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Po3mMipHa 00poOKa 1yror MOHOJIITHUX ITyaHCOHIB

3arpornoHoBaHO Ta PO3pOOJICHO HOBHH BHCOKONPOAYKTHBHHH CIrIoci0 po3mipHOi 0OpoOKM Iyroro
MOHOJITHHX ITyaHCOHIB Ta OTPMMaHO MaTeMaTH4Hi MO/ Oro TEXHOIOTIYHIX XapaKTePHCTHK.
eJIeKTPUYHA Ayra, TOpPUeBHH MiKeJeKTPOAHUN 3a30p, riTponuHaMiyHUil NMOTiIK, 0araTo3oHHe mNpsMe
NPOKAYyBaHHs, MOHOJITHHH TyaHCOH, TeXHoJIOriYyHa cxemMa (OPMOYTBOpPEHHsI, TeXHOJIOTi4YHi
XapaKTEePUCTUKHU Npolecy

Y cydacHOMy MammHOOYIyBaHHI BHUKOPHUCTOBYIOTHCS — IITAMITH, IEPEBAXKHO
MOCIIIOBHOI i1, 3 MOHOJITHUM IyaHCOHOM. [1i1 MOHONIITHUM MTyaHCOHOM PO3yMI€ThCS Ipyma
MyaHCOHIB, IO BHKOHAaHA i3 OJHOrO0 INMarka Mertany (i3 OfHiEl IUTMTH) pa3oM 3
IyaHCOHOTpUMayeM. Taka KOHCTPYKI[S IMyaHCOHA 3HaYHO MiJBUIIYE >KOPCTKICTh LITaMIIa, a
OTIKe, CIIPUSIE T IBHINEHHIO Horo criiikocTi [1, ¢. 382-385].

Js1s1 BUTOTOBJIEHHS. MOHOJIITHUX ITyaHCOHIB MIPUHILUIIOBO MOXKYTh BUKOPHUCTOBYBATHUCS
SK METO/M MEXaHIYHOi 0OpOOKH, TaK 1 METOIU eJNEeKTPOoepo3iiHoi 00poOku. BukopucraHHs
METOJIIB MeXaHIYHOi OOpOOKH CYTTEBO OOMEKEHO MEXaHIYHOI MIIHICTIO Pi3aJIbHOTO
IHCTpYMEHTY, (i3UYHUMHU BJIIACTHBOCTSIMH MaTepiany, Mo 00poOISEThCS Ta TEOMETPUIHUMHU
napamMeTpamMHi MOHOJIITHOTO ITyaHCOHa.

Cy4acHUM METOJIOM BUTOTOBJICHHS MOHOJIITHUX IIyaHCOHIB € eJIEKTpoepo3iiiHa
00po0OKa, 30KkpemMa eneKTpoiMIryibcHa 00poOka. [Ipu enexTpoiMiynbeHiii 0OpoOIli eHepris B
30HY OOpOOKH MiIBOIUTHCS IMOPIISMH, a MPOIEC CYNPOBOKYETHCS BiIIHOCHO BEITMKUMH
nay3amu. Came TOMy €JEeKTpOIMIyJbcHA OOpoOKa MOHOJITHHUX IIyaHCOHIB MaJlo-
NPOJTYKTUBHA.

OnHuM 13 caMHUX BUCOKOIIPOJYKTUBHUX CIOCOOIB €eKTpoepo3iiHoi 00poOKH € criociod
PO/l — po3mipHa 00poOKa eIEKTPUYHOIO IYror, MPH peallizaimii SKOro €HEepris B 30HY
00poOku migBoauThes OesnepepBHO. Cnoci6 PO/ mnpuHIMIOBO 103BOJSIE OTPUMATH
MOHOJITHHHA TyaHCOH, OJHAK IPOIeC OOpPOOKH TpyHmu CTEP)KHIB MOHOJITHOTO ITyaHCOHA
3MIACHIOETHCA TOCHIJOBHO (IO OAHOMY CTEpKHIO 3a OJMH XiJ 1HCTpYMEHTa) 3
NpOKavYyBaHHIM poOOYOi PiAMHU KPi3b OTBIp B €JIEKTpoi-iHCTpyMeHTi [2]. Came TOMY IHMKII
00pOOKM MOHOJITHOTO IyaHCOHA [y)X€ 3Ha4HHUM, 00 CKJIAgaeThcsl 13 IUKIIB 0O0pOOKHU
KOXKHOTO cTepxHs. KpiM TOro, mpu 1ipbOMy CIIOCTEPIra€TbCsi 3HAYHE TOTIPIICHHS TOYHOCTI
00poOKH (TOYHOCTI B3aEMHOTO PO3TaIIyBaHHS CTEPKHIB).

