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B ctaTbe onucaHa MeToAuKa UsMepeHus
creKkTpasbHOro pacrnpepesneHus SHeprum ussiy4yeHums
MMMNYNbCHbIX UCTOYHMUKOB CBETa CMNJIOWHOro
cnekTpa. MeTtoauka anpo6upoBaHa Ha U3MepeHUu
MMMNyAbca U3ZIYYEeHUS ANINTEeNbHOCTbIO 120 MKC.

BBEAEHUE

IlocTossHHOe pacmupeHHe cdep NPHUMEHEHHUS
HMCTOYHHKOB UCKYCCTBEHHOTO U3JIy4eHUS B IIOBCEJ-
HeBHOM >KHU3HU JIUIMIHUN pa3 II0Ka3blBaeT 3HAUU-
MOCTb UCTOYHHKOB CBeTa B Hallled >XHU3HU. UcTOU-
HUKWA u3nydeHHus (MM) HCIOONB3YIOTCS B TaKHX
cdepax, KaK OCBellleHHMe, KHHOIPOeKIHOHHAas
TeXHHKa, YyIIpaBjeHHe Pa3/TUYHBIMHU QOTOXHMH-
YeCKUMU U HOTOOHONOrMYeCKUMHU IPOLeCCAMHU,
doToTpaBieHne U ¢oTonUTOrpadus, Co3LaHHUe
371eKTPOHHBIX KOMIIOHEHTOB. B mmocienHue pecd-
THUJIeTUS LIMPOKOe PaCIpOCTpPaHeHHe II0Iy4YaloT
MMITyJIbCHBIe MM CIJIONIHOIO CIIeKTpa, MCIOIb3Y-
eMble B KHMHOIIPOEKI[MOHHOM TexXHHKe, doTorpa-
bHM, MeOUIIMHCKON TexXHHKe [1,2], HakauKe Jjase-
poB U T. 1.

Insg perucTpauuu H3nydeHus WK HempepsiB-
HOTO FOpeHHs pa3paboTaH [OCTATOYHO HMIHPOKUH
PAA MeTPOJIOrHYecKoro obopynoBaHHUS U MeTOAUK.
XOopolIo U3BeCTHBI, HallpUMep, YCIIeLUIHO IPUMeH -
eMble MeTOAbl GOTOOH3UUYECKOM, OCHOBAHHOW Ha
BHYTpPeHHEM HJIH BHellHeM ¢oTospdpexTe, U GoTo-
XMMHUYECKOHM perucTpaliluyd H3/1ydeHHs], OCHOBAH-
HOM Ha U3MEHEHUHU ONTUUYECKUX HUIU GU3UUYECKUX
CBOMCTB BelllecTBa IIOJ BO3JeHCTBHEM cBeTa [3].
[TlepedyncieHHbBle METOAMKH II03BOJISIOT I10JIy4aTh
ZIOCTOBEPHBIe Pe3y/IbTAThl IIPH PerUCTPaLlMK UCTOY-
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MEASUREMENT OF SPECTRAL
AND ENERGY CHARACTERISTICS
OF PULSED RADIATION SOURCES
OF CONTINUOUS SPECTRUM

S.G.Kireev, kireevsg@mail.ru, V.P.Arkhipov,
S.G.Shashkovsky, N.P.Kozlov, LLC "Scientific and
Production Enterprise " Melitta"

The method of measuring spectral distribution of the
radiation energy of pulsed light sources of continuous
spectrum is described in the article. The method is
tested on a radiation pulse with a duration of about
120 ps.

INTRODUCTION

The constant expansion of the spheres of application
of artificial radiation sources in everyday life once
again shows the importance of light sources in our
life. Radiation sources (RS) are used in such spheres
as lighting, film projection technology, control of
various photochemical and photobiological processes,
photo etching and photolithography, creation of
electronic components. In recent decades, pulsed RSs
of the continuous spectrum, used in film projection
technology, photography, medical technology [1,2],
laser pumping, etc., have been widely used.

A fairly wide range of metrological equipment
and techniques has been developed for recording
the radiation from continuous combustion RSs. For
example, successfully applied photophysical methods
based on the internal or external photoelectric effect,
and photochemical recording of radiation based on
changes in the optical or physical properties of a
substance under the influence of light are well-known
[3]. The above methods make it possible to obtain
reliable results when recording sources of continuous
combustion, in particular, linear or monochrome
emission spectra. However, recording the RSs of the
pulsed continuous spectrum causes difficulties and
leads to significant errors.

The need to determine the quantum yield of the
reaction as a function of the spectral composition
of the radiation, the requirements for the thermal
stability of the material used, the impossibility of
using the substance repeatedly, and the practical
inapplicability of existing actinometers to detect short-
wave ultraviolet (UV) radiation in the range 200-240
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HUKOB HeIIPepBIBHOI'O TOpPeHHs, B 0CODeHHOCTH
JUHENYaToIo MJIH MOHOXPOMHOIO CIIEKTPOB H3J]y-
yeHUsA. OgHaKo peructpanusga MU CIIJIONIHOTO CIIeK-
Tpa MMIIYJIbCHOIO XapaKTepa BhI3bIBaeT TPYSHOCTHU
Y IIPUBOAMT K CYIIeCTBEHHBIM IIOrPEIIHOCTSM.

