PELHEH3IA
Ha aucepramiiay podorty [lapuka bormana Pomanosruua
Ha TeMy «MexaHIi4HI BJACTHUBOCTI i HANPYy:KeHO-1e()OPMOBAHUII CTAH 3BAPHUX
3’€IHAHb i3 AJMIOMiHIEBHX CILUIABiB, BUKOHAHUX 3BAPIOBAHHSM TepPTAM 3
nepemMilryBaHHAM)),

IpeAcTaBIeHy Ha 3700y TTS HAyKOBOTO CTyTeHs JTIoKTopa dimocodii
B rajy3i 3HaHb 13 — MexaHiuHa 1H)XeHepis, 3a crenianpHicTIo 132 —
Marepiaao3HaBCTRBO.

1. AkTyaJbHicTh TeMH po60OTH

[Ipencrapinena poboTa NpUCBAYEHA BUPIIICHHIO 33/1a41 BU3BHAYEHH SI MEXaHIUHUX
BJIACTUBOCTEH, HANpPY>KEHO-I€(POPMOBAHOTO CTAHY 3BapHUX 3’ €JHAHH BUKOHAHMX
3BapIOBaHHSM TEPTAM 3 TiepeMilTyBaHHAM. L{e BITHOCUTHCS 10 BaXKITMBOTO 3aBJIaHHS
MaTepiaio3HABCTBA T4 MEXAHIYHOI 1HXEHEPii, OCKUIbKH BU3HAYEHHS 3aJUIIKOBUX
Halpy>keHb 1 jJedopmaliiii 3BapHUX 3’€IHaAHb € HEOOXIIHMM €TaloM OIIHKU
MIIIHOCTI Ta TOYHOCTI BUTOTOBJIEHHS 3BapHUX KOHCTPYKIii. OcoOnuBo, KOJIU e
MOBa TMpO 3BaploBaHHsA B TBepAid (as3i, a came, 3BaplOBaHHI TEPTAM 3
nepeminryBanasam (3TII), npornec, sikuii 3a OCTaHHIN Yac cTa€ PO3MOBCIOMKEHUM
JUTSI BATOTOBJICHHS 3BAPHUX KOHCTPYKIIiH, B MEPIITY Yepry i3 JISTKUX CIUIaBiB. IcHyE
OaraTto TOTIAIB Ha Te, Ky caMe MaTeMaTHYHY MOJIEIh BUKOPHUCTOBYBAaTH TpHU
PO3paxXyHKOBOMY BHM3HAUEHHI PO3MOJLIIB TEMIIEpaTypy HarpiBy Ta 3aJIUILIKOBUX
HanpyxeHb 1 gedopmaniii npu 3TII. Takoxkx € BaXJIUBUM aCIEKTOM, 1€ HE Mae
OJHOCTAlHOI OIHO3HAYHOCTI, #AKI uuWHHUKM mponecy 3TII Bapro BBaxkaTu
HaWOIMBIIMIA BIUTMBOBUMHU Ha TOYHICTh MaTeMaTH4HOI Moxeni Bu3HaueHHs HJIC
3BapHuX 3 e€aHanb 1pu 3T1I, a skuMHU MOXKHA 3HEXTYBATH ISl CIIPOIIIEHHST MOJIE 1
EKOHOMIi PO3paxyHKOBUX pecypciB. Came Tomy nuceprailiiiny podoty [lapuka b.P.,
MPUCBSYEHY  JOCHTI/DKEHHIO  MEXaHIYHUX  BJIACTUBOCTEM 1  HaIpy>KEHO-
ne(OpMOBAHOTO CTaHy 3BapHUX 3’€HAHb 13 ANIOMIHIEBUX CIUIABIB, BUKOHAHHMX
3BapIOBAHHSM TEPTSM 3 MIEPEMIIITyBAHHSIM, BAPTO BBAKATU aKTYaJIbHOIO 1 BAYKIIUBOIO
JUTSI Cy4acHOTO 3BapIOBaJIbHOTO BUPOOHUIITBA TA TPOMHUCIOBOCTI.