O4eBHUIHO, CYTTE€BE 3MEHIICHHS LUKy OOpPOOKH Ta IiIBUIICHHS i TOYHOCTI MOXeE
Oyt JnocarHyto npu onaHouyacHoi PO/ cTepxHIB MOHONITHOrO myaHcoHa. [lepmii
eKcrepuMeHTanbHi  cpobu  omHowacHoi POJl cTep)kHIB 3 BUKOPUCTAHHSAM TPSIMOTO
OaraTokaHaJILHOTO MPOKaYyBaHHA poOoYoi piauHu [3, c. 26] mokasanu, Mo MK CYMDKHUMU
CTEpP)KHAMH y TOPIIEBOMY MIXKEJIEKTPOJIHOMY 3a30pi YTBOPIOIOTHCS 3acTiiiHi 30HU (puc. 1), 1e
MIBUJKICTH POOOYOi PIAMHU CYTTEBO 3MEHILYETHCS, a B JEIKUX TOYKAX JOCATA€ HYJIbOBOTO
piBHSA. Y IMX 30HAX TOPSATh HE CTHCHYTI €JIEKTPUYHI JyTd, TOOTO IYTH 3 IIiJIBUIICHOO
JIOBXKMHOIO CTOBMA, 00, sIK Biomo [4], MOBXKMHA CTOBHA JOYrM OOEpHEHO MpoIopLiiiHa
MIBUJKOCTI TOTOKY pobOouoi pimguau. He cTHCHYTI IyrM 3a CBOIMH TEXHOJIOTIYHHMHU
MOJKJIMBOCTSIMU OJIMKYE 710 3BapIOBAJIbHUX, @ TOMY HE MOXYTh BECTU pO3MipHY 00poOKy. B
HACIIZOK IIbOTO y 3aCTIHHMX 30HaX HAKOMUYYIOTHCS MPOMYKTH €po3ii, BUHUKAIOTh KOPOTKI
3aMHUKaHHS, TIABUIIYETHCS MIOPCTKICTH 00poOsieHoi moBepxHi. [IpoayKTuBHICTE 0OpPOOKH
CYTT€BO 3MEHIITY€ETHCS, 00 MPOIleC AecTadlIi3y€eThCs 1 MOXKE 30BCiM MpunuHUTHCS. Lle sBuie
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MpOrpecye MpH MiABUIIEHHI KUIBKOCTI CTEP)KHIB MOHOJITHOTO ITyaHCOHA, IO OJAHOYACHO
00pOOIISIFOThCSL.

Takum uywmHOM, mysa crabimzamnii mporecy POJl MOHOMITHUX TyaHCOHIB Tpeba
3a0€3MeUnuTH Taki yMOBM BHJIYYEHHS poOOYOi pIAMHM pa3oM 3 MNPOAyKTaMH epo3ii i3
TOPIIEBOTO MIKEJIEKTPOTHOTO 3a30pY, MPHU AKUX 3aCTiHHI 30HU HE YTBOPIOIOTHCA.

