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(54) NPUCTPIX AN TPUBUMIPHOIO APYKY METAINEBUX BUPOEIB

(57) Pedpepar:

MpucTpin ona TpuBMMIPHOrO APYyKYy MeTaneBux BupobiB, Lo 3abe3nedye MOCnigoBHE YTBOPEHHS
MeTaneBux LWapiB getanen cknagHoi reoMeTpii 3 NoABIMHOK KPMBU3HOK NOBEPXOHb Y BakyyMi 3a
JO0MOMOrO0 efeKTPOHHOro NPOMEHS | (POPMYBaHHSA BaHHM PO3MNnaBy, MiICTUTb TEXHOMOMYHY BaKyyMHY
Kamepy, MeTaneBy MigKknagky no3uuilOBaHHA LWapiB MeTany, CMCTEMY YMCIIOBOrO MpOrpamHoro
KepyBaHHS, MexaHi3M nofadi BUTpaTHOro Matepiany y BurmsAdi MeTtanesoro gpoty B ByxTi,
HaNpPsAMHUI NPUCTPIN BUTPATHOrO Martepiany, enekTpoHHy rapmary 3 KifnbLeBUM KaToAoM i OTBOPOM,
O POPMYE ereKTPOHHUIN NPOMIiHb Y BUrMsAi MOPOXHUCTOro NepeBepHYTOro KOHyca, 3 BEPLUMHOKO B
30Hi OpMyBaHHSA BaHHW pO3nnaBy Nig i€l perynboBaHOi MPUCKOPIOKYOI HaMpyru B Hi, MexaHi3m
KepoBaHOro nepeMilleHHs MeTaneBoi nigknagkM 3 BaHHOW posnnaBy. EnekTpoHHy rapmaty
po3TalloBaHO Ha [ABOKOOpAMHATHOMY npuBoAdi obepTaHHA 3  MOCMIAOBHO  3'€QHaHMMM
cepBOABUryHaMHU, LWIO MO3ULIOHYETLCS Bif, CUCTEMU YMCIIOBOrO KepyBaHHA HaBKOMO KOOPAMHATHMX
ocen X, Y. HanpsiMHuiA NpUCTpin BUTPATHOro maTepiany MiCTUTb CUCTEMY He3anexXHUX NpuBoaiB, SKi
Yepe3 cdepudHi LapHipy i LWTaHM MOCTIMHOI OOBXWHW 3B'A3aHi 3 OKPEMWMW MOB3yHaAMU Ha
HanpsIMHUX MPUBOAIB i Yepe3 CUCTEMY YUCMOBOrO MPOrpamMHOro KepyBaHHSA 3aJatoTb OpieHTaLito
BUTpaATHOro MaTepiany y BUrngi MetaneBoro ApOoTy CHIBBICHO 3 OTBOPOM KifbLEBOro kaTtoAa
€IeKTPOHHOI rapMaTu.
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KopucHa w™ogenb HanexuTb Q[0 ranysi MawuHOOydyBaHHS, 30Kpema [0 aAUTMBHOIo
BUpPOBHMUTBA, a came, TPUBMMIPHOTMO JAPYyKYy MeTanesux BMPobiB cknagHoi ¢opMu  LINSXOM
NoOLLIApPOBOro OCa[XXEHHS Ha OCHOBY BMTPATHOrO Martepiany 3 MeTaneBux CnnasiB, KU NOAAETbCS B
30HY OCa[KEHHHA, fIKa NepemillyeTbCs, BUTpPaATHWUA MaTepian po3nnaBnseTbCss 3a AOMNOMOro
€NeKTPOHHOro MNPOMEHd, i NOTiM TBepaHe Yy Mipy BMXOAY 3 30HW HarpiBaHHsA, YTBOPOOYU
HannaesneHun Lwap martepiany.

IcHyl0Tb cnocobu i NpUCTPoi aanTUBHOIO BUPOBHMLTBA Y 3aXUCHI aTMOcepi meTanesmx BMpobiB
oCaXXeHHAM pOo3irpiToro BUTPATHOro Matepiany y BUrnagi MetaneBoro nopoLUKy, CTPWKHIB, APOTY WO
HaOXoaAUTb Y BaHHY po3nnasy i NOTIM KpUCTani3yeTbCa y Mipy BUXo4y 3 30HWU NNaBfeHHs, yTBOPHOHYN
Lap HannaeneHoro martepiany.

