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XAPAKTEPUCTHUKMU JIZKEPEJI TEIVIA EJEKTPO®I3NYHUX
METO/IB PO3MIPHOI OFPOEKU METAJIIB

OnucaHo sIKICHI 1 KUIBKICHI XapaKTEPUCTHKH JKepes TeIula eleKTpo(i3UYHUX METOAIB pO3MipHOL
00poOKM MeTaiB 1 Ha LiH mijcTaBl BU3HAYEH] 001acTi X palioHaJIbHOro 3aCTOCyBaHHS. J{MHaMIuyHUI
TUCK CEpefioBUIA — Il€ Kepylouuid YMHHHUK, 10 BH3HAYa€ EHEPreTM4Hi 1 TEXHOJIOTIYHI
XapaKTepUCTUKU  BIJOMHMX  PI3HOBHJIB  €IEKTPUYHUX  pO3pPSAIB, Kl  3aCTOCOBYIOTh s
MeTanoo0poOku. CTalioHapHi 1 HecTal[lOHapHI ENeKTPUYHI PO3psiu, MAlO4YM OJHAKOBY (i3HMUHY
IPUPO.Y, BIAPI3ZHAIOTHCS TPUBANICTIO.

Onucanbl ~ KauyeCTBEHHbIE M KOJIMYECTBEHHBbIE  XapaKTEpPUCTUKH  HMCTOYHHUKOB  TeIJja
ANIEKTPO(U3NIECKUX METOA0B pa3MepHON 00pabOTKM METaJJIOB U HA 3TOM OCHOBAHUU OIIPEJENIECHBI
00JacTy UX pPalMOHAJIBHOTO MPUMEHEHUs. J[MHaMUYecKoe AaBJIEHUE CPeAbl — 3TO YNPaBIISIOUIHIA
(bakTop, KOTOpBIH ONpeAesseT SHEpreTHYecKHe M TEXHOJIOTMYECKHE XApaKTEPUCTHKH H3BECTHBIX
Pa3HOBUIHOCTEH AJIEKTPHUUECKUX paspsiioB, KOTOpPBIE MPHUMEHSIOT IS METauI000padOTKH.
CranMoHapHble M HECTAllMOHAPHBIE JJIEKTPUUYECKHE pPa3pslbl, HMes OAMHAKOBYIO (DHU3UYECKYIO
IIPUPOJY, OTIINYAIOTCS AJTUTENBHOCTbIO.

Beryn. Enexkrpodiznuni Meroan po3mipHoi 00pooku metaniB (ED), 3acHoBaH1 Ha
BUKOPHUCTAHHI JIJISl JIOKAJIbHOTO PYHHYBAHHS METally BUCOKOKOHIIEHTPOBAHUX KEPEI
TeIia, OTPUMAJM IIMPOKE 3aCTOCYBAHHS 1 MPOAOBXKYIOTh PO3BUBATHUCH BCE OUIBII
iHTeHcuBHO. Jlo HUX Hayexarh JjazepHa o0poOky (JIO), enekTpoHHONpPOMEHEBa
o0pooOky (EII) ta mpormecu enextpopospsaHoi o6poOku (EPO), cepen sxux [1]
enekTpoickpoBa (enekrpoimmyibeHa) (EI), enexkrpomexaniuna o6poOka (EM) Ta
HaOmxkeHa 10 Hel aHojHO-MexaHluHa (AM), po3mipHa 0OpOOKY €JIEKTPUIHOIO AYTOIO
(POM), a takox mrazmoBa oO6podka (I10). TexHOoJOT1YHI MOXKIMBOCTI ITUX MPOIECIB
BU3HAYAIOTHCS SKICHUMH Ta KUTBKICHUMHU XapaKTEPUCTUKAMH iX JKEpeN Teria, II0
BHU3HAYa€ 00JIACTI palliOHAJIBLHOTO 3aCTOCYBaHHS HUX MpoiieciB. OnuiemMo sKiCHI Ta
KUIBKICHI XapaKTepUCTUKHU JDKEpeNl TeIla B yMOBax 3a3HAuYeHUX TMPOIECIB B iX
MOPIBHSAHHI 1 HAa I[ii OCHOBl OINMIIEMO TEXHOJOTIYHI MOXJIMBOCTI Ta o0dacTi ix
panioHaJIbHOIrO 3acTocyBaHHs. 1 peanizallii npouecy pyiiHyBaHHS MeTainy HEOoOX1aH1
KOHLIEHTpaLli €Heprii B TakuX JpKepenax Tella MalTh OyTH OJIM3BKHUMH 10 €HEeprii
3B’513Ky CTPYKTYPH TBEPJOro Tina — aist metanis ne 10°...10° Br/em” [2, c. 78].

JlazepHa 00poOka, pH SKi HOCIEM €HEPTii € eJEKTPOMArHiTHa XBWJIS, Ta SKIIO
BUXOJMTH 3 MOBEPXHEBOI I'yCTHHM MOTOKY eHeprii (10 10° Br/cm®), MoxiuBOCTEH
KepyBaHHS JIa3épHUM [POMEHEM 1 MOXJIMBOCTEH peamizauli mpoiecy B
HaWpI3HOMAHITHIIIMX yMOBax, oTpuMaia 1 Hagam OyJae OTpuMyBaTH Bce OUIbII
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IIUPOKE 3aCTOCYBAHHS Il PO3MIPHOI 0OpOOKH METaiB.

