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YCKOPEHHUE TEXHAYE CKOM MMOJATrOTOBKHA MPOU3BOJICTBA 3A CUET
HCIOJIb30BAHUE TEXHOJIOT A BBICTPOT'O
IMPOTOTUITNPOBAHUSA

AcranenkoB P.I'., Tonyoos H.B. (/[JonHTY, 2. /loneyx, Yxkpauna)

BaxxHpIM 3TanomM TEXHUYECKOW MOArOTOBKHM IPOU3BOJCTBA B MAIIMHOCTPOEHUHU SIBIIS-
€TCs M3rOTOBIICHHS NPOTOTUNA M3AenHa. OIHUM U3 CIIOCOOOB, MO3BOJISIONIUM CYIIECTBEHHO
COKPATUTh CPOKH BBITIOJIHEHUS 3TOTO 3TAla, - 3TO TEXHOJIOTUS OBICTPOTO MPOTOTUIIMPOBAHMUS,
NO3BOJIIIOLIAs] 00BEANHUTD IPEUMYILECTBA TBEPAOTEIBHOTO MOJAEIUPOBAHUS C MPOLIECCAMU
co3/1aHusl PyHKIIMOHATBHBIX MOJENeH M OCHACTKU.

Wneonorus yckopenHoro ¢opmooOpa3oBanust m3nenust (Monenu, nporoTuma) RP
(Rapid Prototyping) 6azupyercsi Ha KOMIIBIOTEpHOM aBToMaTtu3upoBaHHoM 3D-CAD - mpoek-
TUPOBAHUM U3ENUs, BU3YaJM3allMM U ONTUMHU3AIMH €ro KOHCTPYKIIMU UCXOMAsl U3 TpeboBa-
HUW r3aiiHa U QYHKIIMOHATIBHBIX CBOUCTB. 3aT€M MPOUCXOIUT TpaHCHOPMAIIUS TBEPAOTEIb-
HOM MOJIEIM B COBOKYITHOCTb JBYXMEPHBIX IIOCIOMHBIX MOJEJIEH U BOCIPOU3BEICHHUE 3TOU
COBOKYITHOCTH, T. €. MaTepUaM3alHs KaK eIMHOTO EeJIOro, KaK (PU3NUECKOTO TBEPA0TEIBHO-
ro U3JieNus UM ero nporortuna (puc.l) [1].

OCHOBHBIM pa3IMYUEM MEXAY TEXHOJIOTHUSMHU MPOTOTHIMPOBAHUS SBIsLEeTCs (Hopmo-
00pa3yromuii MaTepual, a TakKe CIioco0 ero HaHeCeHus. XapaKTEPUCTHKU OCHOBHBIX TEXHO-
JIOTHUSIX, UX TOCTOMHCTBA U HEJTOCTATKU PACCMOTPUM HUXKE.
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Puc. 1. CtpykTypa nporecca yckopeHHOro popmMoodpazoBaHust

Crepeomurorpadust (SLA - Stereo Lithography Apparatus) siBisieTcsi caMbIM TIEpBBIM
¥ HanboJjiee pacrpoCTPaHEHHBIM METOJAO0M MPOTOTUIIMPOBAHMS, BO MHOTOM OJlarosiaps 10cTa-
TOYHO HU3KOH CTOMMOCTH MPOTOTHUMA. [I[pUHIIMTT METO1a COCTOUT B MOCIOWHOM OTBEPIKICHHU
KHUIKOTO (OTOTONMMEpPA JIa3epPHBIM JIydOM, HAIPABISEMBbIM CKAaHUPYIOIIEH CHCTEMOM
(puc.2). DneBaTop HaXOJUTCS B EMKOCTH C KUAKON (POTOMOIMMEPHON KOMIIO3UIMEH, U TTOCIIE
OTBEPXKACHUS 0YepeTHOTO cJiost cMeraeTcs BHU3 ¢ maroM 0,025-0,3 mm. Mcnonb3yercst moc-
TATOYHO TBEPJbIM, HO XPYIKHUI MOIYyNpO3pauHblii MaTepuai, MOJBEPKEHHbIN KOpOOIEHUIO
NoJl BIMAHKUEM aTMochepHOW Biaru. Marepuan jerko oOpalOaTbIBaeTCs, CKIEUBACTCS U OK-
pammBaetcsi. KauecTBo moBepxHoOCTeH 6€3 T0BOAKU Xopoitiee[2].

Texnonorust SLS (Selective Laser Sintering - n1a3epHoe criekaHUe MOPOILKOBBIX MaTe-
puasioB) B SLS TexHonoruu B xauecTBe paboyero Marepuajga UCHOIb3YIOTCS MOPOLIKOBBIM
TUIACTHK, METAJUT WIN KepaMUKa, OJIM3KHE 10 CBOWCTBAM K KOHCTPYKIMOHHBIM Mapkam. Ha
ITOBEPXHOCTh HAHOCUTCSI TOHKHUM CJIOW MOPOIIKA, KOTOPBIM 3aTEM CIIEKAeTCs JIA3EPHBIM JIy-
yoM, (GopMuUpysl TBEPAYI0 MaccCy, COOTBETCTBYIOUIYIO ceueHuto 3D-mozaenu u omnpeaensio-
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nryto reometpuro aetand (puc.3). SLS 3To eaAnMHCTBEHHAs] TEXHOJOTHS, KOTOPas MOXKET OBITh
NPUMEHEHa NIl U3TOTOBJICHUS METANTMUECKUX JeTanedl u (GpopMooOpasyromux s TiacT-
MAacCCOBOTO U METAIUTMIECKOTO JUThS. [IpoTOTHIIBI U3 TIacTMace 00JIaar0T XOPOITUMH MeXa-
HUYECKHMHU CBOMCTBAMH, MOTYT OBITh MCIIOJIB30BAHBI JIJISI CO3/IaHUS TIOJTHO()YHKIIMOHATIBHBIX
u3nenuit [2].

\ 2 N

Puc. 3. Cxema peasmzanu TeXHO-
JOTHU JIa3epHOTO CHIEKaHUS I10-
POIIKOBBIX MaTEPUAIIOB

Puc. 2. Cxema peanuzanuu T€XHO-
JIOTHH cTepeomTorpadun

Texunonoruss FDM (Fused Deposition Modeling - mocnoitHoe HaoKeHHE pacIUiaB-
JeHHOW mosmMepHoW HUTH). Mcnonedytorcs Hutn u3 ABC, monmkapOoHaTa WM BOCKA.
CBOWCTBa UCTIOJIB3yEMBIX TUIACTHKOB OYE€Hb OJM3KH K KOHCTPYKIMOHHBIM MapkaM. Tepmo-
IUIACTUYHBIA MOJETUPYIOIMI MaTepuall MOJAaeTCsl Yepe3 BbIABIMBAIOLIYIO TOJOBKY C KOH-
TPOJIMPYEMOI TeMIlepaTypoi, HarpeBasich TaM J0 IMOJIYKHJIKOIO COCTOSIHUS. ['0Jl0BKa HaHO-
CUT MaTepuaJl OYeHb TOHKUMH CJIOSIMU Ha HENOJIBUJKHOE OCHOBAHHE C BbICOYAWIIEW TOYHO-
cthto. [locnenyromue ciiou J10kaTcsi Ha NPEbIAYIINE, OTBEPAEBAIOT U COSTUHSIIOTCA APYT C
npyrom (puc.4). TexHomorust MpUMEHsIeTCS ISl TOMYUYeHHsI SMHUYHBIX 00pa3loB M3IEIH,
N0 CBOMM (YHKIHOHAJIBHBIM BO3MOKHOCTSIM TNPHUOIMKEHHBIX K CEPUHHBIM, a TaKXKe IS
MIPOU3BO/ICTBA BHITLIABIIIEMBIX MOJIEIICH JIJIS JIUThsI METAJIJIOB [2].

Texnomnorus ctpyinoro moaemmpoBanus (Ink Jet Modelling). Bce TexHonorun numerot
CBOM OCOOCHHOCTH, HO (DYHKIIMOHHMPYIOT MO OJHOMY npuHIMIY. ['0l0BKa, comepikamias OT
JIBYX 110 96 comen HaHOCUT MOJIETILHBIN U TOAACPKUBAIOIINN MaTepral Ha MIOCKOCTh CIIOS.
[Tocne HaHeceHus €O, MOTYT MPOBOIUTCS €ro (POTOMOMMEpHU3aHsd U MEXaHUIECKOE BbI-
paBHHBaHME. B KauecTBe MOIIEPKUBAIOIIETO MaTepuaia OObIYHO HMCHOJB3YETCS BOCK, a B
Ka4eCTBE MOJICTIHFHOTO - IUPOKUI CTIEKTP MaTepHAJIOB, OYCHb OJM3KUX IO CBOMCTBAM K KOH-
CTPYKIMOHHBIM TepMoIutacTaM (puc. 5). JlaHHBIA METO MO3BOJIET NOJIYy4YaTh IPO3payHbIE U
OKpallleHHbIE MPOTOTHUIIBI C PA3TMYHBIMH MEXaHUYECKUMHU CBOWCTBAMU - OT MATKHX, PE3UHO-
MOoOOHBIX 0 TBEPHBIX, MOXOKUX HA IJIACTUKH [2].

TexHomnorus cxienBanus nopomkoB (binding powder by adhesives). Mcmonb3yrorest
KPaxXMaJIbHO-LIEJUTFOJIO3HBIM ITOPOLIOK M KUJIKUHI KJIEW Ha BOASHOM OCHOBE, KOTOPBIN MOCTY-
MaeT U3 CTPYHHOH T'OJIOBKH M CBSI3BIBAET YACTHUIIBI MOPOINKa, (GOpMHUpPYsT KOHTYp Moaemu. I1o
OKOHYAHUU MOCTPOEHUS U3JIUILIKHU MMOPOIIKA YIAIS0TCs. [l yBeIMueHus: NpoOYHOCTH MOJe-
JI1, UMEIOLIUECS MyCTOTHl MOTYT OBITh 3alOJHEHBI KUAKUM BOCKOM. Takue T€XHOJOTUH IO0-
3BOJISIIOT HE MPOCTO co37aBaTh 3D-00BEKTH MPOU3BOILHON (POPMBI, HO €IIIe M PACKPAIINBATh
ux [2].

TexHo0TUs MOCTPOEHUE MOJICNH ITyTeM nocioiHoro ckieuBanus [IBX-mnenku (PSL
- Plastic Sheet Lamination).ITocsoiiHoe ckiienBaHue TUICHOYHBIX MaTepUasoB, HApUMEp, T0-
JMMEPHOM MJIEHKU WIH JJAMUHUPOBAHHOM OyMaru ¢ nocyieayomum GopMUpOBaHUEM («BbIpe-
3aHHUEM») MOJIEJH C MOMOUIBbIO JIA3€PHOIO JIyuya WM PEXYIIEro MHCTpyMeHTa. MoieabHbIM
MaTepHajOM CIIY>KUT MOJIMXJIOPBUHWIOBAS IUIeHKa TonuuHoi 0,15 mm. ®opmupoBanue mo-
JIed TPOU3BOJIUTCS IYTEM IOCJIEI0BATEIILHOTO CKJIEMBAHUS CJIOEB IUIEHKHM M BBIPE3aHUs
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KOHTYpa MOJIEJM C TOMOUIBIO JIE3BHSI, 3aKPEIIEHHOTO Ha IOJBMKHOM royioBke. Mojeib
CTPOUTCS Ha CHELMAIbHON MarHUTHOM IOJJIOKKE, YCTaHABIMBAEMON Ha MOJBUKHON (BBEPX-
BHU3) aTdopme. KiieeBoii cocTaB HAHOCHUTCSI Ha BCIO TOBEPXHOCTH CJIOS IUICHKH, a B TE
MecTa, TJie I0CJe IOCTPOEHH HE0OX0IUMO 00€CIEeUHTh JIETKOE yIaleHNe TUICHKH, HAHOCHT-
cs «aHtuknei». T. e. Teno moxemu GopMupyercs 3a CHUET MOCIEAOBATEIPHOTO CKICHUBAHUS
IUVICHKH, a «IIYCTOTB» OCTAlOTCA HE CKJICEHHBIMH, YTOObI OOECHEeYHUTh JIETKOE YIaJICHUE
«JMIITHEW» ICHKH U3 3THX «IIyCTOT» B Mpolecce NocT-00padoTku [3].

anesatop W

snesaTop \L/

4

Puc. 4. Cxema peam3any Te€XHO-
JIOTHU MTOCJIOMHOTO HAJIOKEHUS
pacIUIaBIeHHON TOJIMMEPHOW HUTH

Puc. 5. Cxema peamzaniy T€XHO-
JIOTUH CTPYWHOTO MOJIEITUPOBAHUS

[lepeuncnennple TEXHOJIOTHH OBICTPOTO MPOTOTUIMPOBAHUS TO3BOJISIIOT: OIIEHUBATH
KOHCTPYKIIMIO ¥ BHEIIHUI BHUJ pa3padaThIBAEMbIX H3/EJHI; MPOBEPSATH COOMPAEMOCTh U pa-
00TOCIIOCOOHOCTh KOHCTPYKIMI; IPOBOAUTH a3pOIMHAMUYECKHE U THAPABINYECKUE HCTIbITA-
HUS; TI0JTy9aTh METAUIMYECKHE JeTaal U mpecc-(HOpMbI JIMTHEM IO BBDKUTAEMBIM MOJIEISM
(Quick Cast-TexHONOTHs); W3TOTaBIMBATH OCHACTKY IS OIBITHBIX 00pPA3IOB U MaJIbIX CEpPHA
W3JIEIHN.

[Ipu peanuszanuu TEXHOJIOIMU JIA3€PHOTO CIEKAHMS MOPOILIKOBBIX MaTEpHAJIOB M HC-
HOJIb30BaHMH B KadecTBe (hopMOOOpas3yroIiero MaTepuaga MOPOIMIKOBOrO marepuana Laser
From (mepsxaseromias crams — 60%, 6ponza — 40%) MOKHO M3TOTAaBIMBATH JOJTOBEYHBIC
(yHKIMOHAIBHBIE MPOTOTHIIBI JIETANICH, a Takke (GopMooOpasyroIue 3JIeMEHTHl OCHACTKU
JUIs TEpMOIUIacTaBTOMAaToOB co cToikocThio He MeHee 100 000 uukiioB. Cra Laser From A-
6 MOXeT nojBeprarscsi TepMooOpadoTke ¢ obecneuenreM teepaoct 10 HRC 39. Oun npen-
Ha3Ha4YeH Ul CO3/aHUsl OCHACTKH JIUThS TOJl JaBJICHHEM WIA TEPMOPOPMOBKH CO
CTOMKOCTBIO HE MeHee | MuTH 1ukJIoB [1].

JloCcTaTOYHO MIMPOKO UCTIONB3YETCS TEXHOJIOTHS CTEPEOTUTOTpaduu Py U3rOTOBIIE-
HUM popMoOoOpa3yroiel OCHACTKHU JIJIsl pa3HbIX BUJIOB JIUThS

WuctutyT npobnem nasepHbIXx u wHGOpMannoHHBIX TexHosNoruii PAH coBmecTHO ¢
MI'TY uMm. baymana npoBoaui paboThl IO UCCIEIOBAHUIO BO3MOKHOCTEH MPUMEHEHHUS TUIa-
CTHKOBBIX MOJIEJIEH CO3JJaHHBIX METOJOM JIa3epHOU CTepeosuTorpaduu Al U3TOTOBIICHUS
METAJUTMYECKHUX OTJIMBOK PA3IMYHBIMH CIIOCO0aMH TOYHOTO JHUTHS. [lnacTrkoBBIE MOEN U3
pasHBIX BUAOB (POpMOOOpa3yOIMMX MaTepHUaIOB BMECTE C BOCKOBOH JIMTHUKOBOW CHCTEMOM
MOMEIAINCH B KepaMHuecKyto 00o01ouky. [locie cymku kepaMMKi MOJENN BKUTalach, a B
00pa3oBaBIIyIOCs MOJOCTh 3ayMBaicad MeTail. Ha puc. 6 npeacraBiieHbl OTIUBKU Ha JIMTEH-
HOM JIepeBe I0CJie U3BJICUEHUS U3 JUTEUHBIX (OpM (6) U MOCiIe OKOHYATEIBHOTO yAalICHUS
OCTAaTKOB KepaMHKH (). PazpaboTaHHasi TEXHOJOTHUS JUThS 1O BbIKUIAEMbIM MOJIENSM H3rO-
TOBJICHHBIM METOJIOM JIa3epHOM cTepeosuTorpaguu obecneynBaeT NoJayuyeHUe OTIUBOK JeTa-
JIei coziepaKalluX IEMEHTHI, pa3Mepbl KOTOPbIX MeHbIIe | MM [4].
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Otum ke uHCTUTYTOM COBMECTHO C SIpIIeBCKMM 3aBOJIOM ABHUTraTenei u (upmoit
"TTomuc Cucrem" Obla BBITIOJHEHBI PabOTHl MO CO3/JaHUIO OCHACTKU JJISI M3TOTOBJICHUS

Puc.6: a — KomnbrorepHas
MOJIEITb TPEXMEPHOTO 00h-
€KTa, 6 — IJIaCTUKOBBIE
KOIIMH O0BEKTA U OTIIMBKU
U3BJICYCHHBIC U3 (POPMBI HA
JINTHUKOBOM CUCTEME, 8 —
OTJIMBKA MOCJIC OKOHYA-
TEITLHOM OYHNCTKH

KPBILIEK aBTOMOOMJIBHOTO cTaprepa. KommbioTepHbIE MO-
nemd GopMooOpa3yroIIMX JIEMEHTOB OCHACTKU OBLTH CO3-
JaHbl 10 YepTexaM pa3paboTuuKoB . M3roToBieHHBIE Me-
TOJIOM JIa3epHOM CTEpeOIUTOrpaduu MIaCTUKOBBIC AETAIN
UCTIOJIB30BANIUCH IS M3TOTOBJICHHUS 3€MIISTHBIX JIMTEHHBIX
¢dopM. UTOOBI COKpAaTUTh BpPEeMs H3TOTOBICHHUS U PACXOJ
@IIK Ha ycTaHoBKe Jla3zepHOil cTepeonurorpaduu ObUTH
BBIPAIIEHbl 000JOYKH MOJEJNeH, KOTOpPhIe 3aTeM 3aIloJHs-
JIUCh SMOKCHIHOM cMOJION. IIo 0T3bIBaM CrienuaiucToB 3a-
BOJIa IJIACTUKOBBIE MoJenu Beiaepxkamu 1000 uukioB ¢op-
MoOBKM mpu Temieparype 100°C 6e3 BUIMMBIX NPU3HAKOB
u3Hoca. [IpumMeHeHue a3zepHoil crepeouTorpaduu mo3Bo-
JMJIO CYIIECTBEHHO COKPATUTHh CPOK M3TOTOBIICHHS (popmo-
oOpa3syromeil OCHACTKM U CHHU3UTHh MX Ce0ECTOMMOCTh B 2
pasa. [Ipu sTom 3/4 BpeMeHHU yIIIO HA CO3JaHHE TPEXMep-
HBIX KOMITBIOTEPHBIX MOJIENIEH 10 OyMasKHBIM YepTeKaM H3-
3a OTCYTCTBHUS Ha 3aBOJI€ BO3ZMOXHOCTEU JJISI TPEXMEPHOTO
KOMIIbIOTEpHOTO MozenupoBanusi. Ha pwuc.11 mokazanst
AJIEMEHTHl OCHACTKHA W3TOTOBIICHHBIE METOJIOM JIa3epHOM
crepeonmrorpadpuu. [4]

TexHOMOTHH OBICTPOTO NMPOTOTUMTHPOBAHMS 3AHSIIN
NPOYHOE MECTO TPAKTHYECKH BO BCEX OOJACTAX MaTepu-
aJIbHOTO TIPOM3BOJICTBA B MHIYCTPHAIBHO Pa3BUTHIX CTpa-
Hax. [Iporpecc B MpPOMBINUICHHOCTH 3TUX CTPaH HE B IO-

CJIEJTHIOI0 oYepeb OOYCJIOBIEH CTPEMUTEIbHBIM pa3BuTHeM RP-texnomoruit. OnmHako, yxe
OYEBHUJHO, YTO JJII OTEYECTBEHHOW MPOMBIIUIEHHOCTH 3aJadya CKopeuiero ocBoeHus RP-
TEXHOJOTHH, a IMECHHO Bcell 1enouku oT CAD-JaHHBIX 10 OTJIMBKM M cTaHka ¢ UIIY, aBis-

€TCs CTPATErM4eCKU BAXKHOM.

