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AHOTALIA

Cumnuxk C. B. IliiBUIlIEHHS] TPOJYKTUBHOCTI Ta 3HUKEHHS BUTPAT METaILy
OpU MITAMIIyBaHHI 13 MAaJOBYIJICHIEBOI CTadl 3aroTOBOK TUIb3 ISl CHapsAiB
CepeAHBOTO Kamopy.

Huceprariss Ha 3700yTTS HAyKOBOTO CTyMHeHS JoKTopa (imocodii ramysi
3HaHb 13 — MexaHiuHa iHXkeHepid 3a crenianbHicTio 131 “IIpuknanna mexanika” -
HamionanpHuii TexHiuHMM yHiBepcuTeT YKpaiHu “KuiBCcbkuil mnoiTexXHIYHUN
iHcTHTYT iMeHi [ropst Cikopebkoro” MOH VYkpainu, Kuis, 2025.

Jucepraliiss ~ mpucBSYeHA  JIOCHIIPKEHHIO  CIOCOOIB  IMiJIBHIICHHS
MPOAYKTUBHOCTI ~ TPOIECIB  IJIACTUYHOTO  (OPMOYTBOPEHHS 31  CTall
BICECUMETPUYHUX BHPOOIB 13 3MIHHOK TOBIIMHOK CTIHKH, BHKOPHCTOBYIOUU
CHOCIO TapsA4Yoro BUTATYBaHHS 3 IOTOHUICHHSM, J/JI 3MEHIIEHHS KUIBKOCTI
NEPEeXO/IIB BUTATYBAHHS 3 TOTOHIICHHSIM TPH IX BUTOTOBJIECHI, a TaKOX
JOCIIIJIPKEHHIO CIIOCO0IB 3MEHIICHHS] BUTPAT METAaTy MPU BUTOTOBJIEHHI BKa3aHUX
BUPOOIB.

[IpoBeneHo anami3 JiTepaTypHUX JHKEpENl MO ICHYIOUMX TEXHOJOTIAX
MJIACTUYHOTO (POPMOYTBOPEHHS BUPOO1B 31 3SMIHHOIO TOBIIMHOO CTIHKH. TexHomorii
BKJIIOYAIOTh B ceOe oreparlii rapsyoro 0caJXyBaHHS 1 MOJAJIIIOT0 3BOPOTHOTO
BUJIABJIIOBAHHS 3 PO3Ja40l0 TOPOXHUCTUX HamiB()aOpUKaTiB, BUTATYBaHHS 3
MOTOHIIICHHSM Ta KIHIIEBY OIEpaIlito OOTUCKY.

Brepiie BUKOPUCTOBYIOYM METOJ CKIHYEHHHUX €JIEMEHTIB MPOBEICHO
pPO3paxyHKOBHUH aHaji3 TMEpPexXoAiB Tapsyoro OCapKyBaHHS Ta MOJAJIBLIOTO
3BOPOTHOTO BUIABITIOBAHHS KPYTJIMX MOPOXKHUCTUX HAMiB()AOPUKATIB 13 3arOTOBKU
KBaIPaTHOTO TMepepi3y 3 MalloByTJeneBoi craii. [[ns mpoekTyBaHHS poOOUYOTro
IHCTPYMEHTY  MPOAHAII30BAaHO  PO3MOJIA  HOPMalbHUX  HANpy>XeHb  Ha
KOHTaKTYIOUHUX TMOBEpXHAX HamiBdaOpukaty 3 AepopMyrOyuM I1HCTPYMEHTOM.
BceranoBneHno temmnepatypy miairpisy a1eopmMyrodoro iHCTpyMEHTY Ta IIBHIKICTh
nedhopmyBaHHS, SKi 3a0€3MEUyI0Th TUIACTUYHE (HOPMOYTBOPEHHS B yMOBaX rapsiioi
nedopmairii. BuzHaueHO TMMOYATKOBY TEMIIEpaTypy HarpiBy 3aroTOBOK 1

TEMIEPATypHUN PO3MOALT B HUX B KiHLI mpouecy nedopMmyBaHHS. BusznaueHo



€HEPro-CUJIOBI peXUMH AehOpMyBaHHS 1 3yCWIUIA BHIYYCHHS Ae(OpMOBaHHUX
3aroTOBOK 13 IITaMIIIB, PO3MOAUIM MUTOMHUX 3YCHJIb Ha MyaHCOHAX, MATPHIX 1
BUINTOBXYBadax. BcraHoBIeHO KiHIEBI ¢opMu Ta po3Mmipu HamiBpaOpukartiB 3
pO3MOoAlIaMH HaIpyKeHb 1 nedopmarliiii. BusiieHo, 1m0 3BOpOTHE BUAABIIOBAHHS
3aroTOBOK KBaJpaTHOrO Mepepizy 0e3 MmomepeaHbOro 0CapKyBaHHS KyTOBHUX 30H
IPU3BOIUTH 10 (POPMOYTBOPEHHSI BUCTYIIB Ha BEPXHBOMY TOPI MOPOKHHCTOTO
BUpOOy, 110 HEraTMBHO BIUIMBAa€ Ha MOJANbUIl omepaiii BUTATYBaHHS 3
MOTOHIIIEHHSM, a BBEJICHHS JTOJATKOBOI OTEpaIlii TOPIFOBAHHS BUCTYIIIB MIPU3BEIC
JI0 3HAYHUX BUTpPAT METaly y BIAXiJ, [0 € HENPUIYCTUMHM Yy MacOBOMY
BUPOOHUIITBI. 3a JOMOMOTOI0 aHali3y PO3MOJUTY I1HTEHCHUBHOCTI Aedopmarriii
MOPIBHSHO XapaKTep IMPOMPANIOBAaHHA CTPYKTypH MaTepialy JOHHOI YaCTHHU
HariB(paOpUKaTIB MiCIs rapsu0ro 3BOPOTHOTO BHUJIABIIIOBAHHS 3arOTOBOK KPYTJIOTO
Ta KBaJpaTHOTO TepepisiB. BukopucranHs KBaIpaTHOI 3arOTOBKM 3abe3medye
O1JIBIII IHTEHCUBHE MPOIPAIIOBAHHS CTPYKTYpPH METaTy IUIACTHYHOIO Ae(POpMaLII€l0
y JIOHHUX YaCTHUHAX 1 CTIHKaxX BUPOOIB.

3  BUKOPHCTaHHSIM  METOJy  CKIHUYCHHUX  C€JIEMEHTIB  IPOBEACHO
PO3PaxXyHKOBUI aHaJ3 TOMAJBIINX IEPEXOJiB IITaMITyBaHHs HamiBpaOpuKaTiB
micisl omeparii 3BOPOTHOTO BHAABIIOBAHHS, a CaMe€ Trapsdoro Ta XOJOJHOTO
BUTATYBaHHA 3 MOTOHIIEHHSIM 3 OTPMMaHHSAM HamiB(}aOpuKaTiB MOTpiOHOI popmu
JUI. BUKOHAHHS KIHIIEBOTO IEPeXoay OOTHUCKY 3 HEOOXIJHHMM IPONpPAIFOBAHHSIM
CTPYKTYpH MeTaly IIJIaCTHUHOIO JedopMaIlielo Ta OCSITHEHHSM 3aJaHuX
MEXaHIYHUX BJIACTHUBOCTEM MO BUCOTI CTIHKU TiIb3M 1 MIAAOHY. BcTaHoBiIeHO
3aJIEKHOCT1 3yCHJIb BUTSTYBAaHHSI BiJ] MEPEMIIICHb MMyaHCOHIB, (GOpMHU 1 po3Mipu
HariB(paOpUKaTIB MiClid BUTATYBAHHS Ta PO3MOIIN IHTEHCUBHOCTI iepopmartiit st
OIIIHKY TIPOTPAIIOBAHHS CTPYKTYPH METAITy TUTACTUYHOIO Jie(hOpMaIli€ro.

BusHaueHo HEOOXIJHICTh TIEPeXOAy BHUPIBHIOBAaHHA JOHHOI YAaCTHHU
dbopmoyTBOpeHHS HamiB()aOpUKaTy Trijib3U MICIs Onepallii rapsyoro BUTATYBAHHS 3
MOTOHIIIEHHSIM 4Yepe3 Bl MOCIIIOBHO PO3TAIIOBaHI MAaTPHUIll, OCKIJIBKMA BHACIIIOK

neopMyBaHHSI BiJIOYBAa€ThCS BUKPHUBJIEHHS JIHA Ha 30BHI, 10 HE Ja€ 3MOTH
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BCTAaHOBUTH OTpUMaHMK HamiBhaOpukaT B poOoUy 30HY MaTPHIll JJIsI BUKOHAHHS
orepailii X0JIOJHOTO BUTSTYBAHHS 3 TOTOHIIICHHSIM.

Bnepmie mnpoBeneHO MOACTIOBAaHHS METOJOM CKIHUGHHHUX €JIEMCHTIB
MIPOIIECIB KIHIIEBOTO MEPEX0ay OOTHUCKY 3 OJHOYACHUM OCaPKyBaHHAM (hJIaHIIIB Ha
JIOHHIA YaCTHHI 3arOTOBOK TUIB3M 3 ypaxXyBaHHSM HaKOMWYEHHX Aedopmaliii B
HamiB(aOpukaTax Miciasl BUTATYBaHHS 3 TMOTOHIICHHSM. BCTaHOBIEHO 3ycHILIA
nedopMyBaHHS, pO3MOILIIM IHTEHCUBHOCTI ieopmarlii Ta KiHIIeBi GOpMH 1 po3Mipu
3aroTOBKM TiIb3U. JloBeAeHO, Mo 13 BHUCTYIy Ha JOHHINA YacTHHI, SKHH OyJ0
c()OpMOBAHO MpHU TMEPEXOAl TapsAYOro 3BOPOTHOTO BUIABIIOBAHHS MOXIJIHMBO
orpuMatu (iaHelb HeoOx1HOT GopMHU Ta PO3MIPIB.

JIns nocnipkeHuX nepexo/iB GOpMOYTBOPEHHS MIJIOHY OYyJI0 pPo3poOJIeHO
Ta CIPOEKTOBAHO KOHCTPYKIIIT IITAMIIIB, sIKi 320€3MeUy0Th OTPUMaHHS HEOOX1THUX
dbopm Ta po3MipiB HamiBpaOPUKATIB.

ltamMn ans raps4oro 3BOPOTHOTO BUIABIIOBAHHS 3arOTOBKH KPYTJIOTO
nepepizy. B mramni nependaueHo BOJSIHE OXOJIOJKEHHS MATPHIl AJs TPUBAJOi
poOoTu mTamna. TakoX B KOHCTPYKLIi IITaMIa MepedayeH0 MOKJIUBICTb
(GbOpMOYTBOPEHHSI CIICIIAIBHOTO BUCTYITY Ha JOHHIN YacTUHI HamiBpaOpukary.

HItamn 115t rapss90T0 BUTATYBAHHSA 3 TIOTOHIIIEHHSIM Yepe3 OHY MaTpuilio. B
mTamii nepeadayeHo 3HiMaul JUisl 3HATTS HaniBpaOpuKaTy Mpu 3BOPOTHOMY XOiI
yaHCOHA.

Itamn A71s1 XOJIOAHOTO BUTATYBaHHS 3 TOTOHIICHHSM Yepe3 OJIHY MaTPHIIIO.
B mrramni nepeadadeno 3HiMadi 151 3HATTS HamiBhaOpuKaTy Mpu 3BOPOTHOMY XO/I1
yaHCOHA.

Itamn 17151 OAHOYACHOTO TapsiI0ro OPMOYTBOPEHHS 0CaHKyBaHHIM (acoK
Ha 3aroTOBIIl KBAJIPaTHOTO TEpepi3y 1 BUIAABIIOBAHHS KPYIJIOTO MOPOKHUCTOTO
HamiBpaOpukaTy. B mramni nepenbadeHO MexaHI3M 3HATTS HamiBpaOpukaTy 3
IyaHCOHa a00 BUIITOBXYBaHHS HamiBpaOpUKaTy 3 MaTpPHIII.

[ItaMm 17151 Tapss9OTO BUTATYBAHHS 3 MOTOHIIICHHSM 4Y€pe3 JBI MOCIHII0BHO

posramioBadi Marpuii. B mTamm  nepegdadeHo  3HIMadl IS 3HATTA



HamiBdaOpukaTy TpuU  3BOPOTHOMY  XOA1 MmyaHcoHa. [l  BUIIydeHHs
HamiBdabpukaTy 3 po0040i 30HU NIepeAdaYeHO BIKHO HEOOX1THUX PO3MIPIB.

Jnia xkoxxHoi omnepanii popmoyTBOopeHHs HamiBpaOpukaTiB Oyio miaidopaHo
oOJlaiHaHHS sKe 3a0€3MeUYnTh HeOOX1IHY MIBUIAKICTh Ta 3yCHIUISA JeopMyBaHHS,
po0oUy 30HY JIJIsi BCTAHOBJICHHS IIITAMIIOBOTO OCHAICHHS.

[Ticns mpoBeneHHS €KCTIEPUMEHTY Ha OTPUMaHUX BHpoOax OyJo BHpi3aHO
3pa3Kd 3TITHO BUMOI' KPECJICHHS Ha SIKUX OyJ0o MPOBEJACHO BUMPOOYBaHHS Ha
po3TAT. 3a pe3yabTaTaMH PO3TATY 3pa3KiB OyJI0 OTPUMAHO HACTYITHI IaHi: BITHOCHE
MOJIOBXKEHHS, MEXa MIIHOCT1, YMOBHA MeXa TeKy4OCT1 1 TBepAicTh. OTpuMaHi JlaHi
OyJ10 MOPIBHSIHO 3 BUMOTaMHU, SIKi BKa3aHO Ha KPECIIEHHI JIeTajl /Il BCTAHOBJICHHS
JOCSITHEHHSI HEOOX1THUX MEXaHIYHUX XapaKTEPUCTHK.

KirouoBi cnoBa: rapsue ocaKyBaHHS, rapsue 3BOPOTHE BUIABIIOBAHHS,
rapsiae BHUTSTYBAaHHS 3 TOTOHIICHHSIM, XOJIOAHE BUTATYBAHHS 3 IMOTOHIIEHHSM,
OoOTUCK, TUIb3a, MIJJAOH, HANpYKEHHs, Jedopmalii, €Hepro-CUiOBl PpPEKUMU

nedhopMyBaHHS, HOpMaJIbH1 HANIPYXKEHHS, KpUTEPIN pyHHYBaHHS.
Cnucok my0sikaiiiit 3100yBaya

Ilpaui, aki niomeepoicyroms anpooayiio pe3yaivmamis oucepmauii

1 Kamtoxuuii B. JI., Cutauk C. B., Tutapenko A. €. I'apsuuit o0THCK B
MaTpUIl CHELIaTbHOrO MPOQUII0 BICECUMETPUYHUX MOPONKHUCTHUX 3aroTOBOK 13
BUCOKOBYTJICIEBOI cTaii. Mexanixa i nosimui mexnonoeii. 2022. Vol. 6, Ne 2. C.
187-194, DOI: 10.20535/2521-1943.2022.6.2.264785 (paxoBe Bunanus Kareropis
b 131 Ilpuximagna mexanika). (3006ysauem euxonana o06pobka pesyivmamis
MOOENOBAHHS).

2 Kamoxnuit B. JI., AmieBa JI., Spmonenko O. C., Cutnuk C. B. TI'apsue
BUJIABJIIOBaHHS 13 BUCOKOBYIJIEIIEBOI CTalli KOHYCHHUX IOPOXKHHUCTUX BHPOOIB.
Mexanika i wnosimui mexnonocii. 2022. Vol. 6, Ne 3. C. 302-308, DOI:
10.20535/2521-1943.2022.6.3.269897 (dpaxoBe Bumanns kareropii b 131
[MpukiagHa MexaHika). (3000y8auem GUKOHAHUL AHALL3 PE3VIbIMAMIE MOOeNO8AHHS

npoyecy wmamny8anHs,).
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OOTHCKY B KOHTEMHEpl 1 MarTpuill CHeIiaJbHOro MPOdII0 BICECUMETPUUHUX
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MOOENIOBAHH).

4 Kamoxuuit B. JI., Cutauk C. B., Jleuenko B. IlopiBHsubHUI aHami3
rapsyoro 3BOPOTHOT'O BUJIABIIOBAHHS MOPOKHUCTUX BUPOOIB 13 3arOTOBOK KPYTJIOi
1 kBajgpatHOl hopMu. Mexanika i nosimni mexnonoeii. 2023. Vol. 7, Ne 2. C. 236-
242, DOI: 10.20535/2521-1943.2023.7.2.288484 ((daxoBe Bumanus kareropii b 131
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Vol. 8, Ne 1. C. 45-53, DOI: 10.20535/2521-1943.2024.8.1(100).297296 (daxose
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Cikopcekoro, 2023. C. 43-46. (3006ysauem GUKOHAHO MOOENOBAHHS NPOYECY

360POMHO20 BUOABNIOBAHHS MA 0OPOOKA pe3yIbmamie MOOe08aAHHsL).
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https://doi.org/10.30525/978-9934-26-388-0-4

ABSTRACT

Sytnyk S. V. Increasing productivity and reducing metal consumption when
stamping blanks for medium-caliber shells from low-carbon steel.

Dissertation for the degree of Doctor of Philosophy in the field of knowledge
13 - Mechanical Engineering in the specialty 131 “Applied Mechanics” - National
Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute” MES of
Ukraine, Kyiv, 2025.

The dissertation is devoted to the study of methods for increasing the
productivity of processes for plastic forming of steel axisymmetric products with
variable wall thickness, using the method of hot drawing with thinning, to reduce
the number of drawing transitions with thinning during their manufacture, as well as
to the study of methods for reducing metal consumption in the manufacture of these
products.

An analysis of literary sources on existing technologies of plastic forming of
products with variable wall thickness was conducted. The technologies include
operations of hot deposition and subsequent reverse extrusion with the distribution
of hollow semi-finished products, drawing with thinning and the final crimping
operation.

For the first time, using the finite element method, a computational analysis
of the transitions of hot deposition and subsequent reverse extrusion of round hollow
semi-finished products from a square-section billet made of low-carbon steel was
carried out. To design the working tool, the distribution of normal stresses on the
contacting surfaces of the semi-finished product with the deforming tool was
analyzed. The heating temperature of the deforming tool and the deformation rate
were established, which ensure plastic shaping under hot deformation conditions.
The initial heating temperature of the billets and the temperature distribution in them
at the end of the deformation process were determined. The energy-force modes of
deformation and the forces for removing deformed billets from dies were
determined, the distributions of specific forces on punches, matrices and ejectors

were determined. The final shapes and dimensions of the semi-finished products
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with the distributions of stresses and strains were established. It was found that the
reverse extrusion of square-section blanks without prior deposition of corner zones
leads to the formation of protrusions on the upper end of the hollow product, which
negatively affects subsequent operations of drawing with thinning, and the
introduction of an additional operation of facing the protrusions will lead to
significant metal waste, which is unacceptable in mass production. Using the
analysis of the distribution of deformation intensity, the nature of the development
of the structure of the material of the bottom part of semi-finished products after hot
reverse extrusion of round and square-section blanks was compared. The use of a
square blank provides a more intensive development of the metal structure by plastic
deformation in the bottom parts and walls of the products.

Using the finite element method, a computational analysis of further
transitions of stamping semi-finished products after the reverse extrusion operation,
namely hot and cold drawing with thinning, was carried out to obtain semi-finished
products of the desired shape for performing the final crimping transition with the
necessary development of the metal structure by plastic deformation and achieving
the specified mechanical properties along the height of the sleeve wall and pallet.
The dependences of the drawing forces on the displacements of the punches, the
shapes and dimensions of the semi-finished products after drawing, and the
distribution of the intensity of deformations were established to assess the
development of the metal structure by plastic deformation.

The need for a transition to align the bottom part of the sleeve semi-finished
product after the hot drawing with thinning operation through two consecutively
arranged matrices was determined, since as a result of deformation, the bottom is
curved outward, which does not allow installing the obtained semi-finished product
in the working zone of the matrix for performing the cold drawing with thinning
operation.

For the first time, finite element modeling of the processes of the final
crimping transition with simultaneous deposition of flanges on the bottom part of

the sleeve blanks was carried out, taking into account the accumulated deformations
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in the semi-finished products after drawing with thinning. The deformation forces,
deformation intensity distributions and final shapes and dimensions of the sleeve
blank were established. It was proved that from the protrusion on the bottom part,
which was formed during the hot reverse extrusion transition, it is possible to obtain
a flange of the required shape and dimensions.

For the studied transitions of the pallet forming, die designs were developed
and designed, which ensure the obtaining of the required shapes and dimensions of
the semi-finished products.

A die for hot reverse extrusion of a round-section blank. The die provides for
water cooling of the die for long-term operation of the die. The die design also
provides for the possibility of forming a special protrusion on the bottom part of the
semi-finished product.

A die for hot drawing with thinning through one die. The die is provided with
pullers for removing the semi-finished product during the reverse stroke of the
punch.

A die for cold drawing with thinning through one die. The die is provided with
pullers for removing the semi-finished product during the reverse stroke of the
punch.

A die for simultaneous hot forming by depositing chamfers on a square-
section workpiece and extruding a round hollow semi-finished product. The die is
provided with a mechanism for removing the semi-finished product from the punch
or pushing the semi-finished product out of the die.

A die for hot drawing with thinning through two consecutive dies. The die is
provided with pullers for removing the semi-finished product during the reverse
stroke of the punch. A window of the required size is provided for removing the
semi-finished product from the working area.

For each operation of forming semi-finished products, equipment was selected
that would provide the necessary speed and deformation force, a working area for

installing die equipment.
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After conducting an experiment on the obtained products, samples were cut
according to the requirements of the drawing, on which tensile tests were conducted.
According to the results of tensile testing of the samples, the following data were
obtained: relative elongation, tensile strength, yield strength and hardness. The
obtained data were compared with the requirements specified in the drawing of the
part to establish the achievement of the required mechanical characteristics.

Keywords: hot deposition, hot reverse extrusion, hot drawing with thinning,
cold drawing with thinning, crimping, sleeve, pallet, stresses, deformations, energy-

force deformation modes, normal stresses, failure criterion.
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BCTVII

AKTYAJBHICTL _TeMH. B jaHuii 4ac akTyaJlbHOIO € TeMa 3aollayKeHHS

pecypciB Ta MiABUIIEHHS MPOTYKTUBHOCTI MPOIIECIB BUTOTOBJICHHS TOHKOCTIHHHX
BICECUMETPUYHUX MOPOKHUCTUX JAeTanedl. OcoOIuBO 1€ CTOCYeTbCs BUPOOIB 3
TOBCTHUM JHOM 1 BHCOKOK) TOHKOK CTIHKOIO 3MIHHOi TOBIIMHU 3 TMOTPIOHUMHU
MEXaHIYHUMHU XapaKTePUCTHKAMH Ta PO3MIpaMH, a TAaKOX 3 BUCTYIAMU OTbIINMU
3a giaMeTp CTiHKA BUpPOOy. s iX BUTOTOBJIEHHS HIMPOKO 3aCTOCOBYIOTHCS
MPOLIECH OCAKYBaHHS, BUJIaBIIIOBAHHS, BUTATYBaHHS 3 TOTOHIIEHHSIM Ta OOTHUCKY.
ToMy akTyaJIbHUMH € PO3IJIAIaTH TPAAUIIIIHI Mpo1iecH POPMOYTBOPEHHS BUPOOIB
3a JJOIIOMOTOI0 ILITaMIIiB.

OpnHak,  3aCTOCOBYIOUM  TpajMIiiiHI  mpouecH  (OPMOYTBOPEHHS
BUIICHABEJCHUX BHUPOOIB, BaXKO JOCATHYTHM 3aO0LIQ/JKEHHS pecypciB Ta
HiJBUIICHHSA HPOAYKTUBHOCTI IMPOLIECIB BUTOTOBJICHHS, OCKUIBKM BUTOTOBJICHHS
TaKUX BUPOOIB BUMArae BEIMKOI KIJIBKOCTI IEPEXOIB IITAMITyBaHHS.

OTpumaHHSI TaKMX BUPOOIB MOMKIIMBE 3aCTOCOBYIOUM CIOCOOHM Tapsidoi Ta
XOJIOAHOI OOpPOOKH THUCKOM. 3a JIONOMOTOK rapsiyoi oOpoOKM THUCKOM MOKHA
OTPUMATH 3 HE3HAYHHUM 3YCUJUISIM HalliBpaOpUKaTiB HAOUIbII CIPUATIUBOT (popMuU
MiJT TTOAQNBIIN OIepallii BUTATYBaHHS 3 MOTOHIICHHSM JIJIs JOCSTHEHHS y CTIHII
BUPOOIB HEOOXIJHUX PO3MIPIB Ta MEXAHIYHHUX XapaKTEPUCTUK. TOMY TOCIIIKEHHS
BUIICHABEICHUX IPOLIECIB Ta BUKOPUCTAHHS iX JUIS BIOCKOHAJIEHHS BIJOMHX Ha
ChOTOJIHI TEXHOJIOTIYHUX ITPOIIECIB € aKTyaJIbHOO 33/1aUero.

Ha pa3i BaxJIMBUM € MIBHAKE BIPOBAHKCHHS TEXHOJOTii BUTOTOBIICHHS
TakuxX BUPOOIB Ha BUpPOOHMITBI. OjHAK po3poOKa TEXHOJOTil BUTOTOBICHHS
BUIIICHABEICHUX BUPOOIB € HEMPOCTOIO 33/1a4€H0, OCKITLKY HEOOX1THO BpaXOBYBaTH
BEIIUKY KUIBKICTh (haKTOpiB, a caMe CHJIOBI pPEeXKUMH (OPMOYTBOpPEHHS,
reoMeTpuyHa (QGopMa MOYATKOBOI 3arOTOBKM Ta MPOMDKHHUX HamiB(paOpUKarTiB,
croci0 OTpMMaHHSA MOYATKOBOI 3arOTOBKM 1 HAaWBAXKIMUBILIE Yy TAaKUX BHUPOOAx
XapaKTEPUCTHKHU HAIMPYKEHO-Ae(OPMOBAHOTO CTaHy Yy JOHHIN YaCTHHI Ta y CTIHII
BUPOOY VISl TOCATHEHHS HEOOXITHUX MEXaHIYHUX XapaKTEPUCTHK, IO MOTpedye

Oararto qacy nojd pOSp&XYHKiB 3 IIoAaJIbIIITMM HiI[TBep,Z[}KCHH}IM 3a OOIIOMOI'OIO
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EKCIIEPUMEHTAJIbHUX JIOCHKEeHb. [{1s mpucKOpeHHs Tmpoiecy po3poOieHHs
TEXHOJIOT1i BUTOTOBJICHHS TaKUX JleTajeil, 3SMEHIIICHHS BUTPAT HA JOCIIKEHHS Ta
BCTAHOBJICHHSI BUIIEHABEJCHUX IMapaMeTpiB HEOOXITHO 3aCTOCOBYBATH CIIOCOOHM
KOMIT FOTEPHOTO MOJIEITIOBAHHS, IO JO3BOJIUTh IIBUIKO BIPOBAJIUTU PE3YyJIbTATH
pO3paxyHKIiB Ha BUPOOHHWITBI. TeMOw  MOCTIDKEHHS €  MiJBHUINCHHS
MPOTYKTUBHOCTI Ta 3HIKEHHS BUTpAT METAIy MPOIECiB (OPMOYTBOPECHHS TaKUX
BUPOOIB 3a pPaxXyHOK CKOPOUYEHHS KUIBKOCTI TEPEeXOJIB INTaMITyBaHHS Ta
BUKOPHCTaHHS BUXITHOT 3arOTOBKH KBaJAPATHOTO MEPEPI3y, 10 3MEHIIIUTH BUTPATH
MeTaldy y BIAXiJl, NPUIIBUAIIUTH, BUTOTOBJIEHHS BHUPOOIB Ta 3MEHIIUTH iX
coOiBapTicTh. 11 po3B’si3aHHS MOCTaBJIEHOI 3aja4i OyJie MPOBEJACHO TEOPETUYHI
JOCITIJIKEHHS 32 IOTMTOMOTOI0 KOMIT FOTEPHOTO MOJICITIOBAaHHS METOIOM CKIHYCHHHX
CJIEMEHTIB Ta €KCIEPUMEHTANIbHI JOCTI/DKCHHS Ha BUPOOHMIITBI IO JTO3BOJUTH
PO3pPOOUTH TEXHOJIOTIK0 BUTOTOBJICHHSI OPOKHUCTUX BICECUMETPUYHUX BUPOOIB 3
JTHOM Ta CTIHKOIO 3MiHHOT TOBIIIMHU, @ TAKOK CIIPOCKTYBATH MITAMIIOBE OCHAIICHHS
11 (OPMOYTBOPEHHSI BKa3aHUX BHPOOIB 3 HEOOXITHUMH MeEXaHIYHUMH
XapaKTEPUCTUKAMU B JOHHIN YaCTHHI Ta CTIHLII.

MeTa _Ta 3aBIaHHSI _JIOCJIUKEHHSI: METOI POOOTH € TIiJIBUIICHHS

NPOAYKTHUBHOCTI TPOLECIB BHUTATYBaHHS 3 TMOTOHIICHHSIM JJs OTPUMaHHS
MOPOKHUCTUX BICECUMETPUYHUX BUPOOIB 31 3MIHHOIO TOBIIMHOIO CTIHKH 1O BUCOTI
3a paXyHOK CKOPOUYEHHS KITbKOCTI TIEPEXO/IIB.

[Ticns anani3y JiTepaTypHUX JIKEpeEN B poOOTI OyJIM MOCTaBIIEHI Ta BUPIIIEH]
HACTYIIHI 3aBJIaHHS:

1 Jlns 3aroToBOK KPYTJoro 1 KBagpaTHOTO TeEpepidy 13 BUKOPUCTAHHSIM
METO/AY CKIHYEHHUX €JEMEHTIB CTBOPUTH MaTEMaTH4HI MOJENl Ta MPOBECTH
KOMIT'FOTEpHUN aHaji3 Trapsdoro OcaJykKyBaHHS Ta TMOAAIBIIONO Tapsdyoro
3BOPOTHOTO BHJIABJIIOBAHHS KPYIJIOTO MOPOKHUCTOro HamiBdaOpukary 13
MaJIOBYTJIEIIEBOI CTaJli JJIsl HACTYMTHOTO TEPEXO0y BUTATYBaHHS 3 TOTOHIICHHSIM.
BcranoButr HEOOX1IHIM MAIrpiB IHCTPYMEHTA Ta IMBUJKICTh AePOPMYBaHHS IS
3a0e3MeYeHHsI TEMIIEPaTypPHOIO IHTEPBAIly B yMOBax rapsAa4oi fedopmarlii, BUSBUTH

CHJIOBI pexXuMH (POPMOYTBOPEHHSI, PO3IOALT MUTOMUX 3yCHIIb Ha neopMyrouomy
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IHCTpYMEHTI, HaIpyXeHO-I1e(pOpMOBaHUN CTaH MeETajJy Ta IIPOBECTH OIHKY
MPOTPAIIOBAHHS CTPYKTYPH METaIy IUIACTUYHOIO JiehopMalli€ro.

2 MeTroaoM CKIHYEHHUX €JIEMEHTIB CTBOPUTH MaTeMaTH4HI MOJCNI Ta
BUKOHATH KOMIT' IOTEpHE MOJCIIOBAHHS JpPYroro IMepexoay BHUTATYBAHHS 3
MOTOHIIIEHHSM B yMOBAaX Tapsidoi, HEMOBHOI rapsidoi Ta XoJIOAHOi aedopmariii.
BceranoButn rpaHuuHi CcTyneHi aedopmarii, 3ycumis aedopMyBaHHS, MTUTOMI
3yCHJUISI Ha IHCTPYMEHTI, HalpyXeHo-I1e(opMoBaHUN CTaH METally Ha Iepexoaax
BUTATYBAHHA Ta KiHIEBY (opMmy 1 po3mipu HamiBhaOpukaTiB A HACTYITHOTO
nepexony o0tucky. IlpoBecTu TpOTHO3yBaHHS  HANpy>KEHHS  TEKy4OCTI
1e(OpMOBAHOTO METaILy HICJIS XOJIOIHOTO IJIACTUYHOTO (POPMOYTBOPEHHS.

3 3 ypaxyBaHHSIM HaKONW4YeHUX Aedopmaiiil y HamiBdaOpukarax micis
NEepexXoiB XOJOJHOTO BHUTATYBaHHS 3 TOTOHIICHHSM CTBOPUTH MaTE€MaTHU4H1
MOJIeJl Ta TPOBECTH KOMIT IOTEPHUI aHalli3 OCTaHHBOTO TMEPEXOIYy XOJOIHOTO
OOTHUCKYy 3 OJHOYACHMM OCQDKyBaHHSIM (IIaHIIB Ha JOHHHX YacTHHaX
HariBpabpUKaTiB 3 OTPUMaHHAM BUPOOIB KiHIIEBOI (POPMU 1 pO3MIpiB Ta 3aJaHUMU
MEXaHIYHUMHU BJIACTUBOCTSAMU 31ehopMoBaHOr0 MeTamy. [Ipu nboMy BCTaHOBUTH
CWIOBI peXUMH (DOPMOYTBOpPEHHS, MUTOMI 3yCWiUii Ha JAehOpMyHOUOMYy
IHCTpYMEHTI Ta (hopMy 1 po3Mipu BUPOOY.

4 3 BUKOPUCTaHHSIM pE3yJIbTaTiB KOMII IOTEPHOTO MOJIETIOBAHHS BHUKOHATH
PO3pOOIICHHS 1 MPOEKTYBAHHS KOHCTPYKIIIH IITAMIIOBOTO OCHAIIIEHHS IS Tapsia0ro
3BOPOTHOTO BHJIABIIIOBAHHSI, MEPEXO/IiB BUTATYBAaHHS 3 MOTOHIIEHHSM B yMOBax
rapsiaoi, HETIOBHOI rapsivoi 1 X0J0AHO1 Aedopmalrii Ta ocaKyBaHHs (IIaHITB.

5 BnpoBagutu pesynbTaTd poOOTH Ha BUPOOHHUIITBI Ta B HABYAIBHOMY
MpoIIec.

O0’cKT MOCHIUKEHHSA: MPOIIECU Tapgyoro OCaKyBaHHA Ta 3BOPOTHOIO
y

BUJIABJIIOBAHHS, Taps4yoro, HaIIBrapsdoro Ta XOJOJHOTO BHUTATYBAaHHA 3
NOTOHIIEHHSIM, a TaKoX (OPMOYTBOPEHHA OOTHUCKOM  BICECUMETPUYHUX
MOPOKHUCTUX BHPOOIB 13 3MIHHOIO TOBIITUHOIO CTIHKHU IO BUCOTI.

IlpeaMer focjigskeHHsi: 3aKOHOMIPHOCTI BIUIMBY KOHCTPYKTHBHHMX Ta

TEXHOJOTIYHUX (DAKTOPIB MPU BUTOTOBJICHHI BICECUMETPUYHUX MOPOKHUCTHX
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BUPOOIB 31 3MIHHOIO TOBIIMHOIO CTIHKH IO BHCOTI Ha TEXHOJIOTTYHHUX IEepexoaax
OCa/DKyBaHHs, BHJIABIIOBAHHS, BHUTATYBAHHS 3 MOTOHIICHHSIM 1 OOTHCKY IS
OTPUMaHHS BHUPOOIB 13 3aJaHOI0 TEOMETPUYHOIO (OPMOIO, pO3MipaMH Ta 3
HEOOX1THUM 3MIITHEHHSIM MaTepiajly B TOTOBOMY BUPOOI.

MeToau J0CTiKEHHSI: BUKOPUCTOBYIOUM METOJI CKIHUEHHUX EJIEMEHTIB

IIPOBECTHU YHCENIbHI MOJEIIOBAHHS JJIl BCTAHOBJICHHS BIUIMBY KOHCTPYKTUBHHX Ta
TEXHOJIOTIYHUX (PaKTOpIB HA HANPYKEHO-Ie(POpPMOBaHUIN CTaH, CHUJIOBI PEKUMH,
MUTOMI 3yCHIIJIS T 3aJIEKHOCTI IIpU (opMyBaHHI 3arOTOBOK Ta HamiB(haOpukaTiB HA
nepexojax OCaJKyBaHHS, BHJIABJIIOBAHHS, BUTATYBaHHS 3 IMIOTOHIIEHHSM Ta
OOTHCKY NIl OTpUMaHHS KIHIIEBOTO BHpoOy. EKcrepuMeHTalbHI JOCITIIKEHHS
MIPOBOIMIIUCS. HAa YHIBEpCATbHOMY MPECOBOMY OOJaJHAHHI JJISl MPOIIECY Tapsiuoro
BU/JIABIIIOBAHHS, Tapsyoro, HaIMiBrapsyoro, XOJIOAHOTO BUTATYBAHHS Ta rapsuoro

0CaJ)KyBaHHs B J1a0OpaTOPHUX YMOBaX.

HaykoBa HOBH3HA OTPMMAHHUX Pe3YJbTATIB:

1 3 BUKOpPHCTaHHSM METOJy CKIHYEHHHMX EJIEMEHTIB BIIEpIIE IMPOBEICHO
pPO3paxyHKOBHU aHaJi3 TMEPEeXOAiB Tapsdoro OCaPKyBaHHS Ta IMOAAIBIIOTO
3BOPOTHOTO BUAABTIOBAHHS KPYIJIMX MOPOKHUCTUX HamiBhaOpHUKaTIB 13 3arOTOBKU
KBaJIpaTHOTO Tepepidy 3 MaJlOBYIJIENeBOi cTajii. BcTaHoBieHo TemmepaTypy
HiAIrpiBy  A€pOpPMYIOUOro 1HCTPYMEHTY Ta MIBUAKICTh Je(OpMYBaHHS, SAKi
3a0e3neuyoTh IulacTHUHEe (OPMOYTBOPEHHS B YMOBax rapsidoi nedopmarii.
Bu3HaueHO €Hepro-cuiioBi pEeXUMH JAePOPMYBaHHS 1 3yCHIUIA BWIyYEHHS
neopMOBaHUX 3ar0TOBOK 13 IITAMIIIB, PO3MOAUIN MUTOMUX 3yCHJIb HA MIyaHCOHAX,
MaTpUIIX 1 BHUINTOBXYBadyax Ta KiHIEBI (opMH Ta po3Mipu HamiBpaOpUKaTIB 3
PO3IOIIIaMU HAMPYKEeHb 1 Tepopmarriii.

2 OtpuManu MofaiblIuid PO3BUTOK MAaTEMAaTHYHI MOJEII Ta KOMI FOTEPHHIA
aHali3 METOJIOM CKIHYEHHUX €JEMEHTIB MOJAJbIINX NEPEeXOAIB IITAMITyBaHHS
HariBpaOpUKaTIB MIiC/sl BUJIABIIIOBAHHS 3 BUKOPUCTAHHSIM OIepaliil rapsyoro Tta
XOJIOJIHOTO BUTATYBAaHHS 3 TIOTOHIICHHAM 3 OTPUMAHHSIM HamiBhaOpHUKaTIB
noTpioHOi (hOopMHU 11T BUKOHAHHS KIHIIEBOTO MEPEXOoay OOTHCKY 3 HEOOX1THUM

MIPOTPAIIOBAHHSAM CTPYKTYPH METaTy IIACTUIHOO AePOopMaIli€ro Ta TOCATHEHHSIM
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3aIaHUX MEXaHIYHMX BJACTUBOCTEM I10 BHUCOTI CTIHKM TUIB3M 1 MIiJOHY.
BcTanoBieHo 3a1eKHOCTI 3yCUiIb BUTATYBAHHS BiJl IEpEMIIIEHb ITyaHCOH1B, (hOopMU
1 po3Mipu HamiBpaOpUKaTIB MICIAS BUTATYBAaHHS Ta PO3MOJLIM I1HTEHCHUBHOCTI
nedopMallii  AJig  OIIHKK TPOMNPAILIOBAaHHS CTPYKTYpHU MeETaly IUTACTUYHOIO
nedopmartiero.

3 Bnepme mpoBeACHO MOMACIIOBAHHS METOJAOM CKIHYCHHHX €JIEMEHTIB
MIPOIIECIB KIHIIEBOTO MEPEX0ay OOTHUCKY 3 OJHOYACHUM OCaPKyBaHHAM (hJIaHIIIB Ha
JIOHHIA YaCTHHI 3arOTOBOK TUIB3M 3 ypaXyBaHHSM HaKOMWYEHHUX Aedopmaliii B
HamiBpabpukaTax MICJIsl BUTSATYBaHHA 3 MOTOHIICHHSM. BcTaHOBIEHO 3ycHiuis
nedhopMyBaHHS, PO3IMO/LINA IHTEHCUBHOCTI Jleopmarrii Ta KiHIeB1 GOpMH 1 po3Mipu

3arOTOBKH TUIB3H.

Oco0uCTHI BHECOK 3100VBaya:

JIist HanMcaHHs AMCEepPTalliHOI PoOOTH OyJIO0 BUKOPUCTAHO 1€l Ta HABUKH,
AK1 OyJIO OTPUMAaHO MpU MPOBEACHHI AOCHIIKEeHb. Tema auceprauiiHoi poOOTH €
MIPOJIOBKEHHSIM paHillle pO3MoYaToi poOOTH, MEBHI pe3yIbTATH SIKOT BiJOOpaKeHO B
MaricTepchbKid aucepranii. ABTOpoM OyJi0 pO3po0JIEHO MAaTeMaTH4HI MOJENl Ta
MPOBEJICHO KOMIT'IOTEpPHE MOJCITIOBAaHHS 3a JIOMIOMOTOK) METOMIB CKIHUCHHX
€JIEMEHTIB MPOIIECIB TapsSI0Tro 0CAIKyBaHHS, TapsI0Tr0 3BOPOTHOTO BUIABIIOBAHHS,
rapsY0ro BUTATYBAHHS 3 TOTOHIICHHSAM, XOJIO0JHOTO BUTATYBAHHS 3 TOTOHIIICHHSM,
oca/pKyBaHHs (iaHIsl 3 OJHOYACHUM OOTHUCKOM. Bu3HaueHO HampyXeHo-
nedopMOBaHUI CTaH, HOPMaJIbHI HAaNpyKEHHS Ha 1HCTPYMEHTI, TeMIlepaTypHUI
po3noni HamiBpaOpuKaTiB AJisi TapsSIUX MPOIIECIB, CUIIOBI PEKUMU Ta KPUTEPIi
pyHHYBaHHS MO mepexojax (opMOyTBOpeHHS. TakoX CHPOEKTOBAHO IITaMIIOBE

OCHAIIICHHJ BUIIIC3ragaHnuX nepexo;liB BUI'OTOBJICHHA JIeTaJ'Ii.

Anpo6auisa_pe3yJbTaTiB po6oTU. Matepianu nucepTalliiiHoi pobotu 0ysio

MOBIJJOMJIEHO Ta 00TOBOpPEeHO Ha MXKHApOAHUX HAYKOBO-TEXHIYHUX KOH(DEPEHIISX:
XIII MixHapoHa HAyKOBO-TEXHIYHA KOH(PEPEHIIIs] MOJIOJUX BUYCHUX Ta CTYICHTIB
«TeopeTnuHi Ta mpakTU4HI MpodIeMu B 00poo1Ii TrCKOMY, 31 Tpasus 2023 p., KIII
iM. Iropst Cikopcekoro, M. KuiB, Ykpaina, onyosikoBano Te3u; XX VI MixkHapoHa

HAYKOBO-TeXHIYHA KOH(epeHIis «JoCArHeHHs Ta mpoOJieMU PO3BUTKY TEXHOJOTIH
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1 MammmH 00poOku THUCKOM», 13-15 rpynns 2023 p., M. Kpamatopcek-TepHoriib,
VYkpaina; XV MixHapo/iHa HAyKOBO-TEXHIYHA KOH(MEPEHIIST MOJOJANX BUCHUX Ta
cTyAeHTiB «IHHOBaIIT MoJo/1i B MamnHOOyAyBaHH», 02.05.2024 p., KIII im. Irops
Cikxopcbkoro, M. KuiB, Ykpaina, ony0ikoBaHo Te3u; @opyM 1HKEHEPIB-MEXaHIKIB.
MHTK: «Teopetnuni i mpakTH4Hi npoOjIeMu 0OpoOKU MaTepialliB TUCKOMY», 28-
29.11.2024 p., KIII im. Irops Cikopcrkoro, M. KuiB, Ykpaina, omy0imikoBaHO TE3H.
Takox 1o Temi aucepraiii Ha MibKHapoaHiii HaykoBili koHpepeniii «HoBiTHI
JOCATHEHHS B HAyIll Ta TEXHII 1 IX 3HAYEHHA AJIs1 CyCHUIbCTBa», 6-7 rpyaas 2023

p., M. UenxocroBa, Pecniybmika [Tomnbiia, omy0OaikKoBaHO TE3H.

CTpVyKTYpAa TA 00CHAT THUCEePTAIL

HucepraiiiitHa poOoTa CKJIaIa€ThCs 31 BCTYMY, 6 PO3/11JIiB, BUCHOBKIB, CIIUCKY
BUKOPHCTAaHUX JDKEpeJ, MOAaTKiB. Matepian mpenctaBieHud Ha 264 cTopiHKax
MAIIMHOMUCHOTO TEKCTy, y TOMY YHCIi 222 CTOPIHOK OCHOBHOTO TeKcTy, 162
MaJIoOHKIB, 4 TaOnuIll, COUCOK BUKOpUCTaHUX jkepen 192 naiimenyBanb Ta 9
noaaTkiB, Ha 17 cTopiHkax.

JIOCTOBIPHICTH OCHOBHMX HAVKOBHUX M0JI0KEHL TA BUCHOBKIB

JIoCTOBIpHICTH Ta OOIPYHTOBAHICTh OTPUMAHUX PE3YJIbTATIB B AMCEPTALIIHIMI
pOOOTi TOBOAUTHCSA 32 JOTIOMOTOI0 BUKOPUCTAHHS MOJIOKEHb T€OPii MIaCTUIHOCTI
IpyU Tapsyiil Ta XOJOJHIM 00’eMHIN TutacTuuHii nedopmarii. BukopucroByroun
METOJI CKIHYEHUX €JIEMEHTIB MPOBOAMUTHCS OOIPYHTYBaHHS PO3POOIEHHUX
MaTeMaThuyHuX wMojeneid. OTpuMaHi pe3yJbTaTH BIAMOBIMAIOTH PO3B’sA3KaM
JOCIIJKEHb OIMUCAaHUX B JITEPaTYpHUX JDKepelax, Ta iX TEOPETUYHHM 1
eKCIIEPUMEHTAIBHIM PE3yJIbTaTaM.

3B’5130K 3 HAYKOBHMH NPOrpaMamMu, JIaHAMU, TEMaAMH

JlocnmipkeHHsT  aucepTaliiHoi  poOOTM  BHKOHYBaJlOCh B paMKax
Hepx01o1KxeTHOT HayKoBO-10CcHiAHOT poooTn Ne2318m «Po3pobka iHHOBAIIMHUX
TEXHOJIOT1H MITaMITyBaHHS T17b3 IS apTHIICPIACHKUX CHAPSIAIB JIJIST IPOMUCIOBHX

MINPUEMCTB YKpaiHW», a TaKOX TOCMOJAPChKO-IOTOBIPHOT HAYKOBO-IOCIIIIHOI
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po6otu Ne JTumau/0201.01/1200.02/127/2022 «JlocnigHa napTis TIb3U Ta KOPIYCY
y KUIBKOCTI 12 INT. KOXHOI», fKI BUKOHYBaIMCh Ha Kadenpi «TexHomorii
BUPOOHMIITBA JITAIBHHUX amapaTiBy HamoHamsHOTO TEXHIYHOTO YHIBEPCHUTETY
Vkpainu “KuiBcbkuit momitexH1yHUM 1HCTUTYT iM. Iropst CikopchKOTO.

IIpakTHYHe 3HAYEHHSI OTPUMAHHUX De3VJIbTaTiB. HpaKTI/I‘-IHC 3Ha4YCHHA

MAalOTh HACTYIHI Pe3yJIbTaTH POOOTH:

1 ITapamerpu  mporecy  MNOMNEPEAHBOIO  MPOQUIIOBAHHSI  3arOTOBKU
KBaJIPATHOTO Mepepi3y HUIIxoM GopMOYyTBOPEHHS (acoK B KYTOBHX 30HAX rapsuuM
OCa/DKYBaHHSIM:  3aJIE)KHOCTI  3yCWJUIL  OCAJKYBaHHS  BIJl  IEPEMILICHHS
IHCTPYMEHTY, PO3MOJIIM MUTOMHUX 3yCWIb Ha Je)opMyrodoMy I1HCTPYMEHTI;
PO3MO1LT TeMIIEpaTypH y 1eOpMOBaHiil 3aroTOBIII.

2 [lapameTpu MpOLECIB Trapsiioro 3BOPOTHOTO BHJABIIOBAHHS KpPYIJIUX
NOPOKHUCTUX HamiB(aOPHUKATIB 13 3arOTOBOK KPYIJIOro 1 KBaApaTHOTO Mepepi3iB:
3aJIEKHOCTI 3yCHJIb BHJIABIIOBAHHA Bl TEPEMIIIEHHS ITyaHCOHIB; PO3MOJILIN
OUTOMUX 3YyCWJIb Ha IIyaHCOHAaX, MAaTpHULSX 1 BHUIITOBXYyBayax; pO3MOALIN
TEMIlepaTypd 1 IHTEHCHBHOCTI Jjedopmauid y HamiBpaOpukatax micis
BUJIaBJIIOBAHHS.

3 Jlnst mpOeKTyBaHHS TEXHOJIOTi OTPUMAHO MapaMeTpH MPOIIECIB rapsuoro
BUTATYBaHHA 3 IMOTOHILEHHSM Yepe3 JABl MOCIIJOBHO PO3TallOBaHl MaTpulll Ta
NOJIAJbIIOTO XOJOAHOTO BUTATYBAHHS 3 MOTOHIIEHHSM JUIS TiAb3U, @ TaKOXK
napaMeTpy Tapsyoro BUTATYBAaHHS 3 TOTOHIICHHSM 4Yepe3 [Bi TOCIHiIOBHO
po3TallioBaHl MaTpuill Jid MIAAOHY: 3aJ€KHOCTI 3yCHJIb BUTATYBAHHS BiJ
MIEPEMIIIICHHS TyaHCOHIB; PO3MOIUTA MUTOMHX 3yCHJIb HA TTyaHCOHAX 1 MaTPUILIX;
PO3MOALIN TEMIIEpaTypH 1 IHTEHCUBHOCTI Aedopmalliil y HamiBpadbpukaTax.

4 JInst KIHIIEBUX MPOIECIB 0CaHKyBaHHs (IaHINB 13 MOMEPEIHBO OTPUMAHUX
BUCTYIIB HAa JOHHMX YacTWHAX HamiB(paOpHUKATIB - XOJOJHOIO 3 OJHOYACHUM
OOTHCKOM JIJIs1 T1IB3H Ta TApAYOTo JUIsl MJIOHY BU3HAYEHO 3yCHILIS IeopMyBaHHS,
pO3MOMAUIA THUTOMHUX 3yCHJIb Ha 1HCTPYMEHTI, PO3MOJIIN 1HTEHCUBHOCTEH

nedopmarriii.
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5 Po3po06iieHi KOHCTPYKIIIi IITAaMIIOBOT'O OCHAILICHHS ISl OMepalliii rapsiaoro
0Ca/KyBaHHs, Tapsyoro 3BOPOTHOTO BHIABIIOBAHHS, rapsyoro BUTATYBAaHHS 3
MOTOHIICHHSAM, XOJIOAHOTO BUTATYBAHHS 3 IIOTOHILICHHSIM.

6 Pesynbrat poOOTH BUKOPHUCTAaHI Ha BUPOOHUITBI Ha mianpueMcti TOB
«BCTI «Crangapt.T» (axT npo BrpoBampkenHs Ne 354/03 Big 05.11.2023 p).

PesynbpTat po60TH Takok BUKOPUCTAHI B HABYAJILHOMY Tpolieci Ha Kadeapi
TexHoJIoT1i BUpoOHuITBa JiTanbHuX anapatiB KIII im. Irops Cikopcbkoro (akT mpo
BukopuctanHs Bix 10.10.2024 p), siki 3aCTOCOBYIOTh B JISKIIIMHUX Kypcax Ta MpHU
BUKOHAHHI 0aKaJIaBPChKUX 1 MariCTepChbKUX aTeCcTaliifHuX pooiT.

Ilyoaikauii: marepianu aucepranii Oyno omyOiikoBaHo B 10 crartsix y

(axoBUX BUJAHHSX, OMYOIIKOBAaHO 4 T€3U Ha KOH(PEPEHIIISX.



30

PO3/ILJI 1. AHAJII3 ICHYIOUHMX TEXHOJIOT'TH
BUT'OTOBJIEHHSA I'lJIb3 JIJISA APTUIEPIMCHKUX CHAPSIIIB
MAJIOI'O, CEPEJHBOI'O TA BEJIMKOI'O KAJIIBPY

1.1 3aranbHi cniocobu GopMOYTBOPEHHS MTOPOKHUCTUX BUPOOIB.

VY cyyacHOMy MammHOOyAyBaHHI MEpeBakHA OUTBIIICTh 00’ €MHUX JeTanen
pI3HUX PO3MIpPIB 1 T€OMETPUUHUX (OPM OTPUMYIOTH CIOCOOOM XOJOIHOTO abo
raps4yoro MTaMIlyBaHHS — BHJaBIOBaHHAM. [Ipouec xomogHoro abo raps4oro
BUJIABJIIOBAHHS MOJISITae y (POPMOYTBOPEHHI JeTaleil NUIAXOM IUIACTHYHOI Teyll
MeTaly B (OPMOYTBOPIOIOUY IOPOKHMUHY IHCTPYMEHTa MpHU Aii 30BHIIIHBOTO
HaBaHTa)XeHHA. Takuil mporec NPUHOCUTh 3HAYHY €KOHOMIYHICTb.

B 3anexxHocTi Bl TUIy 1 reoMeTpudHUX (OpM Jeranei, siKi HeOOXITHO
OTPUMAaTH 3aCTOCOBYIOThCS HACTYIIHI CIIOCOOM BHUIaBJIFOBAHHS:

- OpSIMUN — XapaKTepU3YEThCA THM, IO Te4isl METaly BIIOYBA€ThCS Y

HaIpPSAMKY IPUKJIAJACHOI CUIU TUCKY (puc. 1.1);

Jazomolka i fernanes

o
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Pucynok 1.1. Cxema cioco0y npsiMOro BHIaBJIFOBAHHS
- 3BOPOTHIM — XapaKTEPU3Y€EThCS TUM, 1110 TE€U1s METaTy BIIOYBAETHCS Yy

NPOTUIICKHOMY HANpsSMKY BiTHOCHO NPUKIAIaHHS CUIU TUCKY (puc. 1.2);
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Pucynok 1.2. Cxema ciocoOy 3BOPOTHOT'O BHAABIIFOBAHHS
- KOMOIHOBaHUW — TpEACTaBlsAi€ €000 KOMOIHAIII0 TPSIMOTO Ta
3BOPOTHOTO BHUABIIOBAHHS, METAJI OJHOYACHO TE€Ue B HAMPSMKY MPHUKJIATaHHS

CUJIM TUCKY, 1 B 3BOPOTHOMY HanpsiMKy (puc. 1.3).

tﬁ

SEEEWXJ ﬂemaﬁb

|
i

Pucynox 1.3. Cxema crioco0y KOMOTHOBAaHOTO BUIABITIOBAHHS
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B po6oti [1] aBTOp AeTaibHO ONHMCY€E IO KiIacH(ikallilo Ta HABOAMUTH
MPUKIIAAN JIeTaje, siki MOKHa BUTOTOBUTHU BUILEBKA3aHUMH CIIOCOOaMMU.

Crioci®6 X0JIOMHOTO BHJIABIIOBAHHSA MAa€ HACTYIHI He3alepeyHl MepeBaru
TEXHOJIOTTYHUX MPOIECIB:

- BHCOKa TOYHICTH pO3MipiB 1 POpPMH KIHIIEBOI JIE€Tai;

- T1BUIIIEHA MIITHICT 1 TBEPICTh BiIMNITAMIIOBAHUX JICTAJICH;

- BHCOKHUH MOKa3HUK Koe(inieHTy Bukopuctanus meraiy (0,75 — 0,95);

- 301IBIIYETHCS HECYUa 3aTHICTh MOBEPXH1 AePOPMOBAHOI ACTAII;

- MO>KJIMBICTh OTPUMAHHS CKJIAJIHUX JIETaJIel 32 OJJUH — JBa EPEXOH 3
MIHIMAJIBHOIO BEJIMYUHOIO TIPUITYCKIB JUIsI MOJANIBIINOT MEXaHIYHOI 00pOOKY;

- npecoBe 0o0najHaHHA 3a0e3rnedye BEIMKI MOXKJIMBOCTI MeXaHi3allii 1
aBTOMAaTH3allli TEXHOJOTTYHOTO MPOLIECY.

3a MOTMOMOTOI0 CIOCO0Y TapsYoro BHIABIIOBAHHS MOXKIIMBO OTPUMYBATH
JeTail 3 HabaraTo MEHIIUM 3YCWUISIM JAe(OpMYBaHHS HIXK CIOCIO XOJIOJIHOTO
BUJIABIIIOBAHHS, OJIHAK MPU 1IbOMY MOKAa3HUKK MIIHOCTI, TBEPAOCTI T4 TOYHOCTI
JeTanei, 1o OTpUMaHi 3a JOMOMOTrOI0 rapsyoro BUIABIIOBaHHS OYyIyTh 3HAYHO
MEHIITUMHU.

Knacudgixayia npoyecy eumszysanns 3 nomoHueHHsAM

[Ipomec  BUTATYBaHHS 3 TIOTOHIICHHSM, BIIHOCHUTHCA JI0  KJAcy
TOBCTOCTIHHOTO IIITAMITyBaHHS 1 SBIsi€ CO0OI0 Tpoiiec  (POPMOYTBOPEHHS
MOPOKHUCTOI ATl NUIIXOM MPUMYCOBOTO TOTOHIIEHHS CTiHKH 3arOTOBKH IPH
HE3HAUHIA 3MiHI 11 BHYTPINITHROTO JiaMeTpa MPH MPOTITYBAaHHI 3arOTOBKU 4epes
OJIHy a00 KUTbKa MaTHIlh. SIK PaBUIIO 3aCTOCOBYETHCS B SIKOCTI HACTYITHOT Omepariii
(GhOpMOYTBOPEHHSI TIOPOKHUCTUX 3aroTOBOK, OTPUMAHUX OyIb-SIKUM CIOCOOOM
MeTago00poOku (rapsiauM a00 XOJOJHUM BHJIABIIOBAHHSM, BHTSHKKOIO 0e€3
MOTOHIIIEHHS, PO3TOPTKOI 1 T.A.). IS Tpoliecy BUTATYBaHHS 3 TIOTOHIICHHSIM
BUXIJTHOIO 3arOTOBKOIO CIIYT'y€ TMOPOKHHUCTA 3aroTOBKa 3 JHOM IFUTIHJIPUYHOIL,
KOHIYHOT 200 MpU3MaTUYHOI (HOPMH Ta 3 TOHKUMH I10 BiJTHOIICHHIO JIO TIOTIEPEYHIX

pO3MIpIiB CTIHKM TOCTIHHOI ab0 3MIHHOI TOBUIMHU. Y 3arajbHiil Kiacudikarii
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Croco0iB MITaMIIyBaHHS MO’KHA aKIIEHTYBAaTH yBary Ha HACTYNMHHMX OCHOBHHX
crioco0ax BUTATYBAHHS 3 TOTOHIIEHHSIM, SIK1 32CTOCOBYIOTHCSl Y BUPOOHUIITBI:

- 3a (opmMOrO0 BUXITHOI 3aroTOBKM Ta BIAIMITAMIOBAHOI JeTami —
BUTATYBaHHS BICECUMETPUYHHMX 1 HE BICECUMETPHUYHHMX JeTajeld 31 3MIHHOIO
TOBIIMHOIO CTIHKH, CTYIIHYACTY Ta O€3CTYyMIHYACTY;

- 3a BUJOM PyXy 3arOTOBKH 1 poO0OYOro 1HCTPYMEHTA - BUTSATYBAaHHS B
mTamMnax MNpU MOCTyHNalbHOMY pyXy po0OOYOoro iHCTPYMEHTA, BUTSTYBAaHHS B
Ka4yaloUINXcsi MAaTPULIAX, POTalliiiHEe BUTATYBAHHS;

- 32 CXEMOW MPUKIAJACHHA [JOJAaTKOBUX CHJI — BHUTATYBaHHSA 3
MPUKJIATAHHAM JOJATKOBUX CHJI, BUTSTYBAaHHS 0€3 MPUKIIAJEHHS JOJIaTKOBUX CHUIT,

- 3a IIBUAKICHUMH yMOBaMH — CTaTWYHE, IIBUJKICHE Ta
BHCOKOIIIBUJIKICHE BUTATYBAHHS;

- 3a TeMmmepaTypHUMH yMOBaMH - BHUTATyBaHHS Oe€3 HarpiBaHHsA
3arOTOBKU 1 3 HarpiBaHHSAM I103a IITAMIIOM;

- 32 yMOBaMHU TEPTS - BUTATYBAHHS 3 TPAHUYHUM 1 PIAMHHUM TEPTSAM MPU
peasnizalli 3MIIIaHOi CXeMU Ail CHJI TepTs (AKTUBHUX 1 HACUBHUX);

- 3a KUJIbKICTIO MaTPHIlh - BUTATYBaHHS Yepe3 0JIHy a00 KiJTbKa MaTPHILh;

- 3a TUIIOM T€XHOJIOTIYHOTO OCHAIIICHHS Ta 00JIaITHAHHS - BUTATYBAHHS B
mTamMnax Ha MpecoBOMY O0JIaJHAHHI, BUTATYBAaHHSA Ha BepcTaTax ISl pOTalliHOl
00pOoOKH, BUTATYBaHHS B IHCTPYMEHTAIBHUX IITAMIIOBUX OJIOKaX HA aBTOMATUYHUX
POTOPHHUX MaIlMHaX 1 poTopHO-KOoHBeepHUX JiHisX (APJI i PKII) [2].

B marpoHHOMY BHpPOOHHUIITBI 3aCTOCOBYIOTH MEPEBAKHO BUTATYBAaHHS B
mTamMnax Ha mpecax Ta iHCTpyMeHTalibHux Onokax, Ha APJI 1 PKJI wepe3 omny 1
(a00) nB1 MaTpuill 3 KOBMNAYKiB, OTPUMAHUX PO3TOPTOK 3 MOTOHIICHHSM, 0€3 iX

HarpiBaHHs, B YMOBaX CTaTUYHOTO Ta IIBUIKICHOTO IITaMIyBaHHS [3].

IIpoyec sumszysants 3 NOMOHWEHHAM Yepe3 0OHY MAMPUYIO
ButsaryBaHHs 3IIHCHIOETHCS B KOHIYHUX MATPHISIX ITyaHCOHAMH, 10 MalOTh
. : " : o
HEBEJIMKHUIM KYT KOHYCHOCTI (OJTHOCTOpPOHHI# KyT KoHycHOCTI B 10 1°30"). IIporec

BUTAT'YBAaHHA 3 IOTOHIICHHAM 4Y€PE3 OAHY MATPHUIIO Ma€ YOTUPH 1ICTOTHO BI/Ipa}KeHi
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cramii (puc. 1.4): nepopmyBaHHS HAa 1 TPUIAOHHOI IIJISHKU 3aroToBku (0, B),

nedopMyBaHHs CTIHKH (T), 1eOopMyBaHHS KpaiOBOi YaCTUHM 3arOTOBKH (11).

Pucynok 1.4. MammHHa giarpaMa «3yCWnIsl — IIUIBIX iHCTpyMeHTa» P-h(a)
1 cxema (JOpMO3MIHH 3aTOTOBKH MO CTAJisSIM MPOIIECY BUTITYBAHHS 3

MOTOHIIEHHSIM Yepe3 OJIHy MaTpuLto(6-0)

[lepmra, npyra 1 uerBepTa CTaill € HECTAIlOHAPHUMH, TPETS CTAIdIs —
CTalllOHapHa, 10 A€ MiJCTaBy BIAHOCUTH BUTATYBAHHS 3 MOTOHIIEHHSIM JI0 KJIacy
cTarioHapHux mporeciB. [lepmra crazgis 3aBepuIyeTbCsl MPU CYMIIICHHI TOPIIS
IyaHCOHA 3 BXIJHUM NEPepi3oM KallOpOBaHOTO LUUIIHAPUYHOTO MOSICKA MATPUIIL
(B.c.Il.), Ipyra - IpH MOETHAHHI HUKHBOTO PO3PaXyHKOBOTO MEPETUHY IMyaHCOHA 3
B.c.l. IlouaTok derBepToi, 3aKMOYHOi CTaaili Moke OyTH BCTAaHOBJIEHO IIO
CYMIIIIEHHIO KPOMKH 3arOTOBKM 3 TOYaTKOBHM TEPETHHOM T'€OMETPHYHOTO
ocepenky nedopmarii. [Ipn BUTATYBaHHI 3aTOTOBKM Ha HEBEJMKY BHCOTY, TPETH,
cTallioHapHa cTafaisi Moxke Oytu BiacyTHs. Ha pucynky 1.4 mnokaszani cuiu
HOpMaNbHOTO TUCKY Ny, Ny 1 cumu tepts Ty, Ty, SKI O100Th HA KOHTAaKTHHX
MOBEPXHIX 3arOTOBKH 3 ITyaHCOHOM 1 MaTpuliel0. B 0CboOBOMy HampsIMKy Ha CTIHKY

3aroTOBKH JIi€, TaK 3BaHe, «TATHY4e» 3ycumuisa Q [4].
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3ycwinsa nepopmyBaHHs P; (MakcuMmanbHE) BIANOBIZA€E TMepIIid cTaail
NIPOIIECY BUTATYBaHHS, 3ycuiuisd Py i P3 — movatky i1 KiHIS TPEeThOi, CTaIlioOHapHOi
cTajii mpolecy BUTATYBaHHS. B pe3ynbTaTi AOCTIIKEHHS BCTAHOBIICHO BIUIMB Ha
BKa3aHi XapaKTepHi 3ycWwUIs Ta ix BigHOmeHHs P1/Py, P1/P; Takux TexHomoriaamx
(axTopiB, K BiIHOCHOT TOBIIMHMU JTHA BUXITHOI 3ar0TOBKH Si.1/d;.1, KyTa KOHYCHOCTI
MaTpHuIll 0, KyTa KOHyCHOCTI JIHa 3aroToBku y ( Tadm. 1.1).
Tabmu 1.1 Brui KkyTa KOHYCy MaTpHIli 1 THAa TOYATKOBOI 3arOTOBKH HA 3YCHILISA

BUTATYBaHHSA 3 NOTOHIICHHIM (d;_; =43 mM; (d; = 39,6 Mm)

Kyt CuIi0B1 mapameTpu IpoLecy

A A
KOHYCY I Si—l/ 8l Si—l/
pH di_; = 0,16 py d;_; = 0,32

P[P ] P P[P P p |p
kH /PZ /P3

’ ! xkH Pl/Pz Pl/P3

50 [128,1(66,0 544 | 19 | 24 |1425|718|594| 20 | 24
50 | 15° |127,6 | 67,7 56,1 | 19 | 23 |1243 /542 46,2 23 | 2,7
25° | 111,7 1644|561 | 1,7 | 20 |1282|545|346 | 24 | 3,7
5¢ |128,7 (594 478 22 | 2,/ |1485|7/0,1|561| 21 | 2,7
15° | 15° |121,1|60,2 |495| 20 | 2,5 |126,5|60,3 478 | 21 | 2,7
25° 112051594 495 | 20 | 24 |1215|57,7|445| 21 | 27
5 |1452(60,2 495 24 | 29 (1589|743 |56,1| 21 | 28
25° | 15° |128,2|553 (495| 23 | 2,6 |1320|63,5(446| 2,1 | 3,0
25° 1120,4 54,4528 | 2,2 | 23 |117,2|58,6 |413| 20 | 28

3a3HaueH1 0cOOIMBOCTI 3MIHU TEXHOJIOTTYHOIO 3yCHUJIA M1 Yac BUTATYBAaHHS
MOSICHIOIOTHCS 3HAYHUM BIUIMBOM 3MIHU (DOPMH, PO3MIPIB OCEPENKY IMIACTUYHOI
nedopwmartii (OILJ]), cxemu mporiecy negopMyBaHHS BUTATYBAHHSAM IMPHU MEPEX0i
BIiJI TIEPIIIOi IO HACTYITHUX CTaJlii mporecy [5].

Ha ¢gopmy 1 pozmipu OII]] icTOTHO BILTUBAIOTh FT€OMETPUYHI MTApaMETPH JTHA

3aroToBkH (S;-,/di1, ¥) i poGodoro incTpymenta (o), crymins geopmanii (e;). 3i



36

3MEHILEHHIM 0, Y, Si- ,/diy 1 36u1bIenssM e;, po3mipu OIIJ] B 0310BKHBEOMY Ta
MOTIEPEYHOMY HaIpsIMKax 1 HOro o0csT 301IbITY€ThCS.

JledbopMoBaHMil cTaH 1 ME€XaHIuHI BJIACTUBOCTI (TBEPICTh) HEOIHOPIIHI 3a
obcsrom ocepenky nedopmartii (puc. 1.5). Obmacti 3 HaWOUIBPIIMMHI 3HAYCHHIMH
iHTeHCHBHOCTI edopmartii (&) 1 TBepaocti o Bikkepcey (HV) popmyroTscs B 30HaX
3arOTOBKH, IO KOHTaKTYIOTh 30BHINTHBOIO TIOBEPXHEIO 3aroTOBKU i3 po0O0OYOIO
MOBEPXHEI0 MATPHUIll Ta 30HAX, MO0 KOHTAKTYIOTh BHYTPIIIHBOIO IOBEPXHEIO

3aroTOBKH — 3 paI[iYCHOI-O I[iJ'I}IHKOI-O IIyaHCOHAQ, IO CIIOJIYYa€ThCA 3 Horo TOpUCM.

a—a=25,y=50-0=5,y=15
Pucynok 1.5. Po3noain tTBepaocti HV no nepeTrHy TOBCTOCTIHHOI

3aroTOBKH Ha MEPIII 1 APYTid CTaAisX MPOIECY BUTATYBAHHS 3 TOTOHIIICHHSIM

I{i 30HM TIPEeACTABISAIOTH COOO0I0 JIOKAIBHI Ocepenku aedopmariii. ¥ MOMEHT
iX 37UTTA, 00’ €M IMJIACTUYHOTO JeopMyBaHHS METaly 1 TEXHOJOTIYHE 3yCHILIA
JOCSATAI0Th MAaKCUMAJIbHHUX 3HA4YCHb. Y TPUIOHHIN JIJISHIN 3arOTOBKH MOYKJIHBO
BU3HAYUTH MICI[€ MAKCUMAJILHOTO 3MilHEHHs MeTamy. [Ipu Aesikux yMOBax B IbOMY
Micli a00 Ha MEXI 3 TAKUM MICLEM MOXJIHBE (DOpMYyBaHHS HEOE3MEUHOT0, 3 TOUKU

30py pyWHYBaHHS, IEPETUHY B 3ar0TOBIII [5].

Kombinosane sumseyeanus i obaacmov 8UKOPUCAHHS
KoM06iHOBaHe BUTSATYBaHHSI 3aCTOCOBYETHCS JJISi OTPUMAHHS MOPOKHUCTHX
UWTIHAPUYHUX JeTalied B MalIMHOOyAyBaHHI Ta npuiagoOyayBaHHI. Takox B

IMaTPOHHOMY BI/Ip06HI/IIITBi JJIs1 BUT'OTOBJICHHS MCTAJICBHX CJICMCHTIB H&TpOHiB:
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000JI0OHOK, KOPITYCIB Tpacepa, MpoCcTakaHIiB Ta ACSKUX b3 (puc. 1.6). 'ogoBHOIO
0COOJIUBICTIO KOMOIHOBAaHOTO BUTATYBAaHHS € 3HaYHA 3MiHA JllaMeTpa 1 IPpUMycoBe

MTOTOHIIICHHS CTIHKH 3arOTOBKH [6].

T

210,16 28,86

0,79

0,38 29,03

19,1

1 _0.39
R2 I

19.4

1,69 |

210,69
RO.S

L 165 045

) \ R1.6
RO1 - 1l N
] 28,55 210,73

& 29,95

45
|‘z=z

2.2
16,1

10,28,

0.99

a o B r i
Pucynok 1.6. MeTaneBi e1eMEHTH MATPOHIB, 1110 BUTOTOBIIAIOTHCS 32
JIOTIOMOT'OI0 KOMOTHOBaHOTO BUTATYBAHHS: a - 000JIOHKA; O - MipOCTaKaH;

B- MICTOJIETHA T1JIh3a; T - KOPILYC Tpacepa; 11 - 000JIOHKA J0 MICTOJIETHOTO MaTPOHY

KomMOiHOBaHe BUTATYBaHHS - MPOLEC MIACTUYHOI (POPMO3MIHH TIIOCKOI a0
MOPOKHUCTOI 3arOTOBKM IIIJISIXOM BUTSATYBAaHHS IyaHCOHOM 4Yepe3 MaTpULIo 3
OJIHOYACHUM 1CTOTHUM 3MEHILECHHSM ii MepuMeTpa 1 MPUMYCOBUM MOTOHILIEHHAM
CTIHKH. 3aCTOCOBYEThCSA JJisi BUTOTOBJIEHHsI BigHOCcHO Bucokux (h/d < 5...6)
MOPOKHUCTUX JIETAICH 3 TOBIIWHOIO CTIHKM MEHIIe, HiXK ToBIIuHA aAHa B 1,5...3,0
pazu. Ilpu BUTOTOBIEHHI KyJbHUX OOOJIOHOK 1 TUIb3 Ha OCTaHHIA omnepanii
nedopmyBaHHS, SK MPABUIO, TOBUHHI OyTH copMOBaHI HEOOXiJTHI MEXaHIYHI

XapaKTEPUCTHUKY 33 PaXyHOK 3MIITHEHHS MaTepiany [7].

Bumszysanns — eudaenosannsam ma 1020 mexHoa021uHi napamempu
ButsaryBaHHs-BUIaBIIOBAHHSIM - HAMOUTBII CKJIATHUNA KOMOTHOBAaHUH MPOIIEC
HITAaMIyBaHHS, B 3aJE€KHOCTI Bl (OpMHU Ta PO3MIPIB BHUXIJHOI 3arOTOBKHU 1
KOHCTPYKIIi poO0YOro IHCTPYMEHTY - Ma€ KiIbKa Pi3HOBHIIB, SIK1 3aCTOCOBYIOTh Y

BUPOOHUIITBI MATPOHIB MPU BUTOTOBJICHHI T'J1b3, MIPOCTAKaHIB, BTYJIOK 1 T.JI.
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MO>XJIMBICTB EPEPO3NOJILTY METATy MO MEPUMETPY B MPOIIEC] IITAMITYBaHHS
JI03BOJISIE 3aCTOCOBYBATH 3arOTOBKHM KBAJIPATHOI Ta HMIECTUTPAHHOT OPMHU, MOKHA
oTpuMaTH HamiBpaOpUKaTh 3 MIHIMaJbHUM HAXWUJIOM 1 PI3HOCTIHHICTIO, 3HAYHO
eKOHOMUTH MeTa. Popma 1 po3Mipu 3aroTOBKU HE TIJIBKHU ICTOTHO BIUIMBAIOTH Ha
Koe(DIIiEHT BUKOPUCTAHHS METally, aje 0araTo B YOMY BHU3HAYAIOTh BEITUYHHY
JOTyCTUMOTO  cTymeHs jaedopmariii, xapaktep (HOpMO3MIHH, MaKCHMalbHI
TEXHOJIOT1YHI HaBaHTa)KeHHA. Hampukiaa 3acToCyBaHHS 3arOTOBKH KBaJpPaTHOTO
ab0 TMIECTUTPaHHOTO Tepepidy TMPHU3BOIUTH JO YTBOPECHHS HEOTHOPITHUX
nedopMaliii mo mepuMeTpy 1 BHCOTI 30H, IO MOXKE CIYTyBaTH NPUYUHOIO
YTBOPEHHS TO3IOBXKHIX CKJIAJI0K - TPiluH y ¢uianii [8].

Y BUPOOHMIITBI YaCTO 3yCTPIYAETHCA BaplaHT 3rOPTKU-BUIABIIOBAHHS, KOJIU
JlaMeTp 3aroTOBKUA JIOPIBHIOE JlaMeTpy MNpUHAMaIbHOI YacCTUHU MATPHIl

Do = Dy, (puc. 1.7).

Pucynok 1.7. Cxema 3ropTKu- BUJIaBIIOBAHHS

OCHOBHUMH TEXHOJIOTIYHUMH ITapaMeTpamMu JUIsl TPOIECY BHUTATYBaHHS-
BHUJIABJIIOBAHHSIM €:

- TpaHWYHA 1 JOMyCTUMA CTYMiHb AedopMarrii;

- MaKCHMAaJIbHE TEXHOJIOT1YHE 3YCWJUIS 1 TMUTOMI HAaBaHTAKCHHS Ha
IHCTPYMEHT;

- MOKa3HUKH TOYHOCTI 1 IOPCTKOCTI MOBEPXOHD MITAMIIOBAHUX JETAJIEH.
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KputepissMmu rpaHudHOro crymeHs jaedopmariii 1pud  BUTATYBaHHI-
BU/JIABIIIOBAHHSM MPUIHSTI:

- MOXXJIUBICTh BIJPWBY JHA 3arOTOBKM Ha €Tali BUTATYBaHHS-
BUCAJ[)KyBaHHS;

- MOsIBa MO3IOBXKHIX TPIIIHMH 1 CKJIAQJ0K Ha eTalll BUAABIIOBAHHS B KIHIT
IPOIIECY;

- nedopMmairiss abo pydHYBaHHS I1HCTPYMEHTY B KIHIIl TIPOIIECY
IITaMITyBaHHS.

MakcumanbHe TEXHOJIOTTYHE 3YCHUJUISI, IO PO3BUBAETHCS IiJ] Yac MPOIECy
BUTATYBAaHHSA-BUJIABIIIOBAaHHAM, TMPUOJMU3HO BIANOBiIAaE Tpoliecy 00'€MHOTO
IITaMITyBaHHS TTOPOKHUCTUX JeTanei. [IuToMi HaBaHTa)KEHHSI HAa IHCTPYMEHT, SIK
paBuiIo, JOCUTh BUCOKI 1 B OKPEMHUX BHUMAJKAX MOXYTh CSIraTh MEX1 MII[HOCTI
Matepiaixy podo4yoro iHcTpymMeHTa rpu ctucHeHHi (Bia 2500MIla no 3000MIla) [9].

TodHIiCT,  pO3MIpIB  IITAMIOBAaHUX  JEeTajed  Micisl  BUTSATYBaHHS-
BU/JIaBIIIOBAaHHSM BifnoBigae 9-my, 10-My KBaiTeTy, MOPCTKICTh MOBEpXHI Ra — Bij
0,63 mxm 10 1,25 MM

OcHoBHI (hakTOpH, 110 BILUTUBAIOTH HA MapaMeTPH MPOLECY:

- dbopma 1 po3Mipu 3arOTOBKH;

- 3a/1isTHa TEXHOJIOT1YHA CXeMa IMPOIIECy;

- CTYMIHb NOTOHIIEHHS CTIHKH 1 CTYIIHb 3MEHIIICHHS 11aMETpPa;

- dbopma i po3Mipu poOOUMX YACTUH IHCTPYMEHTY;

- MaTepiai 3arOTOBKH Ta HOTO CTaH;

- YMOBH TEPTS;

- THUII TEXHOJIOTIYHOTO OCHAIIECHHS Ta 00JIaJHAHHSI, 1110 3aCTOCOBY€ETHCS.

dopmMma i po3MipH 3aTOTOBKH BIUIMBAIOTh HA BEJIMUYMHY TPAHHUYHOTO CTYIICHS
nedopwmarlii Ta Ha CUJIOBI MapaMeTpu nporiecy. Hampukiian, 3acTocyBaHHS KPYTIIHX
a00 TOpPOXKHIX 3 IUIOCKAM TOPIIEM 3aroTOBOK JUIA TMPOIECY BUTATYBAHHS-
BUJIABJIIOBAHHSAM JIO3BOJISIE JIOCATAaTH OUIBIIOI MipU TpaHW4yHOI Aedopmaiiii,
BUKJIIOYAE YTBOPEHHS TMO3JOBXKHIX TPIINIMH, OJHAK BHUMAarae OUIBIIOrO

TEXHOJIOT1YHOTO 3ycwiuia aedopmyBaHHs. [lltamnyBaHHS 1IecTUrpaHHUX 1
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KBaIpaTHUX 3aroTOBOK BHMAara€ MEHIIMX CHJIOBUX BHTpAaT, aje TIpaHUYHA
nedopmairisi 0OMeXKYy€eThCS HE TUTBKH MOMJIMBICTIO BIIPUBY JHA, aji€ 1 MPU MEBHUX
yMOBax Jedopmariii 3yMOBIIO€ YTBOPEHHIO MO3JOBKHIX TPIIIUH a00 CKIIA0K.

