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AHHOTAIMHU

TapacoB A. @., KoBanenko A. K., AntyxoB A. B., Jledens B. T. KoHeuHo-3/1eMeHTHOH MOJe1UpOBaHUE
MHOro3TanHoro ¢gopmMupoBaHusi pedep Ha OCHOBe Pa3padoTKHM CTPYKTYpPHO-MapaMeTpuyecKoil mMoaeau 0000-
IeHHOr0 HHCTPyYMeHTa // O0padoTka MaTepuasoB AaBiaeHueM. — 2018. — Ne 2 (47).

BrmmonHeHa pa3paboTka CTPYKTYypHO-TIapaMEeTPUUECKOr MO 0000MEHHOTO HHCTPYMEHTA U MOJEIUPO-
BaHUS MHTCHCUBHOH IUTACTHUYECKOW AedopmMaru npu GOpMOBAaHHH BEPTHKAIBHBIX pedep Ha MIIMHAPUIECKOH 3aro-
ToBKe. Pa3zpaborana reomeTpuieckas Moeib ocHacTkU U 3arotoBku (CAD-Monens), moaens as ananusa HJIC u BeI-
nosHeH aHanu3 B CAE-cuctemMe mporiecca MHOTO3TAIHOTO Je(hOPMHUPOBAHNUS 3aTOTOBKH. ABTOMaTH3HUPOBAHO HCCIIE/I0-
BaHHUE BIMSHUS TEOMETPUICCKUX Pa3MepoB, GOPMBI HHCTPYMEHTA U 3aKOHA TPEHHUS Ha peau3allii0 HHTCHCUBHOM ITIa-
cTrdeckor aedopmanmu pebep. Ha ocHOBe TpexMepHOW KOHEUHO-3JIEMEHTHON MOJETH BBISBICHO BIUSHHE (HOPMBI U
yIiia HAaKJIOHA rpaHell BBIIYKJIOr0 BEPXHEro IyaHCOHa Ha pacrpejeiieHue nedopMannii 1 pacTIrHBarOINX HaIpshKe-
HUI B 3aroToBKe. Pa3pa0oTaHbl peKOMEHIANWU 10 BHIOOPY T€OMETPHH BEPXHETO0 W HIDKHETO ITYaHCOHOB, KOTOPBIC
CHIDKAIOT 3HAUCHUS PACTATHBAIOIINX HATPSIKCHUH M MCKIIOYA0T 00pa3oBaHUe Ne()eKTOB HA CBOOOTHOM TpaHU 3aro-
ToBkH. [Ipeanoxensl MonudUKanu KOHCTPYKTHBHOW (pOpMBI ITyaHCOHOB Ha MOCJIEIOBATENBHBIX dTanax (GpopMoBaHUs
pebep st paBHOMEPHOTO pacIipeielIeHUs] HaKOIUIEHHOH TTacTHYecKor aedopMaliii BOOIL pedep meTaimu. Y CTaHOB-
JICHO, YTO HCIOJBh30BaHUE CTPYKTYPHO- MapaMETPUICCKON MoJenn 0000IMICHHOT0 HHCTPYMEHTA JUIs MPOBEICHUS UC-
CﬂeZlOBaHl/Iﬁ MHTCHCUBHOI'O IINIACTUYECKOI'O Jle(bOpMI/lpOBaHl/lH 3aroToBOK IO3BOJIACT YCKOPUTH IMPOLECC BBINOJIHCHUA
pacu€ToB W NMPOEKTUPOBAHMSA TEXHOJOTHYECKHX MPOIECCOB, 0OECIEYHMBAIOUINX IMOBHIIMICHHE KAa4eCTBA IMOIYYaeMbIX
JeTaJICH.

KHqueBble cJioBa: MHOTI'O3TAIIHOC MOJECJIMpOBaHU, METO KOHCYHBbIX 3JICMCHTOB, CTPYKTYPHO-
napamerpuyeckas mojenb, uarerpaius, CAD, CAE, HanpsikeHHO-1eOpMUPOBAHHOE COCTOSIHHIE, PAJMaIbHOE BbIAB-
JMBaHWE, HHTCHCHUBHAS IUIacTUYecKas aedopMaris.

Anues WU. C., Jlepuenko B. H., Kyzenko O. A. Moae/impoBanue npouecca paiuajbHOro BbIAaBJIUBAHUS
neraJjieii ¢ gaanuem // OopadoTka MmaTepuaioB gaBieHueM. — 2018. — Ne 2 (47).

PaccMmoTpeH mporecc 3aKphITOrO pagriadbHOTO BBIIABIUBAHHUS C KOMIICHCATOPOM CTEPXKHEBBIX JICTAJCH
¢ uranieM. MeToI0M KOHEUYHBIX 3JIEMEHTOB C MMOMOINBI0 IporpaMMuoro makera QForm 2D/3D wucciemoBano Hampsi-
YKEHHO-TIe(OPMHUPOBAHHOE COCTOSIHAE 3arOTOBKH B MPOIIECCE MOATAITHON NeopMaIiy MPH Pa3THIHBIX 3HAYCHUAX BBI-
COTHI KOMIICHCAIIMOHHOH IIENH, MPEIyCMOTPSHHON Ha Mepu(epun paauaibHOW TOJOCTH MaTpHUIlbl. B pe3ynbrare wc-
CJICAOBAHU MOJYYCHBI KAPTUHBI UCKAXKCHUSA ﬂenHTeHbHOﬁ CCTKH, pacupe€acjICcHusd HTHTCHCUBHOCTHU He(l)OpMaLlI/lﬁ u UH-
TEHCHBHOCTH HAIpsDKCHHH B odare aedopMaluy Ha pa3IMYHBIX CTAIMSIX IMPOIecca BBIIABIMBAHHI. MaKcHMallbHBIC
3HAYCHUST UHTCHCUBHOCTH JeOpMAIlUK MPHOOPENN CIIOW MeTajlia BOJIHM3HM IMOBEPXHOCTH KOHTAKTa 3arOTOBKU M HUXK-
Hel mosymarpuiibl. O0paboTKON Pe3ysIbTaTOB aHAIM3a CHIIOBOIO PEKUMA MOCTPOCHBI IPadUKU U3MEHEHUS CHT 3aKPhl-
TOTO PaTHaIbHOTO BBIIABIMBAHUS M CHJI PACKPBHITHS MATPHIIBI 110 X0y IIPOIecca U B 3aBUCHMOCTH OT T€OMETPHUYECKIX
MMapaMeTPOB JETAIN U OTHOCHTEIEHOW BBICOTHI KOMIIEHCATOPA. Y CTAHOBJICHO, YTO 3HAYCHHUS KaK CHJIBI BHIJIABIIUBAHUS,
TaK U CWJIbI PACKPBITUA MATPUIlbl, YBCJIMYNBAIOTCA MO MEPE pa3dBUTHA ITpoHECCa, U YMCHBIIAIOTCA C YBCJIMUYCHUCM OT-
HOCHTEJIEHOW BBICOTHI KOMIIEHCATOPA. BHIMOIHEH Tak)Ke aHAIH3 SIBICHUS MOACKOKA CHII PACKPBITHS Pa3beMHON MaTpH-
bl B MOMEHT CHSTHSI OCHOBHOM (AedopMupyroeii) Harpy3Ku cO CTOPOHBI ITyaHCOHA U YIIPYTOH OTAaYd TEXHOIOTHYE-
CKOM CHCTEMBI «IITAMII-3ar0TOBKa». KOHEYHO-3IEeMEHTHOE MOJICIMPOBAHKE TIOKA3aJI0 BO3MOXKHOCTD OIPE/ICIICHUS Be-
JUYUHBI IPUPAIIECHUS CHJI PACKPHITHSA, BEI3BAHHOTO 3THUM SIBJICHHEM. Y CTAaHOBJIEHO, YTO C yBEIMYCHHEM 00BheMa BEI-
JABJIMBAEMOTO (pIIaHIa IPUPAIIEeHIE CHII PACKPBITHS MATPHUIIBI TAK)KE BO3PACTALT.

KiaroueBbie c10Ba: pagnaibHOE BBIIABIMBAHUE, HHTCHCHBHOCTH Jie(hopMaIuii, ”THTCHCUBHOCTh HANPSIKCHUH,
CHJIa BBIIABIMBAHMSA, CHJIA PACKPBITHS MATPHIIbI, METOJ KOHEUHBIX SJIEMEHTOB, ITOJTyMaTPHIIA.

AxJjectuH A. B., JleBuenko B. H., Axsiectun B. JI. MoaejJupoBanue npoueccoB KOHTAKTHOIO B3aHMO-
JefcTBUSI MHCTPYMEHTA M 3aroTOBKH NMPHU BajakoBoii ¢opmoBke mpoduieii u Tpyé / O6pabdoTka MaTepHuaioB
napjenuem. —2018. — Ne 2 (47).

OTMeueHO yBennueHHe unciia paboT, HalpaBJIeHHBIX Ha MOJICTMPOBAaHKE IPOLIECCOB KOHTAKTHOTO B3aUMO/IEH-
CTBHSI MHCTPYMEHTA M 3arOTOBKH IPH BAJIKOBOM GopmoBKe. [Ipr3HaHa mpaBOMEpHOCTH Te3KCa O IEPBUYHOCTH (HU3HYe-
CKHX MOJIEJel IO OTHOWICHHUIO K MaTeMaTndeckuM MoiesisiM. OCHOBHOH IPOOIeMOi TP MOIEIMPOBAHHUH SBIISETCS TO,
YTO BHU3yaJbHO OOHAPY)XKUTHh NMOBEPXHOCTh KOHTAKTa HE MPEACTaBISETCS BO3MOXKHBIM. Llenbio paboTs! siBisieTcs: aHa-
JIU3 MIPUMEHSIEMBIX B HACTOSILEEe BpeMsi MOJielieil [uis onpeaeneHus (hakTHYECKOH MOBEPXHOCTH KOHTAKTa MpH (POPMOB-
K€ IMOJIOCOBOH 3arOTOBKHM B BaJIKaX; COBEPIICHCTBOBAHHE HOBOTO HKCIEPHUMEHTAIBHOTO MeToaa «MeTox mpo3pavyHoro
WHCTPYMEHTa». Pa3paOOTaHHBIA M YCOBEPIIEHCTBOBAHHBIM aBTOpPaMH METOJ IIPO3PAYHOTO HHCTPYMEHTA MO3BOJISET
IKCIICPUMEHTAIBHO OIpenesiaTh (GOpMYy U pa3Mephl JICHCTBUTEIBHON MOBEPXHOCTH KOHTAKTa MPU B3aMMOJCHCTBHU
WHCTPYMEHTa W 3aroToBkH. Ero cyTh 3akirouaeTcs B MPHMEHEHWH BaJKOBOTO HHCTPYMEHTA, BBIIOJTHEHHOTO
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13 TIPO3pavHOTO MaTepHaia, HalpuMmep, opranndeckoro crekia. Hanbonpmmit addexT ot ucrnonp3oBaHus METOIa BO3-
MOJKEH B COYETaHUH €€ C JPYTMMH 3KCIIEpUMEHTAIBHBIMI METOJIaMH MEXaHHUKH JIeOPMHUPYEMOTo Tejla: TOJIsIpru3aIy-
OHHO-ONTHYECKUM, TEH30METPHH, KOOPJMHATHBIX CETOK W Ap. Mcromb3oBaHWe psifa TEXHUYECKUX PEIICHHH, BBIION-
HEHHBIX Ha YPOBHE M300pETEHHMI, IO3BOJIMIIO PACIIUPUTE BO3MOKHOCTH METOJIA, TIOBBICUTE €r0 TOYHOCTb. OCHOBHOM
pe3ysIbTaT METOZA 3aKIIF0YaeTCs B TOM, YTO «HEBUANMOE CTAHOBHUTCS BHIMMBIM». MeTOI IPUMEHSETCS IJIs HCCIIeI0Ba-
HUS TIPOIIECCOB XOJOAHOM INTaMIOBKH, ()OPMOBKH THYTBIX Npodmieil U TpyO, MPOKATKH PENbCOB, B TOM YHCIE
¢ HecuMMeTpu4HbIM Tipodmiiem. Co3naHa JeicTByIOIIas MO/IENb padoueil KieTH npoduierndo4HON MalIMHBI C TPO-
3payHBIMH BaJIKaMH, KOTOpas B LIEJIOM SBJIAETCS aleKBaTHON €€ peabHOMY OOBEKTY.

KaioueBsie ciioBa: BankoBast popMOBKa, THYTHIH NPOQIIb, MPSIMOLIOBHASI CBapHast TpyOa, BajJoOK, MOJIEINUPO-
BaHKE, MOBEPXHOCTh KOHTAKTa, METOJ] PO3PaYHOT0 HHCTPYMEHTA.

Joopos U. B., Cemnues A. B., Mopo3enko E. II., Kontuablii A. B. Ontudeckuii Metoa ¢puznueckoro
MOJeJHPOBAHHUSA JOKAJIBHBIX Jed)opManMii NPH BOJIOYEHUH I10JIOCHI B MOHOJIUTHOH BoJioke // O0pabdoTka MaTe-
puasoB aapjienueM. — 2018. — Ne 2 (47).

B Hacrosmiee BpeMst ISl COBEPIICHCTBOBAHMS TEXHOJIIOTHYECKHX NPOLIECCOB 00pabOTKH MaTepHaIoB JaBIICHHU-
€M B TEOpUH 00pabOTKH METaJUIOB JaBJICHUEM IIHPOKO HCIIOIB3YIOTCS Pa3IMIHBIE METOIbI MOJICITUPOBAHHUS IIPOLIECCOB
neopManuy 3arOTOBKH B odare nedopmanun. Llems paboTel — pa3BUTHE ONTHYECKOTO METoa (PH3MYECKOTO MOICITH-
POBaHMS JIOKANBHBIX JedopManuii mpy BOJIOYESHNUH MOJIOCH B MOHOJIMTHOM BOJIOKE U1l YTOYHEHMS! MEXaHUKH Iporiecca
nehopManuy 3arOTOBKH; COBEPIICHCTBOBAHME MaTeMaTHYECKOW MOJENH OIIPeleNICHUS YHEPrOCHIIOBBIX I1apaMeTpoB
Ipolecca BOJIOYESHNS, H3HOCA HHCTPYMEHTA U ITOBEPXHOCTH MPOTAHYTOMH IOTOCHL

OnNTHYeCKUi METON UCCIIEOBaHMUS JIOKAJIBbHBIX JeopMannii pU3NIecKod MOJIETIH 3arOTOBKH B BHIE Hamar-
HUYEHHBIX PAa3HOLBETHBHIX IIAPHKOB, MEPEMENIAIONINXCS B MOJENN TEOMETPHYECKU I10J00HOH BOJIOKE, TO3BOJISIET
HarJISIHO MPEJCTaBUTh XapaKTepHble 0COOEHHOCTH Tpoliecca JAeopMaliy B 3aBUCUMOCTH OT TEXHOJIOTHUECKHX T1apa-
MeTpOB BoJjiodeHHs. OHOBPEMEHHO C OTHOCHTEIBHBIM MepeMellIeHIEM IapuKOB Ha BBIXO/IE U3 BOJIOKH (3a CUET mepe-
MEIIEHNSI MOJIETTH BOJIOKH B MPOTHUBOIIOIOXKHYIO CTOPOHY) MPOM3BOIUTCS IU(pOBasi KHHOCEMKa, YTO TO3BOJISIET aHa-
JIU3UPOBATh MOJIENb TUIACTUYECKON NeopManny Kak B IMHAMHKE IIPOILEcca, TaK M MO ero OTAENbHBIM (oTorpadusm
B JII0OOH MOMEHT BPEMEHH MOJCIUPOBAHUS IUIACTHYECKON JeopMalii. AHaIN3 Pe3yIbTaToB HCCICNIOBAHUS, MPeN-
CTaBJICHHBIX Ha pUC. 3, IIOKAa3bIBAET, YTO MEXaHUYECKas «IIAPHKOBas MOJENb JIOKAJIbHOU JedopManum» oTpakaeT Xa-
pakTep U3MeHEeHHs (GOPMBI IONIEPEYHOTO CJIOS TUIACTHYECKH 1e(OPMHPYEMOil 3arOTOBKH B PeajbHBIX YCIOBUAX U MO-
JKET OBbITh UCIIONb30BaHA ISl MCCIIEAOBAHUS JIOKAJIBHBIX JedopMmanuii 100oro (10 pacroyiokKEeHUI0) CIIOS MaTepuana
3arOTOBKH Ha BXOJE B MOHOJIUTHYIO BOJIOKY. DTH OCOOCHHOCTH KMHEMAaTHKH MaTepuaja 3aroTOBKH B ouare Jedopma-
UM HEOOXOJIUMO YUYHMTHIBATh NPHU OINpPEIENICHUH T'PaHWUYHBIX YCIOBHH IpoIecca BOJOYEHHs TOJIOCHI B MOHOJHMTHOM
BOJIOKE NP YTOYHEHHH pacyeTa SHEPrOCHUIIOBBIX MapaMeTpoB IeOpMalii U M3HOCA KOHTAKTHBIX MOBEPXHOCTEH BO-
JIOKH ¥ TOTOBOTO M3/IEITHSL.

KnioueBsie ciioBa: BoJoUeHNE, KHHEMATHKA, MEXaHUUECKasl MOJIENb, ONITHIECKHH METO], U3HOC.

I'apanuy 0. 1O. ®poaos 5. B. MoaerupoBanue TpaHc(opManuu BHYTPEeHHEr 0 NPOAOJHLHOI0 KaHaa
NpH NPOKaTKe ¢ NMOMOIIbLI0 MporpaMMHoOro odecnedyennss QForm // O0paGoTka MaTepuaoB AaBJeHHEM. —
2018. — Ne 2 (47).

ITpouecc cBapuBaHMUs MPOKATKON B JaHHBIH MOMEHT IIMPOKO HCIIONB3YETCS JUIS M3TOTOBJICHUS INIOCKUX TEIl-
J00OMEHHMKOB. B 3TOM HcciemoBaHuu mpeaaraercsi pa3paboTka Takoro crnocoda Ui M3TOTOBJIIEHHS alFOMHHUEBBIX
IUTACTHH C HECKOJBKUMH MPOJOJIbHBIMU KaHAJIaMH JUIS TEIUIOOOMEHHOTO 000pyJOBaHMs, aHAJIOTHYHBIX TEM, KOTOpPbIE
B HACTOSIIEE BPEMSI IIPOM3BOAATCS C MOMOUIBIO 3KCTPy3UU. OCHOBHBIM NPEUMYIIIECTBOM B 3TOM Cllydae SIBJISETCS I10-
BBILIIEHHE MIPOU3BOINTEIBHOCTH, IO CPABHEHHIO C IIPOLIECCOM MPECCOBaHMs. TakuM 00pa3oM, JUIsS Pa3BUTHS TaKOH TeX-
HOJIOTUH JIOJDKHBI OBITH BBITIOJHEHBI JIBA YCIIOBHS: BBITIOJHEHHE MPOJOIBHBIX KaHAIOB C ONpPENEJICHHONW TeoMeTpHei
Y CBapUBaHHE MEXIy aJIOMUHHEBBIMHU IUIaCTUHaMH. /[aHHOE TEOpEeTHYEeCKOe MCCIEOBaHUE C IIOMOIIBI0 METoJa KO-
HEYHBIX 3JIEMEHTOB ITOCBSIIEHO PENICHHUIO IIEPBOH 3a/1a4H.

B crarbe OBIJI0 IPOBEZICHO TEOPETHYECKOE HCCIIEIOBaHNE TpaHC(HOpManny POAOJIFHBIX KaHaJIOB, 00pa30BaH-
HBIX TIOCJIOWHBIM PacIiojioXKeHHEM amoMUHNEBBIX TacTHH AJI00 ¢ 3apaHee HAHECEHHBIMU PYYbSMH M MMEIOIINX pa3-
JWYHBIC HadalbHbIE T€OMETPUIECKIE XapaKTEePUCTUKH, TIPH CBApHUBAHUH NpoKaTkoil. [Ipomecc mpomsBoanics Amst TeM-
mepatypsl 450 °C. HccnenoBanue MpoBOAWIOCH C UCTIONB30BaHUEM KOHEYHO-JIIEMEHTHOTO MOJCIHUPOBAHHS C TIOMO-
pio porpammuoro obecneueHust QForm. ITogo6Hast TeXHOIOTHS MOXKET OBITH MPHUMEHEHa I IMPOU3BOJCTBA ILIOC-
KHX TEIJIOOOMEHHHMKOB M3 amroMUHHUS. [lokazaHo, Kak HadajbHas eOMETPHS MONEePEYHOro CeYeHHs KaHaja BIIHSCT
Ha ero IMOCIeAYIOyI0 TpaHc(hOpManuio, KOTAa IBYXCIOHHAS IMOJIoca IMPOXOAUT 4epe3 odar AedopManuyd BO BpeMs
NpoKaTKu. BeigeneHo aBa TWna 3aKkphITHSI KAHAJIOB B 3aBUCHMOCTH OT COOTHOILEHHSI CKOPOCTEH TPaHCISIMK MeTallia
B 00J1aCTh KaHaJla B HAIIPABJICHUH O0XKaTHs M YIIHPEHUSL.

Kpowme Toro, 6pu10 00HapYKEHO, YTO KaHAJIbI, PACIIOJIOKEHHBIE Ha KPAIO IT0JIOCHI, CYILIECTBYIOT JIOJIbIIE B 30HE
nedopmanum, yeM Te, KOTOpPBIE PACIIOJIOKEHBI B IIEHTPE MOJ0CHL. Takke KaHAJIBI Ha KParo IOJIOCH! TTOJYYaloT OIpe/e-
JICHHYIO KPUBU3HY B PE3yJIbTaTe pasHUIBI CKOPOCTH PACIIMPEHHS METaJlIa C KPako TTOJIOCH! U B €€ IIEHTpeE.

KnioueBbie ciioBa: cBapka IPOKAaTKOM, KOHEYHO-3JIEMEHTHOE MOJICTMPOBAHNE, KAaHAJbI, aJJFOMUHHUH, TEIUIO-
OOMEHHUK.
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Konosoaos /I. B., AuapeeB B. B., Maprtoiniok H. A. MogeiupoBanue npouecca npoaojabHON NMPOKATKU
N0JI0C U3 CIJIaBa AJIOMUHHSA cucTeMbl Al-Mg-Sc // O6padoTka MaTepuajioB AaBjaeHueM. — 2018. — Ne 2 (47).

B pabore mokazaHO, 4TO C HENBIO CHIDKEHHUS 3aTpaT IPH HCCIEAOBAaHUH IPOLECCOB 00pabOTKH AaBIEHHEM
ATFOMAHUEBHIX CIDIAaBOB cucTeMbl Al-Mg-Sc, mienecooOpa3Ho MCIOIh30BaTh METOABI MAaTEMAaTHUECKOTO MOJEITHPOBa-
. Co3gaHa MOJIEINb TIporiecca Topsiaeii IPOKATKH TOJIOC M3 CIUIaBa aTFOMHHUS cucteMbl Al-Mg-Sc ¢ ucmons3oBaHu-
eM mporpammuoro npoaykra QForm VX. B ocHOBy MaTeMaTHYecKOW MOCTAHOBKH TOJIOXKEHA CHCTEMa YpaBHEHHIA,
BKJTIOYAIOIAsl YPABHEHUSI PABHOBECHS, YPaBHEHHUE CBSI3M MEXK[Y MOJIEM CKOPOCTEH MaTepHalbHBIX TOUEK U CKOPOCTEH
JehopManuy, ypaBHEHHE CBA3U MEXAY HAlpsDKEHHBIM M 1e(OpMHUPOBAHHBIM COCTOSHHEM, YCIOBHS HECKMMAaeMOCTH,
KPHUTEPUH TUIACTUYHOCTH, YpaBHEHHs 3HepreTuueckoro Oanganca. ConpotuBiieHre aedopManyy MaTepyalia 3aroTOBKU
CUMTAETCs 3aBUCHMBIM OT HAKOIUIEHHOH NeopMaliuu, TeKylmed CKOpocTH aedopManuy ¥ TeMIepaTyphl U 3alaeTcs
B MICXO/IHBIX JaHHBIX. [Ipy MoCTpOoeHHN MOJENN UCIIONIL30BaHbl SKCIIEPHUMEHTAIFHO ONpeielIeHHbIe KpUBBIe nedopma-
LMOHHOTO yrnpouHeHus criasa 01570. O6ocHOBaHBI qHana3oHb! BAPLHPOBAHMS HCXOAHBIX TEXHOJIOTHYECKUX HapaMeT-
POB, TaKuX Kak CTEleHb U TeMmIeparypa aeopMaliii, COOTHOIIEHHE MINPHUHBI K BBICOTE MCXOAHOHN 3aroToBku. C mc-
I0JIb30BAHHMEM pa3pabdOTaHHON MaTeMaTHYECKOW MOJIENH IIPOBEICHO TEOPETHYECKOE HCCIIeIOBaHKE MTPOIIecca ropsyei
MIPOKATKH TOJIOC W3 BBIOPAHHOTO CIiaBa B anamazoHe temmepatyp 360420 °C u cremenert nedopmanuu 15-35 %.
ITo pe3ynpTaTamM MOAEIMPOBAHUS OIPEIEICHB! KOMIIEKCHOE BO3JCHCTBHE YKa3aHHBIX TEXHOJOTMYECKUX IapaMeTpoB
Ha CHIIy ¥ MOMEHT IPOKaTKX 1 (hopMOM3MEHEHNE MeTasla B porecce nedopmarmu. [TorydeHs! 3aBUCHMOCTH CHITBI TIPO-
KaTK{ U PacIIMPeHUs OT CTEIEHH M TeMIIepaTypbl AedopManuy. BEIIOIHEHO cpaBHEHHE PEe3yNIbTaTOB MOJCIUPOBAHMS,
TIOJTyYEHHBIX C MCTIOJIb30BAHMEM IPEUI0AKEHHON MOJIEIH TIPOLiecca MIPOKATKH, C SKCIIEPUMEHTaIbHBIMHU JaHHBIMH.

KaroueBble c10Ba: mpokarka, ojioca, alfOMUHNHN, CKaHIUN, MOJIeTb, TeMIIepaTypa, aedopmanus, cuiaa, Mo-
MEHT, yIIHPEHUE.

Orunckuii U. K., Peme3 O. A. MoaenupoBaHue mpouecca HenmpepbIBHOI MPOKATKH B KaJauOpax cucre-
MBI «poMO-kBaapaT» // OopadoTka MmaTepuasioB 1aBjenueM. — 2018. — Ne 2 (47).

Lenpto paboOTHI SBIISIETCS Pa3BUTHE MOIXOI0B K MCCIEJOBAaHUSAM KHHEMAaTHYECKUX MapaMeTPOB HEIIPEPHIBHOM
COPTOBOM NPOKaTKM Ha OCHOBE METOJOB KOMITBIOTEPHOTO MOJIEJIMPOBAHMS, BBIIBICHHE Ha 3TOW OCHOBE CBEICHHH
0 3aKOHOMEPHOCTSIX M3MEHEHHUS TEXHOJOTHYECKUX ITapaMeTpPOB TPH HETPEPHIBHON NMPOKATKE B CHCTEME BBITSKHBIX
KaInOpoB «poMO-KkBagpaT». MoaennpoBaHue Mponecca MPOKaTKH MPOBOAMIOCH TSI CTAIH, CKIIOHHOHM K TIOBBIIIIEHHOMY
ymmperuro 08X13, ¢ ucmmonp30BaHIEM POTPAMMHOTO TIPOIYKTa MpoIieccoB 00padoTku MetawioB paBineaneM FORGE 3D,
paspaborannoro komnanneii TRANSVALOR S.A. FORGE 3D. /lns nmonHOro aHajgu3a TEYSHUS MeTalia B MPOJ0ib-
HOM U TIOIIEPEYHOM HaIIPaBJIEHUH B PabOTe MPENCTAaBIEHBl PEOJIOTHUECKHE KPUBBIE HCCIIEAyeMOro Marepuana. Moje-
JIUPOBaHKE IO YKa3aHHOW CXEME BBIIOJHIIOCH JJIsl CIIy4aeB MPOKATKU C Pa3IMYHBIMU COUYETaHUSAMH MEPETHEro U 3a-
HEro HaTSHKEHHS MPHU pa3iuyHbIX KoddduimenTax BHTHKKU. [loydeHHbIe pe3ynnbTaThl MO3BOJIMIIN BBISIBUTH 3aKOHO-
MEpPHOCTH HM3MEHEHHS MapaMeTpOB NMPOKATKH BO B3aUMOCBS3H JAPYT C JIpyroM. BEIsIBIEH KaueCTBEHHBIH W KOJIWde-
CTBEHHBIH (151 MCCIIEIOBAaHHOTO JMana30Ha IapaMeTpoB) XapakTep M3MEHEHHUs IIapaMeTpOB ITPOKATKH B 3aBHCUMOCTH
OT HaTsDKEeHUs (paccorjiacoBaHUsl CKopocTeil) /luama3oH OTHOCHTENBFHOTO PaccoriiacoBaHMs CKOpocTed (IO OTHOIIe-
HUIO K ITpOKaTke 0e3 HaTspkeHws ) cocTaBmi 2,5...10 % ¢ kpatHocThIO 2,5. [Inamazon u3MeHeHUsI KOA(QQHUIIUEHTOB BbI-
TsOKKU cocTaBu A = 1,039...1,457, oH sABIgETCS MOCTATOYHO XapaKTEPHBIM Ul JaHHOW CHCTEeMBI KannOpos. [Ipensa-
pHUTENBHOE CPAaBHEHHUE PE3YIbTaTOB MOAEIHPOBAHMUS M SKCIICPUMEHTAIBHBIX IAHHBIX MO3BOJISIIOT CAETATh BBIBOJ O JI0-
CTaTOYHOW WX CXOIMMOCTH M BO3MOXHOCTH Hcrons30Banus nporpaMMel FORCE 3D mns pemeHust mpakTHIeCKAX 3a-
Jlay, CBSI3aHHBIX C IIPOKATKOH B CHCTEME KalTOPOB «pOMO-KBapaTy.

KnroueBble ci10Ba: MOAENIMPOBAHUE, CTallb, CKIOHHOCTh K YIIMPEHHIO, PEOJIOTHUECKHE KPHBBIE, CHCTEMa
«pOMO-KBasIpaTy», HATSDKEHHE, Kanuop.

Kapnayx C. I'., MupoHnenko E. B. MoaeimpoBanue npouecca pa3iejeHus TPy ¢ HCIOJb30BaHHEM MPO-
rpamMmHuoro npoaykra DEFORM 3D // O6padoTka maTtepuajioB AaBiaeHueM. — 2018. — Ne 2 (47).

[MpoBenen ananu3 crnocoba pasneneHnst TpyO MIIOCKHMM HOXOM C HCIIOJIB30BaHHEM IPOrPaMMHOTO MPOAYKTa
DEFORM-3D. BrinosiHeHHBIE TEOPETHUECKHE HCCIIEA0BAHUS crIoco0a pasesieHns: TpyO INIOCKUM HOYKOM ITO3BOJIHIN
BBISIBUTH TTOCJIEJIOBATEIBHOCTh 0Opa30BaHUS CTPYKKH-OTXOAA IO XOJy HOXa, OLCHWUTHh HHEPrOCHIJIOBHIE IapaMeTphl
TIpoIecca pa3feieHus M IPOTHO3MPOBATh KAadecTBO PAa3ZEIsIEMBIX 3aroToBoK. IIpoBeneHBI MCCIENOBAHUS BIMSHHS
KOH(HTrypammy HOXKa Ha MPOIECC OTAEIEHHS 3arOTOBKH OT TPYOBI M CTPYKKH-OTXOZAA O XOXy HOXa. AHAIN3 IIOJTy-
YEHHBIX Pe3yJIbTaTOB ITOKA3hIBAET, YTO HAHOOJIee ONTHMAIBHON SBIISETCS OCTPOKOHEUHas! (popMa HOXKa C YIJIOM B Bep-
mHe 50 °, mpu KoTopoii ycunue otpe3ku cocraiseT 16 kH. KagecTBo momydaeMbIX 3aTOTOBOK yIOBIETBOPHTEIBHOE.
Ha ocHoBe ananm3a 6€30TXOIHBIX CIIOCOOOB pa3aesieHus TPyO Ha MepHBIE 3aTOTOBKH MPENI0KEH HOBBIH CIIOCO0 OTpe3-
KA U KOHCTPYKIIMM 00OpymoBaHus sl ero peanuzanud. OTpe3ka MPOUCXOAMT JOKAIBHO IO TepUMETPY TpyOuaToi
3arOTOBKH, YTO OOECIIEYMBAECT CHIDKCHUE CHIIBI OTPE3KH. YUHTBIBasl TOT (DaKT, YTO OTpe3aeMasi TpyOdarasi 3aroTOBKa
OTpPE3HBIM POJIMKOM CABHUTAETCS B HANPABICHUH OT OCH 3arOTOBKH, @ 3aT€M KOHTPPOJIMKOM — K IIEHTPY 3arOTOBKH, TIPO-
sBisiercs agdekt baymmarepa. [Ipn 3TOM MMeeT MecTO CHIKEHHE MPEAEIIOB MPOTOPIMOHAIEHOCTH, YIIPYTOCTH U Te-
Ky4ecTH MaTepralioB B pe3yJIbTaTe N3MEHEHUsI 3HaKa Harpy3KH, €M ITepBOHAYAIBHOE Harpy>KeHNe BBI3BAIO HAJMUHE
IuTacTr4eckux nedopmanuii. Mcnonb3oBaHue NPEIUIOKEHHBIX PEIICHUH MO3BOJISIET TMOBBICHTh Ka4eCTBO OTPE3aHHBIX
TpyO4aThIX 3arOTOBOK, CIIOCOOCTBYET CHM)KEHHIO YHEPTOCHIIOBBIX ITapaMeTPOB Pa3ACICHUS M IOBBIICHHUIO KyJIbTypHI
TIPOM3BOACTBA.

KaioueBble ciioBa: TpyOdarTas 3aroToBKa, HOX, TEOMETPHIECKUE MTApaMETPhI, CHIIa PE3KH, Ka4eCTBO.
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Kox A. K., Epemkun E. A. Pacuer 3Heprocu/jioBbix napamMeTpoB npoiecca pa3ruéaHusi roppupoBaHHOTO
JucTa B npsiMoii // O6pa6oTka MaTepuaJioB 1aBjiennem. — 2018. — Ne 2 (47).

B craree mpuBoanTCS MareMaTHuecKas MOJENb pacyeTa SHEProCHIIOBBIX MapaMeTpOB Ipoliecca pa3rudaHus
ro(h)pupOBaHHOTrO JIKCTa B MPsIMOiA. [IpuBeieH aHa M3 MOCIEHUX MATEHTHBIX MCCIIEIOBaHMM, TyOIMKAIMiA U TTATEHTOB.
OmHUM U3 BONPOCOB JUIS PEUISHHs 3TOW MPOOJIeMBI ABISETCS MOJAEIMPOBAaHUE IpoIecca pacKaTKU ToppHUpOBaHHOTO
JHUCTa B MPSIMYIO TIOJIOCY. B maHHOW cTaThe paccMaTpHBaeTCsl BO3MOXKHOCTh MOJAEIHPOBAHUS TOZOOHOTO Iporecca
¢ Jerkoze(opMOBaHOTO MaTepHalia IMyTeM IPUMEHEHHS METO1a KOHEUHBIX AJIEMEHTOB.

[IpoBeneHHBIE HCCIEAOBAaHMS MTO3BOJISIOT CHIENATh BBIBOJA O BIMSHUN HA BEIHYUHY IUIOIIAIN OXJIaXKTAIOIICH
MTOBEPXHOCTH TaKHX MapaMeTpoB KaK KOJMYEeCTBO rodp Ha 3agaHHON IJIMHE, BeNWYMHA BHYTPEHHETO M BHEITHETO pa-
JIYCOB U YTJla HaKJIOHA ro()p OTHOCHTEIBHO IUIOCKOM 3ar0TOBKH TaKOH )K€ JUTMHBI, MOXHO CKa3aTh YTO: C yBEIHYECHH-
€M 4uciia Todp TUIoNaah CEYSHUS] 3aTrOTOBKH YMEHBIIACTCS, TAK KaK CTAHOBUTCS MEHbIIE MPSIMOJIMHEHHBIX YacTew.
MakcumarnbHasi BEIMYMHA IDIOINAAN CEUSHHUS JOCTUTACTCSl IPU KOJIMYECTBE TO(P PaBHOI MATH; C YBEJIIMUEHHEM BHEII-
HET0 M BHYTPEHHETO pajinyca BEPIIMH ro(p IJIOIIAAb CEUCHHUS 3arOTOBKM YMEHBIIASTCS; C YBEIUYEHHEM YIila HAaKJIOHA
ro¢p ot 30 10 60 rpaaycoB BeNUYMHA TUIOMIAN CEUSHNUS 3HAYUTEIILHO YBEIMYHBACTCS.

