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OCOBEHHOCTHU NPOEKTUPOBAHUS U PEAJIM3ALIUN
PECYPCOCBEPET AIOIIIUX TEXHOJIOTMHI ITAMIIOBKH IMIOKOBOK
HPAMOYI'OJIBHBIX U KPYIVIBIX B IIJIAHE

B cmamuve paccmompenvl 0cobenHoCmy NPOEKMupoB8anIs MEXHOA0UU UWMAMNOBKYU HO-
KOBOK NPAMOY2ONbHBIX U KPYeIblX @ NIAHEe U pacuema Nepexoo0s, BblGIeHO pasiuyue
n00X0008 6 ONPedeNeHUU BANCHBIX MEXHOIOSUHECKUX XAPAKMEPUCTUK Y MHOSUX ABMO-
pos. Ycmanosnena neoOX00UMOCMb NPUBECTIU UMEIOWYIOCS U HAKONIEHHYIO UH@opma-
YU 8 YHUDUYUPOBAHHYIO CUCTHEM) NOHAMULL U ONPeOeneHUl.

Kniouesvie cnosa: wmamnoska, 3a2omosxa, pecypcocoOepedicerue, npoguiuposanue,
npecc, 0010, 0ehOPMUPYIOWUTL UHCIPYMEHMI.

bypxo B.A. Ocoonuseocmi npoexmyeanns i peanizayii pecypcocoepezaouux mexHono-
2l WMamnoeKu NOKOBOK NPAMOKYMHUX MA KPY2aux 6 niaaui. Y cmammi posenanymi
0COOIUBOCMI NPOEKMYBAHHS MEXHOL02I UWMAMNYBAHHS NOKOBOK NPSMOKYMHUX | Kpye-
JUX 8 NIAHI i PO3PAXYHKY Nepexoois, sUAIeHa 8IOMIHHICIb NIOX00I8 V GU3HAUEHHT 8AdIC-
JIUBUX THEXHONO2IYHUX Xapakmepucmuk y bazamvox aemopie. Bcmanoenena neobxio-
HICMb npusecmu ICHyIOYY i HAKONUYeHy iHpopmayuro 6 YHi(IKosany cucmemy noHsms i
BU3HAYEHD.

Knrouosi cnosa: wmamnysanus, 3a20moeka, pecypcosbepicants, npoinizayis, npec,
001101, 0echopmyrouutl iHcmpymeHm.

V.A. Burko. Features of planning and realization of economy technologies of stamping
of purveyance rectangular and round in a plan. In the article the features of planning of
technologies of stamping of purveyance are considered rectangular and round in a plan
and calculation of transitions, distinction of approaches is exposed in determination of
important technological descriptions for many authors. A necessity to drive present and
accumulated information to the compatible system of concepts and determinations is set.
Keywords: stamping, purveyance, profiling, economy of resources, press, deforming
instrument.
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IHocTanoBka mpodaeMbl. MeTonukyd pacyera MepexoJ0B IMITAMIIOBKA M KOHCTPYHPOBAHUA
PYYbEB ISl KPYIJIBIX M IUIOCKHMX INTAMIIOBAHHBIX M3JIEITHIA UMEIOT CBOM OCOOEHHOCTH, IIPU 3TOM KO-
JUYECTBO TPAJHUIIMOHHBIX CIOCOOOB TPUAAHUS HMCXOMHOW 3aroToBKe MPOQWINPOBAHHOW (HOPMBI
BEeCbMa OrpaHW4eHO. Peanm3anus MepCcreKTUBHBIX Mall03aTPATHBIX METOAOB MPHUOIMKEHHS (HOPMBI
3aroTOBKU K KOH(UTYpAIMX MTOKOBKH CBSI3aHA C PEICHHEM Hay4YHO-TEXHHUYECKHUX 3a/1a4, OCHOBAHHBIX
Ha pacHIMpPeHUH O0JIaCTH MPUMEHEHUsS] W3BECTHBIX CIOCO0O0B /e OpMHUPOBAHUS, pa3pabOTKH KOHCT-
PYKIUI MpoQUINPYIOIIEro HHCTPYMEHTA, H3YYCHHH 3aKOHOMEPHOCTEH (OPMOM3MEHEHHS 3ar0TOBOK
B HOBBIX YCIIOBHSIX.

AHanIu3 nocjaeTHUX myoankamuid. MHOXXECTBO (PakTOpOB, BIUSIONIUX HAa TEXHOJOTHIO TOpS-
4yeil 00bEMHOM IITaMIOBKH, HE MO3BOJSIOT MOTHOCTHIO YHU(HUIIMPOBATH MPOIECC MPOSKTHPOBAHUS
MHOToIepexoHbIX mporeccoB. [1o 3ameuanuto I'.I1. Terepuna «IIpoeKTUpOBaHUE MPENBAPUTETHHBIX
py4beB, CKOpee, HCKYCCTBO, YEM HayKa.

