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NHCTPYMEHT J1JIsA MATHUTHO-UMITYJIbCHOT'O
MNPUTAKEHUSA JINCTOBBIX 3AI'OTOBOK

IIpoBeneH aHanu3 CyIIECTBYIOIUX METOAOB MarHUTHO-UMITYJIbCHOTO NPUTSKEHUS
TOHKOCTEHHBIX JINCTOBBIX METAJIOB, NPENJIOKEHHBIX MUPOBBIMU IIPOMBIIILIEHHBI-
Mu pupmamu. [laHa KpaTkash XapaKTEpUCTUKAa HMHIYKTOPHBIX CHCTEM MPSMOTO
MPOMYCKaHHUs TOKa M WHAYKIMOHHBIX CHCTeM, pa3paboTaHHbIX B HanmoHansHOM
TEXHUYECKOM YHUBEPCUTETE «XapbKOBCKHUM IOJIMTEXHUYECKUN UHCTUTYT», U IIPU-
BE/ICHBI PE3YNILTATHI HX SKCIEPUMEHTAIILHOM arpoOaliy.

MAarHUTHO-UMITYJIbCHOC NMPUTHKCHUE, IJICKTPOJHHAMUYICCKUEC YCUIUA, HHAYK-
TOpHasdA CUCTeMa, JKpaH, JUCTOBasA 3aroroBKa, MarHuTHO-UMIyJIbCHasl yCTa-
HOBKa

Pa3pa®oTKi MHCTPYMEHTOB JJIsl MATHUTHO-UMITYJIBCHOTO TIPUTSKEHUS JIHC-
TOBBIX METAJJIOB MHUIIMMPOBAHBI MPOU3BOACTBEHHBIMH OMEPAIUSIMH TI0 pec-
TaBpalUU Ky30BHBIX IMOKPBITHH JIETKOBBIX aBTOMOOWJIEH M KOPIYCOB CaMOJIE-
TOB. Peub uAET 0 BRIpaBHUBAHUU METAJUIMYECKUX TIOBEPXHOCTEH C BMSTHHAMH,
MOSIBIIFOLIMMHUCS TIO TEM WM WHBIM NPUYMHAM B TPOILECCE HKCIUTyaTaIuH.
[Tpuuém, Kak MOKa3bIBAET OIBIT, HAWOOIBIINI WHTEPEC BBI3BIBAET BO3MOXK-
HOCTh MIPUMEHEHHMS, TaK Ha3bIBa€MOM, BHEITHEW PUXTOBKH 0e3 pa30opku Kop-
nyca ¥ HapyIICHHS CYIIECTBYIOIIEr0 JIJAKOKPACOYHOTO MOKPhITHS [1].

Cnenyer otmeTHth, uto upmoii «Beulentechnik AG» (IlIBeitnapust) npen-
JIOKEH JTOBOJBHO OOUIUPHBIN PsIi MEXaHMYECKUX CITOCOOOB BHEITHEH PUXTOBKH
BMSITHH B aBTOMOOMJIBHBIX Ky30Bax [2]. OnHaKo, MX NPaKTUYECKOE OCYIIECTB-
JeHue TpeOyeT OueHb BBICOKOW KBAIM(MKAIIMM WCIOJHHUTENS W He oOnagaer
JOCTAaTOYHOW HAJEKHOCTBIO C TOYKU 3PEHHSI COXPAHHOCTH PEMOHTHPYEMOTO
aneMeHTa. [locnenHee 3aMeuanyie 03HavaeT, 4YTO B MPOLECCE pecTaBpalK BO3-
MO>KHO M €T0 pa3pylIeHHE.

