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1. rIEJrb OCBOEHT4T Alrcul4uJrrrHbr
Ile.nrro ocBoeHI'Ls Alrcqplru14HbI "AKTHBHsTe cpeAbr rBepr(orenbHbrx ra3epoB,, sBJrre.rcfl

o3HaKoMJIeHue c SnsuvecKLIMH trprlHllunaMll, TexHoJIor]rtMH r,I3roroBJrer{ut H rtpuMeHeHHt coBpeMeHHbrx

aKTr4BHbrX CpeA TBepAOTeJrbHbrx nrBepoB.

3aga.rn ArrcuuuJrrrHbl:

' noJlyLlesne gHasafi s o6ra0rl4 $asuuecrux npuHunrroB, Jrexaqux B ocHoBe onrnqecmofi

KepaMHKH;

' 3HaKoMcTBO c TeXHOIO|LI-qMLI I43rOTOBJIeHI,i' aKTHBHbtx CpeA TtBepAOTeJIbHbIX JIffiepoB;

' lp]ro6pereHl{e yvleunfi ro [poeKrl,IpoBaHurc y3noB H sJreMeHroB larepnofi rexHHKH,

Syurqnonzpylotqtx c ucrloJlb3oBaHr4eM TBepAorenbHbrx aKTr4BHbrx sJreMeHToB.

2. MECTO 4,rCrU4[JIITHbI B C'TpyKTypE OIIOII BO
.1"

.{lcqaunua "AKTunHlIe cpeAbr rBepAoreJrbHbrx na:}epoB" orHocrHTcr K AHcuHnnHHaM no esr6opy

BapHarlrBHo it qacru OnO[.
Vzyueuue AI'IcIII4nnIaHbI npeArlonaraer Hanr,rrrr4e y cryAeHTon Syu4aueHTrurbHbrx tuanuft s o6ragra

o6qefi Susuxt't, OITIIKH' KsaHronoft gneKTpoHHKu, ra:epuoil TexHrlKH., nHQopuraruKH, 3JreKTpoFrr4Kr.f 14

MuKpoflpoqeccopuofi TexHu Kr{.

3. IIJIAHIIPyEMbIE PE3yJIbTATbI OEytIEHlIfl IIO 4,ICIIilJII,IHE
fllaHupyen'tste pe3ynbrarbl o6y'reHar no Ar,rcqunrHHe, coorHeceHHbre c nnaH1pyeMbrMr,r

pe3yJrbraraM14 ocBoeHr.rfl O|IO[
Koa Qopruupyemurx

rcounerenunfr
Vpoaeur
ocBoeHItfl

KOMNETEHUUII

llnaHnpyeurle pe3yJrbrarbr o6y,rexnr no auculrnnHHe xapar(TepH3yr,rr"-
oranur QopruupoBaHr.rr rorunereHuuii (norcarare.nu ocBoeHur rcounereuunt)

I 2
nK-l qacTuqHo 3namaz

trpuHut,tnbl reHepauur4 H3nyr{eHur na:}epaMr4; 3JleMeHTHyto 6a:y narepHofi !

TEXHI4KI4; OCHOBHbIC THNbI 14 XAPAKTEPHCTI|KH O]ITHqCCKHX CI4CTCI\4 IA3EPHhIX
onrnKo-3neKrpoHHsrx npu6opon r.r o6opyaoaaHur; npHHuunbt KoHcrpyhpoBaHH,
na3epHbrx onrhKo-SreKTpouHstx npu60poB, r,rx y3noB !r 3reMeHToB; OnacHbre H
BpeAHbre 3KcnJryaraqriouHrre Qarropu, Hx npe,aen6Ho-Aonycrr4Mbte ypoBHt4
Bo3,4elcrBr4r Ha qeJroBeK4 rexHxKy 14 otgyxapuryrc cpe.qy npr,t 3Kcnnyarauhu
,tra3ep Hbrx ct4 creM u rexHorot-hfi ;Mero.qlt pa6orsr c HayqHo-TexH nqecrofi
.n ureparypoE r,r urQoplrauraeft
Vnemot
0npe.4en.rrrb napaMerpbr a xapaKrepr4crflKr.r SJleMeHToB Jra3epHbrx cHcreM H
'rexuororufi .4rtr 3aAaH HErx ycno nr,ril H p exHM oB 3Kcnnyaraur,u.r;
aHanr43r,f po Ba'rr sgafi N4 orefi ctB H e na3ep H o ro q3 nyr eHr4g c Ma.Tep n zrn aM h H

cpej].auu:
npuMeHrrb ras0oprraautonH6le pecypcbr H TexHoJrorux;
npe,ucraBJrrrL r.trrpopvauaro B ct4creMarH3HpoBaHHoM Br.Lqe;
pa6o'raru c Hayq Ho-rexHr.{ecrofi anreparypo ft n r,ruQoprraauuefi ;
Enademr:
rlagsr KaMt,t pa6orsr co cpercrBzrMu KoM n brcTepHoro npoeKTrxpoBaHr4n,
14 cno JlL3ylouluMl4cr npu Ko Hcrpyl.rpoBaH r4r.t y3JroB H 6rorog Jt a3ep Hbtx
KoMlneKcoB; HaBHKaMr4 rlpoeKrr.rpoBaHr4tt rr4no BLrx cl4creM, npr.l6o po n, y3no B r,r

Ieralefi latepHofi rexHr,tKtr, na3epHbrx onr[Ko-3JlerrpoHurx npu6opon'r
CHCTEM;

nK-2 qacTHqHo 3uamot
0cHoBHbIe O6racru npl4MeHeHI4r ra:epuoI TexHuKr,r H nanepHbrx texuororuft;
npuHur4lrbt nocrpoeHrtr 14 cocraB Jra3epHlrx npn6opoe k cncreM;
np14Hur4nbt KoHcrpyHpoBaH14fl na3epHbtx onruKo-gneKrpouHux npn6opon, rx
)/3JlOB 14 3reMeHTOB;

orrrHqecK14e MaTepxilIbt 14 TexHonoI. ut4;
onacHbre H BpeAHbre gKcnryararlaouuure rparroprr, nx npeAeJIsHO-AOnyCT14Mbre
ypoBHr.r Bo3AetcrBr4r Ha qeroBeK4 TexHt{xy u oKDyxanuvrcr coe.rrv nDH