EnexrponnonpomeneBa o0poOka, KOJIM HOCIEM €HEprii € 3apspKEeHl YacTKu, a
IYyCTHHA NOTOKy eHeprii gocsrae 5-10° Br/em® [3, c. 5], 3abesmedye mmpoki
TEXHOJIOTTYHI MOXJIMBOCTI B YMOBaX po3MipHOi 00poOku mertainiB. [IpoTe meil mpouec
HE OTPUMAaB MOMITHOTO MPAKTUYHOTO 3aCTOCYBaHHA [2, c. 3...4] BHACHIIOK BUCOKOI
BapTICTI 00JIaJHAHHS, BUCOKOI KBaji(ikalli 00CIyroByro4oro nepcoHany, CKJIagHOCTI
3aco0iB Oe3neku. OKpIM TOro 3aCTOCYBaHHs Jiazepa J03BOJSE BUPIIIMTH aHAJIOTIYHI
TEXHOJIOT1YHI 3a/1a4l HE B BaKyyMi, 1110 3HAYHO CIIPOIILYE MPOIIEC.

ITponiecu EPO MaroTh OUIBII BHCOKY €KOHOMIYHY €(PEKTHBHICTh TOPIBHSHO 3
THITUMHA eNEKTPOGI3UYHUMHA  METOJaMHU  METAJIO0O0pOOKM Ta MarwTh IIUPOKI
MOXKJIMBOCTI perysroBaHHs koHIeHTpalii eneprii. I[Iponecu EPO, mo BkimtouaroTs El,
EM, PO/ ta IIO, peanizytoTh €IEKTPUYHI PO3PAAU, M0 MAIOTh €AUHY (Pi3UUHYy
MPUPOAY — 1€ T€, M0 HA3MBAIOTh EJICKTPUYHHUM JIYTOBHM PO3PSI0M a00, 1HAKIIE 1 10
Te XK, enekrpuyHoro ayroo [1]. Came 11e 00’ €aHy€ 111 TIPOIIECH, POOUTH iX CXOKUMHU 1
JT03BOJISIE PO3IJIAJIATU iX B €IHOCTI, B3a€EMO3B’A3KY 1 B3a€EMO3AJIEKHOCTI, 30KpeEMa, K
aIbTEPHATUBY TPATULIIHUM MporiecaMm 0OpoOKH METaliB Pi3aHHIM 1 TUCKOM.

[TokaxkeMo, 110 HECTALIOHAPHI EJNEKTPUYHI PO3PSAM MAOTh 13 CTal[lOHAPHOIO
Iyro0 €auHy GI3UYHYy OpUpPOAYy — I Te, 10 TPUWHITO HA3UBATH CICKTPUIHUM
IYyroBUM po3psimoM. [[msi 1mboro AOCTaTHRO 3BEPHYTHCH 1O YHCICHUX, aje
HECHUCTEMATHU30BAHMX JITEPATYPHUX JaHUX.

CninbHa ¢isuyHa npupoaa icKpoBUX Ta AYroBuX po3psiaiB. Bci Bigomi
pizHOBUIM EPO peanizyroTs eneKTpudHi po3psaau TPUBAIICTIO #; > 1077 ¢ [4, c. 25]. “3
JIAHUX, 1[I0 MAEMO, BUJHO, IO Micisg | MKC 1 OUIBII i1CKpa CTae KBa31iCTaOUILHOIO 1
OoTpUMYye€ 0arato puc, XapaKTepHHX JIJIsi CTAJIOr0 JYroBoro po3psany” [5, c. 104]. “Ickpy
MO>KHA TMPEJICTABUTH SIK HECTAILIOHAPHY EJIEKTPUUYHY AYTY, sIKa racHE 4epe3 BiJIHOCHO
KOPOTKHUU Yac JUIIe BHACIIOK TOTO, 10 HKEPEJIO KUBJICHHS HE B 3MO31 JKUBUTH YTy
CTPYMOM JIOCTaTHBO TpuBanuit 4ac” [6, ¢. 17]. “MoxkHa BBaXKaTu, 110 micast 107°..107* ¢
BiJl MOYATKy PO3PALY MK EJIEKTPOJaMH HOro IMapaMeTpd 3a IHIIUX PIBHUX YMOB
Ha0yBalOTh 3HaY€Hb, XaPAKTEPHUX JIJISl IYTH, 10 TOPUTH CKIJIBKHA 3aBTOJHO JOBro” [7,
c. 10]. “M. H. Co0GosneB nmokasas, 1110 Hanpyra po3psiy CTa€ TUIOBO AYTOBOIO 1 CTAJIOI0
micms 10 ¢ micns #oro novatky” [7, c. 9-10]. Haragaemo, 1o “TUIOBO JyroBUi
po3psia” XapaKTEPU3YEThCS CUJIOD CTpyMmy Ouibiie ~1 A 1 cymMapHUM 3HAYCHHSIM
KaTOJHOIO 1 aHoAHOro naains Hanpyru U, , =10..20 B. Came ne € HeoOXiaHOIO 1
JIOCTaTHHOKO YMOBOIO, 1100 BBaXXaTH EJIEKTPUYHUNA pO3pSA] “TUIIOBO AYroBUM . Aje
caMe UMMM IapamMeTpaMH XapaKTepU3YIOThCS HECTALIOHAPHI EJIEKTPUYHI pO3pSIU B
ymoBax EPO [8, c. 12-15, 10]. Ile, 30kpema, o3Haudae, 110 OCHOBHI 3aKOHOMIPHOCTI
NPOTIKAHHS CTAl[lOHAPHOI YTy, NEBHOIO MIPOIO, CIpaBEeUIMBI 1 JJI1 HECTallOHAPHOL
TyTH.

