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AHHOTALUA

BBenenue. lccienoBansl criocoObl MOHUTOPUHTA SKOJIOTHYECKONW 00CTaHOBKH, MPOOIEMBI PEIICHUST CMEKHBIX
MIPUKJIATHBIX SKOJIOTO-PECYPCHBIX 3a/1a4 B TPYAHOIOCTYITHBIX palioHaX He(hTera3omo0bId, a TakKe B IPYTHX OTPACIIAX
HAPOJHOTO XO3SICTBA C UCIIOIb30BAaHHEM OCCIMIIOTHBIX JICTATEIBHBIX CPENCTB. PAaCCMOTPEHBI METOIBI HCCIICIOBAHUS
TUIIOB U TOJILIUH CJIO€B MOACTUJIAIONICH TTOBEPXHOCTH MyTEM UX 30HIMPOBAHUS JIEKTPOMATHUTHBIMU HUMITYJIbCAMH
PaaroyacToTHOIO AMana3oHa U raMmma-u3nydenus. Meroa. Ha ocHOBe CyIeCTBYIOLIIMX TEOPETUYECKUX 3aBUCUMOCTEH
B3aUMOJCHCTBHS IEKTPOMArHUTHOTO U3TyUYEHHS C MOBEPXHOCTHIO 3€MIIM MPEACTABICHbBI AUATPAMMBI TPOXOKACHUS
SJIEKTPOMArHUTHBIX BOJH JEIUMETPOBOTO U CAHTUMETPOBOTO AHAINa30HOB Yepe3 pa3MuyuHble CTPYKTYpHI JIaHAmadTa
(cHer-nen-Boma-mMep3nad mousa). OcHOBHbIE pe3yabTaThbl. [l0ka3aHo, YTO HCIOIB30BAHIE raMMa-H3Iy9eHHUS TO3BOISET
pemuTh IpodieMy ornpeencHus SPPEKTUBHON BEICOTHI JIETATEIFHOTO arapara Py 3KOJIOrMYecKOM MOHUTOPUHTE 32
cueT OOINBIION FHEPTHU (POTOHHOTO M3ITYYCHHS M allbOEI0 OT Pa3IMYHBIX IOBEPXHOCTEH, B TOM YHCJIE OT CHEXKHOTO
nokpoBa. [IpuBezeHa MeToauka pacyeTa coepKaHUs 3arps3HUTENS Ha MOACTUIIAIONIEH TOBEPXHOCTH C 3alaHHON
BEPOSITHOCTBIO €0 JIOCTOBEPHOTO 00HapyxeHHs1. OTMEUEHO, UTO Ha IOCTOBEPHOCTH TIOKa3aHHI H3MEPUTEIBHBIX CPE/ICTB
3HAYUTEIHHOE BIHMSHIE OKa3bIBACT NX T'€OMETPHUECKOE PACIIONOKEHHE Ha TPAHCIIOPTHOI riardopme. [Tokazano, 4to
MIPEATIOKEHHOE PelIeHUE [IeJIeCO00Pa3HO PEeaIn30BaTh C HCIOIB30BAaHUEM JBYX OSCITUIIOTHBIX JIETATEIbHBIX allllapaToB
I MaJopa3MepHOro OeCIOTHOTO AUprkadia. Ha ocHOBaHMM crienaHHOTO 0030pa MPEIIOKEH COCTaB TEXHMYECKUX
CpPE/ICTB KOMITIEKCA PACMIO3HABAHNUS THITOB ¥ TOJIIUH CJIOEB 3arps3HEHUH MoACTHIaonel moBepxHocTr. [IpuBenena
BO3MOJKHAsI METO/IMKA OLICHUBAHHS DKOJIOTHYECKON 0OcTaHOBKU. Q6cy:KkaeHue. Pe3ynbraTel paboThl MOTYT HAUTH
MPUMEHCHHUE TPHU MPOBEICHIH YKOJIOTHYECKOW Pa3BelIKH, IPU TPAHCTIOPTHPOBKE HE(DTSIHBIX U Ta30BBIX PECYpCOB
B YCJIOBHUSX 3aTPYAHCHHUS MOCTYyNa K HUM. PactimpeHbl BO3MOKHOCTH PEUICHUS MOJOOHBIX BOCHHO-TTPHUKIIAIHBIX H
WHXEHEPHO-CTPOUTENBHBIX 3aj]a4. BriepBbie MPeyIodKeHO COBMECTHOE HUCIOIb30BaHUE IEKTPOMArHUTHBIX BOJIH
PaZMoYacTOTHOTO AHMana3oHa M raMMa-u3JlydeHus. DJIeKTPOMAarHUTHOE M3JIy4eHHe PaJuoyacTOTHOTO AMana3oHa
TO3BOJISIET MCCIEN0BaTh CTPYKTYpY JaHamadTa. ['aMmma-u3nydeHne 1o oOpaTHOMY PacCessHHOMY HOHU3HUPYIOIIEMY
M3ITyYCHUIO 1AeT BO3MOKHOCTB OIPEISITUTE THIT 3aTPA3HUTENS M 00ECIIEUUTh BBICOKYIO TOUHOCTh U3MEPEHHUS PACCTOSHUSA
OT MOJYJIS IO BEPXHETO CJIOS MOACTUIIAIOIIEH MOBEPXHOCTH.
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Abstract

The methods of monitoring the environmental situation as well as the problems of solving related applied environmental
and resource problems in hard-to-reach areas of oil and gas production and also in other sectors of the national economy
using unmanned aerial vehicles, are investigated. The methods of studying the types and thicknesses of the layers of
the underlying surface by probing them with electromagnetic pulses of the radiofrequency range and gamma radiation
are considered. Based on the existing theoretical dependencies of the interaction of electromagnetic radiation with the
Earth’s surface, diagrams of the passage of electromagnetic waves in the decimeter and centimeter ranges through various
landscape structures (snow-ice-water-frozen soil) are presented. It is shown that the use of gamma radiation makes it
possible to solve the problem of determining the effective altitude of an aircraft during environmental monitoring due
to the high energy of photon radiation and albedo from various surfaces including snow cover. A method for calculating
the pollutant content on the underlying surface with a given probability of its reliable detection is presented. It is noted
that the reliability of the readings of measuring instruments is significantly influenced by their geometric location on
the transport platform. It is shown that the proposed solution is advisable to implement using two unmanned aerial
vehicles or as mall-sized unmanned airship. Based on the review, the composition of the technical means of the complex
for recognizing the types and thicknesses of layers of contamination of the underlying surface is proposed. A possible
methodology for assessing the environmental situation is presented. The results of the work can be used in conducting
environmental exploration of infrastructure used for transporting oil and gas resources in conditions of difficult access
to it as well as for solving similar military-applied and engineering-construction tasks. At the same time, for the first
time, the joint use of the radio frequency range of electromagnetic waves and gamma radiation was proposed. The radio
frequency range makes it possible to study the structure of the landscape, and gamma radiation from backscattered
ionizing radiation is a type of pollutant, as well as to ensure high accuracy in measuring the distance from the module
to the upper layer of the underlying surface.

Keywords
gamma radiation, confidence interval, pollutant, environment, height determination, radio pulse, layer thickness,
environmental situation, electromagnetic waves
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BBenenune

B HacTosmiee BpeMss OCHOBHBIMH 3aJjadaMy TOCYIap-
CTBEHHOM MTOJUTHKH B chepe 00eCIIeueHNs SKOIOTHICCKOM
0€30ITaCHOCTH SBISIOTCS: COBEPIIICHCTBOBAHUE CHCTEMBI
TOCYIapCTBEHHOTO KOJIOTHYECKOTO MOHUTOPUHTA; Ha-
y49HOE W MHPOPMAITMOHHO-aHATUTHYECKOE 00eCIeueHne
OXpaHBI OKpPY’KaroIIei Cpedbl, B TOM YHCIIE B OTHOIICHUHN
3eMeJIbHBIX PECYPCOB U TEPPUTOPHI paiioHOB HedTeras3o-
N00bIuK. B moceiHue roisl MpoeKTsI 110 A00br4e He(hTH 1
rasza CTaHOBSTCS Oosiee TpeOOBaTeNbHBIMK C TOUKH 3PEHUS
TEXHOJIOTHH M PUCKOB, U HE(TSIHUKHU Bce OOJIbIIee BHUMA-

HHUE YJCNSIIOT TPYJHOM3BICKAEMbIM 3aracaM yIiIeBOI0pO-
T0B. B pe3ynbrare mosBisieTcss HEOOXOAUMOCTD pa3paboTKu
HOBBIX MECTOPOXJICHUH U CTPOUTEIHCTBA TPAHCIIOPTHOU
HHPPACTPYKTYPHI B TPYAHOAOCTYITHBIX paifoHax. PasBurne
cekTopa HeTerazof00buu MPUBOAUT K MHOTOKPATHOMY
YBEIUYCHUIO [UIOIIALEH TEPPUTOPUH, MOMIEKAILUX KO-
JIOTUYECKOMY MOHUTOPUHTY. [IpHOpUTETHBIMY Hampas-
JICHUSMU IIPU 3TOM SBJISIOTCS TOBBIIIEHUE TEXHUYECKOTO
MOTEHIMaJIa ¥ OCHALIEHHOCTU CUJ, yYacCTBYIOIIUX B Me-
PONPUATHUAX 10 NMPEAOTBPALIEHUIO U TUKBUJAIUHN HEra-
THBHBIX HKOJOTHYECKUX MOCIEACTBHH, U obecrieueHne
Pa3BUTHS MPOrpaMM 00pabOTKH JaHHBIX, TO3BOJISIONINX
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M.B. CeutHeB, A.®. HaligaHos, A.B. Bunkos, [.A. Cokonos, M.1O. Jlebenes, E.A. XaputoHoBa, J1.A. JlykbsiHOBa

CBOEBPEMEHHO MOJIyYaTh JOCTOBEPHYIO HH(OPMAIIHIO O
COCTOSIHMHU OKpY>Karowieii cpespi!.

OnHOM U3 OCHOBHBIX ()OPM KOHTPOJISI BHIITOJIHECHUS
MIPUPOIOOXPAHHBIX MEPOIPHUITHH SBISIOTCS IJIaHOBBIC
1 BHEIUTAHOBBIC MHCIIEKI[MOHHBIC MMPOBEPKH, B paMKax
KOTOPBIX HKOJIOTMYECKOE COCTOSIHNE TEPPUTOPHIA B HeTe-
TIPOMBIIIJICHHBIX palfOHAX OL[EHUBAIOT MTPEUMYIIECTBEHHO
ITyTEM BU3YaJIbHOI'O OCMOTpPA C UCIOJIb30BAaHUEM, IIPU He-
00XOIMMOCTH, CPEICTB HHCTPYMEHTAJIbHOTO KOHTPOJISL.

