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A methodological approach is proposed

to improve the efficiency of assessing the
capabilities of infrared reconnaissance tools,
based on the use of graphoanalytic and
automated algorithms, as well as the use of
the values of the radiated area and maximum
dimensions of objects averaged in the range

of infrared reconnaissance of the values of

the radiation coefficients of objects and
typical backgrounds, object and background
temperatures, atmospheric transmittance
values, averaged over the range of operating
wavelengths and implemented using graphs of
the dependence of the probability of detection
on the range at various fixed values of the
coefficient of exploration conditions calculated
in advance for the typed parameters of infrared
reconnaissance facilities of various bases

with acceptable accuracy. Recommendations
have been developed to counteract the means
of infrared reconnaissance in conditions of
unsatisfactory intelligence availability.

Keywords: infrared reconnaissance, object of
reconnaissance, probability of detection, efficiency
of assessment

Article received: 30.06.2023
Article accepted: 02.08.2023

INTRODUCTION

The analysis of armed conflicts and local wars of
recent years allows us to conclude that in modern
warfare, in which a significant role is assigned to the
transmission of information through the propaga-
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BBEAEHWE

AHa/IHM3 BOODPY>KEHHBIX KOH(IHMKTOB M JIOKAJIBHBIX
BOMH II0C/IeJHHUX JIeT I103BOJISIET CAe/IaTh BBIBOJ, O TOM,
YTO B COBPEMEHHOH BOKHEe, B KOTOPOM 3HAaUHTesb-
Hasi posib OTBelleHa Ilepefaue MHPOpMaLIUK IIOCPen-
CTBOM PacIpOCTpPaHeHMsl 31eKTPOMarHUTHBIX BOJIH,
TeXHHUYecKHe cpeAcTBa pa3Benku (TCP) UTparoT Hau-
BaKHEHINYI0 posib B obecriedeHUH BBICOKOM O0eBOM
5PeKTUBHOCTH CPefCTB BOOPY>KeHHOM 60ppObI [1].
B HacTosilllee BpeMs IIHPOKO HCIIONB3YIOTCS HHOPa-
KpacHble (MK) crcTeMbl BU3yanu3alliH, IIPHHUMAIO-
mue cUTHaubl B MK-061acTu crieKTpa U mpeobpasyro-
e UX B BUAMMBIe H306paskeHUs1. OT0 06yC/IOBIEHO
TeM, UYTO MMEeHHO B JAaHHOM 06/1aCTH CoCpefoToueHa
OCHOBHAsl [0JII COOCTBEHHOIO 3/1eKTPOMArHHUTHOTIO
M3JIydeHHsT GOJBIIMHCTBA OKPYKAIOIIMX HACc 06BeK-
TOB eCTeCTBEHHOI'0 M HCKYCCTBEHHOIO IIPOHCXOK[e-
Hu4g [2, 3].

KadecTBeHHble M3MeHEHHS B Pa3BUTHHU CPeZACTB
OIITHKO-3/IeKTPOHHOM pa3Benku HK-muamasoHa, pas-
MeIlaeMbIX Ha Pa3THUYHBIX HOCHUTENIX, OBICTPO MeHs-
IOINASICSL OIlepaTHBHAsl OOCTAHOBKA, 3HAYUTENBHOE
BO3paCTaHHe BO3MOKHOCTel cpencts HMK-passenku
(UKP) ¥ uX BIMSAHUS Ha HCXOL 00eBBIX NeHCTBUH
TpebyIoT I1ybOKOro M3y4deHHs OIbITA OPraHHU3ALUU
U IIpUMeHeHUs cpencTs MKP, orepaTUBHOIO IIPOrHO-
3MPOBaHMS pa3BelobCTAaHOBKU U Pa3Be[IOCTYIIHOCTH.
MHTepechl HAIlMOHA/JIBHOHN 6e30IacHOCTH TpebyroT
pasBUTHS Mep HpoTHUBopercTeus (II[l) B mpeamona-
raeMbIX palOHAX AMCIOKALMK OOBEKTOB MAJISL IIOBBI-
IMIeHUSI KX KUBY4YeCTH, CO3[aHUS IepCIeKTHBHBIX
1 COBepIIeHCTBOBAHHS CyLIECTBYIOIIHUX KOMIIJIEKCOB
u cuctem I1J] MKP [4, 5].

OcHOBHBIMH 3amauyamMu MK- BHIOBOIO KOHTPOJIS
SIBJISIOTCS CJIeAYIOIHe:

* IIpoBepka M OLIeHKa CKPBITHS COCTOSIHUS MOJATO-
TOBKH, CTPOUTE/ILCTBA, BBOJA B CTPOL U peMOHTa
BOEHHBIX 06beKTOoB (BO);

* KOHTpOJIb MOAJEPKaHHS peXHMa >KHU3Henes-
TeJIbHOCTH K CBeTOMACKHMPOBKU Ha 00BbeKTax;

* KOHTPOJb 3QPEeKTUBHOCTH MACKHPOBKH BOOPY-
SKeHUSI, BOeHHOM TexHUKH (BBT) yacTer U mom-
pasfesleHUN;

* KOHTPOJAb CKPBITHOCTH IIpOBeleHHUSI peria-
MEeHTHBIX, BOCCTAHOBUTE/JBHBIX M IIOIPYy304YHO-
pasrpy304HbIX pabot Ha BO u BBT;

* KOHTPOJb TeXHHYECKHUX M OPraHM3aLlMOHHBIX
MepOIPHUATHHN 10 Je3nHGOpMallUU B IO3HIH-
OHHOM palioHe;

* BO3AyIIHBIN MK- BUIOBOM KOHTPOJIb He3aHSTHIX
II0/IeBBIX ITO3HIIMH C Le/Ibl0 OLleHKH HUX MAacKH-
POBOYHOIM eMKOCTH (IpH BbeI6Ope IO3HILIMEL),
a Tacke GopMHUPOBAHUS baHKa M300pasKeHHUH ;

tion of electromagnetic waves, technical means of
reconnaissance (TSR) play the most important role
in ensuring high combat effectiveness of means of
armed struggle [1]. Currently, infrared (IR) imaging
systems are widely used, receiving signals in the IR
region of the spectrum and converting them into vis-
ible images. This is due to the fact that it is in this area
that the bulk of the own electromagnetic radiation of
the majority of objects of natural and artificial origin
surrounding us is concentrated [2, 3].

Qualitative changes in the development of IR range
optoelectronic reconnaissance means placed on various
carriers, the rapidly changing operational situation,
a significant increase in the capabilities of IR recon-
naissance means (IR) and their impact on the outcome
of hostilities require in-depth study of the experi-
ence of organizing and using IR means, operational
forecasting of intelligence placement and intelligence
availability. The interests of national security require
the development of counteraction measures (PD) in
the proposed areas of deployment of objects to increase
their survivability, create promising and improve
existing complexes and systems of PD ICR [4, 5].

The main tasks of the IR species control are the
following:

« verification and evaluation of the concealment of
the state of preparation, construction, commis-
sioning and repair of military facilities (VO);

« monitoring of maintenance of the mode of vital
activity and blackout on objects;

« control of the effectiveness of the disguise of weap-
ons, military equipment (IWT) units and divisions;

« control of the secrecy of routine maintenance,
restoration and loading and unloading opera-
tions at the military and industrial complex;

« control of technical and organizational measures
for disinformation in the positional area;

« aerial IR view control of unoccupied field posi-
tions in order to assess their masking capacity
(when selecting positions), as well as the forma-
tion of an image bank;

+ aerial IR view control of field positions (areas)
immediately before occupation and after their
abandonment [4, 5].

