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AnHoTanus

B pabore mokazaHo, 9TO KOrepeHTHOE B3aMMOEHCTBHE raMMa-KBaHTa C OOJIBIINM d/ep-
HBIM aHCAMOJIeM WHIYIIUPYET TTPOCTPAHCTBEHHYIO 3aBUCUMOCTh MATPUIIHI SIEPHOTO MOKa3aTe-
Jig mpesiomsienns 0T (a3bl PAIUOYACTOTHOTO TI0JIsl, UTO IPUBOIUT K BOSHUKHOBEHUIO «OIITHYE-
CKU» HEOHOPOJIHOM CTPYKTYpbl. Hall/ieHbl yCa0Bus TUIIA 3JIEKTPOMATHUTHO-UH/TY [TUPOBAHHON
MMPO3PAYHOCTH W MaKCHUMAJILHOTO TIOTJIONMEHUs] MPOOHOTO TOJIsi TaMMa-KBaHTa 33 CYET 00-
MeHa SHeprueifi ¢ pajmovYacTOTHBIM pe3epByapoM. [IpoaHajm3mpoBaHa 3BOJIONUS PEKUMA
37IEKTPOMATHUTHO-UHLY TUPOBAHHON IIPO3PAYHOCTH U IPYIIIOBON CKOPOCTH MEJJIEHHOIO TaMMa-
CBeTa B 3aBUCUMOCTH OT JIUHEHHBIX Pa3MepOB CPEJIbI C IEIbI0 U3yUYeHUs BO3MOKHOCTH BHEIII-
HEro KOHTPOJIsi MHTEHCUBHOCTH, [IJIMHBI UMITY/IbCA U [TOJIAPU3AINHA I0TOKA raMMa-KBaHTOB, Bbl-
XOIAINX U3 06pasIia.

KuroyeBble cjioBa: raMMa-ONTHKA, KBAHTOBasg WHTEPQEPEHIns, siIePHBIA ITOKa3aTe/lb
TPEeIOMJICHU, 3JIEKTPOMATrHUTHO-UHIYIIMPOBAHHAS TTPO3PAYHOCTD.

BBenenue

XOopoIo W3BECTHO, YTO KOHTPOJh U YIPABIEHHE MPOIECCAMM PACITPOCTPAHEHUSI
U3JIydYeHNs B CPEJe SBJISETCS AKTYAJbHOW 3a7adeii B ONTHKE W WMEET MHOTO MpaK-
tudeckux npuioxkenuii [1]. C rouku 3peHus nepernekTuB cerojHs 0coboe BHUMAHUE
MPUBJIEKAIOT JIBA TOX0/IA: MEePBbIil 6A3UPyeTcs HA UCIOTH30BAHUE YIIPABISIONIETO OTl-
THYIECKOTO TOJIsT U 00yCIoBIeH 3 dekTaMmn KBAHTOBOM MHTEP(EpPEHINN, TAKUMHI, KaK
9JIEKTPOMArHUTHO-UH/LY IUPOBAHHAS TTPo3padHocTh (IMUII) cpensr; BO BTOPOM HYKHO
UMEeTh ONTUYECKWNE CPEJbl C MPOCTPAHCTBEHHO-TIEPUOINIECKUM MOKA3ATEIEM MPEIOM-
JIGHUS, deil epuo ONpeIeNsieTCsl JIJIUHON BOIHBL U3y derus ((hOTOHHBIE KPUCTAJLIIBI).
MeTo/pl KOHTPOJIS U yIpaBeHus Oy/IyT aKTyadbHbI U JJI TPAHCIIOPTA FAMMA-KBAHTOB
B «OITHYECKOW» Cpejie, HAIPUMED, JJIs YMEHbIIeHNsT PE30HAHCHBIX TOTEPh U CO3IAHMA
Y3KOHAIMPABJIEHHBIX TAMMAa-UMITY/IHCOB 3aTaHHON (hOPMBI 1 mHTEeHCHBHOCTH. () THAKO TIe-
PEHECTH HAMPSAMYI0 ONTHYECKNE MOIXOIbI B TaMMa-INana30H BEChbMa TPOOIEMATHIHO.
Hampumep, TpyaHo cebe MpencTaBuTh, KAK TEXHOJOTUYECKH CO3/IaTh CTPYKTYPBI, st
KOTOPBIX MPOCTPAHCTBEHHBIN TEPUO/T sIIEPHOTO TOKA3ATE s TPEJTOMJIeHUs OyIeT Mmo-
paaka 0.86 A~ jauHBI BOJHBI TaMMa-u3TydeHnd, (pOPMUPYIOIIErocs B AJ1EPHOM IIepe-
xome [3/2) — [1/2) msorona °"Fe. Bonee 3aMaHYWBBIM, Ha HAII B3I/, ABIACTCH
MO/IXO/T, CBA3aHHBIN ¢ 3¢ dekTaMu KBAaHTOBON mHTEp(dEPEHINN, XOTsI ObI MOTOMY, UTO
MPOIIECC PACTPOCTPAHEHNST TAMMA-U3JIyIeHNsT B «ONMTHIECKO» CpeJie eCTh Cyrybo OIHO-
KBAaHTOBBIH, U, CJEIOBATEIHHO, [IOJIE TAMMa-KBAHTA MOYKHO PACCMATPUBATH KaK caaboe
npobuoe mosie B cxeme IMUIL. Ho u 31ech BO3HUKAET 3aTPyAHEHHE, CBA3AHHOE C TEM,
YTO HEJIb3s BBECTH CHJILHOE YNPABJLAIOIIEE 110JIe HU B raMMa- (OTCYyTCTBYIOT UCTOYHM-
KU KOP€PEHTHOTO TaMMa-M3JIyUeHus ), HU B ONTUIECKOM (OTCYTCTBYIOT METACTAOUTIb-
HbIe ONTHYECKNE MOJYPOBHHU B BO3OYIKIEHHOM COCTOSIHMM siiipa) amamnasoHax. B [2—4]
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MBI TIOKA3a/IM, KaK 3TO MPEMATCTBUE MOXKET ObITH 000#IEHO, MPEeIIOKUE HOBBIN MMOJI-
X0/, B KOTOPOM B Ka94eCTBE YIPABJILAIONIEr0 BLIONPAETCS PE30HAHCHOE PAIHOIACTOTHOE
(PY) nosie. Ono co3gaér Bpemennyio (Hha30ByI0 KOI€DPEHTHOCTb B CUCTEME CBEPXTOH-
kux (CT) momyposreit BO30YKISHHOTO COCTOAHUS SI/IPa, UMEIOIIUX OJUHAKOBOE BPEMs
JKW3HU, YTO TO3BOJIAET peasn3oBarTh ycaous tuma IMUIL u 3amesnienns cBera mnpu
PACIPOCTPAHEHNN TAMMA-U3JIy9YeHrs B MArHUTHOM «ONTHYECKW» TOHKON cpese. Bwuio
HaliIeHo, 9TO MPH OMpeaeTeHABIX (a3ax pe3oHancHoro PY-moms cpena cTaHOBUTCST TTPO-
3pavHoil A7id U3JIy9YeHrs OIHOM KPYTrOBOil MOIAPU3AIHY, B TO BPEMs KaK MaKCHMAaIbHO
[IOTJIOIIAET W3JIyYeHue APYTOil, M 3TO MOXKET CIY?KUTh OCHOBOM /IjIst CO3/TaHUS KOT€PEHT-
HO PEryIupyeMbIX TMOJISIPU3ANUOHHBIX (DUIBTPOB raMMa-KBAHTOR.

