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OObmniag xapaKTepucTuKa padboThI

AKTyaJIbHOCTH U CTE€I€EHb Pa3pabOTaAaHHOCTH TeMbI UCCJieJJoBaHusA. Me-
TaJTyprudeckas MPOMBIIIIEHHOCTD ABJIAETCS ITPOM3BOAUTEEM IIHPOKOTO KJacca
TOBApPOB CTPATErNYECKOTO 3HaUeHns. BakKHbIMI 3a/auaMi MeTaJ Ty prudeckoii mpo-
MBIIIJIEHHOCTH SIBJIAIOTCSI TPAHCIIOPTHPOBKA, 00PabOTKa M KPHUCTAJIM3AINs KU /I-
KX MeTas10B. MIMeHHO KauecTBO 00OpabOTKHM MeTaJLIOB B XOJI€ IIPOM3BOJICTBEHHOI'O
Ipoiiecca, olpe/ie/isieT IPOYHOCTHBIE XapaKTepucTuky npoaykiun. OdpaszoBanue Jie-
PEKTOB METAINIECKOr0 3epHa, HAIIPSIMYIO CBA3aHO € 3arps3HEHUEM MaTepuaJja n
IIPOTIECCOM KPUCTAJIINZAINN METAJINIECKOTO PaCILIaBa.

[lepemernnBanne MeTaJJIOB B XOje IIpoliecca KpHUCTA/JIM3aluid 00ecliednBaeT
n3Me/ibieHne 3epHa MeTajljia, TOMOTeHN3aIlnIo PACIIPE/IeIeHIs TTPUMeceii 1 MOBbIIIe-
HIIe TPOYHOCTH KOHEUYHOr0 n3ieus. VzMenenne cKkopocTn KPUCTAIM3aIINT PACTLIa-
Ba, TIO3BOJIAET JIOOUTHCS OJIHOPOJIHOCTH (ha30BOTO Iepexojia 1 (PU3NIECKUX CBONCTB
oTIMBOK. HakoHell, 4ncThie 1 CBePXUNCThIe MeTaJLIbl 00J1a1af0T YHUKAJIbHBIMI I1POY-
HOCTHBIMU XapaKTEePUCTUKAMK 3a CUET OTCYTCTBUA JIePEKTOB KPUCTAJINIECKOI pe-
IIEeTKN, CBSI3aHHBIX C XUMHYECKHUMU HpuMecaMu. CBEpXUUCThble METAJLIbI SIBJISIOT-
¢ BOCTPEOOBaHHBIM MATEPUAJIOM adPOKOCMUYECKOI, CYJI0CTPOUTEIHbHON 1 BOCHHOI
IPOMBIIIIJICHHOCTH. B CcHIy KOMILIEKCHOIO XapakKTepa M MHOIOIPAHHOI'O BJIMSIHUA
BHEIIIHNX (PAKTOPOB Ha IPOIECChl 00PAOOTKU KUJIKUX METaJIJIOB Ype3BblUaiiHO BarK-
HBIM OKa3bIBAETCs OllepATUBHOE M3MepPEHHe XapaKTEPUCTUK IPOIECCOB 00PadOTKN
(kak TO CKOPOCTH IepeMeluBaIOIIINX TeUeHNnil, pacipeiesienne mpumeceii, dbopma
bporTa KpHCTAINIeCKON (as3bl) U yIpasieHne 0603HAICHHBIME TPOIECCAMUI.

Bricokme Temiieparyphl ILIaBICHIA U XUMUYECKass aKTUBHOCTD IIOIABJISIIONIETO
JUCJIa METAJIJIOB W CILJIABOB, HAIEIITNX TPUMEHEHNEe B ITPOMBIIIJIEHHOCTH, & TaKKe
9JIEKTPOIPOBOTHOCTD PACILIABOB OOYCJIABIUBAIOT MPUMEHEHNE JIEKTPOMATHUTHBIX
mmoJieit B KauecTBe OCHOBHOIO MeXaHn3Ma yIIPaBJIeHNs TOTOKAMI METAJIJIOB B YC/IOBH-
sIX TIPOMBIIIJICHHBIX ITPON3BOACTB. IloToMY, METOIbI KOHTPOJISI MHAPOIMHAMUYECKITX
IIPOIIECCOB JOJIZKHBI 0a3MPOBATHCS HA U3MEHEHNN KOH(MUI'YpaIlil BHEIITHUX 3JIEKTPO-
MAarHUTHBIX 110J1efl B COOTBETCTBUU C TEXHOJIOIMYECKUMU 3a/ladaMi IIPON3BOICTBA.

Ienn u 3amaum auccepranmmoHHO padoThl: [lesibio paboThl siBJIsIETCs
0TpabOTKa METOJO0B U3MEpPEHUsI M KOPPEKTHOT'O 3JIEKTPOMAIHUTHOTO BO3JIEHCTBUS
B IIpoIeccax IepeMelInBaHusl, OUYNCTKI U KPUCTAJIN3alNN »KUJKIX MeTaslioB. B
paMKax peaj3alliy MOCTaBJICHHON eI penaioTcd 3ajada 0 TeHepallil BUXPEBBIX
CTPYKTYP B IIJIOCKOM CJIOE KUJIKOT'O MeTaJlia II0J] JIeHCTBUEM JIOKAJN30BAHHON B
IIPOCTPAHCTBE 3JIEKTPOMArHUTHON CUJIbI, 3a/iada yipapjeHus popmoii ppoHTa Kpu-
CTAJLTU3AINT METAJLIMIECKOr0 PacIliaBa, HAaXOJIAIIErocs I0JI BO3JIEHCTBUEM MOLY-
JINPOBAHHOI'O OEryIero MarHuTHOIO 1OJIst U 3ajada celapalii IPpUMec OTJINIHOM
[IPOBO/IUMOCTU U3 YKUJIKOI ITPOBOJIAIICH CPEJIbI.

Hayunast HoBU3Ha padOTHI COCTOUT B TOM, YTO B Heil BIEpPBbIe

e i1 DB'T, renepupyeMoro B psiMoyToJibHO KIOBETE CO CJIOEM YKUJIKOTO METaJI-
Jla, Ha OCHOBE aHaJIN3a MOJIYYEHHbBIX IIPU IIOMOIIU YJIBTPA3BYKOBbIX U3MEPEHUIT



4

mpoduseil CKOpoCTH, MOCTPOeHa KapTa PeKUMOB TeUeHW Ha IIJIOCKOCTH Tapar-
METPOB CUJIOBOTO BO3JICHCTBUS W MOJIOXKEHUsT 00J1aCTU JIEHCTBUS IEPEMEHHOTO
MarHuTHOT'O 10JId;

® I[10Ka3aHbl BO3MOYKHOCTHU BO3JIeiicTBUS Ha (hopMy (DPOHTA KPUCTAJLIU3AINI Me-
TaJl/la IpKU HAIIPaBJIEHHOM (a30BOM IEPeXoe IyTeM HaJIOXKEHUs Pa3/InIHbIX
THUIIOB HU3KOYACTOTHBIX MOJLYJIAIMI OeryIiero MarHuTHOI'O 10JIsI, TeHePUPYIO-
IIero TedeHusl B »KUJIKoi dase;

® U3yUeH IIPOIECC JIEKTPOMATHUTHON cemapaliyu MpuMech (3JIeKTPOITPOBOI-
HOCTH MIPUMECH OTJIMYHA OT JIEKTPOIPOBOJHOCTH HECYIel KUJIKOCTH) B CIie-
IUAJIBHON eMKOCTH, 3a/1al0Ieil TOIOJIOINNI0 MTOTOKA, YTO ITO3BOJINIIO CHOPMY-
JINPOBaTh KOHKPETHbIE PEKOMEH AN 110 MPOEKTUPOBAHUIO TTPOMbIIIIEHHBIX
YCTPONCTB OYUCTKU KUJKIX TPOBOJSAIINX CPEI.

TeopeTuveckasg 1 mpakKThudeckas 3HAUYUMOCTBb. Pe3y/bTarhbl, [10J1y4YeH-
HbIe B paMKax JNCCePTAINOHHON pabOThI, yIyIyO/IA0T MOHIMAHIE MEXaHU3MOB MeHe-
paly TedeHni B »KUJIKIX MeTa/lIaxX U Pa3sBUBAIOT U3MEpPUTEIbHbIE METOMMKU, UTO
OTKPBIBAET JIOPOTY K JAJHHEHIINM HCCIeJOBAHNSIM.

