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1. BBeaenue
“Unghopmayus — smo ne 3nanue.
Eouncmeennuwviti ucmouyHuxk 3Hanuil — 3mo onovim.”’

Anvbepm DtiHuimetin.

JIA3EP (onTuueckuii KBaHTOBBIN TeHepaTop, abOpeBuaTypa CJI0B aHTJIMICKON
dpaszer: Light Amplification by Stimulated Emission of Radiation, uto o3nagaet
«YCUJICHUE CBETa BBIHY)XJICHHBIM H3JyY€HHUEM») — YCTPOMCTBO, MpeoOpaszyroliee
pa3MyHbIE BUJIBI SHEPTUH (BJIEKTPUUECKYIO, CBETOBYIO, XUMUYECKYIO, TEIUIOBYIO U
TaK Jlajiee) B SHEPTUI0 KOTEPEHTHOTO 3JIEKTPOMArHUTHOTO U3TyYEHUSI ONTUYECKOTO

Mana3oHa.

O6nacTu mnpuUMEHEHHUs Ja3epoB BechbMa pa3sHOOOpa3Hbl, OHHU IIUPOKO
UCIOJB3YIOTCSL B HAayKe, MEIUIMHE, Ha TMPOU3BOJACTBAX, B METPOJIOTHUH,
KOMMYHUKAIIMM, B YyCTpOWCTBax XpaHeHus wuHpopmanuu. Ham oOGocHOBaHMEM
BO3MOXKHOCTH M HETMOCPEJICTBEHHBIM CO3/IaHUs Jlazepa padoTaal MHOTHE YYEHBIE C
Hayana XX Beka. Cambie u3BecTHble U3 HUX — A. DitHmrelH, Y. Tayue, T. Maiiman,

A.M. ITpoxopos, H.I'. bacos.
1.1. Ilpunyun pabomot n1azepa

B 1916 rony A. DUHIITEHH OpeAcCKa3all, 4TO MEPEXO0] IEKTPOHA B aTOME C
0osiee BBICOKOT'O SHEPI€TUYECKOTO YPOBHS Ha PAcMOJIOKEHHBIH HIKE YPOBEHb MPU
OIPEJECICHHBIX YCIIOBUSX MOYKET MHHUIMHUPOBATHCS BHEIIHUM JJIEKTPOMArHUTHBIM
M0JIEM, YacTOTa KOTOPOTro paBHAa cCOOCTBEHHOW 4acToTe mepexoja. BosHukaromiee
OpU 3TOM H3JIYYEHUE HA3bIBAIOT GLIHYHCOCHHOIM WA UHOYUUDOGAHHbBIM.
BoiHyX/1IeHHOE U3IIydeHHe O00J1alaeT yAUBUTENbHBIM CBOMCTBOM. OHO pe3Ko
OTJINYAETCS OT CIOHTAHHOI'O (CaMOIPOM3BOJBHOIO) H3IydYeHHs. B pesynbrare
B3aUMOEHCTBUS BO30YKIEHHOTO aToMa ¢ (POTOHOM (KBAaHTOM 3JIEKTPOMArHUTHOTO
nmojsi) aroM HCOyckaer emé€ oauH (OTOH TOM ke caMOW  YacTOTHI,
PacCIpOCTPAHSAIOIIMICA B TOM K€ HanpasieHUU. Ha sA3bIke BOJHOBOM TEOPUH 3TO

03HAuaeT, 4To BO30YKAEHHBIN aTOM U3JIy4aeT AJIEKTPOMArHUTHYIO BOJIHY, Y KOTOPOI



4acToTa, (haza, moJspU3als U HAIPaBIEHUE PACTIPOCTPAHEHUS TOYHO TaKHUE XKe, KaK
Y y IEPBOHAYAIBHON BOJIHBI, O] BIUSHUEM KOTOPOU M MPOU30LUIO 3TO U3ITyYEHHE.
B pe3yJbTare BBIHYXJEHHOTO UCITyCKaHUsA dboTOHOB aMILIUTyAa
pacnpocTpaHsoleics B cpele BOJHbI Bo3pacTaeT. C TOUKM 3pEHHS] KBaHTOBOW
TEOPUH B pe3yJIbTaTe B3aMMOJICUCTBHS BO30YX AEHHOrO aroma ¢ ()OTOHOM, 4acTOTa
KOTOPOTO pPaBHA YacTOTE IEPEX0]a, MOSBIISIIOTCS JBAa COBEPUIEHHO OJMHAKOBBIX
¢dorona-Onm3Hena. MiIMEHHO HMHIYLHMPOBAHHOE H3Iy4YCHHE SBISIETCS (DU3MUECKOI

OCHOBOM pabOTHI J1a3epOB.
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Pucynox 1. Ycnosnoe uzobpasicenue npoyeccos (a) noenowernus, (b)

CNOHMAHHO2O UCN)YCKAHRUA U (C) MHO)%{MPOBCIHHOZO UCNyYCKAaHUA Keanma ceenia

Teonopy Maitmany, kanudopHuiickomy ¢usuky, B mae 1960 roga ynamoch
IPETBOPUTH 3Ty UICIO B XKU3Hb. JIazep, 1 peanu3auud KOTOPOro UCIOJIb30BAIUCH
KpucTaul pyouna u pezonatop ®@adpu — Ilepo, paboTan UMITyIbCHO, AJIMHA BOJIHbI

cocraBisiia 694,3 HM.

B CCCP Takxe akTUBHO BEJIMCh UCCIIEI0BaHUs IO 3TOW Teme. B 1952 rony nBa
COBETCKMX YYEHBIX — akaJeMHuK Ajexkcanap [IpoxopoB u ero mMosjaoaoil cOTpyaHHMK
Huxkonaii bacoB — BBIICHWIIM, YTO BO3MOYKHO CO3/IaHHE KBAaHTOBOI'O I'€HEPATOpa,
KOTOpBIN OyneT paboTaTh Ha aMMHaKe Ha TeX )K€ MPUHIUIAX, HO HE B ONTHUYECKOM,
a MukpoBosiHOBoM (CBY) nuanazone. CoznaHHOE YCTPOWCTBO MOITYYHIJIO Ha3BaHUE

masep (rae nepsas OykBa M mpOUCXOAMUT OT aHIJIMKACKOTO cioBa Microwave).



Coserckue ¢pusuxu Anekcanap [Ipoxopos u Hukomnaii bacos B Hateil crpane
M3BECTHBI KaK CO3/aTelH Jia3epa. 3a pa3paboTKy paboTaromero pyomHoBOro jazepa
B 1964 rogy um, a Takke aMepUKaHCKOMY yuyeHomy Yapinb3dy TayHCy, npucyauim
HobGenesckyto npemuto no ¢usuke. [Ipemuto pasgenuiyu, NOTOMYy YTO COBETCKHE
yueHsble 1 Y. TayHC 3aHUMaINCh OJHUMH U TEMHU K€ UCCIICIOBAHUSMH 1aPaJIIENbHO,
HE UMes BO3MOKHOCTH 00IIAThCAd U OOMEHUBATHCSI HAYYHBIMU JTOCTUKEHUSIMU U3-32

CymI€CTBOBABHICTO B TC I'OABI <GKCIIC3HOI'O 3aHABCCA».

