OT3bIB
o(pUIMATBEHOIO ONIIOHEeHTa Ha JUCCEePTAIIHIO
Muponenko Biagumupa BuranbeBuua
«HccnenoBanue nporeccoB GopMooOpa3oBaHus TaCTHUHON Cpeloi deMeHTa
THIA "nojceyka’ Ha JIMCTOBBIX 3ar0TOBKAX MOIBH)KHBEIMH 3JIEMEHTAMH OCHACTKHY,
IIPEICTAaBICHHYIO Ha COMCKaHWE YUYEHOM CTeIIeHH KaHIHM1aTa TEXHUYeCKUX HayK
no crenuanbHocTy 05.07.02 - «IIpoexkrupoBanue, KOHCTPYKIUS U IPOU3BOACTBO
JeTaTeNbHbIX anmnapaToBy

AKTYya/IbHOCTBL TEMBl JIUCCEpTAIlMH OOOCHOBBIBAETCS HEOOXOIUMOCTBIO
peleHns Hay4YHO-TEXHUYECKON MpoOIeMbl MOBBIIIEHHUS] Ka4eCTBa TOHKOJIMUCTOBBIX
JleTajiefi JeTaTe/lbHbIX aNllapaToB 3a CYEeT COKpalleHHs Ha MoJicedkax aedeKToB
THIIA «HEJOIITAMIIOBKa» M «rodpoodbpazoBanue». Ee peleHue [M103BOJIMT
YMEHBUIMTh TPYI0€MKOCTb U3rOTOBJIEHHUS JINCTOBBIX JIETaJIeH ¢ MOJCeUKaMU IIPU HX
(popmooOpa3oBaHUU IITACTUYHOM CPeOH.

Juccepranvonnas pabora COCTOMT M3 BBe/IEHHUS, 4YeThIpeX IJaB, OOIIUX
BBIBOJIOB M CIIMCKAa ILIMTUPOBaHHOW sureparypel. PabGora wuznoxena nHa 208
CTpaHHIlaX MAIIMHONHCHOIO TeKCTa, COePXkHUT 166 pucyHKOB, 11 Tabmuil, CIIUCOK
jaurepatypsl U3 100 HaMMeHOBaHUH.

IlepBasi rinaBa HocUT 0030pHBIN XapakTep M paccMaTpUBaeT IpobiieMsl,
cBs3aHHBIC ¢ hopMooOpa3oBaHueM rojicedek. BrisBiieHo, 4To Hanboliee cepbe3Hble
1po0JIeMbl BO3HUKAIOT 1pH (popMooOpa3oBaHUN GOKOBBIX IOJICEYEK U TO, YTO IPH
uX  QopmooOpa3zoBaHMM  BO3ZHHUKAIOT  CJIEAYIOIIME  OCHOBHBIE  J1€(DEKTHI:
«ropoobpa3zoBaHHe»; «HEJOIUTAMIIOBKa»; pa3pbiB B BEPIIHHE.

[Ipoananusuposan OCT 1.52468-80, B KOTOpPOM yKa3zaHbl PEKOMEHyeMble
0011aCTH COOTHOLIEHHH XapaKTepHUCTHK Ui (GopMO0Opa3oBaHUs MOJCEYKH U 30HEI
YBEJIMYCHHUS BEPOSATHOCTH TMOsABJIEHUs JedeKkToB Ha Homorpamme. OHAaKo Ipu
OimaKaiieM paccCMOTPEHUH BBISIBIICHBI CEPhE3HbIE OIPAHUYEHHS B MCITOJIb30BAHUH
JQHHOTO HOPMAaTHBHOI'O JIOKYMEHTa B COBPEMEHHBIX YCIOBHSX H OTCYTCTBHE
rapaHTHu Oe3gedeKkTHOro popmMooOpa3oBaHUs MOJICEYKH J1aXe B PEKOMEHIYeMOM
30He (hopMOOOpa3OBaAHHSL.