Cnucok autepartypsl: 1. Bursaszes 10.b., Camycps A.B. IIpoToTunupoBanue — «yCKOPUTEIbY
MOJTOTOBKH TIpou3BojicTBa // OO0OpyAOBaHNE W MHCTPYMEHT il podeccroHaioB. 2006 r.
Ne6. C.40-42. 2. 3opun C.®. OO630p TEXHOJOTHH OBICTPOTO MPOTOTHUIUPOBAHUS //
http://www.espotec.ru/art_prot.htm 3. http:/rp-salon.ru/main/proto.html 4. A.B.EBcees,

B.C.Kamaes, E.B.Komwob6a, M A.MapkoB, M.M.Hosukos, B.fl.Ilanuenko. OmnepaTuBHOE
(dbopMupoBaHHE TPEXMEPHBIX 0OBEKTOB METOJIOM J1a3epHOH cTepeonurorpaduu / CoBpeMeH-
HBIC JIa3epHO-MHPOPMAIMOHHbIC U JiazepHble TexHosornu. Coopuuk Tpyaos UITJIUT PAH.
[Ton pen. un.-kopp.PAH B.f.Ilanuenko u mpod. B.C.I'omy6sa. M.: UHTepkonTakT Hayka.

2005. —304 ¢ C. 26-39.
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ITOBBIIEHUE CTO!?IKOCTI/I CIIMPAJIBHBIX CBEPJI HASEPHOﬁ
OBPABOTKOU HUKEJIb®OC®OPHbIX IOKPBITUU

Byrtenko B.W., Ilognoxkun I'.B. (kageopa mexanuxu TTH FODY, . Taeanpoe, Poccus)

[Ipo6yiema MOBBIIIEHNST CTOMKOCTH CIIMPAJIBHBIX CBEPII M3 OBICTPOPEKYIICH CTaI OCTaeT-
Csl aKTyaJIbHON B COBPEMEHHON MeTauioo0paboTKe, OCOOCHHO B JABHraTelIeCTPOCHHH, T/e
IIUPOKO HCIIOJIBL3YIOTCS TPYJHOOOpabaThIBaeMble KapONPOUYHBIE M KAPOCTOMKHE CTaIH U
cruiaBsbl [ 1].

B naGoparopusix mexaHuku TaraHpOrCKOro TEXHOJIOTHYECKOro MHCTUTyTa FOskHOTO (e-
JepaJIbHOTO YHHMBEpPCUTETA pa3paboTaHa TEXHOJIOTHS MOBBILIEHHUS CTOWKOCTH CHUPATIbHBIX
cBepa u3 ObIcTpopexyiueil cramu nuamerpom 10 — 24 MM HaHeceHHEM Ha MX pabouyro TO-
BEPXHOCTb HUKEIH(POCHOPHOTO MOKPHITHSA C MOCIEIYIOMIEH Ja3epHoil 00padoTkoil. Hukemnns-
dochopHOE MOKPHITHE HAHOCHIOCH HA CBEpJa AIIEKTPOJIUTHUYECKUM ITyTEM IPH IUIOTHOCTH
nporyckauus Toka i = 80 MA/cM’. FCIIOTb30BaNCs BOHBIN SIEKTPOIUT CIIEAYIOMEr0 COCTa-
Ba: CEPHOKHUCIBINA HUKeNb — 120 /11, XpoMucThIii HuKeNs — 20 1/71, Tunodocdar Harpus — 15
/11, oprodochopnas kucmora — 40 v/, 6opHast kucnora — 20 /7.

3amaHHast TOJIIMHA HUKEIb()OCHOPHOTO MOKPHITHS TOCTHTajlach BpEMEHEM €T0 HaHece-
HUSL 1 M3MeHsutach B quanasone (5 107 — 107" Mwm. H3mepeHnne TONMMHBI TOKPBITHS OCYILE-
CTBIISITIOCH OO Ha MHOro(dyHKIMOHaIEHOM Tpubope «Koncranta K5», mbo KOCBEeHHBIM
METOJIOM IO MOIIHOCTH pediekcoB Ha AudpakTorpamMMe, CHATOW Ha PEHTTEHOBCKOM -
¢dpaxTomerpe «poH-1,5», ¢ nmpenBapuUTEIbHON TapUPOBKOM UX IyTEM MHTEPIOJISALUHN 3aBU-
CUMOCTH «TOJIIIMHA MOKPBITHUS — BPEMsI HAHECEHHUS.

NmmynscHOE NazepHoe 00iydeHue cBepil 0€3 MOKPBITUS U ¢ HUKEIB(POCHOPHBIM TTOKPHI-
THEM IPOBOJMIOCH Ha TeXHOJornueckux ycraHoBkax «KBaut-18» u «I'OC-30M». U3mene-
HUSL SHEPTHU U3ITyYEHUsI, CTeNIeHH 1e(hOKyCHpPOBKH Ty4a (3 — 6 MM), JUTUTETIbHOCTH UMITYJIbCA
m3nydennst (1 — 6) 10™ ¢ mo3BOMMIM BAPBHPOBATH IIOTHOCTH MOIHOCTH M3/TyUYCHHUS B IIHPO-
KHX mpeenax: oT 50 10 250 MBt/m?.

CpaBHUTEIbHBIE UCCIIEOBAHUSI CTOMKOCTU CHUPAJIbHBIX CBEPJI U3 OBICTPOPEXKYILEH CTaIN
P6MS5S numamerpom 14 mm npoBoauwnuch npu cepieHuu ctanu 12X18HO9T u cmnasa
45X25H20C2 B CIUIOIIHOM MaTepuaie Ha BEPTUKaJIbHO-CBEPJIMIBHOM cTaHke moa. 2A135
0e3 oxmaxenus. PexxuMel cBepiieHus (CKOPOCTh pe3anus V v nojnava S) ObLIH MPHUHSATHI CIie-
nytomume: s cram 12X18H9T — V= 0,146 m/c, S = 0,15 MM/006.; mis croiaBa
45X25H20C2 — V' =0,129 m/c, S = 0,1 mm/06. TommuuHa HAHOCUMOTO Ha PaboOUyI0 MOBEPX-
HOCTB HCCIIEAYEeMbIX CBEPI HUKETbHOCHOPHOro MOKpPHITHI cocTapmsima 5 1072 mm. 3a kpure-
puii u3HOCa cBepJ ObUT MPUHAT MOMEHT BPEMEHH WX HETPEephIBHON PabOTHI, MPH KOTOPOM B
30HE pe3aHus MOSABISJICS XapaKTEPHBIA CKPHUII, 00YCIOBIEHHBIN MpeAeIbHBIM U3HOCOM CBEp-
Ja Ha nepudepun no 3aaHen noepxHoctu. Kaxplil skcnepument nosropsiicss 10 pa3, nocne
Yero BBIYUCISIOCH CcpeHeapu(MeTHuecKoe 3HaueHHe CTOMKOCTH cBepJia. MOIHOCTh KpUTe-
pust CterofieHTa coctaBuia npu cBepieHnu cramu 12X18HOT ¢, = 5,33, a npu cBepieHun
cruaBa 45X25H20C2 ¢, = 4,18 npu ero KpuTuueckoM 3HaueHud [¢.] = 3,0.

B uccrnenoBanuax cpaBHHMBaJach CTOMKOCTh CBEpJ 0€3 MOKPBITHS, YIPOUHEHHBIX Jla3ep-
HOM 00pabOTKOM, € BIEKTPOIUTUYECKUM HUKENbPOCHOPHBIM MOKPHITHEM, C HUKETBHOCPOp-
HBEIM TIOKPBITHEM U 00BbeMHON TepmooOpaboTkoi npu Temmneparype 400°C B teuenue 20
MHUH., C JJa3epHO# 00paboTKON HUKEIb(HOCHOPHOTO OKPHITHS.

Ha puc. 1 npuBegena ructorpaMma 3Ha4€HU CTOMKOCTH UCIIBITAHHBIX CBEPJI, U3 KOTOPOHI
BHJIHO, YTO HAHECEHHE Ha pab0vyI0 YaCTh CIIMPAIBHBIX CBEPJ HUKEIh()OCHOPHOTO MOKPHITHS
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C TIOCTIEYIOIIEH UX JTa3epHO 00padOTKOM MO3BOJISIET MPAKTUUECKH B 2 pa3a MOBBICUTH CTOM-
KOCTb CIIUPAJIbHBIX CBEPJI IPU 00pabOTKe UCCIIEyEMbIX CTaJIM U CILJIaBa.

MUH

50

40—

35

30

25

Puc. 1. 'uctorpamMmma 3HaueHMI CTOMKOCTH CBEPJ ' MPU CBEPIICHUU CTaJIU
12X18H9T (1 — 5) u cnimaBa 45X25H20C2 (6 — 10) 6e3 nokpsitus (1, 6), ym-
POYHEHHBIC JTa3epHOI 00paboTKOM (2, 7), ¢ AIEKTPOJMTHUESCKUM HHUKeEIb(oc-

¢dopHBIM TIOKpBITHEM (3, 8), ¢ HUKEIb(HOCPOPHBIM OKPHITUEM U OOBEMHOM

TepM0o0OpaboTKOii (4, 9), ¢ azepHOIt 00paboTKOM HUKEIb(POCcHOpHOTO MMO-

kpbitus (5, 10)

CoBMECTHO TNPOBEIEHHBIH MeTauorpaguIeckKuii ¥ PEeHTTEHOCTPYKTYPHBI aHaIW3 HU-
Kkenab(ochopHOro MOKpeITUS Ha ObicTpopexyluel cramu POMS nokazan (puc. 2), uto 10 Ja-
3€pHOT0 OOJIy4EHHUS! MOKPBITHE UMEET MEIKOKPHUCTAIIMYECKYIO CTPYKTYpPY, JAIOLIyI0 Ha JH-
dpakTorpammax auddysuonnoe ramo (puc. 2, muaus 1). [Tocie mazepHoit 00paboTKH MpU
IIOTHOCTH MOIIHOCTH m3iydennst ¢ = 100 MBr/M* Ha ero (oHe TMOSBISIOTCS TOCTATOYHO
yeTkue peduexcsl kpuctamindeckux a3z NizP u NisPy.
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Puc. 2. ®parmenTs! aupakTorpaMmMbl HUKeIb(HOCHOPHOTO MOKPHITUS HA
obicTpopexyuiei ctamu P6MS: 1 — 6e3 TepMo0o0paboTKy; 2 — noce ga3epHoit
o6padoTku ¢ ¢ = 100 MBt/M%; 3 — nociie 00beMHOi TepMOOGPAGOTKH IPH
400°C B Teuenune 20 MuUH.

YcraHoBIIEHO, YTO Ja3epHast 00pabOTKa MO3BOJSIET JOCTHYD TOBBIIICHHS KauecTBa dJICK-
TPOJMTUYECKUX TIOKPBITUH 32 CUET YBEIMUCHHS air€3U1 TIOKPHITHI K TIOJIOKKE M OCHOBE,
yIIydqmeHns: MOp(OJIOTHH TIOBEPXHOCTH, a TAKKE NMPUBOJIUT K yBEIMYECHHIO TBEPAOCTH IO-
kpbitugd 10 8 — 10 I'Tla mpu oOayyeHUM ¢ IUIOTHOCTBIO MOUIHOCTH M3iIydeHus okosio 100
MBT/M? U3-3a JOCTATOYHO BBICOKOTO KOIMYECTBA BBIACTMBIINXCS AHCIIEPCHBIX COCIMHEHHIA
tuna NisP u NisPy4 (puc. 2, nuaus 2), 9T0 B COUYCTAaHUH C HE3HAYUTEILHBIM TETIIIOBBIM BIIHS-
HHEM Ha OBICTPOPEXKYIIYIO CTalb MPUBOAWT K MUHMMHU3AIMH W3HOCA PEXYIINX KPOMOK WH-
CTpyMEHTA.

Jlpyrum BaXHBIM (DaKTOpOM, BIHSIOIIMM Ha IMPOIECC M3HAIIMBAHUS pabodell yacTH cBep-
J7a, SIBJSIETCS TOJIIMHA HAHOCHMOTO HHUKEITh(POCHOPHOTO MOKPHITHS, KOTOpas OKa3bIBaeT He-
0/IHO3HAYHOE BJIMSHUE HAa CTOMKOCTh MHCTpYMeHTa (puc. 3). VMccnenoBaHUsIMH yCTaHOBIIEHO,
YTO JUIA KaXKIOTO COYeTaHusi 00padaTbiBaeMOTO MaTepHaia, HUKeIbPOocHOPHOTO TOKPHITUS U
yCIIOBHI 00pabOTKM CyIIECTBYET HEKOTOpas ONTHUMAaJbHAs TOJIIMHA TOKPBITHS, 0OecIeun-
BalOIIass MaKCUMAaJIbHYIO CTOMKOCTB CBEpJia. DTOT BBIBOJI TIOJATBEPIKIAET paHEe BHICKa3aHHOE
NPEI0JIOKEHNE O CYIIECTBOBAaHUM B Mapax TPEHHs TakK Ha3bIiBaeMoro 3¢ dexra «HaHOTpUOOo-
JIOTUYECKON IMBI» [2], y4eT KOTOpOro HeoOX0uM NpH pa3paboTKe TEXHOJOTUU U PEXUMOB
HAHECEHUSI N3HOCOCTOMKHX NOKPBITHH.
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Puc. 3. VI3meneHust ctoiikocTH cBepia 7' OT TONIMHBI HAHOCUMOI'O HUKEJIb-
docdopHoro nokpwitus b ipu 06padoTke cramm 12X 18HIT (kpuBas 1) u
crtaBa 45X25H20C2 (xkpusast 2)

Beiio ycranoBieHo, 4T0 3PHEKT «HAHOTPUOOIOTHIECKON SIMBI» MOXET OBITH HCIIOJIB30-
BaH JUUIs TIOBBIIICHUS MTPOU3BOUTEIBHOCTH 00pabOTKH JIeTalei B yCIOBUSIX aBTOMAaTHU3UPO-
BAaHHOTO MPOMW3BOJCTBA WM TPHU HCIOJIB30BaHNK 00pabaThIBAIOIIMX LIEHTPOB, KOT/Ia TpeOy-
ercsi oOecrieueHre 0JTHOBPEMEHHON CMEHBI BCeX MHCTPYMEHTOB B Hanmajnke [3]. Tak, ucnosb-
30BaHHE B MHCTPYMEHTAIBHBIX Hamaakax oOpabatsiBatomux mneHTpoB AITI 630-800 — 1.3,
ATTIH 630-800 — 1.3, AI'TI 630-800 — 2.3, Bxoasmux B THOKHI TMPOU3BOCTBEHHBIN KOM-
wiekc ['TIK-1 3aBoga «PocTtBepTO», HHCTPYMEHTOB (CBEPJI, 3€HKEPOB, PA3BEPTOK M KOHIIE-
BBIX (pe3 Pa3IUUHBIX Pa3MEpPOB) C HUKEIHPOCHOPHBIMU MOKPBHITUSIMH, TOJIIMHBI KOTOPBIX
OBUIM pacCYMTaHbl U OTKOPPEKTHPOBAHBI B COOTBETCTBHU € 3(H(HEKTOM «HAHOTPHOOIOTHIEC-
CKOM SIMBI», TIO3BOJIIJIO TMOBBICUTH MPOHU3BOIUTEIHHOCTh KOMIUIEKCA IPH 00pabOTKE CII0KHO-
npoduiIbHbBIX aetaneit 6osee, ueM Ha 15%.

Cnucok autepatypsl: 1. byrenko B.M. Ctpykrypa u cBoiicTBa MaTepHajoB B SKCTpEMallb-
HBIX YCIIOBUSIX JKcIulyaTammu. — Taranpor: U3n-Bo Texnonoruyeckoro uHcturyta FO®Y,
2007. — 264 c. 2. byrenko B.M. YmpaBienue HaHOTPUOOJOTUUECKMMHU XapaKTEPUCTUKAMU
TSKEJIO0 HArpy>KeHHBIX ONOP U MOAIINIHUKOB CKOJbxeHus. — Taranpor: U3a-so TTU IODY,
2011. — 385 c. 3. byrenko B.M. TexHonornueckoe obecrneyeHre KOHKYPEHTOCIIOCOOHOCTH
u3qenui aBuactpoenust (aBropckuii kypce). — Taranpor: Uzn-so TTU IO®Y, 2011. — 295 c.

