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depending on the informative signs of the images. The model of the formation process of the solving function of the combined
correlation-extreme navigation system is clarified, taking into account the influence of the three-dimensional shape of the
sighting objects and random changes in the spatial position of the flying apparatus. Relations are obtained for describing the
current images of the sighting surface in the radiometric and television channels of a combined correlation-extreme navigation
system, taking into account the three-dimensional shape of the objects of interference and random changes in the spatial position
of the aircraft caused by the turbulence of the atmosphere. An expression describing the process of formation of the solving
function of a combined correlation-extreme navigation system is presented. Variants of the scenario for the formation of a
decisive function are presented depending on the conditions of the operational-tactical situation. The expediency of forming a
single standard for television and radiometric channels of a combined correlation-extreme navigation system is substantiated.

Keywords: combined correlation-extreme navigation system, current image, sighting surface, decision function.
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OIIHIOBAHHSA 3ABA/IO3AXHUINEHOCTI PAAIOKAHAJLY 3B’A3KY
BE3IIIVIOTHOI'O JIITAJIBHOT'O AITAPATA Y MICBKUX YMOBAX

Posenaoaemoca memoo oyino8anHsA 3a8a003aXUUEHOCHI KAHANY paodio38’a3Ky Oe3nilomHuUX TimaibHux ana-
pamie npu OiAX y MICbKUX YMO8AX 015 8UNAOKIE PO3MAULYBAHHS 0Xcepell HABMUCHUX 3840 HA OYOUHKAX, CNOPYOax
mowgo. Cmilikuti padio3s’s130K Midc niopo30iiamu y MiCbKUX YMO8AX 3abe3neyyemuvcsa ULIAXOM YPAaxy8aHHs mpu-
suMipHocmi diazpamu CHPAMOBAHOCII AHMEH MA BUCOM UMOSBIPHO20 PO3MAULYS8AHHA 0dicepesl HABMUCHUX 3d6a0.
Ilpocpamua peanizayia 3anponoHo8aH020 Memody 003601A€ pO38’A3amu 3a0ayy nodyoosu MAaAKCUMATbHOI 3d
DO3MIPOM 30HU CIMITK020 PpAdio38 3Ky 0 KOHKPEeMHOT OnepamusHoi 06Cmano8Ku.

Knrouosi crosa: padioenexmponne npudywenns, paoio3asau, KaHai padioss ua3Ky, 0lazpama CRpsSiMo8aHoCmi.

ITocTanoBKa mpodaemMu

OIiHFOBaHHS MOKITHBOCTEH MPOTUCTOSHHS 3aco0am
panionpuIyIeHHsT KaHAJIB pasio3B’si3Ky € 000B’sI3KO-
BUM 3aXOJIOM TPH IUIaHYBAaHHI Ta IiJ] YaC BUKOHAHHS
3aBJlaHb TPAaBOOXOPOHHOI JistmpHOCTI. CydacHi 3acodu
nocraHoBkM HaBMucHUX 3aBan (H3) maroTh Bci HE0O-
XiHI TEXHIYHI XapaKTEPUCTHAKH [T IXHBOTO 3aCTOCYBAHHS
B yMOBax 0e3rmocepeqHhOro KOHTAaKTy MPOTHOOPUMX
CTOpiH, OCOOJIMBO TIPY BIKOHAHHI 3aB/IaHb TIPABOOXOPOHHOI
ISUTBHOCTI Y MICBKHX YMOBaX, B yMOBaX IpsMOi BU-
JTIUMOCTI, SIKa OOMEXYEThCSI COTHIMH MeTpiB. Lle poOuts
HEeOoOXiqHUM Jyisi 3a0e3MeUeHHsI CTIHKOro pajiio3B’s3Ky
BUKOPHCTAHHS JOJATKOBHX 3aCO0IB 3aXHCTY BiJ] HaB-
mucHux 3aBaj (JI33H3) y BUMISAII HECTAHIAPTHUX CKPHTHX
MOOUTBHUX EKPaHIB Ta HANPABICHUX AHTCH, HATPHKIAL,
pO3TallIOBaHMX Ha OE3MUJIOTHMX JHTAJbHHUX —anaparax
(BITJIA) [1, 2].