Paccmorpen OCT 1.51728-73, B KOTOpOM OCBeIleHa TEXHOJOTHs
(hopMooOpazoBaHus IOJICEUEK IS yCTpaHeHUs 1e(eKTOB «roppoobpazoBanue»
«HepomTamioBka». (OCHOBHbIM 1pobjeMaMHd TpH HUCIOJB30BaHUH JIaHHOM
TEXHOJIOTHH  ABJIAIOTCS  HEJOCTATOYHOCTh  JlaBlieHuss  o0opyaoBaHuUA  JUIS
obecrniedeHns KauecTBEHHOIo (opMooOpa30BaHusl TOJCEYKH ¢ PEKOMEHI0BAHHBIMH
napamMeTpamMi M HeoOXOJMMOCTh HMCIIOJIB30BaHUsI OOJIBIIOIO KOJIHYecTBa HAOOPOB
MPUKUMHBIX OTIOP.

IlpoanaimsupoBan OCT  1.41466-73, B  KOTOpPOM  OIHCBIBAIOTCSA
PEKOMEHJAIMK 10, IITAMIIOBKE JIMCTOBBIX IIOJICEYEK DJJIACTHYHOU Cpeloit c
IOMOIIBIO 3JIACTUYHBIX HAKIaJ0K C omnpeneleHHOW TBepaocThio. OCHOBHOH
HEJIOCTAaTOK OTOM TEXHOJIOTHH COCTOMT B TOM, 4YTO HYXHO HMEThb OOJIBIIYIO
HOMEHKJIaTypy THIIOpa3MepOB 32JJaCTHUHBIX HAKJIAQIOK, W YycTpaHeHwe Jedexra
«HEIOLITAMIIOBKa» MOXET NoTpedoBaTh 0OueHb OOJIBIIOrO JJaBIICHUS.




IIpuBeneH aHaiu3 CyIIECTBYIOUIMX MaTeMaTU4YeCKHX Mojieliell, METOIOB U
TEXHOJOTHH (QopmoobpazoBanus, kotopele npemioxkuau E.M. Mcauenkos, H. A.
Edunmos, 10.B. 3amapaesa, }0.H. Jlorunos, M.1O. 3axapses, C.A. Akcenos, C.b.
Mapeun, B.B. Kypunsiii, C.A. XKenrukos, C.B. Cypyaus, S1.A. Epucos.

M3y4yenune cyuiecTBylomux paboT aBTOPOB, KOMIIETEHTHBIX B HalpaBJIeHUH
HCCIIeI0BAHMs, MO3BOJIUIO C(HOPMYITUPOBATH LIE/b U 3aJ[a4H JUCCePTALIHH.

Bo BTOpOIi riaBe npoaHaJu3MpoBaHO MPUMEHEHUE METOIHUK, ONMCAHHBIX B
IepBOM IilaBe, Ul KOHKPETHBIX Tpex jeraneid. Beulo mokazaHo, 4To JaHHBIE
METOIUKH TPUMEHHMBI JUUIs JIeTajllel, KOTOpble BXOAST B PEKOMEHAYEMYIO 30HY
dopmoobpazosanuss OCT 1.52468-80. B uactHOCTH, Ha npumepe aerann Nel,
BXOJSIIEH B peKOMEHAyeMylo 30HY (opmooOpazoBanHus, ObLIO [MOKA3aHO, YTO
JaHHBIE METOJAMKH ITPUMEHHMMBI M J1al0T BO3MOXKHOCTH PacCUYHTATh HEOOXOIUMBIE
TeXHoJIorHyeckue napamerpsl. Ha npumepe neraneid Ne2 u Ne3, koTopbie HE BXOIST
B peKOMeHJyeMylo 30HY ¢opmooOpa3zoBaHus, ObUIa IMOKa3aHa HEBO3MOKHOCTE
ucnoib3oBanusa Metoauk OCT 1.52468-80. i1t H3roToBIIEHHS TAKKX JeTalleld ObLI
Ipejio)KeHa HoBasg TexHoJorus  (GopMooOpa3oBaHUs C  HCIIOJIB30BaHHEM
TIOJIBHIKHOM IPYMXKUMHOH OIIOpPBI, BEIOpaHa NpUBOASLIAS TOBEPXHOCTh MOIBHIKHOTO
NpHXXHMa; pa3paboTaHa mMaTeMaTH4yecKas MOJeJb JUJIS pacyeTa YTOHEHHS B 30HE
nojicedex; paspaboTaHa MaTeMaTH4ecKas MOJIeNb VIS pacueTa MoTpeOHO rIomanm
NPHBOSALIEH IIOBEPXHOCTH IIOABHXKHOIO IIPHIKMMA MCXOJs W3 IapamMeTpoB
MOJICEYKH M XapaKTepUCTUK oOopynoBaHus i GopMooOpazoBaHus; Ui IIpaBOi
gactd HomorpamMMbel OCT 1.52468-80 paspaborana Maremarwdeckas MOJENb IS
oInpeziesieHUs IOTPeOHOIO JaBJIEHHs Ha ePBOM IEePEXO/IE.