JlanHbIi moaX0 00YCIOBIMBAET HAIMYKE Psijia 00b-
C€KTHBHBIX O6CTO$ITGJ'II)CTB, KOTOPBIC OrpaHHUYUBAIOT
BO3MOXXHOCTHU OpraHOB yHnpaBJICHUA, OTBCHAIOMIUX 3a
KOHTPOJIBHO-HAI30PHYIO JeATeNbHOCTh. C 0AHOM cTOpo-
HBI — HaJi4yKe OOJIBIIOTO KOJIMYeCcTBA 00BEKTOB U TEPPH-
TOPHH, B TOM YHCJIE TPYIHOAOCTYITHBIX U 3HAYUTEIBHBIX
T10 TIOMIAAN, Ha (DOHE BO3PACTAHUSI YIPO3 IKOJIOTNIECKOM
0e301acHOCTH ITPY HAJIWYMK HAKOIUIEHHOTO BPEAa OKpY-
xaroteit cpene. C 1pyroit CTOpoHBI — HEOOXOIMMOCTh
KOHTPOJISI 3THX TEPPUTOPHIA PN YCIOBHUH, YTO COOp JaH-
HBIX, TTOJUIEXKAIINX aHAIN3Y U YUETYy, XapaKTepU3YIOIINX
HX 9KOJIOTHYECKOE COCTOSIHUE, SIBIISIETCSA JOCTATOUHO TPY-
JoeMKkuM [1].

HusenupoBaHue 1aHHOTO MPOTUBOPEUHUS MPU pellie-
HUU 33124 SKOJOTUYECKOTO MOHUTOPHHIA TEPPUTOPHIA
BO3MOXHO IMyTEM MPUBJIEUEHUS CPEACTB adPOKOCMUUE-
CKOM ChEMKH, paboTa KOTOPBIX, KaK MPaBHUIIO0, OCHOBaHA
Ha BU3YyaJIbHBIX MeTofax. OHU MO3BOJISIOT OXBATUTh 3HA-
YHUTENBHBIE U TPYJHOIOCTYIHbIE TEPPUTOPHH, HO aBTOMa-
TH3aIHsl 00paOOTKH MOTyJaeMbIX H300paKEHNI OTHOCUTCS
K BeChbMa CIOKHOMW 3asade. JlemmpprpoBanne moxydeH-
HOW MH(pOPMAINN OCYIIECTBIISETCS BPYUHYIO CHEIHaIN-
CTOM-JIemu(ppOBITKOM, JTHOO0 FKcepTamu. Kpome Toro,
MIPUMEHEHHUE ATUX CPEJICTB JOBOJIBHO OTPAHHUCHO yCIIO-
BUAMU BUIUMOCTHU, METCOPOJIOTUICCKUMHU YCIIOBUAMU U
TpeOOBaHUAMHU K 0€30MaCHOCTH IOJETOB, YTO HAMPSIMYIO
BJIMACT HAa KQUYCCTBO IOJTYy4Ya€MbIX MAaTCpUajoB. Taxxe Ha
pe3yibTaT MOHUTOPHHT'A 3HAYUTEIILHOE BIIMSIHUE OKa3bIBacT
rpodeccHoHaIN3M AN (POBIIMKA U SKCIIEPTOB.

Bmecte ¢ TeM ykazaHHBIE CPEACTBA M pealln3yeMble
VMM BU3yaJIbHBIC METO/IbI HE TIPEIHAa3HAYEHBI I Pa3BEIKH
CTPYKTYPbI CIIONCTOH ITOJCTUIIAIOIIEH MOBEPXHOCTH, TEM
GoJiee B CIIOKHBIX METCOPOIIOTHIECKHX YCIOBHAX. B HacTo-
sIIiee BpeMst [UIsl PELICHHS TIOMOOHBIX 33/1a4 MIPUMEHSIOTCS
KOHTAKTHBIE METOJbI MHOTOKPATHOTO OypeHUsI AiIsl Ompe-
JICJIEHUs TOJIIINH CJI0EB MOACTUIIAIOIIEH TTOBEPXHOCTH.
OpHako B 3TMOXY pa3BUTHUS pOOOTOTEXHUKH TAKOH METOJ
HE COOTBETCTBYCT KOHIICIIIUAM YCIICIIHBIX }IO6I>IB8.IOHII/IX
KOMIIaHU M.

OnHuM 13 Hanbosee OUEBHU/IHBIX BAPUAHTOB PEIICHHS
0003HaYeHHON MPOOJIEMBI SIBISIETCST UCIIOJIb30BaHUE (-
(ekTa OTpaskeHUsS! M MPEIOMIICHHS AIEKTPOMarHUTHBIX
BOJIH IIPH MTPOXOKACHUH PA3INIHBIX CPEI.

Texnudeckas peannsanusi JaHHOTO MPUHIIUIIA BO3-
MOXHA, HalpuMep, ¢ OECIMIIOTHOTO JIETATEIBHOTO alla-
para. OHAKO METOA 10 HEKOTOPBHIM IPUYNHAM HE HaIllel
npumeHeHnss. OCHOBHOM M3 HUX SBIIAETCS HEOCTIKEHNE
HEOOXOANMOH TOUHOCTH U3-3a PsAia TEXHMUECKUX OTPaHH-

1Vkas3 [pesunenta Poccuiickoit ®enepanmu ot 19.04.2017 1.
Ne 176 «O Crpareruu sxonoruueckoit 6esonacHoctu Poccutickoit
®denepannn Ha nepuox 10 2025 romay.

YEHUIl, HaKJIa/IbIBAEMbIX Ha HOCHTEJNb armnaparypsl, o0y-
CJIOBJIEHHBIX YCJIOBUSIMU €r0 IPUMEHEHHSI, HAIPUMED Y4eT
HEeCTaOMIBHOCTH M3IIyYCHUS! IPU U3MEPEHUH SIPKOCTH 110
CIIEKTpaJIbHBIM KaHanaM [2].

TakuMm 00pa3omM, [eJTb HACTOSAIIEH paOOThl — ITOBBI-
[ICHIE TOYHOCTH ONPEICICHIS THUIIOB M TOJIIHH CIOCB
MOJICTHJIAIONICH MMOBEPXHOCTH, OOHAPYKCHUE HATHIHSI
Ha Hel 3arpsi3HUTENEH, U UCIOJAb30BaHUE 3TUX JAHHBIX
JUTSL OLIEHUBAHUS SKOJIOTHIECKOTO COCTOSHUS 3eMETbHBIX
pecypcoB B paiionax HedTerazoqo0euu. Tawke ¢ mpume-
HEHHEM TaKOoro IOJX0Ja 11eJIeco00pa3Ho paccMaTpuBaTh
BO3MOYKHOCTb PEIICHHS CMEXKHBIX IKOJIOT0-PECYPCHBIX
3aja4, TpeOyIOIUX MMoJy4eHre HH(MOPMAIIMH O CTPYKType
U COCTaBe MOJACTHIIAIONIEH TTOBEPXHOCTH.

[TocTaBneHHas 1eiIb JOCTUTAETCs PEIICHUEM 3a1ad
0 pa3pabOTKEe METOJMUYECKOTO arapara, Io3BOJISIOIEro
OTIPEJICIIUTE COJCPKAHUE 3aTPSA3HUTEI Ha MOACTHIIAIO-
e TOBEPXHOCTH, OLEHUTH IKOJIOTHICCKYIO 0OCTaHOB-
Ky, a Takke 000CHOBaTh TEXHUYECKHI OOIMK KOMILIEKCa
pacTto3HaBaHUS TUIOB U TOJIIHWH CIOEB TMOACTUJIAIOIICH
MTOBEPXHOCTH.

Hayunas HOBH3HA pabOTHI 3aKJII0YAETCS B TOM, YTO
npeniaraeMblii Crocod MPUHIMITHAIBHO OTINYACTCS OT
HU3BCCTHBIX AKTUBHBIX CHOCO60B 30HAUPOBAHUSA HUCITIOJIb-
30BaHUEM B JIOTIOJIHEHHE K PAJOYaCTOTHOMY JTHAIa30Hy,
MIO3BOJISIONIEMY ONPEENIAThH TOJIIIMHBI U THITBI CJIOEB O/
CTHJIAFOLIEH TOBEPXHOCTH (CHETr-JIe-Bo/la-Mep3iasi [104Ba),
ramMMa-u3JIydeHne, oarogaps KOTOpoMy 1o oOpaTHO pac-
CesTHHOMY (DOTOHHOMY H3TYYCHUIO BOZMOKHO OTIPEICIISATh
COCTAaB 3arps3HUTEIS Ha TOCTUIIAIOMICH MTOBEPXHOCTH [3],
a TaKk)Ke 00eCIIeUuNBaTh YCTOMUMBOE MTOJICPIKAHNE BEICOTHI
MI0JIETa B YCIOBHUAX PBIXJIOTO (CHEKHOTO) TMTOKPOBA.

00630p cyniecTBYIOIIMX METO0B 30HAUPOBAHMS
3€MHOMH II0BEPXHOCTH

B HacTosmee Bpems yaenseTcs oco0oe BHIMaHUE Ha
MIPOOIEMBI SKOJIOTHH B HE(PTETa3000BIBAIOIINX paiioHaX,
MOSBIISIIOTCS] HOBBIE TEXHOJIOTHUYECKUE PEIICHHUS TS -
(hextuBHOTO cOOpa M aHATN3a SKOJIOTHIECKON MHPOpMa-
uu. PaccMoTpuM monpoOHee HECKOIBKO MEPCIIeKTUBHBIX
HaIlpaBJICHUN TaKUX UCCIIEOBAaHUM.

JHCTAaHIMOHHOE 30HIUPOBAHUHE W JPOHBI B IKO-
JIOTHY€CKOM MOHUTOPHHTE He()TEra30oBbIX PErHOHOB.
HccnenoBanusi, MPOBEICHHBIC C TIOMOIIBIO TUCTAHIIMOHHO-
TO 30HIUPOBAHHMS M OCCIMIOTHBIX JICTATCIILHBIX aIIapaToB
(IpOHOB), MOMYCPKUBAIOT BAXKHOCTh UX MPUMCHEHUS [4].
JlanHbBIC, COOpaHHBIC 3TUMHU CPEICTBAMH, 00CCIICIHBAIOT
JIETaIbHBIA MOHUTOPUHT TPYIHOAOCTYITHBIX YYaCTKOB,
a TaKke TO3BOJISIOT B PEaTbHOM BPEMEHHU OTCICKHUBATh
U3MEHEHHUS B PKOCHCTEMAXZ.

