0 BO3MOXHOCTU 'EHEPALIMM ¥ TIPUEMA KO'EPEHTHHX
IMPABUTAUMOHHNX BOJIH OIITHMYECKHM "3ANEPTHMA" CUCTEMAMU

B.P.Hawubapos, Y X .Koneurrem

OGoyxnaeTcsi BO3MOXHOCTb CO3AaHHs CBEPXbI3AyyaTeabHON0 rpaBUTALMOHHONO
cocrosamua (CI'C) ksanroBbix cucreM [ 1], Haxogamuxcsa B cBepx6e3H3ayya-
TeabHOM 3aexkTpoMaruuTHoM cocrodnuu (BIC) [2). Mlocaeanee oznavaer,
YTO KBaHTOBafd CHCTEMa NpK ONpe/leIeHHbIX YCIOBUAX u3ayyaeT POTOHH C
MOUHOCTBbIO, MeHblIe#i MOWHOCTH CIOHTAHHOIO U3AyYeHUA U30AUPOBAHHOH
YacTHIMH, ~

_ OrHomenua rpasuraunonno#t I (*) u sxexrpomarmutaolt /{é) momuocreit,
u3aydyaeMblX 3apixeHHBIMH YacTulaMy B CBOGOAHOM mMpocTpaHcTBe Ipu
BHYTDMATOMHBIX M BHYTPHA@PHBIX Nepexofdx, COOTBeTCTBEHHO pPaBHH
n= ]‘()rz) /1(€) ~ 104 y 1036, B pa6ore [ 1] 6 o noxasaxo, 4To HCNOAB30-
BaHWe Aa3epHONl TeXHuKu no3BoaseT yBeauuuts n B N_A3Q pas us-za
YMeHbIIESHHS HHTOHCHBHOCTH CNOHTAHHOI'O SJ€KTPOMAarHUTHOI'O M3JAYUEHUs
B Pe30HATOpe U B 7, # "IN pas nocpeacTBOM yZAepkanus POTOHOB B pe30-
Harope (N_ — uucao mon pesonaropa, Q — ero 106poTHOCTb, A — AAUHA
- BoJAHbI (oTOHA, Tp M T — COOTBETCTBEHHO BpeMsd Xu3Hu HOTOHA B pe3oHa-
TOpe ¥ AAMTEABHOCTDb Gocdopecuenuus YacTul B cBOGOJHOM MNPOCTPAHCT-
Be, N — uucxo yacTun). B urore oTHoweHne 71 MoXeT yBEAMUNTLCH B
1015 — 10 2 pa3. Kpome Toro, 3a cueT KOrepeHTHOCTH IPaBUTALNMOHHBX
Boan /{*) Bospacraer B~N pas.
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Jaspsefiuiee yBeauenue 3 MoXer GbTh NOAYYEHO HCMOAL3OBAHMEM Ha-
NPaBAGHHOCTH M3AYydYeHHs GoabmmuX cucTeM. MHTEHCHBHOCTD KOrepeHTHOMH
YacTH CNOHTAHHOr'O M3JAYYEHHA TAKMX cHCTeM paBHa (=€ uam ¢):

(O & il(k - : -ik-
! IR (k)éqlexph[(k 42:.0a40k¢)tp]lexp| ik

Coestes) s N0 D

rae | é‘f ) (k) — HHTEHCHBHOCTb CNOHTAHHOTO H3AYYEHHS B OAMHULY TeAec-
HOro yraa {) B HanpaBAeHWM BOJHOBOro BeKTopa k,r y I, - PamMych-

‘ P
BEKTOPH M3AYUaUUX YACTHI, 04y — HEAHE YHCAA NOPAAKA EAUHMIN, k 0™

BOJHOBHE BeKTOphl BO36yXAalOUWMUX 3AGKTPOMATHUTHHX uMNyabcoB (¢ —
nopAnKoBbifi HoMep clefoBaHuS UMNYAbCOB, & — HyMepyeT BOAHOBbI® BeK-
TOpH B npefeaax OAHONO MMNYAbCa Fpu MHOrOKBBHTOBOM B036YyXAEHHH).
CymecrseHHo, uro 3asucumocts /g ¢) (k) or manpaBaenus k onpepeas-
eTCH TOAbKO MYAbTHNONLHOCTBIO NEpexoAa u npupoao# resepupyemMoro us-
AydeHud, B TO BpeM# KaK cymma }’lé {1

' PFq

uMeeT pe3Ko BulpaxeHHu Makcumym B HanpaBaeHuu k = X a

KOTOpOE MOJHOCTLIO ONpefeAZeTCA XapaKTepoM BHEWHEro Bo36yXAeHus .

