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PA3PABOTKA ITYJIECTOMKNX MHOT'OCJOMHBIX OKOH HA OCHOBE
CAII®HPA /11 YKPAUHCKON BPOHETEXHUKH

ITocTtanoBka mnpodOaeMbl. 3ajaya YCOBEPUICHCTBOBAHHUS KOHCTPYKIHUHM MPO3pad-
HOU OpOHU SIBJISIETCSI UPE3BbIUANHO aKTYyaJIbHOW, TaK Kak €€ MpUMEHEHHE MO3BOJIUT 3HAUYH-
TEJIbHO MOBBICUTH 3alIMIIEHHOCTh OPOHETEXHUKH, TJIe Oy/IeT MPUMEHSTHCS Mpo3payHas Opo-
HS, © YMEHBIINTD €e o0Imuil Bec. OJHOBPEMEHHO MOKET pEIaThCs 3a/1a4ya MO MOBBIIICHUIO
MYyJIECTOMKOCTH IMPO3padyHoil OpOHM OOEBBIX MAIIMH CYXOIYTHBIX BOWMCK, 4TOOBI BBIIEPIKH-
BaTh MoMnajgaHue 0oyiee CHIIbHBIX CPEICTB MOpPaXEeHUs, HAIIpUMep, IMylb Kaiuopom 12,7MM ¢
MetauiokepamuueckuM (WC) cepiedHUKOM.

AHaJIM3 MOCJeHNX JOCTUKEeHNH. B pa3zBUTHIX CTpaHax MHUpa B MOCIEIHUE TOMbI AK-
THBHO pa3padaThIBacTCs Mpo3payHasi OpOHS HA OCHOBE CBEPXTBEPBIX MaTEPHAIOB (ONTHYE-
CKOMl HAHOKEpaMUKHM MarHui-aJlOMMHHEBOM mmuHenu, marepuana ALON u kpucramioB
canupa) [1,2]. Paagom crpan (CIIA, Ppanmus, Yexus, CroBakusi, Poccus) mpoBoasarcs
HUOKP mno pazpabotke 6omee 3¢dHeKTUBHON Mpo3padHoil OpoHH, 001 aromen mpu coxpa-
HEHUHU JIOCTUTHYTOI'O YPOBHS IIPOTHUBOITYJIBHOW CTOMKOCTH MEHBIIEH MacCOM U TOJIIIMHOU, U
0a3upyromIeiicss Ha TPUHITUIIE TOCTPOCHHUSI KOMOMHUPOBAHHON OPOHHM C BBICOKOTBEP/IBIM JIH-
IeBBIM ciioeM. [lepcrieKTUBHBIM MaTepHuasIoM Ul Mpo3pavyHoi OpOHU ABISETCS UCKYCCTBEH-
HBIE MOHOKpHCTaIIHMuecKuil carndup. OnHONW M3 M3BECTHBIX KOMITAHUH, MPEACTABIISIONIUX
pa3paboOTKU B ATOM HampaBlieHuH, siBisetrcst Saint-Gobain (CLLIA).

[Tpu co3nanuu BEICOKOA(PPEKTUBHOM MPO3pAYHO OPOHH MPUMEHSIOTCS TaKXKe IpyTrue
MpO3pavyHble MOJUKPUCTAIIINYECKHEe MaTepuanbl. OTHUM U3 JUAUPYIOLUIUX MaTepuaioB TaKo-
ro pona siBisiercs ALON (oxcunutpup amomMunus Aly3O,7Ns), 3amaTeHTOBaHHBIA apMuen
CIIA. Ero pa3pabotky mposena kommanus Raytheon, a mpousBogut Surmet Corporation
(06e dupmbr u3 CIIIA). ALON mo cBoiicTBaM NpuOIMKaeTcs K JIeWKocanpupy U MOXKET
CIIY)KHTh €My aJIbTePHATUBOU.

[Moxxomammm MaTepranoM JJisi PO3PAYHON OPOHU MOXKET OBITh TAK)KE HaHOKEPAMHU-
yeckas mmuHenb (MgAl,O4), o6manarornias KyOM4ecKor KpUCTANTNYECKON CTpYKTypoit. [1po-
3payHasl WIMHUHEIb IPOU3BOAUTCS METOJO0M TOPSIYEro CIEKAHHUS M M30CTaTUYECKOrO IPECCO-
Banusi (['UII). TTpompliieHHOE TIPOU3BOACTBO INIHHEIN OCBOCHO ABYMSI aMEPUKAHCKHUMH
dbupmamu — Technology Assessment and Transfer u Surmet Corporation.

