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1. rlEnr4 ocBoEHr,flfl Incrlu
Ileluo ocBoeHu.a At4crlr{nnr4ubr <I4urerpnpoBaHH

JroKaJrrz3oBaHHr,rx cTpyKTyp) flB]IfleTcfl. o3HaKOMJIeHze c HOB

:ffi:::::" ^,L-Ti"-l::-tj - 
Qopur'rponarue' u pacnpocrp

r#"T:xffi 'Tffi #0,;;'#.',irJ'**""*:#i-irryal.aox..;"dk;;;;]I#J"TTJffi"'#TJ.:T.T:1"^:::.:90."";";t;o#H;;b"-ffi ;::'J,U:;:HH;saxBaTa r{ TpaH0nopTa MrrKpo rr HaHocTpyr[Typ.

3aAaqz ArrcqurrJrriubr :
o r43f{enue ocHoB paspa6ornzL h eosnalvrfl.

peanr.ir3oBaHHbrx B eAr4HOM rvrolyJre (on_chip
JIoKutJrIr3 oB aHHbrx olTI4 qecKzx c<l crosHI4 fi ;

:#f::::::" ^,1-Ti"_l_."1" 
Qopur.rponarueu u pacnpocrp

. r43yqeHze cnoco6oB reHella\upl u 3KcrrepzMeHTa,TbHoro
pexl4lv{oB pacnpocrpaHeHrrr olrrzrreoKofo noJrr;

KOJV[IIaxTHbIX,

I4CTOIIIHI4KOB
i

;

na6nro4euu.f coJrlrloHHbx

o ocBoeFlus' amopurMoB rlklcreHllofo MoAenr{poBaHI4r cJroxH'JX aroMrlo-orr'rn{ecKrrxcldcreM' peanI43oBaHHbIX Ha ocHcrBe nepcrIeKTI4BHbIX olrt'qecKr4x MarepuanoB.

2. MECTO AI,ICIII4.IJIKTH'I B CTPYKTYPE OIIO]TI BO

fluc.uun,nHa <zHrerpI4poBaHHbre TexHonon4 rr u orrruKa loran':rlnorHocarc.rr K Ar4crIHlnr4HaM rro nrr6opy Bapr4arrzBHorz.racrz orto|I. 
raHHbIX c:lp)'KTyp]

Llsyuenue ArzcutannLrHbr npeAloJrafaer HilJrr4qrze y cryAeHTon @yu4anaeHTaJrbHbrx suaHaft so6lacru o6rqefi rfvszxz, orrrr{Kr4, zu$oprraarzrz. 
l

3uanz.a, rloJrfrerrHrre B paMKax rrcWe1r4fl AaHuo[ Ar{cUz]
I{3r{eHIzt4 Apyrr'D( crerluanbHbrx Arrcurrrrnrrr ro npoQnnro,.ffi"".;#l:Yrl6rmr 

rpI{MeHeHbI rpkl

rnunr3ou"lvr",Irl,LT:1:::.r:r.T-?E3vrrtrrArbr oEyqEH vrflfToAr4crrlr4Drr4HEllnaHupyenarte pe3ynbrarr,r o6yveuur no r.rcr,unn.r*elr'rrvnr'u 
/{l4clur4frJII'IHE

pJ:y&IgIeU4 ocsoeHkrr O11Oil 
a rr\/ AvLv\llllJtnHe) coorHecerlHbje c [JraHIrpyeI{bIMrI