Pesybrarhl, n3/102KeHHBIE B [IEPBBIX JIBYX [JIaBaX, MOI'YT OBITH BOCTPEOOBAHDI
B T€XHUKE JIJIsI OITUMU3AIIHI [IPOIECCOB IIepeMeInBaHNs 1 KPUCTAJIN3AIIMI MeTaJl-
JIOB C IIeJIBIO CHUMKEHHUsT SHEPro3aTpaT U HOBBIIIEHHIs Ka1ecTBa OTJINBOK. Marepual
TpeTbeil IJIaBbl MOXKET OKa3aTbCsl BOCTPEOOBAHHBIM B METAJIIyPIUU IIBETHBIX Me-
TAJIJIOB U OJIYIIPOBOJHMUKOB JIJIsT 38189 OUNCTKN 9JIEKTPOIIPOBOIHBIX PACILIABOB OT
XUMIYECKHIX IIpUMeceil, B 4aCTHOCTHU, B 3a/a4aX BTOPUUHON 1epepadOTKI MeTaJLI0-
JIOMa M OTXOJIOB MeTaJLIy PIIIeCKOro MPOM3BO/ICTBA.

Metomosorug u MeToabl uccjaedoBaHug. OCHOBHBIM IOIXOJIOM HCCJIEI0-
BaHUsl, MCIIOJIB3YEMbIM B JIMCCEpPTAIlUU, sIBJisieTcsl (pusndeckuii skcrepuMeHT. Bcee
U3MepeHns IPOBOIMJINCH IIPU IOMOIIU COBPEMEHHBIX TEXHUK 1 00opynoBanus. Ile-
peJl HauajioM MCCJIeIOBaHUil IIPOBOIMIACH allpoOaliisl KOHKPETHBIX METOJ0B H3Me-
peHnit 1 aJropuTMOB 00pabOTKH JAHHBIX Ha TECTOBBLIX 3ajadax. PazpabaTbiBanch
HPOIeAYPhI, 00ecIIeunBalolIe CTabUIbHOCT U HAJIEXKHOCTD 1101y YaeMbIX JaHHBIX B
YCJIOBUSIX BJIUSTHISI BHEITHNX (DAKTOPOB.

ITonoxxxeHusi, BBIHOCUMbIE€ Ha 3AIIUTY:

1. Pesynbrarhl anajimsa cucTeM aKyCTHIECKOTO KOHTAKTa MexK/ 1y pabodeil cpeoit
U U3MEPUTEJIbHBIMU dJIeMEHTaMU YJIBTPa3ByKOBOI'O JOILJIEPOBCKOI'O aHEMOMET-
pa 1 BBIIIOJHEHHOI Ha €ro OCHOBE ONTUMU3AIMN CUCTEMbl U3MEPEHMUII.

2. Moaudukaryst MeTojia perucrpaiun Mexkdas3Hoil rpaHullbl U 0y YeHHbIE Pe-
3yJIbTaThl U3MePeHUil POPMbI IPAHUIBI KPUCTAJINIECKONH (a3bl B MPOIECcCe
HallpaBJIECHHON KpUCTAJUIM3AINN METAJJINYECKOrO PacILIaBa.

3. Pexomenjamuu mo ympaBjieHnio CTPYKTYPOil CINTKA 38 CUET MOJLYJIAUI uTa-
HUA JIMHETHOTO MH/YKIIMOHHOIO IIepeMelInBaTeIl.



4. Pesysnbrarhl anajmnsa 3p@PEKTUBHOCTH OYUCTKU YKUJIKOM MPOBOJIAIIEH CPEIbI
9JICKTPOMATrHUTHBIMI METOJIAMI, ITOKa3aBIie YTO MaKCHMaJibHash 3PPeKTHB-
HOCTB IIPOIIecca Celapalii JIOCTUTAETCA MPU YMEPEHHBIX Pacxojax, YMepeH-
HBIX CUJIOBLIX BO3/IEMCTBUAX W ONTUMAJILHON KOH(MUTYPAINT HENPOBOISAIIIINX
ePeropojioK, MPenaTCTBYIONNI (POPMUPOBAHUIO BTOPUIHBIX ITePEMEITUBAIO-
X TeYCHUIL.

CreneHb JOCTOBEPHOCTU W ampodarius pe3yabTaTroB. JlocToBepHOCTH
MOJTYYEHHBIX Pe3yJIbTaTOB 00eCleunBaeTcs TIATe/HHOM pa3padOTKON SKCIepuMeH-
TaJbHBIX METOJMK, ITPOBEJICHIEM KOHTPOJIbHBIX OIIBITOB M COTJIACHEM IT0JTyIEeHHbBIX
pPe3yJIbTaTOB C JIAHHBIMU W3BECTHBIX TEOPETUUECKUX W KCIEPUMEHTAJLHBIX HCC/Ie-
JTOBaHUIA.

OcHOBHBIE pe3Y/IbTATHI JICCEPTAINE JIOKJIA/IbIBAINCH Ha CACAYIOMNX KOH]e-
penrustx: [V Beepoccniickasi KoH(epeHINN, MOCBAIEHHON MaMsaTH TpodeccopoB
. 3. T'epmrynu, E. M. 2Kyxosunkoro n /1. B. JIrooumona. 2016. Ilepmb; XX Summasts
[IIkosa 1mo MexaHuke CILIOMIHBIX cpeld. 13-16 despasta 2017. Ilepmb; Mexaynapo,i-
HbINT cuMmmo3uyM «HepaBHoBecHbIe Tporiecchl B CIUIOMINBIX cpemaxy». 2017. ITlepwmb;
XXVI Bceepoccniickas 1mKosa-KoHMepeHnsa MOJJIOJIbIX YUEHBIX U CTYJAeHTOB «Ma-
TeMaTHIecKoe MOJICINPOBaHNEe B ecTecTBeHHBIX Haykaxy. 2017. Ilepmb; IIT Russian
Conference on Magnetohydrodynamics. 18-21 June 2017. Perm; III Bcepoccuiickas
koHdepennus «Temnodusnka n pusmdeckas IUIpoIMHAMUIKAY C dJIEMEHTaMU ITKO-
JIbI MOJIOBIX yueHbIX. 10-16 centsiopsa 2018. dAnra, Pecybnuka Kpbeim; V. Beepoc-
cufickag kondepennus «llepmckue rugpognnaMuieckne HaydHble YTeHUT». 2629
cenTsiopst 2018. ITepmpb; XXI Sumusist [IIkosa 1mo MexaHUKe CILIONIHBIX cpejl. 12-22
despaiist 2019. Ilepmnb.

ITy6mmnkamum. Matepuasibl guccepTalnn onyOJINKOBaHbI B 28 IeYaTHBIX Pa-
borax, n3 HUX 6 B KypHaJIax, ABJSIONINXCS PEleH3UPYEMbIMI HayYHBIMU W3IaHUsI-
MI,B KOTOPBIX J0JIZKHBI ObITH OIIyOJIMKOBAaHbI OCHOBHBIE PE3YJILTAThI JUCCEPTAINT Ha,
COMCKAHWEe YUIEHON cTereHr KaHauaata Hayk [1-6]; 3 crarbu B yKypHaJe, WHIEKCH-
pyemom cucremoit PUHIT [7-9]; 4 crarbu B cooprukax Tpy 108 Koudepeniuii [10-13]
n 15 TesncoB gokra0B |14-28].

Jlmanbrii BkJa aBropa. Cojepzkanue JIUCCepPTallid 1 OCHOBHBIE IOJIOXKe-
HUsI, BBIHOCHMbIE Ha 3allUTy, OTParkKaloT IIepPCOHAJbHBIN BKJIaJ aBTOpPa B OIIyOJIU-
KOBaHHbIe paboTHI. [IpejcTaBieHHble B IUCCEPTAITNN SKCIIEPUMEHTAJILHBIE Pe3Y/IbTa-
ThI II0JIyU€HbI [IPENMYIIeCTBEHHO aBTOpoM. [lororoBka K myO/mKalum pe3yIbTaToB
pabot |4, 10, 13] mpoBojmIach COBMECTHO C COABTOPAMHU, HPUIEM BKJIAJ] JUCCED-
tanTa ObLT onpejessiiomum. [Tocranoska 3amaa |1, 7, 10, 11|, pesynbraTsl uccie-
JIoBaHUs 1 X uHTepuperamus obcyxaanach ¢ 1.B. Kosechuuenko . Boirosinenne
pabor [3, 8, 9, 12| mpoBOIIIOCH COBMECTHO C COABTOPAMI.

