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B MenepanbHOM rocyapCTBEHHOM
Or0/KeTHOM 00pa30BaTeNLHOM
YUPEXJIEHUH BBICLIETO 00pa30BaHus
«Boponexckuii rocy1apcTBeHHbIIA
TEXHUYECKUN YHUBEPCUTET

OT3bIB O®PULHUAJBHOTI'O OIIIIOHEHTA
JIOKTOpa TEXHUYECKUX HayK, JIOLIEHTA, 3aBEJyIOLLIEr0 xadepoit
MaIIHHOCTPOUTENBHBIX TEXHOJIOTUH DenepanbHOTO rOCYIapCTBEHHOTO
OHO[DKETHOTO  00pa3oBAaTENbHOTO  YUPEXKOEHHs  BBICLLEro o0pa3oBaHus
«BopoHeXCKHI TOCYyHapCTBEHHBIN JIECOTEXHUUYECKHH yHuBepcurer uM [. @,
Mopo3zosa» KagpipmeroBa AnBapa MuHupoBuua Ha JUCCEPTALMOHHYIO PaboTy
slkoBneBoit AnHbI [TeTpoBHEI Ha TeMy «Pa3paboTka MporeccoB KOMOMHHUPOBaHHOM
00paboTKK AeTanelt KOHIEHTPUPOBAHHBIMU TTOTOKAMH SHEPTHH U MTOBEPXHOCTHOMU
TJIACTUYECKOM nedopmanuei JUISL [10JIyYEHHUS MOIU(ULIUPOBAHHBIX
M3HOCOCTOHKHX MOBEPXHOCTHBIX CIIOEBY, TIPEICTABICHHYIO Ha COMCKAHHE YUCHOMN
CTCIICHH [OKTOpa TEXHMYECKMX HAyK MO CHelUaabHOCTH 2.5.5. TexXHOMOorus u
000pynOBaHNe MEXaHHYECKOH M PU3UKO-TEXHHIECKOM obpaboTku

AKTYaJIbHOCTb H CYILECTBO NPeACTABIEHHOI paGoThI

PasBurtre npomeimnenHoro kommiekca Poccun onpenensercs BHEIPEHUEM B
NPOU3BOJCTBO MHHOBALMOHHBIX TEXHOJIOIMH MAlUMHOCTPOEHMS, B TOM YHCIE, B
o0nacT  MHXEHEPHH [OBEPXHOCTH  JeTallei, OTIPEICIIAIOIINX  BBICOKYIO
HaA&KHOCTb TCXHMYECKMX H3JeNui. B 3HaumTensHOM Mepe 3TO OTHOCHTCS K
CHCTEeMaM MallMH C MAPaBIUYECKMM 00OpYyJOBaHUEM, B KOTOPbIX AOJA OTKA30B
TUAPABIMYECKUX CUCTEM HOXOAMT 10 50 %, M3 KOTOPBLIX 3HAYMTENbHAsS BeJHYHHA
OTKa30B CBsi3aHa C OTKa3aMH 30JI0THUKOBBIX M IUIYHXKEPHBIX Map, 06YCIOBIEHHbIX
VX U3HAIIMBaHMeM. HenoctaTo4nas HaaeXHOCTh IHIPABIMYECKOro 060pyI0BaHUs
YBEIMIUBACT NPOCTOM TEXHUKH HA PEMOHT, CHU)KAET IPOU3BOJUTENLHOCTL PaboT,
BeleT K pocry wusnepxek. OnHUM u3 3(GQEKTHBHBIX TyTeil pelieHus JaHHOM
IpoOaeMbl SIBISIETCST MOAM(UKALIUS TPUOOMOBEPXHOCTEH € CO3JAaHMEM HAy4HO
O00OCHOBAaHHEIX TEXHOJOTHYECKHX npoueccoﬁ UX TIOJNyYEeHHUs, COYETAIOLIUX
pa3nuyHble METOAbl O00pabOTKH, IO3BOJIIIONIUMX JOOUTHCS CHHEpPreTUUECKOro
dQdexra (GOpMUPOBaHMS BBICOKOrO KauecTBa YIPOYHSEMBIX IIOBEPXHOCTEH ¢
3aJaHHOM U3HOCOCTOUKOCTHIO.

Bce 370 cocraBisieT Hay4YHO-TEXHUUYECKYIO npobyieMy, Ha pelieHHe KOTOpPOi
HalpaBli€Ha JOUCCEPTALMOHHAs paboTa ¢ JIOTMYHBIM NpPUBENCHUEM ee K



HEOOXOMMMOCTH  MCCIEJIOBAHUS  ePCIIeKTHBHONO MeTo/a KOMOUHUPOBAHHOM
obpaborku (KO) neranell KOHLEHTPUPOBAHHBIMH MOTOKAMU sHepruu (KIID) ¢
TOBEPXHOCTHOH Iu1acTH4eckor neopmanueii (ITI1[]). Peuenue BbleykasaHHOM
Hay4HO-TEXHUYECKOH IMPOOJIEMbl M JIOCTHXXEHHE IIOCTABIEHHONW B paboTe Lenu
HanpaBjIeHO Ha pa3pabOTKy HOBBIX HAayYHO-TEXHUYECKUX M TEXHOIOTHUECKUX

peLUeHI/Iﬁ U obecrieyuBaer AKTYaJIbHOCTb T€MbI UCCJI€IOBAHUS.

