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OBHIAA XAPAKTEPUCTUKA PAEOTBI

AKTyaJlbHOCTh TeMbl. MHorocioittas TkaHeBas INIaCTHHA IIpH JIMHAMHYECKOM
JIOKaNbHOM HArpy>KeHMM Kak pacueTHas CXCMa MOXKCT COOTBCTCTBOBATH HIMPOKOMY
CNeKTPY OOBEKTOB — OT KOPMYCHBIX 3MEMEHTOB TPAHCIIOPTHBIX KOHCTPYKUMH A0
CPEACTB MHAMBHAYanbHOIo Oponuposanus (CHB uaM OpoHCeKMIETOB) pasfiMuHbIX
ypoBHe# 3amuthl. B [TOCT P 50744-95 npeacrasieno 10 ypoBHER yrpo3sl, KOTOPBIM
COOTBETCTBYIOT pazinuHbele 1o kouctpykuuu CHUB: nerkue (1 n 2 xnacca), npeacras-
nsrolMe cof0ol CMOUCThIE TKAHEBBIC MIACTHHBI PA3IUYHOA TOJIIMUHEL, U KOMOHHUpPO-
BaHHBIe (0T 3 10 6a Kiacca), B KOTOPbIX CAOMUCTAs TKAHCBAA IIACTUHA YCUIICHA ¢ NHle-
BOIt CTOPOHBI XECTKMMHU 3ICMECHTAMH M3 McTaia uial kepamuky. CoBpeMeHHBIe TeH-
JIEHLIHH NpoeKTUpoBaHuA KoMOunuposantbix CHDE BhICOKMX ypoBHe# 3aummTel Tpely-
10T, 4TOOBI METANI UMM KepamuKa [pOOUBAJIUCE, HIPWIYINIAA HIH pa3pyllas CepAcUHH-
Kd MyNls, CHIDKANM MX CKOPOCTb [0 YPOBHSA, COOTBCTCTBYIOUIErO HaJIeXHORK paboTe
TBUIBHOR TKaHEeBOH mnacTaHbl. Takum 006pa3om. TKaHCBLIE MIACTHHBI, KaK BaKHBIH
3JIEMEHT KOHCTPYKLMH, TOTDKHBI 00CCIICUUTE OJIMHAKOBO JIOTYyCTUMOE TPaBMUPOBaHNE
Tena venoBeka B CUDB mobbix ypoBHCEH 3a1uMThl, KOTOPOE 11IPH CTaHIAPTHBIX WCTIBLITA-
HUSX OIIEHUBAIOT MO AeOpPMalMH TKaHEBOH IIACTUHBI — rTyOHHE cliella B PEeTUCTPH-
pymoledi cpese (TeXHUYECKOM ITAaCTHIIMHC C ONPC/C/ICHHBIMU CBORCTBAMN).

B nerxux knaccax CHUDB rpyiHas ¥ cnunbas (1acThHbl COJICPXAT HECKOJILKO Jle-
CATKOB CJIOEB BbICOKOMPOUHBIX TKaHCH pasjiiuioro nepeiiicTeHus (capxa, CaTu, no-
NOTHO W ap.). HarpyeHue TKaHEBBIX IUIACTHH MPOUCXOJUT MHJICHTOPAMH (MyJAMH,
OCKOJIKAMH), OTMYAOIMMUC GopMoii (OCTPRIF WM NPUTYIUICHHBIA HOCOK), Kanub-
POM, AAMHOW, CKOPOCTBIO COYAAPEHUA, YITIOM MEXJLy BEKTOPOM CKOPOCTH M HOPMAJIbIO
K TOBEPXHOCTH, KOOPAMHATAMH TOYKH yiapa U jp. Bce 2Ty (akTops! MOTYT CyliecT-
BEHHO BIMATH Ha MIPOYHOCTb TKAHEBbLIX IUIACTHH W YPOBCHb TPABMUPOBAHUA Tesa ue-
JIOBEKA.

IIpu jl0KanpHOM y/ape B TKaHCBOH MIAcTHHE BO3ZHMKAIOT CIIOXKHBIE PU3MUYECKHe
ABJIEHHA. JMHAMHYECKOE JePOPMHPOBAHME C PacHPOCTPAHCHHCM YIapHBIX BOJH,
Oonpiune nporubsi, oOpa3oBaHie M HCYCIHOBEHHE MHOXKCCTBCHHBIX (PPHKLMOHHBIX
KOHTaKTOB, BHITATUBAHKE U pa3pylilleHHe HUTCH 1 jip. BCe 2TO CylHecTBEHHO 3aTpyAHA-
€T TeOPeTHUYECKHH aHanMu3 npob:IeMbl JOKAILHOrO YAaPHOI'O B3aMMOMAEHCTBUSA TKaHe-
BOH IUIACTHHBI ¢ MHACHTOpOM. [lo3ToMy B Hacrosllce Bpems IpU pa3paboTke HOBbIX
KOHCTPYKUMHA MHOrOC/HORHBIX TKAHCBBIX IUIACTHH, OTJIMYAIOMIMXCA MeHBIUCH MacCoM,
BBICOKOM HAaIEeXHOCTBIO, OLIHPAIOTCA, B OCHOBHOM, HA HATYPHbIH MHOrodakTOpHBIH
OKCMEPUMEHT, HTO MPUBOIUT K YIUIMHCHUIO CPOKOB 1IPOCKTHPOBAHUA M YBCINYEHHIO
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CTOMMOCTH 3Tana NOBOAKM (M U3ACAUA B LEJIOM), He [TO3BOJIAET BEIABUTL BIMAHHE pa3~
JAMYHBIX PaKTOPOB HA IPOYHOCTH H YPOBEHbL TPABMUPOBAHUA.

OUHAKO UHTEHCHUBHOE PAa3BUTHE BBIYHCINTEILHOH TEXHUKH, TIOABIIEHHE CYNEPKOM-
IBIOTEPOB B MOCIIEAHUE FOJIb], AeJIaeT BO3MOXKHBIM PELICHUE BCe Gollee Ci1oxHbIX 3amay
JMHAMKKK 1eOPMUPOBAHHSA ¥ Pa3PYLIEHHs MHOFOCIOHHBIX TKAHEBBIX IIJTACTHH Ha OC-
HOBC YTOYHEHHbIX PAaCUETHBIX MOje/eH, 3heKTUBHBIX YUCAEHHBIX METOAOB U COBpe-
MCHHbIX ajirOpUTMOB 11apALUICHBHBIX BRIYMCHAeHUH. Bce 3To ONpeaciieT aKTyalab-
HOCTBH JJaHHOH paboThl, MO3BONSAA CMECTHTh LIEHTP TAXKECTH UCCIeqoBaHMA B o6macTs
MaTeMaTH4eCKOI0 MOJCNMPOBAHMUS MHOIOCIONHHLIX TKAHEBLIX MACTUH, YCKOPEHMs
ilpoliecca aHauu3a M 0TOGOpa BAPHAHTOB, OCTABUB 33 SKCIIEPUMEHTOM JMIUbL dTarn ¢u-
HaNbHOM OLEHKH NIONY4EHHOrO NEepCreKTUBHOrO NPOEKTa.

Hens wucciegoBaHus 3akoyaeTcs B paspaboTke pacHEeTHBIX MOAENEeH MHOTro-
CIIOMHOMN TKaHEBOH MJIACTUHBL UIA HUCIICHHON OlleHKH ee aedopMHUPYeMOCTH M Mpod-
HOCTH IIpH JIMHAMHYECKOM JIOKAJIBHOM Harpy>keHHU C HCIO0JIE30BAHHEM CYTIEPKOMITb-
IOTEPHBIX BHIYHCICHUH.

Hayuuasi noBusua paborsi.

1. Brepsble pa3paboTanbl MaJIONIAPaAMETPUYECKUE MOJAENH [ILUIOCKHX TKaHEBBIX
CTPYKTYD, OTIHHAIOUIMECA YYETOM XapakTepa MepefuieTeHNs HUTER ¢ BO3MOXKHOCTBHIO
00pa3oBaHHA PPUKLHMOHHBIX KOHTAKTOR K GONBIIMX OTHOCHTENBHBIX CMELEHHI HUTEH,

2. Iloka3zana BO3MOMXHOCTb MCMO/IL30BAHUA MOAENH OPTOTPONHON IMNACTUHEI C 04-
HOH TOYKOH WHTErpHUPOBAHHMSA MO TOJIIKHE, C MANBIMU [10NEPEYHO-CABUIOBLIMU CBOM-~
CTBAMH AJIsi 3aMEHbl aPaMUIHON HHUTH B COCTaBe IUIOCKOH TKAHM M €€ paspylieHus 1o
KPUTEPHIO HAHOOJIBIIETO PACTATMBAIOIIETO HAMPIKEHHA.

3. Iloka3ana BO3MOXKHOCTb UCFONB30BAHMA MOJENH YNPYTONIacTUYECKOro Tena ¢
npefie)IoM TEKYUYECTH, 3aBUCAIUMM OT CKOPOCTH HArpyKeHUs Jnd 3aMEeHbl TEXHHYECKO-
ro NAaCTHAKHA (PETHCTPUPYIOWIEH Cpe/ibl, IMUTHPYIOIEH PEaKIIMIO Tefa YelloBeka Ha
JIOKaJIbHBIHA YAap).

4. ITokazaHa BO3MOXKHOCTb 3aMeHb! PEAIbHON MHOrOCIOHHON TKAHEBOH UIaCTHHBI
3KBUBAISHTHON I1ACTHHON ¢ MEHbILUM YHCTIOM CJIOEB MIPH OLEHKE €€ NPOYHOCTH IIpH
JIOKATBHOM Yilape, M NPEUI0KCHBI HOBBIE CIIOCOOb! JEKOMITO3UIUMK 3a1a4H IPH €€ pe-
LIEHUH Ha MHOTOfIPOLECCOPHbIX CHCTEMAX.

