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1. BBEAEHUE

B mocseamre TOABI ONTHYECKHE YACTOTHBIE T'De-
G6enku (OYI') crasu BayKHBIM HHCTPYMEHTOM HAYY-
HBIX KCCJIEJIOBAHUN U OCHOBOW MHOXKECTBa BOCTPebO-
BAHHBIX YCTPOWCTB, CO3JAHHBIX HA HTPUHIUNAX (HOTO-
Hukd u paguodoronnku. Jloaroe BpeMms s UX Te-
HEPAIUU HCIOJIB30BAJIMCH JIA3€Phl ¢ CHHXPOHU3AIU-
eit Moz [l], 9ro 3avacTyo oOrpaHMYUBAJIO O00JACTH
[IpUMEHEHUsI JYaCTOTHBIX I'PeOEHOK HaydIHOU Jsabopa-
Topueil. BaXXHBIM IPOPBIBOM 0OKa3aJ0Ch OOHAPYIKEH-
Has BO3MOXKHOCTH HCIIOJB30BATH JJIsI [E€HEPAIUU Ta-
KUX CUTHAJIOB YJIBTPAKOMIIAKTHBIE OIMTUYECKHE MUKPO-
pezonaropsl (MIIITY) [2]. MasieHbKuit pasMep u BBICO-
Kasl IUIOTHOCTH OITUYECKOrO IOJSI 3a CYET BBICOKO
JOOPOTHOCTH W HAJUYIUsS 00JIACTH CBOOOIHOM IHCIIEp-

* E-mail: k.minkov@rqc.ru
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cun (OCH) or emunun go cored I'Tn mossossier uc-
[I0JIb30BATH MUKPOPE30HATOPHI JJIsT KOMITAKTHOW HHTE-
rpamn OYT [3]. Bosee Toro, 6611 paspaboran MeTO
reHepaIi KOPePEHTHBIX YACTOTHBIX I'PEOEHOK B BUJE
[OCJIEJIOBATEJILHOCTH JUCCUIIATUBHBIX COJIUTOHOB [2,4].
Takue OYI' obagaoT yHUKAJILHBIM CBOMCTBOM: OHU
UMEIOT (PUKCUPOBAHHOE PACCTOSTHUE MEXK)Ty BCEMHU JIU-
HusaME (3a cuer (Ha30BOil CUHXPOHU3AIUU BCEX JIMHUIA
Mex iy coboit) [5,6]. K HacTosimeMy BpeMeHH Hpo/ie-
MOHCTPHUPOBAH PsiJl BayKHLIX NPUMEHEHWH Ha OCHOBE
mukpopesonaropabix OYUI' B obsactu aByxrpeberHva-
Tol crnekTpockornuu [7], cucreMm cBsi3u [8,9], KorepeHbIx
JINTAPog [10], kKauubpoBKu acTpodU3NIECKUX CIIEK-
rpomerpos [11,12], cBepxmMadiontyMsiineli MUKPOBOJIHO-
Boit rereparyu [5,6] u GoToHHBIX BIUnCaCHH [13].

B mociennee BpeMsi aKTUBHO PA3BUBAETCH IOIXOL,
K rerepamuun OYI' B BBICOKOIOOPOTHBIX MHKPOPE30-
HaTOpaxX, OCHOBAHHBI Ha MpuMeHeHHn 3(deKTa 3a-
raruBanus [4, 14-16]. Dror adderr ocnosan Ha co-
3J@HUKM YACTUIHO-CEJIEKTUBHON ONTHYECKOH 00paTHON
CBSI3U MEXKJLy MUKPOPE30HATOPOM U JIA3EPHBIM JIHOJIOM,
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Puc. 1. ®otorpacdua mwnkpopesonatopa us MgF>. Ha
BCTaBKE CXeMaTU4HO npefcTasfieHa reometpus MLLUIM-
MuKpope3soHaTopa: H — BbicoTa pesoHaTopa, R — paawnyc

