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HEAKI ACIIEKT CTAHOBJIEHHA TA PO3BUTKY 3ACOBIB
IHOANBIAYAJIBHOI'O BPOHBOBAHOTIO 3AXICTY

Y cmammi po3ensanymo ocHO8HI HANPAMU PO36UMKY 3ac006i6 iHOU8iI0YanbH020 OPO-
Hb0BAHO020 3axucmy 6i0 HatidasHiuux 4acié i doHuHi. OCHOBHY yéazy npudineHo pos-
KPUMMI OCHOBHUX B71ACMUBOCMeLl OPOHbOBUX MAamepianie ma KOHCMPYKuyiil 3acobie
iHOUBI0YANbHO20 OPOHLOBAHO20 3AXUCMY, 6 AKUX BUKOPUCMOBYBANUCT Ui Mamepianu.
Iloxa3sawo, uy0 0CHOBHUM 3aC000M 3AXUCTY THOOUHU 6i0 KY/Ib, OCKONIKIB, 4 MAKOM# X0N00-
HO1T 36poi € 6poHexcUnem, 3aXUCHI XApaKmepUCMuKy K020 6UHAYAIOMbCS B1ACMUBOC-
mAmMuU 6pOHbLOBUX MAMePianie i 1i020 KOHCMPYKUi€ro.

Asmop niokpecnioe, uL0 3acobu iHOUBI0yanbHo20 OPOHLOBAHO20 3AXUCY HAOYIU
3HauHo20 pozeumky Ha nouamky 2010-x pp. Came modi 3’ a6unucs nepuii iMUUIHAHI
OpoHexcunemu, AKi 3a c60IMU 3AXUCHUMU 67IACMUBOCAMU He NOCMYNANUCT HAlIKpa-
WUM Cc8imosum 3paskam. Ane cKnaoHi cOuianvHO-nomiMmuuHi, QiHaHCc080-eKOHOMIUHI
YMO6U He 0a6anu 3mMoeu 6 NO6HOMY 00Cs3i 3abe3newumu Humu nioposodinu 36potiHux
cun Ykpairu.

Kniouosi cnosa: 3acobu inousioyanvHozo 6poHb08aH020 3axucmy, OpoHexcunem,
6poHvOBI Mamepianu, HAYKOBO-MexXHIUHULL npozpec.

[Tipg yac BMKOHaHH:A OOJIOBMX 3aB/IaHb Y CYYaCHMX YMOBaX 00OB’ I3KOBMM e/leMeH-
TOM eKillipyBaHHA 6il1114, 110 3a6e3Ievye I0To 3aXICT Bifj ypaXKeHb OCKOJIKaMII CHapsI-
1B, MiH, I'paHaT, a TAKOXX BiJi BIUIMBY XOJIOZHOI Ta BOTHEIIATbHOI 36poi, € 3acobm iHgu-
BiftyanmpHOTrO 6poHBbOBaHOrO 3axUCTy (mani — 3163). [lo HUX HaMe>XXUTb OPOHEXMIIET.

Y cTBOpeHHi cydacHMX OpOHEXWIETiB BUKOPYCTOBYEThCS JOCBi 6araThOX IOKO-
JTiHb PO3pOoOHMKIB i mpakTuKiB. OfHAK, Ha IYMKY aBTOPa, Of{HUM 3 OCHOBHMX (PaKTO-
piB, 110 BU3HAYAIOTH AKiCHi IOKa3HMKM CYy4acHUX OpOHEXWIETIB, € HAYKOBO-TEXHi4-
HIIA IIPOTPEC Y 1l Tamysi.

Huni Bci migpospinu, mo BMKOHYBamu i BMKOHYIOTH OOJOBi 3aBIaHHS B
paiioHi mpoBeneHHs aHTUTepopucTuyHOi omepanii (ATO) rta omepauii O6’epnHa-
Hux cun (OOC), mpakTuyHO 3abesnedeHi OpoHexmneramu. [Ipu nmpomy 6as3oBuM
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oponexxnneToM € BiTunsHsaami «Kopcap M3», po3pobneHuit HaykoBO-BUPOOHNYINM
nignpremcToM « TEMII-3000» 1me y 2002 p. /11 YKpaIHChKMX BilICbKOBOCTYX0OBIIiB,
AKi Opany Ha TOJ 9ac y4acTh y MUPOTBOpUMX Micisfx B Ipaky, Cbeppa-JleoHe Ta iHIIMX
«rapsAYNX TOYKax». TaM OpOHEXMIeT IOoKa3aB BMCOKY e(eKTMBHICTD i 3100yB IO-
IY/IAPHICTD Y BilflCbKOBOCTY>KOOBIIiB.

Ha ocHoBi epuroro focBifgy 3actocyBaHHs 6y po3po6ieHi i itoro mogudikarii
«Kopcap M3m», «Kopcap M3ch», «Kopcap M3c» Ta in. [1, 22-25]. Sk 6a30Bmit 6poHe-
KWJIET, TaK i itoro Mopmdikanii 3aXnIaoTh MOAVHY Bifi OCKONIKIB Ta Ky/Ib Kaniopy
1o 7,62 MM, 1O Bi[IIIOBifla€ YeTBEPTOMY PiBHIO 3aXUCTY. JJOCTaTHbO BMCOKI 3aXMCHI
B/IaCTMBOCTI IIMX PO3pOOOK 3abesnedeHi 3aCTOCYBAaHHAM CY4YacHUX MeTaeBUX i
TKaHMHHVX MaTepiaiB, a TAKOXX KOHCTPYKTUBHVMMM OCOOIMBOCTAMY OpOHEXWIETIB.

CrBopeHHIO Ta po3BuUTKY 3Ib3 npucesdeHo 6araTo HayKOBO-TeXHIYHUX, JOBif-
KOBMX, ICTOPMYHMX Ta iHmux mnpanb. Cepen HUX LiKaBiCTb BUKIMKAKOTh «Mare-
pMAIBl 3aIIUTHBIX CTPYKTYP IS JIOKQTBbHOTO M MHAMBUIYAIbHOTO OPOHMPOBAHN»
B. Ipuropsna ta «IlonmmepHble BomokHKCThIe MaTepuansl» C. [Tonkosa [2; 3]. ABTopn
PO3IIAAIOTD Y HUX TEXHIYHi aCIIeKT! po3BUTKY OpOHbOBUX MaTepiasiB, IXHi TeXHiYH]
XapaKTepUCTHKY, CTPYKTYPY, cnocobu orpumanHsA. E. 3eneHcbkuit y cBoiit cTarTi
«ApMMpOBaHHbIE IIVITACTUHBI — COBPEMEHHbIE KOHCTPYKLVIOHHBIE MaTe€PUaIbl» PO3IJIA-
Jla€e crroco6y BUPOOHMIITBA 3a3HAYEHNX MaTepianiB Ta ixHi BmactuBocTi, O. Yemobit-
geHKo Ta B. CaxHo y cBoiX my6/1iKamisax — muTaHHA BU3HAYEeHHA MIITHOCTi, eprOHOMIKI
Tomo [4-6]. Ane BogHOYac y HuX ab0 B3araji He JJeTbcsA MPO HAYKOBO-TEXHIYHMIA
Iporpec, abo TinbKy N0O6KHO PO HbOTO 3TAfIaHO 11 He PO3KPUTO JI0TO BIUINB Ha CTBO-
PEeHHs Ta BIOCKOHAJIEHH:A 3ac00iB iHAWBi/IyaTbHOr0 OpOHHOBAHOTO 3AXVCTY.

