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1. UEn4 OCBOEHUfl I\UU\r,rIrJII,IHbr

I{e.nrro ocBoeHnr rr4crlrrnnrzHbr .flBnserctr r43yqeHr.re 6a-soesrx nprrHur{rroB
flpoqeccoB B HaHOC]rCTeMaX, a raxile cnoco60e vx KoHcTpyr4pouurrr" c

Ins MoAelprpaBaEvnr
rroMorrlJbro 0peAcTB

aBTOMaTr43t4 pOBaHHOf O ry)oeKTr.rpo BaHLrA.
3aAaqu ALr cunrrJrrrHbr :

'I'I3freHI4e croco6os MoreJlbHorl np.ottuuJleHlrfl tr BLrsyailrlr,ar\Lru HaHocrpyKTyp, npo{eoooB r.D(

QoprrrauponaHvrfl. 14 cr4creM Ha r{x ocHoBe;
t3HaKoMcrB" ;"- ;;;;;; npoeKrvpo BaHr4s. ycrpofic'rn Lr KoMnoHeH1oB oacreM r|

HAHOTEXHOJIOTI4I4.

bI I} CTPYK'TYPE OTIOII BO
TI,rpoBaHI4e B HaHOTeXHOJIOTTITX> oTIIOCI4:|C.[ It

lol:roroBKr4 6ar<ananpoB rro HalpaBneHr4ro

<<MareMarzKD>, <Ocuoebr KprzcraJrJrorpzL$nu>,
areprranoB), <Ilne4enze B HauorexHonorzrc)"

Koa $opuupyeMbrx
xounereuqufi KOMneTeHrIr{I4

lhaHupyenrbre p%yJrrTarbr o6yuenar no AprcqurrrJl rrHe
xapaKTepLrslrorrlr4e 3Talrbr $opnauponaurrr KoMrrereuqu_f

rroKa3areJrlr ocBoeHlur lconalerenquu)

3narr: $uszuecxue 14 MaTeMaTAqecKI4e; 3aKOHbI r,r Mo.rIeJrLl

Qusuuecxux npoqeccoB, Jrexarq[x B ocHoBe npr4HIIr4rIoB
aefrcrsux o6reKroe HaHorexHoJIorLrI4 v rr,lurpoczcreuHofi
TEXHHKII,

Yuerr,: perrarb gal'aq.", LrclroJlb3oBarb MareMaruqecxufr
annapaT Lr qrrcJreHHbre MeTOAblr KoMrrbKlTepHoro
MoAenr'IpoBanz-s o6reKroB r{aHorexHoJrorl{H r{ MHKpOCAOreMuoft
TEXHZKH.

B.naAers: MareMarur{ecKnM arrnaparoM H
KoMnbrcTepHbrx rexHotoruil glx MoAeriupoBaHu.rr
HaHorexHoJrorrrkl pr Ml4Kpoczcreuuofi rexuprHla.

qacTI4r{HOe

ocBoeHIZe

qacTr4qHoe

ocBoeHr4e

3uarr,: MeroAr,I a.'aIwu,a v c,creMarll3arl,I4 pe3yJlb,raroB
uccrenoeanzfi.
Vmet,: [peAc,raBn.{Tb pe3yn6Tarbr rrcoJreAoBaHufi )s ezne
HayqHErx orireroB, ny6maxaquft, npeseura4ufi, 

i

B.naAers: HaBbrKaMr4 o6pa6orxu pe3yJrb,raroB lzsuepeHaft u
orIeHKH HX AOCTOBepHocTr4.

qacTI4lIHOe

ocBoeHve

3narr: 6a:osoe KoHrpoJrbHo-z3MepureJr""* ;6opyJrrr""r.
Anfl Merpororl4r{ecKoro o6ecneqesprrr HccneA(nalturt u
npoMbrrrrneHHofo npou:tBoAcrBa r{erHoMareptralbn u
KOMIIOHEHTOB.

Yuerr: ocyqecrBJr.rrrb Ar{a.rHocrt4Ky HerrcuraAox r4 qac,rzquufi
peMOHT IT3MepLITeIIbHOIO, Ar{afHOCTHrIeCKOrO,
TexHoJlorH rrecKofo o6opyAoeaunr.
B.laAerr: HanbrKaMa MoHaropuHra AuafHocrt4r.recKofo,
TexHoJrorhrrecKoro o6opyAoeauu_q. I
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Cogepxaun e reKrur oH Hbrx 3 aHqruft rro Ar4 cunuJruHe

Pa:Aen 1" Mole.lupyroque rporpaMMqr u cpeAcrBa.
1 ' l. Brrrraclrare:lrnrrfi 3KcneplzMeHT KaK ocHoBa KoMnbrcTepHoro MoAenrrpoB aHr4fl.