Hesablo HacTosilIel CTATBHU SBJISETCS OLIEHKA BO3MOXXHOCTH TPUMEHEHHUS MHOTO-
CJIOMHBIX OKOH Ha OCHOBE carndupa Al yKpanHCKONH OpOHETEXHUKH.

OcHoBHasi yacTb. XOTS 32 MOCJIEIHUE TOJbl B IMPOU3BOACTBE BBILIEIIEPEUNCIECHHBIX
MaTEepPHAaJIOB JOCTUTHYTHI 3HAYUTEIbHBIC YCIIEXH, OCTAETCS HECKOJBKO BaXKHBIX MPOOIEM.
Cpeau HUX — IOCTYITHOCTh IIPOU3BOJICTBA, BO3MOXKHOCTh M3TOTABIUBATH U3/ENINs HEOOXOAU-
Mo#i (hOpMBI U pa3MEPOB, a TAKIKE BBICOKAsI CTOUMOCTb.

Panee ObuT0 MoOKazaHo [3], yTo MpUMEeHEHHE candupa 3HAYUTEIBHO MOBBIIIAST KJIacce
3alIUThl OKOH OpPOHETEXHUKH, HE yBETUYMBas BeC W TOJIIMHY KOHCTpyKuud. B HacTosiee
Bpems B MHcTuTyTe MOHOKpucTaimoB HAH Vkpaunsl pa3BUThl METObI BBIpALIUBAHUS KPH-
CTaJIJIOB UCKYCCTBEHHOTO candupa (metoq CrenaHoBa U METOJ TOPU30HTAIBHON HaIlpaBIICH-
Hoit kpuctaum3anuu (I'HK)), uTo mo3BosseT ncnonp3oBaTh 3TOT MaTepyai IpH yCOBEPITIEH-
CTBOBAaHUH CTPYKTYPHI IPO3payHOi OPOHU JIJIsl YKPAUHCKOM OpOHETEXHUKH.
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Candup sBiseTcs YHUKaIbHBIM MaTEPHAIIOM C BBICOKOW TBepA0CThI0. OH XapaKTepHu3yerT-
cs B 3-5 pa3 OoNbIIIeH TBEPIOCTHIO MO0 CPABHEHUIO C YIIPOUYHEHHBIM CTEKJIOM U MOXET 3¢ hek-
THUBHO TPOTHUBOCTOSITH COBPEMEHHBIM ITYJISIM CO CBEPXTBEPABIMH cepiacyHuKamu. [Iprmene-
HHUe carndupa B CTPYKType MpO3padyHOi OpOHH TO3BOJIIET YMEHBIIHMTH MAaccy W TOJIIUHY
OKOH OpOHETEXHHMKH 0€3 CHIDKCHHS HMX IyJEeCTOMKOCTH, YTO OOECIEeYMBAET COOTBETCTBHE
KOHCTPYKIIUU 00pa3noB Oponerexuuku cranaapram HATO (puc.1l). PazpaboTka ycoBepiieH-
CTBOBAHHOW CTPYKTYpHI MPO3PAayHOil OPOHM MOXKET CYIIECTBEHHBIM OOpa30M MOBBICHTH 3a-
IIUTY CMOTPOBBIX OKOH OPOHETEXHHUKH, HAIIpUMep, OT MyJb Katubpom 12,7 mm.

CTeKkNAHHbIN
6poHenakeT

Puc. 1. CpaBHeHre OOBIYHOTO OPOHECTEKIITHHOTO TTAKETA M MPO3PavYHOl OPOHU Ha OCHOBE
carndupa ¢ 0OUHAKOBEIM KJIACCOM 3aIlHUTHI (CIIEBa), pacCTPEISTHABIN OpoHeMoOms "Koryap"
C OKHaMH U3 OpoHecTeka (crpasa)

[enpto gaHHOW PabOTHI SBISETCS YCOBEPIIIEHCTBOBAHWE KOHCTPYKIIMHU IMPO3PAYHOU
OpOHM 111 YMEHBIICHHs Beca U TOJIIMHBI OKOH OpPOHETEXHUKU 0e3 CHMKEHHUS MyJeCTOUKO-
CTH.

