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Ha nmpuxnani MoaensHol 3aadi po3rVISTHYTO BIUTHB HaBKOJIMIIHIX IPOBIIHUX Tl Ha 30MpaHHS 3apsLKCHUX
YaCTMHOK IUIA3MM INPOBITHUM wuIiHapoM. L{immo crarTi € JOociimkeHHs BIUIMBY OJIM3bKO PO3TAIIOBAHOIO
IPOBIAHOTO TijIa Ha 30MPaHHS I0HHOTO CTPYMY 3apsPKEHHM LIIIHAPOM IPH MONEPEIHOMY OOTiKaHHI HaJ3BYKO-
BUM [OTOKOM 0e33i1ITOBXyBalbHOI HeizoTepMiuHoi mia3mu. Ha ocHOBI [BOBHMIipHOI crcTeMHu piBHAHB BiacoBa—
ITyaccoHa TpOBEAEHO MOMEIIOBAHHS IIONEPEYHOrO OOTIKaHHS HAJ3BYKOBHM BIIBHOMOJEKYIIPHHM IIOTOKOM
IUIa3MH CUCTEMH HECKIHYEHHO JOBrHX Till "HMIiHAp — cMmyra'. 3amady po3B’si3aHO KiHUCHO-Pi3HULIEBUM METOIOM
YCTAQHOBJICHHS 3 PO3LICIUICHHSM 32 (hi3MYHIMH IIPOLIECaMU Ha BKIIAJECHNX ciTKaxX. [Ipn po3paxyHKy BiJUITOBXYO-
4Oro EJICKTPOHH JIOKAJIbHO PIBHOBaXXHOTO CaMOY3TODKEHOTO EIEKTPHYHOIO IOJs BHKOPUCTAHO HAOIIMKEHHS
ITyaccona—BosnbpimaHa 3 MOAEIBHUM PO3HO/IIJIOM KOHIEHTPALIii eleKTpoHiB. IIpOBeaeHO aHai3 KapTHHH BiIBHO-
MOJIEKYJIIPHOrO OOTIKAHHS HEI30TEPMIYHOI0 IUIA3MOI0 CHCTEMH MPOBIAHUX Tin "miutiHAp — cMyra”. BBemeHo
YHUCJIOBI MapaMeTpH, L0 BHU3HAYAIOTh OCOOJMBOCTI OOTIKAHHS PO3IJISIHYTOI CHCTEMH Tl 1 30MpaHHS CTPyMy
TiHApoM. Po3paxoBaHo i0HHI CTpyMH Ha 3aps/DKEHUI WIUTIHAD, [0 O0TIKAETHCS MOMEPEUHO, B 3aJIEKHOCTI Bi
HOro MOTeHIiay, CTyIeHs Hei30TepMIiYHOCTI IUIa3MH1 Ta PO3TAIIyBaHHS LIUIHAPA BiTHOCHO IPOBiIHOI OBEPXHI,
1[0 3HAXOJMUTHCS IMiJl MOTEHI{iaIoM, OJIM3bKUM 0 IIaBalOYoro. 3a pe3yldbTaTaMH YHCIOBOIO MOJCTIOBAHHS OT-
PUMaHO KINBKICHI XapaKTEpHUCTHKU BIUIMBY IPOBiIHOI ITOBEpXHI HA 30WpaHHS 10HHOTO CTPyMY 3apsIKEHHM
LIJTIHAPOM. Pesynmbratt MOXKYTh OyTH BHKOPHCTaHI IIPH PO3pOOLI B3a€EMOAIIOUUX 3 MIOTOKOM HU3bKOTEMIIEPATyPHOI
PO3pIDKEHOI ITa3MU HAyKOBHX 1 TEXHOJIOTIYHUX iarHOCTUYHMX IPHIIANIB, IIPOESKTYBaHHI €IEMEHTIB KOHCTPYKLIH
MEePCHEKTHBHUX KOCMIYHHX ArapariB Ta CHCTEM.

Kniouosi cnosa: nomix pospiodicenoi HeizomepMiuHoi naazmu, nonepeure 0OMiKaHHs cucmemu min "yui-
HOp — cmyaa”, cucmema pisnanb Bracosa—Ilyaccona, memoo poswenients, 8KIa0eHi CimKu, po3paxyHKu iOHHO20
CMpPYMY HA YULHOP NOOIU3Y NPOBIOHOT NOGEPXHI.

