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eap AUCUMNIMHBI

Llensio Kypca siBisiercss (popmMupoBaHus y OyIyLIIMX MarucTpoB (PU3NUECKUX CIICIHMATbHOCTEN 3HAHNI
O CIEKTPOCKOIIMYECKMX OCOOCHHOCTAX CTPOCHHUS HEOAMMCOICPXKAIIUX Cpel, a TaKkKe NPUHIUIAX
MOCTPOCHUS M pabOTHI HEOJMMOBBIX JIa3€POB.

3agauu AUCHUILIHHBI

W3yuenne IUCUMIIIMHBI IIO3BOJIMT CTYACHTAM IIOJYYUTh 3HAHHUA O MEXAHHU3MaxX BO3HUKHOBEHMS
WHBEPCHOW HACEIEHHOCTH B HEOIMMOBBIX CTEKIAaX M KPHUCTAJUIAX, KOHCTPYKTUBHBIX OCOOEHHOCTSX
YCUJIMTENIBHBIX KAacKaJoB U CHOCOOOB CO37aHMsI B HHUX HHBEPCHOM HACENEHHOCTH, MPUHIMIIAX
[IOCTPOEHHUSA u paboTbl ONTHYECKUX CXeM (hopmupoBanus CHEKTPAJIbHBIX,
[IPOCTPAHCTBEHHO-BPEMEHHBIX W 3HEPreTHMYECKUX IapaMeTpoB JIa3epOB Ha HEOJMMOBOM CTEKIIE, a
TaK)Ke IOJIyYUTh MPEACTABICHUE OO0 HMCTOPHMYECKOM pa3BUTUM HEOAHWMOBBIX JIA3€PHBIX YCTaHOBOK,
IpeAHa3HAYCHHBIX JJIS1 IPOBEICHHS HKCIIEPUMEHTOB B 00JACTH Ja3epHOTO TEPMOSIIEPHOTO CHHTE3a U
W3y4YUTh COBPEMEHHBIA YPOBEHb 3a/a4, PEIIaeMBIX B paMKax JEHCTBYIOIIUX JIA3€pHBIX CHCTEM C
HEOJMMOBBIMU aKTUBHBIMU CpElaMu.

N3yueHne MexaHM3MOB BO3HUKHOBEHMS HENMHEHHO-ONTUYECKUX SIBICHUM, UX POJIM B COBPEMEHHOU
Ja3epHO (u3MKe, WX MPAKTUYCCKUM MPUMEHEHHUSM B TEXHUKE (PU3MUECKOrO SKCIEPUMEHTa U
CEpUMHO BBIIIYCKAEMBIX JIA3€pHBIX YycCTpoucTBax. IIpuMeHeHuWe DONy4YEeHHBIX 3HAHMM U1
AKCIIEPUMEHTANIBHEIX uccienoBannii B POSAL-BHUNDO.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO HA (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[HﬁI

3. IlepeyeHb MIAHUPYEMBIX Pe3yJbTATOB 00y4eHUS MO JUCHUILIHHE (MOTYJII0)

B PE3YIBTATC OCBOCHUA JUCHUTIIIAHBI 06y‘{aIOH_II/I€C$I JOJI>KHBI

3HAThb:

YMETB:

* CIEKTPOCKOIIUIO JIa3epHBIX Iepexo1oB B aromax Nd3+;

*  CHEKTPaJbHO-JIIOMUHECLEHTHbIC, ONTHYECKHE U Jpyrue (paguallMoOHHOE BpEMs KHU3HH, CEUCHUE
YCUJICHUS, TEIUIONPOBOAHOCTh, KOA(P(UIMEHT TEPMHUYECKOTO PpACIIMPEHHs) XapaKTePHUCTUKU
CHJIMKATHBIX U QocdaTHBIX HEOANMOBBIX CTEKOI;

* XapakTepUCTHKH KpUCTAIUTHYECKUX akTUBHBIX cpell YAG:Nd u YLF:Nd 115t HeomuMOBEIX J1a3epoB,
UX CHEKTPATbHO-TIOMUHECLEHTHBIE U Ipyrue GU3NUecKue napameTpsl (paguanioHHOE BPEMs JKU3HH,
CEYEeHUE YCUJICHUS, TEIJIONPOBOIHOCTh, KOI(GHUINEHT TEPMUUYECKOTO PAaCIIMPEHN);

* HENWHEWHBIE ¥ IPOYHOCTHBIE CBOMCTBA Ja3€pPHBIX CTEKOIT;

* CI0coObl M UCTOUHUKH HaKa4yKH;

* PpasnMyHBIE COCOOBI MOIYIISIIMK JOOPOTHOCTH PE30HATOPA, IPUMEHSIEMBIE B HEOIUMOBBIX JIa3epax;
* CIIEKTp U3JIy4EHUs JIa3epOB Ha HEOJUMOBOM CTEKJIE U METO/bI YIIPABICHUS UM;

* pexuM ycuieHus, 6banaHcHoe npulnmxenue, ypasuenue ®@panua-Honsuka;

* 1T ¥ crnocoObl GOPMUPOBAHUS MPOCTPAHCTBEHHO-YINIOBBIX XapaKTEPUCTHK IydKa B Jla3epax Ha
HEOIUMOBOM CTEKIIE;

* KOHTPACT WU3JIyUYECHMs, OT YEro 3aBUCUT KOHTPACT, METO/bl U yCTPOMCTBA [yl IOIy4YE€HUS BBICOKOIO
KOHTPAacCTa U3IyYEHUS;

*  IPUHOUNBI IOCTPOEHUS KPYHMHOMACIITAOHOMN Jla3epHOM YCTaHOBKM, €€ OCHOBHBIC CHUCTEMBI (Ha

99 ¢

npumMepe ycranoBok Shiva, Nova, Omega, LMJ, NIF, “Kansmap”, “Ilporpecc”, “Heapdpun”, “JIyq”).



- IPOBOJUTH IKCIIEPUMEHTANIBHBIE UCCIICIOBAHNS HETMHENHO-ONTHYECKHUX IIPOLECCOB.
- BBIOMpaTh TapaMeTpbl HEOIUMCOICP)KAIMX JIA3ePHBIX Cpel  3aJalollero TIeHepatopa H
YCHIIMTENBHOIO TPaKTa Ja3epHOW YCTAaHOBKM JUIS OLICHKM 3allaCEHHONM SHEPIMHM METOJOM CBOJHOM
reHepalny, OLIeHUBATh 3allaCEeHHYI0 YHEPTHIO 110 BEINYHMHE SHEPTUU CBOOOIHOM reHepanuy;
- OLICHMBAaTh 3aMacéHHYI0 JHEPIHI0 YCWINTEIBHOTO TpPAaKTa JAa3epHOM CHCTEMBI M IpeneibHBIC
BO3MOKHOCTH SHEProchEMa IIPU Pa3IMYHbIX IIapaMeTpax JIa3epHOro IIy4Ka;
- IPOBOAMTH PacyéT MapamMeTpoB MPOCTPAHCTBEHHO-YIJIOBBIX CEJIEKTOPOB ISl 0OECIEYeHHS YITIOBOM
ONTUYECKOM pa3BA3KM MEXAYy YCWIMTEIbHbIMM KacKaJaMM M COIJIaCOBaHMs alepryp Iydka MU
ONTHYECKHX AJIEMEHTOB Ha Pa3HBIX YYaCTKaX ONTHYECKOTO TPAKTa;
- OLICHUBATh JOIyCTHMBbIE IAPa3UTHBIE OTPAXKEHUS B JKIYLIEM peEXuMe (B PEKUME HAKOIUICHUS
WHBEPCHOW HACEJIEHHOCTH).
BIIAJIETh:
- HaBBIKAMH aHAJIN3a U PeUIeHUs MpodieM GOPMHUPOBAHUS MTyYKa B COBPEMEHHBIX JIA3€PHBIX CUCTEMaX
Ha HEOAMMOBOU aKTUBHOU CpEXE;
- METOJIaMH YTIPABJIEHUS] OCHOBHBIMH ITapaMETPAMH JIa3€PHOTO MyUKa;
- METOAIAMHU U3MEPEHUs NTapaMeTPOB JIa3epHOI0 IIydKa ¢ IPOBEIEHUEM JaJIbHEHIIEro UX aHaIu3a.
- METOAOJIOTHEH BBIOOPA aACKBAaTHBIX METOJOB UCCIICIOBAHMS;
- HaBBIKAMM CaMOCTOSITEIbHON paboThl B 1aboparopun u MHTepHeTe;
- KyJBTYpO# MMOCTAaHOBKU M MOJIEITMPOBAHUS (PU3NUECKUX 3a/1a4;
- OCHOBHBIMH HaBBIKAMU TPEJCTABICHUS CBOUX PE3YJIbTAaTOB HA CEMUHAPAX, KOHPEPCHIUAX;
- HaBbIKAMH OCBOEHUS O0JIBIIOro oobemMa nHpopMannu, BKIodas paboTy ¢ HayuHO! JIUTEPaTypoH;
- OCHOBHBIMM HaBbIKAMU HallMCAHUs HAay4YHbIX CTaTeH.
- MaTeMaTHYECKUM MOAETHPOBAHNEM (PU3NUECKHX 3a/1a4.
- IPAaKTUKOM UCCIIEOBAaHMS U PELICHUS TEOPETUUECKUX U IPUKIIAJHbIX 3a1ay;
- OKCIIEPUMEHTAIILHBIMU M TEOPETHYECKUMHU METOAAMHU UCCIIEOBaHUS PabOThl HEOJMMOBBIX JIA3€POB.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
OcHOBHBIE napaMeTpbl JIa3ePHBIX
1 HEOIMMOBBIX Cpell M METOObl UX 3 3 7
OTIpeIeNIeHuUs
[IpyHIMOBL  OpraHu3alMy  WHBEPCHOMU
) HAceJIEHHOCTH B HEOJUMOBBIX Cpelax U 5 6 ]
METOAbl TMOJMYYEHUS  MaKCHMAaJbHOIO
JHEProcreéMa
3 VYopasiaeHue mnapaMeTpaMy  J1a3epHOro 5 6 7
My4Ka HEOMMOBBIX JIa3epOB
4 MoimHble  J1a3epHbIE  CHUCTEMBl  Ha ) 3
HeonumoBoM crekiie g JITC
Hroro yacos 15 15 30
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYPUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 2 (Becennuit)