JAunamiuHa B3aemojisi po3psiaiB i3 cepexoBuineM. BiIMiHU eIEeKTPUYHHUX
pO3pAIIB B yMOBax peanizaiii pisHoMaHITHUX TiporieciB EPO — 1ie numie pizui Gpopmu
JTUHaMI4HOI (MEXaHIYHOi) B3a€EMOJII JyT'H 3 IOINEPEYHHUM 10 CTOBMA JTyTH MOTOKOM
CepelloBUIIA-/I1eJIEKTpUKa, AUHAMIYHUI TUCK P, sSKOro Ha CTOBI Jyrd 1 BHU3HAYae
EHEPreTUYHy CTPYKTYypy nyroBoro pospsay. [Ipu PO/ nyra mpotikae B monepeuyHoMy
MOTOIIl CepeIOBUIIA-/IIETIEKTPUKA B YMOBAaX OJHOOIYHOTO JMHAMIYHOTO THUCKY MOTOKY
Ha croBn nayru. Ilpu EMO onHOOIYHMII mMOmepedyHuii g0 CTOBMA JYTd TOTIK
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CepelIOBUIIA-/T1eIEKTPUKA CTBOPIOETHCS PYXOMHUMHU €JEKTPOJIaMU, SIKI 3BUYANHO
obeprarotecsa. Ilpu EI 1 mpu peamizaiii HecTaliOHApHUX EICKTPUYHUX PO3PSIIB,
B3araji, JUHaAMIYHa B3a€MO/Iisl IYTH 3 MOMEPEYHUM MTOTOKOM Cepe/I0BHUIIA-/11eJIEeKTPUKa
JIOCSITAETHCS B YMOBAX 3MIHHOTO B 4Yaci BCEOIYHOTO PIBHOMIPHOTO CTHCHEHHS CTOBIA
JIyTU TIPU PO3IIMPEHHI KaHAly pO3psALy, KOJIM OCTaHHINH “Habirac” Ha Hepyxome
CepeIOBHIIC-TICICKTPUK, CTHUCKYIOYHM Koro. B masmorpoHax edekr BceOiuHOI,
MOCTI{HOI, PIBHOMIPHOI, IONEpPEYHOi [0 CTOBHA JAYrM JAMHAMIYHOLI JIi IOTOKY
CepeIOBHILA-T1ETIEKTPUKA JOCATAETHCS 32 PAXYHOK OOMEXKEHHS IOl MOMEePEYHOro
nepepizy KaHally po3psa COIUIOM IIa3MOTpPOHA 13 JAOJATKOBOIO JUHAMIYHOIO JII€I0
MOTOKY Ha CTOBN JyI'M 3a pPaxyHOK MPOKAadyBaHHS 4Yepe3 COIJIO CepeAOoBHUIIA-
JIleTIeKTPUKaA.

3rilHO BUKJIAJIEHOT0, B yMOBax peanizauii pisHux npouecis EPO npu 3aganomy P,
€HepreTuyHa CTPYKTypa po3psi/iiB MOBMHHA CIIBHAAATH 1 Taki Jkepena temia s EPO
MOXYTh PpO3TJISAATUCS SK pIBHOIMIHHI. J[iliCHO, SKIIO TIOPIBHITH, EHEPreTUYHI
XxapakTepucTuku J1yru B ymoBax POJl [9] 1 eHepreTuuHi XapaKTepUCTHKU
HECTaI[lOHAPHOTO pOo3psAay B ymoBax Bigomux crnoco6iB EIO [10, c¢. 12-15], To
BHSBJISIETBCS, IO 1€ came Tak. IIpoTe, iCHyrOTh 1 BiaMiHU. Binpi3HsAOTbCA 1
TEXHOJIOT1YHI MOXJIMBOCTI IHMX JpKepen Temna. [Ipu mpoTikaHHI HECTaiOHapHOTO
€JIEKTPUYHOTO PO3psiAYy HOro eHepreTHyYHl XapaKTePUCTUKHU 3MIHIOIOTHCS B IIMPOKHX
Mexax. Hampy:KeHICTh eJIEKTPHUYHOTIO MOJISI B CTOBII PO3PAly MOKE 3MIHIOBaTHUCS Bl 4
nmo 0,1 xB/cm. B ymoBax PO/l enepretuyHi XapaKTEpUCTHKH CTAI[lOHAPHOTO
CJIEKTPUYHOTO PO3psiAy CTAOUIbHI 1 HE3aJeXKHO BiJ CHJIM CTPyMy HampyKeHICTb
SJIEKTPUYHOTO TOJISl B CTOBMI IyTru cTaHOBUTHME Onm3bko 3 kB/cMm. OmHak 3 mormismy
GI13MYHOI CyTl sIBUIIA — L€ OAHE 1 T€ X, L€ — EJeKTPUYHUA AYroBUH pO3psij
BiJIMOBITHUX €HEPTeTUYHHUX XapaKTepUCTUK. MOXKHA CKa3aTH, IO eIeKTpUYHA iCKpa —
e yra 3 eHepreTUYHUMHU XapaKTepUCTUKAaMHU, 1110 3MIHIOIOThCS B 4yaci, ado, 1110 Jyra B
ymoBax POJI — 1ie TpuBasa ickpa.

