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AnaHoTanus

B cxeme cTpo6OCKOTMYECKOTO IETEKTUPOBAHUS SIEPHOTO PE30OHAHCHOTO OTKJINKA CHCTEMBI
IBYX ONTHYECKW TOHKHUX OOpPA3I0B HA <«MTHOBEHHBIN» WMITYJIbC CHHXPOTPOHHOTO WU3JIyUe-
HUS MOAeAupyoTcsa 3bdeKThl KBAHTOBONU MHTePdEpEeHIny, WHIyTNPOBAHHON BHENTHUM pa-
JIMOYACTOTHBIM ToJieM. llpenamosraraercs, 9TO TEPBBIi 0Opa3ell, sIBIASIONIUNACA HETOIBUKHOM
MarHuTHON cpemoii ' Fe, HaXOIUTCS MO BAMSHUEM PE30HAHCHOTO PaJMOYACTOTHOrO BO3/Ieii-
CTBUA, & BTOPOU ABIAETCA PelepoM — IBYXYPOBHEBOH DPe30HaHCHOHN cpesoil 57 Fe, pacmoso-
JKEHHOM Ha MeccbaydpoBckoM BubOparTope. [Ipw 3TuxX yCaoBUAX MpOaHATU3UPOBAHBI PEKIMBI
3JIEKTPOMATrHUTHO-UHIY INPYEMOIT TPO3PAYHOCTH M MAKCHMAJIHLHOTO TOTJIONEHNST Pe30HAHCHO-
T0 TaMMa-U3/Iy9UeHns B HEMOABUZKHOM 00pasiie, CBA3aHHBIE C 3aBUCUMOCTHIO SIEPHOTO IMOKa-
3aTesIst TIPEJIOMJIEHUs OT HAYaJIbHOM (ba3hl PAaAMOYACTOTHOrO IOJISI, M MX OCOOEHHOCTH, 00y-
CJIOBJIEHHBIE JIMHEWHOW MOJIApU3AIMeil NMITYy/IhCa CHHXPOTPOHHOTO M3JIyUeHUs. PaccMOTpeHb
BO3MOXKHOCTU JAHHOM CXEMbl JIeTeKTUPOBAHUSA 110 OJHOBPEMEHHOMY OIPEIESIEHUIO yCA0BUMI
3JIEKTPOMATrHUTHO-UH/IY IMPYEMOIT TPO3PAavYHOCTH M CKOPOCTH MeIJIEHHOTO TaMMa-CBeTa.

KuroyeBbie cJjioBa: CHHXPOTPOHHOE W3JIyUeHHE, CTPOOOCKOTUYIECKOE TeTEeKTHUPOBAHUE,
PY-unnynmpyemast naTepdepeHItus, saepHblil TOKa3aTe b IPEeIOMIICHIUS.

