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[IpoGnema coBepIlIEHCTBOBAHUS CPEJCTB 3AIUTHI MOABMKHBIX SJEPHO- U PAJAUALMOHHO
onacHbIX 00beKTOB (FIPOO) 0T BO3ACHCTBUSA OOBIYHBIX CPEACTB MOPAKCHUS SBIISICTCS BEChMa
aKTyallbHOM, 95TO OOYCIOBJIEHO HECKOJbKMMU (DaKTOpamMH: HEYyJIOBJIETBOPUTEIBHOM
CTOMKOCTBIO WJIM MOJHBIM OTCYTCTBHEM CpPEICTB 3aluThl Ha HekoTopeix APOO ot
BO3JICHCTBUSL ~ CTPEJIKOBOIO  OPYKHUS U CpeacTB  OnmkHero 00s;  MOCTOSHHBIM
COBEPIICHCTBOBAHUEM OOBIUHBIX CPEJICTB MOPAKEHUS; HAIMYUEM YIPO3bl TEPPOPUCTUUECKUX
aKuuMi Ha MOJOOHBIX O0OBEKTaxX C MPUMEHEHHWEM CTPEJIKOBOIO OpYXKHUsS; HEOOXOAUMOCTBHIO
obecneuenus 3amuthl JPOO He TOMBKO OT IeJ€HANPABIECHHOTO JECTPYKTHUBHOTO
BO3JICHCTBUSL, HO U OT CIY4alHOTO BO3JCHCTBHS KHHETHUYECKUX YIAPHUKOB pPa3IM4HOMN
MpUPOABI B pe3yibTaTe HEWITAaTHBIX cuTyaruil. K HacTosiemy BpeMeHH pa3paboTaHo U
MpeIoKEeHO OOJIBIIOE KOJIMYECTBO KOHCTPYKTHBHO-TEXHUYECKUX PEIICHUN, PEeaTu3yIOIIUX
pa3IUyYHbIE MPUHIUIBI 3allUThl OOBEKTOB OT BO3ACUCTBUS KHHETUYECKUX YAAPHUKOB.
Opnako mpobiemMa OKOHYATEeNbHO HE CHATA C MOBECTKU AHs. JlanbHeliue ucciieqoBaHUs
JOJKHBI OBITH HAMpaBIIEHHBI HAa IMOWCK BO3MOXKHOCTH 3aIIUThl OOBEKTOB MOCPEICTBOM
MIPUMEHEHHSI HOBBIX MaTepHUAJIOB, MCIHOJIb30BAaHUS MHOTOCIOMHBIX KOHCTPYKIUH €
Pa3HECEHHBIMM M Pa3HOOPHUEHTHUPOBAHHBIMU CIIOSIMHU, HUCIOJIb30BAHUS CBOMCTB PHUKOILIETA,
MPENIOMIICHUS TPACKTOPUH YAAPHHUKA TPU MPOXOKIACHUU IPEerpaisl U T.A.

B omyOnukoBaHHBIX paHee Tpynax [1-7] OblM mpeacTaBleHbl HEKOTOPBIE Pe3YNIbTaThI
WCCIIeIOBAHUH, BKIIOYAIONINX pa3padOTKy: OPraHU3allMOHHBIX U TEXHUUECKUX MEPOTPHUITHIA,
HalpaBJICHHbIX HA TMOBBIIIEHUE 3alMIICHHOCTH TMOJBWKHOTO arperata ¢ sJI€pHOU
SHepreTHUeckoil ycraHoBkoi (S1DVY) oT Bo3AelicTBHSI BBICOKOCKOPOCTHBIX YAapHUKOB [1-5];
METOJUK OLICHKU TOCIEACTBUNA HEPEerJaMEHTHPOBAHHBIX BO3JEHCTBUIM Ha B3pPHIBOOIMACHBIN
o0bexT ¢ DY [6,7]. Tak B crathe [1] paccMoTpeHa 3ahada BbIOOpa KPHUTEPHs OLIEHKU
CTOMKOCTH MOOMIIBHOTO OOBEKTa C 3alIUTHOW KOHCTPYKIIMEH, pelleHue IMHAMHYECKUX
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KOHTaKTHBIX 3a/1a4 B3aMMOJICHCTBHS yIapHHUKA IWIMHIPHYECKON (DOPMBI ¢ Mperpagoi o
HOPMAaJIM YUCIEHHBIMH METOJaMH MIPEJICTaBICHO B padote [2]. B moHorpaduu [3] moapobHo
UCCIIEyeTCs IUIOCKOE  JBM)KEHHME aOCOJIIOTHO  TBEPAOrO  YAJMHEHHOTO  yJapHUKa
HWIMHAPUIECKOH (hOpMBI MPU NMPOOMBAHWU UM TOHKOW TMpErpajbl MOJ yriioMm. PesymbTarhl
HCCIIEI0OBAHUS IpOllecca B3aUMOICHCTBUS yJapHUKA C IBYXCIOMHON MUILEHBIO («I1JIJACTHUHA —
BSI3Kas Cpesiay) Mo/ pa3IMyHBIMU YIJIaMHU OIyOIMKOBaHkI B padorax [3, 4].