Haubosiee peanbHBIMH JUIS  TPAKTHKH  TMPEJICTABISIOTCS MarHUTHO-
MMIYJIbCHBIE KOMITJIEKCHI Ul BHEUTHEW PUXTOBKH KOPITYCOB CaMOJIETOB, CO3-
JaHHBIE Ha MPOTsHKEHUU nocienaux 35...40 ner pupmamu «Boeingy» u «Elec-
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troimpacty (CIIIA) [3]. ®usndeckuii TPUHIUT, TIOJOKEHHBI B WX OCHOBY
CBOJUTCS K MCIOJIb30BAaHUIO «MEAJIEHHOTO» U «OBICTPOTr0» MarHUTHBIX MOJIEH.
IlepBoe cBOOOAHO TPOHUKAET CKBO3b OOpadaThiBaeMblii MeTayul. Btopoe,
BCJIE/ICTBHUE JIOCTATOYHO BBICOKOM YacCTOThI, KOHLIEHTPUPYETCS B paboueil 30He
UHAYKTOpa-uHCTpyMeHTa. Cyneprno3unys 3THX THOJeHl M03BOJSET I0CTUYb
MIPUTSDKEHUS 3a/IaHHOTO y4JacTKa ¢ BMSTHHOM B T€UEHME OIPEAEIEHHOIO Bpe-
MEHHOT0 MHTepBasa. [ NMpakTHUYEeCKON peanu3alii JaHHOTO TNPEAIOKEHUs
HEOOXOIMMBI /IBa UCTOYHHKA 3JIEKTPOMAarHUTHOM 3HEPrUH, JOCTATOUYHO CIIOXK-
HbI€ BBICOKOBOJIFTHBIE CUCTEMBI YIPABICHUS U CUHXPOHU3ALUHN T€HEPUPYEMBIX
TOKOBBIX UMITYJIBCOB. DTH (DaKThl CYIIECTBEHHO CHMKAIOT HAAEKHOCTh pabOTHI
KOMILJIEKCA JJIs1 YCTPaHEHMsI BMSATUH B LIE€JIOM U 3HAYUTEIBHO YBEIMUYUBAIOT €TI0
CTOMMOCTb.

3azaya 0 IPUTSKEHUH JIMCTOBBIX METAJIOB C MOMOILBIO CUJIOBOTO BO3JEH-
CTBUSL CO CTOPOHBI 3JIEKTPOMArHUTHBIX IMOJIEH MOKET OBITh pElIeHa U C HUC-
MI0JIb30BAHUEM CaMbIX Pa3HOOOPA3HBIX TEXHUUYECKUX PELICHHM, BbIIBUHYTHIX B
pa3Hoe BpeMs pa3HbIMH aBTOPAMU U OTJIMYHBIX OT BBIIIECYIIOMSHYTBIX IPEIIO-
xenuit pupm «Boeing» u «Electroimpacty (CLIA).

K TakoBbIM, HampuMep, MOXKHO OTHECTH pa3jIMYHbIE BapHallMu crocoda,
OTIFICAHHOTO B MOHOTpaduu [4] v 3aKITI0YAIOIIETOCS B CO3/IaHUU MEIJICHHO Ha-
pacTaroIlero MarHuTHOTO TOJIs, PE3KO PEPHIBAEMOTO NP AOCTH)KEHUU 3a/1aH-
HOT0 YpOBHs Hamnpspk€HHOCTH. [Ipu 3TOM B 00pabaThiBaeMoOi 3aroTOBKE HaBO-
JSITCSI BUXPEBBIE TOKH, SKPaHUPYIOLIUE BHYTPEHHEE I0JIE U MPEMSITCTBYIONIEE
ero ymeHnslieHuo. HarpaBneHne MHAYIIMPOBAHHBIX TOKOB TaKOBO, YTO BO3HHU-
KaoIKe 3JEKTPOJUHAMUYECKUE YCUIIMS MPUTIATUBAIOT 3arOTOBKY K MHIYKTO-
Py, BbI3bIBas €€ aeopMupoBaHue.

Pa3pabotku B HanmoHalbHOM TEXHMYECKOM YHHUBEpPCUTETE «XapbKOBCKUI
MOJINTEXHUYECKUN UHCTUTYT», NOSBJISIOTCS Ha CTPaHMIAX Hay4HOMW MEpUOIH-
ku, HauyuHas ¢ 2004 roxa [5 — 10]. AnpoOupoBaHHbIE TEXHUYECKHE PELICHUS
M0 MPAKTUYECKON pean3alii BBIIOJHEHHBIX pa3paOOTOK 3allUINeHbl IMaTeH-
Tamu [6, 7].