sKcuyaTaur4r4 na3epHbrx cucTeM E TcXHOIO|UR;
MeroA6r paoorbt c HayqHo-rexHfiqecKofi nrirreparypofi 14 uH$opMaUuefi
Vuemot
aHanr43HpoBar6 TexHnqecKt4e rpe60aaHur, npersrBJISeMbre r patpa6arstBaeMbrM
onrnqecKhM y3naM 14 gJreMeHTaM na3epHbrx npra6opoo 14 cl4creM;
onpe.qeJrrrb' sopuynuponaru I o60cHossraarr rpe60eaunr r parpa6arurBaeMbrM
y3naM 14 sneMeHraM nrcepHEtx npr.r6opon u cucreM;
ooocHoBhlBaTb npe,llnafaeMbte TexHUr{ecKne perueH}tr npu npoeKTHpOBaHHH
y3JloB t4 3reMeHToB nmepHbtx npu6opoe u cucrevt;
npxMeHrrb r,rHt[oplraunoHHble pecypcbt il TexHoltor.H]t.
Btademo:
HaB6tKaMr4 npoeKTlrpoBaHr,rt rlrnoBErx cr4creM, npn6opoe, y3noB H aeranet
ragepHol rexHr4r(r4, ra3epHbrx onrr,tKo-SJleKTpoHH6tx npH6opog H cHcreM.

TIK.3 qacTuqHo 3uambz
OCHOBHHC THNbI H XAPAKTEPI,ICTHKN ONTTqECKNX CHCTCM IffiCPHbIX ONT'IKO.
3reKrpoHHbtx npu6opoe, o6opy.qoBaH14r n rexHolor.r,rfi ;
npilHurinbt KoHcrpyHpoBaHr4r ndlepHbrx onrilKo_3neKrpoHurrx npr6opoa, ux
y3noB h 3IeMeHTOB;
3aeMoHTHylo 6a:y, ucnolrsyeMylo B H3reJrrrfl x la:epHofi .rexuuru;
Mero.(Lr pa6orrr c HayqHo-TexHlqecroll ar,rreparypofi n un{oprr,rauueil; !

npaBr{na ot[oprrlaeulrr veprexefi u KoHcrpytcopcrofi .qoryuenraquu;
KoMnbprepHbre rexHoJronHr4 Mo.qeJr[poBaHur H KoHgrpyapoBaHr4r  aagpuurx'
onrr,f Ko-3reKTpoHnrrx npu6opoa;
onacHLle r.r Bpe.uHLre 3Kcnnyararr,oHnrre Qarropu, Hx npeaenbHo_/lonycrHMbre
ypoBHr4 sog,qeficrsas Ha '{eJloBeKa, TexHHKy 

'| 
oKpyxarcuyo cpe.[y npl4

SKcnJryararlfi 14 ra3epHbrx cucreM u texHolorufi
Vuemu
art6npa'ru rraerol(sl) pacvera npu parpa6orxe na3epHbrx npr.r6opon H ct4creM;
paccqrrrbrBarb napaMerpbr t,i xapaKrepHcr14Kfi OnrUqecKor-o y3fl a natepHbrx
npn6opon u cncreM;
paccqr'rrbrBarL u au6npatu nonr ronycKoB Ha KOHCTpyKTHBHbTe SJreMeHTbl
onr[qecr(r4x,qeranefi x y3Jrbt KpeflneHr,tl;
pa:pa6aruaarb KoHcrpyrfl opcft yro .qoKyMeHraur,rrc;
KoHcrpyupoBarb rr4noBbre lerutu h y3rbt larepuofi TexHrKH;
noA6uparr no 3aAaHHErM napaMerpaM H xapaKTepr.rcrr,rKaM 3reMeHTryrc 6aey ,.
na3epHLlx npra6opoe u cucreM;
np14MeHrrb tHQoprvraunouHbte pecypcbr 14 TexHororhh;
aHar il314poBarb, n pe.(craBrrru l.l oQopvlrrb perynbrarlr npoeKrHo_
r(oHcrpytoopcKoF AerrerbHocru npu parpa6orre na3epHbtx npu6opoa, cnc-TeN,' x
rexuolorufi;
Bnademo:
np14KJra,(HbrMr4 nporpaMMaMu pacu€ra Jra3epHbrx omr,rKo-3JreKrpoHHbtx
npn6opoa;
KOMnErOTepH6rMr.r rexHoJrofla{turu pacv€ra H KoHcrpytrpoBaHHt na3epHrrx onr'|Ko-
rrerrpoHHurx npn6opos.

oEbEM I4 CTpyKTypA AtrcIIr4IIJII4 HbI
o6uras rpyAoeMKocrb AncqulnuHbr cocraBnrer 3 3aqerHbrx eAHHHubr. l0g qaca.



3. Auaras csoficrs H

n pr4 MeHeH He TBepAOTeJrbHbrx

AKTHBHbIX SJIEMCHTOB

8 't-9 4 6 9 7170
Pefiruur-

roHrpolr Ne3

Harqque B Ar.{cqurrJrrlHe KII/Kp
Bcero: 8 9 t8 27 27 25lss SrcsaN,reu (36)

Co4epxanue JreKrlrroHHbrx 3aHff Tnfi rro Arrclqn[Jrr{He

PasAer l. O[snno-xrrMur{ecKrre npuHr{rl[rt pa6orrr x aKTrrBHbtx SJreMeHToB.
L L BeeAeHrae. AxruaaponaHHbte MoHoKpncran KepaMHKa, crdnna _ ocHoBlrbte
MarepHalbr A3 rnepAoreJrbHbrx n{r:epoB.

! ? SuepreruuecKl're ypoBHu P3 HoHoe H HoHoB nepexoAHbrx gJreMeHroB B Jra3epHbrx Marepnanax.
I '3. rlpoqeccu rpanc$oprr,raqur4 oHepr'r. B niBepHbrx Marepr,raJrax,
1.4. Oprcr.rxo-xzNrr,rqecKuerrapaMerpbrJrruepHbrxMarepr4anoB.
l '5' Tunu na3epHblx cpea (o6rop ocHoBHbrx nernpyrorqrx HoHoB u rvlarpurl).
Pargel 2. Axr[eHaq ra3epnafl KepaMr.rna.
2.1 . AxrusHaq na3epHar KepaMHKa. Ed ruecro cpeAr,r rpoqux na3epHbrx cpeA. )

2.2' cusres HcxoAHbrx rpoAyKroB (nopou:non) AJrs na3epHor xepa,urarra.
fli rrpeccoBaHus/ cnexar.wn larepHoI KepaMHKr.r.
TEJIbHbIX AKTUBHbIX 3JICMEHTOB.
UIHbIX TBepAOTeILHLIX Jra3epHbIX CHCTeM.
cTB na3epHbrx MaTepr,ranoB.

