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Knura no npoektupopanuio mraminoBkn B CAD/CAE-cucreme
Ansys Forming koprnopamn ANSYS Corp (CHIA). Ha ocHoBe
(haiima 1mTaMmyemoi, HampuMmep, Ky30BHOW JeTand, B Ansys
DesignModeler umun Ansys Discovery NpoeKTUPYIOTCSI 3aroTOBKa
W UWHCTPYMEHTBHI: TIyaHCOH, MaTpulla W TIPYKUM [ITamIa, Hu
COXpaHsTC B Bujae ¢aiioB B gopmare *.igs wiam *.stp. DT
(paiinsl uMmopTupyoTesa B Ansys Forming, Monenupyercs oneparus
MITAMIIOBKH C YYETOM YIIPOUYHEHUSI U aHU30TPOITHH 00padaThiBaeMOn
3arotoBkH. [lomydalorcss pe3yabTaThl C aHUMAIMEH IITAMIIOBKU,
pacuétom nedopMalvif, CUJI M ONACHOCTH CKJIAJKOOOpa30BaHMUS,



Ype3MEepHOro YTOHEHHMS M pa3pyllleHds] 3aroTOBKM B IIporiecce
IITAMIIOBKM HA OCHOBE AMarpamMmbl MpedeNibHbIX JedopMarii u
KputepueB paspymienus Kapkosa. IIpegHa3HaueHa WHXeHEpaM U
YUEHBIM, a TaKXke CTyIeHTaM U MPernoJaBaTeisim.

Knwura cocrout n3 3-x yacrei: Yacrte 1, Yacts 2, Yacts 3.
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HCKYCCTBEeHHBbIM HHTeJUIeKTOM. YacTh 2. — MockBa: U3-
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OTO yHUKajbHasA M €AMHCTBEHHAs B MHUpE KHUTra Mo KOM-
NBIOTEPHOMY MTPOEKTUPOBAHUI0 0OPAOOTKM MaTepUaioB U pas-
pa0bOTKE TEXHOJOTMYECKUX MPOIECCOB MHOTOONEPAIMOHHOTO
U3rOTOBJIEHUS JeTasiell B mpombiiieHHoctd B Computer-
Aided-Design/Computer-Aided-Engineering-cuctemax (CAD/
CAE-cucremax) Ha NOpuUMeEpax IPOEKTUPOBAHUS Olepalui
mramnoBku B CAD/CAE-cucreme Ansys Forming kopniopariuu
ANSYS Corp (CIIIA); Ansys Forming HerpyaHO nprodpecty u
JIETKO YCTAHOBMTB JIa)Ke HA JIOMAIIIHUI KOMIBIOTED.

MaremaTnueckasi MOJE/b CJIOKHOW KPYMHOTraOapuUTHOW Ky-
30BHOM JieTaiu B Bue (paitsia popmata *.igs uim *.stp nonydaer-
¢4 nocJie nmpoekTuposanus netam B CAD-niporpamme i cka-
HUPOBAHUsI MacTep-MOJIENU JIeTall Ha KOOPAMHATHO-U3MEpH-
TesapHOM MavHe. Janee ain neranu nmnoprupyercs B CAD-
cHCTeMy, U Tonydaercs nzo0paxenue aeranu. Ha ocHose 31o-
ro m3oopaxenusi, B CAD-cucreme Ansys DesignModeler nmm
Ansys Discovery, MpOeKTUPYIOTCSI 3arOTOBKa U MHCTPYMEHTHI,
00pabaThIBaIOIINE ITY 3arOTOBKY: MYyaHCOH, MaTPHIIA U TIPYIKIM
HITamma AJisi BBITSKKY, U COXpaHAITCA B BUJe (ailsioB B Gop-
mare *.igs wim *.stp. 3arem 311 paitibl umnoptupyiorcsi B CAD/
CAE-cucremy Ansys Forming. Co3na€rcst mpoekT o oopadoTke



3aroTOBKY MHCTpYMEHTaMu. MojearpyeTcs onepanusi BITSKKA
C YYETOM yIIPOYHEHHST 00padaThIBAEMOU 3aroTOBKU U K03hu-
[IUEHTa AaHU30TPOITUU 3aTOTOBKHU.

[onyyarorcst pe3yabraThl C aHUMAIMEW TAMIIOBKHU, pacyé-
TOM JedopMaliiii U CHUJI M OMACHOCTH CKJIaJKOOOpa3OBaHUS,
Ype3MEepHOr0 YTOHEHUSI U pa3pyllieHus] 3arOTOBKM B Ipoliecce
IITAMIIOBKM Ha OCHOBE TUArpaMMBbl MpeebHbIX Aedopmaniuii
(UITO) m xputepues paspyuieHus Kapkosa.

Eciu nmapaMeTpbl IITAMIOBKYM IPEBBILAIOT 3TU KPUTEPUH,
BHOCSITCSI U3BMEHEHHU I B IPOEKT, ¥ MOJETUPOBAHUE MTPOIOIKAET-
Cs1 IO TeX TOp, Korjaa OyayT JOCTUTHYThI IPUEMIIEMbIE J1JTs1 KOH-
KPETHOI'O MPOU3BOJCTBA PE3Y/IbTATHI.

B nannom 1-m U3panuu kauru, cHadasna (popmynupyercs mno-
CTAaHOBKA 3a/1a4M, C LIEJIbIO TOHUMAaHK I MeXaHu3Ma (popMon3mMe-
HEHUsI 3aTOTOBKH B TIPOIIECCE BBHITSKKU. UTOOBI PaMOTHO, aJIeK-
BaTHO peajibHOW OIEPALIMHU BBITSDKKM JETajleld U3 3arOTOBOK Ha
MPOU3BOJICTBE, co3aaTh cBoM poeKT B CAD/CAE-cucreme. 3a-
TeM JAI0TCs MOAPOOHBIE TOIATOBbIe MHCTPYKIIMH /11T KOMITBIO-
tepHoro monenuposanus B CAD/CAE-cucreme Ansys Forming
9TOi ONepalvy BbITSKKY MOy(adpuKaTa U3 JIMCTOBOM 3ar0TOB-
KU C YYETOM NOCIEAYIOUMX ONepaldid ITaMIIOBKY TOTOBOM Je-
TaJIN.

