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1. UEJIb OCBOEHI'dfl IlnC

Ile.rrrro ocBoeHr4{ Aracrlr4

Ha3Ha.reHI4q" qBJltercg 03Ha

TEXHOJIO|I4flMKI H3TOTOBJIEHLI'I 14

r43JrrreFnr4.f, Anfl perleHr.rf ysKo

ycJroBr{.flx npLrMeHeHr4s r{ oKpyxan

3aAa.tu llucqrrrrJrr{Hbr :

o noJIyYeHLre zrralawit B

ocHoBe reHeparlr4r4 na3epHo|o

MOUIHOC',II{;

. 3HAKOMCTBO C TCX

r4crlbrTar{I4r clnequr €LJrI43trpoBaH HbIX

o upuo6pereH?re yueHufi uo

rexHr,rKrd, Qyur<qnoHlrpyrcrnlru( B c

oKpyxarcrqefi cpe4u.

2. M ECTO ATICqUIIJTI,IHbT

[lacqranl krHa " Jlasepnue cn

Ar4cqr4[JrrrHaM rro nrr6opy Bapuarv

I,Isyuenne Ar{oqlrnJruntbr

Syn4arvreHTzrrrbHbrx suanu%r B

gJreKTponrr{Kr4, lasepuofi Te

Mr{KporpoqeccopHofi lexnurz 
"

3uanux, ilonyqeuHble B

IrplrMeHeHbr upr4 vIF_weIJuu Apy

noAfoToBKLr.

3. KOMTIETEHUI4I4 OBYq

PI]],3YJIbTATE OCBOEH

B npoqecce ooBoeHrrf, Aa

AeMOHCTpLrpyer cJreAyroqr{e il LIOHiUIbHbIe I(OMIIeT 9IJLII{I'4 :

Sopvrzpyer u

zHbI "Jla:ep,g51g cl4creMbl cnerlI4aJrbHofo

MJreHr{e c $nsuuecruuu upzHquuaruu,

pr4MeHeHHr coBpeMeHHbrx cr4oTeM Jra3epFroro

rrpaBJreHHbrx 3aAaq B crrerlr4rurr43r{poBaHHhr.x

rr cpeAbr.

Susu.re:cxzx lprrHrll4rroB, ne]Kaulkr x B

coKoKa,qecrBerrHoro Lr3nyqeHur nontrruenHoii

rwflMkr lrpoexiTl{poBalJkrfl, I{3foToBJrerfvIfl

a3epHhtx KoMuJreKcoB Lr cucTeM.;

po eKTr4p oBarltrK) y3noB kr gJrer\,reHror nas epH oii

3LrpollurHHblx ycnoBkrrx IIprrMeIJeHu:fl ]4

CTPYKTYT'E OTIOII BO

c'tlerlr4allt,Hofo Ha3HaqeHlzt " orHoozrcx N

oft qacru OII()|I.

lpeAnoJrafaeT HarruT{ue y cTyAerJTorB

acrur o6qefi Sr.rszru, orrrr.trKlr, rnanrosoii

vrrr.vI, uH@oprr,ralvrKvr., gneKTpoHkrKI4 kr

Ll3yrreHufl .l;annofi Arrcrq4rrJrr{Hbr, Moryr Qurr,

creqnaJrr,Erbrx AzcrllrnJrr4H rro npoSnrxl

IOIIIEIO Crr,, OOPMT4PyEMbTE B

AI,ICIII4IIJ]tI4HbI

oft Ar4crlr4rrJtrr4Hbr cryAerrr



l) croco6Hocrbro

KOHCTpyr4pOBaHr4rO B COOTBeI]CTBLT

npuOopon, geralefi rr y3JroB r{a cx

5);