pesoHaTopa, I — oTCTyn OT Kpasi, r — paguyc 3aKpyrieHus
pe3soHaTopa, C — xopga

KOTOpag II03BOJIAET 3HAYUTE/JHLHO YMEHBIIUTH CIIEK-
TPAJbHYIO IMMUPHHY JIMHAA TEHEPAIUN JIA3EPHOTO JIi-
0J1a 7, KaK CJIEJCTBHE, (Pa30BBIi NIyM JIA3ePHOTO U3JTy-
yenus. Kak mpaBuiio, MUKpOPE30HATOPBI Jjisi TeHEpa-
mun OYIT' usrorapimBaroTcs JByMs METOJAMM: JIATO-
rpadudeckuM [17] win myrem Mexanudeckoii o6pabor-
K1 KprcTasios [18]. IHTerpaibHble MUKPOPE30HATODDI
00613 IAI0T BBICOKO TEXHOJIOMMYHOCTDHIO MIPOIIECCa IIPO-
M3BOJICTBA, & TAKIKE MAJBIM PA3MEPOM, ITO MPUBOJIUAT
K CHIKeHUO 3hdeKTuBHOro pa3Mepa MOJIbI u DoJiee
SIPKOMY ITPOSIBJICHUIO HeJIMHEHHbIX mporeccoB. OmHako
TaKne PE3OHATOPDI YCTYIAIOT B JOOPOTHOCTH KPUCTAJ-
JITIECKAM, 3HAYEHUE JOOPOTHOCTH B KOTOPBIX JOCTH-
raer @ = 101 [19], a Takke umeroT MUPOKMil IuAama-
30H IIPO3PAYHOCTH OT YJILTPA(DHUOIETOBOrO J0 JAJIHHETO
undpakpactoro auanasona [20-22|. I[Tosromy umenno
UCIIOJIH30BAHNE KPHUCTAJLUIMIECKIX MUKPOPE30HATOPOB
[O3BOJISIET CHU3UTD TPeOOBAHUS K UCTOYHUKY HAKAIKH
u caesaTh nporece reaepanuun QYT 6osee 10CTYTHBIM.
Ha puc. 1 mokasan TUIHYIHBIN BUJ, KPUCTAJLITIECKOTO
MUKPOPE30HATOpa U3 (PTOPUIA MAIHUS, OJIy I€HHbIH
METOJIOM aJIMa3HOro TodeHus [18] ¢ ocHOBHBIM HabO-
POM T€OMETPHYECKUX TAPAMETPOB.

[IpumeHeHre KpPUCTAJLIMYECKUX MHUKPOPE30HATO-
POB ¢ MOJAMHU MIEIYyIeil rajepen (MEKPOPE30HATOD-
MIIT') 6buI0  yCHENIHO IPOJEMOHCTPUPOBAHO B
uccienoBanusx [4,5,14,15,23-25] mia crabuinzaiyuu
JlasepHoro wusjydenuss u reneparmu OYI. Tak, B
paborax [14-16, 25] 6bL10 TOKA3aHO, YTO CTAOUIU3UPO-
BaTh majaydenue jazepa u nosydutb OUl Bo3MOXKHO
npu MomHocTax nopsiaka 100 mBt. ITostomy Bcerna
HUCIOJIb30BaJIN OTHOCHTEIbHO MoIHble 100 MBT ojHO-

YaCTOTHBIE U MHOTOYACTOTHBIE JIA3€PHBIE JIMOMbBI JIJIsT
HAKAYKN MUKPOpPe30HATOpoB u moJrydennst QYL
OjHako, Kak IOKAa3aHO B AHAJMTHIECKON Teopuu
B pabore [14], apdekTsl 3aTsrMBaHus W TreHepaluy
OUYT" BO3MOXKHBI U MPU MOIIHOCTSX MOPSIIKA JECITKOB
MBT B 3aBHCHMOCTH OT JOOPOTHOCTH MHKPOPE30HATO-
pa. OmnpeessiomuMy IapaMeTPpaMy sIBJISTIOTCS Trala-
30H 3araruBanus (1) u mupuna 3araruanus (2) [14]:

AWloclc FTn
Slock _ 1+ 222, 1
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rae I';, — ycurenne MIIT-pesonaropa, Qg — 106poT-
HOCTBb PE30HATOPA Jiazepa, @, — Jodpornocts MITIT-
pe3oHaTOpa, (g — KO3POUINEHT yCUTeHNs, 0w /0W free
-— IMIUPUHA JIUHUU, AWjpck — JUANA30H 3aTITUBAHUS.
U3 dopmya (1) u (2) BUIHO, 9TO KIHOUEBBIM (DAKTOPOM
Uit mostBiieHus 3 deKTa 3aTATUBAHUS SABJISIETCS 100-
poraocts MIIII-pe3onaropa. Tak, mpuMeHeHue BbICO-
KOJTJOOPOTHOT'O KPHUCTAJITUIECKOTO PE30HATOPA CIIOCO0-
HO moka3aTrhb cyxkenne jguanu B 1000 pa3, 9T0 B CBOIO
0dYepeib CHUKAET MOPOT MOITHOCTH, HEOOXOIUMOI 1t
renepanun OYI', u, Kak cjejcrBue, CTaHOBUTCS BO3-
MOXKHBIM HCITOJIb30BAHNE JIA3€PHBIX JUOIOB C MAJION
BBIXOIHON MomtHOCTBIO it reneparuun QUL B pexxu-
Me 3aTATUBAHUS.

B nacrosimeit pabore poJeMOHCTPUPOBaHA I'eHepar-
U OIITHIECKON JACTOTHON TPeOEHKN B MUKPOPE30Ha-
Tope MIIII" na ocnose dropuma maruus. s renepa-
murn OYI' B KauecTBe MCTOYHUKA HAKAYKH KCIIOJIH30-
BaJICA KOMIIAKTHBIN JIa3ePHBIA U0 C pacIpelesIeHHON
00paTHOM CBSI3bI0 U MAKCUMAJIBHOW BBIXOIHON MOIITHO-
crbio 20 MBT, cTaOMIM3UPOBAHHBII TEM K€ MUKPOPE30-
HATOPOM B PEXKUMe 3aTsArnBaHus. BuepsBbie reHepariust
OYT 6bL1a nosydena mpu MormHocTH 6 MBT Ha juHe
BOJIHBI 1550 HM IIPU TOMOIIM KOMMEPYECKH JIOCTYITHOTO
JUOIA B ONTUIECKUX KPUCTAJTMIECKAX MIKPOPE30HATO-
pax ¢ MIITI'. Kpome Toro, B pabore mpogeMOHCTPUPO-
BaHa MeHepalldsi ONTUYECKUX I'PeOEHOK B MUKPOPE30Ha-
TOpe B peXXuMe 3aTsaruBaHus Moapbl u rerepars O
¢ 12 OC, 4 OC/, u 1 OCJI, a TakKe MUKPOBOJIHO-
Boe m3saydeHue Ha dactorax 155.28 ', 51.76 I'T' u
12.94 I'T'n;, coorBercrBenno. Ilomobubie cuekrpur QYT
MOT'YT HPUMEHSTbCS JJIs CIIEKTPOCKOIUU B CJIydae,
KOTJIa ONTHUYECKasi JACTOTHAsi I'PeOeHKa IIpeIcTaBJie-
HA MOIIHBIMU OTJEJbHBIMU JuHUAME [7,26, 27]. Tpen-
CTaBJIEHHBIIN IIOIX0] TIO3BOJISIET CYIIECTBEHHO CHU3UTH
TpeOOBaHWA K MCTOYHUKY HAKAYKHU, BBUIY WCIIOIH30-
BaHUS KOMITAKTHOTO U JOCTYITHOTO JIA3EPHOTO JTUOJIA C
MaJIoif BBIXOJIHOM MOIIHOCTBHIO. Takzke MpejiozKeHHast
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cxeMa obecriedynBaeT MUHUATIOPU3AIUIO U YJIEIIEB/IEHTE
cucrembl rereparnun QUL 3a cyer nmpuMeHeHUs] MUK-
popesonaropa MIIIT Ha ocHOBe dTOpUIa MarHuUs JJIst
crabunusanuu quoma u redeparuu OYIN 6e3 BBeeHns
JIOTIOJTHATEIHHBIX 9JIEMEHTOB B CHCTEMY.

