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MOIEJHNPOBAHUE PECYPCOCBEPEI'AIOIIINX
TEXHOJIOTUYECKHUX ITPOIECCOB I'OPSIYEN OFBbEMHOM
IHITAMIIOBKH ITOKOBOK U3 ABUAIIMOHHBIX CIIJIABOB B
YCJIOBUAX N3OTEPMHUYECKOI'O U ITIPUBJINKEHHBIX K HEMY
JAE®OPMUPOBAHUA

HpI/IBGI[CHI)I BO3MOXXHOCTH HUCIIOJIB30BaHUA I/ISOTepMI/I‘I€CKOI\/’I IOTaMIIOBKKW 1JId TIOJYYCHHUA Ka-
YECTBCHHBIX IIOKOBOK C TOHKHMH IIOJIOTHAMH, TOHKHMMH W BBICOKHMU pe6paM1/1. HpezmoxceHo
KOHEYHO-’JIEMEHTHOE pEeLIeHUE 3a/Jayd ropsyeid oObeMHOW IITaMIIOBKM B ILITamMmax C JOMOJI-
HUTCIBHBIMU JJIEMCHTaAMU (i)OpMI)I. Brmmomaeno pemieHue i Ciiydasd IITaMIIOBKH IIOKOBOK I1-
o0pa3Hoil popmbl U3 aBUaLlMOHHOTO ciutaBa Tumna B95. [IpoBeneH aHanus nojiydeHHbIX pe3yJIbTaTOB.

HaBeneHo MOKIMBOCTI BUKOPHCTAHHSA 130TEPMIYHOIO INTAMITyBaHHsS Ui OTPUMAaHHS SKICHUX
MIOKOBOK 3 TOHKMMH IIOJOTHAMH, TOHKHUMM 1 BHUCOKMMH peOpamu. 3anpONOHOBAHO CKIHYEHO-
€JIEMEHTHE pIIIeHHd 3ajadl Taps4oro oO0'€MHOro MITAMIIYBaHHS Yy IITaMmmax 3 JOJAaTKOBUMU
esieMeHTaMu popMu. BukoHaHO pilieHHS JUIs BUMAJKY IITaMIyBaHHsS MOKOBOK I1-o6pa3zHoi popmu 3
aBianiiiHoro crmiaBy tuiy B95. IlpoBeneno anainiz oTpuMaHux pe3yabTaTiB.

The possibility of using isothermal forging to produce high-quality forgings with thin blades, thin and
tall fins are given. A finite-element decision of the problem of open-die forging with a flash in dies
with additional shape elements is offered. The decision for the case of forging II-shaped billets from
aircraft alloy such as B95. Analysis of the results is carried out.

CBOI0 aKTyaJlbHOCTb BOIPOC pa3pabOTKM U HCCIEJOBAHUSA TEXHOJIOIHM
M30TEPMHUYECKON IITaMIOBKKM TMpuodpen B cepeauHe XX BeKa C TMOSBICHHEM
AKAPOCTOMKHUX U KAPONPOUYHBIX MHCTPYMEHTAJIBHBIX MaTepuanoB. M3HayanbHO HaHHas
TEXHOJIOTUsA pa3pabaTbiBajlach W BHEApPsUIACh HA MPEANPUATHSX aBHALIMOHHOU
IIPOMBIIIJIEHHOCTH, OAHAKO yke B 70-¢ roapl XX BEka Hallla CBOE NPHUMEHEHUE Ha
MAaIIMHOCTPOUTENBHBIX NPEeANpUATUsIX [ 1].

N3oTepMuyeckass IITaMIIOBKA MPEACTaBIsAeT CcOOOM mpolecc Tropsyero
nedopMHUpPOBaHUS 3arOTOBOK B IITAMIIOBOM HMHCTPYMEHTE, NMPU KOTOPOM 3aroTOBKa U
MHCTPYMEHT HArpeThl 10 TEMIEPATYpPhl TOPsYEil ITAMIIOBKH MaTepurasna. Y CTpaHEHHas
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OpyU OSTOM TMOTEps Temja 3aroTOBKOM B IITaMie OOECIeurnBaeT BO3MOMXKHOCTh
MeJUIEHHOW JedopManuu Mpud MATKOM, IUIACTUYHOM COCTOSIHUM Marepuaia MpHu
OTHOCUTENBHO HeOoNbuX ycuwiusax aedopmanuu. Takum oOpa3om, MOsBIAETCS
BO3MOXHOCTh M3IOTOBJIEHUS TMOKOBOK C TOHKMMH (DACOHHBIMU 3JI€MEHTaMU Ha
OTHOCUTEIBHO HEOONBIINX Mpeccax.