Ak aHanor BUrOTOBSIEHHS CKnagHonpodinbHMX MeTaneBux 3D-geTanen MNPUAHATO NaTeHT
YkpaiHn 143235, B sikoMy BigOyBa€eTbCA NOLIApPOBE HanfaBfeHHs NPUCAAKOBMM OPOTOM B 3aXMCHIM
KOHTPOSIbOBaHi aTtMocdepi Wwapis matepiany Ha yTpumyodin nigknagui 3Hmsy goropu [1]. Mo koHTypy
oTpumyBaHoro 3D-BMpoOOY OAHOYACHO pPyXa€eTbCA rpyna [Kepen HarpiBy, ki po3TallOBaHi Ha
perynboBaHii BiACTaHi OAWH Big OAHOro, MpYM UbOMY A0 30HM [Aii Neploro mkepena HarpiBy
npucagkoBuin OpiT He nogalTb, BOHO NUWe nigirpiBae nigknagky Ao HeobxigHoi Temnepatypu, a B
30Hi Aji HaAcCTynHWMX OXepen HarpiBy BiaOyBaeTbCs (DOPMYBaHHS BaHHM pO3nnaBy Ta MMaBneHHS
nNpucagKkoBOro ApPOTY, a fK [AXepena HarpiBy B KOXHiM rpyni MOXyTb OyTu enekrtpogyrosum,
NNasMoBOAYrOBUM YN iHLLI KOHLEHTPOBAaHI Axepena Harpisy.

[lo HeponikiB aHanora MOXHa BIAHECTU CKMAAHICTb Y3romKeHOro KepyBaHHA PYyXOM [AeKifbKox
oKepen HarpiBy i npucagkoBoro martepiany came NocnigoBHOI Ail Ta KOHTPOSO TEXHOMOriYyHMX
napamMmeTpiB nig 4Yac peanisauii CKnagHUX reoMeTPUYHUX TPaekTopili B TUMOBMX CTpaTeriax
NpOrpamMHOro KepyBaHHsl MepeMilleHHs BaHHW po3nnaBy, Ae BiAOYBaKTbCS 3MiHM HanpsMmy pyxy,
rocTpi KyTW NOBOPOTY Y NAOLWMHI APYKY, peBepc HanpsiMy pyxy BaHHU po3nnasy.

Hanbnuwkymm aHanorom 4o KOPUCHOI MOAENI € NPUCTPIN ANs BUTOTOBMEHHS TPUBMMIPHMX OB'EKTIB
nateHT YkpaiHn 112682 [2], 3a QonoMOrow sKOro mMetanesi TPUBMMIPHI 0B'ekTn hopmyroTbCa B
BaKyyMHi/i TEXHOMOTYHIN Kamepi, LUNSXOM MNOLIApPOBOr0 OCAMKEHHS BUTPATHOrO MaTepiany Ha
nigkrnagky, Ky HarpiBaloTb 3a [LOMOMOrOK EIIEeKTPOHHOMO MNPOMEHsT Y OpMi  MOPOXKHUCTOrO
nepeBepHYTOro KOHyCa 3 BEepLUMHO B 30HI (POPMYyBaHHA BaHHM poO3nnaBy 3a [OMNOMOrO0
€reKTPOHHOI rapmaTy 3 KinbLeBUM KaTOAOM nig Ai€l peryrnboBaHOl NPUCKOPIOKYOI Hanpyru, a
BUTPaTHUW MaTepian y Burmagi ApoTy nofawTb B 30HY (POpMyBaHHA BaHHW poO3nnaBy 4epes
HaNPAMHWIA NPUCTPIN, AKUW MPOXOAUTb Yepe3 BHYTPILIHIA OTBIp KiNbLEBOro katoda enekTPOHHOI
rapmaTy B3[OBX BepTUKanbHOI OCi BKA3aHOro KOHYCHOrO efieKTPOHHOro NpoMeHs i popMytoTb Ha Ti
NoBEpPXHi BaHHY pO3nnaBy, PO3NNaBnslTb BKa3aHUN BUTPATHUI MaTepian i ocagXyloTb OTPUMaHWUin
0O0OAaTKOBUA po3nnaB Yy BaHHY po3nnaBy Ha nigknagui, nepemillyioTb 30HY (QOPMYBaHHS BaHHU
po3nnaBy i nogadyi BUTpaATHOro Martepiany BiQHOCHO MiAKMagKM MO 3ajaHin onepatopoMm abo
nporpaMor0  TPaekTopii, YOPMYIOTb HanmaBfeHWA Lap B3OOBX BKa3aHOI TPAEKTOPii 3a paxyHOK
3aTBepAiHHA PO3nnaBneHoro BUTPaTHOro MaTepiany pa3oM 3 BaHHOI0.