BBenenue

N3BecTHO, UTO s1/IEPHOE PE30HAHCHOE paccesiuue cCuuXporpornoro usnydenus (CI)
SABJISETCS MeHCTBEHHBIM METOIOM UCCIeA0BaHUs 3(DPEKTOB KBAHTOBOM NHTEP(hEPEHIINH,
00YCTIOBIEHHBIX JIeJIOKAIM3ANueil Pe30HAHCHONO raMMa-KBaHTA B [aMMAa-ONTHYECKOM
Cpelie M OJHOBPEMEHHBIM B3aUMOJEHCTBHEM €O BceM ee saepHbiM ancambiem. Onu
nenarca #Ha 3P@EeKTh TPOCTPAHCTBEHHON KOT€PEHTHOCTH, 00YCIOBIEHHBIE MHOTOKPAT-
HBIM PE30HAHCHBIM TePepacCesiHNEeM TaMMA-KBAHTA MPU YCIOBUSIX PACCESHUS BIEPe U
sanepHoit audpakinn, u 3hdeKTs BpeMeHHo ($ha30BON KOTEPEHTHOCTH, CBSI3aHHBIE C
mHOroypoBuesoil cepxroukoii crpykrypoit (CTC) ocuoBHOro m BO30YKIEHHOIO CO-
crosiauit sapa. Cpean moc/jeqHUX BBIIETUM T€, KOTOPbIE WHIYIUPYIOTCS BHEITHUMA
KOTEDEHTHbIMU BO3/EHCTBUAMU HA MAIHUTHYIO IaMMa-ONTUYECKYIO Cpely («MIHOBEH-
HOEe» — HeaanabaTuIecKoe — MepeMarHNYuBaHUe, Pe30HAHCHOe paaunodacrornoe (PH)
noJjie) 3a c4er 00pa30BAHUA CHCTEMBI CMEIAHHDBIX («OIETHIX») CBEPXTOHKUX MOILYPOB-
HEll B OCHOBHOM M BO30YKIEHHOM SIIEPHBIX COCTOsHUSX. VHTEepdepennus pa3perien-
HBIX $JIEPHBIX MEPEXOJ0B B CHCTEME OJETHIX MOyPOBHEH MOMXKET MPUBECTU HE TOJILKO
K rpancdopmarmu GhopMmbl (KADTUHBI CBEPXTOHKUX KBAHTOBBLIX OUEHUiT) PE30HAHCHOrO
OTKJINKA CPEJIbl Ha «MIHOBEHHBI» uMmmyabc CU, HO u M3MEHEHWIO ero WHTEerpaabHOM
WHTEHCUBHOCTHU, YTO OTPAYKAET BJUSHIE BHEITHUX BO3IEHCTBUI HA «ONMTUYECKYIO» MPO-
3pavHOCTh OOpa3na. Manumyasanum OnTuIeCKuMU CBOMCTBAMU CPEJIBI C IIOMOIIBIO BHEIII-
HUX YIPABJAIONUX MOJIEH BBI3LIBAIOT OOJIBINON WHTEPEC B KBAHTOBOI ONTHKE B CBSI3U
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¢ pa3paboTKON HOBBIX MPUHIIAIOB MEPEHOCA W KOAWPOBKU UHGMOPMAINH C HUCIOIH30-
BaHWEM CBETOBOTO m3iydenus. B siaeprom pesonancuoMm paccesaun CU nosiBisiercs
BO3MOXKHOCTH KOHTPOJIUPOBATH BbIXOJ PE30HAHCHOIO OTKJMKA U3 00pas3ia ¢ MeIbio
CO3/TaHUsl Y3KOHAMPABJIEHHBIX UCTOYHUKOB MeCCOAYIPOBCKOTO U3JIYUEHUsT C 33 IaHHBI-
MU CBOWCTBAMU JIJIsi BO3MOXKHOTO MPUMEHEHUsS B HAHOCTPYKTYPHBIX HCCJICIOBAHUSX,
SHEepreTnKe u pammorepanuu. Kak m3BecTHO, ODA30BHIM SBJIEHUEM B JAHHOM TMOIXOJE,
Pa3BUBAEMOM B KBAHTOBOU ONTHUKE, SIBJSIETCS SJEKTPOMAIHUTHO-WH/TY [UPOBAHHAS TIPO-
3paunocts (9MUII) [1]. Oxnako HemocpeacTBeHHO meperectn onrtudeckyio dMUIT B
raMma-IHana3oH HEeBO3MOXKHO H3-33 OTCYTCTBHS TaMMa-jla3epa U MOAXOMINed Tpex-
YDPOBHEBOIT CXeMbI ¢ MeTacTabHILHBIM BO30YIKIEHHBIM ypoBHEM. B [2] Obl10 mokas3aHo,
KaK MOXKHO YIPABJISATH CBOHCTBAMU TaMMa-OMTUYECKON CPEIbI C TIOMOIIBI0 BHEITHETO
PaMOYACTOTHOTO TMOJIsSA, NeHCTBYOIIero mpu ycaosusx Meccbaysp-AMP aBoiinoro pe-
3onanca [3]. B Mozesnu unynupoBanHoro kpoccunra-anrukpoccunra ceepxronkux (CT)
O/TypOBHEH BO30YKIEHHOTO COCTOsIHUS sA/pa Haiinenbl pexumbl tuna IMUIT u mak-
CUMAJILHOTO TIOTJIOIMIEHUS [IUPKYISAPHO-TIOJITPU30BAHHOTO TaMMa-M3JIyY€HHUs, UCITyCKAe-
MOTO €CTECTBEHHBIM PAJIMOAKTHBHBIM MCTOYHUKOM. KCIM MCTOYHUKOM raMMa-KBAHTOB
SIBJISETCSI CHHXPOTPOHHOE W3JIYUEHUe, TO MPU M3YUEHUU DPEKUMOB <«IPOCBETIEHUST> U
«IIOTEMHEHHUS» CPeJibl Hy>KHO YUUTHIBATD CJIEIYIOIINAE ero CBOMCTBA: CIIEKTPATBHYO M1~
POKOIOJIOCHOCTH [0 OTHOMIEHUIO K PE30OHAHCHOMY BO3OYKICHUIO sIIEPHBIX HEPEXOI0B U
100%-nyt0 muHeiinyto nonrspusanuio. [lepBoe 03HAYAET, YTO PE3OHAHCHBINH OTKJINK CPE/IbI
dopmupyercs Bcemn kBantamu unmmyiabca CU, koropsie 3¢hbdEKTUBHO MOTIOMIAITCS
MHOTOYPOBHEBOI PE30HAHCHOI Cpefoil M mepepaccenBaOTCa B TOM YK€ CaMOM HaIIpaB-
JIEHUH. DTO MPUBOJUT K TOMY, 9TO B OOBIYHON cxeMe HAOJIOEHUs MPU YCIOBUIX THUIA
OMUII Mbl cMOXKEM YBUIETH JIHIIb yMEHbIIEHUE UHTErPAJIbHON HHTEHCUBHOCTU (pe30-
HaucHoro orkyuka) PO cpenbl Ha 70110 T€X KBAHTOB, /I KOTOPBIX OHA CTAHOBUTCS
npo3padHoii. YTOOBI BBIIEINTH «OKHO» MPO3PAYHOCTU CPEJIbl, HYYKHO MCCJIEI0BATH Y-
crotubiii cekTp PO, KOTOPBI MOXKHO MOJYYUTH B SKCIEPUMEHTE, WCIOIb3ys U3BECT-
HYIO CXEMY C IBYMsI O0Pa3IaMu, PACCTOSTHUE MEXKy KOTOPBIMU 3HAYUTETHHO MEHBIIIE
JJTHHBI KOPEPEHTHOCTH PE30HAHCHOIO TaMMa-KBaHTa. B IaHHOl cxeme B KadecTse mnep-
BOr0O 0Opa3siia BLIOMPAETCs HEMOABUKHAS MHOTOYPOBHEBAsi MATHUTHAS CPEJIA, HAXO/Is-
masicss moj, JeiictBueM BHerHero PY-moJisi, a B KadecTBe BTOPOrO — JABYXYPOBHEBAs
cpena, pasMenieHHas Ha MeccbayspoBckom BuGparope [4]. Murepdepenims BKIaIOB
oT 000uX 00pA3IOB B PE3YJIbTUPYIOMINI OTKIUK O0OECTIEUUT HEOOXOAUMBINH TaCTOTHBIN
crnekTp. B pamMrax mogxoja ¢ JAByMs MUIIEHSIMH BBIJIETAM CXEMY CTPOOOCKOIMHYECKO-
IO JIETeKTUPOBAHUS, B KOTOPO PErucTparys Pe30HAHCHOIO OTKJIMKA OCYIIECTBIISIETCS
BHYTPH MEPUOAMYECKON TOCTEI0BATETIBHOCTH BPEMEHHBIX «OKOH» (DUKCUPOBAHHOMN ITTH-
PUHBI, OTCYUTHIBAEMOI OTHOCUTEIHLHO MPUX0/1a HEPE3OHAHCHON COCTABJISIONIEH MMITYITb-
ca CU na merektop [5]. B 3aBHCHMOCTH OT COOTHOINEHMST MEXKY TMTMPHHON «OKHA»,
[MEPUOJIOM W HAYATIOM TOCIEI0BATETbHOCTH MOYKHO OJHOBPEMEHHO TOJYYUTh IMUCCH-
ouHbIl U nucnepcuonubiii crektpbl PO u, tem campbim, onpenenutsb pexkum IMUIL u
CKOPOCTDb MEeJIJIEHHOrO raMMa-cBeTa. JIuneiiHas moisipu3arus CHHXPOTPOHHOTO U3J1yde-
HUsl TaK»Ke BHECET CBOM O0CODEHHOCTH [jTs mepexona B pexkum DMUII, koropsie OymayT
3aBUCETh OT yrJjla MEXKIy €e HAMpaBJeHWEeM U OChbI0 KBAHTOBAHWUS sITEPHOTO YTJIOBOTO
MoMeHTa. TakuM 00pa3oM, MpOsBIEHNE B saepHoM pesoHancHoMm paccesuann CU ad-
deKTOB KBAaHTOBOM mHTEp(hepeHnun, 00yCIOBICHHBIX BAuganeM BHermHero PU-nons ra
MPO3PAYHOCTH TAMMAa-ONTUIECKONH CPEJIbl, UMEET SPKO BBIPAXKEHHYIO chernuduKy, 9To
TpebyeT MpeaBapuTeIbHOTO TEOPETHIECKOTO MOIETUPOBAHUS .
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[372)°
1°=3/2 / [172)
[-1/2)
[-312)°