Heas cTaTbu — MpoOBEIEHNE JIUTEPATYPHOTO 0030pa ISl BBISBICHUS Pa3IHUKs B TOJX0JaX TPH
OTIpeNeNeHNN BaKHBIX TEXHOJOTHYECKUX XapaKTEePUCTUK, NMPH MPOSKTUPOBAHUM TEXHOJOTUN IITaM-
MTOBKHM TTOKOBOK MPSMOYTOJBHBIX M KPYIJIBIX B IUIAHE U pacuera MepexooB, YTO He MO3BOJIsIET MUHU-
MH3HMPOBATh PACXO]] METAJIA.

H3ao:xenue ocHOBHOro martepuana. llltamMmoBaHHBIE TMOKOBKM pa3fefsioT MO IMpHU3HAKaM
(OpMBI, TONIOKEHUIO JIMHUU pa3beMa MITaMIIOB, Croco0aM M KOJNUYECTBY IEPEXO/OB INTAMIIOBKH,
npeobyagarmeMy By AegopManiy B OKOHYATEILHOM pYyYbe, HCXOAHOMY MaTepHany (CTalu u
I[BETHBIC METAJUIbI), 3aJICHCTBOBAHHOMY O0OPYAIOBaHHIO H T.I1., YEMY MOCBSIIIIEHO MHOXKECTBO KJIacCH-
¢dukanmii, pa3pabOTaHHBIX pa3IMYHBIMH aBTOpamMu [1-6]. [IprueM B OGONBIIMHCTBE CIy4aeB MOKOBKH
pazaeneHsl Ha TPYIIBI U MOATPYIIIBI, CPeId KOTOPBIX 3HAYUTEIPHOE MECTO 3aHMMAIOT U3/ THUIIa
TEJ BPAIlleHHUs, B TOM YHCIIE C HAIMYHEM YTONIIEHUH B BuJIe (DaHIleB U OyPTOB, U IIOKOBKH THIIA TIa-
CTHH, XapaKTEePU3YIOIIHECS OTHOCHTENFHO BBITIHYTOH KOH(QUTYpaIiel, TOHKHUM ITOJIOTHOM, a UHOTIa
W HaJIM4MeM OTPOCTKOB. Takas (opManuzanus mo3BojsieT Ha3Ha4yaTh TEXHOJOTMYECKHE TPYIIBI MO-
KOBOK JUI YKPYITHEHHBIX PacdyeTOB TEXHHKO-I)KOHOMHUYECKUX IOKa3aTelel B I[exax U ONpenensTh 3a-
rpy3Ky obopynoBanus [7], a TakKe MPUMEHSTh MPUHIUIBI aBTOMATU3UPOBAHHOTO MPOSKTHPOBAHUS
TEXHOJIOTHYECKUX TPoIleccoB [8].

[porecchl OTKPHITON 0OBEMHOW MITAMIIOBKH PacCMaTPUBAIOT KaK MPOTEKAIONIHE B HECKOIBKO
yCIOBHBIX ctanuii [2, 19, 24, 30]. K HUM OTHOCAT CTauIo OTKPHITOH AedopMaiui (CBOOOAHYIO OcaI-
KY, BBIIaBIIMBAHKE, OTKPBITYIO TPOIIMBKY WA COYETAHUE ITHX OIepalluii) B 3aBUCUMOCTH OT KOH(U-
T'ypalliy TIOKOBKH, CTa/IMIO 3allOJTHEHUS OOJBIICH YacTH Pydbsi METaIOM (TIPH OCAJIKE 32 CUET BBIMY-
yrBaHWsl OOKOBOM YacTH 3aroTOBKH), CTaJUI0 OKOHYATEIHLHOT'O 3allOIHEHHS YIJIOB C BBITECHEHUE
JUIITHETO MeTallia B 00JIOH (3ayceHel) Wil KOMITeHcaTophl. B cBOIO odepens, Kaxkaasi CTaaus MOXKET
CKJIaJIBIBAThCA M3 HECKONbKUX (ha3. dopMon3MeHeHre ONpeIessieTcsl YCTaHOBIICHHEM (OPMBI U pas3-
MepoB JepOopMUPYEMOii 3arOTOBKY B PA3IHUHBIX CTAIUAX | (hazax mpoiiecca MITaMIIOBKH.