Merta 1€l cTaTTi — IOKAa3aT¥ HayKOBO-TEXHIYHMI IIPOTPeC Y BiAATIOBIZHIN Tamysi
JI NIPOXEMOHCTPYBATM JOTO BIUIMB Ha CTBOPEHHA Ta BJIOCKOHAJICHHS OPOHBOBMX
MarepiamiB i po3pobneHMx Ha IiXHilI OCHOBi 3aco0iB iHAMBiZya/IbPHOrO 3aXWUCTy -
OpOHEXUIeTIB.

ABrop ycranoBus, o HBII «TEMII-3000» mif 4ac cTBOpeHHs i BIOCKOHATEHH
31b3 imoB y gBOX HampsAMax. Ilepmmuit — yIOoCKOHa/leHHA MaTepialis, i3 AKMX BUTO-
TOBJIEHi 3aco0u 3axmcTy. [Ipyruil — ynqoCKOHaJeHHs KOHCTPYKIII nux 3aco6is. [IBa
HaIpPsIMU TiCHO OB s13aHi MiXK CO60I0 i B3aEMO3aJIeXXHi.

YmockonanmeHHA MarepianiB midg BurorosneHHA 3Ib3 mano TpuBammii posBu-
TOK. Bizomo, 1o maBHi 3axucHi 3aco6u 3’ABUuCs 61M3bKO 25 CTOJITH TOMY, CIIEepIIy
Y BUITIAAL WIKipSAHNX, AepeB’ AHMX, IOTiM MeTaleBMX IIUTKIB, TaT, HAaHIMPIB, KOMbYIYT
tomo [7, 50]. Tak TpuBano mo cepeguun XVI ct. Toxi Bepie B Pocii, a motim i B kpai-
Hax 3axigHol €BpoIM IOYan0Csa IPOMICIOBE BUTOTOB/IEHHA CTaji 1 Ha il OCHOBI —
OpoHi, BUPOOHMIITBO Ta BIOCKOHA/IEHHS AKOI Oyno my>ke noBinbHMM. Tinbku Ilepura
CBITOBa BilfHAa fJajia MOTY>XHMII IMITyJIbC PO3BUTKOBiI Lboro mponecy. OmHak cif
3ayBaXXUTH, 1O JOTY He iCHYBAJIO JOCTATHBOI HAYKOBOI 623y BUPOOHNIITBA 3aXMCHIX
MarepianiB. LIuM 3aiimannucsa rnepeBakHO iHXXeHepH, TEXHIKM, MalICTpU-HOBAaTOPH, AKi
IIpallfOBa/IN Ha 3aBOJiaX i3 BUPOOHUIITBA MeTaliB, a00 BilICbKOBI, AKi Opanyu y4acTb y
IITbOMY BUPOOHUIITBI.
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[Tin gac [lepuroi cBiTOBOI BilitHM 6POHBOBI MaTepiany BUPOOISIN i BHOCKOHATIO-
Ba/M AK y €Bpoli, Tak i B AMepulli, IpoTe NEPIIICTb y Lill Talysi Haje)Xama pociii-
CHKUM Ta aHIJIINICBKMM MajiCTpaM, SIKi Ha TOV 4ac CTBOpmIM OpoHIo, 110 3abe3nevy-
BaJIa 3aXVICT Bifi OCKOJIKIB i Ky/Ib, BUITYIIIEHNUX 3i CTpisenibKoi 30poi.

[ToTy>kHUI IOWITOBX y LIapyHax K CTBOPEHHs MiltHOi 6poHi, Tak i i 3acTocy-
BaHHA fana [Ipyra cBiToBa BijiHa. ¥ 6araTbox KpaiHax — YYaCHMIIAX IJI0OATBHOTO
KOHGIKTY - 6ymo pospobneHo 7 ocBoeHo y mnponykyBaHHi 3IB3 Oponio 3
pisHMMM MeXaHIYHMMM BIACTUBOCTAMM Ta HOTPIOHMMM IJII KOHKPETHUX Iiyei
XapaKTePUCTUKaMU.

TonoBHOIO BUMOTOI0 10 6pOHi 6Y/10 TOAI MOEXHAHHS BUCOKOI CTiIIKOCTi 11 TPUB-
KocTi. CTiIKiCTh BM3Ha4YanacA AK 3[0aTHICTb YMHUTYU ONip NPOHMKHEHHIO BCEPENVHY
OpoHi Kynb, CHapsAAiB 4M OCKOJKiB. YTiM, ToroyacHa OpoHS Maja iCTOTHMII Hefo-
K — BEJMKY Macy, 60 >k il OCHOBHMM KOMIIOHEHTOM Oyra ctanb. Tox micna [Ipyroi
CBIiTOBOI BiifHM B 6araTboX IPOBiTHUX KpaiHax movasacsi po3poOka HOBMX CTa/leBUX
OpoHbOBUX MarepianiB. [IpoTe HAayKOBO-TEXHIYHOMY IIPOTPECOBi B ranysi CTBOpeHHs
HOBVIX CTajIeil Ha 3aBajii cTajia mpobiemMa JOCATHEHHS B HUX, 3 OHOTO OOKY, BUCOKUX
IIOKa3HVKIB TBEPAOCTI I MiIJHOCTI, 110 3a6e3nedyBany 6 omip NPOHMKHEHHIO KYIIi, a
3 iHIIIOTO — HAJIOXKHOTO PiBHA IVIACTUYHOCTI Ta B’A3KOCTI, [00 3a1o6irT KpUXKOCTi
cTazmeBOro OpoHeeneMeHTa. Takmit «koMnpoMic» 6ymo 3HaigeHo B 1980-1990-x pp.
y CHIA, ®panuii, CPCP, IlIBewnii. ITo-nepie, Toxi ctBopuau 6imeraneBy OpoHIO 3
BUICOKOTBEP/IMM 30BHIIIHIM Ta B’A3KMM BHYTpillIHiM mapamu. [lo-gpyre, pospobunm
KOMOiHOBaHy 3aXMCHY CTPYKTYPY, sIKa CK/IaJaeTbcs 3i cTaneBoi OpOHENIacTMHU i
TEKCTUIbHOTO OpoHernakeTa. YTiM, IpaKTMKa MMOKa3ajaa MajONPUIHATHICTD JPYToro
HaIpsMY, 10 30i/IbIIIYBaB 3arajbHy Macy OpOHeXWIeTa.

