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1. UEJrrr OCBOEHT4fl
Kypc rpeAHBHaqeH AJrfl

Hanorerxno lrorprvr vI MvI

I{en.ero Kypca <Hauo6uorex
o6yrarcquxcr c renAeHrlr4rMr.r r4

A TANKC C O,IIHIIM VI3

nano6uorexnonorraefi. Kypc op

yueunii aHaJrr4Trdqeoroft 4emeur

2. MECTO /INCUU
Kyprl nxo4r,rr B Bapr{arLrBHyK}

ocBoEHmfl I'vr

cJreAyroque KoMneTelqqr{rr :

B pesymrare ocBoenzq

3HAmb:

LIX CB.fl3b C HAHOTEXHOJIOT}I.SMI{,

MeTOAbI nOnytIeHI'Ifl

HaHOMATepT{€UIOB, npI,IMeHfleMbD( B

.- oco6ennoc'ru $rasuKo-xr4
6vonornu Lr MeAI{rII4He;

.- Bo3Moxurre ne6naronpz

HaHOnp OAyKTOB r{ HaHOM AT epvl
.- rryrr{ u cnoco6rr

yMeTnb:

- rrpoBoA[T'b florrcK t'r

[poreo]\{Hblrrl r,I nrera6oJroMHbrM

HAHOTE]KTIOJIOTIIII I{

6rqoemb:

oI{oIIOJIHMepOB, HaHOMaTepUanOB

tOcnoeurae co,qepx(aHrrr Ky

rourpo,ns) rr r4ToroBoro KoHTpoJrs

AeHroB, o6yuaroquxcr ro HarrpaBJreHr.rrc 28.04.01

TEXHHKA.

v ut nano6esonacgocrb) flBlrflercfl. o3HaKoMJreHr,Ie

Aocrr4nceHr4rMr{ B o6nacru 6uororz.IecKr4x HayK.

r{HTeHCr.rBHO pa3Br,rBarorluxor uaupannenuft
poBau na (fopuzpoBaHr{e y cryAeHToB rraBbrKoB 14

s laHHofi o6nacwt.

bI B CTPYKTYPE OTIOII BO
6asonoro 6nora Ar4crlr4rrJutH - 81.B.O4.1.

3., KOMfIET]OHIIUII OE AIOTIIEI' OCfl, OOpMI{pyEMbIE B PE3yJIbTATE
aHbr (MoAyJrfl)

B npoqecce ocBoeHr{{ Aa oft 4zcquuJrr.rHbr cryAeHr (popuzpyer r{ AeMoHcrpr.rpyer

o cllocooHocTblo n b ocuoBHbre rpo6nervrrr s cnoefi [peAMerHoi.i o6nacru,
Bbror.rpaTb MeToAbr r{ rx pettrer{ux (O[IK-l)

u (rIK-l)
o6yuarorqHecf, Ao JrxHbr :

- ocooeHHoc'rr{ coBpeMeH gTarla p a3r':zTtrfl . 6uo nolwu, duoxuvtu4 6r,rorexu o rorlrrn,
oMaTepl,ranaMr{;

HeopraHnqecKr4x, opfaHuqecKux

0r,roJrorl{I{, MeAr{rIV He ;

r4qecKl,Ix xapaKTepr{cTr4K HaHoMaTepuanoB, rIpuMeHgeMbIX B

bre rlocJreAcTBLrfl. flpr.rMeHjfieMbrx B o]roJrorvru vt MeALrrIr.rHe

fl , rIpI,IMeHeHr{fl H aH oM arep}r aJroB n 6 u o no rr,rr,r I,I MeAr,IrII,IHe ;

pMauI4I{ no npo6neMaM Hauo6r,rorexnororufi, r'eHoMHbrM,

AAHHbIX;

'- aEanv3vrpoBaTb JrrrTepa pHbre AaHHbre Ha rrpeAMeT onacHocTr,r Lr oe3olacHocTpl

-- MeTOAUIMI{ OI{eHKII, M0.{t poBaHr{f, kr Bkr3y aJrkl3ar\iln IIp ocrpaHcTBeHHbrx

KyccTBeHHOrO [pO[CXOXAeHLrr.

rrpeArroJraraeT npoBeAeHr,re [poMexyTorrHofo

o roroBHocrbro Ooprrry
HAHOTEXHOJIOTPII4 LI

TeopeTuqecKr4e u
c(f oprraynupoBaHHbrx

poBaTb rlen[ r{ 3a\aqv HayqHbrx

MriKpocllcrenanoft TexHIztKLI,

gKorrepuMeHTaJrblrbre MeToAbI

LICCJIe.IIOBaH uir e O6IaCru

o6ocnonanno nrr6zparn
vt cpeAcTBa pe[reH]rs

OI,IOIOU,IqECKI4X

crpyKryp

(pefiruur-
uft (srsanaen).



4. CTPyKTyPA I4 COIE
O6rqas rpyAoeMKocrb Arlcrtr4l
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npr4Me)HreMbrx B 6uoJrorurr 14

MeAHXtr4He

I 3-
4

2 4 6 6/r00

a Hanoc;rpyKTypbr Ha ocHoBe

6erxors rr [errrpr,rtoB

I 5-
6
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4 Camoco6zparorur{eaJr

HaHOC'rpKyTypbr Ha ocHoBe

HyKJIeILTHOBbIX KT4CJTOT

I l-
8

z 4 6 6/100

5 Hanocrpynrypbr Ha ocHoBe

noBepxHocTHo-aKTr4BHbIX BerrIeCTB r

JII{TIHAOB

I 9-
10

2 4 6 6/100

6 Hanocrpyrrypbr Ha ocHoBe

[oJIIrM epoB. Hauoc'rpynrypu
6uolo ruqecrofr n,teudpaH sl

l1

12

2 4 6 61r00 Px2

7 Cunres HaHocrpyKryp c noMorrlblo

BHlpycOB n MrrKpoopfaHH3MoB

I l3

I4

2 4 6 6tr00

8 EvoKa rarus u gauo6aorexHoJlofnrr 1 l5

t6

2 /1 6 61r00

9 B oguoxHue ue6laronpa.rrrHbre

[ocnellcTBr4s [pvMeFrseMbrx B

6uorolzu kr MeAnrrrzHe

HaHOrrpoAyKToB H HaHOMaTepVanoB

1 t7
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Bcero 18 36 54 54/100 9KsaMeH
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Te op e mt n e cKo e c o A eplt{: lHu e

