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CopTtonpokaTHOE MPOU3BOICTBO

J.A. Kun3un
OI'bOY BIIO «Marautoropckuii rocy1apCTBEHHBIN

TeXHUYeCKUi yHusepcuret um. I'.11.Hocosa»

PA3ZPABOTKA METOJUKHU PACYETA YHIMPEHUSA
IIPU TPOKATKE B KAJIUBPAX ITPOCTOM ®OPMBbI

B cmamve paccmampusaemcs 6b1600 eOurol opmyasl 0 paciema yuupe-
HUsL NPU NPOKAMKe HA 21a0KO0U O0UKe U 8 08YXBANIKOBLIX KAIUOPAX NPOCMOU (hopmbl.

Knrouesvie crnosa: npokamka 6 kanubpax, popmousmenenue, yuupenue.

HecmoTpss Ha oOMIMPHBIN SKCIIEPUMEHTANBHBIA M TCOPETHUUECKUN MaTepuall,
UMEIOIIMIICS B JIMTEpaType, BOMPOCHI pacueTa Iokazareield (HOpMOU3MEHEHUs U
SHEPTrOCUJIOBBIX IMAapaMETPOB HE SIBJIAIOTCS W3YyYCHHBIMH B CTETCHU, JTOCTATOYHOM
JUISL pEIIeHUsT KOHKPETHBIX 3aJlay MPOKATHOTO MPOU3BOJCTBA M, B YAaCTHOCTH, IS
pacyeToB KaauOpOBOK BaJKOB. [loTBEpKICHHUEM ITOMY SIBJISIETCS TO OOCTOSITEIBCT-
BO, UYTO OOJBITMHCTBO MPO(GECCUOHABHBIX KAaJUOPOBIIMKOB IPU pacueTax yIIUpe-
HUS JI0 CUX TIOpP OMUPAIOTCS Ha COOCTBEHHBIN OMBIT M MHTYHUIIHIO, Y€M Ha CTPOTO pas-
paboTaHHBIC HAyYHBIC METOJIUKH. Takoe IOJIOKEHHE OOBSCHICTCS IIENIBIM PSJIOM
npuurH. [Ipexae Bcero, ciemyeT OTMETUTh, YTO OOJIBIIAS YaCTh DKCIICPUMEHTAb-
HBIX MCCJICJIOBAaHUN M UMermuxcs GopMy Ui pacyeTa MmokaszaTeneit hopmousme-
HEHUS W YHEPTOCUJIOBBIX IMAPaMETPOB OTHOCSTCS K MPOCTEHIIIEMY CITy4aro MpOKATKH
MOJIOCHI TIPSMOYTOJIBHOTO CEUCHUS B TIaJIKUX Bajikax. @OpMyJibl, KOTOPbIE BBIBOISIT-
Cs CTICIMAIBHO TSI CIydast IPOKATKH B KalInOpax, MMEIOT JOCTATOYHO Y3KHH CITEKTp
MIPUMEHEHHMS, TaK KaK pabOTa0T TOJIBKO JIJISI TUIIOBBIX CUCTEM KaJTHOPOB.

IIpu aTOM AJ1s1 perieHus MHOTHMX MPAKTUYECKUX 3ajiad, HapuMep, ONTHUMHU3a-
WA KaJTMOPOBKH IMPOCTBIX COPTOBBIX Mpoduiieid, HeoOXoauMa eIrHas aHaTUTHYC-
ckasi ¢opMyna pacueTra YHIUPEHHS, KOTOpas MOAXOAMWJIa Obl JJis JIIOOBIX THUIIOB M
dbopm mpocTeix KanuOpoB. [IpoBeaeHHOE MCCICAOBAHNE TUTEPATYPHBIX UCTOYHUKOB

II0Ka3ajlo, 4TO Ha CGFOI[H?IHIHI/Iﬁ JACHDb HOI[O6HOI>1 MCTOAMUKH, KOTOpasd OTBCUAJla OBI
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CopTtonpokaTHOE MPOU3BOICTBO

TpeOOBaHUAM HEOOXOIUMOM MPOCTOTH U YHUBEPCAIBHOCTH, HE CYLIECTBYET. B cBsA3U
C 3TUM B JJAHHOM TJIaBe penaeTcs 3aj1ada pa3padoTKu eJUHOU (GOopMYJIbl 171l pacyeTa

CPEIHEro MOoKa3aTess MOoNepeyHon AeopMalui IpHU IPOKATKE B KaTuOpax MpoCTOn

(bopMBI.

1. Bbi0op 0a30BbIX M0JIOKEHMIT IS pa3padoTKn

METOAUKH OLCHKHN YHIMPCHUA

C mpakTH4ecKOW TOUYKHU 3pEHUS B IMOJABISIONIEM OOJIBIIMHCTBE CIY4aeB HET
HYXXJIbl B OINPEJICTICHUN HaIPSHKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHUS B KaXJ0W TOY-
Ke ouara nedopmaliu, Torja Kak pacueT CpeJHUX NapaMmeTpoB MO3BOJIIET pellaTh
MHOTHE Ba)KHbIE TEXHUUYECKHE 3a/J1a4d: ONTHUMAJILHOIO YIPABICHHUS TEXHOJIOTHYE-
CKUM TIPOLIECCOM, OMpeNeNieHUs pa3MEepoB 3aroTOBKU U MapaMeTpoB JedopMUpyro-
IIET0 WHCTPYMEHTA, pacueTra PeKUMOB 00XaTUW W KOHEYHOTro (HOPMOU3MEHEHHS.
[IpeumyiecTBO MOAOOHBIX METOAMK IO CPABHEHHUIO C BAPUAIMOHHBIMH METOJAMHU
3aKJIIOYAETCS B UX MPOCTOTE U B HEKOTOPBIX CIy4asiX BO3MOKHOCTH IMOJTYyYEHHS aHa-
JUTUYECKOTO PEIIEHUS, XOTS 32 3TO MPUXOJUTCA IUIATUTH HEKOTOPOW MOTEpE TOU-
HocTu [1]. BapuanuonHbsie METOBI MEXaHUKHU TBEPAOTO IePOPMUPYEMOro Teja Mmo-
3BOJISIIOT TIOJTy4aTh OoJiee TOYHOE PEIIeHHE 3aJladyl KOHEYHOro (OpPMOU3MEHEHUS U
OTIPEIENATh TMOJISI paclpeieNICHUs] pa3IMuHbIX apaMeTpoB B 00beme aedopMupye-
Moro tena. OqHaKo MCIOJIb30BAHHUE JTAHHBIX METOJOB COMPSKEHO CO 3HAUYUTEIbHBI-
MU BBIYUCIUTEIBHBIMU TPYAHOCTSMH, T€M OoJiee MPH YUCICHHOM PEIICHUU 3a]1a4y
ONTUMU3AIMU TEXHOJOTHYECKUX npoueccoB OMJI, korga MHOTOKpaTHO MPUXOAUTCS
OTIpEIEISITh HANPSIKEHHO-e(hOPMUPOBAHHOE COCTOSTHUE MPH BapbUPOBAHUU TEXHO-
Joruueckux napamerpoB. Kpome Toro, moiyyeHue o4eHb TOYHBIX PE3yJIbTATOB IPHU
OTIPEJICIICHUH HAIPSKEHHO-1e(DOPMUPOBAHHOTO COCTOSIHHSI MOXET OKa3aThCsl Oec-
MOJIE3HBIM MIPU Pa3padO0TKe ONTUMAIbHBIX TEXHOJOTHUYECKUX PEXKHUMOB B CHILY TOTO,
YTO B PEAJIbHBIX YCIOBUSIX UMEIOT MECTO MOCTOSIHHOE KOJeOaHUe pa3IM4YHbIX TEXHO-
JIOTUYECKUX TapaMeTpoB (TeMIepaTyphl packara, pa3MepoB 3aroTOBKH, OOKaTwsi,

CKOPOCTH MPOKATKH) U U3HOC Ae(DOPMUPYIOLIETO HHCTPYMEHTA.
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CopTtonpokaTHOE MPOU3BOICTBO

Taxkum 00pazom, JJIsl pelieHs] MHOTUX TEXHOJIOTHYECKUX 3a7]a4 COPTOIPOKAT-
HOTO MPOM3BOJICTBA HE0OXOAMMA MpOCTasi W aJeKBaTHAas aHaluTUuYeckas (hopmyra,
OoTpakarolasi 3aBUCUMOCTh CpPEAHUX ToKa3arened (pOopMOU3MEHEHUSI OT OCHOBHBIX
¢dakropoB. IlocTaHoBKa MOJOOHON 3a/1a4yu HE MOXET ObITh YCHEIIHO OCYIIECTBICHA
0e3 MpaBUILHON KOJIMYECTBEHHOW OLICHKU BETWYUHBI YIIUPEHUS, B KAUECTBE MEPHI
KOTOPOM, dYaIle BCEro, MPUHUMAIOT aOCOJIOTHBIE WM OTHOCUTEIbHBIC M3MEHEHUS
pa3MepoB aAepopMupyemoro tena. Toraa Kak npu NpokKaTke B KanuOpax npupamieHue
IIUPUHBI HE MOXET OBITh MEPOU MornepeyHol aedopmalnuu, Tak Kak B 3aBUCUMOCTH
oT ¢hopMbI KauOpa U CTEMEHU 3aMOJHEHUS €r0 METAJIOM MOXHO TMOJYYUTh OOJb-
€€ yBEJIMYEHHUE IIMPHUHBI MOJOCHI NP MEHbIIIECH MomnepeyHoil negopMaiuu u Ha-
ob6opor. [IpaBusibHast KOJIMYECTBEHHAS OLICHKA BETUYUHBI JeopMaliuu mpemoiara-
€T UHTETPUPOBAHUE OTHOCUTEIbHBIX U3BMEHEHUN Pa3MEpPOB Tejla B COOTBETCTBYIOIINX
npejeNnax, YTo Mo3BOJSET MOJaydaTh UCTUHHYIO Aedopmanuio [2]. [loaTromy B kade-
CTBE TOKa3aTesl YIIUPEHUS MPaBUIbHEE UCIIOIh30BaTh BEIMUUHY CMEIIEHHOTO 00'h-
eMa MeTajula B MONEpeuyHOM HarpaBieHuu. OJHaKo MOAOOHBIN MOKa3aTenhb yIIUpe-
HUS UCTIOJB3YIOT CPABHUTEIIBHO HEMHOTHE aBTOPHI [3].

O0630p MeTOauK pacueTra CpeAHUX IokKa3areieil (GopMOM3ZMEHEHHUs MeTaia
IpU MPOKATKE TOKA3bIBAET, YTO OOJBIIMHCTBO TEOPETUUECKUX METOJIUK OCHOBAHO Ha
aHanu3e (POPMOM3MEHEHHUS MPSMOYTOJIBHOTO Mapajuiejenuneaa mpu paBHOMEPHOM
ocaJike, TaK KaK ocaJika napajuiesienuneaa U Mpouecc NpoKaTky, B TOM YUCJE U B Ka-
nubpax, MOTYT paccMaTpuUBaThCs Kak JIocTtaTouyHo Onuskue mporecchl. «lIporecc
OCaJIKM Tapauiesenurnenaa BeIONpaeTcs Kak TUIWYHBIN MPOIECC ¢ TPEXMEPHBIM Xa-
pakTepoM GHOPMOU3MEHEHUS, KOT/a YCIOBUE MOCTOSHCTBA 00beMa JJIsS OTPEICICHHMS
Jake CpeHUX pa3MepoB MapalijiesienuIe a mnocie nedopmanuu Mexay TUIOCKHMH
OolikaMu Ha 3aJJaHHYIO BEJIMYHMHY OBIBACT HEJIOCTATOYHO (B OTIMYHE, HAPUMEp, OT
Ciy4dasl OCaJKH HWIMHAPUYECKOM 3arOTOBKHM, KOrJa MO 3aJaHHBIM HAYyaJlbHBIM pa3-
MepaM TpeOyeTcs OmpeAeNuTh CPEIHUN TUaMEeTp 3aroTOBKHU IMOCTE OCAJKU €€ IIo-
CKMMHU OOMKaMH J10 3aJIaHHOW BBICOThI). MHOrME aBTOpbI paccMaTpUBajId B CBOUX

HCCICAOBAHUAX OCAKY IIapalllICIICIIMIICAAa KaK KJII0U€BOM nponecc IJjisd IIOHHMMAaHUA
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CopTtonpokaTHOE MPOU3BOICTBO

3aKOHOMEpHOCTeH (POPMOM3MEHEHHUs B Pa3IMYHBIX Mpoleccax o0pabOTKU JaBICHH-
em» [1].

Takum oOpazom, BeIOEpEM B KauecTBe 0a30BOTO Mpolecca s pa3paboTKu Me-
TOJIUKH ONpPENCNICHUs YIIUPEHUS TPH MPOKATKe B KaluOpax MpocToil GopMbI mpo-
I[IECC 0CAJKU MPSMOYTOJIBHOTO TMapalieNienuiea B IIockux 0oiikax. bynem ompene-

JSTh TOJBKO CPEIHME MOKa3aTean (OPMOU3MEHEHHS B BUJI€ UCTUHHBIX AedopMaliuii.

2. Ilpouecc ocaaku napaJjuiesenunela Kak TANHYHbIN Mpouece

¢ TpeXMepHbIM XapaKTepoM ()OPpMOU3MEeHEeHH s

JIJisl BBISIBIICHUSI OCHOBHBIX 3aKOHOMEPHOCTEH TPEXMEPHOI'0 TCUCHHS MeTajlia
OyJaeM paccMaTpuBaTh THIIMYHBIA M HauMOOJee MPOCTON MPOIECC OCAJKU TPSIMO-
yroJIBHOTO Tapajuienenureaa. [Ipyu 3ToM naxke Takas MpocTasl 3ajiada perraeTcs 10C-
TATOYHO TPYJAHO. [103TOMY HEOOXOAMMO HAWTH JOMYIICHHUS, YIIPOIIAONIUE CUCTEMY
ypaBHEHUN TEOPHH IUIACTUYHOCTH, KOTOPBIC TTO3BOJISAT PEIINTh MMOCTABICHHYIO HAMHU
3a/1a4y.

Cpenu npuBeICHHBIX HIDKE JIOMYIICHUH HET 4ero-To HOBOT'O, YTOOBI HE HC-
M0JIb30BAJIOCh paHee JIPYTMMHU aBTOpaMHu. MBI JIUIIL MPUMEHUIN HOBYHO KOMOWHA-
IIUI0 JTAHHBIX JOMYIICHHH, 9TO OBLIO HEOOXOAUMO ISl pa3pabOTKH €IUHON 3aBHUCH-
MOCTH, TTO3BOJISIIOIIEH OTNPENENIATh CPeAHNE TToKa3aTeau (OPMOM3MEHEHUS TIPH TMPO-
KaTK{ B KQIMOpax MPOCTOH (POPMBL.

Paccmotpum nonyienus, KOTOpble OBUTH MPUHSTHI IS BBISIBICHUS OCHOBHBIX
3aKOHOMEPHOCTEH TeUSHHs MeTalljla IPH 0CaJIKEe MPSMOYTOJIBLHOTO MapalIeIeuIe/a
(puc. 1).

Kak 1 mHOrHe aApyrue uccienoBaTenu [2-8] BOCHOJIb3yeMCsl HHKEHEPHBIM Me-
TOJIOM, B COOTBETCTBHUH C KOTOPHIM OYJEM CUHMTATh, YTO IO HAIPABICHUIO BBICOTHI
napajuielienurneaa ASHCTBYeT MaKCUMAJIbHOE TJIAaBHOE HAIPsDKEHHE, a 10 HaIlpaBie-
HUSM JUITMHBI U IIAPUHBI MapaJljIeenuIie/ia — CpeaHee  MUHUMAJIbHOE HaIPsDKCHUE.
Kakoe W3 HamnpspkeHHE SBISETCS MHHHUMAJIBHBIM, OIPEICIASTCS COOTHOIICHHUEM

JJIMHBI 1 INUPUHBI KOHTaKTHOM IMIOBCPXHOCTH.
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CopTtonpokaTHOE MPOU3BOICTBO

|V R

Puc. 1. OC&IIKB. IIIMOYTOJIBHOT'O ITapaJUICJICTIUIICAA

Hanee, no npumepy U.S.TapHOBCKOTrO, pacCMOTPUM KMHEMATHYECKYIO CXEMY
UCTEYCHHs METaJUIa IIPU OCAJKe MPAMOYTOJIbHOr0 napamienenuneaa. Kak u3secrtso,
P PaBHOMEPHOM OCaJKe WM IIPU MOJHOM OTCYTCTBUU BHEIIHETO TPEHMS OCYILIECT-
BJISIETCS paJualibHAs CXeMa TeYeHHUs. J[pyrum npeaesnbHbIM CIIy4aeM SIBISETCS HOP-
MajipHasg CXeMa TEYEHUs METajlla, KOTopas UMEET MECTO MpPU CYLUIECTBEHHOM BIIU -
HUMU BHEIIHETO TPEHHUS U BBITEKAET U3 MPEIIIOI0KEHMSI, YTO MaTepual BCEraa CTpe-
MUTCS IEPEMEILATHCS B HAIPABJICHUH HAaUMEHBILETO COITPOTHUBIICHNUS, a HAIIpaBJICHHE
HOpMaJIiell K KOHTYpY IOBEPXHOCTH KOHTAaKTa, JArollee KpaTyaillee pacCTOSHUE OT
B3SITOM TOYKH 10 KOHTYpa, €CThb HANPABICHHUE HAMMEHBLIETO compoTtusieHus. Ilo
BCEll BBICOTE Mapajulesienunea OUCCEKTPUCHI, IPOBEJCHHBIE U3 YIJIOB MPSIMOYIOJb-
HOU MOBEPXHOCTH KOHTaKTa, 00pa3yloT IJIOCKOCTH, AENAlue 00beM Mapajiesienu-
neaa Ha 4YeThlpe 4acTH, a UMEHHO. Ha JIBE TPEYroJIbHBIE U JBE TpaneleualbHbIC
npu3Mbl. Ha OCHOBaHMM TaKOro MPENCTABICHUS O MPOLECCE TEYEHU ST MOXKHO CKa3aTh,
YTO BECh METaJUI, CMEIAEMbIN IIPU OCAJKE M0 OCHOBAHUSAM TPEYTOJIBHBIX IPU3M, I1€-
peMelaeTcsi B HalpaBJI€HUU HAauOOJbIIEH CTOPOHBI MPSIMOYTOJIBHOTO OCHOBAHMS, a
METaJlJI, CMEIIAEMBIM II0 OCHOBAaHUAM TpallCLEUAAIbHBIX IPU3M, B HAIPABICHUU
HaNMEHBIIEH CTOPOHBI 3TOr0 OCHOBAaHUsA. B peanbHBIX yCIOBHAX OCagKW KUHEMATH-
YyecKas cXeMa TeYeHUs MeTajula OyeT MPOMEXYTOYHOW MEXy HOpMajabHOM U paau-

anbHOM (puc. 2) [2].
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CopTtonpokaTHOE MPOU3BOICTBO
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Puc. 2. Cxema Kk onpeneseHuto NoJIOKEHUS TNIOCKOCTH CUMMETPUH
HaMpsDKEHUHN 1 aedopMaliuil s paauaibHoil (2), HopmanbHoi (D)

U TIPOMEXYTOYHOM (C) CXeM TeUeHUsI MeTalia

YcnoBHo OyneM cuuTaTh, YTO BECh 00BEM, CMEIICHHBIN 1O BBHICOTE TPEYTOJIb-
HOU MpPU3MBI, UJET TOJBKO HAa NMPHUPALICHUE IJIMHHONM CTOPOHBI MOMEPEYHOro cede-
HUS, a 00bEM, CMEIaeMbIi 10 BBICOTE TpamneleualbHbIX MPU3M, UAET Ha Mpupalle-
HUE KOPOTKOW CTOPOHBI.

TanreHc yria HakJIOHA TUIOCKOCTH CHMMETPHH HaNpshKEHUM W aedopmaruii

Oynem onpenensts mo Gopmyiae W. . Tapuosckoro [2]:

-4 f
b b
tga =—|1+| — : 1)
2| I
rae b u | — mupuna u gmuna napannenenunena;
f — K03 dUIUEHT TpEeHHS.

PaccMoTpuM HEKOTOpBIE YaCTHBIE CIy4Yau.

[Ipr OTCYTCTBMHM BHELIHETO TPEHUS MMEET MECTO PABHOMEpPHAS OCAaJIKa U W3
ypaBraenus (1) nonyunm tQor = b/ |, uto cooTBecTByeT paamanbHOIl cXeMme McTede-
HUsSL MeTaiuia. [Ipu HEpaBHOMEPHOUN OCaJKe MapajuieNienuneaa ¢ KBaApaTHBIM MOTe-

PEUYHBIM CEUYEHUEM b/ | =1 u u3 ypasuenus (1) nonyuum tga =1 npu mobom 3Ha-
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CopTtonpokaTHOE MPOU3BOICTBO

YeHUH Kod(puuueHTa BHEIIHEro TpeHud. Ilpu HopMmanbHOW CcXemMe HCTEeUeHUs

tga =1. Ecnu npu ocamke k03()GUIMEHT TPEHHs JOCTATOYHO BEIMK M MPH 3TOM
tga > 1, 1o umeeT MecTo HOpMaibHAs CXeMa MCTEUYEHHS METAJIa M TAHTE€HCY yria

MpPUCBAaMBAaEM 3HAUYCHHE €IMHULIA. B Ipyrux ciyyasx UMeeT MECTO MPOMEKYTOUHas
cxema [2].

