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IIpennoseH HOBBIM MeTO] OIEepPaTUBHOIO YIpaBieHUA (a3o0il mpeaerbHO-KOPOTKOT0 UMITyIbca B JUAana3oHe
ot 0 Ko 7 c He3BHAUUTENbHLIMHU (a30BHIMU HCKaMeHUAMU. lIpeacTaBieHbl pe3ynbTaThl 3KCIEPHUMEHTA 10 YIIpaB-
neHuto B npejenax 0.7 w ¢das3oif TeparepnoBoro UMIIyJ1bca C OTHOCUTEIbHO! IWPUHON CIIEKTpa, IpeBblmaomeii

OKTAaBY.

PACS: 42.72.Ai, 42.90.+m

PasBuTue coBpeMeHHOI a3zepHOl TeXHUKHU NO3BONU-
Jlo reHepUpoBaTh NpefielbHO KOPOTKHUE 3JIeKTPOMarHuT-
Hble UMIYJIbChl C AIUTEIbHOCThIO, CPABHUMON C NepH-
0J0M OCHM/IALKN onTU4yeckoro noiad. Tarue UMNYlb-
Cbl MOTYT COJep#aTh BCero oJHY UIU JBe OCUMIIALUU
anekTpoMarauTHoro nouad. Ilpu aTom mupuna cnexTpa
CpaBHUMa C ero LleHTpalbHOI YacTOTON U 3aHUMaeT lie-
Jble clieKTpalbHble Auana3oHbl. BpemeHHasa CTPyKTypa
nolfA B MMINyJbce NPU 3TOM CHIbBHO 3aBUCUT OT CABHUra
(ha3bl ero BEICOKOYACTOTHOTO 3aN0THEHUA OTHOCUTENhLHO
orubatoiei.

B sKcnepuMeHTax o B3aMMOJEHCTBUIO IpPeJENbHO-
KOPOTKUX 3J€KTPOMarHUTHBIX UMIYJIbCOB BbICOKOI MH-
TEeHCUBHOCTH C BelleCTBOM CTaHOBUTCA CYILeCTBEHHbIM
pasnuure (a3 BbICOKOYACTOTHOTO 3alOJHEHUA UMIYIb-
coB [1-3]. [lna obecmeueHua MaKcHMalbHOI 3ddek-
TUBHOCTHU DKCIEPUMEHTOB U CTabUIbHOCTH Pe3ylbTaToB
Heo0xoauMo o6ecneyuTh He TONbKO cTabuiIn3anuio yKa-
3aHHO# (ha3bl, HO TaK:;#e U BO3MOMHOCTh ee U3MeHeHN ,
4YTO ABIAETCA BECbMa aKTyalbHOH 3ajaueil.

B HacTrosAmee BpemMA H3BeCTHBI pa3Hhle CHOCOOGBI
KOHTpOJA (a3bl BHICOKOYACTOTHOrO 3aMOTHEHUA CBepX-
KOpPOTHKOT'0 3JeKTPOMarHuTHOro UMnynbca. B wacTHoc-
TH, AJA 3TOH Leld TPaaUuLMOHHO MCNONb3YIOTCA ONTH-
yecKue JNUHUM 3aJepPHKU UIN 3IEeKTPOONTUYEeCKUe MO-
OyJIATOPbI, KOTOPbIE B cly4ae NpefelbHO-KOPOTKUX UM-
yJ1bCOB HEAOCTATOUHO 3(p(PEeKTUBHbI, TOCKOILKY IIPUBO-
IAT K CONOCTaBUMBIM I'DyNNOBBIM 3ajep#KaM.

Jlna npenenbHO-KOPOTKUX MMNYIbCOB 3 (deKTUBHee
WCIONIB30BaTh Apyrue crnoco6el. OgHUM U3 cnoco6oB mo-
BhINIEHNA KOHTpacTa CUTHala B HIMPOKOINOJIOCHOI Tepa-
reploBoil MHTep(epoMeTpUM ABIAETCA HCIOJNb30BaHUe
s¢p¢ernta I'oita nna caBura ¢asbl U3nyyeHUA Ha PUKCU-
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poBaHHyIO BenuuuHy B mpefenax 7 [4]. Jlpyroii mogxoxn
Gbin pa3BuT B paGore [5], rie ¢ NOMOLILIO yIpaBleHUA
¢da3oBoit camomMonynAnueil B GeMTOCEKYHIHOM 3aJaio-
IeM TreHepaTope yAaloch CO3[aTh ONTUYECKHMH CTaH-
JapT vyactoTbl. OfHaKO B JaHHOM MeTOJe MaloCThb He-
nuHelHOro pazoBoro HabGera JonyckaeT u3aMeHeHue ¢asbl
JUIIbL B Y3KOM JUana3oHe 3HaYeHU.