I\ / ^-^,Iv4areNaarra.{ecKrle MoreJrr{ Lr rzx KJraccrzrfurcaqur, (2.{.) 
i1.2. Itpaenrre 3aAaltv N,IareMarllqecKofi Qz:raxr,r KaK MareMarvr{ecKa.fl ocHoBa Ko1,{rrb()TepHofo

MoAenr{poBanux. (2u.) | '

1,3. floHgrze o rII4cJreHHbIX Mero.4ax perleHr4.s KpaeBbrx 3ailaq. flousrue o MrJToAe MgHrle-Kapro.
(2'a.)

L4. (Dyn4anleuriaJrbHar cr4creMa ypaBHeHr4ft ta3Jrgr{Hbre rgvcreMbr
Ito4eleft Ha ee ocHone. [u$$ysrroHHo-hpefi@onoe )rd6Jrr4)KeHr4r,(4.r.)

1.5. fpauuuurre ycnoBr4r B vlacleHHol,r Hr.rKoBbrx ,crpvKrvD
llorynponoAHr{KoBbre Hu3Kopa3MepHbre crpyKrypbr.(zq.) |

1L I1.6. ocHosFltIe MerorLI perrleHafl KoHeqHo-pa3FrocrHl,rx ypaBHeHr4fi rronyflpoBo,alrurcosrrx
crpyKryp: MeroA Hrroloua u cxeMa fyilrraenx.(4u.) 

|1.7. Merol KoHeqHBIX 3neMeHToB KaK ocHoBHofi lrarenaaruqecrzfi anflapar cprcreME,r n1trrl6,rpuo-'i

Mero.q $yuxqzonana rrJrorHocrvr. (2.t.) 
I

pyxryp. (2u,)

1.6. Kouurrorepurrfi <uanocxQu>: M
nonynponoAHr4KoBbrx HaHoKJracrepon (ClaHro). (2q.) 

i

Pa
2.1

2.2.f czcreu' (2'r')

z'J. -'JreKtlruAuHaMI4qecKoe MoAeJIHpOBaHI4g 14 npoeKTl,rpoBaHHe Qpaxranrnbrx aHTeHHT,IX CI4CTeM. (1.{.)



Co4epxauue [paKTrrrrecKvx sagsrrlft rro Arrcqil[Jrr.rHe

Terr,ra 1 . flpu6opuo -TexnoJrof ilqecKoe MoleJrr{poB anue. (2u.)
T ettra 2 . P erueun e 3a1aq Mero.qoM Monre_Kaplro. (au. )
Teua 3. KuHerzqecKoe ypaB'eHr4e, MeroA MoJreKynrpHofi 4zHau u.*Lr, ypaB*.'wfl
KnaHrosofi 4uuatunxu (2u.)
Teva 4 f-o-r"-'.,oTet'ra 4' fpauuvurre ycnoBlrt B 

'I4cJreHHgy 
roaanr4poBa'uu [oryrpoBoAHrrKoBbrx ]cr.py*ypflo.nynponoAHt4 KoBbre Hr.l3Kopa3MepHbre cipyxryprr, (2u.)

I:y: i lt:ly:l"r nprrMeHeHr.r" r.rgau Ai.rorr_" cxeMbr ryuvrena (2u.)
Terraa. 6. Mero4 KorJeqHbrx ereMeurcie. (4.{.)
Tewra 7, Mero4 Syur<quoHaJra rrJrorHocru. (4.r.)
Telra 8' Kpvrepuft .ytu..tup"anz" waKoBKr.r. Brr6op rr.r KperHoro rpoc,rpa'crBaMolenr4poBaHr.rr4 pocra crpyrryp (2v. )-far,- O I/^-^Tervra 9' Meror o"t'Ip_t:J:lo MorenirpoB auux pas6vreunft uyrraKoBoK (4nynrepr{Br ir ctryuafi) (2.t.)Terrra l0.MeroA llzcKperHofo rrao4eriupon allus. rla3luerruit u vrlax,oRnr. l.."ncwrno'
Terrrq .f .l l\zfo_^-_, 

r\rvrrlvr v rYrvAwJurtlwDarrvDr I).LJVVLVHUU H VTTARoRnT. lTnFVrtrFhu.'# CIyUa.ii) (2C.)Telra 11. Meroru vJrJl

Tewra 12. pac.rer K (4u')

