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1. IIEJII,I O CBOBHI''^fl, IVrc\I,IIIJII4HbI

Ifelr ocnoeHzs rucqnrrltvHbr3aKJlloqaercr B lr3rreHr{r4 coBpeMeHHbrx McroAoB na3epHoro
cI4HTe3a HaHOCTpyKTypr4poBaHHbrx MaTepuaJroB
3ana'au:
- Ll3yqeHrae reoperr.rqecKr{x ocHoB nsazrvro4eficrBr4.r{ na3epHoro tr3Jry^{eHu{ c rBepAbrM TenoM;
- nonyqeHue glF.a]i'nfr o MeroAax na3epHoro cr4HTe3a HaHocrpyKTyprzpoBaHHbrx Mare.pr4anoB c
rzcrroJrb3oBaHrreM pi}3Jlr4qHbrx JriBepHbrx MeTonoB;

2. MECTO AI4CUI4IIJII{HII B CTpyKTypE Orrotl Bo
flvcqvnlrana <Jla:epurre HaHorexHoJroruu) oTHocrrrc-tr K napuarunHoii qacrr.r

AHcur4nnr4Ha no nu6opy.
flpepexnuslrrbl ALrcqurIJrI4HbI: B rrpoqecce o6yueuux o6yvarorqaMc.s rtorpe6yrorc,x 3p1a1Lrs.

loJryLIeHHbIe paHee B paMKax KypcoB: <lSne4eHue B HaHorexHoJrorrrr4)), <<@rzsrzKa
KoHIeHcI4poBaHHoro cocrotrHl4.fl BeuecrBa)), <<Ypanuenrax MareMarprtreclcofi rfrnsuxra>>,
<YprcreuHrre MeroALr)

3. TIJIAHI{PYEMbIE PE3YJIbTATI,I OEYIIEHVTANOAI4CUI,IIJItrIIIE

llnaHupyeuble pe3ynbrarrr o6yueHl4r rro ltr{crlr4nnr4He, coorHeceHHbre c nnaHr4pyeMbrMr4
,TaraMkr ocBoeHr{f, OfIOnIIbTATAMKI OCBOEHI{'

Kog Qopruupyelrslx
KoMnereHuilfi

Yponeus ocBoeHuq
KOMNCTEHIII{H

fllauupyeusre pe3yJtbrarhr o6y,reunn tro Ar{cuu[JruHe xapar$cprr3yroufie 3Tanbr
donMnoosaH uir (

I z 3
IIK-1 T{ACTIII{HOE

OCBOCHIIE

3narr: Qu:zuecmue pI MareMarrilqecKr4e 3aroHbr r{ Mo.trenn

$n:uveclczx np(lqeccoB, Jrexarqux B ocHoBe npr4Hr{rjnoB
peir.crBns. o6teKroe HaHorexHoJrorrrr4 kr Mr{KDocr4creunofi
TEXHIIKT4.

Yuerr: peilrarh 3a1arrv., r4crroJrb3oBarb MareMarrzsecxufi
annaput v TIIICJIeHHbIe MeTOAbI KOMtIbIOTepHOfO
MOAenr{poBaHr,rt o6rexros ]IIAHOTCXHOIIOIIII4 LI

Mr4KpocrrcreuHofrr rexHr4Kr4.

Bnagerr: MareMarr.,rqecKlrM anlaparoM rr MeroAaMrr
KoMflbrorepHr,rx rex oloruft Anfl Mo,4entrpoBanufl. o(itexros
HaH orexHo lrorur4 rr MIrKpo czcreunofi TexHr.tKr,r.

TlK-2 qacTI4r{HOe

ocBoeHue
3narr: ocHonrHble MeroAIaKI4 gKclepI4MeHTiaJIbHbIX

uccle4onaHrafi cr4HTe3a Lr anantv3a Marepr4an.oB lr
KoMrroHeHToB Harro - Ir Mr,rKp o cucrervrnoft TexHrr Kr4.

Vuerr: nJraHr{poBarb r4 npoBolvrrb LrccreqoBalzrfl rro or4HTe3y
v aHanv3y MaTepr{anoB kr KOMIIOHeHTOB Harro_ Lr

Mr{Kpo cr4cTerraHoff TexHr,rKrr.

B,raqerr: HaBbrKaMIz nrr6opa orrrrrMaJrr,Hbrx M:eroIoB
rrpoBeAeHr4{ raccne4onanzft MarepvaJroB 14 KoMrroHeHToB

4eHO- r,I Mt4KpOCr4rCTOMHOfi TeXHrZKr4.
IIK-4 qacTurlHoe

OCBOEHI,IE

3narr,: 6agoeoe r(oHTpoJrbHo-z3Mepr4lteirbHoe o6opy4onaHue
[nfl MerponorurqecKofo o6ecneqeurz.s uccneAosarufi v
rrpoMbrrxneHHoro [por43BOACTBa HaHOMaTeprr aJroB kr

KOMIIOHEHTOB.

Vuerr : ocyulecrBnrrr, Ar4af HocrrzKy HerroJIaAoK n qacr.lr.{Hrrfi
peMoHT I'.3MCDIITEJIbHOIO. .4I,I af H O C Tplqe CK O r o,
TexHoJrofr4qecKoro ooopyAoBaHr4r.
Bnagerr,: HaBLIKaMv MoHt4TopI,IHr,a ArrafHocrtlqecKofo,
TexHononrrrecKoro o6opy4onaHrax.
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Pas4er I B:anruoqeft crBlte Jta3epHoro u3ryrteHnq
c o6T,eMHbIMII MaTeDHaJIaMTI.

