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OBHIASA XAPAKTEPUCTUKA PABOTbDI

AKTYaJIbHOCTH PadoThI

JlucToBasg WITaMIIOBKA SIBJSETCS OJHOM W3 OCHOBHBIX Pa3HOBHIHOCTEH
00pabOTKM METaJJIOB JABJICHHEM, KOTOpas TMO3BOJSET MOJIydaTh IUIOCKHE U
MPOCTPAHCTBECHHBIE NIETAT M3 CAMBIX Pa3HOOOPA3HBIX MATEPHAIIOB M CAMBIX
pa3HOOOpa3HbIX KOHpuUrypamuii. TOHKOCTCHHBIC KOHCTPYKIIMM U3 JIUCTa
MOJY4Yal0T UIMPOKOE TMPUMEHEHHUE B CaMbIX Pa3HOOOPA3HBIX HU3JACIHIX
MAIIMHOCTPOEHUs.  BBICOKHE  3IKCIUTyaTallMOHHO-TIPOYHOCTHBIE  KayecTBa
TOHKOCTECHHBIX JIETAJIEH U Y3JIOB U3 JINCTA ITPU MUHUMAJIBLHOM BECE MOCIEIHUX
MIPEIOTIPEACIIAIOT erie OObIee UX MPUMEHEHUE B M3/CIHUSIX MAIIMHOCTPOCHHUS.
B cBsi3M ¢ 3TUM 3KOHOMHYHOE W BBICOKOIIPOU3BOJUTEIIBHOE MPOU3BOCTBO
Ka4eCTBEHHBIX TOHKOCTEHHBIX JeTajeh, 0COOCHHO CIIOKHBIX (OPM, SIBISETCS
OJIHOW M3 BaXHBIX MPOOJEM COBPEMEHHOTO MAIIMHOCTPOCHUA. boibInoe
3HAYCHHUE IPHUOOpPETACT COBEPIICHCTBOBAHUE CYIIECTBYIOIMMX M pa3paboTKa
HOBBIX IPOIIECCOB IITAMIOBKH JE€TAJICH U3 JIUCTA.

[Iporecchl UCTOBOM IMITAMIOBKHA 3JIACTUYHOM W KUIKOCTHOM CpENoH
BCIICJICTBUE HX YHHMBEPCAJIbHOCTH, YI00OCTBAa OCYIIECTBICHHUS, IPOCTOTHI
UCIIOJB3YEMOT0 MPU 3TOM HHCTPYMEHTA, a TAKXKE HCKIIOYUTEIHHO OOJBIINX
TEXHOJIOTHYECKUX BO3MOKHOCTEH O0O0€CIICUMBAIOT 3HAYUTEILHOE CHHKCHHE
ce0ECTOMMOCTH, TOBBIIICHHE KAadeCTBAa M HAJIEKHOCTU IPOMBIILICHHON
MPOAYKIIMU HE TOJBKO NPU MACCOBOM, HO U CEPUMHOM, MEIKOCEPUNHOM H
ONBITHOM MPOU3BOJICTBE. MOKHO C YBEPEHHOCTBIO CKAa3aTh, YTO CYIIECTBOBAHUE
COBPEMEHHOIO0 MAIIMHOCTPOCHHSI TPAKTUUECKH HEMBICIUMO O€3 HIMPOKOIo
MIPUMEHEHMS TTPOIECCOB JIMCTOBOM IITAMIIOBKU 3JIACTUYHBIMU U KUJIKOCTHBIMU
CpeZlaMM M B MEPBYIO OUepe/lb MPOLIECCOB MITAMIIOBKUA PE3UHOU M KUJKOCTHIO.

dopmoobpazoBaHue JeTajell ¢ pa3HBIMA KOHCTPYKTHUBHBIMU 3JIEMEHTaMU
KaK B TUIOCKOCTH CTEHKH, TaK U Ha OOpTax MPHUBOAMUT K IOSBICHUIO 1e(PEKTOB.
Hanbonee pacnpocTpaHEHHBIM DJIEMEHTOM JKECTKOCTH M DJIEMEHTOM,
o0ecTieurBaIOIIMM CTBIKOBKY JeTajeh mpu cOOpKe, siBseTcs mojaceuka. OcTpo
CTOMT BOIIPOC IMPOU3BOJICTBA JIMCTOBBIX JETalei C DJIEMEHTaAMHU «IIOJCEUKa.
Jns ycrpaHeHus: J1ePEKTOB «HEIOIITAaMIIOBKa» U «rodpooOpa3oBaHue» Ha
TaKuX JICTAIAX HCIOJb3YyeTCs pydHas JOBOJAKA JeTajeil ¢ OOJbIIOH
TPYAOEMKOCTHIO. B pe3ynbTaTe 10BOJKU AE€TaIU B OJHOM MECTE YXOAUT KOHTYP
BCEH JEeTalli U, KaK pe3yJibTaT, MPUXOAUTCS TOBOJUTH BCIO J€Tallb. TaKKe MpH
PYYHOH JOBOJKE TEPSIETCSI CMBICI yUueTa MPY>KUHEHUS] B OCHACTKE, TaK KaK MpHU
JIOBOJKE JIeTajlb B pailoHE MOJICEUKH MOJHOCTHIO KOMUPYET (POpMY C OCHACTKH,
HMMEIOIICH HOMUHAIbHBIC Pa3MEpHI.

JlanHas mpoGiiemMa COXpaHsieTcsl Take Ha COBPEMEHHOM 00OPYIOBaHUU C
6onpmm gaBiaeHueM (100 MIla u 6onee). OcHOBHas IpoOIeMa 3aKTF0YaeTCs B
BO3HUKHOBEHHHU HM30BITOYHOM JKECTKOCTH B paliOHE BEpPIIMHBI IPH
dhopMo0oOpa3oBaHUN «IOJACCUYKHY IACTUIHON CPEIOH.



eab padoThI:

[lenp wccmeoBaHUs — U3YyYUTh TEXHOJIOTHUECKHE BO3MOXXHOCTH HOBOTO
ciocoba ¢GopmMooOpazoBaHUs TMOACEUEK SJIACTHYHOW CpPEOi, MO3BOJISIFOIIETO
obOecrieunTh uX Oe3gedekTHOe oOpa3oBaHWE Ha JIMCTOBOM JeTanu U
chOpMYIUPOBATh PEKOMEH I TI0 PEATU3aIMK 3TOTO CIOco0a.

3agaum uccJieI0BaHUA:

1) pa3pabotath HOBBIH croco0 ¢GopMooOpa3oBaHHs, 00SCIICUHBAFOIIHIA
oe3nedekTHOE O00pa3oBaHWE TIONCEYEK HA JIMCTOBBIX JETAISX SJIACTUYHOU
Cpenou;

2) pa3paboTaTh MaTEMAaTHUYSCKYI0 MOJElNb JUIS pacueTa OCHOBHBIX
napameTpoB Ipoiiecca GopMooOpa30BaHUs MOJCEUEK;

3) pa3paboTaTh ypaBHEHHMsI, OMMCHIBAIONINEC KOH(MUTYPAIIUIO KOHTAKTHOW
MOBEPXHOCTH TMOJIBI>KHOTO MPHKUMA JIJIs1 Pa3HbIX TUIIOPA3MEPOB MOJICEUCK;

4) pa3zpaboTaTh MaTEMAaTHYCCKYIO MOJENb I pacdera IMOTPEOHOI
IUIOMAAM KOHTAKTHOM TMOBEPXHOCTH TMOJABMKHOTO TIPMXKMMA HCXOIS U3
napameTpoB M0JICEYKU u XapaKTEPUCTHK o0opy0BaHUs TUTSE
dhopmoobOpazoBaHus;

5)mpoBecTH  IKCIIEPUMEHTAILHYIO  MPOBEPKY  pabOTOCIIOCOOHOCTH
MpEeIOKEHHOr0  crmocoba  oOpa3oBaHUs  MOJICEUEK W aJIEKBATHOCTH
pa3pabOoTaHHBIX MaTEMaTHYECKUX MOJIEIIEH.