Terr,ra 13. Koucrpy

cogepxaur'r e na'pparopHbrx s anqrufi rro ArrcqurJru'e

(crpyrcrypoo6pasonauze oprauEqecKr4xrJ lrrJ }/vvvl/@vDanfrv upl 4u11Ll{JgKI4x

rypoo6pasoBaHr4e .qr,roneKTpr4KoB Ha rrpr.rMepe

14 3Apbr, KnacTepr43arlr4_'r TBepAoTeJrbHblx 0TpyKTyp

@parranrnoro rrrrra MeroJI€rMr4 CAIIp. (4q,)
auu CAIIP. (4q.)

blf,] TEXHOJIOIIII4
ue u npoeKmupoqouLte 6 HhHomexH(jJtozunb)HCrIo'IIbs'vrurux pil3Hooopa3Hble oopa3oBare+bHble TexHoJrorr4l4 KaK TpaAI4uI4o bre, TaK z c npn4MeHeHr4eMaKTr.rnHr,rx r4 r{HTepaKTrlBH hrx MeroroB o 6yrduux.

AKrnsurre u r4HTepaKTr4BHbre MeroAbr o6yqenzs:
. fpynnoBar Ar4cKyccux (nce lpaKTrzrrecrcne zanxt:un);o Pas6<lp x:oHKperHblx cjlryauuft (nce ner<qzoHHbre r4 npaKTr4rrecKr4e sanflrus.).

t;":3:T.:::1y:::L"f:"sJ'rrEKyrrr'roKoH:rporr,nyc'EBAEMOCrr.,
IrP o MEx{vr o .IFI o_I\ A T TE c rA wm tr o I4T orAM o c B o EHrrflAr,I cqur]Jln4H'l r45rurvrnur-ulvqEBHo-Mrrl r oAI4 qE CKOE oEECrrEqEHI4 E CAMO C To-fl TEJrrrHorZ pAE o.thl

CTYAEHT'OB

Texyqufi KoHTpoJrb ycrreBaeMocrn c,ryAeHToB
flpnuepnrrfi cd,ucox BorrpocoB rc pefirunr_xourpo.lro i\blL MarenaarmrecKr.re MoAenr{ r4 r4x KJraccn$u|aqurz.

2. Kpaenrre 3a1aqvMareMaruqecrcofi $n:"rca.
.J. I{ZCffegHr-Te Mer^nrr l\/am^- l\r^..-^ t"^.^-lJ. r{ucreuHbre MeroAbr. MeroA Vo*rr._Xupn['.

L
IlpuuepHrrfi crf rrcoK BonpocoB K pefirnHr_rcoHrponro j\b2

!zQsy:raonHo-4peft soBOe v KBa3r.rrrrApoAkr'aM[rrecroe npu6rr4xeH'.s.



2.

3,
crpyr(ryp,

Merol l{t4cnperHofo rvroAeJrltpoBaHus

IIporr'rexyroqHar arrec,iraunfl rro LrroraM ocBoeHrrrl AncqHtrJrnur"r (oxrarueu].

Ar4CUr4rrJrr4Hbr
KHnroo6ecrreqeHHocrr>

KH I4f O OEECIII]qEHH O CTb

I,
2.
a
J.

{vcreusrre Merorbr. Me:roa Monre-K{pno.
flu$sy:uonHo-4pefi dloBoe 14 n"u:".r4f oArrHaMr,rqecr<oe upu6ruxeHr{s.
I paHurlrlble ycnoBl,It ll tll4creHHolu uoflelupoBaHllr4 rron npoBoAHl,rKoBbrx crpy6Typ.
.KoHeqHo-pa3HocrHble ypaBHeHI,Is [onvnpoBoAHr4KoBErx crpyr(Typ. MeroA Hrrcrona I{ cxeMa tr'yrraveln.
Merol ,,'oraur",* rna*" ,ro".
lMeroa Qynrqu ouala [rorHocrr.r.
M e r o 4 Ar{ cKp erH o.;-^; ;;;;;;;;;r 

""l0' lf-Ionyveuue pas6ueHLrs, Ha MoneKyntpuire nonusApbr, KJracrepvsarJuflrBepAorenbr{brx crpyKr{p.
1 1. [uarparr,rMbr HanpaBJreHHocrt4 aHTeHH ([par<r bHoro rprila.
12, {36opra rerepocrpyKryp rr cBepxpeuerlr naero4aprz CAIIp.

flpuuepusre reMbr KytlcoBbrx pa6o'r
l. (uH3I,tKO-Ma'teI 4arr4rrecKr4e Moi4enr.r paArIo3ner(TpoHHbrx KoMrroHOHTOB: pe3r,rcropr,r,

