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Annomayusn. Cogpemennoe MAuUHOCMpoumenbHoe nPou3800CmE0 HAxXo00Umces 6 cmaouu GyHOAMenmaibHo2o ne-
PeocMbICaeHUsl U PAOUKATLHO2O NEePEenpOeKmupo8anus KOHCMPYKMOPCKUX U MEXHOI02UYeCKUX IMANn08, ¢ Yeablo 00Cmu-
JICEHUST KOPEHHBIX VIyuulenuti Hauboaee 8axdCHbIX noKasamenell e2o 0esimeibHOCMU — CIMOUMOCHb, KA4eCma80o U NPou360-
oumenbHocms. Llenb ucciedoganus pabomsl — AHAIU3 COBPEMEHHBIX MEMOO08 PeepC-UHICUHUPUNHSA C YYEMOM Henpepble-
HO20 pa3eumust YuGpoevlx MexnoI02uil NPOEKMUPOBaHUs, U320MOsLeHUs. U cOOpKU MawuHocmpoumenvhvlx uzoeui. Co-
30anue IPPexmusHo20 aneopumma MmexHoI02UU U320MoGIeHUs U COOPKU CLOJNCHBIX COnpsizaembix demaneil. B cmamve
npeodcmasiena YCco8epueHCme08aHHAsl MeXHON02Usl U320MOBLEHUsT U COOPKU U30eNUll MAUUHOCMPOEHUS, UCHOLb3YIOWAsL
MemoOobl pegepc-undCUnUpuned. Bulnoinen anaius ycnewno peulenHblx 3a0ay ¢ UCnoIb308aHUEM PEBEPC-UHICUHUPUHSA 8
PasauyHbIx cpepax npakmuyeckoi desmenvrHocmu. Iloxazano, umo danvheluiee pa3eumue CoBPEMEHHbIX Memooo8 Yug-
POB020 NPOEKMUPOBAHUSL U KOHCIPYUPOBAHUS CLONCHBIX U30EIUll MAUWUHOCMPOEHUs U PA3PAOOMKU ONMUMATbHBIX mMex-
HONIO2UT UX U320MOGNIeHUs, MpeOyem NepeoCcMblCleHus yeael, 3a0ai U 803MOICHOCMU UCHONb308AHUS PEBEPC-UHMCUNU-
puHea npu cozoanuu dPdexmusnvlx mexunonrouil. Bnepevie npeonoscen anzopumm mexHonrocuu u320mosienus demaneu
CLOJACHBIX COOPOYHBIX U30eNUU, OCHOBAHHBII HA NPUHYUNAX PEeGePC-UHICUHUPUHSA C UCTIONIb306AHUEM YUDPOBLIX UMePU-
MeabHbIX U 00PAbAMBIEAIOUUX 8bICOKOMEXHOIO2UYHBIX cucmeM. Paspabomannwiil ancopumm 3auuuén uzobpemenuem K
namenmy, Kaxk cnocod uzeomosienus coOopnozo usdenus. Illpoanarusuposana npobiema 3auunmuvl 0m KONUPOBAHUS KOHKY-
PEHMOCNOCOOHOU NPOOYKYUU MAuUHOCmpoeHus. Paccmompenul paznuunvle cnocobbl 3auumel 0m KORUPOSAHUsL U30eaull
ROIYUAEMbIX C UCNOb30GAHUEM COBPEMEHHbIX MemOo008 pegepc-undcunupunea. Paspabomannwiii cnoco6 noseonsem 3ua-
YUMENbHO COKPAMUMb KOIUYECMBEO MEXHOI02UYECKUX onepayuil, mpedyemuvlx 05l U320MoGIeHUsl GMOPOU 0emanu, 3a cuém
8HeOpenUss OOHOU KOHMPObHOU onepayuu 0s nepeoil 0emanu, npu 6blNOJHEHUU KOMOPOU 0CYWeCmensemcs usmeperue
9NEMEHMOB CONPANACEHUSL NEPEOT 0emanu U co30aémcsi KOMNbIOMEPHAs. MOOelb 8MOPOll 0emanu, ¢ y4émom npo8edEHHbIX
u3MepeHull U GblNOJIHEeHUEe YemblpEX onepayull Mexanuyeckou oobpabomku Ha cmanke ¢ YI1Y.

