OT3bIB

0o(ULIMATLHOTO ONIIOHEHTa
Ha JiMccepTankoHHyo padoty JIE XA HUHS
«ASMEPEHME 2D u 3D-MOP®OJIOI'UH BSI3KUX U3JIOMOB
KOHCTPYKIIMOHHBIX CTAJIE,
NPe/ICTaBJIEHHYIO HAa COMCKAHKE YUeHOH CTelleHH KaHAUIaTa TEXHHIECKUX HaYK
no cnennaabHocTH 05.16.01 «MeramnoBeneHue u TepMudeckas odbpaborka me-
TaJUIOB U CILJIABOBY

1. AKTyaJbHOCTH paboThI

ObecneyeHne Hale)KHOCTH 000PY/IOBaHKMs M KOHCTPYKIWHA BO MHOIOM 3aBHU-
CUT OT CTAaOMIILHOCTH CBOMCTB MaTepHalloB. B CBSI3U ¢ 3THM mepe]| HHXKeHepaMH K
Hay4HBIMH pabOTHHKAMH IIOCTOSHHO CTOMUT 3a/1a4a COBEPILIEHCTBOBAHMS TEXHOJIO-
TMYeCKUX MPOIECCOB, U3BICKAaHUE PE3€PBOB MOBBHILECHUSA MPOYHOCTH, IUIACTUYHO-
CTH Y BI3KOCTH MAaTE€pPHaJlOB, B TOM YHCJIE M 3@ CYUET MOBHILIEHUAA OJHOPOIHOCTH
Ka4yeCcTBa MeTajlla Jake B paMKaX XOpOILO OTJIaXEHHBIX TeXHojorui. J{is ycra-
HOBJIEHHs IIPHYHH pa3bpoca Mokas3arenedl MPOYHOCTH, IUIACTHYHOCTH U BI3KOCTH
MaTepHUajloB HEOOXOMUMO NOHMMAaHNe Pa3HUIBI B MEXaHM3Max paspylIeHus U MX
CBSI3U CO CTPYKTYPHBIMH IapamerpaMu. s BbISBIEHUsS] KPHTHUECKUX (HaKTOpOB
CTPYKTYpPEI (B TOM 4YHCJI€ BKIIOUEHHH), ONpENeNsiOnMX HEOTHOPOIHOCTh BSI3KO-
CTH MeTainoB, 3Q(eKTUBHO IpHMeHEeHHe METOAOB KOJUYECTBEHHON (pakTorpa-
¢bumn.

B cBasu ¢ s1uM akryansHOCcTh paboTel Jle Xaii Huus, mnocesiienHoi pas-
paboTKe METONOJIOTHH PEKOHCTPYKIIUH ITOBEPXHOCTH pa3pylIeHUs B TPEXMEPHOM
IPOCTpPaHCTBe IMyTeM M3MepeHuH 2D u 3D-mopdonoruu BI3KHX M3IOMOB KOHCT-
PYKUMOHHBIX CTaJIeH, HE BBI3IBAET COMHEHHUSI.

2. HoBH3Ha, 000CHOBAaHHOCTh HAYYHbIX I10I0:KEHHIH H BHIBOJOB,
JOCTOBEPHOCTH MOJY4€HHBIX Pe3yJabTaTOB.

Hay4ynaa HoBHM3HA AuccepTanloHHO# pabotsr Jle Xaii Huns 3akmogaercs

B Pa3sBUTHH METOJMKH PEKOHCTPYKIHM TPEXMEPHBIX M300pakeHui penbeda BI3-
KMX U3JIOMOB Ha OCHOBE CTEpEOIap, MOMYYEHHBIX B CKaHUPYIOIIEM 3JIEKTPOHHOM

MUKPOCKOTIE.



VcraHoBNeHa CBA3b MEXIY YPOBHEM 3HAUEHUM YIApHOH BSA3KOCTH M [€O0-
METPUYECKUMH NIapaMeTpaMy MHUKpopenbeda BI3KOro H3jI0Ma.

[TokaszaHo, 4TO ¢ yBeJIM4eHHEM MaciiTaboB BHE 3aBUCHMOCTH OT TUIA MHK-
POCTPYKTYpHl (COpOMT OTIyCKa, (eppUTHO-IEPIUTHAS I10JIOCUATOCTh, OCTaTKU
JeHIPUTHON CTPYKTYPHI), CXeM UCHbITaHMs (Ha yAapHbIM M3rK0 WM CTAaTUYECKOoe
pacTsDKeHUE) U OpHeHTAllMu 00pa31oB (BAOJb U IONEPEK HaNpaBIECHHUs IPOKATKU
B JICTE, TAHTEHIIMAIBEHO - B MTOKOBKE), MIMEET MECTO MU3MEHEHHE (POPMBI IMKH OT
napabonuyecKo K cheprudecKoi.