COBPEMEHHBIE TEXHOJIOI'MA PE3KU METAJIJIOIIPOKATA

31



NHXEHEP, Ne 12, 2011 r.

INPOI'PECCHUBHBIE, CHEIIUAJIBHBIE U HETP AJMIITUOHHBIE
TEXHOJIOI'M

Nemun B. IL, KoBanenxo B.U., lemun A.C. (kag. TM, [{onHTY, 2. [loneyk, Yxpauna)

O6paboTka pe3aHueM Mo-MPEKHEMY OCTAETCS OCHOBHBIM TEXHOJOTUYECKUM MPUEMOM
U3TOTOBIICHUST JeTaysieil  MammH. TpyZo€MKOCTh MEXaHOCOOPOYHOTO IPOU3BOJCTBA B
OOJBIIMHCTBE OTpacieil MallMHOCTPOCHUS 3HAYMTENHLHO MPEBBINACT TPYHAOEMKOCTD
JUTEHHBIX, KOBOYHBIX M MITAMIIOBOYHBIX MPOIIECCOB BMECTE B3SITHIX.

OcHOBHasi TPYJHOCTb, C KOTOPOH CTAJKHUBAIOTCS TPU 00pabOTKE pe3aHueM — 3TO
Ype3MepHO OoJbIIMe MPUITYCKH, OCTaBsieMble Ha 0O0pabOTKy BCJIEICTBHE HEBBICOKOM
TOYHOCTH 3arOTOBUTEILHBIX OTepanyii (OTPE3KH, JINThs, KOBKH, IITAMIIOBKH U JIp.), YTO
YIOPOKAET U YCIOKHIET MPOIECChl MEXaHMUECKOH 00paboTKU. DTO CTaHOBUTCS BCE Oolee
BRXHBIM, T.K. C KaXKIbIM TOJIOM YCIOXHSIOTCI KOHCTPYKTUBHBIC (OpPMBI JeTaleil u
BO3pacTaoT TPeOOBaHUS K TOYHOCTH U KAUYECTBY MX MU3TOTOBIICHHUS

Haunbosee wu3BeCTHBIMH METOAAMHU DAa3AEIUTEILHOW PE3KHM 3aroTOBOK SIBISIIOTCS
CIIey IOLIHE:

JuckoBbiMu TivTaMu ((ppe3amMu) Ha KPYTIIOMWIBHBIX CTaHKAX;
Ho0’k0BOYHBIMU MOJOTHAMH HA MEXaHHUYECKUX HO)KOBOUYHBIX CTaHKAX;
Pesnamu nnm hpeszamu Ha CrieIIUATBHBIX OTPE3HBIX CTaHKaX;
AOpa3uBHBIMH (BYJIKAHUTOBBIMH WJIM aJIMAa3HBIMU) KPYTaMHu;
JICHTOYHBIMU MIHJIAM U HA JICHTOYHOTIHIHHBIX CTAHKAX.

Jlo mocnemaHero BpEeMEHH B IPOMBIIIIEHHOCTH HCIOJIB3YIOTCS JIUCKOBBIC ITHJIBI,
KOTOpBIE O0O0JaJar0T BBICOKOH TNPOM3BOIAMTEIBHOCTBIO, OOYCIOBICHHOW HENPEPBHIBHOCTHIO
npoiiecca pe3ku U BbICOKOM xkecTkocThio cuctembl CIIMJl. Hemocratkamu storo meroja
SBIISIIOTCS.  HEOOXOAMMOCTh YAacCTOW MEPEeTOYKH HMHCTPYMEHTA, BBICOKAS SHEPTrOEMKOCTb
npolecca u, TIaBHBIM 00pa3om, 0oJIbIasi MIMPUHA MPONWIa. Tak, HApUMeEp, TUCKOBas MU
nuamerpoM 9710,8 MM. oOpasyer mpomui 7MM, 4TO BBI3BIBAET O OJIBIIME OTXOJbI METAJUIA B
CTPYKKy. Pe3ka 3aroToBOk MeXaHM4eCKUMH HOKOBKaMHU obOecrieuynBaeT 0oJiee y3KHUil PO
(2,0-3,5 MmM), HO TIPU ATOM MEHBbIIIAS KECTKOCTh HOKOBOUYHBIX CTAHKOB U HAJIMYUE XOJOCTHIX
(0OpaTHBIX) XOZ0B HHCTPYMEHTOB B IPOIIECCE MMJICHUSI OTPAaHUYMBACT TadapUTHBIE pa3Mephl
3arOTOBOK M CHI)KAeT MPOM3BOAMTENHLHOCTh B 3-4 pa3a MO CPABHEHUIO C KPYTJIOTMIGHBIMHU
CTaHKaMH.

CrtpemiieHHE COBMECTHTH TPEHMYIIECTBA PACCMOTPEHHBIX BHIOB 00pabOTKH W
NPUBEJIO K CO3JaHHI0O MHCTPYMEHTa W CTaHKOB JUIs JIGHTOYHOrO TNHJeHWs. B Hacrosmiee
BpeMsi MOKHO KOHCTaTHpPOBAaTh, YTO JICHTOYHOE THJICHUE SIBISICTCS OJHHM U3 CaMbIX
NEPCIEKTUBHBIX BHIIOB pPECypcocOeperaomux TEXHOJOTHH Tpu 00paboTke MarepHuajioB
pe3aHueMm.

VY3kas mmpWHA TPOTNHJIAa U HENPEPHIBHOCTH PE3aHMs OINPENEeNIIOT MpPEeuMyIecTBa
3TOT0 METO/A:

. MuHuMaIbHOE KOJIMYECTBO ITOTEPU MaTeEpHUala B CTPYKKY;

. Huskoe sHepronorpediaeHue nmpouecca;

. B03MOXHOCTh NMOJy4Y€HUsI TOYHBIX 3arOTOBOK C OKOHYATEIBHBIM pPa3smMeEpPOM
WIA C MUHUMAJIBHBIM IIPUITYCKOM JUIS MOCIIEAYFOLIUX ONEpaLHii;

. BeIcokast pon3BOAUTEIIBHOCTh OTPE3KH;

. YHuBEpCcalbHOCTh METOJa M BO3MOXHOCTh OOpaOOTKM Ha OJHOM CTaHKE

M0OBIX MaTepUaIoB U KOHPUrypaluii 3aroTOBOK.
Pe3anue Ha HO’)KOBOYHOM CTaHKE LIEIECOOOPAa3HO MPOU3BOJUTH TOJBKO IPU MOPE3KE
TOHKOCTEHHBIX TPYO ¥ MpoduiIe ¢ IIomaabo monepedHoro ceueHus <2cm? C yBenndeHuemM
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TOJIIIMHBI CTEHOK MpPEINOYTUTEIbHEE TMOpe3Ka TUCKOBHIMH M JICHTOYHBIMU IHJIAMH.
JlentouHomMIbHas 00pabOTKa B ATHX ciydasxX 3(QeKkTuBHee AMCKOBBIX MW — OIUH pe3
SKOHOMHUT mopsjaka 1,5-2 y.e. m oxaswiBaeTcsi Ha 40-50% nemieBiie OTPE3KH JTUCKOBBIMHU
NHJIAMH.

PexymmM HHCTpYMEHTOM Ha JICHTOUHONMIBHBIX CTAaHKAX SBIISIETCS JICHTOYHAS MHJIa —
CBapeHHAask B KOJBLIO CTallbHAsl M0JIOCA, UMEIoMIas pexyiue 3yons. [lpu 3ToM BaxHEHIIUM
(dakTOpOM, ONpEeACISIOMUM BCIO 3PPEKTUBHOCTD MPOIIECCa JICHTOUYHOTO MWICHHS, SBISCTCS
peXyInasi CrioCOOHOCTh U IOJITOBEYHOCTh JICHTOYHOU THJIBL.

B kagectBe mMarepuana OCHOBBI OMMETANIMYECKHX MHJI MCIOJB3YyETCS CTallb MAapKU
7HS34 (mo AISI) wm e€ ananor, pa3paboTaHHBIH ¢ yIETOM HEOOXOIUMBIX CBOWCTB — JICHTA
xonogHokartaHas u3 cram  45XTHM®A mno TY 14-4-1401-87 (PB).(tabmmma 1)
[Ipoussoaurens nentsl CII «bakko bucos» (benapycs).

Tabmmma. 1. XuMcocTaB U TBEpAOCTh MaTepHaia OMMETATITMISCKUX TIHJIT

Crans = W Mo Co V Cr | HRC
- 085 | 63 | 50 - 20 | 40 | 64-66 |
e 0,73 15 | 50 8 1 4,2 | 67-68
A 1,08 | 20 | 10 8 1 38 | 6869
- 1,25 10 4 10 3 35 | 269 |
o avoa 037044 - 0,7 . 03 | 30 | 4852

OnHO#l W3 BaXHEWITMX NPOOIEM HKCIUTyaTaluyd MW JICHTOYHONWJIBHBIX CTAaHKOB
SBIISIETCSI TIPABWIIHOE HATSOIKEHWE JICHTHI MBI, a TaKXke oOecrneueHne ONTUMAabHOU
3arpy3KHy JIEHThl U MWIbHBIX 3yObEB B 30HE pa3pe3anus. JaMHa 3Toi 30HBI U3MEHSETCS MPU
pa3pe3aHuy BaJIOB, a TaKke MPO(WIBHBIX MaTEPHAJIOB C IMEPEMEHHbIM ceueHueM. [1]. B
JICHTOYHOIWJIBHBIX CTaHKaX ¢ 3aMKHYTOM JIGHTOM, pelHAa3HAaUeHHbIX ISl pa3pe3aHus MeTall
JIOB, MPUMEHSIOTCS 2 JICHTOYHOHAMNPABISIIONIMX JKeI00a, CKPyUYMBAIOIIME JICHTY B 30HE
pe3anus Ha 90°, OHM 3aKpEIUIEHbI B paMe C YCTPOWCTBOM HATSKEHUSI JICHTHI.

Bennuuna amMIumTyapl MEepeMEIIeHU TMONepeYHNUX KoJeOaHW JICHTOYHON ITHIIBI
3aBUCUT OT MHOTHMX IapaMeTpPOB, B TOM YMCJIE OT HATSXKEHUS M CKOPOCTU ABMKeHus. Ha
BBICOTY I'peOemKkoB u (hopMy HEpOBHOCTEH 00pabOTaHHOM MOBEPXHOCTH OKA3bIBAIOT BIIMSTHHE
PO3BOJIKa, MM0/1a4a, TEOMETPUIECKHE TapaMeTphl PeXyIIeld YaCcTH U KoJIeOaHUsT HHCTPYMEHTA
(puc.1).

BenenctBue paszBojku 3yObeB MWIBI M €€ TIONMEPEYHBIX KOJICOAHWH HEBO3MOKHO
NOJIyYUTh HACATBbHO TJAAKYyI0 00paboTaHHYIO NOBEpXHOCTh, TaK KaK Ha HEW Bceraa
OCTAIOTCSl ClIeAibl PE3LOB — 3yObEB M Pa3phlBOB B MeTajlle, 00pas3yrolire HEpPOBHOCTH B
MIPOJIOJILHOM M MTOTIEPEUHOM HaIpaBiIeHUsIX [2].

Bb16op mpaBUIIBHBIX T€OMETPHUUYECKHUX MAapaMeTpOB MHCTPYMEHTA - HEOOXOIUMBIH U
BaXHEWIIUI STanm pa3pabOTKU TEXHOJOTMYECKOTO Ipolecca JEHTOYHOro mnuwieHus. llpu
OJIHOM M TOM JK€ MaTepuaJie 3arOTOBKH U MapKe JIEHTOYHOW MHJIbI MOTYT OBITh JIOCTUTHYThI
pe3yJbTaThl, OTIAMYAIOLIUECS 110 KAUECTBY pe3a U CTOMKOCTH MU B HECKOJIbKO pa3. Harpyska
Ha MWIbHOE NOJOTHO M HAa KaXIblil pexyluil 3y0, ycloBUS CTPYKKOOTBOJIa U yPOBEHb
KOHTAKTHBIX HAINPSKEHUH paboyux MOBEPXHOCTAX MHCTPYMEHTA U 3arOTOBKH, YCTOMYHUBOCTh
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MBI U TIPOU3BOJIUTENLHOCTD pe3aHusl — BCe 3TH (aKTOPHI PEHIArONIMM 00pa30M 3aBUCST OT
FEOMETPHUUECKUX IMapaMeTpOB MHJL.

TonuiHMHS MAAsl S MM

Brcorta zyba = s

CEa O Lo

War (arimf con-s2o sybes)

BepumHa aybaz
BmicTpopeMywan Crans
Ma2 _ MS]

UHilspsHa nonoTHS = e

OcHoBa:
BRICOKOMErpoEaHHaA
KOHCT Y KLMOHHAA NPy HEMHH2A
CRanme

Puc. 1. 'eomerpuueckuie napameTpbl IEHTOYHOM MTUIIbI

ITope3ka TBepABIX MaTepHaioB TpeOyeT MPUMEHEHUS M ¢ OOJIBIINM KOJIUYECTBOM
3yObeB ISl JTy4LIEro pacipe/esieHUs] U yMEHbILIEHUs NpUIlycka Ha 3y0 (Tabnuna 2).

Tabnua 2. PekoMeH10BaHHOE KOJIMYECTBO OJTHOBPEMEHHO pabOTalONINX 3yObeB

Kommnuectso Marepuaisl Marepuaisl
3yObeB, OJTHOBPEMEHHO HOPMAJIbHOM MOBBIIIEHHOW
HaxOJAIIMXCSA B MaTepUase 00pabaTpiBa€MOCTH TBEPAOCTH

MunumMyM 3 6

Maxkcumym 24 36

OnTumansHO 6-12 12-24

[IpuHIMIEaTBHEIE MOMEHTHI TIPHU BBIOOpE pa3MepoB M, (OPMBI U IIaroB 3yObeB

TaKOBBI:

¢ Heo0x0aMMO UCTIONB30BATh MBI TOJIBKO TOW JJTMHBI U IIMPUHBI OJIOTHA, KOTOPHIE
yKa3aHbl B TEXHUYECKOM TACIIOPTE JICHTOUYHONIMIIBHOTO CTaHKa.
[Ipu mpoYux paBHBIX YCIOBHSIX U BO3MOXKHOCTSIX, HCIOJB3YIOTCS MBI C OOJbIIeH
IMIMPUHOW TIOJIOTHA, YTO TOJOXHUTEIBHO OTpakaeTcs Ha KadecTBe pe3a u
yCTOWYMBOCTH TPOIIECCca MAJICHHS.
[Ipy mope3ke MATKMX MaTepHaioB CIEIyeT HCIOJIb30BaTh MBI C OOJIBIIUMH
raraMu 1 00beMOM CTPYKEUHBIX KaHABOK.
Peanuzanust BBICOKOIO TEXHOJIOTMYECKOTO MMOTEHLMala Mpolecca JIEHTOYHOIO
NWJICHUS BO3MOYXKHA TOJIBKO IPH HCTIOIB30BAHUM CTAHOYHOTO OO0OPYIOBAaHMUS, OTBEYAIOIIETO
BCEM TPEOOBAaHUSM 3TOTO MPOIECcca MO KECTKOCTH KOHCTPYKIMH, BO3MOYKHOCTH M3MEHEHHS B
HIMPOKOM JIHana3oHe CKOPOCTEW MoJau U pe3aHus, HaJu4ue MPUCIOCOOIEHUN U yCTPOUCTB,
MO3BOJITIONINX OTIEPATHBHO OCYIIECTBIATH pa3IWdyHble paboune W BCIIOMOTATEIbHBIC
omepauuM, a TakXke O00JaJarolero JOCTaTOYHOM  JIOJITOBEYHOCTBHIO, MOIIHOCTBIO,
NPOU3BOANTEIFHOCTRIO W TPOCTOTOW ympaeieHus. K Takum craHkam, 00J1aJaloniMu
BBICOKOW TOYHOCTBIO M HAJEKHOCTHIO, OTHOCATCS cTaHku (upmbel MEP SPA (Hmanus)

(puc.2).
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OdurmansHbII
npencrasurens  ¢upmer  MEP B
Ykpaune Q00 «IITII «TOP-2000»
2, /[oneyx. MEP saBisieTcss MUPOBBIM
JIUIEPOM B IIPOU3BOJICTBE
CTaHAAPTHBIX M CHELUUAIU3UPOBAH-
HBIX JICHTOYHOTMJIBHBIX  CTaHKOB.
OTnuuuTenbHON 0COOEHHOCTBIO
craukoB MEP S.p.A saBuserca -
TOYHOCTb pe€3a, HaJEKHOCTb, MPOU3-
BOJMTEIBHOCTb,  APTOHOMHYHOCTb.
DT  BBICOKHE JKCIUTyaTalIOHHbIE
MOKa3aTead  JOCTHTHYTBHl  IyTeM
BHEJIPEHUSI COOCTBEHHBIX '"HOy-xay"
¥ TIEPEIOBBIX MH)KEHEPHBIX PEIICHUH.
Tonbko Ha crankax MEP koHconbs u
CTaHMHA BBITIOJHEHBI M3 MSTKOTO,
KOBKOTO  4YyryHa C  TIPOTHBO-
PE30HAaHCHBIMU pa3pe3aMH, BCTPOEH-
HBIMH CHCTEMAaMH JUAarHOCTHKH W
KOHTpOJIs, TO3BOJISIOIIMMHU TaCUTh

Puc.2. Cranok pupmer MEP SPA (Mranus) BHOpAIMM M TEM CaMBIM TIOBBIIIATE
pecypc ¥ COXpaHHOCTb ITHIL.

CraHku 000pyIOBaHBI:

Cucremoit KOHTPOJIS pe3a;

HudpoBbIM JaTYNKOM yCHIINS HATSKEHUS MOJIOTHA;

Y cuieHHBIMU HaIIPaBIISIOIIMMU;

BeICTpOAEHCTBYIOIUM YCTPOMCTBOM IS 3aKMMA U pa3KuMa 3aroTOBKU;

[leTko# 1y1st OUMCTKY MUJIBI OT CTPYIKKHU;

[TomaromuM cynmnopToM ¢ pOJTMKaAMH.
[TpaBumnbHBI BEIOOP 000PYAOBaHMS, HHCTPYMEHTA, PEKHUMOB PE3aHUs TIO3BOJISET
NOOUTBhCS  BBICOKOW TPOU3BOJUTEIBHOCTH, TpeOyeMoro KadecTBa pe3a, HKOHOMHUHU
MaTepHUAIILHBIX PECYPCOB M B KOHEYHOM UTOT€ KOHKYPEHTOCTIOCOOHOCTH IPOU3BO/ICTBA.

