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IJEKTPOIrHAPOUMITYJIbCHAS IITAMIIOBKA T'VIYBOKHX
JUCTOBBIX JETAJIEU C IOKAJIbHBIMH 3JIEMEHTAMU
BOJIBIIION KPUBU3HbI

Beimonnen ananu3 aeopMupoBaHHS JIMCTOBOM 3aroTOBKM IPU €€ H3TOTOBJIEHUH CHOCOOOM
anekTporuapoumnyiabcHo mramnoBku (OI'I). IlpoBeneHo SKCIEpUMEHTANBHOE HCCIIEIOBAaHUE
IPUMEHUMOCTH PA3JIMYHBIX CIEHUAIBHBIX TEXHOJOTHYECKUX CHOCOOOB IMPU IIyOOKOH IITaMIIOBKe-
BBITSDKKE M KaTMOpPOBKE JIOKAJIBHBIX 35eMeHTOB criocoooM DI ChopmynrpoBaHbl peKOMEHIauu
110 IPUMEHEHHIO PACCMOTPEHHBIX CIIELUAIBHBIX TEXHOIOIHYECKUX CIIOCOOOB.

Bukonano ananiz nmepopMyBaHHS JIMCTOBOI 3aroTiBKM TMiJ dYac 1i BHUTOTOBJIEHHS CIIOCOOOM
enekTporinpoiMmnyiascHoro mrammyBanHs (ELHI). IlpoBexeHo ekcriepuMeHTalbHE TOCIIIKEHHS
MOXJIUBOCTI 3aCTOCOBYBAaHHSI PI3HHMX CIHEIllaIbHUX TEXHOJIOTIYHMX CIOCO0IB IS TJIIMOOKOTO
IITAMIYBaHHSA-BUTATYBaHHS Ta  KamiOpyBaHHS  JIOKaJbHMX  eJeMeHTiB  cmocobom  EITII
ChopmynboBaHO pEKOMEHMAIl 13 3aCTOCOBYBAHHS PO3TJSHYTHX CHEIMIAIbHUX TEXHOJIOTTYHHX
crnoco0iB.

Deformation analysis of sheet blank during its manufacturing by electrohydraulic impact forming
(EHF) was made. Experimental investigation of manufacturing techniques applicability for EHF deep-
drawing and local elements calibration was realized. Recommendations of manufacturing techniques
application were given.

1. AHanu3 npoo6JaeMbl

Cnoco6 OI'lIl oTHOCcHUTCS K HMMIYJIBCHBIM METOJaM OOpabOTKH C HEXKECTKON
Nepearollel Cpeaod U MO3TOMY OH OTIMYAETCAd OT TPAJWLHMOHHOW IITAMIOBKH B
WHCTPYMEHTAJIbHBIX LITAMIAaX MEXaHU3MOM J1e(OpMUPOBAHUS JIMCTOBOM 3arOTOBKHU.
[Tpu TpaauuuoHHOW TIyOOKON BBITSDKKE >KECTKUW MyaHCOH IUIOTHO MpPHJIEraeT K
MOBEPXHOCTH 3arOTOBKM, YTO CO3/AaeT OOJbIINE CUJIBl TPEHHUS, MPEIOTBpALIAIOIINE
nedopmariiio IeHTPaTbLHOM 30HBI 3aTOTOBKH. B manbHeieM 1ieHTpaibHas 30Ha JIUITh
HEMHOTO J1e(hOpMHUPYETCS K KOHILY MPOLIECCa BBITSIKKH.

IIpr mTaMIOBKE € HEXECTKOW IEpEeNarolled CPelnod JMCTOBas 3aroTOBKAa HE
COIIPUKACAETCA C JKECTKMMH IOBEPXHOCTSAMHM BILIOTH [0 KOHIIA IPOLECCa, 4YTO
COIIPOBOK/IAETCS BO3HUKHOBEHHUEM HAIPSIKEHUM PACTSAKEHUS, OYECHb BBICOKUMH B
LIEHTPAJIbHOM 30HE, B TO BpeMs Kak Ha Mnepudepuro BO3ACUCTBYIOT HaNpsHKEHUS
PACTSDKEHUS U CKATHUSI. DTO MPUBOIAUT K 3HAUYUTEIIBHOMY YTOHEHHUIO 3arOTOBKH BJOJIb
paguyca C MakCUMyMOM B IEHTPalbHOM TOYKE, YTO CHMXXAET IUIACTUYHOCTD
Marepuaa.