Tenra 1. BneAeHue B HaH06

I{enr u sa4aqu rcypca, crpy
IIOCJIeAHI,Ie AOCTI,DKeHI4.fl B O6ni

.pa3BvI'rufl. 6uottotuu, 6uoxut ruu, c
[IoHsu,Ie "gano6raorexrroJlornr". I

:HOJIOIIIIO

Kypca, MeToAr4Ka ocBoeHzs MaTeprraJroB Kypca. Teslesqzu r,r

OzororzqecKrrx HayK. Oco6ennocta coBpeMeHHoro gTarra

IHOJIO|I{I{, I4X CBfl3b C HaHOT€XHOJIOII{IIMIII, HaHOMaT9pI{AIIaMI4.

}KHO CTI4 HAHO 614 OTEXHOJIOIIII4.



I'erra 2. Ocodenuocru {n:lrrco-xnMr{rrecKr{x xapaKTepr{crrrK HaHoMarepr.raJroB,
ttpllMe]HqeMsrx n 6uo;rorr{H lr M

Paspyruaroug,re u rroAxoAbr K aHanrsy coAepxaHufl HaHorracTr{rl B
6troo6lerrax. Meromr

ble Mr,IKpOCKOrrbr; flonflpr43aqr{oHHafl Mr4KpOCKOrrr4s;

SnyopecqeHruax (ruourz Mr.rKpocKonrar; MeroAbr souAosofi Mr{KpocKonr,rr4; Mero,qbr
flpooBel{I.rB aro ryeft u crauzpyroqefi nofi umpocKorrrrrr; xpoMarolpaQzuecxrae MeroAbr.

lvlero4u, o6nerqa]orq[e I{Karlr{ro Han.oqacrrdq nr 6zonorr{rrecKr4x o6parqax: MeroA
4r,rlpparquu sneKTpoHoB; XapaKTepI{cTI4qecKI4X [OTepb gHepfI4I{ gneKTpoHtlMr.l

(CXII33); MeroA oJreMeHrnoro HaocHoBe CXfp3.
Cpanuenze aHaJrr4Tr{qecKtrx xapaKTepr{crr..rK n e1p(fer<runnocru pa3Jrr{rrHr,x MeroAoB,

lpI4MeHteMbD( Anr AeTeKrIHr4 B OtIOOObeKTax.

Oco6ennocrz or6opa 6zono qECKOTO MATEPI{UUA AJUI AETEKIII,IV HAHOqACTI,III B 6IIOJrOrU.ICCKI4X
)KLIIKOCTtrX, KJIeTKUX, Cpeax mr{BorHbD( pI pacreHr4ft pa:nz.nrsnru SvsuKo-xr4MrrqecKr,rMl{
MeToAalvrr4. cnoco6rr no,[foToBKr,r or,roron4qecKolo MaTepr{ana K lrcMepeHvntM c IrpuMeHeHI{eM
pa3Jrr{rtrrbx MeTo.4OB, yJrrrrrreHr4rr rrpeAena AeTeKrIr4r{ yr HaIe)KHOCTIT
ugeururfv xaur4 r,r HaHoqacrr,rrl.

Teua 3. Hanocrpyrsrypbr H ocnoBe 6e.rrrcos u IIEIITIINOB
flpr.trqznrr oSpasonauzx KOMIINEKCOB. Onzrorraeprcaqrl{ v arperarlrur 6e"nr<on.

ancau6lefi. Irluxenepux rraHocrpyrrypllprrraepu rprpoAHbD( cyrpa ynrpHbD( oeJrKoBhD(

sa,4aHHofi apxr.rreKTypbr Ha ocuoBe N IIEIITI{.4OB.

Eomrosrre Kancynbr vr rtx rrplrMeHeHze. Kalcylrr Ha ocHoBe (feppzrvua; uanepouoB;
Br{pycHr,D( Kalcr4AoB. B KaqecrBe peaKTopoB 4rrs. cr,rHTe3a ne6emonrx
HaHOMaTepr4aIroB; B KaqecTBe

Kalcyn.

Lpyrere 6ermoerre HaH kr r4x npr.IMeHeHr4e. @ratairaegrrr rII4TocKeneTa. llenrvlnsre
B KaqecTBe OAHOMepHbD( lr AByMepHbD( MirTpr.rrl Alrt

caMo oprarrr43arlzr,r Harroo 6r er<ron.

f n6pu4utre HaHoMareprrirJr_br fracrr,reM 6elxon rr [errrr4roB. llpzpo4nbre HaHoKoMrro3r.rrHbre
CLICTeMEI (KOCTHaS TXaHb, COeALIH aa manr). OznrgrH.{ecrue rr,r6pzAHbre HaHoMarep}ranbr Ha
OCHOBE OEJIKOB I4 IIEru{.trOB. ocTl,r rlclroJlb3oBaHr4t B MeArrqI,IHe I{ TeXHI,IKe.

Suacronrepurre 6enrz u oxHocTrz I,rX I4CrrOJIb3OBalrur B HaI{oMexaHLIKe" MO4ylrnrre
6erxu B rrpr4po,ue. Turr4H, $n6ponexruu. Crpoeur,le v MexaHlrqecr[e cnoftcrea.
Mexarro cencopHbre cv creMbr. MoAyJrbHbx 6enr<os c 3qAarrHbrMrE cnoft crsaMra.

oopa3rlax: MeToAhr

uuoro(lrorounoft

roaS0epeuq14arrbHbre

Teua 4. Carvroco6uparcqu
Hyxnerauonrre Kr4cJIorEr

Kna,4pylner<cu. Karenanrr.
BTopHrtrizu n TpeTr,rqHa.rr

Illnurlrua, nceBAoy3Jrbr, crpyKly
Merolpr rroJry4reHr,rfl un(popnraqzz o crpyxrype HK.

