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METOAUYHUA NIAXIA LWOAO OLUIHKU
EDEKTUBHOCTI IHDKEHEPHUX 3AXOAIB
3AXUCTY MOCTOBOI NMEPENMPABU TA NPOTUAII
CUCTEMAM BUCOKOTOUHOI 36POI

Y cmammi euceimnioromocsa pekomeHOauii w000 ouiHKU epexmue-
HOCMI THHeHePHUX 3AX00i68 3aXUCY MOCMOB0T nepenpasu ma npomuoil
cucmemam 8ucokomouroi 36poi (BT3), uyo docseacmocs 3acmocy8anHsIm
iHHeHepHUX OOENPUNACIB Y 3A2anbHOMY KOMNIEKCHOMY B02HEBOMY Ypa-
ceHHi kKpunamux pakem, BJIA i cy6b6oenpunacie Ha KiHuesiil OinsgHui
Mpaexmopii nonvLomy 00 MOCHos8oi nepenpasu ii 3acmocysanHi niopos-
0ini6 iHeHePHUX BITICOK.

KnrouoBi coBa: irscenepHi boenpunacu, mocmosa nepenpasa, BT3.

ITocTranoBKa npo6memu y saranpHoMy Bursagi. Konueniis mosi-
TPSIHO-Ha3eMHOI omepanii i mupoke 3acTrocyBaHHA NpoTuBHUKOM BT3
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BIMCBKOBI HAYKI

CYTTEBO BIUIMBA€E Ha OpraHisauilo i crmocobu 3abesneyeHHs >KUBYYOC-
Ti MOCTOBUX IlepenpaB. BaximBuM 3axo[0M MifiBUIIEHHA IMOBipHOC-
Ti QYHKI[iOHYBaHHS MOCTOBOI IlepenpaBy € NIPOTHU/isA PO3BiyBaTbHO-
ymapHuM i posBimyBanbHo-BorHeBum kommtekcaM (PYK, POK). fka
MO)ke OyTV aKTMBHOIO i ITaCKBHOI0. [l0 aKTMBHUX CIIOCO6IB IPOTUAIL, K
IIpaBUJIO, BifHOCATbCA: TpUKpUTTA nepenpas I1I10; pagioenekTponHe
npupymenHa cucteM PYK i POK cunamn i 3aco6amu PEDB. [lo macus-
HUX CIIOCO0iB MPOTUAIi C/Tij BifHECTV BUKOHAHHS iH>)KeHEePHUX 3aXOfliB
MacKyBaHH: Ilepelpas, PO30CcepePKeHHs CTBOPIiB MOCTOBOI Ileperpas,
3MEHILIEHHS TEeIUIOBOTO KOHTPACTY OOIOBOI TeXHIKM, AKa IeperpaBs-
€TbCs, YTAIITyBaHHA TEIVIOBUX 1 Palio/IOKALiIHMX Li/iel, yIallTyBaHHA
IVTOLIVHHUX Macok i imitanis nepenpas. OcobnuBe 3HaYeHHA 1 iHKe-
HepHi 3axofy Ta 3aco0M MalOTh Ha eTalll BefleHHs PO3Biiki i caMOHaBe-
IleHHs 3ac06iB 30poi.

Pasom 3 BuK/IaleHMMM TACBHUMM iH>)KeHepHMMMU 3acobami i cro-
co6aMM 3aXMCTY MOCTOBMX IIepelpaB MO>KYTb 3aCTOCOBYBATICS aKTHB-
Hi Mipu mporupil cygyacHuMm 3acobam ypakenus BT3, mo focsaraerbcs
3aCTOCYBaHHAM iH)KeHepHMX OO€ENpPUIIACiB y 3aTa/IbBHOMY KOMIUIEKCHO-
MY BOTHEBOMY YpaKeHHi Kpmiaatux paket, bJIA i cyb66oenpumnacis Ha
KiHL€eBIl1 AiIAHLI TPAEKTOPIl MOMBOTY 10 MOCTOBOI IIEPENPABIL.

Merta cTaTTi — pOSKPUTH 3MICT iH)KEHepHO-TeXHIYHNUX 3ac06iB 3a-
XICTY MOCTOBOI lepenpasu Ta npotupii BT3, natu oninky edexTuBHOC-
Ti i IX BHECOK Y )KMBYYiCTb MOCTOBOI IIEpEINpaBIL.