Onuako 6ojtee MHOTOOOEIIAIOINNMHU, C TOYKHU 3PEHUs pa3HO0Opa3usi HOBBIX MOIXO-
JIOB JIJIsi BHEITHEr0 KOTE€PEHTHOTO BO3MIEHCTBHUS HA MPOIECC PACTIPOCTPAHEHUST TaMMa-
u3aydenus, OyAyT «ONTHYEeCKU» IUIOTHBIE CPEeIbl, rje Hapamy ¢ ddderramu KBAHTO-
BOil nHTEepdEPEeHINY, BbI3BAHHbIMEU yrpasisgionmy PYU-monem, 3aMeTHy0 posib UrpaooT
u 3¢ derTh, 00yCIOBIEHHBIE KOJIJIEKTUBHBIM DPE30HAHCHBIM MEPEPACCESTHUEM TaMMa-
KBaHTa OOJIBINNM sIIEPHBIM aHcambieM cpefbl [5], a Takyke wHTepdepeHimeii mosis-
PH3AIMOHHBIX COCTOSTHMI raMMa-KBaHTa [6]. B3anMoces3b 3bheKToB Beex TpEX THTIOB,
ompeiesisieMast BeJIMINHON «ONTUYECKOH» IJIOTHOCTH, MOPOIUT TPOCTPAHCTBEHHYIO 3a-
BHCHMOCTD S€PHOrO MOKa3aTess mpeoMeHus oT napamerpo PY-moss, 9To mMoxker
OTKPBITH HOBBIE BO3MOYKHOCTH /1711 3(p(HDEKTUBHOTO BIINSAHUS HA «ONTUYECKIE» CBONUCTBA
CpeIbl ¥ KOHTPOJIS pACIpPOCTPAHeHNs TaMMa-u3 1y deHus B Heil. O CcoOeHHOCTH TPOX0XK Te-
HUsI TAMMAa-KBAHTA Y€PEe3 «ONTHIECKU» MJIOTHYIO MATHUTHYIO CPEIY, HAXOISIIYFOCS TIOT
neiictBueM peszonancHoro PYU-monsg, n OyayT paccMOTpPEHBI B HACTOAIIEH pabore.

1. Teopernmuecknit popmMaausm

s pemenus 3aga4u, anagorudto [2], Bocrosnb3yemcs dpopmanuzmonm Makcsesia —
dbon Heiimana [7], mpeamomnaras, 9ro ormdaroIias BeKTOP-TIOTEHITNAIA TIPOGHOTO TI0JIs
(BostHOBast hyHKIMsS) NAJAIONIEr0 HA CPELy TaMMa-KBaHTa Ha rpaHure cpeasl y = 0 B
Gasnce KpyroseIx mossipu3anuit (p = +1) umeer Bux a,(t,0) = ¢pexp [-Ts(t — o) /2],
rJie KOHCTAHTBI €, OIPEJE/IAIOTCA HO/IAPU3AUOHHBIM COCTOAHNEM TaMMa-KBaHTa. «O1-
THYECKas» CPeJia ABJISeTCH BHEIPSHHBIM B MATHUTHYIO MaTpuily ancambiaem auep °' Fe.
Bynem cuuTarh, 9TO MOCTOSHHAS COCTABJSIONIAsS CBEPXTOHKOTO MO Ha sape Hy nHa-
MpaBJjieHa BIOJIb Z-0OCH, a TIepeMeHHast COCTaBIAoNasa, obycioBaennas saeranm PY-
nojeMm, H,; = HTOf cos® — Bmonp X-ocm TeH3Opa TPATMEHTA ITEKTPUIECKOTO TIOJS
(I3I1), rne @ = Q(t — t1) — rexymas dasa PU-nons. Ecam Beinonnsercs yciaosue
C = H,Qf/Ho < 1, ro mexanu3Mm HaBejenus ¢a3oBoit korepenraoctu B cucreme CT-
[O/Ty POBHEH OMpeIeisieTcsi TaMIJIbTOHUAHOM KBaJIPYTIOJIBLHOIO B3AUMO/IEHCTBUS

