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AHHOTAN NS

Beedenue. KoMmo3nMIMOHHbIE MaTEpPHAIBl SBISAIOTCS OCHOBHBIM CIIOCOOOM YMEHBIICHHS MacChl KOHCTPYKIHMH
JIETATEIbHOTO amlapaTa U MOBBIMICHHUS €T0 JIETHO-TEXHUYECKUX XapaKTePUCTHK. MeToIbl Hepa3pymaromero KOHTPOIIs
TIO3BOJIAKOT OLCHUTH TEXHUYCCKOC COCTOSHUE KOMITO3MIHMOHHBIX MAaTCpHUaAJIOB, a TAKXKE ONPEACINTH KOHLICHTPATOPHL
HanpspKeHWH B HUX C IIEJBI0 MPUHATHS PEHICHHs O AajbHEeHIIeH SKCIUTyaTalliy JaHHOTO 00beKTa KOHTpois. B pabote
TIPEACTABIICH aHAJIHU3 MPUMEHEHHS KOMITO3UIIMOHHBIX MaTePHaJIOB B KOHCTPYKIIMH JIETATEJIFHBIX alNapaToB U CIIOCOOBI
TOBBIIICHUA HMX JIETHO-TCXHUYCCKUX XaApPaAKTCPUCTHUK 3a CYET MNPHUMCHCHUSA KOMIIO3UTOB. Omnucan aKyCTHUKO-
SMHCCHOHHBI CHOCOO OLIEHKH TPEIMHOCTOMKOCTH Ha OCHOBE WHBAapHaHTOB. Llenblo uHccieqoBaHMs SIBIISUIOCH
TIOBBIIIIEHHE TOYHOCTH W OIEPATHBHOCTH OLEHKHM TPEIIMHOCTOMKOCTH KOHCTPYKIMH JIETaTENbHBIX ammapaTroB M3
KOMITO3MIIMOHHBIX MaTEpPHAJIOB 33 CUET IPUMEHEHHS aKyCTHKO-DMUCCHOHHOTO METO/1a HEPa3pyIIatomero KOHTPOJIS.
Mamepuanvt u memoosl. llpuBeneHa HOMEHKIATYpa MPUMEHIEMBIX KOMIIO3UIIMOHHBIX MAaTE€PHAJIOB B JIETATENIbHBIX
ammapaTtax ¥ IIPOM3BEICHO CpPaBHEHHE MX (DPU3MKO-MEXaHMYECKHX CBOWCTB. VIcHonb30BaH aKyCTHKO-3MHUCCHOHHBIN
METO/ Hepa3pyIIAIoIEero KOHTPOJISI KOMIIO3UIIMOHHBIX MaTepHaioB Ha OCHOBE HHBAPHAHTHBIX COOTHOLICHHH.
Pesynomamur uccnedosanus. Pazpaboran croco0d OLEHKU TPEIMHOCTOMKOCTH CHUJIOBBIX 3JIEMEHTOB KOHCTPYKLHUH Ha
OCHOBC MHBApPHUAHTOB aKyCTUKO-OMHUCCUOHHBIX MIPOLIECCOB U HpOFpaMMHO-aHHapaTHBII\/’I KOMIIJIICKC Ha €ro OCHOBC.
Oécyancoenue u 3axntouenusn. IlonydeHHble Pe3yIbTaThl MOTYT OBITH MCIIOJIB30BAHBI TIPH OIPEAEIEHHH POYHOCTHBIX
XapaKTEepPUCTUK KOMMO3UIIMOHHBIX MAaTEPHAJIOB aKyCTHKO-IMHUCCHOHHBIM METOJOM Hepa3pyLIAIOUIero KOHTPOJIS IS
MPOBEACHUA OLUCHKN TEXHUYCCKOTO0 COCTOAHUA CHUIIOBBIX 3JICMCHTOB KOHCprKHI/Iﬁ B MAIMHOCTPOCHUHU, CYTOCTPOCHUN
n aBuactpoeHnH. CTaThsi PEKOMEH/IOBaHAa HAayYHBIM COTPYIAHUKAM, 3aHUMAIOIIMMCS pPa3pabOTKOM JeTaTesbHBIX

armapaTos.