30uTblIEHHST CTyMHeHs jAedopMallii MiJABUINYE HMOBIPHICTH BIAPUBY JIHA 1
IPU3BOJUTH IO 3POCTaHHS TEXHOJOTIYHOTO 3yCHIUIS Ae(OpMyBaHHS 1 MUTOMHX
HaBaHTa)XeHb Ha poOouuil iHcTpyMeHT. HeBenmka ctymninb aedopmariii (0co6mBo
HEBEJIMKE MOTOHIICHHS) MOKE MPUBECTU JI0 YTBOPEHHS MO3/IOBKHIX TPILIUH MPU
HITAaMITyBaHHI KBaJPAaTHUX 1 HIECTUTPAHHUX 3aTOTOBOK 1 TOPOKHUCTUX 3arOTOBOK 3
KopoH4aTuM Topuem [10].

301IbIIEHHS KyTa KOHYCHOCTI MATpHUI[l 3HMXKYE BEIMUYMHY JOIMYCTHUMOIO
cTyneHs nedopmanii 1 NPU3BOAUTH 1O 3POCTAHHSA TEXHOJIOTIYHOTO 3YyCHILIS.
OnTuManbHe 3HaY€HHS OJIHOCTOPOHHBOTO KyTa KOHYCHOCTI MaTpPHIIl O, JIEKUTH B
Mexkax Bi 40° mo 50°. 3MeHIIEHHS KyTa KOHYCHOCTI YCTYIy ITyaHCOHA MO0
poO0UYOTO KOHYCa MaTpHUIll Bele 0 3POCTaHHS TEXHOJIOTTIYHOTO 3YCHILIIA.

Bucota BucTynaro4oi 4acTuHU IyaHCOHa hy MOBHHHA TOPIBHIOBATH IIHMOWHI
MOPOKHUHU 3aroTOBKH (TPU IITaMITyBaHHI TJIOCKMX 3aroTOBOK ISl BUCOTa HE
MOBUHHA OyTH MEHIIIEC TIMOMHU TIOPOXHHWHM 3aroTOBKHU IIICIIS €TaIy 3TOPTKH).
3MEHIIICHHSI BUCOTH ITyaHCOHA Ny MPU3BOIUTH 0 YTBOPEHHS KUTBIICBUX HATUIMBIB
MeTaJly Ha BHYTPIIIHIA MOBEPXHI IITAMIIOBAHOI JAeTali. 301IbIIEHHS BUCOTH hy
MO’K€ IPUBECTHU JI0 BIAPUBY JHA.

30UTbLIEHHST PaJlyCiB CIOJyYEHHS Ha TIIyaHCOHI 1 MaTpull CIpUse
3MEHIIEHHIO TEXHOJOTIYHOrO 3yCWUIS 1 MiJBULICHHIO CTIHKOCTI pPoOOUYOro
IHCTpYMEHTA, ajieé MOXXE€ BHKJIMKATH TMOSBY TIO3J0BXKHIX TPIMH Yy QuranHmi 1
301IBIIIATH PI3HOTOHHICTH B JIETaI, 1[0 BUTOTOBISIEThCS [1].

3 MiJBHIICHHSIM XapaKTEPUCTUK OIMOpPY MaTepially 3aroTOBKH (Go2, Os)
TEXHOJIOTIYHE 3YCHJUISI 1 TUTOMI HABAHTAKEHHS HAa I1HCTPYMEHT 3POCTaIOTh.
3MEHILIEHHS! NOKa3HUKIB IUIACTUYHOCTI (&y, €, VY, O) BeIe 1O 3HMKEHHS
JOTYCTUMOTO CTyTeHs AedopMallii.

[ToripiieHHss YMOB TEpTS HECHPUATIMBO IO3HAYAETHCA HA MapaMeTpax

BUTAT'YBAHHA-BUJIABJIFTOBAHHSM! 36iJ’IBIHy€TBCfI 3yCHUJIJIA IOTaMITyYBAHHS, SHUXKYETBCA
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JOMyCTUMa CTYMiHb Aedopmallii, MOXIJIMBE YTBOPEHHS 3aJupiB Ha 30BHIIIHIN 1
BHYTPIIIHIM TMOBEpPXHSX nAeTaini. ToMy JOILIIBHO 3aCTOCOBYBATH 3arOTOBKH 3
MIITHIM aHTHQPUKIIHHIM MOKPUTTIM ((hocdaroBani, ominHeHi Ta iH.) [11].

Tun TEeXHOJOTIYHOTO OCHAILEHHS Ta 00JIaJHAHHS BIUIMBAE HA YKOPCTKICTh
CHUCTEMH «IPeC-IITaMIT-IHCTPYMEHT-3arOTOBKa» 1 Ha TOYHICTh IICHTPYBaHHS
3arOTOBKM B IITaMIli, a OT)KE, Ha SKICTb MITAMIOBAaHMUX jaertajieil. Hampukmnan,
3aCTOCYBaHHS TOPU30HTATBHUX MIPECIB 3 )KOPCTKUM 3aKPIIUICHHSIM MOB3yHa 10 BCIA
JTOBKHHI XOJy JO3BOJISI€ BIBIYI 3MEHIIUTH PI3HOCTIHHICTH BIIIITAMIOBAHUX
HamiBpaOpHKaTiB B MOPIBHSHHI 3 BEpTUKATBHUMU Tpecamu [ 12].

J1J1st OIIHKY CTyTieHs aedopmariii ciiji IpuiMaTH Taki MOKa3HUKHU:

- KOoe(DILIEHT MOTOHIIEHHS CTIHKK ms (popmymna 1.1):

ms=S;/S, (1.1)
1e Si - TOBIIMHA CTIHKY HamiBpabpuKaTy Mmicis onepariii BUTSATYBaHHS;

S =Sy — TOBIIMHA CTIHKH MOPOXHHUCTOI 3arOTOBKH TEpes BUTSITYBAHHSIM-
BU/IABIIIOBAHHSIM;

S = S — TOBIIMHA JIMCTOBOI 3arOTOBKH IIEPE]l BUTATYBAHHSM;

- Koe(DIIieHT 3MEHIIIEHHS AilameTpa mqg (popmyna 1.2):

mg =di/A, (1.2)
ne di - miamerp HamiBpaOpuKaty micis Aedopmariii;

A - monepeyHuit po3Mip 3arOTOBKH;

A=Dy - oand TOPOKHUCTOI 3aroTOBKM TEpPEeA  BUTATYBaHHIM-
BUJIABITIOBAHHSIM;

A = a4 - CTOpOHA KBajipaTa JIMCTOBOI 3arOTOBKH;

A = 1,73ae - n1laroHaiab MIECTUTPAHHOT 3arOTOBKH;

A = D - giameTp KpyIJoi 3aroTOBKY;

y3arajibHeHHUI MOKa3HUK cTyreHs aedopmanii y (hopmyna 1.3):

v =1-my mq; (1.3)

norapudMivHa CTymiHb AedopMaliii e;:

- I BEPXHbOI YACTUHHM IITAMIIOBAHOI JieTajl B 30H1 dianus (popmyna 1.4):
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(A - dyq)?
e; =In = :
(dy - dy1) msmg
(1.4)
- JUTSL HUKHBO1 YaCTHMHU KOPIYCY IITaMIoBaHoi Aetani (popmyna 1.5):
e; =In
mmg
’ (1.5)

Matoun ¢opMy i po3MmipamMH TOTOBOi JA€Tali, HE CKIAAHO BCTAaHOBUTH
NPUJATHICTH ii 10 BUTOTOBJICHHSI 3aCTOCOBYIOUM BHUTATYBAHHS-BHUIaBIIOBAHHSM.
Tomy monepeIHbO CKIATAETHCS €CKI3 PO3PAXYHKOBOT JieTal (KiHIIEBOi 3arOTOBKH).

PospaxyHkoBa aeTtanb HEOOXIJHA JJIsi OIIHKKM MOXJIMBOCTI 3aCTOCYBaHHS
BUTATYBAaHHS-BU/IaBIIIOBAHHAM 1 MPU3HAYEHHS ONTUMAJIbHUX CTYMEHIB Aedopmariii
o onepartiisiMm popmo3minu. Po3paxyHKOB1 po3Mipy BU3HAYAIOTh 32 HOMIHAJILHUMU
pO3MipaMu FOTOBOI JIeTall 3 ypaxyBaHHSIM MPUITYCKIB HA 0Op13yBaHHS 1 MOXKJIUBOI
3MIiHM PO3MIpIB MPU MOJANbIIIN 00poOIIi: MITaMITyBaHHS a00 MexaHi4Ha 00poOKa.
HaiiyacTimie 3a po3paxyHKOBY JieTaiab OepyTh HamiB(paOpukar (KiHIIEBY 3arOTOBKY)
MICTIS 3aKJIFOYHOI OTIepallii BUTATYBaHHS TEXHOJIOTIYHOTO MPOIIECY.

VY Bumaaky Koy rOTOBUI BUP1O moaiOHuii mo Gopmi HamiBhaOpUKaTy MiCs
BUTATYBAHHS-BUIABIIOBAHHSM, TO PO3MIPH PO3PaxXyHKOBOI JeTalli BU3HAYAIOTh 32
po3MipaMu TOTOBOTO BUPOOY 3 ypaxyBaHHSM MPUITYCKY HA MEXaHIYHY 00OpOOKy. Y
BUIIAJIKY KOJM TOTOBUI BUPIO 3a (OpMOIO BIJIPI3HIETHCS Bl HamiBhaOpuKary, To
pO3MIpH pO3pPaXyHKOBOi JeTall MOXYTb OYyTH NpHU3HAYEHI, 3a po3MipaMu
HamiBpabpukaTy micisl KIHIIEBOI oOmepaiii BUTATYBaHHS B MPOMOHOBAHOMY

TEXHOJIOTIYHOMY Tiporieci [ 13].

LlImamnysanuns OOHHOI YaCMUHU NOPOAHCHUCMUX Oemanell
[ItamiryBaHHs TOHHOT YACTHHHU - 11€ TIpo1iec (POPMOYTBOPEHHS TOPOKHUCTOT
netani 3 npoUIBHUM JTHOM HUISXOM MICLIEBOTO BHJIABJIIOBAHHS IIEHTPAJIBHOI
MOPOKHUHU 1 BUCA)KYBAaHHSI JTHA 3arOTOBKH B IITaMIIi. 32 CXEMOIO 3arOTOBKH I1ei
MpoIeC  BIJHOCUTHCA JO KJIAcy XOJOJHOTO 00'€eMHOro KOMOIHOBaHOTI'O

ITaMITlyBaHH:.
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[ItamMmyBaHHs JOHHOI YaCTUHM NpPHU3HAYEHE U1l HAJAHHS JOHHIM YacTHHI
nerail HeoOXigHoi (hOopMH, OCTATOYHMX PO3MIPIB 1 MEXaHIYHUX BJIACTHBOCTEH,
3a0€3MeYNTH )KOPCTKICTH JHA 1 0€3BIIMOBHICTh (DYHKI[IOHYBaHHS NP CKJIAJaHHI 3
HABAHTAKCHHSM.

Takuit TEXHONOTTYHUHN MPOLIEC ITAMITYBaHHS JI03BOJISIE BUTOTOBIISATH JETall
3 TOUHICTIO B 8 KB 710 10 kB. ( Bix 4 KJ1 10 5 KI1.), MIOPCTKICTIO TOBepxHi 10 Ra 0,63
NPy 3HaYHOMY JedopmMalliiHoMy 3MIIIHEHHI MeTajly B 30H1 JHa (0, > Big 450
MIla mo 600 MIIa, HV no 220 ... 240) [14].

Micue onepariii ITaMIyBaHHS IOHHOI YaCTUHU B TEXHOJOTTYHOMY IPOLEC]
BUTOTOBJICHHS T'JIb3 BU3HAYAETHCS TUM, 110 THO T'UIb3H HICIISI IPOBEACHUX ONepaLiii
HITAMIyBaHHS TOBMHHO MaTH HE TUIbKM NependadeHl KpecaeHHsSM ¢QopMy 1
OCTAaTOYHI PO3MipH, aje 1 KiHieBi MexaHiuni BimactuBocti [15]. Tomy mHO
OTpUMaHOro HamiB(}aOpukary micisg omepaunii I[MTaMIyBaHHA HE IOBUHHO
NiJJaBaTUCA TEPMIYHIM 00poOIl, OCKUIBKM 1€ BHUKIMKAE 3MIHY OTPHUMAHOI
CTPYKTYpH METaJy 1 HOro MeXaHIYHUX BJIACTUBOCTEN. 3a3BUUal JIsl b3 3 yIIOPOM
B ckaT (To0Tto 0e3 BuUcTynarouoro ¢uiaHIil) omeparii Mepuoro Ta JIpyroro
ITAaMITyBaHHS CIIAYIOTh OJIHA 3a OJIHOIO MICIIA BCiX orepaiiiii ButsryBanus. [Ipu
BUTOTOBJIEHHI TUIb3 3 BUCTYNAIOYUM (JIaHIIEM MEpIIy OINepalilo TaMITyBaHHS
BBOJSITH MEpPe/l OCTAHHBOIO BUTSDKKOIO, a IPYTY - MICHA HEl, MPH bOMY TE€pMidHa
oOpoOka He mnpoBoauThecsa. lllTammyBaHHIO TOBMHHA TiepeayBatu oOpi3Ka
BIIKPUTOTO TOpIIs, 100 3a0e3neuntu 0e3nepediiiny poOOoTy >KUBUIILHUKIB 1 JIETKE
BXOJ/KEHHS OTIOPHOTO MyaHcOHa B HamiBdaOpukar. Kpim Toro, HamiBdaOpukaTu
MOBUHHI OyTH 0Ope 3HEKUPEH1 1 IPOCYIIICHI.

Cnocobu mTamimyBaHHS JHA 3aroTOBOK KJIACU(DIKYIOTh 3a TaKUMHU
MpU3HAKaAMHU:

- CIIBBITHOIIEHHSM BUIBHUX 1 KOHTAKTYIOUUX 3 1HCTPYMEHTOM
MIOBEPXOHb 3arOTOBOK;

- dbopmi BUX1THOT 3arOTOBKH 1 TOPSIKOBOTO HOMEPY OMEparlii;

- HIBUKOCTI IPOLIECY 1 XapaKTepy HaBaHTaKEHHS;

- TOYHOCTI IITAMIIOBAHUX JETaJIECH;
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- CTYIICHS CKJIQJIHOCTI IITAMIIOBOTO OCHAIIICHHS;

- TUTIOM OOJIaTHAHHSI.

3a CriBBIIHOIICHHAM BUTbHUX Fy 1 KOHTaKTHUX Fy MOBepXx0HB nedopMytodoi
3aroTOBKH BUALIAIOTH criocoou Binkpurtoro (Fe, F>0,3...0,5), namiB3akputoro (Fc

F.=0,15 ... 0,30), 3akpuroro (F. F < 0,03 ... 0,10) mrammyBanHus (puc. 1.8).

Pucynox 1.8. Ciocobu mraMnyBaHHs JHA TOPOKHUCTUX JETaJCH:

a - BiAKpUTE; O, B - HAMIB3aKpUTE; T - 3akpute; 1, 2 - CTymiHYACTUN

IyaHCOH; 3 - 3arOTOBKA; 4 - ONOPHUM IyaHCOH; 5 — MaTpuUs

[cToTHI 0COGMMBOCTI BIAKPUTOTO ILITAMIYBaHHS - HEBUCOKI TEXHOJIOTIYHI
3yCHJUISL 1 MATOMI HaBaHTakeHHs Ha poOounii iHcTpyMeHT (P < 1000...1100 MIla)
IPU HU3bKIHA TOYHOCTI GOpMHU, PO3MIPIB AeTalll 1 30UIbIIEHHS BIIXOAYy METaly Ha
MOMAJIBITY MEXaHIYHy OOpOoOKy, IO MPAaKTUYHO BHKJIIOYAE il 3aCTOCYBaHHS B

MaTpOHHOMY BUPOOHMIITBI.
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Ha BinMiHy BiJl BIZKPUTOTO MPH 3aKPUTOMY IITAMITyBaHHI 3a0€3Ie€UyeEThCs
MO>KJIMBICTh BUTOTOBJICHHSI JI€Tajel 3 BIJIHOCHO BUCOKHMM CTYIE€HEM TOYHOCTI,
MaiKe TTOBHICTIO BHKJIIOYAE TMOJAIBITY MeXaHIdHy 00poOKy. OmHaK, 3 Orjsay Ha
YCKJIAJIHCHHS YMOB Ilepe0iry MeTally B 3aKpUTOMY IITaMIli, B KIHIII IIPOIECY
BUHUKAIOTh 3HAYHI TEXHOJIOTIYHI 3YCHJUIS 1 MUTOMI HABaHTAXECHHA, OJHM3BKI 10
TPaHUYHUX JOMycTUMHX 3Ha4eHb (Big 2200 MIla mo 2400 MIla) nns martepiamy
IHCTPYMEHTY B 3arapTOBaHOMY (3 MOJIAJBIINM BUCOKUM BIJITYCKOM) CTaHi.

Hamis3akputuii crocid mramMmnyBaHHs 3 TOYKH 30pYy CHUJIOBHX MapameTpiB 1
TOYHOCTI 3aiiMae MPOMIXKHE TIIOJOKEHHS TOPIBHAHO 3 PO3TISHYTUMHU BHIIE
criocobamu [16].

[Ipu OararoonepamiiiHUX mOpoLecax CaiJ PO3PI3HATH MEpUly 1 HACTYIHY
oTepallio MTaMIyBaHHs (HAMPUKIIAJ, TMOMEPEAHIO 1 OCTaTOYHY JIBOOIEpPAIliHY).
[Ipu mpoMy, SIK TpaBUIIO, HA TEPIIi oreparlii MTaMIyBaHHS BUKOPHCTOBYETHCS
BUXIJHA ITOPOYKHUCTA, OTPUMAaHa ITiJT 9ac BUTATYBAHHS 3 MMOTOHIIICHHSIM 3arOTOBKa
3 IJIOCKUM 200 HamiBC(EPUYHUM JHOM, a Ha HACTYMHIN - 3 TPO(1IIbOBAHUM JHOM.
[Tepmra omepariist mTamMIyBaHHS 3a3BUYail BAKOHYETHCS B HAMMIB3aKPUTHUX IITaAMIIAX,
a TOJIAJIBIII - B 3aKPUTUX 200 TAKOXX B HAMIB3AKPUTHUX MITAMIIAX.

3a MBUAKICTIO MPOIIECY PO3PI3HAIOTH criocobu ctarnyroro (V<0,1...0,5 m/c,
e =1071..107%, © >60 c), mBuakicaoro (v mo 0,5...10,0 m/c, T >1071...1073¢),
BMCOKOIIBUKICHOrO InTammyBaHs (V. > 10,0 m/c, € = 10%2..10° c71,
T >1073 ... 107%¢).

3a xapaKTepoM HaBaHTA)XEHHSI MOXKHA BHJUIUTH CIIOCOOHW INTaMITyBaHHS 3
HETMEPEPBHUM 1 TEpPEpUBYACTUM (HAMPHUKIAA, IUKIIYHAM) HABaHTAKCHHSIM, 32
TOYHICTIO INITAMIIOBAHMX JETalied - 3 BEJIUKUMH, MaJUMU TpUIycKamu 1 0e3
MPUITYCKIB Ha HACTYITHY MEXaHIYHY 00pOOKY.

3a cTymeHeM CKJIQJHOCTI INTAMIIOBOTO OCHAIIEHHS 1 3aCTOCYyBaHHS
TEXHOJIOTTYHOTO O0JIaTHAHHS CIIIJI PO3PI3HATH (OPMOYTBOPEHHS B IITaMIaXx Ha
MEXaHIYHUX Mpecax BEPTUKAIBHOTO BUKOHAHHS, HA TOPU3OHTAIBLHO-BUCATOYHUX
mpecax, B IHCTPyMEHTAJIbHUX IITAMIIOBUX OJIOKaX HAa aBTOMATUYHUX POTOPHHUX

minisx (APJI).
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Ha puc. 1.9 BinmoOpakeHO OCHOBHHUH CIOCIO IITaMIyBaHHS JIHAa TUIb3 0e€3

BUCTymaro4doro ¢uianms [17].

]

L

Pucynok 1.9. TexHonOr14H1 cXeMH JTBOOMNEPALIMHOTO IITAMITyBaHHS THA T'UIb3:
a — BHXIJIHA 3ar0TOBKa; 0, B - mepiie (MOoMepeaHe) MTaMITyBaHHS; T - IPyTre
(octaroune) mramnyBaHHs; 1 — 3aroToBKa; 2 — CTYMIHYaCTHI MyaHCOH, 3 —

OMOPHUH MYaHCOH, 4 - MaTpUILL

Bigomi Takox cmocoOW IITaMIyBaHHS Tidb3 3 KAaHABKOI, PO3POOJICHI
aBTOpaMu, sIKi MOXYTh OYTH 3aCTOCOBaH1 JJii BUTOTOBJICHHSI TUIb3 BEJIMKUX

kaniopiB (puc. 1.10). Le#t cnoci® nependavae 3acTocyBaHHS Ha APYTid ormepartii

mTamMIyBaHHs po3’eMHoi Matpuiil 4 [17].
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Pucynok 1.10. TexHOMOT14HI CXeMH JBOOIEPAIITHOTO TOYHOTO IIITAMITyBaHHS
JTHA T1JIb3: a - BUXIJHA 3arOTOBKA; O - MepIlie MTaMITyBaHHS; B - IPyTe
HITaMIyBaHHs 3 KamOpyBaHHAM (JIaHL; T - Ipyre mTaMIlyBaHHs 0e3

KanmiOpyBaHHs ¢uiaHis; | — 3aroToBka; 2 — CTYMIHYaCTHI MTyaHCOH; 3 — OMOPHUHN

yaHCOH; 4 - MaTpuIls

Obmuck ma 11020 pi3HO8UO
OmHuM 3 TPOTPECUBHUX MPOIIECIB JIUCTOBOI (hOPMO3MIHU IITAMITYBaHHS €
OOTHCK, 3aCTOCOBYBaHUUW I (OPMOYTBOPEHHS TOPOKHUCTUX JIeTajel 3
MaJOBIAXOAHUX TPYOHHMX 1 TOPOKHUCTUX 3arOTOBOK, OJEPXKYBaHUX 13
3aCTOCYBAaHHSM IHIIMX TPOIECIB IITAaMIyBaHHsS, HANpPUKIAJ BUTATYBaHHS,
BUJaBmoBaHHA. [li 0OTHCKOM pPO3YMIIOTh MpPOLIEC OTPUMAHHS TMOPOKHUCTUX
netane 3 pi3HUM TOpodiieM, [0 YTBOPEHI 3 MOPOXKHUCTUX TOHKOCTIHHUX

3arOTOBOK MUISXOM 3MEHILIEHHS MOMEPEYHHX PO3MIPIB 1 MOTOBIICHHS CTIHOK
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nedopMyrodoi YaCTUHM 3aroTOBKM MPH BIUIMBI Ha HEI CTUCKAIOYMX CHJ 1

Hanpy:xenb (puc. 1.11) [18].

—_— —_— —_— —_— —_—— ——

vy,

Pucynox 1.11. Texnonoriyda cxema 00THCKY TpyOHOi 3arotoBku (1) B

KOHIYH1M MaTpuii (2)

[Ipomec 00THCKY MOKHA PO3JAUIMTA HA MPOCTUM OOTHCK 1 KOMOIHOBaHUIA
oO0tuck. [Ipu BHKOpUCTaHHI TPOCTOTO MPOIECY PEATi3ye€ThCsl CXEMa HAIMpPY>KEHO-
nedopmoanoro crany (HJZIC), xapaktepHa Tiabku aisg o0tucky (puc. 1.11). Ilpu
koMOiHoBaHomy tporieci, HJIC 3arotoBku (opmyeTbcsi BHACHIIOK B3aEMO/IIT
CUJIOBUX 1 AehOpMYyIOUHX TOJIB PI3HUX 3a KiIacU(iKalll€l0 MPOIIECiB, HAMPUKIIAI;
BUTATYBAaHHA-OOTHCK, OOTHCK-PO3/aya, BUTATYBaHHSI-OOTHUCK-po37aya, OOTHCK-
KajniOpyBaHHS. Y MAaTpOHHOMY BHPOOHMIITBI 3HAXOAMUTH 3aCTOCYBaHHS OCTaHHIN
npotiec. OOTHUCK T'JIb3 BUKOHY€ETHCS 3 00TUCKHUM KalllOpyBasibHUM cTepxkHeM. [Ipu
dbopMyBaHHI TyJbIls HA KIHIIEBIH CTaAll IpOIeCy KPOMKA JTYJIbIIS 3aIITOBXYETHCS B
3a30p MK OOTHCKHUM CTepkHEeM 1 Matpuiiero [19].

OcHoBHI 03HaKku Kiacudikarlii criocoo6iB 00TUCKY:

- BHJ] BUXI1JTHOI 3arOTOBKH;
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- cxema Jiii OCHOBHUX 1 IOAATKOBUX CHII;

- BU/I B32EMO/I1i IHCTPYMEHTA 3 3ar0OTOBKOIO;

- yMOBH AedopMairii,

- THII 3aCTOCOBYBAHOT'O TEXHOJIOT1YHOTO ycTaTKyBaHHs [20].

[Io Bugy BHUXITHOI 3arOTOBKHM CIIJ] PO3PI3HATH OOTHUCK TOPONKHHUCTOL
BiIKpUTOI (TPyOHOT) 3arOTOBKH 1 TOPOKHUCTOI HaMiB3aKpuToi (3 gHOM). [Ipn mpomy
criocoOn OOTHCKY KpallOBOi YaCTMHHM TI€l Ta 1HINOI 3aroTOBOK aHaJOTIYHI, aje
CrIocoOn 00THCKY 3aKPUTOIO IOHHOT YaCTHHU BIJPI3HAIOTHCS Bij HUX [21].

VY HanpsIMKy A1I0YMX Ha 3aTOTOBKY OCHOBHHUX CHJI PO3PI3HSIOTH MO3A0BXKHIH,
nornepeyHuit 1 koMOiHOBaHUN 0OTHCK. [IpyM 1TO370BXKHHOMY OOTHCKY 3YCHIUIS
CIPSIMOBAHO Y3I0BX OCl, [IPH MOMEPEUHOMY (paJialIbHOMY ) - IEPIICHIUKYJIISPHO iH,
pyu KOMOIHOBAaHOMY - OJIHOYACHO Y3JIOBXK 1 MOIMEpeK OcCl 3aroToBku. HalOinbi
IIUPOKO 3aCTOCOBYETHCS MO3J0BXKHIN OOTUCK B IITaMIIax Ha mpecax 1 B 0Jiokax Ha
APJI. YV nparpoHHOMY BHUpPOOHMITBI NONEPEYHUM  paalaibHUA  OOTHCK
3aCTOCOBYETHCS MPH CKJIAJaHHI MAaTPOHIB - 0OTUCKY AYJbIS Tib3U 3 KyJero. [lpu
BUT'OTOBJIEHHI TPAHATOMETHUX MOCTPLIIB M1 Yac 00TUCKY 00TiKauiB. 3HaYHO pijLIe
3aCTOCOBYETHCS MOIMEPEUHUN OOTHUCK B PO3'€eMHMX MaTpULAX Ha mpecax. Cxema
MOMNEPEYHOr0 OOTUCKY YacCTillle pealli3y€eThCs Ha pallalibHO-00TUCKHUX, pOTAI[IHO-
OOTUCKHMX, OOKaTHMX MallMHAaX 1 BepcTarax, Ha MAarHiTHO-IMITYyJIbCHUX
YCTAaHOBKAaX. 3a CXEMOI0 NPUKIAJaHHS JOAATKOBUX CHJ PO3PI3HAIOTH BUIBHUN
00THCK, 00THCK 3 MIMOPOM 3arOTOBKH 110 30BHIIIHIH 1 (a00) BHYTPIIIH1N NOBEPXHI,
PO3TAIIOBAHKM I103a 30HOI0 OCEPEIKY TUIACTHYHO1 AedopMaitii, 00THUCK 3 M ATIOPOM
M0 BHYTPIIIHIM MOBEPXHI 3arOTOBKM B 30HI OCEPEIKY TUIACTUYHOI nedopmariii;
OOTHCK 3 IMiIOPOM TIO BCIM BUIBHUM TOBEPXHSM 3aroToBKu [22].

[Ipu BiIbHOMY OOTHCKY 3 IHCTPYMEHTOM 31 CTOPOHH 30BHIIIHBOT MTOBEPXHI

KOHTAKTY€ TUIbKH Je(opMyroua 4yacThHa 3aroToBKH (auB. puc. 1.11).

Mexaniuna obpodxa 2inw3
OO6poOka eneMeHTIB TaTPOHIB PI3aHHSIM MPOBOAUTHCS K Ha aBTOMATHYHHX

POTOPHMX 1 POTOPHO-KOHBEEPHUX JIHISAX, 1[0 BUKOHYIOTh JB1 1 OlJIbIlIE€ OIepalii,
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TakK 1 Ha PO3AUIbHOMY O0JIaJIHaHHI - CHEIiaTbHUX aBTOMAaTUYHUX BepCTaTax, KOKeH
3 IKMX BUKOHY€E OJIHY omepaiiro [19].

[Ipu BUTOTOBICHHI €JIEMEHTH MATPOHIB MIAMAIOTECS OOpOOIl PI3IAMH,
36HKEpaMH, 3€HKIBKM, cBep/ylamMu 1 aOpa3uBHUM  KkpyroMm. Ilpouecu
KIacu(IKyIOTbCSA 3a 3aCTOCYBAaHHSIM IHCTPYMEHTY Ta OOJIafHAHHS Ha JBa KIIACH:
pi3teBi Ta abpasuBHi npemnaparu (tadn. 1.2). [Ipomecu pisieBoi 00poOKu TUISAThCS
Ha TOKapHI Ta CBEPJIUIIbHI.

PizanHs MeTasiB CympOBOMKYETHCS BEIMKMMHM THCKAMH Ha PLKYYU
IHCTPYMEHT 1 BUIUICHHSM TEIUIA, 1110 BUKJIUKAE MOT0 3HOITYBaHHS 1 BUKPUIITYBaHHS.
OCHOBHI BUMOT'H, II0 MPEI'SBIAIOTECA O MaTepialiB JUisl BATOTOBIEHHS PIXKYy4doi
YaCTUHU 1HCTPYMEHTY:

1) 3HOCOCTIMKICTh MPU BUCOKIM TeMIepaTypi HarpiBy;

2) MILHICTh PI)KYY0i KPOMKH;

3) 30epekeHHs 3HOCOCTIMKOCTI 1 MIITHOCTI IPOTATOM TpUBajoro vacy [23].

Tabmuusg 1.2. Kinacudikaiist mporeciB 00poOKU €J1eMEHTIB MAaTPOHIB Pi3aHHSIM.

O6po06roBanmit
Onepartis €JIEMEHT
IIaTpOHY

Enement Po6ounii XapakTepucTruka
KpIIUICHHS IHCTPYMEHT IpOLECY

1 2 3 4 5

TokapHa o0poOka

O6pobxa MOpOKHUCTOT
TOPILIEBOi MOBEPXHI
o0epTaHHA 3 OJTHOYACHUM
3HATTAM (pacok 3

[TinpizanHs TanrenuianbHUM BHYTPILIHBO] 1
TyAbLS 1 3HATTS I'inp3a Brynka pizenp, 30BHIIIHBOI TOBEPXOHb
dacku B oTBOpI CrieliabHAN TP BITHOCHO MOETHAHUX

pyxax oOepTaHHS

JIETaJIed 1 0OCLOBOTO
nepeMmileHHs jetaii abo

THCTPYMEHTY

O06pobka MOPOKHUCTOTO
TOpLS MOBEPXHI
o0epTaHHs NpH

BIJIHOIICHH] CyMIKHHUX
pyxiB oOepTaHHA AeTai
Ta paaialbHOTO
nepeMileHHs jetaii abo
THCTPYMEHTY

JuckoBuit
I'inp3a Brynka pizenp,
crerianbHUM

[Tinpizannas
TOpPIIS
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Omneparris

OO6pobmtoBanmii
CIIEMEHT
[IaTPOHY

Enement
KpiTUICHHS

Pobounit
IHCTpYMEHT

XapakTepucTuKa
pouecy

1

2

3

4

5

O6touka ¢ranus
(«roJIOBKMY)

['inp3a
(TBHHTOBA)

[lanra

JuckoBuit
pizelp,
CrieIiaTbHHMA

YTBOpEeHH:A
IAJITHIPUYHOT TTOBEPXHI 1
IIPUTYIUIIOBAHHS FOCTPOI
KPOMKH Ha "TOJIOBII" TipH

CIIJIFHOMY pyXax
00pobsaroYOoi merani i
pi3is: o0epTaHHA T1Ib3H,
MOTIEPEYHOT 0
nepeMileHHS
IHCTPYMEHTY

3HATTS 3aIUPOK

i3 3aTPaBOYHOTO
OTBOPOM

(mraporryBaHH)

T'ine3a no
natpoHis 12,7
MM 1 14,5 MM

Brynka

3eHKiBKa

3HATTS 3aIUPOK,
OTPUMAHUX CBEPUTIHHAM
OTBOPIB MPUMAHOK IPH
HO€HAHUX PyXax
00pyOITFOIOYH T1IB3H 1
3€HKYBaHHs: 00epTaHHsA
T'iJIb3U 1 OChOBE
HepeMillIeHHs 3eHKepa

O06TOuyBaHHS
KOHYyca

CepueBuna
OponeOiiiHa

Ilanra

Pizens
IIPU3MaTUYHUHA,
creriajJbHui

YTBOpeHHs KOHYyCa Ha
CTEPIKHI IIPHU TTOETHAHUX
pyxiB oOepTaHHA AeTai i

pi3Lg : obepTaHHs

CTEp>KHS, TIONIEPEIHOTO

nepeMileHHS
IHCTPYMEHTY.

[Tonepenne 1
KIHIICBE
00TOYYyBaHHS
O’KHMBaJa

CepueBuHa
OponeOiiiHa

Ilanra

Pizensn
MIPU3MaTUYHUM,
CIIEIiaJIbHHH.
Pizens kpyrnui,
CIIeIiabHUMN.

VYTBOpeHHs (PaCOHHOTO
npodiIr0 Ha TOBEPXHI
WTHJIPUYHOTO CTEePIKHSA
TIPH MTOETHAHUX PyXaxX
00poOroBaHoi feTani i
pi31s : o0epTaHHs
CTEp>KH$1, OCbOBOTO
nepeMileHHs
IHCTPYMEHTY.

[Tinpizannas
TOPIIA 1 3HATTSA
backu

CepueBuHa
OpoHebiiiHa

Ilanra

Pizensn
creriajJbHui

DOpobKa TopiieBoi MOBEPXHi
o0epTaHHs 3 OIHOYACHUM
00poOneHHsIM acku npu
HOETHAHUX pyXax
o0poObmroBaHoOi nerani i
pi3is : obepTaHHs
CTEp>KHS TIOTIEPEYHOTO
nepeMilieHHs pi3is.

IIporouka
KAaHaBKHU

Crakau

[lanra

Pizeus kpyrnuii,
crieniaabHUN

OO6po0bka pizaHHIM
KaHaBKH HEOOX1gHOIO
npodiaro: 06epTaHHS

JeTalll, mornepeyHe

TepeMIIEeHHS Pi3Is.

CaepanmiibHa 00poOka
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Omneparris

OO6pobmtoBanmii
CIIEMEHT
[IaTPOHY

Pobounit
IHCTpYMEHT

Enement
KpiTUICHHS

XapakTepucTuKa
pouecy

1

2

3 4

5

CepaiHHS
3aTpaBOYHUX
OTBOpIB

T'ine3a no
naTtpoHiB 12,7 1
14,5 MM xamiopy

Brynka Ceepaiio

YTBOpEeHH:A
ATITHIPUIHAX
HACKPI3HUX OTBOPIB B
CYIUTBHOMY MeTaJi
(omHOUYAcHO 4 oTBOpPHU Y
4-X Tinp3ax) npu
BiJTHOCHO TIO€JTHAHUX
pyxax oOpo0OroBaHOl
JeTaii Ta iHCTpyMeHTa:
oOepTaHHs cBepyIa i
OCBOBOT'O TIEPEMIIIICHHS
cBepJia abo Jerai.

3€HKYBaHHS
TOpLA

O06osoHKa

I{anra 3eHKyBaHHSI

OO6pobka TopieBoi
MOBEPXHI MPHU BITHOCHO
MOETHAHUX PyXax
00poOroBaHOT AeTali i
IHCTpYMEHTY: 00epTaHHS
JleTani, OCLOBE
nepeMileHHS
IHCTPYMEHTA.

HInidyBanus

InidyBanHs
LHWTHIPY

CepueBuna
OpoHebiiiHa

Kpyr

ImidyBanbHuit

3HATTSA apy MeTary
o0epTarounM abpa3uBHUM
IHCTPYMEHTOM 3
ABTOMATHYHOIO
M103/10B)KHBOIO TO1AYEI0
BEIYYUM KPYTOM TIpH
PI3HUX BIIHOCHHX 1
CYMICHHUX pyXax
00po0III040T MOBEPXHI 1
KpyTa.

Buxpose TouiHHS

Touinns danns

I'ine3a no
naTtpoHis 12,7 1
14,5 MM kamibpy

Cremansaa
TOJIOBKA C
pi3LsIMH

Brynka

YTBOpEHHS! KAHABKU
creniagbHOro Npodisaro
00epTabHUM PyXOM
T'JIb3M 1 TOJIOBKH 3 pi3lieM
3 BIJTHOCHO 3MIIIEHUMHU
OCSIMH 1 TIOCITITOBHUM
PI3aHHSM KOXXHUM
pi3ieM.

IIporouka
JKUBUJIBHOIL

CepiieBuHa
OponeOiliHa

CremansHaa
rOJIOBKA C
pi3IsIMU

Brynka

YTBOpeHHs (hacOHHOTO
podiTro Ha TOBEPXHI
CTEpXKHS: 00epTaTbLHOTO
PYXyY CTEPKHSI 1 pi31eBOi
TOJIOBKH 3 BIJIHOCHUM
3MILIEHHSIM OCI 1
MOTIEPEYHOTO PyXY
TOJIOBKH 3 TIOCIIJOBHUM
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OO6pobmtoBanmii .
. Enement Po6ounii XapakTepucTruka
Onepartis eJIECMCHT ) )
KPIIUJICHHS IHCTPYMEHT npoiiecy
MaTPOHY
1 2 3 4 5

pi3aHHAM KOXHHUM

pi3lem.

OOpoOka eneMeHTIB TaTPOHIB pI3aHHSAM BHUKOHYEThCS Ha BepcTaTax-
aBToMarax 1 Ha APJI. Yac 00poOku jerajeli BUMIPIOETHCA CEKYHJIaMH, a
NepecTaHoBKa PoOOYOro IHCTPYMEHTY - XBWIMHamMH. CaMe TOMY B MAaTPOHHOMY
BUPOOHUIITBI EKOHOMIYHO BHUIIPABJaHO BHUKOPHCTOBYBAaTH MaTepial, SKAN
3a0e3MeUnTh MaKCUMaJIbHY CTIHKICTh IHCTPYMEHTY, HaBITh SIKIIO TaKU MaTepial

BUSIBUTHCS OUIBII IOPOTHM.

Tepmiuna oopodxa

Tepmiunoto 00pOOKOI0 HA3UBAIOTH TPOIEC OOPOOKM METaleBUX JAeTalieh
IIUIIXOM PETYJIbOBAHOTO TEMITEPATYpHOTO BIUIMBY 3 METOIO (POPMYBaHHS IEBHOI
CTPYKTYpH 1 BJIACTHUBOCTEM MaTepiayly AeTalli B HEOOXIJHOMY HaIpsIMKy 1 Yy
BUJIIJICHUX KOHTPOJIbOBAHMX 30HAX. TaKWil BIUIMB MOXE TIOETHYBAaTHUCA 3
nehopMaIiiHuMH, XIMIYHUMH Ta IHITMMH BILTUBaMu [24].

Tepmiuna oOpoOka € OJHUM 3 KIIFOYOBHUX METOJIB OOpOOKM MeETaiB, IO
peanizyeTbcs CIBHO 3 METOJI0M 00poOKK MeTaniB Tuckom (OMT), B xonogHoOMy
MITAaMIyBaHHI, B KOMIUICKCHIN TEXHOJIOT1I BUTOTOBJICHHS METAJIEBHX EJIEMEHTIB
MATPOHIB.

OCHOBHUM MpPU3HAYECHHSIM TEPMIYHOI OOpPOOKM TpPH BUTOTOBJIEHHI TlJIb3,
CEpJICYHUKIB, 00OJIOHOK Ta 1HIIMX €JIEMEHTIB MAaTPOHIB:

- BiJIHOBJICHHSI TUTACTUYHUX BJIACTUBOCTEH METally TIiCIs omepariii
XO0JIOJTHOTO 0OPOOJIEHHS TUCKOM;

- HaJaHHS TOTOBUM JIETaJsiM CIIUIBHO 3 OMNEpallisiMd XOJOJHOTO
IITAaMITyBaHHS 33JJaHUX MEXaHIYHUX BIACTHBOCTEH;

- YCYHEHHSI 3aJIUIITKOBUX HAIPY>KEHb, SIKI MPU3BOJAATH 10 CAMOBUILHOTO
PO3TPICKYBaHHS JIATYHHUX T1J1b3 1 3arapTOBAaHUX CTaJIEBUX CEPACUHUKIB.

Big sikicHOTO TIpOBEIEHHS MPOILIeCY TEPMIUYHOT 0OPOOKH 3ajIeXkKaTh:
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- SAKICTh BUITYIICHUX €JIEMEHTIB MaTPOHIB 1 TATPOHIB B IJIOMY,
BU3HAYAETHCS HAAIWHICTIO X ()YHKI[IOHYBaHHS,

- TPUBAJICTh TEXHOJIOTIYHOTO ITUKIY;

- CTIHKICTh poOOYOro iHCTpyMeHTa [25].

Bun tepmiuyHOi 00pOoOKM BH3HAYAETHCS TUIOM (PA30BUX 1 CTPYKTYPHHX
NEPETBOPEHb B METaJl MiJ Yac HarpiBaHHA 1 OXOJO/PKEeHHS. TepmiuHa oOpoOKka B
IJIOMY TIAPO3AUISETHCA HA: TEPMIUHY, TEPMOMEXaAHIYHY 1 XIMIKO-TEPMIUHY.
Tepmiuna oOpoOka moJjsirae JUIIe B TEPMIYHOMY BIUIMBI Ha MeTal a0o CIIaB,
TEpMOMEXaHIUYHA - B TMOEJIHAHHI TEPMIYHOTO BIUIMBY 1 IJIACTUYHOI aedopmariii,
XIMIKO-TE€pMIYHA - B MOEHAHH] TEPMIYHOTO Ta XIMIYHOTO BILIMBIB.

Tepmiuna 00poOKa BKIJIFOYA€ HACTYITHI OCHOBHI BUU: Bijmal, 3arapTyBaHHs,
BiMMycK 1 crapiHHa. L{i Buau TepMiuyHOT OOpPOOKH BIJHOCSTBHCS JO CTaJIed, 0
KOJIbOPOBUX MeTaNiB 1 cruiaBiB. KokeH 3 BUIB TEPMIYHOI OOPOOKH MIAPO3ILIAETHCSA
Ha TTIBMJIN, PI3HOBH/IU Ta CITIOCOOM BUKOHAHHS [26].

BupoOHu4i Ha3BU OKpEeMHX MPOIECIB TEPMIYHOI OOpOOKM YTBOPIOBAIUCS
ICTOPUYHO 1 COUPAIMCA HE HAa XapakTep BHYTPIIIHIX MEPETBOPEHb B METall abo
CIUIaB1, @ HA 30BHIIIHI 03HAKH. Y 3B'S3KY 3 IIUM MPU BXKUBAHHI JIEIKIUX BUPOOHUUNX
Ha3B TEPMIYHOT OOpPOOKH, HATPUKJIIA] «HOpMaJIi3allisy, IHOAl BAXKKO 3pO3YMITH, SIKY
¢bi3nuHy mpupody Hece Iell mporec. Y TakMX BHUMAAKaX CIiJI 3aCTOCOBYBAaTH,
3aMICTh BHUPOOHMYOTO TEpMiHY ab0 TmapajeIbHO 3 HUM, TEPMIH O MPHUIHSTIH,

HAYKOBO 0OTpyHTOBaHi# Kiacudikaii (puc.1.12) [27].
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Pucynok 1.12. Knacudikariist mpoiieciB TepMidHOi 00poOKU
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Ximiuna obpobka 2ine3

XimigyHa 00poOKa €JIEMEHTIB MaTPOHIB BUKOHYETHCS 3 METOI OTPUMAaHHS
MOKPUTTIB, 110 00€piraloThb roToBi BUPOOW BiJl KOpPO3ii, a TaKOX MOKPUTTS, €
TEXHOJIOTTYHUM MACTUJIOM MPU BUKOHAHHI OTepalliid mTaMIyBaHHS.

XimiuHa 00poOKa CKIaIa€ThCS 3 OCHOBHUX 1 JOTIOMIKHHX MPOIIECIB.

J10 OCHOBHUX BITHOCSITHCS MPOIIECH OTPUMAHHS Pi3HOTO POy MOKPHUTTIB.

[ToxpuTTs KIacH(piKyrOTh 32 OCHOBHUM NPU3HAYEHHSIM, CIIOCOOY HaHECEHHSI
i maci [28].

3a OCHOBHHMM IMPU3HAYCHHSIM MMOKPUTTS IUIATHCA Ha 3aXUCHI (ochaTyBaHHs,
JaKyBaHHS, JIaTYHIOBaHHsS) 1 TexHoJoriuHi (docdaryBaHHs, OMWJICHHS,
JATyHIOBAHHA 1 T. [1.).

3aXMCHI MOKPUTTS 3aCTOCOBYIOTBHCSI JUIsl 3aXUCTy BHUPOOIB BiJl KOpO3ii B
PI3HOMaHITHUX yMOBaX.

TexHOIO0r1YH1 MOKPUTTS MPU3HAYEHI 1JIs1 3aXUCTY BUPOOIB BiJl KOPO3ii i yac
MDK omnepariiifHoro 30epiraHHsi Ta TPAaHCIOPTYBAHHSA 1 € TEXHOJOTTYHUM MaCTHIIOM
Ha OTEepaIlisiX MITaMITyBaHHS.

3a crtocoO0M HaHECEHHS MOKPUTTS MOAUISAIOThCA Ha XiMiuHi (pocharyBanns,
MACUBALlis ), MOKPUTTS IPSIMOTO HAHECEHHS, TAJIbBAHIYHI.

XIMIYHI TOKPUTTS HAHOCATH NUIAXOM XIMIYHOI OOpOOKM TIOBEpPXHI Yy
BIIOBIIHKX po3unHax [29].

lanpBaHiYHI TOKPUTTS HAHOCITHL HUIIXOM KaTOJHOTO  BiJHOBJIEHHS
NOCTIHHUM CTPYMOM KaTiOHIB METay 3 BIJNOBIIHUX €IEKTPOJITIB.

[ToxpuTTs IPSIMOTO HAHECEHHS - JIAKYBaJIbHI, IOKPUTTS MACTaMU 1 T. 1.

3a BUJOM TOKPUTTS IIISATHCS Ha MeTajeBl (JaTyHIOBaHHS) 1 HEMETaJICBl
(pocharyBanHs, TaKyBaHHS).

JlonmomixH1 omeparllii CiIy>kaTh JJIs OYUILEHHS TMOBEPXHI BUPOOIB Mepen
HAHECEHHSAM [MOKPUTTIB, a TaKOX [UIsl TMOJINIIEHHS SKOCTI MOKpUTTIB. [0
JOTIOMDKHUX ~OTepaIrid  BITHOCSATHCA TakKi TMPOIEeCH XIMIYHOT OOpoOKH SIK:

3HEXHUPECHHS, TPABJICHHS, JICKaIipyBaHHs;, MPOMUBKA, oMuiieHHs [30].
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1.2 TeopeTw4Hi METOAM MOCHIIKEHHS [0 IITAMITYBaHHIO TMOPOKHUCTUX

BUPOOIB 31 3SMIHHUM NPOo(d1IeM CTIHKH Ta JHOM BEJIUKOI TOBIIIMHU

3HayHa KUTbKICTh T€OMETPUYHUX (HOPM JIETalei, 10 MTaMITyIOTHCS 1 MapoK
00po0IIIOBaHUX MaTepiajiiB MOTPEOyIOTh BEIUKOI KUIBKOCTI cXeM Jie(opMyBaHHS.
Cxema TpUKIAJaHHA 30BHIIIHIX CHJ TOBHHHAa BPaxOBYBaTH TOJIOBHI
3aKOHOMIPHOCTI Teuii MaTepiainy, 0cOOIMBO Mpu AedopMyBaHHI AeTaneil CKIaaHO1
KoH(irypaiiii. Bubip cxemu mpoiiecy BU3HAYA€ThCS po3MIpaMu JieTall, opMoro 1
(b13UKO — MEXaHIYHUMH BJIACTUBOCTSIMU METAITy 3arOTOBKH 1 3aJIEKUTh BIJ:

- pe3ybTaTiB aHaJI3y HAMPY>KEHOTO CTaHy;

- TUCKY Tedii Ipu POPMOYTBOPEHHI;

- pe3ysbTaTiB  aHamizy  AehOpPMOBAHOIO  CTaHy  3aroTOBKH 1
CIIBBITHOIIICHHS OKPEMHX €JICMEHTIB JIeTall.

Y mxepenax [2] [31] 3i0pani TeopetmuHi Metoau aHaiizy OMT sxki
n03BossitoTh  BU3Hauutu HJIC 3arotoBkmu, mo nedopmyerbcs 3 BpaxyBaHHSIM
3MII[HEHHSI Ta BIUIMBY 30BHIIIHBOTO TEPTS Ha 3aKOHOMIPHOCTI TMPOIIECIB
dbopmo3minu. Buknagaerbcsi MeTroauka po3pOOKM TEXHOJOTIYHUX IPOILIECIB.
[IpuBOASTHCS METOMM PO3paxyHKy Aedopmaiiiii 1 3ycuiab sl PI3HUX MPOLECIB
OMT.

CTpiMKUIl pO3BHUTOK 1H(MOpPMALIMHUX TEXHOJIOTI HAa CHOTOJHI /A€ 3MOTY
3HAYHO TMOJETIIUTA TIPOBEACHHS 1HXXEHEPHUX PpO3PaXyHKIB, MOJIECIIOBaHHS
TEXHOJIOTIYHUX NPOLECIB 1 IiX aHamizy. Y TOMY 4YHCIl 3HAWIUIM IIHPOKE
3aCTOCYBaHHS CIIEIiali30BaH1 MPOTPaMHI MAKEeTH, SIK1 BUPIITYIOTh 3a1a4i OMT.

PoGora [32] mpencraBnse omauH i3 Takux — cuctemy DEFORM, mro
MpU3HavYeHa JJIsl MOJICTFOBAHHS TEXHOJOTTUHHUX MPOIECIB OOPOOKH THCKOM.

CyTh KOMIT' IOTEPHOTO MOJICIIIOBAHHS TOJISITA€ B HACTYITHOMY: Ha OCHOBI
MaTeMaTHYHOI MOJIENi 3 JIOMOMOTOI0 E€JEKTPOHHO — OOYHUCITIOBAIBHOI MAIIMHU
MPOBOAUTECA  cepisl  OOUYMCITIOBAJIBHUX  eKCIepuMeHTIB.  OOuucIoBaIbHUN
EKCIIEPUMEHT JI03BOJISIE 3aMIHUTH JOPOTUN HATYPHHUM €KCIIEPUMEHT PO3paxXyHKaAMU
Ha EJICKTPOHHO — OOYHMCIIOBaJIbHIM MamuHi. BiH 103Bojsie B JIOCUTH KOPOTKI

TEepMiHH 1 0€3 3HaYHUX MaTepialbHUX BUTPAT 3A1MCHIOBATH AOCTIIKEHHS BEJIUKOI
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KUTBKOCTI BapiaHTIB 00’ €KTa, IO MPOEKTYEThCA a00 MPOIIECY IS PI3HUX PEKUMIB
Horo excrutyararlii, 10 3Ha4HO CKOPOYY€E TEPMIHUA PO3POOKH CKIAJHUX CUCTEM 1 iX
BIIPOBAHKCHHS Y BUPOOHUIITBO.

[Iporpama 31aTHA MOJIETTIOBAaTH HACTYITHI MTPOLIECH:

- MIPOKaTyBaHHS;

- BUTSATYBaHHS;

- KyBaHHS;

- XOJIOJTHE, HaIlIBrapsiue 1 rapsie MTaMIlyBaHHS;

- 1HIII.

Po3paxyHkoBa 4acThHA JaHOT IPOTPaMU IPYHTYETHCA Ha METO/I1 CKIHYEHHUX
enementiB (MCE), omucanomy aBTOopoM mxkepena [32]. Ileit metom Ha
CHOTOJIHIIIHIN JIeHb € OAHUM 13 HaWHAIIMHIIMX 1 HAWBIIOMIIIUX Ta IITHPOKO
BUKOPUCTOBYETHCS Y MEXaHIKI.

Horo nepesaramu e:

- pO3MIpH €JIEMEHTIB B CITIII 3a MOTpeOM MOKHA 3MEHIIyBaTh abo
301IBITYBaTH;

- BJIACTUBOCTI MaTepialliB TiJIa, HE TOBUHHI OYTH OJTHAKOBUMU;

- MO>KJIMBICTh alpOKCUMAIIi1l T 31 CKJIAAHOO (POPMOIO KpaiB;

- MOXJIMBICTh 3aJlaBaTd TPAaHUYHI YMOBH, IIO CYTTEBO CKOPOYYE Yac
PO3paxyHKIB;

- BEJIMKA PO3MIPHICTh PIBHSHB J03BOJISIE OTPUMATH BUCOKY TOYHICTh
pPO3paxyHKIB.

I'onoBuum Henonikom MCE € motpeba y BHCOKI# MOTYKHOCTI €JIEKTPOHHO-
00UYHCITIOBAILHUX MAIIIMH.

Y poboti [32] Takok mpuBeAcHAa MaTeMaTH4Ha IOCTAHOBKA 3a1adi Ipu
monentoBanHi MCE mporieciB XoJ0IHOTO BUJaBIIOBaHHS. BoHa Bkimrodae B cebe
CYKYMHICTh PI3HUX MAaT€MAaTUYHUX CIIBBIJHOIICHb, IO OMUCYIOTh MOBEAIHKY 1

BJIACTHUBOCTI 00’ €KTa MOJIEITFOBAHHS.
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ABropamu jkeperna [33] peKOMEHJIOBAHO OCHOBHI €TamM MPOCKTYBaHHS
TEXHOJIOTIYHOTO TIpoliecy XoJojaHoro o0’emHoro mrammyBaHHs (XOILL), o
BKJIFOYA€E B ce0€ HACTYIHI €Taru:

- aHaJI13 TEXHOJOTIYHOCTI 1 pO3pOOKa KPECICHHS JAeTall;

- pPO3paxyHOK 00’€My 3aroToBKH, BUOIp (GOopMH 1 pO3Mipy BHUXITHOTO
MaTepialy MO COPTaMEHTYy, IO BHITYCKA€ThCS TPOMHCIOBICTIO; BU3HAUYCHHS
TEXHOJIOTIYHHUX OIepalliii MArOTOBKU MaTepiaidy; BUOIp CIIOcO0y MOALITY BUXITHOTO
MaTepianxy Ha 3arOTOBKH;

- BU3HAYECHHS TEXHOJIOT1 MirOTOBKH 3aTOTOBKH JI0 BUIABJIIOBAHHS,

- po3po0Ka TEXHOJIOTIYHOTO Tpoiecy (HOPMO3MIHM 3 BHU3HAYCHHSIM
KUTBKOCTI Omepaliid, JOIMIJILHOCTI iX CyMIIIIEHHS Y MOCI1JOBHOCTI MTPOBEICHHS;

- BUOIp 1 pO3paxyHOK KOHCTPYKIIIi poOOYMX JeTaneil iIHCTpyMEHTY ISt
HITaMIyBaHHS (IIyaHCOHIB, MaTPHUIb, ONPABOK);

- po3po0Ka TEXHOJIOTTYHOIO 3aBAaHHS HA MPOEKTYBAHHS IITAMITY;

- po3po0Ka TEXHOJOTIYHUX BUMOT i1 OOJaJHaHHS (BEIMYMHA XOAY,
3ycuyuis 1 rpadik HaBaHTaXEHHS, HASIBHICTh BUILITOBXYBayiB, 3HIMA4IB TOUIO);

- pO3poOKa TEXHOJOTIYHOTO 3aBAaHHA Ha 3aco0M MexaHizari 1
aBTOMAaTH3alIll;

- PO3paxyHOK €KOHOMIYHOiI e(heKTUBHOCTI Bija BrnpoBamkeHHs XOIII B
MOPIBHSIHHI 3 00POOKOIO PI3aHHSIM.

Y pob6orax [32-33] po3riasHYTI TOJOBHI OCOOJWMBOCTI TEXHOJIOTIYHUX
nepexodiB. [IpuBOAATHCS 3pa3Kud TUIOBUX KOHCTPYKINHM IITaMIIB XOJOIHOTO
BujaBmoBanHs. [llTamnu ns XOMOJHOTO BUAABIIOBAHHS MPAIIOIOTh B TSKKHUX
yMOBaX, MPUUMAIOYH BEJIMKI HABAaHTAKCHHS BiJl BACOKUX TUTOMHUX 3YCHJIb, 3HAYHHUX
CWJI TEPTSI MeTay 00 IHCTPYMEHT, TEMIEpATyPHUX 3MiH TTpH (popmoyTBOpeHHi. [
3a0€3MeUeHHs] CTa0lIBHOCTI TEXHOJOTIYHOTO MPOLECY, BUTOTOBJIEHHS 3aJIaHOT
SAKOCT1 AeTajled 1 eKOHOMIYHO OOIPYHTOBaHIM CTIMKOCTI 1HCTPYMEHTA, IITaMIIOBa
OCHACTKa TTOBMHHA 33JI0BOJIbHSTH HACTYITHUM BHMOTaM:

e O€3MIEeUHICTb,

® MIIHICTbH 1 JKOPCTKICTB;
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e yHi(iKaIg qeTanei;

® TEXHOJIOT1YHICTH (JOPMU 1 pO3MIPIB A€TAJCH MITaAMITY;
e JIETKICTH 3aMIHH JETaJIEH;

® [POCTOTA 1 HAIIHHICTh POOOTH IITAMITY;

e MOXKJIMBICTB I10a4l 3MAILIEHHS.

Jlxepena [32—33] onuCYIOTh METOUKY PO3PAXyHKY 3yCHIIb Ae(OPMYBaHHS
JeTanel mpu XoJIoAHOMY BuJaBiioBaHHI. [IpoBefeHUil MOPIBHSUIBHUN aHAMI3
TEOPETHYHUX Ta CMIIPUYHAX 3aJICKHOCTEH JUIsi BH3HAYCHHS  3yCHIIb
BUJIaBIIOBaHHS. Po3risiHyTI (pakTopH, sSIKi MarOTh BIUTMB Ha 3yCUJUIS edopmMarrii.

Metoauka BUOOpPY MpecoBOro o0JIalHAHHS Il XOJIOJHOTO BHJIABIIOBAHHS
npuBeeHa aBropamu jpkepen [32—-33]. JlerampHO pO3IIISAHYTE INTaMITyBaHHS Ha
TiIpaBIIYHUX TIpecax, sSKi 4epe3 CBOi XapaKTEPUCTUKU IIUPOKO BUKOPUCTOBYIOTh
IIPY Pi3HUX BHUJIAX IITAMITYBaHHS BUIABIIOBAHHSIM.

[Ipy migroroBmi J0 INTAMITyBaHHS TUIb3 I apTWICPINCHKUX CHapSIiB,
3HayHa yBara MpuUIlaa€ caMe Ha CTaJil0 MPOEKTYBaHHA. Y 3B’SI3KYy 3 THUM, IO
HEOOX1THO 3a0€3MeYnTH HE TUIbKM rabapuTHI PO3MIpH KIHLIEBOI JeTai, a 1 (Ppi3ukKo-
MEXaHIYH1 BJIACTUBOCTI KiHIEBOro BUpoOy. Ha chorogui icHye Oarato pi3HHX
MPOrpaMHUX 3a0e3IeueHb, SKi JO3BOJISIOTH MOTEPEIHBO 3MOJICTIOBATH TIPOIIEC
OTpUMaHHA BUpPOOY Ta TPOAHANI3yBaTH OTPUMAHY MIKPOCTPYKTYPY BHACIIAOK
00paHOro TEXHOJIOTTYHOTO MPOIIECY.

[lepen BU3HAYECHHSAM TApaMETPIB TIPOIECY BUTOTOBJICHHS IOMEPEIHBOI
3arOTOBKM TUIB3W ISl apTUJIEPIMCHKUX CHAPSAIIB CEPEeAHBOTO Kamiopy, OyIo
PO3TJISTHYTO CXO31 MPOILIECH OTPUMAHHS MTOPOKHUCTUX BUPOOIB Ta IIpoaHaI130BaHi
OTpUMaHi pe3yJbTaTH JJIi OCTaTOYHOT'O BHU3HAYCHHS IapaMETPiB BHTOTOBJICHHS
nerajei 3a 00paHOI0 TEMOIO.

B nocnimxenni [34] aBTopamu 0yJio BU3HAYEHO 3HAYEHHS TPhOX BaXKJIUBUX
napameTpiB Mpolecy TIIMOOKOTO BUTITYBAaHHSA, a caMe€ TeMIIEpaTypH 3aroTOBKH,
paaiyca Ayrd Ta IIBUAKOCTI INTAMIyBaHHS IS XapaKTEPUCTHUK TIIMOOKOTO
BUTATYBaHHs amominieBoro jymcta 7075. [loennanns MCE Ta ananizy Taryudi Oyio

BUKOPHCTAHO JJisi BU3HAYEHHS BIUIMBY NapaMeTpiB mpouecy. MojenoBaHHsS
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OPOBOJMIM 32 OPTOrOHAJIBHUM MAaCHBOM 3a JONOMOIOI0  MPOTrPaMHOTO
3abe3neuenHss DEFORM 2D. Ha ocHoBi mporHo3oBaHoi Aedopmaiiii TrOOKO
BUTATHYTOTO CTaKaHy Ta aHaJi3y AUCIepciitHoro Tecty (Anova) 0yJo BUSBJICHO, IO
TeMmrepaTypa 3aroToBKM HaWOlIbllle BIUIMBaE Ha CHOPMOBAHICTH aTIOMIHIEBOTO
MaTepialy, a TAKOK IIBHUJIKICTh IITAMITyBaHHS Ta pajilyc QyTH IITaMIIa.

Ha ocHoBi nmeraneit, mo ¢GpopMyIoTh MOTPeOH y CHIBBIIHOIIECHHI BHCOTH Ta
JaiaMeTpa, B pobotri [35] aBTOpaMM 3ampoOIIOHOBAHO HOBHUH MPOIEC TIUOOKOTO
BUTATYBAaHHS 3 HE3QJICKHUM paaialbHUM THUCKOM HAIITIOIOYNCh HAa KOHIYHUHN
CTakaH 3 TOHKOCTIHHOTO airoMiHi€eBoro cruiapy SA06, mocmiKyBajdu BIUIUB
riIpaBIIYHUX [UISIXIB HABAHTAXXEHHS Ta CIIBBITHOIICHHS PaJialibHOTO THUCKY Ha
PO3MOIiT TOBIIMHY CTIHKH 32 TOTIOMOTOI0 YHCEILHOTO MOJIeIIOBaHHs. Pesynbpratu
JIOCITIJIIB MOKA3yIOTh, 1110 PO3YMHHU 301 TUCKY B KaMmepl PIAMHHU Ta HE3aJIEKHOTO
pajiaibHOTO TUCKY MOXK€ €()EKTUBHO CTPHUMYBATH IOSBY TPIIIMHU HA JHI KOHYyCa
Ta Ae(PeKTH BHYTPIIIHHOI 3MOPILIKH B KOHIYHIN AUISHII CTIHKY JETAJIL.

ABtopamu B po60Ti [36], OyI10 BioOpaxeHo mpoliec rITMOOKOT0 BUTATYBaHHS
KpPYTJIOTO CTakaHy 3 MarHieBoro cmiaBy AZ31B i3 3acTOCyBaHHSIM IMPOrpamMHOro
3abe3neuennss ABAQUS / Standard. Pesynbratu mojentoBaHHs, OTpMMaHi B
pe3ynbTaTi MbOTO AOCTIKEHHSI JA00pe TOTOKYIOTHCS 3 E€KCIepUMEHTATbHUMU
pe3yibTaTamMH 1 MOKa3yloTh, 110 TPAHWYHE BIJHOIICHHS BUTATYBAHHS 3pOCTa€ 13
30UTBIIICHHSIM TeMIlepaTypu GopMyBaHHS.

B po6ori [37], aBTOpamu OyJ10 onrcano (opMyBaHHS IOPOKHUCTOT'O BUPOOY
3 aJIIOMIHIIO ITUISIXOM POTOPHO1 €KCTPY3ii.

B  mxkepeni [38], 3miificHEeHO dYHCEIbHE MOIEIIOBAHHS OTPHUMAHHS
UWIIHAPUYHOTO cTakaHy cruiaBy In718 3a m0momMoror 3BOPOTHOI €KCTpY3ii 3
pizHEMH TlapameTpamu. J[OCTiPKeHO 3MiHYy CTPYKTYpH 3€pHA B PI3HHUX 00JIACTSIX
dbopmyBaHHs naetam. B pe3ynbTaTi JOCHIIKEHHS OYJIO BCTAHOBJICHO, IO Kpallle
OTpUMYyBaTu O APIOHKI Ta piBHOMIpHUN po3Mip 3epHa 3 1000 (°C) -1050 (°C)
Ta 5 (MM/C) y IMIIIHAPUYIHOMY cTakaHi crjiaBy In718 3a momoMororo ekcTpy3ii Ha3an

3T1AHO 3 JOCIIKEHHIM.
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B po6Gori [39], aBropm 3a [I0MOMOror MPOrPaMHOIO 3a0e3ICUEHHS
DEFORM 3D, BimoOpa3uid  BaXJIMBICTh  BHKOPUCTAHHS  IPOTPAMHOTO
3a0e3MeyeHHsl, JJI1 OTPUMAaHHS JIeTanei 3 HeoOX1THUMHU TabapUTHUMU PO3MipaMu
Ta (P13UKO-MEXaHIYHUMH BIACTHUBOCTSIMHU.

MeTo1 BUTOTOBJICHHS MOPOKHUCTOTO BICECUMETPUYHOTO BUPOOY OMHUCAHO B
poboti [40]. B pesymprari orpumano niamerp Ha 1 — 3% wMeHmmi# 3a
pO3paxyHKOBHM, a BUCOTa Miciisi nonepeauboro ButaryBanus 0,7 — 0,85 BucoTu
TOTOBOTO BUPOOY.

B pob6oti [41] omucano cmocid OTpUMaHHS MOPOXHUCTHX JOETajed sSK 3
drnanmsMu Tak 1 6e3. 3aroToBKy HarpiBaroTh Ta MiAAa0Th Aedopmarlii y mramri,
NONEPEIHbO HArpiBIIM 3arOTOBKY, 00 CHIBBIAHOLIEHHS TEMIIEPATypH 3arOTOBKU
0 TeMmrmeparypu InTtammny Oymno B mianaszoHi Bix 0,7 mo 7.4. HarpiB 3aroToBku
BUKOHYIOTb Y BHU3HAYEHOMY TEMIIEPATYPHOMY IHTEpBaJl, KU 3al€XUTh BIJ
MaTepiany 3aroTOBKH.

Croci0 rapsyoro ImITaMITyBaHHSI MOPOXKHUCTUX BHUPOOIB 3 MEPIOJUYHUM
niepepizoM 30BHINIHBOI OOKOBOI YaCTHHHU OMKUCAaHO B [42]. ®DopMOTBOpEHHS BUPOOY
BUKOHYETBCSA 3a OJIMH XiJ ITyaHCOHY. 3O0BHIIIHIO OOKOBY TIOBEPXHIO BHUPOOY
dbopmytoTh B po30ipHIi BTy, sSiKa po3MillleHa B KOHTeHHep1 npeca. B pe3ynbrati
3HIKYIOTBCSI TEMIIEpaTypHI HAaBaHTa)KEHHS Ha BHUPIO Ta 1HCTPYMEHT, a TaKOXK
MOKPAITY€THCS SAKICTh TTOBEPXHI.

B poGori [43] aBropamu mpuBEICHO CHocid0 00’€MHOTO Tapsvoro
HITaMITyBaHHs Aetaneil Tumy crakad. llltamnmyBanHs BUKOHYeThcsl B 3 cranii. Ha
nepiii ctasii GopMy€eTbes MOTOBIICHHS B TOPIll 3aTOTOBKH IIISIXOM OCaJ[KEHHSI.
Ha npyriii craaii 3 HamiBdaOpukaty QopmyroTs maiby. Ha tpetiit cragii
3IACHIOETHCS BUAABIIOBAHHS 1aiiOM, BHACHIIOK YOTO OTPUMYIOTH JE€Tallb THILY
CTaKaH.

B po6ori [44] BimoOpakeHO crociO BUTOTOBJIEHHS MOPOKHUCTUX BUPOOiB.
ABTOpaMHU TMOKa3aHO Croci0 (GopMyBaHHS BHUXIJHOI 3arOTOBKH, TOIMEpPEIHE Ta

octatroyHe (opmyBaHHS IeHTpajdbHOro BHCTyy. [lonepenne ¢opMmyBaHHS
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HEHTPAJIBHOTO BUCTYNy BHUKOHYEThCS NpH (OpMYyBaHHI BHUXIJHOI 3arOTOBKH
oca/uKeHHSAM. B pe3ynbTaTi 3a0€3meuy€eThes MiABUIIICHHS SIKOCTI TOTOBOI JIeTall.

PosrnsHyTO TIMTAaHHS 3 TPUBOAY BHUTOTOBJICHHS JAETalli KOMOIHOBaHUM
BUJIABJIIOBAaHHSAM 31 CKJIQJHOK KOH(Irypali€r 30BHIIIHBOI Ta BHYTPIIIHBOI
noBepxoHb [45]. Orinka Ta JTOCHIHPKCHHS HABEICHOTO IPOIECY 3MIMCHIOETHCS 3a
JIOTIOMOTOI0  METOAY  KOMIT'IoTepHOro  MozenmtoBanHs. [lokazano rpadik
TEXHOJIOTIYHUX 3yCHIIb, BEIUUYUHY CEPEIHbOI0 HAMPY>KEHHS, HANIPY>KEHHS CTUCKY
Ta PO3TATY.

B po6ori [46] aBTOpamu BigoOpaskeHO METO OTPUMAHHS BICCCUMETPUUHHMX
MITAMIIOBAaHUX 3arOTOBOK THUITy CTaKaH 3 BHUCOKOMIIHOTO aJIFOMIHIEBOTO CILIABY
cuctemu Al-Zn-Mg-Cu, neroBanoro ckanaiem Ta nupkoHieM. Harpity 3arotoBky
nedhopmyroTh B iBa etanu. Ha neprioMy etami 3/1HCHIOIOTh OCa/I>KEHHSI 3arOTOBKH.
Ha npyromy erarmi opMyroTh CTIHKH BUPOOY 13 3aJaHUM Tipodiiem Ta aHo. L1 aBa
eTanu 31HCHIOIOTD 3a OJHY ONEPallilo JOKATbHUM MPHUKJIaIaHHIM HaBaHTAKECHHS.
30BHINIHIO TIOBEPXHIO (POPMYIOTH IYAaHCOHOM 3aKpiIUIEHHM IIiJi KyToM 5° [0
BEpTUKAJIbHOI oci Martpuul. Ilyancon oGeprarorh 31 mBuakicTio 200 00/xB.
MaTtpuio nepemMinyoTh Ha3yCTpid MyaHCOHY 31 MIBUAKICTIO, SIKa 3MIHIOETHCS BiJT
15 no 1 Mmm/c. Sk HACHIAOK MIBUIYETHCS KOS(DIIIEHT BUKOPUCTAHHS MaTepially Ta
AKICTh OTPUMAHUX BUPOOIB.

Crioci0 BUTOTOBJICHHS JIETaJIel TUITY BICECUMETPUYHOTO CTaKaHy OIMKMCAHO B
mkepeni  [47]. 3 BHXIZHOT IIWIIHAPUYHOI 3aroTOBKH, TapsSduM 00'€éMHHUM
MTaMIIyBaHHSM B JiBa eTanmu (GopMyroTh HamiBabpukar. Ha mepmomy erami
NUIIXOM OCaJKEHHSI 3MIHIOIOTh Ta0apuTHI PO3MIPU 3arOTOBKH 31 3MEHIICHHSIM
BHCOTH Ta 301JIBIIEHHSIM JiaMeTpalibHUX po3MipiB. Ha apyromy erari GpopMyroTh
CTIHKY Yalll Ta JOHHY 4acTuHy. OTpumanuii HamiB)aOpUKaT MiAAal0Th TEPMIYHIN
Ta MeXaHiuHii o0poOui. B pe3ynbrari oTpUMYyeEThCS MPOPOOJIEHHS CTPYKTYpHU
BCHOT'0 00'€MY 3arOTOBKHU.

BunasitoBaHHs 3 TOBCTOCTIHHOI TPYOHOT 3arOTOBKHM NIPUBECHO B cTaTTi [48].
Jocniam npoBOAMIUCA 32 JOMOMOIOK MAaTeMaTUYHOI MOAENl Jis omeparii

3BOPOTHOTO BU/IABIIIOBAHHS KOPOTKOYACHOI MOB3YYOCTI, SIKHH Ma€ HUIIHAPUYHY
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aH130TPOIII0 MEXaHIYHUX BIAacTUBOCTEH. OTpUMaHi pe3yjbTaTH 3HAYEHb 3YCUIUIS
orepallii 3BOpOTHOTO BHJIABIIOBaHHA. B po3paxyHKax BpaxoByBajacs KiHEMaTHUKa
mporecy, IMBHAKOCTI  Aedopmariiii, po3moAlT  E€KBIBAJICHTHOI  IIBHUIKOCTI
nedopmairiit Ta qedopmariiii B3oBXK Tedii MaTepiany. BuzHaueHo HanpyKeHHS IpH
nedopmyBaHHi. B 3a1eXHOCTI BiJy KyTa KOHYCHOCTI ITyaHCOHA BU3HAYEHO CHJIOBI
pexxuMu Ta 3po0iieH1 rpadivHi 3aj1eXHOCTI iX 3MiHd. Matepian mst nocniais BT6C
1 AMr6. Po6ora BukonyBainacs 3a rpantom PO®U Ne07-01-00041.

Po3paxyHOK TrpaHu4HOI IMMOWHU BJABIIOBAHHS B 3aroTOBKY 3 Mili OyIio
npoBeseHo B jukepeni [49]. B crarti Bukopucrana meroguka A.M. JImutpieBa i
A.J1. BopoHiioBa aJi nepeBipKr 301’KHOCTI pO3PAXyHKOBUX Ta €KCIIEPUMEHTAITBHUX
pe3yibTariB. MeToanKa J03BOJUIIA BIATBOPUTH PeaibHI 3aKOHOMIPHOCTI TIPOLIECY
BUJIABIIIOBAaHHSI 1 BUOpaTW OOIPYHTOBaHI PIIICHHS IO BUOOPY IMEpPEXOJiB Ta
oO0J1aTHAHHS.

AHauni3 npoiiecy rapsgoro 3BOpOTHOTO BuAaBioBaHHS B mporpami QFORM
nocmimkyBaBes B jpkepeni [50]. PospaxyHku mpoBeneHi Ui BH3HAYCHHS TEYii
MeTajly 3aroTOBKH, ii HAPY>KEHOTO CTaHy 1 HOpMO3MIHU B MpoLeci 1ePOpMyBaHHS.
B sxocTi BUXiTHUX NaHUX OyJI0 MPUUHATO: T€OMETPUYHI MapaMeTpH 3aroTOBKH,
TeMIlepaTypu, TPaHUYH1 YMOBH, IIBUJIKICTh IEPEMIIICHHS TyaHCOHA.

MCE B po6oti [51] Oyno npoBeneHO MOJACTIOBAHHS OMeEpallii XOJIOIHOTO
3BOPOTHOTO  BUJABIIOBAHHS  IWIIHAPUYHOI 3arOTOBKM  JIJII  BU3HAYCHHS
TEXHOJIOTIYHUX TMapameTpiB mpoiiecy. B skocTi mapaMeTpiB it po3paxyHKy Oyiio
B3sTo HJIC. B skocti pe3ynbrariB OyjJ0 OTPUMAHO HACTYIHI JaHl: PO3IMOILIT
nedopmariiii, rpadik 3aJeKHOCTI 3yCUIUTS BiJ X0y IMyaHCOHA, Tpadik 3aJeKHOCTI
eHepriil Big xoay myaHcoHa. OTpuMaHi pe3yJbTaTH J03BOJSIOTh 3HAYHO 3HU3UTH
CHEpreTUYH1 3aTpaTd Mg 4ac AehOpMyBaHHS Ta MOKPANTUTH TEXHOJOTIYHUMN
MIPOIIEC 32 PaXyHOK 3MEHIIEHHS KIJTbKOCT1 TEXHOJOTTUHHUX MEPEXOIIB.

Astopamu [52] po3risiHYTHIA TpoIiec 3BOPOTHOTO BUIABIFOBAHHS JIeTaeH 3
BUKOPUCTAHHSAM CXEMH 31 3BOPOTHHUM PYyXOM KOHTeWHepa. Pesynbpratu mociimiB
Oysu mopiBHSAHI 3 pe3ysbraramu MojentoBanHs B DEFORM 3D. Jlna mocniiB

BUKOPHUCTAJIN 3aroTOBKH 31 cTani 60, oTpumani HamiBpabpukatu giameTpoM 36 MM
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1 60 mm. JI;is 060X BUIIAJKIB BU3HAYEHI pe3ysibTaTH BigoOpaxkeHi y rpadikax Ta
MOPIBHSIHHI 3 pe3yJibTaTaMu po3paxoBaHUMH 3a meTojgamMu OpunmHHHKOBa O.I. 1
[Modmana JLA.

['muOoKe BUTATYBAHHS 3 IIOTOHIIEHHAM JIOCIIIKSHO 1 omrcaHo B ctaTTi [ 53].
Po3riissHyTO OCHOBHI CKJIQJIOBI Ta XapaKTEpUCTHKU Tmporecy. JlocaimKeHHs
npoBoguincs 3a gomnoMororo nporpamu DEFORM BukopucroByroun MCE.
JocnixyBanucsl Taki XapaKTEpUCTUKH, K TeMIlepaTypa, sKa BHUHHUKA€E IiJl 4Yac
nedopmMariii, BIUIMB MIBUIKOCTI AedopMallii MpH pi3HOMY 3MallleHHI.

B crarrti [54] npoBesieHO TOCTiIKEHHS OCHOBHHX ITapaMeTPiB BUTATYBAHHS 3
NOTOHIIEHHSAM. [[1s1 MojentoBaHHS MPOIECY BUKOPHCTOBYBABCS IPOTpamMHUMN
xoMiiekc DEFORM. BcTaHoBieHi mapaMeTpu MpoLecy: 3yCUIUIsl, Hapy KEHHS Ta
nedopmarrii.

MOXJIMBOCTI TOKpAIIEHHS TMPOIECY BHUTATYBAHHS JOCTIDKYBAJIOCS B
mxepeni [55]. Ha ocHOBI enemeHTapHOi Teopil miacTu4HOi Tedii Oyiau oTpuMaHi
HAIpPY>KEHHA 1 3yCWJUIS MPU BUTSITYBAaHHI 3 MOTOHIIEHHSM 3arOTOBOK 31 3MIHHOIO
TOBIIMHOKO CTIHKK. MogentoBanHss mnpoBoauiocs 3a pgomnomoroto  MCE.
ExcniepuMeHTH niepeBipeHi Ha IBOX TEOPETUIHUX MOJIEIISIX.

B crarri [56] po3rmsHyTO Ta JOCHIDKEHO TMIPOIEC BUTATYBAaHHS 3
MOTOHIICHHSIM UWJIIHIPUYHOT €MHOCTI MiJi THUCKOM. AHai3 MPOBOJIUBCS 3a
nornomororo MCE. Ilinb anamizy 0ysi0 BCTAHOBUTH IPaHUYHI 3HAYEHHS MPOIIECY IS
MaKCUMaJIbHOI MOKJIMBOCTI Jle(popMyBaHHs Ta SIKICHOI MoBepxHI. byna cTBopeHa
MOJIENIb JUIsl TEOPETUYHOTO PO3PAXyHKY MapameTpiB Ta BU3HAYCHHS HAIPYKEHb.
Bnamocst 3MEHIIMTH HABaHTAXKECHHS Ha IYaHCOHI Ta 3HHU3UTH PO3TATYIOUl
HaIPY)KEHHS, K BHHUKAIOTH T11]] 9ac MPOIIECY BUTATYBAHHS 3 IIOTOHIIICHHSIM.