Knioueewle cnosa: peBec-nHXUHUPHUHT, THGPOBas MOAETH JE€TalH, CIOXKHBIE COOPOYHBIE M3MEHs, BUPTyaIbHOE
MPOM3BOACTBO, METOABl 3aIIUTHl OT KOMHPOBAaHHS, 3(PQPEKTHBHBICE TEXHOJIOTHH TPOCKTHPOBAHUSA, HW3MEPECHHS H
MU3TOTOBIICHUS
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Abstract. Modern machine—building production is being radically reinterpreted and redesigned in technological stages
and total restructuring for fundamental improvements in the most important significatives of its activities - cost, quality and
productivity. The purpose of the research is to analyze modern methods of reverse engineering, taking into account the contin-
uous development of digital technologies for designing, manufacturing and assembling machine-building products. It is effective
algorithmization that can be useful for manufacturing and assembling complex mating parts. The article presents an improved
technology for manufacturing and assembling machine-building products using reverse engineering methods. The analysis of
successfully solved tasks using reverse engineering in various fields of practical activity is carried out. It is shown that the further
development of modern methods of digital design and construction of complex mechanical engineering products and the devel-
opment of optimal manufacturing technologies requires some rethinking of the goals and objectives. There should be a possibility
of using reverse engineering for making effective technologies. For the first time, an algorithm for manufacturing parts of com-
plex assembly products based on the principles of reverse engineering using digital measuring and high-tech processing systems
has been proposed. The developed algorithm is protected by the patent application as a method of manufacturing an assembled
product. Duplication protection problem in case of competitive machine-building products is analyzed. Various methods of
protection against duplication of products obtained through modern techniques of reverse engineering are viewed. The devel-
oped method makes it possible to reduce significantly the number of technological operations required for the manufacture of
the second part by introducing one control operation for the first part, during which the coupling elements of the first part are
measured and a computer model of the second part is created, taking into account the all performed measurements and four

machining operations on a CNC machine.

Keywords: reverse engineering, digital model of a part, complex assembly products, virtual production, duplication pro-
tection methods, effective design, measurement and manufacturing technologies
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BBenenue

CoBpeMeHHOE MalTMHOCTPOUTEIBHOE MPO-
U3BOJICTBO HAXOAWUTCS B CTaaAuu (yHIaMEHTANb-
HOTO MIEPEOCMBICIICHUS U PAIUKAIBLHOTO MEPETPO-
E€KTUPOBAHUSI KOHCTPYKTOPCKHX M TEXHOJOTHYE-
CKHUX DJTaloB, C IEJbI0 JOCTHKEHUS KOPEHHBIX
ylydlieHuii HanOoJiee BaKHBIX IOKa3aTesel ero
JEeSITEIbHOCTH — CTOUMOCTh, KaU€CTBO U ITPOU3BO-
JUTEIILHOCTD.

Lenb uccnenoBanusi pabOTHl — aHAIHU3 CO-
BPEMEHHBIX METOJIOB pPEBEPC-HHKUHUPHUHTA C
y4€TOM HEMPEPBHIBHOTO Pa3BUTHS LIUPPOBBIX TEX-
HOJIOTUHA TPOEKTUPOBAHUS, W3TOTOBICHUS U
COOpPKHM MalTUHOCTPOUTEIBHBIX u3aenuii. Co3ma-
HUE 3P PEKTUBHOTO AITOPUTMA TEXHOJIOTUU U3TO-
TOBJICHUS U COOPKH CIIOKHBIX COMPATAEMBIX JIeTa-
JEen.

