
Mlrnucrep crB o Hay*rr rr Bbrcm eno o 6pao on a'rrs. p o ccnfi crcofi oegep aqrlr(De4epan'roe rocyAapcrBeHrroe 6ro4xernoe o6paronareJrbrroe yypex.l;eH]re
Bbrclrero o6pasonauua

EP,MAIO:

aHcTI/rTyTa

<<B.rra4r.ruupcrcufi roryAapcrneHHrrft yurrBepcrrrer
MeHrr Alencan4pa lpnropbeBlrqa u Hnrco.nar lpnropr^.rn 

"u 
Cro.neronBrp>

(BnIV)

I4nuuryt [ptrKJraAHofi naa:rerraarrzxz, Szsraxr,r z un(popuarunz
(Hauuenonauue uucruryra)

Xoprxqn K.C.

020 r.

PAE OrlrA.fl lrp orp AMMA ArICqZfrJItrrHbr
HlnosraorExrroJrol,va v HAHoEE3orrACrroc'rb

(uar,nraenon arure Azcrprnnumr)

Harrp aBJreHrre noAloroBrcrr / cnequa"rrbHo crb

'at't S
r AL..

8,,i.
rao :il

28.04.01. Hanorexno.torur r{ Mtr
(Ko.q r,r HarrMeHoBalrve HarrpatBneHl,rr rIoAroroBKLI (cueuzalrnocra)

Ha[paBJreHHocrb (upoQu.nr) nogroronxu

TEXHOJIOTUI B HAHOI'
(naupanaexuoctt (upo$r,rnr) no4roronrz))

r. Bua4aruzp

2020



L

l. rIEJrrI ocBOEn;,Ufl AVTUI,TIIJIIIHbI

IbIo ocBoeHI'I{ AI4crIpIrIJIHHrr <Hano6vorexHoJrorl4lz Ir nano6esorracHocTB)) rBJrflercrr
HvIe o6y'ratorqzxcx c reHAeuunflM;"v v [ocneAHrlMlr llocrvxeHr4f,Mrz rr o6nacrn

6uonorra x HayK, a raKnte c OAHI4M us uau6onee lIHTeHcI4BHo pa3Br,rBaroqrxc)fl uaftpanteuzft :
nano6pr nonoruefi.
3ayauu:
l) O6y
6zoxurr,r

2) AOJIXHbT 3Harb MeroAbI [onyqeHkrr HeopFaHrFrecKr{x, 0prafiu.recrzx vt
6uon
3)

x HaHoMarepl4aJrou, [pI,IMeHrIetdbIX B 1noloruu, MeAVIII{He ;

HAHOM [przMeHseMrrx s 6zororvwr Lr MeAI{IIr.rHe;
4) AonxHbI 3Harb Bo3MoxH.bIe ne6narolpl4trHble rrooneAcrBux upzilaetrreMbrx B
6r,rolo 14 MeALrrIr{He HaHorrpoltyKTrlx.r[ r.r HaHoMaTepvarroB;
5) AoJrxtHbr 3Hau6 ny'rr4 lr cuoco6rr rroJlyqeHr,rr, [p]IMeHeHr4r HerHoMhfepl4ailoB B
6zonorrz A MCAI,IUZHE.

6) IrII4ecs AOJIXHbI yMerb IrpoBoArrrb rroucK unSoprraaqzr,r no npo6nerraala
olrorzfi , reHoMHbIM, rrporeoMHhlM V Mera6onounrnr 6azatvr AaHHbIX:I A6yu ecq AOnXHbI yMeTb aHanI'I3I{lpo;BaTI' JILITepaTypHbIe AaHHbIe Ha IIpeAMeT onacHocTr4

6egonacn HaHorexHonorr,rfi r.r HaHoM€rrelprdruroB ;8) O6y Folql{ecs AOJIXHbI B.IIaAerb MeroAaMrr orleHrr.r, MgAeJrr4]loBaHr{, v, udsyanzsaqzu
IHbIX crpyKryp 6uOnoJILIMepoB, HarloMarepzanoB LrcKyccrBeHnoro ry)oucxolKA e12rfl..

fiucqu Yapnatupw<tit qacrr4
o6rqenay r{r4KJra Ar4cupr[Jrr4rr.

rcIlltrec{ Aon}KHhr 3rrarb oc,o6eunocrz coBpeMeHHOrO gTarra pa3Br,rrr,r.fl
, bucruexHoJlorult, I{x oBg3b c HaHorexntoJlorutM}I, HaHoMarep wuraMLr;

6uonorull,

uano6

ec{ .4on}KHbI 3Harb oco6eHuocrra (puszro-xzt\4r,rqecKr.rx xapaKTepucrr4g

2. MECTO AI4CIIInIJII,IIIbI B CTpyKTypE ofIoII
Ha <I{ano6zorexHoJrorr4I4 vr Hauo6egouacHocrb) orHocrrrcs K



llnauzpy
pe3yJrb

3. TIJIAHI4PYEMbIII PE3YJIbTATbI OEYqEHII]fl IIO IIIICUruIJII,IFIX]hre pe3ynbrarbr oby'renr{x ilo A[cIIkIrInr4He, coorHec,eHHbre c [naHr.rpyeMbryr,r
dI4 o(lBoeHI4s OfIOfI (roun:erenqzuMl,I rI t4HAr,rKaropaMr.r A )qf]rxeHr{lr r<6naudreuqzfi)

KOMTIE:rcHUI4I,I

(Kos, cop;fpNaHrre
KOMleTeHIIr,rV)

flnauzpyelrbre pe3yJrbrarur o6yueuux no AzcuumrrrHe. B
cooTBeTCTBp[4 C r4HAr4KaTOpOM AOCTT.DKeHT{.fl KoMleTeHqr4r4

Flauueuonanlre
oqeH0rrHqr'O cpeAoTBa

I4n4urarop Aocrr/DneHvu
KOMIteTeHIIt4I{

Pesylmarr,r o6yireuzr no
AI,ICUIIIIJII4I{E

3saer oco6ennocru coBpe-
MeHHOf O eT ArIA p A3BLrT.?rfl

6uolorau, luoxuutuu, 6uo-
TexHoJIOIril4, I,rx cB.fl3B c

HAHOTEXHOJI OrHflMVI, HA]IO-
Marepvralrarilkr;.

3saer MeroAbr noryqeHlr-s
HeopraHl{qeQKax, opf aHIIqe-

oKI4X v 6lrOnorra.{ecrlrx
HaHOMaTepI4aJIOB, npr{MerHfl -

eMbrx B 6uotoruu, MeAa-
III,IHE.

Yueer npoBoAurb noLroK
nu$opuaquu no npo6lel,rau

nauo6uorexuolor,ufi, r,e-
IIOMHbTM, [poTeoMHbrM r{

uera6olotr,tnrrNr 6asaNr,{aH-

IIK-i. folbsHoctft,

qenlr u
HaYTIHbIX

sanufi n

uunpoclEc,teunofi
TEXHI.{KI{. IJOOCHCI-

BaHHo nufzparr,
TeopeTl.rqecKue Lr

3 KC rrepr4 M erryrrrrb Hbre
MeTOAbr r.r OpeAcTrla

penreHr,r.f, o$oprray-
Jrr{poBaHHED( 3aAa.q

3naer
oco6eunocrz Quszxo..

xr,rMr{rre cKnx xap aKTep kr c. rr,rK

rFIaHOMaTepr4aJIoB, npr{Me.Hfl -
eMbrx B 6uo;roruu H MeAa-

qr,rHe;

lJuaer Bo3Mo)KHbre ne6naro-
ilpl{rlTHbre xrocJleAcTBkl.il

rrpnMeH.rreMrlx e 6prororua pr

MeAI,rrIHHe HaHOrrp o.ry/KTn[.rH
pI HaHOMaTepuilJIoB;

3saer rryTvla cloco6rr no-
Iry qellvrs, ilpr4MeHeHHt

HaHoMarepr4alroB B 6 uotot.uu
I,I MEAI{IIVHE.

Jrueer aHanlr3r.rpoBarr Jrrr re-
parypHble AaHHbIe Ha IIperA-

Mer orracHocrm u 6egolacuo-
cru HaHorexnonorraft pI

HaHOMaTepuanoB
Iha4eer MeroAaMz orleHtu,
MOAenr4 p oB aHus. u B, r43y urkr-
3A\Vu [pocTpaHcTB eHHb]X
crpyKTyp 6zonoluueporr,
HaHoMaTepr4iuroB ncKyc-

C'IBEHHOTO NDOI{C
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4. OE'bEM r4 CTltyKTypA AtrcqrrilJrr4Hhr

Alrcqu[Jr]rHbr cocraBr{rrsr 4 3ar{erHbrx eA}rrrl4rl I44 uacon
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I Bne4r rue s HaHo6uorexHoJrorx[o I tl

?.