3MEHIICHHS] PI3HOCTIHHOCTI TMPU BUTATYBaHHI 3 TOTOHIIEHHSM B JBOX
MOCJIIIOBHO PO3TAIIOBAHMUX MATPHIIIX JOCHIIKEHO B cTarTi [57]. Onucani npasuia
pO3paxyHKy KUIBKOCTI ~ oOmepaiiii Mpu BUTATYBAaHHI 3  IOTOHIICHHSM,
3aKOHOMIPHOCTI 3MiHU BIJHOCHOI PI3HOCTIHHOCTI B 3QJICKHOCTI BiJ BiTHOCHOTO
ctynens nedopmariiii. HapeaeHi 3a1eHOCTI B TPOIMIOHOBaHIH METOIUIII JO3BOJISIOThH

OTPUMATH OJIHAKOBY TOBIIUHY CTIHKHU 1 CTAOUTBHICTh MPOTIKAHHS MPOIIECY.
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B crarti [58] npoBeneHo mociiKeHHS MPOLIECY BUTATYBAHHS JAeTalll CTaKaH
B nporpami QFORM. Byno 3MmonenboBaHO MNpOIEC BUTATYBAHHA B KOHIYHIN
matpulli. ONHCaHO XapaKTEpPUCTUKHU CTaaiil JaedopMyBaHHS TMPU BUTIATYBAHHI.
BcTanoBieHo 3a1e)KHOCTI 3yCHILIS Bl IEPEMIIIIEHHS.

B pobGoti [59] mnpuBemeHa Moaenh TOHKOCTIHHOTO IMFJIIHIPUYHOTO
BUTATYBAHHS 3 MOTOHIICHHSAM 13 aHI30TPONMHUX MartepiamiB. J[OCHIITKEHO BILIUB
TEXHOJIOT1YHUX MMapaMeTpiB Ha HaMpyKeHUH Ta AedhopMoBaHUii cTaH. BcTaHoBIEHO
CHJIOBI PEKMMU BUTATYBAaHHS B KOHIYHIM MaTpHIIi.

B crarTi [60] po3risiHyTO BIUIMB PI3HOCTIHHOCTI B BUPOOAxX OTPUMAaHHUX 3a
JIOTIOMOTOI0 BUTSTYBAaHHS 3 IOTOHILEHHSM Ta HEPIBHOMIPHICTH PO3MOIUICHHS
BJIACTUBOCTEN TBEPAOCTI B MoOINepeyHux mnepepizax. [loka3aHO sK 1HTEHCHUBHICTh
nedopmailii BIUTMBA€ HA TOBIIMHY CTIHKH. 3allpOIIOHOBaHA MaTeMaTUYHA MOJIEIb ii
BpaxyBaHHs. HaBeneni crnocoOM BKa3aHOTO BpaxyBaHHsS MpH IPOEKTYBaHHI
[ITAMIIOBOTO O0J1aJHAHHS.

B crarTi [61] BcTaHOBIICHO BIUTMB TEXHOJIOTIYHHUX TApaMETPiB HAKOMTUYCHUX
MIKPOIOIIKO/XKEHb 1 TPAHUYHI MOKJIMBOCTI POPMO3MIHM Oneparii BUTATYBAaHHS 3
MOTOHIIIEHHSIM CTIHKM BICECUMETPUYHUX aHI30TPOIMHUX 3aroToBoK. [IpoBeneHi
JOCHIDKCHHSI TIOKa3yloTh MapaMmeTpu Koe(ilieHTa TOTOHIICHHS, 1 $K BIH
3MIHIOETHCA B MPOIEC] BUTATYBAHHS MPHU PI3HUX KyTax marpuui. OTpumaHi AaHi
y3TOJUKYIOTbCS 3 pe3yibTaTaMHU EKCIEPUMEHTAIbHO MIiATBEPKEHUMHU B IHIIMX
CTaTTAX.

ABtopamu pobotu [62] mochimKeHI CHJIOBI PEKUMH BHUTATYBaHHS 3
MOTOHIIIEHHSIM CTIHKM B BICECUMETPHYHUX 3aroToBKax. BCTaHOBIEHO CHIIOBI
peXUMH, KIHEMAaTHKy Teuli marepiany. Takox AOCHIUKEHO HalpyKeHH Ta
nedopmoBanuii cranu. OmnMcaHi piBHSHHS, 3a JIOTIOMOT'OF0 SIKUX MOYKIJIMBO OI[IHUTH
KIHEMaTHKy Teuli MaTepiajly B IPOLECI BUTATYBaHHS 3 MOTOHIICHHSIM. BusBieHi
KyTH MaTpUIll MPU SKUX 3YCHIUISA OCITae HaMEHIIOTO 3HaueHHs. JlocmimKeHHs
MPUBECH] B CTATTI Y3TO/HKEHI 3 EKCIIEPUMEHTATLHUMU JaHUMU THIIINX aBTOPIB.

ButsryBaHHs 3 MOTOHILIEHHAM Yepe3 JIBl MOCIII0BHO PO3TAIIOBAaHI MATPHII

omucyeTbcst B Jokepem [63]. s BuTAryBaHHS 3 TOTOHIICHHSAM Oyia
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3alpoONOHOBaHA MaTeMaTHM4Ha Mojelb. B Mozeni BpaxoByBajocs HailOuibina
KUTBKICTh (DAKTOPIB sIKI BIUIMBAJIM Ha BUTATYBaHHS. Byjio BCTaHOBJIEHO, IO KPIM
3BUYAMHUX CHJI SKI JIIOTh TMPU BUTATYBAaHHI Ha TPOIEC M€ BIUIMBAIOTH CHJIU
MPOTUBOHATATY, SKI MAiI0OTh B HamiBdaOpukari. 3amporoOHOBAHO METOJ IS
BpaxyBaHHS CHJI MPOTUBOHATATY IS KOPETYBaHHSA MOTY>KHOCTI. st Oiiabioro
pPO3YMiHHA mporiecy OyJi0o BHUBEIEHO 3aKOHOMIPHOCTI Je(opMyBaHHS B MpOILEC]
BUTATYBaHHS 4Yepe3 JIBl IOCIIJIOBHO poO3TallloBaHi Marpuili. byno po3pobiieHo
y3arajibHeHe YSBJIEHHS MPO TEXHOJOTIYHYy JAe(opMOBaHICT, MaTepiaxy mpu
BUTATYBAHHI.

B crarti [64] npoBeaeHO AOCIIHKEHHS PO3MOIITICHHS CTyTeHs aedopmariii i
MEXaHIYHUX BJIACTHBOCTEW BUPOOIB OTPUMAHUX 3a JOINOMOTO IITAMITyBaHHS 3
NOTOHIIIEHHSIM. B po00TI npuBeieH1 0COOJIMBOCTI IITAMITYBaHHS 3 IOTOHIICHHSIM Ta
XapaKTePUCTHUKHU MPOIIECY BUTATYBAaHHS. 3alPOMIOHOBAHO MOJEII JJI PO3PaXyHKY
BJACTUBOCTEH IITAMIOBAaHUX JeTaled 3 BpaxyBaHHSAM HEPIBHOMIPHOCTI
nedopmarrii.

BrimB  TexHONOrIYHUX TapaMeTpiB  Ha HEOAHOPITHICTH  PO3MOJALTY
nedopwmariii mij1 4ac 0OTUCKY TOBCTOCTIHHUX TPYOHUX 3arOTOBOK JOCIIIKYBAIOCS
B po0Oori [65]. Hocmimkenns npoBoauiucs i3 3actocyBanHsM MCE B mporpamMHOMy
koMiiekei QFORM 2D-3D v.7. B crarti npuBeAeH1 TOCHIIKEHHS 3pa3KiB 3
Mmatepiany crani 10, B skocTi popMyIOYOro 1IHCTPYMEHTY OyJia MaTpullsd 3 KyTOM
10°, 20°, 30°. ByB mnpexactaBieHUW pO3MOAIA Ta HEOJHOPITHICTh CTYIECHS
nedopwmariii. BuBeneHno rpadiku 3aj1eXHOCTI 3yCHIUTS Bil KyTa B MaTpHIl Ta rpadik
3aJIeKHOCT1 HEOTHOPITHOCTI AeopMaliii 1o TOBIIHUHI METAITy Ta B/l KyTa MaTpUIL.

B po6oti [66] npuBeaeHi pe3yabTaTd TEOPETUUHUX OCTIIKEHb Omepaliii
o0tucky. MogemoBanHsa mporecy mnpoBoguioch B QFORM 2D-3D v.7. B
pe3yabTaTi OyJid BUSIBJIEHI 3aKOHOMIPHOCTI BIUIMBY TEXHOJIOTIYHUX TMapameTpiB 1
reoMeTpii J1epopMyr04oro I1HCTPYMEHTY Ha CHJIOBI PEXHMH, HANpy>XEHUH Ta
nedopMoBaHi CTaHM, IHTEHCHUBHOCTI HAmpyXeHb Ta CTymneHs naedopmaiiii B
OOTUCHYTHX 3aroToBKax. BcCTaHOBIEHO KOE(QIlI€HTH, MPH SKUX 3POCTAIOTh

HanpyKeHHs. 3aJIeXKHICTh 3HaUeHb KoedilieHTa MPUBEACHO Y BUTIISLI Tpadika.
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Busnauenns nepexojiB, ¢opMu 1 po3MIpH 3aroTOBOK JTOCTIIKYBAIHUCS B
crarti [67]. B poOOTI BHKOPHCTOBYBaJId B SIKOCTI 3aroTOBKHM HarmiB(aOpHkaT
OTPUMAaHHI BUTATYBAaHHSM, KU HE BiANaiioBaBca. BcTaHoBiIeHO, 110 HaNO1IbIIIE
3MII[HEHHSI MaTepiady Ta BUILE 3HAYCHHS HANPY>KEHHS TeKYUYOCT1 JOCATAETHCS MPU
OUTBIIIOMY CTYNEHIO BUTATYBaHHA. TakoX OyJo IOCHIPKEHO BUAM BTpaATH
CTIMKOCTI: KUIbILIEBA 1 TOB3JIOBXKHSA Ta MPH, SKUX HAMPYKCHHIX BOHU BHHHUKAIOTh.
BuseieHi 3a51e:KHOCTI 3MIHU TPaHUYHOTO Koedili€eHTa B 3aJI€KHOCTI BiJl KOHYCHOCTI
Ta BEJIMYMHU pajiiyca MaTpulll. Pe3ynbratu mpencraieHi y BUrisal rpadikis. s
BU3HAYCHHS TPAHUYHOTO 3HAYEHHs Koe(ilieHTa 00TUCKY Ha OCHOBI JOCIIKEHb
CKJIaJileHa HOMOTpaMa JijIsl HarapTOBaHUX 3arOTOBOK.

B pobori [68] BukiameHi OCHOBH TEXHOJIOTiI Trapsdoro o00’€MHOTO
MITaMIIyBaHHS B yMOBaX MacoBOro, OararocepiiiHoro Ta ApiOHOCEPINHOTO
BUPOOHMIITBA. PO3MIISIHYTO XapaKTEPUCTUKHU 3aCTOCOBYBAHUX MaTepiaiiB Ta METOIU
BUNPOOYBaHb Ha IITAMIIOBAHICTh, HaBeAeHO aHaii3 HJIC, mo BUHMKA€e B 3ar0TOBIII
Ipy BUKOHAHHI oOmepailii rapsadyoro 00’€MHOro INTaMIlyBaHHs. BkazaHi NUIIXu
1HTeHCU(DIKaIli BUKOHAHHS P13HUX TEXHOJIOTTYHHUX OMepariii.

B mxepeni [69] mpuBemeHo kiacudikalilifo Ta METOIUKY PpO3PaXyHKY
omeparfiii  JMCTOBOTO  INTAMITyBaHHS, BUKIAJCHI OCHOBH TPOCKTYBaHHS
TEXHOJIOTIYHUX mpoleciB. HagaHo pexomenpaiii mo BHOOpY Ta ONTHUMI3aLli
PO3KpOI0, 3aCTOCYBAaHHIO 3MalllyBaJIbHUX MarepialiB, BU3HAYEHHIO
nedopmalliiHuX, CUJIOBUX Ta EHEPIETUYHUX XapakTepUCTHK. [IpencTaBiieHi TUIIOBI
KOHCTPYKIIii ITaMIIiB Ta peKOMEHAAIIIT 1o iX BUOOpY.

Tenpentii po3BUTKY TNPOIECIB JMCTOBOTO INTAMITYBaHHS, BKIIOUYAIOUU
NMUTaHHS MexaHizamii Ta aBToMmaru3aiii BukiaaeHo B [70]. Tloka3aHi ocoOauBOCTI
3aCTOCYBaHHS IIITAMITYBaHHS B JPIOHOCEPIMHOMY BHUPOOHUIITBI Ta BUKOPHUCTAHHS
THYYKOTO aBTOMaTH30BAaHOTO BUPOOHUIITBA.

Ha ocHoBi 3anpononoBanoi MmaTeMaTuyHoi Mozei po3riasinyTo HIIC tpy6HOi
3arOTOBKH MPH 00THUCKY KOHIYHOIO MaTpulieio [71]. OCHOBHI CIiBBiTHOIICHHS, SKi

OTpMMaHI B XOJil TEOPETUYHOrO aHali3y JO3BOJISIIOTH OLIHUTH HANpPY>KEHHS B
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ocepenky nedopmariii, BU3HAUUTU Toyie AedopMalliii 1 po3paxyBaTH JOBKUHY
BUX1JIHOI TPYOHOT 3arOTOBKH.

B pob6ori [72] 3 Bukopucranasim MCE npoBenenuii anaaiz KoMOiHOBAaHOTO
BUTATYBaHHS JIMCTOBUX 3aroToBOK 13 ctaimi 10 B ogHOKOHYCHIM maTpuii. [lns
BUTATYBAHHS 3 PI3HUMHU KoedillieHTaMu TepTs OyJId BU3HAUYEHI 3aJI€KHOCTI 3yCHILIS
BUTATYBAHHA Ta 3yCWJUIA 3HIMAHHS BiJl MEpeMIIIeHHs IMyaHcoHa. Po3paxyHkom
BHU3HAYEHI KiHIIeB1 popmu 1 po3Mipu BUpoOiB Ta ix HJIC. BcranoBneHi MmakcuManbHi
BEJIMUMHU TEMIIEpATyp, 110 BUHUKAIOTh y 3/1e()OPMOBAHOMY METaJi MPH XOJOTHIN
dbopMo3MiHI KOMOIHOBAaHMM BUTATYBaHHSIM. BcrTaHOBIIGHO, 110 301UIBIICHHS
Koe(dilieHTa TepTsS NPUBOJUTH JI0 POCTY 3YCUIUISI BUTATYBAaHHS, 3yCHILISL 3HIMAHHS
BUpOOy 1 MIABHILEHHA Temneparypu. Ilpm 1boMy Takox 30UIBIIYIOTHCS
pO3TATYBaJIbHI HAMpPY>KEHHS B CTIHII I[MIIHJAPUYHOI YaCTUHU 37ehOpPMOBAHOI
3arOoTOBKH 1 B CTIHIII Ha pajilyci 3a0KPYTJICHHS ITyaHCOHA.

B crarti [73] BimoOpaxeHO pe3yibTaTd MOJCIIOBAaHHS OOTHCKY-pO37adi
TpyO4acToi 3aroTOBKH, L0 MPOBOAMIOCH 3 METOI PO3pOOKH pEeKOMEHMAliil 10
BukopuctanHa nporpamu DEFORM-2D. ABtopoM ommcaHi crtamii mporiecy
o0THCKy-po3aaul TpyOuacToi 3arotoBku. Hamgano pexkomenpanii mo BuOOpy
KOe(DILIEHTY TepTS Ta KUIBKOCTI KIHIEBUX E€JIEMEHTIB JUIsl IaHOTO MpOoLecy IMpHU
po3paxyHkax B mporpami DEFORM-2D.

B po6orti [74] po3rasnyte mMoaemtoBanHs 3 BukopuctanusiM MCE o0THcKy
TpyOUYacCTUX 3aroTOBOK 3 PI3HOIO BUCOTOIO B MaTpHIIl cremianbHoro npodimto. I1o
pO3MOAUTY I1HTEHCHUBHOCTI Jaedopmaliiii OI[IHEHO TMPOMPAIIOBAHHS CTPYKTypHU
MeTajy IIacTUIHO Aedopmairiero. Takox BCTaHOBJICHI KiHIIEBI (opma 1 po3mipu
BUPOOY.

B po6orti [75] 3a nomomororo MCE npoBeneHi AOCTIIKEHHS 1151 BU3HAYECHHS
3a KPECIICHHAM JeTalli (JOpMHU BUXITHOT 3arOTOBKHU JJII OOTHCKY 1 BCTAHOBJICHHS
napaMeTpiB XOJOAHOTO OOTHCKY Takoi 3arOTOBKH 3 BHCOKOBYTJICIIEBOI cTami 3
OTPUMAHHSM TOPOKHUCTOTO BUPOOY 31 3MIHHOIO TOBINWHOKO CTIHKH 3aJaHUX
po3mipiB. Po3paxyHKOBUM IIIIXOM BCTAHOBJICHI (opma 1 pO3MIpU BHXIJIHOI

3arotoBkH. lloka3zaHo, IO BUKOPHUCTAHHS MJIsi XOJOZHOTO OOTHUCKY MaTpHIll
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TpaauiliiHOoi OpMHU HE JI03BOJISIE OTPUMATH BUPIO HEOOX1THOT (hOPMU BHACIIIOK
BEJIMKOTO 3yCWJUIs JedOpMyBaHHS 1 TOTOBIIEHHS CTIHOK B JOHHIA YacTHHI
31e(hOpMOBaHOI 3aTOTOBKH. 3aCTOCYBAaHHS MaTPUIIl CHEIIAIbHOTO MPOQLIIIo, Y K01
nedopMyroda MOBEPXHS YTBOPEHAa NEPETMHOM TOPIB 3 OAHAKOBUM JlaMETPOM
mepepizy 1 TMOCHIIOBHO pO3TAIIOBAaHUX 3 OJHAKOBHM KPOKOM, 3a0€3MeYmnIio
3MEHIIEHHS BIUIMBY CHUJI TEPTS, 3HIDKEHHS 3yCHUISI OOTHCKY 1 (POPMOYTBOpEHHS
MOPOKHUCTOTO BUPOOY 13 CTIHKOIO 3MIHHOI TOBIIMHHU. BCTaHOBJIEHO 3ycWuis 1
poboTy aedopmarrii, po3nOAII MUTOMHUX 3yCHJIb HAa KOHTAKTYIOUUX ITOBEPXHSIX.
Buznaueno HJIC wmerany, ki"ieBa dopma 1 po3Mipu BUpoOy. 3a po3mojijioM
IHTEHCUBHOCTI AedopMalliil MpoBeACHO MPOTHO3YBAHHS MEXaHIYHUX BIACTUBOCTEH
31€(OpPMOBAHOTO METAITy.

Pe3ynbratv TEOPETUYHOTO aHali3y BUTOTOBJICHHS TJHMOOKOI T'JIb3U 3 JHOM
BijoOpakeHi B poOoTi [76]. OCHOBHOIO MepeBaror 3acTOCYBaHHS PO3POOJICHOTO
Croco0y BUTOTOBJIEHHS T'JIb3U € 3MEHILIEHHS MOTPeOU B €HEPrii Ta CUJll MOPIBHSIHO
3 TpaIMLIMHUMHU METOJAaMHU BUPOOHUIITBA MIHOOKOI TUI3HU. YHCEnbHI pO3paxyHKH
npoBoauincs B Ky3ni R 2D 3 BUKOpHUCTaHHSM IJIOCKOTO CTaHy JaedopMarii.
OTpuMaHi pe3yabTaTy J03BOJIWIN BU3HAUNTH 3YCHILISA, HEOOX1THI IS IIPOIIECy Ta
MeXy JAedopmallii, a TaKOX TIEOMETPII0 MaTpUlll Ta MBHIKICTH yAapy IO
TE€XHOJIOTTYHOMY 1HCTPYMEHTY.

B crarti [7/7] posrimsHyTO pO3paxyHOK oOfepariii BHCOKOIIBHIKICHOTO
XOJIOIHOTO  BHMJABIIOBaHHA, MoOyJqoBaHMM Ha  BukopuctanHi MCE 1
6araTokpokoBOTO Mporiecy 3a gpornomoroio nporpamu DEFORM 3D, mo no3Bossie
OTPUMATH TEXHOJOTIYHY (OopMY 1 BIMOBIAHI TApaMeTpH MEPEMIIIICHHS.

Po3risinyTo OCHOBHI mpoOsiemMu npu (GopMyBaHHI J€Tajl THUIYy CTaKaH 3a
JIOTTOMOT'0F0 TJIMOOKOT0 BUTATYBaHHS 3 TUCTOBOro MaTepiamy [78].

Hocaimkenns [79] Oyno cmpsiMOBaHEe Ha IPOTHO3YBAaHHS MaKCHUMAJIbHOI
3MIHHOi CHJIM NMPUTUCKAya 3arOTOBKHU MPOTITOM XOAYy IyaHCOHa, 1100 3amoOirtu
YTBOPEHHIO TPILIMH MPH IITHUOOKOMY BUTATYBAaHHI J€Talll THIy CcTakaH. B manomy
JOCITIKEHH1 BUKOPUCTOBYBaIM cTasieBuit iucT Mapku SPCD ToBuHo0 0,2 MM. A

JlaMeTp IMUIIHAPUYHOTO BUpOOy Tumy crakan ctaHoBuB 40 mwm. IlopiBHsHO 13
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3aCTOCYBaHHSAM MOCTIHHOT CHJIM MTPUTUCKaya 3ar0OTOBKH, 3MIHHE 3YCUJUISI IPUTUCKY
MOXe OyTH JOCUTh €(PEKTHMBHUM JUIs 3amoO0iraHHs BUHUKHEHHIO TPIMMH 1
MiABUIICHHA 3JaTHOCTI (OpMyBaHHS JeTajeil 3a JIOMOMOTOI0 TIIMOOKOTO
BUTSATYBaHHS.

[IporHo3yBaHHS MiHIMAJIbHOI 3MIHHOI CHJIM TpUMada 3aroTOBKH T dac
yaapy myaHCoOHa, o0 3amo6irtv rohpoyTBOPEHHS I11]] 4aC BUTOTOBIICHHS TIPOIYKTY
METOJIOM TJIMOOKOr0 BUTAT'YBaHHsS JeTall THIY cTakad, mocmimkeHo B [80]. s
(GhOpMOYTBOPEHHSI TTOPOKHUCTOTO BUPOOY 3 miameTpoM 40 MM, BUKOPHUCTOBYBABCS
craieBuit muct Mapku SPCD toBumHoro 0,2 MM. AHANITUYHI pe3yJbTaTd
pO3paxyHKy 3MIHHOI CHJIM TpUMada 3aroTOBKU J0Ope 301ratoThCs 3 pe3ysibTaTaMu
mozentoBanHs MCE.

B poGoti [81] BigoOpakeHO MaTEeMAaTHYHMH MiOXiT PO3PaAXyHKY
MIHIMAQJIBHOTO 3yCHJUIA MPUTHCKaya 3arOTOBKH JUIsl 3al100IraHHs ro()pOoyTBOPEHHS
M1 4ac Npouecy rMOOKOro BUTATYBaHHS LMJIIHIPUYHOIO BUPOOY THITY CTAKaH.
st po3paxyHKy OyJi0 BUKOPHCTaHO JIMCTOBY OJIOB’SIHY cTanb Mapku T4-C4
toBuMHOIO 0,2 MM. ABTOpaMH poOOTH 3alpONOHOBAHO BHKOPHUCTOBYBATU
pe3yibTaTH  MOJCIIOBAHHS, K TMPOCTUH  OpIEHTHpP, Ui  3amoOiraHHs
ro)poyTBOPEHHSI Mij Yac Mpolecy rnO0KOro BUTATYBaHHS.

3anpornoHOBaHO HOBUM MEXaHI3M €IINTUYHOTO TJIMOOKOT0 BUTSTYBAHHS TSt
BUTOTOBJICHHS EJINTUYHOTO MOPOKHUCTOTO BUPOOY 3 TOHKOI KPYTJIOl TUTACTUHHU 3
aaryni CuZn37 (0,8, 0,9 i 1 mm) ToBimHOIO Ta 3a3opom (0,8, 0,9, 11 1,1) mm [82].
Pospaxynku BukoHyBanmuchk 3a gomnomororo MCE B mporpamHomy 3a0esneueHH1
ANSYS15. JlocnimkyBanu BIUIMB 3a30py Ta TOBIIWH IUIACTUHU HA MaKCUMAaJIbHE
3yCWJUISI BUTATYBaHHS, PO3MOJII HampyXkeHb Ta aedopmariiiii. B pesynbraTi
MIPOBEICHUX PO3PAXYHKIB OyJI0 BU3HAYEHO, 110 MpH 3a30pi 0,9 MM MiX MyaHCOHOM
Ta MaTPUIIEIO, Ta TOBIIMHI 3aroToBKH (0,8 MM OTpMMaHO HaWKpaIli pe3yabTaTH JJIs
SJNTUYHOI TTIMOOKOT BUTSKKH 0€3 MPUTUCKAUA 3arOTOBKHU.

B nocnimkenni [83] cMyru mucToBOro Mertaiy JiHIHHO MPOTITYIOTHCS Yepes3
BAJIUK 1 3YNUHSIOTHCS TICHsA MPOXO/KeHHs Banuka. [lig dac miei omeparii

dbopMOYTBOpEHH MaTepian 3a3Hae HemiHiiHoro nedopmysanHsa. [lpu mbomy
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NPOTATYBaHHS 3yIUHSIIN, TTOKU JTUCT MOBHICTIO HE MPOMILIOB BAJIUK, JJI TOTO MI00
JOCIIITATH JIOKAJIbHE MOCTINHE 3MIITHEHHS B3/I0OBX TOBIIMHU JHUCTa. BUMiproBaHHS
MIKpOTBEPJOCTI 3AIMCHIOBAJIOCH JO 1 TICHS TPOXOMKEHHS Bajuka. bylo
BUKOpucTaHo cTasib DC a1 rimmOoKo1 BUTSKKH.

Ha mpouec rimnOokoro BUTATYBaHHs BIUIMBAaEe OaraTo pi3HMX (pakTopiB, a
came: CHJIa MPUTUCKAHHS 3ar0TOBKH, BIACTUBICTH JIUCTOBOTO MaTepiaily, TOBIIUHA
JMCTa, IIBUAKICTH BHUTATyBaHHSA Ta Oararo iHmux [84]. Pamiyc poGouoro
IHCTPYMEHTY Ma€ HaWOUIBbIINK BIUIMB Ha 3/[aTHICTH J0 TNIMOOKOTO BUTSTYBaHHS 3
HEPKaBI1I0YOT CTa1 MICIS SKOTO CJIIIyE CUIa MPUTUCKAHHS 3aTOTOBKH Ta KOE(IIIEHT
TepTsi. MeToro focipKeHHs O0yJI0 BUBHAUYEHHS ONTUMAIIBHOI ()OPMH 3arOTOBKHU JJIs
rIMOOKOTrO BUTATYBAHHS JI€Tajell TUIYy CTakaH JOBUIbHOI (POPMHU 3 PIBHOMIPHUM
MPUITYCKOM Ha 00pi3 Ha (pIaHIIi.

B po6Gori [85] aBropamu Oynm po3poOiieHi KOHCTPYKIi INTAMITIB JIs
TJIMOOKOTO BUTSTYBAaHHS 3 BUKOPUCTAHHS «KOMIT IOTEPHOT CHCTEMH OOYMCIICHDBY
MoBoro nporpamyBanHs VISUAL BASIC 6.0, o Oyna nmoB’si3aHa 3 aKeTOM JIJIst
kpecienb AutoCAD 15t 3a011a1KEHHS 4acy Ta MOJICTIICHHS IPOEKTyBaHHs. Takox
JUISL  YUCENTBHOTO  MoJentoBaHHs  BukopuctoByBaBcsi MCE  mporpamuoro
3a0e3rmeucHass  ANSYS. Sk  BucHoBok, MCE € OulbIn TOYHMM, HIXK
€KCIIEpUMEHTAJIbHUN METO/1 y MPOrHO3YBaHHI HAMKpaIoi KOHCTPYKIIi MaTPHII.

JIisi mpoeKTyBaHHS MaTpHIlb JJsi OaraToeTamHUX oOmepaiiil rIrnboKoro
BUTATYBaHHA Oyja po3poliieHa excrepTHa cuctema 3 BukopuctanHsiM VB.NET Ta
AUTOCAD [86]. Ha ocHOBI maHuX CITIBBIIHOIICHHS TOBXHHH 10 JiaMeTpa
3aroTOBKH, CUCTEMA Tiepe1dadac Ta OI[iHIOE KUIbKICTh IEPEXO/IB, 3a30p Ta 3yCHILISA
st popmoyTBOpeHHs BupoOy. [lepeBaramMu Takoi CUCTEMH €: TTOKPAIIEHHS SKOCTI,
MPOyKTUBHOCTI TIPaIli, 3SMEHIIICHHSI Yacy Ha MPOEKTYBaHHS POOOYOT0 IHCTPYMEHTY
Ta 3MCHIIICHHS HETIPSIMUX BUTpAT.

3a pgomomoroto MmoaenoBanHs MCE mocmikeHo cmoci® 3BOPOTHOTO
BUIABIIIOBaHHS KopoOdactux netaneit [87]. Byno BpaxoBaHo pi3Hi Koe(illieHTH

TECPTA. 3a AOIMOMOTI'OK0 TAaKHUX MOACIIIOBAHbL, aBTOPU CTBEPIXKYIOTH, IO MOXHAa
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JIOCUTh J0Ope BU3HAUUTH HEOOXiJHI mapameTpu aedhopMyBaHHS: TeMmIieparypa,
IIBUJIKICTh Je(pOpMyBaHHS Ta TECOMETPUYHI TapaMeTPH iIHCTPYMEHTIB.

B crarri [88] BimoOpakeHO TOpIBHSHHS TMPOLECY OTPUMAHHS
BICECUMETPUYHUX BUPOOIB SK CYIUIBHHUX TaK 1 3 MOPOKHUHOKO 3a JOIMOMOTOIO
MPSIMOTO Ta 3BOPOTHOTO BUAABIIOBAHHS B1IMOBITHO. [IOpiBHSHHS BUKOHYBAJIOCh Ha
ocnoBi mozemoBanHst MCE B nporpamuomy xomriiekci DEFORM. Marepiadn, mio
BUKOPHCTOBYBABChH ITPU MOJIETIOBaHHI — MaJloBYyTJIeneBa cTtaib Mapku AISI 1010. B
pe3yNbTaTi MOJEIIOBAHHS OTPUMAHO, IO 3YCHJUISA BUJABIIOBAHHS OuIbIIe AJIs
OTPUMAaHHS OPOKHUCTUX BUPOOIB, @ 3HAYECHHSI TEPTS B CTIHIII MATPHUIIl O1IbIIIE TTPU
BUJIABJIFOBaHH1 CYIIIJILHUX BUPOOIB.

3actocyBaHHA KOMOIHOBAHMX IPOLECIB €KCTPY3ii 3 AEKIJIbKOMA CTYNEHSIMU
cBOOOIM Teuil MeTaly BHMMAara€e IOINEPENHbOI OIHKU (OPMOYTBOPEHHS, IO €
BIPHUM 3 YpaxyBaHHSIM OCOOJMBOCTEHN €BOJIOLII OcepeaKiB aedopmalii Ha PI3HUX
cramisix aedopmysanns [89]. B skocTi anbrepHaTUBH OCHLOBOMY MPSIMOKYTHOMY
KIHEMaTUYHOMY MOJYJII0 HIDKHBOTO MicIl  jgedopmarliii  3ampornoHOBaHO
BUKOPUCTAHHS  OCBhOBOTO  TPUKYTHOTO  MOAYJSA,  €(EKTHBHICTh  SKOTO
OPOJAEMOHCTPOBaHA IMpPH MOJENIOBAaHHI MPOLECY paAiaibHO-TO0310BXKHBOIO
BUJIABJIIOBAHHS 3 PO3/71auor0. PEeKOMEHIyeThCS BUKOPHUCTATH PO3POOJICHY CXEeMy
MOJICJIFOBaHHS TTOYATKOBOI CTafil mporecy A BiTHOCHO BHCOKHX 3arOTOBOK MPHU
HO/h1>4...6.

VY npoMucioBoMy Ta BIICBKOBOMY BHPOOHUIITBI, MPOIEC BUIABIIOBAHHS €
OCHOBHHMM TIPH BHUTOTOBJICHHI MOpokHUCTHX BUpoOiB [90]. Omniero i3 Oaratbox
3aJ1a4 Mpy MPOEKTYBAHHI OCHAIIEHHS 11€ MPAaBWJIHLHO BUSHAYNTH HABAHTAXKEHHS, 1110
Oyne cnpuitMaty pooounii iHcTpyMeHT. B 11i¥1 poOO0TI onrcaHo METO ] MOJIETIOBaHHS
3a JIOMOMOTOI0 IITYYHOTO IHTEJEKTY 3ajyUlsi BU3HAYCHHS IIUX HABaHTaXKEHb.
[ Ty4HMi IHTEIEKT HABYAETHCSA Ha OCHOBI BITOMHUX JaHUX MPOIIECY BHIABIIFOBAHHS.
Otpumani pe3ynapTaTd OyiM MEpeBIpEeHl Ta MOPIBHAHI 3 IHIIMMHU METOJAMHU
MOJICTIOBaHHSI.

3a nonomororo MCE mnpoBeneHO JOCHIKEHHSI Tapsyoro 3BOPOTHOIO

BUJIABJIFOBAHHS BICECUMETPHYHUX JIeTajleH 3 amoMiHieBUX crutaBiB [91]. I1inb mporo
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JOCIIKeHHS, 0yJIO BUBHAYUTH BIUIUB KOE(PIIIEHTY TEPTS, reoMeTpli MaTpuIl (KyT
Ta pajiyc nmpodiaro MaTPHIl) Ta HEOOX1THY MMOYATKOBY TeMIIepaTypy 3arOTOBKH Ha
nporec. B pesynpTaTi OTpuMaHO, IO 31 30UIBIICHHSIM pafiyCHOTO MpoQiiIo
MaTpHIll, TeMIIepaTypa 3MEHIIYEeThCs Ha 17%, a TeIIoBUi MOTIK 3MEHIITY€EThCS Ha
30%.

B po6oti [92] aBTOpammu ommcaHO TMpoLEC BUHUKHEHHS pPYWHYBaHHS
HITAMIIOBOTO OCHAIIIEHHS, a camMe I1HCTPYMEHTY Y 3B’SI3Ky 3 HepallloHaJIbHUM
BHOOPOM MaTepiary po6094oro IHCTPYMEHTY, KOHCTPYKIIii IITAMIIOBOTO OCHAIICHHS
Ta pPEKUMIB TepMIyHOI OOpoOKM iHCTpyMeHTy. HamaHo pekomenmamii ass
MPOEKTYBAHHS IITAMIIOBOTO OCHAIICHHS.

Onucano npouec 3’€IHaHHS ISl PI3HUX T€OMETPUYHUX (DOPM 3arOTOBOK 32
nonomoroto mporecy mnpecyBanHs [93]. Takuii mporiec 3a70BONBHSIE BEIHKY
KUIBKICTh BUMOT I 3’€JJHaHb: CTIMKICTh JO KOpO3li, aJanTOBaHICTh O
HaBaHTAXEHb, CJICKTPONPOBIAHICT, Ta OaraTo IHIIKUX. ABTOpaMHU JOCIIIKEHHS
HABEJICHO MapaMeTpU IIPOoLiecy MPECyBaHHs, [0 BIUTMBAIOTH HA MIIHICTh 3’ €/THAHHS.

B crarti [94], BimoOpa)eHO CrmociO BHUTATYBAHHS IUIOCKOT 3arOTOBKH B
MOPOKHUCTY KOHYCHY BiCeCHMMETpUYHY naetanb. [Iporec mopinsBcs Ha 2 eramu
dbopmyBanns netani. Ha nepmomy erami BiOyBaBcs npouec GopMyBaHHS BUIbHOT
YaCTHHU 3arOTOBKH J0 TOBHOTO KOHTAaKTy 3 KOHIYHOIO MOBEPXHEI0 MyaHcoHa. Ha
I[bOMY €Talll YTBOPIOETHCS HEPIBHOMIPHICTH MO TOBIIUHI, KA HA JAPYroMy eTarri
MOKe OyTHM KOMIIEHCOBaHa A€ aKTUBHUX cui Teptd. IIponec hpopMoyTBOpeHHs
netani npu (OpMyBaHHI KOHIYHOI YaCTHMHH CYIPOBODKYETHCS MOTOHIIEHHSIM
TOBIIWHU B MOPIBHAHHI 3 TOBIIUHOIO BUXIHOT 3arOTOBKU. BenmnynHa moTOHIIIEHHS
3pocTa€e Mo Mipi OMyCKaHHS MyaHCOHA, TOOTO KiHIIeBa JeTallb Oyjae ToHmoto. ek
croci0 103BOJISIE 3MEHIITUTH BETMYUHY PI3HOCTIHHOCTI KIHIIEBOI JETaTi.

Po3pobisieno ¢izuyHy Mojenb TepTs Ha OCHOBI pe3yJibTaTiB BUIIPOOYBaHb
KyJbKu Ha nucky [95]. Monenb mepeBipsSeThes 3a JOMOMOIOI0 TECTIB €KCTPY3il
noaBiitHOI Aii. byno oTrpumano xopoiri y3romkeHHs mix nporHozamu MCE Tta
HATypHUMH EKCIEPUMEHTAMH WI0JI0 JIOBXUHU EKCTPYJaTy Ta CTalllOHAPHOTO

eKCTPY31MHOr0 HaBaHTA)XEHHS, [0 BKa3ye Ha Te, 110 BUIPOOYBAaHHA KYJbKOIO Ha
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IUCKY € e(pEeKTUBHUM CIOCOOOM XapakTEPUCTUKH TEpPTS Ui HECY4Ooro KaHaiy
eKCTPY3iHMX MaTpULlb Ta XapakTep TepTd B KaHali MiJIIAIHUKA MOXKHA
MiCyMyBaTH $IK TPOLEC, IO 3aJeKUTh B THCKY: YTBOPEHHS 130JbOBAHUX

KJICHOBUX 3’€IHaHb, 3pOCTAaHHS KJIEHOBUX 3’ €JTHAHb 1 37UTTS KICHOBUX 3’ €HAHb.
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1.3 Teopetnuni Ta  eKCHEpPUMEHTabHI  METOAM  JOCHIDKEHHS IO
IITAMITyBaHHIO TIOPOKHUCTUX BHUPOOIB 31 3MIHHMM TpodijieM CTIHKH Ta JTHOM

BEJIMKO1 TOBIIINMHU

[Iporec ¢popmyBaHHS IIMOHKHA HaJl BUCOKOMIITHOTO CTaJIeBOoro OapabaHa i3
3aCTOCYBaHHSM OIOPY HarpiBy OI1YHOI CTIHKH CTakaHa, c()OPMOBAHOTO XOJIOTHUM
TITMOOKHUM BUTATYBaHHSM Ta TpecyBaHHsM [96]. biuna criHka, 10 Mae piBHOMIpHY
IUIOIIY TOTIEPEYHOT O Mepepi3y, HarpiBaiacs eIeKTPU3alli€l0 B 0CbOBOMY HAIPSIMKY.
PiBHOMIpHICTh TeMmepaTypu OYJIO MOKpPAIIEHO BCTABKOK MIAHOI (POJIBTH MIXK
CJIEKTPOJOM 1 OIYHOIO CTIHKOIO Ta 3MEHIIEHHSIM 00JIacTi KOHTakTy. Xoua
BHUCOKOMIIIHUM CTaJIeBUI cTakaH OyJI0 371aMaHO BHACIIIJIOK XOJIOJHOTO HMUTII[LOBOTO
dbopmyBaHHs, OapabaH peaykropa OyB ycmiliHO C(HOPMOBaHHMII 3a pPaxyHOK
HarpiBaHHS.

[Ipouec mnominmeHHs (HOPMOYTBOPEHHS HAJl BUCOKOMIIHUX 3yO4yacTux
OapabaHiB 3a JIOMOMOTOI0 HarpiBaHHS OOKOBOi CTIHKM CTaKaHy 3a JIOIOMOTOIO
PIBHOMIPHOT'O €JICKTPUYHOIO HArpiBaHHs OMUCaHO y poooTi [97].

B po6oti [98] aBTOpM mpeacTtaBuiu HaOIp MOB’SA3aHUX B’SI3KOIUIACTUIHHX
CKJIQJIOBUX PIBHSIHB AedopMallii Ta MOMIKOHKEHHS MPU TrapsiuoMy IITAMITyBaHHI Ta
XO0JIOIHOMY rapTyBaHHI JeTaieil naneni marepiany AA6082. Halip piBHSIHb MOXKHa
BUKOPHCTOBYBATH IS TMPOTHO3YBAHHS B’S3KOTUIACTUYHOTO TOTOKY Ta BTpATH
miactTuaHocTi AA6082 B ymoBax rapssaoro (opMyBaHHS.

B crarti [99] aBTOpamMu Oyso mpoaHani30BaHO BIUIMB KoedilieHTa TEpTS Ha
ri0OKe BUTATYBAHHS —ajioMiHieBoro cruiaBy AA6111 mpu  migBuieHux
TEeMIIepaTypax Ha OCHOBI TPhOX YMOB 13 BHUKOPHUCTAHHSM aHaJi3y KIHIIEBUX
€JIEMEHTIB Ta EKCIIEPUMEHTAILHOTO MiX01y. Pe3ynbpraTi mokasanu, 1o HasiBHICTh
3MAIlleHHsI CYTTEBO BIUIMBAE HA PEKUM PyWHYBaHHS cOPMOBAHOI JeTami. Takox
OyJI0 BU3HAYEHO ONTHUMAJIbHY BEJIMYMHY KoedilieHTa TepTs, mo ckiana 0,15.
OHOYACHO CHOCTEPIraeThCsl BUCOKA 30DKHICTH MIXK EKCIEPUMEHTAJbHUMHU Ta
MOJICIbOBAHUMH PE3YIbTATAMHU.

B po6oti [100] onucaHo, 1110 3aBAsSKH 3aM00IraHHIO TIepernaay TeMrepaTypu

¢dmaHnsg, ke B CBOIO 4epry OyJo JOCATHYTO 3a PaXxyHOK BHCOKOIIBHIKICHOTO
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dbopmyBaHHs, 3a I0MIOMOT0I0 CEPBOMPECA Ta 3MEHIIIEHHIO KOHTAKTy 3 MAaTPUIIEIO Ta
3arOTOBKOIO 13 BUKOPUCTaHHSM PO3MIPOK TOBCTINIMX 3a JIMUCT, OTPUMAHO
MOKPAIIEHHS ITaMITyBaHHs HaJl BUCOKOMIIIHOT CTaJIl.

B po6oti [101] mist mocmigkeHHS BIUIMBY TeMIIEpaTypH HarpiBaHHS Ha
c(OpMOBaHICTh Ta 3MIIIHCHHS pPO34HMHY, 00poOieHoro crmaBom Al — Mg — Si,
IPOBOIMITU OHOOCHOBE BUIIPOOYBAHHS Ha PO3TATYyBaHHS, INIMOOKE BUTATYBaHHS Ta
BUNPOOYBAHHS Ha BUIIMHAHHA TpW Temrepartypax Big 25 go 500°C. Asropu
BCTAaHOBHJIU, 110 ehopmallis pyiHHyBaHHS Ta TPaHUYHA BUCOTA OMYKJIOCTI 3HAYHO
3pocTayii, TOKM Temmeparypa He Oyna migBumena g0 400°C, rpaHuuHun
Koe(DIIIEHT BUTATYBaHHS 301IbIIIYBaBCs, KOJIM TeMIiepaTypa migHiManacs a0 200°C,
a 3r0JI0M 3HMKYBaach. TBEpAICTh 3MIHIOBAJIACK 13 MIJIBUILIEHHAM TEMIIEPATYPH, AB1
nikoBi TBepnaocTi 3'sBuwimcs npu 200 1 500°C. MakcumanbHa TBEPIICTH MOXKE
ctaHoBuTH 115 HV. YTBOpeHHs rpyOuxX 0cajiiB MPU3BEIIO 10 3MEHIIEHHS TBEPOCTI
npu temneparypax Bix 250 mo 450°C. Ilokpaiiena chopmMoBaHICTh Ta MILHICT
Oynu otpumani ogHouyacHo npu 200 ta 500°C, obunBa 3 IKMX MOKHA BUOpaTH SIK
BIJINIOBIJIHI TeMIiepaTypu (OpMYBaHHS JJIs Fapsiu0ro MTaMITyBaHHS.

BmuuB ctpykTypu 3epHa/TekcTypu amtominieBoro ymcta AA3014-H19, mo
OTPUMAaHO BHACIIOK Taps40ro BAJBIIOBAHHS ITi]] TIOIAJIbIIIe BUTSATYBAHHS CTaKaHy
BifoOpaxeHno B podori [102].

B nocmimax [103] 1winiHApUYHY YACTMHY BHTOTOBJISUTM — METOJIOM
(dbopMyBaHHS rapsyoro raszy ta BuUBYaiu copmoBanicTh ymcta Ti-22Al-24.5Nb-
0.5Mo ToBmmHOI 2 MM Tipu 985°C. ABTOpHU BCTAaHOBUJIH, L0 J€TaNll MOXKYTh OyTH
c(opMOBaHi 3 HEBEJIMKUM PaJilyCOM HUKHBOTO KyTa 4 MM 13 30BHIIIHIM J1aMETPOM
60 MM 1 rubuHo 20 MM. MakcumanbHHI KOE(ILIEHT MOTOHIIEHHS CTAaHOBUB
56,3% 06111 Manoro Kyra.

B crarri [104] aBTOpamu Oyj0 HaJaHO OIJISA CYYaCHOTO CTaHy TaKHX
MPOLIECIB rapsyoro MmTamMIyBaHHs, BKIIOYAIOUM 3arapTOBAHICTb, C(HOPMOBAHICTD,
MIXOU 10 HArpiBaHHS, OXOJOJKEHHS Ta 3MAalllyBaHHS, a TaKOX OyJIO OMHUCAHO
MeXxaHi13M (POpMYBaHHS Ta 3arapTyBaHHs, aHAJ13 MPOIIECIB rapsuoro mTamMIyBaHHs

Ta 1X 3aCTOCYBaHHA.
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B po6ori [105] aBTOpamu onucaHo rapsde TaMITyBaHHS HaJl BHCOKOMIITHUX
CTaJIel Ta X OXOJOJKEHHSI B MaTpHIli Bojo0. [Ipu rapsaoMy mraMmiyBaHHi Boja
YTPUMY€ETHCS B HIKHINA MAaTPUIT TS 301IbIIEHHS IBUKOCTI OXOJIOIKEHHS i1 4ac
3arapTyBaHHsS MaTpHIll, HA J10/1a4uy, JIOKAJIbHE CTOHIIEHHS HABKOJIO KyTa MyaHCOHA
3a1o6irajao rapTyBaHHIO BOJOIO Ta IITAMIIOM, 1, BUTATYBaHHSI 301JIbIITY€ThCSI.

[TopiBHSHHS MEXaHIYHUX BIACTHUBOCTEH pajiadbHOI 3BOPOTHOI €KCTPY3ii Ta
TPAIUIIMHOI 3BOPOTHOI €KCTPY3ii JUIsl BUTOTOBJICHHS JeTall y (OopMi CTakaHy
MoKa3yloTh B jocuikeHHsx [106], mo kpaine ouMIeHHS 3€pHa Ta OUIbII
PIBHOMIpHUH po310a1JT (ha3u 3MIITHEHHS MOYKHA JOCATTH 3a JIOTIOMOT'OF0 paJllaJIbHOL
3BOPOTHOI €KCTPY3ii HIXK 32 JI0MOMOTOI0 TPAJAUIIIIHOT 3BOPOTHOT €KCTPY3Ii.

B po6oTi [107], aBTOpM mocaimKyBad BIUTHB po3Mipy Ta (opMU CTakaHO
no1i0HUX MOKOBOK 3 (hjiaHIeM Ha (OpPMYBaJIbHY 3/IaTHICTh AJIFOMIHIEBOTO CILJIaBY.
YucenpbHe MOJETIOBaHHS MPOBOJWIN JUIsl TIpoliecy (QopMyBaHHS €KCTPY3li s
KOXKHOI JIeTajli, BHKOPHUCTOBYIOUH JBOBUMIPHHN METOJ TPYKHO-TJIACTUIHHX
CKIHUEHHHUX €JIeMeHTiB. Pe3ynbraTtu nmokasanu, mo jnedextu popMyBaHHS, TakKi K
3ropTaHHs a0o TPIMIMHMU, 3’SBISAIOTHCS B KOKHOMY KOBAHOMY aJIOMIHIEBOMY
crutaBi. Pe3ynbTaTyl MpeACTaBiIsIOTh BAKIMBI MMOCHIIAHHS JIJIST aHATI3y TEXHOJIOT1H
Ta MPOEKTYBaHHs Mpec-(HopM.

BucokoMmilHa mjiacTMHa 3 aJdlOMIHIEBOTO CIJIABY MAa€ HU3BKE MOJOBKEHHS
P KIMHATHIM TeMrepartypi, 1Jisi BUPIIIEHHS i€l TPoOJeMHU B eKCIIEPUMEHTAIBHUX
nocmigax, mo onucani B poodoti [108], icHyroue cepenoBHIe 3aMiHWIH
TEPMOCTIHKMMU TBEPAUMH TpaHylaMd 1 3aCTOCYBaJM OOJIaJHAHHS 3arajibHOTO
Ticky. Ha ocHOBiI BumpoOyBaHHS e(EKTHBHOCTI Tiepenadi THCKY TBEPIOTO
TpaHyJISAIHHOTO CepeIOBHUIIA JOBEIEHO MOXKIUBICTh BUKOPUCTAHHS MPUITYIIIEHHS
npo po3mupeHy JiHidHYy Moaens [pykepa-Ilparepa mns aHamizy KiHIEBHX
eneMeHTiB. [Iporec hopmyBaHHS (OPMOBAHOTO CEPETHBOTO TUCKY TapsSIUX TPaHyIl
BUpILIY€E TPOOIEMH 3aBAaHTAXKEHHS Ta YUIUIbHEHHS B ICHYIOUOMY MPOIIEC] THYYKOTO
dbopmyBanHs mpec-hopmu Ta 3abe3Medye HOBY TEXHOJOTIIO TepMOGOpPMYBaHHS
JIETKOCIVIaBHUX TUIACTUH, TAKUX $SIK MarHi€BUW CIJiaB, aJIOMIHIEBHM CIUIaB Ta

TUTAHOBUH CIIJIaB.
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ABTtopamu B po6oTi [109], Oyiu po3pobiieHi Ta MpOTeCTOBaHI HOB1 YCTaHOBKHU
IJIMOOKOI0 BUTATYBAaHHS, a TAKOX 3allPONIOHOBAaHA IOCIIJOBHICTh INPOLECIB IS
HiABUIICHHA rOuHU (popmyBaHHs nucTa Mapku AA6082. 3aranbHuii koediieHT
BUTATYBaHHA ckiaB 3,38, MIiIHICTh CTIHKM CTakaHy Imiciasi (QopMyBaHHS
XapaKTepu3yBald 3a JOIMOMOTOI0 BHIPOOYBaHHS MIKpOTBepaocTi Bikkepca,
npu6am3HO Ha 30% MOTINIIEHO MIKPOTBEPIICTb.

AHani3 BIUIMBY MOCTYIIOBOTO INIMOOKOI'O BUTSTYBAaHHS MapraHLEBO-OOPHOI
ctani 22MnBS5 3 BUKOpHUCTaHHSIM KOJUBAIBHOTO PYXy B HAMpPSIMKY OJHOYACHOTO
0X0J10/pKeHHS BimoOpakeHo B [110]. 3ynmuHKH, 110 BiAOYBAIUCS MIPU MOCTAITHOMY
(dopMyBaHH1, 3a0e3MeUMIM JOCTaTHBO Yacy MJisi MOM'AKIIEHHS Ta BiJIHOBJICHHS
(dbopMyBaJIbHUX BIACTUBOCTEH. [[0CIIIIKEHO MOBEAIHKY PO3M'SKILIEHHS ITPU TIEBHUX
TeMIeparypax GopMyBaHHs.

VY nmocmimkenni [111] ekcrpysis crakany AA6063 Hazan Oyna YCHIIIHO
NpOBEJCHA EKCIMEPUMEHTAIbHO Ta TEOPETHYHO 3 BHKOPUCTAHHIM TPOMIYHOTO
KOKOCOBOI'O Macjia Ta KacTOpOBOi oOii B SKOCTI MACTUJIBHUX MaTepiajib.
ExcriepuMeHT Takok mNpoBoAMBCA 0Oe3 3maineHHs. [loTiMm OyB mnpoBeneHUi
YUCENbHUM aHaMi3 13 BUKOPUCTAHHIM MporpamHoro 3abdesnedennss DEFORM 3D
JUTSL €KCTPY3ii 3BOPOTHOTO CTakaHy. bylio BCTaHOBJIEHO, 1110 TeMIiepaTypa 3pocTaa
31 30UTBLIEHHAM BUAKOCTI Aedopmartii. [Tpu Buiiii mBuaAKOCTI Aedopmariii Takox
MJBUIIYETHCSI TEMIIEpaTypa SIK MITaMIIYyBaJIbHOI, TaK 1 HWXKHBOT Matpuill. Kpusa
eKCTpy3li HaBaHTaXEHHS — X1 pe3ydbTaTy MOJIETIOBAHHS  BIJAINOBIIaa
eKCIIEPUMEHTAIbHUM PE3yJIbTaTaM.

Hoga Texnika ()opMyBaHHS CTakaHy 3 BEpXHBOIO Ta HUKHBOIO MOPOKHUCTOIO
TOJIOBKOIO METOJOM KyBaHHsS IUTaCTHH BimoOpakeno B [112]. V mpomy mporeci
JUCTOBUN MeTan OOpOOJSIOTh y BHUTATHYTUH CTakaH B MpoLEci TIUOOKOro
BUTATYBaHHS, a MOTIM J1Ie(POPMYIOTh JI0 I[IIbOBOi (POPMHU IIJITXOM CTHCKAHHS Kparo
ctakany. @PopMa Ta po3Mipd KIHIEBOro BHUpPOOYy, [100pe 30iraroTecs 3
CIIPOCKTOBAHUMH PO3MIipaMH JETali.

JInst mociiKeHHS MIKPOCTPYKTYPHU Ta MEXaHIYHUX BJIACTUBOCTEH 3pa3KiB,

copMOBaHUX 3a Pi3HUX MapaMeTpiB ¢popMyBaHHs, B nociigax [113] mpoBoamim
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MeTanorpadgiuyHuid  aHaji3, BUNpPOOyBaHHS Ha TBEPAICTh MO Bikkepcy Ta
BUNPOOYBAHHS Ha pO3TAr. 3pa3ku 0e3 Makpo- Ta MikpoaedekTiB, chopMoBaHi
yemimuo npu 580°C mig pi3HUMHU HaBaHTAXCHHSAMH. bBUTbIll BHCOKI 3HAYEHHS
TBEpIOCTI 3a BikkepcoM, BUMIPsIHI B MPUIOHHUX 00JIaCTAX 3pa3ka, CHOPMOBAHOTO
npu OUTBIINX HAaBAHTAXKCHHSIX.

ABtropamu B pochimax [114] Oymm pmocmipkeHi mporiecw (HopMyBaHHS
JIMCTOBOTO METaly JJisi BUTOTOBJICHHS JETaJled TUIY CTakaH 31 CTIHKOIO OUIBIIOL
TOBIIMHU HIX TOBIIUHA TOHHOI YacTWHU BUpOoOy. [nst popmyBaHHS cremiaabHUX
3aroToBOK OyJi0 TMOpiBHAHO KapOyBaHHA Ta opOitasbHe (OpMyBaHHS Ta
MIPOAHaJI30BaHO CTPATET1I0, 3aCHOBAaHY Ha Mpolieci KapOyBaHHS 3 PI3HUMHU yMOBaMU
3MaieHHs. YncenbHi Ta eKCIIepUMEHTaIbHI pe3yIbTaTH BKa3ald Ha Te, M0 AeTall
JUCTa 31 CKIAJHUMHU TepepizaMu MOXKYTh OyTH chopMoBaHi 3a JIOMOMOTOIO
crieriagbHol 3arotoBku Metogom U-CDZ.

B po6oti [115] BimoOpaskeHO Mpoliec TEIUIOBOTO 3BOPOTHOTO TIHOOKOTO
BUTATYBaHHA i1 (pOpMyBaHHS IMIIHAPUYHUX CTaKaHIB 3 OUIBIION TIUOMHOIO
BUTATYBaHHA. Bynu mpoBesieHi eKcriepuMeHTalbH1 Ta YUCENbHI JOCTIKEHHS, 11100
MPOAHAJI3yBaTH BIUIMB TEMIIEPATYPHOTO TOJII HA MEXY INIMOWHU BUTATYBAaHHS Ta
pO3MOiN HampyXeHb MiJ Yac TEIJIOr0 3BOPOTHOTO TJIMOOKOTO BUTSATYBAaHHS
anoMiHI€BOI miacTuHu 5SA06. PesynbTaTi mokasanu, o pyHHYBaHHS B1AOYJOCS
Py PIBHOMIPHOMY TEMIEPATypHOMY IOJi, OCKUIBKK pajiajibHi HAMpyKEHHS Ha
BHYTPIIIHBOMY KYTi O1JIbIII1, HI’)K HA KyTl ITyaHCOHA.

Astopamu pobotu [116], 3ampornoHoBaHO MeTO | (OPMYBaHHS Ii] HA3BOIO
rHyyke (OpMyBaHHsS TOPOKHHHHM Topomiky. [le TexHomoris ¢opMyBaHHA, sKa
BUKOPHUCTOBYE TMOPOIIKOIMOAIOHE CepeOBHUIIE 3aMiCTh JKOPCTKOTO IyaHCOHa abo
mTamMny Juisi  (popMyBaHHS JIMCTOBUX MeTamiB. Pe3ynbratu mokaszaid, 1110
TEXHOJIOT1sI THYYKOro (pOpMyBaHHS MOPOIIKOBOI MOPOKHUHU MOKE MOJIMIINATH
MeXy (QopMyBaHHS JIMCTOBOTO METally, TaKOX 30UIbIIMBCA KOE(DIIIEHT
BUTSATYBaHHA 3 1,8 10 2,2.

3a gomomororo mojaemoBanHss MCE Dynaform, aropamu B [117] Oyio

BiTOOpaK€HO BIUIMB TEMIIEPATypu Ha TIMOOKE BUTATYBAaHHS CTakaHiB. byio
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BUSBJIEHO, IO ICHYE€ XoOpolma 30DKHICTh MIXK €KCIIEpUMEHTAIbHUMU Ta
MPOTHO30BAaHUMU 3HAYCHHSIMU.

B po6Goti [118], aBTOpH mOCHi/KyBau TIAHMOOKE BUTATYBAaHHS CTAJICBHX
JIUCTIB MPU TapsuoMy IITaMIyBaHHI. Y Il poOOTI JOCIIIKYBaJId 3aCTOCYBaHHS
omop Uil 3a30piB Ta (opMyBaHHS JHAa 3arOTOBKH. Y IIBOMY EKCIEPUMEHTI
MaKCHUMaJbHe 3HAUE€HHS TPAHUYHOTO KoedillieHTa BUTATYBaHHs cTaHoBmIO 1,71.

B excniepumenrtanpaux gocmigax [119], 3a gonomororo MCE B mporpamMuomy
komiuiekci Abaqus / Explicit, Oyi0 CcHpoeKkTOBaHO MPOIEC BUTITYBAaHHS s
cepuyHOi JeTani 3 LEHTPAIbHUM OTBOpOM. Takoxk OyJi0 MpPOBEAECHO HaTypHI
eKCIIEPUMEHTAJIbHI 1OCIIIIH, IO MIATBEPANIN IPOTHO30BaHI PE3yJIbTaTH.

Jlns mporHo3yBaHHS Ta NOJIMNIIEHHS Tmpolecy (OpMyBaHHS TJIMOOKOTO
BUTATYBAHHSA JIMCTIB X0JIOAHOKaTaHoro komepuiiiHoro kiacy (SPCC) 13 craneBux
IUIACTUH OYJIM PO3TJISIHYTI TPU NapaMmeTpu, BKIKOYAIOYU 3YCUIUIS TACIHHS, paslyc
MaTpHIli Ta KyT IITaMIyBaHHA. ExcriepuMeHTaIbHUM MJ1aH 3T1THO OPTOTOHAIBLHOTO
macuBy Tarydi OyB moeananuii i3 monmemoBanusM MCE [120]. OntumanbsHuit
BUMAJOK, 3HAWJCHUI 3a JOMOMOrOI  MOJICTIOBAaHHS, OyB  OCTaTOYHO
IITBEPPKEHUH €KCIIEPUMEHTOM.

JUiss  ramOOKOro po3yMiHHSA TMPOLIECY TapsA4oro BUTATYBaHHS JIMCTa
AIFOMIHIEBOTO CIUIaBY 3 €KCIEPUMEHTAIbHUM TMiATBEPKEHHSAM TPOBOIUIIH
MOJICNIIOBAHHSI ~ BUTATYBaHHS  IIWIHAPUYHOTO CTaKaHy TIpU  IABUIIEHUX
temneparypax [121]. Bymo mOCHIKEHO BaXKIMBICTh MPHU BHUTATYBaHHI TaKHX
(bakTopiB: MBUIAKICTh TPOOUBAHHS, 3yCHIIJIS TPUMaya 3arOTOBKH, KOS(IIIIEHT TepTs
Ta OYaTKOBa TeMreparypa popMyBaHHS.

[Tporiec MoieTIOBaHHS 3BOPOTHOTO BUIABIIFOBAHHS ONMCaHMid B ctaTTi [122].
TakoX TNpHUBEICHUN ONUC BUIABIIOBAHHS JE€TAIEH 3a JIOIMOMOTOK PyXOMOTO
KoHTelHepa. 3o0paxeno 1 Hamano onuc HJIC. docmimkeHHS NPOBOAMIMCA B
nporpamHomy komiuiekci DEFORM. BukopuctoByBanu MOJENIOBaHHs MaTepiaty
bpb2, nns sikoi Oynu 3amaH1 MEXaHiuHI BIACTUBOCTI OTPUMaH1 B PE3yJIbTaTi PO3TATY
3pa3ka. byyno mpoBemeHO JekiIbKa IOCHIAIB Ha 3pa3kax giamerpom 60mm, 3

OTPUMAaHOI0 TOBIIMHOIO JHA B KiHII 2 Ta 5 mMM. [lokaszani rpadiku Ay 3ycCHILIs
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MPOIIECY B 3AJIKHOCTI BiJl IEPEMIILICHHS IHCTPYMEHTY Ta MOPIBHSHHS OTPUMaHUX
pe3ybTaTiB 3 TEOPETUYHO pPO3paxoBaHMMHU 3a Merogamu [ImutpieBa O.M. Ta
OBuunnukoBa O.I".

B po6orti [123] aBTopamu npuBeicHa MaTeMaTHYHa MOJIC/Ib IS BUTSATYBaHHS
3 TIOTOHILIEHHSIM 3 TOBCTOCTIHHOTO Marepially 3 aHI30TPOMHUMH BIACTHBOCTSMHU.
OTpuMaHi pe3yibTaTd TEOPETUYHUX Ta EKCIEPUMEHTAJIbHUX JIOCHIIKCHb
ne(opMOBaHOTO 1 HANPY)KEHOTO CTaHy IPH BUTATYBaHHI. TakoX MOCIHIJKEHI 1
OTKCaH1 Pe3yJIbTaTU CUJIOBUX PEKMMIB 1 TPAHUYHUX MOXKJIUBOCTEH BUTITYBaHHS 3
MOTOHIIIEHHSIM CTIHKM B 3aroTOBKax 3 aHI30TPONHUX MartepiaiiB. TeopeTuyHi
JOCIIJIKEHHSI ~ 3aJIOBOJIBHSIIOTH ~ OTPUMAaHUM  pe3yJibTataM  MPOBEIACHUX
€KCIIEPUMEHTIB.

Pe3ynbrati TEOpPETHMYHUX Ta EKCHEPUMEHTAIBHUX JOCHIIKEHb CHUJIOBUX
PEKHUMIB Ta TPAHUYHUX MOMKIUBOCTEH BICECHMETPUYHOTO BHUTATYBaHHS 3
MOTOHIIICHHSAM TpuBeAeHO B ukepeni [124]. Po3pobnena maremaTHdHa MOEINb
omepailii BUTATYBaHHA 3 TMOTOHIIEHHAM. [IpoBedeHI eKcHepUMEHTaNIbHI
JOCTIIPKEHHSI BUTATYBAHHS 3 TOTOHIICHHSM JIsl BA3HAYEHHS CUJIOBHX PEKHMMIB Ha
cram 11HOA.

B po6oti [125] npuBeneHi pe3ynbTaTH BUTATYBAaHHS 3 MOTOHIICHHSM JUISI
UWTIHAPUYHUX JETajedl 3 aHI30TponmHOro matepiany jaaryHb JI63. JlocmimpkeHHs
IPOLECY MPOBOAMIOCS TEOPETUYHO Ta €KCHEPUMEHTaIbHO. ABTOPU BCTaHOBUIIU
BIJIUB TEXHOJIOTIYHUX MapaMeTpiB Ha CUIIOBI. TeOopeTuyHl Ta eKCIepuMEHTAIIbHI
JaHl Y3TO/DKeHI MDK CcO000I0 10 CHJIOBUM peXuMaMm ormepaiii. B mporeci
JOCITIJKEHHST OyJI0O BCTAHOBJIEHO, IO MOJIHMBOCTI (POPMO3MIHM OOMEKYIOTHCS
NEPIIUM Ta TPETIM KPUTEPIEM pyHHYBaHHS.

JlocmiKeHHsT CWJIOBUX TAapaMeTpiB  BUTITYBAHHS 3  MOTOHIICHHSIM
npuBeneHo B Jokeperni [126]. JlocmipkeHO BIUIMB CHJIOBHX PEKHMIB oOIepariii
BUTATYBAHHS 3 TOTOHIICHHSM Ha UWJIIHAPUYHUX 3arOTOBKax. 3a OTPUMaHUMU
pe3ynbTaTaMu BUBEJEHA 3aJIKHICTh KOEQIIi€HTa MOTOHIICHHS Ta BIIHOIICHHS
JiaMeTpy A0 TOBIIMHM, JJI SIKOi BIJHOCHA BEJIMYMHA 3MEHIIYyeTbcs. OTpumaHi

pe3yJbTaTH MiATBEPAXKEH1 EKCIIEPUMEHTAJIBHO.
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BmiuB TepTs Ha KOHTAaKTHMX IIOBEPXHSIX 3aroTOBKM Ta IyaHCOHA,
TEXHOJIOTIYHUX IMapaMeTpiB Ta aHI30TPONHUX MEXaHIYHUX IapaMeTpIiB Ha
nehopMOBaHUI Ta HANpPYKEHHH CTaHU, CHUJIOBI XapaKTEPUCTUKU Ta TpPaHUUHI
MOXJIMBOCTI TIpH JiepopMyBaHH1 MaTepiaity i 4ac 00THUCKY MyCTOTUINX 3ar0TOBOK
nokaszaso B cratTi [127]. lebopmyBaHHS MaTepiany ONMUCYBAIOCS MATEMATHIHOIO
MOJIEJUTIO B SIKii BpaXxOoByBaIUCA KyT MAaTpHIll Ta KoeditieHT o0TucKy. Hanpyxenunit
Ta 1e)OPMOBAHMI CTaHU JOCIIIKYyBaaucs TeopeTudHo. [Ipencrapieni rpadiaHo
3aJIe)KHOCTI OMMCYBaJIM 3aJIe)KHOCTI 3yCcWiUis Bif KyTa Mmatpuii. Kyt matpuri
3MiHIOBaJIM Bix 12° mo 18°, Tak sk MpHU IIUX KyTax CHOCTEPIra€ThCS HaWMEHIIEe
3ycumiis. ExcriepyMeHTanbHO 10CIHIIM MPOBOAWIIN JIJIsl 3arOTOBOK 3 jatyHi JI63 Ta
ctam 08km. Bunani pekoMeHaalii mo NpoeKTyBaHHIO TEXHOJIOTTYHUX MPOIIECIB.

Pesynbraty 1OCHIIKEHHS BICECUMETPUYHHIX 3aTOTOBOK PO3IMJISIHYTI B pOOOTI
[128]. B crarTi OMUCYIOTBCS METOAWKH PO3PaxyHKy Ta BHU3HAYCHHS TOBIIUHH
CTIHKM OTPHUMaHOI OOTHUCKOM. TeopeTudHl MAOCHIPKEHHS Ta MOJEIIOBAHHS
npotiecy npoBoauiiu B mporpami DEFORM 2D. B sikocTi nepeBipku TEOPETUUHUX
JJAaHUX HAa OCHOBI OTPUMAHUX PE3YyJIbTAaTiB OyJ0 BUTOTOBJIECHO €KCIIEPUMEHTAJIbHE
OCHAIIIEHHS JIJIs IITAMITYBaHHS IeTaliel TUITY «()OPCYHKay.

JlocipkeHHsT KpailoBOrO pO3LIMPEHHS] PU OOTUCKY IMYCTOTLIOI 3arOTOBKH
npoBeieHO B po0oTi [129]. ByB po3risiHyTHII HaNIPYyXKEHUI CTaH KPaoBOi TIISTHKU
3arOTOBKM Ta BHU3HAYEHMH 3aKOH PO3MOAUICHHS HAINPYXEHb B OCEPEIKY
nedopmariiii. OTpuMany CiBBiAHOMEHHS ISl OMUCY Ta PO3PaxXyHKY BUIbHOTO 3THHY
1 pO3MPSIMIICHHSI i1 Yac BUXOJy MaTepiany 3 ocepenky nedopmarrii. Po3pobiiena
METOJIMKA PO3PAXyHKY HEOOXITHOTO paaiycy MK AUITHKAMU TEePeXoay BiJ
KOHIYHOI 70 UWJIIHJIPUYHOT YaCTHHU JIJIsi 3a0e3MeUYeHHs CTa0lIbHOIO MPOTIKAHHS
nporiecy. [l mepeBipkH OTpPUMaHUX 3aJIEKHOCTEH BUKOHAHO BiIMOBITHUMN
eKCIIEPUMEHT, Pe3yJIbTaTH EKCIIEPUMEHTY TIOPIBHSHI 3 PO3PaXyHKOBUMH JAHUMH.

B crarti [130] mpencraBiieHO pO3paxyHOK CHJIM OOTHUCKY TpyO4YacThx
BICECUMETPUYHUX 3arOTOBOK, 1110 3/IIMCHIOETHCS 3 BUKOPUCTAHHAM MaTpPHIIi, podoya
JacTHHA SKOi Ma€ KUIbIIEBI KaHaBKH. TakKoXX BIJOOPAXKEHO pe3ysbTaTh

CKCIICPUMCHTAJIbHUX I[OCJ'IiI[)KeHB.
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ExcnieprMeHTanbHO Ta MojeoBaHHsIM 3a gorioMoroo MCE B po6oTi [131]
JOCITIKEHO XOJOJHY €KCTPY31l0 BHCOKOsikicHOoTo amomiHiro AA1100. Bbyro
JOCTIPKEHO BIUIMB KyTa HAXWJIy MaTpulll, Koe]illleHTa 3MEHIICHHS Ta MOCaIKu
MaTpulll Ha CHJIy €KCTpy3li MijJ dYac Tmporecy ekctpysii. s awnamizy Oyna
noOynoBaHa BicecumeTpuuHa 2D reoMeTpuyHa MOJENb IHCTPYMEHTY Ta 3arOTOBKH.
JlaHi, oTpuMaHi 3 MOJENi, BKJIIOYAJIM KOHTAKTHUH THCK IIITaMIla-3arOTOBKH,
e(eKTUBHE HaIpyXeHHs, AchopMallilo Ta MBUIAKICTh JedopMariii maTepiary.
HaBegeHo Ta 0OroBOpeHO CIIBBIAHOMICHHS MK  EKCHEPUMEHTATbHUMH,
PO3paxyHKOBUMHU Ta KIHIIEBUMH JIaHUMU, OTPUMAHUMHU B JTOCII>KEHHI.

B crarti [132] npuBeneHi pe3ynbTaTH MO TOCIIKEHHIO MPOLIECY XOJIO0AHOTO
KyBaHHS [UUIsl BHUPOOHUIITBA TMOPOXKHUCTUX KyJb 13 aJIOMIHIEBOTO CIUIaBY.
[Tonepenni BUNpOOyBaHHS TMOKa3aid, 00 B TPAJAULIMHOMY IITaMITyBaHHI,
BUKOPHUCTAHHSA 3arOTOBKH 3 TaKOI0 MAaJOI0 BiTHOCHOIO TOBIIMHOK HE TIIbKU
oOMeXye Tiana3oH 3aCTOCOBHUX F€OMETPHUHUX MapaMeTpiB, aje TaKOX BUKIUKAE
BUTHH. ABTOpaMH OyJIO 3alIPOIIOHOBAHO BUPILIUTH 110 IPOOJIEMY 3a JOIMOMOTOI0
JI0JTATKOBOTO THCTPYMEHTY, KU BIUTMBA€ Ha BHYTPIIIHIO TTOBEPXHIO 3aTOTOBKH, 10
JI03BOJIsSIE KOHTPOJIIOBATH YMOBH MPOLIECY KyBaHHS.

Bbyno posrasiHyTo mpobiemy (OpMyBaHHS BICECUMETPUYHOTO BHUPOOY 3i
criaBy Hastelloy C-276 B po6oti [133]. BunpoOyBanHst Oynu crpsiMOBaHi Ha
BU3HAYCHHS MOXJIMBOCTEH Ta YMOB IUIACTUYHOTO AedopMmyBaHHS Martepiany. Lls
CTaTTs  MIACYMOBYE  TpPHUKIaJ  pe3yibTaTiB  fK  4YHCEJIbHOrO, TakK 1
EKCIIEPUMEHTAILHOTO (POpMYBaHHS BUPOOIB 13 BAXKKOAE(POPMIBHOTO MaTepiamy.

PoGota, omucana B [134], € po3poOKo0 MOjedi BUTHMHY, 3aCHOBAaHOI Ha
KJIACHYHOMY €HEPreTUYHOMY METO/1 MaTepialy (IaHIeBOi 30HU 3 BAKOPUCTAHHSIM
MPUMYIIEHHS OJJHOBUMIPHOT TeOMeTpii OaIKu JJIsi MPOTHO3YBaHHS TO(POYTBOPEHHS
B 30HI (hjaHUsA B TapAYuX aTIOMIHIEBUX CIUIaBaX OTPUMAHHUX 3a JOMNOMOTOIO
TJTHOOKOTO BUTSTYBAaHHS 3 MAaKPOTEKCTYpPOBAaHUMH MOBEPXHIMH 3ar0OTOBOK. BB
CHIBBIIHOIIEHHSI TEKCTYpU Ta Koe(dilieHTa BUTATYBaHHS Ha TO(QPOYyTBOPECHHS

BUSIBUBCS O1IBIIT 3HAYHUM, HIK BIUTUB TEMIEPATypy Ta MBUAKOCTI AedhopmMallii.
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VY [135] mochimkyBanoch 34aTHICTH (DOPMYBaHHS JINCTOBOIO METAJIEBOIO
matepiary DCO1 B uuiniHapuyHUM BHpIO TUIy CTakaH 3a JIONMOMOTOIO CIOCOOY
TIIMOOKOTO BUTATYBaHHS. EMIIPUYHO JOCTIAKEHO BIUIMB THCKY B KaMepi MaTpHuIll,
paaiyca MaTpuIll Ta TOBIIMHHU JIUCTa Ha (OPMO3JATHICTH MaTepialy JIUCTOBOTO
merany DCOl 3a g0moOMOror TiAPOMEXAaHIYHOTO Ta TPAAUIIIHHOTO METOIB
INIMOOKOTO  BUTATYBAaHHSA. 3a  JOMOMOIOI0  TiIPOMEXaHIYHOTO  TNIHOOKOTO
BUTATYBaHHs, KOCHIIEHT BUTATYBaHHS 301UIbIIMBCS 3 2,16 10 2,33 BUKIIOYHO 3a
paxyHOK 301IbIIIEHHS TUCKY B KaMepl MaTpHili. Pe3ynbTaTtu eKCiepuMeHTY BUSIBUIIN
BIJINOBIJIHI TapaMeTpu (GOpPMYBaHHS 3a JOIMOMOIOI0 TiJ[POMEXaHIYHOTO Ta
TPAIUIIMHOTO METOIIB TIMOOKOTO BUTATYBaHHS JJIs 3pa3kiB Marepiany DCO1, 1o
Ma€ NWIHJIPUYHY T€OMETPIIO.

OmHuM 13 TIAXOMIB /IO 3MEHIICHHS TEPTS Ta 3HOIIYBAaHHS IMPU CYXOMY
(opMyBaHH1 € HAHECEHHSI IOKPUTTIB Ha OCHOBI BYIJIELIO 3 OOKY 1HCTPYMEHTY. Y
po6oti [136] mokputTs 3 amopdHOTro riaporeHizoBanoro Byriemo (a-C:H) Oyio
OTPUMAaHO METOJIOM XIMIYHOTO OCaJKEHHsI 3 MapoBOi (ha3u 3 MOCUIICHUM ILIa3MOI0
(PECVD). 3pa3ku TmMOKpHUTTS OyiM HAHECEHI B PI3HUX KUIBKOCTAX 1
CIIBBIIHOIIECHHSX Ta30BUX aTMocdep aneruieny (C2H2) 1 aprony (Ar). Ogun 3
BapianTiB ~ nokputrs  a-C:H 13 mepcnekTUBHUMH  TPUOOJOTTYHHUMU
XapaKTEPUCTHUKAMHU IIOJ0 AJTIOMIHIEBUX CIUIaBIB OYB 3pa3KOBO MPOTECTOBAHUH y
TECTI HA BUTATYBAHHS TIOCKOI CTPIUKH, SIKHH MOJIETIO€ TPHUOOIOT1YHI YMOBHU B 30HI1
¢manLs npoiecy riImOOKOTO BUTITYBAHHS.

B crarti [137] aBTOpH J0CIHIIKYBadl BEIUYHHY MiHIMAIBHOTO 33a30py MiX
NpPUTHUCKAYeM Ta 3aroTOBKOIO JUIsl  3amoOiraHHs Takoro JAeeKTy  sK
roppoyTBOpeHHs Ta TpIMMH i Yac (OPMOYTBOPEHHS MPSMOKYTHOTO
MOPOKHUCTOTO BUpoOy ThIy KopoOka 3 matepiany T4 Tin Plate CA. 3actocoBano
aHAMITUYHUA ~ PO3PaxXyHOK,  po3paxyHok 3a  jgonomororo MCE  Ta
eKCTIIEpUMEHTAIbHUM J0cii. B pe3ynbrari JOCHIIKeHHST PEKOMEHI0BaHUN 3a30p
MDK TpPUTHCKadeM Ta 3arotoBkoro Bif 120% mo 130% Biag TOBHIMHU BUXITHOTO

Marepiany (mpubauszuo 0,24 +~ 0,26 mm).
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[IIo6 BUTOTOBISATH METalEBI BUPOOU TOYHOI'O pO3Mipy Ta GOPMHU METOI0M
ITHOOKOr0 BHUTATYBaHHSA, IOTPIOCH TOYHUH KOHTPOJb psay 3miHaHX[138].
MopnemoBanasim B Dynaform LS-DYNA 3a  gomomororo MCE  Ta
EKCIIEPUMEHTAJIbHO 3 BUKOPUCTAHHSIM JIMCTOBOI HepxkaBitouoi crtam SUS304,
aBTOPHU JIOCIHIKYBaJIM TOBEAIHKY MaTepiaixy MiJ 4yac TiIMOOKOTO BUTITYBaHHS,
XapakTep 3MIHU TOBIIMHU MaTepiaity, po3MoalT HaNpyKeHb Ta 1e(opMariiii.

VY po6orti [139] aBTopamu, 3a qormomororo MCE B mporpaMHOMY KOMITLICKCI
DEFORM, Oyno pmociipkeHO (QOpMYBaHHS KOJICHMX JIMUCKIB  TJIMOOKUM
BUTATYBAaHHAM. ByJi0 3M0/1€/1b0BaHO Ta MPOAHAII30BaHO PO3MOALI IMOJIS HAIIPYTH Ta
nedopwmariii mijg 4Yac mnporecy (GopMyBaHHS Kpyriioi 3aroToBku. Onucani
ONTUMAaJbHI MapaMeTpu IIBUIKOCTI, pajilyca poOouoro 1HCTPYMEHTa Ta
koedimieHnTa TepTs. Takox Oyyiu MPOBENIEHI HATYpHI €KCIIEPUMEHTH, PE3yJIbTaTh
SKUX J00pe y3ro/pKyBajucs 3 pe3yIbTaTaMUi MOICTIOBAHHS.

BruuB BeaMYMHM 3a30py MK pOOOYMMH IHCTpYMEHTaMH A1 (POPMYBaHHS
MOPOXXHUCTOTO BUPOOY THITYy CTaKaH JOCIHIHKEHO Ta onucano y poooTi [140]. byio
MPOBEJICHO HATypHI ekcrnepuMeHTH Ta wmoaemoBanHs MCE. B pesymnbrarti
OTPUMAaHO, 10 HAHONTUMAaJIbHIIIA BEJIMYMHA 3a30py ckiagae 1 — 1,5 BiJ TOBIIMHU
JIUCTA, a IpH BeJM4uHi 3a30py 0,75 MM yTBOPIOIOTHCS TO(pHU Ta 301JIbIIYETHCS CUIIA
BUTSATYBaHHS.