2) cuoco6nocrbro K orleH

KOHTpOJTTO ilpOCTbrX V CpeAHe

paspa6o'rxe rlrrroBhrx rrporq

B pe3yJrbrare ocBoeHr4

AeMoHclrplrpoBarb cneAyroque pe3

1) 3narr: ocHoBHbre 3a.KO.H

rrpoeKTOB s oSracru na3epHbD( c

3) B.na4err: HaBbrKaMrr

pacqery, rrpoeKTr{poBaHr4 ro

An{crlnrnurrbr o6yuaroqwitcn

brarbr o6pa:ronanzx:

3aAaHLreM TI{IIOBbTX OI4CTeM,

14 sJreMeHrHoM ypoBHrrx ([K:-

.40Jl)KeH

TEXHHqECKI4M

HT4qCCKOM

Tex.HoJrofr{qHocTz u TexHoJrofr4qecKoMy

cJno)r(Hocrr{ KoHcrpyKTopcKr4x penrerruii,

B KOHTpOJTfl rrapaMeTpoB MexaHr4qecru:'.,

OIITLIqeCKLIX I4 OIITIIK0-SIeKTpOHH 4erarefi r{ y3rroB (1tr(-6).

ocHoBe paspaSorKn yltlroB u 6noxo clequaJrr43r4p oB aHHbrx na3 epHbrx clrcreu (lIK-
5, rIK-6);

2) Vrvrer:r: cooraBr.f,rb orr prfl. r4ccJre,4oBauuit v pazpa1arrrsaeMrrx

ecTecTBeHHoHilyqHbrx AI{crIulJILrH, JlexarrlHe B

creuuaJrbr{oro Ha3HaqeHux ( IIK-5, IIK-6);

B, OIITI4qeCI(AX SJIeMeHTOB C CeIeKTIZIBHEIMI4

r44

pa3paborKe ,rcnoB n gJreMerrrots lasepnoil

rexHrlKr.tr, QyurcquoHlrpyrcqnx c b3oBaHr4eM TBepAoTeJrbrrbrx aKTIrBHbrx cpeA

H OJTOKOB rr0JryrrpoBoAHr4KoBblx

r{ HeJrr4Hefi Hulru csofi crsarraz ('lIK- , lnK-6)"

4. CTPyKTyPA r4 COAE vrB AvrcutrfrJrr{Hbr
O6ryax rpyAoeMKocrb AlacrILT HHbr cocrarlJlter 4 sa.{erHblx e.{laur4rlbr,

Br,qu yte6uofi pa6o'rn, nuo'ran
caMocrorrelbH)fto pa6or1, crygexron

u tpy4oeuxomr (o.raoax)
(Dopuu reryqtero

I(OHTpOrr ycneBaeMocTfi

(no uedetsiu
cenecmpa),

{ropua npoueNyrovHoi
aTecTautrr

(no ceuecnpiat)

OasuqecrcHe I{ orrrtlqecKue
npr.rHrlrrflbr padorrr
crrerlH{InH3r{poBaHHbrx

Jla3epHtbrx cuc'reM
Jla:epuue cucreMbr
noBbllrreHHofi trlorunocru



Texunqecxue peureHkrs Ant
,IIOCTI4}I(EHH' BbICOKOIO

Kaqec'rBa v3[yqeHvfl,

TEMbI, PA3AEJTbI ArZIC

PasAer 1. @usu.recK[e

cII eq uaJrrr3 rr poBaHHbrx Jra3epH

1.1. BseneHre. Yclonrar

TIJITIIIbI:

JIEKq14rr

*l oIITuqecKr.re [prrHrlrrrrbr

CIICTEM.

eHeHr{f clrerlr{€lJILr3r4poBaHHbrx

pa60Tr,r

na3ep.r{brx

cucreM, o6sop coBpervre Jr€BepHbrx KoMnneKcon z cr[ep (rpanzr\) zx

rrpr4MeHHMocTrr.