OOMexeHuit onepaTUBHUI MPOCTIp, 0COOIMBO MPH
BUKOHAHHI 3aBJaHb NPaBOOXOPOHHOI JisUILHOCTI B
MICBKHMX YMOBax, BUMarae TOYHOI'O BH3HAYEHHS MOXKIIU-
BUX BapiaHTIB pO3TalllyBaHHS pPazio3aco0iB BiJHOCHO

3aco0iB nocranoBkr H3. Onrumansna opienTanis J33H3
3 miarpamamu crpsmoBanocTi (JIC) HectaHAApTHOI (hopMu
JIO3BOJISIE 30UIBIIMTH 30HU CTIHKOrO pajiiooOMiHy, SIKi IpH
bOMY, SIK MPABHJIO, MalTh HempaBwibHY dopmy [2].
IIpaktuxa Bukopuctanssa J33H3 mokasye, mo gocsrru
JIOCTaTHBOTO PIBHS CTIHKOCTI KaHAIIB Pajio3B’si3Ky TpH
BIUIMBI HABMHUCHHX 3aBaji MOXJIUBO JIHIIE y TEBHOMY
NpOCTOpi, €IUHUM [DISIXOM BH3HAYEHHS SIKOTO €
iMiTaniiine MoxemoBanus [3].

AHaJi3 ocTaHHIX AocaiIKeHb i mydJikaniii mo-
Ka3ye, 10 HeJIOJIKOM METO/Ty MOOYIOBH 30HH JOCSHKHOCTI,
3aMpOoIIOHOBAaHOT0 y pobotax [2, 3], € BiacyTHicTh Bpa-
XYBaHHSI PI3HUX BUCOT IMOBIPHOTO PO3TAIIIYBaHHS JPKEpE
HaBMHCHHX 3aBall, SIKI MOXYTh 3HaXOJHUTHCh B OYIHH-
Kax, Cropy/ax i T. iH., IO € [IUIKOM IMOBIPHHM y MiCBKHX
yMoBax. Ypaxysanus TpuBuMmipHocti [IC aHTeH 1103BO-
JIWTh I BUITUTH TOYHICTh opieHTanii J33H3, sk mo
a3MMYTY, TaK i MO KYTY MICIIA Ta OUIBII TOYHO PO3B’s3aTH
3a/a4y MOOY/IOBH 30HH JOCSDKHOCTI, Y MeXax sIKoi 3a-
0e3meuyeThCs CTIMKMIA Paio3B’sI30K MiX MiIPO3IiIaMu
NpY BUKOHAHHI 3aBJ[aHb ITPABOOXOPOHHOI JisTTBHOCTI.
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Mera craTTi. YIOCKOHAJICHHS METOAY TOOYIOBU
30HH JIOCSDKHOCTI, Y MeXax sIKOi 3a0e3MeuyeThCsl CTIMKMIA
pamio3B’sI30K MDK MiJPO3JiIaMH Yy MICBKHX YMOBax
LIUISIXOM ypaxyBaHHsS TpuBuMipHocti JIC aHTeH Ta pi3-
HHUX BHCOT IMOBIPHOTO pO3TalllyBaHHS JKEpesl HABMUC-
HUX 3aBaJl, ocobnmBOo mpH BukopuctaHHi BIUTA s
3a0e3MeueHHs 3B’ SI3KY.

Buxkiax ocHOBHOro Mmarepiasry

VY MiChbKHMX YyMOBax IUIONII € Ha MOPsI0K abo aBa
MEHIIMMH TIOPIBHAHO 3 IUIOLIAMM, Ha SKHX 3BHYAIHO
MPOBOJIATBCSL  3arajIbHOBIHCHKOBI omepaliii 30poiHUX
Cun Ykpainu. BpaxoByroun 11e, TOJIOBHUM 3aBAAaHHSIM €
3a0e3redeHHs CTIKOro pajio3B’si3Ky Ha sIKOMora Oijib-
M1} TUTONI PO3MIIICHHS CBOIX BIHCHK. 3BiJICH BHUILIHBAE,
o 3a KpuUTepid e(QEeKTUBHOCTI METOMy IIiABHIICHHS
CTIMKOCTI Pajio3B’sI3Ky MK IMiAPO3ZIiIaMA B MiCBKHX
YMOBax MOKHA IPHUHSTH LUTLOBY (DYHKIIiIO, sIKa Bpaxo-
BY€ BIJHOIICHHS MiXX IUIONICIO CTIHKOrO pajiio3B’s3Ky i3
3aTy4CHHSIM 3aXO/IiB 3aXHUCTy Ta Oe3 Takux [2]

F(X)=[1-So(X)/8;(X)] > max , @)
Je X — BEeKTop HapaMerpiB; S, — IUIOLIA CTiiKoro ooMiny
i3 3axucTOM; Sy — IUIOIIA CTIHKOrO 0OMiHy 0e3 3aXHCTY.