B nocrenytomux M3naHusx KHUTM OyIyT MPUBEAEHBI TOIIa-
TOBbIE MHCTPYKLIMU IO MPOEKTUPOBAHUIO TIOCIEAYIONIMX (TI0Ce
BBITSIKKHM) ONEpalUi IITAMIIOBKY 3aJaHHON KY30BHOW WU APY-
oM JEeTaIN.



Hannoe Mznanue 1 kHuru coctout u3 Tpex vacren (Yacrs 1,
Yacrsp 2, Yacts 3) 1 caenyonmx pasaeoB.

Pazngen 1. Co3nanme npoekrta B CAD/CAE-cucreme
Ansys Forming u uMmnopT moiesim 1eTajy Wi HHCTPyMeH-
Ta JJIs1 H3rOTOBJIEHUS JeTAaJH U3 3ar0TOBKU

Paznea II. Onpenenenue popmbl, pa3mMepoB U MaTepPH-
ajia 3aroTOBKM JJIs1 N3rOTOBJIEHNSI 1eTaJN

Paszpnea III. IIpoexTupoBanne B Ansys DesignModeler
MaTpHUIbl U NPHKIMA ITAMIA JJIs1 BHITSKKH 1M0.1ygao-
puKaTa u3 3aroTOBKH

Paznen IV. /lo6aBiaenne k 3aroroBke B Ansys Forming
NMyaHCOHA, MATPHIIbI ¥ IPUKUMA JJIS1 BBITSKKH 110J1y(hao-
pHUKAaTa U3 TOH 3ar0TOBKH

Paznea V. Pe3yabTaTsl pemienns 3aja4n no gedopmu-
POBaHNIO 3ar0TOBKU

Jlanee aH CMCOK MCHONIBb30BaHHOM JluTeparypsl rpu Haru-
CaHUU JAaHHOU KHUIW.

Crnenyst monpoOHBIM MOIMIATOBBIM UHCTPYKITUSM B KHUTE, JIIO-
60i1 monb30BaTeNb, Jaxke Oe3 CreraaIbHON MOATOTOBKY, 110 Me-
Tonosnoruu JKapkoBa cCHauas1a MOKeT ObICTPO MPOAHAIM3UPOBATD
BBITSDKKY JI€TaJIM U3 3arOTOBKM C PACYETOM OPUEHTUPOBOUYHBIX
3HAYEHUI HANpsiKEHUH U AepopMariyil 1o NpUBEAEHHBIM B 1aH-
HOW KHuUre pazzaenam “Teopun ZKapkoBa JTMCTOBOM IITAMITIOBKH ™,
a3aTeM rpaMOTHO, TOXKAECTBEHHO PeaJIbHOM OIEPALIMU BBITSIKKHU
Ha TMPOU3BOJICTBE, CO3JaTh CBOM COOCTBEHHBIN yueOHbIN, HayY-



HbII win npaktudeckuid mpoekt B CAD/CAE-cucreme u nanee
MOJIEIMPOBaTh, U3y4aTh, UCCIEIOBAaTh U MPUMEHATh HA TPaK-
THKEe (B aBTOMOOWJIbHOM, aBUACTPOUTEIILHOM, JIEKTPOTEXHIYE-
CKOW, TOCY/IHOM, YIIAKOBOUHOW U APYTUX OTPACIISX POMBIIILJIEH-
HOCTH) 3aJIaHHBIN TPOLIECC BBITSKKU, YTOOBI COKPATUTh BpeMs
¥ KOJIMYECTBO OIMMOOK MPH MPOSKTUPOBAHNH TEXHOJIOTMYECKO-
IO MPOIIeCCa BBITSKKU U CBSI3AHHBIX C BHITSKKOW JIPYTUX TEXHO-
JIOTUYECKUX MTPOLIECCOB, CHU3UTh HOPMY pacxoia Marepuasa 3a-
TOTOBKH Ha JIETaJIb ¥ YMEHBIIUTH CE0eCTOMMOCTh U3TOTOBJICHUS
JeTajeu.

Pazpaborannsie untatenem npoektsl B CAD/CAE-cucteme
Ha OCHOBE ITPUBEJEHHBIX B JAHHOW KHUIe MPOEeKTOB Kapkosa ¢
ucnonp3zoBaHreM MKD moryT ObITh NepeaHsl APYriM MOJIb30-
BaTeJIsAM CO CCBUIKOM HA UCTIOJIb30BAHUE JTAaHHOM KHUTH Kapko-
Ba.

KHura npeaHazHaueHa WHKEHEepaM U y4EHbIM, padoTaloIuM
B Pa3JIMYHBbIX OTPACISAX MMPOMBILIUIEHHOCTH, a TAKXKE CTyJIeHTaM
¥ TIpenojaBare/isiM TEXHUYECKUX KOJJIeKeW, TEXHUKYMOB, UH-
CTUTYTOB M YHUBEPCUTETOB.

Bce npaBa 3amuiiensl. Hukakas 4acTh 3TOM KHUTY HE MOXKET
OBITh BOCITPOM3BE/ICHA B KaKOU ObI TO HU ObLTIO (hopMe Oe3 MUCh-
MeHHoro paszpetienus aupekropa OO0 “UzparensctBo “Kap-
koB IIpecc”.

Copyright Kapkos Banepuit AnekceeBuu (Zharkov Valerij
Alekseyevich), mupekrop OOO “UspatensctBo “JKapkoB
ITpecc™.
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JIuteparypa



BBenenune

DTO yHUKAJlbHAasi W E€OUHCTBEHHAs KHUra IO KOMIIbIO-
TEPHOMY TPOEKTUPOBAHMIO OOpPaOOTKM MaTepuasioB W pas-
pabOTKE TEXHOJIOTMYECKUX MPOLIECCOB M3TOTOBJIEHUsI JeTa-
Jieit B ipombiniieHHocT B Computer-Aided-Design/Computer-
Aided-Engineering-cucremax (CAD/CAE-cucremax) Ha npu-
Mepax MPOEKTUPOBAHUSI OCHOBHBIX (DOPMOM3MEHSIIOIIMX Olepa-
uui npomseiiuieHHocTH B CAD/CAE-cucreme Ansys Forming
kopropatmi ANSYS Corp (CIIA); Ansys Forming HerpyaHo
PUOOPECTU U JIETKO YCTAHOBUTH JIaXe Ha JOMAITHUNA KOMITBIO-
Tep.