Onpenenus MOJ0KEHUE TIOCKOCTH CUMMETPUHU HAIpsDKEHUH U aedopmariuii,
MO>KHO BBIYMCIIUTD IJIOLIAU TONEPEYHOTO CEUEHUs TPEYTOJbHBIX U Tpaneueuanb-
HBIX MIPU3M, a TaK KaK Mbl YCJIOBUJIUCh CUYUTATh, YTO CMEIIEHHbIE OOBEMBI IO BBICOTE
JAHHBIX MPU3M TEPEMEIAIOTCS B PA3IUYHBIX HANPABICHUIX, TO MOJIYYaeM CIEIYI0-
IO 3aBUCUMOCTbD JJIsl OPEICICHUS] COOTHOIICHHS] CMEUIEHHBIX 00bEMOB MeTaJlla B

JUIMHY U LIAPUHY:

b S @
Vy Ay
rac VX 141 Vy — CMCIICHHLIC 00bEMBI METaIJIa B JJIMHY U IIUPHUHY,
AX 141 Ay — Iiomaau IMOoIICPCYHOro CCUCHUA TpGYTOHBHOﬁ H Tpalncucuaaib-

HOM nipu3M (puc. 3).

%@ =
Y

Puc. 3. [Tnomanu mormepeyHoro ceueHus TpeyrojJbHON

Y TpaneueuaIbHOU MPU3M
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CopTtonpokaTHOE MPOU3BOICTBO

Wnu, cokpatuB 00beMbI METaJIA:

Iy _ A @)
hg A’

rae U v f — ko) UIHMEHTHI BHITSHKKU U YIIUPEHHUS.

Bocnonbs3zoBaBmincs Gopmysoit (3) U 3aKOHOM TMOCTOSTHCTBa 00beMa MOXKHO,

BBIYUCIUTH KOA(PIULIMEHTHI 1epopMaliuu napauiesenurnea.

3. PacnipocTpaHeHnune 3aKkOHOMepHOCTel ()OpMON3MeHeHns
NPH OCaJIKe NMapaJiiesenuieaa Ha NPOKaTKY B IVIaJKUX BajlKax

U KaJauOpax nmpocrToii (popMsbl

[Iporecc mpokaTku MeTamia Kak B IVIQJKUX BajkaX, Tak M B KanuOpax Oymaem
paccMaTpuBaTh KaK OJIM3KUHN K MPOIECCY 0CAJIKU MPSMOYTOILHOTO Tapajiiesienume/ia
10 CBOMM OCHOBHBIM 3aKOHOMEPHOCTSIM (hopMou3MeHeHus. Toraa Juist ciaydasi mpo-
KaTKH B IJIaJIKUX Bajkax OyzaeT cupaBemiuBa ¢popmyna (3), TO ecTh OTHOIICHUE Jeil-
CTBUTENBHOU Aedopmarii OyAeT paBHO OTHOIICHHUIO TUJIOMIAJEH, SIBISIFOIIUXCS 30-
HaMU KOHTaKTHOM MOBEPXHOCTH, CMEIIEHHbIE OOBEMBI 110 BHICOTE KOTOPHIX UIYT HA
npUpanieHue JJIMHBI U IAPUHBI TPOKATHIBAEMOM MOJIOCHI COOTBETCTBEHHO.

Takum oOpazom, s ONpeieNieHns YIIUPEHUsT MeTalljia Py MPOKATKe B TiIaj-

KHX BaJKax [IOCTATOYHO BBIYUCIUTH mapamerpbl A, u Ay. [ns aToro ympoctum

CIOXKHYIO0 (hOpPMY KOHTAKTHOH IMOBEPXHOCTH JI0 COOTBETCTBEHHOTO MPSMOYTOIbHUKA,

MIUPUHY U JUTUHY KOTOPOTO OYIeM ONpeeNsiTh U3 CUCTEMbI YPAaBHEHUM:

b _ b
IC %akc ’ (4)
bclc =F,

IS bC u |C — pa3Mepbl COOTBETCTBEHHOW KOHTAKTHOW MOBEPXHOCTH;

bl — INHpHHA paCKaTa Ha BbIXOAC N3 BAJIKOB,
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S — MaKcHMalbHas JUIMHA ovara aeopManuu;

FK — TUIOLIAJb KOHTAKTHOM MOBEPXHOCTH.

OnpenenuB pa3Mepbl COOTBETCTBEHHOW KOHTAKTHOM MOBEPXHOCTU U BOCIOJIb-

30BaBIIUCH (hopmynoit (1) s onpeneneHus yria HaKJIOHA IMJIOCKOCTH CUMMETPHUU

HaNpsDKeHUi U aedopManuif, MOXeM BBIYHCIUTS IUommanyn A, u Ay U, KaK CIEICT-

BUE, BEINYNHY yITUPCHHUS.

[Ipu BBIUMCICHUH MUPUHBI M JJIMHBI COOTBETCTBEHHOW KOHTAKTHOW TOBEPX-
HOCTH HEOOXOJMMO YYUTHIBATh TOT (PakT, YTO PopMa KOHTAKTHOW MOBEPXHOCTH MO-
KeT OBITh KaK Y3KOM, Tak W INMPOKOM, a Tak Kak B Belpaxkenuu (1) b — sto Bcerna
MEHBILAs CTOPOHA, TO I/ y3KMX ouyaros gedopmanuii 6yksoii D Oynem 0603Ha4aTH
IMIUPUHY KOHTAKTHOW MOBEPXHOCTH, a JIJISl IMUPOKUX — JUTHHY.

[IpoBenem ananu3 Gopmyinsl (3) ¥ MOCTPOUM TpadUK 3aBUCUMOCTH OTHOIIIE-
HUs JeiicTBUTENbHBIX Aedopmamuii or kodpduuuenta tpenus f wu popmbl kon-

TaKTHOI ToBepxHOCTH 1) / | o (puc. 4). Tlomy4eHnblii rpa@uK MOKHO pa3lelUTh

Ha JIB€ XapaKTEpHbIC YaCTH: bl/ | Juare > (mmpokmit owar gepopmanun) u
b, /144%¢ <1 (y3kuit ouar medopmartm).

Ipu b, =1 o IKC cMeIeHHbIE 00BEMBI METAJIA B IPOJOIBHOM M IIOIEPEYHOM

HaIlpaBJIEHUSX PaBHBI HE3aBUCHUMO OT K03 duIlMeHTa TpeHus, Tak KaKk ero u3MeHe-
HU€ TIPUBOJIUT K OJUHAKOBBIM MU3MEHEHUAM HAIPSHKEHUH, NEHCTBYIONIMX B MPOI0Tb-
HOM H TIOTIepeYHOM HampaiieHusAX. [Ipu nmpokarke B kaauOpax KapTuHa OyJIeT UMETh
0oJiee CIIOKHBIM BU M3-3a TIOSBJICHUS €11le 0 JHOTO (pakTopa — GOopMBI Kaauopa.

Jlna onpenenennss MaKCUMalIbHOM JUIMHBI KOHTAKTHOW MOBEPXHOCTHU M IUIOIIA-
T KOHTaKTa BOCIIOJIb3yEeMCSI XOPOIIO pa3pabOTaHHBIM M MOJIXOJSIINM JIJIT dTUX I1e-
Jiell BEKTOPHBIM OINMMCaHUEM odara JedopMaliuu, SBISIOIIUMCS OJHOW U3 COCTABHBIX
4acTed CTPYKTYPHO-MATPUYHOTO MOJIX0Ja K MOJCIUPOBAHHUIO MPOIECCOB COPTOBOM
npokatku [9-13]. JlaHHBIF METOa MO3BOJISICT JTOCTOBEPHO OIPEACIATh T'€OMETpUYC-
CKHE IMapaMeTpbl odara AedopManuu, Tak Kak MPEeCTaBIICT cO0O0H €ro JUCKpEeTHOE

OTMCaHUE, TOYHOCTh KOTOPOTO MOXET OBITh MPAKTUYECKH JIF000H (puc. 5).
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Puc. 4. I'paduk 3aBUCUMOCTH OTHOIIIEHUS TEUCTBUTEIBHBIX e opMaIuit

oT ko3 puieHTa TpeHus u PopMbl KOHTAKTHON MOBEPXHOCTHU

\\
VAN
AN

TN
AR
o

Puc. 5. BexropHoe onmcanue ouara nedopmaruu

Takoe ommcanmue Mo3BoJseT pa3OoUTh ouyar aedopmalui Ha TOHKHE CJIOW U OTl-

pPeACINTG AJIMHY KaXJ10ro CJI0A a, 3Ha4YUT, W IIOIaJAb KOHTAKTa MCTAaJllla C BAJIKOM.
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JlanHbiit cioco® pacuera Mo CBOeH cyTH siBisgeTcs (opmanuzamueil rpaguyeckoro
metona [14, 15], koTopelii UMEeT TaKylO K€ TOYHOCTh U YHHBEPCAIBHOCThH OMpe/e-
JICHUS IJIOIA M KOHTAKTa METaJlla C BAJIKOM, HO BMECTE C TEM JIETKO MOJAAeTCs aB-
TOMaTU3alMU pacyeToB Ha DBM.

Hanee momyuum oOuryto ¢hopmyiy Uisl pacuera YIIMPEHHs HE TOJbKO MpHU
MIPOKATKE B IVIaJIKUX BaJIKaX, HO U B KanuOpax.

JlomycTuMm, 4TO TiaJKue BaJKU NMPUOOpPENTU BOTHYTOCTb U MPEBPATHUINCH B
OBaJIbHBIA KanuOp (puc. 6) (MyHKTUPOM Ha PHUCYHKE MOKa3aHbl KOHTYPbI TJAIKUX

BaJIKOB).

Puc. 6. Cxema x BbIBOZLY (hOpPMYJIBI JUISl pacueTa yIIupeHUs

IIpU IIPOKaTKe B KanOpax

[Ipenmnonoxum, 4TO TPEHUE HA KOHTAKTE METAJIa C BAJIKOM M3MEHWIOCH Ta-
KM 00pa3oM, YTO YIIUPEHUE OCTAIIOCH MPEXHUM. TOrja CMEIIeHHbII 00beM MeTall-
J1a B IPOJOJBLHOM HaIlpaBJIeHUH (B HAIIPaBJICHUH BBITS)KKU) YBEIIUUUTCA HA Ty BEJHU-
YUHY, HA KOTOPYIO BO3POCIA IJIOMIAAb BBIXOASIIETO CEYCHUS MPU MEPEXOAe OT riaai-

KOM 00YKH K OBATbHOMY KaiauOpy. OTcroza moxydaeM cleyronryo Gopmyy:

A, S S
In yy=-*."Lh ==, 5
yz A'S, 'S, (5)
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rac Sl — INIOIIAJAb BBIXOJAAIICTO CCUCHMU,

S, — mnomans ¢purypsr ADEL;

2

S — mmomans Gpurypsr BCFK.

n

JlaHHBIE paccykaeHUs OyayT CIpaBeJIMBBI U JJIA APYTUX BUAOB KaIUOPOB
(puc. 7). Takum oGpa3zom, Mbl OAYYHIH (HOPMYITY AJI pacueTa YUIUPEHUs IpH Mpo-
KaTKe MeTajljla B KalmOpax mpocToil (opMbl.

Ha ocnoBe Bbipaxenus (5) Obuia paspadorana CAIIP kanuGpoBok mpoCThIX
COPTOBBIX TMpoduiel, oTuyaronascs O00JbIION YHUBEPCATBHOCTHIO U THOKOCTBIO.
OpmHako u3-3a TOTO, YTO B OCHOBE METOAMKH JIS)KHUT PEKYPPEHTHOE ypaBHEHUE, CBS-
3bIBAIOIEE CIIOKHBIM O00Pa30M pas3iMyuHble T€OMETPHUUECKUE MapaMeTphl oyara Jie-
dopmanuu, pacder nmokasareneil GOpMOM3MEHEHHS AJS CTaHA M3 ABAALATH KieTel
MOXET 3aHUMAaTh 3HAYUTEIBHOE BPEMs, 4TO OOYCIIOBICHO aJlfOPUTMOM pacyera, Ko-
TOPBIA TIPENCTaBIsIeT COOOM MOCTENIEHHOE TpUpAIleHne MUPUHBI MPOGUIsS U Mpo-
BEPKY Ha Ka)/IOM IlIare CTeTeH! MPUOIIKEHUS K PEIICHUIO.

JUisi CHUKEHUS! BBIYUCIMTENILHON CIOKHOCTU METOJUKU pacueTa YIHIMPEHUS
yIpocTuM ypaBHeHue (5) MyTeM SBHOTO BBIPAXKEHHUs MapamMeTpa O Yepe3 OCTallb-

Hbie. [lyis 3TOro Bocmonp3yeMcs pasiiokeHuemM jgorapudma B psa Jx. I'peropu [16]:

3 5
50M +N

M M-N 1/M—-N
h—=2{ ——+=| ————

N M+N 3\M+N
JlaHHBIN psg OBICTPO CXOIUTCS IIPU OTHOIICHUH M / N o6muszkom k CIUHMUIIC,

YTO COOTBETCTBYET KOA(DPHUITMEHTY BBITSIKKH, IIOATOMY JIaKe TIEPBBIN WICH psija JaeT

BECbMa TOYHOE MPHUOIIKEHNE 3HAUYCHUS Jorapuma’

|ni52ﬂ’ 0
Sy Sp+5;

re Sy — IUIOM[A/h BXOAALIETO CEYEHHMSL.
OnHako mpu TakoM 3aMEHE MOJY4YMM KBaJIpaTHOE YpPaBHEHHE OTHOCHUTEIIBHO

Sl, 4TO HE coBceM ynoOHO. [loaToMy Bocmonb3yemcsi JadbHEUIIUM Pa3ioKEHUEM
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TOJIYYEHHOTO BhIpakeHus B psia Teilnopa B OKPECTHOCTH TOUKH Sy = Sp, UTO COOT-

BETCTBYET TEOPETUUECKOM BBITSIKKE, T.€. IPOKATKE 0€3 YIIMPEHHUS

|ni~280_81:280_ST _480(81_ST).

o ~ (8)
Sy So+S So + Sy (So+St )2
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Puc. 7. [lpumepst miotmaneit S, u S, 1u1s pasiuyHbIX KatuOpoB
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I[Ipu 3TOM MBI [OJYYMM JHHEHHYIO 3aBUCHMOCTb S OT NMPOYUX [1apaMETPOB.

OI[HaKO TOYHOCTb AAHHOI'O BBIPAXCHUA CPABHUTCIIBHO HECBCJIMKA, HO IOTCPIO TOYHO-

CTU MOKHO KOMIIEHCUPOBATH CIEAYIOIIECH 3aMEHOM:

23075 2y S0 )
So+Sr St
B pesynprare nosnyunm:
Inigln S0 —4S°(Sl_ST) (10)

S St (SotSr)

[Tpu sTom Beipakenue (10) He ToapKO MpeodpasyeT KOIPGUIMEHT BHITSIKKU B
JIMHEHOE YPaBHEHHE OTHOCHTENBHO S, HO M UMEET GOJBIIYIO TOYHOCTb, YeM (op-
myia (7).

B urore nonyvaem:

So, 4505

In
_ St (Sp+5¢)°
=T S, 4s, )
R
AS, S, (Sp+Sr)

3anmaBasi B NMEpBOM MPUOIIKEHUHM IIUPUHY pacKaTa, paBHOW IIMPUHE BXOJS-
IIIEr0 CEYCHUs, ONpEe/Ie/IIeM IIOIIA b MOMEPEYHOro ceueHus no gopmyne (11), a ge-
pe3 IIIOIIAlb HAXOAMM HOBOE MPHUOJIMKEHHUE IMUPUHBI BhIXoAsmiero ceueHus. [Ipo-
JOJIKast TAHHBIA LIUKJ A0 YAOBJIETBOPUTEIBHON TOYHOCTH, MOTYyYaeM MPUOIMKEHHOE

perienre ypaBHeHus (11), 4To MO3BOIMT HA MOPSAOK OBICTPEE HAWTH PEIICHHE.

4. 3akiaodyeHue

[TonyueHHass MeTOMKa pacyeTa YUIMPEHUs MO3BOJSET TOCTATOYHO OBICTPO U
TOYHO OIPEEIISITh OCHOBHBIE TEXHOJOTMYECKUE MapaMeTpsbl Uil IMIMPOKOro Juamna-
30Ha MPOCTHIX COPTOBBIX KaJIHOpPOB, YTO AAET BO3MOXKHOCTh MPOAHAIU3UPOBATH

0O0JBIIOE KOJIMYECTBO BapPHAHTOB TCXHOJIOITMYCCKUX pCIHeHI/Iﬁ u BBI6paTB U3 HUX OII-
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TUMAJIbHOE TI0 MPOU3BOJUTEIBLHOCTH, CTAOMIBHOCTH, dHEProddPeKTuBHOCTH, cebde-
CTOMMOCTH, Ka4eCTBY IPOAYKLUUU U IPYTrUM KpUTepUsM. Takas MHOTOBApUAHTHOCTD
Y THOKOCTh MOBBIIIAET 3P(HEKTUBHOCTh paOOTHI TEXHOJIOTOB KaK MpHU MPOEKTUPOBa-
HUU 000pYJIOBaHUs MPOKATHBIX CTAHOB, TaK W MpHU pa3pabOTKe M COBEPIIECHCTBOBA-
HUU TPOLECCOB Ha JECUCTBYIOIIMX arperatax. Bbicokas CKOpOCTb pacyeToB U T'HO-
kocth CAIIP mo3BossieT pemaTh HECTaHIApTHbIE MPOU3BOJCTBEHHBIE 33J]aUl B KO-
POTKHE CPOKH, UTO UMEET CYIIECTBEHHOE 3HaUeHUE ISl ACHCTBYIOMIEro MPOU3BOACT-

Ba.
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J.A. Kun3un
OI'bOY BIIO «MarHutoropckuii rocy1apCTBEHHbBIN

TeXHUYeCKUi yHusepcuret um. I'.11.Hocosa»

OIITUMUM3BAIUA ®OPMbI BBITAXKHBIX KAJIUBPOB

B cmamwe npeocmasenena nocmanoéxka u peuienue 3a0ayu ONMUMUIAYUU
Gopmbl npocmulx KAIUOPO8, OMHOCAUEUC K Meopuy ONMUMAaIbHO20 YNpasieHUs..
Hckombiti konmyp Kaaubpa npeocmasisiemcs Kaxk mpaekmopus 08UNCEHUs MOYKU,
onucwieaemozo cucmemou ouggepenyuanvhvix ypagHenui. Dazosvie nepemerHvle
onpeoenaom noiodiceHue MmouKu 6 NPOCMPAaHcmee, a ynpasiaujee 030eticmaue —
Gopmy uckomou kpusoi. Moodenv popmouzmeHenuss memania npu NpoKamke 8 Ka-
ubpax aensaem cooOoul yciosus MpanceepcalbHOCMU, a NPeOI0NCEHHbIN OYHKYUOHAT
— Kpumepuii OnmumMu3ayuu.

Knrouesvie cnosa: evimssicHvle Kanubpvl, ONMUMU3AYUSL, COPMONPOKAMHOE

npou3z800Ccmae0, 3QpHekmueHocms KaiuopoeKu.

1. BBenenue

OCHOBHBIM AJIEMEHTOM TEXHOJOTHMHU MPOU3BOJICTBA COPTOBOTO MpOKATa SIBIIS-
eTcsl KaTuOpOBKa BAJIKOB, OT MPABHJIBHOCTU Pa3pabOTKU KOTOPOW 3aBUCIT TEXHUKO-
HPKOHOMHYECKHE M KauyeCTBEHHBIC MOKa3aTeIM Mpolecca mpokaTku. [Ipu sTom Her
YETKUX KPUTEPUEB MPABMIBHOCTH KaTUOPOBKHU TOTO WJIM MHOTO mpodus, 6ojee To-
ro CyIECTBYeT OECKOHEUHOE MHOKECTBO BapMAHTOB KAIMOPOBKH, KOTOPBIE oOecTe-
YUBAIOT MOJyYeHUEe TpeOdyeMoro mpoduis mpokaTa U3 3aJaHHOM 3arOTOBKH. Takum
o0pa3oM, BO3HHKAET 3a/1ada BHIOOpA HAMIIYYIIIETO BapHAHTA KaJTUOPOBKH MO TEM HITU
WHBIM KPUTEPHSIM.

B kauecTBe KpUTEpHEB ONTUMHU3ANMMK MOTYT BBICTYNaTh MHHHMYM JHEpPro3a-
TpaT, MakKCUMaIbHBIH KOd(hPuueHT 3hPeKTHBHOCTH KaTUOPOBKH, MHUHHUMAITBHBIN

HN3HOC BAJIKOB WKW APYIrHUC IIOKA3aTCIIH. CTpOFaH MAaTECMATHUYCCKasA IOCTAaHOBKA U PC-
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HIeHUe NOJO0OHBIX 33/7a4 ONTUMHU3ALMK B MPOIUIOM HE MPEICTaBISINCh BO3MOKHBI-
MU M3-32 OTCYTCTBHSI HAYYHO OOOCHOBAHHBIX METOJIOB pacyeTa KaTuOPOBKH BAJIKOB.
B OonbmuHCTBE cBOeM paboTa KaauOpPOBIIMKAa Oa3vpoBaliach Ha MPAKTUYECKOM
OIbITE, a HE Ha (popMaNM30BaHHBIX METOAMKaxX. B HacTosiuiee Bpems Giarogapst MHO-
MM Hay4YHBIM HCCIEOBAHHUSAM TOJI0O0HAs CUTyallMsi HauuHaeT MeHATbes [1, 2].
Nmerouiicst pa3pbeiB MeXay Teopuei o0pabOTKH METaJJIOB JIaBIEHUEM U KOMILIEK-
COM 3HaHUU MO pa3padOTKe KaTMOPOBKH MOCTEIIEHHO COKPAIIAETCs, UTO B OyAyIIEM,
HECOMHEHHO, JOJIKHO MPUBECTU K CO3JaHUIO JOCTATOYHO CTPOMHOM TEOpUU Kaluo-
POBKH MPOKATHBIX BAJIKOB.

