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HarmionanbHa axanemis JlepkaBHOT IPUKOPAOHHOI ciIy>k0u Ykpainu iMeHi bornana XMeIsHHITBKOTO

AMILIITY IHA METO/I PO3III3HABAHHSI
PYXOMOTI'O OB’€KTY TPbOXKOOPIUHATHUM CEHCMIYHUM
INPUUMAYEM CUT'HAJIIBAOIMHOI'O 3ACOBY OXOPOHH

IlomeHnyiliHumu 3aco6amu 0XOpoHU MuUM4aco8oi nosuyii cnocmepedxrceHHs MOXMCHA 88aHCAMU CUZHAAI3aYiliHI
ceticMivHi mexHivHi 3acobu oxopoHu kopdoHy (T30K), ocHosy sikux cmaHogums 00uH a6o dekiavbka celicmonputimauie (CIT)
abo celicModamuukie, wo € cka1adogolo celicmMiyHO20 3acofy 0xopoHU no3uyii. /[las oxopoHu mumyacosoi nosuyii
docmamHbo 3acmocyeamu oduH CII, padiyc eusigseHHs1 pyxomozo 06’ekmy (PO) - aw0duHu, siKuil y cyvyacHux 3aco6ax
cmaHogums 30-50 M, a mpaHcnopmHozo0 3aco6y — Ha Nopsidok Giabule.

/Jlonyckaemo, wjo cnocmepieayu, Hapsio, sik dicepeso 3a8ad 3Haxodumucsi 8 padiyci do 2-3 m eid CIl. B makomy
eunadky nomyxcHull abo caabkutl, nepioduvHutl abo HenepioduyHull cueHaJ, 3agada 6yde Haknadamucs HA nepiodu4HUll
cueHan 6id PO. [Ipu yvomy, ouesudHo cnekmpu cuzHaie 3asadu i PO 6ydymb nepekpusamucs, 8paxosyoyu me, wo rpyHmy
e/1acmuea HU3bKo4acmomua gisempayis ceticmiuHozo cuzHaay. CueHana 8id odHozo i mozo s PO 3miHioe csili cnekmp, wjo
peecmpyembcsi CII npu 3mini gidcmani do PO. Omoice, no cymi Ha Yac 3mMiuwye8aHHs cuzHaay eid 3aeadu, Wo po3mMiwyemucs
no6au3sy CII i 8id PO empavyaembcsi epekmugHicmb 3aCmocy8aHHss makuX 03HAK PO3PI3HEHHS] KOPUCHO20 CU2HAY, SIK 11020
nepioduunicme, cnekmpaibHa 8idMiHHiCMb.

Omoice, BUHUKAE HOBe 3A80aHHS ¥ NOWYKY 0i€80i 03HAKU po3pi3HeHHs cuzHasay e6id PO, wo posmiuyyembcs 6
6AUXCHIT 30HI 8USIB/NEHHSI MpboxkoopduHamHozo CIl cuzHaaizayiliHo20 3aco6y O0XOpoHU 3a AMNnAIMYydor CuzHa/ie.
BupiwieHHs1 0aH020 3a80aHHSI 86A4AEMbCS I3 3dCMOCYBAHHAM MpboxkoopduHamHozo CI1, sikuli y nimepamypi we ompumas
Hasgy sekmopHo-paszosutl CII, mpboxkomnonenmuutl CII, mpugon. Taxki CII docmamHbo dasHo 3acmocogyromb y 2eodesii,
eidposokayii, asne y 3acobax 0XopoHu 80HU NOYAIU 3ACMOCO8Y8AMUCS 8I0HOCHO HEOA8HO, HANPUKAAOD, y CUCMeMax OXOPOHU:
Ilepumemp-3 (Ykpaiuna, 2017 p.), Tapanmyaa (I13pains, 2012 p.), PC-H (Pocis, 2015 p.).
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AMPLITUDE RECOGNITION METHOD OF MOVING OBJECTS TRIPLE-GRID
SEISMIC RECEIVER EXTINGUISHING MEANS OF PROTECTION

Potential means for the protection of a temporary position of observation may be considered as signaling seismic technical means
of border protection, the basis of which is one or more seismic receivers or seismic sensors, which is a component of the seismic means of
protection of the position. To protect a temporary position it is enough to apply one seismic sensor, the radius of detection of a moving object
- a person who in modern means is 30-50 m, and a vehicle - an order of magnitude more.

