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NONINWEHHA MACKYBAJIbHUX BJ'IACTI/IBOCTEWV
BPOHEABTOMOBIIA «BAPC-8» LULITAXOM 3HUXEHHA MOIO
PIBHA 30BHIWHbLOIO WUYMY

IMPROVING THE CAMOUFLAGE PROPERTIES OF THE BARS-8 ARMORED
CAR BY REDUCING ITS EXTERNAL NOISE LEVEL

Anomayisn. /[lo gilicbkosux asmomob6inis, kpiM 3a2a1bH08I0OMUX BUPOGHUYUX, eKCNAYyamayiliHuX, CnoXu84ux eumoz ma
8UMo2 b6e3neKu, 8UCys8ams makoxc cneyu@iuHi eumozu, 30kpema ujodo 6aaicmuyHo2o ma npomuMiHHo20 3axucmy, 3dam-
Hocmi do mackysaHHs. MacKyeaHHs — e KomnJjiekc 3axo0is, cnpsiMO8AHUX HA NPUXOBYBAHHS C80IX 8ilicbk 8I0 cnocmepediceH-
Hsl CynpOMuUBHUKdA. Y MacKyeaHHi pea.izyemucs Haligaxcausiwull 3aKoH 8iliHu: «He susieus - He 8pasus yiaby». Mackyeamu -
3HAUUMb pobumu HenoMimHuMu, HeguduMumu 0.5 CynpomueHuka eilicbkogi 06’ckmu. lle docsizaemvbcss 3a donomozoro
8N/1UBY HA NCUXiYHY Ji/bHICMb NPOMUBHUKA 3 Mmoo nopodumu 8 Hb020 i1t03ii cnpuliHsamms. BoHu Moxcymb 6ymu: 30po-
8i, 38yKo08i, kKinecmemuyHi. /]o 38yKo8ux g8idHocsimb WyMo8i nepewkodu, 8 IKUX He06Xi0HO npuxoeamu wym 6010801 mexHi-
Ku abo «muxy» 8ilicbkogy mexHiKy 3 HU3bKUM pigHeM 308HIWHbL020 WyMmy. Y yili po6omi po3z2a510aembcsi NOAINWEHHS MAc-
Ky8a/bHUX s1acmusocmell 8ilicbkogo20 agsmomMo6ias, AKi € 8Kkpaill eaxcaugumMu ma 3anexcams 8id HU3KuU gaxkmopias: 2aba-
pumHux po3mipis, nokpummsi kopnycy (mepmiuHe 8unpoMiHBAHHS) Mma pieHsl 308HIWHBO20 WyMy. O0uH i3 HAU6OIILWUX
wymie asmomobiiie - wym 8idnpaybo8aHUX 2aszie d8U2YHI8 BHYMPIWHBO20 320PAHHS, AKUU 3MEHWYH0Mb 3a d0NOMO02010 8i0-
nogidHux aaywHuxkie. []as eilicbkoso2o agsmomob6iis € doYibHUM CMBOPEHHS HOB020 2AYWHUKA WYMY, SIKU NPUHYUN080
gidpiszHsaescs 6 8id HassHux. HagedeHo po3pobaeHUll 2AyWHUK WYMY 0151 6poHeasmomobins «bapc-8». [aa po3pobku eayu-
HUKA 3a OCHO8Y 6Y/10 8351M0 NonyAsipHy 8 onmuyi mModeab a6COAHOMHO YOPHO20 Miaa y 8u2501 i30/1608aHOI MAKPONOPOic-
HUHU 3 MAAUM OMBOPOM: NPOMiHb, NOMPANUBWU KPi3b 0M8Iip y NOPOHCHUHY, 3d3HAE 6a2amopa3o8020 8i06umms, 4acmkoeo
Nno2/1UHAEemMbCsl Nid 4ac KOHCHO20 3 HUX | npakmuyHo He hogepmaembcsl 38idmu. Y po3pobaeHoMy 2AYWHUKY «4OpHA dipka»
3a6e3neyyemuvcsi 6azamopasose 8idbummsi 38yK08UX X8UJ/1b 8i0 8HYMpIWIHIX nogepXxoHb cdhepuyHoi hopmu. Po3pobieHo ma-
memamuyHy mModeab po6omu Yb020 2AyWHUKA, IKA 6A3Y€EMbCsl HA 8pAXYB8AHHI 6A2amMOKpamHo20 8id6ummsi 38yK08UX X8U/1b
810 nosepxHi ma KoegiyicHma 38yKono2AUHAHHIA NOBEPXOHb 2AYWHUKA. BcmaHoe/ieHo, ujo edheKkmugHicmob 2/AyWHUKA 8 30HI
Hu3bkux yacmom cmaxHosums 23 db. Cnpo2H0308aHO 3a/exCHICMb piBHA 308HIWHBO20 WYMYy 6poHeasmomobiansa «bapc-8»
8id weudkocmi pyxy.