JlcTaHIIMOHHOE 30HIUPOBAHNE OCHOBAHO HA UCIIOJNb-
30BaHUH CITyTHUKOB U a3POCHEMOUHBIX IIIATGOPM IS [10-
Jy4eHUs TaHHBIX 0 MMOBepxXHOCTH 3emiin. Pabounii tuamna-

2 Kucenescxas K.E. TIpuMeHEHUsT METO/IA JUCTAHIIMOHHO-
ro 30HIUPOBAHUS 3EMIIM JUJISI SKOJOTHYECKOTO MOHUTOPHHTA
// TUAB. 2009. Ne 1 [Dnekrponnsiit pecypc]. URL: https://
cyberleninka.ru/article/n/primeneniya-metoda-distantsionnogo-
zondirovaniya-zemli-dlya-ekologicheskogo-monitoringa (nara
obpamenust: 13.11.2023).
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30H JUIMH BOJTH, IPUHUMAEMBIX ChEMOYHOM ammaparypou,
COCTABJISIET OT JIOJIeH MUKpPOMETpa (BUAMMOE OIITHYECKOE
U3JIy4eHHe) 10 METPOB (pasnoBoiHE) [S].

JIpOHBI MPEIOCTABISIOT BO3MOKHOCTh COOMpATh JAaH-
HBIC B pEabHOM BPEMCHH, 0OecreunBas 60oee BBICOKOE
MPOCTPAHCTBEHHOE W BPEMEHHOE pa3pemeHus. ITO 10-
3BOIISICT AP PEKTUBHO OOHAPYKUBATH U OTCIICKUBATH yTEU-
KH He(TH, N3MEHEeHHUs B JaHAmAapTe M BOJHBIX pecypcax
[6, 71.

CeHcopHbIE TEXHOJOTMH B IKOJIOTHYECKOM MOHH-
TOpUHTe He()Tera3oBbIX pernoHoB. CEHCOPBI PETyISIPHO
OTCJIC)KHUBAKOT BbI6p00bI " Kau€CTBO BO/bI, IPEAOCTAB-
JIsisl BOYKHBIC JTAHHBIE JUISI KOHTPOJISL M TPEAOTBPAICHUS
9KOJIOTMYECKUX aBapuid. [IpuMepoM MOXKET CITyKHUTh HC-
TI0JIb30BaHUE CEHCOPOB JUIsl U3MEPEHHsSI yPOBHEH MeTaHa,
CEpOBOJIOPO/IA U JPYTHX I'a30B BOIN3U HEPTAHBIX CKBAXKHH,
MOHHUTOPHHT Ka4eCTBa BOJBI B PEKaX M 03epax, a TaKKe
pearmpoBaHUe Ha YTEUKH HE(DTH MITH XUMITYECKHUX BEIICCTB
[8]. ITpu >TOM BHITIONHSETCS aBTOMAaTHYECKas Mepeaada
JaHHBIX B IIEHTPHI YIPaBICHHS, 00CCIIEUNBas OTIEPaTHB-
HBI OTKJIMK Ha TIOTCHIHAIBHBIEC YKOJIOTHIECKHUE YTPO3BI.

Hcnonb30BaHuE CEHCOPHBIX TEXHOJIOIUM B HKOJIOIMYe-
CKOM MOHHTOPHHIC He(bTeFaSOBI)IX PETUOHOB MPEAOCTaAB-
JISIET BOBMOYKHOCTh ONIEPAaTHBHOIO PearupoBaHus HA OTEH-
LMaIbHbIe YTPO3bl 1 MUHUMH3AIIMIO BPETHOTO BO3/ICHCTBUS
Ha IPUPOIHYIO cperyl.

MamuHHOe 00yYeHHe U aHAJIHM3 JaHHBIX B KO-
JIOTH4eCKOM MOHHTOPHHTE He)Tera3oBoro cexkropa.
HefipoHHBIC CeTH MPUMEHSIOT JUTS BBISIBICHUS aHOMAJIHAN
B JAHHBIX W JIJIs aBTOMAaTHYECKOTO PearrpOBaHUs HaA TI0-
TEHIMAJbHBIC YTPo3bl. [TTaBHAS MpHUUMHA BHEAPSHUS HE-
POHHBIX CeTelf — BO3MOKHOCTH OTICPAaTUBHOTO BBISABIICHUS
AHOMAJII B IKOJIOTHYECKUX JaHHBIX. MeTOIbI TITyO0KOTO
00y4eHHsI TO3BOJISIOT CO3/IaBaTh MOJIEITH, CIIOCOOHBIE aBTO-
MaTHYCCKH BbIABIIATHL OTKIIOHCHUA OT HOPMBEI B ITapaMeTpax
OKPY’KaloILeH CpeJibl, YTO CO3AET YCIOBHS sl OBICTPOTO
pearupoBaHusl Ha TOTCHIIMAIBHBIE YKOJIOTHYECKHE YTIPO-
3b12,

BobiBo/bI 10 0030pYy METO/10B 30HAUPOBAHUS 3eMHBIX
MoBepxXHocTel. B pe3ynsrare MOXKHO clienath CleyIoIue
BEIBOZIBL. COBPEMECHHBIC TEXHOJIOTHH B 3KOJIOTUIECKOM MO-
HUTOPUHTE HEPTETa30BBIX PETHOHOB MPEICTABISTIOT COOO0H
MOIITHBII HHCTPYMEHTApHII TSt KOHTPOJIS U pearnpoBaHUs
Ha 9KOJIOTHYECKHUE YIpo3bl. JJMCTaHIIMOHHOE 30HANPOBA-
HHE W JPOHBI 00€CTICUNBAIOT MIUPOKUN OXBAT M TOYHBIN
MOHHUTOPUHT. CEHCOPHbIE TEXHOJIOTHU CO3/IAI0T YCIOBUS
HENPEPHIBHOIO KOHTPOJISI TapaMETPOB OKPYKarolleH cpe-
JbI, a MAlIMHHOC o6yquI/Ie W aHaJIM3 OJAHHBIX ITO3BOJISOT
00pabarbIBaTh OrpOMHbBIE 00BEMbI HH(POPMAIIMH TSI BBISIB-
JICHUS TEHJICHLIUH U TPEeAYNPEKACHUN 00 yrpo3ax.

! Kasomuna U.I, Pasanyeea JI.T., @edsnun B.M. Xumu-
YECKHUE CEHCOPBI B CUCTEME HKOJIOIMYECKOr0 MOHHUTOPHHIA
// Bectauk BI'TY. 2011. Ne 2 [OnexTponnsiii pecypc]. URL:
https://cyberleninka.ru/article/n/himicheskie-sensory-v-sisteme-
ekologicheskogo-monitoringa (nara odpamenus: 13.11.2023).

2 @edymunos K.A. MamnaHoe 00ydeHue B 3a1a4ax Moj-
JICPYKKH TIPUHATHUSI PEIICHHUH [IPH YIIPABICHHN OXPAHOM IIPUPOJIBI
/I UBJI. 2021. Ne 9 (81) [Dnexrponnsriii pecypc]. URL: https://
cyberleninka.ru/article/n/mashinnoe-obuchenie-v-zadachah-
podderzhki-prinyatiya-resheniy-pri-upravlenii-ohranoy-prirody
(mara obpamenus: 13.11.2023).

Pemenue 3agaun onpeaeaeHus CTPYKTypbl
MOACTUJIAKOLIEH MOBEPXHOCTH 10 OTPAKCHHBIM
AIEKTPOMATIrHUTHBIM CUTIHaJIaM

W3BecTHO, 9TO pa3iHyHbBIE CpeJibl, 00IalatoIe IPo-
BOJMMOCTSIMH, MarHUTHBIMU W JTUAJIEKTPUYECKUMH MPO-
HHUIAEMOCTSIMH, SIBJISIOTCS JUISL QJIEKTPOMArHUTHBIX BOJIH
paznoYacTOTHOTO AMANa30Ha JNUAIEKTPUKAMU HMIIH MPO-
BOJHHMKAMM, WU MOIYNpoBogHHKaMH. OTcofa ciemyer
pa3HoOe COOTHOIIEHNE MEXIY KodhduimeHnTaMu mpenom-
JIeHus, oTpaxkeHus u nornomeHus [9—-11]. Ilpoussoas uz-
MEpPEHUE YPOBHEH OTPAKEHHBIX CUTHANOB £|—E5. OTHO-
CHUTCJIIBHO HUCXOAHOI'O Eo, MOXHO CyAUTb O TUIIAX CPECIH,
HAXOJISIIMXCSI HA TPAHUIIE UX pasnena (puc. 1).

[Mone3ysich (pyHIaMEHTAIBHBIMU 3aKOHAMU (DHU3HKH,
YCTAHOBMM HEOOXOANMBIE COOTHOILIECHUSI IS pacyeTa ToJI-
UHEI cios [9].

3aBUCHMOCTh TTapaMeTpoB (YroJ IPEIIOMIICHHS U CKO-
POCTB) AIIEKTPOMATHUTHON BOJIHBI OT CPEIbI, B KOTOPO OHA
pacmpoCTpaHsieTcs, MOTyIUM B BUJIE:

. Er .
sinf; = | LsmGH, (D),
Mo &

c
ppe— 2
[T

rae 0; — yroa npenoMIIeHUs! IEKTPOMArHUTHON BOJIHBI;
Wy, ¥ €, — MarHUTHAs M JUIIEKTPHYCCKAst IPOHUIAEMOCTH
i-ro cniosi (mocie pasiena cpen); Wy, | U g,  — MarHuTHas
U TU3JIEKTpUYecKast MPOHUIIAeMOCTH i—1 ciost (1o pasaena
cpen); 0, ¥ v; — yroJ majgeHus U CKOPOCTh IEKTpOMar-
HUTHOM BOJIHBI; ¢ — CKOPOCTb CBeTa B Bakyyme [12].