MHoroneTHuil onbIT paboThl aBTOpa JAAHHOW CTaTbu B 00JACTH pa3pabOTKH
MaTE€MAaTHYECKUX MOJIENIEH MPOLIECCOB COPTOBOM MPOKATKY MO3BOJIUI TOCTABUTH PSJT
3a/lay ONTHUMH3ALMU KaTHOPOBKU MPOCTHIX COPTOBBIX Mpoduieil, 0Ha U3 KOTOPBIX U

mpeacTaBJICHA JaJICC.

2. I[TocTanoBKa 32124y ONTHMH3AIUH

B GonpmmHCTBE CBOEM KaMOPOBKA MPOCTHIX COPTOBBIX MpoQueH mpeacras-
JSeT co00M CHUCTEMY BBITSIKHBIX KaJMOpPOB, T.€. MOCIEAOBATEIBHOCTh U3 YepeayIo-
IIUXCSI PABHOOCHBIX W HEPABHOOCHBIX KAIMOPOB, MO3BOJIIOIINX M3 UCXOJIHOHN 3aro-
TOBKH TOJTy4aTh TpeOyeMblid poduis. [Ipu 3ToM dopma u pazMepsl IPOMEKYTOU-
HBIX PABHOOCHBIX KaTUOPOB BO MHOTOM MOTYT OBITH OOYCIOBIIEHBI COPTaAaMEHTOM
CTaHa, TaK KakK MPO(HIN pa3IMYHBIX Pa3MEPOB BBITYCKAIOTCS M3 Pa3HBIX KIETEH, a
HEPaBHOOCHBIE KaTMOpHI MOT'YT BBIOMpaThest Oosee cBoOoHO. Hampumep, B coueta-
HUU C KPYTIBIMH KalIuOpamMu MOXHO HCIIOIBh30BaTh OBAJIbHBIC, 0()OPMIICHHBIE pa3-
JUYHBIMU PaJyCaMH, TUIOCKHE WJIM MHOTOPAQJMYCHBIE OBAJIBI MU JaXe TIAIKYIO
00uKYy.

Hcxons u3 cka3aHHOTO, paCCMOTPUM TMPOKATKY B ABYX KieTsX. [Ipu aTom 3a-
JaaM PaBHOOCHBIE CEUYCHHS Ha BXOJE B MEPBYIO KJIETh M HA BBIXOJE M3 BTOpOi. B
MEPBOA KJIETH MBI MOXEM IMOA00paTh 0€CKOHEYHOE MHOTO00pa3ne HEPaBHOOCHBIX

KaJ'H/I6pOB, KOTOPLBIC ITO3BOJIAT M3 3aJaHHOI'0 BXOIAIICTO CCUYCHHUSA II0JIY4YAaTh Tpe6ye—

Kanu6poounoe 6ropo (www.passdesign.ru). 2013. Beimyck 1 21



CopTtonpokaTHOE MPOU3BOICTBO

MBIl Tpo(HIIb Ha BBIXOJE U3 BTOPOW KieTH. TakuM oOGpa3zom, UMEETCs MHOKECTBO
KaJIMOPOBOK, JAIOMIMX HA BBIXOAE OJHUH M TOT K€ NpO(UIIb, HO OTIIMYAIOIIUXCS IO
MIPOYUM XapaKTEPUCTHKAM, T.€. BO3HUKAET 3aJa4ya ONTUMU3AIUU (POPMBI U pa3MepoB
HEpPaBHOOCHOT'O KaJuOpa.

B kadecTtBe KpuTepus ONTUMU3ALMHU BbIOEpEM, HANPUMEDP, MAKCUMYM KO3 (-
¢unuenta 3¢ dpextuBHOCTH KanuOpoBku [3]. JlaHHOE MOHATHE OTHOCHUTCS K BBITSIK-
HBIM KanuOpaMm M XapaKTEPHU3yeT UX BBITSHKHYIO CIIOCOOHOCTh. [Ipu mpodyux paBHBIX
YCIOBUSAX pa3IMuHble KanuOphl MO3BOJSIOT MOJYYaTh pas3jIMuHble KOI(PPUIUEHTHI
BBITSDKKU. Te kanuOpel, KOTOpble 00ecneuyrnBaoT O0NbIINNA KOI(PPUIUEHT BBITIKKH,
OTJINYAIOTCS OoJIbIIeH A(P(HEKTUBHOCTHIO.

Koadpunment apdexkruBHocT Oynem onpeaensaTs no Gopmyre:
Ka :VI /V h (1)

Tac V| )51 Vh — CMQHIGHHBIﬁ 00BbeEM MeTaJljIa B MpOoaAO0JIbHOM HAITpaBJICHHUN (B HallpaB-

JICHWH BBITSKKH) | IO BBICOTE (B HAIIPABICHUU 00XKATHSA).

Tak kak B mape xkanuOpoB 0o0IIas BRITSHKKA 33a/laHa, TO MakCHMalbHas 3 dek-
TUBHOCTH OyneT o0OecliedeHa B TOM cliydae, €CJIi CyMMa CMEIICHHBIX 00hEeMOB Me-
TaJljIa 10 BBICOTE B MEPBOM M BTOPOH KIETIX OYJIeT MUHUMAIbHOM.

KonTyp kamubOpa mepBoil KJIETH MOXKHO paccMaTpuBaTh KaK HEHU3BECTHYIO
(GbyHKIHIO, a CMEIIIEHHBIH 00beM MeTajlla 1o BhICOTE B KauecTBe (pyHKImoHana. T. e.
Halla 3ajla4a ONTHUMH3AIUH JIOJDKHA OTHOCUTHCS K 00JacTH BapUAIlMOHHOTO MCYHC-
JICHHsI, OJTHAKO HE BCsKasl (PYHKITUS MOXET OBITh MCIIOIh30BaHA B KAYECTBE KOHTYpA
KanuoOpa, HampuMep, JoMaHas JuHUS (puc. 1), MO MOHATHBIM NMPUYWHAM HE MOXKET

pacCMaTpuBaTLCA B KAYCCTBC PCIICHUA.

=

Puc. 1. K Bonpocy orpannyenuii Ha popmy KanuOpoB
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OT0 03HAYaeT, YTO HEOOXOJUMO BBECTU OIPAaHUYEHUS HA BHUJI UCKOMOI'O KOH-
Typa (MCKOMOM KpPUBOH), UTO NEPEBOJAUT 3a/Jauy M3 00JACTU KIACCUYECKOIo Bapua-
LIMOHHOT'O UCYUCIIEHUS B 00JIaCTh TEOPUU ONTUMAIILHOTO YIPABIICHUS.

Chopmynupyem 3amady onTumaibHoro ynpasienus (30Y).

N3BecTHO, 4YTO TeOopHs ONTUMAJIBHOIO YINPABICHUS HU3y4aeT YIpaBisieMble
O0OBEKTHI U UILET HaWIy4dlIue cnocoOsl ynpasienus umu [4]. Mcxoas u3 storo Oyaem
YCIOBHO paccMaTpuBaThb HMCKOMBIM KOHTYp KaiauOpa, ONUCHIBAEMBbIM (QyHKIUEN

X= f(t) , KaK TpaCKTOPHIO ABHKXCHHA HCKOTOPOI'O a6CTpaKTHOI‘O 00BbEKTa ¢ Hayda-

JIOM B TOYKE (XO, to) Y KOHIIOM B TOYKE (Xl, tl) (puc. 2).

' S, = AQL; S, = ACHK;
S, = ADEN; S, = ACGL;
S, = ACFN; S, = ABHK;
S, = ABML; S, = ADEP;
Sg = ACRP; ¢ =19a.

Puc.2. K30V ¢ noaBmxHBIMH KOHIIAMHA

MaremMaTH4eCKyt0 MOJENIb JBUKEHHUS JTaHHOTO OOBEKTa IMPEJICTaBUM B BHUJIC

cucteMbl TudGepeHIINaTbHBIX YPaBHEHUN

<d (2
X

—=u(t, —t) — o,

|t (1 )—o

rae X u @ — das3osble nepeMeHHbIe, a U — ynpasisiiolee Bo31eHCTBUE.

B kauectBe KpUTCPHA OIITUMAJIBHOCTH, KaK YK€ OroBapuBaJiIoChb, BO3bMCM MHU-

HHUMYM CMCHICHHOI'O o0beMa MeTajljia Mo BeICOTE
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J=h0 3 i @)
2 S3

BBenem nonosiHUTENbHBIE OIPaHUYEHUSA HA BUJ MCKOMOW KpuUBOH. JlormyHo
norpe6osath, utoosl Gynknus X = f(t) na unreppane ('[0, '[1) ObLIA BBITYKION M

yObIBaroieid. Boimyck B kanuOpe He A0KeH ObITh MEHbILE ONpEEICHHOM, 3apaHee
3aJlaHHOM BEJMYMHBI, & 3HAYEHHUE X1 JOJKHO TO3BOJIUTH MOCTPOUTH KanuOp NepBoii
KJIeTH 0€3 YCTAaHOBKH BaJIKOB B 300l M C ONPEJEICHHBIM 3allacoM Ha ylmupeHue. B
MaTEMaTUYECKOM 3aluCH JaHHBIE YTBEPXKIEHUS OyAyT BBIMVISIAETH CIENYIOLUM 00-

pazom:

OSUS%,(DS,B, X = b, (4)
-

Tac IB )51 b — 3a1aHHBbIC ITOCTOAHHBIC BCJIIMYHNHBI.

Takxke B KadecTBE IOMOJHUTCIBHBIX OTPAHMYCHUN MBI JOJDKHBI 3aIldCcaTh
ypaBHEHUS, KOTOpbIe OyAyT OIpenessaTh YIIMPEHUE B MEPBOM M BTOPOH KIETAX.
BoNbIIMHCTBO M3 M3BECTHBIX METOMMK ISl pacueTa YIIMPEHHUs Ha JAHHYIO POJIb HE
MOJIXO/SIT B CHILY TOTO, YTO OHHU pa3pabOTaHbl I ONMPEEICHHBIX CUCTEM KaIHOPOB,
a B paccMaTpuBacMOM Cllydae CUCTeMa KainuOpoB Hen3BecTHA. Heobxonmumo yHHUBE -
caJbHOE ypaBHEHHE, KOTOPOE MOJIONIET JJIsl JIFOOBIX KamuOpoB npoctoii popmel. I1o-
no0HOe ypaBHeHHE ObLIO pa3paboraHo B pabdore [5]. Mcmonw3ys 3To ypaBHEHHE,

MOYHO IIPEJICTABUTH YCIOBUS TPAHCBEPCAIBHOCTH [l pACCMaTPpUBAEMOMN 3a1auu:

-

1 S4 5
X ®)
L SG S7 8

rie Key 1 Kpg — kooddunmentsl, yuntsiBaromue Gpopmy ouara aedopmarum.

Takum obpazom, 30Y MOKHO 3amucaTh Tak. J[aHa mMaTeMarnueckas MOJEIb

oonekta (I-1V).
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— =,
dt

dx
—=u(t, —t) —o;
| dt (1 ) Q

UNE.

M J=h>2 4N i
2 S3

an osus£,¢sﬂ, x, >b, telty, t]
1

1 S4 5

-

(v) A
6 7 8

Haiitu ynpasnenue U(t), kotopoe ynosnetsopser ycnosuto (111) u nepesoaut
cucreMy (l) U3 HayaJIBHOTO COCTOSTHUS (XO, to) B KOHEYHOE (Xl, tl) U MUHUMU3UDY-

eT QyHKIHOHAn J M COOTBETCTBYIONIYIO STOMy yrpasieHuto Tpacktopuio X(t), xo-

Topas yaoBierBopser yciaosuio (1V).

AHaTUTHYECKOE pPEIICHHE NAaHHOM 3a7a4d HE MPECTaBISETCS BO3MOKHBIM 10
Py pUYrH (CIOXKHBIA BU QYHKIIMOHAIA, HE 00Jaal0Iero CBOMCTBOM JIOKAJIbHO-
CTH; HETMOCTOSHCTBO OOJIACTH MOMYCTUMBIX YMPABIAIOMIMUX BO3ACHCTBUHN; HATIWYUE
orpaHuyYeHuil Ha (pa3oBbIe MEPEMEHHBIE; PEKYPPEHTHOCTh YCIOBUIN TPaHCBEPCAIbHO-

CTH), OJTHAKO BIIOJIHE BO3MOKHO YHCJIICHHOE PEIICHUE.
3. UucaenHoe pemenue 30Y

B cuny TOro, 4rOo aHaNTMTHUYECKOE PEIICHUE 33a1a4i ONTUMH3ALUU HEBO3MOXK-
HO, OBUT pa3paboTaH aNrOPUTM YUCICHHOTO PEIICHHS], CYTh KOTOPOTO 3aKIt0uaiach B
pa3OreHnu UCKOMOM KPUBOW Ha MPSIMOJIMHEWHbBIE YYACTKU, KOOPJAUHATHI KOHIIOB KO-

TOPBIX SBJISIIOTCSI BapbUPYEMBIMU MapaMeTpaMu. Tak Kak M3HA4YaJIbHO HaM He ObLIO
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U3BECTHO KAKOE KOJIMYECTBO TNIOOATBHBIX U JIOKATBHBIX PEHICHUH MMEET 3a/adya U
COCTOMT JIM IPOCTPAHCTBO JIOMYCTHUMBIX PEIICHHUI U3 OJHOW MM MHOXKECTBA HeTepe-
CEKAIOUIMXCS 00JacTei, MOITOMY BOCIIOJIIB30BAIUCH METOAOM IIOJHOTO Iepedopa
BCEX BO3MOXKHBIX BAPUAHTOB PEIICHUSI C MPEABAPUTEIHHBIM UCKIFOUYEHUEM SIBHO He-

JIOIyCTUMBIX BapuaHToB. IInockocts (X, 1) 6Gblia mpeacTapiaeHa B BUAE CETKHU C OII-

peleIeHHBIMU 1maramMu 1o ocsiM. 11laru 1 TOYHOCTH BBHITIOJIHEHUS BCEX OTPaHUYEHUMN
BBIOMpaAIM W3 MPAKTUYECKU HEOOXOIUMON TOYHOCTH pacueTa T€OMETPUUYECKUX pa3-
MepoB kanuOpa. HanbosbIee BIusHUE HA BpeMs pacyeTa OKa3bIBaeT BEJIMYMHA II1ara
CETKH, KOTOPBIM BeIOMpanu okojio 1% ot mupuHbl packarta. [Ipu Takol BemuuuHe
iara BpeMs pacuera ONnTUMaJIbHOTO KaluOpa COCTaBIIsIIO OKOJIO CYyTOK. JlanbHeiiiee
YMEHBIIICHHE I1ara MPUBOJWIO K CYIIECTBEHHOMY 3aMEJICHUIO pa0OThl aJIrOPUTMa,
KOTOPBIN, HAJ0 MPHU3HATH, €IIE HEJIOCTATOYHO COBEPIICHEH M MMEET 3HAYUTEIIHHBIC
PE3EPBBI ISl YBETUYEHUS CKOPOCTH PAOOTHI.

Uucnennoe pemenue 30Y npoBOAWIN ISl IEPBBIX AECATH Kieteil ctana 370
OAO «Marnuroropckuii MeTamtypruueckuii komOunary». [IpenBaputenbHbie pacue-
ThI IO3BOJISIFOT CZIENIaTh CIIEIYIOIIUE BBIBOJIBI.

OnTumanbHBI HEPABHOOCHBIM KanuOp Bcerga UMeeT IJIOCKOE JHO, MO Kpaii-
HEl Mepe, KpUBU3HA JIHA HE YJIaBIMBAETCS MPU BHIOPAHHON TOYHOCTH pacyeToB. bo-
KOBasi CTEHKa KaJiMOpa mpe/cTaBieHa KyCOUHOW KPUBOM, COCTOSIIEH KaK MUHHUMYM
U3 JIByX JUHUW BTOpPOTO (B MPOCTEHIEM ciiydae) wind Oojee BBICOKUX IMOPSIKOB
(puc. 3). Ora hopma xapakTepHa JJIs BCEX ISITH PAaCCUUTAHHBIX KAIMOPOB, MPOTIOP-

OUH U PasMCPhBI B KAXKIO0M ClIydac, CCTCCTBCHHO, OTIIMYAar0OTCA.

|
T
i
i
i
_____________________ S S S
i
i
i
i
T
i

Puc. 3. TIpumep ontumanbHO# (OpMBI HEPABHOOCHOTO Kamuopa

Koappumment s¢pdhextuBHOCTH HOBOM KanmuOpoBku Ha 10% BEIIIE, YeM IS

NEUCTBYIOIIEH Ha cTaHe KalIMOpOBKHU Kpyr-oBasl. PaboTta nedopmanuu Takke CHU3U-
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nack mpumepHo Ha 10%, a pacnpenesieHre Harpy3KkH Mo KJIETSIM cTajio 0ojee paBHO-
MEpHBIM. YMEHBIIWIOCH OTHOIIIEHUE IIUPUHBI packaTta K €ro BBICOTE JJIs HEPaBHO-
OCHBIX CEYEHHUH, YTO MPUBEIO K O0Jiee paBHOMEPHOMY pacHpeeeHUI0 00XKaTus 1o
IIUPUHE packKarta, U, KakK ClIeJICTBUE, O0Jiee paBHOMEPHBIN U3HOC BAJIKOB.

N3 ckazaHHOTO MOXHO 3aKJIIOYUTh, YTO MPOUIU, BXOISAIINE B COPTAMEHT
ctana 370 OAO «MMK», moxxHO npokaTaTh B 16 kieTsix BMecTo 18 0e3 yBenudeHus

Harpy3ku Ha 000pyZ0BaHHUE.

4. 3ako4YeHue

CrnemyeT OTMETHUTh, UTO KpOME TIPUBEICHHON 3a/1a4d MOXXHO TMOCTaBUTh U 00-
Jiee CJIOKHBIE, B KOTOPBIX MCKOMBIMH OYAyT reéOMETPHUUYECKHE MapaMeTphl BCeX Ka-
JTUOPOB MPOKATHOT'O CTaHa JIJIsl MPOKATKHU OINPEAENIEHHOTO Mpoduis WiIK Jaxe onpe-
JICJICHHOT'O COPTaMEHTA.

[Tpu TakoMm Moax0Je MOKHO paccMaTpyBaTh KaTHOPOBKY BaJKOB HE KaK KOH-
CTPYKTUBHYIO pa3paOOTKy, MOJYYEHHYIO B OCHOBHOM W3 NPAKTUYECKOTO OTIBITA, a
KaK HETUIIOBOE M OPUTHHAIBHOE PEIIeHHE YeTKO C(OPMYITHMPOBAHHONW MaTeMaTuye-
CKOM 3aJjauM, YTO MO3BOJUT MAaKCHUMAaJIbHO HCIIOJIb30BaTh BO3MOKHOCTH 000pY10Ba-

HHUA CTaHAa 1 MUHHUMU3UPOBATH ITPOU3BOACTBCHHBIC U3ICPKKHU.

bubauorpadpuyecknii Cnucok
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C.C. Poruxos, .. Kun3un
OI'bOY BIIO «Marautoropckuii rocy1apCTBEHHbBIN

TeXHUYeCKUi yHusepcuret um. I'.11.Hocosa»

MOJIAEJUPOBAHUE U3HOCA BAJIKOB
METOAOM KOHEYHbIX 3JIEMEHTOB
IIPU MIPOKATKE B KAJIUBPAX ITPOCTOM ®OPMBbI

IIpogedeno moodenuposanue uznoca Kaibopa yucmosgou Kiemu npu npouseoo-
cmee Kpyeno2o npokama ouamempom 23 mm 6 npoepammuom komniexce DEFORM.
Beeoenue rxoagpguyuenma mounasdca 6 mooenv uzHoca Apxxapoa no3zeonauno 8bui-
A6UMb OUHAMUKY U3HOCA 8 npoyecce npokamku 300 moun memania, ¢ pazouenuem
Ha nAmMs NPoxo008 mooenuposanus. Kauwecmeenno u konuuecmeeHHo nojiyyeHHvle pe-
3YAbMAmMbl CO2AACYIOMCSA C XAPAKMEPOM UZHOCA PACCMOMPEHHO20 KAaubpa 8 npo-
yecce sxcnayamayuu va cmane 370 OAO « MMK». I[Iposedeno kauecmseenHoe cpas-
HeHue GIUAHUSL PA3TUYHBIX 2e0MEeMPULECKUX COOMHOULEHUL 8 HEPABHOOCHOM Kaauope
Ha U3HOC 8AIKO8 8 cucmeMme UleCmuy2oibHuK-keaopam. HMcnonvzoeanue bonee y3xkux
U BbICOKUX HEPABHOOCHBIX KAIUOPO8 NO8vbluiden pasHOMEPHOCMb UHOCA U CMOU-
KOCMb YUCMO0B020 Kaauopa.

Knrouesvie cnosa: copmosas npoxamxa, Memoo KOHEYHbIX J1eMeHmMOo8, UZHOC

8AIKO8, KAIUOD.

[Tpu mocTtaBke 00OpPYAOBaHUS COPTOBBIX CTAHOB MAITUHOCTPOUTEIHHBIE KOM-
MaHUU MePeaaloT KIUCHTY KaTMOPOBKU BAJIKOB ISl TPOU3BOJICTBA MIPEANIOIAraeMoro
mpo(UIBHOTO cOpTaMeHTa, pa3padoTaHHbIE COOCTBEHHBIMHU KaTMOPOBOYHBIMH OIOPO.
OpnHako MaHHBIE KATHMOPOBKHU Ialieko HE BCeraa 001aaloT TAKUMH CBOMCTBAMH, Kak
YHUBEPCAITBHOCTh, YKOHOMHYHOCTh M THOKOCTh, TaK KaK TJIaBHAs 3ajada MAaIluHO-
CTpOUTENEH — 00eCTIeYNTh KIIMEHTa 000PYyI0BaHUEM JIJIsl CTA0MIHBHOTO BBITyCKa MPO-

OYKIIUH, IIPYA 3TOM MAaKCUMAJIBHO COKPAaTUB CPOKH BBOJIA B CTPOM.