— 1

Hy = hwg((I2)? + gle(le +1))
n CT-B3anmoneiicTeus

H’h\f =h Z wif(fg +C(f£cos@+fésin@)).

Jj=e.g

s @ypbe-KOMIOHEHT Orubaromeil aMInIITyAbl BOJHBI FaMMa-KBaHTa ap (v, y, @)
U MAaTPHUIBI ITOTHOCTH Og4e(v,y, ®) aHamorudHo momxomy, HCmoab3yemoMy B [3, 4, §],
MOXKHO 3ammncarth ypaBaerns Makcsemnia—don Heiimama:

Oy,

3 " -
ay :_Z/J/ Z Dg\}f)p (@7¢)C(915M5el)U(e)U(g)ezM‘page;

€e1r - gg1
e1,91,M
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004 . T,
Qa—yg = Z(A’Y —V+ Weg + 17)4‘
) (e)yrlg) ,—iMP (1)
+ Z DMp’ (@7¢)C(925Ma eQ)Ueerggze ap/
€2,92,M’,p’
rzae /1 — K03 dUIHUEHT sepPHOr0 Pe30HAHCHOTO MOMOMEeHus; Ay = wy — wo — JOILIe-

pOBCKHit CIBHUT (PAcCTpoiika) TacTOTHI MAJAIOIMIEr0 FaMMa-KBAHTA W.; Wy — TacTOTa
. 1
SIEPHOTO epexo/ia B orcyTerBue kBaapynoabaoro u CT-s3anmoeiicreus; Dgw)p(ﬂ, ) —

marpurpt Bpamenns, C(g, M, e) — xkosddunuenter Knebma—Toprona; Awe, = Hi —

ee
— Hgg; UU) — omeparop mpeobpa3oBaHmsi raMHILTOHHAHA K JAATOHATLHOMY BHILY

(H? = Uexp(i® > ) H exp(—i®I)U+); Ty =Ty = ' = 1.126 MI'i — ecrecTBen-
Hasl IMUPHUHA JIMHAKA SJEPHOrO MEePexoa MeKJy OCHOBHBIM M MEPBBIM BO30YKIEHHBIM
cocroguuaME n3orona ° Fe .

s cpeabl ¢ MPOU3BOIBHOM «ONTUYECKO#» IMJIOTHOCTHIO [y HANTH O0INee aHa M-
THUYECKOE pelenue cucreMbl ypasaennii (1) HeBo3aMoxkuo. g 9uCIeHHONO MOIEIUPO-
BAHUS IIPEJICTABUM BOTHOBYIO (GYHKIUIO ap(V,y, P) U MATPUUHBIE SJEMEHTHI STEPHDLIX
epexonoB oy (v, y, ®) B Bume psana orHocurensHO P

(o]
ap(v,y,®) = Z a?(u,y)e“”‘b,
m=—o00
) @)
Oge(V,y, @) = Z U;Z(V,y)eim(b.
m=—o00

IMoacrasus (2) B (1), HETPYAHO MOJIYYUTD:

da™ 3 (1) (1)
U3 YY S suaug U Dl 0.0k, 6.0
e,e1,e2 g,91,92 M, M’
an MM

(v, y)
Cl(g1, M, e1)C(ga, M, P . .
x C(gn e1)C(g2 e2) X (Q(m — M) — A —weg + )i + Ta/2

(3)

Ucnomw3ys kpurepnii |a) (v, y)/a; (v, y)| < 1, orpasmsmvcs B (3) J -rapMoHuKamMm u
MEPEenuIeM CUCTEeMy YPaBHEHHi (3) B MATPUIHOM BHIE:

0A(v,y)
GANY) _ G x Av,y), 4
9 (v, y) (4)
rae A = |lay'|| — marprma-cronGen pasweproctn 2(2J + 1), a G = ||Gg;f,|| — KBajpa-

THYIHAS MATpHUIA pazMeprocta 2(2J + 1) X 2(2J 4 1), 9bK 97€MeHTHI OIPeIeNsIIOTCS U3
(3). TTosyuaem, uro pemenue ypapuenus (1) ¢ yaerom (2) JIErKO mOJIyYUTh C IIOMOIIBIO
bopMaTBEHOrO MATPUIHOTO MPETCTABIEHUS:

A(V7 y) = eXp(Gy)A(V, O)a (5)

rae A(v,0) oupenensiercs u3 rpaHUYHBIX YCJIOBHIA.