PeBepc-MHXXUHUPHUHT MOIXYYHII CBOE pas-
BUTHE B Pa3NUYHBIX c(epax YeIOBEUeCKOH mes-
tenbHOCTH [1]. CyThb ero 3akitoyaercs B TOM, 4TO,
KOTJla JIMJEPhl PA3IMYHBIX TPOPECCH HCIIONb-
3yIOT peBepC-MHXKMHUPUHT K pe3ysbTaTaM Bblla-
folerocst (4yoro, yke IMOJy4eHHOro) Tpyha,
4TOOBI U3BJICYh U (POPMATTN30BATh CKPBITHIE HJICH,
chopMUPOBATh HOBBIE KOMIIETEHIIUU B 00acTH
TBOpYECTBa M KpeaTuBHOCTH. OT Oosiee 00miero
MOHITHSI ~ PEBEPC-MHKUHUPUHTA  IOCTapaeMcs
pOAaHAIU3UPOBATh  €r0  HCIIOJIb30BAHHE B

TEXHUKE. A €CIu KOHKpETHee, B MAIIMHOCTPOU-
TeNBbHOM oTpaciu. B MHOrouncieHHsIx paborax,
MTOCBAILEHHBIX PEBEPC-UHKXUHUPHUHTY B MAIIMHO-
CTPOCHUHU, HAIOTCA Pa3IUYHbIE €ro MOHATUA U
onpexaeneHus [2 — 6]. B pamkax Hacrosimen pa-
OOTBI, paliMOHATBHBIM, Ha HAII B3TJISIT OyIET clie-
TyIOLIEe ONpPEEIICHNE PEBEPC-UHKUHUPHUHTA: Pe-
BEpPC-MHKUHUPUHT — MPOLECC KOMUPOBAHUS OJ-
HOW M3 CONpSTaeMbIX JeTajeld MalluHOCTPOH-
TENBHOTO W3jenus, noiaydeHue 3D-monenu BTo-
poH comnpsAraemMou AeTaiav, W3TOTaBIMBAEMON Ha
0o0Opy/OBaHWE C YHCIOBBIM IPOTPAMMHBEIM
yIIpaBJI€HUEM, C LENbI0 CHUKEHHUS 3aTpaT Ha U3-
TOTOBJICHUE CJIOKHBIX MAITMHOCTPOUTEIBHBIX U3~
nenui. JlaHHbIA NOAXOJ MPUMEHUM U B TOM CIIy-
yae, KOr/ia B M3ACIUN MOTYT OBITh U Oosiee JBYX
CONpPSATaeMbIX JI€TaJICH.

[Ipu peanuzanuu pa3pabOTaHHOTO ajro-
pUTMa aKTyalbHOM SIBJIAETCS 3a/1a4a ONPEACIICHUS
IIEPBOM U INOCIEAYIOIIUX CONPATaeMbIX ICTAJICH.
Kputepuem 3nech 6e3ycioBHO SBISIOTCS 3aTpaThl
Ha MX HM3roToBieHHE. UeM BbllIe TPYAOEMKOCTh
M3TOTOBJICHUS JIeTale U CTOMMOCTh HOpMa/daca
paboTbl 000pYIOBaHUS, TEM pallOHAJIbHEE BEPO-
SITHOCTH BBIOOpA B KAYECTBE MIEPBOM COMPATACMOM
JIeTalii, IMEBIIIeH HAauOOIbINNE 3aTPATHI.

