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3. CyTtb po3podKkH, OCHOBHI pe3y/JbTaTH.
(yxp.)
3nilicHeHO pO3pOOJCHHS MaTeMaTHYHUX MOJENIell Ta BCTAHOBJICHI KOHCTPYKTHBHI i
TEXHOJIOTI4YHI MapaMeTpPH HOBUX BUCOKOIPOIYKTUBHUX TEXHOJIOTiH OE3BIAX1IHOTO PO3ILICHHS
COPTOBOTO MPOKATy Ha 3aroTOBKM NHUISXOM Bipi3aHHSAM 3CyBOM B IITaMIlax Ha IIpecax.
Po3po0ieni KOHCTPYKINi IITaMIOBOIO OCHAIICHHS MAJIS BiApi3aHHS 3arOTOBOK IMiJl MOJAJbIIe
NITAMITYBaHHS 3 HUX BHPOOIB 31 3MIHHOIO TOBIIMHOIO CTiHOK 10 BHUCOTi. CTBOpEHI MaTreMaTu4Hi
MOJIe1, TOCIIKEeHU BILUTUB KOHCTPYKTUBHUX, TEXHOJOTTYHHUX Ta (PI3UKO-MEXaHIUHUX (aKTOpiB
Ha TPOLECH XOJOJHOTO 1 raps4oro (OpMOYTBOPEHHS MOPOKHHUCTHUX BHUPOOIB 31 3MIHHOIO
TOBILMHOIO CTIHOK OIepalisiMd 3BOPOTHOTO BUABIIOBAHHS, BUTATYBaHHSA 3 IMOTOHIIEHHSM 1
00THCKy. BcTaHOBIEHI KOHCTPYKTHBHI 1 TEXHOJIOTIYHI MapaMeTpH, SIKi JTO3BOJSIOTH 3HU3UTH
3ycuiutst JeopMyBaHHs, 30UIBLIMTH CTYMiHb AedopMmariii 3a OAMH Mepexis Ta CKOPOTHTU
KUIBKICTh TIEPEXOJiB XOJOJHOTO 1 rapsyoro ImraMiyBaHHS. Ha KOHKpeTHHX mpHUKIazax
XOJIOJJHOTO IITaMITyBaHHS MOPOKHUCTUX BHPOOIB Manoro giamerpa i3 craneit 10, 20 11HOA,
rapsyoro ITaMIyBaHHs BUPOOY cepeaHboro aiameTpy 13 ctaii C-60 Ta X0JI0AHOTO 1 raps4oro
HITAaMIyBaHHS HOPOXHHUCTUX BHUPOOIB BeJMKOro aiameTpy i3 jaaryHi JI70 1 BHCOKOMIIIHOTO
airoMiHieBOoro criaBy B93mu po3poOsieHi HOBI TEXHOJOTIi BUTOTOBIIEHHS. Po3paxoBaHe 1
CIPOEKTOBAaHE INTAaMIIOBE OCHAIIEHHS Ul pealizalii BKa3aHMX TEXHOJOTIH Ha ICHYHUHX
nignpuemMcTBax Ykpainu. [lpu npomy 3a0e3nedyeTbcsi OTpuMaHHS HE0O0X11HOT (opMU BUPOOIB
Ta MOTPiIOHE MPOINpAlIOBaHHSA CTPYKTYpHU METaly IO BHMCOTI CTIHOK 3MiHHOi TOBUIMHU Ta Y
JIOHHUX YacTHUHAX JUIs JOCSTHEHHS MEXaHIYHMX BIIACTHBOCTEW 31edopmoBaHoro merany. Hosi
TEXHOJIOTi1 BUTOTOBJIEHHsSI BUpoOy Masioro aiamerpa i3 crami 11FOA Ta Benukoro aiamerpy i3
crutapy B93mu  mpoitmm  npomuciioBy nepeBipky. CTBOpPEHO KOHIEMII0 BUTOTOBJIECHHS
MOPOXXKHUCTUX BUPOOIB 31 3MIHOIO TOBUIMHOK CTIHOK, fKa JO3BOJSIE 3MEHIIUTH KUIBKICTh
MEepEeXo/liB IITAMITyBaHHS Ta CYTTEBO 3HU3UTH COOIBapTICTh BUPOOIB.