C oq epxa nlr e rrp aKTlrq ecKrrx s ansrr.rft no Ar{cqr,rrr Jrrrue
TEMA I ' ArrznapoBaHHble MoHoKpacraJIJIbI, onrHr{ecKas KepaMUrca, crdrcla - ocHoBHbre naarepualul AD
TBepAoTenbHblx na3epoB.
TEMA 2' 3HepreraqecK,e ypoBHH P3 uoHos H I4oHoB nepexoAHbrx 3reMeHToB B na3epHbrx Marepr4aJrax"
TEMA 3,
TEMA 4.
TEMA 5. Marpr.rq).
TEMA 6. ArcrueHa.fl niBepHar KepaMr4Ka. Ed uecro cpeAr.r npoqux na3epHbrx cpeA.

Arfl Jra3epHofi nepavnxn.
npeccoBaHu gl cnet<asws lasepuofi KepaMUKH,
Hbrx TBepAoTeJlbHbr:K na3epHbrx cr4cTeM.

aTB na3epHbrx MaTephanoB.

5. OBPA3OBATEJT6HbIE TEXHOJIO

B upeloAaBaHr4r.r Arrcrlr4nnlnHbr <u4xmue uorc cpedot )rcnonBylorct pa3Hoo6pa:Hue o6paronaren"tiffi-rrorur.r KaK TpaAurlr{oHHbre, TaK r{ c
NPI{M EHEHI4CM AKTI,IBHbX II I,IHTCPAKTI4IBHbX MCTOAO B O 6YUENU.[.

Arrueurre r{ r4HTepaKTr,rBHbre Mero.{br o6yueuur :

I.IumeparcmuzHa.fl reKqu-fl (pasden Nel _3),.

Auanus cumyaquil (meua lW4-6);
Pas6op KoHKpemHux cumyaquu (meua ltrB_ I 0) ;
fipyzoe.



6. OIIEHOTIHbIE CPPACTBA [rfl TEKytrlEfrD l(oHtTpoJl.g yc][tEBA.I]MIOCtft4,
[Poi\{EXvrorrHoIZ AT'rEcrAIII4Ir rlo rrrorArvr ocBoEH14g Ar4crl4[rn[rHblt r{yTIEEHO-ME!|OAIqECX:O|I OBECIIETIEHI,IE C.aTMOCTOqTEIrIIOfi ptt]BOtbl
cTyAEHTOB

a) 3ngalreHarlaoHHsre sonpocsl n 3raAarrH
l.
2.

3.

4.

5.

6.

1.

8.

Arcru saposalJ H bre MoHoKpncit€L[Jr br.

ocuo eu ur e N4arepuan br aKlH B Hbrx oJreMeHToB TBepAoreJr br.i brx r a3epo B.

3HepreruuecKr.re ypoBHa P3 uouos B Jra3epHbrx Marepuarax.
3HepreruuecKHe ypoBHlt r,loHoB rrepexorHbrx ,rara"lou rB naJepHbtx Marepairnax.
flpoqeccsr rpaHc$opvauafi sHeprHH B Jta3epHbrx MarepHanax
(Dnsr4 Ko-xll N{ I4r{ec Kr{e n aparM erp bt n a3epH brx Marep aano B.
OcHoeHsre nerrpyrorlue r4oHtbr u aroMbr .qa3epubtx cpeA.
AxruaHar na3epHar KepaMHKa.

9. Cnsreg hcxoAHbtx rrpoAyKroB Anfl na3epHofi rcepaurxu.
10. ocHoe'urerexHonorHl.iKoMrraKTUpoBaHkrrna3epuofircep,avurcr.
I I' ocHoeusre rexHoJrorr4, npecooBaHur rarepuoil KepaMlrKlr.
12. OcHosHslerexHoJroflrltcrloKa.H]4q,ra:epnofiKepar\{hKH.
13. MoqusreHctsepxMourHbrerBspAoreJrbHbreJ.ra3epHbrec[c:fe^4br.
14. Mero4sl ttccleAoBaHllq orlTr4r{ecK[x caoiicrs J]a3epHbrx rv{areph4noB.
6) Bon pocut pefi rHHr-Kourporq
Pefrrnur-xoHrrro,rs .]\{b I
I CeepxHr:KHe norepn (-ao,refi 4Ev/xvr) BoJioKoHHrbrx cBeroBolloB o6ycr,caleHur:
- npe)r(Ae Bcefo BbrAepx<rcofi roqHsrx 000THo[]er-rnil pasuepoB cBer0BeAvrqeil cepaueBHHbr A O(:io,lro. xz:
-yAaneHueM h3 creKra B [epBylo oqepeAb npuveceil nepexoAHbr]: tvreraJtJtoB, Koropbre n o6yr:lan,lusa,or
3aTyxaHHe B BOJTOKHe;

- HaHeceHhena rpe6yerubtx 3aurl4THslx o6oroueK, npeAorBparlarrcu-tl4x HefarnBHoe BIr4flHAe $ilrr:ropr6aeHeuHefr cpeAbr Ha pacnpocrpaHeHHe OfrrHqeoKofo r?t3ryqeHt{q B B0J]()KH€).
2. HaaueHsulHe norepu KBapIreBbre olrr,rqecK[e BoJroKHa HMercr, Hra AnHHe BoJrHbr:

- 1'31 urcv, 16o Ha sroii AnaHe BoJIFIbt orcyt'crBye'r BKnaA B nofJlrf,uteFrHr3, spssplrulr ruApc,rccq.jrbHbp\,rH
rpynnauu -OH;
- Ha AJrt4He BOJIHbl -i850 HM, u6o HMeHHo e sroil cnerclpzurr,HoI o6racrn pa6orarcr Halr6or,ee
pacnpocrpaHeHHure non)'npoBoAHr,rKO13bre na3epbt 6lnxHero zK-AlranasoHa;
- Ha An14He BoJlHbl 1.55 vrcv, u6o aueuuo e srofi cneKTpullrbHoii cl6.lacrn M.l,HtrMl3lrpy6;rcr (3)/M\4apHh,re
norepH or p3neeBcKofo paccerHufl lr nof.[orqeH]/.fl pitlrlKa_ravn -oll .