[-172)¢

If=1/2

[1/2)

Puc. 1. Cxema yposueii ° Fe

1. Teopernmuecknit popmaausm

s permenusi mpoOieMbl OyIeM HCIOIb30BATH TOIX0, DA3UPYIONIUICT HA ypaBHe-
uusx Maxkcsemna—don Heiimana mjisi BOMHOBON (DYHKIMM TaMMa-KBAHTA U MATPHUITHI
IJIOTHOCTH SITEPHBIX MEPEXO0B B MPUCYTCTBUU BHEITHETO PAINOYACTOTHOTO BO3MYIIIE-
rus [6]. Ilycts oba obpasma, sABIAOMEECS TaMMa-ONTHYeCKAME cpejaMu O Fe, mve-
10T (DOPMY IIACTHH OJMHAKOBON T€OMETPUUIECKO TOMIUHBI L, KOTOPbIE MapasiiebHb
JIPYT APYTY U 9be PACCTOSTHUE MEXKy COOOH 3HAYUTETHHO MEHBIIE JTHHBl KOTePEeHTHO-
CTU PE30HAHCHOTO raMMa-KBanTa ~ 40 M. Ecju oHn «OnTUYecKkn» TOHKUE, TO BOJHOBYIO
bYHKINMIO KayKI0TO U3 KBAHTOB, (hOPMUPYIOMINX PE30OHAHCHBIN OTKJINUK, MOYKHO TIPEJI-

CTaBUTH B BHUJIE CyMMbI:
a=> (alV+a) e, 1)
p

rae e, (p = £1) — equHuYHBIe OPTHI B OA3UCe KPYTOBBIX MOJAPU3AIMIL; az(,l), af) -
BKJIJIBI, OOYCJIOBIIEHHBIE PE30HAHCHBIM B3aumoeiicrsueM umiynabca CU ¢ mepBbiM u
BTOpPBIM 00pa31aMu COOTBETCTBEHHO.

71 CMHXPOTPOHHOTO W3JIyY€HUs] BOJHOBYIO (DYHKIIHIO TAIAIOIIEr0 raMMa-KBAHTA,

MOYKHO 3aIMCaTh B BUIE
a' ~ /T E cpep e lst,
P

rae crnekrpasbaas mupuaa CU 'y maMHOro 60JbIe eCTeCTBEHHON TITUPUHBI 51/I€PHOTO
1
V2
Bes orpanudenus obHoctu Oyaem cautarh, aro crpykrypa CT-noayposHeit ocHOB-
uoro (I, = 1/2) u Bo3Oyxkmennoro (I, = 3/2) sinepHLIX COCTOSIHUI B IEPBOM 0Opa3Iie
dbopMupyeTcst 3a C4eT CUMMETPUIHOTO MATHUTHOTO CBEPXTOHKOTO M aKCHAJIHLHOTO KBAJI-

PYTIOJIBLHOTO BSaI/IMOﬂef/'ICTBI/IIL/'I, TaK 9YTO OCh KBAHTOBAHUA AAEPHOrIO yrJI0BOTO MOMEHTA

(AYM) coBuazaer ¢ Z — rJaBHOH OCbIO TEH30PA I'PAJUEHTA JIEKTPUYECKOTO IOJI.
(1) 2
p 5 Ap

nepexona I'; ¢, = (cosa —ipsina).