[IpemocraBineHHass MOIENH MO3BOJSIECT AATh OIEHKY HANPSHKEHHOMY COCTOSHHIO TIpH AedopMariu JimcTa, Te-
pEMEIIeHII0 MeTalia pu AeopMarii. AHAIIN3 MpoIecca MOJEIUPOBAHMUS TI03BOJIAET JaTh PEKOMEHAAINH 110 T€O-
METPHUYIECKUM TTapamMeTpaM To)pUPOBaHHOTO JINCTA, TAKUX KaK: YroJl HaKJIOHAa TO(QPHUPOBAHHOTO JIMCTA, PATUyC BEPIIHH
ro¢p, MIOIAAN MTOTIEPEYHOTO CEYCHUS JIHCTA.

KnioueBsie cioBa: rohprpoBaHHBIIN JHCT, U3THO, pactipeaereHue CHil, paauyc rodp, mpoQuib BaJKoB.

I'epacumenko A. B., Mapkos O. E., XBammuckuii A. C., MapkoBa M. A., Puzak II. . Pa3paGoTka pe-
cypcocOeperaioniero npouecca KOBKHM MycTOTeJbIX IOKOBOK 0TBEeTCTBEHHOro HasHauenus / O0paboTka mare-
puanoB aasjienueM. — 2018. — Ne 2 (47).

PoboTa HampaBiieHa Ha pelIeHUe aKTyallbHON HAayYHO-TEXHHUYECKOW 3aadll COBEPIICHCTBOBAHUS TEXHOJIOTH-
YECKHX MPOIIECCOB KOBKH IMTyCTOTENBIX ITOKOBOK C THOM Ha OCHOBE IMPUMEHEHHUSI HOBOTO CIIOCO0a M MHCTPYMEHTA IS
KOBKH 0€3 OITPaBKH, KOTOPBIE 00ECIIeUNBaIOT MOIYICHNE Ka9eCTBEHHBIX IYCTOTENBIX TIOKOBOK C TPeOyeMOil TOMINHON
CTCHKH U AMaMETPOM OTBepcTHs. Pa3paOoTaHBI METOIMKA M PEKOMCHIAINU MPOCKTUPOBAHUS TEXHOIOTHYECKUX IIPO-
IIECCOB KOBKH, KOTOPHIC 3aKITFOYAIOTCS B OTPEACIICHUN JHaMETpa OTBEPCTHUS B 3aTOTOBKE IIEpe]] MPOTHKKOM Oe3 ormpaB-
KM B 3aBUCHMOCTH OT THAMETPa OTBEPCTHUS B MOKOBKE U creneHu aedopmaruu. [lonydyeHHbIe peKOMEHIANH 110 T'e0-
METPUH OCHACTKH JIJISI PEeaTM3allii TEXHOJOTHUECKOTO MPOIEecca KOBKH IMMyCTOTEIBIX 3arOTOBOK 03 OMpaBKHU MOJTBEP-
JKJICHBI B TIPOM3BOJCTBEHHBIX ycioBUsAX. KoBKy 6e3 ompaBku menecoobpa3Hee MPOU3BOANTH BBHIPE3HBIMHU OOWKaMHU C
yrioMm BeIpe3a 115° u yrmamu ckocoB 10°. Ampobanusi pe3yibTaToB MCCIEIOBAHUI B MPOU3BOACTBEHHBIX YCIIOBHIX
MTO3BOJIMJIA TIOATBEPAUTE OTYUICHHBIE PEKOMEHIAINH 110 (POPMOU3MEHEHHUIO ITyCTOTEN0M 3aTOTOBKHY B IIpoIiecce KOBKU
0e3 ompaBKH BEIPE3HBIMH OOHKaMH co ckocamu. BenmmuamHa momaum noymkHa cocTaBisaTh 0,1 oT AmaMeTpa 3aroTOBKH,
obxarue 3a HaxUM He 6oxee 10 %, a ocIeq0BaTeIFHOCTH KOBKH: MPOX0A — KaHTOBKa Ha 90° — mpoxox — KaHTOBKa
Ha 90° — npoxox — KaHTOBKa Ha 45° — mpoxoJ. bbuta BHeApeHa HOBask TEXHOJOTUS KOBKH IMYyCTOTENBIX 3arOTOBOK
0e3 ompaBku. B pesynprare Ha 25...30 % MOBBICHIACH TIPOU3BOIUTEIBHOCTD IPOIIECCa KOBKH, a YHCIIO HATPEBOB CHU-
3mwi0ch Ha 15...25 %. YcTraHOBIICHHBIC B pabOTE PEIICHUS PACIIMPHIN TEXHOJIOTMYSCKHE BO3MOYKHOCTH TPOIIEcca KOB-
KU TYCTOTEJIBIX 3aTOTOBOK M TIOBBICHJIM UX KaYeCTBO.

KiroueBble cioBa: KOBKa, POTSKKA, ONpaBKa, BEIpe3HbIE OOIKH, 1MOoava, yrojl CKOCOB, YTOJ BEIPE3OB, 3a-
KOBKa OTBEPCTHSI, HANPSHKEHHO-e(pOPMUPOBAHHOE COCTOSIHUE, METO]] KOHEYHBIX JIEMEHTOB.

/Koankos 5. I, Anues U. C. PazpadoTka kaaccupukaniu npoueccoB KOBKH BAJOB U JHCKOB M BhIOOP
HanpaBJieHUH ux uccjaegopanuii / Oo6padorka matepuasioB napiaenuem. — 2018. — Ne 2 (47).

YcTaHOBIIEHO, YTO Ha OCHOBE METOAa MOP(OJIOrHYECKHX KapT BO3MOXKHO TeHepanusi OOJBIIOro KOINYecTBa
HOBBIX CII0c00O0B KOBKH. OOIiee YHCII0 MOXKET JOXOJUTH 10 HECKOJIBKUX THICSY. boibimas yacTe M3 TakuX CrocoOOB
SIBJISIETCSI IPAKTUYECKU He peanu3yeMoi. JlJst ynopsiio4eHHOCTH BCEX 3THUX CIIOCOOOB, ONPEENIeHNs] HOBBIX MOTEHIH-
IBHO MEPCIEKTUBHBIX CIIOCOOO0B, ONPENeNIeHHs] PAllMOHAIBHBIX CIIOCOO0B KOBKH IIOKOBOK HEOOXOIMMO CO31aTh Kilac-
cH(UKAIMIO U BBIIECIUTH HA OCHOBE aHAIM3a HanOoJiee epPCIeKTHBHBIE HanpaBieHus. Llenpio paboThl sBisteTcs paspa-
60TKa KnaccuduKanuii crroco00B KOBKU KPYITHBIX TIOKOBOK OCAIKOH U TPOTSIKKOM.

Jns mopdonmormueckux kapT pakTopsl ObUTH pa3OUTHI emie noapoOHee: popMa HHCTPYMEHTA Il KOBKH BaJIOB
U TUTUT MMEET JBE XapaKTEePUCTHKHA — IPOAOJBHYIO W MONepevHyl (HopMy. AHAIOTMYHO M Ui (OPMBI 3aTOTOBKH.
Krnaccudukamnum cocTaBieHsl Ha OCHOBaHUH BBIICICHHBIX (DAKTOPOB TEXHOJIOTHYECKOTO Tporecca: GakTopa (GopMsL,
TEMIIepaTypHOTo M KHHeMaTtnieckoro dakropa. [loqoOpansl HOBbIE, HanboIIEe MTEPCIEKTHBHBIE CIIOCOOBI KOBKH TO-
KOBOK OCHOBHBIX THITOB. Y CTaHOBJIEHBI OCHOBHBIE CITOCOOBI KOBKHM ITOKOBOK THITa BAJOB, IUIMT U AMCKOB, KOTOpBIE
MOTYT TIOKa3aTh BBICOKYIO 3()()eKTUBHOCTH MPH MX peayn3aiuu. Tak A KOBKH JUTMHHOMEPHBIX M3AEIHH MpeIoxKe-
HBI CIIOCOOBI MPOTSDKKU B OOMKaX CHENHUaIbHON (OPMBI, C JOMOJHUTEIBHBIM TEPMUYECKUM BIUsSHUEM. J{Is1 KOBKH
JMCKOB IIPEAJIOKEHBI ITUTHI CIICIIMAIBHBIX KOHCTPYKIMH, a TAK)Ke 3arOTOBKHU CIIEIHAIBHOM (GOPMBI.

KimioueBble cioBa: ximaccuukaims, MEeTox MOP(OIOrMYEeCKUX KapT, KOBKa, NMPOTSDKKA, OCAIKa, BAJIBL, JUCKH,
TUTHTBL
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3asiropes B. H., Paryauna H. B., Illesuos C. A., Unuakos E. B., Kocusio M. C. UcciienoBanue ocaaku
3aroTOBOK ¢ BOTHYTHIMH 1o yrioMm 120° rpansimu / O6padoTka MaTepuajioB gaBjenuem. — 2018. — Ne 2 (47).

[pemmosxeH HOBBIN cIOCOO ocamku 3aroToBOK. CIoco0 3akimoyaeTcss B 0CaIKEe 3arOTOBOK C BOTHYTHIMH T'pa-
Hsmu. PazpaboTana MeTOMKa TEOPETHIECKUX HCCIEeIOBaHUN. JTa METOMKA 3aKJII0YaIach B HCCIEIOBAHNH MEXaHH3-
Ma 3aKpBITHSI HCKYCCTBEHHBIX OCEBBIX Jie(peKTOB B 3arotoBKax. lccienoBanus Mpou3BOAMINCH HA OCHOBE METOJa KO-
HEYHBIX 37eMeHTOB. OCHOBHBIM MapaMeTpOM HCCie0BaHus Oblia TIIyOWHa BOTHYTBHIX IpaHel 3aroToBKH. DTOT mapa-
MeTp BapbsupoBaics B auanazone 0,75; 0,80 u 0,85. Yron BornyThix rpaneit coctasisut 120°. PesynpTaTamu TeopeTu-
YECKUX UCCJIEIOBAaHMH SIBISUTUCH pacrpeelieHns: neopMalvii 1 HaNpsDKeHUH B Telle 3arOTOBKM B IPOLIECCE OCAJIKU
3aroTOBOK C BOTHYTBHIMH rpaHsMH. Ha oCHOBe 3THX MapaMeTpoB yCTaHABIMBAJICA MOKa3aTelb HAPSKEHHOTO COCTOS-
HUSI B OCEBOW 30HE 3arOoTOBKH. B pe3ysibTare TEOpEeTHYeCKUX HCCIeNOBAaHMN OBUIO YCTaHOBJIEHO, 4TO 3((eKTHBHON
TTyOMHON BOTHYTBIX TPaHEW SBISAETCS COOTHOIICHUE NHAMETPOB BBHICTYNOB M ycTymoB paBHBIX 0,85. [l 3Toro coot-
HOIIEHHS TIPOUCXOAUT MHTEHCHBHOE 3aKPHITHE OCEBOTO AedekTa. ITO OOBICHIETCS BBICOKMM YPOBHEM CXKMMAFOIIUX
HaINpsDKEHWH TIPH OCaJKe 3aroTOBOK C BOTHYTBHIMH T'paHSIMH. YcCTaHOBJIEHa 3((EeKTHBHAs CTeleHb JeopMalny, pu
KOTOPOW MPOMCXOJIUT WHTEHCHBHOE 3aKpbhITHE Ne(EeKTOB. YCTAHOBIEHBI paclpenesieHns aedopManuii Mo CeUeHHI0
Y BBICOTE 3arOTOBKH, a TaK)Ke M3MEHEHHE MOKa3aTellsl HAlPSDKEHHOT'O COCTOSIHUSI B TIPOIECCe OCaAKH 3arOTOBOK C BO-
THYTBIMHU TpaHsMHU. [IpoBeeHHbIE MCCIIeI0BaHuUs MTO3BOJIMIN CJlIENIaTh BBIBOJI O BBICOKOW A (EKTUBHOCTH INpejiarae-
MOTO HOBOTO CIIOCO0a 0Ca/IKM 3ar0TOBOK C BOTHYTHIMHU I'PaHSIMH.

KaioueBble ciioBa: BOTHYThIE TPaHH, 0CaJIKa, HANPSHKEHHO-IE(OPMHUPOBAHHOE COCTOSIHUE, OCEBbIe Je(eKThI
CIINTKA, BRICOKOKAYE€CTBEHHBIE TTOKOBKH.

Aumnesa JI. ., Anues WU. C., Kaprambimen J1. A., lonyenko E. U., Uyuyun O. B. M3roTtoBienue cia0xHo-
npopUIMpPOBaAHHBIX jJeTajlell B mpolecce paauajibHO-NPSIMOro BblaaBiauBanus // O0padoTka MaTepuasioB 1aB-
geHuemM. — 2018, — Ne 2 (47).

PaccMOTpeHBI TEXHOJIOTHYECKUE TPOIIECCHI MOTyUSHHSI CIIOKHOMPOMMINPOBAHHBIX MOJIBIX JAeTalel criocoooM
PaauaTbHO-TIPSIMOTO BBIIABIMBAHUS M MYTH PACIIUPEHUS TEXHOJOTHYCCKUX BO3MOXHOCTEH CIIOCOOOB MOIYYEHUS I10-
JIBIX AeTanell paauaabHO-TIPSIMBIM BBIIaBIMBaHUEM C paznadeil. [[puBeeHBI CXeMBbl, TI03BOISAIONINE H3TOTOBUTH IIOJIbIE
JIETAJIA CO CIIOHBIM MPOQHIEM 32 CUET PETYJIMPOBAHUS BBICOTHI PaJUABHOM MonocTH. MoEIMpOBaHUEM METOIOM
KOHEUHBIX DJIEMEHTOB MOJYYCHBI KapTHHBI paclpeleNieHUs HampspDKeHWH TpH MTaMIIOBKE CHOCOOOM paaualibHO-
TIPSIMOTO BBIIABIMBAHUS C pa3aveil. Y CTaHOBIIEHO, YTO HaWOOJIbIIEH AedopMaIiiiy OABEPKEHBI CIIOM MeTaJlia, IIPH-
MBIKAFOIIUE KO JHY MMOJIOH netanu. OnpenencHo, 4To OONbIINe 3HAYCHUS HHTCHCUBHOCTH HAIIPSKEHUH COCPEIOTOUCHBI
B CIIOSIX MaTepHajia 3arOTOBKH BOJH3HM BHYTPEHHETO paamyca netamu. VMcciaemoBan oOmuiA XapakTep H3MEHEHUS CHITO-
BOTO PEXHMa IMPOIecca U3TOTOBICHUS CIOXKHOMPOPUINPOBAHHEIX JeTaneld. Y CTaHOBICHO, YTO CTAJUU PaTUATBLHOTO
WCTEYEHHUS U TOCJIEAYIOIIEro Pa3BopoTa TEUCHHU METAIIa ¢ PaIHalbHOTO HAMpaBIEHUS Ha MPSIMOE XapaKTepU3yIOTCs
HECTAIIMOHAPHOCTHIO MPOIIECCa U HETIPEPHIBHBIM POCTOM CHIIOBBIX XapakTepuUCTUK. ONpeneneHo, YTO YCTaHOBHUBILIASACS
CTaJIus UCCIIEAYEeMOTO MpoIlecca HaunHAETCS [OCTIe Pa3BOPOTa TEUCHUS METallIa M MIPOJI0JDKAETCS IO OKOHYATEITHHOTO
oopmIteHHs TIOJIOTO U3/IENHUs. DKCIEPUMEHTAIIBHO J0Ka3aHa BO3MOXKHOCTh H3TOTOBJICHUS CIIOXKHOMPOGIIMPOBAHHBIX
MOJIBIX JI€Taled C NEPEMEHHOM TOJIIMHOM CTEHKU 3a CUET U3MEHEHUS BBICOTHI PAJUAIbHOM IMOJIOCTH. Y CTAHOBIIECHO,
YTO IS TIOTMYYCHUS CTYNIEHEK Ha BHYTPEHHEH OOKOBOW MOBEPXHOCTH MOJIOTO M3IENHUSA Ha IMOCISAYIOMNX IIepexoaax
HE00XOJMMO YMEHBIIUTE TONEPEUHBIC pa3Mephl HIKHHUX ITyaHCOHOB. Ha OCHOBe pe3ynpTaToB JKCIIEPUMEHTATHHBIX
HCCIICIOBAHUH OTPEICICHO, YTO IS MOMYUYCHUST OOKOBBIX KOHHUECKUX MOBEPXHOCTEH TPeOYeTCs YBEIIMIUTE THAMETPHI
OTBEPCTUH (POPMOM3MEHSIONINX YIACTKOB MATPHIL.

KiroueBbie cj10Ba: CIOXHONPO(PWIMPOBAHHBIC TOJBIC JCTATH, PAJIHATBHO-TIPSIMOC BBIIABIMBAHUE, METOJ
KOHEYHBIX JIEMEHTOB, KCIIEpUMEHTAIIbHbIE UCCIIEI0OBaHUSI.

Ausmmnes H. C., Kopaenko M. 10., Camorusinos A. JI. KoMOuNHMpOBaHHOE BBIIABJIMBAHUE MOJIBIX KOHHYE-
ckux geraneii / O6padoTka MaTepuasoB g1aBjiaeHuem. — 2018. — Ne 2 (47).

PaccMoTrpeHa cxemMa KOMOMHHPOBAHHOTO BBIIABIMBAHMS MOJIBIX KOHWYECKUX AETajled B KOHMUECKOH MaTpHIle
C UCIIONIb30BaHNEM KOHMYECKON M IMIMHApPHUYECKOi 3arotoBku. [IponsBeneHo MoxenmpoBaHue mporecca KOMOHMHUPO-
BaHHOTO BBIIABIMBaHMs B porpaMmHoM nakere DEFORM-3D. B pabote mpezcrasieH rpaduk CHIOBBIX ITapaMeTPOB
npolecca, a TakKe U300pakeHHsl TIoJIel pacipeneseHuss HHTEHCUBHOCTH Jle)OpMaliii U HAINPsHKEHUH, KOTOPbIE M03-
BOJIMJIM OTIPEJIETIUTh CXEMY C MEHbBILeH CHIIOW M OoJiee paBHOMEPHBIM paciipeieieHreM jaedopMauii 1 HanpspKeHUH
1o 00beMy. AHaJIU3 MOKa3aJl, 4TO B 00OMX CIy4asx IOJIS paclpeiesieHUus] HHTEHCUBHOCTH e opManuii KayecTBEHHO
coBMaatoT. VIHTEHCHBHOCTD HAIPSKEHUH MMEET aHAJIOTHYHYIO KapTHUHY paclpenesieHus ¢ 1eopMalusiIMHi B TEUCHNE
BCEro Ipoliecca BblIaBIuBaHus. [IpoaHanu3npoBaB MOMydEHHbIE PE3YIbTAaThl, YCTAHOBICHO, YTO HCIIOIb30BaHHUE KO-
HUYECKOH 3arOTOBKH MO3BOJISIET CHU3UTH CHITy TPOIECcCa BBIAABINBAHMSA, YTO 00YCIOBIICHO JIydIlIel TeOMETpHEH 3aro-
TOBKH. B 3aroroBke HabmromaeTcst JocTaTogHasi IpopaboTKa MeTasia U OoJiee OJaromnpusITHOE pacrpeneienne aedop-
Maluii U HanpspKeHni, copMHUPOBaHHBEIX IO 00BEMY, a TaK)Ke HEBBICOKAsl CKIIOHHOCTh K 00pa30BaHUIO TPEUIUH U Jie-
(PEKTOB, YTO TIOJIOKUTEIBHO CKA3bIBACTCS NIPH €€ JallbHeHIe 00padoTKe. Y CTaHOBIEHO, YTO MCIIOIB30BaHUE KOHUYE-
CKOM 3arOTOBKH B TIpoliecce KOMOMHHUPOBAHHOTO BBIIABIMBAHUS UMEET MPEUMYIIIECTBO 10 CPAaBHEHUIO C LMIMHAPHYE-
ckoii. Mcxonst U3 aHanM3a 1moiieil pacrpeneseHns: MHTEHCUBHOCTH JedopMalMii BUAHO, YTO HA HAYaJIbHBIX CTaIUsIX
TIpoliecca BbIIABIMBAHUS IIMHIPUYECKas 3ar0TOBKAa UMEET JIydIIyI0 IpopabOTKy Kak TOPLEBOH, Tak U LIEHTPAIbHON
YacTH, OHAKO II0 X0y IpoLecca pacnpenenaeHus aedopManni H3MeHsIoTcs. MakcuMabHbIe 1edopMaryy T JaHo-
TO Ipomeca A0cTUraoT 3. Ha KOHEYHOM 3Tare OmnpeesieHo, YTO KOHWYIECKasi 3ar0TOBKa MMeeT 00JIee HU3KYIO BEpOSIT-
HOCTb K Pa3pyIICHHIO M TPEIINHOOOPAa30BaHMIO, 33 CUET JIyUIIero pacupeaesieHus AehopMaryii 1o CeUeHHIO.
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KiroueBble ¢JI10BA: ITOJBIC KOHHYECKHE JACTaJIu, KOM6I/IHI/IpOBaHHOG BbIIABJIMBAHUC, ,ue(bopMauHs{, 3aroToBKa,
HaIIps’KCHUEC, CUJIa.

Aauesa JI. ., Cusak P. U., Komoousckas E. U., Cyxopykos C. U. [lepopMmupyeMOCTh 3ar0TOBOK NpPH
paauaabHOM BbIIABJIMBAHUU ¢ IPOTHBOAaBIeHHeM // O0OpadoTka MaTepuasoB aaBiaeHuem. — 2018. — Ne 2 (47).

BeimonHEeHB! HcceI0BaHMS MPOIIEcca paiualbHOTO BBIAABIMBAHUS (HIaHIA HA TPyOUaTOil 3ar0TOBKE M3 aJr0-
MuHHeBOro ciuaBa AJ[1 ¢ npusoxeHHeM NMPOTUBOJABICHUS, KOTOPOE CO3AaeTcsl KOJIbLIEBOM 3arOTOBKOM M3 TEXHHYE-
CKOTO CBHHIA. J{/Isl OLEHKM BIMSHHSA HCTOPUM HAarpyXeHHs Ha IUIACTHYHOCTh MeTajlla 3arOTOBKH HPH OOBEMHOM
HaNpspKEHHOM COCTOSIHUM HCIOJIb30BaHO MPOCTPAHCTBO C KOOPAMHATAMM: ITOKA3aTelNlb HANpPSKEHHOTO COCTOSHUS 77,
napametp Jlome-Haman u, , HakoruieHHas cteneHs AedopMaluu e, M MOCTPOeHA MOBEPXHOCTh IUIacTHYHOCTU. [lyTH
ne(hOpMHUPOBAHUS IEMEHTAPHBIX YacTHIl 3arOTOBKH, BBIAEICHHBIX B PA3INYHBIX 30HAX IO BBICOTE 3arOTOBKH, IOCTPO-
€HBI B T€X K€ KOOPJMHATaX Ha OCHOBE PACUETHBIX JaHHBIX, BBIITOJHEHHBIX METOJOM KOHEUHBIX JJIEMEHTOB.

Jlyist conocraBieHus pe3ysbTaToB aHau3a 1e)OPMUPYEMOCTH OBUIO TaK)Ke TOCTPOSHO MPOCTPAHCTBO, B KOTO-
poM BMecTo napametpa Jlone-Hanan ncrnonp3oBaH nokasarenb HapsHKCHHOTO COCTOSHUSL ¥, YUHTBIBAIOIIMH BIHMSHNE
00BEMHOCTH HAIPSKEHHOTO COCTOSIHUA. OTMEUSHO PEUMYIIECTBO UCIIOIb30BAHUS KOOPIUHAT 7], ¥, €,. BMECTO 7}, L,
€, DTO JJIsl OLIEHKU CTENCHU HCIIONIb30BaHMs pecypca IIACTUIHOCTH i/ YIIPOILAeT pacuéThl, TaK KaK HaNpsLKEHHOE CO-
CTOSIHHE B 3TOM CJIy4ae ONUCBHIBAETCSA U3BECTHOM IMArpaMMOM MIIACTUYHOCTH e,(77), KPOME TOTO, PACXOXKIECHHE MEKITY
pacyéTHBIMH M SKCHEPHMEHTAIBHBIMI 3HAUEHUAMH I yMeHbInaercs. M3 aHann3a mMolydeHHbIX pPe3ylbTaToB CIEIyeT,
4yT0 Haubosee ONACHBIMHU, C TOUKH 3PEHHS Pa3pyILEeHUs, SBIAETCS TOYKH, KOTOPbIe HAXOAUTCS Ha Iepugepuu BbIAaB-
JIMBaeMoro (paHIa U TOYKH, PACIIOIOKESHHbBIE Ha BHEITHEW ITOBEPXHOCTH 3arOTOBKH.

[Tpu npoBeaeHNM IKCIIEPUMEHTAIIBHBIX HCCIIEAOBAHUI 110 BBIIABIMBAHUIO TPYOUaTOi 3aroTOBKH 0€3 TPOTH-
BOJIABJICHUS] MaKCUMaJIbHBIA AuaMeTp (h1aHIa, KOTOPBI MOXKHO OBLJIO TMOJNyYHTh U3 aJFOMHHHEBOTO CIUIaBa, HE Ipe-
Bolan Dy = 44,36 MM, TIpU 3TOM OH HMeEJl HCKa)KEHHYI0 TpUOoBHAHYIO (opMy. Co3/laBaeMoe CBUHIIOM NPOTHBOAB-
JICHHE TI03BOJISIET TIPAKTHYECKH B 1,5 pa3a yBelMUNTh AMAMETp BBLAABINBAEMOro (JaHIa U MOJHOCTHIO N30eXaTh nc-
KaXXeHUsI ero Gpopmsl.

KaroueBble cii0Ba: pagnainbHOE BEIIABIMBAaHKE, TPyOUaTas 3aroToBKa, (haHel, NpOTHBOAABICHHUE, HAMIPsDKe-
HUSI, CTENEHb 1eOpMaIny, MOKa3aTeIH HapsHKEHHOTO COCTOSHUSA, PECYPC IUTACTUIHOCTH.

Kamoxnerii B. JI., llorareiank A. H., Mammnii K. B. Onpeaenenne napamerpoB X0JI0HOr0 KOMOUHHPO-
BAHHOTO BBIJABJIMBAHMS 0CECHUMMETPHUYHBIX IOJIBIX M3/1eJIMii ¢ BBICTYNIOM B TOHHOI YaCTH €O CTOPOHBI MOJIOCTH //
O0paboTka MmaTepuanoB aaBiaeHueM. — 2018. — Ne 2 (47).

MeTo10M KOHEYHBIX 3JIEMEHTOB IPOBE/ICH aHAJIHM3 XOJIOJJHOT0 KOMOMHUPOBAHHOTO BBIAABIMBAaHHS U3 HU3KO-
YIIIEPOAUCTON CTaJ M OCECUMMETPHYHBIX MOJBIX MOy ()aOpUKATOB C BHICTYIIOM Ha JIOHHOHM YacTH CO CTOPOHBI MOJIOCTH
JUISL TUTbHEHIIIEH BBITSHKKY C YTOHEHHEM.

Lenpto paboTHI SBISIETCSI pacyeTHOE OIpEAEIEHHEe MapaMeTPOB XOJIO0JAHOTO KOMOMHHUPOBAHHOTO BBIIABIIMBA-
HUSI 10Ty (haOpUKaTOB € BHICTYIIOM Ha JJOHHOM YacTH CO CTOPOHBI MOJOCTH.

KomOnHNpoBaHHOE BBIIABIMBAHUE IMIHHIPHIECKON 3arOTOBKM COCTOMT M3 OZHOBPEMEHHOTO BBIOJIHEHHS
MIPSMOTO BBIIABJINBAHMS JUIA TIOJTydeHUS] KOHYCHOW JOHHOW YacTH W OOpaTHOTO BBIIABIMBAHUS Il 0Opa3oBaHMS I10-
JIOCTH ¥ BBICTYIIA. Y CTAHOBJICHBI 3aBUCUMOCTH YCHJIHS BBIJABIIMBAHUS, YCHIIUS U3BIICUCHNUS ITyaHCOHA U3 CAe(OPMHUPO-
BAHHOHN 3arOTOBKM M YCWJIMS BBITAJIKMBaHHA Hoiydadpukara M3 MaTPHLB! OT IEepeMEeIIeHNs] COOTBETCTBYIOLIEIO ae-
¢dopmupyromero HHCTpyMeHTa. OnpezeneHo HalpspKeHHO-IeOPMUPOBAHHOE COCTOSIHUE M TeMIepaTypa caedopMu-
poBaHHOro MeTaiuia npu GopmoobpasoBanuy nonydadpukarta. [Ipn MakCUManbHOM YCHINH BBILAABIMBAaHHS ITOKA3aHO
pacripeziesieHue yIelbHbIX YCHIIMHA Ha ITyaHCOHe, BhITalKUBatele u Marpuie. C yueToM ympyroi nedopmanuu ycra-
HOBJIEHBI KOHEYHBIE (hopMa U pazMepsl noiydabpukara. PacyeTHBIM IyTeM oOIlpeaeseHbl Bce HEOOXOIMMBIE JTaHHBIE
JUISl TIPOEKTHPOBAHMSI TEXHOJIOTHH XOJIOJJHOTO KOMOMHHUPOBAHHOTO BBIIABIMBAHUS TOJIBIX 1MOY(HaOpHUKaTOB C BBICTY-
TIOM Ha JIOHHOH YacTH CO CTOPOHBI TTOJIOCTH, B YACTHOCTH YCHIIUSI BBIIABIMBAHMS — JUIS BEIOOpaA MpeccoBoro o0opymo-
BaHMS, paclpeielieHne yAeIbHbBIX YCHINHA — ISl TPOSKTHPOBAHNUS IITAMIIOBOW OCHACTKH, (popMa M pa3mepsl 1oy dao-
pHIKaTa ¥ pacrpe/eseHne HHTEHCHBHOCTH Ae(OopMaIiiii — s IPOTHO3UPOBAHKS UX KauecTBa.

KroueBble cji0Ba: KOMOMHMPOBAaHHOE BBIIABIMBAHKE, TIOJIOE M3JIEINE C BBICTYIIOM, METO/] KOHEYHBIX 3JIEMEHTOB,
YCHITUSL ¥ yIeTbHBIe YOS, hopMa U pa3Mepbl orydadpukara, TemMIieparypa MeTania, 1e(pOpMIPOBAHHOE COCTOSTHHE.

Barmok I'. A., IlumkuHa 1O. A., TutoB B. A., Kupuiiok C. ®. Bausinue 1epopMUpOBAHHOT0 COCTOS-
HUSI TOPSYEIITAMIOBAHHBIX 3aroTOBOK W3 MOPOIIKOBBIX AJIOMOMATPHYHBIX KOMIO3HTOB Ha HX CTPYKTYpPY
U cBoiicTBa // O0padoTka MaTepuaJioB AaBjaeHueM. — 2018. — Ne 2 (47).

[TpuBeneHbl pe3ynbTaThl UCCIENOBaHUH OCOOSHHOCTEW CTPYKTYPbl M MEXaHHYECKHX CBOMCTB MeTaJuIOMaT-
PUYHHX KOMIIO3UTOB, MOJYYEHHBIX TOpsiYeH MITAaMIIOBKOM M3 3arOTOBOK, COCTOSIIIMX M3 cMech mopomkoB Al u 15 %
(macc.) muratypsl cucteMbl TuC — 20 % Al. IIpuMeHsuTICh BBIXOIHBIE 3arOTOBKHU IO/ IITAMITOBKY JIBYX BHJIOB: I[MJIMH-
JpUYECKHe U B BHJE I0JI0Tr0 KoHyca. [lokazaHo, 94TO KaK MPOYHOCTh, TaK M TBEPAOCTH KOMIO3UTOB, N3TOTOBJIEHHBIX
13 KOHUYECKHX 3arO0TOBOK, 3aMETHO NMPEBHIIIACT aHAIOTHYHBIE XapaKTePUCTUKH MaTEepHaliOB, MTOJYYEHHBIX M3 3ar0TO-
BOK IWIMHIApHUIecKor (opmel. [IpuMeHeHne KOHMYIECKNX 3ar0TOBOK ITOJ] IITAMITOBKY O0ECHEYNBAET 3aMETHOE YBEIH-
YeHHE WHTEHCHBHOCTH Ae(OpMaIlH MaTepHaia Mo CPaBHEHHIO C IMIMHAPHIECKUMH 3arOTOBKaMHU M IPUBOJNT K POCTY
MHKPOTBEPJOCTH MATPUIHOHN (pa3bl KOMITO3UTOB.



ISSN 2076-2151. Oépadvomka mamepuaniog oaginernuem. 2018. N 2 (47) 191

Pe3ynbpTaThl MOIENMPOBAHHUS MPOLECCOB IOPSAYCH IITAMIOBKM 3arOTOBOK Pa3iINYHOM (GOpPMBI IMOKA3aH, YTO
TIPUMEHEHHE 3ar0TOBOK B BHE TIOJIOTO KOHYCA XapaKTEPHU3yeTCs CyIIECTBEHHO OoJiee MNPOKUM AUATIA30HOM 3HAUEHUH
Pa3HOIIOTHOCTH M HHTEHCHBHOCTH JiepopManuii mo cedeHnio oopasna Ha MPOMEXYTOUHBIX dTalax Mporecca Mo cpas-
HEHHIO C IWIMHAPHYECKNMHE 3aroToBKamu. HTeHCHBHOCTD Aedopmanun rmpeobiianaromieii 006JacTi ce4eHHs MOKOBOK,
MOJTyYEHHBIX U3 KOHUUYECKHUX 3arOTOBOK IOCNIE X OKOHYATENbHOM JOIMTAMIIOBKY, B 1,5-2,0 pa3a mpeBbIIacT 3HaYEHUS
MHTEHCUBHOCTHU J1e(OpMaIMii MOKOBOK, MOJYYEHHBIX W3 IIMIMHAPHYECKUX 3aroTOBOK. CTPYKTypa ropsideimraMinoBan-
HBIX 00pa3loB OTJIMYAETCS HAJTHYHEM 3aMETHOMH TEKCTYPHPOBAHHOCTH, CTENIEHbh KOTOPOW BO3pPACTaeT IPH UCIIOJIb30Ba-
HHH WCXOJHBIX 3arOTOBOK KOHHMYECKOW (opMBL. bonee Menko3epHHCTas CTPYKTYpa TakKe XapakTepHa Uil OKOBOK,
MOJY4EHHBIX U3 HECIICUCHHBIX 3arOTOBOK.

KnroueBbie cjioBa: alOMOMaTpUYHbIM KOMIIO3UT, IITAMIOBKA, MHTEHCHBHAs AedopMariys, THOKOCTb, TBEp-
JOCTb, CTPYKTYpa.

TutoB A. B., Iloamsoaa C. JI., TutoB B. A., BumneBckuii I1. C. Oco6ennoctu ¢popMoodpazoBaHusi je-
TaJieil U3 BOJIOKOH AJIIOMHHHMEBBIX CIJIaBOB // O0paboTka MaTepuasioB AaBjieHueM. — 2018. — Ne 2 (47).