OTH pa3nuuus JABYX METOAOB IITAMIIOBKA (C KECTKMM M  HEXECTKUM
MHCTPYMEHTOM) OUYEBH/IHBI MIPU MPOU3BOCTBE NoIychepruueckux aeraneu (puc. 1).
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a ] B
Puc. 1. Tlonycdepudeckas mucToBast 1eTaib (a) U CXeMbI pacipeiesIeHus
YTOHEHUH (€3) IPU TPAIULIMOHHOMN IITAMIIOBKE B MHCTPYMEHTAJIBHBIX IITaMmax (0) u
nipu D' (B)

[Ipu nanpreimel mrammnoBke criocooom DIl nokambHBIX JOHHBIX 3JIEMEHTOB
MaJIOTO paauyca JUCTOBOM JAETANIM MATEPUAI TEPHUT Pa3pbIB BCIEACTBUE HU3KOU
CIIOCOOHOCTH K IUIACTUYECKOMY J1€(hOPMHUPOBAHMUIO.

[lenbto naHHOW PAaOOTHI SIBISIETCA HUCCIIECJOBAHME PA3JIMYHBIX TEXHOJOTHYECKHUX
cnoco6oB, npuMmenseMmbix npu OI'I, nns obecniedyeHuss JOCTATOYHOM MIACTUYHOCTH
JUCTOBOIO  MaTepuajga  BIOJb  JOHHBIX  DJIEMEHTOB Ul JaJbHEHUIETO
(opM00Opa30BaHUs JOKAIBHBIX IEMEHTOB OOJIBIION KPUBU3HBI O€3 pa3phIBOB.

2. JKcnepuMeHTAIbHOE HCCIe0BAHME

CyliecTBYIOT pa3IMYHbIE CHELHUAlIbHbIE TEXHOJOrnyeckue meronsl npu Ol
MO3BOJIAIOIIME IPENOTBPATUTh YPE3MEPHOE YTOHEHME JMCTOBOIO METalla B
LEHTPaJbHOW 30HE 3arOTOBKM U OOECMEYUTh JIOCTATOYHYIO IIJIACTUYHOCTD JIS
nanpHenero GpopmMoodpazoBaHus JTOKATbHBIX 3JEMEHTOB: PEBEPCHUBHAS ILITAMIIOBKA-
BBITSDKKA C HCIIOJB30BAaHUEM JOINOJIHUTEIBHOW OCHACTKH; ONTHMH3ALUS IOJEH
JaBJICHUS; ONTUMH3AIUs (OPMBI 3aTOTOBKH; IPUMEHEHUE KOBPUKOB U JAPYyTHE.

Jlyia mpoBeZieHHsI TEXHOJIOTHUECKUX HCCIeIOBaHUN BBHIOpAHBI JBE aTIOMUHHUEBBIC
JETalll «OTpa)kaTellb CBETUJIbHUKA» C JIOKAJIbHBIMU 3JIEMEHTaMH OOJIbLIOW KPUBU3HBI.
OTH JINCTOBBIE AETAIM UMEIOT NIOX0KUE T€OMETPUYECKUE MTapaMeTpsl (JUIMHA, [UPUHA,
rinyOuHa, mupuHa (IaHLEeB, TONIIMHA CTEHOK), OJHAKO OTJIMYAOTCS OpUEHTALMEH
JOKQJIbHBIX 3JIEMEHTOB: Yy IEpPBOM AeTanu pedpa pacroyioKeHbl MEPHEHIUKYISIPHO
JVUHUM CUMMETPHUH, a Y BTOPOH — MapajjiesIbHO. DTU KOHCTPYKTHUBHBIE OCOOEHHOCTH
HO3BOJIAIOT OMNPEJENIUTh OOIIME M YaCTHbIE OCOOCHHOCTU MPOEKTHUPOBAHUS Mpoliecca
IPOU3BOJICTBA TAHHBIX JAeTaneit cnocooom DI

OKCHEpUMEHTBI TMPOBEAECHbI HA 3KCIEPUMEHTATBHOM 3JIEKTPOTrHIPABINYECKON
ycranoBke YOI'II-2, oGopymoBaHHOW KOHHYECKOW pa3psaHONW KamMepoll C OJHOM
Napoi 3EKTPOJIOB U TEHEPATOPOM UMITYJIbCHBIX TOKOB C pado4nM HampsikeHueM 10 40
kB.