37ech cieyeT YHOMSHYTh BIEpPBbIE SKCIEPUMEHTAIbHO OOHAPYKEHHOE SIB-
JIEHUE, CYIIIHOCTh KOTOPOTO COCTOUT B U3MEHEHUM HalpaBJICHUS 3JIEKTPOINHA-
MHUYECKOTO CHJIOBOTO BO3JIEHCTBUS HA TOHKOCTEHHBIE JIMCTOBBIE METAILIbI IPU

Bapualy paboyeil yacTOThl TOKOBOTO HMITYyJbCa B OOMOTKE HHCTPYMEHTa-
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uHaykropa. Tak, B AMAana3oHE «yCIOBHO» BBICOKMX YAaCTOT MUMEJIO MECTO M3-
BECTHOE B TPATUIIMOHHOW MarHUTHO-UMIYJIbCHOM 00pabOTKEe METaNIOB OTTAaJI-
KMBaHHE 3arOTOBKU OT MHAYKTOpa. [Ipy MOHM)KEHUH 4YacTOTHI 10 ONPEIENIEH-
HOT'O 3HaYEHMs 4acTh 00pabaThIBa€MOro JIMCTa, HaXOAsMIascs 1o paboueit 30-
HOM MHAYKTOpa, NpUTIruBajiach. lIpu npoBeneHUMH SKCHEPUMEHTOB JIUCT C
BMSITUHOM pa3Mellaics BHITYKIOCTbIO HAPY)KY IO OTHOILEHUIO K UHAYKTOPY.
CunoBoe BO3JEHCTBHE CO CTOPOHBI HU3KOYACTOTHOTO MarHUTHOTO TOJIS MPHU-
BOJIIJIO K BBIPAaBHUBAHUIO IOBEPXHOCTH JehopmupoBanHoro nucta [9, 10].

Bce BeposiTHBIE TUTIOTE3BI O IPHPOJIE 0OHAPYKEHHOTO d((heKTa HAXOIATCS B
CTaJJM TEOPETUYECKON M IKCIIepUMEHTANbHON TpopaboTku. [Tonnmanue ¢u-
3UKH MPOTEKAIOLIUX IPOIECCOB IMO3BOJMUT CO3/1aBaTh pabO4YMe MHCTPYMEHTHI
JUIS BBINIOJIHEHUS! TIPOM3BOJCTBEHHBIX ONEpAlUil HE TOJBKO MO YCTPAHEHHUIO
BMATHUH, HO W TEXHOJIOTHH KOMOWHHPOBAHHOTO IUIaHA, OCYIIECTBIISIONINX
AIIEKTPOMArHUTHYIO (POPMOBKY M3/IENINH, KaK OTTAIKHBAHUEM, TaK U MPHUTSIKeE-
HUEM 33JJaHHBIX YU4aCTKOB 00pabaThIBaeMOTO 00BEKTA.

OpHako, B pamMKax HacTosled paboThl OrpaHUYMMCSI ONMCAHUEM NPUHIU-
MUAIbHBIX ACIIEKTOB MPUMEHUMOCTH JIMIIb ONPEAEIEHHOTO Kilacca MarHUTHO-
UMITyJbCHBIX METOJIOB MPUTSHKEHMS], MPEICTABIAIOIINUX COO0N TEXHHYECKUE
pellIeHNs, B OCHOBE KOTOPBIX JIEKUT 3aKOH AMIIEpa O CHUJIOBOM B3aUMOJEUCT-
BHUHU NAapAJUIEIbHBIX IPOBOJHUKOB C TOKaMH.

Haubosiee mpocToe W TEXHUUYECKH peaTu3yeMoe MPEAIoKEHHE UCTIONb3YeT,
TaK Ha3bIBAEMOE «IIPSIMOE MPOIYCKAaHHE» TOKa yepe3 oOpadaTbiBaeMblil 00b-
€KT. OTO PELIEHUE MPEAINOIAracT HENOCPEACTBEHHbIN dJEKTPUUECKUN KOHTAKT
C JINCTOBBIM METAJIJIOM B 3aJJaHHOM 30HE IPUTSKECHUS.

B cootBeTcTBUM CO cxemMOl Ha puC. |, TOKOIPOBOJ MHAYKTOpPAa U y4acTOK
00beKTa 00pabOTKH MOJKIIOYAIOTCS K HCTOYHHMKY MOITHOCTH (MarHUTHO-
UMITyJIbCHAsl YCTaHOBKa). B Takoil cxeme OHM MpeACTaBiAOT coOOM mMmapai-
JIeJIbHBIE IPOBOIHUKH, 110 KOTOPBIM TEKYT OJJMHAKOBO HalpaBJCHHbIE TOKHU. VX
B3aUMO/JICHICTBUE TMPUBOAUT K TMOSBICHHIO MOIIHBIX 3JIEKTPOAMHAMUYECKUX
YCHIIMH, pacueT KOTOPBIX mpuBeaeH B padote [11]. Ecau TokompoBoa WHIYK-
TOpa MPOYHO 3aHUKCUPOBAH, TO AeGopManuu OyJeT MOJBEPKEH yJacTOK JIUC-

