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The paper studies the transient nonequilibrium modes of a vortex flow in a thin liquid metal
layer. The flow is caused by electromagnetic forces generated by the interaction of an alternating
magnetic field and electric current induced by it. The most stable variant of the flow, in the form of
two large-scale vortices, is studied. In this instance, the region where the alternating magnetic field
is generated is situated in close proximity to the edge of the longer side of the rectangular liquid
metal layer. Upon activation of the inductor, the flow evolves from rest to some equilibrium state.
Conversely, upon deactivation, the flow diminishes. The study is conducted on a gallium eutectic
alloy by means of an ultrasonic Doppler velocimeter. Two parameters determining the intensity of
the force action are varied: the strength and frequency of the electric current flowing through the
inductor windings. The durations of flow evolution and decay depending on the varying process
parameters are evaluated. Vortex flow studies can be useful for designing MHD pumps and for
stirring liquid metals.

Keywords: experiment with liquid metal, magnetohydrodynamics, transient modes, thin layer, elec-
trovortex flow evolution, ultrasonic Doppler velocimeter
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Pabora IMOCBAIICHA U3YYCHUIO MEPCXOAHBIX HCPABHOBCCHBIX PCKMMOB BUXPCBOI'0 TCUCHUA
B IJIOCKOM CJIO€ KHUAKOTO MeTajlia. TeueHue BbI3BaHO JEHCTBHEM 3IIEKTPOMArHUTHBIX CUJI, BO3SHU-
Karomux mnpu B331/IMOI[GI71CTBI/II/I MNEPEMCHHOTO MAarHuTHOI'O IOJIA U MHAYHUPOBAHHOI'O UM 3JICKTPHU-
yeckoro Toka. [y uccienoBaHusi BeIOpaH Hambosiee yCTOWYHMBBIM BapUaHT TEUEHUS B BHUJIE JABYX
KpynHoMacITaOHbIX BuUXped. B maHHOM ciydae o0iacTh, B KOTOPOM TeHEPHUPYETCs MEPEMEHHOE
MarHMTHOE TOJI€, PACHOJI0KEHA PSIIOM C KpaeM UTMHHON CTOPOHBI MPSAMOYTOJIBLHOTO CIIOST KUIKOTO
METaia. HpI/I BKJIFOYCHUHU HMHAYKTOpA TCUCHHUEC Pa3BUBACTCA U3 COCTOAHHA ITOKOS OO HCKOTOPOIO
PaBHOBECHOTO COCTOSIHMSI, a TPH OTKIIIOUEHWH HHIYKTOpa, HaoOopoT, 3aTyxaer. MccrnemoBaHue
BBITIOJTHEHO HA TaJUIMEBOM ABTEKTUKE C MOMOIIBIO YIbTPAa3BYKOBOTO JIOIUIEPOBCKOTO aHEMOMETPA.
B nannoii paGoTe BapbHpYIOTCS JIBa MapameTpa, OMpeessiolie HHTEHCUBHOCTh CHIIOBOTO BO3-
JEHUCTBHUS: CUJIA U YaCTOTa JIEKTPUUECKOTO TOKA, KOTOPHIKA TeueT Mo oOMOTKaM uHaykTopa. [lomy-
YeHa OLIEHKA BPEMEHU Pa3BUTHUA U 3aTyXaHMs TEUEHHUS B 3aBUCHMOCTH OT BapbUPYEMbIX MapaMeT-
poB mporuecca. MccrnenoBanusi BUXPEBBIX TE€UEHUH MOTYT OBITh IMOJIE3HBI MPHU MPOEKTHUPOBAHUU
MI'JI-HacocoB, a Takxke AJis IepeMEIINBAaHUS KUJKUX METAJIOB.