Jmsa m3ydenns 3¢dp@eKTOB KBAHTOBON MHTEPQEPEHINN, TPUBOIAININX K YCIOBHIM
tina DMUIL u 3aMensieHn0 TaMMa-CBeTa B «ONTHYECKW» TIOTHOH (py > 1) cpe-
ne, OyIyT aHAJU3UPOBATHCS TPU BEJUYUHBI: CKOPOCThH CUéTa (MHTEHCUBHOCTH ITOTOKA)
raMMa-KBAHTOB, TPOXOJAIINX Uepe3 00pa3er] ¢ TeOMETPUIECKON TOIIMHON ¥ ; sIepHBII
[MOKA3aTe b IPEJOMJIEHUS «ONTUYECKOI» CPe/Ibl U IPYIIOBAs CKOPOCTh raMMa-KBAHTOB
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B cpene. IIpeanosioKum, 9TO JEeTEKTUPYIOTCS BCE KBAHTHI, MPOIIEAINIne depe3 o0pa-
3el, HE3aBUCUMO OT TOTO, B KaKWe MOMEHTHI BPEMEHW OHHW WCHYIIEHbI eCTEeCTBEHHBIM
PAINOAKTUBHBIM HUCTOYHUKOM. Takme yCJa0BHs MOTYT ObITh Peajm30BaHbI B METOINKE
cundasnoro gerektupoanus [9]. Torma ckopocTh cuéra raMMa-KBaHTOB PaBHA:

I(y,®) = Z / dv Za(u, y) exp (im®)| . (6)

Omnpezenny MaTpuIly pa3mMepoM 2 X 2 sIepPHOTO MOKA3ATEeJs TPETOMICHUS Ty =
= Opp + Xpp' <ONTHYECKOH» CPEJIBbI, UbU JMATOHAJBHBLIE HJEMEHTDI SIBJISIOTCH MOKa-
3aTeNSIMU NPETOMIIEHHs /il COCTOSTHUH raMMa-KBaHTa C IPABOH M JIEBOH KPyrOBbIMA
HONAPU3ALMAMY, & HeIMATOHATBHBIE — AMILTUTY/JAMH II€PEX0/a MeK 1y HUMU. [j1s1 9T0ro
BOCIOJIL3YeMCst OAX00M [6], coracHo KOTOpoMy 3anuiieM v-10 KOMIOHEHTY BOJHOBOM
(dbyuknnu ramma-kBanTa B Buie a,(v,y, ®) = > (exp (—ikny))ppy ¢y . Tak xKak B m1060M

’
«ONTHYECKH» TOHKOM CJI0e 00Pa3Ia ¢ FeOMeTPUIECKOil TOMIMUHON dy MaTpUIHBIE dj1e-
MEHTBI Xp, HE MEHSIOTCH M CIPABEJINBO COOTHOIIEHNE Xpp dy < 1 [3], To merxo
[IOKa3aTh, 4TO

Oap,  ap(v,y+dy,®) —ap(v,y,®) )
— = ’[,kX 1 Qg o 7
Dy dy Ep/: pp’ Op (7)

Ecan 06e wactn ypaBHenust (4) yMHOXKWUTH Ha exp (¢m®P) u MpocyMMHUpPOBATh MO M,

TO OHO TpeobpasyeTcs K BHUIY:
da
8—; = Z By (8)
p/

U3 cpasuenus (7) , (8) ciemyer, 9TO B «ONTHYECKH» MJIOTHOH Cpele MATPHIEA Xpp/
3aBUCHT OT Y W OTIPEIEIACTCA KaK:

Gml/ al, v, y)eim<1>
(1/ (I))iprp’(V,y,(I))ilm,l - P( (9)
Xpp 'Y - k ap’(”v v, (I)) - k Z ag/z(y, y)eim&b .
ORe xpp

Cormnacuo [10], mpu BHINOIHEHUN YCIOBHST > 0 TpynmoBy0 CKOPOCTH MOTOKA
P-MOJIAPU30BAHHBIX FaMMa-KBAHTOB MOYKHO BBIDA3UTH 4Yepe3 JIHaroHaJbHble 3J1€MeHThI
MATPHIIBl BOCIPUUMYHBOCTH (8):

V@ (v =0,y,0) = ‘ (10)

gr JRe ’
14 Rexpp + wW%

2. Amnaam3 pe3yJIbTaTOB U JUCKYCCHUS

B pesy/braTe 4ncI€HHOl OIEHKHU B Pa3JIOKEHUU BOJHOBOH (hyHKImu (2) 70CTaTOYHO
OrPAHUYUTHCA ABYMs rapmonukamu (J = 2), BCJIeJCTBUE Yero PacCMOTPEHHbIE B |3,
8] MHOrOypOBHEBbIE MOJEJIU «ONTUYECKON» CpeJibl, CupaBe/iuBbie B ciaydae puy < 1,
MOTYT OBITH TIEPEHECEHbl U Ha Ciaydai uy > 1.

~Paccvorpum  cmavana cpeiy TIepBOrO  THIA, YIOBJETBOPSIONIYIO —yCIOBHAM
wflf, wg > I', co cnenyiommvn mapamerpavu cucrembr CT-nogyposneit ocHoBHOrO 1
030y K némmOr0 cocrosmmii sapa O Fe: wyy ; = 20T, wy = 7T'. Yacrory sremrero PY-
noss BeIGEpeM paBHOil wacToTrHOMY paccrosunio Mexay CT-moxyposmsmmu [1/2), u
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a b
1.5 1.4
_ —uy=1 —uy=1
/.‘\‘ 777uy:4 1.2 _ 777uy=6.5
1 . \ . _ s N o _
7N ny=7 s Hy=10
il / N py=10/ e 7N uy=16
- AS SN = s . N
a W 0.8} 7. N
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Puc. 1. 3aBucmmMocTh MHTEHCMBHOCTH Tpommesamero m3nydenus ot daspl PHU-nona (P) npwm
pasnMYHON onTHyYecko mwiorHoctu (py): a) caydait wg > T, Ay = A1 35 b) cayuait wy =0,

