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ABSTRACT

Bachelor’s degree in 06.03.01

Study profile Biology

Course title: Enzymes. Fundamentals of nanobiotechnology

Variable part of Block, 7 credits

Instructor: Chopenko N.S.

At the beginning of the course a student should be able to: Readiness to
perform standard basic procedures for providing individual and group
organization. Readiness to apply the basic knowledge of biological sciences,
obtained in the previous level of education.

Learning outcomes:

GPC-5 The ability to apply knowledge of the principles of cellular
organization of biological objects, biophysical and biochemical bases, membrane
processes and molecular mechanisms.

GPC-11 The ability to apply modern ideas about the basics of
biotechnological and biomedical industries, genetic engineering, nano-
biotechnology, molecular modeling.

PC-4 the ability to master the skills and knowledge of the fundamentals of
nanobiotechnology for entering the professional field of developing innovative
technologies.

PC-9 The ability to apply the achievements and methods of various fields of
knowledge and use an interdisciplinary approach to solve scientific and practical
problems.

Course description: The main goal of this course is the formation of basic

knowledge about the kinetics of enzymatic processes; regularities in the formation
of protein structures; principles of organization and structure of active enzyme
centers; conformational theory of the catalytic process. The content of the
discipline covers the range of issues facing a new and rapidly developing field of
knowledge that emerged at the junction of biotechnology and nanotechnology,
reveals the fundamental principles, methods and prospects for the development of
nanobiotechnology.

Main course literature:
1. Golovin Yu. I. Nanomir without formulas Moscow: BINOM.

Knowledge lab, 2012.543 p. Access:
http://lib.dvfu.ru:8080/lib/item?id=chamo:668 185 &theme=FEFU
2. Plakunov VK, Nikolaev Yu. A. Fundamentals of Dynamic
Biochemistry: A Textbook for Universities Moscow: Logos, 2010. 213 p.Access:
http://lib.dvfu.ru:8080/lib/item?id=chamo:779785 &theme=FEFU




3. Plakunov V.K. Fundamentals of Enzymology M .: Logos, 2011. 127 p.
Access: http://1ib.dvfu.ru:8080/lib/item?id=IPRbooks:IPRbooks-
70702&theme=FEFU
Form of final control: exam - 5 semester, pass-fail exam - 6 semester




AHHOTanMs K pado4eil mporpaMMe JUCHUAIINHBI
«®epMeHThI. OCHOBBI HAHOOHOTEXHOJIOTHID

Pabouass mporpamma yueOHOU aucuuiuinHbl  «DepmeHTh.  OCHOBBI
HAaHOOMOTEXHOJIOTU» pa3padoTaHa Il CTYAEHTOB 3 Kypca, oOydaromuxcs Io
HanpasieHuto 06.03.01 «buosiorus.

OOmrast TPyJOEMKOCTh OCBOCHHS IUCIUILIMHBI COCTABISICT 7 3a4eTHBIX
eauHuIl, 252 Jaca. YUEOHBIM IIJIaHOM IPEyCMOTPEHBI JICKIIMOHHBIE 3aHATHs (36
4yacoB) JlabopatopHble paboThl (54 4yaca) W mpakTH4eckue 3aHsaTHs (54 daca),
camocTosaTenbHas padota (108 yacos). [ucuurniauHa peanusyercs Ha 3 Kypce B 5-
M U 6-M ceMecTpax.

HucuunmnHa «®depmenTsl. OCHOBBI HAaHOOMOTEXHOJOTHI» BXOJUT B
BapuaTuBHyIo yacTh (b1.B) 6moka quciumiua no Beioopy (b1.B.J1B.02.02).

ConepxkaHue JUCHUIUIMHBI OXBATHIBAET CIEAYIOUINNA KPYT BOIIPOCOB: OCHOBBI
COBPEMEHHBIX MPEICTABICHUA B OOJACTH CTPYKTYpbl U (PYHKIUU OEJKOB,
OCHOBHBIE TTOHATHUS (DEPMEHTATUBHOTO KaTaIn3a, ydacTue (epMEHTOB B OCHOBHBIX
OMOJIOTMYECKUX TMpolieccax KIETKU. Tak K€ COJAep)KaHHe JUCHUILIUHBI
OXBAaThIBA€T OCHOBHBIE BOMPOCHI, CTOSIIUE TIEpPe] HOBOW OypHO pa3BUBAOIICHUCS
00JacCThI0 3HAHWW, BO3HUKIIEH Ha CTHIKE OMOTEXHOJOTMH M HAHOTEXHOJIOTHH,
packpbiBaeT (yHIAaMEHTAIbHBIC MPUHIUIIBI, METOAbl M TEPCHEKTUBLI Pa3BUTHUS

HAHOOUTEXHOJIOTHH.

Huctnumumaa  «®epMeHThl. OCHOBBI  HAaHOOMOTEXHOJIOTHM»  JIOTHYECKU
CBsA3aHAa C TMPEANICCTBYIOIIMMH Kypcamu OakanaBpuaTta: «BBemenne B
ouorexHosorutoy», «lluTonoruss u rUCTONOTUSA», «BUOXUMHUS U MOJICKYJISIpHAs

OHOJIOTHS.

Hean ocBoenust quctuminHbl «PepmeHThl. OCHOBBI HAHOOUOTEXHOJIOTUI -
JaTh MpeJCTaBlIeHUE 00 OCOOCHHOCTAX CTPYKTYpPHOM OpraHu3alud U (QyHKIUN
HaHOPa3MEPHBIX CTPYKTYP, MTO3BOJISIFOLLIAX CO3/1aBaTh POPBIBHBIE
MHHOBAIIMOHHBIE Pa3pabOTKH, 00ECIEUNUTh CTYIEHTOB IUPOKOW 0a30il 3HaHUU I

OLICHKH, PAa3BUTHUA U IPAKTHYCCKOI'O BOILIOIICHUS H&HO6HOTCXHOHOFHﬁ, IIOMOYb



UM  BOHTH B TpodecCHOHAIbHOE TMOJe, BKIOYas MEIUIMHCKYI0 U

(bapMareBTUIECKyI0 MPOMBIIIJICHHOCTH.
3agaun:

1. OBnamerb CUCTEMOM 3HAaHMM O CTPAaTE€TMU CTPYKTYpPHOTO U
(GYHKIHMOHATIBHOTO UCCIIeIOBaHUs O0€IKOB U (hepMEHTOB;

2. meTb mpenicTaBieHre O 3aKOHAX, JEKAIIUX B OCHOBE (DEpMEHTATUBHOIO
KaTajau3a B OMOJIOrMYECKUX CHCTEMAX;

3. 3HaTh OCHOBHBIE MEXaHU3MbI pa0OThl AKTUBHBIX IIEHTPOB (DEPMEHTOB U;

4. ImeTh MCHONB30BATh 3HAHUS O OenKax M GepMeHTax sl MPaKTHYECKOM
JeSATEIbHOCTH B 00JIACTH OMOTEXHOJIOTHH.

5. Jlate mnpexacTaBieHUE B3aMMOCBSI3U pa3MEpPOB HAHOOOBEKTOB C UX
YHUKaJIbHBIMU CBOWCTBaMU,;

6. CdhopMupoBaTh MOHATHE O JIBYX B3aMMOCBSI3aHHBIX OOJIACTSAX HAYKU —
HAaHOOMOTEXHOJIOTUU ¥ OMOHAHOTEXHOJIOTUH;

7. BeipaboTaTh npaBUIIbHOE TIPEACTABICHUE O TOM, YTO SIBJISIETCS
IpeIMeTOM HaHOOUTEXHOJIOTHH;

8. Jlatp mpexactaBieHue 00 o0co00OM poau  HAHOOMOTEXHOJOTUU U
HAaHOMEIMIIVHBI B 0YEPEIHON HAYYHO-TEXHUYECKON PEBOJIIOLIMH.

Jns  ycnemHoro  u3ydeHuss  AucUUIUIMHBL  «DepmeHThl.  OCHOBBI
HAaHOOMOTEXHOJIOTUI» y  O0ydalolMXcid JOJDKHBI  ObITh  C(HOPMUPOBAHBI
CJIEIyIOLIME TIPEIBAPUTEIbHbBIE KOMIIETECHIUU:

OK-14 CnnocoOHOCTh K CaMOOpPTaHU3allUA U CaMOOOPa30BaHUIO

OIIK-2 CnocoOHOCTh HCMOIB30BATh SKOJOTMYECKYIO TIPAMOTHOCTh U
0a30BbIe 3HAHUA B 0O0nacTH (U3MKU, XUMHH, HayK W 3emjie U OHOJIOTUU B
KU3HEHHBIX CUTYAIUSX; IPOTHO3UPOBATH MOCIEACTBHS CBOEH MPOdeCcCHOHAIbHON
NEATEIbHOCTH.

OIIK-4  CnocoOHOCTHP  NPUMEHSTh  TPHUHIMIBI  CTPYKTYpHOH U
(GYHKIIMOHATBLHOM OpraHu3aluyd OMOJIOTHYECKUX 00OBEKTOB M 3HAHHE MEXaHU3MOB

rOMEOCTAaTUUYECKOMU perysinuu,; BjIaacTb OCHOBHBIMHA (1JI/ISI/IOJ'IOFI/I‘-ICCKI/IMI/I.



[Inanupyembie pe3yabTaThl OOYYEHHUS MO JAHHOW AWCIMIUIMHE (3HAHUSA,
YMEHUSI, BIQJCHUSA), COOTHECEHHBIE C IUIAHUPYEMBIMU pPE3yJIbTaTaMH OCBOCHUS
o0pa3oBaTeNbHOM  MpPOrpaMMbl,  XapaKTepu3ylOT  dTanbl  (HOPMUPOBAHUS

CIIEIYIOMUX  KOMIeTeHUud  (oOUieKynpTypHBIe/  obenpodeccruoHanbHbie/

npodecCUOHANIbHBIC KOMIIETEHIIUM (3JIEMEHTBI KOMIIETEHITNN)):

Koa u ¢popmyanpoBka Jransl popMUPOBaAHUS KOMIIETEHIIUN
KOMIIETeHIIH U
OIIK-5: 3Haer COBpPEMEHHBIE MPOOJIEMBbI OMOJIOTUN U
CIIOCOOHOCTH TPUMEHSIThH (dyHIaMeHTaIbHBIE OUOJIOTHYECKUE
3HaHWE PUHIIUIIOB npecrasieHus B cepe npodeccuoHaabHON
KJIETOYHOU OpraHu3aIiiu NEeSTEeILHOCTH JIJIsi TOCTAHOBKHU U PEIICHUS
OHOJOTrN4YEeCKHX 00BEKTOB, HOBBIX 3aJ1a4.
onodu3nIecKux u Ymeer HCIOJNIb30BaTh (yHIaMEHTAIIbHBIC
OMOXMMHYECKHUX OCHOB, OHMOJIOTUYECKHE MTPEICTABICHUS B cepe
MEMOpaHHBIX MPOIIECCOB U npodeccHoHaNbHOM eATENbHOCTH [T
MOJICKYJISIPHBIX MEXaHU3MOB MMOCTAaHOBKH U PEIICHUS] HOBBIX 3a]1a4.
KHA3ZHCIACATCIPHOCTH Bianeer HaBBIKAMU UCIIOJIb30BaHUS (PYyHIaMEHTAIbHBIX
OMOJIOTMUECKHX MPECTaBICHUH B chepe
npoeccoHaNbHOM IEeATEIbHOCTH [T
MMOCTAaHOBKM U PEIICHUS HOBBIX 3a]1a4
[TK-9 criocoGHOCTH 3Haer OCHOBHBIE JOCTHKEHHS U METOJIbI SH3UMOJIOTUI
[IPUMEHATb JOCTHXKEHUSA U ¥ HaHOOHOTEXHOJIOTUH
METO/Ibl PA3IMUHBIX YMmeer MIPUMEHSTH 3HAHUS CMEKHBIX JUCIUTIINH TS
. pelIeHus] HAyYHBIX U MPAKTUYECKUX 3a7a4 B
oOnacreil 3HaHUS U .
00acTi HAaHOOMOTEXHOJIOTU I
HCIIOJIb30BaTh
. Bnageer HaBbIKaMM PUMCEHCHUS MCXKAUCITUILIMHAPHOI'O
MEXKIUCITUTUTHHAPHBIN
MO/IX0/1a B aHAIIM3e OMOIOTUYECKUX
HOAXOM I PCIICHHA UCCIIeI0BaHUM JUIS PENIEHHS HAyYHBIX U
Hay4HbIX M NPAKTHYCCKHX MPAKTUYECKHX 33724 B 00JIACTH SH3UMOJIOTUH U
3a71a4 HaHOOMOTEXHOJIOTUUHU
OITK-11 coco6HOCTL I'maBHBIE ZIOCTHIKEHNs COBPEMEHHOMU
3Haer MOJICKYJISIPHON ¥ TTPOMBITIUIEHHOM
MPUMEHATH COBPEMEHHBIE
OMOTEXHOJIOTHH
MIPEICTaBICHHS 00 OCHOBAX
[TpoBOAUTH MOWCK TUTEPATYPHBIX UCTOYHUKOB,
OHOTEXHOIOrHYECKUX I Ymeer coJieprKauX MHPOPMAIHIO 110 GHOTEXHOIOTHUH,
OMOMEMIIMHCKHUX Y TEHHOU MH)XEHEPHH
IIPOU3BOJICTB, TCHHOU CrocoOHOCTBIO CAaMOCTOSATEIBHO
WHXCHEPUH, aHAJIM3UPOBATh, HAYYHbIE U HAYYHO-
HAHOOMOTEXHONOTHH, Braaeer oOpa3oBaTeNbHbI€ HCTOUHUKH, IO
MOJIEKYJISPHOTO 6HgTeXHonorHH Y MOJIEKYJIIPHOU OMONIOTHH,
0oTOMpaTh U CTPYKTYPUPOBATH MOTYyUEHH
MOJICJIUPOBAHUSA P PYKTYPHP YACHHYIO0
nH(pOpMaINIO
[1K-4 cnocoGHOCTBIO 3Haer CoBpeMeHHbIE TPeH bl Pa3BUTHS OUOJIOTHH U
OBJIAJETh HABLIKAMH H ounorexnonorun. OpueHTUPYETCS B HanOoIee
SHAHUSMH OCHOB NEPCIEKTHBHBIX TEHICHINAX BHEAPCHUS
JOCTHKCHHI
HAaHOOMOTEXHOJOTUU TSt
Ymeer [Tonb30BaTbCs pa3HOOOPA3HBIMU




BXOKJICHUS B
po(hecCHOHATBFHOE TT0JIe
pa3pabOTKH MHHOBALIMOHHBIX
TEXHOJIOTHI

MH()OPMAIMOHHBIMU pecypcaMu
OMOJIOTHYECKOr0 M OMOTEXHOJIOTUUECKOTO
npoduiieH 111 OPUCHTALIMK B TIEPCIIEKTHBAX
BHEJPEHUS B OMOMETUIIMHCKYIO IPAKTUKY
MHHOBAIMOHHBIX JOCTHXEHUH

Bnaneer

3HAHHEM OCHOB OMOJIOTMU U OMOTEXHOJIOTHH, B
TOM YHCJIe HAHOOMOTEXHOJIOTHH.

I[JBI (bOpMHpOBaHI/ISI BBIIICYKA3aHHbIX KOMHGTGHHI/Iﬁ B paMKax JUCHHIIJIMHBI

«DepmeHThl. OCHOBBI HAHOOWOTEXHOJIOTHUIY» TPUMEHSIOTCS CICAYIONNE METOJIbI

AKTHUBHOI'O O6y‘ICHI/IH:

JIGKHI/II/I-6CCGIII>I, BHU3YyaJIn3allud, AUCKYCCHUU 110

HpO6JI€MHBIM BOIIpOCaM, IIOATOTOBKAa M 3allldTa peq)epaTOB U IIPAKTHYICCKHUC

3aHATHA.




I. CTPYKTYPA U COAEP)KAHUE TEOPETUYECKOM YACTHU KYPCA
S cemecTp
Pasznen 1. IlepBuuHasi CTpyKTypa O0€JKOB, OCHOBHBbIE METOAbI

BbI/ICJICHUS U MCCJIEIOBAHUA 0€IKOB, KOHPOPMALMOHHAS CTPYKTYypPa 0eJIKOB
(6 uac.)

Tema 1. CoBpeMeHHBIE MPEACTABICHUS O CTPOCHUU OeNKOB U epmMeHTOB (1
yaca)

[lentunnas cBsi3b U ee oOpazoBaHue. 4 YpPOBHSI OpraHU3AlMKM OETKOBBIX
MOJIEKYJI. AMHHOKHUCIIOTHBIM COCTaB M nonepeuyHsle cmmBkuA. C- m N- KoHen u
KOHLIEBbIE aMUHOKHUCIOTHI. MoauduKkaius KOHIEBbIX aMUHOKUCIOT. Ctparerus
ONPENEIICHUs] TMEPBUYHOM IOCIEA0BATEIBHOCTH aMWHOKHCIOTHBIX OCTaTKOB B
Oekax.