O0bexkT wucciaegoBaHusi: 1poriecc (popMooOpa3zoBaHMS — TOJCEUYEK
JIMCTOBBIX JIETAJIEN 2JTACTUYHOM CPEIOM.

IIpeamer uccaenoBanms: npouecc 0e3aedekTHoro GopmoodpazoBaHus
JIMCTOBBIX JIETAJIEH C DJIEMEHTOM THUTIA TIOJICEUKA.

Metoabl mMccie0BaHUs: MCIOJIb30BANIACh COBOKYIHOCTb METOJIOB
YUCJIICHHOTO PEIIEHUSI HMHTETPAJIOB, METOJ] HAaWMEHBIIMX KBAaJAPAaTOB, METOJ
KOHEYHBIX  JJIEMEHTOB,  TEOpUS  HUcCCielAoBaHHS  (YHKUUNA,  TEOpHs
WHTEPIOIUPOBAHUS U MPUOTMKEHHS (PYHKITUH.

Hayuynast HOBH3HA.

Hayunass HOBHM3HA 3akiioyaeTcs B MPEIOKEHUH HOBOrO crocoda
dbopmMooOpa3oBaHUsl ¢ TPUMEHCHHEM IOJBW)KHOTO TIPYDKMMAa W METOJUKH
MPOCKTUPOBAHMS KOMIUIEKTa OCHAacTKH Il  (opMOoOOpa3zoBaHUs Pa3HOIO
TUTIOpa3Mepa mojceuek. JJaHHas TeXHOJIOTHS TIO3BOJSIET OCYIIECTBUTH MEPEBOT
YCWIMSI DJIACTUYHOM Cpelbl Ha TMOABWXKHBIM MPUKUAM, KOTOPBIA Oyner
nepenaBaTh TOBBIIIEHHOE YCUIHUS JIOKAIBHO Ha MpOOJEMHYI0 30HY U
o0ecrieunBaTh B HEW YCJIOBHS HaMpPsHKEHO-Ie()OPMHUPOBAHHOTO COCTOSTHHS
OJIM3KOTO K YCJIOBHSIM BCECTOPOHHETO CkaTtus. MakcuMalibHbId 3P deKT oT
MOJBW)XHOTO TMPWIKUMA MOXKET OBITh TIOJNYYeH TMPU OCYIIECTBICHUU €ro
NBIDKEHUS BO BpeMs ¢opMmooOpazoBanus. llepemernienne MOABUKHOTO
IpKUMa MPYU OKOHYATENIbHON (hOpPMOBKE 00eCIeuynBaeT JOCTATOYHOE CHUIIOBOE
BO3JCIiCTBHE Ha JAeQOpMHUpYEMYIO 30HY JeTald Uil  UCKIIIOYESHHS
«HEJOIITAMIOBKU» U «TOPpooOpa3zoBaHUI.



IIpakTHyeckasi HeHHOCTH Pa0dOTHI H BHEIPEHHE:
1) Co3maH HOBBIM croco® 0Oe3ne)eKTHOrO IPOM3BOJCTBA JIETANCH C

MOJICEYKaMH, Pealii3yeMOCTh U TPUMEHUMOCTh KOTOPOI'O JI0Ka3aHa HATYPHBIMU
HKCIIEPUMEHTAMH.

2) PaszpabotaHHbIl croco0 obOecreunBaeT ycTpaHeHue ae(eKTOB THIIA
«HEIOIITAMIIOBKa» W «ro(pooOpa3oBaHuEe», MNOSBISIOMIMUXCA HA JIMCTOBBIX
JeTalsIX B 30HE MOJCEYEK, a TAKKE PACUIMPEHHE [HANa30Ha JIOMYCTHMBIX
TUIIOPA3MEPOB TMOJCEYEK (KaKk MHUHUMYM Ha 65% OTHOCUTENBHO JaHHBIX
HopMmatuBHOW jgokyMeHTtaunmn OCT 1.52468-80), a Taxke COKpalleHHue
TPYJOEMKOCTH H3TOTOBJICHUS JETale ¢ Imojacedykamu (kak MHHMUMYM Ha 50%
OTHOCUTEJIBHO CXeMbl (hopMooOpazoBaHusi 0€3 MOJBIKHOTO MPWKUMA) TPU
o0ecrieueHnn TpeOyeMOoro KauecTBa IMOBEPXHOCTH U JOCTHKEHHS 3aJaHHOU
TOYHOCTH.

3) JloxazaHa BO3MOXXHOCTH (hOpMOOOpa3oBaHUS JeTajield  CIIOKHOM
dbopMBI ¢ MoJiceukaMu U3 TPYAHOACHOPMUPYEMBIX CILIABOB O0€3 Harpena.

Pe3ynbTaThl paboThl UCIIOJIB30BAHBI IIPU BHITIOJHEHUH PAOOT:

— no TteMe "ABTOMaru3zauMs M TOBbIIEHHUE AIPPEKTUBHOCTH
IIPOLIECCOB M3IOTOBJIEHUS M MOATOTOBKHU IPOU3BOJCTBA M3ECINNA aBUATEXHUKU
HOBOTO TIOKOJIeHUsI Ha 0a3e HayuHo-mpousBojcTBeHHON Kopropanuu «UpryT»
C HAYYHBIM COIPOBOXJEHHEM HpKyTCKOro rocyJapCTBEHHOIO TEXHHYECKOIO
yHusepcutera' Ne UpI'TVY 218-3.13.1.017 2013 r.- 2015 r., peann3zoBaHHO! B
pamkax nocranosieHus 218 [IpasurensctBa PO ot 09.04.2010 r.;

— HUOKP "Pa3zpaboTka METOAUMKM MPOCKTUPOBAHUS paboueit
MOBEPXHOCTU CpeAcTB TexHosiornyeckoro ocHameHuss (CTO) mnst mpouecca
rugposnacTuyHo  QopmoBkM  Ha  mpecce  «Avure».  Paspabotka
TEXHOJIOTUYECKOM JOKYMEHTAallMM Ha H3TOTOBJIEHUE JACTAIEd METOIOM
ruapodnactuaHoit popmoBku”, 25.01.2017 no 25.01.2018; mo 3akazy HNA3 —
¢ummana [TAO «Kopnopauust « UPKYT».

Anpobanus padoThlI. OCHOBHbBIE pE3yIbTaThI HAy4HO-
KBAIM(PUKALMOHHON paboThl (AKccepTalnu) ObUIM MPEACTABICHbI HA HAYYHO-
TEXHUYECKUX KOH(PEPEHIUAX:

— Hay4yHO-TIpakTH4ecKkass koHdpepeHmus «Momoaexsb. [Ipoextsr. Unen»
(r. Upkytck, 2015 r.), B HanpaBienun «I1oAroToBKa mpou3BOACTBa», JUILJIOM 32
NepBOE MECTO;

— BCepoccHiicKkas HAy4YHO-TIpaKTUYecKas KoH(pepeHuus
"ABuamamuHocTpoeHue u Tpancnopt Cubupu" (. Upkyrck, 2016 r.);



— MEXJIyHapoJlHasg Hay4dHO-NpakTuueckas KoHdpepeHuss «CucteMsl
YIPaBJICHUS )KU3HEHHBIM LIUKJIOM U3JEJIUN aBUAllMOHHON TEXHUKU: aKTyaJIbHbIC
npoOJeMbl HUCCIEAOBAHMS, ONBIT BHEIPEHUS U TMEPCIEKTUBBI Pa3BUTHS»
(r. YapsaHoBck, 2016 1.);

— Hay4HO-TIpakTHueckas koHpepenmus «Monoaexp. [Ipoextsl. Maew»
(r. Upkyrck, 2017 r.) B cexuun «lloaroroBka mnpou3BOACTBa», AMUIUIOM 3a
BTOPOE MECTO;

— III Bcepoccuiickuii KOHKYPC CTYJIE€HUYECKHMX HAy4HBIX OOIIECTB U
KOHCTpYKTOpcKuX Oropo (r. bapuayn, 2017 r.) B HoMuHaiuu «Pob0TOTEXHUKA,
MOJICJIMPOBAHUE U DJIEKTPOHUKA», IUIIOM | cTeneHy;