A=Ay

2

13
272

1
2

13/2), € = we+2wy 1715t TOrO, 9TOOBI BBINOMHAMACEH yci10Bus TouHoro IMP-pesonanca.
Be3 orpanndenus obHOCTH OyIeM CIUTATD, 9TO A ATOMIAI TaMMa-KBAHT PACIIPOCTPA-
HseTcst BAosb Y -ocu Tersopa I'DII (6 = ¢ = 7/2), ero yacrora HaCTpOEHA HA YACTOTY
nepexona [1/2), — [3/2), (Ay =Ayz = 3 e —2wy+wg), & cam OH NMeeT MpaByIo Kpy-
rosyio noJspusaiuio (¢ = 1, c—1 = 0). Torga ysesndenue «onTHYECKOIi» MJIOTHOCTU
B unrepBaie 0 < py < 4 npuBogMT K NOsBICHUIO (a30BOI 00IACTH, B KOTOPOH cpe/ia
HE TOJILKO TIOJIHOCTHIO MPO3PAYHA JJIsi MOTOKA T TAI0IINX FaMMa-KBAHTOB C WHTEHCHB-
HoCThIO I, HO n ycnamnBaer ero (I(y, ®) > Ip(y)) (puc. 1, a). Hpu py ~ 4 sra obmacrsb
JIOCTHTAET MaKCHMAaJbHBIX pasMepoB —7/3 < @ < 7/3. Bo3HUKHOBEHWE TAKOrO «OKHA
MPO3PAYHOCTH U IMUCCUE» OOYCJIOBIEHO TeM, 4TO I KaXKI0ro 3uadenus P, BXojsiie-
IO B HEro, CyImecTByeT JUANA30H U3MEeHeHus v, B KoTopoMm Im xi1; > 0, a mepexomavu
raMMa-KBaHTa B COCTOSIHHE C JIEBO# KPYTOBOil mongpu3anueii, rae Imy_1-1 < 0, MOXK-
HO mipeHeGpedb. IIpn py ~ 4 u ® = 0 on cranosutcss HawbosbimuM (—1.251 < v <
< 1.25T"), mosTOMy yCHIIEHHEe TPOXOJAIIErO TaMMa-M3JIydeHusi JOCTHTaeT MaKCUMyMa
(puc. 2). C nanpHEANIMM POCTOM «ONTUYECKOIl» 1ioTHOCTH B uHTepBase 4 < uy < 10
9TOT JUAINA30H BHOBbH yMEHbBINAETCs, U «OKHO MPO3PAYHOCTH U IMUCCHU» MTOCTENEHHO
cyxaercd B Touky © =0 (I(y,®) = Ip(y)), a upu puy > 10 cpena Boobie cTaHOBUTCs
morsiomarorieit Hesapucumo ot dpasnl BHenmHero PH-moasd. B oranune o1 «ONTHYECKAX»
CBOWCTB CpeJibl, O MPOIECCe M3MEHEHUs IPYINOBOH CKOPOCTH vg) C yBeJMYEHUEM [LY
HUYEro Heb3s CKa3arTh, MOCKOILKY mnpu yciaousax IMUIIL okpecrnocts v = 0 ais
[IPABO-TIOJIAPUBOBAHHBIX TAMMA-KBAHTOB sIBJIIETCsI 00JIACTHIO AHOMAJIBHON JUCIEPCHH,
rae NpubIMKEeHne TPYNNOBOil cKopocTr HempuMmeHuMo. OTHAKO XapaKTep MOBEIEHUs
IPYTITOBON CKOPOCTH MEJJIEHHOTO raMMa-CBETA B MPO3PAYHOIl Cpele MOXKHO MPOaHa-
JIN3UPOBATH, €CJIM HE3HAYUTEHHO OTCTPOUTCS OT YCAOBHH TOYHOIO raMMa-pe3oHaHca.
Hanpuwmep, korna A, = A%% —2I' w ® = 0.47, T0 POCT [y UPUBOIUT CHAYATA K
ITOBBIIIICHATO vér or ~ 10 mo ~ 30 m/c (uy =4), a 3arem K 6ojiee MEJIEHHOMY CHALY
no ~ 17 m/c (puc. 3, a).

[Mpu ® = 7 peanuzyercs peKUM MAKCHMATHLHOIO MOTJIONIEHUs MAJIATONUX TaMMa-
KBAHTOB, CYIIECTBEHHO MPEBBINIAIONIEr0 BEJIUYUHY, TOJIyUYEeHHYIO0 ycpeanenueMm (8) mo
daze PU-mona. C HuM cBsi3aH IMana30oH W3MEHEeHWs U, rje lm yj; NPUHUMAET OTpH-
[ATeIbHBIE 3HAYEHNS W HA KOHIAX KOTOPOTO OOJIBINNE aMIIUTY/IbI TOJISPU3AIHOHHOTO
CMEIUBAHUS |Y—11| UHIAYUUPYIOT MHTEHCUBHBIA EPEXOJ] rAMMa-KBAHTA U3 COCTOSHUSI
¢ 1paBoii Kpyroeoii noJsgpusanueil B cocrosuue c jesoit (puc. 4). Ionobubie adbdex-
ThI, WHIyIUpOBaHHBIe PYU-TI0/1eM B «ONTHYECKOiT» Cpejie, MMEIOT MECTO U B TOM CJIydae,
KOIJIa 9aCTOTA MAJIAOIIEr0 MpaBO-MOJSPU30BAHHOTO TaMMAa-KBAHTa, HACTPOEHA HA Ya-
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Puc. 2. Iloka3aTens NPeIOMICHAS B 3aBUCEMOCTH OT OTCTPORKH OT TOIHOTO pe3oHaHca (wq >
I', nepexon |1/2) — |3/2)) B pexxume nHauGonbuero «ycuenus» (¢ =0, py = 4): a) MEUMas
YaCTh JUATOHAJBHBIX 3JIEMEHTOB, OTBEYAIONINX 3a IOTJIOMIEHNE; b) aMIUINTYAa HeAUaroHaIb-
HBIX 3JIEMEHTOB, OTBEYAIONNX HEePEKAUKY TOAPU3AAI

