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1" UEJI\ OCBOEHVT;,fl [VrCUI4rrJrI,rHLI

I{enrm Hli,fl ALlcl\Hnlunst <ZurerpuporlaHHble rexHoJrorLru v orrrrrKa JroKaJru3oBaHHbrx
crpyKryp)) 

'BJI
SopvapoeaHuerr,t
IIepcneKTZBHbIX

o

t o3HaKoMJIeHHe c HoB;IMLI [puHr{r.rnaMu gelugeiHo-onrpxqecKoro y[paB reHVfl
14 pacnpocrpaHeHlreM cBerol{H.[,yqupoBaHHbrx orrrnqecKnx o6pa:oeaHrafi e

x cpeAax, a raK)r(e a coBpeMeHHLrMr,r rexHoJrorLr.rrMlt co3AaHI,Ix ycrpofrcrn 4ln
e$$ercrrasHofi o6 z un$opnraqrr4, orrrr4qecKoro 3axBara u rpaHcrropra Mr4Kpo H HaHoorpyKryp.

3alaqu TIJIAIIbI:

ve ocHoB pa3pa6orKl4 14 co3AaHr4fl BbIcoKOcra6zmnrx, KOMIIaKTHT,IX,

oBaHHbrx B eAr4HoM MoAyne (on-chip optical technology) ucrounuxonpeanr4

JIOKAN HHbIX OIITI4qECKI,IX COCTO'HI4 14 :

r43 ue cnocottoB reHepallurl 11. sKcleprrMeHTaJrbHoro ua6lro4euzfl corrr{ToHHbrx
pexu B pacnpocTp aHeHlrfl orrTrrqecKof o IIonf, ;

ocBoe wfl urropuTMoB TIITCJIeHHOIO MoiTenrzpoBaHr.{q cJIo)KHbrx aToMHo-orrTlr{qecKHx

cvc , peaJrH3oBaHHbIX Ha OCHOBe rrepc[er(Tl,rBHbrx orrTr.,rqecKl.,rx MaTepuanoB.

MECTO Ar4cur4rrJrr4Hbr B cTpyKTypE orrorl Bo)
Ir,rcrlunnra <I4nrerpuponaHHbIe rexHoJlorr4Ir tI onrr4Ka Jror(arrr43oBaHHbrx crpyKTyp) orHocr.rrcr K

AI4CIII4IJIAHAM [O 6opy napuarr.rsHoil .{acu O|IOil"
HbI npeAnonaraer Harnr{ue y cryAeHron (lyn4anaeuraJrbHbrx sHanufi s o6racra o6rueii Qasuxu,[,I:yreHrze AHcqr4n

OIITI{KII,

3HaHal, [oJIyr{eHH B paMKax lt3yqeHnfl AaHHoil Ar4crlr4r]Jr1;{Hbr, MOfyT or,rTr, [pl.rMeHeHbl nplr r43yqeHr4r4 Apyrvx
cnerlr4aJrbHbrx auc IJIITH fro npo$znro noAroroBKr{.

3. AHI4PYEMbIE PE3YJIbTATb,I OFYIIEHVT'I fIA NI4CUI4IIJII4HE
llrauupyeurre YJIbTATbI OOYqCHI,I' TO .4I4CUIIIIJII,IHC, COOTHCCEHHbIE C IIJIAH\TP'YEMbIMI4

JILTaTaMH r4r O|IOll
fharrupyeurrre pe3vJrbrarr,t o6y.reHun no AHcllunrHHe xapaKTept,r3yroult,te

rranur Qoprlrr.rpoBaHuq rcorr.rnereHqnii (notcasare.ln ocBocHHfl KoMrlereHuilt{)

3saru: Qr.rsuvecrue r.{ MareMarnqecKlre 3aKoHr,r

IlpoqeccoB, JIe)KaUI]IX B OCHOBe IIpIrHrIIIIIOB
HaHOTeXHOJIO|nII I4 lv{nKpoCnCrerugofi TeXHI4KH; ;
Yrvleru: pelxarb gaila-tv, HcrloJlb3oBarb MareMarlr.recxufi amlapur L4

qr{cJreHHbre MeroAbt KoMtlbtorepHoto MoAeJI[poBaHr4r o6t,eKroe
HaHorexHoJ'Iofr4rI II ldrrKpocl,tcreugofi TexHaKr4;
Blagerr,: MareMarriqecKr,IM annaparoM 14 MeroAaMlt KoMrrr,IorepHbrx
texuoloruil Anfl MoAeJIupoBaHlrr o6lexros HaFrorexHoJroftrr4 yl

unoft rerxuttxlz::
3uaru: 6agoeoe KoHrponbHo-r43Mepr4TeJrbHoe o6opy4oeaHue Antl
MerpoJrorrrlrecKoro o6ecneqeurr uccteaonauwfi, u ttpoMblurneHHoro
ilpoII3BOACTBa HaHOlvtaTepuutoB vI KoMIIoHgHTOB; 