B Tperbeii riaBe omnucaH METOJ KOHEYHBIX 3JIEMEHTOB B KOHKPETHOMH
peaiuzanuu nporpaMmuoro komiuiekca PAM-STAMP 2G. Jlanublii nmporpaMMHBIi
KOMILIEKC BBIOpaH JUist BepU(pUKALMK Pe3yIbTaTOB Mpe/I0KEeHHON MO/l pacieTa
OCHOBHBIX I1apaMeTpoOB, NPUBENEHHBIX BO BTOPOH riaBe, MyTeM MOJIETHpPOBaHUS
dGopmoobpazoBanus. s neramu No2 u neranu Ne3 GbLIM CIIPOEKTHPOBAHEI
reOMEeTPHYECKHE MOJEIIH OCHACTOK C YYeTOM JIaHHBIX, pACCYUTAHHBIX B IIaBe 2.

ITo pesynbratam mozpenupoBanus s gerann Ne2 u meranu Ne3 mokasano,
4TO MpejiiaraemMas MareMaTH4ecKas MoJIellb 10 pacyeTy yTOHEHUs, AedopMariuii
(obmue nedopmanuy, BEIUHCIsEMble U3 (HOPMYIIBI [UIMHBI BEKTOPA), HAMPSIKEHHH
(mo >HepreTU4YeCKOW TEOPUH IPOYHOCTH) U pacyera MOTPeOHOro AaBIEHMS Jis
epBoro nepexonaa (HeoOXOAMMO TOIBKO st aetanu Ne3) uMeeT MHHUMAJbHBIE
paznuyus (He Ooisiee 5%) c MouenupoBaHueM GHOpMOOOpPa30BaHUS METOLOM
KOHEYHBIX 2JIEMEHTOB, T.€. [IpejylaraeMas MoJejb N0ATBepAuIa CBOIO aJIeKBaTHOCTh
[IpU CPaBHEHUH C METOJIOM KOHEYHBIX JIEMEHTOB.

B uerseproii riaBe ONUCHIBAIOTCS 3KCIEPUMEHTHI 110 MPEIUIOKEHHBIM
mojenam dopmooOpazopanus aeranu Ne2 wu  gmeramu Ne3. B pesyibrare
OKCIIEPUMEHTOB OBUIM HM3rOTOBJIEHBI Jetanb Ne2 u nerans Ne3, KoTopble 110
HMEIOLIMMCS HOPM@THBHBIM JOKYMEHTaM HEBO3MOYKHO M3rOTOBUTH 0e3 JeheKToB.
Taxxe ObIM mpoBeeHB! YKCIIEPUMEHTHI Ha MPOM3BOACTBEHHON ycTaHoBke QFC
1.2x3 -1000 6e3 moaBMIKHOIO MpPHXKKUMA, KOTOpBIE IOKa3allH, YTO HapallMBaHHE
naBleHHus TpH (HopMOOOpA30BAHMM TAaKOTO poja Iojcedek He 3(PHEKTHUBHO.
EnuncTBennslii BapuaHT ¢opmooOpa3oBaHus TakuxX jeTanedl - HCII0JIb30BaTh



npeaiaraeMyro TEXHOJIOTHIO C MOABH)KHBIM MPUKUMOM.