[Ipu M3roTOBIEHUM MOKOBOK THIIA TEN BpalleHHUs (Hampumep, TIaJKUX JUCKOB) Ui YCTaHOB-
neHust GOpMBI M BBICOTHI h 3arOTOBKM B KOHIIE TIEPBOW CTaJMH OTKPHITOTO OCAKHBAaHUS HAXOJSAT TaK
Ha3bIBACMbIIT KO(hHIMEHT 60uKr006pastocTi A’ 1 cTpenky C GOUYKH BBITYHEHHONH GOKOBO ITOBEPXHO-
CTH, JUISl YEero HCIOIb3YIOT METOJMKH B BHJIE TPOMO3JIKUX PacueTHBIX GopMyn wiu rpaduyeckux 3a-
BHCHUMOCTEH, MPHUBEIEHHBIX, HAIPUMeEp, B UCTOYHMKaX [2, 27]. Torma MCKOMyI0 KOHEUHYIO BBICOTY
3arOTOBKH OIPENENsIoT 1o ¢opmyie [19]:

2 /
"= (11))0(1 2??))2 "
n

rne Do u Hyp — HauanbHblEe AMAMETP U BBICOTA 3arOTOBKU;

h u D, — KOHEYHbBIE BBICOTA U JUAMETP IITAMITYEMO TOKOBKH.

B ucrounuke [19] npuBeaecHO pacCMOTPEHHE OCOOCHHOCTEH 3aKpPBITOH O0bEMHOM ITAMITOBKU
MTOKOBOK THIIA TUCKOB C I[€HTPATbHBIM CIUIOIIHBIM BBICTYIIOM, TUCKOB C OJHOCTOPOHHHUM KOJIBI[EBBIM
BBICTYIIOM, JIUCKOB CO CTyMUIlel, KOMOMHHPOBAHHON (POPMBI C OJHOCTOPOHHUMHM BBICTYITAMH, KOM-
OMHUPOBaHHOW (POPMBI ¢ IBYXCTOPOHHUMH BhICTynaMi. OJJHAKO JaHHBIC TEXHOJIOTUU COCTOST U3 OI-
HOIIEPEXOTHON MITAMITOBKH B TOPEIl U3 IIMJIMHIPUIECKON 3ar0TOBKH Oe3 00pa3oBaHHs 00JI0sI.

[Ipu OTKpBITOM IITaMIIOBKE C MOMEHTa COIPHUKOCHOBEHMSI CO CTEHKaMHM IITamIa MeTajljia OH
BBIJIABJIMBACTCS B TIOJIOCTH PY4bsi U OOJIOMHYIO KaHaBKY. B KOHEUHBIH MOMEHT IITaMIIOBKH O0JIOHHAs
KaHaBKa MMeeT MUHHMAIBHBIA PacTBOP, COOTBETCTBYIOUIHMIA TOMIIMHE 3ayceHna h,. [Ipu atom MHOTHE
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aBTOPBI YKa3bIBAIOT PUOIH3UTENLHO OJJMHAKOBBIN JIMANa30H OTHOIICHHI BBICOTHI o4yara aedopMannin
hyy K TOMImEHEE 3aycenna h,. Ilo E.M. CemenoBy [4] - hy/h, = 2,0; mo M.B. CtopoxeBy [19] - hyo/h, =
= 2-5; mo A.B. Pebenbckomy [17] - hoo/h, = 2,5 — 3,0, mprueM mocieHui aBTop PeKOMEHIYET B pac-
4yerax MPUHUMATH cpefHee 3HadeHue hy,/h, ® € = 2,72, 4To OKa3biBaeT HE3HAYUTEILHOE BIUSHUE Ha
pacuersl GOpMOUZMEHEHHUS M YCUITHS TP I TaMITOBKE.

Pasznuune moaxooB B ONpEACTeHUN HaNpPsKEHHO-IeOPMUPOBAHHOTO COCTOSHHS, JaBIICHUS
HA 3ayCEHEYHOM KaHaBKe W pacyeTax yCWJIMH OTKPBITOW IITAMIIOBKH MOKOBOK KPYTJIBIX B IJIaHE U Y-
TUHEHHOU (popMBbl TOKa3zaHo B uctouHuke [21, 22]. 31ech, Mpu pacCMOTPEHUH TOBEJCHUST METaIlIa B
paiioHe MOCTHKa 3ayCEHEYHOH KaHaBKH, OTMEUEHO, YTO MPEUMYIICCTBEHHBIM BHIOM JedopMannun
SIBIISIETCSL OCaJIKa ¢ MAKCUMAIIbHBIMHU 3HAUCHHUSMH KacaTellbHBIX HANpPsDKEHUH Ha KOHTAKTHOH ITOBEpX-
HocTH. [IpH 5TOM BO BpeMs IITaMIOBKH MOKOBOK IPSMOYTOJIBHON (OPMBI METaIlI, HAXOMASIIUNCS B
MarasuHe, He TMPEMATCTBYET TEUEHUIO METalllla B 30HE MOCTHKA, a yJeIbHOE YCHIIHE P, IepopManun
3ayCeHIIa pacCYMThIBAIOT 110 opmyiie [21, 22]:

p,=0 1+5h_ ) )

£

rie O, =—=0,, 3]leCb G; — CONPOTHUBIECHHE AePOPMUPOBAHHIO MaTepHaa Ipyu paccMaTpu-
V3
BacMbIX YCIIOBUSAX,
b — mmpuHa 3ayceHeuHo# (00I0IHOI) KaHABKH.

