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1. IIEJIb OClloEHI,Ifl CqTITIJIIIHbI

I{reJrbn} ocBoeHr,rs Ar4crltrn

.IIBJIrteTO.fl O3HaKON,uIeHI{e C

I{3IOITO]]JIEHI4fl 14 IIpI4MOH€HI{'

rr€I3epoB.

3aAaqn ArrcqnrrJrr.tHbr :

. IIOIYqEHI4E 3HAIJIZuI B

OcHOBe orrTr4qecKofi xepauzru;

o 3HaI(OMCTBO C

TBepAolfeJrbHbrx na3epoB;

TEXHI4K1tr,

SJIEMEHTOB.

T4HII ..AKTI4BHrIe
cpeABr rBepAoTeJrbHhrx

Susuuecrcuun npr4Hrlr.rnaMr4, TexHoJro

coBpeMeHHbrx aKTr4BHbrX CpeA' TBepAOTen

o6nacrrz Qusrauecrzx rpr4Hrlt4rroB, Jrelra

HOJIO|LI{MI4 I43fOTOBJIEIlKTfl AKTT{BHbIX

. npzo6pereHrre yveuzfi IIpOeKTrrpoBaHr4ro y3noB H SJteMeHTOB

SynrqzoHr4pyrorlr4x c ucllonb3oBaHaeM TBepAOTeJIbHbrx aKTu

2. MECTO ArrcUlrrrJrllilr B CTPYKTYPE OIIOII BO

f{ucqunnuna 'AKrusrrrr cpeAbr rBepAoTeJrbHbrx ra3epoB" orHocr4Tc

Ar{cquffrr{HaM rro nrr6opy Bapv sHofi qacrr4 O][IO|I.

I4l,yuenue ArlrcqvnnnHbr

Syu2laueHra:rbHhrx sHaHnfi B

npeArroJrafaeT Hanr4que y cTyA

o6racrz o6qefi Szsrar<n, olrrr{Kr4, KBaHTo

sJreKTpoHr4Kr{, lasepHofi

MrlKpor poqeccopHofi rexnnrz.

vrKvr, nnQopvaruru, DneKTpoHr,rKr4

3uttuul., noryr{eHHble B

IIplIM.eHeHbr npu u3yrlelJvru

IION|OTOBKI4.

Kax r43yqeHlrfl Aansofi Ar4crlr4nJrr4uu, uoryr 6

rr4x cneqlrulJrbHhrx ALrcrlrlnnrlrH rro npo$

3. KOMIIETEHUI,ItrI OE EIOC.fl , OOPMT,IPyEMbTE B

P]O3YJIbTATE OCBO

B rrpoqecce ocBoeHrafl

rrfl I.I,'CIInIInr4Hbr
Hofi Ar4crlr4nnrrHbr cryAeH:r

CCI4OHaJIbHbIe KOMIIeTeHULII4 :AeMotr-rcTpr{pyer cneAyrcru{e n

Sopuzpyer

B"
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1) croco6H0crbro aHaJM3y, pacqeTy, npoeKTr4poBaHr4ro

KOH.CTtr)yr4p0BaHr4ro B I4KT C TEXHI4qECKI{M 3ANAHHEM TKTIIOBbIX CI4

nprzr6opon, 4erwrcfi 14 y3noB cxeMoTexHr4qecKoM r4 SJTeMeHTHOM ypOBHrX

5);

2l cnoco6nocrbro K

KOHTpOnrc npocTbrx u ev cJromHocrr4 KoHcTpyKTopcKr4x pelx

pa3pacroTKe Tr4rroBbrx rI oB KOHTpOn.q napaMeTpoB MexaH

o frTrzqec KLIX v orrTl1rKo -9neK.fp o Hbrx Aerarrefi la ysnoe (lIK-6).

B pe3ynb'rare oc HIdg. Ir4CIIVIIII4Hbr

KE TEXHOJIO|I4qHOCTI{ V TEXHOJIOfI,IqEC v

EH

rrpoeKToB s o6racrz rBep Hbrx Jra3epHbrx cr4cTeM;

3) B"uaAerr: HaBbrKaMr4 vI

X

to

bITOXHI{II,I4, SynrqzoH14pylotq7

gJIEMEIITOB.

4. tITPyKTyPA r4 COA AHrrE Ar4 CrIUfr Jrr4Hbr

O,6u{a-s rpyAoeMKocrb Ar4 III4nnr{Hbr cocraBJrf,er 4 sa.rerHbrx eAHHr{rIbI,

Pasaer (reua)
lltrcuulrjr l]H 61

o6y.rarorquitcs Ao

AeM OH Crpr{poBarb cneAyroqu e yJrbrarbr o6p a": on anux :

1) 3narr: ocHoBHbre 3 Hbr ecTecTBeHHOHayqHbrx ArrclltrrlJrrzH, Jr

ocHoBO paspa6orKrz aKTr4BHbrx peA TBepAoTeJrbHbrx na3epoB;.

o\uaaHufl r4ccJlenoBarruit v2',1 Vmerr: cocraBJr.rrrb

JIA3E

AKTZ

W,

VX,.

pa3paoarbr

IIo pa3paooTKe y3noB u SJTeMeHTOB

c vcrroJrb3oBaHrreM TBepAoT,eJrbHbrx

r44

Bu4sr y.re6Hofi pa6orrr, or<lroral
caMocro.{renbHyrc pa6ory crygeuror

H rpyaoeMKocrb (B cacax)

Orzgluco-xzvruqecKr{e
npuHrrr4nbr pa6orrr
TBepiloTenbHLlx aKTr{BHbrX

9.IIEMEHTOB

^A,xrusuar na3epHarr

,A.ua:rras cnoftcre z
npriMreHeHr4e TB epAoTeJrbHbrx
AKTI.I]]HbIX SJICMEHTOB

Pefirrs
KOHTpOnb



TEMI,I, PA3AErbr Ar4

PasAer 1. @usuKo-xu

AKT'IIBHbIX SJIEMEHTOB.

