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rlpl4oopereHlle cryAeHTaMI,I Teoper[qecKr{x 14 [paKTuqecKr,rx 3Haur.rft r,r nasrrrcoB ]rcil 14fl

MeTOIOB KOMrIbrOTepHOro MoAeJII{pOBaHr,rfi npr{ pacr{eTe r{ [poeKTr,rpoBaHr{r,I Mr.rKpo- }r CTEM B

Aanrueft urelr o6yreuu[ r{ B [paKrraqecxoft Ae.srerl;Hocrr.r Marr.rcrpa.

3alarru:

- TeoperlaqecKafl rloAroroBKa n o6uacrr.r npoeKTupoBaHufl r{ MoAeJrI4poBaH[s
uoAeneft c Bo3MoxHocrblo rIpIaMeHeHI{r B noJDmpoBoAHI{KoBbx Mr,rKpo- H Hauocr4creMax ;

_ IIO3HAKOM}ITb C BVAAMI4 CAI]P MI,IKPO- 14 HAHOCI{CTEM, I{X CTPYKTYPOfi, NPO

o6ecne.reHr{eM KoMrrJreKcoB ;

- nrrpa6orKa rIplIeMoB I{ HaBbIKoB pemeHr{ft rconxperHbx 3aAaq n o6nacru rpu
crpyKTyp, noMorarcql4x cryAeHTaM B AalrbHefilrena pe[rarb ,rHxeuepHbre sa4arilr;

-o3HaKOMJreHr{e CTyAeHTOB C CoBpeMenuofi nayunoft anuaparypofi r4 Bbl y Hr4x

qECKI,IX

1. rIEJrrr ocBoBHrrfl wrc\HrrJrrrHbr
I{emuz ocBoeHzr Ar,rc{[flnr,rHbr <llpoerrapoBaHlre Mr{Kpo- u Hagocr,rcreM)

HanraJlbHbrx HaBbIKoB IrpoBeAeHut gKcrlepllMeH'raJlbHbrx HayqHbIX r,rccne4onannfi Su
ssleHr,Ift n o6nacrr,r HaHo rexHonorufi.

2. MECTO AIICIII4IIJIU]TTbI B CTpyKTypE orroll B0
,{ucqznnuHa <llpoerrl4poBaHl4e Mr4Kpo- r4 r{aHocr4creM)) oruo cvrrcfl. r o6.ssare6H

o|Iofl. llporparrlnaa [peAHa3HarIeHa AJrr rroAroroBKv Mafr{crpoB no HanpaBneHr4ro
<HanotexnoJlorl4tl 14 MLIKpocI4creMHar rexHrzKa)). I(ypc uuraercs e 3 ceMecrpe.

OHsI'IqecKue ocHoBbI MI,IKpo- I,I HaHo-cl4creivruofi TexHuKIz, MlaxposneKTpoMexaHlrqecKnre
IIp oerrupoB aHr.re gJreKTpoHHbx cpeAcrB B HaHooJreKrpoHr.rKe.

3. IIJIAHI'IPyEMbIE pE3yJrbTAThI OEyqEHI/fl nO AT4CIIII
lluaHupyeubre pe3yJlbraru o6yueHlls [o Ar{cqnnnr,rHe, coorHecenHbre c rrJraH

pe3ynbraraMLr ocBoeHrrs OfIOfI

BJIflIOTC"fl

KI,I HAHO

KT qACTI?I

CTEMbI,

28.04,0.r

flpepexnusr{Tbr Ar{cqrdlJrr{Hbr: MarepuaroBeAeHr4e HaHocrpyKTypr{poBaHHbrx fUIOB,

Koa

Soprr,rupyenrcx
rounereHqufi

Vponeur
ocBoeHr4tr

llnanzpyeubre peynbrarrr o6yueuufl rro Aucqr,rnJrpr
xapaKTep r.r3yroq[e grarrbr 

Q opnrzponaHHr KoM

TIOKA3ATEJII{ OCBOEHI4S KOMNETEHUI4I4

vqcmuuHoe
ocaoeHue

3naru:
Br,rAbr vt ypoBHH a6crpanquu MareMarvqecKux

MtrKpocI{cTeM 14 VtX KOMnOHeHTOB;