"

Ytr.reru: ocyulecrBJrja'rr, Ar4afHocrl4Ky HelonaAoK I,t qacrl4qHuil peuour
Ir3Mepr4TenbHofo, A?rafHocr[rlecKoro, TexnoJrofnqecxoro o6opyAoBaHllR;l
BnaAers: HABbIKAMI4 MOHIITODI4HTA AUaTHOCTT{qeCKO fO,
TexHoJrof[rlecKoro ooopvaoBaP.vfl ,

4. OEbEM I4 CTpyKTypA AI4CIII4IIJII4HbI
II4CrIr4nnLrHbr cocTaBJrreT 3 3aqeltHbrx enrzHrru. 108 qacoe
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Pa:4en L O6rq
cpeAax.

1,1. Klac<
CoorsonreHr4e I
cKr4fi pacr{er Hen

I.2. Ouro
9ncnes-Hrre M(

COJIIITOHI,I"

1.3. Onrn
paclpeAendnnoe
orserezrem. Cr
Pa:Aen 2. Cuq<
2.1" Onruqecxn
poBcKrre orrTr4lr(

Hacruqarorqeitcr
2.2. Vcroir'1uso
I(pzrepufi Bax
MnoroconuroHE
2.3. fluccunarn
aHaJrr43. r{ucleHr

B BOJIOKOHHbX JI

2.4. Buxpensre
3axBara. feuepar
2.5. MoArr IIar
llpoexrzponaHz,
OTITT{I{ECKIIX B03]

PasAer 3. Cuc
IIepcfIeKTI4BHLIX

3.1. Onrur
AUCIIepcuoHH6rx
OIITI4IICCKIIE MAT]

J.Z. Mun
KprrcTannbr. Hen
onTr{rrecKlre cpel
3neKTpoMafHHTH

3,3 " f asoHr

uon. llpuHurrrrbr
MI,IKpO- LI HaHOi

TpaHcnopTa MrrKl

JI.P.Ne1" Pacqer
I.P.Ils2. tr4zyueu
II.P.J\b3. Mo4err
JLP.Nb4. Mole
Herr4HeftHofi cpe,

I.P.NsS. MoAenr
I.P.l\b6" Morerp

C oq epxa nrr e Jr errlr.r oH Hr,rx : ansrufi rr o Ard cllnrrJrrrHe
Ie IpI{HIII{IIbI orll4caHl{f, cBeror{H,{yqupoBaHHbrx o6pa:onauuit e ontuqe-cKrrx

uSuxaguu orITLIqecKIrx cpeA. XpovaruuecKar 1zrcrrcpcrrfl. Onrraqecxue [orepr4,
.pauepca-KpoHura. HeruHefinrre s$Qexu,r B orrrr.rqecKr4x cpeAax" flpaxruve-
aHefi Hbrx Bocnpr4 uMrrrdBocrefi .

]HOe ypaBHeHr4e pacllpocrpaHe]F.krs.. MeroA o6parnofi 3ara'c{v pacceflH]?\s.
roAbr alj'a[rrr3a neluneftuoro ypilBHeHr4r lllpe4uHrepa. L[lpe4raHrepoBcKue

IecKIre rLrHr4u cBtI3I4 " RZ- Soprraar KoAI4poBaHr4r crafHiuron. Cocpe4oroqeHHoe 14

ycrlneHple B rI,IHI4.sx cBfl3v. lllyrrau BoJIoKoHHbrx yc]rnr4Telefi" HelunefiHufi
cTeMbr c MynbTr4nneKcrrpoBaHlreM uo AJrr,rHaM BoJrH.

MbI f C HEP AIJIdIj U YNP ABNEHI4.S I O KAII43 OB AHHI,IMI,I OIITI4qECKI4MI,I CTPYK-TY P Art/l]1.

