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AHHOTaA KiroueBbie cioBa

IIpennosxeH MeTop pacdyeTa HeCTaMOHAPHBIX TedeHWMiT Peonoeus, 6uHeamosckas nposoosi-
IPOBOAAIIMX OMHraMOBCKUX >Xupakocreit B MIJl-kaHame. was xmudxocmv, HAOCKULL KAHAT,
Meroz OCHOBaH Ha BO3MOXKHOCTM Pa3fie/IbHOTO OIMCAHUA  MAZHUMHOe noje

Te4eHNI B BA3KOI U IVIACTMYECKON 30HaX. TedeHye TaKkoit

JKUJIKOCTY PaccCMOTpeHO B m1ockom MI/I-kanane B mome-

PeYHOM OHOPOJHOM MAarHUTHOM Ioie. IlorydeHo To4uHOE

ypaBHEHME, OIMCBIBAIOLIEE 3aBUCUMOCTDb  ITOJIOXKEHUs

TPaHNUIIBI 30HBI IJIACTMYECKOTO TEYEHMs OT BpeMEHU IIpU

CKaYKOOOpa3HOM W3MEHEHM! BHELIHEr0 MAarHUTHOTO

nonsA. I HeKOTOpBIX 3HaUeHMII IIapaMeTPOB BBIIIOTIHEHO

YMC/IEHHOE MHTETpUpOBaHUe YypaBHeHMsA. Pesynprarbl [Toctymmma B pemakiyio 20.06.2016
IIpeJICTaB/IeHbI B B TPaQuKOB © MITY nm. H.9. baymana, 2017

B Hacrosiee Bpems Bce 6osbliiee BHIMAHNE YAEIAETCS M3yIeHMIO TeUeHIST XKUKIX
Cpefi, OIMCHIBAEMbIX PEOJIOTMYECKIM 3aKOHOM, 60rIee CTIOKHBIM II0 CPaBHEHUIO C 3a-
KOHOM, OIMCHIBAIOLIVM OOBIYHYIO «KIaCCHMYECKYIO» BS3KYI0 >KMAKOCTb [1-3]. [lnsa
IpVYMeHEeHVsI HOBBIX MarHUTOPEOIOTMYECKUX KUJKOCTEI P CO3TaHUY Pa3IUIHBIX
YCTPOJICTB Ba)KHO 3HATh BIIMSAHIE MarHUTHOTO IO/ Ha XapaKTep ABVDKEHUS TAKUX
)upgkocreit. Harmpumep, y4eT MarHUTHBIX CBOVICTB >KUKOCTHU IIPU ee ABVDKEHUU He-
006XOMIMM TIPY TIPOEKTUPOBAHNN U paciyeTe OETOHHBIX OT/EIOYHBIX MAIIVH C MATHUT-
HBIM aKTMBAaTOPOM, MAaTHUTHBIX AMOPTI3aTOPOB, MATHUTOPEOIOTUIECKUX [POCCEeit
uT. O [4,5].

B Hacroseit paboTe mpu M3ydeHUN ABVDKEHNUS SKUKOCTI 32 OCHOBY TeopeTuye-
CKMX IIOCTPOEHUII M pacueToB MPMHATA PEOIOTNYecKasi MOJe/b, B OJHOMEPHOM CIIy-
Yae ONMChIBaeMasd 3aKOHOM

T="Tosi nd—u+nd—u (1)
0S1E dz dz’

rme T — KacaTe/lMbHOE HAIIPSAXKE€HME CABUTA; Tp — €ro NpeaenbHOe 3HAYCHNE (Kaca—

du
TeJIbHOE HAIIPsDKEHMe COBUTA «B ITOKOE»); o IPOEKLMs TPajiieHTa CKOPOCTY Ha
z
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HaIIpaB/IeHNe, TIEePIeHANKY/IAPHOE [IBVDKEHMIO SKUAKOCTY; 1| — KO3(pPULMEHT Au-
HaMM4yecKoil BsskocTu. JKugkocTu, onmceiBaeMble 3akoHOM (1), HasbIBaroTCsS OMHTra-
MOBCKUMY, VIV BS3KOIUIACTMYECKUMU. DTa MOJeIb YCIIEIIHO IPVMEHseTCs KaK B
KITaCCMYeCKON, TaK M B MAarHUTHOI ruppopumHamuke [6-8]. Ilpm TeueHmm Takmx
XKMIKOCTell B KaHa/IaX BO3MOXKHO 00pa3oBaHue JBYX 30H TeYeHMA: 1) 30HBI BA3KOTO
TeYeHUs, KOTHa T > Tp; 2) 30HBI IVIACTUYECKOTO TeYEH s, KOIIa T < Ty.

