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OCOBEHHOCTH I'IAPOAUHAMHUKHN 1 KOHBEKTHBHOI'O
TEIVIONEPEHOCA B OTKPBITOH SJIEKTPUYECKOU AYI'E BO BHEIIIHEM
AKCHAJIBHOM MATHUTHOM ITOJIE
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AHHOTanusA. B pamMkax HECTalIMOHAPHON TPEXMEPHON MOJIEIU MPOBEAECHO MOACIUPOBAHUE
OTKPBITOHN 3JIEKTPUYECKON yTH, KOTOPAasi TOPUT BO BHEIIHEM aKCHAJIbHOM OJHOPOJHOM MarHUTHOM
nojne. [lpennoskeH MOAM(PUUIMPOBAHHBIA «(CXEMHBIH» aHANOr (UIYKTyalud Iyl TeMIeparypbl
SNEKTPOHOB.  «CXeMHBII»  aHaJlOr  MO3BOJSIET  YWCJIEHHO  Peaju30BaTb  BUHTOBYIO
NPOCTPAHCTBEHHYIO (OPMY OTKPBITOH 3JEKTPUYECKOH AYTM TOCTOSHHOTO TOKA, TrOopsimed BO
BHEIIHEM aKCHaJbHOM MarHuTHOM mnone. Ilo pesynbratam pacueToB yCTAHOBJIEHO, YTO CTOJO
OTKPBITOM 3JIEKTPUYECKOH Iyrd NMPUHUMAET BUHTOBYIO MPOCTPAHCTBEHHYIO (OPMY M COBEPINAET
BpallleHne BOKPYT MPOAOJbHONW ocu. HampaBneHue BpauieHws 1ia3Mbl BOJIHM3M KaToja M aHONA
SIBJISIETCS] MPOTUBOMOJOKHBIM APYT APYTY.

B nonepe4HBIX ce4eHUSX AYrHM CKOPOCTb BPAILEHHUs IJIa3Mbl HEOAUHAKOBAs, & BEJIMYMHA
OTKJIOHEHMs OJJHOTO U TOTO JK€ y4aCTKa AYTH OT LIEHTPAJIbHON OCH U3MEHSIETCS] BO BPEMEHU.

Ecnu HampaBineHue BHEIIHErNO aKCHAJbHOIO MAarHUTHOIO MOJS COBMNAAAeT C aKCHAJIBHBIM
HaIpPaBJIE€HUEM TEYEHUs BJIEKTPUYECKOrO TOKA, TOrAa MPOCTPAHCTBEHHAs OpPUEHTAaLUs BUHTOBOM
Ayrd Kak LeJNOro SBJsIeTCS IMPaBOBUHTOBOW. lIpaBoBUHTOBas CTpykTypa AOyru (GopMHUpYyeTCs
HaIpPaBJIE€HUEM BPALICHUs TOTOKOB IJIa3MBl.

BunToBast popma OTKpBITOH Iyru HE SIBISIETCS] TOCTOSIHHOM U M3MEHseTCs BO BpeMeHu. [1o-
BUIUMOMY, OTKpBITasl Oyra BO BHELIHEM AaKCHAJIbHOM MAarHUTHOM IOJIE HE MOXKET COXPaHATH
CTa0MIIbHYIO U HEM3MEHHYIO BUHTOBYIO (hOpMY.

KaroueBbie cjioBa: OTKpbITas SJEKTPUYECKas Ayra, BHELIHEE aKCHAIbHOE MarHUTHOE TIOJE,
YHCICHHOE MOJIEIMPOBAHNE, BUHTOBAasA (hopMa cToN0a AYTH.