a b
40 150
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s [
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0 - : - - ’ 0 - : *
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Puc. 3. IlpocTpancTBeHHAs 3BOIIONNA IPYIIOBOM CKOPOCTH MNPABO-NOIAPU30BAHHBIX aMMa-
KBAHTOB B DEXKWUME <«IIPO3PAYHOCTH M SMUCCHU»: @) caydail wg > I') Ay, = A1z — 2 n
22

® = 0.47; b) cayuait wg =0, Ay = Al

2

ud=rx

1
2

crory nepexona [1/2), — |1/2), ¢ eMHCTBEHHBIM OTIMYUEM — CABAIOM BCeX (asoBbIX
yCInoBuil HA .

[lepeiiném Temeph K cpege BTOPOTO THTA, M KOTOPOA w,elf:20F, wg = 0. Ya-
crory §) Buemuero PY-monst BbIOEpeM paBHOM wgf C TIEJIBIO BBITIOJTHEHUS YCIOBU
AMP-pesonanca B cucreme CT-moayposreil BO3OY:KISHHOrO cocTogHms gapa ' Fe.
OTcyTcTBre KBAAPYTIOJLHOTO B3aUMOIEHCTBUS IPUBOAUT K TOMY, 9TO 3(PHEKTHI KBaH-
TOBOW WHTEP(MEPEHIIMH UMEIOT MECTO TPHU HACTPOHKE YaCTOTHI MAJAIONIEr0 MPaBO-
HOIAPU30BAHHOTO TAMMA-KBAHTA HA, JTI000H M3 raMMa-pPe30HAHCHBIX MEPEXOI0B B CUCTE-
me CT-nogypoBHEl 0OCHOBHOTO M BO30YKIEHHOTO COCTOSTHAS SIAPA, IIPUIEM BCIEICTBHE
CHMMETPUH IIPH aHa/H3€ JOCTATOYHO OFPAaHMYMThCs mepexozamu [1/2)  — |3/2);
|1/2)g — [1/2),; |1/2)g — |-1/2),. Jdas mepexonon |1/2)g — [3/2), u |1/2)g —
— [1/2), MBI MMeeM CHTYaIuio, CXOAHYIO C TOi, ITO MMEeT MEeCTO JJIs CPebl TepBOro
tuna. Tak, nanpuwvep, auis nepexoza [1/2), — [1/2), B Tounom pesonance A, =-27.1T
yBenmmienne py B uATepBate 0 < py < 10 mpuBOAUT K BOSHUKHOBEHUIO OKHA <«ITOJIHOMN
nupo3spadnocru u smuccun» —7/3 < ® < 7/3, KoTopoe 3areM BOTIONUOHUPYET B TOUKY
® = 0, 9TO TaK¥Ke COOTBETCTBYET MOJOKHMTENbHBIM Im X117 ¥ MUHUMAIBHBIM |Y1-1],
[X—11|, nmetommm mpaBna Apyryio 3aBucuMocTh OT . CyIeCTBYIOT PEKUM MAKCH-
MaJIbHOrO morjioenuss ¢ = 7 W pekuM, B KOTOPOM OJHOBPEMEHHO CPENa ABJISETCs
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Puc. 4. TlokazaTe s TPEIOMICHES B 3aBUCUMOCTH OT OTCTPONAKH OT TOYHOTO pe30HaHCa, (wq >
> T', uepexon |3/2) — |1/2)) B pexxume naubonbmero «ycunenus» (¢ =7, py =4): a) Muu-
Magd 9aCTh JUArOHAJLHBIX JEMEHTOB, OTBEYAONMINX 32 MOTJIOMIEHNE; b) aMILIATYAa HEIuaro-
HaJ/IBHBIX 3JIEMEHTOB, OTBEYAIOMINX MePEeKAUKYy MO/ PU3AIINit

MPO3pavHOil 1 B Hell KOPPEKTHO OMHMCHIBAETCS 3aBUCHMOCTH TPYIIOBOI CKOPOCTH MeJ-
JIEHHOI'O FaMMa-CBeTa OT (1Y, YTO Peaju3yercs, Halpumep, npu ycaosuax A, = —28.4I,
® = 0. Korza yacrora 1a/1aolero npaBo-mospu30BaHHOIO TaMMa-KBaHTa HACTPOEHA
Ha yacrory nepexoza [1/2) — [—1/2) , To Bosnukaer Hosas cutyauus. Terepb pexkum
OMMUII, B KOTOPOM BBITTOJHSIETCS MTPUOJNIKEHNE TPYTITIOBOH CKOPOCTH, CIIPABEJINB 1 B
= —5We ~ Wy — Wq ), TA€ 00JACTD «IPO3PATHOCTH