Heponikom Hanbnmxyoro aHanora € Te, WO BigdyBaeTbCs OCaAXEHHS NuLle napanenbHUx Wwapis
MeTany 3aBAdkM MEepeMillleHHI MeTaneBoi NigKnagku MNiHIMHUMKW - MeXaHi3amamu  Mo3uLitoBaHHSA
nigknagku i getani yepes Te, WO erieKTpoOHHa rapmarta Ang ocafpKeHHs BUTPaTHOro marepiany €
HepyxoMor. BiACyTHICTb MOXIMBOCTI KYTOBOI Opi€eHTaUii eneKkTpOHHOT rapMaTtyM YHEMOXIUBIOE
HannaBneHHs, po3irpiB Ta YCYHEHHS OedeKTHUX Miclub OPYKY Y BUNAAKy OpMyBaHHSA OPYKOBaHMX
NOBEPXOHb 3 HAXMUITOM Ta NOABINHOI KPUBM3HWU. TOMY BMHUKAE HEODOXIOHICTb YTPUMaHHSA (hopMU BaHHU
po3nnaBy peryrioBaHHAM BiACTaHi MK €MeKTPOHHOK rapMaTtol Ta NiAKNagkow Ha KpUBOMIHIMHUX
AiNbHULAX nonepeHix Wapis WASXOM OpieHTaLil eneKkTPoHHOI rapMaTu y NpocTopi.

B ocHoBy kopucHOI Mofeni noctaBneHa 3ajada YAOCKOHaneHHs! MpoLUeciB MIKPONUTTS B 30Hi
OCaXXeHHs YTPUMaHHAM (OPMU BaHHW pO3MMaBy Ha KPUBOMIHIMHWUX Yy MPOCTOPi MOBEPXHAX
APYKOBaHUX MeTaneBmx BupobiB, a, BIOMNOBIOHO, PO3LWMPEHHS TEXHOMOMYHMX MOXIMBOCTEN
TPUBMMIPHOIO APYKY MOLUIAaPOBMM OCaKEHHSIM MEeTaneBoro BUTpaTHOro matepiany y BUrnagi gpoTy B
OyxTax.