C'rpycrypua"a lffi-
Cerxra ua ocnone IHK
AHIC, nro4rafrzr<aqzz

npenMyrqecTB r4 HeI,OCTaTKOB

MaTeprrarrbr.

I,I BbUICHCHI4' JIOKAIII43A1KIV HAIIOqACTIIII S 6ZOIOTUqCCKITX

onrrzqecrcoft, rou$oranr,noft uarepuofi cnaurapyroqeft n
uurep$epenquouumi KoHTpacr,; Illupunr cr{creMbr;

HepoB AJrrr AocraBKLr neKapcrB. Hauparnennax rvro4rE$LrKarlr,r,

HaHocTprqyryp6r Ha o cHoB e HynrerrH0Bbrx KrrcJroT

). flpuHqranrr mpyrrypHofi opraHr.Barlr4r.r. Tpuunexcrr.
Hocrrl crpyrrypnofi opraHr,Barlrru PHK: 4nyrm(eBbre pHK,

oAHorrlr(eBhD( PHK. HerauoHr{rrecKr4e egaral,{oneficrBvrs.

rlerJrr{, MoJrHr4t4. Anrarraepu. Mero4u crauresa HK.

. llepexpecr MoneKyJrbr AHK. [np<uepnrre rroBepxHocrr{.
DX unoNecrBa: gusafrn z carr.loc6opKa rrnocKrrx Kpr.rcrannoB

AIIK nanorpy6xra: ansatfty 14 xapaxrepurc:rprna, cpaBueHr,re

orHorrreHrrro rc yrnepoAHbu uauorpy6rcarra. fz6pu2grcre



Marepzanrr c
yfoJrbH.aKoB, BO3MOIKHOCTb

co3Aau[e rroBepxHocrrr zg oAnoft

IIHK HaHoMexaurzqecKre
(MOJreKyJrrpHbx ILTHTIeTOB).

uauopo6oroB: cBero-, pH-sanucu

KbHrpomrepbr Ha ocHoBe

MAYAI z MAYAII" Crpareruu
O6uue oqpeAeJreHns u ceoftcrBa.

flpzuqnnu co3AaHr,rt

Apyue ycrpoftcrna Ha ocHoBe

Teua 5. HanocrpyKrypbr H

Cnoco6rr [oJD reHr4t

[oBepx]ro cTHo - aKTr,rBHbD(

([yHnqu:onupoBaHrrr Seprraeuron,
Tena 6. Hanocrpyrrrypbr

lrerr6pansr
Cnoco6rr rroflyqeHr.rr r

lom,rMepoB.

HaHocrpynrypr,r Svolo
T.q. perlelropbr, KaHaJrbr, A
MeMOpaHHbD( CracTeMax.

peqeflTopHrx ceoft cre KJrerKr{.

Trepra 7. Cuures
Ooo6ennocu4 crpoeHr.rrr

lrcrroJrb3yeMbre B HaHoTexHoJroru

XI,IMXFICCKA{ I,I IEHET'I4qECKA,f,

fio.e(oAr,r r uo4ra([ri,rKarlr.rkr Bzp

Mo3aI{KrI unernofi Karlycrbr: rI
MOJreKyJr, om,rroHyKrre oTr,rAoB,

I4rlnom3osanue BnpycoB
gqefi:xu lttMrrrr,r Ha ocHoBe

Irlcuon*oeaHrre Br{pycoB B

HarrocTpyKryp.

Bupyurre Har{ocrpyrrypbl
a,r{pecHafl AocraBKa nerapcrn) n
ur,meuefi). flpurqzn MeroAa

rroJrlupoBoIHr4KOB O noMotrlbro
(f zron4lycHbD( HaHoqacrr.rq.

Ba4rr Mr44poopraHr,r3Mon,

ruera6olugrvra Marnero6axreprafi ,

Mr,r4poopfaHr43MoB Anr clrHTe3il

TEHETI,IIIECKI,I I,I3MEHCHHbIX MI,I

AOCTaBKI.I HaHOMaTepI{aIIOB B

cHHTe3r,rpoBaHHhD( B )KprBbD(

Ternra 8. BraorcaraJrns u HOJIOTI,Ifl

nofi opraursaquefi. Apyrue MHoxecrBa: Ha ocHoBe rpex, ruecrrl
TpexMepHbD( MareprraJroB. .${K-opraraura, a rrMeHHo

uurz HIt, MoAyJrr.rpoBannoft KoporKrrMlrr FIK. AHK rroJrr4oApbr.

crBa fiHK-nanopo6o,rexnnra). Vcrpoftcrna Ha ocHoBe

no.uuoo6pasnoro AErr4xeHr,rfl. Bu4u rorurr{Ba ,qHK-
pI TeMlepaTypo-3aBl4Cr4Mbre clrcTeMbr.

: rrpt4Hrlr4tr pa6orrr. llepnue (KoMrrbrorepbD r]a HX OCHOBe:

,ftIK:uruu.OynxqzouilJrbHas lHK-nanorexHoJrorfifl.

c HcrroJrb3oBaHr.reM lHKsuuon. MonexynrpHbre MoTopbr r4

Pu6ogzurr .a r4x Bo3Mox(Hoe r{crroJrb3oBSrlr4o.

ocHoB e [oBepxHo cTHo-ar{Tr{BHbrx B err{ecTB I| Jrrrflq.rloB
arroB Ha ocHoBe ca*roco6zparcqaxcr orpyKTyp rr3

(naura4on) 6zoxaramr3aropoB. Oco6ennocrr.r
Hilrrr{trrreM MaTpr4rI HaHOpa3MepoB.