s nmoarsepykaeHuss pabOTOCIIOCOOHOCTH U MEPCIIEKTUBHOCTU TEXHOJOTHH
npearaemasl MeTOJMKa pacyera U IMPOEKTHPOBAHUSA OCHACTKH Oblia ornmpoboBaHa
Ha Jerand u3 TpyAHo-gedopmupyeMoro cruiaBa OT-4. B pesynerare, 110
Npe/UIOKeHHOW B [1aBe 3 TEXHOJIOTMM, 3a JiBa Iepexojia ¢ MaKCHMabHbIM
nasienueM 20,5 MIla 6b11a ordopmoBana Takas JAeTalb U3 THTAHOBOIO CIUiaBa 0e3
Hcrojp3oBaHusa Harpesa. Jlis nojarsepxkaeHuss paboTOCIOCOOHOCTH METOAMKH W
JIOKa3aTejIbCTBa HEBO3MOXKHOCTH M3IOTOBIICHUS NAHHOW netanu 0e3 MOIABHIKHOIO
NpHKUMa, ObUT IPOU3BE/IEH SKCIIEPUMEHT Ha IPOM3BOACTBEHHOM ycranoBke QFC
1.2x3 -1000 npu nasnenun 100 MITa. C momolibio BUPTYaIBHOTO MOIEITHPOBAHHS
OBLIIO pacCUMTaHO, YTO «HEIOLITAMIIOBKA» B paiioHe Mojacedyku 0e3 NnpuMeHeHHs
MOJIBH)KHOI'O IIPMIKMAMA COCTABIISIET 2 MM, @ C IPUMEHEHHUEM IMOABHKHOTO IPHIKUMa
- 0,054 mm.

Hay4ynast HOBH3HA HCCIIC/IOBAHMS 3aKI/IIOYACTCS:

- B pa3paboTke HOBOro crocoba GopmMoobpazoBaHUs MMOJICEUEK NACTHUHOM
Cpe/loil ¢ HCII0JIb30BAHHEM IIOJBHKHON MPUKUMHOMW OIOpPHI, 00eCreYrBaromero
COKpalleHue KOJIMYecTBa neheKToB THIA «HEJOIITAaMITIOBKH» 17}
«ropoobpazoBaHUY;

- B pa3paboTke METOAWKH TNPOEKTUPOBAHHS KOMILIEKTa OCHACTKHM IS
GopmooOpazoBaHuss IMaCTHYHOW CpeJlod C  HCIOJIB30BAHHEM  IOIABMIKHOMN
IIPHXKUMHOM OIIOPBI Pa3HOI0 THUIIOpa3Mepa Io/ICeUeK.

Crenenb 000CHOBAHHOCTH HAYYHBIX [MOJIOKEHHH, BbIBOJOB H
peKoMeHaauMi, HX J0ocTOBepHOCTb. B juccepraimmonHoit pabore aBTOpOM
MPOBENEH aHajlu3 M3BECTHBIX JOCTH)XKEHHH M TEOPEeTUYECKUX IIOJIOKEHHMM
OTE€YECTBEHHBIX M 3apyOexHbIX aBTOpPOB. Bce yTBepKIeHHS MOATBEPIKIECHBI
CChUIKAaMHM Ha HMCTOYHMKH. CoOHMCKaTelb HCIOIB3YyeT KaK TeOopeTHYecKue, TaKk u
IKCIIEPUMEHTANIbHEIE METOJbI HccienoBaHus. OOOCHOBAHHOCTh U JIOCTOBEPHOCTH
pe3yabTaTOB, BhIJIBUHYTLIX COMCKATeJIeM, OCHOBBIBAETCS Ha XOPOIIEM COBIaJICHUH
pPe3yJIbTATOB TEOPETHUYECKOI0 ¥ IKCIIEPUMEHTAIBHOI0 HCCIIEI0BAHUHA.

IlpakTHYecKol HEHHOCTBLIO PabOTHI SIBISETCS CO3J@aHHe HOBOTO Criocoda
IIPOM3BOJICTBA JleTaJlell ¢ mojceukamMu, obecreynBaroIiero ycrpaienue a1ed)ekToB
THIIA «HEJIOITAMIIOBKa» H «To(poodpa3oBaHue», pealu3yeMoCTh U IPUMEHUMOCTh
KOTOPOIo J0Ka3aHa dKCIIepUMeHTaNbHbIMM HccienoBanusMu 1 HUOKPamu.