TOBOT'O ME€TaJlja, KOTOpI:IfI AOJDKCH IMPUTATHUBATHCA K HHAYKTOPY.
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JIHCT MeTaLIa ¢ BMATHHOI

Puc. 1. UnnykropHas cucreMa ¢ npsAMbIM IIPOITYCKaHUEM TOKA
yepe3 00padaThiBaeMblii 00HEKT

WNuaykropHast cuctema C JIEKTPUUYECKMMHU KOHTAaKTaMU B 3aJJaHHOM 30HE
MPUTSDKEHUS JINCTOBOTO MeTajlla ObUla anmpoOMpoBaHa SKCIIEPUMEHTAIBHO Ha
MarHUTHO-UMITYJIbCHOM ycTaHoBke MIVY-15. B kauecTBe 00bekTa 00paboTKN
OBUTH B3ATHI CTaJbHBIC TUTACTUHBI ¢ ToymuHOU 0,5+0,8 MM. Beuto 3adukcupo-
BAaHO YAaCTUYHOE BbIPaBHHMBAaHME BMSTHH auameTrpoMm 25-+30 mm. Mx rioyOunHa
ymenbianack ot 1,5 o 0,5+0,6 MM.

be3ycinoBHO, naHHas cxeMa MHIYKTOPHOM CHUCTEMBI Ul BbIpaBHUBAHUS
BMSITHH B JIMCTOBBIX METaJljlaX HapsiAy ¢ JOCTOMHCTBAMU (3TO IPOCTOTA KOHCT-
PYKIMHM UHCTPYMEHTA, HAJIMYUE OJTHOTO MCTOYHHMKA MOIIHOCTHU U JIp.) 00JaaaeT
U HEIOCTAaTKOM, CBSI3aHHBIM C HAJIMYUEM D3JIEKTPUUYECKUX KOHTAKTOB B 30HE
MPUTSDKEHUA. DTOT (PAaKT CYLIECTBEHHO CHUXKAET 3HAYUMOCTb JAHHOIO Ipen-
JIO’)KEHUS B IPAKTUUECKOM HMCIIOIb30BaHUH.

bonee mepcneKTUBHBIMM M MPAKTUYHBIMU IPEACTABISIOTCS PELICHUs, HE
TpeOyroIre HUKaKuX 3JIEKTPUUECKUX WM MEXaHWYECKUX KOHTAaKTOB B 3a/1aH-
HOM 30HE NPUTSKEHHUS] NOBEPXHOCTU JMCTOBOTO MeTaiia. VX mpakTuueckas
pean3zanysl TaKkKe MpearoaraeT B3auMHOE NMPUTSHKEHNUE NTPOBOJHUKOB C MH-
JOYyUUPOBAHHBIMHU CUTHAJaMH OJMHAKOBOI'O HampapiieHUs. PaKTUUYECKH, 3TO TOT

K€ MMPHUHIMII, YTO U B CXEMC C «IIPSAMBIM MPOITYCKAHUCM)» TOKAa B 30HC IPUTA-
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JKCHHA, HO €CTh U CYHICCTBCHHOC OTJIMYHUC. BwmecTo (IPAMOTO IMPOITYCKAHU>)
TOKa 4epe3 MeTa1 00padaTbiBaeMOTO 00bEKTa B HEM BO30YKAar0TCs TOKH Dy-
KO OT JIOTIOJIHUTENIFHOTO 3JIeMEHTa — dKpaHa. MHIYyKTOpHBIE CHCTEMBI TaKOTO
TUINa OLUIM Ha3BaHBI WHAYKIIUOHHBIMU HHAYKTOPHBIMU CUCTCMAaMHU. HpI/IHIH/IH
HeﬁCTBHH 9TUX UHCTPYMCHTOB ]I MAarHUTHO-UMITYJIbCHOTO IMPUTSKCHHUA 3a-
AaHHBIX YYAaCTKOB MOBCPXHOCTH TOHKOCTCHHBIX JIMCTOBBIX 3arOTOBOK MOKHO

PACKPBITh C IOMOIIBIO CXEMBI Ha puc. 2.