JlocTOBEPHOCTL PE3yNLTATOR U BHIBOJOB B paGoTe OOOCHOBLIBAETCS COMOCTaBHE-
HMEM YHCIICHHBIX Pe3yJIbTATOB C U3BECTHBIMU TEOPETHYECKUMH M C 3KCIIEPHMEHTAb-
HbIMU RAHHBIMH. [IPUMCHEHMEM aNpPOOHPOBAHHBIX HUCHCHHBIX METOAOR W [AKETOB
IIPUKJIA/IHBIX [IPOTPaMM.



IIpakTHYecKasi 3HAYUMOCTh paboThl. PaspaboTanHble B AHCCEPTALMHM MOIENH H
MeToApl pacyera AeOpMUPYEMOCTH K [IPOYHOCTH LIPH JIOKANLHOM YAApe TKaHEeBOH
TUTACTHHEI TO3BOJIAOT NPOBECTH AETATbHbIA aHAIM3 U1 BbISBIICHHA Hanbosiee BaXKHbBIX
($axTopoB, BIMAIOLIHNX Ha >PPCKTUBHOCTL 3aUIMTHI; ONECPATUBHO OUEHHUTL BEIMUYHHY
GaTNCTHYECKOTO MpeAena TKaHeBOH I1aCTHHBI, ¥ Jlarh OLICHKY YPOBHA TPaBMHPOBa-
HHMA Tesla 4ej10BeKa. Pe3yibTaTel ycciic/loBaHHH BHEJIPCHbI B MPAKTUKY paboThl
3A0 «®OPT TexHonorus» (r. Mockga), 0 UCM UMCCTCS COOTBETCTBYIOIIMH aKT.

Anpo6auns pa6orsi. OCHOBHBIC ITOJIOXKCHUA JIMCCEPTAIIMM JI0JIOKEHB! K obcyx-
IeHBI Ha MEXIyHapoAHBIX M BCepoccHickux KoHgepenunax: [-off Bcepoccuickoi
koH(epeHUUH nonb3oBarenel nporpammsl L.S-DYNA (Cuexunck, 2005), Finite ele-
ment modeling of textiles and textile composites (St.-Petersburg, 2007), ITapannenbtsie
BhIYHCAHTENBHBIE TexHoaoruu (Yda, 2010), MuHoBalyounsle HalpaBjeH!s B pacye-
Tax NPOYHOCTH C MCIONB30BalKCM cynepkomuuorcpos 1 rpuja-rexuoilorni (Kenn-
TeiM, 2010) U Hay4Ho-Texunueckux Koudeperinmax IOxHo-Ypaisckoro rocyuapct-
BeHHOro ynusepcurerta (Yensounck, 2009 — 2010).

Pabora BhinonHeHa 1pu GuUHAHCOBOH 1o/Iecp)Ke Poccuiickoro doujia dynamen-
TaIbHBIX HCCIeA0BaHMI (npoekt 10-07-96007-p YPAJL a).

Pabora 3aHAna 2-e MecTo B KOHKypce «HeBO3MOXKHOE CTAIIO BO3MOXHBIM: peajib-
Hple npuiaoxenna ans HPC» 2010 r. Oprauusaropst kouxypca: kopropauns Intel u
rockoprnopauus POCHAHO.

Hy6ankanuu. OCHOBHOE COACPXKAHNE IUCCEPTALIMOHHON PaboThl ONyBIHKOBAHO B
8 paborax (2 u3 cnucka BAK).

O6bem paboTel. [luccepralya cOCTOMT M3 BREICHUA, YCTHIPEX TNIAB, 3aKIOYESHUA,
SubanorpadHueckoro crmcka, BKIOHaomero 175 UCTOUHMKOB, NIPHIOXKCHHI; H3J0-
)keHa Ha 128 cTpaHuuUax MalliMHOIMMCHOIO TCKCTa; cOUepHUT 49 pucyHkos, 16 TabamiL.

B npuiioxkeHHs BKTIOYEHBI BCIIOMOIaTC/IBHBIC MATCPHAlIBI.
COJAEPKAHNHE PABOTbI

B nepBoi#l riiaBe BBIIOJIHEH aHANIM3 JIHTCPATYPHBIX MCTOYHHMKOB, 1IOCBAUICHHBIX
TEOPETHYECKUM M IKCIIEPUMEHTANILHBIM HCCIIC/IOBAHUAM [(cpOPMHPOBAHNA U paspy-
IUEHUS CIICHUCTHIX TKAHEBBIX [JIACTHH 1IPH JIOKAJILHOM JMHAMUUYCCKOM HAI' DY KCHHU,

AHanuTH4ecKHit (YHIaMEHT MCXaHHUKH OJIMHOYHON HUTH NP JIOKATbHOM IHOre-
peyHOM  ymape 3ajioxeH M3BecTHOM  MoHorpaducid XA, PaxmatynuHa  w
Y0.A. JlembsanoBa [1]. IMonyyeHHble B 370 pabore 3aBMCHMOCTH HCLIONBIYIOTCH AJA

! Paxmatyaus, X.A. [Ipo4HOCTL NPH HHTEHCHBNBLIX KPaTKOBPCMCiIHBIX Harpyskax / X A PaxmaTynus,

J0.A. Jlemsanos. — M.: THOMIL, 1961. - 399 c.



BEpUPHKALHMY YUCAEHHBIX ATTOPUTMOB B pside ony6aukosaHaeX paboT. OaHako TKaHb
COCTOMT M3 MHOXECTBA NEPENJIETEHHLIX HUTEH, MeXaHuKa AeOpMHPOBAHHA H paspy-
IIEHUs KOTOPBIX NPU JIOKANIBHOM YIape CYHMIECTBEHHO OT/IMYHA OT MEXAHHKH aedop-
MUPOBaHNA OAMHOYHOA HHTH. MeTonaM 3KCNepUMEHTATLHOrO U YACIEHHOI0 HCCTIeRo0-
BaHHA JAWHAMHYECKOro JIOKANbHOTO Harpy)XeHusi MHOTOCIONHHBIX TKAHEBBIX H KOMIIO-
3UTHBIX TIACTHH  pasIM4yHON CTPYKTYpbl IOCBAIUCHb paGotst B.H. Anrykosa,
B.I'. bosel, B.A.[puropsna, HW.B. Knenukosa, A.V.J Iumunura, B.M.MapuHuHa,
T.B. Mopo3sosoit, B.C. Ceupuna, E.®. Xapuenko, B.A. Xpomywuna, R. Barauskas,
F. Baudry, H.Broos, B.Broucke, D.S.Ivanov, S.V.Lomov, K. Schweizerhof,
V.B.C. Tan,, I. Verpoest, H. Xie.

B pabotax, NOCBAIEHHbIX 3KCHEPUMEHTAIbBHOMY MCCNEAO0BAHHIO, H3YYAllH CBOHCT-
Ba PEATbHBIX MHOTOCTONHbIX MJIACTHH, COCTABIEHHBIX M3 OJWHAKOBLIX TKaHEH capxke-
BOTO (OTeuecTBeHHbIE pa3paloTKU) WiM MOJOTHAHOTO (3apybexHsie pazpaboTku) ne-
peTUIETEHHH, IPH 3TOM He PacCMOTPEH BONPOC 00 HCMONB30BAHAM TKaHEH PasiuyHOro
TUIIA MEPENICTEHNA B CTPYKType OJHOHM MHOTOCHOWHOMA IIACTHHEI, HE PACCMOTPEHO
BJIMAHME PAa3MEPOB TKAHEBLIX [1IACTHH Ha NPOYHOCTh H 1e(OPMHUPYEMOCTS.

Yucro aHanmMTHUHECKHX MOAenel, OMUCBIBAIOMX IPOLECC NTHHAMHYECKOr0 B3al-
MO/IeACTBHA WHIEHTOpA C MHOTOCIORHON TKaHEeBOH NIIACTHHOH ¢ YYETOM paspylueHus
HUTEH, HAa IaHHBIII MOMEHT He CYIIeCTBYET H, OHEBUIAHO, HX MONY4YEHHE HEBOZMOKHO
M3-3a CNOXHOCTH PU3UYECKHX ABNICHUH, IPOUCXOAILMX B 3TOM MPOUECCE.

B nepBeix paboTax, NMOCBAMIEHHBIX YHCIEHHOMY HMCCICAOBAHMIO B3aUMOICHCTBHA
CJIOMCTBIX TKAHEBBIX MUIACTHH C MHAGHTOpaMH, OaIIMCTHIECKAE TKAaHU 3aMEHIH MEM-
OpaHoii, 3aTeM HCIOB30BAIN CETKH CO CBA3AHHBIMM Y3JaMU. B 3THX YHCIEHHBIX MO-
NeNIAX HEBO3MOKHO ObIIO YH4ECTh KOHTAKTHOE B3aMMOJEHCTBIE MEXIy HUTAMH, UX BbI-
TACMBAHUE MMPY JJOKATBHOM AMHAMHYECKOM HATPY)XXE€HHH, KOTOPOE BHOCHT CYIECTBEH-
HBIW BKJIA[ B paccesHUe sHepruu uHaeHtopa (paborter E.P. XapueHko ¢ coaBT.).

Jns uccnenoBaHus NOBEJCHUA KOHCTPYKUUI, HMEIOLUMX TKaHYIO CTPYKTYpY, B ps-
nie paboT K3 TKAHH BBIACIKIOT MOBTOPAIOWIMICS IEMEHT, MOAENHPYIOT €TO C BBICOKOH
CTENEHbIO TOYHOCTH, M3YYAlOT ero ocpeAHeHHble («3ddexTHBHBIE») CBOHCTBa NpH
Pa3jMYHBIX BUIaX HArpyXKEHHs, 3aTeM MOJYyUCHHbIE CBOMCTBA HCIIONB3YIOT [Id pacue-
Ta TaKMX KOHCTPYKUMH, 3aMeHsis TKaHb CIIIOIIHOA aHHU30TPONHOH «3hQeKTHBHOMN
cpenoit. Takoi noaxoj1, NPUMEHUTENBEHO K PacueTy B3aUMOJACHCTBHS CIOMCTBIX TKaHe-
BBIX NIACTHH € KMHJIEHTOPOM, HENPHUEMIIEM, T.K. B ITOM CJIy4ae HEBO3MOXEH YyYeT
(GPUKUMOHHBIX KOHTAKTOB 1 Pa3pbiBa OTHAEALHEIX HHTEH.

