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Bausinue pa3dopoca Ha4YaJIbHONH CKOPOCTH I'PAaHATHI
HA BEPOSAATHOCTH NONAJaHUA B 1eJIb

© B.B. Kopenskos, C.U. Jlexxnun, B.B. CennBanos
MI'TY um. H.D. baymana, Mocksa, 105005, Poccus

Onucana modens pacuema HewHel O6ANUCMUKY 8 NOTHOU MPEXMEPHOU NOCMAHOBKe 6
NpuUbIUNCEHUU OUHAMUKY MamepuanvHoti mouku. Ilposedeno mamemamuueckoe mooe-
JuUposanue NonadaHus epanamol 8 yeab MemoooM CHAMUCMUYECKUX UCHLIMAHUL npu
8apUAYUAX GHEWHUX YCA08Ull cmpenbObl. [Ipedcmasnensl oyeHKy 6epoamHoCmuy Nonaoa-
HUsA 2panamul 6 10008y10 NPOEKYUI0 MAHKA ONIs PA3HBIX PEXCUMO8 CmpenbObl U3 epana-
momemno2o Komniexca. Ilokasano cyuecmeenHoe ysenuuenue 6eposmMHOCIU Nonaoad-
HUs 2paHam npu UCNONb308AHUU PEAKMUSHO20 08U2amells ¢ CUCIMEMOll agmopezynupo-
8AHUA MALOBBIX XAPAKMEPUCTIUK.

Knirouesvle cnosa: pazbpoc HauaibHOU CKOPOCMU, A8MOPe2YIUPOsanue mseu, UMNYIbC-
HbLIL 08U2amenb, 6HeulHsisl OALIUCIMUKA, O0KOBOU 6emMpOGOl CHOC, OWUOKU NPUYETUGAHUS
opyarcust, ouUOKA OPUEHMUPOBAHUS OPYICUSL, MEXHUUECKOe PACCesHUe, 8epOsSimHOCTb
nonaoanusi.

Jns >pQPeKTHBHOrO MPUMEHEHHS T'PAaHATOMETHBIX KOMIUIEKCOB B
AHTUTEPPOPUCTUYECKUX OMEPAIMAX B rOPOJax U r'yCTOHACEJICHHBIX pallOHaX
HEOOXOIMMO OOECIeUnTh 33JaHHYI0 TOYHOCTb TOMaJaHus, KOTOpas BO
MHOTOM ONpENENsSeTcsl MOCTOSHCTBOM OaUIMCTUYECKUX XapaKTEPUCTHUK
IpaHAaTOMETHOTO BBICTpena. HecTaOmIbHOCTh OaUTMCTUYECKUX XapaKTe-
PHCTHK BBICTpenoB cpenctB OmmwkHero 6os (CBB) B mepByio ouepenpb
3aBUCHT OT KOJIOAaHMI HAYalnbHOW CKOPOCTH W3JENUM, OOYCIOBICHHOM
TEMIIEPaTypPHBIM Pa30pPOCOM TATOBBIX XapaKTepPUCTHK [1, 2] ummynbscHOTO
peakTuBHOrO nBurareiast Ha TBepaoM Ttorumse (MPJTT). B pabGote [3]
MOKA3aHO, YTO CHW)KEHHE TEMIEepaTypHOro TIpajueHTa OaJUTMCTHYECKUX
XapaKTEepUCTUK HeynpasisieMblx rpaHar a1t Cbb Bo Bcex KinMMaTHYecKHX
YCITIOBUSX TPHUMEHEHHS MOXKHO OOECIICUUTh BBEICHHEM B KOHCTPYKIHIO
NPATT aBTOMAaTW4eCcKHU PEryJUpYIOIIUX KPUTUYECKOE CEUECHUE YCTPOUCTB.
DKCNEpUMEHTAIILHO MOATBEPKIICHO CHM)KEHHE TEMIIepaTypHOro pas30poca
JABJICHUS B KaMepe TaKuX JBUTaTesiel B 12 pas.

CucTemMbl aBTOPETYJHUPOBAHUS TATOBBIX XapPaKTEPUCTUK TO3BOJISIOT
3HAYUTEIBHO MOBBICUTDH JKCIUTyaTal[HOHHBIE U OOEBBIE CBOMCTBA OPYXKHA,
MPEKIE BCEro, KyYHOCTh CTPENbObl U3 rpaHaromeTa. J{is Toro 4Todsl Ko-
JTUYECTBEHHO OLICHUTH BIUSHUE COKpaIeHHs pa3dpoca HaYaIbHON CKOPO-
CTH rpaHaT Ha MOBBIIIECHUE BEPOSATHOCTHU MOMNAIaHUS B 11€7b, HEOOXOANMBI
¢u3znyeckre 1 MaTeMaTU4YEeCKHEe MOJIETU BHEIIHEH OaNIMCTUKU U OLEHKU
BEPOSTHOCTH, YUYUTHIBAIOIINE 3TOT (HaKTOP.