N

C
1!
i

T e e o ey o T T T AT
e R A R R R,
e S e et

Puc. 2. UnaykunoHHast ”HAYKTOpHAs CUCTEMA

KoHCcTpyKTHBHO, Takas CUCTEMA MOKET BKJIFOYATh IJIOCKUH OJHOBUTKOBBIN
WINHAPUYECKUH CONCHOUA-UHAYKTOP — 1; JOMOTHUTEIBHBIN 3JIeMeHT, obec-
MEYUBAIOIINI BO3HUKHOBEHUE CHUJI MPUTHKEHUS, 3TO IKpaH — 2 U JUCTOBYIO
3aroToBKY — 3, ONpenei¢HHBI Yy9acTOK KOTOpOH clemyer nedopMHpPOBAThH B
HANpAaBJIEHUH K MOBEPXHOCTH MHAYKTOpA. Bce Tpu cocTaBisronme ykiaapiBa-
FOTCSl TApaJUICIIbHBIMU CHOSIMU: SKPAaH — UHAYKTOP — JINCTOBAs 3arortoBka. I[1o-
CJIETHSASI pa3MeIaeTcs Tak, YTOObl y4acTOK, MOJUISKAIIUNA 1ePOPMUPOBAHHUIO,
HaxoJIUJICs B paboueit 30He CUCTEMBI.

NunyknuoHHasT WHIYKTOpPHas CUCTeMa paboTaeT CIeAYIONUM 00pa3oM.
[IpenBapuTenbHO 3apsKEHHBbIM €MKOCTHOW HakomuTenb 3Heprun — C, mocie
cpabatbiBaHUs KOMMyTaTtopa — K, paspspkaeTcsi B ENH ¢ TOKITIOYEHHBIM UH-
nykropoM — 1. [IpoTekanue Toka B BUTKE WHAYKTOPA BO3OYKIAET BUXPEBBIC
TOKM B 3KpaHe U JINCTOBOM 3aroToBke. HampasiieHHs: ’TUX TOKOB OJIMHAKOBHI. B
COOTBETCTBUU C 3aKOHOM AMIIepa, py (PUKCUPOBAHHOM TOJIOKEHUU UHIYKTO-
pa U dKpaHa 3aroToBKa Oy/eT MPUTSITUBATHCS B HAMPABICHUH K pabodeil mo-
BEPXHOCTH UHAYKTODPA.
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Heo0xoquMo moquepkHyTh 0053aTeIbHOE YCIOBUE MPAKTHUECKOH paboTo-
CIIOCOOHOCTH MHAYKIIMOHHBIX MHIYKTOpPHBIX cucTeM. Kak cinexgyer u3 ¢pusu-
YECKOTO OCMBICIIEHUS 3aKOHa AMIepa, CUJIOBOE B3aUMOJIEHCTBHE MEXAY IJ10-
CKUMU TPOBOJSANIMMH JTUCTAMH, B METAJJIE KOTOPBIX BO30YXTAIOTCS OAMHA-
KOBO HalpaBJICHHbIE UHAYILIMPOBAHHbIE TOKH, BO3MOKHO JIUIIb B PEXKUME WH-
TEHCHBHOI'O TNPOHUKHOBEHMS JIEKTPOMATHUTHOTO MOJS HHIYKTOpa CKBO3b
3TH JUCTBI. TOJBKO B 3TOM Ciy4ae IpHU HYJIEBOM I0JIE€ MEXIy HUMHU BO3HU-
KalOT CHJIBl MarHUTHOT'O JIaBJIEHUsI M3BHE, 00YCJIaBIMBAIOIINE WX B3aUMHOE
HPUTSKEHUE.

Ecnu, Hanmpumep, TpeOyeTcss yCTpaHUTh BMSTHHY B METAUNIMYECKOM JIUCTE,
e€ cienyeT paclnojoKUTh B 00JIACTH 10 BUTKOM MHJYKTOpa, KOTOpas B Jajib-
HelmeMm OyneT Has3blBaThes pabodell 30HOM cucteMbl. Torjga cuioBoe B3aMMO-
NefcTBYE MHIYLUPOBAaHHBIX TOKOB IO3BOJINT NPUTAHYTH COOTBETCTBYIOIIMI
Y4acTOK 3TOTO JIUCTA K IIOCKOCTHU JKECTKOM MOBEPXHOCTU MHIAYKTOpa U yCcTpa-
HUTb BMATUHY.