Tema 2. Ilpunuunsl (GoOpMUPOBaHMS BTOPUYHON CTPYKTYphl OEIKOB.
[Tpuonst (2 gac).

Bonoponnas cBsa3p B nonunentuaHou nenu. Kanonnueckue koHbopmanuu
MOJIMTIETITUTHON TIeNu — o-CHupajib M P-ckiamuyatasi CTPYKTypa, O-U3THO U
mnuiabka. Hapymienuss ¢opMupoBaHus BTOpPUYHOM CTPYKTyphl. OmnpeneneHue
CTEICHH PETYJIIPHOCTU CTPYKTYpPBI. POIb pa3nuyHbIX aMHUHOKHCIOTHBIX OCTAaTKOB
B (hOpMUPOBAHUH BTOPUIHOU CTPYKTYPHI.

[Ipuonsl. Ix oOHapyxkeHue, cBoiicTBa. bosie3HH, BbI3bIBA€MbIE MPUOHAMM.
Pa3sMHOXeHHE TPUOHOB B KieTKe. [IpMHINI [TOSBIEHUS HOBBIX MOJIEKYJI IIPUOHOB
— CTPYKTYpHBIE€ U T€HETUYECKUE OCOOEHHOCTH.

Tema 3. MoaenvpoBaHue TpPETUUHON U YETBEPTUUHON CTPYKTYPhI O€TKOB (3
yaca)

Mopnenu TpeTH4YHOW CTPYKTypbl. [noOymnsipHas ruapoduibHas
cTpykTypa. JloMeHHass opraHuzanus OenKoB U (EPMEHTOB, THUIBI JOMEHHBIX
ctpykryp. Krnaccuduxamus OenkoB 1o Tunmy (GOPMHPOBAHUS —TPETUYHOM
CTpYKTyphl. JleHaTyparusi 6enkoB. CyOwbenununia v mporomep. OrnpeneneHue
YyCclia TOJUNENTHIHBIX IleMe B MoOJeKyJax OelKoB u (EPMEHTOB U HX

MOJIEKYJISIPHOM MacChl. DUBHKO-XUMUYECKUE METO/IbI HCCIEA0BAHUE N3MEHECHUH B



YETBEPTUYHON CTPYKType OelkoB U (pepMeHTOB mpu MX (YHKIIMOHHPOBAHUU.
N3MeHYNBOCTh M KOHCEPBATHUBHOCTH B IIEPBHUYHOW, BTOPUYHOM, TPETHUYHOU U
YEeTBEPTUYHON CTPYKTYpe TOMOJIOTMYHBIX O€JIKOB B (priioreHese.

Paznen 2. Knaccupukanusi ¥ HoMeHKJIAaTypa ()epMEHTOB, aKTHBHbIE
HEeHTPbI epMEeHTOB, HHTMOUPOBAHUE, KHHETHUKA (DEPMEHTATHBHOM peaKkiuu
(6 uac.).

Tema 1. TIlonsatue  ¢depmeHTaTUBHOM  akTHUBHOCTH.  KuHeTuka
(dhepMEeHTaTUBHBIX peakiuii. (2 yaca)

CranpapTHas eIMHUIA AKTUBHOCTH, YJEJIbHAS U MOJIEKYJISIpHAst aKTUBHOCTb,
yuciao o0OpoToB (epMEHTa, AKTUBHOCTh KAaTAJIUTHYECKOro IeHTpa. MeToabl
OIIpENEIICHUS aKTUBHOCTHU (epMEHTOB. depMmeHT-CyOCTpaTHBIN
KOMILIEKC. BUTaMuHBbl U UX poib B PEpMEHTATUBHOM IPOLIECCE.

Tema 2. BnusHue MHTUOMTOPOB M aKTUBATOPOB Ha (H)EPMEHTATHUBHBIM
nporiecc (2 Jaca).

LleHTpBl AEHCTBUS aKTUBATOPOB U UHTHOUTOPOB B MOJIEKYJIE (pepMEHTA.
O6patumoe u HeoOpatuMmoe uHruOupoBaHue. KoHKypeHTHOE, HEKOHKYpPEHTHOE,
CMEIIaHHOE€ U OECKOHKYPEHTHOE WHTMOMpOBaHME U TpaduyecKkue CrnocoObl uX
BbIsiBJIeHUs. HeoOXxoaumble W HECyIIeCTBEHHBIE akTUBATOphl. ['opMoHanmbHas
peryisius akTUBHOCTH (PepMEHTOB renmaTonuToB. DochopunupoBaHre OEITKOB.
Tuposun-pocopunazHas akKTUBHOCTb U €€ POJIb B PEryssiliud (hepMEHTATUBHOU
aKTHBHOCTH Invivo. Perientopsl — hochoTHPO3UH-KHHA3BI.

Tema 3. [Ipuniune! knaccudukauu GepMeHTOB (2 yaca).

Homenknatypa ¢epmentoB. Hludp depmenrta, obmenpunsaToie
TPUBHAJIbHbIE M pallMOHaJbHbIC Ha3BaHHUA (PEPMEHTOB U MPHUHLMIBI HX
dbopMHUpOBaHUSL.

Paznen 3. Yuactue (pepMeHTOB B OCHOBHBIX OMOJIOTHYECKHX MpoIeccax
KJeTKH. (6 yac.)

Tema 1. Mexanusmbl perynduuu OvocuHTe3a (EepMEHTOB B KieTKax (2

yaca).



KOHCTUTYTUBHBIE U aanTUBHbBIE, PEMNPECCUPYEMBIE U UHAYLUPYEMBIE
dbepmenTtsl. Kopenpeccopsl. [Iporieccunr 6enkoB. AiocTepuyueckoe ACCTBUE U
KoonepatuBHOCTh. CUHTE3 OelKa.

Tema 2. Yuactue ¢pepmenToB B nponeccax penymmukanuu JJHK (2 yaca).

depMeHTHI, yyacTByIolMe B mpouecce peayrnkanuu. JJTHK monumepass
npo- u 2dykapuoT. OcobeHHocTH cuHTe3a. TomousMmepasbl. TenomMepasbl.
CTBOJIOBBIE KJIETKHU.

Tema 3. Yuactue ¢pepMeHTOB B mpolieccax TpaHCKpuUIuu (2 yaca).

Crpoenne PHK-nomumepassl. OCOOEHHOCTH TPaHCKPUIILUU Y Pa3IHMYHBIX
opranu3MoB. TpaHckpumnuuss B MUTOXOHApUsX. OOpaTHas TPAHCKPHUIIIIUS.
@akTOpbI TPAHCKPUIILIHH.

6 cemecTp

Pa3nen 4. [Ipeamer u 3aqaun HAHOOMOTEXHOJIOTHH (2 Yaca)

Tema 1. Me:xknucuMIUIMHAPHBIA XapakTep HaHOOMOTexHoJorum (1 vac)

JlaeTcs mpencTaBlieHHME O HAHOOMOTEXHOJOTHHM KakK 00JacTh 3HAHUU Ha
CTBIKE MDKeHepUH, (PU3UKU, XUMUHU U OUOJIOTHH.

Tema 2. HanoOuorexHosorusi, buonanorexnojorusa u Hanomeauuuna
(1 gac)

JlaeTcst mpeacTaBiIeHUE O HAHOOMOTEXHOJIOTHUS KaK B3aUMOCBSI3aHHBIX
oOnacTeil HayKu: cOOCTBEHHO HAHOOMOTEXHOJIOIMH, OCHOBAaHHON Ha MPUMEHEHHUH
OPUHIIMIIOB ~ HAHOTEXHOJOTMM B OMOJIOTMYECKHX  HUCCIECNOBAaHUAX, |
OMOHAHOTEXHOJIOTHH, HCIOJB3YIOIICH OUOJOTUYECKUE NPUHIUIBI U SBJICHUS
(Takue Kak MOJIEKYJISIPHOE Yy3HaBaHME W C€aMOCOOpKa) Il pelleHHs 3ajad
HAHOTEXHOJIOTUU. MeMIIMHCKOE TPUMEHEHUE HAHOTEXHOJIOTUU (HAHOMEIUIINHA).

Pa3znen 5. OcHOBBI HAHOTEXHOJIOTHH (2 yaca)
Tema 1. O0beKTHI U 32124 HAHOTEeXHOJIoruM (1 yac)

JlaeTcsi mpencTaBieHHE O HAHOTEXHOJIOTMM KaK COBOKYIHOCTHU
TEXHOJIOTUYECKUX METOJOB M TPHUEMOB, UCIOIb3YEMbIX TIPU M3YYEHUU U
IPOU3BOJACTBE  MAaTEpPHAIOB,  YCTPOMCTB M CHUCTEM,  BKIIIOYAIOIIMX

HCH@HaHpaBJICHHBIfI KOHTPOJIb MW YIHOpPaBJICHUC CTPOCHHEM U CBOMCTBaMH



HAaHOMACIITAOHBIX 3JEMEHTOB C pa3Mepamu mopsaka 100 HM U MeEHbIIE Kak
MUHUMYM IO OJHOMY W3 U3MEPEHHM, KOTOpPbIE MPUBOIAT K YIYUYIIEHHUIO, JTHOO
MOSIBJICHUIO HOBBIX VYIYYIIEHHBIX XapaKTEPUCTUK U CBOWMCTB MOJYy4YaeMbIX
IPOYKTOB. [IpuHUUIIBI CO3aHUs HAaHOOOBEKTOB: CHU3Y BBEPX
(camoopranuzaiys) u cBepxy BHH3 (oTonuTorpadus).

Tema 2. HaHOTEeXHO0JIOTHSI 1 HOBBII TexHoJOTHYecKuUil ykiaaj (1 yac)

OO6cyxmaercss 3HaU€HUE HOBBIX TEXHOJOTUH JIs Mporpecca M ymydlleHHs
KauecTBa JKW3HU. DB3anMOCBA3b TEXHHUYECKOTO Iporpecca ¢ SKOHOMHUKOU
(mpoMblIlLIEHHBIE peBOdOUMK). Teopuss OOJBIIMX LMKIOB Pa3BUTUS MHUPOBOM
SKOHOMHUKUA. MMUHHMATIOApU3alMsl KaK HEOThEMJIEMBbIM TpPEHI B Ppa3BUTUHU
TEXHOJIOTUH.

Pa3nen 6. UcTopusi pa3BUTHS HAHOTEXHOJIOTHH (2 yaca)

Tema 1. C yero HaunmHajgach HaHoTexHoJorus? (1 gyac)

JHlaeTcsi mnpencraBieHue o 3HadyeHUM pabor Puuappga @elinman -
OCHOBOITOJIOKHUKA HAHOTEXHOJIOTMM, €ro WAEH YHOPABICHUS OTAEIbHBIMHU
aTOMaMHM M CO3/1aHMs Ha HMX OCHOBE HOBBIX BEIECTB Ha YPE3BBIYANHO MAajoM
(cybatomHOM) ypoBHE. Bo3HHMKHOBeHHE TepMHHAa «HaHoTexHosorus» (H.
Tanuryun) u naneHeias nonyispuszanus uaeii P. deitnmana (3. /Ipekcnep).

Tema 2. Ilpuoputersl pasButust HaHOTexXHOJ0rHH (1 yac)

[Iporpamma HanumonansHoit Hanorexnonoruueckoit Muunmartussr CIIA
(2001) u Hayano HAHOTEXHOJIOTMYECKOMY OyMy B MHUpE. YPOBEHb pPa3BUTHUS H
PUOPUTETHl HAHOTEXHOJIOTUI B 3apyOeKHBIX cTpaHax u B Poccuu. [IpuopurerHoe
MOJIOKEHNE HAHOOMOTEXHOJIOTMU Ha COBPEMEHHOM 3Tare u B OyJylleM pa3BUTUU
HAaHOTEXHOJIOTUH.

Pa3nen 7. HanoTexHoJioruyeckue MeTobl M NpUOOPHI (2 yaca)

Tema 1. 3onm0BbIe MUKpPOCKONBI (1 yaca)

Ot Makpomupa K HAHOMHPY M OT HbIOTOHOBCKOM MEXAHUKH K KBaHTOBOM
MexaHuke. KBaHTOBbIN 3((PeKT TyHHETMpPOBaHUS - OCHOBHOW MHPUHLIMI PAOOTHI
CKaHUpYyIoIIero TyHHelnbHbId Mukpockon (CTM). HobGeneBckas npemus ['epny

bunnunry u Xaitnpuxy Popepy. lon Diirnep - mnepBas JE€MOHCTpalus



Bo3MoxkHOCTeW CTM. [Ipuniun paboTel aTOMHOTO CHUIIOBOrO Mukpockomna (ACM).
[MpeumymectBa u Hegocratku ACM mo cpaBHenuio ¢ CTM. Mukpodumronnnas
moaudukaiust ACM — FluidFM u ee yauBepcaibHOCTb

Tema 2. JlazepHslii HaHonuHueT (1 4ac)

[IpyHIMO [OEWCTBHA JA3€pHOTO HAHONMMHIETa W €ro IPUMEHEHHE B
ouonoruu. McciaenoBanue akTUBHOCTH W ocoOeHHocter pabdotel JIHK- m PHK-
NOJINMEpa3 C MOMOUIbI0 HAaHOMHMHIETA. [IpemMyliecTBa U HEAOCTATKHM METOJA.
VY coBepIICHCTBOBaHHBIM HAHOINUHIIET W BUPTyaldbHble (QOTOHBI (paboThl A.
['puropenko u ap.).

Pa3nean 8. [IpoaykTbl HAaHOTeXHOJIOTHH (2 Yaca)

Tema 1. @ysnepensl 1 Hanorpyokmu (1 4ac)

CtpykTypa (QyuIlepeHOB — HOBOIO THUIA aJUIOTPOINOB  YIJIEpOAa.
OHao03apanbHble PyIiepeHsl U UX cBoiicTBa. BonopactBopumsble (yIiepeHbl U ux
OpUMEHEHUE B OMoioruv ¥ MeaunuHe. HelponpoTeKTOpHBI W aHTUBUPYCHBIH
ahdexT BoAOpaACTBOPUMBIX (yuiepeHOB. VYTIyiepojaHas HAHOTEXHOJIOTHS, €€
NIEPCIEKTUBBI.

VYriepoansle U NeNTHAHbIE HAHOTPYOKH. Mcnonb3oBaHuEe OMOIOTMYECKUX
OOBEKTOB M MPUHIMIOB (PYHKUMOHUPOBAHUS /JIsi OpraHM3allMM BeEIecTBa Ha
MOJIEKYJISIPHOM ypOBHE — OHOMHUMETHMKAa — aKTyaJlbHO€ W HWHTEHCHBHO
pa3BUBAIOILIEECS HAIIPABJICHUE B HAHOTEXHOJIOTHH.

Tema 2. KBaHTOBbBIE TOUYKH M Apyrue HaHoyacTuusbl (1 yac)

Yro Takoe KBaHTOBble TOuyku? WX mnpuMeHeHHue: OT JIPEBHUX
BUTPaXXEl K COBPEMEHHBIM MpoOIeMaM MOIYNPOBOJHUKOBOM MPOMBIIIEHHOCTH.
Konnounueie kBanToBblie Touku. ['padenoBsie ((ynnepeHoBbIe) KBAHTOBBIE TOUKH,
X TIO0JlydeHHE. 3aBUCHUMOCTb CBOWMCTB KBAHTOBBIX TOYEK OT HX pa3Mepa.
[IpumeHeHre KBAaHTOBBIX TOYEK B OHOJOTM U B TexHUKe. JleHapumepsl,
NEPCIEKTHBBI UCIIOJIB30BAHUS B MEIULINHE.

Paznen 9. HanomarepuaJnl (2 yaca)

Tema 1. IHK- cBepxpemerku (1 1ac)

C&MOOpFaHI/IBaHI/IH YHOPAAOUYCHHBIX MAaCCUBOB M3 HAHOYACTHIL 30J10T4A,



B KOTOPBIX MCIIOJb30BAHBI MOJIEKYJIbl onHouenodeyHon JIHK B kauectse
CTPYKTYpHOUW  omopbl. Mchnonp30BaHUME  CBEPXPEHIETOK ISl pa3pabOTKu
MeTaMaTepuajioB M HAHOYCTPOMCTB, JMIIEHHBIX CyOCTpaT-UHAYLIHUPOBAHHBIX
AIEKTPOMArHUTHBIX TTOMEX.

Tema 2. IllanepoHuHbl W Jpyrue OeJKM — MaTepuaa s
HaHoTexHoJ1orum (1 gac)

MonexkynsipHas CTPYKTypa [IAMIEPOHUHOB. CnocoOGHOCTh
nIanepoHMHOB apxebakTepuil ponaa Sulfolobus dhopmupoBaTh JIEHTHI U IByMEpHBIE
MAaCCHUBBI C BBICOKON CTENEHBIO YHOPSIIOUEHHOCTU. VCronb30BaHUE MYTAHTHBIX
dbopMm ¢ 1enplo mnoxdopa pa3MEpoOB TMOJIOCTH JJIE KBAHTOBBIX TOYEK.
Camoopranuzaiusi TeHHOMOuGUIUpoBaHHOTO cTabmibHOro Oenka 1 (SP1) u3
ocubl  Populus  tremula B nByMepHble  pemieTku.  Mcnosb3oBaHue
pekoMOuHanTHOTO ©Oenka SP1, KoHBIOrMpOBaHHOTO ¢  (EepMEHTOM JJis
oOpa3oBaHus MyJIbTU(HEPMEHTHBIX HAHOTPYOOK.