PECULIARITIES OF HYDRODYNAMICS AND CONVECTIVE HEAT TRANSFER
IN OPEN ELECTRIC ARC IN EXTERNAL AXIAL MAGNETIC FIELD
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Abstract. In the framework of a nonstationary three-dimensional model, an open electric arc
is simulated, which burns in an external axial magnetic field. A modified "schematic" analog of the
fluctuations for the electron temperature is proposed. The "schematic" analog allows numerically to
realize the helical spatial form of an open electric arc of a direct current burning in an external axial
magnetic field. According to the results of calculations it is established that the column of the open
electric arc assumes a helical spatial form and rotates about the longitudinal axis. The direction of
rotation of the plasma near the cathode and the anode is opposite to each other.

In the cross sections of the arc, the rotation speed of the plasma is not the same, and the
magnitude of the deviation of the same section of the arc from the central axis changes with time.

If the direction of the external axial magnetic field coincides with the axial direction of the
current flow, then the spatial orientation of the helical arc as a whole is right-handed. The right-
handed structure of the arc is formed by the direction of rotation of the plasma streams.

The helical shape of the open arc is not constant and varies with time. Apparently, an open
arc in an external axial magnetic field can not maintain a stable and unchanged helical shape.

Keywords: open electric arc, external axial magnetic field, numerical modeling, helical
shape of arc.

Beeaenue. DnexTpoAyroBoil pa3psii BO BHELIHEM aKCHAJIbHOM MAarHUTHOM IOJi€ HaXOAWUT
IMPOKOE IPUMEHEHNE B PAa3IMUHBbIX 00NAcTsiX Hayku U TexHukH [ 14, 10, 7] 1 BbI3bIBa€T HAYYHBIN
U mpakTudeckuii mHTepec [S5, 12, 6, 2, 1]. M3BecTHO, YTO MNPOTSHKEHHAs 3JEKTPUYECKas Iyra
JUTMHOW B HECKOJIBKO CAHTUMETPOB M 0OJIe€ MOXKET OTKJIOHATBHCS OT LMJIMHAPUYECKOH CUMMETPHU
U TIPUHUMATh BUHTOBYIO dopmy [8, 9, 4].

B pabortax [3, 13] BBINONHEH YHUCIEHHBIA pPACUYET XaPAKTEPHCTUK SJIEKTPUIECKOH IyrH
MOCTOSIHHOI'O TOKA, TOpsillied B LMJIUHAPUYECKOM KaHaje B OAHOPOAHOM BHEIIHEM AaKCHUAJIbHOM
MAarHUTHOM TOJIE.

Lenpto  Hacrosimed  paboThl  SABNSETCS  YHUCICHHOE  MOIETUPOBAHHE  OTKPBITON
3JIEKTPUYECKON AYrH MOCTOSHHOTO TOKA, FOPsILIEN BO BHELIHEM AKCHAJIbHOM MarHUTHOM MOJIE.

IloctanoBka 3agaum M MaTeMATH4YeCKasi MoOAeJb. PacCUnThIBAe€TCS  OTKpbITas
3JIEKTPUYECKAasl Jyra TMOCTOSHHOrO ToKa / pamuHOW [ B aproHe aTrMoc(epHOro MaBJICHUS B

OJTHOPOAHOM BHEIIHEM aKCHaJIbHOM MarHUTHOM mone H fﬂ (puc.1). Katomom 1 aHOAOM SIBJISIFOTCS
LIIMHAPHYECKHE rPaUTOBBIE CTEPIKHA OIMHAKOBBIM PAIUYCOM 7'p = F,.

G ¥ = F
_F ir.:rr
I/ o %

i

A D

Puc.1. Cxema pacueTHoli 00nacTy B BUe NpsiMOyrojbHOro napaenenunena ABCDEFGH
B IGKAPTOBBIX KOOPJMHATAX X, Y, Z IJIS1 OTKPBITON 3JEKTPUIECKOHN OYTH C [MIIHHAPHIECKUM
kaTofoM (—) u aHogoM (+). [IyHKTHpHAs TUHUS - - - HEHTPaJIbHAS OCh IyTH.
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HecramuoHapHyto TpexXMepHYIO CUCTEMY YPaBHEHUU 3JIEKTPUIYECKON TyTH B MPUOIMKEHUN
moaenu YITP nnasmel 3anumem B Buze [3, 13]:

ypaBHEHHE HEMPEPBIBHOCTH ra3a TSAKEJIbIX YaCTHI

9P+ div(pV) = 0, (1)
ypaBHEHHE HEMPEPBIBHOCTH ra3a 3JIEKTPOHOB
a(;\ie +div(N.Ve)=R,, (2)
ypaBHEHHE COXPAHEHHUS SHEPTUH ra3a 3JIEKTPOHOB
%(% kT.N.) + div(% ks TN.Ve) = div(dgrad 7)o — y— B(T,—T) - U,R.. 3)
ypaBHEHUE COXpaHeHI/Iﬂ DHEPIUU ra3a TSKEJIbIX YaCTHLL
82 3 kg T(N; +Na)+d1V[ kg T(N+N,)V] = div(Agrad +B(1.-1), 4)
ypaBHeHue OanaHca I/IMl'Iy.]'Ibca rasa BJIOJIb OCell KOOPAMHAT X, Y, Z
0 pu + div(pVu) = div(ugradu) _8_P+ Lo(jxH), + sy H(0—p)g, (5)
opv P

Py + div(pVv) = div(ugradv) ———+uo(jxH), + s, (6)

y

o pw opP

P +div(pVw)= dlv(,ugradw)— — + wo(jxH), + s, (7)
ypaBHeHUs1 MakcBesa:
rotE=0, rotH=j, divH=0, (8)
3akoH Oma B 0000ImeHHoH popme
Ho(VexH)HE=j/oH(uo(jxH)—gradPc)/g.Ne, )
3akoH JlanbTOoHa
PlkgT=N~+N,+N.T,T. (10)

IIpuHATO, YTO DSIEKTPOAYroBas IIa3Ma SIBJSIETCS  OAHOKPATHO  HMOHM30BAHHOM,
KBa3MHEUTPAIbHOH, TeYeHHE JIaMHUHApPHOE, MJO3BYKOBOE, M3Jy4eHHE O0BEMHOE;, BSI3KOH
IUCCUTIAIINEN SHEPTUU NpeHeOperaercs, MPUIJIEKTPOIHBIE MPOLIECCH HE paccMmarpuBaroTcs. Ilpu
3amUCH YPAaBHEHUN UCTIONB30BaHbI 00menpuHsaThie 0003HaueHus 3, 13].

Koadpdunmentel nepeHoca u Teruiopu3N4eCKue CBOWCTBA HEPABHOBECHOW AaproHOBOH
TMJIa3Mbl PACCUUTHIBAIOTCS B COOTBETCTBUU C METOAUKOM [15].

DNeKTpOMarHuTHasl 4acTb 3a7a4ud peLIaeTcsl B MEPEeMEHHBbIX @ — A, Ile ¢ — CKaJsApHBIN
NoTeHIMaa daekrpudeckoro nonst E = — gradp, A — BEKTOpHBIN MOTEHI[MAT MArHUTHOTO IIOJI,
ceszannbiil ¢ H coorHomennem rotA=H.

MeTtoa uucaeHHoro pemenusi ypasHenuil. Crneays meroauke [11] cucrema ypaBHeHUM
(1-10) mocne HECHOXKHBIX MpeoOpa3OBaHUN 3aMMCHIBACTCS B BUAE OOOOIIEHHOrO YpaBHEHHS,
nuddepeHnranbHas GopMa 3aUCH KOTOPOTO UMEET CJ'IeI[YIOH_II/Iﬁ BI/I,[['

cop® 8,Bpud> oppv® 8,5 wd 0
e e T SR ()
ot ox oy Oz
rne @ — ogHa U3 HEM3BECTHBIX: IV, T > T, u, v, w, o Ax, Ay, A.. 3HaveHus K03 HUIHEHTOB «,

S, v, 0 3aBUCST OT CMBICJIA TIepeMeHHOU D.