M3oTtepmuyeckasi IMITAMIIOBKA BBIMIOJIHSIETCS Ha THUXOXOAHBIX (B YaCTHOCTH
TUAPABIMYECKUX) Tpeccax, Yy KOTOpPbIX 3HAUYCHHE TMEepEeMEUICHUs TpaBepchl He
npeBbiaeT 5 MM/cek. Tak Kak MITaMIIOBBIA MHCTPYMEHT HarpeBaroT MpUOIU3UTEIHHO
70 TOH K€ TeMIlepaTypbl, UYTO M 3arOTOBKY, OOBIYHBIE MHCTPYMEHTAJbHBIE CTajld HE
MOTYT OBITh HCIOJB30BAHbI JJII W3TOTOBJICHUS IITAMIOB JJisi IUTAMIOBKH B
M30TEPMHUYECKUX YCIOBHUSAX U3-3a UX HEIOCTATOYHOM cTOWKOCTH. Takum oOpazoM st
ITAMIIOBOM OCHACTKM MOTYT MPUMEHSTCS TEIIOCTOMKHUE CTaidu JHOO KapoIpOUHbIe
cruiaBbl. Tak, MpU M30TEPMUYECKON IITAMIIOBKE AIIOMUHUEBBIX CILJIaBOB paboduit
MHCTPYMEHT U3rOTaBIMBAIOT U3 TEIUNIOCTOUKUX cTanieid Mmapok SXHM, 4X5B2®C u ap.
[Ipu M30TEpPMUYECKON IITAMIOBKMA TUTAHOBBIX CILIABOB TPEOYETCS TEPMOCTOMKOCTDH B
muanasone ot 850 10 950 °C (pexoMeHIyeMBblii UANa30H TEMIIEPaTyp HArpeBa LITaMIIa
BMmecto 370...430 OC, 3amaHHeix mo TH). [lns Takoro amama3oHa TPUMEHSIOT
CIEAYIOIINE MAaTEPHUAIbl: BBICOKOTEMIIEPATYPHBIE CIUIABBI HA OCHOBE HUKEJIS; METAILIbBI
WIM UX CIUJIaBbl C BBICOKOW TemmepaTypoil miiaBiieHus (MOdHOJIeH); KepaMHueCKue
MaTepuaibl.

[ITamMoBKa B YCIOBHSIX H30TEPMHUYECKOTO Ae(POPMUPOBAHUS U MPUOITHIKEHHBIX
K HeMy oOJlafjaeT psAAOM MPEUMYILECTB Iepei TPaJAUIMOHHON ropsueid oObeMHOMN
mramnoBkoit [1-3]. K HuM cienyeT oTHecTH Oojiee paBHOMEPHOE paclpe/eseHue
TEMIIepaTypbl IO CEUEHUIO I[IOKOBKH, MEHbIIIEC 3HAY€HUE TMOTPEOHOr0 YCHIHS
nedopMHUpPOBaHHUs, MOBBIIIEHHYIO IUIACTUYHOCTh MaTepuaja H3-3a 0ojee MOJHOTO
pa3ynpo4yHeHus, OTHOPOJHOCTD JiepopMaluu.

