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BBEAEHUE
B HacTos1ee BpeMs OITUKO-PH3MUECKHe H3MepUTe/Ib-
Hble CHCTeMbl IIMPOKO HCIIONB3yeTCsl B pa3Hoobpas-
HBIX 00/71aCTSIX HayKH, TEXHUKH, HAPOJAHOI'O XO3SIFICTBA.
[Ipy NIpoBefleHUH OINTHKO-QU3UUECKUX H3MEPeHUH
uHopManus o6 H3MepseMoM oOBeKTe HIM Cpefe
II07y4aeTcs] Ha OCHOBAaHMH aHa/lHM3a OTPasKeHHOIO,
PaccessHHOIO, IPeJIOM/IEHHOIO HJIM IIOIVIOIEeHHOTO
371eKTPOMarHUTHOIO K3/1y4YeHMs OITHYeCcKoro guara-
30HA [VIMH BOJH.

CymlecTByIolle ONTHUKO-QU3HUUECKHe CHCTeMBbI
00/1afa10T CIefyIOIMMHU HeIOCTaTKaMM

* BJIHSHHE IIYMOB K IOTPEIlHOCTeM H3MepeHUH

IIPUBOAUT K HEKOPPEKTHOCTH OOPAaTHOM 3aJavyu
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The review presents optical and electronic
methods and systems of various functional
purpose developed by the authors on the basis
of the“a priori-free” concept, which make it
possible to exclude a priori information or
assumptions about the object under study in the
interpretation of measurement information, as
well as “non-calibration” measuring systems that
are resistant to changes in the instrumentation
constants of reception radiating, recording
blocks, environment, pollution of optical
elements.
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INTRODUCTION
Currently, optical and physical measuring systems
are widely used in various fields of science, technol-
ogy, and the national economy. When carrying out
optical and physical measurements, information
about the measured object or medium is obtained
based on the analysis of the reflected, scattered,
refracted or absorbed electromagnetic radiation in
the optical wavelength range.

The existing optical and physical systems have
the following disadvantages:
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IIpYU HUHTepIIpeTalluy H3MePUTeNIbHON HHOOP-
MaIHH;

* OTCYTCTBYIOT MEeTOAbl M AJITOPUTMBI pelleHHs
HEKOPPeKTHBIX OOpPaTHBIX 3aZjadya II0 BOCCTAHOB-
JIEHUIO OIpelensieMbIX MapaMeTpoB, paborato-
IIHe B peayIbHOM MacIiTabe BpeMeHU;;

e HeobXOMMMOCTb HCIIO/Ib30BAHMS 6OJIBIIOrO KOJIH-
YecTBa AIPHUOPHOM HHPopMauuu o6 obwpexTe
HMCC/IeTOBaHUS;

* TPYAHOCTH MeTPOJIOTHYeCcKOH
CUCTEM.

B cBs13u € 3TUM B 3a1a4e 06paboTKU SAHHBIX OIITHKO-
bH3KMUecKUX H3MEpPeHHH Heobxoguma pa3paboTka
TaKUX CI10coboB 06paboTky HMHPOPMAIIMH, KOTOPHIE
II03BOJIMUIM OBl MAKCUMAJIPHO HCKIIOUUTH AlIPHOPHYIO
MHGOPMAIIMIO WIH JONyIIeHUs ob uccienyeMoM 06w
eKTe, HeoOXOOUMOCTh BHECEHHUS IIONPABOK Ha GOH
U Aperd IOKa3aHUHM IPUOOPOB, BIUSHHUS OKPYsKalo-
el Cpenbl, WIHM HMHade, MeTOLOB 06paboTku MHOOP-
Manuu, 6asypyromericss Ha KOHIEIIUM «be3arprop-
HocTu» [1-3]. CyTh JAHHOM KOHLEMNLHH KacaTelbHO
3aJa4M MHTepIpeTalli JaHHBIX ONTHKO-QU3UYeCKUX
HW3MepeHHUH 3aK/II0YaeTcsi B MUHUMA/IBHOM HKCII0JIb30-
BaHUM AIIPHOPHON MHPOPMALIMH HJIH AOIYLIEHUH 00
HCCIelyeMOl cpefie, IOJyYeHHH OIOPHBIX (Kamubpo-
BOYHBIX) 3HAUEHUM OIIpefie/sieMBbIX I1apaMeTpoB Oe3
MIpOBefleHHU s OIIONHUTEIbHBIX He3aBUCHUMBIX H3Mepe-
HUM, pelleHUM ITpobreMbl KaTHOPOBOYHBIX H3Mepe-
HUN (MAaKCHMJIBHOM HCKTIOUeHUH BIHSHUS allllapa-
TYPHBIX [IapaMeTPOB Ha pe3y/IbTaThl H3MEPeHUL).

dTTeCTallkuHu

NPOBJIEMA KAJIUBPOBOYHbIX
U3MEPEHUA
Borpockl KanubpoBKH H3MEPUTETbHBIX CHUCTEM BO3-
HHUKAIOT B 60}II>IJ_II/IHCTBE cnyqaeB SI(CHepI/IMEHTAJIbeIX
I/I3MepeHI/II;I. B HpaKTI/I‘-IECKOM IIJIaHe OHU BBIVIMBAKOTCS
B HpO6J‘I€My METpOHOI‘I/IHECKOfI aTTeCTalluK CHCTeMBI.
,ﬂ)‘[ﬂ HEI(OTOPBIX cnyqaeB pemeHHe BOHpOC& MeTpO)'IO‘
FI/I‘-IECKOI;I aTTeCTallhuU SIBJISIeTCS Oda’Ke 60)‘[68 CJIIO>KHBIM,
YyeM COo3ZaHHe CaMOH H3mepHTeanoﬁ CHUCTEeMEI.
O6I:I‘-IHO I/I3MepI/ITe)'IbHaH CUCTeMa CO/ILGP)KI/IT HUCTOY-
HHUK I/I3J‘Iy‘IEHI/I${ 3Hepr1/m nu HpI/IEMHyIO YacThb, KOTOP&H
ripeobpasyeT IIPUHUMAEMYIO SHEPIHIO B M3MepsieMbIH
curHan. IIpeobpasoBaHHe 3HEPrUH B H3MepsieMbli
CHUTHAJI ¥ BBIBOJ ero B popme, y,uo6H01?1 JIJIST BOCIIPHSI-
THA, OCYH.IQCTB)‘IHQTCH B BUe HeI/I3BeCTHOI;I 3aBUCHUMO-
CTH OT MHOXKECTBA IIapaMeTpoB. Llenplo KaniubpoBKU
U ABJIIeTCs yCTaHOBHeHI/Ie BH1a 3TOI;I 3dBUCHUMOCTHU.
MaTteMaTHU4YecKHu 3TO Bpra.)KaeTCSI B TOM, YTO BeJIN-
YK Ha BBIBOOAMMOI'O CHTHAJ/Ia BK/IIOUaeT KdK KOHCTAHTbI
HCTOYHHKOB, HpI/IeMHI/IKOB, TdK U KOHCTAHTBI BCero
TpakTa Impeobpa3oBaHUs HHOOPMALMHM, 3HAYEHHUS
KOTOPBIX H HeobX0IHuMOo yCTAaHOBHTbL. Bce 3TH KOH-

« The influence of noise and measurement
errors leads to the incorrectness of the inverse
problem when interpreting the measurement
information;

« There are no methods and algorithms for solv-
ing incorrect inverse problems of recovering
the determined parameters operating in real
time;

e The need to use a large amount of a priori
information about the research object;

« Difficulties in metrological certification of sys-
tems.

In this regard, in the task of processing opti-
cal and physical measurements, it is necessary to
develop such methods of information processing
that would maximally exclude a priori information
or assumptions about the object under study, the
need to make corrections for the background and
drift of instrument readings, environmental influ-
ences, or otherwise, methods information process-
ing based on the concept of “a priori-free” [1-3]. The
essence of this concept regarding the problem of
interpreting the data of optical and physical mea-
surements is the minimum use of a priori informa-
tion or assumptions about the investigated medium,
obtaining the reference (calibration) values of the
determined parameters without additional inde-
pendent measurements, solving the problem of
calibration measurements (maximally eliminating
the influence of instrumental parameters on the
measurement results).