2. OCHOBHI HAYKOBI 10JI0KECHHS, Pe3yJIbTATH, BACHOBKH Ta peKOMeHAaii,
IXHSl HOBU3HA, CTYIIHb OOIPYHTOBAHOCTI i IOCTOBIPHOCTI.

HaykoBa HOBHM3HA Ta ii 00IPYHTOBAHICTD.

OcHOBHI HAayKOBI TIOJIOKEHHSI HOBU3HHM, OTPMMaHI B JUCEpTaIliitHiii poOOTi
HACTYIIHI:

1. BuzHaueH1 oCHOBHI ()aKTOPH, SIKi BIUTMBAIOTHh HA TOYHICTH PO3PAXyHKOBOTO
BU3HAYECHHS 3aJMILKOBUX HampyxeHb 1 aedopmariii npu 3TII. Pesynbratamu
pPO3PaxXyHKOBUX 1 EKCIEPUMEHTAIbHUX JOCIIDKeHb JOBEACHO, IO edeKT
3HEMII[HEHHSI MaTepiany antoMiHieBoro crmiaBy 2219-T81 BHacmiiok BIUIUBY
TEPMIYHOTO UMUKy 3BapIOBaHHS CYTTE€BO BIUIMBAE Ha PO3MOMALT 3aJHUIIKOBUX
HanpykeHb. He BpaxyBaHHS 3HEMIIIHEHHS MaTepially MPU3BOAHUTH JO CYTTEBOTO
30ubLIeHHS (OUThII HiXk Ha 30%) pO3paxyHKOBUX MaKCUMaJbHUX TOB3OBKHIX



3aJIMIIKOBUX HAIPYKEHb.

2. Orpumani 3a JOMOMOIOI0 PO3pOOJEHOT MaTeMaTH4HOI MOJENl
PO3paxyHKOB1 pe3yibTaTH MPHU 3BApIOBaHHI IUIACTUH TOBIIMHOIO 8§ MM 31 CIUIaBY
AMr6 i 2219-T81 mokazanm, mo npu 3TII anroMiHIEBHX CIUTaBiB yTBOPIOIOTHCS
JIOCUTh BHCOKI 3aJMIIKOBI HANpPY>KEHHsS, JO MEXl TEKy4doCTl Marepialy y
BIIAJICHOMY CTaHi, a 3aJUIIKOBI Aedopmaliiii MOXKYTh MaTH HUKYUKA PiBEHB, HIXK
Opy  TPaJULIMHUX JYroBHX CIOco0ax 3BaploBaHHSA. A came, I03JI0BXKHS
KOMIIOHEHTA 3aJIMIIKOBUX MiacTuuHux aedopmaiiit npu 3TII 3a Benuunnoro B 1,5-
2 pa3u HUKYE 1 pO3MOiTIeHA B OLTBII By3bKiii 30H1, HIXK IIPU JYTOBOMY 3BaprOBaHHI.
[TonepeuyHa KOMIIOHEHTa 3aJMIIKOBUX IacTuyHuX nedopmaniit npu 3TII 3a
BEJIMUMHOIO TAKOXK B 2-3 pa3u HUXK4YE, HIK MPH TyrOBOMY 3BapIOBAHHI.

Takum uuHOM, CGhOPMYIHOBAaHI aBTOPOM HAMOUIBII Baromi HayKOBI
MOJIOKEHHSI MO’KHAa OJIHO3HAYHO BBa)KaTW 3a HOBI. Bcl MpuBeneH! MOJOXKEHHS
HAyKOBOI HOBM3HH  JIOCTAaTHRO BaroMo OOIPYHTOBaHI  MpEACTaBICHUMU
pe3yabpTaTaMu PO3paxyHKIB 1 iX aHami3y y po3ainax 3, 4.