Kak u3BECTHO, OCHOBHBIMU KPUTEPUSMHU CONPOTUBIIEHHS] BBICOKOCKOPOCTHOMY yJapy
SIBIISTFOTCSI: 1) TBEPIOCTh M TPEIIMHOCTOWKOCTh MaTepuana; 2) Xapakrep (parMeHTaIuy Ma-
Tepuana; 3) ycnoBHs 3aTyXaHHs YAapHBIX BOJH. Mcxons u3 3Toro Obuid, ChOpMYIUpPOBaHBI
ciemyromue 3aaadn: 1) pa3padoTarh MyTH YIIPOUYHEHHS CaniPUPOBBIX SJIEMEHTOB B CTPYKTYPE
po3pavyHor OpoHH; 2) ONTHMHU3UPOBATh KOHCTPYKIIMIO OpOHEMAaKeTa C LETbI0 YBEITMUYCHHS
MPOYHOCTH U TPEHIMHOCTOUKOCTU OCTaJbHBIX CJIOEB B 3aBUCHMOCTH OT XapaKTepa WX Hero-
CPEICTBEHHOTO B3aUMOJICUCTBUS C IMyJIEH; 3) pacCMOTPETh BO3JCHCTBHE MPOJOIBHBIX U T0-
NePEYHbIX YAApHBIX BOJH Ha MPO3PAUYHYI0 OpOHIO, YCTAaHOBUTH YCIOBHS U pa3padoTaTh KOH-
CTPYKIMIO OpOHEeNakKeTa, 00eCeunBaloNIyl0 MaKCUMaJIbHOE 3aTyXaHUe TaHHBIX BOJIH.

VYnpounenue candupa sSBISETCS aKTyaJbHOM 3a/aueld, TaKk Kak, HECMOTPSl Ha BBICO-
KYIO TBEPJIOCTb, canup SABISIETCA XPYHNKUM MaTepuanoM. Kak npaBuio, TeXHUYECKUE U Me-
TOJIOJIOTMYECKHE ACTIEKThI PEIICHUs STOM 3a7]aui MPAKTUYECKU OTCYTCTBYIOT B OTKPBITOM Iie-
yatu. Pabota o ynpouyHeHuro carndupa Bejgach B JIByX HAIllPaBJICHUSAX: MOBBILICHHE TPEIIU-
HOCTOMKOCTH 3a CYET OT)KUTa 3JIEMEHTOB B PA3JIMYHBIX CpeJax U ONTUMU3ALUS CTEeHH 00-
pabOTKH TOBEPXHOCTH.

B kauectBe candupoOBBIX 3JEMEHTOB IMPO3PAayHOl OpOHM OBUIM BBIOPAHBI KPUCTAIUIBI
NPU3MATUYECKON OpUEHTALMH, I/Ie PACHOJIOkKeHa Oa3uCHasi CHCTEMa JIETKOTO CKOJIbKEHHS,
noJjy4eHHsle kak MetogoMm CrenanoBa, Tak 1 I'HK npu onTumanbHO moo0paHHBIX TpaueH-
Tax TEMIEPATyphl B 30HE POCTA, YTO MO3BOJISIIO MUHUMU3UPOBATh BOSHUKHOBEHNE TEpPMUYE-
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CKUX HamnpspkeHui. CHMKEHHE OCTABIIUXCS BHYTPEHHHUX HAIMPSOKCHHUH B CanUpPOBBIX dIie-
MeHTaxX 00ecreynBaloCh JAOMOJHUTENBHBIM BBICOKOTEMIIEPATypHBIM OTKUIOM B Bakyyme. B
pe3ysibTaTe TaKOTO OT)KUTa MPOUCXOAMT mporecc AudPy3un CTpyKTypHBIX Ne(EeKTOB K IO-
BEPXHOCTH, YTO CHI)KAET BHYTPEHHUE OCTATOYHBIE HAMPSIKEHUS B 00BEME.