Suppose that an observer, clothing, as a source of interference is within a radius of 2-3 m from the seismic sensor. In this case, a
powerful or weak, periodic or non-periodic signal, noise will be imposed on a periodic signal from the moving object. In this case, obviously
the spectra of signals of interference and moving object will overlap, given that the ground is characterized by low-frequency seismic
filtration. The signal from one and the same moving object changes its spectrum, which is recorded by the seismic receiver when changing
the distance to the moving object. Thus, in essence, at the time of mixing the signal from the noise placed near the seismic receiver and from
the moving object, the effectiveness of the use of such Signs of distinguishing a useful signal, as its frequency, spectral difference.

Consequently, a new task arises in the search for an effective sign distinguishing a signal from a moving object placed in the near-
range detection zone of a three-coordinate seismic receiver signaling means for protecting the amplitude of signals. The solution of this
problem is seen with the use of a three-coordinate seismic receiver, which in the literature is still called the vector-phase seismic receiver, a
three-component seismic receiver, trifon. Such seismic detectors have long been used in geodesy, navigation, but in the means of protection
they began to apply relatively recently, for example, in the protection systems: Perimeter-3 (Ukraine, 2017), Tarantula (Israel, 2012), RS-N
Russia, 2015).

Keywords: technical means of border protection, seismic receiver, moving object.

3a3Buyaii TppoxkoopauHatHi ceiicMonarunku (CII) mpeacTaBnsiroTh cO00K0 MIKPOMPOIIECOPHUIM MPUCTPIi
3 TppoMa uyTiuBuMH eneMenTamut (UE) Tumy reodoHiB, po3MillleHHX Y B3a€MOOPTOTOHATBHHUX OCSAX 3 IIEHTPOM B
cucremi koopauHaT XYZ. Bci Tpu reooHr MaroTh KOCHHYCOIHI JiarpamMu CpsiMOBaHOCTi. ['eodoHH, Bici SKuX
3HAXOAAThCSA Y TOPU3OHTANBHIN IUIOMMHI NAIOTh 3aralbHy MPOCKIHI0 JiarpaMu CIPSIMOBAHOCTI y BUIISAI JBOX
B32€EMHOMEPICHANKYISIPHUX «BiCIMOK» Ha TOPU30HTANIBHY IUIOMIMHY. ['€0OH 3 BepTHKAIBHOPO3TAILIOBAHOKO BiCCHO
Ma€ MPOEKIo JAiarpaMy CIPsSMOBAHOCTI Y BUTIISAI KOJIa HA TOPU30HTANIbHY TUIOIIUHY.

BapiroBanns ammiitTyou curHany y Tpbox YE mpu posmimenHi pyxomoro o6’ekry (PO) mopyu 3 CII
HaAMOLIBII TeTabHO OMMcaHi y myOmikamii [1].

Jts mociKeHHS 3MiHN aMIUTITYIN CUTHAJY, BUSBICHHS O3HAKM, 32 KO0 MOKHA PO3PI3HUTH CHTHAII, IO
HAIXOMUTh B JKepena, pO3MIIIEHOro Yy ONWKHIA 30HI, MPOBENEHO EKCIEPUMEHT 13 3aCTOCYBaHHSIM
tproxkoopanHaTHoro CII tuny JICII-BK-3.
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Puc. 1. 3aransunii Burasa CII JICIT-BK-3

Cepenne apudMeTHyHe 3HAYEHHS NPHHHATOTO CEHCMIYHOTO CHUTHAINY, SK CTAI[lOHAPHOTO €ProJMyHOTO
BHIAJIKOBOTO TIpoIecy, (DOPMYEThCS I BEPTUKAILHOTO 1 JBOX TOPH3OHTAIBHHMX KaHamiB o0pobku CII 3
JUCKPETHUX BUOIPOK peanisallii aHalloroBUX CUIHAJIB BiANOBITHUX KaHAMB U, (t), k = X,Y,Z [2].