1.1 BeereHze. AKrzs

CTEKJIA - OCHOBHbIE M

1.2, 3nepreruqecKr{e

na3epHbrx MaTepr4zlna

It.3. llpoqeccu r:paHc$

1l .4. @asvKo-xr4MrrqecKr4e

1,5. Tznrr Jra:iepHbrx cpeA

PragAel 2. ArrznlE.afl ra
2.1. Arrznna.r Jra3epHar K

2.2. Cunres r4cxo.rlHbD(

2.3. Ocnoeurre rexnoJr

nasepuofi KepaMrrKrl.

P:lsAeil 3. dHalras cBo

3JIEMEIITOB.

3.1 . Mero4u llocrpoeHr{.fl

cI4CTeM.

3,2. Me'ronrr lrccJre.rloBaHr{

TI1MA 1. Arrr.rnzpoBaHH

ocHoBHbre Marepr4rurrr A3 Tnep

TIIMA 2. Sneprerzvec

3JTeMeHTOB B na3epHbD( MaTeprI

TIIMA 3. llpoqeccu

TITMA 4. Qusurco-xr4Mr4 e lrapaMeTpbr Jra3epHbrx MaTepr4anoB,

IIP

UI4IIIUHbI:
rEKUr{U

I{qecKr{e rrpHHrltrrrbr pa6orsl rBepAoreJr

aHHbIe MOHOKpI{CTaJIJIbI, OlTkIrIeCKag K

repr{€Lnbr A3 rnep4oreJrbHbrx Jra3epoB.

su P3 r4oHoB 14 raoHoB nepexoAHbrx 3JreMe

rr sHepfr,rr{ B na3epHbrx MaTepvaJrax.

p aMeTpbr na3 epHbrx MaTepr4 aJroB.

p ocHoBHbrx nefr4pyro[]r{x r4oHoB rrMaTpv

pHafl KepaMuKa.

rca. Ee Mecro cpep.u npoqr4x na3epHbrx cpe

KroB (noporuron) 4nx nasepuofi KepaMr4Kr4.

KoMrraKTr4p onauuxl np e ccoBa uuxl cnex

B V rrpr{MeHeHr{e TBepAoTeJrbHbrx aKTr,r

orqHbrx a cBepxMorqHbrx TBepIOTeJrbHbrx Jra3e

orrrr4qecKzx cn oft crB na3epHbrx Marepr4 aJroB.

ECKI4E 3AIJflTI,/.fl

MOHOKpI4CTaJIJIbI, OnTr4IIeCKa.rr KepaMI4Ka,

oTeJrbHbrx na3epoB.

r4e ypoBHr{ P3 uroHoB 14 I4OHOB nepexoA

X.

rlzrz 3Heplrpr B Jra3epHbrx MaTepr4anax.

bIx

BB

bIX



TEMA 5. T'Hnrr na3epH

MaTpt4 rI).

TEMA 6. ArrvnHafl rr

cpe,4.

TEMA 7. CzHres r4cxonH

TEMA 8. OuronHbre rex

na3 epEror4 Kep aMI4Kr4.

TEMA 9. Mero4u n

na3epr{brx cr4cTeM.

TEMA 10. Mero4u

MaTeprr€rJroB.

5. ICBPA3OBATEJIbBIbI

ArcrueHrre u urrrepamTrr

C qenuo $opvrzpoBaHLrr
-B yqeoHoM npoqecce Lrgrr

[poBelteHr4r sar.sruir B corr

ayAZTCrpHbre paoo'rbr, r4HAr,rBr4

CiaMocroflTeJrbHarr pa

Ciilaocro.qreJrbHa.rr (Bu

3aKpeIIrreHure Te0peTr4r{ecKofo

vrH4t4Brr4yaturofi 4ouaurueft

r,r3yqeHr4e Jrr4TepaTypbr rro

yKaSaH?rflM .4n.q caMocTo.trTeJlb

IIpaI(TrZKr4 3AAArr.

Mylurrame4zfiurre rexH

Her<oroprre r43 JreKrIr4oH

npe:reu'raqzfi B MynbrrzMe

I4CrrOJrb3 OBaHI4eM KOMnbroTepH

Jf rxq uu upu t-JrarueHrrbrx tIEUIIAJII{CTOB

(uaupurraep, ayt. 430-3

Lrh c BHeayArrropnofi paSoroft: (xonrpon

€urbHbre AoMarrrHr4e pa6oru).

cryAeHToB

guropwax) paooTa cTyAeHToB BKJTTO

MaTepr4€Lna npr4 IroAfoToBKe K BbrrroJl

pa6oru. OcHosa caMocrof,relruofi

oMeHAOBaHHbIM I4CTOITHUIKaM VI MeTOnI4rre

fi paSour, pe[reHr{e BbrAaHHbrx npeno

oluu o0yrleHufl

zausruit [poBoA.rrrcr B

rrpoeKropa.

x cpeA (o5:op ocHoBHbrx nerr{pyrcrlr4x }roH

Ha-f, KepaMr{Ka. Ee rraecro cpeAn4 lporrr4x ra3e

x rpoAyKron (nopoluxon) AJr.fl Jra3epnoft xepa

n4r{ KoMnaKTr4poBa awnl npeccosauus I cne

MOTTIHbD( kr cBepxMotrlHbrx TBepIoTeJr

ccneAoBaHI4_rI orITI4rrecKI4x osoZcrB JI

TEXHOJIOI:VIJ/I

ur,te Qopnnrr o6yveHrrfl

p asBr4Tkrfl up o S e c cu oHaJrb H brx H aBbrKo B cryl e

b3yloTc_rl aKTr4BHbIe LI I4HTepaKTI4BHbre

X H IIpaKTLIqeCKIIX

uofi ay4krropur4

KKI,

Vfl
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lJ launpyrorc.rr neKrlr{r4 np |JIAIIIEHHbIX CNEIII{AJILI CTOB.