Uucnennoe pemenue obodmenHoro auddepenunanpHoro ypasHenus (11) mpoBoautcs
METOAOM KOHEUYHBIX Pa3HOCTEH, KOHEYHO-PA3HOCTHAS AIMPOKCUMALINS OCYIIECTBIIETCS METOAOM
KOHTPOJBHOTO 00BeMa 1O HESBHOH pPa3HOCTHOH cXeMe, IUHAMHUYECKHE IePEeMEHHBIC
«CKOPOCTb—JaBJICHUE» pacCUUTBhIBaIOTCA B pamkax anroputMa SIMPLE’R [11]. I'panuunbie u
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HayvaJbHbIE YCJIOBUS AJIS PELIeHUs] ypaBHEHUI JeTalbHO U3J10kKeH ! B [3, 13].

B macrosmeidi pabore s pacdyera OTKPBITOM 3JIEKTPUYECKON IOyrd BO BHEIIHEM
AKCHAJIPHOM MArHUTHOM IIOJIE HCIOJNB3YyeTCsl MOAM(DUIMPOBAHHBIA «CXEMHBII»  aHAJIOT
baykryauii st TeMneparypbl 31eKTpoHOB [ 13]. s kakaol y3J10BOM TOYKH U OKPYIKAOLINX €€
YeThIpeX COCENHMX TOYKAaX B IUIOCKOCTH )J—Z «CXEMHBIH» aHalor (IyKTyauuid TeMIepaTypsl
3JIEKTPOHOB AYTOBOM IJIa3Mbl ONPENETSAETCS CAEAYIOIUMH YCIOBUSIMU:

mEn

ecn T-< Ty Torma I:=T: (15)

ect 1.2 T7 tTormal.=1,

B Hacrosmeii pabore ucnonb3yrorest 3Hauenus 1= 3,5 kK u 7,"" =3 kK.
O6cyxaenne pe3ybTaTOB pacyera. PaccuutbiBaeTcs OTKphITasd 3JEKTpUUEcKasi Ayra
cunoit Toka [ = 40 A u giousoit L = 30 MM, ropsias B OJHOPOJHOM BHEIIHEM aKCHAJIbHOM

MarHUTHOM TIOJie¢ BeIU4YHHOW / fxf: 10 kA/m (cm. puc.1). PaccmarpuBaroTcsi rpaduroBbie

3JIEKTPOJIBI C TOPLIEBOH TOKOBEAYIEH OBEPXHOCTHIO OJMHAKOBOTO pannuyca #, =1, = 1 MM.
Pacyersl mpoBoAsITCA HAa MPSIMOYTOJIBHONW CETKE C MOCTOSTHHBIM M OJWHAKOBBIM IIarOM BO

Bcex HampasyeHIsIX A = Ax = Ay = Az = 0.5 MM, 3Ha4€HHE BPEMEHHOTO 1ara paBHO T = 10 c.
Brauane 1o BpIXO#A XapaKTEPUCTUK IyTH HA CTALMOHAPHBIA PEKUM, pacdeT MPOBOAHTCS

Ext
0e3 BHEIIHEro akCHajJbHOrO MarHuTHoro momns, t1.e. H,” = 0. Ha puc.2a mokasana kapTuHa

TE€YeHUs IJIa3Mbl B BEPTUKAJIBHOM IUIOCKOCTH X-Z K MOMEHTY BpeMeHU [ = 35 Mc, KOorja yxe
OOCTUTHYT CTAllMOHApHBIA pPEeXUM TopeHuss nyru. Ha puc.20. mnpuBemeHoO pacdeTHoOe
pacripeneneHne NpoCTPaHCTBEHHOHN (POPMBI CTOJIO0A TyTH.