Pe3ynpTaThl NpUBENEHHBIX B JHUTEeparype pador [2,5] CBUIETENBCTBYIOT O
1€7ecCO00pa3HOCTH MPUMEHEHHUS Il MOJEIUPOBAHMS MPOLECCOB Topsiueil 00beMHOMN
IITAMIIOBKM CIIEIIUATU3UPOBAHHBIX IMPOrPAMMHBIX NPOAYKTOB ISl MOAEIUPOBAHUS
nporieccoB kKoBku U ob6bemHoi mrtamnoBku (QFORM, DEFORM, FORGE).
IlepeyncneHHbplE CUCTEMBI OCHOBAaHbl Ha IIMPOKO HCIIOJIb3yEMOM [JIsl MCCIEIOBAHUS
MPOLIECCOB 00pabOTKK METAJIOB JIaBICHUEM METOJ/I€ KOHEUHBIX 3JIEMEHTOB. B otnnuune
OT TPAAMIMOHHBIX TEXHOJOTHM MPOEKTUPOBAHUS TEXHOJOTHUYECKUX MPOIECCOB,
MO3BOJIIFOLIUX MOJYYUTh PE3YJIbTAT C OTPOMHBIMH 3aTpaTaMH BPEMEHHU, MAaTEpUaJo- U
HSHEPropecypcoB, KOMIIBIOTEPHOE MOJEIUPOBAHUE TO3BOJISET CAEIATh ATO YK€ YEPE3
HECKOJIbKO yacoB. [Ipum 3ToM MOXHO mpocieauTh 3a (GOpMOM3MEHEHHUEM Marepuaia
3arOoTOBKM, YBHUJETh BO3MOXHbIE J€(EKThl, BbI3BaHHbIE  HECOBEPIICHCTBOM
KOHCTPYKIIMM OCHACTKM WM TEXHOJIOTMYECKHX IApaMETPOB IMpoOlecca, IOIYYUTh
uHOpPMAIMI0O O  HaNpPSHKEHHO-Ie(OPMUPOBAHHOM  COCTOSSHUM  3arOTOBKH U
SHEPTrOCHIIOBBIX MMapaMeTpax mpouecca.

Takum 00pa3om, 11eNIbI0 HACTOAIIEH pabOTHl ABJISAETCS MCCIEI0BAHUE METOJOM
MMHTALIMOHHOTO KOMITBIOTEPHOTO MOJEIMPOBAHUS MPOIECCA IITAMIOBKH MOKOBOK II-
oOpa3HOM B C€YEHUM W YMJIMHEHHOW B IUIaHE (QOPMBI U3 TPYyAHOIAEPOPMUPYEMBIX
QTIOMMHUEBBIX  CIUIaBOB  Tuna B95  gns orpaGoTku  pa3pabaTbiBaeMoOTro
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TEXHOJIOTUYECKOTO IIPOILlECCa IUTAMIIOBKM M YTOYHEHHUS pacueTOB KOHCTPYKLUH
LITaMIIOBOM OCHACTKH.

Bri6op oObekTa ucciaenoBaHus OOYCIOBJIEH MIMPOKUM PACIPOCTPAHEHHEM B
aBUALIMOHHBIX KOHCTPYKIUSAX (3arOTOBKM JeTajed Tuna Oallok, KpOHIITEHHOB,
¢buTuHTrOB). BO3MOXHOCTH CHUKEHHUSI BeCa B HECKOJBKO pa3 IMpHU 3aMEHE CTaJIbHBIX
JeTajaeil Ha aJIOMUHHMEBBIE U TUTAHOBBIE, C COXPAHEHUEM IOKA3aTENIEd MPOYHOCTH H
JOJITOBEYHOCTH, MO3BOJIWIM JETAJSIM U3 3THX CIUIaBOB IIPOYHO YTBEPAUTHCS B COCTABE
Y3JI0B JIETATENIBHBIX AIIapaTOB.

TpéxmepHast MOENb TUIIONPEICTABUTENS TAKUX JI€TAJIEW IPUBEAEHA HA pUC. |.