Ha npumepe MoziebHOM 3a1a4M PACCMOTPEHO BJIMSHUE OKPY)KAIOLIMX HPOBOMALIMX TENl HA cOOMpaHue 3a-
PSKEHHBIX YaCTHI] TUIA3MbI TIPOBOASAIINM IMIMHAPOM. Llebro cTaThn sABISETCSA MCCIIENOBAHHE BIMAHUA OJIM3KO
PACIOJIOKEHHOr0 IPOBOJIAIIEO TeNa Ha COOMPAHME HOHHOIO TOKA 3apsUKEHHBIM LIMJIMHIPOM IPH IONEPEYHOM
00TEeKaHUN CBEPX3BYKOBBIM MOTOKOM OECCTOIKHOBUTEIRHON HEN30TEPMHUYECKOi maa3Mel. Ha ocHoBe 1BymMepHOi
cucreMsbl ypaBHeHuii BiacoBa—Ilyaccona npoBeneHO MOZENHPOBAHUE MONEPEYHOro OOTEKaHMs CBEPX3BYKOBBIM
CBOOOJHOMOJIEKYIAPHEIM TOTOKOM TIIa3MBbl CHCTEMBI OECKOHEYHO JUIMHHBIX Ten "IMamHAp — monoca. 3amada
pelIeHa YMCIEeHHO KOHEYHO-PA3HOCTHBIM METOJIOM YCTaHOBJICHHMS C PACIIEIUICHHEM MO (pU3UYECKHM IIpoleccaM
Ha BJIOXEHHBIX ceTkax. [Ipy pacdere oTTaJKMBAIONIETO 3J1EKTPOHBI JIOKATFHO PAaBHOBECHOTO CaMOCOTJIACOBAHHO-
TO DJIEKTPHYECKOTrO IOJIA UCIONb30BaHO mpuOmmkenue ITyaccona—bonbliMana ¢ MOJENBHBIM pacHpesieleHHeM
KOHIIEHTPAIIUH 3IeKTPoHOB. [IpoBesieH aHamM3 KapTHHBI CBOOZHOMOJIEKYIISIPHOTO 00TEKaHUs HEM30TEPMUYIECKO
IIa3MOI CHUCTEMBbI MPOBOASAIIMX Tel "HWIMHAD — nosioca". BBeneHbl YMCIIOBBIE MapaMeTphl, ONpENeNsIoNne
0COOEHHOCTH 00TEKaHUsI pacCMaTPHBAEMON CHCTEMBI Tell M COOMPaHMS TOKAa IMIMHAPOM. PaccunTaHbl HOHHBIE
TOKHM Ha MONEePeYHO 0OTEeKaeMblil 3apsHKEHHBIH IMIMHIDP B 3aBUCHMOCTHU OT €ro IOTEHIHAlIa, CTEeHH HeH30Tep-
MHYHOCTH TUIa3Mbl M PACIIONOXKEHHS IIMHAPA OTHOCHUTENHHO TPOBOAAIIEH ITOBEPXHOCTH, HAXOMSIMIEHCS IT0N
HOTEHIMANOM, OJIH3KUM K IUIaBaioniemMy. I1o pesynbTaTaM YHCIEHHOTO MOJIEIHPOBAHHUS IIOIYYEHBI KOITHYECTBEH-
HBIE XapaKTePUCTUKH BIMSHMS MPOBOAIIEH ITOBEPXHOCTH HAa COOMPAHHWE MOHHOTO TOKA 3apsKEHHBIM I[HIIMH-
JpoM. PesynbTaTbl MOTyT OBITH HCIIONB30BaHbI IPU Pa3padOTKe B3aHMOIEHCTBYIOIIMX C IIOTOKOM HH3KOTEMIepaTyp-
HOI pa3peXEHHOH IIa3Mbl HAYIHBIX M TEXHOJIOTHIECKUX AUATHOCTHYECKHX TIPUOOPOB, TIPOSKTHPOBAHNH SIEMEHTOB
KOHCTPYKIIHi HEePCIEKTHBHBIX KOCMHYECKHX alNapaToB U CUCTEM.

Kniouegvie cnoea: nomox paspesicennoil nHeuzomepmuueckoll niasmvl, nonepeuHoe obmexauue cucmemvl
men "yununop — nonoca", cucmema ypaenenuti Bracosa—Ilyaccona, memoo pacujenienus, 810xceHHvle CenKi,
pacuem uoHHO20 MOKA HA YUIUHOP 601U3U NPOBOOSAUEll NOBEPXHOCIIIL.

By the example of a model problem, this paper considers the effect of neighboring conducting bodies on the
collection of charged plasma particles by a conducting cylinder. The aim of the paper is to study the effect of a
nearby conducting body on the collection of the ion current by a charged cylinder in a supersonic cross flow of a
collisionless nonisothermal plasma. Based on the two-dimensional Vlasov—Poisson system, a supersonic free molecular
plasma cross flow past an infinitely long cylinder—strip system was simulated. The problem was solved numerically by a
finite-difference relaxation method with splitting by physical processes on nested grids. When calculating the electron-
repulsing locally equilibrium self-consistent electric field, use was made of the Poisson-Boltzmann approximation with a
model electron density distribution. The paper analyzes the pattern of free-molecular nonisothermal plasma flow past a
conducting cylinder — conducting strip system and introduces numerical parameters that determine the features of flow past
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the body system under consideration and the current collection by the cylinder. The ion current to a charged cylinder in a
cross flow was calculated as a function of the cylinder potential, the degree of plasma nonisothermality, and the position of
the cylinder relative to a conducting surface whose potential is close to the floating one. The numerical simulation made it
possible to find quantitative characteristics of the effect of a conducting surface on the collection of the ion current by a
charged cylinder. The results may be used in the development of scientific and process diagnostic instruments that interact
with a low-temperature rarefied plasma flow and in the design of structural elements for advanced spacecraft and space
systems.

Keywords: rarefied nonisothermal plasma flow, cross flow past a cylinder—strip system, Vlasov—Poisson
system, splitting method, nested grids, calculation of the current to a cylinder near a conducting surface.

BBenenne. MaTtemaTtnyeckoe MOJENMPOBAHUE B3aUMOJECHCTBHUS CUCTEMBI
MIPOBOASIIUX TEJ C TOTOKOM HU3KOTEMIIEpaTypHO! pa3pe:KeHHON IMIa3Mbl SBIISET-
Csl BaKHBIM 3TamoM pa3pabOTKH JUAarHOCTHYECKOW 30HJOBOW ammaparypsl, die-
MEHTOB KOHCTPYKIIMH MEPCHEKTUBHBIX KOCMHUUECKHX anmnaparoB U cuctem [1]. 3a-
PAZOBOE COCTOSIHME MPOBOJAIINX TeNl ONPEAEAIOT TOKM 3apsSKEHHBIX YacTHIl Ha
KOHTaKTUPYIOIIUE C I1a3MOi MOBepXHOCTH. OCOOEHHOCTHIO COOMpPAaHUS TOKOB B
I1asMe SBJSIETCA CIIOKHBIM, HEMMHEWHBIH XapaKTep caMOoCOrIacOBaHHOTO 3JEK-
TPUYECKOTO MOJIs, 00YCIOBICHHBIN pa3nuyueM BMKCHHUS B HEM 3apsyKeHHBIX 4Ya-
CTHI] MPOTHUBOIOJIOXKHOTO 3HAaKa C CYIIECTBEHHO Pa3HBIMM TEIIJIOBBIMH CKOPOCTS-
mi [1, 2]. Ha coOupaHue TOKOB B peabHBIX YCIOBUSIX BIUSET psia (pakTopoB, cpe-
JI1 KOTOPBIX CYILECTBEHHYIO POJIb UIPAIOT HANpaBJIEHHAs CKOPOCTh MOTOKA, OKPY-
YKAIOIIHe TeNa U CTETIeHb HEPaBHOBECHOCTH TJIa3MBl.