B 1mpoMy 3B’A3Ky NEeBHMI HAyKOBHHM Ta NMPAaKTUYHUNA 1HTEpEC NPEACTaBISIOTH JBa
crocoOu MpokadyBaHHS POO0UYOi PIAMHHU B TOPIIEBOMY MiXKEICKTPOIHOMY 3a30Di:

- crnoci®é mpsMoro 06araTO30HHOTO MPOKAadyBaHHS 3 BHUJAJIECHHSAM poO0dYOil pPiTuHH
pa3oM 3 MPOAYKTaMH epo3ii Kpi3b TEXHOJOTIUHI IIUIMHHU, 110 PO3TAIIOBaHI MK CTEP)KHSIMH B
MOHOJITHOMY TmyaHcoHi [3, c¢. 235]. EkcmepumeHTanbHa TMepeBipKka AaHOTO CIOCO0Y
MPOKAaYyBaHHS TOKa3aja, IO IMPOIEC YCIINIHO peali3yeTbes, ajieé TEXHOJIOTIYHI IIUTHHU
CYTTEBO 3MEHILIYIOTh MILHICTh MOHOJIITHOTO ITyaHCOHA, 00 € KOHLIEHTPAaTOpaMH Harpy>KeHb,
IO HEJOMYCTUMO TpH eKcriuryaTamii mrammna. KpiM TOro, BHHHKAIOTh CYTTEBI TpPYAHOCTI
BUTOTOBJICHHS IIUJIMH B TBEPJOCIUIABHOMY MOHOJIITHOMY ITyaHCOHI;

- croci® mpsiMoro 0araTO30HHOTO TMPOKAa4YyBaHHS 3 BHIAJICHHSIM po0O0dYO0l piTuHH
pa3oM 3 MPOAYKTaMH €po3ii Kpi3b TEXHOJOTIYHI UIUIMHY, IO PO3TAlIOBaHI MK OTBOpaMH B
eneKkTpomi-iHcTpyMeHTi (puc. 2). JlaHuii crmocid He Mae Bagu MOMEPEAHBOTO, a TOMY €
00’ €KTOM JIOCHIIKEHHS TaHOI CTATTI.

MeToro poOOTH € eKCIIepUMEHTAbHE JOCIIIKEHHS TEXHOJIOTTYHUX XapaKTePUCTHK
3arponoHoBaHoro crnocody PO/l MOHOMITHUX MyaHCOHIB 3 BUKOPUCTaHHSM BKa3aHOTO BUILE
croco0y MpoKauyBaHHS.

MeTtoauka AOCHIPKEHHS] TEXHOJOTTYHUX XapakTepucTuk mpouecy POJl MOHOTITHHX
MyaHCOHIB mepenbadana OyAyBaHHA I1X MaTeMaTHYHUX Mojenei. B skocti (daktopiB
BUKOPUCTOBYBAJIUCS: CHJIa TEXHOJIOTIYHOTO CTpyMy / (X)), CTAaTUYHUI TUCK POOOYOi piAvHU
Ha BXOJl B MIKEIEKTPOIHHHA 3a30p P, (X2), KUIBKICTh OJHOYACHO OTPHMAaHUX CTEP)KHIB
MOHOJNITHOTO MyaHcoHa K (X3). B saxocTi poOo4oi piAMHU BHUKOPUCTOBYBAJIOCS OpTaHIuHE
cepenoBuie. IlonspHicTh 00poOKH — 3BOpOTHA. Marepiai elIeKTpOAa-3aroTOBKH — CTajlb
V10A, 3araproBana. Matepian enekrpoja-iHcTpymMeHnTa — rpadit MIII'-7. BukopuctoByBascs
daxropruit mian 2 (tabuis 1).