1. OcHOBHBIE IapaMeTPhbI Ja3€PHbIX HEOAUMOBBIX CPEJl U METO/IbI UX OIPEACICHUS

Tema 1. AkTUBHAas cpefia 1a3epOB HA HEOIMMOBOM CTEKJIE

Beenenne B kype. Mctopudeckas crnipaBka. CriekTpockonus JiazepHoro nepexona nona Nd. [llupuna
JIMHHUH, CEYCHUE YCUJICHHUS, peJlaKkcalys MOAypOBHEH, TIOMUHECLIEHIMS, [ITAPKOBCKOE PACIICTIIICHUE
nonypoBHed. CIEKTpalbHO-TIOMUHECLIEHTHBIE CBOMCTBA HEOJAMMOBBIX JIA3€pPHBIX CTEKOJI Ha
CHIIMKaTHOH 1 (hocaTHO OCHOBE.

Tema 2. Kpucramnnuecknue akTHBHBIE Cpellbl U1 HEOAUMOBBIX JIa3€POB

[upuHa TMHKUHK, CEUYCHUE YCUIICHUS, peslakcalusl IOAypOBHEH, MoMUHecueHus. TepmoonTuyeckue
xapakTepucTuky. CriekTpaibHble XapakTeprucTuky J1azepoB Ha YAG:Nd u YLF:Nd.

Tema 3. Henunelinbie CBOICTBA U JTy4yeBasi IPOYHOCTh AKTUBHOM Cpezbl

Henuueiinpld mokaszarenb NpeOMJICHUST n2 akTUBHOW cpenbl, B-unterpan. KpynHo- wu
MeJsKomMacITabHas caMo()OKyCHpOBKa, MEXaHM3MbI €€ BOZHUKHOBEHHUS, MOCIEACTBHA. JlomycTumble
3HaueHUs1 B-MHTerpamsa ¢ TOYKH 3pEHHUS BO3HMKHOBEHHS MeJIKOoMacIITaOHOW caMO(OKYyCHpPOBKH.
Mertonel  60pbObI ¢ caMO(GOKYCHUPOBKOH. Buibl pa3pymieHHs ONTHYECKHUX DIEMEHTOB TOJ
BO3ICUCTBUEM MOILIHOTO JIa36pPHOTO HM3JIyYEHHUS, MEXaHU3MBbl PAa3BUTHA ONTHUYECKOTO MpoOOs B
[IPO3payHbIX JIUAIEKTPUKAX, METOIbl OIPEACICHUsl JIyueBOM IPOYHOCTUM aKTUBHOW Cpelbl
HEOAMMOBBIX JIA3€POB.

2. IlpuHIKIIBI OpraHU3alMi UHBEPCHON HACENEHHOCTH B HEOJUMOBBIX CPeJax U METOABI MOTy4YEHUS
MAaKCUMAaJbHOTO 3HEProchEma

Tema 1. KBanTOBBIE YyCUTUTENN HEOJUMOBBIX JIa3epOB

KoHCTpyKTHBHOE HCHOJHEHHWE KBAaHTOBBIX YCHJMTENEH C UWIMHAPUYECKUMH M JIUCKOBBIMH
AKTUBHBIMH 3JIEMEHTaMHU, IIPEUMYIIECTBA U HeJocTaTKu. [IpuunHbl CHUXKEHHS KauecTBa Iydka Ipu
MPOXOKIIEHNH KBAaHTOBBIX YCHIIUTENICH Ha HEOIMMOBOM aKTHBHOM cpeie W TpeOOBaHHUS K KadeCTBY
M3rOTOBJICHUS! aKTHUBHBIX 3JIEMEHTOB. [IpMHIMIBI BBIOOpa mapamMeTpoB KBAaHTOBBIX YCHIIHUTENEH U
PEKUMOB HX PabOTHI B 3aBUCUMOCTH OT IMapaMeTPOB JIA3E€PHOTO MTy4YKa. MeToAbl 3alUThl KBAHTOBBIX
yCHIIUTEINEH OT Mapa3uTHOTO cOpOoCca MHBEPCHOM HACEIEHHOCTH.

Tema 2. Tunsl cxeM yCHIICHHUS Ja3epPHBIX UMITYJIbCOB

OnHOHANpaBNeHHBI ycunuTenb Oeryiied BOJHBI, NpEeUMyILIecTBa M HemoctaTtku. JByx- u
YEThIPEXIIPOXOJHbIE CXEMbl YCWJICHUS Ja3epHBIX HMIYJIbCOB. MeTonpl MOISPU3ALMOHHOIO U
YIJIOBOTO pa3BelICHUs Myyka B MHOTONPOXOJHBIX cxemax ycuieHus. [Ipumenenune sueek [lokkenbca,
3arBopa @apazes U IBYJydyEHPEIOMISIONINX IUIACTUH B MHOIOIPOXOIHBIX CXEMaxX YCHUJIEHHS.
MeTopl 3alIUThl YCHIUTEIbHBIX TPAKTOB OT BOZHUKHOBEHMS MAapa3UTHOW T'€HEpalud U MOITy4YeHHE
BBICOKOI'O KOHTPAcTa U3JIyueHUsI Ha BBIXOJIE YCHIIUTEIIbHOIO TpaKTa. PereHeparuBHbIe yCUIUTEINH.
Tema 3. MIcTOYHUKH U CUCTEMBI ONITUYECKOM HaKaYKW HEOJUMOBBIX JIa3€POB

VYerpoiicTBo, NpHHIMI paboThl, MAapKHUPOBKA, CHEKTp, MHpeAenbHas JHeprus paspsaa, (akrop
Harpy3ku, crnekrpanbHbeiid KIIJ m pecypc MMITyIbCHBIX KCEHOHOBBIX JIaMIl Hakaykd. Marpuibl
JIa3€pHBIX JMOJOB. MexaHu3M BO3HUKHOBEHMS TI€HEpalUM U3IydeHHUs B JIA3€PHBIX JUOJAX.
CriekTpalibHble XapaKTEePUCTHKU W3IYYCHHUS M TeMIIEpaTypHBIA PEXUM paboThI Ja3epHBIX JHOAOB.
Cuctembl TEIUIOOTBOZA B MaTpHIaxX Ja3epHbIX AnonoB. CpaBHHUTENbHAs dQPEKTUBHOCTh HAKAYKU
UMIYJIbCHBIX KCEHOHOBBIX JaMIlaM M MAaTpHIL Ja3epHBIX AW0A0B. KOHCTPYKTHBHOE HCIONHEHHUE
OCBETUTEJIEH CHUCTEM ONTHUYECKOM HAaKauKM YCHJIMTENIbHBIX KackaloB. Marepuaibl, IpUMEHsEMBbIE
JUIS.  M3TOTOBIICHUS OCBETUTENIEW © WX oTpaxkarenbHas d3(dexTuBHOCTh. IHPEKTHBHOCTH
MOIVIOIIEHHS CBeTa Hakauku Nd cTeKIoM.