B nanHom 1-m M3pmaHMM KHUATU pa3paboTaHa METONONOTHS
ZKapkoBa 1o MOIeTMPOBAHUIO TEXHOJIOTMYECKUX TTPOIIECCOB 00-
PabOTKM 3arOTOBOK C TIeJIbI0 M3TOTOBJICHUS JIeTalell Ha TIpuMe-
p€ HIMPOKO PaCpOCTPAHEHHBIX B MPOMBIIUIEHHOCTH (hOPMOU3-
MEHSIOIIMX OTepalyii TUCTOBOM MTaMIOBKU. TouHee, pa3zpado-
TaHa Teopusi /KapkoBa U KOMIBIOTEPHOE MPOEKTUPOBAHUE TEX-
HOJIOTMYECKUX TPOIECCOB 00paOOTKM 3ar0TOBOK W MOTyYEHUS
JeTajieil Ha MpUMepe PaclpOCTPAHEHHON B MPOMBIILIEHHOCTH
(pbopMomn3MeHsoIIEN Onepaluy JUCTOBOW IITAMIOBKHY, & UMEH-
HO: BBITSIKKA CJIOJKHBIX KPYMTHOTaOAPUTHBIX THUIIA Ky30BHBIX JIe-
TaJiell U3 JIMCTOBBIX 3ar0TOBOK. Croco0 BBHITSIKKY TPUMEHSIETCS
M KaK caMOCTOsTeNIbHasl Orepalus, U B COYETAHUU C APYIUMU



MHOTOYMCJIEHHBIMU OIEPALIMSIMU JIMCTOBOM IITAMIIOBKHU.

Maremarrueckass MOZENb CJIOKHOU NOBEPXHOCTH Ky30BHOM
jgeranu B Buae (paiia dopmara, Hanmpumep, *.igs wid *.stp,
NoJTy4YeHHOro nocne npoektupoBanus B CAD-niporpamme wim
CKaHUPOBAHUS1 MACTeP-MOJIEH IETAIU WU U3EJUs1 Ha KOOPAU-
HaTHO-U3MepuTeabHOU MaHe, ummnoprupyercsa B CAD/CAE-
CHCTEMY M TIOyJaercsl n3o0paxkenue nerany. Ha ocHOBe 3Toro
n3zoopaxenus B CAD-cucreme Ansys DesignModeler niu Ansys
Discovery mpoeKTUpYIOTCs 3aTOTOBKA W MHCTPYMEHTHI, 00pada-
THIBAIOILIME 3Ty 3arOTOBKY: ITyaHCOH, MaTpULIA U IPUKUM IITaM-
na JUisl BBITSDKKHM, U COXpaHsSIOTCS B BUJE (paiyioB B popma-
Te *.igs unum *.stp. 3ateMm 3TH (pailyibl UMIIOPTUPYIOTCS B Ansys
Forming, co3ma€rcst mpoekT mo oOpabOTKe 3aroTOBKU MHCTPY-
MEHTaMM, MOJEJIUpPYETCs ONepauusi BBITSKKUA C aHUMAalMed u
pacuérom JedopMalvii ¥ CHJI M ONACHOCTH CKJIAIKOOOpa3oBa-
HUs1, YpE3MEPHOIO YTOHEHUs U pa3pylIeHUs 3aTOTOBKHU B IPO-
1iecce IITaMIOBKY Ha OCHOBE JUarpaMMbl MpeAesbHbIX aedop-
marmi (JI11) n xputepues paspyuenus Kapkosa. Eciau napa-
METPbI ITAMIOBKY MPEBBIIIAIOT TU KPUTEPUH, BHOCATCS U3ME-
HEeHHUsl ¥ MOJIEJIMPOBaHUE TTPOJOIKAETCS JI0 TeX Mop, Koraa Oy-
YT AOCTUTHYTHI IPUEMIIEMBIE /ISl KOHKPETHOTO MPOU3BOJCTBA
pEe3yJIbTaThl.

B kax /ol maBe cHavasna popMyJIupyeTcsl MOCTAHOBKA 3a/1a-
YU C LIEJIbI0 TIOHMMaHUs MeXaHu3Ma (hOpMOU3MEHEHH I 3arOTOB-
KM B IPOIIECCE BBITSKKH, YTOOBI TPAMOTHO, a/IEKBATHO PeaTbHOM
OIepaly BHITSKKY JIeTajlel U3 3ar0TOBOK HA TPOU3BOJICTBE, CO-



3nath cBoil npoekT B CAD/CAE-cucreme. 3arem faiorcst mo-
JIpOOHBIE TMOIArOBble MHCTPYKIIUMU JIJISI KOMIIBIOTEPHOTO MOJIe-
mupoBanus B CAD/CAE-cucreme 3T0i onepanyy BbITSKKH M0-
nydabpuKara U3 JUCTOBOM 3arOTOBKU C YUYETOM MOCIEAYIOIIUX
orepanui MTaMIIOBKM TOTOBOU JIETAJIH.