O6mas KapTuMHA TedeHMs IIOJIyYaeTCs M3 pelIeHu)l YpaBHEHUI [BVDKEHVS
KVUJKOCTY B YKa3aHHBIX 30HaX C YY4eTOM COOTBETCTBYIOIIMX YCIOBUII Ha TpaHUIle
pasgesna 30H [6], YTO MO3BOJISIET pacCMATPUBATh OBIVDKEHUE B KaXKI0/1 30HE OTHENbHO.

[anee paccMoTpeHa 3afa4a O BAUSAHUM CKAaYKOOOPA3HOTO M3MEHEeHNsI BHEIIHEero
MarHMTHOTO IOJI Ha LIVPUHY 30HBI IIACTUYECKOTO TeYeHUs B OECKOHEYHOM IIIOC-
KoM KaHaime. HeoO6XoquMOCTh peliieHnsi TIOZOOHOI 3a/iaduM CBsi3aHa C TeM, YTO P
PEe3KOM BO3PaCTaHUU MarHUTHOTO I10JIsI 30Ha IUTACTUYECKOTO TeYeHNUsI MOXKeT 3aI0JI-
HUTb OOJIBIIYIO YacTh KaHa/Ia (MM BeCh KaHalI), CO3/IaB TEM CaMBIM IIPOOKY.

[TocTaHOBKa 3ajauM O OBVDKEHMM MAarHUTOIPOBOJSALIE >KUIKOCTU B IIOCKOM
KaHaJle aHaJIOTVYHa ITOCTaHOBKe M3BeCTHON 3amayu [aprmana [9].

CxeMa Te4yeHUs >KUAKOCTU IIpUBeJeHa

V4

B Ha pI/IC. 1, roe HanpaBneHMe Te€4YeHNs COBIIA-
Ha€T C OCbhbIO X, KOOp).U/IHaTa Z OTCUMUTBIBA-
€TCA OT CepefVHbl KaHa/la IIMPUHON 2d.
I'pannita, momo)xeHMe KOTOPOI 3amaeTcs

~| S| 23ona mractugeckoro uz) paHi > P a
g TOUCHIIS X (byHKLU/IeI/I z(t), paspensder 30HY BI3KOTO
o h Te4YeHUA " 30Hy IIACTUYECKOTO Te4YeHUA.

30Ha BA3KOr0 T€YEHUs

BexkTop MHAYKUMM BHEUIHETO MarHUTHOTO

L B
nons B HanpasneH Bonb ocn Z.

Puc. 1. CxeMa TeYeHUA MarHUTONPOBO- HecraumonapHoe ypaBHeHue [BIDOKe-
[AIIet SKUIKOCTH B IVIOCKOM KaHaze mpy HVA, 3allICAHHOE PaHee JIA 30HBI I/IACTH-
HAJTUYWM TIOTIEPEYHOTO MaTHUTHOTO TIONA  YeCKOTO TedeHMs [8], B TaKOM Ciydae mmeer

BUJ,
du To
p— =P—-——0Bu. (2)
dt z
3necb z=2z(t) — ypaBHeHMe TpaHMILBI pasfiesia 30H; P — IUIOTHOCTb >KUJIKOCTH,
npefnonaraeMasi OCTOSIHHONM; U =u(t) — CKOPOCTb YXUIKOCTM B KaHane; P — mo-

CTOSIHHBIV TPafiyieHT JaB/leHNsA; G — IPOBOAVMMOCTD XIJKOCTH.
[IpuHAB B KadecTBe XapaKTEPHBIX ITapaMeTpoB Oe3pasMepHble KOMOMHALINY paHee

n n

~ < ~ To
PacCMOTPEHHbIX (U3NYECKMX BeMUNH Z=—, V = Uu—-, t=—-t, S=— (napa-
d Pd pd Pd

(¢
Mmerp CeH-Benana), H =Bd,|— (xpurepmit T'aprmana), samuireM ypaBHeHue (2)
n

B 6e3pasmepHoit hopme:
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dv N
—~=1—T—H2V. (3)

dt z
Ypasrenue (3) conep>xut aBe HensBecTHble PpyHKuMm V(£) n Z(f), KOTOpble He
SIBJIAIOTCSA TIO/THOCTBIO He3aBUCUMMBIMU [8]. B KadecTBe 3aBUCHMOCTH, CBA3BIBAOIIEN
byukumu z(t) u V(f), Bo3bMeM BbIpaKeHUE sl CKOPOCTU [BVKEHUS 30HBI IIIa-

CTUYECKOTO Te4eHs], IpuBefieHHoe B paboTe [9]:

1 1
V‘F(l_ch (H(1—2))j' @

[Topcrasnss (4) B (3), monydaeM ypaBHeHe

dz H (

S -
E—m —Ch(H(l—Z))—lj, (5)

z
oTIpefienAollee 3aBUCUMOCTb ITONOXKEHMUA T'PAHMUIIBI 30HBI IUIACTUYECKOTO TeYEeHMS
Z(f) OT BpeMeHM IPU 3a[aHHOM Ha4aJbHOM YCIOBMM (HAYa/lbHOM ITIOTIOKEHNY TPa-
Hunbl) Z(0) = Z,. C nomobio ypaBHeHu: (5) MOXKHO MCC/IE[OBATh IIPOLIECC U3MeHe-
HJS TPAHMIIBI 30HbI IUIACTUYECKOTO TedeHns z(f) B pesyibTaTe BO3LECTBUS CKad-
KOOOpa3HO (BHe3aIllHO) M3MEHUBIIETOCS MAarHUTHOTO IOJISA, IPU KOTOPOM IapaMeTp
l'aprmaHa ckaukoo6pasHo yBemuuBaercs ot Hy no H.

VcxopHoe mONMOXKEHME TPaHMIIBI 30HBI IIACTMYECKOro TedeHua z(0)=2z, B
Hava/Ib-HbI/l MOMEHT BPEMEHH, COOTBETCTBYIOIEE NMPEIIECTBYIOIEMY CTAIOHAPHOMY
cocrosumio Ipyu H = Ho, MO>XHO HaiiTit 13 (2), e IpUpaBHATD HYJ/IIO IPaBYIO YacTh —
CyMMY JEJICTBYIOIIVX CMJI — VI HEPeiTy K YKasaHHBIM BbIllle 6e3pasMepHBIM IIapaMeT-
pam.

B pesynbraTte nomy4nM ypaBHeH1e

Zy=Sch(H,(1-%)),

pelleHne KOTOPOTO HaXOAMIoCh rpadudecknm cnocobom. Hanpumep, npu Ho = 0,4 n
§$=0,2 zy=0,54.

Iliist ompenenenusi XapakTepa 3aBUCUMOCTH Z(f) ObUIO BBIMOJIHEHO YMCTIEHHOE
peurenne ypaBHenus (5) meropoM PyHre — KyTTbl 4eTBepTOro Hopsjka ¥ METOLOM
«IIPOTHO3—KOppeKIVs» (IporHo3 1o Asfamcy — bamgopry, koppekunsa mo Axamcy —
MynToHy, 3HaueHue MepBbIX LIeCTY TOYeK BBIYMUCIIATCA MeTofoM Pynre — KyTtTel det-
BepToro nopsaka) [10] mpu HavampHOM yemoBun Z(0) = Zo. IIpy aTom mar nHTerprpo-
BaHMS OJfHOLIATOBBIX METOROB Af, 3aBUCALIMIT OT 3HAYEHNMIT IIPABOIL YaCTH, BBIOPAH U3

0, yo)AE
YCIOBUA M <1 % u npunsT paBabiM 0,001.

Yo
Pe3y/bTaThl pac4eToB 3aBUCUMOCTH Z(f) JUIS HEKOTOPBIX 3HAYEHUIT TapaMeTPOB
S u H mnpepacraBieHbl Ha puc. 2 B Buje IpapyKOB, IO KOTOPHIM MOXXHO CYAUTH O
XapaKTepe U3MeHeHMsI TPaHMIIbI 30H C TeYeHIeM BPeMEeH.

ISSN 1812-3368. Bectaux MI'TY um. H.9. baymana. Cep. EcrectBennble Hayky. 2017. Ne 3 19



B.J. Bumnsaxos, C.M. Bumnsakosa, I1.B. [Ipyxuana

(%)

0,8 |-
1
0,6 o~
P Puc. 2. I'papuxn ¢pynkiym z(¢) npm Ha-
0,4 3 yanbHOM ycmoBum Hp = 0,2 M pasmmyHbIX
3HaueHUAX napameTpos H u S:

0.2 1— 3, =05 H=5S=052— 7, =0,5,

, , , H=2,8=053— 3, =02,H=5,5=0,2

0 0,05 0,10 0,15 r

3akmouenne. Bo3MOXXHOCTb HE3aBUCUMOTO PAaCCMOTPEHMsI TedyeHus] OMHTaMOB-
CKMX >XUIKOCTeN B BSA3KOM U IJIACTUYECKOI 30HaX B Iyockom MI'J]-kaHare 1mo3Bonm-
J1a OTIpefeNINTD MOJIOXKEHMEe TPAHNUIIBI MeXXy 30HAMM IIPU CKaYKOOOpasHO M3MEeHNB-
IIeMCsl BHEIIHeM MarHuTHoM Inojne. [ToydeHO TOYHOe ypaBHEHMe, ONpefersiolee
3aBMICUMOCTD IIVPYHBI 30HBI IVIACTMYECKOTO TeYEHMsI OT BPeMeHU IpPU Pas3IMYHBIX
3HAYEHMAX MHAYKIUY BHENIHETO MarHUTHOTO NO7s. [l BBIABIEHUs XapakTepa Jc-
KOMOJI 3aBYICUMOCTH OBUIO BBIIIOTTHEHO YJC/IEHHOE MHTEIPUpPOBaHEe YPaBHEHNA LA
HEKOTOPBIX 3HA4YEHMII IapaMeTpoOB. Pe3ynbTaThl NpencTaBleHbl B Bufie IpadyKoOB.
VccnemoBanus NOKasbpIBalOT, YTO NPV BHE3AIIHOM BO3PACTaHUM MarHUTHOTO IIOJIA
IIPOVICXOAMUT pe3Koe yBelIudeHVe IVPYHbBI 30HBI IJIACTUYECKOTO TeYeHNUA 3a JIOCTa-
TOYHO KOPOTKMII IIPOMEKYTOK BpeMeH!, HO IIePeXOJHbIN IpoLecC K HOBOMY CTaIly-
OHapHOMY COCTOSIHUIO 3aBeplIaeTcs 3a OeCKOHeYHOe BpeMs. AHaJIOTMYHbIe IIpolLec-
CbI HAO/TIOZJAIOTCA TIPY CKAYKOOOPasHOM M3MEHEHNM TPajiueHTa JaBIeHNS IIPU OTCYT-
cTBuM MarHUTHOTrO nonst (cM. pabotsr [6-8]). IIpenioxkeHHBIT MeTOS MOXeT ObITH
IpVYIMEHeH M/ OIlpefie/IeHUs MO/I0XKEHNS TPAHUIbI 30HBI IIACTUYECKOTO TeYEeHUs B
CIy4ae CKauKoOOpasHOTO yMeHbIIEHNI MHAYKI[MY BHEITHETO MarHUTHOTO MOJIA.
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Abstract Keywords

The study suggests a method for calculating the unsteady Rheology, conducting Bingham
flow of conducting Bingham fluid in a MHD channel. The  fluid, flat channel, magnetic field
method is based on the possibility for separate descriptions

of the flows in the viscous and plastic zones. The indepen-
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dent consideration of flows in viscous and plastic zones in
a flat MHD channel enables studying the behavior of the
boundary between the zones when an external magnetic
field is abruptly changed. We obtained the exact equation
that determines the dependence of the zone width of plas-
tic flow on the time and on magnetic field. Moreover, we
performed a numerical integration of the equation for
some values of parameters to identify the nature of the
searched dependence and gave the results in graphs. Theo-
retical analysis and numerical calculations show that the
sudden magnetic field increase causes a sharp increase in
the zone width of plastic flow in a short time period, but
the transition to the new steady state is complete in infinite
time. The proposed method allows determining the posi-
tion of the boundary of the plastic flow zone as a function
of time in the case of an abrupt decrease in the external
magnetic field induction
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B Mspatenpctee MI'TY nm. H.S. baymana
BBIIIIIO B CBET y4eOHOE II0COOME aBTOPOB
Havyana Tononoruu J1.B. Bryposoii, 3.H. bensanosoii

B NpyMepax U sagavyax

W.B. Bnyaoea, 3.H. bensaHosa

«Havyana romonorum B mpuMepax
M 3aavax»

PaccMOTpeHbI pasinyHble KIacCUIecKIe IPUMepPbI TOIO-
JIOTMYECKVX ¥ METPUYECKIX IIPOCTPAHCTB ¥ HENPEPhIBHBIX
oTO6paxkeHMit, ChOPMYINPOBAHBI BCe HEeOOXOMMbIe
TOIO/IOIMYECKIIE OIIpeieIeHNs U yTBepxKaeHs1. YuraTensim
[IPEIOKEHO CAMOCTOSITE/IBHO JI0Ka3aThb HEKOTOPBIE
CBOJICTBA YKa3aHHBIX BBILIIE TOIIOJIOTMYECKIIX I METPIUYECKIX
[IPOCTPAHCTB, @ B CIy4ae HEJOCTATOYHOI YCIEUIHOCTI
IIOIBITOK [O/TY9UTb STH JOKA3aTe/IbCTBA — Y3HATH IOAPOGHbIE
PELIeHNS IPEITIOKEHHBIX 3a/[ad.
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