Vnerr:
- noHuMarb ocHoBHbre lpo6leuu s csoefi npe4ueruofi
nrt6aparr MeroAbr H cpeAcrBa Lrx pe[reHrzs;
Bra,uerr:

npr,rKJraAHbrMr,r [porpaMMaMr{ Vr

aBToMaTrr3prpoBaHHofo [poeKTr4poBaHr{r npu

ACTV,

.l

vacmuwne
oc60eHue

3narr:
cnoco6rr [peAcraBJIeHLIt MexaHl,IqecKr.rx crrcreM

gJrexTpr4qecrux auanorufi ;
Vnrerr:

- Qoprvrynuporralr qeJra u saAa\rv HayrrHbrx rlccJl
o6lacru HaHorexHoJr orvtv u Mr,rKpocr4crervrHofi rexnurul;
- o6ocHosasuo su6prparb reoDerr,rqecKr,re 14



MeTOAbr H cpeAcTBa perleHHs coopMynripoBaHHbrx 3aAaq;
BlaAerr:

HaBbrKaMr,r nu6opa reoperr{qecKr,rx v gKcnepr{Me

MeroAoB uccrerosaHufi:
.TTIJIbHbIX

yK-3 vacmuuHoe
oc60eHue

3narr:
npr,rHrlnnbr Susuuecxoro MoAenr{poBaHar Mr{Kpoc.

o6rercron;
Vuerr:

foroBHocr[,ro parpa6arunarr MeroAr4rr4 rlf
vccneAoBaHufi ra usuepeuufi napauerpoB H xapaKrepucrr4l
HaHorexHoJr oruat v Mr4Kpocrrcrenanofi rexuzxu;
- aHanrtlzpoBarr, pe3yJrbrarrr usuepeuufi ;

CTEMHbIX

)BeAeHr4rr

usAenuir

vK-6 vACWUqHOe

oc60eHue

3uarr:

- npr{Hrlr{rrbr pa6oru ocHoBHbrx K;raccoB Mr,rKpoctrcreM;

- ocHoBbr TexE.oJroruz r{3roToBJreHI4r MI{KpOCtrcTeM;
Vilrers:

- rrpuMeHrrb MeroAbr Susruecnofi xuMr{Lt HaHocprcreM.ul
aHarrv'3a cTpyKTypbr KoMnoHeHTOB HaHO- H MtrKpoclrcTeM;
Braaerr:

MaTeMaTI4r{ecKHM arr[apaToM An{ orrvcal1']l/lfl,
TeopeTvr{ecKor,o u gKCIIepr4MeHTtUrBHOfO uccJIeAoB
MOAeJrHpOBaHr4r npoqeccoB ClrHTe3a, AprarHocT
QynnquoHllpoBaHr,rJr MarepuaJroB H KoMrroHeHToB
MHKpocr{creMHoii rexHuru;

cr4HTe3a,

allajlvl3a,
.HVIfl U

:KH VI

aHo- u

onR-5 HACmUVHOe

oc60eHue

3uarr:
npuHrlr,rrrbr nocrpoerrri{ vr rfyHxqzounpoBaHzf,

HaHorexHoJr orvrrr v Mr4Kpoct4creuuoft rexuurz;
Mr4poBr,re AocrrDreHr,rr r o6lacru paspa6orrcuz I

HaHOpa3MepHbrx gJreKTpOMeXaHpILrecKprx czcTeM;
Yuerl:

paccqurbrBarb petrs4Mbr pa6orrr uzgetuit HaHorexn
MldKpocncrerunofi rexHurcu;

SoprvrynrEponarr v perxarb 3aAarrar, I,tcrrc
MareMarl,Iqecrcufi anlapar rr q[cJleHHbre MeroAbr AJL
CHHTe3a U KoMrrbIOTepHOfO MOAenHpOBaHU, I