PesynbraTe! padoTs! anpodupoBansl B xoe cieayrommnx HUOKP:

1.  "Apromaruszauums ¥ TOBBIIIEHHE A(PPEKTUBHOCTH  IPOLECCOB
U3TOTOBJIEHHMsI M IIOJITOTOBKM IIPOM3BOJCTBA U3JEJIHH aBUATEXHUKH HOBOT'O
noKoJieHHs Ha 6aze HayuHo-npou3BoacTBeHHOM Kopriopanuy «MpkyT» ¢ HaydHBIM
conpoBoxaeHHeM HMpKyTCKOro rocy1apcTBEHHOr0 TEXHUYECKOTO YHUBEPCUTETa»
Ne HpI'TY 218-3.13.1.017 2013 r.- 2015 r.,, pealu3oBaHHOH B paMKax
nocranosnenus 218 [IpasurenscrBa P® ot 09.04.2010 r.;

2. "Paspaborka METOAMKHM TIIPOEKTHPOBaHUS paboyeil [MOBEpXHOCTH
cpeznctB TexHosnoruyeckoro ocHamenus (CTO) ans npouecca ruapo3IacTUYHOMN
popmMoBKH Ha npecce «Avure». PazpaboTka TEXHOJOIMYECKOW JOKYMEHTAlMU Ha
M3rOTOBJIEHME JIeTallell METOJOM TI'MApodnacTuuHor dopmoBku”, 25.01.2017 mo
25.01.2018; no 3aka3zy MA3 — ¢pumana [TAO «Kopropauus « APKYTy.



Ha crioco6 ¢opmooOpazoBanus ¢ MOABUIKHEIM MPHKUMOM TMOJIY4eH MATEHT
P® Ne2684130 «Cnocod ¢opmooOpazoBaHusi 3TaCTHYHOM CpeIOH JIMCTOBBIX
JleTajieil ¢ 2JIeMEHTaMM TUIla MOoJCce4YKa» (JaTa rocyJapCTBEHHOH PEerucTpaiuyd B
rocy1apcTBEHHOM peectpe uzobpereHui 4 anpens 2019 r.).

OcHoBHBIE pe3ysbTarhl padoTHl B JOCTATOYHOM 00BeMe OIyOJHKOBaHBI B
negatd. Ilo Teme naucceprauuu omyOnukoBaHo 19 mnewatrHeix pabor. B
peLEeH3UpYEeMBIX Hay4dHbIX M3JaHuAX, pekomenayemoro BAK P® nepeuns,
orrydinukoBano 6 crareil. EmE 7 crareii onmyOiiMKoBaHbl B U3/IJaHUAX, BKIIOYEHHBIX B
MEeXIyHapoAHble 0a3bl HAYYHOTI'O [IUTUPOBAHHS.

B kayecrTBe 3aMevyanui 110 peCTaBIEHHOM JUCCEPTAIMU MOKHO OTMETUTD
cieaymoouiee:

I He noscHsiercs, UCX0As U3 KaKUX cooOpa)keHUM BbIOMpaeTcs Npo(uiib ONOpHOMH
KPHUBOH;

2 PazpaboTaHHyl0 METOAMKY IPOEKTUPOBAHUS KOMIUIEKTa OCHACTKH JUIS
dopmoobpazoBaHusi 3JIACTHYHOH Cpefod C  HCIOJL30BAHUEM  IOJIBHIKHOM
IIPHXAMHONA omnopsl ObUIO OBl HEIUIOXO IIPEACTaBUTH B BHUIE AIrOpUTMa HIH
MH)XEHEPHON METOJIMKH JIJIsl YIIPOIIEHUs ee MPaKTUIeCKOro MPUMEHEHHS;

3 B zaxmouenun kK pabore yKaszbIBaeTCs, YTO YAAJIOCh CHU3UTh TPYAOEMKOCTh
U3roTOBJIeHUs Jetaniel ¢ moaceukamu Ha 50%, ogHako B paboTe OTCYTCTBYIOT
JlaHHbIE, OATBEPKIAAIOLINE 3TO YTBEPKICHHUE;

4 Jlinst usMepeHust U3MEeHEeHU I TOILMH B pailoHe MoJIce4eK CeA0Bal0 UCII0JIb30BaTh
OoJtee TOUHBIE METOIbI U3MEPEHUN U IIPUOOPHI KOHTPOJIS;