— KOHKYpC Hay4YHO-UHHOBAIIUOHHBIX IIPOEKTOB «Momnonoit
uzooperaTesb» B paMKax Bcepoccuiickoro decTuBans HayKH
(r. Upxytck, 2017 1.), 1 mecTo;

— X MexnynapoaHas KoH(epeHIUs «ABUAMAIIMHOCTPOEHUE U
tpancnopt Cubupmuy» (r. Upkyrck, 2018 1.);

— MEXJIyHapoJlHasg Hay4yHO-TeXHUYecKkas KoHpepeHuus «CoBpeMEHHbIE
HalpaBJICHUS] W  TEPCIEKTUBBI  Pa3BUTUSI  TEXHOJOTHM  0OpaboTKU U
o0opyznoBanusi B MammHocTpoeHuu 2018y (r. CeBactonons, 2018 1.);

— KOHKYpPC HAyYHO-TEXHMUYECKHX paboT W TPOeKToB «Mojoaexs u
Oyaymiee aBUAllMd M KOCMOHABTHKH» (I. Mockpa, 2018 r.), B HOMHUHAIIUH
«HoBble MaTepuasibl ¥ MPOU3BOACTBEHHBIE TEXHOJIOTMM B  00JIacTH
aBHAIIMOHHOMW M PAKETHO-KOCMHUYECKON TEXHUKW» 1 MECTO;

— KOHKYPC Hay4YHO-MHHOBAaLIHOHHBIX ITPOEKTOB «Mounopoii
n300peTaTenby» B pamkax Bcepoccuiickoro dbectuBans HAayKHU
(r. Upkyrck, 2018 r.), B HOMuHaAuu «JIydmmii MHHOBAMOHHBIA MPOEKT
1 mecTo;

— Hay4yHO-TipakTH4eckas koHpepenuus «Momoaexs. [Ipoextsr. Mnen»
(r. Upkytck, 2019 r.), B cekuuu «IIpon3BoacTBO», TUILIIOM 32 BTOPOE MECTO;

Hyonukanmnu.

[To matepuanam uccienoBanuit onyoaukoBaHo 19 pa6ort:

— 6 myOnukaruii B u3gaHusx u3 nepeunst BAK;

— 7 nyOnukanuii B W3JAHUSIX, BXOMSIIMX B TEPEUCHb CIPABOYHOMN
uHpopMauu 00  OTEYECTBEHHBIX  M3JAHMUSIX, KOTOpbIE  BXOMSIT B
MEXIyHapoiHbIe pedepaTuBHbIe 0a3bl JTAHHBIX U CUCTEMBI ITUTUPOBAHUS U B
COOTBETCTBHM C MYHKTOM 5 TipaBujl (JOPMUPOBAHUS MEPEUHS PEIECH3UPYEMBIX
HAyYHBIX W3JIaHUW, B KOTOPBIX JOKHBI OBITh OMYOJMKOBAHBI OCHOBHBIC
Hay4HbI€ pe3yJbTaThl AUCCEPTALM HA COMCKAHWE YYEHOW CTENEHU KaHJu]aTra
HayK, Ha COUCKAaHUE YYEHOU CTENEHU JOKTOpa HayK;



— 6 myOauKarui B Mpo4YnX U3JaHUsX.

Ctpykrypa u 00béM. /[anHas paboTa MMEET CIEAYIOUIYI0 CTPYKTYpY:
BBCJICHHEC, YCTBHIPE TJIABBI, 3aKJIIFOUYCHHE, CIMCOK JUTepaTyphl. [1odHBIH 00BeM
Hay4YHO-KBATU(PUKAITMOHHON paboThl (Iuccepramnuu) cocrapiser 201 crpanuiy,
conepkut 11 taGmun, 166 pucynkos, 100 HammMeHOBaHMI CHHMCKAa CCHIIOYHOU
JUTEPATYPHI.

KPATKOE COAEP KAHUE PABOTbI

Bo BBeaeHum chopmyivpoBaHa aKTyallbHOCTh MPOBEICHHBIX HAyYHBIX
VCCJIEIOBAHMM, TaKKE MPOAHATU3UPOBAHO COBPEMEHHOE COCTOSIHUE MPOOJIEMBI
BBIJIBUHYTOW aBTOPOM BHUJICHHE PEIICHUE TIPOOIEMBL.

B  mnepBoii rigaBe pacCMOTpeHbl  TPOOJEMBbI,  CBSI3aHHBIE  C
dbopmoobOpazoBaHreM TojceueKk. BpIsiBIEHO, 4YTO HauOoyiee Cepbe3HbIC
po0eMbl BO3HUKAIOT Mpu (HOpMOOOpa3oBaHUU OOKOBBIX MOJICEYEK U TO, UTO
npu ux (HopMoOOpPa30BAaHUU BO3ZHUKAIOT CIEAYIONIME OCHOBHBIC JE(EKTHI:
«ro(pooOpa3oBaHUE; «HEOIITAMIIOBKAY; Pa3phIB B BEPIIIUHE.

[IpoanamuzupoBan OCT  1.52468-80, B  KOTOpOM  yKa3aHbI

PEKOMEHTyeMbIe obnactu COOTHOIICHUM XapaKTEPUCTHUK JUTST
dbopmMo0oOpa3oBaHUs TOJICCYKH W 30HBI YBEIWUYCHUS BEPOSITHOCTU TOSBICHUS
nedexToB Ha HOMorpamMme. OHAKO MpHU ONFKAMIIIeM pacCMOTPEHUH BBISBIICHBI
CEphE3HBbIC OTPAHWYCHUS B MCIOJIB30BAHUH JAHHOTO HOPMATUBHOTO JTOKYMEHTA
B COBPEMEHHBIX YCIOBUAX M OTCYTCTBHE TapaHTUu 0Oe3nedeKTHOro
dhopmooOpazoBaHus MOJICEUKHU JTaxKe B PEKOMEHIyeMOM 30HE
dhopmooOpazoBaHus.

Paccmorpen OCT 1.51728-73, B KOTOPOM OCBEIIEHA TEXHOJIOTHS
dbopmoobOpazoBaHus MOACEUEK I yCTpaHeHUs JeeKTOB «rohpooOpa3zoBaHUE)
U «HemomTamnoBka». OCHOBHBIM MpOOJIEeMaMH MPU HKCIOIH30BAHUU JAHHOU
TEXHOJIOTUM SIBIISIFOTCSL  HEJOCTATOYHOCTh JaBJCHUS OOOpYIOBaHMS IS
oOecrieueHus KauyeCTBEHHOI'O (dbopMooOpazoBaHUs MOJCEYKHU C
PEKOMEHJIOBAaHHBIMM ~ TIapaMeTpaMH W HEOOXOIWMOCTh  HCIIOJIb30BaHUS
OOJBIIIOr0 KOJIMYECTBA HAOOPOB MPKUMHBIX OTIOP.

IIpoanamusupoBan  OCT 1.41466-73, B KOTOpPOM OIMCHIBAIOTCS
PEKOMEHIAIMU 110 IITAMIIOBKE JIMCTOBBIX IIOACEYEK DJACTUYHOU CPEIOU C
MTOMOIIIBIO AJIACTHUYHBIX HAKIIAJIOK C OMNpPEIeNIEHHON TBEepaoCThi0. OCHOBHOM
HEJIOCTaTOK 3TOW TEXHOJIOTMH COCTOMT B TOM, YTO HY)KHO HMETh OOJBIIYIO
HOMEHKJIATypy THIIOPa3MEPOB AJIACTHYHBIX HAKJIAJIOK, U yCTpaHeHue nedexra
«HEJIOMITAMIIOBKa» MOKET MOTPeOOBaTh OUYE€Hb OOJIBIIIOTO JaBICHUS.

B HacTtosimieit paboTe paccMOTpPEHBI CYIIECTBYIOIIME MaTeMaTUYeCKUE
MOJICNIA, METOABI M TEXHOJOTHH (HOPMOOOpPa30BaHUSA, KOTOPBIC MPEIIOKHUIH
E.N. Wcauenkos, H. A. Edbumon, FO.B. 3amapaeBa, FO.H. Jlorunos, N.I1O.