OpHuM 3i crIoco6iB MOCHINTY 3aXMCHY CTIilIKiCTh OpOHeeNIeMeHTiB MPOTH KYJIb
Oy/710 BUKOPVCTAaHHSA 3aMiCTb CTaneBOi OpOHi BMCOKOMILIHMX CIUIaBiB TUTAHY ¥ aTIOMi-
Hifo. [locmifkeHHs 3acBifumay, 1o 3a He3MiHHOI Macy OpOHeXWMIeTa TOBLIVHY
TUTAHOBOI OpOHi MO)kHa Oysmo 36impnTy B 1,7 pasa, a amoMiHieBoi — y 2,8 [2, 152].
3BUYAITHO, HaBPS YU MOXKHa Oy/o BUKOpUCTOBYBatu Taky 6poHio B 3153. OpgHak
po3yMHe 30i/1blIIeHHA TOBUVHY OpOHi 6aunnocs npunyctuMuM. TuM 6inbiie B 3aco-
6ax OpOHe3axMCTy TOfi He BUKOPUCTOBYBAIM TUTAH Y YMCTOMY BUIJIALL — JIMIIE JIOTO
CIUIaBY, SIKi 3HAYHO 301/IbIITYBa/IM 3aXMCHI XapaKTePUCTHUKY 71 BOZTHOYAC 3MEHIIyBaIN
3araJibHy Macy 6poHemakeTa.

Ha mouaTtky XXI cT. 3a KOPIOHOM CTajIM 3acTOCOBYBaTy ABi Mopmdikamii Tmra-
HOBVIX CIIIaBiB. Y mepiuiit — 61mm3bko 5 % amroMiHio i 2,5 % onosa. 1i crimaBu MaroTh
CepenHiil piBeHb MIIJHOCTI, ajie Jy>Ke BUCOKY KOpPO3iliHy CTiiiKicTb. [Ipyra — MicTUTb y
IIeBHiiT mponopuii crabinisaTopu: anoMiHil, BaHapil, MoibfeH, XpoM, 3ami30 Ta iH.
Y umx crjaBiB moOpwmit CKIaji TEXHOMOTIYHMUX Ta MeXaHIYHUX BIACTUBOCTEN, TO i
Kpalli nepcrexkTuBy gisa ctBopeHHs 31b3.

BopgHowac 3a KOpIOHOM LIMPOKOTO 3aCTOCYBAaHHs HaOY/IM CIUIaBM aTIOMiHi.
Y 4umucTroMy BUITIAJI LIl MeTal Te)X He BUKOPUCTOBYBamM (depe3 Maji MIiLIHICTD i
TBEPJIICTh), ajie I0TO CIUIaBU 3 MarHi€eM, IIMHKOM, MiJJ[I0 Ta JeIKUMU iHIINMY MaTe-
pialaMy BOJOZIIM JOCTaTHbO BMCOKMMM MEXaHIYHMMM XapaKTePUCTUKAMM, IO
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3abes3mevyyBay NPy BiJHOCHO Masiil Bas3i NPUITHATHUI piBeHb NMPOTUKYIBOBOI Ta
IPOTMOCKOIKOBOI CTiliKoCTi. OmHAK CITif 3ayBaXKNUTH, 110 OPOHEXMIIETH 3 aIIOMiHie-
BJIX CIIZIaBiB BUKOPMCTOBYBA/IM IIEPEBAXKHO B IigPO3/i/IaX IPABONOPALKY.

Y 1950-1970-x pp. TpuBaja iHTEHCMBHA HOCIifHA poboTa 3i CTBOpeHH:A
M KX OpoHbOBMX MaTepianiB. [lepemoBoro kpaiHoto B Hilt 6ynu CIIA. Ha mouyatky
1960-X pp. BOHM IEPIIMMU Y CBiTi pO3poOMIN BUCOKOMIIIHY TKaHMHY 3 Kal[POHY YU
HeinoHy [8, 3]. bponexxnnern 3 Hei 6y10 3acTocoBaHo y BiitHi B Kopei B 1950-1953 pp.
Bigrak y Cionyuenux IlltaTax TpuBana po6oTa 3 yJOCKOHaTIeHHS M IKMX OPOHbOBUX
MaTepiajiB. Ajte mpoTAroM 10-15 pokiB OCHOBHUM MaTepiajioM 3a/IMIIaBCs HEVJIOH.

TexHiuHMII NPOPUB Y CTBOPEHHI HOBMX NO/IIMEPiB cTaBCA HaIpUKiHLi 1960-X pp.
daxiBui pipmu DUPONT po3pobunu pogyHy BONTOKOH, IKi BTpUYi IepeBepuIyBamn
HeJJIOHOBI 3a MilfHicTI0. I3 iXHiX HUTOK (pOopMyBasacs THyYKa TOHKA TKaHMHA, JIeTIa
3a HeltloH. HoBuit matepian nig mapkoro «Kevlar 29» mBuko 3HaifIIioB 3aCTOCyBaHHA
Y BUTOTOBJ/ICHHI OpoHeXWIeTiB [2, 36].

Y CPCP ynpopoBx ABOX AecATWIITb HicisA [Jpyroi cBiTOBOI BiifHM HayKOBO-
TEXHIYHOTO IPOTpecy B IIApMHI PO3pOOKU M SAKMX MaTepialiB IpaKTMYHO He OYIIO.
Y BUpOOHMIITBI OPOHEXM/IETIB BUKOPUCTOBYBA/IM TaKi caMi Marepianm, fAK i mig dac
BillHM, — OPOHIO, OCHOBY 5IKOi CTaHOBM/IA BUCOKOMinHa cTanb. OxgHak gocig CIIA Ta
iHmMX KpaiH, mo Opany y4acTh y JOKaIbHUX BiitHax 1950-1960-x pp., ykasyBas Ha
HeoOXiTHICTh MOLIYKY HOBUX OpOHBbOBUX MaTtepiani. Tox 6yno po3pobieHo i BpoBa-
JKEHO Y BUITYCK PafiTHCbKUX OpOHEXWIETIiB JIerKi amoMiHieBi crtaBu i TMTaH. Xo4da
IIPOBi/He Miclle, SIK i OTH, 3aliMajia BUCOKOMIIIHA CTaib. Tak TpUBaJIO O CepeAVHA
1970-x pp. Bigropi 3 ypaxysanuaM gocsiny CIIA Ta npoBiguux kpain €sponn y CPCP
TaKOXX II0Yanach po3poOka mojaiMepHux mMarepiais s BurorosneHHs 3163.

Huni Halikpamymy MaTepialaMy 3 BUCOKMMM 3aXVCHUMU AKOCTAMMU €: pOCIVIChKi
«Apmoc» i «Pycap»; amepukaHcbKi «Kevlar» i «Spectrar; anmoncpkuit « Texnopm» Ta iH.

Hanpukinni XX ct. - Ha moyaTtky XXI cT. 3Ha4HOTO Iporpecy 6y10 ZOCATHYTO Y
BUPOOHNIITBI 6POHBOBUX TKAHMH Pi3HOTO TUITY: ITOJIOTHSHUX, Cap>KeBUX, aT/IACHIUX,
CaTMHOBUX.