Heob6XomMMOCTb oOIpefeleHHs] KBAHTOBOIO
BBIXOZlAa peaKUMH B 3aBUCHMOCTH OT CIEKTpajb-
HOT'O COCTaBa M3JIy4YeHHUSs, TPeGOBAHUS IO TEPMO-
CTabM/IPHOCTH HCIIOAB3yeMOr0 MaTepHasia, HeBO3-
MO>XHOCTb HCIIOJIb30BaHHA BelleCTBa IIOBTOPHO,
a Takxke IpaKTHYeCKas HENOPUTOOHOCTh Cylle-
CTBYIOIUX AaKTHHOMETPOB IS PerucTpauuu
KOPOTKOBOJIHOBOTO  yabTpaduonerosoro (Vo)
HU3/y4eHUs B Ouana3zoHe 200-240 HM [4] menaloT
GOTOXMMHUUYECKUN MeTOJ, PerucTpalllyd TpyLoeM-
KHM U MaJIOIIPUMEHUMEBIM.

Hawubonpmree pacmpocTpaHeHuUe cpenu
yCTpofICTB Ha OCHOBe GOTOPU3UYECKOrO0 MeToaad
perucTpalMy M3JIy4eHHUS IONYUYUIHU GOTOLHOLBI,
IIPUHLIUI paboTH KOTOPEIX OCHOBAH Ha II0SIBIeHUH
SAC HOpu OoCBelleHHMH IIOBEPXHOCTH IIOJYIIPOBO-
OHHKA. YO06CTBO B IpHMeHEeHHH, IIOBTOPSIeMOCTh
pe3y/ibTaToB, OBICTPOMEHNCTBHeE, a TAaKXKe IIHMPOKas
JHMHEeHKa INpelaraeMblx GOTOLHOAOB Ha Pa3IHyY-
Hble CIIeKTpajibHble OMAIMA30Hbl OT TaKHUX H3BeCT-
HbIX OUPM, Kak Sglux u Hamamatsu, 3acTaBisoT
06paTUTh Ha 3Ty 00/1aCTh NPUCTAAbHOE BHUMaHHUe.
OCHOBHOe NpHMeHeHHe: H3MepeHHe 001ydyeHHO-
CTH, CO3[4aBaeMOM Ha INPHUEeMHOH II0BePXHOCTH
OT TaKMX PaCIpPOCTPaHEHHBIX MOHOXpOMaTHYe-
CKUX UCTOUHHKOB U3/IYyYeHU I, KAK PTYTHBIE JIaMITBI
HHM3KOIO JaBJIeHHS, SKCHMepHbIe JIaMIIbl, Jla3ephl.
B 3TOM cnydae, npeHebperas GpakTOM yIIHpPeHUS
CIIeKTPaJbHBIX JUHHUM, C YUeTOM H3BeCTHOM abco-
JIOTHOM 4YyBCTBUTE/NBHOCTH QOTONPHEeMHHKa Ha
IOJIMHe BOJMHBI HM3nydeHHs K, B BT/M2-B u 3aperu-
CTPUPOBAHHBIM 3Ha4yeHHeM CHIHala ¢ $oTomaT-
yuKa U B BOJIbTaX BEIYHUCI/ISIETCS 3HAUeHHe 06/1yUueH-
HocTu E=K,-U. Y4eT CIeKTPaabHOTO YIIHMPEHHSI
JUHHUUN KU OTHOCHUTEJBHOM CIIeKTPaJbHOM Xapak-
TEPUCTUKYU QOTOIPHEMHUKA II03BOJISAIOT IIOJHSATH
TOYHOCTb U3MepeHH .

OpHako wu3MepeHHe o6iydueHHOCTH OT HHU
IIOJIMXPOMHOTO XapaKTepa BHOCHUT 3HAUHTe/IbHEIE
IIOTPEIIHOCTH 3a C4YeT HEeBO3MOXHOCTH yyerTa
CIIeKTPAJIbHOIO  pacHpefesieHUus H3JIyYeHHUS
I10 CIIeKTPY.

Jisg u3MepeHU s MOLHOCTH U3JIyYeH U s J1a3epoB
YacTO HCIIONB3YIOT IIUPO3JIeKTPUUECKHEe SAaTYHKH,
NPUHOUI PaboThl KOTOPHIX OCHOBAH Ha BO3HUK-
HOBEHHH 3JIEKTPHUYECKOro MOojsl B KPUCTAJIJIe IIPHU
M3MEeHeHHH ero TeMIepaTypsl. Xopolias 4YyBCTBU-
TeJBHOCTb M CTAOHIBHOCTH IIOKAa3aHHUM obecIie-
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nm [4] make the photochemical registration method
time-consuming intensive and inapplicable.

The most widespread among devices based on the
photophysical method of recording radiation received
photodiodes, the principle of which is based on
the appearance of EMF in the illumination of the
semiconductor surface. Convenience in application,
repeatability of results, speed, as well as a wide
range of the offered photodiodes for different spectral
ranges by such well-known companies as Sglux and
Hamamatsu make us pay close attention to this
area. Main application: measurement of irradiance
generated on the receiving surface from such common
monochromatic radiation sources as low-pressure
mercury lamps, excimer lamps, lasers. In this case,
ignoring the fact of broadening of the spectral lines,
considering the known absolute sensitivity of the
photodetector at the radiation wavelength KA in W/
m? - V and the detected value of the signal from the
photosensor U in V, the irradiance value of E=K\-U
is calculated. By taking into account the spectral
broadening of the lines and the relative spectral
characteristics of the photodetector, one can increase
the accuracy of the measurement.