Tak 3a eHepreTHYHUMHU XapaKTEPUCTHUKaMU 1 €PEeKTOM TEeIIOBOi [ii Ha MeTal,
HAMPUKJIAJ 0 BEJIMYUHI 30HU TEPMIYHOTO BIUIMBY, CTallioHapHa Ayra B ymoBax PO/l
BIJINIOBIJIa€ HECTAIIOHAPHOMY (ICKpOBOMY, IMITYJIbCHOMY) €IEKTPUYHOMY pPO3PSIY B
ymoBax El. Ane, mo X 0 OCTaHHbOI'O, Ma€ BAXKJIMBY IepeBary — BOHa 3abe3meuye
CTabUIbHI €EHEPreTUYH1 XapaKTePUCTUKH, SIK1 JIETKO PETYIIOITHCS HE3AJIEKHO Bl CHIIH
CTpyMy, a 3HAuWUTh 3a0€3NEUyIOTh SIK SKICHY, TaK 1 KUIbKICHY CTOPOHHM IPOLECY
OOpoOKM B 3HAYHO IIUPIIOMY Jiama3oHi pPEXUMIB,  IOYMHAIOUU BiJ TpyOOro
PO3MIPHOrO IUIABJAEHHS 1 J0 HAWUTOHIIOrO PO3MIPHOTO BHIIAPOBYBaHHA, 30KpEMA,
J03BOJISIE PeaTi3yBaTH BHCOKONMPOIYKTHBHY OOpOOKy (DECATKH THCSY MM’/XB) Ha
BEJIUKINA CHJII CTPyMY (COTHI 1 THUCAYI amIep) IPU BUCOKIN SIKOCTI OOpOOKHU 1 rIuOuHI
30HU TEPMIYHOTO BIUIMBY B MEXaX COTHUX JI0JIb MUTIMETpa a00 HaBITh MPAKTUYHO MPH ii
B1JICYTHOCTI.

OnuireMo KUIBKICHI Ta SIKICHI XapaKTePUCTHUKU E€JICKTPUYHOI JIYyTH K JpKepesa
teria g EPO.

Hyry, sk Bimomo [1], po3rasgaioTh K CyMy TpbOX JpKepen Teria (puc. 1), mo
JI0Th, B KaTOAHIN 001acTi, aHOAHIN 00J1acTi 1 CTOBMI IyTH Mpu Hanpy3i ayru U, Ta 1i
noBxkuH1 L;. Cxema TphOX JKEepen Teria B Jay3l Ja€ MOXKIHUBICTh TaK MPEACTaBUTH
JYTY: OJHE JLKEPEIIo Teria MOTYKHICTIO P, pOo3TallloBaHO B IJIOCKOMY IIapi TOBUIMHOIO

20



L, Ha OBEpXHi KaToJa Npu naainHi Hanpyru Uy, Apyre MOTYXHICTIO P, — B IMJIOCKOMY
mapi TOBIIMHOW L, Ha MOBEPXHI aHOJa MpHU NaAiHHI Hanpyru U,, 1 TpeTe NOTYKHICTIO
P. po3ramoBane mo o0’eMy CTOBIA JYrd Ha JOBXHHI L. npu maaiHHl Hanpyru U..
CxeMma TphOX JIKEpel Teria B Ay31 JO03BOJISE PO3TISAAATH ii 1 JOCHIHKYBATH SIK €IHICTD
TPHOX PI3HUX 3a CHEPreTUYHMMH XapaKTEPUCTUKAMHU JDKEpeNl Teryia — KaTOJHOTO,
aHOJHOTO 1 CTOBIIA AYTH, KOKHE 3 SKHX B MEKaX CBO€i 00JacTi BU3HAYAETHCS OJIHO-
PIIHUMU €HEPTeTUIYHUMH XapaKTePUCTUKAMHU.

T
Pé‘ j’?
E 3 <
7
® J U | _Ue [
< 4

Puc. 1. Cxema enekTpuyHOi IyTH K JpKepea Teria

JIJist OIIHKM AYTH SIK JKEpea Teruia CKOPUCTAEMOCS TAaKOK0 XapaKTEPUCTUKOIO SIK
o0'eMHa TYCTHMHA TEIUIOBOI MOTYKHOCTI Ha JUITHKAaX KOXKHOTO 3 TPbOX 3a3HAYEHUX
JOKEpEIT TeIIa, sIka MOXe OyTH BU3HA4YeHa 3a (PopMyJI0to:

K=FEj, (1)
me K — o0’eMHa T'ycTHHA TeIIOBOI HOTyXHOCTI, Br/cMm’; E — HampyKeHIiCTb
CJIEKTPUYHOTO 110115, B/CM; j — rycTHHA cHiM CTpyMy, A/cM’.

BignoBigno no piBHaHHA (1) mnpuenekTpoaHi oOmacTi (KaTogHa 1 aHOJHA)
BHACIIJIOK JYy>K€ BHUCOKOi HAIPY>KEHOCTI EJEKTPUYHOIO TOJIsl € MOTYKHUMH
KOHIIEHTPOBAaHUMHU TUIOCKMUMHU JKEpPEIaMH TeIia, TOJIi K CTOBM JYTH € 3HAYHO MEHII
KOHIIEHTPOBAaHUM O0'€MHUM J[KEPEIIOM TeTlIa.

[Ipu 1poMy SIKiCHI XapaKTEPUCTUKH (SKICTh) JPKEepesia TeIula Ha KaToJ/l BU3HAYAE
MOJIMBICTh 1 SKICHY CTOpPOHY mporecy eposii (o0poOku) katojga, a sKICHI
XapaKTePUCTHKHU (AKICTh) JDKEpena TeIula Ha aHOIl — MOMKJIUBICTB 1 SIKICHY CTOPOHY
npoiiecy eposii (00poOku) anoxa. [lopiBHsUIbHA KUIbKICHA 1 SIKICHA OLIHKU JDKEpel
TeIUia Ha KaToAl 1 aHO/1, Y CBOIO Uepry, JO3BOJISIFOTh BCTAHOBUTH JIOLUIbHY MOJSPHICTh
€JIEKTPUYHOI €pOo3ii, OCKUIbKH, SIK BIIOMO, €PEKT €JIEKTPUUHOI €pOo31i MOJISIPHUNA.

