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B MI'TY um. H.D. baymana Obu1a mpeyokeHa TEXHOJOTHS YAbTPACTPYWHOM TUArHOCTUKU
(YCH) marepualioB ¥ U3JENH OOIIET0 MAITUHOCTPOCHUS M PAKETHO-KOCMHUYecKoi TexHuku [1-4]. B
pe3yiabTaTe NPOBEICHHBIX HCCIEIOBaHMM ObUla TEOPETHYECKH OOOCHOBaHA M HKCIEPHUMEHTAIBHO
NOATBEPXKEHA OJIHO3HAuHas CBA3b (PU3MKO-MEXAHMUYECKUX XapaKTEPUCTUK IOBEPXHOCTHOIO CIJIOS
Marepuaja OO0bEKTa KOHTpOJS C MapaMeTpaMH €ro THAPO3PO3UOHHOTO pa3pylIeHHUs YibTpacTpyei
KHUJIKOCTH. DTOT (haKT MO3BOJSET MyTEM aHAIM3a MMapaMeTPOB TUAPOPA3PYILIECHUS TOBEPXHOCTHOTO CIIOS
MarepHaia noiay4aTs HH(POPMAIMIO O €ro SKCIUTYaTallMOHHO-TEXHOJIOTHYECKUX U (PU3NKO-MEXaHUYECKUX
XapakTepUCTHKaX, B YaCTHOCTH: TOBPEKICHHOCTH, TBEPAOCTH, HANPIKEHHO-1e()OPMUPOBAHHOM
coctosHuU U Jp. Ocoboe MecTo 3TOW TEXHOJOTHH OTBOJUTCA ITally TEXHOJIOTMYECKON MOATOTOBKU

MMPOU3BOACTBA U U3YUCHUTIO HCKOTOPLIX MAPpaMETPOB IMMOBECPXHOCTHOT'O CJIOA MAaTCPUATIOB.

OcCHOBBIBasICh Ha TOJIYYCHHBIX paHEe pe3ysibTarax uccieaoBaHuii BosmoxkHoctedr YCJI, Obu10
IPEJIOKEHO HCIOIb30BaTh AUATHOCTMYECKUN TMOTEHIMAl METOAa JJs OLEHKU SKCIUTyaTallhOHHBIX
CBOMCTB KOHCTPYKIHOHHOU Kommo3urmonHoi kepamuku (KKK) [5-7]. AkTyanbHOCTH JAaHHOTO METOAA
00yCIIOBJICHA OTCYTCTBHEM CpPEJICTB HMMHTAIMUA BBICOKOIHepreTndeckoro Bo3zaeiictBus Ha KKK B
1a00paTOpHBIX ycioBHsX. Jl0o CUX MOp MPAaKTUYECKH €IUHCTBEHHBIM JOCTOBEPHBIM METOJIOM OIICHKHU

KayecTBa JaHHOW TPYINIbl MaTepUaloB SBJISETCS MPUMEHEHHE TBepAOTENbHBIX yaapHuKoB. HempocTtatkom
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JAaHHOT'O TPAaAUIIMOHHOTI'O MoAXxoJa SABJIACTCA OIrpaHUYCHUC CTO HpaKTHHGCKOﬁ pcajms3anuun, CBA3aHHOC C
H€O6XOI[I/IMOCTI>IO HaaIn4yusg IDOJIMI'OHHBIX yCHOBI/Iﬁ 3KCH€pHMeHTaHBHOﬁ OLCHKU JSKCIITyaTallMOHHBIX

CBOﬁCTB, BBICOKHME CTOMMOCTHBIC U BPDEMCHHBIC 3aTPAaThI.

HecMmotps Ha Hanuuue psaa NOJOKUTENBHBIX pe3ynbTratoB npuMmeHeHus meroaa Y CJ KKK [7]
OCTAJIMCh HEPEUICHHBIMH BOIPOCHI O0ECIEUEeHUs MIACHTUYHOCTH MHKPOCTPYKTYpBl Marepuaiga B

CPaBHEHMH C TPAJULMOHHBIM METO/I0M (IIPUMEHEHUE TBEPAOTENBHOIO YIAPHUKA).