1.2. Ouru.recrue cxeMbr rr

KBaFXTOBbTX feHepaTopoB

1"3. @zsuro-oxrruqecKpre

Jr€BepHbrx cPeA.

r "4" @zsz.recKue ocHorlbr IrocTpoeHlrr rroJryrrpoBoAHLrKoBOrO Jra3epa

rroBhrrrreHnofi unreH Lr3Jrr{eHr4t.

eTpsr na3elpHbrx MaTepr{€uroB, aKTlrBtFrbr.K

rloBbrIrreHHoffi uoruHocrrr

Ha TBepAOM TeJre

TIOBbIIIIEHLI.'I PlX

I|3flyqeHuq"

ocHoBe la^eepuoi,i

1.5"

1.6.

@rasura relJroBbrx npo B B naBepHbnx ITBJIf{aTeJIf,X

AsroHoraHrre cLrcreMrr SneKTponvrTall)nfl, MeToAbl

eHeproeSSerrznHocrn.

Paoge.u 2. JlatepHbre cucreM

2.1. Tnep4orelrnufi Jra3ep c

TepM0cTaTr4poBaHLrf

upogo:nuofi Haxa.mofi Ha

Kep aMr4KI4, pe aJrr4 3OBaHI{br rro cxeMe (3tr-y).

2.2. ,{zcrconufi Jra3ep .roBbr ennolT Mout,Hocrra r43JqrrreHlr.f,, rrpoqeocbr

cpeAbr.

2.3. Mero.[rr rroBbrrxeHr4:.f, enofi croi.irocrz olrlrqecKr.rx 3JreMeHToB

sJreM:eHTbr LI CpeAbr c FracbrrrlaroullrMcrr

MOUIFIbTX Jra3epHbrx clrcTe

2.4. Helznefinrre olrlrqecKr4

TIO|JIOTLITEJIEM B CNEUI4 AII poBarrHbrx Jra3eprrbrx ctrcTeMax.



Pa:lge.n 3. TexnuqecKne pe

H3ryqenun (auQpaKrIr{oHHorro

3.X" llapauerpbr KaqecrBit

TIOBbIIIIEHI{'.

3.2. Mero4u rocrpoeHr{.r,

TpaHcrr0pTlrpoBKtr Morrllrrbrx

3.3" Mero4rr r.rccneAoBal;Lrfi. vr

U:}IV'IateJIefi.

5. OBPA3OBATEJIbHbIE

Arc'rrleHrre rl rrHTepaKTHBrr

C qernro SopvrupoBaHr4fl. u

B yve6norr,r npoqecce r{cnoJr

IIpOBeIeHLIfl salJflTkrkr B corl

ayAr,rroprrr e p a6 orbr, r,rHALrB ut\y M

CaprocroflTeJbHaq pa6ora

CaMocro.sreJrbHar (nueay4

3aKperrneHr4e TeoperllqecKofo

r.rHAr{Blrltryanruofi 4ouarunefi

I{3yqeHr.re JrzTeparypbr rro peK

yKa3anvrflM AJr"[ c aMo crof, renruofi

My,rr rru rvreq u fi n ue rexH oJro

Hercoroprre rr3 JreKrlrloHtr{brx

npeseuraqufi B MynbrLrMelufi

LICUOJIb3OBaHUeM KOMrrbIOTepH:Of o

Jler<qlru [prrrJraueHHbr]K c

llnannpyrorc.fi JreKrlrdrd rrp lrrJr a brx OnequitJrI4cT'oB.

HLrfl ,qJrfl AO|CT'II}I(eHLIq BbrCOKOfo KarIeCTBa

pHoro r43Jrfter{r4x (BPP H M2) u cuocodbr r{x

l.[LrcA\nV OlrT'r4qecKr,rx l,ro4ynefi n olorcop

cBepxMorrlHr,D( [roToKoB Jra3 epHoro u3nyqerrr4rr.

orrrr4MLl3arluu ournrrecKlrx csoficrs Jra3epHbrK

xHoJIOf'|,tr.;,U.l

e Qopuu o6yvenua

Burkrfl npo Q e c r;uoHaJrbHbrx H aBbrKoB cryAe HToB

EIKTTTBI{IJ€ u LrHTepaKTLIBHbre $oprvtrr

o tsHeayAr{ropuofi pa6orofi: (rourponrHbre

e Aor\4arrrHrae pa6omr).