J171st TOKOBOK B BHJIE TEJl BpAIllEHHs Y4aCTOK 3ayCceHIla, 1eopMUpyeMbIii MOCTUKOM, OKPYKEH
KOJIBLIOM MeTaJljia, HaXO/SIIerocss B Mara3uHe, 4To BIMSIET Ha DHEPrOCUIIOBHIE TTapaMeTphl IITaMITOB-
KU, T.K. KOJIIBIIO 3aTPYy/JHSIET BBITEKAHHE METaIJIa U3 30Hbl MOCTHKA. Y ICIbHOE YCHIIHE P, e opMalun
3ayCeHIIa B JAaHHOM Cllydae onpeaenstor mo ¢popmyie [21, 22]:

2
b D, +—s 1 b
p, =0, 1,5+—-—3 ro|LS5+—-—|. 3)
2h, D,+s 2 h,

AHaNOrUYHbIE PACXOXKACHUS 10 ONPEAETIEHUIO YAETHHOI0 YCHINS TeUeHUSI MeTallla B IITaMIIe,
YTO CBSI3aHO C MaJIbIM 00BEMOM MeTalIa, 3a/IeHCTBOBAHHOIO B IJIACTHUECKON JedopManny B KOHIIE
BTOpOM craguu mraMnoBky [21, 22]. Ilpu aToM mpouecc ncTeueHus: MeTalia B 3ayCeHell paccMaTpu-
BaeTCsl aHAJIOTHYHBIM Tpolleccy BblaBiuBaHus. COOTBETCTBEHHO, 00BEM MOKOBKU B MOCIETHUA MO-
MEHT IITaMIOBKH pa3JeisioT Ha Tpu 30HHI [2, 11, 19]. IlepBast 30Ha KOHIIEHTPHUPOBAHHOTO HEOIHO-
POAHOTO HANIPSHKEHHOT'O COCTOSIHUSI HaXOJUTCS BOJIM3H BBIXOJa METaJlIa B OOJOMHBIN MOCTHK. Bropas
30HA 3aHMMACT IICHTPaJIbHYIO YacTh MMOKOBKM W TI0 BHEIIHEMY BHJy WMEET JIMH3000pa3Hylo Gopmy.
Tperbs 30Ha MpeAcTaBIsieT 000IOUKY, B KOTOPYIO 3aK/IIOUEHA JIMH3000pa3Has 30Ha HANPSKEHHOrO
coctosHus. B nanHOl 30He miactudeckas aeopMariys OTCYTCTBYET M MIMEET MECTO OZHOPOAHOE Ha-
IPSKEHHOE COCTOSIHUE (THAPOCTaTUYECKOE AABIICHUE).

[Ipu onpenenenny yaenbHOrO YCUIIHSI IITAMIIOBKH MOKOBOK Y/UIMHEHHOW (POPMBI, HUMEIOIIUX B
IUIOCKOCTH pazbeMa (popMy IpsSMOYTOIbHUKA, e OpMALUIO CUUTAIOT TIIOCKOH. C y4eToM HEKOTOPBIX
JIOITYLIEHUH 3aIliChIBAIOT:
p=c 1+h3+ 0,25—0,0781n}}11°“ a2 1+h£+0,15hi , )

3 3 3 3 3

*

Q

S

IIe  a — IIMpUHA TOKOBKH.

[Ipu ompeneneHuu ynenbHOTO YCUIIUS TE€UEHHUS MeTallla B IITaMIle MPH IITaMIOBKE MOKOBOK

THTIA TN BpAlICHHsI MPUHUMAIOT (GYHKIMOHAIBHYIO OIHOPOTHOCTH pacIpeicieHus] HANpsDKEHUH B

paauaIbHOM HaNpaBlICHUH, 3aBUCSIIYIO OT yIia HaKJIOHA JIMH3000pa3HOH dacTu oObema Meramia. C
Y4ETOM MPUHUMAEMBIX JOMyIIeHUH 3amuceiBaoT [21, 22]:

p, =0, 1,5+£+ 0,167—0,044lnh—° & ~ O, 1,5+£+0,1 b,

h h, )h h h

3 3 3 3 3
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B pabore [19] Takxe npuBeIeHB HOMOTPAMMBI U pacyeTHbIE (POPMYIIBI TSl ONPEAeTICHUS YCH-
JIUS IITAaMIIOBKY TIOKOBOK KPYTJIBIX M KBaJApaTHBIX B IUIaHe. J[JIs peanu3anny mpoueccoB MTaMIOBKH
HA OCHOBE BBLIABIIMBAHUS 11€71€CO00Pa3HBIM CTAHOBUTCS MPOU3BOJICTBO 3ar0TOBOK TpeOyeMbIX rada-
PUTHBIX pa3mepos [9, 12].

