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YCUJIIEHUE U TEHEPALUA NNTASEPHOI'O N3NTYYEHUA
B3anmogencteune nsnyyeHusa ¢ akTMBHOM cpenoWn.
TepmMmoanHammnyeckoe paBHoBeCHE U NHBEPCUS
HaceneHHOCTU. Hakadka nasepHoro nepexoga. YcurneHue
nanydeHus. KoadodpuumeHTt ycuneHus. LnpmnHa nonocel
ycunenma. ®asosbi casur. [loporosble yCcrnosud
reHepauumn. Tpex- N YeTblpeXypoBHEBAS CXeMa Haka4Kku.
HekoTopble nasepHble cpeabl. OgHOPOAHO U
HeO4HOPOOHO YLWMpPEHHble nasepHble nepexoabl



B3aumopgencreue nsnyyvyeHUs ¢ akTMBHOU cpenomn.
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"Strahlungs-emission und -absorption
nach der Quantentheorie," Verhandlungen der Deutschen Physikalischen Gesellschaft, 18, pp.318—-323, 1916
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B3aumopgencreue nsnyyvyeHUs ¢ akTMBHOU cpenomn.

[na ynpouleHus, BewecTtso byaem cuntatb &
COCTOSALLMM N3 HEB3AUMOAENCTBYIOLLINX
(He3aBUCUMbIX) O8yXypPOBHEE8bIX alnmoMos. B ——0——

B OTCYTCTBMM BHELLHEIO BO3MYLLEHNA B COCTOAHNN El

aTOM MOXeT HaxoOUTbCH CKOMb YrOAHO AOMro
(ocHOBHOE coCTOosiHME).

Mepexon E, — E, c usnyvenmem dotoHa moxeTt nponsoinTun 6e3
BHeLUHero BO34enNCTBUS, CNOHTAHHO. [pn cnoOHTaHHOM M3ny4vyeHun gasbl
BOJIH HUKaK He CBA3aHbl. HanpasneHne n3nyyeHHbIX BOSH Criy4anHo.

3 ycrnoBuMsi CNOHTaHHOCTM NepexoaoB crieayeT, YTO UX CKOPOCTb
(KONMMYECTBO B €AMHULY BPEMEHM) NPONOPLIMOHaribHa KOHLIEHTpauum

atomoB N, B BO3GYxAeHHOM cocTosiHun E,:
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B3aumopgencreue nsnyyvyeHUs ¢ akTMBHOU cpenomn.
M3 E, B E, aTom moxeT nepeiitn n 6e3 nsnyveHms = |
doToHa (6e3bi3nyyaTenbHbI Nepexoa):
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B3aumopgencreue nsnyyvyeHUs ¢ akTMBHOU cpenomn.

[Npv NpOXOXKOEHWUN BOMHbI C YacTOTOW V =V, MOXeT E
npomnsontu nepexog us £, 8 E,. Queprua E, —E, ana

nepexoga 6epeTcsa N3 NPoxoasLLen BOMHbI — e
nornowieHue.

CKopOCTb TaknMx NepexoAoBs (KONMYECTBO B €ANHNLIY VIR

BPEeMeHM) NpornopLyoHasbHa KOHLEHTpaLmMm aToMoB
N, B OCHOBHOM COCTOsiHUM E;:
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KoatpdbuumeHT W,, ecTb BEpOATHOCTb MOrMoLLeHNsA (h0ToHa aTOMOM B

eanHuLy BpemeHu. [NycTb BeLeCTBO ocBeLaeTcsl NOTOKOM (0OTOHOB C
nroTHocTblo F, Torga:
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0y, - CeYeHmne nnun «apdeKTneHasa nnowanb atoma» npoxoxaeHue
droTOHa Yepes KOTOPYI NPUBOAMUT K €ro MOrfoLEHNIO.



B3aumopgencreue nsnyyvyeHUs ¢ akTMBHOU cpenomn.