Lens paboThl — 0TpabOTKa Mpolecca H30TEPMUYECKOI0 MPECCOBAHUSI TOHKOCTEHHOTO JJIEMEHTa JIeTajell u3
BOJIOKOH aJltoMHHHEBOTO cruiaBa AJ[1. Takue BOJIOKHA MMEIOT MEIKOKPUCTAIIMYECKYIO CTPYKTYPY M BBICOKHE MeXa-
HIYECKHE CBOICTBA TPOYHOCTH M IUIACTHYHOCTH 33 CUET CBEPXOBICTPOTO OXJAXIEHHs co ckopocThio 10°—10°°Cc.
BonokHa nomy4eHs! Ha yCTaHOBKE [UIS UCIEPTHPOBaHUS paciuiaBa B DH3HKO-TEXHOIOTHIECKOM HHCTUTYTE METAJLIOB
u crutaBoB HAH VYxpaunnst. [IpeccoBanmst meraneit nposoxmmu B KITW um. Uropst Cuxopcekoro B aBa dtama. Ha mepsom
JTare BHITIOIHEHO MPecCOBaHUs OpukeToB muameTpoM 30 MM B XOJIOJHOM COCTOSHUU. [[ITOTHOCTE OPUKETOB COCTABIISI-
1a 87-90 %. Ha BTOpoM 3Tane npoBefeHO MPecCOBaHUE TOHKOCTEHHOTO IEMEHTa B U30TEPMUUYECKHUX YCIOBUAX. DKC-
TIepUMEHTAJIbHBIE PE3YNbTaThl OBIIM CPaBHEHHI C PE3yJIbTaTaMH YUCIICHHOTO MOJIEIMPOBAHMS B IPOIPAMMHOM KOM-
wiekce Deform 3D. 3agaya pemena aist peHOMEHOIOTHYECKOH MOCTAHOBKU U BSI3KOIUIACTHYECKOTO JIe(hOpMHUPOBAHHSI.
AHanu3 pe3ysbTaToB M0Ka3ajl, YTO B TOHKOCTEHHOM 3JIeMEHTe JCUCTBYIOT CXKMMAlOIMe HarpshkeHus. Mx B3aumoneit-
CTBHE C Jle)OpMaIMsIMH CIIBUTa B TIONIEPEYHOM CEYCHHUH DIIEMEHTa CIIOCOOCTBYET COMMKEeHUI0 U Tuddy3noHHOMY CO-
€IMHEHUIO OTJEIBHBIX BOJIOKOH. [Ipy 3TOM ocTarouHast MOPUCTOCTh He npessbimaet 2—3 %. ITo mepe oOpa3oBaHus TOH-
KOCTEHHOTO 3JIEMEHTA BeIMYMHA CKMMAFOLIMX HAIPSHKCHNH HECKOIBKO yMEHbIIaeTcs o ero aiuuHe. Ho Bo3HuKaromue
nehopManuy CABUra B IMONIEPSYHOM CEYEHHH ITO]] ISHCTBUEM 3TUX HAIPSDKEHUH CIIOCOOCTBYIOT B3aMMOJCHCTBHIO CBO-
OOIHBIX TOBEPXHOCTEH BOJOKOH, MX IU()(HY3MOHHOMY COCAMHEHHIO W YMEHBIICHHIO IMOPHCTOCTH MaTepuana. Kade-
CTBEHHO IPOYHOCTH B3aMMOJICHCTBHS CJIOEB IPOBEPEHA IKCIIEPUMEHTAIBHO NP UCHBITaHUAX Ha u3rnd. [Ipm m3rude
TOHKOCTEHHOTO 3J71eMeHTa Ha yroi 90 ° 0TCI0eHNEe BOJIOKOH HE BO3HHUKAJIO.

KnioueBble ci10Ba: TOHKOCTEHHBIE DJIEMEHTHI, BOJIOKHA aJTFOMHHUEBOTO CIIJIaBa, MEITKO3EPHUCTAsI CTPYKTYpa,
M30TEepMHYECKas IITAMIIOBKA, BSI3KOIUIacTHUHOE nedopmupoBanus, 1uddy3HoHHOE cCoeTMHEHHE.

Kosasescknii C. B.,, Mananuyk C. ®. Hcciienopanue NOBepXHOCTHO-IIACTHYECKOr0 1e()OpMUPOBAHMSA
BUHTOBbIM HaKaTHUKOM // O0padoTka MaTepuaioB aaBiaeHueM. — 2018. — Ne 2 (47).

B pabore paccMOTpeHBI METOIBl YKpEIUICHHs IOBEpXHOCTEH meraneit mammH. Ha cerogHsmHuiA JeHb
CYIIECTBYeT MHOTO METOJIOB ITOBEpXHOCTHO-Iactuueckoro negopmupoBanms (IMI1]]). Takme kak, anMasHoe
BBIIQ)KMBAHKE, HAKATKA POJIMKOM, BUOpaIioHHasi 00paboTka, qpodectpyiiHas oopaborka u apyrue. Ho st criocoOs
HMMEIOT OTPaHWYEHHBIE TEXHOJOTHYECKHE BO3MOXKHOCTH, MOTOMY 4TO oOpaborka IIIIJ[ KOpOTKHMX M OrpaHWYeHHBIX
pabounx MOBEPXHOCTEH Ka)eTCsi HEBO3MOXKHBIM. PaccMoTpeHa mpobiemMa 00pabOTKH MOBEPXHOCTHOT'O CIIOS J€TallH,
a TaKke IMOJy4YeHHE Ka4eCTBEHHBIX MOBEPXHOCTEH AETallk, YBEIMUYEHHS MPOIYKTUBHOCTH OOpabOTKH, pacIIUpeHHe
TEXHOJIOTUYECKUX BO3MOKHOCTEH 0OpaOOTKM /Il yMEHBLICHHS IIEPOXOBATOCTH W YBEIMYEHHS TBEPIOCTH ACTAJIH.
Ipemmoxeno pemnieHne NpoOJIEMBI € IOMOINBIO BHHTOBOTO HAKAaTHHKA, BO3MOXHOCTH KOTOPOTO IIO3BOJISIOT
pEryJIMpoBaTh IIEPOXOBATOCTh M TBEPAOCTb JETANIM, KOTOpas oOpabaThIBaeTcs, 3a CUET M3MEHEHHs yIiia HAKJIOHA
HaKaTHUKa U jaBneHus. [IpuBeneHa cxema oOpabOTKH JeTaiad BHHTOBBIM HaKaTHUKOM. [Toka3aHa mocliie1oBaTeIbHOCTb
TIPOBEJICHUS] OKCIIEPUMEHTAIBHBIX HCCIEJOBAaHUH. OJKCIEPUMEHTAIFHO HCCIEIOBAaHO BIMSHHE YIJIa HaKaTHUKA
1 IaBJICHHS Ha IIEPOXOBATOCTh U TBEPAOCTH JieTand. C IOMOIIBI0 MOJETMPOBAHMS TIpoliecca 00pab0oTKN HaKaTHUKOM
B HEHPOHHOW CETH OINpeJeNieHbl 3aBUCHMOCTH BXOJHBIX JaHHBIX. Ha WX OCHOBE CIIPOrHO3MPOBAaHA BBIXOIHAS
IIEPOXOBATOCTh M TBEPAOCTbH JeTanu. [locTpoeHbl TpaduKu 3aBUCHMOCTH MapaMETPOB IIEPOXOBATOCTH U TBEPAOCTH
HB = fla; P), Ra = f(P; a). Peanmm3oBan HOBbIi crioco0 oOpabortku I1I1/] BUHTOBBIM HAKaTHUKOM ITOBEPXHOCTEH,
OTPaHHUYCHHBIX C 00erX CTOPOH. TakxkKe OCyIeCTBICHO PACIIMPEHHE TEXHOJIOTHUECKIX BO3MOXKHOCTEH TAHHOTO CIIoco0a.

KnroueBble ciioBa: BUHTOBOH HAaKaTHHK, IIEPOXOBATOCTh, TBEPIAOCTh, YIOJ HAKIOHA HAKATHHWKA, JABICHUE
HaKaTHUKA, paHAOMHU3aLHs, MOJEIb.

®poJos E. A., flcsko C. T'., KpaBuenko C. U. TexHonoruyeckue BO3MOKHOCTH ITHEBMOYIApPHOIi ITaM-
MOBKHM BBITSKKOH TOHKOJMCTOBBIX JeTaseii / O0padoTka MaTepuanoB gaBjaeHuem. — 2018. — Ne 2 (47).

BaxHoii npobiemoii miactudeckoro GopMooOpa3oBaHus JMCTOBOTO METalia SBISETCS YCTOMYMBOCTH IMPO-
necca aedopmuponanus. Iloteps ycroiuuBocTH (HOpMOOOpa30BaHUSA MPUBOIUT K BO3HUKHOBCHHUIO 3HAUMTEIIBHBIX
MECTHBIX Jie(opMaliii, pa3pyIICHHIO METAILIa WM UCKaKEHHI0 GOpMBbI eTanu. OCOOEHHO 3TO MPOSIBISIETCS MPU BbI-
COKOCKOPOCTHOM JIe(hOpPMHPOBAHUH TOHKOJHCTOBBIX 3arOTOBOK. [IposiBIIEHHE TOTO MM MHOTO THIIA MMOTEPU YCTOWUH-
BOCTH 3aBHUCHT OT HAIPSHKEHHOTO COCTOSIHHMS, CKOPOCTH Je(hOpMHUPOBAHMUS, aHU30TPOIIMH, MEXaHUIECKUX CBOWCTB Ma-
Teprana u Apyrux QGaxkropo. [loreps ycTolunBocTH Hanbosee BEepOSITHA MIPH TOTYYCHHH JeTaleld U3 TOHKUX 3ar0TO-
BOK C HCIIOJIF30BAHNEM BBICOKOCKOPOCTHOTO JIOKAIEHOTO HArpy KEHUSI.



ISSN 2076-2151. Oépadvomka mamepuaniog oaginernuem. 2018. N 2 (47) 192

B paboTe BBIMOIHEHO OmpenesieHHe MapaMeTpoB Ae(OPMUPOBAHUS TIPHU BBICOKOCKOPOCTHOM BBITSDKKE OCe-
CHMMETPHYHBIX TOHKOJIMCTOBBIX 3arOTOBOK, oOecIieunBaronux (opMooOpa3oBaHue aeraneil 0e3 McKakeHus: (HOpMbI
penbeda 1 paspynieHUs] MeTaJula METOAOM ITHEBMOYIapHOH ITaMNoBKU. Ha ocCHOBaHMM NPOBEAEHHBIX HCCIIEIOBAHUN
YCTaHOBJICHBI TEXHOJIOTHYECKHE BO3MOXKHOCTH M3TOTOBJICHHUS KaU€CTBEHHBIX OCECUMMETPHYHBIX TOHKOCTCHHBIX J€Ta-
JIe MEeTOIOM ITHEBMOYAAapPHOH MITAMITOBKU BBITSXKKOW. Y CIIOBHSI YCTOHYUBOCTH 3arOTOBKH IPU (POPMOBKE OCECHMMET-
PUYHBIX 3JIEMEHTOB Hecheprueckoi (opMBI TOJOOHBI YCIOBHSAM YCTOWYMBOCTH 3arOTOBKH Tpu (hopMoBKe ceprue-
CKHUX 3JIEMEHTOB, MOIyY€HHBIE Pe3yJbTaThl MOKHO PACIPOCTPAHUTH U HA BBITSDKKY JJUIMNTUYECKUX, HEITTYOOKHX KO-
HUYECKHX U APYTrux ONM3KUX K HUM 10 (opme aetanel. [IHeBMOyjapHas MTaMIIOBKa MO3BOJISIET BBITATUBATH KyIIOJIO-
o0paszHble neTanu 0e3 MpUMEeHEHHs MEePETsDKHBIX MOPOTOB, ABYXIIEPEXOJHOM IITAMIIOBKH M JPYTHX CIIELHATbHBIX ITPH-
€MOB C OTHOCHTENIFHO TOJIMHOW 3arOTOBKH B JIBAa-4ETHIPE pa3a MEHbIIIE, YeM JOIMYCKAETCsI IPU BBITSHKKE TyaHCOHOM.

KaioueBsble ciioBa: mHEBMOyJapHas IITAMIOBKa, BBITSKKA, (POPMOBKA, Je(EeKThl, YCTOHUYUBOCTD, KYIOJI000-
pasHbIi, penbed, 1eTab, 3aroToBKa.

®enorneB A. H., Ikeasn C. B., ®eaorbena JI. I1. Bo3M0:KHOCTH HCNOJIL30BAHUS METOAa POTALMOHHOTO
pe3aHusi 1Js NoJIy4yeHusi 00beMHBIX HaHOMaTepuaJioB // O0padoTka MaTepuanoB AaBjaeHueM. — 2018. — Ne 2 (47).

B mocnenaue roap! I COBEPIICHCTBOBAHNS MEXaHUIECKAX XapaKTEPUCTUK CTalleil M CIUIAaBOB CTAllM IpUMe-
HATH TOIXOIBI, OCHOBaHHBIC Ha (POPMHPOBAHUH MAaTEPHUAIIOB MHUKpPO- W HAHOKPHCTAILTMYECKON CTPYKTYpbl. OmHHM
13 MIEPCIEKTUBHBIX METOJIOB MOMYUYEeHHUS JICHT CYOMHUKPOKPHUCTAIUIMYECKONH U HAHOCTPYKTYPOH ABISIETCS METO CTPOra-
HUS ¥ TodeHus. OIHAKO HCIIOIB30BaHUE METOAA CTPOTaHUs TO3BOJISIET MOTYYIHUTh JICHTH ¢ CyOMUKPOKPHCTAIIIMYECKON
CTPYKTYpPOIl OTpaHHYEHHOH UTMHBL, a CaM IIPOIECC CTPOTAHM UMEEeT ONpeeNICHHbIE OTPAaHUYCHHUS IO peaTu3aliy IH-
POKOTO Jnana3oHa pexxuMoB 00padboTku. [Iporiecc cBOOOAHOTO MPSIMOYTOIBHOTO Pe3aHMsl, pean3yeMbIi MIPpU CTpora-
HHH, IMEET OIpeIeTICHHOE BIMSIHUE HA IIPUITIOBEPXHOCTHBIE CJIOU JICHT, MOJYYEeHHBIX TaKUM criocoOoM. Takoe BiusiHHE
OOBSICHSIETCS TTOBBIICHHBIM TPEHHEM CO3/1aBaeMOM JICHTHI Ha TIOBEPXHOCTSIX MHCTPYMEHTAJIbHOW OcHAacTKH. B pabore
HaMH TIPEJUIOKeH METO]] POTALMOHHOTO Pe3aHHs C HeCBOOOTHOI MOBEPXHOCTBIO CTPYX)KooOpa3zoBaHus. [lyrem mone-
nmpoBanus B makere Deform 3D V11 mokasana BO3MOXKHOCTH BBITIOJHEHUS TPEIUIOKEHHOTO METO/A POTAL[IOHHOTO
pe3aHuns ¢ HecBOOOJHOM MOBEPXHOCTBIO CTPYKK000pazoBaHust 11sl monydeHus JeHT ¢ CMK-ctpykrypoii. B pesyibrare
MOJICTUPOBAHUS TIOIYYIH TaHHEIE, IPHOIIMKEHHBIE K N3BECTHBIM Pe3ybTaTaM, TOTYIeHHBIX IIPH CBOOOIHOM TIPSIMO-
YTOJNBHOM pe3aHud. [10TydeHHBIH pe3yinbTaT JaeT cephe3Hble HAASKIBl Ha PACIIMpEHHEe BO3MOXKHOCTEH HCIIOIIB30Ba-
HUS TIPOIIECCOB PE3aHuUs MPH CO3MaHNU MeTauIndecKux JIeHT ¢ CMK-CTpyKTypoif 3a CUET BHIIIOIHEHUS POTAIHOHHOTO
pe3aHus ¢ HeCBOOOIHON MOBEPXHOCTHIO CTPYKKOOOPa30BaHUS.

KiaroueBble c1oBa: CyOMHKPOKpHUCTAJUIMYECKas CTPYKTypa, POTAIIMOHHOE pE3aHHe, HECBOOOIHAs IOBEpX-
HOCTbB CTPY’KKOOOpa30BaHHUI.

I'ypkosckas C. C., 3arpe6eapnbrii C. JI. [IpakTnyeckue peKoMeHIAINH K TEXHOJOTHYECKHM PeKUMaM
NMPOU3BO/ICTBA TOHKUX ropsiueKaTaHbIxX nojoc // OopadoTka maTepuasioB naBjenuemM. — 2018. — Ne 2 (47).

Ha ocHOBe pe3ynbTaToB TEOPETHUECKMX HCCIEJOBAHWN B JAaHHOW padore chopMyIHpoBaHa M HPOTPaMMHO
peleHa 3aja4a 1o aBTOMAaTH3NPOBAHHOMY NPOEKTHPOBAHHUIO TEXHOJOTMYECKUX PEKMMOB O0KaTHi MpH ropsdeit mpo-
KaTKe B HEMPEepHIBHOI Tpyre uncToBbIX padounx xiereit ILICITI, HanpaBineHHBIE HA TOBHIIIEHIE TOYHOCTH ITOTydac-
MOTO MeTajuionpokaTa. IIpi 3ToM B KadecTBe KPUTEPHAIBHBIX OLEHOK HCIIOIb30BaHbI YCIOBUS 00ECTIEUEHHUsI MAaKCH-
MaJIbHOH NMPOU3BOAUTENFHOCTH M 00ecTIedeHHs TpeOyeMBIX MOKa3aTeNle KadecTBa TOTOBOTO METAIIONPOKaTa. Brimoi-
HEH aHallu3 yCIOBUH peanu3aliy Mpolecca ropsyei MpoKaTku OTHOCUTENBHO TOHKUX I10J0C MPH OAHOBPEMEHHOM pa-
060Te cHUCTEM aBTOMAaTHYECKOTO PErYJIMPOBAHUS HX TOJIIMHBI M IUIOCKOCTHOCTH, pa3pabOTaHbl pPEKOMEHIALNU
T0 UX JaJIbHEHIIEMY COBEPILICHCTBOBAHMIO.

YcTaHOBIEHO, YTO C YBEIWYEHHEM Iepenaja TeMieparyp TpedyeMas pasHOTOJIIMHHOCTh BO3pacTaeT BechMa
cymectBeHHo. [Ipy aToM C yBenMuYeHMEM HOMHHAIBHOTO 3HAYECHUS TOJIIMHBI MPOKATHIBAEMBIX II0JIOC aOCOIIOTHOE
3Ha4YEHHE Pa3HOTOJIIIMHHOCTHU MOBBIIIAETCS, YTO HEOOXOAUMO YUUTHIBATH MPU MPOSKTUPOBAHUH HAKMUMHBIX MEXaHH3-
MOB COOTBETCTBYIOIINX PaO0OUUX KIIETEH.

Hcnonp3oBaHme cHCTEM aBTOMATHYECKOTO PETYJIMPOBAHUS TOJIIMHBI 00YCIIABIMBAET ITOBBIILICHUE BEPOSITHO-
CTH HapyUIEHUsI CTETIEHH IJIOCKOCTHOCTH, YTO, B CBOIO OYEPE/Ib, MOKET OBITh KOMIIEHCHPOBAHO 32 CUET CTaOMIIN3anu
HCXOTHBIX TEXHOJIOTHYECKHUX MapaMeTPOB, a TAKXKE 33 CUET PalMOHAIBHOTO Pa3MEIICHHUS IEMEHTOB TaHHBIX CHCTEM,
KaKk MHHAMYM, B TPeX IOCIECOHMX YHCTOBBIX padoumx KiersX. ChopMymHpoBaHBI NMPAKTHYECKHE PEKOMEHAAINN
TI0 COBEPIIEHCTBOBAHUIO TEXHOJIOTHYECKUX PEXHMOB Mpoliecca ropsueil MpoKaTKH, B TOM YHCIE U PEKOMEHAAINU
TI0 TIpeIBapUTEIbHOMY NPO(MINPOBAHUIO TOJIIIMHBI IPOKATHIBAEMBIX II0JIOC, 00ECIIEUHBAIOIIEMY KOMIICHCAIHIO He-
PaBHOMEPHOTO pacIpefeiIeH s TEMIIEpaTyp 10 UX JJIHHE.

KaioueBsbie ciioBa: mmpokasi mojoca, ropsyas HpOKaTKa, TUIAHIIETHOCTh, Pa3HOTOJIIUHHOCTD, TOKa3aTenn
Ka4yecTBa, CUCTEMa aBTOMAaTHYECKOTO PETYJIMPOBAHUS TOJIIUHBI, KPUTEPHAIbHBIE OILEHKH, CTENEHb IUIOCKOCTHOCTH,
ABTOMAaTH3MPOBAHHOE MPOESKTUPOBAHME.

Kaccos B. /., Kabaukuii A. B., bBepexuas E. B., Majbiruna C. B. CoBepiiieHCTBOBaHHE TEXHOJIOTHH U3rOTOB-
JIeHMsI TIOPOIIIKOBO¥ MPOBOJIOKH CJI0KHOW KOHCTpYKIuH // O0padoTka MaTepuasioB 1aBienueM. — 2018. — Ne 2 (47).

Lenpro manHON pabOTHI SBIAETCS COBEPIICHCTBOBAHHME TEXHOJIOTHUH M3TOTOBJICHUS MOPOIIKOBON MPOBOJIOKH
CJIOKHOW KOHCTPYKLUMH IJIsl M3HOCOCTOMKOW HamaBkd. [IpoBojioka MpenioXKEHHOW KOHCTPYKLUMH HU3TOTaBIUBAETCS
IMyTeM CBOPAYMBAHUS TPYOKH M3 CTANILHOW JICHTHI C BBEJACHUEM B HEE JICTHPYIOMIEH MIUXTH U CBAPOYHOMN ITPOBOIIOKH.
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Jnst mpeioTBpaIieHys BBICHINTAHKS TOPOIIKOBOTO MaTepraia U3 METAUINYECKOW 000JI0UYKH HCIIONIB3YeTCsl HaMarHH4H-
BaHME METaJUINIECKON IMPOBOJIOKH.

PaccMoTpeHHBIH BapuaHT M3TOTOBJICHUS ITPOBOJOKH PEATM30BaH NP pa3paboTKe TEXHOJIOTHH HAIUIABKH pa-
604nX TOBEpXHOCTEH aeTaleid, paboTaroIuX B YCIOBUSAX MHTEHCHBHOTO M3HOca. IIpormecc HamiaBKu OCyHIECTBIISUICS
yKa3aHHOHW ITPOBOJIOKOH THaMeTpoM 5 MM mox ciioeM (iaroca. Jlist mpoBeaeHus ONBITOB BBIOpaHa CTajlb, CO/EpKamiast
0,5-0,7 % yrneponma, B ocHOBE JierupoBaHus kotopoi (1o 11-12 %) cocrasisier xpom. [Ipu 3TOM B cTaib JOMOIHH-
TEJIFHO BBOJAT MapraHell, a TaKKe TUTaH Kak MOTU(HKATOP, N3MENBUAIOIINIA CTPYKTYpYy MeTajia u Jelaronui ee 00-
Jiee OJHOPOIHOM. JIJIsl NOBBIIEHUsT MEXAaHUYECKUX CBOMCTB METAJUIA U €r0 yCTOMYMBOCTU IPOTUB TPEIIMH OCYIIECTB-
JSI0CH MOJM(UIMPOBAHNE HAIIABIEHHOTO MeTalla MarHHEM, KOTOPBIH JOOABIUIN B BUIE MarHUEBO-AIIOMUHHEBOTO
auratypsl (B Konmdectse 5—8 %) A MPEeJOTBpAIlCHHS BBITOPAHWSA MarHus, a TakXkKe I OOJerdeHHs ApoOsIeHHS
1 pa3mosna. BeiOpaHHas KOHCTPYKIHMS TO3BOJSIET IMOBBICHTH KadeCTBO, TEXHOJIOTHYHOCTB, MPOM3BOAMTENHHOCTh Kak
TIPY U3TOTOBJICHUH IIPOBOJIOKH, TaK W IPH BBITOJHEHUH HaIUIaBKH. [IpuMeHeHne MOpOIIKOBOIl IPOBOJIOKK BEIOpaHHON
KOHCTPYKIIMM U COCTaBa MU HaIIaBKe M3HOCOCTOMKOM MOBEPXHOCTH MO3BOJIMIIO TONYYUTH HAIUIABJICHHBIA MeTasul
c GIIaronpuATHOHN CTPYKTYPOH, a Takke IMOHW)KEHHBIM CO/IEPKaHUEM BPEAHBIX NMpUMecei. VchbITaHus Takke rmokasa-
JI, 4TO HCCJEIyeMble MOPOIIKOBHIE MPOBOJIOKH HMEIOT TaKXXe JIOCTAaTOYHO BBICOKHE CBAapOYHO-TEXHOJIOTHUECKHE
cBOMcTBa. Pe3ynpTaThl Mccaeq0BaHHUN MO3BOJISAIOT PEKOMEHIOBATh HCIOIb30BAHNE PACCMATPUBAEMON TEXHOJOTUH W3-
TOTOBJIEHHS IOPOILIKOBOM MPOBOJIOKH HA IIPOU3BOJICTBE NPH HAIlIaBKE paO0OUYMX MOBEPXHOCTEH H3HOLIEHHBIX JeTajeH.

KaroueBble cjioBa: MOPOIIKOBasi POBOJIOKA, CIOXKHAsI KOHCTPYKIHS, U3TOTOBJIEHUE, TEXHOJIOTHS, HAMarHu-
YMBaHNE, HAIUIABKa, JISTHPOBAHUE, MOAN(DHUINPOBAHHUE.

Kypne A.T'. TepMoMexaHuyeckass MPOKATKA TOJICTHIX JHUCTOB u3 ctanaun mapku EH36 na crane 3600
YAO «MK «A3OBCTAJIb» // OopadoTka MmaTepuaioB AaBjieHueMm. — 2018. — Ne 2 (47).

Pa3paboTana TeXHOJIOTHS U BIIEPBbIE U3TOTOBJICHA, CIIOCOOOM TEPMOMEXaHHMYECKOH KOHTPOIUPYEMOH IPOKaT-
KH{, OTIBITHAs MapTHs TOJCTOJMCTOBOIO Mpokarta pazmepamu 25 x 2150 x 8000 mm u3 cymoctanu mapku EH36 B ycio-
Busx crana 3600 YAO «MK A30BCTAJIby. TexHosorus pa3paboTaHa ¢ UCIOIB30BaHHEM OOIIMX TPESOOBAHMM K MPO-
M3BOJCTBY IIPOKaTa CIocoO0M TEPMOMEXaHUIECKOH KOHTPOIUPYEMOH MPOKATKH C MCIIONb30BaHHEM MaTeMaTHYECKON
MOJIEIH TEXHOJIOTHYECKOTOo Tporecca. [Ipu mpoeKTHpOBaHUH TEXHOJIOTHU HCIOIH30BAICH MPHUHIIUIBI HU3KOTEMIIEpa-
TypHOU KOHTPOJIMPYEMOH MPOKAaTKH, a IMEHHO (OPMHPOBaHUE HEOOXOIUMOU CTPYKTYpPHI M CBOMCTB MpOKaTa IpH 3a-
BepIeHnH AedopMaiin B ABYXpa3Hoi y - a obmacTu.

BrimonHeHO nccnenoBaHie BIMSHUS Pa3IMYHBIX CXEM INPOIOJILHOM M IONIEPEeYHON MPOKATKM Ha MEXaHHJe-
CKHE CBOMCTBa TOTOBOW MPOAYKINH. Y CTAHOBJIEHBI MIPEUMYIIECTBA ONEPEYHO-TIPOIOIBHON CXEMBI MIPOKATKU C TIOBBI-
IIEHHBIM yPOBHEM OOKaThsl B YEPHOBBIX IPOXOJax, KOTOPBIE OTPa3MJINCh HAa MEXaHWYECKHX CBOWMCTBAax IIpoKara
¥ 53HEProd(p(HeKTUBHOCTH IIPOU3BOJCTBA.

[TpoBeneH KOMIUIEKC OCHOBHBIX W JIOTIOJHUTENBHBIX MCIBITAHUN, TONTBEPKAAIOINI BO3MOXKHOCTD JajbHEH-
LIIET0 OCBOSHMUS TEXHOJIOTUH U CEPTUPHUKALIMH TPOTYKIHH.

Y CcTaHOBIIEHO, YTO TIPU TEPMOMEXAaHMYECKON MPOKATKE MOTy4YeH 0oJiee BHICOKHI YPOBEHbD Ipe/ieia TEeKy4eCTH
¥ BPEMEHHOTO COTPOTHBIICHHUS, YeM IIPH HOPMAJHM3AINH, Ha COMOCTABIMOM COPTaMEHTE, UTO IO3BOJISET CACTATh BHI-
BOJ O BO3MOXKHOCTH NANbHEHINEH ONTHMU3AIlMA TEXHOJIOTHH W XHMHYECKOTO COCTaBa CTAIH. TakKe YCTaHOBIICHO,
YTO MTPOKATKa, KOTOpas OCYLIECTBIEHA IO PEXMMaM TEPMOMEXaHHYECKOH IMPOKaTKH, obecrieuwia mojydeHue Oosee
MenKoro 3epHa peppura 10; 9 6amt mo cpaBHEHHUIO ¢ HOpMau3amuei 8; 9 6aymt A COMOCTaBIMOTO COPTAMEHTA.

BHenpenue TeXHOJIOTHM TEPMOMEXaHIMYECKOH MPOKATKH BMECTO HOPMAJIM3allMK ITO3BOJIUT CHU3UTH CE0ECTOH-
MOCTb ITpOKaTa 3a CUeT UCKIIIOYEHHS PacXo/I0B MPUPOIHOTO Ta3a Ha TepMooOpaboTKy (HOpMan3alyio). Y CTaHOBIIEHO,
YTO JUISl IOJITOTOBKH cepTU(UKanuy, coriaacHo [IpaBmwiam BV, He00X0qUMMO HOMONHUTENBFHO POBECTH PSIIl HCCIIEN0-
BaHUi mpokara u3 crtanu Mapku EH36 pazaiaHbIX TOMMIKH.

KiroueBble c10Ba: TepMOMexaHHYeCKas MPOKATKa, TOJICTONNCTOBOM MPOKAT, TEXHONOTHS, CyI0CTallb, MapKa
cramu EH36.

Mensenes M. U., ®poaos . B., Auapees B. B., Booyx A. C., becnasosa H. A. Ouenka gegopmMupyemoctu
THUTAHOBBIX CIVIABOB MPH ropsiueM npeccoBannu Tpyo // OdpadoTka MaTepuaioB AaBjaeHueM. — 2018. — Ne 2 (47).

[Ipu mpom3BoacTBEe TPyO MIUPOKOE PACIPOCTPAHCHHE MOTYYHIN THUTAHOBBIE CIUTaBEL. OJHAKO B HACTOSIIEE
BpeMsI 3HaHUS O PALMOHAJBHBIX TEMIIEPATYPHO-CKOPOCTHBIX MapaMeTpax Ipoliecca MPeccoBaHusl TPyO M3 JaHHBIX
CIIaBOB B TEXHUYECKOH JIMTEpaType MPaKTHYECKH OTCYTCTBYIO JTHMOO HE XapaKTEPHBI JUIs IMapaMeTpoB Ipouecca. s
TOYHOTO OIPEAEJICHUs yKa3aHHBIX MapaMeTpoB Mpoliecca MPSIMOTO TOPSUEro MpeccoBaHusl TpyO HEOOXOIUM ydeT Be-
JIMYUHBI COTIPOTUBIICHHS JedopMalny MaTepHuania, YTo B CBOIO OYepe/b MMO3BOJIUT MOJIYYHTh MOJIHOE MPEICTABICHHE
0 ITACTHYHOCTH MeTawia. OHIM U3 METOIOB OMPEACIICHHUS BETMYMHBI COTPOTHBIICHUS 1e()OPMAIINHN SBISIOTCS HCITBI-
TaHUS HA KPyYEHHS IMIIMHAPHISCKUX 00pasloOB C YISTOM BEIMYHHBI KPYTAIIETO MOMEHTA U MOCIEAYIOMIEro Onpee-
JICHWS CTETICHH JTe()OpMAIIHU CIIBUTA, KOTOPAsk MOXKET OBITh PACCYMTAHA IO U3BECTHBHIM 3aBUCHMOCTSIM.

C menpro yTOYHEHUS TeMITepaTypHO-Ie(OPMAIIMOHHBIX PEXIMOB IPECCOBAHUS TPYO M3 TUTAaHOBBHIX CILIABOB
(BT1-0, IIT-7M, BT-14, BT-15, BT-20, TC-5 u TC-6) B paboTe npoBeZieHO HCCIIEeJOBAaHNE TIACTUYHOCTH U COTIPOTHB-
JIeHus1 teopMaluuy TIpH ropsdeM KpydeHun o0pas3ioB. OCHOBHBIMU HTapaMeTpaMy IIPH STOM BBICTYIANIN: TEMIIEpaTypa
ucrbitannii 800-1250 °C; ckopocts aepopmarmu 0,25-20 ¢!, B mporecce MCTBITAHHI HCIOMB30BATH TPH CXEMbI
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HaTrpy>XeHUs: 0e3 3aKpeIUICHUs MACCUBHOTO 3aXBaTa; C 3aKpPEIUICHHEM ITAaCCHBHOTO 3aXBaTa B OCCBOM HAIPABIICHUM;
C MPUJIO’KEHUEM BHEIIHEH OCEBOI pacTATHBAIOIICH HArpy3KH MPH HE3aKPEIUICHHOM IacCHBHOM 3axBaTe. [lmactuu-
HOCTB MCCJICIyEMBIX CIUTABOB B pa00OTE PACCUUTHIBAIM U3 KOJMYECTBA 0OOPOTOB 10 MOMEHTA Havasia pa3pyIIeHus.

B pesyunbTare npoBeieHHBIX SKCIEPUMEHTANBHBIX UCCIICOBAaHNIH ObLIH MOJTy4eHbI rpaduueckue 3aBUCUMOCTH
KPYTAIIEr0 MOMEHTa OT yIJia 3aKpydYdBaHMs OOpasiia Ha W3MCHEHUE CONMPOTHBIICHHS Ie(OpMaldu MeTauia. AHaau3
YKa3aHHBIX 3aBHCUMOCTEH MO3BOJIMI OMPEACIUTh ONTUMAIBHBIA TEMIIEPATyPHBIA MHTEPBAJI MaKCHMAaIbHOM IIacTHY-
Hocth g cmiaBoB: BT1-0 900-1000 °C; BT14 1050-1150 °C; BT15 1000-1100 °C; BT20 1050-1150 °C;
TC5 950-1100 °C; TC6 1150-1200 °C; IIT7-M 950-1050 °C.

KuroueBble ci10Ba: TUTaH, UCTIBITAHNE, KPYUYCHUE, TEMIIEPATYPa, CKOPOCTh, CTECTICHb Je(DOpMAIIIH, COTIPOTHB-
neHne aedopmarvm.

ITrona M. H., CamoxBan B. M., Makcumenko O. II., Mapuenko K. K., bacak U. . Pacnpenesienue
HArpPY30K M0 MPOX0JaM B YHCTOBOM IPOBOJOYHOM 0JI0Ke MPH MPOKATKe CTANBHOI KaTtanku & 5,5 mm // Oopa-
0oTka MaTepuaJioB 1aBjenueM. — 2018. — Ne 2 (47).

B pabore paspaboTaHa MeTOIHMKa pacdyeTa SHEPrOCHIOBBIX IIapaMeTpoB Mpollecca HEHPEPHIBHONW MPOKATKH
B CHCTEME KIMOPOB «OBAI-KPYI», KOTOPas IO3BOJISAET ONPEASIIUTh BEIMINHY HATPY3KH IS Ka)KI0Tro IPOXOoAa IPOBO-
JI04HOTO OJIoKa. VICXOAHBIMM JAaHHBIMH IJIsl pacdeTa SBIISIOTCS: XapaKTepPUCTHKH OJloKa (DMaMeTphl BAlKOB, Iepena-
TOYHBIE YHCIIA U JIP.); Pa3Mepbl KATMOPOB MO MOAYJISIM; MapKa CTajIM MPOKAaThIBAEMOM MOJIOCH]; HCXOIHAs TeMIlepaTypa
packara Ha BXoJie B OJIOK; YyacToTa BpallleHHs IBUraTeiell npuBoja OoKa; pa3Mepsl MoJKaTa, HOCTYIAaloIero B 0JIoK;
pa3Mepbl packaToB 1o MoayJisiM Oioka. [locienoBarenbHOCTh pacyeTa BKIIIOYAET OIpeAeIeHHe reOMETPUIECKUX mapa-
METPOB ISl KATHOPOB KaXKAOTO MOt (00XKaTHs, yIINpEeHHe, KOd(QHUIMEHT BBITSDKKY, JUIMHA o4Yara ¥ JIp.) W OIpe/e-
JIEHHE CKOPOCTHOTO PeXXUMa MPOKATKH.

Merto¥Ka MO3BOJISIET YUHUTHIBATH OCOOCHHOCTH KOHCTPYKIMH TPOKAaTHOTO obopynoBaHus. OmmoOka ompene-
JICHUsI COTPOTHUBICHUS Ae(opManyy 1Mo MpeayiaraeMoi MeToIKe cocTaBisieT 6,25 %. CpaBHEHHE pacuyeTHBIX 3Hade-
HU{ KpyTSAIIMX MOMEHTOB Ha BajlaX ABUraTelied ¢ 3KCHEPUMEHTAIBHBIMU JAHHBIMH IOATBEPKIAIOT aIeKBATHOCTb
npeuraraeMoil Mozieni. AHaJIM3 PacCYEeTHBIX JAHHBIX PACIPEAENeHHs] Harpy30K 110 MOAYJISIM YHCTOBOTO IIPOBOJIOYHOTO
0J0Ka NpU TPOKaTKe KaTaHKW IUAMETPOM 5,5 MM IOKa3bIBaeT, YTO MAaKCHMAJIbHOE 3HA4YCHHE CPEJHEro IaBIEeHHS
HabJroaeTcst B 5 MOAyJie, 4TO IPUBOJMT K MOBBIIIEHHOMY H3HOCY BAJIKOB B 3TOM MOJIyne. PekomenayeTcs npu paspa-
00TKEe HOBOTO peXMMa HacTpOiKH Oioka (pa3paboTke HOBOW KaTMOPOBKU BaJIKOB) YUECTh 3TOT ()aKkT U mepepacrpese-
JIUTH 00XKaTHS TaK, YTOOBI BHIPOBHSTH paclpelieJICHUe CPEJHUX JIaBICHUH 10 MOIyJsiM. [IpeiaraeMelii alnropuTM Mo-
KeT OBITh MCIIOJIB30BaH JUIS aHAJIN3a YCIOBUI pabOThl YUCTOBOTO POBOJIOYHOTO OJIOKA.