3axapseB, C.A. AkcenoB, C.b. Mapsun, B.B. Kypunsiii, C.A. Xentukos, C.B.
CypynuHn, S.A. Epucos.

N3yuenne cymiecTByromux pabOT  aBTOPOB, KOMIIETEHTHBIX B
HANpaBJICHUU HCCJIENOBAaHUS, IMO3BOIWIO CHOPMYIHpPOBATh LEAb W 3aJa4u
HayYHO-KBATU(PUKAIMOHHOW paboThl (muccepranuu). OHM 3aKIIOYAIOTCS B
U3YYCHUU TEXHOJIOTHUECKUX BO3MOKHOCTEH HOBOT'O criocoba
dhopmMo0oOpa3oBaHMs MOACEUCK ITACTUYHON CPEIOH, TTO3BOJISIFOIIETO 00SCIICYHTh
ux Oe3nedexkTHOe 0Opa3oBaHHWE HA JIMCTOBOM JAeTamd U CHOPMYIHpPOBATH
PEKOMEH/IAlMY TI0 PeasU3aIMy dTOTO CIocooa.

Bo BTOPpOIii ri1aBe nMpoaHaTu3upPOBaHO MPUMEHEHUE METOIMK, OMMCAHHBIX
B NIEPBOY IJIaBe, I KOHKPETHBIX Tpex Jeraneil. bbuio moka3zaHo, 4yTO JaHHbIE
METOJMKHA TPUMEHUMBI I JeTallel, KOTOPbIE BXOAT B PEKOMEHAYEMYIO 30HY
dbopmoodpazoanuss OCT 1.52468-80. B wactHocTH, Ha mpumepe nmeramu Nel,
BXOJSIIEN B PEKOMEHIYyEeMYI0 30HY (opMooOpa3oBaHMsl, ObLIO MOKAa3aHO, YTO
JAHHBIE METOJMKH TPUMEHUMBI W  JIAIOT PACCUMTaTh HEOOXOIUMBIC
TEXHOJIOTUYECKHE mapaMeTpbl (mostomy neranu Nel He paccMmarpuBaercs
noapoOHo B aBTopedepare). Ha mpumepe neranu No2 u neranu Ne3 (koTopble He
BXOIAT B PEKOMEHAYEeMYI0 30HY (QopMooOpa3oBaHus) OblIa IOKa3aHa
HEBO3MOXHOCTH Hcnojb3oBanus MeToauk OCT 1.52468-80 (cm. Tabnura 1).

Tabnuna 1 — [etanu ans ananuza (mpuBeaeHs! getanu Ne2 u Ne3)
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[To geramu Ne2 wcxoawM W3 MOMYIICHHS, YTO IUIOMIAAh MOBEPXHOCTH,
IIOCTPOCHHOM HA OCHOBE 4YETHIPEX BEPIIMH W KPUBOW, NPUHAJIECKALIECH
BEpIMHE TOJCEUKH, SBISETCS IUIOMAABIO JUJIsl TOJXY4YeHHUS TMOJCEUYKH [0
dbopmoobOpazoBanus. Takke CUMTaeM 4YTO, OTHOIICHHE ITUIOMIATAN TOJCEUYKH K
TUTOIIA TN MIOCTPOCHHOM TIOBEPXHOCTH SIBIISICTCS nedopMaruei,
XapakTepu3ymolneld yToHeHHe. BrwiBemena Qopmyna g HaXOXKICHUS
MUHUMAaJIBHON TOJIIMHBI C MCIOJb30BaHHEM Mojenu bpaxmaryntel U mpaBuiia
Capproca (cm. Pucynok 1,Tabmuma 1):

Sa- | Z-n%-bi—a 4+Z-at-co+ Z-as-de +
) _ UJgabedbt+2blclr2bldl-ctin.clal-a 1)
ilmin) = 7T z-al™b1 —a1*+2-a1e17+2-a1"-d17+
Vgatbletdi-bitrzbiterlsz b1l dil-c1trzc1td1i-aat

5

11.9681 mm - 4 = S ~\\b1

c1

68897 mm

a) 0)
MIOBEPXHOCTH, ITIOCTPOEHHAsI HA OCHOBE IIOBEPXHOCTH IOJCEUYKHU
YEThIpEX BEPIINH
Pucynok 1 — [loBepxHocTH /U1 pacueTa yTOHEHHUS

N3 Tex ke gomymieHuit Obliia HaliieHa noiHas aeopMaiiis B MOJACCYHON
3oHe. Ucnonb3ys a1y aedopmanuio, ¢ nomotibio ¢pyHkuun «Krupkowsky lawy
OBLIIM HaJIEHbI HAMPSKEHUS B JeTanu npu popmooOpazoBanuu. PaccuntanHoe
0 KJACCHYECKUM (popMysiaM, ONMHMCaHHBIM B TyIaBe 1, MOTpeOHOE AaBJICHHEC
MIPEBBINIACT 3HAYCHHUST (POPMOOOPaA3YIOMNX YCHIIUK TPECCOB HA CETOMHSITHHMA
nenb. OgHako 3Tu GOpMyIIBI UCXOAST U3 TOro, yTo (opmMooOpa3zoBaHUE UACT
TOJBKO JJIACTUYHOU cpenou. HM3-3a 3TOro mnpu pacdere mOIydarOTCs HeE
peaTUCTUYHO OoJIbIIe JaBjieHWs. JlaHHBIH acleKT TOKas3bIBaeT, 4YTo 0Oe3
JOTIOJTHUTENBHBIX ~ AJIEMCHTOB OCHACTKH, KOTOpPHIE TIOMOTYT  YBEIUYHUTH
dbopmoobpasyromue BO3IEUCTBHE, Takas IMOJCEYKa HE MOXKET OBITh CO3/aHa.
Jlnst dopmooOpa3oBaHusl MaHHOW TMOJCEYKHM HYKHO JIOKAJIM30BaTh YCHUIIHE
dbopmooOpazoBanue Ha IUIOMIAAM IOACEYKH. EcCaM MNpeamnonoXurh, dYTO
dbopMo0oOpa3oBaHNUe MOACEUKH HJIET KECTKUM HHCTPYMEHTOM (TTOBTOPSIOLIHIA



KOHTYp TOJICEYKH) NPUBOJUMBIM B JBI)KEHHE 32 CUET JABJICHUS IJIACTUUHOU
cpensl, To popmMooOpazoBaHue MOJCCUKH MOKHO pa30UTh HA HECKOJIBKO 3TAIlOB.
3Has  HampsokeHUsT  (opmooOpaszoBaHMS M CyMMapHyI  TUIONIAJb
dbopMooOpa3oBaHus, MOXHO HAWTH MOTpeOHOE Yycuiane (HopMOoOpa30BaHMUS
JAHHOM TOJICEYKH U, CIeI0BAaTeIbHO, NOTpeOHOE NaBieHne GopMooOpazoBaHUs
B 3aBUCHMOCTH OT IUIOIIAN BO3JCHCTBUS Ha MOABMXHBIN 31eMeHT. [locTpoen,
rpauk TOKa3bIBAIONIMM HW3MEHEHUE IUIOMIaJAM BO3ACWUCTBUSA JaBIICHUS Ha
KECTKOM MHCTPYMEHTE B 3aBUCUMOCTH OT JaByieHus (cM. PucyHOK 2).

PI/ICYHOK 2- Fpa(I)I/IK W3MEHEHUS IIJIONIAN BO3ACHCTBUS JaBICHUS HA KECTKOM HUHCTPYMCHTC
B 3aBUCUMOCTHU OT OJABJICHUSA

Jnst neranmu Ne2 mpumepHbIi Mpo@uiib OMOPHOW KPUBOM KOHTAKTHOM
TIOBEPXHOCTHU OBLT BBIOpaH B BUJIC CIUIAHHOBOM KpuBOii (cM. PucyHok 3).