®opmyna (1) ycraHaBiuBaeT 3aBUCUMOCTh yriia mpe-
JIOMJICHHS JIEKTPOMArHUTHOU BOJIHBI OT Cpefibl, a (2) —
CKOPOCTh PACHPOCTPAHEHUS AIIEKTPOMATHUTHOM BOJIHBI B
cpene. [Ipoenupyst v; Ha HOpMaJlb K TPaHUIIE pa3esa cpe/,
MOy YUM:

v, =

3)
E, E E, E; E, Es
B | 6o 8o <0, Cpena 1
0,
01\01,0,/ |9 Cpena 2
g
02
Cpena 3
0,/6,
v Y X

Puc. 1. 'eomeTpuueckasi MOJeIb PacpOCTPaHEHHs PAJHOBOJIH
B Pa3IMYHbIX cpeax

Fig. 1. Geometric model of radio wave propagation in different
environments
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M.B. CeutHeB, A.®. HaligaHos, A.B. Bunkos, [.A. Cokonos, M.1O. Jlebenes, E.A. XaputoHoBa, J1.A. JlykbsiHOBa

OmnpezeneHue TOMIUH CIOEB BBIMOJIHUM 110 BPEMEH-
HOMY MHTEpBILy MEX/1y NPUHUMAeMbIMU OTPayKeHHBIMHU
CUTHAJIaMU OT TPaHuIl paszena cpex (puc. 1).

Omnpenenenne TITyOUHBI TPOXOXK/ICHNSI CUTHAJIA B Cpe-
nax H, onuiueM CUCTEMON ypaBHEHUI:

T T T Ty n T;
Hn = Vi—+ Vo— + V3_+ .ot VT = ZV‘_
2 2 2 2

1

=1 2’ (4)
Hy=hi+hy+hy+...+h,=Yh

TAC T; — BpEMA MPOXOKACHUA OTPAKCHHBIX CUTHAJIOB OT
{-TO CJ10s1; h; — TOJIIIMHA {-TO CJIOS; 1 — KOJIMYECTBO CJIOCB
(cpen); i — HOMeEp citost (cpenbl).

C y4yeToMm cHCTEMBI ypaBHEHHH (4) MOIyYnM BBIpaKe-
HUE JUIsl pacdera CJIosl i-Of CpeJibl:

_ C(Ti B T1'71) 1 W,

hip=—"""—"= sin?0; 1, (5)
HrEry W &
TJIe T, | — BpeMs peructpanuu ot i—1-ro cios [12].

W3 dpopmynsl (5) BUIHO, YTO JUIsL pacyeTa TONIIHHBI
CJI0s1 HEOOXOIMMO 3HATh THIT caMoro cJiosl. Jlist aToro aHa-
JUTUYECKU ONPENEIUM OTHOLIEHUE MPUHIMAEMOr0 CUTHa-
J1a K U3JTy4EHHOMY Yepe3 Koo GuureHTbl oTpaskeHust Py,
U npesomieHus P,

np>
Zi—Zi
Py =3 (©)
np _Z[+Zj71’ ( )
O; .
rac Zi = _COSG,- — BOJIHOBOC CONPOTHUBJIICHUC I-OU

©E,,
cpensbl; 6; — HLPOBOJII/IMOCT]:. i-Of cpejibl; ® — Kpyropas
4acTOTa MaJlalollei 2JeKTPOMarHuTHOM BOJIHEI [12].

s mpumepa Ha puc. 2 IOKa3aHa quarpaMMa, WLT-
CTPHUPYIOIIAsl TOTEPU PHEPTUHU DICKTPOMATHUTHOMN BOJHEI
TIPY OTPaKECHHUH OT PA3JIMYHBIX THIIOBBIX cpell. JlaHHast mna-
TpaMMa TT03BOJISIET [0 OTHOIICHHIO aMITTHTY IIPHHUMACMO-
ro E u u3ny4eHHoro £ CHTHAJIOB OTIPEEINUTH TUTI CPEIIBI,
a 3aTeM, CPaBHUB C TApaMETPaMH CPEIbl, OTIPEIACTIUTD TOJI-
IIFHY CII051, ICTIONB3Ys MareMaTudeckyro moxenb (1)—(7).

Kak BumHO 13 puc. 2 [12], oTpakeHHe dIeKTPOMarHuT-
HOM BOJIHBI OT pazaeciia BO3AyX-CHET, B OTIIMYXE OT APYTHUX

TPaHUIl, COCTaBIAET MeHee 5 Y%, YTO OKa3blBaeT BIMSHUE
Ha OMPE/ICIICHUE BBICOTHI MIOJIETA HOCUTEIIS allliapaTypbl
OTHOCHTEJIEHO CHEKHOTO TIOKPOBA.

Vcnonp3oBaHue TaMMa-U3TyYCHUS TIO3BOIISCT PEIIUTh
po0IeMy OTpe/IeIICHUS BBICOTHI TIOJIETa 32 CYET BHICOKOH
SHEPreTUKU (POTOHHOTO M3IYUCHHS U aTb0eI0 OT pa3Iny-
HBIX noBepxHocTel. [Ipoleccsl paccenBanus U NOIVIOLIE-
HUS TaMMa-HU3JIyICHHS OOJBIIE MPOUCXOAIT B IUIOTHBIX
CIIOSIX, TTOTOMY Ha pasfiefiaX BO3AyXa M IOACTHIIAIOIIETO
OCHOBaHMSA, B TOM YHCJIE CHE)KHOTO TOKpOBa, OyneT (puk-
CHPOBAThHCS 3HAUMTENILHOE M3MEHEHHE alIb0es1o.

OcHOBHOI1 3 (eKT B3anMoIeHCTBIS raMMa-KBaHTOB Ha
TpaHMILIE pa3/esia Cpesl, MO3BOJISIOIIUI MOTyUUTh OTPaKEH-
Hoe u3nyueHue — 3¢ ekt Komnrona [13]. [Ipu Hanuuuu
JTAHHOTO (P PEKTa YHEPTUS OTPAKCHHBIX KBAHTOB 3aBUCHT
OT yIIa MaICHUs.

Pe3ymnbrarel pacueToB moKa3aiu, YTO ONTHMAIbEHBIM
yriioM maaeHus [14], mpu KoTOpOM HEPTHs IPUHIMAEMbIX
raMMma-KBaHTOB HanOombmas, sBiasercs 30°—45° oTHocHu-
TEJBHO HOPMAJH K TIOBEPXHOCTH. B pe3ynbsrare momydamnm,
YTO JAaJIBHOCTH JEHCTBHS TAKOH CHCTEMbI O4€Hb 3aBUCHT OT
(hM3MUECKUX pa3MepOB HOCUTEIS amMapaTypsl U TECOMETPH-
YECKOTO PACIIONIOKEHHUS €€ KOMIIOHEHTOB — IepeaTunKa
U IIPUEMHUKA.

TouyHOE Ompe/eiCHIE BRICOTHI MOJIeTa — Ba)KHAS TCX-
HUYECKAas COCTABIISIONIAs, TAK KaK OIPE/ICIICHUE 3arPsI3HU-
TeJIsl HA IOBEPXHOCTH TPEOYeT BRICOKOH YyBCTBUTEIBHOCTH
MIPUEMHOH armapaTypbl.

JIJiss MUHIMU3aliH MOIIHOCTH MCTOYHHMKA TaMMa-H3-
JMy4YeHHS TPEAIaraeTcs BBICOTY IoiieTa o0ecreynBars Ha
JIOCTaTOYHO MUHUMAJIFHOM YPOBHE (OT IBYX /10 HECKOIBKIX
JIECATKOB MeTpoB). OnHako MaHHAS 3a7a4a 10 OIpeese-
HUIO ONTHMAJBbHOM BBICOTHI IOJIETa TPeOyeT MpOBEICHUS
JOITIOJIHUTCIIbHBIX I/ICCJ'IGIIOBaHI/Iﬁ 1 B MaTrcpual HaCTOHH_[eﬁ
pabotsl He BXxoauT. [Ipu ompesjeneHU BHICOTHI MOJIETA
raMMa-uCTOYHHUK HCO6XOZ[I/IMO HCIIOJIb30BaTh B UMITYJILC-
HOM pPEXHME.

MeTtoauka pacdeTa cofAep:KaHHUs 3aTPA3HUTES
HA MOACTHIAI0NIel TOBEPXHOCTH € 32JaHHOH
BEPOSTHOCTHIO €r0 JOCTOBEPHOr0 00HAPYKEHHS

PaccMoTpuM MeTOIMKY pacueTa KOHIICHTPAIUU H
TOJIIIIMH CJIOEB 3aTPSA3HUTENS Ha MOACTHIIAIOIICH TTOBEpX-

E/E, A
— —— BO3JyX-CHEr-Mep3ias nousa
| .—.— BO3IyX-CHer-ieja-Meps3ias noysa
0.2 BO3/yX-CHEr-Je-Bojia-Mep3Jiasi ouBa PR
’ BO31lyX-JI€[-BOa-Mep3ias 104Ba PR
-~
”
0,2 =
”
”~
O -
0’2 [ > __‘_.—-<>
D
-5 ;P"‘\
-z D
0,2 vl ~
’/ \
v ]
. o \o \
T
Cuer Jlen Bona Mep3nas nousa

Puc. 2. ]lnarpaMma, NIITIOCTPUPYIONIAs TIOTEPH SHEPTUH IEKTPOMArHUTHON BOTHBI IPH OTPAKEHUH OT PA3TUIHBIX CPE

Fig. 2. A diagram illustrating the electromagnetic wave energy losses during reflection from different environments
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HOCTH, B KOTOPOH yCTAHOBJIEHUE HAIW4MS (OTCYTCTBHU)
3arpsiI3HUTENS Ha MOJCTUIIAIONIEH TOBEPXHOCTH 3aBUCUT
OT PETHCTPalXy TapaMeTPOB 0OPATHO PACCESTHHOTO HOHU-
supytomiero uanydenus (OPHI) u morpemrHocT! cpecTs
n3mepennsi. OTMETHM, 4TO Ha JIOCTOBEPHOCTH TIOKa3aHUI
W3MEPHUTEIBHBIX CPEICTB 3HAYUTEIHHOE BIUSHIC OKa3bI-
BaeT reOMETPHUECKOE PACTIONOKEHIE UX KOMIIOHECHTOB Ha
HocuTelle annaparypsl. [IpaBuibHbIN pacueT reomeTpuye-
CKOTO PaCHOJIOKEHHS KOMIIOHEHTOB aIaparypsl ITO3BOJIS-
€T Jjasiee TOBOPUTH O MOJAXO0JaX K TOYHOMY HAXOXKICHHIO
3arpsisHuTeNIeld. Tak yCTaHOBJIEHO, UTO UCXOMsl U3 BBICO-
THI TIOJIETA HaJl MOJCTUJIAIOIIEH TOBEPXHOCTHIO HE MEHEE
JIBYyX METPOB, 0a3a MEXy MepeJaTinkoM U IPUEMHHUKOM
JIOJKHA UMETh pa3Mep OT JBYX 0 4YeTbIpex MeTpoB. s
COBPEMEHHBIX OECIMIIOTHBIX JIETaTeNIbHBIX allapaToB, BbI-
TIOJTHEHHBIX Ha OCHOBE IJIAHEPA MIIN KBA/IPOKOIITEPA, TAKOE
YCIIOBHE TPYAHOBBIIOIHUMO. OTHAKO 3TO PEIICHNE MOKHO
pean30BaTh C HCIIOIH30BaHUEM JIBYX OCCIMIIOTHBIX JIETa-
TENBHBIX aNapaToB WM Ha MaJopa3sMEepHOM OSCTIIHIOTHOM
muprokaone [15].