JUisi OLIEHKHU pa3IMuni MEXAY CHCTEMaMH SIMOK IIPEIJIOKEH aHaIM3 UX I10-
TM3APOB BopoHOTo U pacnpeneneHuii NONU3APOB M0 IUIOWALsSM, YUCILy coceliel u
PacCTOSHUNA MEXAY IMKaMHU.

BaxxHble pe3ynbTaThl NONYYECHBI IIPH U3YYECHHE CTPOCHHS IIEPEMBIYEK, CIIO-
coOcTByOImHUe Ooee rIy0OKOMY IIOHMMaHHIO OCOOEHHOCTEH Ipoliecca o0pa3oBa-
HHUA U clusHUA 10p (oOpa3oBanHus sMOK). Ha ocHOBe aHanv3a pe3ynbTaToB H3Me-
PEeHMs] TEOMETPUY IIEpEMBIYEK BBISIBICHO [(Ba MEXaHHW3Ma CIIHSHHUS CMEXHBIX I0D:
pa3pyleHye IepeMblueK OTPHIBOM CO BTOPUYHBIMM MHUKPOSIMKaMM Ha IIEPEMBIYKE
U cpe3oM (0e3 MUKPOSIMOK).

JloCcTOBEPHOCTD PE3VJILTATOB HCCJIeIOBAHHA H BHLIBOIOB B qucceprauu-

onnoit pabdore Jle Xait Hunsa obecriedena ucmonp30BaHHEM OCHOBHBIX TTOJIOXEHUM
MaTepUaJiOBEJIeHUs M MEXaHUKU pa3pylleHHs, OCHOBAHHBIX Ha TPydaX OTEYECT-
BEHHBIX U 3apyOeKHBIX YIEHBIX, OOJBIINM 00bEMOM KCIEPUMEHTAIBHBIX HCCIIe-
JIOBaHU#M W MCIBITAHUYM, HaKoIUIeHHEeM U 00paboTKoM IMpeNCTaBUTEIbHOM CTaTH-
CTHKH M3MEPEHUI reOMETPUH U3JIOMOB, UCMOJIb30BaHUEM COBPEMEHHOH HCCIEN0-
BaTeJIbckoi TexHuku (ontudeckuid muxkpockon OLYMPUS PME-3, ckanupy:o-
mue snekrporrsie Mukpockonsl HITACHI S-800 u JEOL JSM-6610LYV, ucnsira-
tenbHble MammHbl Z250 ¢upmert ZWICK u Instron 150 LX). B coueranuu c pas-
HooOpa3HbM nporpamMubsIM obecniederuem (PHOTOMOD, Intensiv (pa3spabora-
Ha B.A. Tpayenko), Origin, Image Expert Pro 3) u crarucTidecKkuMu MeTOJaMH

obpabotku pe3ynsraros (Statistica, Origin, Mathcad u Excel)..



[ ]

O00CcHOBAHHOCTL HAYYHBIX HOJIO:KEHHH H BbIBOAOB. Bce chopmynupo-

BaHHbBIE aBTOPOM Hay4HbIe IIOJIOXKEHUS U BbIBOJBI OCHOBBIBAIOTCS HAa HEOOXONH-
MOM U JIOCTATOYHOM O0BEME TEOPETHUYECKUX U IKCIIEPUMEHTANBHBIX JAHHBIX.

JIns mosiydeHUs COMOCTaBUMBIX a0COMIOTHBIX 3HAYEHVH I'eOMETPHYECKUX
mapaMeTpoB OOBEKTOB 110 Z-KOOpAMHAT€ M MPOBEPKHM MpaBUIbHOCTH 3D-
PEKOHCTPYKIIMH UCIIOIB30BATH TECT — O0BEKTHI: MOPOIIKYA HHTepMeTaunaa NiAL
pasmepoM 10-25 MM u roOyIisipHBIE BKIIOYEHHs pasMepoM 5-10 MKM, pacrono-
KeHHBIE B IMKaX BA3KOT'0 U3JIOMa.

