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AHHOTAIMHU

Yurnpunckuii B. B., Haymenko E. I'. Hexoropble 0co0eHHOCTH pemieHusl IJIOCKOH 3a1a4¥ MeXaHUKH
CILIOIIHOI cpeasbl // O6paboTka MaTepuaioB fqaBjennem. — 2019. — Ne 1 (48).

Ha 6a3e meTona apryMeHT (QYHKIHI OTy4eHO pelIeHne MIOCKOH 3a1aul TEOpUH YIIPYTOCTH B KIIACCHYECKOM
NIOCTaHOBKE. BBeneHbl B paccMOTpeHHE apryMeHT (QYHKIMM 0a30BBbIX MepeMeHHbIX. [Ipu mmojcTaHOBKe
B tndQepeHaibHble ypaBHEHHS (OPMHUPYIOTCSI ONEPaTophl, ONpeAessieMble STUMH apryMEHT (YHKIHMSIMH, BBITIOJN-
HSIOIINE POJIb CBOEOOPA3HBIX PETYJTOPOB MOMCKA. B pe3ynbpTare 3TOro moucka Moka3aHbl 3aKOHOMEPHOCTH CyIlle-
CTBOBaHUS peuieHui! B Buae cootHomeHuid Komu-Pumana u ypaBaenuit Jlamnaca. ConocTaBiieHbl peleHHsl MIOCKOM
3a/1a4d TEOpUH YNPYrOCTH U MIACTUYHOCTH, NOIYYEHHBIE OJUHAKOBBIM METOIOM. [Toka3aHO, 4TO MeXAy HUMH Cylle-
CTBYIOT COOTBETCTBHUS IO MPUHINIHAIEHBIM COOTHOIIECHHSIM, KOTOPBIE MPOSIBIISIIOT ce0sl ITPH PELIeHNH 33a]ad METOI0M
aprymenT ¢yHkuuii. K HuM otHOCATCs cooTHomeHus Komm-Pumana, nuddepennmansapie ypaBHeHus Jlamnaca, KOoTo-
PBIM JOJDKHBI yIOBIIETBOPSTH apIyMEHT (DYHKIMH, BXOISIINE B COCTAB 0A30BBIX TPUTOHOMETPHUIECKHX M 3KCIIOHECHIU-
anpHBIX (QyHKIWH. [ToxydeHne HOBOTO pe3ynpTaTa CBA3aHO C YCIOKHEHHEM 3a/1auH, 32 CUET PACCMOTPEHHS 30HBI Je-
(GOpMHpOBaHUA B JBYX COCTOSIHMAX — YHNPYIOM M IUIACTHYHOM, COBMECTHOM HX BIMSHHM Ha Ae(QOPMHPOBAHHOE
1 HanpsDKEHHOE COCTOsIHME cpelbl. K TakuM KOMOMHUPOBAaHHBIM ouaraMm Ae(hopMaliii MO>KHO OTHECTH 30HBI IJIACTH-
4ecKOi 00pabOTKH 3ar0TOBOK CPEIHEH U OOJBIION TOJNIIUHEL, B KOTOPHIX HA KOHTAKTE ¢ HHCTPYMEHTOM IPHCYTCTBYET
pa3BuTas 30Ha NPUIUIIaHKs. BiMsHIEe KOHTAaKTHOTO TPEHUsI CIIOCOOCTBYET €€ pacipoCcTpaHeHUIO BIIyOb ouara aedop-
Marluu, o0pa3syst 00JacTh 3aTOPMOKEHHOH TehopMaIivy.

KnaioueBsbie cioBa: ynpyrocts, IiIacTHYHOCTB, IUIOCKAs 33/1a4a TEOPHH YIPYTOCTH, apryMeHT (YHKIHUH, CO-
IIOCTaBUMOCTb peleHni, cooTHomenusa Kommu-Pumana, ypaBHenus Jlamnaca, 30Ha NpUIUIIaHUS.

AmomnH FO. A. MexaHu3Mbl cOOCTBEHHBIX KoJie0anuii B ynpyrux tejaax // Oopabdorka maTepuaion
napjenuem. —2019. — Ne 1 (48).

PaccmoTpeHa SHepreTHYecKd W30JIMPOBaHHAs CHUCTEMa B BHIE YHNPYTOTO CTEPXKHS, 3aKPEIUICHHOTO MEXIY
IByMsl aOCOJIIOTHO TBEpABIMH omopaMHd. Ha OCHOBe SHEpreTH4ecKoil MOAENN MEXaHHKH IOIYy4YeHO pPaclpeiesicHUe
110 00beMy M M3MEHEHHE BO BPEMEHH COCTABIAIOIIMX YNPYroH M KHHETHYECKOH SHEepruu JUli OCHOBHBEIX (hOpPM Ipo-
JOJIBHBIX, TONIEPEYHBIX M KPYTHJIBHBIX KoseOaHmid. Ha ocHOBe aHanm3a CTPYKTYphl KMHEMAaTHYECKMX HHBApUAaHTOB,
ACCOLIMUPYEMBIX C JHEpPrHel, MOoNyYeHbl YpaBHEHUs Ul pacueTa 8 BHAOB JIOKAJIBHOW DHEPIHU ISl YYaCTBYFOLIHX
B KOJIEOaHUIX YacTHILl, B TOM YHCJIE 2 BHJA, KOTOPhIE HE BIMSIOT Ha MHTETPAIBHYIO [0 00bEMY Tella DHEPTHIo edop-
manuu. [TokazaHo, 4To, 0 aHAJIOTUH CO CBOOOAHBIMHU KOJIEOAHUSMH YIPYTHX TeJl, KOTrJla U3MEHEHHE T€OMETPUYECKOM
CTPYKTYPBI IPOMCXOANT O€3 MMPUTOKA SHEPTHHN Yepe3 BHELIHNE IPAHUIIBI CHCTEMBI, BO3MOXHBI H3MEHEHHSI B MUKPOOO'b-
eMax, IPOSIBISIEMbIE B YPaBHEHUSX ABMKEHUS M IPOUCXOISIINIE 32 CUET BHYTPEHHUX HCTOYHUKOB SHEPrHH O6e3 oOMeHa
SHEpruel ¢ COCEIHNMH YacTUIaMH. BrICKa3zaHO MpeArosokeHne, YTo BIUSIONNE Ha HHTETpalbHbIe IO 00beMy 4acTh
SHEepPrur 00ECIIeYNBAOT BBHITOJHEHNE 3aKOHA COXPAHEHUS, a JIBa IPYTHX BHIA OTPAXKAIOT OCOOCHHOCTH TU(epeHITH-
aNTbHBIX ypaBHEHUI ABMKEHHUS. YacTHIBI B CCUCHUSX, Yepe3 KOTOPhIE MIPOHCXOIAT BHEIHHUE BO3ACHCTBHUS LIS BO30Y K-
JCHUS TTOTICPEYHBIX M KPYTHIBHBIX KOJIeOaHMit, He MEHSIOT (GopMy U 00beM, PHEpPTus Ha Ae(opMaIiio YacTHII He pac-
xoxyertcs. [lomydeHHble pe3ysIbTaThl, B TOM YHCJIE TI0 NEPHOAY U YacTOTaM KosieOaHui, a TakKe BBINOJIHCHUIO 3aKOHA
COXpaHEHHs JJI1 HHTETPATIbHBIX 110 00beMy 3HAUCHUH KHHETHYECKOH M YIPYroi SHEPIHH, B JOMOJIHEHNE K H3BECTHBIM
peleHusM Juist a0COMIOTHO TBEPIBIX U IeOPMUPYEMBIX TEJI, MOXKHO pacCMaTpHUBaTh KaK JOTIOJIHUTEILHBIE apTYMEHTBI
NPaBOMEPHOCTHU MPUMEHEHUsI SHEPTETUIECKON MOJIENH [UIsl PEILICHHUS] pa3JINuHbIX 33/1a4 MEXaHUKH.

KnioueBble ciioBa: ypaBHEHHs JIBH)KEHHMs, lepeMeHHbIe Jlarpanka, WHBapHaHThI, SHEPreTHYECKasi MOJIENb,
COOCTBEHHBIE KOJIEOAHUS.

Aauesna JI. ., Anues U. C., I'pyaxkuna H. C., Maauii K. B. MoaeaupoBanue npounecca KOMOMHMPOBAaH-
HOr0 PaauaJbLHO-00PATHOIO BbIIABJMBAHHUA AeTajeil ¢ duaanuem // OfpadoTka MaTepuaaoB JaBJIeHHEM. —
2019. — Ne 1 (48).

PaccMoTpeHBI CrIOCOOBI H3rOTOBICHUS CTEPKHEBBIX JIeTajell ¢ (IaHIIEM U OCEBBIM OTPOCTKOM BbIIABIUBAHU-
eM. [IpuBeneHbl pe3ynbTaThl MOJEIMPOBAHUS Mpoliecca KOMOMHMPOBAHHOTO PaJHalbHO-OOPATHOTO BBIIABIUBAHUS
CTEP)KHEBOM IeTaiu ¢ (JIaHIIeM U OTPOCTKOM SHEPTeTHIECKUM METOIOM BepXHEH omeHKHu. J[JIs orepaTHBHOIO pacyera
KOMIIOHEHT MPHUBEACHHOIO AaBJICHUS TSI KHHEMATHYCCKHX DJIEMEHTOB MapalIeIbHOTO TSUCHHs MeTajlia pa3paboTaHbl
U TIOATOTOBJICHBI 3aBUCUMOCTH JJIs pacyeTa MPUBEACHHBIX JABJICHHUS 3JIEMEHTOB 1e()OpMUPOBAHHMS, CIABUTA U TPEHHUS
Ha TPaHUIAX MOIYJIS.

Y CTaHOBJICHO, YTO MPH KOMOMHUPOBAHHOM BBIZABIMBAHHUH C UCTCUCHUEM METaJlIa B PaJHaIbHOM H 00paTHOM
HATIPaBJICHUAX, OYard WHTCHCHBHOHM ILIACTHYECKON medopMaiuy COCPEIOTOUYCHBI B 30HAX BEIXOIHBIX OTBEPCTHIA,
HA TIEPEXOTHBIX KPOMKaxX JehOpMUPYIOIIEro WHCTpPYMEHTa. MeXIy HHMH pasMelleHa HeaehopMupyeMas KecTKas
30Ha. KnHemaTtndeckue mapameTpsl Mpollecca HaXOISAT W3 YCIOBHS PAaBHOBECHS HaHHOW 30HEL 1o 3TOMY ycCiIOBHIO
MOII[HOCTH, MPUJIOKEHHBIE K JKECTKOH 30He ¢ 00eWx CTOpPOH, paBHBI. JlaHa TakKe OIICHKA 3aKOHOMEPHOCTSIM
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(opMoM3MeHEHNS 1 pa3BUTHS 1e(OPMUPOBAHHOTO COCTOSIHUS 3aTOTOBKH B IIpOIiecce KOMOMHUPOBAaHHOTO BBIJABIIMBA-
nust. [IpeacraBnensl rpaguyeckne 3aBUCUMOCTH (POPMOM3MEHEHUsI 3arOTOBKH, KOTOPbIE MO3BOJITIOT IPOTHO3HPOBATH
ToJy4eHue 1oty pabprkaToB ¢ HEOOXOUMBIMHU I'€OMETPUUECKIMH MapaMeTpaMH.

JlaHO comocTaBlieHNE PAaCUCTHBIX 3HAUEHUH MapaMeTpoB (POPMOM3MEHEHHS U CHIIOBOTO PEXXNMa, HOITyYCHHBIX
METOOM KOHEYHBIX 3JIEMEHTOB C JHEPTeTHYECKUM METOAOM BEPXHEH OLEHKH M HKCIIEPHMEHTAIBHBIMH IAHHBIMH.
CpaBHEHHE TEOPETUIECKUX U KCIIEPUMEHTAIBHBIX 3HAYCHUH JaBIeHUH Ae(hOPMHPOBAHUSI U CKOPOCTEH TEUECHHS MEX-
Iy coboil, a Takxke ¢ pe3ylbTaTaMH, IOJy4YEeHHBIMH METOIOM KOHEUHBIX 3JIEMEHTOB, MOKA3aJl0 MPUEMIIEMOCTh TIOJTY-
YEHHBIX 3aBUCUMOCTEHN JUIsl TEXHOJIOTHYECKUX PACUeTOB CHIIOBBIX MapaMeTPOB U OLEHKU OPMOOOPa3oBaHuUs JeTaeil.

KaioueBsbie ciioBa: neranu ¢ ¢uiaHieM M OTPOCTKOM, KOMOMHUPOBaHHOE pallalibHO-00paTHOE BBIIABINBA-
HHE, 1eOPMUPOBAHHOE COCTOSIHHE, METOJI KOHEUHBIX 3JIEMEHTOB, ()OPMOU3MEHEHHE, CUIIBI 1e(hOPMHUPOBAHUSI.

Aumnesa JI. ., TutoB A. B., Kopaenko M. 10. MojenupoBaHue npoueccoB MonepevyHoro 60K0BOro BbI-
napiauBanus // O6padoTka MmaTepuaoB AaBjieHueM. — 2019. — Ne 1 (48).

MopennpoBaHHE CHIIOBOTO peXKMMa TIporiecca OOKOBOTO BBIIABINBAHUS METOIOM BEPXHEH OIEHKH TO3BOJIIIO
OILICHUTPH BIUSHHUE TEOMETPHUECKUX MTapaMETPOB M BHJA TIOJIS CKOPOCTEH Ha MPUBEICHHOE NaBJIeHNE 1e(hOpPMUPOBAHNS.
Y CTaHOBIIEHO, YTO ONTUMAIBHOE YHCIIO YKECTKUX AJIIEMEHTOB 3aBUCHT OT OTHOCHTENHHOW TOJIIWHBI BHIIABINBAEMOTO
oTpocTka. PacueTHbie (OpPMYIBI IS INIOCKOTO OOKOBOTO BBHIIABIMBAHUS, TIOTYYCHHBIE METOJOM BEPXHEH OLIEHKH, TO-
Ka3bIBaIOT PE3yJIbTaThl, OJIN3KME aHAJIOTUYHBIM PELICHUSIM JUIS IPYTUX 3allad IJIOCKOTro e opMHUpOBaHuUs B Mpoliecce
JOLITAMITOBKH M OCAJKH, OTIMYAIONIUXCS BHIOM Pa3pBIBHOTO MOJS cKopocTed. [loyueHsl yTOYHEHHBIE 3aBUCHMOCTH
JUIA pacdeTra JaBJICHHUS e(OPMHPOBAHUS B MaTpUIaX C KOHMUECKOW U 3aKPYTJIIEHHOW MepexoaHol KpoMKou. Jlis mo-
CJIEJIHETO Ciy4yasl MPUMEHEH KPUBOJIMHEHHBIN TPeyrojbHBIH MOAYJb, JUI1 KOTOPOTO ONHCaHAa METOAMKA IOCTPOEHUS
U pacueTa KOMIIOHEHTOB IIPUBEJCHHOTO JaBJIEHUs Ha JHHUAX pa3pbiBa CKopocTeil. MeTon BepXHel OIEHKH IO3BOIHI
OLICHUTh HEPABHOMEPHOCTh pacnpeeneHus aqedopmanuii mo ce4eHo BBIIABIEHHOTO OTPOCTKA U PACCUUTATh BEIHYH-
HY TETJIOBBIZIETICHUS] COOTBETCTBYIOIIECH HAKOIUIEHHOH edopMannyl BIOJIb JIMHUI ToKa MeTauta. PaccMoTpeH mporecc
OOKOBOTO BBINABIMBAHUS OTPOCTKA B MAaTPHIE C KOHWYECKON NMEPEeXOIHOW KPOMKOW M MOJTBEPIKIEHAa BO3MOXKHOCTh
B3aMIMHOW KOMITCHCAIIMN HEPABHOMEPHOCTHU JIe(OPMALIMI TIPH MPOCTHIX CXEMaxX BEHINABIMBAHUS, IPU UX B3aUMHOM CO-
YeTaHUH WX JomoNHeHNH. [Tog0op cxeM BBRIIaBIUBAHHUA B MHOTOIIEPEXOJHOM IIPOIecce MM MPU KOMOMHUPOBAHHOM
nepOopMHUPOBaHU, IPOBEICHHBII C YIETOM XapaKTepa paclpeneneHus nedopMannii, MOKeT OBITh 3(P()EeKTHUBHBIM Me-
TOJIOM CHIDKEHHS HEpaBHOMEPHOCTH Ae(opMaIiiy 3arOTOBKH.

KiroueBrle coBa: 60KOBOE BRIJABINBAHIE, METO/ BEPXHEH OIIEHKH, IPUBEICHHOE AaBJICHNE, KPUBOJIMHEHHBIC
KHMHEMaTHYECKHE JIEMEHTHI, HEpaBHOMEPHOCTD Ae(hopMaIliy, TeTIIOBbIIEICHHUE.

Kamoxubrii B. JI., Jlepuenko B. H. HUcnoss30Banne MeToa 6ananca MOIIHOCTEH U HHKEHEPHOT0 METO-
Ja AJs aHAJIN3a CTAIMOHAPHOI CTAaANH XO0J0IHOI0 OOPAaTHOT0 BBHIIABJIMBaHHUA ¢ pa3nadeii / OopadoTka mare-
puasoB aapjenueM. — 2019. — Ne 1 (48).

Metonom OanaHca MOITHOCTEH COBMECTHO ¢ MHXKEHEPHBIM METOJIOM MPOBEACH aHAN3 XOJOTHOTO 00paTHOTO
BBIJABJIMBAHMS C pa3ayeil B MOABMKHON MaTpHUIIE MOJBIX U3AEIUI HA CTallMOHAapHOU cTtaauu. Mcnonb3zoBaHue MeTona
OanmaHca MOITHOCTEH MO3BOJAECT OMPENCITUTh BIMAHHUE TPEHHWS HAa KOHTAKTHUPYIOIINX IMOBEPXHOCTAX HHCTPYMEHTA
¢ ogaroM naedopManuy U YIPyruMu obdbeMamu cIe)OpMUPOBAHHOW 3aroTOBKH. [IprMeHeH¥e MH)KEHEpHOTO MeToja
TTO3BOJIMIIO HAWTH HATIPSDKEHUS B odare nedopManunil A MOCIeayomero yaera TpeHus no KynoHy mpu onpeneneHun
MOIIIHOCTEH Ha MPeoI0JIeHHEe CHJI TPEeHUs. B perenun yareHo ynpoyHeHrne MeTaia B odare fgedopmanuu npu popmo-
HM3MEHEHHH T10 CTETIEHHON alpOKCUMALMHU JHarpaMMBbl HCTHHHBIX HanpspkeHui. [lomydensr ¢hopMysl Ui onpeaene-
HUsI YCUIIUS BBIJABIMBAHUS U yIENbHBIX YCHIMH Ha ITyaHCOHE M MATpHUIle, a TAKXKe Mpeiena TeKydecTH caedopMupo-
BaHHOTO MeTaia. [[Jisi mpoBepKH aleKBAaTHOCTH PE3YJIbTATOB PACUETOB IO MOJYYSHHBIM 3aBUCHMOCTSIM BBIITOJIHEHO
MOJIETUPOBAHUE BBIIABIMBAHUS TOJBIX M3JEIUNH KOHKPETHBIX pa3MepoB u3 cTaiu 10 ¢ ucmonb3oBaHHEM MeEToja Ko-
HEYHBIX 3JIeMeHTOB. CpaBHEHHE Pe3yJIbTaTOB PACUETOB M0 YCHIIMIO BIIABIUBAHUS, YIPOUHEHUIO METaJlIa B o4are Jie-
(dhopmaruu, yIeapHBIM YCHIIASAM Ha ITyaHCOHE TI0Ka3aJI0 BO3MOXHOCTh HCIIOIh30BAaHUS TOTYICHHBIX (hopMyIT s mpak-
TUYECKUX PAcUeTOB IpoIiecca 00PaTHOTO BHIIABIUBAHUS C Pa3Iavei.

KuaroueBsie ciioBa: oOpaTHOE BBIIABIMBAHIE, [TOJIOC H3IENNE, METOI OaaHca MOIIHOCTEH, HH)KEHEPHBIN Me-
TOII, YCHJIUE U yIeNbHBIC YCHIINS, YIPOUYHEHHE, METOI KOHCUHBIX JIEMEHTOB, CPAaBHEHHE PE3YIhTaTOB PACUECTOB.

Turos B. A., Bens A. H. MoaennpoBanue TeXHOJIOTHYeCKOro Inponecca BbIIABINBAHHSA 3ar0TOBOK
KOMIIPeCCOPHBIX JIonaTok // O0padoTka MaTepuajioB AaBiaeHueM. — 2019. — Ne 1 (48).

[enbro pabOTHI SBISETCS YUCIEHHOE MOJIEIMPOBAHHE MPOIIECCa BBIIABINBAHUS 3aTrOTOBOK JIOMATOK KOMIIpec-
COPOB aBHAIMOHHBIX JBUTATENel MPH PELICHUH 331ad TUIACTUYECKOW nedopMalii, CpaBHEHUE PE3YJIbTaTOB MOJEIH-
POBaHUSA C peabHBIMH pe3yIbTaTaMH.

[TokazaH croco® MCHONB30BaHUS COBPEMEHHBIX CHCTEM MOJIETMPOBAHHMS, TO3BOJISIOIINI 3HAYUTEIILHO COKpa-
THUTbH PACXOJbl M BpeMsl pa3pabOTKN HOBOM OCHACTKH 32 CUET BHUPTYaJIbHOTO MOAEINPOBAHUS MPOIiecca MITaMITIOBKH, 0e3
W3TOTOBJIEHHS OCHACTKU U 3arpy3KH Ky3HEUHO-IIPECCOBOTO 000pYI0oBaHMs. B kauecTBe cHCTEMBI MOJETHMPOBAHUS TIPO-
LIECCOB MCIONIb30BaHO nporpammy QForm 2D/3D, ¢ moMomsio KOTOpOH MOXKHO BapbHpPOBATh Pa3lUUHBIMH HapaMeT-
pamu mporiecca neopMIpOBaHHS.

ITpoBeneHo MomenMpoOBaHUE TEXHOJIOTWYECKOTO MpPOIEcca BHIJABIMBAHUS 3arOTOBOK KOMITPECCOPHBIX JIOMa-
TOK Ta30TypOMHHBIX [BUraTeneil. IIporecc BBIIABIMBAHHMS MOIECIHPOBANCA MO (DAKTHUECKHM pa3MepaM JIOMaTKH
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1 mTaMnoBoi ocHacTku. 1o opme mpoduist 3aroToBKM KOMIPECCOPHOH JIONATKH C YYETOM TeMIEpaTypHOTO PacIlu-
pEeHHUS CO3AaHBl MOJAENH IITAMIIOBOM OCHAcTKH. PaccMOTpeHBl 0COOEHHOCTH CO3JaHUSI TPEXMEPHOHW MOMEIH, 3a/1aHus
NapaMeTpoB MOJEIU B PACUETHBIA MOIYJIb U HAHECEHHSI CETKUM KOHEUHBIX 3JIeMEHTOB. [IpuBeaeHb! pe3ynbTaThl KOMIIb-
IOTEPHOTO MOJAEIHPOBAHNUS, TIOKa3aH XapakTep TEUCHUsI MeTa/ula Mpu AedopManiy, CHIIOBBIE M SHEPTeTHIECKNE Tapa-
MeTpHI Tporiecca. [IpuBeaeHs! pe3ynbTaThl HKCIIEPUMEHTATIBHBIX HCCIEAOBAHNI, BHITOJHEHHBIE HA CEPHH 3arOTOBOK,
KOTOpBIE OBIIIM TIOJTyYCHBI C ITOCTETIEHHBIM YBEINYEHHEM JUTMHBI ITepa 10 TEXHOJIOTHYECKHX ITapaMeTpOB.

[IpeacraBneno cooTBeTcTBHE (OPMBI BHIIABICHHOW 3arOTOBKHU, MOJIYYEHHOW PAcYETHBIM IyTeM, BHEIIHEMY
BUJly peabHON 3ar0TOBKH, XapaKTep 3allOJHEHHUS TOJIOCTH MaTPHIIBL, a TAKKe MecTa 00pa30BaHUs BO3MOXKHBIX Jedex-
ToB. IlokazaHo MMPUMEHCHUEC TMPUKIAJHBIX TEXHOJIOTUM 1A MOJCJIMPOBAaHUA IMpoLecca zle(bopMauym U U3TOTOBJICHUA
IITaMIIOBOYHOTO 000pY/IOBaHUSI.

KnroueBbie ciioBa: KoMIpeccopHas J0MATKa, BbAABINBAHNE, YUCICHHOE MOJEINPOBaHNE, TIIaCTHUECKas [Ie-
(bopmarys, TpexMepHasi MOJIelb, TIepo, 3ar0TOBKa, ra30TYpOUHHBII IBUTaTEIb.

Mengenes B. C., bazaposa E. B. MaremaTuueckasi Mmojejib (popMon3MeHEeHHsI MeTAJJIa B YePHOBBIX 3a-
KPBITBIX 0a104HBIX Kaaudpax / O0padoTka MaTepuaaos aapiaeHueM. — 2019. — Ne 1 (48).

3akprIThIe OANTOYHBIE KATHOPHI MIPUMEHSIOTCS HAa COPTOBBIX CTaHAX IIPH IPOU3BOJCTBE ABYTaBPOBBIX MPOhHIIeH
IIMPOKOTO COPTAMEHTa. B 4epHOBBIX KamnOpax U3 MPSIMOYTOJIBHON 3arOTOBKH 32 HECKOJIBKO ITPOX0I0B (hOPMHUPYIOT MOJ-
KaTbl JIBYTaBPOBOH (POPMBI CO CTCHKOH M JOCTATOYHO BBICOKMMH (aHIaMu. J{j1s TOBBIIIEHHS TOYHOCTH TOTOBBIX JIBY-
TaBPOBBIX NPOQHIIEH OIKATHI B YEPHOBBIX KaInOpax HE0OX0auMO (GOPMHUPOBATh C CHUMMETPHYHBIMH (pIIaHLIAMH U C BBI-
COTOH, 0OecneunBaroeli HaJje)KHOe BBICOTHOE OOXkaTHe (pIaHIeB B IOCIIETYIOMIX KOHTPOJIBHBIX KAIHOpax U MOIy4eHUe
TOYHBIX Pa3MEpOB MO IIMPHHE MOJOK B YACTOBBIX YHUBEPCAJIBHBIX KamuOpax. st pemeHus 3Toi 3amaun pa3paboTunk
TEXHOJIOTMH JIOJDKEH pacroliarath HaJIe)KHBIMU METOAaMH pacdeTa JOpMOM3MEHEHHST METaIlIa B KaJIMOpax.

Lenpto qaHHOM paOOTHI ABJISIETCSI pa3padOTKa MaTeMaTHYecKoil Moaean (JOPMOU3MEHEHHS MeTajlla B 3aKpbl-
TBIX 0AJIOYHBIX KAINOPax ¢ OTHOIIECHWEM TOJIIMHBI CTEHKH K BhIcoTe podurs, paBaeiM 0,2—0,4.

B pesynbprare TeopeTHYeCcKnX HCCIeNOBaHMK pa3paboTaHa MaTeMaTH4ecKas MOJENb pacdyeTa MHTETPaIbHBIX
XapakTepucTuk GopmMonsmMeHeHns MeTama (ko3 uIMeHToB BEICOTHOH fedhopMaIiy MOJIKH, OTKPBITOIO M 3aKPhITOTO
(h1aHIEeB) B 3aBUCHIMOCTH OT TIPSIMOTO OOXKaTHsI CTEHKH, OOKOBOTO 00KaTHs ()JIAHIEB M TEOMETPHUECKIX ITapaMeTpOB
ouara aedopmari. B ocHOBY MaTreMaTHYeCKOW MOJENH TIOJIOKEH MHOTO(DAKTOPHBIH TEOPETUYECKUN IKCIIEPHMEHT
B JMHAMHYECKOI MOCTAaHOBKE C BapbHPOBaHUEM Oe3pa3MEpHBIX TEXHOJOTHUECKHX MapaMeTPOB MPOKATKH (KOA(hPHUIIH-
eHTa 00KaTHs CTEHKH II0 TOJIIMHE, cpeaHero KoddduunenTa 60K0BOro 00xKaTHs MO TOJIIIHE OTKPBITHIX M 3aKPBITHIX
(JaHIeB W OTHOIIECHUS LIMPUHBI CTEHKH K ee ToMuuHe). ['paHuIsl BappupoBaHHs Oe3pa3MepHBIX TEXHOJIOTHYECKUX
HapaMeTpoB IPOKATKE BBHIOPAHBI MO pe3yJjbTaTaM aHallk3a JEHCTBYIOMINX KaTMOPOBOK NMPOKATHBIX BAJIKOB. TeueHne
MeTaJlla B KanuOpax HCCIIEJ0BaJIH C HCIIOJIb30BAaHWEM METO/a KOHEYHBIX AJIEMEHTOB M NPOTPAMMHOIO KOMILIEKCa
SIMULIA/ABAQUS. IlpuBenensl rpaduku n3MeHeHHs KOA((GHUINEHTOB BBICOTHOH Ae(dOpMaIiy IMOJIOK, OTKPBITHIX
1 3aKpBITHIX (JIAHIEB OT 00XKaTHsI CTEHKH, OOKOBOTO 00XKaTHs (pIaHIeB M IIMPUHBI CTEHKH. Pe3ynbpTaTsl MoaennpoBa-
HUsI 00paboTaHBl KJIACCHYECKUMH METOJaMH PETPECCHOHHOIO aHali3a ¢ MCHoNb3oBaHMeM nporpamMm MathCadl4
n SPSS u mpezncraBieHbl B BHJIE PErPECCHOHHBIX 3aBUCHMOCTEH. MaTteMaTndeckass MOAENh aJeKBATHO OINMCHIBAET
(hopMOM3MEHEHNE METAIIA B YEPHOBBIX 3aKPBITHIX OAJTOYHBIX KAINOpax M €e PeKOMEHIYETCS HCIONIb30BaTh Ha IMPaK-
THKE TP pa3paboTKe TEXHOJIOTUH MPOKATKH M pab0uMX KaJHMOPOBOK BAJIKOB IS IIPOM3BOJCTBA ABYTABPOBBIX MPOQH-
JIe¥ MOBBIIIEHHON TOYHOCTH.

KnroueBbie ciioBa: mpokaTka, KaIMOpOBKa BAJIKOB, ABYTaBPOBBII NMPpoGuib, 6anoyHslil kKatubp, hopmousme-
HeHHe, Ipupalienie GpiaaHies, rpadguk, MaTeMaTHdeckas MOAeNb, aehopMaLis MeTasia.

Pemes O. A., Orunckuii U. K., Ky3bmuna O. M. MoaeaunpoBaHnue npouecca HelnpepbIBHOWH NPOKATKHU
B KaJIMOpax cHCTeMbI «0BAI-Kpyr» // O6padoTka MmaTepuasoB naBiaeHueM. — 2019. — Ne 1 (48).

Pa3paboTka TeXHOJIOTUH MPOKATKH VISl Pa3IMYHBIX TPYIII CTajled Ha HEIIPEPhIBHBIX CTaHAaX B HACTOS’ILEE Bpe-
M1 BBITIOJTHSIETCSI B OTCYTCTBHE JOCTOBEPHBIX CBEJICHUI O B3aMMOCBS3H BBICOTHOH M IMOTNIEPEYHOH fedopMaIii B ycIo-
BHSIX TIEPETHETO, 33/IHETO HATSHKEHHUSI M COBMECTHOTO MX AeHCTBHUS. HemoctaTouHO McCIeJOBaHHBIM SIBIISICTCS BIMSHIE
CHCTEM BBITSDKHBIX KalMOPOB Ha IapaMeTphl ITPOKATKK B HETIPEPBIBHBIX CTaHaxX. McciieoBanus mapaMeTpoB NPOKATKH
B KaIMOpax CHCTEMBI «OBAJI-KPYT» (PacCMOTPEHBI HA MPUMEPE CXEMBI «KPYT-OBAJD) TIPH MPOKATKE KPYTIIOH 3ar0TOBKA
B OBAJIFHOM KaJHOpe) MPOBOAMIIOCH C MCIIONIb30BaHHEeM KoHeuHO-3IeMeHTHON nporpaMmMbl FORGE 3D. Uccnemoanus
npoBoawiIKch st ctany 08X13, oTHOCAIIEHC ST K MaTepuaiaM, CKJIOHHBIM K TIOBBIIICHHOMY YIIHPEHUIO. JTa 0COOeH-
HOCTb TEUEHUs] MeTaJlIa NMpH AedopMali N3yyeHa HEJ0CTaTOYHO, YTO CO3AaeT TPYAHOCTH IPH Pa3paboTKe PEeKUMOB
obxxaTuil. Pe3ynbraThl, peicTaBICHHBIE B CTAaThe, NPEJHA3HAUEHBI, B YACTHOCTH, [UIS MIOATOTOBKH 3KCIEPHMEHTAb-
HBIX UCCIIEIOBAaHUM.

Lenbto HacTosmIEl pabOTHI SIBISIETCS] Pa3BUTHE METOMIOB MCCIIEIOBAHUS KHHEMATHUECKUX apaMeTpOB Hempe-
PBIBHOHM COPTOBOIT IPOKATKHU C MOMOLIBIO METOJIOB KOMITBIOTEPHOTO MOJAEIMPOBAHUS, M ONPEACICHHs Ha 3TOH OCHOBE
3aKOHOMEPHOCTEH M3MEHEHHsI TEXHOJIOTHYECKUX MapaMeTpoB NPH HENPEPHIBHON NMPOKATKE B CHCTEME BBITSDKHBIX Ka-
TUOPOB «OBAJ-KPYT».

MopenvupoBaHue 10 YKa3aHHOM cXeMe BBIOIHSIIOCH IS CITy4aeB MPOKATKU C Pa3IMYHBIMU COUYETaHUSIMH IIe-
pEeIHETO W 3a7Hero HaTsbkeHWs. MccienmoBaHMs MPOBOMMIINCH JUIS YCIOBHH PacCOTrTIacOBaHUS CKOPOCTEH MepeaHero,
3aJJHEr0, OJHOBPEMEHHO MEPEIHEr0 1 3aJHETO KOHIOB IOJIOCHL. JIMana3oH OTHOCHUTEIBHOTO PAacCOTJIACOBAHMS CKOPO-
cTel (10 OTHOIICHHUIO K MPOKaTKe 0e3 HaTshkeHus1) cocTaBmi 2,5...10 % c kpaTtHOCTBIO 2,5.
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Jwnamazon m3MeHeHus K03()PUIMEHTOB BBRITSDKKHA cocTaBwi A = 1,043...1,529, oH sBIseTCS JOCTATOYHO Xa-
PAKTEpHBIM JIJISl TaHHOH CHCTEMBI KaTHOPOB.

KaroueBnie ciosa: MKD, cucrema KanuOpoB, peoJIOTHs, HATSDKEHUE, KOI(PQUIIMEHT BBITSHKKH, MPOKATKA,
VIIUpEeHUE, MapKa CTaJli, HEMPEPHIBHBIN CTaH.

I'epacumenko A. B., Mapkos O. E., Kocuiios M. C., Xpamunckuii A. C., Usanos II. I1. UccaenoBanue
npouecca pacKaTKH CTYNEeHYAThIX KOHYCHBIX KoJiel // O0pa6oTka MaTepuajioB gaBiaeHueM. — 2019. — Ne 1 (48).