2.1 Cxema 3kcniepuMeHTa

Bce akcriepuMeHTsI BBITOIHAIMCH C IIOMOLIBIO Pa3psAIHON KaMepbl C KOHUYECKOU
OoTpaxkarollleld MOoBEepXHOCThIO (puc. 2). IlpwkuMHas niauta 7, nepexoaHas IMTa S5 u
pesuHoBass nuapparmMa 6 (Cyxoil Impouecc) MNPUKPEIUIUIMCh K (iIaHIly Kamepsl
mnwibkaMu. LleHTpoBKa Kamepsl ¢ NPWKHMHON IUIMTOM OTHOCHUTENIBHO MAaTpuLbl 9
ocyliecTBisIach AByMs mThdTaMu. TonmmHa IPUKUMHBIX TUIAT
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U TJIyOMHBI MaTpuI] O00eux JeTaliei
PUMEPHO PaBHBI U, CIEIOBATEIBHO,
JUCTAHIIMK OT Pa3psIHOTO KaHaja
JI0 IUIOCKOM 3aroToBKM U JHA

MaTPHIBI TaKke IPHUMEPHO

OJMHAKOBEL. Paspsimabiii AN S
NPOMEKYTOK  (pacCTOSTHHE MEXIY '

KOHILIAMU SIIEKTPOIOB) TaKkKe

BBIICPIKHUBAJICA IPHUMCPHO pPaBHBIM
JJIs1 BCEX OKCIICPUMCHTOB 141

paBHsics 20 mwm. JlaHHBIM paszmep Puc. 2. Cxema sxcriepumenTa st DT
IIPOMEXYTKa oOecreuynBaeT OoTpakarejen cBeTWIbHMKA: 1. MaccoBblil
BBICOKYIO :-)(p(‘peKTI/IBHOCTI, paspsna B (oTpunaTenbHbIil) anekTpo; 2. IlpocTaBka mist
IIUPOKOM Jara3oHe [o/1a4n BOABI U yAJICHUS BO3/1yXa,

3apsAHBIXHANpsoKeHni (ot 12 kB 1o 3. N3o1npoBaHHbIN (TIOJIOKUTENBHBIN) dJEKTPO;
30 kB). EMKOCTb 3apsIHOTO KOHTYpa 4. Pa3psinnas kamepa; 5. [lepexoanas minTa;
coctaemsuia 33,2 Mkd ¢ momydaemoit 6. PesunoBas nuadparma; 7. [IpuxumMHas minra;

sHeprueit paspsna ot 2,4 kJlx 1o 14, 8. YcraHoBOYHBIHN 371eMeHT; 9. MaTpuua;
10. JIncToBas 3aroToBka
9 xJIx.
2.2 PeBepcuBHasi ITAMIIOBKA ¢ MPUMEHEHUEM JONOJHUTEIbHON 0CHACTKH

[TepBbIM MOAXOOM K PEIICHHUIO MPOOJIEMbI YPE3MEPHOTO0 YTOHEHHUS LIEHTPATbHON
YaCTH 3arOTOBKH OBUIO MPUMEHEHUE MPEIBAPUTEIILHON MaTPUIlbI, KOTOpPasi MO3BOJISET
OCYIIIECTBUTD MPOIIECC TITyOOKOM BBITSHKKUA U CHOPMUPOBATH IIEHTPAIbHBIN BBICTYIT Ha
3aroTOBKEe 0€3 ero CyIecTBEHHOro yToHeHHs (puc. 3). bonbiime cuibl TpeHUs BAOJb
KOHTAKTHBIX TTOBEPXHOCTEH BBICTYIIAa MATPHUIIbI U 3aTOTOBKU MPEIOTBPAIIAIOT OOJIBIIOE
yroHeHue. Ha cienyromem srane mraMnoBKA B OKOHYATEIBbHYK) MATPUILy BBICTYII Ha
3arOTOBKE BBIBOPAYMBACTCS JABJICHUEM W IPOUCXOIUT (OPMOBKAa M KaluOpOBKa
JIOKAJTBHBIX DJIEMEHTOB 0€3 Pa3phIBOB.

[IpumeHeHue npeIBapuTEIbHBIX MATPULL TAKKE OMPABAAHO B CIIy4ae CIHUIIKOM

Majoro s TIyOOKOH 0,20
BBITSDKKH ~ TEPETSDKHOTO g, '° 2

0,10
panuyca. o s
Jns JNAIbHEUIINX - il
IKCIEPUMEHTOB 0,05 N
IPUMEHSIIN 0,10

e 1] 25 50 T 100 125 150 17
TPaJULUOHHYIO « mm g
a :

rIIyOOKYIO  BBITSXKKY B
MaTpUIly OKOHYATEIbHON

bopMBI.