CALIBRATION MEASUREMENT PROBLEM
Calibration issues for measuring systems arise
in most cases of experimental measurements. In
practical terms, they result in the problem of met-
rological certification of the system. In some cases,
the solution to the issue of metrological certifica-
tion is even more difficult than the creation of the
measuring system itself.

Typically, a measuring system contains a source
of energy radiation and a receiver part that con-
verts the received energy into a measured signal.
Conversion of energy into a measured signal and
its output in a form convenient for perception is
carried out in the form of an unknown dependence
on many parameters. The purpose of calibration
is to establish the type of this dependence. Math-
ematically, this is expressed in the fact that the
magnitude of the output signal includes both the
constants of sources, receivers, and the constants
of the entire information conversion path, the
values of which must be set. All these constants
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CTaHTBl C TeYeHHEM BpeMeHH U H3MeHeHHeM YCIIo-
BUH 3KCIIEPUMEHTA MOT'YT MEHSTHCS, UTO elle 6osblie
YCIIOKHSIET ITpobiieMy KaTHOpOBKH.

JJaHHBIe HeJOCTATKU YCTPAHSIOTCS HCKIOYeHHeM
3aBHCHMOCTH OT BJHSIHUS Cpelpl, aIlllapaTypHBIX
KOHCTAHT, 3arps3HeHUN U T.II. OueBHIHA OTCIOAA
aKTyaJIbHOCTb CO3JaHMS «OeCKaTHOpPOBOUHBIX» H3Me-
PUTENBHBIX CHUCTEM (MaKCHMAJIBHO YCTPAHSIOMIMX
3aBHCHMOCTb OT OTMEUEeHHBIX TOJIBKO YTO BIHUSIHUM) [3].
«BecKaTMOpOBOYHOM» >Ke HM3MepHTelbHAsl CHCTEMA,
B CBOIO OYepelb, MOKET OBITh TOJIBKO B TOM CJIydae,
ecy OHa 6ygeT MaKCMMAIbHO YCTOMYHBA K H3MeHe-
HUIO aIlIIapaTypHBIX KOHCTAHT.

B a3epHO-JIOKALIMOHHBIX HM3MepeHHUSIX 3aJadva
06paboTky MHOOPMAILIMH IIOAPAa3yMeBaeT He TOJIBKO
yCTaHOB/IeHHEe QYHKUMOHAIBHBIX CBSI3€Hd MeXKIy
rosy4aeMou HHPoOpMallLel U ollpefensieMOU xapak-
TePHUCTUKOM, BKJIIOYAIOMIMX allapaTypHble KOH-
CTAQHTBI CUCTEMBI, HO ¥ MHTePIIPeTaLIHIO IT0Ty4aeMOMH
KOCBeHHOM HHOopManuu ob uccienyeMoM obbeKTe
(T.e. pemeHHe oOpaTHOM 3amadyu. IIpaKTHYeCKH
BO BCex CIy4Yasx 3aZiada HHTepPIpeTalluH IIolydae-
MOH KOCBEHHOM HHOQOPMAlMHU SB/ISIeTCS MHOTOIA-
paMeTpUYEeCKOM M YacTO HEKOPPEKTHOM 06paTHOM
3amayelt [4].

[l71s ee peleHUs 371ech TpebyeTcst 3HaHHE OIOPHBIX
(KaTMOpOBOYHBIX) 3HAUEHHUH OIIpefe/IsieMbIX OIITHYe-
CKUX XapaKTePUCTHUK IIyTeM JOIIOTHUTETIbHBIX H3Me-
PEeHHH WX >Ke U3 CaMHUX CHUTHAJIOB 0OpaTHOro paccesi-
Hus (6e3 mpoBefeHU s JOIOTHUTEIbHBIX He3aBUCHUMBbIX
HM3MepeHU). B 4acTHOCTH, IIpelIo>KeHO HCII0b30BaTh
CUTHAJIBI 06PATHOI0 PaCCesTHUS OT IIePeKPhIBAIOIIHXCS
X0Ts 6Bl Ha BeJITMYMHY LIIMPHUHBI KAHAIA PErHCTPALU
MHTepBaIOB. [IoApoOHO MeTOIBl YCTAHOBIEHHUS OIOP-
HBIX (MHTeIpaJIbHBIX K JIOKIBHBIX) KaIHOPOBOYHBIX
3HAaYeHUN PacCMOTPEHEI B [5].

B CBA3M CO CKa3aHHBIM CYyThb KOHLENLHUU «be3-
AITPHOPHOCTH» KacaTeabHO 33Ja4Yd HWHTEpIIpeTalliy
OAHHBIX JIa3epPHO-JIOKALIMOHHOIO 30HAHPOBAHUS
3aK/II09aeTcsl B MUHUMAIPHOM HCIIOTIb30BAHUH AIIPU-
OpHOX HMHQOpPMAIIMK HIH [OMYyILeHUI o6 Hcciemye-
MOU Cpefie, MAKCHMaJbHOM HCKIIOYEHUU BIHSHUSI
anmapaTypel M HCIIONb3yeMBIX QH3UUECKUX IIpoLiec-
COB Ha pe3ysIbTaThl M3MepeHMI, HCKIIOYeHHH OIop-
HBIX (KaIHOPOBOYHBIX) 3HAUEHHU OIpefessieMbIX
rapaMeTtpos [1,5].

Takum obpa3oM, 3¢deKTHBHOe HCIIOIb30BAHIE
ONTHUKO-QHU3UUECKUX H3MEPEeHHH B [IHArHOCTHKE,
KOHTpoJIe, B TeXHHYeCKHUX IIpPolleccaxX, B Hay4HBIX
HCC/IeOBAaHUSIX U T.II. TpebyeT pa3paboTku MeTOIOB
U cucreM, 6asypyromerics Ha KOHLENIUU «be3ampu-
OpPHOCTH», pelleHHUsl 3a/ay, I103BOJISIOMIMUX CO3AHHe
«becKaIMOPOBOUHBIX? H3MEPHUTEIbHBIX CHCTEM.
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can change over time and changes in experimental
conditions, which further complicates the calibra-
tion problem.

These drawbacks are eliminated by exclud-
ing dependence on the influence of the environ-
ment, instrumental constants, pollution, etc. The
urgency of creating “non-calibration” measuring
systems (maximally eliminating dependence on
the influences just noted) is obvious from this [3].
The measuring system, in its turn, can be “non-
calibration” only if it is maximally resistant to
changes in the hardware constants.

In laser-location measurements, the task of
information processing implies not only the
establishment of functional links between the
received information and the characteristic being
determined, including the hardware constants
of the system, but also the interpretation of the
obtained indirect information about the object
under study (i.e., the solution of the inverse
problem. In almost all cases, the problem of
interpretation obtained indirect information is
a multi-parameter and often incorrect inverse
problem [4].

To solve it, knowledge of the reference (calibra-
tion) values of the determined optical character-
istics is required by additional measurements or
from the backscattered signals themselves (with-
out additional independent measurements). In
particular, it is proposed to use backscattered sig-
nals from intervals overlapping at least by the
width of the recording channel. Methods for estab-
lishing reference (integral and local) calibration
values are discussed in detail in [5].

In connection with the above, the essence of
the concept of “a priori-free” with respect to the
problem of interpreting the data of laser-ranging
sounding is the minimum use of a priori informa-
tion or assumptions about the studied medium,
the maximum elimination of the influence of
the equipment and the physical processes used
on the measurement results, the exclusion of
reference (calibration) values of the determined
parameters [1,5].

Thus, the effective use of optical and physical
measurements in diagnostics, control, in techni-
cal processes, in scientific research, etc. requires
the development of methods and systems based
on the concept of “a priori-free”, solving problems
that allow the creation of “non-calibration” mea-
suring systems.