B pabote nccienoBaH HOBBII CrIOcO0 packaTKy KPYIMHOTaO0apUTHBIX KOHYCHBIX KOJIEIl CO CTYIEeHYaThiM Mpodu-
neM. [IpenmoxeHHbIH crocod 3aKirodaeTcss B 1eOpMUPOBAHUN 3aTOTOBKH C YCTYIIOM CTYIIEHYaThIM OoiikoMm. B pabote
NpeJIO’KeHa METOIMKa IPOBEASHUS HMCCICHOBAHMH METONOM KOHEYHBIX JJIEMEHTOB. MeTonuka IpeaHa3HadeHa I
OIpeNIeNICHUs] 3aBUCUMOCTEN HaIpsHKEHHO-1e(OPMHUPOBAHHOTO COCTOSHHSL M (POPMOHM3MEHEHHUSI 3arOTOBKH B IIpOIIEcce
packaTku CTyrneH4YaTbiM OolikoM. [lepeMeHHbIME MapamMeTpaMyl ObIIM OTHOCHTENbHAS BBICOTA BBICTYIIA CTYNEHYATHIX 3a-
TOTOBOK, KOTOpas BapbUpoBajiack B uHTepBaie 2,3 ... 2,4. Ha ocHOBe KOHEYHO-3JIEMEHTHOTO MOJICJIUPOBAHIS OBUIH yCTa-
HOBJICHBL: PaCIIpe/ie]ieHNe WHTEHCHBHOCTH JeopMalii B CEUSHUH TMOKOBKU II0CJIE PACKaTKH CTYIEHYATHIM OOMKOM.
Ormpenernsiach KOHYCHOCTH ITOKOBOK, KOTOpasi oOpa3yercsi IpH packaTKe Mo JaHHOMY crioco0y. KoHeuHo-aiemMeHTHOe
HCCIIEJOBaHNE MO3BOJIMIIO YCTAHOBUTH, YTO PacKaTKa CTYIEHYaTbIM OOMKOM IPUBOIHUT K 00pa30BaHUIO KOHYCHOH (hOPMEI
TIOKOBKH. JTO OOBSICHASTCS TEM, YTO IIPH 0OXKaTHH yCTyIa uieT OoJIblas TaHTeHIMaIbHas ehopMalys KOJIbLEBOH 3aro-
TOBKH B 30HE YCTYIIa, Y€M 30HE BBICTYIIa BCJIEICTBUE PA3IMYHON BBHICOTHI CTYNIEHYATOH 3ar0TOBKH. Y CTAaHOBJIEHO, UTO IIPH
packarke 3aroTOBKH C pa3HHUIEH OTHOCUTENBHBIX tuameTpoB 0,43 mpu packaTke OJHOBPEMEHHO J1e(OPMHUPYIOTCS BBICTYTI
u yery. [Ipu 5ToM IuaMerp ycTyla yBenuuuBaeTcsi HHTeHCHBHEE, YeM BBICTYIIA, BCIECACTBUE YeTo MOKOBKA PHOOpeTaeT
KOHYCHYIO (popMy. DTO 0OBSCHSETCS pa3INuHbIMU CTENEHIMH JIe)opMalii, KOTOpble 00pa3yloTCs B BBICTYIIE U YCTYIIE.
Bonee Toro, crenens aedopmaniy B yCTyIe YBEIMUMBACTCSI HHTEHCUBHEE, YeM B BbIcTyne. PasHuna B crenensx nedop-
Maly BO3HUKAET M3-32 PA3HULBI B TOJIIMHE CTEHOK BBICTYNIA M YCTyna. B pe3yibprare HMCCIEIOBaHUM, BBINOIHEHHBIX
B paboTe, OBUIO YCTaHOBJIEHO, YTO PACKATKa CTYNEHYATHIX KOHYCHBIX 3aIOTOBOK BO3MOXHA, 3TO PACIIUPSET TEXHOIOTHYe-
CKHE BO3MOYKHOCTH TIPOIIeCCa PacKaTKh KPYITHOTa0apUTHBIX TIOKOBOK.

KaroueBsble cjioBa: cTyneHIaToe KOHYCHOE KOJIBLIO, PACKaTKa, CTYyIIeHYaThIi 00eK, pacipeneneHue nedopma-
i, hopMOn3MEHEHNe, KOHYCHOCTb.

Mapkos O. E., 3abiropes B. H., )Kutuukos P. 0., Unuakos E. B., Puzak II. 1. CoBepuieHcTBOBaHUE
npouecca 0CaK| YeThIpeXJIyueBbIX 3ar0TOBOK € YIVIOM BOTHYTHIX rpaneii 150° // O0padoTka maTepnanoB naB-
JeHueM. — 2019. — Ne 1 (48).

[TpennoxkeH HOBBIH crocod ocanku 3aroToBokK. CHocod 3aKiroyaeTcst B 0CaJlke 3aroTOBOK C BOIHYTBIMH I'pa-
Hsamu. PazpaboTaHa METOIMKa TEOPETUIECKUX HCCIEIOBAaHUN. JTa METOHKA 3aKJIF0YANach B HCCIEIOBAHIH MEXaHH3-
Ma 3aKpBITHSI HCKYCCTBEHHBIX OCEBBIX Zie(hpeKkTOB B 3arotoBkax. lccienoBaHus MpoOU3BOAMINCH HA OCHOBE METOJa KO-
HEYHBIX 37eMeHTOB. OCHOBHBIM MapaMeTpOM HCCIe0BaHus Oblia TIIyOWHA BOTHYTBHIX IpaHel 3aroToBKH. DTOT mapa-
MeTp BapbupoBaiics B quana3zoHe 25 %; 20 % u 15 %. Yron BorHyThix rpaHed coctaBisin 150°. PesynpTatamu teope-
THYECKHUX MCCIICIOBAHUN SBISIINCH pacTpefeleH s : 1eGopMannii 1 HaNpsDKeHNH B TeJle 3aTOTOBKH B IIPOLIECCE OCAAKA
3aroTOBOK C BOTHYTBHIMH IpaHsMH. Ha OCHOBE 3THX IapaMeTpOB yCTaHABIMBAJICS TOKA3aTeNb HAMPSHKEHHOTO COCTOSI-
HUSI B OCEBOW 30HE 3aroTOBKU. B pe3ysbTare TEOpeTH4ecKHX HCCIeNOBaHWN OBUIO YCTaHOBJIEHO, 4TO 3((eKTHBHON
IITyOMHOW BOTHYTBIX TPaHEil SIBISIETCS] COOTHOILCHNE TUAMETPOB BBICTYIIOB U YCTYIOB, paBHbIX 15 %. Jisg 3Toro coot-
HOIIICHUS TIPOUCXOJUT MHTEHCHUBHOE 3aKPBITHE OCEBOTO AedeKkTa. DTO OOBACHACTCS BBICOKMM YPOBHEM CHKUMAIOIIHX
HaIpsDKEHUH NP 0CajIKe 3arOTOBOK C BOTHYTHIMHU TPaHsSMH. YCTaHOBIIEHA 3(QEKTUBHAsL CTENeHb AedopMalun, npu
KOTOPOW MPOMCXOJIUT WHTEHCHBHOE 3aKpbITHE Ne(EeKTOB. YCTAHOBJIEHBI paclpeiesieHns aAedopManuil Mo CeUSHUIO
1 BBICOTE 3arOTOBKH, a TAK)Ke M3MEHEHHE ITOKa3aTellsl HAPSHKEHHOTO COCTOSIHUS B MPOLIECCE OCAIKH 3arOTOBOK C BO-
THYTBIMHU TpaHsMHU. [IpoBeeHHbIE HCCIIe0BaHMUs MO3BOJIMIN CJlIENIaTh BBIBOJI O BBICOKOW A((EeKTUBHOCTH INpejiarae-
MOTO HOBOTO cIIOc00a 0Ca/IKM 3ar0TOBOK C BOTHYTHIMH I'PaHSIMHU.

KnioueBble c10Ba: BOTHYTBIE TPaHH, 0Ca/IKa, HAPSHKEHHO-IE(HOPMHUPOBAHHOE COCTOSIHUE, OCEBBIE Je(eKThI
CJIUTKA, BBICOKOKA4ECTBEHHBIE TOKOBKH.

Crapxos H. B., Ctpeaxosckas JI. U. JxkcniepuMeHTATbLHOE HCCIeI0BAHUE MJIACTUYHOCTH AJIIOMHUHHEBO-
ro cmuiapa 2024-T4 npu uMIyJbCHOI JeKTPOruapaBInyeckoil mramnoBke / O6padoTka MaTepuajoB JaBJjie-
HueM. — 2019. — Ne 1 (48).

B coBpemMeHHOI aBUAlMOHHON MPOMBILIIEHHOCTH TPAAUIIMOHHO HUCIIOJIB3YETCS JIUCTOBOM MPOKAT U3 AIIOMU-
HUEBBIX CIUIABOB C MOBBHIIICHHBIMA ITPOYHOCTHBIMA XapaKTepUCTHKaMHU. [IpH HCIIOIh30BaHUH TAKMX MATEPHAIIOB B JIH-
CTOBOI IITAMITIOBKE HAa MEXaHMYECKHUX IIpeccax yacTo BOZHHUKAET MpobiemMa, CBA3aHHas C MX CKJIOHHOCTBIO K pa3pylie-
HUIO MPH OTHOCUTENBHO Maoi (10 10 %) crenenn nedopmanuu. B 3To# CcBsI3u MosiBUIIaCh HEOOXOIUMOCTh UCIIONB30-
BaTh HOBBIC IPOTPECCUBHBIC TEXHOJIOTHU B 000PYIOBAHUE [T U3TOTOBIICHUS ACTANCH M3 3TUX CIUIABOB.

CraThs MOCBSIIEHA UCCIEIOBAHHIO MJIACTUYECKUX CBOMCTB CPEAHENPOYHOT0 KOHCTPYKIIMOHHOTO aTIOMHHHE-
Boro ciiaBa 2024-T4, KOTOPBII MHPOKO UCTIOIB3YETCSI B CAMOJIETOCTPOCHHUH, U TEXHOJIOTUYECKUX BO3MOXKHOCTEH M-
MyJTBECHON 3NeKTporuapaBindeckoil (OI') mraMmoBKku. DTa TEXHOJOTHS IMO3BOJSICT JO3MPOBATH SHEPTHIO paspsia
C peryJIMpoBaHHEM WHTEHCUBHOCTH W TOYHBIM IPWIOKEHHEM HArpy3KH K 3aJaHHBIM yYacTKaM ITOBEPXHOCTH ICTAIH,
HCIOJB30BATh O0JIee IPOCTYIO TEXHOJIOTHYECKYIO0 OCHACTKY.
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B pexxume MHOTOMMITYJILCHOTO Je(OpMHpOBaHMS JETanu MOJ ACHCTBUEM BBICOKOTO IAaBJICHHUS KHIKOCTH
1 TIpH KPaTKOBPEMEHHOM €ro0 JICHCTBHN YCUIMBAIOTCS PEIaKCallMOHHBIE ITPOIECCHl ¢ YMEHBIIEHUEM /1e(h)OPMAIIIOHHOTO
YIIPOYHEHHSI U OCTAaTOYHBIX HANPSDKEHWH B JETaNN. 3a CUET 3TOTO YBEIMYMBACTCS MpEeIbHas CTENEeHb IUIACTHYEeCKON
nedopManus criiaBa M yCTPaHACTCs MPYKHHEHHE AeTaneil. ITo naéT BO3MOXKHOCTh W3TOTaBIMBATh ACTAIU CIIOXHOM
(hOopMBI U CTAOMITU3NPOBATH UX POPMY M pa3Mephl B IMPOIECCE UMITYIBCHOTO HATPYKeHHA. JTH KadecTBa DI mTaMmoB-
KH{ CO3JAI0T XOPOIINe NPEAIIOCHUIKA VIS JaJbHEHUIIero paciupeHus cepbl €€ NCIOoIb30BaHuUs.

YcTraHoBIIeHO, YTO MpeebHas CTeneHb aedopmanmu neranei u3 ciasa 2024-T4 B poriecce BBITSIKKA 3aBH-
CHT OT TEXHOJIOTHYECKOTO IpoLecca MX M3TOTOBICHHA. DKCIIEPUMEHTAIBHO MOKAa3aHO, YTO IpelebHas CTEHeHb Jie-
(bopMary pu UMITYJILCHOM BBICOKOCKOPOCTHOM mporiecce DI’ mTaMImoBKH BO3pacTaeT M ISl HCCIIETyeMOro CIijlaBa
oHa OoJblie, yeM B 1,36 pasa 1o cpaBHEHHUIO ¢ MEXaHUYECKOM LITAMIIOBKOM Ha THIIPOTIPECCE.

[Tpu OI' mTamMnoBke MOXKHO JOOUTHCS BHICOKOTO Ka4eCTBa MOBEPXHOCTH JETANEH, YTO BaXKHO JUIS U3/ENUH,
WCIIOJIb3YEMBIX B aBHAIIMOHHON NMPOMBIIUIEHHOCTH, K KOTOPHIM HPEIBSIBISIIOTCS BRICOKHE TPeOOBaHMs, OCOOEHHO IpH
TUTAaKUPOBAHUH IITAMITYEMBIX JINCTOB MSATKUMH METaJJIaMH.

KnioueBbie cjioBa: 37eKTPOrHAPaBINYECKHUH, IITAMIIOBKA, CIUIAB, aJIOMUHHH, IedopManys, 1eTaib, TEXHO-
JIOTHS, TIPecc, IPOYHOCT.

Beiirean3umep 5. E., Kyaaruun P. 10., CasBakun JI. I'., JaBuaenko A. A., JImutpenko B. 0., Opu-
mu4 /I. B. BinsHue HWHTEHCHMBHOW IIacTHYecKoH JedopManuu Ha XapaKTePHCTHKH CILIaBAa CHCTEMbI
Ti-Zr-Nb // O0padoTka MmaTepuanos napiaenueM. — 2019. — Ne 1 (48).

CrutaBbl cucteMsl Ti-Zr-Nb SBISIOTCS MEePCIEKTHBHBIMUA MaTepHanaMy A H3TOTOBIEHHS! KOHCTPYKIMOHHBIX
Jeraeil, paboTalonMX B XMMHUUECKH-arpeCCUBHBIX cpeaax. biaromaps HHoOuto Moaynb FOHra aTuX CIUIaBOB CHMKAET-
csi ¢ 95-110 I'Tla, yTo XapakTepHO IS CIUIABOB ITUPKOHMS M THTaHa, 10 50—60 'Tla u Hwke. DT0 MO3BOJSIET MPUOIIH-
3WUTh €T0 3HAUYEHHsSI K COOTBETCTBYIOIIEH XapaKTEPUCTUKE KOCTHOM TKaHH, YTO HEOOXOJMMO Il MEXaHUYECKOW COBMe-
CTHMOCTH MaTE€PHAJIOB MEIUIIMHCKIX UMIUIAHTATOB, a TAK)KE€ MOXKET OBITh HCIOJIB30BAaHO B TEXHHUKE ISl M3TOTOBIICHUS
YIOPYTUX 3JIEMEHTOB Pa3IMIHOTO Ha3HAYEHUS.

Panee Ob110 MOKa3aHO, YTO CIUIaBbl cHCTEMBI Ti-Zr-Nb MOKHO MOJTy4aTh METOAOM XOJIOJHOTO NPECCOBAHMS
1 BaKyyMHOTO CIICKaHHMS TOPOIIKOBBIX CMECEH TMApHIa TUTaHA, THAPUAA IUPKOHUS W HHoOus. [lpu mcmoms3oBaHnn
TIOPOIIKOB THAPHIOB, BOJAOPOA UTPAET POJIb BPEMEHHOTO JIETHPYIOIIET0 IEMEHTa U yJalsIeTCs] U3 METauIOB B IIPOLIEC-
ce BaKyyMHOTO HarpeBa, OMHOBPEMEHHO aKTHBUPYS AN HY3MOHHO-KOHTPOINPYEMBIE TPOIIECCHI CIICKAHUS W XUMUYe-
CKOI TOMOT€HH3alH MTOPOIIKOBON CHCTEMBI, a TAK)K€ OUMIIAsl TOBEPXHOCTh TUTAHOBBIX YaCTHUIl OT IMpHUMeceH (Kucio-
pox, xJyop, yraepon). HecMoTps Ha mosokuTenbHOE BO3AEHCTBHE BOZOPOAA, IIPU CIIEKaHHH B OTCYTCTBUE JedopManu-
OHHBIX TpoIieccoB (0e3 NaBlieHHs1) HE YAAeTCs CHU3UTh 00BEMHYIO JIOJIO 1MOp HIke 5—8 % B 3aBUCHMOCTH OT COCTaBa
CIUIaBOB, YTO HETaTHUBHO OTPAXKaeTcs, B MEPBYIO OYepe/ib, Ha YCTAJIOCTHOM MPOYHOCTH, a TAaKXKe XapaKTepUCTHKaX ILIa-
CTUYHOCTH U IIPOYHOCTH.

B cratee wuccienyercss BIOUS€HME KpPYYEHHUs IO BBICOKMM JABICHMEM HA XapaKTEPUCTUKU CIIIaBa
51Zr-31Ti-18Nb (at.%), Momy4eHHOro IMyTeM XOJIOJHOTO IPECCOBAHMS M BAKYYMHOTO CIIEKaHHMS ITOPOIIKOBBIX cMecei
THIpU/a THTaHa, THUAPHIA IMPKOHHUSA W HHoOus. [loka3aHo, YTO MHTEHCHBHAS IUTaCTHYECKas JedopManusi IPUBOANUT
K cienyromumM dddekram: odecriedrBaeT 3HAYUTEIEHOE CHIDKEHIE KaK OOIIeH TOPHCTOCTH, TaK W Pa3MEpPOB OTIENb-
HBIX TIOp; YCTpaHsIeT XUMHYECKYI0 HEOIHOPOAHOCTH CIUIaBa, KOTOPAs COXPAHSETCS TOCIe CIEKaHWs; (OpMUpyeT
B CIIaBE€ CYOMUKPOKPUCTAIIIMIECKYIO CTPYKTYPY; YBEIMYHBACT TBEPAOCTh cILTaBa. [lomydeHHbIE pe3ysbTaThl yKa3bl-
BaIOT Ha OOJIBILION MOTEHIMAI METOAa KPYUIEHHE 0]l BEICOKUM IaBICHUEM IIPU CO3JaHUU KOPPO3HOHHO U OHOJIOTHYE-
CKH{ COBMECTHUMOTO CIUIaBa C BHICOKUM KOMIUIEKCOM MEXaHHYECKUX XapaKTEPUCTHUK.

KnroueBble c10Ba: HAHOKPUCTAUTMYECKHE METALIBI, (pa30Bble NPEBPAILEHUs, MUKPOTBEPIOCTb, CIEKaHHUE,
ciBUToBas AedopManys, KpydeHHUe MoJ] BEICOKHM JIaBICHHEM.

Beaomenko B. A., Beiirens3umep 5. E., Bo3usk 1O. B., Unmko B. B. Moaudukanus mojuMepHbIX Ma-
TepUAaJI0OB HHTEHCUBHOI MJacTu4eckoii negopmaunmeii // OopadoTka MaTepuaioB gaBjaeHueM. — 2019. — Ne 1 (48).

O000111eHb! pe3ynbTaThl NCCIEOBAHUN W MPOBEICH aHAIN3 BIMSHUS MHTCHCHBHOW IUIACTUYECKON nedopma-
LIUH, peaNn3yeMoll MEeTOJaMi KPY4eHHs I10]] BBICOKUM JIaBICHHEM, PaBHOKAHAIBGHON YIJIOBOM M MHOTOYIJIOBOH 3KC-
Tpy3uu, T-00pa3HON paBHOKaHAIHHOMN SKCTPY3UH, BHHTOBOW U INIOCKOH BHHTOBOH 3KCTPY3UH, HA CTPYKTYPY U (PHUIUKO-
MEXaHWIECKHE CBOMCTBA MOJIMMEPHBIX MAaTEPHAIOB PA3IMIHON apXUTEKTypbl. [loka3ana 3 PeKTHBHOCTh MPUMEHEHHUS
METOJI0B 00pPabOTKH, OCHOBAaHHBIX Ha UCIIOIb30BAHUU AE(OPMALIMH IPOCTHIM CABHIOM, IS MOAUGHKALIMU CTPYKTYPEI
MIOJIMMEPOB U MOJMMEPHBIX KOMIIO3UTOB. VIHTEHCHBHAS IUIacTHYECKas nedopManys mo3BosseT chOPMUPOBATH OPUEH-
TallMIo B OJOYHBIX 00pa3liax MOJIMMEPOB, KOTOpas 00YyCIIOBINBAET YHUKAIbHBINA KOMIUIEKC CBOMCTB. B uactHOCTH, paB-
HOKaHaJIbHasi MHOTOYTJIOBast SKCTPY3HUsl AOIYCKAaeT B CTEKIO00pa3HbIX MOJIMMEpPaX Pealn3altio CTPYKTYPHOTO COCTOSI-
HHS, 00ECIeunBAIONIETO MOBBIIICHHE WX JAe(OPMAIIMOHHO-TIPOYHOCTHBIX W YJAapHBIX XapaKTEPUCTUK HE3aBHCHUMO
OT HalpaBJIEHHs] Harpy3Kku. B ciydyae aMOp(pHO-KPHCTAIUINYECKUX TOJUMEPOB MPHUBOIUT K MHOTOKPAaTHOMY MOBBIIIE-
HUIO JKECTKOCTH U IMPOYHOCTU IIPHU COXPAHEHHH HMCXOIHOHN IUIACTUYHOCTH, «MHBApHOMY 3((EKTY», CYIIEeCTBEHHOMY
YIYYIIEHUIO TPUOOIIOTHYECKUX XapaKTEePUCTHK. Y MOJIMMEPHBIX KOMIIO3UTOB W3MEHEHHE CTPYKTYPHBIX IIapaMeTpoB
HAITOJIHUTEJICH 1 TIONMMEPHOI MaTpHIIBl 00ECTIeYnBaET AOTOIHUTENBFHBIE BO3MOKHOCTH B YIIPABICHUH UX MOP(OIOTH-
eit u cBoiictBamu. OOCYKAar0TCs PUINIESCKHUE MEXAaHU3MBI BEISBICHHBIX (D (EKTOB CTPYKTYPHOH MOIU(DUKAIIHH.

KaioueBble cjioBa: mMogMMepHbIE MaTepralibl, THTCHCUBHAS TUTACTHYECKast AeopMarys, CTPYKTypa, (pusmde-
CKHE ¥ MEXaHHIECKNE CBOWCTBA.
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JlexkneB C. H., Bosokutuna U. E., Ap0y3 A. C., I'aiinapenxo I'. A. UccaenoBanue nponecca aegpopmu-
POBaHUs ATIOMHHHEBOIO CIIABA B PABHOKAHAJIBLHON YIJIOBOW MaTpuIe ¢ YIJoM cThika KaHauos 45° // O6pa-
0oTKa MaTepuaJioB 1aBjenueM. — 2019. — Ne 1 (48).

OmnncaHbl BCEBO3MOKHBIE CXEMBI MHTCHCHBHOH TUIACTHIECKOH Ae(OopManiy ¢ TIOMOIIBIO TIPOIIecca paBHOKaHa-
npHOTO yrioBoro nepccoBanms (PKYII), koTopbie MO3BOMSIOT MOMYyYUTh METAIUI C YIABTPAMEIKO3EPHUCTON CTPYKTYPOI.
[IpencraBneHs! pe3yabTaThl KOMITBIOTEPHOTO MOZIEIMPOBAHMS M HCCIEIOBAHMUS HA IPOCBEYNBAOIIEM 3JIEKTPOHHOM MHK-
pockorie amoMuHHeBoro ciiaBa 6060. Iloka3aHo, YTO MPH PaBHOKAHAJIBFHOM YIJIOBOM IIPECCOBAHHWHU B IpejlaracéMoin
MaTpHILIe C YIJIOM CThIKa KaHaJOB MoA yriioM 45° obecrieunBaercsi 00pa3oBaHHE OJHOPOTHOI CyO3epeHHOH CTPYKTYpHI
pa3mepoM okoio 0,5 MKM, YTO MOJIOKUTENBHO BIIMSAET HA MEXaHMUYECKUE CBOIMCTBA aFOMHHHEBOTO ciuiaBa. [1o pesynbra-
TaM UCIBITAHUN Ha PacTsHKEHUE MOJYYeHO, YTO YPOBEHB MPOYHOCTH 3ar0TOBOK, MOABEPTHYTHIX MPECCOBAHHMIO B MAaTpUIIE
C YIJIOM CThIKA KaHajoB 45°, 3HAYUTENHHO PEBOCXOIUT aHAIOTHYHbINA [Jisi 00pasloB, MOABEPIHYTHIX TPAIUIIMOHHOMY
npeccoBaHuio B Matpuie ¢ yriioM 90°. Tak 3HaueHus mpejesia IPOYHOCTH M TEKYYEeCTH YBEIUUUBAIOTCS 38 IECTh [IPOXO0-
0B 1 Tpamuimonsoro PKYII (B matpuue ¢ yriiom ctbika 90°) ¢ 250 1o 462 MIla (aGCOMOTHBIN PUPOCT 3HAYCHHS
npeziena npoyHocTr cocrapister 212 MIla) u ¢ 206 mo 420 MIla (aGcomroTHBIA MPUPOCT 3HAYEHMS Tpefiena TeKydecTH
cocrassier 214 MIla). C nmpuMeHEHHEM MaTpPHIBI C YTIIOM CTHIKA KaHaIoB 45° mpees MPOYHOCTH M TEKYIECTH YBEIHIH-
BaIOTCA 3a MIECTh MpoxooB ¢ 250 mo 505 MIla (aOcomroTHBIN MPUPOCT 3HAYCHUS TpeeNa MPOYHOCTH COCTaBIseT 255
MIlIa) u ¢ 206 mo 447 Mlla (abGCoNIOTHBIN MIPUPOCT 3HAYEHHS TIpeelia TeKydecTr cocTaBisier 241 MIla), cooTBeTCTBEH-
Ho. [Inactuueckue cBoiicTBa amoMuHHEBBIX 00pasioB B mpouecce PKVYII cHmkarores B oboux ciydasix. Tak skcrepu-
MEHTAJIbHBIE UCCIIE0BAHNS U3MEHEHNSI OTHOCUTENBHOTO YUIMHEHNS TIPH UCIIBITAHUN HA PACTSHKEHHE TTOKa3aId, YTO ypo-
BEHb IIJJACTUYECKUX CBOWCTB aIFOMHUHUS IIOCIIE 6 MIPOXOIOB MajaeT B 000UX CITy4asX MPaKTHUECKH B 2 paza.

Kaiwouessie cioBa: PKVYII, ynprpamenko3epHuCTass CTpYKTypa, WHTEHCHBHAs IUIacTHuecKas nedopmarus,
anmoMuHueBHIH cras 6060.

Kapnayx C. I'. DkcnepuMeHTaIbHBIE HCCJIEI0OBAHUSI MpoLiecca pa3/ielieHusl MPOKaTa Mo cXeMe TPexTo-
YeYHOIi X0JI0/HOH JIOMKH U3rHOOM NMPH CTATHKO-THHAMUYECKOM Harpy:keHun / OopadoTka MaTepHaJioB AaBJie-
HueM. — 2019. — Ne 1 (48).

[enpto naHHON PabOTHI SBISETCS KCICPUMEHTATbHAS MPOBEPKA aleKBATHOCTH MATEeMAaTHYECKOW MOAen
mpoliecca paselieHnsi 00pasIoB MO CXEME TPEXTOUYCUHOH XOJOAHOW JIOMKH H3rHOOM TPH CTATHKO-AMHAMHUYECKOM
HarpyXeHHUHU U pa3paboTKa MepCIeKTUBHBIX CXeM 000PYA0BaHUS UIS peatn3aluu 3Toro nporecca. KomOuHupoBaHHoe
CTAaTHKO-TUHAMHYECKOEe HArpyKeHue oO0paslOB IPH XOJOJHOW JIOMKE M3THOOM IOJIOKHUTENBLHO BIHMSET HA KaueCTBO
pa3lensieMbIX 3aroTOBOK, YTO IMOATBEP)KAAET TEOPETHYECKUE BBIBOABI. BBICOKOE Ka4eCcTBO 3arOTOBOK HAaOIIOAANOCh
npu paszneneHur oOpasioB u3 cranu SOXDA: BelnYMHA OTKIOHEHHS TPACKTOPUHU TPCIIUHBI OT MPSIMOJTUHEHHOCTH
NPAaKTUYCCKA PaBHA HYJIO, TOBEPXHOCTh Pa3pyIICHUS MaTOBas, 00JIACTH TUIACTHUCCKOW JedopMaIiiu B 30HE TOBEPX-
HOCTH M3JIOMa OTCyTCTBOBaNU. [Ipu pasneneHun oOpasios u3 craieit 30, 40 mo cxeme TPeXTOUCUHOM XOJIOTHOM JIOMKH
“3rudoM HAOIIOAANIOCh TIOBBIMICHAE KA4eCTBa 3ar0TOBOK IO CPABHEHHIO CO CTATHYCCKUM W TUHAMHYCCKHM HarpyxkKe-
HUEM: BEIMYMHA OTKJIOHCHHS TPACKTOPUH TPEIIWHBI B cpeaHeM cocraBmia (0,8 ... 1,4) MM, Ha TIOBEPXHOCTH H3JIOMa
HWMEIUCH OTJENIFHBIC CKOJIBI, BRIPBIBBI METAIlIa, MUKPO- U MAaKPOTPEIIMHEI, BRICOTa MAaKPOHEPOBHOCTEH HE IPEBhINIaIa
0,3 MM. AHallU3 3aBUCHMOCTEH BBICOTHI MHUKPOHEPOBHOCTEU OT BENUYUHBI CTATHYECKOW CHIIBI MOKA3bIBACT, YTO IS
MOJY4EHHsI 3arOTOBOK BBICOKOTO KauecTBa PEKOMEHJYETCS BBHIOMPATh BEIMYMHY CTATUYECKOW CHJIBI B JMAIa30HE
(40 ... 50) % OT cHITBI TPEXTOYSHHONW XOJIOTHON JTOMKH M3rnOoM. Ha ocHOBaHWMHM aHanm3a 3aBUCUMOCTH BEIIMYUHBI OT-
KJIOHEHUS TPACKTOPHUHU TPEIMHBI OT 3HAUSHHUS TIPeJieia IPOYHOCTH Pa3liesiieMbIX 00pa3IoB YCTAHOBJICHO, YTO C YBEIH-
YEHHWEeM IMPOYHOCTH MaTepHasia MOBBIIIAETCS KAa4eCTBO MOJYy4aeMbIX 3aroTOBOK. Pa3paboTaHa KOHCTPYKIMS Ipecc-
MOJIOTa C KJIMHOIIAPHUPHBIM MEXaHHM3MOM C BOTHYTBIM KJIMHOM JUISi Pa3[eNUTENbHBIX OMNEpaluil MpH CTaTUKO-
JTUHAMUYECKOM HArpy)KCHUH, KOTOpas 3HAYHUTENILHO PACIIUPSIET TEXHOJOTHUSCKHE BO3MOKHOCTH O0OpYIOBAHUS
U 00ecIreurnBaeT BBICOKOE Ka4eCTBO Pa3JIesieMbIX 3ar0TOBOK.

KuroueBble ci10Ba: pokar, 3aroToBKa, paszeieHne, JOMKa, KauecTBO, CHJIa, CTATHKO-TMHAMIYECKOE Harpy>KeHHe.

Anunmenko A. C., Kyxaps B. B., Ilpucskublii A. I'. BausHue paaumycoB KpPUBU3HBI M YTOHEHMA
HA HaNpsiZKeHHOe COCTOsIHNe 000J1049eK NPHU cBepXIuIacTUYecKoii (popMoBke // OOpadoTka MaTepuaioB 1aBJaeHU-
em. —2019. — Ne 1 (48).

[ToxazaHo, 4TO TITaBHEIE HATIPSHKEHHS, B OCOOCHHOCTH TAHTCHIMAIBHOE HANIPSHKCHHE, 3aBUCST OT TJIaBHBIX pa-
JINYCOB KPUBHU3HBI, a HHTCHCUBHOCTD HATPSIKCHUH 3aBHCUT TAK)KE U OT YTOHEHHS 000JI0YeK MPH CBEPXIUIACTHUECKON
(dbopmoBKe. DTH pe3yNbTaThl JOCTUTHYTHI IIPU CBEPXIUIACTHYECKOH (POPMOBKE 3arOTOBOK M3 aJIOMUHHEBBIX CILJIABOB
AlMg5 u AMr6 (3arotoBka MMella NEpEeMEHHYIO TONIIMHY) W MoJenbHOro ciiaBa Sn-38 %Pb crepxmnacTuaHon
Y HECBEPXIUIaCTUYHON MOIM(UKAINH, ONpeNessieMOil 10 BeMunHe Kod(duIeHTa CKOPOCTHOTO YIPOYHEHHSI, PABHO-
ro 0,60 u 0,25 coorBercTBeHHO. J[7151 0007104Y€K C BBHICOTOMN, PAaBHOM paanyCy UX OCHOBAHUS, TAHT€HLUAIBHBIE U MEPH-
JMOHAJBHBIC HANpPsDKEHMsl Ul CBEPXIUIACTHYHOTO cruiaBa Sn-38 %Pb mpuOnu3urensHO paBHBI (IIOTPEITHOCTH —
He Oonee 18 %). YXyameHne cBepXIUIaCTUYHBIX CBOWCTB CIUIABOB BHI3BIBAET IMPEBHIIICHNE TAHTCHIMAIBHBIX HaIpspKe-
HUH HaJx MepuIuoHaIbHEIMU Ha 20-50 % B CBsI3M € CYIIECTBEHHBIM POCTOM MEPHIMOHAIBHBIX PaJNyCOB KPHBH3HBL
B o6onoukax M3 3aroTOBOK NEpEeMEHHOM TONIIMHBI COOTHOIICHNE TJIaBHBIX HANPSDKEHHH, sIBISIoNIeecs: GyHKIMEH OT-
HOCHUTEIIFHOTO paJinyca OCHOBaHHS, UMEeT BHJ Mapaboilbl ¢ MUHUMYMOM B MECTaX COTIPSDKEHHS 30H 3arOTOBKH pas-
JUYIHOW TONMMHHEL [lorpentHoCcTh OTHOMIEHNSI HHTEHCUBHOCTH HANPSDKEHUH B M3ydaeMbIX 000JI09KaX K aHAJOTHIHOMY
TIOKA3aTeNto 11 (POPMOBKH HACATBHO c(hepruIecKoil 000JI0YKH ¢ HEpAaBHOMEPHOH TOIIMHON cTeHKH paBHa 10 % s
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CBEPXIUIACTUIHOTO cruiaBa Sn-38 %Pb u Bo3pactaer 10 20-30 % 1t qpyrux ciutaBoB. Ecim mpenmnonokuTh, 9To 000-
JI0OYKa MMeeT KOHTYp HMICalbHON cdepbl ¥ paBHOMEPHOE YTOHEHHE CTEHOK BJIOJNb KOHTYpa, TO yKa3aHHas paHee I10-
TPEIIHOCTH OTHOILIEHHSI UHTEHCUBHOCTH HampshkeHui Bo3pactaeT 10 50-130 %.

KiaroueBble cjioBa: cBepXIuracTHIecKasi OPMOBKa, KOHTYD, PaguyCc KPUBH3HBI, HAIPSKEHUS, HHTCHCUBHOCTH,
MEpHUINOHAIEHOE, TAHT €HITHATIFHOE.

Omapos III. A., Maxmynos K. /I. DkcnepuMeHTAIbHbIE HCCJHEJ0BAHUS MATHHUTHO-3JIACTOMMITYJIbCHOM
¢hopmoBku // O6padboTka MmaTepuanoB gasjiennem. — 2019. — Ne 1 (48).

OCHOBHO# II€JIbI0 3KCIEPUMEHTAIBHBIX HCCIEA0BAHNI MarHUTHO-3JIaCTOMMITYJIbCHONH (DOPMOBKH SIBIISETCS
olpesielIeHHe MapaMeTpoB pa3psIHOrO KOHTYpa, B YaCTHOCTH Pa3psOHOIO TOKA, HANPSKEHHOCTH MArHUTHOTO MOJISA
B 3330p€ MEXAY HHAYKTOPOM M TIOJBMKHBIM 3JIEMEHTOM, IIapaMeTPOB JaBJICHUsI B AJIACTUYHON cpejie TIpH IeopMHUpO-
BaHHMHM 3arOTOBKH, a TaKKe IMapaMeTpoB MPOTrnda 3aroTOBKM M TOJIIMHOW aedopMarui. JlaHHbIe H3MEpEHHs TOJDKHBI
BBINOJIHATHCSI CHHXPOHHO JJISL TOTO, YTOOBI OCYIIECTBUTH NMPOBEPKY KOPPEKTHOCTH pacdeTHOW Mojend. B ocHOBy naH-
HBIX NU3MEPEHNH MOJI0KEHBI METOBI N3MEPEHNS IaBJICHUH, KOHCTPYKIIMHU JaTYMKOB JIABJICHNS U UX TAPHPOBKA, METOJIBI
M3MEPEHHS Pa3psIAHOTO TOKA MOSICOM POTroBCKOT0, HANPsKEHHOCTH MAarHUTHOTO TIOJIST — MHAYKIIMOHHBIMU JaTYNKAMH.
[pemnoxxena cucrema OGe3pa3MEpHBIX MMapaMeTPOB, BIMAIONNX Ha KodpdummeHT ¢dextuBHOCTH. Ha 0ocHOBE 00pa-
OOTKH AKCHEPUMEHTAIBHBIX JaHHBIX TOTyYeHa AIMIMPHUYECKas 3aBUCHMOCTh Kod(dumnmenTta 3pPekTuBHOCTH OT 0e3-
pa3mepHbIX mapaMmeTpoB. [lpennaraercss M3MepUTENBHBIN CTEHI AJII KOMIUIEKCHOW MPOBEPKH pPACUETHOM MOIENH
TI0 TapaMeTpaM pPaspsiIHOTO TOKa, 3JIEKTPOMATHUTHOTO JABJIECHUS Ha IMOJBIDKHBIM 3JIEMEHT M MapaMeTphl JaBJICHHS
B 3JIACTUYHOI cpene mpH IeopMHUPOBAHMM 3arOTOBKH B IIpOLiecCax MarHUTHO-3JIaCTOUMITYJIbCHOH (opmoBku. Ilpu
9TOM CZelaHa TapHUpOBKa BCEX M3MEPHUTENBHBIX IpeoOpaszoBareneil. ComocTaBieHne MaTEMaTHYECKONH MOJIENH I10 Ta-
pameTpam pa3psIHOTrO TOKa, CPEIHET0 3JIEKTPOMAarHUTHOTO IaBI€HUS U JaBICHUS B 3JIaCTUYHOI cpelie ¢ pe3yabTaTaMu
9KCIIEPUMEHTANIBHBIX HW3MEPEHUH MOKa3alo, YTO 3HAUYCHUS MOTPEIIHOCTH MPOTHO3UPOBAHUS JNAHHBIX IapaMeTpOB
HaxoJATCS B IpeiesiaX 3HaYeHUH TOYHOCTH 33/IaHMs TapaMeTpOB KPUBOH NeOpMalMOHHOTO YIIPOYHEHHUSI MaTepraia
1 TUHAMHYECKOTO MOJYJISI OOBEMHOTO CHKATHS SITACTHIHON Cpeibl (TTOJIypeTaHa).