CAD/CAE-cucrema Ansys Forming oObeinHseT B cebe mpo-
CTOTY WCHOJIb30BAaHUsI U MOIIb TEOPUI YIPYTrOCTH, TUIACTUYHO-
CTU, METO/Ia KOHEUHBIX JIEMEHTOB U aJITOPUTMUYECKUX S3bl-
KOB BBICOKOTO YPOBHSI, HA OCHOBE KOTOPBIX pa3padoTaHa JaHHAas
cucreMa. B 1TaHHOM 4pe3BbIYAaHO HACHIIIEHHOM W3JaHUM (3a-
MEHSIIOIIEN HECKOJIBKO JIPYTUX KHUT U PYKOBOJICTB) MOCTIEI0BA-
TEJIbHO U BCECTOPOHHE M3JI0KEHA METOJO0JIOTUS CO3AAHUS YHU-
KaJIbHOTO BBICOKOTEXHOJIOTMYHOTO U HAYKOEMKOI'O MPOrpaMM-
Horo nponykra B Buge nmpoekra CAD/CAE-cucrems! 11 Moze-
JIMPOBAHMS TEXHOJIOTMYECKUX MPOIECCOB B PA3IMYHBIX OTpac-
JISIX TIPOMBIILIJIEHHOCTH, HAUMHAsA OT TPEXMEPHOI'O MOJIEIMPOBA-
HUs1 OIHOOIEPALIMOHHON BBITSI)KKM Y 3aKaHYMBAsl MOJIEIMPOBA-
HHEM MHOTOOTEPAIIMOHHON BBITSDKKH AETaJlel U3 pa3HooOpas-
HBIX 3arOTOBOK.

MonenupoBaHrie OCHOBAHO Ha MOIIIHBIX COOCTBEHHBIX TPEX-
MEPHBIX rpaUUECKUX BO3MOKHOCTSX CUCTEMbI, UYTO MO3BOJISI-
€T CTPOUTD CJIOKHbBIE TPEXMEPHBIE MOJIENIN 3aTOTOBKU U UHCTPY-
MEHTOB, KOTOpBIE B IMHAMHUKE 00padaThIBAIOT 3Ty 3arOTOBKY C
LEJIbI0 TIOTYYEHHUs JETali, a TaKXKEe JBYXMEPHBbIE U TPEXMEP-
HBle rpapuKK pa3HOOOPa3HBIX (DYHKIIMH, B TOM YHCIIE TUarpam-
Mbl U3MEHEHHSI BO BPEMEHU Pa3IUYHbIX MapaMEeTPOB TEXHOJO-



TMYECKUX TMPOIIeCCOB, HAIIPUMED, quarpamma “cuia nedopmu-
pOBaHUs 3arOTOBKA MHCTPYMEHTOM — XOI MHCTpyMeHTa . Cu-
crema Ansys Forming oowemuusier B cede Computer-Aided
Design-cucremy u Computer-Aided Engineering-cucremy, siB-
nsgercsa CAD/CAE-cucreMont, BCIEACTBUE YETO UMEET OOJIBIIINE
NPEUMYIIECTBA [0 CPABHEHUIO C IPYTUMHM ITPOr paMMaMH.

[Mocne nocTpoeHust MojieNy, CUCTEMA BBIMOIHSET YUCIEHHOE
MaTeMaTHYeCKOe MOJIEIUPOBAHKE Ipolecca 1e(pOpMUPOBaHUS
3arOTOBKM P U3rOTOBJIEHUM AETAIA HA OCHOBE TEOPUH yHpy-
T'OCTH, TUTACTUYHOCTH, 0OPa0OTKU MAaTepUAJIOB JIaBJIeHUEeM, Pa3-
pYILEHUs] MaTepUaJioB U METOIa KOHEUHbIX eMeHToB (MK?D),
MO3BOJISIET MOTYYaTh MPAKTUUECKU BaXXHYI0 MH(OpMALIUIO O MO-
JeIMPYEMOM IPOLIECCe, BHOCUTh U3MEHEHUS B MPOLIECC, CHOBA
MOJIETMPOBaTh M TaK 10 TeX MOp, Koraa OyayT MOTyYeHbl Tpe-
Oyemble MapaMeTpbl TEXHOJIIOTMUYECKOro npouecca. Paspadoran-
Hble yurtatesieM npoekthl B CAD/CAE-cucteme Ha OCHOBE MpuU-
BE/IEHHBIX B JAHHOM M3/IaHUU MPOEKTOB KapKoBa MOTYT OBITH
niepesiaHbl JpyruM MoJIb30BaTesIM CO CChUIKOM Ha UCMOJIb30Ba-
HUe AaHHOro u3naHus JKapkosa.

Haiia ocHOBHas1 11eJ1b — 1aTh YUTATENIO Ty MH(OPMALUIO, KO-
TOPYIO OH OoJIbIle HUT/IE He HAUAET. [oaToMy B m3naHum He 1y0-
mapyerca cipaBka CAD/CAE-cucremsl. Ecim y unrarens Bo3-
HUKHYTb OOII[1E€ BOIIPOCHI, OH JIETKO OTBHILIET CIPaBKY M TaM Haii-
JET OTBET, TaK KaK TEPMHUHOJIOTHUS IOCJIE MEPEBOA C PYCCKOTO
SI3pIKA HA AHTJIMIACKWU TIO BCEM TeMaTukaM y Hac oOmas. [la-
HBI JIMIIb KPaTK¥e MOsICHEH! I, YTOOB HAUMHAIOIIVIA TTOJTh30Ba-