7 6 t2 30
Pefiruur-
moHTponL-1

Teua I

Oco6eHnocu{ na3epHoro Bo3Aefi crBr,rr Ha
MaTepniurbl : MeTarIJIbI, IOJTyIIpOBOAHI4KI4,

AI'I3JIEKTPI4KI{;

7 2 4 l0 3t50%

Terqa2.
Jlasepuar rBepAo{)a3Har MoArrQr{Karltrs
IIOBEDXHOCTI{.

7 2 Aq t0 3150%

Tenra 3.
JIa:epHo-un4yut4poBaHHa{ rrJriBMa:
ocooeHHocTl{ cBoft cTB r{ [oBeneHr{t. 7 2 4 10 3/s0%

Paznen 2"
JlarepHue MeroAbr floryqeHlrq
HaHOMaTepUaJroB 7

cn

r\

6 t2 30
Pefirnsr-
K:OHTDONb-2

Teua I Texuorornl.r cBepxy-BHr43 ; 7 z 4 10 2ts0%
Teva2. I EXHOIIOII4I4 CHI{3V-BBCDX 7 2 l0 2/50%
Telra 3. Korr,l6uur.rponaHHr,re MeroAbr rron) reHr4t 7 2 ia 10 2/50%

PasAer 3.
B:a u vr oAeft crBlte 3JreKTpoMal-Hr{THoro
H3ryqeHHfl c
H a HOCTpyKTypHpoBaHH br Mu cpeAaM r,r.

7
oo

I
cn

5 t2 30
I'efirr.rHr-
KOHTponb-3

Teua I
PaccerHue olrrl{lrecKoro ri3nvqeHl4f Ha
MaJIbIX qaCTUUaX 

.
7 3 6 l5 4/44%

Teva2. Vculeune pr3nyr{eH[{ Ha HaHoo6bexTax. 1 3 6 15 4t44%
Haru.rre B Ancqu[Jrr{He KII/KP

I,lroro uo nucul4nJrr4He 7 l8 l8 36 90 23/42%
3aqer c
oueHKofi

4. OEbEM I,I CTpyKTypA AI4CIIUIJII{HbI
Tpy4oerr,rrcocrb Ar,rcrlr4rrJrr{Hbr cocraBrqer 4 saqerHrre eAr4Hr4rlbr. |44 qaca

C o4epxtaHue JreKrlrroHHbrx 3 aH-srllfi rro Ar4orlrlrrnr4 He
PasAer 1. BrauuoAeitcrBlle Jra3epnoro u3Jryqeurlq c o6beMHbrMrr MarepvaJraMrr.
Telra 1. Oco6enuocru na3epHofo Bo3reficrBrlr Ha Marepnanbr: r\{eraJrJrbr,

rro JryrrpoB oAHrrKrr, Ar.rsJreKTpr4Kr{ ;

Coqepxaru{e reMbr" Oco6euuocrl4 B3ar{MorefrcrBnfl 3neKTpoMafHltrHofo r.r3nyrreH4s c
Kpl4crannvqecKoft perrerKofi pa3nl4rrHbrx BerrlecrB; Bo36yxAeHr.re oneKTpoHHofi ra $rtnoHnofi
pelrreroK; TerlnoBoft v a6nil\uoHHllft MexaHrz3Mbr rto3AeficrBr.r s,; BnvrnHvre oKpy)Karoqefi c)peAbr Ha
pa3BHTrre na3epHo-r4HAyrllrpoBaHHbrx npoqeccoB;

T ewa 2. JIas epuax rBepAo 0 a3H aq M oAr{ $r,rKarlptx rroB epxH o crrr.
CoAepncaHl{e reMbl. flprnroe crpyKTypr4poBaHHbre noBepxHocrr4 Marepr{anoB; na3epHbre

repMoynpyrve rlpoqeccbl; Mrrrpalll4s Ae$eKToB; o6pa3oBaHlre rreprro.4t4qecKurx cTpyKTyp;
Terraa 3. Jla:epno-zHAyrl[poBaHHat rrna3Ma: oco6eHHocrr4 cBoficrB I,r roBeaeHlr-s.
Cogepxanrae reMbl. Oco6ennocrrz feH{3parlrrr{ na3epHo-r4H,uyqnpoBaHHofi rrJra3Mbr,

KpI'ITepLIfi [e6ax, roHsrlle gKpaHI,IpoBaHrrA; yAapHbre BoJrHbr B frJra3Me; TepManri3arl7rr Lr

cTa6r4nr43 arlnr rrJra3Mbr;

PasAer 2. JIa: epnbre M eroAbr rroJryqeHrrfl HaHoMarepuaJroB
Tenaa 1. Texnolorr4r{ cBepxy-BHpt3;
Coqepxanue reMbl. Jlasepno-zHAyurzpoBaHHoe nonrreHr.re Mr4Kpo Lr HaHor{acrvu;

oco6eHHocrI4 cBoficrB; Bnufl:etue MeroAa nonyrreur4rt Ha pa3Mep u $opuy rroBepxHocrrr;
T etura 2. Texnonorrzn cHrr3y-BBepx
Cogepxanr.le reMbl. JIa^:epHo-IaHAyrIlrpoBaHHas caMoc6opKa aroMapHbrx tt

MoneKynspHbrx KJlacrepoB, yrrpaBJreHze npoqeccoiM c6opru qacrl{q B frJra3Me 3a crrer Aefr.c-rBrrfl.
BHEIIIHI4X NONEff; METOAbI OCAXAEHII' I,I KOJIJICKIII,II4 HAHOqACTIIII 14 CTPYKTYP.