Pa3znes 10. IIlpuopureTHbie HANPaBJIeHNsI HAHOOUOTeXHOJI0THH (4 yaca)

Tema 1. ITHK- nanorexHosiorun. Anramepsl (1 yac)

JlaeTcsi ompeneneHWe W CpaBHUTENbHAs XapaKTEpUCTHUKA anTaMepoB H
anturen. Meron mnonyuenne antamepoB (SELEX) u uMX mnpuMeHeHue.
Hcnonb30BaHue anTamMepoB JJIsl UHIUKAUA KOKanHa, pH cpeabl, HOHOB METAILIOB
u J1p.

Tema 2. IHK-opuramu (1 gac)

Paznoo6pasue ctpykryp, bopmupyembix JHK. Ctpykrypsl Xommaes. Hen
Cuman — cosmanme gnBymepHbix cereit JIHK. Merong JIHK-opuramu,
npenioxeHHsld  [lomom PoTmMyHnomM — co3gaHue JOBYMEPHBIX M OOBEMHBIX
HaHOoOOBekTOB. JIHK-mammuel. IlepcnextuBbl ucnons3oBanus JHK-opuramu B
MEJIUIIMHE.

Tema 3. HanonopoBoe cexBenupoBanue (1 yac)

JlaeTcsi mpencTaBieHME O HAHONOPOBOM  CEKBEHHPOBAHUU Kak
ceMencTBe BBICOKO?()(hEKTHBHBIX METOJI0B OnpeIeTICHUS

nocienoBatenbHocTu Mosiekyn JJHK unun PHK ¢ ucnons3oBanueM O€MKOBBIX WIIH



TBEPJIOTEIbHBIX MOpP TUAMETPOM B HECKOJIbKO HAaHOMETPOB. IIpeumyiecTBo — He
HY)KHA aMIUTA(HUKAIMS, 9YTO HE TOJBKO CHHUXKAET CTOUMOCTh, BPEMEHHBIC 3aTPAThI
U YPOBEHb OIMOOK, HO U MO3BOJISIET U3y4aTh ropa3ao oosee jrHHbIe HUTH JTHK.

Tema 4. Hanoouocencopsl. buocencopsi (1 yac)

VYerpoiicTBO M Ha3HaYeHUE W Kilaccudukaiuys ouoceHcopon. IlepBorit
ouocencop -pepmenTHsIi anekTpo JI.Knapka. JJHK-uumnbr. MAT'MK-uumnsi.
JIHK-yunel. JTabopaTopus Ha yune.

Pasznen 11. HaHokoHTeliHepbl 1 HAHOHOCHTEIM (2 Yyaca)

Tema 1. HaHoyacTHMubl Kak CpeacTBa JOCTABKHM TepPaneBTHYECKHX
CpeACTB U IMATrHOCTUKYMBI (1 yac)

HaHnonocutenu, BbIMONHAS (PYHKIUIO JOCTaBKU IIpenapara, MO3BOJISIOT
CHU3HUTH TOKCUYHOCTb U YBEIUYUTH 3P(HEKTUBHOCTH JICKAPCTBEHHBIX MPENapaToB.
Hanonocutenn wmoryr OBbITh OCHOBaHbI Ha MOJUMEpax, JUNUJAX WIH
cypbakrantax. JlunuaHble HAHOCUTENW (JIUIIOCOMBI, apPXEOCOMBbI, TBEPJbIC
JIMITUJIHBIC YaCTHUIbI) KaKk OMOCOBMECTHMBbIE W OHOJEeTpagupyeMble CTPYKTYpbI
MMEIOT SIBHBIE MPEUMYIIIECTBA IO CPABHEHUIO C OCTAJIbHBIMU HAHOCUTEIISIMH.

Hanoxkarncynel, HaHOChEpbl U MOJUMEpPHBIE MULICIIBI. buomuMernueckuit
MOAXOJ] TTO3BOJIIET MCIOJIb30BATh 3PUTPOIUTHI KaK CPEICTBO JIOCTABKU JIEKAPCTB.
[ToBepkxHOCTH OOpabaThiBaeTcss QocomunuaamMu Uiu OeJKaMu TUIa3Mbl. OTO
MOBBIIIIAET OMOJOCTYMHOCTh W CO37aeT JUNOGUIBbHYIO cpeny. JIumonpoTenHbl
HU3KOW TJIOTHOCTH C BKJIIOYEHHBIM JIOKCOPYOHIIMHOB Oojiee 3¢h(dEeKTUBEH, deM
CBOOOIHBIN. Mukposamynbcun u3 cypdakranta. Hanokpuctamisl. Huocomsl.

Tema 2. AJbBaHTble HAHOHOCHTEJN AHTUIE€HOB (HAHOBAKLMHBI)
NCKOM, aunocomsbl u TU-kommiekce (1 gyac)

BricokoouuilieHHbIe  CYOBEAMHUYHBIE AHTUTECHBl  O00JIAIal0T  HU3KOU
MMMYHOTE€HHOCTbIO. JIJIsI  yCTpaHeHusi 3TOro HEJOCTaTKa MNPUMEHSIOTCS
agpioBaHTel. HambOonee »>(QPEeKTUBHBIM aabIOBAHTOM SBIISICTCS HAHOYACTHIIBI
UMMYHOCTUMYJIUPYIOIIETO KOMILJIEKCa (MCKOM), COCTOSILETO u3
dochommmuos, xomecrepuHa (Xoi), canmoHnHOB Quil A 1 GeIKOBOTO aHTHUTEHA.

NCKOM B gecarku pa3 Oosiee 3dpdextuBeH uem nunocombl. Ompnako THU-



KOMITJIEKCHI Ha OCHOBE JIMMHIOB W CAllOHWHOB W3 MOPCKUX THUIPOOMOHTOB
npeBocxoaaT 1o dddextuBHoctt MCKOM. Bcee 3T nunuaHble YacTHITBI

ABJIAIOTCS HC TOJIBKO aAbIOBAaHTAMH, HO 1 HOCUTCJIXIMHM aHTHUI'CHA.

II. CTPYKTYPA U COJAEP)KAHUE MIPAKTUYECKOMN YACTH KYPCA

INPAKTUYECKUE 3AHATUSA
5 cemecTtp (18 yacos)
Paznen 1. [lepBuuHas cTpyKTypa 0€JIKOB, OCHOBHbIE METO/IbI Bbl/I€JIeHH S

U uccJieIOBaHus 0eJIKOB, KOH(popMalMOHHAS CTPYKTYpa 0esikoB (6 1ac.)
3ansaTue 1. CoBpeMeHHbIE IPEICTABIECHUS O CTPOCHUHU OENKOB U (pepMEHTOB
(1 gaca)

3anusarue 2. [lpunuunsl GopMHpPOBaHUS BTOPUYHON CTPYKTYpPHI OEJIKOB.
[Tpuonst (2 gac).

3ansarTue 3. MogenupoBaHue TPETUYHON U YETBEPTUUHOM CTPYKTYphI OCIIKOB
(3 gaca)

Pazgen 2. Kuaccudpuxauusi 1 HOMeHKIaTypa (epMEHTOB, AKTHBHbIE
HEeHTPbI (epMEHTOB, HHTMOMPOBaHHE, KHHETHKA (DEPMEHTATUBHOM peaKUHMHU
(6 uac.).
3ansartue 4. [lonstue pepmMeHTaTUBHON akTUBHOCTH. KHETHKA (pepMEHTATUBHBIX
peakuuii. (2 yaca)
3ausiTue S. BausHue MHruOUTOPOB M aKTUBATOPOB HA (hePMEHTATUBHBIN MPOIIECC
(2 gaca).
3ausue 6. [Ipunnune knaccudukauu hepmMeHToB (2 yaca).

Paznen 3. Yuactue ¢gepMeHTOB B OCHOBHBIX OMOJIOTHYECKHX MPOIECCax
KJIeTKH. (6 4ac.)

3austue 7. MexaHu3mbl perynanuu OuocuHTe3a (PEepMEHTOB B KJETKax (2
qaca).
3ausTue 8. Yuactue dhepmenToB B mporeccax penymukanuu JIHK (2 gaca).

3ansaTue 9. Yuactue ¢pepMEHTOB B Mpolieccax TPaHCKpUIIKHU (2 Jaca).



6 cemectp (36 yacoB)
3ansitue 1. buosiornueckne HanHoMamuHbI (4 yac.)

3ausaTue 2. [IpodJsiembl HaHOO€e30MacHOCTH (2 Yac.)

3ansaTue 3. JlunuaHble W JUNHA-0€JIKOBbIe HAHOKOHCTPYKIMH H HX
NMpaKkTUYecKoe ucnob3oBanue (4 yac.)

3ansrtue 4. Posib HaHOOHOCEHCOPOB B JHATHOCTUKeE paka. (4 yac.)

Hanopa3mepHble ~ KOMIIOHEHTBI,  BKJIIOUEHHBIE B  CYLIECTBYIONIYIO
KIIMHUYECKYI0 JUAarHoCTUKY U OOHapyKeHHe, a TakKe HaHOOMOCEHCOPHI
MPOJIEMOHCTPUPOBAIA YIYUIICHHYI0 YYyBCTBUTEIBHOCTh M CHEUUPUYHOCTH IO
CPaBHEHHUIO C TPAAUIMOHHBIMU MOAX0IaMH TECTUPOBAHUS paKa.

3ansaTue 5. OcHoBHBIE NPUOPHUTETHBIE HANpAaBJICHUS
HAHOOMOTEXHOJIOTHH U uX pa3Butue B Poccun u 3a pyde:xom (4 yac.)

3ansaitne 6. CTpyKTypHble HW (YHKIHOHAJIBbHbIC ACHEKTbl B
HAHOOMOTEXHOJIOTMH M HAaHOMeAuIuHe (4 yac.)

Hanopa3mepHble HOCUTENM i JIOCTABKU JIEKAPCTBEHHBIX MPENapaToB U
reHoB. MoJeKybl, KIETKH, U CUCTEMbl OCHOBAaHHbIC Ha HAHOOMOTEXHOJIOTHUU JIJISI
UCIIOJIH30BaHUs B OMOAHAIMTUYECKON TEXHOJIOTHH.

3ansTue 7. Hanorenomuka B meauuuHe (4 gac.)

OO6cyxpaatorcs TEXHOJIOTUYECKHE pa3pabOTKM HAHOTEHOMUKH U €€
npuwioxkeHue Kk meaunrae. OcoOblil aKIeHT JIeJaeTcs Ha TO, YTO OBLJIO TIOCTUTHYTO
B 00J1aCTH T€HHBIX MUKPOUMIIOB.

3ansaTue 8. McKkyccTBeHHbIe HAHOCTPYKTYpPbl, ocHOBaHHble Ha /IHK:

CBOMCTBA, H3rOTOBJIEHHE, MpuMeHeHue (10 vac.)

JIABOPATOPHBIE PABOTBI (36 uac.)
5 cemecTtp (36 yacos)

JlaGopaTopHnas padora Nel. Ctpykrypa ¢epmenTtos (8 1ac.)
1. 3HAKOMCTBO C NEPBUYHOMN, BTOPUYHOM, TPETUYHON W UYETBEPTUUHOM

CTPYKTYpOii O€IKOB IO JAHHBIM, MOJy4YeHHbIM U3 NHTepHeTa.



2. Omnpenenenve KOHIEHTpaluu OelkoB B pacTBope (meroas! Jloypw,
bpandopna, Mukpobuypet, ciekTpohoTOMETPUUECKUNA METOT).

JlaGopaTopnasi padora Ne2. MeToabl MOJy4YeHUs] U aHAJIU3a 0CJIKOB U
(pepmenToB (8 yac.)

1. Mertozsl BBICAJIMBAHMSI. Onextpodopes 0eJIKOB B
MOJIMAKpUJIAMUJTHOM rejie. MeToasl  xpomarorpaduu: reiab-xpomartorpadus,
noHooOMeHHast xpomartorpadusi, addunnas xpomarorpadusi. DepMeHTHI -
MapKephl CyOKJIeTouHbIX (Ppakiuii. Kpurepun yuctotsl (hepMEHTOB.

2. MeTonbpl MMMYHOXUMHUHU I ONPEACICHUS JIOKATU3ALHMKU OEIKOB.
3HaKOMCTBO C JATepaTypoil mo OenkaM M (epmeHTaM. BecTtepH-OJOTTHHT.
[TpuHIUTIBI BBIOOpPA UCTIONIB3YEMbIX AaHTUTEIL.

JlabopaTopHas padora Ne3. @epmMeHTaTUBHAS KHHeTHKA (8 yac.)

1. OT00p MeTonuK BbLAENEHUS O€IKOB M (DEPMEHTOB U OIpEIEICHHUS
dbepMeHTaTUBHON  aKTHUBHOCTH. BbiBog  ypaBHeHuss  Muxasnuca-MeHTeH.
@U3NYECKUA CMBIC KOHCTAaHThl pPABHOBECHMS M KOHCTaHTHl Muxasnuca.
MaxkcumainbHasi CKOpOCTh (hepMEHTATUBHOMN pEeaKIuu.

2. Perynsuust paboTsl (epMEHTOB.

JlaGopaTtopnasi padora Ne4. besnku u pepmenThl B OMOTEXHOI0THM (8
yac.)

MexayHapoaHbie 0a3bl TaHHBIX MEPBUYHBIX MOCIIEI0BATEIBHOCTEH Pa3HbIX
rpynm OeNKoB.

JlabopaTopHas padora NeS. Ucnosib3oBanue pepMeHTOB B MeauuuHe (4
qac).

6 cemectp (18 yacos)
JlaGopaTopnasi pa6ora Ne 1. HanorexHojorndaeckue METOAbl U MPUOOPHI

(3 yaca)
1. 30H10BBIE MUKPOCKOIIBI
2. JlazepHbIii HAHOMUHIIET
JlaGopaTopHnasi padora Ne 2. [IpoaykTsl HaHOTeXHOJOTHH (3 Yyaca)

1. ®ynnepenst 1 HanoTpyOKH



2. YriepoaHble U NENTUAHBIE HAHOTPYOKHU.

3. KBaHTOBBIE TOUKH U APYTHE HAHOYACTHULIBI

Jlaboparopnasi pa6ora Ne 3. Hanomarepuansi (3 yaca)

1. JHK- cBepxpemerku

2. lllanepoHuHBI U IpyTUe OCNKU — MaTepra AJisi HAHOTEXHOJIOTUHU

Jlaboparopnasi pa6ora Ne 4. MeTonbl BbII€JICHUS U OYUCTKU OenkoB (3
yaca)

Meroabl TOMOTEHM3AMU U pa3ziesieHus 0enkoBoro marepuana. GepMeHThI-
MapKephl CyOKIeTOUHbIX (ppakiuil. Kpurepun 4ucToThl O€IKOB U (PEPMEHTOB.

JlabopaTtopnass paGora Ne S. Meronsl ceguMmeHTanuu. MeToabl
BbIcaliiBaHus (3 yaca)

Jlaboparopnass paGora Ne 6. Meroasl xpomaTtorpaguu: Telb-
xpomartorpadus, noHOOOMeHHass xpomarorpadus, apdunnas xpomarorpadus (3

yaca)

III. YHEBHO-METOANYECKOE OBECIIEYUEHHUE
CAMOCTOSTEJBbHOM PABOTHI OBYUAIOIIIUXCSH

VY4ebHo-MeToIMuecKoe oOecrieueHue CaMOCTOSATEIIbHOMN paboTHI
oOydaroruxcst 1o aucuurinHe «®depMenTbl. OCHOBBI HAHOOMOTEXHOJIOTHIA
npenacrasieHo B [Ipunoxenun 1 u BKItoyaeT B ceost:

TuTaH-rpaduK BBIMOJTHEHUS CAMOCTOSATEIBLHON pabOoThl MO JUCUUILIIMHE, B
TOM YHCJIC TIPUMEPHBIE HOPMBI BPEMEHH Ha BBIMOJTHEHUE TI0 KOXKIOMY 3aaHUIO;

XapaKTepUCTUKA 3aJaHUM ISl CAMOCTOSITEIbHOM paboThl 00ydYaroIIuXcsl U
METOIMYCCKUE PEKOMEH IAIUN 10 MX BBITTOJIHCHHIO;

TpeOOBaHMSI K  TMPEACTAaBICHUIO W OPOPMIICHUIO  PE3YJIbTATOB
CaMOCTOSATEILHON pabOTHI;

KPUTEPUU OIICHKHU BBITIOJHEHUS CAMOCTOSITEIIbHON PabOTHI.