Crenenb 060CHOBAHHOCTH HAYYHBIX NOJIOKEHHH, BLIBOJIOB H peKoMeHaauu,

¢(hOpMYJIHPOBAHHBIX B AHCCEPTALMH, HX A0CTOBEPHOCTH H HOBH3HA

ABTOp JMCCEpTallMM CTABUT CBOEH LENbI0 pa3paboTaTh npoueccel KO ¢
HajoXeHueM (dusnueckux BozzaeiictBuit KIID u I nns  nonydenwus
MOIM(HULUMPOBAHHBIX MOBEPXHOCTHBIX CIOEB M CO3IaTh PE3CpB IS YBEJIWUEHHUS
pecypca paboThl rHAPaBIMYECKOr0 000PYI0BaAHHS Y Pa3IHYHbIX BUIOB TeXHHKH.

ITosy4yeHnble HayuyHble pe3y/bTAThl M BBIBOABI OTBEYAIOT I10CTABJCHHBIM
3agaqam. [lpencraBneHHsle B AUCCepTalMd HAyYHBIE MOJOKEHHS OGOCHOBAHBI W
BBITEKAIOT M3 aHAM3a HAay4YHO-TEeXHHUYECKOH JIMTEPATYPBl U MyGIMKALUH yYeHbIX
Mo TeMe JauccepTalud. JIOCTOBEPHOCTL  Pe3ysbTaTOB  AMCCEPTALHOHHOIO
MCCIEeNIoBaHUSA  00yCIIOBIEHA MPUMEHEHHEM CYIIECTBYIOINX H Pa3pabOTAHHBIX
ABTOPOM  METOJIMK TEOPETHYECKUX M OSKCIEePUMEHTAJbHBIX HCCJIeIOBAHUN ¢
NPUMEHEHUEM COBPEMEHHOU H3MEPUTEBLHOMN aNnapaTtypbl, METO0B MIaHUPOBAHHUS
MHOTO(AKTOPHBIX ~ 3KCIIEPUMEHTOB,  HAyYHO-METOIONOTHYECKOr0  KOMILICKCA
YTPaBJI€HUs  CTPYKTypOOOpa3sOBaHWEM B HMHXKEHEPHUH MOBEPXHOCTH METAILIOB,
MCIIONIb30BAHUEM COBPEMEHHOI0 CEPTU(HULUPOBAHHOIO OGOPYNOBAHUS, OLIEHKOM
TMOrpeIIHOCTH ~ TIPOBEASHHBIX ~ HM3MEPEHHH, a4  Tak)ke  IOBTOPSEMOCTBIO
SKCIICPUMEHTAJIBHBIX PEe3yJIbTaTOB. TeOpeTHYeCKHe TIONOXEHUS U pPe3yJIbTaTbl
MOJETUPOBaHUS HE [IPOTUBOpEYaT JIUTEPATYPHBIM u U3BECTHBIM
9KCTIEPUMEHTAIbHBIM TaHHBIM.

JloCTOBEpHOCTh M HOBU3HA nepeozo 6wisoda O pa3pabOTKe MeTOMMKH
npoexkTupoBanust KO noareepixiaercst TeOpeTHYeCKUM 060CHOBAHMEM Ha OCHOBE:

— TOJy4YeHHUs B3aMMOCBs3M pexumoB KO u mapamerpoB kadecTBa
00pabOTaHHOrO TMOBEPXHOCTHOIO CJIOSI,

— BO3MOXHOCTH ()OPMUPOBaHUs MOAUGDHUUMAPOBAHHOM 10BEPXHOCTH npu KO,
OTIMYAIOLICHCST  yYETOM  TEXHOJOTMYECKOW  HACNeACTBEHHOCTH W THIMA
IIPOM3BO/ICTBA IIPU BBIOOPE TEXHOJOTMYECKOrO OCHAIIIEH NS,

JIOCTOBEPHOCTE U HOBU3HA 6MO0pP0O20 861800 O MEXAHU3IME bopmupoBaHus
MoaMuUMpoBanHOro  crios  mph KO MOATBEpIKHAETCS  MCTIOMB30BAHHEM
TEOPETUHECKHX, allPOOUPOBAHHBIX U OPHIHHAIIBHBIX METOIMK SKCIIEPUMEHTAIBHBIX



ucenenoBanuii  npoueccos KO u aKkcriepuMeHTambHBIMH  pe3yJibTaTaMHu,
3aKJIFOYarOIMMUCA B BO3MOXKHOCTU YCTPaHEHUs1 30H KOHUEHTPaLMK HanpsHKeHUH B
TIOBEPXHOCTHOM cyioe U BiusiHUM pexxuMoB KO Ha mapamerpsl 006paboTaHHOIO
IIOBEPXHOCTHOIO €Jji0s (LLI€POXOBATOCTh, IMyOHMHY MAacClIsHOrO KapMaHa, IiyOuHY
YIIPOUHEHHS).

JlOCTOBEPHOCTL W HOBU3HA mpemveco 6618004 O PALMOHANBHBIX PEXHUMax
KO noBepXHOCTHOIo ciosi MOJATBEPIKAAETCSI HUCIOIb30BAHUEM TEOPETHYECKUX U
anpoOMPOBaHHBIX METONUK OJKCIICPUMEHTAIbHBIX MCCIEOOBaHUH  Ha OCHOBE
nosy4eHus B3auMocBsasu pexxuMoB KO, Brimrouaroieid o6padorky KIIO (nazepHoi
3aKaJIKOM WM  3JIeKTpO-MexaHudeckod o0paborkoit) ¢TI/l anmazHbeIM
BBIMT&XKUBAHUEM, U ITapaMETPAMU KauecTBa 00pabOTaHHOTO TMOBEPXHOCTHOTO CIIOS,
00€eCTIeYNBaIOIMHU TONyYeHHE MOAU(QHUIHPOBAHHON MOBEPXHOCTH € CO3JaHHEM
OCTaTOYHBIX CKUMAIOLIUX HANOPSDKEHUM TMOBEPXHOCTH U CHIIKAIOIIMX — ee
IIEPOXOBATOCTh. DTO OTJIMYAET NaHHbIe Mpouecchl KO TeM, uTo: BO-TIEPBBIX, Ha
00pabaTeIBaeMOM TOBEPXHOCTH (DOPMUPYIOTCS MACHSHBIE KAapMaHBI; BO-BTOPHIX,
HCKIIIOYAKOTCA 30Hbl KOHLIEHTPALUW HaNpsKEHUH; B-TPEThbUX, YUMThIBAETCS
TEXHOJIOTMYECKas ~ HACJEeNCTBEHHOCTb;,  B-UETBEPTBIX,  YYHTHIBACTCS  THII
IIPOM3BO/ICTBA MPU BHIOOPE TEXHOJIOTMUECKOTO OCHAIIEHMS; B-TISITBIX, BCE BMeECTe
3TO MO3BOJIAET YCTaHOBUTh 3aKOHOMEPHOCTH YIpPaBieHHs (haKTopamu Mpoiiecca
KO.