TeJIb TIOCTENIEHHO OCBAaWBAJI Pa3IMuHble OA30Bble JUCIUILTUHBI,
MO0 BO3MOHOCTU HE UCTIONb3Ys IPYTUe MaTepHalibl; OMBITHOMY
TMOJIH30BATEIIO TaKKe OyAyT MOJIe3HHI 3TU TosicHeHus1. K octo-
WHCTBaM M3JaHUs1, PACCYUMTAHHOIO HAa IMPOKUI KPYI HOBUUKOB
Y ONBITHBIX CHELUATMCTOB, OTHOCSITCSl MPAKTUYECKasl HAIpaB-
JIEHHOCTb, TIPOCTOTA M3JIOKEHUS] U HATMIKE TIOIPOOHBIX METO-
JIVK Y TIOIIArOBBIX MHCTPYKIIMA, OOJBIIIOE KOJIMYECTBO MpPUMe-
POB U WTIoCTparuid. Terneps ynTaresnsim, 3aHUMAOIIUMCs 00pa-
OOTKOIM MaTepuaJioB B IIPOMBIIIUIEHHOCTH, MOXET He TOTpe0o-
BaThCsI U3yUaTh CJIOKHBIE TEOPETUUECKUE KHUTH, TIOCEIATh JIJTH-
TeJIbHbIE W JOPOTOCTOSIIIIME YyUeOHbIe KypChl U MOKYNaTh MHOTO
OT/IIEJIbHBIX KHUT. ABTOpP 3TO czienan 3a HUX. Yutaremo Heoo-
XOOUMO Oy/IET JIUIIb OTKPHITh JAHHYIO KHUTY B MHTEPECYIOIIeH
ero riaBe (Majo KTo Oy/eT u3yvaTh W3/IaHhe OT KOPKU JI0 KOp-
KM, XOTSI 9TO M JKeJlaTeIbHO) U 110 aHAJIOTHH C TIOIPOOHBIMU MH-
CTPYKIMSIMU IJ1aBblI (110 TPUHLIMITY: eJIaid, KaK s1) CAMOCTOSITEb-
HO pa3palaThiBaTh CBOW Y4€OHBIN, HAYYHBIN WM TPAKTUIECKUIA
pOoeKT. 11 MMEHHO NpyU PEeIEHUHA CBOEU KOHKPETHOM M CJIOK-
HOW MPO(EeCCUOHAILHO UHTEPECHOM 3a]]aui (2 HE OTBJICUEHHBIX
npocthix npumepoB B cripaBke CAD/CAE-cuctembl) yutaTesib
OyzieT u3yvarh (€cv OH HOBUYOK) WJIM JaJTbllie OCBAaUBaTh (ec-
JI OH TIPOJIBMHYTHIN TIOJIL30BATENh) 0a30BbIe AUCIUILIMHBI TIO
naHHou tematuke. Co3zpaBast cBo npoekT B CAD/CAE-cucre-
Me 1o Metoguke 7KapkoBa B JaHHOM U3[JaHUH, YATATENIb CMOKET
B OIMHOYKY PadOTaTh 32 KOHCTPYKTOPA, TEXHOJIOTa, MaTeMaTHKa
Y MIPOrpaMMKCTa OMHOBPEMEHHO U COKOHOMUTD HEJIENIN U MeCsI-



bl YIIOPHOT'O Tpyaa. Eciiv B HAYaIbHBIX I71aBaX MHCTPYKIUU 110
pa3paboTKe MPOEKTOB OMUCAHBI TIOAPOOHO (B MHTEpecax HOBUY-
KOB), TO UHCTPYKIIMM B KO MOCJIEAYIOIIEN IVIaBe JIaHbl BCE
KOpOY€ U KOpoYe (Y4acTo CO CChUIKOM Ha Apyrue KHUru sKapko-
Ba MO OJIM3KOHN TEMAaTHKe), 9YTOOBI HE MOBTOPSTHCSI U SKOHOMUTD
MECTO B KHUTE.

[Tpu coznaHnu MPOEKTOB B JAHHOM M3IaHUU IO MOJIEJIMPOBa-
HUIO BBITSIKKHU CJIOKHOW KYy30BHOW JIETAIM UCHOJb3YIOTCs (haii-
76l popmarta *.igs ¢ yxke KeM-TO 33JaHHOW reOMEeTpUel MOBepX-
HOCTU Ky30BHOW JeTaJIi B KaKOW-TO Tpachuieckon OnomoTeke.
daiitel hopmara *.igs MOTyT OBbITH BBICJIAHBI IO email U MoryT
UCTIONb30BaThCS B yUeOHBIX, HAYYHBIX U TPAKTUYECKUX LIEJISX.

['eomeTpusi 3arOTOBKM MOXET MPOEKTUPOBATHLCS MOJIb30BATeE-
JIeM, WCTIOJb3Yysl COOCTBEHHBIE MOIIHBIE TpahuIecKre BO3ZMOXK-
Hocth Kak CAD/CAE-cucremsl Ansys Forming, Tak u CAD-cu-
crembl Ansys DesignModeler win Ansys Discovery.

W nipubmkéHHas WHxXeHepHass Teopus JKapkoBa JIMCTOBOR
mramiioBku, 1 oonee touHasas CAD/CAE-cucrema OCHOBaHBI
Ha MCIOJIb30BAHMU TEOPUH YIIPYTOCTH, TEOPUU IIACTUYHOCTU U
Teopun 00padOTKU MaTepuasioB AapieHueM. [losromy st mo-
HUMaHMs MeXaHU3Ma J1e(pOpMUPOBAHUS 3arOTOBKY Ha Orepaliy-
AX IITAMITOBKY U npaBuibHOro ucnons3oanusa CAD/CAE-cu-
CTeMbI TIPU CO3JIaHUM MPOEKTa JJisi MOJACTUPOBAHUS IIITAMIIOB-
KM KOHKPETHOU JIETaM U3 JIMCTOBOM 3arOTOBKH, LIEJIecO00pa3-
HO O3HAKOMMTHCSI C OCHOBHBIMU MOJIOKEHUSIMU Teopun Kapko-
B2 JIMCTOBOM ILITAMIIOBKHU.