KiroueBble c10Ba: KOMITO3UIIMOHHBIE MAaTEpHAbl, JICTATEIBHBIM ammapaT, Hepa3pyalomnui KOHTPOJb, aKyCTHKO-

SMHCCHOHHBIN KOHTPOJIb.
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Abstract

Introduction. Composite materials are the main way to reduce the weight of the aircraft structure and improve its flight
performance. Methods of non-destructive testing enable to assess the technical condition of composite materials, as well
as to determine stress concentrators in them to make a decision on the further operation of this control object. The paper
presents an analysis of the use of composite materials in the aircraft design and ways to improve their flight
performance through the application of composites. An acoustic-emission method for assessing crack resistance based
on invariants was described. The study aimed at increasing the accuracy and efficiency of assessing the crack resistance
of aircraft structures made of composite materials through the use of the acoustic emission method of non-destructive
testing.

Materials and Methods. The nomenclature of composite materials used in aircraft was given, and their physical and
mechanical properties were compared. The acoustic emission method of non-destructive testing of composite materials
based on invariant ratios was used.

Results. A method for assessing the crack resistance of primary structural elements based on the invariants of acoustic
emission processes, and a program apparatus complex based on it has been developed.

Discussion and Conclusions. The results obtained can be used to determine the strength characteristics of composite
materials by the acoustic emission method of non-destructive testing to assess the technical condition of primary
structural elements in mechanical engineering, shipbuilding, and aircraft construction. The paper is recommended to
researchers involved in the development of aircraft.
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BBenenmne. IloBbiieHue neTHO-TeXHUUECKUX XapakTepucTHK (JITX) u cHHkeHHe Beca KOHCTPYKIUH JIeTaTeIbHBIX
anmnapaTtoB NpU COXPAHEHUHM HX JOCTATOYHOW MPOYHOCTH M >KECTKOCTH SBIISIETCS OCHOBOIOJArarouled 3agaueid B
aBuacTpouTenbHol obnactu [1, 2]. Buenpenune kommo3unuoHHbIXx MaTepuanoB (KM) 4acTHYHO MO3BOJISET PEIIUTH
JNAHHYIO 3a/1a4y.

Pa3pabotunku nerarenpHBIX anmapatoB (JIA) MOCTOSHHO BHEIPSIOT B aBHAIIMOHHYIO TEXHUKY HOBBIC MaTEpHAIIbI
s moBbimenuss JITX w cHwkeHUss Macchl KOHCTpYKIMH. KM TO3BOJSIOT CHU3WTH Maccy Kpblaa, Qrozenska u
onepenus. Bricokue ¢pn3nko-mexanndeckne cBoiicTBa KM MOBBIMIAIOT )KECTKOCTh U MPOYHOCTH KOHCTPYKIIHH.

K ocHoBHbIM mpenmymiectBaM KM OTHOCAT BBICOKHE 3HAYE€HUS YACITBHOW IMPOYHOCTH, KECTKOCTH (MOIYIh
ynpyrocta 130-140 T'Tla), m3HOCOCTOMKOCTH M ycTamocTHoi mpounoctn ' ?[3,4]. K memocrarkam KM otmocsT
TUTPOCKOMUYHOCTh, 3HAUYMUTEIBHYIO CTOMMOCTh, AHM30TPOINMIO CBOMCTB, HM3KYIO YIApHYIO BS3KOCTb, HHU3KYIO
9KCIUTYyaTallMOHHYIO TEXHOJIOTMYHOCTb.

Lenpto wHccnenoBaHuss SIBIASUIOCH TOBBIIIEHHE TOYHOCTH UM ONEPATUBHOCTH OIEHKH TPEIMHOCTOHKOCTH
KOHCTPYKIUH W3 KOMIO3HIIMOHHBIX MATCPUAJIOB 32 CYCT IPUMEHECHHUS aKyCTHKO-IMUCCUOHHOTO (AD) KOHTPOJIS.

Marepuansl U MeToibl. B aBuactpoenuu npumensiercst mupokuii ciektp KM [1, 4] (puc. 1), 3a cuér xoTopbIx
MOJKHO 00JerdaTh BeC KOHCTPYKIHMHA. DTO JOCTHraeTcs MyTeM 3aMEHBI 3JIEMEHTOB, BBITOTHEHHBIX U3 TPAJAUIIMOHHBIX
MaTepuaoB (CIUIaBbl TATAHA U ATFOMHUHMS, cTann), Ha KM.