KnioueBbie ciioBa: 3HEProcHIOBBIE NapaMeTphl, HETIPEphIBHAS MTPOKATKa, MPOBOJIOYHBIA OJIOK, BHICOKOCKO-
POCTHasI IPOKaTKa, H3HOC KAIMOPOB, KATMOPOBKA «OBAI-KPYT).

®poJos . B., bepreman I'. B., Camconenko A. A., Auapees B. B., Kysbmuna O. M. IloBblienne Mexa-
HHYECKUX CBOWCTB MPOKATa MyTeM M3MEHEHHs] TeMIepaTypHo-I1e(opManHMOHHBIX MapaMeTpoB oopadoTku // O6-
paboTka maTepuaJioB 1aBjenueM. — 2018. — Ne 2 (47).

OCHOBHBIMHU CIIOCOOaMH PETyJIHPOBaHUS U IMOBBIIIEHUS] MEXAaHUYECKHX CBOMCTB ITPOKATHON MPOIYKLUH SIB-
JISIFOTCS YITy4IlIeHHe XUMUYECKOTO COCTaBa BBIILIABIAEMOM CTaIN IyTEM JIETUPOBAHUSI U YCOBEPIIEHCTBOBAHHUE MPOLIEC-
COB TEpMOIUIACTUYHOI 0O0pabOTKM B JIMHUM CTaHa ITyTeM PEIrIaMeHTUPOBAHMS TeMIlepaTypHO-Ie(opMamOHHO-
BPEMEHHBIX PEXHMOB MPOKAaTKU. BTOpo# crocod momy4min pa3BUTHE B MpolieccaXx KOHTPOJIMPYEMOM MPOKAaTKU JIUCTa
Y IIPOCTOTO COPTOBOTO INPOKAaTa M3 JIETMPOBAHHBIX cTajel. MasouccieoBaHHBIM BOIIPOCOM OCTAeTCsl ONpelesieHNue
KOMIUIEKCHOTO BO3/ICHCTBHUSI TEMIIEPATYPHBIX U Je(OPMAIIMOHHBIX PEKHMOB NMPOKATKM HAa MEXaHHUYECKHE CBOMCTBA
(acoHHBIX MTpodrIIelt U3 CTaIH OOBIKHOBEHHOTO KauecTBa.

B pabore mpoBeneHbl 3KCIIEpUMEHTAIBHBIE NCCIEIOBAHUS COBMECTHOTO BO3IEHCTBUSI TEeMIlEpaTyphl Havaia
MIPOKATKU M PA3ITUIHBIX PEKUMOB IeQopMaIlii Ha MEXaHHIEeCKHEe CBOMcTBa 00pas3noB u3 cranu Cr3mc. MccnemoBanus
MIPOBOJIMIIACEH B JTa0OPATOPHBIX YCIOBHUAX HA OJHOKIETREBOM peBepcruBHOM ctaHe 200 kadenpsr 00pabOTKH METaIIOB
nmaBiieaeM HMeTAY. OOpasmamu CITy>)KWJIA 3arOTOBKH KBAJpaTHOTO IIONEPEYHOTO CEUYCHWsS, IMpPOKaTKa BeNIach
Ha ITaJKHX BaJKax 0e3 KaHTOBOK. VIcciaemoBannch peXUMBI fedopMalyii ¢ yBeIUdeHHeM OOXKaTHi, ¢ yMEHbLIICHHEM
U C paBHBIMH 00KaTUsIMU O Tipoxozaam. [IpoBeieHbI HCTIBITaHNSA MO ONIPEEICHUIO Npeesia TeKy4eCTH, Ipeiena Ipod-
HOCTH, OTHOCUTEIBHOTO YAJIMHEHHS WU YAApPHOW BSI3KOCTH JUId 00pa3lloB, MPOKATAHHBIX 110 PA3IMYHBIM pPEXKHUMaM
B nuamnazone temnepatyp 1000-1200 °C. Ananu3 MOMy4YeHHBIX JAHHBIX TOKa3aj Mpeobiafaromiee BIUSHUE TeMIIepa-
TYpHOTO (haKTOpa Ha MEXaHHYECKHE CBONCTBA IPOKaTa OTHOCHUTENBHO AedopMannoHHOrO pexuma. [Ipumenenune pas-
JIMYHBIX COYETaHWH TEMIIepaTyp Hayaja MPOKATKH W PEKUMOB Ae(opMaliH B Ja0OPAaTOPHBIX YCIOBHSAX MO3BOJISET
MOBBICUTD 3HAUEHHE TIOKa3aTeslel MPOYHOCTH M IUIACTUYHOCTH Ha 4 ... 13 %. MakcuManbHble 3HaYSHUS TIpejiesnia mpoy-
HOCTH J1aeT pexuM aedopMaluii ¢ yBelIMueHneM 00XKaTHi PU HaWHM3IIEH (B UCCIIEJOBAaHHOM JMana3oHe) TeMIepary-
pe, To ects npu 1000 °C. IIpu 3TOoM Takoi peKUM yMEHBIIAeT MOKa3aTeNy IMIACTUYECKUX XapaKTePUCTUK MeTalia:
OTHOCHTEJIFHOTO YJUIMHEHUS U YAAPHOU BS3KOCTH.

[NomyuyenHble pe3yabpTaThl MOTYT OBITh PEaM30BaHbI B YCIOBHIX CYHIECTBYIOIINX MPOU3BOACTB O€3 CyIIecTBEH-
HBIX M3MEHEHNH TEXHOJIOTHUH M 000PYIOBaHHMS ITyTeM ITPOKATKH 3ar0TOBOK C TIOHW)KEHHOHN TeMIepaTypoii Harpesa.

KaioueBble ciioBa: ropsdas Mpokarka, CTajlb, TEMIEpAaTypa HarpeBa, pexuM JAedopMannii, mpeaen TeKyde-
CTH, TIpEJIET IPOYHOCTH, OTHOCUTEIBHOE YIJIMHEHHE, yIapHast BA3KOCTb.
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Kopuak E. C., Harues H. U., Benenen E. E. UcciaenoBanue ycjaoBuil 3KcniayaTaiud 1 NPUYMH BO3HHUK-
HOBEHHUSI M3HALIUBAHUSA B CHJIOBBIX HWJINHAPAX THAPaBINYecKHX npeccoB // O0padoTka MaTepuaioB JaBJIeHH-
eM. —2018. — Ne 2 (47).

Ienpto paboOTHI SABISETCS CO3MAHHE MEp HPEXYNPEXICHHS HN3HOCA CHJIOBBIX IMIMHIPOB THAPABIMYECKUX
MIPECCOB IyTEM aHaJIM3a yCIOBHUH MX IMPOMBIIIICHHON SKCIUTyaTallid M OCHOBHBIX NPHWYWH BO3HHUKHOBEHHUS M3HOCA
C TOCTIEyIOMmeH pa3paboTKON COOTBETCTBYIOIIMX MEp €ro ycTpaHeHus. Ha KakaoMm MallmHHOM LMKJIE UMEET MECTO
LUKJINYECKOe HarpyKeHue pabouero HWIMHIPAa OT MUHUMAIBHOTO JI0 MaKCUMAaJIBHOTO pabouero JaBjICHUS ¢ TOCIeRy-
IOLIMM HHTEHCHUBHBIM €0 cOpPOCOM 10 HCXOJHOIO MHUHUMAJIBHOTO 3HaueHHs. Ha HapyXHBIX 1 BHYTPEHHHX MOBEPXHO-
CTSIX KOpIlyca IIMIMHIpPA pa3BUBAIOTCS YCTAIIOCTHBIE TPELIHMHbBI, THTCHCUBHOCTD TOSIBIEHHUS KOTOPBIX 3aBUCUT, IPEXIe
BCET0, OT BEJIWYMHBI JaBJICHUS padoueil )KUAKOCTH U T€OMETPUH KOHIIEHTPATOPOB HANPSDKEHHH B MECTax Iepexona
WJIMHAPUYECKOI YacTH pabouero MMIMHIpA B AOHHYIO U (biaHIeByro. BrimoiaHeHne paanyca 3akpyrjeHus rajireiei
BEIMYMHAMU MEHBIIE, YeM AOMYCTHMBIE, NPUBOAUT K IMOSBICHUI0 B HUX APKO BBIPAXKEHHBIX 30H KOHLEHTpALMU
HaINpsDKeHNH, a yriyOJieHne TanTesieil BO BHYTpb Kopiryca OoJiee, YeM Ha JOIyCTHMOE 3HaueHHeE, TIPUBOANT K BO3HHK-
HOBEHHIO JOTIOJIHUTENBHBIX PAANANIbHBIX YCHIINH, BRI3BIBAIOIINX TTOSIBICHNE IUTACTHIECKUX Ae(OpPMaIid, 1 YCHINBAIOT
pa3BUTHE YCTAJIOCTHBIX TPEHIVH. BEMTMUNHBI YKa3aHHBIX AOIyCTUMBIX ITApaMETPOB 3aBHUCST OT MEXaHHYECKHUX CBOMCTB
MaTeprana KopIlyca CHJIOBOTO IWJIMHApPA M €ro KOHCTPYKTHBHBIX ocoOeHHocTed. Kpome ycTamoctHoro wusHoca
B HanOOJNIBIIEH CTENEHH B CWJIOBBIX IWJIMHAPAX THAPABIMYECKHX IPECCOB TNPHCYTCTBYET KAaBUTALMOHHBIA H3HOC
BCJIEZICTBUE TIEPENaioB JAaBICHUHM Ha THAPABIMUYECKUX CONMPOTUBIICHUAX. [Ipy HepaBHOMEPHOM Harpy>keHUH, KOTOpOe
B OCHOBHOM IIPOMCXOAMT NPH MPOMBIIIICHHOMN 3KCIUTyaTalluy THIPaBINYECKUX IPECCOB, KOPITyC LIMINHIpPA U3HAIINBA-
€TCs1 HepaBHOMEPHO M BEIPaOOTKa €ro Hapy>KHbIX MOBEPXHOCTEH UMEET OAHOCTOPOHHHUH XapakTep. AHTH(PUKIMOHHbIE
CBOMCTBA HaNpaBJIAIONIEH BTYJIKH U BO3MOXKHOCTD TMOABEICHHUS K HEH CHUCTEMBI CMa3KM IO3BOJIAIOT 3HAYUTEIBHO MPO-
JUTUTH CPOK JKCIUTyaTallu IuTyHxepa. KauectBo paboueil )HUIKOCTH UMeEeT pellatoliee 3Ha4YeHUe ISl MpeJoTBpalle-
HUS U3HOCA MTap TPEHUs CUIOBBIX LIMIMHIPOB.

KnioueBsbie ciioBa: mpecc THApaBIMYECKUH, MWIMHIP CHIIOBOH, NaBlieHHE, KHIKOCTh pabodas, KOpIyc IH-
JIUHIPA, TalTeNb, U3HAIIUBAHUE.

IHomueHenko JI. B., Pynenxo H. A., Epémkun E. A., Bouanos II. A. CoBepiieHCTBOBAaHHE KOHCTPYKIUH
KJIANMIAHOB yNPaBJCHHUS TMPABJINYECKUMH MPeCcCaMM ¢ HeJbI0 CHUKEHUSI YCHIus UX noabema // O0padoTka mMa-
TepuaJjoB aaBjiaeHueM. — 2018. — Ne 2 (47).

B cratbe paccmoTpeHa HOBas KOHCTPYKIHS JAPOCCENbHO-PETryJHPYIOMINX KIIalaHOB YIIpaBileHHs 0e3
pasrpysku. IlpencTtaBieHa cxema M onucaHa KOHCTPYKLUS M OCOOEHHOCTH pPabOThl HOBOTO KiamaHa. IIpuBeneHs
HEJIOCTaTKN CYLIECTBYIOIINX KOHCTPYKLMH KJIaaHOB YIPABJICHUsS CHJIOBBHIMH OJIOKAMH THIPABINYECKHX IPECCOB.
Pabota kiamaHa ocymiecTBIISIETCSl CIEAYIOIUM 00pa3oM. JKHIKOCTh BBICOKOTO J@BJIEHHS TOABOIUTCS K MOJOCTH A
or HAC mnm ot Hacoca. B 3akpbITOM TONOKEHHWH IUTYH)KEp MPHXKAT K CeAly MO 3alopHbIM (ackaMm ycuinem
CIesIero cepsonpusoaa. B nmonoctsax b u B HaxoguTcs KUIKOCTh HU3KOTO JABIICHMS], TaK KAK OHU CBSI3aHBI 4epe3
OTBepCTUs. YIPaBIAIOIIee BO3ACHCTBYE Ha IUTyHXKEP Yepe3 ITOK OCYLIECTBISET CEPBONPUBOJ, KOTOPBIN YCTaHOBIIEH
cBepXy Kimamnasa. [Ipu 3TOM OTKpBIBAIOTCS 3alOpHBIE (PacKH M )KUAKOCTH BEICOKOTO JABJICHHS M3 TOJNOCTH A Tomajgaer
B mostocTh B, a oTTyzma depes3 oTBepcTHs B MONOCTh b, 9TO cIOCOOCTBYET MPaKTHIECKH MIHOBEHHOMY BBIPaBHUBAHHIO
JaBICHUS] HAJ W TOJ IUTYHXXEpOM. OJTO OOECledMBaeT CYIIECTBEHHOE YMEHBIICHHWE YCHIHMSA MOABEMa ILTyHXKEpa.
XKecrtkoe coenrHEeHHNE IUTyHKEpa CO MTOKOM M INTOKA CO IITOKOM CEPBONPHBOAA 0OECIIEUNBACT JOCTIDKEHHE JF000T0
3aKOHAa OTKPBITHA M 3aKpbITHS KJIAlaHa W JeJaeT €ro JIETKO YIPaBIseMbIM M JIUHAMHUYECKH YCTOWYMBBIM
Ha NPOTSDKEHHH Bceil pabOTHL. 3akpbITHE 3alOPHBIX (PACOK OCYILECTBISETCS YCHIMEM CIISIAIIEr0 CEPBOIPHUBOJA.
[IpuMeHeHne HOBOTO JIPOCCENIbHO-PETYINPYIOIIETO KiIalaHa YIpaBIeHUs 00eCeUlT OTKa3 OT CXEM pasrpy3Ku KJanaHa
C LEeJbI0 YMEHBIICHUS YCHIHS €ro IOoJbeMa, a TaKKe YNPOLICHHE KOHCTPYKIUH, YMEHbIIEHHE METaNIOEMKOCTH,
MOBBIIIEHHE TEXHOJOTMYHOCTH W3TOTOBJICHUS W HAJEKHOCTH PabOThHI, YJIydllIeHHE YCIOBUI PEMOHTa M MOHTaxa,
yIy4IIeHne TUHAMHYECKOH yCTOWYMBOCTH M YIPaBISIEMOCTH KjlanaHa Npu ero padore. ®akTUYECKH, pacCCMOTpEHHast
B CTaThe KOHCTPYKLMS KJallaHa YIpaBJICHHS 0OeCIedMBacT yMEHbBIICHHE YCHIIHMS MOAbeMa KJIalaHa B 3aBHCHMOCTH
0T AMaMeTpa ero ycIoBHOro mpoxoxaa B 10-18 pas.

KnioueBble cioBa: THIpaBIMYECKUH Tpecc, KilalaH yMpaBJIeHWs, pasrpy3ka KiallaHa, Ha/Je)KHOCTb paboThI
KJIaraHa, yMEHbIIEHUE YCHIIHNS NOAbeMa KianaHa.
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AHOTAIII

Tapacos O. @., KoBanenko A. K., Aiaryxos O. B., Jle6igp B. T. CkiHueHHO-e1eMeHTHOI MO/IeJIIOBAHHSA
O0aratoeranHoro ¢popmMyBaHHs pedep HAa OCHOBi PO3POOKH CTPYKTYPHO-NAPAMETPUYHOI MOJeTi y3araabHeHOro
iHcTpyMenTy / O0poOka maTepianiB Tuckom. — 2018. — Ne 2 (47).

BukonaHO po3poOKy CTPYKTYpHO-ITapaMeTpHUYHOI MOJIEN y3arajJlbHEHOTO iIHCTPYMEHTY JUIsi MOJIEIIIOBaHHS iH-
TEHCUBHOI IuIacTu4HOi Aedopmaiii npu GopMOBaHI BEpPTUKAIBHUX pedep Ha LWIIHAPHYHOI 3aroToBKH. Po3pobieHo
TeOMETPUYHY MOJIeNb OCHACTKH Ta 3arotoBku (CAD-monens), monens ans anamizy II1/] 1 BukoHanuii ananiz B CAE-
cHCTeMi Ipolecy OaraToeTanmHoro 1eopMyBaHHS 3arOTOBKH. ABTOMAaTH30BaHO JOCIIUKEHHS BIUIMBY I'€OMETPUYHUX
pO3MipiB, GOpMH THCTPYMEHTY 1 3aKOHY TEPTs Ha pealtizallilo IHTeHCHBHOI mIacTu4IHol nedopmaiii pedep. Ha ocHoBI
TPUBHUMIPHOI CKIHYEHHO-EJIIEMEHTHOI MOZIETI BUSBICHO BIUTUB (POPMU 1 KyTa HaXWIy I'paHei OMyKIIOr0 BEPXHBOTO ITya-
HCOHA Ha pO3MOJLT nedopMalliil i po3TATYIOUNX HANPYKEHb B 3aroTiBii. Po3pobieHo pekoMeHaalii momo BUOopy reo-
MeTpii BEpXHBOTO 1 HHKHBOT'O MTYaHCOHIB, SIKi 3HM)KYIOTh 3HAUSHHS PO3TATYIOUHX HAlpPyXKeHb i BUKIIOYAIOTh YTBOPEH-
Hs1 nedeKTiB Ha BUIbHIN IpaHi 3arOTOBKH. 3alporoHOBaHO MOH(DIKalil KOHCTPYKTUBHOI (popMH IyaHCOHIB Ha MOCIi-
JOBHHUX eramax (opMyBaHHS pebep UIs piBHOMIPHOTO PO3MOILTY HAKOIMMYEHOI IIIacTHYHO1 AedopMariii B3IOBK pedep
Jertaiti. BcraHOBIIEHO, 1110 BUKOPHCTaHHS CTPYKTYPHO-IIapaMeTPUYHOT MOAEINI y3araJlbHEHOTO IHCTPYMEHTY /ISl TpOBe-
JEeHHS JOCHTIPKEHb IHTEHCUBHOTO IUIACTHYHOTO JeOopMyBaHHS 3arOTOBOK J03BOJISE€ NMPUCKOPUTH NMPOLEC BUKOHAHHS
PO3paxyHKiB i MPOEKTYBaHHS TEXHOJOTIYHIX IIPOIIECIB, IO 3a0€3MeUYyIOTh IiIBUIIICHHS SKOCTI OJepKYBaHHX JIeTaleH.

Korouosi ciioBa: GararoerariHe MOZIEIFOBaHHS, METO/ CKIHUEHHHUX €JIEMEHTIB, CTPYKTYPHO-TIapaMeTpU4Ha MOJIEIb,
inrerpaniss, CAD, CAE, Hanpy>xeHo-1e(hopMoBaHuii CTaH, pajialibHe BUAABIIOBAaHHSI, IHTEHCHBHA IUIACTUYHA JeopMaliis.

Auies 1. C., Jlepuenko B. M., Ky3zenko O. A. MoaenoBaHHS Npouecy paaiaJbHOr0 BUAABJIIOBAHHS Je-
TaJjei 3 pranmem // O6podka maTtepiajiB TuckoM. — 2018. — Ne 2 (47).

Po3rsaHyTO TIpOIec 3aKpUTOro PadialbHOTO BUAABIIOBAHHS 3 KOMIIEHCATOPOM CTPIIKHEBHX JAeTale 3 (raH-
eM. MeToZioM CKiHYEHHHX EJIEMEHTIB 3a JONOoMOroro mnporpamHoro nakera QForm 2D/3D nmocmipkeHO HanpyKeHO-
nedopMoBaHMii CTaH 3arOTOBKH B TIPOLIECi MoeTanHoi Jedopmarii npu pi3HUX 3HAYEHHSX BUCOTH KOMITEHCAIIMHOT 11i-
nuHY, nependadenoi Ha mepudepii paxianbHOI HOPOKHWHU MATpHIi. B pe3ympraTi AOCHIIKEHHS OTpHMaHi KapTHHU
BHUKPUBJICHHS JUTHIILHOI CITKH, pO3MOJILTy iIHTEHCHBHOCTI e(opMaIliid i iIHTCHCHBHOCTI HAIPY>KEHb B OCEPEAKY JAedop-
MaIlii Ha Pi3HUX CTaJisX MPOIIECY BUIABIIOBAHHSA. MaKCUMaJIbHI 3HAYEHHS IHTEHCHUBHOCTI JeOpMallii OTpUMAIH [Iapu
MeTairy o0In3y MOBEPXHI KOHTAKTY 3arOTOBKH 1 HHKHBOI IiBMaTpuili. OOpoOKoI0 pe3ynbTaTiB aHaji3y CHIOBOTO pe-
KUMY 0Oy I0BaHi rpadiku 3MiHH CHJI 3aKPUTOTO PaIiallbHOTO BHIABIIOBAHHS 1 CHJI PO3KPHUTTS MATPHII MO XOIy TIPO-
1eCy 1 B 3aJIGKHOCTI BiJf TEOMETPUYHMX MApaMETPiB JeTaji 1 BiTHOCHOI BUCOTH KOMIICHcaTopa. BcTaHOBIIEHO, 1110 3HA-
YeHHS SK CHJIM BHIABIIOBAHHS, TaK 1 CHIIM PO3KPUTTS MAaTPHI, 30UTBIIYIOTECS B Mipy PO3BHUTKY IPOIECY, 1 3MEHIITY-
FOTBCS 31 30UTBIICHHSAM BiTHOCHOI BHCOTH KOMIIEHCaTopa. BHKOHaHO TakoK aHai3 SBUIIA IiJCKOKY CHJI PO3KPHUTTS
PO3HIMHOIO MaTpHIli B MOMEHT 3HSITTSI OCHOBHOTO (ZehopMyI040ro) HaBaHTaKeHHS 3 OOKY ITyaHCOHA 1 MPY>KHOIO Bif-
Jladul TEXHOJIOTIYHOI CHCTEMH «IITaMI-3aroToBKa». CKIHYEHO-eJIEMEHTHE MOJICTIOBAHHS MOKa3aJI0 MOXKIIMBICTh BU3HA-
YeHHSI BEJIMYWHU 30UTBIICHHS CHJI PO3KPHUTTS, BUKIMKAHOTO UM SBHUINEM. BcTaHOBIICHO, IO 31 301IBIIEHHSIM 00CATY
(iaHIs, MO BUIABIIOETHCS, IPUPICT CHIT PO3KPHUTTSI MaTPHLI TAKOXK 3pOCTAE.

KarouoBi cioBa: pajianbHe BHIABIIOBaHHS, IHTEHCHBHICTH Je(opMalliii, IHTEHCHBHICTh HaIlpy>KeHb, CHIa
BHJABIIFOBAHHS, CHJIa PO3KPHUTTS MATPHIIi, METOJ CKIHYEHUX EIIEMEHTIB, IBMATPHIIA.

Axuectin O. B., JleBuenko B. M., Axnecrtin B. JI. Moae/oBaHHs npoueciB KOHTAKTHOI B3aeMoIii iHCcTpyme-
HTY i 3aroTOBKH NpHU BaJIKOBOMY ¢opmyBaHHI npodinis i Tpyd / O6podka MaTepiajiB TuckoMm. — 2018. — Ne 2 (47).

BinznaueHo 30inbIIeHHs Ynciia poOiT, CIPSIMOBAaHMX Ha MOJIEIIOBAHHS IIPOLECIB KOHTAKTHOI B3aEMOIi 1HCTpY-
MEHTY 1 3arOTOBKH IIPH BaJIKOBOMY (OopMyBaHHI. BH3HaHa NMpaBOMIPHICTb T€3W NPO MEPBUHHICTH (I3MYHUX MOJEIeH
T10 BIAHOIICHHIO 0 MaTeMaTHYHuX Mozened. OCHOBHOIO MPOOJIEMOI0 IPH MOETIOBAHHI € T€, IO Bi3yaIbHO BHSBUTH
TIOBEPXHIO KOHTAKTY HE INPE/ICTABIISIETHCS MOXIIMBAM. MeToro poOOTH €: aHajli3 3aCTOCOBYBAaHMX B JaHHH yac Mojelen
JUISl BU3HAYCHHsI (PAaKTUYHOT OBEPXHi KOHTAKTY NpH (pOpMyBaHHI CMyroBOi 3arOTOBKH B BaJIKaX; BIOCKOHAJICHHS HOBOTO
eKCIIEpUMEHTAIBHOTO MeTOXy «MeToa Mpo30poro iHCTpYMeHTY». Po3pobiennii 1 BIOCKOHAJICHHI aBTOpaMH METOA TIPO-
30pOT0 IHCTPYMEHTY J03BOJISIE EKCIIEPUMEHTAITFHO BU3HAYATH (POpMY i pO3MipH AiHCHOI MMOBEPXHI KOHTAKTY MPU B3aEMO-
Jii iHCTpYMEHTY i 3aroToBKH. MIOro CyTh HOJISrae B 3aCTOCYBaHHi BaJKOBOIO iHCTPYMEHTY, BUKOHAHOTO 3 IPO30POrO Ma-
Tepiaiy, HANpPUKIAJA, OpraHiyHoro ckna. HaitOinbmimii eekT Bill BUKOPUCTaHHS METOLY MOXIIMBUI B MOEAHAHHI HOTO
3 IHIIUMH eKCIIEpIMEHTATFHUMHA METOJaMH MEXaHIKM Je(OopMOBAaHOTO Tila: IMONSAPU3AIiHHO-ONTHYHNM, TEH30METPIi,
KOOpAMHATHUX CITOK Ta iH. BUKOpHCTaHHS Py TEXHIYHMX pillleHb, BUKOHAHUX Ha PiBHI BUHAXOIB, JO3BOJIMIIO PO3LIH-
PUTH MOXIJIMBOCTI METOJY, IIIBHIIUTH HOro TOYHICTh. OCHOBHUH Pe3yNnbTaT METOAY HOJIATaE B TOMY, IO «HEBUIMME
CTae BUIMMHM». MeETOJ 3aCTOCOBYEThCS ULl HOCHIDKSHHS IPOLECIB XOJOIHOIO IITaMITyBaHHS, (OPMYBaHHS I'HYTHX
npoiniB 1 TpyO, MPOKATKM peloK, B TOMY YHCII 3 HECUMETPHYHUM mpodineM. CTBOpeHa ailoda Mojenab poOodoi KIiTi
npo¢iiernO04HOT MaIlIMHK 3 TPO30PUMH BAJIKaMH, SIKa B LIJIOMY € aJIEKBaTHOIO 11 peaJlbHOMY 00'€KTY.

Karouogi ciioBa: BankoBe GpopMyBaHHS, THYTHH Npodisib, IPSIMOIIOBHA 3BapHa Tpy0Oa, BaJlOK, MOJIEIIIOBaHHS,
MIOBEPXHsI KOHTAKTY, METOA IIPO30POro iHCTPYMEHTY.
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Hoopos 1. B., CbomiueB A. B., Moposenko O. I1., Kontiinii A. B. Ontuunnii meroa ¢izuaHoro moaesaio-
BaHHSA JIOKAJIBHHUX JedopManiii mig yac BOIOYiHHA CMYrH B MOHOJITHIA Bosouni // O6podka martepiajiB THc-
KoM. —2018. — Ne 2 (47).

B manmif yac j1st BIOCKOHAJIEHHS! TEXHOJIOTIYHUX IPOIIECiB 00pOOKH MaTepiaiB THCKOM B Teopii 00pOOKH MeTasiB
THUCKOM IIMPOKO BUKOPHCTOBYIOTHCS Pi3HI METOAN MOJICITIOBAHHS MPOLIECIB Ae(opMallil 3ar0TOBKA B OCEPEIKY Je(opMaliii.
Merta poOOTH — PO3BUTOK ONTHYHOTO METOAY (Pi3MIHOrO MOJIECITIOBAHHS JIOKATBHUX JAe(opMarliil i 9ac BOJOYIHHSI CMYTH
B MOHOJTITHIHM BOJIOLI /TSl YTOUYHEHHSI MEXaHIKH Tpoliecy AedopmMarlii 3aroTOBKH; BIOCKOHAJIEHHSI MAaTEMaTHYHOI MOJIEN BH-
3HAYEHHS eHEPrOCHIIOBUX MTApaMETPiB MPOLIECY BOJIOYIHHS, 3HOCY IHCTPYMEHTY 1 NOBEPXHI POCTSITHYTOT CMYTH.

OnTuuHME METOJ| TOCIIHKEHHS JIOKATbHUX JiedopMaltiii (i3naHOi MO/l 3aroTOBKH y BUIIISII HAMArHIYEHHX
PI3HOKOJIBOPOBUX KyJIBOK, SIKi IPSIMYIOTH B MOJIENTi T€OMETPHYHO TOAI0HOT BOJIOKH, H03BOJISIE HAOYHO YSABHTH XapaKTepHi
0co0MMBOCTI TIporiecy Aedopmarii B 3aJ€KHOCTI Bil TEXHOJOTIYHHX MapaMeTpiB BoJodiHHS. OJHOYACHO 3 BiTHOCHUM
TIEPEMIIIEeHHSAM KyJTBOK Ha BHXOI 3 BOJIOKH (32 paXyHOK TMEPEMIIeHHs] MOZETi BOJIOKH B TPOTHIICKHY CTOPOHY) IIPOBO-
JTHCS IU(POBa KIHO3HOMKA, IO JO3BOJISIE aHANI3YBATH MOJENb TUIACTUYHOI nedopMarii SK B JUHAMIII MPOIECY, TaK
i 10 Hioro okpemux Qororpadisx B Oyab-IKHil MOMEHT 4acy MOJENIOBaHHA IIacTHYHOI nedopmartii. AHaii3 pe3ysbTariB
JOCTIJDKEHHS], IPEICTABIICHIX Ha PHC. 3 MMOKa3ye, 10 MeXaHIuHa «KyJbKOBa MOJEINb JIOKAIBHOT edopMariii» BimoOpaxkae
XapakTep 3MiHN (OPMH TOTIEPEYHOTO APy MIACTHYHO Ae(OPMYETHCS 3arOTOBKH B PEAIbHUX YMOBAX 1 MOXKE OYTH BHKO-
pHCTaHa st JOCIIPKeHHsI JIOKaJIbHUX edopMaltii Oyib-skoro (110 po3TallyBaHHIO) Iapy MaTepially 3arOTOBKH Ha BXOJI
B MOHOJIITHY BOJIOKY. Lli 0cOOMMBOCTI KiHEMaTHUKH MaTepiajly 3aroTOBKU B ocepeliKy AeopMarlil HEOOXiJHO BpaXxOByBaTH
TIPY BU3HAYEHHI TPAaHNIHUX YMOB MPOIIECY BOJIOYIHHS CMYTH B MOHOJITHiI BOJIOII MPH YTOYHEHHI PO3PaxyHKY €HEepro-
CHIJIOBHX TTapaMeTpiB nedopmariii i 3HOCY KOHTAKTHUX IIOBEPXOHB BOJIOKH i TOTOBOTO BHPOOY.

Kuaro4oBi ciioBa: BoNOYiHHA, KIHEMATHKA, MEXaHIYHA MOJIENb, ONTHYHIA METO, 3HOLTYBaHHS.

I'apaniy 1O. 10., ®poJios 5. B. MoneaoBanHas TpaHcdopManii BHYTPIlIHHOr0 MO310BKHBOI0 KaHATY NMPH
MPOKATHi 32 I0MOMOro10 mporpamuoro 3ade3nedenns QForm // O6podka matepiajiB Tuckom. — 2018. — Ne 2 (47).

[Tpouec 3BaproBaHHs MPOKATKOIO HAa JAHWH MOMEHT INUPOKO BHKOPHUCTOBYETHCS ISl BUTOTOBJICHHS TIOCKUX
TEIJIOOOMIHHUKIB. Y I[bOMY JOCIIPKEHHI POMOHYETHCSI PO3pOOKa TAKOTO CrI0co0y BUTOTOBIICHHS AJIFOMIHIEBUX TLIAC-
THH 3 JeKUIbKOMa MO3J0BXHIMYU KaHAJIaMU JJI TEIIOOOMIHHOTO 00JIaJHaHHS, aHAJOTIYHUX THUM, SKi B IaHUH Yac BH-
PpOOIISFOTECS 32 TOTIOMOTOI0 eKCTpy3ii. OCHOBHOIO ITEPeBaroi0 B bOMY BHIAJIKY € TiIBUIICHHS MPOAYKTHBHOCTI, B TTO-
PIBHSIHHI 3 TIPOIIECOM TIpecyBaHHs. TakiuM YHHOM, IJISi PO3BUTKY TaKOi TEXHOJIOTII MOBMHHI OyTH BUKOHAHI JIBI YMOBH:
CTBOPEHHS ITO3/I0BXKHIX KaHAJIIB 3 MEBHOIO T€OMETPIEI0 1 3BaPIOBAHHS MUK IIapaMy aJIOMiHIEBHX IUacThH. [laHe Teo-
peTHYHE JOCIHIIKEHHS 3a JOTIOMOT0I0 METOLy CKIHUEHHHUX €JIEMEHTIB IIPUCBSIYEHO BUPIIICHHIO TIEPIIO] 3a/1adi.

VY crarTi Oyno MpoBeAEHO TEOPETHYHE JOCIIHKEHHS TpaHc(opMallii TO3/I0BXKHIX KaHATiB, yTBOPEHHX ITOLIAPO-
BUM PO3TalllyBaHHSIM amoMiHieBux riactuH AJI00 3 monepeaHbO HaHECEHMMH piBYaKaMH, 10 MAlOTh Pi3HI IMOYAaTKOBI
TEOMETPUYHI XapaKTePHCTHKH, TIPH 3BapIOBaHHI pokaTkoro. [Tportec mpoBoauBes s Temmeparypu 450 °C. JlocmimkeH-
HS TPOBOAMJIOCS 3 BHKOPUCTAHHAM KiHLIEBO-EJIEMEHTHOIO MOJEINIOBAHHS 3a JOIOMOTOI0 IPOTPaMHOro 3a0e3NedeHHS
QForm. [ToniOHa TexHOMOTIs MOXKe OyTH 3aCTOCOBaHA Il BAPOOHUIITBA IUIOCKUX TEILIOOOMIHHMKIB 3 ajroMiHito. [Toka-
3aHO, SIK ITOYaTKOBA TEOMETPisl MMOTIEPETHOTrO Tepepi3y KaHaly BIDIMBAE HA WOTO IOAANBINY TpaHC(OpMAIifo, KOIH JBO-
IapoBa mTada MPOXOANUTH KPi3k 30HY AedopMaliii i1 9ac MpOKaTKH. BUILIEHO 1Ba TUIH 3aKPHUTTSI KaHAIIB B 3aJIKHOCTI
BiJI CTIiBBITHOILICHHSI IIBUIKOCTEH TPaHCIALIT METary B 00JIacTh KaHAITy B HAIPSIMKY OOTHCHEHHS 1 PO3IIMPEHHSI.

Kpim Toro, Oysio BUsIBIEHO, II0 KaHAIM, PO3TAIIOBaHI HA Kparo ITaOH, iCHYIOTh JOBIIE B 30HI aedopmariii,
HIXK Ti, SIKI PO3TalIOBaHi B IEHTPi cMyru. Takok KaHaJIM Ha KPal CMYTH OTPUMYIOTH TIEBHY KPHBU3HY B PE3yJbTaTi
PI3HMIII IIBUAKOCTI PO3LUIMPEHHS METATy 3 Kparo CMyTH Ta B ii IIEHTpI.

Koro4ogi cy1oBa: 3BaproBaHHS IPOKATKOIO, KIHIICBO-CJIEMEHTHE MOJICITIOBAHHS, KaHAITH, AJTFOMIHIH, TETNIO0OMIHHUK.

Konorogos JI. B., Anapees B. B.,, Maptuniok M. O. MoaeaoBaHHsI mponecy NO3J0BKHbLOI NPOKATKH
mTad 3i cruiaBy amoMiHio cucremu Al-Mg-Sc // O6poOka martepianiB Tuckom. — 2018, — Ne 2 (47).