] 3 1z 16 0 21 k3 2 36 i

Pucynoxk 3 - I[Ipo¢uins B cucreme koopauHat xOy

Jns  BeIBOma  QyHKIMM  gaHHOrO  mpodmiis  1menecooOpasHo
BOCIIOJIB30BAaThCS METOJOM HAWMCHBINUX KBaApaToB. VICMONB3ysl JaHHBIHA
QITOPUTM M TIOCJIEIOBATEILHOCTh PEIICHUS, HHTEPIIOJUPYEM TIPO(HIIb KPUBOU
noauHoMoM 4 tiopsizika (cm. @opmyia (2)):

y(x) = —0,060389 + 0,723742 - x + 0,005302 - x*> — 0,000918 - x?

+0,000013 - x* (2)
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Tenepb MOXXHO COCTaBUThb YpaBHEHHUE TOBEPXHOCTH YTOOBI HMETh
BO3MOXXHOCTh YIPaBISATh BBITYKIOCTbIO MOBEPXHOCTH B HAIpPaBICHUE OCH Y.
JlaHHBI TIapaMeTp MOKHO HCMOJIb30BaTh JUIsl BapUallUM IUIOIMIAJAM KOHTAKTa
MOJBM)XKHOTO 3JIEMEHTA C JJIaCTHYHOM cpemod. B olOmiem Buae ypaBHEHHE
TIOBEPXHOCTH TPEACTABICHO opMyIioi (2).

z(x,y)=(e+€;,-x + &, - x° —|—E3'I3+E4'I4]+(MI'CGS(§)) (2)

rne €,€61,65,63,€4 — KOI(PPUUMEHTHI, KOHTpOJUpYyIOUME NpoduiIb U
MO3BOJIAIOIINME €r0 MOAU(DHUIHUPOBATH; 3 — KOIPPHUIIUEHT, TO3BOJISIOIINN
MEHATh MNpPOru0 TMOBEPXHOCTH B HAIPaBICHUUM OCH y U HaIpaBJICHHUE
BBITYKJIOCTH; (W2 — KO3 (UIIMEHT, OTBEYAIOLIUI 32 pa3Mep neprojia (GyHKIHMH B
HaIIpaBJIEHUU OCH Z;

Janee Obl1a BIYUCIIEHA AHAIMTUYECKH TUIOIIA b TOBEPXHOCTH MPHKMUMA,
3a7aHHOM BUIOM (QyHKIUH Z(X,Y) ¢ moMomsio Gpopmysbl ['epoHa B IOCTAaHOBKE

it deTeIpéxyronbauka. CToporsl A u C H MONyHEpUMETP MMEIOT BHA (CM.
dopmyina (4),(5),(6) u Pucynok 4):

1 a, - x+a,-x°
1+ — +a, -x? dx (3)
| +a, - x* —ay

(]

1 | a, - x +a, - x*
=05-B+05-D+ [ |1+ = +ap-x® dx (4)
+a, -x*—a,
\

__ A+B+C+D

-

rep

[ ]

1 | a,-x+a,-x*
(05-B+05-D)*+| —05-B+05-D+[ |1+ =l ey dx
ta, x*—a,
\

‘ o

1 | a, - x+ a, - x*
05-B—05-D+ [ (14| | +ay-x dx
| +ﬂ-4'x4
\

—a,

——

()
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Pucynox 4 - CTOpoHBI aHATU3HPYEMOU MTOBEPXHOCTH

Jlns obecniedeHus IBUKEHUS TMOJIBHXKHOTO TTPUKUMA HEOOXOAUMO, YTOObI
BBIJICPKUBAJICA YIOJl HaKJIoHa KpuBod npoduis (cM. PucyHok 3) B auama3oHe
or 30 mo 50 rpagycoB. B mNpOTMBHOM cilydae BO3MOKHO 3aKJIMHUBAHUE
npwKUMa Tpu ABMOKEHUH. J[JIg HaXOXKIEHHs yria HakJIOHa KPUBOW MPOQHIIs
ob1 mponuddepennrpoBana GyHKIUS U3 GopMyibl (2) U MOCTpoeH rpaduk
3aBUCUMOCTH TPOU3BOJHONW (YHKIIMU OT pazMepa Ipoduias mo ocu X (CM.
Pucynok 3). C momoIipi0 METOJUK aHaidu3a (PYyHKIMU U MOMCKA dKCTpEMyMa
ObLT HalijieH, Ha Tpaduke QYHKIMU MPOU3BOJHOM, y4aCTOK, B Hayaje KpUBOU
npodmiis (cM. PucyHok 5), B koTopoM (YHKIMS MHHHMAJIbHO OTJIMYAIach OT
JUHENHON (QyHKIuU (T.e Bapualus MPOU3BOJHON ObUIa MHUHHUMAIbHA).
[IponsBogHass wu3MeHsieTC B A3TOM ydactke OT 35,905 nmo 36,302, uto
COOTBETCTBYET HaIleMy MUCKOMOMY YIJIy UCXOJsl U3 T€OMETPUUYECKOTO CMbICIIA
MPOM3BOAHOM. YTon wusMeHsaTcs ot 35,905° ngo 36,302°, yTto BXOAUT B
peKoMeHIyemblii nuana3on ot 30° g0 50°, yToObI IPKUM HE 3aKIMHWIO TIPH
dhopmooOpazoBaHuM.

@ i e N\

3
0 02 042 063 08 LS 126 147 185 180 21 231 182 273 194 318 336 38T 31T 3w
q

Pucynoxk 5 - I'padguk u3MeHeHUs yria HakJoHa
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Jnst netanu Ne3 ObUIM BBIBEICHBI aHATOTHYHBIE (POPMYJIBI C YIETOM TOTO,
gyro y ameranu Ne3 wmaer mporecc mocagku rodpoB mpu (HopMooOpazOBaHUH
(cM. PucyHok 6).

'\.\\ﬂ\. \\W

A N Ve
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A

Pucynox 6 - 3oHb1 00pa3oBaHusi TOQp U YTOHEHHS

B o0mieM Buie ypaBHEHHE IMOBEPXHOCTH IIOABKIKHOTO 3JIEMEHTA JIJIst
JaHHOM neTanu Oyaet umeTh Buj (cM. Dopmyina (6):
zZ1(x, )= (P+ ¥, - x+ ¥ - x*+ ¥, -+ ¥, - x*+9 - x°)

i (2,-cos (2)) 6)

B cBsi3u ¢ TeM, uTo npu POpPMOBKE TAKOTO POJa MOJACEUYKH OyAeT UIATH
WHTEHCUBHOE «T0(PpooOpa3zoBaHuey, NMEPBbIA MEPEX0]l HENb3sl MPOBOJUTH MPU
MaKCHMaJbHOM JaBJICHHH, T.K ITO MPUBEIET K M3OBITOYHOMY YIPOYHEHUIO B
30He ropbl U YMEHBIICHHUIO €€ pa3Mepa. Bece 3To mpuBener Kk 3HAUYUTEIBHOMY
YBEIMYCHUIO TOTpeOHOro ycwmms (popmMooOpa3oBaHus, W Kak CIEACTBUE,
YBEJIIMYEHHUIO MOTPEOHOM IJIOUIaM KOHTAKTa 3JIaCTUYHOM Cpeibl U MOJABHIKHOTO
JJIeMEHTa OCHAacTKM. Ha mepBoM mepexoie HYKHO HCIOJIB30BaTh Malloe
JaBjieHue, 4yToObl «rodpa» umena OOJBIIYI0 aMIUTUTYy BOJHBI MPH TMOTEPE
ycroiunBocTu. [l meramm Ne3 mpuBeneHa MeToauka pacuera rpaduka
NOTPEOHOrO JaBJICHUS Ha TNEPBOM IMEpPeXoje, NPU BBIPAKEHUU BCEX CTOPOH
pa3BepTKH B MecTe «roppoodpazoBaHus» uepes Beauuuny L (cMm. PucyHok 7).
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26973 mm "

13.6420 mm "

B 13.6420 mm

83582 mm”

Pucynok 7 - Beipaxkenue nepemMeHHoOM L Bcex CTOpOH pa3BepTKH JETAIU

B pesyabprare: pa3zpaboTaHO ypaBHEHHE NPUBOISLIEH MOBEPXHOCTH
MOJBW)KHOTO TPWIKUMA JUISl IPAaBOM M JIEBOM YaCTE HOMOIPAMMBI, KOTOPBIE
BBIXOJIST 32 PEKOMEHIYEeMbIH JTHara3oH; pa3paboTaHa MaTeMaTHYeCKass MOJICIIb
JIJIsl pacueTa YTOHEHHUsI B 30HE MOJICEUEK; pa3paboTaHa MaTeMaTH4YecKasi MOJEIb
JUI pacdeTa MOTpeOHOM IUIOMIaJd TMPHUBOJAIICH IMOBEPXHOCTU ITOABHKHOTO
MPUKUMA MCXOJ U3 TapaMeTpPOB IMOJCEYKH M XapaKTEPUCTHUK 000pYyHaOBaHUS
s (opMooOpazoBaHus; JJii MpPaBOM YacTU HOMOTIpaMMBbl pa3paboTaHa
MaTeMaTH4YeCKass MOJICNb I ONpeJe/ieHUus MOTPEOHOTO JaBJIEHUs] Ha MEPBOM
nepexo/ie.