KnioueBble  cioBa:  SKCIEpUMEHTAIBHBIE  WCCIENOBAaHMS, H3MEPUTENBHBIH  CTEHA, MAarHUTHO-
3JIACTOMMITYNIbCHAs (POPMOBKa, HAMPSHKEHHOCTh MAarHUTHOTO IOJIS, Pa3psiTHBIA KOHTYp, KpuBas Ae(hOpPMAIlOHHOTO
YHPOYHEHHS, THHAMHUYECKUN MOTYJIb.

IlleBuoB C. A. AHAJIM3 BJIMSIHAS BbIOOPA TeMIEPATyPHOI0 Pe:KMMA MPoLecca POTAIMOHHONH O0KATKHM HH-
CTPYMEHTOM TPEHMSsl HA TePMETHYHOCTh JHHUI 0a/1510HOB // O0padoTka MaTepuaioB aBieHuem. — 2019. — Ne 1 (48).

3Ha4YNTEITHLHOE MECTO CPE/IN MPOMBIIIUICHHBIX M3/IENINi 3aHUMaeT MPOIyKIUs ¢ AHUIIEeM. [IpoBeieH aHamus co-
CTOSIHMSI BOTpoca 00 M3rOTOBJIEHHN OAJUIOHOB Pa3iUYHBIMK criocobamu. JoCcTaTOYHO 4acTo OayIOHBI M3TOTAaBIMBAIOT
U3 HECKOJIKMX YacTei, KOTOpble CBapUBarOTCs. Takol METO/ He TapaHTHPYET BBICOKYIO HaJE€KHOCTh COSMHEHUS Me-
TaJula THHIIA U KOpITyca 0ajuloHa, a Takke TPeOYIOT 3HAYMTENFHOTO KOJIMYECTBA Pa3HOOOPa3HBIX IMPON3BOICTBEHHBIX
orepaii ¥ 000PyIOBaHUsI, a TAKKE PACCMOTPEHBI APYTHE CIIOCOOBI MPOU3BOJCTBA MTyCTOTENBIX M3Aenuil. OnHIM U3
METO/IOB M3TOTOBJICHHS! OAJIJIOHOB MOBBIMIEHHON NMPOYHOCTH M T€PMETHYHOCTH SIBIISIETCSI CIIOCOO MCIIONB30BAHMS Olle-
pammm 00KaTK{ 3aTOTOBKH M3 CTAIBHOM TPYOBl HHCTPYMEHTOM TPEHHS. DTOT CIIOCO0 Ieecoo0pa3eH ¢ TOUKH 3pEHHS
CHIDKEHHSI ce0ECTOMMOCTH Ul KPYIMHOCEPHIHHOTO NPOM3BOJACTBA. JTa TEXHOJOTHS MPOCTa B PEATM3AIMH, XOPOIIO
MOJIAeTCsl ABTOMATH3aINH M HE TpeOyeT 3HAUNTENbHbBIX KAlMTaTIOBIOKEHHH Ul CO3/aHNs CEPUMHOTO MTPOU3BOICTBA.
Ho mpu HapyiieHnu ompeneNeHHbIX TEXHOJOIMYECKHX CXeM Ipoliecca OOKAaTKH BO3HHMKAIOT Ie(EKTHI, CHIDKAIOIIUe
Ka4yeCcTBO M3JeNHi Win Tpedyromue ycTpaneHus 1eekToB. Llenpo paboThl ABIsAETCS YCTaHOBICHUE BIUSAHUS TEMIIepa-
TYpPHOTO pexrMa OOKaTKH Ha IpoLecC AJs MOBBIIIEHUS KadecTBa AHUIL OAJIIOHOB M €MKOCTEH n3 TpyOuaThlX pa3Ho-
TOJIIMHHBIX 3aroTOBOK. OOBEKTOM HCCIIEJOBAHUI SIBISETCS MPOLECC W3TOTOBJICHHS JHUI OAIIOHOB IOBBIIIEHHON
MNPOYHOCTH ¥ TEPMETUYHOCTH POTALMOHHON 0OKaTKONH MHCTPYMEHTOM TpeHHs. MaTeMaTH4ecKoe MOJICTMPOBaHKE TIPO-
Iecca Ha OCHOBE ypaBHEHHMH TEIUIONPOBOAHOCTH C YYETOM HaNpsDKEHHO-Ie(OPMHPOBAHHOTO COCTOSIHUS 3arOTOBKH
MIO3BOJIMJIO YCTAHOBUTPH JHMana30Hbl OCHOBHBIX IapaMeTpoB Ipoliecca Uil NajJbHEHIIEro MOJEIHPOBAHUS METOIIOM
KOHEYHBIX DJIEMEHTOB. TaKMMH peKOMEHJalusIMHU OyIyT: HadajbHasi TeMIepaTrypa, OTHOCHUTEIbHAs TOJIINHA CTEHOK
Y OTHOCHTEJNIbHAS TI0/1aua 3arOTOBKM K MHCTpyMEHTy TpeHus. Ilocie MonenmupoBaHus ObUIM cIellaHbl BBIBOJBI, YTO
JI0 HaJaja Mporecca 0OKaTKH ONTHMAIbHOM TEMIIEpaTypoi HarpeBa 3aroTOBKH SIBIISICTCS TEMIIEpaTypa IPHUMEPHO paB-
Ha 1., = 0,8. [logorpes B mporiecce 0OKAaTKH 3arOTOBKH HE TpeOyeTcs. i1 TOHKOCTEHHBIX 3ar0TOBOK JUIS ITPEIOTBpa-
meHus 3G GeKToB MeperuiaBKy 1 IeperpeBa BO3HUKaeT HE0OXOJUMOCTh OXJIAKACHUS 3ar0TOBKU. {1 TOJICTOCTEHHBIX
3aroTOBOK PEKOMEHIYETCsl HarpeB MPOBOAUTH MAaKCUMAaJIbHO OJIM3KUM K Temneparype 7., = 0,8.

KuroueBble c10Ba: 00KaTKa, MHCTPYMEHT TPEHHS, TEMIIEPATyPHBII pEKUM, OaITIOH, METOJ] KOHEUHBIX JIEMEHTOB.

Kaprun b. C., Kaprusn C. b., AmmmxmuH A. I'. Bausinne ¢popmMbl padoueii rpaHu MyaHCOHA H T€XHOJIOTH-
YecKoii cMa3KH Ha IHEProCUJIOBBbIEe MapaMeTpbl BhIPYOKH-poOuBKH // O0padoTka MaTepHAIOB JaBJIeHHEM. —
2019. - Ne 1 (48).

[pencraBneHs! pe3yabTaThl 1aOOPATOPHBIX HUCCIICIOBAHUH BIMSAHUS (OpMBI pabodeii rpaHy IyaHCOHA U TEXHO-
norudeckoit cmasku (TC) Ha sHEprocuIiioBble MapamMeTpsl BEIPYOKH-TIPoOHBKH. CHIIOBBIE TapaMeTphl ONpPEeNeUINCh T10 To-
KazaHWUsIM pa3pbiBHON MammHBI P20. [TyancoHB! mMend crieqyromntyto ¢popMy pabodeii TpaHu: INIOCKHH, ¢ OXHOCTOPOHHIM

HAKJIOHOM pabouell pexxymied kKpoMku (0 = 15°), ¢ JIBYCTOPOHHHMM HAKJIOHOM DPEXKYIIUX KPOMOK (O = o = 15°),
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¢ puduieHoi pabodeit 60KOBOH MOBepXHOCTHIO (tmar ¢ = 0,5 MM u ¢ = 1 mwm). [lyaHCOHBI OBIITH M3TOTOBIICHBI U3 CTATH
VY8A u numemu tBepaocts HRC 56-59. DxcneprMeHTh! IPOBOAWINCH HA JIHCTOBBIX 3aroToBkax m3 cramu Ct3ch Ton-
muHOH 2 MM. [luameTp BeIpyOJIeHHOI netanu 52 MM.

YcTaHOBNIEHO, YTO CHIIa BBIPYOKH MyaHCOHOM C OJIHOCTOPOHHUM HAaKJIOHOM PEXYIIMX KPOMOK UMENa MHHU-
MaJbHOE 3Ha4eHHe, KOTOpoe B 2,4 pa3a MEHbIIIE, YeM IPU BEIPYOKE IIIOCKUM ITyaHCOHOM.

VYcraHoBIeHO BiIUsiHKE 1ara puQieHus: 00KOBOM MOBEPXHOCTH IyaHCOHA. B 4acTHOCTH MOKa3aHO, YTO IpH-
MEHEHHE ITyaHCOHA ¢ marom pudienus ¢ = 0,5 MM MO3BOJIICT CHU3HUTH CHILY BEIPYOKH Ha 22 % 110 CpaBHEHHMIO C MyaH-
COHOM, MeroIuM mar puduenns ¢ = 1 mm. [lokasaHo, 4TO CHM)KEHHE CHIIOBBIX ITapaMeTpOB Ha pabodmne TpaHH ITyaH-
COHa T03BOJISIET MOBBICUTH UX CTOHKOCTh. Hambonee a¢hdexTnBHON TeXHONMOrHUecKoi cMas3koit okazanacs TC «Ykpu-
HOJ-8». Ee mpumeHenune no3Bossier Ha 10 % CHU3UTH crily BEIPYOKH M MOJYYUTH OoJiee KaUeCTBEHHYIO ITOBEPXHOCTH
y BEIpYOJICHHOH JleTany.

KaioueBsbie cioBa: BrIpyOKa-mpoOWBKa, 3aroTOBKA, JIETallb, ITyaHCOH, CHJIa, TEXHOJIOTHUECKas CMa3Ka, Pexy-
1ast KpoMKa, pudieHne, CToikocThb, ce0eCTONMOCTb, CTallb.

Opuok M. B., IIumanos B. B., Capuenko A. B. CHi:keHre BepOSITHOCTH ro)poodpa3oBaHus NMPH MHO-
ronepexoaHoil BhITSIKKe AeTajiell U3 Hepxkaserowmel craau 08X18H10T // O6padoTka MaTepuaJioB JaBJIeHHEM. —
2019. — Ne 1 (48).

B naHHOIT paboTe MpHUBEICHEBI Pe3YIbTATHI MCCIICIOBAHNH, BEIMTOJHEHHBIX Ha 3aKa3 KOMMEPYECKOH opraHu3a-
uud. bbul mpoBedeH aHanu3 BO3MOXKHOCTH ONTHUMHU3ALUU TPATIULIUOHHON TEXHOJOIMH MHOTOIEPEXOAHON BBITSKKH
Ha TIpUMepe KOHKPETHOTO ocecuMMeTpuuHoro uzaenus u3 cranu 08X 18H10T. CornacHo pekoMeHAalUsIM CITPaBOYHOM
JIUTEPATypPhl JJIs U3TOTOBJCHUS NAHHOHM JeTand, HeoOXOoIuMa BBITSKKA 3a J[Ba IEpexoia C MPKHMOM 3arOTOBKH
Ha Kax70M. C MOMOIIBIO YHCIICHHOTO MOJICIUPOBAHUS B MporpaMMHOM Komiuiekce Deform 3D wuccienoBansr 0coOCH-
HOCTH TIpoliecca U3rOTOBJICHUs u3zenus. [IpoBepeHa 1 MmoaATBepKIeHa BO3MOXKHOCTD ITPOTHO3UPOBAHUS TOhpoodpa3o-
BaHus B cpene Deform 3D myTém 4nCIIEHHOTO MOJETUPOBAHMS TIEPBOTO MEPEX0/Ia BBITSDKKU 0€3 TPHUMEHEHUs! TIPHIKH-
Ma. YCTaHOBIICHO, YTO peaji3alys IEePBOrO Iepexo/ia BEITSHKKK 0e3 MPIDKUMa 3arO0TOBKH HEBO3MOKHA. [IpoBemeHO
YHCIICHHOE MOJEINPOBAHIE H3TOTOBICHUS U3IENHUS [0 MPEIIOKEHHON TEXHOJIOTHH 34 Ba TEXHOJIOTHUECKUX TEePexo-
na. OrpenerneHo HapsHKeHHO-Ie(hOPMHPOBAHHOE COCTOSIHHE Moy habpukaTa Ha mepexoaxX BBITSDKKY, TOTYYCHEI TPpa-
(hUKM 3aBHCUMOCTH YCHITUS TIpOIlecca OT MepeMEeNICHUs TyaHCoHa. [loydeHHbIe pe3yNbTaThl OKa3aid, YTO IPH CO-
31aHuM 0oJiee OIArONMPUATHON CXEeMBI 1eOPMHUPOBaHUS (TP PAIIMOHATHLHOM COYCTAHHH MapaMeTPOB IPoIlecca) MosiB-
JIIeTCS BO3MOXKHOCTh pPealu3allii MOCIEIYIONINX MEePEeX0J0B BHITSDKKM 0e3 mprkuma. [loBbilieHHE yCTOWYHMBOCTH
(hiaHIa Ha MOCTEAYIOMIMX TIepexo/ax 3a CUeT PAlMOHAIBHOTO paclpeeseHus cTeneHel nqedopMalni U UCIoib30Ba-
HHSI ONTHMAJILHOM T€OMETPUU MaTpPHIBI ¢ KOHYCHO-TOPOMIAIbHON (opMoii pabodei MOBEPXHOCTH IOATBEPIKICHO
MPaKTHYECKON peaan3alnei pa3pad0TaHHONW TEXHOJOTHH. Pa3HMIIA YHCIIOBBIX 3HAUCHHUH YCUIIUI MPOIECCOB BBHITSIKKH,
MTOTyYeHHBIX YACICHHBIM MOICTHPOBAHNAEM H B XO/I€ IPAKTHIECKUX SKCIIEPUMEHTOB, He npeBbimaeT 10 %.

KiaroueBble cji0Ba: BBEITSDKKA, TIPIDKAM, KOX(QQHUIUEHT BHITSHKKH, YUCICHHOE MOJEIHPOBAHIE, METOI KOHEU-
HBIX 3JICMEHTOB, KOHYCHO-TOPOHJAITEHAS MAaTPHIIA, ITOJI0E U3AETHE, TOPpOooOpa3oBaHHE.

Muxaiinos O. B., Muxaiijios A. O., barmwok I'. A., lItedan E. B. UccaenoBanue yniaornenusi u ¢gopmo-
H3MeHEeHHs] MOPUCTHIX 3arO0TOBOK NMPH MOJYYeHUH HM3JeJHil ¢ BHyTPpeHHeH KOHYCOOOPa3HOil NMOBEPXHOCTHIO //
O0padoTka MmaTepuanos aaBiaeHueM. — 2019. — Ne 1 (48).

MeToaoM KOMITBIOTEPHOTO MOJIEIMPOBAaHMUS HCCIEJOBAaH IPOIECC INTAMIOBKHM MOPOIIKOBBIX H3AEIHH,
MMEIOIINX HAKIOHHYIO KOHMYIECKYTO MOBEPXHOCTH. IlITaMIioBKa OCyIIeCTBISIACH B IITAMIIE C KOJIBIIEBBIM KOHUYECKHM
KOMITEHCATOpOM. VIccrenoBaHbl 3aKOHOMEPHOCTH YIUIOTHEHHS M (OPMOM3MEHEHHS 3aroTOBOK IBYX THIIOB!
C OTHOPO/HBIM pacIpeACIeHIEM HaYaIbHBIX CBOWCTB M0 00bEMY M OMMETAITHIECKHE.

MogenupoBaHHe BBIIOIHEHO HA OCHOBE KOHTUHYAJIBHOTO MOAXoJa. B kadecTBe ompelensionux COOTHOIIE-
HUH MCIOIb30BAIUCH COOTHOIICHUS! TEOPHUH TUIACTUYHOCTH TIOPUCTOTO TeNa, MpeAcTaBisionie codoit obobmenue cy-
IIECTBYIOIIMX 3JUIMIICOUAANBHBIX Mojieneld. Onpezaenenue (OopMbI ITaMITyeMOH 3ar0TOBKH, a TAKXKe MOJIel TIIOTHOCTH,
HarpsDKeHUH 1 tepopMalyii BEIITOTHEHO Ha OCHOBE METO/Ia KOHEUHBIX DJIEMEHTOB.

YcTaHOBIEHO, 4TO Ae(OpMHUPOBAaHHE 3arOTOBKHM NPOMCXOJUT B HECKOJBKO cTamuii. BHauane naGmomaercs
paguaibHOE TEUEHHE Marepualia OT LEHTpa. 3aTeM MaTepHual JOCTHraeT MOBEPXHOCTH MATpUIBl W HauyHMHASTCA
BEITEKaHWE B KOMIEHcarop. Ha 3akmounTensbHOM CTaany Marepuan IOJHOCTBIO 3aIllOHSAET IOJIOCTh IITamIia
1 TIPOUCXOANT BBHIPaBHUBAHHE IJIOTHOCTH 10 00BEMY IITAMITYEMOTO H3/EIIHS.

[Tpn mrammoBke OMMETAIIMYECKUX 3arOTOBOK, MaTepHal BEPXHETO CIIOsS KOTOPBIX Ooyiee MPOYHBINH, YeM
MaTepHal HIDKHETO CIJIOSI, POMCXOIUT BBIJABIMBAHUE HIDKHETO CJIOSl M3-10J BepxHero. M30exaTh 3TOro sBICHHSA
MOJKHO 3a CUeT pa3/In4Ms HauyalbHBIX IIOPUCTOCTEH CIOEB.

KnroueBble ci10Ba: mTaMIIOBKA, IIOPOIIKOBAs 3ar0OTOBKA, OUMETAIIMYeCcKas 3ar0TOBKA, KOHycooOpa3Has Mo-
BEPXHOCTh, TOPUCTOCTh, TEOPHS MIIACTUYHOCTH, METOJT KOHEUHBIX 3JIEMEHTOB.

I'pubkos . I1., bepexknas E. B., UBunk P. C., KoBanenko A. K. UcciienoBanne BJINSIHMS TUCKPeTH3a-
MM 00beMa Ha TOYHOCTh pacyeTa Nnpouecca NPaBKH JHCTOB MeTOAOM KOHEYHBIX 3J1eMeHTOB // O6padoTka Ma-
TepuajoB gaBiaeHueM. — 2019. — Ne 1 (48).

OCHOBHOH 3azadell TPH ITPOSKTUPOBAHUM IPOLECCOB IPABKH SIBISETCS OIpEAEICHHE BIMSHHUSA PEXUMOB
MIPaBKU Ha SHEPTOCWIIOBBIE MTapaMeTphI Tpoliecca U KOHEYHYI0 KpUBH3HY JIMCTOB. Hanbosee TOYHBIM METOZIOM Mo/Ie-
JIMPOBaHHMS MPOLIECCa MPABKH SIBJISIETCS] METOJ KOHEYHBIX 3JIeMeHTOB. OCHOBHBIM HEIOCTATKOM TOTO METO/A SIBIISETCS
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OouibIIOE BpeMs peali3aliy, YTO 3aTpyIHIET pelleHHe 3a/1ad ONTHMU3AIMOHHOTrO IaHa. OCHOBHOHM IIENbI0 PaboTHI
ObUTO OmpeneleHne MUHUMAIBHO JOCTaTOYHOTO KOJIMYECTBA KOHEYHBIX IEMEHTOB [UIS MOTYYEHHS Pe3yIbTaToOB C OT-
HOCHTEIbHO MHHHMMAIBHBIM Pa3MaxoM CBOMX 3HA4YE€HHH MO Mepe MpOoTeKaHus nporecca. Ha ocHOBe peanmn3amun Ko-
HEYHO-3JIEMEHTHON MOJIEIIM TIpoliecca MPaBKU JIMCTOB IPOaHAIN3UPOBAHO BIMSHHE JUCKPETHOCTH pa3dueHnst oobema
nedopmupyemMoro mMarepraia Ha TOYHOCTh M BPEMsI pacueTa ¢ LEeJIbI0 CHIDKEHUSI 3aTpaT MAIIMHHOTO BPEMEHH TIPH pe-
IIEHUHU 33a]a4 ONTHMHU3AIMOHHOTO TUIaHa JUIsl ONpeJIeJICHUs] PeXXUMOB IIpaBKu. PacueTHas cxema mpencrasisiia nedop-
MHpYeMBIii JHcT, 11 pabounx ponukoB ¢ miaroMm 275 MM u aquamerpom 260 Mm. MozennpoBaHue mporecca NpaBKu Obl-
JIO BBITIOJIHEHO JJIs1 TucTa Toimmuaoi 10 MM, mmpunoit 2000 MM u amuno# 3200 M. JIucT OBLT MpeaCTaBicH B BUAC
IUTACTHYECKH JleopMUpyeMoro Teina, pPOJIMKH — B BUJE aOCOTIOTHO JKECTKHX Tell. 3agada Oblla pelieHa B AByXMEpHOI
IUIOCKOCTHU M B IMHAMHUUECKOH rocTaHoBke. 1o TouHe U3 Xapakrepa caMoro nporiecca MpaBKH JIMCThI ObIIIH Pa3OHUThI
Ha IITh 3J1eMeHTOB. [Ipy pacdeTe CHIIBI IPaBKH Ha TPETHEM POJIHKE U ee K03 (HUIMeHTa BapHaIiy ObIJIO YCTAaHOBIIECHO,
YTO TIPH MOJEIUPOBAHUH PAIMOHAIEHEIM KOJIHMUecTBOM sBisieTcss 6000 KOHEUHBIX 3IIeMEHTOB win 1875 smeMeHTOB
Ha MMOoroHHbI MeTp. [Ipn 3TOM Bpemst peam3anny Monesu coctaBuiio mopsiaka 1,17 waca (Intel Core 15, 8Gb RAM)
npu Bapuanuu cwisl npaBku 0,01 m morpemHocTH pacdera MeHplle | % OTHOCHTENBHO 0o0Jiee TOYHOTO PEIICHHUS.
VIMeHHO 3Ta qucKpeTH3anus ABJsSeTCa palloHAIbHOM s TOCTAHOBKHU M PEIIeHUs 3a7a4 10 ONTUMH3AMU TEXHOJIOTH-
YEeCKHX HaCTPOEK MHOTOPOJIMKOBOM NPaBHIILHONW MallIUHBI.

KnioueBsbie ciioBa: nucTonpaBmiibHas MalllMHa, NIPaBKa JINCTOB, KOHEYHO-3JIEMEHTHAS! MOJeNb, pabodne po-
JIMKH, TEXHOJIOTUYECKHE HACTPOUKH.

Maxcumenko O. I1., Opobues A. 0., Camoxsaa B. M., llltona M. H., Mapuenko K. K. Meroguka uc-
CJIeIOBAHMSA M AHAJIN3 H3HOCA KAIHOPOB BAJKOB IPOBOJIOYHOr0 0Ji0Kka // O0pabdoTka MaTepHaIoOB JaBJICHHEM. —
2019. — Ne 1 (48).

W3yuyeHne M3HOCa BaJKOB, KAK OCHOBHOI'O Pa00OYero MHCTPYMEHTA B ITPOIIECCAX MPOKATKH, OCTAETCS aKTyallb-
HOM 3aj1a4eil, HECMOTPSI Ha MHOTOYHMCIICHHBIE PabOTHI B ATOH oOxacTH. [IpuMeHeHne HOBBIX BaJIKOBBIX MaTepHaJIOB,
obecrieunBarOIMX 0oJiee BBICOKYI0 U3HOCOCTOMKOCTB, TpeOyeT MOMOIHUTEIBHOTO H3YUYeHHsT OCOOCHHOCTEl UX M3HOCA
¥ COBEPIICHCTBOBAHUS METOIUK H3MEPCHUS U3HOCA. B CBSI3U C 3THM, IENBI0 HACTOSIICH paOOTHI SIBIISETCS pa3padoTka
METOJIMKH KCIICPUMEHTATBHOTO M3YYCHHUS M3HOCA BAaJIKOB, HA MPUMEPE MPOBOIIOYHOTO OJIOKA. BHIMOIHEHBI 3KCIIepH-
MEHTAJIbHBIC UCCIICIOBAHUS U3HOCA BAJIKOB MPOBOJIOYHOTO OJIOKA C MCIIOIB30BAHUEM YaCOBOTO WHAMKATOPA U OITHKO-
cBeToBOro Merona. CratucTideckas 00padOTKa MOMYYCHHBIX JaHHBIX TOATBEPANIA OMHOPOIHOCT PE3YIIbTATOB H3Me-
peHHiA ¥ BO3MOXHOCTH IIPUMEHECHHUST ONITHKO-CBETOBOTO METOa Kak Ooiiee MHG)OPMATHBHOTO. DTOT METOJ ITO3BOJISET
OTIpEeNIeNATh U3HOC M0 BCEMY KOHTYPY PY4YbeB BaIKOB. MccieoBaHus, BEITOMHEHHBIE TIPH MMPOKATKE KaTaHKA THAMET-
poM 5,5 MM ¢ UCTIOJIB30BaHHE ONTHKO-CBETOBOI'O METOA, TO3BOJIIIN YCTAHOBUTH, YTO IMTyOHMHA U3HOCA PYyYHEB BAJIKOB
pacripenienieHa HEpaBHOMEPHO U CYIIIECTBEHHO 3aBHCUT OT XapaKTepa M3MEHEHHs CPEIHEero JaBlIeHHs MeTalia Ha Ball-
ku. Hambonee moaBepskeHbI BbIpaOOTKEe KaauOphl YETBEPTOM M IMATOW KJIETEH, Tae mpeodsagaeT aOpa3suBHBIA H3HOC.
B nepBbIX JBYX KIIETSIX HAOJIIOIAETCs OCIIOBHIHBIN N3HOC. Ha n3HOC KalnMOpoB BaJIKOB ONpEesICHHOE BIMSHHE OKa3bl-
BAaeT TaK)Ke BEIMUMHA 3a30pa MEXIy BajKkaMu. [Ipy yBeIMYEHUH 3TOTO 3a30pa BEPOSATHOCTH CBAIMBAHMS pacKaTa B Ka-
Ope BO3pacTaeT, 4YTo OTpa)kaeTcsl Ha ero BBIPaOOTKeE.

KuaroueBbie cjioBa: pyybl BaJKOB, KaTHOPEI, H3HOC, IIPOBOJIOYHBINA OJIOK, ONITHKO-CBETOBOI METO/.

Haiiza0ekoB A. b., Jle:knes C. H., [1anun E. A., Apoy3 A. C. BausiHue paguaibHO-CIBUTOBOH MPOKATKH
HA MHKPOCTPYKTYPY M MeXaHH4YeCKHe CBOHCTBA TeXHMYeCKOro Tutana // OdpadoTka MaTepuaJioB JaBJIeHHEM. —
2019. — Ne 1 (48).

VYirydmieHne kadecTBa METAJUION3ACIHN depe3 yIaydlieHne MAKPOCTPYKTYPHI SBJISIETCS OJHIM M3 CaMbIX TJIaB-
HBIX TPEHJOB COBPEMEHHOI MeTaurypruu. Takoil Mmoaxon mo3BoJsSeT H0OMBAThCS OCOOSHHBIX CBOMCTB 0Oe3 pacxona
JOPOTOCTOSIINX JIETHPYOUMX 100aBok. OCHOBHAS HJes 3aKIII0YAETCS B U3MEIbUEHHH 3€PEHHON CTPYKTYPHI MaTepHa-
JIa 10 pa3MepoB MeHee MUKpoHa. [Ipu yka3zaHHBIX pa3Mepax 3epHa HauWHAIOT MPOSBILITHECS CBOMCTBA YIPOYHEHHS MTPH
OTHOCHTEJIFHO HEOOJBIIION MOTepe IIACTUYHOCTH. B 3TOM citydae MO>KHO TOBOPUTH 00 yIbTpaMeaKo3epHUCTHIX (YM3)
Marepuanax. JlaHHOe HarpaBiIeHHe OCOOEHHO aKTyalbHO Ul 00JlacTel HayKH M TEXHUKH, IJIe OYEHb KECTKHE TpeOo-
BaHMA K pa3Mepy W Becy AeTajield IpH BBICOKOH MX MPOYHOCTH. DTO adPOKOCMUYECKasi TEXHUKA U MEIUINHA (MMIUIaH-
ToJorus ¥ opronenus). [loaToMy MMeeT cMbICI TPOBOANTH MCCIIENOBAHMS, TIPEKIE BCETO, HA aKTyaJbHBIX MaTepHaax.
Turtan u3BecTeH cBOEH OMOJOIMYECKOW WHEPTHOCTHIO, TTOSTOMY SIBJISE€TCS OCHOBOHM ISl IPOTE3WpOBaHMs. B maHHOMN
paboTe OBUTH TIPOBEICHBI SKCIEPUMEHTHl Ha TEXHUYECKA YNCTOM THUTAHE TI0 TEXHOJIOTHH, OMU3KOI K MPOMBIIIIICHHON
peanmzanun. BeuT IpOBENIEH IKCIEPUMEHT, B X0I¢ KOTOPOTO JITMHHOMEpHAst 3aroToBKa mnpu Temreparype 500 °C mpo-
KaTeiBaylach ¢ auameTpa 30 mm mo mmamerpa 13 mm Ha ctane CBII-08. Ilocnme gero 3arotoBka oxjakaaiach BOIOU
Y U3 HE€ M3TOTaBIMBAJINCH 00pa3lbl AJIS UCCIEAOBAaHUS MHUKPOCTPYKTYPBHI M OOpaslbl ISl UCCIEIOBAHUS MEXaHHUYe-
CKHX CBOMCTB. AHAJIN3 MUKPOCTPYKTYPHI MMOKa3aJl HAIWYHE PABHOOCHON YIBTPAMENKO3EPHUCTOI CTPYKTYpHI B MEpHU-
(epuitHbIX 00JACTAX 3arOTOBKU U HAJIMYKE BBITSHYTON BOJOKHUCTOW TEKCTYpHI B 0ceBO 30HE. [IpOUyHOCT 3aroTOBKH
BO3pocia OoJiee 4eM B 2 paza, [PU 3TOM IIACTHYHOCTh YMEHBIINIIACh HE CTOJIb 3HAYUTEIBHO.

KnioueBble cioBa: panuanbHO-CABUTOBas —NPOKATKa, YJIBTPAMENIKO3EPHUCTAs CTPYKTypa, THTaH,
MeXaHUYeCKUe CBOMCTBA, MHTEHCHBHAS TUIacTH4ecKas aedopmanus.
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®poJos . B., Iémuna E. I'., AnapeeB B. B. ConoctaBuTe/ibHbIil aHAJIN3 Pe3yJIbTATOB MOJEJIHPOBAHUSA
U OLIEHKH nmpopadaTbiBaeMocTH cTPYKTYphbI cTanu 091'2C B npouecce NpoaoJibHON NMPOKATKH TPYOHOI 3aroToB-
k1 O 250 mMm // O0paboTka MaTepuanoB aqaBaeHuem. —2019. — Ne 1 (48).

Jns pa3BuTHS MeTo[a OLEHKH Je(hOPMHUPOBAHHOTO COCTOSHHS METalla TI0 M3MEHEHHIO IapaMeTpOB OBIBIIECH
JCHIPUTHON CTPYKTYpPHI B pabOTe BHIOJIHEHBI aHATIN3 HANPSHKEHHO-Ie()OPMHUPOBAHHOTO COCTOSIHUS, C(HOPMHUPOBABIIIE-
rocsl IpH MPOKATKe B TOCIeHeM, KpyTiioM, kanuope kinetu 900 Tpybo3aroroBounoro crana 900 / 750 — 3, u comocras-
JICHWE Pe3yIbTaTOB MAaTEMAaTHIECKOTO MOJECIUPOBAHHS C OIIEHKOM MpopabaThiBAEMOCTH CTPYKTYPHI TPYOHOH 3aroTOB-
k1 @ 250 mM. Pe3ynbraTbl MaTeMaTH4ecKoro MOJAEIUPOBAHUS W METALIOTPa(UIECcKOro aHaliu3a IMOKa3ajll XOPOIIYIo
cXoaMMOcTh. Ha OCHOBaHMHM MOSTy4EeHHBIX PE3yJIbTAaTOB OIPEJIeNIeHbl 30HbI aKTHBHOW M TTACCHMBHOW e OpMaIi U UX
pacmookeHue B HAIPaBICHNUH 2 BEPTHKAIBFHON OCH ITOIIEPEYHOTO CEUEHUS HCCIIEeIOBaHHON 3aTOTOBKH. [ TyOrHa 30HBI
MIPWINNAHUS cocTaBisieT 12,5 MM, 30Ha MHTEHCHBHOHM IUIACTHYECKOH AedopMaliy cocpeloTOYeHa Ha pPacCTOSHHUH
50-112,5 MM OT LEHTpa 3arOTOBKH, LEHTPAIbHBIE CJIOW 3arOTOBKH IMPEACTABISIOT cO0OW 30HY maccuBHOU aedopma-
nuy. BriepBrle moka3aHo, YTO U3MEHEHHE CIBUTOBOTO HANPSHKEHUS TZX IMOJHOCTBIO OTOOpa)kaeT XapaKTep W3MEHEHUs
koo durmenra nmpopadateiBaeMocTH cTpyKTyphl K kpymHOcopTHOTO npokara. [Ipu uccnenoBanuu BimsiHus nedopma-
IIMOHHOTO BO3JICUCTBHSI Ha MUKPOCTPYKTYPY CTaJIH HCIOJb30BaHHE €€ CTPYKTYpHOI COCTaBJISIOLIEH — XMMHUYECKON
HEOTHOPOIHOCTH, HACIEAYyeMON OT ICHIPUTHON JIMKBAIIMK KPEMHHS M MapraHiia, — MO3BOJIIET BHIIIOJHUTH HE TONBKO
KOJIMYECTBEHHYIO OIIEHKY MHTEHCHBHOCTH W JIOKAJM3aIlH Ie(OpPMALHU, HO W KaYeCTBEHHO CYIUTH 00 M3MEHEHHUU
HaIpsDKEHUs] CIIBUTa 10 CEYEHMIO 3aroTOBKH. JlanbHeWIne MccineaoBanus B JaHHOM HallpaBJIeHHH MO3BOJISIT PaCIIN-
PHUTBH TEOPETHYECKHUE TIPEICTABICHHS O (HOPMUPOBAHUH HAIPSKEHHO-EPOPMUPOBAHHOTO COCTOSIHUSI METAJLIA B BBICO-
KHX odarax nedopManuy Mpy MPOKaTKE M CTaTh OCHOBAHWEM IS Pa3pabOTKH MPAKTHUECKUX PEKOMEHIALNH IO Co-
BEPLICHCTBOBAHUIO TEXHOJIOTUH MIPOU3BOICTBA KPYITHOCOPTHOTO IIPOKATA.

KiroueBble cjioBa: MOAETHPOBAHUE, IPOJIOTbHAS IPOKATKa, BEICOKUI odar aedopMariy, TpyOHas 3aroTOBKa,
HaIPsHKEHHO-eOPMHUPOBAHHOE COCTOSHIE, CTallb, ICHAPUTHAS CTPYKTYpPa, K03(D(HUITHEHT mpopabaTEIBAEMOCTH.

Boposuxk I1. B. O6ocHoBaHue NPOUINPOBKH (PACOHHOI0 HOKA IS pa3le/ieHUus KBAJAPaTHON 3aroToB-
KH B ropsiueM coctosstnum // O6padorka MaTtepuajo aaBiaeHueM. — 2019. — Ne 1 (48).