Torpna, ucnosnb3ys [6, 7], HETPYAHO 1OJIYYUTH, YTO A pPaBHBI:

1
3 T 1 1
o) =—Sule > Y ULUL)DL6.6) DL, 60,0) X

S MM'=-1 e,qg,e1,e2,p’

% C(gMel)C(gMeQ)e—i(M—M/)«be—i(Agl) —wgg—MQ—iF/Q)t7

3 r @)
2 _ _ 2 | — —i(AYY —il'/2)t
ay” = cpe v
P o, ’
rae p — koadbdunneHT pesorancHoro saeproro normormenus; C(-- ) — KoadburmenTs!
Kanebma—Topmona; D(l)(~ -+) — yIVIOBbIE MATPUIIbI BPAIIEHUs, 3ABUCIIME OT HAPAB-

serus pacrupocrpanenus: ummnyabca CU B cdepudeckoii cucreme KOOPAWHAT, CBA3AHHOM
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¢ ochio kBanToBanust AAYM [8]; ©, ® — wacrora n HauambHas dasa PY-nmosns coorrer-

crBenno; Marpuibl U pazmepom 4 x4 # 9acTOTHI wgg OIPEIETISAIOTCS KOHKPETHOM MO-

JIETTBI0 WHLYTUPOBAHHOTO KPOCCHHTa-aHTUKPOCCUHHTa, 3apucsineii or mapamerpos CTC
1 2 .

BO30OYIKIEHHOTO COCTOSIHUS $I/IPa; Ag) = 0, Ag) — OTCTPO¥KY (JOTIEPOBCKHE CMe-

[IEHUs) YaCTOThl raMMa-KBAHTOB, (DOPMUPYIOMIUX PE3OHAHCHBIH OTKJIUK PE3OHAHCHOMN

Cpezibl U perepa COOTBETCTBEHHO. BeposiTHOCTD JeTeKTUPOBAHNS KBAHTA PE30HAHCHOTO

OTKJIHKa OIPEeaendeTCda BbIPpazKeHUEM
o0

= F/dt lal25(t)

0
upu ycaoBusx, 3agaBaeMbix dynkimeir S(t). B cxeme crpo6OCKONINYECKOro 1eTeKTUPO-
n
pannga S(t) = > WU(t;_1,t;) ABIAETCA TEPUOAMIECKON MOCIENOBATEILHOCTBIO 1M, TIPsi-
i=1

MOYTIOJIbHBIX MMIYJIbCOB («0KOH») mupunoii 2At¢ u nepuomom T'. Torpa wacrorHbiit

ciektp PO, onpenensiemprit naTepdepeHimontbiM wienom I1o = 25 Re ag,l)(a,(f))*,
P
umeer GhopMmy:

3‘LLZF 2 o 1 . .
I””(F) > <sz > S v U ds) ) d), 0) x

k=—oc0 p M,M’'=-1 e,g,e1,e2,p’

cpc;;/ ei(MfM,)(d)*q))

—% +xe |, (2)
i(AY +wd + MQ+k/T)+T

x C(gMey) C(gM'es)

rae dV) — bynxmun Burnepa [8].
2 .
Orciona ciemyer, 9T0 4aCTOTHAS 3aBUCUMOCTD 112(A(v )) SIBJISIETCST CyMMOH CIIEKTPOB
¢ BeCOBBIME KO3 DUIInEHTAMY

21k

pasIesIeHHBIX MEXKIY co00ii uacToTHBIM paccrostinem 1/T. KoandecTBo crekTpos ormpe-
nensiercst orHorennem At/T, a dopma Kaxka0ro — oTHOIennem t1 /7.

Hakonern, onpegenmm BbIpazKeHne 11 TPYTINOBO CKOPOCTH P-HOMAPU30BAHHOTO 7 -
U3y YeHUs v_((,’;) B nepsom obpasue. Cornacho [9] BBegem 2 X 2 Marpuily $JepHOrO
[OKA3aTeNs MPEIOMIICHNST IePBOH CPEAbl: Npy (V) = Opp + Xppr (V), TJ€ MATpHUIHBIE

9JIEMEHTHI BOCIPUUMYUBOCTH prl(V) OnIpPeaeIA0TCA BhIPDAXKEHUEM

1
Xpp' (V) = = bpp (V)

1
3 1 1
b ()= =2p DD ULQULEA0)d),(6) x
M,M’'=—1 e,g,e1,e2

(M —M")($—)

v—wd — MQ—il'/2’

x C(gMey)C(gM'es)

Torna

gr ORe ’
14+ Rexpp + wy %
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2. Pesyabrarsl u ux obcyxkgeHue

[Iycts och kBanToBaumsa IYM B MHOrOypOBHEBOH MarHHTHOH cpeme °f Fe, ompe-
JIeJisieMasi BHEITHUM MMOCTOSTHHBIM MArHUTHBIM TIOJIEM, JIEXKUT B TIJIOCKOCTH TIJIACTHHBI,
a nmmynbe CU pacnpocrpansiercst nepreHIuKyasipuo et (0 = w/2, ¢ = 7w/2). Pac-
cmorpuM JBa Buga PYU-unmynupoBanaoro kpoccuara-anrukpoccuara CT-nomgyposreit,
KOTOPbIE MOKHO PEaan30BaTh /s BO3OYIKICHHOTO COCTOMHU sapa °7 Fe B mepsBoM 06-
paarie:

® JIBYXypPOBHEBBIH, KOT/ia IAPAMETPhI MATHUTHOTO CBEPXTOHKOTO Wy, ¢, wy ; ¥ KBaJ-
PYTMOJILHOTO Wy PACIIENJIeHUi OCHOBHOTO W BO30Y K IEHHOTO AJEPHBIX COCTOAHMUI CpaB-
HAMBI MKy COOOI;

® YETHIPEXYPOBHEBBIH, KOI/Ia KBAIPYIOJIHHOE PACIIEIIEHHe HAMHOTO MEHBIIe Mar-
HUTHOTO CBEPXTOHKOTO (wg < Wi ¢, Wil ¢ ).

Anamuz (2) maumeM ¢ TEPBOrO Ciydas, Mojaras, 49TO CXeMa JIBYXYPOBHEBO-
ro KpOCCHHIa-aHTHKPOCCUHTA peanm3yercs aas «ancTbixs CT-momyposmeit [1/2), u
13/2),. Hpn Tounom eemosmennn ycmosuit SIMP (2 = wj; + 2wy ) nponcxomut nx
maubosiee 3pHEeKTUBHOE CMeInBaHne:-

1 /1 1
- L
=)

1
V2
B OCTAJBHBIX CJIy9adX. DTO MOXKET NPUBECTH K TpaHCHOPMAINU JHHUN KaXKIOTO W3
CIEeKTPOB, BXOAAMNX B [12 W COOTBETCTBYIOIMUX AJEPHBIM IEPEXOTAM |1/2>g — [1/2),
u |1/2), — [3/2), B nepsoii cpese:

ecnn e e; =1/2,3/2 m

U(e) = 66,61

AP +od +MQ— AP +w o+ A,

e We, g = ((me,)? — gfe(Ie +1))wg +me,wpp — mgwgf — CBEPXTOHKAasf COCTABJIAIONIAA
3
9aCTOTHI #JIePHOrO mepexona, A, = :l:%CwZ 7» € < 1 — orHOWIEHHE AMILIATY/BI

PY-nonsa Kk aMIiuTy/1e BHEITHETO MOCTOSIHHOTO MArHUTHOTO TOJIS.
TpancdopmupoBannas 9acTh KaxK/I0TO CIEKTPA ABJILAETCA CYyMMON 3HAKOIOCTOSH-

HOil u 3aBucsmeil or et'® 3HAKOMEPEMEHHON COCTABSIONINX MPH JIOOBIX (, 32 HC-

kyouenneM 0 win /2. DTO CBSA3aHO € TeM, UTO B CXeMe JBYXYDOBHEBOIO KPOCCHHTa-

s
aaTuKpoccunara npu o« = 0, 5 3HaKOIEPeMeHHas cocTaBJsdionas Briaaga B (1) or

MHOTOYPOBHEBOW PE30HAHCHON CPEeIbl MMeeT TOJISIPU3AINIO, OPTOTOHAILHYIO TOM, KO-

Topyto mMeer nazarommii umnyiasc CH u, ciaemosaresibHO, BKIaJ OT penepa. Ilycrb
1 1 1 (—i)*

ti=(-+n|T, ANt =-=T. Torna = - =

1 <4 ) B} 4 pit fO 4 B} fk 27T|k| ;

HBIi OTKIMK K umiyabcy CU Oyner Bkiovars smuccuonusiit (k = 0) u AuCIEepCUOHHBIE
(k #0) cnexrpol. Korma A, ~ T', 3nadenue nauanbuoii ¢paset PU-nona ¢ takoBo, 4To

k= 4+1,42 ... u pe3onanc-

B TpaHCchHOPMUPOBAHHON 00JIACTH 3MUCCHOHHOIO CIEKTPA, Ilg(A(f) — —We,q,®) <0
ORe Xpp

ov

HA), U ABJIIETCH MAKCUMAJIbHON BEJIMYUHOM DU YCI0BUAX HAMOOJIbIIErO PE30HAHCHOIO
MOTJIOIIEHUsT TaMMa-U3/Iy4IeHuss B mepBoii cpeae. Ins wabmonenus ddderra HeoOX0-
JINMO, 9TOOBI CrieKTpajbHble cocrasisonme PO He mepekpbIBaInuCh JPYT C JPYyTOM,
TO €CTh BBIMOIHANOCH cooTHOMenne Awp ¢l < 1, rae Awpy — JacTOTHAA MMPUHA

npu ycaosusax tuma IMUIT (Im x,,(v) — 0, > 0 — MakcuMaJbHAs BEJHYIU-
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a)

0.5
O |-
-05 1 1 1 1 |
-150 -100 -50 0 50
(@]
a2 (n)
b)
1 —
0.5
0 |-
-05 1 1 1 1 |
-150 -100 -50 0 50
22 M

Puc. 2. 3aBucumocThb IlQ(A/(YQ),(b)/IlInan(A/(YQ),@) MPU KPOCCHHTE-aHTUKPOCCUHTE JBYX yPOB-
meit: a) ® =7/2; b) & =37/2

cuekrpa. Ha puc. 2 mokasana 3aBuCHMOCTb I(A(f),(I)) = Ilg(A(VQ),CID)/IﬁaX(A(f),(I))
BKJIIOYAOIAs B ce0s SMUCCUOHHBIN U IEPBBII JUCIEPCUOHHDIH CLIEKTPBI pu o = 7 /6,