2.3 OnTuMu3anus noJiei J1aBJIeHUA

Bnusaue Ha pacnpeneneHue MaBICHHS, CO3ABAEMOTO Pa3psSAHOA KaMepou C
OJHOM Mapou BJEKTPOJOB, MO MOBEPXHOCTH 3arOTOBKH OMPEACISAECTCS CIEAYIOIIUMU
dakTopaMu: (GOpMOIl BBIXOJHOTO OTBEPCTHUS; (POPMOM OTpaKaloIIMX MOBEPXHOCTEH;
pacMoIOKEHUEM 3JIEKTPOJOB OTHOCUTENIBHO BBIXOJAHOTO OTBEPCTHSI U OTPaKAIOIIUX
MOBEPXHOCTEH; PACCTOSHUEM OT AJIEKTPOAOB JI0 3aroTOBKH U T.A. [lpu ncnonb3oBaHun

Puc. 3. Pacnipenenenre yroHEHUM €3 BJIOJb CPEIHETO
ceueHus (a) 1 3arotoBka (0), OTIITAMIIOBAaHHAS 110
MpeBapUTEIbHON MaTpHIIE
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MHOT'03JIEKTPOJHBIX Pa3psiiHbIX OJIOKOB UMEIOTCS Oojiee THOKHUE CpeACTBa YIIpaBIeHUs
IIOJIEM JIaBJICHHS: CXE€Ma MOJKIIIOUYEHHS 3JIEKTPOAOB, SHEPIHs, BbIACIAEMAs B KAKIOM
pa3psIHOM NPOMEKYTKeE U apyrue [1].

Bce »atu  daktoper B gaHHOW paboTe TMOCTOSHHBI, 3a HCKIIOYECHUEM
OTHOCHUTEJIBHOTO TIOJIOXKEHUSI (OpUEHTAlMK) KaHajna paspsaa (ompeaensieMoro
IIOJIO’KEHHUEM IJIEKTPOJOB) IO OTHOLIEHUIO K IPOJOJIBHOW OCU MaTpHULBI (IITaMITyEMOU
JICTaIn).

[IpoBeneHHBIE paHEE OKCIEPUMEHTHl 110 HW3MEPEHHUIO TIOJIEH  JaBJICHUSA
MHOTOMECTHBIMM MEMOpAaHHBIMM JaTUMKaMu JaBieHus (puc. 4), mIoka3aiu, 4YTO
MaKCUMaJIbHbIC 3HAYEHUs TEHEPUPYIOTCSA KaHAJIOM paspsla BJAOJIb IONEPEYHOIrOo
Ce4eHMs, MPOXOALIETO Yepe3 CPEeNHIO TOuKy (koopauHara y = 0). Pacnpenenenue
JABJIEHUS BJIOJIb OCH DJIEKTPOJAOB HEPAaBHOMEPHO C MAJbIMU 3HA4YCHUSIMU
HEIIOCPEICTBEHHO IT0J1 3JIEKTPOIaMHU (30HbI 3aTEHEHU).

HcnpiteiBain  1B€ cXeMbl: 1) ¢ oOpueHTaumend OCHU DJIEKTPOJOB BJAOJIL OCH
CUMMETPUM MaTpulbl M 2) ¢ NEepHeHAUKYJIApHON opueHtauueil. IlepBas cxema
OKazajach Jy4lleld B CBSI3U C 0OoJiee MPEANOUYTUTEIbHBIM PACIIPENCICHIUEM TaBICHUS
JUTSL SUTUNITHYECKON KOH(PUTYPALIMU ITAMITYEMBIX J€Tajei.

2.4 Onrumuszanus popMbl 3ar0TOBKH

®opma 3aroToBku (mHpuHa  (IIAHLEB 3arOTOBKM  BIOJb  BBITSDKHBIX
MOBEPXHOCTEN MAaTPUIIbl) CUIIBHO BIMSIET HA MPOIECC MTyOOKON BHITSKKH. YeM OobIiie
mupuHa QuaHua, TeM TpyaHee nedopMHupoBaHME Marepuaia (uiaHua (BTATMBAHHUE B
[0JIOCTh MaTpullpl) € JajlbHEMIINM OOpa30BaHMEM Y4YaCTKOB JIMCTOBOW 3aroTOBKH,
0oJiee pacrnoI0KEHHBIX K U30BITOUHOMY PACTSKEHUIO.

