COBPEMEHHDbIE J1IA3EPbI:
HOBble rpaHu ceeTa

JNlekuunsa 3

U3NTYYEHUE. BELWECTBO. KBAHTbI

MccnenoBaHus 1 OTKPbITUS, NPeaLlecTBYOLWME CO30aHNI0
nasepa. Bsanmopgencresume nanydeHma co cpenon.
KBaHTOBasi npupoaa ceeta. CnoHTaHHbIE U BbIHY>KAEHHbIE
nepexoabl. BO3MOXHOCTb YyCUnNeHns ceeTa. YcuneHue
MUKPOBOJSHOBOIo U3ny4veHusi. Masep.



BbiBoAabI K Jlekuuu 2:

1. YpaBHeHusi Makceenna sensatTcs 0606LweHemM KoOMMeKkca onbITHbIX
OaHHbIX, HAKOMNMEeHHbIX K cepeanHe XIX B., N0 3N1eKTPUYECTBY, MarHeTU3My,
B3aMMOLENCTBMIO U B3AaUMOBIUSHUIO 3NEKTPUYECKUX N MAarHUTHbIX

asneHun (KynoH, brno, Casap, Amnep, ®apagen n ap.)

2. BonHoBble ypaBHEHMS N5 9NEKTPUYECKOro U MarHUTHOro nonem

nosly4aroTcsa B pesyrnbTate CTaHA4apTHOro npeobpasoBaHus ypaBHEHNUN
MakcBenna ons HenpoBoasLLen O4HOPOAHON cpeabl
3. PelleHune BOSTHOBbIX YpaBHEHU NpeacTaBnaeT nornepeyHyo BOSHy,
pacrnpoCTPaHSAILLYCS CO CKOPOCTbIO CBEeTa B cpefe
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4. CambiMu NPOCTbIMU peLLEeHNAMN BOJTHOBOIO ypaBHEHUA ABIAKOTCA

nrockas n cpepuryeckas BOMHbI
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5. CyLLEeCTBYIOT peLLeHMst BOSTHOBOTO YpaBHEHUS U B BUAE MYYKOB.

Haubonee

n3BecTeH [[ayccoB My4ok.
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doKycupoBKa rayccoBa ny4ka:
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HHTeHCHBHOCTH




BOl_lpOC: Kak cosgaTtb MCTOYHMK HarnpaBJIEHHOIo KOrepeHTHoOro
MOHOXpPOMaTNU4EeCKOro noyfiApn3oBaHHOIoO CBETa BbICOKOW UHTEHCUBHOCTIN?

-

CBeT npoxekTopa [My4oK NasepHOro UsnyveHus




UccneaoBaHusa u OTKPbITUA, NpeAawlecTByroLjne
co3A4aHMIO J1a3epa



Popmyna M.lMnaHka ang 1ennoBoro n3ny4yeHud

[Mapagokc knaccu4eckon TepMoaMHAMMKN
KoHua XIX B.: «YnbTpaduoneTtoBas

KaTtactpodga». L
pog A T=A
(’}_ d I_'Tﬂl
- AT
P, - cnekTpanbHas NIoTHOCTb MOLLHOCTM | LT
n3ny4yeHna abComnTHO YepHOro Tena : £ {_44, 2l /'Ff. g
HarnsgHas mogenb L e
C: O, - v3nyyatenbHas cnocoGHoCTb aBCONIOTHO YepHOro T
2 Tena — nonocTb C .
_ 8rv T naeansHo
pv - cs oTpaxkatroLnmmn Mo>xHO noagcunTaTtb YnCno
CTeHkamu npu €30HaHCHbIX Mof. Kaxxgas
- bopmyna Ox.Y.Panes - . X.IxuHca T P
Temnepartype UMEET SHEPTUIo kT

Waesa M.Mnauxka (1900r.):
NanyyaTtenbHbii 06meH mexay AYT n
nosieM NponCxXoauT ANCKPETHBIMU

nopumamMu, kpatHeiMu hy . Toraa

Classical theory (5000 K)

87v° hy

¢ exp(hv/KT)—l
- popmyna M.lMnaHka
h=6,62-10" x-c 0

P, =

Spectral radiance (kW - st - m~2 . nm)
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NMoctynatbl bopa (1913 r.)

