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AHOTAILISA
Yaiika JI.C. Y 10CKOHAJIGHHS TIPOIIECIB TapsY0TO BAIBIFOBAHHS 3arOTOBOK 3 aJTFOMi-
HI€BHMX CIUIaBIB 13 3a0€3MEUCHHAM 1X pallioHaIbHUX TEXHOJIOTIYHUX MmapameTpiB. Kamidi-
KarliiiHa HayKoBa Mpalls Ha MpaBax pyKOIHUCY.

Hucepraitisi Ha 3100yTTS HAyKOBOTO CTYIEHsI KaHAMIaTa TEXHIYHUX HAYyK 3a Ccrelia-
aeHICcTIO 05.03.05 «IIpormecu Ta MamuHN 0OPOOKHU TUCKOMY». — BIHHMITbKHI HaIllIOHATBLHUM
arpapHuii yHiBepcutet, Binnuia, 2019. — Binnuipkuil HallloHAIBHUN TEXHIYHUNA YHIBEp-
curet, Binaums, 2019.

JHucepramiitna poboTa MpUCBSYCHA aKTyadbHUM HAyKOBO-TEXHIYHUM 3aBJaHHIM 3
YIOCKOHAJIGHHS 3aroTiBelbHOI (a3 BHUPOOHWYOTO MPOIECY OTPUMAHHS IITAMITOBAHUX
MMOKOBOK 3a PaxyHOK BHUKOPHUCTAHHSI MaJIOBIJIXOJIHUX TEXHOJOTTYHHUX IPOIIECIB BaJIbI[O-
BaHHS 3arOTOBOK 3 aJIOMIHIEBUX CIUIaBIB, IO IMOJSATa€ B MaKCUMaJIbHOMY HaOIMKEHHI
dbopmu Ta po3MipiB 3aTOTOBKH 10 (POPMHU Ta po3MipiB TOTOBUX JeTanei. MeToro poboTu €
I1JIBUIIICHHS JOBTOBIYHOCTI BUPOOIB IMOJOBXKEHOI (hOPMHU, BUTOTOBJIICHUX 13 3aIrOTOBOK 3
AIIOMIHIEBHX CIUIABIB, HA OCHOBI BU3HAYEHHS PalllOHAIBHUX KOHCTPYKTUBHHUX, FE€OMETPU-
YHUX Ta (PI3UKO-MEXaHIYHUX MapaMeTpiB MPOIEeciB (POPMO3MIHM Ta iX KOMILUIEKCHOTO
BIUTMBY Ha TEXHOJIOTIYH1 XapaKTEPUCTUKH JI€TAJIEH.

B sikocTi TeopeTHYHMX METOMIB JOCIIKEHHSI BUKOPHUCTAaHI METOAM MaTeMaTHYHOI 1
MPUKIAAHOI TEOopii TUIACTHYHOCTI, BEKTOPHOI Tpadiku, MaTeMaTUYHO! CTAaTUCTUKH, a Ta-
KOXK METOJI CKIHUEHHUX EJIEMEHTIB, IO 3aCTOCOBYETHCS B CIEIiai30BaHOMY MPOTPAMHO-
My komruiekci QForm3D. ExcnepumeHTabH1 AOCTIKEHHS Tiporiecy AedOopMyBaHHs BU-
KOHYBAJIMCh 32 BUKOPUCTAHHSAM METOJIIB (DI3UYHOr0 MOJENIOBAHHS Ta TEH30METPIi, ONTH-
YHOI 1 eJIEKTPOHHOI MIKpockortii. J[j1s 00poOKkH MacuBiB JaHUX, OTPUMAHUX 32 MaTEeMaTH-
YHUM €KCIIEPUMEHTOM, BUKOPUCTOBYBAJIMCS CTATUCTUYHI METO/IH.

3a BUKOHAHHM JIiITEpAaTypHUM aHAII30M BU3HAYCHO, [0 Tapsye BabI[IOBAHHS BHUKO-
PUCTOBYETHCS ISl OTPUMaHHS ()aCOHHUX 3arOTOBOK 3 IUIOIIAMU TOMEPEYHUX TEepepi3iB,
[0 MAKCUMAaJIbHO HAOIMKEH1 0 pO3MipiB Ta (OPMH IITAMIIOBAaHUX TOKOBOK. Lle m03Bo-
JIsi€ 3MEHIIUTH HOPMY BUTpAT METajly, MIABUIIUTH CTIMKICTh IITAMIIIB, CKOPOTUTH BUTpa-
TH IITAMIIOBO1 CTajl Ta €IEKTPOCHEprii Ha BUKOHAHHS OIepallli mMTaMITyBaHHs, a TaKOX

3MCHIIUTHU TPYJIOMiCTKiCTB BUI'OTOBJICHHS IITaMIIOBAHUX ITOKOBOK Ta Hi,Z[BI/IIJ_II/ITI/I HOpMHU
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BUTOTOBJICHHSI. AHAJII3 ICHYIOUMX CXEM BAJIBIFOBAHHS IMOKa3aB, IO KOB3aHHS METaly B
MOTIEPEYHOMY HAIPSIMKY 3 TOSIBOIO MOMEPEYHUX CHIT TEPTSI, CIIPUINHSE PO3ITUPEHHS, SKE
Mae SIK HeTaTUBHUM, TaK 1 MO3UTUBHUM BIUIMB Ha Mpolec GOpMOYyTBOPEHHS.

Po3mmpenHs: BUHUKA€E SIK HACTIAOK 3aKOHY HalMEHILIOTO OTOpY, 0 BU3HAYA€ 1HTE-
HCUBHICTh BUTIKaHHS METaly 3 ocepeqiKy nedopMyBaHHS B HAPSIMKY BUIbHUX MTOBEPXOHb
3a paXyHOK BEPTHUKAJIBHOTO OOTHUCKY Ta € ¢dyHKIi€0 0aratbox (hakTopiB. AHaII3 1CHYIO-
YUX METOJIIB 3 PO3PaxXyHKIB PO3IMIMPEHHS, TO3BOJIMB BCTAHOBUTH, 110 HANOUIBII MpUIaT-
HUMHU Ta 0a30BUMHU VISl TOCIHKEHB € Ti, 1110 3aCHOBAaH1 Ha BUKOPUCTaHHI 3aKOHIB MEXaHI1-
K1 1) OPMOBHOTO Tijla Ta BPaXOBYIOTh HAMOLIBIINY KIJBKICTh TAPaMETPIB MPOIIECYy.

[Ipu BasbLIIOBaHHI 3arOTOBOK KPYIJIOro MEpepi3y B INIAJIKUX BajKax ado B KaliOpax
CIIOCTEPIraeThCsl HEMOBHE OXOIUIEHHS MEPUMETpa MONEPEeYHOro mepepizy 3arotoBku. Lle
BiJI0OYBa€ThCS Yepe3 Te, 0 KOHTAKTHA TOBEPXHs 3a3BUYail TPOXU MEHIIIA 33 HIMPUHY 3a-
TOTOBKH, IO MPOKATYEThCsI, Ta OI4HI JUISHKHA MOIEPEYHOTO Mepepidy 3aroTOBKU HE 3a-
3HAIOTHh Oe3mnocepeIHporo o0THcHEeHHs. L1 GiuHI 00CSTH 3aroTOBKH € IMO3aKOHTAaKTHUMU
30HaMHM Ta CYTTE€BO BIUIMBAIOTh HA XapakTep Tedli MEeTally B ocepeaky aedopmarii, KiHe-
MaTHKy 1 IMHAMIKY TIpoliecy npokatyBaHHs. OHOIO 3 MPUYMH, 32 KO, PO3PAXYHOK PO-
3IIMPEHHS, AA€ CYTTEBI BIIXWICHHS, € BIICYTHICTh B (hOopMyJax ISl pO3PaxyHKY PO3IIM-
PEHHS BpaXyBaHHS BIUTMBY IMO3aKOHTAKTHUX 30H.

