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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
OMOJIOrHYecKoii M MeIUIIHHCKOM
buznkn

J.B. Ky3bmun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JUCHHUIIMHE: HanoTexHomornyeckne MeTo bl UCCIIEIOBAHISA ONOTIOTUMEPOB
10 HAMPABJIECHUIO: Buorexnonorus
npopuJib NOArOTOBKHU: Buorexnonorus

dusrex-mkoia buomornyeckon 1 MeaunmHckoln OU3HKH
kadempa MONEKYIAPHON U TPAHCIAIIMOHHONW MEIUIIHHBI
Kypc: 4
KBaJIupuKAIMSL: OaxanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 7 (OCeHHUH) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansaTus: 30 yac.

CamocrositensHas pabora: 90 gac.

[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 180, Bcero 3au. en.: 4

[Iporpammy cocraBui: J.B. KnunoB, kaH. Qu3.-Mar. HayK

[Iporpamma obcyxieHa Ha 3acefjanuy Kadeapbl MOJEKYISPHOUN U TpaHCIAIMOHHON MeaunuHbl 02.04.2020



AHHOTANMA

lenbto maHHOW JUCHMIUIMHBI SIBISIETCS NPHOOPETCHHE TEOPETHUSCKUX M TPAKTHYECKHX 3HaHUM TI0
MOJIEKYIISIpHOM OMO(HU3HKE, B KOHTEKCTE COBPEMEHHBIX METO/IOB MCCIIIOBAHUS OT/EIHHBIX OMOMOJIEKYI U UX
KOMILJIEKCOB, HABBIKOB MPAKTUYECKOrO MPUMEHEHHS JAHHBIX METONOB B MOJEKYIsIpHON MeaunuHe. CTyaeHT
MoCjie OCBOGHHS Kypca Oymer TIOHMMarh (QyHIaAMEHTaNbHBIE TIOHSATHS, 3aKOHBI H  IPOIECCHI
(YHKIIMOHUPOBAHUS KUBBIX CHCTEM, CTPOCHHE U (PYHKIIMH OCHOBHBIX OuoronumepoB xuBoi kietku: JTHK,
PHK wu O0enkoB, coBpeMeHHBIE MNPOOIEMBl MOJICKYJISIPHOW MEIUIIUHBI, pElIaeMble C WUCHOIb30BAaHUEM
HAHOTEXHOJIOTHH.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

an/I06peTeHHe TCOPCTUYCCKUX U MPAKTUYCCKUX 3HAHUM I10 MOJ'IeKyanHOfI 6I/IO(I)I/I3I/IK€, B KOHTCKCTC
COBPEMCHHBIX MCETOAOB MCCICAOBAHUA OTACIIBbHBIX 6HOMOH€KYH N HX KOMIIJICKCOB, HAaBBbIKOB
MPaKTUYCCKOIO IIPUMCHCHUA TaHHBIX MCTOIOB B MOJICKyJIHpHOﬁ MCIOUIINHC.

33]13‘[1/[ JAUCHUIIINHBI

*  OCBOCHHE CTyJeHTaMU 0a30BbIX 3HAHHWW B OONACTH MOJEKYJISIPHOH OWO(PH3UKHU, CTPYKTYPHl H
(GYHKIMIA MOJIEKYT OHOIOIMMEPOB, COBPEMEHHBIX METOIOB OHOHAHOTEXHOJIOTHH, HWCIIOIb30BAHHS
HAHOTEXHOJOTUYECKUX METO0B UCCIICA0BAHMS OUOIIONINMEPOB B MEIMIIHHE,

*  1puoOpeTeHHe TEOPEeTHUYECKHX 3HAHMH B OONACTH NEKTEKIHMH MAaKpOMOJEKYI M HPaKTHYECKHX
HaBBIKOB MCCIICIOBaHUS OMOTIOIMMEPOB;

*  OKa3aHWEe KOHCYJIBTAllMH M TOMOIIM CTYIEHTaM B HPOBEICHUH COOCTBEHHBIX TEOPETUYECKUX U
AKCTICPUMEHTAILHBIX UCCIICAOBAHMIA B 00JIACTH MOJIEKYJISIpHOW OMO(MU3HKH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3.1 3Haer ocHOBHBIE TpaBwiIa OGOPMIICHHS HAYYHBIX
MyOIMKAMi U HAYYHO-TEXHUYECKOH TOKYMEHTalWH, B TOM
YHUCIE€ C MCHOJIb30BAaHMEM MPUKIAJHOTO IPOrPAaMMHOTO

OIIK-3 CriocobeH cocTaBisITh U 0QOpMIIST obecrieueHust

Hay4HbIC U (UJIM) TEXHUYECKHE OIIK-3.2 BnazseeT Ha MpaKTHKE METONOJIOTHEH COCTABICHHS

(TexXHONIOTHYECKNEe, NHHOBALIMOHHBIC) OTYETHl  |HAYYHO-TEXHHMUYECKUX OTYETOB (IIPOEKTOB)