3. Crdrcla, He3aBhcHMo or ax xuMl4qeoKofo cocraBa, xapaKTepn3yrcTor cJreAyrcuHMh ceofic1eaN,14:
- B crpyKType creKJIa flpncyrcrBy(]T ToJIbKo 6tuxttvtit nopt!,oK aroN.roB t4 orcyrcrBye-r 4ilrsur,pi,
xapaKTe pHb til Al n KpHcrzurn Hq ec KI4x BexlecrB ;

- KDKAaT MapKa creKra )lapaKrepH3yelcn onpeAeldHHofi TeMnepar./poil n,raaleurR;
- 6e:Aefiex-rsste, oAHopoAHbte no cocraBy n ceo6o4Hure or N4exaHr.{LrecKhx uanpqxie;Hil (r:Ter(fla
oftThqecKH H3OTpOnHbt;

- 6e:geSercTHble, oAHopoAHbte rto cocraBy h cso6oAHure or N,rexaHhqecKHx uanpsNeunil (:TeK,ra
onTH 9eCKI.i aHH3OTpOnHbt,

4. ltw $opvnponaHu.rr rlBeroBeayuleir oepAqeBHHbr B KarlecrBe nerHp)ixlulnx 4o6anorc, noBbrrrarcutprx
n oKa3aTeJIb n peno Mne H uq, qalqe Bcef () 14 CI]OJI b3yloT0,I :

- Qlopco4ep)KarqHe BeurecrBa;

- ro;rbKo GeO2 r,r,ln P2O5

- lro6sre nernpyloulHe oKcHAbt, KpoMe B:,Or n F,
5' Inr 3au{}trbt onr,qecKofo BoJtoKHa B npoq*cce BbrrqxKl4 HaHocl,rct 3aul,Tro-)/nprorrHrlou{ee
noKpbrrhe. [Iorpurrre voxer 6srru:
- Tor'lbKo nonHMepHbl *t, u6o flonHMep MqfoK, re:rrco 4eSopMHpyeror H He co3Aa€l ne;raxnqecKLrx
uanprxeuufr B BonoKHe;

- ToJIbKo MeTiLIIJII'iqecrcnu, z6o ocrzlnbtFIbl3 THnbr troK]pbtrrX qergrcrot BnafonpoHnUaeMbtvtH;
- ToJtbKo yrnepoAHbrM, HaHocHMbtv rryndu [HpoJ,ra3a;

'rrc6slu H3 flepeqt{cJ'leHH]blx Bblue. But6op noKpbrrrrr o6ycroa,reu ycJroBl4s\4H 3KcnilyaraLlqr4r BoJlori.}ra.
6' Meroa MCVD xopotx reM, qro Bce npoqeccbr oca-:KAeHUr nefllpyrcru-lrli. rphMeceil sbrro,,rHflrfo-rcr:
- Ha BHyrpeHHlolo noBepxHocrs rpry6ul-saroroBKtt.3ro o6ecneqHBaer H3onruhro or Bo3aeHcrBr,4t



BHeulHefr cpeAbt h ynpouaeT TexHoJ'tOrhLrecKlk npo,Uecc;
- Ha cneLlnaJrbHbril LUTa6Hr( H3 t|Opr4C-rofo cTetula, nrf,MeulaeMbtil BH.y,rph ,rpy6br_3anoToBrfl4]

- Ha BHeuHIolo noBepxHocrb rpy6bl, H(io uHaqe nlpoAyKTbr oKl4c,.teHHfl / ru4polr,rsa xropl4AoBr He N4ofJlH
6sr yAa-nmucr H3 3oHbr x.HN,ru.{ecrcofi pear(ufir,r ri HeAonycrr.ir\,rbrN,r ,o6p,g.3gNa 3acoprn14 6ur eti,
7. J]tn o6ecneqeHufl BbrooKoro Kaqec'rBa 3aro'roBKr,r MeroA ovD rper5yer:
- cytlIKH' nocKonbKy ilpoqecc raApont{3a B [JIar{eH}'l KHcnopoAHo-BCrAopoAHoii roprlnra 11p1,1B)AHt.K
BbrcoKoMy coAepxaHHlo B 3aforoBKe a4cop6HponaHHbrx frapoB l-i2o ra o[{-rpynn;
- cotnacoBauun lnneituofo pacuupeHHr MarepHtLnoB cepAueBhHbl r.t o6c,,toqrcn;
- eslcorcoil qHcrorbt rexHoJtorhqecKoil 3,oHur.
Pefi rnur-xourpo.ls J\b 2
l. B cpanHer{hH c MeroAona MCVD Mr3roA OVD o6ecneqaBaer
- cyuecrBer{Ho 6o,tee BbrcoKyro cKopocT.b ocaxAeHr.rr;

- uerpe6orareJleH K qr4crore rexHoJlofH,{ecxofi :our,r;
- n3-34 Harv']ufl' LleHT'panbHoro ot:Bepcrl.it B 3arorosKe o6ec,rreqrBarJT Hannyquee pac11pe,Aenegye
npoQn,rr [oKa3arer.s flpenoMl]eHnr B Bo.rroKHe rrocre BbrrrxKr,r;
- orcyrcrBHe B TexHoJroirHqecKoM npouecce Aoporor3Torulhx KBzrpllioerrx rpy6,
2. flperavyutec'rBa Mero,ca VAD B cpraBHeHHH c Ap.yrnrvrh Mero,qaMrlr napoea3Horo oca)KAeHH, coclrorr B
TOM, rlTo:

- HMeerct npzHuxnHanb,Hat BO3MO)KFIOC'Ib r.t3noroBleHH.q 3atoroBo,I.i ,rrot5oil AnHHbt;
Nleroa 'rexHtiqecKll npocro prsiuh3yercq !4 He lpe6,ye'r KoHlponr 6olrulor6 KoJ'rHqecrBa

TexHoIof H r{ecK}tx fiapaM eTpoB;

- orcyrcrByer IleHTprrnbHltfi npoeal n npo$rzle flotia3areJrr [peJro],{JreH}rr KaK 3aforoBKr,r, Tati il roroBo'o
ONTHqCCKOfO BOJIOKHA.