Mepexon E, — E, moxeT 6bITb BbI3BaH Ez;f;
B3aMMOOENCTBMEM aToOMa C (POTOHOM YaCTOTOM

v =V,,. VicnylieHHbin npy aToM poToH fobaBnsaeTca =

K CyLLecTByHOLEMY — BbIHY)XAEHHOE U3ry4vyeHue. b A e
CKOpOCTb Takmx NepexonoB (KONMYeCTBO B €AnHULY W"“Cﬁm

BpPEeMeHM) NponopLyoHasibHa KOHLEHTpaLmMm aToMoB
N, B BO3O6YXAEeHHOM cocTosHUM E,:

AN

KoapduumeHT W,, ecTb BEpOATHOCTb BbIHY>KAEHHOIO UCnyckaHus poToHa
aTOMOM B €ANHULY BpeMeHU. AHANOrMYHO Cryyato MormoLweHns:

W, =o,F

0, - CeYeHne unu «addeKTMBHas nNnoLaab atoMa» NpPoXoXaeHve
doTOHa Yepes KOTOPYH NPUBOANUT K BbIHYXXAEHHOMY U3IYYEHMIO.



B3aumopgencreue nsnyyvyeHUs ¢ akTMBHOU cpenomn.

[Mpu BbIHY)XOAEHHOM M3NyyYyeHUn dpasa 1 HanpasneHue E
ncnyckaemMmblx )OTOHOB cOBMagatT ¢ hason n '

HanpasreHneM nagaroLmx. 5 O

[ns HeBbIPOXAEHHbIX COCTOSAHUN, KaK Oblfo

BMepBbI€ NOKa3aHO QNHLITENHOM: A
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n, cnegoBaTtesibHO:
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Na3sepHblli nepexo onucbiBaeTcsl, B NPOCTENLLEM ClnyYae, ABYMS
XapaKkTepucTUKamm:

T, N O

TUNNYHBIE 3HAYEHUS BpeMeEH CMNOHTAaHHbIX Nepexonos, cevyeHnn
BbIHY>XOEHHOIo U3ny4yeHna u KOHLI,eHTpaLI,I/Iﬁ aKTMBHbIX aTOMOB B TBepAbIX

Tenax nexar B AnanasoHax z,, ~1mkc...1mc , o ~107...10" em’ 1

N ~10%...10" eMm® cOOTBETCTBEHHO.



B3anmopencreue N3ny4yeHus C aKTUBHOMN cpe.qou

Mpy NPOXOXAEHUM MY4KOM CBETa C NIOTHOCTbLIO
noTtoka cpoToHoB F crosi BewlecTsa TONLLMHOWM y\
AZ, aTOMbl KOTOPOIO UMEIT PE3OHAHCHbIN ‘A

F

E,—-E
nepexop % =V, , NPOMUCXOOUT NpupalleHne - 2

yncna Q)OTOHOB AF 3a cuet npoueccoB BbIHY>KAEHHOIO U3JNy4YeHnd n
norrnoweHnd (CI'IOHTaHHbIe nepexosbl, MNpn KOTOPbIX U3ry4yeHne naeT Bo
BCEX HamnpaBJieHNAX N MOXET HEe coBMaaaTb No 4acTtoTe, He y‘—IVITbIBaeM)

AF =oF (N, —N,)Az
Mpu N, > N, cpepa yeunusatrowas, a npu N, < N, - nornowatouias.
B cnyyae cnabbix curHanos, korga N, n N, menstoTca cnabo, nonyumm:

F(z)=Fe ™"

9KCNoHeHLuuMarnbHoe HapaCTaHme/y6b|BaHv|e n3ny4yeHna B BELLECTBE.

[Na TUNWYHBIX 3HAaYEHUI KOHLIEHTPALIMN aTOMOB M CEYEHNSA BbIHY>KOEHHOIO
N3nNy4YeHns NornoLeHne npomucxoamT B crioe Belectsa TonwmHon 0,1...10 mm



TepmoanHamuyeckoe paBHOBecUe U UHBepCUs
HaceneHHOCTM.