6. OUEHOIIHbIE CTBA trTg TEKYIUEI-O KOH

TIPOMEXYTOIIHOI4 ATTECTAUI,ILI

ILfl. Al4cr\r,drrJruHbr vr yqE

OEECTIEIIEHI4E CAMOCTOflTEJIb

,PAEOTbI CTYIE B

MEI]IAUUO[IHbI bIII 3

ArlrzeupoBaHFrbre MOHoKpr{

Ocuonnue Malepr4aJrbr aKTr{ brx 3JreMeHToB TBepAOTeJrbHbD( na3epoB.

SuoprerzqecKrre ypoBHr4 lroHoB B Jra3epHbrx MaTepr4arrax.

I4OHOB nepexoAHbrx gJreMerjrToBSHerprerr,rqecKLre ypoBr{r4

MaTepr4€LrIax.

5. Ilpoqeccu rpanc$opMarlr4r4 Hepfr4r{ B na3epHbrx Marepr4 alrax.

6, (Dz:|zKo'xrrMr4qecKr4e rrapaM br Jra3epHbrx MaTeprlaJroB.

7. OcHonurre Jrerkrpyroxlkre r4o br rr aToMbr na3epHbrx cpeA.

8. AruraeHa.rr na3epHa.rr KepaMr4

9. CuHres r4cxoAFrbrx rrpoAy B An.f, ra:epHof KepaMr4Kr{.

1 0. OcnroeHbre rexHoJrorr{rr KoM r4p oBaHtrfl. I a: epu o fi Kep aMrrKr4.

1 1 . OcnroeHbre rexrJoJrorr4rr ri Barlvrfl las ep Ho ft Kep aMrr Kr4.

LIf, Jra3epHOfi repauzr<u.1 2. OcE:osHbre rexrJoJrorr4rr cre

1 3 .l\4orqnbre) r4 cBepxMorr{Hbre

I 4.h4ero4br HccJreAoBaHr4fl orl

Bon pocur pefiTuHr-Korrr

Pefilr.rur-rconrpqnr Nb 1

L Cnepxnll3Krze

o6ycroeneHbr:

14 (-4oneft aBnr/rna) BoJroKoHHbrx

- [pe)KAe Baefo BbrAep

cepAue.Br4Hbr H o6olourn;

I ro.rHrrx coornorrreuuit pa3MepoB cBeroBeAy

YCIIEBAEMOCTI4,

ATOIAM OCBO

MET'OtrI4TIECKOE

1.

2.

a
a

4.

AOTeIbHbte na3epHble cpIcTeMbI.

KLIX OBOI4OTB na3epHblx MaTepIIanOB.

- yAaJleHrrer\4 I43 CTeKJra B epByro oqepeAb npulrecefi nepexoAHbrx M

TIfl

IIo
o-

I4



KOTOpbre v o6y c IraBJrHBaror

HaHeceFrr4eM Tpe6

HefaTtrBHoe BJrr4sr{r4e saKTopo

I{3nyqeHr4{ B BOJTOKHe.

|2. HauleHbrrrr{e rrorepr4

BOJIHbI:

-- L37 MKM, u6o Ha er

BHOCUTTv{brfi rz4porccl{Jrb}rbrM14

-- Ha Anr{He eorlHrr -85
pa6orarror nazSo.uee pacn

Iy'J(.-yuana3oHa;

-- Ha rnuHe eorHrr 1.55

MrzErr4 M:r43 r4pyroTc{ cyMMapHbre

paAHKerlaltr,r -OH.

3. Crdrla, He3aBr4clrMo

cneAyr{)qaMz ceofi crB aMrr :

-- B CrpyKrype creKJra

orcyrc'rByer Azurbr{r4fi, xaparcre

Ka)K.{a-'I MapKa

NNABNEHLIfl;

-- 6es2leSeKrHbre, oAH

H alprx(eH uit cr ex:na orrrr4rr e cK

- 6es4e$eKrHbre, oAH

H aIIp.[)IieH zzt crex,ua oI]Tt4r{ecKI,I

4. [,lsr SopuupoBaHntr c

,4OOtlBO K, rroBbllrraloull{x noK

- SropcoAep)Karrlue

- roJIbKo GeO2 utruP2O5

- mo6sre nerr,rpyroqve

5. nrrs 3auIZTbr orrrr4rt KOfO BOJTOKHa B npoqecce BErT_fl)KKr4 HAHOC

AHLIE B BONOKHE;

bIX 3arrlr4THbrx o6oro.reK, npeAorBpa

sueurHefi cpeAbr Ha paclpocrpaHeHrre or

KBaprIeBbIe orrTr4qecKl{e BoJTOKHa r4MerOT Ha

Anr4He BOJrHbr OTCyTCTByeT BKJTaA B rrofJrorq

rrraMr4 -OH;
uu, z6o rlMeHHo e srofi cneKTpaJrcuofi

eunrre rroJrynpoBoAHr{KoBbre rraseprr 6n

l,tt<1,t, z6o

[oTepr4 oT

rrMeHHo s erofr cneKTpanurofi o5

p3JreeBcKofo pacce flHl4fl I,I ITOfJIOIq

oT vx xr4Mr4rrecKofo cocTaBa, xapaKTeplr3

r,rcyrcrByer roJrbKo 6lzxsufi, topxp.oK aroM

blvr Anfl Kpt4 cTuLJrJII4rre C KV X B errl e cTB ;

xapaKrepr{3yercr oupe4eldnnofi reMnepa

AHbre I]o cocraBy

r43OTpOnHbr;

z cno6oAHble or MexaHurt

Hbre rro cocraBy z cnoSo4Hbre or MEXAHZI{

aHrr3oTponHbr;

ne4yqeft cepArleBrzHbr B KarIecTBe nefl4pyro

B Cef o r4 crronb3yroTc.rrb npenoMlrelJvrsj qarqe

Lr4br, KpoMe B2O3 u F.