[Tonyyenue mnokoBok II-o6pa3noil B ce-
yeHUH (opMbl (MOKOBOK C TOHKUMH IIO-
JIOTHAMHM ¥ TOHKUMH U BBICOKUMHU pebdpammu)
MIPEACTABIISET 3HAYUTEIBHYIO
TEXHOJIOTHYECKYIO TpyAHOCTh. HenpaBuiabHO
BBIOpAaHHBIE COOTHOILIEHHSI T€OMETPUUYECKHUX
pa3MEPOB AJIEMEHTOB ITOKOBKH NPUBOASAT B
MPOLIECCE IITAMIOBKA K BO3HUKHOBEHUIO
clenyroumx 1e(eKToB: CKIaJ0K, 3aKHMOB,
HE3anoJIHEHU WU T.A. /1 moigydeHHs 3aroTOBOK INPUBEAECHHBIX AETANE METOIOM
ropsueii O0OBEMHOW IITaMIOBKM aBTOpamMu padoTtel [6] Makosenkum B.B. u
Makogeukum A.B. pa3zpaboran cnocod MITaMOOBKUA B IITaMIax € JIOMOJHUTEIbHBIMU
anemMeHTaMu (popmbl. COOTBETCTBEHHO MPEJIOKEHHOMY CITOCO0Y IITAMIIOBKU UCTIOJb-
3yeTcsl IITaMIl, COCTOSIIUN U3 IBYX pyub€B. lIpum 3TOM npenBapuTenbHBIA pydeu
mTamMna MMeEeT TpaBlopy, O00JIaalollyl0 JIONOJHUTEIbHBIMU  (HAIpPaBISIOUIUMU)
BBICTYIIaMH Ha BEpXHEW CTOPOHE I'PaBIOPHI, OTBEUAIOIIUMH MOJIOCTAM, (POPMUPYIOITUM
opebpenrie. CKpyriaeHHbIM Npoduib HAMPAaBIAIOMIETO BHICTYNA MO3BOJIIET U3MEHUTH
TEYeHUs] MaTepHajla 3aroTOBKM U 0OecleynBaeT NMPEUMYLIECTBEHHOE 3aTEKaHHE Me-
Tajuia B CTOpOHY pedep A0 BbIX0Jla MeTajiia B 00J0i. B okoHUaTenbHOM pyube mTammna
MPOUCXOIUT OOXKUM OOpa30BaHHBIX MOJOCTEH B Telle MOKOBKH, IOJIYyYEHHON B
MpeIBapUTEIbHOM pydYbe MITammna, ¢ JalbHedell ux nepe@opMOBKONH B TOTOBYIO
ITOKOBKY.

Pa3paborana koneuyHo-anemeHTHass (KD) momens B KOTOpoil, mpuiioKeHHE
Harpy3kl K 3aroTOBKE MOJEIUPYETCS NYTEM 3aJaHusl IEPEMEILICHHS BIOJb
BEPTUKAJILHON OCH BEpXHEW MOJIOBUHKH IITaMIIa 332 OJIMH IIar (MpOLECcC IITaMIOBKHU B
npeaBapuTeIbHOM pyube Obul pa3dout Ha 100 maroB, oxoHuarenbHOM Ha 50).
HauanpHast CkOpocTh ABMIKEHHSI MHCTpYMEHTa 3anaHa paBHoit 0,25 m/c. Temnepatypa
HarpeBa moj mTammnoBky - 430120 °C  (amomubmeBsli crraB Tmma  B9S).
VYcranoBieHo, 4to gaHHas KO wMonenbs aJeKBaTHO ONMCHIBAET HANPSKEHHO-
neopMUpPOBAHHOE COCTOSTHME TOKOBKM ¢ TodHOCThIO 10 20 %. IlpoBepka
MIPOU3BOJNIIACH ITYTEM CPABHEHHUS PACUETHBIX JAHHBIX C PE3YJIbTaTaMH SKCIIEPUMEHTA,
npuBeAeHHoOro B pabote [4,7] W pe3ydbTaTaMM TEOPETHYECKOrO0 pacyeTa C
MCIIOJIb30BaHUEM BapHUaIlmoHHOro Metoaa Tpeddia [6].

BBuay Toro, uro B pa3paOOTaHHOM TEXHOJOTMYECKOM IPOIIECCE IITaMIIOBKU
NPUMEHSETCS IITaMII C JBYMS PYy4YbsSMH (IIpelIBapUTEIbHBIM W OKOHYATEIbHBIM) U
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TakuM 00pa3oM COBMEUIEHbI JB€ (POPMOU3ZMEHSIONIME ONEepalnH, KOMIIbIOTEpHAas
MO/IEJIb pa3/ielieHa Ha JIBE CTaJuu, peliaeMbie B mporpamMMHoM mnakere tuna DEFORM
MOCJIEIOBATENIBHO € COXpaHeHHWEM 0a3bl JaHHBIX O HANPSHKEHHO-Ae(OPMHUPOBAHHOM
COCTOSIHUU MTOKOBKH B IIPE/IBAPUTEIHLHOM PYUbe.