Tabnuus 1 — MaTpuis njaaHyBaHHs €KCIIEPUMEHTY

dakrop L Pen | K,
A | MIla | .
HOBHMIA piBeHb (X; 1 1,2
Icziieglsan B;;)i}(e)BaH(H;) N ’ : A34 13‘/[”’ @ Ra, S5, T
(AX) 50 0,4 1 MM /XB |(MM™-A)/xB (KBT-rom)/Kkr| MKM MKM %
BepxHiii pisens (X;=+1) | 150 | 1,6 4
Hioknilt piBenb (X;=-1) | 50 0,8 2
Kon X X X3 Vi 2 » Va Vs Ve
1 . 6 + + + 549 6,10 13,92 19 0,10 0,49
Eg 2 '5 2 - + + 193 6,43 13,20 6,3 0,15 0,96
5 3 =) 5 + - + 762 8,46 10,03 20 0,15 0,36
= 4 § 1 - - + 110 3,67 23,16 9,4 0,15 0,85
§ 5 = 7 + + - 937 10,41 8,15 23 0,15 0,99
é 6 g 8 - + - 203 6,77 12,55 7,9 0,15 0,90
7 & 3 + - - 826 9,18 9,25 22 0,25 0,76
8 = 4 - - - 100 3,33 25,48 9,4 0,20 0,41
Jocrinu y 1 0 0 0 470 7,83 10,84 14,6 0,15 0,74
HewTpi 2 0 0 0 458 7,63 11,12 14,7 0,17 0,70
nany 3 0 0 0 390 6,33 13,40 14,4 0,15 0,77
4 0 0 0 380 6,66 12,73 14,5 0,17 0,68
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3HadeHHs (akTOpiB y KOAOBOMYy (Xx;) Ta HartypaidbHOoMy (X;) Macmrabax 3B’si3aHi
CIiBB1IHOIIICHHSMHU:

X, —-60 X,-12 X33

X1 =—Fn > Xy =—F——; XA =—2

1730 ~ 2704 371

B pe3ynbrati ekcriepuMeHTaIbHUX JOCTIKEHb:

- OTPUMAHO MAaTeMAaTU4Hy MOJENb npodykmusHocmi npoyecy POJl MOHOMITHHX
nyancoHiB M (puc. 3). Ilokazano, 1m0 HaiOimbIMii BIUIMB HAa M BHSBIAE CcHIa
TEXHOJIOTITYHOTO CTpyMy /, 13 TIIBUIIEHHSAM SKOi MPOAYKTUBHICTH OOPOOKH 30UIBIIYETHCS
(puc. 4). Ocranne mnigTBepmKye TeruoBy mnpupony POJl. Bmnue ¢akropa K, skuit
XapaKTepU3ye KUTBKICTh CTEP)KHIB MOHOJITHOTO ITyaHCOHA, HIO OJHOYACHO OOpOOIISIOTHCS,
3HAYHO MEHIIWM, ajie Ma€ ICTOTHE 3HaueHHs. [3 mimBuieHHSM K NPOAYKTHBHICTH OOpPOOKHU
3MeHmyeTbes. [lokasaHo, 1m0 cTaTHYHUM THUCK poOOYOi PIAMHU HAa BXOII TOTOKY B
MDXKEJIEeKTPOIHUHN 3a30p P, Ha MPOIYyKTUBHICTE OOPOOKHM MOHOJITHHX ITyaHCOHIB 30BCIM HE
BIUIMBa€. B yMoOBax eKCIIEpUMEHTY NpPOAYKTHBHICTb OOpPOOKM MOHOJITHHX ITyaHCOHIB
3MiHIOBanacs y mexax Big 100 mo 937 MM3/XB., mo B 1,2 — 2,3 pa3u Oinblie MOPIBHSIHO 3
POJYKTUBHICTIO €IEKTPOIMITYJILCHOI 00pOOKH;

- OTpUMaHO MaTeMaTH4Hy MOJAEIb numomoi npodykmusnocmi tpouecy POJI
MOHOJIITHUX TyaHcoHIB M, (puc. 3) Iloka3zaHo, IO THTOMa MPOAYKTUBHICTH OOpPOOKH
MOHOJITHHX ITyaHCOHIB HE 3aJIeKUTh BiJI CTATUYHOTO THUCKY pOOOYOi PiAMHM Ha BXOII B
MDKETIeKTPOIHUH 3a30p P, Ta KUTBKOCTI CTEP)KHEBUX BUCTYIIIB HA MOHOJIITHOMY ITyaHCOHI K,
a MOBHICTIO BU3HAYAETHCS CHIJIOIO TEXHOJOTIYHOro ctpymy /. Ilpuuomy, i3 miaBUIIEHHAM [
nUTOMa TPOMYKTHBHICTE OOpOOKM 30UTBIIyeThCS. B yMOBaX eKCIEpUMEHTY IHTOMa
MPOAYKTHBHICTH OOPOOKH MOHONITHHX IyaHCOHIB 3MiHIOBaiacs y Mexax Bix 3,33 mo 10,41
MM°/A-XB.