B nanHON cTaThe mNpeacTaBieHbl PE3yIbTaThl 3KCIEPUMEHTAIBHBIX HCCIEI0BAHUM,
KOTOpBIE MOTYT OBITh MCHOJB30BAHBI NPU pa3pabOTKE 3aIIUTHOTO dKpaHa JUIsi MOOWIBHOTO
arperatra ¢ AOY. Jlng H3roTOBIEHHUS 3alUTHBIX HKPAHOB HCIOJB3YIOTCS pa3iMyYHbIE
KOHCTPYKLIMOHHBIE MaTepHalibl, KaK OJHOpPOJHBbIE, TaK M KOMIIO3MLIMOHHbIE, a cama
KOHCTPYKIUS DKpaHa MOXKET ObITh OJIHOCIIOMHON M MHOTOCJIONHOM [8].

Ha pucynke 1 mnpuBonmaTcs pe3yabTaThl AKCIEPUMEHTa, KOTOPbIE [O3BOJIUIU
YCTAaHOBUTH B3aUMOCBSI3b MEXAY XapaKTEpHbIMU IpPU3HAKaMU MOBPEXKICHUM (IuameTp
NpoOOMHBI) M  XapaKTEpUCTHUKAMHU CpEJICTB MopaxeHHs. B kauectBe Ooemnpuracos
ucnons3zoBanuck: s AK-74 u AKM mnarponst ¢ myneit [IC (coorBeTcTByromero kaimmopa);
mist CBJl u JUIKM mnatpoHsl ¢ OpoHEOOMHO-3aKUTaTebHOM TyJed. 31ech Takke
MIpe/ICTaBJICHbl Pe3yibTaThl, KOTJa HEKOTOpble 00pa3ubl u3 AMr-6 OblIM pa3MenieHsl 3a
9KpaHOM U3 TOTO ke MaTepuaina (puc. 10).
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Pucynok 1 — Pe3ynbTaThl SKcriepuMeHTa (B3aMMOCBSA3b MEXAY XapaKTEPHBIMH IPH3HAKAMU MOBPESIKICHUN 1
XapaKTepucTHKaMu cpeacTB nopaxenwns) [ The results of the experiment (the relationship between the
characteristics of damage and characteristics of destruction means)]

[TonyueHHble pe3yabTaThl OCTATOYHON CKOPOCTH YAapHUKA CPaBHUBAIUCH C
pe3ylbTaTaMy YMCICHHBIX UccienoBanuii. CKOPOCTh yapHUKa 3a SKPaHOM BBIYUCIISIIACH IO
meroauke [2]. Kputuueckas ckopocTh NMpOOHTHS Mperpaasl MOKET OBITh ONpelesieHa MO
¢dopmyine (1):
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1
Ve =[v3n -V, exp(zz* "%,ﬂ (1)

rje m, —Macca MaTepuaia Iperpajsl, BBIOUTOTO yIapHUKOM;

7 — YTOUYHEHHBIH mapameTp;
Mo —Macca yIapHUKa.

W3 Beipaxenus (1) onpenenum V., . C yaeToM TOro, 4To mpu ckopoctix ~ 0,3 +1,0xm/c

COTPOTHUBIIAEMOCTD IPOHUKHOBEHUIO yIapHUKa f = H, + " p,v, , TOIy4uM
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C uenwto ompeneneHus xapaktepHor (Hopmbl AePEeKTOB KOpmyca 0OBbEeKTa MPOBEICHO
JKCIepUMEeHTaJabHOEe uccienoBanue (puc. 2). OmbiT 1. OOpa3ubl (CTEKIONIACTHUKOBOE
MTOKPBITHE U CHJIOBasi 00070uka [ AMr-6]) moasepraavuch BO3IEHCTBHIO YAAPHUKOB (IuaMeETp
5,45-mm; macca 0,0034 kr) ¢ quctaniuu 100 MeTpoB nocie mpoOuBaHUS UMH OJTHOCIOMHOTO
3amMMUTHOTO dKpaHa (AMr-6). OnbIT 2. VMcnonb30Bamuch T€ ke YIapHHUKH, YTO U B OIBITE
No 1. OGpa3ipl ycTaHaBIUBAIUCH B MOJIOXKEHNE, 00€CTIEUNBAIOIIECE YIIIbl BCTPEUYH yIaPHUKOB
¢ moBepxHocThiO 0T 0 10 90°. Tlepen oOpa3iamMu pa3mMerainch JABa SKpaHa (OJHOCIOWHBIN U3
[AMr-6] u muorocnoinbiii [ctane + [IIIH + crans]). Ha pucynke mpencraBiieH OJIUH W3
00pasIoB.