N3BecTHO [4], 4TO OKUCIUTEIHBHO-BOCCTAHOBUTEIBHBIN MOTEHIMAT CPEIbl OTKUTA MOMKET
BIIUATH HA MIPOYHOCTHBIE CBOMCTBaA carndupa. [1ocKoIbKy N3HOCOCTOMKOCTh (CKOPOCTh M3HO-
ca) XapakTepu3yeT MPOYHOCTHBIC CBOMCTBA MaTepuasa, ObLIM MPOBEICHBI YKCIIEPUMEHTHI 110
OTIpE/ICTICHUIO BIUSHUS CPEIbl OT)KUra Ha CKOPOCTh m3HOca carndupa. OOpas3isl [uaMeTpoM
13MM, TONMMMHOW SMM OT)KUTalU MPU Pa3HBIX YCIOBUAX. 3aTeM uX oOpabaThiBaiu cBOOOJ-
HBIM WU CBsi3aHHBIM aOpa3uBoM (80...28mkMm) Ha ctanke 3IITT-350M npu ckopocTH Bpaiie-
Hus mmuHAens 100 06/MuH ¢ pa3nuyHbIM HarpyxeHueM. CKOpOCTh U3HOCA KOHTPOJIUPOBATH
C MOMOIIBI0 MHAMKATOpa (LeHa neneHus 1 MxMm). PesynbraTel ucciieJoBaHUM MpUBEIEHBI B

Tabiuue 1.
Tabnuya 1
3aBHCUMOCTb CKOPOCTH HM3HOCa cangupa (MM/4) OT Cpelbl OTKUTA
Tun abpaszuBa CBoOoaHbBII abpa3uB, Ces1i3aHHBIN aOpa3uB,
kKapOuy 6opa N4 ACMS80/63
Cpena omxura Harpyxernex10?, kr/mm’
3 7 11 3 5
Bakyym (Po=1-10" Ila) 1,58 3,205 4,485 8,685 12,793
CO+CO; (Po=1-10"1Ta) 1,5 2,947 3,8 8,25 11,73
Omxur Ha Bosayxe (Po=1-10"TTa)| 1,64 | 3,075 4,41 8,52 12,44
OTxur B NOTOKE BOJIOpOa 1,356 2,53 2,955 7.5 10,98
(mpomyBKa)

[TokazaHo, YTO OKHCIUTEIHHO-BOCCTAHOBUTENBHBIN MOTEHIIHAN CPEJIbl OT)KUTA MOXKET
W3MEHHUTh U3HOCOCTOMKOCTH camndupa B 1,2 pasza (tadum. 1).

W3 Tabauipl BUAHO, YTO HAWMOOJNBIIAS M3HOCOCTOMKOCTH, a 3HAUUT W HAMWOOJbBIINE
MPOYHOCTHBIE XapaKTEPUCTUKU MOBEPXHOCTH, HAOIIOJaeTCs 1Mocie oTkKura B Bogopoae. Ta-
KOi 3¢ (dekT 00bACHAETCS HACHIIIEHUEM MPUITOBEPXHOCTHOM 0bnacTu cangupa aToMamMH BO-
JI0pOia, B pe3yabTaTe Yero MporucXoaAuT o0pa3oBaHNe BOJOPOIHBIX CBA3EH, UTO yBEIHMUUBACT
o0LIyI0 PHEPrUI0 MEKAaTOMHBIX CBfA3eil B pemierke. Kpome Toro, mpoucxoauTt oOpazoBaHue
AKTHBAaTOPHO-BAaKaHCUOHHBIX KOMILUIEKCOB, KOTOPbIE SBJISIOTCS CTOMOPaMH paclpoCTpaHEHUs
tpeuH. Haunyummuit 3¢ dexr yBenuuenuss npouyHocT cardupa HaOIIOAAICS MPHU MOCIEN0-
BaTEJIbHOM OTKHMI€ B BaKkyyMe M Bojopojie. [IpoyHocTs candupa yBennuuBaiach 0osiee yeM
Ha 50%.

Emie Gonee cyniecTBeHHOE BIUSHUE HAa MPOYHOCTH CaripUPOBBIX 3JIEMEHTOB UMEET CO-
CTOSIHUE TOBEPXHOCTH M3JEIHHA. JTO CBSI3aHO C MMUHHUMU3AIUEH NEe(PEKTHOrO MPUMIOBEPXHO-
CTHOTO CJIOSI B TIPOIIECCE MOMUPOBaHUs 00pasioB [4] U, COOTBETCTBEHHO, YMEHBIIICHHEM KOH-
HEHTPATOPOB MUKPOTPEIINH, KOTOPHIE B MPOLIECCe B3aUMOACUCTBUA C MYyJIEH CIyX,aT UCTOU-
HUKAaMU BO3HUKHOBEHUS TPELIHH.