OO0rpyHTOBaHICTh HAyKOBUX IIOJIOK€Hb, BHUCHOBKIB 3aCHOBaHA Ha 3HaHHI
HEOOXITHUX CYYaCHMX JIITEPATypPHUX BIJOMOCTEH, pe3yJbTaTiB OJU3bKHUX 10 TEMU
JYcepTalii A0CHIKEHb, iX KPUTHYHOMY aHalli31, BUOOP1 aJeKBAaTHUX JI0 METH 1
MOCTABJICHUX 3aJlad METOJIB BUKOHAHHS PO3PaxyHKIB 1 MOJIEIIOBAHHS (DI3UUHMX
IPOLIECIB.

JocroBipHicTb. CTyIiHb JOCTOBIPHOCTI pE3yJbTaTiB TIPYHTYEThCS Ha
3aCTOCYBaHHI Mojelield, SKi OUIBII KOMIUIEKCHO OXOIUTIOIOTH BIUIMB BaroMHX
YUHHUKIB Ha PO3PAXYHKOBI XapaKTEPUCTUKH 3BapHUX BUPOOIB, OIIHKA SKHX
BI/IMOBiAa€ METI POOOTH.

Ouninka 3micty poOotu, ii odopMJIeHHA Ta JOTPUMAHHS NPUHLMIIB
akajaemMiuyHoi go00podecHocTi. PoOoTra MICTUTHh JOCTaTHBO BEIMKHHA OOCAT
PE3YJIBTATIB PO3PAXYHKOBUX JIOCIIKEHB 1 aHaJI3y olepKaHuX AaHux. Jlo ckimamy
poOoTH 3 3arajibHUM 00°’eMoM 148 CTOp. BXOASTH MEpeiKk YMOBHUX CKOPOYEHb 1
MO3HA4YEHb (PI3UYHUX BEJIMYMH, BCTYI, YOTHUPU PO3ALIH, sIK1 MICTATh 110 pucyHku 1
13 Tabnuib, 3arajibHi BHUCHOBKH, TE€pEIiK BHUKOPUCTAHMX JpKepen 13 49
HallMEHyBaHb. 3arajaoM, 3a 3MICTOM 1 O()OPMJIEHHSI PYKOIIUCY BiJINOBIJIa€ BUMOTaM
Cranmapty BUIIOI OCBITM 31 chemiaabHOCTI 132 — Marepiaqo3HaBCTBO Ta
HarpsiIMKaM JOCIKeHb BIIMOBIAHO 10 OCBITHRO1 ITporpaMu Marepiaio3HaBCTRBO.

3riiHO 3BITY MOAIOHOCTI 3a pe3yiabTaraMu MEPEeBIPKU IUCEpTaliiiHOT poOOTH
[{apuka bornana PomanoBr4a Ha TEKCTOBI CITIBIIA IIHHS, MOJKHA 3pOOUTH BUCHOBOK,
[0 AHCepTalliifHa podoTa € pesyibTaToM CaMOCTIWHUX OPUTIHAIBHHUX JOCIIHKCHb
3,u06yBaqa 1 He MICTUTh elieMeHTIB danbcudikarii, KoMmmisii, Gadpukartii,
mjariaty Ta 3amo3uyeHb. BHUKOpHCTaHI pe3yiabTaTh, BUCHOBKM 1 TEKCTH I1HIIHX
aBTOPIB MAIOTh HAJIC)KHI MTOCUJIAHHS Ha BIJMOBIIHE JKEPEIIO.

MoBa Ta CTH/Ib BUKJIA/ICHHS Pe3yJIbTaTiB
Huceprariitna poOoTa HanmyMcaHa YKpaiHChKOIO MOBOIO, Bl iHGOpMaIliiiHi



MaTepialid 1 pe3yabTaTH IOCIIKeHb BUKJIAJCHI B JIOTIYHIN TOCIITOBHOCTI,
dbopma BUKIIQJICHHS TOCTYITHA JJIS CIIEIIIaTICTIB 3a JaHOO TeMAaTUKOI0, BAKOPUCTAHA
TEPMIHOJIOTiSI BIJMOBIAA€ 3araJbHONPUMHATIH B Traidy3l MEXaHIKH CYIIBHOTO
CepeloBUIla 1 MaTepiaJlo3HAaBCTBA, a TaKOXK TEXHOJIOTIH  3BapIOBAIIBHOTO
BUPOOHUIITBA.