B po6oTi mokaszaHo, 10 3 METOIO 3HIDKEHHS BUTPAT IPH TOCIiKEHHI TIPOIIeCiB 00POOKH THCKOM aTIOMiHI€BUX
cruiaBiB cucteMu Al-Mg-Sc, NOLIJIBHO BUKOPUCTOBYBAaTH METOJM MAaTeMaTHYHOTO MoOJeroBaHHs. CTBOpeHa MOJENb
mpolLecy rapsyoi MPOKAaTKH Tad 3i CIIaBy alroMiHil0 cucteMd Al-Mg-Sc 3 BUKOpPHUCTaHHSIM MPOrPaMHOTO MPOAYKTY
QForm VX. B ocHOBYy MaTeMaTH4YHOI MOCTAaHOBKHM MOKJIaJeHA CHUCTEMa PIBHSHB, sIKa BKIIOYAE PIBHSHHS PIBHOBArwW,
PIBHSIHHS 3B’SI3Ky MK TOJIEM IIBHIKOCTEH MaTepiallbHUX TOYOK Ta IIBUAKOCTEH Nedopmarii, piBHIHHS 3B’SI3Ky MK
HaNpyXeHUM Ta Je()OPMOBAHUM CTAHOM, YMOBHM HECTHUCKAEMOCTI, KPUTEpiil MIaCTHYHOCTI, PIBHSIHHS €HEPreTUYHOTO
6anancy. Omip nedopmalii MaTepiany 3arOTOBKH BBaXKA€ThCS 3aJIE)KHUM BiJ] HAKOILICHOT edopmaltii, MOTOYHOT IIBU/I-
KocTi aedopmaltii i TeMneparypu Ta 3a1a€Thesl Y BUXiqHUX nanuX. [Ipu moOymoBi Mojiesni BAKOPUCTaH] eKCIiepUMeHTa-
JTHHO BH3HAYEHI KpWBi nedopmaniiiHoro 3minmHeHHs cruiaBy 01570. OOrpyHTOBaHO Hiarma3oHH BapilOBaHHS BUXiTHIX
TEXHOJIOTIYHHX TapaMeTpiB, TAaKUX SK CTYIIHB Ta TeMIiepaTypa aedopMartii, CIiBBiIHOIICHHS UPHUHA 10 BUCOTH BH-
XiJHOT 3arOTOBKHU. 3 BUKOPHCTAaHHAM PO3pOOJICHOI MaTeMaTUYHOI MOJIeIIi MPOBEACHO TEOPETHYHE TOCIIHKEHHS TpoLie-
Cy Taps14oi MpoKaTku mrab 3 oOpaHOro criaBy B niama3zoHi Temneparyp 360420 °C ra crynenis gedopmanii 15-35 %.
3a pe3yabTaTaMy MOJIETIOBAHHS BU3HAYEHO KOMIUIEKCHHUH BIUIMB BKa3aHUX TEXHOJIOTIYHUX MapaMeTpiB Ha CHIY i MO-
MEHT NPOKaTKK Ta OpMO3MiHYy MeTaly B rmpoiieci nedopmanii. OTpuMaHi 3aJIeKHOCTI CHIIM MPOKATKH 1 PO3IIMPEHHS
BiJl CTyIIeHsI Ta TeMIiepaTypu aedopmariii. BUKOHaHO MOPIBHSHHS Pe3YJIbTAaTiB MOJIEIIOBAHHS, SIKI OTPUMaHI 3 BUKOPH-
CTAHHAM 3aIPOIIOHOBAHOI MOJIEJIi TPOLeCy NPOKATKH, 3 eKCIIEPUMEHTATEHIMH JaHUMH.

KuarouyoBi ciioBa: mpokatka, mojioca, ajJfOMiHINA, CKaHIIH, MOIENb, TeMIepaTypa, Aegopmartisi, Cuia, MOMEHT,
PO3IIUPEHHS.
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Orinceknii M. K., Pemes O. A. Moje/ioBanHs npouecy Ge3rnepepBHOi NPOKATKH B KaJifpax cHCTeMH
«poM0O-kBaapat» // O6podka martepiaaiB Tuckom. — 2018. — Ne 2 (47).

Mertoro poOOTH € PO3BUTOK MIAXOMAIB JI0 TOCHIPKEHb KIHEMAaTUYHHUX MapaMeTpiB Oe3rnepepBHOI COPTOBOI MpPo-
KaTKH Ha OCHOBI METO/iB KOMI'FOTEPHOTO MOJETIOBAHHS, BUSBICHHS Ha Iiif OCHOBI BiIOMOCTEH MMPO 3aKOHOMIpHOCTI
3MiHHM TEXHOJIOTIYHUX MTapaMeTpiB Mpyu Oe3nepepBHii MPOKAaTIli B CHCTEMI BUTSHKHUX KaliOpiB «poMO-KBazpat». Moje-
JIIOBAHHS MPOLIECY MPOKATKU MPOBOIUIIOCS ISl CTANM, CXMIIBHOT 10 mijBHIeHoro po3mmpenns 08X 13, 3 BUKopucTaH-
HAM TPOTPAMHOTO NPOAYKTY TporeciB o0poOku wmertamiB trckoM FORGE 3D, po3po6imeHoro KOMIaHi€lo
TRANSVALOR S.A. FORGE 3D. [Ins nmoBHOTO aHaji3y nepediry MeTary B IMOAOBXKHBOMY 1 MONEPEYHOMY HAINpPSIMKY
B pOOOTI IpeICTaBICHI PEOJIOTIYHI KPUBI JOCTIKYBAHOTO MaTepiary. Mo/ie/ltoBaHHs 3a BKa3aHOK CXEMOIO BUKOHYBa-
JIOCS JUTS BATIA/IKIB TPOKATKH 3 PI3HUMH MOEIHAHHSIMHE IIEPEIHBOTO i 3aIHBOTO HATATY MPH Pi3HUX Koe(ilieHTax BUTS-
*Ku. OTprMaHi pe3yabTaTH J03BOJIMIM BUSBUTH 3aKOHOMIPHOCTI 3MiHM IapaMeTpiB NMPOKATKH y B3a€EMO3B'SI3KY OJMH
3 OHUM. BusiBIIEHO SIKICHWI 1 KUTBKICHMH (IU1s1 TOCHIIPKEHOTO Aiana3oHy ITapaMeTpiB) XapakTep 3MiHH INapameTpiB
MIPOKATKH B 3aJISKHOCTI BiJl HATATY (HEY3TOPKEHOCTI MIBUAKOCTEH) Jliana3oH BiTHOCHOT HEY3TrO/DKEHOCTI IBHIKOCTEH
(TI0 BiHOMICHHIO A0 MpPOKATIi 0e3 HaTsTry) ckiaB 2,5 ... 10 % 3 xpartHicTio 2,5. Jliarna3oH 3MiHH KOS(DIIliEHTIB BUTSKKU
ckiaB A = 1,039 ... 1,457, BiH € OCHTB XapaKTEpPHUM JJIsl TaHOI cucTeMu Kaniopis. [TonepenHe NOpiBHSHHS pe3yabTaTiB
MO/ISITIOBAHHS 1 eKCIIEPUMEHTAIBHUX TAaHUX JJO3BOJISIIOTH 3pOOUTH BUCHOBOK PO JOCTATHIO X 301)KHOCTI 1 MOKIIMBOCTI
ukopuctaras nporpamu FORCE 3D s BupimeHHsS MPaKTHYHAX 3aBAaHb, MIOB'SI3aHUX 3 MIPOKATKOIO B CHCTEMI KaJlio-
PiB «pOMO-KBazpar.

KawuoBi cioBa: MoJenroBaHHs, CTallb, CXHJIbHICTh IO PO3IIMPEHHS, PEOJIOTIYHI KPHBi, CHCTEMa «POMO-
KBaJIpaTy, HATAT, KaJiop.

Kapnayx C. I'., Muponenko €. B. MoaeaoBaHHs npouecy Moaijiy Tpyo 3 BHKOPHCTAHHSAM MPOrPaMHOI0
npoaykry DEFORM 3D // O6po0xa matepiajiB Tuckom. — 2018. — Ne 2 (47).

[IpoBeneHo aHami3 crmoco0y MOAiTy TPyO IUTOCKMM HOXXKEM 3 BHKOPHUCTAHHSAM MPOTPAMHOTO TPOAYKTY
DEFORM-3D. BukoHaHi TeOpeTHYHI JOCIIKEHHS C1Ioco0y Moy TpyO TIIOCKUM HOXKEM JIO3BOJIMII BHSIBUTH ITOCITi-
JOBHICTb CTBOPEHHS CTPYXKKH-BIIXOAYy II0 XOJy HOXa, OLIHHTH EHEProCHIOBI IapaMeTpH Ipouecy 0Ty
Ta IMPOTHO3YBATH SIKICTh PO3AUICHUX 3aTO0TOBOK. [IpoBeieHi JoCmiIKeHHs BIUIMBY KOH(ITypallii HoXa Ha TpoIiec Bilmi-
JICHHS 3arOTOBKH BiJl TPYyOH Ta CTPY>KKH-BIZXOY TI0 X0y HOXKa. AHaJI3 OTPUMaHHX pe3yJIbTaTiB MOKa3ye, 0 ONTHMa-
JIBHOIO € KiHIIeBa (JopMa HOXKIB 3 KyTOM Y BepiiuHi 50 °, mpu npoMy cuiia po3aineHHs cranoButh 16 kH. SIkicts oTpu-
MaHHUX 3aTOTOBOK 3a/10BiibHA. Ha oCHOBI aHami3zy 0€3BiAXOJHHUX CITOCO0iB MOAUTY TPYO HA MipHI 3aTOTOBKH 3aIpoIIo-
HOBaHO HOBHH CIIOCI0 BiAPI3KM Ta KOHCTPYKIi 0OsaHaHHs Ays Horo peanizanii. Bigpizka BinOyBa€eTbCs JTOKAIBHO IO
MEPUMETPY TPYOUaTOi 3arOTOBKH, 10 3a0e3Meuye 3HIKCHHS CHIH BIIPI3KU. 3 ypaxyBaHHIM IBOTO (aKTy, IO TpyOUa-
CTa 3arOTOBKA, Pa30M 3 BiJPi3HUM POJMKOM IEPEMINIy€eTHCS B HAPSMKY BiJ OCi 3aTOTOBKH, a TIOTIM 3 KOHTPPOIIKOM —
JI0 IIEHTPY 3aroTOBKH, MpOSIBISEThCS edekT baymmarepa. Ilpy 1ipoMy Mae Micue 3MEHIIEHHS BEJIMYMH HaIpy>KeHb
MPOTOPIIHHOCTI, IPYXKHOCTI Ta TEKYYOCTi MaTepialiB B pe3yJbTaTi 3MiHN 3HAKy HaBaHTa)KEHHS, SKIIO EPBUHHE HaBa-
HTa)XEHHS BUKJIMKAJIO HAsABHICTH IUIACTUYHHX AedopMaliiif. BUKopucTaHHS 3aIpoNOHOBAaHMX PIIIEHb HO3BOJIE IMiIBHU-
IIUTH SIKICTH BiJpi3aHUX TPyOUaCTHX 3ar0TOBOK, CIIPHSIE 3HIDKECHHIO EHEPTOEMHHX MapaMeTpiB MOAUTY Ta MiJBUINCHHS
KyJIbTYpY BUPOOHUIITBA.

KarouoBi ciioBa: TpyOuacrta 3arotoBKka, HiX, T€OMETPHYHI TTAPAMETPH, CHIIA Pi3aHHS, SIKICTb.

Kox A. K., €EpbomKkin €. A. Po3paxyHOk eHeprocuJI0OBHX NapaMeTpiB Mpouecy po3ruHaHHs roppoBaHoro
Jucta B npsamuii // O6podka martepiajiB Tuckom. — 2018. — Ne 2 (47).

VY cTaTTi HAaBOAWTHCS MaTeMaTHYHa MOJENb PO3PaxyHKYy €HEepProCHIOBHX IapaMeTpiB MpoLecy pO3THHAHHSI
ropoBaHOTO JIMCTa B mpsMuidl. HaBeneHo aHami3 OCTaHHIX MATEHTHUX AOCIIIKEHb, MyOuikamii i mareHTiB. OgHIM
3 MUTaHb JUIs BUPILICHHS 1i€l TPOOJIeMH € MOAETIOBaHHS MPOIIECY PO3KOUYBaHHs ro()pOBAHOTO JIMCTA B TPSIMY CMYTY.
VY npaHiif crarTi po3risgacThbCcs MOMKIUBICTH MOZAETIOBAHHS MOIIOHOTO MpoLecy 3 JEerkoae(opMOBaHOTO MaTepiainy
LIIIXOM 3aCTOCYBAaHHS METO/Y KiHIICBHX SJIEMEHTIB.

[TpoBeneHi KoCiiHKEHHS HO3BOJISIIOTH 3pOOUTH BHCHOBOK ITPO BIUIMB HA BEUYUHY IUIOIII OXOJIOKYBaIbHOT
MOBEPXHI TAaKHX MapaMeTpiB sSK KUIbKICTh rodp Ha 3a/1aHiil TOBKHUHI, BEJIMYMHA BHYTPIIIHHOTO 1 30BHIIIHBOTO pajliyciB
1 KyTa HaxmiIy Top CTOCOBHO IUTOCKOT 3arOTiBKH TaKOl K JOBXHHH, MOXKHA CKa3aTH IIO: 3i 30UThIIEHHIM Yncia rodp
TUIOIIA TIePepi3y 3aroTiBKM 3MEHIIYETHCS, TaK SIK CTA€ MEHIIE MPSMOJIIHIMHUX YacTHH. MaKcHMallbHa BEIMYHHA IO
nepepizy MOCATAETHCS MPH KUTLKOCTI TOdp piBHIM 11’ sITH; 31 30UIBIIEHHSM 30BHILIHFOTO Ta BHYTPILIHBOTO pajiyca Bep-
e rodp IUIoIma mepepily 3aroTOBKH 3MEHIIYETHCS; 31 301bIIeHHIM KyTa Haxmty rodp Big 30 go 60 rpamgyciB Bemn-
YHHA IUIOII ITepepi3y 3HAYHO 301IBIIY€EThCS.

Hanana mMozesnb 03BOJISIE ATH OLIHKY HANPY)KEHOMY CTaHy MpH AedopMarii JIMcTa, IIepeMillleHHIO MeTajly IpH
nedopmarii. AHa3 MPoIIecy MOIETIOBAaHHS JO3BOJISIE JATH PEKOMEH/IAINIl 32 TEOMETPUIHUMH TTapaMeTpaMu ropoBaHO-
TO JINCTA, TAKUX SIK: KYT HaXWIy TOQppOBaHOTO JINCTA, pajliyC BEPIIUH ro¢p, IUTOLI IIOTIEPEYHOT0 Iepepi3y JIICTa.

KurouoBi ciioBa: roppoBaHuii JINCT, BUTHH, PO3MOALUT CHJI, pajiiyc rodp, mpodisis BaJIKiB.

I'epacumenxo O. B., Mapkos O. €., Xpamuucskuii A. C., Mapkoa M. O., Pizak II. 1. Po3podka pecyp-
c030epiraro4yoro npouecy KyBaHHsl MyCTOTIMX MOKOBOK BilnmoBinanbHoro npusHayeHHs / O6podka martepianiin
THCKOM. — 2018. — Ne 2 (47).

Pobota cmpsiMoBaHa Ha BHpIMICHHS aKTyallbHOI HAyKOBO-TEXHIYHOI 3a7adi BIOCKOHAJICHHS TEXHOJOTIYHUX
MIPOIIECiB KyBaHHS ITyCTOTUINX ITOKOBOK THUITY IIITIHApPA HA OCHOBI 3aCTOCYBaHHS HOBOTO CIIOCOOY Ta IHCTPYMEHTY UL
KyBaHHs 0e3 OmpaBKH, 5Ki 3a0e3MMedyI0Th OTPUMAHHS SKICHUX ITYCTOTLUINX MOKOBOK 3 HEOOXiITHOIO TOBIIMHOIO CTiHKA
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i niametrpoM oTBOpY. P03po0iieHO MeTOauKy Ta peKOMeHJamlii 3 NMPOEKTYBaHHS TEXHOJIOTIYHHMX MPOLECiB KyBaHHS,
SIK1 TIOJISITAFOTh Y BU3HAYCHHI JliaMeTpa OTBOPY 3arOTOBKH Iepel NPOTATYBaHHIM Oe3 OTPaBKH B 3aJE€XKHOCTI B Jiame-
Tpa OTBOPY IMOKOBKH 1 cTyreHs nedopmanii. OTpuMaHo peKoMeHalii 3 TeOMeTpil OCHAIIEHHS IS peati3alii TeXHOJI0-
TIYHOTO TIPOIIeCy KyBaHHSA IMYCTOTUIMX 3arOTOBOK O€3 OMpaBKH IMIATBEPMIKEHI y BUpOOHHYMX ymoBax. KyBaHHs 0e3
OTIPaBKH IOIUIHFHO POBOANTH BUPI3HUMH O0MKaMu 3 KyToM BHpi3iB 115° 1 kyramu ckociB 10°. Ampobartist pe3ynbTaTiB
JOCITIKEHD Y BUPOOHUYMX yMOBaX J03BOJIMIIA IITBEPAUTH OTpUMaHI peKoMeHAaarii 3 (popMO3MiHH MyCTOTLIO! 3aro-
TOBKH B TIpOlieci KyBaHHs 0e3 ONpaBKU BUPI3HUME Ooiikamu 3i ckocamu. Bennuunna nmonadi noBuaHa cranoButy 0,1 Bix
ZiaMeTpa 3aroTOBKH, OOTUCHEHHS 3a HaTHUCKaHHA He Oinbire 10 %, a mOCHimOBHICTh KyBaHHS: MPOXiA — KaHTYBaHHI
Ha 90° — mpoxin — kantyBaHHA Ha 90° — mpoxix — KaHTyBaHHs Ha 45° — mpoxin. byna BnpoBamkeHa HOBa TeXHO-
JIOTis KyBaHHS IIyCTOTLINX 3arO0TOBOK Oe3 omnpaBku. B pesynbrati Ha 25...30 % migBummiacs NpoayKTHBHICTD MPOLIECY
KyBaHHsI, a KUIbKICTh HarpiBaHb 3HHM3mnacs Ha 15...25 %. BcranoBneHi B poOOTi pillieHHs! PO3MIMPUIIA TEXHOJIOTIUHI
MOYJIMBOCTI MPOLIECY KYBaHHS ITyCTOTLINX 3aTOTOBOK Ta ITiBHILMIIM iX SKICTb.

KoarouoBi ciioBa: KyBaHHS, IPOTATYBaHHS, ONpaBKa, BUPi3HI O0MKH, 1moada, KyT CKOCIB OOMKIB, KyT BHpI3iB
001iKiB, 3aKOBYBaHHS OTBOPY, HAaNPy>KeHO-Ie(DOPMOBAHUI CTaH, METO/ CKIHUCHUX EJIEMEHTIB.

/Koankos 5. I'., Auies L. C. Po3pobka kiaacudikanii npouecie KyBaHHs BaJiB i quckiB i BUOip HanpsiM-
KiB X nocaigxennb // Oopodka maTtepiajiB Tuckom. — 2018. — Ne 2 (47).

BcranoBneno, mo Ha OCHOBI METOAY MOP(OIOTIYHIX KapT MOKIIMBO T€Hepallis BETUKO{ KiTBKOCTI HOBHX CIIO-
co0iB KyBaHHsI. 3arajibHa KiIbKICTh MOXKE IOXOAUTH JIO AEKITBKOX THCSY. Benmika yacTiHa 3 TAKUX CIOCO0IB € IPaKTH-
YHO HE peati3oByeThCs. I BIOPSIIKOBAHOCTI BCIX ITMX CIIOCO0OiB, BU3HAYEHHS HOBHX TOTEHIIIHO MMEPCIIEKTUBHUX
COCO0iB, BU3HAYEHHS PALlIOHATBHHUX CIIOCOOIB KyBaHHS MOKOBOK HEOOXIJHO CTBOPHUTH Kiacu(]ikalilo i BHAUIMTH
Ha OCHOBI aHANi3y HaWOULTBII TMEpCHEKTHBHI HAPAMKHA. MeToro poboTh € po3poOka Kiacudikariii cmocobiB KyBaHHS
BEJIMKUX TIOKOBOK OCAJIKOIO 1 MPOTSIKKOIO.

Jns Mop¢onoriaHuX KapT YMHHUKA Oyin po30WTi ImIe JoKiIanHime: ¢GopMa IHCTPYMEHTY UIA KyBaHHS BajiB
1 IJTMT Ma€ 1Bl XapaKTePUCTHKH - MOJOBXKHIO 1 onepeuHy ¢popMy. AHaJIOTIYHO 1 st popmu 3aroroBku. Kimacudikarrii
CKJIa[IcHI Ha MiACTaBi BUAUICHUX (DaKTOPIB TEXHOJIOTIYHOTO Tporecy: (akropa GpopMu, TeMIepaTypHOTo i KiHeMaTH4-
Horo (aktopa. IligiOpaHi HOBI, HAHOLIBII MEPCICKTHBHI CIIOCOOM KyBaHHS IMOKOBOK OCHOBHHUX THINIB. BcTaHOBICHO
OCHOBHI CIocoOM KyBaHHS ITOKOBOK THITy BaliB, IUTUT Ta IUCKiB, SKi MOXXYThb TOKa3aTH BHCOKY €(PEKTHBHICTH IPHU
ix peanizauii. Tak 111 KyBaHHS JOBIOMIPHHUX BUPOOIB 3alpOIIOHOBAHI CIIOCOOM MPOTSraHHs B 00#Kax creniainbHoi (o-
pMH, 3 IOJATKOBHM TEPMIYHHM BIUIMBOM. {11 KyBaHHS AWCKIB 3alPOIIOHOBaHI IUIMTH CIEHiaTbHAX KOHCTPYKIIH,
a TaKOX 3arOTOBKH CIeNialbHOI (JOPMHU.

KurouoBi ciioBa: xnacudikartis, MeTon Mop(oIoTiaHIX KapT, KyBaHHS, IPOTSDKKA, OCAIPKEHHS, BaJIH, AUCKH, TUTUTH.

3auropes B. M., Paryaina H. B., HleBuos C. O., InuaxoB €. B., Kocitos M. C. Jlocix:keHHs1 ocagKeH-
Hs1 3aTOTOBOK 3 yBirHyTHMH mizt KyToMm 120° rpansimu / O6po6ka MaTepiais THcKoM. — 2018, — Ne 2 (47).

3anpornoHoBaHO HOBHUH crocid ocamkeHHs 3aroToBok. CIiociO mojsirae B 0CaJKEHI 3ar0TOBOK 3 YBITHYTUMHU
rpaHsaMu. Po3po0iieHO METOAMKY TEOpeTHYHHX AOCTiKeHb. Lls MeTomuka moisiraja B JOCIIDKSHHI MeXaHi3My 3a-
KPHUTTS LWITYYHHX OCHOBHX Je(eKTiB B 3aroToBKax. [loCiiPKeHHS IPOBOAWIINCSA Ha OCHOBI METOIY CKIHYEHHX eJIeMeH-
TiB. OCHOBHUM MapaMeTpoOM JOCTiIKeHHs Oyia riuOuHa YBITHYTHX rpaHeil 3arotoBku. Lleil mapameTp BapitoBaBcs
B mianasoni 0,75; 0,80 1 0,85. Kyt yBirHyTtux rpaneii cranoBuB 120°. Pe3ynpraTaMu TEOPETHYHHX IOCHTIDKEHb Oyin
po3mnoxinu: aedopMariii i HampyXeHb B TUTi 3arOTOBKH B TPOIECI OCAHKCHHS 3aTrOTOBOK 3 YBIFHYTHMHU TPaHSIMH.
Ha ocHOBI 1IUX mapamMeTpiB BCTAHOBIIIOBABCS TIOKA3HHK HANPY)KEHOTO CTaHy B OCHOBIW 30HI 3aroTtoBku. B pesynbrarti
TEOPETHYHHX IOCII/KEHb OyJI0 BCTAHOBJIEHO, 10 €()eKTHBHOIO TTIMOMHOIO YBITHYTHX I'paHel € CITiBBIIHOMICHHS [ia-
METpIB BUCTYIIB 1 ycrymiB piBHUX 0,85. J[1s pOTr0 CHiBBiHOIIEHHS BiZI0YBa€ThCSl IHTEHCUBHE 3aKPUTTSI OCHOBOTO Jie-
¢bekry. Lle MOsSCHIOEThCS BUCOKUM PiBHEM CTHCKAIOTh HANPYKEHb MPH OCAIKEHI 3arOTOBOK 3 YBIFHYTHMH TDaHSIMH.
Bcranosnena edexktuBHa cTyminb Jedopmarii, mpu ki BigOyBaeTbcsi IHTEHCUBHE 3aKpUTTs AedekTiB. BeraHoBneHi
po3noxin aedopMariiif 3a mepepizoM i BUCOTI 3aTOTOBKH, a TAKOXK 3MiHA MTOKa3HUKA HAMIPY>KEHOTO CTaHy B MPOIECi Oca-
IDKEHHS 3aTOTOBOK 3 YBITHYTUMH IpaHsMu. [IpoBeneHi ocimipKeHHs JO3BOIMIN 3pOOUTH BUCHOBOK IIPO BUCOKY edek-
THBHICTb 3alIPONOHOBAHOTO HOBOT'O CIIOCOOY OCA/KEHHS 3arOTOBOK 3 YBITHYTHMH TPaHIMH.

KaouoBi ciioBa: yBirHyTI IpaHi, OCaPKeHHsI, HAPYKEHO-1e(hOPMOBaHHI CTaH, OChOBI Je(EeKTH 3JIMTKa, BU-
COKOSIKICHI TTOKOBKH.

Auiesa JI. 1., Auaies 1. C., Kapramumes /1. O., Jonyenko €. I., Uyuyun O. B. BuroroB/jieHHsl cKJIaAHON-
podinsoBaHuX aeTajeii y npoueci paaiaabHo-npsiMOro BUAaB/0BaHHs // O0podka maTepianiB Tuckom. — 2018. —
Ne 2 (47).

Po3risiHyTO TEXHOJIOTIUHI MPOIIECH OTPUMAaHHS CKIaJHONPO(1IHOBaHIX TOPOXKHUCTUX JETallell CIOcOO0M pa-
JiaTbHO-TIPSIMOTO BHUAABITIOBAHHS Ta IIUIIXH PO3IIMPEHHS TEXHOJIOTIYHUX MOXKIMBOCTEH CIIOCOOIB OTPUMAaHHS ITOPOXK-
HHCTHX JeTallell palialbHO-IIPSIMUM BHIABIIOBAHHAM 3 po3nadeto. HaBeneHo cxeMu, Mo J03BOJISIIOTh BUTOTOBUTH MO-
POKHHCTI AeTai 3i CKIagHUM MpodijeM 3a paxXyHOK PEeryJIFOBaHHS BHCOTH PaliaibHOI MOPOKHUHH. MOAETIOBAaHHIM
METOJIOM CKIHYEHHX EJIEMEHTIB OTpHMaHi KapTHHHU PO3NOALTY HaNpyXeHb NMpPU LITaMITyBaHHI CHOCOOOM pajialbHO-
MPSIMOTO BHUIIABIIOBAHHSA 3 po3aadero. BeraHOBIEHO, MmO 10 Haiibinbmoi gedopmartii CXUIIbHI Mapu MeTaty, sKi IpH-
MHKAaIOTh J0 JIHa TIOPOKHHUCTOI AeTaii. Bu3HaueHO, 10 BENIMKI 3Ha4eHHsS IHTEHCHUBHOCTI HANpy)XeHb 30CepelKeHi
B IIapax MaTepiay 3arOTOBKH IMOOIN3y BHYTPIITHBOTO paziycy meTaii. JlocmimKeHo 3aralbHui XapakTep 3MiHU CHIIO-
BOIO PEXHMY MpOLECYy BUTOTOBJECHHS CKIanHONpodiapoBaHMX Jeraneidl. BcraHoBieHo, mo cranii paaialbHOTO
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BUTIKaHHS Ta MMOJANBIINA PO3BOPOT Tedii METAY 3 padiaJbHOTO HANPAMKY Ha MpsSME XapaKTepPU3yIOTHCS HECTaIliOHAp-
HICTIO mporiecy Ta Oe3MepepBHUM 3POCTaHHSAM CHJIOBUX XapaKTepUCTHK. Bu3HaueHO, 1110 BCTAHOBIIEHA CTaIis JTOCIHi-
JOKYBaHOTO TIPOIIECY TMOYMHAETHCS MICIS PO3BOPOTY Tedii METaly i TPHBA€E IO OCTATOYHOTO (POPMYBAHHS ITOJIOTO BHPO-
O0y. EkcneprMeHTanbHO [OBEJEHO MOXIIMBICTh BUIOTOBJICHHS CKJIQJHONPO(IIHLOBAHUX TOPOXKHUCTUX JleTanei
31 3MIHHOIO TOBIIMHOIO CTiHKHM 3a PaxyHOK 3MiHHM BHCOTH pajialbHOi HOPOKHUHHU. BCTaHOBIEHO, IO AT OTPHUMAaHHS
CXOJMHOK Ha BHYTpIlIHIH OOKOBIi MOBEpXHI MOPOXKHBHOTO BHPOOY HAa HACTYNHHUX IMEpeXxojax HEeoOXiJHO 3MEHIIHTH
TOTIepPEeYHi PO3MIpH HIKHIX ITyaHCOHIB. Ha OCHOBI pe3ysbTaTiB €KCIIEPUMEHTAIBHIX JTOCIIHKCHh BU3HAYCHO, IO IS
OTpUMaHHS OIYHMX KOHIYHHMX [TOBEPXOHb MOTPIOHO 30UIBIINTH AiaMEeTPH OTBOPIB (POPMO3MIHHHX JUITHOK MaTPULb.

KuarouoBi cioBa: ckimagHONpodiIboBaHiI IMOPOXKHUCTI NIETall, padiadbHO-TIPSIME BHIABIIOBAHHS, METOJ| CKiH-
YEHHX €JIEMEHTIB, eKCIIEPUMEHTAIbHI JOCTIHKSHHS.

Auies 1. C., Kopaenko M. 10., CamorasaoB A. /I. KombiHoBaHe BHIABJIIOBAHHSI NMOPOKHHUCTHX KOHiY-
HUX AeTajei / O0pooka matepianiB Tuckom. — 2018. — Ne 2 (47).

PosrnsHyTO CcXeMy KOMOIHOBaHOTO BHIABIIOBAaHHSA IOPOXKHUCTHX KOHIYHHX JeTanell B KOHIYHOI MAaTpHIi
3 BUKOPHCTaHHSIM KOHIYHOI 1 HWIIHAPUYHOT 3aroTOBKH. BrpoOiieHo Mo/entoBaHHs nporecy KOMOIHOBAaHOTO BHAABIIO-
BaHHA B nporpamaomy nakeri DEFORM-3D. V po6oTi npeacrasnennii rpadik CHIOBUX HapaMeTpiB IPoIiecy, a TAKOXK
300pa)XeHH: MOJIB PO3MOALTY IHTEHCHBHOCTI NedopMariil 1 HarpyKeHb, sIKi JO3BOJIMIM BU3HAYUTH CXEMY 3 MEHIIOIO
CHJIOFO 1 OLITBII PIBHOMIPHHUM PO3MOILIOM JehopMalliil 1 HalpyXeHb 3a 00csroM. AHasi3 oKa3as, 10 B 000X BUIMAAKaX
TOJIsl PO3MOALTY IHTEHCUBHOCTI JeopMalliid sSIKiCHO 30iratoThesi. [HTEHCHBHICTh HANPYKEHb Ma€ aHAJOTIYHY KapTHUHY
posnoxiny 3 AedopMamiiMH IIPOTATOM BCHOTO INpOLECY BHIABIIOBaHH:A. [IpoaHaimiyBaBIIM OTpUMaHi pe3yJbTaTH,
BCTaHOBJICHO, 1[0 BUKOPUCTAHHS KOHIYHOI 3arOTOBKH JJO3BOJISIE 3HU3UTH CHITY IIPOLIECY BUIABIIOBAaHHS, IO 0OyMOBIIE-
HO KPAIol0 TEOMETPI€I0 3arOTOBKHU. Y 3aTOTOBIII CIIOCTEPIraeThC JOCTATHE OIPAIIOBAHHS METAy 1 OUTBII CIIPHATIH-
BHI po3monin aedopMariii i HarpykeHb, CHOPMOBAHUX 32 00CATOM, a TAKOXK HEBUCOKY CXIIBHICTD IO YTBOPEHHS Tpi-
IIMH 1 IeeKTiB, 10 TO3UTHBHO MMO3HAYAETHCS MU ii mojgansiiii o0po6ui. BeranoBneHo, 0 BUKOPUCTAaHHS KOHIYHOT
3arOTOBKH B IpOIieci KOMOIHOBAHOTO BHJIABIIIOBAHHS Ma€ TIepeBary B IMOPIBHIHHI 3 NWTIHAPHUYHOIO. Buxoasun 3 aHami-
3y MOJIB PO3MOMLTY IHTEHCHBHOCTI Je(OpMaIliii BUIHO, 1[0 HA MOYATKOBHX CTaIisIX MPOIECY BUAABIIOBAHHS IHIIIH/I-
pHUYHA 3aroTOBKa Ma€ Kpallly OIpaIfOBaHHA SIK TOPLEBOI, TaK 1 HEHTPAILHOT YaCTHHH, IPOTE 110 X0y MPOLECy PO3IO-
Iiny nedopmariiiid 3MiHIOIOThCs. MakcuManbHi eopMaliii Juis TaHOTO Tpolecy Aocsraiots 3. Ha kiHueBomy erari
BU3HAUYECHO, 110 KOHIYHA 3ar0TOBKA Ma€ OUIbII HU3bKY MMOBIPHICTh 0 PYHHYBaHHS 1 YTBOPEHHS TPIIUH, 32 PaXyHOK
KpAaIoro po3noAiry aedopmariii mo mepepisy.

Kuaro4oBi cjioBa: mopoXXHHUCTI KOHIYHI 1eTalli, KoOMOIHOBaHE BHIABIIOBAHHS, Ae(opMarltisi, 3ar0TOBKa, HAIIPY-
KEHHSI, cuia AehopMyBaHHSI.

Auiea JI. L., CiBak P. 1., KoutodiBcbka E. 1., Cyxopykos C. 1. [lepopmyemicTsb 3aroToOBOK Npu pagiaib-
HOMY BHJABJIIOBAHHI 3 IpOTUTHCKOM // O0po6Kka MaTepiadiB THCKOM. — 2018. — Ne 2 (47).

BukonaHo nocIiKeHHS TpoLecy paiajbHOTO BUIABIIOBaHHS (IaHI Ha TpyOUacTii 3aroToBII 3 aJfOMiHie-
Boro cruraBy AJll 3 nOAAaTKOM MPOTUTHCKY, SKUH CTBOPIOETHCS KUIBIIEBOIO 3arOTOBKOIO 3 TEXHIYHOTO CBHHINO. Jlis
OLIIHKH BIUTMBY iCTOpii HABaHTa)KEHHS HA TUIACTUYHICTh METaly 3arOTOBKH IPH 00'€MHOMY HAaIlpy>KEHOMY CTaHI BUKO-
pHCTaHO TPOCTIp 3 KOOPAWHATAMU: MTOKAa3HUK HAIpyKeHOTo craHy 7, mapamerp Jloge-Hanai 4, 1 HakonuyeHa CTyniHb
nedopmanii e,, moOynoBaHa MOBEepXHA IUIacTHYHOCTI. lllmaxu nedopmyBaHHS eIeMEHTapHUX YAaCTHHOK 3arOTOBKH,
BUJUICHUX B PI3HHUX 30HAX IO BHCOTI 3arOTOBKH, TOOYIOBaHI y TAKUX CaMUX KOOPAMHATAaX Ha OCHOBI PO3PaxyHKOBHX
JAHWX, BUKOHAHUX METOJIOM KIiHIIEBUX €JeMEHTIiB. J{JIsI cIiiBCTaBIIEHHS pe3yNbTaTiB aHAmi3y AedopMiBHOCTI Oyio Ta-
KOX MOOYIOBaHO TIPOCTIp, B AKOMY 3amicTh mapamerpa Jloge-Hamai Bukopuctanuii moka3HUK HAMpPY>KEHOTO CTaHY J,
110 BPaXOBY€ BIUIMB 00'€MHOCTI HaIlpy>KEHOTO cTaHy. Biq3HaueHo nmepeBaru BUKOPHCTaHHS KOOPAWHAT 7], ¥, €, 3aMICTh
7, Mo, €, NIl OLIHKH CTYTIeHS BUKOPUCTAHHS pecypcy ruiacTuaHocTi . Lle crporrye po3paXxyHKH, OCKIIBKH Hampyxe-
HMi{ CTaH B IIbOMY BHIIAJKY OITHCY€ETLCS BiZOMOIO JiarpaMolo IIIACTHYHOCTI e, (77), KpiM TOTO, PO30IKHICTE MixK po3pa-
XYHKOBHMH Il €KCIIepHMEHTAJbHIMH 3HAUCHHSAMH |/ 3MEHIIY€EThCS. 3 aHai3y OTPHMaHUX Pe3yJbTaTiB BHILIUBAE, IO
HaHOLIpII HeOE3NEYHNMH, 3 TOYKU 30pYy PYWHYBAHHS, € TOUKH, AKi 3HAXOAUTHCS Ha mepudepii (raHIls, Mo BHIABIIO-
€TBCS, 1 TOYKH, PO3TAIIOBaHI HA 30BHIIIHIN MOBepXHi 3arotoBku. [Ipu mpoBeneHHI eKCIepUMEHTAIBHUX JOCIIKEHb
3 BUTICHEHHSI TPyO4JacToi 3aroToBKM 0e3 MPOTHTUCKY MaKCHMaJlbHUH aiamerp (raHIp, SKuif MOXHaA OyJ0 OTpHMaTH
3 aIOMIHI€BOTO CIJaBy, HE MepeBulyBas Dy = 44,36 MM, IIpK 1IbOMY BiH MaB CIOTBOpEHY IpiboBuaHy dhopmy. CTBo-
pIOBaHMI CBUHIEM NPOTHUTUCK JO3BOJSIE MPAakTU4HO B 1,5 pasu 30UIbIIMTH HiamMeTp (IaHIs, 10 BUIABIIOETHCS,
1 TIOBHICTIO YHUKHYTH CIIOTBOPEHHS ioro hopmu.