JlazepHoe wW3IydYeHWE TPENCTABIAET COOOW BUI DIIEKTPOMArHUTHOTO
U3ITy4YeHUs, TCHEPUPYEMOTO B ONTUYECKOM JAHAra3oHe AJUH BONH. OTIUYHE €ro OT
JIPYTUX BHUAOB W3IyYEHUS 3aKII0YaeTCI B MOHOXPOMATUYHOCTH (YaCTOTHI
UCITyCKaeMbIX  (OTOHOB  cOBMaaaroT), KorepeHTHocTH ((Pa3zpl  KojaebaHui
ANIEKTPOMArHUTHOTO TIOJNS COBMAQJAIOT) M BBICOKOH CTETNCHH HAmpaBICHHOCTH

(HampaBieHHs pacipoCTpaHEeHHUs! (OTOHOB TAK)KE COBIAJIAIOT).
JIr060# 1a3epHbIil reHepaTop CONEPKUT TPU HEOTHEMIIEMbIE YaCTH:

Axmusnas_cpeda — BCIICCTBO, B KOTOPOM BO3MOKHO pPCajin30BaTb TAKOC

HEPAaBHOBECHOE paclpelelicHue dYacTull (aToMOB, MOJIEKYJd, HWOHOB) IIO
DHEPTrEeTUYECKUM COCTOSHUSM (YPOBHSM ), YTOOBI XOTS OBI JJIsI OJTHOM MMaphbl YpOBHEH
SHEPTHUH BBITOIHSIOCH YCIIOBUE UHBEPCHOU 3ACENEHHOCMU YPOSHell, TO eCTh 0oJiee
BBICOKHE DHEPTETUUYECKUE COCTOSIHUS ObLIA OBl O0JIee 3aceieHbl, YeM 0oJiee HU3KHE.
HamoMuuM, 9T0 B KBAHTOBOM MHUPE OOBIYHO YEM MEHBIIIE YHEPTUS CUCTEMBI, TEM OHA

OoJiee ycToituupa!

HcmouHuk Hakauxku TEHEPUpPYeT SHEPruio, HEOOXOIUMYIO JIJIsi 0OecreUeHUs

VHBEPCHOM 3aCEJIEHHOCTH M CTHUMYJHPOBAHHOIO H3JIy4YeHHs B cucreMe. Hakauka
MOJKET OCYUIECTBIATHCA PA3IMYHBIMU CIIOCOOAMH, CpeOu KOTOpBhIX Hauboliee
pacnpoCTpaHeHbl BO30YXKAECHHE DJICKTPUUECKUM pa3psIoM M ONTHUYECKUM
uznyyeHueM. OnTuyeckass Hakauyka BO3MOXHa Onaromapsi CBETY JyTOBbIX U

ra3zopaspsaHbIX JaMIl, H3JIYUYCHHIO APYTHUX JIa3€POB U TaK AAJICC.

Onmuueckuii _pezoHamop — 3aMKHyTas CHUCTeMa 3epkay, obOecreduBaronias

MHOTOKPATHOE TIPOXOXKIACHUE POXKAEHHBIX (DOTOHOB UEPe3 WHBEPCHO 3aCEIEHHYIO



aKTUBHYIO Cpely, YTO NPUBOAUT K HX JIABUHHOMY pa3MHOXeHHio. MIMeHHO 3Tn
«HEPaA3TUYUMO-OJJUHAKOBBIE» (OTOHBI W (QPOPMUPYIOT MOHOXPOMATUYECKUI

KOTE€PEHTHBIN HAIIPABJICHHBIN JIA3€PHBIN ITYUYOK.

Ponmp onrtuveckoro pesoHatopa B Jilazepe HE OTPAHUYMBACTCSA TOJBKO
obecrieueHueM noJ0dcumenvHol oopamuou ceszu. I'eomeTpus W oOImas IauHA
OJTHOTO TIPOXOJa PE30HATOPa, a TaK)Ke KPUBHU3HA U CEJICKTHBHBIC OTpPaXKarolIue
CBOMCTBA BXOJIIMX B COCTaB pe3oHaTOpa 3epkail (M, BO3MOXKHO, JPYIHX
YIPAaBIAIONIMX TapaMeTpaMH  pe30HaTopa JJIEMEHTOB) 3aJal0T  BBIXOJHBIE
POCTPAHCTBEHHBIC, YHEPreTHYCCKHUE W BPEMEHHBIC IapaMeTPbl T'€HEPHUPYEMOTO

JIA3CPHOI'0 U3JIYUCHUA.

[Tpumep npocTeitiero kKoH(GOKaIbHOrO pe30HaTOpa noka3aH Ha Pucynke 2.

[nyxoe 3epkano

AKTMBHaA cpeaa

®okycupyrowan
/INH3a

Haka4yka
(NasepHbIit anopn)

MNMonynpospayHoe
BbIXOAHOE 3epKang \

Chepuyeckue
3epkana

PMC_)/HOK 2. Onmuueckas cxema aKkmuHo20 KOH¢OKCZJZbHOZO pe3onamopa.



1.2. Paznosuonocmu nazepoe
B Hacrosimiee BpeMs CymiecTByeT KiacCHU(pUKAMS ONTHYECKUX JIa3ePHBIX
Te€HEPATOPOB [0 arperaTHOMY COCTOSIHUIO JITA3€PHOT0 aKTUBHOTO BEILIECTBA U CIIOCO0Y

€ro BO30YXKICHHUS:

l'a306vble — B KOTOPBIX aKTUBHAs cpena (GOpMUPYETCs U3 ra30B WK UX CMecel
C O4YEeHb HU3KUM JaBjeHHEM. VICTOUHMKOM SHEpruu BBICTYNAET pa3psl
3JIEKTPUYECTBA, IPOU3BOJUMBIN T€HEPATOPOM BBICOKHMX 4acTOT. ['a30BbIi reHepaTop
XapaKTEPHU3yeTCs] HENPEPBIBHOCTBIO M3Iy4YeHHUs. B Takux ja3zepax HMCHOJIb3YETCS
JUIMHHBIE CTEKJIIHHbIE TPYOKM C aKTUBHOM Ta30BOM CPENOi, ITO CBA3aHO C BEChMa

HEBBICOKOH MJIOTHOCTHIO I'a30B.

Kuokocmuuvle — I CO3IaHMSI AKTHUBHOM Cpeabl MPUMEHSIIOT PacTBOPbI
OpraHUYeCcKUX coeMHEeHUH. VX MIOTHOCTD BhIIIE, YEM IIJIOTHOCTD Ia3a, U HIXKE, YeM
IUIOTHOCTh TBEPABIX Tei. Takue yazepsl MOTyT u3iydarh A0 20 BT BbIxonHOM
MOIIHOCTH, TPU HTOM OOBEM AaKTHUBHOIO BEIIECTBA OCTACTCS CPaBHUTEIBHO
HeOospmuM. Jlazepsl JaHHOro THHa pabOTalOT KaKk B HMMIYJIbCHOM, TaK U B
HEIPEPBIBHOM pEKUMax. B KkauecTBe MCTOUHMKA HAKAYKU UCIIOJIb3YIOT UMITYJIbCHBIE

JIaMIIbI UJIN APYTHC BHCIITHHUC JIa3CPhI.

Ilonynposoonuxogvie — B KAUECTBE aKTUBHOM CpEbl MCIOJIB3YIOT KPUCTAILI

noyynpoBogHuka. OT BCeX OCTAJIbHBIX JIA3€pOB OHU OTIMYAIOTCS TEM, YTO
U3JTy4aTebHbIE MEPEXObl 3/1€Ch NMPOUCXOIAT HE MEXKIY YPOBHAMH aTOMOB WJIU
HMOHOB, & MEXIY YHEPreTUYeCKUMU 30HAMHU MOJIYIIPOBOJHUKOBOIO KpucTtasuia. [Tpu
3TOM AKTUBHBIMH YaCTHIIAMH BELIECTBA SIBJISIFOTCS CaMU 3JIEKTpOHbI. Hakauka Takux
TE€HEPATOPOB OCYIIECTBIAETCSI MMITYJIbCHBIM HWJIM IOCTOSIHHBIM 3JIEKTPUYECKUM
TOKOM, a MHUHMATIOPHBIA ONTHYECKH pe3oHaTop ([JIMHA pe3oHaTopa JIEKUT B
MUKPOHHOM JIMaIla30HEe) MOXKET ObITh 00pa30BaH €CTECTBEHHBIMU CKOJAMH CaMOTO

MMOJYIIPOBOOJHHUKOBOT'O KpHUCTAJLJIA.