AEHTOB

nax) pa6ora cryAeHroB nrcruofiael

pvan;a rlpu no.uoToBKe K BbIIIOJTHeIII4Ii)

" OcHoea caMocro.rrelruofi pa6om,r

eHAOtsarHHbrM r4CTOrrHI4KaM U MeTOAT{qeQlKrrr\d

n o6yueHur

IIpaKTHqecKtrx

ayAr4Topvn

pa.

ITAJIIICTOB

3aHflTIdLr IIpOtsOA.[TC.rr B Br4Ae

(nanpzrvrep, ayl,. 430-3) 0



6. OIIEHOrrHbrE CPEA

ycIIEBAEMOCTT4,

HTOIAM OCBO]E

METOAI{TIECKOE

PAEOTbI CTyAEHTOts

a) SKsaMeHarluoHHrre eonpocb!

l. OcnosHHe Marepr,raJrbr aKTr4BH

aJ.

4.

2" llporleccbr rpaHc$oprvraqvr,r s

@usuro-orrrLrqecKr4e [apar\d

OcHclsHrre orrlrqecKue cx

KO f ep eHTHOf O Id3lrl/ceHl,''fl .

5. Ocnosnrre SuszuecKlre qpoq

K0 f ep eHTHo ro vr3 Jryl{eHkrfl .

6. llpoqeccbr rrepeHoca renJra B JI

7. AxrusHaf, Jr€BepHa.f, KepaMtaKa.

8. Moutqnbre rr cBepxMorr{Hbre rBe

9. Meroabr r{ccJreroBaHu.rr orrrrlq

1 0.AsroHoMH.bre cucreMbr oJre

I 1 .Henzrrefinrre orrrprqecKr4e :lJre

12.Cpe4u c Hacbrrrlaroulr{Mcrr no

CHCTEMAX.

13"Tnep,4orenrnufi nuBep rro c:xe

1 4.llporleccrr repMocrarr{por}arrr4

ocHone YAG:Yb.

l5"TexuoJrorlrrrecKr.re cuocodrr

SJIEMEHTOB B COCTABE KIMIIY.IIbCH

1 6. Cnoco6H uosrrrueHr{r rapa.M

[ 7. Ourr.rvrvgarlvrfl. onrr4qecKrlD( Mo

rroToKoB Jra3epHof o r{3nyqeHur.

lefi u 6noxon rpaHcrroprr{poBKkr MOIIIIIbD(

A TJIfl TEKYIUETO KOHTPC'JI.fl

MEXyTOqHOI,T ATTECTAUTII4 IIo
Ar4CrlllrrrJn{Hbr VN, YqEBIIO.

TIETIEHIIE CAMOCTOflTEJIbINOfi

SJIeMeHTOB TBepAoTeJrbrrbrx Jra3epoB.

frrlr B Jra3epHhtrx MaTepr4aJrax.

JIa3 eprrbrx MaTepu€uroB.

bI nocTpoeHl,I.f, KBaHTOBbIX feHepaT[)poB

npoTeKarcrqze B KBaHToBbTX feHepaTopaK

Hbrx ra3nyqaTeJrf,x Ha TBepAOM TeJre.

bH:ble Jra3epHbre cucTeMbl"

cBOrrcTB JTEBepHbIX MaTepr{aJroB.

r4TAHUt{.

TbI"

B Orrerlr4aJrlr3rrpoBaHHbrx Jra3epHbrx

<3f-v>,>.

arrznnofi OpeAbr B Ar4cKoBbrx na3epax Hia

BbrrrreHra{ IyqeBot4

x na3epoB.

crofixoc'rn orrrr4qeQKHX

B KaqecTBa Jra3epHofo H3nyqeHrLrf, .