[Ticns BUHAXOMy TeXHOJNOTil BUPOOHMUIITBA IOMieTV/ICHOBUX Ta MapaapaMiJHIX
BOJIOKOH i TKaHUH i3 HuxX HanpukiHni 1990-x pp. dipma «Honeywell» pospobuna
INPUHLMIIOBO HOBUI HETKAHMI MaTepiaj, 10 CK/IAJAETHCA 3 IONEPEYHO OFHOCIIPA-
MOBaHUX IIapiB, PpikcoBaHMX 3a JOIOMOrolo roniMepHoi Marpuiii. Toxi  Taku 6yo
BUHAJIeHO 11 popMOBaHi MaTepiani, AKi BUTOTOBJISA/IN ITij] BUCOKVM TUCKOM CIIOCOO0M
IpecyBaHHs. I3 HUX BUPOO/ISI/IM OPOHIO 3 TOBEPXHEBOIO I'YCTUHOIO 15 KI/M?, 3[IaTHOIO
3yNMHUTYU KYMo TBUHTIBKM MS80. Viiepine OpoHeXWMIeTH 3 TaKOro marepiamny Oynm
BUKOpucTaHi B 1996 p. B bocHii, ie BOHU MMOKa3ay BUCOKY e(eKTUBHICTb.

Omxe, y gpyriit monoBuHi XX cT. B Kpainax 3axignoi €sponu, CIIIA tra CPCP 6yno
CTBOPEHO BUCOKOMIIHI MaTepianu TeKCTUIbHOI OpoHi. BomHouac TpuBanu po3pobka
JI BUIYCK iHIMMX BMJiB OpoHi: momiMepHOi (KOMITO3MTHOI), KepaMi4HOI, IpO30poi,
KOMOiHOBaHOi 6araromapoBoi, OpoHi 3 HaHOMaTepiatiB.
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[ToniMepHa (KoMIO3UTHA) OpPOHSI BUPOOIAETHCS 3 KOMIIO3UTHUX MarepiasiB
(mani - KM). KM - 1e 6araTOKOMIIOHEHTHi MaTepiay, [0 CKIaJaloThCs i3 CynibHOI
OCHOBM (MaTpMIli) Ta AUCKPETHOTO apMYBaIbHOTO MaTepiay.

[IpakTyka BUKOPUCTAaHHA BsDKyumMx eneMeHTiB y KM BuaBmia ixHi ocHOBHI
MiHYCH: BIJHOCHY KPMXKICTb i HU3bKY OIIipHICTb [0 yAaPHUX HaBaHTa)XKeHb. OfHaK I
HEJIOJIIKN IIEBHOX MipOI0 YCYBAIOTbCS BBENEHHAM IO IXHBOTO CK/Ia[ly TEPMOPEaKTUB-
HUX B’SDKy4ux IvactudikaropiB, Hanpukiaj nomisininoyrepany [2, 110]. Bogrodac
TePMOPEAKTVBHI CITOZTYK) MAIOTh HU3bKY BUPOOHUYY BapTicTh i oOpi TexHOMOTIYH]
B/IaCTUBOCTI.

TepmormacTuyHi momiMepu, [0 AKUX HaleXaThb IOMNPOIieH, (QTOPOIIACT,
noikapOoHar, peHisIoH Ta iHIIi, MalOTh TBEPANI IEPBUHHMIA CTaH. [[11 MpOCOYeHHs
apMyBaJIbHOTO MaTepiasy iX po3irpiBaloTs i B pifkoMy cTaHi 3 HUX pOPMYIOTh MaTPUIIIO
KM. 3acTuratoun, BoHa 3abe3medye JOCUTh BUCOKY MiI[HICTb OpPraHOIIACTHKIB.

TepmormacTiyHi B’ Kydi BUABIAIOTH JOCUTDb BUCOKY MIITHICTD IIij] 4ac po3TAry-
BaHHA 11 CTUCKAHH, 10 TOTO )X 33 IOKa3HMKOM Y/IapHOI B'A3KOCTi B 5-7 pasiB nepeBu-
IIYIOTh TEPMOPEAKTVBHI. Yce Iie ja€ IM IlepeBary y BUKOPUCTaHHi /Il BUTOTOB/IEHHA
31b3. Ane MOpiBHAHO 3 TEPMOPEAKTMBHVMMM BOHM Oi/IbII TEXHOJOTIYHI Y BUPOOHU-
1TBi, 60 X /I HbOTO MOTPiOHI BUCOKI TeMIeparypa i TUCK.

Ak 6a4mMo, i B TepMOpPEaKTUBHUX, i B TEPMOIUIACTUYHNX B SDKYUMX € HEJOMIKIA.
[ITo6 ycyHyTHM MiHYCM THX i TUX i ZOMOTTHCS ONITMMA/IbHOTO TOETHAHHS BIACTUBOCTE
OPTaHOIUTACTHKIB, 3aCTOCOBYIOTh Pi3Hi cymimi nomiMepiB, Hampukiaj Kay4yky abo
eIOKCHiB. BBeleHH: X 10 CK/Iafy CIOMTYyYHOTO eleMeHTa 3MiHIOE B’A3KiCTh KOMIIO-
3UTY Ta OAIICTUYHY CTIMKIiCTh. I3 MpaKkTNKYM BUPOOHUIITBA KOMIIO3UTHNX MarTepiasiB
BiZIOMO, 110 MaJIOB’I3Ke B’SDKYde JIETKO IPOCOYY€E TKAaHVHY, 3aIIOBHIOE MiXKBOJIOKOHHI
KaIll/IApY i IiC/IA 3aTBEPAIHHA MPAKTUYHO II/IKOM BUK/IIOYA€ PYX/INBICTh BOTOKOH 1
HUTOK apMyBa/lbHOTO MaTepiany. HaBmaku, 6inbir B's13ke B'sDKy4Ye, 3/IMIIAI0YNCh Ha
IIOBEPXHi apMYBaJIbHOTO MaTepiajy, 3a/1MIIa€e I0ro BHYTPIIIHIO CTPYKTYPY He3B A3a-
HOI0, 1110 Jja€ iil IeBHY pyxMBicThb. 1] 06cTaBMHA CYTTEBO 3MiHIOE OATICTUYHY CTili-
KiCTh OPTaHOIIACTUKIB 1 CIIPUYMHSIE PO3KUT, 110TO OTICTUYHNX BIaCTUBOCTEA.

Y CBiTOBIN IpaKTUII TAKMI HEMOMIK CTaB yCYBaTUCA BIIPOBA/KEHHAM Y BUTOTOB-
JIEHHA CIeliaJIbHMX TeXHOJOTIN, AK-0T miB4acTa. IIpy Hiit apMyBanbHa CTpyKTypa
dbopMyeThbCs Y BUIIAAI CIIellia/IbHUX JIMCTIB, HAKTaJJeHNX OfVH Ha OfVH IIiJ] IpAMUM
KyTOM i (pikcoBaHMX 3a JOIIOMOTOIO B sDKYYOTO. Bif KiTbKOCTi CK/TaZieHuX ICTIB 3aste-
XUTH OaTicTMYHA CTIiVIKiCTh MaTepiany, a ii mapaMeTpy Jar0Th 3MOTY HOCATTY Heooxif-
HIX napaMeTtpiB KM.