Po3pobneHo HOBHUH BHUCOKOE(EKTUBHHI IpOILEC BHUIOTOBJIEHHS OiMeTaliB, SKUH
0a3yeTbcs HAa KOMIUIEKCHOMY BHUKOPHCTAaHHI €HEprii Ja3epHOro BHUIIPOMIHIOBAHHS 1 €Heprii
1HAYKOBAHOTO eNeKTpoMarHiTHOro mois. CTBOpeHuil HOBUH croci0 BHUTOTOBIEHHS THYTHX
OiMeTaiB MPU BUKOPUCTAHHI JIJIS 3’ € THAHHS TJIACTUH MOTYXKHOTO JpKepena eHeprii. Po3pobieHo
1 peai3oBaHO psJ OPUTIHAIBHUX CIIOCOOIB BUTOTOBJIEHHS OiMETaliB NUIIXOM 3’ €IHAHHS
OKpeMHUX AUISHOK X CKJIAZIOBUX 3BapIOBaHHSAM 3 BHUKOPHCTAHHSAM IOTY)KHUX JDKEpeN eHeprii,
a00 BUTOTOBJICHHSM CIHEIIaJIbHUX YTPUMYIOUHMX €JIEMEHTIB 1 3aJMBKOI PO3IUIABOM APYroi
CkIa10Bo1 OiMeramy. Po3pobneHo psii TEXHONOTiM BUTOTOBJICHHSI MOJICTIIEHUX OiMETaliB, IO
3a0€3mevyloTh 3HAYHYy €KOHOMII0 MaTepiayliB, CYTTEBE 3MEHIICHHS COOIBapTOCTI ixX
BUTOTOBJICHHA IIPU 3a0€3MeUeHHI MOTPIOHOT MIITHOCTI 34ETIJICHHS CKJIaJOBUX.

(poc.)

OcymecTBiieHa pa3paboTka MaTeMaTHUYECKUX MOJEJNeH U YCTaHOBJICHBl KOHCTPYKTHBHbBIE
U TEXHOJOTMYECKHE MapaMeTpbl HOBBIX BBICOKONPOU3BOAUTEIBHBIX TEXHOJIOTHH 0€30TX0THOTO
paszieneHuss COPTOBOTO IpOKaTa Ha 3arOTOBKM IIyTEM OTPE3aHMsl CIBUIOM B IITAMIIAX Ha



npeccax. Pa3zpa®oTaHbl KOHCTPYKLUMH IITAMIIOBOM OCHACTKHM JJISi OTPE3aHHs 3aroTOBOK IO
MOCEAYIOIYIO IITAMIIOBKY W3 HUX HU3JCIHN C MEPEMEHHOW TOJIIIMHOM CTEHOK IO BBICOTE.
Co3anbl MATEMATHYECKUE MOJEIIN, UCCIEOBAHO BIUSHUE KOHCTPYKTUBHBIX, TEXHOJIOTUYECKUX
U (pU3MKO-MEXaHMYECKUX (PAKTOPOB Ha MPOIECCHI XOJIOAHOTO M ropsyero ¢popmMooOpa3oBaHus
MOJIBIX H3JIEIHH C MEePEeMEHHOW TOJIIMHOW CTEHOK OIepanusMi OOpaTHOTO BbIIABIMBaHUS,
BBITATMBAHUSA C YTOHEHHWEM U OOKMMa. Y CTAaHOBJIEHBI KOHCTPYKTHBHBIE M TEXHOJIOTHYECKHE
napaMeTpbl, KOTOphIE IO3BOJIAIOT CHU3UTH YCUIUS Je(hOPMUPOBAHUSA, YBEIUYUTH CTEHCHb
negopManuu 3a OJUH TMEPEXO0J M COKPATUTh KOJMYECTBO MEPEXOJO0B XOJIOJAHOM W TOpSYeH
mTamMnoBKH. Ha KOHKpETHBIX NpHUMeEpax XOJOJHOM IUTAMIIOBKM IOJIBIX M3ACIHA Majloro
nuametpa u3 craneid 10, 20 11HOA, ropsiueit mTaMnoBKY U3JEIUs CPEAHErO AUaMETpa U3 CTaIu
C-60 1 XOJI0HOTO ¥ TOPSIYEro IITAMIIOBKU MOJIBIX U3JIEIUN O0IBIIOro AuaMeTpa u3 jatyHu JI70
U BBICOKOIPOYHOIO allOMUHHEBOro cmiiaBa B93mu pa3zpaboTaHbl HOBBIE TEXHOJIOTUU
U3roToBiaeHus. PaccunTaHa W CHPOEKTHMPOBAaHA ILUTAMIOBash OCHAcCTKa JJs pealu3aluu
YKa3aHHBIX TEXHOJOIMH Ha CYHIECTBYIOUIMX Hpeanpuatusx Ykpaunsl. [lpu 3Tom
obecrieunBaeTcst ToixydyeHue GopMbl HM3JACIMM W HEoO0XoauMas TpOopabOTKH IIACTUYECKOU
nedopMarueit CTpyKTypbl MeTajlla MO BBICOTE CTEHOK U B JIOHHBIX YACTSAX JUIS JOCTHXKECHUS
3a/laHHbIX MEXAHWYECKUX CBOWCTB. HoOBBIE TEXHONOrMM W3TrOTOBJIEHUS U3JENNS Majaoro
muametpa u3 cranu 11KOA u Gonbiioro nuamerpa u3 cruiaBa B93mu mponuiv npOMBIIUIEHHYIO
anpobanuio. Co3znaHa KOHLEMNIMST U3FOTOBJICHUS W3AEIUN C MEPEMEHHOW TOJIIMHON CTEHOK,
KOTOpasi MO3BOJIAET YMEHBIIUTh KOJUYECTBO MEPEXOJI0B IITAMIIOBKH M CYIIECTBEHHO CHU3UTh
ce0ecTOMMOCTh U3/EIINH.