Koa
$opvlzpyerrarrx
xounereuuufi

Vponenr
ocBOeHU.fl

KOMIIETEHIIU'I

llnanzpyervruel":yrr-rral",
xapaKrepa3yrorlr4e sranbr Qopuzpo

qacmuuuutu 3narr: nprrtl"@
6asy na:epuor? rexuuxz;
Yuers: aHiurz3r4poBar6
Il3ryrreHvfl c MaTepr{a
u uQopn,taurloHH6re pecypcbr
B.raAers: Haurxaun pa6o
rlpoeKTApc]BaHl4.fl, IlonoJrb3yrotl
pno;a_45n oron nas epusrx xorr,rnn

uacmuuuutit 3ualr: . nprruq;;.."r*py"p""a,
3JreKTpoHHbx npu6opon, llx y3JroB r.t gJreMe
' oJreMeHTr{yro 6a":y, ucnolb3yeMyro
TEXHI,IKII::

Vuer:n: nog6aparu r0 3anaH [apaMeTpaM u
x rpu6opon u

b]t TI TEXHOJIOI]I{I4: :

oIITI4KO-3JIeKTpoHHr,IX

xapaKTeprzoraKaM 3neMerrrr{yro 6asy Jr
crlcreM; trpBrMeHrrb raH$opnaaqaon""r" p"aBna4err: npaKJraAHbrMr.r rporpaMMa

B It3IeJrHlIX la:epHofi

uacmuuuutti 3Harr,: ll"roa"r u cpeAcltsa ttJ] B ALrLrfl vr opr a]ts'us arlkruaccne4onauzfi v paspa6orox;
gKcrrepHMeHToB a sa6moAeHrlfi.



HHQopMaqHH;.

Vmers:. HaxoAt4Tb aHaIuT14qeoKHe peueHurl 3anaLI
xeaHronoii TeoDr4!r:

BKrrloqa,{ nnaHr4poBaHne, parpa6orKy, oplaHlrcarlr4rc n rpoCe4eH ue
r{ccreAOsauuft:

4. OEbEM U CTpyKTypA AtICIII4trJItr4Hr,l

C ogepxarur e JreKrIrro,HHbrX sarrsrufi rro Arrcurr[Jrr{He
PagAel 1. O6rque [puHuI'IrIbI ortvaalvfl oBeror4HAyrl]rpoBaHubrx o6pason e*tufr rt orrr[r{r3-cKr4x

T

r.rx cpreA. XporuaruuecKarr 4racnepcr{r. (Jnruqecxue n orepH.
{elnuefiHrre e$$exrbr B orrrrrr{ec(ux cpenax. llparrruve_
zsoc:refi.

l'2' ofironnoe ypaBHeHHe pacltpoorpaHelLrs. MeroA o6parHdfi 3arawr palccr3f,Hu{.qucreH-urIe MeroAbI aHanz:na ueruuefin:oro ypaBHeHLrr lilpearaHrepp. lllpegrzrirepoBcKr4e
COJII4TOHbI.

1'3. ontu'recxze rvIHr4u cBt3I4. M- Qopuar KoAr{poEaH"" 
"r.rr"anfn. 

Cocpe^o,r.oqeHgoe r4
paclpeAenennoe yc}IneHHe B Jrr4Hnflx cBt3I4. [Iyrrtu BoJroKOHHbrx ycdnznelefi" Helnneitgrrfi
OTBETBI,ITEJIT, CUCTEITU C MYJIbTI'IINEKCIdPOI3AHI,IEM IIO AJII4HAM BOJIH. .]