KoppekTHOCTB pacuera BEpOATHOCTH IIONIAJJaHUs TPaHaT B LIEJIb OIpe-
JIeNAeTCs BO3MOXKHOCTBIO U KAYECTBOM Y4eTa CTOXaCTHUECKUX (PaKTopoB,
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CIOCOOHBIX OKa3aTh BIUSHHUE HA MOJI0KEHUE IPaHAThl OTHOCUTEIHHO 1eNTN
Ha TPAeKTOPUH, ITaBHBIM 00pa30M, BETpa Ha JUCTAHIIMU €€ IMOJIeTa K Iie-
Y. 3HAUEHHUs IyJbCalMid CKOPOCTH BETPa B IMOTOKE MOTYT JOCTUIaTh
100 % HOMHMHANa ee cpeHEel CKOPOCTH, MPUYEM MHTEHCUBHOCTH ITyJbCa-
LMI MaKcUMaJlbHa BOJIM3M NMOBEPXHOCTHU 3eMM. J[J1s yueTa BIUSHUS 3TO-
ro (akTopa pacueT BHENIHEW OAJUTUCTHKHU T'paHAT MPOBOJMUTCS B TOJTHOU
TPEXMEpPHOU MOCTAHOBKE B MPUOJIMKEHUN TUHAMUKHA MaTepHajIbHON TOY-
KM, HO C yUETOM BEKTOpa CHJI, CBI3aHHOTO € afanTanuei (craduiusamueil)
IpaHaThl B TOTOKE.

B xauecTBe OCHOBHOIO JOMYIIEHUS MPHUHSITO, YTO I'paHaTa MOCJE BbI-
XxoJla u3 TpaHcrnopTHoro myckoBoro koHteitHepa (TIIK) «MruoBeHHO»
OPHEHTHpYETCA N0 MOTOKY BIOJIb CyMMAapHOIO BeKTOopa Vg OT CKOpPOCTH
HaleraroIiero noToka (HayajgbHasi CKOPOCTh rpaHaThl V() U BEKTOpa CKOPO-
ctu Betpa V,. [lomymienne 060CHOBaHO Te€M, UTO Ha MPAKTUKE yCTOWYMBAs B
MoJIeTe rpaHaTa MPHOOPETAET TAKOE IMOJIOKEHUE HA JTUCTAHIIMU JIBUYKEHUS
3...5 m mocne Beixona u3 TIIK, uro cocraBmsier menee 1/100 myTu ee mocie-
JYIOIIETO JBUKEHMS K LIEIIH.

Cxema IBW)KEHUS TpaHaThl HAa TPAEKTOPUU NPECTaBJIEHA Ha puc. 1.

V=V |l o —
(V2=0)

Puc. 1. Cxema ABM>KeHUS IpaHaThl B yCIOBUAX AeHCTBUA
60KoBOTO BeTpa (BHJ B INIOCKOCTH JICHCTBHS BETPa)

I'panata BOBJEKaeTCsl B ABWKEHUE B CTApPTOBOW CHUCTEME KOOpIMHAT B
HAaIpaBJIEHUU BETpa 0] I€HCTBUEM IPOEKIMU CUJIbI COIPOTUBJIEHHS Ha CO-
OTBETCTBYIOILIYIO OChb CTapTOBOM CHCTEMbl KOOpAMHAT. B mpenene mocie
NPUOOPETEHUsT T'PaHAaTOM CKOPOCTH, PABHOM CKOPOCTU BeTpa BAOJb €ro
HalpaBJICHHs1, OHA JABWKETCS 110 KacaTeJIbHON K TPAeKTOPUHU 0€3 «BUANMOIO)
Pa3IMUMs MEXAy OpUEHTallMel rpaHaThl B CTApPTOBOM CHCTEME KOOPIUHAT U
KacaTelbHOW K ee Tpaekropuu. Takum 00pa3oM, TpeXMEpHBIE YpaBHEHUS
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JIBU)KEHUSI MaTEpUATIbHOM TOUKM JONOJIHSAIOTCS KHHEMAaTHYECKMMHU COOTHO-
IIEHUAMH, XapaKTePHBIMHU /ISl pacyeTa JBUKEHHsI TBEPJOro Tea.