[losToMy MoxHo Tak nogo6paTh Bo36yxAeHHe, UTO cymMMa 3‘.‘ { 1 6yaer
p#q

MMeTh MaKCHMYM B HEKOTOPOM HanpaBaeHuu 0, aas xoroporo 1§°)k(f))=0.
Ecayu ucnonb308aTh YPOBHK, [AS KOTOPHX pa3pelleH TOAbKO KBAAPYNOAbHbIA
3JleKTPOMarHuTHo i nepexoa, To B HanpaBAeHuH, r'ne Iae’(k%‘)) = (), Beauuu-
Ha I{*) (k{})) umeer maxcumarsHoe 3navenue [3]. Ecaun reneps Bo3byauts
CHMCTEeMY TakK, YTO MaKCHMyM CYMMbl § { | coBnagaer c HanpaBaenKeM

N,, TO TeM CaMbiM Mbl onnospemena: n:myuum CI'C x "3anpeM" cucreMy
A1 346KTPOMATHUTHOTO K3AyUeHus B Hanpasnenun ng; k§®) u k) -
COOTBETCTBEHHO BOJIHOBHE BEKTOpPH (OTOHA M I'PaBUTOHA, k(ff ) = k(f)lno,
E=e,1; | kO] = k&),

HyxHo uMeTb BBMAY, UTO B BemecTBe ¢ AudaeKTpudeckolt nocrosunon
le] # 1 nas onnolt u Tok xe uacToTH Mepexopa v, k(t) 4 k(o) MosTomy
A% BHINOAHEHUA PABEHCTBA k(t)a 3 ase kw Re06X0AUMO KCTIOAL30BATD

NBYXKBaHTOBOE B036yxAenue. HanpHMep, MOXHO BO3GYAMTL CHCTEMY OAHO-

(e) o_kle)
BpeMeHHO ABYMA a3epHHMK uMmyabcamy ¢ k{g) = k(ﬁ’ ngu ki) =k{SIn,

C HECYWMMY YACTOTAMH ¥y = vo/2(1/ye+ 1) K vy = v/ 21~ 1/Y7).

DusnuecKku ABYXKBAHTOBO® AEKTPOMATHUTHOE BO3GYXNGHHE SKBHRANEHTHO
HEeKOTOPOMY 3(dexTHBHOMY noaw C wacToTol vg = vy + vy, u kng = k(%)
Torpa coraacso (1)

[

1)~ i)V ng ) N2 ( )Isin2¢, ?5..7,-2,,‘-)-1 E E,u’ bt (2

Lvo
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rpe ¢ — CKOpocTb cBera B BakyyMe, E,, y E,, — HANpAXEHHOCTH 3JEKT-
PHUECKOr0 MOAR CBETOBOW BOAHH, y — MATPHUHBLIA 316MEHT 3J1EKTpUYECKO-
ro gunoas, At — gamTeabHoCTh Bo36yxkaaomero uMnyasca, L — pausa o6-
pasua B HAnpaBleHuK N0, .,

$opmyaa (2) no Buay cosnagaer ¢ peayabraroM pabors [ 1], oanako ona
noJlyyeHa ¢ y4eToM pasanuud ckopocreil poTOHOB M MPABUTOHOB B BeuleCT-
BE NP MOAHOM MCKJAIYEHUK CBEPXHI3NYYATENBHOr0 3IEKTPOMArHUTHOrO CO-

croanus (CIC), uro npuoaut K Bospacranuio n eme B N{c/L y,)2 pas
(npu N=1019, L =1cxn vy=3.10cex -1 noayuum pononHuTeAbHOE

yBeauuenme 7 B 109 pas). HanomnuM, uTro B HAnpaBAeHUA N, SNEKTPO-
MarHuTHOE M3JYyueHHe Ha YacToTe v, Boobwe OTCYTCTBYET.

Y1066l He BO3HUKJAA CBepXhi3jyyaTeldbHas 2JEKTPOMArHMTHA# reHepauus,
B IBYXKBAaHTOBOM pexuMe yaobHo Bo36yxaarb rpasurauuonsoe sxo. [lo-
CKOJIbKY 3X0 BO3HMKAeT He cpa3y nocie npexpaumeHnus Bo30yxaalouux uM-
nyabCoB, a cnycTa'speMs t < T | 1o Bo36yXaeHHEe MOXeT GHITH NpoU3Beje-
HO B NPOCTPAHCTBE C MOAAMM HA YACTOTaX vy, U vy, @ 9X0 ByAeT HaGxo-

AaThCA B 5JeKTPOMArHUTHOM Pe30HaTope, HE CofepxaleM MOA Ha YyacTo-
Tax vy, vy, M vo . 30echb T, — BpeMi dasosoit perakcaumuu (s Al,0;: Cr3*

npu xonuesntpauuu Cr3* nopangka 10-3 spems T,~106~6 cex). B upeanvrom
fpejene NOAHOTO NCKJICYSHUS SJIEKTPOMATHUTHOPO M3JAYUEHUS HA 4AacTOTaX
Vi1s» V12 B Yo MOXHO moayuntb n>>1.