Pa3paboran HOBBI BBICOKOI(D(EKTUBHBII MpOLIECC U3TOTOBJICHHUS OUMETAIIOB,
OCHOBaHHBIM Ha KOMIUIEKCHOM HCIIOJIb30BAaHUM HSHEPrUM JIA3€PHOT0 HU3IYYEHUS] U SHEPrUu
WHAYIUPOBAHHOTO 3JEKTPOMarHuTHOro mnoss. Co3gaH HOBBIA CHOCOO M3TOTOBJICHUS THYTHIX
OMMETaJUIOB IPHU MCIOJb30BAaHUM MOIIHOI'O HMCTOYHUKA SHEPruM Ul COEIMHEHUs IUJIACTHH.
Pa3paboran u peanu3oBaH psiji OPUTHHAIBHBIX CHOCOOOB W3TOTOBJICHHS] OMMETAIIIOB MyTEM
COEIMHEHUS OTAENBHBIX YYaCTKOB WX COCTABJISIIOIIMX CBApKOW C HCIOJB30BAHUEM MOIIHBIX
MCTOYHMKOB DSHEPrUM, WM M3rOTOBJICHUEM CIELUUATBHBIX YIEPKUBAIOIIMX 3JIEMEHTOB U
3aJIMBKOM pacijiaBOM BTOpOM cocTaBisitomie Oumeranna. PaspaGotan psn  TexHOJIOTUN
U3TOTOBJICHUSI OOJIETYEHHBIX OMMETauIOB, OO0ECIEeYMBAIONUINX 3HAYUTEIbHYI0 SKOHOMHIO
MaTepuasoB, CYIIECTBEHHOE YMEHbIICHNE Ce0ECTOMMOCTH HMX M3TOTOBJIEHUS MPHU OOECrieueHUun
HE00X0IMMON MPOYHOCTH CLEIUIEHUS! COCTABISIOIINX.

(amra.)

Mathematical models have been developed and structural and technological parameters
of new high-performance technologies of waste-free separation of high-quality rolled products
by blanks cut off in presses have been established. Designs of die tooling have been developed
for cutting workpieces for subsequent stamping of products with variable wall thickness in
height. Mathematical models have been created, the influence of structural, technological and
physical-mechanical factors on the processes of cold and hot forming of hollow products with
variable wall thickness by operations of back extrusion, drawing with thinning and compression
has been investigated. Structural and technological parameters have been established which
allow to reduce the deformation efforts, to increase the degree of deformation in one transition
and to reduce the number of transitions of cold and hot stamping. On specific examples of cold
forging of hollow products of small diameter from steels 10, 20, 11YA, hot forging of medium
diameter of steel C-60 and cold and hot forging of hollow products of large diameter of L70
brass and high-strength aluminum alloy B93pch, new manufacturing technologies have been
developed. Stamping equipment for the implementation of these technologies at the existing
enterprises of Ukraine is calculated and designed. This ensures that the shape of the products is
obtained and the necessary working of the structure of the metal along the height of the walls and
in the bottom parts is achieved to achieve the mechanical properties of the deformed metal. New
technologies for manufacturing small diameter 11Y A steel and large diameter alloy B93pch have
been tested by industry. The concept of manufacture of products with change of wall thickness is