I'Ip|/| TennoBoM paBHOBECUNA
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TepmoanHamuyeckoe paBHOBecUe U UHBepCUs

HaCeJieHHOCTW.

B cnyyae N, > N, rosopsat 06 nHsepcHom
HaceneHHOCTH.

Mpn TennoBoM [TepMoanHaMU4YECKOM]
paBHOBECUM VHBEPCHOW HAaceneHHOCTN ObITb He
moxeT! (2-oe Hayano tepmoanHamMukun?)

Hy>XeH BHELLUHU NCTOYHUK SHEeprum onga cosgaHus
WHBEPCHOW HaCeneHHOCTN — HaKavKa [aKTUBHOM

cpenpbl].
Cpeaa, B KOTOpOW co3aeTcsi MHBEPCHas

HaCeJ1IEHHOCTb C LUEeNblo NMoJty4YeHNA yCUneHnd —
aKTBHa4A cpefa

Light Amplification by Stimulated Emission of Radiation
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Knaccudukaumm nasepos.

AKTMBHas cpepa

Cnocob Hakadku

TBep,EI,OTeJ'IbeIe, B TOM
Yucrne BOJIOKOHHbIEe

MonynoBogHMKoOBbIE

YKnakocTtHble. (Ha
KpacuTensix)

OnTuyeckas Hakaudka
LLINPOKOMOJIOCHbIM U
Y3KOMOJ1I0CHbIM
n3ny4yeHnem

N3ny4yeHue

Y3konornocHble/
LLUMPOKOMOSOCHbIE

["a3oBble

MH>XeKuna anekTpoHOB B
NosynpOBOAHUKOBbIX
nepexogax

OpHomopoBble/
MHOromMo/0BbI€

CpegHssa/ nukoBas
MOLLIHOCTb

Ha napax meTtannos

OnekTpuyeckui paspsag

Ha cBobogHbIx
3MNeKTpoHax

Tennosoe Bo3GyxaeHne

OHeprus/ oNNTENbHOCTb
nmnynbca

AxTuBHAas cpesa Pe3onarop

\ !\/’é\}
Cucrema DIIEMEHTHI
HaKauKK yIIpaBJIEHHUs]

XumMundeckasi peakumsi

My4kom arneKkTpoHOB

dukcmpoBaHHasa gniMHa
BOSHbI/
nepectpavBaemble

PekombuHauums
3MEKTPOHOB 1 MOHOB B
nnasme

N3nyuyenne




Hakauka Jla3epHoro nepexoaa.
[na co3gaHna MHBEPCHOM HaceneHHOCTU Ha fla3epHOM nepexosae
NCMOnb3YyHTCS:

onTu4yeckKas Haka4dka

- . 31 33 Berxoguoe m3myuense
BonokoHHbi nasep - Fiber ’ I

Auofbl Hakaukm

Jmma gomer 780 oy
H3myuerme - 34 HmiremHocts 30 de
Hakaukd, 4 Bt Sueprus 5 alla
HacToTa MOBTOpeHHs §0 Ml
Cp. MolHOCTE 400 MBr
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Kpucraaa candpa,
AK THEHPOBAHHLIH HOHAMH
C31  morana

BonokHo B
: OTPAYATENS | | NAMNA-BCNBILKA

() "\ / ceeToson e
( :

12

3EPKANO Ouckosbliii nasep

YAG naszep TASEPHE
NasepHan cpepa - ,/
YAG kpuctann

AnogHble NuHekn

PR 3epkano

PR 3epkano 5} o TR 3epkano JazepHbii nyy
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Jvioabl Hakaukmn TR 3epkano
NazsepHbiit iy Hunck



Hakauka nasepHoro nepexoga.