Pa:len 2. cuc;.etvtbl reHepaur4uvrynpaBJreHr4r JroKaJrr43oBaHHbrMr4 onrr.rqqcKrrMr4 ctfpyK-rypiaMr4
2.1' onrzqecKl4e) cxeMbl 4nr $oprrazpoBarrr4s cBerJrbrx [pocrpaHcrBeHHbrx aon"'r,orou. itrn"pt
poBcKI4e onrur{ecKl4e cpeAa u neluuefiHOcrl{ Bblclrrr4x rropr.{KoB. Onru.recKze SJreMe.FITbr c
Hacbll{arourefic.s Herl4rlefinocrrro. flepexo/r;Hrre HelznefiHocrr4 u 6ucra6uybr{oc*,.
2,2. Ycloitql'IBoorl4 coJII4ToHHbrx perneHzli. JluuefisrIfi aHar[43. MeroA M:zlJrbrx nosnryrileuufr.
'Kpurepufi Baxltroea-Korororosa. Acrzvurorz.{ecKrafi aHalru3, Crorxnoneurzr coJxr,rroHoB.
MnorocorzroHH bre nsarauo4efi crBr4lr. Bpusepu rz cBr3aHHr,Ie coJrrrroHbr.
2'3' [uccuIIarI{EHbIe orITI{qecKI4e conlzrolru" Ypanuesze fuug6ypra-Jlau4ay. Elapuaqu.uutrfi
aH?drLr3. rluclennr,rit asastuz cneKTpanLHbIMV MeroAaulr. feHepa\Lrfl AlrccLrrraTrrBH6rx coJrlrr.o-HoB
B BOJTOKOHHbTX neBepax.
2.4' BvxpeBble oIITI'IqecKI{e nrIKI4. llacrruarournfics nouorr4TeJrb. TexHoloru" onr"tr,ano.b
3axBara, fenepaqur ycrofiuunux ollTl4vecxax nzxpefi B noJrynpoBoAHr.rKoBbrx crpKyrpax.
?'5. MoAsr Jlarrepa-fayca. Merorlr ynpaBneHr{s MoMeHroM rrMnynbca Br.rxpeBbrx [)/r{KoB.
IlpoexrupoBaHze BbIcoKoeMKux ruuui,t cBrr3r4 Ha ocHoBe orru4rrecKnx rzxpeft. yqer ar,cuuo-
onruqecKux nosvyrqeuuft .

Pa3.4er 3. cracrerrarr u ycrpoficrna c IIoJrHocrEro orrrrrqecKr4M yilpaBJreHpreM Ha ocHoBe
IIepcneKTr4BHbX OrrTrrqecKr4x MaTeprraJroB.
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3,1. OnrrrecKrae cpeAbr c HaBeI;eHHbrMr4 nenzneffnocr_f,Mu.

aa
fa^:o uanonHeHHbre

AI{CICPCI4OHH'IX U T.,CCLINATI4BH''* XAPAKTCPI4CTI,IK B PC3OHAHCH'IX
orlTldqecxr4 e Marpl4 IIhr.,,Me4leuHblplt', cB €rr,
3'2' MzxpocrpyKTypI4poBaHHr,Ie or-trl4qecKr.re cpeAbr rd orrrr.rqecKr4e peuerKlr. (D.ToHHbre
Kpl4crannbl' HelIaHefiHE'Ie MHorocepltleBIrHHbre BoJroKoHHbre Marpr.rrlbr, <llpanrre> lr <<Jlenuelotlrl'IqecKae cperbl. orpzqarelrHrrii IloK,a3areJrb [penoMJreHzg. Miranaut.p--"r. 3xpauzpon-rca
3neKTpoMalHrrTHbrx cr4 THaJIOB.

Mo4ynrqrzr neri.auefiso-
cpe.4ax.,{onuppnauurre

IIOJIbIC OIITZqCCKUC BOJIOKHA. TEXHOIOTUI{ 3ATPY3KII XOTOI,IHbIX ATO.
XONOAHbIX |:iTOMOB B BOJIHOBOAHbIX CI4CTEMAX. MANTNY:TUPOBAFII4C

B Orrrr4lrec*ux nyqKax. Arou'rrit pusafin. cnoco6 .rrrr4\recKoro

uon. IlpzHrlrlrrbr yAeplxaHr4t
Mr.rKpo- u uanoo6reKTaMrr
TpaHcnopra lrzxpoo6beKroB.