However, the measurement of irradiance from
the polychromatic RS introduces significant errors
due to the impossibility of considering the spectral
distribution of radiation over the spectrum.

Pyroelectric sensors are often used to measure
the radiation power of lasers operating based on
the appearance of electric field in a crystal with a
change in its temperature. The good sensitivity and
stability of the readings provided pyroelectric sensors
a wide spread in the field of measuring the laser
power. To date, many companies offer pyroelectric
heads with a wide range of energy sensitivity, time
resolution, spectral range (Fig. 1). Furthermore, the
algorithms incorporated into the processing computer
allow choosing the wavelength of the laser, thereby
considering the spectral sensitivity, which greatly
improves the user-friendliness of the sensor. All the
above facts allow you to select a receiver depending on
the RS parameters.

Depending on the using a pyroelectric sensor to
measure the radiation of pulsed RS, there is a number
of limitations. First, in addition to the sensor itself,
it is necessary to purchase a special computerized
device that processes the signal from the sensor and
considers its calibration parameters. The cost of such
a set often exceeds 4000 US dollars. Second, the sensor
is affected by any radiation sources falling within
the spectral range of its sensitivity. When working
with sufficiently powerful RS, any heating elements
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YMIM [UPO3JIEeKTPUYECKUM [JAaTYHKaM ILIHPOKOe
pacmpocTpaHeHHe B chepe U3MepPeHU s MOUHOCTHU
nasepoB. Ha TeKyW MU AeHb PSJ KOMIAHUM MpeJ-
JaraeT MHPO3JIEKTPUYECKHE FOJIOBKH C IIHMPOKUM
JHAIa30HOM SHePreTH4YeCKOM YyBCTBUTEIBHOCTH,
BpeMeHHBIM paspelleHHeM, CIeKTPaJbHBIM JHa-
nasoHoM (puc.l). bosee Toro, 3ajiokeHHBbIe B obpa-
OaThIBAIOUIMK KOMIIBIOTEP aJITOPUTMBI II03BOJISIIOT
BBIOMPATh AJIMHY BOJHBI Ta3epa, TeM CAMBIM YUH-
ThIBasl CIIEKTPAJbHYK YYBCTBUTEJIBHOCTH, YTO
3HAYMTe/JbHO IIOBBIIIAET yAob6cTBO paboTsl ¢ mart-
YMKOM. Bce mepeumnciaeHHble QaKThl II03BOJISIOT
nonbupaTh NPUeMHHUK B 3aBUCHMOCTH OT IlapaMe-
TpoB HH.

C TOYKH 3peHHS HCIIO0Jb30BAHHS IIHPO3JIEK-
TPUYECKOTO JATYHKa [/ M3MePeHHS HU3TydYeHHS
UMIyabcHoro MM cymecTByeT psifi OTpaHHUYEHHM.
Bo-miepBBIX, IIOMHMO CaMOTO JaT4YHKa Heobxo-
OHUMO IIpHOOpeTaTh CIeliMaabHOe KOMIIBIOTEPU3HU-
pOBaHHOe YCTPOMCTBO, obpabaThiBalolllee CUTHA
C JaT4YMKa M y4YHUTHIBaIOIlee ero KaJlubpoBOuHBbIe
nmapameTpsl. CTOMMOCTh TaKoro Habopa 3a4acTyio
npesepimaer 4000 momnapos CIIA. Bo-BTOpHIX,
Ha JATYUK OKA3bIBAIOT BIMSHHeE JI0Oble HCTOY-
HUKH H3JIy4eHH s, IIoaJalollye B CIIeKTPaJIbHEIH
OUaIa30H ero 4YyBCTBUTeNbHOCTU. IIpu pabore
C NOCTaTOYHO MOIIHBIMU KM niobble Harpepar-
muecs 37eMeHThl (HallpuMep 3/eKTPOABI, Koiba)
IIOCpeACTBOM H31yueHUs B HK-nmamasoHe OymyT
BHOCHUTD CYILECTBeHHYIO IIOTPEIIHOCTh B IIPOBO-
OYMble U3MepeHHs. B-TpeTbux,
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(e.g., electrodes, bulb) will introduce a significant
error in the measurements by means of radiation in
the infrared range. Third, unlike photodiode receivers
of radiation, exceeding the threshold energy density
leads to damage to the sensitive surface and to a
change in its characteristics. Fourth, when recording
the radiation of continuous spectrum, a constant
spectral sensitivity of the sensor is necessary. For the
receiver with the BB Pyro head (Fig. 1), which has the
most constant sensitivity, the maximum difference
is = 8%, which introduces an additional error in the
measurement result. Fifth, there is no possibility of
obtaining energy characteristics in certain spectral
ranges, even considering the possibility of using
optical glasses.

None of the methods listed above makes it
possible to obtain reliable results of measuring the
radiation parameters of continuous spectrum pulsed
radiation sources in view of, at least, spectral energy
distribution.

The energy distribution over the radiation
spectrum can be taken into account in the RSs subject
to the approximation of absolutely black body (black
body). In this case, the energy brightness measured
[6] makes it possible to construct the emission
spectrum and, considering the known relative
spectral sensitivity of the photodetector, to calculate
the characteristics of the radiation incident on the
photodetector pad. The departure from the black
body approximation and, often, the complexity of
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AHalla30Hax, JaXke C y4eTOM BO3MOKHOCTHU IIpH-
MEHEHHS OINTHYECKHX CTeKOJI.