B pa6orax [3 — 5], ocHOBBIBasick Ha Mozenu BiacoBa—IlyaccoHa, paccuuTaHbl
HMOHHBIC TOKH Ha MOBEPXHOCTH MPHU CBOOOTHOMOJEKYISIPHOM OOTEKAHWH IIIHMH-
Jpa TOTOKOM HEMarHWTHOH Tuia3Mbl. BrusiHHE OKpyKalolmMX Tell Ha coOupaHue
HOHHBIX TOKOB B IIOTOKE Pa3speKEHHOHN IIa3Mbl pacCCMOTPEHO B pabdoTax [5 — 7]
Ha MOJIENIN CBOOOTHOMOJNIEKYJISIPHOTO OOTEKaHHs ABYX MapajlieNbHBIX KPYTIIBIX
LWIMHAPOB. 3aa4ya YUCIEHHOro0 pacyeTra Ha ocHOBe Mojenu BrnacoBa—Ilyaccona
TOKOB Ha 3apsDKEHHBIN HMUIWHIAP BOIM3HM MPOBOJISIICH MOBEPXHOCTH B CBEPX3BY-
KOBOM IIOTOKE pa3peKeHHON IIa3MBl /10 3TOTO JI€TAIBHO HE pacCMaTpUBaIach.

B HacTosie#t crtathbe pa3pabOTaHHBIM aBTOPaMM MOJIXOJ K MOJCIHPOBAHUIO
MOMEPEYHOTO OOTEKaHMsI TEl CBEPX3BYKOBBIM ITOTOKOM OECCTOJIIKHOBHTEIBHOM
HEU30TEPMUYECKOH TUIa3Mbl HA OCHOBE ABYMEPHOM CUCTEMBI ypaBHEHUI BrnacoBa—
ITyaccona [8 — 10] aganTupoBaH Il UCCISAOBAHUS BIUSHUS IMPOBOJSIIETO Tela
Ha coOMpaHne HOHHOTO TOKa 3apsHKEHHBIM IUIMHAPOM. MoiepoBaHUEe BIUSHUS
OKpY’KarolluX Tel Ha cOOMpaHUue MOHHOTO TOKAa BBHIMOJIHEHO Ha MpHUMEpe 3aadu
MOMEPEYHOTO O0TEKAHUS TUIIMHIPA BOJIM3HU MPOJI0IBHO 00TEKAeMOH MTOBEPXHOCTH,
HAXOJSIEHCS MO/ MOTEHIIMAIOM, OJTM3KUM K IJIaBaOIEMy IMOTCHIHATY.

IMocTranoBka 3agauu. PaccMoTpyM GecKOHEUHO JJTMHHBIE TapaJlIebHO pac-
MOJIO)KEHHBIE MPOBOASAIIMNA KPYroBOW IMIWIMHAP C PaguycoM HallpaBJIsSIOLIEn

OKpYXHOCTH [, ¥ mpoBozsutyto nonocy mmpunoii L (L >>r,) u Tomumuoii H .
Cucrema paccMaTpUBAaEMBIX Tell 0OTEKAETCSl CO CKOPOCThIO V() MOMEpedHbIM MO-

TOKOM TPEXKOMITOHEHTHOW pa3peKEHHOMN IUIa3Mbl, COCTOAIIEH U3 HEUTPAJIOB, MO-
JIOKUTENBHBIX OJJHO3aPAIHBIX HOHOB M JIEKTPOHOB. IIpu 3TOM nosoca oOtekaercs
BJOJb MpHHEL. [l1a3mMa MakcBeyUIOBCKasl, BIMSAHUE MAarHUTHOTO TOJISl IpeHedpe-
XKUMO MaJlo. Pesxum o0TekaHHsl paccMaTpUBaeMOl CHCTEMBI MTPOBOSIUX TN MO~
jaraeM OECCTOJKHOBHUTENIBHBIM, [UIMHBI CBOOOAHOrO mMpobera B Ila3Me 3HAYH-
TEJNBHO MPEBOCXOAAT XapakTepHbIE IONEpEYHbIe pasMepbl LWIMHAPA U TOJIOCHI
JUIL BceX KOMIIOHEHT IuIa3Mbl, M ais uucen KHyaceHa m Maxa BBIOJIHSIOTCS
ycnoBusi Kn >>Ma >>1. Takue ycinoBusl XapaKTE€pHBI U1 HU3KOTEMIIEpaTypPHOH
pa3pekeHHOM J1TabopaTopHO U HOHOC(EepHO# Tiasme [2, 11].
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ITonoca HaxoAUTCs O] HEGONIBIIUM OTPHLATENBHBIM IOTEHIIUAIOM (g OTHO-
CUTEJbHO TMOTEHIMajda HEBO3MYILICHHOM Iua3Mbel. CkopocTe moTOKa Vg,
KOHLEHTPAIUU 3apsDKEHHBIX 4YacTUll Ny =Ngg =Ny B HEBO3MYIIEHHOM IIOTOKE,
MOTEHIMANbI HUINHIAPA (@, U MPOBOISIIErO Tena (IO0J0Ch) (g OTHOCHUTEIBHO IO-
TEHLIMajJa HEBO3MYLICHHOW IUIa3Mbl W3BECTHBI. [lOTEHIMATl HEBO3MYLIEHHOU
TUTa3Mbl IPUHUMAEM PaBHBIM HYIIO. [[0BEpXHOCTH MPOBOASIINX TEJ MOJHOCTHIO
MTOTJIONIAOT TTOTABIITHE HA HUX 3apsbl (JIEKTPOHBI MOTIIOMIAIOTCS, HOHBI HEHTpa-
TU3YIOTCST), DIIEKTPOHHAS 3MUCCHUS OTCYTCTBYET.