B Tperbeil riiaBe onucaH METOJ KOHEYHBIX 3JIEMEHTOB B KOHKPETHOM
peanuzanuu  nporpamMmMHoro  komruiekca PAM-STAMP  2G.  JlanHbBIH
MPOTPaMMHBIM ~ KOMIUIEKC  BBIOpaH 1  Bepu(UKaMu  pe3yibTaToB
MPEJIOKEHHOW MOJIENIA pacyeTa OCHOBHBIX IIapaMeTPOB, MNPUBEAEHHBIX BO
BTOPOY TjaBe, MmyTeM MojeiupoBanus GopmooOpazoBanus. Jns meramu Ne2 u
netan Ne3 ObUIM CHPOEKTHUPOBAHBI T€OMETPUUECKHE MOJIEIM OCHACTOK C
YYETOM JIaHHBIX, PACCYUTAHHBIX B TJIABE 2.
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netanb No2 neranb Ne3
Pucynok 8 - 'eomeTprst KOMITJIEKTa OCHACTKH
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Cxema (hopmooOpazoBaHust 1Jisl MOJEITHUPOBAHUS BKIIOYAET HTAllbI:

— mepen  mpoBeneHueM  ¢GopMooOpa3oBaHMS ~Ha  CTOJ  Ipecca
YCTaHAaBJIMBAETCA OCHACTKA, 3aKpEIJIEHHAs Ha MOAUITAMIOBOW IJIUTE C Ma30M
JJIsl yCTAaHOBKH TOJIBUKHOTO 3JIEMEHTA;

— Ha IINWJIBKK OCHACTKM YCTAaHABJIMBAETCS 3aroTOBKA, IOCIE 4YEro
MPOBOJUTCS MIpeaBapUuTesbHoe GopMO0oOpa30BaHHUE;

— Ha TMOJUITAMIIOBYIO IUIUTY B TMa3bl YCTAHABJIMBACTCS IOJBUKHBIN
OPWKAM W BBINIOJNIHAETCS ~ OKOHYaTelbHOe  (GopMooOpa3oBaHHE,  UTO
oOecreynBaeT KaueCTBEHHOE MOIYyYSHHUE IETaU C TIOJICEUKOM.

Onacmuunasn
cpeoa

% 1

5] 4]
1-cron Impecca; 2- MO3MITUOHUPYIOIIHNEC HITBIPU;
3- noamTamMIioBad IIJIMTA, 4 - ocHacTKa JUIA (1)OpMOO6paSOBaHI/I$I;

S - 3arOTOBKA B BUJIE Pa3BEPTKU;6 - MOABHKHBIN IPHKUM;
Pucynok 9 - ®opmMooOpa3oBaHue ¢ UCTIOIL30BAHUEM ITOABUKHOTO TIPIKAMA

DnacTuyHas cpefia BO3JEHCTBYET Ha HAKJIOHHYIO MOBEPXHOCTh MPHKUMA
U TPUBOAUT €ro B JBW)KCHHE IO HAKJIOHHOM MOBEpPXHOCTH TMa3a B
NOMITaMIOBOM  tumiTe.  llepeMerienre  MOABMXKHOTO — TMPIDKAMA  TIPH
OKOHYaTeIbHON  (opMOBKe oOecrneunBaeT HEOOXOJAMMOE  HaIpPsHKEHHO-
ne(OpMUPOBAHHOE COCTOSTHUE CKATHUS U IOCTATOYHOE CHUIIOBOE BO3JIEHCTBUE HA
nepopMupyeMyr0  30HY JeTalld  JUISl  WCKIIOYEHHUS  «HEJOIITaMIIOBKM»
(cM. Pucynok 9).

Hcnonb3oBaHne  TpWKUMa, TEPEMEMIAIONIErocss 10  HaKJIOHHOM
MOBEPXHOCTH TMOAIITAMIIOBOM TIIUTHL (cM. Pucynok 9), cozmaér ycioBus
BCECTOPOHHETO C)KaTusl B AepopMHpyeMO 30HE JETalld C «IOJCEUYKOI» (30HE
NOSIBJICHUS Je(eKTa «HEIOIITaMIIOBKa»). YCIIOBUE BCECTOPOHHEIO C)KaTUs B
poOJIEMHOM 30HE SBISIETCS €AMHCTBEHHBIM CIIOCOOOM YCTpaHEHHUs Ae(EKTOB
Ha HECTaHAAPTHBIX MOJCEUKax Mpu (HopMooOpa3oBaHUU.

[To pe3ynbraram MonenupoBanHus st getand Ne2 wu  geranu  Ne3
MOKAa3aHo, 4TO MpejjaraeMas mMareMaTtudeckass MOJAEJb 10 pacuery yTOHEHUS,
nedopmarmii  (obmue gedopmManud, BbMHCIAEMbIe W3  (OPMYIbl  JIJIAHBI
BEKTOpa), HANPSDKEHUHM (10 SHEPreTUYecKOM TEeOpUHM MPOYHOCTH) U pacyuera
NOoTpeOHOTO JaBJIEHUS ISl IEPBOTO Nepexoaa (HE0OX0IUMO TOJIBKO JIJIS JeTallu
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Ne3) umeer muHMManbHble paznuuusa (He Oosiee 5%) ¢ MOJEIMPOBAHUEM
dbopMo0oOpa3oBaHMsS METOIOM KOHEUHBIX AJIEMEHTOB, T.€ MpeajaraeMas MoJeib
MOATBEpIIa CBOIO aJCKBAaTHOCTh MPU CPAaBHEHWH C METOJAOM KOHEUYHBIX
AJIEMEHTOB.

B deTrBepToOii ri1aBe paccMaTpuUBaeTCs HATypHBIE SKCICPUMEHTHI I10
TIPEI0KCHHBIM MOJICTISIM. brura U3TOTOBJICHA OCHACTKa IS
dbopmoobpazoBanus netanm Ne2 u meramu Ne3 (cm. Pucynok 10).

a)
Hetanb No2 Hetans Ne3
Pucynok 10 — KomruiekTsl 11 popMooOpa3oBaHus AeTaieit

PaccmoTpeHnbl ycTaHOBKAa U MPOEKTUPOBaHKE OJI0Ka 351acTO()OPMOBAHUS
Ha nipecce UIT 1250 (cm. Pucynok 11).

Pucynok 11 — Biiok amacrodopmoBanus Ha npecce UI1-1250
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B pesynbTate HaTypHBIX 3KCIEPUMEHTOB OBLUIM M3TOTOBIICHHI JIeTainh No2
u Jetasb Ne3, KOTOpple IO MMEIOIIMMCS HOPMAaTHUBHBIM JIOKyMEHTam
HEBO3MOXKHO HM3TOTOBHTH 0¢3 aedextoB (cM. Pucynox 12). Taxxke Obuin
IPOBEICHBI SKCIIEPUMEHTHI Ha Mpou3BoACcTBeHHOM ycTanoBke QFC 1.2x3 -1000
0e3 MOABMXHOTO MPUKMMA, KOTOpPbIE IMOKa3aid, YTO HapallMBaHHUE J1aBJICHUS
npu  ¢GopMOOOpPa30BaHUM TAaKOrO0 poAa mojcedek He  AP(HEKTUBHO.
EnunctBeHHbIl BapuaHT (hopMooOpa3oBaHMs TaKUX JeTalied - UCHOJIb30BaTh
IpeajiaraeMyr0 TEXHOJIOTHIO € TIOJABMYKHBIM MTPUKHUMOM.