HoBuszHa WM J1OCTOBEpHOCTb  uemeepmo20  6bl600a  COCTOUT B
OKCIIEPUMEHTAIbHO  IOATBEPKAEHHOM MaTeMaTHYeCKOM MOJEId  ONMUCAHUS
apaMeTpOB CJI0S MOAM(MHUIMPOBAHHON MOBEPXHOCTH B 3aBUCHMOCTH OT PEXHMOB
00paboTKM, IO3BOJIAIOIIEH pPAcCUMTBIBATH PEKHMMBI  TPU  MPOEKTHPOBAHHH
npoueccoB KO.

HoBusna namozo 6vi600a O BO3MOXHOCTH HCKJIIOUCHHS — OINEPAIH
HIMGpOBaHUS M3 TEXHOJOTHYECKOro IpOLecCa W3rOTOBJIEHHS 30JI0THUKOB |
IUTYH)KEPOB, OTIMYAIOIIASACS HU3KOH IIepOXOBAaTOCTBIO U OJaromnpusTHLIMU
OCTaTOYHBIMH CKHUMAOLIUMH HANpPSHKEHUAMH, MOATBEPHAALTCS TOCTOBEPHOCTHIO
WCIIOJIb30BaHHs anipoOMPOBAHHBIX U OPUTHHANIbHBIX METOJMK 3KCIIEPUMEHTALHBIX
uccrnenoanui npoueccos KO U sxcnepuMeHTanbHbIMU Pe3yIbTaTaMu.

HoBusHa wecmozo 6v1600a 0 TMOBBIMIEHUH W3HOCOCTOWKOCTH 00paGoTaHHBIX
KOMOMHMPOBAHHBIM IPOLECCOM IIOBEPXHOCTEM Ha BenuuuHy a0 52 % mo
CpaBHEHMIO C TpaJULUUMOHHBIMU MeTodaMu (3akankoii TBUY, unemenranueii,
a30THPOBAHHEM, OJIEKTPOMEXaHUYECKOH 0O0pabOTKOM, Na3zepHOU  3aKajKoi),
OTJIMYAIOMIASACS BO3MOXHOCTBKO €€ pEeryJMpOBaHUs METOJaMH U pPeXHUMaMHu,
MONTBEP)KAAETCS ~ NOCTOBEPHOCTBIO  HCIIOAB30BAaHUS  alpOOUPOBAHHEIX U



OPHUI'MHAJIBHBIX METOJIMK TPUOOTEXHHUUECKHX 3KCIIEPUMEHTANBHBIX UCCIIEI0BAHMMN U
OKCTIIEPUMEHTAIbHBIMU Pe3yJibTaTaMHU.

HoBusHa cedvmozo 6vi600a 0 BO3MONKHOCTH yIpaBieHHS npoueccom KO
IIyTEM COXpaHEHHUs MapaMeTpPOB BLICOKOIO KadecTBa JeTalleil, OTJIMYAKIIEMCS
BO3MOXHOCTBIO CO3/aHMsl TEXHOJIOTHYECKOro Oapbepa Uil CKPBITHIX Ae(eKTOB,
TIOATBEPKAAETCA  JIOCTOBEPHOCTBIO ~ MCIOJIL30BaHHUS  AlpOOMPOBAHHBIX U
OPUTHMHAJIBHBIX METOMK OKCIIEPUMEHTAJIbHBIX UCCIIeIOBAHU "
OKCIIEPUMEHTAIBHBIMU PE3yJIbTATAMH.

JIOCTOBEPHOCTE M HOBM3HA 60CHMO20 6b1800A 0O YHHUBEPCATBLHOCTH
paspaborannoro mertoga KO o6ecrieunBaeTcsi MOBBILIEHHEM H3HOCOCTOMKOCTH
ApYTHX NETaleH, KPOME IUTyH)KEPOB U 30JI0THHKOB, YTO MOATBEPKIACTCS aKTAMH
BHEJIPCHHUS Ha PA3JINYHBIX TPEATPUITHSIX.