HaHorexHoJr oruu H Mr{Kpoct4creuHofi rexuuru;

usAeluit

r4Kpo- t4

tItolHI{ kI

rb30BaTb

LHAJII43a,

6rexros

onR-7 HqcmuvHoe
oc60eHue

3narr:
rrpr,rHr{Hnbr cpzsuxo-xunanqecnofo noAXoAa Nw o

aHarru3a, TeopeTr4qecKoro tr SKcnepr,rMeHT€trrbHoro HccIreA(
MOAeIUpOBaHr,rq npoqeccoB Cr4HTe3a, Ar{arHocTr
SyumquonupoBar[4:r Marepr,ranoB u KoM[oHeHToB r
MaKpocr{creuuofi rexuuxa;
Vuerr:
- onr4cbrBaTb, uHtuIIz3ZpOBaTb, TeopeTnqecKr{ I,I 3KCnepr4M(
r4ccJreAoBaTb H MOAeJILTpOBaTb rrpoqeccbr clIHTe3a, Ar,rafH(
Qynxqzour,rpoBaHr4t MarepuuroB u KoMnoHeHToB E

MaKpocr4creuuofi rexHuru;
Braaerr:
- HaBbIKaMu padorrt c orAenbHbIMH KoMrroHeHTaMr4 M
HaHoclrcreMuoii rexHzxll;
- HaBbIKaMH rrpI4MeHeHr4Jr KOMnoHeHTOB MIZKpO_ U HaHOCH
T9XHIIKIZ npH CO3AaHUI{ TeXHUgeCKrltX CI4CT9M pa3
rbynr<qzoHalbHoro Ha3HaqeHr{r;

prQaHt4fl,,

BAFtI{fl U
(u 14

tHo- u

{T[UIb

',TVIKU

rHO-

Kpo-

reuHofi
ur{Horo

HO

KI

pl

kI

IIR.3
qqcmuuHoe

oc60eHue

3Hars:
ocHoBHbre noAxoAbr K [poeKTr4l

Mt4Kpo3neKTpoNdexaHr4qecKr{x cHcTeM;

-ocuosHrre KoHcrpyrcqzu CBV nar,rnpoeJreKTpoMexaHrzr{ecKo

)BAHHTO

l



IIepeKlroqaTens;
Yuerr:

paspa6a'runatr rexHoJrornqecKr4e Maprrrpyrbr Sop"
KpeMHr4eBbrx AaTqr{r(oB ;

Bra,rerr:

- HaBbrKaMu no paspa6orxe 6agosrrx rexHoJroraqecKrrx n
MLTKpO- r{ HaHOCT4CTeM;

poBaHut

oqeccoB

4. OBbEM II CTpyK'rypA AI,ICqnIIJIpIHbI
Tpy4oevrocrb AI4cI{I{IrJIIiIHhr cocraBJurer 7 saqerHbrx eAr{Hr4r\,252qacoB.
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Pas4en 1. Bneleune.
M0AeJrr.rpoBaHrrfl:

Pas4er 2. crpyrcrypa, nnflu o6ecue.reHn:r cArrp MrrKpocrrcreM:
Terrla l. <lTpunaenenne 3BM AJrt aBToMarr{3arl}ru 3aAaq npoeKTr.rpo BaHvrg. cocran
Tenra 1. dlprzuqrzurr nocrboeuus CAnp.
T ema 2. <flougrrze o rexur.luecrcov odecnerre*rr4r.r cArlp 

"

Terraa 3. <flonsrure o varerkarprqecKoM o6eone.reuner cAllp.
Teua 4. dlonsrne o nanr$zcrr{qecKoM o6ecne.reHrzz cAllp.
Terr'ra 5. <<llonsrrae o rpornaMMHoM o6ecneqeuuu cAflp.
Teua 6. dlo'srze o uplaxnaA'oM o6ecne,reHun CAIIP. flonsrze o6 u

o6ecneqeHr.rer CAIIP.
T ev'a 7 . < Cno co6rr opraulsaqv u pa3MerqeHr.rf, AaHHbrx.

TofroJrou{}r AJrr sJreMeHToB Mr{Kpodzcreuuofi TexHr.rKtr),
Telnra2' <Tranonrre rexuordruqecKl,Ie rrpoqeccbr Ltx nonrreHr , gJreMentnas 6a3a.

Trr[oBoe o6opy4onanne>.

Teua 3. <Murpo- z nanom.jrorpa$ua>.
Teua 4. (LIGA rpoqecc, 6qu4rEnr rpoqeccD.