2 4 6

2 Oco6eunocrpt Sr43HKo-
xr,rMr{qecKr{x xapaKTepvcTr,rK
HaHoMaTepr{arroB, npHMeHfleMbrx B

6r.Ionorzra rr MeAV IIrrHe

I ..1

il

4
2 4 6

aJ Hauoolpyxqypu Ha ocHoBe
6emog r{ ne[Tr.rAoB

1 5

6

2 4 6 PKl

4 Canao<l

HaHOCI

rryKJrer

o6upaxrrqzecr
pKyTypbr Ha ocHoBe
JIHOBbI.K KI{CJIOT

I 'l

8

2 4 6

5 Hanocrpynrypu Ha ocHoBe
noBep.4HOCTErO-aKTr{BHbrx BerrIecTB
II JIHTI]INOB

I 9

10

2 4 6

6 Hanocl
TIOJIHMII

6zoror

rpyKTypbr Ha ocH,oBe
]poB. Hauocrpyrryprr
'rzqecxofi ueu6paHu

11

ttl
2 4 6 PK2

Cunre:
BI,IPYCO

I HaHOCTpyKTyp c rroMorrr,bro
B I4 MHI(POOPIAHA3MOB

1 1:i

I4
2 4 6

8 Br,lorar ' urr4g vr nano6uorexnoJror.Ht I l5
IC

2 4 6

9 I "17

n8i

2 4 6 PK3

Bcero sa I cerMecrp: l8 36 54
IlanIa.rue s alz :cqurrJlr4Hc KITKP
l4roro no Arr0utrrurr4rle t8 36 54

I Pac
2fi^

:EI{I4E OOIIETO qT{CJIA qACOB, YK[I3iIH}IbIK HA NPAKTIIIIECKI4E 3ATUITIIII r V[I, C YqETOM rIIACOB HiI KIYKP
nyHKr Bl(JlroqaercMs a pa6ouylo nporpaMMy roJIbKo npz QoprrarapoBaHkru npo(peccraonanrr*x
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Teualu.recrcnfi n.rrau

Qopnra odyvenrar - orrHafl

Co4 epxanrr e JreKrlr{orrHbrx g ausrufi rro Arrcqun JrrrHe
Terra 1. Ilne4eHue s HaHo6uorexHoJroltruo
Co4epNaur{e reMhr.
I{elr z sa/.a'clr4 Kypca, crpyKrypa Kypcia, MeroArrKa ocBoeHrrrr Marep]riuroB K:ilpca" 'I'eu4eurlua

lI lfIocJIeAHI'Ie ArDcrLIxeHI{t B otitacru 6zonr)ruqecKzx HayI(. Oco6enuocrkr coBpeMer moro grarril
pulBurutl 6Horroruu, C,uoxuwruu. braorexHoJlorrrr4, rdx cBr3b c rra1torexHoJlofrlflMr4
HaHoMarr3pI'IilJI0MI'I. llonsrue "nano6zorexHo,rtor ts". Bo3l\,Io)t(Hocrtt uaHo6r,rorexHcrJlofl{'u.

Terua tL. oco6ennoc'ru Sz:suro-xz:Mr,rqeoKr,rx xapaKTetr)r4crr{K rraHoMarep}rarroB,
rlprlMeHteMr,x g 6zonorvtv v MeAzur.rHe

Cc,4epxzLnue reMbr.
Parpyruarrqne v Hepi*pyilaromue rIoAXoAbr K a*uru3y cor;epxaHr'r Harrorrracrr{rl B6uoodrer oqacrrarl n 6zolonzqecKrrx

o6palqaxru'orolfo Iio"?fi#::E,HlKJi
azS$epe plKpocxoflbl; rlonrpr4:rarl[oHHiur Mr.TKpocKorrrzfl:;
(pnvopecqeHTH€ul (rnouuuecqen'trar) Mr{KpocKo[Hr; MeroAEr 3orrAoBofi rrar.rrcpoc)Konr{]z; Me'orbn
trpocBeqPlBarorqerfi v cKaHvrpyrouefi gneKrpoHl{ofi ruurpocKorr4t4; xpoMar,orpa$zuecrze NreroA6r.

Mero,[nr. o6ner.ralo crr{rl B 6lronol'z.recrux gdpasr(aK: Mero!;
fljp-pgyl" eneKrpoHoB; uqecKl{x rlorepb aHeprr4t4 e.irexrpoHanrz
(CXII33); MeroA eneMeHr CXIIOO.

Cpanneuue aHanvrl{qecKllx xapaKlepr4crrrK kr s(flperrnnnocrz prrJrLrqrrbrx MeroAoB,
npr.rMeHreMbrx ll.rrfl AereKrlr{rr Hanoqacrr{u n 6uoo6teKTax.

oc'o6enn,octa or6opa dzororruecKoro Marepr,rana rnfl r;ereKrll4r,r HaHonracrr4r{ r}
6l{ororra'lrecKl{x :xl'IAKocrgx, KJIeltKax, cpe3ax rrauefi xr{BorHhrx ra pacrelnraft pasnz.rurrlr,tu Szsur<o-
xI'IMI'Iqecril4MIr MeroAauu. Cnoco6rr noArorr)BKl{ Szonoru.recxoro Marepr,raJra n 

"trilepa"Lrsr 
c

IIpI4MeHeIIIIeM lpil3JlllltlHbrx MeUOAOB, rD6eCueqt Baroqrre ]nyUirrgHs.q [pe.U:ena AeTeKIII4r4 U
HaAexHoorz z4 euru$vKarlur4 Harroqacrr.rq.

Teua 3. I{auocrpyKTypbr na ocHoBe 6ermon, u rrerrTuAoB
Co,qepxaHr.re reMhr.
flp:auqznr,r o6pasonauus 6erKoebrx KoMrrJreKcoB.

llpuuepu rpupoAHhrx cyflpaMo,rleKynrpubrx 6e:rKosrrx
sa4aunoft hpxrarexrypbr Ha ocHoBe 6emon u [enrr{.roB.

Olurouepz3auprs. r{ arperarlfir 6enxos.
ancalr6nefi. trInNeuelrzq nairocrpyKryp

Eenonue Ka[cyJIbI u vIX [pLIMeHeI{rne. Kancynrr Ha ooHoBe $eppu:rurra; marreporroB;
Bl4pycHbrx KarIcIzAoB. I'IcnorHioeaHl,Ie Il KarrecrBe peaKTopoB AJrn cr.rHTe3a rle6enKorsrx
HaHoMarepI'IarIoB; B KaqecrBe r<oHreftnepoB Ans AocraBKLr neKapcrp. Hanpannenuar rrlofrztf rrKarJr4fl
Karrcyn.

.{pyrze derucoBrre HaHocI4creMrI rI Lrx [pr,rMeHeur.re. @uraueurbr rlprrocKener:a. IilerrrzA]rbre
uanorpy6nu. S-cnou. I4cnonrgonaur,Ie B I{aqecrBe o4nonrepnrrx v AByMepHbrx Marpnq AJUr
c aMo opf aH lrsa\vv Han o o 6r eKro s.

fnt5pa4""te HaHoMarepl,Ianbl o yqaorr4eM 6emon v re[Tr,rAoB. flpupo4nue
HaHoKoMno3t4THbIe cllcreMbl (roc'rHax rKaHI;, ooeAr.rHr.rrerbHarr maHr). Cusreru.recxu" ira6p"Arrbre
HaHoMarellrIaJIbI Ha ocHoBe 6eiltos u nertrrl,4on, BosMoxHocrLr ucrroJlb3oBaHvra ts MeAr.rrIIlHe r,r
TEXIII,IKE.

_ 9nacroMepHble 6enrra I,I Bo3Mo)KHocrrr r{x r{crroJrb3oBalvrs,"B HauoMexaHnne. Mo4yJrbrrbre
6elxu B rllpr4poAe. Tutuu, $u6porrerrun. (Jrpoeune r{ MexaHr,rqecKr,re cnoficrna. Mexanocen.oprrur.
cucreMbr. lrlnxenepr.rr MoAynbHHx 6erxoe c 3aAaHHbrMZ CsOftCrnaMlI..

Teua 4. clz'r.roco6uparoquecr HafroorlpK'yrypbr Ha ocHoBe HyKJreruHrJBbrx KrdcJrr]T
Cop;epxcanrre reMhr.