VY ckiajx BekTopa mapamerpiB X BXOOUTh MHOMKHHA
mapamerpiB 3aco0iB pajIioeNeKTPOHHOTO BIUTHBY (Kijib-
KIiCTB JKEpel 3aBajl, IX MOTY)KHICTh, IPOCTOPOBI KOOP-
JIMHATH, OPIEHTAIlISI AHTEHHUX CHCTEM Ta iH.).

3a pesyapraramu pobiT [2, 3] mms KoMILIEKCY
PagioeneKTPOHHOTO NPUIYIIEHHS, SKUH CKIANAEThCA 3
N JoKepen 3aBaf, po3Mipu miom S, Ta Sy 3aleKaTh

BiJI KoedillieHTa TPUAYIICHHS palioeIeKTPOHHUX 3ac00iB
(PE3) miapo3miny, SKHii OIiHIOETHCS CITiBBiTHOIICHHIM

Rg N Pnpt)qG(93i _90)
Kn(eo): - 2 , (2)
pnpz)cG (QC _90) i=1 R3i
Ae Py, — HOTY)XHICTb epesiaBada KOPHCHOIO pajiio-

CHTHANy LEHTPa 3B’A3KY, P,,,. = TIOTY)KHICTB TIepe-

np

naBaJa i -1 3aBaJf (i =1..N); R. — BIJICTaHb MiX Iepe-

c
JaBayeM LEHTPY 3B’SA3Ky Ta  panionpuiiMavem
MOO1TBHOT TpyTIH; R, — BiZICTaHb MIX pajionpuimMadem
MOOLIBHOI TPYIU Ta IIepelaBadeM i-3aBaid (i=1.N);
0, — xyt Hanpsmky JIC mobGineHOro 3aco0y PE3 Big H3
Ha nepefaBay LEHTPY 3B’s3Ky; 6, — KyT Hanpsamky JIC
MobimpHOrO0 3acoby PE3 Bim H3 ma mepemaBau j-i
3aBajmd (j=1.N).
OTxKe, BEKTOp MapaMeTpiB, 110 ONTUMI3YIOThCS, Y
3amaui (1) Mae BUrIISA
X = (Pypocs Pupos s Res Riin 00,05i,65) » (i=1.N).  (3)

OCKUTbKH MOTYXKHOCTI TIepe/iaBadiB MOXKHA BBaKATH
(hIKCOBaHNMH, a MOXJIMBOCTI MaHIITYJIFOBaHHS BiZICTAHSIMH
y MICBKHX yMOBaxX € OOMEXKEHHMH, Ha MepIInil IUIaH
BUXOIHUThL PO3B’si3aHus 3amaui (1) murixom BUOOPY [Uist
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MoGinsHOro 3acoby PE3 Bim H3 y koxuiit Toumi S,

% . . .
ONTUMAILHOTO KyTa 0 31 criBBiaHONIIEHHS (2), TAKOrO, IO

Kn(gg) =min K, (6o) - (4)

V3aranpHIOIOYM CKa3aHe, MOXXHa CHOpMYITIOBATH
MPaBWJIO BWU3HAYEHHS IUIONI CTiKOro oOMiHy i3 3a-
xucToM S; y 3amaui (1) s TOYOK OMepaTUBHOI MAIH
X,yeQ (Q — MHOXHHA TOYOK ONEPATHBHOI MAIIH, LIO

HaJIeKaTh 00IACTi BUKOHAHHS 3aBJaHb IPaBOOXOPOHHOL
TUSUTBHOCTI) HACTYITHHM YHHOM:

RCZ % Pnpdsi G (93i 790) (5)

Pnp()cG (Qc - 90 ) i=1 Rii ,

Kn(X,Y,05) =

Re= (x30)2 +(y-ye)?