Mertoro mpoBeneHUX a0CiAiB B poooTi [141] Oys10 mpoBeacHHS YMCETbHUX
pO3paxyHKIB Ta HATypHOIO EKCHEPUMEHTY JJsi aHalizy (OpMOYTBOPEHHS
MOPOKHUCTOrO0 BUPOOYy TUNY CTakaH marepian sikoro OyB cminaB AAS5754 — npu
KIMHaTHIA TemmepaTypi. MojentoBaHHs BHKOHYBajoch 3a gornomororo MCE B
nporpaMmHoMy komiuiekci ABAQUS i3 cyuuIbHUMH Ta TBEPAO0OOJIOHKOBUMU
eJleMEeHTaMu. SIK pe3ysibTaT OTPUMAHO, IO CYUIIbHHM OOOJIOHKOBUN €JIEMEHT €
O1JIbIII EKOHOMIYHO €(EKTUBHHUM, HIXK CYLUIJIbHUN MPEACTABISIIOUHN TT100aIbHI TOYHI
MPOTHO3M, 32 BUHATKOM 30H po3pimkeHHs. I kputepiss @on Miszeca, 1 kpurepis
tekydocTi Hill48 mocuts TOuHO mependadaroTsh po3noAit AedopmMaiiiil y KIHIIEBOMY

ctakaHi. Bce 11e moTpioHi mokpalieHi 3HaHHS 11010 HAMPYKEHOTO CTaHy, OCKIJIbKU
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kputepii Hill48 mokazaB TpyaHoIlll 3 MPaBWIHBHUM IIPOTHO3YBAHHSM BiJCKOKY,
HE3aJIEXKHO BiJ TOTO, SIKMI THUIT KIHIIEBOT'O €JIeMeHTa OyB MPUNHHATUH.

VY po6orti [142] ontucano nporiec GopMOyTBOPEHHS MMOPOKHUCTOTO BUPOOY 3a
JIOTIOMOTOI0 TJIMOOKOTO0 BUTSATYBAHHS Ta BIUIMB NpPUTHUCKA4a ISl 3aroOiraHHs
roppoyTBOpeHHs. Marepian MmO BUKOPHUCTOBYBAaBCh Y JOCTIIKCHHI aTFOMIHIN
mapku 3105. Byno npoBeneno monentoBanHs MCE B mporpaMHOMY CepeOBHIILII
ABAQUS Ta HaTypHi eKkcriepuMeHTH. B pe3ynbrari oTpuMaHo rapHy 301KHICTh MIXK
MOJICTIOBaHHSIM Ta HATYPHUMHU €KCIIEPUMEHTaMH, a TAaK0X aBTOpaMHU BKa3aHO, 1110
moaemoBanHsiM MCE moxkHa 100pe nepeadadynTu Miclie pyiHyBaHHS.

[Ipoiiec 3BOPOTHOrO BUIABIIOBAHHS IMOPOXKHUCTOTO HamiBhaOpUKaTy
BioOpaskeHo B ctaTTi [143]. 3BOpOTHE BUIABIIOBAHHS BiJIOYBAETHCSA 32 PaXyHOK
yaHCOHY, 110 (opMmye MOPOXKHMHY Ta 00epToBOi Marpuui. Bbyno mpoBeneHo
mozemoBanHss MCE Ta HatypHi ekciepuMeHTH. Matepiall, 110 BUKOPUCTOBYBABCS
MarHieBui craB Mapku AZ80. Y NOpiBHSIHHI 3 KITACHYHUM BapiaHTOM 3BOPOTHOTO
BU/JIABIIIOBAHHS, 32 PaXyHOK 0O€pTaHHS MaTpHIll, 3MEHIIEHO 3yCWusa aedopmarlii
Ha 20%, a edexTUBHICTH AedopMailii 3pociia B 3 pasu.

[IpeacTaBieHo ABI TEOPETUYHO PO3PaXyHKOBI CXEMHU MPOIIECY pajliajibHO
3BOPOTHOTO BHUJIABJIIOBAHHS TOPOKHUCTUX HamiBpaOpukarie 3 ¢diaaHueM 3
ypaxyBaHH]IM Tedii MeTaly Ta MPOBEICHO HaTypHi ekcriepuMeHTH [144]. Byno
MOPIBHSIHO 3JICKHICTh BITHOIIEHHS IIBHUJIKOCTI Tedli MeTally Y 3BOPOTHOMY
HanpsaMKy aedopmanii. B pesynabTaTi JOCHIIKEHHS OYyJI0 BHU3HAYEHO MEXKI
BUKOPUCTAHHS PO3PAaXYHKOBHUX CXEM Ta yMOBH BHOOpPY CXEMH, IO TMOJICTIIY€E
MIPOTHO3YBaHHS T€OMETPUYHOI (opMH BUPOOY Ta BU3HAYCHHS CHIIOBUX PEKHUMIB
(bOpMOYTBOPEHHS.

3a nonomororo MCE Ta HaTypHUX €KCIEPUMEHTIB OyJI0 JOCIIIKEHO HOBH
METO/]I 3BOPOTHOTO BUIABIIOBAHHS, CYTh SIKOTO IMOJIATAE y MyaHCOHI 3 PyXOMOIO
ornpaBkoio [145]. PesyiabTatu mocCHiKEHHS OyJd IOPIBHSHI 3 TpaauIliiHUAM
METOJIOM 3BOPOTHOTO BUIABJIIOBAHHS Ta IMOKAa3ajdH, IO BEIMYMHA TUTACTHYHOT
nedopMmailii HOBUM METOJOM OijbIlla, IO IMOKpAIly€e€ MEXaHI4HI BJIACTHUBOCTI

BUPOOY.
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Y pobori [146], nocnimkeHo mapaMeTpH, 10 BIUIMBAIOTh Ha BH/ABIIOBAHHS
KOMIIO3UTHUX MaTepiajiB, a camMe MIJHEBO-AIIOMIHIEBUX CTEPXKHIB. byio
nposereHo mozemoBanHss MCE B mporpamuomy komiiekci DEFORM 2D, 3
JIOTIOMOTOI0  40ro, OyJI0 BpaXxOBaHO Ta BIJIKOPETrOBaHO JEAKl MapaMeTpH s
IIPOBEJICHHS HATYPHOTO €KCIIEPUMEHTY.

[Iporiec kOMOIHOBAHOTO BHIABJIIOBAHHS, HI0 MOEJHYE B cOO1 MpsiMe Ta
3BOPOTHE BHJIABJIIOBAHHS 3 ypaxXyBaHHSM BIUIMBY IIBHAKOCTI Aedopmariii (2 mm/c
ta 20 MM/C), BIUIMBY TeMIlepaTypH mHomnepeanbo posirpitoi 3aroroBku (180°C ta
200°C), a Takox BIUTUB KOEQIIIEHTY TepTsA, IO 3a0€3MeUyeThCs 3MAIICHHSIM
posrisiHyTo 'y crarti  [147]. TlpoBemeHo wmoxemtoBanas MCE  mporecy
KOMOIHOBAHOTO BHUJIABJIIOBAHHS T4 BUKOHAHO HATYPHHUI €KCTIEpUMEHT. Pe3ynbratu
HATYypPHOTO €KCIIEPUMEHTY MaloTh rapHy 301kHICTh 3 MojientoBaHHsIM MCE.

[Tporec 00epTOBOrO 3BOPOTHOTO BHUAABIIOBAHHS OMUCaHO y poboti [148].
CyTh METOQy MOJsrae B TOMY, IO TPU 3BOPOTHOMY BHUAABIIOBAHHI ITyaHCOH
00epTaEeThCs 13 3a/1aHO0 YaCTOTOIO, IO 1 BUBYAJIOCH B JOCIIKEHHI. B pe3ynbrati
OTPUMAHO, IO 31 30UIBIIEHHSM 4YacTOTH OOEpTaHHS IyaHCOHA, 3MEHIIYEThCS
BEJTMYMHA 3€pHA B METaJll, a CTPYKTypa METaTy MOKPAIyETHCS Ta CTAE OJJHOPITHOIO.

B crarti [149], onrcaHo mpoIiec 3BOPOTHOTO BUJIABIIIOBAHHS TOPOXKHUCTOTO
BUpoOy 3 (manmem. Matepian 3arotoBku cruiaB Mg-Gd-Y. Bymo mposeneHo
moxaemoBanHss MCE Ta mnpoBeneHo HarypHUil exkcnepuMmeHT. B pesynbraTi
mozentoBanHss MCE otpumano, mo aedopmarttist ¢piaanueBux aeraneit csarae 30%, a
pe3yibTaTH HATypHUX EKCIEPUMEHTIB TMOKa3adu, W0 B TaKuX JeTaliel
MOKPAIIY€ThCSA SKICTh TOBEPXHI, MEXaHIYHI BJIACTHUBOCTI Ta BUPIBHIOETHCS
MIKpOCTPYKTypa. ABTOpaMH BKa3aHO, II0 ONTHMallbHAa TeMIiepaTypa AJis JaHOTO
nporecy ckiagae 430°C ta mBuAKICTh nepopmyBanHs 1 Mmm/c.

3a gonomoroto moaentoBanHsi MCE B nporpamuomMy kommiiekci DEFORM Ta
NPOBEICHHI HATypHUX EKCIIEPUMEHTIB, JOCHIIKEHO METOJ  3BOPOTHOIO
BUJIABIIIOBAaHHS TOPOKHHUCTOTO HamiBpaOpukary. Marepian 3aroToBKH —
amominieBuit criaB [150]. CyTHiCTh AaHOTO AOCIKEHHS IMOJIArajia y TOMY, IO

3arOTOBKY LMJIIHAPUYHOI (OPMHU pO3MILIYIOTh y MaTpuili Ta JaedOpMYyIOTh
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MyaHCOHOM 110 00EPTa€ThCA, 3aBISKH TAKOMY 00EpTaHHIO Mif Yyac aedopmMyBaHHS,
3aroTOBKa HarpiBa€ThCs Ta B 30H1 Je(hOPMYBAHHS MPOIEC 3MIHIOETHCS 3 XOJIOIHOTO
BUJIABITIOBAHHS B rapsde. 3aBIsSKH IIbOMY, aBTOPH CTBEPKYIOTh, [0 OTPUMaHUI
HamiBdaOpuKaT Ma€e OUIBINY MIITHICTh Ta MEHITY IUIACTUYHICTb.

[Iporiec 00epTOBOTO BUAABIIOBAHHS TMOPOXKHUCTHX BICECUMETPUYHHUX
neTaned 3 (QuiaHmeM BHUCBITICHO B poOoti [151]. BimoOpaxeHo pe3yiabTaTu
TEOPETUYHUX PO3paxyHKiB, o orpuMani Ha ocHoBl MCE, a Takox pe3ylbratu
CKCIICPUMEHTATbHUX JaHUX. TakKoX TMPOBEJACHO TOPIBHSIHHSA TIO 3YCHILIIO
nedopmMalrii Ta o MBUAKOCTI TEUli METaIy.

3a gnonomororo MCE, 3M0/€1b0BaHO MPOIEC Tapsiuoro 3BOPOTHOIO
BUJIABIIIOBAHHS TIOPOXKHUCTOTO HamiBpaOpuKaTy 3 TUTaHOBOTO cruiaBy Ti-6Al-4V
[152]. Takox mpoBemeHi HATypHI EKCIEpUMEHTH. Pe3ynbTraT HATypHOTO
eKCIIEPUMEHTY MOKa3ally, [0 MPOIEC rapsuoro BUAABIIOBAHHS TUTAHOBOTO CILIABY
TICHO TIOB’sI3aHUH 3 ()a30BUMU MEPETBOPEHHSIMH, & TAKOXK BIUIMBAE HA PICT 3€PEH.
Pe3ynbTaTy HATypHOTO €KCIIEPUMEHTY JIOCUTH 100pe 301ratoThCs 3 MOJIECIIOBAaHHSIM
3a normomororo MCE.

3a pomomororo MCE Ta HaTypHOro €KCHEepHUMEHTY, MOCIIKEHO IIPOIeC
OTPUMaHHS CKJIQJHOI 3a (hOpMOI0 JieTajai MeTo1oM BuaasaoBans [153]. HasBHicTh
Ha JieTajl pedep )KOPCTKOCTI YCKIAAHIOE MPOILIEC ii OTPUMaHHS, OCKUIBKU CKIJIAJTHO
CIIPOTHO3YBaTH SIK Oyne TeKTH MeTal. SIK pe3yiabTaT OTPUMAHO, IO PO3MOILT
HaIpy>keHb Ta fAedopmailiii B MOB3I0BKHbOMY MEpepi3l HE OJHOPIIHUMN, ICHYIOTh
KOHIIEHTpalli Hamnpy>KeHb y IUIOLUIMHI 3CYBY, B 30HI KyTa pedpa >KOPCTKOCTI
MOKpaIIeHa CTPYKTypa MaTepiaidy Ta Kpala OJJHOPIIHICTh Jedopmartiii.

B  poGori  [154], mocCHiKEHO  BUTOTOBJCHHS  MOPOKHUCTOTO
BICECUMETPUYHOTO BUPOOY 3 (uIiaHieM 3a JOMOMOTOI0 PaiiaibHO-3BOPOTHOTO
BuaBtoBaHHs. Lleit mporiec € ckinaaHuM, OCKUIBKU Ma€ JeKUIbKa CTYTIEHIB CBOOO U
Teuli MeTaldy Ta HEOOXITHO BPaxOBYBaTH MPOMIXKHY >KOPCTKY 30HY. [IpoBeneHo
AHATITHYHUNA PO3PAaXyHOK Ta €KCIIEPUMEHTAIbHE JOCTIHKEHHS. 3a Pe3ysIbTaToM
JOCIIIJIKEHHS, CKJIAJICHO PEKOMEHJallli MO 3aCTOCYBaHHIO TPOLECYy paiiaibHO-

3BOPOTHOI'O BU/IABJIFOBAHHS 3 (bHaHLIeM.
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3a J0MOMOro0 aHaJITUYHOTO METOAY PO3PaxyHKy 3aaadl 31 3BOPOTHUM
BUIABJIFOBAHHAM OYJIO IIEPEBIPEHO BILIUB 3a0KPYTJICHHS IIOCKOro IyancoHa [155].
AHaTITHYHUM METOAOM BU3HAYEHO 3yCHILIS TEPTS MIXK ITyaHCOHOM Ta 3arOTOBKOIO,
nepedayeHo KiHIeBy popMy Ta po3MipH KIHIIEBOTO BUPOOY Ta BU3HAYEHO IIPUPOTY
Teuii MeTamy. AHAITUYHI PO3PAaXyHKH TOCUTH JOOpPE CIiBIAAAI0OTh 3 MPOBEACHUMU
HATypPHUMH €KCTIEPUMEHTaMHU.

B nmocmimkenni [156] po3rasHyTO mporiec 3BOPOTHOIO BHIABIIOBAHHS
OOMITHEHHUX aTIOMIHIEBUX CTEPKHIB. AHAII3 IHOTO MPOIeCy OYyJI0 MPOBEICHO 3a
JIOTIOMOT'OI0 YHCEJIbHUX PO3PaxyHKIB Ta HATYPHUX €KCIEPUMEHTIB. MoenoBaHHs
MCE 6yno 3aiiicieHo B mporpamHoMmy komiuiekci DEFORM 2D, nonepenubo
BUNPOOYBABIIM HA rapsiye CTHCHEHHs amoMiHieBoro criasy EN AW-1080A Ta
migHoro ciasy CWO004A, otpumani gaHi 3aBantaxkeHo B mporpamy DEFORM s
3alaHHs Matepiany. B pe3ynbTaTi MOACIIOBaHHS! OTPUMAHO, IO MBUAKICTh MIOTOKY
QIIFOMIHIEBOT'O CEpJICYHHMKA BHILA HIXK B MIJIHIA BTYJII1, LI€ B CBOIO YEPTy MPHU3BEIIO
JI0 BUCOKHX 3HA4YE€Hb PO3TATYBAJbHUX CHJI, SIK HACIIJOK BIIOYJOCH pyHHYBaHHS
3pa3ka. IIpoBeneHO TOPIBHSHHSA pE3yJbTaTiB MOJCIIOBaHHS Ta HATypHOTO
EKCIIEpUMEHTY, Ha OCHOBI OTPMMaHUX JaHUX OyJ0 BHU3HAYEHO HEOOXITHY
TEXHOJIOT1IO0 /Il 3BOPOTHOTO BHJIABIIIOBAHHSL.

3anpomoHOBaHO Ta JIOCHIIHKEHO HOBY CXEMy TIPOIIECY 3BOPOTHOTO
BUJIABIIIOBAHHS TOPOXKHUCTOTO BicecMMETpUdHOro BupoOy [157]. ABTopamwu
BKa3aHO, 1110 IIPH TaKiil cxemi 3BOPOTHOTO BUAABIIOBAHHS, 3a0€3M€UyIOThCS BEJIUKI
3HAUCHHSA TUTACTHYHOI JedopMaliii 1 TOKpAaIIyeThCS 3EPHHUCTICTH Marepiamy.
HoBu3zHa cxemMu monsrae B TOMYy, IO MDK MAaTpPUIEI0O Ta IYaHCOHOM
BCTAHOBIIIOETHCS HEpyXoMa BTYJKa, SIKa B CBOIO YEpry Mae€ OTBip B SKUH
BCTaHOBIIIOETHCS BUX1/HA 3aroToBKa. [lyaHCOH THMCHE Ha 3aroTOBKY nedopmyroun
OCTaHHIO B OTBOP1 BTYJIKH, 3aB/ISIKA YOMY MaTepiall Teue MI>K MAaTPULICIO Ta BTYJIKOIO
10 HAaOyTTA HEOOX1AHOI reoMeTpudHoi GopMu. Byio mpoBeaeHO MOJETIOBAHHS 3
BukopuctanusaMm MCE, a Takox HaTypHI eKCTIEpUMEHTH Ha 3aTOTOBKAX 3 aJIOMIHIIO.

ABTOpHU TIHOTO JOCJIDKCHHS CTBEP/KYIOTh, IO MPHU TakKiii cXemi 3BOPOTHOIO
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BUJIABJIFOBAHHS, MOKPAIIYEThCS CTPYKTypa Marepiany Ta 30UIbIIYyEThCS CTYIiHB
nedopmMaiiii, 110 B CBOIO YEPTy 3MEHIIYE ne(peKTH B MeTal.

3a 1onoMororo TeopeTndHux po3paxyHkiB MCE B mporpaMHoMy cepenoBuIIi
Forge Ta mnpoBeneHI HATypHHX EKCIIEPUMEHTIB 3a JOMOMOIOI0 TOPCIHHOTO
mwracromipa STD 810, B po6Gori [158] Oymo mocimimkeHO pajiadbHO 3BOPOTHE
BUJIABJIIOBAaHHS POTOPHOIO TOJIOBKOIO. B pesynbrari aBTOpaMH OTPUMAHO, IO
3aCTOCYBaHHS BKa3aHOTO CIIOCO0Y BUKJIMKAE HAMPY>KEHHS 3CYBY B 3aTOTOBII, IO B
CBOIO Uepry BIUIMBA€ HA MEXaHIYHI BIIACTUBOCTI MaTepiaiy.

B poGoti [159], Oymo pocmimkeno mnokputts ta-C 3a momomMororo
mozemoBanHss MCE Ta npoBejieHH1 HaTypHUX €KCIIepuMeHTiB. B pe3ynbrari, 6yiio
OTPUMAHO, IO 3aBISKH MOKPUTTIO ta-C, 3MEHIIYIOTHCS CHIIM TEPTSA MK poOOUUM
IHCTPYMEHTOM Ta 3arO0TOBKOIO, TTOKPAIYETHCS SIKICTh KOHTAKTYIOUHUX IMOBEPXOHbD 1

TOJIOBHE HE CIIOCTEPITA€ETHCS SBUILE aaresli.
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1.4 EkcnepuMeHTalnbHI METOJIM  JOCHIDKEHHS 1O  IITaMITyBaHHIO
MOPOKHUCTUX BUPOOIB 31 3SMIHHUM IIPOQ1JIeM CTIHKH Ta JTHOM BEJIHUKOI TOBIIMHU

B excnepumentanpHux jgocmigax [160], mpu Teruiomy 3BOpOTHOMY
BUTATYBaHHI aJIIOMIHIEBOTO cIutaBy SAQ06 mpu mepemaai TeMmieparyp, OyJio
JOCTIIKEHO BIUIMB 3HAYCHHS TEMIIEpATypH Ta rpajiieHTa Ha MOBEIIHKY AedopMallii.
ExcnieprMeHTanbH1 pe3ynbTaTi MOKa3yloTh, 0 KOS(ILIEHT PO3PIIKEHHS HA KYTI
nyaHcoHa 30utbiyeThbes 3 1,4 10 4,6% 13 3MEHIICHHSIM TpaJieHTa TeMIIEpaTypH BiJl
185 mo 25°C, mo o3Hauae, MO PO3PIHKEHHS MOXKHA 3MEHIIUTHU 13 301IBIICHHIM
rpajiieHTa TeMIepaTypHu.

MILHICTb JUCTIB, sIKA MOPIBHIHO BUIIE, HIXK Y 3BUYaMHUX JIUCTIB BYTJICIICBO1
CTaJIl, IPU3BOJUTH JI0 X HU3bKOI CPOPMOBAHOCTI. B ekcriepumenTax, 10 OnKcaHi B
mkepeni  [161], rpaHuuHuii  Koe(illiEHT BHUTATYBaHHA Ta  IOBE/IHKA
GOpMOYTBOPEHHSI ~ JIMCTOBOTO  METally, OLIHIOBAJIM  BUNPOOYBaHHSIM 13
BUKOPUCTAHHAM LMJIIHIPUYHOIO CTAaKaHy 3 OTBOpPOM. Pe3ynbpTaTh mokasaiu, 1o
IpPaHUYHI 3HAYEHHS BUCOTU CTAaKaHy MAalOTh BIJHOIIEHHS /10 TPAHUYHUX 3HAYCHb
Koe(dilieHTa BUTATYBAHHS JOCTI)KYBAaHUX MaTepiaiB.

dopmo3aaTHiCT TOQPOBAHOTO CTaKaHy MOCTIIKYBaau B podoti [162]. Jls
dbopMyBaHHs cTakaHy, 110 Ma€e TodpoBaHy (HopMy, BUKOPUCTOBYBAIH YHIKAJIbHY
Matpuito. [lneui mnamku 0ynu ;k0a009acTUMU, a CTaJIeBl KyJIbKU pO3TallIOBaH1 0e3
3a30piB y KaHaBIll. Ky BuibHO oOepTanucs mija 4yac ¢popMmyBanHs. B excriepumenTi
3aroToBKaMu OyJiu KoMmepuliiiHO Hu3bKoByrieneBa craib SPCC Ta HepkaBitoua
crasib SUS304.

B po6ori [163], BimoOpaxeHo hopMyBaHHS rapsiauM ra3oM 3 IHTETPOBAHOIO
TEPMIYHOIO 0OPOOKOIO JIJISl TOCHIIKEHHS MIKPOCTPYKTYPH Ta 3MILIHEHHS TOBEAIHKA
mucta criaBy Al-Cu-Li. 3wimHioBasibHa mMoBeniHKa OyJjia BioOpakeHa mpu
BUMIpPIOBaHHI TBepJocTi 3a Bikkepcom. IliaBumiena chopMoBaHICTh 1 TBEPIICTb
Oynu oTpUMaHi Mij yac MBUJIKOTO (POpMYyBaHHS rapsyoro rasy MuIIXoM MOETHAHHS
3 TEPMIYHOIO OOPOOKOIO.

B nocnimxenni [164] aBTopy BU3HAYWIIM BILIMB TEMIIEpaTypHu HarpiBaHHs Ha

BUTATYBAHHS KPYTJIOTO0 METAJIeBOro CTakaHy. BUTSAryBaHHs BUMIpIOBaId Ha OCHOBI
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CWIM LITAaMIyBaHHs, HEOOX1AHOT /sl edopmalii 3aroTOBOK JTUCTOBOTO METAIy.
Pesynbratu, orpumani Bix ANOVA, Bkazanu Ha Te, 110 MaTepiall 3ar0TOBKUA Mae
3HaYHUI BIUIMB Ha MPOLEC TTMOOKOTO BUTATYBAHHA, 33 SKHUM CIITYIOTh PO3MIp
3aroTOBKH, TEMIIEpATypa HarpiBaHHs Ta TEXHIKA HArpiBaHHS.

byno nocnimkeno Ta BigoOpaxkeHo B [165], sk BIuIMBae MeTO] OTpUMAaHHS
JHCTIB i MOoJaibliie MHOoOKe BUTATYBaHHA. EkcriepuMeHTaNbHI aH1 MOKa3yIoTh,
0 JIUCTH $IKI TPOKATYBAJIMCh 31 3MIHHMUM KyToM 90°, MaroTh NOKpalleHy
TUTACTUYHICTH Ha 28% HIXK Ti, 10 MPOKATYBAIKNCH B OTHOMY HAaIPSIMKY.

B po6Goti [166], aBTOpHM BimoOpa3wiu crocid oOpoOKH IS TJIHOOKOTO
BUTATYBAaHHS [JI1 BUTOTOBJICHHS JOBIMX UWJIIHIPUYHUX CTaKaHIB 13 KPYIJIUX
3aroTOBOK TOBUIMHOIO 12 MM 3 amromiHieBoi (Al) crami AISI 1010 B pe3ynbraTi
TPHOX MEPEXoAiB OyJI0 OTPUMAHO AOBTUI HMIIHAPUYHHUM CTaKaH.

B po6Gorti [167], aBTOpamMu OyJI0 JOCTIKEHO TiIpo(OpMyBaHHS JIHCTA 3
KOHTpPOJIEM TEMIIepaTypu, a camMe TIIPOMEXaHIuHE TIJIMOOKE BUTITYBaHHS
HWTIHAPUYHOTO CTaKaHy NpH MiJIBUIIEHIM Temmepartypi. JJoCiiIKeHO €BOIIOIII0
MIKPOCTPYKTYpPH CTakaHy, c(opMoBaHux 3a nonomororo Teruoro HMD mig
BITUBOM TeMIeparypu. BunpoboByBanu TBepIiCTh T1IpoOPOPMOBAHOTO CTAKaHY, 1
B PE3yJIbTATI 3HUKEHHS TBEPAOCTI HE BUSBIICHO.

BrmnuB yMOB BHUTATYBaHHS 3 MOTOHIICHHSM Ha BEIMYMHY PI3HOCTIHHOCTI
nokazaHo aBTopamMu poOGotu [168]. ExcnepuMmeHTaIbHO OTpHUMaHi pe3ysbTaTh
MOKA3yI0Th 3aKOHOMIPHICTh 3MIHM TOBIIMHU CTIHKM B 3QJIEKHOCTI B PI3HHUX
creneHiB nedopmarii. BuBeneHi kpuBi 3MIIIHEHHSI MaTepially Ha KO)KHOMY 3 €TalliB
nedhopmyBanHs. JloBeneHo, 10 Mpy MEHIUX Aedopmariisax pi3HOCTIHHICTh MEHIIIA.

B po6ori [169] onucano croci6 BUroToBiaeHHS AeTanei tuny «Kpuikay. 3
HarpiToi crajgeBoi 3aroTOBKM O0’€MHHMM  IITAMITyBaHHSIM, BUIABIIOIOTh
NOPOKHUCTUI BUPIO B ¢hopmi cTakaHy. HarpiB BUXiJIHOT 3arOTOBKH 31HCHIOIOTH B
Jllana3oHi TEMIEPATYpP BiJl KPUTUYHOI TEMIEPATypH NEPETBOPEHHS B AyCTEHIT AcC3
0 MaKCUMAaJIbHO1 TeMIlepaTypu KIiHI JedOopMyBaHHS CTaldl TpPHU TapsIoMy
mTamMnyBaHHI. BupaBnioBaHHA — 3IMCHIOETBCS B YMOBaX  BCECTOPOHHBO

HEPIBHOMIPHOTO CTHUCKY 31 cTyrneHeM aedopmartii 6iibiie 50%. [ToTiM BUKOHYIOTh
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3MIIHIOBAJIbHY TepMOOOpoOKy. B pesynbrari 3abe3neuyeTbcs IiIBUIICHHS
EKCIUTyaTalllfHUX XapaKTepUCTUK BUPOOY.

Crioci®6 BUTOTOBJIEHHSI MOPOXKHUCTUX BUPOOIB 32 JOTMOMOTOI0 POTAIIHHOTO
BUIaBIIOBaHHs onucado B [170]. iIsHKY, Ha K1 IPHITa1A€ [OAajIbIIIe 3BapIOBAHHS
BUKOHYIOTh IIockuMH. [1oTiM 31edopmyBanu 3aroTOBKY 3 MOTOHIICHHSAM CTIHKU.
Axicth  meTanmi  MIABUIMYEThCS  3aBOSKH  BHUKJIIOYCHHIO  IMTOTEPEIHBOTO
dhopMOyTBOpEeHHS 000JIOHKHU Ta IITTAHTOYTiB.

Crioci®6 BUTOTOBIIEHHS TUIB3M MATPOHY CTPLIEHBKOI 30poi BiIOOpaxeHO B
[171]. Cnoci6 Bkimoyae B cebe: BUpYyOyBaHHS, BUTOTOBJCHHS MOPOXXHHCTOTO
HariBpabpukaTy, BUTATYBaHHS MOPOKHUCTOrO HamiBpaOpUKaTy 3 MOTOHIICHHIM
CTIHKH, XIMIKO-TEPMIYHY OOpOOKY Ta KOMIUIEKC I1HIIMX (POPMO3MIHIOBAIBHUX
ormepaniid 1Mo (HOpMYyBaHHIO KalCyJbHOTO THI3/a. 3OBHINIHIO MOBEPXHIO
HariB(paOpUKaTy TUIly CTaKaH BUKOHYIOTh KOHIYHOIO 3 KOHYCHUM KyTOoM 8 - 60°.
OTtpumanuii HamiBpaOpUKaT MIAAAI0OTh NOJATBIIOMY TPABICHHIO Ta BIAMATY MIiCIH
4oro 3iMCHIOIOTH IOJAJBIIN OIepalii BUTATYBaHHSI. Takui CHociO BHUpINIYE
3aBJAHHS TOJINIIEHHS SIKOCTI TIJb3HM, MOKpAlly€ MEXaHIYHI XapaKTepUCTUKHU
BUPOOY Ta 3MEHIIY€ BIIXOAM HA MiJIPI13aHHS T1TB3H.

JlocmipkeHHsT BIUIMBY TepTs, SKE€ BHHHMKAa€E Ha MAaTpull B IPOLECI
BUTATYBaHHS 3  [OTOHIICHHSM,  JOCHDKyBajiocs B pobori  [172].
BuxopuctoByBanucs maTpuill 3 MOKPUTTSAM 3 pI3HUX MatepianiB. BcranoBieHo
e(eKT BIUTMBY MAacTHJIa Ta MIBUAKOCTI BUTATYBaHHsS Ha mpouec. BctaHoBieHO, 110
MaTpUIll 3 TBEPAUM TMOKPUTTAM €(PEKTUBHINII TMPU BUTITYBAaHHI CTAaKaHIB 3
HEp>KaB1r0YO1 CTaJl.

['pannvHi 3HAYEHHS XOJOJHOTO BUTATYBAHHS 3 TOTOHIIEHHSM B KITBKOX
MaTpHIIX TMpUBEACHO B cTarTi [173]. Byno mocmikeHo BUHUKAIOY1 HATIPYKEHHS
IpU BUTATYBAaHHI Ta KUIBKICTh HEOOXIJHUX Olepaliid BiANATIOBAHHS MIXK
npolecaMi BUTATYBaHHs. Takok OyJo MOKa3aHO, B SIKUX BUMAIKaX 3’ SBISETHCS
TpillIMHA Ha 3aroToBKaxXx. byJo BCTaHOBIEHO, IO CTaOUIBHICTH MPOIIECY

BUTATYBaHHS 3HAYHOIO MIPOIO 3QJIEKUTH BiJl PO3MOJILITY HANPY>KEHb.
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Jlns matpuib Kytom 30°, 45°, 60° npoBoaMIIMCS AOCTIKEHHS B cTaTTi [174]
10 BHUABJICHHIO BIAMOBITHUX TMapaMeTpiB IPHU SKUX 30epiraerbCcsi CTIHKICTh
nedopMoBaHoOi CTIHKHM 3aroToBKU. KoedimienTn 00THCKY 11 3ar0OTOBOK CTaHOBUIIN
1.25, 1.40, Ta 1,55. 3adikcoBana 3miHa HamiBhaOpUKaTIB HIiCJs MPOLIECY OOTUCKY.
Jlnst  oOTucky 3acTtocoByBajacsi cxema Oe3 ompaBku. [licis mocmiKeHHS
pe3ynbTaTH TOKa3adW 30UIBIIEHHS TOBIIMHU CTIHKH, OCOOJIMBO 1HTEHCHBHO
TOBIIMHA 30UIbIIyBaJlacs B TOHKOCTIHHUX Ta BHCOKHMX 3aroToBkax. Lli 3MmiHu
MoKa3aHl y BUIJISAAI Aiarpam. 3MiHU AUISHOK AKI He aedopmyBanmucs mia yac
o0tucky He 3adikcoBaHi. [lani pe3ynbraTé OyAyTh KOPHCHI MPU PO3PAXYHKY
MpoILIeCiB OOTUCKY B TEXHOJOTIYHUX MPOIIECcaX.

JlocipKeHHs poriecy OOTHCKY 3aroTOBOK MPECTaBIICHO B Jukeperi [175].
Pesynbrat OTpuMaHi MiJ 4ac E€KCHEPUMEHTAIbHHUX JOCTIIKEHb (POPMO3MIHU 1
CWJIOBHX PEXHUMIB OOTHUCKY 3 ONpPaBKOIO B CEPElIMHI MyCTOTUIOTO 3pa3ka Ta 0e3
onpaBku. BukopucroByBanacs MaTpuls Ajs JOCIKeHb 3 KyToM 20°. OTpumMani
pe3yJbTaTH PEKOMEHJOBaH1 JJii BHUKOPUCTAHHS IPHU MPOEKTYBaHHS IPOIECIB
OOTHCKY BUCOKHX Ta HU3BKUX 3aTOTOBOK.

ITpoBeneni B crarti [176] ekcriepuMeHTaNIbHI JOCTIKEHHS 110 BUSBIICHHIO
BIUIMBY XAapaKTEPUCTUK I1HCTPYMEHTA 1 pO3MIpYy 3aroTOBOK Ha CTIWKICTh
UWTIHAPUYHOI ~ AUIAHKM, OOTHCHYTHMX Yy KOHIYHHUX MAaTpPHUISIX 3aroTOBOK.
[IpencraBneni y rpadikax pe3ynbTaTH TO3BOJSIOTH nependoauntu OesnedexTHe
HITaMIIyBaHHS IPU MPOEKTYBaHHI MPOLECIB Ta IITAMITyBAJIbHOTO OOJaAHAHHS ISt
BUPOOIB 31 3MIHHUM TIpodinem.

B pobGoti [177] ekcrepuMeHTaIbHO IOCTIKCHO TJIMOOKE BUTATYBAHHS
METaJICBUX JUCTIB 3 MOJTIMEPHUM ITOKPUTTAM JIJIsl 3SMEHIIICHHS TEPTS Ta i ABUIIICHHS
e(deKTUBHOCTI BUPOOHHUIITBA 0€3 BHUKOPHUCTAHHA MacTwia. B ekcmepumeHtax
napameTpu KoedilieHTa TNIMOOKOTO BUTATYBAaHHS, TUCKY TpUMaya 3aroTOBKU Ta
HIBUKOCTI IMyaHCOHA 3MIHIOBAJIM 3 PI3HUMH IHTEpBaJaMH, a OTpPUMaH1 3HAYEHHS
OIIIHIOBAJIK 3a JOTIOMOT 00 TpadikiB. Pe3ynbratu 11boro J0CIiHKEHHS MTOKa3aJId, 110
MoJIiIMEpHE TOKPHUTTS IMOKPAIIUIIO SIKICTh MOBEPXHI JTOCTIHKYBAHUX 3pa3KiB, SK

HACIIOK, cepeaHe 3ycuiuis (popMyBaHHS 3MEHIIMIOCSA, OTPUMaHI KOEQIII€EHTH
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rIMOOKOTO BUTATYBAHHS 3pOCIHM, a Taki JepekTH, K po3puBu Ta rodpu Oynu
3MEHIIICHI.

[ToBeniHKy MeTaneBO-KOMITO3UTHUX CEHABIY-TUTACTUH IMiJT 9ac TIUOOKOTO
BUTATYBaHHS JociikyBaid B [178]. BukopucToByBaaoch JBa THIM AJIOMIHIIO
1050 1 6061. BcranoBneno, mo skicHi HamiBdabOpukatu 0e€3 pPO3pUBIB Ta
roppoyTBOpEHHSI MOXXYTh OYyTH OTpHUMaHi, KOJIM TUCK HA MPUTHUCKAY 3arOTOBKH €
JIOCUTH BUCOKHUM.

Yacto mpu crnpoOax 3MEHIIEHHS KUTBKOCTI OMepariiii mTaMIyBaHHS, AJis
3MEHIIICHHS MaTepiaJIbHUX BUTPAT MPU BUTOTOBJICHHI P13HUX JeTallell BAHUKA€E Opak
y BHUIJISAII TPIIIMH, PO3PUBIB Ta MOTOHIIEHh MaTtepiady. ¥ poboti [179] aBropu
BIIOOpa3WiIM Pe3ysbTaTH TEXHIYHMX pPIIMIEHb IMIJ Yac ONTHUMI3alli Mpolecy
OTpUMaHHA BHYTPIIIHIX MaHesnen Ky3oBa Transit. BupoOuuuuii 6pak, 4ac mpocToro
J1HIT IITaMIyBaHHS CKOPOTUIIMCA OUIbII HIXK Ha 90%.

[lepeBaxkHa KuUTbKICTh nponeciB OMT a1 3MEHIIEHHS TEPTS Ta 3HOIIYBAHHS
po00YOro IHCTPYMEHTA BUKOPUCTOBYIOTHCSI MACTUIIa HA OCHOBI MiHEpaIbHUX Macil.
Asropamu pobotu [180], Oyna mpoaeMOHCTpOBaHa HOBa EKOJIOTIYHA CHUCTEMA
MacTHJIa JUIS MPOIIECIB TIMOOKOro BUTATYBaHHS. Yepe3 mpocBepJieHI Ja3epoM
MIKpPOOTBOPU B pOOOYOMY 1HCTPYMEHTI, JIOKAJIbHO BIPHUCKYETHCS CYMIII PIIKOTO
BYTJICKMCJIOTO Ta3y Ta Ta3omofiOHOr0 a3oTy, II0 BUKOPHCTOBYIOTHCS B SIKOCTI
3MarteHHs. Taka cuctema 3a0e3neuye 3Ha4HO PO3MIUPEHH poObounil Aiana3oH 1 Ha
15% O1npury rmuOUHY BUTATYBaHHS MOPIBHSHO 31 3BUMAMHUM MACTHIIOM.

3MaTHICTh 10 TIAUOOKOTO BUTATYBAHHS Uit (POPMYBaHHS IMITIHAPUIHOTO
HamiBpabpukaty 3 aycteHiTHOI HepxkaBirouoi ctaii (ACC) 304 ToBmuHOIO 50 MKM
nociimkeno B poboti [181]. Jig mporo Oyj0 MPOBEIEHO IMONEPEIHIN Biamal
3arotoBok B piamazonax 700-1100°C mpotsirom ofHOT TOAWHH [JIsi OTPUMAaHHS
pI3HOI MIKPOCTPYKTYpH. EKcHepuMeHTalbHI pe3ysbTaTh MOKa3ald, IO Mpu
temriepatypax Bianaity 900-950°C, nanuii Matepian Mae HalKpalry 34aTHICTh A0
IJTMOOKOTO BUTSATYBAHHS.

ITix wac OMT 3 yacom, pobOUNii IHCTPYMEHT 3HOIIYETHCS, BHACIIIOK YOTO

MOXKe OyTH BelHMKa KUIBKICTh OpakoBaHuX naeranedd. ABropamu pobotu [182]
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3alpONOHOBAHO HOBUW METOJA KOHTPOJIIO SIKOCTI JUJISi MPOLECIB TIMOOKOTO
BUTSATYBAHHS 3a JOIMOMOI'0I0 IMIBUJIKOCTI MIApaXxyHKy CUTHAIIB aKyCTHYHOI eMicii.
JImst  mocIiKEHHST BUKOPUCTOBYBABCA IUTACTHYHHUMA MaTepian XOJOJHOKATAHOI
CTaJIEBOI TUIACTUHU, B SIKOMY BIJIHOCHO Ba)KKO 3HAWTH Je(PEeKTH MiJ yac Mpolecy
TIIMOOKOTO BUTATYBaHHs. MakcuManbHU PiBEHb PO3MI3HABAHHS IUIIXOM aHAII3y
HiApaxyHKIB aKyCTUYHOI eMicii MpH MIacTHYHIN Aedopmariii csarayB 97,3%.

Metoro pocmimkendss [183] Oymo 30UIbIIKTH  KOE(IMIEHT TIHOOKOIr0O
BUTATYBAaHHS Ta 3MCHIIWTH 3YyCWJUIA BHUTSATYBAaHHS 3a JOTIOMOTOIO TOBOPOTY
MaTpUIll Ta TPUTHCKaya, a TaKOX BIUIUB 3MAalllEHHA Ha JIaHUW TIpolec.
BukopucToByBanoch JBa pi3Hi TUIA MAcTUIa MIHEpalIbHE Ta TBEPJIE, a TAKOXK JBa
pi3HI KyTH MDK MaTpuler Ta nputuckadeM (o = 0°; o = 15°). B pesynbrarti
OTPUMAaHO MIABUIICHHS KoedilieHTa BUTIryBanHs 3 1,75 no 2,175 6e3 pyiiHyBaHb.

B po6Gori [184] BimoOpaskeHO cIoci0 BUTATYBaHHS IMIIIHAPUYHUX JIETANICH
0e3 npecyBaHHA (JIaHI 3arOTOBKH, 110 3HMKY€E COOIBApTICTh KIHIIEBOI MPOIYKIIIi
3a paXyHOK BUKOPUCTAHHS IITaMITiB 0€3 MOCaJKOBOTO KIJIBIIS Ta IPECIB MPOCTOT Jii.
Byno nocnimxeHo MiJiHi, aTIOMIHIEBI Ta CTaleBl 3aroTOBKU. Halikparum 1eit MeTo
OyB 111 OUTBII TUTACTUYHUX MaTepialliB. ABTOpaMu BKa3aHO, IO 1€ METOJ He
MIXOAUTH JJISI MaTepiaiiB 3 TOBIIMHOK MEHIIO Hixk 0,25 MM.

ABtopamu pobotu [185], Oyo npoBeeHO eKCIepUMEHTABbHI TOCTIIKSHHS
BIUTMBY PO3MIPY 3€pHA JIJIsl TIPOLIECY 3BOPOTHOTO BHAaBIoBaHHA cruiapy Cu 110.
[IpoananizoBaHo 00’€MHI HANpy>XKeHHs MOTOKY MaTepiajlly MiJ] 4ac 3BOPOTHOIrO
BUIABJIIOBAHHS, IO Ja€ MOJKJIMBICTh BHU3HAYATH BIAXWIEHHS IIOBEIIHKA B
macTUYHOCTI nedopmyBanHsa. [lpu mpoBeneHHI EKCIEPUMEHTAIBLHOTO JOCHTITy
criocTepirajacs anoMajis MaciTaOyBaHHS, II€ BKa3y€ Ha 3aJieKHICTh MEXaHIYHO1
peaxiii.

ABtopamu pobotu [186], onrcano nporec KOMOIHOBaHOTO JehOpMyBaHHS,
IpU SKOMY METaJl TeYe B MPSIMOMY Ta B 3BOPOTHOMY HaIpsSIMKaX BIJHOCHO PyXy
nyadcoHna. [IpoBeeHO HATypHUN EKCIEPUMEHT MPOIECy KOMOIHOBAHOTO
BU/JIABJIIOBAHHS KPIMWIBHUX BUPOOIB TUIY 00JT. BU3HaU€HO 3HaYEHHS HAIIPYKEHD,

nedopwmariiit Ta Koedili€HTIB BUIABIIOBAHHS.
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BUCHOBKH JIO PO3JILTY 1 TA TOCTAHOBKA 3A1AY
MOJAJBIINX JOCIIUKEHD

BucHoBkH

1 [Ipoananizopano 30  oKeped  NOCWIaHb  3arajlbHUX  CIOCOOIB
(GhOpMOYTBOPEHHSI IOPOKHUCTUX BUPOOIB.

2 [IpoanaiizoBaHo 65 mKeper MOCHIaHb TCOPETUYHUX METOIIB TOCITIIKCHHS
M0 MITaMITYBaHHIO TTOPOXXHUCTUX BUPOOIB 31 3MIHHUM TpodijeM CTIHKH Ta JTHOM
BEJIMKO1 TOBIIVHH.

3 IlpoananizoBaHo 64 mxepen NOCUIaHb, Kl BKJIOYAIOTh OJHOYACHO
TEOPETUYHI Ta EKCIEPUMEHTAbHI METOAM JOCHIKEHHS 10 IITaMIIyBaHHIO
MOPOKHUCTUX BUPOOIB 31 3MIHHUM MPOQ1JIEM CTIHKHA Ta JHOM BEJIUKOI TOBILIMHHU.

4 TlpoanamizoBaHo 27 JKepea MOCWJIAHb EKCIEPUMEHTAIbHUX METO/IIB
JOCIIIJKEHHSI 0 IITaMITyBaHHIO MOPOXHUCTUX BHUPOOIB 31 3MIHHUM MpoduieM

CTIHKH Ta JHOM BEJIHUKOI TOBIIMHH.

3a pe3ynbpTaTamMu MPOBEJACHOTO aHAJI3Y JITepaTypHUX JIKEPEN B poOOTi Oynu
MOCTABJICH] Ta BUPIIIEHI HACTYIIHI 3a]a4i:

1 TIpoBecTH umMceNnbHI PO3PAXyHKH 3a JTOMOMOTOK) METONY CKIHUYEHHUX
enemeHTiB (MCE) npouecy rapsyoro 3B0pOTHOTO BUAABIIOBaHHA HamiBhaOpuKaTy
13 3aTOTOBOK KpyTJioi Ta kBagpatHoi ¢opmu. [IpoananmizyBaTu 3ycuiuis mporiecy,
HaIpy>KeHO-1ePOPMOBAHUN CTaH Ta PO3MOIiT TEMIIEPATYPH B KIHIII MIPOIIECY.

2 TlpoBectu umncenbHI po3paxyHkH 3a aonomororo MCE nporecy rapsaoro
Ta HAMIBrapsduoro BUTATYBAHHS 3 MOTOHIIICHHSM HamiBpaOpuKaTy KU OTPUMAaHO
TICTIs oTepartii raps4oro 3BOPOTHOTO BUABIIOBaHHS 3 po3navoro. [IpoanamizyBatu
3yCWJIISL TIPOLIeCy, HampyKeHO-ne(opMOBaHUN CTaH, PO3MOALT TeMIepaTypu B
KIHI[I TIPOIECy Ta KpUTEPIH PyHHYBaHHS.

3 [IpoBecTu uncenbHI po3paxyHku 3a nonomororo MCE mpoiiecy X010/1HOTO
BUTATYBaHHA 3 TOTOHUIEHHSIM BUPOOY SIKUM OTPUMAHO MICIs ONepariii rapsayoro ta
HAIIBraps4yoro BUTATYBAHHA 3 MOTOHIIEHHSAM. [IpoananizyBaT 3ycuiuis npoiiecy,
Harpy:KeHo-1e(pOpPMOBaHUN CTaH, PO3MOJLI TEMIIEpaTypud B KIHINl TPOIECy Ta

KpUTEpil pyHHYBaHHS.
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4 TIpoBecTH yncenbH1 po3paxyHku 3a gornomororo MCE mnpolecy X0Jl01HOTO
OOTHCKY BEPXHBOTO TOPIKO BUPOOY SIKMH OTPUMAHO MICis OMepalli XOJOIHOTO
BUTATYBAHHS 3 MOTOHIICHHSIM. [IpoaHanizyBatu 3ycHUIsl TPOIECY, HAIPYKEHO-
nedopMoBaHUil CTaH Ta KpUTEPId pyHHYBaHHS.

5 [IpoBectu uncenbHi po3paxyHku 3a nonomoroto MCE nporecy xoi101H0T0
OCa/DKCHHS JOHHOI YacTUHU BHUPOOY 1uisi oTpuMaHHs (uanig. [IpoananizyBaTtu
3yCHILIS IIPOLIECY, HANPY>KEHO-1e()OPMOBAHUI CTaH Ta KpUTEPIN pyHHYBaHHS.

6 CropoeKkTyBaTH LITAMIOBE OCHAIICHHS JJIsl TMOOMEPAaliiHOTO OTPUMAaHHS
BUPOOY.

7 IlpoBecTr HaTypHI €KCIEPUMEHTH IOOIEPAIiiiHOr0 OTpUMaHHS BHPOOY.
[lopiBHATM OTpHMMaHI JaHI YHCEJbHHX pO3paxyHKIB 3a pgonomororo MCE 3

HaTYPHHUMH CKCIICPUMCHTAMMU.
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PO3JILI 2
AHAJII3 METOJOM CKIHYEHHUX EJIEMEHTIB
MPOLIECY I'APSTUOT'O 3BOPOTHOI'O BUJABJIOBAHHSI 3
PO3/IAUOIO MOPOKHUCTUX HAIIIBOABPUKATIB

2.1Tapsue 3BOpPOTHE BHJABIIOBAHHA 3 PO3/AAUOI0  MOPOKHUCTOTO
HaniB(aOpuKaTy 13 3aroTOBKH KpyTiioi popmu

2.1.1 Po3paxyHKOBa cxeMa MpOIeCcy rapsdoro 3BOPOTHOTO BHUIABIIOBAHHS 3
PO3/1a4010 TOPOKHUCTOTO HaMiBPpadpuKary 31ePpopMOBAHOTO 13 3arOTOBKU KPYTJIOi
dbopmu

Jl1s ipoBeACHHSI PO3paxXyHKY 3
BUKOPUCTaHHAM MCE Oyso

BHKOPHUCTAHO CXCMYy rapsa4oro

3BOPOTHOTO BHUAABJIFOBAHHA 3

pO3/1a4010, SIKYy B1I0OpakKe€HO Ha puC.

2.1. JliBopyu Big Bici cuMeTpil

300paX€HO TMOJIOKEHHS POO0YOro

=
\D.
"l g‘ » L7y < IHCTpyMEHTY Ta 3aroTOBKM Ha
3
MOYaTK poLEC rapsiaoro
#1095 2 y pouecy P
o0 3BOPOTHOTO BUIABJIFOBAHHS 3

037a40l0, a MpaBoOpyd - B KIHII
Pucynok 2.1. Cxema npouecy rapstaoro P basopy

BUIABJIIOBAHHSI. 3aroroska 1
3BOPOTHOTO BUJIABIIFOBAHHS 3 PO3/IA40I0

: : BCTAHOBJIIOETHCA Ha BHUIITOBXYBad 2
HaniBpabpukaTy 31eQOpMOBaHOTO 13

. 3 IEHTPYBaHHSM B IWIHAPUYHIN
3aroToBKHU KpyTiol dopmu: 1 —

yactuHi  Matpuui 3. Ilpouec
3ar0TOBKA; 2 — BUILTOBXYBay; 3 —

edbopMyBaHHS 13 3yCWUIsIM P
Martpuils; 4 — IMyaHcoH; S - Aeopmy Y

. BUKOHYETBCS pH OITyCKaHHi
HariBpabpukaT Y P Y

nyaHcoHa 4 Ha 3aJaHy BiACTaHb 31

MIBUIKICTIO V, BHACTIIOK YOTO YTBOPIOETHCS HamiBdadpukar 5. Ilicis BurydeHHs
nmyaHcoHa 4 13 HaniBpaOpuKaTy 5 BUKOHYEThCS MOT0 BUILITOBXYBAaHHS 13 MaTpHIIl 3

3a JOMOMOI'OK0 BULITOBXYyBaya 2.
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JUist mpoliecy Tapsyoro 3BOPOTHOTO BHJAABIIOBAHHS 3 PO3/Aavoi0 OyJio
BUKOPHUCTAHO 13 cTaii 20 uIiHAPUYHY 3aroToBKy 3 ¥107,6 mm Ta Bucortoro 35,5
MM.

JIJist OTpUMaHHS BUX1JTHOT 3aTOTOBKHM OOpaHO rapsyeKaTaHUi MPYTOK 3TiTHO
'OCT 1050-88 3 @110 mm 3rigao JACTY 2590-88. Xapakrepuctuku matepiaiy
MapKu cTalb 25 BigoOpaxeHi B 10AaTKy A Ha puc. 1.

Hns  mpoBenenHs pospaxyHkiB MCE BukopucToByBanach Iporpama
DEFORM. Cepen ananorie B mporpami DEFORM wmarepian mapku crans 20
BIJICYTHIN TO K JIJIi MOTO 3a/iaHHs OyJ0 BHUKOPHUCTAHO HAWOMKYMN aHajor o
kpuBuM 3MmiHeHHsI— AlSI-1015, kpuBi 3MilIHEHHSI MTOKa3aHO B J0JATKy A Ha pucC.
2.

Po3paxyHOK mporiecy rapsdoro 3BOPOTHOTO BHJIABIIOBAHHS 3 PO3/a4OI0
MOPOKHUCTOTO HamiBhaOpUKaTy 13 3arOTOBKH KPYTJIOTO IMepepizy MPOBOJUBCS B
nporpami DEFORM 3D. byno 3agaHo HacTyIHI HapameTpu s MPOBEICHHS
mojemoBanHss MCE: mBuikicts nepemimeHHst myancona V = 50 mm/c, dakTop
TEPTS MK IIOBEPXHSIMHU pOOOYOr0 IHCTPYMEHTY Ta 3arOTOBKH BpaxoBaHO 10 310eto

p = 0,3, mouatkoBa temreparypa 3arotoBku 1I'= 1000°C.

2.1.2 CunoBi peXMMHU TPOIECY Tapsuoro 3BOPOTHOTO BUIABIIOBAHHS

MOPOKHUCTOTO HariBpadpukaTy 3/1e(pOpMOBAHOTO 13 3aTOTOBKH KPYTJIOTO MIEPEPi3y

5700

/;;: 3alIeKHICTh  3yCWJIb  Tapsyoro

.
Ln
(=)
=

/y 3BOPOTHOI'O BHIABIIIOBAHHS 3 PO3auol0

L¥5]
.
(]
=

HariBpabpuKaTy 13 3arOTOBKHA KPYTJIOTO

—&—Ha nyanconi
—=—Ha sumrosxysadi

—+ Ha marpumi nepepizy BiIoOpakeHO Ha puc. 2.2.
7

2280 H

—
—
=
=]

3ycunna sugasmosanna, kH

. %——wf”‘““’-w 3HaueHHs 3YCHJIb Ha IIyaHCOHI Ta

0 6 12 18 24 . ‘o
TlepeMinTeHHA ITyaHCOHY, MM BHIITOBXYBAa4l IIOCTIMHO 3pPOCTAIOThH Ta
PucyHok 2.2. 3a1e3KHOCTI 3yCHIIb JOCSTal0Th BIAMOBIAHO MaKCHMAaJIbHHX

BH/IaB/IIOBAHHS HAMiBGAOPUKATY 13 spauens 5640 kH i 5360 xH B KiHui

3arOTOBKH KPYTJIoi GopMH Ha npolecy BHMAABIIOBaHHA. Ha Mmartpuui

IIYAHCOHI, BUIIITOBXYBAa4l 1 MAaTPUIIL . i
yaHcoHl, OBXYyBd arpun 3YCHJUTS 3MIHIOETHCSI HE3HAYHO 1 JTOCSITAE

BIiJ] TIEPEMIIIICHHSA ITYaHCOHA o . .
p y Haiouremol Beauunad 500 kH.
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Ha puc. 2.3 BimoOpakeHO 3aleXHICTh 3yCHUJUISA BIIIYYCHHS IMyaHCOHA Ta 3YCHILIS
BUIIITOBXYBaHHS HamiBdaOpUKaTy BiJi TEpPEMIIICHHS poOOYOro IHCTPYMEHTY.
3ycuyuisl BIUIYYCHHS JIOCSTAa€E MAaKCHMAIbHOTO 3HAYEHHS Ha TIOYATKYy 3BOPOTHOTO
nepeMillieHHsT MyaHcoHa Ta ckianae 8 kH. BenwunHa 3ycwiuis BHINTOBXYBaHHS
HariBpabpukaTy 3 poO04Oro OTBOPY MATpPHIIi CsIrae MaKCUMaIbHUX 3Ha4YeHb 40 kH

IpU MIepEeMillIeHH] BUIIITOBXYBaya Ha 2 MM.

V. — 40 T\
b 4
= =
= 9 Z 30
] [a~]
A NN
5 6 AN m 20
: £\ . \
= 5
= 3 2 = 10
2, N = \
ot A/ S
0 <& & = 090
0 7 14 21 28 35 & 0 5 10 15
HepeMiH_IeHHH HyaHCOHa, MM HepeMiH_leHHH BI/II_HTOBxyBa‘-Ia, MM
a §

Pucynox 2.3. 3anexHicTh 3yCHIUIS BIUIYYSHHS ITyaHCOHA (pUC. a) Ta 3yCHILIS

BUINTOBXYBaHH (puc. 0) HamiBpabpuKaTy BiJl IEpEeMIIICHHS BUIIITOBXYyBaya

2.1.3 Temmeparypumii posmnozin HamiBpabpukary 3aepopMOBaHOTO i3
3arOoTOBKH KPYTJIOTO Mepepi3y
T,°C 980 Ha puc. 2.4 BimoOpaxeHo
po3MoAlT  TeMmmeparypu B  KIHII
BUJIABIIIOBaHHS HamiBpaOpukary 13
3arOTOBKHU KpyIJI0ro nepepizy.

Temneparypa HamiBdaOpukary vy

JOHHIM YacTWHI Ta y  CTIHIN

Pucynok 2.4. Po3nojin reMiepaTrypu B sHWKYeThe 10 T' = 930°C. Taxum

. . . YUHOM BIJKPHBAETHCS MOXKIIUBICTh
KIHIIl BUJIaBIIOBaHHs HamiB(abpukarty 13

: BUKOHAHHS OAIBIIOTO
3aroTOBKHU KPYTJIOTO MEpepi3y

nedhopMyBaHHS CTIHKH
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HamiB}aOpuKaTy BUTATYBAHHSM 3 IOTOHIIIEHHSM B YMOBax raps4oi aedopmaiiii 6e3

MIPOMIXKHOTO IiIITPiBY.

2.1.4 Hampy>xeanii ctaH Ta  OUTOMI  3ycwimisl  HamiBdaOpukary

31€()OPMOBAHOTO 13 3aTOTOBKH KPYTJIOTO MEpeEPi3y

Ha puc. 2.5 BimoOpaxkeHO po3MOIII HAmpyXeHb Yy HamiBdaOpukari

371e(hOpPMOBAHOTO 13 3aTOTOBKU KPYTJIOTO MIEPEpizy.

Oz, MIIa 880  -880 Gy, MIla_ 50
200 A
n 65
=70
-210
-340
-480
-610
I-750
-880

-210 -460 -840 -270 -520

-140 -410 -820

=790 -370 -490

a 0 B
Pucynox 2.5. Po3nozin Hanpy>xeHb y HamiBpadpukaTi 37ehopMOBaHOTO 13
3aroTOBKU KPYTJIOTO MEpepi3y: a — HAPYKEHHS 0z, 0 — HANPY>KEHHS Oy, B —

HaIIPY>KEHHS 0,

[Ipu BUIaBIIOBaHHI 3arOTOBKH KpPYTJOro mepepidy (puc. 2.5a) y JOHHIM
YacTUH1 HamiBpaOpUKaTy HaNpyXEHHS 3MIHIOIOThCA Bia o, =-140 Mlla y wmicui
Mepexo1y CTIHKH Y It0 9acTUHY 110 o; =-820 MIIa B ob6macTi Bici JOHHOT YaCTHHH.
[To HampyXeHHSX 0; MOXHA OIIIHUTH IUTOMI 3yCHJUIS, SIKI BHHHUKAIOTh Ha
KOHTaKTYIOUHUX TOBEPXHSAX MMyaHCOHA 1 BHIITOBXYBaua, IO JO3BOJISE MPU3HAYATH
MapKy maTepially Ta MPOTHO3yBaTH CTIHKICTh TaKOro 1HCTpyMeHTY. Iyt boro Ha
MPUBEACHUX PO3MOJAUIAX HANpPyXEHb 0; IMOKAa3aHO BEIMYWHU HAIpPYXXEHb Ha
KOHTaKTYIOUHMX TOBEPXHSX IyaHCOHA 1 BUINTOBXyBaya. [IpW BHWmaBIIOBaHHI Ha
MyaHCOHI muToMi 3ycwuis aocsaratoth 880 MIla, a Ha moBepxHI BUIITOBXyBaua
3HA4YEHHS MUTOMOTO0 3ycHiuIsl 3MiHIO€eThes Bi 410 MITa no 880 MlIa.

HampysxeHHst ox ipu BUJABIIOBaHHI 3arOTOBKU KPYTJIOTO TMEepepi3y y JOHHIN
YaCTHHI 3HAXOAATbCA y Mexax oy =-210+-710 Mlla, y Buctymi 31 CTOpOHHU

MOPOKHUHU OTPUMaHO gy =-840 Mlla, a Ha KOHTaKTyIOU1i TOBEPXHI MATPHULIl Oy =-

590 MIla (puc. 2.56).
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3HauEeHHS HANPYKEHHS 0, JIUIs1 BUIABIIIOBAHHsI Hall1BPaOpHUKaTy 13 3arOTOBKU
KpYTJ0ro nepepisy csrarots o, =-200--670 MlIla, o, =-790 Mlla Ta g, =-490 MIIa
(puc. 2.58). Ilo MakcumanbHUM aOCOJIOTHUM BEJIMYMHAM HANpYKeHb ox 1 0, Ha

KOHTAKTYIOUHUX IMOBCPXHAX IMPU3HAYAIOTH KIJIBKICTh 63.H,Ha}KiB I MaTpULlb.

2.1.5 JledbopmoBanuii cran HamiBhaOpukaTy 31¢hOPMOBAHOTO 13 3aTOTOBKH

KPYTJIOTO TIEpepizy

Ha puc. 2.6 BigoOpaxeHO  poO3MOAUT  KOMIIOHEHT jaedopmaliii

HamiBpaOpuKaTy 31€(pOpPMOBAHOTO 13 3aTOTOBKH KPYIJIOTO MEPEPi3y.

g, 012

0.90
| 0.72
0.55
0.37
0.20
0.023
-0.15
-0.32
-0.50

046 0.8 0.1 03 ex -04 -0.4

0.96
Woss
0.40
012
0.15
-0.43
071
-0.99
13

0.26 -1.15 gy 3 -0.23 -0.6

0.18 1.0
» 0.45 ;7 W
/ W26 /24
0.06
S -0.13
-0.33
-0.52

-0.71

-0.91 M
11 S

0.3  0.82 026 -0.6 018 0.18 036

a 0 B
Pucynok 2.6. Po3moaisi KOMIIOHEHT AedopMaliiil y HaniBpadpukari
31e(OpPMOBAHOTO 13 3arOTOBKH KpyTJioi (hopmu: a — aedopmariii &, 6 —

negopmarii ey, B — 1epopmauii &,

VY nouniit yactuHi HamiBabpukary nedopmariii &, cTruckarodi B 001acTi mif
TOpPIIEM ITyaHCOHA MarOTh BenmmuuHy & = -0,4 (puc. 2.6a). Pemra o0’emy 1mi€i
JacTUHU Mace &; =-0,23. B 30HI Iepexoay CTIHKH y JJOHHY YaCTUHY OTpuMaHo &; =0,8
3 MOAAJIBIIIUM 3MEHIICHHM 10 &; =0,12 B 30H1 TOPIIO CTIHKH.

PostsaryBanbHi gedopMaliii & BUHUKAIOTh Y JOHHUX YacTHHAX BUPOOIB, a y
CTIHKaX BOHHM CTAalOTh PO3TATYBaJbHUMHU. [licis BHIABIIOBAHHS 3arOTOBKHU
KpPYyTJIOTO Tiepepi3dy Taki nedopmariii BAHUKAIOTh B JIOHHIA YacTHHI y MeEXaX &y
=0,26+0,82, a y ctiHI - &x =-1,15+-0,4 (puc. 2.66).

Takox posraryBanbHl aedopMalii & BHUHUKAIOTh y JOHHUX YacTHHAaX
BUPOOIB Ta 3HAXOAAThCS B Mexkax &, = 0,18+0,36(puc. 2.68).

Jist  fgesikoi  HOMEHKJIATypu TOPOKHUCTUX  BHPOOIB, 30Kpema IO
BUKOPHCTOBYETHCS IIPU BUTOTOBJICHHI apTUIIEPIACHKUX OO€mpumnacis, KpiM GopMu

HEO0OX1THO OTpUMATH 3aJIaHl MEXaHI4H1 BJIACTUBOCTI Y JOHHIN YaCTHHI Ta [0 BUCOTI
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cTiHkd. )1 bOTO MOTpiOHE TIEBHE MPOIPAIIOBAaHHS CTPYKTYPH METAITy TrapsSdoro
IIacTUYHOIO0 jaedopmaliiero B 1ijoMy mnpornpaiioBaHHsS MOXKHA OILIHUTH 10
PO3MOiTYy IHTEHCUBHOCTI ehopmartiif &;.

€i 06 11 1.8 1.55

Ha puc. 2.7 nokazano po3mnomin

1.9 . . - .
| ' IHTEHCUBHOCTI jAedopmariiii & B KiHII
1.4 . .
12 BUJABIIOBAaHHS HamiBdabpukaty 13

0.96 .

072 3arOTOBKM Kpyrjoro mepepizy. VY
8;3 JOHHIA dYacTUHI BHpPOOY 3HAUCHHS
0.00

11 084 036 13 1HTCHCHMBHOCT1 I[e(bopMaHIH

3HaxXoAuThCs y Mexax ¢ =0,84+1,3. Ilo
PucyHnok 2.7. Po3noain iHTEHCUBHOCTI . _ . _
. o BUCOTI  CTIHKM 1l gedopmamii
nedopmarlii €; B KiHII BUIaBITIOBAaHHS ' o
3MEHIIYIOThCcsl Bl & =1,8 B Micmi
HariBpabpUKaTy 13 3aTOTOBKH KPYTJIOTO _
NEePEXOAy CTIHKH y IOHHY YacCTHHY 10

nepepizy . :
¢ =0,6 B 007aCT1 TOPIIIO CTIHKHU.

2.2 Tapsiue  3BOPOTHE BHJABIIOBAHHA 3 PO3Ja4O0  IOPOKHUCTOTO

HamiB(}aOpuKaTy 13 3arOTOBKHU KBaJpaTHOI Nepepizy

2.2.1 Po3paxyHKoBa cxeMa MpOLECY Tapsiuoro 3BOPOTHOTO BUIABIIOBAHHS 3
pO3/1auoi0 TMOPOKHUCTOrO HamiBpabpukaty 37e(OPMOBAHOTO 13 3arOTOBKH
KBaJpaTHOTO Tepepizy
Po3paxyHkoBi cxemu B po3pizi mo miommuHi ZOX mnpu OoTpuMaHHI BUPOOY 13
3arOTOBKHM KBaJpaTHOTO TMepepidy HaBeaeHO Ha puc. 2.8. CxeMy Ha MOYATKY
BUJIABIIIOBAaHHS TOKa3aHO Ha puc. 2.8a. 3aroroBka KBaapaTHOro mepepizy 1
BCTaHOBJIEHA B Matpumi 2 Ha BumToBxyBaul 3. I[Ipomec nedpopmyBanHs
BUKOHYETHCS ITyaHCOHOM 4, MPHU OIyCKaHH1 SIKOTO OTPUMY€EThCs HamiB(aOpukar 5
13 BUCTYTIAMH HA JJOHHIM YaCTHUHI 31 CTOPOHH MOPOKHUHU Ta HA HUHKHBOMY TOPIIi, a
TaKOX B KyTOBUX 30HaX Ha Topul CTiHKK (puc. 2.80). HeoOxigHO BIAMITUTH, IO
dbopmoyTBOpeHHS HamiBhaOpUKaTy 13 3aTOTOBKU KPYIJIOTO Mepepidy, M0 OMUCAHO
panime 3abe3nedye OTPUMaHHS PIBHOTO Topis CTiHKA. [Ipu 3BOpoTHOMY

nepeMillieHHl myaHcoHa 4 BiI0yBaeThCs BWJIYYEHHsI Horo 13 HamiBdaOpukaty 9,
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KWW 3a7UIIaeThes B MaTpuill 2 (puc. 2.88). BumroBxyBanHs HaniBdadpukary S 13

MaTpulll 2 Bi1I0yBa€ThCS MIPU NIEPEMIILICHH] BUIITOBXYBaya 3 (puc. 2.8r).

a 0 B r

Pucynox 2.8. Po3paxyHKOBI cCXeMH [P OTPUMaHHI HamiB(haOpukary 13
3aroTOBKU KBaApPaTHOI (D)OPMHU: a - Ha MTOYATKY BUIABIIOBAHHS; O - B KIHIII
BUJIABJIIOBAHHS; B - MICJIsl BUIYUYEHHS ITyaHCOHA 13 HamiBpaOpuKary; r - mcis

BUILITOBXYBaHHs HamiB(aOpukary 13 MaTpuil

Jia monemtoBanHss MCE mpouecy rapsqoro 3BOpOTHOTO BHUJABIIOBAHHS 3
po3nauoro Oyj0 BHUKOPUCTAHO 31 cTali 15 3aroToBKy KBaJApaTHOTO Mepepizy 3
po3mipamu cTopiH 75x75 MM Ta BUCOTOIO 55,6 MM, po3Mip MO JlaroHaji Takoi
3aroTOBKHU BIJIMOBIJIa€ AlaMETPY 3arO0TOBKU KPYTJIOTO TMEpepi3y HABEICHOT BHUIIIE.

JUiss  oTpUMaHHS  BHMXIJIHOI 3arOTOBKM OOpaHO TMpOKaT  CTaJIEBH
rapsiuekatanuii kpaaparauit 3rigao 'OCT 2591-88.

Po3paxyHOK mporecy rapsioro 3BOPOTHOTO BMJIABIIIOBAHHS 3 PO3/ayOl0
MOPOKHUCTOTO HamiBpaOPHUKATY 13 3arOTOBKH KBaJPAaTHOTO Mepepi3y MpOBOAUBCS
B niporpami DEFORM 3D. TlapameTpu ajist mpoBeieHHS pO3paxyHKy OyJI0 3a/1aHO
TaKl X SIK 1 JJIS MPOIeCY BUAABIIOBAHHS 13 3arOTOBKHM KPYTJIOTO nepepi3dy. Bapto
3a3HAYMTH, IO BUKOPHCTAHHSA IOYATKOBOI 3aroTOBKH KBAApPaTHOTO TMepepizy
3aMICTh 3arOTOBKH KPYTJIOTO TEpepidy apryMEHTYEThCS THM, IO TIPH Hapi3zaHH1
MIPHUX 3arOTOBOK Ha CTPIYKONUIBHOMY BEpCTaTl BUTPATH METAly NpHU Hapi3aHHI
3aroTOBOK 13 MPYTKa KBaAPATHOTO MIEpepi3y MEHII HiK MPU Hapi3aHHI 3aTOTOBOK 3
IpyTKa KpYIJoro mepepidy. Takok TOJNErmyeTbes IEHTPYBaHHS 3arOoTOBKU

KBaJpaTHOTO Tepepizy B poOOUiii 30H1 MITAMITy.



107

[TopiBHIOEMO BUTpaTH Martepiaidy MpH Hapi3aHHI 3arOTOBOK 3 KPYTIJoro Ta
KBaJipaTHOTO NpyTKa. OO0’ €M 3ar0TOBKH KPYIJIOro nepepisy Vg sqe.. 3 AlamerpoM 106
MM Ta BHCOTOIO 35,5 MM (BUKOpHCTOBYBajach B po3aim 2.1) po3paxoByemo 3a

dbopmyoro 2.1:

.D2.
VKp.3ar. = T[T'Hkp.aae (2.1)

ne, D — miameTrp 3aroToBKH KPYTJIOTO Mepepizy, MM;
H,y 5. — BUCOTA 3aTOTOBKU KPYIJIOTO IEpepizy, MM.

m- 1062 - 35,5 2
Vep.sar. = 2 = 313278 mMm

OG’eM 3aroTOBKHM KBaJpaTHOTO Mepepi3y Vigsqe.. 3 po3MipaMu cTopin 75x75
MM Ta BUCOTOO 55,6 MM po3paxoByemo 3a hopmyJiorw 2.2:

V}<B.3ar. =4 'B'HK6.3ae. (22)

ne, A Ta B — po3Mipu CTOPIH 3arOTOBKU KBaAPATHOTO MIEPEPi3y, MM;
Hys.50. — BUCOTA 3aTOTOBKHU KBAJIPaTHOTO TEPEPi3y, MM.

Vesaur. = 75+ 75 - 55,6 = 312750 MM3

Sk 0auuMo 3 MPOBENEHUX PO3PAXYHKIB 00’€M TaKMX 3aroTOBOK Maiike
onHakoBui. Po3paxoByemo BUTpaTd MeETaNY Veumpipsee. TPU HAPI3aHHI MIPHUX

3aroTOBOK 13 TPOKATY KPYTJIOTo nepepizy 3a hopmysior 2.3:

— ”'_DZ.SP (2.3)

VBI/ITp.Kp.sar. - 4

ne, S, — TOBIIMHA pi3y, 110 BIANOBIJAE TOBUIMHI IOJIOTHA NUJIKK, MM (Ipu

pO3paxyHKax B3STO S,=1 MM.

1062
VBHTp.Kp.sar. == 1;)6 -1=28824,7 mm®

Po3paxoByemo BUTpaTH METANY Vaump.xs sq.. IPH HAP13aHHI MIPHUX 3aTOTOBOK
13 MPOKaTy KBaJpaTHOIo nepepizy 3a hopmylioro 2.4:

VBI/ITp.KB.sar. =ABS, (2.4)

VBI/ITp.KB.sar. =75-75-1= 5625 mm’
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Ak BUIHO 3 pO3paxyHKIB 00’€M MeTaily, IO Wa€ Yy BiAXIJ MPU Hapi3aHHI
3aroTOBOK KBAJPATHOTO IMEpepi3y 3HAYHO MEHIIWN HiXK TMPU Hapi3aHHI 3aroOTOBOK
Kpyrioro mepepizy. PospaxoByemMo exoHoMito MeTany Kexyer TMpU Hapi3aHHI
3aroTOBOK KBaJ[paTHOTO Tepepi3y B MOPIBHSAHI 3 Hapi3aHHSIM 3arOTOBOK KPYTJIOTO

nepepizy 3a popmyioro 2.5:

Ke}(_MeT,: VBl/lTp.}Cp.BaI‘._VBl/lTp.}CB.BaI‘. . 100% (25)
VBI/ITp.Kp.3aI‘.
8824,7—-5625
K -—————-100% = 36,2%
€K.MET. 8824,7 )

[Ipu BUTOTOBJIEHHI 3arOTOBOK KBaJPaTHOIO NIEPEPI3y LHUIAXOM BiApI3aHHS Bl
COPTOBOI'O IPOKATy KBAAPAaTHOTO MEpEpi3y Ha CTPIYKONMIBHOMY BEPCTaTI BUTPATH
MeTally B CTPYKKYy Ha 36,2% MeHIIe HDXK TpU BUKOPUCTAHHI BUIIEHABEICHOTO
croco0y 711 OTPUMAaHHS 3aroTOBOK KPYIJIOTO Mepepi3y LUISIXOM BIApI3aHHS BiJ

COPTOBOTO MPOKATY KPYTIIOTO MEpEpizy.

2.2.2CunoBi  peXMMH  TPOIECY  BHUAABIIOBAHHS  MOPOKHUCTOTO

HariBpabpukaTy 31e(pOpMOBAHOTO 13 3aTOTOBKU KBAJPATHOTO MEPEPI3y

T 6300 /(A 3alIeKHICTh  3yCWJIb  Tapsyoro

5440 F/D 3BOPOTHOT'O BUJIABJIIOBAHHS 3 PO3/1a40l0

e, . .

= j HariBabpukary 13 3arOTOBKHU

2 4080

4 gé KBaJpaTHOTO Tepepizy BigoOpaKeHO Ha

22720 | —~—Ha nyaHcoH1

@ —o— Ha BHINTOBXYBadi puc. 2.9. AHani3yrouu JaHi, 1110 HaBeJAEHO

E —o—Ha Matpumi

= 1360 L7 Ha puc. 2.9 MoxHa mMO0aYuTH, IO

.3," |t

' 0 (ﬂ—é—ﬁ* 3yCUJUISL Ha IMYaHCOHI 1 BHINTOBXYBayi
0 11 22 33 44 .

nepeMiiieHHss myaHcoHa Ha 30 MM, a
Pucynok 2.9. 3anexxHoCT1 3ycHiib . . .

HOTIM BiI0YBa€ThCS IHTEHCUBHE
BU/JIaBJIIOBAaHHS HaMiBpaOpUKaTy 13 '

301IbIIEHHS 3ycHiIb 10 BenuunH 6800 kH
3aroTOBKM KBaJIpaTHOTO Mepepizy Ha ' . o

1 6400 xH BigmoBigHO B  KIHII
MyaHCOHI1, BUILITOBXYBayi 1 MaTpHIIi

BUJABIIOBaHHS. 3pOCTaHHA 3yCUIb B

B1JI TIEPEMIIIICHHS ITyaHCOHA . _
HOp1BHSHHI 3 BU/IaBJIFOBAaHHSM

HamiBdaOpuKaTy 13 3aroTOBKM KPYIJIOTO Tepepidy IMOB’s3aHO 3 ILIEHTPYBaHHSIM
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3aroTOBKM KBaJApaTHOI (popMU B MaTpHIli no AiaroHaisx. [Ipu BuaaBiroBaHHI Mae
MICIIE Teuis MeTajay IO IOBEpXHI BHUINTOBXyBaua Ta (OPMOYTBOPCHHS CTIHKHU
BiOyBaeThcsl 31edopMoBaHUM MeTamoM. KpiM 1bOTO, BHXIJHA 3aroTOBKa
KBaJpaTHOTO Mepepizy Mae O1IbITY BUCOTY B IMOPIBHSAHHI 13 3aTOTOBKOIO KPYTJIOTO
nepepizy 1 301IbIIy€eThCs Yac GopMOYTBOPEHHS HamiBpabpuKaty, 110 TPUBOIUTH A0
OXOJIO/HKEeHHS 37ehopMoBaHoro Metairy (puc 2.80). MaTpuiisi B JTaHOMY BHUIIQIKY
cpuiiMae MeEHIIe 3yCWUIA, fKEe JOocirae MakcuMajibHOro 3HaueHHs 260 kH.
3ycusuis Ha TyaHCOHI HeoOXiqHe JI71s1 BAOOPY MPECOBOTO 00JIaTHAHHS, a 3yCHUJUIS Ha
BUILITOBXYBaui 1 MaTPHII MOTPiOHE JIJIsl MPOCKTYBAHHS HIXKHBOI IUTUTH IITAMITIOBOTO
ocHalleHHs. TakuM 4YMHOM, JJIi OTPUMAaHHS MOPOKHUCTHX BUPOOIB HEOOX1IHOT
(dbopMH MOYKHA PEKOMEHAYBATH BUX1JIHI 3arOTOBKU KPYIJIOTO MEPEPI3Y.

Ha puc. 2.10 BigoOpakeHO 3aJIeKHICTh 3yCHJIISl BUIyYEHHs IIyaHCOHa Ta
3yCWJUIsI  BUINTOBXYBAHHS  HamiBpaOpHUKaTy BIJ TEpPEMILIEHH poOoY0ro
1HCTpyMeHTa. 3yCUJUIA BIITyUEHHS JOCATA€ MAaKCUMAIBHOTO BETUYMHU Ha MOYATKY
3BOPOTHOTO NEpeMillleHHsl NyaHcoHa 1 ckiagae 10 kH micnga BunaBmoBaHHA
HamiB(daOpuKaTy 13 3aroTOBKH KBajpaTHOTO mnepepi3y (puc.2.10a). Ha puc. 2.100
BIIOOp@KEHO 3aJIeKHICTh 3yCHJIJIS BHINTOBXYBaHHS HamiBhaOpuKary BiJ
nepeMilieHHs] BUIITOBXyBaua. HaiiOinbine 3HaYeHHS 3yCHIUISI BHIITOBXYBaHHS
HamiBpaOpukaty ckiagae 35 kH npu mepemilieHHl BUIITOBXyBada Ha 2 MM B
HaMpsIMKY Bici Z (quB. puc. 2.8a).

12

40

0 [

o A

N N\
0 ’O\o 0 —h—"o——

0 7 14 21 28 35 ; o 3 10 15
HepeMimeHHﬂ HyaHCOHa MM HCPE.\IILI.[EHI—UI BHIITOBXYBAtd, MM
3

REAN

3

3ycunnsa BuIydeHHA, KH
=)
o
3yCHIIIA BHIITOBXYBaHH:A, KH
rJ
S
—

a 0
Pucynok 2.10. 3anexHicTh 3yCUIUISI BUITYUYCHHS ITyaHCOHA (PUC. a) Ta 3yCHILIS

BUILITOBXYBaHHS (puc. 0) HamiBdaOpuKaTy BijJ MEpEeMIIIEHHS BUIITOBXYBa4a
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Hagpeneni BeawymHu 3yCuib HEOOXITHO BpPAaxOBYBAaTH IPH IMPOEKTYBaHHI

yaHCOHOTPUMAaYiB Ta BUIITOBXYBaYiB y IITAMIIOBOMY OCHAIIICHHI.