[MosicanMm, uTo M1 rpaduIecKoro N300paKEHHUsT PACYETHBIX XAPAKTEPUCTUK HCIIONB3YETCs
naker Wolfram Mathematica. OTc4er B HalpaBJIEHHH OCH X BEIETCSI OT MOBEPXHOCTH KaTona (—),
OTCYET B HAMPABJICHUSIX OCEH y, Z BEIETCS OT LEHTPaAbHOU ocH (cMm. puc.1).

Ha puc.26 u mocnenyrommx pucyHkax ¢opma cronda ayru sisercs: 3D-moBepXHOCTHIO,
orpaHn4eHHoN 3HaueHneM temneparypsl 7' = 3 kK. Hanmpasnenne o63opa 3D-cronba nyru BeiOpaHo
NEePNEHANKYISAPHBIM  IUIOCKOCTH X—Zz. I3 pucyHka BHAHO, YTO CTONO IOYrH SIBIISETCS
OCECUMMETPUYHBIM, U UMEET IUIa3MEHHBIN NUCK B CPEIHEM CEUEHUH NPU X = 15 Mm.

B nanpHelimeM, HauWHAas C MOMEHTAa BpeMEHU [ = 35 MC NPUHATO, YTO Ayra FOPUT B

OJHOPOJHOM BHELIHEM AKCUAJIBHOM MAarHUTHOM IOJI€ BENIWYMHON H fxf: 10 xA/m. Ha puc.3

MOKa3aHa 3BOJIOLHS TPOCTPAHCTBEHHON (pOpMBI cTONI0A OYTH HA MHTEpBaje BpeMeHu Af = 35.5 +
37 mc. BugHo, uro cron® ayru pedopMupyercss M 3a OTHOCHUTENBHO KOPOTKHH MPOMEKYTOK
BpeMeHU Af = 2 MC NPUHHMAET YETKO BBIPAXKEHHYIO BUHTOBYIO ¢opmy. Ilpu 3TOM ydacTku ayrwy,
NpUIEraloiyue K 3JIEKTPOJaM Ha PAacCTOSHUU OKOJO 5 MM, nedOpMHPYIOTCS BecbMa
HE3HAUUTENIbHO. OTOT pPEe3yJabTaT COINIacyercsi C 3KCHOePUMEHTOM [9], 4To B NpOAOJbHOM
MarHUTHOM TI0JI€ CaM CTOJIO AYTH SIBISIETCS HEYCTOHYNBBIM.
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Puc. 3. Usmenenue popmel cTonda nyru Ha uHTEpBasie BpeMeHu Af =35.5 + 37 mc.
=40 A, L=30mm, H =10 xA/m.

AHamu3 pe3ysNbTaTOB  IMOKAa3bIBaeT, dYTO BHHTOBas (Gopma ayru  Qopmupyercs
0COOEHHOCTSIMH KOHBEKTHBHOTO MEPEHOCA TEIUIa MOTOKaMH IIa3Mbl. BekTopHoe nosnie ckopoctu V
IUTa3Mbl B BEPTHKAJIBHOM CEUEHUH X-Z, & TaK)Ke BOJM3HM KaToAa U aHOAA B MOMEPEYHOM CEUEHHH )-Z
noka3aHo Ha puc.4. BugHo, 4TO Hapsay ¢ akCHAJIbHBIM TIOTOKOM IUIa3Mbl (pUC.4a) UMEET MeCTO
BpallaTeIbHOE NBIDKEHUE TUIa3Mbl BOKPYT MPOAOJbHON ocu nyru (puc.40,8). Ilpu sTom camo
BpAILIEHNE TUIA3MbI B MTOMEPEYHBIX CEUCHUSX AYTH HE SIBJISIETCS] OCECUMMETPUYHBIM. BpamarensHoe
IBUKEHHUE MPOUCXOIUT B pe3ysibTare Bo3aecTeus cuiibl Amriepa Fq ~ (jxH) Ha TOKONPOBOASAIIYIO
iasMy. JInHelHas CKOPOCTh BPAIIaTENbHOTO ABIKEHUS] COU3ZMEPHMA CO CKOPOCTBHIO aKCHAJIBHOTO
MOTOKA M OCTHTaeT 0Kojio 35 m/c. OTCyTCTBHE OCEBOM CUMMETPHH MMIPOAUMHAMHYECKOTO TEUCHUS
iasMbl  OOYCJIOBJIEHO BO3AEHCTBHEM «CXeMHOro» anajora Quykryanuit (15), KoTOpbIi
TeHEpHUPYeT CIy4YalHbBIM O00pa3oM aCHMMETPHIO PacCHpenesieHHs TEMIepaTypbl 3JEKTPOHOB U
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APYrux XapakTepucTuk ayru. IIpm 3TOM B pas3IMYHBIX MONEPEYHBIX CEYEHUSIX OYTH CKOPOCTH

