10-s Meoicoynapoonas nayuno-mexnuyeckas konpepenyus «lIpubopocmpoenue — 2017»

IlenTpe CBETOAMOAHBIX U  ONTOIIEKTPUUECKUX
uccnepoBannii HAH b. M3Mmepenue cnexTpanbHOM
CHITBI M3JTY9EHUS U CHIIBI H3ITyYCHHS OT CBETOUOIOB
MIPOBOIMIINCH coraacHo ycnoBmsiM A u B MKO.

Ha pucynke 1 moKasaHbl CHEKTPbl CHIIBI
menydernss CHJI B oceBOM HampaBiICHUH MIpH
Pa3IHYIHBIX TEMIIEpaTypax OKPYy>KaroIIen cpensl (0T -
196 - 50°C). Ilpu Ttemmeparypax 20-50 °C,
CIIEKTpasibHasi CHUJIa U3Iy4YEeHUSI B MaKCUMyMe
YMEHBILAETCSl C YBEJIMUYEHUEM TEMIEPATyphl, 4TO,
BEPOSITHO, CBS3aHO C TEPMHYECKUM BHIOpPOCOM
HOCHTENIEH 3apsi/ia U3 KBAaHTOBBIX SIM U YBEJIMUCHHEM
BKIIaJia Oe3bI3NIyYaTeNIbHBIX  PEKOMOMHAIIMOHHBIX
nporeccoB. IlongoxeHne MakcuMyMa CMeIIaeTcsl B
CTOpPOHY Oojiee HHM3KHX JHEPTHil, 4TO CBA3aHO C
TePMHUYCCKUM CY)KEHHEM IIUPUHBI 3alperieHHON
30HBI. [Ipyu noHnxenun remneparypsl 1o 78 K umeer
MECTO  CMeIIeHHEe  MAaKCHMyMa  CIIeKTpa B
BBICOKOHEPTETUIECKYI0 00IacTh, W IOSBICHHEM
JIOTIOJTHUTEILHOM COCTABIISIOLIEH CIIEKTpA.

T T ¥
2500 2600 2700 2800 2900

hv,m3B
Pucynok 1 — 3aBucHMOCTb CIIEKTPaIbHOM CHIIBI M3TydEHUS
CHUJ ot sHeprun GoTOHOB

Ha pI/IC.2 IMOKa3aHbl 3HAYCHUSA CUJIbI U3JTYyUCHHA
CHU B OCEBOM HampaBlIeHUH OT TEMIIEPATYPHI
okpyxartomieil cpempl. OHa WMeeT HEITMHCHHBIN
XapaxkTep. VYMeHbIIeHNEe CHITBI N3JIy4Y€HNA B OCEBOM
HanpaBiennn CHJl mpm a30THOH Temmeparype
BEPOATHO CBA3aHO C UIBMCHCHUEM OINTHYECCKON CHIIbI,

VK 53.082.53

U, CIEIOBaTeNbHO, AMarpaMMbl HANpaBICHHOCTU
CHU/I B ’KHIKOM a30Te.

Puc.3 mokasbiBaeT 3aBUCHMOCTb [UIMHBI BOJIHBI,
Ha KOTOPYIO IPUXOJUTCS MAKCHMYM CIIEKTPa OT TEM-
mepaTypsl OKpyKaromeil cpenpl. OHa UMeeT JTHHEH-
HBII XapakTep. YBEIWICHUE [UIMHBI BOJHBI IIPH yBE-
TgeHnn Temrepatypsl cocraBisier 0.0386 am/°K.