) cxeMbl 4m QopuupoBaHl4s cBelJILrx ilpocrpaHcrBeHHbrx coJrr4ToHoB. Her<ep-
cKI4e cpeAa I.'I HeJllrHeilnocru BI'I,cIIIux [oprAKoB. Onruqecxue oJrer\{eHTbr c
n elzn eft no crbro. llep exo4Hr,re neruauefi Ho crtr4 n 6ucr a6uttbHo crb.
)TI4 coJIt4ToHHbrx peureurafi. Jlunefisuft aHarrv3. MeroA MaJrbrx nosuyulenufi"
trona-I(oloKoJIoBa. AczlrnroruqecKLrir aHaJnt:.. CrorxnoneHr4s coJxrrroHoB.
6Ie B3arrMo geftcrn'un. Bpusepsr r4 cErrr3aHHbre coJrrrroHr,r.
fHble orITI4qecKI4e coJIIrroHLr. YparnHenne fnns6ypra-JLaugay. BapnaquouHrrfi
lrft aHarns cn eKTp anb HLIMII M erol,auu. f en ep awrfl. Arrccvrl arI4BHr,IX co Jrr4To -H o B

13epax.

)rITArIecKI4e nf{KH. Hacsnqarorqvti,tcs. norrorr4TeJrr,. TexHolorur orrrr4r{ecKoro
gax ycrofi uprBbrx orrrt4 rrecKr4 x nuxp eft B rrony[po B o.4Hr4KoBbrx crpKyrp ax
repa-fayca" Mero4rr ylpaBneHr{jtr MoMeHToM r{Mnynbca Br4xpeBbrx rryrrKoB.
) BbrcoKoeMrux rulnufi cBfl3u Ha ocHoBe orrrr4qecKr.rx nuxpefi. Y-rer aroN4Ho-
ryuennft.
leMbl H ycrpoficrna c IIoJIHocrbIo orrrvalecKr{M ynpaBJreHr4eM Ha ocHoBe
)rrTr4qecKr.{x MaTeprraJroB.

ScKIre epeAbI c HaBeAeHHbIMr4 nelr.rHeftnocr-sMr4. Mo4ynxqra.fl HerraHeftHo-
vt 4llccvilarr{BHT,rx xapaKTepr4crrrK B pe3oHaHcHbrx cpeAax.,{onuponaHHbre

raqu. "Me4reHHL,Ifi " cBer"
crpyKTypl{poBaHHble orITVqecKI4e cpe4bl rz orrrr.rqecKrre peurerrrz. @oronurre
aHeftnrre MHorocepAIIeBrrHHLIe BoJroKoHHbre Marpr4rlbr. <llpaelre> rz <<Jlenr,re>
rr " Orpuqatelrurrfi rloKa3 areJlb np enoMrreHra.s. MeraN4 ar epr4anrJr. 3xp anzp on - x a
)IX CIIIHUUIOB.

IIoJIHeHHbIe noJIbIe olrl4uecKue BoJroI(Ha. Texnolorral{ 3afpy3Klr xoJloAubrx aro-
yAepICaHI4-s XOJIOAHLIX aTOMoB B BoJIHOBOAHLIX CI4cTeMaX. ManznylupoBaHze
l6relcrauu B oIITuqecKI4x rtyqKa><. Arortrlrft Auzafiu. Cnoco6 orrrrrqecKoro
loo6t,erroe"

C o4epxanue ;ra6 op aropHr,rx s aurrrufi rro Arrcqr[JruHe
rapaMeTpoB BoJroKoHHr,rx cBeToBo.u,oB .

r e ArrclepcHbrx xapaKTeprrcTr.,rK B B o Jror(oHHbrx cB eToB oAo B.

poBaHrre ypaBHeHr4e pacnpocrpallerlvs. B rrrrcroM Ar,rcnepcuoHHoM peror^{e.
rrrpoBaHrre paclpocrpaHevfl. orrrr.rqecKr,rx LrMrrynbcoB B Ar{cnepoLr oHHo-
te.
po B aHV e o 6p a: o n au ut y gapuoit Bo,rrHbr oru 6 aroruefi .

poBaHrre o6pasonauus orrr,rqecKr.{x co JrrrroHoB.



3aHqTUfi rro ArrcqulJrlrHe
aH:MqecKux cncreMax (2 q).

u4r4 B penqrHBHcTcKofi MexaHuKe (2q.)
. ).

),

h,HbIE TEXHOJIO|I4I4
B npenofraBaHnkr AHoIIIaTIJIHHu <tr4HrerpnpoBiaHHbre rexHoJrofurr u orrraKa JroKuurr{3oBaHHbrx

crpyKTyp) I4crloJlb3ylorcr pa:uoo6pa3Hble o6pa:onare,rbHbre rexHoJrorrzH KaK TpaArzqHoHHbre, TaK H c
npHMeHerruevr an{ueutrx tr I4HTepaKTprBHbrx MeroAoB o6yuenut .

fl:

(-a a6 op amopuur e p a6 omu lW 3 - 5 ),'
JVb4);

6. OIIEHpTTHbIE CPEACTB A [ilfl. TEX:vrrIErO KOHTPOJTfl yCTTEBAEMOCTT4

TIP OME }I{YT OIIHO fr ATTN CTAIII4I,I IIO I,IT Of AM O CB O EHVI,fl
ncuI4IInI,IHbI I4 yrIE EH O -N[ET OAI4TIE CK OE OEE C IIETIEHI4B

CAMOCTO.flTEJIbHO,ft PASOTbI CTYNEHTOB

rJ\b1
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J.
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5.