Cogepxanue naSop a ropHbrx s aHqrnfi rro ArrcqunJrr,rHe
n,P.J\b1, Pacqer rapaMerpoB BoJroKoHHbrx cBeroBonoB .

n.P,)1b2. rucrr.rK B BoJroKotrHbrx cBeroBoAoni.
JI.P.J\b3.
n.p.J\!4. 

rpocTpaHeHr4' B qr4cToM Ar4olepcrtoHHoM pexvMe.
HevIfl OIITI4qecKrrX kIMrIynbcOB B ,qr40nepclrroHFrO_uervnefiHoft cpe4e.

I I Nt5 Mo4erupoBaHr4e o6pasonau ux y gapuofr Borr'br orz6aroqefi .
r. P' l'le6' Mo4elnpoBaHrre o6pasoaaHr4r orrrrrqecKrrx coJrrr roHoB.

Telra 1.

Tervra2,
Tenra 3.

Terr,ra 4.

co4epxcanue [paKTn:qecKrx s aHqrr,rfi rro Ar{cq[ilJrr{He
Mo4enupoBaHr4e ypaBHeHus Jlarpanxa B MexaHrzqecKr.rx cuwewrax (2 u).
Mo4elupoBaHlze ypaBHeHI4t ABt4x(eHI4.rr r.r gHeprl4r{ B pemrr4Bt4c:rcrofi rr,lexanzre (21u.)
Pacqer nepeAaroqefi sornoeolnoli rvnz u (Zi.).
Mo4emlpoBaHr4 e ypaBHeHr4r [lpe4zHrepa (3 u. ).

HT.KOHTDOJIfl

5. OEPA3OBIATEJIbHbIE TEXHOJIOI,I4II
B flpenoraBaHzrl AI{cIIIdttnIiHbr <llnrerpupoBaFrHbre TexgoJrofr{r4 rr o.rrrr4](a

JIOKaJII43OBaHHbIK crpyKTyp) I{cnonb3yroro-{ pa3Hoo6pa^:ur,re o6pasonareJrb]rbre rexHoJlorurr KaKTpaAI{III{OHHbIe, TaK I{ C rIpI'IMeHeHrIeM aKTr.IBHbx LI pIHTepar(Tr4BHbx MeroAoI} o6ytenux.
AxrzeHlre 14 zHTepaKTr4BHbIe lirerolt,br o6yueHnx :

tr4umeparcmusH an rrteKqLtn (meua Nb 2) ;

fpynnoeaa ducrcyccun (meua lWl),
Auanus cumya4uil (meua Ne-:l);
Ilpuueu e uue uMumaquo HHbI:y uo d en e il (n a 6 op am opuut e p a6 o mut Ne 3 - 5 ) ;
Paz1op KoHKpemHbrx cumyalluti (meua Jtb4);

6, OUEHOIIHbIE CPEACTE A IJIN TEKYIIIE| O KOHTPOJI,fl YCfIIIBAIIM OCTI4,
fIP O ME XYT O qHOIZ ATTE C TAIII4I4 IIO I4T OIAM O CB OEHUq

ATTCIII4TIJII{HbI I4 yqEEHO-MET OAI4 qE CK OE OBE CfrEqEHr4 rl
CAMO CTOqTEJIbHOIZ PAEOT bI CTYNEH:| OB

Pefirunr-r<onrpo.rrt J\b 1
l. KnaccnfiuxaWrH onruqecKr{x cpeA.
2. Helnuefiurrfi oreersr4rem.
3. Xpovarz,recKarr Ar4cnepcr4tr.
4. lUpe4uurepoBcKrre coJu4ToHbr.

5. Onrzqecxze norepr4.
6. RZ- Soprraar KoArrpoBaHkm crzrrraJroB.
7, Coornorueuue Kpatrepca_Kpouura.



8' r{zcleunrre Merorbr aHaJrLr3itHenrmelzuoro ypaBHeH ux rJJpe *urrrep a.9. HelnHefturre s$@exrbr B onrr4qecKr4x cpeAax.

-10. 
CzcreMbr c MynbTr4rrneKcr4poBaHr{,eM no AnrzHaM BoJrH.