[MocTtaBneHa 3apjaya BUPILLYETLCA TUM, WO MPUCTPIA ONS TPUBUMIPHONO APYKY MeTanesBux
BMpoGiB, WO 3abesneyye NocnifoBHE YTBOPEHHSI MeTaneBuX LapiB AeTanen CKragHoi reomeTpii 3
NOABINHOK KPVBU3HOK MOBEPXOHb Y BakyyMi 3a [JOMOMOrOK €NeKTPOHHOro NpoMeHsi i hopMyBaHHSA
BaHHW poO3nnaBy, LLO MICTUTb TEXHOMOrYHY BakKyyMHY Kamepy, MeTaneBy Migknazky nosuuitoBaHHS
LWapiB MeTany, CMCTEMY YMCMNOBOro NPOrpaMHOro KepyBaHHs1, MexaHi3M nofadi BUTpaTHOro matepiany
y BUMMsiAi MeTaneBoro ApoTy B OyxTi, HaANpsAMHWA NPUCTPIA BUTPaATHOro maTepiany, enekTPOHHY
rapmaTy 3 KinbLeBMM KaToAOM | OTBOPOM, WO OpMyeE enekTPOHHUN MPOMiHb Yy BUrNAAI
NMOPOXHUCTOrO NMepeBepHYTOro KOHyca, 3 BEPLUMHOK B 30HI (hOpMyBaHHSA BaHHW po3nnaBsy nig Aieto
perynboBaHOl MPUCKOPIOKYOI HamnpyrM B Hili, MexaHi3M KepoBaHOro mnepemilleHHs MeTanesol
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nigKnagku 3 BaHHOKO po3nna.y, 3rigHO 3 KOPUCHOK MOAENMI0, eNeKTPOHHY rapMaTy po3TalloBaHO Ha
OBOKOOpAMHATHOMY npuBoAi ob6epTaHHA 3 MOCMigOBHO  3'€éQHAHMMKM  CEepBOABUTyHaMu, LLO
NO3MLIOHYETLCS Bi CUCTEMU YNCNOBOrO KEPYBAHHA HABKOMO KOOPAMHATHUX ocen X, Y, a HanpsMHUI
NPUCTPIN BUTPATHOrO Marepiany MICTUTb CUCTEMY HE3aneXHUX MpuBOAIB, fKi yYepe3 cdepuyHi
LIAPHIpY | WTaHMM NOCTINHOI OOBXWHU 3B'A3aHi 3 OKPEMMMW MOB3YyHaMM Ha HaMpsIMHUX MPUBOAIB i
yepe3 CUCTEMY UYUCMOBOrO MPOrpamMHOro KepyBaHHS 3aJaloTb OpPiEHTALil0 BUTPATHOro marepiany vy
BUrNS4i MeTaneBoro ApOTYy CMIBBICHO 3 OTBOPOM KiNbLEBOro KaToda enieKTpOHHOI rapmaTw.
KepoBaHuM 0bepTaHHsIM eNeKTPOHHOI rapMmaTtu BiabyBaeTbCcs yTpMMaHHSA oOpMK BaHHYy po3nnaBy B
MiCUSIX MOABIMHOI KPMBM3HU MOBEPXOHb, WO HEeOoOXigHO HaapyKyBaTW, OCAMKEHHSI BUTPATHOIO
MaTepiany nig KyTom OO0 CyCigHiX wapiB maTepiany, TUM camum 3abesneudytoun HeobxigHi cTparerii
HannaesneHHs.

CyTb KOPUCHOi MoAeri MOSACHIETLCA KPECNeHHsIMU, ae Ha oir. 1 306pakeHo NPUHLMUMNOBY CXemy
NpUCTPOI0 ANs TPMBMMIPHOTO APYKY MeTaneBux BMpobIiB, SKUA CKNagaeTbCad 3 BaKyyMHOI
TEXHOMOriYHOI kKamepu 1, enekTPOHHOI rapmaTtu 2 3i cchepuyHMM KaToaoM, BUTPATHOro matepiany y
BUrNS4i MeTaneBoro ApOTy 3, Hanpuknag 3 TUTaHy, TUTAHOBMX CMNaBiB, iHTepPMEeTaniyHuX Cronyk
TUTaHy, HioGito, cnnagiB HiOGIl0, iHTepMeTaniyHUX Ccnonyk Hiobilo, TaHTany, cnnaeiB TaHTany,
anoMiHilo, aniMiHieBUX cnnaeiB, IHTEPMeTaniYHMX CMOMyK arntoMiHilo, HiKeneesmx Chnnasig,
KoBanbTOBKX CnnaBiB, IHCTPYMEHTAaNbHUX CTanen, HanpsaMHOro NPUCTpo 4, meTanesol nigknagku 5,
O MPOrpaMHO MEPEMILLYIOTb MEXaTPOHHOK CUCTEMOKD NIHIMHOrO pyxy y3goBx koopauHat X, Y, Z,
ABOKOOPANHATHUI MeXaHi3aM obepTaHHSA eNeKTPOHHOI rapmaTi 2, Wo cKrnagaeTbcs 3 cepBoaBUryHa 6
obepTaHHs HaBKkono oci X i cepBogBuryHa 7 o00epTaHHs HaBKONO oOci Y, cUCTeMM oOpieHTauji
HanpsIMHOro MpucTpolo 4 BUTpaATHOroO Matepiany y Burnagi ApoTy 3, WO CKNagaeTbCa 3 CUCTEMMU
LWTaHr MOCTIMHOI OO0BXWHW 8, 3B'A3aHUX LWapHipamu 9 3 AeKinbkoma He3anexHUMu npuBodamu
nininHoro pyxy 01 i 02 (moxe Oytn Tpu i GinbLue). MpucTpii ons TPUBMMIPHOrO OPYKY MeTaneBux
BMpPOBIB MICTUTbL CUCTEMY YMCOBOro nporpamHoro kepysaHHs (UINK) cepsogsuryHamm 6, 7 Ta 1, 2.