(ryGuMKaLmHu, POEKTHI) OIIK-3.3 Bnageer MeTofaMu BU3yalbHOTO U Tpaduieckoro
MPEICTABICHUS PE3yNbTaToB Hay4HOM

(Hay4YHO-TEXHUYECKON, MHHOBAIIMOHHONW TEXHOJIOTHYECKON)
JIESITEIIPHOCTH B BUJIE OTYETOB, HAYYHBIX ITyOIHKAIIHIA

[IK-3.1 3naer npuHUMIIBI PabOTHI M JHAana3oHbl paboumx
[apaMeTpoB MCIOIb3YEMOT0 HAyYHOTO 000py/I0BaHUS

[MK-3.2 3naer o0macTh W KPUTEPUHU TNPUMEHHUMOCTH
[1K-3 CnocoGeH BbIOMpATh U IPUMEHSATH UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
nozaxozsiee 000py10BaHHE, UHCTPYMEHTBI M1 |OLIEHMBAaTh TOYHOCTb INMPUOIMIDKEHHBIX  AHAIUTHYECKUX
METO/IbI UCCIIEOBAHUM IS PEIICHHS 3a0a4 B |METOAOB BBIYMCICHHIMA

M30paHHOM NpeMEeTHOI o0nacTu [IK-3.3 YmMmeeT npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTEIHHOU
CIIO)KHOCTH  MCIIONB3yEMBIX  aJrOPUTMOB M o0beMa
TpeOyeMBIX BHIYHCIUTEIBHBIX PECYPCOB

3. IlepeyeHb MIIAHUPYEMBIX Pe3yJbTATOB 00y4eHHS MO JUCHUILINHE (MOTYJII0)
B pe3ynbrare ocBoeHUS JTUCIUIUTHHBI 00y4Yaroninecs J0KHBI
3HATB!
[0 ¢yHaaMeHTaIbHbIC TIOHSATHS, 3aKOHBI M MIPOIECCHl PYHKIIMOHUPOBAHUS JKUBBIX CHCTEM;
[ crpoeHne u GyHKIMH OCHOBHBIX OrononumepoB xuBoit kietku: JJHK, PHK u 6enkos;
O COBPEMEHHBIC TIPOOIEMbl MOJEKYISIPHOH MEAMIIMHBL, pellaeMble C HCIOJIb30BaHHEM
HaHOTEXHOJIOTUM.
YMETb:



O a0cTparupoBaTbCsi OT HECYIIECTBEHHOTO IPH MOJEIMPOBAHUU pPEAJbHBIX IPOIECCOB B
OMOJIOTHYECKUX CHCTEMAX;
O MOJb30BAaThCSl CBOMMHU 3HAHUSAMH Ul pEUIeHUs (QyHIAMEHTAIbHBIX W TNPHUKIAJHBIX 3a1a4
HaHOTEXHOJIOTUH;
[J nmenarp NpaBUIbHBIE BEIBOABI U3 COIIOCTABIICHUS PE3Y/IbTaTOB TEOPUU U IKCIIEPUMEHTA;
[J nenarh Ka4eCTBEHHBIE BBHIBOABI PH MEPEXO/IE K IMPEACTIbHBIM YCIOBUSAM B H3y4aeMBIX MPoOIeMax;
O OCBaMBaTh HOBBIC IPEIMETHBIC O0JACTH, TEOPETUUECKHE TIOIAXOAbl U AKCIICPUMEHTAJIbHBIC
METOJUKH;
[l moJy4aTh HaWTy4lllMe 3HAYEHUs] B OMOJIOTHYECKUX SKCIEPHUMEHTAX M NMPABUIBHO OLIEHUTH CTETEHb
WX JI0CTOBEPHOCTH;
[l paboraTh Ha COBPEMEHHOM, B TOM YHUCJIE U YHHUKAJILHOM KCIIEPUMEHTAIBHOM 000pYyI0BaHUM;
U 3¢ (GEKTUBHO HCIIONB30BaTh HWH(OPMALMOHHBIE TEXHOJOTMH M KOMIBIOTEPHYIO TEXHHKY IS
TOCTHKEHUS! HEOOXOIMMBIX TEOPETUIECKHUX U MPHUKIIAJHBIX PE3yIbTaTOB.