Terraa 3 " Korr,r6unnpoBaHHbre M eroAbr rtoryqe HV.rr



CoAepxanue reMr'I. JIa:epuo-uJla3MeHrrbre rexHoJrofr4r,r, Jta3epHocrr,rMynr4lpoBaHHoe
SJIeKTpOHHO-ryqeBoe ocaxAeHl4e qacTr,rq, nalepHaq aKTVBArrytr rIOAnor(eK pr na3epHo-
r4HIyrIr4 p oBaHHo e xr.rMr.rqecKo e o c axAeHr e qacTr4il: ;

ParAe.n 3. Braunrogeficrnue 3JreKTpoMarHr{THoro r,r3JryqeHaq c
HaHOCTpyKTypr.rpoBaHHbrMrr cpeAaMrr.

Teua 1" PaccesHl4 e orrlrqecKoro r43nyqeHlr.,r Ha MaJrbrx qacrl,rqax .

Cogepxanue reMbl" Teopuu pacceflHr4fl: Psres u Mu oco6enuocrt4 B3arrMo nefrcrsus
H3rf{eHHs c naHoo6reKTaMI,I B 3aBI4cI,IMocrr4 or AJII{Hbr BoJIHbr rrrcnf{eHl,It }I pa3MepoB rIi}cr[II

Teua 2Ycuteuue r43nyqeHr4r Ha HaHoosrercrax.
CogepxaHue reMbl. 3$Serrur ycuneHrzfl 6mrxnero rroJr-rr, uragrvrosHrrft pe3oHaHc,

r,rHnyrlup oB aHHo e npo cBeTneHkre v flornoqerrr4e cpeAbr.

Co4epxauue la6oparopubrx saHsrzfi rro ArrcqrlnJrrrHe
PasAer 1" Braunro4eficrnue Jra3epHoro rr3JryrreHuq c o6reuusrMr{ Marepr{aJraMr{.

Tenra 1. 3$$ercru Bo3HI,IKaIoq[e npz nos4eficrruu na3epHoro v3nrreHns Ha noB(]pxHocrr,
MIIIIICHPI.

Telra 2. SQQexrbI Bo3nrrKaroqlre Ha rroBeprxHocrr4 MlrrrreHu npr4 no:4eficrnzr4 r(oporKr,rx
LrMrrynbcoB.

Terraa 3. fenepaqux r{ KoHTponb pacnpocrpaLreqnflra:epnofi [Jra3Mbr"
PasAen 2" Jlarepubre MeroAbr rroJryrreHfiq HaHoM arepr.raJroB.

Teua 1. Ocax4enue [poAyKToB na3epHofi a6tllrr\ur{ Ha xonoAHyro rroAnoxKy KonneKTop.
T ewa 2. (D opnrvpo n aHV e KonJror4AHbrx crrcren(.
Tena 3. ocaN4eHr.re KoJrJror.rAubrx crpyxTyp rl Br,rAe roHKrrx rrJreHoK.

ParAen 3. Bsar'rl{ogeficrnr.re sJreKTpoMarHrrrHoro r{3JryqeHr{q c HaHocrpyrcTypr{poBauubrMrr
cpeAaMrr.

Tenaa 1. llccne4onaurne cBt3I{ MexAy orrrr4qecKr4Mr.r v uop$olorraqecKr4Mr,r csoficre
HaHOMaTepkr zuroB, Ha [pHMep e Ko JrJror4AHbrx cIIcTeI\d.

Teva 2" Izlccle4onanve oBt3I,I MexAy orrrrzqecKuMr{ rT gJreKrpo$u:u.recKr,rMrz cBo,ficrBarur4
HaHOMaTepII€uro B, Ha rrpl4 Mepe ToHKr,rx o cTpoBKoBblrx rrJreHoK.

5. OEPA3OBATEJII,HbIE TEXHOJIOI'UII
B [penoAaBaHI4Iz AIrcquilnl4Hbl <<Jlasepuue HaHomexH()]tozttu)>

pa:uoo6pa^:uue o6pa:oBareJlbuble rexHoJlofrzl,r r(aK TpaAr.rrlr4oHHrle, TaK r{ c
aKTr,rBHbrx I4 r,rHTep aKTrzBHbrx MeroAoB o6yrenua.

ArrusHrre r4 rrHTepaKTr{BHbre MeroAbI o6y.renlrx :

tr[umeparcmu*Han neKqun (meua JVb l. I - 3, 2 ) ;
fpynnoean ducrcyccun (meua JW l. l, 2. l, 3. 1) ;

6. OIIEHOIIHbIE CPEACTB A TJI'T TEIIYIIIEIO KOHTPOJTfl YCIIEBAEMOC'II4.
IIP oME]Itvr orrH ofr arrn cTAIII,II4 rro I4T of AM o cB oEHIZLfl

AI4CUI4TIJII4HbII,IYqEBHO-N4ETOAI,IqECKOEOEECIIEIIEHIIIE
CAMOCTOflTEJIbHOIZ PABOTbI CTYNEHTOB

TECTOBbIE BOTIPOCbI I4 3MAHAfl NJIA3A'IIETA
flo narepuoMy cr.rHTe3y HaHoMarepr{iuroB :

1 . Oco 6 eunocrl4 B3 aI,IM o geitcrr;ul- Jra3 epHor() u3rryqelkrfl, c B errlecrBoM.
2. Jlasepno-HHAyIII4poBaHHa.a Ml4fparllrr 4e$erron. Canaoopranprcar\r4fl. rroBepxHocrr,r rroA

4efi crnzeu na3epHoro [r3nyqeHr{.rr.