JleTanp mocie
BTOPOTO IIepexo/1a

i

Jletanp No2
Jletamp Ne3

JleTanp mocie

IIepBOro 1nepexoga

Pucynok 12 — MzroroBnennslie netanb Ne2 u getans No3

Ucnonb3ys poTorpaMMeTprio U TEOPUIO JIUH3, ObLIU MPOAHATU3UPOBAHBI
neranb No2 m neramp Ne3. PasHuma mexnay pesylibTaTaMu, PacCUUTAHHBIMU
QHATUTUYECKH 110 TpejjaraeMod METOJIMKE, U HATypHBIM 3KCIEPUMEHTOM
cocTaBiisieT He Oosee 1,5 % mpolieHTa, Tak 4TO pPe3yJbTaThl MOXKHO CUWUTATh
UICHTUYHBIMA. Takke HATypHbIE OSKCHEPUMEHTBHI  TOJATBEPAMIH, UYTO
WCIIOJIb30BAaHUE TIOJIBIDKHOTO TPHKUMAa CHIDKAeT TMOTpPeOHOE JIaBJICHHE
dbopmooOpa3oBaHus 1O CPaBHEHHUIO C TEXHOJIOTHsSMH (opMooOpa3oBaHus 0Oe3
Hero (mpu gasiaenmu 100 MIla ma mpecce QFC 1.2x3 -1000 — gerams
ordopmoBana ¢ nedekramu, npu gasieHun 30 MIla Ha pazpabotaHHOM
71a00paTOPHON YCTAaHOBKE — JIeTallb MoTyueHa 0e3 1e(eKTOR).

Jlng  moaTBepKACHUS  PadOTOCIIOCOOHOCTH W IEPCIECKTUBHOCTH
TEXHOJIOTUM TIpeJjiaraeMas METOJMKa pacueTra W TPOEKTUPOBAHUS OCHACTKH
OblTa ompoOOBaHa Ha JeTanu U3 TpyaHo-naedopmupyemoro cruiaa OT-4
(cm. Pucynok 13).
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Pucynok 13 — JleTanp U3 TUTAaHOBOTO CIIJIaBa

[To pe3ynpTaTaM OBbLT CIPOESKTHUPOBAH U U3TOTOBJIEH KOMILJIEKT OCHACTKU
st hopmoodOpazoBanus (cM. Pucynok 14).

I'eomeTpuueckas MoeNb N3roToBneHHbIN KOMIUIEKT OCHACTKHU
Pucynox 14 — Komrnekt ocHacTkH 17151 HOpMOOOpa30BaHUsI TUTAHOBOM JI€TaN

B pe3ynbTate, 0o npeyioKeHHOM B I1aBe 3 TEXHOJIOTHH, 3a J[Ba Mepexoja
¢ MakcumanbHbIM JaBieHuem 20,5 MIla Owvuta ordopmoBaHa aeTanb U3
TUTAHOBOTO CIUIaBa 0e3 HucChojb30BaHusa HarpeBa (cMm. Pucynok 15 a). [ns
MOATBEPXKIACHUSI  pabOTOCIIOCOOHOCTH ~ METOAWMKA M JIOKa3aTelbCTBa
HEBO3MOKHOCTH M3TOTOBJICHUS JaHHOU JieTanu 6€3 MOIBIKHOTO MPHKUMa, ObLIT
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MIPOU3BEAECH HATYPHBINA SKCIEPUMEHT HAa MPOU3BOJACTBEHHOM ycTtaHoBke QFC
1.2x3 -1000 maxxe mpu naBnenun 100 MIla (cm. Pucynok 15 6).

0)
OTtdopmoBaHHas JeTaib U3 TUTAHA C OtdopmoBaHHas JeTaib U3 TUTaHa Oe3
MIPUMEHEHHUEM TOJIBUYKHOTO MPUKUMA MIPUMEHEHMSI TOJIBUYKHOTO MPHXKUMaA

Pucynok 15 — ®opmoobpa3zoBaHre THTAHOBOH JIeTalTN

C IMOMOIIbKO BHUPTYAJIBHOTO MOACIINPOBAHUS OBLIO pacCUYuTaHoO, YTO
«HCOOLITAaMIIOBKAa» B paﬁOHe IIOACCYKHU oe3 IMPUMCHCHHA IIOABHIKHOI'O
INpu>XKuMa COCTaBJISICT 2 MM, a C INIPHUMCHCHUCM IIOJABHIXHOI'O IIpHKHUMaA -

0,054 mm.
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OCHOBHBIE PE3YJIBTATBI PABOTbI

OcHOBHbIE  Hay4YHbIE  pe3yJbTaThl  HMCCIEAOBAHUS  CBOASTCS K
CJIEIYIOLIEMY:

1) pazpaboTrano ypaBHEHHE MPHUBOMSIICH TOBEPXHOCTH IMOJBUKHOTO
IpYKUMa JiJIsl TPaBoM U JIEBOM 4acTH HOMOTPAMMBI;

2) pazpaboTaHa MaTeMaTHuYecKas MOJEIb JUIs pacyeTa YTOHCHUS W
nedopManu yTOHEHHs] B 30HE TOJCEYEK HCXOAS M3 JOMYIICHUNH MOJEIH
Bbpaxmaryntel u npasuiia Capproca;

3) pa3zpaboTana MaremMaTH4YecKas MOJENb JUISL  pacyera  IOJIHOW
nedopmaru GpopMooOpa3oBaHUs ISl TPABOM U JIEBOM YaCTH HOMOTPAMMBI;

4) pazpaboTaHa MaTeMaTHUYeCKas MOJEIb JJIs pacueTa IMOTPEOHOI
IUIOMIAId TIPUBOJALICH MOBEPXHOCTH TMOABIKHOTO TMPIDKMMA HCXOIs U3
napaMeTpoB TIOJICEYKHU u XapaKTePUCTHK o0opynoBaHus TUTST
dhopmoobOpazoBaHus;

5) a1 mpaBoit YacTH HOMOTPaMMBI pa3paboTaHa MaTeMaTHYEeCKas MOJICIb
JUTS OTIPEJICIICHUSI TOTPEOHOTO AABIICHHUS Ha TIEPBOM MEPEXO/IC;

6) paspaboTaHa METOIMKA OMPE/ICICHUS yIila HAKIIOHA B HaYale mpoQuis
OTIOPHON KpPUBOHM, HCIIONB3Yyd aHAIM3 SKCTPEMYMOB H U depeHIINPOBAHUS
byHKUIMHA PO OIOPHON KPUBOM.

OcHOBHBIE PAKTUYECKUE BBIBOJIBI IO padoTe:

1) cozmana TexHoJorHH (HOPMOOOPA3OBAHMS C TOJBHXKHBIM IPIKAMOM
YCTPaHSIOUIUI 1ePEeKT «HEeAOMTaMIOBKa» U «roppooOpa3oBaHUe»;

2) pacipeHa BO3MOYKHOCTh (pOpMOOOPa30BaHus MOACEYCK HA JIMCTOBBIX
netansix (kak MUHUMYM Ha 65% OTHOCUTENTHhHO HOPMATHBHOW JOKYMEHTAIIMH
OCT 1.52468-80);

3) mokazaHa BO3MOXHOCTb (OpPMOOOPA30BaHMs  CIOKHBIX JCTalieH
JIBOMHOW KPUBHU3HBI C MOJCEYKAMU U3 TPYAHOJEPOPMHUPYEMBIX CIIaBOB 0e€3
TEMIEPATYPHOTO BO3ACHCTBYS;

4) MOKa3aHO CYIIECTBEHHOE COKPAILCHUE TPYIOEMKOCTH HW3TOTOBJICHUS
neraned ¢ moacedkamu (kak MUHUMYM Ha 50% OTHOCUTEIBHO CXEMBbI
dhopmooOpazoBanus 0€3 MOJABUKHOTO MIPUKUMA);

5) nmokazaHo CHW)XKEHHUE TIOTPEOHOTO JaBJICHHUs Kak MUHUMYM Ha 40% nipu
dbopMo0oOpa3oBaHUM JeTaieil C MOJCEYKaMU W KakK CIEACTBHE YMEHBIICHHE
CTOMMOCTH 000pPYAOBAHUS.