Takum oOpa3oM, B paboTe YCTaHOBJIICHBI
0COOCHHOCTH U3MEHEHUs ONTUYECKUX
xapakTepuctuk momubeix  InGaN/GaN CUJ ot
TeMIepaTypbl OKPYXKAOILIEH CpeIbl.
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PucyHok 2 — 3HaueHust CHIbl M3Ty4EHHsI B OCEBOM HAIPaBICHUH
CUJ ot TeMmepaTypsl OKPY>KaroIIeH Cpeabl
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PucyHok 3 — 3aBUCHMOCTB JUIMHBI BOJHBI, Ha KOTOPYIO
HMPUXOAUTCS MAKCUMYM CIEKTPa OT TEMIEPaTyphl OKpyKaromieit
cpeasl

1. www.luxeon.com. Power light source LUXEON K2.
Technical Datasheet DS51

HCCIEJOBAHUE OCTATOYHOT'O CHEKTPAJIBHOI'O IIYMA B ITPOLELYPE AHAJIN3A
IO METOAY JU®PEPEHIIUAJBHOU OIITHYECKOU ABCOPBIIMOHHOU
CIIEKTPOCKOIINHN

Bpyuxoscknii U.HU., lemun B.C., Kpacoscknii A.H.

Hayuno-uccredosamenvckoe yupescoenue « dncmumym npuknaouvix usudeckux npoonem umeru
A.H. Cesuenxo» Benopycckozo 2ocydapcmeeniozo ynugepcumema
Mumnck, Pecnyboauxa benapyce

Jns OUCTAaHIIMOHHOTO MOHHTOPHHTA  MalbIX
ra30BbIX COCTaBAIOIIMX B aTMocdepe IIHPOKO
TIPUMEHSETCS METOJ nmddepeHmansHON
orrrgeckoit abcopOmonHoi ciekrpockormu (DOAS
— Differential Optical Absorption Spectroscopy) [1].
Meron DOAS wucnonb3yer CHEKTpbl  SPKOCTH
paccessHHOrO COJIHEYHOTO M3JIyYEHUs M3 Pa3IMYHbIX
y4acTKOB HeOecHOi c(epbl, KinacCUPpUIMpyeTcs Kak
MaCCHUBHBIN METOJ AUCTAHIUUOHHOTO 30HIUPOBAHMA.
PeSyHLTaTOM TMPUMCHCHUA JAaHHTO MEeToJa K
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3aperucTPUPOBAHHBIM CIEKTpaM SIBIIAIOTCS
HaKJIOHHBIE COJIepIKaHS (SCD), KOTOpBIC
TIPEJICTaBISIIOT COOO0H MHTErpaIbHYI0 KOHIICHTPALHIO
HCCIIeyeMON MaJloll Ta30BOM COCTaBJIIOLIEN BIOJb
HEW3BECTHOTO IyTH CBETA I10 BCEM BO3MOXKHBIM ITyTSIM
TP JIAHHOW reOMETPHH HAOIIOACHHH.

Haknonssle copepxkaHus U3MEpsEMOM Maloi
ra3oBOM COCTaBIAIOUICH U1 pa3IM4HbIX YIJIOB
BO3BBIIICHUA  PACCUUTHIBAIOTCS ~ OTHOCHUTEIHHO
OTOPHOTO CIeKTpa, modromy Metoxq DOAS e


http://www.luxeon.com/

Cem;uﬂ 4. OnmuKO'BﬂeKmpOHHble cucmembnl, 1a3eprHas mexnuka u mexnoiocuu

TpeOyeT  HM3MepeHHui
aOCOJIOTHBIX €IMHHIIAX.

Ha mnpaxTtuke pacder HaKIOHHBIX COIEPKAHUN
MPOMCXOANUT  OTHOCHTENBHO  ONOPHOTO  CIEKTpa
(0OBIYHO €ro BHIOMPAIOT B TOJJICHH TOTO JKE& JTHS) U
TaKue HaKJIOHHbIE CoZleprKaHMs HAa3bIBAIOT
I epeHIMATBPHBIMA  HaKJIOHHBIMH  COTEPKAHMSIMHU
(anrn. DSCD).