1
wpr =200, wg =TT, Q=341", A, =2I", 7= 120T". Korga ® = 7/2, 10 Ha BTOpOii

Y

(A(f) — —Ww11 ) JIMHUU SMUCCHOHHOIO CIIEKTPA BO3HUKAET APKO BBIPAXKEHHbII IIpOBa,
a 3Ha4eHue IQ‘SYHHOBOI'/'I CKOPOCTH I'aMMa-KBAaHTOB JJId JIEBOW KPYTOBOW IOJdApU3alUN
yMeHbIaercsd BmiaoTb 10 ~ 10 m/c. g npaBoii Kpyroeoil nojgpusanuu JAUcClepcus
UMEeeT aHOMAJILHBIN BUI, W, CJIEI0OBATEILHO, TPUOJINIKEHNE TPYIIOBON CKOPOCTH HeIeli-
creutesbHo. Ilpn ® = 37/2 peannsyercsi peskuM HanGOBINEro TONIOMEHHS.
[Iepeitnem Temepb KO BTOPOMY CIyHaio, KOT/Ia CXeMa YeThIPEXYPOBHEBOTO KPOCCUHTA-
AHTUKPOCCUHTA PeATU3yeTcs JIjisi Beeit cucreMbl «anctbixy CT-moaypoBHeit BO30y K 1eH-
HOro cocrognms aapa °' Fe B meppoii cpeje. B 3TOM cilydyae MOXHO CYHTATH, HYTO

wg = 0 n MaTpunst U(©)  gpasiorcs d(le)(ﬁe) — dyuknuavu Buruepa, tome (. =
Wy s .
= arctg m s Wiy = gw,elf. 13 tounoro eeinosinenus ycaosuit AMP (Q =
T
= w,elf) CIeyeT, 9To (B = 5> AEYQ) + wgg + MQ — Aﬁf) + We, g + mewy ;. B pesynprare

npu wi; ~ I mveer mecto emermmparme Beex «auctbix> CT-nomyposmei Bo3Oyx 1eHHO-
O COCTOARMS Apa U MoaHas TpancdopMamsa IHHNI KayKI0TO U3 CIIeKTPOB, BXOIATIIX
B I15. Hy’XHO OTMETHTH, 9TO B OTJIMYHE OT ABYXYPOBHEBOTO CMETMTHBAHHS 3HAKOMepe-
MEHHas COCTaB/IAIONAs TPAHCHOPMUPOBAHHOTO CIEKTPA 3aBUCHT HEe TOILKO OT et'®
Ho u ot 2% Braaz or e*?® Gyner cymecTBeHHO BAUATD MULIb HA GOPMY T€X JTHHMIA,
KOTOPbIE COOTBETCTIBYIOT sIePHBIM IepexomaM |1/2)g — [—1/2). u [—1/2); — [1/2)c B
nepBoii cpe/ie Mpu JIOObIX (v 3a UCKII0ueHneM /2, KOT/a oIgpu3aIus 3HaKomepeMeH-
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@
82 (r)

Puc. 3. 3aBucumocts Ilg(AE,Q),Q)/I{“an(A(f),@) LIPU KPOCCHUHIE YeTbIpex ypoBHeil: a) ¢ =

=n/4;b) & =m/2

HOi1 cocrasssionieil B (1) oproronanbua T0i, KOTOPYIO UMeer nagaionmii nmiyasc CU.
Ha puc. 3 mpuBenena 3aBUCUMOCTH Ilg(A’(YQ), ®) npm Tex ¥Ke yCIOBUAX CTPOOOCKOTIHYE-
CKOTO JIETEKTUPOBAHUsI, UYTO U [IJIsi JIBYXYPOBHEBOTO KPOCCHUHTA-aHTUKPOCCUHTA. 37€Ch
a=m/4, whe =2 =200, wy, =2T". [Ipn ¢ = /4 na 3-ii u 4-it IMHUAX IMUCCUOHHO-
IO CIIEKTPa BO3HUKAIOT Hambosee rirybOKUe mPOBasibl, a BeJIMYWHA IPYIIIOBON CKOPOCTHU
JUTst IpaBoit Kpyrosoit moasgpusanun ~ 30 M/c. llpn & = 7/2 MHTEHCHBHOCTH HA THUX
JINHUSIX MAKCUMAJIHHA.

Paccmorpum teneps Mexanu3M hpOpMUPOBAHWSA HHTEPGEPEHITMOHHON KAPTUHBI, OTTH-
coiBaeMoit 1o, W TO, KaK OHA OTparkaeT BiaugHue KoreperTHoro PY-sozmeiicTBus
Ha TaMMa-ONTHUYECKNE CBOWCTBA MHOTOYPOBHEBOH pe30HAHCHOH cpeabl. Bremmee PY-
Bo3zeiicTBue Ha «aucrbiey CT-moaypoBHu

_—i(wotwe, +iL)t
W, (1)) = e (Wotwatialle))
BO30YKIEHHOTO COCTOSHUS SApa MPUBOIUT K 00PA30BAHUIO «OETHIX» MOAYPOBHEIT

|\I/Z(t)> _ efi(woerZJri%)t Z U(e)efime1 (Q2t+P) |€1>,

eeq
(&

B TO Bpems Kak «uauctbiey CT-momyposmu

[Ty (t)) = ™" |g)