3. Jlarepuoe TIJTaBJIeHLIe MarepuaJron. fr,r4po4r,rHaMrrrrecKr{e rrpoueccbr B BaHHe paonnaBa,
4 . Irasepnax a6 tx:!.ux. Perrralmr p acrrr4peHr{rr nJra3MeHHoro S arela.
5" A6r,r^qur. B xlrAKocrr. Brrnoc Marepr,r,aJra B )nr4AKocrr. PaonpocrpaHeHkre ygapvoit

BOJrHbr Ha fpaHI4IIe MzrrreHb xLt,4KoCTr,.
6. flonsrze KoJrnor,rAHbrx cr{creM. Ycrofiqzn ocrb KoJrJrorrnoB.

14 CIIOJtL3)'IOTC'

rrprrMeHeHI,reM



7. Ocaxt4euue [poAyKToB rasepuoft a6tnJuu. XllMIluecKa.f,, $lrsvrur;crar u
MexaHrlqecKan aRTuBarIrIf, rro.ulo )nKr4.

flo xlacrepau:
1. 3$$errbl caMoopf aln3a\vIkr noBepxHoc:fu rroA 4eftcrnzelvl nzuepHoro x3nyr{eg[.rs.
2. Opaxram,ulrft KJlacrepbl. Oco6ensocru crpyKTypr,r. llousrze $pa:rralruofi

pa3MepHocrpr. Cxefiwrnr-s(f (f err"
3 . (Drsu.{ecxue csoft crBa HaHoMarepr{anoB. pasuepurre s(p$errsr.
4. O[sI4qecKLIe csoficrna KnacrepoB. Pasnrepnsre e$(fercrrr Bbr3BaHHbre cBq3aHHbrMr4

cocTorHI{{Mr4 BeUIeCTBa.

5. Cnoso6rr r.r3MepeHr.rs SparranrHofi pa:lrepuocrz.
6" I4sNaeHeuue gJIeKTpI{qecKux u orrr,rqecKzx cnoficre KJracrepHb,rx MareDlrirJroB.
7. Oasonrre nepexoAbr B KnacrepHbrx MareprraJrax.
llo yrnepo4y:
1. AnnorporrHbre $opnau yrnepoAa.
2' Oa:oerre AuarpaMMbl yrnepoAa: [zarpavrua Eangu, anbrepHarr4BHarr AlrafpaMMa

Yafirrarepa.
3 ' oco6ennocru Sasonrrx uepexoAoB clT TeMrroB Jra3epHor-o HafpcBa yrnepoAHbrx

nrprurenefi.

4. Ilazepuoe nos4eficrBlle Ha yrnepoAHr,r,e MrrrrreHr.r B )KHAKocrrz. ,{eficrnve yAapgbrx
BOJIH.

5. Jlasepnoe rrJraBrreHr4e yrnepoAHbrx Mr,rlrenefi n nos4yxe.
6" Jlasepuoe HafIbIJIeHIze roHKIzx yrnepoAHbrx rrJrenoK, auop(fnr,re h KpzcranJrr4qecKrre

TIJICHKI{.

7 ' f azoguuaNara'{ecKIlfi KoHTpoJIb pacnpocrp a:aeHvls. rrJra3MeHHoro Saxera" @opnlrponauue
nepuo.4l,rqecKoro penreQa ocax.qeHHoro cJro{.

8. YnpanneHl4e pacnpocrpaHeHlleu $arera 3a cqer AeftcrnuxBHerrrHr,rx norefr.

TE C T OBbIE B O fIP O CbI I,I 3AAAHmg n JInI PEfr TI4HI-KOHTp JIr{
Pefirunr-rcourpo.ur Nbl
1. Kaxas MoAenb la:epuofi a6rrsr\nn I4cnonr,3yercfl rrpkr reMrreparypax Bbrrrre rcprzrzuecrcofi ?

BapIaaHru orBera: a - TerIJIoBat MoAerrb nase,puofi a6rrxluu 6 - ru;apogttHaMuqecKa"s MoreJrb
lasepnofi a6r',nluu B - rls raKrzx reMneparyp He cynrecrByer aAeKBarHofi l,ro4erur.
2. B qeu 3aKJlloqaerca e$Ser<r (3aKirJrrsr) HaHoKJracrepoB rrpr4 ra:epuofi a6tx:quu?.

BapuaHru orBera: a - croJIKHoBeHr4-s rritcrr4rl B nape, pacrJrr{prrcqeMct B BaKyyM,
rlpeKpalllarcTcs' Ha Hexoropoft craAuv rlpoqecca; 6 - $opnrupyeMbre HarroKrracrepsr npuo6peraror
cBepxBblcoKylo rBepAocrb; B - c(fopnazpoaaHHble HarroKJracrepbr rrorrHocrrro oc6r(4aorcs Ha
I4cxorulyro rroBepxHocTb.

3' uoveuy Ant rlepeHoca crpyKTypll MI,ImeH' Ha rroAnoxKy lperloq]rureJrbHo r4crroJrr,3oBaHrre
Jr a3 epH o f o r.r3nyr{eHu{ c ua_no fi AJrr4 TeJIbHo crbro I4M.rry trcc a ?

Bapuanrnr orBera: a - npouecc nepeHocer crpyKTypbr npor4cxo4rzr 6rrcrpee; 6 - npu
no:geftcrnul{ KoporKlrx na3epHbx LIMIrynbcoB $oprr,r:upyerc{ y3KoHarrparrrennsui nf{oK rrpoA}r(ToB
lagepHoft a5rglzru B - rrpv eos4eficrnrarz na3epHoro tr3Jr]rureHrur c 6onslroft ArrzrebHocrbro ruMnynbca
rlpol4cxo.rym rny6oxoe pa3pylxeHlle rloBepxHocrlr MLrrrreHr4 r.r nepeHoc ee crpyKTypbr crilHoBurcq
HEBO3MO)KEH.