Kanu6posounoe 6ropo (www.passdesign.ru). 2013. Beimyck 1 29



CopTtonpokaTHOE MPOU3BOICTBO

HMeHHO MOATOMY KanMOpPOBOYHBIE OIOPO COPTOBBIX MPOU3BOICTB 3aHUMAIOTCS
HE TOJBKO pa3pabOTKON KaTMOPOBOK NP OCBOCHUH HOBBIX BHIOB MPOMYKIIMH, HO H
KOPPEKTUPOBKAMHU KOHTPAKTHBIX KaJTUOPOBOK C IICJIBIO CHIDKCHHS 3aTpaT dHEPTHUH,
MOBBIIICHUS CTOMKOCTH 000PYAOBaHUS M ONITUMH3AITUN BaJIKOBOTO XO35HCTBA.

BHecenne m100BIX M3MEHEHHUI B TEOMETPHUIO KaTMOPOB MOXKET MPUBECTH K He-
OJTHO3HAYHBIM pPE3yJIbTaTaM, KOTJa YIYYIICHHE OJHOTO IOKa3aTels MPHUBOIUT K
YXYAIMICHUIO ApyruX. IMEHHO MO3TOMY 0CO00 aKTyaJlbHa BO3MOXXKHOCTH IPOBECTH
MOJICJTMPOBAHKE METOJOM KOHEYHBIX JJIEMEHTOB 0€3 HEOOXOIWMOCTH 3aTpavyuBaTh
CpEeIICTBa Ha OMBITHBIC IPOKATKU C MCIIOJIH30BAHUEM DKCIIEPUMEHTATBHOW KaIuOpOB-
KW, KOTOPBIC B YCJIOBHSIX PCAJBHOT'O MPOM3BOJACTBA MPOBECTH MPAKTUYCCKH HEBO3-
MOJKHO.

Lenpro maHHON pabOTHI SBISETCS MOJAEIMPOBAHWE HM3HOCA BAaJKOB METOJIOM
KOHEYHBIX 3JIECMCHTOB IIPH MPOKATKE B KAJTMOPaxX MPOCTO (GOPMBI.

[TocTaBneHsbI CleMyIONINE 3a/1a4H:

— yu€t orpannueHnuit nmporpammel DEFORM,;

— BBIOOp MojIeNH pacuéra n3Hoca u e€ Kod(PHUIIMEeHTOB;

— yué€T u3MeHeHus GopMbl Kaubpa B MPOIECCe U3HOCA;

— TIpOBepKa aJeKBaTHOCTU MOJEIMPOBAHUS HAa OCHOBE JKCIIEPUMEHTAJbHBIX
JTAHHBIX;

— MOJCIUPOBAaHUE HM3HOCA BAJIKOB B CHCTEME KaJIHMOpOB IIECTUYTOJIbHUK-
KBaJpaT C Pa3JIMYHBIMU T€OMETPUUYECKUMH COOTHOIICHHSIMU B HEPAaBHOOCHOM Ka-

auope.

1. YcnoBusi MmoaeimpoBaHust

[Iponecc: cuMMeTpUYHBIN (MCIOIB30BaHKUE YETBEPTOM YACTH MOMEPEUHOIO Ce-
YEHUs1 3arOTOBKHM W BAJKOB); YCTAaHOBUBIIMICS (Mpou3BOIbHOE Jlarpanx-DitiepoBo
noBeqeHue 3neMeHToB ALE); HenzoTtepmuueckuii (pacué€r temnepaTrypHoro npoduis

3arOTOBKH M BaJIKOB).
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KoHeuHnble aneMeHTbl — rekca’Apbl. BeiOop KonMuecTBa W THUIA 3JIEMEHTOB
ObUT 000CHOBaH panee [1].

3aroToBKa: TemIieparypa nepel KIEThIO 1000°C; 200 s1emeHTOB B nornepey-
HOM CEuYeHHUH; 72 cliosi B MPOJOJBbHOM CEYEHHH; OoJyiee MIOTHOE pa3MElIeHHE 3Jie-
MEHTOB B OKPECTHOCTHU oyara jaepopmManuu ¢ KoadpPuiueHToM otHomenus 6:1; aiu-
Ha 280 mm (7 AMH reoMeTpUyecKoro ovara aedopmanuu); moxkaszareiab TPEHHUS —
0,52; matepuan — ctanb AlSI 1015 (crans 15).

Banku: abcomtotHO *kE€cTkue, HecxkumaeMble; 100 3neMeHTOB B MPOAOILHOM
ceuennn; 90 CI0EB B pagHaNbHOM HAmpaBieHHH; TeMrepaTypa 50°C; TBEpIOCTH 110
Poxsenny 50 HRC, no ceuenuto noctossHHasi, OT U3MEHEHUs TeMIIepaTyphl HE 3aBU-
CHUT; CKOpOCTh BpaiieHus 508,7 06/MuH.

B nonepeunom ceyenun Baika Bcero 100 >meMeHTOB, HECMOTPS Ha TO, YTO
IUIONIA/Ib CEYCHMSI 3HAYUTEIBHO MPEBBIIIAET TAKOBYIO Y 3arOTOBKU. DTO ObUIO cle-
JIAHO CO3HATENIbHO. MBI MPOBOJIUM MOJIEIMPOBAHUE U3HOCA, CIIE0BATEIBLHO, HHTEPEC
HpPEJCTAaBIAET TOJbKO NMPUKOHTAKTHAs 30HA Basika. [lo3TOMYy KOHEUYHBIE 31E€MEHTHI

CKOHIICHTPUPOBAHBI B He (puc. 1).

Puc. 1. YnpoménHoe npencraBieHue 3aroToBK 1 Bajika B cpene DEFORM

B 00BEME (ClIeBa) U MIIOCKOCTH MOMEPEYHOTO CEUEHUs (CIpaBa)
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B DEFORM nns pacuéra m3HOoca peanu3oBaHa MOJENb ApKxapja s TeX

croco00B 00pabOTKH JaBJICHUEM, B KOTOPBIX MpeodiagacT abpa3uBHbIi n3HOC [2].

W =K dt, (1)
He¢
roe: P — KOHTAKTHO€ HaIPsKECHHUE,;
\' — CKOPOCTBb CKOJIbKCHUS,
H — TBEPJOCTH MaTepuania UHCTPYMEHTA;
t — MPOJOIKUTEIILHOCTh KOHTAKTA,

a, b, ¢, K — xoapdumuentsr;
a=1lb=Lc=2,
dopMysa yUUTHIBAET BIMSHUAEC KOHTAKTHBIX HAIPSIKEHUM, CKOPOCTH CKOJIBKE-
HUSL METaJIa 00 MHCTPYMEHT, TBEPAOCTH MHCTPYMEHTA, NPOJOILKUTEILHOCTH B3aH-
MOJICHCTBUS 3aTOTOBKH M MHCTPYMEHTA.
3nauenus kodduimentos a, D, C BEIOpanu Ha ocHOBe pexkoMeHIAlHMi pyKo-

BojcTBa mnosb3oBaress DEFORM u Boponmosa [3]. Beibop Bennuunbl ko3¢ duiiu-

CHTa K OIIMCaH B CJICAYIOIICM pPa3CIIC.

2. MoneJmpoBaHie H3HOCA BAJIKA MPH MPOU3BOACTBE

KPYIJ0ro npokara nuaMmetpom 23 mm Ha ctade 370 OAO «MMK)»

J171st TpoBEepKH aJIeKBaTHOCTA MOJICTUPOBAHUS BOCIIOJIH30BAIUCH JAHHBIMH 3a-
MEpPOB H3HOCA, TOJYYECHHBIMU WH)XCHEpaMH J1la0OpaTOpUM TMPOKATHBIX BaJKOB
OAO «MMK» B IpOM3BOJICTBEHHBIX YCJIOBUAX [4], B omimune ot maHHbIX JIu [5],
coOpaHHBIX Ha 1a0OPATOPHBIX YCTAHOBKAX.

Henoctatku mabopaTopHOro MeToAa: HEBO3MOXKHOCTh Yy4€Ta IUKIMYECKOTO
M3MEHEHHUS TeMIepaTypbl MOBEPXHOCTH MHCTPYMEHTA U HAJIMUUS 30HbI IPUIUIAHUS
(TpeHHsI KauyeHMs) Hapsly C 30HOW CKOJIbXEHUsS, MPUPAOOTAaHHOCTH MOBEPXHOCTEH
MHCTPYMEHTA U 3arOTOBKH IOCJI€ HAYAJIBHOTO Mepuojaa UcnbiTaHui. B To ke Bpems

00paboTKa TaHHBIX CO CTaHA YYUTHIBAECT ITU (DAKTOPHI, XOTSA JTUHAMUKY U3MEHEHUS
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dbopmbl kanubpa B nporecce paboThl OTCIEAUTh HEBO3MOXKHO, TaK KaK M3-3a MpPOU3-
BOJICTBEHHBIX OIPaHUYEHUN 3aMepbl MPOBOAWINA Ha U3HOLIEHHBIX BaJIKaX, FTOTOBBIX K
MEePETOUKE.

Ha puc. 2 npeacraBieHbl KOHCTPYKTUBHBIE pa3MePbl YUCTOBOTO KaauOpa U U3-
HOC BaJKOB, Npou3BedEHHBIX 3AO «MarHuToropckuil 3aBoj| IMPOKATHBIX BAaJKOB
(M3I1B) u dpupmoit «Akersy». OceBoit n3noc BaikoB M3IIB mocie npokaTKu Ha HUX

308 TonH coctaBui 0,6 MMm.

2 347,84

24,03

\

Puc. 2. OcHoBHbIe pa3Mepsl 1 u3Hoc BaikoB 3AO «M3IIBy (BepxHuii pyueii)
u «Akers» (HIDKHUI pydeit) pHU MPOKaTKe KPYIJIOro MpokaTa AUaMeTpoM 23 MM

B Ki1eTu Nel6 ctana 370 OAO «MMK» nociie 308 1 282 TOHH COOTBETCTBEHHO

Teépnoctes Banka CILIXHM-64U(L]) — Banka copTOBOTO ¢ MIapOBHIHON (op-
Mo rpaduTa, JIETHPOBAHHOTO XPOMOM, HUKEJIEM U MOJUOJAECHOM, CO CTPYKTYPOU pa-
0ouero ciosi «UHACPUHUT», OTIUTOTO IEHTPOOE)KHBIM criocobom Ha M3IIB u Mu-
HumanbHOi TBEpmocThio 1o Illopy 64 HSd — maxomgurcs B muamasone 45-53 HRC.
ITo ycnoBusM mMoAenupoBaHUsl TBEPAOCTh BaJKa OCTaBalach IMOCTOSIHHOW. B neunct-
BUTEJILHOCTH K€ CKOPOCTh M3HOCA MOXXET MOBBICUTHCS OT pa3orpeBa Bajika B IMPO-
necce aedopmari 3aroTOBKHM, YTO TPHUBEAET K MajeHut0 TBEPAOCTH. B ciyuae
CWJIBHOTO Bpe3a KannoOpa B BaJKHU €T0 TBEPIOCTh B PA3IMYHBIX TOUKAX TAKKE 3HAUH-
TEBHO BapbUPYyeETCs, MPUYEM OYypTHI M BBIMYCK OyayT 00Jiee H3HOCOCTOMKHMHU, YEM
nHO Kannbpa. HoBerit Banmok OyaeT umeTh 0osiee BHICOKYIO TBEPAOCTH MO CPaBHEHUIO
C MaKCHUMAaJIbHO TIEPETOYEHHBIM BaJIKOM, TaK KaK K IIEHTPY BaJKa TBEPJOCTh METalIa

najiaeT u3-3a OrpaHUYEHHOMN TIIyOuHbI pabouero cios. [leperoyeHHbI Bajgok B mpo-

KamubpoBounoe 6ropo (www.passdesign.ru). 2013. Beimyck 1 33



CopTtonpokaTHOE MPOU3BOICTBO

1[ecce AKCIUTyaTalluy JUIMTEIbHOE BPEMS MOJABEPraeTcs BO3JIECUCTBUIO BBHICOKHUX TEM-
neparyp, 4To TaKKe HEraTUBHO CKa3bIBA€TCS HA TBEPAOCTU U PABHOMEPHOCTH €€
pacnpeneneHus Mo KOHTypy kainubpa. Bee atu pakTopsl HEBO3MOXKHO YUYECTh B paM-
KaX MOJENMpPOBaHUSA 0€3 3HAUYUTEIHLHOTO YBEJIUYEHHUS KOJUYECTBA Pacdy€ToB M MpPO-
BEJICHUS HaTYPHBIX 9KCIIEPUMEHTOB.

Jlis BeIOOpa 3HadeHus koddpunuenta K B ypaBHenuu (1) HEOOXOAUMO BBI-
YUCJIUTh UHTEHCUBHOCTh U3HOCA B TOUKE BaJIKa 3@ OJIUH €r0 KOHTAKT C METAJJIOM.

Ha crtane 370 ucnons3yercs 3arotoBka ceuenueM 150x150 mm nnunoit 11,7 M,
a IUTOMA/b MOMEPEYHOr0 CeYeHNs MPEIUUCTOBOrO oBaa cocTaBisieT 484 mm> OT-

CroJ1a, JJIMHA paCKaTa Ha BXOAC B HHUCTOBYIO KJICTh
L = LS/S;s =11,7-1502 /484 =544 @)

rae. L — JJIMHA 3aroTOBKH, M,
2.
S — Iiomaab MmoncpeyYHoOro CCUCHMUA 3aroTOBKHU, MM

2.
815 — IIomaab MmornepeyYHoro CCUCHUA oBajia, MM ,

I[J'II/IHa AYyIr'd KOHTaKTa

C  =zD=314-0,352=1106 3)

KOHmM

rne D — xararommit qnamerp, M.
B npoliecce NPOKAaTKM OJHON 3arOTOBKH IPOUCXOIUT CIIETYIONIEE YUCIO KOH-

TAKTOB TOYKH BaJIKa C MCTAJIJIOM

KOHmM

—544/1,106 = 49186 4)
TIpu npoKaTke 308 TOHH METAIIA KOTHIECTBO KOHTAKTOR COCTABHT
N.yog = Ny Pyoa/ P = 491,86-308/ 2,05 = 73899, (5)
rme: P — macca zarorosxu;

P
308 — Mmacca mpoKaTaHHOIO METaJlIa 0 JOCTHXKEHHUS 0CEBOro u3Hoca B 0,6 MM.

NHTeHcuBHOCTH U3HOCA MTPU IPOKATKE OBAJIBHOIO packara B KPYTJIOM Kaiuope
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rae Wsg — dhaxTuuecknii n3noc kaaubpa nociue npokatku 308 TOHH MeTana, M.

3nauenre K moabupaercs MeXxaHHUYECKH, YTOOBI B IIPOLIECCE MOJIETUPOBAHUS
B DEFORM mnony4aTh paccuMTaHHyro BeanuuHy nHTeHcHMBHOCTH m3Hoca W 1o ocu
kanuopa paBHyio 8,12 M. Takum o6pazom, K =1,185-104.

OnHako TEXHUYECKUE BOBMOXHOCTH CYIIECTBYIOIIMX HA PhIHKE MPOTrPaMMHBIX
KOMIUJIEKCOB NI MOJenupoBaHus mnpoueccoB OMJ] Ha ocHOBE MeTOJa KOHEUYHBIX
AJIEMEHTOB HE IMO3BOJISIOT MPOBECTU MPOBEPKY aJEKBATHOCTU pacu€Tra HU3HOCA IS
74 ThICAY KOHTAKTOB METajlla C BaJIKOM, B KOTOPOM 3a OJIMH KOHTaKT BhICOTA KaJIHO-
pa OyJeT yBeIMYMUBATHCS BCErO0 Ha HECKOJIBKO HAHOMETPOB. [103TOMY MBI BBEJIH «KO-
sbdurment tonHaxa» K;, KOTOPBIA MO3BOIMT HAM MPOBECTH JOCTATOYHO Maloe
YHCJIO MPOKATOK, CAIKOHOMHUTH BpEMs, CHU3UTh OO0BEM BBIUUCICHUN, HO MPHU ITOM
YBUAETHh IMHAMHUKY MU3HOCA KanuOpa.

Homyctum croiikocTh Kpyrioro kanubpa 300 TOHH, a KOJIMYECTBO MPOXOAOB
pU MOJIETUPOBAHUM PaBHO MATH. CieoBaTesIbHO, OJMH MPOXOJl PABHOCWIIEH TPO-

katke 60 TOHH B pealbHBIX yCIoBUAX. Torna ko3ppuIueHT ToHHaxa

CLSK 300-11,7-1502-1,185-10*
NPSs;zD 5-2,05-484-314-0,352

rae: C — croiikocTs kanubpa, T;
N — uncio npoxom0B MOAETHPOBAHHUS.

[onyuaemoe 3uauenune K, noncrasusercst 8 popmyny (1) Bmecto K, koro-

DBl KCTIONIB3yeTCs KaK KOHCTaHTa B popmysie BbiGopa Beanuntsl K, mpu Monenu-

POBaHUHU NMPOKATKU B IPYTUX KIETSIX CTaHA.
Taxum 00pa3oM, OBLIH IMOTYYCHBI TaHHBIC O XapakTepe uzHoca (puc. 3 u 4.)
dopma kanubpa mociie MOJECTUPOBAHMS KAYECTBEHHO COBMAJACT C JAaHHBIMHU
co crana 370 (puc. 2). [lo koHTYpYy KannOpa MakCUMaIbHBIA U3HOC MPUXOIUTCS Ha
y4acTOK ¢ HaumOombmuM oOkatheM MeTtaiia. [lpu oreHkKe OBaJbHOCTH TOTOBOTO

IIpOKaTa UMCHHO B 9TOM MCCTC AUaAMCTP 6yz[eT HauOOJIBIITNM.
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Puc. 3. Pe3ynbrarsl MogennpoBanus u3Hoca kanubpa mnpu npokarke 300 ToHH

KpyTIJioro npokara guamerpom 23 mm Ha ctane 370 OAO «MMK»

B MaKcHIMAaTbLHOE 0OKATIIE

E o ocu

0,15

0,10

Bemiaiina H3HOCa, MM

0.05

0,00
60 120 180 240 300

O0BEM OPOKATAHHOIO METALIA, T
Puc. 4. Bnusinue o6bEmMa mpoKaTaHHOTO MeTajlila Ha MHTEHCUBHOCTh M3HOCA

10 OCH KaJuOpa M B MECTE MAaKCHUMAJIBHOTO 00KaTHSI

B depHOBBIX KamuOpax Takoe W3MEHEHHE (POPMBI CEYCHUS 3aTOTOBKH MOMKET
MPUBECTH K 00pa30BaHUIO 3aKaTa MPHU MPOKATKE B CIEAYIOIIEM PaBHOOCHOM KaiauO-

P, TaK KaK BbICOTA KanHGpa 10 OCH C YBCIMYCHUEM IIPOKATAHHOI'O TOHHA>Ka CTaHO-
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BUTCS] MEHBIIIE BHICOTHI KAJIMOPa MO0 MECTY MAaKCUMAIIBHOTO 00KaThs (JIMHUA «U3HOC
Ha puc. 3). YéTko BUIHO 0Opa3oBaHUE yIiia y U3HOIIEHHOTO Kanulpa, T.€. CTpemiie-
HUE Kpyraoro kanuopa oOpectu Gopmy SIIIIMYHOTO, TOBBICUB CPOJICTBO BXOSILIETO U
BBIXOJISIIETO CEUEHUM pacKarta.

OTcyTcTBHE M3HOCA IO BBINTYCKY KajauOpa 00yCIOBJIEHO OrpaHUYEHUsIMU, Ha-
JIO)KEHHBIMU TIPU MOJACITUPOBAHUH . HAIMYHE TUIOCKOCTEH CUMMETPUU 3arOTOBKH, yC-
tanoBuBImiics ALE mporecc, otcyTcTBre moamnopa (HATSKEHHUS) OT MPETYUCTOBOM
KJIETH W OTCYTCTBHE MPOBOAOK Ha BXOJE B KJIETh M Ha BBIXOJIE U3 HEE, OTCYTCTBHUE
OMEeHMs TOJIOCHI B MPOIIECCE MPOKATKH.

Ecnu cpaBHMBaTh BeIMYMHY M3HOCA 3a Kaxzablie 60 ToHH (puc. 4), MOXKHO OT-
METUTH CIIEYIOIIee: M0 OCH Kaaubpa M3HOC BajKa MPAKTHYECKH HE MEHSET CBOEH
MHTEHCHBHOCTH, @ B MECTaX MaKCUMaJIbHOTO 00XaTHs OHAa CTAHOBUTCS 3HAYMTEILHO
MEHBIIE. DTO OOBSICHICTCS CHIKECHHEM BEJIMYMHBI HATIPSHKEHUH U TIPOTOJDKUTEIBHO-
CTH KOHTaKTa W3-32 YMEHBIICHHsI 00XaTHs W JTMHBI TyTrd KOHTAaKTa. Y MEHBIICHUE
JUIMHBI TyTH KOHTAKTa 110 MECTY ¢ MAaKCUMaJIbHBIM 00XaTHEM NPOUCXOIUT Oosee UH-
TEHCUBHO, TaK KaK Ha4aJbHBIA AMAaMETp BaJIka B JAHHOM 30HE ObL1 OoJiblle, U YObI-
BaeT OH 0Oojiee 3HAYUTENBbHO, CIIE0BATEIbHO, OBICTpEE COKpalaeTcs UIMHA yTd

KOHTAaKTa 1 HHTCHCHBHOCTDH U3HOCA.

3. MoaeaupoBaHue H3HOCA BAJKOB

B CHCTeMe KAJINOPOB 1IeCTHYT0JIbHUK-KBAAPaT

WHTepec BBI3BIBACT HE TOJIBKO BO3MOXKHOCTh MOJICTTMPOBAHUS U3HOCA B OJHOM
Kajaubpe, HO M KaK BJIMSIOT pa3nyHble T€OMETPHUCCKUE COOTHOIICHHS HEPAaBHOOC-
HOT'0 KaauOpa Ha H3HOC B CHCTEME KAIMOPOB «HEPABHOOCHOE-PABHOOCHOE CEUCHHEY.
B nanHo# paboTe Mbl pACCMOTPUM OJIHY M3 TAKMX CHCTEM — IIECTUYTOJIbHUK-KBAIPaT
(puc. 5, Tabm. 1).

