JIazeprl B MPOU3BOJACTBE COJTHEUHBIX OaTapei

DOTOBOJILTAMKA — ATO PA3JAET MUKPOIJIEKTPOHUKHU, 3aHUMAFOIUUCS
IIPOU3BOJACTBOM COJIHEYHBIX 3JIEMEHTOB.

OO1mue TpeOoBaHUSI MUKPOIJICKTPOHUKH
=BBICOKOE Ka4eCTBO Marepuralia,
=BbICOKas MIOTHOCTH pa3MEIICHUS 3JIEMEHTOB Ha MOJIJIOKKE

TpeboBanus POTOBOJBTAUKH:
sBhicOKas Npou3BOAUTENHLHOCTD,
s[I[pocTpaHcTBEHHAss OTHOPOJHOCTD,
sHuzkast cebecTonmMocTh Impoiiecca.



TpagumoHHBIE TEXHOJIOTMA MUKPOIEKTPOHUKHU TPEOYIOT
YCJIOBU TITyOOKOI0 BaKyyMa M IPOU3BOISITCS B TIOMEIICHUSIX
BBICOKOI'O KJ1aCCa YUCTOTHI.

Bce 310 04eHb TOPOTOCTOAINE TEXHOIOIUU U, CIIEA0BATEIIBLHO,
IPOAYKTHI (JOTOBOJIBTAMKHU TOKE HEOMPABIAAHHO JIOPOTHE.

«CBepx3amada» pa3BUTHUS COJTHEYHON YHEPIETUKU

«CBepx3agadeii» (POTOBOJBTAUKH — JTOCTHKEHUE «CETEBOIO
apuTeTa, Korga ce0eCTOMMOCTh KHJIOBAaTT-4aca COJTHEYHOM
SHEPIUU OyAeT HUXKE, YeEM C€0ECTOMMOCTD YHEPIUHU U3
3JEKTPUYECKOM CETH.



B nociaennee BpeMs ja3ephl CTalu IPUMEHSTHCS B
MHKPOSJICKTPOHUKE B CICAYIOIMIMX NIAaBHBIX HAIIPABJICHUSX

=« /[JIs1 pE3KM KPEMHUEBBIX U TEPMAHUEBBIX TUIACTUH U KEPAMUKH, HA
KOTOPOM CO3/IAr0TCS MIJIEHOYHBIE CTPYKTYPHI.

u/{JI51 TIOITOHKM YK€ M3TOTOBJICHHBIX MUKPOAJICKTPOHHBIX
KoMIoHeHT. HanOoibliiee pacopocTpaHEHHUE MOTYYHIN
«TPUMMEPBD» — JIa3€PHBIC MAIIWHBI 1151 HOATOHKH INICHOYHBIX
PE3UCTOPOB ¥ KOMIIOHEHT MUKPOIJICKTPOHMKH.

/1714 MUKpOTIANKH, CBEPIICHUS TMOQJIOXKEK, TPOU3BOJICTBA MACOK U
TpadapeToB, CO3AaHUSI MOHTAKHOIO PUCYHKA.



[Ipeumyinecrna jia3epHON TEXHOJIOTUU:

«CymectBeHHoe noBwiieHne KII1/[, 1oaroBeyHoCTH 1 HaAeKHOCTH
0€3 3HAYUTEILHOIO YBEINYECHUS CEOSCTOMMOCTH COJTHEYHBIX
OaTapeii.

«lcrionp30Banue 0oJiee AEIEBOTO ChIPhA.

«CHI)KEHHE CTOMMOCTH 000PYA0BAHUS 110 IIPOU3BOJICTBY
(OTORIEMEHTOB, a TAK)KE€ KOCBEHHBIX 3aTpar (TPeOOBaHUS K YUCTOTE
IIPOU3BOACTBEHHBIX IIOMEIICHUH U IP.).

«CHIM)KEHHE CTOMMOCTH BJIaJICHUS 000PYIOBAaHUEM.
«CHIKEHHE NOTPeOICHUSI SHEPT .
«OTKa3 OT UCMOJIb30BAHUS TOPOTOCTOSAIIUX XUMHUKATOB.

«CHIKeHHEe TpeOOBaHUM K SKOJIOTMYECKOM YMCTOTE MPOM3BOJICTBA 1
ap.).
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[Ipumep ctouMoCTH BIaJeHUs 000PYI0BAaHUEM
[P MIPOU3BOJICTBE IJIOCKHUX JHUCILIICEB



= /Jlo cux mop HamOoI€ee pacnpoCTPaHEHHBIMH JIa3€paMu B
TEXHOJIOTHH (POTORIEMEHTOB SIBIISIMCH TBEPOTEIIbHBIC J1a3€Phl
yIBTPA(PUOIECTOBOIO U BUAUMOIO Jara3oHa u3-3a XOPOIIEro
KOA(PUIIMEHTA MOTJIONICHUS KPEMHHUS Ha 3TUX JUIMHAX BOJIH.