MogenupoBanue oOTEKaHHS TOTOKOM IIIa3MBlI pPaccMaTPHBACMOW CHCTEMBI
TeJ TpoBeJieM B Oe3pa3MepHbIX BednunHax. KoHLleHTpanyuu HOHOB N; U 3JIEKTPO-
HOB N, OTHECEM K HMX KOHLEHTpAauuu N, B HEBO3MYLICHHOW ILIa3Me; BpeMs — K
BENMYKHE [ /U; ; MPOCTPAHCTBEHHBIC KOOPAWHATHI — K PauycCy LMIHHIpA I ;
ANEKTPUYECCKUI MOTCHIMAT () OTHOCUTEIHHO ITOTCHIIMATA HEBO3MYIICHHOMN TIIa3-
Mbl — K Benmmunie KT, /e, rme K — mocrosiHnast Bonbrimana, T, — Temmeparypa
AIIEKTPOHOB, € — 3JIEMEHTAPHBIN 3aps/l; CKOPOCTH KOMIIOHEHT TUIA3MbI — K UX TeTI-
JIOBBIM CKOPOCTSIM U, = +/2KT, /m, , tae T, — Temmeparypa, M, — Macca 4acTHIL
cCopTa O; CKOpPOCTh IOTOKAa IUIa3Mbl V; — K TEIUIOBOH CKOPOCTH HOHOB
(S=Vy/u; — HOHHOE CKOPOCTHOE OTHOLICHHUE). 31ECh U Jajiee MHICKC O, OIpe-
JIENIAET COPT YACTHIl — OL =1, : MHIAEKC | OTHOCHT BEJIMYUHY K HOHAM, HHICKC € —
K DJIEKTPOHAM.

BBeneM B (u3mueckoM MpoCTpaHCTBE MPSIMOYTOJBHYIO JEKApPTOBY CHCTEMY
koopauaar OXyz, och OZ KOTOpO# HampaBUM BIOJH OCH HWJIHHIPA, @ 0cb OX —

[0 HaIpaBJICHHIO CKOPOCTH IMOTOKa. B paccMmaTpuBaeMoM citydae (yHKIMH pac-
OpeAeNeHNsl 3apsKCHHBIX YacTHI II0 CKOPOCTAM MATHMEPHBIE, ONPEACIISIOTCS
TOYKOM B YETHIPEXMEPHOM (ha30BOM MPOCTPAHCTBE U BpeMeHeM. Touka ¢a3zoBoro
MPOCTPAHCTBA ONpEAETSIETCS TOUKOH X € KOOpIUHATAMH (X, y) JIBYMepHOTro (hu-

3MYECKOT0 MPOCTPAHCTBA U TOUKOH V € KOOpJIWHATAMH (VX!Vy) JIByMEPHOT'O TPOo-
CTpaHCTBa CKOpocTei. 3HaueHus: (YHKUUH pacrpelesieHus fa(t,x,v) 3apsiKEH-

2
HBIX 9aCTHI] IJIa3Mbl OTHECEM K COOTBECTCTBYIOIINUM BCINYHNHAM nO /uot .

[Ipy cHenaHHBIX MOMYMIEHUSX MPOCTPAHCTBEHHO-BPEMEHHAs JBOJIOIUSI
GYHKIMA pacrpene’eHns 3apsHKeHHBIX KOMIIOHEHT HHU3KOTeMIlepaTypHou Oec-
CTONKHOBUTEIFHOW TUIa3MBl B OCHOBHOM OTPEAEISAETCS CaMOCOTIACOBAHHBIM
AIEKTPUYECKUM I0JIEM M B Oe3pa3MEepHBIX BEIMYMHAX OIHMCHIBACTCS MaTeMaTHyie-
ckoit Mmozenbio BracoBa—Ilyaccona [2, 9]:

of, oy, . dpdf,

a —*4+v—%_p =0, 1
¢ ot " ox L ox ov (1)
Ap=-8*(n;—ng), n, = Ifqu: (2)

Qy,

o

A€ (¢ — DJIEKTPUYECKUH IMOTEHIHal OTHOCHUTEIHHO HEBO3IMYIICHHOHN IIa3MBbI;
E=r,/hq — pasMep LHIMHIPA OTHOCHTEILHO Je0aeBCKOrO paauyca SKpaHUpOBa-

HUA Ag; Qy, — pacueTHas 00JacTh B MIPOCTAHCTBE OE€3pa3sMEPHBIX CKOPOCTEH Ya-
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ctun copra o . Koapdunumentsr a, , b, kunHernmueckux ypaBHenui (1) 1t noHoB
U JICKTPOHOB ONPENENAIOTCS CISAYIOIUM 00pa3oM

a =1, 3 =u/B, b=p/2, b,=-12,

e p=my/m;, B=T,/T; — OTHOIICHHE MAcC W TEMIIEPATyp 3aPSDKCHHBIX YACTHIL

IJ1a3MBI.
Hckombie q)yHKHI/II/I pacnpeaciaCHusa 4aCTull 1o CKOpPOCTIAM fa " IIOTCHIHAJI

¢ YHOOBJICTBOPAIOT CICAYIOLNIUM KPACBLIM YCJIOBHAM: B HCBO3MYIICHHOM IIOTOKC

IUIa3Mbl BJAJIM OT pacCMaTpUBAEMOI CUCTEMBI MPOBOSIINX Tell 3apsHKCHHBIC Ya-
CTHLIBI pacTpeeieHbl o 3akoHy MakcBemna—bonbiiMana, moTeHIuan 3JaeKTpuye-
CKOTO TIONISi CTPEMHTCS K HYJII0; Ha TOBEPXHOCTH UWIMHIAPA M IOJOCHI
OTIpENeNICHbl YCIOBHUS TOTJIOMICHUS 3apsDKeHHBIX YacTUL M HOJACpKaHHA
COOTBETCTBYIOLIETO 3amanHoro noreHuuana [9, 10]; B HauambHbI MOMEHT BpeMe-
HU (QYHKIUS pacrupeneieHus] HOHOB 3aJaeTCsl ¢ UCTIONb30BaHHEM aHaJMTUYEeCKO
MOJIEJI O0TEKaHUSI pacCMaTPUBAEMOMN CUCTEMBI Tl HEUTPAIBHBIM Pa3pe:KEHHBIM
razom [2], aMeKTpOHBI B HaYAIbHBIA MOMEHT BPEMEHH PACIPECIICHBI 10 3aKOHY
Makcsemna—bonbprmana.