Kamwowuoei cnoea: 6poHeasmomobinb, «bapc-8», wym, MackysaHHs, eAyWHUK wymy, 8i0npaybosaHi 2asu, abcoa0MHO YOpHe
miso, yopHa dipka, d8u2yH, MazicmpaabHUll YUK

Abstract. Military vehicles, in addition to well-known production, operational, consumer and safety requirements, are also
subject to specific requirements, in particular regarding ballistic and anti-mine protection, camouflage ability. Camouflage is
a set of measures aimed at hiding one's troops from enemy observation. In camouflage, the most important law of war is real-
ized: "If you don't detect it, you don't hit the target.” To camouflage means to make military objects imperceptible, invisible to
the enemy. This is achieved by influencing the enemy's mental activity in order to create illusions of perception. Such illusions
include: visual, sound, kinesthetic. Sound barriers include noise barriers, in which it is necessary to hide the noise of military
equipment or "quiet” military equipment with a low level of external noise. This work examines the improvement of camou-
flage properties of a military vehicle, which are extremely important and in turn depend on a number of factors: overall di-
mensions, body coating (thermal radiation) and external noise level. One of the biggest noises of cars is the noise of exhaust
gases from internal combustion engines, which is reduced with the help of appropriate mufflers. For a military vehicle, it is
expedient to create a new muffler, which would be fundamentally different from the existing ones. The developed silencer for
the armored car "Bars-8" is given. When developing the muffler, the popular in optics model of an absolutely black body in the
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form of an isolated macrocavity with a small hole was taken as a basis: the beam, having entered the cavity through the hole,
undergoes multiple reflections, is partially absorbed during each of them and practically does not return from there. The de-
veloped muffler "black hole" ensures multiple reflection of sound waves from the internal surfaces of a spherical shape. A
mathematical model of the operation of this muffler was developed, which is based on taking into account the multiple reflec-
tion of sound waves from the surface and the sound absorption coefficient of the muffler surfaces. It was established that the
muffler efficiency in the low frequency range is 23 dB. A forecast of the dependence of the external noise level of the Bars-8

armored car on the speed of movement was made.

Keywords: armored car, "Bars-8", noise, masking, silencer, exhaust gases, black body, black hole, engine, main cycle.

Bcryn

OpHi€elo 3 0600B’I3KOBUX YMOB BeJI€HHS Cy-
YacHOI BiHU € epeKTHUBHE BUKOPUCTAHHA 3aC0-
6iB MacKyBaHHf, 3a NPUHLUIOM «BiliHa - MHC-
Tel'TBO o6MaHy». Lle cTocyeTbcs ik 0C060BOTO
CKJIaly, TakK i BiMcbkoBOI TexHiKu. CBOWO yBary
MU 30Cepe MO Ha TAKOMY BH/i BINCbKOBOI TeX-
HiKH, IK 6pOHeaBTOMOGiJIi, a caMe - Ha 6poHeaB-
TOoMOb6ini «Bbapc-8». 3 MeTow moJsinimeHHsA Mac-
KyBaJIbHUX BJIACTUBOCTEW OCTAaHHbOTO HAaMH 0y-

Puc. 1. BpoHneaBToMo06is1b «bapc-8»

3 MeTOWw 3HUKEHHS PiBHSA 30BHIIIHbOTO
IIyMy HaMH pO3po6JieHUH TJyIHUK WyMy Bian-
pauboBaHux rasis /IB3 «yopHa fipka» [2].

['nymHuk € cheporo pagiycom R (puc. 2),
/10 IKOI BXOZISITh /iBa KOHLIEHTPUYHI MaTpyoOKH 3
paziycamu r; (BXifHUM) i » (BXigHUM). Mix nu-
MM pO3MipaMU BUKOHYETHCA CIIBBIJHOLIEHHA

n(rn{(R.