VY nepuomy po3aut podoTa MICTUTh PE3yAbTaTH MPOBEACHOTO aHAITUYHOTO
Oy  CTaHy  MpoOJieMH  MAaTeMaTUYHOTO  MOJENIIOBAaHHS  BH3HAYCHHS
TEeMIIepaTypHUX MOMIB 1 (POpMyBaHHS 3BApHUX 3’ €AHAHBb MPU 3BAPIOBaHI TEPTIM 3
nepeMinryBaHHsM. BbyB 3poOiieHMid oM pi3HUX MaTeMaTUYyHUX MoJeed Ta
BU3HAUEHHA OCHOBHMX 1iX OCOOJMBOCTEH Ta TMapaMeTpiB HJisi OTPUMaHHS
HarpyxeHo-aedopmoBanoro crany npu 3TII amomiHieBHMX CIUIaBiB, a TaKOX
MIPOAHAJII30BAHO EKCIIEPUMEHTAIBHI IaHHI BUMIPIOBAHHS 3aJTUIIIKOBUX HAMPYKEHb 1
nedopmarriii.

Y apyromy po3auii  OMKMCAaHO TEXHOJOTII0 3BaprOBaHHA TEPTIM 3
NEepeMIlIyBaHHsIM JOCHITHUX 3pa3KiB 3 altoMmiHieBoro cmiaBy 2219-T8l1,
BU3HAUEHHS MEXaHIYHUX 1 TeTIO(I3UYHUX BIACTUBOCTEH MaTepially Ta OTPUMaHHS
pe3yJbTaTiB  BUMIPIOBAHHS 3aJIMIIKOBUX HAINpPY>KEHb 3BApHOTO 3 €THAHHS 3
anomiHieBoro crutary 2219-T81.

Y Tperbomy po3aini Oyna po3poOiieHa MaTeMaThdyHa MOJIENb BH3HAYCHHS
3BapIOBAILHUX HAIPY>KEHb 1 ieopmalliiii B 3’€iHaHHIX, BuUKoHaHuX 3TII, Ha 0CHOBI
METOJy TEPMOIUIACTUYHOCTI. 3p00JE€HO MOPIBHSHHS PE3YyNbTaTiB MaTEMaTUYHOIO
MOJICITIOBaHHS 3QJIUIIKOBOTO HAIpPYXeHO-1€(OPMOBAHOTO CTaHy 3 €IHAaHb 3
anmtoMiHieBoro cruiasy AMr6 npu 3TII 3 nyroBumMu mpoiiecamu 3BaproBaHHsA. B
3arajbHy MOJAEIb TEPMOIUIACTHYHOTO Je(OpMyBaHHS JOJaHO MOJIENIb 3HEMIITHEHHS
MaTepially - aJIOMIHIEBOTO CIUIaBy MpPH 3BaproOBajJbHOMY HarpiBi, IO CYTTEBO
BIJIMBA€ HAa BHU3HAUEHHS 3aJIMIIKOBUX HampyxeHb 1 aedopmaiiil. OTpumaHo
pe3ynbTaTH  MaTeMaTUYHOTO  MOJENIOBAHHSA  3aJMIIKOBOTO  HaMpPy>KEHO-
ne(opMoBaHOrO CTaHy 3’€/lHaHb 3 adtoMiHieBOro cruiaBy 2219-T81, BukoHaHUX
3TIL