Yucaennoe pemenue 3agaum. [locrapmennas 3amada (1) — (2) pemraercs
YHCJICHHO KOHEYHO-Pa3HOCTHBIM METOJOM YCTAHOBIECHHS C DPACHICTUICHUEM IIO
(u3nUecKuM mpolieccaM Ha BIIOKEHHBIX CeTKaxX. B MTepallmoHHOM mporecce s
pacuera caMoCOTIaCOBAHHOTO JIEKTPHUECKOTO IOJISl UCTIONIB3YeTCsl MPUOTMKEHNE
[Tyaccona—bonbiiMana ¢ MoIeNbHBIM pacIipefesiecHHeM KOHICHTPAIMH JIEKTPO-
HoB [8 —10].

Pacuernple obnactu B pU3HYECKOM MPOCTPAHCTBE M B MPOCTPAHCTBE CKOPO-
CTeH BBIOMPAIOTCS TaK, YTOOBI OXBATUThH 00JIACTh BO3MYIIEHUS TUIa3MbI U 3JICKTPO-
CTaTUYECKOTO TOJIS TP 00TEKaHWHW IWJIMHAPA U TI0J0Cckl. Ha rpanniax pacueTHbIX
oOyacTel 3aJal0TCsl COOTBETCTBYIONIME (QU3MUECKHE KpaeBble ycioBus. [Ipu ma-
neIX & (TOHKWMH NWIMHAP) M MpH OONBIINX CKOPOCTSIX OOTeKaHus S, Koraa o00-

JIACTh BO3MYIIEHHUS TUIa3MBbl M 3JIEKTPOCTATUYECKOTO ITOJIS Ha OTAEIBHBIX Y4acTKax
BBIXOJIUT 3a TPaHUIIBI PACUETHOH 00JacTH, MCIIOIB30BAINCh HCKYCCTBEHHBIC Tpa-
Hu4yHBIE yenoBus [10].

B oxpectHOCTH cHCTEMBI "IMIMHAP — MoJIoca" BIIOKEHHBIE CETKH JIOKAIHU3Y-
I0TCSL BOKpPYT oOnacTeid ¢ OONBIIMMH TPaUeHTAMH JIEKTPUUECKOTO TOJIs U pas-
peiBaMHu (GYHKIUHM pacrpenaeneHus. Jins kaxJaoH W3 BIOKEHHBIX CETOK IIar Io
BPEMEHH KOHEYHO-Pa3HOCTHOTO METOJ/la BBHIOMPAETCS M3 YCIOBHS YCTOWYHMBOCTH
pasHocTHO# cxembl. ComnpspkeHHe JaHHBIX B OOIIMX MPUTPAHUYHBIX Y37ax BIIO-
YKEHHBIX CETOK, TOIMYCKAIONIUX CUYET MIPU PA3INYHBIX 3HAUYEHUX I1ara 1o BpeMeHH,
BBITIOJIHSIETCSI B MOMEHTHI BpEMEHHU, COOTBETCTBYIOIINE OOJBIIEMY 3HAUCHHIO Bpe-
MeHHoro mrara. [Ipu pemenun ypaBuenus [lyaccona (2) yrimoBeie TOUku oOTeKae-
MO TIPOBOJISIIIEH MOJOCHI CUUTAIOTCS TIPUHAJUICKANIMA PacYeTHON 00IacTy.

Jocmosepnocmo nonyueHHvIX pe3ynibmamog PEIICHUs] CUCTEMbl YPaBHEHHI
BnacoBa—Ilyaccona moaTBepikieHa NMPOBEICHUEM TECTOBBIX PAaCUETOB psaa MO-
JETbHBIX 33j1a4, PEIICHUSI KOTOPBIX MU3BECTHBI M MPOBEPEHBI MHOT'OYHCIICHHBIMU
OKCIIEpUMEHTaMHU. PaccMOTpeHbl 3aJaydl MOMEPeYHOro OOTEKaHMS ITOTOKOM
HEHWTPAJILHOTO Pa3peKEHHOTo Ta3a OECKOHEYHOTo IMIMHAPA M OSCKOHEYHOU MO-
JIOCHI TIOJ] HYJIEBBIM YIJIOM aTakH MPH YCIOBUH "MOTJIONICHUS" YaCTHI TOBEPXHO-
creto Ten. Cucrema ypaBHenuit BrnacoBa—Ilyaccona (1) — (2) pemena npu mapa-
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metpax =0, ¢, =0 g mumuaapau £=0, ¢4 =0 115 M0I0CH IPU 3HAYEHHUAX
ckopoctHoro otHomenus: S =15, 10, 20. [lomydeHHsie pacrpeaeneHus MIOTHOCTH
YacTUll B OKPECTHOCTH OOTEKAaeMbIX TeJl COBIAJIM C TOYHOCTHIO AINPOKCHMAIUU
ypaBHeHHUI BiiacoBa ¢ aHATUTHYECKUMH PEIICHUSIMH COOTBETCTBYIOLIMX 337124 [2].
OtMeueHa CXOOUMOCTb PE3yJIbTATOB K TOYHBIM PEIICHUSM NPU CIYILICHUH CETOK.
[ mpoBeneHusT MOAENIUPOBaHKs O0TEKaHHUS PACCMATPUBACMBbIX TEN PAa3PEKEHHON
IUIa3MOIl HAa COBPEMEHHOM KOMIIBIOTEpPE CpEAHEil NMPOM3BOAMTENBHOCTH BBIOPAHBI
CETKH, [TO3BOJISIOIIME MOMIy4aTh 3a MPUEMIIEMOE BPEMS PEILICHUE CUCTEMBI YpaBHE-
Huit BiacoBa—Ilyaccona ¢ TOYHOCTBIO IO MPOIIEHTA BCIOAY, KPOME 00IacTh OIIK-
HETO CclleJa, I71e 3HAYCHUS INIOTHOCTH NCYE3aI01Ie MaJIbl.