N
1 .
UkzN_ZUk(lto), k=X.,Y,Z, (1)

ae Uy - cepenne apupMeTHIHE 3HAUCHHS HAPYTH NPUIHATOTO CEHCMIYHOIO CHTHAITY OJTHUM 3 THIIIB KaHAJIIB
JUISl OKPEMOTO CeHCMIYHOro iMIynbey (OAMH KpOK JIFOAMHH, OJMH TOINTOBX BiJ 00’€kTy); kK - Tum KaHamy
(BepTUKaNbHUI Z , TOPH30HTANBHI X ,Y ); N - 3araibHa KilbKicTh Bubipok curHany; U, (it,) - 3Ha4€HHS HAaIPyTH

peanizalii cUrHaly B MOMEHT BUOIPKM if,; i - HOMep BMOIPKM; f, - iHTepBal BHOIPOK AUCKPETHHUX 3HAYECHb

pearizanii aHanoroBoro CurHany U, (¢) .

3aranpHa KiJbKICTh BHOIPOK CHTHATY OKPEMOTO CEWCMIYHOTO IMITyJbCY AJISI BCIX KaHAJiB OJHAKOBA 1
BH3HAYAETHCS MOMEHTAMH TOYAaTKy 1 KIiHIM MEePeBUIICHHS MOPOTY AaMIUNITYIOI CHUTHAIY TPHOX KaHAIIB, a
TPUBAJICTh OKPEMOI'0 CEHCMIYHOIO IMITyJIbCY CTAHOBUTH N, , pHC. 2.
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Puc. 2. 3arajbHuii BUI/Is] OKPeMOro ceiicMi4YHOro iMmmyJibcy, NpuiiHATOro BeTPUKAJILHUM i TOPH30HTAIBLHUMHU KaHAJIAMH

Buxigni gani npeacrasieHi B BUMIISL ceiicMorpam, puc. 1, - e BioOpakeHHs KOJMBAaHb 36MHOI IIOBEPXHi.
Y TakoMy BUTJISIII aHANi3yBaTH iH(GOPMAIIifo, OIIHIOBATH Pi3HI (i3UUHI XapaKTepUCTHKH 3adikcoBaHOI NOAIl JOCUTH
BAXKKO.

IcHytOTE pi3HI MeTOIH, CIENiadhbHO MpPU3HAYEHI AT OOPOOKH CHUTHANIB, SKi TO3BOJSIOTH BHIUIITHA MEBHI
03HAaKH, 1, B TIO/IAJIBIIIOMY, [0 HUM pOoOUTH aHaii3 3anucanoi noaii [3]. Sk mpaBuiio, B OLIBIIOCTI 3 IUX METOMIB Ha
MOYaTKOBOMY €Talli BUKOHYEThCSl HACTYITHUI Ha0Ip omnepartii:

1. 3 yciel ceficMorpaMu BUIUISETHCS YaCTHHA, SIKa IEPEBUILYE 3aJaHUi MOPIr.

2. JIst BUALIEHUX TAHKUX MOCIIIOBHO 3aCTOCOBYIOTHCS TaKi MPOLEIYpH SIK:

a) lIBunke (auckperne) neperBoperus dyp'e;

6) HaknananHs xapakTepuCTHKHU MEeBHOTO (inbTpa, HanpuKiag, Giastp [aycca.

B) 3BOpoTHE nepeTBopeHHs Dyp'e, A5t TOTO, 00 OTPUMATH BiA]iIBTPOBaHMIT CUTHAIL.

Jlaii 3aCTOCOBYIOTBCS Pi3HI anropuT™MHu Jis (opMyBaHHS IIEBHOI O3HAKU. 30KpeMa, MOXKHA JIETKO 3HAUTH
MaKCHMAallbHy aMIUNITYQy KOJWBaHHSI CHTHATy MJIs pI3HUX THIIB XBWIb 1 BHKOPHCTOBYBaTH iX B SKOCTI
TUCKPUMIHAIIHHOT O3HAKH.