HyrneuHonrre KllcJrorbl (HK). .llpnurpnu crpyr<rypuofi opraHrrcarlmu. llpHnner<crr.
Kna4pyrrner<crr, KareHaHbr. OcoSeusoc)rr,r crpyKrypnoft opraur{3arluu FHK: 4nyrml{eBbre pHK,
br'opnqHat u rperuqHar crpyKTypa ol:HclrrxeBbrx PHK" lFlexauoHra.recKlre ssauMo4eftcrBvtsr'.
Llluullrll, [ceEAoy3JIbI, crpyKlypupoBaHllbre rrerJrr{, MoJrHr,rr4. Anranaeprr. Mero2pr cprurega HK"
MeroAu rolyrreHr.rr rausopmaqvu o crpyKType FIK.

Clrpyr<rypnas .{HK-uanorexro,roru{. fleperpecl MoneKyrhr AHK:, ;1uy*r.prrur.rloBepxHoctu. Cerxr'r Ha ocHoBe ,{HK-Ira.uoxecrn: DX MHo)KecrBa: Augaftu u carrroc6op'<a nnocru.x
Kpl'Icr€ullon [F{K, rrao4zQzxaq]rrl{ rloBepxHocrl4. ,{HK nanorpy6r<n: puzafiu u xapa$repr.rcrr4Ka,
cpaBHeHHe nperlMyl{ecrB a HeAocrarKoB rro orHorrreHr.rrc K yrnepoAHhrNr HaHorpy6;nall. ['u6pz4Hue
MaTepr.rarrbr.

Marepnanrr c Ilpocrpatrcrseunofi opranrr,r3arlzeft. l{pyrze MHoxecrBa: ]:ra ogr[oBe rpex.,
IIrecrI4 yrfonbHr4KoB, Bo3MoxHoorb rronylreHr4rr prexMepHbrx Marepkiuron. ,{HK_oprrnaMrr, u 

"ru-"rr,,oii uzra FJK, Nr
tte ycrnoi.icr r). )

Ocnoea .B

cr4Mhrer,rTer{ typo_3aBl,ror4MbrecllcTelMhl
Konrpolrlephr Ha ocHone [HK: npIrHIIr{[ pa6orrr. rlepnrre ((KoMrrbrorepbD) Ha rrix ocEroBe:MAYAI ll MAYAII. Crpaterr'rfl pasBvrrr4n. @ynrxqr,roHaJrbHiur flHK-neurorexHonorr.rx" l{HKsHn6i.O6que olpeAenen us u csoircrnau.
Ilprlrnqr'rnsr co3AaHus MarepI4anoB c racrroJrffioBaHr.reM /]HKsnrraon, MonercynrpHbTe Morollhr pr

Apyr[e ygrpofiorea Ha ocHoBe.I{HKsvrraon. P[6oszNahr rr r4x Bo3MoxHoe ucrroJrb3oB.Hr{e
Teua 5. Hanocrpyrcryprr Ha ootroBe noJrr.rMepoB. HanocrpyKrypbr 6zo;orraqecxoiii

rraeu6panrr

Co4epNanze reMbr.
Cloco6u 

'ronyqeHl4t 
HatHoMarepu,aJloB Ha ocHoBe carraoco6uparoquxc.rr crpyKTyp vr-]i

roBepxHOcrHO-aKTkIBHbrx BeIrIecrB (nzuu4on) u 6uor<aran11*atopo,u. OSoOeu"oct'
(pyurqzo.nupoB,aHr4r S epr'renror, 3aAaBaeMbre HiIJr r,rqueM Marpr,rq HaHopa3MepoB.

Teua 6. llauocrpyrTypbl FIa ocHoBrJ rrotsep)Hocr'o-aKrr4Brrbrx BerrlecrB r4 Jrr{[a.qoB
Co,4epxanu4e reMhr.
Hanocrpyrcrypu 6zonorzqecrcoit na:elr6paHrr. Jlunz4ur,re (rvronocrrou,6uclow), 6ermonrre (g

T.q. peqonropr,r, KaHaJrbr, ATcDasrr) Erarrocrp)/Krypbr. Ocodenuocrlr Sasonrx [epexoAoB B
uenaoparn$rx cllcreMax. oco6ennoclrl HaHocrpyKTyp, Jre)Karrlr4x B ocHoBe gJroKTpsrrrgcKr4.K rr
perlenropnux csoftcrB KJrerKr,r.

Tema 7. czHres HanocrpyKTyp c roM:orqbro Br.rpycoB 14 Mr4KpoopraHr.r3MoB
Co;qepxanue reMbr.
Oco6enHo'crl'I crpoeHufl BtrpycoB: [iaroqKoBrrAHhre r.r r4KocaeAprzsecKrze nzpycdr" Bupycrr,

llcrloJlb3yr3Mble B HaHorexHoJlofkIt4. Izlc.nomgosaufie Br{pycoB AJUr HaHoKol]crpfnponartur:
xI'IMtI'IrIecK:aq II I'eHerl4tlecKat rrlo4r'r(puxaqvt EI,IpycoB r4 Br.{pycono4o6unx qacrurl. Mero,azqecKrae
noAxoAhr r uo4z$uKaIIHLI BIrp)/cHbIX crpymrypHrrx 6enrcos. llpuue'rr uo4u6.arcaqrzr{ Br,rpyca
Mo3auKI'I unernclft Ka[ycrEI: [pacoeAlzlreHae rrerrrl,rAoB, 6enron, artrkrreJr, pe)AoKci-aKTI4BrrbIX
MoJIeKyJI, onl4lo.tlyKneoTrrAoB, KBzlHToBbrx TOqeK, EIaHoqacrrIII I{ HaHoTpyfiox.

I'Icrtolrgonanze BI4pycoB Anf, co3AaHrtt ru6puyHbrx HaHoMarepr.rarroB: rraHorrrroBo Aa pr

sqeiiKu rIaM.[Trt Ha ocHoBe tsTM, rzrufi-uorurue aKKyMyJurropbr lra ocHo]le { ara M13.
TlcnonrgosaHl'Ie BI4pycoB B Kaqeclee 6lrorrlMtrJraroB Als co3AaHLrflytropfl)\orreHHr,rx.HaHocjpyKTyp.

Bupycuue HaHocrpyKTypbr B MeAI,Iquue (nonyqeur4e aHrr4Tgn u BaKrIr.rH; HaHoKqHTeftuepu;
arpecHu AocraBKa lerapcrn) u 6nonorau (u[enru$vraqux 6zouonerxyJr H [o].rcK adlrfzurirm
rr'tuuleneft): llprzuqun MeroAa reHerlrerocKoft rcou6zuaropnrz (phurg. display, biopanning),co3AaH[e c [oMorIIbIo Saronorc cKprrHr.rHra. Torcczquocrb u rzMMyHoreHHocrb
Qzronupy Hepeureuurre rtpo6ne*", 

"cnoou:ioBalprs.Br4pycHbrx 
Hauorraca14rl.

Bu; 3MoB, cnoco6urrx K crrHTe3y HaHoMarcpuanoB. Oco6enuocrz
uera6olu:lMa Ma.lrHero6axrepzft, rlo3BoJrrrorrlrre or4HTe3zpoBarb HaHoMilrep vraJrbr. Mojnfiurcaqzx
MI'IKpooprilHI{3MoB Aff cI'IHTe3a HaHoMallepI4aJIoI}. Cunres [oJryrrpoBo,q]r]rKoBbrx Mareprr4nor] B



reHerHqrocKll I43iMeHeHHbIX MLIKpoopfaHLI3IvIax. IrlcuolreoBaHr.re rrap"UzlplrqupoBaHHbrx oarcrepufr 4nn
AocraBKllr HaIloMarepI{&JIoB B xI4ByIo KJrerKy. flpanrra.recroe [pr4MeHeHr.re HauoMarep]r4Jror],
cr4HTe3I,I poBaHrrbrx B xLrBbIX opraHr43Max

Teua 8. Bnoxaralus u uatrolr,rorexrroJrorrat
Co4epxaHrre reMhr.
Hrcsrre Bo3MoxHocrra 6uoraraJrrr3it s HaHo6raorexHoJror{u. (Deppouarn.rdrH!,xe 6elxra u

Sepuenr:u. BuoslertpoKaranl{:i u nano6uoceucopbr. Br,rorcarana3 14 sHeprerrrKa. Er,roxarar14s xr
gKonornfl. PerucrpaqvIfl. B3auMalleftctsu'in aHTI4reH-aHTlrreJro c x4cnoJr63oBaHr{eM (lepnrbnrarvBHor()
CLIHTe3a nOJIHI\4epHbIX HaHOCTpyrKTyp.