[To cpaBHEHHIO ¢ MOACTUPOBAHUEM HM3HOCA KaauOpa MpH MPOHU3BOICTBE KPYT-
JIOTO TpoKaTa JUaMeTpoM 23 MM YCIIOBHS W3MEHHIIUCH CICAYIOIIMM 00pa3oM: CKO-

POCTh BpallleHUs BaJIKOB MepBoi ket 60 06/MuH, BTopoit — 87 006/MUH; ATMHA 3aro-
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ToBkH 350 wmMm; gus 15 ThIC. KOHTAaKTOB MeTajsla M BajKOB BbIOpaiu

K, =1185-10"%4-1,5-10% =1,778; moxenupoBaHue OHOTO MIPOXO/A B KAKAOH U3

KIIETEH.
28,3 1 3498
2 3786 E 10,7 D T
e/
i kA& [ |
| ¥ | -
| D J| _________ . —— ; ........ : ______________ -
i AN—
N B |
0 35
Puc. 5. Pazmepsl 3aroToBKU U KaTnOpoOB
Tabmumna 1
Pa3mepbl HEepaBHOOCHBIX KaIHOPOB, MM
Hlnpuna kanmbpa BricoTa xanubpa 3azop
no gy (B) 110 Bpe3y
25,00 46,40 23,15 1,75
27,50 48,90 22,75 1,35
30,00 51,40 22,20 0,80
32,50 53,90 21,90 0,50
35,00 56,40 21,43 0,03

B ogHOM M3 paHHUX HCCea0BaHUN MBI pabOTaau ¢ 3TOH CUCTEMON KaIMOpOB
MPU OILICHKE BIUSHUS (OPM PA3NTMUYHBIX HEPABHOOCHBIX KAJIMOPOB HA CyMMAapHBIN
kodhpurrerT 3¢ exTuBHOCTH, 001yI0 paboTy aedopManuu U BEIUYHUHY CTEICHU
MCIIOJIb30BaHUs 3araca MJIACTUYHOCTUA Ha BBIXOAE U3 YMCTOBOW Kietu. HepaBHOOC-
HBIM KaIMOp ¢ MUHMMAJIbHOW IIMPUHOM MO JHY U MaKCUMAaJIbHOM BBICOTOM KanuOpa
obOecTieurI JIYIIIUN pe3yJIbTaT 10 BCEM MEPEUUCIICHHBIM TToka3aTesaM [6]. [Tloatomy
MBI 0’KHMJIAJIU TTOJYYEHHUE CXOKUX PE3YyIbTATOB MIPU MOAECIUPOBAHUU U3HOCA BAJIKOB.

Ha puc. 6 npencrapieHsl pe3ylbTaThl MOACIUPOBAHUS U3HOCA /I CUCTEM Ka-
TUOPOB MIECTUYTOJIBLHUK-KBAPAT, B KOTOPHIX HEPABHOOCHBIC MIECTHYTOJEHUKH HMeE-

JI IHAPUHY 10 1HY 25, 30 1 35 MM COOTBETCTBEHHO.
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Puc. 6. M3HOC mIeCTHYTONBHBIX M KBAJPATHBIX KATHOPOB IIPH MCTIOIB30BAHUH

IECTUYTOJILHOTO KanmnOpa mupuHoi mo aHy 25 (a), 30 (6) u 35 mm (B)
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HepaBHoocHble kanuOpbl. MakcMMallbHBIN U3HOC KaMOpa ¢ MUPUHOW 1O AHY
25 MM NpUXOAUTCS Ha BhIMyCK (puc. 6a), a y kanuOpoB ¢ mupuHoi no Ay 30 u
35 MM — Ha BEpTUKAIBHYIO OCh KayinbOpa (puc. 60 u 6B). bonee cTecHEHHbBIE YCIOBUS
nedopmanuu, 00bIIas CKOPOCTh U3HOCA, @ B UTOTE U OOJbIas BETUYMHA TEPETOUKU
BaJIKa C Y3KUM IIECTUYTOJIbHUKOM MPUBEAYT K COKPAILEHUIO CPOKA CITYKOBbI BaJKa.

PaBHoocHbie kanuOpbl. Popma packarta Mocjae NPOKATKH B IMIMPOKOM IIECTH-
YyroJIbHOM KanuOpe (IHMpUHA MO AHY 35 MM) HNPUBOJUT K YBEIMYEHUIO Pa3HUII B
ypOBHE 00KaTHsl MeTajlla MpU JBUKEHUU OT BEPTUKAIBHON OCH K pa3bEMy Kaiauopa.
AOGcomnoTHOe 00KaTre U ITTMHA yTM KOHTAKTa M0 BEPTUKAJIbHOM ocH Kaiaubpa cooT-
BeTcTBeHHO B 1,6 u 1,3 pa3a MeHbllle, YeM M0 MECTy MaKCUMalIbHOTO 00xatus. Bcé
9TO BEAET K OOJBIIEH JIUTEIBPHOCTH KOHTAKTa U BHICOKMM 3HAUYCHUSIM MHTEHCHUBHO-
CTH HAMPSKEHUU B IMJIOCKOCTH MaKCUMaJIbHOTO 00KaTusl, KOTOPbIE YCKOPSIOT U3HOC.

C npyroii cTOpOHBI, Y3KUI HEPABHOOCHBIN KaTHOp CHH)KAeT HEPABHOMEPHOCTD
nedopmali packata B KBajJpaTHOM KanuOpe. JliMHa nyru KOHTaKTa M oOkatue B
pa3HbIX TOYKaX Kajaubpa u3MeHsroTcs MeHee yeM Ha 3%. B cBsa3u ¢ atum popma ka-
nubpa nocine 15 ThiC. KOHTAKTOB COBCEM HE3HAYUTENIbHO OTKJIOHUJIACh OT MU3HAYAIIb-
HOUl. Takoil paBHOMEPHBIN U3HOC JIETKO KOMIIEHCUPOBATh YMEHBIICHUEM 3a30pa Me-
K1y Basikamu. B ciyuasix Ha puc. 60 u 6B uckaxxenue QGopMbl MOIy4aeMoro packara
HEYCTPAHUMO M HEOOXOIUM IepeX0,1 Ha HOBBIM YNCTOBOU Kaauop.

B nenom, MOXXHO OTMETUTB, YTO B MPEACTABICHHON CHUCTEME IIECTUYTOJIbHUK-
KBaJIpaT MOBBIIICHHE CTOMKOCTH KBaJAPATHOTO KainuOpa BeAET K MaJICHUI0 CTOHKOCTH
IIECTUYTOJILHOTO U Ha000poT (puc. 7).

OmHako CTOMKOCTh PAaBHOOCHOTO KaynuOpa siBisieTcs: 0ojiee 3HaYMMOM, Tak Kak
MMEHHO M3 HETO BBITYCKAIOTCS COpTOBbIe mpoduian npocTor ¢popmbl. K Tomy ke Ha
COPTOBBIX CTaHAX CTOMKOCTh HEPAaBHOOCHBIX KaIMOPOB B JIF0OOH T'pyIINe KIETe BCe-
r7ia BbIIIE, IOATOMY MOXHO €i MOXEPTBOBATh PaJAll YBEIUYEHHUS CPOKa CIIY>KObI Ball-

KOB C pPaBHOOCHBIMH KaJ'II/I6paMI/I.
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B meCTHYTOIBHBIN Kamuop
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Besnuuna usHoca nocJjie 15 Thic.
KOHTAKTOB B MeCTe MAKCMMAJIBHOI0

o
o

25,0 27,5 30,0 32,5 35,0
IIInpuHa meCcTHYI0JbHOI0 KaJauldpa 1o any, MM

Puc. 7. BnusiHue mMUpUHBI IECTUYTOIBHOrO KanuOpa Ha U3HOC B 000UX MPOX0JIax

4. 3akaoyeHue

JIist agexkBaTHOM OIEHKM M3HOCA BAJIKOB IMPH MPOKATKE COPTOBBIX MpoQuiieit
npoctoii popmbl B mporpammHoM komruiekce DEFORM mpoBenu moaroTroBUTENNb-

HyI0 paboTy i BeIOOpa 3HadYeHuit kodpdunrenta K B Momenn Apkxapaa v BBEIH
NONpPaBouHbiil KodGdunuent Tonnaxka K; mist yckopeHus pacyéTOB U BBIABICHUS

TUHAMUKA U3MEHEHHsI (POpMBI KammOpa. DTO MO3BOJIAIO CMOJAEIUPOBATH MPOKATKY
300 ToHH MeTasIa 3a MSATh MPOXO0A0B U MOJYYUTh PE3yIbTaThl, KOTOPHIE COrIACYIOT-
cs C JNaHHBIMU, nojydeHHbIMH Ha cTtaHe 370 OAO «MMK)» kak 1o 3HaYeHUsIM oce-

BOT'O M3HOCA, TaK U 0 XapakTepy u3MeHeHus: (hopmbl Kanuopa.
[Momy4ennoe 3xauenne K MoxHO cumrats 6a30BbIM s pacuéra K, B mpy-

TUX KIETSIX CTaHa IPU YCIOBUH, YTO B HUX MCIOJB3YIOTCS BaJKU aHAJIOTUYHOU TBEP-
TOCTH.

MopenupoBaHue HM3HOCA B IIECTUYTOJbHBIX KaluOpax MOATBEPAUIIO HAIle
MPEANOJIOKEHNE O MPEUMYIIECTBAX HMCIOJIb30BaHUSI Y3KMX U BBICOKMX KaauOpOB,

o0OecrnieunBaronX 00Jiee BHICOKYIO CTOMKOCTh YHMCTOBOIO KanuOpa Hapsiay ¢ 0OJb-
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med 3¢ (PEeKTUBHOCTHIO, MEHBIIMMHU JHEPro3arparaMd M MEHBIIUMH 3HAYCHUSMU
CTEINEHU UCIOJIb30BAHMS 3araca IACTUYHOCTH CUCTEMbI KaauOpOB MIECTUYTOJI bHUK-
KBaJIpar.

CrnenyroomuM 3TanoM pabOThl CTAHET OLIEHKA KaJIUOPOBKH, MCHOJIB3yEeMOW Ha
crtane 370 OAO «MMK» ¢ Touku 3peHusi U3HOCOCTOMKOCTH BaJIKOB, 1 BHECEHUE U3-

MEHEHUI B KAJIMOPOBKY JJIsl YIIYUILIEHUS CYLIECTBYIOIIEH CUTYyalluu.

Bbudanorpaduyeckuii cnucox
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A.B. Cre0JioB, B.H. Acanos, C.H. bepe3os

000 «JIUTOH TEXHOIOTHI

KAJINBPOBKA JIUISA MUKPOCTAHA 110 ITPOU3BOACTBY
CTPOUTEJBHOM APMATYPBI

B noxnagax koHpepeHInn «ApMaTypHblii U (ACOHHBIN MPOKAT: HOBask KOHPU-
rypamusi pOCCUHCKOro peIHKay, npoBoaumoit 4-5 anpens 2013 rona B Mockse xyp-
HajoM «MeTtamocHa0xkeHne U cObIT», oTMedasnoch, 4yto B 2012 rogy B PD Obuio
npousBeZieHo 7920 ThIC. T apMaTypHOUM CTalu 1Jig CTPOUTENbCTBA. [Ipu 3TOM MMMOpT
coctaBui 1432 teic. T. K 2015 roay npousBojctBo BbipacTeT A0 10 MiH T, HO nedu-
UT coxpanuTtes [1, 2].

Oco0oe MecTo B KpYMHONAHEIHHOM CTPOMTENBCTBE YAENAETCA apMaType B
OyHTax, I1eQUIUT KOTOPOU MpoAoKaeT yBelnuuBatbes. Kak OblI0 MOKa3aHO aBTO-
paMu [3], B KpyIHONAHEJIBHOM CTPOUTEIBCTBE MPEANOYTUTEIBHBIM SIBISIETCS TMPH-
MeHeHne OyHTOBOM apMaTyphl, TOCKOJIbKY MPH €€ pacKpoe MPaKTHYEeCKH HET TEeXHO-
JIOTUYECKUX OCTATKOB. VCNOJBb30BaHUE CTEPKHEBOM apMaTypbl NPEANOJaraeT TeX-
HOJIOTHYeCcKue rnmotepu npu packpoe 20-30%.

C uenpto BocmojiHeHHsS neduimTa OBUT BBIMOJHEH MPOEKT MHKPO3aBOJA
(puc. 1) ans mpousBoacTBa OyHTOBOro apmatypHoro mpokara mo 'OCT P 52544-
2006 B 00BéMe 15-30 TBIC. T B TOJI.

TexHonornyeckass cxema MpeaycMaTpuBaeT pa3MOTKY OYHTOB KaTaHKH JHa-
MeTpoM 8-16 MM u3 cranu 3cm. Jlamee OyHT pa3MarbIiBaeTCs M IMOCJE MOJOTPEBa B
unaykrope 10 1050°C nedopMupyeTcs Ha MEHBIIHIA JUAMETP 110 CXEME OBAJI-KPYT C
HaHeceHneM Npo(duIiss B YMCTOBOM KanuOpe. ApMmarypa cMaTbiBaeTcs B OYHT Ha MO-
tanke ['appera unu pexercss Ha MEpHbIE JJIMHBI C OCTHIBAHUEM HA XOJIOAUJIBHUKE.
Bo3moxxHO mpou3BoACTBO ropsiuekaraHoit apmatypsl kinacca A400C, a takxe Tep-

MU4YecKkHu ynpouHEéHHOH kitacca AS00C.
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1 10 2 3 4 7 8

11 9 5

=

Puc. 1. KomnonoBka 060pynoBaHusi MUKPO3aBO/ia:
1-pa3maTsiBaTenb OYHTOB; 2-OKaJWHOJIOMATENb; 3-UHAYKTOp; 4-0110K Kiterel Nel-4,
S-TMHUS TepMOYIpoYHEeHus; 6-moTtanku ["appera; 7-nenuTenbHas Kaccera;

8-0moxk kiereit Ne5-6; 9-noxxuuipl; 10-koHTakTHas cBapka; 11-X0M0IUIbHHUK

[Ipu npokaTke B OJHY HUTKY apMaTypy AMaMeTpoM 6 MM MPOKATHIBAJIH B TPU
IpoxXoJa W3 KaTaHKU 8 MM. AHAJIOTUYHO B TPHU MPOXOZa MOJYy4aroT U APYrue aua-
MeTphl apMatypsl oT 10 1o 14 MM u3 nogkarta auamerpoMm 16 mm. CymMmapHBINA KO-
s QUIMEHT BBITSKKA Ha OTACNIBHBIX TuaMmerpax ot 1,3 mo 1,8. TlepBoHavanbHO OBLIO
YCTaHOBJIEHO TPH MPOKAaTHBIX KieTu. [IpokaTka mpodumns B OJHY HUTKY MO3BOJISIIA
o0ecreyuTh rojIoBO€ MPOU3BOJCTBO B Mpeaenax 13 Teic. T. g yBenuuenus o0bEéMa
mpou3BojicTBa 10 30 THIC. T OBUIO MPEAIOKEHO YBEIUIUTH KOJTUIECTBO KIIeTeH 10 6 U
UCIIOJIb30BaTh TEXHOJIOTHIO CIUTTHHTA. CXemMa MPOKATKU apMaTypbl 8X2 (CIUTTHHT)
U3 MOjIKaTa JuaMeTpoM 16 MM mpuBeieHa Ha puc. 2.

PacueTnbie mapamerpsl kanuOpoB mpuBeacHbl B Tabn. 1. Bce Heobxomumbie
napamMeTphl Il TOCTPOSHUSI KaJuOpOB PACCUUTHIBAIU MO (hopMmyiaM H3 y4eOHOTO
nocobus [4]. [IpuBeneHHble AMaMETPhl M AWMAMETPHI MO JHY KaauOpa B MpoXomax
PACCUMTHIBATIM MCXO/ASl M3 HAYaJIbHOTO auameTpa BaimkoB 280 mMm B kamubOpe 1H u

190 mm B kanmubpe 6H.
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Puc. 2. Cxema xanuOpoBKH JJ1s1 TPOKATKU apMaTyphl Ne8

N3 I1I0AKAaTa 1UaMCTPOM 16MM 1O cxeme ¢ PasacCiICHUCM

B xanmubpe SH BO3MOXXHO MCIOJIB30BAHUE TJIAKONW OOYKH, B 3aBUCUMOCTH OT
KOHCTPYKIIMH POJIMKOBOM KOpoOKH Ha 6 kieTu. B aToMm ciydae B kiern SH BeicoTa
packata — 5,6 MM 1 mupuHa — 12,87 mm, A= 1,104,

JlaHHast cxeMa MPOKATKH C Pa3feICHUEM MO3BOJIMIJIA NOAHATH MPOU3BOIUTEI b-
HOCTb CTaHa M O0ECIICUNTh CTAOMIBHBIA roJ0BOM 00bEM roToBOTO Mpokata 30 ThIC.

TOHH 3a 6700 yacoB pabOTHI CTaHA.
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Tabnuna 1
3HaueHus apaMeTpoB KanuOpoBKU apMaTypbl Ne8x2
[TapameTpsl TOIOCHI
Howmep knetn H | B F Mm° A
MM

NOJIKAT 16,208 16,208 206,3 —
1H 10,9 18,8 198 1,042
2V/H 11,6 17,5 187 1,059
3H 10,6 20,765 164,3 1,138
4H 9,5 22,793 148,9 1,103
SH 6,4 13,85x2 64,2x2 1,16
6H 7,635 7,635 46,54 1,379

Kpome Toro Obuta ocBOeHa TEXHOJIOTHSI HaKaTKU apMaTypHOro npoduis aua-
meTpoM 16 mMM. [l 3TOro MCHOJIB30BaIM MOAKAT 16 MM B IUIFOCOBOM [JOIyCKE, C
Maccoil moronnoro mMetpa 1,67 kr, a roroBbIit ipoduib Nel6 mosydanu B MUHYCOBOM
JOITyCKe ¢ Maccoi MOroHHOro Merpa 1,4 kr. 3a c4er 3Toro obecrneuuBaics cpeiHui

koa(ddurrent BuITSHKKHA A= 1,18.

bubauorpadpuuecknii Ciucok
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CPOYHOM TMEpPCHEKTHBE: HOBBIE MPOAYKTHI, HOBbIE PHIHKK cObITa. Jlokianbl KoHGe-
peHIIUH «ApPMAaTypHBIM M (aCOHHBIH TPOKAT: HOBas KOH(GUTYpAIUs POCCHUHCKOTO
pbiaka» 4-5.04. 2013 roma, Mockaa.
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B.B. Apuubamen

OAO «MarHuToropckuii METaJLTypruueckuii KOMOMHAT

OIMMCAHUE ®OPMOM3MEHEHMUS CILIOIIHOM CPEBI
InPU MOJAEJIMPOBAHHUU PA3JIMYHBIX CIITOCOBOB
OBPABOTKHM METAJIVIOB TABJIEHUEM
C UCTIOJIb30BAHUEM MATPUYHOUN MOJIEJIN

[Ipennaraercst AJis MOJAEIUPOBAHUS MPOIECCOB 00paOOTKH METAIJIOB AaBiie-
HUEM croco0 onucaHus GOPMOU3IMEHEHHUSI C COBMECTHBIM IPUMEHEHHEM 3JIEMEHTOB
TEOPUU MATPUIl U PpaKTaTbHOU Fr€OMETPHUHU.

B o0miem cnydae nporecc GopMOM3MEHEHUSI MOXKHO TIPEJICTABUTH ITPOU3BEIEe-

HUEM JIMaroHaJIbHOM M CTOJIOYATON MaTPHIL;

[F1 =[Ac] <[F],. o

[Tpu 3TOM cTONOUYATHIE MATPUIIBI OMHUCHIBAIOT B BEKTOPHOM BHUJE UCXOJHOE U
KOHEYHOE cOoCTOosiHME epopmupyemMoit cpenbl. Cpega MOXKET ObITh MpeICTaBIeHA KaK
IBYMEPHBIM, TaK U TPEXMEPHBIM OOBEKTOM, OMUCAHHBIM KOHEYHBIM YUCIOM BEKTO-
POB B CBSI3aHHOM BHJI€ B 3aBUCHUMOCTH OT TpeOyeMOW TOYHOCTH MpE/ICTaBICHUS
dbopMon3MEeHEHUS.

Onucanue KOHTypa Cpelbl B MPOCTEUIEM Cly4yae Ha TUIOCKOCTH MPEICTaBIIs-
eTcsi HAbOpOM JBYX BEKTOPOB, KOTOPBIE 3a/al0TCSI KaK MCXOJIHBIE AJIIEMEHTHI, OIpe-
JENSI0IINE XapaKTEpPHbIE pa3Mephl MONEPEYHOT0 ceueHUsl. B 3aBUCMMOCTH OT TOYHO-
CTH WIH TPAaBWIBHOCTU MPEJCTABICHUS KOHTYpa 3a/1aeTCsi NHUCKPETHBIA alrOpuTM
M3MEHEHHsST Habopa 3JIEeMEHTOB (BEKTOPOB) CTOJIOUYATHIX MATPHIL MO MPUHIUIY «I1O0-
00U, UCTIOJIB3yEMOro BO (DpaKTaIbHON T€OMETPUH.

[lo maHHOMY TPUHIIUITY MOXHO OMHCATh KOHTYP CpEeIbl JHO0OW H3BECTHOM
(dbopMBI, UCTIONB3yEeMOH, WM MPUMEHSIEMOW Mpu 0O0pabOTKE METAIOB JaBJICHUEM.