2.2.3 Temmniepatypuuii  posnofain HamiBhaOpukary 3aedopMOBaHOTO 13

3aroTOBKU KBaJPAaTHOTO MEpepi3zy

T,°C 880 980 Ha puc. 2.11 BimobpaxeHo
.1902000 pO3MOIIT  TeMmImepaTrypd B  KiHIII
ggg BUJIABIIIOBaHHS  HamiBpaOpukary 13
g?g 3arOTOBKM  KBAQJpPaTHOTO TEepepizy.
530

450 Temneparypa HamiBdaOpukaty vy

370 R

JMOHHIA YacTWMHI Ta Yy  CTIHI
Pucynok 2.11. Po3nozin temneparypu B SHWXKYETBCA J10 T = 880°C. Takum
KiHI[l BUIABIIIOBAHHS HamiBhabpukary i3 IHHOM BiIKDHBAETHCS MOXIIUBICTH

3aroTOBKH KBaJPaTHOTO Mepepizy BUKOHAHHA HOAIBIIOrO
nedopMmyBaHHS CTIHKH

HariBpabpuKaTy BUTATYBAaHHSM 3 IOTOHIICHHSIM B YMOBax rapsiuoi nedopmariii 6e3

MPOMI>KHOTO MIJIITPIBY.

2.2.4 Harpy>)xennit  ctaH Ta  OUTOMI  3ycwuiss  HamiBdaOpukary
31e(pOPMOBAHOrO 13 3arOTOBKM KBaJAPATHOTO NEPEpi3y

Ha puc. 2.12 BigoOpaxeHO poO3MOALT HaIpyKeHb Yy HamiB(paOpukari
31e(OPMOBAHOTO 13 3arOTOBKU KBAJPATHOTO MEPEPI3y.

Oz, N{]H?‘ -1100 -1100 120

20
LTS
120
280
-450
-610
770
930
-1100 i <
-200 -530 -850 -1020-1100 -770

00 L e _

a 0 B
Pucynok 2.12. Po3nozin HanpyxeHb y HamiBhadbpukari 31e(opMOBaHOTO 13
3aroTOBKU KBaJPAaTHOIO MEPEPI3y: a — HAMIPYKEHHS 07, 0 — HAPYKEHHS Oy,

B — HAIIPY>KCHHH O,
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Burnsig po3noaisiiB Hapy>kKeHb MPAKTUYHO OJIMHAKOBI ISl BUIABIIOBAHHS
HamiB(aOpuKaTy i3 3aroToBOK Kpyrioro (puc. 2.5) Ta kBaapatHoro (puc. 2.12)
nepepiziB, aje BEJIMUMHU HAMPYKEHb BIAPI3HAIOTHCS. Tak sk 1y HaniBdadpukary
31e(OpPMOBAHOTO 13 3aroTOBKM KpYIVIOrO Tiepepidy Jig HamiBdaOpukaTy
371e(hOpPMOBAHOTO 13 3arOTOBKH KBaJIPaTHOTO Mepepi3y y JOHHIN YaCTHHI BUHUKAIOTh
CTHCKaIO4l HAMpY>KEHHs, a Y CTIHKAaX I[l HApYy>KEeHHS CTalOTh PO3TATYBAIbHUMU. Y
JIOHHIMA YacTUHI HamiBhaOpuKaTy y BKa3aHUX MICISAX HAIPYKEHHS 07 3MIHIOIOTHCS
Bl 0,=-200 MIIa no ¢,=-1020 MIla (puc. 2.12a). ITutomi 3ycusuisi Ha IMyaHCOHI1
nocsaraiots 1100 MIla, a Ha moBepxH1 BUIITOBXYBaua, 1110 (JOpMy€e TOHHY YaCTHHY
HariBpabpukaTy BOHU 3MIHIOIOThCS y Mexkax 7701100 MlIIa.

Hanpy>xeHHsl 0y y JOHHIN YacTHHI HamiBpaOpHKaTy 3HAXOASATHCS Y MEkKax
ox =-230+-830 MIla, y BucTymi 31 CTOPOHU MOPOKHUHU OTpUMaHO gy =-1000 Ml1a,
a Ha KOHTaKTYIOYii ToBepxHi MaTpuil ox =-630 (puc. 2.120) Ta npuOIN3HO TaKKX
BEJIMYMH CATAOTh HAIPYXEHHA o, - 0, =-260--880 Mlla, ¢, =-1030 Mlla Tta

o, =- 490 (puc. 2.128B).

2.2.5 JlebopmoBanmii ctaH HamiBpabpukary 31e(opMOBaHOTO 13 3arOTOBKH
KBaJpPaTHOTO Tepepizy
Ha pwuc. 2.13 BigoOpakeHO pO3MOJAUT KOMIIOHEHT Jaedopmaliii

HariBpadpukaTy 31€(pOpPMOBAHOTO 13 3aTOTOBKH KPYIJIOTO MEpPEpi3y.

&z 0.17 0.62 0.88 -0.1 0.17 Sx -0 32 -0.1 0.35 -1.35 025 -028 -0.52 - 3

.60

W o5 / / . 0.35

0.53 0.100

0.19 -0.15
-0.15 -0.40 {

-0.49 -0.65

-0.82 -0.90

i ’Xm B Jﬁ"\

0.36 1.03 032 0.36 0 5 0.48

a 0 B
Pucynox 2.13. Po3nonin kommnoHeHT aedopmaiiiii y HamiBpadbpukari
31e(OpMOBAHOTO 13 3arOTOBKH KBAJPATHOTO MEPEPI3y: a — HAMIPYKECHHS &,

0 — HaNpy>KEHHS &y, B — HAIIPYIKEHHS &,
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[TopiBHIOIOUM KOMIOHEHT naedopmarliii HamiBdaOpUKaTy OTPUMAHOTO 13
3aroToBKu Kpyrioro (puc. 2.6) Ta KBaapartHoro repepizy (puc. 2.13) nnsa
OCTaHHBOTO Ma€ Miclie 30LTbIIEHHS KOMIIOHEHT nedopmamid. Ak 1 mis
HamiBdaOpuKkaTy OTPUMAHOIO 13 3aTOTOBKH KPYTJIOTO mepepi3y y HamiBpadbpukarti
OTPUMAHOTO 13 3arOTOBKH KBaIpaTHOTO Mepepi3y AeopMariii &; y JTOHHUX YaCTHHAX
BUPOOIB CTUCKAaIO4i, a MO BHUCOTI CTIHKH — PO3TATYBajJbHI. Y JOHHIA YacTHHI
HamiBdabpukaTy cTUCKaroul aedopmMaliii € B 00IaCTI IMiJ1 TOPIEM ITyaHCOHA MalOTh
BeMunHy & = -0,8 pemra 00’ emy i€l yactunm &; = - 0,54 (puc. 2.13a). B o6macri
NEPEXO0/ly CTIHKH Y JOHHY YaCTHUHY OTpuMaHo &; =0,88 3 noaanpmnM 3MEHIIEHHIM
10 &, =0,17 B 30H1 TOPIIIO CTIHKHU.

Po3tsaryBanbH1 gedopMaliii &x BUHUKAIOTh Y JOHHUX YacTHHAX BUPOOIB, a y
CTIHKaX BOHM CTalOTh CTHCKarouumu. [licis BumaBmoBaHHsA HamiBaOpukary i3
3aroTOBKHM KBaJPAaTHOTO Mepepi3y Takl Aedopmallii BHHUKAIOTh B JOHHII YacTHUHI Y
Mmexax &= 0,36 ~ 1,03, ay criami &= -1,35 + -0,32 (puc. 2.130).

Takox po3raryBanbHl nedopmaiii &, BHUHUKAIOTh y JOHHHMX YacTHHaX
BUPOOIB Ta 3HAXOAAThCS Y Mexax ¢, = 0,25+0,48 (puc. 2.13B).

082 045245 215 Ha puc. 2.14 nokaszaHo po3mnoii

IHTEHCUBHOCTI Aedopmalliil & B KiHII
BUJIABIIIOBaHHS ~ HamiB(daOpukary 13
3arOTOBKH KBaJpaTHOTO Tepepizy. Y

0.33 ; JNOHHIA  9acTMHI  HamiB(aOpuKaTy
0.00 - L S o - .
08 05 114 1.8 orpuMano ¢ =1,14+1,8, a mo BucoTi

CTIHKH 11l Jedopmarlii 3MIHIOIOTBCS &;

Pucynok 2.14. Po3no/iin iHTEHCUBHOCTI =245 10 1.8 &= 0,82.

nedopmMalriii €; B KIHII BUJABIIIOBAHHS . : :
[TopiBHIOIOUM OTpUMaH1 JaHI

HamiBpaOpuUKaTy 13 3arOTOBKH : : -
IHTEHCUBHOCTI nedopmarrii

KBaJipaTHOI (hopMu ) i
P $op HamiBpaOpukaTy  OTPUMAHOTO 13
3aroTOBKU Kpyrioro (puc. 2.7) Ta kBagpatHoro mepepidy (puc. 2.14) BumgHO, 1110
BUKOPUCTAHHSA 3aroTOBOK KBAJApPAaTHOTO TMepepidy MPUBOAUTH [0 OUIbII

1HTEHCHUBHOTO TIPOMPALIIOBAaHHS CTPYKTYPH METAITY IJIACTUYHOIO JeOopMaIli€lo pU
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BUJIABJIIOBAHHI  TMOPOKHUCTUX  BUpPoOIB. OnHak 1pu  (POpMOYTBOpEHHI
HamiBdaOpuKaTy 13 3arOTOBKH KBaJAPATHOTO MEepepi3y B 30HI BEPXHHOTO TOPIIO Ma€
Mmicie (OpPMOYTBOPEHHSI HYOTHUPHOX BHUCTYIIB, SIKI YTBOPIOIOTHCS BHACIHIJIOK
3BOPOTHOI Teuli MaTepiaay 3arOTOBKU 3 BEPIIHMH 3aTOTOBKH KBaJPaTHOTO TIEpepizy,
[0 HETATWBHO BIUIMBAE HAa TOJAJBINI OMEparlii BUTITYBAaHHS 3 IMOTOHIICHHIM
(HeoOxiaHa OisbIa BEIMYMHA X0y OOJIaJHAHHS, PU3MK BTPATH CTIMKOCTI y CTIHII
BUpOOYy Ta mpoOjieMu 31 3HATTAM HamiBpaOpukary 3 iHcTpymeHTa). ToOTo s
MOTAJTBIITUX OTIepalliid BUTSATYBAHHS 3 TOTOHIIEHHSIM HEOOX1HO BBOAUTH MTPOMIKHY
orepallilo MiApi3aHHS BEPXHHOTO TOPIIO, M0 € HENPUIyCTUMUM B YMOBax
KPYIHOCEpPIHHOTO Ta MAacOBOr0 BUPOOHUIITBA (BUTPATU HA JNOJAATKOBUN BIAXIJ
Marepialy Ta Ha 4Yac MiApi3aHHS Topl). ToMy NpUMHATO pILMICHHS MepeN
OIlEpalli€l0 Tapsuoro 3BOPOTHOTO BUAABIIIOBAHHS 3 PO3/1a4OI0 BBECTH OIEPALIIIO

rapsiyoro oca/JKyBaHHs yCIX BEPIIUH 3arOTOBKHU KBaJAPAaTHOTO NEpEPizy.
2.3 l'apsiue ocaKyBaHHs 3aTOTOBKHU KBaJpaTHOTO Mepepizy

2.3.1 Po3paxynkoBa cxema polLecy rapsaoro OCaJ>KyBaHHS
HamiB(}aOpuKaTy 13 3arOTOBKHU KBaJpaTHOTO Mepepizy
Jlst mpoBenieHHs po3paxyHKy 3 BUKopucTaHHSIM MCE Oyno BUKOPUCTaHO CXEMY
rapsuoro oca)KyBaHHs HamiB(paOpUKaTy 13 3arOTOBKH KBaJPaTHOTO Mepepizy, Ky
BiI0OpaxkeHo Ha puc. 2.15. JliBopyu Bia Bici CUMETpii 300paK€HO MOJOXKEHHS
poOOUYOro IHCTPYMEHTY Ta 3arOTOBKH Ha MOYATKY MPOLECY Iapsyoro 0caKyBaHHs,
a MpaBoOPYyY - B KIHIII OCa/I)KyBaHHs. 3aroTOBKa | BCTAHOBIIOETHCA HA BUILITOBXYBay
2 3 nenrpyBanHsM 1o Martpuiil 3. [lpomec nedopmyBanHs 13 3ycuwmisam P
BUKOHY€ETbCS TMPHU OMYCKaHHI MyaHCOHa 4 Ha 3aJaHy BIJACTaHb 31 MIBUIKICTIO V,
BHACIIIJIOK YOT0 YTBOPIOEThCS HamiBhadpukat 5. ITicist 3BOpOTHOr0 X0y MyaHcoHa
4 naniBaOpukar 5 BUIITOBXYETHCS 13 MATPHII 3 3a TOMOMOTOIO BUIIITOBXYBaya 2.

Hns  wmonemoBanHss MCE  mporecy rapsdoro ocaakyBaHHS — OyJio
BUKOPUCTAHO Ty 3K 3aroTOBKY, II0 BHKOPUCTOBYBAJIACh JUIsl MPOLIECY Tapsyoro
3BOPOTHOTO BHJIABJIIOBAaHHSA 3 po37auoio (0e3 MOoMepeiIHbOTO OCaJKyBaHHS) —

KBaJipaT crajeBuil rapsiuekaranuit 75x75 mm 3rigno 'OCT 2591-88, martepian
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Pucynok 2.15. CxeMa nporiecy rapsiaoro

ocaJ>KyBaHHA HariBhaOpUKaTy 13
3aroTOBKHU KBaApaTHOi popmu: 1 —
3aroToBKa; 2 — BUILITOBXYyBay; 3 —
MarpuLs; 4 — MyaHCoH; S5 —
HamiBpaOpukat. Po3pi3 BkazaHo Mo

JiaroHai 3aroTOBKHM KBaIPaTHOTO

n_:m/u'/{IJ/T
o

r=3 =

5 10 15 20 25 30
[TepeMimeHHA TyaHCOHA, MM

<

nepepizy
500

2 i
. 400

g —O—Ha myanconi /
g 300 -0 Ha marpuni /

E[ 200 —{ ——Ha BumroBXyBaui {//p
o

2 100 rLZ /
=

E I¥.

g 0

(o]

e
o™

Pucynox 2.16. 3anexHOCT1 3yCUib
rapsiaoro 0Ca/KyBaHHS 3aTOTOBKH
KBaIPAaTHOTO TIEpepi3y Ha MTyaHCOHI,
MaTpHIl 1 BUIITOBXYBayl BiJl

nepeMileHHs TyaHCOHa
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MapkH ctayib 15. Bucora 3arotroBku —
55,6 MMm. Po3paxyHOK Mpolecy
rapsyoro OCa/KyBaHHsS BUKOHAHO B
nporpami  DEFORM 3D.  Byno
3alaHO HACTYIIHI TapameTpu s
nposeneHHs MoaemoBaHHs MCE:
MIBUJKICTh TEPEMIIIEHHS MyaHCOHA
V = 50 mm/c., dakTop TepTs MiK
HNOBEPXHAMH pOOOYOr0 1HCTPYMEHTY
Ta 3arOTOBKHM BpaxoBaHO Mo 3i0eto

p= 0,3, modarkoBa TemIeparypa

3arotoBku 7' = 1000°C.

2.3.2 CumnoBi pexKuMH TIPOIIECy
raps;iaoro OCa/DKyBaHHS 3arOTOBKH
KBaJPaTHOTO TIepepizy

3aJIe)KHICTh 3YCUJIb Tapsyoro
OCaJKyBaHHS 3arOTOBKH
KBaJIPATHOTO TIEPepi3y BIIOOPAKEHO
Ha puc. 2.16. 3HauyeHHS 3yCWJIb Ha
MyaHCOHI Ta MAaTpHUIll TOCTYIOBO
3pOCTalOTh Ta € OJHAKOBUMH 34
BenuunHOW 165 kH 10 nepemimeHus
MyaHCOHA Ha BiJICTaHb 25 MM, a TIpH
30 MM

nepeMilieHHl  IyaHCOHa

(KiHIICBE  TIOJIOXKEHHS)  CATalOTh

MakcuMaJIbHUX 3HayeHb 480 kH — Ha
nmyaHcoHi Ta 220 kH — na marpuii. Ha
BUIITOBXYBaul

SyCWJIIAI  ITOYMHAE

3pocTaTu npu nepeMilIeHH1



115

nmyaHcoHa 25 MM 1 csrae MakcuMmaidbHUX 3HadueHb 220 kH B kiHII mporecy
OCaJI’KyBaHHS.

Ha pwuc. 2.17 mnoka3aHo

PO3IOILT IHTEHCUBHOCTI
nedopmariit & B KIHITI
0CaJI)KyBaHHS. MakcuManbsHi

3HA4YCHHA €; B 30H1 JAC IIYaHCOH Ta

MaTpHIl OCAKyBalll 3arOTOBKY
Pucynok 2.17. Po3moina iHTeHCUBHOCTI Haiouee ¢ = 1.6+1.9. Ilo mipi

nedopmMaliiii €; B KiHII 0CaKyBaHHS 3MEHIIIECHHS BEJIIMYMHA
OCQ)KyBaHHS 3HAYeHHI & Y

HaniB(aOpukaTi 3MeHIIyeThes Big ¢ = 1.4 10 ¢ = 0.3.

2.3.3 TemneparypHuil po3nojais 0caJKyBaHHs HariBhaOpUKaTy 13 3arOTOBKU

KBaJpaTHOTO Mepepizy

950 850 790 1000

ToC Ha puc. 2.18 BimoOpaxkeHo

pO3MOALT TeMIeparypu B KIHII

899

541 gy OCaJ’KyBaHHs HamiBpaOpukaTy 13
7827 .
iy 3arOTOBKM KBaJpPATHOI'O MEpepizy.

666
608
549

Temneparypa wnHaniBdpaOpukary y

MICLI KOHTAaKTy 3 Je(opMyrodum

iHcTpymentom 1 = 790 - 950°C.

Pucynox 2.18. Po3noain temmnepaTypu B
Temneparypa OCHOBHOTO 00’eMy

KIHIII OCaJKeHHS HamiBpadpukary 13 .

HamiBpabpukaTy Maibke HE

3aroTOBKU KBaJAPaTHOI (hOPMH (BUTIIS
smiamwnack 7 = 980 - 1000°C. To x

cniepeny Ha peOpo HamiBhaOpuKaTy) . .

HACTYITHUH  TIepexiJy  Taps4yoro

3BOPOTHOI'0O BHAABJIIOBAHHA 3 PO3Aa4Y0K0 MOXHA BUKOHYBATHU B YMOBaAX FapH‘-IOI

nedopmaiiii 6€3 TPOMIKHOTO HiITPIBY.
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2.4 T"apsiue 3BOpPOTHE BUJIABJIFOBAHHS 3 PO37a40I0 TTOPOKHUCTOIO BUPOOY 13

MOMEePETHHO 0CAKYBAaHOTO HaniBpaOpUKaTy KBaJApaTHOTO NEpepizy

2.4.1 Po3paxyHKOBa cxeMa MPOLECY rapsuoro 3BOPOTHOIO BUAABIIOBAHHS 3
PO371a40I0 TOPOKHUCTOTO BUPOOY 371e(hOPMOBAHOTO 13 MONEPEAHBO OCATKYBAHOTO
HariBpabpukaTy KBaJIpaTHOTO Mepepizy

Po3paxyHnkoBi cxemu B po3pi3i o mionmui ZOX npu oTpuMaHH1 BUPOOy 13
MOTEPETHHO OCAKYBAHOTO HamiBpaOpUKaTy KBaAPaTHOIO IMepepizy HaBEJACHO Ha
puc. 2.19. Cxemy Ha MOYATKy BHIABIIOBAHHS MMOKa3aHOo Ha puc. 2.19a. Ocamkenmnii
HamiBpabpukaT 1 BcTaHOBIEHO B MaTpuill 2 Ha BumToBXyBaui 3. Ilporec
nedopMyBaHHS BUKOHY€ETHCS IyaHCOHOM 4, MPH OIyCKaHHI SIKOTO OTPUMYETHCS
HamiBpaOpuKaT 5 13 BUCTyaMu Ha JTOHHIM YaCTHHI 31 CTOPOHU MOPOKHUHM Ta Ha
HIDKHBOMY TOpIIi (puc. 2.196). HeoOx11HO BIAMITUTH, 1110 POPMOYTBOPEHHS BUPOOY
13 IONEPETHBO OCAI)KYBaHOI'0 HamiB(paOpUKaTy KBaJpPaTHOIO Mepepisy, a€ 3MOTy
YHUKHYTH yTBOPEHb BHCTYIIB Ha BEpXHbOMY Topul cTiHKHM (puc. 2.11). Ile nae
3MOTy 3HAYHO 3E€KOHOMHUTH 4Yac Ta BUTPATH MaTepially Yy BIAXiJ, OCKIJIbKA HE
MOTPIOHO BBOJUTH ONEpallil0 IMiJIpi3aHHS BEPXHBOTO TOPIIO BUPOOY IS

MOJAJIBIIUX OMEepalliii BUTATYBaHHS 3 MOTOHIICHHSIM. [Ipu 3BopoTHOMY

a 0 B r
Pucynox 2.19. Po3paxyHKoBi cxeMu TIpu OTpUMaHH1 BUPOOY 13 MONIEPETHHO

0CaJI’)KyBaHOTO HamiBpaOpuUKaTy KBaJApaTHOI (OPMHU: a - HA MOYATKY
BHUIAB/IIOBAHHS; O - B KIHI[I BUIaBJIIOBAHHS;
B - TICJIS BUIYUYEHHSI ITyaHCOHA 13 BUPOOY; T - MICJIsl BUIITOBXYBaHHS BUPOOY 13

MaTpHIl
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nepeMiiieHHl myaHcoHa 4 BiOyBaeThCsd BUIYYEHHS HOTO 13 BUPOOY 5, SKUM
3aJIMIIaeThesl B MaTpuill 2 (puc. 2.198). BumroBxyBanHsi BupoOy 5 13 Marpuin 2
BiI0YBa€THCS NPU MEpEMIllIeHH] BUIITOBXYBaua 3 (puc. 2.19r).

Po3paxyHOK mporiecy rapsdoro 3BOPOTHOTO BHIIABIIOBAHHS 3 PO3/1aYOl0
MOPOKHUCTOTO  BUPOOY 13 MOMEpeHhO  OCaKyBaHOTOo  HamiBhabOpukary
KBaJIpaTHOTO Tepepizy mpoBoauBcs B mporpami DEFORM 3D. Ilapamerpu ans
MIPOBEJICHHS PO3PaxyHKY OyJI0 3aJaHO TaKi X K 1 JJI TMPOIeCy BUIABIIOBAHHS i3

3arOTOBKH KBaJIPATHOTO Iepepizy 0e3 mornepeIHboro 0caKyBaHHS.

2.4.2 CuiioBl peXUMHU TPOIECY BUJABIIOBAHHS TOPOKHUCTOTO BHUPOOY

31eopMOBaHOTO 13 MOMEPEAHBO OCAIKYBAHOTO HariBhaOpUKaTy KBaJAPATHOTO
nepepizy
3aNekHICTh 3YCUJIb Tapsuoro 3BOPOTHOTO BUIABJIIOBAHHS 3 PO37au0l0

BUpPOOY 13 MOMEPEIHbO OCAKYBAHOTO HamiB(aOpUKaTy KBaApaTHOTO Mepepizy

Bi1oOpakeHo Ha puc. 2.20. AHaNI3yl0uu JIaHi, 1110 HaBeIeHO Ha puc. 2.20 MOXKHa

4000 J, ﬂ mo0avnTH, 110 3YCUIUIS Ha TTyaHCOHI
3000 H—Ha e —— 1 BUIIITOBXYBaul CIIOYATKy
o . )
= 2000 |- —{1-Ha matpum 3pOCTar0Th IMOBLJILHO 0
E —&— Ha BHImTOBXYBaui . 29
= 1000 . MEePEMIIIICHHST ITyaHCOHA MM, a
& 0 NOTIM  BiIOyBa€eTbCS  1HTEHCUBHE
0 11 22 33 44  30inbIICHHSA 3yCWIb JO BEIWYHH

Hepemumeri wyascona, MM 3800 xkH i1 3600 xH BigmoBimHO B

Pucynoxk 2.20. 3anexHOCTI1 3yCuiib KiHIi  BHIABMIOBaHHA., MarpHis

BHUJABJIFOBAHHS BU 13 IO Hb o
A fo p06y 3 HOHCPCAHRO clijpunuMae MCHIIC 3YyCHUIUIA, SAKC

JKYBAHOI'O HAITIB AKAT
OCaJKyBaHOTO HamiBdadpuKaty JIOCITa€ MaKCHUMAaJIbHOTO 3HAYEHHS

KBajpaTHOI (GOPMHU Ha MyaHCOH, 380 «H. 3ycumns BuitydeHHS

BUIIITOBXYBayi 1 MaTPHIIL BiJl MyaHCOHa a SYCHIIA

TCpEMILICHHA TlyaHCOHa BUIIITOBXYBAaHHS BUPOOY MOPIBHSIHO
13 MPOIIECOM BHJIaBIIIOBAaHHS BUPOOY 0€3 MmomnepeaHporo ocamkyBanns (puc. 2.10)

3a BEJIMYMHOIO MAKCHUMAJIbHUX 3HAYCHb HE 3MIHUJINCK.
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2.4.3 TemnepaTypHuil po3mojia BUPoOy 37e(hOpMOBAHOIO 13 IMOIMEPETHBO
ocapKyBaHOTO HamiBhaOpuKaTy KBaJIpaTHOTO Mepepi3y

Ha puc. 2.21 BimoOpaxkeHo

1000 890 970 , o
po3MOia  TeMrmepaTypu B KiHII
BU/IaBITIOBAHHS BUPOOY 13
MOTIEPETHBO 0CaJ[»KyBaHOTO
HamiBdabpukaTty KBaJIpaTHOTO

nepepizy. Temmepartypa BupoOy Yy
JIOHHIA YacTHHI Ta y cTiHIl 10 T =

970+1000°C. B 30HI KOHTaKTy i3

. BUIIITOBXYBa4ueM TeMIlepaTypa
Pucynok 2.21. Po3noain teMeparypu B
o . _ BupoOy 7 = 730°C. lle o3Hauae, 110
KIHI[l BUJIaBJIIOBaHHs HamiB(aOpukarty 13
) MOXJIMBO BHUKOHYBAaTU TOJAJIbIIIE
3aroTOBKHU KBaJApaTHOI (hOpMHU

neopMyBaHHS  CTIHKM  BUPOOY

BUTATYBAHHSAM 3 MOTOHUIEHHSIM B yMOBax raps4oi aedopmarii 6€3 mpoMi>XKHOTO
H1IITPIBY.

2.4.4 HampyxeHuii CTaH Ta MUTOMI 3yCWIIS BUPOOY 371e(hOopMOBaHOTO 13

nonepeaHb0 0CaIKyBaHOT0 HamiBhaOpuKaTy KBaJJpaTHOTO Mepepi3zy

Ha puc. 2.22 Biio6pakeHO pO3M0/IlJI HAPY>KEeHb Y BUPOOi1 31€OopMOBaHOTO

13 TOTIEPETHHO OCAIKYBAHOTO HariBhaOpUKaTy KBaapaTHOi (popmu.

50 150 .50, G, Ml -100 =50 : -150 20

210
100 M
11
120
230
340

-450
-570 I

Pucynok 2.22. Po3nonin Hanpy»eHb y BUpoO1 371e(hOpMOBAHOTO 13 TONEPETHBO
0Ca)KyBaHOTO HamiB(haOpuKaTy KBaIpaTHOTO MEpepi3y: a — HAPY>KEHHS g7, 0 —

HAIIPY?’KCHH 0%, B — HAIIPYXXCHHA 0y
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VY nonHHIM yacTHHI BUPOOY Y BKa3aHUX MICILSX HAMPYXKEHHS 0; 3MIHIOIOTHCS
Bix 0,=-200 MIla g0 0,=-650 MIla (puc. 2.22a). [Iutomi 3ycuiis Ha IyaHCOHI
nocsaraioth 550 Mlla, a Ha mOBepxXHiI BUIITOBXYyBaya, 10 (OPMYy€e JOHHY YACTHHY
HamiBdaOpuKkaTy BOHU 3MIHIOIOThCS Y Mexkax -250+-650 MI]a.

HanpyxeHnHst ox y HOHHIN 4acTuHI HamiBpaOpUKaTy 3HAXOIATHCS Yy MexkKax
oy =-250+-450 MlIla, y BUCTYII1 31 CTOPOHU OPOKHUHU OTpUMaHO oy =-450 Ml]a, a
Ha KOHTaKTYyHO4Yil moBepxHi Matpulli ox =-100 (puc. 2.226) ta npuOIU3HO TaKUX
BEJIMYMH CATAIOTh HALIPYKEHHH 0, - 0, =-250+-600 Mlla, o, =-600 MIIa Ta g, = 100

MlIlIa (puc. 2.228).

2.4.5 JlebopmoBanuii cTaH BHpPOOY 31€POPMOBAHOTO 13 MOMEPEAHBO

0Ca/IP)KyBaHOT 0 HamniBpaOpuKaTy KBaAPATHOIO MEpPEPi3y

Ha puc. 2.23 BigoOpakeHO poO3MOJiI KOMIOHEHT jedopmariiii BUPoOy

31e(pOpMOBAHOrO 13 MONEPEAHBO OCATKYBAHOIO HariBhaOpHUKATy KBaJPATHOIO

nepepisy.

2.3 R €7, MIIa

Pucynok 2.23. Po3nojin koMImoHeHT jaedopmariiii y Bupo06i 31ehopMOBaHOTO 13
NOMEePeTHhO 0CAKYBAaHOTO HamiB(paOpuKaTy KBaipaTHOTO NEpepizy:
a — HaIIpYXEHH4 &;, 0 — HAIPY>KEHHS &, B — HAIIPYKECHHA &,
AHanizyound puc. 2.23 MokHa MoOadyutu, 1o gedopmanii & y JOHHHUX
YacTUHAX BUPOOIB SIK CTHUCKAIOYl TaK 1 pO3TIATyBajbHI, @ MO BUCOTI CTIHKH —
pO3TATYBaJIbHI. Y JOHHIM YacTHHI BUpOOY nedopmarlii & B 00JacTi mia TOpLEM
MyaHCOHA MalOTh BEIMUMHY &; = 0,8 — po3TaryBanbHi Ta €; = -2,1 - ctuckatoui (puc.
2.23a). B oOmacti mepexoay CTIHKM y JOHHY YacTHHY OTpHUMaHoO & =2,3 3

MOJIaJIBIIIUM 3MEHIIEHHIM J10 & =0,8 B 30H1 TOPIIIO CTIHKH.
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JledopmMaitii & y CTIHII CTUCKAYl Ta 3HAXOATHCSA B Mexkax &= -0,5+-2,4, ay
JIOHHIM YaCTUHI A1I0Th K PO3TATYBaAIbHI TaK 1 CTUCKaYl AedopMaliii & Ta OJHAKOBI
3a BeIMUUHOIO & = £0,5 (puc. 2.2306).

Hedopmarii €, y TOHHIM 4acTHHI BUPOOY SIK CTUCKAIO4l Ta 1 pO3TATYBaJIbHI,
cruckaroui ¢, = -0,5, a posraryBanbHi ¢, = 0,5+1. ¥V crinui nedopmauii ¢, —

CTHUCKAaI0Ul Ta 3HaXOAAThCA B MexXax &, = -0,5+-2,5 (puc. 2.23B).

L5 25 s & Ha puc. 2.24 nmokazaHo po3ImoaiI

4.0

'35l IHTEHCUBHOCTI jAedopmariiii & B KiHII

3.0

g-g BUJIABJIIOBaHHS BUPOOY 13 MOIEPEIHBO
1:5 : 6

o 0CaJ[’KyBaHOTO HaniB(habpukary

0.5 I . .o
0 KBaJIpaTHOTO Tmepepizy. Y JOHHIN

Pucynok 2.24. Po3mnomiia iHTeHCUBHOCTI 4acTuHi BUpoby otpumano & =0,5+2,2,

o _ a MO BHUCOTI CTIHKM w1 JAedopmarii
nedopmarliil €; B KIHII BUJABIIOBaHHS

: 3MIHIOIOTECS Bix & =1,5 mo ¢= 2,5.
BHUPOOY i3 MONEPEIHBO OCAIKYBAHOTO

. . MonemoBanaa MCE no3sonnio
HariBpabpuKaTy KBaJApaTHOTO Mepepi3zy
BCTaHOBUTH napameTpu TUTST
MPOCKTYBaHHS TEXHOJIOTIT Taps4yoro IITaMIyBaHHS TOPOXXHUCTHUX BUPOOIB 13
3aroTOBOK KPYIJIOTO 1 KBaJpaTHOrO TMepepi3dy: 3yCWJUISl BUIABIIOBaHHS 1
BUINTOBXYBAHHSA — /I BHOOPY MPECOBOTO OOJIATHAHHS, MATOMI 3YCHJUTSI — JUIS

MIPOEKTYBaHHS IITAMIIOBOTO OCHAIIEHHS, (OpMy 1 po3MipH BUPOOIB Ta

21202

MIPOTIPAITIOBAHHS CTPYKTYpH
2106,2
MeTajy raps4oro nedopmariiero —
JUISL OIIIHKH SIKOCT1 BUPOOIB.
232 RIO
—— :
P WL SRR ey R Ha puc. 2.25 BigoOpaxeno ¢popmy
[
m ;& AN \;zsgg 2 S Ta po3mipu  HamiBdabpukary
NN SONNNES
NINAwT N
] a7 7 OTPUMAHOI0 rapsiuuM 3BOPOTHHM
il BHIaBTIOBAHHSM 3 PO3/aUOIo0.

Pucynok 2.25. ®opma ta po3mipu
HamiBdaOpuKaTy OTPUMAHOTO TapsSuIUM

3BOPOTHUM BUIAABJIIOBAHHAM 3 PO3J1a4010
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2.5 TeopeTHuHUM aHaNI3 IPOLECIB rapsa4oro GopMOYTBOPEHHS MOPOKHUCTUX

BUPOOIB 3a JOIMOMOTOI0 aHAIITHYHUX PO3PaXyHKIB

2.5.1 Omnc OCHOBHUX aHAJITUYHUX METOIIB JOCIIHKEHHS
OCHOBHUMH aHAJTITHYHUMH METOJaMH JOCIIJDKCHHS TMPOIeciB 00poOKu
METaJliB THCKOM BBa)KaIOTh: METOJ] BEPXHBOI OLIHKH, 1HKEHEPHUNH METOJT Ta METO/T

OaJlaHCy OTYKHOCTEM.

2.5.1.1 Meron BepxHpoi omiHkd (MBQO) BIIHOCHUTBCS JI0 €HEPreTHUYHHUX
METOJ[IB TEOPETUYHOTO aHajizy mpoieciB 00poOku metaniB Tuckom (OMT) 1
3aCHOBAaHMI Ha 3aKoHI 30epexkeHHs eHeprii. MBO B 0CHOBHOMY BUKOPHUCTOBYIOTh
JUISL TEOPETUYHOTO aHalli3y IUIOCKMX 1 BicecumerpuuHux 3agad OMT. Kpim
BU3HAYCHHS 3yCHIb 1 MUTOMUX 3yCHIIb AeOPMYBaHHSI METOJ T03BOJISIE BUKOHATH
ONTUMI3alliI0 TEOMETPUYHOT PopMU 1ePOPMYIOUOTO IHCTPYMEHTY ISl OTPUMAHHS
MIHIMAQJIBHOTO 3YCHJUIS 1e(OPMyBaHHS.

SIK110 3aroTOBKY MOAUTATHU HA PSIT )KOPCTKUX 00’ €MIB, sIK1 HE Je(hOPMYIOThCH,
1 BBaXaTH, IO IUIACTHYHA Jaedopmariis TPOXOAUTh 3a PaXyHOK 3MIIIEHHS IHX
00’eMiIB Ta 3CyBYy MK HHUMH, TOJI PIBHSHHS OajlaHCy MOTY>KHOCTEH B MpOILIeCi

dbopmoyTBOpeHHs BUpoOy Oyae matu Burisig (popmyna 2.1):
ne: Np7p - IOTYKHICTb Npecy Juist BuKOHaHHs onepanii OMT; N - HOTYKHICTb, sKa

BUTPAYAEThCSI HA TNOJAOJAHHSA TepTs MK  00’eMaMu, IO 3MILLYIOThCA Ha

KOHTaKTYIOUMX TIOBEPXHAX 3aroTOBKH Ta ae(opMyrodoro iHcrpymenra; N ;-

HOTY)KHiCTB, sAKa BHUTPAYA€TbCA Ha IOAO0JIaHHA CHII 3CYBY MK BKa3aHUMH

00’emamu [188].

2.5.1.2 CyrtHicth imkeHepHoro merony (IM) mmst anamizy mporeciB OMT
MOJIATa€ B CIUIBHOMY BUPIIIEHHI JU(EpPEHIINHNUX PIBHSIHb PIBHOBAru 3 yMOBOIO
mactuaHocTi.  Judepenmiiini  piBasiHHS piBHOBarm  ([IPP) B mekaproBux
KoopJuHatax (X, y, z) 1 AedopMyBaHHs 3arOTOBKH JOBUIBHOI (POPMU MaIOTh

By (popmyna 2.2) [188]:
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2.5.1.3 Meton GanaHCy MOTY>KHOCTEH BITHOCATH 0 €HEPTETUUHHUX METOJIIB
TeopetnyHoro a”amizy mnpormeciB OMT. B mponecax OMT moTyKHICTh 30BHIIIHIX

cuin N 3C>» SIK1 MNPpUKIIaal0TBCA OO0 3arOTOBKH, BUTPAYACTHCA HaA HOTY)KHiCTI) JJIA

TIOIONaHHSI CHJI OTIOpY AehopMyBaHHst N ;; Ta MOTYKHICTh Ha O/I0JIAHHS CHII TePTSI

N, 4aCTHHOK METally Ha KOHTaKTyI041i IOBEPXHI 3 1€(POPMYIOUUM IHCTPYMEHTOM.

Toni piBHSHHA OalaHCy MOTY>XHOCTEW B Oyab-skomy npoueci OMT mae Burisn

(bopmyma 2.3) [188]:
N3c =Nz +Np (2.3)

2.6 BucHoBkHU

1 Onucano cxeMH TIPOLIECIB TapsyOoro 3BOPOTHOTO BUIABIIOBAHHS 3
PO37a40I0 MOPOKHUCTUX BUPOOIB 13 3arOTOBOK KPYIJIOTO 1 KBAAPATHOTO MEPEPIY.

2 3a pomomoroto MCE mpoBelneHO MOJENIOBaHHS IIPOIIECY Tapsiuoro
3BOPOTHOTO BHUAABIIOBAHHS 3 PO3/1av00 MOPOKHUCTHX BHPOOIB 13 3aroTOBOK
KpPYTJIOTO 1 KBapaTHOTO Tiepepizy. s 3aroToBoK KBaJApaTHOTO Mepepi3y BBEIACHO
JIOJIATKOBY OTIEPAIIii0 rapsiue 0Ca/HKyBaHHS 11100 YHUKHYTH YTBOPEHHS BUCTYIIIB HA
BEPXHbOMY TOpLI HamiB)aOpUKaTy OTPUMAHOrO BHACIIJOK OIepauli rapsyoro
3BOPOTHOTO BUAABJIFOBAHHS 3 PO3/1a4O0I0.

3 BcraHoBieHo, mo MpW OTpUMaHHI 3arOTOBOK 13 TPYTKa KBaJpaTHOTO
nepepizy BUTpATU MeTally y Biaxia Ha 36,2% MeHIll y TOPIBHSHHI 3 OTPUMAaHHIM
3aroTOBOK 13 MIPYyTKa KPYyTJIoro mnepepisy.

4 BCTaHOBJIEHO 3yCWUJIS OCAJP)KyBaHHS Ta BUJABIIOBAHHS, BUIYUYEHHS
MyaHCOHIB 13 HamiB(})aOpUKaTiB Ta BUIITOBXYBAaHHS BUPOOIB 13 MaTPHUIlh. 3yCHILIS
BU/IABIIIOBAHHS MTPU BUKOPUCTaHHI 3arOTOBKH KPYTJIOTO Tepepidy Ha 16% meHie
B1J1 3yCHJUISI BUIABIIIOBAHHSI 13 3aTOTOBKH KBaJIpaTHOTO Tepepizy.

5 ¥V MmeTan JOHHMX YaCTHHAX 1 CTIHKAX BUPOOIB BUSBJICHO HANIPYKEHUHN CTaH
1 muTOMI1 3yCHJUIS Ha 1e(OpMYHOYOMY IHCTPYMEHTI, a TaKoX Je(opMoBaHUI CTaH

micasT BUIABIIOBaHHS. BUKOpUCTaHHS 3aroTOBKH KBaJIpaTHOTO TMepepiy B
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MOPIBHSHHI 13 3arOTOBKOIO KPYTJIOTO mMepepily, 3abe3neuye OiIbIN 1HTEHCHBHE
NPOMpPAIIOBAaHHSA CTPYKTypd MeETaly IUIACTUYHOI jaedopmaiiero y TOHHHX

YaCTUHAX 1 CTIHKaX BUPOOiB.
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PO3/ILI 3
AHAJII3 METOJOM CKIHYEHHUX EJIEMEHTIB
MPOLIECY BUTSTYBAHHS 3 MOTOHIIEHHSIM
MOPOYKHUCTOI'O BUPOBY

3.1 AHaniTU4HI pO3paxyHKH MPOLIECY BUTATYBAHHS 3 MOTOHIICHHSIM

B 3amexxHOCTI BiA CHIBBIAHONIEHHS BHUCOTH 1 JlaMeTpy BHUpoOOy, IO
BUTATYETHCS, @ TAKOXK BiJl BIJIHOCHOI TOBIIMHU 3arOTOBKH TIPOIEC BUTITYBAHHS
Moxe OyTH BHUKOHAHO 3a OAHY a0o Jekiabka omnepaniid. HeobximHo, 11100
BUTATYBaHHA 0yJI0 BUKOHAHO 3 SIK MOYKHA HAaMEHIIIOI0 KIJTBKICTIO OTIEpalliil Ta 3 sk
MOXKHa OuIbIIMM cTyneHeM pnedopmarliii £ , 0e3 3acTocyBaHHS MPOMIKHOTO
Bignany [31].

Cryninb gedopmaiii £ npu BUTATYBaHHI WJIIHIPUYHUX J€TalIeH MOXKe OyTH

BHUpAX€HA OJTHUM 13 HACTYITHUX MOKa3HUKIB (hopmyia 3.1):

D
e 3.1
K i (3.1)

ne, K — cTymiHb BUTSTYBaHHS,
D — niameTp 3aroTOBKH, MM;
d — miameTp meTaii, MM.

KoedirieHT BUTATYBaHHS M MOKHA BU3HAYUTH 32 opmyJioro 3.2:

d 1
m=—-—= T (3'2)
D K
SIk BUJIHO CTYNiHB BUTATYBaHHS K BelnunHa B3aeMO oOepHEeHa Koe(ilieHTY
BUTATYBaHHS M, BIJAMOBIJHO YMM MEHIIUM KOE(IIIEHT BUTITYBAHHS THUM OLIbIA
cTymiHb nedopmartii E.
OpHak B TaHOMY BHMAJAKY IMOTEPE/IHI PO3PAXyHKH CTyIeHs Aedopmarii £

BapTO BUKOHYBaTU He mo Qgopmynam (3.1) ta (3.2), a Mo BEJIMYMUHI 3MEHIICHHS

TOBILMHY CTIHKH sIKa MOXe OyTH BHpakeHa popmysioro 3.3 [31]:

_ (Sn—l - n)

E ,
Sn-1

(3.3)
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ne, S;,_1 — TOBIIMHA CTIHKH JIO OTepaIlii BUTSATYBaHHS 3 TIOTOHIIIEHHSM, MM,

S, — TOBIIIMHA CTIHKY TICJIsI ONepallii BUTATYBAHHS 3 TIOTOHIICHHSIM, MM.
Tax sk 1 y Bunaaky i3 ¢popmynamu (3.1) ta (3.2) TakoX € BEITUUMHA B3a€EMO
obepHeHa 10 cTyneHsa Aedopmallii — KoedIilieHT BUTATYBAaHHSA 3 MOTOHIICHHSIM

Myor, AKAA PO3PAXOBYIOTH 32 hopmysioro 3.4 [2]:

(3.4)

Ockinpky Tepmia Ta Jpyra omeparii BUTATYBaHHS 3 MOTOHIICHHSIM
BUKOHYIOTBCSI B YMOBaX rapsidoi jedopmaiiii, HeoOOXiJHO BpaxOByBaTU KOEQIII€HT
temneparyproro posmmmpenns (KTP) matepiany [189]. To6To micis BUTATYBaHHS
HamiBpaOpukaTy uepe3 JApyry MATpULIO CIiAyBaTUME BIANAT Ta MOAAJbIIE
OXOJIO/DKEeHHST oTpuMaHoro BupoOy. KTP marepiany BupoOy 3rimno [189]
cTaHOBUTH 1,5%, 1110 HEOOX1THO BPaXOBYBaTH B MOJAJIBLINX PO3PAXyHKAX.

BpaxoByroun BuIllEHaBEI€eHE BUKOHYEMO IMOIEPENHI PO3PAaXyHKH IPOLECY
BUTATYBAaHHA 3 [MOTOHIIEHHAM TIOPOXKHHCTOrOo BUPOOy. BuxigHi pgani -
HamiBpaOpuKaT, SKUM OTPUMAHO TICIA oOMepauli Tapsyoro 3BOPOTHOIO
BUJIABIIIOBAHHS 3 PO3/IaY0I0 13 TOBIIUHOKO CTIHKH Scps,p= 7 MM Ta 30BHIIIHIM
niametpoMm D, = 121,4 mm. [l omepaiiii BUTATYBaHHS 4epe3 JIBl MOCIIJOBHO
pO3TalloBaHl MaTpUIll HA3HAYAEMO JiaMeTp IyaHCOHY 3 BpaxyBaHHsMm KTP
Dyy., = 107,76 Mm. JliameTp nepiuoi MaTpuii HasHa4aemo 3 BpaxyBaHHsaM KTP
D,1=112 - 1,015 = 113,68 MM Ta miametp apyroi marpuill 3 BpaxyBanHiMm KTP
D,,=110 - 1,015 = 111,65 mMm. ButaryBaHHd 3 NOTOHIICHHSM 4Ye€pe3 TPETIO
MaTPULIIO BUKOHYETHCSI HA XOJOHY TOMY 1 pO3MipH Ha3HA4Ya€eEMO Ti, K1 HEOOX1IHO
OTpUMATH, JiaMeTp MyaHCOHY Ui 3-TO BUTATYBaHHS Ha3HAYa€MO /IS0 MEHIIINM B
MOPIBHSHHI 13 XOJOJHUMHU PO3MIpAMH MyaHCOHY JJisl 1-T0 Ta 2-r0 BUTSTYBaHHS,
o0 mpu MOCHIAYIOUid omepaiii BUTATYBaHHS IMyaHCOH 3alIIOB 3 HEBEIMKUM
3a30poM B HamiBhaOpHKaT, TOMY JlaMeTp MyaHCOHY AJis 3-TO BUTATYBaHHA D3 =
106 mm, a miametp matputli D3 = 109 mm.

Po3paxoByeMoO TOBIIMHY CTIHKH, SIKY OyJl€ OTpMMaHO BHACII 10K BUTSTYBaHHS

3 MOTOHIIICHHSM Yepe3 Mmepiiry MaTpuilio 3a hopmysioro [3.5]:
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SCTl = (DMl - Dnl;Z)/zr (35)

1€, Scrq- TOBIIMHA CTIHKH MICIA 1-TO BUTATYBaHHS 3 MOTOHILICHHSM.

Ser1 = (113,68 Mm — 107,76 MM) /2 = 2,96 MM

3rigHo Gopmynu 3.4 BUKOHYEMO PO3paxyHOK KOE(IIIEHTY BUTSATYBaHHS 3

IIOTOHIICHHAM:

Ser1 2,96

= 0,42
SCT.SaF 7

mn0T1 =

[TopiBHIOEMO OoTprMaHuil KoedimieHT 0,42 3 peKOMEHI0BAHUM B JJOBIJKOBIA
miteparypi [2] 3HaueHHsT HARMEHIIOro KOoe(DilliEHTY BUTATYBAHHS 3 MOTOHIICHHIM
Ha nepiit onepariii — 0,75. [Ipu X010 JHUX MpoIecax BUTATYBAHHS 3 TOTOHIIICHHSIM
rapaHTOBaHO BIIOYJEThCS PYWHYBaHHsS Matepiany, ockuibku 0,42 < 0,75, ane B
HAIlIOMY BUMAJAKy BUTATYBAaHHS UYepe3 MEpIIy MATPHIIO MPOXOIUThH B YMOBax
rapsyoi aedopmaiiii, Marepian OUIbII TJIACTAUYHUNA, TOMY MJISI MOJEIIOBaHHS
MPOILIECY BUTATYBAHHS Yepe3 MepIry MaTPUIIIo 3a7aeMoch koedirientom 0,42.

Po3paxoByeMo TOBUIMHY CTIHKH, Ky OyJl€ OTPUMAaHO BHACIIOK BUTSTYBAHHS
3 MOTOHIICHHSM Yepe3 JpYyry MaTpHUIIo 3a popmyJioro 3.5:

Ser2 = Dyz — Dy12, = (111,65 MM — 107,76 Mm) /2 = 1,945 MM

3rigHo Gopmynu 3.4 BUKOHYEMO PO3paxyHOK KOE€(ILIEHTY BUTATYBAHHS 3

ITIOTOHIICHHAM:

_Sar 1945 _
Moz = ¢ =96

[TopiBHIOEMO OTpuManuii koediieHT 0,65 3 peKOMEHI0BaHUM B JOBIJKOBIH
miteparypi [2] 3HaueHHsT HARMEHIIOrO KOe(DIili€EHTY BUTATYBAHHS 3 MOTOHIICHHIM
Ha nocaigyrounx onepauiax — 0,65. Ockinbku 0,65 = 0,65, OpieHTOBHO pyHHYBaHHS
IIPYU BUTATYBaHHI 3 IOTOHIIIEHHSIM Yepe3 APYTy MAaTPHIIIO HE BiIOYyIEThCSI.

Po3paxoByeMo TOBIIMHY CTIHKH, SIKY OyJle OTPUMaHO BHACIII0OK BUTSTYBaHHS

3 MMOTOHILIEHHAM Yepe3 APYyry MaTpUIlio 3a popMyIioro 3.5:
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Ser3 = Dyz — D3 = (109 MM — 106 MM) /2 = 1,5 MM

3rigHo dopmynu 3.4 BUKOHYEMO PO3paXxyHOK KOE(IIIEHTYy BUTATYBaHHS 3

ITIOTOHIICHHSM:
Ser3 1,5
mHOT3 = =
Serp 1,945

= 0,77

[TopiBHIOEMO OTprMaHuil kKoedirieHT 0,77 3 peKOMEHIOBAaHUM B JTOBITKOBIM
JiTepatypi [2] 3HauCHHS HaHMEHIIIOr0 KOe(Il[iEHTY BUTATYBAHHS 3 MOTOHIICHHSIM
Ha nocaigyrounx onepauiax — 0,65. Ockiunpku 0,77 > 0,65, OpieHTOBHO pyHHYBaHHS
IPYU BUTATYBaHHI 3 IOTOHILIEHHSIM Y€pe3 TPETIO MAaTPULIIO HE B1IOY1E€ThCS.

OTxe, aHAJNITUYHI PO3PAXYHKU TMPOIECY BUTITYBAHHS 3 TOTOHIICHHSIM
BKa3ylOTh Ha T€, 110 pyIHYBaHHS [IPU BU3HAYEHUX pO3Mipax poOOYOro iHCTpyMEHTA
He B1IOyAeThcs (OKpIM BUTSTYBAaHHS 4Yepe3 MepIry MaTPHIIO, OCKUIBKH IPOIEC
nedopMyBaHHS MPOXOAUTH B TrapsuoMy CTaHi, OyB MNPUHUHATUNA KOe(ILIEHT
ButaryBanHa 0,42 sK JOMyCTUMHUN) TOX MOMXKEMO MEPEXOJUTH [0 YHCEIbHHUX
po3paxyHkiB 3a gonomorotro MCE B mporpamaomy xomrmuiekci DEFORM 3D, ne
MOXHa OUIBIII TOYHO CIPOTHO3YBaTH XapakTep (PopMOyTBOpeHHsS BHUpPOOY Ta

OILIIHUTH KPUTEPIN PyHHYBaHHS.

3.2 I'apsiue BUTATYBaHHS 3 MOTOHIIEHHSM MOPOKHUCTOTO BUPOOY yepe3 JBl

MOCJIIJIOBHO PO3TAIlIOBaH1 MAaTPUII

3.2.1 Po3paxyHkoBa cxema Ipolecy rapsyoro BUTATYBAaHHS 3 TTOTOHIIIEHHSIM

MOPOKHUCTOTO BUPOOY uepes3 JIB1 MOCIIIIOBHO PO3TAIlIOBaH1 MaTPHIII

Po3paxyHKOBY cxeMy IpOILECy TapsSuoro BUTSATYBaHHS 3 HOTOHILIEHHSIM Yepe3
JIB1 TTOCJTIZIOBHO PO3TaIIOBaHI MaTPUIll HaBeIeHO Ha puc. 3.1.

Crnoci6 oTpumaHHsS BHpOOy uepe3 JBi1 MOCTIJOBHO PO3TAIIOBAaHI MaTpPHII
[oJisira€ B HACTYITHOMY: 3aroToBKa 1| BCTaHOBIIOETHCA C(HOPMOBAHOIO Ha
TIOTIEPE/THIN oTepallii raps90ro 3BOPOTHOTO BUAABIIOBAHHS 3 PO37a40I0 KOHYCHOIO
4acTUHOIO (puc. 2.180) y mepiiry MaTpHIlO 2 CIUPAIOYUCH Ha i1 BIAMOBITHY KOHYCHY
yactuny. [lepma marpuiss 2 BcTaHOBJIEHA HA mepuIiii 00oimi 3, Mo cayrye ans

NPaBUIIBLHOTO MiA00PY BUCOTH MIXK MEPIIOI0 MAaTPUIICIO 2 Ta APYror0 MaTpuIlero 4.
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Hpyra matpuiis 4 BCTaHOBJEHA Ha JApyrid oboiimi 5. Ilporec BUTATYBaHHS 3
MOTOHIIEHHSM BiZIOYBa€ThCA 32 PaXyHOK MEPEMIILIEHHS MyaHCOHY 6 3ycriisM P 31

MIBUAKICTIO V BHU3 Yepe3 JB1 MOCIIJOBHO PO3TAIIOBaH1 MATPHIII.

a 0
Pucynok 3.1. Cxema BUTATYBaHHS 3 MOTOHIICHHSIM Yepe3 JIB1 MOCIiJOBHO
po3TanioBaHi MaTpuili: 1 —3arotoBka, 2 — nepiia Marpuus, 3 — nepia ooonma, 4 —
Jpyra mMaTpuiis, 5 — qpyra o0oiima, 6 — myaHcoH, 7 — HaniB(aOpukar micius

BUTATYBAHHS Yepe3 Meplly MaTpuIlio, 8 - BUpiO

Bucory nepuioi o6oiimMu 3 miiiopaHo TakuM YUHOM, II00 CyMapHe 3yCHILIA
nedhopMyBaHHS yepe3 MepIry MaTPUIlio 2 Ta APYTY MATPHUIIO 4 HE TIEPEBUIIYBAIO
3ycwinis ieopMyBaHHS depes mepiry MaTpuilo 2. B KiHIl mporecy BUTATYBaHHS 3
MOTOHIIIEHHSM 4Yepe3 MEepIly MaTPHIl0 2 YTBOPIOEThbes HamiBhadpukatr 7 (puc.
3.1a). HamiBpabpukar 7, KUl OTpUMaHO BUTITYBAHHSIM 3 TOTOHIICHHSM 4Yepes
nepiry MaTpuilo 2 1eopMyeTbest TyaHCOHOM 6 uepes ApYyry MaTpuIlro 4 BHACITIIOK
yoro ¢dopmyethes BupiO 8 (puc. 3.10). Bupi6 8 3HIMaeThcs 3 myaHCOHY 6 mpu

3BOPOTHOMY HOTO MEpeMillieHH1 3HIMaueM.
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Jns mpoBenenHst pospaxyHkiB MCE BukopucTOByBasllach Tporpama
DEFORM 3D. byno 3amano HacTymHI apaMeTpH IS MPOBEICHHS MOJICIIOBAHHS
MCE: mBuakicts nepemimenas myancona V = 40 mm/c., dakrtop Tepts Mixk
MOBEPXHAMH POOOYOro IHCTPYMEHTY Ta 3aroTOBKM BpaxoBaHO 1o 3idemnto pu = 0,3,
MOYaTKOBA TEMIIEpaTypa 3ar0TOBKH BiJIMOBIa1a TEMIIEpaTypi HAITPHUKIHII MTPOIIECY
rapsiyoro 3BOPOTHOTO BHUJABIIOBAaHHS 3 pos3faauyoto (puc. 2.20) OTpUMaHOro
HamiBdaOpukary.

3.2.2 CusoBi peXUMU TPOIECY Tapsiuoro Ta HAMMiBrapsyoro BUTATYBAHHS 3

MIOTOHIIICHHSIM Yepe3 JIBl OCIIIOBHO PO3TAIIOBaH1 MaTPHII

Ha puc. 3.2 BimoOpakeHo 3aJIeKHICTh 3yCUIUIS BUTSTYBAaHHS 3 IOTOHIIICHHSIM

yepe3 AB1 NOCIIIJOBHO pO3TallOBaH1 MAaTPHIIl Bl EPEMIILICHHS ITyaHCOHA.

300
ﬂ ——Ha myancoHi

250
/ \\( < Ha nepmriit MaTpurt
T 200 / S
o 7 \ }k\ —A—Ha apyriil MaTpuii

150 ; N
& 100 / (\ \9\
o / \ A
0 B X O

0

25 50 75 100 125 150 175 200 225 250
[IepeminieHHs TyaHCOHA, MM

[y

Puc. 3.2. 3anexHiCTh 3yCHUJUIA BUTATYBaHHS 3 OTOHIIEHHSIM Yepe3 /1Bl

MOCJTIZIOBHO PO3TAIlIOBaH1 MaTPHIIl Bij IEPEMIIICHHS ITyaHCOHA

Ha mepmriii cranii nepopmyBaHHs TpU MEpeMillleHH] myaHcoHa Ha 60 MM
BIIOYBA€ThCS pI3KE 3POCTaHHS 3yCHJUIS HAa IYaHCOHI Ta MEpIIi MaTpull 10
Benuunan 287,2 kH, 3 MOCTYNOBUM 3MEHIICHHSM IpHU TEpeMillleHHl 75 MM 110
285,2 xH, micnsg 9oro 3yCHIIIs, 10 CIOPUMMAE MAaTPUIlA PI3KO 3MEHIIYETHCS 1 TIPH
nepeMilieHHl myaHcoHa 125 MM csrae HyJabOoBUX 3HaueHb. [lpu mepemimieHH1

IIyaHCOHA 75 MM NOYMHAETHCS MPOLEC BUTATYBAHHS 3 NOTOHILIECHHAM 4€pe3 IpYyTy
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MaTpuiIo. MakcuMalibHe 3yCUILIA, O crpuiiMae apyra mMarpuis — 124,8 kH npu
nepeMilleHHl myaHcoHa Ha 125 MM, ImyaHCOH chopuiiMae Take X 3ycuiuis. Jlami
3yCWJUIS, IO CHpUKMae IMyaHCOH Ta JApyra MaTpullil CTalOTh OJHAKOBUMHU 3a
BEJIMYMHOIO Ta MOCTYIMOBO 3MEHIIYIOThCS IOKH HE CATAIOTh HYJIbOBUX 3HAUYEHb MPU
nepeMiiieHHi myaHcona 240 MM — KiHEI[b MPOLIECY BUTATYBAHHS 3 TOTOHIICHHSM.
Bapro 3a3naunTw, 1mo y Aiana3zoHi nepemimieHHs myancoHa Bix 150 mm qo 200 mm
3ycuwiis epopMyBaHHST Ha MYaHCOHI Ta APYTrid MaTpWIll CTa€ CTaOUIbHUM Ta
3HaxoauThcs B Mekax 120...100 kH, mo Bkazye Ha pPIBHOMIPHICTH MPOIECY

ITOTOHIIICHHS CTIHKH.

3.2.3 OuiHKa KpUTEpil0 PyHHYBaHHS MPOIECY Trapsiuoro BUTATYBAaHHS 3

MOTOHIIICHHSIM MOPOKHUCTOTO BUPOOY

Ha puc. 3.3 BimoOpaxkeHO KOEQIIIEHT KPUTEPil0 pyHHYBaHHSA
Normalized C&L mnpu BuTATyBaHHI 3 MOTOHIICHHSIM 4Yepe3 JBI IOCHIIOBHO

pO3TallloBaH1 MaTPHIll

0.66

0.28
0.15

a 0
Pucynok 3.3. Koedimient kpurepiro pyiinyBanns Normalized C&L mpu
BUTSTYBaHHI 3 MIOTOHIICHHSIM Yepe3 JIB1 MOCTIJOBHO PO3TAIIOBaHI MaTPHIIL: a —
HAIPUKIHII BUTATYBAHHS 3 TTOTOHIIICHHSIM Yepe3 Mepiry MaTPUIlo, O - — HAaPUKIHIT

BUTATYBAHHS 3 TOTOHIIEHHSAM 4Y€pe3 APYTy MATPHUIO
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Hanpukiniii npoiiecy BUTATYBaHHS 3 MOTOHIICHHSIM Yepe3 Mepiry MaTpHUIio
HaWOUTBIINKA KOE(]IlIEHT KpUTEPil0 PYWHYBaHHS y CTIiHII HamiBdaOpuKaTy csrae
sHaueHHsa 0,4 y BkazaHoMmy miciii (puc. 3.3a), a B iHIIUX MICIIIX JEII0 MEHIITHHA Ta
3HaxoauThes B mexax 0.15+0.28.

Hampukiami nporiecy BUTATYBaHHS 3 TOTOHIICHHSM Yepe3 APYTrY MaTPHIIO
Koe(DIIEHT KPUTEPIt0 pyHHYBaHHS CsATA€E SN0 OlIBIMX 3HAYEHb, BiJl MIPUIAOHHOT
YACTHHHU JI0 CEPEIMHUA BUCOTH Y CTiHII BUpoOy 0.13+0.45, oiHaK B ACSKUX MICIISIX
CTIHKM BUpOOy Il 3HaueHHs csraiTbh 0.56, 0.66 ta 0.77. Taka HepiBHOMIPHICTH
PO3MOALTY KPUTEPiI0 pyHHYBaHHS MOB’sI3aHA 3 TUM, 1110 TTOYATKOBOIO 3arOTOBKOIO
OyB MPYTOK KBaIPATHOTO MEPEPi3y, BEPUIUHU SIKOTO OyJI0 OCAKEHO 3 MOJATBIINM
3BOPOTHUM BHJIABIIOBAHHSIM 3 PO3/1a400, BHACHIJOK YOTO MaTepiall 3arOTOBKH
KBaJIpaTHOTO Tiepepidy OuIbIle 3MIIHIOBAaBCh Ommkue 10 pedp y 3B’SI3KYy 3
HEPIBHOMIPHUM pPO3MOALIOM IHTEHCHUBHOCTI Aedopmariil (puc. 2.23), Takox ue
MOJKHA CIocTepirati mo yrtBopeHHI0 BucTymiB (puc. 3.30). Lleit medekr Oyme
BUIIPABJICHO 3a JOMOMOIOI0 MPOMDKHOIO BIJNady Ta MOAAJIBIIOTO MiApI3aHHS
BEPXHBOTO TOpI. bikue 10 BEPXHBOTO TOPIS BUPOOY y CTIHIN BEIUYMHA
KpUTepito pyiiHyBaHHs 3HaxoauThes B Mexkax 0.4+0.19. [Ipu po3paxyHkax BapTo
OpIEHTYBAaTUCh HAa TPAHUYHUN KOCPIIIEHT KPUTEPito pyiHHYBaHHS 3 BennuuHO0 0.8,
OCKUIbKM TpPHU JOCSATHEHHI BeIWYMHU | BiAOyBaeThCsd pyHHYBaHHS Martepiaily

BUpOOY, a moka3Huk 0.8 mae 20% 3amacy 10 MOMEHTY pyWHYBaHHS.
3.2.4 TemnepaTypHUil PO3MOILI TOPOKHUCTOTO BUPOOY

Ha puc. 3.3 naBemeHo po3mojin Temmeparypu B HamiBhaOpHUKaTy MiCHs
BUTATYBaHHA 3 TOTOHILIEHHSM uepe3 IMepuly Marpumioo. Temmepartypa
HariBpaOpuKaTy y JOHHIM YaCTHHI Ta y 30HI MEPEXOy JOHHOI YACTUHU B CTIHKY
T= 805°C. Ilo BUCOTI CTIHKM BiJg JOHHOI YaCTHHH 10 BEPXHBOI'O TOPIIA
temreparypa neuo menma 77 = 750 + 650°C. Ha BHyTpilHIM mNOBEpXHI
HamiBpaOpukaTy 31 CTOPOHM TOPOKHMHM Ha paJlyCHI 4YacTUHI Marepial

0X0JI0JIKy€eThes Haitoubiie 7 = 530°C.
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Ha puc. 3.4 BimoOpaxeHo

8%; °C PO3MOJUT TeMIepaTyps BUPOOY Iicis
769 N BUTATYBAHHS 3 IMOTOHIICHHSM 4Ye€pe3
E%? i apyry  Marpumioo.  Temmepatypa
ggg BUpoOy y nonHiit yactuni 1 = 800°C.

552 [To BUCOTI CTIHKHM Bl JOHHOI YaCTHHU

516

JI0 BEPXHBOTO TOPIS TeMIepaTypa

SMCHIIYETLCA Ta JIC)KUTDb Y MCKaX T=

Pucynok 3.3. Po3noaii remoeparypu
Y 8 PEPE 250 - 650°C.
HariB(paOpUKaTy MICIsl BUTATYBaHHS 3 _
Haitouipiie OXOJIOIKCHHS
MOTOHILICHHSM Yepe3 MepIry MaTPHUIIIO

CIOCTEpITAEThCS HA  BHYTPILIHIN

8{}; °C MOBEpXHI BUPOOy Ha pajiycHiil
76 N wactumi T'=516°C.

gzz I OTtxe, SIK BUJTHO 3
625 pucynkis 3.3 Tta 3.4 Temmeparypa

589
552
516

porecy BUTSATYBaHHS 3
MOTOHIIIEHHSM Yepe3 JIB1 TOCIIIIOBHO
pO3TalIOBaHl MATpPHULIl 3HAXOAUTHCS

y mexax 7= 516 + 805°C. 3rimHo

[192] HemoBHa rapsiua medopmariis

Pucynok 3.4. Po3noain temnepaTtypu poTiKae B TEMIEpaTypHOMY

BHPOOY TTiCIIs BUTSTYBAHHS 3 iarepBam (0,5+0,7)Tru, a HenoBHa

HOTOHINCHHAM H€PE3 APYTY MATPUIIO  xoronma (0,3+0,5)Ton. J{na craneit
T = 1450+1520°C. I1pu HenoBHi# rapa4iil Aedopmalliii MpoIec peKpucTaizarii i
3HEMIITHEHHS Bi0YBaIOThCSl HETIOBHICTIO, CTPYKTypa MaTepiaity peKpucTaaizoBaHa
Ta neopmMoBaHa, a MpU HEMOBHIM XOJOIHINA aedopMalii BiIOYBa€eThCS YACTKOBE

3HEMIIHEHHSI B pe3yJIbTaTl MOBEPHEHHS, [0 BUKJIMKAHO PO3ITPIBOM Yepe3 BUXI]

Teria B mporieci aedopmyBanHs (BuzHaueHHs mpoiieciB gano C. 1. I'yokinum).
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[Tporiec medopMyBaHHS CTIHKA TPU BUTATYBAHHI Yepe3 IMEPIIy MaTPHIIO
(650+800°C)/1500°C=0,43+0,53 — HenoBHa XOJOJHA Ta HEMOBHA TapsAya
nedopmartis.

[Tportec medopmMyBaHHS CTIHKM TIPH BHUTATYBaHHI 4depe3 JIPYry MAaTPHIIIO

(650+750°C)/1500°C=0,43+0,5 — HermoBHa X0J01Ha AehopMaris.

3.2.5 HampyxeHuit crtaH Ta TUTOMI 3yCHJUISI TMOPOKHHUCTOTO BHUPOOY

31e(OpPMOBAHOTO Yepe3 JIB1 MOCIIIIOBHO PO3TAIlIOBaH1 MATPHIT

Ha puc. 3.5 HaBeneHO po3MOAUT HANpyXeHb y HamiBpaOpHUKaTI MiCIs
BUTATYBAHHS 3 TMOTOHIICHHSAM 4Yepe3 IMepuly MarTpuiio. Y [OHHIN dYacTuHI
HaniB(adpuKaTy HaNpy>KEHHS 0; CKJIaJal0Th Maii’ke HyJIbOBUX 3HAUYEHb, OCKIJIbKU Y
JIOHHI1H YacTHHI Mpoliec AepOpMyBaHHs HE B1IOYyBa€ThCA. Y CTIHII HamiBpaOpUKaTy
HaIPY>KEHHS 0; — PO3TATYBaJIbHI Ta csratoTh 3HaueHb 30+100 MIla. Hanpyxenus
Ox MAaIOThb 3HAaKO3MIHHUN XapakTep sK 1 HaNpyXeHHA oy, 110 IOB’A3aHO 3
HEpIBHOMIPHICTIO MONEpenHIX omnepauiid aedopmyBaHHsA. HanpyxeHHs ox B
NPUIOHHIN YacTHHI cATatoTh ox = 10+17 MIla, Bijx npuaoHHOT YaCTUHU JI0 CEPEIUHN
CTIHKM - po3TAryBanbHI ox = 33+44 Mlla, a Onmwxue IO BEPXHBOTO TOPIIS
HariBpabpukaTy cTuckarodi oy = -44+ - 130 MITa.

100 30

O, MIIa -130 Ox. Mlla -140 32 Gy.MlIIa

300 _ 44 260 360
200 : “140 W 250 B
100 44 29 m ;;0
6.4 85 N
o1 200 -78

33 190
-190 ) -310 }
290pm 17

Pucynox 3.5. Po3noain Hanpy:keHb y HaniB(paOpuKati miciisi BATSATYBAHHS 3
MOTOHIICHHSAM Yepe3 MepIly MaTPUL0: a — HAIIPY>KEHHS 0, 0 — HaNPY>KEHHS Oy,
B — HANpYy>KeHHS 0y,
HanpyxenHs o, y HOHHIM 4YacTuHl po3TaryBaipHi o0,=5+10 Mlla, Ha

paziyCHOMY NEpexo/ii BiJl MPUAOHHOI YaCTUHU B CTIHKY HamiB(aOpHukaTy CTUCKAIOUl



134

0,=-3,7, B cepenHii 4yacTUHI BUpPOOy y CTIHII po3TiAryBaibHi 0,=1+32 Mlla, a
OIKYe 10 BEPXHBOI'O TOPILS CTHCKaroul 0,=-5,2+-140 MIla. ITo MakcuMaabHUM
aOCOJIOTHUM BEJIMYMHAM HANpyXeHb Oy 1 0, Ha KOHTAKTYIOUMX ITOBEPXHSIX
MPU3HAYAIOTh KUTBKICTh OaHAaXIB /U1l MaTpuIls. [Ipu3HayaeMo oauH OaHgaX s
nepIoi MaTpuIli 3rigHo pekomenaaii [190, ct. 210].

Ha puc. 3.6 HaBeneHO PO3MOALT HAPYKEHb y BUPOOI1 MICIS BUTITYBaHHS 3
NOTOHIIEHHSAM 4epe3 JApyry MaTrpulipo. BcTraHoBieHO, 1m0 HpHU NEpeMILEHHI
nyaHcoHa 150 MM i€ HalOIbIIE 3yCHIIIS IPOLIECY BUTATYBAHHS 3 MOTOHIIEHHSIM
yepe3 JApPyry MaTpulllo, a OTKE 1 3HAYCHHS HaIpYy>KEeHb, 10 BUHUKAIOTH Ha
KOHTaKTYIOUiil MOBEPXHI MATpHIll 3 BUPOOOM IMOKa3aHi caMme NMpU HaWOLIbIIOMY
3YCHJLII.

MakcumanbHe 3Ha4Y€HHs HarpykeHHs o; = 140 MIla — po3srsaryBaibHe
Harpy>keHHs (puc.3.6a).

HanpyxenHst oy Ta o0, NpaLolOTh HAa CTUCK Ta CSTaloTh 3HAYCHb
ox = - 180 MIla (puc. 3.60) Ta g, = -150 MIla (puc. 3.6B). IIpuznauaemo onux

OaHgaX JUIS Ipyroi MaTpHIN 3rigHo pekomenaamii [190, ct. 210].

Gx,Mﬂﬂ

260 S
140 M 360
?,?5 140 -
200" 2n

§o310 5
430 g

'l -300
-540 -410
-660 -520

™

a 0 B

Pucynok 3.6. Po3noin HanpyskeHb y BUpoO1 ITpH nepemilieHH1 myancona 150
MM BHUTATYBaHHS 3 IOTOHIICHHSAM 4epe3 APy MaTpHIIO: a — HallPyKEeHHS a7, O

— HAIIPYXKEHHS Oy, B — HAIIPYKCHHS 0,

Ha puc. 3.7 HaBemeHO po3MOMIiI IHTEHCUBHOCTI HAaNpyXeHb o; B KIHII
BUTSATYBaHHS 4yepe3 MEpIly MATPUIK0 Ta MPU MepeMilleHHl myaHcoHa 150 Mm -

BUTSTYBaHHS Yepe3 JPyry MaTpULIO.
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Po3nonisi  1HTEHCHMBHOCTI  HampY’>KeHb  HANPUKIHII  BUTATYBaHHSI 3
MOTOHIIICHHSM y JTOHHIN "acTuHil g, = 16 Mlla, mo mipi nepexoay BiJ pajiiyCHOi
YacTUHU HamiBhaOpukaTy y CTiHKY 3HadeHHs o; = 40 Mlla, mo mipi 30uIbIIeHHS
BUCOTH HariBhaOpuKaTy HaAmpy>KEeHHsS 30UIbIIYyIOThCA 3 0, = 75 MIla — cepenuna

BrcoTH HamiB(adpukaty 10 o;= 150 Mlla — 30Ha BepxHbOTO TOpLA (pUc. 3.7a).
23 32 200 150

Pucynok 3.7. Po3nofiin iHTEHCHBHOCTI HANIPYXKEHb 0; © @ — HAIPUKIHIII
BUTSTYBaHHA 3 NOTOHIIEHHSIM Yepe3 Mepury MaTpuiio, 0 - — Ipy nepeMillieHH1
nyaHcoHa 150 MM

3HaueHHS IHTCHCHUBHOCTI HANpy>K€Hb TPU  HAWOLIBIIOMY  3yCHIUII
BUTATYBaHHA 3 NMOTOHILIEHHSM 4Yepe3 APYry MATpUI0 AEMIO OUTbLIl MOPIBHSHO 3
BUTATYBAaHHAM Yepe3 IMepuly MaTpULI0, OCKUIBKA PO3PaXyHKOBHM KOE(ILIEHT
NMOTOHIICHHS HUKYMH Ha 0.19, a BiAMOBIIHO CTYMMiHB Aedopmarltii Bumuid. B norHii
yacTuHi ;= 15 Mlla, B 30H1 pajlyCHOTO Mepexoay JHa B CTIHKY o; = 36 Mlla, 3
noJaibIuM 301b1eHHIM 110 0; = 150200 MIla — 30Ha koHTaKTy HamiBadpukaTy
3 MAaTPUIICIO MTPU HAMOLIBIIOMY 3yCHIIII BUTATYBAHHSA Yepe3 ApyTy MaTpHIIO, ajl
3 TIOCTYNOBUM 3MeHIIeHHsIM Bif ;= 110 10 g, = 23 MIla B cTOpoHY BEpXHBOTO
TopIIst HamB(haOpUKaTy.

3.2.6 JlebopmoBaHUii CTaH MOPOKHUCTOTO BUPOOY 371€(hOPMOBAHOTO Uepes
JIB1 IOCITITIOBHO PO3TaIIOBaHl MaTPHII

JlebopmoBanwmii cran BupoOy Oys10 BU3HAYEHO B KiHIII MPOIECY BUTSITYBAHHS

3 TOTOHIIEHHSM Yepe3 Bl TMOCTIJOBHO po3TamoBaHi Marpuii. Ha puc. 3.8
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300paXeHO PO3MOJIT OChOBUX JAchopMallii & y BUPOOI HAMPHUKIHIN IPOIECY

BUTATYBAHH: 3 IIOTOHIICHHAM.

- #(]775 1.4 ,%} e HaliMeHmni  3HaYeHHS &
1.5 ’ 3HAXOJATHCS B JIOHHIM YacTHHI & =

ii - 0.12. B 30Hi pamiyCHOro mepexomy

ggg JIOHHOT YaCTHHU BHPOOY Y CTIHKY

0.45 3HaueHHd & = 033 1 gam g0

CepeHU BUCOTU BUPOOY &; 3pOCTa€e

70 BEIMYMHHU &; = 1. Big cepeaunu
BHUPOOY B CTOPOHY BEPXHBOI'O TOPILIS
& = 1.3. B neBHUX MiCIISIX Yy 30HI1

BEpXHBOTO TOpUIO & = 14, a

p 3.8.P I .
HEYHOK O3MOALT OCHOBHX HanpukiHoi Ttopio & = 0.75+1.1.

nedopMariii y BUpoOI1 I1CIIsI BUTATYBAaHHS
$op y BHp Y Bapto 3a3HauuTH, 0 BeChb 00 €M

3 MOTOHILICHHSIM Yepe3 JB1 IMOCIIIOBHO .
BUpOOYy Mae€ J0JIaTHI 3HAYCHHS &, a

po3TanioBaHi MaTpHII ,
11 03HAYaE, IO & PO3TATYBAJIBHI.

Ha puc. 3.9 HaBeneno

PO3MOILIT IHTEHCUBHOCTI

1.7 nedopmMaitiit €; y BuUpoO1 HapUKIHII

npoiiecy BUTATYBaHHS 3

MOTOHIIEHHSIM. Y JIOHHIM YacTUHI

1.2 Bupody & = 0.17, Big 30HH
0.59 paalyCHOTO TIIepexoAdy Y CTIHKY
0.17 BUPOOY 10 CEPENUHU BUCOTU BUPOOY

g = 0.59+1.2. Bix cepenunu BUCOTH

Pucynox 3.9. Po3mois iIHTEHCUBHOCTI BUPOOY [0  BEPXHBOIO  TOPLHO

nedopmariii y BUpo6i micyIs BUTATYBaHHs ~ OCHOBHHI 00’€M Matepiany BHpOOY
3 MIOTOHIIICHHSIM Yepe3 JB1 MOCTIT0BHO mae ¢ = 1.7 1 nmme HesHavHa
pOBTaIlIOBaHi ManI/IHi JaCTUHaA Mae g = 0.75+1.3 =Ha

BEPXHbOMY TOPLII BUPOOY.
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Ha puc. 3.10 BinoGpakeHo ¢opMy Ta po3Mipu OTPUMAHOTO BUPOOY MiCs

#1165
197,76

1626

1709

= t—

Pucynox 3.10. ®opma ta po3mipu

OTPUMAHOT0 BUPOOY

BUTATYBAHHS 4yepe3 /Bl MOCIII0BHO
pO3TaIIoBaH1 MaTPUIL.

B pesynbrari npoBeneHHX
po3paxynkie MCE Oyno BusBIEHO,
10 HWXKHINA TOperb BUPOOY Micis
BUTATYBAHHS 3 IOTOHIIEHHSAM Y€pe3
JIBI  TOCTIJOBHO  pO3TaIloBaHi
MaTpulll po3jaae (BIUIUB 3HAYHOTO
PO3TATyBaJIbHOIO 3yCHIUISL), TOOTO
30UTbIIY€EThCS  AlaMETp HHKHBOTO
TOpUS BUPOOY, 110 YHEMOMKIMBIIIOE
BUKOHATH  HACTYIMHHA  Tepexif
XOJIOTHOTO BUTSTYBaHHS 3
HNOTOHILIEHHSM qyepes OJIHY

MaTpuiro, OCKUIBKM  HEMOKJINBO

YITKO BCTAHOBUTH OTPUMAaHHI BHPIO HOr0 KOHYCHOIO YaCTUHOIO Ha BIJMOBIIHIN

KOHYCHIM YaCTHHI MAaTPUIII.

