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B nocneAHee speMH 6onbwoA 111HTepec Bbl3blBaeT npo6neMa reHe­

pau,m1 C>KaTblX COCTOHHll1A 3neKTpoMa rHll1THO ro nc;>nH , ( CC3n) / L' . KaK 

noKa3an1,1 ycnewHble 3Kcnep111MeHTbl 1986-87 rr .' 
2

• 
3

' , 111cnonb30-

saH111e CC3n OTKPblBaeT npaKTW•tecKylO 803MO>KHOCTb 1,13MepeHI/IH c111rna­

noB Hlll>Ke £fOBHH, onpeAenHeMoro npeAenoM 
11
Apo6osoro

11
·wyMa. TaK, 

B pa6oTe1 AOCTl/lrHyToe 50%-e C>KaTl/le CBeTa.n03BOfllllnO nOBblCI/ITb 

TOYHOCTb 1,13MepeHI/IH csepxcna6blX ClllrHanoB Ha TPIII nopHAKa no 

cpaBHeHI/IIO C npeAenoM AP06osoro wyMa. 8 3TOA CBH31,1 aKTyanbHbtM 

cTano onpeAeneH111e cnoco6os 1,1 ycnos1,1A reHepau,111111 CC3n co cTe­

neHblO C>KaT111H CBeTa, 6onbweA YeM.50%. 0A111H 1,13 3TI/IX cnoco6oB, 

OCHOBaHHblA Ha cneu,111¢111YeCKI/IX KoppenRU,I/IOHHblX CBOACTBaX ¢oTOHOB 

s Tp111nneTe pe3oHaHcHoA ¢nyopecu,eHu,1111,1 ( PCI>),, 
41 

, npeAno>KeH B pa-

6oTe 151 • PaccM~TPIIIBaeTCR cocpeAOTOYeHHaR CI/ICTeMa ABYXYPOBHe­

BblX aTOMOB, B3al/lMOAeACTBYIOll\aH C l,1HTeHCI/IBHblM BHeWHl,1M noneM E 
YaCTOTbl w 1,1 noneM 1,13nyYeHI/IH 1,1 noMell{eHHaH B pe30HaTop, Ha­

CTpOeHHblA Ha YaCTOTbl KpaAHll1X KOMnOHeHT cneKTpa PCI>. UeHTpanbHaH 

KOMnOHeHTa ¢111nbTpyeTCR, Ill ·Ha BblXOAe. pe30HaTopa Ha6n10AaeTCH 

C>KaTl/le CBeTa B CMeCll1 BblAenReMblX pe3oHaTopoM. ClllrHanbHblX MOA E1 

111 E2 , 111Mel0ll\111X YaCTOTbl lt) 1 111 W2 , 6nl/l3Kl/le K YaCTOTaM KpaAHIIIX 

KOMnOHeHT cneKTpa PCI> • .llaHHaH ¢1113111YecKaR Cll1Tyau,111H MOAen111pyeTCR 

ABYXMOAOBblM raMl/lnbTOHll1aHOM .ll111KKe BO BHeWHeM Knacc111YeCKOM no­
ne751 • Ha OCHOBe 6opHOBCKoro no KBaHTOBaHHOMY B3al/lMOAeAcTBI/IIO 

111 MapKOBCKoro np1,16n111>KeH111A BblBOA111TCH ypaBHeHl/le Tl/Ina Master 
Equation< AflR peAyu,111posaHHOA MaTPIIIU,bl .. nnoTHOCTl,1 aTOMHOA CI/ICTe-
Mbl. np111 ycnOBll1~ .. 

( 2 40 2 ½ 
/j.o+"'j;2) »Ny21'gl,g2, 

MO>KHO np111MeHll1Tb ceKynRpHOe np~6n111>KeH111e 111 nonyYIIITb CTaU,I/IOHapHoe 
peweH111e 3Toro ypaBHeHI/IH. 3AeCb N - YIIICno aTOMOB, ./j. o= ill21 -uJ -

paccTpOAKa pe30HaHca, W21 111 Y21 - COOTBeTCTBeHHO YaCTOTa Ill 

CKOPOCTb cnOHTaHHOro nepeXOAa aTOMa c B036Y>KAeHHoro YPOBHH \2> 
• ➔ ➔ ➔ 

Ha OCHOBHOA yposeHb l 1 > , G = - dE , d - 3neKTPIIIYeCKll1A All1-

nonbHbtA MOMeHT. KoHCTaHTa B3al/lMOAeACTBI/IH AflH COOTBeTCTBYIOllleA 

Cll1rHanbH0£1 MOAbl gi onpeAenHeTCH Bblpa>KeHll1eM 

/ 2rr ➔ ➔ • 
g

1
= \t---(de.)w 21 , (1= 1,2), 

hw.V 1 
. 

1 

2 

➔ -
rAe <,Ji - YaCTOTa Ill 81 - BeKTOP nonRp1113a4111111 ClllrHanbHOI/I MO-:. 