Cnucok Jaurtepatypbl: 1.Anamusik f., BoiiHapoBcku IO., Kammncku B. IlpoGiemsr
HArpy3Kd JICHTOYHOM WGl PACMJIOBOYHOTO CTaHKa C 3aMKHYTOW JIEHTOH. //
[IporpeccuBHBIE TEXHOJOTHMHA W CHCTEMBI MAIIMHOCTPOCHHS: MeXIyHapOAHBIH COOPHHUK
HayuyHbIX TpynoB - [oneuk: JouHTY, 2003r Bem.25. C.3-7. 2 Boiinaposcku lO.,
Kamuuacku B. Ananu3 xone0aHUM JTEHTOYHOW TMHJIBI PACIHWIOBOYHOTO CTaHKA C 3aMKHYTOM
nenToid. // TIporpeccuBHBIE TEXHOJOTHM M CHCTEMBl MAIIMHOCTPOESHMS: MeXayHapOo HbIH
cOopHHK Hay4yHBIX TpyaoB. - Joneuk: JonHTY, 2003r. Bem.25 C.3-7. 3. Dmumenax C.3.
Txuonorus nenrounoro muwieHus. OO0 «TM API'O-I'PA®UKCy», Munck, 2006r. 4. MEP
SPA ITALY CATALOG 2008.
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NEPCIHHEKTUBBI CO3JAHUA U PASBUTHSI ITPOI'PECCUBHBIX
TEXHOJIOT'MK MAIIMHOCTPOEHUSA HA BA3E TEXHOJIOI' MU
HEIIPEPBIBHOI'O JEWCTBUS

MuxaiisioB A.H., MuxaiinoB [L.A. (xagpeopa TM, /[onHTY, 2. Jloneyx, Yrxpauna)

HenpepsIBHBIN TpoIiecC HAYyYHO-TEXHHYECKOTO IMporpecca MOCTOSHHO TpelyeTr co-
BEPILICHCTBOBAHUS COBPEMEHHBIX TEXHOJIOIMA, B TOM YMCJIE U TEXHOJIOTMH MalIMHOCTPOEHHUS.
[Tpu 5TOM OHM B CBOEM Pa3BUTUH MPOXOAT MHOTOCTOPOHHHUE MPeoOpa3oBaHusl, OOBIYHO 3HA-
YHUTEIBHO YCIIOKHSIOTCS U MPUOOPETAIOT HOBBIE CBOMCTBA M BO3MOXKHOCTH. DTOMY CHOCO0-
CTBYIOT MCCIIEAOBaHUs (DyHJAMEHTAIILHOTO M MPHUKJIAIHOTO XapakTepoB. BmecTe ¢ Tem, B oc-
HOBE UX Pa3BUTHUSA JIEkKAT OOIIME TEHACHIMN ACHCTBYIOIINE B TEXHUKE, & TAK)KE HOBBIC MPHH-
IIUITBI, BOZHUKAIOIIKE OJIaro1apsi Mporpeccy HayKu U TEXHHUKH.

K HOBBIM M TNEPCHNEKTHBHBIM TEHICHIMSIM IMPOTPECCUBHOTO PAa3BUTUS TEXHOJIOTHIA
MalIMHOCTPOECHUS [ 1] MOXKHO OTHECTH CIIeIyIOIIHE:

- TIOBBIIIEHHE KOHLEHTPAIMM U Mapajliesieln3Ma TeXHOJOTHIECKUX 30H 00paboTKH,
00ecreunBarOINX MMOBBIIIEHNE POU3BOAUTEIBHOCTH U HOBBIX BO3MOKHOCTEN TEXHOJIOTHYE-
CKHX CHUCTeM [2];

- CO3J1aHHe HETPAJAUIHOHHBIX MPOTPECCUBHBIX MPOCTPAHCTBEHHBIX CTPYKTYP TEXHO-
JIOTUYECKHUX 30H 00pabOTKH (CO3/1aHuEe MHOIOMEPHBIX LUKIMYECKHX CTPYKTYp, HOBBILICHHUE
pa3MEepHOCTH MHOT000pa3us U 0OBEKTOB B KaXJIOM MHOT000pa3uu CTPYKTYPHI), peallu3yro-
IIMX TOBBIIIEHNE TEXHOJOTUYECKUX BO3MOKHOCTEN MPOCTpaHCTBA U cpefsl [2];

- obecnieyeHne KOMITOHOBKHM TEXHOJIOTUUECKUX 30H 00pabOTKU B JIMHEHHbIE, TOBEPX-
HOCTHBIE U 00BEMHBIE CTPYKTYpHI (puc.l); obecnieueHre KOMIIOHOBKH 3TUX CTPYKTYp B IPO-
W3BOJICTBEHHbIE SIYEMKH (MOTOYHO-IPOCTPAHCTBEHHBIE TEXHOJOTHUECKHE MOAYJH) (pHC.2);
obecrieueHre KOMIIOHOBKH IPOU3BOJICTBEHHBIX SYEEK B IIPOCTPAHCTBEHHBIE CTPYKTYPHI U 3a-
MOJIHEHHE UMH BCETO 00bEMa NMPOCTPAHCTBA MPOU3BOJCTBEHHOIO 11€Xa C BO3MOYKHOCTBIO H3-
MEHEHHS UX TPOCTPAHCTBEHHOTO PACIOJIOKEHHs (puc.2);

- TIOBBIIIICHNE CTETIEHH KOMITAKTUPOBAHUS CTPYKTYPHI 33 CUET yBEIUUCHHS TIIOTHOCTH
(JTMHEWHOH, MOBEpXHOCTEH, 00bEMHOM ) TEXHOJIOTHYECKUX 30H 00pabOTKH;

-CO3/JaHHEe HOBBIX KJIACCOB TEXHOJOTHYECKMX MAmuH [2], pa3paboTka u QyHKIMOHH-
pOBaHUE KOTOPBIX 0a3MpyeTcsi HA OCHOBE HOBBIX IIPUHLIUIIOB;

- OpraHu3anyus MOTOYHOCTH (DYHKIIMOHUPOBAHHUS TEXHOJIOTUUECKUX 30H 00paboTKH Ha
OCHOBE MHOTOMEPHBIX 3aMKHYTBIX PEKYpPPEHTHBIX TPYII, BBHITIOJHAEMBIX Ha 0a3e MX CIOXK-
HBIX TPAHCIIOPTHBIX IBM)KEHHUI U TMOBBIIICHUS] HHTEHCUBHOCTH;

- obecrieueHne OJTHOBPEMEHHOCTH WIJIM MApaJlICIbHOCTH BBITIOJMHEHUS (QYHKIHN TeX-
HOJIOTUYECKUX CUCTEM;

- TIOBBIIIEHWE HETPEPHIBHOCTH M YCTOMYMBOCTH (YHKIHMOHHUPOBAHHS TEXHOJIOTHYE-
CKHX CHCTEM B COOTBETCTBUU C 33JJaHHBIM aITOPUTMOM;

- TIOBBIIIEHHE WH(POPMAITIOHHOCTH TEXHOJIOTHH, CHH)KEHHE MacChl TEXHOJIOTHIECKIX
CUCTEM U MOBBILLIEHHE UX YHEPTOBOOPYKEHHOCTH;

- CO3/1aHUE TEXHOJIOTMM M TEXHOJIOTMYECKUX CUCTEM C HCIIOJIb30BAaHUEM NPHUHIIUIIOB
MEXaHOTPOHUKH U aIaliTPOHHUKH;

- yrpoieHue (yHKIMOHAIbHOW CTPYKTYpPHI 32 CUET COBMEILEHHS PAa3INYHbIX (YyHK-
UM TEXHOJOTMYECKUX CHCTEM, BBIIIOJHEHUE TEXHOJOTMUECKUX (YHKUUN IOCPEICTBOM
TPAHCHOPTHBIX (QyHKIMI 1 HAOOOPOT.

AHaTM3UPYS 3TH TEHIIEHIIMA MOKHO OTMETHUTb, YTO B HACTOSIICE BPEMS MEPCICKTHB-
HBIM SIBJIIETCS TIEPEXOJI OT JIMHEHHBIX KOMIIOHOBOK K IMTOBEPXHOCTHBIM M OOBEMHBIM KOMIIO-
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HoBKaM. Ha puc. 1 mokasaHa: a — MuHETHass KOMITIOHOBKA TEXHOJIOTHUYECKUX 30H, O — MOBEpX-
HOCTHasi KOMIIOHOBKA, B — 00beMHasi KOMIIOHOBKA. 371eCh 0003HaueHO: 1 — BXO/IHbBIC MOTOKU
U3JIeNHi, 2 — MOTOK €AMHUYHBIX TEXHOJOTUYECKUX 30H, 3 — €IMHUYHASI TEXHOJIOTHYECcKas 30-
Ha, 4 — m3penue (mpenMeT 0OpabOTKM), 5 — MPOCTPAHCTBEHHAs! TEXHOJOTMYecKas 30Ha, 6-
BBIXOJIHbIE IOTOKH U3/IeNUi. BykBaMu NOKa3aHo: V7i, - TPAHCHOPTHAS. CKOPOCTh U3JIENUH U /;
- [Iar u3/IeNui.

Ha ocHoBe 3THX TeHIEHIHI pa3pad0TaHbl MPUHIMITHAIBHO HOBBIE TEXHOJIOTHICCKUEC
CUCTEMBI [2] ¢ KaUeCTBEHHO HOBBIMH CBOMCTBAMHU.
Teopernyeckas MPOU3BOAUTEILHOCT UX OIMPEACIIACT-
Cs1 1O CJICYIOIIUM 3aBUCUMOCTSIM:

- TMHENHO-TIPOCTPAHCTBEHHAS TEXHOJIOTHYE-
CKasl 30Ha

L:
HiL:?lhi:VTin Pri=Np;; (1)

- MIOBEPXHOCTHO-IIPOCTPAHCTBEHHASI TEXHOJIO-

rudeckasi 30Ha

s__ S _ .
Iy = . =Dby; vrin Fsi =boi Ni; (2)
2 3 o PSi
6) - 00beMHO-TIPOCTPAHCTBEHHAS] TEXHOJIOTHYEC-
e
- cKasl 30Ha
v_ Vi _ _
17; =7y SeiVrin Fi = Soi Nyi 3)
o"E;
&
13 4 L 7S 4V
rne [, 117, 1I; — TeopeTndecKkass IPOU3BOLUTEID-
Puc. 1. Mozenm npocTpaHCcTBeH- HOCTHh TE€XHOJIOTMUCCKOM CHCTEMBEI C JHMHCHMHOM, IIO-
HBIX TEXHOJIIOTHICCKHUX 30H. a - BEPXHOCTHOM U 00BEMHOM 30HOW COOTBETCTBEHHO;
JMHENHast; 6 — NOBEPXHOCTHAS; U L;, S; ,V; — nnunHa, miomanab, 00beM TEXHOJIOTHYECKHUX
- 00beMHas 30H COOTBETCTBCHHO;

hi, S g V gi- aina (1ar), miomanas, 00beM eIMHUYHON
TEXHOJIOTHYECKOM 30HEI COOTBETCTBEHHO);
T, — IIUTENBHOCTh OCHOBHOT'O BPEMEHH TEXHOJOTHYECKOTO BO3JIEUCTBUA OPYAUN U CPENICTB
00paboTKU Ha U3/IENNE;
boi, Soi- IUPUHA, TITIOIIAH TIOTIEPEYHOTO CEYEHUS TEXHOJIOTUYECKOM 30HBI COOTBETCTBEHHO;
Py, Psi, Py;- nuHeiiHas, TOBEPXHOCTHAsI, 00beMHAs! TIOTHOCTh M3JIETNI B COOTBETCTBYIOIITUX
TEXHOJIOTUYSCKHUX 30HAaX;
N1i, Nsi, Nyi - THTEHCUBHOCTh NTOTOKOB H3JEJHI COOTBETCTBEHHO B JIMHEWHOW, MMOBEPXHOCT-
HOU ¥ 00BEMHOH MPOCTPAHCTBEHHOM TEXHOJIOTUUECKUX 30HAX.
3mecs:

Py Z%’ Py; ZSL’ by ZVL

i E; E;

Ha ocnoBanuu Beipaxkenuii (1), (2) u (3) ycTaHOBI€Ha 3aBUCUMOCTb OTHOCUTEIbHOMN
NPOU3BOAUTENBHOCTH [1/]1, TEXHONOTUYECKUX MOJYJIeH HeNpephIBHOTO AeWcTBus, rue 11, —
TEOpEeTUYECKasi MPOU3BOJUTEILHOCTh 0a30BOT0 BapuaHTa, OT UX I'€OMETPUYECKUX apamMer-
POB € IPOCTPAHCTBEHHBIX TEXHOJIOTUIECKUX 30H (pHUC. 2). AHAIU3 3TUX 3aBUCUMOCTEHN TOKa-
3aj1, 4TO YBEJIMYEHUE Ta0apUTHBIX Pa3MEPOB TEXHOJOTMYECKOTO MOJIYJS BEIET K yBeJIuue-

HHUIO €r0 MPOU3BOJUTEIBLHOCTH MO CIEAYIOIIUM 3aKOHAM: C JIMHEMHON TEXHOJIOTHYECKOMN 30-
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HOM (rpaduk 1) - Mo mpsiMOil MPONOPIMOHATBHON 3aBUCUMOCTH, C MIOBEPXHOCTHONW TEXHOJIO-
rHYECKON 30HOH (rpaduk 2) — MO KBaJApaTHYHOW 3aBUCUMOCTH, C 0OBEMHON TEXHOJOTHYE-
cKoit 30HOH (rpaduk 3) — mo KyOuyeckoi 3aBUCUMOCTH. [103TOMY TEXHOJIOTHYECKUM CHCTE-
MaM C TIOBEPXHOCTHOH M 0OBbEMHOH TEXHOJOTHUECKHMHU 30HAMHU CBOMCTBEHHBI KA4ECTBEHHO
HOBBbIE, 00JIe€ BBICOKHE TEXHUKO-3KOHOMHUYECKHE IT0KA3aTEN 110 CPAaBHEHHIO C TEXHOJIOTHYE-
CKUMHU CHCTEMaMH C JIMHEWHOW KOMIIOHOBKOH, Ha 0a3e KOTOPOMl CO3MArOTCs COBPEMEHHBIE
ABTOMAaTHYECKUE JINHUM.
Ba)XHbIM MOMEHTOM IpU POEKTUPOBAHUU TEXHO-

n { JIOTHYECKHUX CHCTEM SIBIISIETCS yBeIM4eHue Kodhduimenta
o UCIOJIb30BaHUsI TEXHOJOTUYECKOTO MMPOCTPAHCTBA HA BCEX
UEPAPXUYECKUX YPOBHSIX:

e —

Vi
Kp=
R >
20 Vor
/ rae Kg - Ko3QQUIMEHT UCTIONB30BAHUS TEXHOJIOTHYECKO-
ro MPOCTpPAHCTBA Ha R ypOBHE;

HOJIOTHYECKOE 000py10BaHUE (TEXHOJOTHUECKHUE IJIEMEH-
ThI);

Vor - obmuii 00beM NPOCTPAHCTBA, OTPAHUYUBAIOIINAN
(YHKIMOHAIBHYIO STUHUILY .

10 /

o
/
/

1/

/ Vi - 00BeM mpocTpaHCTBa B KOTOPOM pacIoiaraeTcst TeX-
Y

7 ') ITpu 3TOM HEOOXOIUMO CTPEMUTHCS K NOBBILLIEHUIO
L IUIOTHOCTH TEXHOJIOTMYECKUX DJIEMEHTOB IPOCTPAHCTBEH-

HOW TEXHOJIOTUYECKOHW 30HBI U MHTEHCUBHOCTH (YHKIIHO-

f 2 3 4 §  HHUPOBAHHUA IOTOYHO-IIPOCTPAHCTBEHHBIX TEXHOJOTHYE-

ckux Moayiei. Kpome Toro, npu npoeKTUpOBaHUM TEXHO-
JOTUYECKUX CHCTEM, COCTOSAINEd U3 1 IMOTOYHO-
NPOCTPAHCTBEH-HBIX MOJYJIEH, HEOOXOIUMO TMPOCTPAHCT-
BEHHO MX KOMIIAKTUPOBAaTh B IPOU3BOJICTBEHHBIC SYCHKU
(puc. 3) u 3aTeM S4YEHKU MPOCTPAHCTBEHHO KOMIIOHOBATH
BO BceM 00beMe NPOU3BOICTBEHHOTO 1iexa. [IpuueM 31ech
TaK)Ke CJIeyeT BECTH MX pa3sMEILICHHE W3 pacdeTa IMOBBI-
LIEHHs] IJIOTHOCTH MOTOYHO-NPOCTPAHCTBEHHBIX TEXHOJOTHYECKUX MOIYJEW B IPOU3BOJCT-
BEHHBIX SYCHKaX U S4eeK B MPOU3BOACTBEHHOM IeXy. Ha puc.3 mokazana ¢opmanm3zoBaHHas
00bEMHO-IIPOCTPAHCTBEHAs NMPOU3BOJCTBEHHAs s4eiika. 31ech 1 — TeXHONOruyeckas cucre-
Ma, 2 — MOTOYHO-NIPOCTPAHCTBEHHbIN TEXHOJOTUYECKUI MOIYJIb, 3 — CBA3b MEXKAY TEXHOJO-
THYECKUMU MOJYJIIMU, 4 — TpaHHIa NPOU3BOJCT-

BEHHOM  s4YeWKkW, S5 — TpaHuua IHOTOYHO- ; z
IPOCTPAHCTBEH-HOTO  TE€XHOJOTUYECKOIO0  MOIYJIS.
MonyJeHOCTB MIOCTPOCHHUS ITOTOYHO- 73 —f— —
IIPOCTPAHCTBEHHBIX TEXHOJIOTMYECKU CUCTEM IO3BO- : .