3. xarcernpoBaH He 3aroroBoK - TexHOJlorr4qecrcufi npnev, nclseorqhruH il :

-AJI' npouecca MCVD yBenHqnrb s$Qrercru euocrb ocalr(AeHlrr )iJroprl(a KpeMHHr c ji0-60i1/o nor5.H ,qo
100o/o:

- noBblchrb cKopocrb ocalKAeHHt OKI4CJIOB npl4 HcronbatoBa+r4l o\/D le:xsororvtl u eule 6o.1ee noA11,tr.b
o6 LLlyro npoH3 BoAr,rreJ'r b H ocrb ;

- noBblcHTb rlpoH3BoAHTerbHocrb npouecca MCVD A yBenuvvrb fa6;ap[{'fbl no,rytaevoil 3aro1.oBKr{,
4' Irpu rlpoH3BoAcrBe ilKTHBHbtx oftrtjqecKhx BoJroKoH B cooril' c€ipAueBr.rHbr seo6>lolluN4o 

'sroAr,r'br,to4uQnraropsr (Al2Oj ra,ra P2O5) AJrr rofo, qro6rr:
- noHH3t4Tb COAep)r(aHHe rHApoKCHnbHbrll fpynn B MarepHzLne cepAt-leBHFtbti

- CKOMneHChpOBaTb t't3lvleHeHhe [OKa3aTeIq flpenoMJrlel{ht CepAIIeBHHbl, Bbt3BaHI-tOe BBeAeHHeM t4ougf}-
aKThBaTOpOB;

- noBbtcnTb npeAenbr AorrycrnMbrx KoHUeHTpaUafi HoHa_aKThBurropa B oepAUeBhHe 6e:r pa3,[,rsJreHr4, d]a3go yponur - lo%;

- noHH3HTb Bo3HhKaroullle H3-3a Jilefl'llloBiaHat HoHal\4h P33 eaprzau,Hl4 noKa3arent npeJlotvt reH4g g(l A,,lt4He
3afoToBKr4.

5' Ha npree4eHuofi ltarcpo$ororpa$nu u:o6paxeuo M14KpocrpyKT,/pHp(lBaHHoe BoloKHO runzL holer,, fitrer
u,rr.,l photonic band gap fiber?
t,,-.li^.,:t.tJ1t q:^b'.\'(at:t"t "'"lrifl,.,:l,b:Lsiriti

-t!i':
5'!:fr.-. .-^r --ai:i::i:i::i:i:::;f::i:f:i!:il" i:lr!;:i'::J:",;

6. 3o,rg-re,rb rexHoJlofl,tro cHHTe3a crtircol.
OTIN4LIACT:

- BblcoKafl qHcrora creKra, 6a:upyroruasos Ha qucro,re cbtpseBbtx r\4arepgiuroB;
-BbrcoKar TeN{ nepaTypa nonyqe H }.ifl M o HO.n HTHO|O CTeK,'ra;

- noBblIIJeHHOe COAep)KaHl4e fxApoKcHI|bHbrx fpyt]n B creKre H, cooTBierol.BeHHo, B BOJ]OKFIe;
- MaIOe BpeMt, 3aTpagHBaeMOe Ha npOrUeOC,

aKThrlt4poBaHHbtx 14(f,HaA,tl,t peAKo3eMenb,Hb,tx t{e.fitr,lJroB.



- cJroxHocTb r.{cnonb3yeMoro 060pyAoBa}{Hf .

7' I-la npueegeauoii ul'trcpo$ororparlnr.r rso6parxeu,c N,rHKpocrpli rfl'\/phpoBaHHoe BoJroKso rr,rna holly fiber

Peiirusr-rcoHrpolr J\b 3
1. I{epavaxa - 3ro:
- HeMeranJluqecKHe Heopfalll4qecKHe MarepHilllbt Ha ocHoBe KpHCTa,IIJIHqeCIKHX COe4uHenzii HerN4erarroB t1
M eraJr r'r o B, Ko H con HAHpo B aH Hr,t e B v3 r\e n 14 fl, rp e6ye tro fi {r op rr,nr ,- HeopfaHHqecK[e nopotxxoBble MarepHzulbl c Ao6aBKaMH oprarll4qecK]ax BeulecrB-ilJlactHrfr6aroprrr,
cnpeccoBaHHble c [p]tMeHeHheM pa3narl]{brx rexHolorHfi B H3AeJrH.sr r:pe6yeuoft $opn,|sr;- HeopraHuqecKl'Ie MarepH€uIbl' I'lN{entrrHe KpHor€trJ'rHr{ecKyro
HaHOpa3MepHbrr\4 Maclrrra60ir,r cocraB.rrrH)r!HX r4x Kpr.rcr.ar'lJ'rHToB.
cneKaHHt.

oTpyK'rypy, H xaprilKreF)H:lytculhoct
llpou:ao4rrcr h3 rropourKoBi NtoroAON4

2' PeaKrHsHslfi MeroA [onyqeH]'q aKrueHofi rpaHaroeofi KepardHKr{ noApa3yMeBaer:- [oJrlyqeHHe nopoIIrKa coc:fo.gqefo ]1.13 MoHoAticfiepcHblx HaHoqaoTHU,, t4Metou-(HX xalnnqecxnil cocrgtB,
froJlHocrbro coorBercrByroqufi cocrurBy KoHeqHofo [poAyKTa, H flO.JrOr,y[ou{yrc efo fi:oHcoJr HAaUhrc B
foroBoe H3AenHe no rcanoft-lu6o rexsoltoruu fipecrooaaawsl cneKaHHs 6e: npoee4eHHr KaKHX 6rr ro Hn
6ur,ro xslrHqecKlrx pearcqufi ;
- nonyqeHHe nOpolIJKOB, cocToslIltHX t43 MOHOAI'IOrlepOHblX HaHO(tacTht-I, HMerorrlHX pa3.n nquulir
xHl,ruqecxufr cocraB, BcrynarcLuHX B peaKurlo. o6ecne.{hsarcuyrc rtonyqeHHe K:aK .rprefil,enlcrno
xHMrJr{ecKofo cocraBa K.oHeqHofo [poAyKTa, TaK H efo 3aAaHHy[o fec)NterpHqecKyro cpopMy Hia 3Tane
cneKaHHt;
- rloMoJr B tlapoBbrx MeJrbHl4qax HcxoaHofo
HaHOpa3MepHofo fpaHyroMeTpr4r{ecKofo cocTaBa,
noporrtKa c nocle4yrcqeil ero rcoscolnAaurefi
npeccoBaHH s,l cnexasus',
- napoQa:Hsrfi MCVD flpoqecc, o6ecne'quaarorqnfi [oJryqeuue Mor{oAr.rc)nepcHofo nopouKa 'f;,A1,io12, r.r
nocneAyrct(yro ero KoHcorHAauHIo B foroBoe H3AenHe no rcarcofi-.ln6o rexHoJlon,th rtp,ecco :;.nvu,l
cfreKaHHfl 6e: npoae4eHur KaKHX 6Sr rO Hn 6ulro xHr\,rhqecKHX peaxu,l.rii.
3' Tpe6oeaune ue6olsruoil txHpt4Hbr $oHouHoro crreKTpa AJrr Bcex MarerpgaJloB N,1 a.fpr,ru
TBepAorenbH btx ra3epoe o6yclon,reHsl :