PROBLEM STATEMENT

The existing methods provide high reliability of the
assessment in the presence of the necessary complete-
ness of the initial data. However, in a dynamically
changing radio-electronic environment, their use for
a number of objective reasons is often not possible.
Therefore, increasing the efficiency of assessing the
capabilities of ICR funds is an urgent scientific task.
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e BO3AyWHBIN HK-BUIOBOM KOHTPOJIb II0JIEBBIX
o3uLIMK (PalioOHOB) HeIOCPeACTBEHHO IIepef,
3aHSATHEM U I10CJIe UX OCTaBiaeHusd [4, 5].

MOCTAHOBKA 3AAA4YU

CyIiecTByIOIIHe METOAHUKH 06eCIIeYHBalOT BHICOKYIO
IOCTOBEPHOCTh OLIEHKM IIPH HAJIWYHUKU Heobxomu-
MOM IIOJHOTHI MCXOAHBIX JaHHBIX. OJHaKO B yCJIO0-
BUSX JUHAMHUYHO M3MeHSIOWENCS PafHu03/1eKTPOH-
HOM 06CTAaHOBKH HX HCIIOJIb30BAHHUE I10 L[eJIOMY PSIAY
06BeKTUBHBIX IIPUYUH 3a4aCTYIO He IIPeJCTaB/IseTCs
BO3MOXKHBIM. [103TOMY IIOBBILIEHHE OIIEPATHBHOCTHU
OLIeHKH BO3MOXKHOCTel cpefcTB MKP gBiseTcst akTy-
aNbHOM Hay4YHOM 3a/lavueH.

OCHOBHBIMH 3afadyaMH IIPHU OCYIIEeCTBIeHHHU
3alIMTHBIX MEePONPHUSATHH OT cpeAcTB HMKP sgBis-
I0TCS MCKJIIOYeHHe BO3MOXHOCTH (yYMeHbIIeHHe
BEpOSITHOCTH) 06HapykeHHUs 06beKTa, OIIpefeneHUs
IlapaMeTpoB M XapakTepucTt HK-o6beKkTa, a TakKe
pacro3HaBaHUs obbexkTa. CrIocoObl YMEHBIIEHHUS
nHPopManuu o6 obObexkTe pas3BefKH pasmessioT
Ha IIaCCUBHOe CKpPBITHe (CHUKeHHe YPOBHS CO06-
CTBEHHBIX H3JIyYeHUH 00BeKTa, YMeHbIIeHHe ero
OTPaKAIOIIUX CBOMCTB), aKTHUBHOe CKpbITHE (IIoja-
BJIeHHe, QYHKLUHOHA/IbHOe IOpa’keHHe OCHOBHBIX
3JIeMeHTOB Cpe/CTB HUKP) u JesrnHbopMaIHIo (cos-
IaHMe JIOKHBIX 00BeKToB) [4, 6].

B pabote [7] mpennoskeH MeTOOUYECKHUM IIOAXOL,
K IOBBIIIEHUIO OIIEPATHBHOCTU OLIEHKH BO3MOKHO-
CTel TeleBU3MOHHOM Pa3BelKU C KCIIONb30BaHHEM
3HAUYeHUU KOIQPUIIMEHTOB SPKOCTH O0O6BEKTOB pas-
BeJKHU, GOHOB M IIOKPBITUI, MHHHMAJIBHOTO Pa3-
Mepa o6beKTa C IPHUeMIeMOH JOCTOBEPHOCTBIO.

OmnepaTuBHas OLleHKA Bo3MOKHOCTe UKP MoskeT
OBITH peann30BaHA C HCIIONB30BAHHUEM [IBYX aJIrO-
PUTMOB - rpadOaHIUTUYECKOI0 U aBTOMaTHU3UPO-
BaHHOrO [8].

I'padoaHaNUTUYECKHUI QJITOPUTM OCHOBBIBAETCS
Ha IpefBapuUTeIbHOM 0000IIeHUN NAHHBIX II0 Cpef-
CTBaM pa3BelKH, 00BeKTy Ppa3BefKH, YCIOBUSIM
pa3BenKy MyTeM HMX THUIH3ALKMHA U IIPeACTABIeHUH
B BuJe TabMIUYHBIX CBeIeHUM U IpadUYecKUX 3aBU-
CHUMOCTeH, KOTOpble HUCIIONb3yI0TCS [JIs IOIyueHHs
YHCIeHHBIX 3HAYeHUH OlleHKU Bo3MoKHocTeHr HKP.
JaHHBIN aATOPUTM IIpeillosaraeT HaaW4dHe yKa-
3aHHBIX JaHHBIX, FPAaQUKOB U IIPOBeAeHUEe 3JIeMeH-
TapHBIX PAaCUeTOB, IJIs1 KOTOPhIX He 00s3aTeNbHBI
BBIYMC/IHTE/IbHBIE CPeLCTBA.

ABTOMAaTHU3UPOBAHHBIN aJTOPUTM OCHOBBIBAETCS
Ha HCIOJb30BAaHHHU AaHAJIHTHYECKUX COOTHOIIEe-
HUH, KOTOpble 0QOPMIISIOTCS B BHJE IIPOrPaMMHO-
AITOPUTMHUYECKOM pealHu3allMu. JaHHBIH aJro-
PUTM IpenrosaraeT HalW4yMhe BBIYHCIUTEIbHBIX
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The main tasks in the implementation of protective
measures against ICR means are to exclude the possi-
bility (decrease the probability) of detecting an object,
determining the parameters and characteristics of the
object, as well as object recognition. Methods of reduc-
ing information about the object of intelligence are
divided into passive concealment (reducing the level of
the object’s own radiation, reducing its reflective prop-
erties), active concealment (suppression, functional
damage to the main elements of the means of IR) and
disinformation (creating false objects) [4, 6].

In [7], a methodological approach is proposed to
increase the efficiency of assessing the capabilities of
television intelligence using the values of the bright-
ness coefficients of intelligence objects, backgrounds
and coatings, the minimum size of the object with
acceptable reliability.

Operational assessment of the capabilities of ICR
can be implemented using two algorithms - grapho-
analytic and automated [8].

The graphoanalytic algorithm is based on the pre-
liminary generalization of data on the means of explo-
ration, the object of exploration, the conditions of
exploration by typing them and presenting them in
the form of tabular information and graphical depen-
dencies, which are used to obtain numerical values for
evaluating the capabilities of the ICR. This algorithm
assumes the presence of the specified data, graphs
and elementary calculations, for which computing
tools are not required.

The automated algorithm is based on the use of
analytical relations, which are formed in the form of
a software-algorithmic implementation. This algo-
rithm assumes the presence of computing facilities
with a pre-installed evaluation program.

The purpose of the article is the further develop-
ment of operational methods for assessing the intel-
ligence availability of ICR objects, as well as the devel-
opment of recommendations on ICR PD related to the
presentation of requirements for masking an object in
relation to specific conditions.

OPERATIONAL ASSESSMENT OF ICR
CAPABILITIES USING A GRAPHOANALYTIC
ALGORITHM

The database for the graphoanalytic algorithm
includes the following source data:

1. According to the means of reconnaissance, evalu-
ation and analysis of the result: graphs of the
dependence of the probability of detection on the
range Wp=f(Ilp) for the lower and upper boundary
values of the assessment at various fixed values of
the coefficient of the conditions of exploration Uy,
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CPeACTB C 3apaHee YCTaHOBJIEHHOIN MPOrpaMMOM
OLIeHKH.

Llespf0 CTATBbM SIBASIETCS JaJIbHeMIee Pa3BUTHeE
orepaTUBHBIX MeTond HK-oLleHKU pa3BeamoCTyIIHO-
ctu 06pekTOoB UKP, a Takke pa3paboTka peKoMeHIA-
uud no I UKP, cBI3aHHBIX C IIpeAbsiBlIeHHEeM Tpe-
60BaHMIM K MAaCKHPOBKe 00BEKTa IIPHUMEHHTETBHO
K KOHKPeTHBIM YC/IOBHSIM.