V9'

TV

HUfl



3alrlr4THo -yrpor{Hifirouie e noKp

.- TOJTbKO rroJrr{MepHbrM,

co3,4ae)T MexaHr{qecKr4x Hanp.fl

TOJIbKO METANII4IIEC

B Jraf o rrp o Hr4II aeMI;IMr4 ;

-- TOJTbKO yr'[epoAHbrM,

JrroobrM r43 nepeqr4

ycno Brrfl Mtr 9KcnJry uT arJvrkr

t5. Mero4 MCVD xopo

upzuecefi BbrrroJrrurorcf, :

Ha BHylpeHHrOro fr

ur3o.rrrtprrc or sosAeficrez_tr

rpoqe0c;

-- Ha cngrlr{aJrbHbrr4

Tpyobr"3afoToBKr4;

-- Ha BHelrrHroro rroBep

furAllorrr43a'xropLr4oB He MOfJr

He.{0n)/cTI4MbIM Oop€t3OM 3a

',t. [ln o6ecneqeHur Bbtc

cyrrlKr4, nocKonbr(y

no4opo4uofi ropenKrl rrpr4

aacc>pSupoBaHHbrx uapon H2O

CON'JIACOBAHI!Ij JIIIHE

OOOJIOT]:KI4;

-- BbICOKOI4 I{IACTOTbI TEXH

Pefilurlrynrpolr Nb 2

l.BcpanHeHLrvcMero

-. cyuecrBeHHo 6oree err

- HeTpe0oBaTeJreH K qr4

143-34 Halrlill{vfl ue bHoro orBepcrrl.rl B 3aforoBKe odecnequ

e. lloxprrrr4e Moxer 6rr:rr:

z6o nolzMep M.rrroK, JrefKo 4e$opllzpyerct

uuft s BoJroKHe;

M, vt6o ocraJrbHbre rr{rrbr uorpurzft

ocr4MbrM nyrelr rrr4poJrrr3a;

Bu6op rroKpbrrr4f, o6yEHHbIX BbIIUE"

IlA,

TeM, rrTo Bce npoueccbl ocalKAeHrl.rr Jlefl4py

Hocrb rpySu-saroroBKr4. 3:ro oSecne.r

neruuefi cpenbr 14 ynpoqaer ,TCXHOJIOfl4q

0r{K r{3 noplrcTofo creKJra, rroMerlaevrrfi aH

rpy6u, z6o [polyr(T6r oKr4cJre

Obr yAauTbc.rr r13 xHMr4qecKofi peaxq

nz 6u ee.

Koro KarrecrBa 3aroroBKr4 MeroA OVD rpedy

Ilpoqecc fr4ApoJrr43a B nJraMer{}I KrrcJropo

K BbrcoKoMy coAepxaHr4ro B 3a

OH-rpynn;

fo pacl.rJkrpeH\I'fl MaTepr.ranoB cepArleBrrH

Jlorr4qecKofi soHrt.

MCVD Mero.q OVD o6ecnequsaer

oKyro cKopocTb ocaxAeHr4.s;

TEXHoJIofI,IqecKoZ 3 oHbI :

ZHAqE

3OHbI

aer

xvtit

xl
u



HarzrryqxIee pacnpeAeneHrle n

BbITf,}X:KI4:

OTCYTCTBI4E B TEXH

rpy5.

'.2. llpeuvryrqecrBa

napo$asuoro ocalK AeHvrfl

-- r4MeeTcf, rrpr4Hr{r4rwar

Inr4Hbl;

.- METON TEXHI4I{ECKI'I T

KOJII,Iq E CTB A TEXHO JIOf 14 qE CKI{X

-- orcyTcTByeT rleHTpan

KaK 3a|OTOBKI{, TaK I{ TOTOBO|O

lJ. Xar<eu4poBaHr{e

--p.nfl rrpoqecca MCVD

KpeMHrz.rr c 50-60Yo no.r'rz Ao 1

rroBbrcr{Tb cKopocTb

TexHoJtrofuur v eule 6onee [oAH

-- froBbrcaTb npor{3Bo

[onyqaeMoft garoroeKz.

zl . flp w rpor.r3BoAcrBe

ueo6xo4rzM0 BBoArlm rrao4ufi z

-- rIoH r{3I4Tb COAepX aHVre

cKOMfreHcr4poBaTb

BbI3EAI-]:HOE BBENEHI4EM IIOFIO

rrotsbrcr4Tb npeAeJrbr

cepAIIeBr4He Oe3 pa3AeneHr4t

TIOHT43I4Tb BO3HKIKAIO

IroKa3 aten.rl IIp enoMJleHr4.rr IIO

5. Ha

Mr4KlpocrpyKrypr4poBaHHo e Bo Jr Ho rlila holey fiber unz photonic band gap fi

I4Jr.rI nOKa3aTeJI.fl IIpeJrOMneHLrfl B BOJIOKHe

ofr4qecKoM npoqecce AopofocTor[ur{x KBap

Ia VAD B cpaBHeHr4r4 c Apyrr4Mr4 Mero

TOM. I{TO:B

fl. BO3MO)KHOCTb I{3|OTOBJIEHKI' 3ATOTOBOK

To peaJrra3yerc.rr rz ue rpe6yer KoHTpor.q 6om

ufi nponan n npo$rrJre rroKa3arer.rr npeno

ITT4IIECKO| O BOJIOKHA.