3. Ympasienue napamMeTpaMu JIa3epHOTO MTyyKa HEOANMOBBIX JIa3€pOB

Tema 1. YnpasiieHnue crieKTpajabHbIMU I1apaMeTpaMy U3JIyUYeHHUs J1a3epOB HA HEOAUMOBOM CTEKJIE
[IpononbeHBIE U MONEpeYHbIE MOABI pe3oHaTopa. [IpuunHbI reHepanuy HECKOJIbKUX MPOAONbHBIX WIH
[IONEPEYHBIX MOJ| B pE30HATOpe. BilMsHWE IIMPUHBI JIMHUM YCWIEHHMS HEONUMOBBIX CTEKON U
KpUCTaJUIOB HAa YHCIO MPOAOIBHBIX MOA. MeTonapl TeHepaluy OJHOYACTOTHOTO H3IY4YEHHUS B
33[Jal0IlMX TeHeparopax Ha HEONUMMOBBIX AaKTHBHBIX CpeJaX: COCTaBHbIE PE30HATOPSI,
JCTIEPCUOHHO-CENICKTUPYIOIME  dNeMeHThl,  3TanoH  Dabpu-lleppo,  momsipuzanoHHBIC
CIIEKTPAJIbHO-CEJEKTUPYIOIME 3JIeMEHThl. [IpoCTpaHCTBEHHOE BBIKHUIAHHE IBIPOK B aKTUBHOM
cpeze.

Tema 2. opMHupOBaHHE SHEPTETUUECKUX NTAPAMETPOB U3ITyUEHHUS Ja3€pOB HA HEOJUMOBOM CTEKIIE



VYpaBuenue ®panua-Hoxsura. Kosdduuuent ycunenus cnaboro curaana, 3amnacéHHas SHEpPrHs,
IUIOTHOCTh 3HEPIMM HACBIILEHUs, CeueHUe ycuieHus. Pexum HachlleHus ycuieHus. Pexum
YCUJICHHUSI H3Iy4YeHHsI MO TpEX- W UYETBIPEXYpOBHEBOW cxeme. D((HEeKTUBHOCTH IHEProchEMa.
BnusHue AIUTENBHOCTH J1a3epHOro uMMmynbca Ha 3 dexTuBHOCTH 3Heprochéma. [Ipobiemsl
[IOJIy4€HHs TPEAEIbHON HDHEPruM W3JyYEeHHs HA BBIXOAEC COBPEMEHHBIX JIA3€pHBIX CHUCTEM Ha
HEOJMMOBOM CTEKJIE.

Tema 3. @®opmupoBaHUE BPEMEHHBIX IapaMETPOB U3JIyUEHUs JIa3€pOB HA HEOJUMOBOM CTEKJIE

MeTtoasl TreHepaluy Ja3epHBIX HMITYJbCOB HAHOCEKYHIHOTO M IHKOCEKYHIHOTO JHara3oHa
JumTenpHocTel. PesxkuM cBoOOmHOM TreHepanuu. [laccuBHAs W akTUBHAS MOAYISIUS JOOPOTHOCTH.
Kpacutenn n KpucTamibl ¢ LEHTpaMH OKpackh. PeXuM CHHXpPOHHM3AllMM MOJA B 3aJarollnX
reneparopax. [Ipumenenue siueek Ilokkensca u Keppa mis dopmupoBanus 3aJaHHONH BpEeMEHHOMN
¢dopmbl nazepHoro ummyiabsca. JlazepHblil paspagHuk. Bpemennas Qopma uMmmynbca H3ITydeHUs
COBPEMEHHBIX JIa3€PHbIX YCTAaHOBOK Ha HEOJUMMOBOM CTEKJIE Ul IIPOBEIEHHsS SKCIEPUMEHTOB B
00JIACTH JIa3€pHOTO TEPMOSACPHOTO CHHTE3A.

Tema 4. q)OpMI/IpOBaHI/Ie YITIOBBIX MApaMETPOB U3TYUYCHUA JIa3€POB HA HCOAUMOBOM CTCKIJIC

[lonsartue pacxomumoctn wu3nydenusa. Pacxogumocts [ayccoBa myuka. JudpaxunuonHas
pacxoauMoCTh Ty4ka c(hOPMUPOBAHHOTO KBaJPaTHON W Kpyrioi auadparmoil. Metos onpeaeneHus
TUQPaKIMOHHOM  pacXoIMMOCTH. BnusHWE HETOYHOCTH W3TOTOBICHHS (OpMBI  padodHMx
[IOBEPXHOCTEM ONTHYECKUX 3JIEMEHTOB HA PACXOAUMOCTb U3IydeHHA. MeToasl CHUXKEHUs
pacxonumocTy u3inydenus. IIpocTpancTBeHHBINH QUIBTP. AanTHBHAS ONTHKA.

Tema 5. @opMupoBaHHE NPOCTPAHCTBEHHBIX MAPaMETPOB M3IYUYEHHUsS JIa3€pOB HAa HEOIMMOBOM
CTEKJIE

TpeGoBaHMA K NMPOCTPAHCTBEHHBIM IapaMeTpaM ITyYKOB COBPEMEHHBIX JIa3epHBIX YCTAaHOBOK Ha
HeoguMoBoM ctekie. [lonarue xkoaddunmenTa 3anodHeHns: anepTypsl mydka. [IpuuuHbl CHUOKEHUS
Kod(pUIMEeHTa 3aloJHEHUs amnepTypsl IMydyka B JIa3ePHBIX CHUCTeMax. MeToabl KOMIIEHCAluu
HEOAHOPOIHOTO pacmpeaeieHrus Kod(QQPUIHEHTa YCHJICHHS H3Iy4YEeHHUS B JIa3epHBIX CHUCTEMax C
JMCKOBBIMU aKTUBHBIMU 3jIeMeHTaMu. HazHaueHue cucteM anogu3aluy ja3epHoro myuka. CucreMsl
aroAM3aluy My4YKa Ha OCHOBE JBYJIYUYEHPETOMIISIONINX IIEMEHTOB U 3y0uarsix auadparm. CUcTeMBbl
(dbopMUpOBaHUS TMPOCTPAHCTBEHHOTO MPOQMIS ITydKa COBPEMEHHBIX JIA3€PHBIX YCTAaHOBOK Ha
HEOJUMOBOM CTEKIIE.

4. MotHbIe Ta3epHbIe CUCTEMBI HA HeoAUMOBOM ctekute Jyist JITC

Tema 1. Pa3zButne momHbix a3epHbIx cuctem mist JITC

OcHOBHBIE 3aJaydl Hay4yHO-HccienoBaTenbckux mnporpamm  no JITC. Oramsl  pasButus
uccienoBareiabckux nporpamm mo JITC. Metox mpsMOro w HENPSIMOTO OOJTYYECHHs MHIICHEH.
CoBpeMeHHasi OLEHKAa OJHEPIUU Ja3epHOTO H3IMy4YEHHs] JJsl AOCTHDKEHHUS IOJIOKUTEIBHOTO
SHEProBBIXOJa MPH 3aKUTAaHUH MUIIEHH. TpeOoBaHMs K MPOCTPAHCTBEHHO-BPEMEHHBIM ITapaMeTpaM
U3ITy4YeHHS ITpU 00ITydYEeHUN MULICHEN NPSMBIM U HETIPSIMBIM METOJIOM.

Tewma 2. [IpuHIUTIBI TOCTPOCHUS ONTHYECKOH cXeMbl MOITHOTO Jiazepa st JITC

brok-cxema masepHO#l ycTaHOBKH. 3aJarolIii reHepaTop, KacKaiabl MpPEeABApUTEIHHOTO YCHIICHUS,
[JIaBHBII YCWJIMTENIBHBIA TPAKT, MpeoOpa3oBaHWE HM3IYYECHUS B BBICIIME TapPMOHHUKH, MUILICHHAs
KaMepa, CUCTEMbl JMAarHOCTHKHU I1apaMeTpOB JIA3€PHOIO0 W3Iy4yeHMs U IiasMbl. CXeMbl NPsIMOTO
MOCJIEI0BATEIbHO-TIAPAIUICTBHOTO  ycuineHusl. CxeMbl MHOTONpPOXOAHOro ycuijeHus. CxeMbl ¢
KoMmrpeccueil uMIynbcoB. [IpenmyInecTBa 1 HEIOCTATKN PA3IMYHBIX THIIOB CXeM ycuieHus. Brioop
CXEMBl YCHIJICHUS! B COBPEMEHHBIX Jla3epHbIx cuctemax ais JITC.

Tema 3. O630p KpymnHeimux nazepHbix yctaHoBok s JITC ¢ HaHOCEKYHAHOHM IIMTEIbHOCTHIO
umnynbca npounutoro nokoyeHus (CCCP)

[TpuHIMIIBL TOCTPOEHUS M OCHOBHBIE HocTrkeHHs B oOnactu JITC naszepusix ycranoBok: Kanemap,
[porpecc, denbhun. ['eHepanust mepBbix B MUPE JTa3epHBIX TEPMOSICPHBIX HEUTPOHOB.