4. Pacc'{vrafire rasN{eHeHl{e rcoe$suqueHra 4r'r$Sy3rrrr 1Jrfl, HaHorracrr.rq c paAnycona 100nM s
fnr.rqepr,rHe rz BoAe.

5. Bo cKoJIbKo pa: r<os(pQuIII4eHr au(p(fysraz An{ qacrr.rq c palI{ycoM 1OOnrvr 6y4er MeHr,rre, qeM
Anr rracrr4rl c paAzycoM 10uu.
6. Kax r,r3MeHrzrr,cx rcoe(fQuqrzeHr 4z(f$y3nu c yBeJr[treHrzeM
7. Bo cKoJrbKo pa3 nr{$SFLrs. B o6reue )Kr4AKocth 6yaer

reMrreparypbr rnr.ruep vna Ha 1 0 0K.
BbIIrre, .{eNl e6rz:l,r noBepxHocrlI c

pa3MepHocmro D:l .2; D:\.4.
8. [o xaxofo MaKcrrManr,Horo pa3Mepa Knacrepbr 3,oJrora
fnuueprrHe; B cnprpTe.

Pefi runr-rcourp o.rrr J\b2

oylyT coxpaHnTb IIJIaByr{ecTb rr BoIe; B



9" Kar<oft r43 yKa3aHHbrx MeroAoB rvroAenrrpoBaHr4s r.rcnoJrb3yerct
HAHOTEXHO IOTPI:a ?

B Moner(ylxpuofr

Bapzanrrt orBera: a - MeroA MoneKynspnc,fi laexanuxu;6 - Mero.q MoHre-Kaplo; n -- o6a
BbrlIrenepeqr4cJreHHbrx MeToAa.

10. Kaxofi o6texr paccMirrpl4Baercr B Hacroflrrlee rBpeMtr B KarrecrBe rsaHrosofi roqru ?
BapuaHtr orBera: a - roIrafl TotrKa B :rrr4TaKcr.raJrbHoM cnoe; 6 - ro[ynpoBoAHr4K,

greKTpt4rlecKkIe xapaKTepI4crI,IKH Koroporo 3aBr4cfir or ero pa3Mepa u Qoprvtrr; B - Ar4:rJreKTprrK,
3neKTpuqecKr4e xapaKTepr4cTr,rKrr KoToporo 3 aBr4cs:f oT pasMepa.
1 1. 9ro o3Harlaer Croxcos c.4BI,Ir JrloMprHecrleHrllrr4 KBaHToBbrx rorreK npr.r no:6yN4e:uzra y(D-
uslyrerinerrr ?

Bapuaurrr orBera: a - cMerleHlze cneKTpa JrroMr,rHeor1eHrlr4r.r B cropoHy .4JrrrHHbrK nomr; 6
- cMeIrIeHI4e crleKTpa nroMI{HecIIeHrIrrr4 B cropoH'y KoporKr4x BonH; B - npv no:4eficrnzz yO-
I43nfreHpreN4 CroKcos cABr.rf ue na6mo4aerctr.
72. Cyrc sBreHVs KynoHoBcKofi 6roraAbr onlrparercfl. Ha ro, qro 3apsA He Mo)Ker Apo6r,rrbct
6ecxoHeqHo. Kar<uura rIdcKperHbIMrI rropqr{f,Mr4 3apsA [epeHocr4Tcs qepe3 6aprep ?

Bapraaurr'I orBera: a - nopqr4sMvr, KparHbMLr 3aps.Ay srercrpoHa; 6 - [opqurMr{,
KpaTHbIMII IOJIOBI{He 3aps\A sneKTpoHa; B - IIopqlt.sIMI,I, KpaTHbIMLI KBa!:pATy 3apflAA gne]KTpoHa.
14, B KaqecrBe KaKoro oJIeMeHTa I4cnoJrb3yerctr KBaHToBaq roqKa B oAHosJreKrrpoHHoM
rpan:ucrope ?

Bapuanru orBera: a- croKa; 6 - ucrora; B -- 3arBopa.
15' Karoe ycnoBlre tBJlt{erct nau6oree Ba;ffHbrM Anfl (foprr,rzponanzx s$sercrunHoro
rerepolepexola ?

BapIaaHru orBera: a - HaI4MeHr,Ilar nJrorqilAb corrpurocHoBeHr4fl 6 - uaz6onee 6rtIasKue
3HatreHr4fl rrocTotrHHbx perxeToK; B - paBHbr€ M?ccbr BelIecTB.
16. Kar< u3MeHqerc.{ rloJronteHlIe yponnefi, orBeqaroqux eos6yN4eHnrrru 3jreKTprg11314, s
yMeHbrxeHHeM pa3Mepa nonylpoBoAHlrKoBofi uacr aqr,r ?

Bapuanrrr orBera: a - ypoBHt4 cABr.rrarorcg s o6racrr 6olee Hr43Kr.rx eneprvfi; 6 -- yponuu
c.4Blrralorcq n o6rac$ 6olee BbIcoKI4x eueprnfi; B - ypoBHr.r ocrarorc.f, Ha rlpelrueM ypoBHe, TaK
xar cra6o 3aBlrcrr or 3Heprr4t4.
Pefirunr-rconrpolr J\b3
17. B qevi 3aKrroqaercr MeroA MoneKynrpHo-nyqeBoil snutarccuu?

BapIzaHrr,r orBera: a - BbIparIIzBaHVe Kprrcruurn[qecKrlx crpyKTyp nporrc.KoAt4T c
noMolllbro Irr{KoB aroMoB LIJIZ MOrreKyJr, rBJlrroulu xcf, KoMfroHeHTaMr4 pacryqero coeauuenut 6
- zso6paNeHlze SJIeMeHTa LIJII4 cxeMbl BbIIIoJIH{erc-rr B Br4Ae pLrcyHKa Ha Merannu.recxofi nlenxe;
B - LlcnapeHlze [ocpeAcrBoM na3epHoro Ll-:,n]rreHprs., c 4anrnefi[u4M oca]KAeHr4eM crpyr(Typ.
18. llpu KaKoM ycnoBLII4 ocytrlecrBnflercfl. nocnoftnrrft pocr roHKr4x rrJreHoK no MexaHH3My
(Dpanr<a - BaH 4ep Mepne ?