! [paBuna opraHu3alyMK U NPOBENEHHS aKyCTHKO-3MHCCHOHHOTO KOHTPOJIS COCY/IOB, aNNapaToB, KOTIOB M TEXHONOTHUECKHX TPyOomnpoBoaos. 116
03-593-03 / Tocrexmamsop  Poccum. M.: IIMO  OBT.  2003. 102 c. //  files.stroyinfru @  [caiit].  URL:
https://files.stroyinf.ru/Data2/1/4294816/4294816759.htm (nata obpauienus : 28.09.2022)..

2 Mipanos B. M., Biaco M. D. Meron akyctuueckoit smuccuu / Hepaspymarommii kontposs. Crpasounuk B 8t. T 7. Ku.l. / Tlox obm. pen.
B. B. KimtoeBa. M : MammHoctpoenue. 2006. 340 c.
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— OLEHUTh MPOLIECCHl HAKOIUICHUS MOBPEXICHUH U paspyumieHud KoHCTpykuud u3 KM Bo Bcem amamazoHe
3HAKOIIEPEMEHHBIX HATPY30K;

— OLIEHUTH KauecTBO cepuiiHoN npoaykuuu u3 KM nmyTeM npoBeeHusl IPOYHOCTHBIX UCIIBITAHUH.

B OCHOBHOM BBIZIENAIOT CIEAYIONIHE CXeMbI paspymreHus KM (puc. 1):

| { f f s—

' Il AN

i —
SN
a) 0) 6) 2) 0)

Puc. 1. Cxemsl pa3pymieHIs KOMIO3HIIMOHHBIX MAaTEPHAIOB. @ — HPH PACTSHKEHUU BJOJIb BOJIOKOH; 6 — IIPH CXKATHH BJIONb
BOJIOKOH; 6 — IIPU PacTsKEHUU MONEPEK BOJIOKOH; 2 — BBI3BAHHOE CIIBUTOBBIMU HAIIPSXKCHUSAMHU IIPU CKATUU MTONIEPEK BOJIOKOH;
0 — paccIoeHNe MaTepHana, BBI3BAaHHOE CABUTOBBIMH HANPSKEHUAMHE (PHCYHOK aBTOPOB)

B Hacrosiee BpemMst 0co00e MECTO CPEeAr METO/IOB AMAarHOCTHPOBAHMSI KOHCTPYKIMH OTBETCTBEHHOTO HAa3HAYECHUS
3aHUMAeT aKyCTUKO-dMHIcCcHOHHBIH (AD) meTox HK.

Meton AD ocHOBaH Ha perucTpaluy aKyCTHYeCKHMX BOJIH, M3idydaeMblx npu paspymeHun KM. K ocHoBHbIM
MPEUMYIIECTBAM JaHHOTO MeToa oTHoCsAT [5-11]:

— KOMIUTIEKCHBIH Xapakrep uccinenoanus KM (MexaHuka pa3pymnieHus U akycTHYecKasl THarHOCTHKA);

— peructpanus pa3suBarommxcs negexros KM;

— BBICOKasi YYBCTBHUTEJIBHOCTh K pacTymuM naedekram KM (uyBcTBUTENBbHOCTH AD ammapaTypbl HOpsaKa
1x10°® mm? st TpemuHsl KM npoTshKeHHOCTRIO 1 MKM);

— HCTOJIb30BaHUE HECKOJIBKUX Mpeobpa3oBareiei;

— JAMCTaHIIMOHHBIA KOHTPOJIb OOBEKTOB ITPH 3HAYUTENHLHOM yAaIeHHH OT AD anmaparypsl.