2. OQKCITEPMMEHTAJIBHAA YCTAHOBKA

CxeMma 3KCIIepuMeHTa oKa3aHa Ha puc. 2 Beicoko-
JTOOPOTHBIN MUKPOPE30HATOP C MOJAMHE IETIyIneil ra-
sepen (MIIIT'), ucnonb3yemblil B 9KCIEpUMEHTE, OBLI
MU3TOTOBJIEH U3 (PTOPUIA MATHUS METOJOM TOYEIHOTO
anmasHoro todenus [18]. Jmamerp mukpopesoHarTopa
cocrapiist 5.1 MM, TomuHa 1 MM, 00J1acTh CBODOOJI-
uoit qucnepcun 12.94 I'T'n. VIamepennass MeTo10M 3BOHA
JIOOPOTHOCTH MUKPOPE30HATOPA B KPUTUIECKOU CBSI3U
cocraBmia Q = 10°.

st rerepanun QYT B 9kciepuMenTe ObLI BEIOpaH
JIA3ePHBIN MO/, C PACIPEeIeHHON 00PATHON CBA3BIO U
MaKCHMAaJIbHON BBIXOHON MoImHOCThI0 20 MBT. Mak-
CUMaJIbHBIA TOK, IOJABAEMBIi C MCTOYHUKA I[MATAHUS,
cocraBisyt 60 MA, a eHTpaJibHasl JJIMHA BOJHBI PaB-
astack 1549.6 um. urst Bo30yxkneans MIIT 6buta nc-
[TOJIb30BAHA KJIACCUYECKAsI CXeMa C DJIEMEHTOM CBs3U
(9C) B KavyecTBE NPAMOYIOJBHON CTEKJISIHHON MpH3-
mbt BK-7. Uziyuenne jga3epHOro quoia KOJIIUMAPOBA-
JIOCh H& BHYTPEHHIOK ITOBEPXHOCTD I10JI YIJIOM ITOJIHO-
ro BHyTpeHHero orpaxkenust [28]. B Touke dokycupos-
Ki 00pa3yercs BBIMAJIAIONIEE [T0JIEe KOTOPOe HEeOOXOII-
MO JIsl CBSI3U ¢ MHUKpope3oHaTopoM [22]. Paccrosinue
OT MHUKpOpe3oHaTopa o JIJI paBHO aBoitHOMY OKyC-
HOMYy paccrognuio dokycupytomeit yunssl (JI), ycra-
wosstennoit mexy JIJI uw MIIL, u cocraBiaser 9 mm.
Sazop Mmexiay pesoHaropoM u DC KOHTPOJUPOBAJICS
[P TIOMOINHU The30moaaqn. JPHEeKTUBHOCTD CBA3U C
MHKPOPE30HATOPOM B 3KcrepuMenTe coctasmia 30 %,
T. €. MaKCHUMaJIbHasi MOIIHOCTb BHYTPU MUKPOPE30HA-
TOpa IpPU MAKCUMAJIBHON MOITHOCTH JIA3€PHOTO JIHOJIA
(20 MBT) cocraBuia 6 MBr. Ormernm, aro addexTus-
HOCTBb CBSI3M MOXKET OBITh 3HAYUTEJILHO YJLy4IleHa IIy-
TeM WCIIOJIb30BaHUsI IIPOCBETJIEHHO IPU3MbI Ha Pabo-
qeit JJIMHE BOJIHBI.