[IpoGnema BBIOOpa MEPBOM CoOMpATAEMOI
JIETaIH 10 BEIUYMHE 3aTPAT 3aKIIOYAETCS B TOM,
YTO TpPH ONPEIEICHUU HUX TPATUIMOHHBIMU
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MeToaMu  (OTpaciieBble HOPMATHUBBI, THUIIOBBIC
TEXHOJOTHYECKHE MPOIIECChl, XPOHOMETPAXK) Tpe-
Oyercs pa3paboTKa TEXHOJIOTHYECKHUX MPOIECCOB.
B HameMm ciydae 3TO MpakTUYECKH HE peanusy-
emo. [IpuemiieMbIM CIOCOOOM SIBIISIETCSI UCIIOJIb-
30BaHHWE METOJO0B IPOrHO3HOI'O HOPMHUPOBAHUS
(ompeneneHue TPy I0EMKOCTH METOJIOM aHAJIOTHH,
9KCIIEPTHOTO OILEHUBAHUS, METOJ| OLICHKH KOH-
CTPYKTHUBHO-TEXHOJIOTHYECKON c0KHOCTH) [7].
HaunGosiee mpuemieMbIM ¢ TOYKHU 3peHUS TUGPO-
BU3AIMM W aBTOMAaTW3alUU (BKIIIOUEHHUE B BHJIC
otaensHoro moayisi B CAD/CAM/CAE cuctemsr)
SIBJISIETCSL METOJ] OLIEHKU TPYAOEMKOCTH C UCTIONb-
30BaHUEM KOHCTPYKTHUBHO-TEXHOJOTHYECKON
CJIOHOCTH OTJENbHBIX JIeTalei U MalnHOCTPOH-
TEIIbHOT0 M3eus B esioM [ 8]. biaok-cxema 00606-
HIEHHOTO aJITOPUTMA OCHOBHBIX BBIYHCITUTEIBHBIX
IpoLeayp MeToJa KOHCTPYKTUBHO-TEXHOJIOTHYE-
CKOU CIIO)KHOCTH MOKa3aHa Ha pUCYHKE 1.
Bomnpocsr noBsimenns 3G GheKTHBHOCTH U3-
TOTOBJICHUS U COOPKH M3JICTHI MAITHHOCTPOCHUS

BrnouakoT B ce0A CEENEHUA O 3aKazunKke, Wwugp
LETANW WNK U3ENUR, COSAHUIA KNACC TOUHOCTH W
ApYTHE NapaMeTphl HE BIIMAKDLLWE HA PACYET NPOTHOIHOMA

TDYAOSMKOCTH W 3aTpar

[ins npecc-hopM 1 TEXHONOMMYECKDA DCHACTKN
BKMIOYaKT & ce0A rabapuTHLIe pasMeps! M3aenus,
KOMMYECTED EHOBL M3TOTABNMBAEMEIX JETANSN,
ofLUes KONWYECTEO JeTaner no cneumdnkaLmm

BrniouaeT & ceff aHanus JepTewei
LeTaned BXOOALUMY B COCTAE W3AENHA
W BLINOMHEHWE BCEX COCTABNAKLLMX 8ro
KOHCTPYKTHEHBIX INEMEHTOB

CyMMUpPOEAHWE CROWHOCTERA
BCEX BEIABNEHHELX KOHCTPYKTMEHBIX
SMNEMEHTOB W3OenuA (oetany)