CroBn nyru B mpoleci Oe3nocepeHboi 0OpOOKH CYTTEBOI poOJIi HE BIAITpac.
[Ipote, eHepreTuyHi NMpoLECH B CTOBII AYTM BU3HAYAalOTh €HEPreTHUYHI MPOLIECH Ha
eJIEKTpOoJax 1, 30KpeMa, 00’€MHY TYCTUHY TEIUIOBOi MOTYKHOCTI B KAaTOJHOMY 1
aHOJHOMY JDKeperax TeIia, a OT)KE MOKIIUBICTD 1 AKICHY CTOPOHY IPOIeCy OOpOOKH.
ToMy eHepreTHuHiI XapaKTEpUCTUKH CTOBMA AYTH, IO XapaKTEPU3YIOThCS, B IEPIILY
4yepry, HampyKEHICTIO €JIEKTPUYHOTO MO 1 TYCTUHOIO CHIIM CTPYMY 1 K1 € (yHKIII€I0
JUHAMIYHOTO THUCKY TIOTOKY, € TapaMeTpaMu MPOIECy, SKi BU3HAYAIOTh B KiHIIEBOMY
MJICYMKY, MOXJIMBICTB 1 SIKICHY CTOPOHY Tiporiecy o0po6ku. B ymosax mpomecie EPO
€JIEKTPUYHI PO3PSAIM MAIOTh YITKI ONTHUYHI MEXI, IO J03BOJISIE HAAIMHO BU3HAYATH iX
r€OMETPUYHI TapaMeTpy, a 3HA4YUTh TYCTUHY CHJIM CTPYMy 1 HaIpy>KEHICTb
€JIEKTPUYHOTO TOJISI.

SxicTh KaTOAHOTO 1 AHOAHOTO JDKEpen TeIula Ha eJIeKTPOoJax MOXke OyTh
0XapaKTEPU30BAHO MOBEPXHEBOIO I'YCTUHOIO TEIUIOBOI MOTY>KHOCTI (I00yTOK T'YCTHUHU
CWJIM CTPyMYy Ha MaJiHHS Halpyrd BIANOBIJHO B KAaTOAHOMY 1 aHOJAHOMY JpKeperax
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Tera, Br/cM), OCKIIBKM IIpH MpPOTIKAHHI Ayrd B IONEPEYHOMY MOTOLI pigMHH
CyMapHa TOBIIIMHA KaTOAHOI 1 aHOJHO1 oOjacTed B Alama3oHi JOCTIHKEHUX PEKUMIB
JUISL CTaJIeBUX EJIEKTPOJIIB CKIIAJA€, 3a HAIUMU JaHUMU, Bcboro juiie 0,3...0,6 MkM 1
TOMY TaKi JKepesia Terjia MOKHA PO3TIIAIaTH SIK TUIOCKI.

I'yctuny cunu ctpyMy B ONMcaHuxX Ayrax Bu3HaueHo [11, puc. 6]; BoHa €
nepeBaxHO (PYHKIIIEI0 TMHAMIYHOTO THCKY TOTOKY, B 5...10 pa3iB nmepeBuiilye rycTuHy
CWIH CTPyMy Yy BIIKPUTHUX JAyrax Ha HOBITPl 1 30UIBIIYETHCS (3MEHILYETHCS) 3i
30UIBIICHHSM (3MEHIIECHHSIM) AUHAMIYHOTO TUCKY MOTOKY pinuHu 1 gocsirae 40...50
kA/cM®. CymapHe 3HAueHHS KaTOAHOro i aHojgHoro mnaminas Hanpyrd (Usi,)
KOJIMBA€ThCS B Mexkax 12...22 B [11].

OTxe MoBepxHEBa T'YCTHHA TEIIOBOI MOTYKHOCTI KaTOIHOTO 1 aHOIHOTO JHKEepen
TeIJia B Jiana3oHi JOCTIIKECHUX PEXKHUMIB J0CsTaE 5.10° BT/CMZ, 10 B JICCSATKU pa3iB
MIEPEBUINY€ 3HAYCHHS IS BIIKPUTHX Ayr Ha MoBiTpi. Haramaemo Takoxk, 10 3TiIHO
3akony JIxoynsa-JIeHna KiTbKICTh TeIla, IO BUIAUISETHCS B IUX JDKEpENIax TeIuia,
IpoIOopIiiiHa KBajgpaTy T'yCTHHU CHJIM CTpyMy. Bce 1ne miarBepIkye MOKIUBICTb
peanizailii mpoiecy oOpodku B ymoBax PO/l B Haliupiiomy Jiamna3oHi pexKuMiB.

3a3HauMMO, IO SKICTh KaTOJHOTO 1 aHOJHOrO JDKEpesd TeIula Ha €lIeKTPOoJax €
(GYHKIIIEIO0 Yacy HaBITh B MEXax OJHOTO €JIEMEHTAPHOI'O €pO31MHOTO aKkTy, KOJIM Jyra
npakTHYHO Hepyxoma. [1[06 mepekoHaTHCh B IbOMY, 3BEPHEMOCS JIO THIIOBOI
ociwiorpamu Hanpyru U 1 cuu ctpymy [ (puc. 2), 3aucaHoi Ha pekumax “‘CTIHKUi
npolec — 30IMKEHHS eJIEKTPO/IIB IO KOPOTKOTO 3aMUKAaHHS — PO3MUKAHHS €JIEKTPO/IIB
— CTIAKUH TIporiec”.