Bermeaiiee w3 pesoHaTopa  U3JIydYeHHE JIEJIH-
Jlach Ha JiBe YaCTU IPU IIOMOINU JeJIUTesIsl JIyda
(OJI): omma upoxommna ua dorogerekrop (D)
Thorlabs PDA50B2 ¢ mosocoit mponyckanus 510 kI
u samuceiBaiack npu nomonm ocmusuiorpada (OC)
Keysight InfiniiVision MSO-X 4154A ¢ moJiocoit ipo-
nyckanus n10 1.5 [T, apyras nmocrynasa wa ObICTpBIi
dorogerektop (BO) (Newport 1414, mosoca upo-
nyckarust 25 I'Ti) u ¢ mOMONIBIO BTOPOTO J€JIUTelIst
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repelaBaJiach Ha OITUYECKHUI AHAJIU3aTOpP CIEKTPa
(OCA) Yokogawa AQ6370D ¢ auana3zoHoM u3MepeHuii
ot 600 mo 1700 um u pasperienueM 0.02 HM U 3J€K-
Tponnbiil cnekrpoanaansarop (ECA) R&S FSW26 ¢
Jrarna3oHoM mamepenuit ot 2 I'm go 26 I'T'm.

OYTI' B pexxuMe 3aTATMBaHNAS T€HEPUPOBAJIUCEH CJIe-
mytoruM obpazom. Ha mepBoM sTarme sKCIepuMeHTa MO-
HUATOPUJICS CIIEKTP MOJI MUKPOPE30HATOPA IIPY M€, 1JI€H-
Hoit iepecrpoiike (50 I') ToKa JIa3epHOTO AM0O/Ia BHEII-
HUM T€HEPATOPOM JIJIsl OIIPEIEJICHHsT COOTBETCTBYIOIINX
YACTOT MOJI. 3aTe€M MPOIECC 3ATITHBAHUS TEHEPAIIH
ONTUYECKON I'PeOEHKU OCYIIEeCTBJISIICS Ha BHIOpAHHOMN
MOJI€ Iy TeM CHHXPOHU3AINU €€ 9aCTOTHI ¢ YaCTOTOH J1a-
3epHoro juona. Ha puc. 3 mokasana xapakTepHas pe30-
HaHCHAas MOJIa MUKDPOPE30HATOPA, [T0JIyYeHHAsI B PEXKU-
Me 3aTATUBAHUsI C XaPaKTEPHBIMU CTYIIEHYaTBIMUA CO-
cTosTHUSIME cooTBeTcTBYomuME paziunaabiMm QYL co-
crostHusIM [4,29] ipu MeJIeHHO# TIepecTpoiike Jazep-
HOI'O JIMOJIa B OKPECTHOCTSIX Pe30HaHCHOM Mombl. OO6-
JacThb (@) COOTBETCTBYET CBOOOIHOMY HM3JIy9YEHUIO IIU-
0J1a BHe pe3oHaHCHON Moibl. Jlasee, o mepe mpubJiu-
JKEHUU YaCTOThI JUOJa K YacTOTE PE30HATOpa HAYU-
HaeT HAOMIOIATHCH d9D@EKT 3aTAruBaHUS. JTOT IPO-
[IECC COTPOBOXKIAETCS PE3KUMH OODBIBAMEU B OKDECT-
HOCTSIX PE30HAHCHOW MOJIbI, KOTOPbBI MOXKHO HaOJIO-
gatb Ha puc. 3. Cama pe3oHAHCHAs MOJA CTAHOBUT-
cs1 mpsiMoyToJibaoi. CyMMapHast MUPUHA 3aTITUBAHUS
xapakrepusyercst ypapHenueM (1) u B Hamem ciydae
cocrasiisieT niopsizika 1 I'T'i. BuyTpu 3aTsauyToit Mob
ecTb 0bJ1acThb (6), KoTopas IpejcTaBigeT coboil renepa-
muio OYI' B pexkuMe 3aTaruBaHus, e HeT 0Opa3oBa-
HUsI COJIMTOHHBIX cocrostHuii [28]. O6macts (6 Ha puc. 3
— MPOSBJICHUE TEIUIOBOM HEJWHEHHOCTH C IIOCIEIyIO-
UM TEPEXOJIOM B HU3KOIITYMSIIEe COJIUTOHHOE COCTO-
staue (cTynenbku). [locse pexkuMma TemIoBoii HesHe-
HOCTH HAOJIIOJIAJICS TIEPEXOJT B PEIKUM CO CTYTEHbKAMU
re HAYUHAIOT (POPMUPOBATHCS COJIMTOHHBIE TDEOEHKHI
u cosmroHHble Kpuctauibl [29]. Tocse obHapyKeHMsI
Bcex pexkumop renepanuu OYI' BHemrHsist nepecTpoii-
Ka 9aCTOThl OTKJIIOYAJIaCh. 3aT€M OCYIIECTBIISAJICS I1e-
PexOJl B PEeXKUM 3aTITMBAHUS IIyTeM H3MEHEHUs] TOKa
JIA3EPHOI'O UOIA.