Ha ocHoBe rroJrr{MepoB. HanocrpyKrypbr 6uororz.recrcofi

B Ha ocHoBe caMoco6uparorqaxcfl crpyKTyp Ha ocHoBe

ft ruerra6panrr. Jlunr.rAurre (uonoclow, 6vclron), 6erKoeue (n

) uaHocrpyrrypu. Oco6eHuctcru rfa:onrx repexoAoB B

HarrocTpyKTyp, Jrexarqux B ocHoBe sJreKTpr{rrecKr4x H

c rroMorrlbro Br{pycoB rr Mr{KpoopraHn3MoB
B: [alorrKoBr,rAnbre 14 r,rKocagApr{qecKr,re Br,rpycbr. Bzpycrr,
I4cnourgosaHr,re Br4pycoB Nrfl HutrroKoHc'rpyr4poBilHrrs:

qLIrI Br4pycoB r,r Br{pycouo4o6Hru< qacrr.ru. Meronr.recKr4e
crpyrTypHbD( 6enKos. llpzuepu nro4ra$nrcaqvLr Btrpyca

HeHIde rrenrlrAoB, 6err<on, aHTrrreJr, peAoKc-axrI{BHbD(

Torrex, HaHor{acrr4rl u Hanorpy6or.
co3Aarrl,rs rzdpra4urx HanoMarepr4anoB: HaHorrpoBoAa rd

rvrlrft-rzoHHue arquyrurropbr nra ocHoBe (fara M13.
qecTBe or,roTeMrrJraToB ,NW CO3AaHr4{ ylopfAoqeHrrbx

MeAr4rIuHe (rronf{eHr4e aHTareJr r,r Baxqr,rH; HasoxonrefiHephr;
n (z4euru(purKar\vs. 6zoruolercyu 14 rrolrcK a$(prznnrx

qecroft r<ou6zuaropzxz (phage display, biopannirry), co3.4arrr{e

(faronoro cKplrHnHra TorcrEwrocrs kr r.rMMyHoreHuocrb

np o oneMbr r,rcfronb3 oB a Hul Brrpy cHbD( HaHOqacTrzrI.

ctrocooHbur K cr4HT$y HaHoMarepkraJroB. Oco6ennocrlt
BoJurro[ryre cr4nTer4poBarb HaHoMarepvaJrbr. Mo4r.r(funaqrnr

Cltrres [onyrrpoBoltHt4KoBbx Marepr4arroB B
. I,IcnonrsoBitr-rpre ruo4u(puqrapoBaHHbD( 6arrepr.rft 4nx

KnerKy. llpaxrzuecxoe [pr.rMeHeHlre HarroMarepr{zrrroB,



Flonue Bo3Mo]r(Hocrr4

([epnreurrr. BuoenexrpoKaraJru3
gKoJronnr. Perracrpaqux nsarz

cr4HT* it rroJrr4MepHbx

T'eua 9. Bosil{oxHrre
MeAr.rqrlrHe Harro[p0[yKToB r{ H

Passzrze c[cleMbr
npo6lerrau. Ozguro-xrnauqecKr.re

ivre.4Irrc'-6zonoruqecrue pucnu. K
BbI3bIBaeMbD( HaHOMaTepVaIraNM.

TOKCHKOJIOTIqCCKI,IX UCCJIE.IIOBA}I

KOJrr,rqeoTBeHHoto olpeAeneHr4g

HUUrOMa.TepvaJroB AJUr 3IOpOBbt

orIeHKa Oe3ollacHocru

J,,

B
gaurruii:

1.

rapax (rpynuax) AJrr pa3Bzrr,rrr y F

2. TexHolorr.rfl MoAy

no3HaBareJlbnoft aesrerbHocrl4 B

BKJrroqarcqzM s ce6s coAepxaHr{e
aJ.

4.

OCHOBTIIIHAf, HA IZX OIIOCOOHOCTI4

JIOKaJrbrIbX, peflroHaJrbHbx,

5.

o6ecnermnarorqlrx (llzr<caqzro

(rorranrroreprr, fIO, TlutepHer)

Ae.fl'eJrbHocTr{ cTyAeH.ToB 3a cqeT

6. OTIEHOqIIbTE

OCBOEHAf,

6.

l
2.

OSruee rloHf,Tr{e o nano6

Oco6ennocrz (pusuro-

6lronoruu r{ MeArIur4He

Hiruocrpynrypbr Ha ocHoBe

Cauoco6nparcnlr4ect

Hiurocrpyrcrypbr Ha ocHoBe

Hiurocrpyr<rypbr Ha ocHoBe

Cunreg HaHocrpyKTyp c n

4.

5.

6.

7.

8. Eflor<ararns z
BIIpyCOB r{ Mr{rlpOOpraHLr3MOB

OEPA3OBATEJIbH
xoAe rreoHoro npoqecca

Texnonoru.s

Texuororus
Texnonorzs n

Zn(poprr,raqraoH

sa n uaso6uorexHoJrofr{rr. (DeppouarHr,rrr{hre 6enxu lr
uauo6uoceHcopbr. EvorareLma3 r{ gHeprerrlra. lBlroxaralyrg r,r

fr anrraren-aHTrrreno c r{crroJrb3oBiaHr.reM (feprvrenrarnBHoro

prrflTHbre rrocJreAcrBns flpuMerrfleMbrx n 6r.ro"rrornr.r u
OB

Hocrr,r n Poccura r,r Mlnpe: ilcroprr4fl Borrpoca u cocrclsHne

HaHOqacT[rI, c KoTopb]Mrr cBjf,3brBa[oT IroTeHrIuzI]IbHbre

ft o6sop r{ccneAoBar{uft rvre4raxo-6uonoruqecrrx e(p(ferron,
Ocrronrr npr.rnxlofi B Poocuftcxoft Oe4epaqurE KoHrlenq?rr4