230 Mexanixa ma mawunobyoysanns, 2017, Ne 1



Texnonozis mauunobyoyeans

B pesynbrare uccienoBaHui ObUIO MOKA3aHO, YTO IIyOWHA /1e()EeKTHOTO MPUITOBEPX-
HOCTHOTO CJI0f, KOTOpasi OIpeesyiack METO/IOM TPaBJICHHUS, COCTABIIAET IS MUTH(OBAHHBIX
o6pasnoB — 40....45 MkM, a s monupoBaHHBIX A0 R,=0,05 mxm — 5...7Mxm. [lomydeHHbIC
JAHHbIE  CBUJETENBCTBYIOT O HEOOXOAMMOCTH MpPUMEHEHHS (OUHHUIIHOW  XHMHUKO-
MEXaHUYECKOM MOJUPOBKU Carn(UpOBBIX 3JIEMEHTOB, KOTOPast MO3BOJSET CYIIECTBEHHO CHU-
3UTh KOJMYECTBO MHUKpOLIApanH, 0Opa30BaHHBIX a0pa3MBOM (TaK Ha3bIBAEMBIM aJMa3HbBIN
¢boH Ha TOBEpXHOCTH), N0 MuHUMyMa. CleqyeT OTMETHTb, YTO B TMpoOIlecce XUMHUKO-
MEXaHUYECKOW MOJMPOBKH TaKKe YOMPArOTCs JAONOIHUTEIbHbBIE CTONOPHI TPELIUH (JIUCIIOKa-
II1H ), YTO HE3HAUYUTHJIBHO CHIDKAET TPEIIMHOCTOMKOCTD cardupa.

B pesynbTare mpoBeAEHHBIX AKCHEPUMEHTOB ObUI MOJOOpPaH ONTUMAIBHBIA pEXUM
(UHUIIHON XMMHKO-MEXaHUYECKON MOJIMPOBKU, OTBEUAIOIINNA MaKCUMAIbHOMY TOBBIIICHUIO
IPOYHOCTHBIX XapaKTEPUCTUK carUpOBbIX IEMEHTOB. I paHuIia MPOYHOCTH MOTUPOBAHHBIX
00pa31oB 1nocie oTKura B Bojiopoe Boiiie Ha 60-70%, yeM aHaTOTUYHBIX NUTH(POBAHHBIX.

Crenyromas 3afada — ONTHMH3ALMsl KOHCTPYKIIMK OpOHeNaKkeTa — penajach Kak pac-
YETHBIM, TaK M OMNBITHBIM IyTeM. BcrencTBue CloKHOCTH OMMCaHUS BBICOKOCKOPOCTHOTO
npolecca NIPOHUKHOBEHUS IyJIM B MHOTOCJIOMHYIO Mperpaay NpUMEHSUINCh COBMECTHBIE pac-
YEeTHbIE U HKCIIEPUMEHTaJIbHbIe METO/IbI HcciieoBanuil. [1o pe3ynpTaTam npeaBapuTeIbHOrO
aHaIu3a B3aUMOJICHCTBHA MyJTU C MPErpaaoil ObLTM M3rOTOBJIEHBI HECKOJIBKO 00pas3IoB pas-
HOM KOHCTPYKIMHU (C MUHUMAJIbHBIM U MaKCUMAaJbHBIM 3allacoOM MPOYHOCTH) U MPOBEACHBI
nyneBble ucnbiTanus. [lo pesynbpraraM ucnelTaHuil (10 XapaKTepy U CI0XKHOCTU MOBpEXK/e-
HUS) TIPOBOJMIICS pacueT MPOYHOCTH KOHCTPYKLHMHU Ipo3padyHoit OpoHu. Pacuer mpoBoauics
Ha OCHOBE MaTEMaTUYECKOrO MOJICIMPOBAHUS C YIETOM I'€OMETPUUYECKUX, (PU3UYECKHX U Me-
XaHUYECKHUX XapaKTepUCTHK My (Macca, CKOpPOCTh, AJUHA, TUaMeTp U (popma MepuanaHa,
MOJlyJIb YIPYIOCTH, TPaHUIA IPOYHOCTH WJIM TpaHMIla TEKYYECTH, TBEPAOCTh), a TaKXKE Xa-
PaKTEPUCTUK KaXJOro M3 CJIO0EB MakeTa (MIOTHOCTh, MOJYJb YIPYIOCTH, FPaHUIA MIPOYHO-
CTH, TBEPAOCTh). OCHOBHBIMU KPUTEPHSIMH AJIs pacueTa SBISINCH: 1) yCHIIEHHE NMPOYHOCT-
HBIX XapaKTEPUCTUK OPOHECTEKOJ C OJAHOBPEMEHHOW MHWHMMH3alMen dparMeHTanuu; 2)
MaKCHMaJbHOE 3aTyXaHUE yJapHbIX BOJIH.