AD B KM mnpexcrasiser co00ii HecTallMOHAPHBIHN CITyYaiHBIN MpoIiece UTYIeHUs YIpyTruX BoyH. Mcxos u3 3Toro,
JUIst 00pabOTKM M aHajIM3a TAaKUX IIPOLECCOB MOTYT NPHMEHSTHCS METOJbI CTaTH4YeCKOW panuoTexHuku. Ha ocHoBe
ITyaCCOHOBCKOTO PacNpeeTIeHNs] BBIIOJIHICTCS W3BECTHOE DABEHCTBO MEXAY MAaTeMaTHYECKUM OXHAAHHEM U
JMCIIepCcHeil KoJimuecTBa COOBITHH B CIy4aifHOM mporecce:

mlx] = D[x] = 2, 1)
rje A — UHTEHCUBHOCTD YMCIIa UMITYJIbCOB Ha 33JJAHHOM MHTEPBaJIe BEIOOPKH.

OTO COOTHOIIEHHE IIO3BOJSET MOCTPOUTH MapaMEeTPHUUECKHe WHBAPHAHTHI, CIPABEUIUBBIE TOJBKO  IUIS
IyacCOHOBCKOTO TpoIiecca, ¥ HAa JTOH OCHOBE OIECHUTh OTKIOHEHHWE AaHAJIM3HUPYEeMOro TIpolecca OT
myaccoHoBckoro [5, 6, 12, 13]:

L = (m[x®] = 3 - m[x?’] - m[x] + (m[x])*) — m[x] = 0. (2)

Bripaxenune (15) MoXeT HCHOIB30BATHCS KaK WHBApHUAHT KOJIMYECTBA MMITYJIBCOB AD Ul ONpeNeeHus] CTeIIeHI
OTKJIOHEHUS TOTOKa AD MMITYJIECOB OT ITyaCCOHOBCKOTO IpH IpoBeaeHuN AD uctbiTannit KM.

Ha ocnoBanum (15) momyunm emie HECKOJIBKO BBIP@KEHHWH ISl OINPEAETCHHUs CTENEHH OTKIOHEHHS I0TOKa
UMIYyIbCOB AD OT ITyacCCOHOBCKOTO:

_ omlx] _ ..
12 - m[x3] - 11 (3)
_ m[x](1-2-(m[x]?)+3-m[x?]) _
I = e -1, (4)

IIpu obpa3oBannu MakpoaedeKTa XapakTePHUCTUKHA ITOTOKOB HMITYJCOB AD CTAHOBSTCS 3aBHCHMBIMH, UYTO
paspylIaeT TUmoTe3y IMyacCOHOBCKOTO MOTOKA M MPHBOAUT K HAPYLICHUIO PaBEHCTB (2—4).
JanHblii monxon peanu3oBaH B nporpamMHo-anmnapatHoM komiuiekce (ITAK) (puc. 2), xoropslii mo3Boiser

UAeHTHOUINPOBATH TPEIIUHONOI00HbBIEe Ae(eKTh B pa3nuunbix KM [12, 13].
ITAK cocTout u3 cieayromux KOMIOHEHTOB!
— mmpoKomnosocHsie mbeoaaranku GT300, padounit muana3zon yactor —100-800 kI 1, pe3oHaHcHas yactora 283 kI
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—yeuwnurens  GT200A, xkoapdunuent ycunmenus — 1-200, mnpemensl JomyckaeMOW — JOMOJHHUTEIBHOM
OTHOCHUTEIIFHOW TIOTPEITHOCTH Kod(duuueHTa mpeodpazoBaHMWsA 1O 3apsAdy B paboueM uamazoHe TeMIlepaTyp
cocraBiaroT oT —40 °mo + 85 °C ¢ morpemHocThi0 + 1 %;

— ALII E20-10 — 6sicTponetictBytommii Moxyns ALl ¢ mammuamem USB mHTepdeiica ams nogxmouerns k 1K,
koToperit umeet 4 kanama AL 14 6ut/10 MI'n ¢ pyakmmelt MynpTHITIEKCHpOBaHus, 16 kKaHAIOB H(POBOTO BBOJA U
BBIBOJIA, coBMecTuMbIe ¢ TTL morukoii, a Takke 2 kanana ITAII 12 out/ +5 B;

— II5BM, BY kabenu.