C 1enpl0 ONTHUMH3ALUM METONUKHU yibTpacTpyiiHoW muarHoctuku KKK Obuin mpoBenmeHb
MCCJIEJOBAHMSI 10 BO3MOXKHOCTHU MCIIOJIb30BaHUS BBICOKOCKOPOCTHOW CTPYHU KUAKOCTU C BKIIFOUEHHBIMHU B
€e COCTaB MHKpPO YacTHIAMH T'PAaHATOBOTO KOHIEHTpara, Hampumep anbMmaniuHa (FesAly[SiOuls),
UMEIOILEr0 BBICOKYIO TBEPAOCTh M PEXKYLIYIO CIOCOOHOCTh. DEHOMEHOJIOTMYECKOE MPEONI0KEHNE
COCTOAJIO B TOM, YTO HaJM4yU€ IpaHaTa B COCTaBE BBICOKOCKOPOCTHOHN MHIKOCTHOH CTPyH MO3BOJIUT
oOecreunTh MOBBIIIEHHE yHOca Marepuana (3po3uio, yHoc Macchl KKK), 3amerHo yMmeHbIIMT Bpems
paspymenuss KKK, obecrieunT Ha MOBEPXHOCTH HAJTMYME MHUKPO YYacTKOB JOMPECCOBKH Pa3pylIaeMoro
o0Opa3ua BCJIEICTBHE BBICOKOCKOPOCTHOIO B3aMMOJAEHCTBUS YAacTHMIl I'PAaHAaTOBOIO KOHIEHTpaTra ¢
IIOBEPXHOCTBIO 00pa3iia Mo MPUHLUIY «TBEPAOE TENO - TBEpJas MOBEPXHOCThY. TakuM oOpas3om, Oyner
JOCTUTHYTO COOTBETCTBYIOIIEE MPHUOIIKEHHE K YCIOBUSAM M ocobeHHocTsM paspymenus KKK,
IIOJIy4a€MBIM B pe3yJbTaTe NMPUMEHEHMs] TBEPAOTEIBHOIO METAJUNIMYECKOro yaapHuka. MckimoueHuem

apnsercss Hanmuyue Ha noBepxHocTH KKK MukpouacTul] yaapHuka U O4eBHAHOE MX OTCYTCTBHUE MOCIE

YCI.
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1 — TBepAOTENBHBIN yIApHUK; 2 — KepaMHUecKasl IIJIaCTUHA; 3 — BBICOKOCKOPOCTHasi abpa3uBHO-

XKHUAKOCTHAsA CTPYs; 4 — COIUIO TMIPOCTPYHHON YCTAaHOBKH.

Puc. 1. Cxembl BO3IEHCTBHS Ha MCITBITYEMBbIH 00pa3ell a) BRICOKOCKOPOCTHBIM YIapHUKOM, 0)

BBICOKOCKOPOCTHOM aOpa3uBHO-KHIKOCTHOU CTpYyeH

http://technomag.bmstu.ru/doc/701307.html 16



http://technomag.bmstu.ru/doc/701307.html

C 1uenpl0 TPOBEACHUS OKCIEPHUMEHTAIBHOTO HCCIeAOBaHUS Bo3MokHocth YCJI ¢
NPUMEHEHHEM THAPOAOPa3UBHON CTPYH SKCIEPUMEHTAIBHBIM METOJOM OBLJIO M3TOTOBIEHO HECKOJIBKO
obpasnoB KKK Ha ocHoBe okcuma amomMuHusa. 3arem Obuia mpoBeneHa e€ YCJI [1-4] BoasHON wH
ruapoadbpasuBHOi cTpysmu (puc. 1 0), a Takke OCYIIECTBICHO BBICOKOCKOPOCTHOE BO3JCHCTBUE C
MOMOIIbIO cTalmbHOrO ynapauka (puc. 1 a). I[Ipuyem mapamerpbl CKOPOCTH CTPYH W yJapHHUKa OBLIN
COM3MEPUMBIMH U BapbupoBanuch B auana3zone 700-800 m/c. C menpio coxXpaHEHUs: CKOPOCTHBIX
napaMeTpoB KOHIIeHTpauus Obuta BeIOpaHa Ha ypoBHe 50 rpammoB Ha 1 nutp. OnHako criemyer
NPENONI0KHTh, YTO JaHHOE 3HAYEHHWE SIBISETCS ONTUMH3HPYEMBIM W MOXXET BapbUPOBAThCS B
JOCTAaTOYHO IIUPOKOM Jauana3zoHe. KpurepueM ONTHMH3AIMA MOXET OBITh KapTHHA MOPQOJIOTHH

pa3pyLIeHus, CKOPOCTh Pa3pyLICHUS U CKOPOCTh YIbTPACTPYH, SKOHOMHYECKAs 1eIIECO00Pa3HOCTh U JIp.