[Tpoananu3upoBaHbl MPEeNMYIIECTBAa U HEJOCTATKH MPOIIECCca TOPSUero pas/eiieHUs] HeNPEePBIBHOINTOMN KBa-
paTHOM 3aroTOBKM Ha HOXKHHIAX ¢ (aCOHHBIMH HOXaMH. OTMedaeTcs eliecoo0pa3sHOCTh MPOBEICHHUS TEOPETHIECKUX
HCCIIeIOBaHUH pa3AeUTENbHBIX ONepaluii Ha HOKHHIIAX Ha 0a3e MeTo/la KOHEYHBIX 3JIeMeHTOB. Llenpio nanHon pado-
THI SIBJISUIOCH TEOPETHYECKOEe 00OCHOBaHME MPOPMINPOBKH (PacCOHHOTO HOXA ISl pa3/esieHHs] KBaJAPaTHOH 3aroTOBKU
B TOPSIYEM COCTOSTHHHU ITyTEM MaTeMaTHUeCKOTO0 MOJIETMPOBaHMs Ha Oa3e MeTo/1a KOHEUHBIX dJieMeHTOB. [IpencraBieHo
OIIMCaHUE TPEXMEPHOH MaTeMaTH4ecKoW MOEH, Ha 0aze KOTOPOH BBIMOJIHEHBI TEOPETUUECKUE HCCIIEAO0BAHUS TPO-
mecca pasfeNieHus KBaJpaTHOW 3aroToBku cedeHmeM 120 X 120 mm u3 cranmu 20 mpu temmeparype 970 °C co ckopo-
ctbto 70 Mm/c. JI71st OLIeHKH BIHMSIHUS TPOGMIMPOBKY HOXEH Ha (OopMO0OOpa3oBaHME 3arOTOBKU B 30HE pe3a MPUBE/ICHBI
pe3yJbTaThl CUMYJIILIUN ITpoLiecca ¢ HOXKAaMH pasiIMYHON KoHHrypanuu. B xoxe 00paboTKH TaHHBIX MOASIUPOBAHU
OBLTH TIOJTyYEeHBI TPH OTHOCHTEIBHBIX MapaMeTpa, /1Ba U3 KOTOPBIX XapaKTepH3yIOT cMATHE (YTSHKKY) KOHIIOB pacKara,
U ele OJIMH — POMOMYHOCThH TOPLEBOW MOBEpXHOCTH. [10 pe3yipraTaM mcciaeoBaHUN OTMEYEHO, YTO Ha KayecTBO I10-
BEPXHOCTH pe3a CYIIECTBEHHOE BIMAHUE OKa3bIBaeT NpohHINpoBKa HOXeil. IlomyueHbl ypaBHEHHS PErpeccuy A BceX
TpeX MapaMeTpOB KadecTBa pe3a, MO3BOJIAIOIINE ONPEACIUTh PaliOHAIbHBIC 3HAYEHHS YIJIOB PAaCKPBITHS W HaKJIOHA
PEXYIIMX KPOMOK HOXeM, Ipu o0ecriedeHnH HeoOX0MMBIX TapaMeTpoB KauecTBa pe3a. [IpeyioxkeHo yroia packpbIThs
PEXYLIMX KPOMOK HOXKeH MPUHUMATh paBHBIM 95,6° IpH yrie HakiIoOHa 7°, YTO MO3BOJMT O00ECHEYNTh POMOMYHOCTH
1,05. Pe3ynbraTsl paboTel MOTYT OBITH PEKOMEHIOBAHbI K HCIOIb30BAHUIO TIPH MIPUHSITHHN IPOEKTHO-KOHCTPYKTOPCKHUX
1 TEXHOJIOTHUECKHX PEIICHHUH B BOIIPOCAX TOPSIYETO pas3/iesIeHHs] HETIPEPHIBHOINTON KBaIpaTHOH 3aroToBKH (pacoOHHBI-
MH HO’KaMH Ha YTOJL.

Knrouesble cioBa: GacoHHBII HOX, pa3lelicHHE KBaJpaTHOW 3arOTOBKH B TOPSYEM COCTOSHHM, HOXHUIIBI,
MaTeMaTn4ecKast MOJEb.

Kopuak E.C., Benenen E. E. Hcciienopanne Tpué0TeXHHYECKUX CBOICTB CHJIOBBIX IMJIMHAPOB IHAPAB-
JIMYECKHUX MpeccoB HA 0a3e MHIKEHEPHOI METOIMKH OllEHKU UX pecypca 0e30Tka3Hoil padoTsl / O0padoTka mMa-
TepuaJoB gaBjenuem. — 2019. — Ne 1 (48).

Ilenpto paboThI SIBISETCS MOBBIIIEHHE pecypca 0€30TKa3HOH paboThl CHIIOBBIX LIMJIMHAPOB THAPABIMIECKUX
TIPECCOB HAa OCHOBE MCCIICJOBAaHMS UX TPUOOTEXHUIECKIX CBOMCTB, a TAKXKe pa3paboTKa Mep CHIDKCHHUS OOIIEro YpOBHS
nx m3Hoca. Hambonee 3HaUMMBIMM M3 (HaKTOPOB HM3HOCA SBISIFOTCS JABJICHUE CONPSDKEHMS IOBEPXHOCTEH TpPEHHMs
1 CKOPOCTh UX OTHOCHUTENBHOTO MEPEMEIIEHNS B y31aX YIUIOTHEHUH CUIIOBBIX THAPOLMIMHAPOB, a TAKXKE YPOBEHB Iie-
pemazoB NaBICHUS U CBSI3aHHBIC C HUM KaBUTAIIMOHHBIC SBJICHUS AJSI KOPITYCOB U IUTYHXKEPOB CHJIOBBIX THIPOIMINH-
npos. [lo pesynpraram mccieqoBaHMH pecypcoB M3HOCa 0a30BBIX y3JIOB Ha 0a3e MHKEHEPHOH METOIUKH OIEHKH
UX TPUOOTEXHUYECKUX CBOMCTB MOCTPOEHHBI YETHIPE IPYMITBI KPUBBIX, MPEACTABISIONIMX COO0H 3aBUCUMOCTH KO3 dH-
[OHUEHTa YCKOPEHUS HCIBITAaHWH, TPOIOIDKATEIIEHOCTH HCITBITAHMA, CKOPOCTH M3HOCA AeTaiel M pecypca 0e30TKa3HOU
paboThI AETaN OT YCHIIUSI THIIPABINYECKOTo npecca. VceiaenoBaHusAME yCTaHOBIICHO, YTO C YBEIWYEHUEM YCHIIHS TH-
paBIMUECKOT0 Tpecca: KoA(PQUIMEHT YCKOpEHHsI HCHIBITaHHH padovyero M BO3BPATHOTO LWJIMHIPOB, YIUIOTHEHHH
1 HalpaBJIAOMINX MTOJBI)KHOMN MOMEPEUNHBI YMEHBIIAETCS; IPOJIOIDKUTEIBHOCTD UCIIBITAHUS Pabovero U BO3BPaTHOTO
LWIMHIPOB YBEIMYUBACTCS, HE3HAYMTEIFHO YBEINYNBACTCS BpEMs UCITBITAHUS pabOThI YIUIOTHEHHUH, @ HAIPaBIISIOIINX
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TTOJIBIDKHOM TIepeKyIafiHbI — HA000POT YMEHBIIAETCs; CKOPOCTh M3HOCA paboyero ¥ BO3BPATHOTO LMJIMHPOB, HAIpaB-
JISIFOIUX TIO/IBM)KHOMN IOTIEPEYMHBI YMEHBIIAETCS; pecypc 0e30TKa3HONH paboThl pabodero ¥ BO3BPATHOTO IIMIMHAPOB
¥ YIUIOTHEHUH YBEIMYMBACTCS, a HAIPABIIAOIIIE ITOABIKHON TOMIEPEUNHBI IMEIOT OOJBIION CKadoK BBepX. Pa3pabot-
Ka MEpOTPHSATHH MOCTOSHHOTO aBTOMAaTHYECKOT0 KOHTPOJISI M IPENOTBPAIIECHHS MPHUOIIKEHNST padoThl THApaBIIYe-
CKOT0 Ipecca K aBapUiHHON IpaHHUIIE ABIIAIOTCS PELIAonM (akTopoM obecrieueHus 0e30TKa3HOH paboTh! ero 0a30BBIX
Y3JI0B IIPH YCIIOBHH PAMOHAIBHOTO WX MPOEKTHPOBAHMS W COOTBETCTBHUS MOKa3aTelel paboThl 3aaHHBIM 3KCILTyaTa-
LIUOHHBIM XapaKTePUCTUKAM.

KaioueBsble ciioBa: mpecc TWAPaBIMYECKUH, LHWIMHIDP CUIIOBOH, NaBlieHUE, KHUIKOCTh padoyas, KOpIyc IH-
JUHPA, U3HAIIUBaHUE.

MunkoB K. A., Munkos A. H., Maptsinos C. B., KaaunoB A. M. MoOMIbHBI KOMILIEKC ISl peryJaupy-
€Moii BO10-BO31yLIHOM 3aKaIKH Ky3He4uHOo#i ocHacTku // O0padoTka MaTepuaJioB 1aBjeHueM. — 2019. — Ne 1 (48).

PaccmoTpena mpo6iieMa TOBBIICHUS CTOWKOCTH WHCTPYMEHTA UIS Topsiaero nedopMupoBaHus cTaiei. Pac-
CMOTpEHHI TpeOoBaHMA K HanboJee UCIIONb3YEMBIM IS IPOU3BOACTBA OCHACTKH cTalsiM SXHM u 4X5SM®C, a takke
CYIIECTBYIOIINE TPAJUIMOHHBIE CIIOCOOBI nX obecneueHns. ONMCaHbl 3aKaTOYHBIE CPEAbI, TPUMEHIEMBIE TIPH YIPOI-
HEHUM OCHACTKH, ITOKa3aHbI HX CHJIbHBIE U cIa0ble CTOpOHBL [IpencTaBieH CpaBHUTEIBLHO HOBBIH CIIOCO0 YIIPOYHEHHS —
perynupyemMasi BOJ0-BO3AYyIIHAsL 3aKaJIKa, €T0 MPEeUMYIIEecTBa Nepes 00BbEMHBIM MOTPYKEHUEM B CPEIy, a TaKKe €ro
sKoJorndeckast ynctora. Onucansl HEKOTOpBIE CTAllMOHAPHBIC U TEPEBHKHbBIC YCTAHOBKH, HCIOIb3yEMbIE B HACTOSI-
IIee BpeMs, a TaKXKe NPEANPUSITHS, HA KOTOPBIX TaKHe YCTAHOBKH paboTaroT. J|aHbl UX ONMUCAHUS U MIPUHIIMIT paOOTHL

Onwmcana ycraHoBka, paspaboranHas Ha [IAO «Pycnomumer». Iloka3aHbl ee NpPHHIMIUAIbHBIE OTIMYHS
OT IMOI00HBIX YCTaHOBOK: MPUMEHEHNE KOMITBIOTEPHOTO YIIpaBJIeHHs paboToil AByX(a3HBIX BOIO-BO3AYIIHBIX (opcy-
HOK TIpH TIOMOIIM CIIEIHAIN3UPOBAHHOTO MPOTrPaMMHOTO OOECTIeUeHHs, HaIMYHe 3alOpHBIX JIEKTPOKIIANaHOB U CH-
CTEeMBI NapoynaBiauBaHus. /laHo ee onmucanue, NPUBEICHBI 3CKU3bI U ONMCAH NPUHIUI padoTsl. [IpenMyiiecTBOM KOM-
MIBIOTEPHOTO YIPABICHUS aBTOPHI CTATbU CUNTAIOT BO3MOXKHOCTh M3MEHEHHUS] HHTCHCUBHOCTH OPOIICHHS TIOBEPXHOCTH
OXJIKIAEMOT0 M3JIETHs HETIOCPEACTBEHHO B IPOIIECCE OXJIAXKICHHUS, YTO OCOOCHHO Ba)KHO NPH 3aKaJIke KpyITHOrada-
PHUTHBIX IITAMIIOB, TAK KaK I03BOJISIET 00ECIEYNTh H30TEPMUIECKHIE YCIOBHS B 00J1aCTH MAapTEHCUTHOTO TIPEBPAICHUS,
MIpeAoTBpalias TeM CaMbIM TPEIIMHOOOpa30BaHKUE U MOBOJIKU METANIA, B OTIMYHE OT HEMPEPHIBHOTO OXJIAXKICHUSI Me-
TaJlla B Ipolecce 00bEMHOM 3aKalKH MPH UCIOJIB30BAHUM TPAAUIMOHHBIX criocoOoB. Hamuune ke IByX OUCKPETHO
PETyINpPYyEeMBIX OXJIaJUTENBHBIX KOHTYPOB YCTAaHOBKH MO3BOJIET MOMy4uTh JU(depeHnnpoBaHHy0 TBEPAOCTh pado-
Yell 30HBI IITaMIa U XBOCTOBHKA.

[IpencraBneno pa3paboTaHHOE aBTOPAaMH YCTPOMCTBO JJISI MOJMYYEHHS BOJIO-BO3IYIIHOW CMECH BBICOKOW OJI-
HOPOJIHOCTH M IIOTHOCTH — JByX(a3Hasi BOJI0-BO3ayIIHas (opcyHKa. JlaHo ee omnncaHue U NperMyIecTBa epes mo-
JNOOHBIMHU ycTpoiicTBaMu. Pa3zpaboTaHa MeTOqHMKa ONpeieNieHHss HHTEHCUBHOCTH OXJIQXKICHUSI C UCIIOJIb30BAaHHEM CIie-
UaJTM3UPOBAHHOTO CTEH/IA.

KoioueBble ci10Ba: yCTaHOBKA JUTSl 3aKaJIKH, CII0CO0 ynpouHeHus, crainb SXHM, mramr, hopcyHka, METOIIKa.

Yocra H. B. PekomeHganium no KOHCTPYMPOBAHUIO KY3HEYHO-NIPECCOBOT0 000OPY/A0BAHMSA € KIMHOUIAP-
HHUPHBIM MEXaHHM3MOM ¢ BOTHYTBIM KJIMHOM JJIs1 pa3jeJuTeJbHbIX npoueccos // OopadoTka MaTepuaaoB AaBJjie-
HueM. — 2019. — Ne 1 (48).

Lenpto maHHOW CTaThU SIBIISIETCS pa3pabOTKa PEKOMEHMAIMH 10 KOHCTPYMPOBAHUIO 000PYIOBaHHS C KIHHO-
HIApHUPHBIM MEXaHM3MOM C BOTHYTBIM KIIMHOM [T pa3AeUTeNbHBIX omepaiuil. PaspaboTransl MaTeMaTHUECKHE MOJIE-
JIM JUISL pacYETOB F€OMETPUYECKUX, KHHEMAaTHYECKUX W CHIIOBBIX ITapaMeTpOB KIMHOUIAPHUPHOTO MEXaHNW3Ma C BOTHY-
TBIM KJIMHOM. J[JIs IPaKTHYECKOTro HMCIOJIb30BaHUS MPEIUIOKEHHBIX MaTeMaTHYECKUX MOJIENel pe3ysibTaThl PacyeToB
TEOMETPHUYCCKUX U CHIIOBBIX XapaKTEPUCTHK MPEACTABICHH B BUIEe HOMOrpaMM. C HCIIOIB30BaHUEM HOMOTPAMM pa3-
paboTaHa KOHCTPYKIIHS Tpecca ¢ KIMHONIAPHUPHBIM MEXaHHU3MOM C BOTHYTHIM KiIMHOM. [IpemmaraeMerii ipecc ¢ KiTu-
HOIIAPHUPHBIM MEXaHU3MOM C BOTHYTHIM KJIIMHOM IMPUHIMITHAIEHO HE MIMEET OTPaHHUYCHHUIN TI0 AUAMETPY pPa3AeIsieMbIX
3aroTOBOK, TIOCKOJIBKY TaKOH MEXaHW3M OOeCIedrBaeT 3HAUNTENFHBIN BBIUTPHIII B CHJIC M MIEPEMEHHOCTh COOTHOIIIE-
HUS MEXIY MPUBOJTHON W TEXHOJIOTHUECKOW crnaMu. Kpome Toro, pecc mMeeT OOBIIYIO 3aKPBITYIO BRICOTY ITAMITO-
BOTO MPOCTPAHCTBA, YTO TO3BOJIIET PACIIMPHUTH €T0 TEXHOJIOTHYECKHE BO3MOXKHOCTH 3a CUET peann3alui Ooiee co-
BEPILEHHBIX CXEM OTPE3KH C MCIOJIb30BaHHEM IITAMIOBOI OCHACTKU. B pe3ynpTare MOBBIMICHUS XKECTKOCTH MPEIIIO-
YKEHHOTO KJIIMHOIIApHUPHOTO IIpecca ¢ BOTHYTHIM KIMHOM B 1,2 ... 1,3 pa3a, 1o cpaBHEHHIO ¢ TPAAULMOHHBIMU MEXaHH-
YeCKHMHU TIpeccaMy, YMeHbIIaeTcs ynpyras aedopMaliyst ero aetaneil M mpuBoJa MPU peaTu3aliy pa3gedHTeIbHbIX
MPOLIECCOB, a 3HAYHUT — TOBBINIAETCS HAJEKHOCTh paboThl 00opynoBanus. [Ipu sToM moBbIaeTcss KOIGGHUIUESHT HC-
TIOJIb30BaHUs 000pynoBanus 1Mo ycwmmto — ot 0,3 ... 0,4 (u3-3a ynpyroit MTHOBEHHOU pas3rpy3ku mpecca) j0 0,7 ... 0,8.
Taxoke noseimraercs KI1J] HoBoro mpecca BeiieACTBHE TOTO, YTO NpUMEpHO Ha 60 % ymeHbInaeTcsl BelMunHa paboThl,
pacxomyeMoi Ha pasJelieHHe, a IMEHHO — BEJMYMHA Pa0bOTHI YIpyTo# aedopMariii MamIiHEL. B menom cHimkaeTcs
ce0ecTONMOCTh HOBOTO TIpecca, 10 CPaBHEHHIO C TPAJUIHOHHBIMH MEXaHWYECKUMHU IIPECCaMH IS pa3ielnuTeIbHBIX
olepanuii, B TOM YHCJIE U IIOTOMY, UTO JICTAIH KIMHOIIAPHUPHOTO MEXaHN3Ma 00Jiee TEXHOJIOTHYHBIC B U3TOTOBJICHUH.

KiaroueBsble ciioBa: MpoKaT, 3aroTOBKA, pa3lelicHHWe, CHIA, Ka4eCcTBO, KOI()(UIMEHT MONe3HOrO NecTBHS,
JKECTKOCTb, KIIFH, IIAPHUP, TIOI3YH.
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AHOTAIII

Yurnpuncokuii B. B., Haymenko O. I'. lesiki 0co0MBOCTi piliIeHHs IJIOCKOI 3a1a4i MeXaHiKHM CyniJib-
HOro cepegosuina // O6podxa marepiaiB TuckoMm. — 2019. — Ne 1 (48).

Ha 6a3e meTony apryMeHT GYHKIIH OTPUMAaHO pIllleHHs IUIOCKOT 3a7a4l Teopii MPyKHOCTI B KJIACHUYHIN mijc-
TaHOBII. BBeZieHO 10 po3riisiay apryMeHT QyHKIii 6a30Bux 3MiHHUX. [Ipu migcraHoBIi y qudepeHiiini piBHsAHHS (o-
PMYIOTBCSL OTIEPATOPH, SIKi BU3HAYAIOTHCS IIMMHU apTyMEHT (YHKIISIMH, Ta BUKOHYIOTh POIIb CBOEPITHUX PETYIATOPIB
OITyKy. B pe3ynpTari 1[p0Oro monIyKy HaBeeHi 3aJIe’KHOCTI iICHYBaHHS pillieHb Y BUTIIAI cimiBBigHOmEeHb Komri-Pimana
Ta piBHAHB Jlamnacy. 3icTaBieHi pilleHHs IIOCKOT 3a1a4i Teopii MPYKHOCTI Ta ITACTHYHOCTI, SIKi OTpUMaHi 0JJHAKOBHM
MetozoM. [lokazaHo, 110 TOMiXX HUMH iCHYIOTb BiJIIIOBIIHOCTI 3a MPUHIIMIIOBUMH CITiBBITHOIIIEHHSIMH, SIKi IPOSIBIISIFOTH
ce0e mpw pillleHHi 3aJa4 METOJ0M apryMeHT QyHKIiH. J[o HuX BimHOCATH criBBinHOmeHHs Komnti-Pimana, nudepenmii-
Hi piBHsHHA Jlamacy, sIKIM NOBHHHI 3aJI0BOJIBHITH apryMeHT (DyHKIII, 110 BXOASATH J0 CKJIaay 0a30BUX TPUTOHOMET-
PUYHHX Ta eKCIIOHeHIiabHUX (QyHKii. OTpUMaHHSI HOBOTO Pe3yJNbTaTy MOB’s3aHO 3 YCKIIQJHEHHSIM 3a/1a4l 32 paxyHOK
po3TIIAny 30HH Ae(OpPMYBaHHS B [BOX CTaHAX: PYXKHOMY 1 INITACTHYHOMY, BpPaxyBaHHs OJHOYACHOT'O BIUIMBY LIUX CTa-
HIB Ha e)OpMOBaHMIi Ta MPYXKHiil ctan cepepoBuiia. Jlo Taknx KOMOIHOBaHMX LIEHTPIB JeopMallii MOKIMBO BifHEC-
TH 30HH IUIACTHYHOI OOPOOKH 3ar0TOBOK CEpeIHbOI Ta BEIMKOI TOBILMHY, B SKUX IPH KOHTAKTi 3 IHCTPYMEHTOM IIPHCY-
THS PO3BHHEHA 30HA NPWIHNAHHA. BIUTHB KOHTAaKTHOTO TepTs crpus€e ii pO3MOBCIOMKEHHIO B TIIMOUHY LEHTpY Aedop-
Mallii, yTBOpIOI0YH 00J1acTh 3arajibMoBaHoi Aedopmartii.

KoarouoBi ciioBa: mpysxHicTh, IIACTHYHICTB, TJIOCKA 33j1a4a TEOpii MPYKHOCTI, apryMeHT (yHKIii, HOPiBHSIH-
HICTb pillleHs, criBBigHomeHHs Kommi-Pimana, piBHsaaHs Jlamiacy, 30Ha npuimnanHs.

Amomun FO. A. MexaHni3Mu BJacHHX KOJHBaHb B NMPY:KHUX Tinax / O0podka martepiajiiB THCKOM. —
2019. — Ne 1 (48).

Po3rnsHyTO €HepreTH4HO 1301b0BaHa CHCTEMa y BUIIIAAL IPYKHOTO CTPIIKHS, 3aKPIIIEHOT0 MK JBoMa abco-
JIOTHO TBEPIUMH oropamu. Ha OCHOBI eHepreTHYHOT MOJIENi MEXaHIKH OTPUMAHO PO3IOMALT 32 00CIATOM 1 3MiHa B Yaci
CKJIaJIOBHUX TPYXKHOI 1 KIHETUYHOI €Heprii Uis OCHOBHHX (POPM TO3MOBXKHIX, MOMEPEYHUX 1 KPYTHIBHUX KOJMBAHb.
Ha ocHOBI aHami3y CTpyKTypH KiHEMaTHYHUX IHBapiaHTIB, acOIIOBaHMX 3 €HEPri€l0, OTPUMaHi PIBHAHHS Uil po3pa-
XYHKY 8 BHJIIB JIOKaJIbHOI €Heprii YaCTHHOK, 110 OepyTh y4acTh B KOJUBAHHSIX, Y TOMY YHCII 2 BU/IH, SIKi HE BIUINBAIOTh
Ha iHTerpajbHy 3a o0csroM Tina eHeprito nedopmanii. [TokazaHo, 110, 32 aHANOTIEIO 3 BIIBHUMH KOJIMBAaHHAMH IPYXK-
HUX TiJI, KOJIM 3MiHa T€OMETPUYHOI CTPYKTYpH BiOyBaeThcs O€3 NMPUILTHBY €Heprii 4epe3 30BHIIIHI MeXi CHCTEMH,
MOXJIMBI 3MiHHM B MiKp0o00'eMax, 1110 MPOSIBIISIIOTHCS B PIBHSHHAX PYXY 1 BiIOYBAIOTHCS 32 paxyHOK BHYTPIIIHIX JKepes
eHeprii 6e3 0oOMIHy €Hepri€ro 3 CyCiIHIMM YaCTWHKaMHU. BHCIIOBICHO NPUIYILIEHHS, NIO BIUIMBAIOYl Ha IHTErpaibHI
3a 00CATOM YacTHHHU €Heprii 3a0e3MmeuyroTh BUKOHAHHS 3aKOHY 30€peXEeHHsI, a JIBa IHIIMX BUAY BiOOpakaroTh 0COOIH-
BOCTI Au(epeHmianbHuX PiBHAHB pyXy. UacTHHKY B IMEepEeTHHAX, Yepe3 sIKi BiOYBAIOTHCS 30BHIMIHI BILIMBH AJIS IIOPY-
[ICHHS TTONePEYHUX 1 KPYTWIBHUX KOJIMBaHb, HE 3MIHIOIOTE (opMy i 00'eM, eHepris Ha JeopMallito YACTHHOK HE BH-
TpadaeTscs. OTpuUMaHi pe3ynbTaTd, B TOMY YHCII O TIEPioy Ta 4YacTOTaX KOJIMBaHb, a TAKO’K BUKOHAHHS 3aKOHY 30e-
PEeKEHHS IS IHTETpaNbHUX 32 00CATOM 3HAYCHb KiHETHYHOI 1 PY)KHOI €Hepril, Ha TOJATOK 0 BiJOMHUX PillleHb IS
a0COIOTHO TBEpAMX 1 NEePOPMIBHMX Tij, MOXKHA PO3IJLATH SK JOAATKOBI apryMEHTH IPAaBOMIPHOCTI 3aCTOCYBaHHS
€HEepPreTHYHOI MO JJIs PIIeHHs PI3HUX 3a]a4 MEXaHIKH.

Kuro4oBi ciioBa: piBHAHHS pyxy, 3MiHHI JlarpaHxa, iHBapiaHTH, CHEPreTHYHA MOJICIb, BIACHI KOJHBAHHS.

Auiesa JI. 1., Anies I. C., I'pyakina H. C., Mauiii X. B. MogenioBanHs npouecy KoMOIHOBAaHOro pajia-
JIbHO-3BOPOTHOI'0 BUJABIIOBAHHA JeTaJjeil 3 ¢puianuem / O6pooka matepianiB Tuckom. —2019. — Ne 1 (48).

PosrnsHyTO CIIOCOOWM BHUTOTOBIEHHS CTPW)KHEBUX JAeTayieil 3 (uaHIeM i OChOBHUM BiIpOCTKOM BHIABIIOBaH-
HsM. HaBeneHo pe3ynbTaTH MOJETIOBAHHS Ipoliecy KOMOIHOBAHOTO PaialbHO-3BOPOTHOTO BUIABIIIOBAHHS CTPHIKHE-
BOI JeTalti 3 (IaHneM i BiAPOCTKOM SHEPreTHYHHM METOJIOM BEPXHBOI OIIHKH. /I OIepaTUBHOTO PO3PaxyHKY KOM-
TIOHEHT MPHUBEACHOTO THCKY ISl KIHEMAaTHYHUX €JIEMEHTIB MapaieibHoi Tedii MeTaay po3poOJeHi Ta HiIroTOBIICH] 3a-
JIEKHOCTI JJIsl pO3paxyHKY €JIEMEHTIB IIPUBEJCHOTO TUCKY Ae()OPMYBaHHS, 3CYBY 1 TEPTS Ha MEXax MOIYJIA.

BcranoBneHo, 110 npu KOMOIHOBAaHOMY BH/IABJIFOBaHHI 3 IIEPEMIIIEHHSM METally B PajiajJbHOMY 1 3BOPOTHOMY
HanpsIMKax, OCepeaKH 1HTCHCHBHOI MIacTU4HOI aedopmariii 30cepepkeHi B 30HaX BUXIAHUX OTBOPIB, HA MEPEXiTHUX
Kpaiikax nepopMyrodoro iHcTpyMeHTy. Mixk HUMH po3MiliieHa HeaeopMoBaHa )opcTka 30Ha. KiHemarnyuHi napamer-
pH TIpoIiecy 3HAXOAATH 3 YMOBH PIBHOBArd JaHOI 30HU. 3a II€I0 YMOBOIO TOTYXKHOCTI, IPHUKIIAICH] 10 )KOPCTKOI 30Hi IO
obunBa 0ok, piBHI. JlaHa TakoX OIIHKA 3aKOHOMIPHOCTSIM ()OPMO3MIHH 1 PO3BUTKY Ae(HOPMOBAHOTO CTaHY 3arOTOBKH
B mporieci koMOiHOBaHOTO BuAaBmioBaHH:. [IpencraBieni rpadiuni 3ameXHOCTI (POPMO3MIHU 3aTOTOBKH, SKi JO3BOJIS-
I0Th IPOTHO3YBATH OTPHMaHHS HarliBpaOpuKaTiB 3 HEOOXiTHUMHU r€OMETPUYHUMH TTapaMeTpaMu.

JlaHO 3icTaBIEHHS PO3PaXyHKOBUX 3HA4YEHb MapaMeTpiB (POPMO3MIHH 1 CHIOBOTO PEKHMY, OTPUMAaHUX METO-
JIOM CKIHYEHHHX €JIEMEHTIB 3 €HepPreTHYHUM METOJOM BEPXHBOI OLIHKH 1 eKCIIEpUMEHTATbHUMU NaHUMHU. [10piBHSHHS
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TEOPETUYHHX Ta CKCIIEPUMEHTAILHUX 3HAa4YeHb THUCKIB Ae(OpPMYBaHH:I i MIBUAKOCTEH Tedil M co0OI0, a TAKOXK 3 pe-
3ynbTaTaMH, OTPUMAHHUMH METOJOM CKiHYEHHHX €JIEMEHTIB, MOKa3al0 MPUHHATHICTh OTPHUMAHUX 3aJ€KHOCTEH st
TEXHOJIOTIYHUX PO3pPaxyHKiB CHIIOBHX MapaMeTpiB i OI[IHKKA ()OPMOYTBOPEHHS JIeTaIeH.

Kurouogi ciioBa: metani 3 duaHmeM i BiIpoCTKOM, KOMOIHOBaHE paIialibHO-3BOPOTHE BUIABIIIOBAHHS, 1edop-
MOBaHHIi CTaH, METOJ] CKIHUEHHHX €JIEMEHTIB, (POPMO3MiHa, CHITH Je(DOPMYBaHHSI.

AuieBa JI. 1., TiroB A. B.,, Kopaenko M. 0. MojaenoBanHsi mnpoueciB MNONEepPevyHOro OOKOBOIo
BUJaBIOBaHHsA // O0poOka maTepiajiB Tuckom. — 2019. — Ne 1 (48).

MopentoBaHHS CHIOBOTO PEXUMY IpoLecy OOKOBOIO BHIABIIOBAHHS METOJOM BEPXHBOI OIIHKH JI03BOJIHIIO
OIIHUTH BILTUB T€OMETPHYHHUX NapaMeTpPiB i BUAY NOJS MIBUAKOCTEH HA MPHUBEICHIA THCK AedopMyBaHHs. BeTaHoBIe-
HO, [I0 ONTHMAaJbHE YHCIIO KOPCTKHX €IIEMEHTIB 3aJISKUTh BiJl BITHOCHOI TOBIIMHY BIAPOCTKA, IO BHIABIIOBAETHCS.
Po3paxyHKkoBi (opMysu Uil MIIOCKOTO OOKOBOTO BHAABIIOBAHHS, OTPHMaHI METOIOM BEPXHBOI OILHKH, MOKa3yIOTh
pe3yibTaTd, ONM3bKi aHAJOTIYHUM PIlIEHHSM U 1HIINX 3aBIaHb IUIOCKOTO Je(OopMyBaHHS B IPOILECi AOMITAMIOBKI
1 0caJIKy, IO BiZPi3HAIOTHCS BUIOM PO3PHUBHOTO TTOJISI IIBHKOCTEH.

OTpUMaHO YTOYHEHI 3aJIe)KHOCTI ISl PO3PaxyHKy THCKY JeOpMyBaHHS B MAaTpPHISAX 3 KOHIYHOIO
1 3aKpyTJIEHOIO TEPEXiHOI0 Kpaiikoro. [ oCTaHHBOrO BHIAJIKy 3aCTOCOBAHHH KPUBONIHIHHUN TPUKYTHHH MOy,
IUIs SIKOTO OIMCaHa METOAMKa MOOYJOBH 1 PO3paxyHKy KOMIIOHEHTIB HaBEAEHOTO THUCKY Ha JIHISX PO3PUBY LIBUAKOC-
Teil. MeTon BepXHbOT OLIHKU JJO3BOJIMB OLIHUTH HEPIBHOMIPHICTH PO3MOLTY AedopMalliil o nepeTuHy BHIABICHOTO
BIZIPOCTKA 1 pO3paxyBaTH BEIWYWHY TEIUIOBHIUICHHS BiIIOBITHOTO HAKOMMYEHOI AedopMarii y3IOBX JiHIH cTpyMy
MeTary. Po3risHyTO mporiec 60KOBOTO BHIABIIOBAHHS BiIPOCTKA B MATPHIIL 3 KOHIYHOIO MEPEXiTHOI0 KPaWKOIO 1 MiIT-
Bep/DKEHa MOXKIIMBICTh B3a€EMHOI KOMITCHCAIIl HEPIBHOMIPHOCTI teopMarii IIpy NpOCTHX CXeMaxX BHIABIIOBAHHS, IPU
iX B3a€EMHOMY ITO€JHAHHI 200 momoBHEeHHI. [1in0ip cXxeM BUIaBIOBaHHS B OararorepexiHoMy mporeci abo mpu KoMOi-
HOBaHOMY Ae(OopMyBaHHI, IPOBEICHUH 3 ypaxyBaHHSIM XapakTepy pO3MoALTy aedopmariiid, Moxe OyTH e(eKTHBHUM
METOJIOM 3HIKEHHsI HEpiBHOMIPHOCTI e opMallii 3aroTOBKH.

KoaiouoBi ciioBa: 60xoBe BHIABIIOBaHHS, METOJl BEPXHBOI OIIHKH, ITPUBEICHUN THUCK, KPUBOJIIHIMHI KiHEMa-
THYHI €JIEMEHTH, HEPIBHOMIPHICTH JeopMartii, TETIIOBUIIIIEHHS.

Kamroxnuii B. JI., Jlepuenko B. M. Bukopucrannst Mmeroay 0anaHcy NOTY:KHOCTeH i iIHXKeHepHOro MeTo-
Aoy IJIsl aHAJI3Y YCTAJIeHOI cTa/Iil X0JIOTHOr0 3BOPOTHOT0 BHAABJIIOBAHHS 3 po3aayoro // Oopodka martepiajisB Tu-
ckoM. —2019. — Ne 1 (48).

MertozmoM OanaHCy MOTYKHOCTEH CIIIBHO 3 IH)KEHEPHUM METOJIOM IIPOBEAEHHUIT aHaNi3 XOJIOAHOTO 3BOPOTHOTO
BUTHCKYBaHHS 3 PO3J1au0l0 B PyXOMili MaTpuIli MOPOKHUCTHX BUPOOIB Ha CTallioHapHiH cTaaii. BukopucranHs merony
OayaHCy TOTY>KHOCTEH I03BOJISIE BH3HAYWUTH BIUIMB TEPTs Ha KOHTAKTYIOUMX ITOBEPXHSIX IHCTPYMEHTY 3 OCEPEIKOM
nedopmarii i 06'eMamMu 3aTOTOBKH, IO HE NepOPMYIOTHCS. 3aCTOCYBaHHS 1H)KEHEPHOTO METOMY JO3BOJHIIO 3HAWTH
HaIpy>KeHHA B ocepeaKy AedopMamniii A1 moJaiblIoro BpaxyBaHHs TepTd no KynoHy npu BU3HA4eHHI MOTY)KHOCTEH
Ha TIO/IOJIaHHS CHJI TepTs. Y pillleHHI BpaxOBaHO 3MIIJHEHHS MeTally y ocepeaky aedopmauii nmpu ¢gopmMoyTBOpeHHI
10 CTYTICHEBIiH alpoKcHMalIii JiarpaMu iCTHHHUX HanpykeHb. OTpuMani popMyInu i BU3HAYCHHS 3YCHIUIS BUIABITIO-
BaHHS | MUTOMKX 3YCHJIb Ha MyaHCOHI 1 MaTpPUIl, a TAKOXK MeXI TeKydocTi 31edopMoBaHoro Metaiy. st mepeBipku
a/IEKBATHOCTI PE3yJIbTATiB PO3PaXyHKIB IO OTPHUMAaHMX 3aJIS)KHOCTSIX BUKOHAHO MOJETIOBAHHS BHJIABIIOBAHHS MTOPOXK-
HUCTUX BHPOOIB KOHKPETHHX PO3MipiB i3 ctam 10 3 BUKOpUCTaHHSAM METONy CKIHYEHHHX eleMeHTiB. I1opiBHSHHS pe-
3yJBTATIB PO3PaxXyHKIB MO 3yCHJUTIO BUIABIIOBAHHS, 3MIIIHEHHIO METAy Y OCepenKy Aedopmalrlii, TMTOMUM 3YCHIUIIM
Ha [TyaHCOHI IT0Ka3aJI0 MOXJIMBICTh BUKOPUCTAHHS OTPUMaHHUX (OpMyYII Ul IPaKTHYHUX PO3PaxyHKIB IIPOLECy 3BOPO-
THOT'O BUTHCKYBaHHSI 3 PO3/1a40I0.

Kuaro4oBi cjioBa: 3BOpOTHE BUTHCKYBaHHSI, TIOPOXKHUCTHHA BUPiO, METOZ OallaHCy MOTYKHOCTEH, iHKEHepHUH
METO/I, 3yCHJUIS 1 MUTOMI 3yCHIUIS, 3MILIHEHHSI, METO/I CKIHUCHHHX €JIEMEHTIB, MOPIBHSHHS PE3YJIbTAaTIB PO3PaXyHKIB.

TitoB B. A., benb A. M. Moae1i0BaHHS TeXHOJOTiYHOr0 Mpolecy BHAABJIIOBAHHS 3ar0TOBOK KOMIIpe-
copHHUX JonaTok // O0podka maTtepiaaiB Tuckom. — 2019. — Ne 1 (48).

Mero1o po6OTH € YncenbHe MOAEMIOBAHHS MIPOLieCy BUAABIIOBAHHA 3arOTOBOK JIOIATOK KOMIIPECOPIB aBiamiii-
HUX JIBUTYHIB TpW BHpIMIEHHI 3a4ad IUIACTUYHOTO JeOpMYyBaHHS, IODPIBHSHHS pE3yJbTaTiB MOJICIIOBAHHS
i3 peaJTbHIMH pe3ybTaTaMu.