Tema 4. O630p KpymnHeimux nazepHbix yctaHoBoK s JITC ¢ HaHOCEKYHAHOHM IIMTEIbHOCTHIO
uMIynbca npomnwioro mokonenus (CIIA)

[MpuHIMTIBL TOCTpOCHHS U OCHOBHEIE nocTkeHus B oonactu JITC nazepubix ycraHoBok: Long Path
Laser, Janus, Cyclops, Argus, Shiva, Pharos II, Omega, Nova. IlpeumymectBa mepexoma oOT
CUIIMKAaTHBIX CTEKON K QocdarHbiM, pa3paboTKa METOJ0B IOJABICHUS MEJIKOMACIITaOHOM
caMO()OKYCHPOBKH.

Tema 5. O030p KpymHEHIIMX COBpEMEHHBIX Ja3zepHbIX ycTtaHoBok st JITC ¢ HaHOceKkyHIHOM
JUINTENLHOCTHIO nMiTynbea (Poccusi, CIIIA)



[MpuHIMTIBL TIOCTPOEHUST U OCHOBHBIE JocTxkeHus B obmactu JITC nmazepHpix ycraHoBok: Jlyw,
Beamlet, NIF. IIpeomonenne MmeramkoyinbHOro Oapbepa  YIbTpadUOJIETOBOIO  H3IYUYCHHS.
[TepcnextuBsl pa3Butus nazepubix cucrem ansa JITC. JlazepHblit TepmosigepHblii peaktop. [Ipoekt
HIPER.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

YueOHas aymuTopusi, OCHAIIEHHAS! KOMITBIOTEPOM U MYJIETUMEIUIHBIM 000pyA0BaHUEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).
Wcnonb3oBanne (halaoB-IIpe3eHTani ¢ 3aa4aMu 110 TeMaM 3aHSATHH.
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7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

1. http://lib.mipt.ru/catalogue/ — snexkrponHas oubianoreka dusrexa.
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5. http://ufn.rw/ «Yenexu Gpusndeckux HayK» 0030pbI M0 aKTyalIbHBIM (pru3rueckuM npobieMam

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBICHUU 00pPa30BaTeJIbHOIO0
npouecca o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)



Ha nex1inoHHBIX 3aHATUSX UCIIONb3YIOTCS MYIBTUMEIUIMHBIE TEXHOJIOTUH, BKIIIOYasl JEMOHCTPALUIO
npeseHTaunii. cnons3oBanue Qaiinos (B popmare pdf), cogepramux Bu3yaabHbINH MaTepral s
JIeKIMH B BUJIE MPE3EHTALUi, a TaKXkKe IPU HEOOXOIAUMOCTH CIIELHATN3NPOBAHHBIX HAYYHBIX
pedepupyembix xypHanoB: poccuiickux (YOH, XKXOT®, nucema B dKOTO, Dusnka TBepA0TO TENA U
np) u anmnosi3eraHbIX (Physical Review Letetrs, Physical Review A, Physical Review B, Journal of
Chemical Physics, International Journal of Quantum Chemistry u np.), noctynnsix uepe3 Internet. s
KOHTPOJISl U KOPPEKLNH 3HaHUH 00ydaromuecs: MOTYT MCIIOIb30BaTh KOMIIBIOTEPHOE TECTUPOBAHHUE, B
TOM YHCJI€ Ha TIOpTaje WWW.i-eXam.ru.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

CTyIeHT, U3ydaroluil Kypc, JOJDKEH C OHOW CTOPOHBI, OBJIAJAETh OOLIMM NOHSATHHHBIM alaparoMm, a C
JAPYTO CTOPOHBI, JOJKEH HAYYHUTHCS IIPUMEHSTH TEOPETUUCCKHE 3HAHHS Ha TIPAKTHKE.

B pesynbrare u3y4eHus TUCUUIUIMHBI CTYIEHT JJOJDKSH 3HaTh OCHOBHBIC TIOHSATHS U TIOIXOBI K (PH3HKE
U ONTHKE HEOJMMOBBIX JIa3e€pOB, 3HATh OCHOBHBIE MOJEIM M HX HEIOCTaTKd M JOCTOMHCTBA,
NPUMEHSATH MTOJYYCHHBIC 3HAHUS [UIS PEIICHHS Pa3IMYHbIX 3a/1a4.

VYenemHoe  OcBOeHHME Kypca TpeOyeT HampshKEHHOHM CaMOCTOATENFHOM — paboThl  CTyICHTA.
CamocrosiTenbHas padoTa BKIIIOUAET B Ce0s:

— mpopaboTKy ydeOHOro marepuana (0 MarepuajaM JICKIMA B BHJE INPE3CHTAIMU), MOATOTOBKY
OTBETOB Ha BOIPOCHL, IPEAHA3HAUYCHHBIX JUII CaMOCTOATEIBHOTO W3YYEHHs, J0Ka3aTeiIbCTBO
OTHEJBHBIX YTBEPKICHHI, CBOMCTB;

— peleHue 3a1a4, IpeiaraéMbIX CTYJICHTaM Ha JICKIHAX U TPAKTUICCKUX 3aHATHSX,

— IMOJTOTOBKY K MPAaKTHYECKUM 3aHSATHSIM H IK3aMEHY.

PykoBOACTBO M KOHTPOJNb 3a CaMOCTOSATENBHOM paboTOM CTygeHTa ocymiecTBisieTcss B (opme
UHAUBUYaIbHBIX KOHCYJIBTALIMHA WM KOHTPOJIS.

ITpu moaroTroBKe K MPaKTUYECKUM 3aHATUSAM HEOOXOIMMO IMOBTOPSTH paHee M3y4eHHbII Marepuan. B
Hayaje 3aHiATHS, KaK NpaBwio, npoBoaurcs kopotkuid (10-15 muHYT) ompoc mo marepuaity
MPONICIINX 3aHATHH B YCTHOH WIM NHChbMEHHOW ¢opme. Tak Kak BaXHO JOOWTHCS NMOHUMAHHS
M3y4aeMOro MaTepuasia, IpH 3aTPyIHEHWH B BOCHPHUATHH MaTepuajia CTyACHTaM PEKOMEHIyeTcCs
o0palnarbes 3a KOHCYJIBTAIMAMU K ITPETIOAaBaTeNio.

IIpoMexyTOUHBII KOHTPOJIb 3HAHUM TPOBOAUTCS B BUE SK3aME€HA, HA KOTOPOM CTYACHTY MpeIJIaracTcs
[IUCBMEHHO OTBETUTh HA TEOPETUUYECKUN BOIPOC, PELIUTHh OJHY 3aJady U OTBETUTb Ha BOIPOCHI IO
TeMe Kypca.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: SnepHble pU3MKA U TEXHOJIOTHH

npopuJib NOArOTOBKHU: Snepuas duzuka, YTC 1 KOMITBIOTEpHBIE METOJIBI B (PU3UKE
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa npobiieM HHEPLIMOHHOTO TEPMOSIIEPHOTO CUHTE3a

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: Bb.I. 3umanun, xkaux. Gus.-Mart. HayK, PENOAaBaTEh



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

2. [Toxa3zareu oneHUBAHHUSI KOMIIETEHIINIi
B pesynbrare u3ydenus AucIuInHbL «HeoqumoBbIe na3ephl» 00yqaronuics JOKEeH:

3HATh:
* CIIEKTPOCKOIHIO JIA3€PHBIX NepexoaoB B aroMax Nd3+;
*  CIEKTPaJbHO-JIIOMUHECLEHTHbIE, ONTHYECKHE U Jpyrue (paguallMOHHOE BpeMs XKU3HM, CEUECHUE
YCUJICHUsI, TEIUIONPOBOAHOCTh, KOA(PGUIMEHT TEPMUUYECKOTO PACIIMPEHHUSI) XapaKTEPUCTHUKH
CHIIMKATHBIX U GocdaTHBIX HEOAUMOBBIX CTEKOI;
* XapaKTepUCTHUKH KpucTauImdeckuX akTUBHBIX cpea YAG:Nd u YLF:Nd 17151 HeomuMOoBBIX J1a3epoB,
UX CIIEKTPAIbHO-IIOMUHECLCHTHBIC U JpyrHe (pU3NYecKHe MmapaMeTpsl (paJualioHHOE BpeMs KU3HH,
CEUEHHE YCUJICHHS, TETIONPOBOJHOCTh, KOAP(PHUIHUEHT TEPMUYECKOTO PACIIUPEHUS);
* HEJIMHEWHBIC U IPOYHOCTHBIE CBOMCTBA JIA3€PHBIX CTEKOJI;
* crnocoObl U UICTOYHUKH HAKauKH;
* pa3IuYHBIE CIOCOOBI MOYISAIMU T0OPOTHOCTH PE30HATOPA, IPUMEHAEMbIE B HEOIMMOBBIX J1a3epax;
* CIIEKTpP M3JIyYEHUs JIa3epOB Ha HEOJMMOBOM CTEKJIC M METOBI YIIPABICHHUS UM;
* pEeXUM ycuieHus, 6agaHcHoe npuonmkeHue, ypasHenne @panna-Honsuka,
* Lenu ¥ crnocoObl POpPMUPOBAHHUS NPOCTPAHCTBEHHO-YIIIOBBIX XapaKTEPUCTHK IMy4yKa B Ja3epax Ha
HEOIVMOBOM CTEKIIE;
* KOHTPACT WU3IYYECHHS, OT YEro 3aBUCUT KOHTPACT, METOABI U YCTPOMCTBA IS MOIYYEHHUSI BHICOKOTO
KOHTpacTa U3J1y4eHUs;
*  [PUHLUIBI HOCTPOCHUSI KPYMHOMACIITAOHOW JIa3epHON YCTaHOBKH, €€ OCHOBHBIC CHCTEMBI (Ha
npumMepe ycranoBok Shiva, Nova, Omega, LMJ, NIF, “Kansmap”, “Ilporpecc”, “eapdun”, “JIyq”).
YMeThb:
- IPOBOJUTH SKCIIEPUMEHTAILHBIE HCCIIEIOBAHUS HETUHEHHO-ONTHYECKUX MTPOLIECCOB.
- BBIOMpaTh TapaMeTpbl HEOIUMCOMCP)KAIMX JIA3ePHBIX Cpel  3aJalollero TIeHepatopa H
YCHJIMTENBHOTO TPaKTa Ja3epHOW YCTAHOBKH JISi OLCHKH 3allaCeHHON JHEPrMM METOJOM CBOIHOM
reHepalty, OIIeHUBATh 3allaCEeHHYI0 YHEPTHIO 110 BEINYHMHE SHEPTUU CBOOOIHOM reHepanuy;
- OLICHMBATh 3amac€HHYI0 HHEPIUI0 YCWIMTENBHOTO TPAaKTa JIA3€pPHOM CHUCTEMbl U IpelesIbHBIC
BO3MOKHOCTH SHEProchEMa IIPU Pa3INYHbIX IIapaMeTpax Ja3epHOro I1y4Ka;
- TIPOBOAMTH PacyéT MapaMeTpoB MPOCTPAHCTBEHHO-YIJIOBBIX CEJIEKTOPOB ISl 0OECIEYeHHSs YITIOBOM
ONTUYECKON pa3BA3KM MEXAY YCWIMTEIbHbIMM KacKaJaMM M COIJIaCOBaHMs alepryp Iydka MU
ONITUYECKHUX 3JIEMEHTOB Ha Pa3HBIX YYaCTKaX ONTHYECKOTO TPAKTa;
- OLICHUBATh JOIYyCTHMBbIE IAPa3UTHBIE OTPAXKEHUS B JKIYLIEM peXuMe (B PEKUME HAKOIUICHUS
HWHBEPCHOW HACEJIEHHOCTH).
BJa/IeTh:
- HaBBIKAMH aHAJIN3a U PeUIeHUs MpodieM GOPMHUPOBAaHUS MTyYKa B COBPEMEHHBIX JIA3€PHBIX CUCTEMaX
Ha HEOAMMOBOW aKTUBHOU CpEXE;
- METOAAMH YIIpaBJICHUs] OCHOBHBIMH MapaMEeTPaMU JIa3ePHOTO ITyKa;
- METOIAMHU U3MEPEHUs NTapaMeTPOB JIa3epHOI0 IIydKa ¢ IPOBEIEHUEM JaJIbHEHMIIIEro UX aHaIu3a.
- METOAOJIOTHEH BBIOOPA aACKBAaTHBIX METOJOB UCCIICIOBAHMS;
- HaBBIKAMM CaMOCTOSITEIbHON paboThl B 1aboparopun u MHTepHeTe;
- KyJBTYpO# MOCTAaHOBKU M MOJICITUPOBAHUS (PU3NUECKUX 3a/1a4;
- OCHOBHBIMH HaBBIKAMU IPEJCTABICHUS CBOUX PE3YJIbTAaTOB HA CEMUHAPAX, KOHPEPCHIUAX;
- HaBbIKAMH OCBOEHUS O0JBIIOro o0bemMa nHpopMaLnu, BKIodast paboTy ¢ HayuHO! JIUTEPaTypo;
- OCHOBHBIMM HaBBbIKAMU HallMCAHUs HAy4YHbIX CTaTeH.
- MaTeMaTHYECKUM MOAEIMPOBAHNEM (PU3NUECKHUX 3a/1a4.
- IPAaKTUKOM UCCIIEOBAHMS U PELICHUS TEOPETUYECKUX U NIPUKIJIAJHbIX 331ay;
- OKCIIEPUMEHTAIILHBIMU M TEOPETHYECKUMHU METOAAMHU UCCIIEOBaHUS PabOThl HEOJUMOBBIX JIA3€POB.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0



3. IlepeyeHb THIOBBLIX KOHTPOJbHBIX 3aJaHUH, MCHOJBb3YyeMbIX AJsl OLEHKH 3HAHWH, yMEHMH,
HABBIKOB

@DopMbI KOHTPOJISA: IPOMEKYTOUHBIN — JOMAILIHUE 3a/1aHusl, KOHTPOJIbHBIE paboThl —3K3aMeH- 10cemectp.
KoHTposibHBIE BOIIPOCHL:
Pazgesn 1. OcHOBHBIE MapaMeTPhbI JIA3¢PHBIX HEOAMMOBBIX CPel H METOAbI HX ONpele/IeHUus!

N~ wWNE

HazoBuTe OCHOBHBIC JUIMHBI BOJH I'eHEPANHA HEOTUMOBBIX ()OC(ATHBIX U CHIIMKATHBIX CTEKOIL.
HazoBute ocHOBHBIE AyMHBI BOJIH reHepaiuu kpuctamioB Nd:YAG u Nd:YLF.

Yro Takoe 0AHOPOJHOE U HEOJHOPOIHOE YIINPEHUE JIMHUU JIFOMUHECLEHIIUU?

HazoBuTe npenmyIecTBa 1 HEJOCTATKH KPUCTATUIMYECKUX HEOAUMCOICPKAIINX CPEI.

OOBsicCHUTE MEXaHNU3M BOSHHKHOBEHHS MEJIKOMACIITA0OHON caMO(OKYCHUPOBKH JIa3€PHOTO MyUKa.
Uto Takoe B-unrterpan?

HazoBute MeTop! mo1aBIeHus caMO(OKYCHPOBKH JTa3€PHOTO MyJKa.

HazoBute ocHOBHBIC (DAKTOPHI, MOBBIMIAOIINE PUCK PA3PYHICHUS ONTHYCCKUX AIEMEHTOB IO
JEUCTBUEM JIA3€PHOTO U3ITYUYCHHUS.

Paznea 2. IIpyHIMIBI OPraHU3alMi WHBEPCHOH HACEJEHHOCTH B HEOJMMOBBIX Cpeaax M MeTOAbl
MOJIy4YeHUs] MAKCMMAJILHOT0 SHEProchémMa

1.
2.

©ND oA W

Urto Takoe cyneparoMUHECHEeHIUsA?

Ha3zoBuTe MeToapl CHMKEHHSI Mapa3sUTHOM T€HEpaluM JIa3€pHOrO0 H3IY4YEHUs B YCHIUTEIbHOM
TPaKTe U BHYTPHU YCHUIIUTEIBHBIX KACKAJOB HA HEOJUMOBOM CTEKJIE.

OO6bsacHuTe mpuHIUN AelicTBus 3aTBopoB [lokkensca u Mapanes.

[IpuBenuTe mpuMep ABYX M YETBIPEXIIPOXOJHON CXEMBI YCUIICHUS.

OOBbscHUTE TPUHIIUIT OPTaHU3AIMH PETEHEPATUBHOTO YCUITUTEIIS.

Uro Takoe hakTOp HArpy3KH UMITYJIbCHOM ra30HATIONHEHHOW JTaMIThI?

Uro takoe nznyuarenbHbiid KIIJ[ ncrounuka Hakauku?

Uro Takoe kBanToBbIM KITJ[?

Paznen 3. YnpagsiieHne napaMeTpamMu JIa3epHOT0 My4YKa HEOJHMOBBIX JIa3epoB

1.
2.

ISR AN

~

8.

OOBACHUTH IPUHLINI TACCUBHOW U aKTUBHON MOAYJISILIMHU TOOPOTHOCTH.

[Touemy npu (GOpMHUPOBAHUHU JIA3€PHOTO Iy4YKa METOAOM MOIYJSLUH AOOPOTHOCTH HEOOXOAUMO
MIPOJOJKUTENBHOE (~MKC) BpeMsl pa3BUTHsI T€HEpalluy U3Iy4eHUs B pe3oHaTope?

JU1s 4ero npuMeHseTcsl 1 KakuM 00pa3oM OCYLIECTBISETCS CHHXPOHU3AIM MO/ B pe3oHaTope?
UYro Takoe cOCTaBHOM pPEe30HATOP U JJIsl UEro MpUMEHseTcs?