BepxHsis u HUOKHSS 4acTh IITaMIla MOACIMPOBAINCH KaK JKeCTKUE Tena (B BUILY
MajocTu JedopManuii mrTamma 1O CpaBHEHHIO C JedopManusiMd  3arOTOBKH)
KoHTakTHOE B3auMOAEMCTBHME 3aroTOBKM C YacTAMM IITaMIla MOJAEIUPYETCS
KMHEMAaTHYECKUM YCJIOBHEM HENPOHUKHOBEHHMS, YCIOBUEM pPaBEHCTBA HOPMAJIbHBIX
CWJI Ha KOHTAaKTHBIX TOBEPXHOCTSX INTaMmma M 3aroTOBKH, KacaTelbHOW CHUJIOH,
0OYCJIOBJICHHON TpPEHHUEM MEXIY KOHTAKTHUPYIOIIUMHU TeaaMu (Kod(P UIIMEHT TpeHUs
JUTSL CITydasi Topsiued mTaMmnoBKH co cMaskoit u=0,3).

B xome oTpa®oTku 3amaud Mpu TMOSABJICHUU 30H 3aTpynHEHHOTO nedop-
MUpPOBaHHUS MeETaljla MporpaMmMa B aBTOMAaTHYECKOM pEKHUME IepecTpauBajia CETKY
KOHEYHBIX 3JIEMEHTOB.

Ha puc. 2 mpuBenena ¢dopma 3aroToBKM W pachpeesicHHUE HaNpsHKeHUH |
nedopmanuii B 1eopMupyeMoil 3aroToBke B MPEABAPUTENHHOM M OKOHYATEIHLHOM
pyuYbe HAa OKOHYATEJbHOM CTa/IUs IITAMITOBKH.

Pe3ynbpTaThl MOIENMpOBaHUS MPOIECCa IITAMIIOBKH B MPEABAPUTEIILHOM pPydbe
mTammna CBUJETEIbCTBYIOT O TOM, YTO MaTepHasl 3arOTOBKH MOJHOCTBIO 3alOJHUI
pydeit mramma 6e3 nedekToB (OpMbI, a BbIOpaHHAs MIMPUHA MOCTHUKA OOJIOMHOM
KaHABKU TO3BOJIMJIA CO3JaTh HYXHOE CONPOTHBICHHE TEUYCHHIO METaula, U TaKUM
o0pa3oM 3amojgHuTh 1o BbicoTe [1-00pa3Hble BHICTYNBI U OOKOBBIE BBLJIETHI MOJOTHA
MOKOBKH JI0 BBITEKaHUsI METaJlIa B O0JIOWHYIO KaHABKY.

[IpenBaputenbHbIi pydei

OkoHuaTeIbHBIN pyuei
Puc. 2. Pacnipenenenrie ”THTEHCUBHOCTH HaNpsiKeHUH (ciaeBa) u nedopmariuii
(cipaBa) pu MOJICIMPOBAHKUH IITAMITIOBKH TTOKOBOK [1-00pa3Hoii B ceueHuu u
YAJMHEHHOH B TU1aHe (POPMBI

Pacnipenenenne HanpskeHUW IO TENy IMOKOBKM Ha OKOHYATEIIbHOM CTAagud
IITAMIIOBKM B TMPEJBAPUTEIIBHOM pYy4Yb€ HOCUT DPAaBHOMEpHBI XapakTep, Kpome
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HE3HAUUTEJIILHOTO pOCTa 3HadeHuid B Tene mnojotHa A0 80 MlIla u B 30He,
COOTBETCTBYIOILLIEH JOMOJHUTEIbHBIM BBICTYIIaM Ha IPABIOPE BEPXHEN YACTH IITAMIIA —
1o 100 MIla. MakcumanbHOro 3HAaYEHUS] HANPSDKEHHS IOCTUTAOT B 00JaCTH MOCTHKA
oOnoitHoi kanaBku (10 120 MIIa). UuTeHcMBHOCTD Aedopmalinii mo Teiny MOKOBKHU MpH
sToM coctaBisier u 0,8-2,2. MakcumanbHble JeopMmaluu pacupeneseHbl B 00J1acTi
nepexoja nonotHa B [1-o6pa3Hblil BeICTYN (3HAUEHHE MHTEHCUBHOCTU AedOpMALMK OT
2 10 2,6), 4TO CBUAETEILCTBYET O MIPOPAOOTKE METalJIa B 3TOM 00JIaCTH.