- rpe6ouau aev s srcorcofi ,Ten.rlo rrpo BoA Horlrl.r ;
- rpe6onauneM BblcoKofo KBaHToBoro BbrKoAa nloMH,HecueHrrnl.j;
- rpe60aaHueM N4€UTOCTA OBeropacce.flHhr Ha AJTHHe BrC,rtHbr fet{epauHla;
- rpe6osauaev o6ecneqeulrq 6orrruoro not-noureHHr Ha AJrrhHe BoJrFrbr HaliaqKH.
4. Crercla, KaK Marepazu Marpl4ulbl -fBepAorenbHoro ra3epa:
- IlpeBocxoAtlr MoHoKphcrilllJlHqecKHe H KepaMHqecKHe MarephaJ,lbr no coBoKynHocrr4 ren,roq[tsnvecKil4X
csoXcra;

MoHoKpHc'ran,,THr{(lox:oro c6rpbf, ,qo rprefil'gN4a,,-a
fOMOfeHH3aL\Vlt Vt f{i3)(aHI,tqeCKat aKTI4Batlltt -taKO,t-O

B roroBoe HI:rAen He fto rcaxofi-l a6c, TexHcrrof 4 H

Jrra3epoB cyul€)ct'Btlr{uo 60lturrx feoMorpuqecKt4x
H KepaMHqecX:Illv,ll4 t\{aTepvanaMU np]H Cytrl,eCTBeHlto

- o6ecne.{uBaror [onyqeHue aKThBHblx greMeHToB
pa3MepoB B CpaBHeHHH 0 MOHOKpHCTUUTJTHTiecKHMH

neHrruefr croHMocru;
- npeBocxoAqr MoHoKpl'lcraJlJIHr{eCKne: A KepaMuqecKue MarepzaJt,r iltoT,ar(oMy Ba)KHOMy [apa]\,terpy KiaK
ceqeHHe BbrHyxAeHHOfO nepexoAa.
5' Ee:peaxrHsssrfi l,'eroA rronyqeHarr ofrrhrr€cKrrfi KepaMHKr,r noApa3.yfvreBaer:- nonyqeHue IIOpotUKa cocTotUtefo Lll3 fvlOHOAHCflepcHblx HaHoqacTltU, H\{etouIHX Xl.iMl.4qecK:Htl r;r)cras.
norFlocrbto coorBercrBytoultzil cocraBy KoHeqHofo npoAyKTa, H floone,qylorr{yrc ero rioHco.rrr.dAarrlHro B



roroBoe ld3!enue [o KaKofi-nH6o re>lsonoruu npeccoeaHns.l cfleKar{]ilr ,6r:: npoae4eHas KaK[4x 6sr ro Hvt
6uuo xauu.recKHX pearrlnfi ;

- nonyqeHHe l]opouIKoB, cocTotxtU4X w3 MoHoAt{cllepcHblX ]laHoqacTutI, HN4ercrrU]tx paslnvn;r ii
xt'ttt'tl't'lecKlafi cocraB, Bcryrlaloulttx B pooKr-{H}or, o6ecneqaea}oulyro lonyqeHHe KaK Tpei6yeN4li)ro
xl4Mur{ecKofo cocraBa KOHeqHOfO npoAyKTa, TaK H efo 3aAaHHyrc re,oMerptlqecKyro ooprrly r-lB 3Tit[e
c[eKaHIrr;
- tloMon B uapoBblx MenbHI,IUaX ACXOAHOfO MOHOKpHCTaJrJlt4rtecKoro cbtpbf, Ao rpet5 yeurr;,ro
HaHopa3MepHofo rpaHyroMerphqecKofo cocraBa, FOMOfeHH3atlr4t H MeXaHUqecKag at(THBallHt raK(l,t-o
nopoulKa c nocleAyrculefi ero rcclHcolaAaquefi B roroBoe H3,AeJpte no rarcofi-ln6o rexFroror'1414
npeccoBaHHx/ cr'ercauut
- napo$a:Hrrfi fipouecc c [pI]MeHeHueM uuxponolHoaoft rrJra3]Mr,r, o6ecreqgsar<luluil
MoHoAl'IcnepcHoro flopolUKa Y2Al5C)t2, H nocneA]/Iolqyro ero Kc']rcoJrr4,qau]r]o B r-oToBoe
rarofi-ln6o rexHoJIorHA npeccoBaHtrl,l cnetaHnr (5e: npoaeAeHurr r(aKrax 6rr ro sr 6iulo
pearcqafr.

6. IIouo,r floporrrKoB, cocraBr.sxllut,tx KepaMHKy, HyxeH Anr:
- h3MerbqeHnt HcxoAHoif'o fiopoluKoBofo MarepHzurat Ao HaHocKorrH,{r]oKHX pa3eMpoB (-100-200 Hn,l't;
- MexaHoxt'lMt{'{ecKoil aKThBaIIHH rtoBr3p}:Hocrn Halovaurnll a ycrpaHeHVfl wx afnoMepaur.th;
- paBHoMepHofo flepeMeIr]wBaHVfl nopoUllKoB pa3nHrlHoro XI4MLIqecKo,ro cocTaBa B MeToAe 6e:peax.rneuoro
cr4HTe3a KepaMHKr,r.