B pesymprare 5TO IPUBOAUT K
HEJOIYCTUMOMY YTOHEHHUIO JIMCTOBOIO
matepuana. OOe wucciaenyemble JeTanu
UMEIOT CPABHUTEIBHO LIMPOKHU
KOHCTPYKTUBHBIM  ¢aHen, ©  3Ta
JOTIONTHUTENbHAS IUpHHA eme  Ooee
YCIIOKHSET MPOLECC IITyOOKOM BBITSIKKH.

3agada COCTOUT B TOM, 4YTOOBI
OpraHu30BaTh IMPOLIECC TAKUM 00pa3oM H
BbIOpaTh 3arOTOBKY TaKoW (hOPMBI, YTOOBI
MaKCUMAaJIbHO MOJATh JMCTOBOM MaTepHuall
B II0JIOCTh MaTpPULbI (u30eras
CKJIaIKOOOpa30BaHus) u, 1o
BO3MOXKHOCTH, COXPAaHUTb HAYaJIbHYIO
TOJILIMHY JiMcTa A7 (popMooOpa3zoBaHUs
JIOKaJIbHBIX JJIEMEHTOB.

I[To ¢opme 3aroToBku s 00eUx
neTaneil OJM3KHU K 3JUIMIICY, HO C pPa3HbIMHU
paauycamMu 1O O0OWM KOHIIAM JJTHHHOM
ocu. [Ipu oTpaboTke mpoiecca pa3mepsl
3arOTOBKM W €€ PaCIOJIO)KEHHE H3MEHSIMCh MHOIO pa3, T.€. BONPOC MPaBUIBHOTO
pPacnoJIOKEHUs] 3arOTOBKM OKa3aJiCsi OYeHb BaXKHbIM. B cepuiiHOM NpOM3BOJCTBE 3Ta

60 =40 -20
Puc. 4. TunoBoe none pasienus (Mlla),
CO3/1aBAEMOE KOHUYECKOU pa3psaaIHON
kamepou: 1. KoHTyp BeIXOAHOTO
oTBepcTHs; 2. U301mpoBaHHBIM
(monoxxuTenbHbIN) dneKkTpoa; 3. Kanan
paszpsina; 4. MaccoBblii (OTpULIATEIbHBIN )
3JIEKTPO]
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npobsieMa OOBIYHO PEIIaeTCsl M3TOTOBJICHUEM CTYMEHBKH BOKPYT IJIOCKOW BBITSKHOM
MOBEPXHOCTU MaTpHlbl. B 3KCIepUMEHTATBbHON IITaMIIOBKE IIUPOKO HCIMOJB3YIOTCS
pamouHblie mabmoHbl. O0a TUIOBBIX PELIEHUS MO YCTAHOBKE 3arOTOBKH JIOBOJIBHO
noporue. B 370l pabGore OBUIO pa3paboTaHO W ampOOMPOBAHO YCTAHOBOYHOE
IPUCTIOCOOJICHHE U3 ABYX TOHKHX mpu3M (V-o6paszHoii dhopmbl) (cM. puc. 2, mo3. 8).
TonmuHa npu3M paBHa TOJIIIMHE JTUCTOBOM 3aTOTOBKH (711 MPEIOTBPALIICHHS BIUSIHUS
Ha MPOLIECC MTyOOKON BBITSKKH) U UX IMOJIOKEHUE OIMpenessuiocs popMoi, pazmepamu
U JKEeIaeMbIM PACIIONOXKEHHEM 3aroToBKH. [Ipu3Mbl OOBIYHO HWCHOJB3YIOTCS TPH
o0paboTke pe3aHWeM i YCTAaHOBKM KPYIUVIBIX WM (DaCOHHBIX MOBEPXHOCTEH C
JOCTaTOYHO OOJBIIONW TUIOMAAsI0 (OONBIION TOJIIMHONH 3aroTOBKH). ABTOPHI
UCTIBITa  V-00pa3Hble TPU3MBI JJII TOHKOJHMCTOBBIX 3arOTOBOK W TONYYHWIIH
MIOJIOKUTEbHBIE PE3YIIbTATHI.

