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Onpeaenenue MAaKCMMAJILHOM TeMIIEPATyPbl B IPOCTPAHCTBEHHO
HEOTHOPOAHOM ropsiueid 30He MeTOI0M A0COPOIMOHHOM CIIEKTPOCKOIUM €
OTHMM IepecTPAauBaeMbIM JTHOAHBIM JIA3€POM

B.B. Jluzep, B.P. Muponenxo, 10.A. Kypuyvin, M.A. bonvuios
Hncmumym cnekmpockonuu PAH, 108840 Tpouyk, Mockea, Poccus

IIpemioxken HOBBIM  QITOPUTM  ONPENEICHUS MAaKCUMaJIbHOM TeMmueparypsl B
IPOCTPAHCTBEHHO HEOJHOPOIHON ropsiueil 30HE MeToAO0M aOCOPOILMOHHOM CIEKTPOCKONHUU C
JUOAHBIMM Jla3epaMu. B mpenplaymux paboTax Temmeparypa HCCIEAyeMOro oOBbeKTa
ompenensjacb B IpOLECCE IMOATOHKM  SKCHEPUMEHTAJIbHOIO  CIEKTpa  IOTJIOLICHUs
TEOPETUYECKHM, CHMYJIHPOBAaHHBIM Ha OCHOBAaHUHM CIIEKTPOCKONMYECKHX ©0a3 ¢ OJHOU
TeMIieparypoi. Jlius HEONHOPOJHOM 30HBI TaKOW IOAXOZ, OYEBUIHO, OACT HEKOTOPOE
yCpEeIHEHHOE 0 Tpacce 30HIUPOBaHUS 3HaueHHe TeMnepaTypsl. HoBBIN adropuT™M OCHOBAH Ha
HOJArOHKE 3KCIEPUMEHTAILHOTO CIEKTpa JMHEHHOW KoMOMHalMeld OoJHOTeMIepaTypHbIX
TEOPETUYECKUX CIIEKTPOB C BECOBBIMU KOI((UIIMEHTAMH, SBISIOIIUMUCS TapaMeTpaMu
noaroHku. IlpeaoskeHHbIH anropuT™ MPOBEPEH B YUCIOBOM SKCIIEPUMEHTE U B JJAOOPAaTOPHOM
9KCHEPUMEHTE C Topsyeil 30HOi B BUJE ABYX HE3aBUCHMBIX KIOBET, PACHOJIOXKEHHBIX Ha Tpacce
3oHaupoBaHus. Ilapamerpsl cpenbl B KaXJOH KIOBETE MOIIM HE3aBHCHMO YCTaHABIUBATbCS U
MOJIeP)KUBAThC. Temreparypy B KaKIOH KIOBETE HM3MEPSUIM NapaJIeIbHO TEPMOIIAPaMH.
[Togronka mpPOBOAMIIACH KOPPENSIIMOHHBIM METOAOM. B TMepBBIX OSKCIEpUMEHTax OBLIO
OOHApy>K€HO 3HAYMUTEJIBHOE pAa3JIMuMe B OSKCIEPUMEHTAIBHBIX CIIEKTpaX M CIHEKTpax,
cumynupoBaHHbIx Ha ocHoBe 06a3 HITRAN u HITEMP. Ilostomy Oblna co3naHa cBos 0aza
OJTHOTEMIIepaTYPHBIX dKCIIEPUMEHTAIBHBIX criekTpoB B auanazone 300 — 1200 K ¢ marom 50 K.
B panmpHeiimem, 3KCIEpUMEHTANBHBIE CIEKTPBI, 3apErHCTPUPOBAHHBIC IPH 30HIUPOBAHHU
Tpacchl C JBYMs KIOBETaMH, IMOJTOHSUIUCh CYMMOH TaKHUX OJHOTEMIEPAaTYPHBIX CIEKTPOB.
Hcnonb3oBanue pa3pabOTaHHOTO AJIFOPUTMA MO3BOJMIIO OLIEHUTh MaKCUMAaJIbHYIO TEMIepaTypy
Ha Tpacce ¢ TouHocThio < 30 K. OT™MeTuM, 4TO MpeyioKeHHBIH alrOpUTM MO3BOJIIET OLIEHUTH
UMEHHO MaKCHMAJIbHYIO TEMIIepaTypy HEOJHOPOJHON 30HBI, a HE €€ IPOCTPAHCTBEHHOE

pacnpeieneHue.