B rnaBax npuBeneHa Teopusl JIMCTOBOW IITAMIIOBKH, JOIOJ-
HeHHasi Teopuelt 2KapkoBa MO BBITSIKKE, 110 YUETY YIIPOUHEHUS
1o opmyne KapkoBa M aHM3OTPOITMU 3aTOTOBKU C MOMOLIBIO
ko3 dunmenTta JKapkoBa aHU30TPONNH, IO AHATU3Y ONTACHOCTU
pa3pylleHusT 3arOTOBKHM NpU 00padOTKe Ha OCHOBE AHMarpamm
nipenenbHbix gedpopmanmii (II1), yronenui (AITY) u nanpsixe-
HuM (JITH). Tak kak u3araemplie B JAHHOM W3/IaHWW MaTepua-
JIbl IPEIHA3HAYEHBI [J151 LIIMPOKOI0 Kpyra unrareseu (CTyAeHTOB,
WHKEHEPOB U YUYEHBIX ), 3aHUMAIOIIUXCS 00padOTKOW Martepua-
JIOB B IIPOMBIIUIEHHOCTH, aBTOP CTPEMWICS HE YCJIOKHATDH aHa-
JIMTUYECKUE PEIEHUs] U IHUPOKO MCIONb30BATh MPUEMIIEMbIE
JOMYIIEHNS U YIPOILIEHUs C TeM, YTOOBl CO3/1aTh MHKEHEPHYIO
TEOPUIO JIMCTOBOM ILITAMIIOBKU U MOMYYUTh MaKCUMAaJIbHO IPO-
CThIE AHAJIMTUYECKUE 3aBUCHMOCTH, OTPAKAIOIIUE JEUCTBUTEIb-
HblEe ycI0BUA aepopMupoBaHus 3arotoBku. Popmyia Kapkosa
1UIs1 y4€Ta yIpouyHeHUs 00pabaThIBA€MOI 3arOTOBKH JjaJiee BBO-
nunack B CAD/CAE-cucreMy npy CO34aHUN KaXI0rO IMTPOEKTA.
IIpuBonutca aBropckas teopus sKapkoBa B.A. BHTSXKKHM eTa-
JIeW U3 3arOTOBOK C YYETOM YIPOYHEHUS U aHU3OTPOIIMH 3aro-
ToBOK U npoektupoBanure B CAD/CAE-cucreme BHITSKKY JeTa-
JIel C UCTIOJIb30BAaHUEM STON TEOPUH.

Hanomuanm BaxkHOe 00CTOATENHCTBO. B Kaxa0M pasaerne, kak
IIPaBUJIO, CHavYaJIa puBoauTcs Teopus Kapkosa aedopMupoBa-
HUSI 3aTOTOBKHU, IAETCSI MHKEHEPHBIN aHATTU3 M OOOCHOBBIBAIOTCS
AQHAJTUTUYECKHE 3aBUCUMOCTH C YUETOM YITPOUYHEHH I 3arOTOBKHU
no ¢gopmyse Kapkosa n koappuupmenra KapkoBa aHM30TpO-



MY 3arOTOBKM JIJIsl pacy€Ta HarpsikeHui, nedopManui u Kpu-
TepueB JKapkoBa BEpOSTHOCTH pa3pyllIeHUsI 3arOTOBKHU C 1IEJIbI0
MOHMMAaHUsI MexaHu3Ma (POPMOM3MEHEHUSI 3arOTOBKH B IPO-
1iecce IMITaMIIOBKH, YTOOBI (C UCTOb30BAHUEM IPUMEPOB B BU-
ne gaitnoB npoektoB CAD/CAE-cucremsl 1o email) rpamoTHo,
aJIEKBATHO peaIbHOM ONEPALY IITAMIIOBKH JIETAJIEN U3 3arOTO-
BOK Ha MPOU3BOJICTBE, co3aaTh cBoM poeKT B CAD/CAE-cucre-
Me. 3areM J1alTcs MoApOoOHbIe MHCTPYKIUH 7151 60/iee TOYHOTO
KOMITBIOTEPHOTO unciieHHoro moaenrpoBanue B CAD/CAE-cu-
CTeMe 9TOU ONepalyy MTAMIIOBKY JeTajlell U3 pa3sHOOOpa3HbIX
3arOTOBOK.

B naHHOM M31aHUM NPUBEAEHBI CIEAYIOUIME Pa3/Iesbl, IJIaBbl
1 naparpadpwl.

BBenenue

Paznea 1. Coznanune npoexkta B CAD/CAE-cucreme
Ansys Forming u uMnopTt Moe i 1eTaju Uil HHCTPYMEH-
Ta J1JIsl K3rOTOBJIEHUS JeTaJH U3 3ar0TOBKU

I'nasa 1. [lociieqoBaTe IbHOCTD pellieHNsI 3a71a4 B Ansys
Forming
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JIureparypa

Criemyst mogpoOHBIM TIOIMIATOBBIM MHCTPYKIMSIM B U3JaHUM,
MoOOH MoNB30BaTeNb, Jake Oe3 CrieluaIbHOW MOATOTOBKH, IO
meToziooruy JKapkoBa cHavasia MOKeT ObICTPO MPOaHAIU3UPO-
BaTh LITAMIIOBKY JIETAJIM U3 3aTOTOBKU C PACYETOM OPUEHTHPO-
BOYHBIX 3HAYEHUM HANPSOKEHUM U AepOpMaluu 10 NPUBEIEH-



HBIM B JJAHHOM U3JaHuM pasaenam “Teopun 7KapkoBa JIUCTOBOM
LITaMIIOBKM ’, @ 3aTEM I'PAMOTHO, TOXJIECTBEHHO PEajIbHOU OIle-
pallvy BHITSKKYM HAa TIPOM3BOICTBE, CO3JaTh CBOM COOCTBEHHBIN
y4eOHbI, HayuHbIN win nipakTrdeckuid poektr B CAD/CAE-
CHCTEME U Jlajiee MOJEINPOBaTh, U3y4aTh, UCCIEIOBATh U MIPU-
MEHSTh Ha TPaKTHKE (B aBTOMOOWJILHOU, aBUACTPOMTEIILHOM,
NIEKTPOTEXHUYECKOM, MOCYIHOU, YITAKOBOUHOU U IPYTMX OTpac-
JISIX TIPOMBIIIUIEHHOCTH ) 33JJAHHBII MTPOIIECC MTAMIIOBKU, YTOOBI
COKPATUTh BPEMSI U KOJIMYECTBO OIMMOOK MPU MPOESKTUPOBAHUN
TEXHOJIOTMYECKOI'0 MpoLiecca ITAMIIOBKM U CBA3aHHBIX C 9TOU
orepanuen Ipyrux TeXHOJOrMYEeCKUX MPOLIECCOB, CHUBUTh HOP-
My pacxojia MaTepuajia 3ar0OTOBKM Ha [IeTajlb U YMEHBUIUTD Ce-
0eCTOMMOCTb U3rOTOBJICHUS A€TAJICH.

Pazpaborannsie untatenem npoektsl B CAD/CAE-cucteme
Ha OCHOBE MPUBEJEHHBIX B JAHHOM U3/1aHUU MMPOEKTOB KapkoBa
c ucnosb3oBaHueM MK3 MoryT ObITh NiepeiaHbl IPYTUM MOJIb30-
BaTeJIsSIM CO CChUIKOM Ha UCMOJIb30BaHUE AJAHHOTO U31aHust Kap-
KOBA.