OMNEPATUBHASA OLIEHKA

BO3MOXHOCTEN UKP C MOMOLLbIO
F’PA®OAHAIUTUYHECKOIO AJIFTOPUTMA
basa maHHBIX I/ rpadoaHaTIuTUYECKOTO0 a/ITOPUTMA
BK/IIOYAET CJIeAyIolHe HCXOHbIe JaHHbIe:

1. Ilo cpencTBy pasBeAKH, MOJYYEHHIO OLIEHKH
M aHa/JIM3y pesyiabTaTa: I'papUKH 3aBHUCHMO-
CTH BePOSITHOCTH OOHApY>KeHHUS OT AATbHOCTHU
Wp=f([lp) A7 HUKHEH U BepXHeH IPAaHUYHBIX
3Ha4YeHHUM OLIeHKHU NPH PaA3JIHUYHBIX QHUKCH-
POBAHHBIX 3HAYEHHUAX KO3POHIIHMEHTa YCI0-
BUU BefeHHUs pas3BelKu Up, pacCYHMTaHHbIe
3apaHee [ THUIHM3MPOBAHHBIX IIapaMeTpPOB
CPencTB IO BUAAM Pa3sBeIKH; BBICOTA BeeHU
Bo3aymHon HMKP (mns pasauUYHBIX BapHaH-
TOB) - Hp, kM.

2. [To 06bexTy pa3Befku: TabaH4YHBIe JaHHBIe
CO 3HAYEeHHSIMH H3jydaeMOH IUIOWALH Spg
M MaKCHMaJbHBIM pa3sMepoM THUIIH3HPOBAH-
HBIX 00BeKTOB L.

3. Ilo ycioBHMSAM BefeHHS pa3BeIKH: JaHHbIe I10
yCpengHeHHBIM B Oguara3oHe BegeHus MKP 3Ha-
YeHHUSIM K03QUIIHeHTOB U3/yueHHs 00 beKTOB
€, U THUIIOBBIX QOHOB €3; THUII QpOHA; 3HAUEHHUS
Temmepatyp obrvekra T, u ¢ona T, (B ciydae
orcyrctBusa T = Tq,); 3HadyeHUe KO3IQPULU-
€HTa MPOIYCKAHUA aTMOCOephl, yCpesHeHHoe
B AuanasoHe pabouux AIHH BOMH T, (MOXKeT
OTCYTCTBOBATb); NAJIbHOCTb Pa3BeAKU [p.

I'padoaHaIUTHYECKUM AJITOPUTM OIlePaTHBHOM

OLleHKH Bo3MOXKHOCTel HMKP OTHOCHUTeNbHO KPUTH-
4eCKU BaKHOro o6bexTa (KBO) MITIOCTpUPYeT pUC. 1
U BK/IIOYAeT CIeA YOI IOPSIOK AeHCTBUH:

e wazl. BBOO UCXOMHBIX NJAHHBIX;

* a2 2. PacCYUTHIBALTCS 3HaAYeHHE KO3PUIIH-
eHTa YCJIOBUH BefleHHus pa3BelKu Up, UCIIONb-
3ys U3MePeHHBIe WJIH IIPUHATEIe TeMIlepa-
Typsl 06BeKTa U QOHA, CIIPABOYHBIE JAHHEIE
10 CpeAHHUM 3HayeHU S KOIPPUIIMEHTOB
n3nydeHus o6bekTa U PoHA B 3alaHHOM JIHa-
IasoHe JJIMH BOJIH, 110 popmyiie

Up=[T,~Ty+35(g,~ )] " T; 0))

=

calculated in advance for the typed parameters of
the means by type of exploration; the height of
aerial caviar (for various options) - Hp, km;

2. For the object of exploration: tabular data with
the values of the radiated area Sy and the maxi-
mum size of the typed objects L,;

3. According to the conditions of exploration: data
on the values of the radiation coefficients of
objects €, and typical backgrounds averaged in
the IR range €,; the type of background; the tem-
perature values of the object T, and background
Ty (if absent T, = Ty)s the value of the atmospheric
transmittance averaged in the range of operat-
ing wavelengths t, (may be absent); the range of
exploration [.

The graphoanalytic algorithm for the operational
assessment of the capabilities of the ICR relative to
a critical object (CVO) is illustrated in Figure 1 and
includes the following procedure:

+ Stepl. Input of initial data;

« Step2. The value of the coefficient of exploration
conditions Uy is calculated using the measured
or accepted temperatures of the object and back-
ground, reference data on the average values of
the radiation coefficients of the object and back-
ground in a given wavelength range, according
to the formula

Up=[T,-Ty+35(g,~€4)] T,5 1

* Step3. According to the W,=f(1I;) schedule, an
assessment of the capabilities of the ICR is car-
ried out according to the calculated value of the
Up: a) at an unknown range for the probability
corresponding to the normative value, the range
of the intelligence availability limit is deter-
mined; b) at a known range of [, reconnais-
sance, the probability of detection is determined
along the curve for the U, value found in step 1;

 Step4. A decision is made to implement the PD
measures. When solving on PD and having stan-
dard means with known parameters in a given
wavelength range, their implementation is
carried out, leading to a decrease in the U}, coef-
ficient due to a corresponding change in the
temperature of the object, the radiation coeffi-
cient or the transmission coefficient of the atmo-
sphere (for example, due to the use of aerosols).
The effectiveness of the measures taken is evalu-
ated according to steps 1 and 2 of the algorithm.

Thus, for the implementation of the graphoanalytic

algorithm, it is necessary to type data on the TSR of
the ICR, the CVO and the conditions of exploration.
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algorithm for the opera-
tional assessment of the
capabilities of ICR

*  waz3. Ilo rpadury Wp=f([l,) TPOBOSUTCS OLIEHKA
Bo3MoxkHOCTel MKP 110 pacCYUTaHHOMY 3Hade-
HUIO Up: a) IIPU HEU3BECTHOM NAIBHOCTH 15
BEPOATHOCTH, COOTBETCTBYIOLIEH HOPMaTHBHOMY
3HAYeHHMIO, OIIPeLe/IseTCsl JAJIbHOCTb FPAHULIBI
Pa3BeAIOCTYIIHOCTH ; 6) ITPH M3BECTHOM JAAIBHO-
CTH pa3BenkH [l oIrpesesisieTcsi BEPOSTHOCTD 0OHa-
PY>’KeHHUS 110 KPHUBOH J/Is1 HaleHHOro Ha I1are |
3HaueHus Up;

* waz4. IIpyHHMAETCS pellleHke Ha OCyIecTBIe-
Hye Mep IT[1. IIpu pemeHyy Ha I1]] 1 HATHYHHA
TabeIBHBIX CPEACTB C U3BeCTHBIMU [TapaMeTpaMU
B 3aJJaHHOM [JHalla30He IJIMH BOIH IIPOH3BO-
JUTCS UX peayiu3alivs, IPHUBOAAIIAs K CHUKeHHIO
KospouIrrienTa Up 3a CYET COOTBETCTBYIOLIETO
M3MeHeHHUs TeMIIepaTypbl 06beKTa, KO3PpOHUIIH-
€HTa U3JIyYeHHs WIN KO3 PHUIIHeHTa IIPOIyCcKa-
HUS aTMocdepsl (HalTprMep 3a cueT [IPUMeHeHH s
aspo3oreti). [IpoBogUTCS oLleHKa 3pdeKTHBHOCTH
IIPUHATHIX Mep I10 Iaram | ¥ 2 aJITOPUTMa.

TakuM 06pasoM, A1 peanH3aluy rpadoaHATUTH-

YeCKOro aJIFOPUTMa HeobXoarMa THITH3ALIMS JAHHBIX
1o TCP MKP, KBO u yC/I0BHUSIM BeIeHHS Pa3BeIKH.