- OTPUMaHO MaTEMaTU4YHY MOJCNb Humomoi eumpamu eirekmpoernepeii a (puc. 3).
Busineno, mo HaHOUIBIIMIA BIUIMB HA ¢ BHSBISE CUJIA TEXHOJOTIYHOrO CTpymy /I, i3
HiIBUIEHHAM $KOI IUTOMa BUTpAaTa €JIEKTPOEHEPrii 3MEHIIYeTbCsA. TakuM YUHOM, CHILY
TEXHOJIOTIYHOTO CTpyMy Tpeba po3risaaTd SK TOJOBHUU Kepyrouuil ¢akrop. Brums
CTATUYHOTO THCKY POOO0YOi PIIUHU HA BXOJ1 B MDKEIEKTPOJHHM 3a30p P, TPOXH MEHIIHH,
ajle Ma€ ICTOTHE 3HaueHHS. [3 migBuineHHsIM P, NOUTOMa BUTpaTa eIEKTPOCHEPTii
3MeHInyeThes. [lokazano, mo daktop K, skuii BU3HA4a€ KUIBKICTh CTEP)KHEBUX BUCTYIIB Ha
MOHOJIITHOMY IyaHCOHi, II0 OJHOYacCHO OOpOOJIAIOTHCS, HE BIUIMBAE HA MUTOMY BUTpATy
eJeKTpoeHeprii. B yMoBax ekcmepuMeHTy mMTOMa BUTpaTa enekTpoeHeprii mpu POJ]
MOHOJITHHX ITyaHCOHIB 3MiHIOBallacs y Mexax Bix 8,15 mo 25,48 KBmK—:od ;

- OTPUMAHO MaTeMAaTU4YHy MOJENb wopcmrxocmi OiuyHOi nogepxHi Ra MOHONITHOTO
nyancoHa micis PO/ (puc. 3). [Tokazano, mo HaiOUThIIMIA BIUIMB HA Ra BUSIBISIE dakTop K,
10 XapakTepu3ye KUIbKICTh CTEpXHIB MOHOJITHOTO IIyaHCOHa, II0 OJHOYAcCHO
00pOOIISIFOTECS, TPHYOMY, 13 TiABHIIEHHSIM K MIOPCTKICTh 3MEHIIyeTbes. (OcTaHHE
HOSCHIOETbCS TUM, IO 13 MiABULIEHHAM K 3MEHLIYIOTBCS PO3MIPU OAMHUYHOI 30HHU
NPOKAvYyBaHHS, & OTXKE 3MEHIIYETHCS TIAPABIIYHUM omip Tedii poOodoi piAMHU B TOPIIEBOMY
3a30pl B KOXHIii 30Hi. lle mpuBOAWTH N0 MiABUIIEHHS CEPEAHBbOI IIBUIKOCTI TOTOKY B
TOPIIEBOMY 3a30pi, OLTBIIIOTO CTUCHEHHS €JIEKTPUYHOI AYTH, 3MEHIIEHHS PO3MIpiB OAMHUYHOT
JYHKH, a OT)K€ J0 3MEHLIeHHs wmopcTkocTi noBepxHi micasa POJl. ®aktop K Tpeba
PO3TISIIATH SIK TOJIOBHUM, KEPYIOUHid. BIUIMB CHIIM TEXHOJIOTIYHOTO CTpyMy / TPOXH MEHIIINH,
ale Mae ICTOTHEe 3HadyeHHs. [3 miaBuIIeHHsM [ mopcTKicTs moBepxHi micias POJ]
30inbmIyeThesi. HaliMeHImid BIUTMB Ha MOPCTKICTh moBepxHi micist POJ] BusiBisie cTaTHIHMIA
THUCK po0O0YO0i PIAMHKM HA BXOJI B MDKEIEKTPOAHUH 3a30p Py, IPUUOMY 13 MiJIBUIICHHIM P,
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IIOPCTKICTh 3MEHINYEThCSA. B yMOBax eKCIepUMEHTY HIOPCTKICTh ToBepxHi micis POJ]
3MiHIOBajlacs y Mexax Bix Ra6,3 no Ra23. IlokazaHo, 10 MOJaJIbIIEe 3MEHIICHHS IIOPCTKOCTI
MOBEPXHI MOHOMITHUX IyaHCOHIB micis POJ] moB’s3aHO 3 TEXHIYHUMU MOMJIMBOCTSIMH
EKCIEPUMEHTAJIbHOTO BEpCcTaTa B IUIaHI 3MEHIIEHHS CHJIM TEXHOJIOTIYHOTO CTpyMy Ta
MIBUIIEHHS CTATUYHOTO TUCKY POOOYOi PIAMHYN HA BXOI B MDKEJIEKTPOIHHM 3a30D;