V. KOHTPOJIb JOCTUKEHMUS LEJIEN KYPCA

OneHouyHbIE CPECTBA -

e KonTponupyemsie Konp! u 3Tanst HaMCHOBAHHE
- a3JIeJIbl / TEMBI OpPMHPOBAHUS
/11 pasa (opmmp ~ - MIPOMEKYTOYHASA
JUCLUILTHHBI KOMIIETEHIUH yIm aTTecTanus
KOHTPOJIb
(9K3amMeH)

1 Pazgen 1. IlepBuunas|OIIK- 5,|3Haer YO, JIP, 113 VYO o Bomp. Kk




CTPYKTypa oenkos, [ [TK-9 9K3aMEHY
OCHOBHBIE METOJIBI ymeer
BBIJCIICHUS u
HCCIEN0BaHusa  OEJIKOB,
KoH(OpMaIMOHHAs BJIAJIEET
CTPYKTypa OeJIKOB
Pasnen 2. 3HaeT
Kinaccudukanus u
HOMEHKJIaTypa
(epMeHTOB, aKTUBHBIE OIK. 5,
LEHTPBI PEPMEHTOB, MK-9 yMeeT YO, JIP, 113
MHTUOMpOBaHUE,
KHHETHKA
(dbepMeHTaTUBHOMI
peaKLmy BJIAJICET
Pasgen 3. Yuacrue 3HAET
¢dbepmenToB B ocHOBHBIX |OIIK- 5,
OMOJIOTHYECKUX I1K-9, ymeet YO, JIp, 113
rporeccax KJICTKH BJIAJICET
OIIK- 5,|3HaeTr
Paznen 4. Ilpenmer wu|IIK-9,
3agaun OIIK-11, |ymeer YO, II3
HAHOOMOTEXHOIOTUH TIK-4
BJIAJIEET
OIIK- 5, |3HaeTr
Pasnen 5. OcHOBEI TIK-9,
HaAHOTEXHOJIOTUH OIIK-11, ymeer yo,I3
TIK-4 BajJiceT
Pazpnen 6. Uctopus OIIK- 5, |3Haet
11K-9,
pa3BUTHS OIK-11. |YMeeT YO.I13 VO 1o
HAHOTEXHOJIOTHU K4 - BoTpocaM K
OIIK- 5, |3Haer e
Pazmen 7. HK—9- ’
HanorexHnomnornueckue OHK—’l 1 |ymeer YO, JIP, I13
METO/BI U IPHUOOPHI K-4 -
OIIK- 5,|3Haer
Pasnen 8. IIpoxykTsl I1K-9,
HaHOTEXHOJIOTUH OIIK-11, ymeer YO, JIp, 113
T1IK-4 BJIaJI€ET
OIIK- 5,|3Haer
Pazgen 9. T1K-9,
Hanomarepuainst OIIK-11, yueer YO, JIp, 113
TIK-4 BJaJiceT
Pasznen 10. OIIK- 5, |3Haer YO, JIP,I13




IIpuopurernsie I1K-9, yMeer
HanpaBJICHUSA OIIK-11,
HaHOOMOTEXHOJIOTUH [K-4 BIIAEET
Pasnen 11. IQIE-I;_ 5, |3HacT
E;}I:g}l:gé{;fgl;;pm u OIK.11. |yMeeT YO, JIP, 113
T11IK-4 BJIAJIEET
Tumnossle KOHTPOJIBHBIC 3aJaHUs, METOANYCCKUC MaTCpUuailbl,

OTIPENEISAIONINE MPOLEAYPhl OLICHUBAHUS 3HAHUM, YMEHUI U HaBBIKOB U (WJIN)
OIbITa JEATEIbHOCTH, a TaKXK€ KPUTEPUM M IOKa3aTesd, HEOoOXOJUMBbIE IS
OLICHKM 3HAHHWM, YMEHHI, HaBBIKOB U XapaKTEpHU3YIOIIUe 3Tamnbl (HOPMHUPOBAHHUS
KOMIIETEHIIMM B TPOLIECCE  OCBOCHMS  OOpa30BaTENbHOW  IPOrPAMMBI,
npeacrasiieHsl B [Ipunoxennn 2.

V. CHUCOK YYEBHOM JIUTEPATYPbI U UH®OPMAIIMOHHO-
METOINYECKOE OBECIIEYEHUE JUCHUIIJINHBI

OcHoBHas1 IUTEpPaTypa

1. Tonosun HKO. M. Hamommp 6e3 dopmyn Mocka : BMHOM.
Jlabopatopus 3Hanuii, 2012. 543 c. Access:

http://lib.dvfu.ru:8080/lib/item?id=chamo:668185 &theme=FEFU

2. B. K. IInakynos, FO. A. HukonaeB. OCHOBBI JUHAMUYECKON OMOXUMUU
: yueOHoe nocobue ais By30B Mockaa : Jloroc, 2010. 213 c. Access:

http://lib.dvfu.ru:8080/lib/item?id=chamo:779785 &theme=FEFU

3. IInakynoB B.K. OcnoBbl sH3uMosiorun M.: Jloroc, 2011. 127 c.Access:
http://lib.dvfu.ru:8080/lib/item ?id=IPRbooks:IPRbooks-70702 &theme=FEFU

4. Anexcee B.M., Kamunckuii B.A. IlpuxknagHas MoJeKyJspHas

Ouonorus: yaueOHoe ocodue aiig By30B. Bnaausocrok. JanspsioBTy3, 2011, 238 c.
Yepes o. Pycckuit. 577(075.8) A 471

5. T'amumoBa M.X. @epMmeHTatnBHasg KuHeTuka: CHIpaBOYHHUK MO

Mexann3zMam peakuuid. M.: Jloroc. 2007. 320 c.
6. JIptonn benmxamuH. I'ennl (GenesIX). (nep. ¢ anrn. A. JI. Tunulypra u
ap.). 2011. 896 c. (Cepust — nmyumuii 3apyOexubrii yaeonuk). Karanor Hb JIBOVY.

JloCcTyIleH TOJIBKO B YMTAIBHOM 3aJI€.

7. bpayn T.A. TI'eHombl. (MHCTUTYT KOMIBIOTEPHBIX HCCIEIOBAHUIA.
Nxeck. 2011). 944 c.

8. Bacunenko HO.K. buonornueckas xumus: YueOH. nmocooue mig BY30s.

M.: Men-Ilpecc-undpopm, 2011. 431 c. Karamor Hb JIBD®Y. EKB ayn.402
yaeOHast (26 TOCTYITHO)



9. buoxumus: PyKOBOACTBO K MPAaKTUYECKUM 3aHATHSAM: YydeOHOe
nocobue (H. H. Yepnos, T. T. bepesos, C. C. bypobuHna u ap.) moja peaakiuei

H.H. YepuoBa. M. 2009. 233 c. Karanor Hb JIB®Y. AGouemenrt mkomns
onomeuumnb JIBOY (6 u3 10 5K3eMIUISIPOB IOCTYITHBI).

JlonoiHMTEILHAA JTUTEpPATypa
1. Tonorun lO. . BBenenue B HaHOTeXHUKY. — M.: Mammnoctpoenue, 2007.

2. TI'yce A. N. Hanomarepuanbl, HAaHOCTPYKTYpPbl, HAHOTEXHOJIOTUH. — M.:
duzmatiut, 2007.

3. Hanomarepmansl. Hanorexnomormu. Hanocucremnas texHmka. — M.:
Texnocdepa, 2006.

4. Ilyn-mn, Y., Oysnc, ®@. Hanorexnonoruu. 3-e¢ uznanue. — M.: Texnocdepa,
2007Pymsnues, E.B., Autuna, E.B., YUuctakos, FO.B. Xumuueckue OCHOBBI

xku3Hu.- M.: Xumus, KonoC, 2007.- 560c.

9]

. Onureneruka (nox pepakmueit C.M. 3akusina, B.B. Biacosa, E.B.

HementreBoit). 2012. HoBocubupck. U3a-so CO PAH.

VI. METOINWYECKHUE YKA3ZAHHUSA 10 OCBOEHHUIO JUCHUIIJIMHBI

PexomeHaanuu Mo caMoOCTOATEIbHOM PpadoTe CTYAeHTOB

CamocTosiTenbHass paboTa BKJIHOYAET OMOIMOTEUHYIO WM JOMAIIHIOH
paboTy ¢ y4yeOHOH JUTEepaTypod ¢ KOHCIIEKTOM JICKIIMH, TOATOTOBKY K
MPAKTUYECKUM 3aHSITHSIM, U KOHTPOJBLHOMY COOECEOBAaHUIO, a TAaKXKE H3y4YCHUE
OCHOBHBIX HH(OPMAITMOHHBIX CaTOB B MHTepHeTe, CBSI3aHHBIX C BOMPOCAMHU
JTACITUTLIAHBI.

[Ipu opraHuzamuum CcaMOCTOATENIBHOM palboOThl TMpenojaBaTeiib JI0KEH
YUYUTBHIBATh YPOBEHb IMOJTOTOBKUA KaXKJIOrO CTYACHTAa W MPEABUIETh TPYIHOCTH,
KOTOPbIE MOTYT BO3HUKHYTb ITPHU BHITIOJHEHUH CAMOCTOSTEIILHON paOOTHI.

[TopsimoK BBITIOTHEHUS CaMOCTOATEIBHOW pabOThl ydalllMecs OMPEaeIIsoT

CaMH.



KoHTponb pe3ynbTaToB caMOCTOATENbHONU PabOThl OCYIIECTBISETCS B XOA€
HK3aMEHa
3agaHus IS CAMOCTOSITEIbHOI0 BBINIOJTHEHUSA

TeopeTuko-TUNIONOTHYECKUI aHAN3 MOAOOPKH MEPUOTINIECKON JTUTEPATYPHI
10 U3y4aeMOU JUCHHUIUINHE.

CocraBneHue rioccapysi TEpPMUHOB 110 U3y4aeMON JUCLUIUIMHE.

[loaroroBka pedeparoB mo Temam, MPEIOKEHHBIM MpPENoAaBaTesieM WM
CaMOCTOSITENIbHO BBIOPAHHOW CTYJIEHTOM M COTJIACOBAHHON € IPEIOJaBaTEIEM.
[IpencraBnenne pedepata B BUIAE NpE3CHTAIMH C  HUCIOJIb30BAHUEM

MYJIBTUMEIUMHOTO 000PY/I0BAHMUS.

MeTtoauyeckue yKa3aHMIO K BbIIOJIHEHUIO pedepara

esu u 3axa4u pedepara

Pedepar (ot nar. refero — goknanpiBaro, cooOuaro) mpeacTaBiIsieT coOoi
KpaTKOe M3JI0’KEHHUE MPOOIEMbl TPAKTUYECKOTO MIIM TEOPETUYECKOTO XapaKTepa C
(bopMyITHUPOBKOIA OMPEIEICHHBIX BHIBOAOB IO paccMarpuBaemMoii Teme. M30pannas
CTYJIEHTOM TIpo0jemMa H3ydaeTcs W aHAIM3UPYETCs Ha OCHOBE OJHOTO WM
HECKOJIbKMX HCTOYHHMKOB. B OTiM4YMe OT KypcoBOWl palOThI, MPEACTABIISIONICH
co0Oli KOMIUIEKCHOE HCCleoBaHuEe MpoOseMbl, pedepar HampaBlieH Ha aHauU3
OJIHOM WJIM HECKOJIbKMX Hay4YHBIX padoT.

Lenamu pedepara sIBASIOTCS:

® pa3BUTHE Y CTYIACHTOB HABBIKOB TIOMCKA aKTyaJlbHBIX MpoOJiemM
COBPEMCHHOM OEITKOBOM OMOXHUMUH,

® pa3BUTHE HABBIKOB KPATKOTO M3JI0’KEHUS MaTepraja ¢ BBIACICHUEM JIUIITh
CaMBbIX CYIIECTBEHHBIX MOMEHTOB, HEOOXOIUMBIX ISl PACKPBITHS CYTH MTPOOJIEMBI,

® pa3BUTHE HABHIKOB aHAIM3a M3YYCHHOTO MaTepuayia u (GopMyIHpOBaAHUS
COOCTBEHHBIX BBIBOJIOB IO BRIOPAHHOMY BOIIPOCY HAYYHBIM, TPAMOTHBIM SI3BIKOM.

3aoauamu noocomosku u 3auwumol pedepara sBISIOTCS.

- HAy4YUTh CTYACHTAa MaKCHUMAaJIbHO BEPHO IMepeaaTh MHEHHUS aBTOPOB,

Ha OCHOBE pabOT KOTOPBIX CTYACHT TOTOBUT CBOM pedepart;



- HAay4YuTh CTYyJE€HTa TPaMOTHO H3JaraTb CBOIO [MO3UIMIO 10
aHanu3upyeMou B pedepare mpodiieme;

- MOATOTOBUTHh CTYJIEHTAa K JaJbHEWIIEMY Y4YacTHUI0O B HAy4YHO —
MPAKTUIECKUX KOH(DEPEHITUAX, CEMUHApaxX U KOHKYpCax;

- IIOMOYb CTYJEHTY OIIPEIEIUTbCS C HWHTEPECYIOLIEH €ro TEMOM,
JAJbHEUIIIEE PACKPBITHE KOTOPOH BO3MOXKHO OCYIIECTBUTH IPU HAMMCAHUU
KypCOBOi1 pabOThI UJIH TUTLIIOMA;

- YSCHUTh JUisi ce0d U HU3JIOKUTh NPUYMHBI CBOETO COTJacus
(Hecoryacus) ¢ MHEHUEM TOT'O MJIM MHOTO aBTOpa MO JJaHHOU MpooJieMe.

OcHoBHbIE TPeOOBAHUA K COAepKaHUIO pedepara

CTyaeHT JOHKeH HMCIOJIb30BaTh TOJBKO T€ MaTepuaibl (Hay4dHbIC CTATbH,
MOHOTpaduu, Mocoous), KOTOPble UMEIOT MPSIMOE OTHOIIEHUE K M30paHHOU UM
teme. He gomyckarTCs OTCTpaHEHHBIE PACCYXACHUS, HE CBS3aHHBIE C
aHanusupyemon mpoodiemoit. Conepkanue pedepara JOKHO ObITh KOHKPETHBIM,
UCCIIEIOBAThCS JIOJDKHA TOJIBKO OJHA MpobsiemMa (JI0MyCKAaeTCsi HECKOJBKO, TOJBKO
ecliM OHM B3auMOCBsi3aHbl). CTYyIEHTY HEOOXOIMMO CTPOrO MPHUACPKUBATHCS
JIOTUKW W3JIOKEHUsI (HauaTh C ONpEACJICHUS W aHajdu3a TOHATHH, MEPEeuTH K
MOCTAaHOBKE TNPOOJIEMBI, NpPOAHATU3UPOBATh TMYTH €€ pelieHus U CHAeNaTh
COOTBETCTBYIOIINE BBIBOIBI). Pedepat nomkeH 3akaHuMBaThCS BHIBOJIAMHU T10 TEME.
Pedepat nomxeH ObITh NpeACTaBICH B BUJC NPE3CHTALINH.

OO6mue TpeboBaHMs K TPE3ECHTAIUU:

o TIPE3CHTAIMS HE JI0JKHA OBITh MeHbIIe 10 crnaiaoB;

e TIEPBBIN JIUCT — 3TO TUTYJIBHBIN JUCT, HA KOTOPOM 0053aTEIBHO JOJIKHBI
OBIThH MIPEICTABJICHBI: HA3BAaHUE TIPOEKTA; (PaMuUIHs, UMsI, OTYECTBO aBTOPA,;

o CJICYIOIIUM CJIAMJIOM JIOJKHO OBITh COJEp)KaHHWE, TJI€ MPEICTaBICHBI
OCHOBHBIE JTarbl (MOMEHTHI) MPE3CHTAINN; KEIATCIIbHO, YTOOBI M3 COJEP KAHMS
0 THMEPCCHUIKE MOXXHO TIEPEUTH HAa HEOOXOIUMYIO CTPAHHUILY U BEPHYTHCS BHOBb
Ha CoZIep)KaHUE;

o TU3AITH-3PrOHOMUYECKUE TpeOOBaHMUS: COYETAaEMOCTh I[BETOB,

OIrpaHUYCHHOC KOJIMYCCTBO 00BEKTOB Ha cnaﬁz:e, OBET TCKCTA,



e IOCJICTHUMHU CJAliIaMHU TIPE3EHTAIMU JODKHBI OBITh TJIOCCAPU M CIIHCOK

JIUTEPATYPHI.
Brictymnenne o pedepupyeMoi TeMe He JOJDKHO MPEBBIMaTh 15 MUHYT, 5
MUHYT JOTIOJIHUTEIHHO OTBOJUTCS HA BOMPOCHI IO TEME.
IMopsinok cnauyu pedpepara v ero oueHKa
Pedepar roTtoBHTCS CTyJeHTaMH B TEYEHHE CEMecTpa B CPOKH,
YCTaHABJIMBAEMbIC IMPENOAABaTEIeM [0 KOHKPETHOM NMCIUIUIMHE, W CAAeTCA
MIPENOAABATEI0, BEAYIIEMY JUCLUILINHY.