3.3 BupiBHIOBaHHS JOHHOI YaCTHHH OTPUMAHOTO BUPOOY Micis omepariii

BUTSATYBAHHS 3 MOTOHIIICHHIM Yepe3 /1Bl MOCIIOBHO PO3TaIlIOBaH1 MaTpPHIIi

3.3.1 Po3paxyHkoBa cxema Tpolecy KajiOpyBaHHS JOHHOI YacCTHHH

HariBpabpukaTy

Ha puc. 3.11 BimoOpaxeHO pO3paxyHKOBY CXEMy MpOIeCcy KaaiOpyBaHHS

HUKHBOTO BHUCTYITy HamiBhaOpukaTy. 3aroToBka 1 BCTAHOBIIIOETHCS HA OIpaBlil 2.

[Ipouiec kamiOpyBaHHSI BIIOYBAETHCS 3a PAXyHOK TMEPEMIIICHHS MaTpuill 3 13

3ycwyuisiM P Ta mBUAKICTIO V 0 HU3Y BHACHIZOK YOrO BHUPIBHIOETHCS BUCTYH Y

JOHHIM d4acTuHi HamiBdaOpukaTy [Js TMOJAJbIIOl OmNepaiii BUTATYBaHHS 3

IIOTOHIICHHAM.
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Pucynok 3.11. Po3paxyHkoBa cxema
poliecy BUPIBHIOBAHHS HUKHBOTO

BHUCTYITy HamiBpaOpukary

3.3.2 CuiioBi  pexxuMu

HamiBpabpukaTy

1000

800

600

400

1

3ycuiid, kKH

-2
=]
o

Puc. 3.12. 3anexHicTh 3yCUILIS

BHUPIBHIOBAHHS BiJ] IEPEMIIICHHS

MaTpHuili

0 QV.Q—Q—M

0O 5 10 15 20 25
ITepeMimeHHA MAaTPHUIli, MM
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Hna npoBenenHss pospaxynky MCE
OyJI0 3aJlaHO HACTYIHI JdaHi: (akTop
TEPTS Ha KOHTAKTYIOUMX TOBEPXHIX
BpaxoBaHo 1o  3ibemo  u=0,3,
MIBUIKICTh  TICPEMIIICHHS  MaTpPHIIi
40 mMm/c, TemmepaTypa Taka X SK Y
BUpOOy, 110 OTPUMAHO  TapsYuM
BUTATYBAaHHSM 3 TIOTOHIICHHSIM 4epes
JIB1 TIOCJTIJIOBHO PO3TAIlIOBaH1 MAaTPHII

(puc. 3.4).

BHUPIBHIOBAHHS  JIOHHOI  YacTHUHHU

Ha puc. 3.12 BigoOpaxeHo
3aJICKHICTh 3yCHJIJISI BUPIBHIOBAHHS B1JT
nepeMilleHHs] MaTpull. AHami3yl4yu
npuBEACHI JaHl BUJHO, IO IO
nepemMimeHHss Matpunsd 20 MM 3ycuilisa
BHUPIBHIOBAHHS 3pPOCTa€ MOCTYNOBO Ta
carac 200 xH, npum mnogansmomy
nepeMimeHHi matpuri g0 21,3 mm
3yCWJUISI BUPIBHIOBAHHS PI3KO 3POCTaAE

Ta csarae 964 kH.
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3.3.3 HanpyxeHmii cTaH Ta MHTOMI 3yCWIIS TPOIECY BHUPIBHIOBAHHS
HIDKHBOTO BUCTYITY HamiBhaOpukaTy
Ha puc. 3.13 BigoOpaxkeHO pO3MOALT HaNpy>KeHb HamiBpaOpuKaTy B KiHII

poliecy BUPIBHIOBAHHS JJOHHOI YaCTUHHU.

Oz MIla -190 =270 Oy, Ml'_le} -15"128'0 =200 7-140

=7 ‘ 260 Ei o -280

%gi . P, o -190 170 . e s 200

84 m 93 >7
3.1 — 10
_78 -72
-160 -150
-240 -240
-320 I 320
400 400

a 3] B

Pucynox 3.13. Po3nonin Hanpy»keHb HamiBpaOpUKaTy B KiHIII TTPOIIECY
BUPIBHIOBAHHS JIOHHOI YACTUHU: a — HAMPYKEHHS 07, 0 — HAPYKEHHS Oy,

B — HaIlpY>XECHHS 7,

HanpyxeHHsI 0, BII'€MHI OT)K€ BHHHMKAIOTh OChOBI HAIIPY’KEHHSI CTHCKY.
Haiibinpma BenuuuHa o; = - 270 MIla y BuaineHidi 30HI KOHTaKTy ONPaBKH 3
HamiBpabpukaTom (puc. 3.13a) Ta B 30HI BHYTPIIIHBOTO PaJlyCHOTO TIEPEXOY BiJT
JTHA JTO BUCTYITY.

HanpyxeHHs ox B 30HI KOHTakTy 3 MaTPULIEIO CTUCKAIOUl Ta 32 BEJIMYHUHOIO
ox= -150 MIla. B nouHiii 4yacTuHi HamiBpaOpuKaTy Ta y BUIUICHUX MICLAX
ox = - 120 MIIa, a B 30H1 BHyTPIIIHBOTO PAAlyCHOIO MEPEXOy BIJ AHA A0 BUCTYITY
CSATAI0Th HAHOIBIINX 3a BEIMUMHOIO 3HAaUCHb - ox = - 310 MIla (puc. 3.130).

HanpyxeHHsl 0, Takok cTHUCKarodl. B 30HI KOHTakTy HamiBpaOpukary 3
matpuieto g, = -200+-280 MIIa, Takox o, = -280 MIIa B 30H1 pasilyCHOT0 epexony
(puc. 3.13B) Big AHA 10 BUCTYyMNy HamiBpaOpHUKaTy Ta B 30HI KOHTAKTy BUCTYIMY 3
MaTpPHUIICIO.

[lutomi 3ycwiinss Ha moOBepxHI ompaBku jgocsaraiot 270 Mlla, a Ha

KOHTaKTYIOUlil MOBEpXHI MaTpulll 13 HarmiBdadpukarom 280 Mlla.
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OiMIla 64 Ha puc. 3.14 BigoOpaxeHo
igg | - : PO3MOIiN IHTEHCUBHOCTI HANpPYKCHb
140 o, B 1OHHIA dYacTWHI Ta B 30HI
132 BUCTYNTy o0; = 64+80 MIla. B 30mni
72 KOHTAKTY MaTpuIli 3
:ﬁ HamiBpadbpukatom o; = 80+140 MIla.
0.0

Haii0iple 3a BEJIMYWMHOK 3HAYCHHS

Pucynok 3.14. Po3moia iHTeHCUBHOCTI . . .
0; B 30HI KOHTaKTy paJilyCHOI YaCTUHU

HaIpy>KeHb 0; :
Py ’ HamiBpabpukaTy 3 ONpaBKOIO Ta

cararoTh o; = 160180 MITa.

3.3.4 ledbopmoBanuii ctad HamiB(paOpUKaTy B KiHI[l IPOLECY BUPIBHIOBAHHS

HUKHBOTO BUCTYIY HamiBpaOpukaTy

Ha puc. 3.15 BigoOpaxkeHo po3noaun aedopmaiiiii HamiBhaOpHUKaTy MICHs
BUPIBHIOBaHHS HWKHBOTO BHCTYILY.

3a posnoaioMm jaedopMaliiii MOKHA OLIHUTH TPOIPAIIOBAHHS CTPYKTYpPHU
MaTepiany IIaCTUYHOIO JedopMalli€ro.

B 30H1 KOHTakTy ompaBkd 3 HamiBpaOpUKATOM OCHOBUM PO3MOALT
nedopmartii g; = -2.3. B 30H1 JOHHOTO BUCTYITY & Ma€ 3HAKO3MIHHHM XapakTep Bia

& =-0.2 10 & =0.7. Y crinmi HaniBpaOpukaTy 3Ha4eHHS &; = 1.4 HAKOMUYEHI TICIIS

N

11 -02 -2, & 25 -1.8 -05 0.3

0.7
F—

hbiSompn
NMWhANSANWNRNOO M

a 0 B
Pucynox 3.15. Po3nonin aedopmairiit HamiBhaOpuKkaTy micyisi BAPIBHIOBAaHHS
HIKHBOT'O BUCTYITY: a — Aedopmaii €, , 0 — gegopmarii ¢, , B — gedopmarii ¢,
omepailii BUTATYBaHHS 3 TOTOHIICHHSIM 4Yepe3 JBl TOCIIJOBHO pO3TaIIoBaH1

MaTpHlli, a B 30HI KOHTAKTy MaTpuill 3 HamiBpadpukaroMm & = 0.5 (puc. 3.15a).
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Hedopmarii & = -1.8 Ta & = -2.5 (puc. 3.150) e HakonuyeH1 aedopmariii 3
MONEPETHHOTO TIEPEXOAY BUTATYBAHHS 3 MOTOHIIEHHSM, TaK camo 1 Aedopmaiiii y
BKa3aHUX MicIsIX &, = -1.5 1a ¢ = -2.5. B 30HI KOHTaKTy Marpuui 3
HamiBdabpukaTom &, = 0.3, a B 30H1 pajJlyCHOro Nepexoj1y BiJi TOHHOI YaCTUHU Y
BUCTYT &, = -0.5 (puc. 3.150).

Hedopmariii &, B 30HI KOHTaKTy ONpPaBKH 3 HamiB()aOpUKAaTOM CSTraroTh
¢ =1+1.8, a B 30HI JJOHHOTO BUCTYIly MalOTh 3HaAKO3MIHHUH Xapaktep &, = 0.3 Ta
¢, = -0.4 (puc. 3.158).

Ha puc. 3.16 BimoOpaxeHo po3MnoAil IHTEeHCUBHOCTI Jiehopmartiil.

B 30H1 goHHOro BHCTYHy Ha
BHYTpIIIHIM  TMOBEpPXHI  3HAYEHHS
1HTEHCUBHOCTI nedopmariiit ¢ = 2. B
JIOHHIM YaCTHHHI NEepeBaXXHUN 00’ eM
matepiary  Mae g=15. Ha

KOHTaKTYIOUlil TMOBEPXHI MaTpHIll 3

HamiBpaOpuUKaTOM B 30HI BHUCTYILY
Pucynox 3.16. Po3nois iHTEHCUBHOCTI ) ,
¢ = 1.5, a B 30H1 pajilyCHOT0 IEPEX0y
nedopmMariii &; .
y CTIHKY & = 2. 3HaueHHs & = 2.8 11e

HAKOIMMWYEHa 1HTEHCUBHICTh JAepopMalliii BHACIIJOK TOMEPEIHbOI omneparii
BUTATYBaHHS 3 IOTOHILIEHHSIM.

‘ P15 Ha puc. 3.17 BimoGpaskeHo

N dbopmy Ta po3mipu HamiBpabpukary

\

G

‘/////

micas  omepaiii  BUPIBHIOBAHHS

7713

JOHHOTO BHUCTyIy. Sk BHIHO

BJIAJIOCh JIOCATHYTH BUPIBHIOBAHHS

S1088 JOHHOTO BHCTYIy Ta JlaMeTp

_ 108,8 MM LIJIKOM 3aJ10BOJBHAIE UL
Pucynox 3.17. ®opma ta po3mipu
_ . _ HACTYTTHOTO epexoay
HariBpabpuKaTy Mmicis oneparii
_ BUTATYBAHHS 3 TOTOHIIEHHSM Yepes
BHUPIBHIOBAHHSI JIOHHOTO BUCTYITY
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OJIHY MaTPHIIIO, III0 MA€ JIlaMeTp Beaydoro noscka 109 mm.

3.4 XOJIOI[HG BUTATYBAHHSA 3 ITIOTOHIICHHAM IMOPOKHUCTOTI'O

BICECHMETPUYHOTO BUPOOY Uepe3 OHY MATPHIIIO

3.4.1 Po3paxyHKkoBa cXxeMa MpOIECYy XOJOJHOTO  BUTATYBaHHS 3

MOTOHIICHHSIM Y€pe3 TPETIO MATPUIIIO

Bapro 3a3naunTH, mo micis omepairii KaaiOpyBaHHS JOHHOT YaCTHHH OyJI0
IMITOBaHO Bijnaji HamiBdaOpUKaTy MO BUCOTI CTIHKU (1€ MOXKHA 3pOOHTH 3aHOBO
3reHepyBaBIIM CITKY HamiB(paOpukary, SKHl OTpMMaHo TICIs — omneparii
BUPIBHIOBAHHS JIOHHOTO BHCTYIy), @ TaKO0X BHKOHAHO IiJIpI3aHHS BEPXHHOTO
Topito HamiBhabpukary. BHacmiiok 4oro micis Bignaizy OyJo 3HITO 3aJUIIKOBI
HaIPY>KE€HHA y CTIHII BUPOOY, a MICJsl MIAPI3aHHS BEPXHBOTO TOPIIO 3arOTOBKA
HaOyna BicecuMmeTpudHoi (opmu. Tomy mojanbini po3paxyHKH MPOBOJUMO B
WTHIPUYHIA CUCTeM1 KOOpIMHAT 3 BUKopucTanHsaM nporpamu DEFORM 2D.
— Po3paxyHKoBy cxemy mporiecy

XO0JIOOHOT'O BUTAT'YBAHH:A 3

IMOTOHIICHHAM 4YC€pPE3 OJHY MATPHIIIO

HaBeJieHo Ha puc. 3.18. 3miBa Bij Bici

CUMETpli  BIIOOpaKEHO  BUXIJTHE

NOJIOXKEHHS, CIpaBa — KIHIEBE.
3arotoBka 1 BCTAaHOBIIOETBCA B
poOoumii OTBIp MaTpHI 2

CIHMPAIOYNCh  CBOEID  KOHYCHOIO

YaCTUHOIO Ha BIAMOBIIHY KOHYCHY

yactTuHy  Matpumi 2. IIpouec

BUTATYBaHHS 3 MMOTOHIIICHHSM
Pucynox 3.18. Po3paxyHkoBa cxema

B1/10yBa€ThCs 3a paxyHOK
MPOIIECY XOJOJIHOTO BUTATYBAHHS 3

NEepEeMIIICHHST 10 HHU3Y ITyaHCOHa 3
NOTOHILIEHHSM Yepe3 TPETI0 MaTpuLo: 1-

MPOTATYIOUM 3aroToBKy 1 depe3
3aroToBKa; 2 — MaTpulls; 3 — myaHcoH; 4 P M Y p

. BEyudid TMOSCOK MaTpuui 2 3
- BUpIO
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niameTpoM 109 MM MOTOHIITYFOUH CTIHKY 3aTOTOBKHM | BHACIIZJOK YOTO YTBOPIOETHCS
BupiO 4. [Iporec 3HiMaHHs BUPOOY 4 3 MyaHCOHA 3 31MCHIOETHCS 3HIMA4YeM IpHU

3BOPOTHOMY XO/1 ITyaHCOHa 3.

3.4.2 3ycuiis Ta MATOMI 3yCHJUIS MPOIIECY BUTATYBAaHHS 3 MOTOHILIECHHSAM

4yepe3 OJIHY MaTPHILIO

. 600 _ﬂ Ha puc. 3.19 BimoOpaxkeHo
:._ 500 \ 3QJICKHICTh 3yCHILIA
jasi
E 400 5 /)\ BUTATYBAaHHS 3 TOTOHIICHHIM
x %
= 300 yepe3  OJH MaTpUIIO  BIJ
2 Y \MHHYQ P . Y P
= 200 nepeMileHHs IlyaHCOHa.
=
E 100 Posrnsnaroun gani Ha puc. 3.19
> 0O . . .
o o

0 25 50 75 100125150175200225  MO7KH& CHOCTCPITATH PISKIH PICT

[lepeminieHHs MyaHCOHa, MM 3YCHIUISL BUTSTYBaHHS HA CAMOMY
Pucynox 3.19. I'padik 3a1eKHOCTI 3ycHuiuiss ~ IOYaTKY MPOLIECY BUTIATYBAaHHS 3
BUTATYBaHHS 3 [IOTOHILIECHHIM 4epe3 OqHY noroHmeHHsM 590 kH 1o
MAaTpPHMIIO Bijl EpEMIIICHHS IIyaHCOHA NEPEMILIEHHS ITyaHcoHa 17 MM.
Lle mosiCHIOETBCSA TUM, 11O B CHILY
reoMeTpli TOBIIMHA CTIHKM 3arOTOBKHM B IIPUIOHHIN YaCTHHI 3HAYHO O1JIbIlIa HIK Ha
BEPXHbOMY TOPII 3aTOTOBKH 1 BIATOBIHO CTYIIHb AedopMallii OUIBbIINMA, a OTKE 1
sycwiiss geopMyBaHHsT HeoOXimgHO Buine. Jlo mepemimeHHs myaHcoHa 50 MM
3yCUJUISI BUTATYBaHHS 3MEHIYEThCs 10 242 kH, a npu nepemillieHHi myaHcoHa 75
MM 3HOBY pi3ke miaBuineHHs 3ycwuis 1o 370 xH, ockinbku BigOyBaeThcs
HAaKOMMYEHHS MeTally B CHJIy 3MIHHOi TOBIIMHHU CTiHKHM. llpu mnepemimieHHi
nyaHcoHa 100 MM 3ycriuia mpouecy BUTATYBAHHS 3 MOTOHUIEHHSAM YCTAaTKOBYEThHCS
1 ckiagae 250 kH no nmepemimenns myancoHa 190 MM, micist 4oro BiiOyBa€eTbCs
pi3Ke 3MEHIIEHHs 3yCHIUIA 1 PU MepeMillieHH] TyaHcoHa 205 MM cArae HyJIbOBUX
3HAYCHb.
[TuTomi 3ycusuis MpH BUTSATYBaHHI 3 MOTOHIICHHSM MO>KHAa BHU3HAUUTH 32
BEJIMYMHOIO HOPMAJbHUX HAINpyXeHb Yy MICIl KOHTAaKTy HamiBpaOpukary 3

nehopMyIOUYHM IHCTPYMEHTOM MPU MaKCUMAJIbHOMY 3YCHILIL Ae(pOpMyBaHHS.
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Ha puc. 3.20 BimoOpakeHO pO3MOALT HOPMAIbHUX HAaNpyX eHb Ha
neopMyrouoMy 1HCTPYMEHTI MPU MaKCUMaJIbHOMY 3yCHJUI Jie(OpMyBaHHS.
Po3Mipu 1o ocsx HaBeIEHO B MUJIIMETpaXx.

Posrnsnaroun npuBeneHi qaxi Ha puc. 3.20
126

MOXHa TO00aYnTH, M0 TPH MaAKCUMAILHOMY
3YyCWJUTI BUTSATYBaHHS 3 TIOTOHIICHHSAM Ha
NyaHCOHI Yy BKa3aHOMY MIiCIll BHUHHKaIOTh
69 HOpMaJbHI Hanpy>KCHHsI 3 BCJIMYMHOIO
on=654 Mlla, a Ha MaTpuill Ha paJlyCHOMY
nepexoi BiJl KamOpyrdyoro mosicka B KOHyCHY

gacTuHy on= 1220 MIla. BiamosimHo mpwm
12

KOHCTpYIOBaHHi mMTaMIIOBOI'O OCHAaIlICHHA

HEeoOXigHO OyJae  BUKOPUCTOBYBAaTH  OJHO

O0aHJaKHY MATPUIIIO.

0 545 71
Pucynox 3.20. Po3nomin

HOPMAJIbHUX HAIpy>KEHb
3.4.3 Hanpyxeno-nedpopmoBanuii ctad BUpoOy

Ha puc. 3.21 BigoOpakeHO po3mojll HampyXeHb HamiBpaOpukaty mnpu
MaKCUMaJIbHOMY 3yCUILI Je(hOpMyBaHHS.

B ocHOBHOMY OCBHOBI HAaINpy>KEHHS 0; MalOTh JAOJAaTHI 3HAUY€HHS TOOTO
MPAITIOI0Th HAa PO3TAT. B 30H1 OJM3BKIl 0 KOHTAKTY HamiBhaOpUKaTy 13 MaTPUIICIO
3Ha4YeHHS g; = 364+565 MIla, a micns nmpoTsaryBaHHs 4epe3 KaliOpyrouuil MosiICOK o;
=300 MIla. 3i cTopoHu KOHTaKTy HamiB(haOpUKaTy 13 IIyaHCOHOM Yy BUJUICHIN 30H1
CTUCKaroul g; = -125+-630 MI1a, a B 30H1 KOHTAKTy HAaBIPOTHU KaJiOPYHOYOro MosicKa
MaTpHIll BXKE A1I0Th pO3TATyBalibHI 0; = 500 MIla (puc. 3.21a).

PanianbHi HampyXeHHsS o0, NPALIOIOTh HAa CTUCK OCKUIBKH IPH Mpoleci
BUTSATYBAHHS 3 MOTOHILIEHHAM BiI0YBa€ThCS 3MEHILIEHHS J1aMETPy 3aroTOBKH, IO

CYIIPOBOJIKYETBCS CTUCKAaIOUUMHU 0, = - 950 MlIla B 30H1 KOHTaKTy HamniBpadpuKaTy
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124 Oz Mlla 1241 O p, MIla 1241 Gy MIIa
[ s g - 366 - 595
L 527 - 1sa L 356 M
350 - 59 L 176
| 172 - a2n L 33
gL © 82 483 82 243
184 -36 - 696 L 452
[ -362 /7 L 908 L 662 86
[ 540 272 - 1120 I - 37 I / 200
L TI8 e 1) 364 - -1330 L -1080

/565 40| 40 | 286 205

0 R =630 ( / - 38 5 -807 N/

-42 ] | | | | i | | L l L I I . | :

Pucynok 3.21. Po3noain HanpykeHb HamiBpaOpuKaTy Mpu MaKCUMAIbHOMY
3ycuiuli 1epOpMyBaHHS a — HAIIPY>KEHHS 07, O — HAIIPYKEHHS 0, B —
HaTpy>KeHHS 0y
3 Matpulero Ta g, = - 670 Mlla B 30H1 KOHTakTy HamiB(}aOpuKary 3 MyaHCOHOM

(puc. 3.210).
Ha puc. 3.21B Bi10Opak€HO OKPY>KHUM pO3MOJILT HAMPYKEHb gy NPHU. J|0 KOHTAKTY
Matepiany HamiBhaOpHUKaTy 13 MaTPUICIO Y BKa3aHOMY MICIIl PO3TATYBAIIbHI gy =
86+200 Mlla, B 30HI KOHTaKkTy Marepiasy HamiBpaOpukaTy i3 MaTpHICIO Ta
yaHCOHOM HAaNpy>KeHHs CTalOTh CTHUCKarouuMu oy = -617 MIla ta g9 = -807
BIJIMOBIJTHO, @ TICTS MPOTITYBaHHA HamiBaOpukary uepe3 KamOpyrouuil mosicoK
Matpuili gp = 100+200 MIla, ToO6TO MparrooTh Ha PO3TAT.

Ha puc. 3.22 nHaBeaeHo po3MOALN IHTEHCHMBHOCTI HAmpyXeHb o;. B 30HI
KOHTaKTy MaTepiaily HamiB(haOpHUKaTy 13 MyaHCOHOM Ta MaTPULIEIO CIIOCTEPIraeThCs
HaiOubie 3HaueHHs g; = /00+810 MIIa. B 30H1 ne MaTepian HaniBdaOpuKary e

HE KOHTAaKTYe 13 MaTpuueto o; = 183+600 Mlla.
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Pucynok 3.22. Po3nosin

54.5

IHTEHCUBHOCTI HaIpyKeHb

-4 g,
0.55
0.4 B
0.41
0.34
S6- .27 0.35
02
0.14
0.07 033
0 0.45
_108 0.4 35
0.3
03]
0.23
- 023
_160
0.2
—
0.08
212 L |
0 54.5 66
a

-108

-160
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[Ticns POTSITYBaHHS Marepiairy
HamiBdaOpukaTy uepe3 BEAyUYHUH IMOSICOK
MaTpHIT
BeanuuH o; = 170270 Mlla.

Ha  pwuc. 3.23

3HaUEHHSA 0; 3HIKYIOTBCI 1O

B1JI00paKEHO
nedopMoBaHuil cTaH BUpoOy JaHI HaBEICHO
MicAsi TOBHOTO TMPOTATYBAaHHS Marepiainy
HamiBaOpukaty  yepe3  KamiOpyrouuid
MOSICOK MaTPHIII.

Posnonin ocboBux npedopmariii &
BioOpaxkeHo Ha puc. 3.23a. B nouHii
YacTUHI BUpPOOY Ha pajJilyCHOMY Mepexo/ii
nHa B CTiHKY & = 0.08 Ta moctymoBo

30UTBLIY€ETHCS 10 CEPEAUHU BHCOTU BUPOOY

10 BenuunHu &; = 0.45. Bia cepenunu BUCOTH

€ 4 €
ose o 04 I o lo.o18
o o
3;1 -0.4 o4 0.014
027 | -56 1 3‘3? -
0.2 - 0.2
0.14 -0.33 - 0.14 -0.015
0.07 - 0.07
0 -0.4 - 0 -0.020
-108 -
-0.25 B -0.019
i it
-160

Pucynox 3.23. Po3nonin aedopmariiii BupoOy: a — nedopmariii & , 6 —

nedopmMarlii €,, B — aedopmariii €g
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BUPOOY /10 BepxHbOTO TOPITto & = 0.33+0.35.

Ha pagicHoMy nepexo/ii JOHHOI YaCTUHU B CTIHKY pajdiaiibHl Aedopmarii €,
HaliMeH1111 3a BeJIMuuHoIo &, = -0.17. Bix paniycHoro nepexoay 10 cepearHy BUCOTH
BUpOOy y cTiHLl &, = -0.2+-0.4 1 B cepeiMHN BUCOTU BUPOOY 10 BEPXHBOI'O TOPIIO
¢, = -0.4 (puc 3.2306).

TanrenuianbaMii po3noALT Aedopmaliil carae Maike HyJIbOBUX 3HaueHb. [1o
BC1i BUCOTI BUPOOY &9 3HaAXOAUTHCS B Mexkax &y = -0.014+-0.020 (puc. 3.23B).

Ha puc. 3.24 BigoOpakeHO pO3MOALT 1HTEHCHBHOCTI AedopMaIrii

OTPUMaHOTO BUPOOY.

s A & [IpomnpartoBanHs CTPYKTYpH
- gig B Marepially CIOCTEpPIraeTbCcsl B 30HI 1O
: 0.41 \M cepearHl BHCOTH OTPUMAHOIO BUPOOY & =
0.34
-56_— 0.27 0.55. Jlemo MeHma 3a BEIUYUHOIO & =
0.2 N . .
" 0.14 \ 0.46 0.48+0.4 B 30H1 CTIHKH BiJl CEpEIMHHA BIUCOTH
| 0.07 BHPOOY JI0 BEPXHBOTO TOPIIIO.
0 N4 .
108k . 0.48 aiiMeHIIe TIPOTIpAIFOBaHHS
- 0.55 MJIACTUYHOIO Jedopmaliiero BUPOOy y 30HI
- 0.35
a 0.3 | paJilyCHOTO TEepexXOoay JHOHHOI YacTUHHU Y
§ 0.3 cTiHKY &; = 0.15 3 momanpmuM 30UTBIIICHHSM
160~ 922 7 ,
- ~ 0.35 10 cepearHu cTiHkH g; = 0.22+0.35.
/M [IpoananizoBaHO 3amac MIACTUYHOCTI
212 o L Marepiaay HICIIs BUTATYBAaHHS 4epe3 TPETIO
0 54.5 66

_ marpuiro. Ha puc. 3.25 BigmoOpaxeHo
Pucynok 3.24. Po3noain _ '

' ' . posnonin kpurtepito pyiiHyBanHs C, 1O

IHTEHCUBHOCTI JepopMarriit . .
BUCOTI  CTIHKM  OTPUMAaHOro  BUPOOY.
Posrnspatoun puc. 3.25 BuaHo, mo makcuMmainbHe 3HaueHHs C, = 0.25 B 30HI
paZlyCHOro TMepexoy JOHHOI YaCTUHM B CTIHKY B 30HI KOHTakTy BHpoOOy 3
nyaHcoHoM. [lo Bucoti cTinku makcumanbHe 3HaueHHs C, = 0.16. ToOto 3amac
IUIACTUYHOCTI MaTepiay BHpPOOy IHIC/sS XOJIOAHOTO BUTATYBAHHS YEpe3 OJHY

MaTpHuito ckianae 75%.
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Ha puc. 3.25 Bino6pakeno opMy Ta rabapuTHI po3Mipu OTPUMaHOTO BUPOOY

MICTIsl BUTATYBAHHS Yepe3 OJIHY MaTpPHUIIIO.

o #1091
- | i
4r 0.13
T
i Cp
B 0.14 0.27
B 1 0.24.
-56— 0.20
B 0.17
B 0.13
- 0.10
. 0.067 N
08l Mo 0.034. N
B 0.00
-160
0.28
-212 | I
0 54.5 66
Pucynox 3.25. KoedirtieHT kpuTepito Pucynok 3.26. ®opma Ta rabapuTHi

pyinyBanns C, Normalized C&L micnst  po3mipu BupoOy OTpHMaHOTO TTicCIs
XOJIOAHOTO BUTSTYBAHHS 3 XOJIOAHOTO BUTATYBAHHS Yepe3 OAHY

MOTOHIIIEHHSM Yepe3 OJTHY MaTPHIIO MaTPHITIO
3.5 BucHOBKH

1 TlpoBeneHno aHamiTUYHI PO3PAXYHKHU TMEPEXOJIIB MPOIECY BUTATYBAHHS 3
MOTOHIICHHSM TOPOKHUCTOTO BICECUMETPUYHOTO BHUpOOy. BcraHoBieHO, 110
OTpUMATH 3aJlaHui BUPIO MOXIJIMBO TPHU MPOTATYBAaHHI 3arOTOBKH YEpe3 TPH
MaTpulll (Iepinii nepexia — rapsiye Ta HamiBrapsiie BUTATYBaHHS 3 TOTOHIIEHHSIM
yepe3 Bl MOCHIJIOBHO PO3TAIlOBaHI MATPHIll IICISI YOro HEOOXITHO 3AIHCHUTH
BiJiMa]l CTiHKK HamiBpaOpukary Ta Ipyruil mepexi — XOJOJIHE BUTATYBaHHS 3
MOTOHIIICHHSM 4Yepe3 OJHY MaTpuilio). BcranoBneHo, mo mporec naedhopMyBaHHs

CTIHKM IIPU BUTSTYBaHHI 4epe3 Meplly MaTPULIIO BiAOYBAETHCS B yMOBaxX HEMOBHOI
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XO0JIOJHOI Ta HEMOBHA rapsya aedopmailisi, a BUTSATyBaHHS Yepe3 APyTy MaTpULIO B
YMOBaX HEIOBHOI X0JIOJIHOI AedopMariii.

2 3a pomomororo MCE cTBOpeHi MOjENi Ta MPOBEACHO PO3PaXyHKOBHI
aHaJll3 TPOLECY Trapsuoro Ta HAaIIBrapsiuoro BUTATYBAHHA 3 IIOTOHLICHHSM
MOPOKHUCTOTO BUPOOY uepe3 Bl MOCIIOBHO po3TalioBaHi Matpulli. BctanoBieHo
CHJIOB1 pEXKUMH TIPOIIECY, TUTOMI 3yCHUIUIA HAa pOOOYOMY 1HCTPYMEHTI, HAIllPYKEHUI
Ta Je(OpPMOBAaHUI CTaH, MaKCUMaJbHE 3HAYEHHsS KPUTEPII0O pyHHYBaHHS.
Binobpaxxeno ¢gopmy Ta po3mipu oTpumaHoro HamiBhabpukaty. MakcumanbHe
3yCWIJUJISL BUTSTYBaHHS 4yepe3 Bl MOCIIAOBHO po3TamoBaHi marpumi — 287,2 kH.
Kpurepiit pyiinyBanHs gocsr 3HaueHb 0,77 B CTIHII T1Ib3H.

3 BBeneHO J0aTKOBY Omepalliio KajaiOpyBaHHS JOHHOT YACTUHH, OCKIJIBKU
BCTAHOBJICHO, IO MicCJid oOmepalli BUTATYBaHHS 3 IOTOHIICHHSIM uepe3 Bl
MOCJIJOBHO PO3TAIlIOBaHI MaTpUIll HIKHIA Topeub HamiBdaOpukaty posnae
BHACJIIIOK YOTO HE MOKJIMBO BHKOHYBAaTH HACTYIHHUN NeEpexXiJ BUTATYBaHHS 3
NOTOHIIEHHAM. BcTaHOBieHO 3ycwiis AepopMyBaHHS, MUTOMI 3yCHJUISL Ha
poboUOMy IHCTPYMEHTI, HampyxeHul Ta JaedopmoBaHui cTaH. BimoOpakeHo
dbopmy Ta po3mipu oTpuMaHOTO HamiBhadpukaty. 3ycuuis kamopyBanHs 964 kH,
MUTOMI 3yCHJIIA Ha MOBEPXHI omnpaBku jnocararoth 270 MIla, a Ha KOHTakTyrOu1i
NOBEpXHI MaTpulll 13 HamiBhadpukarom 280 MITa.

4 3a ponomororo MCE cTBOpeHO MOZieflb Ta MPOBEIECHO PO3PaXyHKOBUUI
aHaJli3 MPOIeCy XOJOJHOTO BUTATYBAaHHS 3 MOTOHIIEHHSM Yepe3 OJHY MaTpHIIIO.
BceraHnoBneHo 3ycuiuisg mpolecy, MUTOMI 3yCHJUIS Ha poOOYOMYy 1HCTPYMEHTI,
HampykeHud Ta gedopmoBanmii ctaH [IpoananizoBaHO KpuTepid pyHHYBaHHS.
Bino6paxxeHo ¢opMy Ta po3Mipu oTpumaHoro HamiBdaOpukary. MakcumanbHe
3ycuiist BUTAryBanHs 590 kH. MakcumanbHi nUTOMI 3yCHIJUIsI Ha IMyaHCOH1 654
Mlla, a na matpuii 1220 MIla. HaiiOuiblie 3Ha4eHHS] IHTEHCUBHOCTI eopmariiit
B cTiHIll BUpoOy 0.55. MakcumanbHe 3HaYeHHS KpuTepiio pyHyBaHHsa 0.25 Ha

nepexoi CTIHKU y JIOHHY YaCTUHY BUPOOY.
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PO3/11 4

AHAJII3 METOAOM CKIHYEHHUX EJIEMEHTIB
HPOLHECY OBTUCKY I OCAJ’KYBAHHA

4.1 Cxema mpoliecy 0OTHCKY 1 0CaJ[)KyBaHHS TOPOKHUCTOTO HariBhaOpUKaTy

PV
SRR

PP R

A

Pucynok 4.1. Cxema
poriecy OOTHUCKY 1
0CaJI’)KyBaHHS [TOPOKHUCTOTO
HaniBabpukary: 1 —
3aroTOBKa; 2 — MaTpuls; 3 —
InTa; 4 — ONpaBka; S —
HaniB(abpukar; 6 -

BHIITOBXYBa4d

Jns IIPOBEICHHA  PO3paxyHKy 3
BukopuctaHHsiM MCE OyJ0 BUKOPUCTAaHO CXEMY
00THCKY 1  OCQ)KyBaHHS  MOPOKHUCTOTO
HamiBpaOpukaTty, Ky BigoOpaxeHo Ha puc. 4.1.
JliBopyd Bim Bicl cuUMeTpii  300pa)Ke€HO
MOJIOKEHHST ~ pob0Yoro  IHCTPYMEHTY  Ta
3arOTOBKM Ha IIOYATKy IMpolecy OOTUCKY 1
OCaJKyBaHHs, a MPaBOPYY — B KIHIII BKa3aHOTO
npouecy. 3aroToBka 1 BCTaHOBIIOETBCS B
Marpuii 2. [Ipouec nepopMyBaHHs 13 3yCHILISIM
P BUKOHy€ThCS TpU ONMyCKaHHI TJIUTH 3 Ha
3aja”Hy BijacTaHb 31 mBuikicTio V. Ilpoiec
00THCKY B110yBa€ThCS 110 KOHTaKTy
BHYTPIIIIHBOI TMOPOXHUHU HIIKHBOTO TOPITIO
3aroToBkd 1 3 ompaBkoro 4, najai MOYMHAETHCS
OpOLEC  OCa)KyBaHHS  HIXKHBOTO  TOPIIO
3arOTOBKH, BHACTIJIOK YOTO  YTBOPIOETHCSA
HamiBabpukat 5. [licns migHIMaHHS TUIATH 3 32
JIOTIOMOTOI0  BHUILTOBXyBada 6 Bi0yBaeThCs
BUJTyY€HHS HamiBhaOpukaTy 5 13 Matpuill 2.

BuxinHoro 3arotoBkoro € HamiBpaOpukar,
0 OTPUMAHO MICIs XOJOAHOTO BUTSATYBAaHHS
yepes oaHy MaTpuilio (puc. 3.26).

MopentoBanna 3a  gomnomororo  MCE

mporiecy OOTHCKY 1 OCaKyBaHHS  OyJio
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npoBeseHo B mporpami DEFORM 2D. Byno 3amaHo HacTyrHi mapameTpu s
npoBeneHHs MozenoBanHss MCE: mBuakicTh nepeMimieHHs myancona V = 5 mwm/c,
dakTop TEPTA MK MOBEPXHIMHU pPOOOYOro IHCTPYMEHTY Ta 3arOTOBKH BPAaXOBAHO

no 3i6emto p = 0,12. Ilepen npoiiecoMm 0OTUCKY 1 OcaKyBaHHs OyJI0 BUKOHAHO

s 990 pO3irpiB HMXKHBOTO BHCTYITYy 3aroTOBKH. Jliist
i 750/ \ 1 [HOTO OYJI0 CIIPOEKTOBAHO 1HCTPYMEHT MO3uIis 1
i \/ 680 (puc. 4.2), mo noBTOpHOE (POpMY HHKHBOTO
—47t 450 )
9%00C BHUCTYILy [0 30BHIIIHBOMY KOHTYpY Ta 3aJaHO
- 340
C 160 ggg n TemrepaTypy upomy iHctpymenty 7 =1000°C.
- - 620 . . .
100% g0 ggg byno 3amaHo uyac HeoOXimHUH JUIsl PO3IrPIBY
F 40 %ggl BUCTymy. Posmozin TemmepaTypu 3aroTOBKH
-ISZF 20 nepen  omepaiielo  O0THCK 1 OCaKyBaHHS
I BiJ1I0OpaxxeHo Ha puc. 4.2. HuxHIi BUCTYT miciis
504 ! HarpiBy mae 7 =750-990°C, noHHa yacTUHa Ma€
- [ ]
0 66

T =680+750°C, BUCTYyN 31 CTOPOHU MOPOKHUHU

P 4.2.C i i cTi
HCYHOK XeMa HarpiBy T =450°C, a mo BHCOTI CTIHKHA TeMIIeparypa

HUKHBOTO BUCTYIT : : :
e sMmiHtoeTbes Big 1 =450°C (30Ha pajliiyCHOTO

3aroTOBKH Ta PO3IMOJLIT . :
P nepexoay JOHHOI YaCTUHU B CTIHKY) 10 7' =40°C

TEMIIepaTypH B KIHI[I HArpiBy : :

(cepemHs dYacTWHA CTIHKM 3aroTOBKH), Jdaii
TeMIiepaTypa BUpoOy MOBOJII 3MEHIIY€EThCA 10 KIMHATHOI Temneparypu 20°C, sky
Oyno 3amano B mporpami DEFORM 2D.

Po3paxyHKoBi cxeMu mporiecy OOTHUCKY Ta OCaKyBaHHs BIJOOpa)K€HO Ha
puc. 4.3. Cxema Ha 1Mo4aTKy OOTHCKY Ta OCa/KyBaHHS BioOpaxeHo Ha puc. 4.3a.
3aroToBka | BCTAHOBIIOETHCS Ta UEHTPYETHCA B LIMIIHAPUYHIN YaCTUHI MaTpuLi 2.
[Ipotiec 0OTUCKY Ta OcapKyBaHHS 3MIMCHIOETHCS MuTor0 3. OmpaBka 4 Bimirpae
poiib 0OMEXyBada pyxy 3arOTOBKH BEPTUKAJIBHO BHH3, TOOTO B MOMEHT JIOTHKY
BHYTPIITHBOTO BHCTYITY 3arOTOBKH JI0 OMPABKH 4 3aKiHIY€ETHCS MPOIEC OOTHCKY Ta
MOYMHAETHCSI MPOIEC OCAIKyBaHHSA. BHACHIIOK 3a1aHOTO NEPEMIIIEHHS BHU3

uT 3 yTBOprOEThCs HamiBpaOpukatr 6. BumroBxyBaHHs HamiBdaOpukaty 6

3MIIUCHIOETHCS BUIIITOBXYBAUYEM 5.
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Pucynok 4.3. Po3paxyHKOBI CXeMH IPOIeCy OOTHUCKY Ta OCaJPKyBaHHS: a — Ha

|

7T

MOYaTKy; O — B KIHII1; B — MICJISl BUIITOBXYBAaHHs HamiB(paOpukary 13 MaTpuil

4.2 CuiioBi peXXHUMH Ta MUTOMI 3YCHIUISI TIPOIECY OOTUCKY Ta O0Ca[KyBaHHS

2800 3aeXHICTh 3YCHUILIS
2400 OOTUCKYy  Ta  OCaKyBaHHS
2000 .
E 1600 BioOpaxxeHo Ha puc. 4.4.
= 1200 Posrnsnatoun puc. 4.4 MoxHa
=
§ 288 nooaunTH, 10 3yCUIIIS
o
0 W%%W IOCTYMOBO  30UIBIIYETHCS 0

0 25 50 75 100125150175200 Benmunan 440  xH  mpwm
IlepeMileHHs TIMTH, MM NepPEeMIIICHA] IUTMTH 56 MM,
. miciast  4Yoro 3yCWJUIL  PI3KO
Pucynok 4.4. 3anexHiCTh 3yCHIIISE OOTUCKY

' ' 3MeHmyersesa g0 73,7 xH npu

Ta 0CaJKyBaHHSI B1J IEPEMILLIECHHS TIIUTH ' ‘
MEePEeMIIIeHH] TUIUTH 65,2 MM.
Jami 3ycusist 3HOBY MOCTYIOBO 3poctae a0 226 kH npu nepemiiiensi miatu 179

mM. [licias goro BimOyBaeTbest piske 3poctanHs 3ycwis no 2730 xH (mporec
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OCa/KyBaHHS BUCTYITY) MPU NEepeMIlIeHH] IUTH 186 MM (KiHelb po1iecy 00THCKY

Ta OCaJI>KyBaHHs).

160 3anexHICTh 3yCHILIS
%4218 \ BUIIITOBXYBaHHS HamiBpaOpuKary
E lgg ‘Q\ BiJl TICPEMIIICHHS BHINTOBXYyBada
E 60 \\\ BioOpaxeHo Ha puc. 4.5. 3ycuis
ti 40 N BUIITOBXYBaHHSI csrae
0 < = MakCUMallbHUX 3HaueHb 157 kH

0 5 10 15 20 25 30 35

_ MIpH MEepeMIllIeHH] BUIITOBXYBaua |
[TepeMinieHHs BUIITOBXyBada, MM

MM, IICJIS  4YOro  TMOCTYIIOBO
Pucynok 4.5. 3a1€XHICTb 3yCUILIS sMeHuyerbes o 2,6 kH npu

BUILITOBXYBaHHs HamiB()aOpukary BiJ MepeMILIEHHI BUIITOBXyBada 34,3

TnepeMilleHHs BUIITOBXYBaya MM. ITpn HoAaIBIIOMY
MEPEMIIIICHH] BHINTOBXyBada Ji0
BHUCOTH, 110 3a0e3MeyuTh BUMaHHS chopmoBaHOro HamiBdaOpukaty 3 pobouoi
30HU (210 mMM), 3ycHIUIsl BUIITOBXYBAHHS CSITa€ Maiiyke HYJIbOBUX 3HaY€Hb (Ha pHC.
4.5 He BIIOOPaKEHO).

Ha puc. 4.6 noka3zano po3nou1 HOpMaJIbHUX HANPYKEHb Ha KOHTAKTYIOUUX
NOBEpPXHAX HamiBpaOpukaTry 3 1HCTpYMEHTOM. JJi1 3py4HOCTI aHaii3y 3Ha4eHb
HOPMAJIbHUX HaIpy>keHb HamiBdaOpukar OyJio MOMAUIEHO Ha JBI 4YacTUHU. B 30H1
KOHTAaKTy IUIUTH 3 HaniBpaOpukaTtoM MakcuMalibHe 3HaueHHd 0,= 1830 MIla (30Ha
OCa/I)KyBaHHSI BUCTYIY) 3 MOJAIBIINM 3MEHIIEHHsIM 110 0,=419 MlIla (puc. 4.6a).
Ha ompaBmi y micii NpyuI0OHHOT IUIIHAPUYHOI YaCTUHU MaKCUMajlbHE 3HAYCHHS
0,=1380 Ml1a, a B 30H1 KOHTAKTY 3 THOM HamiBhadpukary o, =703+729 Mlla ( puc.
4.6a). Ha xonTakTyrouiii MOBEpXHI MaTpulli 13 HamiBpaOpukKaTtoM MakCUMalbHE
3HaueHHd 0,=2410 MIlla Ha pazailycHiil MOBEpXHI MaTpHIli, HA KOHYCHII 4YacTUHI1
MaTpPHIl B 30HI KOHTAKTY 3 MPUOHHOIO YaCTHHOO HamiBpadpukaty d,=1110 Mlla,
y 30HI KOHTaKTy CTIHKM HamiBpaOpukaty 13 matpuiero Big 41 mm go 140 mm

3HAYCHHS HOpMAJIbHUX HAMNPY>KEHb JIekKaTh B Mexkax 0, =29+323 MIla (puc. 4.6a ta

4.66). Ha Bucotri 147 MM 3HaxXoAWTbCA paAlyCHUH Tepexid, Jne JlameTp
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HamiBdaOpukaTy OUIBII I1HTEHCUBHO 3MEHINYEThCA ((POPMOYTBOpPEHHS TyibIls

riIb3M), B 11 30H1 BENMYMHA 0,=525+728 MIlla, Hmwk4e B 30HI HUIIHAPUYHOI

yacTHHU MaTpulli g,=142 MIIa.

11 T T T T T T T T T -94 T T T T T
i 1830 874 65
419 " 96
| /_
| 0]1, Mlla 146
151 -120 /—
i 323
al 147 AS24
. B 728
i 52 i
g B 142
- -173 /
-67 L
B 29 -
B 173 i
+ e -199 -
94 [T TN I L [N TR N N N | I
0 34 67 0 34 67
a 0

Pucynox 4.6. Po3moaii HOpMaJIbHUX HAMPY>KE€Hb Ha KOHTAKTYIOUUX TTOBEPXHSIX
HamiBpaOpUKaTy 3 IHCTPYMEHTOM: a — HWXKHS YaCTUHA; O — BEpXHS YaCTHUHA.
Po3mipu 1o Bicsx HaBEJEHO B MUTIMETpax. [HCTpyMEHT B1IOOpaKeHO 3€JICHUMHU
JHISIMU

3a [OMOMOTOI0 BH3HAUEHHS BEMMYMH HOPMajdbHUX HAIMpYyXEHb Ha
KOHTaKTYIOUii 30H1 HamiBpaOpUKaTy 13 IHCTpPYMEHTOM MOXHA HA3HAYUTH MaTepial

IHCTPYMEHTY, 1110 3a0€3MeUnUTh HOT0 CTIHKICTb.
4.3 Hanpy>xeHo-neopMoBaHuii CTaH MpoLecy O0THCKY Ta 0CaKyBaHHs

Posmnonin HampykeHb B OCbOBOMY HamlpsAMKY BigoOpaxkeHo Ha puc. 4.7. Y
JOHHIH yacTuH1 HanmiBdaOpukary (puc. 4.7a) 6nkue 1o Bici cumetpii g,=100 MIla
— JIIIOTh HAmNpy>KeHHs pO3TATYy. B 30H1 JOHHOT YaCTHHM 3 HAHMEHILIOK TOBIIHMHOIO
HamiBpabpukaty — g,=-200 MIIa, ToO6TO AitOTH CTHUCKAIOUl HAMPY>KEHHS, OIFKUIe
70 CTIHKM B TPHUIOHHIM YacCTWHI CTUCKAIOUl HAMpPyXEHHS 30UTbIIYIOTHCS 0

Benuuunu 0,=-500 MIla, B 30H1 KOHTaKTy HamiBpaOpUKaTy 3 pajiyCHOI YaCTHHOIO
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MaTpulll Hampy>XEeHHsI CTUCKY HauOuibil 3a BenuunHow d,=-900 MIla, B 30HI
nepexoy JOHHOI YacTHHHU B CTIHKY 0,=-600 Mlla, gami mo BHCOTI CTIHKH
HarnpyxeHHs g,=-100 MIla — cTuckaroui 1o paaiycHoro nepexonay (puc. 4.76). B
30H1 MEPIIOTO PajlyCHOTO MEepeXxoly Ha KOHTAaKTHIN MoBepxHi HamiBdaOpuKkarty i3
matpunero 0,=600 MIla — po3Tsaryiodi HanpyXeHHsI, a HAa BHYTPILIHINA MOBEPXHI
HamiBdabpukaTy B ibomy xk Micili 0,=-800 MIla — ctuckaroui Hanpy»keHHs. B 30H1
JIPYTOro pajlyCHOTro Mepexoay B 30H1 KOHTAKTY HamiB(pabpukaTy 13 MaTpUIIEIO 0, =-
800 MIla — cTtuckaroui HampyXeHHs, a Ha BHYTPILIHIN MOBepxH1 HamiBhaObpuKaty
0,=1000 MIIa — po3Tsaryroodi Hampy>KeHHs. Y BEpXHIM UUIIHAPUYHIA YaCTHHI
HariBpabpukaTty 3i cTopoHi nopoxauau g,=-1000 MIla ,a Ha KOHTaKTHIH TOBEPXHI
3 matpuieio 0,=600+900 MIla. BepxHniii Topeup HamiBpaOpukary, 10 BXe HE
KOHTaKTy€e 3 Ae(OpPMYIOUMM I1HCTPYMEHTOM Ma€ CTHCKAaIO4l HANpYXCHHS O,=-

200 MI1a.

7 [ T T T 7 L -1 13_ T T T T T T T T T
i i =100
1k 130k 800|600
] i 1000 1 -800
i I 900
- 100 - -1000
-41 — G MII -165 —\ 600
- z, a N - Oz Mlla /
I 1000 o 100 - 1000
- e
65| 200 192 300 2200
i 0 L 0 /7
- -300 - -300
- -300 - =500
- -80 L 800
-89 |- -1000 218+ -1000
-113 i TN N NN NN NS SN TR 0 N N N =244 i TN NN TR SN NN SR T N RN S N
0 30 60 0 30 60
a 0

Pucynok 4.7. Po3no/iij1 0CbOBUX HampyXeHb y HamiB(haOpukari:
a — HIDKHS YacTUHA; O — BepXHs 4acTUHA. Po3Mipu 1O BicsIX HaBEIEHO B

MigimMeTpax. [HCTpyMeHT Bi10OpakeHO CipUMU JIHISIMH
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Ha puc. 4.8 BimoOpakeHO pO3NOALT padlaibHUX HANpPY>KEeHb Y
HamiBpabpukaTi. Y MNeBHOMY MICII JOHHOI YacTUHU HamiB(paOpukary ir0Th

po3sraryroui Hanpyxkenns 0,=200+420 MIla (puc. 4.8a), mo BcboMy iHIIOMY 00’ €My
JIOHHOI YaCTUHM JiIOTh CTUCKAK4l HanpyxeHus 0,=-20+--340 Mlla. B 3omi
KOHTAKTy BUCTYIy HamiBpaOpukary i3 matpurero g,=-330+-480 MIla — cruckaroui

HarnpykeHHs. HalO11bI11 3a BEIMUMHOIO CTUCKAIOYl HAIMPYKEHHS B pajiaibHOMY

HANpPsSMKY BMHHMKAIOTh B NPHIOHHIM YacTWHI CTiHKM HamiBpabpukaty ¢,=-1000

MlIla. 1o BucoTi cTinku HamiB)aOpUKaTy AIIOTH MOPIBHSIHO HE3HAUHI HAMPY KCHHS

0,=-10+-15 MIla. B 30mi pagiycHOro nepexoiy 3 OUIBLIIOrO HA MEHIUIMHA JiaMeTpP
(puc. 4.80) Mae Miclie HE3HAYHE 3POCTAHHs CTUCKAKOYHX HaNpyx)eHb 0,=- /0 MITa.

[To BepxHIM HMWIIHIPUYHIN YacTUHI HamiB(aOpUKaTy MIIOTh HE3HAYHI CTHUCKAIOYl

Hanpyxenus ,=-10--15 MIIa.

7 T T T I T I T T -113; I I I I I I I I I
" ~_ =20 L
i -15
; \\-480 [ 18
171 -330 -139
i -1000 -
g ¥ 100 ! " 70
-41 -165[-
I -10 i
[ I Gp, MlIa
: - s40p
-65|- -192+ 340
- - 150
I [ 39
. i -230
' 620
9t sl e
i i -1000
-113 i AR N NN NN (NN SN SR N S N S - [ TR R SR N AN TR N A SR N N
0 33 66 244 0 33 66
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Pucynok 4.8. Po3nozin pagianbHUX HallpyKeHb y HaniBpaOpukari:
a — HWKHS 9acTUHA; O — BepXHs yacTuHa. Po3Mipu 10 BiCSX HaBEJECHO B

MUTIMEeTpax. [HCTpyMEHT B110OpakeHO CIPUMU JTHISIMHU
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Po3noninn TaHreHmiabHUX HampyXeHb y HamiBdaOpukari BijoOpa)keHo Ha
puc. 4.9. 3oHa KOHTaKTy HamiBhaOPUKATY 3 INIUTOIO 37e01IbIIOTO Ma€ 0g=230 MIla
— po3Tarytoui HanpyskeHHs (puc. 4.9a). Cepeaniii map HamiBdadbpukaTty B JOHHIN
YaCTHHI MAa€ CTUCKA4l HarpyxeHHs dg=-80+-310 MIla. B nonHiii yacTuHi
ommxue no0 matpuii gg=-500 MIlla — ctuckatoui Hanpyxenns. Hesnauna 3o0Ha
dbopMyBaHHS BHUCTYIy Ma€ JOJaTHI 3HAUeHHA 0g=42+250 MIla — po3raryroui
Hanpy)keHHa. OCHOBHUH 00’€éM CTIHKM Ma€ CTHUCKAIO4Yi  HaNpy>KEHHS
0g=- 800+- 1000 MIIa. Ha mepmomy paaiyCHOMY Mepexoii B 30HI KOHTaKTy
HariBpabpukaTty 13 MaTpuIero go=- 540 Mlla, a Ha qpyromy pajiilyCHOMY MEepeXo/Ii
31 CTOPOHH MOPOKHUHU Og=- 330 MIla — cruckaroui HanpyxeHHs (puc. 4.90). ¥
BEPXHIN IMIHAPUYHINA YacTUHI HamiB)aOpUKaTy B 30HI KOHTAKTy 13 MaTpPUIICIO
0g=350 MIlla — po3Tsarywodi HaOpyx eHHS, a 31 CTOPOHH TOPOKHUHU

0g=- 250+- 460 MIIa — cTuckaroui. BepxHs 30Ha HamiBhadpukaty g,=800 Mlla.

7 T T T T T T T I T -113 T T T T T T
I <250 I
5 * 42 i
17F 230 =00 139+
i -80 I
I 310 I
-41f -165F
i 0o, Mlla B 06, MIIa
I 890w [ 80w 250
- 630
651 30 192 370 v
i 100 i
i ! 160
i :4115;3 N _g%g . 800
- 2690 - -
ol 18 -95()
891 _1.52388 218 950
i L | | L - i [ | L1 [ R
'1130 33 244 0 33 66
a 0

Pucynok 4.9. Po3noaisn TaHreHIiaIbHUX HANPYy>KeHb Y HaniBpaOpuKkari:
a — HIDKHA 4YacTHHA; 0 — BepXHA yacThHAa. Po3MipH 1o BiCSX HaBEJEHO B

MigimMeTpax. [HCTpyMeHT Bi10OpakeHO CipUMU JIHISIMH
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Po3noain iHTEHCUBHOCTI HaIpyXeHb BigoOpaxeHo Ha puc. 4.10. YV nonHii
yacTuH1 HamiBdabpukary 0;=67/+430 Mlla, B 30H1 mepexoay JOHHOI YaCTHUHU B
cTiHKy 0;=450 Mlla, a B 30H1 hopmyBanHus Buctyny 0;=620 Mlla (puc. 4.10 a).
Haii0inpini 3HaueHHsS 1HTEHCHBHOCTI HAINPY>KEHb 3HAXOATHCS MO BUCOTI CTIHKH
HamiBpabpukaty 0;=740+-870 MIla. Hmxue napyroro paaiyCHOTO TIEPEXOay
3HAYCHHS 1HTEHCUBHOCTI HamNpy»KeHb 3MeHIIYyI0Thbes Biag 0;=600 MIla no ¢;=210

MlIlIa (puc. 4.106). He3nauna 30Ha BEpXHBOTO TOpIIiO HamiBhadpukaTy mae g;=870

Ml]Ia.

7 LI N B B I T 1 '1 13 i T T T 1 T
’ 1620 I
17k 450 -139F
41 740 165
- / :
N O, MIIa L
i 80w - Gi, MIIa
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651 670 800 27 80m
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Pucynok 4.10. Po3noaisn iHTEHCUBHOCTI HaNpy>»KeHb y HamiBpaOpuKari:
a — HIDKHS 4acTuHA; 0 — BepXHs yacTuHa. Po3Mipu 1o BiCSX HaBEJACHO B

MigiMeTpax. [HCTpyMeHT BiJI0Opa)K€HO CIpUMH JIHISIMU

Posnmoxin nedopmariiii B ochoBOMY HampsiMKy BimoOpakeHo Ha puc. 4.11.
3aranom po3noain aegopMmaliiii B 0CbOBOMY HaIPSIMKY MarOTh JOJIaTHI 3HAYEHHS
ToOTO Aedopmallii B OCbOBOMY HAaNpsIMKY poO3TAryiodi. B 1noHHIN uvacTuH1
HaniBpadbpukaty £,=0.01, B 30H1 paZlyCHOTO Mepexoay AOHHOI YACTUHH B CTIHKY

£,=0.1 (puc. 4.11a). Bim paaiycHOro nmepexoay JO CEpeIUHU BUCOTY
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HamiBdabpukaty £,=0.18+0.45. Bixg cepenHboi 4acTMHU 10 MEPIIOTO PajilyCHOTO
nepexony ¢€,=0.35+0.45 (puc. 4.116). Bepxuiii Topeup HamiBhaOpukaTy Mae

3HaueHHs €,=0.41.

7 T -113 T T T | T T 1T T T T
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17 0. 139
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Pucynoxk 4.11. Po3noain ockoBux nedopmaiiiii y HamiBhaOpHUKaTi:
a — HWOKHS 9YacTUHA; O — BepXHs yacTuHa. Po3Mipu 10 BiCsSX HaBEJECHO B

MuTiMeTpax. [HCTpyMEHT B11oOpakeHO CIpUMU JIHISIMU

Posnoain pagianpaux aedopmaiiiii y HamiBhaOpuKkarti BiIoOpaxeHO Ha PHC.
4.12. B pamianbHOMYy HampsiIMKy pajiaibHi Jedopmaiiii MaroTh 3HAKO3MIHHUN
xapakrep. B 3oni ¢popmysanns suctyny &,= 0.1+0.39 — posrarytoui aedopmariii
(puc. 4.12a). OcHoOBHHMII 00’€M JOHHOI YaCTMHM Ma€ HE3HAYHI CTHCKar4Yl
nedopmarii ,= -0.01. B 30Hi paiycHOro nepexoy Ha B CTIHKY HamiBpaOpukary
g,= -0.09 — cruckaroui pedopmanii. Big 30HM NPUIOHHOT YACTUHU CTIHKH JO
CEpPEIIMHU BUCOTH CTIHKH &,= -0.18+-0.43 — cTuckaroui geopmairii 301161y FOTHCS.

Bin cepennboi yacTUHU CTIHKHM HamiB(paOpuKaTy 10 BEPXHHOTO TOPIIO pajiaibHI
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nedopmanii 3HaXOAAThCA B MeKax &,= -0.32+-0.43 — cruckaroui neopmarnii (puc.

4.126).
7 T T I | T T | T -113 T T T [ T
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Pucynox 4.12 Po3noain pagianbaux Aedopmaiiiil y HamiBpadOpukari:

a — HIDKHS 4YacTUHA; 0 — BepXHs yacTuHa. Po3Mipu 1o BiCSX HaBEJACHO B

MmimiMeTpax. [HCTpyMeHT BiI0Opa)KeHO CIpUMH JIHISIMH

Ha puc. 4.13 BigoOpaxkeHO poO3MOALT TAHTEHUIATBHUX AedopMaiiil y

HaniB(dabpukati. B noHHIN yacTuHi B 30H1 PpopmyBanHs Buctymy £9=0.04+0.09 —
po3Tsaryroui nedopmartii (puc. 4.13a). Bim 30HM pagiyCHOTO Mepexoy JAOHHOT
YaCTMHU B CTIHKY JO 30HHM MepIIoro paiaiycHoro mnepexony &£y=-0.01+-0.03 —
He3HauHi cTuckaroui gedopmamii (puc. 4.13a ta 4.136). Bim 30HU apyroro
palyCHOTO MEPEeXoy A0 BEpXHbOT YaCTUHU HamiBpadpukary g=-0.05 — cTuckaroui
nedopwmariiii. ToOTO B 1OHHIN YyacTUHI HamiB(aOpUKaTy PO3TATYIOUl TAHT€HLIATbHI
nedopmairii, a Mo BUCOTI CTIHKH — CTHCKAIOYI.

Ha puc. 4.14 BimoOpaxeHo poO3MOAiT 1HTEHCHUBHOCTI nedopmariiii. 3a
JIOTIOMOTOI0  aHaMi3y PO3MOALTY 1HTEHCHBHOCTI aedopmariiii MOXXHA OIlIHUTH

MpoTpaIfoBaHHs MaTepiary HamiBaOpukary.
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Pucynox 4.13. Po3nonin TanreHmarbHuX AedopMaiiii y HamiBpadbpukari:
a — HWOKHS 9acTUHA; O — BepXHs yacTuHa. Po3Mipu 10 BiCsSX HaBEJECHO B

MuTiMeTpax. [HCTpyMeHT B1100pa’KeHO CIpUMH JITHISIMU

HaiiGinpie mpomparifoBaHHS —MaTepialy IUIACTUYHOIO  JIe(opMalli€ro
BiJI0YBA€ETHCS B 30H1 (POPMYBAHHS BUCTYIY, OCKUTBKH TYT 3HAUCHHSI IHTEHCUBHOCTI
nedopmariiii  HalOimeIi 3a BemuuuHOO &=0.48+0.66 (puc. 4.14a). B 30Hi
pajilyCHOTO Mepexo1y TOHHOI YaCTHHH B CTIHKY 3Ha4eHHs jemio meHn &=0.31, a
JI0 CepeIMHM BUCOTH CTIHKU HamiBpaOpukary 3011bIIyIOThCS 10 BenuuuHu &=0.51.
Bix cepenynu BUCOTH CTIHKH JI0 30HU TMEpIIoro pajgicHoro nepexony &=0.41+0.47
(puc. 4.14a ta 4.140). BepxHus yacTrHa CTIHKM HamiBhaOpUKaTy BIIHOCHO JTOHHOI
YaCTUHU CTIHKM Ma€ JEUI0 Kpaile MPOIpaIfoBaHHS IMJIACTHYHOIO AePopMaIliero
g=0.51.

Takox MoOXHa croctepiraTd, 110 Ha JaHiid omnepauii (opMOyTBOpPEHHS
HariBpabpukaTy OCHOBHHI 00’ €M JOHHOT YaCTUHU HE OMPAIlbOBYETHCS TUIACTUHOIO

nedopmarieto. lle moB’s3aH0 3 0OMEXKEHHSIM PyXy 1e(hOpMYyIOYOro 1HCTPYMEHTY
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(uMTH) IS 3MEHIIEHHS HEOOX1THOTO 3ycWiuisl AehOopMyBaHHs 1 BIATOBITHO

3MEHIIIEHHS TUTOMUX 3yCHUJIb, IO CIpUiMae 1ehOpMyIOUnid IHCTPYMEHT.

7 -113 T T T T I T T || T | T
17 , 139} .0.47
i 0.4 i
I : 0.31 - & 0.51
41 &i -165- ol
- 070y - gl -
0.61 0.32
- 0.44 0.38 - 0.35
-651 0.35 /7 -192- 0.26
I 8.20 0.51 - 0.17
L o008 S | 008 u
i 0 i
-89 B /041 218
- i ] ] ] | ] | 1 ] ] | ] - . ] I ] l ] ! | ] | ]
1135 30 60 244, 30 %0
a 0

Pucynox 4.14. Po3nonis iHTEHCUBHOCTI AedopMaliiil y HamiBpabpukari:
a — HWOKHS YacTUHA; O — BepXHs yacTuHa. Po3Mipu 10 BiCsSX HaBEJECHO B

MuTiMeTpax. [HCTpyMeHT B1100pa’KeHO CIpUMH JITHISIMU
4.4 OuiHKa KpUTEPio pyHHYBaHHS MPoIlecy 0OTUCKY 1 OCaIKyBaHHSI

Ha puc. 4.15 BigoOpaxeHO KOE(IUIEHT KPUTEPI0 PYyWHYBaHHS
Normalized C&L mnpu o0Tucky i ocamkyBanHi. HaiiOinbime 3a BEITUYUHOKO
3HAUCHHA KPUTEPII0 pyHHYBaHHS HA KOHTAKTYIOUId TIOBEPXHI OMpaBKH 3
BHYTpIIIHIM pajiycoMm HamiBpadbpukaty 0.18 (puc. 4.15). B 30H1 dopmyBanHHS
Buctyny 0.07. Ilo Bciii BuHCOTI CTiHKM HamiBhaOpHKaTy 3HAYEHHS KPUTEPIO
pyiinyBanHs He mnepeBuinrye 0.14. Ilpu pospaxyHkax BapTO OpIEHTYBATHCh Ha
IpaHUYHUN KOe(DILIEHT KPUTEpII0 pyHHYBaHHS 3 BeJIUYMHOIO 0.8, OCKUIBKM MHpHU
JOCATHEHH1 BeJIMYUHM 1 BiTOyBaeThCs pyHHYBaHHS MaTepiany BUpoOy, a 3HaUCHHS

kputepito pyiinyBanss 0.8 nae 20% 3anacy 10 MOMEHTY pyHHYBaHHSI.
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Pucynoxk 4.15. Koedirient kpurepito pyiinyBanas Normalized C&L npu
OOTHCKY Ta OCAJKyBaHHI : a — HIDKHS YaCTUHA; O — BepXHs yactuHa. Po3mipu

0 BICSAX HaBEJEHO B MUTIMETpax. [HCTpyMEHT BiAOOPaXEHO CIPUMU JIHISIMHU

Ha puc. 4.16 Bino6paskeno ¢hopmy Ta po3Mipu OTPUMAHOTO HariBpaOpuKaTy
TicJis onepatiii O0TUCKY Ta 0CaJ[KyBaHHS.

®opMOYTBOpPEHHSI TOTOBOI JETalll 3AIMCHIOETHCA IIUISIXOM TOKAapHO-
bpesepHoi 00pOOKH, a came Tipi3aHHs HUKHBOTO TOPIIO, (POPMyBaHHS BUCTYITY
Ta OTPUMaHHS OTBOPY 3 pi13b00I0 Mij KarcCyJb-3anaibHUK (JJOHHA YaCTHHA BUPOOY),

a TaKOXK 00pi3aHHS BEPXHBOTO TOPIIFO.

4.5 BUCHOBKH

I 3a pmomomororo MCE CTBOpeHO MaTeMaTH4YHY MOJI€NIb Ta HPOBEICHO
pPO3pPaxXyHKOBMI aHaJi3 TpOIeCy OOTHUCKY 3 OJHOYACHUM OCAJKyBaHHSIM
MOPOKHUCTOTO BUPOOY.

2 BUSIBJICHO CHIIOBI PEKUMU MPOIIECY Ta MUTOMI 3yCHILISL HA KOHTAKTYIOUUX
MOBEPXHIX MIDK HamiBpaOpukatoM Ta ACPOPMYIOUMM 1HCTPYMEHTOM, IO

JIOTIOMOXE Yy BHOOpI MPEcCOBOro OOJIaHAHHA Ta NPOEKTYBAHHI ILITAMIIOBOTO
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ocHanieHHsa. ChopMoOBaHUI BUCTYN Ha IMOMEPEIHIX omeparisax Oyiao Hmiairpito A0

temriepatypu T = 990°C, mo nano He3HauHe 3ycuiuiga gaedopmyBanss 2730 xH.

3ycuiss BUIITOBXYBaHHA HamiBdaOpukaty 157 kH. MakcumanbHi 3HaueHHs

HOpPMAaJIbHUX HaIpyXeHb (MUTOMUX 3yCUJib) Ha noBepxHi mmTH 1830 Mlla, Ha

noBepxHi onpasku 1380 Mlla, a na moBepxni Matpuii 2410 MITa.

a2
74
2109
u/_ﬁ 17
79
4 o
] 2
43R
R3 //W
S =
6 ™ ™
: 2109
2120

Pucynok 4.16. ®opma Ta po3mipu

OTPUMAaHOTO HariBpadbpukaTy

3 3a JIOTIOMOT OO

MO/ICJIIOBaHHS BHU3HAYECHO
HaIPY>KEHO-1e(POPMOBAHUNA CTaH Yy
OTPUMAHOMY HariBgabpukari.
MakcumanbHi 3HAYCHHS
IHTEHCUBHOCTI JedopMaliii B 30HI
dbopmyBanns dianis — 0.66, B cTiHII
ne BimOyBaock ootucHeHHs — 0.51.

43a JI0MOMOIOI  KPUTEPIIO

pYHHYBaHHS Normalized C&L
BU3HAUYECHO pecypc IJIACTUYHOCTI
OTPUMaHOTO HamiBpaOpukary.

OcCKkinbKM MaKCHMallbHE 3HAYCHHS
KpUTEPIIO

Normalized C&L

pyHHYBaHHS

carac 0.18, a

IPaHUYHUM 3HAYEHHSAM € | Tpu sKoMy BinOyAeThCs pyHHYBaHHS MaTepiaiy,

BCTAHOBJICHO, [0 PECYPC MIACTUYHOCTI ckianae 0.82.

5 Bcranonneno kiHIeBy (opMy Ta po3Mipu OTPUMAHOTO HamiBhaOpHUKaTy.
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PO3/1LI 5
TEXHOJIOTISI OTPUMAHHS APTUJIEPIVICHLKOI T'JIB3M IS 125 mm
TAHKOBOT'O IMOCTPLIY 13 3ATOTOBKHM KPYIJIOT'O MEPEPI3Y

5.1 ®opma Ta po3mipu roTOBOTr0 BUpOOYy Ta BU3HAUYCHHS (POPMH Ta PO3MIPIB

BUXI1IHOI 3aTOTOBKHU

#1617 1764, Ha puc. 5.1 300paxxeno ¢popmy
‘ Ta pO3MIpU TOTOBOTO  BHPOOY.
M_{Jf,m Marepian BupoOy cTamb MapKu
! | 155 I1FOA. 3a pomomororw  yMOBH

7 )
¥|  piBHOCTI 06’€MiB rOTOBOI meTami Ta

! | 3\

#160 H BUX1JTHO1 3aTOTOBKH V 1=V sar MOKHA
/T Ta\ — BU3HAYUTH  HEOOXIIHMH  00’eM
' o : mo4yaTkoBoi  3arotoBku. OO0’ eM

rOTOBOrO BUPOOY, IO BIJOOPaKEHO

Pucyuox 5.1. ®opma ta po3mipu
Y PETE POIMIP Ha prc. 5.1 — V,u=464365,19 v

TOTOBOTO BUPOOY ,
Takok  1pu  Bu3HAYEHHI Vi

HEOOX1THO BpaxyBaTu 00’€M MeTally, siKui Oyje BTpau€HO BHACHIJAOK OYMIICHHS
MPOMIXHUX HamiBPpaOpHUKaATIB Bl OKAIMHM MICJIsI rapsdoro aepopMmyBaHHs, 00’ €M
MeTay, 110 IMiJIe B CTPYKKY MPHU TOPIIOBAHHI Ta OTPUMaHHI OTBOPY IiJl KarCyJib-
3anajbHUK. 3 BpaxyBaHHSAM HaBeJCHUX AaHUX OYyJI0 BU3HAUYCHO (OpMYy Ta PO3MipH
BUX1JTHOT 3aroToBKU. BuximgHa 3arotoBka — kpyr 3 giamerpoM 180 MM Ta BUCOTOIO
24 Mm. O6’eM Takoi 3aroToBkH V., =610725,62 Mm>. Taky 3aroToBky 0yIio
OTPUMAHO 3 JINCTA TOBIIUHOIO
2405 pym IJIIXOM PO3KPOIO
HOXKHIISIMU TUIBHOTHHU HA CMYTHU 3
MOJAJBIIIUM  BUPI3aHHSIM  JIa3€pOM

3arotoBok 3 giametpom 180 mM. Ha

Pucynok 5.2. ®oTo oTpuMaHoi puc. 5.2 BinobpaxeHo  (oto

i . OTPUMAaHOT BUX1JTHOT 3arOTOBKH.
BUXIJTHOT 3aTOTOBKU
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5.2 Omnepariist Tapss40ro 3BOPOTHOTO BUIABIIIOBAHHS HamiBhaOpuKary

5.2.1 CxemMa nporiecy rapsitaoro 3BOpOTHOIO BUJIaBIIIOBaHHS HamiBaOpukary

JIns mpoBeneHHs pO3paxyHKYy 3

SN, BUKOPHUCTaHHIM MCE oyJo

BUKOPHCTAHO CXEMy  raps4doro

\ 3BOPOTHOIO  BHJABJIIOBAHHSA  SKY
|

BimoOpakeHo Ha puc. 5.3. JliBopyu

Bl BiCl cuUMETpii  300pakeHO

ER AR PR TS

Pucynok 5.3. Cxema nporecy rapsiaoro

MOJIOKEHHS POOOYOro I1HCTPYMEHTY
Ta 3aroTOBKM Ha TOYATKy MPOIECY

3BOPOTHOT'O BUAABJIIOBAHHA
rapsa40ro 3BOpOTHOIO BUAABJIIOBAHHA

HaniBabpukary: 1 —3arotoBka; 2 — .
a IpaBoOpyY - B KiHIII BUIABIIOBAHHS.

BUILITOBXYBAaY; 3 — MaTpuIls; 4 —
3arotoBka 1 BCTAHOBIIOETHCA Ha

MYaHCOH; 5 — HamiBpaOpuiat BUIINTOBXYBad 2 3 IICHTPYBaHHSIM B
matpuil 3. Ilporec nepopmyBaHHs 13 3yCHIUIAM P BUKOHYETHCS TPU OIMYCKaHH1
nyaHCOHa 4 Ha 3a/JaHy BIJCTaHb 31 MIBHJIKICTIO V, BHACIIJOK YOTO YTBOPIOETHCA
HamiBgabpukart 5. [Ticns BuryyeHHs myancoHa 4 13 HamiBdaOpukaTy 5 BUKOHYETHCS
HOro BUIITOBXYBaHHSA 13 MaTPHIIi 3 32 JOMOMOI'OI0 BUIITOBXyBaya 2.

Jns  mpoBenenHa pospaxyHkiB MCE  BukopucToByBanach Iporpama
DEFORM. B nporpami DEFORM wmartepian mapku Cranpb 1 1FOA a6o #oro ananor
BIJICYTHIM, TOMy Oysi0 oOpaHO HaAMOMMXKYMI CXOXKHH MaTepial MO KpUBUM
smirtHeHHsT — AISI-1015. byno 3amaHo HacTymHI mapameTpu Ijis MPOBEICHHS
moxemoBanHss MCE: nouyatkoBa temmnepatypa 3arotoBku 7' = 900°C, mBHUAKICT
nepemitieHds myancona V = 16 MM/c ¢dakTtop TepTs MiX MOBEPXHIMH POOOUOTO
IHCTPYMEHTY Ta 3arOTOBKH BpaxoBaHO 10 310emto p = 0,3, koedilieHT TemI000MiHy
MK 3aroToBkor Ta aedopmyrounMm iHcTpymentoM — 5 N/sec/mm/C, riubuna

npoHUKHEHHs1 citku — 0,25 mM. 3agaHo TUIaCTUYHY MOJIENb  MaTepiaiy.

TemnepaTypa BUIITOBXYyBaua, MaTpuili 1 myancona — 150°C.
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5.2.2 3ycunna aepopMyBaHHA Ta MUTOMI 3YCHJUISL MPOLIECY 3BOPOTHOIO

BUJIABJIIOBaHHS HammiBabpukaty

5

ke

SN0 ON R

.

P

0 2 4 6 8

3ycmis
nedopmysanus, MH

Pucynox 5.4. 3a5exHiCTh 3yCHIUIS
nedopMyBaHHS BiJl MEPEMIIICHHS

ITyaHCOHa

10 12
IlepemimmeHHs ImyaHCOHA, MM

3anexHICTh 3yCHILIS Trapsyoro
3BOPOTHOTO BUJIABITFOBAHHS
HamiB(aOpukaTy BiA NEpeMillleHHS
MMyaHCOHA Bi0OOpakeHO Ha puc. 5.4.
AHaTi3youd 1aHi, 110 HaBEJICHO Ha
puc. 5.4 MoxHa MoOa4yuTH, IO Ha
MOYaTKy TMPOIECY BHUIAABIIOBAHHS
3ycuuist e OopMyBaHHS — PI3KO
3poctae 10 BenuunHu 2 MH npum
nepeMimieHHi myancona 0,4 mm. Jlami
3YCHILISI

neopMyBaHHSI  3pocTae

MOCTYIIOBO /10 BennuuHU 5,9 MH npu nepemilieHHi myaHcoHa 8,9 MM HICHs 4Oro

3ycunIs eopMyBaHHs pi3ko 3poctae 10 9,4 MH mipu nepeminieHH1 myaHCOHa Ha

9,7 MM 1 IpM MepeMILEHHI ITyaHCOHa Ha 12 MM (KiHEllb MPOLIECY BUABIIOBAHHS)

3ycuiis csirae 12,2 MH.

B 0]1_‘ Mlla
62

18 |-

-26 | L1
0 112

Pucynok 5.5. Po3noain HopManbHUX

HaIlpyKeHb

Jlns  BU3HAYEHHS  Martepiany
IHCTPYMEHTAa  BHSIBJICHO  PO3MOJLI
HOpPMaJbHUX  HAmNpyXeHb G©pn  Ha

KOHTAKTYIOUYHUX ITOBCPXHAX 3arOTOBKHU

5.5).

Ta (puc.

MakcumainbHI 3Ha4Y€HHS Gn Ha TIOBEPXHI

1120 Mlla

1HCTpyMEHTa

ITyaHCOHa ciarae Ha

paailycHoMy Tmiepexoni  (popmyBaHHS
[IEHTPAIBHOTO BUCTYNY B IUIOCKY 30HY

JIOHHO1 YaCTUHH, HA ITOBEPXHI MaTPHIIl B

30HI KOHTaKTy 13 TPHIOHHOIO dYacTHHOIO HamiBdabpukary c6,=430 MIla, a Ha

MOBEPXHI BUIITOBXYBaua OJmxk4de 10 Bici cumetpii 6,=1200 MI]a.
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5.2.3 TemnepaTypHHil pO3MO1JI OTPUMAHOTO HammiBpabpukaty

: Ha puc. 5.6 HaBe1eHO po3mo 111
62 L,°C :
I 900. TeMrepatypu B HamiBpaOpukaTy B
868 .
5 900 0 860 g6 KIHI[I TIPOLIECY Taps4oro 3BOPOTHOTO
803
700 771 BUJIABJIIOBaHHA. 3 puC. 5.6 MOXKHa
18 ;gg N00aYnTH, IO OCHOBHUM 00’€M
674 I Marepiaity c(OpMOBaHOTO
| (690 642
s6l HamiBaOpukaTy Mae TeMIeparypy
- R R N B |
0 56 112 7=900°C, a B 30HI KOHTaKTy

Pucynok 5.6. Po3moaii remmneparyps  HamiBpaOpukaTy 3 IIyaHCOHOM
HariBpadbpukaTy T=660°C, 3 BUILITOBXYBaueM

T=690°C, a 3 marpuuero 7=700°C.

5.2.4 HanpyxeHo-nedopMoBaHUil CTaH MPOLIECY Tapsuoro 3BOPOTHOTO

BUJIABJIIOBaHHs HamiBdaOpukaTy

3HaueHHS HANpPY>XeHb Y HamiBhaOpUKaTI BiIOOPaXKEHO MPU MAKCUMATHLHOMY

3ycuiIi fehOpMyBaHHs, SIKE CIIOCTEPIraeThCs B KIHI BUIABIFOBAHHS.