BpaLleHWs1 TUIa3Mbl OTJMYAIOTCS JAPYr OT npyra. B pesynerare BO3meicTBUS 3THX (PaKTOPOB

BO3HHUKAET HE OCECUMMETpUYHAs AedopMarust ctoida Ayry, ¥ Ayra MPUHUMAET BUHTOBYIO (popmy.
(a) (6)
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Puc.4. IlenTpanpHble pparMeHTHI BEKTOPHOTO MO CKOpocTu V rasa:
(a) — B BEpTUKAIBHOM C€4E€HUH X-Z. (0) — B MOMEPEUHOM CEUEHUH V-Z Ha PACCTOSHUU 5 MM
ot karoza (—), (B) — B IOMEPEYHOM CEUECHUH )-Z HA PACCTOSTHIH S5 MM OT aHozxa (+)
(ock x HampaBieHa BHYTPb PUCYHKA). = 37 McC.

Ecnu HampaBneHue BHEIIHEr0 aKCHAJbHOTO MATHMTHOTO IOJIS COBMANAET C aKCHAJIBHBIM
HANPaBJICHUEM TEYEHHUS HJIEKTPHUUYECKOrO TOKA, TOr/a MPOCTPAHCTBEHHAs] OPUEHTAMs BUHTOBOM
OyTd Kak nenoro (cM. puc.3) sIBISETCS MPaBOBUHTOBOH (IO 4acoBoil crpeinke). IIpaBoBHHTOBAsS
CTPYKTypa Ayru (OPMUPYETCS HAPABICHHUEM BPAILEHUs TOTOKOB IIA3MBL

B obnactu xaroma cton® nyru BHH3 MO TOTOKY HECKOJIBKO pacmuupsiercst (cMm. puc.2). B
S5TOM Cllydae paauajbHas KOMIIOHEHTa IUIOTHOCTH 3JIEKTPHUYECKOrO TOKa j HampaBlieHa OT
LEHTPaIbHOH ocHu Ayru K mepudepun (puc.S5a). HamomMHuM, 4TO B MaTeMaTH4eCKON MOAENH 3a
HAIPaBJICHUE 3JIEKTPUYECKOrO TOKA MPUHATO HAINPABJICHUE IBUKEHUS 3JIEKTPOHOB OT Karoaa (—) K
aHoxy (+).

BsaumopetictBie paanaabHONH KOMIIOHEHTHI TUIOTHOCTH TOKA C BHEIIHUM AaKCHAIBHBIM
MarHUTHBIM TIOJIEM TOpoXknaer cuiy Ammnepa F4, HapaBISHHYIO B MONEPEYHOM CEYEHHUU V-Z TIO
KacaTeJbHOH K CTOJNOY Ayrd mpOTHUB 4YacoBOM crpenku (puc.56) (mpasmio neBoit pykm). B
pe3yJbTaTe aKCHAJIbHBIA MOTOK AYTOBOHM IUIa3Mbl COBEPIIAET BpaIaTeNbHOE ABMKEHUE TPOTUB
yacoBOl crpenku (cM. puc.40). Takol xapakTep T€YEHUs IJIa3Mbl BOJIM3U KATOJA M HAMPABJICHUE
TeIuIonepeHoca 00yCIOBINBAET MPABOBUHTOBYIO OPUEHTALMIO yTH.
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Puc.5. BekTopHbie moisi: (a) — MIIOTHOCTH 3JICKTPUYECKOro TOKa J, (0) — crbl Ammepa Fuy
B TIONIEPEYHOM CEYECHUH y-Z HA PACCTOSIHIM 5 MM OT KaToAa.
(ock x HampaBieHa BHYTPb PUCYHKA). = 37 McC.