ITokazaHo croci0 BUKOPHUCTAHHS Cy4aCHUX CHCTEM MOJENIOBAaHHS, IO JO3BOJIIOTh 3HAYHO CKOPOTUTH BUTpa-
TH Ta 4ac po3poOKM HOBOTO OCHAILEHHS 33 PaXyHOK BIPTyaJbHOI'O MOJEJIOBAHHS IPOLECy ITaMIyBaHHs, 0€3 BUTOTO-
BJICHHS OCHAIIICHHSI Ta 3aBaHTAXXEHHs KOBAIBCHKO-TIPECOBOTO 00aiHaHHs. B sKOCTI cucTeMn MOZeIoBaHHs IPOIECiB
BuKopucTaro nporpamy QForm 2D/3D, 3a momoMororo skoi MOKHa BapitOBaTH PI3HAMH MapaMeTpaMu mporecy nedo-
pMyBaHHSI.

[TpoBeneHo MozeNIIOBaHHS TEXHOJIOTIYHOTO TPOLIECY BUIABIIIOBAHHS 3arOTOBOK KOMIIPECOPHHX JIOMIATOK Ta30-
TypOiHHUX nBUTYHIB. [Iporiec BHIABIIOBaHHS MOJETIOBABCS 332 (PAKTHYHHMH PO3MipaMH JIOMATKH Ta IITAMIIOBOTO
OCHaIleHHS. 3a (opMOI0 MpodiNI0 3arOTOBKY KOMIIPECOPHOI JIOMATKK 3 ypaxXyBaHHAM TEMIEPAaTYPHOTO PO3IIHPEHHS
CTBOPEHO MOJIEJi IITaMIOBOTO OCHAIEHHs! PO3rIIsIHYTO 0COOIMBOCTI CTBOPEHHSI TPUBUMIPHOT MOZEINI, 3aBIaHHs Tapa-
METpiB MOAENI B pO3paxyHKOBHH MOAYJb Ta HAHECEHHS CITKM KIHIEBHX eleMeHTiB. I[IpeacraBieHo pe3yibraTv
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KOMIT' FOTEPHOTO MOJIEITIOBAHHS, TI0Ka3aHO XapaKkTep IUIMHY MeTaly HpH nedopmalii, CHIOBI Ta eHepreTH4Hi mapamer-
pu nporiecy. [TokazaHo pe3ysbTaTH eKCIIEPUMEHTANBHUX JOCIIDKEHb, IPOBEICHHUX Ha cepil 3aroTOBOK, IO OYJIH OTpH-
MaHi i3 HOCTYIOBHM 301IbLICHHIM JOBXHHH TIepa A0 TEXHOJIOTIYHUX TapaMeTpiB.

[MpencraBneno BiANOBiAHICTH ()OPMU BHIABJIEHOI 3arOTOBKU, OTPUMAHOI PO3PaXyHKOBHM MLUISXOM, 30BHILI-
HbOMY BUIISIY PEalibHOI 3arOTOBKH, XapaKTep 3allOBHEHHs MOPOXKHUHU MATpPUIli, a TAKOX MICIsl YTBOPSHHS MOXIIHU-
Bux gedekriB. [lokazaHO 3acTOCYBaHHS NPHUKIATHAX TEXHONOTIH Uil MOJENIOBaHHS mpouecy nedopmarii
Ta BUTOTOBJICHHSI IITAMIIOBOTO OCHAILICHHSI.

Koro4doBi ciioBa: xomrpecopHa JionaTka, BUIABIIOBaHHS, YHCEIbHE MOICTIOBAaHH, IUIACTHYHA IedopMaris,
TPUBHUMIpHA MOJIEIb, TIEPO, 3ar0TOBKA, ra30TypOIHHUI TBUTYH.

Mengenes B. C., Bazaposa K. B. MartemaTtuuna Mojejab ()OPMO3MIHM MeTaly B YOPHOBHX 3aKPHTHX
O0aakoBux kajiopax / O0podka martepiauaiB Tuckom. —2019. — Ne 1 (48).

3akpuTi 0AIKOBI KaJliOpH 3aCTOCOBYIOTHCS Ha COPTOBHX CTaHAaX MPH BUPOOHMIITBI JBOTABPOBUX MPOQITIB M-
POKOTO COpTaMEHTY. Y YOPHOBHX KaJliOpax 3 MPsIMOKYTHOI 3arOTOBKH 3a JIEKiJIbKa MPOXOiB ()OPMYIOTh MiJKATH JBO-
TaBpOBOT ()OPMH 31 CTIHKOIO 1 JOCUTH BUCOKUMH (yiaHIsIMH. [1J1s1 MABUILEHHS! TOYHOCTI TOTOBUX JIBOTaBPOBUX MPOdi-
JIB TMiJKaTH B YOPHOBUX KalliOpax HEoOXigHO (HOPMYBATH 3 CUMETPHUYHUMHU (DIAHIIMHU 1 3 BHCOTOIO, IO 3a0e3reuye
HaJIiifHe BUCOTHE OOTUCHEHHS ()IAHIIB B HACTYITHAX KOHTPOJEHUX KaaiOpax i OTpUMaHHsS TOYHUX PO3MIPIB MO MIUPHHI
TIOJIMIb B YMCTOBHX YHiBepcaJbHUX KasliOpax. [ BUpimIeHHs bOTO 3aBJaHHS PO3POOHMK TEXHOJIOTI] HOBUHEH MaTH
Y CBOEMY PO3MOPSIKCHHI HAIITHI METOM PO3PaXyHKY (POPMO3MIHU METAITy B KaJliopax.

Mertoro nanoi poboTH € po3podka MaTeMaTHIHOI MoIeNi (OPMO3MIHM METaTy B 3aKPUTHX OaTKOBHX KamiOpax
3 BiTHOIICHHSM TOBIIWHU CTIHKHU JI0 BHCOTH Tpodito, piHUM 0,2-0,4.

VY pe3ynbTaTti TEOPETUIHUX AOCIIIKEHb PO3POOICHO MaTEeMATHIHY MOJIENTh PO3PaXyHKY IHTETpaJbHUX Xapak-
TepUCTUK (popMO3MiHM MeTany (Koe]ilieHTIB BHCOTHOI IedopMarii MOJUI, BIAKPUTOrO 1 3aKpuTOro (aHIliB)
B 3aJIE)KHOCTI BiJI IPSIMOTO OOTUCKY CTIHKH, OOKOBOTO OOTHUCKY (DJIaHIIB i TEOMETPUYHKX MapaMeTpiB ocepeaky aedo-
pMauii. B ocHOBy MaTeMaTH4HOT MOJIelTi OKJIaeHO OaraTopakTOpHUN TEOPETUYHUI EKCIIEPUMEHT B IMHAMIUHII TTOC-
TQHOBIII 3 BapilOBaHHAM 0€3pO3MIpHHUX TEXHOJIOTTYHUX MapaMeTpiB MPOKATKH (KOeDil[ieHTy OOTUCKY CTIHKH 1O TOBIIH-
Hi, cepeHbOro KoedilieHTy OOKOBOTrO OOTHCKY IO TOBIIHMHI BIJKPUTHX 1 3aKpUTHX (IaHIIB 1 BiHOLIEHHS IIMPHHU
CTIHKH 710 11 TOBIIMHM). Mexi BapitoBaHHs 0e3p03MipHHX TEXHOJIOTIYHUX MapaMeTpiB MPOKAaTKH 0OpaHi 3a pe3yibraTa-
MU aHaji3y JIil04nX KaJliOpoBOK IMpOKaTHHUX BalkiB. [lepedir Meramy B KamiOpax JOCITIKyBaJIH 3 BUKOPHUCTAHHSAM Me-
TOJy CKIHYEHHHX eJIeMeHTiB i nporpamHoro kommuiekcy SIMULIA / ABAQUS. Hageneno rpadiku 3MiHE KOeilieHTiB
BHCOTHOI AedopMariii moJuip, BIAKPUTHX i 3aKPUTUX (IIAHINB BiJ OOTHUCKY CTIHKH, OOKOBOTO OOTHCKY (DaHIiB i M-
puHE cTiHKH. Pe3ynpraTén MopenroBaHHS 0OpOOJIeHI KIIACHIHUME METOJaMH PETPECciifHOTO aHalli3y 3 BHKOPHCTAHHIM
mporpam MathCadl4 i SPSS i npezncraBieHi y BUTTISAAI perpeciiHuX 3aexHOCTe. MaTeMaTndHa MOJENb aJeKBaTHO
ormucye (GopMO3MIiHY MeTaly B HOPHOBUX 3aKPUTHX OAalKOBUX KamiOpax i ii peKOMEHAYeThCS BHKOPHUCTOBYBATH
Ha MPAKTHIIl TIPH PO3POOII TEXHOJOTI MPOKATKHU 1 podouMX KamiOpyBaHb BaJKIB Il BUPOOHHIITBA ABOTABPOBHX IMPO-
(biTiB MiABUIEHOT TOYHOCTI.

Koarouosi cioBa: npokarka, KayiOpyBaHHsI BaJIKiB, JBOTaBpOBHUil npodiib, OankoBuid kamiop, ¢popMo3MiHa,
npupicT ¢uaHmiB, rpadik, MaTeMaTHYHA MOJIENb, AedopMaltist MeTay.

Pemes O. A., Orinceknii l. K., Ky3pmina O. M. MojemoBanHs npouecy 6e3nepepBHOi NPOKATKH
B KaJidpax cucremMu «oBaj-kpyr» // O6podka matepiajiB Tuckom. —2019. — Ne 1 (48).

Po3pobka TexHOOTIT MPOKATKHU YIS Pi3HUX TPYII CTajei Ha Oe3MepepBHUX CTaHAX B JAHWHA Yac BUKOHYETHCS
3a BIICYTHOCTI JIOCTOBIPHUX BiIOMOCTEH PO B3a€EMO3B'A30K BHCOTHOI i TONepevHoi aedopMariiii B yMoBax IepeaHbO-
TO, 33JJHBOTO HATSDKIHHA 1 crinbHOI 1X mii. HemocTaTHRO HOCIHIIKEHNM € BIUIMB CHCTEM BHUTSHKHHX KalliOpiB Ha mapa-
METpH TPOKaTKH B Oe3nepepBHUX cTaHaX. JOCHiDKEHHS MapaMeTpiB MPOKAaTKH B KaliOpax CHUCTEMH «OBAJI-KPyD»
(pO3TIISIHYTI Ha TPUKIIA/AlI CXEMH «KpPYTr-OBaj» IPH MPOKATII KPYIJIoi 3arOTOBKH B OBaJbHOMY KaJiOpi) MPOBOIUIOCS
3 BUKOPHCTaHHSIM KiHleBo-ejdeMeHTHOi nporpamu FORGE 3D. [locmimkenHst BUKOHyBanuch Juisi cram 08X13,
110 BIJIHOCHUTKCS IO MaTepialliB, CXWIBHHUX JIO MiJBUINCHOTO po3mupeHHs. s ocobmuBicTs Teuui Metany mpu aedop-
Marii BUBYEHAa HEIOCTAaTHHO, L0 CTBOPIOE TPYAHOLI NP po3poOdli peKMMiB OOTHCHEHb. Pe3ynbraTn, mpencrasieHi
B CTaTTi, MPU3HAYCHI, 30KpeMa, JUTS MiATOTOBKH €KCIICPUMEHTATBHUX JOCHIIKCHb.

MeToro pobOTH € PO3BUTOK METOJIIB JOCITIKEHHS KIHEMAaTUIHHX TTapaMeTpiB Oe3rmepepBHOi COPTOBOI MPOKAT-
KH 32 JIOTIOMOTOI0 METOiB KOMI'FOTEPHOTO MOJICIIOBAHHS, 1 BU3HAYCHHS HA Iiif OCHOBI 3aKOHOMIPHOCTEH 3MiHH TEX-
HOJIOTIYHUX NapaMeTpiB Mpu Oe3nepepBHii IPOKATIIl B CHCTEMI BUTSDKHUX KaJliOpiB «OBaJ-KPyT».

MoesroBaHHsI 3a 3a3HAYCHOI0 CXEMOI0 BHKOHYBAJIOCS [UISl BUIQJIKIB MPOKATKU 3 PI3HUMU MMOEAHAHHAMHE Iie-
PEeIHBOrO 1 3aHHOTO HATSHKIHHS. JIOCHIKEHHST MPOBOIMIIKCS Ui YMOB HEY3TOKEHOCTI HIBHIKOCTEH MEpeIHbOro,
3aHBOTO, OJHOYACHO MEPEIHBOTO 1 3aJHBOTO KIiHIB cMyrH. Jliama3oH BiTHOCHOI HEY3TOPKEHOCTI MIBHAKOCTEH
(10 BiJJHOILIEHHIO JI0 IPOKATI 0e3 HATsHKiHH) ckiaB 2,5 ... 10 % 3 kpaTHicTIO 2,5.

Jiama3on 3MiHH Koe(ilieHTIB BUTSDKKH ckiIaB A = 1,043 ... 1,529, 1110 € JOCUTh XapaKTepHUM [UIS JaHOI CH-
CTeMH KatiOpiB.

Kurouogi cioBa: MCE, crucrema kaitiOpiB, peoJioris, HATSKIHHS, KOS(IIIEHT BUTSDKKH, IPOKATKa, PO3IIUPEH-
Hs1, MapKa cTaJii, Oe3repepBHUNA CTaH.
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I'epacumenxo O. B., Mapkos O. €., Kocizop M. C., XBamuHcbkuii A. C., IBanos II. I1. JocaixkeHnst
npoiuecy po3KO4yBaHHA CTYHNIHYACTHX KOHYCHHX Kijeub // O0podka maTtepiajiB Tuckom. —2019. — Ne 1 (48).

B poGorti nocnimkeHo HOBHH CIIOci0 PO3KOYYBAaHHS KPYITHOTa0APUTHUX KOHYCHHX KiJlenb 31 CTYHIHYaCTHM
mpodizeM. 3ampormoHOBaHUN cIoci0 moisrae y AeopMyBaHHI 3arOTOBKH 3 YCTYIIOM CTYHiHYacTHM OoiikoM. B poGori
3aIPONIOHOBAaHA METOJHKa IPOBEACHHS IOCITIKCHbh METOJOM CKIHYEHHX elleMeHTiB. MeToanka mnpu3HadeHa Uil BH-
3HAYCHHS 3AICKHOCTEH HAIPYKEHO-Ie(OPMOBAHOTO CTaHy Ta (POPMO3MIHEHHS 3aTOTOBKH y TPOIECI pO3KOUyBAHHS
CTYMIHYAaCTHM OOMKOM. 3MIHHMUMH NIapaMeTpaMy OyJi BiJIHOCHA BHCOTA BUCTYIY CTYIIHYAaCTHX 3arOTOBOK, sIKa Bapito-
Bayiach B iHTepBami 2,3 ... 2,4. Ha OCHOBI CKIHYEHO-€JIEMEHTHOTO MOJICITIOBaHHS OYJIM BCTAHOBJICHI: PO3IIOMLT IHTEHCH-
BHOCTI JedopMaltiid y mepepizi MOKOBKHU MiCs PO3KOYYBaHHS CTYIIHYACTHM 0OHKOM. BU3Hauanach KOHYCHICTh MOKO-
BOK, sIKa YTBOPIOETHCSI IPU PO3KOUYBaHHI 32 TaHUM c11oco0oM. CKIHYEHO-eJIEMEHTHE JOCIIKEHHS JO3BOJIUIIO BCTAHO-
BUTH, 1[0 PO3KOUYBaHHS CTYMIHYACTHM OOMKOM NPHU3BOANTH IO YTBOPEHHS KOHYCHOT ()OpMU MOKOBKH. Lle mosicHIoeTh-
Csl THM, IIIO0 TIpH OOTHCKaHHI yCTyIy Hae Olnbplua TaHTeHIiajdbHa AedopMallisl KibLeBOi 3ar0TOBKU B 30HI YCTYILy, HIXK
30HI BHCTYIy BHACJiIOK pI3HOi BHCOTH CTYIIHYAacTOi 3aroTOBKH. BcTaHOBIEHO, IO NMpH PO3KOYYBaHHI 3arOTOBKH
3 pi3HMIEI0 BiTHOCHMX nAiameTpiB 0,43 BUCTYII Ta yCTYHI OZHOYACHO 1e(POPMYIOTHCS Iifl 9ac BCHOTO MPOIECY PO3KOUY-
BaHHS. [Ipy 1IbOMY ycTyT iHTEHCHBHIIIE 301IBITY€ETRCS V JiaMeTpi, HK BUCTYII, Yepe3 M0 IIOKOBKA Ha0yBa€ KOHYCHY
¢dopmy. Lle MOSCHIOETRCS PI3HUMH CTYTICHAMH AedopMartii, SKi yTBOPIOIOTECS y BUCTYII Ta ycryti. [IpraoMy cTymiHb
nedopmarii B yCTyIli 30UIBIIy€eThCS iHTEHCUBHINIE, HK Y BUCTYMI. Pi3HUI y cTymeHsx nedopmarii BHHHKae depes
PI3HHMIIO Y TOBIIMHI CTIHOK BHCTYIY Ta YCTyIy. B pe3ynbraTi H0CiimKeHb, BHKOHAHUX B poOOTi, OYyJI0O BCTAHOBJICHO,
II0 PO3KOYYBaHHS CTYHMIHYAaCTUX KOHYCHHMX 3arOTOBOK MOJJIMBE, 1€ PO3IIMPIOE TEXHOJOTIYHI MOXKIMBOCTI MpOLECY
PO3KOYYBaHHS KPYIHOTa0apUTHUX ITIOKOBOK.

Koarouogi ciioBa: cryniHuacte KOHyCHE KUIbIle, pO3KOYYBaHHsI, CTyMiHYaCTUi 000K, po3noain nedopmarii,
(hopMO3MiHEHHS, KOHYCHICTb.

Mapkos O. €., 3auropes B. M., JKutnikos P. 10., Inuyakos €. B., Pizak II. 1. YaockoHa/ieHHs mpouecy
OCaIKeHHs] YOTHPHUIIPOMEHEBHUX 3aroTOBOK 3 KyToM yBirHytux rpaneii 150° / O6podka marepianiB THCKOM. —
2019. — Ne 1 (48).

3anponoHoBaHO HOBHUH CTOCIO ocamkeHHs 3aroToBoK. Crocid monsrae B ocaKeHi 3aTOTOBOK 3 YBIrHYTHMH
rpaHsMu. Po3po0ieHo METOONKY TeOpeTHYHHX IOCHipKeHb. Ll MeTronnka mossrana B JOCTIKEHHI MeXaHi3My 3a-
KpUTTA IITYYHUX OCHOBUX JIe(EKTiB B 3arO0TOBKAX. JOCIiIKEHHS TIPOBOIMIINCS Ha OCHOBI METOAY CKiHUCHUX CIIEMEH-
TiB. OCHOBHMUM MapameTpoM JIOCHTI/pKeHHs1 OyJia riuOuHa yBITHYTHX Tpaneil 3arotoBku. lleil mapamerp BapitoBaBcs
B piamasoHi 25 %; 20 % i 25 %. Kyt yBirHyTHX rpaHeii cranoBuB 150°. Pe3ynpTaTaMu TEOpETUUHHUX NOCITIDKEHb OyIH
po3nozinu: aedopMariii i Hampy»eHb B TUIl 3arOTOBKH B TPOIECI OCA/HKEHHS 3arOTOBOK 3 YBIFHYTHMHU TPaHSIMH.
Ha ocHOBI 1ux mapameTpiB BCTaHOBJIIOBABCS TIOKA3HHUK HANPY)KEHOTO CTaHy B OCHOBIW 30HI 3aroToBKH. B pesynbrarti
TEOPETHYHHX JOCIIKEHb OyJI0 BCTAHOBJIEHO, IO €()EKTHBHOIO TNTMOMHOIO YBITHYTHX I'paHel € CIiBBIIHOIICHHS [ia-
METpiB BUCTYMIB 1 ycTymiB piBHHX 15 %. [ mporo cHiBBifHOIIEHHS BiOYBa€ThCS IHTEHCHBHE 3aKPHUTTS OCHOBOTO
nedekry. Lle OSCHIOETHCSI BUCOKMM PiBHEM CTHUCKAIOUMX HAIPYXKEHb P OCAIKEHI 3aTOTOBOK 3 YBITHYTUMH TPaHsAMH.
Bcranosnena edextuBHa cTyminb gedopmanii, pu kil BinOyBaeTbcsl iIHTEHCHBHE 3aKpUTTS AedexTiB. BeranosmneHi
po3nozin xedopmariii 3a epepizoM i BUCOTOIO 3arOTOBKH, a TaKOXK 3MiHA IMOKa3HUKA HAIIPY)KEHOTO CTaHy B IpoIleci
OCaDKEHHS 3ar0TOBOK 3 YBIFHYTUMH TpaHsMH. [IpoBemeHi NOCHIIDKEHHS JO3BOJIMIA 3pOOUTH BUCHOBOK IIPO BHCOKY
e(eKTHUBHICTH 3aIIPOTIOHOBAHOTO HOBOTO CITIOCOOY OCAKEHHS 3aTOTOBOK 3 YBITHYTHMH TPAHSIMHU.

KaouoBi ciioBa: yBirHyTI IpaHi, OCapKeHHsI, HAPYKEHO-1e(OPMOBaHH CTaH, OChOBI Je(EeKTH 3JIUTKa, BU-
COKOSIKICHI TIOKOBKH.

CrapkoB M. B., CrpeakoBcbka JI. I. ExcnepuMeHTaIbHE IOCTIIKEHHS IJIACTHYHOCTI aJIOMiHi€BOro
ciiaBy 2024-T4 npu iMmyJibcHOMY ejleKTpoOriapaBiaiduHoMy mTammyBaHHi // O0podka martepiajiB THCKOM. —
2019. — Ne 1 (48).

VY cyvacHii aBiauiifHii MPOMMCIOBOCTI TpagWLifHO BHKOPHCTOBYETHCS JIMCTOBHUH IIPOKAaT 3 alIOMiHIEBHX
CIUIaBiB 3 IIJIBUIICHUMH XapaKTEpPUCTHKaMH MiItHOCTI. [Ipy BHKOpHCTaHHI TaKMX MarepiaiiB B JMCTOBOMY IITaMILy-
BaHHI HAa MEXaHIYHUX IIPecax J9acTo BHHHUKAE MpolieMa, MoB's3aHa 3 IX CXWIBHICTIO 10 pyHHYBaHHS NPU BiHOCHO Ma-
miit (mo 10 %) crymeHi nedopmarii. ¥ 3B'S13Ky 3 IIIM BUHHUKIIA HEOOXiTHICTh BUKOPHUCTOBYBATH HOBI IPOTPECHUBHI TeX-
HOJIOT11 Ta 00JIaqHaHH UI BUTOTOBJIEHHS JIETAJIEH 3 IIUX CIUIABIB.

CraTTa NpHUCBSYCHA OCIHIUKEHHIO IUIACTUYHHX BIACTUBOCTEH CEpPEeNHEMIIHOTO KOHCTPYKLIHHOTO alroMiHie-
Boro ciuiaBy 2024-T4, skuii IIHPOKO BUKOPHCTOBYETHCS B JIITAKOOYIYyBaHHI, 1 TEXHOJIOTIYHUX MOKJIUBOCTEH IMITYJIbC-
Horo ejnekrporiapaemigaoro (EI') mrammyBanHs. L[ TEXHOIOTIS J03BOISIE H03yBaTH CHEPIil0 PO3PAAY 3 PEryJIFOBaH-
HSM 1HTEHCHBHOCTI 1 TOYHHMM INPUKJIaJaHHsIM HaBaHTaXXEHHsI 10 33JaHuX IUISHOK MOBEPXHI JieTaii, BAKOPUCTOBYBATH
OLIBII TPOCTY TEXHOJIOTIYHY OCHACTKY.

VY pexumi 6aratoimMImysIbCHOTO Je)OpMyBaHHS JIeTali Mif Ji€l0 BUCOKOTO THCKY PIAMHH 1 IPH KOPOTKOYACHIN
Horo Aii MOCHITIOIOTHCS peNaKcaniifHi MporecH 31 3MEHIIEHHIM Ae(OpMaIlifHOr0 3MIITHEHHS 1 3aIMIIKOBHX HAIPy>KeHb
B JieTalli. 3a paxyHOK IIbOTO 301LIBIIYETHCS TPAaHUYHA CTYIIIHb INTACTHYHOI JedopMarii cIiaBy 1 ycyBaeThes MPY>KHHEH-
Hs feTasell.

Ile mae MOXJIHMBICTh BUTOTOBIISITH JAETali CKIATHOI (hOpMH 1 cTabimi3yBaTh iX GopMy i po3MipH B TIPOIEC] M-
MyJbCHOTO HaBaHTaxxeHHs. Li sikocti EI' mraMnyBaHHsS CTBOPIOOTH XOPOLIi MEPEIYMOBH IS HOAAIBILOTO PO3IIUPEH-
HS cdepH 11 BUKOPHUCTaHHS.
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BcranoBneHo, mo rpaHuYHa CTYIIHB aedopmMarii neraneii 3i crutaBy 2024-T4 B mporieci BUTSDKKU 3aJICKHUTH
BiJl TEXHOJIOTIYHOTO TIPOIIECY TX BUTOTOBICHHA. EXCIIEpUMEHTANIBHO TIOKAa3aHO, M0 TPaHUYHA CTYIIHB AedopMartii mpu
IMIYJIbCHOMY BHCOKOMIBHIKICHOMY Tiporieci EI' mrammyBaHHS 3pocTae i Ui OCHTIKYBAaHOTO CIUIaBy BOHA OiNbIe,
HiX B 1,36 pa3u B IOPIBHIHHI 3 MEXaHIYHUM INTAMITYBaHHSIM Ha TiIpOTpeci.

[pu EI' mramMmnyBaHHI MOXIJIMBO JOMOTTHCS BHCOKOI SIKOCTiI TIOBEpXHi AeTanei, Mo BaXJIHWBO I BHPOOIB,
SIKi BAKOPHICTOBYIOTBCS B aBiamiiHIN MPOMHUCIOBOCTI, 0 SKHUX MPE. SIBISTIOTHCS BHCOKI BUMOTH, OCOOJHBO TIPH TUIAKY-
BaHHI IITAMIIOBAHHX JIUCTIB M'TKUMHU METaJIaMU

Kuaro4oBi ciioBa: enekTporiipaBlivHAl, MITAMITyBaHHS, CIUIAB, aIOMIiHIH, AedopMartis, n1eTamb, TEXHOJOTI,
npec, MILHICTb.

Beiireansimep 5. 10., Kyaariu P. FO., Caspakin I.I'., JdaBugenko O. A., Jmutpenko B. 0., Opu-
mu4 /. B. B inTencuBHol miacTu4Hoi aedopmanii Ha xapakrepucTuku ciaBy cucremn Ti-Zr-Nb // O6po-
O0xa martepianiB Tuckom. — 2019. — Ne 1 (48).

Cmnasu cuctemu Ti-Zr-Nb € mepcrneKTHBHHMH MaTepiajaMH IS BUTOTOBIICHHS KOHCTPYKIIMHUX AeTaleH,
10 TPAIIOIOTh B XIMIYHO-aTPECHBHUX CepelOBUIIAX. 3aBIsiku HiIoOit0 momyms HOHra mux CoilaBiB 3HMKYETBCS
3 95-110 I'Tla, oo XapakTepHO JUIS CIUIABIB MMUPKOHIO 1 THTaHy, 10 50—60 I'Tla i Hrxge. e qo3Bosie HAOAM3UTH HOTO
3HAYEHHS /10 BiAMOBIIHOI XapaKTEePHCTHUKH KICTKOBOi TKaHMHH, 110 HEOOXITHO ISl MEXaHIYHOI CyMICHOCTI MartepialiB
MEIWYHUX IMIUIAHTATIB, @ TAKOK MOKEe OYTH BUKOPHUCTAHO B TEXHIIll JJI1 BUTOTOBJICHHS MPY)KHUX CJIIEMEHTIB Pi3HOTO
NpU3HAYCHHS.

Panime Oyino mokasaHo, 110 criaBu cucteMu Ti-Zr-Nb Mo)Ha OTpEMYBaTH METOZOM XOJOAHOTO MPECyBaHHS
1 BAKYYMHOI'O CHIKaHHS MOPOIIKOBUX CyMillled TipUy TUTaHy, TiAPUIY LHUPKOHIIO 1 Hiobito. [Ipu BUKOpUCTaHHI MO-
POLIKIB TiIPHUIIB, BOJIEHD I'PA€ POJIb THMYACOBOTO JIETYIOUOTIO €JIEMEHTA 1 BUIANSETHCS 3 METAIIIB B MPOLEC BAKYYMHO-
TO HarpiBy, OJHOYACHO aKTHBYIOUH AU(y3iiTHO-KOHTPOIEOBAHI IPOIIECH CIIKaHHA 1 XIMiYHOI TOMOTEHI3aIlil MOPOIIKO-
BOI CHCTEMH, a TAKOXK OUYHIIYIOYH MOBEPXHIO TUTAHOBUX YaCTHHOK BiJI TOMIIIOK (KHCEHB, XJIOp, ByTIenb). HezBaxaro-
YM Ha IO3WTUBHUI BIUIMB BOJHIO, B TIPOIECi CIKAaHHS IpH BiACyTHOCTI aedopmariiiHux mnpoueciB (6e3 THCKY)
HE BJIA€THCS 3HU3UTH 00'€EMHY YacTKy IOp HIpKYe 5—8 % B 3aJI€KHOCTI Bijl CKIIAJy CILIABIB, 110 HETaTHBHO BiJOMBA€TH-
Cs1, B TIEPIIY Yepry, Ha BTOMHIN MIITHOCTI, @ TAKOK XapaKTePUCTUKAX MIACTHYHOCTI 1 MIITHOCTI.

VY crarTi JOCHIIKYEThCS BIUIMB KPYTiHHS ITiJi BACOKUM THCKOM Ha XapakTepucTuku cruiaBy 51Zr-31Ti-18Nb
(at1.%), OTPUMAHOTO LUIIXOM XOJOJHOTO MPECyBaHHA i BAKYYMHOTO CIIKaHHS MOPOLIKOBHX CyMIilllel TiIpury THTaHy,
riIpuay UUpKOHIto 1 HioOito. [TokazaHo, 1110 IHTEHCHBHA IUTACTHYHA Je(opMallis IPU3BOJIUTH 0 HACTYMHUX e(eKTiB:
3a0e3neuye 3Ha4YHe 3HIKCHHS SIK 3aralbHOI MOPHUCTOCTI, TaK 1 pO3MIPIB OKPEMHX TIOp; yCyBa€ XiMiUHY HEOJHOPIIHICTh
CIUIaBy, 110 30epiraeThCs MICHA CHiKaHHS, (GOPMYE B CIUIaBI CyOMIKpOKPHUCTATIUHY CTPYKTYpY; 30LIBIIY€e TBEPHICTh
craBy. OTpuUMaHi pe3yIbTaTH BKa3ylOTh Ha BEIMKHUN MOTEHIIa] METOLY KPYTiHHS 117l BACOKIM TUCKOM IIPH CTBOPEHHI
KOPO3ilfHO Ta 0i0JOTIYHO CYMiCHOTO CIIaBY 3 BUCOKHM KOMILICKCOM MEXaHIYHUX XapaKTePUCTHUK.

KoarouoBi ciaoBa: HaHOKpHCTaTiuHI MeTany, a3oBi MEPETBOPEHHS, MIKPOTBEPIICTh, CIIKaHHA, HedopMaris
3CYBY, KPYTIHHS ITiJ] BACOKAM THCKOM.

Binomenko B. O., Beiireassumep 5. 10., Bo3nsk 0. B., Unmko B. B. Moangikaniss nojiMepHux ma-
TepiajiB iHTEHCHBHOIO IUIACTHYHOIO Aedopmanicro / O0podka MmaTepianiB THckoM. — 2019. — Ne 1 (48).

Y3araibHEHO Pe3yJIbTaTH JOCHTIPKEHb Ta MPOBEICHO aHalli3 BIUIMBY IHTEHCHBHOI TUIACTUYHOI Aedopmaltii, ska
peanizyeTbcss MeToIaMH KPYTiHHS IIiJf BHCOKHMM THCKOM, PiBHOKAHAIBHOI KyTOBOI 1 0araToKyTOBOi EKCTpy3ii,
T-00pa3HOi piBHOKaHABFHOI €KCTPY3ii, TBHHTOBOI Ta IIOCKOI TBUHTOBOI €KCTPY3ii, Ha CTPYKTYpY 1 (hi3MKO-MeXaHidHI
BJIACTHBOCTI ITOJIIMEPHUX MaTepialliB pi3HOi apxitekTypu. [loka3aHa epeKTHBHICTH 3aCTOCYBaHHS METOAIB OOpPOOKH,
3aCHOBaHMX Ha BHUKOPHCTaHHI JedopMamnii IpoCcTHM 3CYBOM, JUIsi Moaudikamii CTpyKTypH MOJIiMEpIB 1 MOJTIMEPHHUX
KOMITO3UTIB. [HTeHCHBHA TuIacTHYHA JedopMarlis 103BojsSe chopMyBaTH Opi€HTaliI0 B OJIOKOBHUX 3pa3kax MOJIIMEpIB,
sika OOYMOBIIIOE YHIKaJIbHUI KOMILIEKC BIIACTHBOCTEH. 30KpeMa, piBHOKaHalbHa 0araTOKyTOBa E€KCTpY3is JOIycKae
B CKJIOTIOJIOHUX TOJIIMEpax pealizallilo CTPYKTYpPHOTO CTaHy, o 3abe3rnedyye MiABUINEHHS iXx aedopmariitHo-
MIIHICHUX 1 yJapHHX XapaKTePHCTHK HE3aJe)KHO BiJl HANpsSIMKy HaBaHTaXeHHA. Y pa3i aMop(HO-KPUCTATIYHUX
MOJIIMEPIB MPHU3BOIUTH 0 0araTopa3oBOrO IMiABUINECHHS KOPCTKOCTI 1 MIIIHOCTI MPH 30epe)KEHHI BUXIMHOI MIacTH-
HOCTI, «iHBaPHOTO €(PEeKTy», ICTOTHOTO IOJINIIECHHS TPHOOIOTIYHAX XapaKTEPUCTHK. Y MOJIMEPHUX KOMIIO3HTIB 3MiHa
CTPYKTYPHUX TIapaMeTpiB HAMOBHIOBAYIB 1 MOJIMEPHOI MaTpwili 3abe3rmedye IONaTKOBI MOXKIHBOCTI B YIIPaBIiHHI
ix Mopdosoriero 1 BracTuBocTIMH. OOrOBOPIOIOTHCS (Bi3WUHI MEXaHI3MH BUSIBIICHUX €(DEKTIB CTPYKTYPHOI MouiKamii.

KoarouoBi cioBa: momiMepHi Marepiand, iHTEHCHBHA IUIacTHYHa JaedopMallis, cTpykTypa, (isudHi Ta Me-
XaHI4HI BIIACTUBOCTI.

Jlexknes C. H., Boaokirina I. €., Apoy3 A. C., IN'aiinapenxo I'. A. locninzxenns npouecy negpopMmyBaHHS
aJIOMiHIEBOrO CIUIaBY B PiBHOKaHAJIbHIiM KyTOBili MaTpuui 3 Kyrom cTuky kanaiiB 45° // O6poGka marepianiB
THCKOM. — 2019. — Ne 1 (48).

OnmcaHo pi3HOMaHITHI CXeMH iHTEHCUBHOI TUTACTHYHOI AedopMartii 3a TOIIOMOTOI0 TIPOIIECy PiBHOKAHAIBHOTO
kytoBoro npecyBanHi (PKKII), siki T03BOJNSIOTH OTPUMATH METAN 3 YIBTPaIpiOHO3EPHHUCTO CTPYKTypoto. [Ipencras-
JeHI pe3yNbTaTH KOMITIOTEPHOTO MOJIENIOBAHHS Ta JOCHIPKEHHS Ha IPOCBIYYIOYOMY EJEeKTPOHHOMY MIKpOCKOII
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anmoMiHieBoro cmaBy 6060. [lokaszaHo, Mo MpU piBHOKaHABHOMY KYTOBOMY NpECyBaHHI B 3alpONOHOBaHIiil MaTpHIi
3 KyTOM CTHKY KaHaJiB mix KyToMm 45 °3a0e3neuyeThcsi yTBOPEHHS OJHOPIAHOI CyO3epeHHOI CTPYKTYpH pO3MipoM
6m3bK0 0,5 MKM, 1110 TIO3UTUBHO BIUIMBAE HA MEXaHIYHI BIIACTUBOCTI aJIFOMIHIEBOTO CILIaBy. 3a pe3yibTaTaMy BUIIPO-
OyBaHb Ha PO3TSIT OTPUMAHO, 10 PiBEHb MIIIHOCTI 3arOTOBOK, IMiIJAHUX TPECYBAHHIO B MATPHIIi 3 KyTOM CTUKY KaHAIB
45 °, 3Ha4YHO TepeBepllye aHAIOTIYHUKI Ui 3pa3KiB, MiJaHUX TPAAUIIHHOMY MpPECYBaHHIO B Marpuii 3 kytom 90 °.
Tak 3HaueHHS MEXi MIIHOCTI 1 TEKy4OCTi 30UIBIIYIOTRCS 3a IicTh mpoxoxiB i tpaxumiiiaoro PKKII (B marpwii
3 kytoM ctuky 900) 3 250 mo 462 MIla (abconroTHUI pHUPICT 3HAUYEHH MEXi MIiHOCTI craHoBHUTH 212 MIla) i 3 206
10 420 MITa (abcomoTHHIA IPUPICT 3HAYSHHS MEXi TeKydocTi ckinanae 214 MIla). I3 3acrocyBaHHSIM MaTpPHIli 3 KyTOM
CTHKY KaHaNiB 45 °Mexa MIIHOCTI i IUTMHHOCTI 30UTBITYIOTHCS 3a MIicTh mpoxoniB 3 250 1o 505 MIla (abconroTHuit
TIPUPICT 3HAYEHHSI MEXI MIIHOCTI cTaHOBUTH 255 MIla) i 3 206 no 447 Mlla (abcomroTHMI MPUPICT 3HAYEHHS MEXI
TeKydocTi ckinanae 241 Mlla), BinnosigHo. [lnactuuHi BracTuBoCTI anroMiHieBux 3paskiB B nporeci PKKIT 3HIKYOTh-
cs B 000X BHMangKaxX. Tak eKCIEepUMEHTAJbHI JOCIIKCHHS 3MIHM BiTHOCHOTO TOJOBXCHHS IMpPH BUIIPOOYBaHHI Ha
PO3TSAT MOKa3any, 10 PiBeHb IUIACTUYHUX BIACTHBOCTEH AIIOMIHIIO MIics 6 MPOXOJiB Majgae B 000X BUMAJKaX Mpak-
THUYHO B 2 pasu.