Determination of the Maximum Temperature in a Non-Uniform Hot Zone
by Line-Of-Site Absorption Spectroscopy with a Single Diode Laser

V.V. Liger, V.R. Mironenko, Yu.A. Kuritsyn, M.A.Bolshov
Institute of Spectroscopy RAS, 108840 Troitsk, Moscow, Russia

A new algorithm for the estimation of the maximum temperature in a non-uniform hot
zone by a sensor based on absorption spectrometry with a diode laser is developed. The
algorithm is based on the fitting of the absorption spectrum of a test molecule in a non-uniform
zone by linear combination of two single temperature spectra simulated using spectroscopic
databases. The proposed algorithm allows one to better estimate the maximum temperature of a
non-uniform zone and can be useful if only the maximum temperature rather than a precise
temperature profile is of primary interest. The efficiency and specificity of the algorithm are
demonstrated in numerical experiments and experimentally proven using an optical cell with
two sections. Temperatures and water vapor concentrations could be independently regulated in
both sections. The best fitting was found using a correlation technique. A distributed feedback
(DFB) diode laser in the spectral range around 1.343 um was used in the experiments. Because
of the significant differences of the temperature dependences of the experimental and
theoretical absorption spectra in the temperature range 300-1200 K, a database was constructed
using experimentally detected single temperature spectra. Using the developed algorithm the

maximum temperature in the two-section cell was estimated with accuracy better than 30 K.



IlepecrpauBaembie o yacrore WGM- na3eps! B cpeaneii UK-o6aacTn
cnekrpa (2-2.4 MKM), padoTalomme Ha MoJaxX Mem4yllei rajepen

10.11. Axoenes’, A.M.Monaxoel,E.B.KyHuubma E.AT; peﬁenmukosal u A.H.Bapa:ttoe2

Y dusuko-mexnuyeckuii uncmumym um.A.@.Hoghghe, yn.Illonumexnuueckas, 26, Canxm-
Ilemepoype, 194021, Poccus.
?Institut d'Electronique du Sud (IES), Universite Montpellier 2, 34095 Montpellier, France

men: (812) 292-79-56, , aa. nouma: yakovle.iropto@mail.ioffe.ru

Moast memuymei ramepen (WGM)  sABISAIOTCS  YHUBEpPCAJIbHBIMH  JIMHEHHBIMHU
BO30Y>KICHUSIMH JIUCKOBBIX M KOJIBLIEBBIX pe3oHATOpoB. BmepBbie onu Habmomanuce B 1910
roAy Kak 3BYKOBBIC BOJIHBI, PAaCHpPOCTPAHSIOIICHCS BIOJIb HApPY)KHOW CTEHBI Talleped IJis
MoceTuTeNe, B KpyrioM 3aie cobopa CB. [laBna B JloHmOHE M OBUIM HCCIICIOBAHBI JIOPIOM
Peneem [1]. IlpuaymaHHOE Al 3TOTO aKyCTHYECKOTO SIBJICHHS Ha3BaHWE "MOJBI IHICMTUYINEH
ragepen” - Whispering gallery modes (WGM) ObLI0 HCHOJB30BAaHO Ui  0OO3HAYCHUS
COOCTBEHHBIX MOJ] IMCKOBBIX PE30HATOPOB. MBI HCIOJIB30BAIMA 3TO SIBICHUE UISL CO3MAHUS
Hosoro tuna WGM-nasepa B cpeaneit UK-o6mactu criekrpa [2,3].

Hamu 6bu11 co371aHbI M UCCIIEZIOBAHbI AUCKOBBIE JIa3epbl HA OCHOBE KBAHTOBO-Pa3MEPHOI
reTepOCTPYKTYpHI, cojepikaineii nBe kBaHtoBbie ssMbl GalnAsSb/AlGaAsSh mmpunoit 100 A
JUI CHEKTpajbHOTO jauana3ona 2,0-2,4 MKM, paboTaromye B HEMPEPHIBHOM DPEXHME IPH

KOMHATHOU Temriepatype (puc.1).
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Puc.1. ®opma WGM-nazepa Puc.2. Bun Bepxnero konrakta  Puc.3.Cnexrpst WGM-nazepa