TeepoomenvHble — B KauyeCTBE AKTHUBHOM  Cpelbl  MCHOJB3YIOTCS

KPUCTAIUTMYECKHE U aMop(HbIe TBEpJble CPENbl, aKTUBUPOBAHHBIE PA3TUYHBIMU

HOHaMH, a UCTOYHHUKAMH OHCPIHU MOT'YT CIYXUTb HMIIYJIBCHBIC T'a30Pa3psIHbIC



JaMIIbl WM JOTOJIHUTENIbHbIE BHEIIHUE Ja3ephl. B 3aBUCHMOCTH OT THIIAa aKTUBHOTO
3JIEMEHTA JIa3epHOEe U3JIyuyeHHe FeHEPUPYETCs C PasiIndHOl 3(p(PEeKTUBHOCTBIO U Ha

PAa3HLBIX JJIMHAX BOJIH.

Cy111ecTBYIOT aKTUBHBIE CPEJIbI, I03BOJISIOLINE O0ECIIEUNTh FEHEPALIMIO Jla3epa
B IIMPOKOM CIEKTPaJIbHOM Juana3oHe. HekoTropble H3 aKTUBHBIX Cpeq
npencTtaBieHsl Ha Pucynke 3. AKTHBHBIE CpeObl CHCTEMAaTe3WPOBaHBI IO
MHUHHMMAJIbHBIM JUIMHAM BOJIH, KOTOpBIE OHHU CIIOCOOHBI reHepupoBaTh. Lllupuna
YEPHOTO MPSMOYTOJbHUKA COOTBETCTBYET JHAa30Hy BO3MOXKHOM IepecTporKu
TeHEepPUPYEMOl IJIMHBI BOJHBL. THTaH-candupoBble J1a3epbl MOTYT MEpeCcCTPanBaThCs
B obmactu anmuH BoiaH 650 — 1100 HM, KOTOpas sIBISETCS MPAKTHUECKH CaMOM

IIMPOKOM U3 MPEACTABICHHBIX HA PUCYHKE AKTUBHBIX CPE/.

650 1100
|
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Pucynok 3. Akmuensvie cpedvl meepoomenbHbIX 1a3epPos ¢
nepecmpausaemori OJUHOU BOIHbL



2. AKTYaJIbHOCTh U 3HAYMMOCTH MPOEKTA

TBeproTenbHble TUTaH-canupoBble Jazepsl [1-2] ocTaloTcs MOMYNISAPHBIM U
MIMPOKO PACHpOCTPaHEHHBIM HMCTOYHUKOM KOTE€PEHTHOTO CBETa [IJIsi HAy4YHbIX
WCCJICIOBAHUM, MEIUIIMHCKUX W TEXHOJOTHYECKUX TPHUJIOKCHUN, BKIIIOYAS
HEJIMHEWHYIO  ONTHKY, (U3UKY IUJ1a3Mbl, (PEMTOXUMHUIO, MHOTO(POTOHHYIO
BU3yaJIM3allsl OMOJIOTMYECKUX OOBEKTOB, JA3EPHYIO XHPYPIHIO, MUKPOOOPaOOTKY
pa3IMyYHBIX MaTepHaloB U Tak janee. braromaps upe3BblYaiiHO IIUPOKOH MoJioce
ycuneusi 650—1100 HM KpucTaUl OKCHAA ATIOMHHUA, JETMPOBAHHOTO THUTAHOM
(T1:Al,0O3), monw3yeTcst OOIBIIMM CITPOCOM B KQU€CTBE aKTHBHOM CPEIBI JIJISI CO3TaHUS
KaK TepecTpanBaeMbIX HEMPEPHIBHBIX JIA3€POB, TaK U HUMITYJIBCHBIX JIA3€POB C

CHHXPOHH3AIMEN MOJI, JAIOLIUX MMIYJILCHI JUIMTEIBHOCTEIO Kopode 5 ¢e (10715¢).

CrekTpa/ibHble XapaKTePHCTHKH AKTHBHOM cpeabl
THTaH-canpupoBoro Jas3epa

]Iovl- H3iaydenne
0,8

0,6

0,4

0,2

OTHOCHTEIbHAS HHTEHCHBHO CTh

0

400 500 600 700 800 900 1000 1100
JITHHA BOJIHBL, HM

Pucynox 4. Cnexmpanvuvie xapaxmepucmuxu Ti:Al;O;3

Ti1:AlLO3; 3¢ dexTrBHO MOIIOIIAET B CIEKTpadbHOM auamnazone ot 450 no
550 HM, 4YTO COOTBETCTBYET CHUHE-3€JEHONM YacTM  BUJUMOIO  CIIEKTpa.
CrieKTpoCcKONUYeCKue 0COOCHHOCTH 3TOM aKTUBHOM Cpejbl MO3BOJISIOT YTBEPKAATh,
91O Uit €€ HAKauKl XOpOUIO MOAXOJMUT JMHEHHO-MOISPU30BAHHOE JIA3epHOE
uznyuenue [3-4]. B mepBbix THTaH-can(UpOBBIX Jlazepax I HAaKauyKH

UCIIOJIb30BAINCh apPTOHOBBIC (ra30BbIC) Ja3epbl C JUIMHAMHU BOJIH 488 u 514 HM.



[TozmHee nnsi HaKAyKW CTaJd WCIOJIB30BaTh 00Jie€ KOMITAKTHBIC HETPEPHIBHBIC
HEOJMMOBBIE JIa3€phl C BHYTPUPE30OHATOPHBIM YABOECHHUEM 4YacTOThl (532 HM) Wiu
UTTEepOMEBBIC C MPEIBAPUTEIIBHBIM YJIBOCHHEM 4acTOThl (525 HM). To ecTh, BO Bcex
BBITIICTICPEUNCIICHHBIX CIIy4asx, NIl HAaKauKu THTaH-Ca(pUPOBHIX JIA3EPHBIX CHCTEM
UCIIOJIb30BAJICS OJMH M3 TMEPEUYMCICHHbIX WJIM HHOW JIOCTATOYHO CIOXHBIM U
MPEU3UOHHBIN TONOJHUTEIBHBIN JTa3epHBIN HCTOYHUK U3ITyUYEeHUSI. DTO IPUBOJUIIO K
KPaTHOMY YCIIO)KHEHUIO M COOTBETCTBYIOIIEMY YIOPOXAHUIO THUTaH-CA(pUPOBBIX

JA3CPHBIX CUCTCM.

T"a30BbIi1 aproHOBEI J1a3ep. TBepaoTenbHBIM a3ep ¢ JlazepHslii nuon
BHYTPUPE30HATOPHBIM
YABOCHUEM YaCTOTHI.

Pucynox 5. Paznuunvie munsl 1a3epos, npumerHumole 01 HaKA4Ku
MUuman-cangpuposoli akmusHou cpeobwi.

Curyanuus U3MEHWIACH C MOABIEHUEM JTOCTYIIHBIX U HEOPOTUX CUHE-3EJIEHBIX
Ja3epHBIX CBETOAMOIOB [5], 3a pa3paboTky koTophix Mcama Akacaku, Xupocu AMaHo
u Cron3u Hakamypa 6b1m1 ynoctoensl Hobenesckoii npemuu no ¢pusuke B 2014 roxy.
CuHe-3en€Hble Jla3epHbIE CBETOAMOJbI CHOCOOHBI W3JydyaTh Ha JUIMHAX BOJIH B
nuana3zoHe 450 — 550 HM, 4TO J1eJaeT UX MOTEHUUAIbHO MPUTOJHBIMU JUISl CO3/IaHHUS
TUTaH-canUpPOBOTO Jlazepa ¢ NPsMON AUOJAHOM Hakaukou [6—7]. JlaHHBIA MOJIXO]
JemaeT KOHCTPYKIMIO Ja3zepa Oojiee MPOCTOW ©  HAAEKHOW. YMEHBIIAIOTCS
rabapUTHBIE pa3MepPhI U YyBCTBUTEIBLHOCTD K BO3JICHCTBUSAM OKPYKAIOLIEH CPE/Ibl, UTO
B CBOIO oOuepelb paclupser o0JacTh NPUMEHEHHs MOJOOHBIX Ja3epoB. OTH
OYEBHJIHBIE TPEUMYILECTBA JIEJAI0T TEMATHKY TaHHOIO MPOEKTa BECbMA aKTyaJIbHOM.
PaGota B 3TOM HampaBJ€HUH OTKPHIBAET IEPCIEKTUBBI CO3JAaHUS KOMITAKTHBIX,
HEJIOPOTUX U 3HEProd(PPEeKTUBHBIX TBEPAOTEIBHBIX JIA3€PHBIX CHCTEM Ha TUTaH-

candupe (B TOM YHCIE U UMIYJIbCHBIX — (DEMTOCEKYHIHBIX) C MPSAMOM AMOIHON

10



HaKaukoh. Yixke CCroaHss OHU MOTYT OBITH HUCIIOJIB30BaHbI, KaK COCTaBHBLIC YaCTH

MCIUIMWHCKHUX WUJIN ITPOU3BOJCTBCHHBIX YCTAHOBOK.