KarouoBi cmoBa: PKKII, ymeTpanpiOHO3epHHCTA CTPYKTypa, IHTEHCHBHA IUIACTHYHA Jedopmarlis,
amroMiHieBHH crutaBy 6060.

Kapnayx C. I'. EkciepuMeHTaJIbHi JOCTI/IZKeHHSI TPoLecy po3IijieHHsI MPOKATY 32 CXeMOI0 TPUTOYKOBOL
X0JI0AHOI JTOMKH 3THHOM NPH CTATHKO-TUHAMIYHOMY HaBaHTa)keHHi / OOpodka martepianiB Tuckom. — 2019. —
Ne 1 (48).

Meroro naHoi poOOTH € eKcliepHMEHTalbHa TepeBipKa aJeKBaTHOCTI MaTeMaTHYHOI MOJEINI MPOLecy po3i-
JICHHSI 3pa3KiB 32 CXEMOIO TPUTOYKOBOT XOJIOAHOT JJOMKH 3THHOM ITPU CTaTHKO-TUHAMIYHOMY HaBaHTaXXEHHI 1 po3poOKa
MEPCIEKTUBHUX CXeM OOJaJHaHHs Ul peajizauii nporo mpouecy. KoMOiHOBaHEe CTaTHKO-TUHAMIYHE HaBaHTa)KECHHS
3pa3KiB TP XOJOJHIN JOMIIi 3rHHOM TIO3UTHBHO BIUIMBAE HA SKIiCTh MOILUTIOBAHMX 3aTOTOBOK, IO MiATBEPIKYE TEOPE-
TUYHI BUCHOBKH. BHCOKa AKICTh 3aTOTOBOK CIIOCTepiranacs mpy Mot 3pa3kiB i3 cram S0X®DA: BenmauHa BiIXUICHHS
TpaeKTOpil TPIIMHK BiJ MPAMOTIHIHHOCTI IPAKTHIHO JOPIBHIOE HYIIO, TIOBEPXHS PYHHYBaHHS MaTOBa, 00JacTi mIiac-
THUYHOI Jedopmariii B 30HI MoBepXHi 31aMy Oyiwm BigcyTHi. [Ipu nmomisi 3paskis 3i craneit 30, 40 3a cXeMOIO TPUTOUKO-
BOT XOJIOJHOT IOMKH 3THHOM CIIOCTEPITajocs IiIBUIICHHS SKOCTi 3aTOTOBOK Y TIOPIBHSHHI 31 CTATHYHHUM 1 JUHAMIYHUM
HABaHTa)XCHHSAM: BEJIMYMHA BIIXWICHHS TPAEKTOPIi TPIIIUHK B cepeaHboMy ckiaina (0,8 ... 1,4) MM, Ha TOBEpPXHI 371aMy
OyJIu OKpeMi BiZIKOJIM, BUPUBH METaJly, MIKpO- i MaKpOTpIillIMHH, BUCOTa MaKpoOHEpiBHOCTEH He nepeBuiryBaia 0,3 MM.
AHaJi3 3aJe:KHOCTEH BUCOTH MIKPOHEPIBHOCTEH BiJl BEIMUMHU CTATHYHOT CHITM TTOKA3YE, IO JJIsl OTPUMAaHHS 3aT0TOBOK
BHCOKOT SIKOCTI pEKOMEHYEThCSI BAOUpATH BEINYMHY CTaTHYHOI criiu B aianaszoHi (40 ... 50) % Bia cuim TPUTOUKOBOT
XOJIOJTHOT JIOMKH 3riHOM. Ha mijcraBi aHaiizy 3ajeKHOCTI BETMYMHU BIAXHMJICHHS TPAEKTOPIi TPIIIUHU Biji 3HAUCHHS
TpaHUIN MIITHOCTI PO3AUIAEMHX 3pa3KiB BCTAHOBIICHO, IO 31 30UTBIIEHHSAM MIIHOCTI Matepiaiy MiABHIYEThCS SKICTh
3aroToBOK. Po3p00IeHO0 KOHCTPYKIIO Mpec-MOJIO0Ta 3 KIIHOMAPHIPHAM MEXaHi3MOM 3 YBITHYTUM KIMHOM IJISL PO3Ji-
JMIOBAIGHUX OIEPAIlifi MPH CTATHKO-TUHAMIYHOMY HABaHTa)XCHHI, K4 3HAYHO PO3IIUPIOE TEXHOJIOTIYHI MOMIIUBOCTI
o0aHaHHS 1 32a0e31evye BUCOKY SKiCTh 3aTOTOBOK.

Kuro4oBi cyioBa: mpokar, 3aroToBKa, po3AUICHHS, JIOMKa, SIKICTh, CHUJIA, CTATHKO-IUHAMIYHE HABAHTAKCHHS.

Animenxo O. C., Kyxap B. B, Ilpucszknnii A. I'. Biuime pajaiyciB KpUBHHH Ta CTOHIICHHSI HA HANIPYJKe-
HHIi cTaH 000JI0HOK NIPH HAAIUIACTHYHIN popmoBLi // O0podka maTepiaiiB Tuckom. — 2019. — Ne 1 (48).

[TokazaHo, 110 TOJIOBHI HANPYKEHHsI, 0COOJIMBO TaHI'CHIlIaJIbHE HAMPYKEHHSI, 3aJIe)KaTh B/l TOJIOBHUX PajiiyciB
KpUBUHM, a iHTCHCHBHICTh HAIIPYXXCHP 3aJIC)KUTh TaKOXK 1 BiJl CTOHIIEHHS OOOJIOHOK MpPH HAAIUIACTUYHIA (DOPMOBIII.
Hux pe3ynpTaTiB JOCATHYTO IPH HAAIDIACTUYHINA (POPMOBII 3arOTOBOK 3 amoMiHieBHX ciriaBiB AIMg5 i AMr6 (3aro-
TOBKA MaJla 3MiHHY TOBIIUHY) 1 MOJeNbHOTO ciutaBy Sn-38% Pb maamiactudHoi Ta HeHammuTacTidHoi Moamdikarii, sika
BH3HAYAETHCS 32 BEIMIMHOIO KoeilieHTa IIBUAKICHOTO 3MIITHEeHHS, 1o nopiBHIoe 0,60 i 0,25 Biamosimao. 11 06010-
HOK 3 BHCOTOIO, III0 JOPIBHIOE Pajiycy ii OCHOBH TaHTCHIIAJIbHI 1 MEPUIIOHAIBHI HANIPY>KEHHS JUIsI HAIIUIACTUIHOTO
craBy Sn-38% Pb npubansHo piBHI (moxubka — He Oinbie 18 %). [loripiieHHs HaAIUIACTHYHUX BIACTHBOCTEH CILIa-
BiB BUKJIMKA€ MEPEBUILECHHS TAHTCHIIAIBHUX HANPY)XeHb Hal MepHmioHaIbHUMH Ha 20-50 % y 3B'3Ky 3 iCTOTHHM
3pOCTaHHAM MEPHAIOHAIBHUX palliyciB KpUBUHU. B 000/10HKaX 3 3ar0TOBOK 3MiHHOT TOBIIMHM CIIiBBiIHOIIEHHS I'OJIOB-
HUX HaNpyXeHb € (YHKIIEI0 BITHOCHOTO pajiiyca OCHOBHU i Ma€ BUIIISA] Napaboiy 3 MIHIMyMOM B MICISIX CIIOJTY4EHHS
30H 3aroTOBKH pi3HOi ToBHIMHM. [loxmOKa BigHOIIEHHS IHTEHCHBHOCTI HAamNpyXeHb B JOCIIIKYBAaHHX OOOJOHKAaX
JI0 aHAJIOTIYHOTO TIOKAa3HHWKA IS (DOPMYBaHHS iealbHO CeprudHOi 0OOJOHKH 3 HEPIBHOMIPHOIO TOBIIMHOIO CTiHKU
nopisaioe 10 % mnst HagmactuaHOTrO crutaBy Sn-38% Pb i 3poctae mo 20-30 % mnst iHmMX critaBiB. SIKIO MpHITYyCTH-
TH, 110 000JIOHKa Ma€ KOHTYP i/iealbHoi cepy 1 piBHOMIpHE CTOHILIEHHS CTIHOK Y3[I0BX KOHTYpY, TO 3a3Ha4€Ha paHi-
1re moxuOKa BiHOIICHHS IHTCHCUBHOCTI HAapyxkeHb 3pocTae 10 50—130 %.

Koarouosi cioBa: HaamactniHa (GOpMOBKA, KOHTYP, Pajiyc KpUBHHH, HAIIPY>KEHHS, IHTEHCUBHICTh, MEPHIH-
OHaJIbHE, TAaHTE€HIlIAIBHE.
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Omapos III. A., Maxmynos K. /I. ExcnepuMeHTanbHi J0CHiAKEeHHS MAarHiTHO-3J1aCTOMMITYJIbCHOIO
¢opmyBanns / O6podka maTepiaiiB Tuckom. — 2019. — Ne 1 (48).

OCHOBHOIO METOI0 €KCHEPHUMEHTAIBHHUX JOCIIKEHb MAarHiTHO-3JIaCTOMMITYJIBCHOTO (POPMYBaHHsS € BH3Ha-
YEHHSI TapaMeTPiB PO3PSITHOTO KOHTYPY, 30KpeMa PO3PSIHOTO CTPYMY, HAIPYKEHOCTI MarHiTHOTO TMOJISl B 3230Pi MiX
IHIYKTOPOM 1 PYXJIUBHM €JIEMEHTOM, TapaMeTPiB THCKY B NIPY>KHOMY CEpPEIOBHILI NPH Ae(opMallii 3ar0TOBKH, a TAKOX
mmapaMeTpiB MPOTHHY 3arOTOBKH 1 TOBIIWHOWO aedopmariii. JlaHi BUMipu TOBHHHI BUKOHYBATHCS CHHXPOHHO IJISL TOTO,
o0 3IICHUTH TepeBipKy KOPEKTHOCTI PO3paxyHKOBOI Mojeli. B OCHOBY maHMX BHMipIOBaHb MOKJIAICHI METOAN
BHUMIPIOBaHHS THCKIB, KOHCTPYKIIi JaTYUKIB THCKY 1 iX TapyBaHHSA, METOAW BUMIiPIOBAHHS PO3PSIAHOTO CTPYMY HOSICY
PoroBcekoro, Hanpy>eHOCTI MarHiTHOTO IMOJIS — IHAYKIIHHUMH JaTYMKaMH. 3arpoIlOHOBAHO CHUCTEMY 0e3pO3MipHHX
rapameTpiB, IO BIUIMBAIOTH HA KoedinieHT epexTrBHOCTI. Ha 0cHOBI 00pOOKH eKCIIEpUMEHTANIBHUX JaHUX OTPHMaHa
eMITipHYHA 3aIEXKHICTh KoedilmieHTa e(peKTUBHOCTI BiJl 0e3po3MipHUX mNapameTpiB. IIpornoHyeTbcss BUMIpIOBAIBHUMN
CTEH/I JUIsl KOMIUIEKCHOI IIEPEeBIPKU PO3paxyHKOBOI MOJEINI 3 MapaMeTpaMH PO3psIHOIO CTPYMY, €JEeKTPOMAarHiTHOrO
THCKY Ha PYXOMHH €JIEMEHT i apaMeTpy THCKY B IPY)KHOIO CepefOBHUILI NpH AedopManii 3ar0OTOBKH B IIPOIIECax Mar-
HITHO-3JTaCTOUMITYJIECHOTO (opMyBaHHA. [Ipu 1boMy 3poOJICHO TapyBaHHSA BCIX BHMIPIOBAJIBHHX II€PETBOPIOBAYIB.
3icTaBICHHS MaTeMAaTUYHOI MOJEINI 3 TapaMeTpaMu PO3PSIHOTO CTPYMY, CEPEIHBOTO EIEKTPOMATHITHOTO THCKY 1 THCKY
B IIPY>KHOMY CEpEeIOBHILI 3 Pe3yJIbTaTaMH eKCIIEPUMEHTATFHUX BUMIPIOBaHb IOKa3aJlo, IO 3HAYEeHHS MOXHOKH IPOrHO-
3yBaHHS JIaHUX ITapaMeTpiB 3HAXOMAThCA B MEXaX 3HAUYeHb TOYHOCTI BU3HAYCHHS IapaMeTpiB KPHBOI JedOpMaIiiifHOro
3MIITHEHHS MaTepiary Ta JHHAMIYHOTO MOJIYJIS 00'€MHOTO CTHCHEHHSI €IACTUYHOTO cepeA0oBHIIa (TIONIiypeTaHy).

KonrodoBi ciioBa: ekcriepuMeHTaIbHI JOCIIDKEHHS, BUMIPIOBAIFHHUI CTEH], MarHiTHO-3JIaCTOMMITYJIbcHE (op-
MYBaHHSI, HallpY>KE€HICTb MarHiTHOTO TIOJISI, PO3PSITHNI KOHTYP, KpuBa Ae(OpMalliifHOro 3MIlIHEHHSI, TUHAMIYHUIA MOJTYIIb.

leBuor C. O. AHani3 BIVIMBY BHOOpPY TeMIepPaTypHOI0 peKUMY Npouecy poTaliiHOro 00Ko4YyBaHHSA
IHCTPYMEHTOM TepTsl Ha repMeTHYHIicThL JHUI 0aa0HIB // O0podka MaTepiadiB THcKkoM. — 2019. — Ne 1 (48).

3HayHe Micle cepen MPOMHUCIOBUX BHPOOIB 3aiiMae MpoayKIis 3 gHUMIeM. [IpoBeneHo aHami3 cTaHy MUTaHHS
PO BUTOTOBJICHHS OallOHIB pi3HMMH criocodamu. JIocHTh YacTo OaloHM BHTOTOBJIAIOTH 3 JEKUIBKOX YaCTHH, SKi 3Ba-
profoTbes. Takuii MeTO He TapaHTye BUCOKY HAIIMHICTh 3’€THAHHS METally JHHUINA H KOpITycy OaloHy, a TaKOX BHMa-
Taf0Th 3HAYHOI KiJIKOCTI PI3HOMAaHITHUX BHPOOHHYHX OMEpalliif Ta oONagHaHHs, TAKOXK PO3TIIAHYTI iHIII CIIOCOOH BH-
TOTOBJICHHS MYCTOTUIMX BUPOOiB. OJHUM 13 METO/IB BUTOTOBJICHHsI OaJOHIB ITiABUIIEHOT MIIHOCTI Ta T€PMETHYHOCTI
€ croci0 BUKOpHCTaHHS orepaliii 0OKO4yBaHHS 3arOTOBKH 3 CTaIbHOI TpyOu iHcTpymeHTOM TepTs. Lleit crmocib € momi-
JIBHAM 3 TOYKH 30Dy 3HIKEHHs cOOIBapTOCTI [UIsl BEJIMKOCEpiiiHOro BUpoOHUNTBA. L[5 TexHOIIOTIs IpocTa B peaizaii,
J00pe MmiJaeThCst aBTOMATH3allll Ta He MOTpeOye 3HAYHUX KalliTaJIOBKIIAIEHb JUIsl CTBOPEHHS CEpPiHOT0 BUPOOHHIITBA.
AJle TIpy NOpPYILIEHH] NMEBHUX TEXHOJIOTIYHUX CXEeM Tpoliecy OOKOYYBaHHS BHHUKAIOTH IEBHI JIE(EKTH, IO 3HUKYE
SIKICTh BHPOOIB, a00 BHMarae ycyHeHHs nedekTiB. MeToto poOOTH € BCTAaHOBJICHHS BIUIMBY TEMIEPATypHOTO PEXUMY
00KOYyBaHHS Ha MPOILEC IS MiABUIICHHS SKOCTI THUI OAJIOHIB Ta EMHOCTEH 3 TPyOUaCTHX PI3HOTOBIIUHHHX 3ar0TO-
BOK. O0'€EKTOM JOCHIIKEHb € IMPOIEC BUTOTOBJICHHS JHHII OAJOHIB IMIABHUIICHOT MIITHOCTI Ta TepPMETHYHOCTI POTAIiH-
HUM OOKOYYBaHHSM IHCTPYMEHTOM TepTs. MaTeMaTH4yHe MOJICIOBAHHS IIPOLIECY HAa OCHOBI PiBHSHb TETIONPOBIAHOCTI
3 ypaxyBaHHSIM Halpy)KeHO-1e()OPMOBAHOTO CTaHy 3arOTOBKH JI03BOJIMIIO BCTAHOBHTH Jlialla30HH OCHOBHHMX IHapaMeT-
PiB mpomecy AJIA MOJAJIbLIOr0 MOAETIOBAaHHS METOIOM CKIHYEHHUX eleMeHTiB. TakuMmu pekoMeHpamisMu OyayTs: Ho-
YaTKOBa TEMIIEpaTypa, BIIHOCHA TOBIIMHA CTIHOK Ta BIIHOCHA I0Jaya 3aroTOBKH 110 IHCTpyMeHTa TepTs. [licns moze-
JIIOBaHHS Oyyu 3po0JIeHi BUCHOBKH: IIIO JI0 TTOYATKY Iporecy 0OKOYyBaHHS ONTHMAJIBHOIO TEMIIEPATYPOI0 HarpiBaHHS
3arOTOBKH € TeMIepaTypa npuoausHo piBHa 7,,,= 0,8. IlixirpiBanHs B mporeci 0OKOUyBaHHS 3arOTOBKH HE HOTpeOy-
10Thb. JIJIT TOHKOCTIHHHMX 3arOTOBOK IUIsI 3amo0iranHs e()eKTiB MepervIaBicHHs Ta IeperpiBaHHs BUHUKAE HEOOXiTHICTh
HIJICTY)KyBaHHsS 3arOTOBKH. [JI1 TOBCTOCTIHHHMX 3arOTOBOK PEKOMEHIYETHCS HArpiBaHHS NPOBOJMTH MaKCHMAaJIbHO
Onmu3pKkuM 10 Temnepatrypu 1., = 0,8.

KurouoBi ciioBa: 00ko4yBaHHSI, IHCTPYMEHT TEPTsI, TEMIIEPATYPHHUI peXXuM, OaJIOH, METO]] CKIHUEHHUX EJIEMEHTIB.

Kapriu B. C., Kapriu C. b., Ammxmun A. I'. BruinB ¢opmu po6oyoi rpaHi nyaHcoHa i TeXHOJIOTi4HOIO
MACTHJIA HA eHEeProCcHJIOBi NapamMeTpH BUPYOKH-poOuBKH // O0podka MaTepiadiB TuckoM. — 2019. — Ne 1 (48).

[IpexacraBneni pe3ynbTaTu J1a0OPaTOPHUX JOCIIIKEHb BIUIUBY (opMHU poOOYOT rpaHi MyaHCOHA 1 TEXHOJIOT1Y-
Horo mactuiia (TM) Ha eHeprocuioBi mapaMeTpy BUPYOKH-TIpoOMBKH. CHIIOBI MapaMeTpy BU3HAYAIHCS 33 TOKa3aHHs-
Mu pospuBHOi MammHN P20. [Tyanconn mamu HacTymHy GopMy poOoUoi TpaHi: MIIOCKUH, 3 OXHOCTOPOHHIM HaXHIJIOM
pobouoi pixkydoi kpoMkH (= 15 °), 3 IBOCTOPOHHIM HaXWJIOM pi3aIbHUX Kpalok (a=0a = 15°), 3 pudureHoro pobo-
4010 0iuHOI0 ToBepxHElo (kpok ¢ = 0,5 MM i1 ¢ = | mm). [lyanconu Oymm BHTOTOBIEHI 31 cTami Y8A 1 Manu TBepIicTh
HRC 56-59. ExcriepuMeHTH TIPOBOJIWINCS HA JIMCTOBHUX 3aroToBKax 3i craini Ct3cn ToBmmMHOIO 2 MM. JliameTp BUpy-
0aHoT1 meTami 52 M.

Bcranosneno, mo cuiia BUpyOKH ITyaHCOHOM 3 OJHOCTOPOHHIM HaXHJIOM Pi3aIbHUX KpaloK Malia MiHIMaJbHe
3HAYEHHS, sIKe B 2,4 pa3u MeHIIe, HiX [IPU BUPYOLI MJIOCKHUM IIyaHCOHOM.

BcraHoBneHO BILIMB KPOKY pUQIIeHHS! O19HOT TOBEpXHI ITyaHCOHA. 30KpeMa MOKa3aHo, [0 3aCTOCYBaHHS ITya-
HCOHa 3 KpokoM puduieHHs ¢ = 0,5 MM J103BOJISI€ 3HU3UTH CHITy BUPYOKH Ha 22 % B IOpIBHSAHHI 3 IIyaHCOHOM, IO Ma-
FOTh KpoK pudiuerns ¢ = | M. [TokazaHo, 110 3HIKEHHS CHIIOBUX ITapaMeTpiB Ha poO0di rpaHi ImyaHCOHA JO3BOJISIE -
BUIIUTHU TX CTINKICTE.
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HaiiGinsm edexTnBHOIO TexHONOriunmM Mactwiom € TC «YkpuHON-8». Moro 3acrocyBaHHs I03BOJIsE
Ha 10 % 3HW3UTH criTy BUPYOKH 1 OTpHMaTH OLTBII SKICHY MIOBEPXHIO y BUpyOaHOT feTati.

Kawouosi cioBa: BupyOKka-npoOMBKa, 3aroTOBKA, JEeTallb, IYaHCOH, CHJa, TEXHOJIOTIYHE MAaCTUIIO, PiKyda
KpoMKa, pu(hJIeHHs, CTIHKICTh, COOIBAPTICTH, CTAJb.

Opmok M. B., Ilimanos B. B., CaBuenko A. B. 3umxennsi iimoBipHocTi ro¢poyTBOpeHHsl mpu 6arato-
nepexiqzHOMy BUTSATryBaHHI aeTaJjeii 3 Hep:kaBirouoi craai 08X18H10T // O6podka martepiajiiB Tuckom. — 2019. —
Ne 1 (48).

B naniit po0OTi HaBeleHI pe3yIbTaTH JOCIIIIKeHb, BAKOHAHUX Ha 3aMOBJIEHHsI KOMepLiitHO1 opranizaii. bymno
MIPOBEJICHO aHaJi3 MOJMJIMBOCTI ONTHMI3allil TPaAWuIiiHOI TeXHOJIOTII OaraTornepexiJHOro BUTATYBaHHS Ha IPHKIAIi
KOHKPETHOTO BicecuMMeTpudaHOTo BHpoOy 3i ctam 08X 18H10T. 3rizHo 3 pekoMeHAamisIMI TOBIAKOBOI JIiTepaTypH s
BUTOTOBJICHHS JIaHOI JleTalli HeoOXilHe BUTATYBAaHHS 3a JBa MEPEXOIH 3 IPUTHCKOM 3arOTOBKH Ha KOXXHOMY. 3a JIOMO-
MOTOI0 YHCEIHLHOTO MOJIEIIIOBAHHS B IporpamHoMy komiuiekci Deform 3D nociimkeHi 0coOIMBOCTI MPOIIECy BUTOTOB-
neHHs1 BUpoOy. [lepeBipeHo 1 miaTBepIKeHO MOXKIIMBICTD MPOrHO3YBaHHs ro¢)poyTBopeHHs B cepenoBuiii Deform 3D
LIIIXOM MOJIEIIIOBAHHA IIEPLIOro Iepexoy BUTATYBaHHA 0e3 BUKOPHCTAHHS NMPUTHCKada. BeranoBneHo, mo peamizaris
HEepILIOro Nepexo/y BUTATYBAHHS 0€3 MPHUTHCKY 3arOTOBKH HEMOXKJIHMBA. [IpoBeieHO YHCceTbHEe MOJIEITIOBAHHS! BUTOTOB-
JIeHHsT BHpOOy 10 3allpOIIOHOBaHIH TEXHOJOTii 3a JBa TEXHOJIOTIYHMX TIepexoau. Bu3HaueHO HampyKeHo-
nedopmoBanuii ctan HamiBaOpHKaTy Ha Nepexojax BUTATYBaHHS, OTPUMaHO rpadikd 3aJeKHOCTI 3yCHIUIS MPOLECy
BiJl repeMimeHHs myaHcoHa. OTpruMaHi pe3yabTaTH MOKa3aJid, IO NMPH CTBOPEHHI OLIBII CHPHUSTINBOI cXeMu aedop-
MyBaHHs (IIpH palioHaIbHOMY ITO€IHAHHI apaMeTpiB MpolLecy) 3'ABISIETHCS MOMKIIMBICT pealtizallii moJaJibInX nepe-
XOMiB BUTSDKKHM Oe3 mpuTHcKy. [linBuimeHHs crilikocTi (iaHI Ha HACTYIHUX NepexoJax 3a PaxyHOK palioHaIbHOTO
po3mominy cTymneHiB aedopMariii i BAKOPHCTaHHS ONTHMAIBHOI TeOMETPil MATPHUIl 3 KOHYCHO-TOPOINaTbHOI0 (DOPMOIO
po6odoi MOoBEpXHI MiATBEPHKEHO MPAKTUIHOIO Peaizamielo po3pobaeHol TeXHOMOoTii. Pi3HUI YicIOBUX 3HAYECHD 3Y-
CHJIISL TIPOLIECIB BUTATYBAaHHS, OTPUMAHHUX YHCEIHbHUM MOJICTIOBAHHSM 1 B XOZ1 MPaKTHYHUX CKCIIEPHMEHTIB, HE Iepe-
Buiye 10 %.

KawouoBi ciioBa: BUTATYBaHHS, MPUTHCK, KOS(ILIEHT BUTATYBAaHHSI, YACEIbHE MOJICIIOBAHHS, METOJ CKiHYe-
HHX €JIEMEHTIB, KOHYCHO-TOPOianbHa MaTPHLL, IOPOKHUCTHI BUPIO, TOPOOYTBOPEHHS.

Mpuxaiizgos O. B., MuxaiisioB A. O., barmiok I'. A., Illtedan €. B. ocaixkenns yuriibHeHHs Ta popmo-
3MiHM MOPHCTHX 3ar0TOBOK NMPH OTPUMMAHHI BHPOOIB 3 BHYTPIlIHH0I0 KOHYCONMOAiOHOI0 MOoBepxHelo // Oopodka
MarepiagiB TuckoM. — 2019. — Ne 1 (48).

MeTo0M KOMI'IOTEPHOT'O MOJIETIOBAHHS JIOCHTIPKEHO IPOLeC NITaMITyBaHHS ITOPOLIKOBUX BHUPOOIB, IO Ma-
FOTh MOXWIIY KOHIYHY MoBepxHI0. lllTamMmyBaHHS 3I1IICHIOBANIOCS B IITAMIIi 3 KUTBPIIEBUM KOHIYHUM KOMIIEHCATOPOM.
JocmimkeHo 3aKOHOMIPHOCTI YIIITEHEHHS 1 (POPMO3MiHH 3aTOTOBOK JBOX THIIIB: 3 OJHOPIAHAM PO3IIOAITIOM ITOYaTKO-
BHX BJIACTHBOCTEH 3a 00'eMOM Ta OiMeTaseBi.

MopenroBaHHsI BUKOHAHO Ha OCHOBI KOHTHHYaJILHOTO MMiAX0AY. B SKOCTI BU3HAYaIbHUX CITIBBIIHOIIEHh BUKO-
PHCTOBYBAJIKCS CIIBBIJHOIIEHHS TEOpil INIACTUYHOCTI MOPHCTOTO TiJia, IO MPEACTABISIOTh COOOI0 y3araibHEeHHs ic-
HYIOUHX eJICOifalbHUX Mozenei. BusHaueHHs GopMH 3aroTOBKH, SKY IITaMIIYIOTh, a TaKOX IIOJIB LIIIBHOCTI, Ha-
npyr i e opmariiii BAKOHAHO Ha OCHOBI METOJly CKIHUEHHUX €JIEMEHTIB.

BcranoneHo, mo nedopMyBaHHS 3arOTOBKH BiIOYBaeThCsl B KilbKa cTaiil. CriouaTrky crioctepiraeTbesi pasi-
albHA Teuis Marepialy Big IeHTpy. [loTiM MaTepian nocsArae TOBEPXHI MATpHIll 1 TMOYHMHAETHCS BHUTIKAHHS
B KoMIIeHcaTop. Ha 3akimrouniii crazii MaTepian MOBHICTIO 3aMIOBHIOE MTOPOKHUHY IITAMIIA i BiTOYBAETHCSI BUPIBHIOBAH-
HS1 IUTBHOCTI 32 00CsATOM BUPOOY, KA IITaMITyIOTb.

[Tpn mrammyBaHHi OiMeTalleBUX 3arOTOBOK, MaTepiall BEPXHBOTO IIApY, SIKMX OLIbII MIIHHHA, HK Marepian
HIDKHBOTO IIapy, BiIOyBaeThCsl BUAABIIOBAHHS HIDKHBOI'O IIApy 3 IiJ BEPXHBHOTO. YHHKHYTH IHOTO SIBHINA MOXKHA
3a paxXyHOK BiIMIHHOCTI IT09aTKOBHX IIOPUCTOCTEH IMIapiB.

KuarouoBi ciioBa: mraMITyBaHHS, IMOPOIITKOBA 3arOTOBKa, OiMeTaneBa 3aroToBKa, KOHYCOMOAiIOHA MOBEPXHS,
MMOPHUCTICTh, TEOPIs IIACTUYHOCTI, METO CKIHYEHUX CIEMCHTIB.

I'pudkos E. II., Bepexna O. B., Ipunk P. C., KoBajenko A. K. JlocniizkeHHs1 BILUIMBY AMCKpeTH3amil
00’eMy Ha TOYHICTH PO3PaXyHKY Mpollecy MPaBKH JUCTIB MeTOA0OM CKiHUeHHUX ejieMeHTIB // O0po0ka MaTepiajiiB
THCKOM. — 2019. — Ne 1 (48).

OCHOBHHM 3aBJaHHSIM TP IPOEKTYBaHHI MPOIECIB MPABKK € BU3HAYEHHS BIUIMBY PEXHMIB ITPAaBKU Ha €HEp-
TOCHJIOBI ITapaMeTpH IPOLeCcy Ta KiHIeBY KPUBU3HY JHCIB. HalOiabI1 TOYHIM METOIOM MOJIEITIOBAHHS IPOLIECy IpaB-
KM € METOJI CKiHUCHHX eJieMeHTiB. OCHOBHMUM HEJ0JIIKOM IIbOTO METO/Y € 3HaYHHWI1 Jac peastizalii, 110 YCKIaIHIOE BU-
piIIeHHs 3a7ad onTUMi3aliifHoro miany. OCHOBHOIO METOI0 poOOTH OyIio BU3HAYEHHS MiHIMaJIbHO JOCTATHBOI KITBKO-
CTi CKIHUCHHX €JIEMEHTIB I OTPUMAHHS PE3YNbTATIB 3 BiTHOCHO MiHIMAJIFHIM PO3MaXOM CBOiX 3HA4EHB IO Mipi Impo-
TikaHHS TIporiecy. Ha ocHOBI peai3ariii CKiHYeHO-€JIeMEHTHOI MOJIEINi TIPOIIeCy TPaBKU JIUCTIB MPOAHATI30BaHO BILIAB
JIMCKPETHOCTI pO30HMTTS 00’ €My Marepiaiy, 1o aAeOpMy€eThCs, HA TOYHICTh Ta Yac PO3PAxXyHKY 3 METOI 3HW)KEHHS
BUTPAT MAIIMHHOTO Yacy NPH BUPIIICHH] 3a/la4 ONTUMI3allifHOTO IUIaHy [UIS BU3HAYCHHS PEeXHMIB NpaBKu. Po3paxyH-
KOBa cXeMa MpeACTaBIIslIa JIUCT, 10 AehopMyeThes, 11 podourx ponukiB 3 kKpokoM 275 MM i giamerpom 260 MM. Mo-
JICITIOBAHHS TIPOLIECY MpPaBKH OYyJI0 BUKOHAHO JUIsA JiMCTa TOBIMUHOW 10 MM, mmpuHO 2000 MM Ta JOBKHHOIO
3200 mM. Jluct OyJo TPEACTABICHO Y BUIVIAAI IUIACTHYHO IS(GOPMOBAHOTO Tijla, POJUKU — Y BUTIIAAI aOCOJIOTHO
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KOPCTKHUX Ti. 3amady Oyjo BUpIIIEHO Y ABOMIpHIH IUIOMMHI 1 y JUHAMIuHIH nocTtaHoBwi. 1o TOBImMHI 3 XapakTepy
CaMoro Ipolecy NMPaBKK JIMCTH OyJI0 po30UTO HA IT’STH eJleMeHTiB. I1pu po3paxyHKy CHIIM IPaBKH HA TPETHOMY POJIHKY
Ta ii KoedirienTy Bapiamuii Oy10 BCTaHOBJIEHO, 1110 NTPH MOJIEIIIOBAHHI paIlioHAJIBHOIO KUTBKICTIO € 6000 cKiHUeHHX ee-
MeHTIiB abo 1875 emementiB Ha moroHHmit MeTp. [lpm mpomy wac peamizarii mopmeni ckiaB Omu3pko 1,17 romgwmHn
(Intel Core 15, 8Gb RAM) npu Bapianii cum npasku 0,01 Ta moxubmi po3paxyHky meHme 1 % BiZHOCHO OUIBII TOYHO-
ro BupimeHHs. CaMe 115 IUCKPETH3AIlisl € paIliOHABHOO TS IIOCTAHOBKY Ta BUPIMICHHS 3a/1a4 3 ONTHMi3amii TeXHOIIO-
IYHUX HAJIAITyBaHb 0AraTOPOJIMKOBOI MPABHIIBHOI MAIIMHH.

Kiro4oBi cjioBa: JHCTONpaBHIbHA MalllMHA, MPaBKa JIMCTIB, CKIHYEHO-CJIEMEHTHA MOME/b, POOOUl POJIHKH,
TEXHOJIOTI4HI HaJIaIlITyBaHHS.

Maxkcumenko O. I1., Opooues A. FO., Camoxsaa B. M., llltona M. M., Mapuenko K. K. Meroanka goc-
JigskeHHs1 i aHAJI3 3HOLIEHHs KadiOpiB BaakiB ApotoBoro 6Joky // O6podka martepianiB Tuckom.— 2019. —
Ne 1 (48).