ONMEPATUBHASA OLLIEHKA

BO3MOXXHOCTEN UKP C MOMOLLbIO
ABTOMATU3INPOBAHHOIO AJICTOPUTMA
ABTOMAaTHU3UPOBAHHBIM QJITOPUTM OIEPaTHUBHOU
OLleHKM Bo3MoOkHOCTer UKP 1enecoobpa3Ho paccmo-
TPeTh [1s ABYX CIy4Yaes.

Cny4awm 1: TMNM3aumsa o6bekTa U cpeacTBa
MNK-pa3BegKku npoBeaeHa

basza maHHBIX o1 ABTOMATHU3HUPOBAHHOI'O aJITOPUTMA
(cnywam 1):
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OPERATIONAL ASSESSMENT

OF ICR CAPABILITIES USING AN
AUTOMATED ALGORITHM

It is advisable to consider an automated algorithm for
the operational assessment of the capabilities of ICR
for two cases.

Case 1: The typification of the object and
the means of IR reconnaissance has been
carried out

Database for an automated algorithm (case 1):

1. By means of intelligence: file data with the val-
ues of the coefficients of the type of intelligence
Cp, calculated in advance for the typed param-
eters of the means by types of intelligence (aerial
reconnaissance, ground reconnaissance, etc.) for
the upper boundary assessment; the height of
conducting aerial reconnaissance (for various
typed variants) - Hp, km;

2. By the object of intelligence: file data with the
values of the radiated area Sqp;

3. According to the conditions of exploration: file
data on the values of the emission coefficients
of €, objects and typical g, backgrounds aver-
aged in the range of IR, as well as on the aver-
age values of the parameters of PD means; the
values of the temperatures of the T, object and
the T, background (in the absence of T,=T); the
background type; the value of the atmospheric
transmittance averaged in the range of operating
wavelengths t, (may be absent); reconnaissance
range /I, (may be absent).

The automated algorithm for evaluating the capa-

bilities of ICR for case 1 is illustrated in Figure 2 and
assumes the following procedure:
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1. Ilo cpencTBy pa3Benku: GarijioBble AaHHBbIe
CO 3HAYeHUSIMHU KO3OPHULIMEeHTOB BHOA pas-
Benku Cp, pacCUMTaHHBIE 3apaHee OJIs TUIIH-
3UPOBAHHBIX [IapaMeTpPOB CPeLCTB I10 BUAAM
pasBelKH (BO3AYIIHAs pa3BeAka, Ha3eMHas
pas3BegKka U Ap.) A/ BepXHeld I'PaHUUYHOU
OLleHKH; BBICOTA BelleHHUS Bo3aymHou HKP
(oSt pa3sIMYHBIX TUIIM3UPOBAHHBIX BapHaH-
TOB) - Hp, KM.

2. ITo 06BeKTy pa3BeAKH: QarIoBEIe JAHHEIE CO
3HAa4YeHHUSIMH H3J1y4aeMOHU ILJIOMALH Syyp.

3. Ilo ycnmoBUSM BeleHHS pa3BelKHU: dauo-
Bble NaHHBIe [0 YCpeAHeHHBIM B AHala-
30He BegeHHs MKP 3HayeHUSIM KO3QPUIIU-
€HTOB H3/Iy4YeHUs 0O6BEKTOB €, U THUIIOBBIX
$OoHOB £y, a TAKXe IO yCPeAHEHHBIM 3Ha-
YeHUAM M[apaMeTpoB cpexncTts IIJ]; 3Ha-
yeHus Temmnepatyp obbvekta T, u doHa T,
(B cnyvyae orcyrcrBus T,=T,); Tun doHa;
3HaYeHHe KOo3QpoHUIIMeHTa MNPONYCKaHHUA
aTMocdepsl, yCpegHeHHOe B JHalla3oHe
pabodyux OJIKUH BOMH T, (MOXET OTCYTCTBO-

=

« Stepl.Input of initial data;

« Step2. The value of the coefficient of exploration
conditions U, is calculated according to the for-
mula (1);

If the range of [I;, exploration is set:

 Step3. The generalized parameter x is determined

by the formula

L3UpSop 5.
CP'rZ[P Y

 Step4. The probability of W, detection is deter-
mined using the expression [9]

W,(x) = 0,5[1 +k,-\/1-exp(-0,625x?) ];

 StepS. If the calculated probability value satis-
fies condition W,>W; ;or, a conclusion is made
about the need for measures of PD ICR;

 Step6. When solving on the ICP and the avail-
ability of funds with known parameters, the
measures of the ICP PD are implemented. Para-
graphs 1-3 of the evaluation algorithm are car-

)

3)

BaTh); [MAAJBHOCTH pa3Benku [, (Moxer ried out with corresponding changes in (1) due
OTCYTCTBOBATB). to the measures of the ICR PD.
a I\
( Hauano )
N )
v
1 / \
BBOJ, MCXOIHBIX TaHHBIX / Basa maHHBIX [\
JUISI OLIeHKU pa3BeafoCTyIIHOCTH KBO -— “ (cBemenwus mo cpeacream UKP, KBO “ “
OT cpencTB KP \ U YOIOBUSIM BefleHHS pasBedKH) | |
\ J
* 0
Onpeuen“el-u/le Ko3UIHEeHTa __» | OmpeneneHue 0606111eHHOrO ITapaMeTpa X
YCIIOBUIL BeIeHUS Pa3BEAKU
: o
OrpefienieHHe BePOSITHOCTH . W >W
LR RIS RS o Puc. 2. Asmomamu3u-
Jla l POBaHHbIL anzopumm
v OUEHKU 803MOXKHOCMeLl
o o
OmnpefeneHye GyHKUMOHATBHOM AL Bl G, B0
Heobxonumel Mepsl I17] LKP o F(ﬂp) munu3auus o6sekma
u cpedcmea paseeoku
nposedeHa
v W Fig. 2. Automated algo-
Bu3yanusanus 3aBUCUMOCTH W, =F(IL ). rithm for assessing ICR
DopMUDPOBaHKE Pe3YJIbTATOB OLIeHKU Pa3BeA0CTyIIHOCTU KBO capa bilities fOI’ the case
v when the typification of
/ ‘ the object and reconnais-
{ KoHery ) ) .
N / sance means is carried out

PHoTONICs vOL. 17 N26 2023 479



=

ABTOMATH3HUPOBAaHHBIK aJITOPUTM OLIeHKH BO3-
MokHocTe HKP pans ciaydas 1 HTIOCTPUPYeTCs
PHCYHKOM 2 M MpeArosiaraeT CJIeAyMUHUN IOPSAoK
IEeHCTBUH:

e wazl. BBOa MCXOOHBIX HJAHHBIX;

* a2 2. PacCYUTHIBALTCS 3HAUYEHHUE KOIQPUILI-

eHTa yCJI0BUH pa3Benku Up 1o dopmyie (1).

Ecnu 3amasa JanibHOCTD pasBeaku [p:

* wae 3. OnpenernsieTcs 06061IeHHBIN ITapaMeTp X

1o popmyie

L3-UpSos 5.
CP.ILP ’ b

e waz4. OnpenensieTcs BePOSITHOCTh 0OHAPYKeHHU S
W, c ToMOILBIO BEIPasKEHUA [9]

W, (%) = 0,5[1 +k,-/1-exp(~0,625x2) };

* waz25. Eciu paccCUMTAaHHOE 3HaUYeHHe BepOSTHO-
CTH yZIOB/IETBOPAET YCIOBUIO Wo>W 1o, e1a-
@TCS BBIBOJ, O HeODXOOUMOCTH mep 111 KKP;

* waz6. ITpy IpUHATUMU pelieHus Ha I1]] KKP
Y HaJIMYKHU CPefCTB C U3BeCTHBIMH IlapaMe-
TpaMu peanu3syorcsa mepsl IT1 UKP. Beirosn-
HSIFOTCS IIYHKTBHI 1-3 a/ITOpUTMa OLleHKH IIpHU
COOTBETCTBYIOIIMX M3MeHeHHsIX B (1) 3a cueT
mep IO UKP.