The submissions received and submitted can be
summarized as follows:
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HonyquHme Hu TIIpeAcTaB/isieMble MaTepHaJIbl
MO>KHO pe3iOMHPOBATh CJIEAYIOIMIMM O6p330M:

METO/Abl N CUCTEMDI
ONTUKO-®U3NYECKUX USMEPEHUIA

B YC/IOBUSAX ANPUOPHOW
HEOMPEAENEHHOCTH
JlasepHO—noKaLUOHHbIe

B paborax [1, 2, 6-14] mpemnoskeHBI perpecCHOHHBIE
MeTO/Ibl pelleHHs] 0OpaTHBIX 337a4 OIITHYeCKOro 30H-
JUPOBAaHMUS CBETOPACCEMBAIOUIMX CpPeZ, 3aK/II0YaoLlK-
ecs B OIlpele/leHUH [1apaMeTPOB HCCIellyeMOM Cpezbl
Ha OCHOBe aHJIUTHYeCKHX BbIPasKeHUH, alllIPOKCUMHU-
PYIOIIMX CBSI3H HCKOMBIX [IAPAMETPOB CPelbl C U3MePs-
eMBIMH B IKCIIEPHMMEHTe ONTHYEeCKMMM CHTHAJIAMH.
OTU BBIpaKeHH II0JIy4alOT IIYTeM pPerpecCHOHHOIO
AHAJ/IM3a Pe3y/bTaTOB CTAaTHCTHYECKOIO MOJEeIHpPOBa-
HMS ONTHYeCKUX CUTHAJIOB IIPH LIMPOKOM BapHaLIMU
IapaMeTpoB Cpefbl. BaskHBIM JOCTOMHCTBOM TaKOIo
I0AX0AA K MHTePIIPeTaLiuU JaHHBIX OIITHYECKOTO 30H-
JUPOBAaHMSA SIB/ISETCS BO3MOXKHOCTb BOCCTAHOBJIEHHS
[IapaMeTpoB Cpelbl B peXKHMe peajbHOIO0 BpeMeHH
6e3 mpHBIeYeHUs AJIL TOTO AIPUOPHOM HHPOpMa-
UMK (eciM peajipHble 3HAUeHHUSI I1apaMeTpPOB Cpefbl
He BBIXOJST 3a ITpefie/ibl BBIOOPKU, HCIIONb3yeMOK IJIs
IOyYeHHs CTAaTUCTHYECKOro OIlepaTopa pelleHHs
obpaTHOM 3afauu). Ha monmydaemble perpecCHOHHbBIE
COOTHOIIEHMS, K TOMY >Ke, He BJIMUSIOT allllapaTypHble
KOHCTaHTBI, CBS3bIBAIOIIHE PACCYUTEIBA@MbIe CUTHAJIBI
C ImapaMeTpaMHM PAaCCeHBAIOIIMX CPef,.

9$PeKTUBHOCTL PErpecCHOHHOrO IIOAXO0AA K perle-
HUIO 0OpaTHBIX 337lau IMPOJEeMOHCTPHPOBAaHa B pabo-
Tax [1, 2], roe myTeM YHC/IeHHOIO MOJeIHPOBaHHS
ONTHUYeCKUX IIapaMeTpPOB a3po30/s IIPU IIHPOKOH
BapHallMH ero MHUKPOPH3MYECKHX I1apaMeTpoB yCTa-
HOBJIEHBI MHOTOYMC/IeHHBbIe perpecCMOHHbIe CBS3HU
MeXKIy ONTHYECKMMHU, a TAKKe MeXKIY ONTHYeCKHMH
1 MHKPOQHM3HUUYECKMMHU XapaKTePHUCTHKAMH MHOIO-
KOMITOHEHTHBIX a3p030jIeH eCTeCTBeHHOIO0 M aHTPOIIO-
TFeHHOTO ITPOMCXOXKIEHHUS .

ITony4eHHbIe perpeCCHOHHbIe COOTHOLIEHHS MEXIY
ONTHYECKUMH, a TaKKe ONTHUYeCKMMH U MHKPO-
OHU3MYECKUMHU XapaKTePUCTHUKAMH aTMOCHEpHOro
a3po30JIs1 XOPOLIO COINIACYIOTCS C PacUeTHBIMU M 3KC-
[IepUMeHTa/IPHBIMHU HAaHHBIMU TIJ1I06aJIbHOM CeTH
MOHMTOPHHTA a3P030JIs Ha OCHOBE CKAHUPYIOIIMX COJI-
HeyHBIX ¢oTomMeTpoB AERONET M M3BeCTHBIMH 3KC-
[IePUMEHTAIbHBIMH OIITUKO-MHUKPOCTPYKTYPHBIMHU
KOPPeISALHUIMH [Jis CTPATOCHEepHOro U IPHU3EeMHOI0
aspo3sons [8, 13].

Ha sTol ocHOBe pa3paboTaH psifi METONOB U MeTo-
MK OIlpefie/IeHUsI MUKPOPH3UUECKHX XaPAKTEPUCTHK
a’po30jid IO AAHHBIM JIa3€pPHO-JIOKALIMOHHBIX, CIIyT-

=

METHODS AND SYSTEMS OF OPTICAL

AND PHYSICAL MEASUREMENTS

IN CONDITIONS OF A PRIORI
UNCERTAINTY

Laser-location

In [1, 2, 6-14], regression methods for solving
inverse problems of optical sensing of light scat-
tering media are proposed, which consist in deter-
mining the parameters of the medium under study
on the basis of analytical expressions approximat-
ing the relationship of the required parameters of
the medium with the optical signals measured in
the experiment. These expressions are obtained
by regression analysis of the results of statistical
modeling of optical signals with a wide variation
of the environmental parameters. An important
advantage of this approach to the interpretation of
optical sounding data is the ability to reconstruct
the parameters of the medium in real time without
using a priori information for this (if the real values
of the parameters of the medium do not go beyond
the sample used to obtain the statistical opera-
tor for solving the inverse problem). The obtained
regression relations, moreover, are not affected
by the hardware constants connecting the calcu-
lated signals with the parameters of the scattering
media.

The effectiveness of the regression approach to
solving inverse problems was demonstrated in [1, 2],
where by numerical modeling of the optical param-
eters of aerosol with a wide variation of its micro-
physical parameters, numerous regression relation-
ships were established between the optical, as well
as between the optical and microphysical charac-
teristics of multicomponent aerosols of natural and
anthropogenic origin.

The obtained regression relations between the
optical and optical and microphysical character-
istics of atmospheric aerosol are in good agree-
ment with the calculated and experimental data
of the global aerosol monitoring network based on
the AERONET scanning solar photometers and the
known experimental optical-microstructural cor-
relations for stratospheric and surface aerosols [8,
13].

Based on this, a number of methods and tech-
niques have been developed for determining the
microphysical characteristics of an aerosol from the
data of laser-ranging, satellite, photometric and
nephelometric measurements. In particular:

« a method for reconstructing the profiles of

aerosol backscattering coefficients on hori-
zontal and inclined paths in the atmosphere
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HUKOBBIX, $OTOMETPHUUECKUX U HederoMeTpHUUecKUX
M3MepeHHI. B 4acTHOCTH:

MeTOJ BOCCTAHOBIeHHUA Mpoduierd Ko3¢-
GUIIMEeHTOB a3p030JIBHOTO 06paTHOro pac-
CesdHHS Ha TOPH30HTA/IbHBIX KW HAK/IOHHBIX
TpaccaXx B aTMocdepe U3 Pe3yabTaTOB 30HIHPO-
BaHHA JIa3epPHO-JIOKALIMOHHBIMU CHCTeMaMHU
Ha ocHOBe YAG:Nd3*-1asepa, HCIIOIB3YIOIIMI
YCTAHOBJIIEHHYI0O Ha OCHOBE CTAaTHCTHYeCKOH
MHKPOPH3NYIECKOM MOJEeNIH TOpPOACKOro u $GoHo-
BOIO a3po30JIell PerpecCHOHHYIO CBSI3b MEXIY
CIIeKTPAJIBHBIMUA 3HAa4eHUSIMH KO3QOUIIMEeHTOB
0bpaTHOro paccessHUs Ha AJIWHAX BOMH 355; 532
1 1064 HM [15]. Pa3paboTaHHBIN METOZ MOXKET
3QPeKTHBHO MCIIOIB30BATHCA /11 MOHHUTOPUHIA
A9PO30/IbHBIX 3arpsi3HEHHUM aTMocdepbl M I
KOHTPOJIS JJIBHOCTH BHUIMMOCTH IO IJIMCCaJe
B a9pOIIOPTax;