3 5
7 AMUCCHHU»> i <P < i BO3HHMKAET W mpeobpa3yercsa B ToUky ® = 7 B mHTEpBase

TOUHOM pe3onamnce (A, = Ay

=

0 < py < 16 (puc. 1, b). B cBoto ouepe/ib, uMeeT MECTO U MHASA 3AaBUCUMOCTD IPYIIOBOM

CKOPOCTH MeIJIEHHOTO TAMMa-CBETA OT «ONITHYECKOI» MI0THOCTH cpeabl. Tak mpu & = 7
1

cHavasia HabJIIOAeTCs POCT vér) or 30 10 125 m/c (uy = 8), 3aTeM OHa YMEHBINAETCS

10 113 m/c, mocne gero BHOBB Bo3pactaer g0 180 m/c (puc. 3, b).

3akJiroueHue

B «onTmuecKms TOHKOM 06paslie Kaskaoe aapo ' Fe B3amMoIefiCTByeT ¢ MpOGHBIM
MOJIEM TaMMA-KBAHTA U ypaBjigomumM PY-norleM nHANBUIYaIBHO U JAET A INTUBHBII
BKJIAJ B BOMHOBYIO (bYHKIHIO ap(v,y, ®). B cBOIO OUepenb, MaTpuma sIepHOrO MOKa-
3aTend MPeTOMICHUS CPeNIbI Ny, He 3aBUCHT OT Y U ABIAETCA CyMMOH MOCTOAHHON 1
zaBucsaiieit or ¢ cocrapngomux. Ilpn arom 3dpderTamu mepexomsa raMMa-KBAHTA U3
OJIHOTO TIOJIIPU3ANUOHHOIO COCTOSHUA B JAPYTO€ MOYKHO HPEHeOPeYb U «ONTHIEeCKUE»
CBOICTBA CPEBI TTABHBIM 00pPA30M OMPEIETATCA TTOKA3ATEIAMHI TTPEJTOMIIEHI Ny . To-
raa, Bapbupys ¢, moxkuo HalTH ycaosue tuna IMIUII mis moToka p-moIsspU30BAHHBIX
raMMa-KBaHTOB, TP KOTOPOM CIIpaBeImnBo cooTHomenne Reny,, = Imn,, = 0. Korga
py > 1 yike Helb3s cUMTATh, YTO Aapa °' Fe B3auMojeHCTBYIOT C CHCTEMOH «raMMa-
kBaHT + PY-mome» He3aBmcumo Apyr or apyra. llpmamaa 3TOTo 3aKII09aeTCs B TOM,
9TO JINHEHHBIE PA3MephI CPeIbl 3HAYUTEIHHO MEHBITE JJINHBI KOTEPEHTHOCTH TIA IaI0IIe-
ro ramma-kBanTa ¢ sueprueii 14.4 KaB (¢/T" ~ 40 M), mosTOMy OH /1eI0KaIn3yeTcs B Hell
U B3aMMOJIEHCTBYET CO BCeM siIepHBIM aHcambiiem ogHoBpemenHo. Eciau unciio sgep N B
arcambJie JOCTATOYHO BEJIMKO, TO 3aAMETHYIO POJIb B TAKOM B3aMMOJIEHCTBUN HAYNHAIOT
urparb k-dacrudnbie koppenasuuu (k= 2,3,...,N). OHu OPUBOAAT K KOI€PEHTHOMY
MepepacCessHui0 raMMa-KBaHTA, KOTOPOE, HATIPUMED, sIBJISIETCST IPUIHHON 60j1ee c1abo-
IO PE30HAHCHOTO TIOTJIONIEHNUS B «ONTUYECKU» MJIOTHOW CPEJe IO CPABHEHHIO C 3aKOHOM
Byrepa—Bspa [11]. Hy:kHO 0OTMETHTH, 9TO KpOME KOTEPEHTHOTO TIePePACCesiHUsT 3aMeT-
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HYIO POJIb UTPAIOT 1 HHTEP(hEPEHITNOHHBIE (D MEKTHI MOITPU3ANUOHHOTO CMEIUBAHNS,
00yCJIOBIMBAIOIINE TIEPEXO/Ibl TAMMA-KBAHTA U3 OJIHOTO MOJISIPU3ANUOHHOIO COCTOSHUS
B apyroe [6]. B onpenenénnom nuanazoHe u3MeHeHHs (1Y KOHCTPYKTUBHAs uHTEp(dE-
pentus 3G HEKTOB KOTEPEHTHOTO Tiepepaccessans u 3(pdeKTor, HHAYIUpOBaHHbIX P Y-
roJieM, JIeIaroT CPely He TOJBKO MPO3PavHOoil JIId MOTOKA MaIalolinX TaMMa-KBAaHTOB,
HO W YCWJIMBAIOT ero. Beanmumna ycniaenns MaKCUMalbHa B TOYHOM pe3oHance A, =
= mewflf — mgwgf, upuuéM oTK/IOHeHHe A, B CTOPOHY MEHBIINX 3HAYEHHH HPUBOIUT
K CMEIEHNIO OKHA «ITPO3PATHOCTH U SMUCCHHUY B CTOPOHY Oombimux ® u Haodtopor. B To
ke BpeMs 3P KT MePexosa raMMa-KBaHTa U3 OJHOTO MOJIAPU3AMUOHHOTO COCTOAHUSA
B JIpDYTO€ HECYIIECTBEHHBI, HO OHM 3HAYUTETHHO YBEJININBAIOTCA TTPU MEPEX0JIE B PEKUM
HaNOOJIBITIErO TIOTJIOIIEHUSI.