= OaHako XOpoIyIo MEPCIEKTUBY UMEIOT BOJOKOHHEIE U
TBEPAOTEIIbHBIC JIa3€Phl HH(PAKPACHOTO JIMAIla30HA, TaK KaK 3TH
nazepbl 00J1e€ SKOHOMHBI U IIPU 3TOM 3P (PEKTUBHO
00pabarbpIBalOT MaTepUall.

» CrnemyeT OTMETUTh U TEXHOJOTHIO JIa3€PHOU «HAPE3IKM
KPEMHHUEBBIX TTOJIOKEK M3 KPUCTAININYECKOTO CTEP>KHS C
MCIIOJIb30BAaHUE CTPYH BOJIbI B KAYECTBE CBETOBO/IA.



Haunbomnee nmepcriekTMBHOE MPUMEHEHHE Jla3epa CBSA3aHO C
OJIHOBPEMEHHBIM CO3JaHHEM KaHABOK MJIM OTBEPCTHUI B
MOJI0KKaX U JISTUPOBAHUE MMOBEPXHOCTH.

YCTPOHCTBO CEIEKTUBHOIO SMHUTTEPA.



Texnonorus nporu3BoACTBa (POTOINEMEHTOB MPEACTABIISIET COOOM
PSAJI IArOB, MTOCJEA0BATEIBHO YEPEAYIOMMUX MPOIECC HAHECEHUS
OYEPEIHOTO CJIOA U €r0 JIA3EPHOTO CTPYKTYPHUPOBAHUS.

YcrpoiicTBO (poTORIEMEHTa HA OCHOBE CTaJIbHOM (DOJIBIH.
[Iponieccnt P1, P2 u P3 BBIMOMHSIOTCS JIA3EPOM.



HekoTopbie 0TEYECTBEHHBIE YCTAHOBKHU

MJI11 u MJI112

O0OpaboTKa KepaMHUKH, KPUCTAIOB U METAJIJIOB TOJIIIMHOMN 10 4 MM.
Hcnonbs3yrorcsa YAG nazepsl ¢ umityiabcHOM dHepruen 0,1-1 k.
B ycraHoBke obGecrieunBaeTcs HHTEHCUBHOCTD Oomee 107 B1/cm?.



MUJIII101 n
MUJIIT102

M cnonb3yroTCst TBEPAOTEIBHBIE JIA3EPhl C JUOIHOU HAKAYKOM.

[103BOJISIIOT OCYIIECTBIISITH 0OPA0OTKY MAaT€pHaIoB UMIYJIbCAMU
MHTEHCHBHOCTBIO Oonee 10° Br/cm?.



CJICS5150

Creruanu3upoBaHHbIE S-KOOPAMHATHBIC JIa3€PHbIE CTAaHKH JIJIS
00bEMHOM 00pabOTKH MaTEPHAJIOB.



JlazepHbIM HAHOIIUHIIET

3axBaT HaHOYACTHIIBI B (POKyCE



COopKa HaHOYACTHI] JJa3€pPHBIM HAHOIHWHIIETOM




HanonuHiner HeMenko KOMIIaHUU
JPK Instruments







!
' Trap
I
1,064 nm

@ Excitation
532 nm

Photoluminescence
637-750 nm

Objective

JlazepHOo€ U3IIyYeHHUE CO3AAET IHEPTETUUECKYIO IMY B
3JICKTPOMArHUTHOM MOJIE U3JTYYCHHS, B KOTOPOU KOJIeOIeTCs
HAaHOAIMA3.



Jlazeprl B XumMuu

CeneKTUBHOCTh BO30YKJICHUS aTOMOB M MOJIEKYJI B
MHOTOKOMITOHEHTHOM CpEE.

Pa3nenenue u30oToros.
JIazepHas TepMOXUMHUS (TEIUIOBOE CTUMYJIUPOBAHNUE PEAKIIMI).
[ myOoKast oOuMcTKa BEIIECTB.

Co31aHne BEICOKOTEMIIEPATYPHBIX Cpell 0€3 CTEHOK pEaKTopa.
CHHTE3 MEIKOJIUCIIEPCHBIX IMTOPOIIKOB U HAHOYACTHII.

XUMUA TJ1a3Mbl, MHIYIIUPOBAHHON MOIIIHBIM U3JIyYECHUEM.
DeMTOXUMHUS U KHHETHKA CBEPXOBICTPHIX PEAKIIMH.

KOl"CpeHTHOC YIIPpaBJICHUC XUMHUYCCKUMHU PCAKIIUAMMU.



Jlazephl B cucTeMax nepegadyu SHEPruu

CylIlecTByET JBa BHJIa CUCTEM MEpeaadr SHEPTUM J1a3epOM

1) HEmocpencTBEHHAs Iepeaada SHEPTUX HA PACCTOSHUE C TIOMOIIBIO
MOIIHOTO JIy4a.