OCHOBHOT'O COCTOSTHUS Si/Tpa OCTAIOTCsT €3 m3MeHeHus1. 7 nepHbie mepexonbl B ¢hOpMupo-
BAHHOM CHCTEMe TOAYPOBHEH MPUBOIAT K TOMY, UTO BOJTHOBAS (DYHKIINS TaMMa-KBAHTA,
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. 1)
PE30HAHCHO PACCESHHOTO B MEPBOM 00pa3Iie, SABISETCS CYNEPIO3Ulneii Mo aé,l,)e wt

rae

Y

aby) = Z S U Ul ) dy,0) x

M,M'=—1 e,g,e1,e2
HM=M")(¢p—)

v—wd — MQ—il'/2’

x C(gMey) C(gM'es)cy

Oru Mozbl OyayT uHTEphEPUPOBATH C TEMHU MOJIAME, KOTOPBIE OMPEIEIsOT BOJTHO-
(2) —ivt

Byt (DYHKIINIO raMMa-KBAaHTA, PE30HAHCHO PACCETHHOTO PErepoM apy € , rIe
a® — p
PV -

AP 1y —ir/2

s warerpanbaoro mo spemenn PO k ummnynscy CU nmeer MecTo ycpe HeHne mo OTHO-
curesiboil daze (v — V') t, nosromy unrepdepeHIMOHHAS COCTABIILIONIAA PE30HAHCHO-

(1 (2)

IO OTKJIMKA OIpeesigeTcs TOJBKO CyMMOH KOMIIOHEHT THIA Gy G*p, . HanboabmmMu
2
U3 HUX MOFyT OBITH Te, /I KOTOPBIX OJHOBPEMEHHO BBIMOTHAIOTCH YCIOBUS A( ) +v~

~U— — MQ ~ T, aro cipaBeamnBo, KOTaa A( ) +w g T MQ~T. 31ecs BO3MOXK-
HBI JIBa BapuaHnTta. B nepsom Bapuante (ha3oBasg KOr€PEHTHOCTD B az(,},), onpesenaemMas
e~ iM=M)® nhppomuT kK TOMY, UTO Re (al(,l,)a*l(,l,)) — 0 (morepsi B3auMHON KOTEPEHT-
HOCTH B CHCTEME mayx 00pAa3IoB MpH WX PE30HAHCHOM B3aMMOIEHCTBUU C UMITYIHCOM
CH) nmubo Re (ap,, a*g)) < 0 (mecrpykrusaas unrepdepennus B curnane PO). Bo Bro-

pom BapuanTe (pa3oBasg KOTEPEHTHOCTH B ag,) NPUBOIUT K TOMY, 9TO Re (al(,i)a*ﬁ)) >0
CTAHOBUTCS MaKCUMAJBHONW BEJUUUHON (KOHCTpYKTHUBHAA UHTEP(MEPEHINs B CUTHAJE
PO).

Kak M0XKHO 3aMeTHTh, IMUCCHOHHAS COCTaBjsdomasa 1o € TOYHOCTBHIO JIO 3HAKA
COBIIA/IaeT C MeccOAYIPOBCKUM CIIEKTPOM IOIJIOIIEHNS U3JIy9eHrnsl €CTECTBEHHOrO pa-
JMIMOAKTUBHOTO MCTOYHUKA. 1103TOMYy CKaHMPOBAHUE IMUCCUOHHBIX CHEKTPATHHBIX JIH-
HUiI TIO JIOTIJIEPOBCKOI OTCTpOiiKe Aﬁf) MO3BOJIAET OIPENEIUTh MHAUMYIO YacTb slep-
HOTO TIOKA3aTesd MPeJIOMJIEHU 1, CJIeJOBATEIbHO, KOHTPOJINPOBATH N3MEHEHNA raMMa-
ONTUYECKO MPO3PAYHOCTH PE3OHAHCHON Cpesibl, BbI3BaHHbIE KorepeHTHbIM PY-momnem.
B cBoto ouepesn, qucnepcronHas cocrapidonias [1o MO3BOIAET ONPEIeIUTh PeATbHY IO
9aCTh AJEPHOrO MOKA3aTe/ d MPEJOMJICHUA PE3OHAHCHONW CPEabl U, CJIeI0OBATEIbLHO, Xa-
paKTep paJauovacTOTHOrO BO3AEHCTBNASA HA TPYNNOBYIO CKOPOCTh TAMMa-KBAHTOB B HEW.

3akJiroueHne

Takum obpazom, MBI paccmoTpenu ocoberHocTn PY-uHaynupoBaHHOW KBaHTOBOM
uaTepdeperiuu B sjaepaoM pesonancaoM paccesaun CU B MHOroypoBHEBOI ramMma-
ONTHYECKOI cpejie, OOYCIOBIEHHDIE TOIAPU3AAeil TAaIAf0MIEro U3y YeHus U crernudu-
KOIl CXeMBI CTPOOOCKOIMYECKOTO JETEeKTUPOBAHUS PE30HAHCHOTO OTKJINKA. JImHeiHas
monspusarus CU mo3Bosister HAWTH TAKyH OPWEHTAINI0 MATHUTHON CPEIbl OTHOCH-
TEJIbHO HAIPABJIEHNS PACIPOCTPAHEHWS TaMMa-KBAaHTA, Jisi KOTOPO# 3(hderTsr Tu-
[a AJIEKTPOMATHATHO-UHJTY TUPOBAHHON MPO3PAYHOCTH WU HAUOOIBIITErO PE3OHAHCHOTO
MOJIOMIEHUsT OYAyT MAKCUMATBHBIMEU, a B CXeMe CTPOOOCKOMHIECKOTO JIeTeKTUPOBAHS
MOYKHO OJHOBPEMEHHO TOIYUYUTh WH(MOPMAINIO O KOTEPEHTHOM BJIMSHUY PAJHOUACTOT-
HOTO TIOJISI HA TaMMa-ONTHYECKYI0 MPO3PAYHOCTh CPEIbl W IPYMIOBON CKOPOCTH pPE30-
HAHCHBIX TAMMAa-KBAHTOB.
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Summary