B pesynprare wucciemoBaHMii OBLIM TONMYYeHBI H300pakeHuss ckonoB obOpasnoB KKK,

MIpEICTaBICHHBIC HA pUC. 2-4.

i
‘ &
£

SEMHV, 20.00 kv WD 14,8360 mm CHRAN TESCAM  SEM HV. 20.00 kv WO: 14,6370 mm
View field: 34.72ym  Det: SE Deteclor T View field: 34.72 Hm Det: SE Detector
PC: 1 SEM MAG: 5.00 kx P o

VYyacTku Ha
n3IoMe Hamnpasnernne
MOBEPXHOCTH ABIKCHUL
nocie rugpoadpasuBHOI
B3alMOCIICTBILA CTpyH
C 3epHaMI
rpaHaTa

SEM HV: 20.00 kV WD: 14 BO50 mm MIRAN TESCAN
View field; 17,36 ym  Del: SE Detector 5 pm 1
PC: 11 SEMMAG: 10.00 kx Digital Microscopy mlngn

Puc. 2. Oxcumnas KKK nocine YCJI runpoabpa3uBHoOii cTpyeit
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Puc. 3. Mopdosorust Mecta 3po3uu oBepxHOCTH B pe3ynbrare Y CJl BoasHOM cTpyeit

VY4acTokK
OIIPECCOBKH
MaTepHaIa
Pb

SEM HV: 20.00 kv wD:1l.1mmm

View fleld: 17,36 pm  Del: SE Detector

PC: 11 SEM MAG: 10.00 kx
Fe, Ba, Mg

Fe, Cu

SEM HV: 20.00 kV WD: 14,3110 mm

View fleld: 34.72 ym  Del: SE Deteclor
PC 11 SEMMAG: 5.00 kx

Puc. 4. Mopdonorus ckona KKK mnocne BBICOKOCKOPOCTHOTO BO3/ICHCTBUS CTAIBHOTO YIapHHUKA

[TonydeHHbIE nNaHHBIE TMO3BOJWIM YCTAaHOBUTh, YTO OIKMCAHHOE BBINIE (EHOMOHOJIOTUYECKOE
MPEANOIOKEeHHEe ObLI0 BEpHBIM. [Ipu 3TOM OCHOBHOW OCOOCHHOCTBIO HCMOJB30BaHusA mpu Y CJI

rupoadpa3suBHOM CTpyH B3aMEH YHCTO BOJASHOW SBJSETCS HAJIWYHE HA IOBEPXHOCTH YYacCTKOB
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nonpeccoBku KKK, xkoTopsie oTCYTCTBYIOT Ha puc. 3 U MpeAacTaBieHbl HA puc.2. s HarIsiAHOCTU Ha
puc. 5 mpencraBieHsl uzoOpaxenus o6OpasnoB KKK, moaBeprHyTbIX BO3AEHCTBHIO yIapHUKA H
ruapoadbpasuBHor  ctpyu. Ilomumo »storo wucciaemyembrii  oOpaszenr KKK mocnme BosnmericTBus
TUAPOaOdpPa3UBHON CTpyH OBUT pa3pe3aH MOJHOCTHIO MO Bcell Tommumuae mMatepuana (10 mm), a obpaszer,
MOABEPTHYTBI UAarHOCTUYECKOMY BO3JCHCTBHUIO YMCTOM CTPyeM BOIBI HUMEN CIEObl  3PO3UHU
MOBEPXHOCTHOTO CJOs Ha IiIyouny mnopsaka 1-3 MM. Pexumbl paOoThl THAPOTEXHOIOTHYECKOTO

o0opymoBaHus B 000MX CiTydasX ObLTH OJJUHAKOBBIMHU.

SEMHY: 20.00 kV WD 14 6370
View field: 34.72 pm Det: SE Detecler 10 pm
PC: 11 SEM MAG: 5,00 kx Dighal Mierascopy Imaging I

oot o101 ] uemanTESCAM
Wiewfeld: 17.36 pm  Del: SE Detecler 5 pm i
PC: 1 SEM MAG: 10.00 kx Digial Microscopy Imwlngn

Puc. 5. ConocraBnenue mopdomnoruu nosepxuocti KKK mocie ncnons3oBanus ynapHuka (cieBa) u

TUApPOoaOdpa3uBHON CTpyH (CripaBa)

Takum 00pa3om, MOXHO cJeiaTh BBIBOJ, 4TO NpuMmeHeHuWe B kadecTBe cpenctBa YCJI KKK
ruipoabpa3suBHON CTpyn Oosiee MEpCHEeKTUBHO B CPaBHEHUHU C BOJSHOM cTpyeil. [Ipu 3ToM HeoOxomumo
OTMETHTb, YTO TEXHOJIOTHUYECKOE 00opynoBanue, npuMensemoe 1 Y C/l HOTHOCTBIO alanTHPOBAHO IS
000MX BUJOB CTPYH M He TpeOyeT KaKuX JIMOO IOMOIHUTENbHBIX MoJaepHu3anuil. [Ipu sToM cymecTByer
BO3MO)KHOCTh BKJIIOUEHHS B COCTaB T'HIpOaOpa3sWBHON CTPYHM YacTHI] MOPOUIKOB METAJIOB, KOTOPBIC
TPAAWIIMOHHO HCIHOJNB3YeTCs B TPOU3BOJACTBE CTAIBHBIX YJAPHUKOB, YTO, IO BCEH BEPOSITHOCTH,
00eCTeynT MOJHYI0 HAEHTHYHOCTH MOP(OIOrUM MOBEPXHOCTH B CPAaBHEHHH C TOBEPXHOCTHIO IOCIIE

BO3JCHCTBUM yIapHUKA.