Bapzaurrr orBera: a - rrocJle 3aBeplxeHr.rx QoprrarzpoBaHr4s. AByMepHoro cJro-fl pr,(er pocr
TpexMepHbx ocrpoBKoB; 6 - arourr IJIeHKIT cI,IJrbH{3e cBr3aHr,I c rloAJroxKofi, uena Apyf c ,4pyroM;
B - aroMbl TIJIeHKI4 cl{nr,Hee cB.[3aHbI Me)KAy co6oli, qeM c no4lorrr<ofi.
19' Kar<oft npI4HIII4n 3aJIoxeH B ocHoBy pa6orur cKaHr{pyroqero ryHHenbnoro rvrurcpocron,a?

Bapuanrsr orBera: a - MeraJrJII,IqecKafl r.rfJra rroABo1trrcs. r o6pa:qy Ha paocrorHr.re
HecKoJIbIfl'IX aHfcrpeM I4 cKaHl4pyer rroBepxHocrb; 6 - snenrpoHurrfi tryqoK @oxycup;rercs Ha
o6pasqe lI cKaHl4pyer rloBepxHocrl; B - perrrcrpr4pyerc-fl orrr.rqecKoe vso6parenze o4uofi ToqKrr
o6reKra, a rronHorlennoe uso6paxeHr4e crpofiTcq n yreM cKaHr4poBaHrzr.
20. CornacHo npLTHIII{ny nnorHoft ynar<onrv B MoJreKyn.spHbrx Kpr4craJrnax ABa aroMa coceAHr4x
MoneKyn He Moryr HaxoAl4Tbct 6luxte HeKol'oporo paccrorHr4s. Herr,ry paBHo AaHHoe
paccroxuue?

Bapuanrrr orBera: a - cyMMe IroHHbrx paArzycoB; 6 - cyrunre KoBaJreHTHbrx parvtcoB; B -
cyMM e B aH-Aep- BaaJrbc oBbrx p alvy coB sTrrx aToMoBr.
21 ' Kax sasucl4T gHeprvs cB{3rI or qLrcra HyxnoHon? Oreer 4orNeu 6rnr, ocHoBaH Ha
npeArlonoxeHr4lr, qro Bce HyKJIoHbI f,Apa paBHorI(lHHbr z xaN4rrfi nsazuo4eftcrByer r,oJrbKo c
6lzslexaulr{Mlr, KaK MoJreKynbr B Kan.lle )rs4rKocrrr.



Bapuanrrt orBera: a - gHeprLIA cBfl3u npolopur4oHilJrbHa nonHoMy qrrcny uyxroHon; 6 -
sHepn4rr cBr3H o6parno nponoprlr4oHaJrbHa rronHoMy ritacny HyKnoHoB; B - oHeprrr fl. cBe3rr rrMeer
SKCIIOHeHIII{trnbHyro 3aBr,rcLIMocTb oT IIOJIHOIO .II4Cna HyKnoHoB.

B OIIPOCbI K CAMO CTOfl TEJIbHOIZT PAEOTE CTYNEHTA :

1. Ilpuuqunrr pa6orrr Jra3epoB:
llpuuqunsl pa6oru na3epoB; Cxeua trocrpoeHlrq, lrcrorrHr.rKr{ HaKarrKr.r; orxpsrrsre pe3orraropr,r 14

uo4onrrft cocraB r.r3nyrreHur; Pacnpocrpar{eHr4e rayccoBbrx [yrrKoB; OcHosHHe napaMerpbr
na3epHof o rr3nyqeHr4fl .

2. Cxeusr o6nyvenzn:
Cxelvtrt o6lyreHIal, [crloJlb3yeMbre B coBpr3MeHHbIX na3epHr,Ix .]rexHonorl{flx; JIun:osa-s u
3epKanbHat $oxycnponxa; flpoexqzoHnax cxeMa; Mero4r,r cKaHr4poBaHus;
[uSparquoHHa{ orrrr.rKa.

3. Onruqecnue cnoficrBa Marep[aJroB:
OrpaNarelbnas v rrofnorlare lrb*afl. cnoco6nocrz, rcoe(f $urIr4eHT nolnoqeHr4 fl cBera lt
MeroAbI ux l43MepeHat klleatsuas pr pearbHas orrrrrrrecKrle rroBepxHocrr.r,
I'InreprfepeHIII4oHHbIe flBne:uus.; Portl reMneparypbr 14 $asoeux 11epexoAoB;
3$$errranHa.s nornorqareJrbHar cnoco6uocrr.

4, JlarepHufi HarpeB TBepAr,rx reJr:
Jla:epHrifi HarpeB rBepAbIX ren; Kraccufutmrcagux ycronzfi o6nyuenzx; O4norrepHoe 14

TpexMepHoe npz6lzx eH]/.fl.; o6lyueuve ABlLlrxyqprMc.f, [iBepHbrM nyqoM"
5. flonepxnocrHbre repMoyrpyrze ge{ropMaluurl:

flonepxHocrHble repMoytlpyrl,Ie 4e$oprr,raqnrr - TeopervrrrecKafl MoAenb; Annporczlraqnx
KoporKLIX Ir AnI4HHbrx r{MnynbcoB; IrlsnaeHenue npo(fzlx o6nyvaeMofi nosepxHocrr4;
ueo6parvtroe pa3pyrxeHr.re Marepr.raJra.