[Mpunanmn cenexuu Mo 3taionom dadpu-Ileppo.

[loueMy mpu yMEHBIIEHWU AJUTEIBHOCTH JAa3€pHOTO MMITYJIbCAa CHIDKAeTCs 3(PPEeKTUBHOCTD
9HEProchéMa B yCUIIMTEIBHBIX KacKanax?

Uro Takoe anoau3anys Ja3epHoro Mmydka u JJis 4ero npuMeHseTcs?

OOBSACHUTH NPUHIMIT JEHCTBUS aJalTUBHOTO 3epKaa.

Pasnen 4. Mounble j1a3epHble CHCTEMbI HA HeOAUMOBOM cTekie s JITC
PacckazaTh 00 KOHCTPYKTHBHBIX OCOOEHHOCTSX M OCHOBHBIX JIOCTHIKEHUSX Ha Ja3ePHBIX YCTaHOBKAX:

HBOooo~NogR~WNE

0.

Long Path Laser, Janus, Cyclops u Argus
Shiva

Pharos 11

Omega

Nova

Beamlet

“Kampmap”

“IIporpecc”

“Ilenbhun”

“Tyg”

OcHOBHBIC 321a4H:



1. Ilpu xakom ko3(pdunnente ycunenus ciaaboro currana Ko Ha BBIXOZE YCUIMTENS AOCTHIaeTCs
IUTOTHOCTh BBIXOJHON SHEPTHH Emx = 10 Jk/cM?. JTuameTp myuka S cM, BxoxHas sHeprus 1 Jix. Kakosa

aKTHBHAs JUIMHA YCHJIMTENs, ecld Oy=0,12cM™? IlnotHocts sHepruu Hachimenus 4,5 Jx/cM?,
Bocnonp3oBarbscs npubiamxkenuem ®@panna-Hoasura.

[MapameTpsl ycuuTeabHOro Kackaaa Ha Nd gocdarnom crekse:

JUIMHA aKTUBHOM cpenpl L=25¢cM;

K02 dunuenHT ycunenus ciaboro curnana Ko=0,06cm™;
pacnpeznenenue Ko no aneprype ycuianTesns — paBHOMEPHOE;
TJIOTHOCTH SHEPTHH HACBIIIEHUS Enac=4,5 JK/CM?.

HapaMeprl JIA3€PHOI0 U3JIy4YCHH HAa BXO/JC:

® pacrpeeieHre TNIOTHOCTH YHEPTUH B ITyYKE — PABHOMEPHOE;
e momank mydka 10cm?;
® JUINTENBHOCTh YCUJIMBAEMOI0 UMIyibca ~10Hc.

2.  OmpenenuTh HEPTHUIO JIa3epHOTr0 MydyKa Ha BBIXOAE YCHIMTEIHHOTO KacKaaa (BOCIIOIB30BATHCS
npuompkennem dpanna-Hoasura).

3. U3 kpuctaymmmaeckoro KBapiia HeoOX0MMO U3rOTOBUTH Y€TBEPTHBOJIHOBYIO (Da30BYIO TUTACTUHKY
A/2 Ha pune BoHbI A1=1054uM. OnpeaenuTs MUHIMAIbHO BO3MOXHYIO TOJIIUHY TaKOH MIIACTHHKHU.

4. Wnarepdepomerp Dadpu-Ileppo mnpencraBisier IMUIOCKONAPAIICIBHYIO IUIACTHHY TOJIIUHON
d=5mmM ¢ nokasatenem npenomieHus N=1,5. Ha o6e rpanu HaHeceHo 3epkaibHOe mokpbiTHe R1=R2=80%
(Ao=1054uMm). OmnpenenuTh AUCIEPCHIO U PE3KOCTh MHTEepdepomerpa. IIpu KaKOM MHHHMAIBHOM YTJje
HAaKJIOHA K MaJjaronieMy u3nydeHuro 0 (Iiockasi BoJaHa) OH OyneT uMeTh nporyckanue Tmax=100% Ha Ao?

5. HaBxon ycminrtenabHOro Kackaja mojaércs Ja3epHblii UMITYJIbC ¢ 3Hepruei 4 J[x, aneprypa nmydxa
- KBaJIpaT pa3MepoM 2x2 cM, IPOCTPaHCTBEHHBIN NPOQPHIb HHTEHCUBHOCTH - IPAMOYToJIbHBINH. Il10THOCTD
SHEpPTHH HACHIIEHUS aKTHBHOM CPEIBI Enac=4.5 JIK/CM2, TIIOTHOCTB 3aNIaCEHHON SHEPTHH Esan=10.4 JIK/cM?,
Onpenenutpy SHEPrUIO JIA3EPHOTO HMITYJIbCA Ha BbIXOJE Kackaaa. CuuTarh, 4TO MPOLIECC YCHUIICHUS
IIPOUCXOJUT I10 UI€aTbHON YETHIPEXYPOBHEBON CUCTEME.

6. YcwmmTenbHBIN KacKal COJePKHT cTepkeHb u3 kpuctaiuia Nd:YAG muamerpom J30MM U IITHHOM
L=19.5cm. IInotHocTs sHeprum Hachimenns Nd:YAG — 0.55 JIx/cm?, kod3DHIMEHT yCHIeHns ciaboro
curHaina go=0.35 1/cm. Onpenenuts kodddumueHT ycumnenus Ko cimadoro curraia u o0niyro 3anacéHHYyO
9HEpruto B kackaae. CuuTaTh, UYTO MPOIECC YCHIICHUS MPOUCXOTUT MO HJICATHHON YEeTHIPEXYPOBHEBOM
CUCTEME.

7. Tpebyercsi paccuMTaTh MHUHUMAJIBHYIO JJIMHY AaKTMBHOTO 3JIEMEHTa, BBIOJHEHHOTO W3
(docdarHoro crekiia, mpu KOTOpoi BO3MOXKHA paboTa B CIAEAYIOIIEM PEKUME YCHUIICHUS: BXOJTHOW UMITYJIHC
- KBaJpaTHOM amepTypsl 2x2 CM C NPSAMOYTOJIbHBIM MPOCTPAHCTBEHHBIM MPOQUIEM HHTEHCUBHOCTH,
sHeprus Esx=4 JIX; oHeprus BbIXOAHOrO UMIyibca Eg=16 JIk. IINOTHOCTE »HEpruM HachILEHUS
docharTHOTO cTeKNA Exac=4.5 JIk/cM?, K03 puIEenT ycunenns cinaboro curaana go=0.08 1/cwm.



8. B omTuueckoii cxeme, MpUBEAEHHON HAa PUCYHKE, (OPMUPYIOT Pe3KOe M300pakeHUE arnepTypHOM
muadparmer [ pazmepom 10x10 mm. Ilepectpoenue uzoOpakeHus: awadparmbl [ OCYIIECTBISIOT
TeJecKonoM, oopazoBanHoro nuH3aMu Foi=1m u Fp=3wm (Teneckonuyeckas cucrema). PaccrosHue Mexay
munadparmoit [l u muna30it JI1 — a=0.5 M. OnpeaenuTs pa3Mep U MECTOTIONOKEHUE OTHOCUTEIHHO JTHH3BI JI2
n3zo0paxenus auadparmsel [, a Takxke TuPaKIUOHHYIO PACXOAUMOCTD Ougp MTyYKa Ha BBIXOJE TEJIECKOIA.
Cuwnrats, uro Ha nuadparmy /1 magaeT uaeanbHO KOJUTMMUPOBAHHBIN ITy4YOK JIa3epa Ha HEOAMMOBOM CTEKJIE,
MOJIHOCTBIO HAKPBIBAIOILIUI anepTypy Auadparmbl. AGeppauusiMi U TOJIIIMHAMU JHH3 TpeHeOpeyb.
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9. B onTHueckoii cxeme, IpUBEAEHHON HAa PUCYHKE, (DOPMUPYIOT IYHYOK M3IYYCHHUS HEOJUMOBOTO
na3epa B IockocTu B. OnTuueckas cxema COCTOMT M3 anepTypHOU Kpyrioil auadparmsl [l nuamerpom
J5MM ¥ TIPOCTPAHCTBEHHOTO (WIbTpa, cocrosimero u3 ymH3 Fm=2m u  Fm=4m (Temeckonmuveckas
CUCTEeMa), U CeNKTUpyrome auadparmel JIc, pacmosioxKeHHON MEXIy JIMH3aMH B UX OOIIeH (OKaIbHON
wiockoctu. Onpenenuth pazmep d cenektupyrorieii quadparmel JIc, ecian TpeOyeTcst MPOBECTH YIIIOBYIO
CEJICKIIHIO ITyYKa Ha YPOBHE 3 X0 upp. ByneT in n3o0parkenue quadparmsl B IIOCKOCTH B pe3kum? Cunrars,
yro Ha auadparmy /[ momaércs uaeanbHO KOJUIMMHUPOBAHHBIA MYYOK, MOJTHOCTHIO HAKPBIBAIOIIUN €&
aneprypy. A6eppanusMu U TONIMHAMY JINH3 IPEeHEOpeyb.
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10. JAMCcKOBBIN yCHUIUTENbHBIN KacKa/ Ja3epHON ycTaHOBKH “JIlyu” conepkut 9 cna6oB. [IpoBenénnsle
U3MEpEeHUsl IMOKa3zaau, 4To KOA(p(UUMEHT ycuieHus cinaboro curHaiga Ko mpu HEKOTOpOM 3apsIHOM
HanpspDkeHuu Ha Oartapee paBeH 7. TommuHa kaxjaoro cinbda d=4 cM, ciad30bl pacnoiokKeHbl MOJ YoM
Bproctepa oTHOCHTENRHO MaaroIero u3nydeHus. Onpeaenuts KodhOUIMEHT yCUIeHUs cJIadoro CUrHalia
go. [lornomenuem u3nyyeHus npeHedpeys.