Buxmajg ocHOBHOTO MaTepiany JOCHiIKeHHA. AHaji3 TeopeTuy-
HUX HallpalloBaHb y AaHii ramysi [1-3] cBigyare npo Te, 10 OZHMM i3
eQeKTUBHMX iH)XeHepHO-TeXHIYHMX 3ac00iB 3aXMCTY HAIJTABHUX MOC-
TiB Biff BT3 € cTBOpeHHA BOJHO-2epO30/IbHUX 3aBiC 3 BUKOPUCTaHHAM
3a060pTHOI BOAIM 3a JJOIIOMOTOK0 iCHYIOUMX BOHOBiZKadyBaJTbHUX MOTO-
nomn (M-600, M-800, M-1200). BopHo-aepo30/bHi 3aBicu, MalOTb BY-
COKY IOITIMHAIOUY 3[aTHICTb i MOXKYTb Ha 2...3 % migBuiyBatu edex-
TUBHICTD 3aXMCTY Ta POTUJil eperpasu y BuanMomy it I4 miamasonax
XBW/Ib TEXHIYHUM 3aco6aM po3Bifku i cuctemaM HaBefeHHsA BT 3.

HocBin 30poitHuX KOHQIKTIB pi3HOTO piBHA iHTEHCMBHOCTI [4]
CBiYMTB, 11O JyIA MOV PEHHA 3aXMCTY MOCTOBOI IleperrpaBy HeoOXiTHO
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BIMCBKOBI HAYKI

3aCTOCOBYBATH IIIHHO-aepO30JIbHI 3aBicy Ha pifKiii ocHoBi. IIpnyomy,
“OynpOaliky Moy, 110 BUAIIA/IV HA IOBEPXHIO BOJY, 3/1aTHI yTBOPIOBATI
uIap IiHM, KU MOCTIHO BiHOBNIIOETbCA. EKCIIepMMEHTa/IbHO BCTa-
HOBJIEHO 3aXJICT MOCTOBOI Il€pelpaBy MPU 3aCTOCYBaHHI IIHHO-aepo-
30/IbHOI 3aBicu cknamae 4...6 % [5].

Jo 3axopiB 3axMcTy MOCTOBOI IlepenpaBy HeOOXiJHO BiHeCTH Ta-
KOX 3MiHYy 1i BUj0BuX 03HaK Ha ¢oHi Bopu y Bugumomy 1Y ta PJI niama-
30HaX XBI/Ib IUIAXOM 3MiHM KOHQIryparii MOCTy Ta y/lIalTyBaHHsAM Ma-
COK-€KpaHiB, 110 IIBUJKO PO3KPUBAIOTHCS, PO3TALIOBAHNUX I1iJ] FOCTPUM
KYTOM JI0 TIOBEPXHi BOJU.

Opyrum cioco6om saxucty i nporuaii Big BT3 3 masepHoro cucre-
MO0 HaBefleHHA 1 JOBXMHOK XBui 1,06 MKM € [je30pieHTalis cucrteMu
HaBefileHHs BT 3 mutsaxom mificBidyyBaHHs (abIIBOrO MOCTY JTa3epPHUM
IIpOMEHEM, aHAJIOriYHMII NMPOMiHb HifcBidyBaHHA uini. IIpu manomy
crioco6i mpoTupil, y BUIagKax BUAB/IEHHS O0’€KTa IiICBiYyBaHHAM,
AKMIT 3aXUIAETHCA, TA3EPHUM IIPOMEHEM IPOTMBHMKA, (ajIbLIMBUIL
MICT, Bifija/ieHmi1 BijJ AificHOI MOCTOBOI IlepenpaBy Ha BU3HA4eHil Bijj-
CTaHi, CJIiJ NifCBidyBaTy aHAJIOriYHO 3a IapaMeTpaMI reHepariii i inteH-
CUBHOCTi BUIIPOMiHIOBaHHA Ta3epHNUM IIpoMeHeM. IIpu npomy cucrema
BT3 HaBoguTbCS NPUOIN3HO B CepeHIO TOYKY MIX iiICHOI0 MOCTOBOIO
nepenpasolo i gpanpumBuM MocToM. OCHOBHVMM HEJOTIKOM JaHOTO CIIO-
co6y € Te, 1110 BiicTaHb MiX /Ii/ICHOI0 MOCTOBOIO IIEPeIPaBoIo i pasbIIn-
BJIM MOCTOM, 5K [TI0Ka3a/I/ iHKEHePHO-TAKTUYHI pO3PaXyHKM, IOBMHHA
6yt 1o 18 M. Lle moB’s3aH0 3 THM, 1110 MaVbKe 10 KiHIIS HOTbOTY 3aC00y
BT3 obupnsa o6’exra (miiicHa MOCTOBa mepenpasa i GanblIMBMil MiCT)
MIOBVHHI 3HAXOJUTHCH Y II0JIi 30PY TOJIOBKYM CaMOHaBefleHHA. B iHmomy
BUIIAJKy BUOMPAETHCS OIVH 13 JaHUX 00 €KTIB 32 BUIAZIKOBUM 3aKOHOM
i Ha HPOrO HaBOAUTHCA 30posl. 3a ICHYIUMMM TTOJIOKEHHAMM KePiBHUX
JNOKYMEHTIB 1 3riJHO 3 aHa/i30M TEOPETMYHMX HAIPALlOBaHb Yy HaHil
ranysi [1-7] cBoeyacHe 3aCTOCYBaHHs JIa3€pHOTO IiICBiYyBaHHSA MOXe
CKJIaJIlaTVl BHECOK Y 3aXVICT MOCTOBOI nepenpasu 1o 10...12 %.