Teua 9. BoguoNnnre ne6rarolpplr.THbre rrocneAcrBrl.f, rrpr4rleHreMl,rx
MeAr4rIr{He HaHr)npoAyKToB r4 HarroMaTepr4aJnoB

Co4epxauue reMbr.

rB dnonorr,tu )d

{prryppecqerrqrau

Passuru,e clrcreMbl gano6r,Io6e3orraorlocrLr s Poccuz r{ Mr.rpe: uc.t:opvs. Bonpoca n{ cocrorHr4e
npo6nerrarr. @ra:ur<o-xzMI4qecKl{e csoficr:sit flaHoqacrllrl, c KoroprrMl,I oBr3brBaror rrorg1rrlr4an]bHbre
ue4Iaxo-l5uonoF.[rqecKl'Ie pLIcKrI. Kparxzft o6sop ]trccJreAoBaHzfi ue4zro-6raonorrnqecruk s$$exror.,
Bhr3blBaeMbrx E[aHoMarepvalraMw. Ocuonu npraurroft s Poccuftcroft @e4epaqzu Kogrlerrlr4r{
ToKcI4KoJrorx'IqeoKI{x t4ccneAoBanzft, naetculoJlolur4 orIeHKr{ prrcKa, MeroAoB upleutursnrarJkrkr kr
Ko.[I{qecrBel{Ho]o olpeAeJIeHLIs HaHoMarepnanoB. Anropzrrr,l orIeHKr4 (upe4crasannr) gnacHocrrr
HalFIoMarepI{aJIoB AJUI 3AopoBbt qefloBexa. TorcuxoJloro-ftlrt4eHllqecKafi I4 MeAaKo-6uoloruqecran
oIIeHKa 6,egonacnocTl{ HaHOMaTeDr4aJIOB.

coqepxaHr{e flpaKTr{qecrcux,i.rra6oparopurrx sausrufi rro AHcrIunJruHe
Te,lra 1. Flano6uorexHoJror[r{ B r{3yqeHuu 6nonornqecKr4x uerra6tran
Q6r4epxrar+ue [paKTntrecrlx/la6oparopHbrx sausrufi..
AHarus pa3MepoB KJreroK MeroAov{ :rraaepuoft 4ra([parqzu.
Tepra 2.,[\eirunue nanoo6ireKroB rra 6uonorr,rqecKre crpyKTyphr
Co4epxanv e npaKTr4rrecruxhaSopar,opHbD( saufl twir.
Zsy'reHIle roKcl{rlHocrl/t HaHor4alepHiIJIoB c rlcloJrb3oBaI{I4eM

Mr,rKpoBo,4pocneft.

Teua 3. .FlauobzorexHoJrofrlr4 B MeArlut4He
C o4epxal[ e ilp aKTr.rqecrzx/l a6 oparopHbrr. sa:asruit.
l4ccneAonauue (foro4I,tranauqecKoro 4eficrnux HaHoqacrurl cesculutn3iaropo]l prBHbD(

Tr.rrroB Ha Mr{KpoopraHr,r3Mbr.

Te rua 4.'l'eopervqecKr.re aoneKTbr sano Suore)rlroJrorr{t4
Co4epNarrue ilpaKTvrrecxz x/na6opilTopHbrx sausruit .
Conpelreuuble acrreKTbl MoAeJrr{poBaHr,r s 6enor-6enxosrrx siazl.{o[eficrsljrfi



5. OltIEHOqHhrE CPEACTB A l,JtlrTEKyrrlEro KoHTpoJtfl ycrrnBAnM,ocru,
IIP O]VIEXYT OqH O fr NT TN C TAIII4I4 IIO I,IT O XAM O CB O Ei HI4fl A T4 C IJUilJI}IH bI
fl yqIEEH0-.METOAI,I[IE CKOE O]EE C]IIEqEHI,IE CAVTO C TO fl TEJIbHOfr pRS OTrr

cTyAEHT0B

5.1,, Teryrqnfi rconrpoJrb ycrreBaeMoclu
JSoupocu r< pefirunr-rornpomo 1l

.t . flaft 're olpeAeneHr{e r]roHflTt4ro ((.rraHoMarepr,ranbD).

11.. Kaxue xapaKTepricrr4xr.r HaFrourarepr,rruroB srr suaere?

ii"Kaxue xnaccraszrargru HaHo.Marepr{nrroB Bbr gnaere'/
:rnacclr$rarat;Jnvr.

tl. Aafi're rnacczQzrarluro HaHoMarepr.raJroB uo $opue r4 pa3MeprHocrr{.

li. [afi:rr; rlaccraQrararlu ro Har{oMraropr.raJ]ron no r{x lp]rpoAe.

6.8 qel,r cueqz$zxa dlynneperroBbrx crpyKryp? Kaxoe
:luaere?

lt. B .reNr oco6enuocrb ylnepoAHr;rx HaHo,rpy6ox?

8i. flpune4ure [pr.rMephr ronzMepH 6rx HaHoMarepr{aJroB.

llpzne4rre ocHolBHbre

9t. Karue oco6eunrre cnoficrea xapiaKTepHbr AJlfl nauonopomron?

I0. r{ro raKoe ((KB&HToBrile roqxn>'Z

I 1. Ifo'rr:uy fipurroBepxHocrHhle aroMbr BJrr4rror na cnoftcrea Hago11opor6rcs?

12.Kax.nvru BeJII,IqLIHaMI4 xapaKTepa3yercr Ar{c[epcHocrb Hano]\darepuaron?

13. Kax I{ roqeMy v3MeH.tlorctt cnofic:rna qacrr4rl (uepevuorzrr) npn r.r3rueneHr{rrr ux
paruepa?

14. Ilepe.rncJrr.rre HaMepeHHhre r{ HeHaMepeHHbre krcrorrHr,rKr,r 1,oilaraHufl
arKpyxiiloqyrc' cpeAy.

l5.Ilaec'nprre ocHoBHEre HaMelleHH'Ie I,Icroq'rrKr,r ,tola,ua'r,,q

nprr:MeHeHue $ynnepeHaM Bhr

Har{oMaTep[turoB Bi

rIaHoMaTepIIanoB
oKpyxiuouyrc cpeAy.

15' IIepe'rzcJII{Te ocHoBHbIe :ag,n;,ervrs\ B Koropbrx yxe ceftqac r4c+on6ymrcrr
HaHOM€tTepI{aJxbr.

17. Karzre uau6onee paclpocrpal{eHHbre MeroAbr rtorryqeHvr yr.r.repoAHb]rx rraHoMalepr4anoB
nsr gHaere?,.{aft re r4M KparKyro xapaKrerpuqrlrK)/.

1i8. ouumzre xLIMI4qeoKue It $asluecrze MeroAhr rroflyqeHr4s lopc)rxKoBhrx
HaHOMatTepr{arroB.

19. onuluzre rIoreHIILIilJrtbHbIe r.ror,orrHr4Kr.r ilor.araHus. HarroMa:rcpr4irJroB r] oKtrDyxarou{yro
cpeAy.

20' E qr:nr cocrollT KoHllerrqru a4pr:ouoft AocraBKr4 nerapcrn? I{.arne ga6o"uenaull,{ MoxHo
6y4er reqr.rrb c rroMorrlbro grofi rexuoloruu?

21. Kanrzu o6paaou HaHoMareputirr,r nrJraur{pyercrr r{crroJrb3r]Bar6 )\nfl nael4rlqanoxoft
AIrafHoo'rI{Kr.I, JrerreHr4s 6oneguefi, 6zoconnrecr[Mbrx HaHoMarepzalon?'

2ll..flpunegllTe rlpuMepu paspa6oror(, vcrIonrcyrou1ne HaHoMar()pLraJrbr,4Jrrr oqr4cirKrr BoAbr
r.r Bo3Ayxa.



23 . Ormrnure aHTporroreHHbre
no6o.lurrx npoAyKToB.

npoqeccbr, BeAyrrlrle rc o6pa":on anr4ro HaHoMareplrturoB, KaK

n QqryNarcrqeft

Karue ruaccz$rErcanprr,r KoJrJror.rAHbrx

',24.Kax.ne npflpoAHbre npoqeccbr BeAyr x o6pasonaHr,Iro Hi]Hoqacruu
cpe4e'?

'.25. lafiie olpeAoJreHlre KoJrJrorrlllrhru cr{creMaM.
CI4CTelvI Cyqe,crnytOr?

HaHOM:aTepvruroB

Harroqaclr4u B oKpyxarcqefi cper4e.

r{enefi B Mwparlurr r,r aKKyMyJrflrJur4

26. llg:p eril4cJrr{Te o cHoBHbre cnoiicrna Ko JrnoLrAHbrx crrcreM.

127. onmmure, rro KaKzM MexaHr,.3MarM [pore*aer Koarynrqrrs soreft.
118. Kanr.re csoftcrsa xapaKTepnhr AJr{ aeposonefi?

2l9.frpz;neyl4Te Bo3MoxHbIe MexaHLI3Mbr aA'er'r.r HaHoqacr.r4rl B rropr{crr;rx cpeAax.