Konroudosi ciioBa: panianbHe BUIABIIOBAaHHS, TPyOUacTa 3aroToBKa, (JiaHelb, IPOTUTHCK, HANPY>KEHHS, CTY-
iHb Aedopmallii, MOKa3HUKH HAIPYKEHOTO CTaHy, PECypC IIACTHYHOCTI.

Kamoxnuii B. JI., HHoraruauk A. M., MaJiii X. B. BuzHaueHHs1 napamMeTpiB X0JIOIHOT0 KOMOIHOBAHOIO
BH/IABJIOBAHHS BiCceCHMETPHMYHHUX MOPOKHMCTHX HamiBGaOpUKATIB i3 BUCTYNOM y NOHHiN 4acTHHI 3i cTopoHn
nopo;xHuHu // O6podka maTepiamiB THckoM. — 2018. — Ne 2 (47).

MeTonoM CKiHUCHHHX €TIEMEHTIB IPOBEICHIHA aHalli3 XOJIOJHOTO KOMOIHOBAHOTO BUAABIIOBAHHS 13 HI3HKOBY-
TJICIIEBOI CTaJli BiICECHMETPUYHNX MTOPOKHUCTUX HamiBPaOpHUKATiB 3 BUCTYIIOM Ha KOHYCHIH JOHHIA YaCTHHI 31 CTOPOHU
TIOPOKHUHH TTi]] TOJIAJIBIIE BUTATYBAaHHS 3 TOTOHILICHHSIM.

Mertoro poOOTH € PO3paxyHKOBE BCTAHOBJICHHS MTapaMeTPiB XOJIOAHOIO KOMOIHOBAaHOTO BH/IABJIIOBAHHS HaIli-
B(haOpUKATIB 3 BUCTYIIOM Ha JIOHHIN YaCTHHI 31 CTOPOHU MTOPOKHUHH.



ISSN 2076-2151. Oépadvomka mamepuaniog oaginernuem. 2018. N 2 (47) 201

KoMm0iHOBaHe BHAABIIOBAHHS IMITIHIPUYHOI 3aTOTOBKHU IMOJIATa€ B OJJHOYACHOMY BHKOHAHHI MPSIMOTO BHIAB-
JIFOBAHHS ISl OTPUMAHHS KOHYCHOT IOHHOI YaCTHHHU Ta 3BOPOTHOTO BUJIABJIFOBAHHS IJIsl YTBOPCHHS TIOPOXKHUHH 1 BUCTY-
mmy. BcraHoBmeHi 3anesKHOCTI 3yCHIUTsL BHIABIIOBAHHS, JIICTaBaHHS ITyaHCOHA 13 374e(OpPMOBAHOI 3arOTOBKH Ta 3yCHILIA
BHINITOBXYBaHHS HamiB(haOpHUKaTy i3 MaTPHUIl Bill IEPEMIIIEHHS BiIIIOBITHOTO 1e(OpPMYyIOUOro iHCTpyMeHTa. Br3HaueHwmi
HaIpyXeHo-1e(OPMOBAHHUI CTaH Ta TeMIeparypa 31epOopMOBaHOTO MeTary pu (OpMOyTBOpPEHHI HamiBpadpukary. [Tpu
MaKCHMAJIFHOMY 3yCHIDTI BUIABIIOBAHHSA TOKA3aHHUN PO3IIOJUT ITUTOMUX 3YCHIIb HA IyaHCOHI, BUIITOBXYBAYl i MATPHILL.
3 ypaxyBaHHSIM TpY>KHOI AedopMarii po3paxoBaHi KiHIeBi ¢popmu 1 po3mipy HaniBdadpukary. Po3paxyHKOBUM HUISIXOM
BU3HAYEHI BCl HEOOXI/IHI JIaHi JJIs MPOEKTYBAHHs TEXHOJIOTii KOMOIHOBAHOTO BHIABJIIOBAHHS TIOPOKHUCTHX HamiB(haOpu-
KaTiB 3 BUCTYIIOM Ha JJOHHII YaCTHHI 31 CTOPOHH NOPOYKHUHU, 30KpeMa 3yCHJIIsI BUIABIIIOBAHHS — JUIsl BUOOPY TIPECOBOTO
00JaJHaHHs, PO3MOIUT MUTOMUX 3yCHJIb — JUISl IIPOSKTYBAHHS ITAMIIOBOTO OCHAIIEHHS, JopMa i po3MipH HamiBpadpHKa-
Ty Ta PO3MOJIUI IHTEHCUBHOCTI AeopMartiii — Juist TPOrHO3YBaHHSI iX SIKOCTI.

Karouosi ciioBa: koMOiHOBaHE BUIABIIIOBaHHS, TOPOXKHUCTHH BUPiO, METOJ CKIHUEHHUX €JIEMEHTIB, 3yCHILIS
1 nToMi 3ycuiuis, hopma i po3Mipu BUpoOy, TeMIieparypa MeTana, 1e)OpMOBaHHI CTaH.

Barmiok I'. A., Ilnmkina FO. O., Tito B. A., Kupuiiok C. ®@. Bniius aedopMoBaHOro cTraHy ropsiemira-
MIIOBAHUX 3ar0TOBOK 3 MOPOIIKOBHUX AJIOMOMATPIYHHX KOMIO3HTIB Ha iX CTPYKTYpy Ta BjactuBocti / O0podka
MarepiajgiB TuckoM. — 2018. — Ne 2 (47).

HaBeneno pesysnbratu HOCHiKEHb 0COOIMBOCTEN CTPYKTYPH Ta MEXaHIYHMX BIACTHBOCTEH MeTaoMaTpHd-
HUX KOMITO3HTIB, OTPUMaHNX rapsiauM IITaMITyBaHHSM i3 3arOTOBOK, IO CKJIAJAIOThCS i3 cyminni nmopomkiB Al 1 15 %
(mac.) miratypu cucremu TiC — 20 % Al. 3actocoByBamics BUXiHI 3aTOTOBKH i/ IITAMITyBaHHS JBOX BUIB: IHJIIHII-
PUYHI Ta Y BHTIIIII TOPOKHUACTOTO KOoHyca. [loka3zaHO, MO SK MIIHICTB, TaK 1 TBEpHICTh KOMIO3UTIB, BUTOTOBJICHUX
3 KOHIYHHX 3arOTOBOK, IOMITHO IIEPEBUIIYE aHAIOTIYHI XapaKTEPUCTUKU MaTepialliB, OTPUMAHHX i3 3aTOTOBOK IIMITIHA-
puuHOi popMu. 3acTOCYBaHHSI KOHIYHMX 3arOTOBOK MiJI IITAMITYBaHHS 3a0e3Meuye NOMITHE 301IbIICHHS iIHTEHCUBHOCTI
nedopmarii Marepiany y HOPIiBHSHHI 3 HATIHAPHYHUME 3arOTOBKaMH 1 MPU3BOAUTH JI0 POCTY MIKPOTBEPAOCTI MaTpHy-
HOT (ha3u KOMITO3HTIB.

PesynbraT MOZIETIOBaHHSI ITPOLIECIB rapsuoro MITaMITyBaHHs 3arOTOBOK Pi3HOT popMu MoKazany, 1o 3acTocy-
BaHHSI 3ar'OTOBOK y BUTJISIII TIOPO’KHBOTO KOHYCA XapaKTEPU3YEThCsl ICTOTHO OUIBII ITUPOKKUM Jialla30HOM 3Ha4eHb pi3-
HOIIIBHOCTI 1 IHTEHCHBHOCTI AedopMaliil Mo mepeTuHy 3pa3Ka Ha NPOMDKHHMX eTamax MpolLecy B IOpIBHSIHHI
3 MITHIPUYHUMH 3arOTOBKaMu. [HTeHCHWBHICTH aedopmariii mepeBakHoi 00NacTi MepeTHHY MOKOBOK, OTPUMAaHHUX
3 KOHIYHHX 3ar0TOBOK MICIIs IX OCTaTOYHOI TOIMTaMITOBKH, B 1,5-2,0 pa3u mepeBHIye 3HaUCHHS IHTEHCUBHOCTI aedo-
pMarliif TOKOBOK, OTPUMaHHX 3 IMIJIIHAPHYECKUX 3aroToBOK. CTPYKTypa TOpsSYEMITAMIIOBAHMX 3pa3KiB BiIpi3HAETHCA
HASBHICTIO TIOMITHOI TEKCTYPOBAHOCTI, CTYIIIHb SIKO1 3pOCTa€ MIPH BUKOPHCTAHHI BUXITHAX 3aTOTOBOK KOHIYHOI ()OPMHL.
binbir 1piGHO3EpHICTA CTPYKTYpa TaKOX XapaKTepHa I IIOKOBOK, OTPUMAaHHX 3 HECIICUCHHHX 3aTOTOBOK.

KawouoBi ciioBa: aqroMOMaTpUYHHUNA KOMIIO3UT, IITAMITYBaHHs, IHTEHCHBHICTh AedopMalliil, MIlHICTb, TBEp-
JICTh, CTPYKTYpa.

TitoB A. B., [TosiuBoaa C. JI., Tiros B. A., BumineBcbkuii I1. C. Oco6uBocti popmMoyTBOpeHHsI AeTajeil
3 BOJIOKOH ajoMiHieBux cruiaBiB / O0pooka matepianiB Tuckom. — 2018. — Ne 2 (47).

Mera poOOTH — BIANPAIIOBaHHS MPOLECY 130TEPMIUYHOTO IPECYBaHHS TOHKOCTIHHOTO €JIEMEHTY JieTaiei 3 Bo-
JIOKOH aiomiHieBoro cmiaBy AJ[1. Taki BoJOKHa MalOTh APIOHOKPHUCTAIIYHY CTPYKTYPY Ta BUCOKI MEXaHIYHI BIIACTH-
BOCTI MIITHOCTI 1 TUTACTHYHOCTI 32 paXyHOK HaJIIIBHIKOTO OXOJOHKEHHS 31 MIBUAKICTIO 10°-10° °C/c. Bonokna OTpH-
MaHi Ha YCTAaHOBLI ISl JUCIEPryBaHHs po3iuiaBy B (Di3MKO-TEXHOJOTIYHOMY IHCTHTYTI MeTaniB Ta cruiaBiB HAH
VYxpainu. [IpecyBanns neraneit nposeaeno B KIII im. Irops Cikopcekoro y nBa eranu. Ha nepiioMy eramni BUKOHaHO
npecyBaHHs1 OpukeTiB niameTpoM 30 MM y xosoxHomy craHi. LlineHicTe OpuketiB cranoBuia 8§7-90 %. Ha npyromy
eTari IpoBeIeHe MPeCyBaHHs TOHKOCTIHHOTO €JIEMEHTY B 130TepMiuHMX yMoBaxX. ExcriepuMeHTalbHI pe3ynbTatu Oyiu
TIOPIBHSHI 3 pe3yJIbTaTaMH YHCEIHHOTO MOJIENIOBAHHS B IporpaMHoMy kKomrniekci Deform 3D. 3amaua Bupimiena s
(heHOMEHOJIOTIYHOT TOCTAHOBKH Ta B’S3KOIUIACTHYHOTO J1e(OpMyBaHHS. AHai3 pe3ynbTarTiB MOKa3as, 0 B TOHKOCTiH-
HOMY €JIEMEHTI JIiF0Th CTHCKAIOUi HATIPyKeHHS. 1X B3aeMotis 3 AedopMallisMi 3CyBY B MOTIEPEYHOMY TIepepisi eeMeH-
Ty cIipusie 30MKeHHIO Ta Audy3iiHOMY 3’€THaHHIO OKPEeMHX BOJIOKOH. IIpW IbOMY 3ajHIIKOBa MOPUCTICTH HE Tepe-
Butye 2—3 %. I1o Mipi yTBOpEHHSI TOHKOCTIHHOTO €JIEMEHTY BEIMYMHA CTUCKAIOUMX HAIPY>KEHb JEKIJIbKa 3MEHIIY€Th-
cs1 10 HoTo TOBXHHI. AJie BHHUKAIOUH JeopMallii 3cyBy B OIIEPEIHOMY Tepepi3i i i€l0 X HAPYKEHb CIPHUSIIOTh
B3a€MO/Iii BIJIBHUX MOBEPXOHb BOJIOKOH, iX Mu(y3iifHOMY 3’€HAHHIO Ta 3MEHIIEHHIO TOPUCTOCTI Martepiany. SIKicHO
MIIHICTh B3a€MOJIIT IIAPIB MEepPEeBipeHa €KCIEePUMEHTAILHO MPHU BUNPOOYBaHHAX Ha 3ruH. [IpW 3rHHI TOHKOCTIHHOTO
eneMeHTy Ha KyT 90° BigmapyBaHHS BOJIOKOH HE BUHHKAIIO.

Knio4oBi cjioBa: TOHKOCTIHHI €JIeMEHTH, BOJIOKHA AJIFOMIHIEBOTO CIUIaBY, JApiOHO3EPHUCTA CTPYKTYypa, 130Te-
pMiuHe IITaMITyBaHHS, B’ 3KOIUIacTHYHE AeopMyBaHHs, Tu(y3iiiHe 3’ €THAHHS.

Kosaneschkmii C. B., Mananuyk C. ®. JlocjaifKeHHs] TOBEPXHEBO-INIACTUYHOrO Je(OpMyBaHHSA
TBHHTOBUM HAKATHMKOM // O0po0ka maTtepiajiB Tuckom. — 2018. — Ne 2 (47).

B po6oti po3risiHyTO MeToAM 3MIIHEHHSI TIOBEpXOHb JeTalieid MamiH. Ha choromHimHii aeHs icHye 6arato
MEeTO/IiB OBepXHeBo-TuacTiyHoro nepopmysanus (I1I1/1). Taki sk, anMazHe BUTIIADKyBaHHS, HAKOYYBAHHS POJIMKOM,
BiOparriitna 00poOka, mpodecTpyitHa 00poOka Ta iHIIi. AJie I CTOCOOUM MarOTh OOMEXKEHI TEXHOJOTIUHI MOMIJIUBOCTI,
ToMy, 110 00poOka III1/] kKopoTkux Ta 0OMeX)EeHUX POOOUMX ITOBEPXOHB 3/1A€THCSI HEMOXKIMBUM. Po3risiHyTO ipobiiemy
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00pOOKM TOBEPXHEBOTO WIApy JeTalli, a caMme 3I00yTTs SKICHHX IOBEPXOHb JeTaji, 30UIbIIEHHS MPOIYKTHBHOCTI
00pOOKH, PO3MIMPEHHS TEXHOJIOTIYHIX MOXKIMBOCTEH OOPOOKH JUIs 3MEHIIEHHS IIOPCTKOCTI 1 30UIBIIEHHST TBEPIOCTI
Jetaiti. 3arpornoHOBAaHO BUPIIIECHHS IPOOJIEMH 32 JOTIOMOTOI0 TBUHTOBOTO HaKaTHHKA, MOXKJIIMBOCTI SIKOTO JI03BOJISIFOTH
PETYIIIOBAaTH MIOPCTKICTH 1 TBEPAICTH JAETalli, sika 0OPOOIIOETHCS, 32 PaXyHOK 3MIHHM KyTa HAXWITy HaKaTHUKA 1 THUCKY.
[IpuBeneHo cxemy oOOpoOKM 1eraixi TBHHTOBHM HAaKaTHHKOM. HaBeneHO TOCHITOBHICTH  TNPOBEACHHS
eKCIIepUMEHTAIBHHUX JOCIIDKeHb. EKCIIepHMEHTANBEHO TOCIIHKEHO BIUTHB KyTa HAXMITy TBUHTOBOTO HAKATHHKA 1 THCKY
Ha HIOPCTKICTh 1 TBEPAICTh JAeTaii. 3a JOMOMOIOK MOJEIIOBaHHS IMPOIecy 0OpOOKM HAaKaTHUKOM B HEWPOHHIN ceTi
BCTAHOBJICHI 3aJI€KHOCTI BXIJJHUX JAHUX Ha MapaMeTpH LIOPCTKOCTI 1 TBEpHOCTI oOpoOiroBaHOi 3aroToBku. Ha ix
OCHOBI CIIPOTHO30BaHA BHXiJHA IIOPCTKICTh 1 TBepHicTh aeTaii. IloOymoBaHo Tpadiku 3aleKHOCTI IHapaMeTpiB
nropctkocti 1 TBepaocti HB = fla; P), Ra = f{P; ). PeanizoBano HoBuii crioci® 00pooku I1I1/] TBUHTOBUM HaKaTHUKOM
MIOBEPXOHb OOMEXEHUX 3 000X cTopiH. Takox 311 ICHEHO PO3IMINPEHHS TEXHOJIOTIYHIX MOKIIMBOCTEH TaHOTO CIOCOO0Y.

KarouoBi cioBa: rBUHTOBMII HAaKaTHWK, HOIOPCTKICTh, TBEPHICTh,KyT HaxXWily HaKaTHWKA, THCK HAKaTHHUKA,
paHaoMi3aris, MOJIEIIb.

®poaos €. A., Acbko C. I'., KpaBuenko C. I. TexHoJi0riuyHi MokJIUBOCTi THEBMOYJaPHOI0 IITAMITYBaH-
HSl BUTSI’)KKOK0 TOHKOJIUCTOBUX jeTaneli / O0podka matepianiB Tuckom. — 2018, — Ne 2 (47).

BaxmiBoro nmpo6iaeMoro IIaCTUYHOTO (POPMOYTBOPEHHS JIMCTOBOTO METANY € CTIHKICTB mporiecy AedopMyBaHHS.
Brpara criiikocTi ()opMOYTBOPEHHSI IPU3BOAUTH JO BUHUKHEHHS 3HAYHHMX MicIeBHX AedopMaliil, pyHHYBaHHI MeTaly
abo criotBopenHst popmu aetani. OcoOIUBO 1€ TPOSIBISIETHCS PH BUCOKOIIBHIKICHOMY Jie()OPMYyBaHHI TOHKOJIIUCTOBHX
3arotoBoK. [IposiB TOro abo iHIIOro THUIY BTPATH CTIMKOCTI 3aJI€KUTh BiJl HAIIPY>KEHOTO CTaHy, MIBUAKOCTI nedopMyBaH-
Hsl, aHI30TpoMmii, MEXaHIYHMX BJIACTUBOCTEH Marepiany i iHmmMX (aktopi. Brpara crilikocTi HalWOLIBII IMOBIpHa IpU
OTPUMaHHI JieTajiell 3 TOHKUX 3ar0TOBOK 3 BUKOPUCTaHHIM BHCOKOIIBU/IKICHOTO JIOKAJIbHOT'O HABAaHTAKEHHSI.

B po6oti BUKOHaHO BH3HAYEHHs apaMeTpiB e opMyBaHHS IPU BHCOKOIIBUIKICHIH BUTSKIII BiCECUMETPHY-
HUX TOHKOJIMCTOBHX 3aroTOBOK, IO 3a0e3nedyioTh (OpMOYTBOpEHHs naeTaiell 0e3 croTBopeHHS (opmu penbedy
1 pyliHyBaHHSI METaJly METO/IOM ITHEBMOYIApHOTO IITaMIyBaHHs. Ha mincraBi mpoBeAeHNX MOCTIHKEHb BCTAHOBIICHO
TEXHOJIOTIYHI MOXITMBOCTI BUTOTOBJICHHS SIKICHUX BICECUMETPUYHUX TOHKOCTIHHHUX JIETaJICH METOZOM ITHEBMOYIAPHO-
TO IITaMITyBaHHS BUTSDKKOIO. YMOBH CTIIIKOCTI 3aTOTOBKH TIpH (hOpMYBaHHI BiCECUMETPUYHUX €JIEeMEHTIB HecheprmaHOi
(hopmu momiOHI O YMOB CTIHKOCTI 3aTOTOBKH IpH (OpMyBaHHI chepHIHUX €IEMEHTIB, OTpUMaHi pe3yIbTaTH MOXKHA
TIOIIUPUTH 1 Ha BUTSDKKY NNTHYHIX, HETJHMOOKNX KOHIYHMX Ta iHIINX OJM3BKUX 0 HUX 3a (hopmoro meraneil. [THeB-
MOyJapHe IITaMIlyBaHHA J103BOJISIE BUTATYBATH KyIOJIONOAIOHI AeTaii 0e3 3aCTOCyBaHHS NMEPEeTsHKHUX IOPOTiB, JBOX-
MIePEXiJHOrO ITAMITyBaHHS Ta IHIIMX CIIELialbHUX MPUHOMIB 3 BITHOCHOIO TOBIIMHOIO 3aTOTOBKHU B J[Ba - YOTHPH PasH
MEHIIIe, HIX JOMYCKAa€ThCs TIPH BUTSDKII TyaHCOHOM.

KaiouoBi ciioBa: nmHeBMOyAapHE ITaMITyBaHHS, BUTATYBaHHS, (OPMyBaHHs, Ne(EKTH, CTIHKICTh, KyIOJIOIO-
niOHMH, penbed, neTanb, 3aroToBKa.

®enorneB A. M., kenas C. B.,, ®exorbepa JI. [I. Mo:kauBicTh 3acToCyBaHHSI MeTOAa POTALiHHOIroO
pi3aHHs 1J151 OTPUMAHHS 00’ €MHUX HaHOMAaTepianaiB // O0po6ka MaTepiaiB TuckoM. — 2018. — Ne 2 (47).

B ocranHi poku A7 BIOCKOHAJCHHS MEXaHIYHUX XapaKTEPUCTUK CTaJeH i CIDIaBiB CTAaJM 3aCTOCOBYBATH ITifl-
XOJI¥, 3aCHOBaHI Ha (pOpMyBaHHI MaTepialliB MiKpo- Ta HAHOKPUCTAIIYHOI CTPYKTypu. OTHUM 3 TIEPCIIEKTUBHUX METO-
IiB OTPUMaHHS CTPIYOK CYOMIKPOKPHCTANIYHOI 1 HAHOCTPYKTYPOIO € METOJ CTPYTaHHS i TOWiHHS. AJie BUKOPUCTAHHS
METO/ly CTPYTaHHS JIa€ 3MOTY OTPUMATH CTPIYKH 13 CyOMIKPOKPHCTAIYHOIO CTPYKTYPOIO OOMEXKEHOI TOBXKHHU, a caM
MIPOIIEC CTPYTraHHs Ma€ MEeBHI 0OMEKEHHsS! CTOCOBHO pealizallii IUPOKOTro Jiana3oHy pexumiB o0pobku. IIporec Bijb-
HOTO TPSIMOKYTHOTO pi3aHHs, IO peai3yeThCsl PH CTPYraHHI Mae MeBHHUN BIUTMB HAa IPUIIOBEPXHEBI IIAPpU CTPIUOK,
OTPUMaHUX TaKuM cTocoOoM. Takuii BIUIMB MOSICHIOETHCS TMiJBHILEHUM TEPTSAM YTBOPIOBAHOI CTPIYKHM Ha MOBEPXHSIX
IHCTPYMEHTAJIBHOTO OCHAILEHHS. Y poOOTI HAMHU 3alpOIIOHOBAaHHMI METO/ POTALIHHOTO pi3aHHA 13 HEBUILHOKO TTOBEPX-
Hero cTpyxkoyTBopeHHs. lllnsxom moznenroBanust B maketi Deform 3D V11 nokazaHa MOKIHMBICTh BUKOHAHHSI 3aIpo-
ITIOHOBAHOTO METO/y POTAIlIfHOrO pi3aHHS 3 HEBUIFHOIO ITTOBEPXHEI0 CTPY)KKOYTBOPEHHS JJIsI OTPUMAHHS CTPIYOK
3 CMK-cTpykTypoto. B pe3ynbrari MoaenoBaHHS OTpUMaH JaHi, 0 HaOJIIKeHI 10 BIIOMUX pe3yJIbTaTiB, OTPUMAaHUX
TIPY BUTBHOMY NIPSIMOKYTHOMY pi3aHHi. OTpUMaHUH pe3ybTaT Jae Cepio3Hi CIIONIBaHHS Ha PO3IIHUPEHHS MOXKINBOCTEN
BUKOPHUCTAHHSA TPOLECIB pi3aHHs MPU CTBOPEHHI MeTaieBux cTpidok i3 CMK-cTpyKTyporo 3a paXyHOK BUKOHAHHS PO-
TaI[IfHOTO pi3aHH i3 HEBUIHHOIO TIOBEPXHEIO CTPYKKOYTBOPEHHS.

Kurouosi ciioBa: cyOMiKpoKpUCTatiuHa CTPYKTYpa, pOTalliiiHe pi3aHHs1, HEBLIbHA TOBEPXHS CTPYIKKOYTBOPEHHSL.

I'ypkorcbka C. C., 3arpebesannnii C. JI. IlpakTinyHi pexoMenganii 10 TeXHOJIOTiYHHUX pPekUMIB BHPOO-
HHUIITBA TOHKHUX rapsiuekaTaHux cMmyr // Odpodka martepiajiB Tuckom. — 2018. — Ne 2 (47).

Ha ocHOBI pe3ynbTaTiB TEOPETUUHHX JIOCITIDKEHb B IaHIH poOoTi c(hopMyJIbOBaHO 1 IPOTPaMHO BHPILIEHO 3a-
BIaHHs 3 aBTOMaTH30BaHOTO MTPOCKTYBAHHS TEXHOJOTIYHUX PEXHMMIB OOTHCHEHB IIiJ] 4ac rapsvol MpoKaTKH B Oe3mepe-
pBHOI rpyni uncroBux podounx xiiteid LHICITI, cipsMoBaHi Ha MiABHUIEHHSI TOYHOCTI BUPOOISIEMOTO METAJIONIPOKATY.
[Ipn npoMy B SIKOCTI KpUTEpiaIbHUX OLIHOK BUKOPUCTaHI YMOBH 3a0e3MeUYeHHs] MaKCHMalIbHOT IPOJYKTHBHOCTI, a Ta-
KOX 3a0e3TeUcHHS HEOOXITHUX MOKAa3HUKIB SKOCTI TOTOBOTO METAJIONPOKATy. BHKOHAHO aHaTi3 yMOB peaisaii mpo-
[IeCy raps4oi MPOKATKH BiTHOCHO TOHKHUX CMYT IPW OZHOYACHIH poOOTi CHCTEM aBTOMAaTHYHOTO PETyIIOBAHHS iX TOB-
IIMHY 1 ITIONTMHHOCTI, po3po0IIeHi peKOMeHaMii MO0 X MOJaTBIIOTO BIOCKOHAICHHS.
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BcranoBneHo, 110 31 30iIbIICHHIM ITepenaay TeMIeparyp HeoOXiqHa Pi3HOTOBIIMHHICTS 3pOCTA€E JOCHUTH iCTO-
THO. [Ipy oMy 31 301IbIICHHSIM HOMIHAJIBHOTO 3HAYEHHS TOBIIMHN MPOKOYYBAHUX CMYT a0COJIIOTHE 3HAYCHHS Pi3HO-
TOBIIMHHOCTI MiZBHUIIYETHCS, 0 HEOOX1THO BPaxOBYBATH IIPH NMPOEKTYBaHHI HATUCKHUX MEXaHi3MIB BIATIOBITHUX PO-
6049nX KITiTEeH.

BukopucraHHsS cricTeM aBTOMAaTHYHOTO PETYIIOBAHHS TOBIIMHU OOYMOBIIOE TIiIBHIICHHS WMOBIPHOCTI ITOpY-
MICHHS CTYTEHS IUIOUIIMHHOCTI, 10, B CBOIO YEPTy, MOXKe OyTH KOMIICHCOBAHO 3a pPaXyHOK CTalimi3amii BUXiTHUX TeX-
HOJIOTIYHUX MapaMeTpiB, a TAKOX 3a PaxXyHOK PAIliOHATBLHOTO PO3MIILEHHSI €JIEMEHTIB AaHUX CHUCTEM, K MIHIMyM,
B TPHOX OCT@HHIX YUCTOBHX po00ouMX KIITIX. CHOpMYIbOBAHO MPAKTUYHI PEKOMEHIAIT 010 BAOCKOHAJICHHS TEXHO-
JIOTIYHHUX PEXHMMIB MPOIECY Tapsa4yoi MPOKaTKH, B TOMY YMCII 1 peKOMEHalii 111010 nonepeaHporo npodinizamii ToB-
IIMHY POKATaHUX CMYT, L0 3a0e3Medye KOMIICHCAIIF0 HEpIBHOMIPHOTO PO3MOALTY TEMIEPATyp IO iX JOBKHHI.

Korouogi ciioBa: mupoka imraba, rapsida IpoKaTKa, IUIAHIICTHICTh, PI3HOTOBIIIHHICTb, TOKA3HUKHU SKOCTI, CHCTEMa
ABTOMATHYHOTO PETyJIIOBaHHS TOBIIMHH, KpUTEPialbHi OLIHKH, CTYTIHb IUIOIIMHHOCTI, aBBTOMATH30BaHE IPOESKTYBAHHL.

Kaccos B. JI., Ka6aubkuii O. B., bBepe:kna O. B., Maaurina C. B. BiockoHajleHHs1 TeXH0JI0Tii BUTOTOB-
JIeHHS] HOPOIIIKOBOIO0 APOTY CKJIaAHOI KOHCTPYKUii / O0podka MaTepiadiB THcKoM. — 2018. — Ne 2 (47).

Mertoro maHoi poOOTH € BIOCKOHAJICHHS TEXHOJIOT11 BUTOTOBIICHHS IIOPOIITKOBOTO APOTY CKIAJHOI KOHCTPYKIIii
U 3HOCOCTIMKOTO HaruiaBieHHA. JpiT 3ampoItoHOBaHOiI KOHCTPYKIIi BUTOTOBISETHCS MUISIXOM 3TOPTaHHS TPYOKH i3
CTaJeBOI CTPIUKHU 3 BBEIEHHSM B HEi JIETYI0UOT IIMXTH 1 3BAPIOBAILHOTO APOTY. JlJisi 3a100iraHHsl BUCHIIAHHS MTOPOLII-
KOBOT'0 MaTepially 3 MEeTaleBOi 00OJOHKH BUKOPHUCTOBY€ETHCSI HAMArHiYyBaHHS METaJIeBOTO JPOTY.

Po3risHyTHIT BapiaHT BUTOTOBIICHHS JPOTY pealli3oBaHH MPH po3poOLi TEXHOJOTIi HAIUIABIEHHS POO0YMX
MIOBEPXOHB JIeTajlel, IO MPAIOI0Th B YMOBaX iHTEHCHBHOTO 3HOCY. [Iporiec HaruaBiieHHs 3/1iHCHIOBABCS 3a3HAUCHUM
JPOTOM AiaMeTpoM 5 MM mij mapoM ¢uttocy. J{is npoBeneHHs nociigiB BUOpaHo cransb, mo Mictuth 0,5-0,7 % Byrie-
110, OCHOBY JIeTyBaHHS K01 (10 11-12 %) ctanoBuTH XpoM. Ilpu 11s0My y cTaslb JOJAaTKOBO BBOJATH MapraHellb, a Ta-
KOXX THUTaH SIK MOAM(IKaTOp, IO TOAPIOHIOE CTPYKTYPY MeTalry Ta poOuTh ii OLThII oxHOpigHOIO. JUIs mifABHINEHHS
MEXaHIYHUX BJIACTHBOCTEH MeTamy i HOro CTIMKOCTI MpOTH TpilIWH 3AiHCHIOBANIOCS MOAM(IKYBaHHsS HaIlIaBJICHOTO
MeTaJy MarHiem, siIKMi JI0aBaJld y BUTJISII MarHi€eBO-aJIOMiHI€BOT JiraTypu (B KutbkocTi 5—8 %) mist 3amo0iranHs BU-
TOPSIHHS MAarHilo, a TaKOX I MOJETIIeHH OpoOeHHs 1 po3mentoBaHHs. OOpaHa KOHCTPYKILS TO3BOJISE TIiABHUITUTH
SIKICTh, TEXHOJIOTIYHICTh, IPOXYKTHBHICTh SIK TIPH BHTOTOBIICHHI APOTY, TaK i MPH BHUKOHAHHI HAIUTaBIEHHS. 3acTOCY-
BaHHS MTOPOIIKOBOTO APOTY 00paHOi KOHCTPYKIIIT i CKIIaJy TpW HAIUIABJICHHI 3HOCOCTIMKOI MMOBEPXHI JO3BOJIWIO OTPH-
MaTH HaIIaBICHUII METall 31 CIPUATINBOIO CTPYKTYPOIO, 8 TAKOXK 3HI)KEHUM BMICTOM LIKIUIMBHX IOMIIIOK. BumpoOy-
BaHHS TaKOX MMOKa3aJH, 0 JOCIIIPKYBaHI MOPOIIKOBI IPOTH MAIOTh TAKOX JJOCHTh BUCOKI 3BapIOBAIbHO-TEXHOJIOTIYHI
XapaKTepUCTUKHU. Pe3ynpTaT 10CHiKEHb JO3BOJISIOTh PEKOMEHTyBaTH BUKOPHUCTAHHS PO3TJISIHYTOI TEXHOJIOTIT BUTO-
TOBJICHHSI ITOPOIIKOBOTO JJPOTY Y BUPOOHMIITBI NIPU HAIUIABJICHHI pOOOYHX MOBEPXOHb 3HOUIEHHX JIeTaleH.

Kuro4oBi c10Ba: mopoIkoBuii Ipit, CKagHa KOHCTPYKILis, BATOTOBJICHHS, TEXHOJIOTIS, HAMAarHiayBaHHs, Ha-
TUTaBJICHHS, JIETYBaHHS, MOAN(IKYBaHHS.

Kypne O.I'. TepmomexaniyHa npokaTka ToBcTuX JucTiB 3i crami mapku EH36 na crani 3600
IpAT «MK «A30BCTAJIb» // O6pooka maTepiamiB TuckoM. — 2018. — Ne 2 (47).

Po3pobnena TexHOIOTIS Ta BIIEpIIe BHUTOTOBIIEHA, CIIOCOOOM TEPMOMEXaHITHOI KOHTPOJIHOBAHOI MPOKATKH,
JOCIiTHA TapTisi TOBCTOJIMCTOBOTO TPOKaTy po3mipamu 25 x 2150 x 8000 mm 31 cymoctani mapku EH36 B ymoBax cra-
Hy 3600 ITpAT «MK A30BCTAJIb». TexHosoris po3po0iieHa 3 BUKOPUCTAHHSM 3araJlbHUX BUMOT O BUPOOHHUIITBA
IIPOKAaTy CIIOCOOOM TepMOMEXaHIYHOI KOHTPOIEOBAHOI IIPOKATKH 3 BUKOPUCTaHHAM MaTeMaTHYHOI MOZEINI TeXHOIOT1Y-
HOro npouecy. IIpy mpoekTyBaHHI TEXHOJIOT1i BUKOPUCTOBYBAINCS MPUHIUIN HU3bKOTEMIIEPAaTYPHOI KOHTPOJILOBAHOL
NPOKATKH, a caMe (GOpMyBaHHS HEOOXIIHOI CTPYKTYpPH 1 BIACTUBOCTEH MPOKATY MPH 3aBeplleHH] aedopmaii y nBoda-
3HIH y - 0 00JIACTI.