Ry =y (=% )2+ (y— ;)2 i =1.N,

Ie X;, Yc— KOOpAMHATH JDKEpelia KOPUCHOTO CHTHAITY

LCHTPY 3B’5I3KY Ha Malll; X, , V., KOOpJIMHATH i-TO

JUKepena 3aBaid Ha Mami (i=1.N); K — TIOpOroBe

nop
3HAYEHHs KoeilieHTa NMPUAYIICHHS, SKE JUIT MOOLIb-
HUX 32c00iB 3B’ 513Ky ctaHoBUTH 10 1b.

Jns o crilikoro o6MiHy 6e3 3axucry Sy Bia-

MOB1HO Ma€EMO:
So = (Y00, Y) €Ky (X Y. 0) < Ko, (6)
Re 5 Ppos

2
Pnp()c i=1 R3i

Kn(go):

Jyist ypaxyBaHHSI MOXKITBOCTI PO3TAIIYBaHHS JDKe-
pen HaBMUCHHX 3aBaji Ha TEBHIN BUCOTI y CIIBBiJHO-
mieHns (2—4) BBemeMo TPUBHMIPHY (QyHKILI0 KoedilieHTa
migcwienns JIC anTenHoro mpuctporo 3acody PE3 Bin
H3 G(0,p), 1e 6 —KyT a3uMyTy, @ @ — KYT MiCIIs IIiJi.
XapakTepUCTUKU TPOCTOPOBOI JHiarpamMu CIPSIMOBAHOCTI
MOOLTBHOT'O J1iarpaMo-CIPSIMOBYIOUOTO0 TIPUCTPOIO 32
HASBHOCTI BiJIIIOBITHUX KPECICHb MOKHA OOYMCIIUTH 32
texnonoriero HFSS [4].

Tomi Bupa3 (2) MOXHA 3aMUCcaTH HACTYITHUM
yuHOM [3, 5, 6]

RZ .
Pnp()cG(eC = 05,00) (7)
S Pap0n 80, =00, ~00)

4 2
i=1 R3,

1

Kn(80,00) =

1

ne @, — kyr micug JAC 3 TOYKM po3TallyBaHHS IIif-
pO31iTy Ha TOUKY po3TamryBanHs 3aco0y PEII;

¢o — BrmacHuit kyr Micusg JIC aHTeHHOTro TpuC-
Tpoto 3axucty PE3 minposainy.

TakuM YHHOM, BEKTOp TapamerpiB y 3amaui (1)
JJIA TaHOI'O BUIIAJIKY Ma€ BUTTIAL

X= (Pnpdcvpnpt)sivRCv Raivecveaiv(paiveOv(PO)v (i :1"N)’ (8)
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a 3a71a4a 60poThOM 3 paioeNIeKTPOHHUM MPUAYIICHHSIM
PO3B’SI3y€THCSl IIUIIXOM BHOOPY ONTHMAaJbHUX KYTIiB

asumyry 6, Ta MicIs @ , TAKHX, 1O
* * .
Kn(6.600) = min K (6.9) - )
Bignosinao criseigHomenns (5) 1is BU3HAYCHHS
wiowi criikoro oOMiHy i3 3axuctom S, y 3agaui (1)
3MIHIOIOTECS. HACTYITHHM YHHOM:
S5 ={v(x.y)e QK (x,Y,609,90) = Min Ky (X, ¥,60,00) < Kgp }
Re
PipocG (6,0, 1 90)
N Pnpt)siG(gsi _901(p3i _(pO)
x> .
i=1 3
3amicTth cmiBBigHOmeHHs (6) AsT TUTONI CTIHKOTO
00MiHy 0e3 3aXUCTy S BiJITIOBITHO MAEMO:

Kn(X,y,Ho,(po)Z X

(10)

Poora 3 o6 extans  POIPANHOK 30K 20CTIMOCTI

pocn.‘E‘,El,.‘. e -

M nowa NokpuTTA, MKS. Hac pospaxyey Koeaauvent noxpurrs
Poasspu mansc 630 518 20 44388300 0= 545¢ 01
Nnowa, m xe. = 1305360,00 2mscr 20 675308.00 0= 58347¢ =150
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So = {76 ) € Kn (%, ¥) <K, |

Rc2 %Pnpt)j’i
—.
Pupoc i RS,

(11)

Kn (%, y)=

BripoBapkenns ofepkanux criBBigHomens (7-11)
y MporpamMHmii KoMIUTIEKC [2] po3umpriio #oro ¢yHKIio-
HaJbHI MOKJIMBOCTI, OCKIJIBKH O3BOJWIO OOYHCITIOBA-
TH ONTUMAJBHY Opi€HTAIi0 3ac00y MOOLIEHOTO 3aXUCTY
SK 10 a3UMYTY, TaK 1 MO KyTy MiCIls, @ TAKO)XX BH3HA-
YaTd Ha Malli MakCHMAIlbHY 32 PO3MIPOM 30HY JIOCSIK-
HOCTI S, , y MeXax Kol 3a0e3MeuyeThesl CTifKui pasio-
3B’5130K Mi) MOOUIBHUMHU IPYIIaMHU B yMOBaX MicTa.