PaboTa rpaHaTOMETHOr0 KOMILUIEKCA BO3MOXHA B HECKOJIBKHX PEXKH-
Max — ¢ IpuUMeHeHueM npudopa ympasiaeHus oraem (ITYO) u aBroHom-
HO, Ha OCHOBE IJIa30MEPHON OLIEHKH CUTyaluu. B o0oux ciaydasx opueH-
TUPOBAHUE OPY’KUs Ha LEJb NPOU3BOAUTCS ONEpaTopoM BpyuHyro. Pac-
YeTHasi CXeMa OLIEHKHM BEPOSITHOCTU TOMNAJaHUs TpaHaThl B JIOOOBYIO
IIPOEKIIMIO TaHKa MpeCTaBlieHa Ha puc. 2. OLeHKa BEpOATHOCTHU Momnajia-
HUS IPOBOJUTCS METOJIOM CTaTUCTUUECKUX UCTIBITAaHUI.

(Omn&(a TEXHI/I‘IECKOFOJ

‘OLHI/I6Ka BETPOBOTO CHOCA P —

| daxTnyeckoe MECTO MPOXOKICHHS

Omnbka OpUeHTHPOBAHUS
IpaHaToN IUIOCKOCTH LIEITH

OpyXUs

( daxTryeckoe J( IIpornosnoe J ‘\
\
N

Omnboka
MOJIOXKEHHUE TIeJTH | | MOJOKEHHE LIETH MPUTCTUBAHUS

30Ha BO3MOXKHOTO (1)pOHTaHI>HOFO NepeMeIICHU
1CJIK 3a BPEMsI I10JIETA I'PaHaThI

Puc. 2. Cxema (hopMHpOBaHHUs ONIHOOK, OTPEICIISIONINX BEPOSITHOCTD O aHUs
rpaHar B LEIb

B pacuerax yuuThIBalOTCS CIIEAYIOMINE TPYIIIBI OMIHOOK:

— IpULIETIUBAHU (3aBUCST OT peXUMa IPUMEHEHHSI KOMILJIEKCA);

— OpPUEHTUPOBAHHUS OPYXHS Ha Leb (Py4HOE WIM C 3aKpEIUIEHUEM Ha
ITyCKOBOW yCTaHOBKE);

— OT TEXHUYECKOT0 pacCEMBAHUs I'paHaT Ha TPAEKTOPHH;

— BHOCHMBIE HEOIIPE/ICICHHOCTHIO BETPOBOTO CHOCA (3aBHCAT OT 0o-
KOBOW COCTaBJIAIOIIEH CKOPOCTH BETPA, CKOPOCTU I'PAHATHI U JUCTAHIIMU
JI0 1IeJIN);

— [IPOTHO3a JABMKEHUS LEIH (XapaKTepHbI IPU IPUMEHEHUH HEYIIPaB-
JIIEMOT0 OPY’KHUS U CBSI3aHBI C HEONPEEIEHHOCThIO IEPEMEILIEHUS LIENH B
NePUOJ IBUKEHUS TPaHaThl).

Crneuunduka crpenbopl u3 Cbb — BO3HHMKHOBEHHE JOCTATOYHO 0OJIb-
IIMX YIJIOB BCTPEUM IpaHAThI € Ledblo. Tak, Jaxe Npu cTpesnbOe Ha J1aib-
HOCThb mpsMoro BbicTpena ([AIIB) TunuuHbli yroja BCTpeuM COCTaBISIET
2 ..—2,5°, uyto yBenuuuBaeT 3(PpPEKTUBHYIO TUIOMIAAbL IENH (3a CUET Mpo-
eKUMU TIyOWMHBI LEAM TUIA «TaHK» Ha KapTUHHYIO IUIOCKOCTb) Ha
~8...10 %. Ha panpHocTsix 600 M yrom BCTpedd MOXKET JOCTUTATh
—11...—-12°, a npupoct 3¢ dexkTuBHOM Momany nenu ~50 %, 4To y4TeHo B
METOJIMKE pacueTa BEpOSTHOCTHU MOMAJaHuUs TpaHaThl B 1IEJIb.
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Ornenka BiIMAHUS pa3dpoca HAYaJIbHOM CKOPOCTH I'paHaT Ha BEPOST-
HOCTb IOTa/IaHus B LIeJIb MPOBEACHA ISl MPOTUBOTaHKOBOM rpanatsl (I117)
kasmopom 105 MM, ¢ oneTHON Maccor 6 KT 1 KO3 HUIIMEHTOM JI0OOBOTO
conpotusnenus C, = 0,38. BeposTHoCcTU MomnanaHus B TaHK MPH €ro Jio-
6oBoM oOctpene rpanaramu [II-105 ¢ BapuanusimMu pa®oTHI IBUTATEINS,
CO3JIAIOIIMMU pa30poc HaYaIbHON CKOPOCTH 10 7 %, U BapUalUsIMU BHEI-
HUX YCJIOBHH CTpenbObl (CKOpOCTH OOKOBOTO BETpa M MOABHKHOCTH TaHKA),
MPUBEACHBI HAa pUC. 3-35.
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Puc. 3. BeposarHocTs OTIagaHus B TaHK IIPH (PPOHTATBHON CTpenbOe (11 CTaHIAPTHBIX
YCIOBUI CTpenbObl M3 PYyYHOro TrpaHATOMETa IO HEMOJBIKHOM Ienu B Oe3Ber-
PEHHYIO MOTO/TY):