METOfl, BOCCTAHOBJIEHUSI BBICOTHBIX IIpodHIIeHr
OIITHYeCKUX M MHKPOPHU3MYECKUX I1apaMeTPOB
IIOCTBY/IKAHHUYECKOT0 CTPAaTOCHEepHOro aspo30iisd
M3 pe3y/JIbTaTOB 30HAHPOBAaHMSA Ha JJIMHAX BOJIH
355, 532 1 1064 HM [10]. MeTop, UCIIONB3YeT yCTa-
HOBJIEHHBIE Ha OCHOBe CTaTHUCTHYeCKOU OITHKO-
MHUKPOPHU3NYECKON MOJenu cTpaTocdepHOro
a’po307Isl YCTOMYUBLIE MHOXKECTBeHHbIE perpec-
CUM MEXKOY ONTHYeCKHMMM XapaKTepHUCTHKAMU
aspo30j1d K AJITOPUTM BOCCTAHOBJIEHUS IIPOPH-
ner K03bdHULIKeHTa a9p030JIbHOr0 06paTHOro pac-
CesHUs Ha YKa3aHHBIX JIMHAX BOMH. ObpaTHas
3aflada pelllaeTcs C HKCIIO0Nb30BaHHEM II0JIMHO-
MHQJIBHBIX MHOXECTBEHHBIX PerpecCUuil MeXIy
MHTeIPaJIbHBIMH MHKPOPHU3IMYECKHMH I1apaMe-
TpaMHM a3po30Jisi U CIIeKTPa/IbHBIMHU 3HAYeHUSIMU
K03pUITMEHTOB 06PATHOrO paccesHus;

MeTOJBL OIlpefie/ieHHs] KOHLIeHTPalluu GOHOBOIO
aTMOCPepHOro as3po30jis, OCHOBAHHBIE Ha H3Me-
PeHUHU CIIeKTPaJbHBIX 3HAuYeHHUI Ko3bHITHeH-
TOB ocabiieHus UK KO3QPULIKIeHTOB 06paTHOro
paccesuus (IlateHT BY10845 C1, 2008), a Tarke
K03)HILIMEHTOB paccessHUs 1o yrinaMu ([TaTeHT
BY10844 Cl1, 2008) U yCTaHOBJIIEHHH perpeccu-
OHHBIX COOTHOIIEHHUN MEXAY OIpelensieMbIMHU
Y U3MepsieMbIMH I1apaMeTpaMHU;

METOJ, OIlepaTHBHOIO MOHHUTOPHHIA MacCCOBOU
KOHLIeHTPALIMHU U 3QPeKTUBHOIO pa3sMepa IIbljie-
BBIX YACTHLL B aCIIMPALIMOHHOM BO3Jlyxe M OTXO-
OAIIMX Ta3aX Ha LIeMeHTHBIX 3aBOJaX, OCHOBAaH-
HBII Ha M3MEPeHUH HAIIPaBIE€HHOIO paccessHHUs
IIBUIEBBIMH YacTHLAMM IIOL yryiaMu 3, 5 U 15°
Ha AjuHax BoiaH 0,40 u 0,87 MrM [16]. MeTop,
SIBIISI€TCSI YCTOMYMBBIM K HECTaOMIBHOCTH XMMH-
YEeCKOr0 M JOHCIEePCHOT0 COCTaBa IIBLIM, YTO
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from the results of sounding by laser-ranging
systems based on the YAG:Nd3* laser, using
the regression relationship between the
spectral values of the backscattering coeffi-
cients established on the basis of a statistical-
microphysical model of urban and background
aerosols at wavelengths 355; 532 and 1064
nm [15]. The developed method can be effec-
tively used to monitor aerosol air pollution and
to control the visibility range along the glide
path at airports;

a method for reconstructing the altitude pro-
files of optical and microphysical parameters
of postvolcanic stratospheric aerosol from the
results of sounding at wavelengths of 355,
532 and 1064 nm [10]. The method uses the
stable multiple regressions between the opti-
cal characteristics of the aerosol established on
the basis of a statistical optical-microphysical
model of the stratospheric aerosol and an algo-
rithm for reconstructing the profiles of the
aerosol backscattering coefficient at the indi-
cated wavelengths. The inverse problem is
solved using polynomial multiple regressions
between the integral microphysical param-
eters of the aerosol and the spectral values of
the backscattering coefficients;

methods for determining the concentration
of background atmospheric aerosol, based on
measuring the spectral values of the attenua-
tion coefficients or backscattering coefficients
(Patent BY10845 C1, 2008), as well as scattering
coefficients at angles (Patent BY10844 C1, 2008)
and establishing regression relations between
the determined and measured parameters;

a method of online monitoring of the mass
concentration and effective size of dust par-
ticles in aspiration air and exhaust gases at
cement plants, based on the measurement
of directional scattering by dust particles at
angles of 3, 5 and 15° at wavelengths of 0.40
and 0.87 pm [16]. The method is resistant to
the instability of the chemical and dispersed
composition of dust, which makes it possible
to eliminate the need for recalibration of the
device when it is used to control dust emitted
during various technological operations;

a method for determining the mass concentra-
tion of respirable aerosol particles in the atmo-
sphere from the results of lidar sounding at
wavelengths of the YAG: Nd3* laser, using the
established polynomial regressions between
the coefficients of aerosol attenuation and
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[103BOJIIeT YCTPAaHUTb HEOOXOAMMOCTb IlepeKa-
nuOpOBKU IpHbopa IIPU ero HCI0/Ib30BaHUU IS
KOHTPOJISI TIBUIM, BBIAE/SIOIIEHCS IIPH Pa3aiudd-
HBIX TeXHOJIOIMYeCKHX OIlepalMsx;

MeTOJ, OIpefe/leHHs] MAaCcCOBOM KOHLI@HTPALIUH
pecrirpabesTHBIX YacTHLL a3po30iisi B aTMocdepe
M3 pe3ylbTaToB JHAAPHOIO 30HIHUPOBAHHSA Ha
mnuHax BonH YAG:Nd3*-7masepa, HCIIOIB3yONIUI
yCTaHOBJIEHHbIe II0JIMHOMHA/IbHEIE Perpeccuu
MeXay Ko3pOHULIKeHTaMH a3po30/IbHOT0 0cabie-
HUSI 1 0OPaTHOrO paccesHUSI Ha AJIMHAX BOJH 355;
532 11064 um (ITaTteHnT BY14094 C1, 2008);

MeTOJ, JHCTaHILIMOHHOIO OIlpefeeHHuss Macco-
BBIX KOHLEHTPAaLlMH OPaKUHH aTMOCPepHOro
asposzona (PM; ,, PM, s u PM,) Mo AaHHBIM
COBMECTHBIX M3MePeHHH INAPHBIX CUTHAJIOB Ha
IyIMHax BomH 355; 532, 1064 u 2130 HM, obpa-
60TKe H3MEpUTEeNbHOM HHOOPMALIMHU C HCIIONb-
30BaHHEM perpecCHOHHBIX CBSI3eH C JIMHEHHO-
He3aBUCHMBIMU  KOMIIOHEHTaMHM  JaHHBIX
CIIeKTpPaJIbHBIX H3MepeHHN (EBPa3sHMCKUHA
nateHT 026024 B1, 2014);