C pasBUTHEM BBIMHCIMTEIBbHBIX BO3MOXKHOCTEH DBM B Hacroslee BpeMa MOXHO
MOJIETUPOBATE TKAHb ¢ TOMHOCTBIO O OTAENBHBIX HUTeH, YUHThIBas (opMy [MOMEpey-
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HOI0 CEYCHHA, UCKPHBIIEHHE HHTCH C IIOMOIIBIO IUIAJIKMX KPHBBIX, HCIIOIB3YsA METON
KoHe4YHbIX ieMeHTOR (MKD) 1 06bCMIBIC KOHCUHBIC 3JICMCHTHI JUIA pacyera Hanps-
XKEHHO-1e(OPMHUPOBAHHOTO COCTOSHHA IIPH 3aJaHHbIX BO3JCHCTBUAX. OJHAKO TaKue
MOIENHY TKaHel npu peansHblX pasmepax CHb nopsjua 30x30 cM uMctot spe3sblyaii-
‘ HO OONBHIYI0 pa3sMEPHOCTh (KOJIMYECTBO CTCIICHCH cBoOO/IBI lIpEBLILIACT 107, uro ne
NO3BOJSIET PACCYMTHIBATH TKAHCBBIC IUIACTHHBI ¢ HCMHOI'MMH CJIOAMM TKaHM JaXe C
HCIIOIE30BAHMEM COBPEMEHHBIX CYIICPKOMIIRIOTCPOB. Losec Toro, HCOOXOMMBI 3Ha-
YUTEBEHbIE 3aTPAThl BPEMEHU Ha MOJICAMPOBAHHC TAKHX CTPYKTYp. MarcpHai HUTEH B
MOJIENIAX HCIOJB3YETCA CHIBHO aHU3OTPOIHbLIA, C HM3KMMU 3HAYCHUAMU 1101ICPCYUILO-
CHABMI'OBBLIX XECTKOCTEH, OIHAKO JIaXe TIPH MAJILIX MO/IYJIAX C/IBHI'R HCBO3MOXHO [10-
JIYYATb NPOCKANb3bIBAHHE HATCH C CYXUM TPEHHCM 110 KOHTAKTaM, BO3IMOXKHA HOTEPs
TOYHOCTH PACYETOB U CHIBHO aHM3OTPOIIHBIX MartephalioB. B HexoTopeix paborax
AHH3000pa3Hoe MONEPEUHOE CCUCHHC OTHCHBHOR nurH (puc. l) Mopcimpycrcs He-
CKONBKHMY 000JIOUEHHBIMH 3JICMCHTaMH € PasjiMilbiMM tostiHaMyd. ObolioueuHbie
3NEMEHTHI C Pa3IMYHbIMM TONIHHAMH HMCIOT PA3PbiB B COOTBCTCTBYIOILMX FPAHHYHbBIX
YCOBHAX, I03TOMY 3arpyAHCHA (GOpMYJIMPOBKa YCIIOBUI KOHTAKTa HHTEH.

Puc. 1. HPOIIOJILHOC CCYCHHC TKAHH HOJIOTHAHOI'O IICPCILICTCHHA

HUmetotes paborsl, riae obsacts BOIM3K KOHTAKTA MHJICHTOPA ¢ MHOI'OCIOMHOM
TKAHEBOM [IACTHHOH MOJEJMPYIOT BEChMA JICTANLHO, 4 KPas 3aMCHSIOT CILIOMIHOMH
AHH3OTPONHON Cpefof ¢ KOHCHHBIMK ieMcHTaMu Goibinoro paMepa. Takoit noaxon
noMoraeT COKOHOMMTb MAUIMHHLIC PECYPChl, JAeT BOIMOXKHOCTH PacCUMIbiBaTth Jie-
¢$opmupoBaHHe MIACTHH OOJIBIINX PA3MCPOB C HECKOJIBKHMHU CIIOAMH TKalH, HO 110Jy-
YeHHble Pe3y/IbTAThl HE MOTYT CUMTATbCA HAJCKHBbIMH. 1Ipn uClO/b30BaHHY B OIHOM
MOJIE/IH KOHEYHBIX JIEMEHTOB Pa3jIMUHBIX Pa3MCPOB W THIIA, YIAPHKIH UMILYJILC B MO-
Oenyu Ha rpatuile oGnacteli H3IMCHACT XapaKicp paclpocrpatcHus, HabmoaacTes Juc-
Nepcus BOIHOBOIO HPOHTA, MEHNIOTCS YCII0BIA OTPAXKCHNMA Y1@PHLIX BONH OT CBOGOA-
HBIX TPaHMLL, OTCYTCTBYCT BOIMOXHOCTh CBOGOMHOIO BbITAIHBAHHMS HHTEH, 9T0 HE CO-
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OTBETCTBYCT JIEHCTBUTENBHOCTH Y MPHBOAUT K ITONY4EHHIO HEAOCTOBCPHBIX pe3yibTa-
TOB HPH pacueTax ;Jisd OOJIbIIUX BPEMEHHbBIX MACIITaG0B.

Pcansuniit Gpouexuser 2-ro xnacca o [OCT P 50744-95 cOCTOMUT U3 HECKOIBKHX
JecstkoB cnoe (ot 60 1o 90 cnoes) apamuaHoi Tkauu. INA TKaHHU [OJOTHAHOrO me-
peruieTeHns KOJIU4eCTBO TOYEK KOHTAKTAa HUTEH yTka H ocHoBbl B TakoM CHb cocras-
aser Sonee 400 Thic. B oaHoM croe. [l Bcero Oponexunera (Hanpumep, 65 cnoes)
KOJIHHECTBO KOHTAKTOR BO3PAcTacT /10 25 MJIH. 3/1eCh He YYUTHIBATH KOHTAKTRI MEXIY
CHOSMH B IIPOLIECCE YAApHOro B3auMoehcTeya. 1o npubimxeHHBIM OLEHKaM obmiee
YUCIIO KOHTAKTOB MOXeET H0CTH4E 40 MIIH., [O3TOMY JUIA PEUIEHUA TAKUX 32134 HeoO-
XOUMMMO HCTIONB30BATh CylIEPKOMIILIOTepsl, OObIdHble, aXe BeCbMa MOUIHbIE MMEPCO-
naneHble OBM He Moryr B 1IpHHIIMIE pelllaTh NO00HbBIEe 3aa4n.

CileliyeT TaKke 3aMeTHTh, YTO HPEXJe 4eM TPUCTYNATh K H3yHeHHIO paboThl TKa-
HCBBIX 1UIACTHH HEOOXO0/IMMO 3HATh MCXaHHUECKHE CBOMCTBA HHTEH B TKaHAX. B nuTe-
patype CyIIEeCTBYIOT TPOTHBOPCHUREIE JIaHHBIC 110 MEXaHUYECKUM CBOWCTBaM apaMul-
HbIX HMTCH. B Marepnanax rpousBojiHTelicii MeXaHH4eCKUe CBOMCTBA, Kak IPaBMIIO,
sasblinetsl. To XKe MOXKHO cKa3arb W [0 NOBOAY PerHCTPUpYIOmeH nporubui Cpeipl —
TEXHMYECKOIO NHACTUANHA (MMCIOTCA NHIIbL Ka4€CTBEHHbIC PEKOMEHIALMU B COOTBET-
CTBYIOIMX CTaHJAPTax).

Ha ocnose o630pa ¥ aHa/iM3a JIMTEPATYPHBIX HCTOYHUKOB CHOPMYIIMPOBAHEI Crie-
JYIOIME 33/1a4H UCCICHOBAHHUA,

1. Onpencianth MeXaHWICCKHE XapaKTCPHCTUKH apaMHIHBIX HATE MHOTOCIOMHBIX
TKaHEBBIX TUIACTHH H PErMCTPHpYIOUIEi cpesibl (TEXHNYECKOTO MIIaCTHIINHA).

2. Pa3zpaGoTarh ManolapaMeTpHUCCKHE MOIETH TKAHEBbIX CTPYKTYP.

3. IIpoBecTH 3KCIIEPHMEHTAIILHBIC M pacYETHbIE HCCIENOBAHHA AeOPMHPYEMOCTH
H HPOYHOCTH TKAHERBIX INTACTUH PA3IUHHON CTPYKTYpHI IIpH HHTCHCHBHOM JIOKAJIBHOM
HArpy>XCHUH C MPHMEHCHHUEM CYTICPKOMITBIOTCPHBIX TEXHOIOTHHA.

4. latb onenky 3¢ eKTUBHOCTY MCIONB30BAHHA pa3paboTaHHBIX YHCACHHBIX MO-
Jieliel 1 METOIOB JIEKOMHO3HIIMM TKAHEBBIX INIACTHH, BEIPAabOTaTh PEKOMEHAALHUH LTS
LUPAKTHKH.

Bo BTOpOil r1aBe [IPUBC/ICHBI METOJINKH OIIPE/ICIICHHA MEXaHUUYECKHX XapaKTepH-
CIHK apaMMHbIX HUTeH Pycap® HOMMHATILHOM JIMHeHHoM noTtHoctH 58,8 Tekc
(58,8 r/kM) MHOTOCHOHBIX TKAHEBBIX IUIACTHH W perucTpupyromei cpeasl (TexHude-
CKOrO INIACTH/INHA).