Heo6xoauMo nuiis MpaBUIBHO 3aJaTh aJrOPUTM IMOCTPOEHUS KOHTYpa WIIM TOIle-
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PEUYHOI0 CeUeHHs. YKa3aHHOE MPaBUIIO MO3BOJISIET CTPOUTH Pa3HOOOpa3HbIE HA BUJ
CEUYEHUS MPU MAJIOM KOJIMYECTBE OJHOTUITHBIX I11aroB.
Hanpumep, maTpuiia HICXOJHOTO ceYeHUs (KOHTYpa) MOXKET ObITh MpeEJICTaBIE-

Ha U UBMCHCHA B CJ'ICI[yI'OH_IeM BHUJIC:
[F]o = ['—1; Lz]: [Ll; Ly; |—3]: ['—1; Ly Ls; Lys Ls]: [Ll;'“; Li]' (2)

[Ipuuem Bce 37eMeHThl MaTPUIILI TOJIYUYAIOTCS TOJIBKO U3 UCXOIHBIX, TIEPBOHA-
YJaJIbHBIX JIBYX 2JIEMEHTOB, a CaM 3aKOH «IOSIBICHUS» OCTAJIbHBIX DJIEMEHTOB 3a]1aeT-
Csl IOTIOJIHUTENIbHO. Bee ykazaHHbBIE pacCyXJACHUS MOKHO NMPUMEHHUThH U MPU OIHUCa-
HUU KOHTYpa Cpe/ibl HE Ha IBYXMEPHOH MJIOCKOCTH, a B TPEXMEPHOM IIPOCTPAHCTBE.

Pa3BuBas mpeacTaBiIeHHBIA TOAXOJ, HY>)KHO OTMETUTb, YTO BBIIIEYKa3aHHBIM
crtocoO0M MOKHO OINMHCHIBATh HE TOJILKO KOHTYP Je(OPMUPYEMOM CPeIbl, HO U CaMy
CTPYKTYypy cpeasnl. [Ipu aToMm maTpuiia popmsl OyaeT pazouBaThCs (IETUTHCS) HA PAJT

MCHBIINX BCKTOPOB, OIIATH K€ 110 OIIPCACIICHHBIM IIPABUJIAM:

Ly =1Ly Lot =g Ligs Ligi Lug ) 3)

HeoOxonumMo OTMETUTH, YTO yTOYHEHHE (YCIOKHEHHE) OMUCaHUS KOHTypa
Cpellbl U CTPYKTYpPBI CaMOM CpeJibl TOJKHO OBITH COTJIACOBAHO MEXAY CO00M U OBITh

TIOCJICIOBATEIIBHBIM.
Ha ocnoBanum dopmyin (2) u (3) matpuna Gopmsl [F]O cpeabl (CeUeHHs) MO-
KET OBITh TPEJICTABIICHA C APOOHBIM MOKAa3aTeIeM Pa3MEPHOCTH ¢ , KOTOPHIX B JaH-

HOM cITydae ONpeessieT CTPYKTYPY CPebl 0 U Mocie GOPpMON3MEHEHUS:

[Fle =[A ] x[FI. @

[Tpu sTOM BemMuMHA PA3MEPHOCTH MOXET OBITh OMpeeNieHa KaK IKCIIEPUMEH-
TaJIbHO, TAaK U TEOPETUUYECKH, UTO MOKET CIYKUTh NAJTBHEHUIINM PAa3BUTHEM MpeEJia-
raeMoro crnoco6a MoAeIUPOBAHUS KOHTYPa U CTPYKTYPHI CPE/IbI.

PaccmoTpum Matpuity popMOU3MEHEHHSI [T HECKOIBKHUX TOCIE0BATEIIHHBIX

IIpoLcCCOB:
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[Fl = [Af ]i x [Af ]i_lx [Af ]i_2 XX [Af LX[F]o- ()

[Ipumensisi moaxos, mpeacTaBieHHbIA B dopmyine (3) /Ul KakIOW MaTpUIlbI

(OpMOU3MEHEHMS], MBI €€ MOXKEM IPEJICTABUTh B BUJIE:

] =[ac] <Al x[ac] ) <ox[ac] x[ac] . 6)

Bripaxkenue (6) onuchiBaeT npouecc GopMou3MeHEeHuUs ISl KaXA0ro mpouecca
B IUCKPETHOM BHJIE, MpeJjiaras TuroTe3y 0 TOM, 4T0 (GOPMOUZMEHEHUE CPEIbl MOXK-
HO TIPEJCTaBUTHh B TAKOM BHJIC€ M OJMHAKOBBIM Ha BCEM JHAIa30HE BCEH BEJIUYHUHBI

KOHEUYHOU Aedopmaluu:

[Fl :[Af ]?X[Af]mlx---x[Af]rX[F]o- (7)

B obmem ciaydae Benuuunbl N, M, k OTIPEJICITITIOT KOJIMYECTBO DJIEMEHTOB pa3-

oneHus MaTpHUIbI q)OpMOI/ISMeHeHI/IH JJIA Ka}KﬂOﬁ orcpamnm 1 MOryT OBITH PaBHBI, U

TorJa BeIpaxkeHue (4) mpeoOpa3yeTcs K ClAeayIoeMy BUIY:

[Fle = [A T x[FL. ©)

Taxum o0Opa3om, BeIpakeHue (8) mokaspIBaeT, 4TO (HOPMOM3MEHEHHUE CPEIbl
MOKHO TPEJCTaBISATh U MOJEIUPOBATh KaK JUCKPETHOE M3MEHEHHUE DJIEMEHTOB BEK-
TOPHOTO TIPOCTPAHCTBA, KOTOPBIE SBJISIOTCA COCTABHBIMHU U MOAOOHBIMH JIPYT APYTY

¢ ApoOHOM Pa3MEPHOCTHIO.
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A.C. Jlumapes, 10.A. Illaiimapaanosa
OI'bOY BIIO «MarHutoropckuii rocy1apCTBEHHbBIN

TeXHUYeCKUi yHusepcuret um. I'.11.Hocosa»

YIAYUHIEHUE KAYECTBA PE3A ITIOJIOCOBOI'O ITPOKATA
JJISI ABTOMOBUMJIBHBIX PECCOP

Paccmompenvr noxazamenu kauecmea npokama 20pA4eKamano20 noja0Co06020
07151 A8MOMOOUNLHBIX peccop. [Ipoananuzupoeana cmenenv ux GIUAHUSL HA 001206€Y-
HOCMb U IKCNILYAMAYUOHHbBIE CEOUICMBA ABMOMOOUIbHBIX peccop. A maxdce onpede-
JIeHbl NPUYUHBL 0OPA3068AHUL MOPYEBLIX MPEUWSUH U NPeOdloAHCEHbl MEPONPUAMUSL NO
UX YCMpaHeHuio.

Knrouesvie cnosa: nonocosoti npoxam, agmomoOUnvbHas peccopa, mopyesas

mpeulurna, Kavecmeo npoxkama, deqbekmbl no6epxXHocmu.

Pa3BuTne aBTOMOOMIIECTPOCHHUS U MAIIMHOCTPOECHUSI 00YCIIaBIMBAET MOCTOSH-
HBII CIIPOC Ha TIOJIOCOBOM MPOKAT M3 PECCOPHO-TPYKUHHBIX CTaneil. ITo cosmaer
OJIaronpuATHBIE YCIOBUS [JIsl PAa3BUTHS JAHHOTO HAIPABJICHHS] MPOU3BOJICTBA I10
pacHIMpeHn0 TPO(PUIBHO-MAPOYHOTO COpPTaMEHTa PECCOpPHOM Mmosiockl. B cBs3m ¢
TUM 0CO00€ 3HAaYeHHE MPUOOPETAET BBHIMYCK BHICOKOKAYECTBEHHOW TOTOBOW MpO-
JTYKITUH, OTBEUYAOIICH TpeOOBAHUSAM POCCUUCKUX M 3apyOCIKHBIX TOTPEOUTEIICH.

Cpenn OCHOBHBIX TOTpPEOUTENEH PECCOPHOM TMOJOCHI MOKHO BBIJCIHUTH
OAO «I'opbkOBCKHM aBTOMOOUIBHBIN 3aBO», OAO «MuUHCKUN aBTOMOOUIIBHBIHN 3a-
Bo1», OAO «benopenkuii 3aBoJl TPAKTOPHBIX peccop U npyxun». [loaTomy B cOOT-
BerctBuu ¢ ['OCT P 51585-2000 mpeamoyTUTENeH BapHaHT HCIOIH30BaHUS BaHa-
auiicomepkamux Mapok craiu (S50XDA, 51XDA, S0XT'DA, 55C2I'd, 60C2XDA)
JUTSL I3TOTOBJICHHS PECCOPHBIX TIOJIOC JIJIST aBTOMOOUIIECTPOCHUSI.

[Tpu mpou3BOACTBE peccop aBTOMOOWICH B OCHOBHOM HCIIONB3YIOT MPOGUIU

tpaneuueBugHoro (I'A3, A3JIK, TTA3 u YA3) u T-o6pasnoro ceuenus (31JI, KpA3,
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MA3, KamA3), a Ha HEKOTOPBIX 3apyOEKHBIX aBTOMOOWISX TaKXe KeaoOuaTble

npodwm (puc. 1) [1].

77 7 P Ll
G CRORR B

TpaneueBUIHbIN T-00pa3HbIii XKeno0uaThIi

Puc. 1. Buasl peccopHOii mOJIOCH

CocTosiHue PEeCcCOpPHOM MOJOCHI ONMPENENSIET AKCIUTyaTallMOHHBIE XapaKTepu-
CTUKH U JIOJITOBEYHOCTh aBTOMOOMJILHBIX peccop. ITO CBS3aHO C TE€M, YTO OHU MOJI-
BEPraroTCs MOCTOSSHHO U3MEHAIOIIUMCS CTATUYECKUM U TUHAMUYECKUM Harpy3kam, a
TaK)Ke BO3JICUCTBUIO arpPECCUBHBIX CPEJI, UTO CKa3hbIBACTCS KaK Ha OE30MaCHOCTHU IMac-
CaXXUPOB, TaK M PabOTOCITOCOOHOCTH aBTOMOOWJIS B 1esioM. K mokasarensm kadecTBa
PECCOPHOM MOJIOCHI, OKA3bIBAIOIIMM BJIMSIHUE HA AKCILTyaTallMOHHBIE XapaKTEPUCTH-
KM PECCOP, OTHOCSTCS: TOYHOCTh FT€OMETPUYECKUX Pa3MEPOB MPOKATa, MEXAaHUYECKHUE
CBOMCTBA, Ka4€CTBO IMOBEPXHOCTH, MUKPOCTPYKTYpa, a TAKXKE YCTAJIOCTHas MpOU-
HOCTb.

TOYHOCTh TE€OMETPUUECKUX IMapaMETPOB IMpOKaTa HapsAy C IKCIUTyaTallMOH-
HBIMHU XapaKTePUCTHKAMH OTPEIeIIICT pa3Mephl peccop, YTo, B CBOKO o4epeib, odec-
MEYMBAET UX HAJEKHOCTh M B3aUMO3aMEHSIEMOCTh. B CBSI3U C 3TUM K TOYHOCTU I'€O-
METPUYECKHX Pa3MepoB MPOGUIIS PECCOPHOM MOJIOCH U €r0 (POPMBI MTPEABABIISIOTCS
BBICOKHE TpeOOBaHUS C )KECTKUMHU JOMYCTUMBIMHU OTKIOHEHUSMU. Cperi OCHOBHBIX
HOPMHUPYEMBIX MmapameTpoB reomeTpun mpokara mo 'OCT 7419-90, oka3piBaroniux
BJIMSIHAE HA JKCIUTYaTallHOHHBIE CBOMCTBA PECCOP, MOXHO BBIACIUTH NPEACIbHbBIC
OTKJIOHEHHUS M0 TOJIIIMHE U IIIUPUHE, PA3HOCThH I10 TOJIIHHE KPOMOK, CEPIOBUIHOCTD
Y HETUIOCKOCTHOCTA.

MexaHn4ecKrue CBOWMCTBA SIBJISIOTCS BAKHEUITMMHU XapaKTePUCTUKAMH, 00ec-
MEYMBAIOLUIMMH BBICOKYIO HAJ€KHOCTh U JIOJTOBEYHOCTh PECCOP B Mpoliecce padoTHhl.
Baxueiimieit xapakTepruCTUKOM, TapaHTUPYIONIEH HAACKHYIO padOTy YNpyroro sjie-

MCHTA, ABJIACTCA Cro COIIPOTHUBJICHHUC MaAJIbIM INNIACTHYCCKHUM I[e(l)OpMaHI/IHM, T.C.
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npeznen ynpyroctu [2]. JlaHHBINH TOKa3aTeab MOKHO ONPECIUTh 0 HOPMHPYEMbIM
MOKa3aresiM — MpeAesaM TEeKydecTH W IpodyHocTh. Hapsay ¢ HEeoOXOJIHMMOCTBIO
oOecreyeHus: HKCIUTyaTallMOHHBIX MTOKa3aTesleld Mpu MPOM3BOJCTBE MpoKaTa CIEayeT
TaK)K€ YUUTHIBATh CBOMCTBA, HEOOXOAMMBIE IPU U3TOTOBJIEHUHU PECCOP, K KOTOPHIM B
IIEPBYIO OYEPEADL OTHOCSTCS IJIACTHYECKUE CBOWMCTBA M BA3KOCTh MeTamua. B TOCT
14959-79, nopmupytomeM TpeOOBaHUS K MPOKATY U3 PECCOPHO-MPYKUHHOMN CTallH,
9TH MOKa3aTeNH BBIPAXKAIOTCS Yepe3 TBEPJAOCTb, OTHOCUTEIbHOE Y/UIMHEHUE U OTHO-
CUTEJIbHOE CY)KEHHE.

VYuursiBast ycioBusi pabOThl aBTOMOOWJIBHBIX peccop, 0ocoOble TpeOOBaHMS
NPEIbSBISIOT YCTAJOCTHOM MPOYHOCTH KaK MOKA3aTeNt0, XapaKTEepHU3YIOIIEMy HX
JI0JATOBEYHOCTh. CyIIECTBYET MHOTO (PAKTOPOB, BIMSIOIIMX Ha YCTaJOCTHYIO IpPOY-
HOCTb CTaJIM: COCTOSTHUE MMOBEPXHOCTHU, TBEPJOCTh, MPOKAIMBAEMOCTb, pa3Mep 3€peH,
CTPYKTYpa, OCTaTOYHbIC HAMPSDKEHHSI, MEXaHUYeCKue cBoiicTBa u jp. [2]. Cpeau ot-
MEYEHHBIX (PAKTOPOB TBEPAOCTH MOKET SIBJSTHCSA MPUUYMHON 00pa3oBaHus 1ePeKTOB
HapyIIeHUS CIUIOMIHOCTH METalsla MPU XOJIOJAHONW 00paboTKe, TAKUX KaK TPEIIWHBI,
ckosbl. Hanmnune Takux nedeKTOB OTpHUIATENbHO CKa3bIBaeTCid Kak Ha paboTocmo-
COOHOCTH, TaK U Ha PKCIUTyaTallMOHHBIX CBOMCTBAaX aBTOMOOMJIBHBIX peccop, MO3TO-
MY JJIs KAYeCTBEHHON 00pabOTKU PECCOPHOM MOJIOCHI Pe3aHUEM BaKHO COOI0/ICHHE
TBEpAOCTU B 3aJaHHBIX mpenenax. [{ns BaHaauiicomepKaluX MapoK pPECCOPHO-
IPY>KUHHOM ropsiYeKaTaHOM CTaJIM 3T 3HAYSHUS JTOJDKHBI ObITh He Oosiee 321 HB.

[ToBepXHOCTH aBTOMOOMIBHOM peccopbl SIBISETCS Hanbosee HarpyKeHHBIM
AJIEMEHTOM, IOATOMY Ha HEH HEJOMYCTUMO Haln4yue Kakux-i1ubo nedexrtos. B coort-
BercTBUU ['OCT 14959-79 Ha moBEpXHOCTH HE AOJIKHO OBITh pacCKaTaHHBIX MY3bIPEH,
MPOKATHBIX IUJIEH, 3aKATOB, PACKATaHHBIX M PACKOBAHHBIX 3arps3HCHUI U TPELIUH
HanpspKeHUsl. ITO0 00YCIOBIEHO TEM, YTO HAJMYKWE MUKPOTPEIIUH BOJIU3U MOBEPXHO-
CTHU B Pe3yibTaTe BO3JAEHUCTBUS ACUMMETPUYHBIX HANPSIKEHUN MPUBOJUT K POCTY yC-
TAJIOCTHBIX TPEIIUH BrIyOb.

Crnenyer OTMETUTh, YTO HEOOXOJMMOCTh PACKpOs METaJlJla HA MEPHBIE JJIUHbI
3HAYUTEIbHO TMOBBIIIAET BEPOSTHOCTH OOPA30BaHUSA TPEUIMH, B PE3yJIbTAaTe YEro

CHMKA€TCSl Ka4eCTBO TOTOBOM MPOAYKIMH. Tak, mpu NpOU3BOJACTBE PECCOPHOM IOJI0-
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cel Ha OAO «MarHuToropcKkuii MeTauTyprudeckuii KOMOMHAT» B CBSI3U C KOHCTPYK-
TUBHBIMH, TEXHUUYECKUMU M TEXHOJIOTUYECKUMU OCOOEHHOCTAMH 00OpYAOBaHUS CTa-
Ha CYIIECTBYET BEPOSTHOCTh 0Opa30BaHMsI TOPIEBBIX TPEUIUMH TIyOMHOU 10 23 MM
NPY HU3KHUX Temreparypax pe3ku [3]. DTo NpuBOAUT K HEOOXOIUMOCTH OOPE3KHU Jie-
(eKTHBIX KOHIIOB, U COOTBETCTBEHHO, K CHUYKEHUIO MPOU3BOJIUTEIBHOCTH U YMEHb-
IIEHUIO BhIX0Ja ToHOr0. C 1enbi0 pa3paboTKU MEPONPUITHI MO YCTPAHEHUIO TOP-
LIEBBIX TPEUIMH OBLIN OIpe/eeHbl OCHOBHBIC (DaKTOPHhI, BIUSIONIME HA UX 00pa3oBa-
HUE:

— TEOMETPHUYECKHE MapaMeTPhl PECCOPHOM MOJIOCHI,

— TIOBBIIIEHHAS TBEPJAOCTh PECCOPHO-TIPY>KUHHOM CTAJIH;

— XHMHUYECKHUI COCTaB PECCOPHO-TIPYKUHHOU CTalIH;

— COCTOSIHHE U MaTepUall PEXYIINX KPOMOK HOKHHI] XOJIOJHON PE3KH;

— TEMIIEPaTyPHO-CKOPOCTHBIC YCIOBUS OXJIAXKICHHUS,

— TeMIlepaTypa MeTajia Mpu pe3Ke.

N3meneHne reoMeTpuuecKuX U (U3NKO-XMMHUUYECKHX MapamMeTpoB CTald B
OOJBIIMHCTBE CIy4yaeB HEBO3MOXKHO, IMOCKOJBKY TPEOOBAHUS K HUM OIPEACNIIIOTCS
3aKa3urKkoM. MI3MeHeHHne TeMIepaTypHbIX PEKUMOB MPOKATKHA, HATPEBA U OXJIAXKIe-
HUS TPUBEIET K YXYIIIEHUI0 MEXaHUYECKUX CBOMCTB IIPOKAaTa, CHMHKEHUIO TPOU3BO-
JTUATEIBHOCTH, YTO HEXKEJIATEIbHO JJIS1 MPOU3BOJIUTEIIEH PECCOPHOU TOa0CHL. [loaTo-
My HamOoJee MepCreKTUBHBIMU BapUaHTAMHU SIBIISIIOTCS M3MEHEHHS COCTOSIHUS U Ma-
TepHaia pexyIux KPOMOK HOKHHI] X0J01HOHM pe3ku. [Ipu BeiOope maTepuana HEOO-
XOJIUMO YYHUTBIBaTh TO, YTO TBEPAOCTh Pa3pe3aeMoro Mpokara JOJKHA ObITh HUKE
TBEPIOCTH HOXKEU.

B coptoBom niexe OAO «MMK» ncnonbs3yroT HOXH U3 ctaiu mapku 6 XB2C,
KOTOpasi HapsAay C OCTaJbHBIMU MapKaMH CTajy, IPONUCAHHBIMU B CTAHIAPTE, BbIJIE-
JISIETCSl TIOBBIIICHHBIMU TTOKA3aTESIMU TI0 TBEPAOCTH, OJTHAKO HE 00JagaeT HeoOXo-
JUMBIM YPOBHEM MPOYHOCTH, UMEET HU3KYIO HKCIUTYyaTallMOHHYIO CTOMKOCThH (3-5
nHei). Hoxku 13 3Tol cTany BBIXOAST U3 CTPOS M0 MPUUUHE CKOJIA PEXKYILEH KPOMKHU.

Xumuuecknii coctaB cranu 6XB2C npencrasiex B Tad. 1 [3].
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Tabmuna 1
XHAMHUYECKUN cocTaB Mapku cranu 6XB2C
C Si Mn Ni S P Cr W Cu
0,55-0,65 | 0,5-0,8 | 0,15-0,45 | e Oosiee | He Oosee | He Ooiee | 1,0 -1,3 | 2,2-2,7 | He Oonee
0,4 0,03 0,03 0,3

CornacHo JUTEPAaTypHBIM JaHHBIM [4] MUKpOIErHpOBaHUE YTONH MapKU CTaIH
MOJIMOJIEHOM U BaHaJueM, BBOAUMBIMU COBMECTHO C a30TOM, MO3BOJIIET 3HAYUTEb-
HO yny4muTh cBocTBa ctanun 6XB2C. Ilostomy uenecooOpa3HO HCMONB30BAThH

yaydiieHHyo Mapky cramu 6 XB2C (tab:. 2).