Hdnsa peanmzanuu  merona DOAS ¢ nenbro
MOHHUTOPHHI'a TAKUX MaJIbIX Ta30BBIX COCTaBIISIOIINX
KakK JBYOKHCH a30Ta, IMMEp KUCIOpoJia, BOAa, 030H,
(dopmanbpaeruy, TIHOKCAl, B MHPOBOH IpaKTHKe
WCIONB3YIOT CIEKTPHI ¢ paspemenuem 0.3 - 1.5 HM B
uHTepBase AnuH BonH 320 - 490 um. IIpm stom
3aJja4ya MOHUTOPHHTA JIEITUTCS Ha JBE 3a/[a4i: pacueT
DSCD wu BoccranoBnenune u3 momydeHHBIXx DSCD
BEPTHKAIBHBIX MPOQHICH a3pO30IbHON ONTHIECKON
TOMIIHA u HCCIeyeMOr MaJoi ra3oBoi
coctapistoniet. Tlocnenusst 3amada pemraercs Npu
TIOMOIIIY MOJIEIIH IIEPEHOCA M3ITyIEeHHs B aTMOcdepe.
B nanHO#M paboTe akueHT AenaeTcss Ha JeTajlsIxX
pacueta DSCD, a uUMEHHO Ha HCCICIOBAHHH
OCTaTOYHOT'O CHEKTPA.

AKTyabHOCTh TaHHON pabOTBI COCTOUT B TOM,
YTO 3HaHHE W YYeT OIIMOOK Ha JTare ONpeAeICHUs
DSCD cHmwkaeT HEOMPEACICHHOCTh HaYalbHBIX
YCIOBHH TpHM pelieHMH oOpaTHOW 3ajaun ¢
MPUBJICYCHUEM MOJICNIN TIEpEeHOCa M3IyUIeHUs], YTO, B
KOHEYHOM  HWTOTe,  yJIydllaeT TOYHOCTh W
YYBCTBUTEIBHOCTE B  OIpEAEICHHH TNpoduiei
a3pO30JIbHOM ONTUYECKOW TOJIIM U HUCCIIeNyeMOM
Manoil  raszoBod  cocraBimsitomieid.  OcHOBHOU
XapaKTEePUCTUKOW KavyecTBa IMPOBEICHHUS PACUeTOB
no merony DOAS sBnsieTcsi OCTaTOYHBIA CIEKTP
(amr.  residual) wm  ero  xapakTepHCTHKA:
CpeHEKBaIpaTHYHOE OTKIOHeHHe (anria. RMS).

HccnenoBaHuio CEKTPasbHOTO IIyMa B IpOLE-
nypax DOAS-ananm3sa mocssiena pabora 1. Jlam-
nesnst [2] u ero goknan Ha koHbepeHuun 7-th DOAS
Workshop (2016) [3], B pe3ynbraTe 4ero MeToIIoM
aHajM3a TJIAaBHBIX KOMIIOHEHT M3 OCTaTOYHBIX
CIIEKTPOB  BBIJEJIEHA — CIIEKTpajbHAsi CTPYKTYypa,
KOTOpasi UMEeET CJIeyIoIue CBOHCTBA!

e HE 3aBHCHT OT WCIIOJIb30BAHHBIX CEUYCHHUH
TIOTJIOLIEHUS IMMEPa KUCIOPOa;

® TI0YTH UACHTUYHA ULt
HM3MEPHUTEIBHBIX TIPHOOPOB,;

e HaOmomaeTcs Ha Pa3IMIHBIX IIUPOTAX;

® UMEeT aMIUIUTYLy CAWHHI[ ONTHYEeCKOH
TOJILL[HBI,

e HaxoauTcs B Tpornocdepe.

Jlns npakTuyeckoit peanusamuu meroga DOAS, B
HHUIl MO BI'Y 6bu1 pa3paboTaH 3epKajbHO-
auH30BBIH  mpubop  MARS-B,  sBusrommiics
MHOTOOCEBBIM PErucTpatopom crekrpos (Multi Axis
Recorder of Spectra) paccestHHOTO COTHEYHOTO CBETa
[4], coOpanHBIii Ha Oa3e cekTporpada H300pakeHus
ORIEL MS257 [5], oTnuuaromuiics TeM, 4YTO B
KavyecTBe BTOPOTO JJIeMEHTa TeJIECKOIa
HCIIONIB3YETCS IEPBOE 3€pKallo CrIeKTporpada. IToT

CIICKTPOB APKOCTU B

Pa3HBIX

mprOop TMOKa3aJ XOpomiee KadeCcTBO IOTydaeMBIX
JaHHBIX B XOJ€ MEXAYHAPOAHOW KaMIIaHUH
cpasuennit MAD-CAT 2013 [6].