MexaHR4eCKHEe CBO#CTBA (MOAY/Ib YOPYIOCTH M Npe/es NpOYHOCTH) apaMMIAHBIX
HUTEH Pycap® HOMMHAJILHON JIMHERHOH moTHOCTH 58,8 Tekc OblIM ONpEIEIEHBI Ha
YHUBEpCAJIbHOM HenbiTaTe)IbHOA MamiuHe Instron 5882. KoHusl HUTH HaMaThiBalM Ha
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HEMOABIKHBIE POJIHKH pajdycoM # == 1,5 ¢M, KOTophic BCTaBisuld B 3aXBaThl HCIIBITA-
TenbHOH MaiuHabl. O621aCTh KOHTAKT? HWTH C POIMKOM CKICUBAIHM LIMAHOAKPHIIATHLIM
KfaeeM, 4ToObl u3bexath NpocKasib3biBaiud. Jlinna crobo ol HUTH cocTaBiaia 5 oM,

" cKOpOCTb pacTskenns 100 Mm/mun. B pesynbrare 6buid HOCTPOCHD! I'PAdUKY 3aBUCH-
MOCTH Harpy3K OT YIUIMHEHHS HHTH, OHpCIICIICH MOIYIh YHUPYroct £ u npepe

"npoynOCTH oy E = 140 + 5TTla, o 3,0 + 0,16 1'lla. Diexrponnas MUKPOCKOHHSA BO-
JIOKOH HUTEH TocHe paspyNIeHHs 1oKa3ala, YTo 1IPOUHRIC HUTH MMENH OKPYIJIbIe «Oli-
JIABJICHHBIC» KOHIIBI, a cyabbie — pacciocHibie. Hpounocrs Solice TeMubIx HUuTeH ObuTa
B cpeAHeM Ha 10% Huxe [IPOYHOCTH CBETILIX HHTCH.

Monynbs ynpyrocTd peryCTpHpYIONICH cpejbl (TCXHHUYCCKOIO IUIactmiiMHa) Obin
OfpeAerieH U3 HCMBITAHMA Ha KBa3sHCTaTH4eCKOC CKATHC IHIMHIPHYSCKHX 00pa3lioB
(znametp 20 MM, BricoTa 40 Mm) nHa Mamuuc INSTRON 5882 co ckopoctsimMu narpy-
sxkenus 5, 50, 250 u 500 Mmm/mMun. OOpaborka HaYILIBIX YHACTKOR KPHUBRIX jedopmu-
poBaHuA jJana 3HadcHue K == 0,7 + 0,1 Mlla. 1nornocty unactmimba o ~ 1800 Kr/m’.
Jlia onpeneneHHss 3aBUCHMOCTH 1IPC/IC/a TCKYUCCTH OT CKOPOCTH jICPOPMHPOBaHMs
ObU1 TIOCTABJICH JKCHICPUMEHT Ha HU3KOCKopocTnol ynap. Ilmmnpuucckuit obpasery

* M3 MJIACTHIIMHA, COCAMHEHHBIH COOCHO CO CTAILHBLIM IPY30M - HMIAHIPOM, Opocaiiu ¢
pas3HbIx BeicOT /{ = 0,5 — 2 M Ha XecTKoe Herojmkioe ocnoBanuce. Llocie yiapa Gnuia

" M3MepeHa ocTaTouHas jumna obpasna. Cropocts coyllapeHus Fy; Onuia onpejencna w3
PaBEHCTBAa NOTEHLHMAILHOR M KUHCTHYCCKO dHepruil (teruronkic adhdexth 6pun He-
3HAYNTENBHBIMI) mgH=mV,/2, rue g - yCKOpCHHE CBOGOIHOIO HaJICHUA, M/CT; m —
Mmacca rpysa 1 obpasua, Kr.

Jsmxkenue uununipa (rpysa) cyuraiy pasruozame/UicHHbIM. C y4CTOM BBC/ICHHBIX
JIOMYLIEHUH CPEHIOI CKOpOCThb JieopMaiidi obpasia U3 1UIACTHIMHA MOXKHO Olpe-

AN NV, T

- ICANTb 110 3aBUCHMOCTH: © 7~ 1 1 1 Al 21, *rue lp - HadaibHaA NMHA (18-

© CTHIIMHOBOTO IHJIUHIPA, M; £ -- BPEMs COyJlapeHus, C.
Tak Kax B NJ1aCTUIIKHOBOM 00pa3siie HpH y/lape BO3HMKAIOT OOIBIINC IIACTHUCCKHUC
'ne@opmauun, TO JUIA ONPENEICHUS 1IPCICia TCKYUCCTH YIPYI'HM YyHacTKOM jHarpaM-
Mbl 1egopMUpoBaHus npeHcOperam (Marcpuai - KCCTKO-I1ACTHYCCKNi). [lpeaen te-
KYYECTH MOXHO HAWTH M3 PABCHCTBA HOTCHUMANLHOMA JHEpruu paboTe BHYTPEHHHX
cun: mgH=o07AlS, rae oy - npejen TexydcecTy; S - IWI0AJLh TIOICPCHHOIO CeYSHU LU~
-+ JIMHJpa U3 MIacTUIINHA.
IMo mosyveHHbBIM B IKCHCPUMCHTC 3HAUCHUAM 1IPC/CHA TCKydccTH o Oblia 11o-

cTpoeHa ctencHHas gyHkums sasucumoct o7 (Mlla) or ckopoctn nedgopmuposanus



' £ (1/c) c moka3zaresicM MEHBLIE €aUHHMIIbI o'T(é)z 0’94(é)0’15 . Temniepatypa niaacTH-
JIKHA [IpH UcnbITaHuAX Obuta 21£1°C.
B rperpeil rnase npuBciacHa MeTOQMKAa MOAENUPOBaHHsS TKAHEBLIX MNIACTHH H
TEXHUYECKOro IIaCTHAMHA IIPH IOKAIBHOM YAape.
B nepeoit wacmu nipuBeicHa reOMETPHUECKAR CTOPOHA MOJAENMpOBaHMA TKaHEBbIX
Ij1acTiH. B paboTe paccMOTpeHBI TKaHK MOJIOTHAHOIO, CapXeBOTr0 M CaTMHOBOIO Iie-
. peruieTeHuit (puc. 2).

,B)

Puc. 2. CxeMBl HHEpEILIETEHNA: @) OJOTHAHOE; 6) cap)eBoe; B) CATUHOBOE

Jlaa Toro 4ToObl CHU3UTH Pa3MEPHOCTDb 3ala4H JIOKAIBHOTO AMHAMHYECKOro Ha-
TPYXKEHHUA ILUIaCTHHBI, COCTOAMEH H3 HECKOJIBKMX CIIOEB TKaHM peaibHBIX PasMepoB
nopanka 30x30 oM, reomeTpus Huteil Oblna npejaensHo ynpoilleHa. KpuBomnHedHas
OChb HHTH Obljla 3aMCHEHA JIOMAHOM, C NPIMOHHEHHBIMY I'OPU3OHTAIIBHEIMH YYaCTKa-
MH ¥ HaknoHubiMK (34° K TOPH30HTANBHOMY Y4acTKy HMTH). HMTH Moaenuposanu
obosioueuHbBIMM 2sieMeHTaMu benbiuko-Bonra-Uanra (tun 10). IToBropsrommecs ane-
MEHTBI TKaHeH 110Ka3aHbl Ha pHC. 3, TAe OTMEUYEHbl HOMEpa KINIOUYEBbIX TOYEK, KOOPAH-
HaThl KOTOpHIX OBl BBEUCHB! B porpaMMy ANSYS, nocne uero no xmo4eBsIM TO4Y-
KaMm ObUTH 3a;1aHbl COOTBETCTBYIOMIME NMOBepXHOCTH. [lanee Habop nosepxHocTel ObL
Pa3MHOXKEH 0 MONy4eHHA HCOGXOTHMBIX PasMEPOB MOJCTH.

Jias pewlenus 3aa4y IMHAMHUYCCKOTO B3aHMOJEHCTBUS TKAHEBOH IMJIACTHHBI H XKe-
CTKOI'O WHJIGHTOpA C [OMOMIbIO NakeTa nporpaMM LS-DYNA reoMeTpus W CE€TKa KO-

 HEYHBIX 35ieMeHTOB (k-gbailr) 6bLTH co3manbl B nakete ANSYS ¢ nocaenytomes kop-
pexnuen.

Bo emopoii wacmu paccmoTpena pU3MYECKad CTOPOHa MOAENHPOBAaHHA TKAHEBBIX
[71aCTHH, TEXHUYECKOTO IUIACTHMHA W HHiCHTOpa. PeansHas apaMuinas HUTS Pycap®
HOMHMHAIIbHOMR nHHelHoM mnoTHocTH 58,8 Texc coctomt u3 100 — 120 31eMeHTapHBIX
BOJIOKOH iMaMeTpoM 12 — 15 MKM, koTophie HMeIOT KpyTky 100 M (3apy6exuble Hu-
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TH, Kak NpaBHJIO, Hekpy4yenbie). st Matepuana nurn nHanbonec GIM3KOR sABJsercs
MOJE/1b OPTOTPONHOrO YNpyroro Tena, B KOTOPOH BhICOKAs XKECTKOCTh HMEET MECTO B
NPOACJILHOM HanpaBleHWH HUTH U Ha HCCKOJIBKO ITOpS/IKOB MEHbIIIAA B 1I0IIEPEYHOM U
CABHTOBOM HanpabiieHUAX. HUTH MogenupoBaiiv 0G0NOHEHHBIMH DJICMECHTAMU ¢ OAHOMN
TOUKOH MHTErPUPOBAHNS 110 TOSHIMHE.

B)

@) NOJIOTHAHOE, §) capXKeBOE, B) CATHHOBOC IICPCILICTCHHUA.

Puc. 3. Tlosropsiomuics sieMeHT

TpHHATO, YTO pa3pyLUCHHE HUTH HPOUCXOMMT [P JIOCTHXCHMW B HEH BEIMYMHEI
NepBOro INIaBHOro Hanpspxeuus o; = 3 1'Tla. Dra Beimuuia COOTBCTCTBYET CpeHER
[IPOYHOCTH HCCHC/IOBAHHBIX aPaMHAHLIX HITCH.

N3 cnicka MaTtepHalioB, 3aJI0XKCHHBIX B l1akeT nporpamm LS-DYNA, juin Hure#
6u11 Boibpan *MAT _ENHANCED COMPOSITE DAMAGE, koropslit 1ozsonser
3a1aTh OPTOTPOIHBIE MEXAHMUYECKHE CBOWCTBA HUTCH M YUCCTh UX paspyHICHHE.