ANeKTpunyecKkasa HakKa4vka
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Hakauka nasepHoro nepexopga.

rasoganHamMmun4yeckasa Haka4dka
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Hakauka nasepHoro nepexoga.

XUMUYyeckKasd Hakadka

H, F, O, He
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[ByxypoBHeBasi Cxema ONTUYECKON HaKa4KM.

Hanee 6yaem roBoputb 06 ONTUYECKOM HaKauKa sz E>
HaKa4kKe ra3epHOoro nepexopa, NockosbKy nagep

3TOT MeTOo[, LWWMPOKO pacnpoCTpaHeH U

CpaBHUTENbHO NPOCT AN aHanusa. Fvo

N>

NZ/Tcn

Ho ocTtaTtbcs B pamkax npeacrtaBneHmin 06
aKTUBHOW cpefe OBYXYPOBHEBLIX aTOMOB, He
nony4urcs! N1

GFvlle
O'FvlzNz

F

E1

[leiicTBUTENBHO, €CNY CYNTATb aKTUBHYIO Cpeay
ABYXYPOBHEBOW C NepexoaoM B ONTUYECKOM AuanasoHe, To 6e3 Hakaykuy,
Kak Mbl BUAENN, BCe aTOMbl OyaAyT B HKHEM [OCHOBHOM] COCTOSIHUM.

CosgaTb MHBEPCHYIO (N, > N,) HaceneHHOCTb Ha Nla3epHOM nepexoae npu
MOrMOLLEHUN N3NyYEeHUs Hakavykm Ha TOM Xe nepexoae Herb3s, NOCKONbKY
npwv BblpaBHUBAHUM HaceneHHoCTen (N2 = Nl) HacTynaeTt guHamMun4eckoe

AN,
paBHOBeCKE MeXay MOrnoLeHNnemM ( At lbs =—oFNi BbIHY)XAEHHbIM

=-oF, N

hvy, * 72

AN,
ncrnyckaHuem (At

st



TpexypoBHeBasi cxema HaKauiku.

[lo6aBnsemM B pacCMOTPEHNE €ellle OUH YPOBEHb

N3 Es
z < 4/ GbicTpas
"f"/?, penakcauus

Hakauyka ,oe
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UTtoGbl nonyunTb npeoGnagaHue BbIHYXXOEHHOTO  WCMyCcKaHuA  Hag
MOrroLleHNeM Ha IasepHOW 4acToTe, HY)KHO C€034aTb MHBEPCHYHO
HaceneHHocTb Ha nepexopge E, <> E,, T.e. «nepebpocutb HaBepx»

Oonblue NONoBUHbI aKTUBHbLIX aTOMOB. Hy>|<Ha O4YeHb MOLWlHaA HaKa4dka:

N,hv, 10%em™-3,6-107° Ik 18 KBT
2r 2-107% em®
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YeTbipexypoBHeBasi cXxeMa HaKa4KM.

[lo6aBnsemM B pacCMOTPEHNE €ellle OUH YPOBEHb

N4 Ea
i < ’l/ 6bicTpas
?/?’ penakcaums
2,

t 4
Hakauka
- nasep
Z
FVH >:|: >|-1 FVn
o) o)
hvu=hvn+q
E>
&Qfl, ObicTpas

Q‘% penakcaums
N1 =]

Ecnun HuxHUIA ypoBeHb nasepHoro nepexoaa E, He 3aceneH, To MHBepcHas

HaceneHHOCTb Ha nasepHoM nepexoge E, <> E, BosHukaeT npu nro6oii

Hakayke. HO noTepu 3HeprMu BeSIMKWU MO CPaBHEHUID C TPEXYPOBHEBOM
cxemon



YcuneHune nsnyyeHus.