BJIaJETh:

[J HaBBIKAMHU OCBOCHHS 0OJIBIIOTO 00beMa HHOpMAIHH;

[/ HaBBIKAMH CaMOCTOSTEIBHOW paboTHI B 1abopaTopuu u MHTEpHETE;

[l KyJIbTYpO# HOCTAaHOBKU M MOJEIHPOBAHUS OMOIOTHYECKOTO IKCIICPUMEHTA;

[l HaBBIKAMU TPAaMOTHOH OOpaOOTKM pE3yIbTaTOB OIBITA M COMOCTABICHUS C TEOPETHYSCKUMHU
JaHHBIMHU;

[l MpaKTUKOM MCCIEOBAaHMS U PEIICHHS TEOPETHICCKUX U TPUKIIAIHBIX 3a/1a4 HAHOTEXHOJIOTHIA;

[l HaBBIKAMM TEOPETHUUYECKOTO aHAJIM3a 3aJad, CBA3AHHBIX C M3yYCHHEM CBOIMCTB OMOIOIMMEPOB Ha
MOJIEKYJISIPHOM U CyOKJIETOYHOM YPOBHSIX CTPYKTYPHOU OpraHU3aIliH.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpynoeMKOCTb 110 BUAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 buonoruueckue yunel 2 3
2 BBenenne B OHOHaAHOTEXHOIOT IO 2 4 9
3 Mertonsl ACTEKTUPOBAHHUS OJUHOYHBIX ) 4 9
MOJIEKYIT
4 PacTBOpsI OHOTIONTMMEPOB 4 4 12
5 CkaHupylomasi 30HI0Basi MHUKPOCKOIHS 4 6 15
OronoIMMepoB
6 CrpykTypa 6enkoB 4 4 12
7 CTpyKTypa HyKJIEUHOBBIX KHCIOT 4 4 12
] Tennenunn pa3BUTHUS 4 6
OMOHAHOTEXHOJIOT U
9 DNeKTpOHHAsS MUKPOCKOIIHUS 4 4 12
Nroro yacos 30 30 90
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 180 yac., 4 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 7 (OceHHwmii)



1. Buonornyeckue YUIIbI

Buast OHOJIOTMYECKUX YUIIOB. bHOYMIIBI Ha OCHOBE HYKJICMHOBBIX KHUCJIOT U OEIIKOB. HpI/IHHI/IH
pa6OTLI U NIPpUMCHCHHUC B OHOJIOTHH U MCIMIIMHC.

2. Beenenne B OMOHAHOTEXHOIOTHIO

Hcropust pa3BuTHsi OMOHAHOTEXHOJIOTMU. BHOHAHOTEXHOJIOTHS — YacTh MOJICKYJISIPHOW OHO(H3HKH.
Onpenenenre OMOHAHOTEXHOJIOTUM KaK YacTH MOJEKYISIpHOH Ouodusuku. ba3oBbie MOHATHS.
OOmiee mpezacTaBiIeHHE O 3aja4aX OMOHAHOTEXHOJOTHMH €€ CBS3M C OpyruMu Haykamu. OOmactu
NpUMEHEHHS

3. MeToabl AETEeKTUPOBAHUS OMHOYHBIX MOJIEKYIT

Kanmwisipaeie noBymku. DnekTpudeckue JOBYMKH. OnThdecKkue JOBYMWIKH (J1a3epHBIE TBU3EPHI).
MaruuTHble JTOBYIIKKA (MarHuTHbie TBH3ephbl). SNOM. ATOMHO-CHIIOBasi CHIEKTPOCKOIUSI OCIKOB U
JHK. Hanonopsr.

4. PacTBOpBI OMOIIOIMMEPOB

bazoBbie nmonsaTus. KonuenTpanus, napundaibHblii 00beM, XUMHUYECKH NOTECHIMAI U aKTHBHOCTb.
Temmeparypa. OcmoTtmueckoe jgapnenue. HMonnas cwia wu  Teopust  Jlebas- Xrokkens.
[onmmanexrponutel 1 3dpdexr JonHana. B3anmoneicTBus MeXIy MOJIEKYIaMHA W PAacTBOPUTEIIEM.
[Monstre ruapoPoOHOCTH — TUAPOPHUIBLHOCTH.

5. Cxanupyromas 30H10Basi MUKPOCKOIUS OMONOINMEPOB

VYerpolicTBO ¥ OpUHOMI pabOThl  CKAHUPYIOIIMX 30HIOBBIX MHKpPOCKOMNOB. CKaHHpYOMIas
TYHHEJIbHasE MUKPOCKOIUS. ATOMHO-CHIIOBass MUKpockomnus. MccnenoBanne OelKOB, HYKJIEHMHOBBIX
KHCJIOT U HYKJIEOIPOTENHOBBIX KOMIUIEKCOB C MOMOIIBI0 CKAaHUPYIOLIEH 30HIOBOM MHMKPOCKOIHH.
CkaHupylomasi 30HI0Basi MHUKpOCKOmMsA M Ouounnbsl. CKaHMpYyIOIIAsh 30H0Bas MHUKPOCKONHSA H
HaHOTexHoJorusl. Pasnuunble komOunHanun C3M. buonornyeckue uummel. Bungel Ounonoruueckux
4quIoB. bro4nIiel Ha OCHOBE HYKJIEMHOBBIX KUCIOT U OenkoB. IlpmHumm paGoTsl M NMpUMEHEHHUE B
OMOJIOTUU U MEIULIMHE.