B pesynbraTe pacdera Oblia mpeiokeHa OKOHYAaTeIbHast KOHCTPYKILUS OpoHemnaKkeTa
JUISE OKOH OpOHETeXHUKH, COOTBeTCTBYomas kiaccy 3ammutbl CK6 (ACTY 4546:2006). Mot
CUMTaeM, YTO YCOBEpPUICHCTBOBAHHAS CTPYKTYypa Mpo3padyHOi OpOHU MMEET CIeaAyIoIIue mpe-
MMYILECTBA M0 CPABHEHUIO CO CTAHAPTHBIMHU OpOHENaKeTaMu U3 OpoHeCTeKa:

— ONTUMU3UPOBaHHBIE (hopMa U pa3mep car(upPOBBIX FITEMEHTOB, UX COCTUHEHUE Ye-
pe3 [IBb-nnenky yiydmraer npo3payHoCTb U YBEJIMYHMBACT alllcCHUE KUHETHUYECKOU SHEPTUU
IyJIM TPU YBETMYEHHOW IJIOCKOCTH carupoBOro CETMEHTA 3a CUeT yNpyroi aedopmanuu u
paboThl Ha pa3pyllIeHUe, a TAK)KEe CHUXKAET JIEHCTBUE MPOAOIbHBIX YAApHBIX BOJH B carndu-
POBOM CJIO€ U MPENSATCTBYET paCPOCTPAHEHUIO TPEIIUH B COCETHUE CETMEHTHI ATOTO CIIOS;

— 11oA0Op MOAXOAALINX Ka4eCTBEHHBIX MApOK CTEKJIa U MIPUMEHEHHE Ui UX YIpOUyHe-
HUSI METOJIa TPABJICHUS TOBEPXHOCTH BMECTO TEPMO3AKAJIKU CHIXKAeT (parMEeHTAIHIO MaTe-
puaiia 6e3 oTepy MPOYHOCTHBIX CBOICTB;

— YBEJIMYEHHE BIBOE TOJIIMHBI KJIEEBOW MPOCIONKH MEXIY CIOSAMU OpOHECTeKIsa
CHIDKAET JISUCTBHE MONEPEYHBIX YIAapPHBIX BOJH, & YMEHbIICHUE TOJIIIMHBI CI0EB OPOHECTEK-
Ja, COOTBETCTBEHHO, CIIOCOOCTBYET YBEIMUYCHHUIO CKOPOCTH 3aTyXaHUs MPOIOJIBHBIX YAapHBIX
BOJIH, YTO MOBBIIIAET IPOYHOCTHBIE CBOMCTBA BCEM KOHCTPYKILIUHU B LIEIOM;

— NMpUMEHEHHE MOoJIMKapOOHaTa C ONTUMAIBHBIMU MPOYHOCTHBIMH U BSI3KOCTHBIMH
CBOWCTBAMH OOECIIEUMBACT JYUIIYIO 3aLIUTY OT pasjieTa OCKOJIKOB CTEKJIa C ThUIBHOW CTOpO-
HBI OpOHENaKeTa.
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CoBmectHO ¢ corpynaukamu I'TI «XKBM» Obuti mpoBeNeHBI MyJIeBbIe UCIIBITAHUS
NpeUIOKEHHON CTPYKTyphl OpoHemakeTa mpo3padHoil 6ponu pasmepoM 500x500x56mMm ¢
yaetoM TpeboBanuit JICTY 4546:2006 mst kinacca 3anuthel CK6.