B HacTosmeit paGoTe npeanoMeH HOBbI MeTOJ, MO3-
BOJIAIIONIN IPOU3BOJUTE yHpaBieHue (as3oii npeensHo-
KOPOTKOI0 3l1€KTPOMarHUTHOrO UMIYJbca B HIMPOKOM
JIuanasoHe 3HaueHuil. YmpasieHue ¢asoit ocyuecTBif-
€TCA C MOMOINBIO HIMPOKONONOCHOr0 HMHTepGhepOMeTpa,
COCTOAIIEro U3 AMAIEKTPUYECKON NPAMOYTonbHOM Npu3-
MbI U METAIINYEeCKOro 3epKana, pa3felleHHbIX BO3YII-
HBIM 3a30POM.

JIeRTPOMAarHuTHhIM UMNYIbC IPOXOAUT Yepe3 NpU3-
My 0OpHM YCIOBHM IOJHOI'O BHYTPEHHEro OTpajKeHUA.
Cnaparoiee 3a rpaHuneil JUAIeKTPUKA BIeKTPOMarHuT-
Hoe MoJie UMMy JIbca, 0TpaMaach 0T MeTallIMYeCKOro 3ep-
Kaja, BO3BpallaeTCA B PU3MY B BHJE BIEKTPOMarHuT-
HOT'0 MMINyJIbca ¢ HEKOTOPOi BpeMEHHO# 3aJeP/KKOI OT-
HOCUTENbHO KMMIYJbCa, OTPaX€HHOr'0 OT I'DaHUIbI AU-
BIEeKTPUYECKOi Npu3Mbl. B peaynbrarte cloMeHUA 3TUX
JBYX HUMIYJbCOB M3MeHAETCA (opMa MMIynbca MOCie
INPOXOMAEHUA NaHHOTO MHTepdepoMeTpa, UTO B CHEK-
TpalkHBIX TEPMUHAX COOTBETCTBYET U3MEHEHUIO (asbl.
IIpu sToM (haza m3nEKTPOMArHUTHOrO UMILYIIbCa, BhIMIE]-
mero U3 uHTepdepomerpa, ABNAETCA QyHKINEH BETUUN-
HBI 3a30pa d BCIE€ICTBUE HEKOTOPOI BPEMEHHOM 3a1epik-
KU OTpasKeHHOr'0 0T MeTallnyecKoro 3epkana monsa. Ta-
KUM 06pa3oM, MeHAA 3a30p MY NPU3MOIi U METaILIH-
YECKUM 3€PKaloM d B IpeJelax HECKONBKUX JIWH BOIH
MO{HO yNnpaBiATh (a30il 0TpasKeHHOro BIeKTPOMAarHuT-
HOT'0 MMIYJbCa B JOCTATOYHO LIMPOKOM AuanasoHe. Te-
OpeTHYECKOE OMICAHNE MPOLecca OTPaMeHUA U3NYUYeHNA
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B MpEANIOEHHOU CUCTEMe MOET OhITh NMPEACTABIEHO B
paMKax TEOpHH IMANEKTPUYECKUX ILIEHOK [6)].

B mameit paGoTe mpoJeMOHCTPUPOBAHO YTpaBIeHUE
(a3oil mpefelbHO KOPOTKOI'O TepareploBOro MMIyJbca
Ha 3KCNEPUMEHTANLHON yCTaHOBKE, M306pasieHHON Ha

puc.l. [InA reHepanuu M perucTpanuy TepareproBoro
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Puc.1. Cxema 3KcImepUMeHTalbHOM yCTaHOBKM IJIfl U3Me-
peHuA ¥ ynpaBieHUA (a3oil mpefelbHO-KOPOTKOIO Tepa-
reploBOro UMIIyIbca