[Io pe3ynbTaTam TPOBEPKM CTYJIEHTY BBICTABISIETCS  OMPEICICHHOE
KOJIMYECTBO OajuioB, KOTOPOE BXOJUT B OOIIEe KOJIUYECTBO OAJIJIOB CTYJEHTA,
HAaOpaHHBIX MM B TedeHHe cemecupa. [Ipu onenke pedepara yUUTHIBAIOTCS
COOTBETCTBHE COJACpPKaHUSI BBIODAHHOW TEME, YETKOCTh CTPYKTYphl pPabOTHI,
yMeHuEe paboTaThb C HAYYHOM JUTEpaTypod, YMEHHE CTaBUTb NpoOieMy U
aHAIM3UPOBATh €€, YMEHHUE JIOTUYECKU MBICIUTh, BIaJeHHE MpodheccHoHaTbHOM
TEPMUHOJIOTHEHN, TPAMOTHOCTD U3JI0KECHHUS.

Temaruka pedeparos

Tema 1. besiky, NpUHUMAKOLIME YYACTHE B PEryJIsiliUU AeJICHUS KJICTOK.

XapakTepucTUKa pa3InyHbIX OEIKOB M (DEPMEHTOB, BBHITIOJHSIOIMINX Ba’KHbBIE
Ononornyeckue (QYHKIMU B PETyJSLUM JIeTICHUS KIETOK, WMMYHUTETa U B
3JI0KaY€CTBEHHOM TpaHCPOpMalUu.

Tema 2. beJiku, NPUHUMAKOIINE YYACTHE B 0HOJIOTHY€ECKOI MOABUKHOCTH.

XapakTepucTruKa O€JIKOB, UMEIOIIUX CJIIOKHYIO TPETUUHYIO UK Y€TBEPTUUHYIO
CTPYKTYpPY,  BBINOJHSAKONIMX  (DYHKIIMM  TpaHCHOpPTA, COKpAIleHUs WU
YYaCTBYIOIIHMX B OMOJIOTMYECKOM MOBUKHOCTH.

Tema 3. bBuocunTes CJI0KHBIX OMOJOTMYECKH AKTHBHLIX BeIlleCTB.

Xapaktepuctuka (EpMEHTOB, YYaCTBYIOIIMX B OHOCHHTE3e Oenka.
XapaktepucTuka (epMEHTOB, yUaCTBYIOIIHUX B CHHTE3€ HYKJIEMHOBBIX KHCIIOT.

Tema 4. HanoOmomaTepuaJsibl Ha OCHOBE 0€JIKOB U MENTH/I0B

HanocTpykTypsl Ha ocHOBe OenkoB W menTuaAoB. [IpuHImIBI 00pa3oBaHUs

OENKOBBIX KOMIUIEKCOB. OmnuroMepusanuss u arperamusi OenkoB. I[Ipumepsl



NPUPOAHBIX  CYNMPAMOJICKYJSAPHBIX  OCNKOBBIX  aHcamOnei.  Wmxenepus
HAHOCTPYKTYP 3a/laHHOM apXUTEKTYphl HA OCHOBE OEJIKOB U MENTHIOB.

benkoBbie Kamcyiasl W ux mnpuMeHeHue. Karcynbl Ha ocHOBe (eppuUTHHA;
LIAIIEPOHOB; BUPYCHBIX KamncuAOB. Mcronp30BaHME B KAadyeCTBE PEAKTOPOB IS
CUHTE3a HEOEIKOBBIX HAaHOMATEpPHAJIOB; B Kauye€CTBE KOHTEUHEPOB IS JIOCTaBKU
nexapctB. HanpaBnennas monuduxaius kancyi. [Ipyrue 6ei1koBbie HAHOCHCTEMbI
U UX npuMeHeHue. PunamMeHTsl HuTockeneTa. [lenTtuaapie HAaHOTPYOKHU. S-CIOU.
Hcnonb30BaHHEe B KayecTBE OJHOMEPHBIX M JBYMEpPHBIX MAaTpULl I
CaMOOpraHu3allid HaHOOOBEKTOB. [MOpHIHBIE HaHOMATEpHAIbl C YYaCTHEM
0esnkoB W nentujoB. [IpupoaHble HAHOKOMIIO3UTHBIE CUCTEMBI (KOCTHAsl TKaHb,
COEIMHUTENbHAS TKaHb). CHHTETHYECKHE THOPUIHBIE HAHOMATEPHUAIbl HA OCHOBE
OEJIKOB U MENTUI0B. BO3MOXKHOCTH UCTIONB30BAaHUS B MEIULIMHE U TEXHUKE.

DnactoMepHble O€JIKM M BO3MOXXKHOCTH MX HCIIOJIb30BaHMSI B HAaHOMEXaHUKE.
MonayneHbie 6enku B mpupoje. TutuH, puOpoHekTHH. CTpOEHHE U MEXaHUYECKHUE
cBOMCTBAa. MexaHOCeHCOpHbIE cucTeMbl. WMHXEHepuss MOAYJIbHBIX OEJNKOB C
3aJJaHHBIMU CBOWCTBAMM.

Tema 5. CamocoOupamwuuecsi HAHOCTPYTYPbl Ha OCHOBE HYKJIEMHOBBIX
KHCJIOT

Hyxneunossie kucnotsl (HK). [IpuHIUIIBI CTPYKTYpHON OpraHU3aIiui.

Tpumnekcol. KBaapymiekcosl. KareHanbl. OCOOEHHOCTH  CTPYKTYpPHOM
opranuzauun PHK: nByrskeBsie PHK, BrOpruHas u TperudyHas CTpyKTypa
oanoTskeBbiXx PHK.Hekanonunueckue B3anmmopenctBud. LInunbku, nceBmoysibl,
CTPYKTYpPHUPOBaHHbIC METJIM, MOTHUU. AnTamepsl. MeToasl cunte3a HK. MeTtonbl
onpenenenus nociuengosarenbHoctd HK: cuksenc mo Cenrepy, nmo M.-I'mnbepty.
Metonbl nonydenuss uHpopmanmu o crpykrype HK. .Crpykrypnas JIHK-
HaHotexHousorus. [lepexkpect monexynsl JJHK. JIByxmepubie noBepxHocTH. CeTku
Ha ocHoBe JIHK-muoxxectB: DX MHOXecTBa: Au3aiiH M caMOCOOpKa TUIOCKHX
kpuctamuioB JHK, mogudukauuu nosepxnoctu. JHK HanoTpyOKu: qu3aiiH u
XapaKTepUCTUKA, CPAaBHEHUE IPEUMYLIECTB M HENOCTATKOB II0 OTHOILICHHIO K

YIAEPOIHBIM HaHOTpYOKam. [ 'uGpuiHbIe MaTepUabl.



Marepranbl ¢ NPOCTPAHCTBEHHOM OpraHu3anueu. Jlpyrue MHOKECTBa: Ha
OCHOBE Tpe€X, WIECTH YIOJBHUKOB, BO3MOKHOCTh IIOJIYYEHHS TPEXMEPHBIX
marepuanioB. JJHK-opurammu, a UIMEHHO CO3/1aHHE MOBEPXHOCTU U3 OAHON HUTHU
HK, monynmuposannoi koporkumu HK. JTHK nonusapsr.

JIHK nanomexanudeckue yctBorictBa ( JIHK-HaHOpoOOoTeXHMKA). Y CTpOcTBA
Ha OCHOBE «MOJIEKYJSIPHBIX MNHUHIIETOB». (OCHOBa BOJHOOOPA3HOTO JABUKECHUSI.
Buner TommmBa JIHK-mHanopo6oToB: cBeto-, pH-3aBucHMBIE W TemmepaTypo-
3aBucuble cucteMbl. Kontpomepsl Ha ocHoBe JIHK: mpunnun pab6otsl. [lepBobie
«KOMIIBIOTEpPB» Ha ux ocHoBe. OyHkumonaneHad JIHK-HaHOoTEXHOMOTMS.
JHK3umb1. OO1iue onpenenenus u cBoictBa. [[puHIMIBI CO3/IaHKsT MaTEPUAJIOB C
ucnosbzoBanueM JTHK3umoB. MoseKkyiisipHble MOTOpPBI M APYTHE YCTPOMCTBA Ha
ocHoBe JIHK3umoB. PuO031uMbI 11 1X BO3MOKHOE HCIIOJIb30BaHUE.

Tema 6. HaHOCTPYKTYpPBbI Ha OCHOBE IOBEPXHOCTHO-AKTHBHBIX BEIECTB M
JIUNIUA0B

CnocoObl OJIy4eHHs] HAHOMATEPUAJIOB HA OCHOBE CaMOCOOUPAIOLIUXCS

CTPYKTYp W3  TIOBEPXHOCTHO-aKTMBHBIX  BEIIECTB  (JIMNHUIOB) U
OMOKaTAIU3aTOPOB, OCOOEHHOCTH (PYHKIMOHUPOBAHUS (PEPMEHTOB, 3a/JaBacMble
HaJIM4YMEM MATPULl HAHOPA3MEPOB.

Tema 7. HaHOCTPYKTYpPBI 0M010rH4YeCKOil MEMOPAHbI

HanoctpykTypbl OMoiornueckoi MeMOpaHbl: JTUMUIHBIE (MOHOCIOHN, OUCIION),
OenkoBble (B T.4. peuentopbl, kaHambl, AT®a3bl), ocoOeHHOCTH (Ha30BBIX
nepexoA0B B MEMOpPaHHBIX CHCTEMaxX, OCOOEHHOCTH HAHOCTPYKTYp, JekKalluX B
OCHOBE AJIEKTPUYECKHUX U PELENTOPHBIX CBOMCTB KIIETKHU.

Tema 8. CuHTE3 HAHOCTPYKTYP € IOMOIIbIO BUPYCOB U MUKPOOPraHU3MOB

Hcnonp3oBaHne BUPYCOB Uil HAHOKOHCTPYMPOBAHMS: XHUMHUYECKast U
reHeTnyeckass Mojaudukanuss BUPYCOB M BHUPYCOMOAOOHBIX YACTHUI, CHHTE3
rUOpHUIHBIX HAHOMATEPUAJIOB HA OCHOBE BUPYCHBIX 4yacThil. OOCYXIar0TCsI BUABI
MUKpPOOPTraHU3MOB, CIOCOOHBIX K CHHTE€3y HAHOMAaTepualaoB, BOIPOCHI
IIPAKTUYECKOIO0 TNPUMEHEHHs HAHOMATEPHAIOB, CUHTE3UPOBAHHBIX B JKHUBBIX

OopraHmu3smMax.



Monudpukanuss MUKPOOPraHU3MOB ISl CHHTE3a HaHoMmaTepuaioB. CuHTE3

MOJTYTTPOBOJHUKOBBIX MAaTEPHUAIOB B TEHETUYECKU M3MEHEHHBIX
MHUKPOOPTaHU3MAX.
Hcnons3oBaHue MOU(DUITTPOBAHHBIX OakTepuii TSt JIOCTaBKH

HaHOMATCPHUAJIOB B JKHMBYIO KJICTKY. HpaKTI/I‘IeCKOG IMPUMCHCHNUC HAHOMATCPHUAJIOB,

CUHTC3HUPOBAHHBIX B JKMBbIX OPIraHU3MadX.

VII. MATEPHAJILHO-TEXHUYECKOE OBECIIEYEHUE
TV CHUILIAHBI

VYyeOHast JEKIUOHHAs ayAUTOpUS C MYJBTUMEIUIHBIM IPOEKTOPOM U
DKPAHOM IS TPE3EHTAUNN JOKIA/I0B.

Mukpockon Axcuockon 40, ABromatmueckuid AuddepeHunaIbHbIA
ckaHupyomuii Mukpokainopumetrp JACM-3A, M3oTrepMuueckuil TUTpaUMOHHBIN
kanopumetrp VP-ITC,pupmer “Micro- calc” CIIA, Mukpokanopumerp Ckain-1 B
komiiekre ¢ 3UII, PoTtopHblil BakyymHbld ucmaputenb, [lpubop JACM-4,
[Tpubop muddepenmmansapiii JJCM-2M. TIK ¢ nporpamMmmHbIM oOecrieueHuEM
(makeTsl mporpamMMm IS pa3dMYHBIX TUMOB  MojenupoBaHusi). (Cxema,
WUTIOCTPUPYIOIIAsi OCHOBHbIE MPHUHLMUIBI ((OPMUPOBAHMSI BTOPUUHOM CTPYKTYpbI
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ILlinan-rpaduk BbIIOJHEHHUSI CAMOCTOSITEILHOM Pad0ThHI MO JUCHUILJINHE

Ne Hara/cpoku Bun IpumepHbIe dopMa KOHTPOJIS
n/n BBINOJTHEHUSI CAMOCTOSITEJILHOH | HOPMBI
padoThI BpeMeHH Ha
BbITIOJIHEHH €
1 Ha npotskenuu Bcero | [loaroroska K | 18 gac. Teky1re BOpocChl
Kypca IIPaKTUYECKUM B IIpOLIECCE
3aHSTHUSIM BBITIOJTHEHUS
MPAKTUIECKUX U
71a00paTOPHBIX
pabot. TecToBbie
3a/laHus
2 Ha nporsxenun Bcero | PaGota Haj | 36 yac. IIpakTrueckue
Kypca PEKOMEHI0BaHHOM 3aHSATHS,
JUTEPATYPOH. Pedepartsr.
3 B xonme 5 cemectpa [Toaroroska K | 54 gac. DK3amMeH
JK3aMEHY

PexoMeHnganum no caMmocTosiTeIbHOM padoTe CTYJAeHTOB

CamocTosiTenbHast padoTa CTyIeHTa BKIIIOYAET:
1) 6MOIMOTEUHYIO UM AOMAILIHIOK pad0Ty ¢ y4eOHOM U HAYYHOU JIMTEpaTypoii;
2) opopmiieHne 1a00paTOPHBIX padOT
3) moaroToBKy pedepara

[Topsinok BBIMTOJHEHHS] CAMOCTOSITENBHOM PabOThI JIOMKEH COOTBETCTBOBATH
KaJICHIapHO-TEMAaTUYECKOMY IUJIaHy JAMCLUMIUIMHBI, B KOTOPOM YCTaHOBJIEHA
MOCJIEA0BATEILHOCTD MPOBEICHUS MPAKTUYECKUX (CEMUHAPCKUX ) 3aHSATUM.

JIabopaTopHbIe 3aHATHS MO IUCHUILIMHE TPEOYIOT HE TOJBKO TEXHUUYECKOIO

BBHITIOJIHEHUS paOOThI, HO U TEOPETHUECKOU 0TpaboTku MaTepuaina. JlabopaTopHbie

pa6OTBI JIOTHYHO CBA3aHBI C JCKIMMOHHBIM MaTCPHAJIOM.

MeToanyeckue yKa3aHusi IPHU MOAT0TOBKE K YCTHOMY OIIPOCY IO BONMPOCaM
JK3aMeHa/3auera
[Ipy NOArOTOBKE K YCTHOMY OIPOCY UCIHOJIB3YIOTCS BOMIPOCHI ISt
AK3aMeHa/3aueTa, B JAHHOM CEMECTpeE.
JIs MOATOTOBKM K OMPOCY MCIOJIB3YIOTCS KOHCIIEKTHI JIEKIUuH, padoTa ¢

OCHOBHOM M JIOTOJHUTENBHON NuTeparypoii. PaboTa ¢ TeKCTOM Hay4YHBIX KHUT U



y4€OHUKOB COCTOUT HE TOJIBKO B MPOYTEHUH Marepuasia, HeoOXOIUMO MPOBECTU
aHajau3, CpPaBHUThb  WBJIOKEHHE  MaTepuaja B  pPa3HbIX  MCTOYHHUKAX.
[IpoaHanu3upoBaHHBI MaTepHall KOHCIEKTHUPYIOT, IMPU 3TOM Haao wu3berarb

IMPOCTOIO NCPCIMChIBAHUA TCKCTOB 0e3 Kakux 00 KOMMCHTApPHECB U aHAJIN34.

MeTtoanyeckue yKasaHus IIPH MOAT0OTOBKE K NPAKTHYECKUM 3aHATHAM
[Ipu moAroTOBKE K KOJUIOKBUYMY HEOOXOIUMO MOJIb30BATHCA KOHCIEKTaMHU
JEKIUN U JUTEPATypoOr M3 OCHOBHOIO cnucka. lIpuBiexkars i MOATOTOBKH K
KOJUIOKBUYMY JOIIOJIHUTENBHYIO JTUTEPATYPY HE PEKOMEHTYETCS.
[Ipy MOAroTOBKE K CEMUHAPCKUM 3aHATHSAM KPOME MPOPAOOTKH OCHOBHOM
JUTEpaTyphl, TaKke Heo0XoauMa NpopadoTKa JIOMOJHUTEIBLHOW JUTEpaTyphl.
Hcnonb3oBaHnE HayYHBIX, B TOM YHUCJE 3apyOeKHBIX CTaTei, BECbMa JKEJIATeNbHO,

HO HE SABJSAETCSA 00s13aTEIIbHBIM.