Taxa TexHosmoris, Hanpuknag, 6yna pospo6bnena y 2010-x pp. HigepIaHJCHKOIO
¢dipmoro «DSM» i orpumarna Ha3By «Ilvnp» [2, 121]. 3axncHi matepianmu niei komnanii
BifoMmi ITify TOproBoro Mapkoo «Crekrpa lnipy» i BUKOPUCTOBYIOTHCA JOCUTD IINPOKO
y Ipo1ieci BUTOTOBJIEHHS KOMITO3UTHOI OPOHi.

Y Ti cami poku 3HaYHOTO TPOTpecy OY/I0 HOCATHYTO B Taly3i CTBOPEHHA Kepa-
MiuHMX MaTepiamiB. [lo HUX Ha/meXXarb i MaTepianu, OTpUMaHi CcrikaHHAM abo rapsi-
YyM IIpeCyBaHHAM IIOPOLIKiB MiHEpaJbHUX pe4YOBUH. TaKMMU IOpPOLIKaMU €,
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HAIPUKIaJ, OKCUA, KapOim, 6opua, HITpUA, OKMC amoMiHiIO Ta iHIIi, a TaKOX iXHi
cymimi. Haitmmpine 3acTOCyBaHHA y BUTOTOBJICHHI KepaMikyl MalOTh KapOif kpem-
Hifo Ta 60py, a TaKOXX OKCHJ, MIOMiHil0. IXHi OCHOBHI BIacTMBOCTI IpefcTaBIeH]

B Tabmui 1 [2, 159-179; 9, 375-390].

Tabmuma 1. OcHoBHI i3nKO-MeXaHIYHI BTaCTMBOCTI KepaMiuHMX MaTepiasiB

BractuBocri matepiamy
Marepianm misa iIHi
P A Cepepnsa ; MinHicTh MI.HHICTI’ Mopynb
BUTOTOBJICHHS TseppicTp, i 9ac .
. . . TyCTHHA, KOMIIO3UTY, NPY>KHOCTI,
KepaMiuHOI 6poHi MlIla CTUCKaHHA,
r/cm? MIla I'TIa
MIIa
Kap6in xkpemsiio 3,1-3,3 | 2000-2600 350 2500 380-450
Kapb6ig 60opy 2,4-2,5 | 2800-3200 400-420 - 450
Oxcup amoMiHiio 3,6 -3,9 1200-1500 330-380 2000 270-370

Kap6inn 60py Ta KpeMHiIo mepeBepuIyoTh OKIC aIIOMiHiI0 3a TBEPHICTIO, 10 TOTO
XK MaIOTb MEHIIy Bary, ajie BOHU JOPOX4i y BUPOOHUIITBI, 0co6mBO Kap6in 60py. Tomy
OKJIC a/TIOMiHi}0 BUKOPUCTOBYIOTb IIiJ] 4ac BUPOOHMIITBA OPOHi, KOV 0OMEXYBaTbHUM
YIHHMKOM € BapTiCTh, a He Maca. BogHovac yci 1Ii MaTepiany 3aCTOCOBYIOTbCA IJIA
BUTOTOBJIEHHsI KepaMiyHOi O6poHi. Taka OpoHs ynBidi-BTpUUi IepeBUIIYE 3a 3aXNC-
HVMM BIaCTUBOCTAM MeTajleBy Tiel camoi Baru. ToMy ii BUKOPUCTOBYIOTD /1A 3aXUCTY
SIK BiJ] IIICTO/IETHMX, TaKi Biff aBTOMaTHMX Ta TBUHTIBKOBUX KYJ/Ib MaJIOr0 KaJiopy.

Hanpukinni XX cr. y Bupo6uuirsi 3163 ob6mMerxeHOro 3actocyBaHHs Habyma
IIpO30pa NPOTUKY/IbOBA i IPOTMOCKONKOBa 6poHs. [llupiomy — He cripusiia BUTpaT-
HICTh BMPOOHMIITBA TaKOTO MaTepiamy, TOX JOr0 BUKOPUCTOBYIOTH i3 BilfiCBKOBOIO
METOI0 [/Is BUTOTOBJIEHHsI 3a00pOJ IIOMIOMIB Ta OIIAOBUX BiKOH OpPOHEIIUTIB.
Y umBinbHiN cdepi 11 OpOHS TPUTOAMIACS IS BUTOTOBIEHHS KY/Ie3aXMCHUX BiKOH
aBTOMOOiiB, 6aHKiB, odiciB Tomo. Bumorn mo Hel icHYIOTh Taki: IPOTUKYIbOBA Ta
IIPOTMOCKOJIKOBA CTIMIKICTh, MIlIHICTb, IIPO30PICTh.

Y BIiicbKOBil cdepi AMA BUTOTOB/IEHHA IIPO30pOi OpPOHI BUKOPUCTOBYIOTDH
HeopraHiuyHe #1 oprasiude ckio. Haitbinpie 3actocyBanHs y BupoOHunTBi 31b3
3HAJIIIIO HeOpraHiuHe CUTiKaTHe 11 60pOoCTiKaTHe CKJIO, @ 3 OPTAaHIYHOTO — HOJIiype-
TaHoBe, nonikap6onatHe (gami — [1IKB) i monimeTnnmerakpunatae (gami — [IMMA).
Di3uKo-MexaHiYHi BIACTUBOCTI I[bOTO CKJTa IpefcTaBeni B Tabmumi 2 [2, 204-219].
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Ta6mung 2. Pisuko-MexaHiuyHi BIacTUBOCTI CKIa

) Heopraniune ckino Opranivyne ck1o
BnactuBocri - - - -
CunikatHe | Bopocunikarae | Iloniyperan | ITonikap6onar | IMMA

Iyctuna, r/cm’ 2,5 2,2 1,26 1,12 1,19
Mexxa MILTHOCTI Iif, 90 95 69 60-70 70
YJac po3TATYBaHHS,

MIIa

Meska MilTHOCTI i, 1000 1000 - 80-90 100-106

qac cTuckanug, MIla

CBiT/IIOIPOITyCKaHHS 87 89 80 86 92
(mposopictp), %

3 Tabnu1ii BUIHO, 1110 B HEOPraHIYHOTO CKJIa TYCTWHA YABidi Oinblla, HiXX B opra-
HiyHOroO. Y HbOrO MpMbmM3HoO B 1,5 pasa BuIa Mexa MiIJHOCTI ITijj Yac pO3TATYBaHHA
11 6111 HX y 10 pasis — mif gac ctuckanHA. Tomy y Bupo6uunTsi 3163 Heopraniyne
CKJIO 3aCTOCOBYIOTD IIMpIe. A opraHiyHe — 31e6ibIIoro B 6araTomaposiit Ipo3opiit
OpoHi sk npomixsi mapu IIMMA a6o tunosux I1Kb.