[Iporiecc oka3aicsi O4eHb YyBCTBUTEIBHBIM K TOYHOCTH 3aroToBKH. Tak, mpu
OTKJIOHEHHSIX ~ pa3MEepOB 3aroTOBKM +2 MM, JeTald 4YacTO OKa3bIBAINCH
OpakoBaHHbIMH. [lOBbIIEHHE TOYHOCTH 10 +1 MM 3HAUUTEIHHO YBEIHUYUIIO
KOJINYECTBO FOAHBIX JIETAJIEH.

Bce »skcnepuMenTanbHble paOoOThl, CBs3aHHBIE C (OPMOI, pa3smMepaMu H
pacrojoKEHNUEeM 3aroTOBKM IO3BOJWIM TOJYYUTh XOPOIIMM Mpouecc TIiyOoKoi
BBITSDKKM W OKOHYATENBbHYIO IHUPHUHY (IAHIEB, CPAaBHUMYIO C KOHCTPYKTHBHBIMH
dranmamMu 1711 00enX JeTane.

2.5 llpumeHeHNe KOBPUKOB

Y mepBoii nmeramu pebpa (IOKaTbHBIE 3JEMEHTHI Majoro paamyca — 1 M)
PacroyiOKEHbl MO JHY TNEPIEeHIUKYIAPHO OCH CHUMMETpUHU. Takoe pacrojoKeHUe
pebep He TPEemATCTBYEeT MPOIecCy TIyOOKOH BBITSHKKM M TIOITOMY JIOHHAs YacTh
3aroTOBKM HMeEJIa JOCTaTOYHYIO TOJIIMHY W IUIACTHYHOCTh s (OPMOBKH W
KaTMOpPOBKU MaJIbIX PaJInyCOB 0€3 Pa3phIBOB.

Bo BTOpoii nmeranmm pebpa pacroyioKeHbI, B OCHOBHOM, BIOJb OOKOBBIX CTEHOK.
BokoBbie peOpa B MaTpulle CO3/al0T MPEMATCTBUS IS MOJAYU MaTepuana (aHua B
noJIOCTh MaTpuibl. TakuMm o0pa3oM, Ha O3THUX YYacTKaX 3aroTOBKM BO3HHUKAJO
Ype3MepHOe YTOHEHHUE U pa3phIBbl HA CTaTUU (POPMOBKHU U KATHOPOBKH pedep.

C uenplo pelieHus JaHHOW MpoOJeMbl MPUMEHEH APYroll TEXHOJIOTUYECKUI
crocob — ycTaHOBKa PE3MHOBOTO KOBPHKA Ha pe6paBManHue (puc. 5), MO3BOJISIOIINN
BBITIOJIHUTh TPOLECC TITyOOKOH '
BBITSDKKM (pe3WHa HE Co37aeT
OONBIIMX  CHJI  TPEHHS) U
copmMupoBath
npeaBapuTenbHyo GopMmy pedep
c OOmBIIMMH paauycamMH | . _
JOCTAaTOYHOM TOJIIMHOM JINCTA B Puc. 5. YyacTok oTIITaMInoBaHHOM JIETAJIH C

3TOM MECTC. HanpHenmas paspbiBaMu BJI0JIb pebdep (a), pe3MHOBBIN KOBPHUK B
popmoBKa u KaauOpoBKa MOJIOCTH MaTpHIIbl HaJ peOpamu (0) U y4acToK
JOKa3ann 3G (PEKTUBHOCTL  feTany, OTINTAMIIOBAHHBIN C PE3MHOBBIM KOBPUKOM
JTAHHOTO pELICHMS: (B): 1. Pa3peiBbl; 2. Pe3MHOBBIN KOBPUK;
OKOHYATELHO pebpa nonydeHsl 3. CTymeHbka, 00pa3zoBaHHas KOBpHKOM; 4. Pe6pa
0e3 pa3phIBOB. OOJBITIETO pamryca Ha 3aTOTOBKE
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3 AHaJIn3 pe3yJIbTATOB IKCIIEPUMEHTOB

[IpumMeHeHnE JONOJHUTENBHOM OCHACTKU ISl PEBEPCUBHOM  IUITAMIIOBKH
J0Ka3aj10 CBOIO 3(P(PEKTUBHOCTh. Y TOHEHUE B IIEHTPE 3arOTOBKH (MCIOIb3yEeMOM IS
dbopmoobpazoBanus pedep) Hedobmoe (cMm. puc. 3). J[Ba nuka mo yronenuto &3 < 0,15
BO3HUKIIM U3-32 B3aUMHOTO BO3JEUCTBUS HAIPSDKEHUN PACTSDKEHUS U M3THOAIOIIETo
MOMEHTa Ha pajuycax OOOBIIIKA MATPUIIbl, OAHAKO TAKUE 3HAYCHHS] HE KPUTUUHBI TS
BBICOKOIUIACTUYHOTO aJIOMHUHHEBOTO JucTa. (OJHAKO JIONOJHUTEIbHAs OCHACTKa
TpeOyeT JOMOIHUTEIbHBIX IPOU3BOACTBEHHBIX 3aTPaT.