MpucTpin Ana TpUBMMIPHOIO APYKY MeTaneBux BMpOBIB mpautoe HacTynHuM YmHoM (cpir. 2). B
TEeXHOINOrYHIN BakyyMHii kamepi 1 cTBoproeTbes Tuck 102 Ma, BUTpaTHUA mMaTepian 3 nogaeTbcs
yepes HanpsMHWUI NPUCTPIA 4 Kpi3b EneKTPOHHY rapmaty 2 i cpepuyHnM KaTogoM Ha 3aKpinneHy
mMeTanesy nigknagky 5. EnekTpoHHi npomeHi, po3nnasniooym BUTpaTHUIA MaTtepian y Burnsagi gpoty 3
Ha nigknagui 5, dopmyloTb BaHHY pO3nnaBy i OCafXylTb CMYrM MeTany nowapoBO Haknagawuun ix
ogHa Ha ofHy y Burngagi okpemoro wapy 10 3a paxyHOK nepeMileHHs nigknagkn 5 BHM3 Mo
KoopauHati Z | ropu3OHTanbHO Y300BX KoopauvHath X MEeXaTpoOHHOK CUCTEMOK MiHIMHOro
nepemileHHs. MexaTpoHHa cucTema niHIMHOro nepemileHHs nigknagku 5, kepoBaHe 0OepTaHHS
cepBoOABUTyHIB 6, 7, NepeMilleHHa NOB3YHIB LUAPHIPHOI CMCTEMU WTaHr 9 yrnpaBnAeTbCA CUCTEMOIO
UMK 11 no anroputMax 3BOPOTHOI KIHEMATUKM HK MeXaHi3aMaMu CYMICHOro MaHinynioBaHHS.
KOHCTPYKTMBHO cucTema NpUBOAIB MNO3ULIIOBAHHA HanNPAMHOrO MPUCTPOO 4 cKrnagjaeTbcs 3 ABOX i
Oinblie 3aMKHEHUX A0 HanpsAMHOrO MPUCTPOK 4 KiHEMATMYHMX NaHulora KOXeH Big OKpeMoro
cepsogsuryHa 11, 2.

3a pgonomorol ogHodacHuMX obepTanbHMX PyxiB CEpPBOABWUIYHIB 6, 7, MiHIMHMX nepeMiweHb
nigknagku 5 ysaoex koopanHaTHUX ocert X, Y, Z, NO3uUitOBaHHI HAaNnpaMHOro NnpucTpoto 4 cniBBiCHO 3
OTBOPOM KifbLEBOrO KaToga eneKkTpoHHOI rapmatn 2 B poboyomy MpocTopi MNpUCTpol Ans
TPUBMMIPHOIO [OPyKy MeTaneBux BWMPOGIB MOXMMBE MiATpUMMKA i ynpaBniHHA (OPMOK BaHHM
po3nnasy, Lo NepemillyeTbCs NO KPMBOSiHINHIN noBepxHi 3D-geTani, KOHTponb TeMmnepaTypHUX nonis
B MiCLISIX peBepCy TPaeKTopil B CKNagHUX cTpaTeriax ocafXeHHs Wwapis meTtany.