[Tpu nepopmyBaHH1 B yMOBax HaOMMKEHUX JIO 130T€PMIYHUX, POIIIUPEHHS 1 BUIIE-
PEIKEHHS 3a MOCTIMHOTO CTYNEHsI OOTHCKY MPAKTUYHO HE 3MIHIOETHCS, a 3MiHA CTYIEHIB
nedopMaliii TpU3BOJAUTHE A0 3MIHM HOTO aOCOIIOTHHX 3HAa4€Hb, TOMY MOCIIIKCHHS Ha-
MpYXeHO-Ae(POPMOBAHOTO CTaHy Ta T€OMETPii ocepenKy nedopMyBaHHs 3a IUX YMOB, Ta-
KOX CIIPSIMOBAHO Ha YJOCKOHAJICHHSI MPOIIECY BAJBIIOBAHHS.

AHauni3 paniie po3po0sieHnx cucteM rpoekTyBaHHs TI1 BasiblfoBaHHS MOKa3aB, 1110
TOJIOBHOIO MPOOIEMOIO TTPU CTBOPEHHI aBTOMAaTU30BaHOI CUCTEMH € BIICYTHICTh €IMHOTO
anroputMmy s po3paxyHky TII BanmbifoBaHHS 1 HEMOXKIIMBICTH (hopMatizarlii mpoiecy
PO3paxyHKy JESIKUX TEXHOJOTIYHUX OTepalliid, Mo Hajaae nmotpedy B po3poOJieHHI HOBOI
CAIIP, B po3paxyHKax sIKOT BpaXOBYIOThCS BIUIUB MapaMETpIB, IO AOCTIIKYIOTHCS B PO-

00T1, Ha TOYHICTH BaJIbI[IOBAHH.
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BuxopucTtants TeOpeTUYHUX METOJIIB PO3PAaXyHKY, IO 3aCHOBaHI Ha JOCIIIKEHHI
napaMmeTpiB ocepeaky aedopMyBaHHS MPH BAJIBLIIOBaHHI 32 METOJIOM CKIHUEHHHX €JIeMEH-
TiB, JI03BOJISIE BU3HAUATU HAIPY>KEHO-Ae(POpMOBaHM cTaH. ['eoMeTpuyHi mapameTpu je-
(dbopMOBaHUX 3arOTOBOK OTPUMYBAIIUCH 32 JOTIOMOTOI0 BUMIPIOBAHHS MIEPEPI3iB OCEPEAKY
nedopMyBaHHS y BeKTOpHOMY (hopmari. Posmipu daktuunoro ocepenky aedopMyBaHHS
BU3HAYAJIMCS 32 BEJIMYMHOIO OB MIBUAKOCTEH edopmarii.

Orminka n1eopMOBHOCTI MPY BaJIBIIOBAaHHI B 00JIaCTI MTO3aKOHTAKTHUX 30H OyJia BH-
KOHaHa 3a JIOMIOMOTOI0 MOOYI0BH TpaekTopii aedopMyBaHHS Ta JiarpaM IJIaCTUYHOCTI.
MoxuBicTh 0e31e()eKTHOTO BalbIIOBAaHHS, KO METall 3a3HAa€ CKIAJHOTO HABaHTa)KCH-
Hd, OyJa miATBEpAKEHA Yepe3 OL[IHIOBAHHS BUKOPUCTAHOTO PECypcy IJIACTUYHOCTI 3a MO-
mudikoBanuM kpurtepieMm B. O. OropojHikoBa, 110 BpaxOBY€ ICTOTHUM BIUIMB MOX1THOI
B1Jl IUISIXY 1€(OPMYBaHHS Ha 3aJIIKOBYBaHHS AC(EKTIB.

Po3po6iieHO0 METOAMKY TEOPETHUUHOTO OLIHIOBAHHS CUJIOBUX MapaMETpiB MPOLECY
BaJILI[IOBAHHS PI3HUX aJFOMIHIEBUX CIUIABIB, 32 SIKOIO OTPUMYETHCS MOMpPaBHUN Koedirri-
eHT Ko, 1110 BpaxoBye HarpyKeHui ctaH neopMOBaHOTO METaly Ta BIUIMB IIUPUHU 3aro-
TOBKM Ha TUTOMMI THCK II1J] Yac BaJbIIOBaHHS, Y MPoMibKKy Temnepatyp 420...470°C. Lle
JI03BOJISI€ 32 OLIBIIMM 3HAUEHHSM 3yCHILIs JedopMyBaHHS, 3/1HCHIOBaTH aBTOMAaTHU30Ba-
HUM BUOIp MOJIEeN KyBaJbHUX BaJbIIiB.

Teopernyni AOCTIHKEHHS TPOLIECIB MTPOKATYBAHHS MPSIMOKYTHHX 3arOTOBOK 3 pi3-
HOIO (JOPMOIO Ta PO3MipaMH MO3aKOHTAKTHUX 30H y TJAJAKUX BalKax JO3BOJIIIA BCTAHO-
BUTHU HASBHICThH SIBUIA YTSATHEHHS 3a HEBEIUKUX OOTHUCHEHHSX, KOJM aedopMallis He
MPOHUKAE B HEHTpaibHI 30HU. Lle CympoBOKyeThCsI TUM, IO MOIEpedHa aedopmartis
MOIIMPIOETHCS TUIBKU B MOBEPXHEBHX IIapax 0€3 pO3IIMPEHHS LEHTPalIbHUX, a JIHIHHUN
MOKAa3HUK PO3IIUPEHHS MO3aKOHTAKTHUX 30H (AD/Ah);3; mocsirae HeraTMBHUX 3HAYEHb.
JIJist 3arOoTOBOK 3 Pi3HOIO (DOPMOIO MO3AKOHTAKTHUX 30H CIIOCTEPIraeThcs pi3HE pPO3LIU-
pCHHS (HaHOUIBIIIE - Y 3arOTOBOK 3 MPSIMOKYTHUMH MO3aKOHTAKTHUMH 30HAMH), IO BiJI0-
Opakae X ICTOTHUH BIUTMB Ha TO3J0BXKHIO 1 MOMEpeYHy aedopmarliii Ta BU3Ha4Ya€ HE0O-
X1AHICTh BpaxyBaHHs iX BIUTUBY IPH PO3paxXyHKY KajiOpiB [Jisl BAJIbLIFOBAHHS.

Jlyist omiepariiiii BajbIFOBaHHS3ar0TOBOK IIMJTIHAPUYHOTO TIEpepi3y B IIIAJAKUX BaIKaX,

TEOPETHYHO JIOCIIKEHO HampyKeHo-nepopMoBaHU CTaH B mepepizi ocepeaxy nedop-
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MYyBaHHS y BUMAJKaX HasBHOCTI a00 BIJCYTHOCTI B 3arOTOBKaX MO3aKOHTAKTHUX 30H. Y
BUITaJIKaX, KOJIM 3aroTOBKH 3a3HaioTh nedopmyBanHs meHmn 3a 40...50%, BiaCcyTHICTh
M03aKOHTAKTHOI 30HM 3HAYHO MOKPAIIye PIBHOMIPHICTh HaIlPYy>KEHO-1e(hOPMOBAHOTO CTa-
HY B ocepeaKy aeGopMyBaHHS Ta IOJICTIIYE TEYiI0 METATy B MOMEPEYHOMY HAIMPSIMKY, a
PO3pPaxyHOK BIJTHOCHOTO JIIHIHHOTO PO3IMIUPEHHS Oy/e 3aJICKUTH TaKOXK BIJ BIUIMBY, IO
HAJal0Th MMO3aKOHTAKTHI 30HU. T0O0TO, HMiHIHHUN HoKa3sHUK posmupeHHs Ab/Ah 3a Bcix
IHITMX PIBHUX YMOB, € CYTTEBO BHIIWM 3a MOKA3HUK PO3IMIUPEHHS KOHTAKTHUX JUISHOK,
AK1 HE MalOTh MO3aKOHTAKTHUX 30H. BiH He cnpusie MOKpaIIeHHIO Te4li MeTaly B MOB3/10-
B)KHbOMY HamnpsMKy. B 3aroroBkax 0e3 MO3aKOHTaKTHHUX 30H IO JOCATHEHHIO CTYTICHS
nedopmyBaras 40...50%, yTBOPIOETHCS MO3aKOHTAKTHA 30HA, III0 BUKJIMKAE TOSBY TOTIC-
PEUYHUX CHUJI 3YCIUICHHS, CIPUYUHSE OUIbIY HEPIBHOMIPHICTH Ta MMOBIPHICTH MOSIBU Jie-
(dexTiB B ocepeniKy nedhopMyBaHHS MTOPIBHAHO 3 TUMU 3aTOTOBKAMHU, B SKUX MMO3aKOHTAKT-
Ha 30Ha YTBOPIOBAJIACH MOCTYIMOBO 3 CAMOT0 MOYATKY Mpolecy neGopMyBaHHS.