ITo mepe mpubmmwkeHHss K aHOMy CTONO AYrHM W paguasibHas KOMIIOHEHTa IUIOTHOCTH
SJICKTPUUYECKOTO TOKA HAIpaBJIeHA OT mepudepun K HeHTPaNbHON ocu ayru. Bo3melicTBre CHITBI
Amniepa TPUBOAWT AYTOBYIO IUIA3My BO BpAalNaTeNIbHOE ABM)KEHHE IO YaCOBOW CTpeike (CM.
puc.48). [TonoOHbII XapakTep TEUEHUs] U HAIMPaBICHHUE TEIJIONepeHoca BOMM3HM aHoaa popMHUpyeT
NPaBOBHHTOBYIO OPUEHTALIUIO TyTH.

AHamu3 pe3yNbTAaTOB IIOKA3bIBAET, YTO BpaLlEHHE IUIa3Mbl BOJU3U SJEKTPONOB (CM.
puc.40,B) COMPOBOXKIAETCS KOHBEKTUBHBIM TEIUIONEPEHOCOM M OOYCIOBIMBAET BpAaLICHHE
TerioBoro nojs ayru. Ha puc.6. nokasaHo pacnpeneneHue TemnepaTypbl /' mia3mbl B pa3iuuHble
MOMEHTBl BPEMEHHU ! B PA3IMYHBIX TONEPEYHBbIX CEYECHUSAX AYyrd. BHUOHO, YTO BpamareabHOe
IBW)KEHHE AYTOBOM IIa3Mbl 00saaeT psiioM ocobeHHOCTel. Bo-iepBhIX, HAaNpaBJIeHHE BPAIIeHUS
TUTa3Mbl BOJIM3H 3JIEKTPOIOB SIBJISIETCS MTPOTHBOIOIOKHBIM IPYT APYyTry. Bpammenue TerioBoro mosus
Oyrd Ha pacCcTosHMsAX SMM W 10 MM OT Karoma MPOUCXONUT NPOTHB YacOBOH CTpenku (CM.
puc.6a,0). OnHako BOMM3M aHOoAa HAOMIOAAETCS MPOTHBOIOJIOKHOE HATIPABJICHHE BPAILIEHUS — IO
yacoBol crpenke (cMm. puc.6B,r). Takoe HampaBiieHHE TEIUIONEPEHOCa BOJM3H 3JIEKTPOIOB
00yCJIOBIIEHO XapaKTepOM TEUEHHUS TUTa3Mbl (CM. pHc.40,B) B pe3yiibTaTe CHIIbI AMIIiepa.

Bropass 0cCOOEHHOCTH COCTOMT B TOM, YTO B IMONEPEYHBIX CEUEHHSIX OYI'H CKOPOCTh
BpallleHHus1 IUIa3Mbl HeoAWHakoBas. Hampumep, Ha wuHTepBase BpemeHu Af = 58+60 mc Ha
paccTossHUU SMM OT Katoza (cM. puc.6a) TemIoBoe MoJje Jyrd COBEPIIAeT MPUMEPHO OAUH 000pOT.
Opnnako, Ha paccrosHuu 10MMm oT karoma (cMm. puc.60) mepuon oOpalieHHsl YK€ HECKOJbKO
MmeHblne. [IpuMepHO Takasi ke CHTyauusi ¢ Pa3UYHON CKOPOCTBIO BpalleHWs: HaOJromaeTcs: Ha
y4acTKe IyTH CO CTOPOHBI aHONA (CM. pUC.6B,T).
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75
Puc.6. Pacnipenenenue temmnepatypsl 7 1yru B pa3aniHble MOMEHTHI BpEMEHH / B
Pa3IMYHBIX TOMEPEYHBIX CEUSHHSIX )-Z: cTober (a) — SMM oT karoaa, (6) — 10mm ot katoxa, (B) —
10mMm ot aHoza, (T) — SMM oT aHoxa. CTpenaKamMH yKa3aHO HAPaBJICHUE BPAICHUS.