3i0' onalrzre BJIt4tHVe ocHoBF.tE]x a6uorz.{ecxux Qarropou Ha {lraszxo-xlrMr.rqecKr4e
cnoficr:na Harroqacrl4u.

l]olpocn x peftrunr-nonrpomo 2

1. Ilepulucnzre ocHoBrrhre BnAr;n nsararaoreficrBvrfl
oKpyxarcqeii cpe4u.

2,. flpunegure cxeMy Mr4rpaqr{v

3. Karona ponr rpo(flrqecKzx
xr{Bbrx opraunsuax?

4. llepe.rucnr,ITe ocHoBur,re MexaHkr3Mhr
Suonor r,I.recrzrx o6rexron.

IIpOHI4KHOB eH.vIA W BbIB€)AeHLIfl HaII OMaTeplrilJIOB Lr3i

5. .{aftre orpeAeJreuze 6uo4ocryln Ocrr4.

6. Kaxr're cnoco6rr ilpoHI4KHoBeHLt.f, rraHortacrl,rq B opr.aHlr3M geJrroB€K€r Bbr 3rraere?

7 ' otv.';u'.e cxeMy rIolaAaHI{{ Harloqacrr4rl B opraHr43M qenoBeKa qepe3 ABrxarenbHbre
nyT'r{.

8, oururure cxeMy rIorIaAaHLIs Hialr:oqacrr,rrl B opraHra3M qoJroBerca qepe3 KoxHhrfr rroKpoB.

9, flpune4ure cxeMy I{ orlllrr'4Te rlyrl{ 
''epeMe,,leHu.s 

HaHoqacr]rrl B opraHrr3Me qrerroBeKa.

10. KaKrcerr Bo3MolKHbIe rryr]I BbII]eAeHr,r{ HaHoMarepuaJroB r.r3 op1aHu3Ma qenoBpK4.

1 .t. r{ro paccMarplrBaer gtKoroKclll(oJrorur, KaKoBbr ee ocHoBgbre uanpannenux?

lll' Kar0nrr BpeMeHHbIe paMKI{ ptl3nvrrrrs. HaHoroKcr4rororr,rz? B; xarux crpaHa{ r{ KaKr,rMrr
yu€Hrrvna co3AaBanocb Lr pa3Br.lluurocb o,ro .HarrpitBneuue?

I !i. Oxapalcrepusyfire reMrbr pasBprltvs..

1z[.9ro flBlrflerc . o6tenrou krg'.yrrelvrs. HaHoroKct4KoJroruLr r4 B qeM
TOKCI,IKOJIOFI,II4.

c o6relctarvrpt

HaHOMaEepr{aJrOB Il

ee o'uLl,Ique oT

TOKOIIqHOCTI4
15i. rlro raKoe roxcIa.rHocrr? KaNne [apaMerpbr [oKa3];rBaK)T, creneHr;

neqectn? Kaxrrre BvrAbr roxcrlqHocrr4 BhI snaere?

l6i. Onuurzre cnoco6lr lprour4K]rorrcHvrfl.HaHoqacrr4rl BHyrpb xznofi KJrerKr.r.

17. 
-[IpuneAI4Te 

rlplzMepbr rroJroxr{TgnbHoro 6zororv.recKoro 4eitcrnwxrraHoMa.]tepuanoB.

18' flepeuucJrrzre MexaHr.r:tMbr roKcr{qHoro 4eficrnzn HaHoqacrr.ru Ha KJrerKV.

19. onuurure MexaHllsna o6pasonauus cno6oAHbrx paAr4KaJr-oB c'yqacrr4eM Mera{JxuqecKr4x
LI yfJrepoAHhrx HaHoqacTLr rI.



l0

"20' 
flprzne4nre npI'IMepbI ToKcl4qeoKorc,4eftcrwrr Ha'oMareprraJroB H€I M.rreKo[rrraroxvrx.

12l' 
-flpuneAllTe 

npLIMepbI ToKcl4qeoKoro 4eficrnzx HaHoMareprraJroB na 6ecnosr]oHoq',"rx.

"22. 
frorcaxvlTe BlrvIflHvre cnoco6a Alnc[eprr.rp oBaHvrs.Ha cro'eHb roKcr4qHoorl,r Ha.oqacrr.Iq.

123' flpunegl'ITe rlpl{Mepr,r BJruflHLrfl HaHoMarepr.rurnoB na rrrurpo(i[onorrdqeoKyro aKTr4BHocr6
tloqB.

114. Karau o6pasovr HaHoqacruubl Moryr Herarr.rBHo BJrr.1f,Tb ua.pacrenzx?
ll5. or I(aKI'IX a6raorrl'recrux lparropoB 3aBr4craT ToKcrrrHoprb HgrHoMarepziuron?

)L6.HeM, orJll'Iqarorct l{coJreAoBaunr in vivo or r{ccJreAoBaHufi inLvitro?
217 ' otnnmre poJlb pa3Mepa u rl'crlepcHocrr.r 

',prn 
o',peAene''orr roKc]rqHoorr.r"

218' Kamalr o6pasona tBeJII'IqilHa KoHqeHTparl[rr BJrrrrer ,sa roxczqnrrd cnofi:crsa
tanouitctzq?'

2.9"l1puyegrdre rrprdMepbr, KaK ToKcr4q'ocrb 3aBr,cr.rr or Sopnru qacrrru.

30' IGlyro ponb B oIrpeAeneHI{I'I ToKcl4qHocrr4 rarpaer cocTaB n ceoficrna HaHoMarep uwtos?

Eloupocrr rc pefirunr-noHrponro 3

1' Paccmaxzre o $ra:lrluecrzx IroKa3areJrsx npv orleHrce pvcKoB qos4eiic:rnzr:
EraHoMilTepr,raltoB Ha oKpyxarcqyro cpeAy.

2'Karcu;e Szszro-xlIMI4qecKl'Ie xapaKTepr{crrrKr4 HaHoMarepr.rnJroB nc[oJrb3y]orcr rrppr
orIeHKe pracron?

3. onrnmure MoJreKyrupuo-6zoJlOrrd{€cxr{€ Lr qrlroJroft4rrecKr4e
[crronByeMbne rrpt4 orIeHKe pr,roKoB sosAefi crnl{f, HaHoMarep]raJroB.

4, Kaxr,re roKcl{KoJrofr4qecKae v gKoJlofzqecKr4e noKa3areJrr4
ucrron*yroTcfl npr{ orIeHKe pucr<on?

5. B 'rtlrd 3aKJlloqarorcx npo6reMr;r rl oco6enuocrr{ ToKcrrKoJrorzqecKLrx:
HaHoMarepuauon?

6. flpzne4rare [oAxoAbI, I{c[oJlb3yoMbre r] perue'r.rr{ BorrpocoB KoaryJurrlml
cycrreHsr{qx Pr aSpo3onrx.

7' Kari're rIoAXoAbI IdcrloJlb3ylorct rrpr4 nndope Ao3br B HagoroKcr6onorau?
8. Karurnlra MeroAaMr4 orrpeAeflsrcTclr Ao3Br B HaHoroKcprrcorolztt 1)

9. onurnure Ha3HaqeHve u Susluecxrze ocgoBbr npr4MeHr€)Mbrx
MeTOAOII rrccJI,eAOBaHUr HaHoMaTep[ilIoB.

lCt. 6un". xpoMarorpa(fuvecxze Mero.{br
HaHOTOrCCrnolorrau?

I 1 . Ilepe.rucJrvre c[eKTpocKorr[qecrs{e MeroAbr,
B oxpyxarorqefir cpe4e.

13" Kaxue ocHoBHbre ycnoBr,r{ Anr BogHr.rKrroBeHuf, pr{c
3AOpOBbe qe[oBeKa r.r oKpyxaroulyro cpe4y?

14. Onuulure ocHoBHbre npo6nev", " ou""ne pr4cKoB
oKpyxaroqyro opeAy.

xapaKTepr,rcTkrlKvt)

pr4cTt4Kr4

zcole4onanr,rfi

Hal{oqacTzrrl B

Mrr4 KpocKprrr4qecKux

uara6onee pacilpocrpatnerrbr B

ac[onb3yeMbre AJrr n3yverrv.s. HaHOqacTHrI

xa nos4efi r)TBlas. HaHoMarep[iuroB Ha

nos4eftcrnzr HaHorvrarepnanon na

AKTE

12. [airu<> olpeAeneHr,re [oH{Trrro (prrcK). Kaxr,re Br.rAbr prlcKoB u,r guaere?



l1

l5' llepe'rncJlIlTe ocHoBHbIe gralrbl oIIeHKnr pt4cKa sosAeficrsuf, HaHoMarepn:aroB"

16' onrrruure xrl3ueHusrfi quxl rllauoMarepr.raJroB. o' .rero 3aBkrcv-t pr4cr( 4n,flepcoHana, HaoeJreHLr.f, rr oKpyxaro[1eit r:pe4rr c yqeroM xrr3HeHHoro ul,lKJIa?