CrpykTypa m obbeM amccepTaluu. /[luccepraliis COCTOUT U3 BBEJIEHUI,
0030pa, JtuTepaTyphl, 3 IJaB, 3ak/aodenns u oudanorpadun. OO0 odbeM auccep-
tarun 143 crpaHunbl, u3 HuX 126 crpaHul] TekcTa, BK/I04Yas 51 pucyHok. bubsmo-
rpadust Birodaer 163 HanMmenoBanuit Ha 17 cTpaHuIiax.



Conep>kanne padboThI

Bo BBenenunm obocHoBaHa aKTyaJbHOCTb JIUCCEPTAIMOHHON paboThI, cdop-
MYJIIPOBaHa 11eJIb U apr'yMeHTHPOBaHa HaydHasi HOBHU3HA UCCJIEJOBAHUIl, ITOKa3aHa
IpaKTUIeCKas 3HAUUMOCTD IIOJIYIEHHBIX PE3y/IbTATOB, HPEJICTaB/IeHbl BHIHOCHMbIE
Ha 3allUTy Hay4IHbIE IT0JI0XKEHMUS.

B miepBoii riiaBe paccMaTpuBaloTCAd BUXPEBBIE TeUEHUs B IIJIOCKOM CJIOE YKUJT-
KOI'0 MeTaJljla, BOBHUKAIOIIUE 110 JeficTBUeM JIOKAJIN30BAHHOIO B IIPOCTPAHCTBE U
IIePEMEHHOI0 BO BPEMEHN MarHUTHOIO IT0JIsI.

OCHOBHBIM MHCTPYMEHTOM U3MEPEHMS CKOPOCTH MeTaJlia B paboTe sBJIsIeTCs
VIBTPa3BYKOBOIl ortepoBekuii anemomerp (Y/IA), pabora KOTOpOro 3aBUCHT OT
CBOWCTB CTeHKU (TOJIIMHA, MJIOTHOCTH, CKOPOCTHb 3BYKa, CKAYOK AKKYCTHIECKOIO
CONPOTHUBJIEHHsT Ha TpaHuIle ¢ pabodeil KUJTKOCTHIO), 9TO MOTPEOOBATIO OTPAbOTKN
METOIMKHI Ha, TECTOBOM TE€UYEHWH, B Ka9ecTBe KOTOPOT'O UCIIOJIb30BaI0Ch Tedenue 11y-
azeiiyis B Tpybe Kpyrosoro cedenus (puc. 1). Inuna kanasa 6osee wem B 40 pas
IIPEBBIIIAET €ro JUAMEeTP, UTO II03BOJILET PACCUNThIBATL Ha OJHOPOJIHBIN 110 JIINHE
pouIb TPOJI0JILHON cKopocTr. OXKujaeMoe YBeJIUUYeHIE aMILIUTY/IbI Ty TbCAIIHi
ckopocTn (0603HAYEHO HA PUCYHKE BEPTUKAJBHBIME JIMHUSIMU) OObICHSIETCS pac-
XOKJICHUEM YJIbTPa3BYKOBOIO JIy4a U IOsIBJIEHUEM JIONOJHUTEILHOM IMOIPEITHOCTH,
CBSI3aHHOI C YACTUYHBIM PACCESTHIUEM 9X0. XapaKTePUCTUKONI KauecTBa siBJIsieTcst -
dexkTuBHAs TUIyOMHA U3MEPEeHnil CKOpOocT L, paBHasi MaKCUMAaJIbHOMY PaCCTOSHUIO
Z, Ha, KOTOPOM OTHOCHUTEJIbHAS Pa3HUIA MEXKIy 3HAUYEHUIMU CKOPOCTHU, U3MEPEHHbI-
M ¢ omompio YA V(2) 1 ¢ HOMOIIBIO 3IeKTPOMArHUTHOIO PacX0oMepa, Viiow
HE IIPEeBLIIIAET

V' (2) = Viiow| / Viiow] < k.

st Kpurepus JIOCTOBEPHOCTU u3Mepennit ObL10 npunaro k = 0.1.

Puc. 2 nokaspiBaeT 3aBUCUMOCTD TapaMeTpa KadecTBa, OT JJINHBI W JUAMETPa,
BoJIHOBOJIa. Hambosbmast sdpdekTuBHas ryiyonmHa n3MepeHnsi OKa3bIBAETCA Yy BOJIHO-
Bosia JyinHoi [ = 26.8 MM, uTo coctaBister 39\ (qactora yiabrpassyka 4 MI'n). lua-
METP BOJIHOBOJIa OTHOCUTEIBLHO CJ1a00 BJIMSIET Ha Ka9eCTBO U3MEPEHUIl 1P yCJIOBUH
MIPEOJIOJIEHNS TTOPOra, MPU KOTOPOM He TPOUCXOUT pa3pylieHus MJI0CKOTO (ppoHTa
3BYKOBOIl BOJIHBI Ha T'PaHUIaX BOJHOBOJA. Ha oCHOBe JAaHHBIX TECTUPOBAHUS 3BY-
KOITPOBOJSAIIINX CTEHOK OBLIO pEenieHo i padoT 10 UCCIETOBAHNIO CTPYKTYPhI BUX-

D = |

—
1/( L>>D
Vv,

NV

Puc. 1. TecroBoe Teuenne B Tpybe U oKujiaeMoe pacipejiesieHne IpoIoabHON CKOPOCTH
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Puc. 2. 3aBucumocTs mapaMerpa KadecTBa U3MEPEHHil OT TMHBI BOJTHOBOIA | (C/1eBa) U nuameTrpa

BoJTHOBO/Ia d (crpaBa).

PEBBLIX TEYEHUIl MCII0JIb30BaTh quﬁKy n3 IIJICKCUIJiaca C TOJIHLMHOﬁ cTeHok 10 M.

DKCcIepuMeHTAIbHAST YCTAHOBKA (puC. 3) BKIIOUACT B ¢eOsT KIOBETY M3 OpraHude-
CKOI'O CTeKJIa, 3aII0JIHEHHYIO YKUJIKIM ra/iieBbIM citaBoM, C-o0pas3Hblil HHIYKTOD,
CHJIA TOKa B KOTOPOM OIIpE/Ie/IsieT MHTeHCUBHOCTD Tedennit metasuta. Jdarank Y/IA
pacrojaraacs Ha paccTogHun 16 MM OT Kpasi KIOBETHI (IIPU TAKOM ITOJIOYKEHUH PO~
buIIb CKOPOCTH BJIOJTH JIy4a MO3BOJISIET OJHO3HAYHO CYJIUTH O CTPYKTYPE TeUEHNsI ).

[TokazaHo, 4TO JIOKAJIM30BAHHOE B IIPOCTPAHCTBE M IIEPEMEHHOE BO BpEMEHU
MarHuTHOE T0JIe TeHePUPYyeT B XKUJIKOI IMPOBOIAIIEH cpejie BUXPEBble TeUeHNd, TPH-
YeM CTPYKTYpPa I0JIsi JIEKTPOMArHUTHBIX CHJI CXOYKa C paclpejie/IeHueM CUJI ITPH
9JIEKTPOBUXPEBOM TedeHnn. MarmmTonpoBo/l MPH 3TOM OKa3bIBAETCSI HEKOTOPHIM
aHaJiorom Toxonosoga npu IBT. Takas anasiorusi 1mo3BoJigeT MOJE/JIUPOBATL Te-
YeHUs SJIEKTPOMATHUTHON PUPOJIBI B J1aOOPATOPHBIX YCIOBUSIX 0€3 MCIOJIB30BaHUA
BBICOKOMOIITHBIX UCTOYHIKOB ITUTAHMUSI.