Tabnuua 2

XHUMHUYECKUN COCTaB yJIy4llleHHON Mapku ctaiu 6XB2C

C Si Mn Cr W \Y N Mo Al

0,5-0,6| 0,5-0,8 | 0,4-0,6 {1,0 - 1,3| 2,2-2,7 |0,12-0,2/0,012-0,02 |0,2-0,5| 0,015-0,030

[IpumeHeHue NaHHOW JUCTIEPCHOHHO-YIPOYHEHHOW CTald C TIOBBIMICHHOM
TEMIIEPATYPOil OTIYCKA MO3BOJIAET MOBBICUTh IKCIUTYaTAIMOHHYIO CTOMKOCTh HOMXKEN
B 5-10 pa3, no cpaBHeHMIO ¢ HOXaMmu U3 cTanu 6 XB2C cranmaptHoro cocraBa. Mo-
TUUIMPOBaHNE TMOBEPXHOCTH ONMMCAHHOW CTalM BO3/IEHCTBUEM HUMITYJIBCHOM IIa3-
MBI, coaepskaiei Jerupytomue anemeHTsl W, N, C, mo3BosieT TOBBICUTH TBEPAOCTh
B 2 pa3a. Takoii adekT momyyaercss B pe3yabTaTe CO3/IaHusl HAHOKPUCTALTHYECKOM
CTPYKTYpPBI TOJIIHNHON 10 60 MKM Ha pexyinei kpomke Hoxell [5]. Mcmonb3oBanue
HOXel u3 ynyurieHHo# ctanu 6XB2C ¢ umnynscHO-TUIa3MeHHON 00paboTKoM 0bec-
MIEYUT:

— TOBBIIICHUE CTOMKOCTH HOXEW XOJOJHOW PE3KHM HAa CTaHaX Topsiyeu Mpo-
KaTKU;

— TIOBBIIIEHUE KAaYe€CTBA PE3KU MATEPUAIIOB;

— mnoBbleHue 3G HEKTUBHOCTH MPOU3BOJICTBA;

— CHMIXCHHEC KOJINYCCTBA 06p631/I I[e(l)eKTHBIX KOHIIOB.
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C.A. JleBaH10BCKUH
OI'bOY BIIO «Marautoropckuii rocy1apCTBEHHbBIN

TeXHUYeCKUi yHusepcuret um. I'.11.Hocosa»

K BOITPOCY O IMCKPETU3ALIUHU OITUCAHUA
®OPMbI KAJINBPOB

Mamemamuueckoe moodenuposanue npoyeccos cOpmoBol NPOKAMKU CUUMA-
emcsi a0eK8amHvIM NPU YCI08UU ANPUOPHO 3A0AHHOL MOYHOCMU BblYUCIeHull. Jns
onpeoenenuss maKo2o ypoGHs MOUYHOCU He0OXO0UMO YCMAHOBUMb CMeNneHb OUC-
Kpemuzayuu 00beKmoe, 6X00AWUx 8 COCmag mamemamuyeckoi mooeau. /lanHas pa-
boma manpasieHa Ha YCMAHOBAEHUE OYEHKU OOCMAMOYHOU OUCKDEeMU3AYUU Onucd-
HUsl 2eoMempuy4eckoll Gopmbl Karubpos, UCHONb3YEMbIX NPU NPOKAMKe NPOCHIbIX
npoghuneti.

Kniouegvle cnosa: ouckpemuszayus onucanus npoguis, Kaibposka npoguietl,

COPMOBOI NPOKAM, CMPYKMYPHO-MAMPUYHBIU HOOXOO.

Jlist penieHusi COBpeMEHHBIX 3aa4 o0paboTku MeTtauioB aasieHuem (OMJI)
pU TOMOIIM MAaTeMaTHYECKOTO MOJCIUPOBAHUS HEOOXOAMMO OMpPEACNUTh U 000-
3HAYUTh TOYHOCTH BBIYMCIICHUHN ampuopu. Pe3ynbTaThl pacd€ToB HE JOJDKHBI OBITH
0oJiee TOYHBIMH, Y€M BO3MOXKHOCTH CHUCTEM YIIpPaBJICHHS, KOTOPbhIE PEau3ylOT BO3-
JICHCTBUE HA CUCTEMY, ITepeBOIs €€ B TpedyeMoe 11eJIeBOE COCTOsTHUE.

3avacTyro ucxoaHast nHGOpMAaIus Il Pa3HBIX CUCTEM MOJEIUPOBAHUS JTOIIXK-
Ha COOTBETCTBOBATHh TPEOOBAHMSAM BCEX ITHX CHUCTEM IO KPUTEPHUSM TOUYHOCTH OIH-
caHus. JTO JeNaeTcs It 00eCTieUeHHsI aIalTUBHOCTH TaKUX JAHHBIX U MOJIEICH.

B paborax Tymymoa O.H. MarHuTOropckoil COpTOMPOKATHONW HAYYHOU IITKO-
el otMevaetcs [1], 4ro mpoOieMy amanTHBHOCTH CJIEIYyEeT pacCMaTpHBaTh B JIBYX
aCIIeKTax:

— aJIanTUBHOCTH MOJEJIEN U CUCTEM K PA3JIMYHBIM TEXHOJIOTHYECKHM CXEMAM

1 U3MeHsrmmMes ycnosuam OM/L;

Kanu6posounoe 6ropo (www.passdesign.ru). 2013. Beimyck 1 56



CopTtonpokaTHOE MPOU3BOICTBO

— aJalTUBHOCTh K KOHKPETHBIM TEXHOJIOTHYECKUM 3a/1auam.

Tynynos O.H. nenaet BriBoa, uTo: «Pa3paboTka Ha €AUHON MaTeMaTUYECKOU
OCHOBE U €JIUHBIX MPUHIIUNAX MPEACTaBICHU HH(OPMAIIMA KOMIUIEKCA aIallTUBHBIX
Mojiesiel, COOTBETCTBYIOIIMX BBIICIIEPEUUCICHHBIM TPEOOBAHUAM U MPEHA3HAUCH-
HBIX JIJI pelIeHus 3a7a4 OMEePaTUBHOTO aHAIN3a TEXHOJOTHYECKUX CXEM C AJIEMEH-
TaMU yMpaBjieHUs: GOpMOU3MEHEHUEM MPO(MIs MPU COPTOBOM MPOKATKE, SBISACTCS
aKTyaJIbHOW Hay4HO-TEXHUYECKOU MPOOIEeMOI.

B pamkax naHHOUM CTaThu pacCMOTPUM BOIPOC, CBS3AHHBIN ¢ TOUHOCTHIO OIMH-
caHus GopMbl KAITMOPOB JJIs MEepelauyd UX TEOMETPUUYECKUX Pa3MEepOB U OCOOCHHO-
CTeH B MaTeMaTUYECKHE MOJICNIM Ha OCHOBE CTPYKTYPHO-MATPUYHOTO MOAXOJa. DTH
MOJICJIM MOTYT HaXOJIUTh MUPOKOE MPUMEHEHHUE JIJIsl PEIICHUS BOIIPOCOB YIPABICHUS
COPTONPOKATHBIM MTPOU3BOICTBOM [2].

3amauelt JaHHOTO HCCIEOBaHUS SIBISUIOCH YCTAHOBJIEHME HEOOXOIUMOW U
JIOCTATOYHOW CTENEHU JUCKPETU3AIUU MPHU OMUCaHUU (HOPMBI U TEOMETPUU KaauO-
POB MPOCTOM POPMBI.

OnudpoBka pydseB KaauOpOB, a TakKKe BCET0 MEXKBAJIKOBOTO 3a30pa B Ipeje-
J1aX OJTHOTO Py4bsl MPOU3BOAMIIACH HA OCHOBE M3BECTHOTO OMMUCAHUs, Oa3UpPYyIOIIEero-
Csl Ha CTPYKTYPHO-MaTPUYHOM Mojxoje [2], paspaboTtaHHOM Ha Kadeape oOpaboTku
METaJUIOB AaBJI€HHEM MarHuTOrOpcKOro rocyJapCTBEHHOTO TEXHUYECKOrO YHUBEP-
cuteta uM. ['.1. HocoBa. D10 ommcanue Mo3BOJSET MOMYYUTh U(POBBIE aHAIOTU
yepTexei KamuOpoB U KATMOPOBKHU ABYX-, TPEX-, UETHIPEXBATKOBBIX CHCTEM, a TAKKE
POCTHIX M (haCOHHBIX MPODIIICH pa3TMIHON CIIOKHOCTH.

Onucanue «mo xkeqae3y» (puc. 1). OcoOeHHOCTh TaHHOTO BUA OMUCAHUS CO-
CTOUT B TOM, YTO JJIMHA BEKTOPOB, MOMAIAIOIIMX B MEKBAJIKOBBIN 3230, OTpaHUY U-
BAETCS BEPTUKAIBHOW JINHUEN B MECTE OKOHYAHHS BBIITYCKA.

Onucanne «0ecKOHe4YHbI BeKTOP» (puc. 2). BeKTopbl, ONUCHIBAIOIINE KOH-
Typ KainOpa, IpoJJISIOTCS A0 MepeceueHust ¢ OypToM (WM riaagkod OOUKOM) KpoMme
MOCJIETHETO0 BEKTOpPA, MPUHUMAIOIIETO MAaKCUMAJIbHO BO3MOKHOE 3HAUYEHHUE, B3SITOE

N3 IMPOCKONH CaMOI'0 JJIMHHOI'O BEKTOPA Ha OChb, pa3ACIIAIOIIYIO 3a30p IIOIIOJaM.
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/

TN

Puc. 2. Onucanue no «0eCKOHEYHOMY BEKTOPY»

Onucanue «HyJeBou 3a30p» (puc. 3).

1

Puc. 3. Onucanue «HyaeBOU 3a30P»

[Hudposoit ueptéx mpousoamics B cpene AUtoOCAD, rae cymiecTByeT BO3-
MO>XHOCTb OIIEHKH TOYHOCTH OTHCAHHS KaauOpa 3a CYET CpaBHEHHUS TOYHOTO 3HAye-
HUS TUIOMIAIM KamuOpa U ee MPUOIMKEHHOTO 3HAYCHUS, TIOJYYEHHOTO U3 TUIONIaIeH

TPEYTOJLHUKOB, 00pa30BaHHBIX BEKTOpaMU. METoIMKa COCTOUT B CIEAYIOIIEM: TpU
cpaBHEHMH IWIOMAAeH (PHC. 4) BBISBISETCS OTKIOHEHUE 3HAYEHUS Sy OT O .
CrielyeT OTMETHUTb, YTO 3HAYEHUE S MbI onpeaessun B cpeae AutoCAD, rae

€CTb BO3MOXHOCTDb BBIYMCJICHUSA Hnomaz[eﬁ CJIOKHBIX CI)I/Ipr C TOYHOCTBIO 4O BOCH-

MOI'O 3HaKa.
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Puc. 4. Tounoe u npubIMKEeHHOE 3HAUYCHUE MO KaIuOpa

Pasuuna mwiomaneit S; u S, dhopmupyercs uz-3a CymwecTBYIOIIEH 1 HEU30EK-

HOM MoTepu MHGOOPMAIUH MPHU TUCKPETHOM OMHMCaHUK Kamuopa (puc. 5).
[Inomanp, BEIYMCIEHHAs HA OCHOBE YMCICHHBIX 3HAUEHUN BEKTOPOB, SABIISIETCS

CYMMOﬁ HHOHIaﬂCﬁ TPCYIrOJIbHUKOB, 06pa3OBaHHBIX BCKTOpPaMH, U OIIPCACIIACTCA 110

dbopmyie:
S;=_Si (1)

[Tnomaas KaXKa0oro TpeyroabHUKa onpenensercs mno Gopmyre:

S= %81 gy
2

En-1)) @)

rae: | — HOMEp TPEYroJIbHHKA,
n — YHCJIO BEKTOPOB,
d; u d;_1 — JUIMHBEI BEKTOPOB.
Takum 06pa3om, nomyuaem pasuuny miomaneit AS =S; —S,.
YacTUYHO JAHHBIH BOIPOC AUCKPETH3ALUM OBLT PACCMOTPEH aBTOPOM B JHC-

ceprannoHHo# padore [5]. B mpogomkenne uccienoBanus Obljia MOCTaBJICHA aHaAJI0-

rUYHas 3aja4da st 0oJiee MMUPOKOTO CIEKTPa KaaruOpoB.

Kanu6posounoe 6ropo (www.passdesign.ru). 2013. Beimyck 1 59




CopTtonpokaTHOE MPOU3BOICTBO

Puc. 5. [Toteps undopmanmu npu ouudpoBKe Kaauopa

boimu BeIOpanbl 44 dyepreka JABYXBAJIKOBBIX KaJUOPOB HA OCHOBE THIIOBBIX
yeptexkerd pupmbl «Danieliy, sBisromieiics mpou3BoAUTEIEM COPTONPOKATHBIX CTa-
HOB 170, 370 1 450 OAO «MarHuTOoropcKuii METaUTypruaecKuii KOMOMHAT.

Kanu6psl nonOupaiuch pa3andHbiX GOpM U pa3MepoB IS TOTO, 4TOOBI o0ec-
MEYUTh YUYET BCETO CIEKTPa MPOCTHIX KaTMOPOB, KOTOPHIE MOTYT OTHOCUTHCS K KJlac-
CHUYECKHM TIPEJCTABUTEISAM T€X WU UHBIX (OPM (SIIIIUYHBINA, KPYTJIBIHA, OBAaJbHBIN U
T.11.). OTHUM U3 YCIOBHI BbIOOpa OBUTO COOJIIOIEHUE CTPOTOro MpaBuiia — BEIOUPATH
TOJIKO T€ KaJIMOPbI, KOTOPbIE UMEIOT ABE OCH CUMMETPHUH.

Brei6upanu ciepyromue ypoBHu auckpermsammu: 10, 20, 50, 100, 200, 500,
1000, 2000, 2500, 5000 u 10000 BexTOpOB Ha 4YeTBEpPTh KaauoOpa. s omucaHus
dbopmbl kaOpa OblIa BEIOpaHA METOJIMKA IO JKeJie3y», TaK KaK OHa 3apEeKOMEH/I0-
Baja ceOsi B OOJBIIMHCTBE HMCIOJIB3YEMBIX MAaTeMAaTHYECKHUX MOJEISIX Ha OCHOBE
CTPYKTYPHO-MaTpUYHOTO MOJX0/a. B pe3ynbraTe BhUMCIEHUN (Ha OCHOBE MOCTPO-
€HHBIX BEKTOPOB) ObLIM Moy4deHbl 484 mnomanu ¢uryp ans 11 ypoBHEH muckperu-
sammu 44 xanmuOpoB. COpoOK YeThIpe 3HAUYCHMS IUIONMIA[U OBUTHA TMOJIYYCHBI B Cpejie
AutoCAD, xoTopasi mpoU3BOAUT PacUEThl ¢ MAKCUMAJILHOM TOYHOCTHIO 10 BOCHBMOTO
3HAKa TOCJE 3aMATON MO MPUHIIUIY WHTETPUPOBAHUS KYCOUHBIX (PYHKIUH, U3 KOTO-

PBIX COCTOMT KpHBas, onuchiBaromas ¢popmy kanuOpa. Pe3ynbTtaToM cpaBHEHUS SB-

JIETCS OTKJIOHEHHE MUIOMAIH Sy OT IIOMWANN S

5=>1"52100, 3)

Sy
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Otknonenus A Bcex 44 kanuOpoB npeAcTaBieHsl B Ta0u. 1.

Kpome mnomaneit npou3BoAMIN pacu€T nepuMeTpa YeTBEPTH Kanulpa, 3Haue-
HUE KOTOPOIO TaK»e 3aBUCUT OT CTENEHU AUCKpeTH3auuu. OTHOCUTENBHYIO OIIMOKY
IUIsl pacy€Ta IMepuMeTpa BBIUMCISUIM aHAJIOTMYHO. Pe3ynbpTaThl MpeACTaBICHBI B
TabJI. 2 ¥ Ha pucC. 6, 7 C UCMOIB30BAHUEM JOTAPUPMUUYECKON IIKAIIBI.

CTouT OTMETUTBH, UTO HAOJIIONAETCA PEe3KOEe BO3pacTaHUe OIMIMUOKH MpPU caMmou
BBICOKOU CTETICHU JUCKPETH3AIUU. DTO 00BsICHsIETCS TeM, 4To B cpene Microsoft Ex-
cel mpu BBIYMCIICEHUU TPUTOHOMETPUYCCKUX (PYHKIUN MPOUCXOIUT CYIICCTBEHHOE
HAKOIUICHHE OLIMOKU Mpu padoTe ¢ IJIaBarollel 3amsiTodl B CBSI3U C OYEHb MaJlbIMU
3HAUEHUSMH YTJIa MEX]y BEKTOpaMu, JUIisl KOTOPOro npou3BoAuTcs pacuér. Hakon-
JIeHHasl OLIMOKA CKa3bIBA€TCS Ha PEe3yibTaTe BBHIYMCICHMN JJII MAaKCUMaJIbHOW CTe-
neHu auckperusanuu. U3 puc. 7 BUIHO, YTO MEPUMETP U TOYHOCThH €ro pacuéra
CWJIBHO 3aBUCAT OT (POpMBI U reomMeTpun kanuOpa. YToObl onpeneanuThesi ¢ HeoOXo-
JUMOM M TOCTAaTOYHOM CTENEHbIO AUCKPETH3alny, oOpaTUM BHUMAaHHUE Ha JOMYCTH-
MbI€ OIIMOKA HAa OCHOBE TEOPUM BEPOATHOCTH M MATEeMaTHUYECKOW CTaTHCTUKHU
(tabum. 3). IlpoaHanu3upoBaB JaHHBIE M3 pUcC. 6, 7 U TabI. 3, MOXHO ClejaTh Cle-
JYIOIIHE BHIBOIBI:

— HeoOXxoauMas M JOCTATOYHAsl CTENEHb IMCKPETH3alMu ISl YPOBHA 3-X
curm coctasisieT 200 BEKTOPOB Ha YETBEPTh KaIHOpa;

— MakCHMallbHas CTENEHb JAUCKPETH3AlUU ISl YPOBHA 4-X CUTM COCTaBIISIET
2500-3000 BekTOpOB Ha YETBEPTh KaauOpa, TaKk KaK CUCTEMbI aBTOMATU3HUPOBAHHOTO
yIpaBlI€HUs OCHOBHBIMHU TapaMeTpaMU IMPOKATHOTO CTaHa HE MOTYT 00ECTHeYUuTh
0O0JIBIIYI0 TOYHOCTh MO MPUYMHE OTPAHMUYEHHOM TUCKPETHU3allMM CaMUX YIpaBisie-
MBIX TapaMeTPOB, HAIPUMED, 3a30pa MEK/Y BaJIKaMU.

[lonBoast UTOTH, MOXHO OTMETUTB, YTO JUIS pEIIeHUs OOJBIIMHCTBA 3aaay
YIOPABJIEHHUS MPOLIECCOM COPTOBOW MPOKATKM HEOOXOJIMMBIM M JOCTATOYHBIM YPOB-
HEM JIMCKPETH3AINK OMHCAaHUS 4eTBepTH (Gopmbl KaimmOpa Oyner 3naueHue B 200
BEKTOPOB, KOTOPOE 00ECIIEUNBAET CTATUCTHUYECKYIO OIIMOKY B Mpeaenax TpEX CTaH-

JTAPTHBIX OTKJIOHEHHUI.
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Ta6numa 1
[IpomieHTHOE OTKJIIOHEHHE TIIOMIA ek
Ne kanuGpa| 10000 | 5000 | 2500 | 2000 | 1000 | 500 200 100 50 20 10