created, which allows to reduce the number of transitions of stamping and to significantly reduce
the cost price of products.

A new highly efficient bimetal manufacturing process has been developed, based on the
integrated use of laser radiation energy and the energy of the induced electromagnetic field. A
new method for manufacturing bent bimetals using a powerful energy source for connecting
plates has been created. A new method for manufacturing bent bimetals using a powerful energy
source for connecting plates has been created. A number of original methods have been
developed and implemented for the manufacture of bimetals by connecting individual sections of
their components by welding using powerful energy sources, or by manufacturing special
retaining elements and melt pouring the second component of bimetal. A number of technologies
have been developed for the production of lightweight bimetals, which provide significant
material savings, a significant reduction in the cost of their manufacture while ensuring the
necessary adhesion strength of the components.
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13 Pomanenko B.B., T'onoBko JI.®., bionuiua M.C. TlpucTpiii 115 JTMBApHOTO BUTOTOBJICHHS
MOJIETIIIEHUX OiMEeTasiB 13 3aCTOCYBaHHSM HAXWICHHX TpyOuaTux yTpumyBadiB / BuCHOBOK mpo
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5. IlopiBHsIHHS 3i CBiTOBMMH aHAJIOTaMH.
PesynbraTi  BIAMOBIZAIOTH CBITOBOMY piBHIO. Po3po0sieHi TEXHOJIOTiIYHI OCHOBH,
TEXHOJIOTTYHI TPOIECH 1 KOHCTPYKIIii MTaMIIOBOT'O OCHAIIEHHs HE MAalOTh aHAJIOTIB y CBITOBIH
MPaKTHUII.