Bo K - TexH oJro rr4.r e cxufi npu erra, I1o3 B o Jr.flro rJdr4

yBelr4r{r4Tb e$SexruBHocrb oca)KAeHu.[ xro

ocaxAeHIIf, OKACJIOB npl4 IZCilO,trb3OBAHVrV

o 6rqyro npor43Bolr4TenbHo crb ;

bHocrb rrpoqecca MCVD r4 y.Benr4rrurr ra1a

nBHbIX OtrTI,IqecKI{X BOJIOKOH B COCTaB CepAIIe

ropbl (Al2O3 uluP2O) ang ror.o, qro6u:

Kor{JrbHbrx fpynl B MaTepr4ale cepArIeBHH

eHeHI4e rroKa3aTeJI.rr npeJroMJreHr4_rr cepAqeB

BaTOpOB;

otrycrr4Mblx KoHrIeHTpa\uit r4oHa-aKTr4Baro

Ao ypoBHt-l%o;

we r{3-3a nerrzpoBaHr4.f, uol;.avlu P33 Bapkr

HE 3A|OTOBKZ.

nnofi vurpo$ororpaSrararrpurBe rzgo6
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$opHau;

;<

3oru-re,nr rexHorro rc CI4HTE3A CTEKOI. AKTI4BI4DOBAHHbIX

peAKo3eMeJl.bHbrx MeTzurrroB,

BbICOKa't qI{CTOTa

MaTepr{anoB;

TeKJra, oa3upyrcqa.rlc.f, Ha r{ucToTe abrp

uzxpoSororpaSura uso6pa

Ml4Kporlrpyll:rypl{poBaHHoe nolfxuo rr4rra holey fiber rzna photonic band gap fi

--BbICOKaq TeMnep aTyp a qonyr{eHr4_rr MoHoJrr{THoro CTeKn a;

IIOBbIIIIEHHOE CC) xaHr{e fr4Apor{czJrbHbrx fpylln CTEKJI

coo'IBeTcTBeHHO, U BOIOKHe;

-- MaJroe BpeMs, sarpavurlaeMoe Ha npoqecc;

-- cJr olKHo crb r4 crr o Ju,sye{ o ro o 6 opy4o n aHvrfl..

Ha rrpr4Be HHOII

.:.:r:r:r:?jf:." trir

n

ili:i:l:i.'.:i
L.lo: r:r:r-:.:

Pefirurrr-nqglpo1rb J\b 3

1. [(eparr,rzra - oro:

- HeMe)TarraqecKlre HeoprilHr{kecr<ze MaTepzallbr Ha ocFroBe rlpucTannr4r{

coe4rrHeHwfi ueve'raJrrroB 14 M JIoB, KoHconzlr4poBaHHbre B rr3Aerrr4x rpedy

- He(lpraHl4rlecKl4e nopolxKonrr$ tvrarepuanbr c 4o6anraMr'r oprar{zqecKr4x Be

BbIX

u)

HO

OV



[nacTr{0r4KaTOpOB, CnpeocoBa

Lr3Ae rrrrfl rpe6yeMofi S opnlu ;

- r{eopfaHn4qecKue MaTep

xapaKrepr'r3yroulr4ec_s HaHo

Kpucr€rJrJrrrloB. llpozseo4xrcx

lZ. Peaxrueurrfi Mero/I

rloApa3yMeBaeT:

- nonr{eHr4e nopoilrKa cocTo.rr

xr4Ml4qecKuit co cr aB. rroJIHo crb

14 lloc)neAyrcqyro efo KoH

TexHoJrorr4rr npeccoBanus,l c

xl{Mrr4r{ e cKr4 x p e aK III4r4 ;

- nonyqeHI4e nopolxKoB, c

p a^:rIz'lurrft xz\ara.Iecxzfi

noryqeHr4e KaK rpedyeuofo xr4

3 aAaHH yrc f eoMeTprlqecKyro

- rrOMOJr B IXapOBbrx MeJrbHrI

rpedyevoro HaHopa3MepHoro

MEXAHIII{E CKAfl AKTVIBAILVIfl TAKO

foroBoe r.r3.rleJrl4e uo rcarofi-nz

- naporpasnrrfi MCVD upoqec

[opourKa Y2AI5O12, 14 r]ocJr

xarofi-.nz6o rexnonorr{r4 np

6uno xr4Mr4LrecKzx pearqzfi .

3.'Jlpe6onanze He6olrruofi

r\faTprxq TBepAoreJrbHbrx

- rpeSonaHr4eM srrcoroft TerrJro

- TpeooBaHr4eM BbrooKofo K

- TpeooBaHr4eM M€UrOCTr{ CBeTOp

- rpe6onaHr{eM o6ecre.re rrus, 6 o

Hbre c [pr4MeHeHI4eM pa3nr4qHbrx TexHoJro

, r4Meroql4e Kpr4cTanJrr4rrecKyro cTpyKTyp

epHbrM rraacuna6ou cocraBJr.flrcuux

3 noporxKoB MeToAoM CrreKaHrr{.

[onyrreHr4.f, aKrzsHofr rpauaronoft

H3 MOHOAT{CnepcHbIX HaHorracTI4rL I4Me

cooTBeTcTByroqr4r4 cocTaBy KoHerrHofo npo

Jrr4Aaul4ro B foroBoe vrcnenue ro rarofi-

KaHrz.rr 6es npoBeAeHr.r-rr KaKr4x 6u ro HH

ql'rx I43 MOHOAI4ClepCHbrx HaHorIacTI,Iq, I4M

B, Bcrylarcrlr4x B peaKrll4ro, o6ecneqr4Baro

LIqeCKOfO COCTaBa KOHer{HOrO npOAyKTa, TaK

HA STAIIE CNEKAHI,U:

IrcxoAHofo MoHoKpI4CTaJrJrr4rIecKoro cbrp

floMeTpr{qecKofo cocTaBa, foMofeHrr3a

loporrrKa c nocneAyorqefi ero KoHconv4arJ

TexH o Jr orltv ilp e a c osauufl. I c rr eKa Hr4r ;

odecue.Iznarorqufi nonyrreHr4e MoHoArrcnepc

qyrc efo KoHcoJraAarlr4ro B roTOBOe LrcileLtl

usl cnercanus 6es [poBeAeHus xaxux 6st

r4pr4Hbr Q ononHoro cneKTp a trrrfl, .B cex Marepr4

€t:epoB o6ycnonneHbr:

poBoAHocTr4;