BLINOMHASTCA HA OCHOES
YCTAHOENEHHON Ha 3TaNe ananTaLmm
MapHO PETPECCHOHHON 33BUCHMOCTH

CoJIepKaTeIbHO PACCMOTPEHBI B KIJIACCUYECKOM
paboTe mo TEXHOJOTUHM MammHocTpoeHus [9]. B
YCJIOBUSIX MAaCCOBOTI'0, KPYITHOCEPUMHOIO U CEPUI-
HOTO NMPOU3BOJICTB, IPU COOPKE U3ENNN Kak IMpa-
BUJIO KCIIONB3YEeTCS METOMBI, 00ECIeUHUBAOIINE
MOJTHYIO B3aMMO3aMEHsSIeMOCTh. JlaHHBIN crmocob
o0ecrieyrBaeT KayeCTBEHHYI0 COOpPKY TP COeIH-
HEHHUU JIOOBIX COMPATAEMBIX JAeTalled W3 BCel
naptuu. [Ipu 3TOM J0MyCK 3aMBIKAIOLIErO 3BEHA
PacCUMTHIBAIOT IO MAaKCUMAJIbHBIM 3HAUYCHUSM
JIOMyCKa pa3MepOB BCEX COCTABJISIIOLIUX 3BEHBEB.
Hcnonp3oBanue MeTo1a MOJIHOM B3auMo3aMeHsIe-
MOCTH, OCOOCHHO JJIsl CJIOXKHBIX U BEICOKOTOUHBIX
cOOPOYHBIX U3/IETNI MPUBOJIUT K PE3KOMY YAOPO-
YKAHUIO MPOU3BOJAUMON MPOTYKITUHU U3-32 HEOOXO-
JUMOCTU Ha3HAuY€HUs JKECTKUX JOIYCKOB HA pa3-
Mephl COCTaBJISIONINX 3BEHbEB. BBeeHNe TeXHO-
JIOTUYECKHUX Olepanuii MPUTrOHKH WM MOJTOHKU
MO3BOJISIIOT YBEJIIMYUTH JOMYCKU Ha pa3Mephl Jie-
Tajel 00pa3yomMX pa3MepHyIo ek (crmocob He-
MoJHOM B3auMo3amensiemoctu) [10, 11].

_ Hawano
BBOM, 0CHOBHBIX JaHHBX

© HOPMHPYEMOM
W3OENWM UMK IETANKU

2

BBOA rEOMETPU4ECKUX |
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/| BuiB0A NONYYEHHLIX NPOTHO3HLIX
/3Ha4eHuid TPYQ0EeMKOCTH 1 3aTpaT Ha/
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Puc. 1. Biok-cxema 00001IeHHOr0 AJITOPUTMA OCHOBHBIX BBIYHCIMTEIbHBIX MPOLEAYP NMPHU ONpeaeeHUH MOKa3aTes

CJI0O’KHOCTH

Fig. 1. Block diagram of the generalized algorithm of the main computational procedures for determining the complexity

index
CHOCO6 HEMOJHON B3aUMO3aMEHIEMOCTH
HNMECT CYIICCTBCHHBIC HCIOCTATKHU TEX CIIYy4YacB,

Korja Tpedyercsi 00ecriedylTh TOUHOCTh Pa3MEpoOB
M KauyecTBO CONPSHKCHUS OIHOBPEMEHHO IO
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HECKOJIbKUM IMOBEPXHOCTSAM. 3aTpaThl HA U3rOTOB-
JIeHUE U3JETUil C IPUMEHEHHEM crioco0a Herod-
HOM B3aMMO3aMEHSIEMOCTH 3HAUYUTEIBHO BO3pac-
TAlOT HW3-32 BBEJCHUSA JOINOJIHUTENIbHBIX KOH-
TPOJIBHBIX OIlEpaLUil.

PazpaGorannbiii 1 BHEAPEHHBIA Ha psJe
MPOMBIIUICHHBIX NPEANPUATUN AITOPUTM paIuo-
HaJbHOM TEXHOJOTMU HW3TOTOBJICHHS CIIOMKHBIX
COOpPHBIX U3/IENUI C UCIIOJIB30BAHUEM METO/Ia pe-
BEpC-UH)XMHUPHUHTA MPEJICTaBIIeH Ha puc. 2 [12].

Peanuzanuio anroputMa paccMOTpUM Ha
npuMepe COOpPOYHON EIUHUIIBI, COCTOSIICH U3
JIBYX CIIOKHBIX aeranei (puc. 3, puc. 4). Ucxons
13 OLICHKH METOJa KOHCTPYKTUBHO-TEXHOJIOTHYe-
CKOM CIIO’)KHOCTH 00Jiee TPYI0EMKOH SBISETCS Jie-
Tajb, U300pakEHHAs Ha puC. 3.