001  |0,006037]0,000015 | 0,000060 | 0,000066 | 0,000012 | 0,001069 | 0,000861 | 0,006219 | 0,059368 | 0,113304 | 0,938588
002 |0,004682|0,000021 | 0,000064 | 0,000081 | 0,000008 | 0,000780 | 0,005784 0,019034 | 0,067725 | 0,186953 | 1,061230
003 |0,009529(0,000008 | 0,000034 | 0,000046 | 0,000280 | 0,000362 | 0,000176 | 0,015624 | 0,061395 | 0,099590 | 0,942625
004 |0,005798]0,000010 |0,000079 |0,000100 | 0,000000 | 0,001049 | 0,008884 0,031872| 0,100274 | 0,377589 | 1,479778
109 [0,004188|0,000004 | 0,000025 | 0,000040 | 0,000125 | 0,000340 | 0,003767 | 0,010711 | 0,062201 | 0,304861 | 0,819706
110 [0,009786 | 0,000001 | 0,000005 | 0,000010 | 0,000050 | 0,000171 | 0,000914 | 0,004984 | 0,018259 | 0,090737 | 0,323672
114 [0,0041040,000004 | 0,000016 | 0,000024 | 0,000077 | 0,000257 | 0,002266 | 0,010502 | 0,039527 | 0,165001 | 1,045374
136 [0,003917|0,000005 | 0,000020 | 0,000015 | 0,000137 | 0,000463 | 0,003027 | 0,008988 | 0,053522 | 0,329382 | 1,142756
146 [0,009979 | 0,000002 | 0,000006 | 0,000010 | 0,000037 | 0,000145 | 0,001032 | 0,004393 | 0,017189 | 0,107374 | 0,433339
201 | 0,0048670,0000140,000024 |0,000021 | 0,000130 | 0,001174 | 0,000790 | 0,006047 | 0,069678 | 0,104465 | 0,966890
202 |0,007725(0,000008 ] 0,000025 | 0,000005 | 0,000089 | 0,000821 | 0,003696 | 0,015258 0,034386 | 0,163699 | 0,961634
203 |0,005228(0,000009 | 0,000040 | 0,000083 | 0,000232 | 0,000232 | 0,002897 | 0,002646 | 0,062716 | 0,122408 | 0,877070
204 |0,009492(0,0000100,000014 | 0,000008 | 0,000094 | 0,000635 | 0,000115 | 0,018758 0,025082 | 0,144136 | 1,031964
205 | 0,005131(0,000019]0,000100 | 0,000063 | 0,000506 | 0,001932 | 0,011361 | 0,037980 | 0,084243 | 0,100206 | 1,758641
219 [0,003384(0,0000240,000047 | 0,000042 | 0,000134 | 0,001108 | 0,010168 | 0,028538 | 0,075802 | 0,123992 | 1,469525
225 | 0,0072870,0000300,000160 | 0,000043 | 0,000690 | 0,000149 | 0,010743 | 0,042264 | 0,144086 | 0,752761 | 1,156327
226 |0,0143000,000012 | 0,000059 | 0,000064 | 0,000333 | 0,001125 | 0,003809 | 0,020155 | 0,067580 | 0,352624 | 0,746006
227 |0,0097660,000006 | 0,000019 | 0,000005 | 0,000149 | 0,000464 | 0,003161 | 0,0083180,021002 | 0,338363 | 0,835404
229 [0,0161900,000007 | 0,000019 | 0,000041 | 0,000138 | 0,000618 | 0,003058 | 0,007123| 0,061090 | 0,367146 | 1,087823
242 [0,010648(0,000006 | 0,000016 | 0,000036 | 0,000117 | 0,000184 | 0,003634 | 0,010253| 0,040191 | 0,069444 | 0,173344
260 | 0,0036260,000012|0,000069 | 0,000038 | 0,000333 | 0,001728 | 0,000706 | 0,016106 | 0,105393 | 0,278489 | 1,529059
265 | 0,015110{0,000002 | 0,000015 | 0,000019 | 0,000088 | 0,000335 | 0,002140 | 0,008330 | 0,031617 | 0,212889 | 0,664112
274 [0,005835(0,000013]0,000101 | 0,000132 | 0,000048 | 0,001659 | 0,008322 | 0,007994 | 0,022291 | 0,305290 | 0,396011
275 | 0,0104810,000001 | 0,000046 | 0,000060 | 0,000306 | 0,001024 | 0,004085 | 0,017725 | 0,032979 | 0,039715 | 0,965027
289 | 0,0059480,000029 | 0,000034 |0,000196 | 0,000480 | 0,000043 | 0,005194 | 0,021185 | 0,056277 | 0,228055 | 0,265167
290 |0,010625(0,000002 | 0,000037 | 0,000036 | 0,000152 | 0,000751 | 0,001477 | 0,000561 | 0,041976 | 0,115281 | 0,870065
291 |0,0060270,0000120,000061 | 0,000111 | 0,000492 | 0,000193 | 0,001876 | 0,018870 | 0,007827 | 0,268521 | 0,272965
292 [0,0106540,000010]0,000010 | 0,000054 | 0,000129 | 0,000805 | 0,004635 | 0,006213 | 0,001613 | 0,008251 | 0,981268
328 |0,006168|0,000026 | 0,000005 | 0,000087 | 0,000014 | 0,001020 | 0,003048 | 0,017948 | 0,062954 | 0,151162 | 0,101762
370 |0,0286370,000006 | 0,000072 |0,000062 | 0,000406 | 0,001301 | 0,009741 | 0,027546 | 0,137652 | 0,571043 | 0,872710
371 |0,024624(0,0000120,000026 | 0,000024 | 0,000307 | 0,000779 | 0,003592 | 0,006236 | 0,003581 | 0,553188 | 2,652743
375 | 0,0306440,0000140,000072 |0,000106 | 0,000473 | 0,001660 | 0,011577 | 0,039610 | 0,089745 | 0,251852 | 0,439211
531 |0,002993]0,000033]0,000165 |0,000010 | 0,000775 | 0,001841 | 0,012119 | 0,022398| 0,000894 | 0,503069 | 1,133494
532 |0,009967 | 0,000005 | 0,000005 | 0,000032 | 0,000044 | 0,000624 | 0,003944 | 0,008582 | 0,052782 | 0,205511 | 0,655433
534 | 0,0147090,000006 | 0,000015 | 0,000000 | 0,000169 | 0,000427 | 0,001474 | 0,014459 | 0,054127 | 0,234133 | 0,604400
585 | 0,0032870,000013|0,000008 | 0,000092 | 0,000240 | 0,000161 | 0,006261 | 0,005661 | 0,006565 | 0,362377 | 1,041419
763 | 0,003424(0,000013]0,000044 |0,000013 | 0,000069 | 0,001207 | 0,005643 | 0,012622 | 0,069956 | 0,087172 | 1,242432
818  |0,017395(0,000010|0,000025 | 0,000062 | 0,000202 | 0,000706 | 0,006273 | 0,016511 | 0,025374 | 0,478205 | 1,307350
854 | 0,0138400,0000040,000025 |0,000017 | 0,000049 | 0,000568 | 0,001343 | 0,000241 | 0,071350 | 0,093560 | 0,653129
855 | 0,002121]0,000023|0,000047 | 0,000036 | 0,000083 | 0,001546 | 0,007910 | 0,017096 | 0,042376 | 0,551774 | 1,820773
920  |0,0350770,000022 | 0,000067 | 0,000085 | 0,000252 | 0,000591 | 0,013208 | 0,036514 | 0,083709 | 0,307910 | 0,994473
922 |0,0033910,000009 | 0,000026 | 0,000036 | 0,000085 | 0,000857 | 0,005248 | 0,017819 | 0,076728 | 0,131528 | 1,847992
923 |0,017018]0,000005 | 0,000015 | 0,000019 | 0,000045 | 0,000478 | 0,000306 | 0,011623 | 0,030871 | 0,199745 | 0,996178
933 |0,0320660,000006 | 0,000018 | 0,000078 | 0,000378 | 0,001150 | 0,005404 | 0,034966 | 0,094272 | 0,768635 | 1,941983
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Ta6nuna 2
[IpoLieHTHOE OTKIIOHEHUE NIEPUMETPOB
Ne xanmbpa] 10000 | 5000 | 2500 | 2000 | 1000 | 500 200 100 50 20 10

001 | 0,00321 | 0,00009 | 0,00013 | 0,01008 | 0,01008 | 0,05433 | 0,05707 | 0,06601 | 0,39773 | 0,30335 | 1,18974
002 | 0,00242 | 0,00041 | 0,01076 | 0,01103 | 0,01103 | 0,01173 | 0,01691 | 0,03237 | 0,38214 | 0,29999 | 1,07057
003 | 0,00220 | 0,00609 | 0,00653 | 0,02436 | 0,02436 | 0,02494 | 0,12697 | 0,18402 | 0,47024 | 0,25949 | 1,22378
004 | 0,00100 | 0,00676 | 0,01023 | 0,01043 | 0,01043 | 0,01069 | 0,01292 | 0,01993 | 0,45684 | 0,13985 | 1,50902
109 | 0,00176 | 0,00087 | 0,00390 | 0,00597 | 0,00597 | 0,00647 | 0,04729 | 0,06464 | 0,18029 | 0,39405 | 0,47859
110 | 0,00418 | 0,00014 | 0,00015 | 0,00148 | 0,00148 | 0,00201 | 0,00319 | 0,01521 | 0,02577 | 0,03773 | 0,06222
114 | 0,00232 | 0,00055 | 0,00114 | 0,00152 | 0,00152 | 0,00165 | 0,01155 | 0,03021 | 0,05751 | 0,05769 | 0,39680
136 | 0,00199 | 0,00112 | 0,00225 | 0,00616 | 0,00616 | 0,01029 | 0,02432 | 0,02830 | 0,12700 | 0,31777 | 0,58254
146 | 0,00435 | 0,00005 | 0,00006 | 0,00007 | 0,00007 | 0,00008 | 0,00106 | 0,00313 | 0,00641 | 0,02212 | 0,06343
201 | 0,00217 | 0,00571 | 0,01406 | 0,00610 | 0,00610 | 0,05232 | 0,05527 | 0,06643 | 0,40532 | 0,36269 | 1,30869
202 | 0,00088 | 0,00377 | 0,01144 | 0,00396 | 0,00396 | 0,04513 | 0,08533 | 0,24016 | 0,26331 | 0,56745 | 1,38157
203 | 0,00065 | 0,00714 | 0,00769 | 0,03463 | 0,03463 | 0,06478 | 0,08244 | 0,09043 | 0,38885 | 0,35500 | 0,89730
204 | 0,00321 | 0,00527 | 0,01248 | 0,02426 | 0,02426 | 0,03122 | 0,04248 | 0,23140 | 0,23905 | 0,55474 | 1,43467
205 | 0,00110 | 0,00551 | 0,01102 | 0,02261 | 0,02261 | 0,07420 | 0,12989 | 0,34819 | 0,36922 | 0,96377 | 1,62689
219 | 0,00186 | 0,00629 | 0,01653 | 0,03677 | 0,03677 | 0,05204 | 0,14945 | 0,32689 | 0,35865 | 0,75471 | 1,22157
225 | 0,00215 | 0,00085 | 0,00087 | 0,02339 | 0,02339 | 0,02359 | 0,02555 | 0,03211 | 0,47233 | 1,09810 | 1,12852
226 | 0,00149 | 0,00311 | 0,01151 | 0,02029 | 0,02029 | 0,05765 | 0,02367 | 0,19568 | 0,42803 | 0,77761 | 0,89879
227 | 0,00348 | 0,00171 | 0,00307 | 0,00866 | 0,00866 | 0,01525 | 0,03260 | 0,03821 | 0,04889 | 0,42428 | 0,50887
229 | 0,00376 | 0,00302 | 0,00321 | 0,01008 | 0,01008 | 0,03777 | 0,04461 | 0,04849 | 0,32583 | 0,81557 | 1,14401
242 | 0,00405 | 0,00405 | 0,00434 | 0,02357 | 0,02357 | 0,04139 | 0,09683 | 0,21463 | 0,26631 | 0,32656 | 0,59012
260 | 0,00050 | 0,00806 | 0,00879 | 0,02719 | 0,02719 | 0,05321 | 0,05488 | 0,06245 | 0,47251 | 0,24489 | 1,34078
265 | 0,00442 | 0,00026 | 0,00156 | 0,00365 | 0,00365 | 0,00733 | 0,01953 | 0,03820 | 0,09082 | 0,26277 | 0,42360
274 | 0,00102 | 0,00212 | 0,00354 | 0,01587 | 0,01587 | 0,06437 | 0,16448 | 0,17069 | 0,18756 | 0,87025 | 0,94540
275 | 0,00267 | 0,00210 | 0,01280 | 0,00234 | 0,00234 | 0,05666 | 0,11316 | 0,29512 | 0,49252 | 0,57072 | 1,58237
289 | 0,00158 | 0,00760 | 0,00799 | 0,03153 | 0,03153 | 0,03359 | 0,05206 | 0,07061 | 0,17253 | 0,74845 | 0,77963
290 | 0,00144 | 0,00661 | 0,00808 | 0,01697 | 0,01697 | 0,05580 | 0,15116 | 0,24559 | 0,38182 | 0,54506 | 1,43489
291 | 0,00007 | 0,00814 | 0,00852 | 0,03283 | 0,03283 | 0,03489 | 0,17640 | 0,23532 | 0,28575 | 0,77900 | 0,78911
292 | 0,00356 | 0,00505 | 0,00522 | 0,01916 | 0,01916 | 0,05981 | 0,14889 | 0,16163 | 0,25668 | 0,47109 | 1,55277
328 | 0,00055 | 0,00590 | 0,00609 | 0,03952 | 0,03952 | 0,04512 | 0,04769 | 0,05906 | 0,09687 | 0,56558 | 0,56658
370 | 0,00307 | 0,00539 | 0,01669 | 0,04089 | 0,04089 | 0,04754 | 0,16545 | 0,18552 | 0,68129 | 0,86937 | 0,95965
371 | 0,00180 | 0,00637 | 0,00857 | 0,03262 | 0,03262 | 0,03598 | 0,09701 | 0,15418 | 0,19452 | 1,70699 | 3,13823
375 | 0,00209 | 0,00554 | 0,01700 | 0,04114 | 0,04114 | 0,04900 | 0,19569 | 0,26860 | 0,41977 | 0,66129 | 1,15334
531 | 0,00106 | 0,00103 | 0,00112 | 0,03467 | 0,03467 | 0,08209 | 0,17703 | 0,18912 | 0,22562 | 0,91547 | 1,59943
532 | 0,00210 | 0,00225 | 0,00229 | 0,02210 | 0,02210 | 0,03286 | 0,10099 | 0,10820 | 0,38776 | 0,82937 | 1,34844
534 | 0,00281 | 0,00266 | 0,00275 | 0,01564 | 0,01564 | 0,01637 | 0,07862 | 0,13847 | 0,35682 | 0,70255 | 1,09835
585 | 0,00032 | 0,00692 | 0,01480 | 0,01749 | 0,01749 | 0,01810 | 0,10929 | 0,11889 | 0,16504 | 1,04798 | 1,28677
763 | 0,00086 | 0,00607 | 0,00641 | 0,02553 | 0,02553 | 0,04257 | 0,14793 | 0,25448 | 0,36722 | 0,74734 | 1,70936
818 | 0,00403 | 0,00771 | 0,01433 | 0,03133 | 0,03133 | 0,04522 | 0,17985 | 0,21040 | 0,22158 | 1,59455 | 2,03146
854 | 0,00178 | 0,00441 | 0,01047 | 0,01996 | 0,01996 | 0,06953 | 0,09043 | 0,09879 | 0,65651 | 0,78683 | 1,64999
855 | 0,00076 | 0,00648 | 0,00666 | 0,03436 | 0,03436 | 0,04786 | 0,16797 | 0,28917 | 0,43031 | 1,13152 | 1,86410
920 | 0,00424 | 0,00420 | 0,00763 | 0,01989 | 0,01989 | 0,02314 | 0,12382 | 0,19896 | 0,26186 | 0,55165 | 1,23626
922 | 0,00218 | 0,00360 | 0,00653 | 0,00471 | 0,00471 | 0,03685 | 0,08082 | 0,17468 | 0,28573 | 0,26912 | 1,65023
923 | 0,00518 | 0,00319 | 0,00352 | 0,01078 | 0,01078 | 0,02870 | 0,01400 | 0,14391 | 0,15598 | 0,42508 | 1,19369
933 | 0,00510 | 0,00255 | 0,00280 | 0,01264 | 0,01264 | 0,03092 | 0,05425 | 0,09341 | 0,10732 | 0,43390 | 0,61576
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Puc. 7. OmmOka BEIYUCICHNS IEPUMETPA TS PA3HBIX CTETICHEH TUCKPETH3AIIUU
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CopTtonpokaTHOE MPOU3BOICTBO

Tabmuna 3

Ommobka a1 «curmMa ypoBHeE»

Omubka, %| 99,9997 | 99,9992 | 99,999 | 99,997 | 99,99 | 99,985 | 99,977 | 99,952 | 99,932 | 99,904 | 99,865

Curma

ypOBeHb 4,50 4,31 4,26 4,01 3,81 3,62 3,50 3,30 3,20 3,10 3,00

OpnHako s KaXI0W OTIEIBHO B3ATOM 3aJlayu yIpaBJjeHUsl TpeOyeTcs anpuo-
pH 337aTh HYXHBIM YPOBEHb TOYHOCTU U TOJIBKO MOTOM MPUHUMAThH PEIICHHUE O BbI-

60pe CTCIICHU NUCKPCTU3ALINN.
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HayuHo-nonynsipHast pyopuka

J.A. Kun3un
OI'bOY BIIO «Marautoropckuii rocy1apCTBEHHbBIN

TeXHUYeCKUi yHusepcuret um. I'.11.Hocosa»

SAHUMATEJIBHBIE TEXHOJOI'MYECKHUE 3ATAYHN.
3AJAYA IIEPBASA

B cBou mikosnbHBIE U CTYJEHUECKHE TOJbI aBTOP MPOBEJI HEMAJIO BPEMEHH 3a
YTEHUEM HAy4YHO-TIOMYJISIPHOMN JINTEPATYPhl, 3HAUUTEIILHYIO JIOJI0 KOTOPOM COCTaB-
T COOPHUKYU 3aHUMATEIbHBIX 3a7a4 10 MaTeMaTUKe U (PU3KKe, 4TO BO MHOTOM H
npoOyAMIO TOT UHTEPEC K HAYYHOMY TBOPYECTBY, KOTOPBIH MPHUBEI €ro B HayKy. Bo
BpeMs paboThl B KaJIUOPOBOYHOM OOpO MarHMTOrOpCKOTO METaLUTyPrHYeCKOTO
KOMOUHATa, Oyay4yu YK€ KaHAUJAATOM HayK, €My MPUXOIUIOCh CTaJIKUBATHCS C
BeChMa JIFOOOIBITHEIMU BOIIPOCAMH, KOTOPHIE TENEPh UMEIH HE TOJIBKO 3aHUMATEIIh-
HBI XapakTep (MOXEeT OBITh, 3TOT XapaKTep 3ameydall TOJIbKO OH), HO U BIIOJHE pe-
aJbHOE 3HAUEHHUE ISl TEXHOJIOTHYECKOT0 Tpoliecca.

ABTOp XOTeN OBl MOJEIUTHCS C KOJUIETaMH HEKOTOPHIMU 3aHUMATEIbHBIMU, Ha
€ro B3I, 3a/layaMi, KOTOpbIE €My MPUXOAWIIOCH PelIaTh BO BpeMs padOThl B Ka-
nu6poBouyHOM Or0po. KoHeuHo, OyIHM MeTa/uTypTrH4ecKOro POU3BOJICTBA HE PacIo-
JIararoT K CO3epIaTeIbHOCTH U MPa3JHBIM YMO3aKIIOUYECHUSIM, HO, BO3MOXKHO, TH 3a-
Ja4M TIOMOTYT CJIeJaTh PYTUHHBIN U OOBIIEHHBIN TPy 00Jiee OCMBICIICHHBIM U UHTE-
PECHBIM.

ABTOp IUTAHUPYET MPUBOJIUTH MO OJHOM 3a/laue B KaXKJIOM BBIIYCKE KypHala,
MBITAsICh TTPOJIEMOHCTPUPOBATH HEOOBIUHBIE U YAUBUTEIBHBIE CTOPOHBI MPOKATHOTO
MpOU3BOJICTBA. JlaHHBIE 3aa4l MOXKHO MCIIOJIb30BaTh B KAU€CTBE TBOPUYECKOTO 3a/1a-
HUS JUIS CTYJICHTOB W aCIUPAHTOB, OOyYaIOIUXCS 10 creruaibHocTH «O0paboTka
METAJJIOB JaBieHuemM». Kpome Toro, oHu OyAyT MOJIe3HbI U MPOU3BOJCTBEHHUKAM,
TaK KaK UX HCTOYHUKOM TOCIIY>KUJI OMBIT pa0OThl B COPTOMPOKATHOM LIEXE.

[Ipennaraemspie 3aj1aun CyIIECTBEHHO OTJIMYAOTCA MO CTENEHU TPYAHOCTH, MO-

9TOMY YHTATCINU C PA3JIMYHBIM YPOBHCM IIOAT'OTOBKH CMOI'YT HaWUTU MUy AJs CBO-
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HayuHo-nonynsipHast pyopuka

€ro HHTeJJIEKTa. BMecTe ¢ TeM, OIBIT aBTOPA MOKA3bIBAET, YTO JAXKE CAMBIE CII0KHBIC
3a/layd MOTYT OBITh PEIICHbl XOPOLIO MOATOTOBICHHBIMU CTYJEHTAMU IPHU MPHUIIO-
KEHUN JOCTATOYHBIX YCUIIMM.

Hrak, ycinosue nepBou 3a1ayu.

JlaHO NIBE KJIETH HENIPEPBIBHOTO KPYIMHOCOPTHOTO cTaHa (puc. 1).

N— ) S —

TDmiiniisn2in2’onkz

Puc. 1. K ycnoBuro 3agauun

Banb1oBiiuky ObLI0 M3BECTHO, YTO BBICOTA pacKaTa MEXIy KJICTSIMH COCTaB-
nsietT ToyHo 200 MM, MPU 3TOM BO BpeMs MPOKATKUA B MEKKJIETEBOM MPOMEXKYTKE Ha
packar He JeHCTBOBAJIM MPOJOJIbHBIE CHIIBI (OTKY/la BAJIBIIOBIIUK BCE ATO 3HAN, UC-
TOpHSL YMATUYUBAET, HO (haKT ocTaeTcsi (hakToM).

B nporiecce npokaTtku mpowusoliiia MrHOBEHHAs! U OJJHOBPEMEHHAask OCTaHOBKA
BaJIKOB BO BCEX KJIETSAX CTaHa MO MPUYMHE aBAPUHWHOTO OTKIIOYCHHS JBUTATENEH,
[P 3TOM PacCKaT OCTaJICsS B BaJIKaX M B TAKOM COCTOSIHUU OCTBUI 0 KOMHATHOM TEM-
neparypsl. [locne yero BaiabIIOBIIMK U3MEPHIT BBICOTY packaTta B MEXKKJIETEBOM IPO-
MEXYTKE C MOMOIIBIO MTAaHTeHIUPKYJs. Kakoe 3HaueHne TONIUHBI packaTa Moiy-
YU BaJBI[OBIINK, €CJIM TOYHO U3BECTHO, YTO KOADDUIIMEHT TeMIIEpaTypHOH ycaaKu
coctaBisier 1,015? Cpa3zy oTmMeTuM, 4TO OYEBUIHBIA Ha TMEPBBIA B3IJISAA OTBET —
197,05 MM siBIIIETCSI HEBEPHBIM.

Pemenue, koTopoe aBTOp CYMTACT MPABWIBHBIM, Oy/IeT OMyOJIMKOBAHO B Clie-
JyIoIIeM HoMepe )KypHana. UutaTenn, KOTOpble XOTAT PaHbIIe y3HATh MIPABUIBHO JIN
OHU PEINIWIN 33a]aqy, MOTYT TPUCIIATh CBOM penicHus Ha kinzin@passdesign.ru. Tak-

K€ Bbl MOXKCTC IPUCIIaATh CBOU KPUTHYCCKHUC 3aMCUYAHNA U OT3bIBEI.
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