17. Karcpre ocHoBHbre rroAxoAbr peiurrr3yrorc.f, Arrs [peAorBparqe.Hrrr
Hanovrarepr4 aJroB n aruoc(pepy pa6oveft 3oHbr.

18. Yr<axure oco6eunocrr [pxrMeHeHr4f,
,4hrxaH|Irf, r.r x:oxrla pyK Aff 3arrlt4Thr oT rro[a,rlaHr4fl

.[9.Onvrnure corlkran];Hhre pucKrl
HaHOMaTepr.riuroB

3AOpOBr,fl

UONAAAHI,Ifl

5'2' rporvlrerr(yrorrHafl arrecrarlufl rlro r,rroraM ocBoeHr{{ ArrcutrrrJrl.rH u (ercsaueu).
L flpe2luer Lr sa1a'tv Kypca.

2)' ocnoanrre rroHtrr4t 14 olpeAeneHus..r,aylo HaHoct4creMax 14 rrauo6zorexHoJron{rr.
3' . I4crctput Bo3HI{KHoBerrur HaHorexHoJrorl{r4.

4. flpzrraeprr Hanoo6reKToB r,r Harroc?rcreM, x{x rexHzqecKue ,,punoxeHrzr.
5. O6nercrrr r,r MeroAhr nano6r,rorer"ooo.,"".

6. flpurlqurrbr r{ [epcleK'rr4Bbr putB)nrr4fl riauo6raorexHonoF'r{.

7. O cnonnrre ilprl Hrlr,rrrrr S opunpo BaHvrs. Hafrocr{creM.

8. rlporlecchr [oryqeHz.f, HaHoo6r)eKToB cBepxy BHr.r3. MexanoaxrprBarrvrfl.n

9. llpoqeccbr [onyqeHras HaHoo6r,eKroB cHr.r3y BBepx.

1 0. flpr,rrlrvmr rr o JryrreHv f, t;t cr a6u nus arfnkr H aHoqacrr4 u.

I 1 . HaHouarep[anbr r.r rrx KJraccrarfurcaqzrr.

112. Heopraur{qecKr,re u opraHrzqec)Krtre (fyrrrcqvonanbHhre HaHoMarepr.ranE,r.

I 1). fz6 puaHbre HaHoMarepr{anbr.

l'1. HanocrpyKrypr{poBaH'bre lD,,2Dv 3D uarepprurbr.MpnexynxpHhre cr,rra.

11i. F{auonoMrIo3LITbI I{ IIX cl,InepreraqecKue cnoftcrna. KoMnosu:rHbre HaHorvrarepra€rnbr.

16' Paspyruaroqre I'I Hepa3pyl''alo,'u,Ie DoAXoAhr K aHanr.r3y coAepxaHLrr rfla'oiracrr'rl B
6uoo6rer<rax.

I i/. Mero4u leMuorroJrbnofi olrz.rerorofi rvrrdKpocKolr4t4

1 [i. Merolrr xonsoxanruofi nar.rrpocKolrrr4

1 91. MerrcArr lasepnofi cKaHr,rpyrcDleit uzrcpocKorrrar4

2 Cl. IVtrero Arr unoro 1p oromsoft Mr,rKpc,oKorrrn4 ;

2l . klnr e>p SepeHrlr,roHHrrfi ronrpaor;

22. IlJupunr cLr creMhr;

23 " [u$ $ epeurluanrHhre uurep(f epenqr4or]:Hbre Mr.rKpocKorrbr;

24 " flompwarl[oHuas Mr,r]KpocKorr arr;

25. OryopecrleHTHas (nrouzuecqeurnar) MrrKpocKorrru;

26. Mencutbr 3oHAoBoft uumpocr onnu;

cpeAcrB ran4r.rnu4,galrHoft 3ailIriF6r opr.aHoB
HaHOMaTepr.raJroB B OpraHr43M rrepcoHana.

pa3BtrrLrfl HaHorexHonoruft Ln .BHeApeHLtril

MIEXAHOCIIHTE3.
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27 " Mer olbr npocBeqzsarcueft u orKaHr,rpyrculefi gneKrpouuoft MprKpocKonrupr ;

2 8 " Xpouarorpa(f uuecKr{e MeroAEr.

29. Melo4 4r.r(fparquu eneKrpor{oB;

30" CrrerrpocKorlIat xapaKTepr.rcrurrecKrix norepb oHeprr4u oJrer(rpoHaMu (CX[33);

31. Mero.q sJreMeHrHoro Kaprr.rporraHvs. Ha ocHoBe CXII33.

32.CpayneHl,Ie aHaJrurrqecKr.rx xapaKTepucrr,rK r{ e(p$ercuanrrocrrr pa3Jrr4qHbrx MeroAots,
rrpr{MeHreMrbrx Anr AereKu}rr4 HaHoqacrr.rq n 6uoo6reKTax.

33.Oco6euHocrll or6opa 6uorolrrecrKoro Marepr.rana AJrfl AereKnlr.rn HaHoqacrr{q B

6uolonnqecKux )KI,IAKocrtx, KJrerKax, cpe3ax rranefi xtr4Borubrx I,I pacrerrrztft pillluvurrvrz
Snsr.rro-><nMulrecKr.rMrd MeroAaM[.

34.Cnoco6br floArorosxu 6uorrorr.IqecKoro Marepr4aJra K rd3MepeHrrfiM o qpr4MeHeHr.reM

pa3nuqHbrx MeroAoB, o6ecneqvearcxlrae ynyqmeHr,rs lpeAena AereKrlr.ru 14 HaAexr{octrl
z4enr:u$uxiilLrr{ rraHoqacrr4rl.

35.HauocrpyKTypbr Ha ocHoBe 6r:"nros 14 nenrr,rAon. llpunqunrr o6pasonantrts.6erxosrx
KoMnJreKconr. Oruaroueplr3arl[r u arperarl]rs 6enon.

36.flparraepu np[poArrbrx cy]rprzrMoJreKyn {pHbrx 6erronrrx ancau6te.ft. I,IuNeneptu
HaHoorpyKTyp 3aAaHHofi apxlrrerrypbr rra ocHoBe 6emoe lr lerrrr,rAor].

37. Eemosble Kalcynbr r{ r{x nprrMeHeHr4e.

38.r{pyrr,re 6euxosrre HaHocr.roreMbr n r.rx nplrMeHeHkre.
fleuru4nrre uanorpy6rz" S-cnou. trIcrromsosaHvre B rcaqecirBe

Marpzrq Anfl oaM o op I auu3ar\krkr nano o 6r eKros.

@raraMesu,r irrar:ocxeleril"
OAHOMepHhrx u lltsyMepHbrx

39.fz6pu4urre HaHoMarepuaJrbr c yqacrr,reM 6enKos u nenrr.rAon. .llpzpo4nrre
HaHoKoMno3iI,ITHbIe cplcreMbl (rocrntur rKaHb, coe4nnnrdJrbnail rxaur). Culn'rerpr.recxrr:e
rr,r6pn 4Hrre I{aHoMurrepualrbr Ha ocHc)Be 6em:on r,r rrerrrt4Aos. BogNtoNHocrI,I .aono'il,:losauvg. B

MeALIIU,IHe I{ TeXHLIKe.

40.3narlrouepHbre 6elru kr Bo3Moxffiocrr,r r4x [clorb3oBaHpr.r{ B HaHoMexaHr4Ke.

Mo4ynrnue 6erxu B rrpprpoAe. Turuu, Su6poHexrzn. Crpoenue rz Mexannr{ecKrle ceoficrna.
MexanocenoopHbre clrcreMbr. ?Iuxenepuf, MoAyJrbHux 6e.lmon c 3aAaHHbrMpr cnclficrBarru.

4 1 . FJlyrnevrroBbre Kr{cJrorbr. flpunrgnrr crpyKTypHofi opraHus irrJr4r4 "

'42. Tpnntercrt. Kna4pyrrneKcbl. Karenannr.

,43. Oco6euHocrr,r crpyrrypuofi op.a"rusaquz PHK: AByrff(eBbre PH.K, qropr,rqHar u
Tperr4 qrHar crpyKTypa oAHorsxeBbD( PHK. lFlexanonuqecKrz e ngauuoAeficrnr4trl llluumxlr,
rrceBAoy3nbr, orpyKTypltpoBarmbre rrelJrrr, MoJrHr.ru. Auralrepr,r.

,44. Melolbr clrHTe3a HyKnevHoBbrx KrrcJxor. MeroAu [onyqeHr.rs zn(poprraiur;u?r o crpyrType
HyKneI,IHOBb.D( KTICJIOT.