3. Leanb mpoekTa
[lenbto paboOThl SABISETCS CO3JaHUME MaKeTa MEepecTPauBacMoOro B IIMPOKOM
CIIEKTPaJIbHOM JHMaIa3oHe MOIIHOTO Jla3epa Ha KpucTtajie Tutan candupa Ti:Al,O3 ¢
NPUMEHEHUEM HWHHOBAIMOHHOTO METOJa MPSMON HaKadKd aKTHBHOW Cpeabl MpH
MOMOIIA MOITHBIX JIa3€pHBIX JUOJIOB, W3IyYAIONIMX Ha JJIMHAX BOJH B CHHEM

(445 — 470 um) u 3enénoM (520-532 HM) CHIEKTpaIbHBIX JUAMa30HaX.
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4. IIpakTHyeckasi 4acThb

4.1 bnox numanusa u ynpaeieHus 1a3epHolMu Ouooamu
Jlnst paboThl JIa3epHBIX JUOJOB HAaKa4Kd HA HHUX HEOOXOIWMO TIOJAaTh
HanpsHKeHUe, 00ecrneurnBaroniee CTadUIbHBIN ONTUMATBHBIN ISl JAHHBIX AUOJI0B TOK,
U KOHTPOJIMPOBATh MX TEMIIEpaTypy, uyToObl H30bexkaTh meperpesa. s 3Toro Obul
UCIIOJIb30BaH HA0Op JOCTYMHBIX MOAYJIEH, KOTOphle OBbUIM pa3MelieHbl Ha
OOBEIUHSIONIEH METATMYECKOW IUIaCTHHE, MOMEIIEHHON BHYTPh CTaHAAPTHOTO
Kopryca. B pesynbrare monyuyuiics NpEeACTaBICHHBIM HAa PUCYHKE HUKE BIIOJHE

3aKOHYEHHbIN OJIOK YIIPaBICHUS U KOHTPOJIS TAPAMETPOB JIA3EPHBIX TUOOB.

Cunosas pacnpegenurenbHan
KoNoAKa

| WHTepdelicHan nnaTta

TepMOKOHTPOANEP C BBIHOCHBIMM
AaT4MKamMu TemnepaTypbl

‘ [paliBep nazepHbix AMOO0B ’—

‘ KHonka BHHIO'-IEHVIH/BI:IHJ'IIOHEHHH )—

Pucynox 6. brok numanus u ynpasienus 1a3epHulmu Ou00amu

brok muTanus u ynpaBieHUs TUOJaMU HaKaYKHA BKIIFOYAN B CeOsl CIEAYIOIIHE
OCHOBHBIC AJIEMEHTHI: JIBa JpaiiBepa IU0A0B, CUCTEMY HAOJIIOICHHS 3a TEMIIEPaTypOut
nuona  (TEPMOKOHTPOJIIEP C BBIHOCHBIMU TE€pMOJAaTYMKaMu) W HUHTepdeiic
B3aUMOJICUCTBHS C KOMIIBIOTEPOM.

Ucnonb3yembie dpatigepvl  0uo0o8 — 3TO HCTOUYHHMKU ITOCTOSIHHOTO TOKa,

JMHEWHBIC, OECITyMHBIE M TOYHBIE, KOTOpbIE 00ECTIEUMBAIOT MOCTOSHHOE 3HAUYEHUE
TOKa, TOJaBaeMOro Ha Jla3epHble IUOABl. B paboTe HCHob30BaioCh 2 TaKUX
npaiiBepa, TaK Kak creru@uiupyeMble TOKM BBIOpAHHBIX HaMU JUOAOB OBLIH
pa3IMYHBIMU (11 1U0Ja 525 HM MaKCUMAaJIbHBIA TOK COCTaBIIsLT 2A, a 1Jid JAHOJIOB
455uam m 465uM — 3A). Jlmoner Ha 465 HM U 455 HM OBUIM TIOJKIIOYCHBI

MOCJIEA0OBATEIIBHO K OJHOMY ApanBepy. JpaiBephl MO3BOJISIOT IUNIABHO PETYIUPOBATH
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TOK B Auana3oHe ot 0 10 3.5 A v noaepKuBaTh yCTAHOBIEHHBII TOK C TOYHOCTBIO HE
xyxe 0,001 A.

IIpu NOBBIIIEHNH TOKA TEMIIEPATYPA JIA3EPHBIX IUOJ0B CUIBHO BO3pACcTalIa, YTO
MOIVIO IIPUBECTH K BBIXOAY JUOAOB W3 CTpos. IIOCTOSIHHBIM KOHTpOJIb 3a

TEMIIEpATypOrd  JHUOJOB  OCYILIECTBIBUI  MEPMOKOHMPONLIED  C  BbIHOCHbIMU

mepmooamuyukamu __memnepamypsi.  [lnmata  TepMOKOHTposiepa  IMO3BOJsIA

OJIHOBPEMEHHO TMOAKIIOYUTh J10 4 BBIHOCHBIX JATYUKOB. BBIHOCHBIE JAaTYUKH
PUKJIEUBAIMCH TEPMOKJIIEEM HETIOCPEICTBEHHO K 3a/IHeH cTeHke 11o0B (PucyHok 6).
OObenuHeHNe BCeX IUIAT B €AMHYIO CHCTEMY BBIMOJHSUIOCH MPH MOMOIIH

unmepgeticnou niamoi, 00€CTICUNBAIOIICH B3aUMOJICHCTBHAE C KOMITBIOTEPOM.

VYrpasienue pexumamMu padOThl JUOJOB, YCTAHOBKA TEKYIIETO 3HAYEHUS
TOKOB, BKJIOUEHUE W BBIKIIIOYEHUE, U KOHTPOJb TEMIEPATYp OCYIIECTBISIICS
HETOCPEACTBEHHO ¢ KoMITbloTepa uepe3 uatepdeiic USB mpu nomotu ynpasistorieit

MIPOTPaMMBI.

Fump ¥

Stop
Set1 5:; mode
Set 2 2 2| | (% Main
_J Service

Do Statis 1 Running
Jinde Status 2 Running
Tempersture LD1 34.9°%C
Temperature LD2 35.99C
Temperature LD3 33.2%C
Curment 1 104 A
Current 2 257 A
Device Statie oK

Debug info
Cperating Time 14:41:13

Pucynok 7. Buo oxna npozpammul, ynpasiaoweti pexcumamu pabomuosl Ouo008
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4.2 Texnuueckoe ucnonnenue coopku oepricamein OU0008
Jlna peanu3anuu nMpoekTa HeoOX0IUMO ObLIO YCTAaHOBHUTDH JIa3epHBIE AHOJbI B
KECTKUE NepKATEeIM U O00ECIEeUUuTh OT HUX XOPOIIMN TEIUIOOTBOJ, TaK Kak IpH
00JBIIMX TOKaX OHU HarpeBatoTcs 10 TemrnepaTypsl 100°C Bcero 3a HECKOJIBKO MUHYT.
Jlis ynoOcTBa yCTaHOBKU AMOJOB B ONITUYECKYIO CXEMY U 00ECIIeueHusl OTBOJA TEIUIa
ObUIa CIPOEKTUPOBAaHA, HAau€pue€Ha M M3TOTOBJIEHA KOHCTPyKUHUs nepxkarens, 3D

MOJI€TIb KOTOPOM NPEJCTaBJIEHA HA PUCYHKE 8.