KutoueBble cj10Ba: SKCIEPUMEHT € KUJIKUM METAJIJIOM, MarHUTHAs TUAPOJIMHAMUKA, TIEPEXO0IHbIE
PEXHUMBI, INIOCKUI CIIOM, Pa3BUTHE BUXPEBOIO TEUEHMs, YJIBTPa3ByKOBOM JOILNIEPOBCKUI aHEMO-
METp

1. BBegenue

I/IsyquHe MponeccCoOB, MPOUCXOAAIINX B JXKUJKUX MCTAJJIaX U UX CIlJIaBaX, HGO6XO)II/IMO JUIA
COBCPUICHCTBOBAHUSA MCTAJLIIYPIrUUCCKHUX TCXHOJIOT uii. Taxxke )KI/II[KI/Iﬁ MCTAJIJI PaCCMaTpUBaACTCA
KakKk Hapmqunﬁ TCIJIOHOCUTECIIb JJIsI CHUCTEM OXJIAXKACHHUA AaTOMHBIX PCAKTOPOB Ha 6I)ICTpI)IX
HeﬁTpOHaX u paBpa6aTLIBaCMLIX TCPMOAACPHBIX SHCPICTUICCKHUX YCTAHOBOK. HpOBCIIeHI/Ie HUCCIe-
A0BATCJIBCKHUX JKCIIEPUMEHTOB C HCKOTOPBIMU HauoOoJee BOCTpe6OBaHHI)IMI/I B IIPOMBIIIJICHHOCTHU
METallaMu KpaﬁHe 3aTPYAHCHO H3-3a BBICOKOM TCMIICPATYPHI, XUMHYSCKOMN arp€CCUBHOCTU 3THUX
MCTAJJIOB U UX OMMAaCHOCTH B paCIlJIaBJICHHOM COCTOSHHWH. TakuMu MeTalIaMH SIBIISIIOTCS CBHHCII,
aHmMHHHﬁ, MaTHI/II\/'I, HanI/Iﬁ U UX CIUIaBBL B MaTCprUaJIOBCACHUN 0COOEHHO OCTpO CTOUT 3aJa4a,
CBsiA3aHHasA C ONMPECACIICHUEM (1)I/ISI/IT-IGCKI/IX CBOMCTB METAJIJIOB MJIM MX CIIJIABOB B pacCiiiaBJICHHOM CO-
CTOSAHHH. I/I3MepeHI/IC CBOMCTB MOXKET IIOMOYb C OIMPCACIICHUCM COCTaBa CIIJIaBOB HJIN MHOI‘O(I)aS-
HBIX CpCI. Taxoke OIMPECACIICHUC CBOMCTB HGO6XOJII/IMO IAJId KOPPEKTHOTO MaT€MaTuidCcCKOro Moac-
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JIMPOBaHUS MPOUCXOIAIMNX IpoueccoB. [Ipsmble n3MepeHus B JaHHOM CiIy4ae WM HEBO3MOKHBI,
WM JAIOT Pe3yJbTaThl C HU3KOM JOCTOBEPHOCTHIO. [103TOMY BBIXOJOM B JAHHOM CIIy4ae SIBIISIFOTCS
METOJIMKM KOCBEHHBIX ONPEJEIICHUN CBOICTB Ha OCHOBE HM3MEPEHUS XapaKTEPUCTHK IIPOLECCOB,
HaIpuMep THAPOJMHAMHYECKUX.

AKTYaJlbHOCTh W3Y4YEHHUsI TEUEHUHN B IJIOCKOM CJIO€ OOYCJIOBJIEHA BO3MOYKHOCTBIO UX IPHU-
MEHEHHUs B METAJIypruy JJIs IepeMEINBaHus )KUJKUX METAIIOB [1], co31anus TpaH3UTHBIX Tede-
HUH, cenapalnyy BKIOUEHUHN U3 paciuiaBoB. B cuiy TOro, 4to UAKUE METaIbl U CIUIABBI IIPOBO-
IAT JIEKTPUYECKUH TOK, THIPOJAMHAMMUYECKUI IPOLIECC BUXPEBOrO TEUEHUs MOXKET ObITh CO3aH
3JIEKTPOMAarHUTHBIMU cUjiamu [2].