3. 9KCITEPUMEHTAJIBHBIE PE3VYJIBTATBI

B mpoBenenHOM 3KCIIEPUMEHTE HCCJIEIOBAHBI OIITHU-
YecKUe CIIEKTPhI B 3aBUCHMOCTH OT U3MEHEHUS TOKa, ITH-
TaHUd JIA3ePHOTO N0/ U BbIABJIECHBI PA3/INYHbIC THIIbI
CIIEKTPOB B 3aBUCHUMOCTH OT OOJIACTH 3aTATHBAHUS B
KOTOPOI HaxXomuTCst JiasepHsiit quoy (puc. 3). Ha puc. 4
npejicrasiiensl mosydenabie Ol B pexxume 3aTsruBa-
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Puc. 2. Cxema akcnepnmenTanbHol yctanosku. J1[1 — nasepHblii Anog ¢ pacnpegeneHHoi obpaTHoi cessbto, Bl — 6ok nuTa-

Hua J1[, 9C — snemenT cesizn, MLUI — MLUT-mukpopesonatop, J1 — nunza, K — konnumatop, AJ1 — genutens nyda, L

— doTopetektop, OC — ocumnnorpad, KC — kaHan cuuxponusauyuun, P — buictpoiii hotogetekTop, OCA — onTuyecknii
aHanusatop cnekTtpa, ECA — ananusatop cnektpa paguognanasona. Ha BctaBke nokasaHo ¢hoTo ycTaHOBKM
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Puc. 3. OTknuk pesoHaHcHO Mogbl Ha ocuuiiorpade co CTy-
NeHYaTbIM MEePEXOAOM B COJINTOHHOE COCTOsIHUE

HUST IPY CPEJIHEN MOIIHOCTU BHYTPH MUKPOPE30HATODA
6 MBT. Pucynok 4 a xapakrepusyer 1ryMHYyIO rpebeHKy
¢ uHTepBasioM Mexay Juausvu 12 OC/I mosryyeHHbIH
B obsiacTu 3arsruanus (6) Ha puc. 3. JJaHHBIN ceKTp
rpebeHKN XapaKTepu3yeTcs OOJIbINeil MOIIHOCTBIO JIU-
HUl rpebeHKH ToAPOGHO onucanHoMy B padore [30]. Pu-
cyHKH 4 6, 6 — 910 061aCTH 3aTATUBAHUS (6) HA pHUC. 3,
XapaKTEPU3YIOMIAE TeHEPAIAIO COJTUTOHHBIX KPHCTAJ-
gos ¢ uarepajiavmu 4 OCJIL u 1 OCJI, cooTBeTCTBEHHO.
Kpowme Toro, mosryueHo MHOIOCOJTUTOHHOE COCTOSIHUE,
npejicTaBieHHoe Ha puc. 4 2 [4].

Ha puc. 4 moka3aHbl pa3IndHble ONTUIECKHUE CIEK-
TPBI TPEOEHOK B PA3HBIX OOJIACTAX 3aTSATUBAHUS U TIPU
Pa3HBIX OTCTPONKAX JIA3EPHOIO JUO0/IA OT MOIbI MUKPO-
pe30HATOpa. ITH CIEKTPHI XaPAKTEPU3IYIOTC PA3JINI-
HBIMA (bopMaMu OrudaroIIeil, a TaKKe MOITHOCTHIO JIU-
Huii rpeberku. OTHOCHTEILHO 0OJiee MOIIHBbIE JIMHUH
rpebeHKH BO3HHMKAIOT, KOIJ[a YacTOTa T'eHEPAIMH IIPU-
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GmKkaercst K obsiactu TemsioBot HesmHeiinocru [4]. B
MOMEHT BO3HMKHOBEHUsI TEIJIOBOI HEJIUHEHHOCTH MBI
BHUIUM MOIIHBIE JINHUW, 33TE€M IIPOUCXOIUT HACTPOHKA
Ha COJIMTOHHBIE COCTOSHUS, KOTOPBIE MEHBIIE TI0 MOIII-
HOCTH.