6. flr,tenug., HHrrrl[upyeMbre Hrr3KorrHTeHcrrBHbrM n3JryrreHzeM :

QnroopecqeHlllrf,; reHepalllzfl nocureneft 3apflAa oneKrpoHHas 3Mr.rccrdr; Soro u
TepMoAecop6ryut; repuoavS0y3l4s; [oBepxl]ocrHbre oneKTpoMar,HrzrHbre BoJrHbr.

7. Jlarepuan a6.nnqun: noBepxHocrHoe ilJraBJreHrre; [oporr4 prcilapelus. Marepv3|Jru;
pa3BI4roe I'IcnapeHHe; adnnguf. 6es renloorBoAa; yAaneHr{e Nv4xofi Sasrr (faxenonr
rrapoB.

8. Jla:epno-nuAyqrrpoBaHuafl [Jra3Ma: [epBoHaqanllas.vrolvaarrys.rasosofi cpeAr,r B 3oHe
na3epHoro eo:4eftc:rnut; na3epHbIfi Harpen [na3Mbr; gneKTpoHrras. naBprHa; o6ptr:oeaurze
IIJIa3MbI B I4crlapseMoM BerlecrBe; pa3ner rrJriBMbr B BaKyyM; la-repurrit npo6ofi ra3oB;
o rrrr4qecKr4 e p a3prAbr ; oHeprerrzr{ecrufi 6alauc.

9. flonepxHocrHble xr.rMI{rIecKVe peaKrluq: @ororur,ruvecKue [poueccbr;
TepMoxI'IMI'IqecKI4e peaKUI4I,I; rroJroxrrreJlbHarr v orpurlareJrbHas o6paruan; cB.s3b;
MoIeJII4poBaHLrei fa3orpaHcnoprHoe nr{rurrrr4poB atr4e; oco6enHocru r4Mrr}rrrbcHoro
o6lyueHzl; peaKrlr4rr Ha rpaHr4rle rBepAoe rr3Jro - )ro4AKocrb.

l0.IlonepxHocrHble crpyKTypbl B 3oHe Jra3epnoro ob.rryveuzr! pe3oHoHCHbre Lr

Hepe3oHaHcHble IIOBepxHocrHbIe crpyKTypbr; MoAenH pocra loBepxHocrHr,rx crpyKTyp;
11. Jlarepuue HaHo *r MrrKporexuoJrorurrr: osrrcrKa rroBepxHocrr4; (foronzr'orpi6^n;

noBepxHocrHoe JlerupoBaHlze, or)Ic{r yr Ir3MeHeHr,re Sasoeoro cocraBa;
crpyKTyplzpoBaHl'Ie, npo$znupoBaHl4e I4 rloJrrrpoBKa [oBepxHoc:ft4; na:epuufi [pt4HTr4Hf;
MI'IKpocBepneHI4e; crpyKTypl4poBaHrle B o6T,eNae nepBolraqaJrrHo npo3paqHbrx
Marepl4urnoB; xI4MI{r{eCKOe oca}K.4eHr,re roHrcrzx [neHoK; na3epHoe HarrbrJreHr4e; Jra3epHoe
rrpoToTr4nl4poBaHkre.

(DonA olleHoqHbrx cpercrB trnfl npoBeAeHrzs arrecrarlrrr4 ypoBH-s c(fopuvponaHHocrr4
KoMnereHII uit o6yi€;torurlxcfl n o AV cllrlnnzue o (f opMJrrercr orAenr,HbrM AoKyMeHToM.

7. yIrEEHO-METOAI4TTECKOE r4 I4H,OOPMAIIT{OHHO E OEECIIETIEITI4E
NUCUHTIJII4HhI

7.1" Knuroodecne.reHHocrr,

Koru.recrso
3K3eMnnrpoB

uz'.aHfiir s

HauNleuosaHne Jlxrgparypr,l: aBTop, Ha3BaHlre , BuA L.nAaH:l,n, r.r:Aarensciso



(ju6rilorerce BnfV s

COOTBETCTBT,I14 C

or-oc Bo
OcHosHas nr4l'eparypa *

I . BseAeurae B (be\,rroHaHo$orouuxy. (DynAaueuraJrbHbre ocHollbr 14

JIa3 epHble MeToAbr ynp aB Jr rr eM o ro ilonyt1 g11uq r,r Ar4arHocTr4Kr4
HaHocrpyrrypr.rpoBaHHbrx MarepranoB : yr{e6goe noco6ue / C. M.
Aparelln, A. O. I(yveprax, B. f. llporouen [u lp.] ; roA peAaKrIuefr C.
M. Apaxerau. 

- Mocxsa : Jloroc, 2015. - 7 44 c. - ISBN 97 8-5- 99704-
812-2.
2.lJJaxuo, E. A. Jlasepnbre MHKpo- rr HaHorexHoJrorr4l4 : yue6Ho-
MeroAaqecKoe noco6ue no flpaKTr.{qecrurrn pa6oraM AJrr cryAeHron / E. A.
IIIaxuo, A. A. CauoxBuuroB" 

- CaHxr-Ilerep6ypr : Vnunepcurer I4TMO,
2015. - 45 c. - ISBN 2227-8397.
3. (D[suxo-x[M[rrecKr.{e ocHoBr,I HaHorexHoJrornft : naeroauqect(r{e
yKa3aur4fl / cocrasIarerr.r M. E. Konraxon, E. B. flerpoea, A. O.
,{pecerHar.rxos. - Kasaub : KasaHcrufi HarllaoHalrsrrr7
I4ccJleAoBarelrcrrafr Texuorrorr.rqecxufl ynlreep cu-r er, 20 | 6, - t5 4 c, -lsBN 2227-8397.