A-A(1:1)

A
\ llpuxum Guoda

1 Mecmo dna ycmarnobku
mepModamyuka

H3nyqarwwud duod

45

MaccubHoe ocHoBaHue

Pucynox 8. Mooenwv depaicamens nazeprozo ouooa

B skcnepumenTe mpeanonaranock UCIOiIb30BaTh TpH auonaa. Mx neodxomumo
ObLIO PacHoJOXKUTh Ha €AMHOM OXJaXJaeMOW MOHTaXHOH mumre. KoHCTpyKuus
TEPMOCTAOMIIM3UPOBAHHON TUIMTHI Takke Obuta crmpoektupoBaHa (cM. 3D-momens
coopku Ha pucyHke 10), HaduepueHa 1 U3rorosyeHa. [ cbéMa Temna ot Bceil cOopku
B OCHOBaHMH ObUIN NIPEAYCMOTPEHBI CKBO3HBIE OTBEPCTHSI M UEPE3 HUX ObLI 00ecneueH
OPOTOK OXJAKIAIOMIEH JKUIKOCTH TMPU TOMOIIM CHCTEMbl OXJXKIACHUS H
HNOJJEPKAHUSL TEMIIEpaTypbl 3aMKHYTOro mukia (dumiuiepa). Ilpu nopaepxanun
TEMIIEPATYPbI OXJIAXKIAOIEH KUAKOCTH Ha ypoBHE (21+1)°C ynanock 1odbutbcs Toro,

yTOOBl paboure TeMIepaTypbl JA3€pHBIX JHUOJAOB HE BBIXOJWIM 3a PaMKH
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cnenuuIupyemMsix npousBoauteneMm. [lpu mombope pabouero pexuma Obun
U3MEPEHBbI 3aBUCUMOCTH TEMIIEPATYPhl TUOJOB OT BEIMYHMHBI IMPOTEKAIOIIETO TOKA,

OJIHAa U3 KOTOPBIX MPEICTABICHA HA PUCYHKE 9 HUXKE.

3aBHCHMOCTD TEMIEPATYPhI JIA3€pPHOI0 JH0da OT TOKa

36,0

34,0

32,0

30,0

28,0

26,0

24,0

Temmepatypa, °C

22,0

20,0
0,2 0,7 1,2 1,7 2,2 2,7 3,2
Tok, A

Pucynoxk 9. 3asucumocms memnepamypul 1a3epHo2o 0uo00a om eeIUdUHbl MOKA

Cmouku ¢ usaysarwyumu duodamu

Koppexkmupyruwue ny4ok AUH3bI

OcHoBarue

Kana e BodaHozo oxnaxderus

Pucynox 10. Mooenv coopku mpex ouo0o8 ¢ Koppekmupyrouumu IuH3aMu Ha
MepMOCmaOUIUZUPOBAHHOU NAUMe
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4.3 Xapaxmepucmuku ucnoJib3yemuvix 0uo0os

Jl51s ipoekTHOM paboThl ObUIM BRIOPAHBI TPH TUIA JOCTYIMHBIX HA CETOTHSALTHHMA
JI€Hb BBICOKOMOIIIHBIX CHHE-3€JIEHBIX JIa3€pHBIX JMOJIOB, T€HEPUPYIOIIMX Ha TPEX
pa3IMYHBIX JJIMHAX BOJIH, MOMAJAOUIMX B JAMANa30H MOTJIOUICHUs TUTaH-carndupa.
[Tpu momo1m crieKTpoMeTpa ObLIN OIIPEIETIEHBI pealbHbIE LIEHTPAJIbHBIE JUIMHBI BOJIH
CIIEKTPOB H3JIYYEHMs ATUX AMOJIOB (TIpH (PUKCHpoBaHHOU paboueil Temmeparype).
[TommyueHnHble cneKTpel NMpUBEACHbI Ha rpaduke Huxke (pucyHok 11). Taxxke Obul
U3MEpPEH CIEKTp IMOIVIOIIEHUE MOATrOTOBJIEHHOIO KpuUCTajlla TUTaH-candupa B
MHTEPECYIOIIEM HaC AUara3oHe JJIMH BOJIH ((KENTast KpuBasi HOPMHUPOBAHHOTO CIIEKTpa

MOTJIONICHMSI TIPUBE/ICHA HA TOM XK€ rpaduke).

I’I.’iMe]ZIEHHble CIIEKTPbI UCIOJAb3YEMbBIX THOI0B H IIOIVIOMICHHE
THTaH-cqu)HPOBOFO KPpHCTA/LlIa B 3aBHCHMOCTH OT A/JIHHBI BO/IHbI

! ! : :
100 i 1 - |

[#.s]
=]

-
I -
N

'
425 445 465 485 505 525 545
JITHA BOIIHEI, HM

(=)
(=]

.
=]

TTornomenue, %o

2

=

Pucynox 11. Hsmepennvie cnekmpul Ucnonb3yemvlx Ou0008 U no2ioujeHue
MUMAaH-canpuposo2o KPUCmaiid 6 3a8UCUMOCU Om OJTUHbBL BOJIHbI

W3 nponenaHHbIX U3MEPEHUM BUAHO, YTO ITOIVIOLIEHHWE COCTABIIAET IJIS BCEX
Tpex 1nonoB Oosee 78%, YTO TOBOPUT O TOM, UTO BBIOPAHHBIE AUObI C JUIMHAMU BOJIH

455, 465 u 526 HM MOHO HCIIOIH30BATh JIsl HAKAYKU TUTAH can@upoBOTO J1a3epa.

Kak yxe oTrMmeuanoch panee, JJii ONTHUYECKONH HAKayKud TUTaH-Car(@UpoOBOIO
Jazepa MOMUMO JJIMHBI BOJIHBI BA)KHOE 3HAUYEHHE MMEET MOJSIpU3aLUs U3ITyYeHUs

HCTOYHHNKA HAKAYKHU.
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Lonapuzayus ABIIACTCA OJHHUM n3 Ba’XHBIX CBOMCTB CBCTa KakK

AIIEKTPOMArHUTHOW BOJHBI. YUTOOBI MPUMEPHO MPEACTABUTH, KaK MPOSBIAETCS 3TO
CBOMCTBO, pacCMOTPUM BHayajle AaHAJOTMYHOE CBOWCTBO MEXaHUYECKHX BOJIH.
Ilepemeras Tyna-croaa pykor KOHEL YIIPYTOro IHypa Xa0TUYHO, HE IIPUIEPKUBASICh
HUKaKOI'0 OIPENEJICHHOIO HAINpaBJiIEHMs, MOXHO BO30YyAUTb B HEM KoJeOaHMs,
KOTOpBIE OBICTPO OyAyT MEHATh CBOE HAIIpaBJIEHWE B INpocTpaHCTBE. Eciy Mbl
MPOITYCTUM 3TOT IIHYP Yepe3 Y3KYIO LIENb, TO 3a MIETBI0 OCTAHYTCS TOJIBKO KOJICOaHUS
B OJIHOH IUIOCKOCTH, COBIAJAIOIIEH CO 1Ieb0. B aToM citydae Gerymias 3a IIEJbiO
BOJIHAa OyJleT Ha3bIBAaThCS IJIOCKOMOJIsIpU30BaHHOU. Ha pucyHke HIKe mpencTaBieH

IIPUMEP TAKOW BOJIHBI, OJSIPU30BAHHON B BEPTUKAIBHOM INIOCKOCTH.

a)

a) nﬁ\\

& \
= |
) I\

Pucynox 12.

a) Ecnmu o6pyces 3ab60opoe O6yoym eepmukaivHbl U napaiieivHvl oOpye opyey,
Konebanus 0yoym npoxooums noaHocmsio. Ilonnoe npoxoosicoenue 80Hbl.