[MopiBHsUIBHMI aHaJi3 BIUIMBY PI3HHMX THIIB aHTEH-
uux cucteM J[33H3 Ha po3mip 30HM CTIHKOro pajio-
00MiHY MOXKHA MPOBECTH 3a Pe3ylIbTaTaMH PO3PaxyHKIB
JUTS YaCTKOBOTO BHIA/IKY, HABEIICHOr0 Ha puc. 1.

Owicuru many

3oma gocsoRmocTi
% @ lsomse

 06nscre
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& Mo axeayry T2 NO KYTY MICUA
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WX Pospaapeon 30084

Mobyaoey soHm saxinueno
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Puc. 1. 3ouu criiikoro paniooominy 3 Buxkopuctanuam JI33H3 3 JIC pizHux Tunis

Ha puc. 1 mexi 30un S, (obnacts 1) onepkani s

BUIAJKy, KOMM MOOUIbHA Tpyna Mpaime 0e3 3aXHCTy
KaHally pajiiooOMiHy, To6TO He BukopucroBye JI33H3, a
3aCTOCOBYE 3BHMYaiHI 3aCO0M Pajiio3B’sI3Ky 31 LITUPHO-
BOIO aHTeHOI0. Mexi 30Hn S, (obnactb 2) ozxeprkaHi 1
BUIIAJKy, KOJIM MOOiIbHa Tpyna BukopuctoBye J[33H3,
JUIsl SIKOTO BUKOHYETHCS ONTHMI3allisl TUIBKH IO KYTY
a3UMYTy BIATOBIMHO 10 criBBiAHOIICHHS (4). Mexi 30HH

* . .
S, (obmacte 3 opepikaHi I BUNAJAKY, KOJIM MOOLIBHA

rpyna BUKOpUCTOBYe Toi camuii J[33H3, ane mns sixoro

BHKOHYETHCSI ONITUMI3AIliS TI0 KYTY a3UMYTY Ta 110 KyTY
MicCIs BiAMOBiAHO 10 criBBigHOmEHHs (9).

@opma 1 posmipu 30H CTiiikoro pamioodMiny Sg
Ta S, BiJNOBiJatOTh HaBe#eHNM y mpai [2]. 3a pe3yb-
TaTaMU PO3PaxyHKIB ILIOINIA 30HHU CTIHKOro paxiooomi-
Hy Sy craHoBuTh 13% Bix 3aranbHOI IO MamH, S,

30HM — 34%, 30uu S, — 52%. TakuM YHHOM, PO3MipH

30HH CTIHKOTO Paiioo0OMiHy S ; 30UTBIITYIOTRCS ¥ 1,5 paza

110710 TTonti Ta S, y 4 pasu mozo mionti Sy.
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BucHoBku

Pesynbratn aHamizy iCHyIOUMX CIIOCOOIB 3aXHCTy
BiJl HABMUCHUX 3aBaj] IMOKA3aJll HEOOXIJHICTh Bpaxy-
BaHHS 00’€MHOCTI Jiarpam CIpsIMOBAHOCTI AHTEH 3B’SI3KY
npy 3a0e3MeYeHH] 3axHcTy BiJ 3aco0iB panionpumy-
IICHHS, SKi pO3TAIOBYIOTHCS HA PI3HUX BHUCOTAX.