TeopeTtnyHi HOCHIKEHHSI T€OMETPUYHUX MAapaMeTpiB oneparliii BaJblIOBaHHS IIH-
JIHJIPUYHUX 3arOTOBOK B OBAJIBHUX KaiOpax, MoKa3aJik 3pOCTaHHS PO3IIMPEHHS a TaKOX
BIUIMB Ha HHOTO MO3aKOHTAKTHUX 30H 31 30UIbIIIEHHAM KPUBU3HU KalliOpy Ta JAlaMeTpy 3a-
TOTOBOK. 3alpOINOHOBAHO MEXaHI3M BUKOHAHHS PO3PaxXyHKY pPO3IIHPEHHS 3a po3poodIie-
HOI0 MOJIE/UTIO AeOpMYBaHHS MWIIHAPUYHUX 3arOTOBOK 3a HAsSBHOCTI a00 BiJICYTHOCTI
MMO3aKOHTAKTHUX 30H B OBaJbHUX KanliOpax. B pexomeHmoBaHWX s BajbI[IOBaHHS 3a
CXEMOI0 Kpyr-oBaj iHTepBanax 1,25<A<I,8, koedillieHT BIUIMBY MO3aKOHTAKTHUX 30H Ha
posipenHs nepesunrye 10% Bix po3mipy 3arajibHOro Koe(ilieHTy HEpIBHOMIPHOCTI Jie-
(dhopMyBaHHSs, IO Ja€ MIJCTABY OKPEMO BUJIUIUTU PO3PAXYHOK 3aJICHKHOCTI PO3MIPY pO3-
IITUPEHHS BiJ] BIUIMBY MMO3aKOHTAKTHUX 30H.

Jlns BUTIAQIKIB BaJIbIFOBAHHS 3arOTOBOK 3 aJFOMIHIEBUX CIIaBiB B YMOBaxX HaOJIu-
XKEHUX J0 130TEPMIYHUX, TOCTIIKEHHS MOKa3ajdu 3MEHIICHHS PO3MIpY PO3IIUPEHHS 3a-
BJIIKM 3MEHIIICHHIO HEPIBHOMIPHOCTI PO3MOLTy Temmneparypu Ha 5...20°C, mo cnpuyu-
Hs€ BUPIBHIOBAHHS HAaIpy>KEHO-Ie(POPMOBAHOTO CTaHy 3a BChOTO 00’€MY 3aroTOBKH.
OTpuMaHO 3aJIe)KHOCTI BIUTMBY IIUX YMOB Ha PO3IIMPEHHS MPU BAJIBIFOBAHHI Ta MOKAa3aHO,

10 YMOBH JIe()OPMYyBaHHS, SIKI HAOJIMIKEH1 J10 130TEPMIYHUX, CIIPHUSIOTH 301IBIIIEHHIO PO3-
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MipiB (akTUyHOTO Oocepenky nedopmyBanns Ha 13...15%, migABUIIEHHIO TIACTUYHOCTI B
30H1 1€()OPMOBAHOTO METAITy Ta MOJIIMIICHHIO YMOB MPOTIKaHHS MPOIECY BaJIbIIOBAHHS.

ExcniepuMeHTanbH1 JOCIIKEHHS MMOKa3aJM, 110 BUKOPUCTAHHS YOCKOHAJICHHUX 3a-
JISKHOCTEH 171l 00paxyHKy palioHaIbHUX PO3MIpPIB BalbIIOBATHHUX KalliOpiB 3a0e3neuye
riluIe NPOHUKHEHHS Aedopmallii B LIEHTpaIbHi 30HU 3aTOTOBKH, 1110 BAJILLIIOETHCS, 3 MO~
IpiOHEHHSIM Ta OPIEHTYBAHHSIM 3€PHSIT, MOKPAILIEHHSIM HOTO CTPYKTYpH Ta 3arajibHOi TOY-
HOCTI BaJbLtOBaHHs. PO3po0IeHO METOAMKY, 3a AKOIO MPOTHO3YBaHHS MOSIBU JAe(EKTIB
IpU IITaMIIyBaHHI B OCTaTOYHOMY PIBYAKY ITICJS Omeparlii BajblIOBaHHS Ta JepopMy-
BaHHS y MIATOTOBYOMY PiBYAKY, BUKOHYETHCS 3a JAOMOMOTOI0 MOJICIIOBAaHHS, 110 MOKpa-
IIWJIO BIJIMTOBIJHICTH PO3MIPIB 3aTOTOBKH JI0 T€OMETPIi MiATOTOBYOIO PiBYAKA.

Po3po6iieHo mporpaMHO-METOJUYHUNA KOMIUIEKC aBTOMAaTH30BaHOIO PO3pPaxyHKY
KaJIIOpiB Ta CTBOPEHHS TPUBHMIPHUX MOJIENEH BaJbIIOBAIbHUX CEKTOPIB 3 3a0€3MeUeH-
HSM X paiioHaJIbHUX PO3MIPIB 32 BUKOPUCTAHHSIM 3aJICKHOCTEH, IO JOCIIIKYBaJIUCh B
poOori. Pe3ynpTaTt poOOTH KOMIUIEKCY BKJIIOUAIOTh HACTYIHI €Talu: OTPUMAHHS 3HA4Y€Hb
TUTOI] TIOTIEPEUHUX Tepepi3iB MITAMIOBAHOI MOKOBKU; BU3HAUCHHSI TTApAMETPiB 3aTOTOBKH,
10 BaJIBIIOETHCS; BU3HAUCHHS KUIBKOCTI MEPEXOJIiB Ta CUCTEMHU KaliOpiB; PO3paxyHOK
CUCTEMHU KaJiOpiB; moOyAoBa MapaMeTPUYHUX TPUBHUMIPHUX MOJIENIEH BajbIIOBAIBHUX
CEKTOpIB Ta BUX1aHOT 3aroToBku B CAD-cucremi.

Pexomenmamnii 3 11 MOTINIIICHHS TIPOIIECiB POPMOYTBOPEHHS MPU PO3PAXYHKY OIIe-
paiiii oOpoOKH THCKOM CKJIQJHUX 3aroTOBOK OyJiM mepeaaHi Juisi BOpoBakeHHs Ha [TAT
EMCC (M. Kpamaropcek). Po3po6iiennii mporpaMHO-METOAMYHUM KOMIUIEKC CUCTEMH aB-
TOMAaTHU30BAaHOTO MPOEKTYBaHHS TEXHOJIOTIYHOTO MPOIIECY BAIBIIOBAHHS OYyJI0 BIPOBAIKE-
HOo Ha [IIT HBII «YxHane» (M. KuiB). Pe3ynbrati TeopeTHYHHX Ta €KCIEPUMEHTATBHHX
JOCTIPKEHb BIIPOBA/KEH] y BUTIISI HABYAJILHOTO TTOCIOHMKA Ta BUKOPUCTOBYIOTHCS B HAB-
yajibHOMY TIpoiieci Ha kadenpax «O0poOka MeTaliB TUCKOM» Ta «KoMIT toTepru30BaHui 11-
3aifH 1 MOJICITIOBaHHS TIPOIIeciB 1 MamuH» J{oHOAChKO1 AepKaBHOI MAITMHOOY/IIBHOT aKa/ie-
Mii TTpY BUKJIaJIaHH]1 TUCTUTLIIHY «[ apsiae 00'eMHe IITaMITyBaHHSD.