BaxHo moa4yepKHyTh, YTO JIJI JUHAMUYECKUX METOJOB OLIEHKH 3KCIUTyaTallMOHHBIX cBOMCTB KKK
CTaTUYCCKHUEC MCTOIbI I/ICHBITaHI/II\/'I [8] HEC ABIAIOTCA B3aUMO3aMCHAIOIMWMHA U aJCKBATHBIMU, HOCKOJIBKy,
KaKk OBUIO YCTaHOBIEHO, MHKPOCTPYKTypa IOBEPXHOCTH TIOCIE BO3JCHCTBUS yAapHUKA WU H3JI0Ma,
MOJIYYCHHOTO CTaTHYECKUM METOJIOM, MPUHIIMITHAIIBHO OTJIMYAETCsA. ITOT (PAKT B I[€JIOM TOBOPHUT O TOM,
YTO TPATUIMOHHBIC MpoYHOCTHBIE XapakTepucTuku KKK, momydeHHble TpagulMOHHBIMH CTaTHYECKUM
METOAaMHU I/ICHBITaHI/II\/'I O6p3.3].[OB, HCJIB3s HUCIIOJNIB30BATh AJIsI OLCHKU AWHAMHWUYCCKHUX CBOfICTB I[aHHOﬁ

rpynmnsl MarepuanoB. HeoqHOKpaTHO ObUIO OTMEUEHO, YTO OOpaslbl C BBICOKUMH TNPOYHOCTHBIMH
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XapaKTCPHUCTUKAMU, YCTaHOBJICHHBIMHA CTaTUYCCKUMU METOOdaMU, 3a49acCTyro IIOKa3bIBAaKOT
HCYHAOBJICTBOPUTCIIBHBIC PC3YJIbTATHI IIPU MOBCACHUN HATYPHBIX HUCIBITAaHUH. OI[HOI>'I N3 NpHUYHUH 3TOro0
SIBJISICTCSI BBICOKODHEPTeTUUECKasi KapTHHA BOJHOBBIX BO3MYIIEHUH, Bo3HUKaromas B oobeme KKK mpu
BO3JICHICTBUM yAbTPACTPYH WM yIapHHUKA U CPABHUTENILHO OTCYTCTBYIOIIAS MPH CTATHUECKOM, HAaIpuMep

U3TUOHON Harpys3Ke.
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The article considers a possibility to use the ultrajet diagnostics methods for definition of ceramics
operational characteristics at the stage of production. The ultrajet technology means a complex of
processing methods or research of constructional materials, which are subjected to the high-speed compact
stream of liquid. In particular, the article considers the test method of the constructional ceramics used as
a means of an armored protection, which means the influence of an water ultrajet flowing out at high
speed (800 m/s) from a nozzle with a diameter of 0,1 mm. By quantity of the ceramics, which has been
taken away from a zone of ultrajet influence, the article draws conclusion concerning the operational
properties of a studied sample of ceramics. Apart from a widely used method of ceramics shooting, this
way allows us to obtain information on a studied armor without using special equipment (the ballistic
stand). However, the goal of the offered way is to obtain information on operational characteristics of a

sample at the stage of production, the subsequent tests using shooting thus are not excluded.

The possibility to use the ultrajet diagnostics methods as an addition to shooting is revealed from
results of the experiments made with samples of ceramics after three types of tests such as shooting using
a rigid drummer, ultrajet impact on a sample (including that of with using abrasive particles available in
liquid), and static loading tests of samples. By results of each type of tests the misrostructure analysis of
demolition zone of samples was carried out. The analysis has shown a similarity of a microstructure of

dynamic influence zone on the samples subjected to shooting by the rigid drummer and an ultrajet
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(including that of with available abrasive particles). Thus, at static tests the demolition zone was
essentially different in microstructure from the samples under dynamic trials. So, the conclusion was
drawn that the ultrajet diagnostics method is admissible for use in retrieving more information about a

sample at the stage of production.

Publications with keywords: test, ultra-jet, striker
Publications with words: test, ultra-jet, striker
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