To4HOCTP W JOCTOBEPHOCTH pErucTpanud W o0paboTku AD o00ecredMBaeTCsi YacTOTHBIMU IapamMeTpamMu
nbe3onatunkoB U AL, koTopsle cornacyroTes ¢ TeopeMoi KoTenbHUKOBa, KOTOpast TIIacUT O TOM, YTO HENPEPBIBHBIIN
CUTHAJI C OTPaHUYEHHBIM CIIEKTPOM MO>KHO TOYHO BOCCTAHOBHTH IO €0 JTUCKPETHBIM OTCUYETAM, €CJI OHU OBUTH B3SITHI
C YaCTOTOU TUCKPETU3AIMH, IPEBBIIAIONIEH MaKCUMAJIbHYIO YacTOTY CUT'HAJla MUHIMYM B JIBa pasa.

B TTAK wucmomesyercs mporpaMMHas aMmIDIUTyIHAs MOporoBas (uibTpamus, a TakXke CHoco0 CTiaXKUBaHHS
PE30HAHCHOM aMIIMTYIBl 3aTyXaHUs HMITyJbCOB Ha OCHOBE NH(POBOTO IHKOBOI'O JAETEKTOPa, ITO3BOJISIONIMN
MOJTYYUTh SKCIIOHCHINAIBHOE CTIXUBAaHIE (POPMBI UMITYIIbCOB AD [UIS OBBIICHHUSI TOYHOCTH MX PETHCTPALIUH.

Jnst KOMIIEKCHOTO aHalli3a B pealbHOM Macmrade BpeMEHH MHOXKECTBa MH(OPMATHBHBIX MTApaMETPOB CHI'HAIOB
AD pazpaboTaHa METOMKA OIIEHKH MHOTOIIapaMeTpHUIecKOoi HH(POPMAINK, OCHOBaHHAsI HA 00bEANHEHUH («CBEPTKUY)
nH(pOpMATUBHBIX MapaMeTpoB AD METOJaMU TEOPHU HCCIIETOBAHUS OTEPALHA.

Pa3paboTanHasi mporpaMMHas peanu3anysi METOAMKHA MMEET CIeIYIOIINe OCHOBHBIE (DYHKUIMOHAJIbHBIC PEXUMBI:
HACTPOUKa, MpOBEepKa (PYHKIMOHHUPOBAHMS, BBOJ OTPAHUYCHHUI M UCXOMHBIX JAHHBIX, HAOJIOCHHE 32 W3MCHCHHEM
Harpy3ok, aedopManuii W OCHWIIOrPaMM HMITYyJIbCOB AD, KOMIUIEKC HH(GOPMATHBHBIX MapamMeTpoB AD W HX
«CBEPTKM» IO KaHaJaM PETUCTPaliM, OIpelesieHHe MECTOIOJIOKEHUS Ne(EeKTOB, OIEHKAa ONAaCHOCTU Ie(EKTOB U
BO3MOXKHOCTH JIaJIbHEHIIIEH 9KCIUTyaTallii KOHCTPYKIIUH, XPAaHCHHUE PE3YIIbTaTOB.

Tak xak AD sBIsE€TCS TACCHBHBIM METOJOM HEPa3pyIIAIOIIETO KOHTPOJA, OAWH IbE30JaTdhK MOXKET
PETHCTPHUPOBATh CHTHAJIBI C OTIEIEHOTO CHIIOBOrO 31eMeHTa JIA (puc. 2 6).

Ot marepunaina, npoQuiIs ¥ TOIIIMHBI UCIIBITYEMbIX 00pa3IloB 3aBUCHUT 3aTyXaHHE YIPYTHX BOJH, YTO OIPENENsieT
KOJIMYECTBO HCIIOIb3YEMBbIX IThe30IpeoOpa3oBaTeliell U pacCTOSHIE MEXy HUMH. 3aTyXaHne CHUTHAJIOB ONpENessieTcs
OTIBITHBIM ITyTEM IPHU MOMOIIM MMHTaTOpa AD CHTHANOB Iepesa MPOBEACHHEM HCIBITAaHHH 00pas3IloB M 3JIEMEHTOB
KOHCTPYKLIUK.

s nokanu3anuu 1eeKTOB 32 OCHOBY ObLI B3ST TPHAHTYJISIIMOHHBIA METO 3'4, 4YTO IIO3BOJISIET ONPEHEIATH B
CHJIOBBIX AJIEMEHTaX KOHCTPYKIIMH MECTOTIONIONKEHUE Ae(DEKTOB B peabHOM MacITade BpeMeH! ¢ TOYHOCTHIO 110 0,1 M.