1. ATOM 1 aTOMHblE CUCTEMDbI MOTyT ONMUTESIbHO I'Ipe6bIBaTb TOJ1bKO B
OCOOEHHbIX CTaunMoOHapPHbIX UM KBAHTOBbLIX COCTOAHUAX, KaXXOO0MY U3
KOTOPbIX COOTBETCTBYET OlpenesieHHada aHeprma. B CTaunoHapHOM
COCTOAHUN aTOM He Mn3Ny4vaeT JeKTPOMarHMTHbIX BOJIH.

2. Nlany4yeHne cBeTa NpoMcxoanT Npu nepexoae aneKkTpoHa n3
CTaLNOHAPHOro COCTOSIHMSA € BonbLUEN SHEPrMen B CTaumoHapHoe
COCTOSIHME C MEHbLUEN SHEPrnen. SHeprusa n3ry4yeHHoro potoHa paBHa
pPa3HOCTU AHEPININ CTaLMOHAPHbIX COCTOAHUN.
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CnoHTaHHbIEe U BblHYXAEeHHbIe nepexoabl
A.OMHWTENH. «N3ny4yeHne n nornoLleHne ceeta B COOTBETCTBUN C
KBaHTOBOM Teopuen» (1916), «K kBaHTOBOM Teopun nanyveHna» (1917)

Tpw Buaa B3anmoagencTemsa OTOHOB C aTOMaMM:

B, E E, a: nornoweHve
b: cnoHTaHHoe n3nyvyeHune

B B —O—— B —O——- C. BbIHY>KAEHHOE n3rny4yeHune
AN+Q WAV ¥y iviae va=E,—F
@ (b) ©
Mornowenune: dn /dt=B, p,-n N3ny4yeHne: dnz/dt =(A21 + BleV)- n,

MHOoyumpoBaHHbIM (POTOH MMEET Te e 4acToTy, pasy, nonapusaumio,
HanpasneHne OBWXEHUS, YTO N NagatoLwmnm.
Mpwn TL paBHOBecuu: CornacHo pacnpegeneHnio bonbumaHa:

dn, /dit = dn, /dt n/n, =(9,/9,)exp[-(E, - E,)/kT]

CBAa3b k03chdMUMeHTOB INHLWITENHA: B,=B,; B,= (03/4hv3) A,



BO3MOXHOCTb ycurneHunsa cBeTa

MNpv gocTaToyHo GombLIOM NOTOKE NafatoLmx PoToHoB: A, << B, o,

Ycnosue ycuneHusa (npeobnagaHus E,

BbIHY>KOEHHOro U3ny4yeHus Haa

norrnoweHvem: dn,/dt>dn, /dt . B, .

OTO BbINOMHAETCS TONBKO MPU YCIOBUMN: ——

n, >n, - HBEPCHasi HaCENeHHOCTb. e v
'1f -

MoTok cpboToHOB ByaeT HapacTaTb! E,

B.A.®abpukaHT. Cneumannct no onTU4eCcKUM
XapakTepUCTUKaM ra3oBbIxX pas3psaoB. YkasbiBan Ha
BO3MOXXHOCTb CO3[aH1s1 UHBEPCHOW HAcCeNeHHOCTU B
rasoBoM paspsge ewle B 1938 rogy. OgHako, Torga
3aBepLUeHUs aTa paboTta He nony4yuna.

1951 rog: 3asBka Ha n3obpeteHne «Cnocod ycuneHus
3MNEKTPOMArHUTHOrO U3nyyeHus (ynbTpadunoneToBoro,
B.A.®abpukaHT 06bsicHSET BMOUMOrO, V]H(bpaKpaCHOFO 1 pagvMoamnana3oHoB BOJTH),
HOBBIi CMIOCOB yCUNeHst OCHOBaHHbIN Ha UCMOMNb30BaHUM ABNEHUS

BblgaHo Obiro B 1959 r.