Hu omMH M3 IepedyHC/IeHHBIX BBHIIIE METOJO0B
He I103BOJIsIeT IIOJIYYUTh SJOCTOBePHEBIE Pe3yJIbTAThI
H3MepeHHUs IapaMeTpPOB H3JIY4YeHHS HMIIYJbC-
HBIX HCTOYHHUKOB M3JIy4eHHUS CIJIOLIHOTO CIIeK-
Tpa B BHUAY, KaK MHHHUMYM, HEIPUHATHUS BO
BHUMAaHMHS CIHEeKTPaJbHOIO 3HepPreTHYecKoro
pacimpeneneHus.

JHepreTU4YecKkoe paclpefe/ieHHe IO CIeKTpY
HU3Iy4eHHUsd MOXHO ydecTb y HH, moguyunHSIO-
IIUXCSI IPUOMMKeHNI0 abCOMIOTHO YepHOTO Tesa
(AYT). B sTom ciyuae, H3Mepsiemas [6] sHepre-
THYecKasl SPKOCTb JaeT BO3MOXKHOCTb IIOCTpPO-
UTb CIHEeKTP HM3Iy4YeHUS H, C YIeTOM H3BeCTHOH
OTHOCHUTe/JIbHOH CIeKTPaJlbHOM YyBCTBUTEJIbHO-
cTU GOTONpPHUEeMHHKA, BBIYHCIHUTH XapaKTepH-
CTUKH IIaJamplero Ha GoToNpUeMHYIO M0 AIKY
u3nydeHHs. OTXOXIeHHe OT npubnuxkeHus AYT
Y, 3a4acTyl0, CJIOKHOCTb MU3MepeHHs dHepreTruye-
CKOM SIPKOCTH UCTOYHHUKOB CO CBOGOIHO pacIiups-
IOIIMMCS Te/IOM H3JlyueHHUs [7] BHOCAT CyIlecTBeH-
Hble IIOFPEIIHOCTH B IIOJy4aeMble Ha BBIXOJe
rapaMeTpBHl.

M3BecTHa MeTOAMKA H3MepeHHs abcomiot-
HBIX 3HAaUeHHUM SHepreTHYecKOM OCBeIleHHOCTHU
C HCIONb30BAaHHEM COBOKYIIHOCTH MOHOXpOMa-
TOpa, BBIJeNMIIero y3KHUH CIeKTPaJbHBIM JHa-
Ma30H, U MHPO3IEeKTPUYECKOTO AaTUYHUKa. ABTOPEL
CTaTbhu (8], BbIE/NSISI MOHOXPOMATOPOM M3 CIIeKTpa
HU3JIy4eHHs I10C/Ie[0BaTe/bHO Y4YaCTKHU AHalla3o0-
HoM 10 HM, 06/1y9asu IpHUeMHYIO IIIOMIAAKY T PO-
3JIeKTPUYEeCKOro NpHUeMHHKa H3JIy4eHHd, IOJIY-

measuring the energy brightness of sources with
a freely expanding radiation body [7], introduce
significant errors in the output parameters.

A technique is known for measuring absolute
values of energy illumination using a combination
of a monochromator that emits a narrow spectral
range and a pyroelectric sensor. The authors of article
(8], consistently isolating 10-nm range sections from
the emission spectrum using a monochromator,
irradiated the receiving area of the pyroelectric
radiation detector, thereby obtaining energy
illumination at the sensor level with a step of 10 nm
(Fig. 2a).

However, this technique creates several problems.
A slight discrepancy in the form of the spectra of
energy illumination (Fig. 2) is due to the unstable
sensitivity of the receiving head of the pyroelectric
sensor. A more significant disadvantage is the
time spent on obtaining the spectrum of energy
illumination: to obtain a spectral distribution in the
80-nm range, the authors were forced to repeat the
radiation detection operation 8 times. An increase in
the accuracy of registration, and therefore a decrease
in the spectral step, will lead to a proportional
increase in the number of operations and time to
obtain the result.

THEORETICAL SUBSTANTIATION

OF THE METHOD

As an alternative method of obtaining absolute
characteristics of radiation from the continuous
spectrum, it is suggested to use a set of obtained data
from a spectrometric device recording the spectral
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Yasi TeM CaMbIM 3HepreTH4YecKyl0 OCBeIlleHHOCTb
Ha YpoBHe JaT4HKa c marom B 10 HM (puc.2a).

OnHaKo JAaHHOHM METOAHKE IIPUCYIIH HeCKOIbKO
HeJOCTAaTKOB. He3HAa4YHTelbHOEe PACXOXKAEHHE
B dopme CIIeKTPOB 3HePreTHUECKON OCBeIleHHO-
cTH (pPHUC.2) CBSI3aHO C HENOCTOSIHHOK YyBCTBUTE/Ib-
HOCTBIO IIPUEMHOM T0JIOBKHU IIHPO3JeKTPHUUECKOTO
JaTyuKa. bojee 3HAaYUTENbHBIM HEOOCTATKOM
SBISeTCS BpeMs, 3aTpauyuBaeMoe Ha IojJy4yeHHe
CIIeKTPa JHepPreTHUYECKON OCBeIleHHOCTH: s
IIoJIyUeHU sl CIIeKTPaJIbHOIO paclpefe/leHUs B AHa-
ma3oH 80 HM aBTOPB ObIM BBIHYXKZEHBI 8 pas
[IOBTOPATh OIlePaliUI0 PeruCTPallMK H3Jy4eHHS.
YBelH4YeHHe TOYHOCTH perucTpaluu, a cjlemoBa-
TeJIbHO, YMeHbIlIeHHe CIIeKTPaJbHOIO IIara IpH-
BeJleT K IIPOIIOPLIMOHAJIBHOMY POCTY KOJIHYecTBa
olepaliMil U BpeMeHH Ha II0lydYeHHe KOHEUHOTO
pesyibraTa.