Kondurypauus 1miockoro cios HO3BOJSET CYIIECTBEHHO YBEIMYHUTH 3JIEKTPOMAarHUTHbIE
CWJIBI M3-32 YMEHBIICHUS MEKIIOICHOTO 3a30pa. [limockuii ciioil mpoBOIsIIEN KUIKOCTH IIPOHU-
3bIBAETCS MIEPEMEHHBIM MarHUTHBIM I10JIEM, CO3JaHHBIM UHAYKTOPOM. DTO IOJIE ITIOPOXKAAET B Me-
TaJule BUXPEBOW DIICKTPHUYECKHH TOK IUIOTHOCTHIO |. IIpy B3aMMOJCWCTBHM BUXPEBOTO TOKA | W
MarHuTHOTO noJs B renepupyercs snekrpomarnutas cuna f" = j x B, koTopas umeer BUXpeByro
KOMITOHEHTY. [1oipoOHBIi MeXaHNU3M BO3HUKHOBEHUS 3JIEKTPOMATrHUTHON CHUJIBI ONKCAH B paboTax
[3-6]. ITox neiicTBUEeM 3TOM CHIIBI B IUIOCKOM CJIO€ BO3HUKAET BUXPEBOE TCUCHHE.

[Tynpcanmu CKOpPOCTH TEYEHHUs SBIISIOTCS MOJOXKHUTEIBHBIM (PPEKTOM B Ipoleccax Imepe-
MeluBaHus pabodet cpeipl [7-9], cnocoOCTBYs €e TOMOI'€HU3allluu, U, HAIPOTUB, SIBJIAIOTCSA OTPH-
aTeabHBIM 3G (GEKTOM B IpoIleccax ¢ MPUCYTCTBUEM TPAH3UTHOTO M cTpyiHOro Teuenuii [10], roe
IPUHLIUIHNAIBHO Ba)KHA CTaOMiIM3anus. DKCIEPUMEHTAIbHOE MCCIEOBAHNE BHUXPEBBIX TEUEHUH
SIBJISIETCS] aKTYaJIbHOM 3a/1aued M CIIYXKUT JIOTUYECKUM TIpoJIoJbKeHueM cepur padot [11, 12]. B pa-
6ote [11] onpenenens! 061acTu napaMeTPoB MpoLEcca, IPU KOTOPbIX BUXPEBOE TEUCHUE UMEET JBa
WM YeThIPE KPYMHOMACIITAOHBIX BUXPAL.

[TpyHIMNIAAIBHO BaXKHBIM BOIIPOCOM C TOUYKH 3PEHMS TEXHOJIOIMH SIBJISETCS palMOHAIbHOE
HCII0JIb30BAHUE IEKTPOIHEPTUU ISl IOJaul MUTAHUS K YCTAaHOBKAM. DTOr0 MOKHO JOCTHYb, €CIIH
[10/1aBaTh NMUTAaHUE MUHIYKTOpAa HE MOCTOSHHO, a NOPLUUSAMH, TEM CaMbIM IIOCTOSHHO MOJAEPKHUBast
MIPOLIECC «PA3TOH — TOPMOKEHUE», HE JaBasi CUCTEME BEPHYTHCS B MCXOJHOE COCTOSIHHUE MOKOS.
[TosToMy B 1TaHHOH paboTe 3KCIEPUMEHTAIBHO MCCIEAYIOTCS JBE NMPUHLUIUAIBHO BaXKHbIE (a3bl
IpolLecca BUXPEBOro TEYEHHS XKHUIKOT0 METajula: pa3roH U TopMokeHue. Llenbio paboThl sBiseTcs
IIOJIyYE€HUE 3aBUCHMOCTH BPEMEHH Pa3rOHa M TOPMOXKEHMsI TEYEHHS OT CHJIOBOI'O IapaMeTpa, 4To
MTO3BOJIUT NTO100paTh XapaKTEPUCTUKHU ISl OCYLIECTBIICHUS TEXHOJIOIMUECKOT 0 IpoIecca.