B nokmazme OyayT paccMOTpeHBI dIeKTpotoMUHecTIeHTHBIe cBoiicTBa WGM-nmazepa kak
C LIETBIM (JIMCK) TaK M C YCEYCHHBIMH pe30HaTOopaMHu (IOJAMCKA U 4eTBEpTh aucka). Kpome Toro
OyAyT MpencTaBlIeHbl Pe3yJIbTaThl HccieloBaHus nepecTpanBaemoro no yactore WGM-nasepa ¢
yIpaBisieMbIM MOTJaoTUTeNeM. JlJis 3TON eI BepXHUN KOHTAKT JIMCKOBOIO Jlazepa COCTOSAI U3
JIBYX CEKTOPOB IPU ITOM CEKTOpa OBUIM OTIEICHBI 3a30poM mupuHOor 10 Mkm (puc.2). OnHa
YacTh KOHTAKTa JUCKOBOT'O Jla3epa HaXOAWJIACh MO HANpsHKEHWEM BBIIIE Opora reHepaluu, a
BTOpasi 4YacTh KOHTAKTa HUXe Mopora re’epanuu, kotopas uzmensuiack ot 0 1o 1 B. IIpu stom

HaOMroaIach CBEPXOOJbIas TEpecTpoiika Mo YacTtore Jiazepa oT 2.24 MM 10 2.275 MKM
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(puc.3). B noxmame Oymer pacCMOTpPEH MEXaHM3M TaKOW YHUKAJIBHOW IepecTpouku. Takoit
JIMaIla30H MEePECTPOUKU TUCKOBOIO JIa3epa COM3MEPUM C IOJIYLIMPUHON CIEKTpa CIIOHTAHHOI'O
U3NydeHUusT W TmepcrnektuBeH i npumeHeHus WGM-nmazepoB B IMOAHO-JIa3ePHBIX
CHEKTPOMETPAX.
Pa6ota yactnuno noanepsxkana rpantom PODU Ne 18-52-00027.
Jumepamypa.
[1] Lord Rayleigh, Phyl. Mag. 20, 1001, 1910
[2] Sherstnev V.V., Krier A., Monakhov A.M., Hill G. Elect. Lett. 2003. 39, 916.
[3] Monakhov A.M., Sherstnev V.V., Astakhova A.P., Yakovlev Yu.P., Boissier G.,
Teissier R., Baranov A.N. Appl. Phys. Lett, 2009, 94, 051102.

Frequency tunable WGM-lasers in the mid-IR region of the spectrum (2-2.4
pm), working on whispering gallery mods

Yu.P. Yakovlev}, A.M. Monahov,E.V. Kunitsyna', E.4. Grebenchikova® and 4.N. Baranov?

The loffe Physical-Technical Institute RAS. 26 Politekhnicheskaya, St Petersburg 194021,

Russian Federation.

?Institut d'Electronique du Sud (IES), Universite Montpellier 2, 34095 Montpellier, France
men: (812) 292-79-56, , an. nouma: yakovle.iropto@mail.ioffe.ru

Whisper gallery modes (WGM) are universal linear excitations of disk and ring
resonators. For the first time they were observed in 1910 as sound waves propagating along the
outer wall of the gallery for visitors, in the round hall of the Cathedral of St. Paul in London and
were investigated by Lord Rayleigh [1]. We have created and studied disk lasers based on a
guantum-dimensional heterostructure containing two GalnAsSh/AlIGaAsSb quantum wells 100 A
wide for the spectral range 2.0-2.4 um operating in a continuous regime at room temperature
(Fig.1). The report will consider the electroluminescent properties of a WGM-laser with both
whole (disk) and truncated resonators (half-disk and quarter-disk). In addition, the results of a
frequency-tunable WGM-laser with a controlled absorber will be presented. The report will
consider the mechanism of unique laser frequency tuning from 2.24 pm to 2.275 um. Such a
range of frequency tuning for disk lasers is comparable to the halfwidth of the spontaneous
radiation spectrum and promising for the application of WGM-lasers in the diode-laser

spectrometers.
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Ikcnepument M-/IJIC Ha ctanuoHapHOii mocaio4Hoi miargopme npoexkra
«3Ix30Mapc-2020»

HU.U. Bunozpaooe u cpynna paspabomuuxoe M-/[JIC

Hncmumym xocmuueckux uccredosanuti Poccutickou akademuu nayx (MKW PAH), 117997, yx.
Ilpoghcorosznasn 84/32, Mocksa (imant@iki.rssi.ru )