BelmenpuBeieHHbIN aHanu3 OTHOCUTCS K MPOILeccaM OJHOPYYbEBOW IITAaMIIOBKH. MHOXECTBO
(haKkTOPOB, BIUSIOMIMX HA TEXHOJIOTHIO TOpsiuell 00bEeMHON MITAMIIOBKH, BCE JK€ HE TIO3BOJISIOT TIOJTHO-
CTBIO (hOpMAITM3UPOBATh MPOLIECC MPOSKTUPOBAHUSI MHOTOINEPEXOIHBIX MpoieccoB. 1o 3ameuaHuio
I'.II. TerepuHa «IIPOEKTUPOBAaHKE MPENBAPUTENBHBIX PY4YbEB, CKOpee, UCKYyCCTBO, YeM Haykay [24,
25]. B mocnennee BpeMs, Ha OCHOBE aHAJIN3a PEAbHBIX U BHEAPEHHBIX TEXHOJIOTHUECKUX TPOIIECCOB,
MPEANPUHATHI MOMBITKA MPUBECTH UMEIOIYIOCS M HAKOIJICHHYI0O HH(POPMAIIUIO B CUCTEMY TOHSTHUH,
Olpe/eTICHNH W TIOJOXKEHUH, 0a3upyIONMXCs Ha CYIIHOCTH MHOTOIEPEXOAHBIX TporeccoB [11, 12].
Pemmenre 3ama4 onTUMH3AIMK 3aTPAYUBAEMBIX B YCIOBHSIX IITAMIIOBOYHOIO I1€Xa PECYPCOB, MPOU3-
BOJICTBEHHBIX MOLIHOCTEH, 3JIEKTPO3HEPTUH, MaTepHaIOB M T.JI. BO3MOXHO C MCIOJIb30BAaHUEM IpH-
KJIQ/IHBIX aJrOPUTMOB C MCKOMBIMH IeJIeBBIMU (QyHKIUsMHE [12]. OHAKO MHHUMU3AIHS TIOTEPh Me-
TaJula 37Iech CBA3aHA C yBETMYEHNEM KOJHMYECTBA MEPEXOA0B, a Iepepacxol MTAMIIOBON CTallH BIEUET
3a co00i HOBOE YBEIIMUCHUE 3aTPAT B HHCTPYMEHT.

[Iupokoe pacmpocTpaHeHHE TOTYIalOT METOAUKH MPOSKTHPOBAHUS TEXHOIOTHUYECKUX TPOIIeC-
COB TOpsiuci 00BEMHOW IITAMIIOBKU MPH MOMOIIH AJIEKTPOHHO-BBIYMCIUTEIBHBIX MAIIMH M CIelna-
JU3MPOBAHHBIX KOMIIBIOTEPHBIX I1aKeTOB, 4Yallle BCErO0 OCHOBAaHHBIX Ha MeToJaX KOHEYHO-
aneMeHTHOro MozaenupoBanus [12-15]. [Ipu 3ToM npoexkTupoBaHue MpeaBaAPUTENbHBIX PYYbEB BEIET-
Csl TIO YCTapeBIIUM METONKaM, 00OCHOBAaHHBIM B CEpEIMHE MPOILIOrO CTONETHS, a JOBEICHHE JI0
OKOHYATEIbHBIX KOHCTPYKTUBHBIX Pa3MEPOB I'PaBIOp MPOHU3BOAAT IMOCIE TIIATENHFHON armpobaiuu co-
CTaBJIEHHOW MaTeMaTH4YeCKOW MOJIENU C OMpeAe]IeHHEeM MPOrHO30B MO XapaKTepy TEeUYeHUs MeTalia,
HCKITIOUeHHIO AehekToo0pa3oBaHus U, Kak MpaBHIIO, TOCIIE ONMBITHOW mTaMnoBku. Ha3zHauenue pas-
MEpOB Ha MpeBapUTENbHbIE pYUbH BEAYT, YBEIHUMBas B 2-3 paza paanychl 3aKpyTJIeHHUs, pacCUUTaH-
HBIC JUTSL YCTOBOTO PYYbsl, U YBEIUYHBAsI BEICOTY MOKOBKH Ha 5-6 ¢M JUIsl o0eciedeH sl IpenMyIiecT-
BEHHOU nedopMaliii OcajJki Ha OKOHYaTenbHOM mepexoxae [2, 21]. IToka3zarenu kauectBa (B OCHOB-
HOM TE€OMETPUYECKHE) MOTYT OBITh YIIYUIIEHBI IyTEM COBMEIICHUS MOJCIUPOBAHMS TEXHOJIOTHYIE-
CKHUX IPOI[ECCOB B KOHEYHO-3JIEMEHTHBIX MaKeTaX U METOJIOB IUITAHUPOBAHHS SKCIIEpUMEHTA C pelie-
HHUEM 3ajia4 ontumu3aium [15, 17], 94To Hepeako Bieyer 3a co00i KOPPEKTUPOBKY (hOPMbI HE TONBKO
MPEeIBAPUTEIHHOT0, HO 1 OKOHYATEIFHOT'O PYYbEB.