I[TepeBaroo 3aIpoOIOHOBaHKX CIIOCOOIB € Te, 1110 BOHYU NIPOTUAIIOTD
TeXHIYHMM 3acobaM PO3BifKM i cucTeMaM ypakeHHs 30poi, @ TAKOX y
MO>X/IMBOCTI iX peamisanii npy sacTocyBaHHi MaHOK mapky [IMII-M. ¥
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BIMCBKOBI HAYKI

Xofi 11poro BMOOpPy HeOOXiJHO BpaXOBYBaTK He Ti/IbKM abOCOIOTHY Be-
JMYMHY 3aXVCHUX BIACTUBOCTEN 3aXO/liB, aJIe i MOXK/IMBOCTI BiJICBbK I10
JIOCATHEHHIO JaHOI BeJIMYMHM, 8 TAKOX Tabe/lbHYy OCHAIeHICTb BiliCbK
TeXHIYHMMU 3acobamy 71 iHXKeHepHUMM Ooempumacamm, 10 3abes-
[IeYYI0Tb BMKOHaHHA Pi3HOMAHITHUX 3aXofiB mpoTupiit. OCHOBHUMMU
HAIpsIMKaMyl KOMIIIEKCHOTO HijXOfy fo 3abesnedyeHHs HMpoTupii i sa-
XUCTY MOCTOBOI IlepenpaBy, Ha HAIl IIOITIAf, 6aunTbCsA Y 3aCTOCYBaHHI
imkenepuux 6oenpunacis MOH-90 i npotusepTonporHux Min (IIBM) y
KOMIIJIEKCHOMY BOTHEBOMY YPa’K€HHi 10 3aXMCTy MOCTOBOI IlepenpaB.
Imxenepumit 6oenpunac MOH-90 mae: 30HY ypaxkeHHs y ceKTopi 54°,
JAIbHICTD ypaKeHHA — 90 M, BUCOTY ypa)KeHHA II0 BepTHMKai — 10 8
M, KiZIbKiCTb OCKOJKiB — 2000 KyJIb, IiipVB IIPOBOJUTHCA ONIEPATOPOM 3
Iy/IbTy YIPAB/IiHHA.

Hpyrum iHxeHepHNM 60€IpPUIIACcOM, KM MO>Ke BUKOPYCTOBYBATICh
/1A MPOTUZIL Ta 3aXMCTYy MOCTOBOI IIepelpaBy € MPOTHUBEPTONITHA MiHa
(ITBM). Bona npusHadeHa st BUBEIEHHS i3 JIajly HU3bKO JITAI0UMX IIOBi-
TPAHMX LIi/Tel, 110 PyXarThcA 3i IBUAKICTIO 10 360 KM/Tof. YpaskeHHs 1ii
npy BUOYXy OO€NpuIacy HaHOCUTbCA aBTOMATMYHO YHAPHUM APOM Ha
Bigcrani 1o 150 M. [laTumk 1ini koMOiHOBaHMII aKyCTUKO-1HppadepBOHMI,
Ha/bHICTb BUABNeHHA 1ini 1,5...2,0 kM. CucreMa cenexlyii ryMiB f03BOLsIE
BBOZIUTY 3BYK BepTonboTa, BJIA abo 6anictiyHoi pakeTyt Ha OHI MIyMiB
Ha3eMHOI TexHiky, BUOyXiB, cTpinmpou. KombiHariiss ogHOYacHOi po6oTn
aKyCTUYHOTO Ta iHdpadyepBOHNX [JATUNKIB BUK/IIOYAE pearyBaHHs MiHM Ha
TEI/IOBI MPOTUPAKETHI ACTKM, 10 BiICTPLTIOIOTHCA LIJUIIO.