BOf O BbrXOAa JrroMr{HecrIeHrIHr4 ;

ceflHLIfl. Ha AJrI{He BOJTHbI feHepauuu:

blrlofo IrofJroIIIeHH.rr Ha IJII4He EOJttHbI HaKar{KI4.
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4. tCrexlra, KaK Marepr4aJrM

- rrpeBocxoArT MoHOKpr4

coBoK)/nHo cTI{ reuloQ z:I4qec

- ooecreql4Baror noryr{eHue

feoMelpr4rrecKr,rx pa3MepoB

K ep aM r.{q e c KI,r M 14 I||,.IaT epu?.nauu

- npeBocxoAqT MoHoKpz

BalKHOr\4y rapaMelpy KaK ce

it. Jiespear<rrzsHrrft MeroA

- nonyqeHze [oporrrKa coc'fo.f,

xr4Mr4qscKuit coctaB. rroJrHo

v rrocJrelyroqyrc ero KoH

TexHoJrrorr4r4 npecconaHzx/ cr

XI4MI{qIOCKZX pe axqUft ;

- [Ory,seHr4e nopoluKoB, cocTo

pasnuuurrfi xzvruqecr<zft coc

[on'yqeHr4e KaK TpeoyeMofo xr4

s aAetHHyro f eoMeTpr{qecKyro

- IroMOJr B rrrapotsbrx MeJrbHrr

rpedyennoro HaHopa3MepHoro

MexaHurlecKafl aKTkIBaI{?I.f, TaKO

roroBoe r{3AeJrr{e rro rcarofi-ttu6

- nal?oSzuurrfi npoqecc

o6eclue.II4earorqzfi [onyr{eHlz

rrocJreAyroqyrc efo KoHcoJr

npeccoaaHz-u/ cleKaHr4.rr 5es

peartqufr.

6. llovron [oporxKoB, cocra

- I,I3MEJIbqEHIIfl I{CXONHOfO

pa3eMpoB (-1 00-200 nvr);

rpr4r{br rBepAoreJrbHofo Jra3epa:

r4qecKze v KepaMr4qecKIle MaTeprralrbr

CBOI4CTB;

r4BHbrx 3JreMeHroB Jra3epoB cyrqecrBeuno 6On

B CpaBHeHr4r4 C MOHOKprrOTaJrJrr4qecKr4M

pr4 cyrqecTBeHHo MeHbrrrelr cTor4MocTr4;

qecKue r4 KepaMr4qecKr,re MaTeplnaJrbr rro

e BbrHyx{AeHHofo rrepexoAa.

eHlzfl orrrr4qecKofi r<ep anll4Kr{ rroAp a3yMeB a

efo r,r3 MoHoAr4cnepcHbrx HaHOqacTrlII, urMe

coorBercrnyrcqzfi cocraBy KoHerrHoro rrpo

u4ar\vro B roroBoe u3ilelrkre rro raroZ-
-aHvrfl. 6es [poBeAeHr4.rr KaKrrx 6tr ro Hvl

qrzx r43 MoHoAr4onepcHbrx HaHoqacTyrrf, vrM

, Bcryllarotql4x B peaKrlulo, oOec[eLII4BaIo

qecKofo cocraBa KoHeqHofo npoAyKTa, TaK

My Ha sTarre cneKaHrlf,;

I4CXOAHOfO MOHOKrIdCTAITIVqeCKO|O CbIDb

ynoMeTpr{qecKofo cocTaBa, toMofeHl43arl

[oporrrKa c nocneAyrcqefi ero KoHcoJrr4

TexHoJrorr4l4 npecc or,auux I crreKaHI4.rr ;

c rrprrMeHeHlreM MT4KpOBOIHOSOT4 rrJr

MoHoArrclepcHoro noporuKa Y2Al5Oq2,

ro B roroBoe rr3Aenr{e rro KaKoit-ttu6o rexHoJr

poBeAeHr4-f, KaKr.rx 6rr ro HLr 6ulo xzMr{rr

rrorrlHx KepaM?rKy, Hy)KeH AJrr;

oporrrKoBofo MaTepr{aJra Io HaHocKorrzq
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- MEXI}HOXHMT4qECKOI4 AKTI4

afn0Mepaqlrr4;

- perBHoMepHofo [epeMerxr4Ba

MeTOAe 0e3I)eaKTr4BHOfO Cr4

'/. lMero,qrr u3oclarr4qec

uarpyxeHzeu o6ecleqr4

- cylqecrBeHHoe ynpoqeHr,re

yAeIIre.BJreHue Tex Hono f I4r4 ;

- fopa3Ao ryqlllyro oAHopoAH

H€lI0)KreHu fl. AaBneHldfl;

- cyqecTBerrHo ryqlxyrc ToqH

8, J3 npoqecce crreKaHr,lf, r
- yMeH.brrreHr{e froprlcTocTrr rI

- yM.eH.brxeHI{Ie IlnoruaAl,r Ko

- yBeluqeHr4e pa3MepoB 3epeH

- yMeHhrrreHr.re pasMepoB sdpeH

91. Ourz.recxa.fi KepaMr4Ka

o6pa":qa cocraBr.ser:

He [peBocxolr4r 0J%;

IYa u 6olee;

- 3Har{eHI4e npo3parlHocTl{ IIe

napaMerTpor\r nopucTocTr4. c
MaTepr4.aJra oopa3rla, xapaKTe

cBeTa, AJr.rr KoTopofo onpeAent

- 6o.nee, 2.5%.