3acTOCOBYIOUH IHINI AITOPUTMH, MOKHA MOOYAYBaTH BEIHMKY KUIBKICTh TakuX o3HaK. OmHak, Aist 3amadi
ineHTH(IKaI] TUITY CEHCMIYHOTO MOJI1, BAXIIMBUM € JTAJIEKO HE BCe. 3 HaWOUIbII iHGOPMATUBHUX MOXKHA BUALIUTH
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Taki O3HaKW, SIK BIAHOMEHHS aMmIutiTyn S i P xBuip, abo wacTka moTykHOCTI S (a3yn Ha BHCOKHMX (HHU3BKHX)
YacTOTaXx MO BiIHOMICHHIO NIO TOTYXXHOCTI S ¢a3u y BCi cMy3i 4acTOoT. Ajie HEOOJIKOM TaKHX alTOPUTMIB €
morpeba y TpPUBAJIOMY CTAaTHCTUYHOMY HAKOMMYEHI i oOpoOmui curHamiB. Y BHUIAIKy 3aco0y OXOpOHH Yac Ha
MPUHHATTA PIICHAS CKJIagae He OLThIIe IeKITBKOX CeKyH]I.

[Mpu upomy, sk Big3Ha4yaeTbcs y [4], onTUManbHA TPUBAIICTH OKPEMOTO CEHCMIYHOTO IMITYJIbCY Mae
CTaHOBUTH 3,5 — 4 mepiony KOJMBaHb CEWCMIYHOTO CUTHAIY, IO ONTHMI3y€ BIJHOUICHHsS CUTHANY JO LIyMy B
kaHaui nmpuiiomy. ToMy, € oueBHAHA MOTpeda y MOIIYKY HOBOT 03HAaKH AJisl po3pizHeHHs PO.

PesynpraTn aHamizy oTpuMaHuX peaiizauiii celicmiyHoro curHany tpboxkoopaunHatHuM CIT JICTI-BK-3,
puc. 1, 2, 103BOJISIOTh BUIUIUTH IMEPEBUIICHHS aMIUTITYJi CUTHAIy Z KaHaily BepTukanbHoro reodony CII Han
curHaiaMu X, Y KaHaiiB ropusoHTanbHUX reodonis CII. IIpuuomy, naHe nepeBUIeHHs XapaKTepHE I OCHOBHOT
YaCTHHHU TPUBAIOCTI CUTHAITY BiJl KPOKIB JIFOAWHH.
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Puc. 3. CeiicMiuHMii cHrHAJ Bii KPOKIB JIIOAMHY, IKA PYXA€ThCSl Y HANPAMKY Ha TpboxkoopauHaTHuUii CII: ToHKa JiiHis — curnan Z
KaHaJy BepTUKaJIbHOro reogony CII; mupoki ainii - curnan X, Y kanajis ropusontaisHux reogounis CIT

3a3HaueHe MOTpeOyBajJO TOAANBIIOTO  JOCHI/DKEHHS  XapakTepy 3MIHM  aMIUNITYAM CHTHAJIB
TpboxkoopanHatHoro CII. 3arnpornoHoBaHO MOPIBHIOBATH aMILTITYAN CEHCMIYHOTO CHI'HATY BEPTHKAIBHOTO KaHATY
i3 cepeTHIM 3HAYEHHSIM aMILIITYy ]l IBOX TOPU30HTAIILHUX KaHAJIIB OKPEMOTO CEHCMIYHOTO IMITYJIbCY 32 BUPA30M:

v
(U |+|U, /2’

- koe(ilieHT MoAIOHOCTI aMILTITY ] BEPTHKAJIBHOTO 1 TOPU3OHTAJIBLHUX KaHANIB 00POOKH CeHCMIYHUX

2

a

ne K,
CHUTHAJIB.
[TokpokoBe i 3rma/pkeHe 3HaueHHs KoediumieHrta K, mist cMrHay, OTPUMAHOTO Bifl PyXy JIFOAUHH Y