Tperbst 0COOEHHOCTh BPAINATENBHOTO IBIKEHMS IJIa3Mbl COCTOUT B TOM, YTO BEIMYHHA
OTKJIOHEHHS OZTHOTO U TOTO € y4acTKa Iyrd OT LEeHTPaJIbHOM OCH HEOAMHAKOBAasl BO BPEMEHU.

[Tepeuncnennsle (HakTOpbl MPUBOASAT K TOMY, YTO BHHTOBas (popMa AyTrW Kak LEJIOro He
SBJIIETCSI TIOCTOSIHHOM M U3MeHsiercsi BO BpeMmeHu (puc.7). Ilpm sTomM Kakas-nmmOo siBHas
3aKOHOMEPHOCTh M3MEHEHHs] BAHTOBOH (POPMBI IyTH HE TIPOCIIEKUBACTCSL.

OTtmeruM, 4TO 1O pe3yiabTaraMm pacuera [3] BuUHTOBas ayra B KaHalle 3aHUMaeT
(buKCHpPOBaHHOE MOJOXKEHIE U HE BPALLAETCsL.

MoOXHO NPEAnONOXKUTDb, YTO AJII OTKPBITOM 3JIEKTPUYECKOM IyrH, ropseld BO BHEIIHEM
aKCHAJIbHOM MAarHUTHOM I10JIe, CTa0MIbHAst BUHTOBas (popMa Ha MPAKTUKE HE PEATH3YETCs.
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Puc.7. OBomonus Gopmsl cronda ayru Ha nHTEpBae BpeMenn Af = 60+65.5 mc.

3akroyeHue. BrIMoNHEHO 4YMCIEHHOE MOJAETUPOBAHUE OTKPBITON 3JIEKTPUYECKOW Iyru
MOCTOSTHHOT'O TOKA, FOpsILIEd BO BHELIHEM aKCHAJIBHOM MAarHUTHOM MOJIE.

Ilo pesynapraTaM pacdeToB YCTAHOBJEHO, YTO CTOJNO OTKPBITOH 3JIEKTPUYECKON IyTrH
NPUHUMAET BUHTOBYIO MPOCTPAHCTBEHHYIO (POpPMYy M COBepIIAaeT BpalIEHHE BOKPYT MPOIOJBbHON
ocu. HanpaBneHne BpalieHus 1ia3Mbl BOJM3HM KaTOJa U aHOJA SIBISIETCS TIPOTHBOMOJIOKHBIM APYT
ApYyTY.

B nonepeyHBIX ce4eHUSX AYrHM CKOPOCTb BpAILEHHUs IIa3Mbl HEOAUHAKOBAs, & BEJIUYMHA
OTKJIOHEHMSI OJTHOTO U TOTI'0 JK€ y4aCcTKa AYTd OT LIEHTPAJIbHON OCH U3MEHSETCS BO BPEMEHH.

BunroBast popma OTKpBITOH Iyry HE SIBISAETCS OCTOSIHHOM U M3MEHsETCs BO BpeMeHu. [1o-
BUJIUMOMY, OTKpbITas Oyra BO BHEIIHEM AaKCHAJIbHOM MAarHUTHOM IOJIE HE MOXKET COXPaHATH
CTa0MIIbHYIO U HEM3MEHHYIO BUHTOBYIO (hOpMYy.
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