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Mertoro poboTH € po3podka mporeaypH ineHTudikaiii napaMeTpiB 6€33iMTOBXYBaJIbHOI IIa3MHU 33 BOJIBT-
aMIIEPHOIO XapakTepucTHKoo (BAX) mumiHAPUYHOro 30HAA, 10 OOTIKAETHCS MONEPEYHO, NPU JOBIILHOMY Bij-
HOIICHHI IUIOMIi MOBEPXHI 30H/a A0 IUIOMIi MOBEPXHI OMOPHOTIO eIEeKTPOAa, SKi 30MpaloTh CTPyM. 3 BUKOPUCTaH-
HSIM BiJOMHX TEOPETHYHHUX 1 €KCHEPUMEHTAJIbHHX 3aJISKHOCTEH 10HHOTO Ta EIEeKTPOHHOrO CTPYMIB HA LITIHAD
o0yZ0BaHO MaTeMaTHIHy Mozxenb BAX (30upanHs cTpyMy) JUIst 30HIOBOI CHCTEMH 3 IHTIHIPUIYHUMHU €IIeKTPO-
naMu. Mozenb BKIIFOYa€E Po3paxyHOK PiBHOBKHOTO IOTEHIIiay OMOPHOTO €IEKTPOJa MPH 3MiHI HAPYTH 3CYBY
3oH1a. Ha ocHOBI moOynoBaHoi TeopeTnuHol Mojeni BAX numiHapudHOro 30HAa B HAJ3BYKOBOMY ITOTOLI HHU3b-
KOTEMIIEpaTypHOI Hei30TepMivHOT 6e33IITOBXYBAIBHOI IJIa3MH PO3pOOJICHO Mpouenypy ineHTudikamii KiHeTud-
HHX ITapaMeTpiB IUIa3MH 3 BUKOPHCTAHHSAM anpiopHoi iH$opMarii npo BIACTUBOCTI IIa3MHU 1 YMOBH eKCIIEpUMe-
Hry. Ilpouenypa 3acHOBaHAa Ha BH3HAUCHHI TEMIICPATypu i KOHILEHTpALil 3aps/DKEHUX YAaCTHHOK, IIBHUIKOCTI
IIOTOKY 1 MacH iOHIB IUTa3MH, 3a SKUX TeopeTnuHa BAX Halikpammm unHOM onmcye BAX, mo oTrpumaHo ekcre-
pUMeHTabHO. AmpiopHa iH(OpMamis Mpo BIACTUBOCTI MUIA3MH i YMOBH €KCIIEPHMEHTY 3aJa€ThCs y BUIILIAL
oOMexeHb Ha IapaMeTpu TeopeTnaHoi BAX.

JocnimkeHo uymmuBicte BAX nutiHApHIHOTO 30HIa MPU MaJKMX Bapialisx mapaMerpiB He30ypeHol Iias-
MH B 3JISKHOCTI BiJl BiJTHOLIEHHS OBEPXOHb 30HAA 1 ITIHAPUIHOTO OIIOPHOTO €IEKTPO/a, SIKi 30HpaloTh CTPYM.
OTpuMaHO KiTBKICHI XapaKTepUCTHUKH BIUIMBY BigHOwIeHHs mionl Ha BAX umuminapudnoro 3onma. Bukonaxo
YHCJIOBE MOJENIOBAHHS 30HIOBUX BHMIpIOBaHb B ymoBax ioHocdepu. IlokazaHo mpalne3qaTHICTh HPOLERypU
inenTidikanii KIHETHIHUX MapaMeTpiB miasMu. [IpoBeqeHO YMCIIOBI JOCTIDKEHHS! BIUIMBY MOXHOOK 30HIOBHX
BHUMIPIOBaHb Ha BiJHOBJICHHS ITapaMeTpiB IUIa3MU. B paMkax HpHITHSITHX HPHITYIIEHb OTPUMaHI OLIHKH JOCTOBi-
PHOCTI BiIHOBJICHHS IapaMeTpiB He30ypeHoi IIa3Mu B 3aJIeXKHOCTI Bif TouHOCTI BuMipioBanus BAX. Otpumani
Ppe3yJIbTaTH MOXKYTh OYTH BUKOPUCTaHIi B AiarHOCTHII 10HOC(EpHOI 11a3Mu.