7. Mero4u t43ocrarr4r{ecKoro npeccoBaHnrr B CpaBHeHIlll{ C OAHOOCHbilvt HarDV)r,;eHHe[4
ooecneq14BarcT:
- cyuecTBeHHoe ynpouleHue npnnaen.reuofi
TEXHONOTI,IH:

- fopa3Ao nyquJylo oAHolpoAHocrb npecc'/eMofo H3Ar3Jrr4r :a cqer paBiHot\/epHofo H€ulox(eH n9 AaBneHVfl:
- cyulecrBeHHo nyquylo ror.rHocrb pa3MepoB npeccyeMblx HsAerilil.
8. B npoqecce crreKaHHrr rrpot4cxoAl,rr:
- yMeHbuIeHHe rroptrcrocru npesopMhr, BftJrorb 4o etl noluofo Hoqe3HoBeHfir;
- yMeHbureHHe nnoulaAH KoHTaKTa MO;KAY orAeJIbHr,rMr.I KpHcrtrJrnhraMI.l;
- yBenr.rrteHue pa3MepoB:dpeH c r{3Mer{eHVeM rx Qopvsr;
- yMeHbrxeHr4e pa3Mepoe sdpeH 6es a:N,reHeuu.x ax $opurr9' onrnqecrcas KepaMHKa reprlel cBoro npo3paqHocrb, ecJ,rh fiopuc-rclcrs o6pa:ua cooraB;rrer:
- He rrpeBocxolur 0.1%o;
- lVo u 6oree;
- 3Har{eHI4e npo3paqHocrH He Mo:Ker 6uns o)(apaKTepu3oBaHo ol1r+r,rM qHcJreHHbtM napaMerpr)M
tlopHcrocrH. CneronpoilycKaHHe 3artucvIT or MHOrlrx $arcropon: Mar-epa€rna o6pasqa, xapaKTepHbrx
pa3MepOB IIop H KpHcTzlJlJIhToB' AnpIHbl BOJIHbI cBeTa: Ant KOTOporo Ollp€:I,enqeTOt nporty(]KaHHe 14 pll.;
- 6onee 2.5Yo.

l0' KepauHrca Ha ocHoBe nonyropHblx oKcr,rAoB 1'Me3*ror) npeBooxoArr yAG-rcepaMLrKy no:
- fro rerrJ'ronpoBoAHocrH l,.na40-50Yo B 3aBT4CHMOCTH or KoHKperHofo HoHA M",*),
- no N4aKcHMaJbHO AOCTHXIIMbIM feoMerpHqecKfi M pia3MepaM npeccyer,tbt)( 3aforoBoK;
- no 6olee npneMneMbtM TeMneparypFrbl\{ pexuMaN4 cneKaHHq; (|1)
- tro cyqecrBeHHo 6olee npocroil rexFloror]tn MexalrHqecKofi o6pa6olxra (Lunu$on aHAe wt no,rHponauNe,)
I L orrtu.rurerrnoft oco6euHocrbro I-uAG (Lu3l\15o12) KepaMHX:u ,Er1;rercr:
- 3KCTpeManbHo BbrcoKaq Te[nonpoBoAHO,CTb;
- cnoco6Hocrb npHHHMarb BbIcoKHe (- l0%) KorFrrreHTpauvrl actrnr-trrir,uBaropa yb3-' 6es 3aMerHofo
yxyArxeHLrr renlo$usuvecKr,rx Lr reHeparluoHHbrx xapaKTepncrnK;
- BbrcoKaq raepAocrs (-8,7 no uKzure lv{ooca)
12. @ropa4HaraKTHBHar KepaMHKarrpeBocxoAuro4HonveuHbre(bTOpHAHbre MOHOKp,l.rCTaJlJl bl IIO:
-. MaKC H M aJrb HO AO[yCThM bl M feoMeTpr h q ecKh M pa3 N4epaNt ;
- yBenhqeHHbtM BpeMeHeM Xl43HH BepxHefo Jta3epHofo ypoBHr;
- ryq ur r.t M 14 MexaHr4qec KaM H XapaKTeplhcr,H KaMr, oco6eH HO CrOfi rcocrr,ro
- 6o,lee strcorcofi fipo3paqHocrb[o.

fIoflyqeHhe
r43AeJ1He nO

XI,IMH qCCIi:HX

Te)(HoJlol-t4qecrofr ocHiaorKH r o6ruee yAeu13BneH he

K TepMoyAapy;

Hasonzre cneqnQuvecKue BLrAbr crerKo.rr, Koropble orJraqalor r4x o:f
9euy panen noKa3areJrb npeJroMJreHz.q qucroro KBilpueBoro creFl,ra
9ro rarcoe repMHqecKoe pacrxrpeHze crercla?

K:ptzc'1'zurnoB n lclr4mocreil.
rrpH r(oMHaruofr revneparype?

Hasoetre hcxoAHbre Marepua-flbr Anrr nory.leHa, KBapueBoro creKria,



5. B qenr 3aK[Ioqaerct npeHMyulecrao napoQa3Hbrx MeroAoB nonyLreHHr KBapUeBbrx saroroeor OB?
6, flepeur.rcnhre ocHoBHbre 3ranbt rd HeAocrarKn npoqecca MCVD.
7. tlro o3Haqaer a16penwarypa OVD?
8. B qerr,r cyrb npouecca "r(aKerr4poeaHal"?
9. 9ro BKJlroqaer s ce6s ycraHoBKa.4'rr Bbrrf,]KKr,r omuqecKux soaoroH?
l0' Karrae rroKpbrrnt onrvr{ecKux BoJIoKoH }rcnonmyror npn xecrKrnx ycnoBr4rx excnrryaraquu?
I l. Karr,le olrrnqecKne BoJroKHa np],rMeHrrorcq B TereKovtrrlyunraqnrx?
I 2. Onnuure crpyKrypupoEaHHbre o[T]4qecKle BoJtoKHa.

@ouA oqenoqHblx cpeAcrB Ant npoBeAeHnt arrecraqr,rn ypoBHa csopurapoBaHHocr4 xouneren$1il
o6yvarculzxcr no Ar4cqHrrJrr,iHe oQopunrercf, orAerb HbrM AoKyMeHroM.