TEOPETUYECKOE OBOCHOBAHWE
METOAUNKU

B KadecTBe ajnbTepHATHBHOro criocoba mosyde-
HHUSI abCONIOTHBIX XAPaKTEePUCTHUK H3IydeHUS
CIJIOIIHOTO CIeKTpa IIpeAsaraeTcs HCIO0Jb30BaTh
COBOKYITHOCTB IIOJIy4YaeMbIX JAaHHBIX CO CIIEKTPO-
MeTPHUUYEeCKOro YCTPOMCTBA, PerucTpHUpPYyIOIIero
CIIeKTpajibHOe paclpejeieHHe ONTHUYeCKOTO CHI-
HaJla IIOCPeACTBOM ero pa3jokKeHHUS HAa JUCIIepCH-
OHHOM D3JIeMeHTe U IoCleAylomen (OKyCHPOBKe
Ha (QOTOUYBCTBUTEe/JBHON MaTpulle, U poTodHu-
3M4eCKOro NpHUeMHHKA H3JIy4eHHS Ha OCHOBe
doronuona (PIIMQP) c RC-Lienblo, HAIPSIKeHHE Ha
BBIXO/e KOTOPOM PaBHO MHTErpaly Toka 3apAnKHU
KOHJeHcaTopa.

OcHOBHOe IIpeuMYILeCTBO CIIeKTpoMe-
Tpa - HOPOTPaAaMMHBIN yueT IIPOU3BOLUTENEM
CIIeKTPaJbHOHN YYBCTBUTEJBHOCTH GOTONpHUEM-
HOM IJIOMIaJKH, UTO II03BOJISIET TOBOPUTh O He3a-
BHUCHUMOCTH €0 YYBCTBUTEJIbHOCTH OT JAJHHEI
BOJHBI, TAKUM 06pa3oM, CIIeKTPOMETP MO3BONSET
[I0JIyYUTh peajibHOe CIIeKTpajbHOE paclipejeie-
HHe IIPUXOASILIero U3Jy4yeHHUsd B OTHOCHUTE/IBHBIX
eqUHUILIAX,

Ilonbop cmeKTpoMeTpa OCHOBAH Ha Tpex
OCHOBHBIX TpeOOBaHUSIX: CIIeKTPaabHAS YYBCTBU-
TeJbHOCTh YCTPOMCTBA OO/KHA MONajgaTh B CIeK-
TPa/JIbHBIN AHANA30H U3/y4eHHS JIAMIIBl, BpeMs
MHTeIpUpPOBAHUSA [OOJI)KHO 3HAYUTEJIbHO IIPeBHI-
IIaTh AJHTEeIbHOCTh UMIIYJbCa HU3JIy4YeHUS, UYB-
CTBUTEJBHOCTh IIPHEMHON MAaTPHUIIBl He JOJKHA
HaChIAThCAd MafaloMKUM U3JIyYeHUeM.

®OoTOOUOAHBIN TNPUEMHHK mnonbupaercs
HCcXonss u3 TpebOBaHUM O IPEBBHIIEHUU IIOCTO-
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distribution of the optical signal by its decomposition
on the dispersion element and the focusing on the
photosensitive matrix, and a photodiode-based
photophysical receiver (PBPR) with a RC-circuit
with the output voltage equal to the integral of the
charging current of the capacitor.

The main advantage of the spectrometer is that
the manufacturer considers the spectral sensitivity
of the photodetector pad, which makes it possible
to speak of the independence of its sensitivity of
the wavelength. Thus, the spectrometer makes it
possible to obtain the real spectral distribution of the
incoming radiation in relative units.

The choice of the spectrometer is based on
three basic requirements: the spectral sensitivity
of the device must fall within the spectral range
of the lamp radiation, the integration time must
significantly exceed the pulse length, the sensitivity
of the receiving matrix must not be saturated with
the incident radiation.

The photodiode receiver is selected based on
the requirements for exceeding the RC-chain time
constant over the duration of the radiation pulse, but
less than the flare period and on the occurrence of the
spectral sensitivity of the PBPR in the spectral range
of the radiation detection by the spectrometer.

The PBPR, depending on the spectral sensitivity
range, is first verified by the approved method [9],
(10], which provides the spectral distribution of the
relative sensitivity S,, normalized to its maximum
value, and the value of the volt sensitivity, which
characterizes it in relation to the circuit of switching

1,0

| \

0,6 - ||'F

/
T/

0,0 _/'\ I I I

200 220 240 260 280 300
[nnHa BoSHbI, HM / Wavelength, nm

Relative sensitivity

Puc.3. CnexmpanbHoe pacnpedeneHue 0MHOCUMeAbHOU Hy8-
cmaumenbHocmu PO TOCON_C6

Fig. 3. Spectral distribution of the relative sensitivity of the
PBPR TOCON_C6
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SHHOM BpeMeHM RC-LlenM Haj [JUTEIbHOCTBHIO
HMIIyJbCa H3Jy4YeHHS, HO MeHBIIMM Iepuoja
BCIBIIIEK M O BXOXAEHHUHU CIEKTPaJbHOM YYB-
cTBUTenbHOCTU OIIM® B cHekTpaabHBIM AHama-
30H perucTpalli U3Jy4eHHU s CIIeKTPOMETPOM.