Abl E i ' V - 06beM KBaHTOBaHI/IR nonR. KsaHTOBble ypaBHeHIIISI re£1-
3eH6epra - naH>KeBeHa no3BOflRIOT CBR3aTb KoppenRU,I/IOHHble <PYHK­
U,111111 noneBblX onepaTopos C KOppenRU,I/IOHHblMI/I QJYHKU,IIIRMI/I aTOMHblX 
onepaTopos (ycpeAHeH111e npoBOAI/ITCR no c1au,1110HapHOMY COCTOSIHI/IIO 
aTOMH0£1 CI/ICTeMbl 111 nonesoro TepMOCTaTa). 

.llm1 KBaApaT,YPHblX onepaTopoa 

1 + i ( +) b 1 = 2 ( b + b ) , b 2 = - 2 b - b , 

+ + + 
r Ae b = a 1 + a 2, b = a 1 + a 2 - onepaTOPbl po>KAeHI/ISI 111 YHIIIY~o-
>KeHIIISI CMeCIII Cl/lrttanbHblX MOA E1 111 E2, MO>KHO BBeCTI/I QJYHKU,111111 

51 

<(bl,2 - < b1,2>) > - ~ I <(b1, b21 > l 
51 2 = -----------·-----. ! 1 < [bl, b2] > l 

KOTOPble xapaKTeplll3YIOT CTeneHI/I c>KaTI/IR B KOMnOHeHTax b1 111 b 2 
COOTBeTCTBeHHO. OTp111u,aTenbHOCTb QJYHKU,111111 51 CBI/IAeTenbCTByeT 
0 c>KaTI/II/I KBaApaTypHo£1 KOMflOHeHTbl b1 ' npw-teM 3HaYeHl/le 51 = - 1 
OTBeYaeT npeAeflbHOMY (100%) C>KaTI/IIO ( i =1111n111 2). 8 npeAnara­
eMo£1 cxeMe 3KCnep111MeHTa C>KaTl/le npOIIICXOAIIIT TOflbKO B KOMnoHeHTe 
b 2 • nonyYeHHoe a pa6oTe 

151 
Bb1pa}l{ett111e Ami q>yHKu,111111 52 o6o6ll{a­

eTcst B HacTOHU{e£1 pa6oTe Ha cnyya£1 HeHyneso£1 TeMnepaTypbl repMo­

cTaTa. OHO I/IMeeT Bl/IA 

. .2 - n N+l 2 . r 2 

1 
[x(y + 1) -n1x (x + 1) ]AN(x) + TI(x -l)(x-1) Cvx +1) 

~=-- . . - , 
x -l 1..!.(y2x-l)AJx) +(22(xN..-l -1)(x-l)(yx+1)

2 l 
2 

rAe 

N+2 'N+ 1 
AN(x) = Nx - (N+2)x- + (N+ 2)x - N, 

h/J.o 
X = (--

20 

h2 /J.2 
+ \I o 

40 2 
+ 1 ) • 

3AeCb Kt - KOHCTaHTa 3aTyxaHI/ISI c111rttanbHO~ MOAbl E1 B pe3oHa-
Tope, ( 1 = g 1 / K 1 1/1 Y = (1 !(2 - 6e3pa3MepHble napaMeTpb1 
( i =1, 2) . '-l111cno TennOBblX KBaHTOB n = n 1· + n 2 8 Cl/lrHanbHblX 
MOAaX MO>KHO ou,eHI/ITb no cpopMyne nnaHKa: 

f Ht ... rp· -·· ~- '. :•i 1~1...1:-~.,_.~' ~I~•.•• ... -...... • ... i:, .. ,., ,,..,,,u.~: l 
, .. ,, .. , .• ,. ,.,,, .. ,,,.,.,rw-u,,,.'., I 
""'-·h· •)ie.-'.:!.i:it'.t IV.I.. ... h,J.ii.t,.,i,J},;!: .. .:ii.-., 1£ 

. 6HSH¥:0TEHr'\ ---
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n 
1 2 

I 
1 = 1 exp ( hw 1 / k T ) - 1 

rAe T - TeMnepaTypa TepMOCTaTa. 3aBMCMMOCTb ¢YHK4t.1M 12 OT 
napaMeTpa x npt.1 ¢t.1KCt.1poBaHHblX 3Hal.!eHMSlX napaMeTpOB Y > 1 , N 
M E2 npt.1BeAeHa Ha pi.1cyHKe. 3Hal.!MTenbHOe cmaT~e Ha6nK>AaeTcsi 
s o6nacrn x .s y-2 M cna6oe - s · o6nacrn x > y 2 (CM. pi.1c.). 

0,3t. 