VY derBeproMy poO3Mil po3poOiieHa METOAOJIOTIS MOJETIOBaHHS 3BapHHUX
3QJIMIIKOBUX HampyXkeHb 1 Jedopmailiii  BeJIUKOrabapuTHUX LUITHIPUYHUX
emMHOcTed. OTpuMaHa MareMaTHyHa MOJEIh MPOTHO3YBaHHS 3aJIUIIKOBUX
3BapIOBAIbHUX HAMpPYXeHb 1 1edopmariiii 3a MmerogoM GyHKIIIT ycaaku. BukoHano
JOCIII)KEHHSI MOXKIIMBOCTI OTPMMaHHA NapameTpiB QYHKIT yCaJKu Ta PO3NOILIIB
3aJIMIITKOBUX HAMPYKEeHb JJISl 3BAPHUX 3'€IHAHDb BEJIMKOTA0APUTHOI MUIIHIPUIHOT
OOOJIOHKM Ha CIPOIICHUX MOJAEIAX OOMEXKEHOr0o po3Mipy  MeTojamMu
tepmorutactTudHocTi. [IpoBeaeHo Bepudikariito 1 BamiIair0 MaTeMaTUIHOI MO
BU3HAUCHHS 3BAPIOBAIBHHUX JAe(popMaIiiidi IJisi BEIMKOTA0APUTHUX HUTIHIAPUIHUX
€EMHOCTEH 13 aJTIOMIHIEBOTO CIuiaBy TpH 3actocyBanHl 3TII. 3po6iieHo mopiBHSIHHS
pE3yabTaTIB MaTeMaTU4YHOTO MOJEIIOBaHHSI 3araJIbHuX nedopmarriit
BEJIMKOra0apUTHUX IIWIIHJIPUYHUX €MHOCTEH 13 aJllOMIHIEBOTO CIUIaBy THIpU
BukopuctanHi 3TII 1 myroBoro 3BaproBaHHS.



OnpuiioaHeHHs1 pe3yJbTaTiB AucepTaniifHoi podoru. OTpuMaHi pe3ynbTaTu
oImyOJIiKOBaHI y 8 poOoTax, BKIIIOUal0dM 4 CTarei y CIeliali3oBaHUX HAYKOBUX
KypHaimax Ta 4 pobir B 30IpHHMKAX JOMOBIAEH MIDKHAPOAHUX HAyKOBHX
koH(pepenmii; 1 3 omyOnikoBaHUX pPOOIT BHECEHA [0 HAyKOMETPUYHOI 0asu
SCOPUS.

B cnucky myGmikamiii 3m00yBaua Ha TeMy JucepTalii € MOCHUJIaHHS Ha BCl
3a3Ha4yeH1 BHIIE Tpalli. B TekcTi aucepraiiii poOWIMCh BIAMOBIAHI MOCHIAHHS. Y
OinpIIOCTI myOmiKamiii OCOOMCTUM BHECKOM aBTOpa 3a3Ha4eHl MPOBEICHHS
YHUCEIbHUX PO3PaxXyHKIB Ta aHaI3 pe3yibTariB. TakuM YMHOM, HAyKOBI Pe3yabTaTu
OMHCaHI B JUCEpTaIiiiHIA PoOOTI MOBHICTIO BHUCBITIICHI Y HAyKOBHUX ITyOJIIKAIlISIX
3100yBaya.

3. Hemoustiku Ta 3ayBaskeHHsI 10 JUCEPTALIMHOI po0OTH.

1. [TyakTH HayKOBOI HOBH3HW POOOTH OIIHHO TMEpPEnucaTH 3 ypaxyBaHHSIM
3arajbHO MPUUHATUX BUMOT, TaK 100 BOHU MaJlM JI€KJIapaTUBHUM Xapakrep. Takox
iX JOLIBHO MOYMHATH 31 CIIIB: BIIEpIIE, 3allPONOHOBAHO, BUSIBICHO, PO3IIMPEHO
ySIBJICHHSI, pO3pO0JICHO T 1H.

2. B pesxux poszainax Mpu NPOYUTAHHI POOOTH BTPAYAETHCS MPUUYUHHO
HACJIIIKOBHI 3B’ 130K Ta MPUCYTHI P13KI MEPEXOTU MK PI3HUMU JOCIIKEHHSIMHU.