Ecu [anbHOCTh pasBeiku [l He 3aaHa:

* waz27. PaccunThiBaeTCd QYHKIIMOHATbHAS
3aBUCUMOCTb W = f([lp) BEPOSATHOCTH OT HaJlb-
HOCTH pa3BefKkH 1o dopmyie (3). Ilpu pac-
4yeTe W, 3HaUeHHe JAAbHOCTH [I, MeHseTCs
B HHTepBase (100-10 000) KM AJ1s1 KOCMHUYeCKOH
passenxu (KP), (0-70) kM [J151 BO3AYIIHON
pa3Benku (BP) B 3aBUCHUMOCTH OT BapHaHTA
cpencts BP u (0-20 kM) [71 Ha3eMHOM pas3-
Begku (HP) B 3aBUCHMOCTH OT BapHaHTa pas-
MelleHus;

* waz8. TIpoM3BOIUTCS BU3YyaTHU3aLHs 3aBUCHMO-
ctu W =f(Ilp), B KaueCTBe pe3y/1bTaTa OLleHKH
BBIZIAETCSI TPAHUYHOE 3Ha4UeHHe 30HbI 0OHapy-
keHHs 06beKTa [lorp(Wy o). COMOCTaBASIOTCA
3HauyeHUs [l 5rp C OPUEHTHUPOBOUHOM (OKHae-
MOI1) QJIBHOCTBIO Pa3BeiKH [lpo U JATBHOCTHIO
OIITHYeCKOI0 FOPU30HTA [l o (AJISI BO3MYIIHOM
1 Ha3eMHOH pa3BefioK) U [lellaeTcsl BBIBOJ, O CTe-
IIeHU Pa3Be[OCTYIIHOCTH U HeobX0qMMOCTH
mep IO UKP.

[Ipy HOPUHATHU pellleHHsS Ha MNOPHUMeHeHHe
cpenctB I BBIIIOJIHAKOTCSA IIYHKTHL 1-3 aaropurMma
OLleHKH C Y4YeTOM H3MeHeHHUs 3a cueT Mep II]
HKP. IIpu 3ToM B BbIpakeHHe (3) IOACTaBISIETCS
3HadyeHHe JaJIbPHOCTH Pa3BefKH, II0JlydeHHOe Ha

@)

3)
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If the [I, reconnaissance range is not set:

 Step7. The functional dependence of the W, =f(Il,)
probability on the reconnaissance range is calcu-
lated according to the formula (3). When calcu-
lating W, the value of the [I, range changes in
the interval (100-10000) km for space reconnais-
sance (KR), (0-70) km for aerial reconnaissance
(VR), depending on the variant of VR means,
and (0-20 km) for ground reconnaissance (HP),
depending on the placement option;

+ Step 8. The W,=f(1l;) dependence is visualized and
the boundary value of the detection zone of the
Horp(Wo zor) object is given as the result of the
evaluation. The values of the [, are compared
with the approximate (expected) range of the LL
reconnaissance /I, and the range of the optical
horizon of the [y (for aerial and ground recon-
naissance) and a conclusion is made about the
degree of intelligence availability and the need
for measures of the ICR PD.

When deciding on the use of PD tools, paragraphs
1-3 of the evaluation algorithm are carried out, tak-
ing into account changes due to the measures of the
PD of the ICR. In this case, the value of the recon-
naissance range obtained at step 6 of the algorithm
is substituted into expression (3). The presented
automated algorithm for assessing the capabilities
of ICR (Figure 2) for the case when the typing of the
object and the means of exploration is carried out
meets the requirements of increasing efficiency and
can be used to predict the intelligence availability of
the CVO.

Case 2: The typification of the object and
the means of exploration has not been
carried out

Database for an automated algorithm (case 2):

1. By means of reconnaissance: reference data with
the values of the parameters of the reconnais-
sance means: the elementary field of view of
the thermal imager (angular resolution) ygs,
threshold sensitivity by temperature At; the
height of conducting aerial caviar - Hp, km;.

2. By the object of reconnaissance: data with the
values of the geometric parameters of the object:
Sog — the radiated area of the object; L., - the
maximum linear size of the object;

3. According to the conditions of exploration: ref-
erence data on the values of the radiation coef-
ficients of objects €, and typical backgrounds ¢,
averaged in the IR range, as well as on the aver-
age values of the parameters of the PD means;
the values of the temperatures of the object T,
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mare 6 aJropuTma. IIpefcTaBleHHbIN aBTOMATH3H-
POBAHHBIN aJITOPUTM OLIEHKH Bo3MokHoOcTer HKP
(puc. 2) mns cnydasi, Korfa THUINH3anus obbeKkTa
M CpencTBa pasBeIKH IIpOBeleHa, OTBeYaeT Tpe-
OOBaHHSIM IOBBIIIEHUS] OIEPAaTUBHOCTH M MOXKeT
KCIIONIb30BAThCA [Jis MPOTHO3MPOBAHHUS Pa3Befso-
crynHoctu KBO.

Cny4awm 2: Tunusaums o6bekta u cpeacTea
pa3Begku He npoBepeHa

basa maHHBIX [JIs1 aBTOMATU3HMPOBAHHOIO aJITOPUTMa
(cnydari 2):

1. Tlo cpencTBy pa3BeaKH: CIIPaBOYHEBIE JAHHEIE
CO 3HAYEeHUSMH IIapaMeTPOB CPeCTB pa3-
BeJIKH: 3JIeMeHTapHOe I10j1e 3peHHS TeIIo0-
BH30pa (YI7I0Bast pa3pernaronas CriocobHOCTb)
Yosc, IOPOT0OBasi YyBCTBUTEIbHOCTD I10 TEM-
IepaType At; BbICOTa BeleHHS BO3AYIIHON
HKP - Hp, KM.

2. ITo 06beKTy pa3BeKH: JaHHbBIE CO 3HAUeHUSIMHU
reoMeTpHUYECKHX IIaPAMEeTPOB 06BeKTa: Sqp -
M3nydaemas Iomanb obrexra; L, - MaKCH-
MaJIBHBI JTUHENHBIN pa3Mep o0beKTa.

3. Ilo yc1oBUSAM BefleHMs pa3BefKu: CIIpaBoy-
Hble JaHHbIe [10 yCPeJHeHHBIM B fHalla30He
BeneHUs UKP 3HaueHUSIM KO3QOHUIIHEHTOB
U3/TyueHUs: 0O6BEKTOB €, U TUIIOBBIX GOHOB €y,

a TakoKe [0 yCpeAHeHHBIM 3HaUYeHUAM IlapaMe-
TpoB cpencts I1]] UKP; 3HaueHMs TeMIIepaTyp
obbekTa T, u dpoHa Ty, (B cliydae OTCYyTCTBUSA
T,=Tg); 3HaUeHUE KOIGOUILIMEHTA IIPOITYCKA-
HUS aTMoCephl, yCpeAHeHHOoe B ralia3oHe
pabouux IIHMH BOIH T, (MOXeT OTCYTCTBOBATH);
JAJIBHOCTH pasBenKku [p.
ABTOMAaTH3HUPOBAHHBIN A/ITOPUTM OLIEHKH BO3MOXK-
HocTer MIKP [1s ciy4as 2 IoKa3aH Ha PHUCYHKe 3.
ABTOMAaTH3UPOBAaHHBIN aJITOPUTM OLIeHKH BO3MOXK-
HocTern HKP BK/IIOYaeT CAeAyIOIIYI0 IIOCTIef0BaTelb
HOCTB JeHMCTBUM

e (uazl. BBOO MCXOOHBIX HAHHBIX;

* waz2. C IOoMOILBIO BEIpaskeHHsI (1) pacCUUThIBA-
eTcs Ko3OPULILEeHT yCI0BUH pa3Benku Up.