usnyueHus [7] ucnoib3oBaiach (eMTOCEKYHAHas Ja-
3epHasa cuctema “Spitfire” (Spectra Physics) oGnana-
IOl[afl CIeJYIOMUMM NapamMeTpaMH: DHEeprufd UMIYJb-
coB — 2 M]3, muurenbHocTh —45 e, NeHTpanbHaA IIu-
Ha BOJHBI — 795 HM, 4acTOoTa CleJOBaHUA HMILYJIbCOB —
1&l'n, nuametp naszepHoro myuka—7 MMm. JlazepHoe us-
IydeHUe pa3felNfloch Ha ABa KaHalla C IOMOIIbIO CBETO-
nenutensa CJI, o6ecneunBaionero ko3¢ GUINEHT AeleHus
1/600. IIpomenmue dyepe3 CBETOAENUTENb U3ILY4eHUE
KCNONb30BaloCh i reHepaluu, a oOTpaskeHHoe — 1A pe-
TUCTpallNy TeparepluoBbIX UMIYIbLCOB. B KaHame nasep-
HOr0 M3JIy4yeHUA HaKayKU MoMellalach ONTHYECKasa lU-
HUA 3afIepKU, COCTOALIafd W3 3epKalbHOr0 yTrOJNKOBO-
ro oTpaskaTelfl, yCTaHOBIEHHOIO Ha JMHENHHbIN MOTOpU-
30BaHHBIM NO3ULKMOHEP. TOYHOCTL MO3UIIMOHMPOBAHUA
coctaBiana (.125 MkM npu AnuHe ckaHupoBaHusa 10 cm.
®emTOCEKYHHBIE Ta3epPHbIE MMIYJbLCHI MOJaBalluCh Ha
reHepatop I'—nmnactuny ZnTe, rae npoucxonuio npeot-
pasoBaHue yacToThl. OcTaTKU 1a3epHOro U3NYUYEHUA OT-
CeKallUCh NpU3MOI U3 ¢TopomiacTa, KOTOphIil o6aaxaeT
BBICOKUM INPONYCKAHUEM [lA HU3KOUaCTOTHOrO U3Iyue-
Huf. Ilpomeniee yepe3s npu3My TepareploBble UMIYIIb-
ChI ¢ noMolIbI0 napabonuyeckoro 3eprana I13 gporycupo-
BalliCh Ha IOBEPXHOCTh 3JIE€KTPOONTHUYECKOr0 KpUcTatia
II-nnactuny ZnTe.

IIpoGHoe nasepHOe W3MyUeHHE IMOJaBaloCh Ha IO-
BEPXHOCThL KpucTanina npueMHuka Il uepes oTBepcTue
B mapaGonuyeckOM 3epKane moj yriom 5° K ocu pac-
NPOCTPaHEHUA HU3KOYACTOTHOro U3nyueHua. Hsme-
HEHUA MONAPU3ANNU NPOGHOrO Na3epHOr0 U3NYyYeHUA
3a cuéT sddenTa Ilokkenbca mon neficTBMEM BJIEKTPU-
YECKOro MOoNf HU3KOYaCcTOTHON BONIHBI aHalU3UPOBa-
auch ¢asoBoil mnacTuHkoi A/4, npusmoit Bommactona
IIB u napoit KpeMHHEBBIX (POTOAMOAOB, BRIIOUYEHHBIX
no OanaHcHoif cxeme. PasHocTHBIN (HOTOTOK peruct-
pupoBaica cuuxpoHHbiM ycunutenem SR510 (Stanford
Research Systems). OGmee ynpaBieHue 3KCIEPUMEH-
TaNnbHOU YCTaHOBKOM, c60POM JAHHBIX U UX MEPBUYHOMN
00paboTHOi OCYIECTBIANOCH Yepe3 KOMIBIOTEP.

BpeMeHHasa 3aBUCHUMOCTL HANPAMEHHOCTU BNEKTPU-
YeCKOro MONA TepareploBOro UMITylbca Onpegenflach
10 M3MEHEHUIO COCTOAHMA MNONApPU3ANUU NPOGHBIX Ja-
3€pPHBIX UMMOYNhLCOB MPU CKAHMPOBAHUM UX BpPEeMEHHOI
3aJiep# KU OTHOCUTENLHO UMIYIbLCOB HaKaYKH.

Ha pwuc.2 wusoGpamensl pacnpefeneHue Tmond u
Moayiab I ®Dypre-cnekTpa TeparepLoBOoro HMIYyJbca.
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Puc.2. TunudHoe pacnpejeleHNe HANPAKEHHOCTH IIONA
MMIyThCa HU3KOYACTOTHOTO 3IeKTPOMArHUTHOTO U3Iyue-
HuA (a) u moayub ero ¢pypbe-cuexrpa (b)

IIpenennHO-KOPOTKUI TeparepuoBbIif UMMOYIbLC COCTOUT
NpaKkTUYEeCKHU U3 OTHOM OCHMILIALUU 3IeKTPOMarHUTHO-
ro nond ¢ macmrabom nopanka 1nc. IIpu aTom mupuna
CIeKTpa UKMIylbca CpaBHHMa C €ro IeHTpalbHOMH
yacToToi, coctaBasiomeit 1 TT'u.