2. [TocTaHoBKA IKCNIEPUMEHTA U METObI

OKcrnepuMeHTallbHasg ycTaHoBKa (puc. 1, 2) BkimrodaeT B ce0si MPSIMOYTOJIbHYIO KIOBETY
u C-o0paznblil uHAYKTOp. KroBeTa H3roToBieHa U3 OPraHUYECKOro CTEKIa U UMEET CIIEAYIOLHe BHYT-
peHHUE pa3Mepsl (uMHa, mupuHa, Beicota): 200 X 100 x 10 mM. KroBeTa 3amosiHeHa SBTEKTHUECKUM
TaJUTMEBBIM CIUIaBOM CO CIEAyIIUMH Xapaktepuctukamu: Ga — 87,5 %; Sn — 10,5 %; Zn — 2 %j;
p = 6150 kr/M%; 6 = 2,6° 1/(OM - M); v=2,9 - 107" m/c’. CruiaB MMeeT TeMIepaTypy IUIaBICHHs
17 °C. CpoiicTBa rajuimeBoro cruiaBa onucanbl B [13]. JlaHHas 3BTeKTHKa ObLIa BHIOpaHa IS MC-
M0JI30BAHUS B DKCIIEPUMEHTAILHON YCTAaHOBKE M3-3a €€ XOPOIIO M3yYEHHBIX CBOMCTB M y100CTBa
pabotbl ¢ Heil. C-00pa3Hblii MHIYKTOP M3TOTOBJIEH U3 IJIACTHUH 3JIEKTPOTEXHUYECKOW CTalld TOJI-
muHou 0,5 mm B kosmuectBe 120 mT. n umeeT cedenue kBaapara 60 x 60 mm. MHAYKTOp MOAKITIO-
YeH K HCTOYHUKY niepeMeHHoro Toka Pacific Smart Source 360-ASX.

Jns u3MepeHus CKOPOCTH TEUEHMS 3JIEKTPONPOBOISALIEH >KUAKOCTH OECKOHTAKTHBIM
Croco0OM B 9KCIEPUMEHTE HCIOJB30BAIN YIbTPa3BYKOBOH normiepoBckuii anemometp (YIA)
Dop-5000, Signal Processing, Switzerland. IlepBblii natuumk pacmosiokeH BIOJIb Haubosee
JUIMHHOW CTOPOHBI KIOBETHI, B IPUCTEHOYHOU 00sacTu. BTopoil gatunk pacnosnoxeH nepneHau-
KYJSIpHO MHIYKTOPY, B cepeanHe Haubosee JIMHHOW CTOPOHBI — B IIEHTpaibHOU obOnactu. Ta-
KO€ PAacIoIOKEHUE TaTYMKOB O0YCIOBIECHO TEM, YTO B IEHTPAJIbHON 00acTH SYEHKH BO3MO K-
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HO HaOII0JICHHE KPYITHOMACIITA0OHBIX CTPYKTYP, @ B MPUCTEHOYHOW 00J1aCTH BO3MOKHO HA0I f0-
JIeHUE MYJIbCalUi TeUCHHUS.