ITox TepMUHOM «3arpsi3HUTEINb» TTOHUMAETCS 000K
areHT, UMEIOIIUH TPUPOTHOE MITH TEXHOTCHHOE TIPOHCXOXK-
nenne (U3NYECKUil areHT WK XUMHYECKOe BEIIECTBO),
MOTIAJIAIONIUI B OKPY>KAIOIIYIO CPEAY WM BO3HUKAIOIINI
B HEll B KOJIMYECTBAX, KOTOPBIE BBIXOJAT 3a paMKHU Ipe-
JIeNIbHBIX €CTECTBEHHBIX KojieOaHuii (hoHa, 1 HEraTUBHO
BIMSIIOIUX HA KQYECTBO OKPYXKAIOWIEH cpebl U 30POBbE
yesoBeka. Mcxons n3 onpezeneHus, 11000 OTKIOHCHNE OT
HOPMHPOBAHHBIX ITOKa3aTelNei (TpaHUIIbl KOTOPBIX H3BECT-
HBI) B OKpY’Karollei cpesie Ha MOICTHIIAIOMICH TOBEPXHO-
CTH OBITH HE JIOJKHO.

Ha pmuc. 3 mpencraBieHa cxema pacdera Coep:KaHus
3arpsi3HUATEIS Ha MOICTUIIAIOIIEH TOBEPXHOCTH C 3a/IaHHOM
BEPOSTHOCTBIO €r0 JIOCTOBEpHOTO 0OHapyxkeHnus [16].

Ha srane 1 BBOISATCS HCXOHBIE JAHHBIE, KOTOPHIMHU SIB-
nsitorest unTeHcuBHOCTH OPUU OT urcToil moacTunaromeit
NOBEPXHOCTHU [€¢ u 3arpssuuTens [P/, a Takxke OTHOCH-
TeJIbHas IOTPEITHOCTh CPEICTBA N3MEPEHUs, 00YCIIOBIICH-
Hasl B IIEPBYIO OYepe/Ib TEXHUUYECKUMHU XapaKTePHCTHKAMH
MIPUMEHSIEMOT0 OJIOKa EeTEKTHPOBAHHSI HOHH3HPYIOIIETO
M3ITYYCHUS.

Ha stane 2, 3Hast ICXOIHBIC TaHHBIC, PACCUNTHIBAIOTCS
a0COTIOTHBIEC TIOTPEIITHOCTH, KOTOPBIE (POPMUPYIOT TOBEPH-
TebpHBIC nHTEepBaIsl 3HaueHnit OP1U ot uncToii moBepx-
HOCTH U 3aTPSI3HATENS, T. €. MHTEPBAJIBI 3HAYCHHUH, KOTOPHIE
moxkeT npurumars OPUU /3, mo 3akoHy HOpMAIbLHOTO
pacnpenenenus (puc. 4).

Tak st 9MCTOM MOJCTHUIIAIOIICH TTOBEPXHOCTH abCo-
JIFOTHAs norperrHocts u3Mepenust OPUU Oyner coctaBisith
AIcle a s sarpsisauTens — AlPOl,

Taxum 00pazom, TOBEpUTEIbHBIE HHTEPBAIIBI U3Me-
penuit OPUUN nas yucToil moacTuiamieil NoBepXHO-
CTH cocTaBaT [[cle — Afcle; Jcle + AJcle]) s 3arps3HUTENS
[Ipol — Afpol; Jpol + A[pol], TIpu npoBeeHUH M3MEPEHUH,
C YYETOM TOTPEIIHOCTH U3MEpPEHHUs ACTeKTOpa, MHTCH-
cuBHOCTh OPUU MOXET MpHUHATH OTHO W3 3HAUYCHHH B
yKa3aHHBIX HHTEpBaJax.

JloBepuTenbHBIE HHTEPBAJIBI MOTYT IEPECEKaThCs
(puc. 4, a). BoamoxeH ciy4aii, korma I</e > [Pol, torma me-
pecedeHre pacueTHBIX JTOBEPUTEIbHBIX UHTEPBAIOB CO-
craBuT OT [[cle — AIcle] mo [IPo! — AIPol]. B ciyuae, koraa

[cle < Jpol, epeceuenyie TOBEPUTENBHBIX HHTEPBAIOB — OT

[]pol _ A]pol] Jite []cle + A]cle]'

ITonydyeHHOE AE€TEKTOPOM 3HAYEHHE MHTEHCUBHO-
CTH B 3TUX UHTEPBaJaX MOXET TOBOPUThH KaK O HATUYUHU
3arpsA3HUTENS Ha IMOACTHIIAIOMEH MOBEPXHOCTH, €CIIH
157" € [Ipol — Alpol; [pol + AIPo!], Tak ¥ 0 €TO OTCYTCTBHH IPH
cobmmonennH ycnoBus, uto Iy”* € [[cle — Alcle; Jcle + AJcle],

Tak)xe BO3MOXEH cllydal, KOrja pacyeTHble 3Haue-
HHS TOBepHUTeNbHBIX mHTepBamoB OPMU ot unctoit
MOACTUIIAIONIEH TOBEPXHOCTU M 3arps3HUTEINS HE Tepe-
cekarotcs (puc. 4, b). B 3ToM cilydyac 3HAUCHUE UHTCH-
cuBHocT OPUMU Tak ke mpuHUMAET OJJHO U3 3HAUCHUI
105)’5 € []pol _ A]pol; Jpol + A]pal] WU [gys € []cle _ A]cle;
[cle + AJcle], OTcyTCTBHE IEPECEUCHUS TOBEPUTENBHBIX HH-
TEpBaJIOB TOBOPUT O TOM, YTO XUMHYECKUE COCTABBI 3arps3-
HUTEJISL U YUCTON MOJCTUIIAIOILEH TOBEPXHOCTH OTIIMYAKOT-
Cs1 HACTOJIBKO, YTO PACUCTHBIC 3HAYCHUSI HHTEHCUBHOCTEH
OPUU oT HUX HE TepeceKaroTes (C yIeTOM IMOTPEITHOCTH
cpencrBa n3Mepenusi). CooTBETCTBEHHO, TPU PETUCTPALIIH
OPUM MOXHO AOCTaTOYHO TOYHO OIIPEICIUTH 10 TIOTyIeH-
HOMY 3Ha9CHUIO MHTCHCHUBHOCTH, K Y€MY OHA OTHOCHTCSI:
K 3aTPSI3HUTEIIIO MIIN YUCTON TIOBEPXHOCTH.

Takum 00pazom, JOCTOBEPHOCTh OOHAPYKEHUS HAIH-
4qus (OTCYTCTBHSA) 3arpsA3HEHNUS MTOJICTIIIAIOIIEH TOBEPXHO-
ctu (3I1IT) Oyzer 3aBHUCETH OT TOTO, C KAKOI BEPOSITHOCTHIO
3Hauenne untencusHocty OPUU Ig”° npumer ogno u3
CJEYIOIINX 3HAUYCHUM:

— ]gys € [[pol _ A]pol; Jele — A[cle] U [[pol + A]pol; Jele + A[cle]
MIPH TIEpECEYCHUN JOBEPHUTEIbHBIX HHTEPBAJIOB PACUET-
HBIX MHTeHCHBHOCTE OPUU 1pm [¢le > [pol (puc. 4, a);

_ ]95)’5 € []cle_A[cle; ]pol_A]pol] U [[cle + A[cle; Jpol + A[pol]
P TIEPECEUCHUN JOBEPUTEIbHBIX HHTEPBAJIOB PACUET-
HbIX MHTeHCUBHOCTEH OPUU 1ipu [€le < [pol (puc. 4, a);

. 195)’5 € []pol,A]pol; Jpol + A]pol] U [[cle ,A]cle; Jele + Ncle]
MPU OTCYTCTBHUH IEPECEUCHUS TOBEPUTEIbHBIX HH-
TepBaJIOB pacueTHbIX WHTeHcuBHOCTe OPUU mpu
Icle < Jpol yyy Jele < Jpol (puc. 4, b).

Jlist pacueTa BepOsSITHOCTH JIOCTOBEPHOTO OOHAPYKEHHUS
Hanuuus (OTCYTCTBHS) 3arPS3HUTENS TPMHUMAEM, uTo /3"
[0 pe3ysbTaTaM MPOBEAEHHOIO U3MEPEHUS PABHOBEPOSAT-
HO IPUMET OJHO M3 3HAYeHWH B auanasoHe [[Po/ — Apol;
Jcle + A]cle]’ eciu [cle > [pol yinu []cle _ A]cle; Jpol + A[pol]’
ecin [cle < Jpol (puc. 4, a). JInbo mis ciaydas, Korjua 10Be-
PUTENBHBIE MHTEPBAIIBI HE TIepecekaroTcs, /j”° mpuMeT 3Ha-
4eHue B UHTEpBAE [P0 — AIPol; [pol 4+ Afpol] U [[ele — Alcle,
[cle + AJcle] (puc. 4, b).