Ha cnoco6 dopmooOpazoBaHus ¢ TOABMXKHBIM MPHIKUMOM TOJY4eH
natreHT P® Ne2684130 «Cnocod ¢opmMooOpa3zoBaHusi 3IaCTUYHON Cpenoiu
JUCTOBBIX JETaJed C JJIEMEHTaMH THUMa TOJCEYKa» (aTa TrocyaapCTBEHHOM
pEerucTpaIy B rocyJapcTBEHHOM peecTpe n3obperenuit 4 anpens 2019 r.).
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CIIMCOK OCHOBHBIX PABOT, OI1YBJIMKOBAHHBIX
IO TEME JUCCEPTAIIUN

B uzpanusix, Bxoasiuux B nepeyedb BAK:

1. bensix C.B., ®eoktucroB C.U., CrankeBuu A.B., Ilorapnesa M.M.,
Muponenko B.B. AHaiM3 KOHCTPYKIMU M TEXHOJOTMH M3TOTOBJIEHUS J€Tajeu
JIeTaTELHOIO ammapara W3 JIMCTOBOIO Marepuajia C HCIHOJIb30BAHHEM
IPOTrpaMMHOTO oOectieueHus // ABUaiMOHHAs TPOMBIIUICHHOCTb. - 2015. - Ne 1.
- C. 55-59.

2. UecnaBckas A.A., Muponenko B.B., bepcenes C.A., Kotor B.B.
Ycerpanenue cknasiok npu (GOPMOBKE JE€TAIE ¢ BHICOKMM BBIMYKJIBIM OOpPTOM
MyTeM MPUMEHEHUs cKiaakoaepxkarens // Meramtypr. - 2015. - Ne 6. - C. 22-25.

3. UecnaBckas A.A., Muponenko B.B., Konecaukos A.B., MakcumeHKo
H.B., Kotos B.B. Bribop panunonansHoro meroaa ¢hopmMooOpa3oBaHUs JETalH
CpeICTBAaMH HWHXCHepHOro aHanmm3a ¢ npumeHeHunem CAE-cuctem  //
Mertammypr. - 2014. - Ne 12. - C. 24-31.

4. Muponenko B.B., UYecnaBckas A.A.Pacuer pa3BepTok jeTaieit
JIETATEIbHBIX alnapaToB C y4€TOM HM3MEHEHUS TOJIIHMHBI JIUCTA B PE3yJIbTATE
dopmoBku // Vuensie 3amucku KoMcoMobCkoro-Ha-AMype rocy1apcTBEHHOTO
TeXHHYECKOro yuusepcurera. - 2014, - T. 1. - Ne 1 (17). - C. 13-17.

5. KonecnukoB A.B., Muponenko B.B., Uecnasckas A.A., [IImakoB A.K.
OnTuMu3anus TEXHOJIOTMYECKUX MPOLECCOB M3rOTOBJIEHUS JIETAJIE M3 JUCTa
CPEACTBAMH BHPTYAJIBHOTO TEXHOJOTHYECKOro MoneiupoBanus // BectHuk
HpkyTcKOro TOCyZapCTBEHHOTO TEXHUYECKOro yHuBepcutera. - 2013. -
Ne 12 (83). - C. 73-77.

6. Muporenko B.B., Manypo E.A. K Bompocy ontummzamuum u
IIPOEKTUPOBAHUS JETAJICH, U3TOTABIMBAEMBIX BBITSKKOM 3JIACTUYHOU CPENOH, C
npuMeHeHneM pekoHctpykiuu // Tpyast MAU. - 2018. - Ne 99. - C. 14.
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B u3nanmsix, BXOASIIUX B NepevyeHb CINPaBOYHOH MHopMauuu 00
OTEYEeCTBEHHBIX HM3JAHUAX, KOTOpPble BXOAAT B MEKIYHAPOIHbIE
pedepaTuBHbIE 0a3bl JAHHBIX U CHCTEMbI IUTUPOBAHNUS U B COOTBETCTBUH
¢ NYHKTOM 5 npaBuj GopMHUPOBaHUS MEPEYHH PELEeH3MPYeMbIX HAYYHBIX
U3aHUI, B KOTOPBIX JO/LKHBI ObITh ONMYOJMKOBAHBI OCHOBHbIE HAY4YHbIE
pe3yJbTaThbl AUCCEPTALMM HA COUMCKAHUE YUYEHOM CTENEeHN KAHANAATa HAYK,
HAa COMCKAHME YYCHO! CTeNeH! JOKTOPA HAYK:

7. Cheslavskya A.A., Mironenko V.V., Bersenev S.A., Kotov V.V.
Eliminating wrinkling during the forming of parts with a tall convex side by
using wrinkle suppressors // Metallurgist. - 2015. - volume. 59. Ne 5-6. - P. 455-
460.

8. Mironenko V.V., Polyakova O.E., Sechkarenko D.A. Accounting for
the technological history of the formation of a part in strength calculations //
Metallurgist. - 2016. - volume. 59. Ne 9-10. - P. 871-876.

9. Mironenko V.V., Polyakova O.E., Sechkarenko D.A. Accounting for
the technological history of the formation of a part in strength calculations. part
2* /[ Metallurgist. - 2016. - volume. 59. Ne 11-12. - P. 1015-10109.

10. Mironenko V.V., Ledovskikh E.V., Osipov S.A., Ershov AA.
Analysis of combined hydroforming and blanking of sheet articles //
Metallurgist. - 2017. - volume. 60. Ne 11-12. - P. 1123-11209.

11. Mironenko V.V., Osipov S.A., Ershov A.A. Formation of self-sealing
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12. - P. 1209-1215.

12. Cheslavskaya A.A., Mironenko V.V., Kolesnikov A.V., Maksimenko
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2015. - volume. 58. - Ne 11-12. - P. 1051-1059.

13. Muponenko B.B., JlemoBckux E.B., Ocumo C.A., EpmoB A.A.
AHanmu3 COBMEIIEHHOTO TMpoiecca (HopMooOpa3oBaHUsI W BBIPYOKU JIMCTOBBIX
nerajnei anactuyHoi cpenoit / Metamnypr. - 2016. - Nell. - C. 23-27.
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17. Muponenko B.B., Ilonxskoa O.E., Ceukapenko /I.A., Koto B.B.
VYyer TexHosornueckoi uctopuu ¢GopmMooOpa3oBaHHsS J€Tall B pacueTrax Ha
npouHocTh. YacTs 2 // Metammypr. - 2015. - Nel1. - C. 28-30.

18. Muponenko B.B., Ocumo C.A., Epmo A.A. ®opmoobOpazoBaHme
TpyOUYaThIX 3aroTOBOK CO CKOJIB3SIIIEH KPOMKOW M camorepmerusanueit [/
Mertamnypr. - 2016. - Ne12. - C. 16-20.

19. Muponenko B.B. ®opmooOpa3oBaHHe TOJICEYEK Ha JIMCTOBBIX
JeTalsAX ¢ MpUMEHEeHHe MoABMKHOTO nipwkuMa // Tpyast MAU. - 2019. - Nel104.
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Muponenko Binagumup ButanseBuy

HccnemoBanme nporeccoB hopMooOpa3oBaHus dJIACTUYHON CPEeIOH dJIeMEHTa
Thna "moaceuka’" Ha JIUCTOBBIX 3arOTOBKAX MOJABHKHBIMH dJIEMEHTAMU
OCHACTKHU

ABTopedeparT nuccepTanuy Ha COUCKaHUE YYEHOU CTeneHH
KaHJ1/1aTa TEXHHYECKUX HayK

[Toamucano B neyats 14.02.2020 3aka3 Ne
®opmat 60x90x16. Ycn.neu.a. 1.40 Tupax 120 3k3.

Tunorpadus
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