Ecnu 3amasa JanibHOCTD pasBeaku [lp:

* waz3. OnpenensieTcs TMHeHHas paspellamwnas
CII0COOHOCTD TeII0BH30Pa Lyc

Loc=Yosc Hp; (4)

* waz4. PACCUUTBIBAETCS YC/IOBHBIN MUHHUMAJIb-
HBIM pa3mep L ;, 1o opmyiie

Lmin=SOB/LmaX; (5)

=

and background T,, (in the absence of T,=T,); the
value of the atmospheric transmittance averaged
in the range of operating wavelengths t, (may be
missing); [l reconnaissance ranges.

An automated algorithm for evaluating the capa-
bilities of ICR for case 2 is shown in Figure 3.

The automated algorithm for evaluating the capa-
bilities of ICR includes the following sequence of
actions:

« Stepl. Input of initial data;

 Step2. Using the expression (1), the coefficient of

exploration conditions Uy is calculated.
If the reconnaissance range [, is set:

Step 3. The linear resolution of the thermal

imager L, is determined

Loc=Yosc Hp; (4)

 Step4. The conditional minimum L_;, size is cal-
culated using the formula

Lmin=SOB/LmaX; (5)

« StepS. The fulfillment of the conditions is checked:

; L ; L
a) me<1, rnax<1; b) me<1, rnax>
LPC PC LPC LPC

Lminzl’ Lmax<1; d) LminZL Lmale.

LPC PC PC LPC

c)

The generalized parameter x is calculated:
Up*Sop B
At-Yooc™ A

1,17-Up- VL

3.3
At-Yosc — Mp

1,17 Up-VSop Linax

; 372, 32
At-Yosc  Hp

1,17 Up-VSog
At.yoac?,/z.ﬂg/z

* Step6. The probability of object detection is deter-
mined by expression (3);
 Step7 If the calculated probability value satisfies
the condition Wy>W, o1, a conclusion is made
about the need for measures of PD ICR. With the
decision on the P and the availability of funds
with known parameters, the measures of the PD
of the ICR are implemented.
Otherwise, paragraphs 1, 4 and S of the evaluation
algorithm are carried out with corresponding changes

for the condition a) x~ 3,2;

for the condition b) x~ -3,2;

for the condition ¢) x~

T4y

for the condition d) x=
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Haugano

—
Qo a

BBOZI UCXOOHBIX JAHHBIX f Ba3a IaHHBIX /
JJISI OLIeHKM pa3BengoCcTyIIHOCTH KBO — “ (cBemeHuUs 110 cpeacTBaM UKP, KBO “
OT cpeAcTB MKP | U YCIOBUSM Be[leHUs Pa3BeoKH) |

\

\

\J

| —
\\u

OrmpeneneHue TUHEMHOMN pa3penanen
CITOCO6HOCTHU TEIIOBH30DA

OmnpepeneHue Ko3pOUIIHEeHTA
YCIIOBUHM BefleHUs Pa3BeqKU

\]

?

OrpeneneHue YCIIOBHOTO

__ | Ormpenenenue 06061UeHHOTO IAPaMETPA X
MHHHMAaJIBHOr0 pa3mepa KBO

ol o o o

v
OrmpefienieHHe BePOSTHOCTH . Wy>W \ Puc. 3. Aemomamu3su-
pi(e)eg
o6uapyxerus KBO pOBAHHbILI aAzopumm
Jla OUEHKU 803MOXKHOCMel
v l e WIKP 0nsi cay4as, Kozoa

5 munu3sauust 06sekma
OmpezeneHre QyHKIMOHATBHON

HeoSxomunas mepsi [I/| IKP 3asucumoctu Wo=F() u cpedcmead pazeeoku He
nposedeHa
| Fig. 3. Automated algo-
v 10} rithm for assessing ICR
BU3yanu3alus 3aBUCUMOCTH W, =F(IT). capabilities for the case
dopMUDPOBaHKeE Pe3YyJIbTATOB OLIeHKU Pa3BeAoCTYIIHOCTU KBO when the typiﬁcation Of
v the object and reconnais-
( g Koser ) :‘ sance means has not been
o // carried out
* waz5. IIpoBepsieTcs BHIIIONHEHHE YCIOBUE in the value of the coefficient of conditions (para-
L. L., L. . graph 1) due to the measures of thg ICRPD.
a) <1, <1; 6) <1, >1; If the reconnaissance range [l 1s not set:
Lec PC PC Lec « Step8. Using the expression (1), the coefficient of

exploration conditions Uy is calculated;

B) Lmin > Lmax ) Lmin > 1’ Lmax >1.

1, <L;r + Step9. The functional dependence of the
Lec Lec Lpc Lec W, =f(lp) probability on the reconnaissance
range is calculated. When calculating W,
PaccunThiBaeTcs 0600IeHHBIHN IIapaMeTp X: the [, range value changes in the interval (100-
Up-Sos 10000) km for KR, (0-70) km for BP, depending
IS yCIOBHSA ) X~ ————— —3,2, on the variant of BP means, and (0-20 km) for
AtYoac™ M HP, depending on the placement option. The cal-
1,17-Up Ve culation is performed for condition b) with the
JUIS1 yCIIoBUA 6) x> —————5——>5--3,2, corresponding parameter x;
AtYosc " Mle + Step10. The dependence W, ={(/l,) is visualized
1,17 Up,m and the boundary values of the detection zone of
IUISL YCIIOBHS B) X~ -3,2, the object [iprp =W, oy are given as the result of

v 32,302
AtYoac™ e the evaluation. The values of [y, are compared

with the approximate (expected) range of explo-
ration [l,, and the range of the optical horizon
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1,17-Up-VSop
Aty 1137

* waz6. ITo BRIPasKeHHUIO (3) oIlpefie/isieTcsl BeposiT-
HOCTb 0O6HapY>KeHH s 06beKTa;

* waz7. ECIY paccYUTAHHOE 3HaYeHHUe BePOATHO-
CTH ynoBneTBopsieT ycinoBuw Wo>W, ;op , Aena-
eTcsi BbIBOJ, 0 HeobxomumocTty Mep I1/1 IKP. IIpu
IPUHATHY peleHus Ha 1 1 HaTMYHU CPeLICTB
C U3BeCTHBIMHM ITIapaMeTpaMH peaih3yIoTCs
mepsl 1T UKP.

HMHaye BBIIIONHAIOTCS MYHKTHL 1, 4 U 5 ajaropurma
OLIEHKH IIPU COOTBETCTBYIOIIMX HM3MEHEeHHIX B 3Ha-
YeHUH Ko3pdHIIMeHTa YCIoBHM (. 1) 3a cueT Mep
I1/1 KP.