Hannbie npubopa MARS-B wucnonszoBanuch B
TOM 4YHCJIe JUIS BOCCTaHOBIEHUS Tpoduieit
a30TUCTON KHUCIOTHI B Tpomocdepe [7]. Azorucras
KUCIIOTa HaXOAMTCS Ha Ipejesie OOHapYKeHHs s
merona DOAS, nosToMy NpOBOJHMIKCH IOTBITKA
NpeBapUTEIbHON  MaTeMaTHYecKoi  00paboTku
CIEKTPOB C  LENbI0  yMEHBUINTh  HIYMOBYIO
cocTaisontyto. J{ist aToro mpuMeHsuics nudpoBoi
¢unbTp HM3KMX uactoT (dunbTp Kaizepa  [8]),
KOTOPBIH MMEET YEeThIpe MapamMeTpa: KpyTH3HY craja,
OTpE3aloIlyl0 YacTOTy, MOJOCY MPOIYCKaHUS H
KOJIMYECTBO UTEPALIHil.

Ha ogsmom w3 srtamoB mombopa IapamMeTpoB
¢unpTpa, OBUIO 3aMeYeHO, HUTO. B OCTATOYHOM
CIIEKTpE, MPUCYTCTBYET MOBTOPSIOMAsICA CTPYKTYypa
(cM. pucyHOK 1), mpudeM CIEKTPaIbHO OCOOCHHOCTH
3TOH CTPYKTYpHI HE 3aBHCST OT MECTa IPOBEACHHS
u3MepeHuil (I3MepeHust MPOBOWINCH B ["oyanany,
I'epmanun um B bemapycu B pasHoe Bpems) a ee
aMIUIUTYa MEHSIETCS] B TEUCHHE JTHSL.
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PucyHok | — YBean4eHHbIH (parMeHT OCTaTOYHOTO CIIEKTpa,
nonmydeHnoro B xoae DOAS-ananm3a criekTpos,
3aperUCTPUPOBAHHBIX C UHTCPBAJIOM B 1 4ac B TeueHue
cBerosoro jaHs 21.09.2016

CTouT Takke OTMETUTh, YTO OOHApyXeHHas
CTPYKTypa IO CBOEMY CIEKTPaJbHOMY COCTaBYy
OYCHb MOX0Ka HA TY, 4TO ObLIA MOJYYCHA JAPYTUM,
HE3aBHCUMBIM METOJIOM, U MPOJEMOHCTPUpPOBaHA B
pabotax [2, 3].

BbiBOaBI:

e Cpennee gaHeBHOoe 3HaueHne RMS  6e3
MpUMEHEeHUs QuIbTpa Bceraa OoJblle YeM ¢
(UIBTPOM, YTO CBHICTEINBCTBYET O MOCTOSHHOM
HAJTNIAN B 00OpabaThIBaeMbIX CIIEKTpax
BBICOKOYACTOTHOM IITYMOBOI KOMITOHEHTHI; TOT (haKT
YTO CIEKTp IIyMa HE 3aBUCUT OT BPEMEHHU JHS
TOBOPHT O TOM, UTO IITyM CO3IaeTCsl BHYTPH Ipudopa.
e [IpuMeHeHHe crnenUanbHO MOAOOPAHHOTO ISt
KOHKpETHOro  npubopa  (GwibTpa  MO3BOJISIET
YIAy4dlIuTh Ka4€CTBO BXOJHBIX JAHHBIX JJId PaCY€TOB
o metony DOAS.

e [loka3aHo, 4TO mpeaBapuTeIbHas MaTeMaTH-
gyeckass 00paboTKa MOYKET MHTCPIPETHPOBATHCS Kak
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pe3yNbTaT U3MEpPEHHsT MPUOOPOM, XapaKTEPUCTUKU
KOTOPOT'O MPEBBIIIAIOT MPEAETBHO JOCTUXUMBIE JUTS
peanbHOro npudopa (camwkernne RMS 6e3 ymiepoa
JuIst paccurTeiBaeMbix DSCD).