6. CtpykTypa 6enKoB

20 KaHOHMYECKHMX aMHHOKHCIOT. CTpyKTypHas poiib NENTHAHON cCBsi3u. BsammopeiicTsus,
ompelieNAmue CTpykTypy Oenka. CTpyKTypsl BbIcIIuX mopsakoB. Ilepexom mio0yna-kimyOok.
Nsmenenne koundopmaru Oenka.

7. CTpyKTypa HyKJIIEHHOBBIX KUCIIOT

XUMHUYECKHII cocTaB, TEpBHYHAs CTPYKTypa, BTOpuuyHas cTpykrypa. IlmaBnenme JIHK.
[lepcucrentnas mnmmna. [ayccoB kmyOok. Kommaktaeie ¢opmbl JIHK. BzaumopelictBue Mmexiy
MaKpOMOJIEKYJIAMH U TIOBEPXHOCTHIO.

8. TerneHMu pa3BuTHs OMOHAHOTEXHOJIOTHIA
Ornenka noreHuana OnoHaHoTexHooruii. CMeHa mapajiurM B OMOHAHOTEXHOJIOTHH.,
9. DnexTpOHHAS MUKPOCKOTIHS

[Tpunumne! nomyueHus: nzodpaxkeHuit. Yerpoiictso OM. [IpurotoBnenue o0pasnos. PekoncTpykuus
n3zobpaxkenunit. OnuHounble 00beKTH. Kprucrammsl. MMmyHO — DM.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)



Heo0xonrmoe obopynoBaHue 1Jist JIeKUUN: yueOHast ayIuTOpHsl, OCHALLICHHAS KOMIIBIOTEPOM U
MYJIBTUMEIUHHBIM 000pyI0OBaHNEM (IIPOEKTOP, 3BYKOBAsi CUCTEMA).

Heo0xonnmoe o6opynoBanue i 1a00paTOpHBIX 3aHITHM:

Kondoxkanbusiii Mukpockomn Eclipse E800 (Nikon, Ainonus), aBromaTu3upoBanHas padodasi CTaHIIHS
Hamilton (Hamilton, CILIA), xpomarorpaduueckas cucrema Agilent 1100 LC/MSD Trap c
Macc-criekTpomerpuaeckuM aerekropoM (Agilent Technologies, CILIA), aBroMaru3npoBaHHas
cucTeMa JUIsl Kanwuisipaoro anekrpodopesa (Agilent Technologies, CILIA), aBromaTiu3npoBaHHas
pabouas cranius Biorobot 2000 (Qiagen, ['epmanust), cucrema 1100 Series Nanoflow LC System for
MS, ESI MS (Agilent Technologies, CILIA), macc-cniektpomerp MALDI-TOF-TOF Ultraflex (Bruker
Dalton-ics, ['epmanus), aromHO-cuitoBoi mukpockotn [Ipuma (HT-MT, Poccust),
aHANUTHKO-TexHOoJoru4eckuii komruiekc Harnohad 25(HT-MAT, Poccus).

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

[Mpenocrasnsiercs Ha kadeape:

1. W.B.AAmunckuii. CkaHUpYOMIAas 30H0Basi MUKPOCKOIUs OnomonnmepoB. M., Hayunsrit mup, 1997.
2. C.Bustamante. Scanning Force Microscopy under Aqueous Solutions. Review. Curr Opin. Struct.
Biol. 1997. Vol. 7, N.5. P. 709-716.

3. A.Engel, D.J.Muller. Observing Single Biomolecules at Work with the Atomic Force Micro-scope.
Nat. Struct. Biol. 2000. Vol. 7, N 9. P. 715 718.

4. L.Haggerty, A.Lenhoff. STM and AFM in Biotechnology. Biotechnol. Prog. 1993. Vol. 9, P. 1-11.
5. D.Sarid, V.Elings. Review of Scanning Force Microscopy. J. Vac. Sci. Technol. B. 1991. Vol. 9. P.
431-437.

JomnonHurensHas auTeparypa

ITpenocrasmnsiercs Ha kadenpe:

. Cepaiok U. Metoap! B MonexyisipHoit onoduzuke. KV, 2009.

. Kanrop Y., buduznueckas xumus, Mup, 1984.

. Wlynen I'. [IpuHIMIBL CTPYKTYPHOM opranu3annu Oenkos, Mup, 1982

. P.Hansma, J.Tersoff. Scanning Tunneling Microscopy. J. Appl. Phys. 1986. 1(2), 7. P. 1-22.