Peft rnHr-rcoHlpo.nr J\b2r vn r rent -K0HT'no.rtK .NbZ

11' onruqectt"t t*tt"' 4n't $optrzp o'a'r4fl.cBerJrbrx rrpocrpaHcrBeHrrhrrx coJrr{ToHorB.| 2. Y \er aroMno - orTr,rqecxLr x n osnayuleurzfi .

13 ' HeneppoBcKr.e olrr4trecKr4e cpeAa .a uerzueftHocrt4 Bbrclrr4x rrop_f,AKoB.I 4. Mo4u Jlarrepa-fayca.
I 5' Onrrzqe'Krze sneMeHTbr c Hacrirrrlaro,oeilc.s Herz'efiHOCrrro.
l6' Mero4u ylpaBne'r4r M.M.HTOM r4rr{nyJrbca Br4xpeBbrx nyqKoB.
17. IlepexoAHbre serulHefiHo crrr u 6uc.ra6unurocrb.
I 8. Bzxpenn,re o[Tr.rqecKr.re [yqKr4.
1 9. Vcrofiqr{Bocrr4 coJrrzroHrrbrx peuen ufi .

20' fenepaqax ycrorivLrBbrx o.rr"ur"nrrx nuxpeft B nonynpoBoAHr4KoB'rx crp*yTpax.

PefiTllur-rcourp,o.rrr J\b3
21 . Onrz.recKr4e cpeAbr c HaBeAeHHbrMu HeJrI4Hefiuocr_flNaz.
22 . I as ouano JrH eHHbre rr o JrBre o rrrlzqe crr4 e B ono KH a.23'Mogytxa;,ux Henz'eftHo-.4r4cnepcfioH'brx n rnccvrrar.rBHbrxpe3oHaHCHbX cpelax.
24. Arownrtil guzaitn,
2 5 . flouupoBauubre olrr4 rrecKrz e MaTpr4 r];br.
26. Manunyn[poBaHr4e Mr,r*po- n HanoodreKTaMr.r B orrTrrqecK[x ,,yqKax.27 ' MnxpocrpyKTypapoBaHHbre olrr4rreoKr4e cperbr 14 oflTrrqecKrre peruer*:r4.
2 8, Cnoco6 ot[rr4qecKoro rpanclopra MrdKpoo6rerros.

BolDocrr x erc:ameny
1. Knaccuszxaquz orrrrzqecKrzx cpeA. Marepzanu n r43foroBJreHrze.

Ar4 Crrepc"'{. Onra-recKr4 e norepr{. c o oruorueuie Kpannepc a_KpoHnra.2. Herr.rHefrurre eSf,exrbr B orirn o..,,"x cpeAax" Mzrpocr<olr4rrecKr4eHellaHefinl,x BocriprirrMrrznocreft. flpaxrzuecxzfi pacrrer
B o crrp t4 t4 M rrzs o creft .

3' ocHoe'oe ypaBHeHI4e paclpocrpaHeHl4r. gucneuur,re MeroAbr aHaJrvrsa nenunefinoroypaBneHr4r Lllpe4zurepa.

r,IHf epoB CKI4e co JII4TOHbT.

Hr4e (BKl). feuepaqu.a corrr.rroHoB flKp.
eHuoe xonrdzuarlrEoHHoe caMopacc,errrr4e.

6' onru'{ecKze nwHuu cBfl3'. M- @opuar KonupoBaHkrs. crrrHaJroB. cc,cpe4oroge}rH.e 
14

it:t#rr##n"i""J;r1"r B nvHr{.f,x cB-f,3r4. rlJvna' 
"ooooon.,"* vcra;ru-re:refi.