Yu.Ya. Petrushenko, E.A. Popov, E.A. Saltanaeva, V.Yu. Lyubimov. RF-Induced Interfe-
rence in Nuclear Resonant Scattering of Synchrotron Radiation under Stroboscopic Detection
Conditions.

The effects of quantum interference induced by external radiofrequency (RF) field are
modelled under conditions of stroboscopic detection of the nuclear resonant response (RR)
to a“momentary” pulse of synchrotron radiation (SR) for a system of two optically thin samples.
It is supposed that the first sample, which is a stationary multilevel magnetic medium °7 Fe,
is influenced by the resonant RF field, while the second one (reference sample) is a two-level
resonant medim 57 Fe, which is mounted on Moessbauer vibrator. Under these conditions the
regimes of the electromagnetically induced transperency (EIT) and the maximal absorption
of resonance gamma-radiation within the stationary sample, which are determined by the
dependence of the nuclear refraction index on the initial phase of RF field, are analyzed,
as well as their peculiarities, which are conditioned by the linear polarization of SR impulse.
The opportunities of the detection scheme for the simultaneous determination of EIT conditions
and the velocity of slow gamma-light are considered.

Key words: synchrotron radiation, stroboscopic detection, RF-induced interference,
nuclear refraction index.

Jlureparypa

1. Fleichauer M., Imamoglu A., Marangos J.P. Electromagnetically induced transparency:
Optics in coherent media // Rev. Mod. Phys. — 2005. — V. 77. — P. 633-673.

2. Bawxupos ILI.III., /lo6umos B.IO., Ilonose E.A. Dddexrnl kBanToBOM naTepdepennmun
raMMa-m3Jy9eHus] IPA KPOCCHHTe-aHTUKPOCCUHTE SAAEPHBIX yPOBHEH B PAIHOIACTOTHOM

nose // Hncema B 2KDT®. — 2006. — T. 84. — C. 208-211.

3. Gabriel H. Effect of radiofrequency fields on Méessbauer spectra // Phys. Rev. — 1969. —
V. 184. — P. 359-363.

4. Potzel W., van Burck U., Shindelmann P., et al Investigation of radiative coupling and of
enlarged decay rates of nuclear oscillators // Phys. Rev. A. - 2001. - V. 63. — P. 043810-1-
043810-11.

5. Callens R., Coussement R., Kawakami T., et al. Principles of stroboscopic detection
of nuclear forward-scattered synchrotron radiation // Phys. Rev. B. - 2003. - V. 67. -
P. 104423-1-104423-16.

6. Popov E.A., Samartsev V.V., Yanvarev E.A. The influence of an external radiofrequency
field on the resonance propagation of a short gamma-ray pulse in an “optical” multilevel
medium // Laser Phys. — 1998. — V. 8. — P. 1240-1244.

7. Lyubimov V.Yu., Popov E.A., Samartsev V.V., et al. Coherernt influence of RF field on
the gamma-optical properties of a medium upon crossing-anticrossing of nuclear levels //
Laser Phys. — 2007. — V. 17. — P. 765-771.

8. Rose M.E. Elementary Theory of Angular Momentum. — N. Y.: Wiley, 1957. — 248 p.

9.  Blume M., Cistner O.C. Resonant absorption in the presence of Faraday rotation //
Phys. Rev. — 1968. — V. 171. — P. 417-425.

IToctymmna B pemakmumio
16.12.09

IMTerpymenko FOpuit fIkoBieBud — 10KTOp (HU3MKO-MATEMATHIECKNX HAYK, Mpodec-
cop, pekTop KazaHcKoro rocyaapcTBeHHOrO SHEPreTHYECKOro yHUBEPCUTETA.



136 10.4. IETPYIIEHKO 11 JIP.

ITonos EBrenuit AnekcaHapoBud — JIOKTOP (DU3MKO-MATEMATHYIECKUX HAyK, Mpodec-
cop kadeapst nadOpMATHKY U HHOOPMAIMOHHO-YIIPABAIIONIX crucTeM Ka3aHCKOro rocymap-
CTBEHHOTO SHEPTeTHUYECKOr0 YHUBEPCUTETA.

E-mail: popovevg@yandez.ru

CanranaeBa Enena AnapeesHa — accucrent kadenaps! nHGOPMATUKY 1 HH(OPMAIHOH-
HO-YNPABIAOMAX cHcTeM Ka3aHCKOro rocy1apCTBEHHOTO SHEPIeTHYECKOr0 YHUBEPCUTETA

JIro6umoB Bukrop FOpbeBuu — naxenep dusnveckoro dbaxynprera Kazanckoro (IIpu-
BOJIZKCKOTO) (be1epasbHOTO0 YHUBEPCUTETA.
E-mail: victor.lyubimov@gmail.com