oneir N¢ 1 oneir N2 1

Pucynok 2 — O6pasiisl ociie Bo3aeiicTBrs yaapHUKoB [Samples after exposure to percussionists]

Ananu3 pe3ynbTaToB NOKa3al:

— ¢ OTKJIOHeHueM 110 ~20° 0T HopMaJIu (YIJIbI BCTpeuH ¢ moBepxHocThio 70-90°) popma
nedeKToB KparepooOpas3Has (kaBepHa) U CKBO3HOE OTBEpcTHE (po0oii);

— KaHaBOOOpa3HbI JedeKT oTMevaeTcs npH yriax Bcrpeun 12-22° (onsIT Ne 2);

— B HEKOTOpBIX CIy4asX OTMEUYaJoCh BHEIpEHUE yaapHUKa (MylIHd) B TOKPHITHE

I'JIOBAJIBHAA AJEPHAS BE3OITACHOCTD, Ne 1(30) 2019



10 I'YBEJIAZ3E u np.

oOpa3sia 6e3 pukomiera (oopazer 2/4, negext Ne 2 ¢ nedopmariueit CHIOBOM 000I0YKK);

— TMOTIEPEUHBIA pa3Mep OCKOJKOB 3KpaHa, BO3JEHCTBOBABIIMX HAa 0Opa3lbl, TOCTUTAI
9 MM (ombIT Ne 1) u 16 MM (ombIT Ne2), cieoBaTenbHO, IPU pa3MELIEHUH JOTIOJHUTEIbHBIX
9KPaHOB, 0)KUACTCS YBEINYCHHUE PA3MEPOB OCKOJIKOB, BO3/ICHCTBYIOIINX HA MUIIICHb.

Ha pucynke 3 npeacrasien oopaser] (AMr-6 ¢ MHOTO(YHKIIMOHATBHBIM TIOKPBHITHEM) C
pe3yibTaTaMi BO3JCHCTBHSI yAapHHKA (CTajb) IOCIE MPOXOXKIACHUS 3aIUTHOTO JKpaHa
(AMr-6) u 6e3. DKkpaH ycTaHaBIUBAJICS Nepea 00pa3oM Ha paccTosHUU 50 MM.

Pucynox 3 — Pesynbratel Bo3zeiictBus ynapHuka [The impact of firing pin]
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Pucynok 4 — 3aBUCHMOCTh M3MEHEHHUS KOOPIMHAT IEHTPa Macc yIapHHKa (a) ¥ yria MoBopoTa IJIaBHOH och
ynapauka (0) or Bpemenu npu npoduBanuu nperpanasl [ The dependence of firing pin mass coordinate center
changing (a) and angle of the firing pin main axis (b) from time to time when launching new barriers]
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Ha pucynke 4 npencraBieHbl pe3yiIbTaTbl pacueTa U3MEHEHUS 3HAYEHUI KOOpAMHAT
X, Y LIEHTpa Macc yAapHUKa (CTajb) M YIja IOBOpPOTa IVIABHOM OCHU yJapHUKA ¢ IOCIE
npobuBanusi mperpaabl  (AMr-6). ['eomerpuueckue pa3Mepsl yaapHUKa Opaiuch
ciepytommumu R=2,0 mm, L=15 mm, macca m=1,4 1, yron Bcrpeun = 87°. CkopocTh
JBIDKEHUS yIapHHKa JO0 BCTpe4YHM ¢ mperpangoil 767 m/c, mocne mnpobuBanus 380 m/c
(ompenensuiock AKCIEpUMEHTaNbHO). TomuHa nperpaasl h =5 M.