,45. Crpyrrypnax [HK-uaHorexHorrorzq. lleperpecr MoJre]Kynhr AH.K, /]rryxuepnrre
louepxuocrn. Cerrz Ha ocHoBe ,{}FlK.-rrruoxecrn: DX runoxecrBa: AusainiJ. u cauocOopxa
rrJnocxr{x Kpucrannon r{HK, na ogz$zrarq.a r{ rroBepxHo crrr.

,16. AFIIK uauorpy6rr.r: Augafiu 14 xapaKrepr.rcrrrKa, cpaBHeHVe rrpeuMyrqec'rB 14lreAocrarKoB
uo or{omeHpnro K yrnepoAHbr},{ Hauorpybxau. [-n6pz4nrre Marep[aJrr,r.

'l7.Matepu[trlbl c flpocrpaucrseuHoft opraHllsatluefi. .{pyrze l\IHoxecrBat nra ocFIoBe rpe}i,
rrrecrrir yroJrr,Hr{KoB, Bo3MoxHocrb rronyqeHr{s rpexMepHbrx Marepr{anoB. f{}{Kropurarrrv, a



ocHo

ocHoBe

5.3.

clfpyKT)/

Syu

1. Kourponnepbr Ha ocHoBe l[F]tK: ry,r4Hrlr.rr
:MAYAI z MAYAII" Crpareru.a Fta3But;.rw.

KTyprbr.

pa5orr,r. lleprlrre ((KoMnElorepE,D Ha n;x

(DyHxqzonaJrbHar 
[JFIK-HaHorexHoJror ur.

.,{Hl(szrrrr. O6que orpeAeJrerH ws u cnofrcrna.

' flpaHqzubl co3AaHlilt Marepl{anoB c r,rcloJrb3oBar{rrenr !,HKsurrlon. lVloneKyJurpHbrev Apyrve yctpoftcrna Ha ocHolle ,{HKsznroe. Pr.r6ogr.rurr v rllrx tsc)3MoxHoe
BAHIIE.

olpyKryp r,r3
. Cnoco6rr

. oco(5e'nocrr.r SynNquon'rpo*aHprs, $epmeHroe, 3aAaBa()Mbre HaJXr4qrroM MaTpr{rI
epoB.

. HanocrpyKryphr 6uonorr.rqecKbfi ueu6paurr. Jlznra4Hrre (MoHocnou, 6zcnoral)

. BenKosrre (n r.q. peqerrroplr, KaHaJrbr, ATOaglr) HaHocrpyKryplr. Oco6euHocrz:
[epexoAoB n naerra6panHbrx c]rcleMax.

. Occ,6ennocrr{ HaHocrpyKTyp, Jrexalqux B ocHoBe gneKTpr4qecKr4x .a pei,qeuropnux.
KJIETX:I,I.

. Cnoco6rr

IloJryqeHr'rfi HaHoMarepr4turoB Ha ocHoBe cavroco6raparcIllr{)(CS
BHbrx BerrlecrB (lunlrgon) ra SzorararurcaropoB.

() ecce)
nlloc .l'f91. Perncrpaql4t cocroirn:Ltt KJreroK c rroMorrlbro aroMrro-c[nosoif crdr.r.apyroulefi

vu.

poc llb2. Mero4zxu onpeAeneHl4t crpyKTypHo-Ar4HaMr.rqecKr4:x r4sueuenufi

I,IMepOB.

upoc Ne3. Mero.quxa Lr3MepeHr,rr crpyKTypHo-A[HaMLrqecKt4x cnoftcul
c rroMorrlbro uHrep$epenquouuoft Mr{KpocKonuu;

nonyqeHr.rfl HaHoMiilepuaJroB Ha ocHoBe canroco(5zparorlrrxcjr c]r.pyrryp ua

aMoc'roqreJrbHafl patiora o6y.raroqerocr.

poc Ns4. Mero4zra perr4clparlvwr r;t ralz6ponru cpeAcrB
qr.rrorril3Mbr epr4rpor(ura (rgepn aa u lSezrxgepHarr $opua).

; i\b.5. Mero4Izra onpeAenenl{t crpyKrypHo-AlrHi}MurrecKr.rx uoxzsareneft
bnroro cocrotHrlr rtepnHofi KJrerKLr.

poc l'lb6' Mero4zxz orrpeAeneul{t pe3ynbraroB nosgefi:crnrax Hariloqacruu Ha
rrHbre crpyKrypbr (pynrrquourpyruqrx KJreroK.

rc Ns7. MetoAzxa perl'Icr1paquu rrpr4cyrcrBvrr HaHoAr.rclepcHbD( MerarrrJrr qecKr{x
(cepe6po u gonorc,) B pacrBope 14 Ha rroBepxHocrr4 tcnero* (epurpgqrzr, 11epBHat

.glr0rrJralMbr

usnaepeumfi Torronofrrr4

r<nema):;
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poo J\!8. Mero4una pervcrparlr{r4 rorroJrorr4r.r KJreroqrrbrx
rrerxa) npz 4eficrnprlr HaHoriracrzq (lrerarurr{qecKl,re KoJrJro.r{.rlbr

np00 J''1b9. flpuueueru4e c[e]KTpocKorruu rcou6rauaqlroHH0ro
Hr.x{ rraHocrpyxTyp (nunocorra)

pc,c J\b10. llprarvreneHlre crreK'rpocrorrrrrr rr{raHTcKoro ro vr6zuaqrEoHHoro paccesnr4: fl
r:oH $ oprrl aq rryr v p aqlpeAeJreHr{, r enrouo 6una

onpoc i\lbl 1. llpuueuenue xou(poraatuofi Mr,rxpocKonl.M AJI, OI]EHKI{
poBaHr,rs cy6xnerovHbrx HaHocrpyKryp ( ua npzuepe nefipoua)

tlpoc J\b12' Kar c rott{cxrlblo 3IIP cneKrpocKonr4r,r Mox'o rrccrreAoBarbyro
trlerra6

TeHHocrb (nxsnocrr) rzAPo0arrrHoro I4 ru4po(po6uoro KorvuaprMeHTil 6r.r1in6rr,r.recr<ofi
st?

Ns13' Kar Menserc-fi B.fl3Kocrb wmI,IAHoro 6lrcnos nreu(ipanrr opr.rrporllrra oonr,urrx
pa3nr4 cepAerrHo-cocy4zcrotr gTr4oJrorrlr.r

crpyr.lyp (epurpoqwr,,
cepe6pa u sorrora).

paccexnvfl /lJUr orIeHX:r4

upoc Jtlbl4. Kax Merurerc.f, aKruBHocrr ((HaHoMarrun> (Nil* /H+_ 65y.uiu, Ca2+ _
u Ca-sanncl'IMblx K-Kananos) epzrpolgroB rrpr4 cep,qeqHo-cocy4ncrofi naronolzu?
por: J''1b15. Kar<ze ceoficrBa rr:uouoSraua peryJrr,rpyrorcr 3a cqer pa*roo6parHbrx oHAo-
rrbrx MoneKyn vilpu KaKr4x ycJroBr4rx;

npoc Ns16. Kaxrae ceoficrna r,errlorno6uHa MeHsrorcr rrpu [epexoAe rag cno6oAsorcr
MaruqecKoro cocros'r.f, B COCTOfl'"n'?, cBr3aHHOe na nagna6paHe;L\L'LA D wvvruznfier utrxSatlttug Ha MgMopaHe;

poc Jtlbl7' Kaxpre uelr6pauuhle upoqeccrr Mofyr oKn3brBarb cyrqecrBerrHoe Brr4.f,Hr4e Ha
rrft reuoruo6rau r.r gprlTporlrrr B rIeJroM;

gpr,rrpoqr.rroB r43lteHrrorcs rrpr4 traronorrasx:
poc; j\bl8. Kaxze cnoficrna reuorno6r.rHa u

ocygncrofi u uepnnoft cacroMax

Ilpurrlenenze coBpeMeunofi nrzrpocronraz u
upoc jtlb19. Mero4rr rnero.rHoft xrpyprt4a.

TII4HIICTD).

Anfl IIpoBeAeHrtg afl.ecltarln+4 ypcfBHr{
ro Ar4crlrunr.rHe o(popunrercx [tgenrusn,t

ATPa:

II 9K3O

Oou
c$opu

oueHor{Hbrx Mareprranon (OOM)
Hocrr{ rouuereHqaft o6yuarorqzxcx



YTIEDHO-METOAI,I qECKOE] II NHOOPMAIIIIOHHO]O OBECIIEqEI{I,IE
A[rcqurrJrr4Hhr

Krruroodec[errenHocrb

Jrr,rTepaTypBr: aBTolp, HiBBaHr4e, Br4A
LB AAHVI'',, IBAATENbCTB O

Hzurrvae B g;reKrpoHHonn *aiu"t*o.e gSC

r{oJlorur4 Ir 9KOJIOTU': pucKl4,
BCTBOe peryn4poBaHr4e r{ yqpaBJreHr{e :

6ue /M.Xarul, !. Boyueu ; nepeBoA c
B. [i.. Eropona, E. B. fylxenofi. 