Kuro4oBi ciioBa: BanbIfOBaHHS, IITAMITYBaHHS, KaTiOpH, pO3IIUPEHHS, T03aKOHTA-
KTHI 30HH, TIJATOTOBYHI piBUaK, METO/ CKIHYCHHUX €JIEMEHTIB, allpOKCUMAIlis, HapyKe-

HO-Ze(popMOBaHUH CTaH, BUKOPUCTAHUI pecypc IIIaCTUYHOCTI, 3arOTOBKA.



ABSTRACT

Chaika D. S. Influence of the noncontact zones of blanks rolling from aluminum al-
loy on expansion. — Qualification scientific work as a manuscript.

Dissertation for the candidate of technical science degree, specialty 05.03.05 «Pro-
cesses and Machines of plastic working». - Vinnitsa National Agrarian University, Vinni-
tsa. 2019. - Vinnitsa National Technical University, Vinnitsa. 2019.

The dissertation is devoted to actual scientific and technical tasks for improvement
of the procurement phase of the stamped forgings production process due to the maximum
approximation of the workpiece and finished parts shape and size. The work is aimed at
increasing of the durability elongated products made from billets of aluminum alloys,
based on the determination of theirs rational design, geometric and physico-mechanical
parameters of shaping processes and their complex influence on the technological charac-
teristics of parts.

As theoretical methods of research, methods of mathematical and applied theory of
plasticity, vector graphics, mathematical statistics, as well as the finite element method,
implemented in the specialized software complex QForm3D, were used. Experimental re-
search of the deformation process were performed using the methods of physical modeling
and strain gauging, optical and electronic microscopy. Statistical methods were used for
the processing of obtained from the mathematical experiment data arrays.

According to the performed literature analysis, it is determined that hot rolling is
used to obtain shaped billets with cross-sectional areas that are as close as possible to the
size and shape of stamped forgings. This can reduce the cost of metal, increase the re-
sistance of dies, reduce the cost of die steel and electricity to perform the stamping opera-
tion as well as reduce the labor content of stamped forgings manufacturing and to increase
production rates. An analysis of existing rolling schemes showed that the metal sliping in
the cross direction with the transverse friction forces appearance, causes expansion, which
has both a negative and a positive effect on the forming process.

Broadening occurs as a consequence of the least resistance law, which determines
the intensity of the of metal outflow from the deformation zones in the direction of free

surfaces due to vertical compression and is a function of many factors. The analysis of ex-
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isting methods for broadening calculations, allowed to establish, that the most suitable and
basic for research are those based on applying of the laws of deformation body mechanics
and considers the most number of process parameters.

When rolling the workpieces of a round cross section in smooth rolls or in calibers,
there is an incomplete coverage of the perimeter of the cross section of the workpiece.
This is because the contact surface is usually slightly smaller than the width of the rolled
workpiece and the side sections of the workpiece cross section are not subject to direct
compression. These side volumes of the workpiece are non-contact zones and significant-
ly affects the metal flow character in deformation zone, kinematics and dynamics of the
rolling process. One of the reasons why the broadening calculation gives significant devia-
tions is the lack of formulas for broadening calculation of non-contact zones influence.

When deformation under conditions close to isothermal, broadening and leading
with constant compression degree practically does not change, and the change of defor-
mation degrees leads to change of its absolute values, therefore research of a stress-strain
state and deformation zone geometry in these conditions, is also directed on rolling pro-
cess improvement.

The analysis of previously developed rolling technological processes designing sys-
tems showed, that the main problem in creating an automated system is the lack of a uni-
fied algorithm for rolling technological processes calculating and the impossibility of for-
malizing the process of calculating some technological operations, which requires the de-
velopment of a new CAD, which calculates the influence of the parameters studied in the
work on the rolling accuracy.

The use of theoretical calculation methods, based on the study of deformation zone
parameters during rolling with the finite element method, allows us to determine the
stress-strain state. The geometric parameters of the deformed workpieces were obtained by
measuring the deformation zone cross sections in a vector format. The dimensions of the
actual deformation zone are determined by the strain rate fields size.

The evaluation of deformability during rolling in the non-contact zones region was
performed by deformation trajectories and plasticity diagrams building. The possibility of

defect-free rolling, when the metal is subjected to complex loading, has been confirmed by



9
evaluation of the used plasticity resource according to the modified Dr. Ogorodnikov crite-
rion, which takes into account the significant influence of the path of deformation deriva-
tive on the defects repair.

The methodology of theoretical estimation of power parameters of the rolling pro-
cess of different aluminum alloys is developed, according to which is obtained a correc-
tion factor Ko, which takes into account the deformed metal stress state and the the influ-
ence of the workpiece width on the specific pressure during rolling in the temperature
range 420...470°C. It allows for a greater deformation force value, to carry out automated
choice of forging rolls model.

Rolling rectangular workpieces with different shapes and sizes of non-contact zones
of in smooth rolls processes theoretical researches, allowed to establish the fact of tighten-
ing under small compression, when the deformation does not penetrate into the central
zones. This goes with the fact that the transverse deformation spreads only in the surface
layers without the central ones broadening, and the linear non-contact zones broadening
mark (Ab/Ah)yz reaches negative values. There is a different broadening for the workpiec-
es with different shapes of non-contact zones, (mostly in workpieces with rectangular non-
contact zones), which reflects their significant effect on the longitudinal and transverse de-
formations and determines the necessity to take into account their influence in the calibra-
tion calculation.

For rolling operations of cylindrical section workpieces in smooth rolls, the stress-
strain state in the deformation zone cross section in cases of presence or absence of non-
contact zones in workpieces is theoretically researhed. In cases where the workpieces are
subjected to deformation less than 40...50%, the absence of the non-contact zone signifi-
cantly improves the uniformity of the deformation zone stress-strain state and facilitates
metal flow of in the transverse direction, and the calculation of the relative linear broaden-
ing will also depend on the non-contact zone influence. That is, the linear broadening mark
Ab/Ah under all other equal conditions is considerably higher than the contact areas, which
do not have non-contact zones, broadening. It does not contribute the metal flow in longi-
tudinal direction. In workpieces without non-contact zones, upon reaching the deformation

degree of 40...50%, a non-contact zone is formed, that causes the appearance of transverse
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adhesion forces, causing greater unevenness and the probability of deformation zone de-
fects occurrence compared to those workpieces where the non-contact zone was formed
gradually.

Theoretical studies of the geometric parameters of cylindrical workpieces in oval
calibers rolling operations showed a broadening growth and also the influence of non-
contact zones on it, with a caliber curvature and workpieces diameter growth. The mecha-
nism of calculating of broadening according to developed model of the cylindrical work-
pieces deformation in the presence or absence of non-contact zones in oval calibers is
proposed. In recommended intervals 1,25<A<1,8 for rolling according to the circle-oval
scheme, the coefficient of non-contact zones influence for broadening exceeds 10% of the
size of the general coefficient of deformation unevenness, which gives the ground to sepa-
rately distinguish the calculation of the broadening size dependence from non-contact
zones impact.

For cases of rolling aluminum workpieces in conditions close to isothermal, the re-
searches, have shown a broadening size reduction due to the temperature unevenness dis-
tribution reduction by 5...20 ° C and, which results in the stress-strain state alignment
throughout the workpiece volume. Dependences of these conditions influence on broaden-
ing during rolling are obtained, and it is shown that deformation conditions, which are
close to isothermal, increase an actual deformation zone size by 13... 15%, increase the
plasticity in the deformed metal zone and improve rolling process conditions.

The experimental study have shown that the improved dependencies using for ra-
tional dimensions of rolling calibers calculating, provides a deeper penetration of the de-
formation into the rolling workpiece central zones, causing grains grinding and orienta-
tion, improving its structure and the general rolling accuracy. A technique was developed
to predict defects appearance when stamping in the final stream after rolling and deform-
ing in final stream operations, performed using simulation, which improved the workpiece
and preparatory stream conformity.