5. G.Binnig, C.Quate, Ch.Gerber. Atomic Force Microscopy. Phys. Rev. Lett. 1986. Vol. 56, N 9. P.
930-933.

6. G.Binnig, H.Rohrer. Scanning Tunneling Microscopy. Helv. Phys. Acta. 1982. Vol. 55, P. 726-731.

W N —

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

http://www.ncbi.nlm.nih.gov
http://www.nature.com/nnano/

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

st wacty 3ansituii notpedyercs Zoom. Google Drive mis qoctyna k Marepuanam Kypcea.
[TpuBeTcTBYeTCS HaMYUE BO BpeMsi 3aHIATHI cMapT(GOHOB/HOYTOYKOB JJISl yU4aCTHSI B HHTCPAKTUBHBIX
YIPaKHEHHUSX.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CTyaeHT, MpOCIyImaBIINi Kypc, JODKEH C OXHOM CTOPOHBI, OBIAAETh TEOPETUYECKHM aIllnapaTroMm
MpeaMeTa, a ¢ JPYroll CTOPOHBI, ITOJDKEH HAYYUTHCA NPUMEHSTH MOJYYCHHbIC 3HAHUS Ha IPAKTHKE.
VYenemHoe ocBoeHHE Kypca TpeOyeT caMOCTOSTENbHOW paboThl cTyneHTa. B mporpamme kypea ams
CaMOCTOATENBbHOM paboThI CTyIEHTa HaJl TEMOM OTBOJIUTCS MUHUMAJIEHOE BPEMSI.



CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— npopaboTKy yueOHOro Marepuana (1o KOHCIIEKTaM JIEKIUH, yueOHOM 1 HaydHOU JTHuTepaType),

— YTEHHE U KOHCIIEKTHPOBAHUE JIOTIOJIHUTENIBHOI JIUTEPATyPHI,

— MO/ITOTOBKY OTBETOB HA BONPOCHI, IPETHA3HAYCHHBIX JUISl CAMOCTOSATEIBHOTO N3YYCHHS,

— pelIeHHe 3a1a4, MPeAIaraeMpIX CTYJCHTaM Ha JICKIUX,

— MO/ITOTOBKY K 9K3aMEHY.

PykoBOACTBO M KOHTPOJIb CaMOCTOSITEIBHOM pPabOTBI CTyJIeHTa OCylIeCTBIsieTcss B (opme
WHIMBUyaJ bHBIX KOHCYJbTammid. Iloka3arenem BiIaJcHUS MarepualioM CIY)KUT YMEHHE pelIaTh
3amaun. Jlnst OpMHPOBAaHUS YMEHHS INPUMEHSTH TEOPETHYECKUE 3HAHHMS HA MPAKTUKE CTYICHTY
HEOOXOAMMO pelIaTh, Kak MOYKHO Oouiblne 3a1a4. [Ipy penieHun 3a1ad Kakaoe AeicTBHE He0OX0IUMO
apryMEHTHPOBATh, CChIIAsACh HA PACCMOTPEHHBIN paHee TEOPETUUSCKHUN amapar.

OOBIYHO MPUACPKUBAIOTCS CIESIYIOIICH CXEMbI: H3yUeHHEe MaTepHalia JICKIHH 110 KOHCIIEKTY B TOT )K€
JIeHb, Korza Obuta mpociymrana Jiekius (10-15 MuHyT); MOBTOpeHHE MaTepHraia HakaHyHe Clieayronien
nexiuu (10-15 MuHyT), MpopaboTka yueOHOro Marepuana 1o KOHCIIEKTaM JIKIIWH, y4eOHOH 1 Hay4IHOM
JUTEpaType, MOATOTOBKA OTBETOB HA BONPOCHI, penieHue 3a1ad (1 gac).

BaxHO 10OWTHCA MOHMMaHHS M3y4aeMOTO MaTepHaja, a He MEXaHHYECKOTO ero 3anoMHuHaHus. [Ipu
3aTPYAHEHUH W3YYCHMsI OTACIBHBIX TEM, BOIIPOCOB, CIIEIyeT OOpamaTbcsi 3a KOHCYJIBTALUSIMHU K
nekropy. OOs3aTenbHBIM TpPeOOBaHMEM SBJSIETCS  BBIIOJIHEHHWE JIOMAIHUX palboT, KOTOpBIE
CHCTEMaTHYECKU CIAl0TCS Ha TIPOBEPKY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: buorexnonorus
npopuJib NOArOTOBKHU: buorexnonorus
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadempa MONEKYIIPHON U TPAHCIAIIMOHHONW MEIUIIHHBI
Kypc: 4
KBaJupuKaAnus: OaxanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 7 (OCeHHUH) - DK3aMeH

PaszpatGoTunk: J.B. KnuHoB, kana. ¢pu3.-MaT. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3.1 3Haer ocHOBHEIC TpaBwiIa OGOPMIICHHS HAYYHBIX
MyOIMKAMi U HAYYHO-TEXHUYECKOH TOKYMEHTalWuu, B TOM
YHUCIE€ C MCHOJb30BAaHUEM MPUKIAJHOTO IPOrPAMMHOTO