Okcnepument  M-JIJIC ~ (MapcuaHckuii ~ MHOTOKaHQJIBHBIA — JTMOJAHO-JIA3€PHBII
CHEKTPOMETp) ObUT MpeAsIOKEeH U n3ydeHus: MapcuaHCKol aTMocgepsl BOJIM3H MOBEPXHOCTH
Hameil cocegnerd mimanetsl. Crexktpomerp M-JUJIC mpencraBnsier co0oi mepecTpanBaeMbIid
JTUOAHO-Ta3epHbI  abcopOumonnbiii  criektpomerp (TDLAS), AomoaHEHHBIM METOIUKOM
CIIEKTPOCKOIUK TOJIHOTO BHyTpupe3oHaropHoro Beixoga (ICOS). Beimonnena pa3paboTka
KOMIAkTHOTO | Jiérkoro mnpubopa M-JIJIC, pasmemaemoro Ha OOpPTY CTal[MOHAPHOU
nocagouHo  tiargopmel  mpoekTa  «Ok30Mapc-2020» W TpeIHa3HAYEHHOTO IS
HOPOJIODKUTEIBHBIX  IN-SItU  HMCCIeMOBaHUM  XUMHUYECKHX W H30TONMHBIX  BapHAIUi
MpUIIOBEpXHOCTHON aTtMocdepsl Mapca. IIpousBoactBo ammapatrypel M-JIJIC B Hacrosiee

BpEMSI BBIIIOJIHAETCS B PaMKaxX MEXAYHapOaHOro mpoekra «k30Mapc-2020».

M-DLS experiment for stationery landing platform of the “ExoMars-2020”
mission
I. Vinogradov and the M-DLS team

Space Research Institute of the Russian Academy of Sciences (IKI RAS), 117997, 84/32
Profsoyuznaya Str., Moscow, Russia imant@iki.rssi.ru

The M-DLS (Martian Multichannel Diode Laser Spectrometer) experiment was proposed
to study Martian atmosphere near the surface of our neighbor planet. The M-DLS spectrometer
employs tunable diode laser absorption spectrometer (TDLAS), enhanced by integrated cavity
output spectroscopy (ICOS) technique. M-DLS has been completely designed as a compact and
lightweight instrument, to be located onboard the ExoMars-2020 stationary landing platform and
aimed at continuous in-situ study of chemical and isotopic composition variations of the near-
surface Martian atmosphere. Industrial realization of the M-DLS instrument is now under way

within the frames of the “ExoMars-2020” international mission.
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IlepecTpanBaeMble 0JHOYACTOTHBIE MOJIYNIPOBOIHUKOBBIE JIa3ePbl HA JJINHY
BOJIHBI 1650 HM.

B.IL. /lypaes, C.B. Meoseoes, C.A. Boponuenko

AO "HOJIATEX" (Axyuonepnoe obwecmso "Hosas Jlazepnas Texnuxa") Poccus, 117342,
Mocksa, yn. Beedencroeo, 0.3. nolatech@mail.ru

[IpencraBneHsl pe3yabTaThl padOT MO CO3JAHUIO JIA3EPHOTO UCTOYHHUKA HA JJTMHY BOJIHBI
1650 HM, KOTOpas COBIAJAET C JIMHUEH MOTJIOMEHUs MeTaHa. JIjist cTabrmiIn3auy IJTMHBI BOJIHBI
MPUMEHSJIACh BOJIOKOHHO-OPITTOBCKAsl, KOTOpAas CIY>KWJIa BBIXOJHBIM 3€pPKajOM BHEIIHETO
pe3onHaropa. VMcmonp30Baics JTa3epHbI qU0J, 00eCIeYNBAIONINI BEIXOAHYIO MOITHOCTh OoJee
100 mBt. TemmepaTypHoe pacIIUpeHHE WM MEXaHMYECKOEe HAampsHKEHHE TO3BOJISET

NnepecTpanBaTh JJIMHY JJIMHY BOJIHBI JIa3€Pa B IIPEALCIIax 1 HM.

Tunable single-frequency semiconductor lasers at a wavelength of 1650 nm.

V.P. Duraev, S.V. Medvedev, S.A. Voronchenko

Joint-stock company "NOLATECH" (New Laser technology), Russia, 117342, Moscow,
Vvedenskogo st., 3.

We present the results of work to develop laser source in the 1650 nm region, the latter
coinciding with an absorption line of methane. Fiber Bragg grating have been used to stabilize
the output of external cavity laser, using semiconductor gain chip, to give laser output at 1648
nm. Thermal expansion or mechanical strain of the Bragg grating offers a suitable wavelength
tuning mechanism. Results are presented including the wavelength tuning range, output power,
side-mode suppression and linewidth of devices for application in high resolution gas

spectroscopy.
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JlokJaabl, mpeacTaBjieHHbIe HA 23-M CeMuHape M0 TUOTHO JIa3epHOM
cnektpockonuu uM. A.M. IIpoxopoBa (MockBa, 27 oxktsaops 2015 r.)