MeToanueckue yKka3aHusi PU MOJAT0TOBKeE OTYETOB 0 J1a00PATOPHBIX padoTax
OtyeTsl 000 BceX JA0OPATOPHBIX padOTaxX TMPEJCTABISIOTCS B OJHOU
OTIEIBLHOW TEeTpaaW, NPEIOCTAaBICHUE OTYeTa Ha OTACIBHBIX JIMCTaX He
JIOTTYCKaeTCsl.
Otuet o mabopatopHOit paboTe JOJKEH COJIEPKATh:
1. Ha3zBanue nabopaTtopHoil pabOThI
2. 3anuch ypaBHEHUN MPOTEKAOIINX XUMUYECKUX MPEBPAILECHUI
3.CtpykrypHble (OpPMYJIBI M Ha3BaaHUS BCEX MCIOJIb3YEMBIX PEaKTHBOB M
o0pa3zyronuxcs MpoayKTOB
4. 3anuch pe3ynbTaTOB MPOBEACHHBIX U3MEPEHHUA U BHIYUCIICHHM

5. BeIBOJIBI

OcHoBHBIE TPeOOBaHUA K CO/IeP:KAHUIO pedpepaTa
CTyaeHT AOKEH HMCIOJIb30BaTh TOJBKO T€ MaTepuaibl (HayYHBIC CTATHH,
MOHOTpaduu, MOCOOMs), KOTOPhIE UMEIOT IPSAMOE OTHOIICHHUE K HM30paHHOW MM
teMe. He gdomyckarOTCs OTCTpaHEHHBIE PACCYXICHHUS, HE CBSI3aHHBIC C

aHanuzupyemon npodnemoit. Cogepxanue pedepara JOMKHO ObITh KOHKPETHBIM,



UCCIIEI0BAThCS JOJDKHA TOJIBKO O/IHA MpodiiemMa (JOMyCKaeTCsl HECKOIbKO, TOJIbKO

€ClIi OHU B3auMOCBs3aHbl). CTyAEHTY HEOOXOIUMO CTPOIO MPUACPKHUBATHCS

JOTUKU W3JI0XKEHUs (HAauyaTh C ONPENENICHHS W aHajau3a IOHSATHH, NEpenTu K

IIOCTAaHOBKE TPOOJIEMBI, MPOAHAIU3UPOBATh IYTU €€ PEIIEHUs M CAENaTh

COOTBETCTBYIOIIIME BBIBOJIbI). Pedepar nomKeH 3aKkaHYMBAThCS BBIBOJIAMU 10 TEME.
Pedepar nomxeH ObITh IPECTABIEH B BUJIE IPE3CHTALIUH.

OO1ue TpedoBaHMs K MPE3CHTALUU:

o TIPE3CHTAIMA HE JIOJKHA ObITh MeHbIIe 10 crnaiaoB;

o ICPBBIN JINCT — ATO TUTYJBHBIA JIUCT, HA KOTOPOM O0OS3aTEIBHO JTOJKHBI
OBITh MTPEICTABJICHBI: HA3BAaHUE NPOEKTA; PaMuUiIMsl, UMsI, OTYECTBO ABTOPA;

o CIICAYIOIIMM CIAHJOM JOJDKHO OBITh COJEp)KaHHE, TAE€ NPEICTaBIICHbI
OCHOBHBIE 3Tarnbl (MOMEHTBI) IPE3CHTALIUN; JKEJIATEIbHO, YTOOBl U3 COAECpPHKAHUS
10 TUIIEPCCHUIKE MOKHO MEPEUTH Ha HEOOXOIUMYIO CTPaHMILy U BEPHYTHCS BHOBb
Ha COZCpPIKAHUE;

o IU3aH-OPrOHOMUYECKHUE TpeOOBaHMUS: COYETAEMOCTh L[BETOB,
OrpaHUYEHHOE KOJIMYECTBO OOBEKTOB Ha ciaiijie, IBET TEKCTa;

o IOCJICIHUMHU CJIalilaMU TPE3EHTALUU JOJKHBI OBITH TJIOCCApUi M CIIHCOK
JIUTEPATYPBI.

Brictymuienne no pedepupyemoil TeMe He TOKHO MpeBbIaTh 15 MUHyT, 5
MHHYT JOTOJIHUTENBHO OTBOJUTCS HA BOIPOCHI IO TEME.

Hopsigok caaum pedepara U ero OLEHKA

Pedepar rortoBUTCS CTyleHTaMHM B TEYEHHUE TpPHUMECTpPa B CpPOKH,
YCTaHaBJIMBAaE€MbIE IIPEIIOAABATENIEM I10 KOHKPETHOM IMCLMIUIMHE, U CHACTCA
IIPENOAABATEN0, BEAyIIEMy AUCHUIUIMHY. 1[I0 pe3ynpraTaM mpOBEpKH CTYIEHTY
BBICTABIIICTCSL ONPEACIIEHHOE KOJUYECTBO OalljioB, KOTOPOE BXOAMUT B 0OIIee
KOJIMYECTBO OAJUIOB CTY/IE€HTA, HAOpaHHBIX UM B TedeHue Tpumectpa. [Ipu omenke
pedepara yUUTHIBAIOTCSI COOTBETCTBHE COAEpXaHHsS BBIOPAHHON TeMme, YETKOCTb
CTPYKTYpBI pabOThl, yMEHHE padOTaTh C HAYYHOU JIUTEPATypOil, yYMEHUE CTaBUTh
npo0jeMy M aHAIM3UpPOBATh €€, YMEHUE JIOTMYECKHM MBICIUTh, BIAJICHUE

npodeCCUOHAIBHONM TEPMUHOJIOTHEHN, TPAMOTHOCTD U3JI0KCHHUS.



[Ipunoxenue 2

MUHUCTEPCTBO HAVKU U BBICILIETO OBPA3OBAHMS POCCUICKOI
®EJIEPALTIN
CDe,uepam,Hoe TrocyJapCTBEHHOC aBTOHOMHOC 06pa3OBaTeJ'H)HOG YUpeKACHUEC
BBICILICTO HpO(l)eCCI/IOHaJ'H)HOFO 06pa3OBaHI/I${

«/lanbHEeBOCTOYHBIN (eaepaibHbIN YHUBEPCUTET
JABOY

HIKOJIA ECTECTBEHHBIX HAYK

®OH/I OHEHOYHbLIX CPEJACTB

no aucuuniuHe «@epmenTbl. OCHOBBI HAHOOHOTEXHOJIOTHID)

Hanpassenue noarorosku 06.03.01 buosorus
dopma NoAroTOBKM OYHAS

BnagmnsocTok
2019



MMacnopt ®OC

Koa u ¢popmysmpoBka Jransl GopMUPOBAHUSA KOMIIETEHIIUH
KOMIIETeHIIH U

OIIK-5: 3Haer COBpPEMEHHBIC MPOOJIEMBbI OMOJIOTUH U
CIIOCOOHOCTH TPUMEHSITh dbyHIaMeHTalIbHBIE OMOIOTUYECKUE
3HAaHWE IPUHLIUIIOB npeJcTaBieHus B chepe npodeccruoHanbHON
KJIETOYHOU OpraHu3aIiu JIeATETbHOCTH JIJIsl IOCTAHOBKU U PEIICHUS] HOBBIX
OHOJIOrH4YEeCKUX 00BEKTOB, 3ajay.
OnopU3NIECKUX U Ymeer UCTOJIB30BaTh (PyHIaMEHTAIbHBIE
OMOXMMHYECKHUX OCHOB, Ouonorudeckue mpeacraBieHus B cepe
MeMOpaHHBIX MTPOLIECCOB U po(hecCHOHATTLHOM I TEIILHOCTH ISt
MOJIEKYJISIPHBIX MEXaHU3MOB MOCTAHOBKH U PEIICHUS] HOBBIX 3aJ1ad.
KHA3ZHCACATCIPHOCTH Bnageer HaBBIKAMU HCIIOJIb30BaHMs (PyHIaMEHTaIbHBIX

OMOJIOTMYECKUX MPENICTABICHH B cepe
PO EeCCUOHAIBHON JAEATEIBHOCTH IS
MOCTAHOBKH W PEIICHUS] HOBBIX 3a/1a4

ITK-9 crmoco6GHOCTD 3Haer OCHOBHBIC JOCTUKCHUSA U METOAbI DH3NMOJIOTUHU
[IPUMEHAT JTOCTUXKEHUS U A HAHOOMOTEXHOJIOT U
VYmeer IMPUMCHATDb 3HAHHA CMCKHBIX JUCIHUILIMH IJISA

MCTOJbI PAa3JIMYHBIX
pPCUICHUS HAYYHBIX U IMIPAKTUYCCKUX 3a1a4 B

obnacteil 3HAHUS U .
o0JracT! HAHOOUOTEXHOJIOTHHA

HCIIOJI30BaTh
Brnaneer HaBbIKaMU MPUMCEHEHUS MCKIUCIUTIMHAPHOT'O

[0J1X0/1a B aHAJIM3€ OMOJIOIMUECKUX
WCCJIEIOBAHMM IS PEIICHMS HAYYHBIX U

MEXIUCITUTITMHAPHBIN
MOAXOA ISl PEeLIeHUs

Hay9HbIX M IPaKTHYCCKHX NPaKTUYECKUX 3a/1a4 B 00JaCTH 3H3UMOJIOTUH U
3a1a4 HAaHOOMOTEXHOJOTUUU
OIIK-11 cnocobHOCTH I';1aBHBIE JOCTUIKEHHS] COBPEMEHHOMU
IPUMEHSATH COBPEMEHHEIE 3Haer MOJIEKYJISIPHOM U MPOMBIIUIEHHON
TIPEICTaBIEHNS 00 OCHOBAX OHOTEXHONOTHH
[TpoBOIUTH MOKCK TUTEPATYPHBIX HCTOUHUKOB
OMOTEXHOJIOTMYECKHX U POBOIL OHCK JINTCpatyp cTo OB,
Ymeer coJiepKalx HHPOPMALUIO IO OUOTEXHOJIOTHH, U
OMOMETUIIUTHCKIX .
. TeHHOU WH)XCHEPHUHU
IIPOU3BOJICTB, TEHHOU
CnocoOHOCTBIO CAMOCTOSATEIBHO aHAIU3UPOBATH,
MHACHCPHH, Hay4HbIe U Hay4HO-00pa3oBaTeIbHbIe
HaHOOHOTEXHOIOTHH, Bnageer VCTOYHUKH, TI0 OMOTEXHOJIOTHHU ¥ MOJIEKYIIAPHON
MOJIEKYJISIPHOTO Ouosioruu, OTOUPATh U CTPYKTYPUPOBATH
MOJIETTUPOBAHUS MOJIy4YEHHYI0 HHPOpMAIIHIO
[1K-4 cnocoGHOCTBIO 3Haer CoBpeMeHHbIe TPeH bl Pa3BUTHS OUOJIOTHH U
OBJIAIETh HABBIKAMH U ouorexnonoruu. OprueHTUPYETCS B Hanbolee
SHAHUAMH OCHOB MEPCIEKTUBHBIX TEHICHIIMSIX BHEIPECHUS
NOCTHKEHUU
HaHOOMOTEXHOJIOTHU IS
YmMmeer [Tonb30BaThCs pa3HOOOPA3HBIMU
BXOX/ICHUS B
UH(POPMALIMOHHBIMH pecypcamMy OMOJIOrHYECKOT0
npodeccuonanbHoe nose ¥ OMOTEXHOJIOTMYECKOTO TIpoduei st
pa3pabOTKH HHHOBAIMOHHBIX OPHUEHTALIVU B IIEPCIIEKTUBAX BHEIPECHUS B
TEXHOJIOTH OMOMETUITMHCKYIO TIPAKTUKY WHHOBAITMOHHBIX
JOCTHKCHUI
Bmageer 3HaHUEM OCHOB OHMOJIOTMH U OMOTEXHOJIOTHH, B

TOM YHCJI€ HAHOOMOTEXHOJIOTHH.




O1eHOYHEIE Cpe€acTBa -

No KonTponupyemeie Konpl u sTamnst HalMCHOBAaHUC
. /;T paszensl / TeMbl q)opMHpOBaHIE;I j MPOMEKYTOUHAS
JICIUTTHHEI KOMITETCHIHH ESI:IYHE;I?) aTTecTaIus
P (’K3aMeH)
Paznen 1. IlepBuunas
3HAeT
CTPYKTypa OCIKOB,
OCHOBHEIE METObI
1 BBIZCIICHUS u IQIE—I;_ > yMeer YO, JIP, 113
HCCIEN0BaHusa  OEJIKOB,
KOH(OpMAaLMOHHAS
CTPYKTypa GeNKOB BIIafcCT
Pasnen 2. 3HAeT
Knaccudukanms u
HOMEHKJIaTypa VYO no Bomp. K
(hepMEeHTOB, aKTUBHBIC OMK- 5 HK3aMEHYy
2 IIEHTPBI (EPMEHTOB, K-9 "l ymeer YO, JIP, 113
WHTUOMPOBAHHME,
KHHETHKA
(hepMeHTaTUBHOM
peaknuu BlIageeT
Pasznen 3. Yuactue 3HACT
3 ¢epmenToB B ocHOBHBIX |OIIK- 5, ymeer VO, JIP, 113
OHOJIOTHYECKHUX TIK-9,
poIeccax KISTKU BIIaJIceT
OIIK- 5, |3HaeT
Paznen 4. Ilpeamer wu|lIK-9,
4 3aJgauu OIIK-11, |ymeer VO, I3
HAaHOOUOTEXHOJIOTHH T1IK-4
BIIaJIceT
OIIK- 5,|3Haer
Pasnen 5. OcHOBEI TIK-9, yMeer VO.IT3
HAHOTEXHOJIOTUH OIIK-11
’ YO o
I1IK-4 BIaJICET
BOIIpOCaM K
- 3HACT 3a4eT
Pazpnen 6. ctopus IQIEE >, Y
pa3BuUTHUSA OHK—’l 1 |ymeer YO,I13
HAHOTEXHOJIOTUHU ’
T11IK-4 BJIaJI€ET
OIIK- 5,|3Haer
Pazgen 7. MK-9
HanorexHonornueckue OHK—’II yMeeT YO, JIP, I13
METOJIbI U IPUOOPEI ’
a p p T1IK-4 BJIAJICET
Paznen 8. [IpoayKThs OIIK- 5,|3Hact VO.JIP. I3
HAHOTEXHOJIOIHH I1K-9, yMeer B




OIIK-11,
[IK-4 BJIa/I€ET
OIIK-  5,|3HaeT
Paznen 9. [1K-9,
Hanomarepuanst OIIK-11 ymeer YO, JIP, 113
[IK-4 BJIaJI€€T
Pazzen 10. OIK- 5,|3HacT
[Ipuopurernsie [1K-9,
HaIpaBJICHUs onk-11 Y™t VO, JIP,IT3
HAHOOMOTEXHOIOTUHA I[1K-4
BJIa/IEET
Paznen 11. 82_1;' 5, |3HaeT
Hanoxontelineps! u OHK-’ll yMeeT VYO, JIP, I13
HaHOHOCHUTEJH :
[IK-4 BIIAJICET

HIxayna oueHuBaHus YPOBHA ¢POPMHPOBAHHOCTH KOMIIETEHIUI

Koa n Iransl GOpMUPOBAHMA KpHUTepuHu NoKa3aTeJan
¢opmynupoBka KOMIIeTeHUHH
KOMIIETCHIIUH
OIIK-5: 3Haer 3HaHue CIIOCOOHOCTh
CIIOCOOHOCTh 0CcoOeHHOCTEM POaHAIU3UPOBATH
MPUMCHSITH COBPEMECHHEIC MIPUHITAIIOB 1 o100paTh
3HaHHE poOIeMbI KIJIETOYHOM TIOTX OIS TITHIA
MIPUHITAIIOB ouonoruu u OpTraHu3aIuu METOT ISt
KJIETOYHOU dbyHIaMeHTallbHbIE | OMONOTUYECKUX UCCIIEJIOBaHUI, C
OpTaHHU3aIuU OHMOJIOTHYeCKHE 00BEKTOB, y4eTOM
OMOJIOTHYECKHUX MPE/ICTABICHUS B O0no(u3NUecKux U | 0COOCHHOCTEH
00BEKTOB, chepe OMOXMMUYECKHX | CTPOCHUE U
61opu3NIECKUX npoeCCUOHATIBHO | OCHOB, (YHKIIMOHUPOBAHU
u U IeATeNbHOCTU MeMOpaHHBIX s1 OMOJIOTUYECKOTO
OMOXMMHYECKHUX JUTSI IOCTAHOBKH U | TIPOIIECCOB U o0BeKTa
OCHOB, pEIICHUST HOBBIX MOJICKYJISIPHBIX
MeMOpaHHBIX 3ajad. MEXaHHU3MOB
MIPOIIECCOB U KHU3HEACSITSITLHOC
MOJIEKYIISIPHBIX TH
MEXaHHU3MOB VYwMmeer HCII0JIb30BaTh YMeHHe ¢ y4eTOM | ClIOCOOHOCTh
KU3HEEATeNbH dbyHIaMeHTalIbHBIE | 3HAHHH O MIPUMEHSITh Ha
oCTH OHMOJIOTHYECKHE KJICTOYHOM MIPaKTUKE 3HAHUS O
MIPEJICTaBJICHHUS B OpraHu3aIuu u MIPUHIIAIIAX
chepe OMopU3NIECKHX U | KJICTOUHOM
npodeccnoHanbHO | OMOXMMUYECKUX | OpraHU3aluu
i 1eaTeTbHOCTH OCHOB I'PaMOTHO | OMOJIOTHYEeCKHX00h
JUTSI TIOCTAHOBKU U | IOJ00paTh €KTOB,
pEIIeHUsT HOBBIX HauOosee OMOpU3NIECKHUX U
3ajad. 10 IX OIS TITHIA OMOXMMHYECKUX