I 8. MeroAbr orrrrrMkrga\ur4 olrr4q

nsly.ratenefi.

6) Bonpocrr pefirr.rnn-rcoHrpo"rq

Pefirnnr-xoHrpolr J\b I

4.

5.

6.

3. Cpe4nr c rracbrrrlanulr{

4.

5.

1 " llpoqeccbr rpaHcQoprvraq

2. CpanuureJrbHbre cnofi

TBepAOTeJrbHbrx Jra3ep oB

3. 'fpe6onaHrr.rr K r4cxoAHbrM

(D ns I,rrco - orrrlrqecKr4e

Ilpoqeccrr repeHoca re

rraKaqKoLr Ha ocHoBe JIaSep

Kepauzrca c rpaAr.reHTH

Ao6asKz

7" ,Meroltbr rlccJreAoBaHzf, o

8" Morqnue r4 cBepxMoruHbre

Pefirunr-rcourpo.nu Nb 2

1. AnroHouHbre cr4creMbr oJre

2. nleturtefi urre orrrr{qec Kr.re

Jra3eprrbrx clrcTeMax 
"

I{eupeprreHrrfr rBepAoreJrb

I.Ipoqeccn repMocrarhpo

ocHoBe YAG:Er.

6. Jlyuenax crofixocrb orrrr{q

JXa3epoB.

Pefirunr'-rconrpolr J\b 3

1. ZvruylrbcHo-[epnoAprrrecKrz

2. f{ncrconrrfi nasep Ha oc)HoBe

3. Cuoco6rr [oBbrrrreHr{f, n

4. OnrzMus arJvrfl. orrrlqecKrax

JIA3E HbIXI,rx cBroficTB pe3oHaTopoB B cocraBe

sHeprl{\4 ts JIasr3pHbIX MaTepIIaJraX

MaTepHan0B Ans aKTr4BHbrx SJICMEI{TOB

TepkraJraM

bI JriBepHbD( MaTepr{aJnoB

B Jra3epHblx pr3nyqaTen.flx c noreoeHuofr

nerupyrorqeft

ofi repaurarra I(AG:Nd

LI3MeHeHI4el\4 KOHIIeHTpAIJkII',:

ecKr4x oeoficrn Jr€BepHbrx MarepniuroB

pAoT'eJrbHbre Jra3epHbre czcTeMbr

EMCHT]6I.

fl. IO|JIOTLITeIeM ts cleIII4t€uII43tIpO.BaHHbI.K

n€tsep ro c)(eMe (3f-Y)"

HLrfl aKTunnoft cpeAbr B ALrcKoBbrx na3epax Ha

Kt4X 3JIeMeHTC)B B COCTaBe KBa3l4HenpepbrBtrbrx

TBOp[roT€nrrrr,rfr na3ep fro cxeMe (3f-y) .

KoMrro:rr{Ta YA.G:Yb.

eTpoB KarrecTBa na3epHofo Lr3nyqeHr4fl.

o4ynefi u 6Jroxos rpaHcloprr4poBKu MoTrrirrbD(



nroToKoB na3epHofo I{:rJr

5. Merogrr orrrrlrMrr3arltirr4

Jla3ep HIIX usry.rarenefi .

Bon

Kpr4craJnJroB r4 xrr4Arocrefi .

2. 9enay paBeH rroKa3areJrb

KoMHarrrofi reuleparype?

3" 9rot'aKoe repMuqecr(oe

rutnau?

ecKr{x csoficrs pe3oHaTOpoB B C0oTaBe

oMJreHus rrrrcTofo KBaprleBofo cTeKna rrpr4

Ixl4pex{r4e axr asHofi cpeAbr, rroH.rrrr4e reuncleofi

rloJDrrreHz.f, Jra3epr{ofi. rcepauuxrE.