0) Ecau opyces 3a60pos 6y0ym nepneHOuKyIsApHol Opye opyey, mo nocie 8mopo2o
3a60pa KoNeOaHUsi NOJHOCMbIO NO2ACAMCA U NPOXONCOEHUEe BEPMUKATLHO

I’lO]ZﬂleS’O@ClHHOlZ B0JIHbl CKB03b NpENAMCNIBUE OKANCEMCA HEBO3MOINHCHBIM.

He BmaBasch B pamkax JaHHOTO MpoekTa B (U3WYECKUE MPUYUHBI SBICHUH,
MPUBOAAIIMX K TOM WJIM HHOU MOJIIPU3ALUN U3IIYYEHUS JIA3€PHBIX TUOJI0B, OTMETUM
JUIIb, YTO M3JIy4YeHHE BCeX TPEX TUIMOB BBIOPAHHBIX HAMH JIA3ePHBIX JIHOJIOB
O0Ka3ajoCh  IUIOCKOIOJSPU30BAaHHBIM, B  4Ye€M MBI  CMOTJM  YOEIUThCS
AKCIIEPUMEHTAIILHO, HAOFOIasl 32 MPOXOXKACHUEM UX U3ITydCHHS Yepe3 MOJIIPU3aTop

IMIpu €ro BpPAIICHUU. HCXO,Z[H Hn3 3TOro (baKTa I[P MOHTAXC JIA3CPHBIX AWMOIOB B
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JIep’KaTeTl Ba)XKHO OBLJIO YCTAaHOBUTH HMX TaKUM 0O0pa3oM, YTOOBI HaNpaBJICHHE
MOJISAPU3ALMN HU3JIYyYEHHs] HAXOAWIOCh B TOPU30HTAJIBHOW IUIOCKOCTH. JljIst 3TOTO
IoCJIe JTMOAa YCTAHABJIMBAJICS IOJIIPU3ATOP TaKMM OOpa3oM, YTOOBI IPOITYCKaTh
TOJIPKO BEPTUKATHHYIO MOJISIPU3AIINIO U, Bpallasi Ja3epHBII TUO B JepiKaTesie BOKPYT
CBOEH OCH, MBI JOOMBAJIHMCH IOJIHOTO TallICHUS MPOIICAIEro u3aydeHus. [lomHoe
ralieHre O3Hayajao, 4YTO MOJsApu3anus MoBEpHyTa poBHO Ha 90 rpagycoB u eé
MJIOCKOCTh TOPU3OHTAIbHA. B TakoM TMOJOKEHHWH TUOABI KECTKO (PHUKCHPOBAIHCH

IMPUKUMHBIMHA KOJIbLIaAMH.

B X0I¢C HpOGKTHOﬁ pa6OTI>I TaKk ke ObUIH HU3MCPCHBI MOIIHOCTHBIC

XapaKTCPUCTUKU ANOJ0B B 3aBUCUMOCTHU OT IIPOTCKAIOIICTIO YCPE3 HUX TOKA.

3aBHCHMOCTh BBIXOJHOII MOIIIHOCTH OT MOJAABaeMOI0 TOKA
IJIS1 JHOJO0B ¢ JJHHAMH BoJIH 455,465 1 526 HM.

7000,0
=8 /1o 455 HMm
& 6000,0 —8— /1107, 465 HM
= —8— [11oA, 526 HM
< 5000,0
[&]
S
=
= 4000,0
=)
=
& 3000,0
=
S
7 2000,0
as]
1000,0
0,0
0,2 0,7 1,2 1,7 2,2 2,7 3,2

Tok, A

Pucynok 13. 3asucumocms 861X00HOU MOWHOCMU U3TLYUEeHUsI OM MOKA Yepe3 OU0O

0J151 OUO008 MPEX MUNOB

B nazepe na ocnose Ti:Al,O3; akTuBHOM cpeapl At obecreueHns CTaOMIbHON
paloThI M3MyvaTesst MyTéM HACBILICHUS HHBEPCHH HaceIEHHOCTEH He00OX0MMa OCTPO
coKycHpOoBaHHAs B KPUCTAILT IPOAOJIbHAS ONTHYECKAs! HAKAYKa BHICOKOW MOIIIHOCTH
(6onee 3 Br). [Iponenannple HaMu U3MEPEHMsI MOKA3ald, YTO MpPU pabOYUX TOKaX

muoaoB (3A nisa nuonoB 455 um u 465 HM, 2A 11t iuoja 526 HM) yaaérces moJIyYuTh

18



CYMMAapHYIO BBIXOJIHYIO MOIIHOCTBIO cOOpKHU u3 Tpéx auoaoB 6onee 10 Bt. OmuHako
HAJ0 Y4YEeCTh, YTO KAYECTBO ITyYKa Y JIA3ePHBIX JTUOJOB 3HAYHUTEIHHO XY)KE, YeM Y

TPAAUIIUOHHO HUCIIOJB3YEMBIX IJIS1 HAKAYKHU TI/ITaH-CaH(i)I/Ipa BHCIIHHX JIA3CPOB.

JlazepHsIit quon TBepaOTENBHBIN J1A3EP C BHYTPUPE3OHATOPHBIM
yJIBOEHUEM YaCTOThI

PucyHOK 14. Kauecmso Nny4Koe6 pa3jiudHsvlx UCMOYHUKOB HAKAYKU

I[JI}I KOPPCKOUN aCTUTMATH3MaA U PACXOJHUMOCTH ITYYKOB JIA3CPHBIX AHOJ0B B

CXeMe JIJIsl K&KI0TO Aroja OB yCTaHOBIEH Teneckor 3,2:1.

JInnaza
JIA3epHOTo
aHoaa

Pucynoxk 15. Jlunzoswiii meneckon

Kaxnapiii Temeckon CcOCTOsI M3 IUIOCKO-BBIMYKJIOW W IUIOCKO-BOTHYTOM
KOPPEKTUPYIOIMIMNX HWIUMHAPUYECKUX JIMH3, 3aKPETUIEHHBIX HA JIEpKATEIAX, KOTOPHIE
MMEIIM BO3MOKHOCTh TE€PECTaBIATHCS BIOJIb ONTHYECKOW ocu. PaszpaboranHas
KOHCTPYKUHMS M3 JABYX THIATEIbHO MOJOOpPAHHBIX S  KaXIOro JAHOAA
UUJIMHAPUYECKUX JIMH3 MTO3BOJIMJIA PETYIUPOBATh PACXOJMMOCTh ITYYKOB Ja3€pPHBIX
JTMOJIOB B IJIOCKOCTU OBICTPOM OCH HE3aBUCUMO OT TUIOCKOCTH MEJJICHHON OCH IyTEM
MepEeMEeIEHHs TIOCKO-BOIHYTOM JIMH3BI, T0OMBAsICh MaKCUMaJIbHOTO COTJIACOBAHMS
MEepeTsHKEK Mo IBYM ocsiM. KOHTpoIb M3MEpEHHBIX TapaMEeTPOB IyYKOB 0€3 Teneckona
U C €ro HMCIOJIb30BAaHUEM ITPOBOJMJICSA IMPU NOMOIIM CHCTEMBI TOYHOI'O AHAIIM3A
XapaKTepUCTHK KaycTUkH cokycupoBanHoro uznydenus “BEAM SQUARED” ot
koMmnanuu “Spiricon”. Taxxke Tereckonom Oblla MOJIpaBieHa U ¢opma Mmydyka: OH
cTaql Onmke K KBajapaTHOW ¢opme, a 3HAYUT, CHOKYCHPOBABUINCH B aKTHBHOM

aJieMeHTe, OyIeT UMETh Jydlllee NEPEKPBITHE C MTyYKOM IeHepaliu B pe30HaTope.
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Measured Caustic Fit
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Pucynox 16.