JloKajmszaliysi NCTOYHNKA 9JIEKTPOMAIHUTHBIX CHJI BOJIU3U Kpasl CJI0s 3JIEKTPO-
HPOBOJIAIIEH YKUJKOCTH IIPUBOJIUT K BOSHUKHOBEHUIO B MeTaJljie KPyITHOMACIITaOHO-
ro TeYEeHHUsI C JIBYyXBUXPEBON CTpyKTypoii. [Ipn pasmenieHnn MCTOYHUKA CUJIOBOTO
BO3JIEMICTBUSI B EHTPAJILHOI YaCTU CJIOSI B YKUJKOCTU BO3HUKAET KPYIIHOMACIITAO-
HOE YeThIPEXBUXPEBOE TeUeHNUe, MPOosIBJIAolIee KojedaTeIbHbIi XapakTep. [1o mepe

Puc. 3. Cxema sKcrepuMeHTaIbHON yeTaHOBKH (cJieBa — OOIIMil B, cripaBa — BUJL CBEPXY): 1. Kio-

BeTa C JKUJIKUM MeTasioM, 2. C-o0pas3Hblit HHIAYKTOP, 3. Karyku, 4. garank Y/IA.
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Puc. 4. OTHOCHTEIPHAST MTHTEHCUBHOCTD YETHIPDEXBUXPEBON (a) U JABYXBUXPEBOi (6) MO/ TedeHus
Ha IiockocTu mapamerpoB S — J. IlynkTupnas jsmHusg pasjesder o0JIACTH PA3IUIHBIX THUIIOB
rTeuenuil. B obsractu I Tevenne nmeeT mpenMyIecTBEHHO YE€THIPEXBUXPEBYIO CTPYKTYPY, B 001acTH

IT — nByxBuxpesyio, B obsactu III Teuenne nveer cTpyKTypy CMENIaHHOTO THUIIA.

cMelreHne 00/1aCTH 3JIEKTPOMArHUTHOTO BO3IEHCTBIS U3 IEHTAPAJILHON JacTH CJI0sT
K €ro Kparo IPOUCXOJIUT IIePeCTPOiiKa CTPYKTYpPbl Tedenusi. VzMmepenublie mpoduin
CKOPOCTH JIEMOHCTPUPYIOT CMeIlleHne TOUYKHU Iepernda, 9To FOBOPUT 00 M3MEHEHUH
pasMepoB BUXPEBBIX CTPYKTYP IPU U3MEHEHUHN [T0JI0ZKEHNsI NHIYKTOPa, IIePEeMEeHHOI0
noJist. [locTeneHHO MPOMCXOAUT 3aTyXaHNe MMapbl BUXPeil 1 yCUIeHne IBYX JIPYIHuX,
[I0Ka, TeUeHne aCUMIITOTUIECKN He JOCTUraeT Pa3BUTON JBYXBUXPEBOIl CTPYKTYPHI.

[Toctpoena kapra pexkumoB (puc. 4), pasrpaHnduBaroiias 00JacTH IeThIPEX-
BIXPEBOI0, JIByXBUXPEBOI'O T€UEHNIT U TeUeHUsI CMENIaHHOTO THUIIA Ha ILJIOCKOCTHU I1a-
pameTpa cujioBoro Bozeiicreust S = dhB?/pgpr? u cMernenust 6 06aacTh J1eficTBus
[IePEMEHHOI0 MArHUTHOIO I10JIs1 OT T€OMETPUUIECKOr0 IIEHTPa CJIOST KIJIKOIO MeTaJLIa,
(31ech dz— BBICOTA CJI0sI MeTasLIa, h— TOJIIMHA HEMAIHUTHOIO 3a30pa MH/YKTOPA,
By— amimuTy/iHOe 3HaUYeHMEe MArHUTHON WHJIYKITMH B 3a30D€, flo— MarHUTHAs 110-
CTOsIHHAsI, p— IJIOTHOCTH MeTaJljia, V— KUHeMaTHIecKas BS3KOCTh). [l Kaxioro
pekuMa HaiiJIeHbl XapaKTePUCTUKI SHEPIUN OCPEJIHEHHOIO U IYJILCAIIMOHHOIO Teve-
Hust (puc. 5), a TakzKe CIeKTPATbHbIE XapaKTePUCTHKI: JJOMIHUPYIOIIAs 9acTOTa 1

W, M%/¢?

x10° W, m/c?
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Puc. 5. Cpegneit (a) u mysbcanmonnast (6) KUHETHIECKAsT SHEPIUs Ha [IJIOCKOCTH IIAPAMETPOB S — 0.

[IyukTupHas auHus pasjesasdeT o0JaCTU PAJIUIHBIX TUIIOB TEUYCHMUII.
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0, MM

6)

Puc. 6. Boiiesiennoit yacrora KoJiebanuii ckopoctu Vg (a) u kKoadhpuiuenT 3anoHenus cuekrpa kg

(6) ma mwrockoctu napamerpos S — §. IlyHKTUpHAST JMHEST pasiesisieT 00JIaCTH Pa3IMIHbIX THIIOB

TEYEHUI.

VPOBEHb 3alojiHeHust criekTpa (puc. 6). HeTbpExBUXpeBoe TedeHrne XapaKTepesyer-
Cs PeryJsipHbIMU KOJIeOAHUSIMU CKOPOCTH, 110 3aKOHY OJIM3KOMY K MapMOHUYECKOMY.
XapakTepHasl JacToTa IyJbcaluii ckopoctu cocrapiser 0.33 I'n. ByxBuxpenoe Te-
YeHne ABJIACTCS CTAIMOHAPHBIM B TOM CMBIC/IE, YTO OCHOBHAA dHEPIUs TeUeHUs 3a-
KJIIOYeHa B OCPEJHEHHOI cocTapisionieil. Tedenne cMenanHoro TUIa peau3yeTcs
IIPU OTHOCHUTE/IbHO MaJIbIX BEJINUMHAX CHJIOBOIO BO3/EHCTBUS U OOJIBIINX CMEIIEeHNU-
sIX 00JIACTU CUJIOBOT'O BO3JICHCTBHSA OT IEHTPA CJIOA YKUJKOr0 MeTaJsiia. JJaHHbIil TuI
TedeHnsl XapaKTepe3yeTcsd HePeryasapHBIMUI ITYJILCAIUAMUI CKOPOCTH, COIOCTABUMbI-
MU [0 BEJINUMHE C OCPEJHEHHOIT COCTaBJISIONIE TeUeHus].

Pesysibrare! nepBoii riasbl omyb/mkoBasbl B paborax |2, 4, 7, 9, 10].

Bo BTOpoii riaBe paccmarpuBaeTcs BO3MOXKHOCTH YIIpaBjieHusi (popMoit
¢ poHTa KpUCTAIN3AIINT TTPU HAITPABJICHHOM 3aTBEp/IeBaHNN MeTaJ/lJ1a TIOCPEICTBAM
HU3KOYACTOTHBIX MOJLYJISINN TUTAHIS JUHEHHOINO MH/YKIIMOHHOIO IIepeMelnBaTe I
Oerymero MarHuTHOI'O TOJIS.

YpaBjieHIe CKOPOCTbIO M IIPOLECCOM KPHUCTAJLIN3AINN TTOCPEICTBOM U3MEHEe-
HUST TTADAMETPOB MUTAHUS TEXHOJOTHIECKON YCTAHOBKE ([IEPEMEITBATEIs1) CTAHO-
BUTCSI BOBMOXKHBIM 3a CUeT HEINOYKH B3aMMOCBsI3aHHBIX IIPOIECCOB: SHEProcHaAOKe-
HUe — 9JIEKTPOMAIHUTHOE II0JIe — Te4YeHMe KUJKOI'O0 MeTasljla — TeIIoMaccoo0-
MeH — opma pponTa Kpuctamsanun [29-32|.

Pasmepnr pabouero kanaga (puc. 7) 450 x 20 x 75 mm®. V3Kue cTeHKH KaHa-
Jla 060pyI0BaHbl MEJIHBIMI TeILJI00OMeHHUKaMu. Kanas pasmeriaercss Ha JTMHEHHOI
unyKinnonHoit marmunue (JIMM) Gerymero marautaoro nosist (BMIT) pasmepamu
480 x 350 mm2. IInTaHme KaTyIIeK OCYIIECTBIACTCS OT TPEX(As3HOIO IIPOrPaMMU-
PyeMOro MCTOYHHUKA TOKa, IIO3BOJISIONIErO 33J1aBaTh (POPMY BBIXOJIHOI'O CUTHAJIA U
OCYIIECTBJISITh MOJLYJIAIIIIO OEryIero MarHiuTHOT'O TIOJIA.