YabpTpasBykoBoil goriepoBckuii anemomerp (Y/IA) mo3BossieT 6ECKOHTAKTHBIM 00pa3oM
MIPOBOANTH U3MEPEHHSI B ONTHUECKHU HEMPO3pauHbIX cpelax. B HUX BU3yaJbHO OTCIEIUTH (pu3nUe-
ckre 3¢ (deKTsl BechbMa 3aTPYAHUTEIHHO, MHOTJA JaKe NMPHUHIUIUATHHO HEBO3MOXKHO. [IpuHIun
pabotel YJIA OCHOBaH Ha UCIYCKaHMHM BBICOKOYACTOTHBIX YJIbTPa3BYKOBBIX MMITYJIBCOB U pEru-
CTpAllMM OTPAXKEHHOTO 3Xa OT ABMXKYIIUXCS YacTHll cpeibl [14—17]. B kauecTBe UCTOYHUKOB UM-
MyJbCOB U MPUEMHHUKOB 3Xa CIYyXaT AATYUKU, KOTOPHIE COCTOST M3 Mbe30djieMeHToB. YA naer
BO3MOYXHOCTh M3MEPSTH TOJIBKO OJHY KOMIIOHEHTY CKOPOCTH TEUCHHS XUIAKOCTH BIOJL Jiyda. He-
Cylllas yacToTa Ka)/10ro JaTyuka cocrtasisuia 4 MI.

1 2 3

/

AN
~—

Puc. 1. Cxema u3yuaemoro miaockoro ciost: 1 — kroBeTa; 2 — UHAYKTop; 3 — natuuk Y JIA.
Crpenkamu 1okasaHa cxema TeUeHHUsI.

Puc. 2. ®oTo skcriepuMeHTaNBLHON YCTaHOBKH (ciieBa); 3D-Moens HHAYKTOpa B pa3pese
AKCTIEPUMEHTAILHON YCTAaHOBKH (CTIpaBa)

Oco0eHHOCThI0 OECKOHTAKTHOTO U3MEPEHHSI CKOPOCTU TEUCHHUS SBIIICTCS HAMYHE YAaCTHII,
CIOCOOHBIX OTpaXkaTh BBICOKOYACTOTHBIE UMIYJIbCHL. POJIb OTpaxkaresieil 5Xa BBIIOIHSAIOT OKCHIbI
raJUIvsl, KOTOpbIe 00pa3yrTCsl B METAJlIe MMPU KOHTAKTE C BO3AYXOM B MPOIIECCE 3aMOTHEHUS KIOBe-
Thl. IIpu 3TOM HM30BITOYHOE KOJMYECTBO OKCHJIOB SIBJISETCS CYIIECTBEHHBIM INPENSTCTBHEM IS
KOPPEKTHBIX U3MepeHHil ckopocTu. OCHOBHBIM TPeOOBAaHUEM K YCIEIIHBIM U3MEPEHUSIM SIBISIETCS
OTCYTCTBHE TBEPAON (pa3bl )KUIKOTO IBTEKTUUECKOTO CIIJIaBa, KOTOPBIA KPUCTAIIIU3YETCS MPU KOM-
HATHOM Temmeparype. B akcnepuMeHTe CoaepKUMOoe TUEHKN HaXOUIIOCh B KUIKOH (ase.
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Ba)xHsIM BOIIPOCOM IIpU MPOBEACHUU DKCIIEPUMEHTA SBJIIETCSI TOYHOCTh M3MepeHuil. Tou-
HOCTh U3MEPEHHS CKOpocTH ¢ Tomompio YA cocrabiser £2 mm/c. Cuita TOKa B MHIYKTOPE U3Me-
psinach ¢ TOUHOCTBIO 10 +0,5 A. [l 3a1aHHOTO 3HAYEHUS CHJIbI TOKA MHIYKTOpa MOYXKHO U3MEPUTH
MHAYKIUIO MarHuTHOTro nosis B. M3Mepenuss MarHuTHOro mosis NpoBOJMIINCH IIPU OMOILM TPEXKa-
HanpHOTO rayccmerpa Lake Shore 460 B cpennexBagpaTHuHOM pekume padoTsl. Jatumk Xosuia,
IPUHIUI PabOThl KOTOPOrO OCHOBAH Ha OJHOMMEHHOM 3(¢exTe, ObUI MOMEIEH B 3a30p MEXAY
HMHJYKTOPOM U KIOBETOM.