s i d o Ocuwiorpama Mokasye, IO
Hampyra 1 cujia CTpyMy B 4aci
IIOCTIMHO  3MiHIOIOTECA.  Lle
MOB’sI3aHO,  TIepeayciM, 13
mporecaMu, 10 BigOyBalOThCS
Ha eNeKTpojax B  o0xacTi
KaTOJIHOTO 1 aHOJHOTO JIKEpen
TeIla, KOJIM HEeCTallOHapHUN
MpoIleC TOIIMPEHHS TeIia Bl

X TUIOCKUX JOKEpe
Puc. 2. Ocuunnorpama npoiecy PO/l: 7 — cuna ctpymy; CYIIPOBOJIKY€ThCS HarpiBoM,
U — Hanpyra; IJIABJICHHSIM 1 BUTIAPOBYBAHHSIM

P — cratnynuii THCK poOouoi piauHu; O — po3Xia

D0GoHOR piH Marepiany eJIEKTPOIB 1,

BIZIITOB1AHO, 301ILIIEHHSIM

HaIlpyTH B 00JACTAX KATOJHOTO 1 aHOJHOTO JDKEpesd TeIula Ha ay3i, 10, TaKuM
YIHOM, TIEPETBOPIOE 111 TUIOCKI JpKepena Ha 00’ €MHI 1, IO CyTi, 3Ha4HO, B 1,5...2 pa3u i
Ounpmie, 30UTBIIyE IX TEIUIOBY TMOTYXKHICTh, CHOPUSIOYM OUIBII 1HTEHCUBHOMY
MIPOTIKAHHIO MPOIECY epo3ii.

SIk HACNIIOK TIMONHY, CTPYKTYPY 1 TBEPAICTh 30HU TEPMIYHOTO BIUIUBY (puC. 3, a)
JETKO PEryjilolTh 32 paxyHOK 3MIHM JHMHAMIYHOIO THUCKY IIOTOKY poO04Yoro
cepenoBuia [9] i mpu 301IbIIIEHH] OCTAHHBOTO JIO BiJIMOBITHAX 3HAYEHBb HE3AJICHKHO Bij
CWJIM CTPYMY L 30Ha MO€ MPAaKTUYHO MOBHICTIO OyTH BiACYTHS (puC. 3, 0).
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Puc. 3. MikpocTpyKTypu MOBEpPXHI 3arapTOBaHUX 3pa3kiB 31 ctaii Y8 micis PO/I

— o

0

TexHOJOr1YHI MOXJIMBOCTI €JNEeKTpUUHUX po3psaiB npu EPO BusHauaroThes
MOJKJIMBOCTAMHU 1 J1alma30HOM pETYJIOBaHHS CHEPreTMYHUX XapaKTePUCTUK IYTH i
MOXKJIMBOCTSIMH peajli3allii TEeXHOJIOTITYHHUX cXxeM (opMoyTBopeHHs. B cykymHocTi
nporiecu EPO 3a6e3nedyioTh peryiroBaHHS C€HEPreTUYHUX XapaKTEPUCTUK AYTH B
mupokomy niama3oHi pexumiB. Koxken 13 cmoco0ie EPO mae cBoi oOMmexeHHS,
TEXHOJIOTIYHI MOXJIMBOCTI 1 CBOIO cdepy 3actocyBaHHs. IIponecu El 3a0e3neuyroTs
BUCOKY TOYHICTh PO3MIpIB 1 BHMCOKY SKICTb IOBEPXHI, aj€ MarThb HU3bKY
OPOAYKTUBHICTh 1 HE3aMIHHI, KOJIM HEMOXJIMBE MPOKadyBaHHA poO0YOi piAMHU
(06pobka manux otBopiB). [Ipomecu 1O edexkTuBHI MpU PO3KPOi JIUCTOBOTO METAIy,
AKIIO 70 OACP>KyBaHUX BUPOOIB HE MpEJ SIBISIOTHCS MiJABUIICHI BUMOTH BIJHOCHO
TOYHOCTI 1 SKOCTI pizy. EM moxnmBa i gouigpHa mpu o0poOmi BUpPOOIB TUIY Tiid
o0epTaHHs 13 BaxK0ooOpooOmoBanux Matepianis. PO/l ontuManbHO moenHye KiIbKICHI 1
SKICHI XapaKTepUCTUKU Mpolecy (MakCUMalbHO BHUCOKY MPOAYKTHBHICTH 1 SKICTb
00poOKHM) 1 103BOJISIE peani3yBaTh BCl BIAOMI TEXHOJOTYHI cXeMU (OPMOYTBOPEHHS 13
MIPOKaYyBAHHIM pOOOYOT PiJIUHU.

B ymoBax PO/l reoMerpuuHi 1 €HEpPreTHYHI XapaKTEpPUCTUKU JyT'H Ta
TEXHOJIOTIYHI XapaKTePUCTHKU IPOIECY ONMHUCYIOThCS B (YHKIT HapamerpiB CHIU
ctpyMy [/ 1 JAMHAMI4HOIO THCKYP, 1 MOXYTb OyTH MpeACTaBji€Hl MPOCTUM