TekcThI JOKJIag0B MOKHO HAUTHU Ha CaliTe
www.dls.gpi.ru
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24-it OBII[EPOCCHIICKIIIT CEMITHAP TIO
JIMOJHOIT JIA3EPHOIT CIIEKTPOCKOITNI M. A.M. ITpoxoposa (JIJIC-24)

[IEPECTPAUBAEMBIE OJTHOYACTOTHBIE
[HOJIYITPOBOJHMKOBBIE JIASEPBI

B.II. lypaes, C.B. Mensernes

3A0 «HOJIATEX»

OaHoyacTOTHBIE JIA3ePhI

1) DFB 2) DBR

Quarter-Wavelength section
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Jlazepbl ¢ BHELIHUM PE30HATOPOM

1) Cxema Jlurrpoy wim JInTT™mMaHa

output mirror ~ ) Ottiprt
lens
LD \. diffraction |y

diffraction
grating grating
a) Littrow configuration b) Littman-Metcalf configuration
2) Pezonarop Ha ociose BBP
TIITTI ]
et
FBG




OJ1HOYACTOTHBIY Jla3ep Ha OCHOBE
JIBYXIIPOXOHOTO YCHUIUTEJIS

R=0,05%

a) MUINHIPUIECKUE 0) mupamMugaIbHbIE
9

npoceeT/siolLee
NoKpbITHE
R<0,1%

16



[IpuHIMIIHA/IbHAA cCXeMa IlepecTpauBaeMoro
Jlazepa

Nbe30KeEPaMuKa Uin

anemMeHrT llenstbe
YCUNUTESb ‘L

\I MMKpéan&a AL
= i

/

/
CTEKIONpPUNON BBEP nU3onAaTop

[lepecTpaunBaeMblii 1a3ep B KopIyce
butterfly

| — akKTUBHBIN JIEMEHT
2 — mibe30KepaMuKa UM 3JeMeHT [lenbThe
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Mo/10BbI}M COCTaB Jla3epa C BHELIHUM
pe30HaTOpOM

A
CenekTUBHOCTb peLleTKu
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TemnepaTypHasi nepecTporKa AJHHbI BOJHbBI
C MoMoIIbIo 3jieMeHTa [lesbThe
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BaTT aMneprIe XapaKTepI/ICTI/IKI/I

16

14+ &R =15%
121 -#-R =30%

10+

MouHocTb, MBT

0 50 100 150 200 250 300 350

TOK Hakauku, MA

HepECTpaI/IBHEMbIe OﬂHOqaCTOTHbIe .1133 epr

JlaaHaa BoHBI, |MOIMHOCTD, IlogaBiaenne 0oxopoi |[IIEpEAEA THHHAH, Ilepecrpomca,
HM MBT Moabl, 1b Ko

700 - 790 10-20 50 -300

800 - 850 10 10-20 50-300 1-2
900 - 980 20 20-30 50 -300 1-2
1020 - 1090 20 20-30 50-300 1-2
1270 - 1330 20 30-40 50 -300 1-2
1510- 1570 20 35-45 50-300 1-2
1620 - 1660 10 35-45 50 - 300 1-2



BrIiBobI

15

[TpencTaBiieHbl pe3yabTaThl CO3aHUS U UCCIICIOBAHUS
nepecTpanBaeMbIX OTHOYACTOTHBIX MOTYIPOBOIHUKOBBIX
J1a3epOB Ha OCHOBE BOJIOKOHHO-OPATTOBCKUX PEIIETOK
Jlnamna3oH mIaBHOM NEPECTPONKH JITUHBI BOJIHBI COCTABISAET
710 2 HM

[Inpuna muaun n3nydenusd 50 — 300 k'

[TonaBnenue 60xoBoM Moabl 6omee 40 1b

Momnocts uznydenus 10 20 MBt

BJIAT'OIAPIO 3A BHUMAHUE
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NA3EPHOW CNEKTPOCKOMWU um. A.M. Mpoxopoea (O4J1C-24)

E 24-n OBLLEPOCCUUCKUA CEMUHAP NO ANOOHON
“ 27 anpensa 2016 .