Hanpsamky CII, puc. 2, monaHo Ha puc. 3.
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Puc. 3. I'padiku NOKPOKOBOIO i 3r/1a/IKeHOr0 3HaYeHHs KoedilieHTa NOpiBHAHHS BEPTUKAJIBHOIO i FOPU30HTAJIBHUX KAHAJIB NpUiioMy
32 aMILTITY/1010 ceiicMiYHOro CHrHAly Ka JJIs1 CHTHAJIY, OTPMMAHOIO0 Bi pyxy Jitoaunu y HanpsiMky CII: 1 — orpumani 3HaYeHHs

KkoedinienTa; 2 - 3riIaKKeHe 3HaYeHHs KoedillicHTa MOPIBHIHHS MeTO0M KOB3KOI'0 CepeIHbOro

XapakTepHOIO OCOOJIMBICTIO OTpUMaHUX rpadikiB € HasBHICTh MUISHKH 4yTinuBoi 30HH mobnusy CII, ne
HEMa€ CYTTEBOI BIJMIHHOCTI M aMILTITyJJaMHd BEPTHKAJIBHOTO 1 TOPHU3OHTAIBHUX KaHAIIB OOPOOKH CeMCMIYHHMX
curHaiiB. JlomijbHO MPUHHATH 3a KpHUTEpill MOMIOHOCTI aMIUIITYy/l KaHaJ B OOpOOKM CEHCMIYHHMX CUTHAJIB TaKe
3Ha4YeHHA KoedilieHTa MOPIBHSHHS BEPTUKAIGHOTO 1 TOPU3OHTAIBHUX KaHANIB IMPUHOMY 3a aMIUTITYIOI0
CefiCMIYHOTO CUTHAJY:

K, <12

CEMCMIYHUX CUTHAIIB.

- KpuTepiii MOAiOHOCTI aMIUTITYZ BEPTHKAIBHOTO 1 TOPWU3OHTAJIBHUX KaHAIIB 00pOOKH

Bigmosinso mo rpadixa, puc. 3, kpurepito K, < 1,2 Bigmosigae 3ona uyrtnmusocti CIT mopyd 3 micuem

{oro BcTaHOBJIEHHS 1 pamiycom 30HU 3-3,5 M (4-5 kpokiB ronuHM). Lle 03HaYaE, M0 PH BIUTHUBI pyXOMOTO 00’ €KTY
Ha 1pyHT mopyd i3 CII, B paniyci 3-3,5 M npuiHATHI CHUTHAN BEPTUKAIEHIUM KaHAJIOM He OyAe CYTTEBO BiAPI3HATHCS
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Bil CEPEHBOTO 3HAYCHHS TOPH30OHTAJIBHUX KaHANIB 0OpPOOKH, IO MOXKHA PO3IJISIATH SK HOBY O3HAKY BUSBIICHHS
pyxomoro o0’ekty mopyd i3 TphoxkoopmuHaTHUM CII, a Takok sSK o3HaKy (uUIpTpamii 3aBaj Bim Kepena,
po3MmimmeHoro mopy i3 TppoxkoopauHaTHUM CII curHami3amiifHOro 3ac00y 0XOpOHH.

BucnoBku: OT1xe, 03HaKa BHABICHHI PyXOMOTO 00’e€KTy y OMKHiM 30HI mii TproxkoopauHatHOoro CII
CHTHAJI3alifHOT0 3ac00y OXOPOHU 3a aMIUITYJOI0 CHTHAJIB MOJSrae y BCTAHOBJIEHIH CTyHeHs MoaiOHOCTI
aMIUTITYJ] CHTHATIB BEPTUKAILHOTO 1 TOPH30HTAIBHUX KaHalIiB 0OpoOku ceiicMiunHux curHamiB. [logiOHicTh
aMIUTITYJ] BH3HAYA€ThCS 32 3alpPOIOHOBAHMM KOE(IIIEHTOM 1 KPHUTEPIEM TOPIBHIHHS BEPTUKAIBHOTO 1
TOPU30HTATBHUX KaHAIB NIPHHOMY 32 aMILTITYIOK0 CEHCMIYHOTO CUTHAITY.
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