Ha stamne 3 paccuutaem o0macTu mepecedeHust J0BepH-
TEJIbHBIX MHTEPBAJIOB TSI BCEX Cily4yaeB. B ciyuae momyue-
HUS [0 pe3ynbTaTaM U3MEPEeHNUs 3HaueHUs HHTEHCUBHOCTH
OPHMU I3 B 0bnacTu, KOTOpast OTHOCUTCS K JIOBEPUTETb-
HBIM MHTEpBaJlaM, KaK 4MCTOH MOJACTUIAIOIIEH MOBEepX-
HOCTH, TaK M 3arpsI3HUTEII, HEBO3MO)KHO OIPEIENIUTh K
KaKoMy UMEHHO MHTEpBaJly 3TO 3HaYeHHE OTHOCHUTCSI.

s cimydasi mepeceKaromnxcest JOBEPUTEIbHBIX HH-
TepBaloB npu [¢le > [pol (puc. 4, a) obnacTh nepeceveHus
paccuuTaeM CIeAyIONM 00pa3oM:

AJerr = Jpol + AJpol — (Icle _ A]cle) =
= Jpol + AJpol — [cle + A]cle, (8)

rae Ale"" — obaacTh epeceueHunst JOBEPUTEIIbHBIX HHTEP-
BaJIOB, MpHU MOMAJaHUN 3HaueHus1 nHTeHcuBHOCTH OPUN
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Oran 1

BBoa HCXOAHBIX JTaHHBIX

HNuarencuBrocts OPUU ot uncToi
HojCTHIAIOMEH ToBepXHOCTH: [

OTHOCHUTENBHAS TOTPENTHOCTh
n3MepeHus, %

HNurencuBuocts OPUN
ot 3arpssauTens

ram 2

Pacuer qoBepuTeIbHBIX HHTEPBAJIOB

Pacuet abcomroTHON MOTPEUTHOCTH U3MEPEHUS
unreHcuBHoctd OPUU ot uncroii
MOJICTHIIAIOMIEH MOBEPXHOCTH, Al

Pacuet abcomrOTHON MOTPEITHOCTH H3MEPEHUS
untencusHoct OPUU ot uncroit
nojcTHIaomEel moBepXHOCTH, AP

Pacuer noBepurTenbHOr0 HHTEpBajIa 3HAYCHUH
nnreHcusHoct OPYMU 0T 4KrCcTOM MOACTUIIAIOIIEN
HOBEPXHOCTH, [I¢ — AI°®; [¢ + AI°]

Pacuer noBepurenbHOro MHTEpBaia 3HAYCHUN
unrescusHoct OPYIU 0T 4nCTOM MMOACTHIAIOIIEH
HOBEPXHOCTH, [P — APl PO + AP

Iran 3

Pacuyer nepeceyenns 3HaueHnnii nHTeHcuBHOCTH OPUMU n0BepHTEIbHBIX HHTEPBAIOB

Z[OBepI/ITeJ'II)HLIC HUHTEPBAJIBI NEPECCKAIOTCA

I[OBepI/ITe.IILHLIe HWHTEPBAJIbL
HE NEPECCKAIOTCA

N7 = IPOZ 45 A]pol _ (Icle _ A[cle)’
eciu Icle > ]pol

AI¢T = Ic]e o Mcle e (Ipal oY Alpal)’
ecIu ]L‘]é‘ 5 Ipol

AFT=0
9
ecnu ]L‘]é’ < I]JU[, ]L‘]é‘ <Ipvl

Oram 4

Pacuer mHTEpBaJI0B BO3MOKHBIX 3HaUeHHIi nHTeHcuBHOCTH OPUN

JloBepuTenbHBIE HHTEPBAIIBI IEPECEKAOTCS

)IOBepl/ITeJ'l bHBIC UHTCPBAJIbI
HE IIEPECCKATCA

Al = [c]e P15 AIcle 19; (Ipol 377 AI‘DOI),
ecim [ > P!

A" = Ipol kb Alpol k) (Icle s A[cle)’
eciu ]L‘Ié’ B Ipvl

AIGrV = O
9
ecnu ]L‘Ié’ e Ipol, ]L‘]é’ % Ipvl

— |

Ortan 5

Pacuyer BepoSITHOCTH JOCTOBEPHOIO onpeaeeHust Hajunuus (orcyrerus) 3T

Pdoc:

( i ]err) &

Iramn 6

Pacuer COACPKAHUA 3ATrPASHUTEIIA C 3aJaHHOI BEPOATHOCTBIO €r0 T0CTOBEPHOI0 OIIPpEeaeICHUA

Pdoc < 058

| |

Pdoc > 098

—

Hanuuue 3arpsi3HuTeNis, CO3Jat0IIero JaHHyo II0THOCTh
3arps3HEHHS MOACTHIIAIONICH TOBEPXHOCTH,
HE OIPEJEIIIOTCS J0CTOBEPHO

3arpsA3HEHUs OICTUIAIONICH TIOBEPXHOCTH,
OTIPE/IEIISIOTCS IOCTOBEPHO

Puc. 3. CtpykTypHast cXxema pacdera COiep KaHNs 3arpsI3HUTENS Ha MOACTHIAOMIEH TOBEPXHOCTH C 3aJaHHOH BEPOSITHOCTBIO €T0

JIOCTOBEPHOTO OOHAPYKEHHUS

Fig. 3. Block diagram for calculation the content of a pollutant on the underlying surface with a given probability of its reliable

detection
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]Cle _ Alcle
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Puc. 4. CxeMbl JOBEPHUTEIILHBIX HHTEPBAJIOB HHTEHCUBHOCTEH 0OPAaTHO PACCESIHHOTO HOHU3UPYIOIIETO U3TyUCHHUS OT YHCTOM
MOJICTUJIAIOINECH MOBEPXHOCTH (3eIeHbIH (DOH) U 3arps3HUTENs (KpacHbIN (OH), KOTOpBIC MiepeceKkaroTes (a) U He nepecekarorcs (b)

Fig. 4. Schemes of confidence intervals for the intensities of backscattered ionizing radiation from a clean underlying surface
and a pollutant that intersect (a) and do not intersect ()

1”* B xotopyro, Hamuuue (orcyretsue) 3111 gocToBEpHO
HE OMpPEEISETCS.

Jlist ciydast mepeceKaronuxcs TOBEpUTENbHBIX HHTEP-
BaJIoB npu [<le < [pol (puc. 4, a) pacuer obmacTu mepeceye-
HUSI UIMEET BHU/I;

AJerr = Jele + AJcle ( Jpol _ A]pol) =
= Jcle + AJcle _ [pol + AJpol. ©)

OueBHIHO, UTO ITPU OTCYTCTBUH MEPECEUEHHUS JIOBEPH-
TEJIbHBIX HHTEPBAIOB (pUC. 4, b) UHTEPBAI UX MTEPECEUCHUS
Alerr = ().

Ha srane 4, ¢ yuetoM ycnosus, 4to I3”° npuHAMaeT
mo00e 3HauYeHUEe 13 00JIaCTH IOBEPUTEIBHBIX HHTEPBAJIOB,
TIOJTyYUM 00JIaCTH BO3MOXKHBIX 3HaUCHU I MHTEHCUBHOCTH.

Juia ciydasi mepecekaromuxcs J0BEpUTEIbHBIX HH-
TepBAJIOB U mpH [¢ > [Po! (puc. 4, a) 06nacTh BO3MOKHBIX
3HAYEHHUI paccuuTaem 1o GopmyIe:

AJun = Jcle 4 AJcle (Ipol _ A[pol) =
= Jele 4 AJcle _ [pol + A[pol, (10)

rae Al“" — 06IacTh BO3MOMKHBIX 3HaYeHuiA [;”°.

Jis cimydast epeceKaroIuXCs TOBEPUTEIBHBIX HHTEP-
BaJIOB U Tipu [¢le < [pol (puc. 4, a) Beipakenue (11) mpumer
BHI:

AJun = Jpol 4 AJpol _ (]cle _ A]cle) = (1 1)
= Jpol + AJpol _ [cle + AJcle.

Jnst cirydast HelepeceKaroIuXCsl JOBEPUTEIIbHBIX HH-
TepBanoB (puc. 4, b) o0macTe BOSMOKHBIX 3HAYCHUN HH-
TeHCHBHOCTH 13" cOCTaBHT:

AJun = [[cle + AJcle — ([cle _ A]cle) +

+ Jpol + AJpol — (]pol _ A]cle). (12)

Hcxons u3 ycuoBus, 4to Iy'° IO pe3ylsTaTaM IpoBe-
JIEHHOTO U3MEPEHNS PABHOBEPOSTHO IPUMET OJIHO M3 3HA-

YeHHMIl B yKa3aHHBIX HHTEPBaJIaX, MPEIOIOKHM, YTO BEPO-
ATHOCTB TOTO, YTO 3HadeHue /3’ MOMaEeT B TOT WM HHOM
HHTEpBaJ POIIOPIUOHATBHA Pa3Mepy 3THX HHTEPBAJIOB.
Torna BeposITHOCTH JOCTOBEPHOTO OOHAPY)KCHUS HATTHYHS
(oTCYTCTBHSI) 3arpsi3HUTENS OyAeT MPOMOPIIHOHAIEHA Be-
POSATHOCTH TOTO, YTO 3HAUEHHE Ij”° MPUMET OIHO M3 3HAUE-
HUii B uHTEpBanax [[Pol — Aol Jele — AJcle] U [[pol + Apol,
Jele + A[cle] WU [[cle _ A]cle; Jpol — A]pol] @) [[cle + A[cle;
Ipol + APol] mpu miepeceueHnu TOBEPUTETHLHBIX MHTEPBATIOB
(puc. 4, a), win B uHTepBanax [[Pol — Alpol; Jpol + AJpol] U
U [[cle — Alcle; Jele + Acle] mpu OTCYTCTBHM MX TIEPECEUCHUS
(puc. 4, b).

3Hast 001aCTH BOBMOYKHBIX 3HaYEHUH A%, KOTOpBIE MO-
JKET IIPHHAMATH 1" 00IaCTH MepeceueH s TOBEPHTEIBHBIX
HHTEpBAIOB A4, ipy onaganuu /y”" B KOTOPBIE HAIIMIHE
(oTCyTCTBHE) 3arpsA3HEHUS HE ONPEICIIIeTCs, a TAKXKE HC-
XOZsI M3 IPONOPLUHOHATIBHOCTH BEPOSTHOCTH IOMAAaHHs
3HadeHus [3”° B OTH UHTEpBAJLI X pa3Mepy, Ha dTane 5
nepeiieM K BepOSTHOCTH JOCTOBEPHOTO OMpPEACICHHUS
Hanuuus (orcyrcersust) 31111

AIMV! o A[err
Proe = (13)

Ha 3aki1rounTensHOM 3Tarne 6 paccuuTaeM Coep:KaHnue
3arpA3HUTEIIA. HpI/I OTOM BBITIOJIHUM OLIEHKY COOTBETCTBUA
MOJTyYEHHBIX 3HAYCHUIl BeposiTHOCTH oOHapyxeHus 31111
KpUTEPHAIBLHBIM MeTonoM [ 14].

Ecmu P, < 0,8, To HanmMuue 3arps3HUTENs, CO3/ar0IIe-
ro nannyto mwiotHocTh 31T, He onpenensieTcs: T0CTOBEPHO.

Ecmu Py, > 0,8, To Hanu4ue 3arpsa3HUTENS, CO3AAIONIE-
ro nannyto mwiotHocts 3I1I1, onpenenserca 10CTOBEPHO.