SKCNEPUMEHTbLI NO BOCIMJIAMEHEHUIO YITIEBOOOPOOAHOIO TOIMJIUBA
C NOMOLLBIO MIA3MbI B CBEPX3BYKOBOM MNOTOKE BO3[YXA -
NPOBIEMbI AUATHOCTUKH

O.A. ApaHueB

Ob6beduHeHHbIU uHemumym 8bIicokux memnepamyp PAH, Mocksa

MoTtuBauusa padotbi: NMpobnemsl MBPA

» [loTepu nomHoOro gaeneHus B Kamepe cropaHus npu

MCMOSb30BaHMN MEXaHNYECKUX CTabUNn3aTopoB NiiaMeHu.
» CwMelleHue ToNnnBa v OKUCIUTENS.
» BocnnameHeHue 1 ctabunusayms ropeHns.

» YBenuueHue gnanasoHa pabounx napameTpoB —

perynupoBaHue Bo3ayxo3abopHuKa U Kamepbl CropaHus.
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NMna3meHHoe ctTumynupoBaHue ropeHusA

O6nactb napametrpoB: P=0.2-2 atm; T=0.2-2 kK; V>500 m/c

MeTton reHepauvm nnasmbl — NOBEPXHOCTHbIW 3NEKTPOAHbI
paspsag.

OCHOBHbIE MEXaHU3Mbl BO3AENCTBUSA:

»  bBbICTpbIX NOKanbHbIX HarpeB rasa
HapaboTka akTUBHbIX YacTul,
[eHepaunsa ygapHbIX BOSH
TypBynusauus notoka Bo3gyxa

YV V V

CxemMa MMnynbLCHOW aspoanHaMU4YeCKoUn
TPpYOLI MAAOT-50 OUBT PAH

Heater Air feeding Pressure Scanner Bl |
Forechamber \\\ \ \ T
AREOR /Honeycomb Test s.ection BTG
/ n -—9

Nozzle
Electrical
sensors Power Supply \

Shadow system Zone O/
Interaction
High-speed camera Spectroscopy

Low pressura
tank

[nuTenbHOCTb CTauWoHapHOro aspoanHamMmuyeckoro pexuma ~ 0.5 ¢

CeyeHue 72*72 mm; M=2 or 2.5; Py = 140-180 Topp; my;, = 0.5-0.9 Kkr/c, My =
0.05-2 r/c gna Hy; mg,e = 1-6 r/c gna CoH,y



CpeacrtBa oMarHoCTUKM

v PacnpeneneHne gasrnenus, 16 To4yek, 2.5Mc

v WnupeH, 100Hc; 0.2mm; 500-2000«k/c

v Bupgeo, go 75 kl'y (kamepa NMMHEeNHOro CKaHMpoBaHUS)

v JlasepHas abcopbumoHHas cnektpockonus (H20)

v OnTtuyeckas ammccmnoHHas cnektpockonust (250-1000 Hm)
v UamepeHuns Toka/HanpskeHus

v WK kamepa, WL = 7-12MKm

v Xumnyeckas ctaHuus, 02, NO, CO2, CO, CxHy

CxeMbl reHepauuun anekTpn4yeckoro paspsana B
CBEepX3BYKOBOM [OTOKE BO3AyXa

M=2.5  Vnxekuus SnekTpoze!
s OnekTpoas!

Kepamuka

ol

MapameTtpbl pa3psaga:
Us =5 kB, Udis = 0.5-1 kB
Idis = 5-18 A, Wdis = 8-15 kB, 3
Ra=0.56, 1 kOm, Rk = 0-200 Om.
At =600 mc; 10x100 mc

kukukukuku
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MeHepauusa paspsaa, BUAeo

[lBa pexxuma reHepauuu paspsga 3a ycTyrnom
Bugeocvémka 300 kagpos/c, te,, = 200 Mkc

NopeHue aTuneHa Ha yctaHoBke UALNT-50 OUBT PAH

Pa3psg B noToke. VHkekuyua aTunewa, 2r/c. VHkekuusa atunexa, 7r/c.

Bo3sgeiicTBrE pexuma ropeHnst Ha reHepauuio paspsaa: Bbl3aBaHHbIA TOpeHneMm
nogbEM OTPbIBHOI 30HbI NEPEBOAUT pPaspsAd U3 NPOJOSILHOMO B NONEPEYHbIN
pexuM. CTabunbHOCTb paspsia COXpaHAeTCs.
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OcHoBHOM 3hheKkT: cTabunmusauus nnasmou

e Fuel Flame Front

PacnpepgeneHue gaBneHus U ero AUHaMmukKa

204 e =080 1300 4 [
o = # —a Y -4 e
18] |—A—Combustion 4 A/A :x H ﬁa:‘;‘u:;:
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Q 1.6 — A \‘/ 10005 & D2 220 My
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21,04 S o ="
@ ' =
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Distance, mm Bpemsi, Mc