JIIeT pealm30BaTh OCHOBHBIC NMPUHIIAILI aBTOMATH- ea L y

Puc. 2. 3aBucHUMOCTL OTHOCH-
TEJIHLHOU MPOU3BOIUTEIILHO-
CTH TEXHOJOTMIECKOM CHC-
TEMBI OT radapUTHBIX pa3Me-
POB IPOCTPAHCTBEHHOM TEX-
HOJIOTHYECKOM 30HBI

3UpPOBaHHBIX MPOU3BOJICTB. DTO, MPEXKIE BCETO THO- ¥ I "
KOCTb, HENPEpPhIBHOCTh U  BBICOKME TEXHUKO-
HPKOHOMHUYECKUE MTOKA3aTeNIN U3rOTOBICHUS U3EIHIL.
OpHako mpouecc co3JaHusi TaKUX TEXHOJIOTMH 3TO
CJIOKHBII IpoLEecC, KOTOPbI TpeOyeT NIUTEIbHBIX
UCClIeIOBaHUN (PYHIAMEHTAIbHOIO U MPUKIIAJIHOTO
Xapakrepa.

Puc. 3. ®opmanuzoBanHas 00b-
€MHO-TIPOCTPAHCTBEHHAS ITPOU3-
BOJCTBEHHA SUeHKa
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Ha ocHoBe mpeanaraeMbIX TEHASHIMN Pa3BUTHs TEXHOJOTUN U pa3pabOTaHHOTO TeO-
PETUYECKOTO TIOJX0/1a B CO3AaHUH U (YyHKIIMOHUPOBAHUN BBHICOKO3()(DEKTUBHBIX TEXHOJIOTH-
yeckux cucreM [ 1] pa3paboTaHbl KaueCTBEHHO HOBbIE IOTOYHO-IPOCTPAHCTBEHHBIE TEXHOJIO-
TMYECKHUE CUCTEMBI HEMPEPBIBHOTO AEHCTBUS [2]. DTH TEXHOJOTUYECKHE CUCTEMbI OTHOCSTCS

K HOBOMY 5-My KJIacCy TE€XHOJIOTMYECKUX

E%:@ MaluH [2] HOBOTO MOKOJICHUS.
@D OCHOBHBIM IIPHU CO3/IaHUM T1OTOY-
HO-IIPOCTPAHCTBEHHBIX TEXHOJIOTHYe-
@ Aureanas / ) @ CKIX CHCTEM ABJCTCA NEPEXOA OT JH-
S C KD Heiinoit KOMIOHOBKH K MOBEPXHOCTHOM U
[ ele ] 3aTeM K O00BEMHON KOMIIOHOBKE TEXHO-
§EG> JOTHYECKUX 3JeMeHTOB (puc.4). 3xaech
@ kaxabll BUI, U3 TpeX NpellaracéMblXx,
UMEET OTKPHITOE MHO>KECTBO BapHaHTOB

SSq>
KomnaHabka =
£ : @ TeoMeTpudeckux (popM KOMIOHOBOK, 4TO
G sserman S§<=——— jaer BO3MOKHOCTb CO31aBaTh 3HAYH-
|

(@ lobepxracmnan
NEoCmMEan-
cmbednag

D TenpHOE YKMCIIO BAPHAHTOB TEXHOJIOTHYE-
CKMX CHCTEM W BBISBISITH HanOoOJee MpH-
eMJIEMbIE ISl pealM3aluu  3aJaHHOTO
TEXHOJIOTUYECKOTO MpOoIecca.

JUis perieHus BOIPOCOB KOMIIO-
HOBKHU TTOTOYHO-TIPOCTPAHCTBEHHBIX TEX-
HOJIOTUYECKUX CHUCTEM NPEJIOKEH METO]
CUHTE3a NPHUHLIUIHUAIBHO-CTPYKTYPHBIX
Mojeinell, Ha 0a3e KOTOpbIX pa3padaThl-
BalOTCSI KOMIIOHOBOYHBIE BAPUAHTHI TEX-
HoJIoTMueckux cucrem [4]. B ocHoOBy
3TOr0 METOAA MOJIOXKEHA Olepanus AeKOMIO3ULMU IPOCTPAHCTBEHHON CTPYKTYpPBl U CIOXK-
HOM NPUHIMIHNAJIBHON KMHEMaTHUYECKON CXeMbl TpaHCIopTHOro aBwxkeHus [2]. Ha 6aze aTo-
ro Meroja pa3pad0TaHbl HEKOTOPHIX BAPUAHTOB MOTOYHO-IIPOCTPAHCTBEHHBIX TEXHOJIOTHYE-
CKHX MOJyJIel C MOJCUCTEMaMHU 2-TO KJIacca, a UMEHHO: IOTOYHO-BUHTOBOT'O TEXHOJIOTHYE-
ckoro moayist (IIBTM), moTouHo-cniupansHOTO TexHosorudaeckoro moayis (IICTM), morou-
HO-TIPOCTPAHCTBEHHOTO TexHoyorndeckoro moaynsd (IIIITM) u moToyHO-rimoO6OUIHOrO TeX-
Hosioruueckoro moaysst (II'TM).

Taxum 006pa3om, pa3pabOTaHHBIN HOBBIA TEOPETUUECKUH MOIX0] U HOBBIC MPUHITUIIBI
MO3BOJISIIOT HA CTPOTOW METOJI0JIOTMYECKON OCHOBE 0OBEKTHO-OPHUEHTUPOBAHHOTO MPOEKTH-
pOBaHus CO3/1aBaTh HETPAJAULIMOHHBIE MPOTPECCUBHBIE TEXHOJOTUU. DTO MO3BOJISET CYIIECT-
BEHHO TIOBBICUTh TEXHUKO-DKOHOMHUYECKME IOKAa3aTeJIM M3TOTOBJICHUS H3JEJUN MalluHO-
CTpOEHUS Ha 0a3e TEXHOJIOTHI U TEXHOJOTUYECKUX CUCTEM HOBOI'O MOKOJICHHUS.

Puc. 4. Buasl 1 reomeTpudeckue Gopmbl
KOMIIOHOBOK IPOCTPAHCTBEHHBIX TEX-
HOJIOTMYECKHUX 30H

Cnucok gutepatypsbl: 1. Muxaiinos A.H. 3akoHOMEepHOCTH 3BOJIIOLIMOHHOTO Ipoliecce pas-
BUTHS TEXHOJIOTHI MammuHOCcTpoeHus//[IporpeccBHbIE TEXHOJIOTUH M CHCTEMBI MAaIllWHO-
ctpoenusi: CO. HayuH. crareid.- JJoneuk: Joul'TY, 1995, Bem. 2. C. 32-49. 2. Muxaiinos
AH. Pa3paboTka  MeETOIOB  NIPOEKTUPOBAHUS  BHICOKOI()(EKTHBHBIX  IMOTOYHO-
NPOCTPAHCTBEHHBIX TEXHOJIOTUYECKUX cUcTeM. ABTOped. Auc. ... .a-pa TeXH. HayK. — Kues:
KIIH, 1992.-33¢c. 3. MuxaiinoB A.H. O0muii TeOpeTHUECKUI MOIX0] CO3TaHMsI HOBBIX TPO-
IpecCHBHBIX TexHoJioruid // [IporpeccrBHbIE TEXHOJIOTUM MAalIMHOCTPOCHHUS W COBPEMEH-
HocTh: CO. TpyZ0B MEXIyHap. HayuyHO-TeXH.KOH(.- Jlonenk: Jonl' TV, 1997. C. 168-171. 4.
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Muxaiino A.H. HoBast koHIENIUs pa3BUTHSI TEXHOJIOTMUECKUX CUCTEM HENPEPBIBHOTO AEH-
ctBust // IIporpeccuBHBIE TEXHOJOTUH M CUCTEMBI MaIMHOCTpoeHus: CO. HayqHO-TEXH. TP.-
Hownenx: Joul'TY, 1994, Bein. 1, C. 74-91. 5. Muxaitnos A.H. [lepcriekTuBbl pa3BUTHUS BbI-
COKHX TexHoJioruii // Pe3anue n uHcTpyMeHT: Pecmy0Oi. MexBen. Hay4HO-TeXH. ¢6. — Xapp-
koB: XIIN, 1993, Beimn. 48, C. 39-41.

JAUATHOCTHUKA TEXHOJIOI'MYECKHUX ITPOLHECCOB HA OCHOBE
OOTOPEI'NCTPAIIMH

CouoBbéB C.10., MenBeneB B.B. (kagpeopa TM, [JonHTY, 2. /loneyx, Yxpauna)
vadim.medvedev@ua.fm, amum.org.ua

[Iupokoe BHeApeHHE B MeXaHOOOpaboTKe 00padaTHIBAIOMIMX IIEHTPOB MPEABSIBISCT
MOBBIIIEHHbIE TPeOOBaHMA K IMArHOCTMYECKOW CHCTeMe Takoro obopynoBanus. Cucrema
J0JDKHA 00ecredynBaTh aBTOHOMHOCTh pabOThI 00OpPYNOBaHMS B TEUEHHU OIPEACIEHHOTO
NPOMEXYTKa BPEMEHH. ABTOHOMHOCTh pabOThl B YAaCTHOCTH IOJPa3yMEBAaET OTCYTCTBHUE
KOHTPOJISI CO CTOPOHBI CTaHOYHHKA. Takum oOpazom, i OecriepeboiiHoi paboTel Tpedyercs
KOHTPOJIMPOBATh HE TOJIbKO COCTOSIHHE Y3JIOB CTAHKAa M XapaKTEPUCTHK IpoLecca pe3aHus
3aroTOBKH, HO ¥ pabOTy MaHHUIYJSITOPOB, MEXaHU3UPOBAHHON OCHACTKH, aBTOMAaTHU3UPOBaH-
HOM cHCTeMbl YOOpKH OTX0JI0B U T.J. KOMIUIEKCHBIN MOAX0A K KOHTPOJIIO 3TUX YCTPOHCTB
MO3KeT o0ecreunTh NpoMbllIeHHas poToperucrpanus [1,2].

[IpombIeHHbIH oTOperucTpanys — 3TO HPOIECC PETHCTPALUH TPOMBIIUICHHBIX
NPOLIECCOB HA MPOMU3BOICTBE U KOHTPOJIb 32 TEXHOJIOTMUECKUM IPOLIECCOM € MOMOIIBI0 (o-
TOCHUMKOB. [Ipo1iecc siBisieTCs 4acThi0 JUarHOCTUKK TEXHOJIOTMYECKUX MPOLIECCOB.

PasBurue anroputmMoB 00pabOTKM HAYYHBIX (POTOCHIUMKOB MOJYYESHHBIX Ye€pe3 pa3HbIe
CBETO(MIIBTPHI, BUPTYAIBHBIX CTYIUH, CHCTEM HCKYCCTBEHHOTO 3pEHHS MO3BOJISIOT YOUpaTh
IIyMBI, yBEJIIMUYUBATH KOHTYPHYIO PE3KOCTb, BBIICIATH U3 (poTorpadun HyKHbIE OOBEKTHI, OII-
PENeNATh UX BEKTOP ABMKEHHUS.

@DOTOKOHTPOIb TO3BOJISIET MPOU3BOANUTH KOHTPOJb MPOMBIIIICHHON MPOIYKIHH, B
X0J1e KOTOPOTO TEJIEBU3NOHHBIE YCTPOUCTBA MO3BOJITIOT OECKOHTAKTHBIM CHOCOOOM KOHTPO-
JMPOBATH pa3MepPbl U KOHPUTYPAIHMIO H3TOTOBISIEMBIX M3/IENUH, HATMYHE IeeKTOB U Ap. 6e3
3aJ1ep>KKH WM OCTAaHOBKHM IPOM3BOJICTBEHHOTr0 mpolecca. JlnarHocTuka Ha OCHOBE (oTope-
TUCTpAlM I03BOJIIET YCTAHOBUTH, HACKOJIBKO MPABUJIBHO YyCTaHOBJIEHA JI€Tajb (TOYHOCTh
YCTaHOBKH, COOCHOCTb), BBISIBUTH OIIUOKN MaHUITYJIATOPA, OOJIBIINE OTKIOHEHUS OT OPMBI
(HampuMep, 3HAUUTEIIbHBIE BBICTYIIBI HA I€TAJIN).

Texanuyeckoe ocHameHne (GOTOPErucTpanyii Ha CErOAHAIIHIN JICHb HE MPEICTABIISET
3arpyaHeHuil. CylecTByeT MHOKECTBO IPUOOPOB U YCTPOICTB AJISl OCYIIECTBICHUS KOHTPO-
JIs1 TEXHOJIOTUYIECKOTO Tpoliecca ¢ moMoIibio doTopeructpanuu [3]. PaccMoTpuM HECKOIBKO
TaKUX yCTPOMCTB.

Pecucmpamop cuenanos PUL]822 [4]. Peructparop curHaioB PUI[822 moxer OBITH
3¢ (eKTUBHO HCHONB30BaH JUId (HOTOpPErHCTpali pa3MuHbIX HpoueccoB [4]. B kauecTse
npuMepa puc.la WuTOCTpUpyeT npoliecc NpoOUBaHUS OTBEPCTHSI B IUIOCKOM MeETaTMYECKOM
MUIIEHU TOJIIMHOH 1,5 MM MMITyJIbcaMU J1a3€pHOTO U3ITyUYEHHUs, CIeAYIOMUME ¢ yacToToi 10
['n (M3nmy4yeHue uaeT cupasa HaJEBO).
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Puc. 1. Kagps! peructparmu npoOUBaHUs OTBEPCTHS J1a3€PHBIM JIy4YOM

6)

Ha pucynke BHIHO, KaK MEPBbI IMITYJIbC 00pa3yeT KpaTep Ha MOBEPXHOCTH MUILICHH;
BTOPOI MMITYJILC COTIPOBOKAAETCSI MHTEHCUBHBIM BEIOPOCOM MaTepHaia MUIIEHH HABCTPEUy
Ja3epHOMY JIy4y; TPETHI UMITYJILC MpoOuBaeT oTBepcTHE ((hakes BUIEH ¢ 00EHX CTOPOH MH-
IIEHH); YE€TBEPTHIH UMITYJIbC OECHpEnsITCTBEHHO MPOXOJUT CKBO3b 00pa30BaBIEEeCs OTBEP-
CTHE.

Puc. 16 wumocTpupyIoT Xxapakrep npo6osi uMiysibcoM m3nydeHneM CO»-mazepa BO3-
IyXa ¢ pa3M4HON KOHUeHTpauue mbuid. CheMKa Benach BHYTPU CHEIHMAIBHON KaMephl.
[Ipo6oii Ha BepxHEM Kajpe (M3JIydyeHHE HJET CJIEBa HAMPaBO) XapaKTepeH i OOBIYHOTO
BO3/yXxa jrabopatopur. OH HOCUT JOBOJIGHO MPOTSKEHHBIM XapakTep. [Ipo6oi Ha HMKHEM
KaJpe XapakTepeH il 00SCIBUICHHOTO BO3ayXa (KOHIIGHTpAIWs TBUTH B Kamepe ObuIa 1o-
HIDKEHA PUMEPHO Ha TpH nopsanaka). OTuéTimBa BUHA pa3HULIA B CHUMKAX, YTO MO3BOJISIET
TOBOPHUTH O NEPCHEKTUBAX (POTOPETHCTPALUH IPU PU3UKO-MEXaHUIECKUX METOo1aXx 00paboT-
KU.

Yempoticmeo pomopecucmpayuu 6vicmponpomexarowux npoyeccog [5]. Arnmapaty-
pa It BBICOKOCKOPOCTHOW (DOTOPETUCTPALMHU OBICTPOMPOTEKAIONINX MPOIIECCOB pa3pado-
TaHHas MoJ pyKoBoaAcTBOM TarMbimeBckuil K. B. MOKeT yCHeIIHO IPUMEHATHCA :

- 11 GOTOPETUCTpAIH OBICTPOMPOTEKAIONINX MPOLECCOB B MAIIMHOCTPOCHUH, KOTIa
HE00X0/IMMa BBICOKAsi CKOPOCTh PEarupOBaHMUS;

- IUISL pETHCTPALIUH MTPOLIECCOB MEPEMEIICHHsI OBICTPOIBIKYIIINXCS IETAJICH U Y3JIOB B
MAaIIUHOCTPOCHHY;

- IPY YJAPHBIX UCTIBITAHUAX U3/IETNI aBUAKOCMHUYECKON TEXHUKH;

- ipu OAJUTMCTHYECKUX UCCIIeTOBAHMAX;

- nnst (OTOpEerucTpaIyy NpoIEecCOB CMECEOOpa3OBaHUsl B CHCTEMax AJIEKTPOHHOTO
BIIPBICKA TOTUTMBA B JIBUTATEIIIX BHYTPEHHETO CTOPaHUS.

B ycrpoiictBe npumensieTcsi 4 JaMITbI-BCITBIIIKH, KOTOPHIE JAIOT BCIBIIIKH JTATEIb-
HOCTB OKOJIO | MKc. IHTepBan MeXIy CepusIMHU BCIIBIIIEK U CAMH CEPUH MOTYT JUJIUTHCS OT
1 Mmxc o 10 cexkyna. Iluraercss ycTpoilcTBO OT cTaHAapTHOW 3nekTpuueckoi cetu 220 B,
50 T'n.