OIIHM® B 3aBUCHUMOCTH OT CIIeKTPAJBHOTO gHa-
Ia3oHa YYBCTBUTEJBHOCTH IpeABapHUTeNbHO
IoBepsieTCs 10 YTBepKAeHHON MeTonuke [9], [10],
obecreumBamoImen IIOAy4eHHe CIEeKTPaJIbHOIO
pacimpesesieHHs] OTHOCUTEIbHON YyBCTBUTEJIBHO-
CTH S), HOPMHPOBAHHON Ha €ro MaKCHMaJbHOe
3HaYeHHe, U 3HAYeHMS BOJBTOBOM UYyBCTBUTEJb-
HOCTH, XapaKTepU3yIOIleH ee IPUMEHUTeIbHO
K CXeMe BK/IIOYeHUS NPHEeMHHKa, Ha [JJIHHe
BOJIHBL MaKCHMyMa YyBCTBUTEIBHOCTH S, ..,
[B-m2/BT].

doTonpueMHUKH PpacIosarapTIcs Ha ypane-
HUU JOCTATOYHOM [/ IomagaHus Bcero MU
B 3ddeKTUBHOe MOJie 3peHU s IPUeMHHKa TaKUM
obpaszom, 4T0OBI MOXKHO OBIJIO IIpeHebpedb KOCH-
HYCOM yIJla HNafeHHs H3Ay4eHHUTd Ha POTOUYB-
CTBUTeJIbHBIE [IOBEePXHOCTH.

3anumem ypaBHeHHe RC-Llemu, BRIpa3suB CHI-
HaJl, IoJlydaeMbIM Ha BBIXOJle, Uepe3 peaKIIHIo
doTomMoOmHOM IIOoIaAKH [11]:

URC=%- U, dt, (1)
rae Ugc - curdan Ha Beixoge RC-uenu, B; U, - cur-
Hal Ha Bxojge RC-memu, B; T - IIOCTOSIHHas Bpe-
MeHH IeIu, C; tl - MOMeHTBH BpeMeHH, Xapak-
TepU3yIOIIHMe HayaJlo HMIYIbCa H3IYyYeHUS
U OKOHYAHHe.

Beipasum, peakuuio ®IIMP Ha Bxome RC-Liemu
Jepe3 Iajallllee CIeKTpajdbHOe paclpefeeHUe
MOIIHOCTHU M3Jy4eHUs C y4eTOM HOPMHUPOBAHHOU
OTHOCHTEIbHOMN YyBCTBUTEIBHOCTH:

U,y = [ ®(%,t)-S(2)d, 2)

roe ®(A, t) - cHOeKTpajJbHasli OCBEIIEeHHOCTH,
Br/(M2-HM); S)\(A) - pacmpeneneHHe HOPMHPOBAH-
HOM OTHOCHUTE/IbHOM 4yBCTBUTEIBHOCTH JATUMKa;
A, B A, AMama3oHH JJIUH BOJH B IIpefenax CIeK-
TPaJIbHOM YYBCTBHUTE/JIBHOCTH JaTUHKa.

Y4UTBIBasl, YTO BPeMEeHHOM HHTerpaj CIIeK-
TPa/IPHOTO paclpefeneHHUs 06JyueHHOCTH eCcTb
3HepreTuyeckasi OCBeIleHHOCTb, IOACTaBIsgeM (2)
B (1) U C yueTOM M3BeCTHOIO 3Ha4UeHHs BOJBTOBOK
4yBCTBUTeNbHOCTH OIIM® BhIpakaeM HHTerpal
CIIeKTPaJIbHOIO pacIipefeieHus] dHepreTH4YeCcKoro
H3JIyYeHHUS:

i1

on the receiver, at the wavelength of the maximum
sensitivity S, [V-m?/W].

The photodetectors are located at a distance
sufficient to hit the entire RS in the effective field
of view of the receiver in such a way that the cosine
of the angle of incidence of the radiation on the
photosensitive surfaces can be neglected.

Let us write down the RC-circuit equation by
expressing the signal obtained at the output through
the photodiode pad reaction [11]:

1 ,o
URC=;'ftl UBxdtr (1)

where Uy, is the signal at the RC-circuit output, V; U;,
is the signal at the RC-circuit input, V; t is the time
constant of the chain, s; tl are the instants of time
characterizing the beginning of the radiation pulse
and the termination, s.

Let us express the PBPR reaction at the RC-circuit
input through the incident spectral distribution of the
radiation power, taking into account the normalized
relative sensitivity:

U

w= [ @(1,0)S(1)dn, )
where ® A ) is the spectral illuminance, W/
(m?-nm); S,(A) is the distribution of the normalized
relative sensitivity of the sensor; A; and A, are the
wavelength ranges within the spectral sensitivity of
the sensor.

Considering that the time integral of the spectral
distribution of irradiance is the energy illumination,
we substitute (2) in (1) and, taking into account the
known value of the volt sensitivity of the PBPR, we
express the integral of the spectral distribution of the
energy radiation:

[IE()S()dn="2T, 3)

max
where E(A) is the spectral distribution of the energy
illumination, J/(m? - nm).