3 orsiAAy Ha ¢akT, o ({4, OTBIp BXiAHO-
ro mnarpybka Ipalle fSK TOYKOBE JKepesio
XBUJIb, sIK€ BUIIPOMIHIOE MalXe CUMETPUYHO B

JIO po3po06JieHO BUCOKO-ePEeKTUBHUU TJIYIIHUK
LIYMy BifipalboBaHuXx rasis /IB3, 3aBgaku 4yoMy
IIPOTHO3YETbCA CYTTEBE 3MEHIIEeHHH PiBHA 30B-
HILIHBbOTO HIYMY LIbOI'0 6POHEaBTOMOOIIA.

06’eKT AOC/JiIKEHHS —
6poHeaBTOMOGiIb «bapc-8»
3MeHIlIeHHSI 30BHIIIHBOrO IIYMy pO3TJs-
HyTO Ha 6as3i O6poHeaBTOMOGiNA «bapc-8»

(puc. 1) [1].

o

yci 60ku. ToMy KyT Haxuay naTpyoOkiB He Mae
NPUHLUIOBOr0 3HaYeHHs. 3 Lji€l K NPUYUHU He
BapTO poO3MillyBaTH BUXiJHUN OTBip y 6e3mnoce-
peaHil 6J1IM3bKOCTI i3 BXiZJHUM, 11106 BUKJIIOUYUTH
npsMy nepezaady 3ByKy 0 HAHKOPOTLIOMY ILJISI-
xy. Po3B’sa3aHHAM Lji€l npo6JsieMu MoXe OYTH BU-
CyBaHHfl BIIyCKHOTO NaTpybKa B HAINpPAMKYy [0
LEHTPY cdepu Ha AesKy BIICTaHb /, TaKy L0
n{l{R.
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Puc. 2. ]Io maTeMaTH4HOI MO/IEN1 PO3pOOIICHOr0 INTIIHUKA IIyMY: 1 — KOpITyC ITyIIHHKA,

2, 3 — BXIAHMH Ta BUXiTHUHN MaTpyOKH BiIMOBITHO

J1d BUNIaAKy cepefiHiX 4acToT, KOJU A =R,
a TUM Il1aye BUCOKUX, KoJU A (R, 3aKoH [lackansa
B 00'eMi KaMepH IJIyLIHUKA BXXe HEe BUKOHYETb-
cd, 1 ToMy npgaMol nepefiayi TUCKY MiXK BXiTHUM i
BUXiJHUM naTpy6bkoM HeMae. Tozi Tpeba Bpaxo-
ByBaTU MOXJIUBICTb 6araTOKpaTHUX BiJlOMBaHb
3BYKOBUX XBWJIb BiJl CTIHOK, KOXHe 3 AKUX Cy-
NPOBOKYETHCA YaCTKOBUM IOIJIMHAHHAM. Yac-
THHA BiIOMTOI XBUJII NOTpPANJsE y BIKHO BUXIiJ-
HOT0 naTpyobKa, 3/[iiCHIOIOUU CBill BHECOK Yy 3BY-
KOBUM THUCK Ha BUXOJi 3 IJIylIHMKA. Po3paxyemo
pe3yJIbTyI04y iHTEHCUBHICTb 3BYKY Ha BUXOJI 3
[JIyIIHUKA. 3 OrJIAAY Ha Te, L0 3BYKOBI XBWJII
NepeBaXHO He KOTepeHTHIi, MOXeMO [0/JaBaTH
iXHIO eHeprilo y BUXiZJHOMY NaTPyOKYy.

Jna fedakoro CHpouieHHA MoJeJsi INOKJa-
JleMo, 110 KiHellb BXiJHOTO MaTpyOKa JOXOJUTb
Jlo cepenuHM chepuUYHOI KaMepu TJIYLUIHUKA,
TOOTO

n (I~R. (1)

Ockinbku cniBBifHOMEHHA 7 (( A, 9K | pa-

Hillle, BAKOHY€ETbCS MPAKTUYHO Ha BCiX po60YHX
4YacTOTaX, 3BYKOBY XBUJIIO, 1110 IIOLIUPIOETHCA BiJl
KiHILIf1 BXiJHOTO NaTpyOKa, MOXKHa BBaXKaTU cde-
pUYHO cUMeTpHUYHO. 3 orasaay Ha (1), usa xBuJs
Oy/ie MOLIMPIOBATUCH TAKOX CUMETPHUYHO 10 0~
BepXHi KaMepH.