B »rcnepuMeHTe M3MepANNCH BpeMeHHbIE 3aBUCHU-
MOCTH HaNpAMEeHHOCTU 3JIEeKTPUYECKOro MOoJA Teparep-
[IOBOTO MMITyJbCa OT TOJNUIMHBI BO3AYIIHOr0 3a3opa d
MemIy (PToponnacToBOif NpPU3MOI U MeTallUYECKUM
3epKaloM. Yros najfeHuf lasepHOro my4ka Ha OCHOBa-
HHe NpU3MbI B 3KcnepuMeHTe cocTaBual 48°. Pesyib-
TaThl SKCIEPUMEHTA NPEACTABIEHbI Ha pHUC.3.
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Puc.3. 3aBucuMocTH BpeMEHHOr0 pacipeeleHNA 3IeK TPU-
yeckoro mons (a) u dassl (b) TeparepuoBOro UMILyabCca OT
TOIYHBI BO3AYIIHOTO 3a30pa B MHTep(depoMeTpe

Ha puc.3a norkazana 3aBUCHMOCTE BPEMEHHOI CTPYK-
TYpPBl 3JEKTPUYECKOT0 MONA OT M3MEHEHHA TOINI[UHEI
BO3AYILIHOIO 3a30pa Me# Ay (HTOPOMIacTOBOI NPU3MOit U
MeTalnuuecKuM 3epkanoM. HanpsmeHHOCTB 3IERTPU-
YECKOr'0 MONA TepareploBOr0 MMIYyJhca MOKasaHa ma-
auTpoil ceporo nBera. M3 pucyHKa BHAHO, YTO NpHU
HYJEeBOM 3a30pe SJIeKTPOMarHUTHBI HMIYNbC HUMEET
npakTH4eckn cuMMmeTpuuHyo ¢opmy. Ilo mepe yBenu-
YyeHUA 3a30pa BpeMeHHOe pacrpejielieHre 3IeKTPUUYecKo-
ro monfd MPUHUMAET aHTUCUMMETPUUHYIO GopMy, a 3a-
TEM CHOBa BO3BpallaeTcA K CUMMETPHUYHOI, HO C HpO-
TUBOIOJIOKXHBIM 3HAKOM HaNPAMEHHOCTHU BIEKTPUUYECKO-
ro nonda. Ilpu gocTarouHOM yjaleHHMM MeTallu4yecKOro
3epKana OT OCHOBaHHA (PTOPOMIACTOBON NMPU3MBI Mpe-
JelbHO KOPOTKMIT TepareploBbIil MMIYIbC IPOXOAUT Ye-
pe3 mpu3My OpPH YCIOBUM INOJHOI'O BHYTDEHHEro OT-
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paeHUA. YMeHbIIeHUE 3a30pa NPUBOAUT K Hapylle-
HUIO yCIOBM IOJHOIO BHYTPEHHEro OTPasKeHHA U COo-
OTBETCTBYIOLIEMY M3MEHEHUIO BPEMEHHOI'O pacrnpezene-
HUA 3JeKTpUYecKoro moia umnyibsca. Cunepyer oTMe-
TUTh, YTO NPU BTOM aMIIUTyjAa ¢ypbe-CIeKTpa HUM-
nylbca He MeHAETCA, ONHAKO NPOUCXOAUT HM3MeHeHUe
ero ¢asel. Ha puc.3b nokasana saBucuMocTb a3l
¢ypbe-cieKTpa TepareproBoro MMOylbca Ha YacTOTe
1TT'n ot TommUHBEI BO3LYIIHOrO 3a30pa B MHTepdepo-
Merpe. TouykamMu oTMedYeHbl AaHHbIE, NOIXYyYEeHHblE B
xoze sKcnepuMenTa. CHNIOMIHON TWHUEH NMOKazaHa Teo-
peTHYeCcKH pacCuMTaHHaA 3aBUCUMOCTH (a3bl UMIYJIbCca
OT IIMPUHEI 3a30pa. Kak BUIHO U3 pUCYHKa, NpUBEJEH-
HbIe DKCIEepUMEeHTalbHbIE TaHHbIE XOPOLIO COTNAcyIoTCA
C TeopeTHYeCKUMHU pacyeTaMu. Takum o6pasoM, MOK-
HO CJIeNaTh BBIBOJ O TOM, YTO NPOMCXOIUT yNpaBIeHUE
(asoit TeparepnoBoro umnyiabca B npegenax 0.7 7 npu
M3MEHEeHUHU TOJIIVHbI BO3IYIIHOTO 3a30pa.

B 3armnioueHne MO#HO OTMETUTD, YTO B JaHHOI pa6o-
Te NOKa3aHa BO3MOHOCTb yNpaBieHUA (a30BbIM CIBH-
roM 3anoJHEHNA NPeJelbHO-KOPOTKOr0 3JIeKTPOMarHuT-
HOT0 MMITyJibca B UHTepdepoMeTpe ¢ nepeMeHHOi 6a30ii
B YCIOBUAX IOJIHOIO BHYTPEHHEro oTpaeHus. B akc-
NepMMeHTe NPOJEMOHCTPUPOBAHO ymnpaBieHue ¢asoil B
npenenax 0.7 7 paguaH JJIA TepareploBOro UMIYIbca C
OTHOCUTENbHOM MIUPUHON CIEKTpa, NpEBBIMIAIOMEN OK-
TaBy.
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