The reaction spectrometer is proportional to the
incident radiation:

E(r)=K A), @

CIIeK CHEK(

where K, is the coefficient of proportionality of the
reaction of the spectrometer, J/ref.unit; Eg,,. (A) is the
reaction of the spectrometer to the incoming spectral
distribution of the energy illumination, ref.unit/(m? -
nm). By substituting (4) into (3) and expressing K

we obtain:

spec?
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=

JE()-S(1)dn= % (3)

max
roe E(A) - cmeRTpasibHOE pacnpefeseHue SHepPreTH-
YeCKOM OCBEIeHHOCTH, JK/(M2-HM).

Peaknusi CIEKTPOMeTpa IIPOIOPLIUOHATIbHA
[aAoeMy U3J1y4YeHHUIO:

E(r)=K A), @)

CHeK. cnek(
rge Kipex - KO03QOHIIMEHT IMIPOHOPILIMOHAJIBHO-
CTH PpeakOUuHu CcHeKTpoMmeTpa, J[K/OTH. en.;
E qex(M) — peakius crekTpoMeTpa Ha IpPHUXOAsINee
CIeKTpajJbHOE pacIpefie/ieHHe 3SHepreTH4ecKoM
OCBeIlleHHOCTH, OTH. en/(M2-uHM). IoacTtasnsas (4)

B (3) 1 BeIpasKkas K ., ONIydaeMm:

I<cn91< = i URC =z . (5)
Smax " J Ecne(M)-S(2)dn

CHEK(

[ToacTaBasis PAacCUMTAaHHOe 3HAa4YeHHe KO3d-
dUIMeHTa NPONOPLUOHAIBHOCTH B (4), IonydaeM
CIIeKTpajibHOe pacIpefie/ieHHe >HepreTH4ecKoM

OCBeIlleHHOCTH, HPI/IXO,ELHHLEI:I Ha IIpHEeMHYIO IIJIO-
maaKy CIIEKTpOMeETDpaA.

NMPUMEP MNONYYHEHUA CMNEKTPAJIbHO-
DHEPIETUYECKOI O PACIMNPEAENEHUA
N3NYHEHUA

B kauectBe WU criomHOro crekrpa 6pyia paccMo-
TpeHa TpybdaTasi KMIIyJIbCHAs KCEHOHOBAS JIaMIla
C MeX3JIeKTPOOHBIM paccTosHueM 120 MM U BHY-
TPeHHUM JHaMeTpoM - 5 MM. O6o/o4yKka JaMIIBI
6plJIa M3rOTOBJIEHA M3 KBAPLEBOTO CTeKJIA C IIOIJIO-
meHueM B YO-C obrmactu He 6osee 15%. PaspsagHBII
KOHTYp obecredynBaj KMMIIYJIbC HU3/IyUeHUS [IJIHU-
TeJIBHOCTBIO MopsgKa 120 MKc.

H3ny4yaTesbHble XapaKTePUCTUKH PErHCTPUPO-
BaJIMCh C [IOMOIIIBIO OIITOBOJIOKOHHOTO CIIEKTPOMETPA
IIPOCBETIEHHOI0 THIIa C BBICOKOM YyBCTBHUTEIBHO-
CTBIO B YyIbTPpadHOJIETOBOM [IHAIla30He AvaSpec-
ULS2048-USB M CIIeKTpaJIbHOM IIOTPEIIHOCTBIO He
6onee 0,05 HM 1 PIIH® UV Sensor "TOCON-C6", peru-
CTPUPYIOIIUM H3JIy4eHHe B JHala3oHe 220-275 HM
C MaKCMMYMOM YYyBCTBHUTEJIBHOCTH Ha 255 HM
U IIOCTOSSHHOM BpeMeHH 31,4 mc [12]. [ns OITUO® Bo
BcepoccHUiiCKOM Hay4YHO-HCC/Ie0BaTe/IbCKOM HHCTH-
TyTe ONTHKO-QU3UUecKUX H3MepeHUN (BHHUODH)
6ply1a 3apaHee MpoBeJleHa KaaUOPOBKA U I10JyUeHBl
pacmpelleieHHe OTHOCHUTE/IbHOL UyBCTBUTEIBHOCTH
S\, HOPMHPOBAaHHOK Ha MaKCHMaJIbHOe 3HAa4eHHe
(puc.3), U 3HaueHHe BOJBTOBOM UyBCTBHUTEIBHOCTH
Ha OJIMHe BOJHEI 253,7 HM.
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Upc't

I<CHEK = A, M
Smax ' J, Ecnee()-S(2)dn

(5)

CIIeK (

By substituting the calculated value of the
proportionality coefficient in (4), we obtain the
spectral distribution of the energy illumination
coming to the receiving area of the spectrometer.

EXAMPLE OF OBTAINING SPECTRAL

AND ENERGY RADIATION DISTRIBUTION

As a continuous spectrum RS, a pulsed xenon flash
lamp with an interelectrode distance of 120 mm and
an inner diameter of 5 mm was studied. The lamp
shell was made of quartz glass with absorption in
the UV-C region of not more than 15%. The discharge
circuit provided a radiation pulse with a duration of
about 120 microseconds.