OCHOBHbIe NMPU3HAKN Na3epHOro ycusrieHus

Hakauka

Bxogsuime Bbixogsime
DOTOHbI o hOoTOHbI
—- . .'.. —_—
e Hakauka (Bo30GyxaeHune) akTMBHOM e  BbIHy)XAEHHOE n3ny4yeHne 1 HapacTaHue
cpeabl noTtoka )oTOHOB
o  Co3pgaHve MHBEPCHOWM 3aceneHHocTn o  YacToTbl U dhasbl BbIHYKOEHHOMO U
B3avMopencTeme nagaroLLmx nagatoLLero usny4yeHnsi coBnagarT
$OTOHOB C aTOMamu (MOHaMK) e  KorepeHTHOe ycuneHue npu

npeobnagaHum BbIHYXKOEHHOTo
N3NyYeHUs Hag NormnoLweHmem



YcuneHne MMKpoBONTHOBOIo nsny4veHus. Masep.

PE3OHATOP “Microwave Amplification
/ by Stimulated Emission
QOKYCUPYIOWME } of Radiation” — Y.TayHc B 1954
- mpom" CBY-MINYIEHVKE

Seunewnnas Bxofwas

MIY4OK JHEPRUR  FHEPUR
,_/ @\ ¥ BOSEYKIEHHHIX
/ MONEKYN NHy
/ MONEKYNbI NHy
= 8 OCHOBHOM —=5==—=_:_.=... =
UCTOMHMK COCTORHMM

MONEKYN




Kocmuyeckmne masepbl

KorepeHTHOe lopsivas 38e3aa
MUWKPOBOSTHOBOE

N3ny4YeHne B KOCMoce

obpasyeTcs B

pesynbTate

€CTECTBEHHbIX

MPOLIECCOB «HaKayKmy,

KOTOpble OENCTBYIOT B

aTtmocdepax u Masep

060M04Kax HEKOTOPbIX ~

3Be3/, B MEX3Be3HbIX
rasoBbIx obnakax, B
aTtMocgepax KomeT.

Masep

«Hakauky» ocyLecTBnsoT Nnbo Bo3aencTaytoee Ha Mmonekynbl OH, H20, SiO u
HEKOTOPbIX APYr1X n3rnyveHune 3Besabl (Yalle BCero — B MHpakpacHOM AuanasoHe),
nMBo cTankMBalwLMecs C HAMU YacTuULbl OKPYXKatoLLLero rasa, ecrnv 3ToT ra3 4OCTaToO4YHO
ropsiy v NrnoTeH.

Hanbornee MOLLHbIE N3 KOCMUYECKMX Ma3epPOB U3Iy4atoT B Y3KOW PagMONIMHUM TaKoe e
KONM4ecTBO 3Heprun, kakoe ComnHue nsnyvyaet BO BCEM CMEKTPE 3NeKTPOMarHUTHbIX BOSH!



C-)Hepremqecxue YPOBHUN aTOMOB, MOJIEKyI U

KpucTtanmnosB
la3oBble cpeabl
He-Ne-na3sep

He

21

SHeprus, 3B

152s'S,

20} 1525380

JHeprus, 3B

Ne

2p°5s

| |

2p°4s

2p°3s

Nazep Ha 3,39 MkM

Nasep Ha 632,8 Hm

2p°3p

3

121

HeuyeTHbie cocToaHua

YeTHble COCTOAHUA



3HepI'ETVI'-IeCKVIe YPOBHUN aTOMOB, MOJIEKYJ1 U

KpucTannos
TBe pAoTelNibHbIe Cpeabl

ﬂeFVIpOBaHHbIe ON3TNEKTPUHECKME KPpUCTarmin4eckme matepumarbl:

Cr**: AlLO, (pybuH)

S

4F2

JHeprua, s

Nazep

.‘AZ

Ha 694 Hm

L —

|
|
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Cr**:BeAl,0, (anekcanapu) 44

- _‘3

MNepecTtpausaembiv

nasep
4

’E

Oxeprus, 3B

Nasep 41
Ha 680 Hm l

JAZ

Py6uH — Cr3*:Al203
Al203 — candwvp (KopyHA)

MepBbin nasep T.MenHmaHa

0
AnekcaHgpuTt — Cr3*:BeAl204
BeAl204 — xpusobepunn
Mo>xHO ncnonb3oBaTtb Ans
NepecTpouKu ANNHbI BOJSTHbI



3HepreTquCKMe YPOBHUN aTOMOB, MOJIEKyI U

KpUCTansmoB

TBepaoTenbHbIe cpeabl

KpucTtannsl, nermpoBaHHble naHtaHugamu (Nd3*, Er3*, Yb3*, Tm3*, Ho%* n
Apyrve)