Taxoit cruenapuii paspuTusi COOBITHH CBS3aH C TE€M, YTO MPHU PACIPOCTPAHEHWUH
raMMa-KBaHTA B <«ONTHYECKOU» Cpeje KPpOoMe DPEe30HAHCHOTO TOTJIOMIEHUs U Mepexoaa
U3 OJIHOTO MOJIAPUIAMUOHHOIO COCTOSHUS B JIPYTO€ MMEET MECTO MEPUOIUIECKUil 0OMEH
9HEprueil ¢ KOTePeHTHBIM PAIMOYACTOTHBIM pe3epByapoM. B «onTuydeckns TOHKOI cpe-
e OH TTO3BOJIAET KOMIIEHCUPOBATH PE30HAHCHBIE TTOTEPU W PeaIN30BaTh YCIOBUS THUIIA
OMMUII, a B «ONITHYECKU» TIJIOTHOM, IIe Pe30HAHCHOE MOTJIONIEHNEe 0CIabasaeTcs 3a CaéT
KOTE€PEeHTHOTO TepepaccesHusd, JaKe YBeJIUIUTh MOTOK MaIal0NIero raMMa-m3Jay YeHus.
Takum obpazom, mogbupasi «ONTHIECKYI0» ILIOTHOCTH CPEIbl W MapaMeTpbl TPOOHOTO
7 YIPAaBJISIONIETO TOJEl, MOKHO 3aJ1aBaTh Pa3dMephbl «OKHA MPO3PATHOCTH W IMUCCUU»
7 3aKOH W3MEHEeHUs TPYTIOBOii CKOPOCTH TraMMa-CBeTa M TeM CaMBbIM PeryJnpoBaTh WH-
TEHCUBHOCTD, JIJIMHY W TOJIAPU3ANNAI0 TaMMa-UMITYIbCA, BBIXOIANIETO W3 MArHUTHOTO
obpasra.

Nrak, Mbr paccmoTpesin 0COOEHHOCTH TPOXOXKICHNS TAMMa-KBAHTOB B «ONTHYECKH »
IJIOTHOI cpeJie, HaXoAdlleicda 1o JefiCTBUEM KOT€PEHTHOrO PaJu04aCTOTHOTO IOJId.
Brino wmaiimeno, uro HOBBIE 3D GEKTH KBAHTOBOI MHTEp(EPEHIINN, CBI3aHHBIE C KOJI-
JIEKTUBHBIM B3aWMOJIEHCTBIEM OOJIBIIOrO $IEPHOTO AaHCAMOJIST C TaMMa-U3JIy9eHUeM,
WHAYIAPYIOT TPOCTPAHCTBEHHYIO HEOTHOPOIHOCTh MATPHIIHI S/IEPHOTO MTOKA3aTe s TTpe-
JIOMJIEHUS W TMOPOXKIAIOT «ONTHIECKU» TPOTAKEHHBIE CTPYKTYPHI € 3apaHee MPOrHO3H-
pyembivMu cBoiicTBamu. Kak ciie/IcTBUe, MAHUIYJIAINN TPOCTPAHCTBEHHBIMU Pa3MepaMu
MTPEeJ0CTABIAAIOT HOBbIE BO3MOXKHOCTH JIJIA YITPABJEHNSA «OTMTHYIECKON» TPO3PATHOCTHIO
cpenpl, a TaK»Ke KOHTPOJIS PE30HAHCHBIX MTOTEPHh U MOJISIPU3alINT TaMMa-n3J1ydeHns, pac-
npocTpangonierocs B Heil. [lonydernbie pe3yIbTaThl TO3BOIAIOT HAAEATHCA, ITO «OTTH-
YeCKW» IJIOTHBIE CPEJIbI, TTOABEPTAIONTNECS BHEIMTHEMY PAIN0IACTOTHOMY BO3JEHCTBUIO,
MOTYT HAWTH MHUPOKOE IPUMEHEHHUE TPU Pa3paboTke BOJHOBOIOB B raMMa-Ihana30He,
paboTaionux 1Mo TpPUHIUNY (POTOHHBIX KPUCTAJJIOB, U CO3JAHUM MCTOYHUKOB raMMa-
W3JIyYeHns C 33/IJaHHBIMA TTapaMeTPaMu.

B.1O. Jlro6umos u E.A. TTonos Beipaxkaror npusnaresbaocts POOU 3a noaaepxKy
9Toit paborsl B pamkax mpoekra Nt 05-02-16567.

Summary

V.Yu. Lyubimov, Yu.Ya. Petrushenko, E.A. Popov, V.V. Samartsev. Quantum Interference
Effects of Gamma-Radiation in Optically Extended Medium.

It is shown that the coherent interaction between gamma quantum and a large nuclear
ensemble induces the spatial dependence of refraction index on radio-frequency field phase.
It leads to the occurrence of an optically non-homogeneous structure. Both the conditions of
electromagnetically induced transparency (EIT) and of maximum absorption of probe gamma
field, caused by an exchange with radio-frequency reservoir, were obtained. The evolution
of both the EIT regime and the group velocity of slow gamma photons were analyzed.
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The influence of gamma pulse duration, polarization of radiation and linear dimensions of
a medium was explored.

Key words: gamma-optic, quantum interference, nuclear index refraction, electromagnetic
induced transparency.
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