7 ' Teuurre conI4ToHbI' Bsazruo4eficTBrre TeMHr,rx coJraro'oB. lrlepera.ra onrzqecrcoriuu$opuaqr4v c noMoxllro TeMHbrx conr4ToHoB.
8' cucren'*r c MynbrI4rlneKcI4poBarrueM rro rnr{HaM BoJrH. flpoerrzpoBaHr4e cr4oreM Ha

ffi::::fffi::" 
t vrpaBnteMofi 4Izcnep cuefi. cormroHHbre rexFrorro.za ro npr4r-rqrrry

xapaKTepr4cTr4K

Xporr,ralavecKaq

BbrpaxeHrrr An,s

Henzueiiurx



9' onrzqecxve cxeMbl rrrfl droprvrzponauu-a cBerJrbrx [pocrpaHcrBeHHbrx ooJrr4ToHor].flpocrpancrBeHHa-f, 
Qoprua Heru'efiHoro ypaBHeH wxlrrpe[wrfepa. crzcreurr yrrpiaBneHrrrfinpocrpa'crBeHHo-Bpelrennoft 4arrauzxoft orlTlrqec^r4x JloKaJrr43oBarrHbrx c.rpyKTyrc.10' Her<eppoBcKrre orrrrrqecKae cperil rz uenaHeriHocrr.r Bbrcrrrr4x nop,[rKoB. ofirh.recrfie3JIeMeFI'fbI c Hacbltllarorqefic'f, He"rrzHefiuocrbro. flepexo4Hrre HeJrlrHer1ucrcrn rr6uwalutrHocrr,.

11' vcroftq'aBocrrr coJII4roHHbIx perueruzft. Jlr'HeftHrrit auwtus.Mero4 MaJrbrx noslnryrqeunfr,Kpzreprafi Baxvrona-Konor<onona, Acuun:rorzqecrufi aHur.rs.l2' cronxuoBeHI4t coJIIzroHoB' \4'orclcoJrr4ToHHbre nsaauo4ericrBr4{, Eipzseprr H cBr3aHHbrecOJII4TOHbI.

73 ' fiuccunarl4BHble onrl4rlecKrle coJlrz'roHr,r. vpanHeHue |aHs6ypra-Jlarr4ay. I]apuaqnroHHrrfiaHanl{3' r{zcneuurrft' anwtus clel(TpanbHbrMrr Mero naMu. fe'epaqnx rLrccu*-r4BHbrxOOJTIZTOHOB B BOJIOKOHHbTX na3epax.
14' Bnxpenble orrrI4gecKI4e nyqKl4 ' Hac;rr1qilg ryuitcxlorJrorrrrenr. Texnrono'rf, orrrraqecKofo3axBara' feHepaqzx ycroftvznrx oIITIzqecKr4x naxpeft B ronynpoBoltH?rr*oBbrxcrpyKrypax.
15' Moarr Jlarrepa-fayca' Mero,4bl ytlpaBreHus MoMeHToM aMrrynbca BrzxpeBhrx [yrrKoB.flpoercrupoBa'l4e BbIcoKoeMK wx ttwuttft cB-rr3rr Ha ocHoBe o[laqecKr4x nzxpr:fi. y.rer

aroMHo-orlTlzrrecKl4x nosuyrqeuzfi .

I 6. Onrz.rectKr4 e rrynr4. CronxnoneHr4{ .rta3epHbrx rryJrb.
17, Onruqecxze cperu,r c fufaHTcnlrMr,r nelzneftHo c-rflMvr. Mo4ynaqux nenznefno_AacnepcI4 oHHbIX v rrrccuilar'BHblx xapaKTepl'crr4* B pe3oHaHcHbD( cperax.!o nupon iuHble ofrrrrqe cKrce Marpr4 ribl. "Me4reuH6rli,, cg er.l8'MzrgocrlpyKTypI4poBaHHbie orlTl4qecKr4e cpeAhr z orrrr4qecKrre peurerKr,r, @rcroHHbre3anpelqeH'hre 3oHbI' @oronurre Kprlcrannbl' Mero4 KoHeqHbrx gJreMeHToB. Flenz'eliinrre
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