Ha ocHoBe HakOIUIEHHOH NpeACTaBUTENBHON CTAaTUCTHKU U3MEPEHHUM dJe-
MEHTOB I'€OMETPHH BSI3KOTO HM3/0Ma OblIa MPOBEJACHA CHUCTEMaTH4YecKas OLEHKa
BHJIa UX paclpelelIeHUs [0 pasMepaM Ha OCHOBE IIPUMEHEHMS HellapaMeTpuye-
cxoro kputepus Konmoroposa-CMupHoOBa.

Ha pe3ynpraTsl H3MepeHuss TE€OMETPHH [IEPEMBIYEK, KOTOPasi HECET CYyILEeCT-
BEHHYIO WHOOPMAIIHIO O MEXaHM3MaX CIIMSHUA CMEXHBIX NOp, KaK OJHOro U3 (ax-
TOPOB, OIPENENSIONMX YHEPIOEMKOCTh BA3KOIO paspylLleHUs], OblIM paclpocTpa-
HEHBI TaKUe K€ CTaTUCTUYECKUE TOAXOJbI, KaK U IIPY OLIEHKE IeOMEeTPUH IPYIUX
3JIeMEeHTOB BsI3Koro u3noma. [loka3aHo, 4To B coOTBETCTBUM ¢ kpuTepueM Komnmo-
roposa-CMUpHOBa pacupefeneHre TONMIMH IEepeMBIYeK B U3JIOMaxX CTajel
15X2HM®A, 38XH3M®A-II1, 0912C u 161 2A® omnuckiBaetcs ramMma QyHKUIHU-
e#, a UX BBICOT M KOJIMYECTBA MEJIKMX BTOPHUYHBIX IMOK — I10 3KCIIOHCHIIUAIBLHOMY
3aKOHY.

B menom, npoBeeHHEBIA MOMHBIA KOMIUIEKC HCCIIEOBAHUHA 0OecIiedni Bo3-
MOXHOCTb MaKCHMaJlbHO OOBEKTUBHO 00OCHOBaTh C(HOPMYJIMPOBAHHbIE Hay4HBIE

IIOJIOKEHHUA M BBIBOIBI.

3. Hpamnqecxaﬂ IMEeHHOCTb

IlpakTdeckas 3HAYUMOCTH DPe3yJIbTATOB PabOThl 3aK/IFOYAETCs B
pa3paboTke METOJOJOTUU PEKOHCTPYKIMU MOBEPXHOCTH paspylleHUs B TpEXMep-

HOM IIPOCTpaHcTBe myTeM u3MepeHuit 2D u 3D-mopdosoryu Bs3KHX H3JIOMOB



KOHCTPYKIIHOHHBIX Ccrajed U MCIOJIb30BaHUU HpGﬂﬂO}KBHHOﬁ METOJHUKH OJis1 BbI-

SIBJIEHUS IIPUYUH HEOJHOPOAHOCTH BA3KOCTH B JIMCTAX U IIOKOBKaX.

4. 3ameuyanus mo paborte

[To muccepranmonHoit pabore Jle Xait HuHg HMEIOTCA CIACIYIOLIME BOIPOCH U

3aMEYaHMs:

1. B xadecTBe OOBLEKTOB MCCICOOBAHUS ObLIM HMCIOJB30BaHBl 00pa3I(bl CTalH
pa3JIMYHBIX MApOK C Pa3IMYHBIM YPOBHEM IIPOYHOCTH, XMMHUYECKOI'0 COCTaBA U
TepMuuYecKoil 00paboTky. JIJ1s BHISIBICHUA NIPHYMH HEOJHOPOIHOCTH YIapHON
BA3KOCTH B JIUCTAX U IOKOBKAX IeIeco00pa3Ho ObLIO OBl HCCIIEN0BATh BA3KHE
M3JIOMBI B paMKaX OJHOM MapKH CTalIM, PasHbIX IUIABOK, C PasIuyYHON TepMO-
00paboTKO# U T.II.