3anponoHoBaHWA MPUCTPIN ANS BUFOTOBIEHHST MeTaneBux TPUBUMIPHUX OO'eKTIB Ha BiaMiHY Bif
iCHytO4MX [03BOMSE 3a JOMOMOrOK OpieHTaUii eneKkTPOHHOI rapMaTtu, No3uuiloBaHHS HanpsaMHOro
NPUCTPOKD BUTPATHOrO MaTepiany Ta MiHIMHOrO nepeMilleHHa nigknagkM i3 cdopmoBaHUMMU
nonepegHbLO LWapamy MeTany yTpuMmyBatM (OpPMY BaHHM pO3MNnaBy B 30HI OCA[MKEHHS Ha
KPVBOMiHINHMX Yy NPOCTOPi NOBEPXHAX APYKOBAHMX MeTanesunx Bmpobis.

KopucHa Mopenb [03BONSAE [AOCATHYTU TEXHIYHWA pesynbTaT  pPo3LMPUTM  TEXHOMOriYHi
MOXIMBOCTI MPUCTPOLO APYKY MOLLAPOBMM OCAIKEHHAM METaneBoro BUTPATHOro mMartepiany y Burnagi
APOTY B OyxTax Ta OTpMMyBaTy SKICHI TPMBUMIPHI AeTarni 3 NOBEPXHSAMU NOABIVHOT KPUBU3HW.
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akuioHepHe ToBapucteo "HBO "YepBoHa xBuns", 3asesn. 10.03.2015, Gion. Ne 5/2015, ony6n.
10.10.2016, 6ton. Ne 19/2016.

®OPMYJIA KOPUCHOI MOJENI

MpucTpin ona TPUBMMIPHOTO APYKY MeTaneBux BMpoObiB, WO 3abe3neyye MNoOCrnigoBHE YTBOPEHHS
MeTanesux LIapiB AeTanen cknagHoi reomeTpii 3 NoABiNHOK KPMBU3HOK MOBEPXOHb Y BaKyyMmi 3a
AONOMOTOK eMNeKTPOHHOro MPOMEHs i (pbopMyBaHHA BaHHM pO3NfaBy, WO MICTUTb TEXHOMOTYHY
BakyyMHy Kamepy, MeTaneBy nigknagky Mo3uuiloBaHHA LWapiB MeTany, CUCTEMY 4YMCIIOBOro
NpOrpamMHOro KepyBaHHSl, MexaHi3M nogadi BUTpaTHOro maTepiany y BWIMsS4i MeTaneBoro poTy B
OyxTi, HaNpPAMHWIA MNPUCTPIN BUTPATHOrO MaTepiany, enekTPOHHY rapmMarty 3 KinbLueBMM KaTOAOM i
OTBOPOM, WO (POPMYE ENEKTPOHHUIN MPOMIHb Yy BUIMSAI MOPOXHUCTOrO NEpeBepHYTOro KOHyca, 3
BEPLUMHOK B 30Hi (bOpMYyBaHHSA BaHHW po3nnaBy Nig A€o peryrnboBaHOi NMPUCKOPHOKYOI Hanpyr B
Hi, MeXaHi3M KepoBaHOro nepeMilleHHd MeTaneBol MigknagkM 3 BaHHOK pOo3nnaBy, KW
BiAPi3HAETbCA TVM, WO €ENeKTPOHHY rapmaTty po3TalloBaHO Ha [BOKOOPAMHATHOMY MpMBOAi
obepTaHHs 3 NOCMnigOBHO 3'€AHaHUMMK CEPBOABUIYHAMM, LLO MO3ULIIOHYETLCA Bif CUCTEMU YUCMIOBOTO
KepyBaHHS HaBKOMO KoopAMHaTHMX ocen X, Y, a HanpsMHUIA NPUCTPIN BUTPATHOrO Martepiany MiCTUTb
CUCTEMY He3anexHuX NpUMBOAIB, sKki Yepe3 CepuyHi LApHIpW i WTaHMM NOCTIMHOT AOBXWHM 3B'A3aHi 3
OKPEMMMM MOB3yHaMM Ha HanpsAMHKX NPMBOAIB i Yepe3 CUCTEMY YMCMOBOrO MPOrpaMHOro KepyBaHHS
3agaloTb OpieHTauito BMTpaATHOroO martepiany y BUrnsgdi MeTaneBoro ApOTY ChiBBICHO 3 OTBOPOM
KinbLEeBOro kKatoda enekTPoHHOI rapMaTu.
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