MEeTOJ, OIpefe/leHHs] MAaCcCOBOM KOHLIEHTPALIMH
aspososnst (EBpasuiickuM nateHT 026528 Bl, 2014).
Hcrmonp3yeT IIOCBUIKY CBETOBOIO H3/IyYeHHsS Ha
IIMHaX BOIH 532 v 1064 HM, U3MepeHHe K03$dU-
LIMeHTOB HaIIPaBJI€HHOr0 pacCesHMs [ YITIOB
5 ¥ 20° ¥ perpecCMOHHBLIE COOTHOIIEHMS, CBS-
3bIBAOIIME KOHLIEHTPALIMU C PeTUCTPUPYyeMbIMU
Ko3pULIMeHTaMH1 HAIIPAaB/IeHHOIO pacCesHUS;
MeTOJi BOCCTAaHOBJIEHHSI BBICOTHOIO MIPOQUIIS
00beMHON KOHLIEHTPAaLIMK MeTKOAHCIIePCHOM
$pakiUKU a3p0o30/Ig HAIIPSIMYIO M3 TUAAPHBIX CUI-
HaJIOB Ha JUIMHAaX BOJTH YIIPYroro ¥ KOMOMHAITHU-
OHHOTO paccessHUs 6e3 KCII0Tb30BAHMUS AOIIOTHU-
TeJIbHBIX JAHHBIX /151 KAIMOPOBKU JTHUAAPA U IS
noorpeneneHus: obpatHor 3amauu [17]. Ilo3Bo-
JIeT C IIOTPEIIHOCTAMU B eQUHMIIBL IIPOLIEHTOB
BOCCTaHAB/IHBATh BEICOTHBII ITPOGHIIb 0OBEMHOM
KOHLIeHTPALIMK MeJIKOJHCIIEPCHBIX YaCTHL] a3po-
30JI1 4 [IapaMeTphbl UX pacIipefie/ieHus 10 pa3Me-
PaM K3 JIMJAPHBIX CUTHAJIOB Ha AJIMHAX BoaH Nd:
YAG3*-nasepa, a ¢ IIpUB/IedeHHEeM KaHaJIOB peru-
CTPallMd KOMOMHAIIMOHHOTO paccesiHUsI aTMOC-
depHBIM aszoToM - eme u KIIII a3po30i1bHOrO
BellecTBa. IIoKa3aHO, 4TO IOAy4aeMOH HHOOP-
Malldy [O0CTaTOYHO [JI PAacyeTOB OIITHYeCKUX
IapaMeTpoB a’po30/isd, BAMSIOIIUX Ha IepeHOoC
COJIHEYHOI0 U3/Iy4eHUs B aTMocdepe.

backscattering at wavelengths 355; 532 and
1064 nm (Patent BY14094 C1, 2008);

« a method for remote determination of mass
concentrations of atmospheric aerosol frac-
tions (PM; ,, PM, 5 and PM,,) based on data
from joint measurements of lidar signals at
wavelengths of 355; 532, 1064 and 2130 nm,
processing of measurement information using
regression relationships with linearly inde-
pendent components of spectral measurement
data (Eurasian patent 026024 B1, 2014);

« a method for determining the mass concen-
tration of aerosol (Eurasian patent 026528 Bl,
2014). It uses the sending of light radiation
at wavelengths of 532 and 1064 nm, the mea-
surement of directional scatter coefficients
for angles of 5 and 20° and regression rela-
tions that relate concentrations to the recorded
directional scatter coefficients;

« amethod for reconstructing the height profile
of the volumetric concentration of a finely
dispersed aerosol fraction directly from lidar
signals at elastic and Raman scattering wave-
lengths without using additional data for cali-
brating the lidar and for completing the deter-
mination of the inverse problem [17]. Allows,
with an error of a few percent, to reconstruct
the altitude profile of the volume concentra-
tion of fine aerosol particles and the param-
eters of their size distribution from lidar sig-
nals at wavelengths of the Nd : YAG3* laser, and
with the use of channels for registering Raman
scattering by atmospheric nitrogen - also the
complex refractive index (CRI) of aerosol mat-
ter. It is shown that the information obtained
is sufficient for calculating the optical param-
eters of aerosol that affect the transfer of solar
radiation in the atmosphere.

The developed methods are resistant to variations
in the disperse and chemical composition of the
investigated aerosols, to errors in optical measure-
ments and allow real-time local and remote moni-
toring of aerosol microphysical parameters with the
accuracy required for practice.

“Non-calibration” basic and nephelometric
methods

In the theory of measurements, it is customary to
distinguish between direct and indirect, as well as

Pa3paboTaHHBIe MeTOABI SIBJISIOTCS YCTOMYMBBIMM || joint and aggregate measurements, which differ in
K BapHaI[MsSM AMCIEPCHOTO0 M XMMHYECKOro coctaBa || the way of processing experimental data [3]. Joint
HCCIIelyeMBbIX a3po30Jiel, K IorpemrHocTsm omTude- || and cumulative measurements by the methods of
CKHUX HM3MepeHHN M II03BOJSIOT BBIIOAHSATH omepa- || finding the desired values of the determined quan-
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THUBHBIN JTOKIBHBIN U ,ELHCT&HLLI/IOHHI:II;I MOHUTOPHHTI
MI/IKpOCl)I/BI/I‘-IECKI/IX I[1apaMeTpPOB a3p030JIid C HEO6XO,LII/I‘
MOH AJIS1 IIPAKTHKH TOYHOCTBIO.

«beckannbpoBoYHble» 6a3UCHbIe

" HedenomeTpmyeckme MeToAbl

B Teopumn HM3MepeHHUM IPHUHSATO Pa3IH4aTh IIPsIMble
1 KOCBEHHble, a TakCKe COBMeCTHble M COBOKYIIHBIE
M3MepeHHs, KOTOpble OTIHYATCS crocobom obpa-
60TKU IKCIIePUMEHTATBHBIX JAHHBIX [3]. COBMeCTHBIE
1 COBOKYITHbIe M3MEpeHHsI I10 CIIocobaM HaXOXKIEeHHS
HCKOMBIX 3HAUeHU ! OITpefie/isieMbIX BeIMUUH 6/TH3KHU
1 B TOM, U B IPyTOM C/Iydae UX HaxXOAST IIyTeM pelle-
HUSI CUCTeMBl YPaBHEeHMH, KO3QPUIINEHTHl B KOTOPBIX
U OTZe/bHble YjIeHbl IOAY4YeHbl U3 3KCIePUMeHTa/Ib-
HBIX AaHHBIX. OCHOBHOE OT/IMYHe COCTOUT B TOM, UTO
IIPX COBOKYITHBIX HM3MEPEHHUSIX OIHOBPEMEHHO OIlpe-
IeTsiloT HeCKOJIBKO OHOMMEHHBIX BeJIMYMH, a IpHU
COBMECTHBIX ~ pa3HOUMEHHBIX.

B [3-5] mokasaHo, YTO IIpPHU HCIIOIb30BaHUHU COBO-
KyIIHBIX HM3MepeHHM 3a C4eT HKCIIOJIb30BaHMUS KOM-
6MHALMI ONHUX M TeX Ke ITPHUeMHO-H3/TyYaloNIuX
M M3MEepUTEeIbHBIX 67I0KOB K PAa3TUYHOIO UX MeCTOIIO-
JIO’KeHHSI UCK/IIOUAIOTCSI 3aBUCHMOCTH OT M3MeHeHHUH
MX aIIlapaTypHBIX KOHCTAHT. Mcmonb3oBaHHe AaH-
HOTO CBOMCTBA SIB/ISIETCS OCHOBOL CHHTe3a CTPYKTYP
HOBBIX “6eCKa/TMOPOBOYHBEIX» M3MEPUTENbHBIX U [JHa-
THOCTHYECKUX CHCTeM, Hauboree IOITHO YIOBIETBOPS-
IONTUX 33[ade MeTPOJIOTMYecKOM aTTeCTAallMH U aBTO-
MaTH3alUHU IIpollecca M3MepeHUH. Tak, B YaCTHOCTH,
pa3paboTaHsbl:

* [ByX/Iy4eBOoH HedeTOMETPHUYECKUMN MeTo[, U3Me-
peHHs ONTHYeCKOM TONIIMHBI pacCerBaIONIHX
cpen (ITateHTH BY6450 C1, 2004; BY3670 C1, 2000);

e basucHble «6ecKaTUOPOBOYHBIE» METOABI H3Me-
HEHHUS ONTHYEeCKHX XapaKTepHUCTHK PacCeHBalo-
IIKX Cpell, UX KOMIIOHEHTHOro cocTaBa ([IaTeHT
BY4655 C1, 2002);

* MeToJ M3MepeHHUsI MHIMKATPUC paccessHUs IIOf-
CTUJIAIOLEN IOBEPXHOCTH (ITatewT BY4120 (1,
2001);

e MeTof M3MepeHHUs KOo3PUIIMeHTa 06paTHOro
paccesHus [3].