SIkmo, BcTaHOB/IeHI iHXKeHepHi Ooempumacu IIBM Ha MOCTOBIi
nepernpasi 3’€qHaHHI MDK CO0010 IPOTAHOI cUCTeMO 0OMiHy iHdOp-
Malli€10, TO BUK/IOYAETbCA MOXK/INBICTD 3aXBaTy OJHI€l LiJli OTHOYACHO
nBoMa i 6inbire [IBM.

ImxenepHi 6oenpunacu MOH-90 i [IBM crif BcTaHOBIIOBAaTH 3
000x O0KiB Ha piYKOBMX JIaHKAX Y IIIAXOBOMY NopsaKy. [IynpT kepyBaH-
Hs BUOYXOM CrTifi 00/1afHyBaT! Ha BUXiTHOMY Oepesi.

JocBip BiVicbK y AaHiil ramysi IOKasas, 110 OIiHKY e(deKTUBHOCTI
imkeHepHux 3axopis nporuzii BT3 cnig npoBopnty 3 MeTo0 OOIpyH-
TyBaHHs BMOOPY pillleHHs Ha 3aCTOCYBaHHS CIIOCO0iB, IPUIIOMIB, TeX-
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BIMCBKOBI HAYKI

HiYHMX 3aC06iB MaCKyBaHH Ta 3aXMCTY B [epiof] I/IaHYBaHHs Olepaiiit
IS IPUKPUTTS Iep>KaBHOTO KOPAOHY i i Bce6i4HOT0 OrepaTiBHOTO 3a-
Oe3rnedeHHs1, a00 OLIHKM paHillle IPUITHATOTO PillleHHS.

3axucT i NpOTHUAisA OLiHIOITbCA AKICHUMM ITOKa3HMKaMU, SKi IO-
Kas3yloTb BIUIMB iH)KeHepHUX 3axofiB npotupii BT3 Ha pesynbraTu giit
BUJIIB i TeXHIYHMX 3aC06iB PO3BIJKY i yparKeHHs IPOTUBHMKA, i BHECOK
IpPOTUJil y XKUBYUiCTh MOCTOBOI IlepenpaBy. TakuMu MOKasHUKaMM /1A
3aXMCTy MOCTOBOI IlepelpaBl €:

iMoBipHicTp BigxuaeHHs Bif uini 3aco6is BT3 nHa kinuesiit ginsgaui
TPA€EKTOPil ONBOTY 3a JOIOMOTOI0 JIa3ePHYUX BiOMBauiB; /it IPOTULT
— IMOBipHicTb ypaskeHHs 3ac06iB BT3 Ha kiHLeBiiT TpaeKTOpii MOIBOTY
II/ISIXOM 3aCTOCYBAHH iH)XeHepHMX OO€EnpuIacis.

Ouinka eeKTMBHOCTI 3aXOA1iB IPOTHiT 6a3yeThCs HA KOMIIIEKCHO-
MY BUKOPUCTaHHI Cy4aCHMUX METOAIB IOC/Ti[)KEHb, BK/III0Yal04/ MaTeMa-
TU4YHe MopenoBaHHA. [lokasHUKN e(beKTMBHOCTi, SAKI BU3HAYAIOThCA 3a
JOTIOMOT 00 MOJIeNel, KiIbKiCHO BM3HAa4al0Tb Mipy BifIOBiHOCTI pe-
3y/IbTaTiB omepalii mocTaBieHol MeTy. BOHU € 3B’13KOBOIO JTAHKOIO Mi>K
METOI0 i aHa/Mi30M BIUIMBY 3ac00iB 3aXMCTY Ha 30epe>KeHHs >KUBYYOCTi
MOCTOBOI IlepenpaBy Npy NPOTHUAil iHKeHepHUMM OO€enpuacamy, siKi
HAHOCATD 3aC00aM ypaKeHH: IPOTMBHMUKA IIifl 9aC KOMIIJIEKCHOTO BOT-
HEBOTO YpakeHH:, IMOBipHICTh QyHKIIIOHYBaHHS MOCTOBOI ITepeIpaB.