0,18 

9-°z(X) 

N .. 1000 

~=42.5 

N:10 
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n 
A2 =0 

-0,83 

4 

X 

I 

J 
j 

r 1 
j 

nosb1WeHt.1e TeMnepaTypbl Tel)MOCTaTa yxyAwaeT cmarne (a 12/a n > O). 
B cnyl.!ae 6onbworo L1t.1cna aToMOB ( N » 1) npi.1 BblnonHeHt.1t.1 ycno­
BMSl 

2 
n « NE 2 

sni.1siHt.1e TeMnepaTypw 
Mano. Ecnt.1 npt.1 3TOM 

2 Nt
2 

» 1, 

TepMOCTaTa Ha 3~eKT cmaTMSl npeHe6pemt.1MO 
swnonHsieTcsi ycnost.1e 

TO npt.1 npt.16nt.1meHt.1M K TOL!Ke X = y - 2 cnesa AOCTMraeTCSl npaK-
TML!eCKM npeAenbHoe (6nt.13KOe K 100%) cmaTMe. B cnyl.!ae y < 1 
s 06nacTt.1 x $ y 2 npot.1CXOAMT cna6oe cmaTMe, a cy~acTBeHHoe cma­
TMe np~ swnonHeHt.1t.1 ycnosi.1vr (1) ~ (2) MomHo nonyl.!MTb, npt.16nt.1ma-
sicb K TOL!Ke X = y-2 cnpasa. Ha npaKT~Ke YA06HO napaMeTp X 

~MKC~poBaTb, a t.13MeHSlTb napaMeTp y, KOTOPWVl,_B ci.1ny COOTHo-
weHt.1Sl 

K = ~L 
i Q. 

l 

nponop4t.10HaneH OTHOWeHltfrO A06pOTHOCTevr Ql t.1 Q 2 pe30HaTopa AnSl 
CMrHanbHblX MOA El M E 2 COOTBeTCTBeHHO. 

nposeAeM L1i.1cneHHWe 04eHKi.1.. 15 
a). Om111L1eCKt.'1VI AMana30H. ,llrn:1 T =300 K t.1 wl,2 - 10 f4 

-30 nonyl.!aeM n - 10 . 06beM KBaHTOBaH111si nonsi V nonomi.1M pas-
HblM 06beMy pe30HaTopa. 83SlB V - 10 CM3 

' w21 - 10 15 f4, 
d ~ eQO -10-19 eA. 3ap. crcE CM, K1,2 - 108 r4, nonyYaeM 
g2 - 10-5 • 06bll.!HO B 3Kcnepi.1MeHTe N .S 103 i.1 sn111HH111eM KOMHaT­
Hovr TeMnepaTypbl Ha 3~eKT cmaTt.1Sl MOmHO npeHe6pel.!b (CM. ¢opMy­
ny ( 1)}. 

6). PaAt.10At.1ana30H. ,llnsi reHepa4i.1111 M3nyl.!eHt.1Sl 3Tll1X Ant.1H BOflH 
MOmHO i.1cnonb30BaTb nepeXOAbl Mem4y Pll1A6eproBCKt.1Mt.1 COCTOSlHt.1SlMll1 
aTOMOB 16 / • npi.1 T =300 K 111 u>t,2 .. 10 11 f4 t.1MeeM n - 100. 
83SlB V -100 CM 3 , W211 - 1011 r4, d ~ ea - 10-15 eA. 3ap. 
crcE cM (a - pa3Mep p111A6eproscKoro aToMa), K 12 - 104 r4, 
nonyl.!aeM g2 - 10-1 • npi.1 Bb16ope N - 10 4 ycnos~e (2) BbrnonHsi-

eTCSl, HO 
n 

NE~ 
- 1 (npi.1 KOMHaTHOVI TeMnepaType) npll1BOAll1T K no-

AaBneH111K> 3~eKTa cmarnsi. npt.1 N 2: 106 Bflt.151Hll1e KOMHaTHOVI TeM-
nepaTypbl CTaHOBll1TCSl Hecy~eCTBeHHblM. 

,llnsi Ha6nK>AeHll1Sl cmaT111Sl CBeTa MOmHO np111MeHll1Tb c6ana.HCll1pOBaH­
HblVI ~a30LIYBCTB111TenbHblVI AeTeKTOp, aHanor111l.!HblV1 111cnonb30BaHHOMY 
B pa6oTax 12• 7 • 81• nP,oBeAeHHaSl 04eHKa noKa3blBaeT, l.!TO Afl51 
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AOCT~meH~R c~nbHOrO cmaT~R B paA~OA~ana30He He06XOA~MO noH~me­
H~e TeMnepaTyp~. 
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~nH pe3oHaHCHOH qinyopecu;eHu;HH B pe3oHaTope uccnegoBaHa 
3aBHCHMOCTb «paKTOpa c~aTHH OT go6pOTHOCTH H TeMnepa·ryph!. 
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The dependence of the squezing factor on the quality 
and temperature is examined for the resonance fluorescen­
ce in cavity. 
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