THCTOJIOTUYECKUH | OCHOB,
, MeMOpaHHBIX
[UTOJIOTHYECKUH, | TIPOILIECCOB U
OMOXVMHYECKHN | MOJIEKYJISIPHBIX
WIN/U MEXaHU3MOB
FeHETUYCCKUI KH3HCICATCILHOCT
METO/, .
HCCIIeIOBaHUM
Brnageer | HaBhIKaMu Bnangenue CrocoOHOCTh
HCIIOIL30BaHUs HaBBIKAMH MIPOBECTH
(byHIaMEHTAIBHBIX | MPOBEICHUS HCCIICIOBAHUE C
OMOJOrHYECKUX THCTOJIOTHYECKUX | MCIIOJIb30BaHUEM
MIPE/ICTABJICHUH B , COBPEMEHHBIX
chepe LIUTOJIOTHYECKHUX, | TMCTOIOTHYECKUX,
MPOPECCHOHAIBHO | OMOXMMHUYECKUX | IIUTOJIOTHYECKUX,
W IeITeIbHOCTH Y T€HETUYECKUX OMOXHMUYECKUX U
JUUIS TIOCTAHOBKH U | METOJIOB TEHETUYCCKHX
pEIICHUS HOBBIX METOI0B
3a7a4
I1K-9: 3HaeT 3HaHue METOJIOB | CIIOCOOHOCTH
CIIOCOOHOCTBIO CMCXKHBIX pacckasarb O
NPUMEHSTE OCHOBHLIE JTMCLHIUINH, JOCTHIKEHUAX
KOTOPBIE MOTYT CMEKHBIX
IOCTHOKEHHUS U JOCTHOKEHHUS U
OBITE JUACIUIUINH,
MCTOAEL METOET HCIIOJIb30BaHbI KOTOpPBIE MOTYT
PasIHIHBIX TBHMOTIOTHH 1 NP TPOBEICHUH | OBITH
N HaHOOMOTEXHOJIOTH
obunacreit HaYYHBIX UCIOJIb30BAHBI B
3HAHUA U 1 HCCICA0BaHUN B OMOJIOrHYECKUX
HCIIOTB30BATE obnactu HCCIIEIOBaHUSX
MEXK U CITUILINH Guonornu
apHEH TOMXON Ymeer MPUMEHSTh 3HaHUS | Y MEHUE CIIOCOOHOCTh
CMEKHBIX MPUMEHSATD POAHAIIU3UPOBATH
ATBL PCIICHIA JUCIHILIHH JIJIs 3HAHUSA CMEXKHBIX | BOBMOXXHOCTh
HaydHBIX M pELICHUS HAyYHBbIX | JUCLMIUIAH JUIS IIPUMEHEHUS
MPAKTUYECKHUX Y TIPaKTUYECKUX perieHus METOJ0B CMEKHBIX
3a1a4 3a1a4 B 00JacTH HAyYHBIX U HAyYHBIX U
HAaHOOMOTEXHOJIOTH | MPAKTHUYECKUX MPaAKTHYECKUX
7| 3a7a4 3a/1a4
Bnaneer | HaBbBIKaMu Bnanenue Croco0OHOCTb
MPUMEHEHUS HaBBIKAMH HCITOJIb30BAHHUS
MEXIUCITUTUIMHAPH | MEKIUCIUTUINHA | MEXAUCITUTUTHHAPH
oro moaxojaa B PHOTO MOJIX0/Ia B | OT0 MOJIX0/1a B
aHaJu3e aHaJln3e aHanm3e
OHMOJIOTHYECKUX OHMOJIOTHYECKUX OMOJIOTHYECKUX
HUCCIENOBAHUN JUIST | UCCIIENOBaHUU HUCCIIETOBAaHUN

pEeIIeHUs HAyYHBIX
U TIPAKTHYECKUX
3a1a4 B o0act
SH3UMOJIOTHH U
HAaHOOHMOTEXHOJIOTH
1705




3Hanue CIIOCOOHOCTh
ocoberHocTel POAaHAIN3UPOBATH
TIPUHITUIIOB
N ¥ 110100paTh
KJIETOYHOM -
I'maBubIC OpraHH3AIIH ITOIX O ISIIHI
JOCTHUXXCHUA OHOJIOTHYECKUX METOA AJIA
uaet COBPEMEHHOI 00BEKTOB, HCCIICIOBaHUM, C
MOJICKYJISIPHOM U GrousIrecKuX K Y4ETOM
N OHOXMMHYECKUX .
IPOMBIIIICHHON ocoOeHHoCTeH
OCHOB, MEMOpPaHHBIX
OMOTEXHOJIOTHHU MPOIIECCOB 1 CTpPOCHHUE U
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METOINYECKHUE YKA3AHUA 11O OCBOEHUMIO JUCHUTIJIMHBI

PexomeHaanuu mo caMoCTOATEILHOM padoTe CTYACHTOB

CamocrosTenbHass paboTa CTYyIEHTOB COCTOUT M3 TOATOTOBKM K
NPaKTUYECKUM  3aHITHSM, pabdOThl HaJ PEKOMEHJOBAHHOW JIMTEpPaTypoOH,
MOATOTOBKHY MPE3EHTALMI U 3aIIUThI pedepaToB, pelIeHUs 3a1a4.

[Ipy opraHuzanuMu CcaMOCTOSITENIbHOM paboThl MpenojaBareib JIOJKEH
YUUTHIBATh YPOBEHb MOJTOTOBKH KaXJOTO CTYAEHTa W MPEIBUIETH TPYIHOCTH,
KOTOpbIE€ MOTYT BO3HUKHYTh IIPH BBIIOJHEHUH CaMOCTOSITENIBHON pPabOTHI.
[IpenonaBaresnp JaeT KOKIOMY CTYIEHTY VUHIUBUYJIbHbBIE "
muddepeHupoBanHbie 3ananus. HekoTopble M3 HUX MOTYT OCYIIECTBIISITHCS B
rpynne (HampuMmep, MOATrOTOBKA JOKJIAJa M MPE3EHTALMH 110 OJHOW TeME MOTYT
JieNIaTh HECKOJIBKO CTYIEHTOB C pa3/el€HUEM CBOMX OOS3aHHOCTEM — OAMH

TOTOBUT HAYYHO-TEOPETUYECKYIO YacCTh, @ BTOPOU MPOBOJAUT aHATIU3 MPAKTUKH).



3aHaHI/IH AJId CAMOCTOATC/IbHOI'0O BBINNOJIHCHUA

TeopeTuKo-TUIIOJIOTMYECKUI  aHaiu3  NOAOOPKM  NEPHOJUYECKON
JUTEpaTypsl MO W3ydaemon mucrumimHe. [lo mpopabotaHHOMY MaTepuany
JOJDKHBI  OBITh TOATOTOBJIEHBI 3 COOOLIEHUS B CEMECTpP, KOTOpHIE
BKJIFOYAIOTCS B OOTUI PEHTHHT AUCHIUTLINHBI.

CocraBneHue riaoccapus TCpMHUHOB I10 H3y‘la€MOI>'I JUCIHITIINHC.

[ToarotoBka pedepara mo Teme, NPEIJOKEHHOW IMPENnoaaBaTesieM WU
CaMOCTOSITEIbHO ~ BBIOpAaHHOM  CTYJE€HTOM U COIJIACOBAaHHOM €
npenoaasareneM. IIpeacraBienue pedepara B BHAE Mpe3eHTAUUil C

UCITOJIb30BAaHUEM MYJIbTUMEIUIMHOTO 000PY10BAHHUS.

MeToauvecKkue yKa3aHUIO K BbINIOJHEHUIO pedepara
eau u 3axa4yu pedepara

Pedepar (ot nar. refero — goknanpiBaro, cooOIar0) MpeacTaBiIseT coOoi

KpaTKOC HU3JI0KCHHC HpO6J’I€MBI MMPAKTHUYCCKOTO NI TCOPCTHYCCKOI'O XapaKTepa C

(bOopMyITHPOBKO OMpEICIICHHBIX BBHIBOJIOB MO paccMaTtpuBaeMoit TeMe. M30pannas

CTYACHTOM npo6neMa N3y4acTCd M aHaAJIM3UPYCTCA Ha OCHOBC OJHOIO MIIM

HECKOJbKMX HCTOYHHMKOB. B oTiamume oT KypcoBOil paOOThl, MpeACTaBISIOLIECH

co00l KOMIUIEKCHOE HCCJeNOBaHME TPOoOieMbl, pedepar HampaBeH Ha aHAIW3

OJIHOW WJIM HECKOJIbKUX HAYYHBIX PadoT.

Lensamu pedepara SBIASIOTCS:

®Pa3BUTHEC Y CTYJICHTOB HAaBBIKOB IMOKWCKA aKTYyaJbHBIX MPOOJIEM
COBPEMEHHOM OEJTKOBOM OMOXUMUH;

®pa3BUTHE HABBIKOB KPATKOTO W3JIOKECHHUS MaTephaia ¢
BBIJICJICHHEM JIMIIIb CAMBIX CYIIECTBEHHBIX MOMEHTOB, HEOOXOIUMBIX
JUTSI PACKPBITHS CYTH TTPOOJIEMBI,

®pAa3BUTHC HABBIKOB aHadW3a M3YYCHHOIO0 MaTepuaia u
dbopmynupoBanusi COOCTBEHHBIX BBIBOJIOB IO BBIOPAHHOMY BOIIPOCY

HAY4YHBIM, T'PAMOTHBIM A3BIKOM.



3aoauamu noocomosxu u 3awumst pedepara SIBISIOTC:

- HAay4YUTh CTYJAEHTA MAKCUMaJbHO BEPHO MEpeaaTh MHEHHUS aBTOPOB,
Ha OCHOBE padO0T KOTOPBIX CTYAEHT TOTOBUT CBOM pedepart;

- HAy4YUTh CTYyJE€HTa TPaMOTHO W3JaraTh CBOI [MO3UIHUIO IO
aHanu3upyemon B pedepare npobdieme;

- MOATOTOBUTHh CTYJIEHTAa K JaJbHEWIIEMY Y4YacTHUIO B HAy4YHO —
MPAKTUIECKUX KOH(DEPEHITUAX, CEMUHApaX U KOHKYpPCax;

- IIOMOYb CTYJEHTY OIIPEIEIUTbCS C HWHTEPECYIOLIE €ro TEMOM,
JajJbHEUIlee PacKpbhITUE KOTOPOH BO3MOXKHO OCYIIECTBUTh MPU HANKCAHUU
KypCOBOW pabOThI WJIA JUIIIIOMA;

- VSCHUTh JUisi ce0S U HU3JIOKUTh TPUYMHBI CBOETO COTJIacHs
(Hecoryacusi) ¢ MHEHUEM TOT'O MJIM MHOTO aBTOpa MO JJaHHOU MpooJieMe.

OcHoOBHBIE TPEOOBaHUA K COIePKAHUIO pedpepaTa

CTyaeHT JOKEeH HMCIOJIb30BaTh TOJBKO T€ MaTepuasbl (Hay4dHbIE CTaThH,
MOHOTpaduu, Mocoous), KOTOPble UMEIOT NMPSMOE OTHOIICHUE K M30paHHOU UM
teme. He gomyckarTCsi OTCTpaHEHHBIE pPACCYXACHUS, HE CBS3aHHBIE C
aHanusupyemon npoodiemoii. Conepxanue pedepara JOJIKHO ObITh KOHKPETHBIM,
UCCJIEIOBAThCS TOJDKHA TOJIBKO OJHA MpobiieMa (J0MmycKaeTcsi HECKOJIBKO, TOIBKO
ecliM OHM B3auMOCBsi3aHbl). CTYyIEHTY HEOOXOIMMO CTPOrO MPHUAECPKUBATHCS
JIOTUKW W3JIOKEHUsI (HauaTh C ONpEACJICHUS W aHajdu3a TOHATHH, MEPEeuTH K
MOCTAaHOBKE TMPOOJIEMBI, MPOAHATM3UPOBATh IMYTH €€ peHIeHUusT M ClenaTh
COOTBETCTBYIOIIIME BBIBOBI). PedepaT no/KkeH 3akaHIMBATHCS BEIBOAAMU T10 TEME.

Pedepat nomxeH ObITh MpEACTaBICH B BUJC MPE3CHTAIINH.
OO6mue TpeboBaHMs K TPE3CHTAIUN:
o TIPE3CHTAIMSA HE JIOJKHA OBITh MeHbIIe 10 crnaiaos;
o ICPBBIM JINCT — ATO TUTYJIHHBIA JIUCT, HA KOTOPOM 0OSI3aTEIHHO TOJKHBI
OBITh MIPEICTABJICHBI: HA3BAHUE MIPOCKTA; (PaMUJIHS, UMSI, OTYECTBO aBTOPA;
o CJICAYIONIUM CJIAMJIOM JIOJKHO OBITh COJIEp)KaHHE, TJI€ MPEICTABICHBI

OCHOBHBIE 3Tanbl (MOMEHTHI) MPE3EHTALINH; JKEJIATeIbHO, YTOObI U3 COJICpPIKAHUS



110 TUIEPCCHUIKE MOXKHO NEPEUTH HA HEOOXOAUMYIO CTPAaHUILy U BEPHYTHCSI BHOBb
Ha COJEpIKaHUE,;

e IN3alH-9PTOHOMHUYECKUE TpeOOBaHMUS: COYETaEMOCTh LIBETOB,
OTpaHUYEHHOE KOJIMYECTBO OOBEKTOB Ha Claiijie, IBET TEKCTa;

e IOCJICIHUMHU CJIaiJJaMU TMPE3EHTALUU JOJKHBI OBITh IJIOCCApUil M CIIHCOK
JUTEPATYPBI.

Brictymnenue no pedepupyemMoit TeMe He TOJDKHO TPEeBHIIaTh 15 MUHYT, 5
MUHYT JIOIIOJIHATEJIBHO OTBOJUTCS HA BOIPOCHI 110 TEME.
Hopsigok caaum pedepara U ero OLEHKA
Pedepar rortoBuTCS CTyaeHTaMH B TEYEHHE TpPHUMECTpa B CpPOKH,
YCTaHaBJIMBAaEMbIE IIPEIIOAABATENIEM I10 KOHKPETHOM IMCIMIUIMHE, U CHACTCA
IIPENOAABATEI0, BEAYIEMY JUCLHHUILIMHY.

Ilo pesynpraTaM IIPOBEPKM CTYIEHTY BBICTABIISETCA  OIPEHAEICHHOE
KOJIMYECTBO OajyioB, KOTOPOE BXOAUT B 00Ilee KOJIUYECTBO OAJJIOB CTY/EHTA,
HaOpaHHBIX MM B TedeHue Tpumectpa. llpu oueHke pedepara y4dUTHIBAIOTCS
COOTBETCTBHE COJEpKAHUS BbIOpAHHOW TeMe, YETKOCTb CTPYKTYpbl pPaloOTHl,
yMeHue paboTaTb € HAYYHOM JUTEpaTypod, YMEHHE CTaBUTb NpoOieMy u
aHaJIM3UPOBaTh €€, YMEHHUE JIOTMUECKU MBICINUTh, BIaJCHUE MPO(ecCHOHATBHOM
TEPMUHOJIOTUEN, TPAMOTHOCTD U3JI0KECHMUS.

IIpumepHas Tematuka pedeparon

Tema 1. BeJku, NPUHUMAOLIHE YYACTHE B PErYJISIUM J1eJICHUS KJICTOK.
XapakTepucTUKa pa3InyHbIX OEJITKOB U (PEPMEHTOB, BBHIMOIHSIOUIUX BaXKHbIE
ouonornyeckue (YHKIMHU B PETYJALMHU JENCHUS KJIETOK, UMMYHHUTETa U B
37I0KA4E€CTBEHHOM TpaHChOopMaIuu.
Tema 2. beakn, mnpuHUMaIIMe Yy4yacTrue B OHOJOrHYECKOM
NOABHKHOCTH.
XapakTepucTuka O€NKOB, HMMEIOMIMX  CIOXHYK  TPETHYHYIO  WIU
YETBEPTUYHYIO  CTPYKTYPY, BBIIOJHSIOMMUX  (QYHKIMU  TpaHCIOPTAa,
COKpAIIECHHS U YJaCTBYIOIUX B OMOJIOTUYECKOM MOABHKHOCTH.

Tema 3. BuocuHTE3 CJI0KHBIX 0MO0JJOTHYECKH AKTHBHBIX BellleCTB.



XapakTepucTuka (EepMEHTOB, YYacTBYIOIIMX B OuocuHTe3e Oerka.
XapaktepucTuka (EpMEHTOB, YYAaCTBYIOIIMX B CHHTE3€¢ HYKIECHHOBBIX

KHCJIOT.