BukoHaHO mOCHiKEHHS BIUIMBY Pi3HUX CXEM MO3J0BXXHBOI Ta MONEPEYHOi NPOKATKN Ha MEXaHIYHI BIaCTHBO-
CTi TOTOBOI IpoayKuii. BcTaHOBIIEH] epeBaru monepeyHo-no3J0BKHBOI CXEMH MIPOKATKHU 3 IiIBUIIEHUM piBHEM 00TH-
CKYBaHHSI B YOPHOBHX MPOXO0/IaX, sIKi BiAOHIHNCS HA MEXaHIYHUX BIACTHBOCTSX MPOKATY Ta eHEProe(eKTUBHOCTI BUPO-
OHHUITBA.

[TpoBeneHO KOMIUIEKC OCHOBHHUX Ta IOJATKOBHX BUIPOOYBaHb, IO MIATBEPIKYE MONIIUBICT MOAAIBILOTO 3a-
CBOEHHS TEXHOJIIOTIT Ta cepTUQIKAIIi] MPOTYKIIii.

BcraHoBneHo, 110 MpH TepMOMEXaHIuHIH MPOKATII OTPUMAHO OLIbII BUIIMH PIBEHb MEXI IIMHHOCTI Ta TUM-
4acOBOTO OMOPY, HiX MPH HOpMalli3allii, Ha MOPIBHAHHOMY COPTaMEHTI, 10 JO3BOJISIE 3pOOHTH BUCHOBOK ITPO MOMKIIH-
BICTh MOJAJBINOI ONTHUMI3allii TEXHOJOTIT Ta XIMIYHOTO CKIJIaJy CTajdu. Tako) BCTAHOBIEHO, 1[0 MPOKATKA, 3/iiiCHEHA
N0 peKMMax TepMOMeXaHIuYHOT MPOKaTKH, 3a0e3neymsia OTpUuMaHHs OuIbI ApiOHOTO 3epHa deputy 10; 9 Oan B mopis-
HSHHI 3 HOpMaJtizaitiero 8; 9 06ai it MOpiBHSHHOTO COPTAMEHTY.

BripoBamkeHHsT TEXHOJIOTIi TepMOMeXaHIYHOT MPOKATKK 3aMiCTh HOpMaJli3alii T03BOJIMTH 3HU3HMTH COOiBap-
TICTb MPOKATy 3a PaxyHOK BHUKJIIOYEHHS BHTPAT IMPUPOJHOTO rasy Ha TepMooOpoOKy (Hopmamizarito). BecranosieHo,
0 JUTS MATOTOBKY cepTHdikarii, 3rigHo 3 [IpaBmiamu BV, HEOOXiqHO MOJATKOBO MPOBECTH HU3KY MOCIIIKCHD TIPO-
Karty 3i crani mapku EH36 pizHOi ToBIIMHN.

KurouoBi ciioBa: TepMoMexaHigHa MPOKATKA, TOBCTOIMCTOBHI IPOKAT, TEXHOJIOT IS, CyJOCTallh, Mapka ctami EH36.
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Meagenes M. 1., ®@poaos 5. B.,, Auapees B. B., Booyx O. C., Besnanosa H. O. Ouinka nedopmiBHocTi
THTAHOBMX CIUIABiB NMpHU rapsiyomMy npecyBansi Tpy0 / O0podxa maTtepianiB Tuckom. — 2018. — Ne 2 (47).

[Tpu BupoOHMIITBI TPYO MIMPOKOTO NOIIMPEHHs Ha0ym THTaHOBI crutaBu. OHAK B JaHWI Yac 3HAHHS PO parli-
OHAITFHI TeMIepaTypHO-MIBAAKICHI TapaMeTpH TPOIlecy IpecyBaHHs TPYO 3 NaHWX CIDIABIB B TEXHIUHIN JITEpaTypi Mmpak-
THUYHO HE JTOCTYIHI a00 He XapaKTepHi I mapaMeTpiB mporecy. s TOYHOro BU3HAUSHHS 3a3HAYCHUX MTApaMeTpiB Mpo-
[lecy MpSMOTO TapsIoro MpecyBaHHS TPyO HEoOXiJHe ypaxXyBaHHS BEMYWHH OMOpPY Aedopmarii MaTepiaiy, o B CBOIO
4epry J03BOJIHUTH OTPHMATH IIOBHE YSBIICHHS ILOAO IUIACTUYHOCTI MeTany. OfHUM 3 METOAIB BU3HAUCHHS BEJIMYUHH OIIO-
py Aedbopmarii € BUPoOyBaHHs Ha KPYTIHHS LIIIHAPUYHUX 3pa3KiB 3 ypaxyBaHHSM BEJIWYMHU KPyTHOTO MOMEHTY 1 TO-
JIaJIBIIOr0 BU3HAYEHHS CTyIEHs AedopMallii 3cyBy, ke Moxe OyTH pO3paxoBaHO 3a BIIOMUMH 3aJIEKHOCTSIMH.

3 MEeTOI0 YTOYHEHHS TeMIIepaTypHo-AeopMaIiiiHuX pexxuMiB npecyBaHHs TpyO 3 TuTaHoBux cmasis (BT1-0,
[IT-7M, BT-14, BT-15, BT-20, TC-5 i TC-6) B po0OTi IpOBEAEHO JOCITIKEHHS IJIACTHYHOCTI Ta onopy aedopmarii
IIpY TapgdoMy KpydeHHi 3pas3kiB. OCHOBHHMMH IapaMeTpaMH IpH IIbOMY BHCTYNAJIU: TEMIIEpaTypa BHUIPOOYBaHb
800-1250 °C; mBuakicts nedopmamii 0,25-20 ¢'. B npomeci BHIPoGyBaHh BUKOPHCTOBYBAIM TPH CXEMH HABAHTA-
JKEHHs: 0e3 3aKpiIIeHHs! MTACHBHOTO 3aXOIUICHHS; 13 3aKpIIJICHHSM MacHBHOTO 3aXOIUICHHS B OCHOBOMY HAIPSIMKY;
3 IOATKOM 30BHIIIHBOIO OCHOBOT'O PO3TATYIOUOTO HaBaHTAXKEHHS IIPU HE3aKPIIICHOMY MacHBHOMY 3axoluleHHi. [lia-
CTHYHICTH AOCIHIPKYBaHHUX CIDIABIB B POOOTI pO3paxoByBaJH 3 KiTBKOCTI 000OPOTIB IO MOMEHTY ITOYATKy PYHHYBaHHS.

B pesynbrati IpoBeIeHNX eKCIIEpUMEHTAITBHAX JOCIIIKEHb Oy OTpHUMaHi TpadivdHi 3aIeKHOCTI KPyTHOTO MO-
MEHTY BiJl KyTa 3aKpy4yBaHHS 3pa3ka Ha 3MiHy ornopy nedopmariii Meraiay. AHaii3 3a3HaYeHHX 3aJIeKHOCTEH J103BOJIHB
BU3HAYUTH ONTHUMAJBbHUNA TEMIIEpaTypHUIl IHTEpBal MaKCMMaJIbHOI IuacTHYHOCTI Jyist cruiaBiB: BT1-0 900-1000 °C;
BT14 1050-1150 °C; BT15 1000-1100 °C; BT20 1050-1150 °C; TCS 950-1100 °C; TC6 1150-1200 °C; IIT7-M 950-1050 °C.

Koaiouosi cioBa: tutaH, BUNpoOyBaHHs, KpyUeHHs, TeMIleparypa, IBUAKICTh, CTYIIHb AedopMallii, onip Je-
(dhopmarii.

IToga M. M., Camoxsai B. M., Makcumenko O. II., Mapuenko K. K., bacak I. I. Po3noaisi HaBaHra-
’KeHb M0 MPOX0AaX Yy YHCTOBOMY MPOBOJIOYHOMY 0J10Li MpH MpoKaTui cTaneBoi katanku & 5,5 mm // O6podka
MarepiajgiB TuckoM. — 2018. — Ne 2 (47).

B pobori po3pobiena MeToka po3paxyHKy eHEprOCHIOBHX ITapaMeTpiB Mpoliecy HerepepBHOI MPOKATKH B CHCTEMI
KamiOpiB «OBAJ-KPYT», SIKa TO3BOJISIE BUSHAYHUTH BEJIMUIMHY HaBAHTAKECHHS TSI KOKHOTO MIPOXOAY IPOTSIHOTO OJIOKY.

BuxigHuMEN gaHUME A7 PO3pPaxXyHKY €: XapaKTePUCTUKH OJIOKY (IiamMeTpH BajKiB, TepedaBalbHi YMCIA 1 iH.);
po3MipH KanmiOpiB 3a MOIYJISIMA; MapKa CTald MPOKOYYBaHOI CMYTH; BHXIi/JHA TeMIlEpaTypa po3KaTy Ha BXO.i B OJIOK;
4yacToTa 00epTaHHs JBUTYHIB IPUBOLY OJIOKY; PO3MIpH MiAKATY, IO HAAXOAUTH B OJIOK; PO3MIPH POCKATY IO MOJIYJISIX
6noky. [TocnmigoBHICTE pO3paxyHKy BKIIIOYAE BH3HAYCHHS [€OMETPUYHUX IapaMeTpiB /I KaJdiOpiB KOXKHOTO MOMYJIS
(oOTHCKY, PO3IIMPEHHS, KOS(IIEHT BUTSKKH, TIOBXKHHA OCEPEKY 1 1H.) 1 BU3HAYEHHS IIBU/IKICHOTO PEXKUMY MPOKATKH.

MeToauka J03BOJISIE BpaxyBaTH OCOOIMBOCTI KOHCTPYKINi MPOKATHOTO oOnagHaHHsA. [loxuOka BU3HAUCHHS
CYNpOoTHUBY JedopMallii 3a MPOIOHOBAHOI0 METOAMKOIO CTaHOBUTH 6,25 %. I1OpiBHSHHS pO3paxOBaHHX 3HAUEHb KPYT-
HMX MOMEHTIB Ha BaJlaX JIBUTYHIB 3 €KCIIEPUMEHTAJbHUMH JaHUMHU MiATBEPKYIOTh aeKBaTHICTh MPOIOHOBAHOI MO-
Jeri. AHalli3 po3paxyHKOBUX JaHWUX PO3MOJUICHHS HaBaHTAXXECHb MO MOJYJISIX YHCTOBOTO HPOBOJIOYHOTO OJIOKY IpH
MIPOKATIli KaTaHKH JiaMeTpoM 5,5 MM IOKa3ye, [0 MaKCHMaJlbHEe 3HAUEHHS CEpeIHBOIO THUCKY CIOCTEpIraeThes
B 5 MOJYJIi, IO MPHU3BOIUTH IO 30UIBIICHOTO 3HOCY BAJIKiB B IIbOMY MOIYJi. PekoMeHIyeThCss TIpu po3po0Ii HOBOTO
peXUMy HaaropKeHHs 070Ky (po3poOIli HOBOI KalliOpOBKH BaJIKiB) BpaxyBaTH Ied (akTy Ta IepepO3NOIITHTH 00THC-
HEHHSI TaK, 00 BUPIBHATH PO3IOAUICHHS CEPEIHIX THCKIB 0 MOIYJIAX. 3allpOTIOHOBAHUH allTOPUTM MOXKE OyTH BHUKO-
PHUCTaHHH UL aHATI3y YMOB pOOOTH YHCTOBOI'O APOTSHOrO OJIOKY.

Knro4doBi ciioBa: eHeprocuinoBi mapameTpH, HeMepepBHa MPOKaTKa, APOTSHUI OJIOK, BUCOKOIIBHIKICHA TPO-
KaTKa, 3HOC KaliOpiB, KaJIiOPOBKa «OBAI-KPYT».

®@poJos . B., bepreman I'. B., Camconenko A. A., Auapees B. B., Ky3smina O. M. IlinBunienns mexa-
HIYHHX BJIACTHBOCTEH NMPOKATY NIISIXOM 3MiHH TeMIlepaTypHo-IedopManiinnx napamerpiB 06podku / O6podka
MatepiajgiB TuckoM. — 2018. — Ne 2 (47).

OCHOBHHMH CIIOCOOAMH PETYIIOBAHHS 1 MiJBUINEHHS MEXaHIYHUX BJIACTUBOCTEH MPOKATHOI NMPOAYKILIi € Imo-
JIMIIEHHS XIMIYHOTO CKJI/Ty CTali, 0 BUILUIABJISETHCS, IUISIXOM JIETYBaHHS Ta YIOCKOHAJICHHS IIPOILECIB TepMOIUIac-
TUYIHOT 0OpOOKH B JiHII CTaHy IIISIXOM PErjaMeHTYBaHHS TeMIIepaTypHO-Ie(POpMaIliifHO-9aCOBHX PEXHIMIB TPOKATKH.
Hpyruii croci®é oTpuMaB PO3BHTOK B MPOILecax KOHTPOIBOBAHOI MPOKATKH JIMCTA Ta MPOCTOTO COPTOBOTO IPOKATY
3 JICTOBAaHMX cTajed. MalomocmiKeHIM TUTaHHAM 3aJIMIIAE€ThCS BU3HAYCHHS KOMIUICKCHOTO BIUIUBY TEMIIEPaTYPHHX
1 nteopMalliifHUX PEKUMIB POKATKU HA MEXaHIuHI BIACTHBOCTI ()aCOHHUX MPOQLIIB 31 cTasyei 3BU4aitHOT SIKOCTI.

B po06oTi mpoBejieHi eKCIiepUMEeHTaNbHI IOCIIKEHHS CITUIBHOTO BILIMBY TEMIIEPATYPH MMOYATKY TPOKATKH Ta pi-
3HUX peXuMiB nedopmallii Ha MexaHiYHi BJIacTUBOCTI 3pa3kiB 3i cram Cr3mc. JlocmipKeHHs TPOBOAMINCEH B J1ab0paTop-
HHMX YMOBaX Ha OJTHOKIIITHOBOMY peBepcuBHOMY cTaHi 200 kadeapu oOpodku mMeraiiB TuckoM HMeTAY. 3pa3kamu Oynu
3ar0TOBKM KBaJIPAaTHOTO ITONEPEYHOTO Mepepizy, MpoKaTKa Belach Ha TIaJIKNX BaJlkax 0e3 KaHTyBaHHs. JlociikyBanuch
pexumu edopMaltii i3 30UTbIIEHHSIM OOTHCKIB, 31 3MEHILIEHHSIM 1 3 PIBHUMH OOTHCKaMH 3a rpoxojaamu. [IpoeneHi Bu-
poOyBaHHsI TI0 BU3HAYCHHIO MEXI1 TUTHHHOCTI, MEXIi MIIHOCTI, BITHOCHOTO TIOJIOBKCHHS Ta yIApHOI B SI3KOCTI IS 3pa3-
KiB, III0 MPOKAaTaHi 10 Pi3HUM peXUMaMm B aiara3oHi tremmeparyp 10001200 °C. Anaii3 oTpuMaHUX JTaHUX TTOKa3aB Iepe-
BO)XHUH BIUIMB TEMIEpaTypHOro (akTopy Ha MeXaHi4HI BIIACTHBOCTI IPOKATy BITHOCHO Je(OpMariifHOrO pEeXHMY.
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3acTocyBaHHS Pi3HHUX CHOJMYYEHb TEMIEPATYp MOYATKy NMPOKATKH 1 peXuMiB aedopMarii B 1aOOpaTOPHUX yMOBaxX JI03BO-
JISIE I ABUILUTH 3HAYEHHS [TOKA3HHUKIB MIIHOCTI 1 IutacTHYHOCTI Ha 4 ... 13 %. MakcuMalbpHi 3HaYeHH MeK1 MIIIHOCTI Ja€
pexxumM aedopmariiid 31 30UTbIIEHHAM OOTHCKIB IPH HAWHIKYIHN (Y JOCHIIPKEHOMY Aiana3oHi) TeMreparypi, To0To mpu
1000 °C. OgHak meit pekuM BOJHOYAC 3MEHINY€E MOKAa3HUKU IUTACTHIHUX XapaKTEPHUCTHK METAITy: BiTHOCHOTO TOZOB-
JKEHHS Ta YAapHOI B'SI3KOCTI.

OTpuMaHi pe3ynbTaTH MOXYTh OYTH peai3oBaHi B yMOBaxX iCHYIOUMX BHPOOHHITB 0e3 CYTTEBHX 3MiH TEXHO-
JIOTii Ta yCTaTKyBaHHS LIISIXOM INPOKATKH 3aIrOTOBOK 31 3HIKEHOIO TEMIIEPaTypOIO HarpiBy.

KaouoBi cioBa: rapsiua nmpokarka, CTajib, TeMIIEpaTypa HarpiBy, pexxum aedopmMalliif, Mexa IUIMHHOCTI, Me-
’Ka MIIHOCTI, BITHOCHE TTOIOBXEHHS, YIapHAa B’ SI3KiCTh.

Kopuak O. C., Haries M. L., Binenens K. €. JlocairkenHs yMoB ekcmiiyaTanii Ta NpUYUH BUHUKHEHHSA
3HOIIIEHHSI B CHJIOBUX HWIIHAPAX riapasiaiuHux npecis / O6podka matepianiB Tuckom. — 2018. — Ne 2 (47).

MerTor0 poOOTH € CTBOPEHHS 3aXO0/IiB 3a1100iraHHs 3HOLICHHIO CHJIOBUX HWJIIHAPIB TiAPaBIiYHUX MPECiB M-
XOM aHaJli3y YMOB iX MPOMHCIIOBO] eKCILTyaTallii Ta OCHOBHHUX NPUYMH BUHUKHEHHS 3HOLIEHHS 3 TOCIIIyI0Y0I0 PO3pPO-
OKOFO BIATIOBIIHUX 3aXOZiB HOTo ycyHeHHS. Ha KO)XHOMY MAaIlMHHOMY LIUKJII Ma€ MicCIle IMKIIIYHe HABaHTa)KEHHS PO-
0090T0 MMITIHApA BiJl MiHIMAJIIFHOTO 10 MaKCHMAaJIbHOTO POOOYOT0 THCKY 3 HACTYITHHM iHTEHCHBHAM HOTO CKHIAHHSIM
0 BUXITHOTO MiHIMaTBHOTO 3Ha4eHHs. Ha 30BHIIIHIX Ta BHYTPIIIHIX MOBEPXHSIX KOPITYCY LITIHAPA PO3BUBAIOTHCS
TPILMHY BiJl yTOMJICHOCTI, IHTEHCUBHICTh IMOSIBH SIKUX 3aJISKUTh, MEPII 3a BCE, BiJl BEIMYMHU TUCKY po0O0OYOT piIuHU
Ta TeOMeTpii KOHIEHTPATOPiB HAIPYKeHb B MICISX IEPeXoAy IHIIHAPUYHOI YaCTHHH PoOOYOro HWwIiHApa B NOHHY
Ta (uaHLeBy. BuKoHaHHA pafmiycy 3aOKpYIJIEHHS ranteieil BeIMYMHAMH MEHIIMMHM, HDX NPUIyCTHMI, IPHU3BOIMUTDH
JI0 TIOSIBH B HUX SICKPABO BHUPA)XEHHMX 30H KOHIGHTpAIlii HampyXeHb, a 3arIMOJICHHS TaNTellel B BCepeIMHy KOpITyCy
Olbllle HXK Ha MPHUITYCTHME 3HAYECHHSI TPU3BONTH 110 BHHUKHEHHS! TOJATKOBHX palialibHUX 3YCHJIb, IO CHPUYUHSIOTH
NOSIBY TUIACTUYHUX JAe(dOopMalliil Ta MOCKIIOIOTh PO3BUTOK TPIIIWH BiJ] YTOMIJICHOCTI. BeanynHu 3a3Ha4eHUX MPHITyC-
TUMHX [TApaMEeTPiB 3aJIeXaTh Bl MEXaHIYHUX BIIACTMBOCTEH MaTepialy KOPITyCcy CHIIOBOTO HMITIHAPA Ta HOTO KOHCTPY-
KTUBHHX ocobOimBocTeil. KpiM 3HOIIEHHS Bif yTOMIIEHOCTI HalHOIIBIIOI MIpOI0 B CHJIOBHX HWIIHAPAxX TiApaBIivHUX
IIPECiB NPUCYTHE KaBiTalliiiHe 3HOIIEHHS BHACIIIOK MEpena/iB TUCKIB Ha TifpaBiliyHuX onopax. [Ipu HepiBHOMipHOMY
HABaHTAXXCHHI, SIKE MTEPEBAXHO BiIOYBAETHCS MPHU MPOMHUCIIOBIH e€KCILTyaTallil TiApaBIigYHUX MPeCiB, KOPIYC MITIHIPA
3HONIYETHCS HEPIBHOMIPHO 1 BUPOOJICHHS HOTO 30BHIIIHIX OBEPXOHb MAIOTh ONHOOIYHUH XapakTep. AHTH(PHUKIIiHHI
BJIACTUBOCTI HAIIPSMHOI BTYJIKH Ta MOXIIMBICTD MiIBEJCHHS 10 HEl CHCTEMH 3MAlIEHHS J03BOJIIOTh 3HAYHO ITOJIOBKHU-
TH CTPOK eKCILTyaTallii miyHxepa. SIKicTb po0ouoi piJiHN Ma€e BUpIlIAbHE 3HAYSHHS TIPH 3aM100IraHHI 3HOUICHHIO rap
TEPTsI CUIIOBUX IHJIIHIPIB.

KoarouoBi cioBa: npec TipaBiivuHUMA, MWIIHIP CUIIOBHH, THCK, piJuHa poOoYa, KOPIYC LUJIIHApA, TAJITENb,
3HOILIECHHSI.

HoniBuenko JI. B., Pynenko H. O., €pbomkin €. A., Bouanos II. A. Y10ockoHATeHHS KOHCTPYKIIi KJa-
NaHiB KepyBaHHs TiIpaBJiYHMMHU MpecaMH 3 MeTOI0 3MeHIIEeHHA 3ycu/isa ix migiomy // O6podka MmartepianiB
THCKOM. — 2018. — Ne 2 (47).

VY crarTi po3mIAHYTa HOBa KOHCTPYKIIS JPOCETHHO-PETYIIOI0YNX KIIANaHiB KepyBaHHA 0€3 pO3BaHTaKCHHS.
[IpencraBneHa cxema i OmucaHa KOHCTPYKIIiSI Ta OCOOIMBOCTI pOOOTH HOBOTO KiTamaHa. HaBeZeHO HEOMIKH iCHYIOUNX
KOHCTPYKIIi KJIalaHiB KepyBaHHS CHJIIOBUMHE OJIOKaMH TipaBIiYHHX mpeciB. PoOoTa kiiamaHa 3MiHCHIOETBECS B TaKHid
croci6. PiguHa BHCOKOTO THUCKY MiBOIUTHCS 10 mopoxkHuHKM A Bim HAC abo Bix Hacocy. Y 3aKpUTOMY IIOJIOKEHHI
IUTyH)Kep MPUTHUCKAIOTh 10 CiUla MO 3amipHUX (ackax CHIIOI0 CIIAKYIOYOro cepBompuBomy. B mopoxumHax b i B
3HaXOAUTHCS pilvHA HU3BKOTO THCKY, TaK sIK BOHH IIOB'3aHi Yepe3 oTBOpH. Kepyrody niro Ha IUTyH)Kep depe3 LITOK
3IIICHIOE CEPBONPHBOJ, SIKMH BCTAHOBJIOETHCS 3 BEPXHbOI YaCTHMHM KiamaHa. [Ipy HbOMY BiIKpUBAIOTHCS 3arlipHi
(backu Ta piiMHAa BUCOKOTO THCKY 3 TIOPOXKHUHH A MOTpAIUIs€ B TOPOXKHUHY B, a moTiM 4epe3 0TBOpH B MOPOXKHUHY b,
IO CIpHSE MPAKTHYHO MOMEHTAJIBLHOMY BHUPIBHIOBAaHHIO THCKY Haj i mig mrymkepoM. lle 3abesneuye icToTHe
3MEHIIICHHS 3yCUIUIs mimiiomy ruiyrxkepa. JKopcTke 3’e€HAHHS IUTYH)Kepa 31 IITOKOM Ta IITOKOM 3 CEPBONPHBOIOM
3a0e3nevye JOCATHEHHs OYAb-IKOTO 3aKOHY BiIKPUTTS Ta 3aKpHUTTA KialmaHa W POOHTh HOrO JIETKO KEPOBAaHUM
Ta JTMHAMIYHO CTIHKMM Ha TpoTs3i Beiel poOoTh. 3akpuTTs 3amipHUX (AacoK 3AIHCHIOETBCS CHIIOK CIIIKYIOUOTO
CEpBONPHUBO/IA. 3aCTOCYBAaHHS HOBOTO POCEIHHO-PETYIIIOI0UOro KJlalmaHa YIpaBIiHHS 3a0€3MeYUTh BiIMOBY Bill CXeM
PO3BaHTaXKEHHS KJIallaHa 3 METOK 3MEHIICHHS 3yCHIUIA HOTO MiiOMYy, @ TaKOX CIIPOLICHHS KOHCTPYKILIi, SMCHILCHHS
METaJOEMHOCTI, MiJBUIICHHS TEXHOJOTIYHOCTI BUTOTOBJCHHS 1 HaAiHHOCTI POOOTH, TONIIIIEHHS YMOB PEMOHTY
Ta MOHTAXY, IMOJIMIICHHS] TUHAMIYHOI CTIMKOCTI 1 KepOBAaHOCTI KJamaHa MpH Woro poboti. DakTUYHO, PO3IISIHYTa
B CTAaTTI KOHCTPYKIISl KIalaHa YMpaBliHHS 3a0e3liedye 3MEHIIEHHs 3YCHIUIA MiJiioMy KianaHa B 3aJIeKHOCTI BiX
niameTpa Horo yMoBHOTO nipoxosy B 10—18 pasis.

KorouoBi ciioBa: rinpasniuHuii npec, KianaH KepyBaHHs, PO3BAHTA)KEHHS KJlalaHa, HaJiiHICTh poOOTH KilaraHa,
3MEHIICHHS 3yCUIUIS MAHOMY KJlaraHa.



ISSN 2076-2151. Oépadvomka mamepuaniog oaginernuem. 2018. N 2 (47) 206

ABSTRACTS

Tarasov O. F., Kovalenko A. K., Altukhov O. V., Lebid V. T. Finite-element modeling of multi-stage
formation of ribs based on the development of a structural-parametric model of a generalized tools // Material
working by pressure. —2018. — Ne 2 (47).

Development of structural and parametric model of generalized tool for severe plastic deformation simulating
during the forming of vertical ribs on the cylindrical workpiece was completed. A geometric model of die tooling and a
workpiece (CAD model), a model for analyzing stress-strain state were developed, and an analysis in the CAE - system
of the process of the multi-stage workpiece deformation was made. The study of the influence of the geometric dimen-
sions, shape of tools and the friction law on the implementation of severe plastic deformation of the ribs has been auto-
mated. On the basis of a three-dimensional finite element model, the influence of the shape and inclination angle of
convex faces of upper punch on the distribution of strains and tensile stresses in the workpiece has been revealed. Rec-
ommendations on the choice of the geometry of the upper and lower punches are developed, which reduce the values of
tensile stresses and eliminate the formation of defects on the free face of the workpiece. Modifications of punches con-
structive form at successive stages of the ribs formation are proposed for uniform distribution of accumulated plastic
deformation along the edges of the detail. It has been established that the use of a structural-parametric model of a gen-
eralized tool for conducting studies of severe plastic deformation of blanks allows us to accelerate the process of per-
forming calculations and designing technological processes that ensure the improvement of the quality of produced
parts.

Keywords: multi-stage simulation, finite element method, structural-parametric model, integration,
CAD, CAE, stress-strain state, radial extrusion, severe plastic deformation.

Aliiev L. S., Levchenko V. M., Kuzenko O. A. Simulation of radial extrusion process with flange parts //
Material working by pressure. —2018. — Ne 2 (47).

The process of closed radial extrusion with a compensator for core parts with a flange is considered. The
stress-strain state of the workpiece in the process of gradual deformation at various values in the height of the compen-
sation gap provided on the periphery of the radial cavity in the matrix was studied using the QForm 2D/3D software
package. As a result of the study, we obtained the distortion of the dividing grid, the distribution of strain intensity and
stress intensity in the deformation zone at various stages of the extrusion process. The maximum values of the strain
intensity were acquired by layers of metal near the contact surface of the workpiece and the lower half-matrix. By pro-
cessing the results of the force mode analysis, the graphs of the forces variations in the closed radial extrusion and the
forces of matrix opening during the process and depending on the geometrical parameters of the part and the relative
height of the compensator were determined. It has been made that the values of both the extrusion force and the force of
opening the matrix increase with the development of the process, and decrease with increasing relative height of the
compensator. An analysis was also made in the phenomenon of opening force on the matrix at the moment of removing
the main (deforming) load from the side of the punch and the elastic recoil of the «die-workpiece» technological sys-
tem. Finite element modeling has been showed the possibility of determining the magnitude in the increment of opening
force on the matrix by this phenomenon. It is considered that with an increase in the volume of the extruded flange, the
increment of opening force on the matrix also increases.

Keywords: radial extrusion, strain intensity, stress intensity, extrusion force, matrix opening force, finite ele-
ment method, semi-matrix.

Akhlestin O. V., Levchenko V. M., Akhlestin V. L. Modeling the processes of contact interaction be-
tween the tool and the workpiece during the roll forming of profiles and pipes / Material working by pressure. —
2018. — Ne 2 (47).

An increase in the number of works aimed at modeling the processes of contact interaction between the tool
and the workpiece during roll forming was noted. The validity of the thesis about the primacy of physical models in
relation to mathematical models is recognized. The main problem with modeling is that it is not possible to visually
detect the contact surface. The aim of the work is: analysis of currently used models to determine the actual contact sur-
face when forming a strip billet in rolls; improvement of the new experimental method “Transparent Instrument Meth-
od”. The method of a transparent tool developed and improved by the authors allows experimentally determining the
shape and dimensions of the actual contact surface during the interaction of the tool and the workpiece. Its essence lies
in the use of a roller tool made of a transparent material, such as organic glass. The greatest effect from using the meth-
od is possible in combination with other experimental methods of deformable body mechanics: polarization-optical,
strain gauges, coordinate grids, etc. The use of a number of technical solutions made at the level of inventions has al-
lowed the method to be expanded and its accuracy improved. The main result of the method is that the “invisible be-
comes visible." The method is used to study the processes of cold forming, forming bent profiles and pipes, rolling rails,
including those with an asymmetric profile. A working model of the working stand of the roll forming machine with
transparent rolls, which is generally adequate to its real object, has been created.
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Keywords: roll forming, curved profile, longitudinal welded pipe, roller, modeling, contact surface, method of
transparent tool.

Dobrov I. V., Semichev A. V., Morozenko E. P., Koptilyy A. V. Optical method of physical simulation of lo-
cal deformation during strip drawing using monolithic tool / Material working by pressure. —2018. — Ne 2 (47).

At present, various methods of simulating the processes of deformation of the workpiece in the deformation
focal area are widely used to improve the technological processes of material processing by pressure in the theory of
metal pressure treatment. The purpose of the work is to develop an optical method of physical modeling of local defor-
mations during drawing a strip in a monolithic duct to clarify the mechanics of the workpiece deformation; perfection of
the mathematical model for determining the power-power parameters of the drawing process, the wear of the tool and
the surface of the stretched strip.

The optical method of studying local deformations of the physical model of the workpiece in the form of mag-
netized multicolored balls moving in a geometrically similar velocity model allows to visualize the characteristic fea-
tures of the deformation process, depending on the technological parameters of drawing. Simultaneously with the rela-
tive movement of the balls at the output from the drawing (due to the movement of the model of the drawing in the op-
posite direction), a digital film is made, which allows to analyze the model of plastic deformation both in the dynamics
of the process and on its individual photographs at any time during the simulation of plastic deformation. Analysis of
the research results presented in Fig. 3 shows that the mechanical "ball model of local deformation" reflects the nature
of the change in the shape of the transverse layer of a plastic-deformable workpiece under real conditions and can be
used to study the local deformations of any (in the arrangement) of the material layer of the billet at the entrance to the
monolithic drag. These features of the kinematics of the material of the workpiece in the deformation hearth must be
taken into account when determining the boundary conditions of the dragging of the strip in a monolithic drag at the
refinement of the calculation of the power-strength parameters of the deformation and wear of the contact surfaces of
the drawing and the finished product.

Keywords: drawing, kinematics, mechanical model, optical method, wear.

Haranich Y. Y., Frolov Y. V. Simulation of inner longitudinal channel transformation at rolling using
QForm software // Material working by pressure. —2018. — Ne 2 (47).

Roll bonding process is already widely used for manufacturing of flat heat exchangers. In this research it is
proposed to set up such process for producing of aluminum plates with multiple longitudinal channels for heat exchang-
ing equipment, similar to those which are currently produced by means of extrusion. The main benefit in this case is the
advancing of manufacturing rate comparable to extrusion. Thus, in order to develop such technology two conditions
must be satisfied: the performance of longitudinal channels and the bonding between layers. Present work is devoted to
the first task. A theoretical study of the transformation of the longitudinal channels formed by layer-by-layer disposition
of aluminum plates 1050 with previously applied grooves which have different initial geometrical characteristics during
roll boning was conducted in this article. The process was carried out for a temperature of 450 °C. The presented study
was made via finite element simulation using the QForm software. Such technology can be used to produce flat alumi-
num heat exchangers.

It is shown how the initial cross-sectional geometry of a channel affects its subsequent transformation when a
two-layer strip passes through a deformation zone during the roll bonding process. Two types of closure of channels
have been identified depending on metal translation rates to the channel area in the direction of compression and ex-
panding. Prevalence of the horizontal translation of metal over the vertical one causes horizontal closure of a channel
with subsequent appearance of a vertical lap. On the contrary, in case the vertical translation of metal prevails over the
horizontal translation leads to the vertical closure.

In addition, it was found that channels located on the edge of strip last longer in the deformation zone than
those located on the center of a strip and channels on the edge obtain certain curvature due to the difference of metal
expanding rate at the end and at the center.

Keywords: roll bonding, finite element simulation, channels, aluminum, heat exchanger.

Konovodov D. V., Andreev V. V., Martyniuk M. O. Modeling of the longitudinal rolling process of the
aluminum alloy Al-Mg-Sc // Material working by pressure. —2018. — Ne 2 (47).

It has been shown that in order to reduce the cost of investigating the processes of treatment with Al-Mg-Sc Alu-
minum Aluminum Alloys, it is advisable to use the methods of mathematical modeling. The Al-Mg-Sc aluminum alloy
headquarters model was developed using the QForm VX software. The basis of the mathematical formulation is the system
of equations, which include the equilibrium equation, the equation of relation between the field of velocities of material
points and the rates of deformation, the equation of relation between the stressed and deformed state, the conditions of
misalignment, the criterion of plasticity, the energy balance equation. The resistance of the deformation of the material to
the workpiece is considered to be dependent on the accumulated deformation, the current rate of deformation and tempera-
ture and is given in the input data. In the construction of the model, experimentally determined deformation curves for the
alloy 01570 were used. The ranges of variation of the initial technological parameters, such as the degree and temperature
of deformation, the ratio of width to the height of the original workpiece, were substantiated. Using the developed mathe-
matical model, the theoretical study of the hot rolling process of the headquarters of the selected alloy in the range of tem-
peratures 360-420 ° C and degrees of deformation of 15-35 % was conducted. According to the results of the simulation,
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the complex influence of the indicated technological parameters on the strength and moment of rolling and shaping of the
metal in the process of deformation has been determined. The dependences of rolling forces and extensions on the degree
and temperature of deformation were obtained. A comparison of simulation results obtained using the proposed model of
rolling process with experimental data is performed.

Keywords: rolling, strip, aluminum, scandium, model, temperature, deformation, force, moment, widening.

Oginsky I. K., Remez O. A. Simulation of continuous rolling process in “diamond — square” groove sys-
tem // Material working by pressure. —2018. — Ne 2 (47).

The aim of the work is to develop approaches to the study of the kinematic parameters of continuous section
rolling based on computer simulation methods, identifying on this basis information about the patterns of change of
technological parameters during continuous rolling in the system of exhaust calibers "rhombus-square". The rolling
process was simulated for steel prone to increased 08X13 broadening using FORVALOR S.A. FORGE 3D. For a
complete analysis of the flow of metal in the longitudinal and transverse directions, the work presents rheological
curves of the material under study. Modeling according to the specified scheme was carried out for rolling cases with
various combinations of front and rear tension with different drawing ratios. The results obtained allowed us to identify
patterns of changes in the parameters of rolling in conjunction with each other. A qualitative and quantitative (for the
studied range of parameters) nature of changes in rolling parameters as a function of tension (velocity mismatch) was
found. The relative mismatch velocity range (with respect to non-tension rolling) was 2.5 ... 10% with a multiplicity of
2.5. The range of variation of the drawing ratio was 4 = 1.039 ... 1.457, it is quite characteristic for this system of
calibers. A preliminary comparison of the simulation results and experimental data allows us to conclude that they are
sufficiently convergent and that FORCE 3D can be used to solve practical problems associated with rolling in the
rhombus-square gauge system.