Hakauka

ATOMbI

Bxoasume
oTOHbI
——-

Boixoaswme
pOTOHbI
——

e Haka4ka (BO3OyxaeHue) akTMBHOW cpeapbl

e Co3gaHune NHBEPCHOWN 3aCeNeHHOCTH

e B3aumopencrteue nagaroLimx OTOHOB C aTOMaMu (MLOHaMW)

e BbIHYy>XOEHHOE M3rnyyYeHne 1 HapacTaHme NoToka OOTOHOB

e YacToTbl 1 (hasbl BbIHYXAEHHOMO 1 NagatoLLero n3ny4yeHus cosnagaoT

° KOFepeHTHOG ycuneHune npu I'IpGO6J'I8,E|,8HVIM BbIHY>XKOEHHOIo U3INy4YeHunda
Hag nornoweHnem



OCHOBHbIe XapaKTepPUCTUKU NTa3epPHOro ycunurens

5 Koadbprument
. UneanbHbii ycuneHus 5o
xon ycunutens Beixoa S 5
E
x
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AAAA NNt 4 5
\AAAA |/ I : g
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(VLYY / MnauTYAa
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" . Koadbdprument

” eanbHbli ycuneHus g2
xon ycunutens >3
5 X
-, Paza =
\, zm
7V ) e S

| X Yo ¥ Amnnutyga

i \,' Y y y 4 Ha Bxoae

o KoadhbpmumeHT yeuneHus
e UlnpuHa nonocel

e ®a30BbIN CABUT

0

e Cxema Hakayku 1 CKOPOCTHbIE ypaBHEHMS
e HennMHemHOCTb U HachbILLEHNE YCUNEeHNS

o Llym



KoadcpunumeHT ycuneHums.

an F(d)
F(0) F(z) / F(z)+ AF

Bxogsawmn » Bbixogsuwmmn
cseT - \ » » ceet
. - s
0 d

Z 7+Az

YBenuyeHne yncna qOTOHOB Ha AJIMHE Az

AF =o(N,—N,)F(z)Az=yFAz

YBenuyeHne notoka ooTOHOB Mpu pacnpocTpaHeHUN
F(z)=F(0)e”

KoathpmumneHT ycuneHnsa aktueHom cpeabl anvHon d

— F(d)_ 7d
G—W—e



LLlVIpI/IHa NnoJyioCbl YCUJIEHUS.

[lo cux nop 4ns ynpoLweHUst Mbl CYUTanu, YTo BCe YPOBHM —-— >
3HEepruM aToMoB naeanbHo y3Kue.

Ha npakTtuke, HyneByto LWUMPUHY UMEET TOSTIbKO OCHOBHOM

YPOBEHb U MNMpu nepexogax I'IOFJ'IOLLI,aeTCFI/VICI'IyCKaeTCFI I >>

N3ry4yeHme B HEKOTOPOM AManasoHe (Monoce) 4acTor.

YeavHeHHbIN (HeB3anMOAENCTBYIOLLMIA) aTOM

XapaKTepu3yeTcs eCTeCTBEHHOW WMPUHON NuHum AVe nsnyyenus c
nopeHueson opMon.

g(v)= Av,/2x r

(v—v,) +(Av,/2)

LLinpnHa NnuHMM paBHa cymMMe LUMPUH
HayanbHOro 1 KOHEYHOro YPOBHEN ;

Mnowaab = 1 Ay

Av,=Av__+Av .



LLlVIpVIHa NnoJyioCbl YCUJIEHUS.

N F(d)

F(0) ey i
Bxogsawmnn B Y
I .
. -
0 d

Z 7+Az

[na ydeTa KOHEYHON LUMPUHBLI JIMHUX y4TEM Hanndne OTOHOB C pasHbIMU
YacToTaMu M 3aBMCUMOCTb CEYEHUS OT YacTOoThI

AF, = (v)(N, - N, )F, (2)Az = y(v) F,Az

2
B cny4yae nopeHueson oopMbl NMUHUN y(V)=7(v) (Av/2)
(v -vy) +(Av/2)
YBenuueHne notoka ooToHOB F (2)= |:V(o)ey(v)Z
F, (d ) _ g