IIpuMepHbIe BApMAHTHI TECTOBBIX 3a/IaHUI 10 KYPCY MUl IPOBEPKH KaYeCTBa
3HAHUM:

Tectr 1 nmo teme «beaku. Ctpykrypa, cBoicTBa, QyHKINID)

1) CpaBHHTE pacTBOPUMOCTh TpeX NeHTanenTuaoB npu pH=7. Pacnonoxure ux B

NOPSIJIKE BO3pacTaHUs THIAPOPUIbHBIX CBOMCTB:

1) neit — e — wite — raum — Bay;

2) rny — act — cep — eH — uie.

3) apr — U3 — Tpe — TUC — IUC.

2) Pacrionoxxute 31eMEeHTbl CTPYKTYPhI OEITKOBOIM MOJIEKYJIbI B TOM
MOCJIE0BATEILHOCTH, B KOTOPOW OHM BO3HUKAIOT IIPU CUHTE3€ OeiKa 1
dbopMUpOBaHUM €T0 HATUBHOUW KOH(OPMAIIUH.

1. OO0benuHEeHNE MPOTOMEPOB B OJIUTOMEPHBIN OEIIOK.

2. ®opMHUpPOBAHUE O-CIIUPATIEH U B-CKIaA4aThIX YYaCTKOB.

3. O0pa3oBaHue MENTHIHBIX CBI3CH.

4. O6pazoBanue THIPOHOOHBIX, BOJOPOIHBIX M HOHHBIX CBSI3CH MEXTY
pajrKagaMu aMUHOKHUCIIOT.

3) Hanummwmre cTpykTypHYI0 JOpMyIy IEHTANENTHAA CICAYIOIIETO CTPOCHUS:
['uc —I'ny - IIpo — ®en — Cep.

4) Kakue cBoiicTBa 6esika 00yCIIOBICHBI HAIMYUEM B UX CTPYKType KapOOKcH- U
aMUHOTPYTII?

1. rtunpopUIBLHOCTD U arperaTuBHasl HEYCTONYNUBOCTH;

2. TepMOIaOUIBLHOCTh M PACTBOPUMOCTD;

3. CIOCOOHOCTH K 3JIeKTpodope3y U peakIusiM OCaKICHHUS;

4. aMmpOTEepHOCTH U CIOCOOHOCTH K IEKTPOdope3y.

5) BribepeTe, kakoil METOJT IPUMEHSIOT JUIsl U3yUEHUS IEPBUYHON CTPYKTYPHI
Oenka:

1. xpomarorpaduu;

2. PEHTI€HOCTPYKTYPHOTO aHAJIN3a;



3. onpeneneHue K03pGUIUEHTA TOCTYMATETLHOTO TPECHHUSI;
4. onpeniesiCHUE XapaKTePUCTUICCKON BI3KOCTH.

6) KakoBa 0COOEHHOCTb KHCIIBIX OCITKOB?

1. npeobnananne AMKapOOHOBBIX AMUHOKHUCIIOT;

2. paBHOE COOTHOUIIEHUE TUAMHUHO- U JTUKApOOHOBBIX aMUHOKHUCIIOT;
3. mpeobnagaHre TMaMUHOMOHOKapOOHOBBIX KUCIIOT;

4. 6ETOK COCTOUT U3 MOHOAMHUHO- U MOHOKAapPOOHOBBIX KHCIIOT.

7) Uto xapaKTepHO Il OCIIKOB:

1. am¢oTepHbIe CBOICTBA;

2. OTCYTCTBHE CHEU(PUUECKON MOJIEKYIISIPHOU OpraHu3alim;
3. coXpaHEHUE CTPYKTYPbl MOJIEKYJIbI IPU KUIISTYEHUU;

4. HECIOCOOHOCTh KPUCTAIIIN30BATHCA.

8) BropuuHas cTpykTypa — 3T0:

1. anbda-crnupaib, 6eTa-CKIaa4aTOCTh U aMOP(HbBIE YYACTKH

2. KOH(pUTYpaIs TOJUTICTITUIHON 11T,

3. 00pa3oBaHUe MPOTOMEPA;

4. ctoco0 B3aMMOCHCTBHUS HECKOJIBKHUX IMTPOTOMEPOB B TIPOCTPAHCTRE.

9) TpetnuHas CTpyKTypa O€JIKa — 3TO BBICIIAS CTYTICHb OpTaHU3aIUN IS
1. onmMromMepHsHIX OEIKOB;

2. MOHOMEPHBIX OEIIKOB;

3. TOMEHHBIX OEJIKOB.

10) CBsi3u, CTaOMIN3UPYIOLINE O-CITUPATID;
1. BogopoiHbIE;

2. ruapodoOHbIE;

3. IENTHUIHBIC;

4. NOHHBIC

11) YerBepTuuHas CTpyKTypa — 3TO:

1. mpocTpaHCTBEHHAs YKJIaKa MPOTOMEpa;

2. MPOCTPAHCTBEHHAS YKJIaJKa HECKOJIBKUX MMPOTOMEPOB;
3. a-criupaib U B-CTPYKTypa;

4. obpa3oBaHUE JOMEHOB.



12) N3osnexTpuueckas Touka remoriioonna pasHa 6,8. Kyaa Mmurpupyer gaHHbIi
O€JIOK B cpejie C

pH=3,0 ipu snexrpodopese?

1. MUTPHUPYET K KaTOLy;

2. OCTaeTCs HA JJMHUM CTapTa;

3. obpazyer OMTIIOJIPHBIN HOH;

4. MUTpUPYET K aHOAY.

3AYETHO-9K3AMEHAIIMOHHBIE MATEPHUAJIbBI
Bonpocsl k 3k3aMeHy

1. Uctopudeckoe pa3BUTHE TMPEACTABICHUNM O XUMHUYECKOM CTPOECHUH,
CBOMCTBaX M (PYHKIIMOHUPOBAHUU O€NKOB. lIpeanochulku M IMOCTYJaThl
NENTUAHOM TEOpPHUH CTPOEHHUS OEJIKOB. AJBTEPHATUBHBIE THUIIOTE3bI
cTpoeHust 0enkoB. CpaBHEHUE (PU3UKO-XUMHUYECKUX MPOLECCOB B )KMUBOU U
HEXUBOU NPUPOJE, XUMUYECKOM IIPOU3BOJICTBE.

2. CoBpeMeHHbIE MPECTaBIEHUS 0 CTpoeHun OenkoB. [lepBuuHas, BTopuyHas,
TpeTUYHasT M YETBEpTHUYHAas CTpyKTypa OenkoB. IlepBuuHas cTpykTypa.
AmuHOKMCIIOTEL. WX cTpoeHue. Poib aMHHOKHCIOT B ONpENEICHUU
CTPYKTYpbl U (pyHKIIMU OenkoB. OnpeneneHrue aMUHOKHCIOTHOTO COCTaBa.
[IpencraBinenne o pacmimpoBKE MOCIEIOBATENBHOCTH 4YepeAOBaHUs
aMUHOKHCIOT B O6enkax. Metoasl N- u C-koHiieBoro ananuza. CoBpeMeHHOE
COCTOSIHUE UCCIIE0OBAHMM MO paciinPpoBKe NEPBUYHON CTPYKTYpPbI OEIKOB.

3. Ilpunnumns! hopMUpPOBaHUS BTOPUYHOU CTPYKTYphI OenkoB. KaHoHU4eCcKne
kKoH(opmanuu  nojunentuaHo uenu. Hapymenus — dopmupoBaHus
BTOPHYHOM CTPYKTYpbl. OnpeneneHrne CTENEeHN PEryJIIpHOCTH CTPYKTYpPBI.
Anb(a-criupanbHas KOHQUTypamus noJunenTuaHoi uenu. bera-crpykrypa,
€e XapakTepucThka W Hanuuyue B Oenkax. CrnupayibHas KOH(Urypanus
MNOJIUIENTHIHOM 1IeTH B O€NIKax IPYIIbl KoJulareHa.

4. Tlpuonbsl — HOBBIN KJIacC MH(PEKIMOHHBIX areHTOB. CBOMCTBA, CTPYKTYypa.

[Tpuonnsle O0ne3HH. Pa3MHOKEHNE NPUOHOB B KIIETKE.



5. MopenupoBaHue TPETUYHOW CTPYKTYphl OenkoB. [lomeHHas opraHu3anus
0enKkoB U (PEPMEHTOB, TUIIBI JOMEHHBIX CTPYKTYp. Knaccudukamus 6enkoB
1o TUIy (pOpMHpPOBAHUS TPETUUHOM CTPYKTYpHI. JleHaTyparus OeIKoB.

6. UerBeptruHas ctpykrypa OenkoB. CyOweauHuiia u mporomep. DPu3MKo-
XUMHUYECKUE METOIbI UCCIIEIOBAHUS YETBEPTUYHON CTPYKTYPBHI.

7. Metonpl  BBIAENEHHA U OYUCTKM  OenkoB.  DepMeHThI-MapKepbl
cyOkJeTOuHBIX Ppakumii. Kputepun unctoTsl 6€IKOB M (JEPMEHTOB.

8. Ilonsatue  ¢depmeHtatuBHOM  akTUBHOCTH. CTaHgapTHas  €QUHMIA
aKTUBHOCTH, YJElbHAasi M MOJEKYJIApHas aKTHUBHOCTb, YHCIO OOOpOTOB
(depMeHTa, aKTUBHOCTh KAaTAJIUTUYECKOrO LIEHTpa. MeTolbl ompeaeeHus
aKTUBHOCTH (DEPMEHTOB.

9. Kunetnka ¢epMeHTaTUBHBIX peakiuil. PaBHOBeCHOE W CTallMOHAPHOE
cocTostHUsl. PepMEHT-CyOCTPATHBIN KOMILIEKC.

10. 3aBUCUMOCTb CKOpPOCTH (PEPMEHTATUBHOM pPEAKIMM OT KOHICHTpALUH
cyoctpara. BeiBog ypaBHenust Muxasnuca-Menten. Koncrtanta paBHOBecHs
Y KOHcTaHTa Muxasnuca.

11. Cnyyan wuHruOupoBaHusi (PEpPMEHTATUBHON AKTUBHOCTH  HM30BITKOM
cyOcTpara.

12. ITpyuriHBl AHOMAJIBHOM 3aBUCUMOCTH CKOPOCTH PEaKLHMH, KaTaTu3nupyeMoun
(bepMeHTOM, OT €ro KOHUEHTpaI1H.

13. BnusiHue MHTUOMTOPOB M AaKTHUBATOPOB HAa (PEpMEHTATHUBHBIA IpOLIECC.
ObOpatumoe  u  HeoOpatumoe  uHruOupoBanue.  KoHKypeHTHOe,
HEKOHKYPEHTHOE, CMeIIaHHO€ U OECKOHKYPEHTHOE€ WHIHMOMpOBaHUE,
rpaduyeckue MeToJbl MX BblsBIEHUS. HeoOXoaumble U HECyIeCTBEHHBIE
aKTUBATOPBI.

14. Mexanu3mbl JeicTBUS (PEpMEHTOB. AKTHBAIUS W CTPYKTypa aKTUBHOTO
IeHTpa, ero padborta Ha mpumepe psana pepmenton. CteprocnenupuIHOCTb
depmenTta. OOmiee mnpeacTaBieHHe OO0 AKTUBHBIX ydacTKax (EpMEHTOB
(kaTanmuTUYeCKHe, CyOcTpaT-CcBsA3bIBaIOIIME, aisioctepuueckue). ['mmoresa

HHAYIHUPOBAHHOI'O COOTBECTCTBUA. MHOFO(l)epMeHTHI)IC KOMIIJICKCBI.



15. llpunnuner  knaccudukanmu  GepmentoB. Homenknatypa ¢epMeHTOB.
Mudp ¢epmenrta, oOMmENPUHATHIE TpPUBUAIBHBIE U  paAlMOHATBHBIC
Ha3BaHUs (HEPMEHTOB.

16. PerynupoBanue axTUBHOCTH (EpPMEHTOB B opraHusme. llporeccusr.
DHJIOTEHHbIE WMHTHOUTOPHI OENKOBOW MpHUpoibl. PerynmupoBanue B 1menu
peakiuy ¢ TMOMOIIbI0 MeTabonuToB. OTpuIaTENbHAs W TMOJOKUTEIbHAS
oOpatHas CBA3b. AJUIOCTEPUUYECKOE JEHCTBUE U KOOTIEPATUBHOCTb.

17. Perynsitiusi akTUBHOCTH ()EPMEHTOB 3a CUET M3MEHEHUsSI 0el0K-OEKOBBIX
B3aMMOJIEHCTBUH.

18. Ponp kodepmeHTOB M KO(DAKTOPOB B (PYHKIMOHUPOBAHMH (PEPMEHTOB.
Buramunsi. CopOiust pepMEHTOB Ha CYOKIETOUYHBIX CTPYKTYpax.

19. Mexanu3 perynsiiuu OnocuHTe3a (epMEHTOB B KileTKaX. KOHCTUTYTUBHBIE
W aQJanTUBHBIC, pENpecCUpyeMble U  HUHAYNHUpPYEMbie  (EPMEHTHI.
Kopenpeccopsl.. MexaHU3Mbl HHAYKIIMU U PEITPECCUH.

20. OtaenbHBIE NpencTaBuTenn 0enKkoB. [IpocThie U crnoxHbie Oenku. Muo3uH
- ¢depMEHT | CTPYKTYypHBIH Oellok. TpormoMHO3UMH-TPOIIOHMHOBBIM
KOMIUJIEKC. beKu-1manepoHsl.

21. JHK-nmonumepassl mpo- U dyKapuoT. Penymnumkauus. Penapanus.
Penukon. MexannsMm penyrnkanuu. Tonousomepassl. Tenomepasa.

22. PHK-nomumepaspl. Mexannsm  tpanckpunumu. IIponeccunr  PHK.
[MomuanenunupoBanue. Uupopmodepsl. Undpopmocomsr. Tpanckpumnims B
MUTOXOHAPUSIX.

23. PeBeprazel. OOpaTtHas TpaHckpumnius. Mexanusm. Ocobast posr TPHK.
[Tpumepsr PHK-conepxanux BupycoB. OHKoOreHbl. [IpogyKThl OHKOT€HOB —
dbochotupozunkrHasel. Ix paboTa, OEIKU-MUIIICHHU.

24. buocunte3 6enka. CTpykrypa U QyHKIIMOHUPOBaHHE puOOCcOM. MexaHu3m
Tpancisiuu. AmMuHoaruia-TPHK-cunTeTassbl.

Bonpocsl k 3auery
1. OnpeneneHne W OCHOBHBIE — NEPCHEKTUBHBIE  HAIpPaBIICHUS

HAaHOOMOTEXHOJIOTHH.



2.

I/ICTOpI/IH pasBUTHA HAHOTCXHOJIOTUHU H HaH06I/IOTeXHOJ'IOFI/II/I, ux

MEXKIUCUUIUIMHAPHBINA XapaKTep.

3.

HaHOCI/ICTeMLI, MCTOABI MCCIICAOBAHUA W KOHCTPYHUPOBAHUSA («CHI/I3y

BEPX» U «CBEPXY BHMU3». KBaHTOBBIE TOUKH, acCEMOIIEPHI.

4. Oco0eHHOCTH OpraHU3alluyi U CBOMCTB HAHOCUCTEM.

5 CtpykTypHO-GYHKIHOHATBHBIE aCTIEKThl HAHOOMOTEXHOJIOTHUH.

6. Oco0eHHOCTH B3aMMOJICHCTBHI B HAHOCHCTEMAX.

7 HanomenuuuHa u ee HaIpaBJICHUS.

8 MennuuHCKast IMarHOCTUKA Ha OCHOBE HAHOYCTPOMCTB.

0. Cucremsl aIpeCHON JOCTABKH JICKAPCTB.

10. HaHowacTulbl KaK JEKapCTBEHHBIE IPENEPATHI.

11. HaHoHOCHTENM U HAHOBAKIMHBI.

12. MeauuuHCKHE HAHOPOOOTHI.

13.  MonexkynspHble I€TEKTOPbl HA OCHOBE HAHOIIOP.

14.  CamoBOCHpPOU3BOIAIINECA T€HOMBI.

15. buocoBmecTHMbIE HAHOMATEPHUAIIBI.

16. depMeHTHI Kak 00BEKT HAHOTEXHOJIOTHUH.

17. buoceHcopsl, OMOYHUIIBI 1 HAHOCEHCOPHI.

18. Jlunuaueie, OenkoBble (HAHONIAMIEPOHWUHBI) U  JIUIH]-OCIKOBBIC
HAHOCTPYKTYPHI.

19.  XKunakue KpUCTAIIIBI U UX UCIIOJIb30BaHNE B HAHOKOHCTPYHPOBAHUU

20. IlpuMeHeHUE BUPYCHBIX YACTUI] B HAHOOMOTEXHOJOTHSIX.

21. buonorm4yeckue HaHOMAIIWHBI.

22. HcnonwzoBanue [JHK B HaHOTEXHONOTUAX. ANITAMEPBL.

23. Hcnonws3zoBanue JJHK B nH(pOpMaIIMOHHBIX TEXHOIOTHUSIX.

24. Ilpobrema HaHOOE30MACHOCTH