CoJINTOHHBIE COCTOSIHUSI IIOBTOPSIEMO HADJIIOIAJINCH
[IpA CKAHUPOBAHWK TOKA JIMOJA B IPSMOM U OOPaTHOM
HaIIPABJICHUAX, [IPU CTAOMIN3AINNA BHEITHUX YCJIOBU,
TaKUX KaK yPOBEHb CBSI3U MEXKJy 3JIEMEHTOM CBSI3U U
PE30HATOPOM, TEMITEPATYPHON CTAOMIIBHOCTH, B OTCYT-
CTBUE aKyCTHUIECKUX [TOMEX CIEKTPBI TOBTOPSEMbBI IIPU
BKJIIOUEHNH W BBIKJIIOUEHUN Ja3epa [31].

Takke HOMOHUTETLHO OBLIA M3MEPEHA MUKPOBOJI-
HOBasl 4YacTOTa OueHuil TMHUN rpebeHKU IIyTeM IeTepo-
JUHUPOBAHUS ONTHYIECKOrO CUTHAJIA HA OBICTpOM (DO-
rogerekrope (25 I'T'). Ha puc. 5. nokasan curxast 6u-
eHuit JIMHUN TPeOEHKU, CHATBHIH C MHOTOCOJUTOHHOTO
criektpa (puc. 4 2). JJaHHOE COCTOSIHHE XapaKTepHh3y-
€TCsl MHTEPBAJIOM MEXKJIy JIMHUSAMU T'DEOCHKU PABHBIM
1 OCH wmiun ugacrore 12.94 I'T'n. Mlupuna jaubnun mo-
JIYYEHHOTO U3JTyYeHsI, OIIPeIeJIEHHAS DU [TOMOIITHU all-
npokcumMaruu pyHkimeit JIopeHIa mo KpblLibsaM JUHAH,
cocraBmwia 2.6 KI', 9TO MOATBEPKIAET BBICOKYIO KO-
PEPEHTHOCTh U MaJjIeHbKHUE IIyMbI JIMHUII I'peOeHKH, a
Takxke CBY-curnasna. Ilomobuble CBY-curaaabr Tax-
Ke MOryT HabmogaThbea Ha dacrorax 155.28 I'T'm m
51.76 T'T' cooTBeTCTBYIONUX CIEKTpaM I'peOEHKU Ha
puc. 4 a, 6, HO U3-3a OrPAHUIEHHO TTOJIOCHI BLICOKOYAC-
rororo gerekropa (Newport 1414, nosoca npomycka-
Hust 25 T'T') MBI He CMOTUIM HANPSIMYIO MX HAOJIOIATh.

4. BAKJIFOYEHUE

[IpoBemennoe wucciieoBaHMe BIEPBBIE ITOKA3AJIO,
9TO MOIHOCTh Hakadku 6 MBT 11 BBICOKOTO0ODOT-
HOT'O KPHUCTAJJINYECKOI'O PE30HATOPA SBJIAETCS JIOCTa-



. . Pyxunykas, K. A. Bopobbes, @. B. bynbirun v gp.