VY pe3ynbTaTi MPOBEACHOTO MOCTiIKEHHS OyIo
YIOCKOHAJIEHO METOA IMOOYIOBH 30HH MOCSKHOCTI, Y
MeKax SIKOi 3a0e3MeuyeThCsl CTINKUN pamio3B’ 130K Mik
MiPO3ALIAMH Y MICBKHX YMOBAaX, HUISIXOM YpaxyBaHHS
TPUBUMIPHOCTI JiarpaMd CHPSIMOBAHOCTI aHTEH Ta BHCOT
HMOBIPHOTO PO3TAIIyBaHHS KEepesl HABMUCHUX 3aBafl,

[Mporpamua peasizaiiisi 3aIpPONOHOBAHOIO METOLY
JIO3BOJISIE PO3B’SI3aTH 3aJady MOOYIOBH MaKCHMAaJIbHOI
3a PO3MIPOM 30HU CTIHKOrO pajio3B’s3KY, VIl KOHKPETHOL
OIepaTUBHOI 0OCTAHOBKH, OUTBIIION Bifl BioMuX Y 1,5 paza.
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OLHEHUBAHUE IOMEXO3AIIUINEHHOCTH PAJJMOKAHAJIA CBA3U BECIIMJIOTHOI'O JIETATEJIBHOI'O
AIIITAPATA B I'OPOJACKHUX YCJIOBHUAX

A.U. Tumouko, C.B. I'epacumos, B.A. Jlabynen, O.K. Knumosnu

Paccmampusaemces memoo oyenku nomexo3auuujeHHoCmu KaHaia paouocessu OecnuiomHblX 1emamenbHblX annapamos
npu 0elicmeuslx 6 20pOOCKUX YCA0BUAX Ollsl CYYaAed pACHOL0ICEeHUsL UCIOYHUKO8 NPEOHAMEP eHHbIX NOMEX HaA 30aAHUSX
coopydcenusix u m. n. Pezynomamul ananusa cywecmeylouux cnoco6og 3aujumsl om ApeOHaMepeHHbIX NOMeX NOKA3aau He-
0bx00umocmsb yuema ob6vemMHOCMU OUASPAMM HANPABLEHHOCU AHMEHH C853U NpU 06ecnedeHuu 3auumsl Om cpeocms
PAOU0dNeKMPOHHO20 NOOABNEHUsl, KOMOPble PACNONALAIOMCI HA PA3HBIX @blcomax. Ycemotuusas paouocessb medicoy
noopazoeneHusMuU 8 20pOOCKUX YCA0BUSIX 00eCneuusaemcs nymem yuema mpexmepHocmu Ouazpammbl HanpasieHHOCMu aHMeHH
U BbICOM BEPOAMHO2O PACNONONCEHUS UCMOYHUKOB8 NpeoHamepennbix nomex. Kpumepuem saghpexmusnocmu memooda nosviuenus
VCMOUYUBOCMU  PAOUOCEA3U MeHCOY NOOPA30CNeHUIMU 8 20POOCKUX YCI0BUSX NPUHUMAEMCS Yeneéas (YHKYus, KOmopas
Vuumeigaenm omHouieHue mMexcoy niowabio YCmoudusou paouocssasu ¢ npueiedeHuem mep 3auumsol u 6e3 makoguvix. B cocmas
8eKmMopa napamempos 8xXo0um MHOICECMBO NAPAMEMPO8 CPedCme paoduoITeKmpoOHHO20 8030CUCMEUs. KOAULECH 80
UCTOYHUKO8 NOMEX, UX MOWHOCMb, NPOCMPAHCIMBEHHbIE KOOPOUHAMbL, OPUEHMAYUs AHMEHHbIX cucmem u m. 0. Ilpoepammnasn
peanu3ayus nPeoaodCeHHO20 Memood NO3605em peuums 3a0aiy HOCMPOeHUs MAKCUMATbHOU NO 8eUYUHe 30HbL YCINOUYUBOT
paouoceasu 01 KOHKPEMHOU ONEpamusHoll 0OCMaHO8KU.

Knrwouegvie cnosa: paduosnexmponnoe nooasienue, paouonomexu, KaHai paouocesasu, Ouazpamma HanpasieHHocmu.