OuHaMukKa CTpPyKTypbl NOTOKa

Signal vs Time (1 discharge)
140 4

1204

A mVv

504

60 4

4 A \J \J A U v v A
50.00 50,08 50,10 50,18 0,20 50,28 50,30 5038 5040

Time, ms

5 4 Amplitude spectrum (1 discharge)

0. —ae
o 1.5 - 50,20 ms

~— 50,26 ms
1.04 — 50,58 ms

7 3/2[]

Cxema 3KCnepuMeHTa. 1— CEepX3ByKoBON MoToK, M = 2; 2 — na3epHbIi anog;
3 — ONTUYECKNE OKHA; 4 — hoToanon; 5 — ABYXKaHanbHbIA ocuunnorpad;
6 — KoMnbloTep; 7 — COOCHbLIE 3NEKTPOfbI.

B noTtoke Bo3ayxa reHepupyroTCcs ra3oguHaMudeckme Bo3MyLLEHUs B LUMPOKOM
YaCTOTHOM Auana3oHe



Paspsag B noToke

I'opeHMe BoAopOoAa B XONoAHOM BO34yxXe

BoageiicTBUe ropeHnsi Bogopoaa Ha paspsa.

UHxekyus sogopoaa 2.4 rly UHxekums sogopoda 5r/c
£5,0

450+
\ La5 [vHamuka pasneHus:
Q.400- £4,0
- t35 © Nasnexve npu 2.4 r/c
}—_350‘ _3,0 g
o E
S 3001 25 T [asneHue npu 5r/c
o F20 X
@ 250 F1.5 g HanpskeHue Ha UCTOYHUKE
= E10 NUTaHUs
200 % L0,5
1501 ’ — 00'05 Pexum resepauum —
05 1.0 15 20 25 3.0 35 UMNYNbCHO-NEPUOAUYECKUIA
Bpewms, ¢
Pa3pag ctabunusupyer ropeHue
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2000+ 16
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1600 -
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Crtabunusaums nnamMeHu — OCHOBHbIE NMONOXEeHUA

0 3HepreTU4yeckui Nopor BocnnameHeHUs/cTabunusaumum
ropeHus nopsgka 1-5% 3HTanbnuMM NoToka

0 OcHoOBHbIe NnapaMeTpbl pa3paaa, BUAILLNe Ha rTopeHue:
o MouwHocTb pa3pana
o [eomeTpuyeckas KOMMNOHOBKa — BpeMs B3aMOLeiCcTBUS

o [lMonHorta cropaHus Bbiwe 90% Ana 6egHOU cMecu Npu
ONTUMAanbHbIX YCITOBUAX

0 PeanusoBaHO BocnnamMeHeHue u ctabunusauus ropeHus H,,
C,H, u kepocuHa B cBepx3ByKOBOM notoke M=2-2.5 B
AnanasoHe Temnepartyp topmoxeHusi 700 - 900 K.

NMaccuBHas onTuyeckas CNeKTpocCcKonuA

O630pHbIN CNeKkTp paspsga Bo BpeMsA uHXekuun atuneHa (C2H4) B noToke Bo3gyxa

Log(Intensity), au oN
N2 CN ‘
10° c { c2 C2 Ha
OH \ [/ CN CH Hp |
[ ‘ ) Cc2 H2
r }‘ /\!blﬂ \’NU/‘l//' I v 'u.d_' }
n ‘-I u

}JL" LA
4 Wavelength, nm

200 300 400 500 600 700!

MamepeHue TemnepaTypbl rasa no 2-oil NoNoXWTENbHOU cUCTEME a3oTa U UONETOBON LuaHa

1100 3
Fitting of the N, spectra - N -N, W0 Sk W/electrod;

p=90Torr,
Twib8kK: Trot=3.5kK.

— Experimental um
—N, SPS(0-0) ca ated spectium. T-3KK
T =N, FNS2-0: 3-1: 4-2) calculated spectrum, Ty=3.0kK. Tr=3.5kK

Intensity, a.u.

Wavelength, A

U3smepsatoTca napamMmeTpbl ropsyen odnacru!
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OvoaHasa nasepHaa abcopOLUMOHHAA CNEeKTPOCKONUS

o ] 1008 Dl i
_r _-ﬁ-.-.-.-.-f-.\-.r
oon:trol PD1 E;. T .?
block m H fibers fiber 22m : :
] LI Nilexed 14
: —a o
" DL
: : oscilioscope 1
tri
L O =
| T =4 generator
Distributed feedback (DFB) diode laser 7189.344 cm! (E" =142 cm'l)
(NLK1E5GAA, NEL, Japan) with outputin 7189.541 cm'! (E" =1255 cml)
the 1.39 um range. 7189.715 cm! (E" =2005 cm?)