Mmuorue pabotsr [30, 31] oTpakaroT pe3yabTaThl UCCIEAOBAHUN B 00JIaCTH MHOTOIEPEXOTHON
MITAMIIOBKY TIOKOBOK THITA TeJ BPAIEHHS C YCTAHOBICHHEM MaKCHMAaJbHOTO BIHSHHSA Ha (Gopmouns-
MEHEHUE TIYyOMHBI MPOLIMBAEMON YacTH B CTYIHUIE M yriia HakiIoHa oOoxa. [Ipubmmxenue Gpopmbl
3aroTOBOK K KOH(UTYypalliu MOKOBOK KPYTJBIX B IJIaHE C pa3BUTHIM (raHieM (neranb — «hiaaHery
pa3naTtoyHoi KopoOku aBromobmitst KamA3») mpu nomoru 1opaboTKy MPOMEKYTOYHOTO Tiepexo/ia ¢
WCIIOJIb30BAaHUEM OCaJIKi B (PUTYPHBIX BCTABKAaX IO3BOJMIIO UCKIIIOYHTH IITAMIIOBOYHBIE YKIOHBI 11O
HApY>KHBIM MOBEPXHOCTAM C yBenndeHueM KoddduienTa ucrnonb3oBanus Meramia ¢ 0,42-0,48 no
0,51-0,58. O610i B OOJNBIIMHCTBE CIy4YaeB CIYKUT TOJBKO JJIs KOMIICHCALIMK KOJIeOaHui o0bema uc-
XOJ/IHOM 3arOTOBKHU W HE SIBIISICTCS TEXHOJNIOTHYECKU HEOOXOIUMBIM IS 3aITOJTHEHUS ITaMIIA.

B pa6orax [30, 32] npuBeneHbl pe3ysIbTaThl ONTUMHU3AIMH KAITHOPOBOK M KOHCTPYKIIMNA TIpe-
BapHUTENBFHBIX PYYbEB MPH INTAMIIOBKE W MITAMIIO-NIPOKATKE KOJIEC Maloro W OOJIBIIOrO JTUAMETPOB.
[Tpryem ycTaHOBIIEHO, YTO BO MHOTHIX CITy4asX MOsIBICHUE Opaka Ha MPOU3BOJICTBEHHBIX JIMHUSX CBSI-
3aHO C OIMOKAMHU MPOEKTHPOBAHHS KATUOPOBOK U TPEIBAPHUTENHLHBIX PYYbEB M3-3a HEBO3MOXKHOCTH
MPOBENICHUS. OTPOMHOTO KoiuyecTBa 3amepoB. DopMupoBaHue nonydadpukara Mpu MPOU3BOJICTBE
KOJIEC M3 CIUTKOB MPOU3BOMIAT Crloco0aMy OCaJKH ¢ JalbHEHIeld pasroHKoH, TaMIIOBKOM, IpOKaT-
KO, KaTMOpPOBKOH, a OTCISKUBAHIE ITAIOB ()OPMOM3MEHEHHS PEKOMEHYETCsl BBHITIONHATH NPU TO-
MOIIH KOMITBIOTEPHBIX MTPOrpaMM 1O pa3paboTKe KaTMOPOBOK M KOHEYHO-3JIEMEHTHBIX MAKETOB.

[[ITaMnOBKY yAJMHEHHBIX TOKOBOK (MIPSIMOYTOJBHBIX U AP.) MOKHO BECTH B TOPEI U IIJIAIIMS B
3aBHCUMOCTH OT KOH(puryparuu. K 1aHHBIM W3JEIHsIM OTHOCST MTOKOBKH JIOITATOK (B TOM YHCIIE TYp-
OWHHBIX JIOMATOK), CYNIIOPTOB, KPOHIITEHHOB, Pa3JIMYHbBIX TUIACTHH, KIIMHBEB U T.11.

[MpuknanpiBanueM 1epOPMHPYIOLIETO YCHIUS K TOPILY 3arOTOBKH, HAXOASIIEWCS B MaTpHIIC,
MPOU3BOJISIT BHIJABIMBAHKE YIUTHHEHHBIX TIOKOBOK BECbMa CIIOKHOW KOH(UTYpAMH, B TOM YHCIIEC U3
TpyaHonepopMupyeMbix MaTepraiios [20-25]. OqHako JaHHBIE IPOIIECCH BEChbMa SHEPTOEMKH H Tpe-
OyIOT IPUMEHEHUS! KHHEMATHYECKU CIIOXHOTO ITaMIIOBOTO WHCTPYMEHTA JIJIsl UCKITFOUEHHS BhITEKA-
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HUSl MeTaJljla B 3a30p MEXIY NoiXyMarpuiaMi. KpoMe Toro, mpomeccsl BBIIABIMBaHHS TPEOYIOT OC-
BOCHUS JIOPOTOCTOSAIINX N3HOCOCTOWKHAX MHCTPYMEHTAIBHBIX MapOK CTaJIM, B CBS3H C HEONATrONPHSIT-
HBIMH YCIIOBUSIMU paOoTHI e OpMUPYIOIIET0 HHCTPYMEHTA.