ITo nBymepHoit Mmogenu BrnacoBa—Ilyaccona (1) — (2) paccuntan TOK HOHOB Ha
LIIMHIP B HONEPEYHOM IIOTOKE OECCTOIKHOBUTEIBHON IIIa3Mbl B 3aBUCHMOCTH OT
noteHuuaia wwmHapa [10]. TloxyueHHble pe3ysabTaThl IPH HOHHOM CKOPOCTHOM
OTHOLIEHHH S >2 ¢ TOYHOCTHIO IO J0JICH NMPOLEHTA COBHNAIU C Pe3yJbTaTaMU
pacueToB paboT [3—5] U ¢ U3BECTHBIM MPUOIMKEHHBIM aCHMIITOTHYECKUM PelIe-
HHEM JIJIsl COOMpPaHHsl HMOHHOTO TOKA TOHKUM IIMJIMHAPUYECKUM 30H10M [1]. Perre-
Ha 3ajada IOMEePEYHOr0 CBOOOJIHOMOJICKYIISIPHOTO OOTEKaHUS CBEPX3BYKOBBIM
MOTOKOM IJ1a3Mbl OECKOHEYHOU MPOBOISIICH MOJIOCKH IO HYJIEBBIM YIJIOM aTaKH
npyd HEOONBIIOM OTPHUIATENBHOM TOTEHIMANE TMOBEPXHOCTH OTHOCHTENBHO TO-
TEHIIMaTa HEeBO3MYILIEHHOH Mm1a3Mbl. Pe3ynbTaTsl pacyeToB IIOTHOCTH TOKA HOHOB
Ha TMOBEPXHOCTD MOJIOCHI MIPH YIAICHUH OT IepeIHeil KPOMKHA BHU3 TI0 TIOTOKY C
TOYHOCTBIO JI0 TIPOLEHTA COBIAIN C TEOPETHYECKHM 3HAYEHHUEM IJIOTHOCTH TOKa
Ha 3apsHKCHHYIO TUIOCKYIO MTOBEPXHOCTH [1].

Kpome 3TOro, MOCTOBEPHOCTH MONYYEHHBIX PELIEHMHA CHUCTEMbl ypaBHEHUI
BrnacoBa-Ilyaccona moaTBepxieHa CpaBHEHHEM pE3yJbTaTOB PEIICHHS OJUHAKO-
BBIX (PM3UYECKUX 3a]a4 C MCIOJIBb30BAaHHEM Pa3HbIX MaTeMaTHYECKHX MOJENeH H
MetoaoB pemenus [8, 10]. Tak, HalieHHbIE KOHEYHO-PA3HOCTHBIM METOJIOM yCTa-
HOBJICHUS TTOJISI KOHIIEHTPALIMH 3apsDKEHHBIX YaCTHI CPABHUBAINCH C pe3yJibTara-
MH pacueToB METOJIOM XapaKTEPUCTUK B IMOJYYEHHOM CaMOCOTJIACOBAHHOM JJIEK-
TPUYECKOM II0JIE.

Ocobennoctu odrexkanusi. CoOupaHe TOKa MPOBOISIINM IWIHHAPOM 3aBH-

CHUT OT NOMA/IaHuUs €r0 B BO3MYIICHHYIO ITOJIOCOH 30HY MMOTOKA IUIA3MBI M OT DJICK-
TPUYECKOTO B3aUMOJACHCTBUS 1H-

! 3 5 4 JUHIpPa € TPOBOISIICH MOBEPXHO-
CTBIO IOJIOCHI, IPUBOJMAIIETO K IIe-
pecTpoiike DIEKTPUYECKOTO TOJIS.
[IpocTpaHCTBEHHOE PACTIONOKEHUE
OWIMHAPA OTHOCUTCIIBHO IIOBEPX-
HOCTH MPOBOJSILEH ITOJIOCHI OIpe-
JIenuM  0e3pa3MEepHBIMU TeOMETPH-
YEeCKUMHM BEJIMYMHAMMU SX,Sy (cm.

puc. 1). [IpoBomsmee Teno (momoca)
L | BO3MyIIaeT MOTOK IUIa3Mbl BOJIM3H
Puc. 1 umrHapa. Cxema oOTekaHus pac-
CMaTpuBaeMOW CHUCTEMBI TeNl MpU-

BeJieHa Ha puc. 1, rae yCIoBHO MO-

Ka3aHbl: | — MPOBOMSIINNA IUIUHADP; 2 — IPOBOAIIEe Teo (Tojtoca mupruHON L n
tommuHoi H ); 3 — 061acTh HEBO3MYIIEHHOTO MMOTOKA IIIa3Mbl; 4 — 00JacTh TO-
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TOKa IJIa3MBI, BO3MYIIEHHOTO TTOJIOCOH; 5 — 0071acTh 0OBEMHOT0 3apsiaa B OKPECT-
HOCTH MPOBOJSALIETO HUIAMHApPA (I, — XapaKTepHBbII pa3Mep 0b1acTd 00bEMHOTO
3apsma).

Puc. 2 u 3 mumrocTpUpyYIOT pacrpeeieHne mapaMeTpoB HOHOB IpH O0TeKaHUU
LWIMHIpPA BO3JIE IPOBOAALIEH MOBEPXHOCTH, KOT/1a IMIMHJP HaXOJUTCS BHE 30HBI
BO3MYILIEHUS TIOTOKA MJIa3Mbl MOJIOCOM. Pe3yabTaThl MOMydeHbl IPU PEILIEHUHU CH-

creMbl ypaBHeHU BiacoBa—Ilyacco-

20 ni  Ha (1)—(2) npu crexyromux mnapa-
y L . — —
10 08 wmerpax sagaunm: S, =10, s, =15,
0: 06 S=5, £=01, PB=1, ¢.=-2,
i 04 ¢ ,=-1. Ha puc.2 mokazaHo mnoje
-107 0.2 nmotHOCTM (KOHIEHTpAIMH) HOHOB B
-20 0 cucteMe "munuHAp —nojoca". Ha
20 -10 0 10 20 30 40 50x60 puc. 3, 0), B), T) TMOKa3aHbl JHUHUH
Puc. 2 ypoBHA (yHKIHMM pacnpeneneHus

HWOHOB TI0 CKOPOCTSIM B OKPECTHOCTH
LHWIMHIPA B TOYKaX MPOCTPAHCTBA, M300paXKCHHBIX Ha pHC. 3, a) (0OTekaeMbIit
LIWJIMHIP BBIACICH IMITPUXOM): TOYKE 1 COOTBETCTBYET (DYHKIIUS PacCIpeeICHUs,
MpeJICTaBICHHAs Ha puc. 3, 0), Touke 2 — 3, B), Touke 3 — 3, ).