CHIBBIIHOIIICHHSM:
_ 79 pP
=k e

ne y — Oyab-SKMWA TEXHOJOTIYHUN TOKa3HUK (XapaKTEepHUCTHUKA) TMPOIIECy,
HAIMPUKIIA], TPOYKTUBHICTh, MIOPCTKICTh, TITMOMHA 30HU TEPMIYHOTO BIUIMBY Ta 1HIIII,
k — xoedimieHT po3MipHOCTI; [ — cuiia cTpyMy, A, IPUIMA€ETHCSA B MEXaX BiJ JEKIJTbKOX
amrep J0 JEKIIbKOX TUCAY amIiep, BU3HAYa€ MPOTyKTUBHICTE OOPOOKH 1 TAKUM YHHOM,
10 CYTI, Bi10Opa)kae KUIbKICHY CTOPOHY Ipoliecy; P,; — IMHaMIYHUM TUCK IOTOKY, I1a,
BuOUpaeTbes B Mexkax Big 1...2 xIla mo 1 MIla 1 6iibin, BU3HAYAE SIKICTH OOpOOKHU
(OPCTKICTh, TMHUOUHY 30HH TEPMIYHOTO BIUIMBY, TOYHICTH) 1 TAKUM YHMHOM, IO CYTI,
BigoOpakae sIKICHy CTOPOHY MpOIlecy; o 1 B — MOKa3HUKHU CTENEeHIO0, Pi3HI Ui Pi3HUX
TEXHOJIOTIYHUX XapaKTEPUCTHUK.

3rigHo criBBigHOUIeHHS (2) B ymoBax PO/l MOXIMBO BBECTH B 30HY OOpOOKH,
MPaKTUYHO, OYy/Ab-sIKI MOTYXHOCTI, BiJI HaWMEHIIUX J0 HaWOUIbIINUX, 3a0€3MeYuTH
OyIb-Ky JOLUIbHY TPOJYKTHBHICTh, 1 IIPH I[bOMY peajizyBaTd OOpoOKy B
HaWIIUPIIIOMY Jlana3oHl PeKUMIB, BiJl pO3MIPHOTO IJIABJIICHHS IO TOHKOT'O PO3MIPHOTO
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BUMAPOBYBAHHS MPU BiAMOBIIHIN 3MiHI SKOCTI OOPOOKH HE3aJEKHO Bl CUIIU CTPYMY.
HocsiraeTbess 116 MOOLIBHO, B TOTPIOHMH Yac, B MOTPIOHOMY MICII MPOCTUM
perymtoBanasam [/ ta Py .

3rigHo BHKIaaeHoro, npouecu EPO mopiBHAHO 3 00pOOKOIO Pi3aHHAM 1 THCKOM
MaroTh TaKl IEpPEeBaru:

1) enexTpoeHepris He MEPETBOPIOETHCS HA CHIIOBY, @ BUKOPUCTOBYETHCS B 30HI
00poOKM, BUKOHYIOUH BIJMOBIHY ONEPAIli0 B MOTPIOHOMY Miclli, B TOTPIOHUH Yac 1 3
HEOOXITHUMHU  SIKICTIO, TPOAYKTHUBHICTIO 1 TOYHICTIO 00poOku; mnpu POJ]
MPOIYKTUBHICTh 1 SAKICTh OOpPOOKM 3MIHIOIOTH PETYJIOBaHHSM CHIW CTPyMy |1
JUHAMIYHOTO THUCKY MOTOKY poOOYOi PiAMHHU, OTKE BEPCTAT CTA€ MPOCTUM 1 JICHIEBUM,
a TIpoIrec — MOOIJTbHHM;

2) 006poOKy 31HCHIOIOTH 6€3 MeXaHIYHUX 3yCHJIb Ha THCTPYMEHT 1 3arOTOBKY;

3) IHCTPYMEHT NMPOCTIIINNA, HIXK P13€1lb, CBEP/JIO0, MPOTSKKA, IITAMII;

4) TpPONYKTUBHICTE OOpOOKM HE 3aJeXWUTh BIA TBEPAOCTI 1 B SI3KOCTI
0o0po0/IIOBaHOTO ~ METaly, [0 BaXJIMBO HPHU  3pOCTAIOUOMY  3aCTOCYBaHHI
BaKKOOOPOOJIIOBAaHUX MaTepialiB;

5) WWUpOKI MOXJIMBOCTI peayi3alli pi3HOMAHITHUX TEXHOJOTIYHUX CXEeM
dbopMOYTBOpEeHHST SIK  HenmpodiabOBaHMM, TaK 1, OCOOJMBO, MPOQITLOBAHUM
€JIEKTPOJIOM, 30KpeMa, KOIMIIOBaHHS (POPMHU €JIEKTPOJia Ha MOBEPXHIO 3arOTOBKU MPH
MPOCTOMY TMOCTYNAIbHOMY pyCl €JIeKTpoda, L0 JO3BOJISIE OTPUMATH AHAJOTIYHO
MPOIIECy IITaMITyBaHHSI PI3HOMAaHITHI OTBOPH, MOPOKHUHM, CTEPXKHI 1 1HII BUPOOHU
ckinagHoi ¢opmu; 6) MOXKIMBO BHKOHYBATH Dsii TEXHOJOTIYHUX OIEpallii, sKi He
MOXXYTh OyTH BHUKOHAHI IHIIMMH METOJaMH OOpOOKHM, HaNpUKIaJ Pi3HOMAaHITHI
rIMOOKI OTBOPH Y BAXKKOOOPOOITIOBAaHUX MaTepiaax.

IlepeBaru TexHOJIOTIN, MPOCTOTA peanizallii, IOCATHYTUH pIBEHb PO3POOOK
poOmsTh cyKymnHicTh TiporieciB EPO BuCcOkoe(DEeKTHBHOIO allbTepHATUBOIO TPAAHUIIIHTHAM
npouecaMm OOpOOKHM PI3aHHSM 1 THCKOM K B 1HCTPYMEHTAJIBbHOMY 1 IHIIHMX EJITHUX
BUPOOHUIITBAX, TaK 1 B OCHOBHOMY BUPOOHUIITBI /1711 BUTOTOBIICHHS CEPIMHUX JIETaJICH.