6"

7.

B,

9.

10.

15.

16.
1'.l

18.

19.

20.

Pefiru

CoorHo
r{ncreH

HenraHefr

Cncrenru

Buxpensr

Vcrofiqn

Kracc H OTITHTIeCKT4X CpeA.

HelnH bII{ OTBETBHTCJIb"

Xponraru AHcnepcar.
il coJIIlTOHbt.

Onrn e rroTepH.

RZ-

Pefirutrr-non
I 1. Onruqec cxeMsl Arq QopMLlpoBaHlrs cBeTJrsr X [pOCTpaHcTBeHHE rX AOJTT4TOHOB.

12" Yqer a Ho-oTITu qecK14X B03MyUTeHHIZ.

13. Herceppo KUe O[THqeCKHe CpeAa V HeJrr4He]rHOC'I.fi Br,rcrflHX [opqAKOB.
14. Moasr

3JreMeHTbr c Hacbrqarcrqefrcq nelnrreftgocrlro,
Mero,qrr paBneHr,rq MoMeHToM IIMnynbCa BAXpeBLIX [yr{KOB.

e HelunetiHocrtr Lt 6ucra6ulsHocrs"

KOAHpOBaHH.TT CHrHarOB"

Hae Kpanaepca-Kpouura,

e MeroAr,r aHarv3a Helune iiHo ro ypaB ueHr4l L[IpeqzHrep a.

e e$Qenru B orrrr.rqecKnx cpeAax.

MynbTHnneKQupoBaHHeM no ArrrrHaM BoJrH.

ONTHIIECKI4E IIVLIKH"

21.

22.

LJ.

24.

25.
26.

coJrprroHHbrx perueHu[.

feHepaqa yorofi.r uBbrx onruqecKHx euxpeft B rrony [poBoAHr4KoBbrx crpKyrpax.

b Nb3
OnrH.Iecrc cpeAbr c HaB9AeHHbrMH HeIrHHer4HOOT.flMH.

fasoHa HEHHbIE TIOJIbIE OIITIII]CCKHE BOJIOKHA.

s, selugefiHo-Alrc[epcuoHHbrx v A.nacvlurrrBHErxMo4ynr
cpeAax.

xapaKTepl4cTltK B pe3oHaHcHbrx

Arorr,tHrrfi

,{onrzpona HbIe oIITHqecKHe MaTpLrUbr.

MaHrznyl poBaHne Mr4Kpo- n HaHooobeKTaMlt B onTuqecKHx [yqKax.



27.

28.

Mnx I(TypHpoBaHHbre orrTl4r{ecKHe cpeAbr H onTr4qecKr{e pe[reTK]r.

Cnoco6 qecKoro rpaHcrropra vnrcpoo6rerclon.

KaIIult onrIIr{ecKUX cpe4. MareprraJrbr 14 r,r3foroBJreHne" XpovaruqecKa.s Ar,tcflepcrifl.
he norepr4, Cooruorueuue Kparr,repca- Kpouura.

pacr

2 e eQ$enrsI B orITHqecKHX cpeAax. l\'lunpocr<onuqecKr4e BbrpzDr(eHlr.q 1lt nellrHefiHrrx
BOCIIpUrl qt'tsocrefi . llpanravec rcufi pacver neluuefi urrx Bocrrpr4prMqueoc.refi .

3 OcHosH ypaBHeHI4e pac[pocrpaHeHHtl. t{ucl eHsste MeroAE r aHanuga HelplHefi Horo yl]aBHeHHfl

pa,[[IpegrzH

MeroA ft zapauu pacc e sHHs,. L[p e4uure,p oBcKrze coJurro Hbr.

rcon6uHaquoHHoe paccerHr4e (llKP), leHepaqvr coJrnroHoB BKP. BonoKoHHbreBrrHyx4
BKP- r4Terv. Brnryxc4enuoe nou6nsalllroHr{oe caMopaccerrgue. OeuroceKyHAHbIe coJrHToH[,t.