U3amepeHusa temnepatypbl H,O B akcnepumMmeHTax no ropeHuro
B CBEPX3BYKOBOM MOTOKEe

T 102000K

e = l XS
Z
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OnHamuka CrneKTpa nornoweHunA

"Cold" Flow

=

o — |

Y=3mm, T=379K
=4mm, T=915K
e

I

H20 frozen out

Combustion

Time after

TDLAS - lNpoGnema uHTerpupoBaHuaA Mo rny4y u
YyBCTBUTESILHOCTU B LUMPOKOM AMana3oHe TeMmnepartyp

250 H20 absorption spectra.

X=135mm, Y=15mm, Tmax=2000K.

200 Modeling based on

density and temperature distribution

1504 | ——2000K
—— 1700 K

1400 K

Intensity

X T .. T 1
0 20 40 60 80 100 120 140

SKcrnepuMeHTarnbHbIN CNEKTP MOXET He ONUCLIBAaTLCA MOAENbHbIM

Huskas yyBcTBUTENBHOCTL Nocre Boiwwe 700 K



T(K)

NopeHne Bogopoaa
lNMpocTpaHcTBeHHbIe pacnpeaeneHns Ty,o U Pyoo
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JKcnepuMeHTanbHO NPOAEeMOHCTPUPOBaH
ABYXCTaAUWHbLIN MeXaHU3M ropeHus yrnesoaopoaoB.
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TpeboBaHuA K MeToAaM AUArHOCTUKMU

OTcyTCcTBME BO3MYLLUEHUN B NOTOKe — ONTUYECKUe MeTtobl

HecTauMoHapHOCTL NpoOLIeCCOB — BbICOKOE BpeMeHHOe pa3pelueHue,
MeHbLle 10 MKC

Heo4HOPOAHOCTL CTPYKTYPbI NOTOKAa — BbICOKOE NPOCTPaHCTBEeHHOe
paspelieHue, nopagka 1 Mm

HeoaHOpPOAHOCTL 30HLI B3aUMOAENCTBUA — LUMPOKUA AUana3oH
namepeHu temneparypsl, 300 - 2000 K

FeHepaLuA 3NeKTPUYECKOro paspsaaa — NOMexXo3alUILEHHOCTb, YYET
U3ny4YeHUs Nnasmbl

TypOyneHTHOCTL NOTOKa U GonbluMe rpagueHThbl NIOTHOCTYU — YYET
AVUHAMUWKU NperioMIeHus B NasepHbIX MeToaax

BbicoKasi CTOMMOCTbL NycKa Npu BbICOKUX NapamMeTpax NnoToka —
MHOFOKaHanbHOCTb U3MEepeHUn
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U3amepeHune KodadpPunumeHTa ycuneHums
U TemnepaTtypbl akTUBHOU cpeabl

KO.A. ApamMmeHKoB

POALI-BHUNS®, Capos, Poccusi

Na3epHbin cteHa KU-10
; ——

[KBaHTOBas anekTpoHuka 37(7), 2007]
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Co3pgaHue nHBepcHou HaceneHHocTu B KUJT:

0,(a'A)+ICB,,)>I CB,)+0,(X’Y)

CnekTpocKkonuAa aToma noaa

1‘ F=3
2p
" | F=2
Pa6o4ui nepexoa
(7603,1385 cm)
o
W 4 o
2P3/2 A 4 A 4 F 3
F=2
} = F=1

A o |
ﬁ g B 1
4

3
11— i B
-

1 - MNepecTpanBaemblit gnoaHbIn nasep VORTEX6025,

2 — OnTu4yeckasa cuctema gns OCTUPOBKU,

3 — InGaAs-gotonpuémHuk (ThorLabs PDA-10D),

4 — KaHan rasosoro notoka KWUJ1 c connoBoi peLléTKoN,

5 — BbIxo4HOE 3epKarno onTuyeckoro pesoHatopa KWJI,

6 — reHeparop nunoobpasHoro HanpskeHusa (TaborElec WW5062),
7 — 3anucbiBatoLuin ocuunnorpad (LeCroy)

8 — Komnblotep
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YcuneHue n Temneparypa

CurHan 6e3 ycuneHma n c ycuneHmem
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KoHTyp ycuneHus

Pe3ynbtar
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