, MeroAoJroftrr4 orleHrol plrcK4 MeroAoB z4en:rn([m<aqnu u
anoe. Arropr,rrM orleHKrir (npe4cr<a:aHua) onacuocrn

Toxczrorofo-fur[e]rr4qecKa-f, u Me.rlr{Ko-6zonorraqecxa-s

TEXHOJIOII1IVT
Moryr 6rrrr zcnoJrb3oBaHbr cJreAyroqve (foplru nrpoBeAeHr4t

oro o6yrenIl-lr - opfaHr.Bauur yre6uofi pa6orrr cryAeHroB B
CAMO CTO'TEJIrHOCTI,I T4 KOMMYHI{KATI4 BI].rX VUErrUfi

oOyrenux - Aocrr{}Kerrue KoHKperHrx qelefi yre6no-
poqecce pa6orur co crrerlr4anrno paspa6orarrHbrM MoAyneM,

cuoco6rr oBnaAeHr.rfl gTr.rM coAepr{aHr,reM

,4erTenbHocTr4 - IIpI4 MeHeHI{e r{1\4r4TaIII{OHHr;X I{rp
AerreJrbHocrr{ opraHrrcaqu-rr pa6omr cryAeHToB,

un$opuaqraro, HaxoAr.rrb HecrarrAaprHbre pemeHlifl

bD( rrpooneM

bre

pMauIIlI, ee

TEXHOJIOruII{

o6pa6orr<y VI

coBoKyrrHocTb rexuolorr,rfi,
znQopvraqnoHHbre o6uenu

TexHororas Ha ocHoBe onbna aKTr4Br,BaIII4.fl nOggararelruoft
wa\r4rlux co6crseHrroro orrbrra c rrpeAMerou o6yrenzx.

IJtfl TrrKyruEfo KoHTPoJrfl
YCfIEBAEMOCTI4. ME}ITYTOIIHOfr ATTECTAIIVII IIO I4TOIAM

HI,I V YqEEHO.METONI4qECKOE
OEECIIEIIEHI,IE CAM

Teuarurca .na6oparopn
bHOfr PAEOTbI CTYJIEHTOB

x pa6or:

Kr{x xapaKTepr4cTuK HaHoMaTepkrztrroB, npr{MerJrreMbTx B

B I4 IIENTI,IIIOB

)Typr,r Ha ocHoBe rIyKJrer4HoBbD( Kr4cJroT

BEIIIECTB LI NI4IITII(OB

Hanocrpyr<ryprr 6uonoruqecrofi rvrem6pantr



1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

1 :i.

16.

n.

18.

19.

9. EogmoxHrre ne6laron
HaHoqpo,qyKroB lr HaHo

T'eurr CPC:
Perucrpaunr cooTorHr,ur

Mmo4r,rr<z olpeAeJreHr,r{

Mero4rana lrcMelleHpu

raH'rep(p epenquoHnoft MtrKpoc

Mero4uxa perr{crpaquu r4

eprrrpoqr,rra ulepHa-rr lr
MenoAuxa olpeAeneHr{t

nelxuofi KJrerKz.

Mero4nxu onpeAeneHr,rn pesy

([ynrqraonvpyroultr x KJreroK.

MeroArana perr4crpaur{r4

sonoro) B pacrBope r{ Ha

Merograxa pemcrpa{uu

Aeiicreuz uaHoqacraq (
flpauenenze crrerrpocKonll
Halrocrpyrryp (rnmo cou)
llpl.rueneHrae cleKTpocKon

rorr(popnraqzu z
llpm,reueHze ron$oranruofr
HaHocTpyKryp ( Ha rrpr{Mepe

Karc c rroMorubro S|IP
rurppo(fzntuoro 14

Kalt rraensercs Bf,3Kocrb

cepAeqHo-cocyAr{cTor{

I(aK Menserc.rr aKTr4Bgocrr)

K-rananon) gpr.rrporlrrroB rrpr{

Karue csoficrsa feMor

MOJreKyn r qpu KaKVX

Karrze csoftcrsa relrouo6una
coc'rotHr4_s B cocTorHze,

Karrue uervr6paHnrre [poqeccbr
reMofnoor4H r{ spr4Tpoqr.rT B

Kaxrze cnoficrea reMof
cocy4lrcroff rz uepuroft
Me:ror{xr r<nero*rrofi xfipypn4
fiuH:rleTil).

Bonpocrr lc pelirrau
1 . flpe4,rer vr 3a4arrr4 r{ypca.

2. OcuonHrre [orurrrirrr r{ or
3 . LIcr oytut Bo3Hr.rKHoBeHr{t

4, flpmvreprr nanoo6ter<ron ra

5. O6rerru r{ Mero.rlbt fktu.

c rroMorrlbro aroMHo-cr{JronoM cxanupyoqefi Mr,rKpocKorrrrLl

Ar.rHiMr4qecKr4x tB MeHeuuff epurpoqr,rroB

Al4HaMllqecr<lrx cnofi crs qI,ITolna3Mr,I gpl,trpolll4:ta g 116ygr{r-ro

t

cpeAcrB usuepeuzft ToloJroruM crpyKrlp rltrro[Jra3Mbr

$oprua).