[lpueM uMMNyabCOB KOrepeHTHHX PaBUTALUUOHHBIX BOJH Jyuile BCEro mnpo-
M3BECTH NpY NOMOWY AHAAOTHUHBIX KBAHTOBHIX CHCTEM cieaylomum obpa-
30M. Brauane Bo36yaum C3C, koropoe pacnapaercs 3a spema T3 << T,
BCAeACTBME HeoaHopoAHocTek JokaabHbix noselt [4]. Tem cambiM Mbl moay-
yaeM CHCTeMy, B KOTOpoi 3anaceHa 3Heprus u undopmauus o pase u Boa-
HOBBIX BeKTOpax Bo30yAMBLIEr0 €e MMMYJAbCA, YTO NMO3BOJAET OCYWECTBUTD
HanpaBJeHHbl# npueM. B Momenr Bpemennu T; <t< T, sTa cucrema
nogsepraeTcs MMNYJAbCHOMY BO3[AeHCTBMIO TIpaBUTAUMOHHOrO ¥ Ja-
3epHOro Jayueil, HanmpaBJeHWS BOJNHOBHX BEKTOPOB ¥ 4YaCTOTH KOTOPbIX
TaKoBHl, uTo B cucreMe BosHukaer C3C, Uepes Bpems 2t cucrema HauyHeT
reHepupoBaTh B HYXHOM HanpaBJeHHUH KOrepeHTHHe SJEeKTpOMarHUTHbE BOJ-
Hbl, HHTEHCUBHOCTb KOTOPBIX Bhiuucasercs mo (3) us [1]. Ilpu rakom cnoco-
Oe npueMa rpaBUTALUOHHLIA UMIYALC CAYXHUT CPEACTBOM, NO3BOJAAOUUM Bhi-
CBOGOAMTDL B HYXHbIA MOMEHT U B HyXHOM HanpaBJieHUM 3aNaceHHY0 B Mpu-
emunke s3xepruio. Kak 6sin0 noxasano B paGorax [2,5], B peryaspuuix pe-
meTKax, coaepXamux Bo30yKAeHHbE 8Apa, BOSMOXHO CaMONPOU3BOJbHOE
BosHukHosenne CIC u BIC aas y-kBauTOB , 2 caegoBarennHo, u CI'C na
YacTOTE y-KBAHTOB OTHOCHMTEJbHO HYKIOHHBIX MaccoBbiX KBagpynoaei. fia-
pa B cneunanbHo nofobpanfioft pemerke MOXHO NOJAPU3OBATH TaKuM obpa-
30M, YTO B HanpasJeHwuu n, obpasyiorcs CI'C u orcyrcTByioT HanpaBie-
Huf, AAS KOTOPHIX Bo3MoxHO Bo3nukHoBenue CIC. B cBepxnioTHOM BemecrT-
Be, rae A2 L=2N > 1 (A - gauHa BOJHH y-KBAHTA), pemeTKa MOXeT GbITh
npousBoabHoi. [lpu uncae Bo36yxnennbix snep ~1010 u vy = 1018 cex -l
MOXHO OT NPUEMHHMKA NOJAYUMTb OAKH OoTcueT 3a 103 cex.

B pa6ore [ 6] yrsepxaaercs, uTo BCASACTBHE pa3sAMuMA yracBOro pacnpe-
AeNeHUA UHTEHCHBHOCTEH U3AyUeHUS MACCOBOTO M 3AeKTPUYECKOr0 KBajpy-
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noxe#l HEBO3MOXHO NEepeMeHHbIM 3JeKTPUYEeCKUM NoJeM Bo36yAUTbL BHICOKO-
YACTOTHOE IpPaBATALMOHHOE U3AyueHHe. ITO yTBEpXKJAeHHe HeBepHO: Bo-nep-
BbIX, CYU[ECTBYIOT HanpaBJAeHHS, BAOJAb KOTOPbIX OJHOBPEMEHHO U3AYy4aloT
K@K MaccoBbli, TaK U 3JeKTpudYeckuil KBaapynoab; Bo-BTophX, B pabore [ 1]
paccMaTpUBaloch Bo30yXAeHHEe MaCCOBOr'0 KBaApynoas NOCPeACTBOM 3JeK-
TPUUECKOr0 AUNOJBHOTO Nepexoia, YTO No3BoJAAET 3aCTaBUTb MacCOBbiH
KBaJIpynoJb U3JyYaTh C MAKCUMAaAbHON MHTEHCUBHOCTHIO.

Kaaancxnﬁ‘ [locrynuao B peaakiuuio
OU3NKO-TEXHUUECKUA MHCTUTYT 29 nexaGpsa 1966 r.

Akagemuu Hayk CCCP

Jureparypa

{11 ¥.X.Koneuaxem, B.P.Haru6apos. Iucbma X3T®, 2, 529, 1965.

[2] R.H.Dicke. Phys. Rev., 93, 99, 1954,

(3] 1.4./laupay, E.M.JIudpuun. Teopus noasa. Pusmarrus, M., 1960,

(4] L.D.Abella, N.A Kurnit, S.R.Hartmann. Phys. Rev,, 141, 391, 1966,

{5] LH.Terhune, G.C,Baldwin, Phys, Rev, Lett., 14, 589, 1965.; 1.®.3a-
peukuit, B.B.Jlomonocos. X3T®, 48, 368, 1965; A.M.Adanacres, 10.Ka-
rau, Mucoma XIT®, 2, 130, 1965; XIT®, 50, 271, 1966.

[6] Il.Ax.Becrepseanr. Mucema X3T®, 4, 333, 1966.

448