3. OdopmienHst poOOTH Ma€e MaTH OIWH CTUJIICTUYHHUH MiAX1J, BIICTYIIH J0 Ta
nicnst pucyHky (Hampukian Puc. 1.25, 1.27, 1.28), nymepartiis Gopmyin 1o mHeHTpy
psiaKa 1 ToMy Moji0He.

4. B po3nim 2 mpuBeeH1 T0CIIKEHHS 3pa3KiB ciiaBy 2219 toBmuHow 6 1 10
MM, B MOJAJbUIOMY /Ji MOPIBHSAHHA 31 cruiaBoM AMr6 TOBHIMHOIO 8 MM, L€
MOTPIOHO Y3TOIUTH YU JIOJIATKOBO MOSICHUTH.

5. B po6oTi omiapHO OUTBII YITKO MOKA3aTH PI3HULIO B PO3PAXyHKY (PyHKIIIi
ycanku g 3TII ta TpaguuiitHuX IyroBux cnoco0ax 3BaprOBaHHS.

6. Ha puc. 2.12 nokazana ¢opmMa NpOTOKOJIy BHUIPOOyBaHb Ha OJHOBICHE
po3TsrHeHHS. Bkazani po3paxyHKoOBI XapakrepucTuku «lctunHi nedopmartii
mwiacTU4Hoi  Teuii», «lctunHuit momyns IOura», «IlcTuHHA yMOBHA TpaHHILA
TEKy4OCT1», «[CTUHHA TpaHUIIS TPOMIOPIIITHOCTI», SIK Il TapaMEeTPU BU3HAYAIKCH 1
JIe BOHU BUKOPHCTOBYBAJINChH?

4. BUCHOBOK NPO AucepTalliiiHy podoTy

Braxato, mo aucepraiiiiina podora 3100yBada CTymeHs AokTopa ditocodii
[Hapuka bormana PomanoBuua Ha Temy «MexaHi4HI BJIACTUBOCTI 1 HANpPyKEHO-
neopMOBaHHMI CTaH 3BapHUX 3 €JHAHL 13 AJTIOMIHIEBHX CILJIaBiB, BUKOHAHHUX
3BapIOBaHHSAM TEPTSIM 3 IEPEMIlTyBaHHSIM» BUKOHAHA Ha BHCOKOMY HAyKOBOMY
piBHI, HE TMOPYIIyE€ MPHUHIUIIB aKageMIuYHOI TOOPOYECHOCTI Ta € 3aKIHUCHUM
HAYKOBUM JOCIIKCHHSIM, CYKYITHICTh TEOPETHUYHUX Ta MPAKTUYHUX PE3YJIbTaTiB
SIKOTO PO3B'SI3y€ HAYKOBE 3aBJaHHs, 110 MA€ 1CTOTHE 3HAYEHHS VISl TIPOMUCIIOBOCTI
Vkpainu. [ucepraiiiiHa poOoTa 3a aKTyaJIbHICTIO, MPAKTUYHOIO I[IHHICTIO Ta
HAyKOBOIO HOBHU3HOIO TOBHICTIO BIJNOBIAa€ BUMOTAM YWHHOTO 3aKOHOJABCTBA



Vipainu, 1o nepeidadeni B 1.6-9 «llopsijiky MPUCYJUKEHHS CTYIICHS JIOKTOPA
dinocodii Ta ckacyBaHHs pileHHs pa3oBoi clelliaii3oBaHot BUCHOT pajiu 3aKjajly
BUILIOT OCBITH, HAYKOBOI YCTaHOBH I1PO IPUCYKEHHA CTYIICHS I0KTOPa dinocodiin,
3areep pkenoro Ilocranosoto KaGinery Miunictpis Ykpainu Bijg 12 ciuns 2022 p.
Ne 44,

3100yBau Ilapuk borjan PomanoBud 3acilyroBy€ Ha NPUCY/UKCHHS CTYICHA
jokTopa (inocodii B ranysi sHarb 13 Mexaniuna inKeHepis 3a crierianpHicTio 132
— Matepiaslo3HaBCTBO.
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