,4.IHaMI4LreCKI,IX IroKa3aTelefi $yHrqrroHalrbHoro cocTorHr,rrl

,raroB eos4eftcrnr.u HaHoqacrurl na cy6xnerorrHhre crpyKTypbr

HaHoAr.rclepcHbD( MeraJrJrr4rrecKlrx KoJuroz4on (cepe6po u
KJreroK (epu'rpoqur, HepBH€ut uerra);
KJrerolrnbD( crpyKTyp (epr4Tpoqrxr, HepBHzur xnerxa) npu

KoJrrror,rAbr cepe6pa z sonora).
KOMOT4HaTIUOHHOTO pACCetHLTA Nrs. oIIeHKil COCTOTHTI'

fr4rilIlTcKoro KoMoI4HaTIIIOHHOTO pACCesHLrl I.][s. OIIeHKr.r

reuoruo6rana

KpocKorrrrr{ Alrfl orleHKr.r $yHxqr,ronupoBaHr.rr cy6xnero*urrx

)
Mox(Ho r4ccJreloBarb ynoprAoqeHHocrb (nrsrocrr)

KoMlaprMeHTa 6r4onoruqecrofi rraeu6panu?

ducnox uev6pannr epr4rporlltm 6olrHrrx parrnaunofi

oMarrMH)) (Na+ /FI+- o6nren4 Ca2+ -l\TPa3brvr Ca-saBr.rcuMrx

lucrofi uaronorzz?
peryJrr{pyrorc . sa cqer pa3Hoo6pa:nrx gHAo-r4 oK3oreHHbu<

IIpn nepexoAe r.I3 cBoooAHor.o rlr4TorrnajMaTr4qecKoro

na naeu6paHe;

Moryr oKa3brBarb cyrqecrBellrHoe BJrr{f,Hpre Ha upuueru6paHurul

[r gpr.,ITpoqHToB I'BMeTUTIOTOS npr4 InaToJIofr4rD( B cepAeIIHo_

flpHvreueuue coBpeMenuofi rvrranpocKorrrrrr r{ (orrrrllrecKofo

ro1

I{ayK o I{aHocl{creMzx r{ nano6uorexHonofl{I{.

M, I,IX TeXI{I4qeCKI{e flpvnoxeHllrl.



6. ftrpzrrqranbr r{ [epc[eKTr{Bbr

7. Ocuonurre npr4Hrlr,mrr (f oprr,r

8, lJlporleccbr rronfreHr.rrr

9. flpoqeccbr nonfreHrdfl

10. flplrerrarr rorfreHrs u
11. Hanorraareplralrbr r,r rrx

I 2. FleoprarurrecKr4e pr

1 3, flr6pzarbre HarroMarepr.rarrbr.

I 4. Flan ocrpyKrypr{poBaHutre 1 D,
15. Hanoxouno3lrrbr lr r{x
16. Paspyruarolpe u
otlooobeKTaX.

17. fuIerolrr reMuorroJrbnofi o
18. Mero4u rou(toxalurofi uz
19. lMeroArr nasepHofi cxaHr{p

20. JMero4rrrraHolo$orousofi v

Broupocrr rc

l. I4u'rep([epenquonnsuZ

2. llluprEnr crrcreMr,r;

3. 23.

4. flolrpzsaqraouH€ur

5. OnyopecqeHrHa.f, (molrunec

6. MeroArrsogAonofi
7. MeroArr rrpocBerrr4Barorqeft u
8. Xpouarorpa(pra.recxr.re MeroA6r.

9. MqroA 4n$paxqzvr eJreKrpo

1 0. CnenrpocKonr{fl xapaKrepr{crr4

1 1. .Meroa oJreMeHTHofo

12. Cpasuenne arraIrr4TIrrLrecKI,IX

13. Oco,6euHocrr4 or6opa

xg,IIKOCTf,X, KJIeTKaX, Cpe3ax

MeTOA€lMr,r.

14. Cnoco6u nonroronxn 6

15. HaHocrpyKrypbr Ha ocHoBe

r(oM[JreKcon. Onurou eprnarJprr'

16. llpuwrepbr rrpr4poAHbx cyn

17. Bemonrre KarrcyJrbr vr lrx il
18. .{pyrue 6enKosrre HaH

uanorpy6xra. S-clov.
caMOopfaHn3uJ.r4v

19. Ih6pnaHbre HanoMareprraJrbr c

cIrcTeMbI (rocrnaa rKaHL,

ftrS{repeHukr €urbHbre

[pI4MeH{eMbx AJUI AeTeKIILILI

MeTOAOB, OoeolerrrrBaroque y
}IAHI]IIACTI4II.

K Ia3MepeHpntM c rrlpr4MeHeHHeM pa3JrruHbD(

AereKqr{r.r r.r HaAe)KHocTtr r4AeHTr.r(furaqnu

HAHO OI,IOTEXHOJIOIIII{.

I{' HAHOCT4CTEM.

cBepxy nnug. MexanoaKTr.rBarlur r,r MexaHocr,rHTe3.

B CHr43y BBepx.

I,I HAHOIIACTI4II.

(p ynxquoHa;rbHbre HaHoM ar epuanrbr.

z 3D rvrarepr4urbr. MonexynxpHbre cr.rra.

cnofi crna. Kounogr,rrnbre Hat{oMarepuarrbr.

rroAxoAbr r( ilraJrr{3y coAepxaHr.rr HaHoqacTr.rrl

Mr4KpOCKOIIVkr

W

pForuefi eJreKrpoHHoft uuxpocr<onur4;

Kr.rx rorepb eHeprw{ eneKrpoHzlMu (CXrlI33);
Ha ocHoBe CX[I33.

xapaKTepr.rcrr{K kr e(plperrznuocrra pa3jrrdrrHrx MeroAoB,

B Ctr{ooobeKTzx.

Marepvura Arrr Aererlrrr{ Hauorracrr{rl B 6uonorz.recKr.rx

efi NHnornbD( r4 pacrevnit putnuunrnaz Sraszro-xr{Mr{qecKr4Mr4

MaTepr.raJIa

a.f, npeAeJra

6erxon v renrrrAoB. llpnnqrzurr o6paeoeanux 6eur<osrx
v arperarlr{r 6emcon.

nflpHbD( 6err oerD( aucanr6nefi. ZuNeneprrr HanocrpyKTyp
gaAarrnoft apxr,rrer(Typbr Ha ocHo OEJIKOB H NENTLINOB.