B okxoHuYaTenbHOM pydbe HITaMIa MPOUCXOAUT 00KUM 00pa30BaHHBIX MOJIOCTEH
B TeJIe MOKOBKHM, METaJUl JABUKETCA B CTOPOHY IEPIEHAMKYISIPHYIO OCU CUMMETPUU
MOKOBKHM TIO0 HampaBlieHHI0 K 001010. Takum o0pa3zom, Ha OKOHYATEIbHON CTaauu
npouecca Mbl (pOpMUPYEM MOJIOTHO MOKOBKH /10 3aJIaHHON BBICOTHI, chopmuposas I1-
oOpa3Hble BBICTYIBI Ha MpeABAPUTEIbHOM cTanuu. Pe3ynbTaThl MOJEIMPOBAHUS
IIpoIIECCa MITAMIOBKH B OKOHYATEIBHOM PYy4Ybe€ CBUAETEIBCTBYET O TOM, YTO MaTepHall
3aroTOBKHM MOJIHOCTBIO 3aMOJIHWI T'PaBIOPY LITamma, opOpMUB 3aJlaHHYI0 T€OMETPHUIO
IIOJIOTHA U TOTOBOM MOKOBKH.

[Ipu MonmenupoBaHuU Mpoliecca 0OBEMHON MTaMMOBKUA MOKOBOK [I-00pa3Hoii B
ceueHHH (GOpMbl OblIa TMOATBEpXKIEeHa 3PGEKTUBHOCTh MPEJI0KEHHOIro crnocobda
IITAMIOBKA B IITaMIie C JIONOJHUTEIbHBIMU 3JeMeHTaMu (GopMbl. AHanu3
MIPOU3BOJMJICS TIYyTEM CpPAaBHEHUA KAPTHHBI PACHPENEIICHUS CKOPOCTEM 4YacTHUIl
Mareprajga 3aroTOBKM B IITAMIE C HANPAaBISIIOIIMMH BBICTYIAMHM W B IITAMIIE C
IIoCKOM (¢Gopmoil TpaBlOphl BepxXHeW uactu MmrTammna. Ha puc. 4 mnpuBeneHa
npoMexxyTouHas ¢opma nepopMupyeMoi 3aroTOBKM U KapTHHA paclpeereHus
CKOpPOCTEH 4YacTHI] MeTajyla B IITaMIle C pa3pabOTaHHBIMU JIONOJHUTEIBHBIMU
BBICTYNaMH U 0€3 HUX MPU paBHOW BETMYMHE XO/a BEpXHEH MOJIOBUHBI IITAMIIA.

et

a 0
A, O — MUHUMaJIbHOE U MaKCUMAJIbHOE 3HAUCHHE
Puc. 3. Kaptuna pacnpeneneHuss CKOpoCTeN YaCTHI] B TeJIe TOKOBKH B
mTamIe ¢ pa3paboTaHHBIMU JOTOJHUTEIBLHBIMU BHICTYIaMU (a) 1 03 Hux (0)

Tak B mtamIie co CHeluaibHO CO3JaHHBIMH BBICTymamHu (pHuC. 3,a) CKOPOCTb
TEUEHHUs YacTHI[ MeTajula pacTéT B HamparieHuu [I-oOpasHoro BwicTyma (pebpa),
JOCTHUTAasT HAWBBICIIETO 3HAYCHUS B €T0 HIDKHEH YacTH. DTO IMO3BOJSIECT O(OPMHUTH
opeOpeHHe C 3aJIaHHOW T'eOMETpHel Ha TPEIBAPUTEILHOW CTaJWM INTAMITOBKH. [Ipu
STOM BEJIWYHMHA HEJOIITAMIIOBKH pedpa I0 BBICOTE B Clydae NPUMCHCHHS IITaMIIa C
HAIPaBJSIIONIMMA  BBICTYIIAaMH B 2,5 pa3a MEHbIIE YeM B INTaMIIe C IDIOCKOH
MOBEPXHOCTHIO TPU PABHOW BEIMYMHE XOJa BEpXHEHW dYacTH INTaMmIa. AHaIW3
auarpaMMbl (puc. 3,0) IMOKa3bpIBacT, YTO B INTaMIle C IUIOCKOHW (OpMOI TpaBIOpPHI
BEPXHEHW YacCTH IITaMIIa CKOPOCTh TEUCHUS YACTHII PacTeT B HaIpaBJICHUU K 00JI010,
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JOCTUTasi MAaKCUMAJIbHOTO 3Ha4Y€HUs B 00JaCTH MOCTUKA OOJIOMHONM KaHaBKH, U METAJLI
HE ycTpeMJIsieTcsl B pedpo, TeM caMbIM HE MO3BOJIsI 0QOPMUTE peOpo 3a1aHHON (HOPMBI
0e3 NMPUMEHEHMs IPOMEXKYTOUHBIX MEPEXOJO0B IITAMIIOBKM U YBEIMYMBAs 3HAUCHUE
NOTPEOHON HEPTUU Ha CTAIUU JAOLITAMIIOBKH.