The program-methodical complex of automated calibers calculation and creation of
three-dimensional rolling sectors models with the their rational dimensions provision, due

to the dependencies investigated in the work using, was developed. The results of the
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complex include the following steps: the areas of forged forgings cross sections values ob-
taining; rolling workpiece parameters determination; the number of transitions and system
of calibres determination; calibration system calculation; building of parametric three-
dimensional rolling sector models and CAD-system initial workpieces.

Recommendations for the shaping processes improvement while hot deformation
processes calculation were passed for implementation at PJSC EMCS (Kramatorsk). The
developed program-methodical complex of the system of computer-aided designing of the
rolling technological process was implemented at the NPC of Scientific and Production
Center Ukhnal (Kyiv). The results of theoretical and experimental researches are imple-
mented in the form of a manual and are used in the educational process in practical, labor-
atory and design work of students at the departments of "Processing of metals by pressure"
and "Computerized design and modeling of processes and machines" of the Donbass State
Machine-Building Academy when teaching the discipline "Hot volume stamping".

Keywords: rolling, stamping, broadening, non-contact zones, preparatory stream,
finite element method, approximation, stress-strain state, used resource of plasticity,

workpiece.
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BCTVII

OOrpyHTyBaHHs BUOOPY TemMM AociimxenHsi. Ha cyyacHomy eTarni po3BUTKY Ma-
MIMHOOYTyBaHHS OJHHUM 13 HalBaXXJIMBILIUX PE3EPBIB MIABUIICHHS €(DEKTUBHOCTI BHUPOO-
HUIITBA, MaKCUMAaJIbHOI €KOHOMIi MaTepiaibHUX, TPYIOBUX 1 CHEPTETHYHHX PECYPCIB €
BJIOCKOHAJICHHSI 3arOTiBENbHO1 (pa3u BUPOOHUYOTO MPOIECY. 3arajabHe 3aBJaHHs i€l cTa-
Ai1 oJiArae B MaKCUMaJIbHOMY HaOIMXeHH1 (OpMU 1 pO3MipiB 3arOTOBKHU 110 (POpMH 1 po-
3MIpiB rOTOBUX JeTajieH, 3a0e3neueHHss HeoOX1THUX (PI3UKO-MEXaHIYHUX BJIACTUBOCTEH Ta
iX palioHaJIbHOTO BUKOHAHHS, MAaKCUMAaJIbHOI €KOHOMIi MaTepiaibHUX, TPYAOBHUX 1 Tpo-
IIIOBUX PECYPCIB.

VY HOMEHKJIaTypl IITaMIOBAaHUX 3arOTOBOK 3HAYHUI 0OCST 3aliMaroTh AETajl MOAOo-
BJKEHO1 (POPMU 31 3MIHHUM MOMNEPEYHUM MEPEPI30M Y3/0BK OCl (BaXel, KayalKu, PyYKH,
KPOHIITEWHM 1 T. 1.). SIK 3araibHi MIArOTOBYl Omepallii mepea ImTaMIyBaHHSIM JeTallel
MO/IOBKEHO1 (POPMU 3 aTIOMIHIEBUX CIUIABIB, K1 MIUPOKO BUKOPUCTOBYIOTHCS B aBia- Ta
aBTOMOOLIE0Y1yBaHHI, 3aCTOCOBYIOTh OIEpallii IPOTATYBaHHS IiJ 4ac KyBaHHA a00 BHca-
JDKYBaHHS TOJIOBOK Ha TOPU30HTAIbHO-KyBaJIbHUX MallinHax. Hemomikom nepinoi € Hemo-
CTaTHS MPOJYKTUBHICTh, BUCOKA TPYAOMICTKICTh, IIJBULIEHA BUTPATa METay, HU3bKA SIK-
1CTh TIOBEPXHI, a IPYroi — 3aHa/ITO BUCOKA BIPOT1HICTh BUHUKHEHHS 33JUPOK HA TOPLISIX
Ta 10 JIHIi po3'eMy MaTpHIli, a TAKOX YTBOPEHHS ropoBaHOI MOBEPXHI B MICIISX MEPEXO0-
Iy BIJl BUCAJKEHOI FOJIOBKH JI0 BUXIJTHOTO mepepi3y npyTka. Lle Bumarae nependauntu B
TEXHOJIOTITYHOMY MpOIIeCi orepalii 3a4uIeHHs, 0 3HAaYHO MOAOBXKYE ITUKJI BUTOTOBJICH-
Hs 1 301IBIIIYE BapTICTh JeTani. HaroMicTh, onepailisi rapsidoro BaJIbIIFOBAHHS € OUIBII J10-
CKOHAJIUM CIIOCOOOM MiATOTYBaHHS 3arOTOBOK MijJ HACTYIHE IITaMIyBaHHS Ha MallWHO-
OyIIBHUX TI1IIPUEMCTBAX.

TexHooTisI Taps/Y0TO BANBLIOBAHHS BUKOPUCTOBYETHCS I OTPUMaHHS (haCOHHUX
3aroTOBOK 3 TUIOIIAMH TIOTIEPEYHUX MePepi3iB, K1 MAKCUMAIBHO HAOIMKEHI 10 PO3MIPIB 1
(dbopMHU ITAMIOBAHUX MOKOBOK, IO JI03BOJISIE 3HU3UTH HOPMY BUTPATH METaIy, IiIBUILH-
TH CTIMKICTh IITAMIIIB 1 CKOPOTHTH BUTPATy LITAMIIOBOI CTajll Ta €IEKTPOEHEPrii Ha BUKO-
HaHHS omepanii mramimyBaHHsA. KpiM TOro, 3MeHIIYEThCSl TPYAOMICTKICTh BUTOTOBJICHHS

ITAaMIIOBAaHUX TOKOBOK 1 MIJBUILYEThCS HOpMa BUpOOITKY. IIpoTe, mpu BayibltOBaHHI
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CIIOCTEPIraeThCsl HEMOBHE OXOIICHHS IEPUMETPY MOMEPEUHOT0 NEpepi3y 3aroTOBKH, TOMY
il 619HI AUISHKY HE 3a3HAIOTH 0e3mocepeIH,oT0 00THUCHEHHS. e cripuynHsIe BUHUKHEHHS
no3akoHTakTHUX 30H ([13), sKi 3HAYHOIO MIpOIO BIUIMBAIOTH HA XapakTep Tedii MeTaly Ta
TpaJieHT HEPIBHOMIPHOCTI HamNpy>KEeHO-1e(OPMOBAHOTO CTaHy B 3aroTOBIl, IO MPU3BO-
JUThH J10 TMOSIBU JIe(PEKTIB y IITAMIIOBAaHUX BUPOOAxX 1 3HIKEHHS iX sSKOCTi. PiBHOMIpHUI
nporuec neopMyBaHHS 3arOTOBKHM 3a BIJCYTHOCTI 30H 3 YCKJIQJHEHOIO Aehopmalli€ro 3a-
6e3neunTh BceOIYHYy MPOPOOKY CTPYKTYPH Ta, SIK HACHIJOK, 3MEHIIUTh PI3HUIIIO BIACTH-
BocTel 1Mo 00’eMy 3aroToBku. lliii mpoOieMi MNpuUIIIEHO 3HAYHY YyBary y Iparsix
I. I. IranoBa, JI. A. Marypina, C.I. Hikitina, B. ®. IlymkapsoBa, C. O. Cxkpsbina,
B. C. CmipnHoBa, A.I. LlenikoBa Ta iH. ToMy, AOCHIKEHHS MaJIOBUBYEHOTO MEXaHI3MY
BIUTMBY TMO3aKOHTAKTHUX 30H HAa PO3LIMPEHHS MPU OTPUMAHHI 3arOTOBOK, IO BaJIbIIO-
IOThCSI, € aKTyaJlbHUM 3aBIJaHHSM, 3Ba)KalOUM HAa HEOOXIJAHICTh MOTO BpaxyBaHHS INpH iX
MPOEKTYBaHHI, a TAKOXK PO3PaxXyHKY 1 KOHCTPYIOBaHHI KaJliOpiB Ta BaJbIIOBAIILHUX CEK-
TOPIB.