3nauenue 0,8, M0 TOCTHKEHNH KOTOPOTO 3arpsi3HEHUE
OTIpEe/IETISIeTCS TOCTOBEPHO, BBIOPAHO KAK CTAaHIapTHOE
3HAYEeHHE MKl XappUHTTOHA. JJaHHOE 3HaYeHne OBLIO
MPUMEHEHO B HACTOALICH paboTe B CBSI3U C OTCYTCTBUEM
TpeOOoBaHMH MO TOCTOBEPHOCTH K Tpe/IaraeMoii aBTopamu

(8)—(13).

Hay4HO-TexHn4eckunii BECTHUK MHPOPMALMOHHBLIX TEXHONOMMIA, MeXaHMKN 1 onTukn, 2024, Tom 24, N2 1
8 Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2024, vol. 24, no 1



M.B. CeutHeB, A.®. HaligaHos, A.B. Bunkos, [.A. Cokonos, M.1O. Jlebenes, E.A. XaputoHoBa, J1.A. JlykbsiHOBa

[IpencraBneHHBIH METONNYECKHI armapar, mo3BoJs-
€T PacCUUTHIBATH CO/IEP)KAHNE 3arps3HUTENS Ha MOACTH-
JaloNIe MOBEPXHOCTH C 3aJaHHON BEPOSITHOCTBIO €ro
JIOCTOBEPHOTO OOHAPY>KEHMSI, KOTOPAask 334aeTCs NCCIIe0-
BaTeIeM.

Taxkum oOpa3om, pazpaboTaHHass METOAMKA ITO3BOJISCT
OTIpeNIeNUTh 3HAUeHHsI MHTepBaioB TotHocTH 31T, mpu
KOTOPBIX, C HCIOIH30BAHNEM METOAWKH TUCTAHIIMOHHOTO
obnapyxenus 3111, ocHoBanHo# Ha peructpaunu OPUN,
C HEOOXOIMMOI TOCTOBEPHOCTHIO OTIPECIIACTCS HaTHIHe
(oTcyTCTBHE) 3arpSI3HUTEIIS.

YerpoiicTBO U NPUHIUN /IeliCTBUS KOMILIEKCA
pacno3HaBaHUs THUIIOB U TOJIIHH CJI0€B
NOACTUJIAIONIEH TOBEPXHOCTH

HpI/IHLII/IH Z[eﬁCTBH?[ KOMIUICKCA paclio3HaBaHUs OCHO-
BaH Ha perucrpanun 06paTHO-OTpa)KCHHOI‘O paano4acToT-

HOTO BUJCOMMMYIbCA U UMIYJIbCA TaMMa-U3TyUYeHHUs OT
TpaHUIL] pa3HOPOJHBIX CPEl, CXeMa KOTOPOro MpeACTaBlIeHa
Ha puc. 5 [17].

OcCHOBBIBasICh Ha MPUHLIMIE IEUCTBUS paccMaTpuBae-
MOTO KOMILIEKCa ObLIa MPEJIOKEHA CTPYKTYypHAsl CXeMa,
OTIHCHIBAIOIIAST PA0OTY IPUEMHOM YacTH U MTOPSIAOK 00pa-
6oTkn nH(DOpManuu (puc. 6).

B kauecTBe reHepaTopa UMITyJIbCOB TaMMa-U3IIyde-
HUS TMPEIJIOKEHO HCIIONBh30BaTh «PEBOJIBBEPHBII) CITO-
co0 mpeoOpa3oBaHUsl HEMPEPHIBHOTO TaMMa-U3ITyUEHUS
OT PaJMOU30TOITHOTO UCTOUYHHUKA B UMITYJIbCHOE. J[aHHBIN
crocob 3akirodaercs B ciaeayromeM. [lyrem BpareHus
HMCTOYHUKA HaJ[ KOJUJIUMATOPOM, BBITIOJTHEHHBIM B BUJIE
CBHHIIOBOT'O KOJIBLIA C OJJHUM WJIM HECKOJIBKUMU OTBEPCTH-
SIMH, 00CCIICUNBACTCSI TIOTATAHKE ITyYKa FAMMa-U3TyICHHS
B 9TH OTBEPCTHS U, TEM CaMbIM, UMUTUPYIOTCS UMITYJIbCHI.
Bpamarts MOXHO 1 HAO0OPOT: KOJUTUMATOP TT0]T HETIOIBIK-
HBIM UCTOYHHKOM.

I DopMHUpOBATEID AHTeHHa
EHepaTop M JISTEKTOP HAHOCEKYH/HOTO JIELUMETPOBOTO
TaMMa-U3J1ydCHHs BHICOUMITYIIbCA JMana3oHa
\ 4 \; 4
Bepxnss rpaHnua\/ \ /
Cuer \ /
Jlen
Bona Huwxuss rpannna

Puc. 5. Cxema, mosicHSIOIIast IPUHIINI IEHCTBUS KOMIUIEKCA PACIIO3HABAHUS CPEL

Fig. 5. The principle of operation of the environments recognition complex

OtpaxeHHbIH

OT CJIOEB paguOCUTHAJI

[IpuemHuk pagnocurxana

biok aBTOKOppENATOPOB

Curnan popMupoBarenst

biox aMInTygHbIX
CEJICKTOPOB

BHUJICOUMITYJIIBCOB

Cenekrop
BPEMEHHBIX IPYIII

Jerexrop

raMma-us3Iy4CHUs

BeruucauTenb BRICOTHI

Curnai ot reHeparopa
HMITYJIbCOB FraMMa-HU3TTyIeHUs

Biok BerancauTenen
TOJIIIUHBI CJIOCB

BeixonHo# uHTEpdEiic

Puc. 6. CTpykTypHas cxema IpHEMHO 9aCTH KOMILIEKCA PacIO3HaBaHUS CPeJl

Fig. 6. Block diagram of the receiving part of environments recognition module
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PaccMoTpuM anroput™ paboThl MPUEMHON YacTH KOM-
miekca. IlycTs nepenaromias aHTEHHA UCITyCKaeT pajuo-
CHTHAJI B JICLIMMETPOBOM JIMAlla30HE JUIMH BOJIH TI0 IISITH
Pa3IMYHBIM YacTOTaM, MOJ] HAYaJIbHBIM yTJIOM TaJeHUS
0,01° k Hopmanu rpaHulbl pasjena cpea. Bmecre ¢ atTum
CUTHAJIOM CHHXPOHHO, 3a CUET CTPOTOH NMPUBA3KU K CTaH-
JapTy YacTOThI JJIs JaHHOM cucTeMsl (opsiaka 10710 ¢-1),
HCIIyCKaeTCs My4oK (JOTOHOB C IHEprHeil, Hampumep
0,66 M»1B, nox yrmom k HopManu 45°. Toraa mpueMHas
AQHTCHHA [IPUMET OTPA’KEHHYIO 4aCTh OT UCITYLLIEHHOMN BOJI-
Hbl. Ha mpuemMHyI0 aHTeHHY ITOCTYIaeT pagHONMITYIbC C
BXOJAHBIMH NJAHHBIMU U paaAWOBOJIHBI: BPEMS pETUCTpa-
LMY CUTHAJA, 4aCTOTa, aMIUIUTYy/a orudaromieii, Gasa B
MOMEHT perucTpalyu; il TaMMa-U3JIy4eHUs: IHEPT s
npumeaAmrx (GoToHOB, BpEMs UX PErUCTPALIUH, IPH 3TOM
JICTEKTOp raMMa-U3JIydeHHUs] HaXOUTCS MO YIIIOM B 45° K
HOPMaJIH, T. €. 3ePKAIbHO YTy ITafeHUsL.

[TpuHMMaeMBbIll pagloOCHTHA TIPOXOAUT OLU(PPOBKY
1 TTOCTYTIAeT B KOMIBIOTEP MOYJIS, TJI€ MPOUCXOANT €ro
perucTpanus ¢ NpUBI3KOH KO BPEMEHH MOCTYIUICHHS OT-
HOCHUTEJIBHO M3JIydEHHOTO. 3aTeM BPEMEHHOM MapKep pas-
JienseTcs Ha IBa KaHana: OMH MIPOXOIUT C CUTHAJIOM B aB-
TOKOPPEJIATOP, a APYTOi MOMaIaeT B CEIEKTOP BPEMEHHBIX
rpynm. CHUrHaji, Ipoxos 4epe3 aBTOKOPPEISITOPHI, OCIe
COOTBETCTBYIOIIETO OTKJIMKA HAa OJHOM M3 HHX, MIOMalaeT
B aMIUJIUTY/AHBIN CEJIEKTOP, INle IPOUCXOAUT CpaBHEHUE
CUrHasa ¢ TaOJIMYHBIM 3HAYCHHEM €ro aMIUINTYbl. Tem
caMbIM IPOMCXOAMT pacrio3HaBaHue THIa cperbl. [locie
aAMITIMTYIHOTO CEJICKTOpA CHUTHAJI ITOJAETCsl Ha CENIEKTOP
BPEMEHHBIX TPYII, IJie MapKep BPEMEHH, IPEICTaBIISIO-
it co00M BUICOCHTHANT U3 MIEPEAIOIISH YacTh, M MapKep
BPEMEHH, OT/IEJICHHBIN B IIPUEMHHKE PaANOBOJIHBL, CPABHHU-
BAIOTCSI MEXIy C000i. Pe3ynpratoM cpaBHEHUS SBIACTCS
BBICTpanBaHUC CUTHAJIOB B XPOHOJIOTMYECKOM MMOPAAKE UX
npueMa.

OnHOBPEMEHHO C IIPUEMOM PaAXOCHUTHANIA TPUHUMACT-
s uMnynese uatencusHoctn OPUM [ele wmu POl xoTophiit
TaK K€ MPOXOJANUT IPUBS3KY KO BPEMEHHU M OLU(PPOBKY
B IIPUEMHUKE raMMa-u3iaydeHus. 3arem, nocie Gopmu-
pOBaHUSI BPEMEHHBIX TPYII, JaHHBIC PAIHOUMITYIbCA U
raMMa-H3JIy9eHHUs UCIIOJIB3YIOTCS JUIsl BBIYMCIIEHHS BEICOTBI
IoJIeTa BO3AYIIHOTO cpeacTBa. Jlanee pacCUMTHIBAIOTCS
TOJIIMHBI OCTABHBIX ci10eB JaHamadra. Paccanrannsie u
CTPYKTYypPHPOBAHHbIE TaHHBIE OTIPABIISIIOTCS HA BHIXOJHOU
nHTepdeiic u BU3yanu3npyroTcs.