Me'TOAOB XUMt4qeCKOfO COOCa)K.4eHr4t

cxeM HaKarIKLr anrzBuoft

bHOII

1. CneqzQuqecKr4e rrrrrbr BHbrx cpeA, KoTopbre oTJrLrqaroT vrx cfT

4. Hasonzre ucxonHbre M VIAJIbT N,Tfl

5. B qevr 3aKnroqaerct

rrpn rroJrfreHr,rrl na^:epuofi KepaM

6. llepeuncnure ocHollHbre TI{TIbI OfITI4IIECKI4X

cpeAbr.

7" rlro o3Haqaer a66penn

8. B .{eNr cyrb npoqecca Kore

9. Vro EKrroqaer s ce6s ycra

10" Karcue rroKphrrrlfl .orr

ycJr oBlrflx gKclnyaT aquu?

1 1. Karcze olrprqecKr4e rloJr

MOIUHOTo ?rSIV.IeHUg?

SSL u DPSS'/

HTHOIO CnOXenus?

oBKa AJrf, BbI:urxKLr orlTurqecKrrx eoloron?

KLIX SJIeMeIl:ToB LICIOnByIOT IIpU XeCT'KI{.K

a IIpLIMeH,IIOTC'I B CLICTeMaX TpaHCITOpTLIpOBKII

PTHOOPMAUI4OHHOII,

12" Onzrur4re crpyKryprrpo Hhre o.flTl{qecriue BOJIOKI{A.

7. YTIEEIIO.METOAruEC T4

OEECIIEIIEIII4E AI4 TIbI

Bcq rzre.parypa HaxoAr{Trofl B z6rzorere B.ullV.
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1" Jlerocraee H.P. TneP

MeroALIqecKI4e yt<azafiut rro u:3yqe

K.B.- SlerrpoH. fercronrtt: Ia

yHuBepczreT cLICreM i 
yrIpaBJI errLrfl' Ll

c

2. IlIarunon, A. $, OcHorr;t

Ant By3oB / A, E. Ill{runoe. - VIII^.

c. - (Hona{ yHI,IBepc4- rercKatl

3. Bne4enLle B $jevnonan

MeTOAbI yIIpaBJl.'IeMpro ilonyrleH

Marepn€InoB : y.re61,roe uoco6ue

200400 (200200)'lOnrorexrul4Ka

rexHororl4lI ", 200V00 (2

cneul4anbHocrtM 200200 rl

Jra3epHble rexHoJlofvlu" lC. M.
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ROM) (211 M6) .-Bw6nuoqp.B
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[ono.nnureJrbH?fl JrrITePary

1. Peyron A.T.l @uszra

fSnercrpossnfi pecypc]: yueeinoe

AaHHbIe.- M. : Pocclaftcxvrfi y tu

2. EaKnaHoe E.E. OcHosrt

H|TY, 2011. - 131 q.:ISBN 978-5

3. "SnerrpoHIar<f, [3ner<rpoun
He$e4on, A.A. IIIy+a; llo4 pe4. A

IlporpavrMHoe qbecneuenue I4nrepner-peaypcbI:

afl. eJIeKrpoHI4Ka f3ner<rpounnfi pecypc]:

ro AHoIII4nlutru/ Jlerocraen H.C., 9ernepron

Hbre.- Totr,tclt: Toucruft rocyAapcrseHrlrlfi

paAI4ooJIeKrpo.uI{K14, 3nr Kouteut, 201,2.-: 52

xHr{Kr4 f3ner<rpoHnttfi pecypc] : yue6fiux

-e, AoIr. I4 rrepepa6. - M. : Jloloc, 2012. - 256

raorexa). - ISBN 97 8-5-987 04-586-2

rary: QyttAaMeHT€uIbHbIe ocHoBbI I4 JIa3epFIbIe

fl vr AI4a|HOCTI'IKI{ HaHOCTpyKTypI{poBaHFIbIX

o HarlpaBneHrt{-nM IIoAroroBKLl 6anananppura

, 200500 "Jlasepuar rexHrrKa u JIa3epIIbIe
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