Ile o3nauae, mo MeramooOpoOKa oTpuMalia SIKICHO HOBUM, BUCOKOC(DEKTUBHUM,
yHIBEpCanbHUH, 3 HAA3BHYAHO I[IUPOKHUMH TEXHOJOTIYHHUMH MOXKIUBOCTSIMH
,JHCTPYMEHT 0OpOOKH, L0 MPEACTABISE JHKEPEIO TeIia Y BUIIISAL €IEKTPUYHOTO
JyTOBOTO PO3pAly Halpi3HOMAaHITHIIINX (OpM HOro nposiBy, SIKU 103BOJISE:

—  pealizyBaTH MPAKTUYHO BCl MOMIIMBI TEXHOJIOTIYHI CXeMH (POPMOYTBOPEHHS;

— 3a0e3nedye ONTUMAJIbHE TMOEJIHAHHS KUIBKICHUX 1 SIKICHUX XapaKTEPUCTHK
porecy oOpoOKu;

—  BCE IIe MOPIBHAHO 3 MpoIlecaMyu OOpPOOKH Pi3aHHIM 1 TUCKOM, peaji3y€eThCs
MPOCTIMUMU 3aco0aMu (TEXHIKOIO 1 iHCTpyMeHTOM). Lle o3Hauae, o B MeTanooopooiri
Ha 3MIHY “epH CWJIN~ NPUXOJIUTH “epa Tera’.

Tak Hporpec METAI000pPOOKM TMEepexXoauTh “3 BICTpA pi3ug’ Ha “KPOMKY
eJIeKTpoJa” 1, TakMM 4YHUHOM, 00’ekTHBHO, EPO — 1e HacTynmHUl eram pO3BUTKY
METaJI000pOOKH.

BucnoBok. Takum unnoMm, niporiecu EPO, mo BxitouaroTs El, EM, PO/] Ta 110 1
3aCHOBAaHI Ha BHUKOPUCTAHHI €JIEKTPUYHOTO AYTrOBOTO PO3psiAy, MPHU T'YCTUHI MOTOKY
eneprii mo 10° Br/cM® 3ae3neuyioTh perylioBaHHsS CHEPreTHYHHX XapaKTePHCTHK
JIyTH B IIHPOKOMY Jliarma30Hl TEXHOJOTIYHMX pexumiB. [lepeBaru 1ux TeXHOJOTIN
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pobsate nporiecu EPO edexTuBHOIO anbTepHATHUBOIO MpolecaM OOpOOKH pi3aHHAM 1
tuckoM. EPO — 11e HacTynHuil eranm po3BUTKY METaIO00pOOKH, KOJIM Ha 3MIHY ,,epU
cuiIn’”’ MpUXoAuTh ,.epa Temia”. [Iponec PO/ ctaB cTtpubkom, SKICHO HOBUM €Tariom
PO3BUTKY METaI000pOOKM B IIOMY, OCKUIBKM BUKIaJeHI mepearu mpoiecie EPO
CTaJIO MOKJIMBUM peajizyBaTu MOBHOIO Mipoto micis nosisu PO/I.
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OL[IHKA BHUTPAT EHEPIII, IOBSA3AHUX I3
HECTAIIOHAPHOIO POBOTOIO BIIIIEHTPOBOI'O HACOCA

3anponoHoBaHa MaTeMaTHYHA MOZENb poOOUYoro MpoIecy BiALIEHTPOBOTO HACOCY SIK CYKYIHICTb
3aJIEKHOCTEH HAIMopy HAcoCy, MOTYXXHOCTI Ta MOMEHTY Ha MPUBOJAHOMY BaJIy BiJ 3MIHHOI y dYaci
nojadi Hacoca. BHKOHaHO OLIHKY BHUTpaT €Heprii, sika IOB’s3aHa 13 HEYCTAJCHUMHU DPEKUMAMU
po0OOTH Hacoca Ha TiIPaBITYHY MEPEXKY.

[Ipeiockena MaremaThyeckass Mojeib pabouero mporecca LEHTPOOEKHOTO Hacoca Kak
COBOKYITHOCTh 3aBHCHMOCTEHW Hamopa Hacoca, MOIIHOCTH M MOMEHTa Ha NIPHUBOJHOM Balie OT
M3MEHAIOIIEHCS BO BPEMEHHM IMOJauu Hacoca. BpIonHEHa olleHKa 3aTpaT JHEPIUH, CBSI3aHHBIX C
HEYCTaHOBUBUIMMHUCS peKHUMaMH paboThl HAcOca Ha TUAPABINYECKYIO CETh.

Bcemyn. Hacenennst MicT 3a0€311€4yIOTHCS BOJIOIO 32 JOIIOMOTOI0 TPYOOIIPOBITHUX
MEpeX 3 BIIICHTPOBUMH HACOCAMH, Ha MPHUBOJ SKHX BUTPAYAETHCSA 3HAYHA KIJTBKICThH
CICKTPUYHOI eHeprii. B cydacHMX ymMoOBax pHHKOBOTO TOCIIOJAPIOBaHHS paIrlioHAIbHE
Ta EKOHOMHE BHUKOPHCTAHHS CHEPIeTUYHHX PECYpPCIB € HE3alepeuyHOl0 YMOBOIO.
BonocnoxxuBanHs y KUTIOBO-KOMYHAIIBHOMY TOCIIOJAPCTBI Ma€ CKJIAJHUMA XapakTep,
EKCIIEPUMEHTAILHUMHU JOCTIPKCHHSIMU BCTAHOBJICHO, 110 Y CEPEIHBOMY MIOXBUIHHU
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