B xoHe4HO-31eMEeHTHOH MOJENM TKaHW HUTH MMEIOT OTHOCHUTCIIbHYIO cBoboly ne-
peMelleHuA ¢ BO3MOXKHOCTBIO BLITAIMBAHHA C yderom cyXoro Tpenua. Kourakr obbek-
ToB MmopeaupoBann komanaod *CONTACT AUTOMATIC  SURFACE TO
SURFACE c¢ ko3¢ ¢uunenrom tpetns 0,4.

Marepuan TeXHU4ECKOTO IIACTHANHA CYHTAIM YIIPYIOTUIACTUYCCKUM C 3aBHCHMO-
CTBIO [Ipejiena TEKyUYeCTH OT CKOPOCTH jedopmuposanusi. M3 ciincka marepuanos, 3a-
NoKeHHBIX B OuGmnoTeky nakera LS-DYNA, juist TeXHWUCCKOTO [11aCTHAMHA ObL BbI-
6pan  *MAT _STRAIN_RATE DEPENDENT PLASTICITY, xoropeifi no3ponsaer
Y4€CTh 3aBHCHMOCTD MPEMENa TCKY4eCTH OT CKOpOCTH JicOpMUpoBanus B TabIAHHOM
BHIE.

HTRN WRHTX



CranbHON MHIEGHTOP NPH B3aUMOJEHCTBUN ¢ TKAHEBOH MIIACTHHON MPH CKOPOCTAX
1o 600 m/c e paspyliaeTcs M He MMEEeT IUIacTHUeCKHX AedopMalnii, nostomy and co-
KpalleHHs BpeMEHH pacueToB jAnA Hero Obut Boibpan Matepuan *MAT RIGID (xect-
KOE TeJlo) ¢ MIOTHOCTHIO p = 7800 /M 1 Moaynem ynpyrocti E = 2,1-10"" ITa.

B mpemoeil wacmu aas BbIGOpa pa3Mepa KOHEYHOTO JIEMEHTA W BepHQUKALMU MO~
JleJId HUTH, KaK JjieMeHTa TkaHu, ¢ nomomsio MKD (LS-DYNA) 6binu peluensl ase
kiaccuyeckue 3agauy X.A. PaxMaTyauHa: He3akpenyIeHHas, NpAaMas AnuMHHas rubxas
HUTb Harpy»xaetcs a) B Touke (puc. 4), 6) TesioM OKXpyr:i0#i ¢GOpMBI € NOCTOSHHOA CKO-
POCTHIO0, A1 KOTOPbIX UMEIOTCS TEOPETUUECKUE PELICHU.

Puc. 4. 3anaua X.A. Paxmarynusa (Toue4Hbiil yiap)

Ckopocts Harpyxenust V,= 445 M/c; MORY:b YIIPYTOCTH HHTH E, = 1,4:10" ITa, xo-
s¢dunment Ilyaccona pasen yy, = 0,3; nnOTHOCTS HUTH p = 1440 kr/m. Hute muoii
0,3 m mupuHo#i 500 Mxm u tomuuHoR 100 MkM Obuia pazbura Ha 060MOYEUHBIE KO-
HEYHbIE IIEMCHTHI C OJJHOH TOYKOM WHTErPUpPOBAaHUA NO TONIIHMHE. PazMep KOHEHHOTrO
anemenTa paseH 500 mxm. Jna obecrieveHHs ycTOHYMBOro pelleHMs OBbUIO MPUHATO
3a1aTh MOJyJIH YNPYrocTH MaTepHana HUTH B HONIEPEeHHOM U CABHUTOBOM HanpaBliCHH-
AX Ha TPH MOPAKA MEHblLUe MOAYJA YNpYyrocTH B MPOJONBHOM HalpaBjeHHH, KO-
duumenTsl Ilyaccona p.,, g, ObUTH BLIMUCIEHB! U3 COOTHOLICHHA TEOPHH OPTOTPONHON
YNPYTOCTH.

[lpu yzape 1o HUTH B TOYKE MOCTOAHHON CKOPOCTBIO MIEPBOE IIIABHOE HANPAKEHUE
B HUTH BO3pacTaeT OO ONpeAeAeHHOH BETHUMHBI U OCTAeTCA NOCTOSHHBIM, TIOKA BOJIHA
Pumana He JOMACT 10 KOHUA HUTH M BEPHETCS, pa3rpy3nB HUTh. CpaBHEHHE pe3ynbTa-
ToB pemenus MKD ¢ pentennem X A. PaxmaTy;uHa nmokasano, YTO pasjidyHe nosiy-
HEHHBIX HaNpsXeHHH g, BpeMeHH, 3a KOTopoe BojIHA PuMaHa JORAET 10 KOHLA HUTH U
BEpHETCA f, Yri1a HakiioHa y (puc.4) He npeBslnaer 1% M 06yCIOBIEHO KOHEHUHOCTBIO
pa3MepoB dNEMEHTOB.

Ilpyu ynape rmo HUTH [MAMHAPOM AuMaMeTpoM d = 7 MM, Maccoit m = | kr (Ha Tpu
nopsjika 6oslbliie Macchl HUTH) B TIpOLEcCce NEPBOHAYANILHOTO KOHTaKTa (f < 5 MKC) Ha-
IPAXEHUT B HUTH 1104 ummnhpom Pe3KO BO3pacTanM, NPeBbICHB HA 25% HanpsxeHus
NIPH TOYEYHOM HArpy>XCHUM HUTH, 3aTE€M HATIPAKEHHA CHUXKAINCh B CTAHOBHIIMCH PaB-
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HBIMU HAMPAKESHHAM NMPH TOYCHHOM HATPYXEHHH HUTH. PocT HaipsaakeHuit Obut CBA3aH
C ABJIEHHEM CREPX3BYKOBOIO y/apa, YTO [OJITBCPKACTCA TCOPCTHUCCKHM aHAIHM30M
X.A. Paxmarynuna.

BBt paccMoTpeH Taxke YHCIICHHBIR MTPUMEP TOYCHHOIO y/lapa ¢ [IOCTOSHHON CKO-
POCTBIO IO HCKPUBJACHHOH HUTH C BBHIYKJION CTOPOHBI (p&yC KPHBH3HbI HHTH
r =25 cm). Iloryyeno, 4ro B HadalbHBIA MOMCHT BPCMEHU HAIIPAKCHHMs PABHLI Ha-
OpAXKEHUAM B NPAMOIH HHTH, a 32TEM HalIPAKCHHUA HAYHHAIOT MOHOTOHHO CHIKATHCA.

B uerBepToii IJ1aBe NPUBEJICHB IKCHICPUMCHTAIBHBIC ¥ PACYETHBIC UCCIICNIOBAHUA
AHHAMUYECKOTO B3aHMOAEHCTBUA TKAHEBbIX 1JIACTAN PA3HMHLIX KOHCTPYKLMH C HH-
adeHTOpamMu. PacuyeTsl IIPOBOAMIIMCE Ha IIEPCOHANBHOM KOMIILIOTECPE U BHICOKOTIPOM3-
BoauTearHoM Knactepe « CKU®D Ypamn.

B nepsoii wacmu pacCMOTPCHO JIMHAMHYECKOC B3aMMOJIEHCTBHME HH/IEHTOpA C Ol-
HUM CII0eM TKaHU pasiHuHbIx pasMepos (5x5, 10x10, 20x20, 30x30 cM) u THnOE riepe-
IUIeTCHUS HHTe# (MONIOTHAHOE, capxeBoe, carnioroc). Muientop maccoit 5,5 T ana-
MeTpoM 7 MM uMen QopMY IMAUHIpA C HOMYCPCPHUYCCKHM OCHOBAHMEM, Ha4dallbHad
CKOPOCTD paBHa 445 m/c (umurtanus nysm nucrosera TT). bouio 1pUBsTO, Y4T0 HUTY He
pa3pyluaioTcda, yaap HpOBOIWIA B LCHTP TKAHW [10]1 HPAMBIM YIUVIOM K MOBEPXHOCTH
TkaHW. Kpad TkaHu He OBLIM 3aKpeluicHbl. PacdeT jJuHaMUKK JIchopMHUpOBaHHs TKaHU
6b121 nIpoBeAeH 10 BpeMeHW ¢ = 60 MKC, 38 KOTOpoc BOJiHA PumaHa J(OHICT OT UEHTpa
TKaHM 10 Kpas H BEPHETCH Hazal.

IMoslyueHo, 4TO HAHMCHBIINE HAMPANKCHUS BOSHHKAIOT B TKAaHAX CATHHOBOIO flepe-
IJICTEHH, @ TAKXKe, YTO HAINpsHKCHMA B HUTAX TKadeH pasMepoM 5x5 cm modoro Tvna
HepenIeTeHUS He MPeBsIUIaloT BEUUYHHY 1Ipe/IeIa [IpOYHOCTH (pHc. 5).

Bo emopoii wacmy Oblilo paccMOTPEHO JIMHAMHUYECKOE B3aMMOJICHCTBHE OIHOIO
cnos TkaHu paszmepom 30x30 cM caTHHOBOro [IepeHICTCHUA C UHIEGHTOPOM, WMHTH-
pyromuM nymo nuctonera TT U yhaapsiommM B LEeHTp TkaHd noja yraamu 0 — 60 rpa-
AYCOB K HOPMaIM [MOBEPXHOCTH TKaHHU (HHTH HE PaspyIIAIOTCA), a TAKXKE NPH yaape B
YOIEHHYIO OT LeHTpa 30HY (51 MM OT KpaeB) oj NPAMEIM YTJIOM K TOBEpXHOCTH
TKaHH.