[Tonoxkenne ¢poHTa KpUCTALIH3AINN OIpejessiercss upu momomm YA 1o
YPOBHIO OTPAyKEHHOI'O YJIBTPa3BYKOBOTO curHasia. Ha mexxkdasnoil rpaxuie (Kuj-
KOCTB / TBEP/I0E TEJI0) 3HAYNTE/IbHAS 9aCTh YJITPA3BYKOBBIX BOJIH IIPETEPIIEBAET OT-
paKeHne. JTO BbIparKaeTcs B BUJIE IIHKa B cUrHaJje 9xo. IlojoxkeHne mimka Ha KOOp-
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Puc. 7. Cxema SKCHepI/IMeHTaHBHOﬁ YCTaHOBKU: 1. KaHa.ll, 3al10JIHEHHBII KUJIKHUM MeTaJIJIOM, 2. Ten-

JIOOOMeHHUKH, 3. KpuorepmocTarsl, 4. JIUM, 5. ucrounuk nmuranus, 6. YA, 7. narauku YIA.

JIMTHATHOI OCH COOTBETCTBYET IIOJIOXKEHUIO (DPOHTA, KPUCTAJLIN3ALIIN.

Bt paspaboTad u MpoTecTUpoOBaH aJrOPpUTM aHam3a IIpoduieil yiIbTpa3By-
KOBOI'O 9X0. TOYHOCTD JIOKAJU3AIUN ILJIOCKOH IoBepxHocTH cocrasmia 4% upu cme-
IIeHNN T'paHuIlbl pasjena a3 B npempenax b0 MMm. HepoBHOCTH rpaHuibl pasjeiia
da3 npu KpucTa/uIM3alul YBEJINUUBAET IOI'PEITHOCTH 33 CYET JIONOJHUTETHHOTO
paccesHus yJIbTPa3ByKa Ha IIEPOXOBATON MOBEPXHOCTU KPUCTAJLINIECKON (a3bl.

BMII nmopoxktaeT B KUJIKOCTU JIBYyXBUXPEBOE TeueHue. boJbImiit BUXph 3aHU-
MaeT IEeHTPaJbHYI0 00J1acTh KIOBETHl. B IpHCTeHOUYHOI 00JiacTi 0bpas3yeTcs MeHb-
it BUXpb (puc. 8a, B). Ero obpazoBanme cBsA3aHO ¢ YCKOPEHNEM KIJIKOCTH 1O Mepe
JIBUKEHMST HaJ| IJIOCKOCTBIO MHJIYKTOPa W M3rMOOM JIMHMI TOKA Ha TOPIEBOil cTeH-
Ke KioBeTbl. CKOPOCTb »KUJIKOCTH B MaJIOM BHUXPE HECKOJIbKO BbIIIE, YeM CKOPOCTh
neHTpasbHoro. C yBeJmdeHrneM NHTEHCHBHOCTH BHEIITHETO BO3/ICHCTBIS SHEPI s BUX-

0.10 0.10
e IS oo P
IHHHHW don
-0.15 " -0.15
0200780 160 240 320 0200 80 160 240 320

0.10 ) 0.10 °

ovs| _ g oos| il m A
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caosi: a) 14 mm, 6) 30 MM, B) 46 MM, T) 62 M.

X, MM

r)

Puc. 8. Cpemnne mo Bpemern mpoduim CKOPOCTH TEUEHHS B HECKOJBKUX CEUEHUSIX II0 BBICOTE
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Puc. 9. Pacrpeiesienre cKopocTu JBHKEHUS (DPOHTA KPUCTAJIIUZAIME 110 BBICOTBI CJIOS JIJI Pas-

HBIX 3HAYEHUII: a) CUJIbI TOKa, ) epuoI0B peBepcHOn Moy simu BMIT.

peil yBeJIMYNBAETCsI, YTO IPUBOANT K MCKAXKEHUIO CBOOOJHON I'DAHMIIBI MeTaslia B
obJiacTu JioKaau3aun Buxpeii. I1pn Ha/102KeHNN HU3KOYACTOTHBIX MOAYJ/ISIIIUN IIPO-
CTpaHCTBEHHAsS CTPYKTYpa BUXPell ocTaéTcst Hen3MeHHoi. TeM He MeHee, BpeMEHHbIE
XapaKTePUCTUKN TeUEHUs] U3MEHSIOTCS B COOTBETCTBUU C MOJLYJIAIEl BBIHYZK 1a10-
el CUJIbI.

B kadecTBe OCHOBHBIX XapaKTePUCTUK d(P(MEKTUBHOCTH ITePEMeIINBAHIST KU~
KOI'0 MeTaJljla OblLau BbIOpaHbl cpejiee [Req, U Iysbcanuonnoe Regyy,. uncia Peii-
HOJIBJICA, PACCUNTAHHBIE 110 MAKCUMYMY CpPeJIHEeil U IMyIbCAIIMOHHON COCTABJISTIONINX
X-KOMITIOHEHTBI CKOPOCTHU, TOJIIIMHE CJI0sI M KTHEMATUIeCKON BA3KOCTHU CILIaBa. ¥YCU-
JIEHe MarHUTHOT'O TOJI ITPUBOJIUT K HEJUHEHHOMY POCTY CKOPOCTU TEUYCHUS C BbI-
XOJIOM Ha y4YacTOK HACBIIIEHUs, HAUYMHasl ¢ TOKOB IuTaHus uHaykropa b A. Ilpn
9TOM KaK CpejHee TaK, U MyJIbCallMOHHOe Yncyia PeifHoibica J0CTUraoT ¢CBOero Mak-
cumyMa. Hajimame ydacTKa HACBIIIEHUs TOBOPUT O HEI(MDPEKTUBHOCTH YIIPABJICHUST
HepeMelInBaHieM »KUJIKOIO MeTaJsljia TOJIbKO 3a CUYET YBEeJHMUYEHUs DJIeKTPUIECKOI
MOIIIHOCTY WHYKITMOHHON MAIIIHEI.

YBejueHue 1epuojia MOJYJIANNNE IPUBOAUT K yMeHblIenuto eq, n pocTy
Reyye. Hanboubiag NHTEHCUBHOCTD I'MJIPOJIMHAMTYECKUX ITyJIbcaliiii HabJlo1aeTcs
B 00J1aCTH JIOKAJIU3AINE KPYITHOMACIITAOHOIO BUXPsi (BOJIN3HU JIHA CJIOST U CBODOIHOI
MOBEPXHOCTHN ). DTH TYIHCAINE TIOBTOPSIFOT (DOPMY MOJLYJISIII 3/IeKTPOMATHUTHOTO
I0JISI U IIPEJICTABIISAIOT CODOI HU3KOUACTOTHOE KBAa3UCTAIlMOHAPHOE TeueHne, Ha hOoHe
KOTOPOI'0 BOBHUKAIOT BTOPUIHBIE MEJIKOMACIITAOHbIE CTPYKTYPHI.