PaszpaboTaHHble 6a3ucHO-HedeloMeTpUUECKHE
MeTOAbl M3MePeHMsl ONTHYeCKUX XapaKTepHUCTHK
II03BOJISIIOT HCK/IIOYHTh BAMsSHHe (pa3bpoc) ammapa-
TYPHBIX KOHCTaHT Ha Pe3y/JbTaT M3MEpeHUs M OCIa-
6n110T TpebOBaHMSI K IPOBEJEHHI0 KaTHOPOBOYHBIX
M3MepeHU. OTH BasKHeHIIHe JOCTOMHCTBA YIYYIIaloT
KaK TOYHOCTHBIE, TaK M 3KCIUIyaTal[MOHHBIE XapaKTe-
PUCTUKU. HcKIoueHHe KaTHUOPOBOYHBIX M3MEPeHHH,
OTHOCSIIMXCA K Haubosee CIOKHOM YacTH, Kacaro-
IIEHCS ONTUYECKOM COCTAB/ISIONICH, K YCTOMYMBOCTD
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tities are close: in both cases they are found by solv-
ing a system of equations, the coefficients in which
and individual terms are obtained from experimen-
tal data. The main difference is that with aggregate
measurements, several values of the same name are
simultaneously determined, and with joint mea-
surements, dissimilar ones.

It is shown in [3-5] that when using aggregate
measurements, due to the use of combinations
of the same receiving-emitting and measuring
units and their different locations, dependences
on changes in their instrumental constants are
excluded. The use of this property is the basis for
the synthesis of structures of new “non-calibration”
measuring and diagnostic systems that most fully
satisfy the task of metrological certification and
automation of the measurement process. So, in par-
ticular, developed:

« two-beam nephelometric method for measur-
ing the optical thickness of scattering media
(Patents BY6450 C1, 2004; BY3670 C1, 2000);

+ basic “non-calibration” methods for changing
the optical characteristics of scattering media,
their component composition (Patent BY4655
C1, 2002);

« amethod for measuring scattering indicatrices
of the underlying surface (Patent BY4120 CI,
2001);

« a method for measuring the backscattering
coefficient [3].

The developed basic nephelometric methods for
measuring optical characteristics make it possible
to exclude the influence (spread) of instrumental
constants on the measurement result and weaken
the requirements for carrying out calibration mea-
surements. These critical benefits improve both
accuracy and performance. The exclusion of cali-
bration measurements, which are the most dif-
ficult part concerning the optical component, and
the resistance to the spread of the instrumental
constants makes it possible to replace any of the
blocks of the measuring system and not pay par-
ticular attention to the protection of optics from
contamination.

Measuring and diagnostic methods based
on two-wave semiconductor lasers

In spectral systems, e.g., gas analysis, a combi-
nation of radiation paths at the wavelengths used
is required, which is easily achieved in two- and
multi-wavelength semiconductor radiation sources.
Within the framework of the concept of “a priori-
free”, methods have been developed for construct-
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K pa36pocy AIllIaPpATYPHBIX KOHCTAHT A4€T BO3MOXK-
HOCTb 3aMeHSITh 11000H 13 6/I0KOB I/ISMepI/ITEHbH0ﬂ
CHCTEeMBI U 0c0b0 He o6pamaT1> BHHMAaHHS Ha 3alIUTY
OIITHUKH OT 3anH3HeHI/II;I.

N3mepuTtenbHbie U guarHoctmyeckme

Ha OCHOBEe ABYXBOJIHOBbIX
noaynpoBOAHMUKOBbIX 1a3epoB

B crexkTpasbHBIX CHCTeMaX, HaIlpMMep Ia30BOr0 aHa-
nu3a, TpebyeTcs COBMeINEHHe ITyTeH ITPOXOKIEeHHS
M3/1y4eHHs Ha UCII0/Ib3yeMbIX JJIMHAX BOJIH, YTO JIETKO
JNOCTUIAeTCsl B ABYX- M MHOTOBOJIHOBBIX II/II HCTOY-
HHKaX HU3/ly4deHHs. B paMKax KOHLeENILHU «be3arpu-
OPHOCTH» Pa3paboTaHBl MeTOAbI IIOCTpOeHHS Hede-
JIOMEeTPHUYeCcKoro 1 6a3srCHOro M3MepHUTeler Pa3HOro
GYHKUMOHAIBHOTO Ha3HA4YeHHs C HCIIOJb30BaHHEM
IBYXBOJIHOBOTO I10JIYIIPOBOJHKKOBOIO ja3epa, obraaa-
IOIMe PACIIMPEeHHBIMU BO3MOKHOCTSIMH [18]. K TakuM
CHUCTeMaM MOYKHO OTHEeCTH:

* Ja3epHBIM H3MepHUTe/Nb PacCTOSHHUM, B KOTO-
POM IIOBBIIIEHMS TOYHOCTH JOCTHIAETCS 3a CYeT
ydeTa CKOPOCTH PacIIpOCTPaHeHMs H3J/lydeHHs Ha
Tpacce B JAHHBIX MeTeOyC/IOBHSX, OCHOBAaHHBIM
Ha OIlpeflelleHUH Pa3sHOCTH YacTOT OJHOBpPeMeH-
HOM PeLUPKYISLUM Ha [BYX ONTHUYeCKUX -
Hax BOJIH, HaXOSIIMXCS BHE [10/I0C aHOMaJIbHOM
JHMCIIepCHY aTMOCQEPHBIX Ta30BbIX KOMIIOHEHT,
4yTo obecrieuyrBaeT yMeHBIIEHHe IOrPeIlHOCTH
HM3MepeHHUN JANbHOCTH 10 1076-107 (IlateHTH PB
Ne 8172, Ne 3994);

* TIa30aHA/IM3aTOp, PUHIMII H3MepeHHS KOTO-
poro oCHOBaH Ha Ipeobpa3oBaHHUM AMIUIMTYIbI
30HJMPYIOIIEr0 MMIIYJIbCa B Pa3HOCTh YaCTOT
ONHOBPeMEHHOM PeLUPKY/ISLHH Ha ABYX ONTH-
YeCKHUX [UIMHAaxX BOJH, OAHA M3 KOTOPBIX HaXo-
IOUTCS B I10710Ce IIOIJIOWEHKSI KOHTPOIHPYEMOTO
rasa, obecreuMBaIlero 4YyBCTBUTEIbHOCTh
103-10"* ppb ¥ u3MepeHHe IMHBI KOHTPOJIH-
pyemoii tpaccel (IlateHT PB N2 7676, ITaTeHT PO
Ne 2480737);

* IpelM3HOHHbIe JIa3epHble NAJbHOMEpHI, OCHO-
BaHHBIe Ha: aBTOIIOACTPOLIKE YacTOTBI CIel0Ba-
HHS 30HAUPYIOIIMX HMMIIY/IbCOB Ha [BYX OIITH-
YeCKUX JJIMHAX BOJIH; IIPUMEHeHHH B KadyecTBe
PeLMPKYIHUPYIOILEro JTUHEeNHO-4aCTOTHO-
MOZyTMPOBAaHHOTO HMIIy/Ibca K 06paboTke guc-
TAHILIMOHHOIO CUI'HAJIa COIVIACOBAHHBIMU (PUIIb-
TPaMH; HKCIOJB30BAHUM [BYX IIapa/lJleIbHbIX
[Iy4KOB 30HAUPYIOIIEro H3jJy4eHHS Ha [BYyX
OITHYeCKUX [JIMHAX BOJIH; IIPUMeHeHHHU [ABYX
KaHaJI0B CUHXPOHHOIO [JeTeKTHPOBAaHUS CO CABHU-
HYTBIMH Ha T1/2 TaKTOBBIMH CUTHAJIAMH ; UCIIOTIb
30BaHHUM ONTHYECKOr0 aTTeHI0ATOpa W H3Mepe-

=

ing nephelometric and basic meters for various
functional purposes using a two-wave semiconduc-
tor laser, which have advanced capabilities [18].
These systems include:

e a laser distance meter, in which an increase
in accuracy is achieved by taking into account
the propagation speed of radiation along the
path in given meteorological conditions, based
on determining the difference in frequencies
of simultaneous recirculation at two optical
wavelengths outside the bands of anomalous
dispersion of atmospheric gas components,
which ensures a decrease in the error in mea-
suring the range up to 10°-1077] (Patents of the
Republic of Belarus No. 8172, No. 3994);