5 I'paduku 3aBUCUMOCTEH, I[PUBOJMMBIE B paboTe, CIMUIKOM Melkde, 0e3
0003HaYeHUsl Ha3BaHUH OCel U eIMHUI] H3MEPEHUS;

6 Jlns abcomoTHOM yBEepeHHOCTH B KayecTBe IOJlydaeMblX JeTaled 1o
npeiaraeMoMy crocody ¢opmooOpa3oBaHus MOJACEYEK IIACTHUHON Cpeiod C
MCTI0JIb30BaHUEM T10ABHKHON PUKUMHON OMOPHI ObLI0 ObI JKeNlaTeIbHO MOIYYHTh
3akimoyenue ot bTK peansnoro npoussoacTsa.

VKa3zaHHble BbIlIE 3aMEUaHWsl HE CHMHXKAIOT HAYYHOM M IpakTHYeCKOH
[IEHHOCTH JUCCEepPTAIUH.

Pabora Hanucana rpaMOTHO, CTHIb HU3JIOKEHUS - J0Ka3zaTelbHbIM.
ABropedepar 10cTaTOYHO MOJHO OTpaXkaeT coJepiKaHue JUccepTaluu.
3akiouenne. Huccepranus «HccnenoBanue IIPOLIECCOB

(dopmooOpazoBaHus IMACTUIHON cpeoil aemMeHTa THUNa "Mmojceyka" Ha JIMCTOBBIX
3arOTOBKAax IMOJBWIXKHBIMH  JJIEMEHTAMH OCHACTKHM» IIPEACTaBJIseT co0oif
3aBEPLIEHHYIO Hay4YHO-HCCIIEI0BATEBCKYIO paboTy, BHINOTHEHHYIO HA aKTyaJIbHYIO
TEMy, HalpaBJIeHHYI0O Ha pa3paboTKy HoBoro crocoba dopmoobpazoBaHus
1oZICe4eK 3J1aCTUYHOU CpeoH, obecreynBaromero Oe3nedexTHOE
(dopmooOpazoBaHue MojceyeK Ha JUCTOBBIX JAeTallsX.

PaGora coorBercTtByer TpeGoBaHusiMm U Kpurepusm «llonokenus o
NPUCYKACHUHU  YUEHBIX CTEIEeHEN», YTBEPKIEHHOM MOCTaHOBIIEHHUEM
IIpaBurensctBa PD or 24.09.2013 Ne 842 (pen. or 01.10.2018 ¢ u3Mm. or
26.05.2020), npenbsaBiaseMBbIM K KaHIMJATCKUM JUCCEpPTAlMsIM, a €€ aBTop,
Muponenko Buagumup BurtanbeBud, 3aciy)XUBaeT NPUCYKICHUS €My YUYEHOM
CTEIIEHM KaHJAWJaTa TEXHUYECKUX Hayk no cneuuansHoctd 05.07.02 -




«lIpoekTrpoBanye, KOHCTPYKIIMS ¥ HPOH3BOJICTBO JIETATE/ILHBIX AllllapaToBy.

[Moxrsepknaro cBo€ coryiacue Ha BKIIIOYEHHE MOHUX [1€PCOHAIBHBIX JaHHBIX B
aTTeCTallHOHHBIE JIOKYMEHTBI COMCKATelIs yUEHOH CTEIEHH KaH/[M/1aTa TeXHUYECKUX
Hayk MuponeHnko Biagumupa BuranseBuya i ux JanbHeHIIy0 06paboTKy.

OdunmanebHelii ONMMOHEHT — JOLEHT Kadeapsl
CaMoJIeTO- ¥ BEPTOJIETOCTPOCHUs, (eaepanbHoe
rocyJIapCTBeHHOE OI0JKeTHOe 00pa3oBaTe/ibHOEe
YUYpeXICHHE BBICILIETO o6pa3zoBaHus
«HoBocubupckuit rocy1apCTBEHHbIN
TEXHUYECKUH YHUBEPCHTET»

KaHIHJIaT TEXHUYECKUX HAYK I10 CHeHalbHOCTH
05.07.02 - «IIpoekTupoBaHue, KOHCTPYKIIMS
H [IPOM3BOJICTBO JIETATE/IbHBIX allapaToBy

[Toxruce ornmonexnTa bo6un Koncrantvn Hukonaesuu
/
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