Hexali i3 KO)XKHUM KBaHTOM 3BYKY B Kamepy
TJIyIIHKKA i3 BXiJHOTO NaTpyOKa NOTpamnJsi€ mo-
YaTKOBa €eHeprid 3BYKOBUX KOJIMBaHb i CTaHO-
BUTb E;. B yMOBax CMMeTPUYHOIO NOIIUPEHHH

1[4 XBUJIA PIBHOMIPHO PO3MOLINAETLCA 110 MOBe-
pPXHI KaMepu Iolerw S = 47 R? (3a BUHAITKOM

TJIoLi mepepisy BXiAHOro matpybka S, =47n°).
[Ipy yboMy Ha BIKHO BMXiZjHOTrO maTpybka IJo-
e S, noTparvisge YaCTUHA eHepril

Sy

S-S5

AEy = Eg (2)

/s cniBBifHOLIEHHS MOl y PiBHSAHHI (2)
3py4YHO BBECTHU MMO3HAYEHHS

(3)

TobTO AE) =k-E|.

Pemita eHeprii, ika 3aJIMIIA€ETbCI B KaMepi
Ta IOTpPAIJISAE Ha 1i CTIHKH, CTAHOBUTh:

Ey —AEy = Ey —k - Ey=Ey(1— k). (4)

Hexail koedilieHT morJiMHaHHS MOBEpPXHi
o [OpPIBHIOE BiJHOILUIEHHIO NOIJIMHYTOI eHepril
3BYKOBUX XBWJIb [0 XBWJI, 1[0 najae. BapTo 3a-
3HAYUTH, 10 Ile BU3HAYEHHS BiJIpi3HAETHCA BiJ
noJiibHOro po3MipHoOro kKoedilieHTy, AKUM BXO-
JUTb y GopMysly /sl BUBHAUYEHHS 4acy peBep-
6epaunii [3].

Togi 3 eHeprii, 3aaHoi popmysioro (4), Bif
CTIHOK KaMepH BiJli6’€ThbcA:

E =E)(1-k)l-a).

OTe, BimoBi/iHO A0 chiBBigHOIIEHHS (2),
nicJisl mepIioro BiAOMBaHHS Ha BiKHO BUXiJIHOTO
naTpyokKa NoTpaIuvisie Taka Mopljis eHepril

AE, =k-E =Ey-k(1-k)1-a). (5)
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[IponoBKy04YU MIpKyBaHHS LIOAO HACTYII-
HUX BiZj0MBaHb, OTPUMAEMO GOpPMYyJIy AJ1s MOPLil
eHeprii 3ByKOBOI XBWJIi, 4Ka MOTpPAIJIIE€ HA BIKHO
BUXiJHOTO NaTpybKa micasd JOBIIBHOTO n-TO
BiIOMBaHHS:

AE, =k-E, =Ey-k(1-k)'(1-a)".

®opmysa (5) € He yUM iHIIUM, AK GopMy-
JIOXO JUI n-TO 4YJIeHa TeoOMeTpPHUYHOl mporpecii,
AJis KOl MepIIui 4ieH o = Egk, a 3HaMEeHHHUK
g=(-k)-(1-a)( 1. Tomi pe3syJbTywdy eHepriw
3BYKOBOI XBMWJIi Ha BUXO/i TJIyIIHKWKA 3HAW1EMO
AK CyMy HeCKiHYeHOI cnaZjHol reoMeTpUYHOI
nporpecii, s = o /(1—-¢):

__Eok
1-(1-k)-(1—a)  k+a(l-k)

(6)

Y uboMy BUNAAKYy He € iCTOTHUM, SKHUH
KOHKpeTHO iHjaekc (0 ym 1) mpunucaHo 1-my
YyJleHy nporpecii, OCKiJIbKM [04YaTOK HyMepawuil
YMOBHUM.

3 oryig/ly Ha 3Ha4eHHs BeJIMYUH y GopMy.ii
(3), moxkna BBaxkatu k((1.Togi cniBBifHOILIEHHS

(6) cripo1y€eThCA 10 BUTJISY
k

E=bo e

(7)

BpaxoBy1ouu 3B’I30K iIHTEHCUBHOCTI 3BYKY
3 eHepriew [y=E;/S, Ta I=E/S, =E/S,, 3Hai/e-
MO OCTaTO4YHe CIIiBBiJHOLIEHHS JJif PiBHA ra-
CiHHA WyMY:

AL =L— Ly =10lg-- = 101g—*—
IO k+a

ne a — 0e3po3MipHHI Koe(illieHT MOTJIMHAHHS Ma-
Tepiajly CTIHOK Kamepu TJIyLIHUKa, Koe(DillieHT k
BU3HAYACTHLCS CITIBBIAHOMIIEHHSIM