Knura npegnazHayeHa MHKEHEpaM M YUEHBIM, paOOTaIONIIM
B Pa3JMYHBbIX OTPACJISAX MMPOMBILIUIEHHOCTH, a TAKXKE CTYJEHTaM
U TIpenojaBare/isiM TEXHUYECKUX KOJJIeKel, TEXHUKYMOB, WH-
CTUTYTOB U YHUBEPCUTETOB.

W3nanue npeaHa3HaueHO Takxke JUIsl BCeX JKeJaloluX ObICT-
PO M3YUYUTb METOAOJIOTHIO MOfeInpoBaHus npoueccoB B CAD/
CAE-cucreme Ansys Forming nocneanei Bepcuu, cpasy ke co-
3[1aBaTh B 3TOM CUCTEME MOIIHbIE TPO(PECCUOHATBHBIE MPUJIO-



KEHUSI U TIPUMEHSITh X Ha TMPAKTHKe B Pa3HOOOpasHbIX ce-
pax aedarenbHOCTU. B TOM umciie, M3nanve npegHa3HavyeHo i
HAUMHAIOIIUX U OTBITHBIX MOJIb30BATENIEN KOMIBIOTEPAMH, MPO-
I'PaMMMUCTOB PA3JTUYHON KBAIM(DUKAIIMY, UHKEHEPHO-TEXHUYe-
CKUX PaOOTHUKOB, KOHCTPYKTOPOB, TEXHOJIOTOB, MAaTEMATHKOB,
MEXaHWUKOB, aClIUPAHTOB, HAYYHBIX PAOOTHUKOB M YUEHBIX, pa-
OOTaIOUIMX C LEJIbIO:

npumeHeHnsi CAD/CAE-cucrembl Ansys Forming s pas-
pPabOTKM WHAMBUAYAJBHBIX WM KOPHOPATHBHBIX MPOEKTOB U
MPAKTUIECKUX MPUJIOKEHUN B MHOTOUHMCIEHHBIX 00JIACTSIX JIes-
TEeJIbHOCTH;

CO3[IaHUSI CUCTEM KOMIBIOTEPHOTO MOJIEIMPOBAHUS U IPO-
extupoBanusi (CAD/CAE systems — Computer-Aided-Design/
Computer-Aided-Engineering-systems) B pa3IMuHbIX OTPACISIX
MIPOMBIITUIEHHOCTH;

Pa3BUTHUS MPUKJIATHON MaTeMAaTUKU (QaHAJTMTUYECKOE U YHC-
JICHHOE MaTeMaTHYeCKoe MOJIEIMPOBAHUE, METO]l KOHEYHBIX
9JIEMEHTOB);

COBEpIIIEHCTBOBAHUSI TEOPUU B 00JIACTU MEXaHUKHU JiepopmMu-
pyeMoro Tena (Teopuu yNpyrocTd U MIACTUYHOCTH, MEXaHUKA
pa3pyleHus1, Teopusi 0OpadOTKHU METaJJIOB M HEMETaJJIOB JIaB-
JICHHEM),

a TakKe JJIsl y4yalluxcsl U CIyIiaTesiell KypcoB, CTYJEHTOB,
yuuTesel U rmperojaBaTesiell TEXHUYeCKUX CIeluaIbHOCTEH.

OTMCTI/IM, YTO U3 MOJHOIO BapraHTa KHUT'M Ha PyCCKOM A3bI-



ke aBTop ygayui ['naBet 24, 25, 26, a B 'naBax 1-5 aBTop ynamn
9YacTh HE OYEHb BAXHBIX PUCYHKOB, YTOOBI YMEHBIIUTH OOBEM
KHUTH JI0 TpeOyemoro oobéMa B 70 MO, Ho 311 [naBer 24, 25,
26 U PUCYHKM MOKHO IMOCMOTPETh B MOJHOM BapuUaHTE KHUTU
aBTOpA Ha aHIIMICKOM si3bIKe (B criucke Jlureparypsl nojg HoMme-
pom 193):

193. Zharkov Valery Alekseyevich. Zharkov's methodology
on projecting the stamping in Ansys Forming with artificial
intelligence. Edition 1. — Moscow, Publishing house “Zharkov
Press”, 2026 (Ha caiite amazon.com B pazzesie Books).

B cBs131 ¢ 60JIBIITMM KOTMYECTBOM PUCYHKOB, KHUTA pa3jieie-
Ha Ha Tpu vyactu: Yacte 1, Yacte 2, Yacts 3.

Yactp 1 onmyOnrkoBaHa 1o apecy:
https://www litres.ru/book/valeriy-zharkov-32440068/

metodologiia-zharkova-po-proektirovaniiu-shtampovki-v-
ansy-74416258/

Bce BOIIPOCHI, 3aMEYaHU S U IIPEATIOKCHUS 110 TCMAaTUKE NaH-
HOW KHUTH MOKHO HaIlpaBJIATb B U3JaTCJILCTBO 110 email:

dr_zharkov_v_a@mail.ru

Caur OOO  “MzparensctBo  “KapkoB  Ilpecc”



ZharkovPress.ru wim www.ZharkovPress.ru.

ABTOp, TOKTOp TEXHUUYECKUX HayK, /Kapkos Banepun Anek-
CEeeBUY.
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MaTpUIbl U NPHKMMA INTAMIA s BBITSKKH MOJY-
¢gadpukara u3 3aroToBKMI

I'naBa 10. Onpenenenue B
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OIIOPHBIX TOYEK Ha MOJeJH nepel NPOeKTHPOBaHNEeM
MaTpPHIbI

10.1. Onpenenenne 1-i
OMOPHOM TOYKH HA MO/I€JIH

I'noGanbHas paboyasi MOBEPXHOCTbh MAaTPHILIbI COCTOUT U3 Clle-
JYIOLIMX OCHOBHBIX JIOKAJIbHBIX TIOBEPXHOCTEN:

1) BHyTpEHHS IOBEPXHOCTb,

2) NpUXUMHAasA IOBEPXHOCTD,

3) nepexonHas MOBEPXHOCTb MEX/y BHYTPEHHEN U IIPUKUAM-



HOW IMOBEPXHOCTEN MaTPUIIBI.