G, MIIa Ha puc. 5.7 BigoOGpaxkeHo
70 :
60 gs M posmonin ockoBMX HampykeHb 0.
247 )
_406 JomarHi 3HAYEHHS o,
-565 . .
-1000 -7 74 CIIOCTEPIraeThCs Ha BEPXHLOMY TOPIII

-883 , .
_1040I HamiB(aOpukaTy MK IMYyaHCOHOM Ta

-4904 \ﬂ] Matpuuero g,= 60 Mlla — po3raryroui
<|6 L1 HarnpykeHHd. [lo BcbOMy iHIIOMY

) 00’ emy HamiBhadOpUKaTy 3HAUECHHS 0.
Pucynok 5.7. Po3mo/iin ocboBUX y badp M z

: . — Big’eMHI TOOTO HamMpyXKEHHS
HaIpy>keHb y HamiB(paOpukari
CTUCKawoul. B TpuIOHHIA YacTuHI
HamiBpabpukaTy Onmx4dy 10 Bici cumerpii g,= -1200 Mlla, B 30H1 popmyBaHHs
JIOHHOT YacTuHU (Ae ToBIIMHA HamiBdaOpukaTy Haiimenma) o,= -830 Mlla, a

OJbK4e 710 30HU KOHTAKTY 3 MaTpuiieto g,=-150MI]a.
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Pucynok 5.8. Po3nonin pagiansHux

HaTpy>KeHb y HamiBhaOpukari
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Posnoain pajiagbHUX

HalpyXXeHb 0, BIJIOOPaXEHO Ha

puc. 5.8. Tyt TaKOXK

CIIOCTEpITaloThCs TOAATHI 3HAYCHHS
0,=80 MIla B

30HI BEPXHHOTO

BUCTYITY MK ITyaHCOHOM 1 MaTPHUIICIO
TOOTO [iIOTh HAMPYXKEHHS PO3TATY.
[Io BchomMy  iHmIOMY  00’eMy
Marepiany HamiBpaOpukaTy IlI0Th
30HI1

CTUCKalO4l HampykeHHa. B

(GopmyBaHHs HWKHBOTO BUCTYIYy 0,=-350 MIla, B 30HI (QOpMyBaHHS NOHHOT

YacTHHHU (JI€ TOBIUMHA HamiBpaOpukary HaliMeHina) o,=-570+-720Mlla, a B 30Hi

(opMyBaHHS HEHTPAIBHOTO BUCTYILY 0,=- 880~-1020 MIIa.

Op, Mlla
40.0
963 M
232
369
30 505
641
*.-200 -778
300 _914||
lxx“‘——‘-loso
-600
| | | |
56 112

Pucynox 5.9. Po3noain okpyxHHX

HaIpy>kKeHb y HamiB(abpukari

Poznogin OKPYKHUX

Hallpy>keHb Opg BIJOOpaXeHO Ha
puc. 5.9. Xapaktep po3noAilly dg

CXOXKHUH sK 1 1 0, 1 d,. B 30HI

BEPXHBOT'0 BUCTYITY MI>K ITyaHCOHOM 1
Marpuiero gp= 30 MIla — nitoTh
po3Tsrytodi HarpykeHHs. [To Bchomy
THITIOMY 00’ eMy Matepiary
HamiBpaOpukaTy [iI0Th CTHUCKAIO4i

HarpykeHHd. B 30H1 ¢opMyBaHHS

HIDKHBOTO BHUCTYNy 0g=-300 MIla, B 30H1 (opMyBaHHS TOHHOI YacCTHHH (€

TOBUIMHA HamiB(haOpukary HaiimeHIa) og=-600+-700MIla, a B 30H1 popmMyBaHHs

LEHTPAJIBHOIO BUCTYITYy 0g=- 870-+-1020 MI]a.

Po3nozin iHTeHCUBHOCTI HaMpyXeHb 0; BimoOpakeHo Ha puc. 5.10.
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Pucynok 5.10. Po3momin iHTeHCUBHOCTI

HaTpy>KeHb y HamiBhaOpukari

170

Haiibinpmi  3Ha4YeHHA O
CIIOCTEpIraloTbCcsl B 30HI KOHTAaKTY
HamiBaOpukaTy 3  IIyaHCOHOM
0;= 220+280 MIla Ta 3
BUIITOBXyBaueM  0;=220  Mlla.
[lepeBaxna yacTMHa  MaTepialy
HamiBdabpukaTy B JOHHIH 4YacTHHI
mMae o0;=190 MlIla, a B 30HI
LEHTPaJIbHOTO BUCTYITY

0;=90+160 MIla 1 num He3HAYHa

YyacTHHA BUCTYITY MiJ TopieM myancona g;= 10 MlI]a.

62—

18

-26 ] [ | L1 | L1

Pucynok 5.11. Po3nofin ochoBUX

nedopmariiiil y HamiBpaOpHUKaTi

dbopMyBaHHS  IIEHTPAJIbHOIO  BUCTYILY

Ha puc. 5.11 HaBemeHo
pPO3MOIT OChOBUX jAedopMaii &,.
3araiom y HarmiBgpabpukaTi
MEPEBAKAKOTH JIOJaTHI TOOTO
postarytoui  aedopmarnii. B 30HI
dbopmyBaHHS BUCTYITY M1XK
IyaHCOHOM Ta Marpuuero €,= 0.2+0.7
— po3Taryroui gedopmartii. B mrockii
YaCTHHI JHA TMPAIIOIOTh CTUCKArOul
nepopmamii  £,=-0.2+-0.9.  3ona

XapaKTEPU3YEThCS  PO3TATYIOUUMU

nedopMmairissiMu X 3HaYEHHS JIGKUTh B Mexkax &,= 0.2+0.4 — HWKHS 4yacTUHA

LEHTPAJIbHOTIO BUCTYMY, &£,= 0.6 cepeHss YacTUHA LIEHTPAIBHOTO BUCTYILYy Ta £,=

0.2+0.4 — BepXHs YacTHHA LIEHTPAIbHOTO BUCTYILY.

Posnoain pamianbHux aedopmartii & BiloOpaxkeHo Ha puc. 5.12. B 30HI

(GopMyBaHHS HHKHBOTO BUCTYIY €,=-0.05+-0.2 — cTuckaroui gedopmanii. B 30mi

(opmyBanHs cTiHKM HamiBpaOpUKATy MiJ| IOJANIBIIE BUTATYBAHHS £,=-0.5+-0.8 —
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ctuckaroui  gedopmamii. B
62— IJIOCKIM YacTHWHI JHA, JIe Marepial
HamiB(aOpukaTty Mae HallMEeHITy

B / -0.05 ToBUIMHY €,=0.2+-0.6 — posraryroui

18}~ \ % _
N . nedopmMariii, a B 30HI MEPEXOAY

o0 03] |0 e
02 02 0.8 IUIOCKOTO JIHA B KOHYCHY YaCTHHY

-26_ ! . [T R B R L
HTPAJIBHOT BUCTYII
0 56 112 HCHTPATLHOTO cryny

Pucynok 5.12. Po3noain pagiaibHUX HaniBpadpukaty (bmakie 10 30HH

L - - KOHTaKTy 3 IIyaHCOHOM) 3HAY€HHS
nedopmaiiiil y HamiBpaOpHUKaTi Y y )

&= 09 —  nirote  HaWOLIBLII
po3Taryroui  aegopmanii. 30Ha  (QOPMYBaHHA ~ LEHTPAIBHOIO  BUCTYILY
HariBpaOpUKaTy XapaKTEPU3YETHCS CTUCKAIOUUMHU JIe(hOpMaLisIMHU 1 38 BEJIMYUHOIO

JIEKATh B MEXKaxX 8p:-0.1+-0.3.

-

Ha puc. 5.13 mnokasano

€0
621 0.2. PO3IIOIT OKPYKHUX Aedopmaltiii &g.
i 0.1
- 0.05 0.07 B  30Hi  ¢dopMyBaHHS  CTIHKH
it -0.3 0.01 . .
02 02 “0.01 -0-05 HamiBdaOpukaTy i  TOJAJbIIe

18 -0.1

¢ 0.2 BUTATYBaHHsA 3HaUeHHS £9=0.01+0.05
10.05 0-2I . .
L -0.1] | |0.03 L -0.3 — postaryroui gedopmarii. B 30H1
L -0.04 0.1
| 1 | |

-26 TR B dbopMyBaHHs IJI0CKO1 JOHHOI
0 56 112

Pucynok 5.13. Po3mozin okpyKHHX aacTHEE £9=0.03+0.2 Taxox AUOTE

febopmaniii y Hanisdabpukari po3Tsaryroui  aedopmamii. B 30HI

(dbopMyBaHHS IICHTPATLHOTO BUCTYITY

nepeBaxaroTh cTUcKarodl aedopmaiiii €5=-0.04+-0.2 (mpumonHa 30Ha) Ta £9=-0.3

(meHTpambHa YaCTHHA YTBOPEHOTO BUCTYITY). Biirkde 10 30HM KOHTaKTy BUCTYTY 3
nyancoHoM Aedopmaitii £g=0.05 — posTsaryroui.

3a 7IOMOMOTOI0 aHaNi3y PO3MOJAUTY IHTEHCHUBHOCTI jJedopMaliiii & MOXHA

OLIIHUTH XapakTep MporpaloBaHHs Marepiany HamiBpabpukaty. Ha puc. 5.14

Bi10Opa)keHo Takuil po3noii. B 30H1 popMyBaHHS HUKHBOTO BUCTYILY
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Pucynok 5.14. Po3momina iHTeHCUBHOCTI

nedopmartiil y HamiBpadbpukarti

0.6
2.0
18 0.75
\ 4
i/E‘ OISOI

2.0
i 1.8.

172

HamiBdabpukaty ¢&;=0.2+0.4. 3oHa
dbopMyBaHHS CTIHKM TIiJl TOJaJIbIIIe
ButaryBanua - &=0.4-0.9, a 3o0nHa
BEPXHbOI'O TOPIIO CTiHKH - &=0.2.
binbin iHTEHCHBHE MTPOMpAaLIOBaHHS
Marepiary HammiBdabpukaTy
CIIOCTEPITa€EThCA B 30HI PajlyCHOTO
nepexoay HWKHBOTO BHUCTYNY B

IJIOCKYy 4YacTMHy JAHa &=1.2, a

MaKcuMasbHe 3HaueHHs &;=2.0 B 30H1

[Iepexoay IUIOCKO1 YaCTUHM JHa B KOHYCHY 4Y4aCTHHY HOCHTPAJIbHOI'O BHCTYIIY.

[Tnocka yactuna gHa mae €;=0.4+1.1. [lepeBaxkHa yacTrHa 00’ €My IIEHTPAIBLHOTO

Buctyny Mae ¢&=0.6, a Jgemo MeHIIa YacThHa o00’eMy (BEpXHS 4YacTHUHA

HCHTPAJIBbHOI'O BUCTYIIY, OmKue A0 30HHW KOHTAKTYy 3 IIYAHCOHOM ¢&; =0.3.

3 OUIBIIOCTI MPOAHAII30BAHUX JKEpPEN B MEPIIOMY PO3MLIl BiAOMO, IO

HeOe3MeyHl MIISHKA TpU Ofepaliii rapsaoro (GpopMOYTBOPEHHS TOPOKHUCTUX

BUPOOIB 3HAXOAATHCS B 30HI PaJlyCHHX IEpPEXOJliB JOHHOI YAaCTUHU B CTIHKY

(BimOyBa€eThbCsl yTBOPEHHS TPIILIMH y BKa3aHii 30H1). Ha puc. 5.15 BimoOpaxkeHo

0.1
0.09
0.08
0.06
0.05
0.04
0.03
0.01

0

0 56

112

G

Pucynox 5.15. KoedirieHT kpuTepito

pyrinyBanns Normalized C&L

pytinyBauHs Oyzae 20%).

PO3MOILIT KoedirieHTy
KpUTEPIIO pyHHYBaHHS
Normalized C&L, C, mo o00’emy

HamiBpabpukaty. Po3risnaroun puc.

5.15 MOJKHa  ITOOQYMTH,

110
MakcumanbHe 3HaueHHd C,=0.08 B
30H1 (POpPMYBaHHS HUKHBOTO BUCTYITY
(rpannuHuM 3HaueHHAM € C,=0.8 npu
MJIACTUYHOCTI

AKOMY 3anac

Matepiany HamiB(aOpukary no Moro
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81786 OtpuMany (GopMy Ta OCHOBHI
iz % Z rabapuTHi po3Mipu HamiBpaOpUKaTy
/E/m 3 BHACJIIIOK  omeparii  rapsdoro

2177 3BOPOTHOI'O BU/1ABJIFOBAHHS

PucyHok 5.16. ®opma Ta OCHOBHI BI0OpaskeHo Ha puc. 5.16.

rabapuTHI po3Mipu HamiBhaOpuKaTy

5.2.5 IlpoexTyBaHHS IITAaMIIOBOTO OCHAIIEHHS MJI1 OmNeparii rapsadoro

3BOPOTHOTO BUIABJIIOBaHHS HamiBhaOpuKaTy

[Ticnst oTpuMaHUX pe3ysabTaTiB BHACHIIOK PO3paxyHKiB 3a jonomororo MCE
OyJI0 CHPOEKTOBAHO IITAMIIOBE OCHAUIEHHS ISl OMEpalii rapsadyoro 3BOPOTHOTO
BUJIaBIIIOBaHHS HamiBpaOpukaTy. KpecneHHs 3araqpHOrO BUIJISAY INTamma i
cnenudikaiiis 10 KpecieHHs BimoOpaxeHo B [lomatky b wa puc. b.1 1 B.2
BIJIIIOBIIHO.

[ITamn 1715 Tapsi90ro 3BOPOTHOTO BUIABIIOBAHHS CKIIAIA€THCS 3 BEPXHbBOI Ta
HWKHBOT yacTuH. Ilyancon 1 mnpukpimmoerscss 10 BepxHboi Tt 10 3a
JIOTIOMOTOl0 IyaHCOHOTpuMaua §. LleHTpyBaHHS NyaHCOHOTpUMAaya BiJIHOCHO
BEPXHbOI IUIUTU 3AIMCHIOEThCS 3a nomomoror mTudTie 20, a dikcamis 3a
nonomoror 0onTiB 19. HwkHs yacTuHA miTammna CKIIAaeThCsl 3 MATpUlll 2, sika
HEHTPYEThCA MO HIDKHIN muTi 9. B Marpuili 2 BCTAaHOBJIEHO OMPaBKy S5 B SIKiid
BCTAHOBJIEHO BHINTOBXYBad [3. Mix MaTpuiero 2 Ta HIKHBOK IUIMTOK 9
BCTAHOBJICHO TiAKIaAHY uTy 17. Ha matpuito 2 HampecoBaHo pajiaTtop 3, sKuit
B CBOIO 4Yepry Mae ITyuepud 7 s 3a0e3leueHHs LMPKYJSLii BOAM JJIs
oxoiopkeHHs matpuill 2. dikcaiis pagiatropa 3 3AIMCHIOETBCA 3a JIOTIOMOTOIO
bikcyrodoro kinbit 4 Ta OontiB 21. dikcaris martpuili 2 3MIMCHIOETBCS 3a
JIOTIOMOTOI0 MPUTUCKHOTO Kutblg 6 Ta OontiB 18. Jlji1 TOYHOro HampaBiE€HHS
BEPXHBbOI YACTHHM IUTaMIIa BIJHOCHO HMXKHBOI BUKOPHUCTOBYIOTHCS HaIpaBJIsiOUl
BTyJIKH 11, siki BcTaHOBIIEHO y BepxHiil miuuTi 10 1 HampaBisioul KOJOHKHU 12, sKi

BCTAHOBJIEHO B HIKHIHN MJIKTI 9.
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Onuc pobotu mramma. [lepen BCTaHOBJICHHSM PO3ITPiTOi 3arOTOBKU OYJIO
3/11HICHEHO HarpiB e(OpMyIOYOro IHCTPYMEHTY 3a JIONTOMOTOI0 Ta30B0i TOPUIKH J0
temriepatypu 150°C. B mporeci poboTH mTamma i OXOJIODKCHHS MAaTpHIlL
nepeadayeHo paaiaTop 3 31 BCTAHOBICHUMH Ha HbOMY IITYIIEpaMu 7 A0 AKuX Oyiio
MiABECHO MIJIAHTH Ui MiABOAY Ta BigBoay Boaum. Posirpita 3arotoBka
BCTAHOBIIIOETHCSL B MAaTPUINIO 2 Ha ompaBky S. [Ipu omyckanHi BepxHboi umtu 10
nyaHcoH 1 pgedopMye po3irpiTy 3aroToBKY BHACHIZIOK YOTO0 YTBOPIOETHCS
HaniBdabpukat. Ilicms Toro, sik myaHcoH | OmycTHBCH Ha 3aJaHy BHUCOTY Ta
chopmyBaB reoMeTpito HamiBhaOpHUKaTy BiOyBa€TbCS 3BOPOTHIA XiJ BEPXHBOT
Ty 10 pa3zom 3 myancoHoM 1 HamiBpaOpuKaT Mpu bOMY 3aJIUIIAETHCS B MATPHIT
2. 3a 7A0mMOMOror XOJy Bropy BHINTOBXyBaua 13 BigOyBaeTbcs BWIYyYEHHS
HamiBpabpukaty 13 Marpuiil 2. Ha puc. 5.17 BimoOpaxkeHo ¢oTo mrammna st

raps401ro 3BOpOTHOTO BUAABJIFOBAHH SIKUM BCTAHOBJICHO Ha HpCCi.

"_
!

Pucynok 5.17. @oTo mrammna jisg rapsiaoro 3B0pOTHOTO BUAABIIFOBAHHS

BCTaHOBJIEHOTO Ha rpeci [TA198
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Ha puc. 5.18 Bino6pakeHo ¢poto popMu oTpuMaHoro HamiBpadpUKaty micis

IMPOBCACHHA HATYPHOI'O CKCIICPUMCHTY.

Pucynox 5.18. ®oto ¢popmu oTpumanoro HamiBhaOpHUKaTy MiCIs MPOBEACHHS
HaTypHOTO €KCIIEPUMEHTY
[TopiBHIOIOYH AaHi, sIKi IpUBeAEHO Ha puc. 5.16 1 puc. 5.18 MoxxHa mobauuTH,
1110 OTPUMaHa reoMeTpis HamiBhadbpukaty BHaci10K po3paxyHkiB MCE (puc. 5.16)
1 OTpUMaHa reOMETpisl BHACIIAOK HATYpHOTO €KcrepuMeHTy (puc. 5.18) mocuth

n00pe 30iraroThes.
5.3 Omnepaiiist rapsi90ro BUTATYBAHHS 3 TOTOHIIIEHHSIM HariBhaOpuKaTy

5.3.1 Cxema nporniecy rapsdoro BUTATYBaHHS 3 HOTOHIIIEHHSIM

JInst mpoBeEHHS pO3paxyHKY 3

BUKOPUCTaHHAM MCE Oyso

BUKOPUCTAHO  CXE€My  rapsyoro

BUTATYBAHHA 3 IIOTOHIICHHAM, SKY

BimoOpakeHo Ha puc. 5.19. JliBopyu

Bill BICl cumMmeTpii  300paxkeHO
Puc. 5.19. Cxema niporiecy rapsadoro ,

MOJIOKEHHSI POOOYOro 1HCTPYMEHTY

BUTSTYBaHHA 3 NOTOHIICHHIM
. Ta 3aroTOBKM Ha MOYATKy MpPOLECY

HamiBdabpukaty: 1 —3aroroBka; 2 —
rapsraoro BUTSTYBaHHS 3
MaTpuLs; 3 — MyaHCOH; 4 —

) MMOTOHILIEHHSM a MPaBOpyY - B KIHII.
HaniB(padpukat paBopy H
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3aroToBka | BCTAaHOBIIIOETHCS HA KOHYCHY YACTUHY 1 LIGHTPYETHCS MO UITTHAPUYHIN
yactuHi Mmatpuii 2. [lpouec nedpopmyBaHHs 13 3yCHIUIIM P BUKOHYETHCS MpHU
ONyCKaHHI MyaHCOHa 3 Ha 3aJaHy BIACTaHb 31 MIBHIKICTIO V, BHACIIJIOK YOTO
YTBOPIOEThCS HariBhadpukar 4.

byno 3agano HacTymHi mapamerpu i mpoBeneHHs mojenroBanHs MCE:
noyaTKkoBa TeMiieparypa 3arotoBku 7' = 600°C, mBHUAKICT EPEMIILIEHHS TyaHCOHA
V = 16 mM/c, pakTop TEpTs MK MOBEPXHIMHU POOOYOro iIHCTPYMEHTY Ta 3arOTOBKHU
BpaxoBaHo 1o 3ibemo p = 0,3, koedilieHT TEMI00OMIHY MIX 3aroTOBKOIO Ta
nepopmyrourm iHCTpyMeHTOM — 5 N/sec/mm/C, rinubuHa MPOHUKHEHHS CITKA —
0,25 MM. 3ajaHo IUTACTMYHY MOJENb MaTepiany. TemrepaTypa MaTpuil 1

nyaHcoHa — 150°C.

5.3.2 3ycwins aedopMyBaHHS Ta MHUTOMI 3yCHIUIS MPOILIECY Tapsuoro

BUTATYBAHHS 3 MOTOHIIICHHSIM HamiB(aOpukary

o T 2.4 3anexHICTh 3yCHIIIS Tapsioro
éi | é Qp%%(b BUTATYBaHHA 3  IOTOHIICHHAM
S % 1: 5 ( \z)\o HamiBdaOpukaTy BiJ MNEepeMilllCHHS
E % 0.8 \Q\ IyaHCOHa BigoOpaxkeHo Ha puc. 5.20.
% g 0.4 Zj "’b& AHaizyroun 71aHi, 010 HaBEJEHO Ha
06 1020304050 607Oé60§0 puc. 5.20 MOokHa MOOAYUTH, IO Ha
ITepeMinieHHs IyaHCOHA, MM [IOYaTKy  M[pOLECY  BUTATYBAHHSA
Pucynok 5.20. 3anexxHiCTh 3yCHIIIs sycuiuist  aeopMyBaHHS — Pi3KO

rapsidoro BUTATYBAHHS 3 TIOTOHIIEHHAM ~ 3poctae mo BennmumHu 2 MH mpn
BiJI IEPEMIIIICHHS ITyaHCOHA nepemimieHHi myaHcoHa 18,7 M.

Hami 3YCHIIIIS BUTSTYBAaHHS
MOCTYIIOBO 3MEHIITy€eThes 10 Benmnuuuu 1,7 MH nipu nmepemimienni myancona 35,4
MM MIiCJI YOTO 3yCHJUISI BUTATYBAHHSI PI3KO 3MEHIIYETHCS 1 NMPHU MEpEeMIilEHH]

yaHCOHa Ha 78,7 MM csira€e HyJIbOBUX 3Ha4€Hb (KiHEI[b POLECY BUTATYBAHHS).
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103

60

Pucynok 5.21. Po3nozin HopMaibHUX

HaIpy>KeHb
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Busineno po3noiiyi HOpMaabHUX

Hanpy’)XeHb On Ha KOHTaKTYIOUHX
MOBEPXHIX 3arOTOBKM Ta 1HCTPYMEHTA
(puc. 5.21). MakcumalibH1 3HA4YECHHS Op
Ha TOBEpXHI MyaHCOoHa ckiaxae 790
MIla Ha pagiycHOMY Tniepexoi [Ha
HamiBdabpukaTty B 30BHIIIHIN
CHelialIbHUN  BUCTYN, Ha MOBEPXHI
MaTpuili B 30HI BEPXHBOI KOHYCHOI

yactuau o= 1160 MI]a.

5.3.3 TemnepaTypHuil pO3MO/ILJI OTPUMAHOTO HaniB(padpukary

187}~

= T, °C
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Pucynok 5.22. Po3nonin temneparypu

HariBpadpuKaTy

112

Ha puc. 5.22 HaBemeHo
pPO3MOILIT TeMIlepaTypu
HariBpaOpuKaTy HaIPUKIHII

MpoIleCy TrapsYoro BUTATYBAaHHA 3
MTOTOHIIICHHSIM. Posrasgatoun
puc. 5.22 MoxHa TO0AYUTH, IO
JIOHHA YacTWHa HamiBdaOpukaTy mae
temnepatypy 7=590+605°C. B 30Hi1
CTIHKH JEI10

7=580+540°C

TeMIIepaTypa
3HUKY€EThCS
(OCKIITbKH

Marepiayi  OJHOYACHO

KOHTaKTy€ 3 IIyaHCOHOM 1

MaTpHIEIO). Haiimenma 3a

BEJIMYMHOI TEMIIepaTypa MpuUIafa€e Ha HE3HAuHy 30HY paJllyCiB IyaHCOHa

T=510°C. Tobto mpouec aehopMyBaHHS CTIHKM MpPU Taps4YOMY BUTATYBAHHI 3

noronmennsm  (540+580°C)/1500°C=0.36+0.38 -

HEIIOBHOI XO0JI0IHOI JedopMmarrii.

BIIOYBAa€ETbCS B YMOBax
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5.3.4 JlebopmoBanmii craH HamiBdaOpuKaTy Micis oleparlii rapsdoro

BUTATYBAHHA 3 IIOTOHIONCHHAM

187

86—

a4 ;N jm

Pucynok 5.23. Po3mojina ochoBUX

nedopmariiii HaiBpaOpukary

Ha puc. 5.23 HaBeneHo
PO3IOIIT OChOBUX jAedopMaliid &,.
3aramom y HaniB(habpukari
MepeBaXkaroTh M0AaTHI nedopmartii —
po3TAryrodi. B 30HI IEHTpaIbHOIO
Buctyny &,= 0.13+0.41 — po3raryroui
nedopmarrii. B miockiit yacTuHi JTHA
HariBpaOpukaTy IPALOIOTh
CTUCKar0ul nedopmariii
g,=- 0.21+-0.8. Y micmi ne marepiai
(30Ha

HalOUIbII  31epopMOBaHUI

dbopMyBaHHS ~ CTIHKH)  BHSIBJICHO

HaWOUIBII 3HAYEHHS PO3TIATYIOUUX

nedopmartiit £,= 1.1+1.3 — cepeaHs 4aCTUHA CTIHKH, a OJIMKUE 1O BEPXHBOTO

187}
p

1.4
1.1
0.72
0.39
0,05
-0.29
-0.63
-0.96

86—

- -0.24

44—

Pucynoxk 5.24. Po3nojin pagiaibHuX

nedopmariiii y HamiBpadpuKaTi

TOPIIIO CTIHKH 3HAYCHHS
po3taryrouux jaedopmaiii - Aenio
MEHIIII e,=0.13+0.71. 3oHa

HUKHBOTO TOpI0 Mae &,=0.14 —
po3Taryroui aedopmariii.
Pozmopin pamiaIbHIX

nedopmaiiiii €,  HaBeICHO  Ha
puc. 5.24. B 30H1 cepeHbO1 YaCTUHU
cTiHKH €,= -13 — MakcumabHi
CTHCKal04l, B 30HI BEPXHBOTO TOPI[IO
CTiHKH €,= -0.19+-0.74 — cTuckaroui
nedopmailii, 30Ha HMHKHBOTO TOPITIO

Mae &,= -0.13+-0.42 — cruckaroui
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nedopmarii. B 30Hi miockoi vactuhnu jgHa &,= 0.32+-0.79 — posraryroui
nedopwmartii. B 30H1 paaiycHOT0 iepexoay TIOCKOi JOHHOT YaCTUHU B IICHTPATbHUN
187 BUCTYNl £,= 1.4 — MakcuMasbHi 3a
BEJIMUMHOIO PO3TATYIOU1 AedopMarlii.
30Ha EHTPAILHOTO BUCTYILy MA€ £,=

86 -0.24 — cruckaroui pedopmarrii.
Ha puc. 5.25 BigmoOpakeHO

PO3MOALT OKPYXHUX AedopMalliil &g.

44 YactuHa CcTIHKY HamiBpaOpukaTy, 1o
KOHTaKTyBaJla 3 MaTPHUIICIO Ma€ Eg= -

0.05 — cruckaroul aedopmartii.

L L CepenuHa TOBIIMHY CTiHKH £g= 0.017
0 56 112

) — HE3HAYHI 3a BEJIMYMHOIO
Pucynok 5.25. Po3nozin okpyxHIX

. . . po3Tsaryroui &y. CepenHs yacTuHA
nedopmaiiiil y HamiBpaOpHUKaTi . .
CTIHKM Ha KOHTAaKTi 3 ITyaHCOHOM, a
TaK0oXX 30HAa HWXKHbOro BHCTymy Mae &g= 0.07. Ilnocka noHHa dYacTuHA
HariBpabpuKaTy Mae€ pi3Hi 32 3HAKOM &g . Bi CTIHKM 10 cepeIlMHY MIIOCKOT YaCTUHU
nHa €g= 0.06+0.22 — po3Tsryroui, a BiJl CEpEIMHU TUIOCKOT YaCTUHM JHA JI0 BiCl
cumetpii 9= -0.015+-0.29 — cruckaroui. He3nauna 30Ha BEPXHBOTO TOPIIO
HEHTPAJIHHOTO BUCTYITY Ma€ MojaaTHi 3HadeHHs £g= 0.04 — po3Taryroui.
3a po3MoAlIOM I1HTEHCHUBHOCTI jaedopMaliiii & MOXKHA MPOaHANTI3yBaTH
XapakTep  NpOMpalfoBaHHsS  Marepiany  HamiBdaOpukKaTy  IUIACTHYHOIO
nedopmaitiero. Ha puc. 5.26 nmokazaHo Takui po3nojil. 30Ha BEPXHBOIO TOPITO
crinku &= 0.51+1.1. 3ona ne marepian HamiBdaOpukary Oyno 3mepopMoOBaHO
HalOUTbIlIe (30Ha TOTOHIIEHHS CTIHKM) OTPUMAaHO HaWOLIBII 3a BEIMYHHOIO
3HaueHHA &;= 1.4+2.4. OcHOBHUI 00’ €M HMXKHBOTO BUCTyTy &;= 0.35+0.7.
[TepeBakHa 30Ha TJIOCKA JIOHHOT YaCTUHU Ma€ 3HadeHHs &;= 0.46+1.3 1 jum

He3HayHa 30Ha &= 2.1 — panmiycHuil mnepexia TIUIOCKOT JOHHOI YacTUHU Y

LEHTPAJIbHAN BUCTYII.
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Pucynok 5.26. Po3nozin iHTEHCUBHOCTI

nedopmartiil y HamiBpadbpukarti

187}—

Cp
0.9
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Pucynok 5.27. KoedirieHT KpuTepiro

pyrinyBanns Normalized C&L

180

OcHoBHUM 00’em
HEHTPAIBHOTO BUCTYNy Mae &=
0.48+0.7. He3nauna 30Ha
IIEHTPAJILHOTO BUCTYIy Y  MicCIll
KOHTaKTYy 3 ImyaHcoHoM &;= 0.28.

3 mpoaHalli30BaHUX JKEpel B
MepIioMy  po3auii  BIJIOMO,  IIO
HeOe3MeuHl AUITHKA MPU ONepariax
BUTSATYBaHHSA 3 MOTOHIIIEHHSIM CTIHKH
MOPOKHUCTUX BHPOOIB 3HAXOIATHCS
B 30H1 ITOTOHIIIEHHS CTIHKH, OCOOJIMBO
B 30H1 PajllyCHOTO MEPEXOay TOHHOI
YaCTMHU B CTIHKY (B1AOyBaeTbCs
YTBOPEHHSI TPIIIUH y BKa3aHiN 30HI,
3 TOJANbIIMM BIAPUBOM JOHHOI
yacTUHM B cTiHkH). Ha puc. 5.27
MOKa3aHO PO3MOIIT  KOE(IIIEHTY
Kputepio pyiHyBaHHs C, 10 00’ emy
HamiBpaOpukaty. JuBiasuuch Ha
puc. 5.27 MokHa mnOOAYUTH, IO
MakcumanbHe 3HadeHHa C,=0.8 B
30HI PaJilyCHOTO TMEpexoay ITHa B
CTIHKY (HE3HauyHa 30Ha, aje IMpu
MPOBE/ICHHI HaTypHOTO

EKCIIEPUMEHTY TOTPiOHO 3BEpPHYTU

yBary 4YM Ma€ MICLE YTBOPEHHS

TpimuH). [lepeBakHa yacTuHa 00’€My Martepially CTIHKM HamiBpaOpukaTy mae

C,=0.3+0.4.
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OtpuMany QgopMmy Ta OCHOBHI
rabapuTHi po3Mipu HamiBpaOpUKaTy

BHACITIJTOK omeparrii rapsraoro

BUTAT'YBAHHA 3 ITOTOHIICHHAM

"z 300pakeHo Ha puc. 5.28.
#1668 P P

Pucynok 5.28. ®opma Ta OCHOBHI

rabapuTHI po3Mipu HamiBhaOpuKaTy

5.3.5 IlpoekTyBaHHS INTAaMIIOBOTO OCHAIIEHHS i1 Omeparlii rapsaioro

BUTATYBAHHS 3 MOTOHIIICHHSIM HamiB(aOpukary

[licns oTpuMaHuxX pe3ynbTaTiB po3paxyHkKiB 3a aonomororo MCE 0Oyno
CIIPOEKTOBAHO IITAMIIOBE OCHAIIECHHS JJIsi ONepallii Tapsyoro BUTATYBaHHS 3
NOTOHIIEHHsIM HamiB(aOpukary. KpecieHHs 3aranbHOro BUIVISIAY IITaMIa 1
cnenudikaiis g0 kpeciaeHHs BigoOpaxeHo B Jlomatky B wa puc. B.1 1 B.2
BIJITTOBITHO.

tamn amst raps90ro BUTATYBAHHS 3 TOTOHIICHHSM CKIIAA€ThCS 3 BEPXHBOT
Ta HWKHBOT YacTuH. [lyaHcoH 3 TPHUKPIIUTIOETBCS 1O BEPXHBOI IUIUTH 2 3a
JIOTIOMOT010 IyaHCOHOoTpuMaya 5. LleHTpyBaHHS IMyaHCOHOTpUMAada 5 BIAHOCHO
BEPXHbOI TUIMTH 2 3IIACHIOEThCS 3a gomomoror mtudrtiB 13, a dikcaris 3a
nonomoror 6ontiB 14. HwkHS dacThHA IITamia CKIIAJAe€Thes 3 MaTpulll 4, sika
HEHTPYETHCS CIEIiaTbHUM BUCTYTIOM BiTHOCHO CIICIiadbHOI BIAAMHHA OTMPABKH 6.
B cBoro uepry ompaBka 6 IEHTPYETHCS CBOI 30BHINIHIM J1aMETPOM BiJHOCHO
BIJIMOBITHOTO OTBOPY B HIDKHIM tumTi 1. Matpuis 4 1 onpaBka 6 ¢iKCyeTbCs 110
HIDKHBOT TUTUTH 1 32 10MOMOT 0RO KiJiblisl 7 Ta TBUHTIB 15. B ompagiii 6 po3raiioBaHo
IIICTh 3HIMAYIB &, AKi MANpYyXuHEeH] mpykuHaMu 9. OOMeKeHHs X0y 3HIMaviB §
3IIACHIOETHCS 3a JonoMoror mtudTie 12. JIas TOYHOro HampaBieHHS BEPXHbOI
YACTUHU MITaMITa BITHOCHO HMKHBOI BUKOPHUCTOBYIOTHCS HAIIPaBIISIIOUi BTYJIKHU 10,
SIK1 BCTAHOBJICHO y BEPXHIN TJIUTI 2 1 HANPABJISIFOY1 KOJIOHKH 11, iK1 BCTAHOBJICHO B

HIWKHIN Tl 1. 'BunTH 16 nependadeHo AJis 3py4HOro MepeHeCceHH s IITaMIIa.
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Omnwuc pobotn mramma. Posirpita 3aroToBKa BCTaHOBJIIOETHCS HA KOHYCHY
MOBEPXHIO MaTpHIll 4 3 LEHTPYBaHHAM MO IWIIHAPUYHIN yacTuHi Kuibls 7. [lpu
OITyCKaHHI BEpXHbOT IUTUTH 2 MyaHCOH 3 nedopMye po3irpiTy 3aroTOBKY BHACIIIOK
4Oro yTBOPIOETHCS HamiBhadbpukat. [licis Toro, sik myaHCOH 3 OIyCTHBCH HA 33/1aHy
BUCOTY Ta c(popMyBaB reoMmeTpito HamiBhaOpukaTy BigOyBaeThCS 3BOPOTHIN Xif
BEPXHBOI TUIMTU 2 Pa3oM 3 MyaHCOHOM 3 HamiB(paOpHKaT IpU LbOMY 3HIMAETHCS
HiANPYXKUHEHUMHU 3HIMauamMu 8. BuiyueHHss 3 po0Oo4yoi 30HUM OTPUMAHOTO
HaniB(aOpukaTy 371ICHIOETHCS Yepe3 crelliaibae pobode BikHO o0oiimMu 6. Ha puc.
5.29 BigoOpaxkeHo (OTO mTamna AJisi rapsiaoro BUTSITYBaHHS 3 HOTOHIIECHHSM, SIKUI

BCTaHOBJICHO Ha HpCCi.

Puc. 5.29. ®oTo mrramna jyis rapsyoro BUTATYBaHHS 3 TOTOHILIEHHSM CTIHKU

BCTaHOBJIEHOTO Ha rpeci [TA198
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Ha puc. 5.30 BigoOpaxxeHo ¢oro dopmu oTpumaHoro HamiBpaOpukatry B

PO3pi3i Miciis MPOBEACHHS HATYPHOTO €KCIIEPUMEHTY.

:'

H

’

;

- 4
#

1

&

4

Puc. 5.30. ®oto ¢popmu oTpumanoro HamiBhaOpHUKaTy B po3pi3i micis

MMPOBCACHHS HATYPHOI'O CKCIICPUMCHTY

[TopiBHIOIOUM JaHi, AKI mpuBeneHo Ha puc. 5.28 1 puc. 5.30 moxxHa
CIIOCTEpIraTu, o OTpUMaHa TeoMeTpis HamiBpaOpuKaTy Micisl omepallii rapsiaoro
BUTATYBaHHSA 3 IOTOHIIEHHSAM BHaAcH110K po3paxyHkiB MCE (puc. 5.28) 1 orpumana
TEOMETpisi BHACIIIOK HATypHOTO ekcrepuMeHty (puc. 5.30) mocuth 100pe
301raroThCsl.

5.4 Omnepariist XOJ0HOTO BUTATYBAHHS 3 MOTOHIIEHHSM HamiBpadpuKarty

5.4.1 CxeMa nponecy XOJOAHOTO BUTSTYBAHHS 3 MOTOHIIEHHSIM

Jlns mpoBeAeHHs po3paxyHKy 3 BukopuctanHsM MCE Oyio BUKOPHUCTAHO
CXEMY XOJIOAHOTO BUTSTYBaHHS 3 MOTOHILEHHSM, SIKy BiJ0Opa)keHo Ha puc. 5.31.
JIiBopyd Bij Bicl CUMETPIi BiAOOPaXEHO MONOKEHHS 1e(POPMYIOUOro 1HCTPYMEHTY
Ta 3arOTOBKHM Ha TMOYATKy MPOLECY XOJIOAHOTO BUTATYBaHHS 3 MOTOHIICHHSM a
OpaBopy4Y - B KiHII. 3aroToBKa | BCTAHOBIIOETHCS Ha KOHYCHY YacTUHY 1
HEHTPYEThCA MO LWIIHAPWYHIN yacTuHi Matpumi 2. [Ipouec aedopmyBaHHS 13

3yCWIUIAM P BUKOHY€ETBHCSI TIPU OIyCKaHHI ITyaHCOHA 3 Ha 3aJiaHy BiJICTaHb 31
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Puc. 5.31. Cxema npornecy X0a0aHOTO
BUTATYBAHHS 3 MOTOHIICHHIM
HamiBabpukary: 1 —3arotoBka; 2 —
MaTpuLs; 3 — IMyaHCoH; 4 —

HariBgpabpukaT
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MBUAKICTIO V, BHACIIIOK YOTO

YTBOPIOEThCS HariBhadpukar 4.
HACTYIIHI

byno 3a/1aHO

napameTpu TUTSI

MCE:

IPOBE/ICHHS
MOJICITIOBAHHS MOYaTKOBa
temneparypa 3arotoBku 1 = 20°C,
HIBUJKICTh TEPEMIIIEHHS IMyaHCOHA
V= 16 mm/c, daktop TepTs MixK
MOBEPXHIMH POOOYOr0 1HCTPYMEHTY
Ta 3arOTOBKH BPaxOBaHO 10 310eit0 |
= 0,12, koedILI€HT TETUIOOOMIHY MIXK
3aroTOBKOI0O  Ta  JehOpMyHOYUM

5 N/sec/mm/C,

IHCTPYMEHTOM = —

riMOuHa NMPOHUKHEHHs CiTku — 0,25 MM. 3agaHo TJIACTHYHY MOJIENbh Marepiaiy.

Temnepatypa maTpuiii 1 myancona — 20°C.

5.4.2 3ycumns aedopMyBaHHS Ta TUTOMI 3YCHIIIS IPOIECY XOJOIHOTO

BUTATYBAHHS 3 MOTOHIICHHSIM HamiBpabpukary

1800 9/3
s 1500
2 ¢ %
= = 1200
= I
5 E 900 I
v
E % 600
= 2300
0 o=
P00 O

0 20 40 60 80 100
[TepeminieHHs myaHcoHa, MM

Pucynok 5.32. 3anexHicTh 3ycHIUIs
XOJIOJTHOT'O BUTSTYBaHHS 3
MTOTOHIIICHHSM BiJ] TIEpEMIiIIIEHHS

IyaHCOHa

3aJIeKHICTh 3yCUIUIA

XO0JIOJJHOTO BUTSTYBaHHS 3
MOTOHIIEHHSM HamiBpaOpHuKaTy Bij
nepeMilIeHHs TyaHCOHA MOKa3aHo Ha
puc. 5.32. Posrmsnmaroud naHi, 110
HaBEICHO Ha puc. 5.32 MoOXkHa
no0aynTH, M0 Ha MOYaTKy IMPOLEecy
BUTSATYBAaHHS 3yCHILIS
nehopMyBaHHS PI3KO 3pOCTAaE [0
BenuunHU 1800 kH npu nepeminienHi
nyaHcoHa 19 wmm. [lam 3ycuis

BUTAT'YBAHHA SMCHIITYETBCA a0
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Benuunau 1500 kH npu nmepemimienHi myancona 30-70 MM MiCJisl 4OTO 3YCHILIS

BUTATYBaHHS PI3KO 3MEHIIYETHCA 1 MPHU MepeMillleHHl myaHncoHa Ha 100 MM csarae

HYJIbOBUX 3HaY€Hb (KIHEIlb MPOIIECY BUTITYBAHHS).

Pucynox 5.33. Po3noaut HopManbHUX

HaIpy>KeHb

BusineHno po3noiiyi HOpMaabHUX
HampyXeHb G©pn HAa KOHTAKTYIOUMX
MOBEPXHAX 37e(OPMOBAHOI 3arOTOBKHU

Ta 1HCTpyMEHTa 5.33).

(puc.

MakcuMaibHl 3HAQY€HHS Op B 30HI
KOHTAaKTYy paJiiyCHOI IOBEPXHI ITyaHCOHA
13 37e()OPMOBAHOIO 3aroTOBKOIO Ta
cknagae op—628+942 Mlla, a B 30HI
KOHTAaKTy 3J1¢(OpMOBaHOI 3ar0TOBKH 13

KOHYCHOIO TOBEPXHEI MaTpuIll  Ha

paaiycHoMy nepexoii gHa 6,=1460+2800 MIla.

5.4.3 JledbopmoBanuii cran HamiBhaOpHUKaTy Micis omneparlii XOJO0JIHOTO

BUTATYBAHHA 3 IOTOHIICHHAM

46—

Pucynox 5.34. Po3nonis ochoBHX

nedopmariiiit HaniBpadpukary

nedopmariiii €, HaBEJICHO HA PHC. 5.35.

Ha puc. 5.34 HaBeaeHO po3moIi
ochoBUX aAedopmaniid ¢€,. Ilpu wmii

omeparlii  CIOCTepIraloThCcsl  JOAATHI
nedopwmariii — po3raryroui. Haitbinbmri
3HaueHHd &£,=1.5+2.0 B cepenHii
JacTHHI CTIHKY HamiB(abpukary. Jlemnio
MEHIlIe 3HadeHHa &,= 1.2 — B 30HI
BEPXHBOTO TOPIIIO Ta JOHHOI YaCTHHHU
BUCTYyIy OMi>K4e 7O  30BHINIHBO1
MOBEPXHI BUPOOY, IO KOHTAKTyBajia 3
KaJIIOpPYIOYHUM MOSICKOM MaTPHIII.

Posnonin pagiaTbHUX
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-88—

-172—!
0
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112
Pucynox 5.35. Po3noain pamiaibHUX

nedopmariil y HamiBpadbpukarti

-46— €0
. 0.22
- 0,160
. 0.093
! 0.030
88 00asl  [-00s
I 0.097  1-0.03
i -0.16
i -0.22I .07
0.22 -0.29
0.13

Pucynox 5.36. Po3noaist okpy>KHUX

nedopmariiil y HamiBpadpuKaTi

— CTHCKaroui jedopmariii.
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B 30HI cepeaHbOi 4YacTUHU

CTIHKH )= -1.4+-1.8 — MmakcumasbHi1

CTUCKAIOUl 30HA

nedopmarii,
HIKHBOTO TOPIO Mae ,= -0.3+-0.9 —

cTtuckaroui  nedopmarii. B 30HI

IUIOCKOI YaCTUHU JHA &= 0.2+1.0 —

pPO3TATYIOUI 3oHa

nedopmariii..
LIEHTPAILHOTO BUCTYIly Ma€ £,= -0.3
— CTUCKaroul aedopmariii.

Ha puc. 5.36 BimoOpaxkeHO
PO3MOILT OKPYXHUX Aehopmaltiil &g.
[ToBepxHs CTiHKM HamiBpaOpuUKaTy,
0 KOHTaKTyBaJla 3 MaTPUIICI0 Mae
gg= -0.05 — cruckaroui medopmarii.
Cepenuna TOBIIMHY CTIHKH 9= -0.03
— HE3HAuHI 32 BEJIMYUHOIO0 CTUCKAIOUl
nedopmaiii €g. CepenHst yacTuHA
CTIHKM Ha KOHTAaKTi 3 IIyaHCOHOM, a
TaKOX 30HA HIKHBOTO BUCTYMY Mae
gg= 0.07 — postaryroui aedopmairii.
ITimocka JIOHHA YacTUHA
HariBpabpUKaTy Mae pi3Hi 3a 3HAKOM
&g. Bin CTIHKM 10 cepenrHU TUIOCKOi

yacTuHU JHa &p= 0.13+0.21 -

PO3TATYIOYi, a Bl CEpeMHM MII0OCKOT YaCTHUHU JIHA JI0 Bici cuMeTpii £g= -0.03+-0.29



Pucynok 5.37. Po3mnoiia iHTeHCUBHOCTI

nedopmariil y HamiBpadbpukarti

I
112
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3a JIOTIOMOT' OO aHajizy

PO3IOILTY IHTEHCUBHOCTI
nedopmMariii €; MOKHA CITPOTHO3YBaTH
XapakTep MPOIpaIfoBaHHsI MaTepiary
BUPOOY TUIACTUYHOIO JedOopMalli€ro.
Haii6inmpmm  3HaueHHs &= 2.3+2.8
(puc. 5.37) B cepenHid dYacTHHI
CTIHKM BHUpPOOY, BEpXHS YacTHUHA
CTIHKM Ma€ JeII0 MEHII 3HayeHHs
&= 1.0+1.9, 30Ha HLKHBOTO BUCTYITY

£=0.79+1.4. Ilinocka yacTrHa AHA Ta

30Ha OCHTPAJIBHOIO BHUCTYILY B

OCHOBHOMY MatoTh &;= 0.5+0.77, okpiM pafilyCHOTO NepexXoAy MIOCKOT YaCTUHU JTHA

y 30HY BHCTyIY &;= 1.9.

-46j O(ép
- 0.7M
s 0.6 r
- 0.5
-88 0.4
o 0.3 K
i g,;{ 31 [20.76
i 0.0 £ 0.43

Pucynox  5.38.

kputepito pyinyBanas Normalized C&L

HaniBdabpukaty mae Cp,=0.35+0.43.

Koediment

Ha puc. 5.38 BigoOpaxkeHo
po3noAuT  KOeQILIEHTY  KPUTEPIiro
pyirnyBanns Normalized C&L, C, o
00’emy HaniBpaOpuKary.
PosrmsanyBmm puc. 5.38 BUAHO, 11O
MakcumanbHe 3HaueHHd C,=0.8 B
30H1 PajlyCHOro IMepexoay JHa B
CTIHKY (HE3HayHa 30HAa, OJIHAK MpH

BUKOHAHHI  HATypHOTO

JTOCTIAY
NOTpIOHO  3BEpPHYTHM  yBary 4u
yTBOPIOIOThCS TpiuHu). [lepeBarkna

yacTMHa 00’eMy Marepiany CTIHKH
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- pl625 - ®opMy Ta OCHOBHI ra0apuTHI

< po3Mipu OTPUMaHOTO

| | HamiBpabpukary 3a  JIOIOMOIOIO
MCE BHacmiiok onepariii X0JI0IHOTO

BUTAT'YBAaHHA 3 INOTOHIICHHAM

MOKa3aHo Ha puc. 5.39.

Pucynok 5.39. ®opma Ta OCHOBHI

rabapuTH1 po3mipu HammiBhaOpuKaty

5.4.4 TlpoexkTyBaHHS IITaMIIOBOTO OCHAIIECHHS ISl OIepallii XOJOJHOTO

BUTSATYBaHHS 3 OTOHILICHHSAM HamiBdaOpukaTy

[licns mpoBeneHHs Ta aHamidzy po3paxyHkiB 3a gonomororo MCE 0Oymo
CIPOEKTOBAHO HITAMIIOBE OCHAILIEHHS JUIsl Omepalii XOJOJHOTO BUTATYBAHHS 3
NOTOHIIEHHsIM HamiB(aOpukary. KpecieHHs 3aranbHOro BUIVISIAY IITaMIa 1
cnerudikaiis 10 KpecieHHs BigoOpaxkeHo B Jomarky ' ma puc. I'.1 1 I'.2
BIJIIIOBIIHO.

[Itamn 1si XOJOAHOTO BUTSTYBaHHS 3 MOTOHIICHHSM CKJIAJA€ThCA 3
BEPXHBOI Ta HUKHBOI YacTUH. [lyaHCOH 9 MpUKPITUIIOETHCS A0 BEPXHBOI IJTUTH § 32
nonoMororo myancoHorpumava 10. LlenTpyBanHs nmyaHcoHoTpumada 10 BIZHOCHO
BEPXHbOI TUTMTH 8 3IIHCHIOEThCS 3a gomomororo mtudrtie 17, a dikcaris 3a
nJoromororo 0ontiB 16. HimkHS yacTuHA IITamMIIa CKIIAAAEThCSA 31 BCTAaBKH O, sKa
LHEHTPYEThCS MO CIEliadbHOMY OTBOPY B HIKHIM muti 7. Ha BcraBky 6
BCTAHOBITIOETHCSA TIPOMIXKHA orpaBka 3. Ha mpoMixkHy orpaBKy 3 BCTaHOBIIIOETHCS
Matpuls 1, sika LEHTPYETbCS CIElialbHUM BHUCTYIIOM BIJIHOCHO MPOMIKHOI
onpasku 3. Ha maTpuilto 1 BCTaHOBIIIOETHCA OINpaBKa 2, IEHTPYBAHHS ONPAaBKU 2
BIZIHOCHO Matpulll | 31HCHIOETBCS 3a JIONIOMOIOK CHEIIaIbHUX BUCTYIIB. B
OIPaBKY 2 BCTAHOBJICHO KIJIbLIE HEHTPYIOUe 19 1 LeHTpyBaHHS 3arOTOBKHU MEpe
BUTATYBaHHSAM. BcTaBka 6 (DiKCyeThCs 10 HIJKHBOI TUTUTH 32 JJOTIOMOTOI0 TBUHTIB
15, a onpaBka 2, marpuiis 1 Ta mpoMixkHa ornpaBka 3 (iKCyeTbCs 10 BCTABKU 6 3a

nornomMoroto TBUHTIB 14. Jlyng 3HATTS oTpuMaHOro HamiBpaOpukary 3 IyaHCOHa
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nepeadayeHo 1IicTh 3HIMaYiB 4, sKi MIANPYKUHEHI TpykuHamu 5. I TOuHOTO
HaIpaBJIeHHS BEPXHbOI YACTUHU IITAMIIA BIJIHOCHO HUYKHBOT BUKOPHCTOBYIOTHCS
HaANpaBIsitoul BTYJIKMA 13, AKi BCTAaHOBJCHO Yy BEpXHIA MIWTI 8 1 HampaBisodi
KOJIOHKHM 12, sIKi BCTAaHOBJIEHO B HWXHIA miuTi 7. I'BuHTH 11 mepenbaveHo muis
3pYYHOTO MEPEHECEHHSI IITaMIIa.

Onuc pobotu mitamma. 3aroToBKa, IO Ma€ KIMHATHY TeMIEpaTypy
BCTAHOBIIIOEThCA B Kuiblie HeHTpytoue 19. Ilpu omyckaHHI BepXHBOI MIUTH 8
nyaHcoH 9 nedopMmye 3aroTOBKY BHACIIOK YOTO YTBOPIOETHCS HamiBhaOpHKaT.
ITicnst Toro, ik MyaHCOH 9 OMyCTUBCH Ha 3a/laHy BUCOTY Ta C()OPMYBaB Ir€OMETPIIO
HariBpabpukaTy BiIOYBA€ThCS 3BOPOTHIM X1J BEPXHbOI IUIMTH 8§ pa3oMm 3
nyaHcoHOM 9 HamiBdaOpuKaT Mpu [bOMY 3HIMA€TbCAd MiANPYKUHEHUMHU
3"HiMayamu 4. BuwiydenHss 3 poOouoi 30HM OTpuMaHoOro HamiB(aOpukary
3MIACHIOETBCS 4Yepe3 cleliajibie pobode BIKHO BcTaBku 6. Ha puc. 5.40
B1J100paXkeHO (HOTO IITaMIIa JJIsi XOJIOAHOIO BUTATYBAHHS 3 MOTOHUIEHHSM, SKUI

BCTAaHOBJICHO Ha HpCCi.

Puc. 5.40. ®oTo mramna st XOJI0JHOTO BUTATYBAHHS 3 TOTOHIIIEHHSM CTIHKH

BCTaHOBJIEHOTO Ha rpeci [TA198
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Ha puc. 5.41 BigoOpaxeHno ¢oro dopmu oTpumaHoro HamiBpaOpukaty B

PO3pi3i Miciis MPOBEACHHS HATYPHOTO €KCIIEPUMEHTY.

Puc. 5.41. ®oto ¢popmu oTpumanoro HamiBhadpHUKaTy B po3pi3i micis

IIPOBEJICHHSI HATYPHOI'O €KCIIEPUMEHTY

[TopiBHIOOUM fdaHi, 10 TOKa3aHO Ha puc. 5.39 1 puc. 5.41 moxHa
criocTepiratu, mo oTpumana Gopma HamiBpaOpuUKaTy MICIsS omnepariii X0JIOJHOTO
BUTSTYBaHHS 3 TOTOHIIIEHHSM BHaAcI110K po3paxyHkiB MCE (puc. 5.39) i orpumana

dbopma BHACIIIOK HATYPHOTO eKCTIepuMEeHTy (puc. 5.41) nocuts 100pe 301raroThCS.
5.5 Omnepariis Tapssuoro ocaKyBaHHs ¢yiaHis HamiBpadbpukarty

5.5.1 Cxema nporiecy rapsiaoro ocapKyBaHHs (JiaHIs

Jlnis mpoBeneHHsT po3paxyHKy 3 BukopucTanHsiM MCE 0yno BUKOpUCTaHO
CXEMy rapsiyoro ocajpKyBaHHs (pyiaHIls, Ky 300paxeHo Ha puc. 5.42. JliBopy4 Bix
BiCl CHUMETpli 300pak€HO TMOJIOKEHHSI POoOOYOro IHCTPYMEHTY Ta 3aroTOBKH Ha
MOYATKY MPOIIECY rapsiuoro ocapkyBaHHs (UIaHIs a IPaBoOpyY - B KiHLI. 3aroTOBKa
1 BCcTaHOBIIOETHCS Ha ompaBkKy 2. Martpuis 3 ciayrye s oOMEXeHHs Tedil

MaTepiaiy BUupoOy /i opmyBaHHs BUcTymy. [Ipouiec neopmyBanHs 13 3yCHILIAM
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P BUKOHYETBCS MpU OMyCKaHHI TUIMTH 4 Ha 3ajaHy BIJACTaHb 31 IIBUIKICTIO V,

BHACJIIIOK YOT'0 YTBOPIOEThCS HamiBdadbpukar 5.

Puc. 5.42. Cxema nipoliecy rapsaioro

ocaJKyBaHHs (iaHIs HarmiBhaOpUKaTy:

1 —3aroTtoBka; 2 — onpaBka; 3 —

Matpuils; 4 — mmra; 5 — HamiBdadpukar

byno 3a/1aHO HACTYIIHI
napaMeTpu JUIS MIPOBEICHHS
moaemoBanHs MOCE: mouarkoBa
TeMriepatypa 3arotoBku I = 20°C,
IIBUJIKICTh TIEPEMIIIIEHHS ITyaHcoHa V
= 16 wmm/c, dakTtop TEpTA MIiX
MOBEPXHSAMH POOOYOT0 1IHCTPYMEHTY
Ta 3arOTOBKH BPaxOBaHO 10 310eit0 |
= 0,12, koedILI€HT TETUIOOOMIHY MIXK

3aroTOBKOI0O  Ta  JehOpMyHOYUM

iHcTpyMeHTOM — 5 N/sec/mm/C, rnmubuna nporukHeHHs citku — 0,25 mm. Mogenb

Matepiaiy - miactuyHa. Temneparypa matpuiii 1 myancona — 20°C.

5.5.2 3ycwins aedopMyBaHHS Ta MHUTOMI 3yCHIIIS TPOIIECY Tapsuoro

ocaJKyBaHHs (hiaHUs HamiBpaOpUKaTy

foad

|

Noo,o”

S I 'S R EN L N o

3ycrlIs rapsaoro
ocamxysanus, MH

[= T

Y

0 2 4 6 8
[lepeMiIieHHS IUIUTH, MM

Pucynox 5.43. 3anexHicTb 3y CHILIS

rapsiaoro Oca/KyBaHHS (DJIaHIIA Bij

MIePEMIIICHHS TUTUTH

I(

Ha puc. 5.43 BigmoOpaxkeHo
3aNIEKHICTh  3yCWJUISL ~ rapsyoro
OCaKyBaHHS bnaHus BIJI
NepeMilleHHsT  TUIMTH.  3YCHJUIA
OCaJDKyBaHHS  MPOTSATOM  BCHOTO
MEpPEMIlICHHsT  TUTUTH  TIOCTYIIOBO
3pocTae Ta nocsirae CBOTO
MaKCHUMaJILHOrO 3HadyeHHs 5,5 MH
P TEPEMIIEHH] TINTH Ha 9 MM —

KIHEI[h TIPOIIECY OCaKyBaHHSI.
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Pucynok 5.44. Po3noaut HopMalnbHUX

HaIpyXeHb
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Busineno po3noiiyi HOpMaabHUX

HaIllpy’KCHb Opn HA  KOHTAKTYIOYHX

MOBEPXHAX HaniB(habpukaty Ta
iHcTpyMeHTa (puc. 5.44). MakcuMalbHi
3HAYEHHS Gp B 30HI KOHTAKTy IyaHCOHA
13 HamiBpabpukaTtom ckianae c,=1010
MIIa, B 30H1 KOHTaKTy HamiBpadpUKaTy
13 MaTpuIel0 B 30HI 3a0KPYIJICHHS

on=435 MIla Ta B 30HI

MaTpHIIi
KOHTaKTy IUIMTU 13 HamiBdaOpuKaTom

on=275 Mlla.

5.5.3 JledopmoBanuii cran HamiBhaOpuKaTy TICIAS oOmNepaiii rapsioro

ocaJKyBaHHs (hiaHLs HamiBpaOpUKaTy

0_

-1.0 -0.45

99—

B 7 1] R T R H L
0 56 112

Pucynox 5.45. Po3nosin ocboBUX

nedopmariiiit HaniBpadpukary

Ha puc. 5.45 naBeneHno posnozin
ochoBUX aedopmamiit €,. Y Micmi ae
Marepian HamniBdabpukaTy OyJ10
31e(hOPMOBAaHO  CIIOCTEPEKEHA 3MiHA

BCIMYMHU &, 3 1O0JaTHUX 3HAYCHb CTAJINU

Bl €MHAMH TOOTO CTHUCKAIOul
nepopmamii. Y 30HI  KOHTaKTy
HamiBaOpukaTy 13 3a0KPYTJICHHSIM
MaTpuIill  BiOyBaeThCs  HaMOLIbIIE

CTUCHEHHS £,=-1.4, a B 30HI KOHTaKTy
IUTA 3 HamiBdaOpuKaToM  JIEIIO

MeHIIe CTUCHEeHHs &,=-0.45+-1.0. Ilo

BCbOMY 1IHIIOMY 00’€My OTpUMaHOro HamiB)aOpukary 3HAYHUX 3MIH &, HE

B1I0YJI0Ch, TOOTO 3HAUEHHS €, B JOHIM YacTUHI BUPOOY Ta y CTIHII BIANOBIIAIOTH

3HAYEHHSAM €, 10 OTPUMAHO MICIS onepeHIX GOPMO3ZMIHHUX Onepariiil.
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Pucynox 5.46. Po3nomin pamiaibHAX

nedopmaiiiil y HamiBpaOpHUKaTi

nedopmarrii.
0
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Pucynox 5.47. Po3nonust oKpy>KHUX

nedopmariiii y HarmiBpadbpukari

193

Posnoain pajiagbHUX
nedopmarriii & B 30H1 Ji¢ MaTepiaj
HammiBdabpukaTty I1I7TaBaBCh
nedhopMyBaHHS BiIOOpaKEHO Ha PHC.
5.46.

He3nauna 30Ha

HamiBdaOpukaTy, 110 KOHTaKTY€

paiilyCHUM 3a0KpYTJICHHSIM MaTpHIll

mae g,= 1.7 -~ posraryroui
nedpopmaiii.  OcHOBHUI ~ 00’eM

chopmoanoro Bucrtymy &,= 0.1. V

BKa3aHMX 30HAaX puc. 5.46 3HAYCHHS

= -031--0.67 — cruckaroul

7]

Ha puc. 5.47 BigmoOpaxkeHo
pPO3MOAUT OKPYXHUX AehopMalliil &g
B 30HI J€ BIIOYBAJIOCH IJIACTUYHE
neopmyBaHHsl BUpoOy. Y BKazaHUX
30HaX Ha 5.47

puc. BEJIMYMHA

g9=0.06 Ta g9= 0.14 — posTaryroui
nedopmarii.
Pozmopin IHTEHCUBHOCTI
nedopmatlii Mo BcbOMy 00 ’emy
HamiBpaOpukaTy MOKa3aHO Ha PHLC.
5.48. OcHoBHHMII 00’eM JIOHHOI
yacTUHU HamiB(aOpukary mae &=

0.67. B 30H1 KOHTaKTy BUPOOY 3
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067 1.5 1.0 2.3 miutoro &= 1.0-2.3, a B wmicui

,

paZilyCHOTO 3a0KPYTJICHHS MAaTpHIl

hann S
w
=

= 3.3+3.4. Cepennsi yaCTUHA CTIHKU

@

n

~1
or,
i @

BUpoOy &= 2.1-2.4, a 30Ha

3.8.
i 3.3 *2.1 BEPXHBOTO  TOPIIO CTIHKH &=
2.9
i 2.4 «2.4 1.0+1.9.
99 1.9
B 1.4 2.2 Ha puc. 5.49 300paxeHo
B 0.96 1.9 . :
= 0'48I \—1 0 dopMy Ta  OCHOBHI  pO3MIpH
142 |0 'Olo L orpuManoro HamiBdadbpukary MCE
0 56 112

nicis oneparii rapsqoro

Pucynok 5.48. Po3nopin iHTEHCUBHOCTI
oca/pkyBaHHs  ¢raHup.  Bapto

nedopmaiiiil y HamiBpaOpHUKaTi ,
3a3HAYUTH, 110 3T1THO OTPUMAHOTO

HariBpaOpukaTy puc. 5.49,

&\\§ chopmoBanmii miamerp 181,2 MM Ta
§ BHCOTA BUCTYITy 12 MM € JOCTaTHIMU
§ IS MMOAIBIIIOTO MEXaHIYHOTO
1 JIOOTIPAITIOBAHHS  JIOHHOI YaCTHUHH
[ Bl625 BUpOoOy, TOOTO 00’eM Marepiany

PucyHOK 5.49. ®opMa Ta OCHOBHI 3riiHo po3paxyHkiB MCE € BipHUM.

: : doTO0 OTpUMaAHOTO BHUPOOY
po3Mipu HamiBpadpukary

icIs MIPOBEICHHSI HATypHUX
EKCIIEPUMEHTIB ~ BHACIIZOK  OMepaliidi  raps4yoro  Oca/pKyBaHHS  (JaHI,
MPOTOUYBAaHHS (PJIaHLA Ta CBEPJIIHHS OTBOPY M1 KarCyJib-3alaIbHUK MOKa3aHO Ha
puc. 5.50.

Kinnese ¢dopmoyTBOpeHHsT HamiBhaOpuKaTy peadizoByBajJoCh METOIOM
potariiiHoro BuTsAryBaHHs. Poramiiine ButsryBanHs (PB) peanizoByBanoch Ha
yHIBepcalbHOMY  TOKapHoMy Bepcrati 16K20. B  marpon  Bepcrary
BCTAHOBJTIOBAJIACH ONIPABKA HA SIKY YCTAHOBIIOBAJIACh 3arOTOBKA, TICISI OCTAHHBOTO

nepexony BuUTAryBaHHS (puc. 5.51a). LleHTpyBaHHS 3aroTOBKH peali30BYBalOCh

BHYTPILIHIM BUCTYIIOM, MiJ] KalCyJbHY BTYJIKY, Ha 3aTOTOBIII.
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Ham 3aroToBKa (dikcyeThes
HiAMOpOM, 3a JIOMOMOTOI0 3aIHBOI
0abku  BepcraTy.  BursaryBanHs
peaiizoByBajgoch posiukoM (Jlomatok
). OntumansHy GopMmy Ta po3Mipu

poJiKa Oymo BCTAHOBJICHO

CKCIICPUMCHTAJIbHUM IIJIAXOM.

Pucynok 5.50. ®oto dpopmu

OTPHMAHOTO HariB(habpUKaTy MicIIs Bursrysanus s xinuesoi gpopmu Ta

NPOBE/ICHHS HATYPHOTO EKCTIEPHMEHTY PO3MIpIB CTIHKH PEaji30ByBalIOCh 110

nepexogHo  (mepexidg  BIAMOBIIAE
OJIHOMY IPOXOJIy POJIMKA IO JOBKHHI 3aroTOBKH). Poboul pexxumu PB HaBeneHo B
tabnuui S5.1.

Tabmuns 5.1. Po6oui pexxumu PB

Ne ) Bemnunna
Twun moBepxHi, 110 Ilonauya,

npoxoxay | Yucrora, 00/xB (bopMyeTbes BJIaBJIIOBAHHS, /06
pOoJIHKa pMy MM

1

g 800 Humiaap 0,2 0,1

4

5

6

; 800 Konyc 0,2 0,25

9

10

11

1; 1000 Konyc 0,15 0,05

14

[lepuri 4oTupH MNPOXOAM BUKOHYBaJIM (OPMYBaHHS MO 30BHIIIHBOMY
KOHTYpPY IWIIHAPUYHY MoBepxHI0. Ha niboMy etari PB peanizoByBanoch yCyHeHHs
HEJIOJIKIB, $KI BUHUKIM Ha eTami (OpMOYTBOpPEHHS B INTammax. |aKuMu
HEJOJIKaMU € PI3HOTOHHICTh Ta TIOBEPXHEB1 HEPIBHOCTI MiCIIs TEPMIUYHOI 00pOOKH

(13-3a oxanuuu). Ha HacTynmHomy etarti ¢opMyBail KOHIYHY 30BHIIIHIO TTOBEPXHIO
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CTIHKH 3a 9 MpoXoiB, 3 HUX MepI 5 MPoXOoAiB NMpH BaaBioBaHHI Ha 0,2 MM Ta
nogayi 0,25 MM/00, a 11t ocTaHHIX 4 MPOXOIB OYJIO 3MEHIIICHO BJIABJIFOBAHHS JI0
0,15 MM mpu boMy mojady Takox 3MeHmieHo 10 0,05 mM/06. [Ipu 3MeHmeHH1
TOBIIMHUA CTiHKHM PEKOMEHIYEThCS 3HW)KYBAaTH BEIWYHMHY BIABIIOBAHHS, I100
YHUKHYTH PO3/1adl BHYTPIIIHBOTO PO3MIPY 3arOTOBKH.

Ha puc. 5.516 Bimo6paxeno (oto HamiBpaOpHUKaTIB A0 Ta MICIs Omepartii

POTAIIITHOTO BUTSATYBaHHS.

a 0
Puc. 5.51. ®oto onepaiiii poTaiitHOTO BUTIATYBAHHS: a -MPOLIEC POTAIIHHOTO
BUTSTYBaHHA, 0 — HamiBpaOpUKaT 10 Ta MICs onepanii poTauiiiHOro
BUTSTYBaHHS

Ha ocranniii omnepaiii BHKOHYeTbcs (GopMOyTBOpeHHS pudty. s
dbopmoyTBOpeHHsT pudTy OyJI0 CIOPOEKTOBAHO OCHAIIECHHS (puc. 5.52a): poiuk
dbopmytrounii 1 Ta poIMK NPUTUCKHUM 2, IKUI BCTAHOBIIIOETHCS HA OTIPABIIl B 33]THIO
0abky cranka. [IpuTUCKHHMI pPOJTUK 3aBOAUTHCS 3 BHYTPIIIHBOI CTOPOHH
HamiBpaOpukaTy A0 mno3ulii QopmyBanHs pudty. am 3a Tpu npoxoau
BUKOHYETHCS BIABIIOBaHHA posnka Gopmyrodoro 1. Ha puc. 5.526 BimoOpakeHo
dboTo OTpuMaHOro BUPOOY TICIsS AHTUKOPO3IWHOTro MOKpUTTS. B Tabmmmi 5.2
HaBEJIEHO po00Yl peskUMHU POPMOYTBOPEHHS PUPTY.

Tabmuns 5.2. Po6oui pesxkxumu popMoyTBOpeHHS pUBTY

No . Bemmuuna
Twun noBepxHi, 10 ITomaua,
npoxony | Ywucrora, 06/XB (bopMyeTHeA BJIABJIFOBAHHS , /o6
poJHKa pMY MM
1
2 1000 puDT 0,5 -
3
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a §)

Puc. 5.52. ®oto omneparrii poTaiiifHOrO BUTSITYBAaHHS: a -IPOIIEC POTAIIHHOTO
BUTATYBaHHA, 0 — HOTO rOTOBOrO BUPOOY

[licns oTpumMaHHS HEOOXIHOI TOBUIMHU Ta PO3MIPIB CTIHKM TYT K€ Ha
ompaBili OyJ0 BUKOHAHO MEXaHIYHy OOpOOKYy MO 30BHINIHIM pO3Mipam, 3TiTHO
KpecyeHHs faeTaini. Takum 4nHOM OyJI0 MiATOTOBIECHO 0a3y AJIs MepeyCTaHOBICHHS
HariBpabpuKaTy B MaTPOH1 BEpCTaTy JJI1 MEXaHIuHOT 00poOku HamiBpaOpHkaTy 31
CTOPOHU JIOHHOT YACTUHH T10 30BHINIHBOMY KOHTYPY Ta IiJ KalCyIbHY BTYJIKY.

Taka TexHOJOrisS JO03BOJWJIA 3MEHIIUTH, MIHIMyM JIBa TEPEXOau
BUTATYBaHHAd B IITamMmax Ta OJHOro mnepexoay oOtucky. Kpim Toro
BUKOPUCTOBYIOUM Ha (IHIIIHOMY eTami TexHojoriio PB go3Bomuio ycyHyTu
HEJOJIIKH, sIKI BUHUKJIM HA MONEPeIHIX eTanax (pOpMOyTBOPEHHS.

JlaHy TEXHOJIOTiI0 MOHa BIPOBAKYBaTH Ha Cy4YaCHHUX aBTOMAaTHU30BaHUX
pOTaliiiHO-TaBUJILHUX BepcTaTax, sKi OyAyThb 3HAYHO NPOAYKTUBHIIIE HIX
3acTocoBaHui TyT Bepcrar 16K20.

[Tomanpmioto  omepariiero Oyno HakaryBanHs pudy. Doto mporecy
HakKaTyBaHHS pudy mnokazaHo Ha puc. 5.52a, a (oTO OTpUMaAHOrO BUPOOY
BiJI0OpaXkeHo Ha puc. 5.520.

B nonatky XK na puc. XK.1 BimoOpakeHO pe3yspTaTd 3aMipiB MEXaHIYHHUX

XapaKTEPUCTHUK Ta MEXAHIYHI XapaKTEPUCTUKHU 3T1THO KPECIECHHS JJIsl HOPI1BHSIHHS.



198

5.6 BucHoBKM

1 BuznHaueHO 00’€M TMOYaTKOBOI 3aroTOBKU Ta CXEMYy 3BOPOTHOIO
BUJIaBIIIOBaHHS g po3paxyHKy MCE. BcTaHOBIIEHO MakCHMallbHE 3yCHILISA
rapsiuoro 3BOpoTHOro BuAamitoBaHHs 12,2 MH, a Takoxx MakcHMMallbHI MUTOMI
3yCHILISL, IO cripuitmae nedopmyrounii iHcTpymeHT: MaTpuiist — 430 MITa, myancon
— 1060 MlIla ta BumroBxyBau — 1200 MIla. BusiBneHo po3mnozin temmneparypu B
KiHIIl Tporecy JedopMyBaHHS, HampykeHo-aedopMoBaHUN cTaH Ta (GopMmy 1
po3Mmipu HamiBpaOpukary otpumanoro 3a mpomomoroto MCE. CnpoektoBaHO
LITAMIIOBE OCHAILEHHS JUI INPOBEIACHHSA HATypHOIO eKcrepuMeHTy. OTprMaHO
HariBpabpuKaT HaATypHUM eKcriepuMeHTOM. ['eoMeTpist HamiBhaOpuKaTy BHACIIIOK
po3paxyHkiB MCE 1 reomeTpisi BHaCI1J0K HATYPHOTO €KCIEPUMEHTY JOCUTH J100pe
301raroThCsl.

2 BuzHaueHO cxemy MpoLecy rapsuoro BUTATYBaHHS 3 MOTOHILEHHAM IS
npoBeneHHs po3paxyHkiB MCE Ta HaTypHOro ekcnepuMeHty. MakcumasnbHe
sycunis aeopmyBanns 2 MH nipu nepeminiensi myancona 18,7 Mm. BecranoBieHo
MaKCUMaJlbHI1 MUTOMI 3ycuiuid Ha MaTtpull — 1160 MIla ta na myanconi — 790 Ml1a.
BusiBneHo posmomin  TemrepaTypd B KIHII mporiecy jAedopMyBaHHS —Ta
nedopmoBanuii craH HamiBdaOpukary. IlpoaHani3oBaHO 3HAYEHHS KPUTEPIIO
pyiiHyBaHHs, HaiiOuibe 3HadyeHHs 0,8 B 30HI paJlyCHOrO MEpPEeXojy AOHHOI
YacTMHU B CTIHKY HamiBdaOpukary. Otpumano ¢opMmy Ta po3Mmipu BUPOOY
po3paxyHkoM MCE. CnpoekToBaHO IITAaMIOBE OCHAIIEHHS MJisl TMPOBEIACHHSA
HATYpPHOTO eKcriepuMeHTy. OTpuMaHo BUPIO HaTypHUM ekcriepuMenToM. dopma Ta
po3Mipu BupoOy BHacHiok po3paxyHKiB MCE 1 HaTypHOTO eKCIIEpUMEHTY TOCUTh
noOpe 30iratoteea. Y wicui ae npu po3paxyHkax MCE kpurtepiit pyHHyBaHHA
csaruyB BennuuHH (0,8 MpH MpOBENEHHI HATYpHOTO EKCIEPUMEHTY TPIIIMH He
BUSIBJICHO, IO BKa3ye Ha Te, 10 B MOJANIbINIH poOOTI MOKHA 301JIBIINTH CTYMIHb
nedopmartii.

3 Bu3HaueHO cXeMy MPOLECY XOJIOJHOTO BUTATYBAHHS 3 NOTOHUIEHHAM IS
npoBeneHHs po3paxyHkiB MCE Ta HaTypHOro ekcrnepuMmeHTy. BcTaHoBieHo

MakcuMaibHe 3ycriuist aegopmysanns 1800 kH npu nepeminenHi myancona 19 mm.
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BcranoBneno MakcuMmalibHi nmutomi 3ycwiiss Ha Marpuii — 2800 MIla ta Ha
nyaHcoHi — 942 MIla. BusBieHo nedopmoBanmii craH BupoOy. HaiiOinmbie
3Ha4YeHHs &;= 2.3+2.8 M0 cepeinHI BUCOTH CTIHKHA BUPOOY, IO BKa3ye MpPO JOCUTh
n00pe  TpompalfoBaHHA Marepially BUpoOy IUIACTUYHOIO  Jedopmalli€ro.
[TpoananizoBaHO 3HAYEHHS KPUTEPIiIO pyHHYBaHH:, HalO1b1e 3HaueHHs 0,8 B 30H1
paalyCHOTO Mepexory JOHHOI YaCTHHU B CTIHKY BHPOOY, a Takosk 0,76 Ha 30BHINIHIN
noBepxHi BUpoOy. OTpumanHo ¢opmy Ta po3mipu BupoOy pospaxynkom MCE.
CrpoeKTOBaHO IITAMIIOBE OCHAIIECHHS I TPOBEICHHS HATYPHOT'O EKCIIEPUMEHTY .
OtpumaHo BupiO0 HartypHuM ekcriepumeHToM. @dopma BupoOy BHACTIAOK
po3paxyHkiB MCE 1 HaTypHOro €KCHEpPHUMEHTY JOCHTh J00pe 301raroThCsl.
[IpoanasnizoBaHO 30HM BHUPOOY OTPUMAHOIO HATYPHUM EKCIEPUMEHTOM, 1€ MpHU
po3paxynkax MCE 0yno HaiiOuIble 3HaU€HHSI KPUTEPiI0 PYUHYBaHHS, 1€PEKTIB Y
BUTJISI TPILIUH Ta CKOJIIB HE BUSIBIIEHO.

4 Bwu3HayeHO CXeMy IIPOIECY Tapsuoro OCaKyBaHHS (IIaHIIO JUIs
npoBeneHHs po3paxyHkiB MCE Ta HarypHOro ekcnepumeHty. MakcumasabHe
sycwiss neopmyBanus 5,5 MH npu nepemimensi it 9 mMm. BcetanoneHno
MaKCUMaJIbHI1 MUTOMI 3ycuiuis Ha MaTpuili — 435 Mlla, va onpasiii 1010 MIla ta Ha
uTi — 275 Mlla. Busineno nedopmoBanuii ctan Bupo0Oy. Otpumano popmy Ta
po3mipu BupoOy po3paxynkoM MCE Ta HatrypHuMm ekciepumentoM. opma BUpoOy
BHacHioK po3paxyHkiB MCE 1 HaTypHOro eKCHEpUMEHTY JOCUTh Jo0pe
301rar0ThCs.