e HesaBucuMbiM  crmocobOM B OCTaTOYHBIX
crekTpax OOHapyXeHa CHeKTpalbHasi CTPYKTYypa,
TI0X03Kast Ha Ty, 4TO BhLIETH U, Jlammens.
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HAHOPAMHBIN HABJIOJATEJBbHBIIA NPUBOP CKAHUPYIOIIETO TUITA

Baacosen H.C.%, Kozepyk A.C.}, Kyapsmos A.A.2
1 Benopycckuii nayuonanbuslii mexuudeckuii YHueepcument
2040 «Ileneney, Munck, Pecnybnuxa Benapyco

JlazepHas JOKalusl SIBJISICTCS COCTAaBHOM YaCTBIO
HOBEHIIIMX METOIOB M TEXHOJIOTHI TeOMH(POPMATHUKH 1
mudpoBoit GoTorpaMMeTpu U B HAIlA JTHH HAXOIWUT
NpAMEHeHHe BO MHOTHX OTpacisixX  HAapOJHOTO
XO3SIHCTBA, B YACTHOCTH, B PEIICHIH 33129 HH)KCHEPHOTO
MIPOEKTHUPOBAHMS, TAHOPAMHOTO MOHHUTOPHHTA B OYpHO
Ppa3BUBaeTCs BO MHOTHX CTpaHax mupa [1].

Vcnonp3oBaHue MeTOa Ja3epHOMN JIOKAIUU, COB-
MEIICHHOTO C IU(POBON BUACOCHEMKOW, CIyTHH-
KOBOM HAaBMralMeil U TIeONO3ULUOHUPOBAHUEM,
COMPOBOXKIAEMOr0 NUGPOBOI CIYTHHUKOBOH ChEM-
KO B ONTHYECKOM M pajuo JAMana3oHax H
HHTETPUPOBAaHHBIX B reonH()OPMATHOHHBIX
cucTeMax s [esell TUCTaHITMOHHOTO HAOII0CHUS
3a OOCTaHOBKOW Ha TpaHHIE, YTO  MO3BOJICT
MPOBOJUTH AWCTAHIMOHHBIA MOHHTOPUHT YJacTKa C
BBICOKOW  A()(EeKTUBHOCTBHIO - TIPH  MHHHMYyME
Ha3eMHbIX pPaboT U 3HAYUTENIBHOW SKOHOMHH
BpEMEHHU U (PUHAHCOBBIX CPENCTB.

O0paboTKa OrPOMHBIX MaCCHBOB JIAHHBIX JIA3EPHOTO
30HUPOBAHMS (COTHU TUTabalT AUCKOBOTO
MPOCTPAHCTBA) BBIMOJHACTCS HAa KOMIIBIOTEpax B pe-
KHUME PEabHOTO BPEMEHH, T.C. OJHOBPEMEHHO HIIN
TIOYTH OTHOBPEMEHHO C BBITIOJTHEHHEM I3MepeHuit. Bee
STambl BEIMOJHEHHS JIA3EPHO-JIOKALFIOHHBIX CHEMOK,
Ha9YMHas C TMPUOOPHOTO OOCCIICUCHNs, MOCTPOCHIIS,
OOHOBJICHUS, COBEpIIICHCTBOBAHUS OITOPHO
TCOJE3MYCCKOM CeTH, Ha3eMHOH KaJMOpPOBKA U
3aKaHuMBasi ~ OOpaOOTKOM W apXUBHUPOBAHHEM
TI0JTY4a€MbIX MaT€pHajioB, CO3IaHMEM W HAIIOJIHCHHUEM
06a3 aHHBIX TeOMH(OPMAIMOHHBIX CHCTEM, pe-
3yABTUPYIONIEH KapTorpaQuyecKoil TPOAYKIUH U
I(POBBIX  TPEXMEPHBIX MOJeNed MECTHOCTH U
00BEKTOB, TpeOyIoT COBEPIIICHCTBOBAHIIS
CYIIECTBYIOIMX KOHCTPYKIMA JIMIApOB, C IICNBIO
BO3MOXHOCTH CIIKEHHUS 32 OBICTPOJBIIKYILLIMMUCS
00BEKTaMH B IIPOCTPAHCTBE.
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IpermyinecTsa Jia3epHO-TOKAlIMOHHOTO METOAA:

1. TexHomormyeckas MpPOCTOTa, KOPOTKHH Tex-
HOJIOTHYECKHH UK. ~ Martepuaibl  CKaHMPOBAaHHS
OXPaHsIEMOT0 yJaCTKa IIPe/ICTaBIEHb] KAK COBOKYITHOCTU
(oOmaka) ' JIa3epHBIX TOUCK, pA3NCICHHBIC TI0 WX
MOp(]OIOrHYeCcKOr TIPUHAUIEKHOCTH (3EMJIIsl, pacTH-
TEIFHOCTh, NMOBEPXHOCTH BOJOEMOB, KPOBIM 3/IaHMHIA,
MpOBOJIA U Jp.), IT(POBBIE MOJETH penbeda, a TaKke
MHOTHE KOHTYPHBIE 00BEKTBI F MOJICITH T'€0T papUaecKix
OOBEKTOB B  TPEXMEPHOM IIpeACTaBiIcHWMH. Bce
YIOMSHYTbIE MaTE€pHaIbl YK€ B MOMEHT BO3HIKHOBCHHIS
TIOJTHOCTBIO  KOOPJIMHMPOBAHBI, T.€. ONpENCICHBl B
HEKOTOpOH 3apaHee 33laHHOM CHCTEME IeoJIe3MUEeCKIX
WIM TeorpaMuecKux KOOpAMHAT M B JAlbHEUIIEM
NPUHLMINAIGHO HE TpeOyeTcsi NpOBENCHUSI HUKaKUX
JIONOJIHUTENBHBIX MEPOIPUATHH 10 KOOPAUHATHOU
KOPPEKLMH WK NPeoOpa3oBaHuio. Takke BaKHO TO, 4TO
Ha TIPaKTHKE TIOJTOTOBKAa BCEX OSTHX MaTepHaJIoB
OCYIIIECTBIIAICTCS, B TIOJEBBIX YCIIOBHSIX, B PE3yibTare
4ero CoOCTBEHHO KamepaibHas a3za 00pabOTKH
HAYMHACTCS B CYIIECTBEHHO OOJiee MOATOTOBIECHHBIX
YCIIOBHSIX, 9TO, B CBOIO O4EpEIb, TAKKE CIIOCOOCTBYET
COKPAILEHUIO TEXHOIOTUYECKOTO IUKJIA.

2. T'apantum TouHocTH. B OonbIIMHCTBE City-
YaeB TOYHOCTh crieluUIMpyeTcsi Ha ypoBHE 15 cM
M0 TJIAHOBBIM M BBICOTHBIM KOOPAMHATAM, IPHYEM
CHeNHaNtbHO yKa3bIBAeTCs, YTO pedb HAeT 00 abco-
JIIOTHOM reo/ie3UYecKOod TOYHOCTH. Takoil ypOBEHb
TOYHOCTH SIBJIIETCSI 0€3yCIIOBHO TOCTATOYHBIM JUJIS
Ype3BBIYAHHO OOMIMPHOTO Kjacca MPWIOKEHUH, B
YAaCTHOCTH JUISl CO3JaHMsI TOOrpaduIecKnX IIIaHOB,
BIUIOTH 40 Macmrada 1:1000 BKIFOYHUTENBHO.

3. Beicokas npomsBoauTensHocTh. [IpomsBo-
JIUTEJILHOCTD JIa3epHO-JIOKAI[HIOHHOT'O METO/a 4pe3-
BBIYaliHO BBICOKA. Ha mpakTHke NOCTHTHYTa MPOM3-
BOJUTEIHLHOCTH cKaHupoBaHus B S00—600 kM 3a ouH
a9POCHEMOYHBIN JICHD ISl INHEHHBIX OOBEKTOB H B