A) Ilepemsoicku be3 meneckona.
b) Cosmewyennvie no 08ym ocsim nepemsidicku ¢ UCHONb308AHUEM MENECKONd.
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4.4 Cxema ycmanoeku
Ha 6a3e kommiiekTa ONTHYECKUX U MEXaHUYECKIX KOMIIOHEHTOB, COJIEPIKAIIIETO
BC€ HEOOXOIMMOE /ISl CO3JIaHMs PA3IMYHBIX KOH(UTYpaIuii TBEPAOTEIBHOTO Ja3epa
Ha KpUCTaule TUTaH-candupa, ObuUT coOpaH MakeT. MakeT MO3BOJISIT TPOU3BOINTH
HaKayKy aKTUBHOTO DJIEMEHTa pa3jMYHbIMH CIOCO0AMH W THIIAMH JIa3ePHBIX

HCTOYHUKOB. CXema yCTaHOBKHM NpuBeacHa Ha Pucynke 17.

DLS

D3 (525 Hm) P} {0

D2 (465 Hm) P}

D1 (455 Hm) P = PM3
DL1 DL2

CnekTpomeTp

M4 Uameputen

BRF ocC BS1 | mowHocTH

Pucynok 17. Cxema ycmanogku
e DI, D2, D3 — quonpl HaKaudKH;
e DLI,DL2,DL3, DL4, DL5, DL6 — popmupyroIue my4ok JU010B HAKAYKH JTNH3HI;
e PMI, PM2, PM3, PM4, PMS5, PM6 — noBOpOTHBIE 3€pKalia U3JIy4CHHUS] HAKAYKH;
e DMI, DM2 — nuxpouyHsle 3epKaa;
e MIl, M2 — chepuueckue 3epkaia;
e M3, M4 — rinyxue 3epKajia pe30HaTopa;
e Ti:S — KpuCTa/T aKTUBHOM CPEIBI;
o L — dokycupyromias HakauKy JTUH3a;
e OC — BBIXOJHOE 3€pKaJIo;
e Al, A2 — ntuadparmsr;
e BRF — nBynyuenpenommsromuii puinstp JINO;

e BSI — nenurens nyuka.
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Pucynox 18. @omoepagus ycmanosxu

Co3naHHass onTUYecKas cxema cojaepxkana psa 3epkan PMI1 - PM6 u
AuXpouyHsix 3epkad DM1 - DM2, ¢opmupyrommx eauHblii MyJIbTHIYY JHOIOB
Hakauku (455, 465 u 526 Hm) Oonbmiol MomHOocTH (B cymme Oonee 10 Bt) u
3aBOJAIIMX €ro B pe3oHaTop Jazepa. 3epkaia PMI1-PM6 umenu koddduimeHt
otpaxeHus >99,5% B nuanazone auH BoJH 440 — 550 uM. [Tuxpoununoe 3epkano DM1
MMEJIO MPONYyCKAHUE Ha JIJIMHY BOJHBI 525 HM U OTpa)K€HUE Ha JITIMHY BOJIHBI 465HM.
Juxponunoe 3epkasio DM2 nMeno mpomyckaHue Ha JUIMHBI BOJHBI > 460 HM u
OTpak€Hue Ha JAJUMHY BOJHBI 455HM. CHeKTpanbHbIe XapaKTEPUCTUKU CHEIUATBHO

M3TOTOBJICHHBIX ISl IPOEKTA JUXPOUYHBIX 3€pKajl MIPUBEAEHBI Ha pucyHKax 19 u 20.
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CrnekTpajibHas XapaKTePUCTHKUKA JUXPOMYHOrO 3epkajga DM1
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Pucynok 19. Cnexmpanvnas xapaxmepucmukuka ouxpouunozo seprania DM]I.

110

CnekTpajbHasi XapaKTepPUCTHKAKA TUXPONYHOro 3epkaa DM2

100
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Pucynok 20. Cnexmpanvhas xapaxmepucmukuka ouxpoudnozo 3zepxaia DM?2.
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Jlist camoro TuTtaH-can@upoBOro Jlazepa ObUIa MCIOJIb30BaHa KIIACCUYECKAs
cxema z-00pa3HOTO pe3oHaropa. Pe3onarop nasepa comepkail aBa cepuyecKux
3epkasia M1 uw M2 wu miockue 3epkaia M3, M4 ¢ MMPOKONOJIOCHBIMU
AVDIEKTPUUECKUMHA TOKPBITHSIMU. Kosdduiment orpakeHus 3epkan pe3oHaTopa
coctaBisul 6osiee 99,9%. 3epkaia M1 u M2 umenu npornyckaHue sl AJUH BOJIH
nuoaoB Hakauku (440-550 um). 3epkasia M1 u M2, yepe3 KOTOpbI€ My4OK JTUOJOB
HaKayKl TMPOXOJUT K KPUCTAIUTY, TaKXKE€ HMEIM MPOCBETIAIONIEE MOKPHITUE C
Hepabouell CTOPOHbI (OTHOCUTENIBHO PE30HATOPA) JUIsl MPOMYCKaHUs MyYKa HaKauKu U
MUHAMH3AIUU T0Tepb. CHEKTpaIbHbIE XapaKTEPUCTUKH PE30HATOPHBIX 3E€pKal

IIPUBEJEHBI HA pUCYHKE 21.

CreKkTpa/ibHble XapaKTePHCTHKH HCMNO/Ib3YeMbIX 3epKaJ B
pe30HaTope TUTAH-can(HPOBOIO Ja3epa
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Pucynox 21. Cnexmpanvhvle xapakmepucmuku UCHOIb3YeMbIX 3epKail 6
pe3oHamope muman-cangpupogozo nazepa
BeixomHoe 3epkasnio peszonHatopa OC momympospaunHoe. IIpomyckanue
BBIXOZHOIO 3epKajna ontumusupyercs ot 2% 10 20% B 3aBUCUMOCTH OT MOILHOCTH
HaKayky, 3aBEIEHHOW B pe3oHaTop. BwiOOp mpomyckaHusi BBIXOJHOTO 3€pKaja
MPOBOAMIICS ITyTEM 10A00pa, KaXKAbIH pa3 C MPOBEACHUEM HACTPOMKH pe30HaTOpa Ha
MaKCHUMaJIbHYIO MOIIHOCTb. B pesynbrate 11 10 BT cymmapHoil Hakauku, BEIOpaHO

OBLIIO 3epKajo ¢ mpoIrycKkaHueM nopsiaka 6% Ha 800 HM.

24



Kpucrann candupa TiS, aktuBupoBaHHbIi MoHaMu Ti+, I MUHUMH3ALUU
BHOCHMBIX MOTEPh B PE30HATOPE Ha PabOUMX JUIMHAX BOJIH ObUT BBIPE3aH MOJ] YIIOM
Bprocrepa u Obul yCTaHOBJIEH B JAaTYHHOM JI€p)KAaTele€ C BOJASHBIM OXJIAXKICHHUEM,
4TOOBl M30€XKaTh €ro JIOKAJIbHOIO HarpeBa M TOSIBICHUS TEIJIOBOW JIMH3BI.
@oKycupoBKa H3JIy4Y€HHUs JHOJOB HAKAayKM [POBOJMIACH C HCIIOJIB30BAHUEM
KopoTKooKycHOM auH3bI L (kopoue f=100 mm). 15 MUHUMH3AIIUN TTOTEPh HAKAYKH
BCE JIMH3BI, UCIIOJb3yeMble B paboTe, ObLIN MPOCBETIIEHBI C IBYX CTOPOH Ha JJIMHBI
BOJIH JIA3€PHBIX JUOJOB.

Tax e pe3oHaTop Jiazepa BKIIOYAN B ce€0sl BYIYUETPEIOMIISIONINN QUIBTP
JIno (BRF), KOTOpBI BBINOJHSA POJb CHEKTPAJIbHO-CEJIEKTHUBHOIO 3JIEMEHTA U
o0ecrnieunBall yNpapIsieMyl0 CTYNEHYATYH) NEPECTPOUKY JUIMHBI BOJIHBI U3JIy4EHUS
nasepa.