JIOCTOBEpHOCTh M HOBM3HA 0e6mo20 661600 O PA3BUTUH IIPUMEHEHHsI
npefnaracMbix MeTomoB KO mis  nmeraned, SKCIUTyaTHPYeMBIX TpPH  HH3KHX
TeMIiepaTypax, MOATBEPXKIACT MEePCIIEKTUBHOCTh MX JAlbHEHIIEr0 UcCeqoBaHms
Ha OCHOBE IIOJIOXKUTENbHBIX PEe3yNbTaTOB IPEABAPUTENBHBIX MCIBITAHUN II0
TapaMeTpaM TBEPAOCTH M OCTATOYHBIX HampsHKeHHH. Takke NepCrneKTHBHOCTD
metoz10B KO oTHOCHTCS K decsimomy 6b1600)y B OTHOIIEHUU pasBUTHS IPUMEHEHUS
npemnaraeMeix MeronoB KO mnst 3yGuaTeIX Kojiec JIErKOMOTOPHOH aBHALUK U
OECTUIOTHBIX JIETATENBHBIX aNNapaToB B OTHOIIEHWH MOBLIICHHS TBEPIAOCTH H
NIyOKHBI yIPOUHEHHS IEMEHTHPYEMbIX XPOMOHHKEJIEBBIX CTAJIEH.

Hayunast HoBu3Ha paboThI

Hay4Hyro HOBU3HY pabOTEI IPenCTaBIAIOT:

-~ METO/IMKa IIPOEKTUPOBAHUS TEXHOJIOTHYECKUX IPOLIECCOB
KOMOHWHMPOBaHHOH 00pabOTKHU ¢ Hano)eHHeM (GH3HYECKUX Bozneictsuit KIID u
HITA  mms nomydenus  MOAMQULMPOBAHHBIX  MOBEPXHOCTHBIX  CIIOEB,
OTIMYAKOIIAsACA YYeTOM THIA MPOW3BOJACTBA MPH BHIOOPE TEXHOJOTHUECKOIO
OCHAalllCHUst W TeM, YTO aHalM3 pe3ynbTaToB (MapaMeTpoB KadyecTBa
MOJIM(HUUMPOBAHHON TTOBEPXHOCTH) TPOBOAAT C YYETOM TeXHOTOIHYECKOl
HACJIEe/ICTBEHHOCTH;

— YCTaHOBIIEHHBIE 3aBUCHMOCTH [IAPAMETPOB KAUeCTBa MOBEPXHOCTHOIO CJIOS
MOIMQULMPOBAHHBIX  TMOBEPXHOCTEH (OCTATOUHBIX  HAMpPSIKEHHH, i1y OMHBI
MACIISIHOTO  KapMaHa M IIePOXOBATOCTH  IIOBEPXHOCTH) OT  PEKHMOB
KOMOMHUPOBaHHOH  00pabOTKM ¢  y4eToM  BIMSHHS  TeXHOIOIHUYECKOl
HaCJIEICTBEHHOCTH;

— cucteMa TexHonoruyecknx pexumo KO nosepxHocteii netaneil Ha npumepe



30JIOTHUKOB M IULyHXKEPOB, OTJIMYAIOLIMXCS OOecriedeHHeM CO3JaHHs pe3epBa
NOBBIILICHKsS] X M3HOCOCTOMKOCTH 3@ CUeT MOJIU(DUUMPOBAHUS IMOBEPXHOCTEN U
(GopmupoBanns cBOMCTB ¢ TpeOyeMbIMH TBEPAOCTBIO, IyOMHOH YIpOYHEHHH,
IIEPOXOBATOCTbIO M OCTATOYHBIMH HAIPSDKEHUSIMH COKATHS B COYETAHHHM C
MAacCISIHBIMU KapMaHaMHu;

— BIIEPBbIE YCTAHOBJIEHO BJIMSAHHME TEXHOJOIMYECKON HaC/IeICTBEHHOCTH,
METOZI0B M PpEXKUMOB KOMOMHMPOBAaHHOW 00paboTKH Ha o6pa3oBaHue 30H
KOHUeHTpauun Hanpspkenuit (3KH) B MoanuuupoBaHHOM MOBEPXHOCTHOM CJIOE.
[Tocne KO B nosepxHocTHOM cinoe He BbisiBieHsl 3KH. VYcranoBneHo, uTto
allMa3HOe  BBIMJIQ)KWBAHWE  SBIISETCS  TEXHOJIOTMYECKHUM  OapbepoMm  Juls
TOBEPXHOCTHBIX HE€(DEKTOB, a METOABl TEPMHYECKOTO BO3AeHCcTBHUA (J1asepHas
3aKajKa, OJJIEKTpOMeXaHW4ecKas o0paboTka WM TIUIa3MeHHas 3aKajika) He
SIBJISIFOTCS TAKOBBIMM JIs1 HEKOTOPBIX MOBEPXHOCTHBIX e(PEKTOB;

—  3AaKOHOMEPHOCTH  YNpPAaBJECHUS  TEXHOJOTMYECKHUMH  (paKTopamu
KOMOMHUPOBaHHOH 00pabOTKM, IO3BOJMBIIHE OIPAHWUYUTh WX 3HAUCHHUS
palMOHaTbHBIMU JHAla30HAMU M PELIUTh 3aJadyy YCTAHOBJEHHUS PalMOHAJIbHBIX
peKUMOB ~ KOMOMHHMPOBaHHOW  0OpabOTKM MO  3aJaHHOMY  JHANa3oHy
3KCITyaTallHOHHOW HM3HOCOCTOMKOCTH. PeleHa oOparHas 3amaua onpejeneHus
pexnmoB KO mo cxeme: onTHMalbHbI ypOBEHb OJKCILIYaTalMOHHBIX CBOMCTB
(H3HOCOCTOWKOCTB) —>  ONTHMAaNBHBIA AHAIIa30H PEXXUMOB KOMOMHHMPOBAHHOI
00paboTKH.