Coqepx4u[e [paKTlrrrecKrrx saHsrufi rro Arrcq[[JrrrHe
Tenaa 1. <faprraouuuecx{ft aHaJrr43 MrrKpoMexaHu.recKofi.6a,,Kil).
Teua2. <<CosAanze uzrlonaexaH[qecKr,rx eJreMeHToB)).

Teua 3" <BrrqrzcnrarenrHa-d TexHIdKa Ha Kpr4craJrJrax HaHoMerpoBhrx rexnonorufi>.
Pag.uen 4. Tnnonrre rexHoJroruqecKrre [poqeccbr eopu'pon a*rrfr

MI,IKPOCHCTEUTHOft TEXHIIKII. IIPOPTINPOBAHIIE TOI]IOJIOTUU MI4KPOCIICTEM:
Teivra 1. <Mero4una pac're{a gKBI{B€IrIeHTHbrx MexaHr.rqecKr.rx napaMerpoB neu6paH

Mo4elnpyeMbne cnoficrna BEJI[IqUHbI.

Tenaa 1. <Ouronnrre cmg{u r,r srarrbr rrpoeKTr,rpoBaHLrfl)>.

Teua 2. <ocnosHbre granr|J [poeKTr.rpoBaHr.rr no coAepxaHr,rrc ux 3aAarr).
Teua 3. <Mero4rr onucauprx [poqecca AJrfl aHaJru3 an cralraprv3awv>>.
Teua 4. <orc[Ko-MareMaTl'IqecKue MoAeJrx,r dagonrrx KoMrroHeHToB orrrr.rqecKnx
Teua 5. <llonsrrae o uare{,rarusecKr{x MoAeJux r4 t4x KJraccr,r(pzraquo.
Teua 6. <@zsl'IKo-Marenaatu.recKI4e MoAen[ paAprogJreKTpoHHbx KoMloHeHToB>.

Teua 3. <Paspa6orarr rpouerp[qecKyro r,r ceroqHyro MoAeJrr{ lI-o6pasuoro

Merogu

AIIP).

6opon z

zcTopa

rporpaMMe ANSYS).
Tema 4. <Pac.rer napa3rapnbx cn.f,seft n ru6pu4nrx
Teua 5. <Pac.rer 6zubnf,pHoro TpaH3r.rcropa

rloJryrrpoB oAuraron ofi unxp o cxerrmrf>.

Mr4KpOCXeMax).

v r{HTerpanbHofo

5. OFPA3 OBATE JIbHbIE TEXHO JTOII4I,I
B npeno4an alkrr4 1r4cr\untitns_ <<IIpoeKmupogqHue MUKpo_ u HaHOCllCmeM>> IICTIOJI yroTc{

pa:HOO6pasuue o6paronarerbHbre rexHonorrrr4 KaK TpaAr.rrlt4gHHbre, TaK v c

Teua 8. <Cnoco6rr crpyKr yB,I.
Pag,qen 3. HauocncreMbr:
Teua l. <ocnonnbre Br{Abr , Ha'oMarepr4€uroB, rr

ycnpoft crn Ha ux ocHoBe)).

T evra 2. < Ceucoprr, ererrpbuexalr.rqecKr.re crrcreMbD).

aKTr,rBHbD( lr LrHTepaKTr,rBHhrx rr,rerofon o6yrenur.
rrpr4M TIEM



Axrr,rsHrre r{ r,rHTepaKT[suhe Mero4rr o6yuenu.u :

I,IumeparcmunHat nlrcqun ( pasden L feua 1tr2-5);

,[pyzoe.

6. OUEHOTIHbIE CPEACTB A TJIfl TX]KYIIIEIO KOHTPOJTfl YCTIEBAE
TIPOMETTYTOqHOfr ATTNPTAUI4II IIO U:IOTA OCB OEH LTfl TIZrCLUITIJI

YTIEEHO.MET OAI{IIE CKPE OEE CTIEq]EIII,IE CAMO C TO.fl TETbHOfr PAI
CTYN[]I{TOB

Vro rarco e np oqe c cHo - Qyu gqu o n aJrb:aas. gualp av:v,ia?1.

2.

3.

4.

5.

llpure4
Kax Bu re?
Karcoea

1.