11. 3arBop ®apanes, NpuUMEHSEMbId ISl 3alIUThl ONTHYECKOrO TpakTa OT OOpaTHOro CHUTHaja,
COCTOUT M3 JBYX CKpelleHHbIX noisisipu3atopoB [11 u I12, Mexay KOTOpBIMH pacHoiOXkKeHbl BpallaTelb
@apanes BO® u ¢daszoBas mimactuHka A/2. Onpenenutb € Kakod YIJIOBOM TOYHOCTHIO HEOOXOAMMO
yCTaHaBJIMBaTh OCh Z ()a30BOM IIACTMHKHU, 4TOOBI yepe3 nosipuszarop I11 B cxemy nonanano He 6onee 1%
WHTCHCUBHOCTH M3ITy4eHHsI 00paTHOTO CUTHAIA.
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I[OHOJIHI/ITEJILHLIQ 3agavm:

1. OnHUM U3 KITIOUEBBIX AJIEMEHTOB, (POPMHUPYIOLINX MPOCTPAHCTBEHHBINA MPO(UIb HHTEHCUBHOCTHU MTy4YKa
ycTaHOBKM Beamlet, sBisercs cucrema, cocrosmias W3  YETHIPEX JIMH3, BBHINOJHEHHBIX U3
JABYJIY4YETPETOMIISIONICT0 MaTepraia. TONIIUHBI JIMH3 B ICHTPE U Ha KPasiX KpaTHbI 1100 A/2 miubo A/4 (cm.
pucyHOK). OcH Z IMH3 pacoJI0KEHbI B INIOCKOCTH, IEPIEHAUKYISIPHON oNTUYECKOM ocu cucteMbl. Ha Bxon
CHCTEMBI TOAETCS JIMHEHHO MOJISIPU30BAHHBIN B BEPTHKAIBHOM IIIOCKOCTH ITy4oK. IlocpeicTBOM BparieHus
BHEIIIHEH U BHYTPEHHEH Maphl JTUH3 MOKHO MEHATH IPOITYyCKaHHE U3JIy4EHHUS Ha Kpasx U B LEHTPE IMyUKa,
TEM CcaMbIM, HalpuMep, MOXHO BEPIIMHY IIydka C [aycCOBBIM NPOCTPAaHCTBEHHBIM MpPOQHIEM
MHTCHCUBHOCTH CAENaTh MIIOCKONH. OnpeaenuTh NpOoIyCKaHUe U3JIyueHHs B IIEHTPE M Ha Kpasix anepTypsl
JTaHHOW CHCTEMBI B 3aBUCMOCTH OT YIJIa MEX/Y IJIOCKOCTHIO MOJSIPU3AINH U3ITYYSHHS U OCSIMU Z BHEIITHEH
(yroun 01) u BHyTpeHHEH (yroi 62) mapsl JIMH3.
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2. Jlnmuna pesonatopa 150 cm. OmnpenenuTh CHEKTPAIbHBIA HMHTEPBAT MEXIY JABYMS COCEIHHMHU
TIPOJIONILHBIMH MOJAMK PE30HATOpa Ha JylMHe BoiHbl 1 Mkm. OTtBer mpuBectd B I'l, cM™, cm, MKM, HM,

aHICTpeMax.

3. Unreppepomerp dadpu-Ileppo mpeacTapiseT MIOCKOMAPALICIbHYIO IIACTHHY TOJIMHONW d=5MM ¢
nokazarenem mnpenomsieHuss N=1,5. Ha o0e rpanm HaHeceHO 3epkaibHOe mOKphiTHEe R1=R2=80%
(Ao=1054uM). OmpesenuTh AUCIEPCHIO U PE3KOCTh MHTephepomerpa. [Ipn KakOM MHUHHMAIBHOM Yriie
HaKJIOHA K MMaJaronieMy u3aydeHuro 0 (miockast BoJaHa) OH OyeT uMeTh nporyckanue Tmax=100% Ha Ao?

BOITPOCHI k 3kx3ameny

1. Crpykrypa naseprbix yposHeit Nd**. Bpemena pemaxcanum.

2.0OCHOBHBIE XapaKTEPUCTUKH (BpeMsl IKU3HU BO30YXKAEHHOTO COCTOSIHMS, IIUPUHA JIMHUU
JIOMUHECUEHINH, CEYEHNE BBIHYXJICHHOTO M3Jy4eHMs) aKTUBHOM Cpeibl HEOJUMOBBIX JIa3€pOB Ha
(dbochaTHOM U CHUITUKATHOM CTEKJIE.

3.OCHOBHBIE ~XapaKTEPUCTHKU (BpEeMs JKU3HM BO30YXKIEHHOTO COCTOSHUS, IIWPHHA JIUHUA
JTIOMUHECHEHIINH, CEUEHUE BBIHYKIEHHOTO U3Ty4YeHHsS) KPHUCTAIUTMUYECKUX aKTHUBHBIX CpeJ
(Nd:YAG, Nd:YLF) HeoquMOBBIX Jia3epoB.

4. HenuHeiiHble CBOMCTBA aKTUBHOM Cpeflbl HEOJUMOBBIX Jla3epoB. B-uHTerpar.

5.JIydyeBasi MPOYHOCTh AKTUBHOM CpeObl M ONTHYECKUX 3JIEMEHTOB HEOIMMOBBIX JIa3epoB. MeTobl
OIIpEJIEICHUS JIy4YEBON IIPOYHOCTH.

6. cTrounnky HaKauku HEOAMMOBBIX JlazepoB. KI1J] cucrem Hakayky.

7. 3aaronye reHepaTopbl HAHOCEKYHTHOM NTUTENLHOCTH UMITYIbca. [TaccuBHAs 1 aKTUBHAS MOTYIISIIIHS
n00pOTHOCTH pe3oHaTopa. Moaymupyronme yCTponcTBa.

8. MeTos1 1 ycTpoiicTBa (P OpMUPOBAHHSI BPEMEHHOTO MPOQIIISL Ja3€PHOT0 UMITYJIbCA.

9. Bentuns u 3atBop ®apanes. [IpuHIMT paboTH M Ha3HAYCHHUE.

10. CriexTp m3iIydeHus ja3epoB HAa HEOJUMOBOM cTekie. IIpomonbHble MOnbI pe3oHaTopa. Cenexius
IIPOJIOBHBIX MOJ.

11. Cenekuusi mpoI0JILHBIX MOJI C TOMOIIBIO HHTEpdepomeTpa Pabpu-Ileppo.



12. Cenexuust mpoOAOIBHBIX MOJ] C TOMOIIBIO BHYTPUPE30HATOPHON (ha30BOM IIIACTUHBI.

13. Pexum ycunenus. DHeprus Hachimenus. opmyna Opanna-Hoapuka.

14. ®uznueckre BEIMUMHBI, XapaKTePU3YIOILIME KaueCTBO My4YKa U METOJIbI UX U3MEPEHUSI.

15. IIpocTpaHCTBEHHO-YTIJIOBbIE XapaKTEPUCTUKH JIA3EPHOTO U3ITYUYECHUS U METOJIbI UX PErHCTpaliH.

16. ®@axTOpbI ¥ TapaMETPBI, OMPEALIIAIONINE KAYECTBO ITyUKa.

17. AnantuBHsble 3epkana. Haznauenue. [TpunImmn paboThl.

18. IIpoctpancrBennbie GubTpbl. Haznauenue. [Ipunnun paboTel.

19. CtpykTypHas cxema, Ha3HauUCHUE U XapaKTePUCTHKA OCHOBHBIX CUCTEM YCTaHOBOK HAHOCEKYHIHOU
JUINTEIBHOCTH.

20. MHuoromnpoxoaabsle ycunuTenu. [IpyHIMI MOCTPOEHHS] ONTHYECKHMX CXEM MHOTOIPOXOHOTO
YCUJIMTEJIBHOTO KaHaa.

Ha sk3ameHe cTyzeHTy focTaercst OuIIeT, e eMy IpeiaraeTcs

1.) MMCbMEHHO OTBETUTH HA TEOPETUUYECKUM BOIIPOC,

2.) pelminTh OAHY 3a/a4y U

3.) OTBETUTH Ha BOIIPOCHI 110 TEME Kypca.