Teopernyeckasi 3Ha4YUMOCTH PadOThI

1 Paszpaborannas meronmka TMpoeKTHpoBanus mpoueccoB KO ¢ npumeHeHHem
KOHLIEHTPUPOBAHHBIX ITOTOKOB 3Hepruu u [1I1/] naeT BO3MOMXHOCTH UCIIONB30BAHUS €€
B KaY€CTBE TEOPETUYECKOIO UHCTPYMEHTA, PACIIUPSIONIET0 TEXHOIOIMYECKUe 3HAHUS
IUIT CO3MaHMs TTOBEPXHOCTEH ¢ (DOPCHPOBAHHBIM YPOBHEM CBOWCTB JAeTaned TIo
M3HOCOCTOMKOCTH MW JIp. CBOKMCTB. DTO OTKpbIBAeT JabHEMIINE IEPCIIEKTHBREI
HayyHoro pa3sutus KO.

2 TlomyveHHble TEOPETUUECKHE 3aBHCHMOCTH MapaMeTpOB MOAU(PULIHPOBAHHBIX
noBepxHocTer OT pexumoB KO BaxHbl B KayecTBe TEOPETMYECKUX 3HAHMU JUls
UCIIONB30BaHUs [IPH IPOrHO3UPOBAHMH 33JaHHBIX CBOMCTB MOBEPXHOCTHBIX CJIOEB Ha
sTare TeXHOJIOIMIEeCKOW TOATOTOBKH IIPOM3BOACTBA.

3 Tlomy4eHHble pe3ynbTaThl Ul JeTalleil 30JI0THHKOBBIX M IIyHXKEPHBIX Map B
Ka4yecTBE HMCXOIHOH HH(MOpMAlUMM MOryT OBITH HCIOIb30BaHbl NP pPa3paboTKe
npoueccoB KO Ha mMpokuit Kpyr aeTanel HHIMHAPHYECKOTO W IPYroro npohuis ¢
paclIMpEeHHBIMU TPEOOBAHUSIMHU 10 CBOMCTBAM.



[lenHocTh paGoThl ISl MPAKTHKH

IIpakTryeckass 3HaYUMOCTBH 3aKIIOYAETCS B Pa3pabOTaHHBIX TEXHOIOTHSX
KOMOMHMPOBAHHON 00OPAabOTKH, BKIIOYAs TEXHONOMMHYECKHE DPEKOMEH/AIUH 10
BBIOOPY peXUMOB 00pabOTKM [IJIs1 pasiuyHbIX cTaneil, pPyKOBOACTBA IO
OKCITyaTaluy ycTtaHoBOK OMO wu 1p., HampaBieHHBIX Ha (OPMHPOBAHME
MOJMQULMPOBAHHBIX  M3HOCOCTOMKMX  [IOBEPXHOCTEH  C  YIydIIeHHBIMH
XapaKTePUCTUKAMM, YCIELIHO BHEAPEHHBIX HA JECSITH  IMPOMBILIIEHHbBIX
NPEANPUATHAX JUIS TOBBILIEHHsI PECYPCa 30JI0THUKOBBIX U IUTYH)KEPHBIX Y3JI0B.

Matepuainbl  IMCCEPTALMOHHOIO — HMCCIEJOBaHMs MONYYMIM  LIHPOKOE
[PaKTUYECKOe  MpPU3HAHWE, MPOLIM  BCECTOPOHHIOK  ampobauuld H B
3HAYMTEIIHOW CTEIIEHH HALK OTPaXKEHHEe B HAYYHBIX Ty OIMKaLHsX.

Ouenka cogep:kaHusi JUCCEPTALIHH

Juccepratus  SBAAETCS  CaMOCTOSITENBHOM, — 3aBepIIEHHON  HAYYHO-
KBA/TH(PUKALMOHHOW paboTOH, B KOTOPOH Ha OCHOBAHUM BBINOJHEHHbBIX aBTOPOM
UCCJIC/IOBAHUM  M3JI0KEHbl HAayuyHO O0OOCHOBaHHbIE TEXHUYECKHE pa3paboTKH,
MMCIOTINE MPaKTHYECKOe TMOATBCPKACHUE: TEXHONOTHN H TEXHHUUYECKHE CPECTBA
JUTsi KOMOMHHpOBaHHOM 00paborku jeraneit KIT9 u I1]] Ha MpUMepe ILUIYHXXEPOB
H  30JI0THUKOB  JJI1  IONy4Ye€HUss  MOAUMDHUIUMPOBAHHBIX  M3HOCOCTOMKHX
[TIOBEPXHOCTHBIX CJIOEB.

Jlucceprauys COCTOMT W3 BBEAEHHMS, IUIECTH [J1aB, 3aKJIFOUEHMS, CITHCKa
COKpAILCHHH, CIMCKA MCIONB3yeMOH JMTepaTypbl, BKIIOYAOIIEro 339
HAaHMEHOBaHUH, U TIPUITOKEHUSI.

Pabora usnoxena Ha 279 crpaHui@ax, cOAEpKUT 75 PUCYHKOB 1 24 TaBIUIbL.

Bo esedenuu wznoxeHa akTyanbHOCTb AMCCEPTALUH, OIpPEIENEHBl OOLEKT,
IPpEAMET, Leldb W METONBl MCCIENOBAHWH, Hay4Hass HOBH3HA W OCHOBHBIE
Pe3yJIbTaThl  Hay4HO-HCCIICA0BATENBCKOW pabOThl, BBIHOCHMbIE Ha 3alllUTY;
obo3HaueHa TeopeTHYecKass K I[IPAKTUYECKAs LIEHHOCTb paGOThL, a Takke
MPONCMOHCTPUPOBAHA BO3MOXKHOCTD MPUMEHEHHSA €€ pe3ylTbTaTOB B KOHKPETHOI
MPaKTUYECKON 00IacTH.