Y 3araspHOMY BUIIAZL e(eKTMBHICTb iH)XEHEPHUX 3aXOfiB 3a-
XUCTY i MpOTUAIi OIiHIOBaHHS (QYHKIIIOHYBaHHS MOCTOBOI IlepenpaBu
MOXe OyTu IpefcTaBlIeHa BeMM4YMHO0 W, =(x,y,z), 0 € (QYHKIIi€0
a060 ¢QyHKI[iOHa/IOM CIIOCOOY 3aXUCTY HeperpaBy BiliChbK X, CIIOCOOY BU-
KOPUCTaHHS iH)XeHepHUX 6oenpumaciB y i crocoby mportupil 3acobam
YPaXKeHHH Z.

Topi MOKa3HMK, AKMII BU3HAYAETHCS BEIUYMHOI W, J1ae MOXINU-
BiCTb BM3HAUMTY e(PeKTUBHICTb XXMBYYOCTi MOCTOBOI Ilepenpasy, IIif
9ac JaHOTO CIIOCO0y 3aCTOCYBaHHA 3acO0iB 3aXNCTy i ONTUMAaTbHOMY
Cr1oco6i BUKOPUCTAHHSA {HIIMX 3ac06iB X i y MpoTHAiit.

BpaxoByroun morsipy ¢axiBiiB y 6araTbox 3aBiaHHIX eeKTUB-
HiCTPb 3aC06iB MacKyBaHHS i 3aXVCTy AOLIIBHO OLI{HIOBATU HPUPOIIEH-
HsAM ITOKa3HMKA BeNMYMHOW0 W, MOPIBHAHO 3 BUIIAJIKOM, KOJIM II0fI0/IaH-
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BIMCBKOBI HAYKI

Hs1 BOJIHOI ITePeIIKO/Y 31/ICHIOETbCS 0e3 3aCTOCYBaHH: 3ac00iB MacKy-
BaHH 1 3aXVCTY, TOOTO YMOBHO IIPUIIMA€ETHCS, 1110 BeKTOp Z = 0,TOfi:

W, =W (x,y,2)—W(x,y,0). (1)
A6o y BifcoTKax

W (x,y,z)—W(x,y,0)
W (x,,0)

W, = 100 %, (1a)

ITokasuuk (la) 3py4Huit TumM, 1O MijJ Yac IpOBeAeHHs aHaTi3y BiH
O1bILI ABHO Ki/IbKICHO IIOKa3y€e NOCATHYTe MiABUIIEHHA e(eKTUBHOCTI
HeperpaBy BilICbK 32 paXyHOK 3aCTOCYBaHHA 3aco0iB i mpuiiomis mac-
KyBaHHS, 3aXVCTYy Ta IPOTUJIIL.

ITokasHuKM MacKyBaJbHOTO e(deKTy 6e3IIocepeflHbO BMPAKAIOTh
pe3y/IbTaT 3aCTOCYBAaHH:A Pi3HOMAaHITHUX 3ac06iB i IPUITOMIB IPUXOBY-
BaHHs a00 iMiTalil MOCTOBOI epenpasu.

Amnamis moxxnmuBocteit Biicbk 1110 3i 3HUIIEHHS TeXHIYHNUX 3aCO-
6iB pO3BigKM Ta ypa)KeHHA MPOTUBHMKA i IX €/IEKTPOHHOTO IIPU/yIIeH-
us (PEB) mosBonse BcraHoBuTH, 1o Biiicbka IIIIO MamTh 0OMexeHi
MOXXTMBOCTI i3 3HUILEHHS] TeXHIYHMX 3ac00iB pO3BinKM i 37aTHi nuiie
3HM3UTH iX WinpHicTh Ha 30...40 % [6], a migpo3ninu eneKTPOHHOTO
NpUAYIIEHHA 3[JaTHi IPOTUIATY NMIIE pajjioNIoKaLiliHil, pajio i paji-
OTEXHiuHiil po3Bifui nporuBHUKa. OT>Ke, IPOTUAiA iHIIUM BUJAM PO3-
BiIKM MPOTMBHMKA MOBMHHA 3[iMICHIOBATUCh 3acobaMmu i mpuitoMmamu
MaCKyBaHHA.

YcnimHa npoTupia posBifli IpOTUBHIKA He MOX/IUBA Oe3 IpoBe-
[IeHHS 3aXOfjiB OIepPaTMBHO-TAKTMYHOTO i (YHKIIIOHAIBHOTO XapaKTe-
PY, J0 BUKOHYETbCA yCiMa pojaMI BiJICbK, CIIeLia/IbHUMU BiliCbKaMM i
cmy>k6aMu 3i CTBOpeHHS NMPOTUBHUKY CKIATHUX YMOB I 300py po3-
BifyBasnpHOI iH(OpManii i opraHiYHO TOMOBHIOIOTH iHIIi crtoco6u mpo-
TUJi1 pO3BiJKM IPOTUBHIKA.