B paspsaHbIX Kamepax ¢ OZHOW Mapoil 3JIEKTPOIOB BO3MOXKHOCTU YIPABIICHUS
pacnpeneneHreM JaBlIeHHs OrpaHUYeHbl. B naHHOM pabore ontuMu3anus Mo
JIaBJIEHUs OCYILLECTBIISUIACh 3a CUET BbIOOpA MPaBUIIBHOIO PACIIONOKEHUS 3JIEKTPOJOB
(kaHaJa paspsiia) OTHOCUTEIBHO OCH CHMMETPMM MOJIOCTH Matpuibl. Taxoke s
YIPABICHUS pPACHIpEAeICHUEM JaBICHUS MOTYT MHCIIOJNb30BAThCS OTPAXaTeau MU
KOHIIEHTPATOPh! YIapHBIX BOJIH U TUAPONOTOKOB.

CymiecTBytomnue crnocoobl IpOEKTUPOBaHUs (HOPMBI U Pa3MEPOB 3aTrOTOBKU HE
JAI0T TOYHBIX pe3ynbTaToB. I103TOMY ISl Ka)KI0ro Ipolecca ITaMIOBKH, OCOOEHHO
npu OI'1I, TexHOIOTH BRIHYX/I€HBI ONBITHBIM ITyTEM MOAOUPATh €€ (HOpPMY U pa3Mepsl
s oOecriedeHHs] BBICOKOW CTaOWMIIBHOCTH Tpollecca TINIyOOKON BBITSKKUA W,
CJIeIOBaTENIbHO, BBICOKOTO KadecTBa JucToBbIX aetajnei. [Ipu DI nponecc riay6oxoit
BBITSDKKM YYBCTBHUTENEH K (OpME M TOYHOCTHM 3aroTOBKM M €€ PaCHOJIOKEHHUIO
OTHOCUTEJIBHO TOJOCTM MaTpullbl. V-00pa3Hble MNpuU3MbI, pa3padOTaHHbIE U
anpoOUpOBaHHBIE aBTOPAMU, MOKA3aJIM CBOIO MOJIE3HOCTh U MPUTOAHOCTD JJIsi TOUHOU
YCTaHOBKH 3arOTOBKH IJIABHOTO 3JUIMIITUYECKOTO KOHTYPA.

XOpolmMM  pElIEHUEM  SBISIETCS  NPUMEHEHHE  PE3UHOBBIX  KOBPHUKOB,
NO3BOJIIIOIIMX ~ M30€KaTh  M3rOTOBJIEHMS  JOMOJHUTEIBHOW  Marpuubl (U
JIOTIOJIHUTEBHBIX PAacX0A0B) C OOJIBLIIMMH paJuyCcaMu MO JIOKAJbHBIM JJIEMEHTaM (B
HalleM ciydyae — pedpam) Ajs MpeABapUTENbHON IITAMIOBKM 3THUX AJIEMEHTOB 0e€3
pa3phIBOB.

Pe3ynbTarhl MCHBITAHUNA CHELHAIBHBIX TEXHOJOTMYECKHX CIOCOOOB IMO3BOIMIIN
HACTPOUTH MPOLECC INTAMIOBKH U W3TOTOBHUTH JIMCTOBBIE JA€Tanud O€3 pa3pbhiBOB U C
YIOBJIETBOPUTENBHBIM paclpeieieHueM YToHeHui (puc. 6). MakcuMaabHOE YTOHEHHE
10 TeHepaIbHOI (opMe, 3a UCKITIOUEHUEM pedep, JOCTUTIIO0 OTHOCUTEIHHO HEOOIBIIOTO
3HaueHus: 0,3 (mpu yCIOBUM HCHOJB30BaHUS BBIIIEPACCMOTPEHHBIX CHOCOOOB), a
MakcuMalibHOoe yToHeHue 0,52 1o JOKaJbHBIM 3JEMEHTaM paclojIOkKEeHO Ha Ieperuode
pedep (BepTHKaIbHBIE 3JEMEHTHI). 3/1€Ch TaKKe HEOOXOIUMO IMPUHITh BO BHUMAHUE
¢ PeKT CBepXIIaCTUYHOCTH [2].