Knwuosi cnosa: nomix HeisomepmiuHoi 6e33i1umo6xy8anvHoi niasmu, yuriHopuyHuii 3010 Jlenemropa,
ONOPHULL elekmpoo, napamempuyna idenmugikayis, anpiopra inghopmayis, 6ipociOHICMb 8IOHOBIEHHS napame-
mpie niazmu.

Ilenbio paboThl sBIseTCst pa3paboTKa IPOLERyphl HACHTH(GHKAIMK IapaMeTpoB OECCTOIKHOBUTENBHOM
IIa3Mbl [0 BOJIbTaMIEpHOW xapaktepuctuke (BAX) momepedHo oOTekaeMOro HWJIMHIPUYECKOTO 30HAA IPH
TIPON3BOJILHOM OTHOLIGHWM IUIONIaneil cOOMPAIOIINX TOK IIOBEPXHOCTeH 30HAA M omopHoro siekrpoxa. C wnc-
HOJIb30BAHMEM U3BECTHBIX TEOPETHYECKHX M SKCIICPUMEHTAIIBHBIX 3aBUCHMOCTEHl HOHHOTO 1 3JIEKTPOHHOTO TOKOB
Ha IWJIMHIP MOCTpOeHa MaTeMartndeckas Moaens BAX (coOupaHHs TOKa) UL 30HOBOI CHCTEMBI ¢ IMIHHIPH-
YECKUMH 3JIEKTPoJaMU. Mozelb BKIIOYAET pacyeT PaBHOBECHOTO MOTEHIINANA OTIOPHOTO JIEKTPO/a MPU H3MEHe-
HUH HalpsDKeHWs cMeleHHs 30H1a. Ha ocHOBe mocTpoeHHOH Teopernueckoil Moxem BAX HMMIMHIPHIECKOTO
30H/a B CBEPX3BYKOBOM MOTOKE HHU3KOTEMIICPATYyPHOH HEM30TEPMHYECKOH OECCTONKHOBUTEIBHOMN IIa3Mbl pas3-
paboTaHa mporexypa MICHTU(GHUKAIUH KHHETHYECKHX IMapaMeTpOB IUIA3MEI C HCIIOJIb30BaHHEM allpHOPHOH WH-
(opmaru 0 CBOMCTBAX IUTa3Mbl M YCIOBHSX JKcrepuMeHTa. [Iponeaypa ocHOBaHa Ha ONpEETICHHN 3HAYCHHUI
TeMIIepaTyphbl U KOHIIEHTPAIMH 3apsDKEHHBIX YAaCTHUIl, CKOPOCTH MOTOKA M MAcCCHI MOHOB IDIa3Mbl, IIPH KOTOPBIX
Teopernyeckas BAX Hawmydmmm oOpa3oM ONMKMCHIBAaET MOJNYYEHHYIO dKcrepuMeHTanbHo BAX. AnpuopHast nuH-
(opmarst 0 CBOWCTBAX INIa3MbI M YCIIOBUSIX SKCIIEPHMEHTA 3aJaeTCsl B BUJIe OTPAaHUUCHUH Ha ITapaMeTphl Teope-
THyeckoit BAX.