BuBUeHHSs 3HOIIEHHS BAJIKIB, SIK OCHOBHOTO POO0YOro iHCTPYMEHTY B IpOIecax MPOKaTyBaHHS, 3aJIUIIAE€THCS
aKTyaJbHOIO 33/1a4€0, HE3BAKAIOUHM Ha YHCICHHI poOOTH y Wil ramy3i. 3acTOCYBaHHS HOBHX BaJKOBHX MaTepialiB,
SIKi 320€3MedyI0Th OLIBII BUCOKY 3HOCOCTIHKICTh, BUMAara€e JOAATKOBOI'O BUBYCHHS OCOOIMBOCTEH iX 3HOIICHHS Ta YAO-
CKOHAJICHHSI METOJMKHN BUMIpPIOBaHHS 3HOUICHHS. Y 3B’S3KY 3 IIMM, METOIO JaHOI pOOOTH € PO3poOKa METOAMKH E€KCIIe-
PUMEHTAIBHOTO BUBUESHHS 3HOIICHHS BAJIKIB Ha MPHUKJIA IpOTOBOrO OI0OKy. BHKOHAHI ekcriepuMeHTalIbHI JOCTiIKEeH-
HSl 3HOILIECHHS BaJIKiB IPOTOBOTO OJIOKY 3 BUKOPHCTAHHAM T'OJMHHHUKOBOIO IHIAUKATOPY Ta ONTHKO-CBITIIOBOI'O METOY.
Craructnuna oOpo0OKa OTpUMaHUX JaHHUX MiJATBEpANIIa OJHOPIIHICTh PE3YNIbTATIB BUMIPIOBAHb Ta MOXJIUBICTH 3aCTO-
CYBaHHSI ONTHKO-CBITJIOBOTO METOAY, sIK OUThII iHpopMaTuBHOTO. L{eit MeTox n03BoJIsiE BU3HAYATH 3HOLIEHHS 110 BCHO-
My KOHTYpY Bpi3iB BasKiB. JloCHiIKeHHs, BUKOHAHI IIPU MPOKAaTyBaHHI KaTaHKU J[iaMeTPOM 5,5 MM 3 BUKOPUCTaHHSIM
OIITHKO-CBITJIOBOTO METO/Y, ZIO3BOJIMIIM BCTAHOBHTH, 10 TIIMOWHA 3HOIIEHHS BPi3iB BAJIKIB PO3MO/IiJIeHa HEPIBHOMIPHO
Ta ICTOTHO 3aJIeKUTh BiJI XapaKTepy 3MiHH CEpeHBOTO TUCKY MeTally Ha Baiku. HailOinbIn cXitbHi 10 3HOLIEHHS KaJli-
Opu "eTBepTOl Ta I’ATOI KIITEeH, /ie epeBaXkae adpa3uBHE 3HOIICHHA. B Mepmnx JBOX KIITSAX CIIOCTEPITaeThCs OCIO-
BUIHE 3HOIIEHHs. Ha 3HOC KamiOpiB BankiB NEBHUH BIIMB Ma€ TaKOXX BEJIMUMHA 3a30py MK BajikamH. [Ipu 301mbIeHH
IHOTO 3330pY WMOBIPHICTH 3BAIFOBAHHS PO3KATy B KaliOpi 3pocTae, mo BiAOMBAETHCS HA HOTO BUPOOICHHS.

Kuro4oBi ciioBa: peiBUaky BalikiB, KadiOpw, 3HOMICHHS, IPOTOBHH OJIOK, ONITHKO-CBITIIOBHIA METO/.

Haiiza0exkos A. b., Jlexnsos C. H., Ilanin E. A., Ap0y3 A. C. BluinB pagiaJbHO-CABHIOBOI NPOKATKH
HA MIKPOCTPYKTYpY i MexaHiuHi BJacTHBOCTI TexHiYHOro turany // O6poOka martepianaiB Tuckom. — 2019. —
Ne 1 (48).

[MominmeHHst IKOCTI METAIOBUPOOIB Yepe3 MOINIICHHS MIKPOCTPYKTYPH € OZHUM 3 HalTOJIOBHIIIUX TPEHIIIB
cy4acHoi MeTanyprii. Takuid miaXig 703BOJISIE JOMaraTucs 0COOJIMBUX BIACTUBOCTEW 0€3 BUTPATH JIOPOTHX JIETYIOUUX
n06aBok. OCHOBHA ijiest MOJIsIrae B MOJIPiOHEHHI 3epEHHOI CTPYKTYPH MaTepialy A0 po3MipiB MeHII MikpoHa. [Ipu yka-
3aHHMX pO3Mipax 3epHa IOYMHAIOTH MPOSBILITUCS BIIACTUBOCTI 3MIIHEHHS IIPU BIJHOCHO HEBENMKiN BTparti
IUTAaCTHYHOCTI. B 1IbOMy BHTIIaKy MOXHA TOBOPUTH IIpo yibTpanpioHozepHucti (YM3) marepianm. [lanuil HanmpsiMox
0COOJIBO aKTyalbHEH Ul 00JacTell HAyKW 1 TEXHIKH, Je AyKe KOPCTKI BUMOTH JI0 PO3MIpY 1 Bard JAeTayed mpu
BHCOKI# iX mimHOCTI. [le aepokocmigHa TexHiKa i MeaumuHa (IMIUTAHTOJIOTIA 1 opTomenist). ToMy Mae ceHC POBOIUTH
JMOCITIKCHHST HacaMIlepell Ha aKTyalbHHX MaTepianax. THUTaH BiIOMHH CBOE€O OiOJIOTIYHOIO iHEPTHICTIO, TOMY
€ OCHOBOIO JUIsi MpOTe3yBaHHS. Y maHiii poOoTi Oynu NpoBeleHI EKCIepUMEHTH Ha TEXHIYHO YHCTOMY THUTaHI
3a TEXHOJIOTI€0, ONM3BKOI0 O MPOMHMCIOBOI peanizaiii. ByB mpoBeneHHi eKCIEpUMEHT, B XOAl SIKOTO IOBrOMIipH
3aroToBka npu temrepatypi 500 °C npokouyanacs 3 miamerpa 30 mm o aiamerpa 13 mm Ha crani CBII-08. Ilicns
YOro 3aroTOBKa OXOJIO/KYBaJIaCs BOJIOKO 1 3 HE1 BUTOTOBITIOBATUCS 3pa3Ky I JOCHTIPKEHHSI MIKPOCTPYKTYPH 1 3pa3ku
JUIL  JIOCTIJDKEHHS MeXaHIYHMX BIIACTUBOCTEH. AHai3 MIKPOCTPYKTYpH IIOKa3aB HAasBHICTH PIBHOOCHOI
YIBTPaAPiOHO3EPHUCTOI CTPYKTYpU B TEpUPEpIiiHUX 00JACTIX 3aroTOBKM 1 HASBHICTh BHUTATHYTOI BOJIOKHHCTOI
TEKCTypH B OCHOBiH 30Hi. MIIHICTh 3arOTOBKH 3pociia OUIbII HiK B 2 pas3u, IPH IOMY IUIACTUYHICTH 3MEHIIMIIACS
HE HACTUIBKH 3HAYHO.

KarouoBi cioBa: pajiagbHO-CABUTOBAa TIPOKAaTKa, YJIBTPaIpiOHO3EpHHUCTAa CTPYKTypa, THUTaH, MEXaHidHi
BIIACTHUBOCTI, IHTEHCHBHA TUTACTHYHA Je(OpMALIis.

®poaos A. B., Ibomina K. I'., Auapees B. B. IlopiBHsibHIi aHATI3 pe3yJbTATIB MOJCTIOBAHHS TA OILi-
HKH npopodJaoBaHocTi cTpykTypH ctajti 09I'2C B mpoueci mo310BKHbOI NPOKATKH TPYOHOI 3aroToBKH O 250 Mm //
O0po0ka maTtepianiB Tuckom. — 2019. — Ne 1 (48).

Jlist po3BUTKY METONy OLIHKM Ae(OPMOBAHOTO CTaHy METaly 31 3MiHM HapaMeTpiB KOJHMIIHBOI IEHIPUTHOI
CTPYKTYpPH B POOOTI BHKOHAHO aHali3 HaIpy>KeHO-1e(GOpMOBAaHOTO CTaHy, KU C(HOpMyBaBCs IIiJ 4ac MPOKATKU
B OCTAaHHBOMY, KpyrJIoMy, Kaiiopi kiiti 900 Tpybo3aroriBensHoro crany 900 / 750 — 3, i 3icTaBieHHsS pe3y/IbTaTiB Ma-
TEMaTHYHOTO MOJIEIIIOBAHHS 3 OLIHKOIO NMPOPOOIIIOBAHOCTI CTPYKTYpH TpyOHOI 3aroToBku O 250 MMm. Pesynbratn ma-
TEMaTHYHOTO MOETIOBAHHS Ta MeTajJorpadiyHOro aHami3y MoKa3aln Xopolry 30DkHicTh. Ha mincraBi orpumanux pe-
3yJIbTaTiB BU3HAYECHO 30HHM aKTUBHOI 1 MacuBHOI Aedopmarllii Ta iX po3ramryBaHHsS B HAIPSIMKY 72 BEPTHKAIBHOI OCi IM0-
TIEPEYHOTO0 TIepepi3y AOCIiIKEHOI 3aroToBKH. [ THOWHA 30HM MPWIIMIIAHHS CTAaHOBUTH 12,5 MM, 30Ha iHTEHCHBHOI II1ac-
TUYHOI Jedopmariii 3ocepekeHa Ha Binctani 50-112,5 MM Big HEHTPY 3arOTOBKH, IEHTPANIbHI MApH 3aTOTOBKHU € 30-
HOIO TacuBHOI nedopmarii. Briepmie mokazaHo, 1o 3MiHa 3CYBHOTO HAIPY)KEHHS 7., TIOBHICTIO BitoOpa)kae xapakTep
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3MiHU Koe(illieHTa MpopoOIOBaHOCTI cTPYKTypH K KpymHOCOpTHOTO mnpokary. [Ipn nmocnimkeHnHi BIumBy nedopma-
1iitHOI Aii Ha MIKpOCTPYKTYpY cTajli BUKOPHCTaHHS ii CTPYKTYPHOI CKJIaJI0BOI — XiMIYHOI HEOJHOPIAHOCTI, 0 yCIa-
KOBYETHCS BiJl ICHIPHUTHOI JIIKBAIlii KPEMHIIO Ta MapTaHIlo, — JO3BOJISIE BUKOHATH HE TUTBKU KUIBKICHY OIIHKY IHTCH-
CHUBHOCTI Ta JOKami3amii medopmariii, ane i AKiCHO CyAWTH IPO 3MiHy HANpyKEHHS 3CYBY IO Tepepizy 3arotoBku. I1o-
JaJIbIIi JOCTIIKEHHS B TAaHOMY HANPSIMKY JO3BOJIATH PO3IIMPHUTH TEOPETHYHI YSABICHHS PO (POPMYBaHHS HAIPyKEHO-
ne(OPMOBAaHOTO CTaHy METally B BUCOKHX OcepelKkax medopmarii mpu MpOKaTIi Ta CTaTH IACTaBOIO UL PO3POOKH
MPaKTUYHUX PEKOMEHAAIH 010 BAOCKOHAJIEHHS TEXHOJIOT1] BUPOOHHIITBA KPYITHOCOPTHOTO IPOKATY.

Konrodosi cioBa: MoznemoBaHH:, MO3MOBXKHS NPOKATKa, BUCOKUH ocepelok Aedopmanii, TpyOHa 3aroToBKa,
HanpyKeHO-1e(hOPMOBAHUI CTaH, CTallb, ICHAPUTHA CTPYKTYpPa, KOS(DIli€HT MPOPOOTIOBAHOCTI.

Bopogik I1. B. O6rpynryBanns npodinoBanis ¢pacoHHOro HOXkKa 1Jis1 Po3IiJIeHHsI KBAIPAaTHOI 3aroTOB-
KM B rapsiuomy crati // O6podka matepiauaiB Tuckom. — 2019. — Ne 1 (48).

[TpoananizoBaHO NepeBary Ta HEJOJIKH MPOLECy rapsiuoro po3AUIEHHS 0e31epepBHOIMTOI KBapaTHOI 3ar0To-
BKH Ha HOXHISX 3 ()ACOHHMMH HOXXaMH. Bif3Ha4a€eThCs JOIUTBHICTS IPOBEACHHS TEOPETUYHUX JOCITIPKEHb PO3JILIO0-
BHX OIlepalliii Ha HOXUIAX Ha 0a3i MeToy CKiHUCHHHX eIIeMeHTiB. MeTolo aHoi poOoTH OyIlo TeOpeTHIHE OOTPYHTY-
BaHHS NpoQiItoBaHHA (PaCOHHOTO HOXKA JUIS PO3ILUICHHS KBAJAPATHOI 3aTOTOBKU B Taps9IOMY CTaHI IMIITXOM MaTeMaTHI-
HOTO MOJIENTIOBaHHs Ha 0a3i MEeTOMy CKiHUEHHHX eneMeHTiB. [IpencTaBieHo omuc TPUBUMIPHOI MaTEMATHIHOT MOJIEN,
Ha 0a3i sIKOT BUKOHAHI TEOPETUYHI AOCIIKEHHsI TIPOLeCcy PO3AIIEHHs KBaIpaTHOI 3aroToBkH nepepizom 120 X 120 MM
i3 cram 20 npu temmepatypi 970 °C 31 mBuakictio 70 Mm/c. JIist OLiHKK BILTHBY NPOQiIOBaHHS HOXIB Ha (POPMOYTBO-
PEHHSI 3arOTOBKH B 30HI pi3y HaBeleHI pe3ysIbTaT CUMYJISIIN Mpoliecy 3 HOXaMu pi3Hoi KoHpiryparii. B xoai o6po6-
KU JaHUX MOJETIOBAaHHs OyJM OTpUMaHI TP BITHOCHUX MapaMeTpa, ABa 3 SIKHX XapaKTepH3YIOTh 3MHHAHHS (3aTsDKKA)
KIHI[IB PO3KaTy, 1 IIle OIMH — POMOIYHICTh TOPLIEBOT MOBEPXHI. 3a pe3yIbTaTaMH JIOCHTIPKEHb BiZ3HAYEHO, 1110 Ha SIKICTh
NIOBEPXHI Pi3aHHs ICTOTHO BIUIMBAaE NpodiaroBaHHs HOXIB. OTPUMaHO PiBHSHHS perpecii Ui BCiX TPhOX HapaMeTpiB
SIKOCTI pi3aHHA, KOTPi JO3BOJISIFOTH BU3HAYNTH ONTHMAaJIbHI 3HAYEHHS KYTiB PO3KPUTTS 1 HAXHUITY PLKYYHX KPOMOK HO-
XIB, TIpH 3a0e3neUeHH] HEOOXiTHUX MapaMeTpiB SIKOCTI pi3aHHs. 3alPOIIOHOBAHO KyT PO3KPUTTS PLKYUHX KPOMOK HO-
XIB mpuiiMaTy piBHUM 95,6° mpu KyTi Haxmity 7°, o JO3BOJUTH 3a0e3neunty pomoOivHicTh 1,05. Pesymbratn pobotn
MOXYTh OyTH PEKOMEHAOBAaHI JJISi BUKOPHUCTAHHS TPH HPUHHSATTI MPOEKTHO-KOHCTPYKTOPCHKUX 1 TEXHOJNOTIYHHUX Pi-
LICHb B MUTAHHSX rapsyoro po3aiieHHs 0e3nepepBHONNTOI KBaIpaTHOI 3ar0TOBKH (paCOHHUMH HOXKaMH Ha KYT.

KuarouoBi ciioBa: ¢acoHHMIA HIK, PO3IIIEHHS KBaIPATHOI 3aTOTOBKH B TapsTIOMY CTaHi, HOXKHIII, MaTeMaTHIHA
MOJEb.

Kopuak O. C., Bineneus K. €. JocaixkeHHss TpuO0OTeXHIYHUX BIACTHBOCTEH CHIOBHX WIIHAPIB Tinpa-
BJIiYHHMX MpeciB Ha 0a3i iH:KeHePHOT MeTOTUKH OLIHKM iX pecypcy 0e3BinMoBHOI podoTu // O6podka maTepiaiB
THCKOM. — 2019. — Ne 1 (48).

Mertoro poboTH € MiABHIIEHHS pecypcy 0e3BiAMOBHOI poOOTH CHIIOBUX IWIIHAPIB TiAPaBIiYHUX IPECiB Ha OC-
HOBI JIOCII/DKEHHS 1X TPUOOTEXHIYHUX BIIACTHBOCTEH, a TAKOXK PO3pPOOKA 3aXOiB 3HIDKEHHS 3arajbHOTO PiBHA iX 3HO-
nreHHs. HaiiGinpin BU3HAYAIBHUMH 3 (DAKTOPIB 3HOLICHHS € THCK CIIOJYYEHHS MOBEPXOHb TEPTS Ta LIBUAKICTD X Bil-
HOCHOTO TIEpeMIIlIeHHs YV By3JaX YIIUIbHEHb CHJIOBUX TiIPOIMIIIHAPIB, a TAKOXK PiBEHB MEperaiB TUCKY Ta ITOB’s3aHi
3 HAM KaBiTalliifHi SBUIIA U KOPITYCIB 1 TUTYHXXePiB CHIIOBUX T1APOIMIIHAPIB. 3a pe3yinbTaTaMu JOCTIKEHb PECYypCiB
3HOIICHHS 0a30BUX BY3JIB Ha 0a3i iHKEHEPHOi METOMKH OLIHKHU iX TPHOOTEXHIYHMX BIACTUBOCTEH MOOYIOBaHI YOTH-
PH TPYIIH KPUBHUX, L0 SIBJISIOTH COOOI0 3aJIeKHOCTI Koe(illieHTa MPUCKOPEHHS BUIIPOOYBaHb, TPUBAJIOCTI BUIIPOOYBaHb,
LIBUKOCT] 3HOIIEHHS JIeTali Ta pecypcy 0e3BiAMOBHOI poOOTH JeTai BiJl 3yCHILIsl TipaBiiqHoro npecy. JlociimkeH-
HSIMH BCTQHOBIICHO, 1110 31 30UIBIICHHSM 3yCHIUIS TiAPABIIYHOTO Mpeca: KoedilieHT MPUCKOPEHHs BUIPOOYBaHb Po0o-
YOro i 3BOPOTHOTO IMJIIH/PIB, YIIUIBHEHHS 1 HANPaBJISIIOYMX PYXOMOI MOMEPEeYnHH 3MEHIIYETHCS; TPUBAIICTh BHITPO-
OyBaHHSI po0O0OYOTro 1 3BOPOTHOTO IIJTIHAPIB 301LIBIIYETHCS, HE3HAUHO MiJBHIIYETHCS Yac BUIPOOYBaHHS POOOTH YIIi-
JIbHEHb, a HAIIPaBJIAIOYUX PYXOMOI ITOTEPEYHHH — HABMAaKN 3MEHITYETHCS; IIBUKICTh 3HOLIEHHS. pOO0YOT0 1 3BOPOTHO-
TO NWITIHAPIB, HANPABISIIOYMX PYXOMOI MONIEPEYNHH 3MEHIIYETHCS; pecypc 0e3BiIMOBHOT poOOTH poOOYOTO 1 3BOPOT-
HOTO LMJIIHJPIB Ta YIIUIEHEHHS 301IBIIYETHCS, @ HAIIPABIIAIOYl PyXOMOI MOTIEPEYNHH MAlOTh BEJMKHIA CTPUOOK Bropy.
Po3pobka 3ax0iB MOCTIfHOTO aBTOMAaTHYHOTO KOHTPOJIO Ta 3aro0iraHHs HaOJIMKEHHS poOOTH TiApaBIivHOTO Ipeca
JI0 aBapiifHOI TPaHMUIli € BUPIMIATFHIM (PaKTOpOoM 3abe3redeHHsT Oe3BiIMOBHOI POOOTH HOTO 6Aa30BUX BY3IIB IIPHA YMOBI
PpaIioHaIBHOTO iX MPOSKTYBAaHHS Ta BiAIIOBIHOCTI TOKA3HUKIB POOOTH 3aIaHUM EKCIUTyaTalliifHIM XapaKTePUCTHKAM.

KarouoBi ciioBa: npec rigpaBiidHuil, HUIIHIP CHIOBHA, TUCK, PiHHA po00Ya, KOPITYC LMIIHAPA, 3HOIICHHSI.

Minkos K. O., Minkos O. H., Maptunos C. B., KajginoB A. M. Mo0ijibHHIl KOMILIEKC JJISl PeryJjiboBa-
HOT'O BOJOMOBITPSHOTO TapTyBaHHS KOBAJILCbKOro ocHamleHHs // OOpoOka martepiamiB Tuckom.— 2019. -
Ne 1 (48).

PosrisinyTO MpoGieMy MiABUINEHHS PiBHS CTIHKOCTI IHCTPYMEHTIB JUIsl Tapsidoro aedopMyBaHHs craneit. Po3-
TJISTHYTI BUMOTH JI0 HalOinbII MOIMpeHnX y BUpoOHUNTBI ctaneit SXHM 1 4X5SM®C, a Ttakox icHyIOYi TpaaMIiiHi
criocobu ix 3abe3neyenHs. OmucaHi rapTyBalbHI CEPEIOBHINA, 110 3aCTOCOBYIOTHCS MIPY 3MIIJHEHHI OCHAIIEHHS, ITOKa-
3aHi iXHI CHITBHI Ta crmadki croporu. [TokazaHo MOPIBHAHO HOBHI CITOCIO 3MIITHEHHS — BOJIOTIOBITPSHE TapTYBaHHS, 110
PETYIIIOETRCS, HOTO TepeBaru nepea 00'eMHIM 3aHYPEHHSIM y cepelly, a TaKOoK HOro eKoiorigHa ynctoTta. Omnucadi Je-
SIKi CTaliOHAPHI 1 pyXOMi YCTaHOBKH, III0 BUKOPUCTOBYIOTHCS y NAHHUH Yac, a TAKOXK IIIIPUEMCTBA, Ha SIKMX TaKi ycTa-
HOBKH TIPAIIOIOTh. J|aHO iX OMHC Ta IPUHIAIT POOOTH.
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Onwmcana ycraHoBKa, po3pobiena Ha [TAO «Pycnomimery. [Tokasana ii npuHIMIianbHa BiAMIHHICTG BiX MOI-
OHMX YCTaHOBOK: 3aCTOCYBaHHSI KOMITTOTEPHOTO YIPABIIHHS poOOTOI0 ABO(A3HUX BOJOMOBITPSIHUX (POPCYHOK 3a 110-
TIOMOTOI0 CTELiali30BaHOTO IPOTPaMHOTO 3a0e3IeUeHHs], HassBHICTh 3aIlipHUX €JIEKTPOKJIANaHIB Ta CHUCTEMH I1apoyT-
pumanHs. [aso ii omuc, mpuBeneHi eckizu i nmpuHImI podotn. [lepeBaroro KOMITTOTEpHOTO YIPaBIiHHS aBTOPH CTATTi
BBKAIOTh MOXKIIUBICTh 3MIiHH iHTEHCHBHOCTI 3pOIIECHHS TIOBEPXHI BUPOOY, IO OXOIOHKYETHCS, O€3II0CEpENHBO B TIPO-
IIeci OXOJIOHKEHHS, III0 0COOIMBO BAYKIIMBO TIPH 3aTapTyBaHHI BEMTMKOTA0APUTHUX IITAMIIIB, TAK SK JO3BOJIIE 3a0e31Ie-
YHUTH 130TEPMi4HI YMOBH B 00JIACTI MAPTEHCUTHOTO MEPETBOPEHHS, 3aM100Iratoud THM CaMHM YTBOPEHHS TPILMH 1 1M0-
BiJIlli METaJly, Ha BiZIMiHY BiJl O€3MEPEPBHOIO OXOJIOJDKEHHS METAJIy B MpoLeci 00'€MHOT0 3arapTyBaHHs MPH BUKOPHUC-
TaHHI TPaJULIAHKUX CHOCO0iB. HasBHICTE ke JBOX AMCKPETHO PETYJIHOBAHUX OXOJIOKYBAIBHUX KOHTYPIB YCTaHOBKU
JIO3BOJISIE OTPUMATH TU(EPEHITIHOBAHY TBEPAICTh pOOOUOT 30HH IIITaMIIA 1 XBOCTOBHUKA.

[MpencraBneHo TakoX po3poOJIeHH aBTOMAT JUIsi OTPUMAaHHs BOJIOIOBITPSIHOI CyMillli BUCOKOT OHOPiTHOCTI
Ta MUIBHOCTI — 1Bo(azHa BomomoBiTpsiHa opcyHKa. JlaHo #oro onuc i mepeBaru nepex NoAiOHUME NPUCTPOsIMU. Po3-
pobJieHa MeTOMKa BU3HAYEHHSI IHTEHCHBHOCTI OXOJIO/KSHHSI 3 BUKOPHCTaHHSM CIELialli30BaHOTO CTEHIY.

KorodoBi ciioBa: ycraHoBKa JUIs 3arapTyBaHHs, cloci0 3MinHeHHs, ctaib SXHM, mramr, hopcyHka, METoIIKa.

Yocrta H. B. Pekomenaanii 3 KOHCTPYIOBaHHS KOBAJIbChbKO-NIPECOBOro 00/1afHAHHS 3 KJIMHOMIAPHIPHUM
MeXaHi3MOM 3 YBirHyTHM KJIHHOM JUISl PO3AiTI0BaJdbHUX npoueciB // O0podka martepiaiiB TuckoMm. — 2019. —
Ne 1 (48).

Merto1o cTarTi € po3poOIeHHs PeKOMEHAALIN 3 KOHCTPYIOBAaHHS 00IagHaHHS 3 KIMHOIIAPHIPHAM MEXaHi3MOM
3 YBITHYTHM KIIMHOM JIJIsl PO3JIUTIOBAIBHUX Orepaliiif. Po3po0ieHo MareMaTHyHi MO AJIsl PO3PAXYHKY TeOMeTpHd-
HHX, KIHEMaTUYHUX 1 CWJIOBHX MapaMeTpiB KIMHOIMIAPHIPHOTO MEXaHi3My 3 YBITHYTHM KIMHOM. J{JIsl IPaKTUYHOTO BHU-
KOpPHCTaHHS 3allPONIOHOBAHUX MaTeMaTHYHUX MOJIENEH, pe3yIbTaTH PO3PaXyHKIB FTeOMETPUYHUX 1 CHIIOBHX XapaKTepH-
CTHK TNPEJCTaBJICH] Y BUIJISII HOMOTpaM. 3 BUKOPUCTAaHHSAM HOMOTpaM po3po0JIeHO KOHCTPYKIIIO Mpecy 3 KIWHOIIAp-
HIpHUM MEXaHi3MOM 3 YBIrHyTHM KIHHOM. [IpornoHoBaHuii pec 3 KIMHOIMIAPHIPHUM MEXaHi3MOM 3 YBITHYTHM KJIMHOM
TIPUHIMIIOBO HE Ma€ 0OOMEXEHbB 10 JliaMeTpy PO3ALIIEMHX 3arOTOBOK, OCKUJIBKM TaKWH MeXaHi3M 3a0e3redye 3HauHUH
BUTpall B CUJIi 1 3MiHHICTH CITIBBIJHOIIEHHS! MK TIPHBO/IHOIO 1 TEXHOJIOTIYHOIO critaMu. Kpim Toro, mpec Mae 3HauHy
3aKpUTY BHCOTY HITAMIIOBOTO MIPOCTOPY, IO JO3BOJISIE POSIIUPUTH HOTO TEXHOJIOTIYHI MOXKIIMBOCTI 32 PaXyHOK peai-
3amii OUTBIT TOCKOHANX CXEeM BiJPi3KH 3 BUKOPHUCTAHHSIM IITAMIIOBOTO OCHAIICHHS. B pe3ynbTaTi migBUIIEHHS KOPCT-
KOCTI 3aIIpOIIOHOBAHOTO KIIMHOIIAPHIPHOTO TIpeca 3 YBIrHyTUM KiuHOM B 1,2 ... 1,3 pa3u, y HOpiBHSIHHI 3 TpaJHIliHH-
MH MEXaHIYHUMH MIPEecamH, 3MEHIIYEThCSI IPYXKHA Aedopmaltis Horo aerajel i MpUBOLY MPH peanizaiii po3aiIroBaib-
HUX MPOILIECIB, a 3HAYUTh — MIIBUILYETHCS HAIIHICTH poOoTH 00ianHaHHs. [Ipu 1boMy HinBuUILY€eThCs KOSDIlliEHT BU-
KOPUCTaHHs oOJafgHaHHs 1o 3ycuuio — Big 0,3 ... 0,4 (duepe3 mpykKHE MHUTTEBE po3BaHTakeHHs mpeca) ao 0,7 ... 0,8.
Taxox migBuiyerbess KK/ HOBOro mpeca BHacIHiIoOK TOro, mo npuoiu3Ho Ha 60 % 3MeHIIyeTbhesl BETMYMHA POOOTH,
II0 BUTPAYAETHCS HA PO3JUICHHS, a caMe — BeIMYMHA poOOTH MpykHOI nedopmailii MalMHu. B 1itoMy 3HIKY€EThCS
co0IBapTICTh HOBOTO Mpeca, y TMOPIBHSAHHI 3 TpaIUIiHHIMU MEXaHIYHHMH TpecaMH Ul PO3IUTIOBAIFHHUX OIEpallil,
B TOMY YHCJIi i TOMY, LIO JIeTali KIMHOMIAPHIPHOTO MEeXaHi3My OUTBII TEXHOJIOTIYHI y BUTOTOBJICHHI.

Kuaro4oBi ciioBa: mpokart, 3aroToBKa, PO3IUICHHS, CHJIA, SKICTh, KOSQIMi€EHT KOPUCHOI Jii, >)KOPCTKICTb, KIJIWH,
[IapHip, TOB3YH.
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ABSTRACTS

Chigirinsky V. V., Naumenko E. G. Some features of solution of continuum mechanics plane problem //
Material working by pressure. —2019. — Ne 1 (48).

Based on the argument functions method, the solution of a plane elasticity problem in classic formulation was
found. The argument functions of base variables were introduced. During substitution in differential equations, abstract
functions are formed, defined by the argument functions, which are used as a somewhat search tool. As a result of this
search, conformities of solution existence as correlations of Cauchies-Riemann and Laplace’s equations are shown. The
solutions of plane problems of theory of elasticity and plasticity, received by the same method, were confronted. It was
stated, that accordance with principle correlations exists between them, which approve at the use of argument functions
method. Those include correlations of Cauchies-Riemann, differential Laplace’s equations. The argument functions, as
components of the base trigonometric and exponential functions, must be capable of satisfying them. The new result
was received due to the increased difficulty of the problem by analysis of area of deformation in two states, elastic and
plastic, consi-dering their integrated influence on the strained and stressed states. Those combined deformation zones
include plastic working zones of intermediate and big size, which show the signs of developed stick region, when con-
tacting the tool. Due to the contact friction, the developed stick region extents into the depth of the deformation zone,
creating the restrained zone.

Keywords: elasticity, plasticity, plane elasticity, argument functions, comparableness of solutions, correlations
of Cauchies-Riemann, Laplace’s equations, stick region.

Alyushin Y. A. The mechanisms of natural vibrations in elastic bodies / Material working by
pressure. —2019. — Ne 1 (48).

The energy-isolated system in the form of an elastic rod fixed between two absolutely solid supports is consid-
ered. On the basis of the energy model of mechanics, the volume distribution and time change of the elastic and kinetic
energy components for the main forms of longitudinal, transverse and torsional vibrations are obtained. Based on the
analysis of the structure of the kinematic invariants associated with energy, the equations for the calculation of 8§ types
of local energy for the particles involved in vibrations, including 2 types that do not affect the strain energy integrated in
the body volume, are obtained. It is shown that, by analogy with the free vibrations of elastic bodies when the change of
the geometrical structure takes place without the flow of energy through the outer boundary of the system, possible
changes in the micro-volumes shown in the equations of motion and what is happening at the expense of internal energy
sources without the exchange of energy with the neighbouring particles. It is suggested that the energy parts affecting
the volume integral parts ensure the conservation law, and the other two types reflect the features of the differential
equations of motion. The particles in the cross sections through which external influences occur to excite transverse and
torsional vibrations do not change shape and volume, the energy for the deformation of the particles is not consumed.
The results obtained, including the period and frequencies of oscillations, as well as the implementation of the conserva-
tion law for the volume integral values of kinetic and elastic energy, in addition to the known solutions for absolutely
rigid and deformable bodies, can be considered as additional arguments for the legitimacy of the application of the en-
ergy model to solve various problems of mechanics.

Keywords: equations of motion, Lagrange variables, invariants, energy model, natural oscillations.

Aliieva L. 1., Aliiev 1. S., Grudkina N. S., Malii K. V. Simulation of combined radial-backward extrusion
process with flange part // Material working by pressure. —2019. — Ne 1 (48).

The methods of manufacturing core parts with flange and axial branches in extrusion process are considered.
The simulation results of combined radial-backward extrusion process core part with a flange and branches by using
upper bound methods are defined. For the rapid calculation of relative pressure components for kinematic elements of
parallel metal flow are determined to calculate the deformation relative pressure in the element and shear and friction at
the element boundaries.

It is considered that for combined extrusion with metal outflow in the radial and backward directions, intensity
plastic deformation is concentrated in the areas of the outlets on transition edges of the deforming tool. There is a non-
deformable rigid zone between them. The kinematic parameters of the process are found from the equilibrium condition
of this zone. Under this condition, the powers applied to the rigid zone are equal on both sides. Evaluation of the laws
governing the shaping and development of the billet deformed state in combined extrusion process are defined. Graphic
dependencies of the billet shape, which allow us to predict the production of semi-finished products with the necessary
geometric parameters, are determined.

Values of the shaping parameters and power mode by using different methods such as finite element method,
upper bound method and experimental data are considered. Comparison of theoretical and experimental values in de-
formation pressure and flow velocity between each other and so with the results obtained by the finite element method
showed the acceptability of the obtained dependencies for technological calculations of power parameters and evalua-
tion of the parts shaping are defined.
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Keywords: part with flange and branch, combined radial-backward extrusion process, deformation state, finite
element method, shaping form, deformation force.

Aliieva L. 1., Titov A. V., Kordenko M. Yu. Simulation of transverse lateral extrusion process // Material
working by pressure. —2019. — Ne 1 (48).

The simulation of power mode in lateral extrusion by using upper bound method allowed us to estimate the in-
fluence of geometric parameters and the type of velocity field on the reduced deformation pressure. The optimal num-
ber of rigid elements depends on the relative thickness branches of the extruded process are considered. Calculation
formulas for plane strain stress in lateral extrusion, obtained by using upper bound method are shown that theses results
similar analogical solutions that for other problems of plane strain stress deformation in processes such as extrusion and
upsetting, differing by the type of discontinuous velocity field. Refined dependences for calculating deformation pres-
sure in matrices with a conical and rounded transition edge are determined. For the last case, a curvilinear triangular
module is applied for which the construction method and calculating the components of relative pressure at the discon-
tinuity velocity lines. Uneven distribution of deformations in the cross section of branches in the extruded process and
calculate the heat generation value of the corresponding accumulated strain along the metal streamlines by using upper
bound method are defined. The lateral extrusion processes with different branches in a matrix with a conical transition
edge and confirmed the possibility of mutual compensation of uneven deformations with simple extrusion schemes with
their mutual combination or addition. Selection of extrusion schemes in a multi-transition process or with a combined
deformation, carried out character of deformations distribution can be an effective method to reduce the uneven defor-
mation of the billets are considered.

Keywords: lateral extrusion, upper bound method, relative pressure, curvilinear kinematic elements, uneven-
ness of deformation, heat dissipation.

Kaliuzhnyi V. L., Levchenko V. N. Using the method of power balance and engineering method for the
analysis of the stationary stage of cold reverse extrusion with hole expanding // Material working by pressure. —
2019. — Ne 1 (48).

The analyze of cold reverse extrusion with hole expanding of axisymmetric hollow products in the movable die
at the stationary stage is carried out by using of the method of power balance together with the engineering method. The
use of the power balance method makes it possible to determine the influence of friction on the contacting surfaces of
the tool with the deformation region and the elastic volumes of the deformed workpiece. The use of the engineering
method made it possible to find stresses in the deformation region for the subsequent consideration of Coulomb friction
in determining the power for overcoming friction forces. The solution takes into account the hardening of the metal in
the deformation region during forming according to the power approximation of the true stress diagram. Formulas are
obtained for determining the extrusion force and specific force on the punch and the die, as well as the yield strength of
the deformed metal. The finite element simulation of hollow products with specific dimensions from steel 10 was car-
ried out to check the adequacy of the calculation results based on the obtained dependences. Comparison of calculation
results of the load of extrusion, hardening of the metal in the deformation region, the specific forces on the punch
showed the possibility of using the formulas obtained for practical calculations of the process of reverse extrusion with
hole expansion.

Keywords: reverse extrusion, hollow product, power balance method, engineering method, force and specific
force, hardening, finite element method, comparison of calculation results.

Titov V. A., Ben A. M. Modeling of the extrusion technological process of compressor blades blanks //
Material working by pressure. —2019. — Ne 1 (48).

The purpose of research is numerical modeling of the process of aviation engines compressor blades blanks ex-
truding with solving plastic deformation tasks, comparing simulation results with actual results.

The method of using modern modeling systems is shown, which makes it possible to significantly reduce the
costs and development time of new tooling through virtual modeling of the stamping process, without making tooling
and loading forging equipment. The QForm 2D/3D program was used as a process modeling system, with which you
can vary the various parameters of the deformation process.

It was carried out technological process modeling of compressor blades blanks extrusion of gas-turbine en-
gines. The extrusion process was modeled on the actual blade size and die tooling. According to the shape of the profile
of the compressor blade blank, taking into account thermal expansion, models of die tooling have been created. It was
considered the creating peculiarities of a 3D model, setting the model parameters in the calculation module and apply-
ing the finite element grid. It was presented the results of computer simulation, the nature of the metal flow under de-
formation, the power and energy parameters of the process. It was shown that the obtained results are consistent with
experimental studies carried out on a series of blanks that were obtained with a gradual increase in the length of the
blade to technological parameters.

It was presented a good correspondence of the extruded blade, obtained by calculation, the external form of the
real workpiece, the filling of empty matrices, as well as the place of defects. The use of applied technologies for model-
ing the deformation process and the manufacture of stamp equipment is shown.

Keywords: compressor blade, extruding, numerical modeling, plastic deformation, 3D model, blank, gas tur-
bine engine.
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Medvedev V. S., Bazarova E. V. Mathematical model of metal deformation in roughing closed girder
passes // Material working by pressure. —2019. — Ne 1 (48).