Keywords: simulation, steel, propensity to broadening, rheological curves, “diamond - square” system, ten-
sion, groove.

Karnaukh S. G., Mironenko E. V. Modeling the process of pipe separation using the software product
DEFORM 3D // Material working by pressure. —2018. — Ne 2 (47).

The analysis of the method of separation of pipes with a flat knife using the software product DEFORM-3D.
Performed theoretical studies of the method of separating pipes with a flat knife allowed us to reveal the sequence of
formation of chips-waste along the knife, to estimate the energy-power parameters of the separation process and to
predict the quality of the divided blanks. Studies of the influence of the configuration of the knife on the process of
separation of the workpiece from the pipe and shavings-waste along the knife. Analysis of the results shows that the
most optimal is a pointed knife shape with an angle of 50 degrees at the apex, at which the force of the segments is 16
kN. The quality of the blanks is satisfactory. Based on the analysis of waste-free ways of separating pipes into
dimensional workpieces, a new method for cutting and equipment design for its implementation has been proposed.
Segment occurs locally around the perimeter of the tubular billet, which ensures a reduction in the strength of the
segments. Taking into account the fact that the tubular billet being cut off with a cutting roller moves in the direction
from the billet axis, and then with the control pin toward the center of the billet, the Bauschinger effect appears. In this
case, there is a decrease in the limits of proportionality, elasticity and fluidity of materials as a result of a change in the
sign of the load, if the initial loading caused the presence of plastic deformations. The use of the proposed solutions
allows to improve the quality of the cut tubular blanks, helps to reduce energy-power separation parameters and
increase the production culture.

Keywords: tubular billet, knife, geometrical parameters, cutting force, quality.

Kokh A. K., Yeromkin Ye. A. Calculation of power-strength parameters of the process of expansion of
the corrugated sheet in a straight line // Material working by pressure. —2018. — Ne 2 (47).

The artical deals a mathematical model for calculation of energy-power parameters of the process of expansion
of the corrugated sheet in a straight line. The analysis of recent patent researches, publications and patents is given. One
of the questions to solve this problem is to simulate the rolling process of the corrugated sheet in a straight line. In this
paper, the possibility of simulating a similar process from an easily deformed material is considered by applying the
finite element method.

The conducted studies allow us to conclude about the influence on the size of the area of the cooling surface of
such parameters as the number of corrugations at a given length, the value of internal and external radii and the angle of
the corrugation in relation to the flat billet of the same length, we can say that: with an increase in the number of
corrugations the area of the section of the stock is reduced, since less rectilinear parts become. The maximum value of
the cross-sectional area is achieved with the number of corrugations equal to five; with the increase of the outer and
inner radius of the vertices of the corrugation, the area of the workpiece cut decreases; with an increase in the angle of
the corrugation from 30 to 60 degrees, the size of the section area is significantly increased.

The given model allows to give an estimation of a stressed state at deformation of a sheet, displacement of
metal at deformation. The analysis of the modeling process allows us to give recommendations on the geometric
parameters of the corrugated sheet, such as: the angle of inclination of the corrugated sheet, the radius of the edges of
the corrugations, the area of the cross section of the sheet.

Keywords: corrugated sheet, bend, force distribution, corrugate radius, roll profile.
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Gerasimenko O. V., Markov O. E., Hvashinskiy A. S., Markova M. O., Rizak P. I. Development of re-
source-saving process for forging of hollow forgings for responsible destination // Material working by
pressure. —2018. — Ne 2 (47).

This study is aimed at solving the actual scientific and technical problem of developing improved technological
processes for forging hollow workpieces like cylinders. The technical result is achieved through the use of a new meth-
od and tools for forging without a mandrel, which provides high-quality hollow forgings with the desired wall thickness
and hole diameter. A technique and technological process recommendations for forging have been developed. These
recommendations are to determine the diameter of the hole in the workpiece before forging without mandrel, depending
on the diameter of the hole in the workpiece and the degree of deformation. The recommendation of the tool geometry
for accomplishing the blank forging without a mandrel was confirmed under industrial conditions. The forging without
a mandrel was produced with cut-out dies with an angle of 115 © and cut bevel angle of 10 °. Validation studies under
industrial conditions allowed the confirmation of recommendations to achieve a formable hollow workpiece during
forging without a mandrel by cut-out dies with bevels. The value of feed should be 0.1 of the workpiece diameter. The
reduction should be less than 10 %. The forging sequence should be: pass® — canting to 90 ©® — pass® — canting to
90 © — pas © — canting to 45 ° — pass. New technology for hollow workpiece forging without a mandrel has been in-
troduced. As a result, the efficiency of the forging process was increased by 25...30 %. The number of heating cycles
was reduced by 15...25 %. An expansion in the technological capabilities of the process for forging hollow workpieces
was achieved.

Keywords: forging, drawing, mandrel, cut-out dies, feed, bevels, the angle of cut, closing of the hole, the
stress-strain state, finite element method.

Zhbankov 1. G., Aliiev L. S. Development the classification of forging schemes for production shafts and
discs and ways of their research // Material working by pressure. —2018. — Ne 2 (47).

It has been established that, based on the method of morphological maps, it is possible to generate a large
number of new methods of forging. The total number can reach several thousand. Most of these methods are practically
not feasible. To order all these methods, determine new potentially promising methods, determine rational methods of
forging forgings, it is necessary to create a classification and select the most promising directions based on the analysis.
The aim of the work is to develop classifications of methods for forging large forgings by upsetting and drawing.

For morphological maps, the factors were broken down even more: the shape of the tool for forging shafts and
plates has two characteristics — longitudinal and transverse. Similarly for the shape of the workpiece. The classifications
are based on selected process factors: a form factor, a temperature and a kinematic factor. New, the most promising
methods of forging forgings of the main types were selected. The main methods of forging forgings such as shafts,
plates and discs, which can show high efficiency in their implementation, have been established. So for the forging of
long products, the methods of pulling in the strikers of a special form, with an additional thermal effect, are proposed.
For the forging of discs, special-purpose plates are proposed, as well as special-shaped blanks.

Keywords: classification, morphological map method, forging, upsetting, shafts, discs, plates.

Zligoriev V. N., Ragulina N. V., Shevtzov S. A., Inchacov E. V., Kosilov M. S. Investigation of the work-
pieces upsetting with concave angles of 120 ° // Material working by pressure. —2018. — Ne 2 (47).

A new method of upsetting workpieces is proposed. The method consists in upsetting of the workpieces with
concave faces. A methodology for theoretical research has been developed. This technique consisted in investigating the
mechanism of closing of artificial axial defects in blanks. The studies were carried out on the basis of finite element
method. The main parameter of the study was the depth of the concave faces of the workpiece. This parameter varied in
the range 0.75; 0.80 and 0.85. The angle of the concave faces was 120°. The results of the theoretical studies were the
distribution of: deformations and stresses in the body of the workpieces during the upsetting of the workpieces with
concave faces. On the basis of these parameters, the index of the stressed state in the axial zone of the workpiece was
established. As a result of theoretical studies it was found that the effective depth of the concave faces is the ratio of the
diameters of the protrusions and ledges equal to 0.85. For this relationship, an intensive closing of the axial defect oc-
curs. This is due to the high level of compressive stresses during the draft of workpieces with concave faces. An effec-
tive degree of deformation is established, at which an intensive closure of defects occurs. The distribution of defor-
mations along the cross-section and the height of the workpiece has been established, as well as the change in the index
of the stressed state during the deposition of blanks with concave faces. The carried out researches have allowed to
draw a conclusion about high efficiency of the proposed new method of settling blanks with concave faces.

Keywords: concave faces, upsetting, stress-strain state, axial defects of the ingot, high-quality forgings.

Aliieva L. 1., Aliiev I. S., Kartamyshev D. O., Donchenko E. 1., Chuchin O. V. Production of com-
plex surface profiles parts in the process of radial-forward extrusion // Material working by pressure. —
2018. — Ne 2 (47).

Technological processes for obtaining complex-shaped hollow parts by radial-forward extrusion and ways of
expanding the technological capabilities of methods for obtaining hollow parts by radial-forward extrusion with distri-
bution are considered. The presented schemes allow making hollow parts with a complex profile by adjusting the height
of the radial cavity. Patterns of stress distribution during stamping by the method of radial-forward extrusion with dis-
tribution were obtained by the simulation of the finite elements method. It has been established that the metal layers
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adjacent to the bottom of the hollow part are subjected to the greatest deformation. Large values of stress intensity are
concentrated in the layers of the workpiece material near the inner radius of the part is determined. The general nature
of the change in the power mode of the process of manufacturing complex shaped parts is investigated. It has been es-
tablished that the stages of radial outflow and the subsequent reversal of the flow of metal from the radial direction to
the straight line are characterized by non-stationarity of the process and continuous growth of power characteristics. The
steady-state stage of the process under study begins after the turn of the metal flow and continues until the final design
of the hollow product was determined. The possibility of manufacturing complex-shaped hollow parts with variable
wall thickness by varying the height of the radial cavity was experimentally proven. It has been established that in order
to obtain steps on the inner side surface of a hollow product at subsequent transitions, it is necessary to reduce the lat-
eral dimensions of the lower punches. Based on the results of experimental studies, it was determined that in order to
obtain lateral conical surfaces, it is required to increase the diameters of the holes of the form-changing sections of the
matrices.

Keywords: complex profiled hollow parts, radial-forward extrusion, finite element method, experimental studies.

Aliiev 1. S., Kordenko M. U., Samoglyadov A. D. Combined extrusion of hollow conical parts / Material
working by pressure. —2018. — Ne 2 (47).

The scheme of combined extrusion of hollow conical parts in a conical matrix using a conical and cylindrical
billet is considered. The simulation of the process of combined extrusion in the software package DEFORM-3D. The
paper presents a graph of the power parameters of the process, as well as images of the fields of the distribution of the
intensity of strains and stresses, which made it possible to define a circuit with a smaller force and a more uniform dis-
tribution of the strains and stresses over the volume. The analysis showed that in both cases the fields of the intensity
distribution of the deformations coincide qualitatively. The stress intensity has a similar distribution pattern with defor-
mations during the entire extrusion process. After analyzing the results, it was found that the use of a conical billet re-
duces the force of the extrusion process, which is due to the best geometry of the billet. It has been established that the
use of a conical billet in the process of combined extrusion has an advantage over a cylindrical one. Based on the analy-
sis of the fields of the intensity distribution of the deformations, it can be seen that at the initial stages of the extrusion
process the cylindrical billet has the best development of both the end and the central part, however, during the process
of distribution of the deformations change. Maximum deformations for this process reach 3. At the final stage, it is de-
termined that the conical billet has a lower probability of fracture and cracking, due to a better distribution of defor-
mations over the section. Conical billet has a better geometry, as well as a more favorable distribution of the intensity of
deformations and stresses in the extrusion process, which allows you to get less power of the process and reduce the
possibility of defects and the formation of cracks. Also, the tapered billet has a smaller stroke to obtain a semi-finished
product, which makes it possible to increase the overall performance of the process to obtain a finished product. In the
workpiece, there is a sufficient study of the metal and a more favorable distribution of deformations and stresses formed
by volume, as well as a low tendency to the formation of cracks and defects, which has a positive effect on its further
processing.

Keywords: hollow conical parts, combined extrusion, deformation, workpiece, stress, deformation force.

Aliieva L. I., Sivak R. 1., Kotsiubivskaya E. I., Sukhorukov S. I. Deformability of billet by radial
extrusion with backpressure // Material working by pressure. —2018. — Ne 2 (47).

The process of radial extrusion with the flange on a tubular billet of aluminum alloy AD1 by the application of
backpressure, which is created by an annular billet of technical lead, has been studied. To assess the impact of the load-
ing history on the plasticity of billet under a volume stress state, used filed with coordinates of stress state indicator (7),
the Lode — Nadai parameter (), the accumulated degree of deformation (e,), and the surface plasticity are constructed.
Path of elementary particles deformation on billet, selected in different zones along the height of the billet, are con-
structed in the same coordinates on the basis of calculated data performed by the finite element method.

To compare the results of the deformability analysis, it was also create field in which, instead of the Lode-
Nadai parameter used filed of stress state indicator (), accounting for taking into account the influence of the stress
state volume. The advantages of using coordinates (7, y, e¢,) are noted instead of (7, i, €,), to assess the degree of utili-
zation plasticity resource i simplifies calculations, such as stress state that in this case is described by a known plastici-
ty diagram e,(7), and also, the discrepancy between the calculated and experimental values of y has been reduced.
From the analysis of the obtained results it follows that most critical in terms of destruction appear the points that is on
the periphery of the extruded flange and the points located on the outer surface of the billet.

When conducting experimental studies with extrusion tubular billet without backpressure application, maxi-
mum of flange diameter that could be obtained from aluminum alloy did not exceed D, = 44.36 mm, at the same time it
had a distorted mushroom shape. Created by lead backpressure allows almost 1.5 once increase the diameter of the ex-
truded flange and completely avoid distortion of its shapes.

Keywords: radial extrusion, tubular billet, flange, backpressure, stresses, degree of deformation, stress state,
plasticity resource.
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Kaliuzhnyi V. L., Potiatynik A. M., Malii K. V. Determination of the parameters of cold combined ex-
trusion of axisymmetric hollow products with a deck in the bottom part from the side of the hole // Material
working by pressure. —2018. — Ne 2 (47).

The fem was used to simulate cold combined extrusion from low-carbon steel of axisymmetric hollow products
with a protrusion on the bottom from the cavity side and set parameters for technology engineering.

The purpose of the work is to estimate the parameters of cold combined squeezing of semifinished products
with a projection on the bottom part from the side of the cavity.

The dependencies of the extrusion force and the extraction effort of the punch from the deformed workpiece
were identified by a calculation. The workpiece was deformed from the movement of the punch and the force of push-
ing the item out of the matrix from the displacement of the ejector. At the maximum value of the extrusion force, the
distributions of the specific forces on the contact surfaces between the rough workpiece and the deforming warping tool
are given. Taking into account the resilient deformation, the final shape and dimensions of the item are established. The
distribution of strain component and the strain intensity in the deformed metal of the item are shown. The distribution of
the strain intensity and the experimental diagram of true stresses effective stress predict the mechanical properties in
different parts of the item volume. The thermal effect are determined by the cold shaping by indirect extrusion. Rec-
ommendations for engineering a deforming tool are proposed, in particular, extrusion pressures — for the choice of press
equipment, the distribution of specific efforts — for designing die-casting equipment, the shape and size of the semi-
finished product and the distribution of the intensity of deformations — to predict their quality.

Keywords: combined extrusion, hollow product, finite element method, forces and specific forces, shape and
product dimensions, thermal effect, strain state/deformed state.

Baglyuk G. A., Shishkina Yu. O., Titov V. A., Kirilyuk S. F. Influence of the deformed state of hot-
stamped blanks from powder alumomatrix composites on their structure and properties / Material working by
pressure. —2018. — Ne 2 (47).

The results of studies of the features of the structure and mechanical properties of metal-matrix composites ob-
tained by hot stamping from blanks consisting of a mixture of Al powders and 15 % (mass.) Of a Ti-C system master
alloy — 20 % Al are given. Output blanks were used for two types of stamping: cylindrical and in the form of a hollow
cone. It is shown that both the strength and hardness of composites made from conical billets, significantly exceeds the
similar characteristics of materials obtained from cylindrical billets. The use of conical blanks for stamping provides
a noticeable increase in the intensity of deformation of the material compared to cylindrical blanks and leads to an in-
crease in the microhardness of the matrix phase of the composites.

The results of the simulation of hot stamping of blanks of various shapes showed that the use of blanks in the
form of a hollow cone is characterized by a significantly wider range of values of different densities and intensity of
deformations across the sample section at intermediate stages of the process compared to cylindrical blanks. The inten-
sity of deformation of the predominant region of the cross section of forgings obtained from conical blanks after their
final stamping is 1.5-2.0 times higher than the values of the intensity of deformation of forgings obtained from cylin-
drical blanks. The structure of hot-stamped samples is characterized by the presence of a noticeable texturing, the de-
gree of which increases when using the initial conical shaped blanks. A finer-grained structure is also characteristic of
forgings obtained from green billets.

Keywords: aluminum-matrix composite, forging, strain intensity, strength, hardness, structure.

Titov A. V., Polivoda S. L., Titov V. A., Vishnevskiy P. S. Features of shaping parts of aluminum alloy
fibers // Material working by pressure. —2018. — Ne 2 (47).

The purpose of the work is to work out the process of isothermal pressing of the thin-walled element of parts
from the fibers of aluminum alloy AD1. Such fibers have a fine crystalline structure and high mechanical properties of
strength and ductility due to ultrafast cooling with a velocity of 10°~10° °C/s. Fibers obtained at the plant for dispersing
the melt at the Physics and Technology Institute of Metals and Alloys of the National Academy of Sciences of Ukraine.
Pressing of parts was carried out in the KPI Igor Sikorsky in two stages. At the first stage, compresses of briquettes with
a diameter of 30 mm in a cold state were executed. The density of briquettes was 87-90 %. In the second stage, the ex-
trusion of the thin-walled element was carried out under isothermal conditions. Experimental results were compared
with the results of numerical simulation in the software complex Deform 3D. The problem is solved for phenomenolog-
ical formulation and visco-plastic deformation. Analysis of the results showed that in the thin-walled element there are
compressive stresses. Their interaction with the deformations of the shear in the cross-section of the element contributes
to the convergence and diffusion of the individual fibers. At the same time, the residual porosity does not exceed 2—3 %.
As the thin-walled element is formed, the amount of compressive stress decreases slightly over its length. However, due
to the deformation of the shear in the cross section under the influence of these stresses, the interaction of the free sur-
faces of the fibers, their diffusion connection and the decrease of porosity of the material contribute. Qualitatively, the
strength of the interaction of layers is verified experimentally in bending tests. When bending a thin-walled element at
90 °, there was no splitting of fibers.

Keywords: thin-walled elements, aluminum alloy fibers, fine-grained structure, isothermal forming, visco-
plastic deformation, diffusion compound.
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Kovalevsky S. V., Malanchuk S. F. Investigation of surface plastic deformation by a screw in a knurling //
Material working by pressure. —2018. — Ne 2 (47).

The paper discusses methods for strengthening the surfaces of machine parts. To date, there are many methods
of surface plastic deformation (PPD). Such as, diamond smoothing, knurling roller, vibration treatment, shot blasting
and others. But these methods have limited technological capabilities, because the processing of FPD for short and
limited working surfaces seems impossible. In the given work the problem of processing of a surface layer of a part is
considered, namely the obtaining of high-quality parts of a part, increase of processing productivity, expansion of
technological possibilities of processing for increase of roughness and hardness of a part. The problem solving with the
help of a screwdriver is offered, the possibilities of which allow to adjust the roughness and hardness of the part being
processed, due to the change of the angle of inclination of the roller. The scheme of detail processing by a screw cutter
is resulted. The sequence of carrying out of experimental researches is resulted. The influence of the angle of inclination
of the screw cutter on the roughness and hardness of the part is experimentally investigated. With the help of simulation
of the process of processing by the rapper in the neural network, the dependencies of the input data are established. On their
basis with the forecasted initial roughness and hardness of the details. Graphs of dependence HB = f'(a; P), Ra = f(P; a) were
constructed. A new method of processing the PPD with a screw rotator of surfaces limited on both sides has been im-
plemented. Also expanded the technological capabilities of this method.

Keywords: screw cutter, roughness, hardness, angle of inclination, roller pressure, randomisation, model.

Frolov Ye. A., Yasko S. G., Kravchenko S. I. Technological possibilities of pneumatic impact punching
by stretching thin sheeted parts // Material working by pressure. —2018. — Ne 2 (47).

An important problem of plastic formation of sheet metal is the stability of the deformation process. Loss of
stability of the formation leads to significant local deformation, destruction of the metal or distortion of the shape of the
part. This is especially evident in the high-speed deformation of thin-sheet blanks. The manifestation of this or that type
of loss of stability depends on the stress state, strain rate, anisotropy, mechanical properties of the material and other
factors. Loss of stability is most likely when parts are received from thin workpieces using high-speed local loading.

In the work, the deformation parameters were determined at high-speed drawing of axisymmetric thin-sheet
blanks, which ensure the formation of parts without distortion of the relief form and metal destruction by the method of
pneumatic impact forming. On the basis of the conducted research, the technological capabilities of manufacturing
high-quality axisymmetric thin-walled parts have been established by the method of pneumatic impact punching by
drawing. The conditions of stability of the workpiece when forming axisymmetric elements of non-spherical shape are
similar to the conditions of stability of the workpiece when forming spherical elements, the results can be extended to
the hood of elliptical, shallow conical and other parts similar in shape. Air-percussion stamping allows you to pull out
dome-shaped parts without using over-tensioning thresholds, two-stage stamping and other special techniques with a
relative thickness of the workpiece two to four times less than that allowed by drawing a punch.

Keywords: pneumatic impact stamping, drawing, forming, defects, stability, domed, relief, detail, workpiece.

Fedotiev A. M., Shkel S. V., Fedotieva L. P. The possibility of using the rotational cutting method for ob-
taining bulk nanomaterials // Material working by pressure. —2018. — Ne 2 (47).

In recent years, to improve the mechanical characteristics of steels and alloys, approaches based on the
formation of materials of micro- and nanocrystalline structure have been used. One of the promising methods for
obtaining ribbons by submicrocrystalline and nanostructures is the method of planing and turning. However, the use of
the planing method makes it possible to obtain ribbons with a submicrocrystalline structure of limited length, and the
planing process itself has certain limitations on the realization of a wide range of processing regimes. The process of
free rectangular cutting, realized during planing, has a certain influence on the near-surface layers of tapes obtained in
this way. Such influence is explained by the increased friction of the created tape on the surfaces of tooling. In this
paper we propose a method of rotational cutting with a non-free surface of chip formation. Modeling in the Deform 3D
V11 package demonstrated the possibility of performing the proposed method of rotary cutting with a non-free chip-
forming surface to produce tapes with a SMC structure. As a result, the simulation obtained data that are close to the
known results obtained with free rectangular cutting. The obtained result gives serious hopes for expanding the
possibilities of using cutting processes when creating metal strips with SMC-structure due to rotational cutting with a
non-free surface of chip forming.

Keywords: submicrocrystalline structure, rotational cutting, not free surface of chip formation.

Gurkovskaya S. S., Zagrebelniy S. L. Practical recommendations to technological modes of production
of thin hot-rolled strips // Material working by pressure. —2018. — Ne 2 (47).

Based on the results of theoretical research in this paper, the program task on the automated design of the tech-
nological modes of compression during hot rolling in a continuous group of finishing working stands SHSGP aimed at
increasing the accuracy of the resulting rolled metal product is formulated and solved. At the same time, criterial as-
sessments used the conditions for ensuring maximum productivity, and ensuring the required quality indicators of the
finished metal. The analysis of the conditions for the implementation of the hot rolling process for relatively thin strips
with simultaneous operation of automatic control systems for their thickness and flatness has been carried out, and rec-
ommendations for their further improvement have been developed.
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It has been found that with an increase in temperature difference, the required thickness variation increases
very significantly. At the same time, with an increase in the nominal value of the rolled strip thickness, the absolute
value of the thickness variation increases, which must be taken into account when designing the pressure mechanisms
of the respective working stands.

The use of automatic thickness control systems causes an increase in the probability of a violation of the de-
gree of flatness, which, in turn, can be compensated for by stabilizing the initial process parameters, and by rationally
arranging the elements of these systems in at least the last three finishing working cells. Practical recommendations
have been formulated to improve the technological regimes of the hot rolling process, including recommendations for
the preliminary profiling of the thickness of the rolled strips, which compensates for the uneven distribution of tempera-
tures along their length.

Keywords: wide strip, hot rolling, flatness, multifilamentity, quality indicators, automatic thickness control
system, criterion estimates, flatness degree, computer-aided design.

Kassov V. D., Kabatsky A. V., Berezhnaya E. V., Malygina S. V. Improvement of manufacturing tech-
nology of flux cored wire of complex design // Material working by pressure. —2018. — Ne 2 (47).

The aim of the presented work is improving of manufacturing technology of the flux cored wire of complex
design. The wire of the offered construction is made by twisting of tube from a steel ribbon with adding inside of it al-
loying charge and welding wire. To prevent the spilling out of powder material from the metal shell, magnetization of
the metal wire is used. The task can be solved due to the fact that the metal wire supplied from a separate unwinder
passes through the inductor, where it is magnetized.

The chosen variant of wire manufacturing is realized at development of weld depositing technology of epos-
itsng of details working in the conditions of intensive wear. The process of weld depositing was made by the indicated
wire of 5 mm diameter by submerged arc welding. For experiments, selected steel containing 0.5-0.7 % carbon, the
basis of alloying of which (up to 11-12 %) is chromium. At the same time, manganese is added to the steel, as well as
titanium, as a modifier, refining the metal structure and making it more uniform. To improve the mechanical properties
of the metal and its resistance to cracks, the weld metal was modified by magnesium, which was added as a magnesium
aluminum alloy (in an amount of 5-8 %) to prevent magnesium burnout, and to facilitate crushing and grinding. The
chosen construction of flux cored wire allows to improve quality, productivity, technologicalness both at making of
wire and at implementation of weld depositing. Application of flux cored wire of the chosen construction and composi-
tion at weld depositing of wear resistant surface allowed to get a deposited metal with a favorable structure, and lower
content of harmful admixtures. All of it provides the increasing of plastic properties, shock viscidity and hot crack re-
sistance of deposited metal. Tests also showed that the researched flux cored wire had also high enough welding-
technological properties. The results of researches allow to recommend the use of the considered manufacturing tech-
nology of flux cored wire on a production at weld depositing of working surfaces of threadbare details.

Keywords: flux-cored wire, complex design, manufacturing, technology, magnetization, depositing, alloying,
modifying.

Kurpe O. H. Thermomechanical rolling of hot rolled plate of steel grade EH36 at the rolling mill 3600
PJSC “AZOVSTAL?” // Material working by pressure. —2018. — Ne 2 (47).

The technology has been developed and the pilot batch of plates of shipbuilding steel grade EH36 with dimen-
sions 25 x 2150 x 8000 mm has been firstly produced by the method of thermomechanical controlled rolling at the roll-
ing mill 3600 PJSC “AZOVSTAL”. The technology has been developed using the general requirements for the produc-
tion of plate by the method of thermomechanical controlled rolling and applying the mathematical model of the techno-
logical process. While drafting the technology the principles of low-temperature controlled rolling has been applied,
specifically the forming of the required structure and properties of rolled products at the finishing of the deformation in
two-phase y - a field.

The research of influence of different lengthwise rolling and cross rolling patterns on mechanical properties of
finished products has been conducted. The advantages of the lengthwise and cross rolling pattern with increased reduc-
tion level in roughing stands have been determined which influenced the mechanical properties of rolled products and
the production energy efficiency.

The set of basic and additional tests has been performed which supports the possibility of further technology
development and products certification.

It has been determined that the level of yield strength and tensile strength was higher after thermomechanical
rolling than after normalization for the comparable product-mix that allows for the conclusion about the possibility of
further technological process optimization and steel chemical composition improvement. It has also been determined
that the rolling performed based upon thermomechanical rolling schedule delivered the obtainment of a smaller ferrite
grain 10; 9 grades in comparison to normalization 8; 9 grades for the comparable product-mix.

The implementation of the thermomechanical rolling technology instead of normalization will allow to reduce
the production costs by means of excluding natural gas expenses for heat treatment (normalization). It has been deter-
mined that for certification preparation in accordance with BV rules it is additionally necessary to conduct a number of
tests of plates with steel grade EH36 with different thicknesses.

Keywords: thermomechanical rolling, plate, technology, shipbuilding steel, steel grade EH36.



ISSN 2076-2151. Oépadvomka mamepuaniog oaginernuem. 2018. N 2 (47) 214

Medvedev M. 1., Frolov Ya. V., Andreiev V. V., Bobukh O. S., Bezpalova N. O. Evaluation of titanium
alloys deformability during hot extrusion of tubes // Material working by pressure. —2018. — Ne 2 (47).

Titanium alloys are widely used in the tubes production. However, the current knowledge of rational tempera-
ture-speed extrusion process parameters of these tubes alloys in technical literature is almost absent or is not typical for
the process parameters. For an accurate determination of these parameters of the direct hot extrusion of tubes requires
take the strain resistance of the material, which, consequently, will provide a complete understanding of metal ductility.
One method of determining the strain resistance value is the Torsion testing of cylindrical specimens with the torque
and then determining the degree of shear strain, which can be calculated using known relationships.

In order to clarify the temperature-deformation regimes of the tube’s extrusion from titanium alloys (VT1-0,
PT-7M, VT-14, VT-15, VT-20, TS-5 and TS-6) in a study of ductility and strain resistance during hot torsion of sam-
ples. The main parameters were: test temperature 800—1250 °C; strain rate 0.25-20 sec”. During the tests three loading
schemes were used: without fixing passive capture; with fixing passive grip in the axial direction; with the application
of external axial tensile load at non-bound passively capture. The ductility of the alloys was calculated from the number
of turns until the beginning of the destruction.

As a result of the experimental studies, graphical dependences of the torque upon the angle of twisting of the
specimen on the change the strain resistance of the metal were obtained. Analysis of the indicated dependencies allowed to
determine the optimal temperature range for maximum plasticity for alloys: VT1-0 900-1000 °C; VT14 1050-1150 °C;
VT15 1000-1100 °C; VT20 1050-1150 °C; TS5 950-1100 °C; TS6 1150-1200 °C; PT7-M 950-1050 °C.

Keywords: titanium, test, torsion, temperature, speed, degree of deformation, strain resistance.

Shtoda M. N., Samohval V. M., Maksimenko O. P., Marchenko K. K., Basak 1. I. Distribution of loads
on calibers of finish block at rolling steel wire rod & 5.5 mm // Material working by pressure. —2018. — Ne 2 (47).

The method of calculating the energy-force parameters of the continuous rolling process in the calibers “oval-
circle” has been developed.

The initial data for the calculation are: the characteristics of the block (roll diameters, gear ratios, etc.); gauge
sizes by module; steel grade, rolled strip; the initial temperature of the block at the entrance to the block; engine speed
of the drive unit; the size of the rolled, entering the block; roll sizes by block modules. The calculation sequence
includes determining the geometrical parameters for calibers of each module (compression, broadening, drawing ratio,
hearth length, etc.) and determining the speed mode of rolling.

The method allows to determine the load value for each pass of the wire block. The technique allows to take
into account the design features of rolling equipment. The error in determining the resistance to deformation by the pro-
posed method is 6.25 %. A comparison of the calculated torque values on the motor shafts with the experimental data
confirm the adequacy of the proposed model. Analysis of the calculated load distribution data on the modules of a finish
wire block at the rolling of a wire rod with a diameter of 5.5 mm shows that the maximum value of the average pressure
is observed in module 5, which leads to an increased wear of the rolls in this module. It is recommended that when de-
sign a new block setting mode (a new roll pass design), take into account this fact and redistribute the reduction so as to
equalize the distribution of mean pressures by modules. The proposed algorithm can be used to analyze the working
conditions of the finishing wire block.

Keywords: energy-power parameters, continuous rolling, wire block, high-speed rolling, wear of calibers, cal-
ibers “oval-circle”.

Frolov Ya. V., Bergeman G.V., Samsonenko A. A., AndreievV.V., Kuzmina O. M. Increase of
mechanical properties of rolled products by changing the temperature-deformation parameters of processing //
Material working by pressure. —2018. — Ne 2 (47).

The main ways to regulate and improve the mechanical properties of rolled products are to improve the
chemical composition of the melted steel by alloying and to improve the thermoplastic treatment in the mill line by
changing the temperature-deformation-time rolling regimes. The second method was developed in the processes of
controlled sheet rolling and simple long products from alloy steels. The definition of the complex effect of temperature
and deformation rolling regimes on the mechanical properties of shaped profiles of ordinary quality steel remains a little
investigated issue.

In the work, experimental studies of the joint effect of the rolling-start temperature and various strain regimes
on the mechanical properties of specimens made of St3ps steel were carried out. The investigations were carried out at
laboratory conditions on the single-stand reversible mill 200 of Metal Forming Department of the NMetAU. The
specimens had square cross-section, rolling was carried out on smooth rolls without tilt. The modes of deformation were
investigated with increasing reduction, with decreasing and with equal reduction along the passes. The tests were
carried out to determine the yield strength, ultimate strength, elongation, and impact toughness for samples rolled in
different modes in the temperature range 1000—1200 °C. The analysis of the obtained data showed the prevailing
influence of the temperature factor on the mechanical properties of rolled products relative to the deformation mode.
The use of various combinations of temperatures of the beginning of rolling and deformation modes in laboratory
conditions makes it possible to increase the value of strength and ductility parameters by 4 ... 13%. The maximum
values of the tensile strength are at the deformation mode with increasing reduction at the lowest temperature (in the
investigated range), that is, at 1000 ° C. In this case a regime reduces the parameters of the plastic characteristics of the
metal: the relative elongation and impact toughness.
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The obtained results can be realized in the conditions of existing productions without significant changes in
technology and equipment by rolling billet with a reduced heating temperature.

Keywords: hot rolling, steel, heating temperature, deformation regime, yield strength, strength limit, relative
elongation, impacting viscosity.

Korchak E. S., Nagiev N. L., Belenets K. Ye. Investigation of operating conditions and reasons of wear
appearance in hydraulic presses power cylinders / Material working by pressure. —2018. — Ne 2 (47).

The purpose of the work is to create measures to prevent wear of hydraulic cylinders of hydraulic presses by
analyzing the conditions of their industrial exploitation and the main causes of deterioration with the subsequent devel-
opment of appropriate measures to eliminate it. On each machine cycle there is a cyclic load of the power cylinder from
the minimum to the maximum working pressure, followed by its intense discharge to the initial minimum value. At the
outer and interior surfaces of the cylinder body, wear cracks are developing, the intensity of which depends, first of all,
on the value of hydraulic fluid pressure and the geometry of the stress concentrators at the points of transition of the
cylindrical part of the working cylinder to the bottom and the flange. Execution of the radius of rounding of galleys by
the sizes smaller than the permissible ones leads to the appearance of brightly expressed zones of concentration of
stresses in them, and the deepening of the galleys inside the case more than the permissible value leads to the appear-
ance of additional radial forces that cause the appearance of plastic deformations and enhance the development of wear
cracks. The values of these assumed parameters depend on the mechanical properties of the material of the body of the
power cylinder and its design features. In addition to wear cracks, the cavitation wear due to pressure drop across hy-
draulic resistances is most commonly present in the hydraulic cylinders of hydraulic presses. In an uneven load, which
is mainly due to the industrial operation of hydraulic presses, the cylinder body wears out unevenly and the develop-
ment of its defects is one-sided. The antifriction properties of the guide bush and the possibility of bringing it to the
lubrication system can significantly extend the life of the plunger. The quality of hydraulic fluid is crucial for prevent-
ing the wear of friction pairs of power cylinders.

Keywords: hydraulic press, power cylinder, pressure, hydraulic fluid, cylinder body, fillet, wear.

Popivnenko L. V., Rudenko N. A., Eremkin E. A., Bochanov P. A. Improvement of control valves design
for hydraulic presses with the aim of decreasing lift force // Material working by pressure. —2018. — Ne 2 (47).

The article deals with a new design of control throttle valves without unloading. Design and features of
working the new valve are presented. The disadvantages of existing control valves for power blocks of hydraulic
presses are given. The use of a new throttle control valve will exclude the complex unloading schemes. The operation of
the valve is carried out as follows. High-pressure liquid is brought to the cavity A from pump-accumulator station or
from the pump. In the closed position, the plunger is pressed against the saddle by the shutter chutes by the force of the
servodrive. In the cavities b and B there is a low pressure liquid, since they are tied through the openings. The control
action on the plunger through rod is carried out by a servodrive, which is mounted on the top of the valve. At the same
time, the locking chamfers are opened and the gland from the cavity A falls into the cavity b, and from there through
the openings in the cavity B, which contributes to the almost instantaneous alignment of pressure above and under the
plunger. This provides a significant reduction in the lifting force of the plunger. The rigid joining of the plunger to the
rod and rod with the servodrive ensures that any valve opening and closing law is attained and makes it easy to operate
and dynamically stable throughout the entire operation. The closure of the shutter bevels is carried out by the force of
the servodrive. This solution provides the lift force decreasing, simplification of the design, less metal consumption, the
easy manufactured and higher reliability, the improvement of repair and maintenance conditions and increase the
dynamic stability and controllability during operation. In fact, the design of the control valve, considered in the article,
provides a reduction in the valve lift force. Depending on the diameter of valve conditional pass, lift force decreases in
1018 times.

Keywords: hydraulic press, control valve, valve uploading, operating reliability of valve, decreasing of valve
lift force.