The radiative characteristics were recorded using a
light-emitting optical fiber spectrometer with a high
sensitivity in the ultraviolet range AvaSpec-ULS2048-
USB and a spectral error of no more than 0.05 nm and
an PBPR UV Sensor "TOCON-C6" recording radiation in
the range of 220-275 nm with a maximum sensitivity
of 255nm and a time constant of 31.4 ms [12]. The PBPR
was carried out in the All-Russian Scientific Research
Institute of Optical and Physical Measurements
(ARSRIOPM) in advance, and a distribution of the
relative sensitivity SA normalized to the maximum
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Puc.4. Ocuunanozpamma, nonyyeHHas ¢ @r1® TOCON_C6
Fig. 4. Oscillograph pattern obtained with the PBPR
TOCON_C6
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Ugc, CHEMaeMoOe C OCLIMJIJIOTPaMMBl UMIIYJIbCa
usnydenuss ¢ OIHP (cm. puc.4), COCTaBUIO
0,3 B. OTHOCHTe/IbHOE CIIeKTPAJIbHOE pacmpefese-
HHe, 3apeTMCTPHPOBAHHOE CIIEKTPOMETPOM C ydye-
TOM HOPMHPOBAHHOM OTHOCHTE/IbHOH 4YYBCTBH-
TesbHOCTH QIIH®, mpuBeneHO HA PHUC.5.

[TogcTaHOBKAa MHTerpajaa CIeKTPa/JbHOLO pac-
Ipefe/leHUs] U3IyUYeHHU C Y4eTOM OTHOCHUTEIbHOMN
4yBCTBUTeNBHOCTH PIIH®, BOIBTOBON YyBCTBHUTE/Ib-
HOCTH, CHIHaJla MaKCHMyMma u3ny4deHus ¢ OIIHNO
U IIOCTOSSHHOM BpeMeHM B dopMmyiny (6) mosBoisieT
paccuMTaTh 3HadeHHe Ko3pPHUIIMeHTa Kanubpo-
BOYHOro Ko3QoHIIHMeHTa Ojs CIeKTpoMmeTpa K ...
Beruucasia mo ¢opmyse (5 3HadeHHe >HepreTH-
YeCKOM OCBeIleHHOCTHM M YYUThIBasl PaCCTOSHHE
mo MU, mony4yaeMm CIIeKTpa/ibHOe paclpefesieHHe
3HepreTH4YeCcKOM CBeTUMOCTH B eJUHHIIE TeJIeCHOI0
yI7a KMI1y/1bCHOK KCEHOHOBOM JIaMIIBI (PHC.0).

3AK/TIOYEHWUE

HecmoTpsi Ha TO, 4TO GOTOLMOAHBIN NPHEeMHHUK
PeruCcTpUPOBAT M3/1yYeHHS B OTHOCUTEIBHO Y3KOM
CIIeKTpa/JIbHOM [JHalla3oHe, YHalnoCch HOOUTHCA
mosiyueHUsI abCOMIOTHBIX 3HAUeHUM CIIeKTPajb-
HOTO pacIipefe/lleHUs] 3Hepruu B 6ojee IIMPOKOM
JHaIla30He peruCTPAlluM CIIeKTPOMeTpa.
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Fig. 5. Spectral distribution of energy density

value (Fig. 3) and the value of the volt sensitivity at a
wavelength of 253.7 nm were obtained.

Upc taken from the radiation pulse oscillograph
pattern using PBPR (see Fig. 4) was 0.3 V. The relative
spectral distribution recorded by the spectrometer
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[TonydyeHa u amnpobupoBaHa MeTOAHKA H3Me-
PeHMs CHeKTPaJbHOTO PpacHpefeneHUs] 3Hep-
TUU H3/Iy4YeHHUS HUMIIYIbCHBIX HCTOYHHUKOB CBeTa
CIIJIOUIHOTO CIeKTpa. MeTogMKa OTIHMYaeTCs IIpPo-
CTOTOM, HaJeXHOCTbIO IIpelBapUTEeNbHON Kalu-
OpOBKU U OIIePaTHBHOCTBIO [TOJIyYeHU s pe3y/lIbTaTa.
MeTonuka anpobrpoBaHa Ha UMITYJIbCe H3TyYeHU S
OIATEeNbHOCTBIO TOPsiAKA 120 MKC, OLHAKO MOXKET
OBITH MCIIONIb30BAaHA [/ PerUcTpalluM Kak bonee
KOPOTKHX, TaK U 6ojee MIHUTETbHBIX HMIIYIbCOB,
TaK Kak oOrpaHHYeHa UCK/AIOUYHUTEIbHO BpeMeHHBIM
pa3pelleHHeM HCII0JIb3yeMOro 060pyLOBaHUS.
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Fig. 6. Spectral distribution of radiation energy of a pulsed
xenon lamp

taking into account the normalized relative sensitivity
of the PBPR is shown in Fig. 5.

Substitution of the integral of the spectral
distribution of radiation, taking into account the
PBPR relative sensitivity, the volt sensitivity, the
radiation maximum signal with the PBPR, and the
time constant into formula (6), makes it possible to
calculate the value of the coefficient of the calibration
coefficient for the spectrometer K,,.. Calculating the
value of the energy illumination by formula (5) and
taking into account the distance to the RS, we obtain
the spectral distribution of the energy luminosity
per unit of solid angle of the pulsed xenon lamp
(Fig. 6).

CONCLUSION

Even though the photodiode receiver registered the
radiation in a relatively narrow spectral range, it
was possible to obtain absolute values of the spectral
energy distribution in a wider range of spectrometer
registration.

A method of measuring the spectral distribution
radiation energy of the continuous spectrum pulsed
light sources is obtained and tested. The method
is characterized by its simplicity, reliability of
preliminary calibration and efficiency of obtaining
the result. The method is tested on a radiation pulse
with a duration of about 120 ps, but it can be used
to record both shorter and longer pulses, since it
is limited only by a temporary resolution of the
equipment used.