« a gas analyzer, the measurement principle of
which is based on converting the amplitude
of the probe pulse into the difference in fre-
quencies of simultaneous recirculation at two
optical wavelengths, one of which is in the
absorption band of the monitored gas, which
provides a sensitivity of 10 to 107 ppb and
measuring the length of the monitored path
(Patent RB. No. 7676, RF patent No. 2480737);

« precision laser range finders based on auto-
matic tuning of the repetition rate of probe
pulses at two optical wavelengths; applica-
tion as a recirculating chirp and processing of
a remote signal with matched filters; using
two parallel beams of probing radiation at
two optical wavelengths; use of two channels
of synchronous detection with clock signals
shifted by n/2; using an optical attenuator and
measuring the phase at different amplitudes
of the optical signal (Patents RB No. 17091,
6490, 13549, 8914);

« Doppler two-frequency meters of motion
parameters with a high spatial-temporal reso-
lution, based on the use of various laws of
modulation of sounding signals and allow-
ing to simultaneously measure the range and
speed of several objects in one sounding pulse
(Patent RB No. 12740);

« Doppler speed meter on a two-wavelength laser,
which provides measurement of both the exact
value of the speed and the angle of direction
of the object movement. Doppler meter for the
frequency and amplitude of vibrations with a
measurement accuracy less than A/2 (Patent
RB No. 10018);

« a meter for the chromatic dispersion of fiber-
optic fibers, based on the conversion of dis-
persion into the difference in frequencies
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HUU Pa3bl IPU Pa3HBIX AMIUTUTYIAX OIITUYECKOTO
curHaa (ITateHts! PB Ne 17091, 6490, 13549, 8914);

¢ [OOIl/IepOBCKHE ABYXYaCTOTHBIE H3MepH-

TeJIH IlapaMeTpPOB [BMJKeHHUS C BBICOKUM
IIPOCTPAHCTBEHHO-BPeMEeHHEIM PpaspelleHHreM,
OCHOBAaHHbIe Ha MCIIOJNIB30BAHHUU Pa3IHUYHBIX
3aKOHOB MOJAYIALUMH 30HIHUPYOIIMUX CHUIHA-
JIOB U II03BOJIAIOLINE OLHOBPeMeHHO H3MepsSTh
DANbHOCTh M CKOPOCTb HECKOJIBKHX OOBEKTOB
3a OOUH 30Hm/1pyfomm?1 HMITYJIBC (TTateuT PB
Ne 12740);

. ,ELOHJ'IepOBCKI/II;I H3MEpUTEJIb CKOPOCTH Ha [OBYX-

BOJTHOBOM J1a3epe, 00eCIIeUMBAIONIUI H3Me-
peHHe KaK TOYHOTO 3Ha4eHHs CKOPOCTH, TaK
U yIJla HallpaBJIeHUs ABKKeHUs o6beKTa. Jlore-
POBCKHI H3MepPHUTeNIb YaCTOTBl M aMIUIUTY/IbI
BHOPALIMH C TOUHOCTBIO M3MePeHH I MeHble A/2
(ITatenT PB Ne 10018);

* H3MepHUTelb XPOMAaTHYECKOM [IHCIepCHH

BOJIOKOHHO-OIITHYECKUX CBETOBOJOB, OCHOBAaH-
HBII1 Ha Ipeobpa3oBaHUU [UCIIEPCHU B pas-
HOCTb 4acTOT OJHOBPEMEHHOH PeLHupKyISILHUU
Ha [IByX ONTHYeCKHX [AJIHHAX BOJIH, obecrequ-
BAIOIIUKM TOYHOCTb H3MepeHUs JUCIEePCUU
~2-5-102 mc'kM/HM, U (GOpMHPOBATelb KOPOT-
KHX OINTHYeCKHX MMIIY/IbCOB C MCIIOIb30BAHUEM
BOJIOKOHHOro ceetoBoga (I[latentsl PB Ne 8171,
10703, 11002).

MNMaccuBHbIe N3MepUTesibHble CUCTEMbI
pPa3/IMYHOro GYHKLMOHAIbHOIO Ha3Ha4YeHUs

1. PaspaboTaHbl OpPUTHHaJbHble MeTOABl OecKoH-

TaKTHOI'O OIlpele/ieHUs TeMIIepaTyphl Tel IIpHU
HEeH3BeCTHOM KO3QPHUIIMeHTe HUX TeIIOBOIO H3J1y-
YeHHsI, OCHOBAaHHbBIe Ha MCIIOJIb30BAHUU Peru-
CTPallMH{ TEIUIOBOTO M3/IyYeHHS B HECKOJIbKHX
y4acTKax CIeKTpa, INpPUMeHeHHM OTrpaHHYHBal0-
IIMX YCIOBMHM M pellleHHMH HeJHHeMHBIX ypaBHe-
HUM. PaspaboTaHHBIE MeTO/bl BHEe/IPEHBI B OTeye-
CTBeHHBIM BBICOKOTEMIIEPATypPHBIHN TepMorpad
HT3-CM (CM. PHCYHOK) H OCBO€HO €ro MeJKoce-
pHUIHOe Mpou3BOACTBO YII «YHuTexmpom BI'Y»
(www.auris.ru/www.unitehprom.by).

/Il CIOKHBIX YC/IOBHM H3MepeHHs BBICOKHX
TeMIIepaTyp IpH /1a3epHOM 06paboTke MeTaIoB
CO3[aHbl OPUTHHAJIbHBIE MeTOMbl, OCHOBAHHbIE Ha
PerucTpanuy abCoNMIOTHOM CIIEKTPATIbHOM SIPKOCTH
H3JIydeHHUs] B 0671aCTH KOHTAKTa JIa3epHOro ITy4Ka
c obpabaTbiBaeMoOll [TOBEPXHOCTBIO, UTO I103BOJISIET
CYLIeCTBEHHO CHH3UTh HeOIIpele/IeHHOCTh KOH-
TPOJIsi TeMIIePATyphl [0 CPAaBHEHHUIO C TPaAMLIU-
OHHOI NHPOMETPHEN CIeKTPaJIbHOIO OTHOIIEHHUS
(ITaTenTs! BY13990, 13991, 2010).
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of simultaneous recirculation at two optical
wavelengths, providing an accuracy of mea-
suring the dispersion of ~2-5-107 ps-km/nm,
and a short optical pulse generator using a
fiber light guide (Patents of RB No. 8171, 10703,
11002).

Passive measuring systems for various

functional purposes

1. Original methods have been developed for the
non-contact determination of the temperature
of bodies with an unknown coefficient of their
thermal radiation, based on the use of registra-
tion of thermal radiation in several parts of the
spectrum, the use of limiting conditions and the
solution of nonlinear equations. The developed
methods have been introduced into the domes-
tic high-temperature thermograph IT3-SM (see
Figure), and its small-scale production by UE
Unitehprom BSU has been mastered (www.auris.
ru; www.unitehprom.by).

For difficult conditions for measuring high
temperatures during laser processing of met-
als, original methods have been created based
on recording the absolute spectral brightness of
radiation in the area of contact of the laser beam
with the surface being processed, which makes
it possible to significantly reduce the uncertainty
of temperature control in comparison with tradi-
tional spectral ratio pyrometry (Patents BY13990,
13991, 2010).