Teopernueckuii Bompoc BbIOMpaeTcs M3 HabOpa KOHTPOJIBHBIX TE€M, IpPHUBEICHHBIX BbIIIE. 3ajaua
BbIOMpAeTCsl M3 CHHMCKa KOHTPOJIBHBIX 3ajay, NPUBEICHHBIX Bbllle. HekoTopble U3 JONMOJHUTENbHBIX
(YTOUHSIOLUX ) BOIPOCOB IIPUBEECHBI BBILLIE.

4. Kputepuu oueHUBaHUs

Onenka «otmuuao (10)» BeICTaBiseTcs OOydaromeMycs, €CId OH II0Ka3aJl BCECTOPOHHUE,
CHUCTeMAaTHU3HpPOBaHHbIC, TIYOOKHE 3HaHUsA Y4eOHOH MpOrpaMMbl TUCIHUIUIMHBI U YMEHHE YBEPEHHO
MPUMEHSITh UX Ha MPAKTHKE MPHU PEIICHWH KOHKPETHBIX 3a/1ady, CBOOOJHOE W MPAaBHILHOE OOOCHOBAaHHE
MPUHSATHIX PEIICHUN;

omeHKka «oTiau4HO (9)» BeICTABISIETCS  OOydYalIIEMyCs, €CIM OH II0Ka3ajl BCECTOPOHHHUE,
CHUCTeMAaTHU3HpPOBaHHbIC, TIYOOKHE 3HaHUsA Y4eOHOH MpOrpaMMbl TUCIUIUIMHBI U YMEHHE YBEPEHHO
MPUMEHATh WX Ha MPAKTUKE MPH PEHICHUH KOHKPETHBIX 3aja4, CBOOOJHOE W MPaBUIHLHOE 00OCHOBaHUE
NPUHATBIX PEIICHUH, HO MpH O5TOM ObUIM JOMYIIEHB HEOONBIINE HETOUYHOCTH, KOTOphIe OBLIN
CaMOCTOSITEJIbHO OOHAPYKEHBI U UCIIPABIICHBI;

OlleHKa «oTiuyHO (8)» BBICTAaBIAETCA OOyd4aroliemMycs, €cld OH T[OKa3al BCECTOPOHHUE,
CHUCTEMAaTU3UPOBAHHBIC, TIyOOKHE 3HAHUS Y4YEOHOW MpOrpaMMbl TUCHUIUIUHBI W YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE MPHU PEIIeHWU KOHKPETHBIX 3a/iady, CBOOOJHOE U MpaBUIIbHOE 00OCHOBAaHHUE
MPUHATHIX PEHICHUM, HO TIPU PTOM OBUIA JTOMYIIEHBI HEOOJbIINE HETOYHOCTH, KOTOPHIE MOCIE yKa3aHUs
AK3aMeHaTOpa OBLIIM CAMOCTOATEIHLHO UCITPABIICHBI,

oIeHKa «xopoto (7)» BBICTABIAETCS OOYYarOIIEMYCsi, €CJIM OH TBEPJAO 3HAET MaTepHasl, TPaMOTHO U TIO
CYILIECTBY M3JIaraeT ero, yMeeT MPUMEHSTh MOJyYE€HHbIE 3HAHUSI Ha PAKTUKE, HO JOMMYCKAaeT HETOYHOCTH B
OTBETE WJIM JIeJIaeT HECYUIECTBEHHbIE OLIMOKH MPU PELICHUH 3a/1a4;

OLIeHKa «xopoio (6)» BBICTaBIsSIETCS 00y4aroleMycs, €CIM OH TBEPAO 3HAeT MaTepual, TPaMOTHO U IO
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSTh MOJIyY€HHbIE 3HAHUS Ha MPAKTHUKE, HO JIOMYCKaeT HEOObIINe
OIIMOKY B OTBETE U (WUJIM) MPH PEIICHUU 33]1aY;

OIICHKa «XOpoIIo (5)» BBICTABIAETCS OOYYarOIIEMYCsl, €CJIM OH TBEPJAO 3HAET MaTepHasl, TPaMOTHO M TIO
CYILECTBY M3J1araer ero, yMeeT IPUMEHATh NOJIyU€HHbIE 3HAHUS Ha MIPAKTUKE, HO OTBEYAET HEYBEPEHHO U
(unn) 1omycKaeT OIMOKY IpU PelIeHUH 3a/1a4;

OILICHKAa «YJOBIIETBOPUTEIHHO (4)» BBICTaBIACTCS oOOydaromeMycs, TMOKazaBiuieMy (parMeHTapHbIH,
pa3pO3HEHHBIN XapakTep 3HaHHM, HeTOYHble (GOPMYITHPOBKU 0A30BBIX MOHATHUN, HAPYILIEHUS JOTHYECKON
MOCJIEIOBATEILHOCTH B M3JIOKEHUHU MPOTPAMMHOIO MaTepuasa, €Clid MpU 3TOM OH BIAJEET OCHOBHBIMHU
paznenamMu y4eOHOM TpOrpamMMbl, HEOOXOIWMBIMHU JUIsl JTAJbHEUIIEro OOyYeHUS W MOXKET MPUMEHSTH
MOJIy4YE€HHBIE 3HAHUS 110 00pa3ily B CTAHIAPTHON CUTYaIlUH;

OlLIEHKa «yJOBJIETBOpUTEIbHO (3)» BbICTaBIsAETCA oOyuarolemMycs, MoKa3aplieMy (parMeHTapHbIH,
pa3pO3HEHHBIN XapakTep 3HaHHM, HETOUHbIe (POPMYITHPOBKH 0a30BBIX MOHATHH, HAPYIICHHS JTOTUYECKOM
MOCJIEI0BATEIbHOCTH B U3JIOKEHUU NMPOTPAMMHOI0 MaTepHalia, He BIAJCIOIEMY HEKOTOPBIMH pa3jenamMu
yueOHOM MpOorpaMMbl, HO YMEIOIIEMY MPUMEHSTh IOJY4YE€HHblE 3HAHHUS MO 00pa3lly B CTaHAApPTHOMU
CUTYaIluH;



OLIEHKA «HEYIOBJIETBOPUTENIBHO (2)» BBICTABISETCS OOydYaIOUIEeMyCsl, KOTOPbI He 3HAaeT OONbIIeH yacTu
OCHOBHOTO COJIepKaHUs yIeOHON MPOTrpaMMBbl TUCIUTUTNHEI, JOMTYCKaeT rpyObie OomMOKH B (hOPMYITHPOBKAX
OCHOBHBIX ITOHSITHUU AUCHUIUIMHBI 1 HC YMCCT HCIIOJIb30BATh MOJYUCHHBIC 3HAHUA MMPU PCIICHUU THUITOBBIX
MPAKTUYECKHX 3aJ1a4;

OIICHKAa «HEYJIOBJICTBOPUTENLHO (1)» BBICTaBII€TCS OOydYaroIeMycs, TMOKa3aBIIeMy IOJIHOE HE3HAHUE
y4eOHOM MporpaMMbl TUCUHUTIIHHBIL.

5. Meroauveckue MaTepuaJibl, onpeae/siionye npoueaypbl OeHUBAHUA 3HAHUI, YMEHH i, HABLIKOB
U (MJIM) ONBITA JeATeTbHOCTH

[Ipu npoBeneHNYM 3K3aMeHa CTYICHTY MpeaocTaBisieTcss 35-50 MUHYT Ha ITOATOTOBKY OTBETA IO BEHIOpAHHON
TeMe W peueHuo 3anauu. OtBer cryaeHTa mnutcs 15-25 munyrt. Ecnaum 3amauya pemieHa HenmpaBUIIBHO,
CTYICHTY yKa3bIBaeTCs Ha €ro OIIMOKY U MpejiaraeTcs pelinuTh 3aHOBO C YYETOM 3aMeyaHHUsl.

OreHka CTaBUTCS MO UTOTaM TEKYIEH YCIIeBaeMOCTH, PE3yJIbTaTaM OTBETOB Ha KOHTPOJbHbBIE BOIPOCHI U
pellIeHrs KOHTPOIbHOM 3aauu.

Bo Bpems mpoBemeHuss Sk3aMeHa OOYyYalOMIUMECs MOTYT TIOJIb30BAaThCS MPOTPAMMON  JUCIMILTHHBL,
CIPaBOYHOM JIUTEPATYPOH, BEIYUCIUTEIHLHON TEXHUKON, 1 CBOUMU KOHCIIEKTaMH.