Pacnono)keHne  my4yka JIIOMMHECLEHLUMH B  PE30OHATOPE  3a7aBajloCh
BKpyunuBaembiMu auadparmamu Al u A2. Jluadparma Al pacnosnaranack B TIIyXOM
Iieye U 3ajjaBajia B HeM KOOPAUHATHI M YTJIbl MMy4Ka JIIoMUHecteHmn. J{nadpparma A2
pacnojarajach B pe30HaTOpe nepes] BhIXOHbIM 3epKaioM OC u 3a1aBaiia Moja0xKeHUe
BBIXOJIHOTO Tyuyka Jja3epa. JlanHele auadparmbl IpeaHa3HAYeHbl AJI1 MPOBEPKU

IOCTUPOBKH PE30HATOPA UITU IOCTUPOBKU PE30HATOPA «C HYJIIS.
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4.4 H3mepenue napamempos b1xX00H020 U3TYUEHUA
muman-cangpupoeozo nazepa
N3nydyenune tutan-can@upoBOTo Jiazepa, NOKUIAsk pe30HATOP Yepe3 BBIXOJHOE
sepkasio OC, mpoxomut uepe3 (uibtp-genurens BSI1, rme mamas ero dvacth
OTILEIUJISIETCS U 3aBOJIUTCA B CLIEKTPOMETP JJIsl KOHTPOJISI M U3MEPEHUS JUTMHBI BOJTHBI
BBIXOJTHOTO HU3JIYy4YE€HHS, & OCHOBHOM My4OK MOMAAaeT B U3MEPUTENh MOIIHOCTH. [Tpu
MOMOIIM CHEKTPOMETpa M H3MEPHUTENIE MOIIHOCTU Oblla M3MEpEHa 3aBUCHUMOCTD
MOIIHOCTH OT JIJIMHBI BOJIHBI JUIS OJTHOTO, JIBYX M TPEX Ja3epHBIX JUOJ0B HAKAUKH
(Pucynox 22). Takum oOpa3zom Oblna mosiydeHa 3(PQPEeKTUBHOCTh IMpPeoOpa3oBaHUs
MOIIHOCTH HAKa4yKu JHOJAMHU B BBIXOJIHYIO MOIIHOCTh TUTaH-Cam(pupoOBOro ja3epa

nopsiaka 17%.

KpuBasi nepecTpoiikn HenpepbIBHOI0 THTaH-cal(pupoBOro Jasepa
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Pucynox 22. Kpusas nepecmpotiku nenpepvléH020 muman-can@upoeozo 1azepa.

[Tpu nomomu criennanbHou kamepsl (BEAMAGE-4M) komnianuu Gentec Ob110
M3MEpPEeHO Ka4ecTBO My4yka TUTaH-candupoBoro yazepa. OCHOBHBIC MTapaMeTphl ITyyka
MpUBEJEHBI Ha pucyHKe 23. V3 moNy4eHHBIX Pe3yJbTaTOB BHIHO, YTO HECMOTpPS Ha
CIJIBHO OTJIMYHYIO OT KPYTJIOH (hOpMY ITyYKOB JIa3epHBIX IUOI0B Ha BBIXOJIC M3 TUTaH-

cangupoBOTO Jiazepa MOJyYaeTCsl KPYTIIblid My4OK ¢ MaJIO 3JUIUIITUYHOCTHIO.
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@ BEAMAGE-4M gentec-€»

Wednesday, December 06, 2023

< B

PARAMETERS MEASUREMENTS

Beam Diameter : 4 Sigma (ISO) Axis (dSigma X, dSigma Y): (1905.3,1866.5) um

Effective Diameter: 1886.0 um
Ellipticity: 98.0 %

Orientation: 12.5 degrees

Pucynox 23. Ilyuok na evixooe muman-canguposozo nasepa
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5. AHaau3 noJjy4eHHbIX pe3yJabTaTOB
OKCIIEpUMEHTAIBHO ~ MPOJEMOHCTPUPOBAaHA  BO3MOXKHOCTh 3 (HEKTUBHOU
3aMeHbI J1a3epOB ¢ BHYTPUPE30HATOPHBIM yIBOCHHEM HYaCTOThI, UCTIOIb3yEMBIX paHee
JUIA HaKa4yKu TUTAaH-Can(UpPOBBIX JIa3€pOB, MOIIHBIMH HEJOPOTUMH KOMIAKTHBIMU

JIa3CPpHBIMU IUOJaMMU.

B pesynbrare pa®oThl ObLI CO3[@aH MPOTOTUI MOIIHOIO HEMPEPHIBHOTO
NepecTpanBaeMoro Jiazepa Ha TUTaH-carnupe ¢ BO3MOKHOCTbIO IEPECTPONUKH TTUHBI
BoHbI OT 710 mo 1000 HM (mMama3oH MEPECTPOMKH ObUT OTPAHUYEH CIEKTPOM

OTPAKCHUA UCITIOJIb3YCMBIX B JAHHOM MAKCTC BCpKaH).

Hcnonp3yemslil B paboTe METOJ] CIIEKTPAIbHOIO CBEICHUS ITyYKOB HECKOJIBKUX
Ja3€epHBIX JMOJO0B MMO3BOJIMI JOCTUYbh MOIIHOCTEN, nMpeBblatommx 1,5 B, koTopas,
110 MHEHHUIO aBTOPOB, SBJISIETCS OAHOW M3 CaMbIX BBICOKMX IIOJyYEHHBIX B MHUpPE Ha

CETOIHAIIHUN JE€Hb.

B pabotre npoaeMOHCTpUPOBAHO, YTO UCIOJIb30BAHUE JHUOAOB Tpedyer

MUHUMAJIBHBIX H3MEHEHUH B ONTHYECKON CXEeMEe CaMOro TUTaH-canupoBOro Jiazepa.

JanpHeiimas paboTa B 9TOM HaIPaBIIEHUU OTKPBIBAET MEPCIEKTUBBI CO3IaHUSA
KOMIIAKTHBIX, HETOPOTUX U dHEProd(P(PEKTUBHBIX TBEPAOTEIBHBIX JA3€PHBIX CUCTEM
Ha TUTaH-candupe (B TOM YHUCIE€ U UMIYJIbCHBIX — (DEMTOCEKYHIHBIX) C MPSMOI
JVOJHOW HAaKauKOM JJI CaMbIX pa3HbIX MPAKTUYECKUX NPUMEHEHUN B OMOMETUIIUHE,
METPOJIOTHH, KBAHTOBOH OINTHMKE W HAHOOOpAaOOTKE MaTepualioB, a TaKXkKe B
(byHIaMeHTaNbHBIX HAYYHBIX UCCIIeOBaHUIX. TUTaH-candupoBbie 1a3ephl C AUOTHON
HAKa4KOM CTAHOBSITCS HE TOJIBKO J1a0OpaTOPHBIM MCTOUYHUKOM M3JIyYEHUS, HO U yKe
MOTYT OBITh HCIOJNB30BaHBl KAaK COCTaBHbIE YacTH MEIULUHCKAX  WJIH

IMPOU3BOJACTBCHHBIX YCTAHOBOK.
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6. IlepciekTUBBI pa3BUTHS

OcHoBHbIE HapaBICHUS Pa3BUTHSI JaHHOWU pabOTHI:

1. HanpHeimas onTUMHU3ALUs U CO3JaHUE MajorabapuTHBIX MOAYJEH MpsMoii
KOMOMHHMPOBAHHON TUOAHON HaKaUKH.

2. Pa3paboTka KOMITAKTHBIX HEJOPOTUX U 3HEPTO3(P(HEKTUBHBIX TBEPAOTEIHHBIX
Ja3epHbIX CUCTEM C IIPSIMOM JUOJHOM HAKAUKOW HAa TUTAaH-can(pupe ¢ IUPOKUM
JMana3oHoOM MEPECTPONMKU MO JUIMHE BOJIHBL, PAa0OTAIOIIMX B Pa3IMYHBIX
peXHUMax:

® HENpPEPHIBHOM;

¢ HMIIYJIbCHOM, BKJIIO4Yas pCKHUM I'CHCpAlU (I)GMTOCCKYH,Z[HBIX HMITYJIBCOB.
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