7. yIIEEHO-METOAI'I[IECKOE rI IIHOOPMATU4OHHOD OBECIETTEHIIE 44CtWAUrrbI
7. 1. Knuroo6ecneqennocrr

HaHMenosaHHe nr,rreparypbr : aBTop, Ha3BaHue, BHA KHI,I| OOE ECI]ET{EHI{OC T b

Harilt{fle e

srerrponuofi
6u6lnorerce BlfV

OcHoeHar rnre
flofisHep, E. H. OlrsuqecKrde ocHoBrr lasepHoil
rexHHKr4 : yue6Hoe noco6ue / B.H. IlofisHep. - 2-
e H3A., Aon. - Mocxea : I,trFIOPA-M,2021. - 160
c. - (Brrcuree o6pasonaHne: Marucrparypa). -DOI
1 0 . | 27 3 7 / textbook_S 92 d 268 c487 3 62. 6 4 807 6 42. -
rsBN 978-5 -t6-012817-7 .

https://znanium.com/
catalog/prod uct/|214
884 I

I-llauuon, A. B. OcHoebr cnerorexHnrcr.r : vqe6nl,lr
AJrr By3oB / A. B. LUaruros, - 2-e wzp. Aon. H

nepepa6. - Mocrna : Jlonoc, 2020. - 256 c. -
( Ho na.n y Hr.r Be pc Hre r crcas 6vt6 nuorerca). - I S BN
978-5-98704-586-2.

https ://znan i urn.com/
cataf og/productll213
092

B seAelrne a QevroHaHoSoroHurcy:
QyH4auenr,IJrbHble ocHoBbr H nrBepHbre MeroAbr
ynpaBnreMoFo llonyqeHufl, n AHATHOCTHKU
HaHocrpyKTyplrpoBaHH brx Marepuur on : yu e6 uoe
noco6ue / C. M. Apaxelrn, A. O. Kyuepnx, B. l,
flporouen [u ap.] ; nol o6rq. peA. C. M.
AparerrHa. - MocKea : Jloroc, 2020. - 744 c. -
ISBN 978-5 -98704-8t2-2. -

https://znanium.com/
catalog/document?id
=367351

AQauacsen, A. A. TexuoJroFr,tr KoHcrpyKqnoHHbrx
MarepzaroB :yve6Hnx I A.A. ASaHacuee, A.A.
florosuu. 

-2-e r43A., crepeo.rfin. 
-Mocrsa:I4HOPA-M,2019.-656 c. - (Bucuree

o6pasonaHne: Eaxalaup nar). -www. d x. do i. org/ I 0. 1 27 3 7 I textbook 5 gccae Z93b6d
09.40302081. - ISBN 978-5-16_013399_7. _

https://znanium.com/
cata I o g/prod ucl,/ | 022
072

Tapacona, T. B. Aaaurr,rBHoe npou3BoAcrBo :

y.re6. noco6we /T.8. Tapacoea. - Mocrcea :

I4HOPA-M,2019. 
- 196 c. - 

(Bucruee

https://znanium.com/
catalog/product/9971
09



www. d x, do i. org/ I 0. | 27 3 7 I textb o ok 5 <t25 c2b3 a0 3 f
99.1677402s. - ISBN 978-5-16-01 4676-8
foqepu4se, P. M. TexHoJrofur KoHcrpyKrlr{oHHbrx
MarepuanoB e npu6opocrpoeHnn : yue6Hzx / p.M"
foqepn4se. 

- M. : HH(DPA-M. 2018. - 423 c.

- (Bsrcuree o6pa:oeaHue: Banaranpaar). - ISBN
Z!-5-l 6-005048-5. - Terccr : srerrpouusrfi.

2018 l'tttp s : I I zn aniu m . c o m /
cataf og/productl9730
06

IIpo rpamu n oe o6ecueqeHu e u IIHrepner-pecypcbt :

l. <KeaHToBar oneKrpoHHKa) - ee4yrqnfi poccnficxafi uayvHufi

exeMecsqHbrfi Nypnan e o6racru niBepoB t4 HX nprlMeueuuit: ,

http ://www. q uantume lectron.ru/pa. phtm | ?page=geni n fo

2' Hayvno-rexHuqecxufi )KypHan <<ooroHurca> - http://www.photonics.su,/

3 . Onruqecrc nfi xypuair - http : //oplicj ourn. ifmo. ru/

8. MATEPI4AJIbHO-TEXHIITIECKOEOEECNEIIEHTIEruICII4IIJI}IHbI

!1n peuwzalrni AaHHoit ruc\trnnwHbr l,IMerorcs cnelu,rarrbHbre noMeureHr4 fl Ms npoBeAeHr,rr saus.rwit

reKupfoHHoFo rwt4zaanwit npaKfl'rqecKoro/na6oparopHoro rlrn4 rpynnoBbx HuH4Buryunnux rcoHcynrraqnfi,
Teqfqero KoFrrpoJur H upoMexgno.fiofi arremaryila, a raroKe rroMerrleHrzut AJrf, caMocrorneltuofi pa6orul.
llparnavecrure/na6oparoprue pa6oru npoBoA.f,rc, B ayA. 43 0_3.

O6opy4oaarue:

. rzBeprBepAorenbHbrfi sororoHHbiallC-l2:

. KoMnJrerccla6oparopHurfi <Onaera-TIOI;

. nrrr4ra omnrecKarr IHTIO-20-20;

. KoMrrrrexcommo-Sltr,rlrecKrr(nsvreperud;
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JILI C T IIE PEYTB E PXAETIIIfl,
PAE OrrE tz up o rpAMMbI AIrCUrrfIJIr,IHhI

cb)

Pa6oqas rporpaMMa oAo6peHa Ha

llporoxon 3aceAaHzx raQe4pu Nl OT

yve6nrrfi ro4

foAa

3ane4yroqzfi rcaQe4pofi

3ane4yroulzfi xaQe4pofi

Pa6o.ras rporpaMMa oAo6peHa Ha

flporoxoJr 3aceAaHut xa$egpu Jrlb OT

-yqeoHbud foA

foAa

Pa6o.rax rporpaMMa oAo6lpeHa Ha

flpororol saae1aHr4{ Ka$eApbr Ne OT

FyrreoHbru foA

foAa

3ane4yroqufi raQe4pofi