3. Pe3yJabTaThl M 00Cy:KIeHHE

B pesynbrare usmepeHuii CKOpoCTH TEUEHHUS KUIKOT0 METaJljla C MOMOIIBIO 1aTYuKOB Y JIA
MOSIBJISIETCS TBOMYHBIN (aiin ¢ uHdopmanmeid o MPOCTPaHCTBEHHO-BPEMEHHOM pacIpe/ieIeHUH
BEPTUKAIBHONW KOMITIOHEHTHI CKOPOCTH, KOTOpasi HampaBjeHa B/I0Jb UCIycKaemoro jyda. YA mo-
JTy4aeT 3HAUCHHUE BEPTHKAIbHONW KOMIOHEHTHI CKOPOCTH U 3allMCHIBACT €ro B (ailyl yepes paBHBIC
MIPOMEXYTKH BPEMEHH. Pe3ylbTarhl cepun U3MepeHuil 00padaThIBAIMCH C UCIIOJIE30BAHUEM S3bIKA
nporpammupoBanus Python, a takxe cpeapt Matlab. ITpoduas ckopocTn mokas3biBaeT HaaHMdHue
IBYXBUXpeBOro TeueHus (puc. 3). Pe3ynpTaThl moka3aiu, 4TO B IaHHOM SKCIEPUMEHTE CKOPOCTh
KUIKOCTU Myibcupyer. CpeaHEKBaIpaTUYHOE OTKJIOHEHHME IyJIbCALMI XapakTEepU3yeTcsl BepTH-
KaJIbHBIMU JIMHUSAMH Ha puc. 3. MOXHO 3aMETUTh, YTO B IIECHTPAJTILHON 00JIACTH KIOBETHI MMyIbCALUN
CKOPOCTH UMEIOT OOJBIIYIO0 BETUYHUHY, YEM IO KpasM KIOBETHI.
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Puc. 3. IIpodunu cpeaneii ckopocTu BAOIb MPUCTEHOYHOTO AaTunka Y JIA

Ha nuarpammax (puc. 4) nocienoBaTelIbHO pa3MeIatoTcs NpoQuiii CKOPOCTH BAOJb 3aJaH-
HOT'O OTpe3Ka, MOJTy4YeHHbIE Ha KaKJIOM BPEMEHHOM Inare. Takue mpouin CTPOUIMCH TOJIBKO JUIs
KOMITOHEHTBI ckopocTu V(X, 0, Z). BbiOop Todek HEOOXOIMMO OCYIIECTBISTh UCXOIS M3 TPUHA-
JIEKHOCTH K JINHUH, COOTBETCTBYIOLIEH TMHUYN u3MmepeHus Y IA.