PaccMoTpenbl 4eTbipe pekuMa, KpucTa/in3alun. B mepBoM pexKume Mporece
KPUCTAJIIN3AIINI MeTaJLIa IPOUCXO/III Oe3 lepeMelnnBanmst. Bo3nukatoiee 1101 Jieii-
CTBHUEM ITIEpenajia TeMIIepaTyphl aJBEKTUBHOE TeUEHIE NMEJIO MAJIYI0O MHTEHCUBHOCTh
(MaKcuMaJIbHast CKOPOCTh HOTOKa He Ipepbimaa 5 - 1073 m/c). Bo Bropom pexunme
PKUJIKUIT MeTaJLI IepeMelInBaJiCs ITPUHYIUTEIbHO ITOCTOSTHHO NpuyioykeHHbIM BMIT.
B pexxkume pesepchoii mojyisinun HamnpasiaeHne BMII nsmensiioch mepnojindecKi.
B nocieanem pexkume Hanpaniienne BMII Ob110 OCTOSIHHBIM, HO €0 BEeJIMYIHA U3~
MEHSIJIACH I10 IePUOINIEeCKOMY 3aKOHY. [Ipn KaxK1oM 13 pesKIMOB IPUHYIUTE/THLHOTO
TepeMelBaHist CKOPOCTh TeUeHHs »KIIKOro MeTasula Oblia nopsaaka 1071 m/c. Ha
puc. 9 npuBejeHbl TPOMUIN CKOPOCTH JIBUKEHUSA (PPOHTA KPUCTAJIU3AIIMHI 10 BbI-
coTe CJIOZ NPH Pa3INUIHbIX PeKUMax MeHepallui TeueHUs B »KIIKOM dase.
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B oTcyTcTBrE NPUHYIUTEIHLHOTO IIEPpEMENTNBAHN 110/IBOJL TEIlIa K IPAHUIE Pas3-
nena das OCyIIeCTBISETCA 3a CIeT MaJONHTEHCUBHON €CTECTBEHHO TEII0BON KOH-
Bekiuu. Hamoxkenue Buernero bMIT npuBoguT K 3naunTelbHOMY YCUJIEHUIO Tede-
HUs. DTO obecrieunBaeT criazkuBanne popMbl (POHTA KPUCTAJIINSAIIH 38 CUET BbI-
paBHUBaHUSA paclipejiesieHns TeIJI0Boi Heprun 1no BoicoTe cjiod. Mojynamus bBMIIT
OKa3bIBAET JONOJHUTEIbLHOE BJINdAHNE Ha CrUIayKuBanue (GpoHTa KPUCTAIN3AIIN
bsrarogapsd M3MEHEHWIO CKOPOCTH W CTPYKTYPBI TedeHus B Kujkoit dasze. [lepno-
JInvecKas IMoJKadKa HarpeToil YKUJIKOCTU OKa3bIBAET IMOJOKUTEIbLHOE BJIUAHUE Ha
BbIpABHUBaHUE TPaHUILI pasz/ena da3. beum HailjeHbr 3aBucnMOCcTH 3P HEKTUBHO-
CTU YILIONICHUS (PPOHTa KPUCTAJINBAIMU OT CIIocoba dHEPTONUTaHUus WHIYKTOPa
BMII, a Takxke mnpejiozkeH (bU3MIECKii MeXaHU3M, 00bsACHAIONNN HabJII0/1aeMble
N3MEHEHUs B MTOBEJIEHNN CUCTEMBI.

Pesysibrarel BTOpOit riiasel onyb/mkoBadbl B pabore |1, 3, 11-13].

B TpeTheii 1iiaBe paccMaTpuBaeTCsd IMPOIECC IJEKTPOMArHUTHOTO pas/iesie-
Hus ha3 pas/ImIHON JIEKTPOIPOBOIHOCTH. Llesibio ncciieioBanns ABJISIETCS U3yde-
Hue O0INKMX TeHJIeHIINI 1 3aKOHOMEpPHOCTel pasjiesienns (a3 B MHOIOKOMIIOHEHTHOIT
IIPOBO/IATIEH YKIJIKOCTH OT TTapaMeTpPOB (B TOM HWHCJIe CHJIOBBIX) MPOTIECCa.

DKCcIepuMeHTAIbHAsT YCTAHOBKA, BKJIIOUACT CEIAapPAIMOHHBIN IIJIEKCUTIACOBBIT
KaHaJI, TOMEIeHHBIIT MeK/1y MoJrocaMu sjieKTpoMaranta. Ha Bxoj1 Kanasa mo1aéT-
ca pacTBOp 3eKTposuta. [locime kanana »KUJIKOCTE 110 TPpyOOITPOBOY TOCTYIIAeT B
PacXoIOMEePHYIO I I3MEPUTENbLHYIO sd4aeitku. [locBeTKa n3MepuTebHON d9eiiki 0Ccy-
MIECTBJISETCS CBETOIMOAHBIM UCTOYHUKOM CBETA, PACCETHHOIO Yepe3 MaTOBbIE CTEK-
na. Pacxon :KuakocTn B cucTeMe 3aJIa€TCA TOJIOYKEHNEM PeryJINPYIONTIX BeHTU el
u onpejensercss YJIA.

[Iporecc cenapanuu peanusyercst B Kanase (puc. 10), KOTOpbIii IpejicTaB/iser
co0Ol TIJIOCKYIO MPAMOYTOJILHYIO KIOBETY 1 ¢ pAOM TMOJBUKHBIX TIEPErOPOIOK 2,
3aJIePXKUBAIONINX CETapupOBaHHYIO NIPUMECH B 00/1aCTH 3, ¢ JBYMS MEIHBIMU SJIEK-
TpojaMu 4 JJisi TPOIYCKAHWS TOKa BJIOJIb KIOBETHI, & TaKKe C BbIPDABHUBATEISIMU
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Puc. 10. Cxema cemapaliiOHHOIO KaHaJja yCTAHOBKH: 1. cermapaliiOHHBIN KaHas, 2. MOJBUXKHbBIE
[IEPEropoOJIKU, 3. 00JIACTDb JICHCTBUSA 3JIEKTPOMAIHUTHBIX CUJI, 4. MEJIHBIE 3JIEKTPOJIBI, D. BhIPABHU-
BaTe/IM MOTOKA, 6. TOTIOCa 3JIEKTPOMArHuTa, 7. BXOJIHOM MITYIep, 8. BBIXOJIHON MTyIEep, 9. Maruu-

torpoBol, 10. KaTymku 37eKTpoMarauTa, 11. mpuaiekrpoaabie cetku, 12. marank YJIA.
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notoka b. CenapalmoHHbBIN KaHaJI PACIIOIAraeTCsl MEZKJLY MOJI0CAMI SJIeKTPOMATrHI-
Ta 6. BepTukajabable 1meperopoJkn 2 BBIIOJHEHBI U3 MPOBOJAIIECIO SJICKTPHICCKUI
TOK MaTepuajia. B KaHa KUJIKOCTH MOCTYHAET depe3 MTYIep 7, a BBIXOJUT depes
aHaJIOTMIHBI MmTylep 8. BhipaBHUBaTE N MOTOKA H YCTAHOBJIEHBI B MeCTaxX PacCIo-
JIOXKEHUs KpaeB CepjedHuKa 3JIeKTPOMarHuTa, JJIsi IpeJIoTBPaIlleHnsi 00pa30BaHus
BUXpeil 1101 JIeficTBIEM HEOJHOPOIHOIO B 3TOM 00JIACTH MArHUTHOIO MOJIsT. DJIEKTPH-
YeCcKHii TOK, IIPOX0/id Yepes3 JIeKTPOJIUT, B3aUMO/IeICTBYET ¢ BHEMTHUM ITOCTOSHHBIM
MarHUTHBIM TIOJIEM CO3JIaBAEMBIM 3JIEKTPOMArHUTOM, COCTOANINM 13 (DEPPOMATrHUT-
HOT'O MarHuTonpoBoga 9 u aByx karymek 10. DJIeKTpUUeCcKuili TOK IIPOIYCKAeTCst
yepe3 9JIEKTPOJIUT TaKUM 00pa30M, YTOOBI 00ECIIeYnTh KBa3uyTaKeJIeHIE PacTBOPA.
BeribiBime 9acTUIlbl TPUMECH 3aJI€PKUBAIOTCS MEK/Jly Ieperopojikamu 2 B 00J1a-
ctu 3. B obiacTu pasmerreHust 3J1eKTPOJIOB JIONOJTHUTEIBHO YCTaHABINBAIOTCS BEP-
TUKaJIbHble ceTKU 11 U3 HemnmpoBOJAIIEero MaTepuala, 3a/JepKUBaIoliue My3blpbKU
raza, oOpasylluecs: Ha 3JEKTPoJax B Ipoiecce 3jeKTposin3a. OTcyTcTBIEe TaKux
CETOK NMPUBOJIUT K TONAJAHIIO OOJIBIIION0 KOJNYECTBa My3bIPHKOB B 30HY Celapaliun
n cHuzKaeT eé 3(pMeKTUBHOCTL. [lONOJHUTEIBbHBIN KOHTPOJIb 38 BTOPUYIHBIMI TeUe-
HUSAMU B BEPTUKAJBLHOM MJIOCKOCTH KaHaJa OCYIIECTBJISJICA MPHU TTOMOIIN JIaTYNKa
YA 12. JTaTduk pacroJjiarajcs BEpTUKAJILHO MEXKJLY JIBYMS yI€PKUBAIOIIIME TTepe-
ropojikamn 2. [luranne sjieKTpoMaruuTa OCyIIECTBIAIOCH UCTOUYHIKA TOCTOSHHOTO
TOKa. B KadecTBe padoveil KMIKOCTH MCIIOJIb30BAJICI BOJHBIN PACTBOP KaJUIHO
miesoun. [Ipumechio ciry»Kuanm KapOoHoBble YacTuilbl pasMepoM oT 10 10 300 MKM.