AHamU3Upys MPUHINI JeHCTBHUSA IPHEMHOMN YaCcTH TaH-
HOTO KOMILJIEKCA, MOKHO CKa3aTb, 4TO rMOKas cucrema
aHaAJIN3a CJIOMCTBIX CPeJ MO3BOJIUT PEIIaTh LENbIH Kiacc
3a]1a4 MHKCHEPHOH pa3BeKy, IPUKIAJHON reoe3ut, 3Ko-
JIOTO-pecypcHbIX ciryx0. OnHaKko Takue (akTopbl, KaK
OospIIe pazMepbl MOAYJISL M HE CTa0MIIBHOCTh H3Mepsie-
MBIX ITaPaMETPOB, B YaCTHOCTH aMILIUTY/IbI, HE TO3BOJISIIOT
HCIIOJIB30BATh €r0 BO BpeMsl BeleHHs O0EBBIX JIeHcTBUH,
KOT1a HEOOXOIMMO B PEXXHUME PEaTbHOTO BPEMEHH IPOJIO-
JKHUTBH O€30TaCHBIN ITyTh BOCHHO U CIIEINAIBEHON TEXHHUKE,
a TakKe JTUIHOMY cocTaBy. PemeHneM 3Toi mpoOIeMsbl
MOJKET OBITH: UCHOIb30BAHME HECKOJIBKHUX JHANa30HOB
PaaMoBOIH; U3MEpeHHe Ooee YCTONUNBBIX MapaMeTpoB,
Hecylux uHpopmaluo o cpeae (Hanpumep, Haber ¢asbl,
MOJISIPU3ALIHUS ).

MeToauKa OLeHUBAHHUS IKOJOTMUYECKOii 00CTAHOBKH

IpemioxkeHHBIH CI0CO0 aKTUBHOTO IMTOMCKA TTO3BOJISICT
UACHTU(QHUIAPOBATH MPU3HAKU Bpea, IPUINHCHHOTO 10~
YBaM KaK OOBEKTY OXPaHbI OKPYKAIOIICH CpPe/Ibl, KOTOPBIN
oOpasoBaiicsi B pe3yabraTe TOCTYIUICHHUS B TIOUBY 3arpsi3-
HSIOMINX BEIIECTB, a TAK)KE HE TNKBUANPOBAH BCIICACTBHE
HU3KOTO KaueCTBa MPOBEACHUS MEPOTIPUATHH PEKYITBTH-
BallMU 3arpsi3HEHHON MOYBBl. YUUTHIBASI 1EMCTBYIOLIUE
9KOJIOTWYECKHUE CTAHJAPTHI, CYIIECTBYEeT OOBEKTHBHAS HE-
00X0IMMOCTb TIPY OLIEHUBAHUH IKOJIOTHUECKOM 00CTaHOB-
KU HCIIOJIb30BaTh KOA(D(UIIMEHT OIEHKH YKOJIOTHUECKOTO
COCTOSIHHUS MMOYBBI, XapaKTCPHU3YIOUIUH HECOOIIOICHHE
HOPMAaTHBOB KaueCTBa OKPYKAIOLEeH cpeabl s MOYB,
BKJIIOYAsi HOPMATUBBI MPEACIbHO JIOMYCTUMBIX KOHIICH-
Tpauui U OPUEHTUPOBOYHO JOMYCTUMBIX KOHUEHTpPALUI
XUMHYCCKUX BEIIECTB B 1MouBe. B pesynprare:

— JUIs OLCHUBAHKA CTENEHH 3arpsisHEHUs Cyyppy M KAYECTBA

PEKyIBTUBAIINH 3aTPSI3HCHHBIX 3€MEINb HUCIIONb3yeM

BBIpaKEHHE:

]g)’»" _ AIcle'

C3arp = e

— JUIsl OLICHUBAHHSI OPHEHTUPOBOYHOTO IKOJIOTHUESCKOTO
yuep6a ¥, (ecnu Cagrp € 0 ... 1) IpuMeHnM BbIpaKe-
HHE!

yop = CsarpS3arphinKchTBp’

T11e Syarp — TUIOMIAb 3arpsi3HEHHs (M2); 4, — DIyOuHa
3arpsi3HCHUS, TOpYH MouB; K., — TMoka3areib, yuu-
THIBAIOIINN KaTETOPHUIO 3eMeJb U BUJI PAa3pEIICHHOTO
HMCTIONb30BAHMS 3EMENIBHOTO Y4aCTKa; Ty, — Takca it
WCUMCIIEHHs pa3Mepa BpeJia, IPUYMHEHHOTO 1To4Bam!;

— U1 MOHUTOPHHTA SKOJIOTHYECKOTO COCTOSIHUS MTOYBBI
M, ., BOTU3H 0OBEKTOB MPOMBIIINIEHHOCTH U COITHAITb-
HOI HHPPACTPYKTYPHI (PACCUMTHIBACTCS, KAK YACTHOC B
OTHOIIICHUHU CPEIHUX XapPaKTECPUCTHK PACIPOCTPAHCHHS
ANICKTPOMATHUTHOM BOJIHBI TEKYIIUX M paHEe MPOBEICH-
HBIX UCCJIEJIOBAHUN TTOYBBI):

Mo, = Ictp/Ictl;l,

e Ictp u Ict; (- cpenane nHTeHCUBHOCTH OPUU Ha

COOTBETCTBYIOLLIEH TEPPUTOPUHM JUJIs TEKYILUX U paHee

IMPOBEACHHBIX I/ICCJ'[e,HOBaHI/Iﬁ IIOYBBI.

B cnyuae, ecnu snauenust Cyyprp uitd My, MeHeE niu
PaBHBI 1, TO DKOJIOTUYECKOE COCTOSIHME MTOYBBI OI[EHUBA-
€TCsl KaK HE UCTIBITHIBAIOIIEE HEraTUBHOTO BO3CHCTBUSI.

3akiaouenne

[Ipennaraemprii komriekc cOopa U 06padbOTKH IKOJIO-
rHYECKON MH(OPMALIMU MOXKET PelIaTh HapOIHO-XO03si-
CTBEHHBIC 3aJ]auld COBMECTHO C BOCHHO-IIPHUKJIAAHBIMU.

I Mertouka ucUarCIeHus pa3Mepa Bpeia, IPHIHHEHHOTO M0~
YBaM KaK 00BEKTy OXpaHbl OKpYy’Karowieil cpeipl. Y TB. IPHKa30M
MuHuCTEpCTBAa NPUPOIHBIX PECYPCOB U 3Koa0ruu Poccuiickoit
Denepanun 08.07.2010 Ne 238 (pen. ot 18.11.2021): oduil. TekcT.
M.: MapxketuHr, 2021.11 c.
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M.B. CeutHeB, A.®. HaligaHos, A.B. Bunkos, [.A. Cokonos, M.1O. Jlebenes, E.A. XaputoHoBa, J1.A. JlykbsiHOBa

K nooOHBIM THIIOBBIM 3aJlauaM B TOM YHCJIE OTHOCST-
Csl: HHXKEHEPHO-Te0Ae3UUeCKUe U3bICKAHUS Pa3IUUYHbIX
Y4YacTKOB, TIOLA0K U TPACC C LEJbI0 COCTABICHNUS IIa-
HOB U npoueii; MHKEHEPHO-T€0/Ie3NIECKOEe TPOEKTHU-
poBaHue — npeoOpa3zoBaHue penbeda MECTHOCTH s
HMH)KEHEPHBIX 1I€JI€H, MOATOTOBKA re01e3MYECKUX JaHHBIX
JUT CTPOUTENBHBIX PadoT; JeTambHas pa3OMBKa OCeH co-
OPYKEHHUM; BbIBEpKAa KOHCTPYKLMN U TEXHOJIOIUYECKO-
ro 000pyIOBaHNUS B IJIAHE M MO BHICOTE; HAOIIOACHHE 3a
nedopMalusIMK 31aHUI U COOPYKEHUI; YCTaHOBICHUE
xapakTepa ¥ o0bema pa3pylIeHUH, 3aBajoB, MOXKapoOB,
3aTOIUJICHUM, €CTECTBEHHBIX NMPEMSITCTBUNA U OThICKaHUE
IyTH X 00X0/1a; Onpe/iesIeHUe TPOXOIMMOCTH MECTHOCTH,
COCTOSIHUSI IOPOT U MOCTOB.

OTMeTHuM, UTO IS PElICHHUs AAaHHOM 3aJauu BIep-
BbIC OBIIIO TPE/IIOKEHO COBMECTHOE MCIOIB30BAaHHE pa-
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https://doi.org/10.34759/trd-2020-114-14

12. dynkun J1.C., Haiinanos A.®., Ceuthes 1.B. Cumyusitop arnmnapar-
HO-IIPOTPAMMHOI0 KOMIUIEKCA PACIIO3HABAHHS THIIOB M TOJIIUH
CJI0€B MOACTHIIAOMIEH TOBEPXHOCTH METOIOM 30HIAUPOBAHUS DJIEK-
TPOMAarHUTHBIM H3Jy4EHHEM JCLHMETPOBOr0, CAHTHMETPOBOTO U

JIN0YACTOTHOTO JIMana3oHa dJIEKTPOMAarHUTHBIX BOJIH U
ramMMa-u3irydeHus. [Ipu 9ToM pajimiodacTOTHBIA ana3oH
MO3BOJISICT UCCIIE0OBATh CTPYKTYpPY JlaHAmadTa, a ram-
Ma-M3JIy4eHHUE 110 00pPaTHO-PaCCETHHOMY HOHH3UPYIOIEMY
W3IYYCHHUIO — THII 3arPSI3HNTEIA, a TaKXKe 00eCIeUnTh
BBICOKYIO TOUHOCTb IIPH M3MEPEHUH PACCTOSIHUS OT MOJYJIS
JI0 BEPXHETO C€JI0s MOJACTHIIAIONIENH oBepxHOCTH. Kpome
TOT'0, UCTIOJIL30BAHIE FAMMa-HU3ITydeHHs 00CCIICINT HATEXK-
Hy!0 pa0oTy JaHHOTO KOMIUIEKCA MPU IUIOXHMX MOTOIHBIX
YCIIOBUSIX.

TakuMm 00pa3oM, perIieHne BOCHHO-TOJUTHICCKUX H
9KOJIOTO-PECYpPCHBIX 3a/1ad B paiioHax Kpaitnero Cesepa
n JlanpHero BocTtoka MOXkeT OBITh OCYIIECTBICHO MPH
CYIIECTBEHHOM ITPOPBIBE B BOIIPOCAX COBEPIICHCTBOBAHUS
TEXHUUYECKOTo 00JIMKa CPEICTB MOHUTOPHHTA OKPY>KaroIIei
Cpeabl.
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