10 Gamos) BBICTABIISIETCSI  CTY[IEHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAaHWS YYEOHOHM MpOorpaMMbl AMCHUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.
Onenka "ortnmuuno" (9 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpPOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.
Onenka "ormnmumuno" (8 0ayioB) BBICTABJISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, NPaBUIbHOE 00OOCHOBAHHUE MPUHSATHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.
Onenka "xopomo" (7 0anoB) BBICTABIISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT Marepuai, FPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTh MOJy4YEeHHbIC 3HAHWS Ha MPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.
Onenka "xopomio" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
M0 CYIIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTH MOMyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka "xopomo" (5 OamioB) BBICTABISIETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HaeT Marepual,
IPaMOTHO M MO CYIIECTBY H3JIaraeT €ro, yMeeT HMPUMEHATh MOJy4YECHHbIC 3HAHUs Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WIM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOUHOCTEH.
Onenka "ynosneTBopuTedbHO" (4 Oanna) BBICTABISIETCA CTYIEHTY, IIOKa3aBHIEMY (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH O0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOIO MaTepuana, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3zieibl yueOHOW HmporpamMMbl, HEOOXOJUMBIE IS JalbHEHIero ooyueHus, 1
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
Onenka "ynoBnerBoputensHO" (3 Oajuia) BBICTABISETCS CTYACHTY, ITOKa3aBIIeMy (parMEeHTapHBI,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapylIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHWH NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy y4eOHOH MporpaMMbl, HEOOXOIUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
Onenka "HeynoBieTBOpUTENbHO" (2 Oamia) BBICTABIISICTCS CTYACHTY, KOTOPBIA HE 3HaeT OoJbLIei
YacTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT rpyOble OmMOKU B
(hopMyIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
Onenka "HeynoBierBoputenbHO" (1 6amn) BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.



5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

AtTecTarys 1o JUCHUILIMHE ocyliecTBiseTcs B popme sx3amena. [Ipu npoBeeHun yCTHOTO SK3aMeHa
oOyuaromemycsi npegocrasisiercs 60 MuHYT Ha moarotoBky. Ompoc oOydvaromierocst mo OuiieTy Ha
YCTHOM 3K3aMEHE HE JOJDKEH IIPEBbIIIATh OJHOTO aCTPOHOMMYECKOI'0 yaca.