Konrnenrpalius mpumMecu onpeessaiach MeToJIoM POTOCHEMKI CJI0A YKUJIKOCTH
¢ npuMecbio. PoTosiueiika mpejacTapsiia codboit U-o0pasHblil KapKac nu3 ILJIeKCUIJIa-
ca, ¢ KaHaJIaM1 B HU2KHEH JacTi, 00ecreunBaloMI ITPOTOYHOE TeUeHNe 31K TPOJIU-
Ta. C MUPOKUX CTOPOH YKUJKOCTH OblLIa OrpaHnveHa CTEeHKAMEU U3 PACIOJJIOXKEHHbIX
napaJijieJIbHO JAPYT APYTY KPEMHUEBBIX CTEKOJI. BepxHsist TOBEPXHOCTH ObLIa CBOOO/I-
HO¥t, obecrieunBasi BO3MOXKHOCTD yAaJIeHusd y3bIPHKOB Ta3a, 00pPa3oBaBIINXCA TTPU
9JIEKTPOJIN3E U 3aTIHYTHIX B M3MEPUTE/IHHYIO 9Ky TPOTOUHBIM TeUEHUEM.

3 dororpadun Bbipesatach MeHTpaabHas KBaJipaTHas 00J1acTh, KOTOpas U3
nostHonBeTHoro RGB konBeprupoBaJsioch B JAByMepHbIl OuHapHbiil Maccus. [locse
00paboTKN M300parkKeHns NCIIOJIb30BaJINCh JIBa, METO/la aHan3a. B mepBoM cirydae
OJICIUTHIBAJIOCH O0Iee KOJMIECTBO MPUMECH (e MHIIHBIX 3HAYEHHI, OTBEYAIOIIIX
HAJIMIUIO 9acTUIl, Ha HyJeBoM (oHe). KoHIeHTpanus Haxo[uiach Mo OTHOCHTE b
HOMY YPOBHIO 3aTeMHenns n3obpazkenus. Bo BTopom cjydae npoBogusica (ppakiu-
OHHBIIl aHAJIM3 U3MEHEHUS KOHIICHTpAIuU: B OMHAPHOM H300PayKEeHUN HAXOJINIICH
MIOJIOZKEHUST OTJIEJIbHBIX YACTUIL IPUMECH, TTOJICYUTBIBAJICI UX pa3Mep U IOJIOYKEHNE.

B nanHoiil riiaBe uccienobaJiach 3p(MEKTUBHOCTD IIPOIECcca celapalin IpuMe-
CU B 3aBUCUMOCTU OT BEJIUYUHBI ITPUJIOKEHHOM 3JI€KTPOMArHUTHON CUJIBI, CKOPOCTU
TPAH3UTHOI'O TeUYEeHUs Yepe3 celapalliOHHBIN KaHaJl, MOJIOYKEHNS 3a/1eprKIUBAIONINX
[IePEropoJIoK, THUIA BepXHEll MOBEPXHOCTU JEKTPOJNTA B KaHaJle U yIyia HAKJIOHA
KaHaJa K HAITPABJIEHNIO CUJIbI TSIYKECTU. YCTAHOBJIEHO, YTO MOBbBIIIEHNE NHTEHCUBHO-
CTH CHJIOBOI'O BO3JIECTBUS CHUKaeT 3(PPEKTUBHOCTD MIPOIECca 3a CYET reHepalrun
BTOPUYHBIX BUXPEBBIX TeUEHUIT B 00s1acTn JieficTBus cnil. DPPHEeKTUBHOCTD MTPOIECCa,
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Puc. 11. Vsmenenne KOHIEHTpaIMU KapOOHOBBIX YaCTHIL B IIEJOYHM B IIPOIECCE Celapalund Ipu
Pa3IMIHBIX 3HAYEHUAX BHENTHero Mmarautuoro nojs B: 1. B = 0.235 T, 2. B = 0.465 T, 3. B =

0.695 Tm.

pasjiesieHns pa3 3HAUNTETHbHO CHUYKAETCs MPH HOBBIIIEHIN CKOPOCTH TPAH3UTHOTO
TedeHnsd depe3 00/1acTh CUJIOBOTO BozjelicTBus. [Ipu 3TOM 1MOTOK OcTaércs Jamu-
HAPHBIM JlazKe IIPU HAOOJIbIINX PACCMATPUBABIIMXCS B paboTe pacxoiax »KUJIKOCTH
(MmaxcnmasbHOe "ncsio Peitrosbaca 1600). Hasmiame HermpoHuIiaeMbIx [7Tst OTOKA, e~
PEropojioK B cerapalioHHOM KaHaJie He OKa3blBaeT BJIMAHUS Ha 3(DPEKTUBHOCTD Pas-
Jlesienns pas, Ipu YCJIOBUM YTO PACIIOJIOXKEHHE TIEPErOPOIOK He MPUBOJINT B I'eHEpa-
1IN JIOTIOJTHUTE/ILHBIX BTOPUYHBIX TedeHuil. [Ipm pasMerniennn meperopojiok TaKmMm
00pa30M, YTO OHU OTCEKAIOT MTOJIOBUHY BBICOTHI KaHaJla, BOSHUKAIONINE B YKUJIKOCTH
BUXPEBbIE TEUEHUsI CHIUYKAIOT 00ITyI0 3(pHEeKTUBHOCTD IIpoliecca pasjie/ieHust a3 3a
CYET IepeMelInBaHus JIUCIePCHON cpeibl. DPMOEKTUBHOCTD IIPOIecca pasjieeHnst
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Puc. 12. OTHOCHTENIBbHOE M3MEHEHNE KOHIIEHTPAIIMH KapOOHOBBIX YACTHUIL B INEJOYN B IIPOIECCE

cenapalyy Ipu pa3IMmIHbIX pacxoiax () B cucTeMe IpoKaduKy skuaxocTu: 1.- Q = 5.88-107¢ m3 /c,

2.Q0=104-10"%m3/c, 3. Q = 14.9- 1075 nm3/c.
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da3 1oBbIIIAETCs IPU HAJUINKN CBOOOIHON BepxXHEll I'paHUIbl »KIUJIKOCTHA B 00JIaCTH
CUJIOBOT'O 3JIEKTPOMarHUTHOIO BO3jeiicTBusA. [1o-BUInMOMY, 9TO CBA3aHO C aKKyMYy-
JIdIel TpuMecH Ha CBOOOJIHOM I'paHUIle YKUJIKOCTH 38 CUET CHUJI TOBEPXHOCTHOIO Ha-
TsI>KEHHUsI. YCTaHOBKa HecMadnBaeMoil BepxHeil rpaHuilbl cHuzKaeT 3(hPeKTUBHOCTD
uporiecca paszesenns das npubausurensbno Ha 10%. Hakion cenapalinonHoro Kamna-
J1a Ha HEOOJIBINON Yo/ K HAIIPABJIEHUIO CUJIbl TSXKECTHU MOJOKUTETHHO CKA3bIBAeTCs
Ha 3P EKTUBHOCTH IIpoliecca pasjiesieHns ¢a3. YCTaHOBJIEHO, YTO HAKJIOH KaHaJIa
Ha 4.6°k BepTHKa/IM HOBLIIAET 3(POEKTUBHOCTE HIpolecca npubmsuTeabno na 4%.

PesysbraTer TpeTheil riaBel omybnKoBaHbl B pabore |5, 6, 8].

B 3akmaiogeHun 110/1BoJIITCS UTOI'M JTUCCEPTAIIMOHHOI PabOTHI.

1) Beimositen jieTa/ibHbIi aHAJIN3 BIUSIHIS HA TOYHOCTH U3MEPEeHNi CKOPOCTH 1
IIOJIOYKEHUST (DPOHTA KPUCTAJIM3AINNA METa/JIMIECKOTO PaciljiaBa MPU MOMOIIN YJIb-
TPa3BYKOBO JIOTJIEPOBCKON aHEMOMETPUH TaKUX (PaKTOPOB, KAK TOJIIUHA U CBO-
CTBa MaTepuaJia CTeHOK SKCIEPUMEHTAJIbHON ST9eiiKi 1 BOJIHOBOJIOB, U3MEHEHHE Tell-
JIOPU3NIECKNX CBOMCTB »KUJIKOCTH U PACCETHUs YIbTPa3BYKOBLIX ITAKETOB Ha I'Da-
Hunax paszjeia das3. PazpaboraHbl METOINKN M3MEPEHUl CKOPOCTU U IOJIOYKEHUsT
¢dpoHTa KpHcTa/JIN3aIuN METAJLITIECKOTI0 paciljiaBa, aJallTHPOBAHHBIC K YCJIOBUSIM
KoHKpeTHbIX MI'J[-5KcriepuMenTOoB.