W3 030 f,
Y2 0,25
1 2 3 1 0,20
. . 0 . 0,15
1 0,10
2 0,05
323 4567 8"
a) 6) Vax
3 0,006 3 0,025 f
Vy Vy i
2 0,005 V2 _ 0020 "
1 0004 1 - 005
0 0003 0 '
1 - 0002 -1 - 0.010
2 0,001 -2 0,005
_ - 0
89 3 456 7 O 823 4 56 7
o Vx o VX
B) r)
Puc. 3

JloTOJTHUTENIFHO K OCHOBHBIM TTapamerpam 3agaun S, &, ¢, B, u, omperne-

JISTFOIIMM Ta30[MHAMHUYECKOE M JIEKTPUYECKOE B3aMMOJICHCTBHE 3apsKEHHOTO IIH-
auHapa ¢ mmasmoit [10], B paccMmaTpmBaeMoM cilydae OOTEKaHUS CHCTEMBI "ITH-
JUHJIP — MPOBOASIIAS TOBEPXHOCTH" MOXKHO BBECTH €Ile TPH MapaMeTpa. Oe3pas-
MEpHBIii MOTEHIMAI POBO/ISIICH MOBEPXHOCTH TElA (g OTHOCHUTENLHO TOTEHIIH-

ana IUIa3Mbl ¥ TEOMETPHYCCKUE [TAPaMeTPEL Mg =Sy, / S¢S uE=s,-&.
[Tapametp m cBs3bIBaeT Oe3pa3MepHBbIC KOOPIMHATHI (SX,Sy) pasMenieHus

HWINHAPA OTHOCUTCIIBHO MPOAOJIBHO 00TeKkaemoit MOBCPXHOCTU TECJIa C 00J1aCThIO
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BO3MYIIICHUSI CBEPX3BYKOBOTO TIOTOKa TeioM (To3uius 4 Ha puc. 1), KoTopas
YCIOBHO OIpeAenseTcs MpU HEeOONbLIMX IOTEHLMANaX Tela (g MOBEPXHOCTBIO
Maxa st MOHOB (YCJIOBHO, 0€3 yueTa 3JCKTPUUSCKOT0 B3aUMOICHCTBUS, [IUITHHAP
HOMa1aeT B 00J1aCTh BO3MYILEHUS IIOTOKA TEJIOM IpU Mg <1).

HapaMeTp as OMnpeaAcIdCTCA KaK OTHOIMICHUE pAaCCTOAHUA NUIMHAPA OT IPO-

JIOJIbHO 00TEKaeMO# MOBEPXHOCTH Teja K 1e0acBCKOMY pajnycCy 3KPaHUPOBAHUS.
[TapameTp &, MO3BOJIET OLIEHUTH, HOCTUTAET JIM 001acTh OOBEMHOTO 3apsiza Lu-

JMHIpPA TOBEPXHOCTH 0O0TekaeMoro Tena (cormacHo pacueram [4, 5, 810, 12] B
HaIIpaBJICHHUH TOTIEPEK MOTOKA XapaKTEePHBIH pa3Mep 001acTi 00BEMHOTO 3apsi/ia Iu-
nuHApa fy, ~10/&; ycnoBHO 061acTh 0OBEMHOTO 3apsjia LIJIMHAPA OXBATHIBACT

YacTh MOBEPXHOCTH Tena npu &g <10 ).

W3BectHo [2, 13, 14], 9TO MpoBOASIIEe TEIO MO IIABAIOIIUM TOTCHITHAIOM
(s =@ , KOTOPBI OOBIYHO OTPULATENICH M JUIS MPOBOAAIIEH cephbl OLEHUBACTCS

COOTHOIIEHHEM @ =~ In (,/ wu/BS/ 2) [2], mpakTHYeckH HE HapyLIaeT PaBHOBECHOE

pacrpenesieHHe 3JIEKTPOHOB. DJEKTPUYECKOe BO3MYIIEHHE MOTOKA IIa3Mbl pac-
IPOCTPAHSAETCS] HAa PACCTOSHHUE JO HECKOJBKUX IeOAaeBCKUX PagHyCOB OT €ro Io-
BEPXHOCTH (32 MCKIIIOUYEHHEM O0JIaCTH Clie[ja PH CBEPX3BYKOBOM 00TeKaHHH) [6,
8, 12]. IlosToMy ansi NMIMHApPA, HAXOJAIIETOCS BOJIM3H MMEIOIIETO IIaBAIOIIIHHA
MOTEHIHAN Tella Ha PAacCTOSHUHM, OOJIbIIEM HECKOJIbKUX Ae0aeBCKUX PajnyCcoB OT
HETO, BJIMSHUE MOTJIOIIAIONIEH 3apsi] NOBEPXHOCTH Ha 3JIEKTPOHHBIA TOK HECylle-
CTBEHHO.

PesyabTaThl MoaeupoBaHusi. BrinonHeHO 4ucieHHOE MOIEIUpPOBaHKE 00-
TEKaHUsI OTOKOM IIIa3Mbl pacCMaTpUBAEMON CHCTEMBI T€T U COOMpaHuUs TOKOB LU~
JMHAPOM HpU 3HAUYEHHMU MOTEHIMAala IJIACTHHBI (g =—1, CKOPOCTH OOTEKaHUS

S =5, mmenennn mapamerpa & ot 0,1 g0 1, creneHn HEU3OTEPMUIHOCTH TIIa3MBI
B —ot 1 no 4. Pe3ynpTaThl pacyeTa HOHHOTO TOKa Ha MONEPEYHO 00TEKaeMBbIi 11H-

JHMHAP B 30HE W BHE 30HBI BO3MYIICHHS IMOTOKA MOTJIOMIAIOIIAM 3apsijl TEJIOM,
HaXOJIANAMCS TTOJT IJIABAIOIIUM ITOTEHITHAIOM, TIOKa3aHbl Ha puc. 4 u 5.