BHyTpeHHsIs MOBEpXHOCTh MATPUIIBl COOTBETCTBYET M3BECT-
HOU MOBEPXHOCTU MOJIEJIU JIETAJIM, HO MOCJIe BBIMOJIHEHHOTO BbI-
11Ie IMTOBOPOTa MOJEJIM OTHOCUTEJBHO HaIlpaBJIeHUsT 0OpabOTKH
3aroTOBKHM B IIITAMIIaX Ha Mpeccax.

Jl1st mocTpoeHusl MPUXKUMHOM MOBEPXHOCTH, KOTOpasi Haxo-
JIUTCsI BHE KOHTYpa MOJIEJH, HEOOXOAMMO OIPeIe/ITh ONOPHbIE
(uHaue, 6a30BbIe) TOUKU HA KOHTYPE MOJIEIIH T10 CJIeTYIOIel UH-
CTPYKIIUH.

1. IIponomxkaem co3nanubiid Beiiie nmpoekT B CAD/CAE-cu-
creme Ansys Forming vniu o onrcaHHOM Bblllle MHCTPYKIIMU CO-
31a€M HOBBI MPOEKT, UMIIOPTUPYEM B HErO0 MOJEJb AETald U
MIOBOPAYMBAEM €€ OTHOCHUTEIILHO HaIlpaBJIeH!s 0OpaOOTKY 3aro-
TOBKHM B IIITAMIIaX Ha Ipeccax.

2. Ha manemm Ansys Forming BBepxy crnpaBa B HaOOpe KHO-
nok “Model Manipulation and Viewing Tools” ménkaem 3Ha40Kk
Top.

[losBnseTcsa B CBEPXY Ha MOZENb (YK€ MOBEPHYTYIO BOKPYT
ocH Z. B MOJIOKEHUE MU €€ mTaMiioBke), puc. 10.1.

3. Ha manenmu Ansys Forming BBepxy crpaBa B Habope KHO-
nok “Model Manipulation and Viewing Tools” B 3Hauke Measure
HIETKaeM CTpeJIKy U BeiOMpaem mapamerp Distance.



BBepxy cneBa nosieisieTcs radbnuia Measure.

B HukHEM JIEBOM yINly OKHa MPOEKTUPOBAHWS BHUJHA IJIO-
OanbHas cucteMa KoopauHaT XYZ, MOBEPHYTAs TaK, YTO IJIOC-
KOCThb XY HaxOAWUTCA Ha I0JIE OKHA PEJAKTUPOBAaHMA, a OCh Z
HaIpaBJIEHa HA YUTATEIS, T.€. UCIIOJIb3YETCA PaBasi CUCTEMA KO-
OpPAMHAT, 111 KOTOPOU MOBOPOT OcH X K OCH Y BOKPYT Ocu Z
OCYILECTBJIAETCA B MOJIOKUATEIBHOM HAIIPaBJICHUM IPOTUB 4aCO-
BOH CTPEJIKHU.

B HM:kHEM IIPaBOM YIUy OKHa IMPOEKTUPOBAHUS BUJIHA CUCTE-
Ma UVW 15151 nepeMenieHnil y3J1I0B CETKA KOHEYHBIX JIEMEHTOB,
Ha KOTOpbIE OyJIeT pa3/ie/ieHa 3aroToBKa.

IIpu nepemerieHMM yKa3aTelisi MBILIM 110 [IOBEPXHOCTH JIeTa-
JIM HA HUKHEW CTPOKe MOsBIISIIOTCS TpU KoopauHatel Coords To-
YeK JIETaJIH B IJI00aIbHOM crcTeMe KoopanHat X YZ, ¢ TOUHOCTHIO
JI0 TPETHETO 3HAKa MOCJIE 3aAMATOM (UJIU MOCJIE TOYKH), T.€. C TOU-
HOCTBIO JIO TPETHET0 3HAKA MOCJIE 3aMATOM, TOYHEE, 10 MUKPOHA.
HanomunMm, 4to pa3Mmepsl A€Taau U3MEPAIOTCS B MUJUIMMETPaXx.

4. B rpadgrueckomM OKHe MIEJIKAeM yKa3aTejaeM MbIIIH 1o 1-
¥ TOUKE MOJEH.

B xauectBe 1-ii Touku BeIOEpeM, ISl IPUMeEpa, TOUKY Ha OCH
CUMMETPUU MOJEJH KPANHIOI MIPABYIO TOUKY.

Beepxy cnea B TaOnuiie Measure B OKHax Jisi KOOpIWHAT X:,
Y, Z: N0sBAAI0TCA KOOPAMHATHI 3TOU TOUKH C TOUHOCTBIO A0 I11e-
CTU 3HAKOB (€C/IM 3amsATasi HaXOAUTCSl BHYTPU YKC/A C HIECThIO
u(ppamMu) WIM ¢ TOYHOCTBIO 10 TPETHETO 3HAKA IOCIE 3aIATON



(10 MMKpOHA), €CJIU 3amsTasi HaXOAUTCs TOCsIe MepBou 1 pbI
YKCTIa; HATOMHUM, YTO KOOPAWHATHI OMPEAEsSIOTCS B MUJUIH-
metpax (puc. 10.2).

DT K€ KOOPAUHATHI BUJHBI U B HM>KHEM ITPABOM YIVIy OKHa
penaktupoBaHus nocie cioa Coords (puc. 10.3).

Buano, 4ro ecim BBepXy B CTpoke “Y:” B OKHE 3aIllMCAHO
-0.000 (¢ TOYHOCTBIO 10 TPETHETO 3HAKA MOCJIE 3aMSATON ), TO BHU-
3y 9Ta e KOOp/MHaTa 3anucaHa oosnee To4HO: -3.46692e-7.



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npegocraBieH OO0 «Jlurpec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha Jlurpec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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