Ha puc. 5 npezacraBiienbl pa3BepTKH CUTHAJIOB CKOPOCTH BJOJb MPUCTEHOYHOIO JAaTYMKa
VJIA, B34TbIE B TpeX TOUYKAX, NpUHAANEKAMUX JTUHUN u3mepenuit YJIA: z=0,075m,z2=0,1 m u
Z2=0,15 M. MOXHO 3aMETUTh, YTO CKOPOCTh B KaXJI0M M3 B3ATBIX TOUYEK PA3TOHSIETCS U3 COCTOSTHUS
IIOKOSI C HYJIEBOM CKOPOCTBIO M BBIXOJWUT Ha CTAl[MOHAPHOE 3HAUYEHUE NMPUMEPHO 3a 7—8 CEKyHH.
3aTemM cucTeMa HaxOJWTCS B CTAIlMOHApPHOM cocTossHuM TpuMmepHo 20-30 cexyHm, 0 4yeM CBHUJe-
TEJNbCTBYIOT HEOOJIbIINE MYJIbCAUN CKOPOCTU. [IpH 3TOM 3aTyXaHHe CKOPOCTH M3 CTallMOHAPHOTO
COCTOSIHMS 10 HYJISI TPOUCXOAUT npuMepHo 3a 10—11 cekyHn.
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Puc. 6. 3aBrcHMOCTh BpeMEHH pa3roHa 1 3aTyXaHHs TeUeHHs OT yucia Teitmopa (a);
3aBUCHMOCTH uHciia Peitronbaca ot uucia Teiinopa (6)
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3HadyeHUEe THIpOAMHAMHUYEcKoro uucia PeitHonbaca Re = V,R/v paccunThiBajgocs myrem
OCpPEIHEHUS IO 4YacTU MPOCTPAHCTBA, KOTOPOE 3aHMMAET KPYIMHOMACHITAOHBIM BUXPh. 311€Ch
V; — 3Ha4YeHHWe BEPTHKAIBHONW KOMIIOHEHTBI CKOPOCTH, R — pajgmyc OAHOrO KPYIMHOMACIITAOHOTO
BUXDsI, V — KHHEMaTU4ecKas BS3KOCTh cpenbl. [Ipeamnonaraercs, 4To OAUH BUXPh 3aHUMAET IOJIO-
BUHY IPOCTPAHCTBA KIOBETHI M COBEPIIACT BpallaTEIbHOE JBMXKEHHUE MO OKPYKHOCTHU pajanyca
R =Db/2, rne b — mmmpuna kroBeTHI.

JIns1 OLleHKM MHTEHCUBHOCTU BO3JICUCTBHUS DJIEKTPOMArHUTHBIX CHJI BBOJUTCA 4ucio Teunso-
pa [18]: Ta = ofB?RY/(2pv?), re 6 — 3IeKTPOIPOBOAHOCTD CPebl; f — YaCTOTa MATHUTHOTO TIOJIS;
B — maruuTHas MHAYKIUS; p — ITIOTHOCTH CPEJBI.

[TepexonHbIii mpoliece B cpelie XapaKTepu3yeTcs He TOJIbKO BpEMEHEM pa3roHa, HO U CKOpo-
CTBIO CpeJHEero TedeHus. YeM BbIlIE CKOPOCTh TEUEHHUS, TEM MEHBIIEE BPEMsl Cpella HaXOJUTCA
B 30He MHAYKTOpa. CienoBaTenbHO, B 30HE pa3roHa 3a BpeMs Is 1omkHa copMUpPOBATHCS JOCTa-
TOYHO «3aMETHas» JUIsl U3MEPUTEIBLHOr0 MOy cTpyKTypa [18]. Ha puc. 6 a noka3ansl 3aBUCUMO-
CTH BpeMEHHU pasroHa s u 3aryxanus 1, ot uncna Teitnopa, rae 1 — pa3ron, 2 — 3aTyxaHue, a MyHK-
TUPHBIMU JIMHUSIMUA YE€PHOTO M CHUHETO I[BETOB IMOKAa3aHbI alllIPOKCUMAIIMOHHbBIE KpUBbIe. TOUYKHU CO-
OTBETCTBYIOT DKCHEPUMEHTAIbHO MOJYyYEHHBIM JaHHBIM, MOTPEUTHOCTH yKa3aHbl TOHKUMH JTHHHUSI-
MU C 3aC€YKaMH COOTBETCTBYIOIIUX IBETOB. Ha puc. 6 6 moka3aHa 3aBHCHMOCTH THAPOMHAMUYC-
ckoro uncia PeiiHonbaca ot yncna Teiinopa.
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4. 3akaoueHue