I{ I4X

BAHT4E

rrpr{MeHeHr4e. ounarraeHTbr rllrTocKeJrera. lleurzAHrre
B KaqecTBe oAHoMepHbD( r{ ABWepHbD( MaTpr4rI AJrfi

6enxoe z lenrrrlon. llpupo4uue HaHoKoMrro3t4THbre

rxaHr). Cznr:erz.recKne rr,r6pz4nrreCOE.trI,IHNTEIbHA'I



20. SnamoMepnbre 6elxz vr

Bonpocrr rc

1.

2. Tpranner<crr.

4.

.5.

Mero,ust cr.rHTe3a

tCrpynrypnax IHK

7. lMarepzamr c n

YToJIbHI{KOB,

ld\4eHHO CO3.IIaHI,Ie nO

,[HKtonrrcApbr.
8. r[HK nalrorvrexaHr4r{ecKrze

9. l/crpoficrna Ha ocHoBe ((

10. Ilzau rcununa .I[HK
OI,ICTEMbI.

11. I(onrpoJrJrepbr Ha ocHoBe

MAYAI r.r MAYAII.
12. <Dyuxqraonanrnaa .{HK
13. jlHKsuuu. O6rqrae

14. Ilpurqunbr co3Aarrr.rfl

llpyrr{e ycrpoficrna na
15. Cnoco6u ronfreHlrfl

rroBepxHo cTHo - aKTT4BHbIX

16. Oco6ennocrr4 {ry"
rraHopa3MepoB.

17. IlaHocrpyKrypbr

HarrocTpyKTypbr.

18. Iienr<onrre (n 'r.u.

19. Oco6eHHocrlr Harr

KNETKII.

20. Clnoco6br rronf{eHr,rt
noJrr4MepoB.

HarloMaTepr{iurbr Ha ocHoBe

TE)(HPTKE.

rKprrcrilJrrroB AHK, uo4ztfz
6. ,{HK nanorpy6ru: piusafin

ltx lrcrroJrb3oBaHr,rr B HauoMexaHr.rKe. Mo4ylurrre
6emrz B rprpoAe. Twu,r Su6ponexrvu. Crpoeume v M:exaHr4qecKpre cnoficrsa.
Mexanocencopubre clrcreMbr. MoAynbHbx oeJrKoB c 3aAaHHlbrMz csoficreaii{z.

ro3
Hyrneunonbre Kracnorbl. rlr{nbr crpyKTypHoft opraHusaquz,

Karenautr.
Oco6ennocrra crpyKTy opraHr{3arlptr{ PHK: 4nyrxxeBbre PHK, BToprlrrHas vr

rperrrrrHiur cTpyKTypa rx PFIK. HeKanouzqecKr{e B3ar{ruo4eftcrnrzx. Illnunrxu.
.[ceBAoy3JrEr, cTpyKTypr4 IrgrJrr4, MoJIHI,II. Anranaeprr.

Kr{cnor. MeroArr rorryqeuus ranQopiuaqr.ru o cTpyrType
rIyKneI4HOBbX KrrcJroT.

. llepenpecr MoneKyJrhr AHK.,{nyxnaepHrre rroBepxuocrr,r.
tCerrra Ha ocHoBe AHK : DX MHo)KecrBa: 2iusaiau n carraoc6opra rurocKprx

oTHorrreHrrro r( yfJrepoAH

nrepexoAoB n uenr6pannrx I,ICTEMAX.

ll rrerrrt4Aos. BosNao]KHocrt4 r4crlonb3oBttnl,Ir B MeA[IqI,IHe I{

rroBepxHocTr4.

Lr xapaKTepncTnKa, cpaBHeHae [per4MyrIIecTB r4 HO/IOCTaTKOB rro
uanorpy6r<au. fu6pz4r{bre Mareprranbr.

opraupnarluefi. [pyrrae MHo]KecrBa: Ha ocHoBe rpex, [recrrz
floJrfreHr,rr rpexMepHbx MareprlarroB. .{HK-opurauu, a

rze o4noft uzru HK, MoAynr.rpoBannofi roporrr.ruvr FIK.

(flHK-naHopo6orexrrura).

JIJrpHbx rrr4HrleroB). Ocnona nonnoo6pasHoro ABr,rx(eHr4'r.

: cBero-, pH-sanzcrzMbre r,r reMrreparypo-3aBr,rcr,rMbre

: npr,rHrlt4rr paSorbr. llepnrrre (KoMrrbrorepbD Ha rrx ocHoBe:
puBBr,rTrxr.

11 cBor4cTBa.

c rlcnonb3oBarrr4eM ffiKaurr.lon. MonerynxpHlbre Moropbr r4

[HKsr,rrraon. Pz6oszl,nr I{ r{x Bo3MoxHoe r{cfroJlb3oBarue.

Ha ocHoBe cauoco6zprarcquxc_f, oTpyrTyp r{3
(nznr.r4on) ra 6uor<ara;rr,BaropoB.

poBaHr,rr tfepueuron, 3a.4aBaeMbre IIaJrwJJ.IeM MaTpLrrI

uerr,r6panrr. Jhrnra4Hue (uouoclou, 6ucnou)

KAI{ZIIIbI. ATOasrr) HaHocrpyKrypbr. Oco6eHnocru ([aronrx

JIE}KAIIII4X B ocHoBe gneKrpr4qecKr4x r,r peqerrropHrn< cnoficrs

Ha ocHoBe calroco6xparoqt4xcr crpyKTyp Ha ocHoBe



Eonpocu K 3K3aMerry:

1 . lJlpe2g\aer u salLa-sn Kypca.

2. Ocuc,nusre [orurrr4r r4

3 . W.u oput Bo3HrrKHoBeHr4rr

4. flpuuepu nauoo6r,erroe u
5. O6rerr<ru r{ Mero.[br

6. flpurrqunbr r4 rrepc[eKTrdBbr

7. OcHosHrre npr.rHrlr{trrr Qopnrrz

8. llpoqeccbr ronf{eHlrt
9" flpou;eccbr nonfreHr.rt
10. IJpzeruu ron1'.reHlrr r
11. l{anonaarepuurnrr r4 trx
12. Heopran[qecKrae rz

1 3. I-v6lpzanbre HaHoMarep r4aJrbr.