Brin mostydeHs! 3aBUCMMOCTH 11€PBbIX [JIABHEIX HANPAKCHNI BO BPEMEHH OT Ma-
pameTpos yaapa. ITokasaHo, 4To HauboJee OnacHBIM CllydacM sBIAETCA yJap B LIEHTP
noa yrnoM 30°. DTO KOCBEHHO MOATBCPXAACTCH MpMCyTcTBHeM B cranaapre CHIA
(N1J 0101-06 Gannucriueckas CTORKOCTL GPOHCHKNICTOR) TAKOTO BUA HCIIBITAHUH.

B mpembeir uacmu 6b110 pacCMOTPCHO AMHAMHYECKOE B3aMMOJICHCTRIE UHIIEHTOPA
C OJHUM CIIOEM TKAHH NPH YCIIOBUAX, OIMCAHBIX B [ICPBOMA 4acTH 4CTBCPTOM I71aBbl, 32

HCKJTIOYEHNEM TOTO, YTO HUTH MOLIH PaspylaThes.
HEAAT Bidgiam
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Pazmep Tkanu 30x30 cm
e [10IOTHAHOE MEPETUICTEHUE, YTOK; ™ * = [IOJIOTHAHOE NEPeIIeTeHNE, OCHOBA;

CapXKEBOC NEPEIVICTEHHUE, YTOK, wmme s CapKEeBOC NEPCINICTCHHE, OCHOBA,
CaTHHOBOEC NIEPEIICTCHHUE, YTOK,  ===-- = CaTHHOBOE MEPEIUIETEHHE, OCHOBA.

Puc. 5. 3aBMCUMOCTH NEPBBIX INIaBHBIX HANPAKEHUH B HUTAX OT BpeMehH

B pacyerax paccMaTpusand NOTEPIO CKOPOCTH HHAEHTOpa Ipu Npoboe 0aHOro
cnos TkaHu. Kpureprem 3Q(EKTHBHOCTH TKaHEBOH MIIACTHHBI, OYEBUIHO, ABNAETCA
OTHOIIEHHE H3IMEHEHUA CKOPOCTH HHJAEeHTOpa AV Kk Mmacce ruacTuuel M: k = AV/M.
[MonyueHo, 4TOo TKaHW JOOOrO nepenneTeHHs pasMepOoM 5x5 ¢M He npoOuBarOTCA
(puc. 6 a, 6). Tkanu pasmepom Gosibire, 4eM SXS CM CapXKEBOTO U TIONOTHSHOrO nepe-
ruieteHuil npodusaiorcs (puc. 6 B, ), ApUYEM MOTEPS CKOPOCTH B CIydae Cap:KeBOro
neperieTeHNA BbIILE, YEM B Cilydae NOJOTHAHOrO Ha 1...22% B 3aBHCHMOCTH OT pas-

Mepa TKaHH.
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B yemeepmoii wacmu 6b110 pacCMOTPEHO PAaCUCTHOC M DKCIICPUMCHTANILHOE JIMHA-
MMYECKOe B3aUMOACHCTBIE UH/ICHTOPA U TKAHCBBIX 1L1acTul, cocToaux u3 1 — 5 cno-
€B TKaHH pasMepom 10x10 cM ¢ BOIMOXKHOCTBIO Pa3pylICiius HMTCH, PaclojIOKEHHBIX
Ha TUTACTHIIMHOBOM OCHOBaHHMM pasmcpoM 10x10x5 cm (puc. 7). Pasmep nakera 6pin
BBIOpaH H3 YC/IOBHS MCNOJIL30BalNs B PacucTax 1ICpCOHAIBbHOTO KOMIIbIOTEpA.

o o

AN
AL
AR
NNERTIRN
BEAE

Puc. 6. PacuetHble 1 3KCNCPUMEHTAILHBIC KapTHHBL JIchOPMHUPOBalNA U 11poGos OIHO-
ro CNos TKaHH [TOJIOTHAHOTO NEPEILICTCHUA: &) pacyer, TKadb 5X5 cM; 6) IKCHEPHMEHT,
TKaHb 5X5 cm; B) pacueT, TkaHb 30x30 cM; 1) JkcriepuMenT, Tkanb 30x30 cm

Huaentop umen chepudeckyro Gopmy nmamerpom 4,5 MM u maccoit 0,5 r. Bel-
CTpe/ibl MPOH3BOAMIMCE U3 TIHEBMATHUCCKOro rucrosiera MXK-53 B 1eHTp nnacTunbl
noa npsameiM yriaoMm. CkopocTs uHACHTOpa cocrtasisia 100 + 5 m/c, ee H3MEpsIN Xpo-
Horpagom S044 ¢ nmorpemnocteio 1 M/c. 110 kaxiof miacTune GbUIO C/IENIaHO HE Me-
Hee 3-x BeicTpenos. Iocie Kaxaoro spicTpesia GbiM MPOBEUCHBI H3MEPCHUA TIyOuHbI
0Tnevarka, OCTaBIEHHOr0 NMNACTHHON Ha OCHOBAHHU H3 INIACTHIIWHA,

[Toxazano, 4To ¢popMa ¥ pazsMepbl BMATHH, LI0JIYYCHHBIC PaciCTOM, XOPOUIO COrla-
CYIOTCS C 3KCHEPHMEHTAILHLIMY IRHHBIMH. Padsiuune pacucTibIX H 9KCHCPHMCHTANb-

HBIX ITyOMH BMATHH He npeBbnuact 4%.
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B namoii yacmu OblIA NPOBE/ICHBI PAcYeThl IMHAMHKH YJlapa Ha BBICOKOIIPOM3BO-
JMTeIIbHOM BhlyucinTenbHOM Kinactepe «CKHU® Vpan», ocHaiteHHoM 160 BeluHCan-
TeJILHBIMH y3naMH ¢ 2 nponieccopamu Intel Xeon E5472 (4 aapa ¢ yactotoit 3.0 I'Tu) u
8 I' oneparuBHOA NMaMATH Ha KaxnoM yine. Knactep yCTaHOBIEH B CyNepKOMITBIO-
Teprom Hertpe FOVpl'Y.

3
-t
s

]
Lels

1)l
L 2K]

B) r)

Puc. 7. KapTuHbl pacteTHOTO H 3KCIICPUMEHTANILHOTO 2IcOPMHUPOBAHUA ABYX CIIOER
Tkanu pasmepom 10x10 cM 11010THAHOTO NeperieTeH s, pacloNOKEHHBIX Ha IIACTH-
JMHOBOM OCHOBaHWH: &) — PacueT, TKaHb; 0) — IKCIICPUMEHT, TKaHb; B) — pacyeT, Na-

CTHJIMHOBOC OCHOBAHHE; T') -- IKCIIEPUMCHT, NIACTHIHHOBOE OCHOBaHUE

Ha npumepe 3aga4u yaapa 110 IUIACTHHE U3 5 CNIOEB TKAaHH pa3mepoM 5x5 cM no-
JIOTHSAHOIO TEPEILIETEHUA HHIIEHTOPOM, HMUTHPYOWMM Myfo mucToneta TT co cko-
pocTsio 445 m/c, GBUIM PACCMOTPEHBHI TP PANMHHBIX CTI0cOGa 1EKOMIO3ULKMKM MOJEIH
Ha 1IECTHAIATH NPOLECCOPHBIX 1ApaX (HATH MOMM paspyuiatecs). B mepeoM ciyvae
Mozeits Obita pazbuTa Ha NpAMOYroJibHbIE 00MacTH, NPOXOIAIINE Yepe3 BCIO TONMHY
ILTACTHHBL; BO BTOPOM — Ha MOJIOCK], PACIIOIOXEHHBIE BJOTh OfHOH U3 CTOPOH ITACTH-
Hbl ¥ TAKXKE MPOXOMAIIME Yepe3 BCIO TOJIMHY TITaCTHHEBL, B TPETEM CIIydae — JIeKOM-
110311115 6bl1a HPOBEeHA TAKKE HA 110/10ChI, PACIiONOKEHHBIE BAOJb OJHOM U3 CTOPOH
TLIACTHHBL, TIPY 3TOM KDKAYIO 11010y pa3OHBaM elle ¥ MO TONIHHE MNACTHHEL.
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Bbuto HoNy4eno, 4To BpeMms pacdeTa UpH MCHONL30Baunu 1-ro ¥ 2-ro cnocobos
JIEKOMITO3HLIMK OAMHAKOBO, & Juit 3-ro B 2,5 pasa 00lbllic, YCM B IIEPBBIX ABYX. DTO
O0BACHACTCA TEM, YTO KOHTAKT MCK/LY CHOSMH oOpabarhisactcd Ha pasHbIX A1pax, 410
TIOBBILIAET MEXIPOLECCOpHbIC 0OMCHB! M YBCIHMYUBACT BpeMA paciera. B pesyibrare
BCe HaibHEHIUNe pacuers! ObLIA NPOBENCHB ¢ HCIIOIB30BAHICM 1-1'0 Criocoba JiekoM-
MO3ULIMH.

B wecmoii yacmu 65114 paceMOTPCHBI 4 THIIA TKAHEBBIX IIACTHH OJOTHAHOIO Tie-
penIeTeHUs U3 OJHOFC W MATH CIIOCB TKaHH PasMCEpoM 5X5 CM, a TakKe pasMepoM
30x30 cM (HUTH MOINIHM PaspymIaThCs), CKOPOCTHL MHJICHTOPA 445 M/C (MMHTALMS [1yJIH
nucronieta TT). Pacuerst 66U HPOBCICHBE C UCII0JIbL30BAHUCM OJIIONO, JABYX, YETHIPEX
H BOCBMH AJI€p € y3/1a BblunucunTelsHoro naciepa « CKU® Ypany. Hoxaszano cpasne-
HUe ycxopeum'i TIPH pacdere ¢ WCIIOJB30BAHUEM OJIOrOo, JBYX, YCTHIpEX U BOCHMH
ajep ¢ ysaa peruucaurenstoro kiacrepa «CKH® Ypam. bbuio noiyueHo, 4ro Hau-
Ayqinas MacliTaGHpyeMOCTh IOJy4acTCs 1IPH WUCHOI30BAHHH HCTBIPEX AJCP C y3ia.
Bpems pacuera 1pu ucnonssoBanun 4-x sjcp ¢ ysia B cpeiuem ya 20% Mensine no
CPaBHEHMIO CO BPCMEHEM pacucta lpH UClonb3oBanuu 1, 2, 8 sjcp ¢ ysia.