KoathpmumneHT ycuneHnsa aktueHom cpeabl anvHon d G, = = (0)



Op,HOpO,qHO n HeOOQHOPOAHO YyUWUPEeHHbIEe Na3epHblie
nepexoanbl )

AKTUBHbIE aTOMbI, BHEOPEHHbIE B — R A
KpucTannumyeckue maTpuubl B HEOONbLLMX ) .
KOHUeHTpaumsx (~1 at%, Nd:YAG, Yb:YAG, b "o *
Er:YAG, Nd:YLF, Nd:YVO, ...) HaxogaTtca B UOEHTUYHbIX YCITOBUSIX.
B3anmopgencrteme ¢ maTpuuen NpMBOAUT K YBESTUYEHMIO LLUMPUHDI
(YLUMPEHUNIO) N YACTOTHOMY COBUTY NIMHUIN U3MYyYEHUS, OAMHAKOBbLIM OS5
BCex aToMoB. [pn aToM hopmMa NMHUM OAHOr0 aToMa M rpynnbl aTOMOB
coBnagatT. Takoe ylwmpeHne Ha3biBaeTCAa O4HOPOAHLIM 1 ONUCLIBAETCA
nopeHueBon opmon nuHuK. OQHOPOAHBIM ABNSETCS, TakkKe, yLMpeHne
NMHUIA U3My4YEeHNS B NNOTHbIX rasdax 3a CY4eT CTOSIKHOBEHUMN.

AKTVBHbIE aTOMbl B CTeKNax, akTMBHbIE MOMEKYIbl B pacTBoOpax 1
aTOMbI/MONEKYbl B pa3peXeHHbIX razax
N3MyYaoT/MornoLLaT, HaXoAsChb B Pa3fMYHbIX
YCINOBUSIX, N UX YLLUMPEHUS U CABUMM NTIMHUIA
oTnnyaroTcs. B pasHble y4acTku NMUHUN N3NyYeHUs!
aKTMBHOW cpefbl AatoT BKNaA pasnuyHble rpynmbl
aKTMBHbIX YacTWL, — HEOAHOPOAHOE YLLMPEHME.




Pa3oBbIN COBMWI.

MaTtemaTmnyeckmm CBOMCTBOM CUCTEM,
NOOYNHAIOLLNXCA NPUHLMMY MPUYUHHOCTH,

aBnsAeTcd To, YTo AencteuTensHas H '(v) n L,

MHUMaa H ”(V) 4acTun nx nepenatoyHbIX

dyHKUMI CBA3aHbI Npeobpa3oBaHeEM o
Mmnbepra:

H'(V):ifH"(s)

ds
S—v

H”(v):ides

—0

To ecTb, casur pasbl onpeaensieTcs Yepes KoaULMEHT YCUMEHNS.

[ns nopeHueson OpMbl NIMHUM MONyYaeTCs:

V=V
o(v)=—>27(v) .
Av - KOa(hpULUMeEHT ¢has3oBoro casura ans NopeHLeBomn

dopMbl NUHUN



HacbiweHune ycuneHus.

Mo>XXHO nokasaTtb, YTO NPU HENPEePbLIBHOM Hakayke akTUBHOW cpebl
KO3hpMUMEHT ycuneHmsa 6yaeTt 3aBuceTb OT NSAIOTHOCTN NOTOKa (POTOHOB
Ha Bxoae

7o (V)

" TR )R
ﬂpM NJIOTHOCTU NOTOKA HaCbILLeHUA

1
F, (V) = . - KO3 PULUMEHT yCcuneHus nagaeT B ABa pasa.
o)
1+W,z,,

MpakTU4Yeckn aTo ABNEHME 03HAYaET, YTO KONTMYECTBO BbIHY>KOEHHbIX
NepexoaoB, Bbi3blBAEMbIX BXOAHbLIMU (DOTOHAMW 32 eANHULY BPEMEHM
CPaBHMMO C KONMYECTBOM MHBEPTUPYEMbIX HAKAYKON aTOMOB —
npoucxoauT adpdpekTMBHasA NpeobpasoBaHne SHEPTUN HAKaYKN B Nla3epHoe
N3ny4yeHune