1 0.IiepauvKa Ha ocFroBe

K:epaMr4Ky n0:

- rro rerrJrorrpoBoArrocru (ua

- tIO MaKCI4MaJIITHO jIOCTH

3afoTorloK:

14 nOBepXHOCTr4 HaHOqaCTr4rI L\; yCTpaHeHr4

I{S IOpOUKOB pa3nI4rIHOfO Xr4Mr4qeCKOfO

KepaMrrKr4,

fo npeccoBaHr4{ B cpaBHe}lvrv c o

r4MeH-seMofr rexuonorr{qecKofr ocuacrKvr v o

cTb npeccyeMofo LlF.Ielrvrfl. sa c.rer paBHoMe

b pa3MepoB npeccyenslx us4elzii.

cxolrlT:

pMbI, BIIJIOTb AO ee TIOJIHO|O I4Crte3FIOBeHLIfl;

M e)KAy OTAenbHbrMr4 Kp r4 cT NrnuT aMr4;

rI3MeHeHr4eM r{x Qoprrau;

r,r3MeHeHr4r ux Qopurr

Tepf,eT cBoro npo3parrHocTb, ecJrr4 nopu

xeT obrTb oxapaKTeprl3oBaHo OAHr{M r{r4CJreH

npolycKaHr{e 3aBvraLrT oT l\4Hofr4x s
brx p€BMepoB nop vr KpyIcTaJrJrr4ToB, Anr4Hbr

nponycKaHr4e r4 np.;

oKcr4AoB (Me3*2O3) npenocxo4rar Y

0o/o s 3aBIICI4MOCTI4 oT KoHKpeTrToro

MbrM FeoMeTpkrrrecKr4M pa3MepilM

bIM

IJ,

FIbI

noua Me

npeccye



- IIc) OoJree lpr4eMneMbrM TeMIr

- ilo cyqecTBer{Ho 0onee

paTypHbrM pelKrrMaM crreKaHrrf, ; (|I)

croft TexHoJrorr4I4 MexaHr4rrecKofi o6oa

(urrua rt, on aHrre r{ nonup o BaHvre,

.[ I . tCrila.{zrelruofi oco6en ocrbro LuAG (Lu3A15O12) repavrvKu flBrrflerc{:

- gKCTpeMaJXbHO B6rCOKa_S TerIJr poBoAHocTb;

- cllocooHo0Tb npzHI4MaTb BbIC rze (- I0%) KOHr{eHrp ar\w r4oHa-aKTr4Baropa

oe3 3aI{eTHOfO yXyArXeHVfl ',re o $ra:auec :rtvrx 14 reHepauuoHHbrx xapaKrepr4cr

- BbrcoKaf, raep4oc:rr (-8.7 no

lL2. @ropv4rr'afl, aKrr{BHa.rr

rvloHo KpLICTIUIJIbI XIO :

-. MAKCII{M€UTbHO AONYCTI{MbIM

xane Mooca)

I{Ka npeBocxoAr4T o4HounerrHrre Srop

MeTpr4rreoKr4M p a3MepaM ;

- yBelrrqeHHbrM BpeMeHeM )nr43 rr BepxHefo na3epHofo ypoBHf,;

xapaKTepvarnKalrrvr, oco6euuo crofirocrl- nyLIIIIuMI4 MeXaHI4qeCKI4M

replylo)/Aapy;

- 6onee nrrcor<ofi npo3parr

aMocToflTe.rlb 6ore

2!. r{euy paBeH rro b [penoMlIeHvrfl r{r4cTofo KBapr{eBofo

KoMHauHofi 'rerr.lne paryp e?

3i. rlro raKoe repMzr{ecK pacurr4peHue crexla?

4'" Hasoevre rrcxorHbre M

5;" B rreM gaKrroqaerct

br In.fl lonyqeHr,r.rr KBaprIeBOfo cTeKJra,

l. Ha^sosule crteqradtzv

Kpr4crannoB r{ x{r4l{rco crefi .

KVe BI{AbI CTeKOJI, KOTOpbIe OTJII4TTaIOT LI

KBaprleBbrx 3arorosoK OB ?

6i. llepe.rzcJrr.rre ocHoBH orarrbr 14 HeAocrarKLr npoqecca. MCVD.

7'. r{ro o3Hatraer a6Spenu OVD?

8. B qenr cyrb npoqecca

9'. r{ro BKrroqaer s ce6.s

10. Karze noKpbrrrz{

ponauux"?

rrper{MyrrlecrBo [apoQa3Hbrx MeToAoB ronyq

HOBKA NI.'I BbIT.'II(KZ OtITI4qECKI,]IX

Lrcnonb3yroT

ycJroBr,rf, x 3 KcrrnyaT aquu?

IITI4I{ECKIIX BONOKOH nplr )K

eortoxoH?



11. Karue ortrl4qecKlle BoJI

12. Owrwl4re cTPYKTYP

7. )NLIEB]IIO-iVIETOAI4II

OEECTIETIEHIIE AVTC

Bcl nureparypa HaxoAll'tct

OcHosHaq Jureparypa:

1. Ilerocraes I{.C. TaeP

MeTOAI4rrecKr{e yKa3aHl4fl rlo ?13

I(.B.-- SnemPon. reKcroBble

yHI4EepoI4Ter OI'ICTeM yrIpaBJIeH

o

2. Llllarunon, A. E. Ourosrt

,4JIf, By3oB / A. E. L[aurnos. -

c. - (Honafl YHI{BePcu- rercKaq

3. ElseleHrle B Seurouau

MeTOAlbI yrlpaBnteMofo IIOJI

MarepuaJloB : yqeoHoe

20040C) (200200) "Outotexu

rexHoriorrl4", 200700 (2

creul4€ulbHocrtrM 200200 rl

Jra3epnble rexHoJloruu" lC. M.

.- M(lcKsa : Jloroc,2015

ROM) (21 1 M6) .- Bra6ruo

f. Ilpor<olueB, B. f. FaY, A.