0)
Puc. 2. [IporpamMMHO-anmapaTHBIH KOMIDIEKC aKyCTHKO-3MHUCCHOHHON THArHOCTHKU: @ — KOMILIEKC B cOope; 6 — pa3MeleHne
JATYMKa KOMITJIEKCa TMPH UCTIBITAHKSX 3JIepOHA JIETATENBHOTO anmnapaTa Ha cTeHe (OoTo aBTOPOB)

PesynbTaTel  umccaemoBaHusi. J[Is  OLIGHKHM JTOCTOBEPHOCTH MPEIUIOKECHHOTO METOJa WHBApUAHTOB H
gyBcTBUTEIbHOCTH [TAK K OlleHKe pa3BHBAIOIUXCS Je(EKTOB ObUTH MPOBEACHBI MPOYHOCTHBIE HCIBITAHUS CEPHU
obpasnoB KM KMV-1B no paspymenus. Harpyska ocymectsisuiack pa3peiBHOM MammHoi PM-1. Ilepen magamom
UCMBITAHUN Ha PACTSDKEHHE 10 pa3pyLICHHs Ha MOBEPXHOCTh 00pa3lia YCTaHABIIUBAJICS MbE30IJICKTPHUUECKUN JaTUUK

® 1B 03-593-03. IpaBuna OpraHW3alMM ¥ TPOBEACHHS AKYCTHKO-DMHCCHOHHOTO KOHTDOIS COCY/IOB, amlapaToB, KOTJIOB M TEXHOJOTMYECKHX
Tpy6onpoBonoB / ['octexnansop Poccuu. 2003. 102 c.

* Hepaspymatouuii konTposb: Cripapounnk: B 8 1. / Tlox o6m. pen. B. B. Kmoesa. T. 7: B 2 ku. Ku. 1: B. 1. WBanos, M. 3. Biacos. Mertox
akyctudeckoil smuccnu. Ku. 2: @. 5. bamumxwmii, A. B. Bapkos, H. A. bapkxoBa m np. BuOpommarHoctmka. 2-¢ m3d., ucmp. Mocksa :
MammnocTpoenue, 2006. 829 c.



Ilonog A. B. u l)p. Akycmuko—smuccuauubtﬁ CHOCOO OUAZHOCMUKU KOHCmpyKlﬂlﬁ U3 KOMRO3UUUOHHbBLX Mamepuailoe Ha 0OCHoee UHeAPUAHM 06

yepe3 CIOH KOHTakTHOW cma3ku (Lluatum) s yaydmieHHss aKyCTHYECKOro KOHTakTa. B xome ucmblTaHMA
PETHCTPUPOBAINCE aKyCTHYECKHE HMITYJIBCHI, BO3HHKaromme B cTpykrype OK mpu co3maHuM Harpy3kd. Yupyrue
BOJHBL AD pErHCTPHPOBAINCH MBbE30JATYUKOM, 3aTEM CHUTHAJ YCHIMBAJCA HPEIYCHIMTENEM, aHaIOro-IudpoBoii
mpeoOpa3oBaTenls TPaHC(HOPMHUPOBAT CHUTHAN B aHAJIOro-H(poBoil BuA A mociexyiomelr obpaborku ma [I9BM.
PesynbraTel m300pakeHsI Ha pHc. 3.
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Puc. 3. Pe3ynbraTel poBeIeHHUS DKCIIEPUMEHTOB JI0 pa3pyLICHUs 00pa3IoB:
a — OCHWUIOrpaMMa UMITYJIbCOB AD MU pa3pyLICHUH MaTPHUIIbI KOMIIO3UIIMOHHOTO MaTepuaa; 6 — OCLUWIIJIOrpaMMa UMITYJIbCOB
AD 1pu pa3pyLIeHUHN BOJIOKOH KOMIIO3UIIMOHHOTO MaTepuaa; ¢ — KpUBas HHBapHaHTa |, 2 — KpuBas Harpy>KeHus: CUIOBOTO
anemeHTa tiaHepa u3 KM; 0 — ociimmuiorpamma AD cuTHala OT Hadalla Harpy3KH JI0 pa3pylieHus oopasia (pUCYHOK aBTOPOB)
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Ha puc.3au6 mnpeacraBieHbl OCIMUIOPAMMBI HMITYJIbCOB AD TIpH paspylIeHUM MaTpUIbl U BOJOKOH
KOMIIO3UIIMOHHOTO MaTepuaia, B KOTOPHIX MAaKCHMaJbHbIE 3HAUCHHA aMIUIMTyAsl (A) AD curHama COOTBETICTBYIOT
pazpymennto OK. Ilpu 3HaveHmsIx ammmutyasl 55 J16 nmpoucxonut paspymerne Matpunbl KM, npu 75 16 — Bomokon KM.