OTxe, yTOCKOHAJIEHHS] TEXHOJIOTIYHUX MPOLIECIB rapsiY0TO BAIBLIOBAHHS 3arOTOBOK 3
aJIIOMIHIEBHX CIUIABIB, sike O 3a0e31euyBajio 3H)KCHHS TPaJIIEHTy HEPIBHOMIPHOCTI J1edo-
pMarii B ocepenky aedopmysanss (O/1), 3HMKEeHHS 3ycuib 1eOpMyBaHHS, TOKPAIICHHS
MJIACTUYHOCTI, a, BIIMOBIAHO, 1 MABUINEHHS SKOCTI BUTOTOBJICHUX 3 HUX HamiBhaOpuKaTiB
MO/IOBXKEHO1 (hOPMHU, € aKTyaTbHOK HAYKOBO-TEXHIYHOIO 33]1a4€IO.

3B'A130K p0o0OTH 3 HAYKOBUMM NMPOrpaMamMu, IJIaHAMHU, TeMaMu. J[uceprailiiiHa
po0OoTa BUKOHYBajacs BiAMOBIIHO 70 «CTparerii po3BUTKY BITUM3HSHOI aBlalliifHOI MPo-
MucI0BocTI Ha nepiog 10 2020 poky», cxBajeHoi po3nopsmkeHHsM KaOiHeTy MiHICTpIB
VYxpainu Big 27.12.2008p., Ne 1656 — p. ta «CTparerii BiApoKEHHS BITYM3HIHOTO aBia-
OynyBaHHs1 Ha miepion m0 2022 poky», cXBaJieHOI po3nopsypkeHHsM KabiHeTy MiHICTpiB
VYxpainu Big 10.05.2018p., Ne 429 —p.

Mera i 3aBaaHHsa gociaigxeHHs. MeToro poOOTH € MIABUIICHHS SIKOCTI BUPOOIB,
BHUT'OTOBJIEHUX 13 3arOTOBOK 3 aJIIOMIHIEBMX CIUIaBIB, HA OCHOB1 BU3HAYEHHS KOMIIJIEKCHO-
ro BIUIUBY palliOHAJIbHUX KOHCTPYKTHUBHHUX, FT€OMETPUYHUX Ta (I3MKO-MEXaHIYHUX Mapa-
METpiB TpoiieciB (OPMO3MIHU 3arOTOBOK Ha €KCIUTyaTalliifHl XapaKTePUCTUKH JETaICH.

Jnst foCSTHEHHS 3a3HA4Y€HOI METH, HEOOX1/THO PO3B’S3aTH TaKl 3a/1aui:
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1. BukoHaTu aHami3 iCHyFOUMX METOIB Ta CIIOCOOIB BU3HAYEHHS PO3IIMPECHHS 3a-
TOTOBOK B OcepeaKy aeGopMyBaHHS MPHU BaJbI[IOBaHHI, @ TAKOK BIUIMBY HAa HHOTO HasB-
HOCTI B 3arOTOBIII ITO3aKOHTAKTHUX 30H 1 130TEpPMIYHUX YMOB Je(opMyBaHHS, Ta 3pOOUTH
BHOIp TIPOrpaMHOTO 3a0e3MEeUeHHS [T MOJCIIOBAHHS Ta aHaJli3y mpoiecy aehopMyBaH-
HSL.

2. Po3pobuTu 3arajibHy METOAUKY ISl TEOPETUYHOrO JIOCHIKEHHS IMapaMeTpiB
MIPOIIECIB BaJBI[IOBAHHS Ta BU3HAYUTH TEXHOJIOTIYHI MOMKIWBOCTI AehOpMYBaHHS T03a-
KOHTaKTHOI 30HH B YMOBaX rapsiyoro BaJIbIIFOBAHHS 3aTOTOBOK 3 aTIOMIHIEBUX CILJIaBiB.

3. Po3poOutn maTemMaTuyHi MOJIeNl 3 BU3HAUYECHHS PO3MIPIB POIMIUPEHHS Ta (haKTH-
YHOTO OcepeaKy Je(opMyBaHHS 3 ypaXyBaHHSIM reoMeTpUYHHUX (OpM KamiOpiB 1 3aroTo-
BOK, 1[0 BAJIBLIIOIOTHCS, HA MIJCTaBl TEOPETUYHOTO aHali3y HEPIBHOMIPHOCTI Aedopmarrii
Ta BIUIMBY IMO3aKOHTAKTHUX 30H IMPHU BAJBI[IOBAHHI 3aTOTOBOK B TJIAJKHAX BAJKaX 1 OBaJlb-
HUX KajgiOpax y 3BUYaiiHMX yMOBaX Ta HaOMMKEHHX JI0 130T€PMIYHOTO J1e(pOPMYBaHHS.

4. BCTaHOBUTH METOJ| MPOTHO3YBAHHS MOSBU JACPEKTIB MPHU rapsuoMy IITaMITy-
BaHHI MOKOBOK 3 aJIOMIHI€BUX CIUIABIB 3 MOMEPEIHIM BaJIbIIIOBAHHSIM Ha T1JICTaBl PE3yib-
TaTiB MOJICJIOBAHHS TEXHOJOTIYHOTO MPOIECY Ta HAJaTH MPAKTU4YHI PEeKOMEHIAIll s
3a0e3MeUYeHHS IKOCTI IITaMITyBaHb, IO OTPUMYIOThCS.

5. TlpoBectn ekcnepUMEHTANIbHI JOCITIPKEHHSI TEXHOJIOTIYHUX PEKUMIB BaJIbIIIO-
BaHHSI, SIKI BCTAHOBJICHI 32 OTPUMAHUMU aHATITUYHUMU 3QJIEKHOCTSIMU TIPU BUTOTOBIICHHI
pI3-HHUX TPpyHn TUIIOBUX MPEICTABHHMKIB 3arOTOBOK 3 AJIIOMIHIEBUX CIUIABIB, IO BaJIbLIO-
IOThCSI, JIJISl OTIepallii MTaMITyBaHHS Ha KYBaJIbHUX BaJIbIIsX.

6. BukoHaTu y3aragpbHEHHS TEXHIYHHMX DIIICHb Ta pO3POOHMTH MporpamMHe 3a0e3Ine-
YeHHS JIJIS PO3PaxXyHKY MMapaMeTpiB TEXHOJIOTIYHOTO TIPOIIECY BAJBIFOBAHHS 3arOTOBOK 32
YIOCKOHAJIEHOI0 METOJAMKOIO 13 YpaxXyBaHHSIM BIUIMBY IMO3aKOHTAKTHUX 30H Ta YMOB, Ha-
OJMDKEHUX 70 130TepMIYHOrO JAedopMyBaHHS. BnpoBaauTu TEXHOJOTIYHI peKOMeHAAIli
Ha MJIPUEMCTBAX MAITMHOOY/IIBHOT TaTy3i.

00'exT pocaimxennsi. [Iporecn rapsyoro BaJbLIOBAHHS 3arOTOBOK 13 alFOMiHiE-

BUX CILIABIB.
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IIpeamer pocaigxenHs. 3aKOHOMIPHOCTI TUTACTUYHOTO Je(hOPMYBaHHS 3aTOTOBOK
3 QJFOMIHIEBHUX CIUIABIB MPH TapsSdOMYy BaJIbITIOBaHHI 13 3a0€3MEUEHHSAM pallioHATbHUX Te-
XHOJIOTTYHUX MapaMeTpiB mpoiecy GopMO3MiHH.

Metoau nociainzkeHHsi. B 0CHOBY TeOpEeTUYHUX JOCTIIKEHDb MOKJIAIEHO METOIU TE-
Opii IJIACTUYHOCTI Ta METOJI CKIHUCHHUX €JIEMEHTIB, KM peaaizoBaHo B CIICIiaTi30BaHOMY
nporpamHomy komiuiekct QForm3D, meToan BekTOopHOI rpadiku 1 MaTeMaTHYHOI CTaTHC-
THKH.