S, _n-n A

k

S—8 4R*—i AR -
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3a yMOBHM MifCTaHOBKU JAJisi KoedilliEHTY
[OrJIMHAHHA 3HaYeHHA o=0,4, a TaKOX /14 pa-
AiyciB R i r 3HavyeHb 20 i 3 cM, BiAnoBigHO, 3
dbopmysin (7) oTpUMYy€EMO piBeHb raciHHA LIyMy
AL=L—Ly~—190F. CniJi 3a3Ha4YUTH, 110 L OLiH-
Ka € JIOCUTh ONTHUMICTUYHOIO, ajie BUHHUKAE 3
Jlelllo ifeasii3oBaHOro cueHapiio. B peanbHOCTI
Ha JlesIKUX 4YaCTOTaX MOXYTb BUHUKATHU pe30Ha-
HCH, BHACJIiJOK 4OT0 MOXKJIMBe IXHE MiJICUJIEeHHS.
3 OTpUMaHUX CHIBBIJHOUIEHb BUJAHO, 0 MiJBU-
1meHHs epeKTHUBHOCTI TJIyIIHUKA MOXJIHUBE 3a-
BASKU 30i/blIIeHHI0O PO3Mipy KaMepH, a TaKOX
BHUOOpPY MaTepiaJly CTiHOK i3 BUCOKUM 3BYKOIIO-
rJIMHAHHAM. 30KpeMa, Nep-CIeKTUBHUM BUIJISA-
Jla€ 3aCTOCYBaHHSI pebpPHUCTOI CTPYKTYpPU BHYT-
pILIHIX CTIHOK.

[[ikaBO TaKOX, 10 OTPUMaHI TEOpPEeTUYHI
dopMysin He mepeabdayarOTb YAaCTOTHOI 3asIex-
HOCTI A/11 epeKTUBHOCTI I'/yLIHUKA. B peasnbHo-
CTi Ha BUCOKHMX YaCTOTax BOHA MOXKe OYTH BUIIA
(6s1M3bKa 10 OTPUMAHOTO TEOPETUYHOTO 3Ha-
YeHHs), OCKiJIbKM 3aCTOCOBaHa MOJIeJb € OJIMXK-
4010 J10 peasibHOCTi. Koot ymoBa A({(R He BUKO-

HY€ETbCH, 1 JOBXXUHA XBUJIi CTAE OJHOTO NOPAAKY
3 po3MipaMU CUCTEMH, IOYMHAE NPALOBATU HU-
3bKO4YaCTOTHe HabsmkeHHs (A)R ). Toai maemo

(3-10‘2)2

4-(20-10—2 —(3-10‘2

k= ~ 566107 ;

5,66-107
5,667 +0,2
(mns =0,2);

AL =101g =—15,6 05

5,66-107
5,667 +0,4
(mns a=0,4).

AL =10lg =—18,6 05

Ha pHcC. 3 nmokasaHa IIPOTHO30BAHA 3aJI€XK-

HICTb PiBHS 30BHIIIHBOTO LIYMYy 6pOHEaBTOMOOi-
Ja «Bbapc-8» Bif uBMAKOCTI pyxy (Ha MaricTpasib-
HOMY LIMKJIi) 3 HAasABHUM Ta po3p06JIeHHUM TJyll-
HUKOM.
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Puc. 3. 3anexHicTb piBHA 30BHIIIHbOTO LIyMy 6poHeaBTOMOOi1A «bapc-8» Bij BUAKOCTI pyxy
(Ha MaricTpaJbHOMY LMK/ Ha A0p03i): 1 - i3 HAABHUM TJIYIIHUKOM; 2 — 3 pO3p006JIEHUM IJIYIIHUKOM

BUCHOBKM

Po3po6/sieHO MaTeMaTU4YHYy MOJesb [Jis
BU3HAUYEHHS] aKyCTUYHOI epEeKTHUBHOCTI po3po6b-
JIEHOTO IVIYIIHMKA B 30Hi cepegHix (CY) Ta Buco-
kux 4yactoT (BY). BigmoBigHo mo wniei mopei
BCTAHOBJIEHO ePEeKTUBHICTD IVYLIHUKA B 30HI CY
i BU: 6im3bko 19 gb.

B pesysibTaTi BOpoBaAKeHHsI pO3p00JIeHO-
ro IJyIIHKWKA IIYyMy HPOTHO3YEThCS 3MEHILEHHS
piBHA 30BHIIIHBOTO ULIYyMy OpOHEaBTOMOOGiJb
«bapc-8» Ha 3 - 6 fBA B Aianma3oHi WIBUAKOCTEN
pyxy 45 - 110 km/roz.
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