KITP, Tom 163, BbII. 6, 2023

ol 12 OCLL ol 4 0CJQ

=t =
2 Z

<20 | <20
A WA
I I
Q Q
=} ]
E o

£-40 £40
Q Q
= ==
= g
= oo

=60 =60

—89 . . N N N . -8? . . . L
540 1544 1548 1552 1556 540 1544 1548 1552 1536
JlnuHa BosIHBL, HM JlnmHa BOJIHBL, HM
a) 0)
ol 10CH ol MHOroconMToHHOE

=
2 2

=20 20
- Bl
I I
Q Q
Qo )
z )

240 540
Q Q
= ==}
Q 5]
[= =}
jost =

=60 =60

1548 1552 1356

Jnuna jaonHLI, HM
B

80525 1544

1548 1552 1536
JlmmHa BOJTHEBI, HM

T

i Uy 1344

Puc. 4. Cnektpbl OYTl B pexxume 3aTsrnBaHusi 4acToThbl JasepHoro guoga coeaunterHoro ¢ MLUTM-mukpopesoHaTopom u3 cro-

puaa mMarHus: a — wymHas rpeberka ¢ nHtepsanom 12 OC/,

6, 6 — cnekTpbl ¢ uHtepsasom 4 OCO n 1 OC[ 8 obnactu

TENNOBOW HENNHEHOCTU COOTBETCTBEHHO, 2 — MHOIMOCOJIMTTOHOE COCTOSIHUE. ,D,eTaJ'II/I ONnnCaHMA NpuBeaeEHblI B TEKCTE
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Puc. 5. CurHan MuKpoBOJIHOBOrO n3nydeHus (CuHsis Kpngas)
Ha vactoTte 12.94 ITy. KpacHas kpuBasi — annpokcrmMauus
dyHkuneii Jloperua

TOYHOM [IJIsi TEHEPAIINH ONTUIECKUX YACTOTHBIX rpebe-
HOK C pa3jindHbIMu onrtudeckumu crekrpamu: 12 OCJL
(155.28 TT'), 4 OCH (51.76 T'T'), 1 OCI (12.94 I'T'my).

IIpu 3TOM HMCTOYHHUKOM HAKAYKHU SIBJISIETCS OOIIEI0-

CTYIIHBIII MAJIOMOIIHBII JIa3epHBI WO C pacipeme-
JIEHHO# 00paTHOi cBsi3bi0. Kpome TOro, B 3aBUCHUMO-
CTH OT CT€HEPUPOBAHHOI'O CIIEKTPA, BO3MOXKHO IIOJIYy-
quth coorBercTByfontyo CBY-gacrory or 6uennit Jjiu-
uuii rpebenku (155.28 T'T'u, 51.76 I'T'u, 12.94 I'Tu, co-
OTBETCTBEHHO). IlojyueHHbBIE PE3YJIbTATHl YKA3BIBAIOT
Ha TO, YTO COJTUTOHHBIE OIITHIECKNE TACTOTHDBIE IPEDEH-
KW, TOJIyIeHHbIE Ha OCHOBE MUKPOPE30HATOPOB, MOTYT
ObITh 9(pHEKTUBHO HCIIOJIB30BAHBI JIJIsI Psijia, CEHCOP-
HBIX, TeJIEKOMMYHUKAIMOHHBIX, METPOJIOTTIECKIAX ITPH-
JIOYKEHUH, a TaKKe JJIsl CO3J/IaHUs IMIMPOKOrO CIEKTPa
MHUKPOBOJIHOBBIX HUMITYJIbCOB. llojiydyeHHble I'pebeHKU
nMeroT (Pa30BYI0 CUHXPOHUBAIMIO MEXK ]y BCEMU JIMHU-
sIMH, CO3/1aBasl KOTE€PEHTHYIO IEPUOITIECKYIO TTOCJIEI0-
BATEJLHOCTb UMITYJILCOB BO BCeil BpeMeHHO# 06/1acTH,
06/1a/1a10T OeCIIpere/IEHTHO HU3KUM YPOBHEM (Da30BbIX
mrymoB. lIpeacraBiieHHbIE PE3YJIBTATHI MOTYT CIEJIATH
CYIIECTBEHHBIA BKJIAJ B Da3BUTHE DANIa IIPUJIOKCHUNA
TAKUX KaK ONTUYECKAas CBA3b, CHEKTPOCKOIUS, CHHTE3
9aCcTOT U MHUKPOBOJTHOBOE U3JIyUeHUe, 3a CUET YeIIeB-
JIEHHUSI TIPOIECCa T€HEePAINH COJIMTOHHBIX ONTHYECKUX
YaCTOTHBIX I'PEOEHOK.
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