OTXe, HayKOBO-TE€XHIYHMII IIPOTpec y raays3i CTBOPEHHs 3aXMCHUX Marepia-
niB A BupoOHunTBa 3163 imOB MIIAXOM MOMINIIEHHS XapaKTePUCTUK MIITHOCTI 3
OJHOYACHVM 3MEHIIEHHAM Baru. [Jo Takux MarepialiB HajleXXaTb PO3IVIAHYTI BUIIE
BJYICOKOMO/IY/IbHI ITO/IiIMEPHI KOMIIO3UTHI MaTepia/y, BUCOKOMIIIHI MeTajeBi CIIaBu:
OpoHecTasi, TUTAaHOBI i1 amOMiHi€BI Ta OPOHDBOBI CITaBM; BMCOKOTBEPAi KepaMikm
i ckmo. Yci BOHM MaTh 3aCTOCYBaHHA B KOHCTPYKIi OpOHEXIIeTiB i BU3HAYAIOTD
BIUI/B Ha KiHIIEBY OL[IHKY SIKOCTi OCTaHHIX.

KoHcTpykuiss 6poHEeXWMIeTiB IOCTIIHO BJJOCKOHA/IIOBA/IACh, ATANTYIOYNCh [0
HOBMX YMOB. bpoHexuneT nepmmnx NoKo/miHb (aMepuKaHChKi M52 i mepmux 3pas-
KiB o komiekcy PASGT, pociiicbkux cepiit 6b Ta iH.) Manu BeuKy IJIOILY 3aXUCTY
(50-60 nM?), iKa 3abe3nedyBaa Tak 3BaHY TyCKaTiCTh, 00 «depemanraunii» OpoHesa-
XUCT. BoHM OCUTD HafiTHO 3aXMILa/IN i1 Bifl OCKOJIKIB Ta IIiCTONIETHUX KYJIb, ajIe Majlu
CYTTEBI eKCIUTyaTalliifHi i1 TeXHIYHI HefomiKu. JTo TaKuX C/Iifi 3apaxyBaTu: BiICy THICTb
nudepeH1iiioBaHOTO PiBHSA 3aXVCTY /1 3a0pOHBOBOI0 aMOPTH3ATOPA, L0 3HVDKYBAB 61
PiBEHDb 3allE€PEIIKOLHOI TPaBMU; BiICYyTHICTh aHTMPUKOILIETHOIO LIAPY, O 3aTPUMY-
BaB O OCKOJIK, YTBOPEHI IIifi 9ac BJTy4aHH: Kyli; BiICYTHICTb BOJOBiAIITOBXYBaIb-
HJIX IPOCOYeHb ab0 MaTepiaiB, 1o obepirany 6 6poHeXWIeT Bifi HAMOKAHHS; BifCyT-
HICTb CMCTEMM TePMOPETYIIOBAHHS i1 Iepepo3IofiTy Macu OpoHeXXMIeTas Iiedeit Ha
II05IC; 3HAYHe 30i/IbIIIeHHS «ITapasuTHOI MacK» Yepe3 BEMUKY KiJIbKiCTh IepeKpPUTTiB
CYCifIHIX e/lleMeHTiB; BICOKY JIMOBipHICTb MPOPUBY B CTMKaX MiX OpOHee/leMeHTaMu,
0co0/IMBO i Yac 06CTpiy mig KyToM.

Y 6inbIIOCTi TOKaNbHMX BiliH, AK-OT B Ipaky, BUKOPUCTOBYBaIu OPOHEXMIETH
i3 3axucnor mrometo 45-50 gm* Ta macowo 9,5 — 10,5 xr [2, 298]. IIpupopHo, 110
cip 6yn0 3MEHIINTY 3arajbHy Macy eKinipyBaHHS 6iiflis, 30KkpeMa 1 3a JOIIOMOT0I0
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oInrTuMisanii mIomi 3axmucTy Ta Macu b6poHexweTa. [IpakTuka mokasana, o OnTuMi-
3yBaTH IIi XapaKTepUCTHUKI MOXKHA 3aCTOCYBAaHHAM [M(epeHIiflOBAaHOTO IIPUHINITY
B KOHCTPYKIii ocTaHHbOro. CyTh NIPUHIMNITY HOMATANA B 3a0e3IeYeHH] JOCTaTHBOTO
PiBHA 3aXMCTY IO BCili ITomi 6poHeXuIeTa i MaKCMMalIbHO MOX/IMBOTO PiBHA 3aXU-
CTY XUTTEBO BOX/IMBMX opraHiB (mani — JKBO).

Y cygacHuX OpoHeXmIeTax Iomla He nepesuinye 10-12 nm*3a rpygHOIO IpOeK-
IIi€10 i CTI/IBKM CaMO — 3a CIIMHHOIO [2, 299, 300]. OcKinbKu I1I01IIA Ti/la TIOAMHN CTAaHO-
BUTD 6113bKO 2 M?, a Ttomnja mpoekuii JKBO - 6mu3bko 1 m?, o 10-12 gm? mtomi 6poHe-
XMJIeTa 3a06e31edyroTh ix 3axmcT Ha 8-10 %, a Bcporo Tima nume Ha 5 %. 3posymino,
1[0 3a IIVIM IOKAa3HMKOM KOHCTPYKIifA OpoHexxneTa He € HafiliHowo. ToMy B onjiHmi
eeKTVBHOCTI Cy4aCHOTO OpOHEXWIeTa 3aCTOCOBYIOTh IHIINIT KPUTEPiil — JOCTATHI
piBeHb 3aXUCTY, TOOTO piBeHb, IO 3abe3ledye 3aXMCT Ti/la TIOAMHU Bif HamOinbuI
MacoBoro abo HanbinpuI iMOBipHOTO BMAY 3aco0iB ypakeHHA. Sk mokasama mpak-
TVKa BOEHHMX KOHQIKTIB KiHIg XX cT. — moyatky XXI cT., HailiMoBipHimmMu 3aco-
6amu ypakeHHs € ockonky. Ha Hux npunagano nmonan 60-70 % ycix mopaHeHb, IKMX
BilfCbKOBi 3a3HaBa/M Ha MoJIi 6010, a B lesAKuX KoHGIikTax i mie 6inbuie. Hampukap,
i gac BirtHu B Kopei 1950-1953 pp. ockonkosi nopaneHH: B apmii CIIIA ctaHOBM/IN
npn6bmusHo 73 %, a y B’ernami B 1964-1973 pp. — 84 % [2, 299]. Tomy ronosHa BumMora
JIO CyYacHUX OpOHEXW/IETIB — Iie 3abe3neyeHHs 3aXUCTY Oiillg HacaMIieper BiJf OCKOI-
KiB CHapAfliB i rpaHaT. [i O6TPYHTOBYIOTH SIK ONTMMI3aI[i€l0 TUIONIi 3aXUCTY il Macu
OpOHeXWeTiB, TakK i MiHiMi3al[i€l0 KiTbKOCTi 3aXUCHMX e/IeMeHTiB OpOHi.

Y cydacHMX OpOHeXWIeTax 3arajbHa IUIOIA 3aXUCTY 3a0e3MevyeThCcs 3a3BUYail
M AKUMU CTpyKTypamy, a 3axuct JKBO - tBepammu 6ponemnactmHamu. ChOromHi
IIPAKTVYHO B YCiX OpOHEXWMIeTaX BUKOPUCTOBYETHCS TaKVI IPUHINIT KOHCTPYKIIL.