98704-812-2.

KHa rlpllMeHtlorof, B TeJIeKOMMyHI4KaIIVIrX?

HbIE OTITT4IIECKIIE BOJIOKHA.

KOE T4 trIHOOI'IVIAIIITOHH

HbI

6u6nuorere BnfV.

blafl. oJIeKrpoHI4Ka [Snerrponnrrft pe

eHI{Io AtlcqrlnJluIsrr/ JlerocraeB I{'C', q

traHHbre.- Torucr<: Tonrcrufi rOcyAapcTBeH

lt paALIogneKTpoHI4ru, 3lr Kouleur, 2012'

cBerorexHuKl4 [3nerrponnrrfi pecypc] : yue6

.2-e, Aon. u uepepa6. - M. : Jlotoc, 20t2' -
n6ruorerca). - ISBN 97 8-5-987 04-586-2

Hr4Ky: $yn4aueHTaJlbHble ooH'oBbI I{

HV1L. Vr nI4afHOcrI4KrI HaHOC-.tpyKTypI',IpoBaH

e rro HarlpaBneHllflM rloArorcfBx:ll 6axala

K&", 200500 "Jla:epnar TexHI'IKa vr JI

"(Dorogma v onrouusoPvtatura"

rKa" vr 20020I "Jlasepnar rexHl4

Aparenmr [u an.1 ; rIoA o6ut.pe,4. C' M' A

743 c. '. ttrn., ra6n. * 1 ererrpoH. onr. AI4cK

B KoHIre C. M. AParelru, A. O' KYuePu

Cepreen - nperroAaBarelrv BII-Y '- ISBN

52
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llono;rHnrerbnaq Jlure

1" Peyron A.T. @usuxa

|3nerrposnr,Ifi pecypc]: Y're6H

AaHEbIe.- M.: Poccraficrufi Yu

2.. EaKraHos E.B. OcHosrt

H|TY, 2011. - 131 c.: ISBN 97

-?'. "3lerrpoH?IKa [3lerrPo
HeSe4on, A"A. Il{vria; llo4 pe

lTprorparuMHoe o6ecneqen

1, <I(nalsroBaf, oneKTPOHZKa) -

e)Kel4ee.f,r{uufi Nypnal n o6

http ; //urww. quantume I e ctron.

2, Hay'*rs-reXHI4rI ecru fi NYP

3. Ourra.recnufi xypHaJI -

8. IWATEPI4AJIbIIO.TE

,II4CUT4TIJIIIHbI

Marept,ralbHo-Texrln4llecKo e

o na:oP TBepAoreJlrHrrft

o KoMrrJrencla6oparopnuft

. rIJII{ra oIITIrqecK€uI IFilIO-

o Kol{IIJIeKcoIITHKo-6usI,r.I

O KACPEAPAJIbHbIEMYNbTI4MC

O 3JIEKTPOHHbIC 3AIILICI'I JIE

a3epoB. gacrl 2. Ocnosrt reopl{I4 JI

noco6ue/ Peyron A.T.- Slerctpou. reKcro

pclrrer apyNdu HapoAoB, 2011.--96 c.

la:epnofi $uzurcu / EarnauonE"B. - F{o

-5-7782-t606-8

uufi pecypcl : V're6. lloco6ue I A.C. CrEton,

A.C. Curoea. - M. : A6Pnc,2012."

n I4nrepuer-pecypcbl:

qzfi pocc uficrcufi, naYunuZ

Jra3epoB vr ux npurllenenufi :

phtml?page:geninfo

<@orounKa) - http ://www.photonics. su/

:l .ifmo.ru/

NIIECKOE OEECTIETIE

wrcJJJ(finvHbl BKJITOqaeT:

Jtc-02;

TK>;

20;

zsvrepeuufi;

Hbre cpeAcrna (ay4. a30-3);

u.



Pel6o.ra.s nporpaMMa .4lrcqlrn HbI COCTABJIEHA B COOTBETCTBI,II4

rro Harrp,aBneHr4ro 12,03.05 "

c TpeooBaHuflMn of BO

HbIE TCXH

Pa6ouyro rporpaMMy cocraBr,rJra Ao rca$. OUIIM C.B. KyrpoBcKa.f,

PeqenseHr (npe4cranurelr 'za" klt alkzo '/rrorl
(vecro pa6oru, AoJ[t(Hocrb, <DI,IO, noAnucl)

Ilporpanaua paccMorpeHa 14 o Ha 3ace4anrzrz ra$e4prr OuIIM

Ilporoxon Jllb or foAa

3iane4yrouln fi xa(f e4poft

(OI4O, uo4nncn)

F'a6o.ras nporpaMMa paccM HA Vr oAOOpeHa Ha 3ACenAHLru

I(oMlztccrrl4 HaIIpaBneIJus 12.03 .0 5 ]'

flpororon N! _ or

f Ip elc elareJrh, KoMr4ccr4r{

'-o(ey'!-t

O, no4uucr)

C.M. Apaxen

yrre6uo-rtreroAr4 rl

C.M. Apaxen



PAEOIIEIZ fI

Pa6o'raxnporpaMMa oA

IIp oro r<ol 3ace 1aHr4fl

Il an e4yrorqzfi rcaS e4p ofi

Pa6o.{a.f, rrpolpaMMa oA

IIp oroxon 3aae4aLrLrfl Ka

!f aee4yrorqrzfi raS e4p ofi

Pa6o.{as nporpaMMa oA

Ilporcrxol 3ace1aHvrfl

3lane4yrou1zfi xa$e4pofi

CT IIEPEYTBEPXilEHU'I
AMMbr 

^WcuxfrJruHhr 
(MoAyr.s)

eHa Ha .re6Hrrfi roA

.upn j\b o <l a{./6 roAa

peHa Ha y.re6uufi ro4

peHa Ha yue6uufi ro4