- 3-r: ug.u.
: Jla6oparopnr 3uaHrlfi, 2020. 

- 347 c. __
l0l.-887-2. - Tercr :

Jlast : gner,i'rpoHHo-6n6luorequa, 
""".*u'-- URL: htps://e.lanbook.com/book/ | St47 :;

(gara o6parq euus: | 0.0 6.2.02 l).

: yve6noe noco6ue / A. I().
C. ,{r,rrumor, O. B. KogloBa, H. B,

- Keuepono : Kenrfy, 2016. - 204 c. _
8tr-930-7. - Tercr :

xHoJrorprur : npaKrr,rryM / A.M. A6arypona [u
ina : Jla6oparoprz.a sHantrii,2020. -- 401 c.
5 -00101-7 28-8. - Tercr : enexrpounuft

E.B. Ocrrosrr nano6zorexnoJroruru.
ocHoBhI nano6zorexnonorufi :

ue / iByAxeauv E.B., ByAreauq p.O.. --
: Cerepo-Kanxascrufi Qe4epalrHufi
?W._132 c. - Tercr :

Talr,sna Anaronrenna. 3xonorzqecr,:ar
HaHOqacTWI, HaHOMaTepr4tzlJroB r4

ft : ,yue6noe noco6ze lT. A. Tpu$oHona,
Bna,4uurzpcrufi rocy4apcrnenrufi

(BlfV) .- Bna4nrranp : B.na4nuupcxuft
rrnrff 'lnurepcurer (BnfV),2009 ._ 62 c. :

TeTrrbre Harlr4oH€IJrbHbre rlpoeKTbr,
) (Zuqonaquonnaa o6pasoBareJrbHaq

rr l: unnosaunoHHrur cpera
B peruoue u_ sQQerrruHoe ynpaBJreHr{e.
e I{HltoBaIIuU r{ llHHoBaurloHHbrx

x ilporpaMM Ha OCHOBe rrHrerpaur4r4
rrayKlr, v 6usHeca AJrr opraHr{3arluu
uepetloAroroBxt4 KaApOB rro uEpoKol\4/

H HarrpaBJreHnill .- I.IMerelc.s
.- Eu6nuorp.: c.6l

HU'TEJIbH'If, JI

Jlaug : 3nexrpoHHo- 6u6tm

-- UitL : https://e.lanbook
(4ara o6parqenut: I

9rqrrpoHuo-6rl6rr,rore,qua.s
BCTOKS : [catul. -IJRL:htp://www.iprbookshop.rulg gdg0.html (rara

9nexrponrro -lultruoreu:uax ouoreua IpR
BOOKS: [cafir]1. -UtU.:http://www.iprbookshop.rul660Z g.htm 1 (tara
o6paqeuua: 10.05.2021).

6egonac
HAHOTEX

O6parona
IIporpaMMa,

I{en,: pasn

rroAroToBKIt

cneKrpy cIIe

3rerrponuan 6u6nlrore.r Has ci{c:relaa Blrf y

3- I 0 "f'urueur{lrecxrre HopMarlrBbr
r4TerH6rx HaHoMareplliuros n o6:aexrax

-00 "Ilpe4elr"o ao"yctrn""te 
^ol"ore,lr"aBbrAeJrrroulrxcr r{3 MaTeDrriuroB.

c rII4IIIeBbIMrr npo,[yKTaMlr".
I - I 0 "lfzrzeruqecKrze Hoprvrarr4Bbr

B oobeKrax oxp,yNarorqefr cpe4u

"lPyrcono4crno uo orIeHKe pucKa Erll,
Hprt ilpu no:4eficrnun xl,IMrrrrecrrrx

4.P 2.t.10.1

5.My 1.2.2 "f bxclmoloro-rr4rueHuqecKaf, oueHKa



l6

- I 0 "Murpo6t4oJrorrrecrar rr
Herr{Irecrat orIeHKa sosAeficrszr

elrrerefi lvII4

5- I 0 "Me4r,rro-6uofloru.recKar oueHra

36- I 0 "flponeAeHr{e caHnrapHo-
SKCrreprlr3br rrpoAyKrlrru,

ft c zcnonr:oBaHueM Hauorexgolorlrfi lI

37-10 "IIopr4oK Lr MeroAthr npoBeAeHrrrr
mpauuu HaHoqacTuu r{3 yrraKoBo.rHhrx

263 8- l0 "OqeuKa 6egonacrrocrpt

'c n lluleBbrMr,r [poAyKTaMr4
x MaTepr.rulJroB, nolyqeHHbrx c

740-lr0 "llop.f,AoK or6opa upo6 4nr
u4eullrlpr.rrauurr u xapaKreprrcrr.rKtr lleiicrnz.{

n noAr+rx 6ecro3BoH0qHbrx".
2742-'ll) "flopx4or or6opa upo6 Lns

r.r4eHr:rz(pnxarlurr HaHoMaueprr€rJroB B

-10 "Ilopa4or or6opa upo6 4nx
I.r4eulr,rlpr,rxaqrrz HaHoMar.epzarroB B Bo,qHbrx

t3.My t.2l
BbIflBJIEHII':

o6beKTax".

744-l(l "flopr4ox or6opa npo6 4ll,a
u4euruQzrarlr4lr tr xapaKr epvcrutrAeficrsus

I 0 "I{cuomsoBaHne Mero.{oB
O.lpeAeneHr,rrr HaHOMaTeprr€lJroB Hal

HAHo,HHAYCTPTAU, Mero4uvecrue

l0 "MeroArr or6opa npo6, mrrntrel,trufl,Lr
coAel);KaHrfi HaHOqacTr4rI .A HaHoMal,eorr€uloB

E, ulrrqr:noft npoAyKurrrr 14

15. MP 1.2

16. MP 1.2

r7.MP t.2 2-09 "BrrsrneHl{e HaHoMarepr{anoB,
rroTeHllr{aJrbHyro oIacHocTb Ant

66-09) "OqeHra 6egonaurocrz
in vitro rr B MoAeJrbHrrx cl,rcreuax in

I - I 0t "OnpeAeneHrde npuc,prrrerHhrx B.aAoB
B oobeKrax oxpyxaroqefi cpeAbr,

19. MP 1.2.

I 6- I 0 "MeroArzKa KJraccud'nuposaH;
UIIPOAYXIIHII HAHOIIHAYCTPI,III IIO

*ue 6onee ucmowHuKOB

6.2.

1. (
2,K

epHoAllqecKne u3AaHnq

A.CKIIE HAHOTCXHOJIOTUU)).

MgptrecKar 6zorexnonorr4r),

aHOMLIp)),

Jlafi4Necr"

a
J. fiaxuit gJreKTpoHHhrft HaHoxypHiu,
4. <<

5."

6.3. HTepHeT-pecypcbr
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hUpgltnesaur us, rusuano. conr/
h ttlq/the s aur u s. rusna n o . coml Wtktl2bl
hftpS/Xhe s aqUS,rusna no . c oml wiki I 2 5 I
ntCIs/tnesaurus.rusnano. co

MATEPI4AJIbHO.TEXHI,IqECKOE OBECIIN]qEH AE AI4CqUII.III,IHbI

orr{qecKrls na6oparop nL ay r. 332 - I: Ay4r.rropnbre croJrr,r rr cryJrb{,

, ayry 323a-l

finrrfi KoMrrJreKc (lroyr6yr<, rpoetKTop, er<paH), na6oprr cnafi4on

3ane4y fi ra<[e4pofi

Mynr

Pa6o.ryro

Peqe
(n

II

Pa6oqas
Ha3

(@I4O, loAnr.rcr)
Ma paccMorpeHa r.r o4o6pena

Tpu(ppnona T'.A.

(OUO, AonxHocrr; no4nlrcr)

llporororr
KC'MI,ICCI,IH

^aparcdruu C"M.
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Jrr4c T TTEPEyTBEPXAEHT4fl
PAB OqEfr IIP OIPAMMbI AIICIII4TIJITIIIbI

porpaMMa oAo6peHa Ha20 120--_yqe6Hbrfi roAa

3ace4annfl raSe4prr Ib
fi raQe4pofi

Pa6o-raf, porpaMMa o4o6pena ua20 y.reOurrfi ro4a120

II 3aceAaHr{r xalpe4prr No roAaOT

xaSe4pofi

Pa6oqat

flpororo

3ane.qy xa0eapoft

o4o6pena ua20 /20
3 ac e I\aHLrs. ra$ e4pu J',lb

y.re6nHft roAa

OT roAa