Hanpumep, nprueMHMKa U3Ty4YCeHUS COACPKUT TEIIJIOBOM JBUTATEb,
CO3JAIOIIMHI TATY 3a CYET NPeoOpa30BaHUS SHEPTUU U3ITYYCHUS B
KUHETUYECKYIO S3HEPTUIO MOJIEKYJI ra3a Mpu HarpeBe u
PACIIMPECHUM.

2) CO31aHHUE C MOMOIIBIO MOIITHOTO JIa3€PHOTO JIy4a
MOHHU3UPOBAHHOIO KaHajla BO3/lyXa B aTMocdepe.

OcHoBHbI€ pa3zpadoTku BeayTcs B CIIA u SAnonum.

B CIIIA ucnonb3yercs YO nzinydeHue (eMTOCEKYHIHON
JUTMTEIIbHOCTH, IPU KOTOPOU JOCTUTAETCS BHICOKAsI MOIIIHOCTb.

B fnonun ncnonbiyerca MK uzinyyenne, KoTopoe NporpeBaeT Ha
CBOEM ITyTH BO3ayX A0 10 ThICAY IpasycoB (yKe MOJTYUYECHBI
KaHaJbl JJIMHOU A0 12 M).



Jlazeprl B uCcTOpUU

CTOyHXEHIXK

CkaHMPOBAHME J1a3€PHBIM JIY4OM MO3BOJISIET YBUAETH BCE
MIOBEPXHOCTH KaMHEN — 0COOCHHO MOKPBITHIC JTUITAHUKOM.
CkaHMpOBaHKE MO3BOJISIET CAEIAaTh TOYHYIO [U(PPOBYIO MOAEIb
COOPYXKEHHUS — €0 pa3MEpPbl U MAJIEUIIINE HEPOBHOCTHU
OIPEACIISIFOTCSA C TOYHOCTHIO 10 0,5 MM.

COBpPEMEHHOE COCTOSTHUE U KOMIIBIOTEPHASI PEKOHCTPYKITHS



Yapiis3z Mopran

J114 n3yd4eHus KOHCTPYKIIMHA €IUHCTBEHHOTO B MUPE YIIEIEBIIETO
JIEePEBIHHOrO KUTOOOMHOrO cynHa «Hapab3z Mopran» (1841 r.)
MCTIONB3YIOTCS JIA3€Phl U PEHTIEHOBCKUE amlliaparhl.

PEeHTreHOBCKMMU JTy4yaMu MPOCBEYNBACTCS KWJIb CY/IHA, a IPU
MIOMOIIIH JIa3epa OOCIEIYIOT BCE AJIEMEHThI KOHCTPYKIIMU KOPaOIs
pa3MepoM J10 3 MM M COCTABJISIIOT UX KAaTaJIOT.
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[TonydeHHOE C TOMONIBIO J1a3€POB TPEXMEPHOE U300paKEHUE
HI>KHETO TproMa. CyiHO MMeeT JuHy 34,7 M U IIUPUHY 8,5 M



['urantckue CKyJIbnTypbl bymibl

Bripeszansl B ckanax B 130 km ot KaOyina u npocrosuin 1600 net u
ObuTM pazpyureHsl B Mapte 2001 roma mo ykazaHuo jaujiepa TaauOoB
MysIbl Omapa.

Teneps nX NPOEKIIMKA BOCCO3aHbI C IOMOIIBIO JIA3EPHBIX JTYUYEH.

140 nzo0pakeHuii BBICOTOM B 52,5 ME€Tpa MOXXKHO HAOII0IaTh B
TEUCHHE YETHIPEX YaCOB BEUEPOM KaXJI0TO BOCKPECECHBSI.

B npoekTe ucmob3yercs YeThIpHAAIATh J1a3€POB, MUTAHUE KOTOPBIX
OCYILIECTBIISAETCA 32 CUET DHEPTUU BETPA U COJTHIIA.




JlazepHble arpoOTEXHOJIOTUU

KpacHbll 1a3epHbBIN JIyY OKA3bIBAET MOJIE3HOE JICHCTBUE HA
HEKOTOPBIC KUBbIC KIIETKH, AKTUBUPYS (PU3UOJIOTHYECKUE MPOIECCHI.
OTO CTUMYJIHUPYET POCT U PA3BUTUE PACTEHUM U TTOBBIIIACT
YCTOMYHUBOCTH PACTEHUHN K OOJIC3HSM.

B pesynbrare ga3zepHoi 00pabOTKH CEMSH HOBBIIIACTCS
YPOXKaHHOCTh 3€pPHOBBIX KYJIBTYP U YIY4YIIalOTCS MYKOMOJIbHBIC U
XJICOOIIEKapHbIE CBOMCTBA 3€pHA.