6. ExoHomiuHa mpuBad/MBICTH 1JI51 MPOCYBAHHS HA PUHOK

Bukopucranas po3poOJeHHX HOBUX TEXHOJIOTIYHHMX TPOLECIB 1 KOHCTPYKLIH
HITAMIIOBOTO OCHAIIEHHS I OTPUMAHHS MOPOKHUCTUX BUPOOIB 31 3MIHHOIO TOBIIUHOIO CTIHKU
HE MalOTh aHAJIOTIB Y CBITOBI/ MpaKTHIll Ta 3a0€3Me4yI0Th HACTYITHI IIepeBaru:
- TIpU BUTOTOBJICHHI MOPOXXHUCTHUX BHUPOOIB 31 3MIHHOI TOBIIMHOIO CTIHKH OCOOJMBO MAajoro
niamMeTpa KUTbKICTh MEepexXOo/IiB IITaMITyBaHHS 3MEHIIEHA B 2 p., BUTPATH METaTy Ha OJHOMY
BUpOO1 3MeHIIeHi 1o 15%, npoBeaeHa 3aMiHa Mapku Marepialy BUpoOiB Ha OuIbII femieBy 0e3
3MiHH CITy’)KOOBUX BIIaCTUBOCTEH BUPOOIB;
- MIPY BUTOTOBJICHHI MOPOXHUCTUX BUPOOIB 31 3MIHHOK TOBIIMHOIO CTIHKH Majoro AlamMeTpy
KUTBKICTh TTEPEXO/IiB XOJIOHOTO MITAMITYBaHHS 3MEHIIIEHA B 2 p., 10 15-20% 3MeHIIeHO 3ycruiuis
XOJIOIHOTO BUABIIOBaHHS Ta B 1,5 p. MiABHINEHA CTiMKICTh AePOPMYHOUOTrO 1HCTPYMEHTY,
3MEHIIEeHI BUTpaTH Metaiy 10 10% Ha omHOMY BHpOOI;
- NP BHUTOTOBJICHHI IOPOKHUCTUX BHUPOOIB 31 3MIHHOK TOBIIMHOK CTIHKH CEPEIHBOTO
JiaMeTpy BUTpaTH MeTaly Ha OgHOMY BHpOOi 3MeHmeHi Ha 10-15%, 3ycwinist BUIaBIIOBaHHS
3MmeHieHo 10 15% 1 B 1,5 p. miaBuIeHa CTIHKICTh 1ePOpPMYIOUOro iHCTPYMEHTA, KUIbKICTh
nepexoi X0JI0JHOTO MTAMITYBaHHS 3MEHIIICHA B 2.;
- IPY BUTOTOBJIEHHI MOPOKHUCTUX BUPOOIB 31 3MIHHOIO TOBIIMHOIO CTIHKHM BEJIMKOIO JlaMeTpy
KUIBKICTh TEepPeXOAiB IITaMIIyBaHHS 3MEHIIeHa B 2-3p., BUTpATH METaly Ha OJHOMY BHpPOOI1
3MmeHIeHi Ha 15%, 3ycuins BuAaBmoBaHHS 3MeHIIeHo A0 15%i B 1,5 p. miaBHIeHa CTIHKICTh
ne(OpMyIOUOro IHCTPYMEHTA,
- BIeplIe po3po0JeHO HOBUM BHCOKOE()EKTHBHUIN INpolleC BUTOTOBJIECHHS OiMeTaliB, SKUH
0a3yeTbcs HA KOMIUIEKCHOMY BUKOPHMCTaHHI €HEpTii JIa3epHOTO BUIIPOMIHIOBAHHS 1 €Heprii
1HAYKOBAHOTO €JeKTPOMAarHiTHOTO MOJIs;
- po3po06IJIeHO HOBHI CIOCIO BUTOTOBJIEHHS THYTUX OiMETalliB MPU BUKOPUCTAHHI JJIS 3’ €JHAHHS
IUTACTHH MOTYKHOTO JKEpesia eHeprii,
- po3po0JeHo 1 peani3oBaHO Psil OPUTIHAIBHUX CHOCOOIB BHUTOTOBIEHHS OIMETalliB IHUIIXOM
3’€IHaHHS OKPEMUX IUISTHOK iX CKJIaIOBHX 3BapIOBAHHSIM 3 BUKOPHUCTAHHSAM IOTYKHHUX JDKEPEI
eHeprii, a0 BUTOTOBJECHHSM CIELiaJbHUX YTPUMYIOUUX E€JIEMEHTIB 1 3aJIMBKOIO PO3ILIABOM
JIPYyToi CKJIaI0BOI OiMeTany;
- pO3pOOJICHO PSAJT TEXHOJOT1M BUTOTOBIIEHHS MOJIETTIIEHUX OiMeTaiB, 10 3a0e3MeYyloTh 3HAUHY
€KOHOMII0 MaTepianiB, CyTT€BE 3MEHILIEHHS cOOIBapTOCTI iX BUTOTOBJIEHHS IpHU 3a0e3NeyeHH]
MOTPIOHOT MIITHOCTI 3UETIJICHHSI CKJIaJIOBHX.

7. TloreHuiiini kopucryBaui (raay3i, MiHicTepcTBa, HNiANpHEMcTBA, Opradizamii).
Po3pobsieHi  TEXHONOTiIYHI  OCHOBM, TEXHOJIOTii Ta INTAMIIOBE OCHAIIEHHS MOXYTb
3aCTOCOBYBAaTUCh Ha MIJNPHEMCTBAX Ta B OpraHizalisX pi3HUX Traixy3ed HPOMHCIOBOCTI:
MalMHOOYAyBaHHI, aBia - 1 CyJHOOyAyBaHHI, aTOMHIH eHepreTuui Ta OOOPOHHIN
MIPOMHMCIIOBOCTI.

8. CrtaH roToBHOCTI po3po0KH.
Po3po06iieHi TeXHOJIOTT4HI MPOIECH 1 KOHCTPYKIIiT IITAaMIIOBOTO OCHAIIEHHS MOXYTh OyTH
BIIPOBA/KEHI Y IPOMUCIIOBE BUPOOHHUIITBO HA ICHYIOUHMX HiANPHEMCTBAX YKpaiHU.
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