PesynpTarhl HCnibITaHUH (pUC. 2) MOKa3anu CleAyIolee:

— OpoHemakeT Ha OCHOBE camupa BBIAEPIKAT WCIBITAaHUS IMYJIEBBIM OOCTPEIOM IO
IyJIECTOMKOCTH;

— 00Jy1acTh MPO3payHOCTU OOpa3lia Mocie TPEX BBICTPENIOB SIBISETCS HEJOCTATOUYHOM
JUIs1 0030pa BOJUTEIO TP IBUKEHUN OpOHEMAIIUHBI.

Puc. 2. O6mwmit Bug 00pasna npo3padHoit OpoHu Ha ocHOBe carupa pazmepom 500x500x56mMm
Io (creBa) u mocie (crpasa) MyJIeBBIX HCITBITAHUH,
npoBeneHHbIX coTpyaaukamu ['T1 « XKBM» cornacuo tpeboBanwmii JJICTY 4546:2006

CrnenyeT OTMETUTh, YTO MTOCKOJBKY JaHHAsI KOHCTPYKITUS €Ille He ONTUMHU3UPOBAHA 110 He-
00XOAMMOM TPO3PaYHOCTH OKHA TOC)Ie 00CTpera, a Takke He MMEeeT JAOCTATOYHOTrO 3araca
MPOYHOCTH ISl 3aITUTHI OT MyJIH KauOpoM 12,7 MM, 4TO TakXkKe SBISETCS aKTyaJIbHOH 3a/1a-
4eid, He0OXOIUMBI JTaIbHEUIIIHE UCCIIETOBAHHS B TOM HAITPABIICHHH.

BBIBO/IBI. 1. [Ipumenenue canpupoBOoro ciiosi B KaueCTBE OCHOBHON COCTABIISIO-
HIeH 3alUThl B KOHCTPYKLHUU MTPO3pAYHON OpOHM MPHUBENET K YMEHBIIEHUIO Beca U TOJIIUHBI
OpoHemnakeTa 0€3 CHIYKEHHS KJIacca 3allHThI.

2. IlpoBenieHHOE YITy4dIlIEHHE MPOYHOCTHBIX XapaKTEPUCTHK Carl(puPOBBIX JIEMEHTOB,
BKJIIOYAIOIIEe TEPMUYECKUI OTXKUT U 00pabOTKY MOBEPXHOCTH, YBEIIUYUBAET CONPOTHUBIICHUE
NPOHUKHOBEHHUIO TOCIEAYIOUINX IMyJIb NpU OclabJeHUH KOHCTPYKIMU OpOoHENakeTa Mocie
NEPBOro MOMaJaHus, YTO JAeT JOMOJTHUTEIbHBIA 3amac MPOYHOCTU JJIsi KOHCTPYKIMH IPO-
3pavHOil OpOHH.

3. YMmeHblIieHne (pparMeHTaluy B pe3yabTaTe NpUMEHEHHOH 00pad0TKN OBEPXHOCTH
OpOHECTEeKOJI He YXYIIIWIO MPOYHOCTHBIE CBOMCTBA JAHHBIX CJIOEB, OJHAKO OoJbiias 00-
JacTh MOBPEXKACHUS TPU TONAJaHUM IMYJUd HE MO3BOJSET COXPAaHUTh HEOOXOAMMYIO 4YacTb
IPO3pPavyHOCTH OKHA JIJIsl 0030pa.

4. IlpuMeHeHue MOJETUPOBAHUS JUIsl aHAJIM3a MOBEJCHUS MaTepuaja Iperpajasl npu
BBICOKOCKOPOCTHOM yZiape MO3BOJIMIIO pa3paboTaTh HOBBIE MYTH PEIICHUS MPOOJIEMBI 110 OIl-
TUMH3AIMHA KOHCTPYKLUH MPO3PAYHOIT OPOHH.
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I'punsb JL.A., Ilputyna 1.M., lypauenko B.B., Koctun 1O.H.
PA3PABOTKA ITVJIECTOMKUX MHOI'OCJIOMHBIX OKOH HA OCHOBE
CATI®UPA JIJISI YKPAMHCKOW BPOHETEXHUKU