2.
i

4.

ouur'rzre $uszxo-ronondrravecKyrc MoAen' B MeroAzKe pacu€ra onrz
ycrpoftcrna rrHTerpirnbuofi oururu.

eKTr4pyeMbrx o6rerron, rnaccuQ krKarJrrn

B 14 npoqeccoB.
9. @zgrzro-uareMarl'IqecKue $o4enu 6agonrx KOMnoHeHToB orrrr4qecKr4x cr.rcreM.
10. Onprurrare runonoft Ha6op {orr,rnoHeur CAtIp.
11. rlro rpeAcraBnret co6oft MpreMarr{qecKoe o6ecneqenze cAflp?
12.[nxqero Hyxuu CVB[?
13' Tuuonue rexHoJrofuuecxu$ rpoqeccBr (popur.rpon aHr4avsAerrnit umpocr,rcreuHoft
I 4. rexuurcrz. Texnonoru.recKr.rd orpaHr4treHr4s.

15. Onrarur'rre KJlacclr0uxarlIar+ Marepr{anoB r] MrdKpocrrcreMHofi rexuraxe" Karue
Marepr{aJroB 14 Meror gHa.reHhe ?

16. flepevucnrtre ocHoBHbIe nu,[rr u cnoftcrea nanoo6relcroB, HaHoMarepr4aJroB.
17. flpune4r4re npzMep ronololnu ueu6paubr llJlf, Mr.rKpocrrcreuHofi TexHrzKa.
18, Kanona ponr r'reu6paHHbrx DneMeHToB u o6nacrr npzueueurzx?
I 9. Kalc paccqr.rrbrBarorc{ napaMerpu vreu6pau i)
20. Crpyxrypa cvcreM aBToMarl,I3LIpoBaHHoro [poeKTr4p o aHvrfl,,Br.rAbr o6ecneqen us CA
21. Tulonue rexHoJrorr'rqecrze [poqeccbr (foprrazponalkrfl. yarerrIaft uzr<pocucreuuoft

Texuolorraqecxlle orpann.r{:Hras. Mexau[qeoKr,re MoAeJrkr B gJreKTpoMexaHr4Ke.

Pacq€rrr nonepxnocrefi
Kynononcroe B3azMoAefi crnzd
.Qrcuepcvr o HHo e 83 ar{MoAefi crdu e

Bo

OCTI,I,
HI,I I4

Tpar(Ta

t

BOI,ICTBA



5.

6.

7.

8.

9.

Muoro qacrr{qHbre B3ar4Mo,

Ocnonrr KBaHToBo-Mexanuvepr<ofo pacqera

Ourosrr MoneKynrpHo
O6nacrn [pr4MeHeHr4t

plrlecKofo pacqqta,
rxpnoft MexaHrzmta

Sranu [poeKTr4po Balvrs, rr.rrar]ro - r{ HaHocucreM
flpune4rare npr4Mepbr garaqpacrrera Mr4Kpo - rd rrarrocprcreM
flpune4rare [pr4Mepbr 3araq agum3aMr4Kpo - rr Har{ocrrcreM
9ro raxoe cnoco6rr upoexru$o r;alus?
flpune4ure rrpnMepbr cr,rHTe3q Mr4Kpo - rr HaHocr.rcr,eM
flpr.rne4rzre rpr{Mepbr onrav{saurrrl Mr4Kpo - z HaHocr4 Mr4Kpo - z HaHOCT4CTeM
Hro raxoe npoqeccHo-SyH EHafl 4lrarl)arunra?

,{rx .rero Hy}lrubr ypaBHeHr{e Ar.rHaMr{ qecK ax BeJrr4 qr4H r,r ypaBHeHrre ABmXeHflepe.ruclzre 6asoerre rov TbI OIITI,IqECI:UX CIICTCM.
Onr.rruzre runoeofi ua6op ro$noHeur CAlIp.
9ro npe4craBJrrer co6ofi rcoe o6ecneqeHr.re CAIIP?
.{na uero HyxHbr CYBA?
Tunonrre rexHoJroruqecK[e rr
TexnonoruqecKr,re orpaHr{rleH

$ oprvrup o n uHvrs. vrs Ae rla fi nazxp o c rEcrerraH o it rex

Mexanu.recKr4e MoAeJrr,I B sJre

1. KoHcrpyNqr4f, v pacqer O rr4 opr4,4HbDl Mr,rKpocxeM.

7. YTIEBHO-ME T OAI4IIE C KO E II I4H<D OPMAIII4OHH O

oE E q[EqEHr4E AMCrIZrrJrr4Hhr
Knnroo6ecleqeHrrocrb

Mr.rKpocxeM.

poBo,4HVKOBbrx Mt4KpOCXeM.