NOJIHI{TgJIbHA' JI

l. Befixo, B. lI. Jla:epubre MHKpo- u HaHorexHoJrofr4r4 B

Ml4Kpo3neKrpoHrrKe : onopurrfi KoHcrreKT lexrlzil / B. II. Befiro. _
Cauxr-flerep6ypr : Vuunepclrrer I4TMO, 2011. - 141 c. - ISBN 2227-
8397.
2. Me'roArt [oJryqeHr4r lI I4ccJreAoBaHvrI HaHoMar.ep[aroB rr
HaHo crpy KTyp. Jla6oparopurr ff np amunyM rro HaHorexHoJt orr.rrM :

yue6noe uoco6ne lE. [.Mwtlwna, H. 3. lUepcrror, A. A. EsAorsNros ha
Ap.] ; roA peAaKrlrlefi A. C. Curona. 

- 5-e rgn. 
- Mocxea :

Ila6oparopur zuauwi,r,20ll . - 185 c. - ISBN 978-5- 00101-4',t3-'7 .

Jrftp://www iprbo
okshop.rul40504

html

Irttp://www. iprbo
c'kshop rul67248,

htrrl

Itttp://www.iplbo
okshop,ru163530

htrnl

http://www iprbo
oJ<shop ru/67419,

html

http://www iprbo
okshop rul88492

hturl

1'' flepuogzuecKile vsu larrtr

1. XypHan <Pocczftcxve HaHorexHoJrorrrr4)
2. Xypnan ((KBaHToBa.rr oneKTpoHr4Ka)
3. XypHan <HaHo- H Mr4Kpoct4creMHa{ TexHr{Ka))

7"3. ZurepHer-pecypcbr
1 . http://www.nanometer.ru/
2. https ://www.ntmdt-si.ru/
3. https ://www.planetaedu.ru/

8. MATEPIIAJIbHO-TEXHI4IIE CKOE {DEE]CIIEIIEHIIE AI4CUI,IIJIIIHr,I
Ans peurvsarJvru AaHHofi ALIcIIIzrrnHHbr r4Merorc.fl crequaJrbHbre rroMeueE[4 fl [nfl

rIpoBeAeHI4t 3a]H.flTLrir reKquoHHozo muna, 3aHnmuil npaKmuuecKozo/,xa1opumopHozg mLtna,
Kypco8ozo npoeKmupo8aHut (sbtnonHeHuu Kypco+brx pa6om), zpynnosbtx u uudueud,yanbHblx
KoHcynbma\uit, meKyu4ezo KoHmponn u npoMeJrcymoqrtou ammecmaqu?,t, ct maKJrce nov4eu4eHut
dnn cauocmonmenbHoti" flpaxtwtecnr4elnaloparopHlre pa6orbr [poBo4-srcf, B KoMrnrorepHr,rx
KJlaccax r4 yr{e6Ho-HayqHbrx na6oparopr.rrx Ka(b" QuIIM

flepeueur Hcnonr,3yeMoro o6opyAoBaHus:
. @eMroceKyHlHbrfi na3epHbrfi KoMrrJreKc Ti : Sip 

"

o Jlasep rBeplorenr,Hbrfi BoJroKoHHr,rfi rr,ro4elr IIC -02.
o Ycrauosxa ylopsAor{eHHofo HaHocrppyKTyllapoBaHr{{ o6beKTon rfeuroceKyHAHhrM

r43Jrr{eHr{eM.
o Vcrano src a na3 epnafl. Mr,rnnr4 ceKy HIHatr.

flepeueur llcronbsyeMof o Jrr4rIeH3Lt oHHoro nporp aMMHof o o6ecrreqeHur :

o Tercroerrft pe4anrop MS Word;
o Ta6rul.rHbrfi npoqeccop MS Excel;
o Cncrervra 4r.rHaMr.rqecKrrx [pe3eHTar\Lrfi MS F,ower point:

o Cr,rcrelra MdreMarl{qecKlrx vr r4HxeHepHbrx pacu€ron M/\TLAB.



Pa6ouyro rporpaMMy cocraBr{Jr AorIeHr Kyrepzr A.O

PerleHgenr
(rpe4cranureln

flp orp aurr,r a p ac cM o rp ena vr o4o 6pen a Ha s ac e qalvru
flpororor ]llbl or 02 ceurx6ps20l9 rota
3ane4yrorqufi ra(pe4pofi

(d.14C., no4nucr)

Pa6o.rar nporpaMMa paccMorpeHa u o4o6peua Ha sace1alnu
KoMr,rccu[ HarrpaBneH us 28 IIOJIOTI'

flpororor Nsl or 02 ceurx6ps20I9 rola
llpe4ce4areJrE KoMlrccrr[

no4rlrcr)

JINCT IIEP EYTIIEPXNE HI4'I
PAE Or{Efr frporpAMMhr Ar4cUrrrrJrr4Hbr

IIM

Apaxerru

o-MeroAurrecxofi

C.M.llpaxenxn

Pa6o.raf rrporpaMMa o4o6peua na

flpotoron 3ace4auus. xaQe4pu Jrlb

yue6uufi ro4

foAa

3 ane.qyroqlrft xa$ e4pofi

Pa6oqa-s rporpaMMa o4o6peua na

Ilpororor saceglarrvs. rca(pe4pu J.lb

yue6nufi ro4

roAa

3ane4ylolqnfi na$egpoft

Pa6o.rar [porpaMMa o4o6pena na

flporoxor 3ace4ankrfl ra$e4pu Jrlb

yue6Huft ro4

OT roAa

3ane4yroqufi na$e4pofi