Y 2010-x pp. 6arato 3aKOpJOHHUX KOMIIAHill IToYanm BeCT poOOTHU 3 IOIIYKY
HOBMX cucTeM TepMmoperynanii. @ipma «TPJ» pospobuna cremianpHuil KOCTIOM i3
BOYJJOBaHMMI TeIVIOOOMIHHMKaMy, SKMMU IMPKY/TIOE€ XOJIOfHA BOfa. 3a JOIOMO-
rOI0 K/IaIlaHa 3 TEPMOCTAaTMYHMM KEPYBAaHHAM y HbOMY HiJTPUMMYyBajacA IOCTilTHA
TeMIlepaTypa BOAY, HE3a/IeKHO Bifl 30BHIIIHIX yMOB Ta (pi3sYHOrO HaBaHTAXXEHHS
BoiHa [10, 304]. Otrxe, mpobrmeMa TepMOpery/ALii cTaja BaXX/IMBOI i CKIaHOIO,
0co6/m1BO Koy 6OJIOBI Iil TpMBaNM B YMOBaX >KapKoro K/IiMaTy Ta MigBUIEHOI BOIO-
rocri, AK-oT y B’ernami, Ipaky, appukancpkux kpainax.

Sk 6yno 3a3HaueHO, B YMOBaX Cy4acHO] BilfHM 0O€Lb BUKOPIUCTOBYE 6araToKino-
rpaMoBe eKillipyBaHHs, O SIKOTO HAJIeXUTh i OpoHeXWIeT. Ycs 11 Maca, IOK/IafieHa
Ha IJIedi conpaTa, CKOBYe i cTomiioe. Po3po6HMKY nepinx 6poHeXXWIeTiB irHopyBanm
11eit paxkT i He BUpilTyBasmy po6ieMy nepeposofiy HaBaHTaXXEHHS — IepeMillleHHs
JI0T0 3 II7IeYell Ha iHIIi YacTUMHM Tila. PaltioHaTbHUM IPUITOMOM PO3IIOITY Macy CTajIo
BBEJICHH B eKilipyBaHHs 6iillis CIIenia/IbHOTO M0sICa, 3aKPill/IEHOT0 BHNU3Y OpOHEXU-
7ieTa Ha TaJlil, Ta Pi3HUX MPUCTOCYBAHb I PO3MIllleHHA 1 3aKPiIVIEHHs €/IEMEHTIB
eKimipyBaHHs 110 BCill 30BHIIIHIN CTPYKTYpi OpoHexxmeTa. Takuil puitoM gaB MO3M-
TUBHi pe3ynbraTi. EKcllepuMeHTM IOKa3any, Mo B I[bOMY BUIIAKy Maca OpOHeXu-
7eTa i1 eKilipyBaHH: CTa€ MEHIIOK MTOPiBHAHO 3 peasnbHOI0 Ha 30-40 % [2, 308].
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Orxe, Hanpukinni XX cT. — Ha nmo4yatKy XXI CT. HAayKOBO-TEXHIYHMII IIPOrpec
BUPILITYBaB 3aBJAaHHS CTBOPEHH: YHiBepCa/bHOTO OPOHEXM/IETa, 3pYYHOTO B eKCIITY-
aranii i Takoro, mo 3abesnedyBaB OM 3aXVCT OJHOYACHO BiJ KOMIUIEKCY 3aco6iB
YPaXXeHHSA: OCKOJIKiB, Ky/Ib MaJIOTO Ta BEIMKOTO Kamibpis, iHmmx ¢akropi. OgHax
IIOCBiJ] ITOKa3aB, 110 CTBOPUTY OPOHEXWJIET, SIKUI BiflIOBiaB 61 BCiM LM BUMOTaM
Hapas, HeMOX/MBO. ToMy B po3po6eHHi 6pOHeXMIeTiB epCIeKTUBHIIVIMI BUSBU-
JUCA 1HII HapsAMU: CTBOPEHHA «BY3bKOCIIEIia/li30BaHNX» 3Pa3KiB, NPUJATHUX I
BUKOHAHHS 3aBJJaHb Y KOHKPETHMX YMOBaxX 60110BOi 06CTaHOBKY; AV epeHITiIoBaHHSA
PiBHA 3aXUCTY 3a 30HaMU, IO OpPOHE3aXMCTY I Macy; BIIPOBA/)KEHHA B OpOHEXU-
JIeT 3aXVICTY Bif HeOamicTMYHMX PaKTOPiB ypa>KeHHs TOLIO.

Y mporeci BupillleHHs NTOCTaBIeHMX 3aBJaHb OaraTopiyHa CBiTOBa IPaKTUKa
eKCIUTyaTalil OpOHeXXW/IeTiB CIIOHYKala OKPEeC/IUTH TOJIOBHI BUMOTM 1O HuX. BoHnm
TaKi: KOHCTPYKIIif 3aXMCTy Ma€ Oy T BUKOHAHA 3 BUKOPVUCTAHHAM MOJY/ILHOTO ITPYH-
IV, IPY IKOMY 3MiHa HeOOXiZTHOTO PiBHS 3aXVUCTY JOCATAETHCS MPOCTHM 3aMillleH-
HAM YHiQIKOBaHUX €leMeHTIB OpOHeeTeMeHTiB; OpPOHEXI/IET He Ma€ IOTipUIyBaTH
60710Bi MOX/MBOCTI 6ifis (cTpinATH, IepecyBaTuCs, BUKOHYBATH iHIII Aii) i Mae
IOENHYBATNCA 3 {HIIMMY e/leMeHTaMM eKinipyBaHHs (30pos, CIIOpAPKEeHH:, LI0IOM
TOII0); YOXOJI OpOHEXWIeTa Ma€ paljioHaNbHO 3a0be3MevyBaTy po3MillleHHS e/leMeH-
TiB 0COOMCTOrO eKinipyBaHHA Oillid, 6YTH BOTOTOCTINIKMM, MaT! JOCTATHI lianta3oH
perynioBaHHs 110 ¢irypi it T. iH.

BpoHexxmner - e 3axmcHa CTPYKTypa BiliCBKOBOCTY>KOOBLSA, AKa ONTUMi3Ye
6e371i4 3aXMCHNX, €PrOHOMIYHMX, €KCIUTyaTalliffHNX Ta iHIINX MapaMeTpiB.

Iepena ma nimepamypa:

1. Bpomuexunemu 308HiuHb020 HOCiHHA [Enexmponnuil pecypc]. — Pexcum docmyny: https://
temp3000.com/product-category/bronezhileti-zovnishnogo-nosinya/. - Hasea 3 expana.

2. Ipueopsn B. Mamepuanvl 3aufumuvix cmpykmyp O N0KANbHO20 U UHOUBUOYATLHOZO
6pornuposarus / B.A. Ipueopsan, M.®. Kobvinkun, B.M. Mapunun, E.H. Yucmsakos / IToo
06uy. ped. B.A. Ipuzopana. — M.: PaouoCogm, 2008. - 416 c.