PazpabGotana HOBast CTPYKTYpa MPO3pavHOl OPOHU JIE OKOH OpPOHETEXHUKH IO KJaccy
samuthl CK6 (JICTY 4546:2006) ¢ mpruMeHEHHEM CBEPXTBEPIOTO caripupOBOTO CJIOS B KOH-
CTpyKIMu OpoHemnakera. MccnenoBano BIUSHUE YCIOBUN OT)KHUTa Ha TMPOYHOCTHBIE CBOMCTBA
candupa. [Tokazano yBenuueHue nmpoyHocTu Oosnee uem Ha 5S0% mpu ABYX CTAIUIHOM OTKHU-
re B Bakyyme M BojgopoJe. ONTUMU3UPOBAHBI YCIOBUS XMMHUKO-MEXAaHUYECKON MOJIUPOBKU
MOBEPXHOCTHU Car(upOBbIX IUIACTHH Ui MAaKCUMAaJIbHOTO TMOBBIMIECHHS MPOYHOCTHBIX XapaK-
TepucTUK 00pa31oB. [lo pesynbrataM SKCIIEPUMEHTOB M MAaTEMAaTHYECKOTO MOJETUPOBAHUS
poBeJicHa ONTHUMU3aIUsl KOHCTPYKIIMM OpoHEenakeTa Ha OCHOBe camndupa, KoTopas Ha 25-
30% nerye u MEHBIIIE MO TOJIIIMHE B CPABHEHUH ¢ OPOHECTEKIISTHHON KOHCTPYKIIMEH ¢ aHaJlo-
TUYHBIM KJIACCOM 3aILUTHI.

I'puns JL.A., Ilputyna 1.M., lypauenko B.B., Koctun 1O.H.
PO3POBKA KVJIECTIMKNX BATATOIIIAPOBMX BIKOH HA OCHOBI
CAII®IPA JUUIS1 YKPAIHCBKOI BPOHETEXHIKH

Po3po6eHo HOBY CTPYKTYpY IpO30poi OpOHi JJisi BIKOH OPOHETEXHIKH 1O KJacy 3a-
xucty CK6 JICTY 4546:2006i3 3acTOCYBaHHSIM HAJITBEPAOTO carndipoBOro mapy B KOHCTPY-
Kiii OpoHenakety. Jlocmi)KeHO BIUIMB YMOB BiJnanxy Ha MIIHICHI BJacTUBOCTI camdipa. ITo-
Ka3aHO 30UIbIIEHHS MIITHOCTI OinbiI HixK Ha 50% mpu ABOX CTajiifHOMY Biamaii y BaKyyMi Ta
BOoAHI. ONTHUMI30BaHO YMOBH XIMIKO-MEXaHIYHOTO TOJIPYBaHHS MOBEPXHI candipoBUX Ijiac-
THH JIJI1 MaKCUMaJIbHOTO TIBUIIEHHS MIITHICHUX XapaKTEPHUCTHK 3pa3KiB. 3a pe3yiabTaTaMu
EKCIIEPUMEHTIB Ta MAaTEeMAaTUYHOTO MOJICTIOBAHHS MPOBEJCHA OMTHUMI3aIlisl KOHCTPYKIIii Opo-
HemakeTa Ha OocHOBI candipa, sika Ha 25-30% Jermia Ta MeHIa 3a TOBIIMHOIO B IOPIBHSAHHI 3
OpPOHECKIISTHOIO KOHCTPYKIIIEIO 3 aHATIOTIYHUM KJIACOM 3aXHUCTY.

L. Grin', I. Pritula, V. Durachenko, Yu. Kostin

DEVELOPMENT OF BULLET-PROOF MULTILAYER WINDOWS BASED ON

SAPPHIRE FOR UKRAINIAN ARMOURED TRANSPORT VEHICLES

Developed is a new structure of transparent armor for windows of armoured transport
vehicles of SK6 level of protection (DSTU 4546:2006) using super-hard sapphire layer. The
influence of annealing conditions on the strength properties of sapphire is studied. It is shown
that the strength rises by more than 50% at two-stage annealing in vacuum and hydrogen. The
conditions of chemico-mechanical polishing of the surface of sapphire plates are optimized to
achieve maximum increase of the strength characteristics of the samples. The results of ex-
periments and mathematical simulation of the structure of armor packet based on sapphire
have made it possible to optimize the structure of the sapphire-based armor packet and to re-
duce its weight (by 25-30%) and thickness in comparison with those of armor glass packet of
the same level of protection.
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