[TokoBKHM ¢ TOHKHM MOJOTHOM, INTaMITyeMbl€ TUTAIIMS 110 OJJHOH IITYKE, COCTABIISIOT OKOMIO 13
% mpou3BoJcTBa BOMKCKOro aBTOMOOHMIBHOTO 3aBOJA, NMPUYEM y4YeT MHOTOIITYYHBIX BapHAHTOB
MITAMIOBKY 0€3 yuera BaJibIlyeMbIX 3aTOTOBOK YBEIMYHMBACT COCTABIISIONIYIO TAKKX TOKOBOK 10 31 %
[31, 33]. bOTBIIMHCTBO TEXHOMIOIMYECKUX MPOLIECCOB OCYIECTBIIAETCS B HECKOIBKO MEPEXOJI0B, IPHU-
4eM 00beM TPEIBAPUTEIBLHBIX PYYbEB YCTAHOBJIEH NMPHOIH3UTENBHO HA 15 % OonbimuM o0beMa Yrc-
TOBBIX pyubeB. Clenyer OTMETHTh HEOOXOAMMOCTh COOIOICHHSI BRITSIKKH MOTy(dadprKaTa B TEXHO-
JIOTHSIX MHOTOIITYYHOH IITAMITOBKH JUTSI TIOJTHOTO 3aMIOJHEHUS TPaBIOP.

Jiis noBbImeHUs: ko3¢ GUIMEHTa KCIIOIb30BaHUs MeTaia B 3-7 pa3 P MacCOBOM ITPOM3BO/I-
CTBE TYpOMHHBIX JIONMATOK MPUMEHSIOT METOJI MOJIYUEHHUS MPOPIINPOBAHHON IITAHTH, KOTOPYIO pas-
pe3aroT Ha MepHble (acoHHBIe 3aroToBkH [33]. [IpodmimpoBaHHyI0 MTAHTY MPOU3BOIAT TOPSYUM
THJIPOIIPECCOBAHUEM, TIPH 3TOM JIOCTHTAIOT PABHOMEPHON MENKO3EPHUCTOW CTPYKTYpPhI MeTajia, co-
KpallleH!s] KOJTMYeCTBa MEPEeX0/I0B IITAMIIOBKH M YMEHBIIICHHS MPUITYCKOB Ha MEXaHHUYECKYIO 00pa-
0OTKYy.

Haubonbiee pacnpocTpaHeHrE MOTYYHI CIIOCOO IITAMIIOBKH TYPOMHHBIX M KOMIIPECCOPHBIX
nonatok [31-33], a Taxke MOKOBOK CEIIbCKOXO3IHCTBEHHOTO MAITMHOCTPOCHUS [22] ¢ poduinpoBa-
HHUEM HCXOIHOW 3arOTOBKM B KOBOYHBIX BaiibllaX. OCHOBHOM 3ajaueii Takod mpouIMpyoLIeH ore-
palmu SIBJISIETCSl MONyYeHHEe YJMHEHHBIX 3arOTOBOK C TpeOyeMbIM Iepepacipe/ielieHHeM MeTalla.
OnHako HEOOXOIUMOCTh O0CTYKMBATh KOBOYHBIE BAIBIIBI U JIOTIOJTHUTEIFHBIE ITAMITIOBBIC KOMILICK-
ThI, @ TAKXKE 3aHUMATh JOMOJIHUTEIbHBIC MTPOU3BOJCTBEHHBIC IIJIOIIA M, ONPABABIBACTCS TOIBKO MPU
MacCOBOM ITPOHM3BOJICTBE MOKOBOK, O] KOTOPbIE TpeOyeTcsi MPOBOJMUTH CYIIECTBEHHYIO BBITSDKKY 3a-
TOTOBOK (C KO PHUIIMEHTOM BBITSDKKH Oonee 1,3-1,5).