Ha mepBbIil B3I U3 anpHOPHBIX (PU3HYECKUX COOOpakeHUH MpEeArnouTH-
TENBHOM MPEJCTABISETCS CUCTEMa, B KOTOPOM 3KpaH M oOpabaTbiBaemasi JucC-
TOBast 3arOTOBKA aOCOJIOTHO MJIEHTUYHBI (METaJUI, TOJIIHUHA OJIMHAKOBBI). OHU
HaXOJATCSl HA OAMHAKOBOM PAaCCTOSIHUM OT MHJYKTOPA-UCTOYHHKA MAarHUTHOTO
nosist. CucreMa CUMMETPUYHA KaK ¢ T€OMETPUUYECKOM, TaK M AJIEKTPOAUHAMMH-
4yecKoi Touek 3peHus. MHaynupyemble BUXpEBbIE TOKH JIOJKHBI ObITh PaBHBI-
mu. Kak ciemyer w3 mareMaTudeckoid (GOpMYIHpPOBKH 3akOHa AMIiepa, OHU
JOJDKHBI 00€cieunBaTh BO30YKIEHHE HAUOOBIINX CHII SJICKTPOANHAMHYECKO-
IO B3aUMOJICHCTBHSL.

Jlnst mpoBeieHUsT MOJEIbHBIX 3KCIIEPUMEHTOB Oblla U3rOTOBJIEHA MHIYK-
LIMOHHAsI UHAYKTOPHAsI CUCTEMA C OJIHUM BUTKOM LUJIMHJPUYECKONU Ir€OMET-
PUHU U IJIOCKUM JOIMOJHUTEIbHBIM SKPAaHOM M3 CTaJbHOIO JINCTA TOJIIMHOU
~ 1 MMm. Cucrema nojkiroydagach K BbIXOJy MarHUTHO-UMITYJILCHON ycTa-
HoBku MUY-20.

Pe3ynbTaThl 3KCIIEPUMEHTOB MO MPUTSHKEHUIO Y4acTKa IJIOCKOW 3aroToB-
KM K MHAYKTOpY IpU paboyell 4acTOTE MAarHUTHO-UMITYJILCHOM yCTaHOBKH
~ 5 kl'n u 3amacéHHON YHEPrMM €MKOCTHOro Hakomurens ~ 7 kJlk mpen-
CTaBJICHBI Ha puc. 3.
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Puc. 3. DxcniepuMeHTabHBIE 00pa3Iibl U3 Pa3IMYHBIX MAPOK CTaIeH
TOJIIIMHOM | MM TOCIIe BO3/ICHCTBHS HA HUX UMITYJIbCa MarHUTHOTO
10JI1 UHAYKIMOHHON MHYKTOPHOM CUCTEMBI

3akaHuMBasi U3JI0’)KEHUE BOIIPOCOB MPUHIMIINAIBLHON IEHCTBEHHOCTU pa3pa-
00TOK METOJOB W HMHCTPYMEHTOB JUISI MarHUTHO-UMITYJIbCHOTO TPHUTSHKCHUS
3aJJaHHBIX YYacCTKOB JIMCTOBBIX METAJUIOB, BBINOJHEHHBIX B HannonaibHOM
TEXHUYECKOM YHUBEPCUTETE «XAapbKOBCKUM IIOJIMTEXHUYECKUM WHCTUTYT»,
CIIEyeT BBIJICIIUTH OCHOBHBIE HANPAaBJICHUSI PadOT MPOBOJMMBIX B HACTOSIIIEE
BpeMsi:

— moBbleHNe 3(PPEKTUBHOCTH MHIYKIMOHHBIX WHAYKTOPHBIX CHCTEM 32
CUET U3MEHEHMSI T€OMETPUU OCHOBHBIX KOHCTPYKTHMBHBIX COCTABIISIFOIIUX (BHU-
TOK MHAYKTOpA, JTOTIOJTHUTEILHBINA 9KpaH | JIp.) U cO3JaHne paboTOCTIOCOOHBIX
WHCTPYMEHTOB, TIO3BOJISIONINX TPOBOAUTE 3P (HEKTUBHYIO PUXTOBKY SJIEMEHTOB
aBTOMOOMJIBHBIX Ky30BOB;

— uccuenoBaHue (PU3MKH MPOIECCOB MPHUTHKEHUS METAJUIMYECKUX JIHCTO-
BBIX 3arOTOBOK B JIMANa30HE HU3KOYACTOTHBIX MarHUTHBIX TOJISIX M pa3paboTka
000pYZIOBaHUS ¥ TEXHOJOTHH JUIS PEIICHHs IUPOKOTO KIIacca MPOU3BOICTBEH-

HBIX 3aJa4.
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