5 Busznaueno cxemy mnpouecy PB Tta HakaryBanus pudty. Haznaueno podoui
pexxumu PB Ta nakatyBanHsa pudty. 3actocyBanHs PB Ta nHakartyBaHHS pudry
JI03BOJIMJIO 3MEHIITUTH, MiHIMYM JIBa TIEPEXOIM BUTATYBAHHSA B IITAMIIaX Ta OAHOTO
nepexony oOTHcKy. BHacmijok omucaHoi TEXHOJIOTIi B IIbOMY pPO3JUII BIAIOCH

oTpuMat BUpIO 3 (GOPMOIO Ta po3MipaMu 3T1THO OTPUMAHOTO KPECIECHHS JIeTall.
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PO3/1T 6
TEXHOJIOTISI OTPUMAHHS APTUJIEPIVICHLKOI T'JIB3M IS 125 mm
TAHKOBOT'O IMOCTPLIY I3 3ATOTOBKM KBAJIPATHOTI'O MEPEPI3Y

6.1 ®opma Ta po3mMipu roTOBOTr0 BUpOOYy Ta BU3HAUYCHHS (POPMH Ta PO3MIPIB

BUXI1IHOI 3aTOTOBKHU

B monepeaaromy po3aim Ha puc. 5.1 HaBeneHO GopMy Ta pO3MipHu TOTOBOTO
BUpoOy. Marepian BupoOy crans mapku 11HOA. 3a gomomMororwo ymMoBH PiBHOCTI
00’eéMIB TOTOBOI JCTalll Ta BHXITHOI 3aroTOBKH V e;=V:r MOXKHA BHU3HAYHUTH
HEOOX1IHUI 00’eM mo4YaTKoBOi 3aroToBku. (OO6’eéM TOTOBOro BHPOOY, IO
BioOpaxkeHo Ha puc. 5.1 — V,=464365,19 mm°. Takoxk npu Bu3HAueHHI Vi
HEOOX1JTHO BpaxyBaTu 00’€M MeTaily, SIKHil Oy/Je BTpauyeHO BHACHIIOK OYHUIIICHHS
MPOMIXHUX HamiBPaOpHUKaATIB Bl OKAIMHM MICJIsI raps4yoro aepopMmyBaHHs, 00’ €M
MeTaiy, 110 MiJie B CTPYXKY MPHU TOPIIOBAaHHI Ta OTPUMAHHI OTBOPY IiJl KarlCyJib-
3amajbHUK. 3 BpaXyBaHHAM HaBEJECHUX JaHUX OyJI0 BU3HAYEHO (hOpMy Ta po3MipU
BUXIJTHOI 3aroTOBKHM. BHXIiJlHa 3aroToBKa KBaJpaTHOrO Iepepidy Mae po3Mipu

cropin 110x110 MM ta Bucoty 40 mm. O6’eM Takoi 3aroToBkH V., =558374,5 Mm3,

6.2 Onepaitiist rapssyoro ocaJyKyBaHHs HaniB(aOpukary

6.2.1 Cxema mpoluecy rapsioro ocaakyBaHHA ()acOK B KyTOBUX 30HAX

HariBpadbpukaTy
FE A LT T | 4 7 “ 2 | i \3 JIns mpoBeneHHs pO3paxyHKYy 3
0( 7 : Q v pg; yg BUKOPHCTAHHAM MCE OyJ10
e AQ\Bz \\\ |  BUKOpHCTAHO  CXeMy  raps4oro
' i k \ NS OCaJKyBaHHs, SIKy BIJOOpa)XeHO Ha
\ Oo - puc. 6.1. JliBopyd Bix Bici cumerpii

PI/IcyHOK 6.1. Cxema poLecy rapssiaoro 3o6pa>KeHo MOJIOKECHHS poGoqoro

0Ca/DKyBaHHS (PACOK B KYTOBUX 30HAX  jHcTpyMeHTy Ta 3arOTOBKH  Ha

HamiBpabpukarty: 1 —3aroroBka, 2 — noyaTKy nporecy rapsIoro

JIMTa, 3 — Marpuld, 4 — myaHcoH, S5 — .
’ puLd, y ’ OCa/PKyBaHHSI a IPaBOpyY - B KiHIII

SI[C(I)OPMOBaHa 3aroToBkKa
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oca/KyBaHHs. 3arotoBka 1 KBajpaTHOro nepepizy 3 po3mipamu 116,7x116,7 mm (B
xosiogHomy ctaHi 115x115 mm) 1 BucoToro 42,5 MM Ta 1o aiaroHainax A=165 mm ta
BCTAHOBJICHO HA IJIUTI 2 3 LIEHTPYBaHHA 1Mo MaTpuill 3 niamerpoM Dy=165,5 Mm.
[Ipu onyckaHHi myaHcony 4 3 giametpom D1=172 MM Ha BucoTy h 31 mBHAKICTIO V,
1 mii 3ycusuis Po BingOyBaeThest popmoyTBOpeHHs (acok aiamerpom D; mia kyTom o
B KyTOBHX 30HaX 3arotoBku 1. Posmipm o i D, 3MiHIOBanm®M 1l AOCATHEHHS
YCYHEHHS BHCTYIIIB Ha TOPIIl CTIHKKM HamiBpaOpukaTy TpH TOAATBIIOMY
3BOPOTHOTO BUIABIIFOBAHHS 3 PO3AAUOIO.

Hnst  mpoBenenHs pospaxyHkiB MCE  BukopucToByBanach Iporpama
DEFORM. B nporpami DEFORM wmarepian mapku Cranpb 11HOA a6o #oro ananor
BIJICYTHIM, TOMy OyJio 0OpaHO HaMOMMXKYMII CXOXKHH MaTepial MO KpPUBUM
smirgHeHHsT — AISI-1015. byno 3agaHo HacTyIlHI HapameTpu IJisi MPOBEICHHS
moaemoBanHss MCE: nodatkoBa temmnepatypa 3arotoBku 7' = 1000°C, mBHUAKICTH
nepemimieHHs: myancona V = 80 mMm/c dakTtop TepTs Mk MOBEPXHIMH POOOYOTO
IHCTPYMEHTY Ta 3aroToBKM BpaxoBaHO Mo 3ibemo p = 0,25, koedimieHT
TETI00OMIHY MiX 3arOTOBKOIO Ta aeopmyrounm inctpymentom — 11 N/sec/mm/C,
rMOuHa TPOHUKHEHHS CITKU — 0,7 MM. 3alaHO MJIACTUYHY MOJIENb MaTepiaiy.

Temneparypa Ty, MaTpul 1 myancona — 400°C.

6.2.2 3ycumns aedopMyBaHHS MPOILECY Tapsdoro OcajKyBaHHS (acok B

KYTOBHX 30HaX

s v /"* 3anexHicTh 3YCHILISA
= 240 . :
z / OCaJUKyBaHHSA Bl  MEPEMIIICHHS
S 180 A
] 5 / MyaHCOHA MPEeJICTaBICHO Ha puc. 6.2.
S =120 " .
; / 3ycusuIsi TOCTIMHO 3pOCTaE 1 JOCATAE
60
B
N B ey MakcuMasbHOro 3HadeHHsa P,=300 kH
m . .
0 3 6 9 12 15 IpU MEepPEMIIICHHI ITyaHCOHY h=5 mwm.
[MepeMimeHHs MyaHCOHY A, MM
Pucynok 6.2. 3aJIeXXHICTh 3yCHILIS Hesenuke SHa4YCHHA 3yCHILIA
ocaxyBaHHs P, BiJ mepemimieHHs OCaJKyBaHHSI JTO3BOJISIE 3IIACHUTH

nmyaHcoHa h
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CYMIIIIEHHS 0CaP)KyBaHHS 3 BUJABIIOBAHHSIM B OJTHOMY IITAMIII.
6.2.3 TemnepaTypHHi pO3MO11JI OTPUMAHOTO HarmiBpadbpukaTy

roc Ha puc. 6.3 mnpencrasieHo
1000 g
980
950
910
870
840 , ,
sool TeMIiepatypu mo o6’emy. B wmiciax

3neopMOBaHy 3aroToBKY 3 (pacKamu

B KYTOBUX 30HaxX 1 pO3MOALIOM

760
730 YTBOPEHHS (AcoK CIOCTEPIraeThes

— (y]
Pucynox 6.3. 3nepopmoBana 3arotoBka oxonomxenns merany 3 T=1000°C no

3 packaMU B KyTOBHUX 30HaX 1 temmepatypu T=820°C.
posnojainom Temmeparypu (T°C ) nmo

00’ eMy
6.2.4 Po3nojin iHTeHCUBHOCTI edopmartii

3HaueHHs HaNpyXeHb y HamiB(aOpHUKaTi B1IOOPAKEHO MPU MAKCUMATIbLHOMY

3ycuiii AehOpMyBaHHs, SIKE CIIOCTEPIraeThCsl B KIHI BUIABIFOBAHHS.
€i

1.5

1.3'
1.1
0.94
0.75

0.56
0.38 IIOKa3aHo Ha puc. 6.4. B KyToBux

0.19
0.00

Pucynok 6.4. Po3noiis iIHTEeHCUBHOCTI

Posmoin IHTEHCUBHOCTI
4 0.65 0.28

nedpopmaiiit g B mepepisi 1O

JiaroHaii 31e(opMoBaHOi 3arOTOBKH

30HaX B110yBa€ThCS IIEBHE
MPONPAIIOBAHHS CTPYKTYpU METATY

edopmarriii €; v 3neopmoBaHii .
nedopmanii & y snedop rapsuoi0 IJIACTUYHOO JiedopMalriero

3aroTOBIII MICHS 0CaKyBaHHS

1 Ky Ha Tiaubuny no 10 mm, ske OyIo
BpPaxOBaHO TP BHWAABIIOBAHHI. Y 30BHINIHIX IMIapaXx MeTany (Packu OTPUMaHO
IHTEHCUBHICTh AedopManiil y Mexax €=1,3...1,5 3 mogaapmiuM 3MEHIIEHHSM J10

€=0,19...0,38 nmpu HaGMm>KEeHHI 10 HAOIMKEHHI JI0 TPaHUIll OcepeniKy aedopmariii.
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6.3 Omnepattist rapsi40ro BUAABIIOBAHHS 3 PO37au0r0 KPYIJIOTO TOPOKHHUCTOTO
HamiBdabpukaTy
6.3.1 Cxema mporecy rapsyoro BHJIABIIIOBaHHS 3 pO3Ja4YOl0 KPYIJIOTO

MOPOKHUCTOTO HamiBpadpuKaty

Cxemy BU/IABJIIOBAHHS

KpyIJIOTOo IIOPOKHUCTOTO

HamiBdabpukaTy 3  po3MmipaMu

ne(hopMyr4oro THCTPYMEHTY

300pakeHO Ha pucC. 2. 3aroToBKy 1

MICIIS OCAQDKyBaHHS PO3MIIICHO 3

LHEHTPYBaHHSAM B KpyTJiid maTpuui 2

Pucynok 6.4. Cxema rapsiuoro HA IUIMTI 3, SKA BHKOHYE DOJIb
3BOPOTHOIO BHIABIIOBAHHA 3 PO3/AY0I0:  pyyToBXyBaYa. Ipouec
1 — 3arotoBka, 2 — maTpuus, 3 — IUIUTAa, nedopMyBaHHs 3yCHILTIM P
4 —yaHCoH, 5 - HamiB(aOpuKat BUKOHYETBCS pu OIlyCKaHHI

yaHCOHY 4 31 WBUIKICTIO V, sIKa MOBUHHA 3a0€3ME€UNTH TEMIIEpATypHUN 1IHTEPBAJ
rapsyoro BUAABIIIOBaHHS 3aroTOBKM OJpa3y MiCiis BUKOHAHHS OCaJKyBaHHS. B
pe3ynbTaTl BUIABIIOBAHHS YTBOPIOEThCS HamiBhaOpHUKaT 5, KU Ma€e BUCTYNH Ha
JIOHH1 YaCTHHI 31 CTOPOHU MOPOKHUHU 1 30BHIIIHBOI MOBEpXHi. TOBIIMHA JOHHOT
gactTuHu h1=11,5 Mm. CyTHICTH po3/1aui IpU BUIABIIOBAHHI TOJISATAE B TOMY, IO
30BHIIIHI PO3MIpH OTPUMAHOTO HaniBpaOpuKaTy O1IbIII 32 TAKl pO3MIpH 3arOTOBKHU
HICJIsl OCaKyBaHHS.

Posmipu nedopmyrouoro iHCTpyMeHTY: Matpuill - D,=165,7 MM, y=6°, 15=5
MM, hs=57 MM, h3=3 mm; utu — D;=150 mm, 16= 7=3 MM, hs=8 MM; myaHCOHY —
h,=21,5 mm, d;=40 mm, d=60 MM, 1,=6 MM, 13=10 MM, 1,=10 MM, 11=10, 5 MM, =28°,
ds=160 mm, y=5°. TepTs Ha KOHTAKTYIOUHMX IMOBEPXHIX aOCOIIOTHO YKOPCTKOTO
nedopMyrodoro iHCTpyMEHTY BpaxoBaHo 1o 3i0ento 3 koedirientom tepts u=0,3,
KoeQILI€HT TEI000MIHY MIXK 3arOTOBKOIO Ta JAe(popMyrounM iHCTpyMeHToM — 11

N/sec/mm/C, rimbuna npoHukHEHHS CiTKH — 0,7 MM. 3a1aHO TUIACTUYHY MOJIENb

Marepiany. Temnepatypa mimtu, MaTpuili 1 myancona — 400°C.
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6.3.2 3ycumig iepopMyBaHHs IPOLIECY rapsiu0ro BUAABIIOBAHHS 3 PO3/1a40t0

KpPYIJIOr0 MOPOKHUCTOTO HammiBdadbpukaTy

13 — )

§ —A— Ha nyascosi / Ha puc. 6.5 300paxkeHo
{ ——Ha nnHTi . .
104 N — ;/ 3QJICKHICTh 3YCHJIb Ha IIYaHCOHI,
IUTMTI 1 MaTpUIll TIpU BUIABIIOBAHHI

S
[ws]
]

/ HamiB(aOpukaTy BiA NEpeMillleHHS

MyaHCOHY. MakcuMalnbHI 3HAYEHHS

3}"CHJ'IJUI BHIABITHOBaHHA
[ N
(=)} R

3ycunb Ha myaHcoHi (12,92 MH) i

0 tr—o——_o- | ot

0 6 12 18 24 30 Tl (12,8 MH) otpumano B KiHIII
ITepeMileHHA ITyaHCOHY, MM

PucyHnox 6.5. 3anexHicTh 3yCcHIuIs BU/IABJIFOBAHHS. Ha MaTpuIi
BUJIABJIFOBAHHS Bl IIEPEMIIICHHS HaiOuba BenmuunHa 3ycuiuist (0,15
yaHCOHA NPH BUIABIIOBAHHI MH) BuHMKae Ha TPOMIKHIM cTafli

BUJIABJIIOBAaHHSI MpU TMEPEMIIICHHI
nyaHcoHa 21 mM. Bka3zaHi 3ycuiuis moTpiOHO BpaxoByBaTu MpU BUOOP1 MPECOBOTO

oOnaiHaHHS 1 MPOEKTYBAaHHI IUTUT IITAMITY.
6.3.3 TemnepaTypHuUil pO3MO/ILJI OTPUMAHOTO HamiB(padpukary

ToC :
1100 g BusiBiieno pO3MoALT

1000
960 = TemmepaTypu y 3aedopMoBaHOMY
900

o0 Metanmi mo  00’eMy  IOJNOBUHH
e 750 : i
1000 830 1000 980 830 640

Pucynok 6.6. Po3noain teMnepatypu BUJIABIIIOBAHHS, SIKUHA 300pa’keHO Ha
(T°C) mo 06’emy MONTOBUHH puc. 9. lIBuakicte nedhopmyBaHHS
HamiBpaOpuKaTy B KiHIII BUJaBmoBaHHs V=40 MMm/cek 3a0e3neuye BUTPUMKY
TEMIEPaTYpHOTO 1HTEPBAIY Tapsuoro BUIAABIIOBAHHs. Y CTIHIN 1 JOHHIN YacCTHHI
orpumano T=1000°C Takox BCTAaHOBJICHO OXOJO/DKEHHS MIapiB MeETaay [0
T=830°C no6i13y KOHTAKTYIOUMX MOBEPXOHB 3 MyaHCOHOM, IJIUTOIO 1 MAaTPHUIICIO.
Takuili po3noAlT J[J03BOJISE BHUKOHATH HACTYNHUN MepexiJl BUTATYBaHHS 3

NOTOHIIEHHAM IbOT0 HamiBpaOpukaTy B pexuMax Trapsdyoi 1 HamiBrapsioi

nedopmarrii.
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6.3.4 Hanpy>xenuii ctan HamiBdaOpuKaTy B KIHI[ BUJABJIFOBAHHS

Oz, MIIa -
200 8 Po3paxyHKOBUM aHaJIi30M
12
170 BM3HAYECHO HANPY)KEHHUI CTaH METaTy
 -360 |
ER y  HamiBpaOpukari B  KIHII
N e N 930
e P s 1700 i
P TR TR FTTI [TT 1100 BHUJIABJIIOBAaHHSA. PO3MOIII  OCHOBHX
Pucynok 6.7. Po3noain ocboBux HalpyXeHb 0; M0 00’€My IMOJIOBUHU
HaIpy>KCHb Y HaniB(paOpuKari HarispabpuKaTy IPUBEIEHO Ha PUC.

10. Benukuii iHTEpeC MpeACTaBIsie€ PO3MOALT HANPYKEHHS 0z, MO SKOMY MO>KHA
OLIIHUTU MHUTOMI 3yCWJUISI Ha KOHTAKTYIOUUX IMOBEPXHSAX 3 MYaHCOHOM 1 IUIUTOIO
(puc. 6.7). B nonHiit yactuHi HaniBpaOpUKaTy BUHUKAIOTh CTUCKAIOY1 HAMIPY>KEHHSI
0; y Mexax o;=-170...-1300 MIla. ¥V cTiHIl MalOTh MICIIE€ HEBEJIMKI CTHUCKAIOYl
HaIpy>KeHHA ;. Hal61abim nutomi 3ycuiuia Benunuunoro 1020...1200 MITa niroth
Ha MOBEPXHSX 3 IUIMTOIO 1 TOPLEM ITyaHCOHA B MICI[I KOHTAKTy 3 BUCTYIIOM JIOHHOT
YaCTHHHU.

Takoxx y JOHHIA YacTHHI
HariBpadbpukaTy OTPUMAaHO

CTHCKa0ui HanpyskeHHs oy (puc. 6.8)

1 oy (puc. 6.9). Burnsaau po3noainis i

Pucynok 6.8. Po3moais Hallpy’>keHb 0,y  BEIMYWHHA HANPYXKEHb TPHOIU3HO

HaniB(habpuKaTi OMHAKOB. i -
Oy, MIIa
. 2000 3HaxonAThcs y Mexax -460...-1030

71 .
2409 MIla. Ha moBepxHi 3aroToBku 3
-410

- o
-590
. N A0 MATPHUIIEIO [0 HATIPYKEHHIO G MOYKHA
L A = o PR 930

10200 1100 BCTAHOBUTH TUTOMI 3yCHJUIA, SKi B

=
-

330 -500 -690 -850
Pucynok 6.9. Po3noain HanpyeHs gy y

JAHOMY BHMaAKy JocsraroTe 380

MIlIa.

HariBpadpukaTi
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Gi, MII - .
'250; B wmicui mepexomy CTIHKM y JOHHY

220

igg qacTUHy oTpumaHo o;=175 Mlla, a
i .

10 Olnbla 4acTHHA 00’eMy Mae 0,=145

63

B . - 31 Mlla.
175 145 115 47 235 0.00

Pucynox 6.10. Po3momin iHTEHCHBHOCTI
Halpy>keHb o0, 'y HamiBdaOpukari

HariBpaOpUKaTy B KiHIII BUJIaBIIIOBAHHS

6.3.5 lepopmoBanuii ctan HamiBpabpUKaTy B KiHII BUAABIIOBAHHS

1,3 z . .
. i Pt fsz. Posnonin nedopmamiit &, 'y
' 1.1
8?; HamiBdaOpukaTi TPEJCTaBICHO Ha
e |
0.20 . )
0.62 puc. 6.11. ¥V crinmi HamiBdadpukary
1.0
00 045 13 085 17 }gl BHHHKAIOTH PO3TATYBAJIbHI

Pucynoxk 6.11. Po3nosin ochoBUX nedopmarii BemuunHOI0 £=0,45, a B

nedopmaniit y Hamispabpukari 30BHILIHIX IIapax MeTaly o6JacTi
nepexoay CTIHKU y JOHHY YacTUHY 111 nedopmartii focararoTh 3HaueHHS &=1,3. Y
TOHHIN yacTuHi aedopMarlii CTal0Th CTUCKAIOYMMH Ta 3HAXOMATHCS Y MEXKax & =-

0,45...-1,7.

fgl Hedopmamii ¢y  CTiHUII
12
0.78 OTPUMAHO CTHUCKAIOUUMH Y MexXax
036
0.050 _ o
“0.46 &=-0,25....-0,7. B 30BHIIIHIX IIapax
-0.88

N v . _1.3 .

15 087 T4 10 13 METajay MiCIlsl TIEpeXOoAy B JIOHHY

Pucynok 6.12. Po3niozain aedopmariiii &, yacTHHY &=-1,5, a B caMmiil J1OHHiil

y HamniBpabpukaTti yacTuHi 11 Jedopmaiii  CTaloTh

po3TATyIOUNMH y Mexax &=0,57...1,4 (puc. 6.12).

e

ERE - S< = A \ o .
e s o s 1 1 nedopmartii g, (puc. 6.12). HaiiGinpmi

Pucynoxk 6.12. Posnomn negopmarnii ¢,

\ Of%{]. VY criHnl Ta B 00’€Mi JTOHHOI

0.31

0.0032 YACTHHU HamiBdabpukaTty
=, l

-0.55 .
-0.84 BUHHUKAIOTH PO3TATryBaJIbH1

i

3HaueHHAa ¢&,=0,31...0,6 orpumano B

y HamiB{abpukari 30H1 Bicl cUMeTpli HamiB(paOpukary.
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PesynbTytoue mporpaitoBaHHs
CTPYKTYpH MeTany rapsiaoro

IUTACTUYHOIO0 J1epopmaliiero MOXKHA

23 ) 112 5 08 0.16 ' 0.00 OI1HHUTH I10 PO3NOALITY IHTCHCHUBHOCTI1

Pucynok 6.13. Po3moiia iHTeHCUBHOCTI nedopmariit & 1o 06’ eMy
nedopmartiii ¢; y HamBhaOpuKari HamishaGpuKaTy (puc. 6.13).
[HTEeHCHMBHE TpOMpaIloBaHHS BiAOYBAa€TbCSd y JOHHIA YAaCTUHI 3 JOCSTHEHHSIM
£=0,8...1,5. Y 30BHIIIHIX Iapax MeTaIy MICIIS IEPEXOAY CTIHKU Y JOHHY YAaCTHHY
oTpuMaHo ¢&=2,3. Y caMiid CTIHII BeJWYHWHA I1HTEHCUBHOCTI Jedopmarriit
3MeHIyeThes Big €=1,8 1o £=0,8 npu HaAOIMIKEHH] 10 TOPIISA CTIHKH.

Takum 4uMHOM, HaBeACHI BEJIMUMHM & Y JIOHHIM YacTUHI HamiBpaOpukary
MOXYTb OYTH JOCTATHIMU JUIsl OTPUMAaHHS MOTPIOHMX MEXaHIYHUX BIACTUBOCTEH.
Taki BIAaCTUBOCTI y CTIHLI 3a0€3MeUylOThCd Ha MEpexoJax BUTATYBaHHS 3

ITIOTOHIICHHAM.

036 027 0.18 Ogg Ha puc. 6.14 BigoOpaxeHo

0527 posmomin  koedimieHTy  KpHTepiro

0.38

030"  pyitayBanas C, Normalized C&L.

0.23

0.15 B 61
0'075I WJHO, IO HaWOUIbIEe 3HAYCHHS
0.00

Pucynok 6.14. KoediuieHT kputepito BKa3aHoro KpHTEpTIO 0.36

pYﬁHYBaHHﬂ Cp Normalized C&L 3HAXOJAUTBCA Ha BCPXHbBOMY TOpI_[i

HamiBpaOpuUKaTy B 30H1 1€

Bi10yBaIOCh 0CaJ>KyBaHHS

64,5
SN
(SN

dacok B KyTOBHUX 30HAaX 3aroTOBKH.
ITpu MO TAJIBLIINX omeparisax

BUTATYBAHHA BaApPTO 3BCPTATU YyBary

Ll

o #1597 §

Ha 30HU BUPOOy, 10 chopMOBaHI 3

MICIIb OCaJI)KyBaHHS 3aTOTOBKH.
Pucynok 6.15. ®opma Ta OCHOBHI dopMy Ta OCHOBHI pO3MipH
po3mipu HariBhabpukary orpuMaHoro HamiBdpadbpukary MCE

MOKa3aHo Ha puc. 6.15.
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6.3.6 IIpoekTyBaHHS IITAaMIIOBOTO OCHAIICHHS JJIA ONEpaliid rapsdoro
OCaJ[KyBaHHS Ta Trapsyoro 3BOPOTHOTO BUJIABIIIOBAHHS HamiBhaOpukaTy

Ha ocHOBi pe3ynbTaTiB MOJEITIOBAHHS PO3POOJICHO 1 CIPOCKTOBAHO JBOX
MO3UIIIMHE IITAMIOBE OCHAIIEHHS JJIi OJHOYAaCHOTO BHUKOHAHHS Tapsyoro
ocapkyBaHHs (acoKk B KyTOBUX 30HAaX Ha 3aroToBLl 1 BUAABIIOBAHHS
MOpPOKHUCTOrO HamiBpaOpukaTy. 3aralbHUN BUTIIAL IITaMOa 1 crenu@ikaiiio
npeactasieHo B Jlonatky U Ha puc. W.1 1 W.2 BignosigHo. lTamn ckinagaeTses 13
HIOKHBOI TIMTH 1 1 BepxHboi miuuTH 2. JliBopyd Ha IUIMTaX pPO3MIIIECHO
nedopMyrounii IHCTPYMEHT [UJIsi OCa/UKyBaHHS, TOMYy IO MOOJHM3y IMpecy 31
MITAMIIOM PO3TAIIOBAaHO 1HAYKIIMHUN TPUCTPIM JUIsi HArpiBaHHS BUXIJIHHUX
3aroToBok. Ha minTi 1 BCTAaHOBIEHO MATpUL0 3 Kpyriaoi (popMU 3 OMNOPHOIO
IUTUTOIO 4, sika CIUpaeThes Ha pykuHy 23. Marpuirio 3 3adikcoBaHO KUIbLEM S 1
reuHTaMu 24. [IpyxuHa 23 CTHCKA€THCS MPYU BUKOHAHHI OCAJI)KyBaHHS 1 BUILITOBXYE
3neopMOBaHy 3aroTOBKYy micis ocakyBaHHs. IlyaHcoH st ocaKyBaHHS 6
IPUKPIIIIEHO IO BEPXHBOI IJIUTH 2 32 JOMOMOI0I0 ITyaHCOHOTpHUMaya 7 Ta TBUHTIB
25.

JledbopMyrounii 1IHCTPYMEHT I BUJABIIFOBAaHHS B INTAMIIl BCTAHOBIJICHO
MIPaBOPYY, IO JO3BOJISE IMIBUIKO MEPEHECTH 3/1e(hOpMOBaHy 3arOTOBKY 3 MO3MUIIT
OCa/pKyBaHHS Ha TIO3MINIO BUIABIIOBAHHS, a MO3HUIII0 OCAKyBaHHS 3allOBHUTH
HOBOIO 3aroToBKol0. Ha muTi 1 po3MilieHo MatpuiieTpumay 8, B SIKOMY € OIOpHA
mwTa 9 1 wrosxau 10. Marpuuerpumad 8 1o ummtu 1 3adikcoBaHo rBUHTaMu 26 i
MICTUTh BUILTOBXYBad 11 3 KoHycHUM KisbleM 12 1 npyxuHoto 27. [pyxuny 27
MOTIePeTHRO CTUCHYTO MaTpuiieto 13, oboiimoro 14 1 kinblieM 15 3a 10MOMOToR0
I'BUHTIB 28, K1 BKPYYEHO B MaTpueTpumay 8.

Jlo BepxHBOI MAUTH 2 MITaMIy NPHUKPIIUICHO IyaHCOHOTpuMad 16 3a
JIOTIOMOT'010 TBUHTIB 29. Y myaHcoHoTpuMayi 16 po3miiieHo n’ary 17 1 mian’ sSTHUK
18, Ha sK1 cipaeThes MyaHcoH 19 Ta GikcyeTbes KOHYCHUM KulblieM 20 1 raiiKoro
21. Takox y myaHCOHOTpMMaul 16 BCTaHOBJIEHO 3 TMOCAAKOIO IO IMyaHCOHY 19
3HIMa4 22, SKUM yTPUMY€EThCS YOTUpMa pyXOoMUMH rBUHTaMu 30 1 ciMpaeThes Ha

yotupu npyxunu 31. 3HimMau 22, kpim 3HIMaHHs HamiB(aOpukaty 3 myaHcony 19,
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NMpU3HAYCHUN JUIsS HampaBjIeHHS IyaHcoHy 19 BigHocHO Matpuii 13 mipu
BuJaBIoBaHHl. HwkHs 1umta 1 mae yoTupw masu Juisl KpIIUIEHHS Ha CTOJI
T1APaBIIYHOTO MPECY, a BEPXHS IJIUTA 2 Ma€ Taki Ma3u JJi KPIIJIEHHS Ha MOB3YHI
npecy.

Onuc poGotu mrammna. Y BHUXITHOMY MOJOXEHHI BiJallb MUK TOPLEM
nyaHcoHy 19 1 oOGoiimoro 14 mnoBuHHa OyTH Jemio0 OUIBIIO 32 BHUCOTY
HaniB(pabpukaty. B marpuito 13 BCTaHOBIIOIOTH 3arOTOBKY IICIS OCAKyBaHHS.
[Ipu omyckaHHI MOB3yHa Mpecy 3 BEPXHBOIO IUIMTOI0 2 Tepe MOYaTKOM
BU/JIABIIIOBAHHS 3HIMAaY 22 MOMaja€e Ha KOHYCHY MOBEpXHIO 000iimu 14 1 myancon 19
HanpaBJsieThCsl BiHOCHO Matpuii 13. Ilicns BuaaBitoBaHHS NOB3YH IIpecy 3
BEPXHBOIO TUIMTOIO MiAHIMAETHCA B BUXIAHE MOJIOKEHHS. SKmo HamiBhaOpukat
3QJIMIIUTECSA Ha MyaHCoH1 19, To 3HIMaHHA HOTO BIIOYBA€THCS 3a PaxXyHOK i
CTUCHYTUX NpyxuH 31 1 3HIMaya 22. Konu HaniB(paOpuKaT 3aJIMIIAETHCS B MATPHII
13, To BuAaneHHs WOro 311MCHIOEThCS BHIITOBXyBaueMm 11 1 mroBxayem 10, siki
IPUBOJATHCS B PyX BiJl BUIITOBXYBaua mpecy. [Ipu nboMy CTHUCKa€eThCs MpyKHUHA
31 1 moBeprae BumTOBXyBau 11 31 mroBxayem 10 B BHUXIJHE MOJOKEHHS HpPH
OIyCKaHH1 BUIITOBXYBaya Ipecy.

Takum 4MHOM, B IITaMIIl OJJHOYACHO BIOYBA€THCSI OCA/KyBaHHS (DacoK Ha
3aroTOBIIl Ta BHJIABIIOBAHHS MOPOKHUCTOTO HamiBpaOpUKaTy sl MOJATBIIOTO
BUKOHAHHS MIEPEX0/IiB BUTATYBAHHS 3 TOTOHUICHHSIM.

Pe3ynbTaT MOCHIIPKEHHSI Tapsyoro oOcaJkKyBaHHS (acok B KYTOBHUX 30HAX
3arOTOBKM KBaJpaTHOrO Iepepidy Ta Tapsdoro 3BOPOTHOTO BHJIABIIOBAHHA 3

pO37a40I0 KPYIJIOTO TMOPOXKHUCTOTO HamiBpabpukaTy omyOJiKoBaHO B poOOTI

[191].

6.4 Onmnepawis Trapsg4oro BHUTATYBaHHS 3 TOTOHILIEHHSM KpYTJIOTO

MOPOKHUCTOTO HamiBhaOpuKaTy uepes /Bl MOCIII0BHO PO3TalllOBaHl MaTPUII

6.4.1 Cxema mpouecy Trapsdyoro BUTATYBAHHA 3  IOTOHILICHHSIM

HariBpabpukaTy
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Jlist mpoBefieHHsT po3paxyHKy 3 BUKopucTaHHsiM MCE Oyio BUKOPHUCTaHO
CXEMY rapsiuoro BUTATYBAHHS 3 MOTOHIIEHHSIM Yepe3 JIB1 MOCTiAOBHO PO3TAIIOBaHI
MaTpulli. Po3paxyHKOBI MOJOKEHHS B PO3pi3l MO IUIOMIKHI ZOX ehOopMyI0UYoro
THCTPYMEHTY 1 3arOTOBKHM Ha MOYATKY, MICJIS BUTATYBAHHS Yepe3 OJIHY MATPHUIIIO Ta
B KIHIII BUTATYBaHHS 300pakeH0 Ha puc. 6.16. ITlomoxkeHHs Ha MOYATKY
BUTATYBaHHA TIOKa3aHO Ha puc. 6.16a. 3arotoBky | micis BUIaBIIOBAHHS
BCTAaHOBJICHO B MaTpHIll 2 3 IEHTPYBaHHSAM II0 KOHYCHIM YacTHHI MAaTpHII.
Martpuirio 2 po3mitieHo Ha 060iMi 3. O6oiitmy 3 posmimeno Ha matpuiii 4. [Tporec
BUTATYBAHHA 3 IOTOHIUEHHSIM 3IiiCHIOETbCS IyaHcoHOM 5. Ha puc. 6.160
BIJOOpPa)KEHO IOJIOKEHHS TICJIs BUTATYBAaHHSA Yepe3 IMepuly MaTpuiio 2 3
OTPUMAaHHSM NMPOMIKHOTO HamiBpadpukary 6. Ha puc. 6.16B HaBe1eHO MOJI0KEHHS
B KIHIIl BUTATYBaHHS, B PE3yJIbTaTl AKOro oTpuMaHo HamiBdadpukar 7. [Iporec
nedopMyBaHHS 13 3yCHIIISAM P BUKOHY€EThCS MPU ONTyCKaHHI IyaHCOHA 5 Ha 3a/1aHy

BIJICTaHb 31 MBUAKICTIO V.

a
Pucynox 6.16. Po3paxyHKOBI cXeMU B pO3pi31 IPOLIECY Tapssyoro BUTATYBAHHS 3

IMOTOHIICHHAM: a4 — Ha IMOYAaTKy BUTAT'YBAHHA, 0 - micns BUTATYBAHH 4CPC3

MIepITy MaTPHUITIO; B - B KIHI[I BUTSTYBaHHS

byno 3agano HacTtymHi mapamerpu i mpoBeneHHs mojentoBanHs MCE:

IIBUJIKICTh MepeMmilieHHs myaHcoHa Vo = 40 Mm/c, hakTop TEpTs MK OBEPXHIMU
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poO0oUYOro 1HCTPYMEHTY Ta 3arOTOBKHM BpaxoBaHo 1o 3ioemto u = 0,25, koedirieHT
TEIUIOOOMIHY MIXK 3arOTOBKOIO Ta JedopMyrounM incTpyMmeHnToM - 5 N/sec/mm/C,
rmmOWHa TPOHUKHEHHS Ccitku - 0,25 MM. 3amaHo TPYKHO-TUTACTHYHY MOJIEIb

Mmatepiany. Temneparypa matputii 1 myancona — 7= 150°C.

6.4.2 3ycumns nedopmyBaHHS, HAMPYKCHUH CTaH Ta TUTOMI 3YCHIIISA
IpOLIECY TapsA4oro BUTATYBaHHS 3 IMOTOHIIEHHAM KpPYIJIOrO IMOPOKHHUCTOIO
HamiBdabpukaTy

Ha puc. 6.17 BigoOpaXeHO 3aJIeXKHICTh 3yCWJUIA BHUTATYBAaHHA 3
NOTOHIIEHHSAM BiJ TEPEMILUICHHS IyaHCOHA. 3yCHJUISl BUTATYBAHHSA MOCTYIIOBO
3pOCTa€ Ta JOCsIrae MaKCUMalbHOro 3HadeHHs 756 kH npu nepeMilieHH1 myaHcoHa
40 MM, gam 3ycWiuid MOCTYNOBO 3MEHINYEeTbC 10 3HadeHb 180 kH mpu
nepeminieHHi nyaHcoHa 80 mM. [lpouec BUTAryBaHHS uepe3 APYry MATPHIO
MOYMHAETHCS MIPH MepeMILIeHH] myaHncoHa 80 MM 1 mocTynoBo 3pocTae A0 680 kH
Mpu MNepeMillieHHl myaHcoHa 120 MM, a 3 MOJANbIIUM MEPEMIIICHHSIM TyaHCOHA
MOCTYIIOBO 3MEHILY€ETHCS Ta CATA€ HYJIbOBUX 3HAUEHBb NIPU MEPEMIIICHHI TyaHCOHA

250 MM (KiHELb MPOLIECY BUTATYBaHHS 3 OTOHILICHHSIM ).

/OM(K N
N

[L LRy | e

T \

25 50 75 100 125 150 175 200 225 250
[TepemimeHHs MyaHCOHA, MM

L
o0

2
S

3ycma, MH
=
(=)
]
\

=
bo

Pucynoxk. 6.17. 3anexxHicTh 3yCUJUIS BUTATYBaHHS BiJl IEPEMIIICHHS TyaHCOHA

[IpoanainizyBaBIIM 3yCWJUIS BUTSATYBAHHS BIJ TMEPEMIIICHHS ITyaHCOHA
IpOLIECY BUTATYBaHHS 3 NOTOHLIEHHSM, BU3HAYEHO BUMOTH JO MPECOBOIO

obnagHanHsa. HeoOXigHO BUKOPUCTOBYBATH TipaBiiuHuii npec 3ycuwuisim 1 MH, 3
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MIHIMAJBHOI BETMYUHOI0 pobodoro xoay 400 MM (BiZCTaHb BiJl TOPIIO ITyaHCOHA
110 niepiioi Matpuill 150 MM J171s1 BCTAaHOBJICHHSI 3arOTOBKH 13 3230pOM 110 BUCOT1 MIXK
TOPIIEM ITyaHCOHY Ta BEPXHBOI IJIOMMHYU TepIioi MaTpuili Ta 250 MM poOodmii Xif),
a TaKOXX IIBUJIKICTIO IEpeMillieHHs ToB3yHa npecy 40 Mm/c.

Ha puc. 6.18 Bi1oOpakeHO po310A1] HAPYKEHb 03, 0x Ta 0, Y 31e(pOpMOBaHii

3aroTOBIIl IPU MaKCUMaJIbHOMY 3yCHJLII BUTSTYBaHHSI.

-/90 50 -150 Oy, MlIla

Pucynok 6.18. Po3noaisn HanpyXeHb 07, 0 Ta 0y, IPU MAaKCUMaJIbHOMY 3yCHJLII
BUTSTYBaHHS

HanpyxeHHst g, — po3Taryioui Ta 3HaXOAAThCs y Mexax o,= 30+220 MlIla
(puc. 6.18a).

HampyxenHst o0y, MarOTh 3HAKO3MIHHUW XapakTep, TOOTO B Marepiami
31e(popMOBaHOI 3aroTOBKM JAIIOTh PO3TATYIOYl Ta CTHUCKAaO4l HANMpY>KEHHA 1 Y
BKa3aHUX MICISIX JIOHHOT YaCTHHU Ta CTIHKW HAMpPYXXCHHS 0y — PO3TIATYIOUl Ta
3HaXOJAThCsl y Mexkax g, = 10+80 MIla Ta g, — cTuckaroui, y IOHHIA YaCTUHI 0y =
-30+-70 MIla Ta y BKazaHHX MICIISIX CTIHKH 0y = - 30+- 180 MIla (puc. 6.180).

HampyeHHs 0y, TaKOK MAlOTh 3HAKO3MIHHHE XapakTep, y NOHHIH YacTUHI

oy= -20+-50 MIIa — ctuckaroui Hanpyxenus 1a o, = 20+130 MIla — posraryroui

HATpPYXXEHHS Ta y BKa3aHUX MICHAX CTIHKH oy= -20+-190 MIla — cruckawoui

Hanpy)eHus 1 o,= 20~ 130 MIIa — posraryro4i HanpykeHHs (puc. 6.18s).

[Ipy mpoekTyBaHHI IITAMIIOBOTO OCHAIIEHHS BaXXJIMBO 3HATH PO3MOJLIN
MUTOMHUX 3YCHUJIb Ha KOHTAKTYIOUMX IMOBEPXHSX 3arOTOBKU 3 IHCTPYMEHTOM IIPH
MaKCHMaJbHOMY 3HA4€HHI 3ycuiuisd BUTAryBaHHs. [IpoanamizyBaBuim puc. 6.18
MOYHAa BCTAaHOBUTH, 110 HAMOUIBII UTOMI 3ycriuist BennunHoro 40 MIIa niroTe Ha
MOBEPXHI KOHTAaKTy ITyaHCOHAa 3 paJilycOM ITOHHOI 4YacTHHU. TakoxX y CTIHII

HamiBdaOprKaTy OTPUMAHO CTHCKAIOYi Ta pO3TATYIOU1 HANPyXeHHs o, (puc. 6.180)
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1 oy.(puc. 6.18B) y BKazaHuX MICIX. BUIIIsau po3noAUIIB 1 BEIUYMHU HAPYKEHb
npubIM3HO oaHakoBi. CTUCKalOUl HaMpYy>KeHHsI 3HAXOAAThcs y Mexkax -70...-190
MllIa, a postsrytoui — 40...130 MIla. Ha moBepxHi mpomi>kHOTO HamiBpabpukary 3
MaTpUIICIO TI0 HAIIPY>KEHHIO 0y MO’KHA BCTAHOBUTH MHUTOMI 3yCHUJUIA, SIKi B JAHOMY

Bumnaaky nocsraiots 190 Mlla.

6.4.3 JlepopmoBaHHMii CTaH KPYTJIOro MOPOKHUCTOTO HamiBpabpuKaTy B KiHIIl
raps90ro BUTATYBAHHSI 3 TIOTOHIIICHHSIM

Ha puc. 6.19 BigmoOpaxkeHo
ocbOBl Jnedopmariii &. Y JOHHIN
yacTUH1 HamiBpabpukaty & = -1.9+-
0.34 — cruckaroui aedopmariii, a Mo
BHCOTI CTIHKM & = 1.4+2.5, B 30HI
BEpXHBOTro TOpus & =1.0+1.6 Ta B
30HI MEPEeXOay BIJ AHA JO CTIHKU

HamiBpabpukaty & = 0.5+1.0 —

PO3TATYIOUI.

Pucynok 6.19. Po3nozin ocboBUX
nedopmarriii Posnonin  nmedopmamit &,

0.14 06 .17 23 -12 II0Ka3aHo Ha puc. 6.20. Y BkazaHOMYy

2.7
MICIl JOHHOI JacTuHu &, =0.45. Tlo

€x
0_15;2 i BUCOTI ~ CTIHKM  Mae€  Micle
0.38 oL
0.2 .19 » 3HAKO3MIiHHUH XapaxTep
-0.75 '
'ig nedopmaiii &, = -2.7+0.14.
£y Ha puc. 6.21 306paxenHo
posnonin  gedopmamii &, VY
P e —TER BKA3aHUX MICISIX IOHHOI YaCTUHHU &,

' 0.46 0.45

Pucynok 6.20. Posmozin nebopmariii e, 0.7+2.1 — postaryioui sedopmaLii.

Hedopmarii &, 1Mo BHUCOTI CTIHKU
HamiBpabpukaTy MarloTh HEPIBHOMIPHUN pO3MOAUI Ta MAaOTh 3HAKO3MIHHUUN

XapakTep 3a BEJIMUUHOIO &, = -2.9+0.15.
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Honst BUPOOIB MIEBHOTO
MPU3HAYCHHS, OCOOJMBO THX, SKI
BUKOPHCTOBYIOTHCS JUIST
BUTOTOBJICHHS apTUIIEPINCHKUX
Ooenpuraci OkpiM GopM Ta po3MipiB
HEOOX1IHO OTpUMATH IEBHI
MEXaHIYHI BJIACTHUBOCTI II0 BHCOTI

CTIHKM Ta y JAOHHIM yactuHi. [lns

Pucynok 6.21. Posnonin aedopmariii e, 1POTO HeobxinHe TICBHC
IIPOTIPAIIOBaHHS MeTaTy
TJIACTUYHOIO Jie(hopMaIli€ro.
21 26 33 3a  J0MOMOIOK  PO3IOILTY
onl A €i . . .
4°5H IHTCHCHBHOCTI JeopMaltiii &; MOXKHa
3.9
34" OLIIHATH TaKe IMpolpaioBants. Ha
2.8y
e puc. 6.22 mNOKa3aHO pO3NOAIT & B
1.1 .
0.56| KIHIII TpOIeCY BHUTATyBaHHSA. Y
0.00

BKa3aHMX MICIAX [JOHHOI YacTHHI

HaniB(adpukaty & = 0.2+1.1. B 30Hi

nepexoly MTOHHOI YaCTUHU B CTIHKY
Pucynok 6.22. Po3nozin iHTeHCUBHOCTI  HamiBdabpukary & = 2.0+2.6. Tlo
nedopmaltii &; BuCOTI cTiHKH & = 2.9+4.0. V

BKa3aHUX MICISIX B 30H1 BEPXHBOIO TOPINO & = 2.1+2.6.

6.4.4 TemnepaTypHHIl pO3MOALT OTPUMAHOrO HamiBpaOpuKaTy B KiHII

BUTAT'YBAHHA

Ha puc. 6.23 300pakeHO pO3MOALT TEeMIEpaTyp B KIHII BUTSATYBAaHHA 3
HNOTOHIICHHAM 4Yepe3 MepIIy MATPHIIO Ta B KiHI[l BUTATYBAHHS 3 MOTOHIIEHHSIM
Yyepes Apyry MaTpUIO.

Posnonin temmeparyp mOpoulecy BUTATYBaHHS 3 MOTOHIICHHSM B KIHII

BUTATYBAaHHS 4e€pe3 MepIly MaTpHIIO BiloOpaxeHo Ha puc. 6.23a. 3 puc. 6.23a
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BUJIHO, IO JIOHHA YacTuHa 3/aedopmoBaHoi 3arotoBku Mae T = 860+980°C, mo
BHUCOTI CTIHKH OCHOBHA yacThHa Metaiy Mae 7 = 720+830°C 1 nuiie aesika 30Ha B
ctinmi HamiBdabpukary 7 = 610°C. Busnawaemo 10 skoro Buay Aedopmariii
(rapsiya, HEMOBHA rapsiya, HEMOBHA XOJOJIHA YK XOJIOJHA) BIIHOCUTBLCS IPOIIEC
nedhopMyBaHHS Yepes3 Mepiry MaTpuirto. 3riaHo mkepena [ 192] rapsua nedopmarris
BimOyBaeThes mipu Temriepatypax 0,77na 1 Bumie (771 — TeMriepaTypa IJIaBICHHS
MeTaiy), HermoBHa rapsiya aedopmarlist 3{1HCHIOETHCS B TEMIIEPATypPHOMY 1HTEpPBaJIl
(0,5+0,7)Tna, nenoBHa XojoaHa naedopmartis 3aidcHoeTses npu (0,3+0,5)Tna, a
X0JI0/1Ha AedopMallis pu Temreparypax, siki Mmenini 3HaueHss 0,3 7nr. Bigomo, o
st cranet Tnn = 1450+1520°C (nmpu po3paxyHKax BUKOPUCTOBYBamu Ini =
1500°C). TobTto Ha moOYaTKy IMpPOLIECY BUTATYBAHHSA Yepe3 MEpIry MaTpPHUIIIO
(puc. 6.6) B ctinmi 3arotoBku 1000°C, mro Biamosigae 3nauenuio 1000°C/1500°C =
0,66777, a B KiHII BUTSATYBaHHS Yepe3 MEpITy MaTPHIIO B CTiHII 31e()OopMOBaHOI
3arotoBku Temmeparypa 610°C+830°C (puc. 6.23a), mo BiAMOBiga€ 3HAYCHHIO
(830°C+610°C)/1500°C = (0,55+0,4)Tnx, T06TO TIpOIICC 1ehOPMYBAHHS CTIHKHU ITPH
BUTATYBaHHI 4Yepe3 Meplly MaTpULIO Bi10yBa€ThCS B YMOBAX HEMOBHOI rapsyoi Ta

HETIOBHOI XO0JI0/IHOI JedopMmartii.

860

a
Pucynok 6.23. Po3nozin Temnepartyp npouecy BUTATYBaHHS 3 OTOHIICHHIM: a —

MICTIsl BUTATYBAHHS Yepe3 Meply MaTpulilo; O — MiCis BUTATYBaHHS yepe3 Ipyry

MaTpPHLIO
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Ha puc. 6.236 BimoOpaxkeHO po3MOia TeMIepaTyp y HamiBpadbpukaTi micis
BUTATYBAaHHS 3 IMOTOHIICHHSIM 4Yepe3 Jpyry MaTpuip. Y JIOHHIH dYacTuHI
HamiBpabpukaty 7 = 860+920°C, B 30HI MPUAOHHOT YACTHHHN Y BKA3aHUX MICIISIX
ctinku 7= 680+810°C, a ocHOBHa yacTuHA CTIHKHM HamiBdadpukary mae 7= 570°C.
To6To B 30HI npuaOoHHOI dYactuHM CcTiHKH (810°C+680°C)/1500°C =
(0,54+0,45)Tnn, a B 30HI criaku HamiBpabpukary ne 7 = 570°C maemo
570°C/1500°C = 0,387nx. Omxe mporiec qeopMyBaHHs CTIHKH HamiBhaOpUKaTy B
OPUIOHHIM YacTWHI BiIOYBa€TbCsl B yMOBaxX HEMOBHOI Taps4yoi Ta HEMOBHOI

xoJiogHo1 nedopMalrii, a MO BHUCOTI CTIHKM B yMOBax HEMOBHOI XOJIOJTHOI

nedopmarii.
Ha puc. 6.24 BigmoOpaxkeHo
Cp po3Noall  KOEPILIEHTYy  KPUTEPIO
| §E§| p.yf/'II-TYBaHHH C, Normalized C&L B
0.5 KIHII nporecy BUTSTYBaHHS.
§E§ Makcumanene 3nauenHs C, = 0.78.
8:(1) I Kepyrounch MaKCUMaJIbHUM
3HaueHHsM C, = 1 1npu sxkomy

Pucynok 24. Koeditient kpurepiro BLIOYACTECA PyHHYBAHHA MaTepiany,

22%.

#162
/_ . .
1o ®opMy Ta OCHOBHI PO3MIpHU
HariBpadbpukaTy MCE icost
o158 ormeparlii Taps4oro BUTITYBAaHHS 3
o § % . .
. ¥ | = [IOTOHIICHHSM Yepe3 JIBi MOCIIiIOBHO
S P10 740 _ Re PO3TaIlIOBaHI MAaTpHIIN ITOKa3aHO Ha
N
e E k0 N 695
LER T o138 s PHC. ©.29.
= 30° -
£ o158 “3

Pucynox 6.25. ®opma Ta ocHOBHI

po3mipu HamiBpadpuKary
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6.4.5 IIpoekTyBaHHs ITAaMIIOBOIO OCHAIIEHHS IS OMeparlii raps4oro
BUTATYBAHHS 3 MOTOHIIEHHSIM MOPOKHUCTOTO HariBpadpUukaTy

Ha ocHOBI pe3ynbpTaTiB MOJCIIOBAaHHS PO3pOOJEHO 1 CIPOEKTOBAHO
HITAMIIOBE OCHAIICHHS JUIsi BUKOHAHHSI Tapsyor0 BUTATYBAHHS 3 MOTOHIICHHIM
MOPOKHUCTOTO HamiBdadpukaTty depe3 Bl MOCHIAOBHO PO3TAILIOBaHI MaTPHIIL.
3aranpHU BUTJISA ITaMia 1 cuernudikarito npeactasieHo B Jlogatky K Ha puc.
K.11K.2 Bignosigno. I1ITamn ckitaaeTbes 3 BEpXHBOI Ta HIXKHBOT YaCTUHU. HuxkHs
YacTHHA CKJIQIA€ThCS 13 HUKHBOI TUIMTH 7 Ha SIKIM BCTAaHOBJIEHA BTYJIKA HIKHSA O,
Ky 3aKpIIJIEHO 3a JOMOMOror TBUHTIB 15. Ha BTyl HMKHIM 6 BCTaHOBIJIEHO
MaTpHUII0 HIKHIO 3, B AKIM 3HAXOIATHCS IIICTh 3HIMAYiB 4, SKi MIANPYKUHEHI
npykuHaMu 5. Ha matpuil HHKHIM 3 BCTAaHOBJIEHO MPOMDKHY BTYJKY | Ha sKii
BCTAHOBJICHO MATPHIO BEpxHIO 2. [{eHTpyBaHHSA MaTpulll HIKHBOI 3, MPOMIKHOI
BTYJIKM | Ta Marpuul BepxHbOi 2 BiOyBaeTbCAd 3a JOMOMOIOK CIELIaIbHUX
BHCTYIIIB Ta BIIAJIMH Y BKa3aHUX JACTAIAX, a iX (iKcallisi BAKOHY€EThCA 3a JIOIOMOTOI0
IIECTH TBUHTIB 14 110 BTYJIKM HIKHBOI 6. BepXHs yacThHA mITaMna CKIAJAEThCS 3
nyaHcoHa 9, sKkuii BCTaHOBIEHO B myaHcoHoTpumaul 10. ITyanconorpumau 10
3aKPITUICHO JI0 TUTMTH BEPXHBOI 8 3a JOTIOMOTOIO IIECTH T'BUHTIB 16 Ta 31IEHTPOBAHO
3a JI0MOMOror0 4oTupbox WTU(TIB 17. HanpaBneHHs: BEpXHbOT YACTUHU LITamIa
BiITHOCHO HWKHBOI BUKOHYETHCS 32 JIOIOMOTOI0 YOTHPHOX HAMPABISIOUUX BTYIIOK
13 Ta komoHok 12. Jlng 3pydHOro MEPEHECEHHs ITaMIla TMepen0ayeHo TBUHTHU
TpaHCHOPTYyBaJbHi 11, siIKi BCTAHOBJIEHO B HUXKHIM TUIHTI 7.

Onuc pobotu mrammna. B martpuiio 2 BCTaHOBIIOIOTH 3arOTOBKY IICIIS
3BOPOTHOTO BHUIaBtOBaHHA. [Ipu omyckaHHI MOB3yHa Mpecy 3 BEPXHbBOIO TUIUTOIO &
BiIOYBA€ThCSl MPOTATYBAHHS 3arOTOBKM CIOYATKy Yepe3 MATPHII0 BEPXHIO 2, a
MOTIM Yepe3 MATPHUII0 HIDKHIO 3, sKa PO3TalllOBaHa Ha CIICIiajbHIA BIJICTaHI BiJl
MaTpulli BepxHboi 2. [licis BUTATYBaHHSA TMOB3YH Tpecy 3 BEPXHBOIO IUTUTOIO
MIHIMAETHCA B BUXIJAHE MOJIOKEHHS. It 3HATTS HamiBpabpukary 3 myaHcoHa 9
nependadyeHo 3HIMayl 4, MO MANPYXUHEHI npyxkuHamu S. [l BuUIydeHHS

HamiBdadpukaTy 3 poO040i 30HU NepedaueHO BIKHO Yy BTYJIIlI HUXKHIH O.



218

6.5 Onepaiiist TapsYOro O0caKyBaHHS (JIaHIIS

6.5.1 Cxema npoiiecy rapsiaoro ocajKyBaHHs (IiaHIIs

C I ——

Pucynok 6.26. Cxema rapsqoro

ocajxyBaHHA (uanI: 1 —3arotoBka, 2

— OIpaBKa, 3 — Marpui, 4 — mmTa, S -

HariBpaOpukaT

JInst mpoBeIEHHSI pO3PaXyHKY 3
BUKOPHUCTaHHAM MCE Oyo
BUKOPUCTAHO  CXEMYy  Tapsyoro
oca/KyBaHHS (JIaHI, IKy MTOKa3aHO
Ha puc. 6.26. 3arotoBka 1
BCTAHOBJIIOETHCSI Ha  OMNpPaBKy 2.
Matpuiis 2 ciayrye oOMeKyBadeM st
dbopmyBaHHs GraHIS Ha 3aMaHId
BHUCOTI. [Iporec 0Ca[KyBaHHS
3MIIACHIOETHCS TUTUTOIO 4 13 3yCUIUIAM
P 31 mBuakictio Vo B pe3yibTarti

OTpuMaHoO HamiB(aOpukar 5.

6.5.2 3ycusis neopMyBaHHS MPOIIECY TapsuoTo 0CaKyBaHHS (DIaHIIs

p—

S N R O 00 O
E—

3ycwuss, MH

Eaaaas
0 2 4 6 8
[TepemitmeHHS TUTUTH, MM

Puc. 6.27. 3anexHicTh 3yCHILIS
rapsiaoro OCa/KyBaHHS Bij

NepEMIIICHHS TUTUTH

Ha puc. 6.27 300paxkeHo
3aJIEKHICTh 3yCHIIISL  OCAQ/KyBaHHS
BiJ1 nepeMitieHHs minTu. Ha mouatky
npolecy  3yCHWIIIS  OCa/KyBaHHS
3poctae 10 1 MH npu nepemimienHi
Ty 1 MM, Ja1i TOCTYMOBO 3pPOCTaE
1o 1,96 MH nipu nepemirieHHi Mt
7 MM MICJIS YOTO BIIOYBAETHCS PI3KHiA
3pict 3ycwuis o 8,2 MH npu
nepeMimendi miuta 8 mMm. Takui

pICT 3YCWUISL HAMpPHUKIHII TPOIECY

OCaJ[P)KyBaHHs MOB’S3aHO 3 TUM, IO TJIMTa MOYMHAE Ae(POPMYBATH HE TIIILKU 30HY

¢dmannsg, a Takox nedopMyBaTH LIEHTPaIbHY JOHHY YacTHHY HamiBpaOpukary.

Bxkazani 3ycuiiis moTpiOHO BpaxoBYBaTH IpPH BUOOPI MPECOBOTO OOJATHAHHS 1
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NPOEKTYBaHHI MIUT mTaMia. byso 3agaHo HacTymHI mapameTpH Ui MPOBEACHHS
mogemoBanHs MCE: mouaTkoBa Temreparypa 3aroTOBKH TaKa K SIK 1 HalpUKIiHII
IPOIECY BUTATYBAHHS, MIBUAKICTh MepeMilieHHs myancona V = 20 mm/c, ¢aktop
TEPTS MK IOBEPXHSIMHU pOOOYOro IHCTPYMEHTY Ta 3ar0OTOBKH BpaxoBaHO 1o 310et0
p = 0,3, koedimieHT TerIO0OOMiIHY MIX 3aroTOBKOIO Ta JehOpMyIOUYHM
iHcTpyMeHnToM — 5 N/sec/mm/C, rmuOuna npoHukHeHHs citku — 0,25 MM. 3amaHo
NPYXHO-TUTACTUYHY MOJENb MaTepiany. TemmepaTypa MaTpuili 1 ITyaHCOHA —

150°C.

6.5.3 OCHOBHI XapaKTEPUCTUKHU MPOIECY Tapsiuoro 0caKyBaHHs (IIaHIs

743 900 822 450 Bussneno PO3MOLI
7 _|
/W{ / T,oc  TEMIEpaTypu Yy 31e(pOpMOBAHOMY
) | 918 ,
@// " 354M  Merami 1m0  06’eMy  MOJOBHHH
570 H“ 791 , L
728 HariBpabpukaTy B KIHITI
500/ 665
602 OCaJKyBaHHs, KU 300pa)Ke€HO Ha

539
476. puc. 6.28. YV crinmi T=450+500°C,
\ 413

30Ha dbopmyBaHHS bnaHus
Pucynox 6.28. Posmoain temmnepatypu  T—gg0-7 43°C, a OCHOBHHH 06’€eM

[e] b
(7,°C) 1o 06°emy nonosurH JIOHHOI YacTUHU HamiBdaOpukKary

HamB(aOpUKaTy B KiHII OCAIKYBAHHS  T-879-000°C Takox BCTAHOBICHO
OXOJIO/DKeHHS mapiB metany 10 1=743°C no0au3y KOHTAKTYHOYHX MOBEPXOHB 3
MyaHCOHOM, TUTUTOIO 1 MaTPHUIICHO.

280

190 BusBieno PO3MOILT

j AU IHTEHCUBHOCTI HaInpy>KeHb o;
500 oy
378 nanisabprkary (puc. 6.29). OcHoBHuii
>
o o0’eMm wMarepialy B JIOHIA dYacTHHI
250 praity it

188
125

62.5
0.0

Bupody o¢,=190 Mlla, uenrpambHUit

Buctyn 0,—80+160 Mlla, B micui ae

PucyHok 6.29. Posnonin BinmOyBaioch  ¢opMmyBaHHS  (IaHI

IHTEHCUBHOCTI HaIpyXeHb 0;
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0~280 MIla. Cepenns yacThHa CTIHKA BUPOOY Yy BKazaHUX Micusgx o=280+480

MIlIa.

1.6 4.7 0.94 0.39

Pucynok 6.30. Po3noain

IHTEHCUBHOCTI JiepopMariiit &;

81722 l
1 \Q
7 /',’ //».— l l

,"\“7‘

SRR
T

7548
677

E. |18

S 7_,7_1_/;.,-;""' e T 1

P1616 |

Pucynok 6.31. Po3noniun temneparypu

HamiBpadbpuKaTy

Ha puc. 630 HaBeneHo
O30T IHTEHCUBHOCTI AedopMaliiii
& HamniBpabpukary 3oHa
[IEHTPATBHOTO BUCTYITY &=
0.39+0.94, nonHa yactTuHa BUPOOY
&= 1.6+2.8, ocHOBHHUIA 00’€M CTIHKH
BUpOOY &= 3.3, y BKa3aHUX MICISIX
CTIHKH BUpOOy &= 3.8, a BepxHs
yacTuHa BUpoOy &= 1.6+2.8.

Ha puc. 6.31 BigoOGpaxkeHo
(GbopMy Ta OCHOBHI rabapUTHI pO3MipH
OTPUMaHOTO HariBpabpukaTy
BHacniok po3paxyHkiB MCE. Ilicns
omeparlii  ocajpkyBaHHA  (uaHIs
oTpuMaHui HamiBpaOpuKaT mijsrae
TpaBieHHIO, (ocharyBaHnHiO  Ta
MIPOMUBAHHIO. [Ticns 4oro
BUKOHYIOTHCSI omepariii:
MPOTOUyBaHHS (PJIaHIIs, 30BHIMIHBOI

MOBEpPXHI  BUPOOYy,  CBEPIIHHS

OTBOPY I1J KaIcCyJib-3alaJbHUK, (OPMOYTBOPEHHSI pU(PTy HAa TOKAPHOMY BepCTaTi

Ta HAHECEHHS aHTUKOPO3IMHOTO TOKPUTTS (IMHKYBaHHS, ¢ocdaTyBaHHs,

JaKyBaHHS).

6.6 BucHOBKH

1 3 BUKOpPUCTaHHSIM METOJy CKIHUEHHHUX €JIEMEHTIB CTBOPEHI MaTeMaTH4HI

IJTACTUYHI MOJIENIl MaTepiainy JJi Olepaliid rapsyoro ocaJKyBaHHS Ta rapsyoro

3BOPOTHOTO BHAABJIIOBAHHA, a4 TAKOX HPY)KHO-HJIaCTI/I‘IHi MO,IIGJIi MaTepiaJIy JJIA
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orepaliid rapsyoro BUTATYBaHHSA 3 TOTOHIICHHSIM Ta Trapsdyoro OcCa»KyBaHHS
bnanng.  IIpoBeneHo  KOMIT'IOTEpHE  MOJCNIOBAHHA  BKa3aHUX  Oleparliil.
ButsryBaHHs 3 TOTOHIIICHHSM 3IIMCHIOETHCS Ye€pe3 JIB1 MOCIIJOBHO PO3TaIIoBaH1
MaTpHIIi.

2 BukopucTtaHHs  3arOTOBKM  KBaJpaTHOTO  Tepepidy  MoJjermye i
BCTAHOBJICHHS B MaTpUIll MPHU OMEpaIlisix rapsuoro OcapKyBaHHS Ta rapsuoro
3BOPOTHOTO BHUJIABIIIOBaHHS. 3BOPOTHE BHUABIIOBAHHS 3arOTOBKHU KBaJPaTHOTO
nepepizy 103BOJISIE OTPUMATH Kpallle MPOIMpaIlOBaHHs CTPYKTypu MaTepiany
JIOHHOI YaCTUHU HamniB(paOpuKaTy y MOPIBHAHHI 13 3arOTOBKOIO KPYTIIOTO TIEpepizy.

3 Jl1s BKa3aHUX omepaliii BCTAHOBJIEHO 3aJI€KHOCTI 3yCHIuId e(pOpMyBaHHS
Bl MEpPEMIIIECHHS IIyaHCOHIB 1 pO3MOAUIM HOPMAaJbHUX HAIPYKEHb Ha
nepopMy4Oro 1HCTpyMEHTI. MakcuMaiabHEe 3HA4€HHS 3yCHWIUIS Je(pOopMyBaHHS
115t onepaniid: ocamkyBanusa — 300 kH; BunaBmoBannas — 12,92 MH; BuTsaryBaHHs
— 756 kH; ocamxyBanHs (uanus — 8,2 MH. BusHaueHo Hanpy:xeHO-1edhOpMOBaHHIA
CTaH, TeMIIEPATypHHUI po3moaii, kputepiid pyinyBanus Normalized C&L, a takox
dbopMy Ta OCHOBHI po3Mipu HamiBhaOpHKaTIiB MO omnepaiisx. BcraHoBiaeHo, 110
npoiiec  nepopMyBaHHA CTIHKM HamiBhaOpuKaTy TpH OIepalii Tapsyoro
BUTATYBaHHSA 3 TOTOHIICHHSM B MPHUJOHHIA YacTHHI BiOYBAa€TbCS B YMOBAax
HEIMOBHOI raps4oi Ta HEMOBHOI X0JIOAHOI Aedopmallii, a o BUCOTI CTIHKU B YMOBAX
HETMOBHOT X0J10,1HOT IeopMmartii. 3a JornoMororo Kputepito pyitHyBanus Normalized
C&L BusHayeHo, M0 3amac IJIACTMYHOCTI 10 pYyWHYBaHHS TpH oOmeparii

BUTATYBAHHS 3 MOTOHIIEHHIM — 22%.
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3AT'AJIBHI BUCHOBKMH 11O POBOTI

B nuceprariifniii pob0TI mocTaBjieHa Ta BHpIIICHA aKTyallbHa HayKOBO-
NpakTHYHA 3ajlada, sika ToJisira€ B PO3pOOJEHHI I1HHOBALIWHOI TEXHOJOTIT 1
KOHCTPYKI[I  IITAMIIOBOTO OCHAIlEHHS JJii BUTOTOBJICHHA IUIACTUYHUM
(hOpPMOYTBOPEHHSIM 13 MaJIOBYTJICIIEBOI CTaji MOPOKHUCTUX BUPOOIB 31 CTIHKOIO
3MIHHO1 TOBUIMHM O BUCOTI. Te€XHOJOTisl T03BOJISIE MIABUIIUTH MPOTYyKTUBHICTh
BUTOTOBJICHHS 32 PaXyHOK 3MEHILIEHHS KIJIbKOCTI MEPEXO[IB IITaMITyBaHHsS Ta
3HU3UTH BUTPATU METAY 3aBASKU 3MiHI ()OPMHU BHUX1JHOI 3aTOTOBKU B MOPIBHSAHHI
13 TPAIUIIITHUMHU CIIOCO0aMU OTPUMAaHHS BKa3aHUX BHPOOIB.

1 [IpoBeneHo aHami3 JITEPATypHUX JDKEPENT MO ICHYIOUHMX TEXHOJOTISX
MJIACTUYHOTO (POPMOYTBOPEHHS BUPOO1B 31 3SMIHHOIO TOBIIUHOIO CTIHKHU. TexHOoIor1i
BUPOOHMIITBA SIKMX BKJIIOYAIOTh B ce0e omepailii rapsyoro OcCaJKyBaHHA 1
NOJAJIBIIOTO  3BOPOTHOTO  BHUAABJIIOBAHHS IOPOXHUCTUX  HamiBpaOpHUKaTIB,
BUTSTYBaHHS 3 OTOHILICHHSIM Ta KiHI[EBY OINEpallilo OOTHUCKY.

BcranoBneno crocoOu TMiJBHUINCHHS IPOJAYKTHBHOCTI IPOIECIB 0OpoOKHU
TUCKOM Ta 3HWKEHHS BUTPAT METAly NpPH BUIOTOBJIEHHI BKa3aHUX BHUPOOIB.
[TimBUIICHHS TMPOAYKTHUBHOCTI JIOCATAETHCS 3a PaXYHOK 3MCHIICHHS KIUIBKOCTI
MIepPEeXOoIiB BHACIIJOK BUKOPUCTAHHS Tapsu0ro BUTITYBAHHS 3 IIOTOHIICHHIM Yepes
JIB1 MOCJIJOBHO PO3TAIIOBaH1 MaTPHIll 3aMiCTh TPAAUIIINHUX CIOCOOIB XOJIOTHOTO
BUTATYBaHHA. 3MEHILIEHHS BUTPAT METaTy JOCATAETHCS 32 PaXyHOK BUKOPUCTAHHS
BUXIJTHOT 3arOTOBKH KBaJIpaTHOTO Mepepi3y 3aMiCTh 3arOTOBKH KPYTJIOi (hopmu.

2 HaBeneHo pe3ynbTaTd MOJEIIOBAHHS METOJOM CKIHUCHHHUX CJIEMEHTIB
mpoiiecy rapsdoro (GpopMOyTBOpPEHHsS BHUPOOIB 3 TOTPIOHUM TMPOIPAIFOBAHHIM
CTPYKTYypH MeTajny IuiacTudHoro Jnedopmaitiero. [lpencraBieHo pe3ynbTaTH
EKCIIEPUMEHTAILHUX  JIOCHIJKEHb, SKI MIATBEPAWUIN JlaHI KOMIT IOTEPHOTO
MOJICTTFOBAHHSI.

33 BUKOPUCTAaHHSM METOJYy CKIHYEHUX €JIEMEHTIB OyJ0 CTBOPEHO
MaTeMaTU4YHl MOJEJl Ta MPOBEJACHO MOJEIIOBAHHS TapsSYoro OCAKyBaHHS Ta
3BOPOTHOTO BHJIABIIOBAaHHA. BCTaHOBIEHO MIBUAKOCTI JehOpMyBaHHS ISt

3a0e3MeYeHHs] TEeMIIepaTypHOro IHTEpBaldy IITAMITyBaHHS, TEMIEpaTypHUN
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pO3MO/ILNI, HOPMAaJIbHI HAMpYy>XKeHHS Ta 3ycwuisd JedopMyBaHHS, HaIpy>eHO-
nedopMoBaHuii ctaH, popma Ta po3MipHu KiHIIEBUX HamiBpaOpHUKaTIB.

413 3acTOCyBaHHSIM METOAY CKIHYCHHX €JIEMEHTIB OyJi0 CTBOPEHO
MaTeMaTUyHi MOJIeJli Ta TMPOBEACHO MOJCIIOBAHHSA TMEPEXOAIB Tapsyoro
BUTATYBAHHS 3 MOTOHIICHHSM dYepe3 Bl MOCTIZIOBHO PO3TAIlIOBaHI MAaTpHIll Ta
XOJIOJTHOTO BHTSTYBAaHHS 3 TOTOHIICHHSAM 4Yepe3 OAHY MATPUIl0 (sl TiTb3H), a
TaKOX MOJICJIIOBAHHS MEPEXO/IIB rapsid0ro BUTIATYBAHHS 3 TOTOHIIEHHSM Yepe3 1Bl
MOCIIZOBHO PO3TAlIOBaHI MaTpuii (I MiANOHY). 3a paxyHOK BHKOPUCTaHHS
Croco0y Tapsyoro BUTSATYBAHHS 4epe3 Bl TMOCIIOBHO PO3TAIlIOBaHI MAaTpHIIi
JIOCSITHYTO ~ CKOPOYEHHsSI  KUIBKOCTI — Omepaliid BUTATYBaHHSA. BcTaHOBIEHO
ocoOnmBOCTI (POPMO3MIHM MeTaly, SIKa MPUBOAMTH 1O BHUKPUBJIEHHS JOHHOI
YACTUHHU MICJIS rapsiuoro BUTATYBAHHS Yepe3 JB1 MOCIOBHO pO3TallIOBaH1 MATPHIII.
Jnst GopMOyTBOPEHHS 173U BBEACHO OIEPAIlilo KaaiOpyBaHHS JOHHOI YACTHUHU.
BusnaueHo 3ycuiuist aedopmyBaHHS, MHTOMI 3yCHJUIA Ha 1HCTPYMEHTI Ta
HaIpy>keHO JaeQOpMOBaHUN CTaH MeTaly JUisl BKa3aHUX onepailiii. BusBieHo
dbopmy Ta po3mipu HamiB(haOpHUKaTIB.

5 3 BUKOPHUCTaHHSM METOAY CKIHUCHHUX EJIEMEHTIB 1 MPYKHO-TUIACTUYHOL
MOJIeJl MeTally TPOBEIACHO PO3PaxXyHOK XOJIOJHOTO OCAIKyBaHHA (IIaHIIO0 3
OJIHOYACHUM OOTHCKOM BEPXHBOTO TOPILIO (IS T1Ib3M) Ta rapsyoro 0CaJKyBaHHS
dbaanmo (I8 TiAIOHY). BCTaHOBIIGHO 3alle)KHICTh 3yCHIUISA Bif MEpEeMIIICHHS
ne(opMyrO4Ooro 1HCTPYMEHTY, MHUTOMI 3yCHJUIA Ha I1HCTPYMEHTI, HampyXeHO-
nedopmoBaHuil cTaH B ocepenky aedopmariii. [Ipu mpoMy cTBopeHO MOTPiOHY
MaKpOCTPYKTYpy MeTally B Micli mnepexony GIaHIl0 y JOHHY YacTHHY. 3
ypaxyBaHHAM IMPY>KHOI Aedopmallii BUSBICHO KIHIIEBY (OPMY Ta po3Mipu BUpPOOY.

6 Ha ocHOBI pe3ynbTaTiB KOMIT IOTEPHOTO MOJICTIOBAHHS TIEPEXOIIB
HITAMITyBaHHS PO3POOJIEHO Ta CIPOEKTOBAHO KOHCTPYKIIiT IITAMIIOBOTO OCHAIIICHHS
TSl peastizailii mepexo/IiB MTaMITyBaHHs MiO0HY.

7/ Pesynbratn  poOGoTtu BukopucTani Ha BupoOHUNTBI TOB «BCTI
«CTAHIAPT.T» Ta 3acTOCOBYIOThCS Yy HaBUaJlbHOMY TMpolieci Ha Kadeapi

Texnomnorii BupoOuunTBa mransHux anaparis KIII im. Irops Cikopcebkoro.
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Puc. K.2. lltamm jy1st rapsS90ro BUTITYBAaHHS 3 TOTOHIIIEHHSM Yepe3 JIBl TOCIJOBHO

po3TtaioBani maTpuil. Crnerudikariis
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AATBEPAVIO
// Jnpexrop -
[ T vyt

L1 Lt i Ongkcarip KAPTIEHKO

AT =

Lleit akT cki1azeHo npo Te, WO Ha Kadeapi TeXHOIoril BUPOOHHUTBA
aAiTankHux  anapatie  HauioHanbHOro  TeXHiYHOro  VHiBepcutery  YKpaiuu
«KuiBcbkuit noaitexHiynnil iHctuTyt imeni lrops Cikopebkoro» B npoueci
BHKOHaHnus npotsrom 2021-2024 p. waykoBo-10caiaHol poboti «lliiBuiieHHs
NPOAYKTHBHOCTI  Ta  3HWAKEHHS BHTpPAT  MeTaly M[pH  WTaAMIyBaHHI 13
MaJIOBYIIICIEBOT CTANi 3ar0TOBOK [UIb3 JII8 CHApAIIB CEpelHboro Kanidpy»
po3pobiena TexHosnoris Burotoriexus i3 marepiany Craas 11IOA riass s
apTHIEPIACHKHX CHAPALIB Cepeanboro Kaaopy. Texnonoris BKIO4ac onepaiii
raps4oro 380pOTHOTO BHIABIIOBAHHS [IOPOKHHCTOrO HaMiBhadpuKaTy 3 BUCTYNIOM
Ha JOHHIH YACTHHI 31 CTOPOHW MOPOKHHHH, ONEPAlil0 rapsyoro BHTATYBAHHSA 3
MOTOHLUEHHAM, XOJ10AHOr0 BHTATYBAHHA 3 MOTOHUICHHAM, ONEPALIIIO OCAIKYBAHHS
Oypra 3 J10Ka1LHUM HArpiBOM 3aroTOBKH Ta OMEPalliio poTaliiiHOro BUTATVBAHHS.
Jas peanizauii onepauiit BHAaBIOBAHHSA, BUTATYBAHHA | OCATUKYBaHHA po3pob/ieHo
Ta COPOEKTOBAHO KOHCTPYKUII I1UTAMIOBOrO OCHALLEHHS., fKe MoOke OyTH
BCTAHOBIIEHE HA ICHYIOUOMY npecoBomy oOnasHanHti Ha nianpuemMcrBax YKpaiuu.
Jas onepauil  potaniitHoro  BHTAryBalHs  po3podieHO  Ta  CNPOEKTOBAHO
TEXHOIIOT IYHE OCHALICHHS.

BuuieHasenena TeXHON0r S, B NOPIBHAHHI 3 ICHYIOUYMMH, 3abe3nedye GiibL
BHCOKY MPOAYKTHBHICTb BHIOTOBICHHS ['L1b3, CKOHOMIK MeTaly, CTAHOBHTH
IHAYHHIA EKOHOMIYHHIT IHTEPEC 11181 HALIOT KOMIAHIT | IDIaHVETHCS /10 BHKOPHCTAHHS
y BHpoOHHuoMYy npoueci TOB «biopo crnetiaibHo-TeXHIMHOrO IHAKHHIPHHTY
«Cranpapr. .

[lpeacrasunku KI1I im. Irops Cikopeskoro  Ilpeacrasuukn TOB «bropo
ClCHIAIbHO-TEXHIYHOT O
inRnHipuHry «CTAHIAPT. T»
Haykosuii KepiBHHK po3poGoK - ,
A.T.H., npodh. Boroaumup KATHOKHUH jlupek“lgp/
AMAMA A~ Onexkcanap KAPITEHKO
Bukonasui:

v

acnipant Cranicnas CHTHHK

Puc. JI.1. Akt BopoBamxenHus Ha nignpueMctBl TOB «bCTI « CTAHIAPT.T»
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’Q‘%‘A\‘ Tersina KEJIACKOBA

=

x anapatis (TBJIA) CurHuka

Cranicnasa BoaoauMupoBHHa B HaBYAIbHOMY npoueci Ha
HABYA1bHO-HAY KOBOMY MeXaHiKO-MalHHOOY 1IBHOMY [HCTHTYTI

(HH MMI) s niarotoBkn OakanaspiB 1 Marictpis no

CHCHILLHOC T
«131 - llpukiaina Mexanika»

Ha kadeapi TexHosorii BUpPOOHHLTBA AlTaNbHUX anapariB NpoBOAATLCH
JoCAiUKeHHs Td pO3POOKA MPOLECiB XOJIOAHOrO | rapsyoro 00’emMHOro Ta
THCTOBOTO LITAMIYBaHHS BHPOOIB HeoOXiaHOT popmit i SKOCTI 13 PI3HHUX MapoOK
cratei | koabopoBux Metatis, Acnipantom CHTHHKOM C.B. B nepioa HaB4aHHs B
woipatypi 3 2021 p. nia KepiBHUUTBOM AT.H., npod. Kamoxkuoro B.JL

po3podIeHd IHHOBALIAHA TEXHOIOT s WTamIy

BaHHA MOPOKHUCTHX BHPOGIB i3 cTai

3 CTIHKOK 3MiHHOT TOBIUMHM MO BHCOTI, fAKa BKJIOYac onepauii rapsaqoro

$BOPOTHOIO BU/1aBIIOBAHHA

MOPOAHHCTOIO

nanispabpukary,  rapsuoro

BHTAINVBAHHA 3 MOTOHILUEHHAM, XOJ0AHOIO BHTAIYBAHHA 3 MOTOHLICHHAM,

Oca1ky BaHHS OYPTa 3 J0KQILHUM HArPIBOM 3ar0TOBKH Ta poTalliiiHe BUTAIY BAHHSA.

[lapaveTpH [L18 NPOCKTYBAHHA TEXHOIOT

il HaBeleHUX onepauill BH3HauYeH

UL EHNXOM KO\HI.KHCPMUIO MOJIETIOBAHHA 3 BUKOPHCTAHHAM METO1Y CKIHUEHHMX

eleventis. Ha nepepaxosani onepauii pospodaeni i CIIPOEKTOBAHI KOHCTPYKILT

L TAMITOBOI'O OCHALIEHHS Ta TEXHO/IOMHHOr0 NPUCTOCY BAHHA.
Pe3yabTath auceprauiiinoi podor Curauka C.B. BHKOPHCTOBYIOTECA B

Jekuiiinnx  Kypeax  «TexHoaoris

XOJOAHOTO

00 €MHOrO  LUTAMITYBAHHA»,

«litencudikailis npouecis JHCTOBOIO WTaMITYBAHHAY, «KoMn'toTepHi MeTOAH
\O 16 HOBAHHA TIPOLECIB BHIOTOBICHHS KOHCTPYKILH JiTabHHX anaparisy 1a NpH
BHKOHAHHI KYPCOBHMX [IPOCKTiB i podiT no BKa3aHWX Kypcax. Takox npoBeieHi
PO3POOKH BHKOPHUCTOBYIOTBHCS [1PH BHKOHAHHI AMNIOMHMX poOiT Gakanaspis i

MaricTepchbKMX aHcepTauiit no cnenia;

Jupextop HH MMI

K.T.H.. JOUCH]

3asiaysay kadeapu TBJIA
K.T.H., J/IOUCHT

Hay KoBHIT KepIBHHK
L. 1.H.. npod.

Acilipasi

MK/IA1HA MEXaHiKa.

lrop I'PULLIKO
Asnton JJABPIHEHKOB

Boaoanmup KATHOKHHH

Cranicaras CUTHHUK

Puc. JI.2. AKT BUKOPUCTaHHS pe3yJIbTaTiB AOCTIIKEHHS B HABYaJIbHOMY TpOIIeCi Ha

kadenpi TBJIA

265