2. Ha crpanune 127 aumccepranud IpUBOAUTCS CPAaBHEHHE T€OMETPUM M3JIOMOB
cranu 09I'2C Ha mpomoasHOM yaapHOM o0pasiie 1 Ha Z-06pasiie Ha pacTsie-
uue. [Ipu aToM cooTHOIIEHNE MEXTY ITyOHHON AMKHM U €€ TUaMETPOM BO BTO-
poMm cirydae B 1,5 pasa Gosnsle, yeM B nepBoM. HackoJabLKO KOPPEKTHO Takoe
cpaBHenue? Uto OyJieT ecli CpaBHUBATH U3JIOMBI IIPH OJIMHAKOBOM CXeMe Ha-
rpyxeHus? M3BecTHO, YTO 3HAYEHUS IUIACTUYHOCTH METallla B HAIPaBJICHUM
TOJIIUHB], KaK MPaBUIIO, CYIIECTBEHHO HIDKE, YEM B IIPOJIOJIEHOM HalpaBJe-
Hur? e CTpYKTYpHOE MOATBEPKACHUE APOOICHNA NepiuTa U 00BEAMHCHHS
CMEXHBIX IIPOCIIOCK (epprTa, YeM 000CHOBBIBaETCA 00pa30BaHKUE HEITYyOOKHX
nop? B puccepranmu takux dororpaduii CrpyKTyphl HeT.

3. Ha crtp.143 nenaercs yTBEpHKJICHUE, YTO IIOIYUCHHBIE PE3YJIBTATHI IIPSIMO OT-
PXAIOT POJib CTPYKTYPH MeETajlla ¥ €ro 3arpA3HEHHOCTH BKIIOYCHHAMM Ha
pa3BUTHE BSA3KOrO paspylieHUs». Ha ocHOBaHMM uyero Jeaercs Takoe 3aKimo-
YyeHHE OTHOCUTEIBHO BKIIFOUCHNMH? DaKTHuecKUX OLEHOK pa3MepoB, GOopMbI 1
pacrpe/ieNieHus BKIIOYCHUHM WK X0Ts OBl 6aIbHOCTH PELICH3EHT B TEKCTE [HC-

CEpTalliy HE HalIC]I.

5. 3akJIl04eHHe 0 COOTBETCTBHH JAHCCEPTALHH

TpeboBanuam [Honoxenns BAK PD



IuccepranuonHas pabora Jle Xaii Huns sBnsercs 3aKOHYEHHOH Hay4YHO-
KBATM()UKAMOHHOM paboTo, B KOTOPOH CONEPKUTCS PElIeHHE 3a/1a4u, HMEKOLIEH
3HAYEHME JUIS Pa3BUTHUS METAJUIOBECHUS KOHCTPYKIMOHHBIX CTAJIEH.

Pe3ynprarel paboThl 1Lenecoo0pa3HO MCIIONL30BaTh JJIs ITOBBIIICHUS Kave-
CTBa CTallell pa3IMYHOTO Ha3HAYEHHsI, COBEPIIEHCTBOBAHUS TEXHOJIOTHH MX IIOJIy-
YeHMUsl, IIPU pa3paboTke cTanell HOBBIX IIOKOJICHHUH.

Jluccepranys HanpcaHa JOCTYTTHBIM S3bIKOM U aKKypaTHO 0 OpMIIEHA.

ABTopedepaT quccepTaly ¥ ITyONMKaIUK aBTopa (M3 HUX TPH IO CIIMCKY
BAK) COOTBETCTBYIOT COAEPXKAHHIO AUCCEPTAllUM U JOCTATOYHO IIOJIHO €€ OTpa-
XKaloT.

OTMeYeHHEBIE B OT3BIBE HEJIOCTATKH HE BIHSIOT Ha OO0 NONOXKHUTENBHYIO
OIIEHKY HayJHOT'O YPOBHS JaHHOH AMCCEPTAlOHHOH paboTHL.

B nemom, muccepranmonHas pabota Jle Xait Hunsg nmo csoemy teopermde-
CKOMY, METOMYECKOMY ¥ SKCIIEPUMEHTATFHOMY YPOBHIO, 00BEMY paboThI, aKTy-
QJIBHOCTH, HAYYHON HOBHU3HE U IPAKTUYECKOM 3HAYUMOCTH MONYYEHHEIX pe3yJib-
TaTOB COOTBETCTBYET TpeOOBaHMSM, NPEABSBISIEMbIM K KaHIUIATCKUM JIHUCCEPTa-
nusM "Tonoxenus o mopsaKe NMPUCYXIeHUS yueHBIX creneHei” (B pex. Ilocra-
Hosienus IIpasutenscrea PO ot 24 centsbps 2013 r. N 842), a ee aBrop 3aciy-
XKHUBAET MMPUCYKACHUS YYEHOU CTeNeHM KaHAUATa TEXHUYECKUX HayK IO CIELH-
anpHOCTH 05.16.01 — «MeTannoseneHre U TepMudeckas oOpaboTka METaIOB H

CILJIaBOB»
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