Jina nnactun Gonemyx pasmepon (30x30 cm) xopomast MaciurabGHpyeMoCTh 1O
CPaBHEHHIO C 1IaCTHHAMH HeOonbIuX pazmepor (5X5 cm) obbacniIecTCs TeM, ¥Io Ha
OIUH MPOLECCOP NMPUXO/IUTCA GoblMH 00KeM MarcpHalia W, COOTBCTCTBEHIO, MEHb-
LIHE MEKIPOUECCOPHBIC 0OMCHBI B 30HC KOHTAKTa MHJICHTOPA C TKAHCBON 1UIaCTHIIOH,
rae MPOUCXOANT paspyilleHHe 1 BRITAIMBAHAC HUTCHE,

B cedbmoti wacmu B KayecrBe OOBCKTOB MCCHICUOBAKbl TKAHEBBIC [UIACTHHDI, CO-
crodue u3 10 cjioeB TkaHU CaTHHOBOIO licpeinieTcHus pasmepom 30x30 cm. Mnnen-
TOp UMen chepHyeckyio hopmy auamerpoM 8 mm, maccoii 2 1. B pacucrax Ghuiy 3aia-
HBl HAYaIbHBIC CKOPOCTH ¥ 1 OIPCACHCHBI OCTATOMHBIC CKopocTH V. nociic itpobos.

Ilna onncanus XapakTepUCTHHECKOR KpuBo#t ¥, -- Vy ripe/uioxena HoBas 3aBHCH-
MOCTb ¢ AByMsa cBOOOAHBIMH llapaMerpamu: OajuMCTHUYCCKUA Hpejen Vs {ckopocts
npo6os ¢ BepoaTHOCThIO 50%) 1 K03 uIIMCHT YYBCTBHTCIILHOCTH K

v _ﬂ( 0,ecnuV, <V
a 11/0{1 ~expl- KV, Vi )} ecau ¥V, > V. M

JTa 3aBHCUMOCTH HMeeT GU3HvecKoe 000CHOBANHC, KOTOPOC 3aKIIIOYAETCS B TOM,
4TO MPH CTPEMACHHH V) K GCCKOHEYHOCTH OCTarodHas CKOpOCTh WHiCHTOpa ¥, CcTpe-
MUTCA K ¥y, T.K. TKaHEBas 11acTHHa pa3pyliactcs i1yIcM paspsisa nuiei, 6¢3 obpazo-
BaHUA ockonkos. lTapamerpst B BripaxkeHuy (1) OUPCHEHAIM 110 IKCIICPUMCHTAIBHBIM

AaHHBIM (10 10 OnBITOB) METOIOM HAUMEHLINUX KBA/PATOB.
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B »1Hx pacuerax M 3KOHOMMM MAalIHHHBIX PECYPCOB NpEUIOKEHA KOHLCTILUA
3aMEHbl MHOI'OCIIONHON TKaHeBOUN nnactuubi (10 clioeB) HA 3IKBUBAJIGHTHYIO 0 Macce
HBYX- HJIM TPEXCIJIORHYIO naacTuHy (puc. 8).

MojaenbHble CIOM HMeENH
YBETUYEHHYIO, O CPaBHEHUIO
C pealbHbIMHM, TONWHHY (U
Maccy) uuTed. Kak u panee,
cloM MojaeaupoBanu Habopom

HHUTEN COOTBETCTBYIOWIETO TH-

Puc. 8. 3amena MHOIOCJIOHHON 1aCTHHBI IKBHBA- 113 HepenaeTeHUs (CatHH).
JICHTHOM 110 Macce JMBYXCIOHHOW NIaCTHHON Iposenensl IKCNIepHMEHTEI
MO ONpPEAENCHUIO XapaKTepH-
cruueckoil xpuBoil Ha naboparopHoM OawnmuctudeckoM cteHlae (puc.9, obcrpen
CTaJIbHBIMH LIapHKaMH JiMaMeTpoM 8 MM, Maccoit 2 r B Quanasone ckopoctei 200 —
600 m/c, ¢ 3aMepoM OCTaTOUHOH CKOPOCTH).

800:

V., Mfc
B
(o)

. OO O-000
-0

200 400 600 800
Vo, M/C

[ TN < S

Puc. 9. 3aRUCUMOCTS OCTATOYHON CKOPOCTH HHAESHTOPA OT Ha4aabHON NIpH npoboe
10 ciloeB TKaHM CaTHHOBOrO nepereTeHHs pasMepoM 30x30 cum. ToukaMu oTMeueHb!
IKCIICPHMEHTA/ILHEIC M PACUCTHBIE JAHHBIC: @ — 3KCHEpHMEHT; O — pacyeT

Ha puc. 10 noxazana kapThHa npobos ABYX JKBHBICHTHBIX CIOCB TKaHH pa3Me-
pom 30x30 cM catuHOBOro neperuieTeHusa. Paznnune pacdeTHbIX ¥ 3KCHEPHMEHTANb-
HBIX JIAHHBIX OALIMCTHYECKOTO IIpEfieNia B OCTATOYHBIX CKOPOCTEH A BCeX CIy4aeB
He 1IpeBhicU0 4%. 3aMeHa MHOrocnoitHoi rnactuHbl (10 cnoeB) Ha IKBHBAJIEHTHYIO
10 Macce OJHOCIOMHYIO IIACTHHY JaeT OoJsibliee pacXOXICHHE C IKCIIEpHMEHTallb-
HBIMH RaHHbIMU {15%), a 3aMeHa Ha TPEXCIOHHYIO 3KBUBAJIEHTHYIO IUTaCTHHY JIaeT pe-
3yALTaThl OJIM3KHE K Pe3yIbTaTaM Ul IBYXCHOMHON 3KBMBANEHTHOMN MNACTHHBI.



B socemott wacmu paspaGoTanbl pekoMenialMu Ui npakthkd. Ha ioractepe
«CKH® Ypam» ObLtH [POBEICHBl PacueThl YCTHIPCX. PasjIM4HbIX TKAHEBbIX TUIACTUH
pasMmepom 30x30 cM ¢ yaesabHoM Maccoit 10 Kr/M7, PAcIOJIONCHHBIX 12 OCHOBAHMH M3
TEXHHYECKOro MiuacTHnuHa. CKOpoCTs HHACHTOPA 445 M/C (MMHUTALMA Iy U NTHCTONETa
TT). PeansHas Muorocioitnas mracTdHa Oblila 3aMCHEHA HATBIO 3KBUBATECHTHBIMU 1O
Macce clioaMHi. B nepBom ciryqae Gblna paccMoTpeHa 171aCTHHA, COCTOALLAs TONIBKO M3
TKaHeH MOJIOTHAHOrO MepensercHus. Bo BTOpOM — M3 TKatell CapikeBoro neperuiere-
HusA. Tperes miacTuna umena 1/3 HapyKHBIX CIOCE NOJIOTHSHOrO iieperuierenus, 1/3
CPenHHX C510€B CapkeBOro U /3 HIWKHMX CIOCB CATHHOBOTO IICperiicTeHuit. HeTrepTas
nyacTyHa uMena 1/3 Hapy»XHbIX CIOCB CAaTMHOBOI'O HepeIuleTeHud, 1/3 cpennux choes
capaxeBoro ¥ 1/3 HIDKHMX C/10€B MOJNOTHAHOTO 1IEepEIUIcTCHUA. bblIO NPOBEACHO H3Me-
peHue TTyOHHBI BMATHHEI, OCTABICHHON 4CTHIPLMA Pa3nUYHbLIMU 11aCTHHAMY, B OCHO-
BaHMM M3 TEXHUYECKOTO MacTUNMHA. MHHUMaIbHBIR pasMep BMATHHbBI NOMYy4aeTCs
TIpY HCHOJIL30BAaHUM 4-ro THMa nnacTHHbl. 3ateM Obll IPOBCACH pacueT MATON Iuia-
CTHHBI (ARANOT YETBEPTOH), B KOTOPOH 1/3 BePXHHX CJIOCB CATMHOBOTO NEPEILIETEHNA
pacronaraiuch ¢ 3a30poM 5 MM BBILIC OCTANBHBIX CJIOEB. BbLIO 110ily4eHO, YTO rityOu-
Ha BMATHHbBI MeHblIe Ha 20%, 4eM [IPHU HCHOJB30BalHKM 3TOF0 XC 1akeTa 0e3 3a3opa.