OIIK-3 Crioco6eH cocTaBisITh U 0QOpMIISTh obecrieueHust

Hay4HbIC U (UJIM) TEXHUYECKHE OIIK-3.2 BnazseeT Ha MpaKTUKE METONOJIOTHEH COCTABICHHS

(TexHONIOTHYECKNEe, NHHOBALIMOHHBIC) OTYETHl  |HAYYHO-TEXHHMUYECKUX OTYETOB (IIPOEKTOB)

(ryGuMKaLmHu, MPOEKTHI) OIIK-3.3 Bnageer MeTofaMu BU3yalbHOTO U Tpaduieckoro
MPEICTABICHUS PE3yNbTaToB Hay4HOM

(Hay4YHO-TEXHUYECKON, MHHOBAIIMOHHOW TEXHOJIOTHYECKON)
JIESITEIIPHOCTH B BUJIE OTYETOB, HAYYHBIX ITyOIHKAIIHIA

[IK-3.1 3naer npuHOMIIBI PabOTHl M JHana3oHbl paboumx
[apaMeTpoB MCIOIb3YEMOT0 HAyYHOTO 000pyI0BaHUS

[MK-3.2 3naer o0macTh W KPUTEPUHU TNPUMEHHUMOCTH
[TK-3 CriocobOeH BeIOUpaTh ¥ IPUMEHSITH WCIIONIE3YEMBIX ~ TEOPETHUYECKHX TIOJAXOJOB H  yMCHHE
noJxosiiee 000pya0BaHNE, UHCTPYMEHTHI 1 OIICHUBATh TOYHOCTh MPHUONMKCHHBIX aHATUTUYECKHX
METOJIbI UCCIICIOBAHUH JIJIS pelIeHUs 3a1a4 B METOJIOB BBIUKMCIICHUN

U30paHHO NpeIMeTHOH obaacTu [TIK-3.3 YMmeeT npou3BOAUTH OLEHKY TOYHOCTH YUCICHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTEIHHOU
CIIO)KHOCTH  UCHOJb3yeMBIX  alTOpUTMOB M  0o0beMa
TpeOyeMBbIX BHIYHCIUTEIHHBIX PECYPCOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesyabrare u3ydeHus: TUCHUIUIUHBI «HaHOTEXHOIOTMYECKHE METO/bI HCCIICNOBAHUS OHOMOIUMEPOBY»
00yJarouiCs JTOIDKEH:

3HATh:
[l ¢yHnaMeHTaIbHBIC TOHATHS, 3aKOHBI U MPOIECCHl (DYHKIIMOHUPOBAHHUS KHUBBIX CHCTEM;
[J crpoeHue U PpyHKIMH OCHOBHBIX OnomonnmepoB xxuBoit kinetku: JJHK, PHK u Genkos;

0 COBPEMEHHEIE TMPOOJIEMBl MOJCKYISIPHOM MEIUIIMHBI, peliaeMble C HCIIOJIb30BAHUEM
HAHOTEXHOJIOTHH.

yMeTh:
0 abcTparupoBarbCsi OT HECYIIECTBEHHOTO MPH MOJCIMPOBAHUM pPEallbHBIX IPOIECCOB B
OMOJIOTHMYECKUX CUCTEMAX;
0 MOJIb30BAThCSl CBOMMH 3HAHUSAMH JUIsI pelieHus: (YHIaMEHTANIbHBIX W MPUKIAJAHBIX 3aJ]a4d
HAHOTEXHOJIOTHH;

[l nmenarb MpaBUIIbHBIC BBIBOJBI U3 COMOCTABIICHUS PE3YyJIbTaTOB TEOPHH M DKCIICPHMEHTA;
[l ;menmarh Ka4eCTBEHHBIC BBIBOJBI IIPH NEPEXOJIE K MPEACTbHBIM YCIOBHUSIM B H3y4aeMbIX IpoOieMax;
0 OCBaMBaTh HOBBIC MNpPEIMETHbIC OOJACTH, TEOPETHYECKHUE IOAXOAbl M DKCHEPHMEHTAIIbHbIC
METOJIMKH;
[l moyy4aTh HaWJIy4IINE 3HAYCHUS B OMOJIOIMYECKUX IKCIEPUMEHTAX U MPABHIBHO OLIEHHTH CTEIICHb
UX JIOCTOBEPHOCTH;
(] paboraTh Ha COBPEMEHHOM, B TOM YHCJIC U YHHKAJIbHOM KCIIEPHMEHTAIILHOM 000pY/IOBaHUH;
[l addexkTuBHO HUCTONB30BaTh HH(OPMAIMIOHHBIE TEXHOJOTMH W KOMITBIOTEPHYIO TEXHHKY IS
JTOCTH)KEHHUS] HEOOXOAMMBIX TEOPETHYECKUX M IPHKIIATHBIX PE3YJIbTaTOB.