2) Ha mrockocTur yrpaBJsiionux MapaMeTpoB MOCTPOeHA KapTa PesKIMOB BIX-
PEBBIX TeYEHUil, BOSHUKAIONINX B IIJIOCKOM CJIO€ YKIJIKOTO MeTaJljia MoJI JeficTBrueM
JIOKAJIN30BAHHOT'O B IIPOCTPAHCTBE IIEPEMEHHOI'0 BO BPEMEHU MarHUTHOIO IoJjis. B
KauecTBe YIPaBJIAIONIIX [TapaMeTPOB BBICTYIAIOT IapaMeTpPhl, ONpeJIesIioniue nH-
TEHCUBHOCTb CUJIOBOI'O BO3JIHCTBUS U I10JIOKEeHUEe 00JIaCTU JeHCTBUS MArHUTHOI'O
noJtst. HafijieHbl rpaHullbl CyIecTBOBaHUST MOJ, COOTBETCTBYIONINX JIBYXBUXPEBOMY
1 YETBIPEXBUXPEBOMY TEUYEHUsIM, & TaKKe CIEKTPaJbHbIE XapPaKTEPUCTUKH ITYJIb-
calmii CKOPOCTH B yKa3aHHBIX pe:KUMaX. JeThIPEXBUXPEBOE TEUCHUE OKA3bIBAETCsI
CYIIIECTBEHHO HeCTAllMOHAPHBIM, C JIOMUHUPYIONIEH 4acTOTO IIyJbCcalliil B aualia-
zore 0.2 — 0.35 ', Bo3pacTaroieil ¢ yBendenneM WHTEHCUBHOCTU BHENTHETO BO3-
neiictBust. JIByXBHUXpeBoe TedeHue CTAllOHAPHO M CTAHOBUTCSI HEYCTOMYMBLIM IIPH
MaKCHMAaJIbHBIX PACCMOTPEHHBIX BeJIMYNHAX CUJIOBOI'O Bo3jelicTBusi. BosHuKaromme
KoJiebaHust Buxpeil mpoucxojdar ¢ dacroroil mopsijaka 0.5 ' Ob0HapykeH pexknum
CMEIIAHHOIO THIIa, XapaKTepU3yIoIUiics cpaBHUTEJIbHO HU3KOI SHeprueil TeueHust
1 XaOTUYHBIMU IYJIbCAIMAMU CKOPOCTU. [loBbIINIEHNE MHTEHCUBHOCTH MATrHUTHOT'O
MOJIST TIPUBOJUT K IEPEXOJly OT ITOTO pPekKuMa K CTAIlMOHAPHOMY JIBYXBUXPEBOMY
TEUYEHUIO.

3) B sraboparopHoMm sKcriepuMeHTe J0Ka3aHa BO3MOKHOCTE YIIpaBjeHHs (hop-
Moit (bpoHTa KpUCTAJIN3AIUN IPU HAIlpABJIEHHOM 3aTBEpJEeBAHUN CJINTKA ITOCPE/I-
CTBOM MOJYJISIIINN TUTAHUS JIMTHEITHOTO NHIYKITMOHHOT'O TIepeMelnBaTe/Id. YCTaHOB-
JIEHO, 9TO YBeJUYeHUe CUJIbl TOKa INTaHUs IepeMellnBaTess CBepPX KPUTHUECKUX
3HAUEHUIT ABJIsieTCs Hed(PMEKTUBHBIM JIJIsI YCUJICHUs [TepEMeIIMBaHUsT KUJIKOTO Me-
Tajaa, B CUJIy HAJIUYAA Y9aCTKa HACBINEHUSA B 3aBUCUMOCTH CPeJHEN U IyJIbcali-
OHHOI COCTaBJIAIOIINX SHEPIUU TEUYEeHHs OT CUJIbl TOKa. Hu3KodacTOTHBIE MOIYJIs-
AN UTAHUSA U3MEHSIIOT CTPYKTYPY I'€HEPUPYEMbBIX B »KUJIKOM MeTaJjljie TeUeHHil 1
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MOBBIIIAIOT SHEPIUIO MYJILCAITMOHHON COCTaBJSIONIEl TOTOKA, YTO MPUBOIUT K CIJIa-
JKUBAHIIO (DPOHTA KPUCTAIN3AIUN. DKCIIEPIMEHTAIbHO IOKA3aHO, YTO U3MEHEeHUe
YaCTOTHI W TUITA MOIYJISINN MUTaHUA 1T03BOJISIET YIIPaBIATh (popMoil (ppoHTa Kpu-
crayumsanu. Haunbosbimmit apdexT criiaxkuBanus (GpoHTa JTOCTUTHYT MPU FapMO-
HIYIECKOI MOAyJstimn ToKa nutanus cuioit 4.0 A ¢ nepuogom moayssnnn 20 c.

4) DKcrepuMeHTaIbHOE UCC/IeI0BAHIE TIPOIECCa OUUCTKI JIEKTPOIPOBO/IAIIEH
JKIJIKOCTHU OT TBEPJBIX BKIOYEHUI OTJIMIHOMN 9JIEKTPOIPOBOJIHOCTH 3JI€KTPOMATrHIT-
HBIM METOJIOM B IIOJIOCTU KOMILJIEKCHOI IeOMETPUH II0Ka3aJ10, YTO MaKCUMaJIbHasl 3
GEKTUBHOCTH 1IPOIECCa OUUCTKU JOCTUTAETCs IIPU YMEPEHHBIX MAIHUTHBIX I10JIsIX.
Hajinamne Tpan3uTHOrO TeYeHUs »KUJIKOCTH 4depe3 00J1acThb JIeHCTBUsT 3JIeKTPOMAr-
HUTHBIX CIJI CHUXKaeT 3(Pp@PeKTUBHOCTD IIPOIECCa, HO IOBBIIMIAET TeXHOJOIMIHOCTH
Meroja. Hajmdue J10mo/HUTEIbHBIX IePeropoIoK OTHOCUTEIbHO €JIab0 BJUsieT Ha
9P HEKTUBHOCTD OUUCTKH, OJHAKO IIOMOTAET IIPEJOTBPATUTH BOSHUKHOBEHIE BTOPUI-
HBIX BUXPeEil B »KUJIKOCTH. Kpome Toro, »KejaTeIbHbIM JIjIsI HOBbIIIeHIsST 3(PhHEeKTUB-
HOCTH OYUCTKU $IBJISIETCA HAJU4IKMe CBOOOJIHON IMOBEPXHOCTU YKUJKOCTH, IIOCKOJIbKY
IpUMeCHbIe YACTUIIBI YIEPXKUBAIOTCA Ha Helfl MocpeicTBaM ITOBEPXHOCTHOTO HATIXKe-
HISI.

PekomeHnmanum n mepcneKTUBLI JaJibHelilneil pa3paboTK TeMbl

[Tomyuennble cBeIeHUS O BAUSHUT MACCOBBIX TTOTOKOB TO3BOJISIOT OMTUMU3UPO-
BaTh TEXHOJOTHMUYECKHIT ITPOIeCC IepeMellInBains MeTa/lia B X0J/e KPUCTAIN3aIun
3a cYeT M3MEHEHUs PEXKIMOB IMUTaHUs IepeMelnBaTeIei.

JlabHeiinee pa3BUTHE METOJIOB 3JIEKTPOMATIHUTHON OUMCTKU YKUJIKUX ITPOBO-
JIAIIIX CPeJT JOJIZKHO BBINOJHSITHCS ¢ UCIOJIb30BAHUEM JIEIKOILJIABKUX YKIJIKIX Me-
TaJIJIOB, JIJIF UCKJ/IIOUEHHSI BIMSHUS JIEKTPOXUMHUIECCKUX (PaKTOPOB CBOICTBEHHBIX
9JIEKTPOJIUTUIECCKIM PACTBOPAM.
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