B pe3ynbpTate BBINOJIHEHHOIO KOMIBIOTEPHOTO MOJAEIUPOBAHUSA IpoLEecca
rops;tueii 0ObEMHOM IITAMIIOBKM YCTAHOBJIEHBI Pa3MEpPbl 3arOTOBKU IO IITaMIIOBKY,
o0ecneunBaoNMe 3aloJIHEHUE Pydbsl IO BBICOTE U 00pa3zoBaHUE 00JIOS MO CXEME C
HaUMEHBIINMU NTOTEPSAMU METaJUla — OTHOLIEHUE IIMPUHBI K BBICOTE MPSIMOYTOJIBHON B
CeUCHNH 3arOTOBKH JTOJDKHO coctasmsite B, [H =0,8...0,9.

Takum 00pa3oM, MpPOBEACHHBIM aHAIU3 pE3yJAbTATOB IEJOro psga padoT
CBUJETENBbCTBYET 00 3(OPEKTUBHOCTH MPUMEHEHUS METoJla Topsyel 00BEeMHOM
IITAMIIOBKHU B YCJIOBHSX U30TE€PMUYECKOT0 U MPUOJIMKEHHBIX K HEMY Jle(popMupoBaHus
JUTSL TIOJTyYE€HHSI 3arOTOBOK JI€TalIel CIIOXKHOM MPOCTPAHCTBEHHON (OPMBI (B YACTHOCTHU
C BEpPTHKAJIbHBIM OpEOpEHHEM) W3 aBUALMOHHBIX TPYAHOAECPOPMHUPYEMBIX CIUIABOB.
TouHblii KOHTpONBL Tpollecca MPU H30TEPMHUUYECKON IITAMIOBKE OOecredynBaeT
MOJIyYeHHE TMOKOBOK C OJHOPOJHBIMU CBOMCTBAMH, YTO SIBIISIETCS HanOoliee BaKHBIM
(bakTopoM, OnpeneNAoIUM KaueCTBO TOTOBOM MIPOAYKIMK B aBUANPOMBIIIIEHHOCTH.

[Ipu sTomM nnsi oTpabOTKH pa3pabaThIBAEMBIX TEXHOJOTHYECKUX IPOILIECCOB
IITAMIIOBKY U YTOYHEHHUS PACUYETOB LITAMIIOBOM OCHACTKH IEJI€CO00Opa3HBIM SBIISIETCS
MIPOBEJEHNE UMHUTALMOHHOTO KOMIBIOTEPHOIO MOJEIMPOBAaHUs. AHAIN3 PE3YIbTATOB
psijia MOZENBbHBIX IKCIIEPUMEHTOB Ha 0a3e pa3padoTtanHbix KD moaeneit nmokaszanu, 4o
IIPU COOTBETCTBHUU PA3MEPOB IOATOTOBHUTENBHOTO PYUbsl TEOPETHUYECKUM pacyeTam
KOHCTPYKIIMU IITAMIIOBOM OCHACTKU M pa3pabOTaHHBIM PEKOMEHAAIMSAM, IITaMIIOBKA
MOKOBOK B TMPEIBAPUTEILHOM M OKOHYATEIbHOM pyuybe IMpoluia 0e3 Haludus
nedekToB, (hopma roToBOM MOKOBKU 0POpMIIEHA TTOTHOCTHIO.
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