- OTPUMAaHO MaTeMaTHYHy MOJENb OiuH020 MidceleKmpooHo2o 3asopy (puc. 3).
[Tokazano, mo o6uaBa ¢akropa P, Ta K BUSBISAIOTH OJHAKOBY CTYIIIHb BIUIMBY Ha Op,
IpUYOMY 13 30UIBLICHHSIM 1X MIDKEICKTPOAHUI 3a30p 3MEHIIYETHCS, @ CHJIa TEXHOJIOTTYHOTO
CTpyMy Ha Op HE BIUIMBac. B yMOBax eKCHEpUMEHTy OIYHMH MIDKEJIEKTPOJHUN 3a30p
3MiHIOBaBcs y Mexax Bix 0,10 mo 0,25 mm$

- OTPUMAaHO MAaTEeMaTHYHy MOJENb GIOHOCHO20 JIHIUHO20 3HOCY 2pagimoeozo
enekmpooa-incmpymenma vy, (puc. 3), 13 Koi BUTIKAE, 11O Y, 3aJSKUTh BII TPbOX (DaKTOpIB, a
came P.,, [ ta K BcranoBneHo, 1mo HaWOUIBIINK BIUIMB Ha BiHOCHMH JHIWHHUNA 3HOC
eJIeKTPOIA-IHCTPYMEHTa BHSBISIE CTaTUYHUKA THUCK poOOYOi piAMHM Ha BXOIl B
MDKEJIEKTPOIHUN 3a30p Py, 13 30UIBIICHHSAM SIKOTO Y, 30inbiryerbesa. daktop P, Tpeba
pO3rJsiIaTH SIK TOJOBHUM, Kepyrouumid. BIUIMB cuiIM TEXHONOTIYHOrO cTpyMmMy [/ 3HAa4HO
MEHIIIMHK, aje Ma€ CYTTe€BE 3HA4YCeHHS. [3 migBuieHHsM [ JIHIMHMA 3HOC 3MEHIIYETHCS.
HaiiMenmuii BruiMB Ha BiTHOCHMI JIHIMHUN 3HOC €IEKTPOAa-IHCTPYMEHTA BUSIBIAE (PaKTOp
K, mo xapakrtepu3ye KUIBKICTh CTEpKHIB MOHOJITHOTO IIyaHCOHA, IO OJHOYAcCHO
o0poOmsitoThest. 13 mimBumeHHsM K TiHIAHUN BIIHOCHHMM 3HOC €JEKTPOAA-IHCTPyMEHTa
3MEHIIYEThCSA. B yMOBax eKCIEpUMEHTY BiTHOCHHUH JHIMHUN 3HOC TPadiTOBOrO €IeKTpoa-
IHCTpyMEHTa 3MiHIoBaBcs y Mexax Big 0,36 10 0,99 %.

I3 aHami3zy oTpEMaHUX MaTEMaTHYHUX MOJENIeH BHUTIKae, mo crmocid PO/l MoHOMITHUX
MyaHCOHIB JIOIIBHO BUKOPUCTOBYBAaTH MPHU BENUKIM TUIONMII OOpOOKM B TUIaHI, SIKa MOXE
caratd jAekinmpka Thcsdy MM . Came 3a Takux YMOB MOXHA JIOCSTHYTH BHCOKOi
MPOAYKTHUBHOCTI OOpOOKH, Majaoro BiJHOCHOTO 3HOCY IpadiTOBOro eleKTpoAa-iHCTPYMEHTa
IIPH 33JI0BIIBHOI SKOCTI O19HOT ITOBEPXHI.
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