YKpyHNHEHHBIN TEXHOJIOTHYECKUH TIPOLIECC
C MCMOJIb30BaHUEM CIIOCO0A HEMOJIHON B3auMO3a-
MEHSEMOCTH TMPEICTaBICH B Ta0I. 1.

1. TexHoJIOrH4YeCKHI MPOLECC C MCNOJIb30BAHMEM CIOCO0A HEMOJHOW B3aUM03aMEeHI€MOCTH

1. Flow process using the method of incomplete interchangeability

Ne /it [Tepeuens onepanumii 3HaveHHe
| H3rorosneHue nepsoii 1eTaid CyMMapHOU TPYIOEMKOCTBIO Ollepanui 300 vuH
MEXaHUIECKON 00paboTKH
2 KoHTposb mapameTpoB nepBoi AeTaiu 12 muH
3 N3roroiieHne BTOPO# AeTail CyMMapHbINA TPYA0EMKOCTBIO 72 MUH
4 KonTposab BTOpo# neranu TpyaoémMkoctbio KJI2 6 MUH
5 Onepanus ciaecapHoi NpUTroHKU BTopoit neranu CJ12 30 muH

TumnoBoro cTpykTypa TEXHOJIOTHYECKOTO
nporecca  M3rOTOBICHMS  BTOpOM  JeTanu

npencrasicH Ha puc. 5. OH o0ecreuns BHIMOTHE-
HUE TpeOOBaHMH, MPECTABICHHBIX B Ta0. 2.

2. O0ecneyeHne TeXHMYECKUX TPeOOBAHUIA KO BTOPOIi AeTaIH

2. Technical requirements for the second part

Ne n/mt Texuuueckue TpeOOBaHUS 3HaueHus
1 Haumenbias mepoxoBarocts, Ra 6,3 MKM
2 Jonyck nepneHauKyJIapHOCTH 0,05 Mmm
3 IInockocTHOCTH 0,2 Mmm
4 CUMMETPUYHOCTh 0,025 mm
5 Jomnyck mo KOHTypy 0,2 Mmm

Pa3paboranHbIif crioco0 Mo3BOIISIET 3HAYH-
TEJIBbHO COKPATUTh KOJIMYECTBO TEXHOJIOTMYECKUX
orepauuii, Tpe0yeMbIX JJIs1 H3TOTOBJICHHUS BTOPOH
JleTaliv, 3a CYET BHEAPEHUSI OJHOU KOHTPOJIBHOMN
OIepalyy Ui IIEPBOU J€Talu, NIPU BBIIIOJHEHUH
KOTOPOW OCYILECTBIISIETCA U3MEPEHUE DIIEMEHTOB
CONPSDKEHMS MIEPBOM JETANIU U CO3MAETCA KOMIIb-
I0OT€pHAas MOJENb BTOPOM JETaIH, C YYETOM IpO-
BEJIEHHBIX M3MEPEHHUHM M BBIIIOJHEHHE YETBIPEX

orepanuii MeXaHN4eCcKO 0OpaboTKU Ha CTaHKE C
4qIry.

B npuBenéHHoMm npumepe TpyaoEMKOCTb
M3TOTOBJICHUS] BTOPOM AeTanu Obula CHUXKEHA B
1Ba pasza, a cebecTOMMOCTb €€ H3TOTOBJICHHUS
yMeHbleHa Ha 30 %. B pacuérax He yuyTeHO CHU-
KEHHME 3aTpaT Ha W3rOTOBJICHUE IIEPBOW JeTalln
BCJICJICTBUE IPEABSIBICHUE MEHEEe KECTKUX Tpe-
0O0BaHUI K TOUHOCTH €€ pa3MepOB.
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Puc. 2. Biok-cxema aJropuTMa OCHOBHBIX BBIYMCJINTEIbHBIX MPOLeAyp NMpeiIaraeMoro cnocoda U3roropjaeHus coop-