Kak yxe oTMe4anocb — KOHCTPYKIHS SKpaHa MOXET OBITh OJHOCIOWHOW U
MHOI'OCJIONHOW. bbl1a mpoBeneHa cepus HCIBITAHUM C OJHO, ABYX M TPEXCIOWHBIMHU
AJIEMEHTAMU 3allUThl, HMMEIOIMUX KaK >KECTKMM KOHTAKT MEXJIY CIOSMH, Tak M C
pasHeceHHbIME cnosivu (Tabi. 1). Tommuaa o6pasos BapeupoBasiack ot 0,001 m g0 0,003 m.
[lonydeHHble pe3yabTaTbl OCTATOYHBIX CKOpPOCTEM ymapHuka AV cpaBHMBaINCH C
pe3yibTaTaMyu YUCICHHBIX UCCIIEI0BaHUM.

Tab6muna 1 — Pesynbrathel ucnbitanuii [Test results]

Marepuan nperpaisi TommuHa ciioes, MM AV, Mm/c
o AMr6 1,0 17
S 3 [ AMr6 1,5 43
=5 [ AMr6 2,0 67
° AMr6 3,0 162
AMr6 1,0+1,0 80
AMr6 1,0+1,0+1,0 176
AMr6 1,0410,0°+1,0 96

* - paccTOSIHUE MEXy Pa3HECEHHBIMU CIOSIMHU (MM )

B npyroii cepum MCHBITAaHUM ABYXAJEMEHTHOW Pa3HECEHHOW Mperpajbl B KadyecTBE
MIEPBOTO CJIOSI MCTIOJIB30BAIICS JIUCT (CTallb) TOJIIMHONW 1,8 MM, a BTOpPOTO CJIOS — MaKeT U3
TpeX TaKUX XK€ CIOEB, HAXOJANIUXCS B KECTKOM KOHTakTe (5,4 MM). OPOHTAIBHBIN JUCT U
MaKeT pacrojoKeHbl Ha paccrosanu 42 mMm. [locme mpoOuTHs mepBOro JUCTa YIS
nepopMupoBanachk, HO COXpaHsia CBOIO LEIOCTHOCTh, a MPU KOHTAKTE C MaKETOM CEpACYHUK
BJIaBJIMBAJICS B JIUCT 0€3 CKBO3HOIO mpoOuthsa. B cioydyae npuMeHeHHs B KauecTBe
(GbpOHTaNBHOTO MaKeTa TOJIIIHUHOM Mociie MPOOUTHS BHIXOIUT OTOJICHHBIN CepACYHUK.

HccnenoBanusi BO3A€UCTBUS yJAPHUKOB € OOpa3laMd MHOTOCJIOWHBIX KOHCTPYKLHN
9KpaHa MO3BOJIMIIM ONIPEAEIUTh, YTO IIPHU OJIMHAKOBOW CYMMApPHOM TOJILIMHE CJIOEB MPErpabl
B 1I€JIOM, pa3HbIE€ COYETAHHS JHCTOB JAlOT pa3Hble pe3ylbTaThl (MpoOUTHE — HEMpOoOUTHE)
(puc. 5).

B skcnepumenTe uCHBITHIBAJIACh JBYXClOMHasA nperpaga. CKOpoCTh yJapHUKa Iepen
nperpanoit 140 m/c, nuametp ynapuauka 4,5 MM, macca 0,52 r. B nepBom ciydae (puc. 5,a)
HabmoaeTcsl CKBO3HOE MpoOuBaHue nperpanasl (vsp= 31,5 m/c), B Apyrom ciydae (puc. 5,0)
HaOJI0JaeTCsl YaCTUYHOE MOBPEKICHHE MIPETPaibl, TP KOTOPOM YacTh YIAPHUKOB 00pa3yeT
«B3IYyTUE» TIOCJIEIHEro CJ0s, OCTaJbHBIE OCTAIOTCA B TMperpage ¢ oOpa3oBaHHEM
JIENIECTKOBOM MPOOOUHBI.

Jliss MHOTOCJIOMHON mperpajabl B BBIpaXEHMH (2) TOCIETHMN WieH, 3aluCaHHbI C
Y4ETOM MHOTOCJIOWHOCTH, UMEET BUJL:

- H i P m;
Z— exp| 2y Z / -1 3)
i=t X Phi PV
N
Benuuuna exp| 2 Z*Z% HMEET MaKCHUMAJIbHOE€ 3HAuU€HME I MOCIEIHEro CIos,
i=1 0

MO2TOMY B Ka4YC€CTBC MOCICAHCTO CJIOA IJId MHOT'OCJIOMHOM 3aIlIUThI CJICayceT BBI6I/IpaTB cloit
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¢ HauOOJbIINM 3HaYeHUeM oTHoueHus H,/ p,, a nepBblii ¢ HauMeHbKUM. Torga mperpaja
OyzeT OKa3bIBaTh MAKCUMAIBHOE COTIPOTUBIICHHE MPOOUBAHMIO.