Ecnuy janpHOCTE pasBefku Jlp He 3aaHa:

* waz8. C moMoIlbIO BeIpaskeHUs! (1) pacCUUTEIBaA-
eTcst Ko3QUIIKEeHT YCIOBUM pasBeaku Up;

e waz9. PaccuuThiBaeTCsa QyHKIMOHAIbHAS 3aBH-
cuMocTb W = f([lp) BePOSITHOCTH OT Ja/IbHOCTH
pasBenku. IIpu pacyere W, 3HaYeHH e SATTBHO-
ctu [, MeHsieTcst B MHTepBasie (100-10000) kM
1 KP, (0-70) kM 151 BP B 3aBUCHMOCTH
0T BapuaHTa cpelcTB BP u (0-20 kM) s HP
B 3aBHCHMMOCTH OT BapHaHTa pa3MelleHus.
PacyeT BBIIIOTHSETCA IJIS1 YCIIOBHS B) C COOTBET-
CTBYIOIIMM I1apaMeTPOM X;

e wazl0. TIpoM3BOAUTCS BU3ya/IM3alUs 3aBU-
cumoct W, =f(Ilp) U B KaueCTBe pe3y/1bTaTa
OLIeHKH BbIJAeTCs FPAHUYHOE 3HaYeHM sl 30HbI
obHapykeHHS 06beKTa Hprp=W, . Corto-
CTaB/IAIOTCA 3HAYEHUS [prp C OPUEHTHUPOBOY-
HOM (0>KH/IaeMOM) JaTbHOCTBIO Pa3BeaKu [lp,

Y JAJIBHOCTBIO OIITHYECKOI0 FOPHU30HTA [ or
U JIeIa€TCs BBIBOJ O CTEIIEHH Pa3BeIJ0CTyIIHO-
cTU U HeobxonuMocTu Mep I111 UKP.

[Tpy NPUHATHUH pellleHHs Ha IpUMeHeHHe CPefCTB
I1]J] BBIIIOJTHAIOTCA IIYHKTHL 1, 4 M 5 aITOPUTMA OLIeHKH
C y4eToM H3MeHeHHs 3a c4yeT mep IL. IlIpu s3Tom
B BBRIPa>KEHHUE [JI pacyeTa IapaMeTpa X IOACTaBIIs-
eTCsl 3Ha4yeHHe [AJIbHOCTH pa3sBefKH. ABTOMATH3H-
POBAaHHBIM AJITOPUTM OLIEHKH BO3MOKHOCTern HKP
pasBenKH, IIOKa3aHHBIM Ha PHUC. 3, XapaKTepH3yeTcs
TMOKOCTBIO M MaCIITabHpPyeMOCTbIO, UTO II03BOJISIET
KICII0/Ib30BaTh €r0 B TOM YMCJIe IIPYU OTCYTCTBUH THIIM-
3MPOBAaHHEBIX JAHHBIX IO CpeAcTBaM pasBenku, KBO
U ycnoBusaM BedeHus HKP. Pe3ynbTaThl MOAETHPO-
BaHUS 3aBUCUMOCTH W,=f([lp) Ui Pa3THUYHBIX YCI0-
BHUI paspellleHUs IIpHBefeHbl Ha puc. 4. I'paduku
Ioay4ueHsl A cpefcts MKP kocMmuueckoro 6asmpo-
BaHMS C IapaMeTpaMH CPeliCTBA Pa3BelKU 6IH3KUMU
K OIITUMAaJIbHBIM.

IUISL YCJIOBHUS T) X = -3,2;

=

or» and a conclusion is made about the degree of
intelligence availability and the need for mea-
sures of PD IR.

When deciding on the use of PD tools, paragraphs
1, 4 and 5 of the evaluation algorithm are carried out,
taking into account changes due to PD measures. In
this case, the value of the reconnaissance range is
substituted into the expression for calculating the
parameter x. The automated algorithm for assessing
the capabilities of the exploration ICR, shown in Fig-
ure 3, is characterized by flexibility and scalability,
which allows it to be used, including in the absence
of typed data on the means of exploration, the status
quo and the conditions for conducting ICR. The results
of modeling the W,=f(l;) dependence for different
resolution conditions are shown in Figure 4. The
graphs are obtained for space-based ICR facilities with
the parameters of the reconnaissance facility close to
optimal.

An anti-aircraft guided missile (SAM) with aver-
aged dimensions was chosen as the object of recon-
naissance. The conditions for conducting IR recon-
naissance in terms of temperature differences
between the object and the background and differ-
ences in radiation coefficients are assumed to be close
to minimal. Condition (a) can be attributed to the
condition of the worst resolution, condition (d) - the
best resolution. The other two conditions (b) and (c)
occupy an intermediate position, closer, however, to
condition (d). In Fig. 4, the number 1 indicates the

1,0
0,9
0,8 |
0,7 -
0,6 |-

= 0,5F
0,4
0,3 |
0,2
0,1

0 L I L L n
2-103 3-10% 4-103

,E[P, KM

6-10° 8-10° 104

Puc. 4. 3agucumocmp 8eposimHocmu 06Hapy>KeHus om
danbHocmu
Fig. 4. Dependence of detection probability on range
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B KauecTBe obbeKkTa pa3Befku BblOpaHa 3eHUTHO-
yrpasiseMast pakeTa (3YP) ¢ ycpelHeHHBIMU rabapu-
TaMHu. YC1oBUs BegeHHs MK-pasBeqKky B 4aCTH TeMIIe-
PaTypHBIX pa3NIMYUN 06beKTa M QOHA M Pa3TUUHUI
B KO3QOULIMEHTAX H3AyYeHHUs IIPUHSATHL OIH3KUMU
K MUHHMaJIBHBIM. YC/I0BHe (2) MOSKHO OTHECTH K YCTI0-
BUIO HaMXy/[IIero paspelleHus, ycaIoBHe (T) - HAaUIy4-
1IeT0 paspelleHusi. [IBa APyrux ycnosus (6) U (B) 3aHU-
MaIOT MPOMEeXYTO4YHOe Io/IoKeHHe, bonee 6H3Koe,
OfHaKo, K ycaoBuio (r). Ha puc. 4 nudpoit 1 obo3Ha-

Lmin Lmax
YeHa KpHUBas I/ ycaoBus (a) <1, <1; uud-
e PC
. Lmin Lmax o
po¥t 2 - ms ycinoBus (r) 21, 21; uudpou 3 -
L mec PC
s yenoBus (6) —<1, ——>1,
PC PC

AHaiu3 3aBUCHMOCTEN Ha PHUC. 4 I03BojseT CAe-
JIaTh BBIBOJ,, UTO IJIs1 yCJIOBHS (@) BEPOSITHOCTH 0OHAPY-
keHuss W, U3MeHSAeTCs 0T efUHULBL A0 0,02 mpakTH-
YyecKUd BO BCeM AHalla3oHe JaJbHOCTeH BemeHHUs UKD,
U OPYruX ABYX ycnoBuil (6), (r) AuamasoH OasibHO-
CTel TrapaHTHPOBAHHOTO OOHAPYsKeHUS OIIpe/leIseTCs
us3 ycrosus Wy = 0,9.

YoroBus (a) Hauxynulero U (r) HarIydIlero paspe-
IIIeHUSI MOTYT OBITb IIPUHSTHL B KauecTBe IPAHHUYHBIX
IJIs METOAUKH OIepaTHBHOM OLIEHKH BO3MOKHOCTEM
HWKP. [y IOBBILIEHMS OIIePATHBHOCTH IIpeaIlojara-
€TCSl IIPOBeEHHE TUIIH3ALUU OOBEKTOB Pa3BelKU II0
H3/TydaeMoH IUIOMAIU Syg, CPeNCTB pa3BelKH I10 Bapu-
aHTaM pa3MelleHHUs allllapaTypbl Ha HOCUTEISAX U 3Ha-
YeHHSIM K03bdHUIIMeHTa BHUIA pa3Beaku Cp. B kKauecTBe
IIpuMepa Ha pUC. 5 IPHBENEHBl 3aBUCHMOCTH BepOSIT-
HOCTH OOHApy’keHUsI OT HAJIBHOCTH IIPH Pa3THYHBIX
3Ha4YeHHUIX KodPULIEeHTa YCIIOBUH BeleHH S pa3Be KU
Up, KOTOpBIe IIOTy4eHbl Aj151 KocMu4ecKor MKP.