BJIaJIeTh:
[J HaBBIKAMHU OCBOCHHS 0OJIBIIOTO 00beMa HH(OpMAITHH;
[/ HaBBIKAaMH CaMOCTOSTEIBHOW paboTHI B 1abopatopuu u MHTEpHETE;
[l KyJIbTYpO# HOCTAaHOBKU U MOJEIMPOBAHUS OMOIOTHYECKOTO IKCIICPUMEHTA;
[l HaBBIKAMU TPAaMOTHOW OOpaOOTKM pE3yIbTaTOB OIBITa M COMOCTABICHUS C TEOPETHYSCKUMHU
JaHHBIMHU;
[l MpaKTUKOM MCCIEOBAHMS U PEIICHHS TEOPETHICCKUX U TPUKIIAIHBIX 3a/1a4 HAHOTEXHOJIOTHIA;
[l HaBBIKAMH TEOPETHUUYECKOTO aHAJIM3a 33Jad, CBA3AHHBIX C M3yYCHHEM CBOICTB OMOIOIMMEPOB Ha
MOJIEKYJISIPHOM U CyOKJIETOYHOM YPOBHSIX CTPYKTYPHOU OpraHU3aIHH.



3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 3a/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

Bo Bpems Tekymiero KOHTpOJIS CTYAEHT IOJKEH YMETh OTBETUTH Ha CIIEAYIOIINE BOTIPOCHI:
Uctopus pa3zBuTHs OMOHAHOTEXHOJIOTHA.

ATOMHO-CHJIOBAs CIIEKTPOCKOITHS MOJIEKYJI OHOTIOTMMEPOB.

Bba3oBbie MOHATHS OMOHAHOTEXHOJIOTHH.

Hanomnopsr.

3agaun OGHOHAHOTEXHOJIOTHA.

[MpuHIIMT paboOTHl CKAHUPYIOIIMX 30HJOBBIX MUKPOCKOIIOB.

Teopust pacTBOPOB MaKpOMOJIEKYIL.

Cxkanupyromiast TyHHeJIbHass MUKPOCKOTIHS.

KoHnieHnTpanusi, mnapuuanbHbli 00bEeM, XUMHUYECKHH TOTCHIMAN W aKTUBHOCTH PacTBOPOB
OHMOITOIMMEPOB.

ATOMHO-CHIIOBasi MEKPOCKOTIHISL.

CrpyKkTypa OEIIKOBBIX MOJIEKYJI.

Kondopmarmonssie n3mMeHeHNS OETKOBBIX MOJICKYIL.

Knaccudukanust v npuHIAITB (YHKITMOHUPOBAHUS OMOJIOTHYESCKUX YHUIIOB.
CTpyKTypa HyKJIEHHOBBIX KHCIIOT.

DNEeKTPOHHAS MUKPOCKOTIHS.

®opmsr THK.

PexoHCTpyKITHS N300paKEeHHIA B AIEKTPOHHON MUKPOCKOITHH.
KanunsipHabie, MarHUTHBIE U SJIEKTPUYECKHE JIOBYIIIKH.
NMMyHO-35I€KTpOHHAS MUKPOCKOTIHS.

Bo BpeMA 3aHATHI MOTYT IPOXOAUTb MHTCPAKTUBHBIC O6CY)I(,Z[CHI/I$I B HaTax Kypca, 4To 6y,Z[CT SABIIATHCA
JIOMAIlTHUM 3aJlaHieM. B03MO)XHO BBINIOJIHEHHE IIaTEHTHOTO IIOMCKAa B Kauye€CTBE CaMOCTOSITECIILHOM
3aga4u. YcnemHoe BBEIIIOIHEHHUE BCEX 3aI[aHI/II>'I IO KypCy H BBIIOJHCHUC KOHTPOJIbHBIX CPC30B 3HAHUH
AacT MPEUMYIIECCTBO HA SK3aMCHC.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

[Ipumepsl OUIETOB HA HK3aMEHE:

buner Nel
1. Hcropus pa3BuTHS OMOHAHOTEXHOJIOTHIMA.
2. ATOMHO-CHIJIOBas CIIEKTPOCKOITHS MOJIEKYJ OHOTIOTUMEPOB.

Buiet Neo2
1. Ba3oBble noHATHA OMOHAHOTEXHOJIOTHHA.
2. Hanomnopsi.

Buner Ne3
1. 3amgayn OMOHAHOTEXHOJIOTHIA.
2. IpunHImn paboThl CKAHUPYIOIIHUX 30HI0BBIX MUKPOCKOIIOB.