Orinka epeKTMBHOCTI iH)XKeHEepHO-TeXHIYHUX 3aXO/IiB LIO/I0 3aXMC-
Ty Bift BT3, siKa 3a cBO€I0 6yIOBOIO i XapaKTepoM BIUIMBY 110 MOCTOBIi1
Hepernpasi NOAiIA€TbCA Ha MOHOOIOUHI, B AKVIX €/IeMEHTOM, 1[0 YPaKae,
€ caMa paKxera, aBiarjiliHa 6oM6a a60 3aco6M ypaXkeHHSA KOHTEITHEPHOTO
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BIMCBKOBI HAYKI

TUITY, B SIKUX pakeTa (cHapsf, aBiarjiiina 6om6a) € Tinbku 3aco6oM f1o-
CTaBKM €JIEMEHTIB, 110 yPa)kaloTb CyOO0EpUIIacL.

Boenpumnacyu meporo TUIly 3aCTOCOBYIOTbCSA /I YPaKeHHA OffHO-
TUITHMX L1i/ell i IIOMMHHYX BilICbKOBMX 00 €KTiB, a 60€npuIacu apyro-
TO TUITY — IS YpaXKeHH IUIOIMHHKX (TPYyIoBMX) i iHINHUX 00 €KTiB.

VIMOBipHiCTDb He ypakeHHS MOCTOBOI TlepenpaBy OHUM 6O€mpuTIa-
caM (cy660€enpuiacomM) BUSHAYAETHCS IMOBIPHICTIO HEB/TyYeHH J10TO B
mesiKy oy F,, mif K010 0yieMo pO3yMiTy IPOEKIIio IIOH, IPK
BJIy4eHHI B MOCTOBY IIepeIpaBy, sKa Oyle ypakeHa, Ha IUIOLIMHY, IO
HepIeHANKY/IAPHA HAIPAMKY HO/IBOTY 3ac00y ypaskeHH:

0,072%

g=1-|1-—e¢ -P, (2)

Uy

e Pu — IMOBIpHICTb BUABJ/IEHHA 1]i/li TOIOBKOIO CAMOHABEEHHS, sIKa 3a/IeXKUTh Bif
TEXHIYHMX XapaKTEPUCTUK TOMOBKM i IEMAaCKyIO4YMX BAACTUBOCTEN MOCTOBOI IIepe-
MpaBN.

SIk1mo mo MocCTOBiIt epenpasi fjie n, 6oenpumacis 3 ogHaKOBUM E
i P,, To:

P 3)

ITix yac HaHeCeHHA yAapy 0 MOCTOBIi ITepenpasi KaceTHUMM 60€-
IpUITacaMyl MOXKHA IIPUITHATH, 110 CYyOO0ENpHIIacy po3MOAiIA0TLCA 110
TOBXXIHI MOCTY, TOJi:

T
P, = [P.(0)-f,(dr). )
BinoBigHo )MBY4icTh MOCTOBOI IlepernpaByu Oyze HOpPiBHIOBATI:

0, =1-[B,(1)-£,(t)dt. (5)

3anexHicTb (5) € 3arajbHOI0 i BUKOPUCTOBYETHCS y MO A/IBIIOMY
3 ypaxyBaHHAM KOHKPETHOI 00CTaHOBKM 3aBJJaHHS, 1110 PO3I/IALAETHCA.
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BIMCBKOBI HAYKI

Buxopsum i3 o4yikyBaHOTO BIIMBY 3ac00iB ypakeHHs II0 MOC-
TOBill nepenpasi A MiABUILEHHA i )KUBYYOCTi B Cy4aCHUX yMOBax
HNpUJAiNAETbCA 3HAYHA YBara 3aCTOCYBAaHHIO iHXXeHepHUX Ooempuma-
ciB j1s 3HUIEeHHA cyb60enpumnaciB BT3 Ha KiHIeBiil fiIAHLI TPaeK-
TOpii OJIBOTY.

3rigHo 3 pekoMeHgauismMu [5,8], B AKMX IepeBaXKHO PO3IIAAETHCS
3actocyBanHs MiHu MOH-90, 60110By edeKTUBHICTb MOXKHA OXapaKTe-
pu3yBaTu MaTeMaTUYHVM OUiKyBaHHSM i AMCIIEPCi€r0 ypaskeHHs cy0600-
E€NpUIACiB, IMOBipHICTb 3HUIIIEHHS 3ajaHOI KiIbKOCTi cy660€enpumnacis i
Koe(illieHTOM 3HVDKeHHA QYHKIIIOHYBaHHSI MOCTOBOI IIeperpaB.