I 4. HanocrpyKrypr{poBaHurre I D, 2
15. Harroxonrrro3zTbr vrkrx cu
16. Parspylrarorqrae v

6zc,o6rerrax.

17,

18.

t9.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

JJ.

Me'ro,qrr reMHoflonbnoft o

MeroArr rou$orarunofi
Mero,qrr na:epnofi cKaHrrp

Mvro4u nanoro(poroHnoft na

IlntepQepenquonnrui

Illupznr cr4creMr,r;

,{ra$ S epeHrlr.rrrJrbHbre

llonxprasaquoHHaJr

Onyopecqeurna.a (
.Meto4sr soHlosofi
Mero4rr npocBeqr.{Barorqefi u
Xporraarorpa$zvecxue MeroAbr.

Ma:o4 az$paxqnr.r
Cnercrpocrconux

Meloa gJreMeHTHoro

Cpanneuue aHarllTr{qecKr,rx

IIpI{MeHreMbx Anfi AeTeKrlrrr4

Oco6enuocrvr or6opa
)Kr.,IIKOCTf,X, KJreTr(aX, Cpe3€x

METONAMI,I.

Cnoco6rr lo,rlforoBKr{ 6zonoru
MeTOAOB, Ooeoleql,IBilroqr,re y
HaHoqacTlzII.

I{anocrpyxryprr Ha ocnoBe

KoMrrJreKcon. Ormrorrepr.r3aqr{rr

36. Ilpnuepu rprzpollHbx c
sa,{auHofi apxr,rreKTypbr Ha

[iem:osrre KarrcyJrbr t4 r4x

34.

35.

a-)t.
OEJIKOB I4 IIEITKINOB.

HayK o HaHocl,IcreMax ra uano6lrorexHoJron4r{.
HOJION4IA.

I'IX TeXHI4qeCKI{e IIpI4JIOXeHLLf, .

HAHOOI,IOTEXHOJIOTUU.

HaHOCt4CTeM.

cBepxy sHras. MexaHoaKTx.rBarlr4r r.r MexaHocr4HT()3.

cHr,r3y BBepx.

Ilt HaHOqaCTr4u.

SyHnqraoHanbHrre HaHoMarepnalrbr.

ra 3D rr,rareppraJrl;r. MonerynrpHbre cHTa.

cnoft crna. KoMnosulHbre HaHoMareplrnrrbr.

rroAxoAbr K aHaJrr43y coAelpxaHr4r HurHoqacTr4rl

KOr4 Mpr{pocKorrrrr4

Mr{KpocKorrr4pl

Mr{KpocKonbr;

pyroqeft oJreKTpoHuofi uzrpo cn onprui

rorepb oHepruu oneKrpoHulMu (C)flI33);
Ha ocHoBe CX|I33.

xapaKTepLrcrr4K u e(p$ex'nrnnocrra pa3Jrvqubrx MeroAoB,

B OIIOOO5EKTAX.

Marepr,rana AJUr Aererrlr{rr HaHorlracrrrq n 6zonorr.rvecrnx
xl{BorHbx u pacreyuir pa3JrlrrrHbrMu $zsuro-xrrMr{rrecKuMt4

MaTepr{ana

rpeAena

K rBMepeHwtM c npvMeHeHr,reM pa3Jrl{qrrbD(

AereKrlr4rr rr Ha,{exuocrtr r{AeHTr.r(fnr<aqrzu

u nerrrr{AoB. llpzHqunu o6pa:onaHz.rr 6ert onrx
alpefarl[r oeJrKoB.

ynrpHbx 6erronrx ancau6neft. I4HxenepLrs HanocrpyrTyp



39.

38. Ap,yrue 6emcontre

uarorpy6xu. S-clon.
cal4oopraHrcaqnu H

fi,r6pra4utre HarroMarepuaJrbr

HarroMaTepr{anbr Ha ocHoBe

TEXHVKE.

40. 3nacrouepurre 6erxH vr

MexanocencopHble cr4creN4br.

Hyueznonrre ruclorrr. lI
Tpunnercrr. KsagpyfireKcbr.

Oco6ennocrz crpyrryprroft
cTpyKrypa oAHoTrx(eBbx

cTpyKTypr{poBaHHbre neTJrr{,

Merolrr cr{HTe3a n

HyIUer.rHoBbD( Kr4cJIOT.

45. CqrycrypHar fi{I(-Hanorex

Kpr.rcrilrnoB [HK, rrao4z

47. Marepualrr c

yroJrbHr,IKoB, Bo:|MoxHocTb

co3AaHr,rg rloBepxHocTt{ vr3

noJrr4sApbr.

41.

42.

43.

44.

46.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

AHK H anouexaHrzqecKr4 e

Ycrpoftcrna Ha ocHoBe (
Bzgrr rorrrrr4Ba IIHK-
Kourponnepbr r{a ocHoBe

MAYAI z MAYAII.
Oynxquouanrrrax ,{HK
.{HKsrnrcr. O6rqlre

llprnrqnnrr co3Aarrrur

Apyrue ycrpoficrna Ha ocHoBe

Cnoco6u [onyqeHr4fl

IIoB epxHo cTHo -aKTr.rBHbx

Oco6eHnocrz $ynxqnoH
Harrocrpynryprr

Eeilconrre (s r.q.
nepexoAoB e rraeu6panutx

Oco6ennocrz HaHocrpyKr)4),

KJIE'TKI4.

Cuoco6rr rron1^reHrlt

lowrMepoB.

bI II I{X

ue

npr4MeHeHr,re. OzlalreHTbr rlr.ITocKeJrera. flenrra.[nsre
B KaqecTBe oAHoMepHbD( r{ AByMepHbD( Marp}rrl AJIS

cLICTeMbI (KOCTHaj{ TKaHb,
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