4 BbIBOIBI

Crucok crnenuasbHbIX TEXHOJOTMYECKHX CIOCOO0B, paCCMOTPEHHBIX B JaHHOM
paboTe, HEMOJOH M MOXKET ObITh 3HAYUTENBbHO pacmpeH. OpHako Jaxe 3TOT
OrpaHUYEHHBIA HAOOP TEXHOJOTMYECKUX CIOCOO0B 103BOIISIET N3roToBUTH D'
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KayeCTBEHHbIE JIMCTOBBIC JETaIH
CPaBHHUTEIHHO OOJBIION TITyOMHBI
C  JIOKQJIbHBIMH  3JIEMEHTaMHU
Majnoro paauyca. OJIHaKO HE CTOUT
3a0bIBaTh, UTO JAaHHAS TEXHOJOTHUS
IKOHOMUYECKH  JPQPEeKTUBHA B

€AUHUYHOM U  MEJIKOCEPUHHOM ]
[PON3BOACTBE. : ::;ﬁmwfm
JanbHelmume TEXHOJIOTUYECKHUE B | e —
HACCIIETOBAHUSI CBSI3aHBI c AL
dopMooOpazoBaHKuEM M
METAJTTUYECKUX JTUCTOB C OOJIBIIION ;gf; 7 —+= -
CTCHCHBIO He(i)opMaHI/II/I, -20 1] 20 40 1] a0 100 1200 140 160 180 200 220
H3MEHEeHISIMU miactiugoct  PHC. 6. OkoHYaTenbHbIe (OPMBI OTpaKaTeIeH
METAJLJIOB, METOIaMU CBETUJILHUKA C MOMEPEYHBIMU pebpamu (a) u
IpENOTBPAILCHUS meperpesa  IPOJAOJIBHBIME peOpami (0) U pacipeneseHue
JINCTOBBIX METAJLIOB U3-3a Harpea  YTOHCHHMH &; B POJIONBHOM CEUCHUH JCTAIIHN C
OBICTPO C)KUMAEMOTO BO3/1yXa. MOTMepeYHbIMH peOpam (B)
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K BOITPOCY O BBIBOPE MAPKH BOJIOKOH J1JIAA
YIIPOYHEHUSA JIMCTOBBIX METAJIVIOKOMITIO3UTOB,
OOPMUPYEMbBIX UMITYJbCHBIM METOJ1OM

Ocy1ecTBiIeH aHaau3 NPOBOJIOK U3 BBICOKOKAPOIIPOUYHBIX TYIOIJIABKUX METAJUIOB U CIUIABOB HA HUX
OCHOBE [UId YNPOYHEHHUS KOMIIO3MLMOHHBIX MAaTEpHUaloB C METANIMYECKUMH MaTpHULaMH,
NPUMEHSEMBIX Ul U3TOTOBJICHHUS TOHKOCTEHHBIX HACAIKOB COIIOBBIX OJIOKOB PAaKETHBIX JBUTATEINCH.
[Toka3aHo, 4TO B KayecTBE APMHPYIOLIMX BOJOKOH I€1€CO00Pa3HO HCHOJIb30BATH OTOAGKEHHYIO
BOJIb()paMOBYI0 TPpoBOJIOKY Mapku BP273BII.

[IpoBeneHo aHami3 APOTY 13 BHCOKOXAPOMIIIHMX METaNIB 1 CIUIaBIB Ha iX OCHOBI JUIsl 3MIITHEHHS
KOMITO3UIIHHUX MaTepiaiiB 3 METaJeBUMH MATPHUIIMH, SIKI BUKOPHUCTOBYIOTHCS JUISI BUTOTOBJICHHS
TOHKOCTIHHMX HACaJIKiB COIJIOBHUX OJIOKIB pakeTHHX ABUTYHIB. [lokazaHo, 10 y SKOCTI apMyrO4u
BOJIOKOH JIOIJILHO BUKOPUCTOBYBATH BignajieHui Bosb(pamoBuii npit mapku BP273BII.

The analysis of high-temperature wire of refractory metals and their alloys for hardening of composite
materials with metal matrices used for the manufacture of thin-walled nozzles blocks of rocket
engines. It is shown that as the fiber reinforcement is advisable to use annealed tungsten wire
VR273VP brand.
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