B nepeoii 2nage Obln NpOBENEH aHAIM3 MPUYMH OTKA30B PasiHYHbIX BUIOB
TEXHUKH, KJ1accupuKarus TEXHOJIOTUYECKUX METOI0B TIOBBILICHUS
M3HOCOCTOMKOCTH, @ TaKk)Ke HCCIENOBaHbl JIUTEpPaTypHbIe HCTOYHHKH I10
00eCreUeHnI0 SKCITyaTallHOHHbIX CBOHCTB JeTalell ¢ YUETOM TeXHOIOrMuecKoil
HACJIEICTBEHHOCTH, M3y4YeHBI KOMOMHMPOBAHHBIC METOBI 06paboTKH. B KkavecTse
NEPCIIEKTUBHBIX U YHHMBEPCAJIbHBIX CIOCOOOB TOBBIIEHUS] H3HOCOCTOMKOCTH
JeTaned MallkH 0OOCHOBaH BbIOOP KOMOHHHPOBAHHBIX METONOB YIIPOYHEHHUS C



MCIIOJIb30BAHHEM  KOHLIEHTPUPOBAHHBIX ~ I[OTOKOB  3HEPTrHH,  CO3JAIOIIUX
JONOJIHUTE/IbHBIA ~ pecypc 3a  cueT  (GOpPMHPOBAHUS  HOBBIX CBOWCTBA
IIOBEPXHOCTHBIX CJIOEB.

Bo  emopoii  enase  TEOpPEeTHUHYECKH  IOJTBEPXKIEHA  MPABUIBLHOCTE
[PEANONIOKEHUsT O  TOM,  4YTO  COBMELIEHHE  MeTOJOB  00paboTKu
KOHLIEHTPUPOBAHHBIMU MOTOKaMu 3Hepruu U I1I1/] MoxxeT maTh MoNOKUTENbHBIHI
ekt — co3maTe pe3epB VIS TOBBILIEHUS M3HOCOCTOMKOCTH 30JIOTHHKOB U
IUIYHXKEPOB Y THIAPABIHYECKOro obopynoBaHus. TeopeTwduecku omnpeneseHsl
OCHOBHbIE  TIapaMEeTpbl ~ KayecTBa MOBEPXHOCTHOIO  CJIOS,  IIPEJCTABJIEHbI
TEOPETHYECKHE 3aBUCHUMOCTH OCTATOYHBIX HANPSDKEHUH, [JIyOMHBI YIPOYHEHHS,
MITyOWHBI MacIsHOTO KapMaHa B 3aBHCHMOCTH OT PEXKHMOB KOMOHHHPOBAHHOM
00paboTKH, a TaKKe SMIMUPHYECKHE 3aBHCHMOCTH LIEPOXOBATOCTH MOBEPXHOCTH
OT pEeXUMOB KOMOMHMpPOBaHHOH  00paboTku. PaccMOTpeHbl  BapUaHTHI
KOMOMHHMPOBaHHOM 00pabOTKH: 3MeKTpoMexaHndeckas oOpaboTKa W alMasHoe
BBITTIQKMBAHME; JIa3epHas 3aKalka M ajMa3Hoe BBITJIaKHBaHHE. PaspaboraHa
METONMKa IMpoeKTupoBaHus mpouecco KO, ornuyaromasics yveTrom Tuma
MTPOU3BOJICTBA U TEXHOJIOTHUYECKON HACIEACTBEHHOCTH.

B mpemuveil 2nase mnpejcTaBieHbl 9KCIEPHMEHTAIbHbIE H MPOMBIIILIEHHbIE
YCTaHOBKM AJ1 HCCIENOBaHMH KOMOMHHUPOBAHHBIX MPOLECCOB 06paboTKH,
TOAPOOHO OMMCAHB! MPUHIMIIBI PabOTHI, MTOKAa3aH WHCTPYMEHT M PAlMOHATBHBIE
pexumbl  obpaboTku. PaspaGorana mporpaMma Hay4yHOro — MCCIEOBAHMS,
COA€piKalllasi OCHOBHBIE Hay4yHblE M OKCIIEPUMEHTAlbHble HAMpaBIEHUs, IO
KOTOPBIM ~ MPOBOAWJIMCE HMCCIICAOBAHMS C  HCIONB30BAHHEM COBPEMEHHBIX,
BBICOKOTOYHBIX METOJMK U1l OOLIMX U3MEPEHHM U CIIEUANIBHBIX HCCIe0BAHUIA,

B uemeepmoii 2nase  dKCIIEPUMEHTANBLHO IOATBEPKASHB  OCHOBHBIE
pE3yNIbTaThl MCCIENOBAHUS TI0 OCTATOYHBIM HAIPSIKCHUAM, IIEPOXOBATOCTH
TIOBEPXHOCTH, HAJIMYUM 30H KOHLEHTpPAlMM HanpshkeHud. JIOKa3aHO, YTO
paspaGotannbie mpoueccsl KO MoryT cosmath — pesepB i [OBBILIEHHS
M3HOCOCTOHKOCTH 30JI0THMKOB M IUTYH)XEPOB Y T'HAPABIHYECKOTO 060pYIOBAHHS.
CpaBHeHHE pe3yNbTaTOB TEOPETHYECKUX M DKCIIEPUMEHTAIBHBIX HCCIIe[0BAHMIL
NIOKa3aji0 BBICOKYIO CTeNEeHb cX0AUMOCTH — 10 80 %. BrniepBble ObL10 ycTaHOBIEHO,
4TO ajIMa3HO€ BBIMVIA)KUBAHUE SBIAETCA TEXHOJIOTMYECKUM OaphepoM s
OOJBLIMHCTBA TOBEPXHOCTHBIX E(PEKTOB.