ExcniepuMeHTanbH1 JOCHIIKEHHS MPOIIECY MPOBOJMIUCS 3 BUKOPUCTAHHSM METO/IiB
(b13MYHOTO MOJIETIOBAHHS 1 TEH30METpIi, ONTHYHOI 1 €eKTPOHHOI MiKpockomii. [Iyis omiH-
KM TOYHOCTI OTPUMAHUX PE3YJbTATIB TEOPETUYHHUX 1 €KCHEPUMEHTAIBbHUX JIOCHIIKEHb
BUKOPUCTOBYBAJIHUCS METOIU MAaTEMATUYHOT CTATUCTHUKHU.

HaykoBa HOBH3HA OTPUMAaHUX pe3yJIbTaTiB:

1. Bmepiiie BCTaHOBIIEHO, SIK pe3yJbTaT EKCIEPUMEHTAIBbHO-IMITAIMHUX JOCIIi-
JDKE€Hb, BIUIMB MO3aKOHTAKTHUX 30H Ha PO3MIPHU PO3LIMPEHHS Ta (DAKTUUHOTO OCEPEIKY
neopMyBaHHS, a TAKOK PIBHOMIPHICTh PO3NOLIY HANPYKEHO-Ae() OPMOBAaHOTO CTaHY B
Mpollecax rapsuoro BaJbI[IOBAHHS HWJIIHAPUYHUX 3arOTOBOK 3 QJIIOMIHIEBHX CIUIABIB B
OBAJIbHUX KasiOpax.

2. AHANITUYHUM TUIIXOM OTPUMAaB TOMATBIINN PO3BUTOK METOJ TEOPETHUUYHOTO
JOCIIKEHHST OTIopy eopMyBaHHS B OcepeaKy Ae(POpMYBaHHS MPU rapsuoMy BajIbIlIO-
BaHHI, SIKMM BIAPI3HIETHCS BiJl ICHYIOUHUX THUM, IO JJIsI PO3PaXyHKY MOBHOTO 3YCHJIIS Ba-
JBIIOBAHHS ISl CIUIABY, SIKMUM JTOCHIIKYEThCS, BUKOPHUCTOBYETHCSI BU3HAUEHI J]aH1 3 PO3-
MIpY CE€pPEIHBOr0 MUTOMOIO 3YCUIIA AJig 0a30BOTO CIUIABY, & TAKOXK CIIBBIAHOLIEHHS J1a-
HHUX 3 BIJHOCHOT'O ITOJIOBXKCHHS, MEKI INIACTHYHOCTI Ta MIIHOCTI JiJIS 0a30BOTO Ta JIOCII-
JKYBAHOTO CILJIaBY.

3. YI0CKOHalIeHO MaTeMaTH4HYy MOJENh OMHUCY KiHIEBOTO (POPMO3MIHEHHS 3aro-
TOBKH TIPU TapsuOMy BaJIbI[IOBaHHI, SKa, HA BIAMIHY BiJ] ICHYIOUHX, BPaXOBY€ BIUIUB T103a-
KOHTaKTHHUX 30H Ta TEMIIEPATypPHOTO KOE(IIIEHTY MPU BU3HAYEHH1 PO3MIPY PO3IIMPEHHS,
[0 JTa€ MOKJIMBICTh 3MEHIIUTHU TPAJIIEHT HEPIBHOMIPHOCTI Aedopmallii B OcepeaKy Je-

(dhopMyBaHHS 3arOTOBOK, IO BAJIBITFOIOTHCS.
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4. OtpumaB NOJANbIINN PO3BUTOK METO] OLIHKH 1e(OPMIBHOCTI METaIly MpH Ba-
JBIIOBAaHHI, SIKUW TOJISITA€ y BU3HAYEHHI MOKA3HUKIB HAMPY>KEHOTO CTaHy Ta BUKOPHCTA-
HOTO pecypcy IUIACTUYHOCTI B yMOBaX rapsuoro BajbI[IOBAaHHS 3arOTOBOK 3 aJIFOMIHIEBUX
CIUTaBiB, IO JIO3BOJISIE€ OIIHIOBATH MOKJIMBICTh PYWHYBaHHS Marepiany B 00JacTi mo3a-
KOHTaKTHHUX 30H.

IIpakTU4He 3HAYEHHS] OTPUMAHUX Pe3yJIbTATIB:

1. po3poOeHO METOMKY 3 PO3PAaXyHKY palllOHaJIbHUX TEXHOJOTTYHUX MapaMeTpiB
IPOLIECY Tapsuoro BaJIbLIIOBAHHA 13 BpaxyBaHHSM BIUIMBY Ha PO3Mip PO3IIUPEHHS M03a-
KOHTaKTHUX 30H Ta 130TePMIYHUX YMOB JA€(QOPMYBaHHS MPH PO3PaXyHKAX T€OMETPUUHHUX
napameTpiB KajaiOpy, BAKOPUCTaHHS SIKOi J03BOJIAE€ Kpalle Nepepo3NOAUIUTA METal, 3Me-
HITUTH HEPIBHOMIPHICTH Jieopmariii mo 00’ eMy 3aroTOBKHM Ta MIABUIIUTH SIKICTb BUTOTO-
BJIEHUX 3 HEl HaniB(paOpuKaris.

2. po3po0JEeHO pEeKOMEH/allli, 0 MOJSATal0Th Y BU3HAYEHHI PO3MIpy (PaKTUYHOTO
ocepenky nedopMyBaHHS 32 BUKOPUCTAHHSM PE3yJIbTaTiB MaTEMaTHUYHOTO MOJIEIIOBAaHHS,
Ta HaJAal0Th MOXJIMBICTh BU3HAYEHHS CTYIEHIB OOTUCKY 3 MEHIIMM IPaJi€HTOM HEPiBHO-
MIPHOCTI MPHY BaJIbLIOBAHHI 3arOTOBOK 3 AJIFOMIHIEBHUX CILJIABIB.

3. 3anmpomoHOBAaHO METOAMKY IPOTHO3YBAHHS TMOSBU Je(EKTIB MPU TapIIOMy
IITaMITYBaHH1 TTOKOBOK 3 TTOINEPEIHIM BaIbI[IOBAHHSIM 3arOTOBOK 13 AJIFOMIHIEBUX CILJIaBIB.

4, HaJaHO PEKOMEHJAIII1, 3a SKUMHU JIJIs ICHYIOUOi METOJIUKH 3 PO3PAXYHKY ITiAro-
TOBYHMX PIBYAKIB, MOKJIMBO HAOJU3UTHU PO3MIPH iX BEPTUKAIBHUX pedep Ta pajaiyciB Ie-
PEXOJIB 10 BIAMOBIHUX PO3MIpIB KIHIIEBUX PIBYAKIB, IO MOKPAIy€E 3aNTOBHEHHS KiHIIE-
BOI'O pIBYAKa 3 TOHKMMH Ta BUCOKMMH peOpaMu, MiABUIIYIOUH SIKICTh IITAMITyBaHb, IO
OTPUMYIOTHCH.

5. Po3po6rieHo mporpaMHO-METOIUYHUN KOMIUIEKC aBTOMATHU3allli MPOIECy Mo0y-
JIOBM €IMIOPH NEpepi3iB MITAMIOBAHOI MOKOBKH, PO3PAXyHKY TEXHOJIOTITYHHX MapaMmeTpiB
BaJIBIIOBATIFHUX KaJIOPIB 1 MOOYI0BM TPUBUMIPHHUX MOJIETIEH BAJIBIFOBAILHUX CEKTOPIB 3
ypaxyBaHHSIM BIUIMBY MO3aKOHTAKTHHUX 30H 1 130T€PMIYHUX YMOB JAe(OPMYBAaHHS Ha MPO-
1[e€C BAJIBIFOBAaHHS

OCHOBHI MIPaKTUYHI PE3YIHTATH POOOTH Yy BUTJISAI PEKOMEHAAIIN 3 MOJEITIOBAHHS

omnepariii 00poOKH TUCKOM CKJIQJHUX 3aroTOBOK OyJiM 3allpONOHOBAaHI AJi1 BUKOPUCTAHHS
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Ha [TAT «Enepromamicnencrans» (M. KpamaTopchk) nmst yAOCKOHAJIEHHS TEXHOJIOTIH Jie-
dbopMyBaHHS Ta PO3pOOKH 3aXOJiB ILIOJI0 MOJIMIICHHS Mpoiecy (GOpPMOYTBOPEHHS BUPO-
01B. BukopucTanHs aBTOMaTH30BaHOI CHCTEMa PO3PaxyHKYy KaiiOpiB JJid BaJbIIOBaHHS,
HAJaJI0 MOJKJIMBICTH MPOBOJUTH TMOBHICTIO aBTOMATH30BaHY PO3POOKY TEXHOJIOTTUHOTO
IPOIIECY BAJIBIIIOBAHHS Ta BaJIbIIOBAJIbBHUX CEKTOPIB, IMABUITUBIIU €(PEKTUBHICTh BUPOO-
aunrea Ha Ha [1I1 HBI «YxHane» (M. Kuis).