EVALUATION OF RADIOCHANNEL POWERFUL SECURITY CONNECTION IN FREE-FLAT CLEANER UNIT
IN CITY CONDITIONS

0. Timochko, S. Gerasimov, V. Labunets, O. Klimovich

The method of estimating the noise immunity of the radio communication channel of unmanned aerial vehicles under
urban conditions for cases of the location of sources of intentional interference on buildings, structures, etc. The results of
analysis of the existing methods of protection from intentional interference have shown the need to take into account the
volumetric diagrams of the antennae of communication, electronic suppression, which are located at different altitudes. Stable
radio communication between units in urban conditions is provided by taking into account the three-dimensionality of the
antenna pattern and the heights of the probable location of sources of intentional interference. Therefore, the aim of the scientific
article is to improve the method of constructing a reach zone within which stable radio communication between subdivisions in
the city is ensured by taking into account the three-dimensionality of the antenna pattern and the various heights of the probable
location of sources of intentional interference, which is especially characteristic when using unmanned aerial vehicles for
communication. The criterion for the effectiveness of the method for increasing the stability of radio communication between
subdivisions in urban conditions is the objective function, which takes into account the relationship between the area of stable
radio communication with and without protection measures. The vector of parameters includes many parameters of the
radioelectronic impact facilities: the number of sources of interference, their power, spatial coordinates, the orientation of the
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antenna systems, etc. Taking into account the three-dimensionality of the antenna pattern will increase the accuracy of the
orientation of additional means of protection against intentional interference, both in azimuth and on the angle of the place and
more accurately solve the task of constructing an area of reach within which stable radio communication between power units is
ensured. Software implementation of the proposed method allows to solve the problem of constructing a maximum zone of stable
radio communication for a specific operational situation.

Keywords: radio-electronic suppression, radio interference, radio communication channel, directional diagram.
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TRIPLE-MODE VIBRATORY GYROSCOPE

Coriolis vibratory gyroscope (CVG) is one of the chronologically latest gyroscopic technologies that appeared
on the world market in the 90s of the last century. This technology has spread throughout the world for a relatively
short time, mainly due to its micro-miniature version based on the micro-electro-mechanical system (MEMS), the
so-called MEMS gyroscopes. There are two well-known modes of Coriolis vibratory gyro operation. These are rate
mode and rate-integrating modes described in many works of different authors. There is also known dual mode
CVG in which two abovementioned modes of operation have been combined in one gyro with automatic switching
from one mode to another. Such a dual-mode CVG gains additional advantages over competing technologies, such
as laser and fiber-optic gyroscopes. Recently, differential mode of operation for single mass CVG has been
developed in Ukraine. It was shown that differential mode of operation has excellent external disturbances rejection
properties.

This paper considers each mode of CVG operation and the questions of how to embed the differential mode
into two first abovementioned ones to obtain triple-mode CVG which will widen application area and tighten
position over competitive technologies. This triple-mode CVG can surely be realized in MEMS and non-MEMS gyros.

Thus, the following is defined, Differential CVG can be considered as third mode of operation for vibratory
gyroscopes along with two well-known rate and rate-integrating ones. Differential mode of operation can be built-in
the single gyro together with the two others, rate and rate-integrating modes, to implement triple-mode CVG.
Triple-mode gyro can be implemented both for MEMS and non MEMS vibratory gyros.

Differential mode of operation has greater, than rate mode, external disturbances rejection factor and can be
used when motion occurs in harsh environment.

Realization of triple mode CVG gives it highest «versatility» in comparison with competitive gyro technologies
like ring laser gyro and fiber optic one.

Keywords: Triple-mode CVG, MEMS gyro, rate mode, rate-integrating mode, differential mode.

Introduction signal that compensates for the Coriolis force is
proportional to angle rate. It is so-called rate mode of
CVG operation. This mode of operation has been
described in many works, for example [1-4].

The second mode is rate-integrating one, where
Coriolis force is not compensated for. The quadrature
signal is only compensated for to reduce measurement
errors. In this mode of operation Coriolis force caused
rotation of the vibratory standing wave relative to gyro
and an angle of its rotation is proportional to an angle of
a gyro rotation relative to the inertial space. Coefficient
of proportionality between the angle of a gyro rotation
relative to the inertial space and the angle of the
standing wave rotation relative to gyro is called the

Coriolis vibratory gyroscope (CVG) is one of the
chronologically latest gyroscopic technologies that
appeared on the world market in the 90s of the last
century. This technology has spread throughout the world
for a relatively short time, mainly due to its micro-
miniature version based on the micro-electro-mechanical
system (MEMS), the so-called MEMS gyroscopes.

There are two known modes of CVG operation:
fist one is a force-rebalance mode, where Coriolis force
arising due to rotation is compensated for by the negative
feedback control system, holding the vibratory standing
wave in a fixed position close to an excitation electrode,
and hence, rotates together with a gyro. In this case the
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