B namoii enase npencTaBieHbl UCCIEN0BAHUS W3HOCOCTOMKOCTH 00pas1oB ¢
MOZIH(HUUKPOBAHHEIM CJI0EM T0C/Ie KOMOHHUPOBAaHHOMN 06paboTku. Jlokasano, 4To
NPOLECChl KOMOMHMPOBaHHOW 00pabOTKM CO3Mal0T pe3epB AJs I[OBBILIEHHUS
M3HOCOCTOHKOCTH [IeTalled I'MAPABIMYECKOr0 OGOpPYAOBaHUS M3 Pa3MHYHbIX



MaTepHuanoB, IPUMEHSEMbIX I U3TOTOBJIEHUS 30JI0THUKOB U ITYH)KEPOB.
B wecmorni 2nase naHa oueHka SKOHOMUUYECKOLO abdexta (oxono 4,5 miH.
py0), moisy4eHHOro Tocie 3aMeHBl 3aBOACKONW TEXHONOIHH (a30THpOBaHHe), npu
M3rOTOBJIEHMH TApTHM JeTalield, Ha MpoLecc KOMOMHHPOBaHHOM 00paboTKH
(onekTpoMexannyeckas 06paboTKa 1 aMa3HOe BbIIIaKUBAHUE).

Taxoice  pacCMOTPEHBI  MEPCNEKTUBBl  Pa3sBUTHSl  HOBOTO  HAYYHOrO
HanpaBlieHUs KOMOWHHMPOBAHHBIX  METOJ0B  0OpaGOTKM C  HAOXEHHeM
(U3MUECKUX BO3NEHCTBHM, MO KOTOPBIM MPOBEACHBI MCCIEAOBAHMS M MMEIOTCS
TOJIOXKUTEJIbHBIE PE3YJIbTAThl: NPUMEHEHHE B aBHAI[MOHHOW MPOMBILIEHHOCTH,
HalmpuMep Al M3rOTOBJIEHMSA  JeTaledl  JIeTKOMOTOPHBIX  CaMOJIETOB U
OECITMIIOTHBIX  JIETATEIBHBIX ~ allllapaToB; 3KCTIePUMEHTANBHOE HCCICIOBAHMUE
napamMeTpoB MOAHPULUPOBAHHOTO MOBEPXHOCTHOTO CJIOS B HU3KOTEMITEPATYPHBIX
cpenax; JanpHedIlas pa3paboTka MeTONOB C HalOXKeHHeM (DU3HYECKHX
BO3/ICHCTBHUH, HAIIPUMEP COYETAHHE METONOB YIPOYHEHHUS KOHLEHTPHPOBAHHBIMHE
MIOTOKaMH 3Hepruu U MetonoB III1/] ¢ yapTpazBykom.

OcHOBHbIE pe3yNnbTaThl AUCCEPTALHOHHON PabOThl U3NOKEHBI 8 3aKTIOYeH UL,
JaHbl PEKOMEHIALIH TIPOU3BOICTBRY.

[Ipunosicerue x nUCCEPTALHOHHON paboTe CONEPKHUT 3aAKITIOUEHHS U aKThl O
[POBEACHHBIX HCIBITAHUAX, aKThl BHEAPEHUs] B IIPOM3BOACTBO, MATEHT HAa
TIOJIE3HYIO MOEITb, TEXHOJIOTHUECKHE PEKOMEH JaLlHH.

3aMe4aHus N0 AHCCEPTALHOHHOM paboTe

1.B pabore mpuBeneHbl NpuMephbl CTaneil, Ui KOTOPHIX OBLTH IIOIy4CHbI
TIOJIOKUTEJIBHBIE PEe3YTbTAaThl MPUMEHEHHUs NpeaiaraeMoit texuonorun KO, HO He
Tpe/ICTaB/IEHbl CUCTEMHBIE JaHHbBIE 110 IPYyIaM CTajiell M CIUIABOB, Uil KOTOPBIX
MOXET OBITb 3()(DeKTUBHA MpeiaraeMas TeXHOIOIUsI.

2. HesicHO, YeM pyKOBOJCTBOBAJICS aBTOP TMpH BHIGOPE MapOK CTajeH s
uccnenosanus KO.

2. IlepBast yacTh 3-ro BbIBOJA IIEPBOi [M1aBbl MATOUMH(GOPMATHBHA.

3. Bo 2-# rnaBe He INpHBeleHA BEJMYMHA PACUCTHOTO 3HAUECHMS KPHUTePHsI
duliiepa, OATBEPXKAAOIIAS IeKBATHOCTL ypPaBHEHHS PEIPECCHH (26) Ha cTp. 125.

4. Ha HeKkOTOpBIX Irpadukax 3aBUCHMOCTEH TpUBeIeHbl allPOKCHMALIHOHHbIE
JIMHAN 0€3 caMuX SKCTEPUMEHTATBHBIX TOUEK W/HITH JOBEPHUTENbHBIX HHTEPBAJIOB,
4TO 3aTPy/IHAET NpeJicTaBieHne 00 nx pasdpoce u norpewHoctsx (puc. 4.1 Ha cTp.
161, puc. 4.4 6) u B) Ha cTp. 165-166, puc. 4.24 Ha c1p. 191, puc. 5.1 Ha ctp. 203-
205).

5. IenecoobpasHo GbL10 Obl MPOBECTH COMOCTABIEHHE TIONYUEHHBIX B paboTe



TCOPETUYECKHX M OKCIIEPUMEHTANBHBIX  PEe3yJbTaTOB [0  OCTATOYHBIM
HaIPsDKCHUSIMH, LIEPOXOBATOCTHU, ITyOUHE YIIPOUHEHHOTO CIIOSL.