3adauu, pewaemvie ¢ nomowwio omopecucmpayuu. PoToperucTpalus sABISETCA
JIOCTaTOYHO MEJICHHBIM IIPOLIECCOM. BpeMst Mex 1y ABYMs 3aMepaMH HCUHCISIECTCSl CeKyH1a-
mu. [loaTomy ¢ moMomibio (hoTOperrucTpanuy He TMPEACTABISICTCS BOSMOXKHBIM PETUCTPAIHS
OBICTPONPOTEKAIOIINX MPOIIECCOB, TAKUX KaK YCKOPEHHBIE XOIbI pabOYMX OPTraHOB CTaHKA,
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KOHTPOJIb 000POTOB LIMMHAENEH U JIeTalel, IBUKEHUE CTPYKKH CKoJa U T.II. B Toxxe Bpems
doToperucTparnums, 3a CU4ET BBICOKOW pa3pemrarieil CriocCOOHOCTH, TO3BOJSET BBIMOIHITH
KOHTPOJIb Pa3MEPOB U PACIOJIOKEHHS JAeTanel, HaxoAsmuxcs B mokoe. Takum oGpaszom, ¢
MOMOIIBIO0 (POTOPErUCTPALA B THOKOM aBTOMAaTH3UPOBAHHOM MPOU3BOACTBE BO3MOXHO BbI-
HOJIHSTH!
= B IpoIecce HaTaAKu 00padbaThIBAIOIIETO IICHTPA:
® KOHTPOJIb HAJIUYMUS aBTOMATUYECKU YCTAHOBJIEHHOMN OCHACTKU;

KOHTPOJIb LITPUX-KOJ1a YCTAHOBJIEHHOM OCHACTKH;

KOHTPOJIb BHEUTHUX NOBPEKIECHUNA OCHACTKH;

KOHTPOJIb HAIMYMsI aBTOMATUYECKU YCTAHOBJIEHHOTO MHCTPYMEHTA;

KOHTPOJIb LITPUX-KOJ1a YCTAHOBJIEHHOM OCHACTKH;

COOTBETCTBUE BUJA HHCTPYMEHTA LITPUX-KOY;

KOHTPOJIb U3HOCA MHCTPYMEHTA [6];
MPOIIECCE YCTAHOBKU/CHITHS JICTAJIH

KOHTPOJIb HAIMY Ml 3aTOTOBKY B MaHUITYJISITOPE;

KOHTPOJIb [10JIOKEHUS 3aTOTOBKH B MAHUITYJIATOPE;

KOHTPOJIb [I0JIOKEHUS 3aTOTOBKH IIPH 3a’KATUU B OCHACTKE;

U3MepeHNe TeOMETPUH TOTOBOM JeTally;

KOHTPOJIb [I€PEIady TOTOBOW AETAIM MAaHUITYJISITOPY;
npoiiecce 00paboOTKH:

KOHTPOJIb [T0JIOMKH UHCTPYMEHTA;

KOHTPOJIb 3arpsI3HEHHOCTH pab0vei 30HBI CJIMBHON CTPYKKOM.

doTtoperucrpanysi, B OTIIMYUUA OT IPOMBILUIEHHOIO TEJIEBUIEHUS, [T03BOJISIET IPOBO-
JUTh ChEMKY C BBICOKMM paspemieHueM. Hampumep, nmpuMeHeHHe MaTpullbl pa3pelieHHuEM
10 MII (meranukcesneii) No3BOJSIET NOTy4YaTh Kaapsl, mupuHoi B 3700 nukceneit, a 20 MII —
5200. dusnveckuii pazmep, KOTOPHI BO3MOXKHO M3MEPUTH C MOMOIIBIO (POTOPETUCTPAIH
3aBUCHUT HE TOJIBKO pa3pelIeHHEe MaTpHIbl, HO U OT peaJbHOro pasMepa 00bEKTa, KOTOPHIH
MO>KHO CHSTh Ha 33JJaHHOM paccTosiHuu L. Eciau npuHATh, 4TO MUHUMAajbHasl TEOpETUUECKast
HOTPEIIHOCTh U3MEPEHHS FEOMETPUUECKHUX BEJIMYMH COOTBETCTBYET pa3Mepy IHKCENs, B Ie-
pecuére Ha pa3Mep pealbHOI0 00BEKTA, TO MOTPEIIHOCTh PaBHa:

- L
A_%.\/ﬁ MM, ()
12

rae: L — peanpHas mupuHa KaauOpyrolero o0bekTa, rabapurbl KOTOPOTO COOTBETCT-
BYIOT paMKe KaJipa, MM;
MP — ob1iee KOMTMUECTBO MUKCENIEH B MATPHUIIE.
ITo dopmynsr (1) momydaem rpadvkn MUHUMAJIbHOW TEOPETHUECKOUW MOTPEIIHOCTH,
NpUBEIEHHBIN Ha puc.2.
MM

® 6 T e o o o o T o o o o o o
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Puc. 2. I'paduxu TeOpeTHYECKOM NOTPEIIHOCTHA T€OMETPUIECKUX U3MEPEHUI IPU
dboToperucrparun

Ha rpaduke crutomHoi nuHMEN MokazaHa MOTPEITHOCTh MPU BUAEOpEerucTpamu. To-
YyeyHasl JIMHUSI COOTBETCTBYET INPUMEHEHHUIO PAaCIpOCTPAHEHHBIX MATPHUIl C KOJIMYECTBOM
nukcesnen 5 MII, a mTpuxoBoil — npuMeHeHue nepeaossix TexHonorui B 20 MII. Kak BuaHo,
NpUMEHEHUE ITMHHO(POKYCHBIX OOBEKTHBOB IO3BOJIIOT AOOWTHCS TOYHOCTH M3MEPEHHH B
10-20 mMxm y»xe Ha Matpuue ¢ SMII.

[Ipouecc 06paboTku hoTorpadmii A7t KOHTPOISI TEXHOIOTHIECKON 30HBI 3a4aCTyIO HE
TpeOyeT NPUMEHEHHE TSXKEJIO HACTPAMBAEMBIX AJITOPUTMOB HCKYCCTBEHHOI'O HHTEIJIEKTA.
Hanpumep, /19 KOHTpOJIS HAIMYKS AETAIU B 3aXBaTe MaHUIYJSTOPE BO3MOXKHO IPUMEHUTH
QITOPUTM, OCHOBBIBAIOIIMIICSA HAa CTaHAAPTHBIX ONEpalusix ¢ M300paKeHHueM, MpUBeIEHHbIC
Ha puc. 3.

Jnis perucTpanuy JeTaad BBIMOJHSAETCS onopHas ¢GoTorpadus rapaHTHpOBaHO CBO-
O0omHON OT meraneit paboueid 30HBI (puc.3a). [locne yero HaumHaercsi ororpadupoBaHHe
nporecca, OJMH U3 KOHTPOJIBHBIX KaJpOB KOTOPOTO TpejacTaBieH Ha puc.30. Berauras stu
¢doTo U3 onopHo pororpaduu, nojsyyaeM TEMHbIE YHACTKU Ha T€X MECTAX, I'/l€ KaJp MOJIHO-
CThIO COOTBETCTBYET OINOPHOMY, KakK MOKa3aHO Ha puc.3B. Mcnonb3ys moiyyeHHblE TEMHbIE
YYaCTKU KaK MacKy JJIsl BBIpE3aHHUs W300pakeHns1 U3 KOHTPOJBLHOHM (hoToTpaduu B UTOTE TO-
JTydaeMm u300pakeHne TOJIbKO M3MEHEHHH B pabouelt 30He. Ha puc.3r 310 TOJBKO NeTanb, Ko-
Topast Oblsla BHECEHA B pab0UyI0 30HY CTaHKa M 3aKpeIUIeHa B MaTPOHE.

ITo dororpaduu Ha prc.3r BOZMOKHO BBIMHCIIATH HAIMYKE JIETATH B 30HE 00paOOTKH.
Jl1s 3TOr0 BBIYUCISETCS KOJMUYECTBO 3alOJIHEHHBIX MHKcesed (IUIoIab 3aKpacku) U cpas-
HHUBAETCS C TONEPEYHON Kanapy mwiomaneio ¢otorpadun. BeluncieHHe reoMeTpHYecKoro
LIEHTpa 3alO0JHEHHBIX MUKCEJIEH MO3BOJIAT KOHTPOJUPOBATH PACIOJIOKEHHE JeTaau B pado-
4eii 30He. bosee crokHpIe anropuT™Mbl 00paboTKH M300paKEHUSI MOTYT J1aTh HH(OPMAITHIO O
HAJIMYUU KPEHa JIETaJId ¥ COOTBETCTBHE €€ (POPMBI YEPTEXKY .

Bui16oo. C nomo1pto (OTOPETUCTPALIMU MOKHO OCYIIECTBIISTh AUATHOCTUKY TEXHOJIO-
THYECKUX TPOIIECCOB, HE TOJBKO Ha caMOM 00pabaThIBaIOIIEM ILIEHTPE, HO U Ha BCEM IyTH
JBIKEHUS JE€Talu 10 TMOKOMY aBTOMAaTU3MPOBAaHHOMY y4acTKy. Vcnonb3oBanue (oToperu-
CTpallMy TO3BOJIAET YBEIMYUTh KAYECTBO MPOIYKLHUH, YMEHBIIUTH KOJIUYECTBO COOEB aBTO-
MaTUK{ MaHUIYJSITOPOB U 00pabaThIBAIOLINX LIEHTPOB, CHU3UTh KOJIMYECTBO Opaka, BbISIBUTh
HEJOCTATKU MPOU3BOICTBA. Pa3paboTku B 3TOM 00IaCTH SBISIOTCS OUYE€Hb BaXKHBIMU B Pa3BH-
TUU MalIUHOCTPOCHHUS.
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Puc. 3. ABTOMaTH4eckoe BBIICTICHUE JIETAJIN B CUCTEME MTPOMBIIUIEHHOH (poTOperucTpanyu

Cnucok autepatypsl: 1. JluarHoctuka ¥ Hepa3pylIalOUIMA KOHTPOJIb IPOAYKIUH MaIIUHO-
crpoennst / [IHUM TexHoNOTMH MammMHOCTpoeHHs; Hayd. pea. B.JM. MBanos. — M.: HIIO
[MHWUW Tmam, 1988. — 132c¢. 2. OcradneB B.A. Jlmarnoctuka mnporecca MeTauioodpadoTku /
B.A.OcradneB, B.C.Autontok, I'.C.Teivunk — K.: Taxauka, 1991. — 151c. 3. Kynarun C.B.
Arnmaparypa I HaydHOU (OTOPETHCTPallid U KHHOCBHEMKH. 2-€ H31I., epepad. u mom. M.:
Mammnoctpoenue. — 1990r. — 192c. 4. Jlazepsr u metrposiorus. @otopeructparus [Iek-
TpoHHBII  pecypc] — M. OOO ‘"Jlamer", - 2011 — Pexum poctyna:
http://www.lamet.ru/3386564047 — 3aromnoBok ¢ skpaHna. S. TatmeimneBckuii K.B. Anmapary-
pa sl BBICOKOCKOPOCTHOU (POTOPETUCTPAIIUH OBICTPOTPOTEKAIONIUX MPOIECCOB [ DIEKTPOH-
ueii pecypc] / K.B.Tarmerimesckuii, C.A.Ko3nos, A.C.I'puropeeB // Bmagumup: BI'Y. —
2011. — Pexum noctyma: http://piit.vlsu.ru/fotoregistration.html — 3arosoBok ¢ 3kpaHna.
6. lepepsinuenko A.I. CucremMa MHTEIUICKTYaJIbHOTO aHAIW3a M300pakKeHUI 30H M3HOCA pe-
xymmx nHeTpyMeHToB / A.I'. Jlepesauenko, O.10.babunynra, [{.A.Kpununpx // Pezanue n
MHCTPYMEHT B TEXHOJIOTUYECKHX CHCTeMax. MeXIyHapO HbII HAayYHO-TEXHHUYECKUH cOop-

HuK. — X., 2010. — C.75-80.
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BJIMAHUE PEXKUMOB MAT'HUTHO - ABPABHBHOﬁ OBPABOTKH HA
IHAPAMETPbBI HIEPOXOBATOCTHU U3JAEJINU N3 KEPAMUKHN

Cyxopyuko E.C., I'yceB B.B., (kagp MCul, /lonHTY, /loneyx, Yrpauna)

Beenenne

[Mon xepaMuKOil MOHUMAIOTCS MOJUKPUCTAIUIMIECKAE MaTepUaJbl, MOJIydaeMble ClIeKa-
HHEM HEMETAUTMYECKUX TOPOIIKOB MPUPOJIHOTO WM UCKYCCTBEHHOTO MpoucxoxaeHus. Ke-
paMHYECKHE MaTepUaIbl BHITOJAHO OTJIMYAIOTCA OT METAUTMYECKUX U TOJUMEPHBIX BBICOKOM
KOPPO3UOHHOM CTOMKOCTBIO M BO3MOKHOCTBIO PEryJIMPOBaHUS CBOMCTB MaTrepuala B IIUPO-
KUX TIpe/iesiax 3a CYeT U3MEHEHHUs CTPYKTYpbl. Kepamuueckue Marepuaibl Hapsiay ¢ BBICOKOM
TBEPIOCTHIO, KaK MPABUIIO, UMEIOT TOBBIIICHHYIO XPYNKOCTh, HU3KOE CONMPOTHUBIICHUE U3TUOY
¥ y1apHBIM Harpy3kaM. Cpeau COBpeMEHHBIX KePaMHUECKUX MaTepPHaoB — OKCHJT TFOMUHUS
HAXOJHT caMmoe IUpoKoe npuMeHeHne. CyIiecTByeT MHOXKECTBO Pa3IMYHBIX KEPAMUYECKUX
TpyMIl, KOTOPBIE Pa3M4aloTCs KOJIWYecTBOM okcuia amomuHus (A1203) B coctaBe mare-
puana. Yem Huxe nonst A1203, rem 6ombiiee kommyectBo Si02, CaO u MgO u apyrux npu-
Mecel B (hopMe CHIMKATOB M IINMHUHENEH COIEPKHUTCS B COCTaBe Marepuaia. B 3aBucumoctu
0T coctaBa u 0y 9UcToro Al1203 u3MEHSI0TCSI CBOMCTBA KOHEYHOTO KEPAMUYECKOTO MaTe-
puana. Tak Hanpumep ¢ pactymeit goneit A1203 B cocTtaBe yBeIMUHUBASTCS MPOYHOCTH MaTe-
puasia Ha U3rud, MOJyJb YNPYTOCTH, TEIJIONPOBOAHOCTh. OCHOBHBIE CBOICTBA MaTepHaa:
OYEHb BBICOKAs! MPOYHOCTD, BBICOKAsi TBEPIOCTD, CTAOMIBHOCTh MPH BBICOKHX TeMIIEpaTypax,
BBICOKass M3HOCOYCTONUYMBOCTH, BBICOKOE COIPOTHBICHHE KOPPO3WH, Jake INPH BBICOKUX
TeMIIepaTypax, BEICOKasl TEIIONPOBOIHOCT, YCTOMUYUBOCTh K arpecCUBHBIM cpenaMm. B nan-
HOM cTaThe MpeaaraeTcs pelieHue yaydlleHus: KauecTBa pabouel MOBEpXHOCTH U3AENUil n3
KEpaMUKU METOJO0OM MarHuTHo-aOpasuBHoro mnoiupoBanus (MAII). OtoT meton sBisercs
OJIHUM U3 CaMbIX MEPCHEKTUBHBIX B oOnactu nojuposanus [1, 2]. CymHocTs MeTONa: Mar-
HUTHO-a0pa3MBHBIM NOPOUIOK pacoyiaraeTcs MKy MOJHCaMU 3JIEKTPOMArHuTOB, CO3/1aBast
PEXYIIUI NHCTPYMEHT B BUJE CBOCOOPA3HOH «IOJMPYIOUICH MEeTKu». B ponm cBsi3ku abpa-
3MBHBIX 3€PEH MCIOJIBb3YETCsl MarHUTHOE TI0JIe, 00Jagaromiee ynpyrumMe CUjlaMy BO3ICHCTBUS
Ha eMHUYHBIC 3epHa. [Ipruem cTeneHp ynpyrocTu 3TOH CBSI3KHU JIETKO PETYJIHPYETCs h3Me-
HCHHWEM HANPSOKEHHOCTH MAarHUTHOTO TOJIsi, oOecrieurBasi pas3iMdHbIe dTambl 00paboTKh
(uepHOBOE, YNCTOBOE NOJMpoBaHue). [Ipu ABIKEHNH 3arOTOBKH Yepe3 pabodylo 30HY IOpO-
IIOK OKa3bIBAET JABJICHHE HA JETalb B KAKJOW TOYKE MOBEPXHOCTH, YTO NMPHUBOIUT K CHEMY
MeTajula U CIVIA)KMBAHHI0O MHKpOHEpoBHOCTe. OH oOecneymBaeT MOJy4YEHHE MapaMeTpoOB
mepoxoBaTtoctd Ra=0,01-1 mkm, cHuxenue BosHUCTOCTH B 8-10 pa3, rpaHHocTH 10 2 pas.
[Tpu 5TOM MOBBIIIAETCS KOHTAKTHASI HPOYHOCTh U M3HOCOCTOMKOCTH JieTajei B 2-3 pa3a, yBe-
JUYMUBAETCS OmMOopHas JiuHa npoduist 10 75-85% [1]. Cnoco6 o6ramaeT BO3MOXKHOCTBIO 00-
pabaTeIBaTh KaKk MIATKHE H BSI3KHE, TaK M HEMETAJUTMIECKUE MaTepHaJIbl.

Hemnpto maHHO# pabOTHI sIBIsiETCS MccieqoBaHuEe (HOPMHUPOBAHHS MHKpopenbeda To-
BEPXHOCTHOTO CJIOSI M3ENNA U3 KepaMHUKH NPU MarHUTHO-a0pa3MBHOM 00paboOTKe, a Takxke
HCCIIEIOBAHNE BIIMSIHUSI PEKUMOB PE3aHUS Ha MapaMeTphl IEPOXOBATOCTH.

OcHoBHadA 4YacTb
[Tpn MarauTHO-a0Opa3MBHOM MOJIMPOBAHUM OTBEPCTUM 3aTPYJHEHO pa3MeEIIeHUe MOJIo-
COB JIEKTPOMAarHUTHBIX UHJIYKTOPOB B OTBEPCTUHU M CO3[JaHUE TAM CHJIBHBIX MarHUTHBIX IO-
neil. Masble rpaJlu€HThl MAarHUTHOM MHIYKUUHM Ha IpPaHuLaX 00pa3yroUIUXcs BHYTPU OTBEp-
CTHM paboyuXx 3a30pOB ABJISIIOTCS NPUYMHONW NOHMKEHHOM MPOU3BOIUTEIHHOCTH.
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Ha xadenpe meramnopexymmx crankoB U uHCTpyMeHTOB JIoHHTY paspaborano yct-
POMCTBO /TSl SKCIIEPUMEHTAIBHBIX HccienoBannii MAO BHYTpeHHHX MOBEpXHOCTEH Ha 0ase
TOKapHO-peBOJIbBEpHOTO cTanka 1341, mokazanHoe Ha puc. 1. [IpemocraBienHas cxema 00-
paboTKu mpenacTaBisgeT cOOOK BpallleHWe MarHUTHO-aOpa3WBHOTO IMOPOIIKA BHYTPH OTBEP-
CTHI HAaBEJICHHBIM M3BHE MAarHUTHBIM rmosieM. OOpabaTeiBaeMblii 00pasel] MpeaCcTaBIsieT Co-
00l BTYJNKY, M3roTOBICHHYI0 u3 Al203, ¢ BHYTPEHHHM OTBEPCTHEM IHAMETPOM 28 MM.
Brynku npenBaputensHO 00pabaThHIBAIMCH ¢ MOMOIIBIO aMa3HOTO HUIM(OBAILHOTO Kpyra
1A1 20x10x10 AC4 250/200 - 4 - M2-01 u 1Al 10x10x6 AC4 100/80 - 4 - B2-01 TOCT
16167-90, uro momoraio obecrnednTh HEOOXOAMMYI0 MCXOJTHYIO IIEPOXOBATOCTH MO Tapa-
meTpy Ra 0,5 u 0,25MKkM, a Takxke TpeOyeMyIo TeOMETPHUECKYI0 TOUHOCTh OTBEPCTHSI.