KoHAeHcaropLI, HHIyKTI{BHocrlI' AI'IOAbI, TpPH3}Icr prr, rpancQopM?Topbr, KoMMyraquoHHbre tuu4u.2. OusvKo-rexHonorllqecKl{e I4 Fononorr4r{ecKa.s MoAeJrr4 3JreMeHTHo ir, 6ust 
"rrta.purr"lr",r,MIrKpocxeM: MoAeJ-rr.rpoBaHr.re 6asosHx rexnirnoruqecK[x onepaqufi, aHarr4TlrrrecKoe orrr4caurae cfprlrnaeHToB

6asoBrrx 6unorrpnrx 14 yrrvnontrpHbrx crpyxryp, eS$er<ru uacura6upoBaHr.r.,r.
3. Meto4uxa pacqera SKBI4BaJIeHTHrIX MexaHr4r{ecK}IX r aMerpoB rvrena6paH clox<uofi

Torlo,rlof aI4 A.ns 3neMeHTo B Mr4 Kpo czcretrnofi TexHr4Ktr.
4. flpoexrzpor\aHvre ceHcopHbrx r.r a rloaropHbrx 3JreMeHToB.

Boupocu Aflq KoHTpoJrfl caMocrorrreJrl,Hoft pa6o.ru:

Ilpunaeqnr,rfi uepevenb BorrpocoB K 3K3aMeHy
MareN,l aru.{ecKr4e MoAen I4 r4 I,IX KJracc ub uxautru,
Kpaeasre 3araqu MareMarr4r{ecxofi Qz:1axz.

1' flolyueHue pas6ueaux Ha MoneKynf,pHble noJrlrs.qpbr, Knacrepr.r3arlr{r rBepAorerrbHbrx crpy$Typ.
2. fluarpauuu HalpaBneHHocrr4 anreHir $paxramHoro rrarra.
3, C6oprca rerepocrpyKryp r{ cnepxpeuieroK MeroAaMrz CAlIp.

Glosl orleHoqFrbrx cpeAcrB Inr npoBeAeH:as. arrecrarlr4r.r yp(

Hanu.ine rr

slexrprluHofi
6r.r6nlrorexe IhfV

Hauuesonasfle Jrxreparypbr : aBTop, Ha3BaHrre, Bl,tA
u3 AaHVfl , U3AaTeJlt bcTtso

foA u:AaHnr

KOJI{qecTr]o 3K3eMnntpoB
la:Iauufr s 6u6Jhorexe
BrfY e coorBercrBHH c

OI'OC BO

JcHoBHar lureparypa*
l. Bne4eHue n {euronauoSoronur<y,
@yngaveHralbrrbte ocHoBbI H Jra3epHbre MeroAbr
y[paB-JIteMOIO nOJMeH]49 U Trv^rrtn'f.Twvuy[paB-JrreMoro floryqeHr4r t4 AlarHocT]rKH
HaHoc'rpyKrypr.qloBaHHbrx Mar.epr4irJtoB: yue6Hoe
noco-6ue/ C.M. Apaxer.aH ,' ap,- 3nerrpou.
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ary.rulbook/lSBN978
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TeKOTOBbre AaHHbre,_ M.: 2015.-744 c.

http://www.iprbooksh
op.n.r/46875,html

{ouoluurelbHar Jrr4Te
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2. l\zepxnvcnrlr e.Z vpaBHe"dffi"Marrrr"Aofi
$usnxn: Kypc rcxqafrJ .{sepNzncxnfi p.4.,
Jlorunon B.4,.- 3lexrpon. TeKcroBbre AaHrrbre.:_M.: Mocxoscxaq rocyAapcrBeHHafl aKa/rcMofl
le4gelq rpaHcrropra,2015.__ 66 c,

l,,A.nepvenxon B.lI,, Ocuosri;areMarr,rqec
MoAeJrr{poBaHr{.rr rexHrrqecKrrx clrcreM I B.
AnepueHxon, B.lI. Oe4opon, M.JI. XeftSeq _ M
OJIf4HTA, 2016. _27 t c.
2. .Mero4rr MareMarnrecKof Ouguxu: y.reGi;
noco6rae/ IO.B. fpunren [ra ap.]._ Onerrpory.
TexcToBbre AaHHbte._ Torr,rcx: Torracxilff
focyAapcrBeHHrrfr yHnnepcLtler cHcreM ylrpa
Hun v pa4tosneKrpoHr,tr(h, 3nr KoHrem, 2012.
148 c.
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