MoporoBble ycnoBus reHepayuum.

eHepauust MOXeT BO3HUKHYTb, €CIn

ycuneHve 3a 06xo4 NpeBocxoauT NoTepu — NoporoBoe ycriosme
reHepauuu;

casur (pasbl 3a 06xo[ (c yyeTom casura pasbl, CBA3AHHOMO C
ycurneHnem) KpaTeH 27 . dasoBoe ycrosue reHepaumm



HekoTopble nasepHble cpeAbil.
Cpeabl, nermpoBaHHble naHtaHmgamu (Nd3*, Er3+,
Yb3*, Tm3*, Ho3* u gpyrune)

3,0 3,0
Nd**:MAr Nd**:crekno
12,5 12,5
_ETE ==
e e
42,0 12,0
= RS Q e ]
- ——— e ] 1,5 g N i amae o § 1,5
= 372 = 3/2
g g
2 2
m 41,0 ™ 41,0
JNlazep Nazep
Ha 1,064 mkm Ha 1,053 mkm
40,5 10,5
P Y ‘L -
‘I, 0 s, 0
Nd** B urTpuii-amomunuesom rpanate (YAG) Nd** B pocarHom crekie

Bnaroz[ap;{ HCIIOJIb30BAHUIO TEPEXOA0B HAa BHYTPECHHUX SKPAHUPOBAHHBIX 3JICKTPOHHBIX
060.]'IO‘IKaX, IMOJIOCHI YCUJICHUA JOCTATOYHO Y3KH



BoONOKOHHbIE KBapueBble cpeabl, JernpoBaHHble

ap6uem Er3*

Hakauka oCyIIecTBIsIeTCs THOTHBIM

Yeunusaowee Ycunusaowee Ycunusatouee

sonokio i Eioa naszepom Ha INGaAs ¢ juHoi
! . : ! I ! ! BoJiHBI 980 HM
¢ i 2 (S} -
a 6 o
PeanusyeTcs TpexypoBHEBas cxeMa Mpu KOMHATHON -
TeMIeparype BonokHo u3 keapua c Er** ’

T'enepupyemas ayinHa BosHbI 1,55 MKM

Taxoke MOXKHO peann3oBath YQPEKTUBHOE YCUICHUH (1
TeHepalrio) Ha IJIMHE BOJHBI 1,48 MKM o CorRm—

Hakauka
Nazep 0,5
Ha 1,55 Mkm

1

AI|5/7 e 0

OHeprus, 3B



CO2-na3sep

SHeprus, 3B

N,

0ap _v=1

v=0

co,

(200)

(001)

Nasep Ha 9,6 MkM (030)

Nazep Ha 10,6 Mkm

(010)

(000) (000) (000)

0,4
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CuMMeTpU4HOe
BasEHTHOE
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Acummerpuutoe CummetpuuHoe [ledopmautoHHoe
BafeHTHOE BasieHTHOE
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Ti3*:Al203 (Ti:Sapphire) nasep

SHeprus, 3B

3,0
Ti**: ALO, (Turan—candmp)
12,5
3 ——— 120
2
MNMepecrpausaembivi o 1,5
NasepHbli Nepexop,
Haxauka y 410
1
T 10,5
0 . T,
| i 0
a

Hakauka el /

Turan—cancgup

Komnpeccop umnynbca

Boixopg



JNTazepbl Ha pacTBOpax opraHU4YecKUX Kpacurtenen

5
Kpacurenn

JHeprus, 3B
ey | :

1

N

Crpykrypa noHa pogamuna 6G, XuMU4YecKas
Jlazep ¢dopmyna CagH31N203*

S

Cuvrnetibie *  TpunneTHble
COCTOSIHHUA COCTORHUS