3. Ilonkos C. Ilonumepruie sonoxHucmoie mamepuanvt/ C.I1. Ilonkos. - M.: Xumus, 1986. - 224 c.

4. 3enemckuti 3. ApmuposanHvie NAACMUKU — COBPeMEHHble KOHCMPYKUUOHHbIE Marne-
puanvt / 3.C. 3enenckuii, A.M. Kynepman, F0.A. Topbamkuna, B.I. VMeanosa-Mymiuesa,
A.A. Bepnun // XKypnan poccuiickozo xumuueckozo obujecmea umenu /. V. Mendeneesa. —
T. XLV. -2001. - Ne 2. - 89c.

5. Yenobimuerko O.O. banicmuuni 6unpo6ysanHs 3aco6ié KonexmueHozo i iHOU8i0yanvHozo
3axucmy — 3aeepuieHHs 00CTIOHUUbKOI cmadii iHHOBAUITIHUX NPoeKmie 3 ix cmeopeHHs /
O.0. Yenobimuenxo, O.B. Anexceetko, B.A. Kypban, C.I. Cedos // Hayxa i 060pona. — 2018. -
Ne 1. - C. 49-55.

6.  Caxno B. Konmponv sikocmi — 3anopyxa 6ucokoi epeKmusHocmi 3acmocy8ants 030pOeHHS
ma eiticoxosoi mexixu / B.II. Caxwno // Hayka i o6opona. — 2019. — Ne 1. - C. 54-59.

7. Melkin V. Development of Individual Armor Protection Equipment for Servicemen; Historical
Experience / V. Melkin // The scientific heritage. — 2019. - Ne 42. — Pp. 49-55.

163



164

BIVICBKOBO-ICTOPMYHWI MEPUIIAH. EJIEKTPOHHMI HAYKOBHIT ®AXOBMI XKYPHAJT

8. Om Komvuyeu 0o Keénapa / Ucmopus u nepcnekmusvl paseumus 6ponexunemos [Enex-
mpounuii pecypc]. - Pexcum docmyny: https://sarbaz.kz/ru/history/ot-kolchugi-do-kevlara-
%EF%BB%BFistoriya-i-perspektivy-razvitiya-bronegiletov-17371705/. - Hasea 3 expana.

9. Bbxamnaeap A. Mup mamepuanos u mexnonozuil. /leekue 6annucmuueckue mamepuanot /
A.O. bxamnazap. - M.: Texnocgpepa, 2011. - 392 c.

10.  Baiidax B. KonuyenmyanvHoie 0cHO8bl CO30aHUST cpeOCME UHOUBUOYATIbHOL 3aUiUMbL: MOHO-
epagpus / B.J. Batidak, O.D. baurnos, B.A. 3uaxypxo / 1100 06u. ped. B.I. Muxeesa // Boopy-
scenue. Ilonumuxa. Konsepcus. — 4. 1. - M.: Onuma, 2003. - 392 c.

© Bacunuit MEJIBKMH

HEKOTOPBIE ACHEKTHI CTAHOB/IEHVS U PA3BUTHSA
CPEJCTB MHIVBUIYATLHOV BPOHVPOBAHHO 3AINUTHI

B cmamve paccmompervl 0CHOBHbIe HANPABNIEHUS PA3BUMUST CPeOCE UHOUBUOY-
anvHoli 6POHUPOBAHHOLL 3aUUmbL ¢ OpesHelluUX 8pemeH U 00 Hawux OHell. IIpu amom
OCHOBHOE BHUMAHUE YOeNAeMCS PACKPBIMUI OCHOBHBIX CB0LICME OPOHEBbIX Mamepua-
7108 U KOHCMPYKUULL cpedcms UHOUBUOYAbHOU OPOHUPOBAHHOT 3aU4UMbL, 8 KOMOPbIX
OHU UCNONb306aUCh. Takie NOKA3AHO, YMO OCHOBHBIM CPEOCBOM 3AULUMbL Helose-
KA 0Mm Ny/b, 0CKONKOB, XONOOH020 OPYHCUS ABIAEMCA OPOHeMUnem, 3auumHble Xapax-
MePUCMUKU KOMOPOo20 ONpedensiiomcs ce0licmeamu OpOHesbIx Mamepuanos u ezo
KOHCMpYKUyUet.

Kntouesvte cnosa: cpedcmea unousudyanvHoti 6poHesoti 3aujumel, 6poHexcunem,
6poHesvle MAMepUuanvl, HAy4HO-MmexHU4ecKuti npozpecc.

© Vasyl MELKIN

SOME ASPECTS OF CONSTRUCTION AND DEVELOPMENT
OF MEANS OF INDIVIDUAL ARMOR PROTECTION

The author of the article reveals the main directions of development of personal
protective equipment from ancient times to the present day. The main attention is paid to
the disclosure of the basic properties of armor materials and designs of personal armor,
in which these materials were used. It is shown that the main means of protection of the
person from the influence of bullets, fragments, as well as cold weapons is a bulletproof vest,
whose protective characteristics are determined by the properties of the armor materials
and its design.

Many scientific, technical, reference, historical and other works are devoted to the
creation and development of individual armor protection. But most of them address
general issues related to the technical characteristics of specific armor materials and
individual armor protection, provide definitions of materials and methods of production
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of these materials, and more. But, at the same time, they either do not show scientific
and technological progress and do not reveal its impact on the creation of modern and
improved personal protective equipment, or only mentioned at all.

The article deals with the scientific and technological progress in the field of creating
protective materials for the production of PPE which is sewn by improving the strength
characteristics of these materials while reducing their weight. Such materials include high-
modulus polymer composites, high-strength metal alloys: bronze, titanium and aluminum
and armor alloys; high-strength ceramics and glass. All of them have found application in
the design of PPE and determine the impact on the final evaluation of their quality.

Many years of worldwide practice in the use of bulletproof vests have allowed to
highlight the most essential requirements for them. They are as follows: the design of the
protection must be made using a modular principle whereby changing the required level
of protection is achieved by simply replacing the unified elements of the armored elements;
the bulletproof vest should not diminish the combat capabilities of the fighter (to shoot,
move, perform other actions) and must be combined with other elements of equipment
(weapons, equipment, helmet, etc.); the cover of the bulletproof vest should rationally
provide for the placement of elements of personal equipment of the fighter, be moisture
resistant, have a sufficient range of adjustment in the figure and so on.

In specific examples, the author shows that significant progress has been made in the
development of PPE during the anti-terrorist operation. Comparing the samples of body
armor during the beginning and end of the anti-terrorist operation, the author emphasizes
that in many ergonomic, operational and protective characteristics they were not inferior
to the world standards, and in some respects exceeded them.

Analyzing the process of creating individual armor protection in the period of ATO
in 2014-2017, the author concludes that the most promising is «highly specialized”
bulletproof vests, designed to solve combat tasks in specific conditions, with different levels
of protection by zones, area and mass, with different options.

Keywords: personal armor protection, bulletproof vest, armor materials, scientific
and technological progress.
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