MartemaruuHe O4iKyBaHHs BTpaT CyOOOENPUIIACiB Bift iH)KeHEPHUX
6oenpunacis BU3HaYaeTHCs 32 POPMYJIOL0:

M, =NP, (6)

me N - KiZbKicTb cy600€mpuIIaciB Hal[iIeHNMX Ha MOCTOBY IIepernpaBy; P — iiMoBip-
HICTB Ypa)kKeHHs OJHOTO CyO00€enpumacy.

Hucnepcia ypaxenna /[, i cepegHe KBaJpaTHe BiIXMIEHHA Ki/lb-
KoCTi cy66oenpumaciB Bifj MaTeMaTMYHOTO OYiKYBaHHA YpaKeHUX
MO>Ke BU3HAYaTuCA 3a GOpMyIaMIL:

ﬂN:NP(l_P)’ (7

Gy =d, =NP(1-P). (8)

®opmyna (8) cpaBeyuBa, KO BCi cydboenpunacy, sKi neTsaT Ha
MOCTOBY IlepeIpaBy OJHOTO TUITy TOJIOBKM HaBefleHHA. SIKio cy66o0e-
MPUIIACY MAIOTD Pi3Hi FOJIOBKY HaBe[eHH:A, TOHI:

My=> NpP, ©)
i=1

me N. i P, - BignoBigHO KimbkicTh cy660€empumacis i-20 Ty i iiMOBipHiCTD iX ypa-
JKEHHS Bifj iH)KeHepHMX 60€npuIacis.

IMOBipHicTb ypaskeHHs KiNbKOCTi cy660€eIpuacis Bif iHokeHepHUX
6oenpunaciB BU3HaYa€THCs 32 POPMYJIOL0:
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mN_CP”’(l P, (10)
ne
m N
C=—22 11
n m(N—m) (b

N - kinbKicTp cyb660€erpumnacis, HapaB/IeHNX Ha MOCTOBY Ileperpasy; P — iMoBip-
HICTb ypaKeHHs BiJi iH)KeHepHOT0 O0€ENpUIIacy ofHOro cybboenpunacy; m — 3afiaHa
KiIBKICTB 1fi/1ef, AKi MOBMHHI ypaXkaTUCh Bijj iH)XKeHepHMX O0€enpumnacis.

®opwmyna (10) BipHa, ko Bci 3acobu BT3 ypakatorbcs Bif iHxe-
HepHUX OO€IpUIAciB 3 OJHAKOBOIO JIMOBipHICTIO. SIKio cy660€empuma-
cu 11 iHmmi 3acob6m BT3 ypakaroTbes 3 pisHOI0 iMOBipHICTIO i pisHMMMI
3acobamMy IPUKPUTTS MOCTOBOI Iepenipasu W,,W,,...W, , TO IMOBipHicTb
npu Z" 3a CTyHeHAMU Z TOXigHOI QyHKIL:

on (Z2)=[1-W)+ W, Z]..[(1-W, )+ W, Z]:EN:P,"N. (12)

m=0

IMOBipHICTb ypa)keHHs He MeHIIIe 3alaHOI KiIbKOCTi cy660emnpuma-
ciB K i3 N cyb66o0emnpunacip BusHa4aeTbCsA 3a GOPMYIIO0:

J—

N
RK:N :Zzl_zpi;zv . (13)
i=k

i=0

—_

BuCHOBOK. Y KOMIIJIEKCHOMY BOTHEBOMY YPa)keHHi Cy4acHMX BU-
niB BT3, sxuit € 0CHOBHMM C1I0CO60M 60pOTHOM 3 HUMM, OEPyTh y4acTb
3aco6u I1ITO, PED Ta imxeHepHi 60enpunacy. 3rifHO 3 KepiBHUMMA J10-
KyMeHTaMJ i BUKOHaHHSM iH)XeHepHO-TaKTUIHMX PO3PaXYHKIB 3a pop-
mynamu (10-13) BkIap iHXKeHepHUX 60€NpUIIAciB y BOTHEBE YpaXKeHHs
cyb66oenpunacis ckmagae 7...9 % [8]. Y mepcrekTuBi A 3HVDKEHHA
ypaXeHHs pakeTamy, aBiabombamu i cybboenpumacaMmmu MOX/IMBe 3a-
CTOCYBaHHs CIIellia/IbHUX iIH)KEHEPHUX MiH, fIKi IDYHTYIOTbCS Ha HOBUX
GbisMvHMX MPMHIMIAX 1 JO3BOMAIOTH 30IIBLIINTU BKJIAJ iH)XEHEPHUX
BiJICBK Y 3aXJICT MOCTOBVX II€peIpas.
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3¢ PeKTUBHOCTY MHIKEHEPHBIX MeP 3alUTHI MOCTOBOII NepenpaBbl U
NMPOTUBOJEVICTBUA CHICTeMaM BbICOKOTOYHOTO OPY>KMA