B pabote u3ydeHbl nepexo/iHbleé HEPAaBHOBECHBIE PEKUMBbI BUXPEBOIO TEUEHUS B IJIOCKOM
CJIOC XXHUAKOI'0 METalljia. Teuenne BEI3BAHO I[efICTBHeM OJICKTPOMAroUTHBIX CHUJI, BOSHUKAIOIINX IIPU
B3aUMOJICHCTBUM NIEPEMEHHOI0 MarHUTHOT'O MOJIS U MHAYLMPOBAHHOTO UM 3JIEKTPUYECKOIO TOKA.
HccnenoBanue MpoBEIEHO € MOMOIIBIO YIbTPA3BYKOBOTO JOILIEPOBCKOTO aHEMOMETpa i Hanbo-
Jiee yCTOMYMBOrO BapUaHTa TEYEHUS B BUJIE IBYX KPYITHOMACIITAOHBIX BUXPEH.

I/ISMepeHI/ISI M aHaJlu3 CPpCaAHUX 3HAUYeHUH TEUCHUS Ha PaBHOBCCHOM Y4YaCTKE IMOKa3ajir, 4TO
TedeHue Hanbosee NHTEHCUBHO NMPH OOJIBIIIOM 3HAUYE€HUH YacTOTHI IEPEMEHHOTO MAarHUTHOTO TOJIS.
[TonydeHo, 4To M3MEHEHUE YacTOThl TOKA NMPHU (PUKCUPOBAHHOM TOKE OKa3bIBAET OOJIbIIEE BIMSIHUE
Ha W3MEHEHUE BEJIMYMHBI CKOPOCTH TEYEHHs, YEM M3MEHEHUE 3HAUYEHUS CUJIBI TOKA B MHIYKTOpE
py PUKCUPOBAHHOM YacToTE.

ITpoBeneHa OlleHKAa BPEMEHHU pa3rOHa M 3aTyXaHUs TEUEHUS IPU PA3IUYHBIX IIapaMeTpax
npouecca. Pa3Burue TeueHUs] IPOUCXOJUT B T€UEHHE HECKOJbKUX cekyHJ. [locne atoro Tedenue
MPUXOJUT K YCTAaHOBUBIIEMYCS cOCTOsIHUIO. Takol 3¢h(ekT cBUIETENbCTBYET O TOM, YTO MUTAHUE
Ha MHAYKTOP MOXXHO IMOJaBaTb KOPOTKHUMHU HHTECpBaJIaMU BPEMCHU, DTOI'O 6YI[€T JOCTAaTOYHO JIsA
MOJIEP/KAHUSL YCTAHOBUBILIErOCsl TeUeHHs. TOpMOKEHHUE, B CBOIO OYEPE]b, IPOUCXOJUT HEMHOIO
JoJIbIIe, 4eM pa3roH. Tak kak B yucio Telnopa 37€KTpONpPOBOAHOCTh CPEAbl BXOAUT B NEPBOM
CTEIEeHH, MOYKHO CJIeaTh BBIBOJ, UYTO NpU (PUKCHUPOBAHHBIX MapaMeTpax MHAYKTOpa BpeMeHa pas-
roHa U TOPMOKCHUA 6y,71yT pasiiniaTeCa JJIA PasHbIX KHUIKHUX MCETAJLIIOB. HpI/I OOJBIINX YHCIAX
Teiiopa BpemeHa pa3roHa MoJy4daroTcs OPsIKA T0JIEH CEKYHbI, IPU 3TOM BpEMEHA TOPMOKEHUS
COOTBCTCTBYIOT HECKOJIBKHUM JCCATKAM CCKYH/I. YCTaHOBJ'IeHO, YTO 3aBUCHMOCTH UMEIOT CTEIICHHOMN
xapakTtep. Pe3ynpTarhl paboThl MO SKCHEPUMEHTAILHOMY H3yYEHHIO BHUXPEBOIO TEUYEHHUS MOTYT
OBITh TMOJIE3HBI JJI1 pa3pabOTKU OECKOHTAKTHBIX YCTPOMNCTB AJI MEpPEMEIINBAHUS JKUIKUX MeTa-
JIOB.
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