@ — TJa30MepHOe NpuuenuBanue E, = 5 T.1.; 6 — npunenuBanue ¢ [IYO E, = 0,675 1.1.;

TP HyJIEBBIX CKOPOCTH BeTpa U ckopoctu ey [ —dv=0;2 —dv=2;3—dv=4;4—dv=7
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Puc. 4. BeposTHOCTh momaiaHus B TaHK NMpH (HPOHTAIBHOHN CTpenbOe (Al CTaHOapTHBIX

YCIOBHUI CTPENBOBI U3 PYYHOTO TPaHATOMETA O TIOABMYKHOU IIeTH 1 OOKOBOM BETpe):

@ — TJIa30MEPHOE NPULIEIUBAHUE, £, = 5 T.1.; 6 — npuuemsanue ¢ [IYO, Ep = 0,675 1.1.; npu cKo-
poctu BeTpa 5 mM/c u ckopoctu tienu 10 m/c; I —dv=0;2—dv=2;3—dv=4;4—dv="7
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Puc. 5. BeposTHOCTh momnajaHus B TaHK OpU
(hpoHTATBEHOH cTpenbOe (MpHIeMBaHuE C TIPH-
vereHreM [1YO u HamTydmmM pydHbIM OpHEH-
TUPOBAHUEM OPY>KUS IPH CTAHAAPTHBIX YCIOBU-
X CTPENbObl U3 PyYHOIo rpaHaTOMETa IO HeTo-
JIBFDKHOU LIEJTH B OE3BETPEHHYIO TIOTOY):
npu E, = 0,675 t.x., E, = 2 T.1,, HYJIEBOH CKOPOCTH
BeTpa M HyJIeBOH ckopoctd nemd; /| — dv =0; 2 —
dv=2;3—dv=4;,4—dv=7

Ha Bcex pucyHKax BepXHsSs KpHUBasi COOTBETCTBYET «UACAIBHOW» Ipa-
HaTe C HyJEeBbIM TEXHHYECKUM paccesHueM (£ = Es = 0 T.1.) U HyJIeBbIM
pazopocom ckopoctu (dV = 0). HrwkHsist TMHUS OMUCHIBAET 3aBUCUMOCTH
IUIS TpPaHaThl C PEaJbHbIM TEXHUYECKUM pacceuBaHueM Ly = Es = 2,3 T.4.
U MaKCHUMaJIbHBIM pa3Opocom HavanbHOU ckopoctu dV = 7 %. Cpennue
JIMHUU COOTBETCTBYIOT 3aBUCUMOCTSIM U3MEHEHUS BEPOSTHOCTH MOMAIaHU
B TaHK TpU CPEAMHHOMN OMIMOKE MO BhICOTE W 10 00Ky Ey = Es = 2,3 T.1.
(9KBHBaJICHTHOM Ky4HOCTH 0051 ipu cTpenbOe no umrty Ha J{I1B mo Bbico-
Te U 60Ky By < 0,5 M, Bs < 0,5 M, xapakrepHoit i 6onpmmnacTBa PIIT)
i pa3ubix 3HadeHuit dV = 0...4 % (oTMeueHsl nudpamMu y KPUBBIX).