Ha puc. 4 npezacTaBieHsl pacrpezene-

6 HUsl Oe3pa3MepHON IUIOTHOCTH HOHHOTO

Ji TOKa BJOJIb MOBEPXHOCTH IUJIMHIpPA BOJIH-

31 HpOBOI[S[IHeﬁ IMOBECPXHOCTHU JIA PA3HBIX

4 DN , 3HAUYCHUI TapameTpa T CIUIOIIHAS KpH-

\ / Basg COOTBETCTBYET 3HAYEHHI0O T3 =5,
\\ / mTpuxoBas — mg=0,75, myHKTHpHAsS —

2 N / : Ns =0,2. Pacuersl BBIONHEHBI MpH

) /. napametpax B=1, £=0,2 u Ge3pazmep-

\ Zl HOM IOTeHIHane uinHapa ¢, =—10. Yr-

JoBasi KOopinHaTa 6 TOYKHM TIOBEPXHOCTH
0 72 = 312 62n LWIMHApPAa OTCYHUTHIBAETCA 10 YacOBOH
CTpENIKE OT HaIlpaBJIEHUs Ha MOTOK. [Imot-

Puc. 4 HOCTH TOKOB OTHECEHBI K IUIOTHOCTH Xao-

TUYECKOTO HOHHOTO TOKA. YMEHBIIECHUE

napameTpa 1)s, COOTBETCTBYIOIIEE "MOrpy>KEHHIO" UINHAPA B 00JacTh BO3MYILE-
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HUS TTOTOKA TUIa3Mbl 00TEKAeMOW MOJIOCOH, CONPOBOXKIIACTCS CHIKCHUEM YPOBHS
IJIOTHOCTH MOHHOTO TOKa M HEKOTOPHIM CMEIIEHHEM MaKCHMyMa IUIOTHOCTH TOKa
HoHOB Ha yroi ~ 0,04/n, BcrnecTBHE HE3HAYMTENBHOTO MOBOPOTA BEKTOpPA Mac-
COBOM CKOPOCTH B CTOPOHY TUTACTHUHEI.

Ha puc. 5 npuBeseHbl 3aBUCUMOCTHA COOMpacMbIX BOJU3W MPOBOASIICH TO-
BEPXHOCTH WOHHBIX TOKOB OT 0Oe3pas-
MEpPHOTO MOTEHIMANA IWIMHIpA IS
pa3sHBIX 3HAYEHUM mapaMerpa 1.

PacueTsl BBITIOJHEHB] NIPH MApaMeTpax
B=4, £=02, s, =15. Vounslif ToK

OTHECEH K XaOTHYECKOMY HWOHHOMY
TOKy. B maHHOM ciiydqae o0macTpb
00BEMHOTO 3apsifa B OKPECTHOCTH
MWINHIPA HCKaXAeTCsl MPOBOAALINM
TEJIOM HE3HAUWTENIbHO W  IUIaBHAs
MOHOTOHHAsl  3aBHCHMOCTb HOHHOTO
Puc. 5 TOKa OT MOTEHLHATa COXPaHSIETCs I
BCEX 3HAUYEHWH IIapaMerTpa 1.

Puc. 6 unmocTpupyeT BIMsSHHE MapameTrpa &g Ha coOuMpaHue LWIMHAPOM
WOHHBIX TOKOB BOJIM3HM MPOJOIEHO OOTEKAaeMOW MPOBOASAIIEH MOBEPXHOCTH IS

12 u3otepMudeckoi  1wasmbl  (B=1).
i Pe3ynpTaThl pacyeToOB IMOKa3bIBAIOT,
|

10 uro npu Eg<2, korga obnactb

00BEMHOTO 3apsifa B OKPECTHOCTU
8 MWIMHAPA CYIIECTBEHHO HCKaKaeTCs
MPOBOJAIINAM  TEJIOM, BBIMYKJIOCTh
KPUBBIX 3aBUCHMOCTH HMOHHOTO TOKa
6 OT MOTEHIIMAIA UJIMHIPA MOXKET H3-
MEHSTHCS.

4

-80 -60 -40 20 ¢ 0
Puc. 6 BuiBoabl. Ha ocHOBe umciieHHO-

TO pEIIeHUs CHUCTEeMBbI YpaBHEHUU
BnacoBa-Ilyaccona paccunTaHbl HOHHBIC TOKH Ha MOMEPEUYHO OOTEKAEMBIH MOTO-
KOM OE€CCTOJIKHOBHUTEIbHONW HEPABHOBECHOW ILJIa3Mbl [IMJIUHIAP B 3aBHCUMOCTH OT
CTETNIEHNU HEPABHOBECHOCTH ILJIA3MbBI M BIUSHUS MPOBOJAIICH MOBEPXHOCTH, HAXO-
JUIIICHCS TI0J] TUIABAIOIIMM MoTeHnuaaoM. [loka3aHo, 4TO coOMpaeMbld IUIIHH-
JPOM HOHHBIA TOK BOJIM3W MPOBOJAIIEH MOBEPXHOCTH CYIIECTBEHHO 3aBHCHUT OT
TonagaHus HINHAPA B 30HY BO3MYIIIEHHUS ITOTOKA MTPOBOISIITAM TEIOM (IIPOI0Th-
HO oOTekaeMoii mosocoit). [Ipu paccTOsSHUU 10 MOBEPXHOCTH, MEHbIIEM Jc0aeB-
CKOTO pajnyca SKpaHWPOBAHWs, NOHHAS BETBh BOJLTAMIICPHOM XapaKTEPUCTHKHU
IAJIUHAPA CTAHOBHUTCS CYIIECTBEHHO HENMMHEWHOW. [loMydeHBI KOJIMYECTBCHHBIC
XapaKTePUCTUKY BIUSAHUS MPOBOIAIICH TOBEPXHOCTH HA COOMPAaHUE HOHHOTO TOKa
3apSOKCHHBIM ITWTHHIPOM.
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