2. The principles of construction and functional
structures of passive measuring systems for vari-
ous functional purposes have been developed:

« Hardware and software suit “BIZAN” [19].
Designed to measure the parameters of the
traces of rifling fields on fired bullets. Provides
measurement of track depth, distance between
points, linear dimensions with a resolution
of ~ 10 microns and measurement of angles
of inclination of grooves with a resolution of
~ 0.01" (Eurasian patent No. 028418). The suit
was tested in the State Committee for Forensic
Expertise of the Republic of Belarus. The suit
is approved for use in the production of foren-
sic ballistic examinations;

« Rangefinder on a digital 3D camera (Eurasian
patent No. 028167, RF patent No. 2485443). The
range finder does not require the presence of
calibration objects in the frame for measure-
ments. Provides measurement of range, dis-
tance between objects, linear dimensions of
all objects in a digital image and slope angles
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2. Pa3paboTaHbl MPUHLIMIIBL IIOCTPOEHHS U QYHKLIU-
OHAJIPHBIE CTPYKTYPBl IIACCUBHBIX M3MepHTe/IbHBIX
CHCTeM Pa3/JIM4YHOI0 QYHKUHMOHAIBHOIO Ha3Hade-
HUS:

e IpOorpaMMHO-allNapaTHBIH KOMIIJIEeKC
«BU3AHDb» [19]. IlpenHa3sHaueH 751 M3MepeHMSs
[IapaMeTpOB CJIefloB II0JIekl Hape30oB Ha BBICTpe-
NeHHBIX mynsix. ObecreynBaeT H3MepeHHe
I1yOMHBI C7efla, PacCTOSHHUS MEXKAY TOYKaMH,
JMHEMHBIX Pa3MepoB C paspellleHHeM ~ 10 MKM
U H3MepeHHe YIJIOB HAK/IOHA Hapes3oB C paspe-
meHueM ~0,01' (EBpasuiickuil mmateHT N2 028418).
[TpoBeneHa arpobalys KoMmIUlekca B Locymap-
CTBEHHOM KOMHTeTe cymebHBIX 3KcrepTu3 PB.
KoMIIJIeKC paspelleH K IIPHMeHEHHIO IIPH IIPO-
M3BOJCTBe Cye6HO-0a/I/TUCTHYeCKHX 3KCIIePTH3;

e JanpHOMep Ha uudpoor 3D-poTokamepe
(EBpasunckuil maTteHT N2 028167, IlateHT PO
Ne 2485443). ansHoMep He TpebyeT Ha/lU4Hs
B KaJpe KaJHOPOBOYHBIX OOBEKTOB IJIS ITpOBe-
OeHUsT U3MepeHHH. ObecriedrBaeT H3MepeHMUe
OAJIIBHOCTH, PACCTOSIHUSL MEXAy OO0BeKTaMH,
JTMHEMHBIX Pa3MepoB BCeX OOBEKTOB Ha LIUPPO-
BOM H300paskeHHU U YIVIOB HAKJIOHA JTHUHUH Ha
n306paskeHHH. OTHOCHTENbHAsI HeOIIpefielleH-
HOCTb U3MepeHUH 0,1% Ha paccTOSHUSIX 0 30 M
U 0,3% Ha paccTossHUAX 1o 100 M, 4TO bosee yem
B 10 pa3 mpeBOCXOOUT U3BECTHBIE aHAJIOTH (20, 21];

* CuCTeMa KOPPe/ISLHOHHOIO aHalu3a LHU(POBBIX
ONTHYECKUX M300pasKeHUI I pellleHHs 3a[ad
KPUMHUHAIHUCTHUKY. II03BO/sIeT pellaTh 3afadH
KPHMHUHA/IMCTHUKU
© aHa/Ju3 MNO[UIMHHOCTH M CTelleHH CTapeHHs

OTTHCKOB IIevaTel M MTaMIIOB (EBpPa3sHIICKUHI
raTeHT Ne 026460);

o aHanu3 JedeKTOB OTTHCKOB IleyaTel Ha OCHOBe
IIOCTpoeHMs KapThl Koppensauuu (IlateHT PB
Ne 11573);

°© aHaAM3 Pa3sMepHBIX IIapaMeTpoB MecTa
ITPOMCIIECTBHS 110 IUPPOBOMY H306pasKeHUIO
¢ kBagpokorTepa (IIateHTt PB Ne 12181);

° QAHA/IM3 UCKKEeHUM IIeYaTH J1a3epHbIX IIPHH-
TepoB; HIeHTHUUKauMs NpUHTepoB ([TaTeHT
PB Ne 12107).

3AK/TIOYEHUE

HeobX0AMMOCTb HCIIO/IB30BAHUS AIIPHOPHOM HHOOP-
Malldu, OOomyleHHH o6 ucciegqyeMoM obbeKTe,
CJIOKHOCTH IIPOBefeHUsI KaTHOPOBOUHBIX H3Mepe-
HUI B HaCTOslee BpeMs HaIlpHMep, He II03BOJIH/IA
METPOJIOTHYECKH aTTeCTOBATh JIa3€PHO JIOKALIMOHHEIE
CHCTeMBI B CO3[IaBaeMBIX I7I00aIBHBIX CETSX (MHPOBOH,
eBporierickor, CHI, PB) MOHUTOpPHHTA 3arps3HeHUH

i g

BbicokomemnepamypHbiti mepmozpag NT3-CM
High-temperature thermograph IT3-SM

of lines in the image. The relative measure-

ment uncertainty is 0.1% at distances up to 30

m and 0.3% at distances up to 100 m, which

is more than 10 times higher than the known

analogs (20, 21];

« System of correlation analysis of digital optical
images for solving problems of forensic sci-
ence. Allows you to solve forensic tasks:

o analysis of the length and aging degree
of seals and stamps (Eurasian patent No.
026460);

o analysis of defects of imprints of seals on
the basis of the construction of a correlation
map (Patent RB No. 11573);

o analysis of the dimensional parameters of
the scene of the accident from a digital
image from a quadrocopter (Patent RB No.
12181);

o analysis of distortions of laser printers;
identification of printers (Patent RB No.
12107).

CONCLUSION

The need to use a priori information, assumptions
about the object under study, the complexity of car-
rying out calibration measurements at the present
time, e.g., did not allow metrological certification
of laser-location systems in the created global net-
works (world, European, CIS, RB) for monitoring
environmental pollution (for interpreting measure-
ment information additional radiometric measure-
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OKPY>KaIoOIeN cpenbl (I UHTEpIpPeTalluy H3MepHU-
TeJIBHOM MHQOPMALIMM HCIIONB3YIOTCS JOIIOTHUTEIIb
HBbIe PafIHOMEeTpHUYeCcKre U3MePeHHs), CUCTeMBbl HeHH-
BAa3UBHOM ONTHYECKOM JUArHOCTUKHU 6HOPU3HUIECKUX
IapaMeTpoB 61006BEKTOB U T. .

TakuM obpa3zom, 3dPeKTHUBHOE HCIIOTb30BAHHE
OINTHKO-PU3NYECKUX U3MEPEHHUN B JUArHOCTHUKE, KOH-
TpOJie, B TEXHUYECKHUX ITPOLIeCCax, B HAYIHBIX UCCTIeN0-
BaHUSIX U T.II. TpebyeT pa3paboTKU MeTOIOB U CUCTEM,
6asupymommencss Ha KOHILENIUH «6e3aIpHOPHOCTHY,
pellleHus 3a/ia4, II03BOJISIONINX CO3JAaHMe «OecKalu-
OpOBOUHBIX» H3MEPUTEJIbHBIX CHUCTEM. B mpencras-
JIeHHOM BBbIllle 0030pe paccCMOTpPeHBI pa3paboTaHHBIE
aBTOPAMM Ha OCHOBe KOHIIEIIUH «6e3allpHOpPHOCTH
OITHKO-3JIeKTPOHHBIE METO/BI ¥ CHCTeMBI Pa3IMUHOIO
byHKIMOHANIBHOIO Ha3HaueHWsl. OHU YCTOMYHBBI
K U3MEHEHHIO alIapaTypHbIX KOHCTAHT, BapHaLMIM
[IapaMeTPOB OKPYsKAIOLIeH cpenbl. ITH pa3paboTku
II03BOJISIIOT B YCIOBUSIX MHQOPMALIMOHHOM HeoIlpere-
JIeHHOCTH 00 06BbeKTe HCCIeN0BaHMUs IIPOBOAUTD H3Me-
PEHUSI C BBICOKOM TOUHOCTHIO.
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ments are used), systems for non-invasive optical
diagnostics of biophysical parameters of biological
objects, etc.

Thus, the effective use of optical and physical
measurements in diagnostics, control, in techni-
cal processes, in scientific research, etc. requires
the development of methods and systems based on
the concept of “a priori-free”, solving problems that
allow the creation of “non-calibration” measuring
systems. The above review also considers the opto-
electronic methods and systems of various func-
tional purposes, developed by the authors based
on a priori-free concept, which are resistant to
changes in instrumental constants and the environ-
ment, allowing measurements with high accuracy
under conditions of information uncertainty about
the research object.
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