Buier Ned
1. Teopus pacTBOPOB MAaKpOMOJICKYII.
2. Ckanupyrolias TyHHEJIbHAass MAKPOCKOTIHS.

Buier Neo5

1.  KoHueHTpamms, NapIHUaIbHBIA O0bEM, XHMHUYECKUH TIIOTEHIMAl M aKTHBHOCTH DPAaCTBOPOB
OMOTIOIMMEPOB.

2. ATOMHO-CHJIOBas MUKPOCKOTIHA.



buner Ne6
1. CrpykTypa OEITKOBBIX MOJICKYII.

2. Hccnenopanue 6CHKOB, HYKJICMHOBBIX KHCJIIOT U HYKJICONPOTCHHOBBIX KOMIIJICKCOB C ITOMOIIbLIO
CKaHI/Ip}IIOHIeﬁ 3OHI[OBOI\/’I MUKPOCKOIINH.

Bbuiet No7
1. KondopmanroHHbie U3MEHEHHS OSITKOBBIX MOJIEKYJI.
2. Knaccudukanus v mpuHIUITE (YHKITHOHAPOBAHUS OHOJIOTUYECKUX YUIIOB.

Buier Ne8
1. Crpykrypa HyKJIEHHOBBIX KHCIIOT.
2. DneKTpOHHAs MUKPOCKOIIHS.

Buter Ne9
1. ®opmsr IHK.
2. PexoHCTpYKIMS N300pakeHUH B SJIEKTPOHHON MUKPOCKOITHH.

Buier Nel0
1. KanmunnspHbie, MAarHUTHBIE U JIEKTPUYECKHAE JTOBYIIIKH.
2. MMyHO-31I€KTpOHHAS MUKPOCKOTTHSI.

Kputepun onennBanus

Onenka ommyno (10 OamnoB) - BBICTABJISIETCS  CTYAECHTY, II0Ka3aBIIeMy BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHWSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JJaHHOW NpPEAMETHOW 00JacTh, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE NPU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHo (9 0OamioB) - BBICTAaBISIETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NMPH PELICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U IPaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Onenka ommyHO (8 0amwuioB) -  BBICTABISIETCS  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.

Ouenka xopouio (7 6aIoB) - BBICTABISETCS CTYICHTY, €CIM OH TBEPJO 3HAET MaTepHaj, TPaMOTHO M
[0 CYIIECTBY H3JIaraeT €ro, yMeeT NPHUMEHATh NOJyYEHHBbIE 3HAHUSA Ha MPaKTHUKE, HO HEAOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka xopomuro (6 6ayuIoB) - BBICTABIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPaMOTHO H
[I0 CYILIECTBY H3JaraeT €ro, yMeeT NPUMEHATh IOJIY4YEHHbIE 3HAHUS Ha IPAKTUKE, HO JIOIYCKaeT B
OTBETE WM B PEIICHUH 33/1a4 HEKOTOPbIE HETOUHOCTH.

Onenka xopomio (5 0aiioB) - BBICTABISETCS CTYJCHTY, €CIM OH B OCHOBHOM 3HAaeT MaTepuall,
TPaMOTHO M IO CYIIECTBY M3JIaracT €ro, yMeeT NPHMEHSTH IOJy4YCHHbIC 3HAHUS Ha INPAKTUKE, HO
JIOITyCKaeT B OTBETE MJIM B PELICHHUH 3a/1a4 JOCTaTOYHO OOJIBIIOE KOJINYECTBO HETOYHOCTEH.

OrneHka yIOBICTBOPUTENHHO (4 Oamna) - BBICTABISIETCSl CTYJACHTY, MOKa3aBileMy (parMEeHTapHBIH,
pPa3po3HEHHBIA XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapyLIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOWJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Omnenka ymoBieTBOpUTENbHO (3 Oamna) - BBICTABISIETCSl CTYIACHTY, MOKa3aBileMy (parMEeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWMW, JOMycKaloulemMy OomHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0OBAaTENbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYalHH.

OueHka Hey10BIETBOPHUTENBHO (2 Oana) - BEICTABISETCS CTYJCHTY, KOTOPBIi He 3HaeT OOoJbIIeH JacTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIMUIIOB U HE YMEET UCIIOJIB30BaTh IOJyYCHHBIEC 3HAHUS NPH PEIICHUN
TUTIOBBIX 3a]a4.



Ouenka HeynoBieTBopuTenbHO (1 Gayur) - BBICTABIAETCS CTYAEHTY, KOTOPBI HE 3HA€T OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3a/1ad.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Ipu npoBeneHun ycTHOro sk3ameHa oOydaromemycs npepoctasisercs 30 MUHYT Ha HOATOTOBKY.
Ompoc oOyuatomerocs 1o Ouijery Ha YCTHOM »53K3aMEHE HE JIOJDKEH IIPEBBINIaTh OIHOTO
aACTPOHOMMYECKOTO Yaca.