Closed girder passes are used at shape mills under production of a wide range of I-beams. In rough passes rec-
tangular billets are formed during several passes into semi-finished rolled stock of I-form with a wall and rather high
flanges. To improve accuracy of finished I-beams, semi-finished rolled stock in rough passes have to be formed with
symmetrical flanges and with a height that ensures reliable high-altitude compression of flanges in subsequent control
passes and obtaining accurate dimensions upon the width of flanges in finishing universal passes. To solve this task, the
developer of the technology should have reliable methods for calculating metal deformation in passes.

The purpose of the work is to develop mathematical model of metal deformation in closed girder passes with a
ratio of wall thickness to profile height equal to 0.2-0.4.

As a result of theoretical studies, mathematical model has been developed for calculating integral characteris-
tics of metal deformation (coefficients of height deformation of a flange, open and closed flanges) depending on direct
wall compression, lateral compression of flanges and geometric parameters of deformation zone. Mathematical model is
based on a multifactorial theoretical experiment in dynamic formulation with varying dimensionless technological pa-
rameters of rolling (wall compression ratio in thickness, average ratio of side compression upon thickness of open and
closed flanges and ratio of wall width to thickness). Limits of variation of the dimensionless technological parameters
of rolling were selected according to the results of analysis of the current rolls calibrations. Metal flow in passes was
investigated with using the finite element method and software package SIMULIA/ABAQUS. Graphs of coefficients’
variance of height deformation of flanges, open and closed flanges from wall compression, side compression of flanges
and wall width are given. Simulation results are processed with using classical regression analysis methods using the
MathCad14 and SPSS programs and presented as regression dependencies. Mathematical model adequately describes
metal deformation in rough closed girder passes and is recommended to be used in practice under development of roll-
ing technology and working roll calibrations for producing high-precision I-beams.

Keywords: rolling, roll calibration, I-beam, girder passes, deformation, flange increment, graph, mathematical
model, metal deformation.

Remez O. A., Oginsky 1. K., Kuz'mina O. M. Simulation of continuous rolling process in “oval - circle”
groove system // Material working by pressure. —2019. — Ne 1 (48).

The development of rolling technology for various steel groups on continuous mills is currently being carried out
in the absence of reliable information about the relationship between height and transverse deformations under conditions
of front and rear tension and their joint action. The effect of exhaust gauge systems on rolling parameters in continuous
mills is not sufficiently studied. The study of rolling parameters in the calibers of the oval-circle system (discussed on the
example of the circular-oval scheme when rolling round billet in an oval caliber) was carried out using the FORGE 3D
finite element program. Studies were done for steel 08X13, related to materials with increased widening. This feature of
metal flow during deformation has not been studied enough, which makes it difficult to develop deformation regimes. The
results presented in the article are intended, in particular, for the preparation of experimental studies.

The purpose of this work is the development of methods for studying the kinematic parameters of continuous
section rolling using computer simulation methods, and determining on this basis the laws of change of technological
parameters during continuous rolling in the oval-circle exhaust gauges system.

Simulation according to the specified scheme was performed for rolling cases with various combinations of
front and rear tension. Studies were done for the conditions of the mismatch of the speeds of the front, rear, at the same
time front and rear ends of the strip. The range of relative mismatch speeds (with respect to rolling without tension) was
2.5 ... 10 % with a multiplicity of 2.5.

The range of variation of the elongation ratio was 4= 1.043 ... 1.529, it is quite characteristic for this system of calibers.

Keywords: FEM, gauge system, rheology, tension, elongation ratio, rolling, widening, steel grade, continuous mill.

Gerasimenko A. V., Markov O. E., Kosilov M. S., Hvashinskiy A. S., Ivanov P. H. Investigation of the
rolling process of stepped cone rings // Material working by pressure. —2019. — Ne 1 (48).

A new method of rolling large-sized conical rings with a stepped profile has been investigated. The proposed
method consists into deforming of the workpiece with a step in a stepped die. The paper proposed a methodology for
conducting research using the finite element method. The technique is designed to determine the dependencies of the
stress-strain state and the shaping of the workpiece in the process of rolling with a stepped dies. Variable parameters
were the relative height of the protrusion of the stepped work-pieces, which varied in the range of 2.3 ... 2.4. On the
basis of the finite element modeling, the following were established: the intensity distribution of the deformations in the
forging section after rolling with a stepped die. The taper of forgings was determined, which is formed when rolling by
this method. This is explained by the fact that when the ledge is compressed, there is a greater tangential deformation of
the ring work-piece in the step zone than the protrusion zone due to the different height of the stepped work-piece. It
was established that when rolling a work-piece with a difference of relative diameters of 0.43, when rolling, the protru-
sion and the ledge are deformed simultaneously. In this case, the diameter of the ledge increases more intensively than
the protrusion due to which the forging acquires a conical shape. This is due to the different degrees of deformation that
are formed in the protrusion and the ledge. Moreover, the degree of deformation in the ledge increases more intensely
than in the ledge. The difference in degrees of deformation arises from the difference in the thickness of the walls of the
protrusion and the ledge. As a result of research carried out in the work, it was found that the rolling of stepped conical
billets is possible, this expands the technological capabilities of the process of rolling large-sized forgings.
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Keywords: stepped conical ring, rolling, stepped die, strain distribution, change of shape, taper.

Markov O. E., Zligoriev V. N., Zhytnikov R. U., Inchacov E. V., Rizak P. I. Improvement of upsetting
process of four-beam workpieces with an angle of bent faces of 150 °// Material working by pressure. — 2019. —
Ne 1 (48).

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 25 %; 20 % and 15 %. The angle of the concave faces was 150°. 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 15 %. 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.

Starkov N. V., Strelkovskaya L. I. Experimental study of plasticity of aluminum alloy 2024-T4 under
pulsed electrohydraulic stamping // Material working by pressure. —2019. — Ne 1 (48).

The modern aviation industry traditionally uses sheet metal from aluminum alloys with increased strength
characteristics. When using such materials in sheet punching on mechanical presses, there is often a problem associated
with their tendency to fracture with a relatively small (up to 10 %) degree of deformation. In this context, there is a need
to use new advanced technologies and equipment for the manufacture of parts from these alloys.

The article is concerned the plastic properties of medium-strength structural aluminum alloy 2024-T4 , which
is widely used in aircraft construction, and the technological capabilities of pulsed electrohydraulic (EH) stamping. This
technology makes it possible to dose the discharge energy with intensity control and precise load application to speci-
fied parts of the surface of the part, use a simpler tooling.

In the multi-pulse deformation mode of the sheets under the influence of high pressure of the liquid and at its
short-term effect, relaxation processes are intensified with a decrease in deformation hardening and residual stresses in
the component. Due to this, the maximum degree of plastic deformation of the alloy increases and the sheets are not
springing off.

This makes it possible to manufacture parts of complex shape and stabilize their shape and size in the process
of pulsed loading. These qualities of EH stamping create good prerequisites for further expanding the scope of its use.

It was established that the limiting degree of deformation of parts from alloy 2024-T4 in the process of draw-
ing depends on the technological process of their manufacture. It was experimentally shown that the maximum degree
of deformation during the pulse high-speed process of EH stamping increases and for the alloy under study it is more
than 1.36 times bigger than their maximum limits for mechanical stamping by the hydraulic press.

The EH stamping can achieve high surface quality of the parts, which is important for products used in the avi-
ation industry, which high demands are made, especially when cladding stamped sheets with soft metals.

Keywords: electrohydraulic, stamping, alloy, aluminum, deformation, part, technology, press, strength.

Beygelzimer Y. Yu.,  Kulagin R. Yu.,, Savvakin D. G.,, Davydenko O. A., Dmytrenko V. Yu.,
Oryshych D. V. Influence of the severe plastic deformation on characteristics of Ti-Zr-Nb alloys // Material
working by pressure. —2019. — Ne 1 (48).

Alloys of the Ti-Zr system are promising materials for the manufacture of structural parts operating in chemi-
cally aggressive environments. Due to Nb, the Young's modulus of these alloys decreases from 95—-110 GPa, which is
typical for the Ti-Zr alloys, to 50-60 GPa and below. This allows one to bring its values to the corresponding character-
istic of bone tissue, which is necessary for the mechanical compatibility of materials of medical implants, and can also
be used in the technique for the manufacture of elastic elements for various purposes.

It was previously shown that alloys of the Ti-Zr-Nb system can be obtained by cold pressing and vacuum sin-
tering of powder mixtures of titanium hydride, zirconium hydride and niobium. When using hydride powders, hydrogen
plays the role of a temporary alloying element and is removed from metals during vacuum heating, simultaneously acti-
vating diffusion-controlled sintering and chemical homogenization of the powder system, as well as cleaning the sur-
face of titanium particles from impurities (oxygen, chlorine, carbon). Despite the positive effect of hydrogen, during
sintering in the absence of deformation processes (without pressure), it is not possible to reduce the volume fraction of
pores below 5-8 % depending on the composition of the alloys, which negatively affects, first of all, on fatigue strength,
plasticity and strength.

The article examines the effect of high-pressure torsion on the characteristics of 51Zr-31Ti-18Nb alloy (at.%),
obtained by cold pressing and vacuum sintering of powder mixtures. It has been shown that severe plastic deformation
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leads to the following effects: it provides a significant reduction in both the total porosity and the size of individual
pores; it eliminates chemical heterogeneity of the alloy, persists after sintering; it forms a submicrocrystalline structure
in the alloy; it increases the hardness of the alloy. The obtained results indicate a high potential of the high-pressure
torsion for creating a corrosive and biocompatible alloy with a high complex of mechanical characteristics.

Keywords: nano-crystalline metals, phase transformations, microhardness, sintering, shear deformation, high
pressure torsion.

Beloshenko V. A., Beygelzimer Y. E., Voznyak Yu. V., Chishko V. V. Modification of polymeric materi-
als by severe plastic deformation / Material working by pressure. —2019. — Ne 1 (48).

The results of the research are summarized and the analysis of the effect of severe plastic deformation, realized
by high pressure torsion, equal-channel angular and multi- angular extrusion, T-shape equal-channel extrusion, twist
and planar twist extrusion, on the structure and physics and mechanical properties of polymeric materials of various
architectures. The efficiency of the application of processing methods based on the use of deformation by simple shear
for modifying the structure of polymers and polymer composites is shown. Severe plastic deformation allows forming
orientation in block samples of polymers, which determines a unique complex of properties. In particular, equal-channel
multi-angular extrusion in glassy polymers allows the realization of a structural state that ensures an increase in their
deformation-strength and impact characteristics, regardless of the direction of the load. In the case of semi crystalline
polymers, it leads to a manifold increase in stiffness and strength while maintaining the initial plasticity, "invar effect",
a significant improvement in tribological characteristics. In polymer composites, a change in the structural parameters
of the fillers and the polymer matrix provides additional possibilities in controlling their morphology and properties.
The physical mechanisms of the identified effects of structural modification are discussed.

Keywords: polymeric materials, severe plastic deformation, structure, physical and mechanical properties.

Lezhnev S. N., Volokitina L. E., Arbuz A. S., Gaydarenko G. A. Study of the process of deformation of
the aluminum alloy in the uniform angle angular matrix with the angle of joint of channels 45° // Material work-
ing by pressure. —2019. — Ne 1 (48).

This article is described the various possible schemes of severe plastic deformation, by equal channel angular
percussion (ECAP) process that allows receiving metal with ultrafine-grained structure. The results of computer simula-
tion and on a transmission electron microscope investigations of aluminium alloy 6060 were presented. It is shown that
the equal-channel angular pressing in the proposed matrix with a channel joint angle 45° provides the formation of a
homogeneous subgrain structure with a size about 0.5 pm and has a positive effect on the mechanical properties of the
aluminium alloy. According to the results of tensile tests, it was found that the strength level of blanks subjected to
pressing in a matrix with a junction angle of 45 ° channels is much higher than that of samples subjected to traditional
pressing in a matrix with an angle of 90 °. So the values of strength and yield increase in six passes for the traditional
ECAP (in a matrix with a joint angle of 900) from 250 to 462 MPa (the absolute increase in the value of the tensile
strength is 212 MPa) and from 206 to 420 MPa (the absolute increase in the value of the yield strength is 214 MPa).
Using a matrix with a junction angle of 450, the ultimate strength and yield strength increase in six passes from 250 to
505 MPa (the absolute increase in the value of the tensile strength is 255 MPa) and from 206 to 447 MPa (the absolute
increase in the yield strength value is 241 MPa), respectively. The plastic properties of aluminum samples in the ECAP
process are reduced in both cases. So experimental studies of changes in the relative elongation in the tensile test
showed that the level of plastic properties of aluminum after 6 passes drops in both cases almost 2 times.

Keywords: ECAP, ultrafine-grained structure, severe plastic deformation, aluminium alloy 6060.

Karnaukh S. G. Experimental studies of the process of rolling separation according to the three-point
cold breaking scheme by bending under static-dynamic loading // Material working by pressure. — 2019. —
Ne 1 (48).

The purpose of this work is to experimentally verify the adequacy of the mathematical model of the process of
separation of samples according to the three-point cold breaking by bending under static-dynamic loading and the de-
velopment of advanced equipment schemes for the implementation of this process. Combined static-dynamic loading of
samples during cold bending with a bend has a positive effect on the quality of shared blanks, which confirms the theo-
retical conclusions. High quality of the workpieces was observed when separating steel SOX®A: the deviation of the
crack trajectory from straightness is almost zero, the fracture surface is dull, there were no areas of plastic deformation
in the area of the fracture surface. When separating samples from steel 30, 40 according to the three-point cold breaking
by bending, an increase in the quality of the workpieces was observed compared to static and dynamic loads: the devia-
tion of the crack trajectory averaged (0,8 ... 1,4) mm, on the surface of the fracture there were separate chips, breaks of
the metal, micro and macro cracks, height macro irregularities did not exceed 0,3 mm. The analysis of dependences
height of asperities on the magnitude of the static force shows that to obtain high quality blanks, it is recommended to
choose the value of static force in the range of (40 ... 50) % of the force of three-point cold bending. Based on the anal-
ysis of the dependence of the deviation of the crack trajectory on the value of the tensile strength of the divided sam-
ples, it was established that with increasing material strength, the quality of the workpieces increases. The design of the
press hammer with a wedge mechanism with a concave wedge for separation operations under static-dynamic loading,
which greatly expands the technological capabilities of the equipment and ensures high quality of the split blanks.

Keywords: metal rolling, billet, separation, breaking, quality, force, static-dynamic loading.
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Anischenko A. S., Kukhar V. V., Prysiazhnyi A. G. Influence of the radii of curvature and thinning on
the stressed state of the shells during superplastic forming // Material working by pressure. —2019. — Ne 1 (48).

The authors of the article show that the principal stresses, especially the tangential stress, depend on the princi-
pal radii of curvature, and the intensity of the stresses also depend on the thinning of the shells during superplastic form-
ing. These results were achieved with superplastic forming of blanks from aluminum alloys AIMg5 and AMg6 (the
blank had a variable thickness) and the model alloy Sn-38% Pb superplastic and non-superplastic modification (modifi-
cation is determined by the magnitude of the speed hardening coefficient of 0.6 and 0.25, respectively) . For shells with
a height equal to the radius of their base, the tangential and meridional stresses for the superplastic alloy Sn-38 % Pb are
approximately equal (the error is no more than 18 %). The deterioration of the superplastic properties of the alloys
causes tangential stresses to exceed the meridional stresses by 20—50% due to a substantial increase in the meridional
radii of curvature. In shells of workpieces of variable thickness, the ratio of main stresses is a function of the relative
radius of the base and has the shape of a parabola with a minimum at the junction points of the workpiece zones of vari-
ous thickness. The error in the ratio of stress intensity in the studied shells to the same indicator for forming an ideally
spherical shell with uneven wall thickness is 10 % for the superplastic alloy Sn-38% Pb and increases to 20-30 % for
other alloys. If we assume that the shell has a contour of an ideal sphere and uniform thinning along the contour, then
the previously indicated error of the ratio of stress intensity increases to 50—130 %.

Keywords: superplastic forming, circuit, radius of curvature, stresses, intensity, meridional, tangential.

Omarov S. A., Mahmudov K. D. Experimental study magnetic anastomoses forming // Material working
by pressure. —2019. — Ne 1 (48).

The Main purpose of the experimental research of magnetic-anastomoses forming the definition of the parame-
ters of discharge circuit. in particular, the discharge current, the magnetic field strength in the gap between the inductor
and the moving element, the pressure parameters in the elastic medium during deformation of the workpiece, as well as
the parameters of the deflection of the workpiece and the deformation thickness. These measurements must be per-
formed synchronously in order to check the correctness of the computational model. The measurement data are based
on pressure measurement methods, pressure sensor design and calibration, methods of measuring discharge current by
the Rogovsky belt, magnetic field strength — by induction sensors. A system of dimensionless parameters affecting the
efficiency coefficient is proposed. The empirical dependence of the efficiency coefficient on dimensionless parameters
is obtained on the basis of experimental data processing. A measuring stand for complex verification of the design mod-
el on the parameters of discharge current, electromagnetic pressure on the moving element and pressure parameters in
an elastic medium during deformation of the workpiece in the magnetic-anastomoses forming processes is proposed. At
the same time calibration of all measuring converters is made. Comparison of the mathematical model on the parame-
ters of discharge current, average electromagnetic pressure and pressure in an elastic medium with the results of exper-
imental measurements showed that the error of forecasting these parameters are within the accuracy of the parameters
of the deformation hardening curve of the material and the dynamic module of the volume compression of the elastic
medium (polyurethane).

Keywords: experimental study, measuring the stand parameters of magnetic anastomoses forming, magnetic
field strength, discharge circuit, the curve deformation uprajneniya, the dynamic module.

Shevtsov S. O. Analysis of the choice of the temperature mode of the process of rotational rotation using
the tool of friction for leaktightness of the bottoms of cylinders / Material working by pressure. — 2019. —
Ne 1 (48).

A significant place among industrial products takes products from the bottom. The analysis of the state of the
issue of manufacturing cylinders in various ways. Quite often, cylinders are made of several parts that are welded. This
method does not guarantee the high reliability of the connection of the metal of the bottom and body of the cylinder,
and also require a significant number of various manufacturing operations and equipment, as well as other methods for
the production of hollow products. One of the methods of manufacturing cylinders of increased strength and tightness is
the method of using the operation of rolling a billet of steel pipe with a friction tool. This method is expedient from the
point of view of cost reduction for large-scale production. This technology is simple to implement, lends itself well to
automation and does not require significant capital investment to create mass production. But in case of violation of
certain technological schemes of the running-in process, certain defects arise, reduce the quality of products, or require
the elimination of defects. The aim of the work is to establish the influence of the temperature regime of running-in on
the process to improve the quality of the bottoms of cylinders and containers of tubular different thickness blanks. The
object of research is the process of manufacturing bottoms of cylinders of increased strength and tightness with a rotat-
ing friction tool. Mathematical modeling of the process on the basis of the heat conduction equations, taking into ac-
count the stress-strain state of the workpiece, made it possible to establish ranges of the main process parameters for
further modeling by the finite element method. Such recommendations will be: the initial temperature, the relative
thickness of the walls and the relative feed of the workpiece to the friction tool. After the simulation, the conclusions
were made: that prior to the start of the running-in process, the optimum temperature for heating the workpiece is ap-
proximately equal to 7, = 0.8. Heating in the process of running the workpiece is not required. For thin-walled work-
pieces, to prevent the effects of melting and overheating, it is necessary to cool the workpiece. For thick-walled blanks,
it is recommended that heating be carried out as close as possible to the temperature 7., = 0.8.

Keywords: running in, friction tool, temperature, balloon, finite element method.
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Kargin B. S., Kargin S. B., Ashikhmin A. G. Influence of the shape of the working face of the punch and
technological lubricant on the energy-power parameters of cutting-punching // Material working by pressure. —
2019. — Ne 1 (48).

The results of laboratory studies of the influence of the shape of the working face of the punch and technologi-
cal lubricant on the energy-power parameters of cutting-punching are presented. The power parameters were deter-
mined by the testimony of the P20 bursting machine. The punches had the following shape of the working face: flat,
with one-sided inclination of the working cutting edge (a = 15 °), with double-sided inclination of the cutting edges

(a = a =15 °), with corrugated working side surface (step £ = 0.5 mm and ¢ = 1 mm). The punches were made of steel

UBA and had a hardness of HRC 56—59. The experiments were carried out on sheet blanks of St3sp steel with a thick-
ness of 2 mm. The diameter of the cut part 52 mm.

It was established that the punching force with a punch with one-sided inclination of the cutting edges had a
minimum value, which is 2.4 times less than when cutting with a flat punch

The effect of the grooved pitch of the side surface of the punch is established. In particular, it is shown that the
use of a punch with a groove pitch ¢ = 0.5 mm makes it possible to reduce the cutting force by 22 % compared with a
punch having a groove pitch # = 1 mm. It is shown that the reduction of power parameters on the working faces of the
punch can increase their durability. The most effective technological lubricant was "Ukrinol-8". Its use allows a 10 %
reduction in the cutting force and a better surface for the cut part.

Keywords: cutting-punching, billet, part, punch, force, technological lubricant, cutting edge, corrugation, du-
rability, cost, steel.

Orliuk M. V., Pimanov V. V., Savchenko A. V. Reducing of corrugations emergence probability in the
case of multistep drawing of stainless steel 08Cr18Nil0Ti parts / Material working by pressure. — 2019. —
Ne 1 (48).

The article is devoted to results of investigation which were performed bespoke commercial organization
Analysis of traditional technology optimization possibility in case of multistep drawing was performed by the example
of specific axisymmetric product made of stainless steel 08Cr18Nil0Ti. According to the scientific reference recom-
mendations the two-step drawing with clamp application at each is required in order to manufacture a product. By
means of numerical modeling in software package Deform-3D process features of detail manufacturing were investigat-
ed. Predictability of corrugations emergence in Deform 3D environment was conducted and confirmed by means of
numerical modeling of first drawing without clamp application. It was estimated that the first drawing realization was
impossible without clamp application. Numerical modeling of detail manufacturing by proposed technology with
two-step drawing was also conducted. Stress-strain rate of the semifinished product on two-step drawing and effort
charts were also defined. Obtained results have shown, that in a case of more favorable scheme of deformation using
(with rational combination of process parameters) the possibility of drawing steps implementation without clamp using
appeared. Flange stability on following drawing steps has increased thought rational deformation ratio distribution and
matrix with cone-toroidal form of a working surface using. Results have been confirmed while practical realization of
proposed technology. Obtained difference between values of drawing efforts, received by means of numerical simula-
tion and practical experiment, does not exceed 10 %.

Keywords: drawing, clamp, drawing ratio, numerical modeling, finite element method, cone-toroidal matrix,
hollow product, corrugations emergence.

Mikhailov O. V., Mikhailov A. O., Bagluk G. A., Shtefan E. V. Researching of compaction and forming
of porous parts for obtaining forgings with the internal cone-shaped surface / Material working by pressure. —
2019. — Ne 1 (48).

The finite-element method is used to study the process of forming a powder product with an inclined conical
surface. Stamping is carried out in a stamp with an annular conical compensator. The patterns of compaction and
forming of blanks of two types (with a uniform distribution of the initial properties by volume and bimetallic) are
investigated.

Modeling is performed on the basis of a continual approach. The relations of the theory of plasticity of a po-
rous body, which are a generalization of existing ellipsoidal models, were used. Determination of the shape of the
stamped powder blank, as well as the fields of density, stresses and strains is carried out on the basis of the finite ele-
ment method.

It is established that the deformation of the workpiece occurs in several stages. The radial flow of material
from the center occurs at the beginning. Further, the material reaches the surface of the matrix and the flow into the
compensator begins. At the final stage, the material completely fills the die cavity and the difference of density over the
volume of the part decreases.

When stamping bimetallic blanks, the material of the upper layer is stronger than the material of the lower
layer. In this case, the lower layer flows from under the upper layer. This phenomenon can be avoided due to
differences in the initial porosities of the layers.

Keywords: stamping, powder blank, bimetallic blank, conical surface, porosity, plasticity theory, finite ele-
ment method.
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Gribkov E. P., Berezshnaya E. V., Ivchyk R. S., Kovalenko A. K. Investigation of the influence of volume
discretization on the accuracy of calculation of sheet editing by the finite element method // Material working by
pressure. —2019. — Ne 1 (48).

The main task in designing straightening processes is to determine the influence of straightening modes on the
energy and process parameters and the final curvature of the sheets. The most accurate method for modeling the
straightening process is the finite element method. The main disadvantage of this method is the long implementation
time, which makes it difficult to solve optimization problems. The main goal of the work was to determine the
minimum sufficient number of finite elements to obtain results with a relatively minimal scope of their values as the
process progresses. On the basis of the implementation of the finite element model of the sheet straightening process,
the influence of the discreteness of partitioning the volume of a deformable material on the accuracy and calculation
time is analyzed in order to reduce the cost of machine time when solving optimization problems for determining
straightening modes. The design scheme was a deformable sheet, 11 working rolls with a pitch of 275 mm and a
diameter of 260 mm. The straightening process was modeled for a sheet 10 mm thick, 2000 mm wide and 3200 mm
long. The sheet was presented in the form of a plastically deformable body, the rollers - in the form of absolutely rigid
bodies. The problem was solved in a two-dimensional plane and in a dynamic formulation. Considering the nature of
the process of straightening the thickness of the sheets were divided into five elements. When calculating the straighten-
ing power on the third roller and its coefficient of variation, it was found that when modeling, the rational number is
6000 finite elements or 1875 elements per linear meter. At the same time, the model implementation time was about
1.17 hours (Intel Core i5, 8Gb RAM) with a variation of straightening power of 0.01 and a calculation error of less than
1 % relative to a more accurate solution. It is this discretization that is rational for setting and solving problems of
optimizing the technological settings of levelers.

Keywords: levelers, straightening, finite element model, work rollers, technological settings.

Maksymenko O. P., Orobtsev A. Yu., Samokhval V. M., Shtoda M. M., Marchenko K. K. Methods of re-
search and analysis of wear gauges rolls wire block // Material working by pressure. —2019. — Ne 1 (48).

The study of roll wear as the main working tool in rolling processes remains an urgent task, despite numerous
works in this area. The use of new roll materials, providing higher wear resistance, requires additional study of the fea-
tures of their wear and improvement of methods for measuring wear. In this regard, the purpose of this work is to de-
velop a methodology for the experimental study of roll wear, using the example of a wire block. Experimental studies of
the wear of the rolls of the wire block using a hour indicator and optical-light method are performed. Statistical pro-
cessing of the obtained data confirmed the uniformity of the measurement results and the possibility of applying the
optical-light method as more informative. This method allows you to determine the wear on the entire contour of the
grooves of rolls. Studies performed during the rolling of a rod of 5.5 mm in diameter using an optical-light method
made it possible to establish that the depth of wear of the rolls of the rolls is unevenly distributed and significantly de-
pends on the nature of the change in the average pressure of the metal on the rolls. Gauge of the fourth and fifth stands,
where abrasive wear prevails, are most susceptible to development. In the first two stands, osteous wear is observed.
The size of the gap between the rolls also has a certain influence on the wear of the roll gauges. With an increase in this
gap, the probability of stalling a roll in caliber increases, which is reflected in its development.

Keywords: groove rolls, gauge, wear, wire rod block, optical-light method.

Naizabekov A. B., Lezhnev S. N., Panin E. A.,, Arbuz A.S. Effect of radial-shear rolling on the
microstructure and mechanical properties of technical titanium // Material working by pressure. — 2019. —
Ne 1 (48).

Improving the quality of hardware through the improvement of the microstructure is one of the main trends of
modern metallurgy. This approach allows us to achieve special properties without the expense of expensive alloying
additives. The basic idea is to grind the grain structure of the material to a size less than micron. At the specified grain
sizes, the hardening properties begin to manifest with a relatively small loss of plasticity. In this case, one can speak of
ultrafine-grained (UFG) materials. This direction is especially important for areas of science and technology where
there are very strict requirements for the size and weight of parts with their high strength. These are aerospace engineer-
ing and medicine (implantology and orthopedics). Therefore, it makes sense to conduct research primarily on relevant
materials. Titanium is known for its biological inertness, therefore it is the basis for prosthetics. In this work, experi-
ments were performed on technically pure titanium using a technology close to industrial implementation. An experi-
ment was conducted in which a lengthy number billet at a temperature of 500 °C rolled from a diameter of 30 mm to a
diameter of 13 mm in the mill SVP-08. After that, the billet was cooled with water, and samples were prepared for
studying the microstructure and samples for studying the mechanical properties. Analysis of the micro-structure showed
the presence of an equiaxial ultrafine-grained structure in the peripheral areas of the workpiece and the presence of an
elongated fibrous texture in the axial zone. The strength of the workpiece has increased by more than 2 times, while the
plasticity has decreased not so much.

Keywords: radial shear rolling, ultrafine-grained structure, titanium, mechanical properties, severe plastic
deformation.
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Frolov Ya. V., Domina K. G., AndreievV.V. Comparative analysis of the simulation results and
deformability evaluation of structure of steel grade 09I'2C in the process of lengthwise rolling of the tube billet
O 250 mm // Material working by pressure. —2019. — Ne 1 (48).

To develop the method of metal deformed state evaluation by the former dendritic structure parameters change,
the analysis of the stress-strain state formed into the last, round, roller pass of stand 900 of the tube preforming mill
900 / 750 — 3 during the rolling and comparing the results of simulation with the deformability structure evaluation of
the tube billet with the diameter of 250 mm have been carried out. The results of simulation and metallographic analysis
have showed good convergence. On these results basis, the zones of active and passive deformation and their location in
the direction of one-half vertical axis within the investigated billet cross section have been determined. The stick zone
depth is 12.5 mm, the zone of intensive plastic deformation is concentrated at a distance of 50 — 112.5 mm from the
billet center, and the central layers of the billet are the zone of passive deformation. For the first time, it has been shown
that the change in the shear stress 1, fully reflects the nature of change in the structure deformability coefficient K of
the large-size rolled metal. In the study of the strain effect on the microstructure of steel, the use its structural
component — chemical heterogeneity inherited from dendritic segregation of silicon and manganese — allows to execute
not only a quantitative evaluation of the intensity and localization of deformation, but also a qualitative evaluation of
the change in shear stress within the billet section. Further researches in this direction will expand the theoretical con-
cepts of the formation of metal stress-strain state in high deformation areas during the rolling and become the basis for
development of practical recommendations to improve the production technology of large-section rolled products.

Keywords: simulation, lengthwise rolling, high deformation area, tube billet, stress-strain state, steel, dendritic
structure, deformability coefficient.

Borovik P. V. Substantiation of profiling of shaped knife for separation of square billet in hot condition //
Material working by pressure. —2019. — Ne 1 (48).

The advantages and disadvantages of the process of separation in hot condition of billet with square shape with
special shaped knives were analyzed. There is expediency of carrying out theoretical researches of cutting knives of
separating operations based on finite elements method. The purpose of the work is theoretical justification of shaped
knife in order to separate square billet in hot condition by mathematical simulating based on finite elements method.
The description of three-dimensional mathematical model on the basis of which theoretical researches of process of
separation of square billet with a section of 120 x 120 mm of steel 20 at a temperature 970 °C with speed of 70 mm/sec
is performed in this article. In order to get the assessment of the impact of profiling of knives for billet’s shaping in the
cut zone the results are presented of simulation process of knives with different configuration. During the data pro-
cessing of simulating were received three relative parameters and two of them characterize tightening (loss of thickness)
of billets ending and the other one — rhombic form of the end surface. By results of the research was noticed that knives
of profiling has made huge impact on quality of cut surface. The regression equations for all three parameters of quality
of a cut, which allow to defining rational values of angular position and inclination of cutting surface of shaped knives,
which can allow to providing necessary parameters of cut quality. It was offered to accept angular position of disclosure
of the cutting edges of knives equal 95.6° at an inclination angle 7° that will allow to providing rhombic form 1.05. Re-
sults of work can be recommended for use to get solutions in design and technology questions of hot separation square
billet by shaped knife on the angle.

Keywords: shaped knife, separation of square billet in hot condition, shears, mathematical model.

Korchak E. S., Belenets K. Ye. Investigation of tribotechnical properties of hydraulic press power cylin-
ders on the basis of engineering methodology for evaluating its fail-safe operating resource // Material working
by pressure. —2019. — Ne 1 (48).

The purpose of the work is to increase the life of the fail-safe operation of the power cylinders of hydraulic
presses on the basis of the study of its tribotechnical properties, as well as the development of measures to reduce the
general level of its wear. The most important determinants of wear are pressure of friction surfaces coupling and the
speed of its relative moving in the seals of power cylinders, as well as the level of pressure drop and related cavitation
phenomena for the bodies and plungers of power cylinders. Based on the results of the research of base units wear on
the basis of the engineering methodology for evaluating its tribotechnical properties, four groups of curves were built,
representing the dependence of the acceleration coefficient, the test duration, the wear rate of the part and the part non-
failure operation on hydraulic press force. The researches have determined that with the increase of hydraulic press
force: the coefficient of acceleration of the tests of the working and reverse cylinders, sealing and guides of the movable
cross-beam is reduced; the duration of testing of the working and reverse cylinders increases, the time of working and
reverse cylinders testing slightly increases, and the guides of the movable cross-beam, on the contrary, decreases; the
speed of wear of the working and reverse cylinders, the guides of the movable cross-beam decreases; the lifetime of the
fail-safe operation of the working and reverse cylinders and the seal increases, and the guiding of movable cross-beam
has a large jump up. The development of measures of constant automatic control and prevention of the approach of the
hydraulic press to the emergency border is a decisive factor in ensuring the reliability of its basic units, provided that
they are of rational design and match the performance indicators to the given operational characteristics.

Keywords: hydraulic press, power cylinder, pressure, hydraulic fluid, cylinder body, wear.
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Minkov K. A., Minkov A. N., Martynov S. V., Kalinov A. M. Mobile complex for regulated water-air
hardening of forging equipment // Material working by pressure. —2019. — Ne 1 (48).

In the present article the problem of increase in firmness of the tool for hot deformation of staly is considered.
Requirements to the most used for production of the equipment cramssm SHNM and 4HSMFS and also the existing tradi-
tional ways of their providing are considered. The hardening environments applied when hardening the equipment are
described, also weaknesses are shown their strong. Rather new way of hardening — adjustable air-and-water tempering,
its advantages before volume immersion on Wednesday and also its ecological purity is presented. Some permanent and
mobile units, now in use and also the enterprises at which such installations work are described. Their descriptions and
the principle of work are given.

The installation developed on PJSC Ruspolimet is described. Its fundamental differences from similar installa-
tions are shown: application of computer management of work of two-phase air-and-water nozzles by means of a spe-
cialized software, existence of locking electrovalves and the system of a paroulavlivaniye. Its description is given,
sketches are provided and the principle of work is described. Authors of article consider advantage of computer man-
agement a possibility of change of intensity of irrigation of a surface of the cooled product directly in the course of
cooling that is especially important when tempering large-size stamps as allows to provide isothermal conditions in the
field of martensitic transformation, preventing thereby crack formation and leads of metal, unlike continuous cooling of
metal in the course of volume tempering when using traditional ways. Existence of two discretely adjustable cooling
circuits of installation allows to receive the differentiated hardness of the work area of a stamp and shaft.

The device which is also developed by authors for receiving air-and-water mix of high uniformity and density —
a two-phase air-and-water nozzle is presented. Its description and advantages in front of similar devices is given.
The technique of determination of intensity of cooling with use of the specialized stand is developed.

Keywords: quenching installation, hardening method, steel SXHM, stamp, nozzle, technique.

Chosta N. V. Recommendations on the design of forging equipment with a wedge mechanism with
a concave wedge for separation processes / Material working by pressure. —2019. — Ne 1 (48).

The purpose of this article is to develop recommendations for the design of equipment with a wedge
mechanism with a concave wedge for separation operations. Mathematical models for calculating the geometrical,
kinematic and force parameters of the wedge mechanism with a concave wedge have been developed. For the practical
use of the proposed mathematical models, the results of calculations of geometric and power characteristics are
presented in the form of nomograms. Using nomograms, the design of a press with a wedge mechanism with a concave
wedge has been developed. The proposed press with a wedge mechanism with a concave wedge essentially has no
restrictions on the diameter of the part being separated, since such a mechanism provides a significant gain in strength
and variability of the ratio between the drive and technological forces. In addition, the press has a large closed height of
the die space, which allows it to expand its technological capabilities through the implementation of more advanced
cut patterns using die tooling. As a result of increasing the stiffness of the proposed wedge press with a concave wedge
1.2 ... 1.3 times, compared with traditional mechanical presses, the eclastic deformation of its parts and drive
decreases during the implementation of separation processes, and therefore increases the reliability of the
equipment. This increases the utilization of equipment for the force — from 0.3 ... 0.4 (due to the elastic
instantaneous unloading of the press) to 0.7 ... 0.8. The efficiency of the new press also increases due to the fact
that the amount of work spent on separation decreases by about 60%, namely, the amount of work done by the
elastic deformation of the machine. In general, the cost of a new press is reduced, compared to traditional
mechanical presses for separation operations, also because the details of the wedge mechanism are more technological
in manufacturing.

Keywords: hire, billet, separation, strength, quality, efficiency, rigidity, wedge, hinge, slider.