Bbrx MtrKpocxeMax.

AHLrKOBlbrx MI4KpOCXeM

CI,ICTEJM.
(Dou4 olleHorrHbrx cpeAcrB 4u-a nppnerelr4q. arrecrarqr{xz ypoBHs c$opurrpoBaHr{ocrr4 KoM
oOyraroqr'xcr r'o,qr.rcrlr{rrJrr4He o(fgprunxercr orreJrb]rrbrM AoKyMeHToM.

lFlauMeHosaHze nvreparypbr: aBrop, Hit3B4Hr.re, 
""lwl*,

Kolnqecruo
9ffieMfnrpoB wlaawfr t

6u6nrorexe BlfY a
coorsercrauu c OfOC

OcnosHafl rzfycen, A.U. Hanorraarepualrr, ! nauocrpy*ffi
HaHorexHoJrorrrr{ I A. VI. fycen. Iy'rz1La_nue 2_e,

uoe. -- M.: Ousuaurut, 2009r. - 416 c.
AQoncxrzfi, A.A. D@ B
HaHorexHoJrorlrrx r{ Mr45pegrgKrpoHrlr<e / A$oncnuil A.A.
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8. MATEPT4AJIbHO-TEXHTTqECKOE oBEcrrEqEHI4E AIrcuuIrJII,I
Jlexqnonubre 3aH.'TI'fl no AaHHofi gucqvnrJr*IHe ,'poBo4{Tcr B cneq[arrbHbx ayr

ocHarrleHHbrx AocKofi (n torra qrcne I,IHTepaKTr{BHoft), oKpaHoM AJrr [poeKrlr4oHH;
rrpoeKropoM r4 HOyr6yKoM.

,{nx o6ecneqeHr4r [poBeAeHr{r [paKTrrqecKrrx pa60T r.rMerorc.f, KoM
Ka(DeApbr <DnlIM.

Pabovyro rporpaMMy cocraBr4n
(tDI,IO, noanucr)

PeuenseHr
(upe4ce4areJrb pa6oro4arenx)

(uecro pa6orur, aonxnoCru, <DZO, i6airad)

cI4CTeM,

KJIACCbI

i
!
I

llporpauMa paccMorpeHa r{ oAo6peHa Ha 3aoeAaHr4r4 KaoeApbr
flpororcor J\b1 or 3L08.2020 ro.ua
3ane4yroqzfi xaSe4pofi C.M. A

(@I4O, uo4nrcr)

Pa6oqas npolpaMMa paccMorpeHa r,r oAo6peHa Ha 3 aceAaH Lrl,l yqe'Ho-MeTOAr4
KOMI4 CCV Lt HarrpaBneHlr.f, 28.04.01
flporoxon J\bl or 31.08.2020 roaa
flpe4ce4areJrb KoM uccuLr C.M. A

, noAnr,rcb)



Pa6oqa{ rporpaMMa o4o6peHa Ha

flpororor saceqa:rrr4s. rca$e4prr jve

3 ane4yrorqzfi rcaSe4pofi

P a6osax rporpaMMa o4o6pe Ha Ha

flpororon 3aceAaHLrx ra$e4prr }lb

3ane4yrorqzft raSe4pofi

Pa5oqa.f, rrporpaMMa o4o6peHa Ha

flpororol sace4a:avrx raS e4prr Jrlb

3ane4yrorqzfi r<aQ e4pofi

JII4C T IIEPEY'IBEPXAEHUfl
PAB OTIETZ UP OTPAMMbI NTICIIVIIIJII4HbI

yve6uufi ro4

foAa

yle6nnft ro4

foAa

yre6nuft ro4

OT

OT