3aBHCHMOCTH Ha PHUC. 5 IONY4YeHBl AJIs1 HUKHeMN

Up-So
At-Yooc Ip

BETCTBYIOIIer KPUBOM (pHC. 5) MPOU3BOLUTCS IIOC/IE
pacueTa Ko3pPUIILeHTa YCIOBUH BelleHHUsl pa3sBeJKHU
Uy, B COOTBETCTBUU C BhIpasKeHHeM (1) Ha 0CHOBe H3Me-
PeHHUs TeMIlepaTyp o6beKTa U $OHA WU OIpefeeHHUs
II0 COPaBOYHBIM  OAHHBIM  KO3QOHUIIMEHTOB
M3JIyYeHHUS.

B kauvecTtBe KO3QPHIMEHTA IIPOIYCKAHMSA aTMOC-
dbeprl T, MOXeT OBITH IIPUHSATO CpefHee 3HAUeHHe
B paboueM OuariaszoHe MJIHMH BOJMH. [IpH OTCYTCTBUH
CIIPaBOYHBIX JAHHBIX T, IPUHHUMAIOT PAaBHBIM €U HHIIE.
[IpoBemeHMe Mep IIPOTHUBOMELCTBHUS CBSI3aHO C U3MeHe-
HHeM Ko3PdHIIMeHTa YCIOBUM BelleHHs pa3Bedku Up
U UX 3¢OEeKTUBHOCTD OLIEHUBAETCS AaHAJIOTUYHO.

TPAaHUYHOM OLIEHKH X= -3,2. Bribop coot-
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: L
curve for condition (a) —=<1, —=<1; number 2 - for
PC PC
condition (d) —=>1, —=2%>1: number 3 - for condi-
L e Lpc
tion (b) —2<1, 251,
PC PC

The analysis of the dependencies in Figure 4 allows
us to conclude that for condition (a), the probability
of detecting W,, varies from one to 0.02 in almost the
entire range of IR ranges, for the other two conditions
(b), (d), the range of guaranteed detection ranges is
determined from condition W,= 0,9.

The conditions (a) of the worst and (d) of the best
resolution can be taken as the boundary conditions
for the methodology of operational assessment of
the capabilities of ICR. In order to increase efficiency,
it is planned to carry out the typing of intelligence
objects by the radiated area S, intelligence means
by the options for placing equipment on carriers and
the values of the coefficient of the type of intelligence
Cp. As an example, Figure 5 shows the dependences of
the probability of detection on the range at different
values of the coefficient of exploration conditions Uy,
which are obtained for space ICR.

The dependencies in Figure 5 are obtained for the

Up-Sos
At Y Z.L[Z
03C “Hp

selection of the appropriate curve (Figure 5) is made
after calculating the coefficient of exploration condi-
tions Up in accordance with expression (1) based on
measuring the temperatures of the object and the
background, as well as determining the radiation
coefficients from reference data.

The average value in the operating wavelength
range can be taken as the atmospheric transmission
coefficient t,. In the absence of reference data, T, is
assumed to be equal to one. The implementation of
counteraction measures is associated with a change in
the coefficient of exploration conditions U, and their
effectiveness is evaluated similarly.

lower boundary estimate of x=~ -3,2. The

CONCLUSION

The article proposes a methodological approach to
improve the efficiency of assessing the capabilities of
IR, based on the use of graphoanalytic and automated
algorithms, the use of a minimum of initial data (the
value of the radiated area of the object, the maximum
size of the typed objects, averaged in the range of
IR values of the radiation coefficients of objects and
typical backgrounds, the type of background, the
temperature values of the object and background, the
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AN\

U,=0,07 \0,2

N

BbiBO/J,

B cratbe mpenjokeH MeTOHHYe- 1.0
CKUP TOAXOH TIIOBBIIIEHUS oOIle- 0,9
PAaTHUBHOCTH OLIEHKU BO3MOXK- 0,8 -
HocTen MKP, 6asupymoomuics Ha 0,7 -
IIpUMeHeHUH TrpadoaHIUTHYe- 0.6 -
CKOTO M aBTOMAaTH3HPOBAHHOIO 20,5
AJITOPUTMOB,  MCIIOJB30BAHUH

MHUHHMYMa MCXOOHBIX J[AaHHBIX 0,41
(3HavYeHHUe M3/Ty4aeMOH IUIOMAAHN S i
06BeKTa, MAaKCHMaJIbHBIE pas- 0,2
MepBbl TUIIM3HPOBAHHBIX 00BEKTOB, 01}
yCpenHEeHHBle B JUAIla30He Bele- e
Hus UKP 3HaueHHsI KO3POHUIIUEH- 2-10?
TOB U3/1y4yeHUs] 06BEKTOB U THIIO-

BbIX GOHOB, TUII POHA, 3HAUEHUS

TeMIlepaTyp obbeKTa U $poHa, 3Ha-

yeHHe KO3QPHUIMEeHTa IIPOIyCKa-

HUS aTMocdeprl, ycpeZHeHHOe

B Maria3oHe paboumx IJIUH BOJIH)

[ PeuIH3YIIIUNICSI C IIOMOIIBI0

3-10?

Puc. 5. 3asucumocmb 8eposimHocmu 06Hapy>KeHus om 0aAbHOCMU Npu pasAuy-
HbIX 3HAYeHUsX Ko3pduLueHma ycaosuli 6edeHUs pazeeoku

Fig. 5. Dependence of the probability of detection on the range at different recon-
naissance situation coefficient values

5-102 7-102 103 2-10° 3-10° 5-10% 7-10°

Ay, KM

IIpeABapHUTeIbHO PaCCUMTAHHBIX
IrpadUKOB 3aBHUCHMOCTH BepPOSITHOCTH OOHapysKeHHs
OT JAJIBHOCTH [JJIs1 HWDKHeM KU BepxHeH I'PAaHHUHBIX
3HAaueHHUH OLIeHKH MPH Pa3IU4YHBIX (QUKCHPOBAH-
HBIX 3Ha4eHHAX KO3QPHUIIMEeHTa YCJIOBHH BeleHHUS
pa3sBenKH, pPacCYMTAHHBIX 3apaHee [ THUIIU3UPO-
BaHHBIX I1aPaMETPOB CPeACTB II0 BHIAM pa3BeKHu
Ha3eMHOI0, BO3AYIIHOTO M KOCMHYeCKoro 6asupo-
BaHMS C NpHeMJIeMOH TOYHOCTBIO. HCIIonb30BaHHE
aBTOMATH3MPOBAHHOIO AJITOPUTMA I103BOJISIeT 3HAYH-
TeJIbHO ITOBBICHTh OI€PATHMBHOCTh METOAUMKHU OL@HKH
BO3MO>KHOCTer cpencTB HMKP. COBOKYIIHOCTb BBISIB-
JIeHHBIX GAKTOPOB I103BO/ISIET IIPOBOAMTDL OLIEHKH pas-
BEJIOCTYIIHOCTH OOBEKTOB 3aIIMUTHI, BBIOMpATh HaU-
6ornee adpdexTrBHBIE Mephl 110 I1]] UKP U IpUMEHSTh
ux 3ab7aroBpeMeHHO, YTO 3HAYHTEIbHO CHHKAeT
HHOOPMATUBHOCTh BeleHHUSI OIITHKO-3JIeKTPOHHOM
pasBenku MpOTHBHUKOM B MK-mHarasoHe.
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value of the atmospheric transmittance, averaged over
the range of operating wavelengths) and implemented
using pre-calculated graphs of the dependence of the
probability of detection on the range for the lower and
upper boundary values of the estimate at various fixed
values of the coefficient of exploration conditions cal-
culated in advance for the typed parameters of means
by types of ground-based, air-based and space-based
reconnaissance with acceptable accuracy. The use of
an automated algorithm makes it possible to signifi-
cantly increase the efficiency of the methodology for
assessing the capabilities of ICR funds. The totality of
the identified factors makes it possible to assess the
intelligence availability of protection objects, choose
the most effective measures for IR PD and apply them
in advance, which significantly reduces the informa-
tiveness of enemy reconnaissance in the IR range.
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