3,0 3,0
Nd™ :MAT Nd™":crexno

12,5 12,5

12,0

OHeprus, 3B
JHeprus, 3B

Nazep Nazep
Ha 1,064 mkm Ha 1,053 mxm
405 | 10,5
Y Y

T A, S J ga— R

A 0 1 0

Nd3* B UTTpuii-antoMMHNEBOM Nd3* B dbocdpaTHOM cTekne
rpaHate (YAG)

Bnarogaps ncnonb3oBaHUIO NEPEX0A0B Ha BHYTPEHHMX 3KPaHMPOBaHHbIX
3MNEKTPOHHBLIX 060M04YKax, MONOChI YCUNEHUSI OCTATOYHO Y3KM



3HepreTquCKMe YPOBHUN aTOMOB, MOJIEKYJ1 U

KpucTtanmnosB
NMonynpoBoaHMKOBbLIE cpeabl.

vV

MexaHnam OGPGSOBSHMH dHepreTu4eCcKux
30H B MoJ1ynpoBOAHUKaX

|
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[
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Maommposannnsi Merann Monynposomwm Wsonsrop
a

3HepFeTI/I'~IeCKMe 30HbI B MeTarnnax,
nonynpoBoAHUKaX U AN3INEKTPUKaX

eprun, 3B

GaAs

Ga

Yposhu octosa

Nazep 1,42 3B 1[; 5

As

-1
4-50
{50
{-s50
4-50

SHeprequeCKme 30HbI N KpUcTarnnnyeckada

Pewetka GaAs




OHepreTuyeckme ypoBHMN aTOMOB, MOJIEKYs U
KpucTannos
PaCTBOpr OopraHn4eckKux KpacuTeneﬁ

5

E% 44

e |

Kpacurens

OHeprus, 3B

CTpyKkTypa noHa pogamuHa 6G,

Nazep Xnmundeckas oopmyna
‘ ip C28H31N203"
;
=
0
Cunrnetioie *  TpunneTHbie

COCTOSIHUA COCTORHUSA



OCHOBHbIE TUMbl HaKa4YKu

AneKTpnyeckasa Hakauvka

Pa3psap B rase (11po0dosibHbIt Nnnbo
rnonepeYyHsbili) Npyu NOCTOSTHHOM TOKe

P4Y-pas3pspg B rase




OCHOBHbIE TUMbl HaKa4YKu

OnTuyeckas Haka4yka

CrepeHb JNlamna-scnbiwka

Pyb6uHoBbIH

CTepeHb JNamna-scnbiwka

Bxopswue
HOTOHbI

Boixogsume
OTOHbI

KonpgeHcatop

UcTounuk
NUTaHUA

AnnunTuyeckoe Py6uHOBbIH
3epkano cTepXeHb

KpunToHoBbIe namnbl-
BCNbILWKW (UMIY/bCHbIE)
KceHoHOBbIe AyroBble namnbl
(HenpepbigHbIE)

feomeTpust Haka4km NepBOro
nas3epHoro reHepartopa Ha
pybviHe

[eomeTpus Hakaykn B
COBPEMEHHbIX fla3epHbIX
KBaHTPOHaX C MCMNOSfb30BaHNEM
NPSIMOSIMHEVMHOW NaMribl-
BCMbILKN 1 3NAUNTUYECKOTO
oTpaxaTtens



OCHOBHbIe TUMbI HAKa4YKu

o G

Marpuua C
W3 nasepbix J1MH3a i

avoaos ua Nd**: YVO,

{0

NasepHbin
aAdon

Ksapuesoe BonokHo
3+
JNunza cEr

OnTtnyeckaqa [MpogonbHas]
Hakayka TBepAOoTerbHOro nasepa
C NOMOLLbIO s1a3epPHbIX OUOO08
(anogHas Hakaudka, end-pump
geometry, DPSS-lasers...)

Hakauka ycunurena uns
KBapLIEBOro BONOKHa ¢ Erd*