B crarbe OCBemIAIOTCS peKOMeHfAluy Mo oueHKe 3 eKTUBHOCTI
MH)XEHEPHBIX Mep 3aIlUTBl MOCTOBOJ IIEpelpaBbl M IPOTUBOAENCTBUA
cucremam BTO, uro focTuraetcst npyMeHeHeM MHXeHePHbIX Ooernpuia-
COB B 00111eM KOMII/IEKCHOM OTHEBOM MOPa)KeHNUM KPbUIAThIX pakeT, BJIA n
cy660enpuIracoB Ha KOHEYHOM y4acTKe TPAeKTOPUU IOJIeTa K MOCTOBOI
Tieperpasbl ¥ IPYMMEHEeHUY Mofipas/ie/IeHNI MH>KeHEePHBIX BOVICK.
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Sytnik O. V., Gerasimenko A. G. Technical evaluation of engineer
protection effectiveness of the bridge crossing and high-precision
equipment (HPE) countermeasures

The concept of air-ground operations and wide application of HPE
by the enemy has a meaningful impact on organization and survivability
of bridge crossings. Surveillance-assault and fire-reconnaissance systems
counteraction (SAS, FRS), active or passive, is an important bridge cross-
ing functioning measure. As a rule, active counteractions include: air de-
fense cover of crossings, radio-electronic suppression of SAS and FRS by
electronic warfare forces. Passive countermeasures include camouflage
of crossings, bridge cross-section dispersal, thermal difference reduc-
tion of the crossing equipment, installation of thermal and radar targets,
organization of flat-bed camouflage and imitation crossing sites. These
engineering activities and means are of particular importance during the
reconnaissance and homing of weapons.

Several research works are dedicated to engineering camouflage and
included into guidelines and textbooks. Analysis of these works shows
that the existing methods were intended to evaluate the effectiveness of
engineer support tasks. Evaluating the effectiveness of engineer cam-
ouflaging tasks was performed by evaluation through the group object
method with the operational and tactical coeflicient of bridge crossing.
Object protection issues were estimated as a passive protection method.
There wasn’t any assessment of engineer concealment and imitation mea-
sures and technical equipment for bridge crossings and countermeasures
of current surveillance and destruction.

The attained experience in armed conflicts of various levels shows
that protection of bridge crossings requires water and spray, foam and
sprays screens, laser illumination of a false bridge. Integrated use of these
means can contribute to 15 % bridge crossing defense.

Use of engineering ammunition, such as MON-90 and anti-helicop-
ter mines (AHM), may be the main comprehensive approach to counter-
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act the technical intelligence and destruction of HPE systems. Applica-
tion of engineering ammunition to defend and counteract is estimated by
the following rates: the probable HPE systems deviation from the bridge
crossing in the final flight trajectory is assessed by laser reflectors , and
for countermeasure — probable destruction of HPE systems on the final
trajectory by the engineering ammunition.

Effectiveness countermeasure assessment is based on the integrated
use of modern research methods, including mathematical modeling and
others. Performance indicators, which are determined by enemy HPE
systems use patterns; the quantitatively defines the extent compliance
with the operation tasks results.

Calculation of engineering and tactical ammunition use by complex
fire to destroy HPE systems, which is the main means to fight them, in-
volves air defense, electronic warfare and engineering ammunition. Ac-
cording to guidelines and implementation of engineering and tactical
units by formulas (11-18), contribution of engineer ammunition to fire
destruction of sub-munitions is 7...9 % [8]. In the future, to reduce de-
structions by missiles, bombs and sub-munitions, special engineer mines
may be used which are based on new physical principles and can increase
the contribution of engineer troops in defense of the bridge crossings.

Keywords: engineer reconnaissance, camouflage, imitation, fighting of
HPE systems, bridge crossing.
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