6. 3ameuanuss no odopmieHnio. Hexoropble a63albl BEIPOBHEHbI He M0
LIMPHHE, Kak Be3ae B Tekcte (c1p. 49, 51, 52, 82, 96-98). Vmeercs orneyarka Ha cTp.
100: B 1-m BbIBOZIE NEpBOIi [M1aBbl UMeETCS MUIIHUI [IPEJIOr «BY MEX/]ly CIIOBaMH
«TOBEPXHOCTAMW» U «TPeHHUs. B 0bo3Havenusx napametpos Gpopmyiisl (24) Ha cTp.
123 o m mocne Tupe OTCYTCTBYIOT ITPOGEBL.

3ameuaHuss M HENOCTATKU [0 [OMCCEPTALMOHHONH paGoTe HE OKa3BIBAIOT
CYLIECTBEHHOTO BIIMSHHUSA Ha TIOJTydeHHBIEC aBTOPOM pE3yJIbTATHI.

Ony6.1MKOBaHHOCTB Pe3yJbTATOB PAaGOTHI B MEYATH H COOTBETCTBHE
COlepKaHMsl aBTOPedepaTa OCHOBHBIM MOIOKEHHSIM JHCCEPTALHH

[lo pesynpTaTam wmccienoBanuit omyOIMKOBaHO 37 Hay4yHBIX palboT: IBE
MOHorpaduu B coaBTOpcTBe, 17 cTaTeli B  peleH3MpyeMbIX U3JIaHUSX,
pexomennoBanHbIX BAK, nBe crathy B MexayHaponHon 6aze « Web of Sciencey,
TOJly4eH OJ1H nareHT PP Ha rmonesnyro Moxeb.

OcHoBHbIE Hay4Hble Pe3yJIbTAThl JUCCEPTALUH LOCTATOUHO [10JHO OTpPa’KeHbI
B MyONMKaLUsAX, B TOM YHCJIE, B MyOMUKAIUAX MO nepeqHro u3naHuii BAK. B
aBTopedepaTe KpaTKo M3J10KEHbI OCHOBHBIE TIOOKEHHS, OTPAKAIOLLHE CYLIHOCTb
BBITIOJHEHHOH ~ paboTbl.  ABTOpe(epaT NpPaBUIBHO OTpaXkaeT —COAEPIKAHHUE
IUCCEPTALINH,

3akaoueHne

JuccepranuonHas paboTa, BeIIONHEHHas SIKOBIeBOH AHHOI ITetpoBHO# Ha
TeMy  «Pa3paboTka mpoueccoB  KOMOMHHpOBaHHOH — 00paGOTKM  jmeTaneit
KOHUEHTPUPOBAHHBIMU TIOTOKAMHM OJHEPIMH W TOBEPXHOCTHOH ILIACTHYECKON
Jebopmanyedt  IIg  HonyyeHus — MOAMDHMUMPOBAHHBIX  H3HOCOCTONKHX
TOBEPXHOCTHBIX ~ CJIOEB»,  MPEACTaBIsAEeT  COOOH  3aBepIIeHHYI0O  HAy4YHO-
KBaTM(QUKAUMOHHYIO  paboTy, B KOTOpOH pa3paGoTaHbl  HOBHIE HAY4YHO
00OCHOBAHHBIE TEXHMYECKHE W TEXHOJOTMYECKHEe peLIeHMS MO MOBBIICHHUIO
5 GEKTUBHOCTH TIPOU3BOICTBA Kilacca HeTalel ¢ KOHTAKTHBIMH [IOBEPXHOCTAMH
TPEHHUS HA NPUMEPE 30JI0THUKOB W IUIYHXKEPOB, TPUMEHSEMBIX B CTPOHTEJIBHOI,
CENIbCKOXO3SMCTBEHHOM, JKENE3HONOPOIKHOM 1 JOPOKHOM TeXHUKE, B aBUALIHOHHOM
MAIIHHOCTPOCHUH, BHEIPEHHE KOTOPBIX HMEET CYIIECTBEHHOE 3HAYeHHe IS
PasBUTHs MalIMHOCTPOUTENIBHOIO MNpou3BOACTBa Poccuu. [MonmydeHHble naHHbBIE
00/1alat0T YHUBEPCATBHOCTHIO U MOTYT ObITh aJalTUPOBAHBI 15 HCIOMb30BAHHS B
YCTIOBUSIX CEPUIHHOTO M MacCOBOTO MPOM3BOCTRA.



Huccepranus COOTBEeTCTBYeT  TpeGoBaHUAM «ITonoxeHus 0
NPUCYKACHUU  yYE€HBIX  CTENEHEH», MpPeABSIBISEMbIM K JOKTOPCKHUM
auccepranusMm, a e€ aBrtop flkoeneBa AmnxHa [letpoBHa 3aciyxuBaer
NPUCYKIEHMs €l YUYEHOH CTEIEeHM JIOKTOpa TEXHUYECKUX HayK IO CIELHaIbHOCTH
2.5.5. Texnonorus u o00OpyJOBaHHE MEXaHHUYECKOM M (U3MKO-TEXHUUECKOI

00paboTKH.

OduinaibHBIA OTIITOHEHT

JOKTOp TeXHH4Yeckux Hayk (05.02.07 — TexHOMOr M
1 000pyIOBaHNE MEXaHHUUECKOM U (PU3HUKO-
TexHU4Yeckoi 0bpadbotku, 05.02.08 — TexHOMOTHA
MaIIMHOCTPOEHHUS ), JOLICHT,

3aBeAyIOLIUH Kadeapoit

MalIMHOCTPOUTEIbHBIX TEXHOJIOT U

®I'BOY BO «BJITY» gf% KazsipheTon ARBap
MuHupoBHY
e, TG ccfrfo 2025 .

E-mail: kadyrmetov.a@mail.ru
Ten. +7 (951) 568-50-27
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