HOI'0 U3ae/iusl

Fig. 2. Block diagram of the algorithm for the main computational procedures of the proposed manufacturing technique

of an assembled product

AKTUBHOE Pa3BUTHE METOJIOB PEBEPC-UH-
JKUHUPHUHTA, C LIEJIbI0 KOMMPOBAHUS U U3TOTOBJIE-
HUS IEPEOBBIX KOHKYPEHTOCTIOCOOHBIX TEXHUYE-
CKHMX PEIICHUH OMPENeTHI0 HEOOXOIUMOCTh CO-
3MaHUs KOMIUJIEKCa Mep MpoTuBonecTBus. Ko-
POTKO OCTaHOBUMCS Ha TPEX MOJIX0/1aX: TEXHOJIO-
THYECKOM, 3BOJIIOIIMOHHOM W ceTeBoM. [lepBbiit
MOJIXO/ 3aKITI0YaeTCs B Pa3padOTKe U pearu3ainun
TEXHOJIOTMM HEJIOCTYITHOW KOHKYpeHTOM. [locTu-
JKEHHE YHUKAJIBHOCTH, BBICOKOT'O Ka4eCTBA U MPO-
U3BOJUTEILHOCTH  NYTEM  TEXHOJOTUYECKOIO

MPEBOCXOJICTBA TPeOyeT BHICOKOW CTOMMOCTH Ha
peain3aluio BBICOKUX TEXHOJOTUH M MOJTrOTOB-
JIEHHOTO MEepPCOHaNA. DBOIIOLMOHHBIN MOAXO0M OC-
HOBaH Ha HEMPEPBIBHBIX YCOBEPLICHCTBOBAHMSIX
BbIlTyckaemMoro mnpoxaykra. Ilpexnae Bcero B
YCIOKHCHUNU KOHCTPYKIUU WA I[OGaBJIeHI/IH HO-
BbIX (pyHKIMH. Eciii Ben€rcs ceTeBoe MpoeKTUpo-
BaHUC, TO C MLCJIbIO HCKIIIOYCHUSA KOIMMPOBAHUSA
YacTh MPOAYKTOB (CEPBUCHOE) BBIIOJIHSACTCA HE-
JOCTYITHOM, B OTJIMYME OT almnapaTHOW YacCTH.

Puc. 3. [lepBas aerannp

Fig. 3. The first workpiece
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Puc. 4. Bropas neranpb

Fig. 4. The second workpiece
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Puc. 5. CTpykTypHas cxeMa TPaAULHOHHOI0 TEXHOJOTHYECKOT0 NMpollecca H3roTOBJIEHHsI BTOPOIi AeTaJiei

Fig. 5. Block diagram of the traditional manufacturing process of the second workpiece

3akJarouenue

1. Metoasl peBepc-MHXXUHUPUHTA TTPUME-
HUMBI HE TOJIBKO ISl KOMPOBAHUS U U3TOTOBIIE-
HUSl CJIOXHBIX JeTajieil MallMHOCTPOCHHs, HO U
JUISL COBEPIIEHCTBOBAHMS TEXHOJOTUN MX H3rO-
TOBJICHUS U COOPKH.

2. Pa3Butne cnoco0oB 3aIUThI OT KOITHUPO-
BaHUSI CTUMYJHUPYET CO3JaHHE CIOXKHBIX KOH-
CTPYKTHUBHBIX U TEXHOJOTUYECKUX PELICHUM, YTO
HE BCerja CIOCOOCTBYET YBEIMUCHHIO UX (YHK-
[IUOHAIILHOCTA U CHHKEHUIO MPOU3BOJICTBEHHBIX
U3JIEPIKEK.

3. Pa3BuTHEe peBepCc-UHXKUHUPUHTA HECO-
MHEHHO IOJIYYHUT CBOE HaJbHEMIIEE pa3BUTUE B
CHUCTEMaxX, peATU3yIONINX aJfOPUTMbl HCKYC-
CTBEHHOT'O0 UHTEJIJIEKTA.
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