Pacuets! Ha puc. 3—4 npoBeAeHBI A CTPETLOBI IPU CPETHEM YPOBHE
PYYHOTO OpPUEHTHUPOBAHHUS OPYXKHs, OOECIEUUBAIOLIETO CPEAMHHYIO
omuOKy opueHTHpoBaHus E, = 5 T.1. PacdeTsl Ha puc. 5 COOTBETCTBYIOT
HaWIy4llleMy py4YHOMY OPUEHTHUPOBAHUIO OpYyXHus E, = 2 T.1I.

VYcnoBus cTpenbObl, yITEHHbIE B pacueTax (OTpaskeHbl Ha puc. 5), COOT-
BETCTBYIOT YCIJIOBHSIM, AaHAJOTMYHBIM TE€M, KOTOpble H300pa’keHbl Ha
puc. 3, 6 HO JUI1 HAWIYYILEro py4yHOro OpUEHTUPOBAHUS OPYKusi, odecre-
yysaromero £, =2 T.1.

B ycloBUSX CHIBHOTO BIMSHUS OIIMOOK MPHUIETUBAHUA U OPUEHTH-
poBaHusl opyxus (cM. puc. 3, a u 4, a) BIUSIHHE BO3MOXKHOTO pa3dpoca
HaYaJIbHbIX CKOPOCTEH I'paHaThl Ha BEPOATHOCTH IONAJaHUS HEBEIMKO.
Pasnuune mexay «uaeanbHON» rpaHaTOM M HAMXYAIIEH HE MPEBBIIIACT
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2 pa3 Ha HU3KOM YpoBHE BeposiTHocTel nonaganus 0,1-0,2, peanuzyemom
Ha panbHOCTSIX Oosiee 500 M. B yClIOBHSX YMEHBIICHHS YacTH OIIMOOK
npuLenuBaHus npu ucnonb3oBaHuu [IYO (cm. puc. 3, 6 u 4, 6) u
HAWIYYILEro OpUEHTUPOBAHUS T'paHATOMETA Ha 11eJb (CM. puC. 5) BIUIHUE
BO3MOKHOTO pa30poca HaudadbHBIX CKOPOCTEH TI'paHaThl Ha BEPOSITHOCTH
MOMAaIaHusl PE3KO YBEIUYUBACTCS. 3HAUUTENbHBIA POCT BEPOSTHOCTHU TO-
nagaaus Habmonaercs yxe Ha JII1B. Pasnudne Mexay «uaeanbHON» rpa-
HaTOW W HauXyAlIed Bo3pacTaeT 10 4—5 pa3 Ha BHICOKOM YPOBHE BEpOSAT-
Hoctelt monananusa 0,4—0,3, peanuzyeMoM Ha nanbHOCTSX Oosiee 400 wm.
AOGCOTIOTHBIEC 3HaUCHUS BapHalllii BEPOSITHOCTH MOMAJaHUs BO3PACTAIOT B
2-3 pa3za, ot 0,1 no 0,15 (cm. puc. 3, 6), u gaxe B 4 paza, ot 0,12 1o 0,3
(cm. puc. 5) npu U3MEHEHUH JaTbHOCTH cTpenbObl oT 200 no 600 M. Ta-
KM 00pa3zoM, CHIDKEHHE pa30poca HadaJbHBIX CKOPOCTEH TpaHaThl 3a
cyeT aBToperyiaupoBaHusi TAroBbix xapaktepuctuk UPJTT B ycnoBusix
MOBBIIICHHUS] TOYHOCTH MPULICTUBAHUS U OPUECHTUPOBAHUS OPY>KHUS TTO3BO-
JISIeT YBEIMYUTh BEPOSTHOCTH MOMAIaHus B LieJb Ha auctaHiusax ot 400 m
Oosee yem B 2 pasa.
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Effect of variation of the initial velocity of grenades
on the probability of hitting the target

© V.V. Korenkov, S.I. Lezhnin, V.V. Selivanov

Bauman Moscow State Technical University, Moscow, 105005, Russia

The article describes a model for calculating external ballistics in the full three-
dimensional formulation in the approximation of the dynamics of a material point. Math-
ematical modeling of the grenade hitting the target was carried out by the method of sta-
tistical tests under variations of shooting external conditions. We estimated a probability
of grenade hitting the frontal projection of the tank in different modes of shooting from
grenade launcher system. It is shown that probability of grenade hitting the target in-
creases significantly when using a jet engine with a system of autoregulation of thrust
characteristics.

Keywords: variation of initial velocity, autoregulation of thrust, pulse engine, external
ballistics, demolition of lateral wind, error of weapons aiming, , error of weapons orien-
tation, technical scattering, probability of hitting.
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