JI7ist ITaMITOBKY TIOKOBOK M3 IIBETHBIX METAJJIOB U CIUIABOB TAK)KE MPUMEHSIOT TPeBapUTEITb-
HOE MPOQUINPOBAHKE 3aTOTOBOK, KOTOPOE MOXKET OBITh OCYIIECTBICHO BaJbIIOBKOW, KOBKOH (hacoH-
HOW 3arOTOBKU W NMPOQHUINpOBaHUEM B NMPEIBAPUTEIBHBIX pyubsiX [24, 31]. UepTexxu MOKOBOK, IITaM-
IIyeMBIX W3 IIBETHBHIX METAJUIOB M CIJIABOB, 3a9acCTyI0 COCTaBIIOT, ucnonb3ysa ['OCT 7505 - 89 «Ilo-
KOBKH CTaJbHBIC IITAMIIOBAHHBIE», YTO YPEBATO HETEXHOIOIMYHBIMU pemieHusMu. Haunboree meneco-
00pa3HbIM SIBIISIETCS UCTIOJIB30BaHUE PEKOMEHAANNH JUTS HAa3HAYCHHS MPUITYCKOB U JIOIYCKOB, M3JIO-
KEHHBIX B CITPaBOYHOM suTepatype [17], mpuueM npu KOHCTPYHPOBAHUH INTAMIIOBAHHBIX TIOKOBOK M3
aTIOMHHHEBBIX cIutaBoB pykoBojacTBytorcs OCT 1.41187-78, OCT 1.41188-78 u OCT 1.92082-80
[17]. Tlpu opopMIIEHUN TONIIKHBI MOJIOTHA MTOKOBKH, INTAMITYeMOW M3 MaTEpHAJIOB HA OCHOBE I[BET-
HBIX METAJJIOB, 3HAYMMBIMH OKa3bIBAIOTCS MX (PU3UUECKHE U TEXHOJIOTHIECKUE CBOMCTBA, OTHOIICHHE
NIMPHUHEI MMOJIOTHA K TOJIIWHE, TUIONIA/b MOJOTHA W OTHOIIEHHE €ro JUIMHBI K IMUpuHe. B mpakTuke
ropsidell MITaMIIOBKU TIOYTH HE BCTPEUYAIOTCS MOKOBKH, COCTOSIIHME U3 TIOJIOTHA OJIMHAKOBOW KOH(DU-
Typaluy Wik TpoQuIs OTKPBHITOrO HITH 3aKPHITOTO CEUCHUSI.

Ha ¢opmupoBanmne kadecTBa MEIHBIX IOJIOC M IUIACTHH CYIIECTBEHHOE BIIMSHHE OKA3bIBAIOT
TeMIIepaTypHbIC YCIOBUS Ae(OPMUPOBAHUS C JOCTHKEHHEM MaKCUMyMa AWHAMUYECKOTO YIPOYHEHHUS
npu temnepatype 500 °C u ero orcyrerauem mpu 700 °C [34]. ClielyeT OTMETHTb, YTO IS IIPOLIECCOB
MITAMITOBKM MaTEPHUAJIOB Ha OCHOBE MEIH HanOoliee yrnoTpedsieMoi SIBIsIeTCsl IpeABapUTENbHAS KOB-
Ka MpOQIIMPOBAHHBIX 3aTrOTOBOK, UCIONb3yeMast JUIsl CITy4aeB, MO3BOIISIONINX MPUOIN3UTE GopMmy 3a-
TOTOBKM K ()OpMe TIOKOBKH B OOJBINCH cTereHu, yeM (pacOHMpOBaHHWE B MOATOTOBHTEIBHBIX PYUbSIX
npecca [31]. Ilpu mpon3BoACTBE aTIOMUHHUEBBIX MTOKOBOK PACIPOCTPAHEHHBIMHE SIBJISIFOTCSI KaK MTOJTO-
TOBKA B MPEIBAPUTENBHBIX PYUbAX, TAK U BaJbLIOBKA 3aTOTOBOK [33].

BriBoabI

[IpoBenenHbit 0030p TOKa3al, YTO JUIsl TOBBIIICHHS 3(PPEKTUBHOCTH MPOU3BOJICTBA TTOKO-
BOK KPYTJIBIX B IJaHe ¢ Oypramu U QuaHnaMu TpeOyrOT pa3paboTKH TEXHOJIOTHYECKUE MPEaio-
JKEHHUS 10 yCUJIeHHUI0 3¢ dekTa HepaBHOMEPHOCTH AeGOpMAaIlUU C MPOTHO3HPOBaHHEM (OpPMOM3-
MeHeHHUs1 3aroToBku. COrjacHO NMPOBEACHHOMY aHAIN3y, IPU MPOU3BOJICTBE MOKOBOK IUIACTHH
BBITSAHYTOH (QopMBI HauboIee 1enecoodpa3Hol OCTaeTcsl MOATOTOBKA MPOQUIMPOBAHHBIX 3ar0TO-
BOK B Py4YbsSIX OCHOBHOT'O IIPECCOBOTO 00OPYOBaHUSI, HCIIOJIB30BAaHUE KOTOPOTO MPHU MPOUUX PaB-
HBIX YCJIOBHSAX MPEANOYTUTEIbHEE KOBOUHBIX BAJBIIOB, YTO TPeOYET MPOBENCHUS IOMCKA B JaH-
HOM HarpaBlcHUH.
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