OOfias pekoMeHgalna Tako-
Ba: mna >QhexkTurHON paboThI
MHOFOCIIOMHONW TKaHeBOH muia-
CTHHBI HEOOXOAMMO HCMOJB30-
BaTb [PAIMEHTHbIE CTPYKTYpbI.
B HUX BepXHHE CHOM JOJKHBI
HMETh MCHBIIYID HCKPHBIEH-
HOCTb HUTeH (HalpuMmep, caTHH),

HamnpsxeHnus B HAUTAX TKaHel Ta-

S Z _ KOrO  [CPCILICTEHHs  MEHblle,
Puc. 10. KapTuna npo6os IBYX JKBUBAJICHTHREIX  YEM B TKAHAX C CApPIKEBBIM M [1O-
cJ0€eB TKaHu pasMepom 30x30 cm caTnHOBOIO JIOTHAHBIM 1ICpensIeTCHUAMH;
nepenaereHus K03)QUUKEHT TPCHNA B BEPXHNX

Cnosx nomxed ObiTh CHUXKEH, 4TOOb YMCHBUIMTD BIMsHMC Ha MPOHHOCTH HUTEH CBEPX-~
3BYKOBOTO yiapa B Ha4aJlbHOM (ha3e KOHTAKTa ¢ MHIACHTOPOM; ThUIbHbBIC CJIOH JIOJDKHBI
OBbITE BBINOIHEHBI U3 TKaHEH C MAKCHMAIILHOM HUCKPUBICHHOCTLIO HUTEH, HAlpuMep, ¢
NONOTHAHBIM MEPETICTEHUEM M BBICOKHM KOG (PHUMCHTOM TPCHUA MEXHAY HUTIMH,
4TOOLI YBEMUYNTD SHEPTHIO HA BHITATMBAHHE HATCH; MEXLY HAPYX HBIMU U THUIbHBIMH
C/I0AMH MHOIOCIOHHO# TKaHEBOH NNACTHUHBI PAIIMOHAIBIO BBIIOJIHHTE 3a30p, 4TOObLI

N U74NRES



AOTIOJIHHTENIBHO CHH3UTL CKOPOCTE MHACHTOpA 3a CHET NOTEePh HA TPCHHUE MPH BLITATH~

BaHUM HUTEH B HAPYXHBIX CHOAX.
OCHOBHBIE BbIBOJAbBI

1. Onpeaenessl MEXaHHYECKHE XapaKTEPUCTHKH apaMUAHBIX HUTEH Pycap® HOMH-
HanbHOM AMHCHHONA mnotHOCTH 58,8 Tekc W perucTpupyroweit cpeisl (TEXHHUYECKOTO
nnactuiansa). [ToayyeHo, 4ro HUTL BeeT cebs YNpyro BIUIOTH 4O pa3pyLieHHA ¢ MO-
aynem ynpyroctd E = 140 + 5 I'Tla u npenenom npovxoctu oz = 3,0 £ 0,16 I'Tla. Oke-
IepUMEHTAIbHbIE HCCIEAOBAHHA 10Ka3anH, 4TO MaTepHal TeXHUYECKOro IUIaCTHIMHA
ABNACTCS YNPYTOIIacCTUYECKUM C 3aBUCHMOCTBIO Npejiesla TeKyYeCTH OT CKOPOCTH Je-
dopmuporanna. Moaynb ynpyroctu TexHudeckoro miactunuia £ = 0,7 + 0,1 Mlla,

3
rwiotHocTh o ~ 1800 kr/m’, 3aBucHMocTs nipenena Texkydecty or (MIla) oT cKOpPOCTH
y

1ehOpMHpOBaHUS € MMeeT BUI O 7 (S)z 0,94(8')0’15 .

2. Brnepsrie pazpaboraHbl MajloNapaMeTpHuECKUEe MOJIe TKAaHEBBIX CTPYKTYP, Mo-
3BOJIMBIINE NOCTPOUTHL NPOCTEHILYIO aleKBaTHYIO MOIEIb TKaHU C IUIOCKUM Ieperie-
TeHHeM (MOJIOTHO, capiKa, CaTHH).

3. B naxere nporpamm LS-DYNA BriepBble MOMY4YeHO pellleHue 3aia4M TUHAMHYe-
ckoro 1eGOpMHPOBAHNA 1 pa3pyLISHNAA OZHOrO CNI0S TKaHU NOJOTHAHOTO, CapKeBOro
W CaTMHOBOrO mnepernyeTeHuit pasmepamu 5x5, 10x10, 20x20, 30x30 cm. HHpenTop
umen ckopocth 445 m/c. [1py uccieloBaHUyM yIAPHOTO HArpy>KeHUs TkaHel Ge3 ydera
pazpylueHust HUTEH NOoTy4eHo, YTO TeMI poCTa MEPBBIX INIABHBIX HATIPSKCHUI 3aBUCHT
0T xapaxTepa NEepervieTeHHA HUTEH, a Takke pa3Mepa Tkauu (bonpHie pasMep — Bbillle
YPOBEHD HANPSXKEHUH B Held),

ITpyn nccnenoBanuy yNapHOrO Harpy>KEHUs TKaHeHd ¢ ydeToM DaspylleHUs HUTeH
OIy4eHO, YTO TKaHM pazMepoM 5x5 cuM He npodusaiotcs. TkaHu pasmepom Gosblie,
4eM S5XS5 CM capKeBOrO M MONIOTHAHOIO MepeninereRuii npobuBaloTCs, NpHYeM noTeps
CKOPOCTH B C/lyuyae CapskeBOrO INEpPEerIeTeHMa Bellle, 4YeM B Cliy4yae NOJIOTHAHOrO Ha
1...22% B 3aBHCHMOCTH OT pa3Mepa TKaHH. [ToTeps CKOPOCTH B Cydae TKaHEH ¢ caTu- -
HOBBIM ITEpENIETEHNEM BO BCEX CITydasX HWKE, T.K. HHICHTOD pa3s[BUIaeT HUTH.

4. PaccMOTpeHbI HECKOJIbKO CydaeB AMHAMHYECKOrO HarpyXeHus HHICHTOPOM
OAHOTO CJI0A TKaHH CAaTHHOBOrO nepemnieTeHrs pasmepom 30x30 cM nog pasHbIMH yr-
naM# K HOpMAallM NMOBEPXHOCTH TkaHHM. CaMblM ONMacHBIM OKasacs ciay4dad B 30° k
HOpMaJIM, HO €CJIM CHU3UTH 110 Hy4 K03 ULIMEHT TpeHHa MEXIy TKaHbIO H HHACHTO-
POM, TO CaMbIM OMAacHbiM OYHET CilyHal Harpy>x€HHs Mo HOpMaJ.

5. MoaenypoBaHue NpOLECCOB TUHAMHUMECKOrO HarpyeHHs MHOrOCHOHHbIX Ila-
CTHH peanbHbIX pasmepoB (30x30 cM) ¢ HCONL30BAHHEM TEXHOJIOTMH NapasieibHBIX
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BBIYMCIAECHHA (3TO 3a0a4i ¢ MHOKECTBCHHBIMM KOHTAKTAMM) 110Ka3aJI0, 9TO yBejIHYe-
HHUE KOJIMYECTBA A[EP HE Bileyer 3a cOOOH TAKOE ¢ YMCHBUICHHC BPCMCHU pacyeTa
(nenuHeMHas MaciuTabupyeMocTs). C ONpelelicCHHOr0 MOMCHTa JlAllbHCHINee YBeTHYe-
HUE KOJIMYECTBA ALAEP JaeT MUHHUMAIbHBIM BBIMIPLIL BO BPCMCHM CYCTA, A MTOCICLYIO-
1€ HApallMBaHME KOJIMYECTBA AJCP IPUBOJMT YXKC K YBCHUHYCHUIO BPEMCHHM pacuera
(yBenHYUBaeTCS KOIMUYECTBO MCXKIIPOIECCOPHBIX 06MeoB). B pesyiibrare 1poBeieH-
HBIX HCClenoBaHui mo macwtabupyeMocTtd, OBUIO 110JIyHCHO, YTO JICKOMIIO3HIHIO
00BEKTOB HeOOXOAUMO 0GECICUHBaATE TaKUM 00pazom, 4TOObI KOHTAKTHEIC 30HBI NpPH-
XOAWJMCh Ha MMHHUMANbHOE KOJMYECTBO A/ACP, HA3HAYATh MUHHMMAJbHO BO3MOXHOE
KOJIUYECTBO KOHTAKTUPYIOILMX 00BEKTOB.

6. llna Gonee 3pdhexTHBHOrO UCMOIL30BAHUA KOMIILIOTCPHBIX PECYPCOB BIEPBbIE
Obl1a NPENIOKEHA KOHLCHLIMA 3aMeHbl IPYNIibl CJIOEB B MHOFOCIIOHHOH TKaHeBOM Njia-
CTHHE IKBUBAJICHTHOMN 110 Macce JIBYX- MM TPCXCiIORHOH 111aCTUHON, B KOTOPOH CiloK
HUMEIOT BO3MOXKHOCTD Pa3pyIleHHs.

7. JIna onucaHKA XapaKTepUCTUUCCKOH KPHBOH «CKOpOCTh yiapa Vy — ocraroynas
CKOPOCTb V,» npejulokeHa HOBas 3aBUCUMOCTB C /IBYMs CBOOOJIHbIMK I1apaMETPaMH:
Ganmctryeckuit npenen Vsy u kodPpGUUHMEHT YyBCTBUTENIBHOCTH A. HHCNIEHHbIE K 3KC-
MepUMEHTallbHbIE JaHHBIC TPU OnpejlelicHuu BaniucTHIecKoro npeaeia Xopouo co-
raacyores mexay coboit (pasHuua He upessinIacT 4% 1% BCEX PACCMOTPEHHBIX CITy-
4yaes).

8. Ilpn paspaboTke Hopbix Goiee 3PGHCKTUBHBIX 110 MAacce MOHOI'OCIOMHBIX TKaHe-
BBIX I1ACTYH HEOOXOHMMO HCHONb30BATh IPAJMCHTHBIC CTPYKTYPbl: B BEPXHHX CJIOSAX
HUTH JO/DKHBI ObITh MUHUMAIBHO HCKPHBICHDL, T.K. HAMPAXKCHUA B 60JIeC NPAMBIX HH-
TAX HHKE, 4eM B 00JIce HCKPUBNCHHLIX; KOIPOHULUMCHT TPCHUA B BEPXHUX CJIOAX AO0J-
KEH OBITb CHMXEH, YTOORI YMCHBIUIHTH BIMSHUC CBCPX3BYKOBOIO Y/apa; ThibHbIC
CJIOM JIOJDKHBI OBITH BBUTO/THEHB! U3 TKAHCH ¢ CHIIBHO MCKPHUBICHHBIMM HUTAMM U BbI-
COKMM KO3()ULMEHTOM TpeHus, YT0Obl YBEAH4YNTh JHCPIHIO HA BLITAIMBAHWE HUTEH;
MEXIY HAPYXHBIMH M ThUTbHBIMH CJIOSMH MHOTOCJIOMHBIX TKaHCBBIX IIACTHH HYXHO
cAenaTh 3a30p, YToObl CHU3HUTHL CKOPOCTH MHJICHTOPA 3a CYCT BbITAIMBAHUS HUTEH B Ha-

PYXHBIX CIIOSX.
ITy6.1uKai A O TEME IMcCCpTal MY
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