6)

Pucynok 5 — [Ipobutre ABYXCIOWHO# Mperpapl: a) MeTajul — INIacTUYHAas cpenia; 0) miacTuiHas cpeia —
metait [Double-layer break barriers a) metal-plastic medium; b) plastic medium -metal]

C uenplo OLEHKM MPOEKTHBIX MapaMeTpPOB U CPaBHEHUS PA3IMYHBIX BapHUaHTOB
3alUTHBIX JKPAHOB IS MUHUMAJIbHBIX 3HAUYEHUH MACCOBBIX W SHEPreTHYECKHUX
XapaKTepUCTUK paccMaTpUBaeTCi 3a/laya CTaTUUecKod ontuMuzauuu. OrpaHudeHus IO
Macce U rabapuraM 3acTaBIIIIOT pacCMaTpPUBATh JIETKHE KOHCTPYKIMOHHBIE MaTepHalbl C
COOTBETCTBYIOIIUMHU (PU3UKO-MEXaHUUECKUMHU XapaKTePUCTUKAMHU.

Ha pucynke 6 npencrasiensl 06pasibl (AMr-6 ¢ MHOTO(YHKIIMOHABHBIM TOKPBITHEM )
C pe3yiabTaTamMH BO3JAEHCTBUS yrmapHuka (myns mnarpona 7H6BK) (puc. 6 B, 1) mocne
MPOXOXKIACHUSI TPEXCIOWHOTO 3alUTHOTO dkpaHa (creknoruiactuk-IIITH-cTexnonmacTuk)
(puc.6 a, 6).

B nannom skcmepuMeHTe mpu MpoOMBaHUM (ParMEHTOB KOHCTPYKIUHU MO MPSMBIM
YIJIOM TyJid, TONa/as B TPEXCIOWHBIN IKPaH, OCTABIISIET B HEM CBOIO 000JIOYKY U CBUHIIOBYIO
pyOalky, U IpU BBIXOJIE M3 3KpaHa BO3JEHCTByeT Ha oOpasel; OOKOBOW MOBEPXHOCTBIO
ctanpHOro cepaeunuka (R=2,0 mMm, L=15 MM, macca m=1,4 T), 4TO XOpOIIO BHIHO Ha
pPHUCYHKE 6,B.

TpexcnoitHbli SKpaH MmojaBepraics o0CTpeny Mo pa3IuuHbIMH yriamu. Ha pucynke 7
MpeJCTaBICHbI pe3yabTaThl Bo3JeiicTBUA o yriaamu 17° (puc.7a) u 15° (puc.76).

[Ipn npoOuBaHMM BHENIHETO CJOS (CTEKJIOIUIACTUK) IMyas TepsieT OOO0JI0UKYy U
CBUHIIOBYIO pyOaiiky, mpoiias Bropoi cnoii (ITIIH) cepaeyHMK MOAXOAUT K TMOCIETHEMY
cioto noa yriaom 10-11° u, oTpaxkasich OT HEro, OCTAE€TCsI BHYTPHU IKpaHa.

[Tony4yeHHsle pe3ynbTaThl MO3BOJWIM MPUHATH PAJ KOHCTPYKTUBHO-TEXHUUYECKHUX
pEelIeHNH 10 MAcCUBHOW 3alIUTe IMOJABWKHOIO arperara ¢ SJAEpHOM HSHEPreTHUECKON
YCTaHOBKOM OT BO3JIEHCTBUS BBICOKOCKOPOCTHBIX yIapHHUKOB [8-11].

I'JIOBAJIBHAA AJEPHAS BE3OITACHOCTD, Ne 1(30) 2019
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r
Pucynok 6 — Pe3ysibraThl SKCIIEpUMEHTA: a — MHOTOCJIOWHBIN 3KpaH (PppoHT); 6 — MHOTOCIIOMHBIN 3KpaH (ThLI);

B — obpaselr (pponT); r — obpasen (Tou1) [The results of the experiment: a — multi-layer screen (front); b — multi-
layered screen (rear); ¢ — sample (front); d — sample (rear)]

Pucynok 7 — @parmenT TpexcioiiHoro 3kpana [Slice three-layered screen]
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Abstract — Improving the means of protecting mobile nuclear and radiation hazardous objects
(NRHFs) from kinetic impactors should be achieved through the use of new materials, the use of
multilayer structures with separated and multi-oriented layers, the use of rebound properties, and
the refraction of the impactor's trajectory during the passing through barrier. The article presents
some results of experimental studies aimed at making constructive and technical solutions
implementing various principles of mobile NRHF protection.
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