Puc. 1. YerpoiictBo 11 skcniepuMeHTanbHbIX HcciaeqoBaHui MAQO BHYTpEeHHUX
MIOBEPXHOCTEN Ha 0a3e TOKapHO-PEBOJIBLBEPHOTrO cTaHKa 1341

UYeTblpe MarHUTHBIX HEOJUMOBBIX KOJIbIIA, YCTAHOBJIEHHbIE HA OIPABKE MOJUPOBAJIbHO-
ro LIMUHJENS, PACIOI0KEHBI IO OTHOLIEHUIO APYT K APYTY NPOTUBOIOIOKHON MOJISIPHOCTHIO
1 o0ecrnevyrBaloT CyMMapHyl0 MarHuTHyoo uHaykuuto 0,8 Ti. Mexay mMarHuTamu yCTaHOB-
JIEHbI CTaJIbHBIE KOJIbLIA, KOTOPBIE MPOIYCKAIOT Yepe3 ceOs MarHUTHBIN MOTOK, CO3/JaBaEMblii
JIBYMs COCEJTHIMHU MarHuTaMu. B KauecTBe MarHUTHO-aOpa3sMBHOTO TMOPOIIKA UCTIONb30BaIN
XKeJle3HO-a0pa3uBHBIN MOPOIIOK ¢ CHHTETUYECKUM ajMa30M B BHJIE a0pa3MBHBIX BKIFOUCHHUM
npousBojctea HTL BUU «3nektpon» 1. JJonenk. Pazmep dpakuuu mopomka 180/100, pas-
Mep abpasuBa 7/5, coneprkanue abpasusa B 3epHe 40%. CtaHok paboTaeT cieayroniuM oopa-
30M. B 3a)xumMHOE yCTpOMCTBO (MAaTpOH) yCTAHABIMBAETCS 3aroToBka. Ha mosmpoBaibHYIO
OTPaBKy HAHOCUTCSI aOpa3MBHBIN MOPOIIOK. 3aT€M MPUBOAUTCS B JABM)KEHUE IIMUHJENb Bpa-
HIAKOIIEeEe 3aKMMHOE YCTPOWCTBO C YCTAaHOBJIEHHOW TyJa 3aroTOBKOM W MOJIMPOBAJIBHBIN
LIMKHAEIbHBIN y3el. 3a30p MEX/y ONPaBKOIl M 3arOTOBKOI yCTaHaBIMBAJICS PaBHBIM 1,5 MM,
B IIpefenax KOTOPOTO MOXET COJIEP’KaThCsl HE MEHee 4-X CJIO0E€B MAarHUTHOTO abpa3uBHOTO
MaTepHaja U IOCTUTaeTcsl HaMEHbIIee 3HaUeHNE YCTAaHOBUBILEHCS IEPOXOBATOCTH.

Bpamienue onpaBku OCyIIECTBISETCA OT PEryJIUPYyEMOTO ABUTATENs OCTOSHHOTO TO-
ka ¢ yactoroi ot 1000 no 2500 06/muH, oOecrieunBas CKOPOCTh PE3aHUsI MUKPOIIOPOIIKOM
Vp. Kpome storo nmpu MAII onpaBke cooOmiaeTcsi MOCTOSHHOE BO3BPATHO-TIOCTYTIATEIBHOE
JIBUKEHHUE OTHOCUTEJIBHO 3arOTOBKH, KOTOpasl BPAILlaeTCsl C 4aCTOTOM n U 00ecreynBaeT CKo-
POCTh 3arOTOBKHU.

46



NHXEHEP, Ne 12, 2011 r.

INPOI'PECCHUBHBIE, CHEIIUAJIBHBIE U HETP ATMIIUOHHBIE
TEXHOJIOI'M

W3menenne mapamerpa MUKPOHEPOBHOCTH Ra 0OpabOTaHHBIX OTBEPCTHH BTYJKH OT
BPEMEHH MOJUPOBAHUA T, KAK MOKA3aJM SKCIEPHUMEHTAJIbHBIE MCCIJIEAOBaHMS, ONNUCHIBAETCS
HKCIIOHEHIIMAIbHOM 3aBUCUMOCTBIO CIIEAYIOIIETO BUuaa

Ra=a-exp(-b-1)+ab, (D)

rae b — ko3 HUIMEHT, KOTOPBIA XapaKTepHU3yeT yCTaHOBHBIIEECS 3HaYeHUE Ra n3fe-

must nocne MAO; @ - ko3 PUIIMEHT, KOTOPBIH XapaKTepH3yeT BEIUUNHY YMEHBILICHUS Tapa-
MeTpa Ra npu MAO 110 OTHOILIEHUIO K UCXOIHOM 1IEPOXOBATOCTH.

Kak BuziHO U3 pucyHKa 2, XapakTep U3MEHEHHs BBICOTHOTO MapaMeTpa MUKpopebeda
Ra ot Bpemenu o0pabotku 1t MAO mpu pa3HOW 4acTOTe BpAICHUS 3arOTOBKH M IIPH T10-
CTOSIHHBIX 3HAYEHMSAX BEJIMUYMHBI 3a30pa U UCXOAHOIO 3HAYEHHs BBICOTHOTO ITapaMeTpa HOCUT
HKCIIOHEHIIUAIbHBIN XapaKTep B COOTBETCTBUU C 3aBUCUMOCTBIO 1. MI3MeHeHue 1mepoxoBaro-
CTH [TOBEPXHOCTU OTBEPCTHSI BTYJIKU IPOUCXOAUT B TEUEHHUE MEPBBIX MSATH MUHYT paOOTHI.

Ra’ 3 T T T T
e \ / 3
b
Y
*«
2:-.. 55----‘---. -
.l. 2
... 1
l_ '...... —
0 ] ] ] ]
0 2 4 6 8 10

T, MUH

Puc. 2. Bnusiaue BpeMeHH MoJmMpoBaHust Ha TTapamMeTp MUKpopenbeda Ra nmpu pa3nuaHbix 3Ha-
YEHUSIX YaCTOTHI BpamieHus 3arotoBku: 1 —10006/mun; 2 - 150 06/muH; 3 — 245 06/MuH

N3meHeHne ycTaHOBHUBIIETOCsS 3HAUEHHUS MapaMmeTrpa Ra OT 4acTOThl BpAlllEHUs 3aro-
TOBKHM HOCHUT HEJIMHEWHBIH XapaKTep, KOTOPbI MOKET ObITh OMHUCAH (PYHKLIMEHN CIIeNyIOIIEro
BUJA

Ra(n)=5-107-n* -8-107 -n+1

3aBUCHUMOCTh YCTAaHOBHBILIETOCS 3HAYEHUsI MapamMeTpa Ra OT 4acTOThI BpalleHUs 3aro-

TOBKH 7, IpuBeieHa Ha puc. 3. TakuM 00pa3om, CyIIEeCTBYIOT pallMOHaJbHBIC 3HAUYEHUS Jac-

TOTHI BpaiieHus 3arotoBku (50...100 06/MuH), Ipu KOTOPBIX 00ECNEUNBAIOTCS HAUMEHBILINE
3HAYEHUS yCTAaHOBUBILIEHCS BEIMYMHBI Ra.

Ha ocHoBanuu pe3ysbTaTOB MPOBEACHHBIX HCCIEAOBAHUI OBLJIO CIPOEKTUPOBAHO YCT-
pPOMCTBO 17151 00pabOTKKM BOJIOKK M BbIOpaHbl pexkuMbl ee MAO (ucxonHoe 3HadeHue Ra =
0,27 mxm; 0 = 1,5 Mmm; V= 4 M/c; n= 80 06/mun).
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Ra,
MKM

1 1 1
50 100 150 200 250

0.5

n, 00/MHH
Puc. 3. Bausnue gacTtoTsl BpaieHus 3arotoBku npu MAII Ha ycraHoBuBLIEECS
3Ha4YeHHUEe MapaMmerpa MUKpopenseda Ra

BriBOaBI

[Ipu BHYTpEeHHEM MarHUTHO-a0pa3MBHOM OOpabOTKH C 3a30paMy M MOCTOSTHHBIMH Mar-
HUTaAaMHU B TCUCHUC BpeMeHI/I 5 MHUH yCTaHaBJII/IBaeTCSI HIGpOXOBaTOCTI), 3HAYCHUC KOTOpOfI OII-
peIIeJISIGTCSI HNCXOJAHBbIM 3HAYCHHUCM MI/IKpOHepOBHOCTef/'I )41 BCJII/I‘-H/IHOﬁ MArHuTHOTO ITIOJIA.

[Ipu MaruuTHO-a0pa3UBHOM TMOJMPOBAHUU CYIIECTBYIOT PallMOHAJIBHBIE YCIOBUS 00pa-
O0O0TKH, OTpeAeIsieMble PEKUMaMU pe3aHusl (CKOPOCThI0 MHCTPYMEHTA, YaCTOTOW BpalleHUS
3aroTOBKM) ¥ BEIMYMHOH 3a30pa 1,5 MM MeX1y IMOCTOSIHHBIM MarHUTOM M 00pabaThiBacMOit
3arOTOBKOM.

Cnucok autepatypsl. 1. bapon 0. M. MaruutHo-aOpa3uBHas u MarHutHasi oOpaboTka u3-
Jenui U pexylmx uHeTpyMeHToB.— JI.: Mammnoctpoenue. JI. 1986. - 176 c; 2. CakyneBuu
@.10. u np. - MarautHo-a0pa3uBHas 00paboTKa TOUHBIX jAeTaneil. - MHa.: "Bpicml. mkona",
1977. -288 c. 3. CkBopueBckuii H. ., ®enoposuu 3. H., SAmepunpn 1. K. DddexkTuBHOCTH
MarHuTHo-abpa3uBHOW 00paboTku.— MH.: Hayka 1 texnuka, 1991.-215 c. 4. bapon 0. M.
MarnutHo-abpa3zuBHas 00paboTka. CymHOCTb, KIacCH()HUKANMA M KHHEMaTHKa MPOIECCOB
MAOQO.— Mamunoctpoenue, JI., 1986- 176¢.
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YMEHBIIEHUE CEBECTOMMOCTH IMIPOU3BOACTBA JETAJIEH
KOMIIPECCOPA 3A CYET BHEJPEHUSI MAT HUTHO-UMITYJIbCHOM
OBPABOTKHA

Toakau B.B., Measeaes B.B. (kageopa TM, [onHTY, 2. Jloneyk, Yxpauna)
vadim.medvedev(@ua.fm

BBenenue. B KOHCTPYKIIMH KOMIIPECCOPOB UMEIOTCS OONTHI, CTATUBAIOLINE IIMIUH/I-
pbl. JlaHHBIE J€Tanu BbLAECPKUBAIOT MOCTOSHHBIE MMITYJIbCHBIE HAarpy3Ku pacTspkeHus. [[ms
YBEJIMYEHUS UX J1OJITOBEYHOCTH B TEXHOJIOIMU NPUMEHSETCS CIOKHBINA MPOLECC ABYKpPATHOU
3aKaki. B Toxke BpeMms HE3HAuuTeNIbHasi CTOMMOCTb M BBICOKasl MPOU3BOJUTENBHOCTD YCT-
pPOMCTB U COBPEMEHHBIX YCTAaHOBOK, IPUMEHSEMBIX B IIPOMBIIIJIEHHOCTH, a TAK)XXe MPOCTOTA
texHosiorun MO mno3BOJSIOT PEKOMEH0BATh €€ /I MPOU3BOACTBA KOMIIpeccopoB. Bue-
apenre MHO 1o3BOUT yMEHBIIUTH OCTATOYHBIE M YCTAJIOCTHBIE HANPSDKEHUS B JIETANAX U
KOHCTPYKIIMSAX, TOBBICHTh CTOWKOCTH PEXKYIIEro MHCTPYMEHTa M3 CIaOOMarHUTHBIX MaTe-
pHaJIoB, HAIPUMEP UHCTPYMEHTA, OCHAILIEHHOIO TUIACTUHAMU U3 TBEPAbIX CIulaBoB THna BK,
TK u TKK.

duznyeckas CymHOCTb 00padoTKu. [Ipy MarHUTHOM BO3A€MCTBUM BELIECTBO H3MeE-
HSET CBOU (PM3UUECKUE M MEXAaHWYECKUE CBOMCTBA. YIIydIlICHUE CBOWCTB y (heppOMarHUTHBIX
neraned, npomenmmx MUO, mocturaercst 3a cueT HamnpaBICHHOW OPUEHTAIIMHM CBOOOJIHBIX
AJIEKTPOHOB BEIIECTBA BHEIIHUM I10JIEM, BCJIEICTBUE YETr0 YBEIMYMUBACTCS TEIJIO- U DJIEKTPO-
POBOAUMOCTb MaTepuana. [1,2]

CornmacHo MarHUTHO-UMITyJIbcHass oOpabotka (MMWO) mpencraBmser coboil KoM-
IUIEKCHOE BO3JIEHCTBUE HA MaTepual MarHUTOCTPUKIMOHHBIX IPOIECCOB U MEXAHUYECKHUX
nedopmanui, TEINIOBBIX U 3JIEKTPOMAarHUTHBIX BUXPEBBIX NOTOKOB, JIOKAJIN30BaHHBIX B MEC-
TaX KOHLEHTPALUil MAarHUTHOTO MOTOKA, @ TAK)KE CUCTEMY IPOLIECCOB, HAIIPABJIEHHO OPHUEH-
TUPYIOIIHUX «CIUH-XapAaKTEPUCTUKU» BHELIHUX 3JIEKTPOHOB aTOMOB METAJJIOB MOTPAHUYHON
30HbI KOHTAKTa 3epeH (IIeperpyKeHHOro yyactka Kpuctamiura). CyTb 3TOH TEOPUM 3aKiIr0va-
eTCsl B CIEIYIOLIEM: IPU NEPEMEUIEHUH JeTald B MOJOCTU COJICHOM/IAa BCIEICTBUE HEOIHO-
POJHOMN KPHUCTATIMYECKON CTPYKTYphl B HEMl BOZHUKAIOT BUXPEBBIE TOKU, KOTOpPbIE 00yCIaB-
JMBAIOT MAarHUTHOE TOJIE U JIOKaJIbHbIE MUKpOBUXpHU. OHU, B CBOIO OUYEpElb, HATPEBAIOT yya-
CTKH BOKPYT KPHUCTAJUTUTOB HAIPSKEHHBIX OJOKOB M HEOTHOPOIHOCTEH CTPYKTYPHI METaJlIA.
['pamueHT TEmI0BOTrO MOTOKA MPU MarHUTHO-MMITYJIGCHOM 00paboTKe TE€M BBIIIE, YEM MEHEe
0JIHOPOJIHA MUKPOCTPYKTypa MeTajula. B MecTax KOHIEHTpalMy OCTaTOYHBIX WM yCTaJlOCT-
HBIX HaIpsDKEHHUH, CBSI3aHHBIX C TEXHOJIOTHEW MPOU3BOACTBA 00paOOTKH WIIM SKCILTyaTalluu
JIeTajH, TETUIOTa, HABEJICHHAS NMPH MAarHUTHO-UMITYJILCHON 00paboTKe BUXPEBBHIMH TOKaMH,
YAaCTUYHO YMEHBIIAET U30bITOUHYIO YHEPTHIO COCTABIISIIOLINX KPUCTAJUINTOB U 3€PEH CTPYK-
Typbl 00paslia 0COOEHHO B 30HE KOHTaKTa HaNpsKEHHbIX ydacTKoB. Kpome Toro, BuxpeBoe
MarHUTHOE 1oJjie o0ychnaBiarBaeT 0ojiee paBHOMEPHOE €€ oxJaxaeHue. OHOBPEMEHHO C Terl-
JIOBBIMHU TNPOLECCAMHU 3@ CYET MMIYJIBCHOTO MAarHUTHOIO MOJISi B METajjie MPOUCXOIUT MO-
JSIpHAsi OpUEHTAlMsl CIIMHOB 3JIEKTPOHOB aTOMOB, PACIOJIOKEHHBIX B 00J1aCTH KOHTaKTa KpH-
CTaJUIUTOB U 3€pEH CILIaBOB, BCJEICTBUE YEro YJIy4dIlAlOTCS MEXaHUYECKUEe CBOICTBa mare-
puana. [Ipu 3TOM neTajb B MAarHUTHOM MOJI€ TOJIBEPraeTcs «BUHTOBOMY CxKaTHio». Bo3Hu-
KaIoIlMe 3JIEKTPOJIMHAMUYECKHE CHUJIbl YACTUYHO YIUIOTHSAIOT KPUCTAJUIUTHI METalljla, BCIIEH-
CTBUE YEro CHW)KAIOTCSI KOHUEHTpAlUM HanpsbkeHUH. B cramu ymeHblaeTcst M30bITOYHAsS
SHEprusl, CHIKAETCS] KOHLIEHTPALlMs HAaNPSHKEHUH, BCIEICTBUE YETO YIIyUIIAalOTCs MEXaHUue-
ckue cBoricTBa. Hanpumep, npu B3auMOAECHCTBUM TPYLIUXCS IIOBEPXHOCTEH B IOBEPXHOCT-
HOM CJIO€ CHIDKAIOTCSI PACTITHUBAIOIIME HANPSHKEHUS, YBEJIMUUBAIOTCS yAEPKUBAIOLIUE CMa-
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304YHBII MaTepuall HalpsHKEHUs, BO3PACTAaeT IUCIIEPCHOCTh OJIOKOB MO3AaUKU MOBEPXHOCTHO-
r'O CJIOSl METaJlla, MOBBIIIAETCS 3aKPEIUIEHUE B IOTPAHUYHOM CJIO€ JIETUPYIOIIMX 3JIEMEHTOB.
ITpu 3TOM MOBBIIIAETCS TEIUIONPOBOIHOCTh MAaT€pHUalla, YBEIMUUBAETCS CKOPOCTh OTBOJIA TE-
IUIOBBIX MOTOKOB HPH UJIKOCTHOM OXJIAXJIEHUH, BO3pACTAaeT MOJIIpU3aLUs OPraHUYECKUX
KOMIIOHEHTOB CMa304HOI'O MaTepuajia, yBEIMYUBACTCS aAre3uss CMa304yHOrO Marepuajia Ha
METAJUIMYECKON TIOBEPXHOCTH U YCKOPSETCS OTBOJI TEIUIOTHI U3 Y3JI0B TPEHHUS.