Ha puc. 3 6 m300pakeHa 3aBHCUMOCTh MHBAapHaHTa OT BpeMeHH | (Harpysku). 3eleHas 30Ha XapaKTEepH3yeTcCs
OTCyTCTBHEM Je(ekTa B CHIIOBOM 3JIeMEHTe ItaHepa. JKenTas 30Ha XapaKTepu3yeTcss HEOIAaronmpusTHOM Cpemoi
Harpyxenuss OK, oOpasoBanmem pas3uBarommxcsi AedexkToB (TpemuH, paccioeHuil). KpacHas 30Ha cOOTBETCTBYeT
paspymenutro KMVY-1B.

C 60 cexyHIpl HarpyxeHus npu Harpyske 375 MIla nporcxoauT o6pa3oBaHHe MarucTpalbHOM TpeluHsl (puc. 3 2),
YTO TIPUBOJMT K BBIXOJY HMHBapuaHta H3 3en€Hoil (Oe3omacHOif) 30HBL. JlaHHBIE ycinoBHS cOOTBETCTBYIOT 75 %
paspymatorieit Harpy3ku (350 MITa) 06pa3ioB. JocTOBEpHOCTh MPUMEHEHHSI HHBAPHAHTOB MOATBEPIKAACTCS PE3KUM
YBEJIMYEHUEM aMIUIMTY/Abl ¥ WHTEHCHBHOCTH CHTHaNOB (puc. 3 0), pe3ylbTaTaMH ONTHYECKOrO KOHTPOJIS NpH
UCTIBITAaHHSAX.

[pu nHarpyzke P=500 MIla mpoucxomut paspymenne KM B MomeHT BpeMeHH paBHBIH =80 C, 4TO BBI3BIBAaCT
YMEHBIIICHNE HArPy3KH M aMIUINTYABI aKyCTHYECKHX Koiiebanuii B Marepuane OK.

OOcy:xaenne u 3akJ04YeHus. J[aHHBIH SKCIEPUMEHT OTPAXAET IMPOBEACHHE aKyCTHKO-3MHUCCHOHHOTO KOHTPOIIS
00pa3noB (CHIOBBIX 21eMEHTOB KOHCTpyKIuil) n3 KM KMVY-1B.

Pazpaborannbiii [IAK Ha OcHOBe NpeIUIOKEHHOI'O METO[a WHBAapHUaHTOB MO3BOJISIET ONEPAaTHBHO (B pealbHOM
Macmrabe BpeMeHH) o0pabaThiBaTh MHOTOKaHAIBHYI0 W MHOTIONAapaMeTpHyecKyro HH(popManuio o0 H3MEHEHHH
nH(opMaTUBHBIX MapamMeTpoB AD W ompeaensaTs MectononoxeHue aedexrtoB B KM, oleHHBaTh CTENEHb OMAacHOCTH
ne(heKTOB 1 BOZMOKHOCTh JabHEHIIeH SKCIUTyaTaliui KOHCTpyKuuit [12, 13].

B nepcrextiBe mnpejaiaraeTcs BHeIpEHHE NOAOOHBIX aBTOMATHUECKHX CHUCTEM KOHTPOJS Uil OCYIIECTBIICHUS
JMarHOCTHPOBAHMS KOHCTPYKIMH JICTATENIBHBIX allllapaToB B MOJIETE U ITPH HA3EMHOM OOCITyKHBaHHH.
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