ItAHr4v cBq3H. RZ- $oprr,rar KoAr,{poBaHu.rr cr.rrHruroB. Cocpe4oro.reHHoe L,r

Hoe ycnneHI4e B Jrv*r4qx cB.rr3u. lllyvrr BoJroKoHHbrx yurnvlenefi. HelanefiHurfi

1.

KnaccuS

Onru.rec

He,raHefi

Tevurre
TIOMOUIb

9

8 Cucreurr

.i14IIe".

Onru
II

He

BHI,IE OIITHqECKHE COJIHTOHbI.

t{uclegu tl aH€LIIH3 CIIeKTpAnLHbIMI,I

BOJlOKOHH x na3epax.

Buxpean

feuepaqa
MoArr
llpoemu
ONTHI{

Onruqec

Onrnqec

COJI14

IlToHbr. Bsauna oaefi crB ne reMFrbtx coJrutroHoB. llepe4aua onruqecxofi rzHQopnlaqnu c

TEMHbIX COJIHTOHOB.

c MyJIbrunJIeKcHpoBaHHeM rlo AnHr{aM eolu. lIpoeKTI,IpoBaHLre clzcreM Ha ocHoBe

c y[paBn.senaoft Anclepcuefi. Corurosurre rexHoJrorvfit tro ilptrHrluny "Ha o4HoM

cxeMbr AJrfl QopMl4poBaHarr cBeTJrbrx npocTpaHcTBeHHbrx

r $oprr,ra Helnneftnoro yp,aeHeHHq L[IpegzHrepa. Cracrettr
coJrr{ToHoB.

yrrpaBneH14t

Vparn,euue f nHs 6y p ra- Jlaw gay . B apzaqu o u nsrfi asatuz.
MeroAaNru. feHepaqzl AHccnrrarHBHbrx coJtHToHoB B

l1

rrpocTpaH TBeHHo- BpeveuHofr 4 uuauurcofi orrrn qecKrzx JroKaJrrz3oBaHHbrx crpyKTyp.
He orITHqecKI,re cpeAa n HeluHefruocrpr Bblctilprx nop.rAKoB, Onrpr.recxze 3JreMeHTbt c

Hac cs n ennseilHocrbro. Iepexo4ulre nel unefi n ocra z 6u cr a6 u mnot:r r.
Ycroriq coJrlrroHHr,rx pemenufi. JftlHefinrrft aHaJrv3. MeroA Mzurbrx nosvryrqeHrzfi.
Kpurepu

Crorrcso
B axuroea-KoJroKoJroBa. Acuulroru.lecxzfi aHaJrlr3.

coJruroHoB. MHorocoluroHH6re a:auvo4eficrnur. Epzsepu a crrr3aHHbre

l5

onrHqecKHe [ytIKI4. Hacrtularorqzftcq nouoruTeJrb. Texnolotus orrrr.rr{ecKofo 3axBara.
ycrofi uunrrx onrprqecKrzx euxpefi B rronynpoBoAHtrKoBbrx crpyKTypax.

fayca. MeroAsr ynpaBneHufl MoMeHToM HMrryJrrrca BuxpcBbrx nyqKoB.
BaHHe BblooKoeMKvtx ttuttptit cB.s3LI Ha ocHoBe onrraqe xux nzxpefi. Vqer aroMHo-

sostr,tyuleHr.rfi.

nylu. CrolKHoBeHlrs Jra3epHbrx rry,rb.

cpeAbl c flIraHTcKLIuu HelunefiHocrTflMll. Mo4ylrqur neluHeiiuo-AHcrrepcHoHHbrx H

Orpuqarelrurrfi rroKa3arelrb npenoMJreHllr.

4uQpaxquoHHofo upeAeJra. SxpaHnpoar<a

NVCCV BHbIx xapaKTepucruK B pe3oHaHcHbrK cpeAax. [onupoeanHbre orruqecKr.re Marpr4rlbl.

"Me4r blfi" cBer.

Mnx KTypHpoBaHHbre onTHqecKr.re cpeAbr u orrl{qecKlre peruerKr4. Oorounsre
KoHeqHbrx gJreMeHToB. Helasefiulre3anpeuIeH bre 3oHbr. OoroHHrre KpucraJrJrbr. MeroA

MHOfOCe BrIHHbre BOJTOKOHHbIe MaTpr4r_Ibr 
"

<llpaeue Lr <Jleebre) orrrtrqecKlre cpeAbr.

Meravr , Peuespre npo6leuu
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Manzrry poBaHlze MHKpo- n sanoo6teKTaMn B onrur{ecKux nyqKax. ArovHrrfi Ausafin. Cuoco6
fo rpaHcrropra uur<poo6beKToB.
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