[Ipumensis MMO, MOKHO 3HAYUTENBHO YMEHBIIUTH N30BITOUHYIO SHEPIHIO MaTepHua-
J1a, CBS3aHHYIO C KOHLEHTpalel BHYTPEHHUX U IIOBEPXHOCTHBIX HANPS)KEHUM B KOHKPETHOU
JIETalH, ¥ CHU3UTDH 10 MUHUMYMa BEPOSTHOCTH €€ MOJOMKH. VI3MeHeHUst n30BITOYHOM HHEp-
run nojist npu MUO cranbHbIX aetanedt (WM 3aroTOBOK) MOKa3aHbl HA puc. la, Touku 1-4.
Jlns kaxknoro Matepuaia CyIlecTBYeT ONTUMAIbHOE 3HAUYEHUE BHEIIHETO UMITYJIbCHOTO Mar-
HUTHOTO moJii HonT. mpu KOTOpOM KOHLEHTpalys HampsDKEHUH B MaTepuane, a cjeloBa-
TeJNBHO, M n30bITOuHast SHeprus F mpenensro ymensmmatorcs (F — Fmin), BcrieacTBu € yero
MOBBIIIACTCS HAZEKHOCTh JeTal. BepostHOCTh paspymenus aeramu (puc. 16, Touka 5) He
npesbimaet 0,25, 4To rapaHTHPYET HOPMAJIbHYIO pabOTy MEXaHU3Ma.

s ymeHblieHus: 3HaueHuss F B MaTepuasie KOHKPETHOW 3aroTOBKU (MHCTpyMEHTa
WIN J€TaI) He0OXOAUMO 3aTPaTUTh HEKOTOPOE KOJMUECTBO JIEKTPOMArHUTHON YHEPTHH W,
, 3HAUE€HHE KOTOPOW 3aBHCUT OT Macchl T, 00beMa Vm M COCTOSIHUSI MaTepHuaja \y JIeTallu.
[Tpu HamarHn4YMBaHWM (MM TIOBTOPHOM HAaMarHMYMBAaHHWK) B CTPYKType (heppOMarHUTHBIX
JleTajey 3a CYET YHEPTUM IPOUCXOIAT JBa IIpolecca: NMPOLECC CMELICHUs TPaHUL JOMEHOB,
COCTOSIIIMI B POCTE WX O0BEMOB, Y KOTOPHIX HaMarHMYEHHOCTh OPHEHTHPOBAaHA OJHM3KO K
HalpaBJICHUIO TOJI 3a CUET U3MEHEHUs 00bEMa COCEAHMX JOMEHOB, YTO MOBBIIIAECT TEILIO-
IPOBOAHOCTh OOpAa3LOB; MPOLECC U3MEHEHMs HAIpPaBJICHUS CaMOIPOM3BOJBHONW HAaMarHu-
YEHHOCTH OT/IEJbHBIX JOMEHOB U KPUCTAJJIMTOB IMYTEM IOBOPOTA BEKTOpa HaMarHMYEHHO-
CTH, BCJIEJICTBHUE YETO MOBBIIIAIOTCS BA3KOCTh U M3HOCOCTOMKOCTh Matepuada. [ 1,3]

7%
77
58
75
7
Frem Foagr *

¢)

Puc. 1. I3menenne m30b1TOuHOM 3Heprun F B 00pasie u3 peppoMarHuTHOTO CIUIaBa B 3aBU-

cumocTH oT HanpsikeHHocTH ot H mpu MUO (a) u Bnusinue F Ha BepoATHOCTD paspyiiie-
Hust netanmu P (6)

Jns ka0l cTany CyuleCTBYET ONPEACIICHHAS BEJIMYMHA HANPSKEHHOCTH MMITYJIbC-
HOTO MAarHUTHOTO TIOJIsI, & CJIEI0OBATEIHLHO, U BETUYMHA MAarHUTHON SHeprun Wi, KOTOpas mo-
IJIONIACTCSl MaTepUaAIOM B TEUCHHE BPEMEHU 00pabOTKH t © MAKCUMAJIBHO YJIyUIlaeT ero Me-
XaHUYECKUE M TEXHOJOTUIECKHUE CBOUCTRA. [1]
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PexuMpl 00pabOTKM MarHUTHO-MMITYJIBCHBIM II0JIEM TI0 HANpPSKEHHOCTH COOTBETCT-
By10T 50-2000 xA/M mpu nmurenabHocTH ummyibca 0,1 — 10 ¢ 1 pa3nu4HbIM KOJIMYECTBOM
UMITYJIbCOB.

Pexymmii mHCTpyMeHT 00pabaThIBAalOT KaK MOCTOSIHHBIM MarHUTHBIM TOJIEM, TaK U
MarHUTHO-UMITYJIbCHBIM TI0JIeM HampspkeHHOCThIo 100-2000 KA/M, mpH JJIMTENBHOCTH MM-
nyssca 0,1-1,5 c. Bpems u BenuunHa HaNpsH>KEHHOCTH MarHUTHOTO IIOJIL 3aBUCUT OT MaTe-
puajia MHCTpyMEHTA U €70 pa3MEpOB.

Metoapl UMITYJILCHOM MarHUTHOH 00pabOTKH CIeayoIIue:

- 00paboTka 6e3 MOCIeaYIONIer0 pa3MarHiuBaHuUs;

- MHOTONUKIOBas 00paboTka (2 — 10 OMKIIOB) C BBIAEPKKOW Mexay mukiaamu 1 — 20
MUH.;

- 00paboTka ¢ MpUMEeHEHUEM (PEPPOMATHUTHBIX CEPICUHUKOB U JOKAIBHBIX KOHIICHTPATO-
POB MarHUTHOT'O MOJIS;

- 00paboTKka B METAJUIMUECKUX KOHTEHHepax WM KaMepax ¢ MpUMEHEHUEM (eppOoKUIKO-
CTH;

- KOMOMHHPOBAaHHBIE METOJIBI.

MarHuTHy10 ¥ MarHUTHO-UMITYJIbCHYIO 00pabOTKy MPUMEHSIOT IJIsl YIIPOYHEHUs pa3-
JUYHBIX JIeTalle, KOHCTPYKIMHA U COOPOYHBIX €IMHMII, HAIPHUMEP: 3aKJICTOYHBIX, CBAPHBIX,
pe3b00BBIX COSAMHEHNH, 3y0UaThIX M YEPBIYHBIX Nepeaad, OMOPHBIX YCTPOUCTB U My (T, pec-
COp U IPY’KUH, CTAJIbHBIX KAHATOB U TPOCOB I'PY30NOJBEMHBIX MAIllMH, PEXKYILEr0 UHCTPY-
MEHTa U T.[.

MMO pexymero HHCTpyMeHTa M AeTajneid MamuH. OIBITH OKAa3aJIM, YTO NPH Ha-
MarHn4MBaHUM HEOOA3aTEILHO MaTepuall J€Talu J0BOJUTh A0 HAChILEeHUs. [y TeXHOI0TH-
YECKUX LieJIe 10cTaToOuHO HaMarHuTUTh 10 10 ... 50% MarHUTHOTrO HaChIIIEHUS! KOHKPETHOM
cramy. M3y4yeHne BIUSTHUS MarHUTHOTO TOJIST Ha KPHUBbIE (Da30BBIX MEPEXOJIOB MPH OXJIAXKIE-
HUM CTaJIU [10KAa3aJi0, YTO IPU HAJIOKEHUU I10JIs MIEPEOPUEHTALMS KPUCTAJUIUTOB TepMOOOpa-
00TaHHBIX 00Pa3I0B YCKOPSETCS MOYTH B 2 pasa.

WccnenoBanust nokasanu, 4YTo MPU UMIYJLCHOM HAMAarHWYMBAHUM JIE3BUHHOTO MHCT-
pymeHnTa u3 ObicTpopexyumx craneii P18, P12, POMS nmpu cBepienun, ToueHun u Gppesepo-
BaHHM KOHCTPYKIIMOHHBIX CTaJleil KO3 (OUITMEHT TpeHUst HHCTPYMEHTa yMeHbImaeTcs B 1,5...2
paza. yis Bpamatomuxcs aetanen mamud u3 craneit 40X, 30XI'CA, 3X13, XBI' u apyrux
npu MUO kodpduimeHT TpeHus B padounx y3inax MEXaHH3MOB cHIkaics B 1,2...2.5 pasa,
pH 3TOM B 3...5 pa3 yckopsjiach npupaboTka paboyux MOBEPXHOCTEN CO CMa304YHBIMU ILIEH-
kaMmu B nuanaszone temmnepatypsl 50...300 C. Hanpumep, TeMneparypHasi CTOUKOCTb IUIEHKU
aMyJbcoJia npu cBepsiennu cranu 40X ceepioM u3 cruaBa POMS npu MUO uHcTpymeHTa
MOJIEM HAMpsKEHHOCTHhIO 350 KA/M Bo3pactana B 2 pasa. J{jst Ipyrux BHIOB MaTepHaia 1o-
Jy4Y€Hbl aHAJIOTUYHbIE PE3YJIbTaThl, IOKa3aHHbIE HA pUC.2.

Jns yiydmieHus MeXaHH4eCKUX CBOMCTB KOHCTPYKIIMOHHBIX CTaJied HANpsKEHHOCTh
nosit MUO we nomkra npeBbimark 1000...1500 kA/m. B aTom citydae ynapHas BSI3KOCTb, CO-
NPOTUBJIEHNUE YCTAJIOCTH, BpEMEHHOE COINPOTUBIICHUE HA PACTSKEHHUE, MpeJiesl MPOYHOCTH Ha
n3rud U Apyrue cBOICTBa cTaiu Bo3pacTatoT He MeHee ueM Ha 10...20%.[1]

O6paboTka CTaTUCTHUUECKOIO MaTepHaia JlabopaTopHbIX HccienoBanuii OBM 1o
BausiHMI0 MUO Ha MexaHuMYecKHe M TEXHOJIOIMYECKHE CBOMCTBA KOHCTPYKIMOHHBIX, YTJe-
POAMCTHIX U OBICTPOPEXKYLINX cTanel nokasana, yto MO noBblaeT Takke JUHAMAYECKYIO
MPOYHOCTH cTaimu B quanazone temrepatyp 100... 600°C na 10...40 %.

UcnsiTeiBanocs Biusinue MHUO Ha HekoTOpble GU3NUECKHE U MEXaHNUECKHE CBOMCTBA
00pa3noB u3 TBepAbIX ciuaBoB. 3a cuer MMO TemnonpoBOAHOCTh TBEP/bIX CIUIABOB MOBBI-
maetcst He MeHee ueM Ha 10%, a BpeMeHHoe conpoTuBieHrne Ha u3rud Ha 15... 20%, 4aro 00y-
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CJIOBJIMBAE€T CHU)KCHUE BBIKPALIMBAHUS 3€PEH U3 PEXYIlIed KPOMKH MHCTPYMEHTa MpU pe3a-
HUU METaJUIOB U CIU1aBOB.[1]
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Puc.2. BnustHue HampsiK€HHOCTH MAarHUTHOTO I0JIS ¢ UMITYJIbCaMM JUIMTEIBHOCTBIO |1 ¢ Ha
OTHOCHUTEJIBHYIO CTOMKOCTB cBep: quamerpoM 10,5 mm u3 craneii: 1 - P18; 2 - POK5®; 3 -
P6MS.

Hcxons U3 HaKOIIEHHOTO OMBITA MPEABIAYIIUX HCCICTOBAHUA ObUTH 00O0OIICHBI pe-
3yabTaThl nposeneHns MO Ha pasHbpIx pexxkumax o0paboTku. OOIIUM BBIBOJIOM SIBJISIETCS
TO, YTO JOCTIKeHHE dPdekTa 00padoTKN BO3MOKHO Ha TOJIAX, HANPSKEHHOCTHIO Ooee 100-
150xA/M. Haubomnbmuii 3¢ dext Bo3Hukaer npu HanpsikeHHocTH most 300-600xA/M, kak mo-
Ka3aHo Ha puc.2-3.
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Puc. 3. I'paduk 3aBUCUMOCTH YyIIPOUYHEHUS CTAIBHBIX J€TANICH OT HATIPSIKEHHOCTH TIOJIS

Metoabl npoBeaenuss MUO. [letans niepen o0pabOTKoON (WM MHCTPYMEHT) TMOMeE-
MIAIOT B MOJIOCTH COJICHOM/IA CO CTOPOHBI, HATIPUMEP, CEBEPHOU MOJISIPHOCTH TAKHM 00pazom,
yTOOBI LEHTP TAKECTH JETaM OBbLI yJaleH OT MO0JIOKEeHUs! paBHOBecus. [Ipu BkitoueHuu yc-
TAHOBKH JeTajiab criIor F; "Brarusaercs' MarHUTHBIM IIOJIEM B IIOJIOCTH COJIEHOUIA C HEKOTO-
pPBIM YCKOPEHHMEM M COBEpILIACT BHYTPHU IMOJIOCTH KoJyiebarenbHble ABmxkeHus. [Ipy MUO 3a
CYeT MHEPIMHU JieTalb (U €€ LEHTP TSIKECTH) CMECTUTCS B IIPOTHUBOIIOJIOKHYIO CTOPOHY M OHa
UCTBITACT BTSATMBAHUE B COJICHOMJI CO CTOPOHBI I0KHOTO mojtoca. Co CTOPOHBI JIPyroro Imo-
JIFOCa COJICHOM 1A Ha JeTallb ACHCTBYET cuia Fp, KOTOpas v BTSATHBAET €e 00paTHO BHYTPH CO-
neHouaa. Takum oOpas3oM, Jeranb (MHCTPYMEHT), MHOTOKPAaTHO IepeceKass MarHUTHBIA MO-
TOK, COBEpILIAET B MOJIOCTH COJIEHOUAA CBOOOHBIE MEPEMEIICHNUS, KOTOPbIE C TEYEHUEM Bpe-
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MEHHM YMEHBIIAIOTCS 32 CYET CHJI TPEHHMS JETaIM O CTEHKHM MHIYKTOpa U KOTOphIe OyayT 3a-
Tyxarb. Korga xonebanus npekpararcs, JeTajlb 3aliMeT IO0JIOKEHUE paBHOBecus, a cuia F2
Oyner paBHa Hy0. IIpu 3TOM z€Tanb pacnoioKUTCs 1o LEHTPY cosieHouaa. KonmuyecTBo ko-
ne0aHuii ¥ aMIUTUTYAa UX 3aBUCAT OT MOIIHOCTH MoJisi Wy, MacChl A€Tald m | 3JIEKTpOMar-
HUTHBIX CBOWCTB MaTepuana Y. [1]

B kauectBe 000pya0BaHMs U CO3AaHUS CTOJIb BHICOKMX MAarHUTHBIX IMOJIEH BO3MOX-
HO TIPUMEHATH 1e(heKTOCKOIBI MarHUTHBIC. JlaHHBIE YCTPOICTBA MpeHa3HaueHb! I Hamar-
HUYMBAHUSA JI€TaJIedl ¢ LEJbI0 BBIABICHUS BHYTPEHHUX U NOBEPXHOCTHBIX TpeLUH. MMmyb-
Cbl TOKa, TEHEPUPYEMBIE TAKUMH yCTPONCTBAMU JOCTaTo4Hbl A Hyxa MUO. Hanpumep,
nedexrockon [IM/I-70, moka3anuslii Ha puc.4, MoxkeT pazBuBath TOK B 1100A Ha KaTymike
U3 OJIHOTO BUTKA.

Puc. 4. O6mwmii Bun gedexrockorna [IM/1-70

YMeHBIIMB TUaMeTp KaTYyIIKUA 0 pa3MEpOB BUHTA KOMIIPECCOPa, U MEPECUUTaB KOJIU-
YECTBO BUTKOB JIJIsl COXpaHeHUs1 paboueill MHIYKTUBHOCTH, HAXOIUM, YTO C IIOMOIIBIO JTe(eK-
TOCKOIIa BO3MOXKHO TOJyYE€HHs I0JIEH, ¢ HaNps)KEHHOCThIO COOTBETCTBYIOIIMX BO3pacTaro-
mieit yactu rpauKoB puc.2.

BeiBoa. Takum o6pazom, MUO mpencraBisieT co00H KOMIUIEKCHOE BO3JICHCTBUE HA
MaTepHajd MarHUTOCTPHUKIIMOHHBIX IMPOLIECCOB U MEXAHMYECKHUX AePopMaluii, TENJIOBBIX U
AJIEKTPOMArHUTHBIX BUXPEBBIX IMOTOKOB, JIOKAIIM30BAHHBIX B MECTAaX KOHICHTPAIWN MarHHT-
HOTO TOTOKa, a TaKkKe CHCTEMY IPOLIECCOB, HANpPAaBIEHHO OPUEHTUPYIOUIMX 'CIWH-
XapaKTEePUCTUKU" BHEIIHUX 3JIEKTPOHOB aTOMOB METAJUIOB MOTPAHUYHON 30HBI KOHTAKTA 3€-
peH (meperpykeHHoro y4yactka kKpucrammra). B nenom MUO npenycmarpuBaer coueTaHue
AJIEKTPOMArHUTHOTO W TEPMOIMHAMHYECKOTO CHOCOOOB yIpaBiieHHs (B COOTHOIIECHHWH TPH-
MepHO 1:1) HepaBHOBECHOH CTPYKTypoii BemiecTBa. [IpudeM uem Gospiie pusndeckux "Heco-
BEPIICHCTB" M TEXHOJOTUYECKUX "HEOJHOPOIHOCTEN", CBSI3aHHBIX C MPOLIECCOM H3TOTOBIIE-
HUS ieTany (MHCTpyMeHTa), TeM Bblie d¢dexrruBHOocTs MU O.

Cnucok aurtepatypsi: 1. Mansirua b.B. MaruutHoe ynpoyHeHue MHCTpyMEHTa U JeTalieit
MamuH. M.: «MammHoctpoenuey, 1989. 112 c. 2. IlpeoOpaxenckuit A.A. Teopusi MarueTus-
Ma, MarHUTHBIE MaTepuasbl U 3JeMeHThl. M.: «MamuHocTpoenuey, 1972. 460 c. 3. Bunrep
9.K. MarnutHsIil pe3onanc B Metasmiax. M.: Mup, 1976. 486 c.
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