Oxpemi pe3ynbTaTd AUCEPTALiHOT pOOOTH TaKOX BUKOPHUCTOBYBAIUCH MPH IMiATO-
TOBLI HaBualbHOTO TociOHMKa aBTOpiB C. O. Ckpsbina, /. C. Yaiiku ta O. €. MapkoBa
«Meroarka aBTOMaTU30BaHOTO MPOEKTYBAHHS TEXHOJIOT1YHOTO Tpolecy Ta 3-D moxenei
KaJIIOp1B MPHU BAJIBLIIOBAHHI» T4 BUKOPUCTOBYIOTHCS B HABUAJILHOMY MpoLecl Ha Kadenpax
«O0pobka MeraniB TuCKkoM» JloHOACHhKOT Aep>KaBHOI MAIIMHOOY/IBHOI akajeMii Mpu BU-
KJIaJIaHH1 AUCIUILTIHU «[ apsiue 00'eMHe 1ITaMITyBaHHS.

Ocobuctuii BHecok 3100yBaya. BHecok aBTOpa y mpolieci BUKOHAHHS pOOOTH TO-
nsira€ B OOIPYHTYBaHHI Ta BHUPIIICHHI TEOPETUYHUX 3aBJIaHb 3 BU3HAUYCHHS HAIPY>KEHO-
1e(hOpMOBAHOIO CTaHy 3arOTOBKH M1J Yac ii (pOpMO3MIHH, PO3POOI MPAKTUYHUX PEKOME-
HJAIIN 1 3a0e3MeUeHHs pallloHaJIbHUX TEXHOJIOTTYHUX MapaMeTpiB kKamiopis. [Ipu mpo-
BEJICHHI JOCIIKEHb, PE3YJIbTaTH SIKUX OIyOJIIKOBAH1 y CIIBAaBTOPCTB1, aBTOPY HAJIEKUTh
BUOIp Ta po3poO0Ka METOAMK JOCIIIKEHb, MIPOBEACHHSI TEOPETHYHOIO aHATI3y IMPOIIECIB
BaJIBI[IOBAHHS, IMiJIFOTOBKA Ta MPOBEICHHS €KCIIEPUMEHTIB, aHalli3 1 y3arajdbHEHHS OTpPH-
MaHUX pe3yJbTaTiB, pO3pOOJIEHHS MPAKTUYHUX peKkoMeHaaunii. BHecok 3m00yBava B po-
6oTax, omyOJIIKOBaHMX Pa30M 31 CIIBaBTOpaMU, HaBEJEHI B aHOTAIlIAX JI0 CIIUCKY OIyOTi-
KOBaHMX Ipallb 32 TEMOIO AUCEPTaLlli.

Anpobania MmartepianiB aucepramii. 3arajgbHl MOJOXKEHHS JUCEPTALIHHOT POOOTH
JIOTIOB1IANIUCS Ta 0OTOBOpIOBAUCS Ha Takux HaykoBux koH(pepeniisx: MHTK «Jlocsr-
HEHHA 1 EPCIEKTUBU PO3BUTKY MPOLECIB 1 MAlIUH OOPOOKM TUCKOM B METAJyprii 1 Ma-
mmHOoOy myBaHHI»(M. Kpamaropcesk, 2009 p); MHTK «HoBi HaykoMiCTKi TEXHOJIOTII,
yCTaTKyBaHHS 1 OCHAIIICHHS ISl 00poOKHu MaTtepianiB Tuckom»(M. Kpamaroperk, 2010 p);
MHTK «HoBi HayKOMICTKI TE€XHOJIOT1T OTPUMAaHHS MaTepiaiiB 1 BUpOOIB MiJIBUILIEHOT KO-
cTi MetomamMu 00poOku THckoM»(M Kpamartopcrk, 2011 p.); 11l HaykOBO-TeXHIYHOI KOH-

dbepennii monoaux daxisiiB «Enepromamcnencrais 2011» (M. Kpamaropesk, 2011 p.);
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XV — XVIII MHTK «/locsirHenHst 1 mpoOieMu pO3BUTKY TEXHOJOTIH 1 MaluH 0OpoOKH
tuckom» (M. Kpamaropcrk, 2012 — 2015 pp.); IV MHTK «3emnst Ykpainu — nmoTteHIian
HPOJIOBOJIBYOT, CHEPIETHYHOI Ta SKOJIOTIYHOI Oe3mneku nepxkaBu» (M. Binauns, 2014 p.);
Bceykpaincbka HayKOBO-TIpaKTUYHA 1HTEPHET KOHGeEpeHiis «YI0CKOHAJCHHs MpPOIECIB
rapsiyoro BaJbIFOBAHHS 3arOTOBOK 3 allfOMiHIEBUX cIiuiaBiB» (M. Bimnuigr, 2019 p.);
I MHTK «llepcriekTuBH pO3BUTKY MalIMHOOYAYBaHHA Ta TpaHcmopTy» (M. Binaug,
2019 p.); ceminap «MojeatoBaHHs MPOIECIB 00'€MHOTO IITAMITYBaHHS 1T aBTOMOO1THHOT
npomuciaoBocTi» 1 «lIlimBumenHs kBamidikaiii kopuctyBadiB. HoOBI  MOXIUBOC-
ti QForm 5.0», BAT HBO «[IHUUTMAIIl» — TOB  «KBantopdpopm» (M. Mockaa,
2008 p.); maykoBux ceminapax 3 OMT KIII (2008 p.), BHAY (Binnums, 2010 — 2019 pp.)
ta BHTY (2016, 2018 pp.)

Iyoaikanii. Matepianu auceprauiiiHoi poOdOTH OIy0OiKOBaHO B 21 npykoBaH1N
HAyKOBIN TIpaili, 30kpeMa: 16 craTeit omyOJiKOBaHO B JKypHaslax 1 30ipHHKaX HAyKOBUX
mpailb, 3 HUX OJHa CTAaTTs y 3apyODKHOMY BUIaHHI, 15 cTaTell y HaykoBHX (haxOBUX BH-
JTAHHSIX YKpaiHu, TPO€ Te3 MOMOBIIECH HAa MIXHAPOJHUX KOH(PEPEHIAX Ta OJHI TE3H Ha
HAyKOBO-TEXHIUHIA KOH(epeHIi. Marepiain J0CiiKeHb 1 po3po0oK OIyOJiKOBaHO Ta-
KOX B OJIHOMY HaBYaJIbHOMY MOCIOHHUKY.

Ctpykrypa Ta ob6car auceprauii. {uceprariisi ckiagaeTbes 31 BCTYMy, I’ SITH PO3-
JIUTIB, BUCHOBKIB, CIIMCKY BUKOPHUCTaHHUX JKEPEN 1 BOCbMH AojaTKiB. [loBHuU# obcsr po-
00TH cTaHOBUTH 244 CTOpIHKH, B TOMY uHcii 131 cTopiHkM OCHOBHOrO Tekcty, 107 ma-
moHKIB 1 17 Tabmumib. Crincok BUKOpUCTaHUX Jikepen 3 171 HaiimenyBaHHs Ha 19 cTopiH-

Kax, 0AaTKU MICTSATh 25 CTOPIHOK.
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