HccnenoBana gyBcTBHTENEHOCTh BAX MUMHHIPUUYECKOTo 30HAa IPH MajbIX BapHAIMsIX I1apaMeTpOB He-
BO3MYII[CHHO# TUIa3Mbl B 3aBUCHMOCTH OT COOTHOILICHHMS COOMPAIOIINX TOK MOBEPXHOCTEH 30HAa U LHHIMHIpHYC-
CKOTO OIIOPHOTO JIeKTpoJa. [1oTydeHbl KOMMYeCTBeHHbIe XapaKTePHCTHKHU BIIMSHHS OTHOIICHUS IUIOIIANSH Ha
BAX nuimHApuuecKkoro 30HAa. BBINONHEHO YHCICHHOE MOJCIMPOBAHNE 30H/IOBBIX M3MEPEHUH B YCIIOBUSIX HOHOCHE-
poL. Ilokazana paboTOCTIOCOOHOCTD TPOLIEAYPHI HISHTU(GHUKAINE KHHETHYECKUX TapaMeTpoB Iuia3Mel. [IpoBeneHs!
YHCIICHHbIE MCCICAOBAHNMS BIHSHUS TTOTPEIIHOCTE 30HI0BBIX N3MEPEHUH Ha BOCCTAHOBJICHHE MAPAMETPOB I1JIa3-
MbL. B pamkax NpHHATBHIX DOMYIICHUH IOJYYEHBI OLIEHKH JOCTOBEPHOCTH BOCCTAHOBJICHUS ITAPaMETPOB HEBO3-
MYIICHHO! Ia3Mbl B 3aBHCHMOCTH OT TouHOCTH mM3Meperust BAX. Ilomy4eHHbBIC pe3yabTaTbl MOTYT OBITH HC-
TI0JIB30BAHBI B IMATHOCTUKE HOHOC(EPHOMH IIIa3MBblL.

Knrwoueegvie cnoea: nomox Heuzomepmuieckou 0eccmoIKHOBUMENbHOU NAA3MbL, YUTUHOPUYECKUL 30HO
Jlenemiopa, onopnuiii 91eKkmpood, napamempuieckas uoeHmugukayus, anpuopHas ungopmayus, 0ocmosep-
HOCMb 80CCMANOGICHUSL NAPAMEMPOS NAA3MbL.

The aim of this work is the development of a procedure for the characterization of a collisionless plasma
using the current-voltage characteristic of a cylindrical probe perpendicular to the plasma flow at an arbitrary
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ratio of the probe and reference electrode current-collecting areas. Using familiar theoretical and experimental ion
and electron current vs. probe potential relationships, a mathematical model of current collection was constructed
for a probe system with cylindrical electrodes. The model includes the calculation of the reference electrode equi-
librium potential as a function of the probe bias voltage. Based on this theoretical model of the current—voltage
characteristic of a cylindrical probe in a supersonic flow of a low-temperature nonisothermal collisionless plasma,
a procedure was developed for kinetic plasma parameter extraction using a priori information on the plasma prop-
erties and the experimental conditions. The procedure is based on the determination of the values of the charged
particle temperature and density, the flow velocity, and the ion mass such that the theoretical current—voltage
characteristic best fits the experimental one. The a priori information on the plasma properties and the experi-
mental conditions is specified as restrictions on the parameters of the theoretical current—voltage characteristic.
The sensitivity of the current—voltage characteristic of cylindrical probe to small variations of the unper-
turbed plasma parameters was studied as function of the ratio of the probe and cylindrical reference electrode
current-collecting surface areas. Quantitative characteristics of the effect of the area ratio on the currant—voltage
characteristic of a cylindrical probe were obtained. Probe measurements in the ionosphere were numerically simu-
lated. The operability of the kinetic plasma parameter extraction procedure was demonstrated. The effect of probe
measurement errors on the extraction of the plasma parameters was numerically studied. Within the adopted as-
sumptions, the reliability of unperturbed plasma parameter extraction was estimated as a function of the current—
voltage characteristic measurement accuracy. The results obtained may be used in ionospheric plasma diagnostics.

Keywords: nonisothermal collisionless plasma flow, Cylindrical Langmuir probe, reference electrode,
characterization, a priori information, plasma characterization reliability.

BBenenmne. /[narnoctrka noHochepHOH MIa3Mbl HA KOCMHYECKHX araparax
(KA) TpagumuoHHO OCYIIECTBISETCS C TMPUMEHEHHEM 3JIEKTPUYECKUX 30HIOB.
braromaps nmpoctoTe anmapatypsl U IPUEMIIEMON TOYHOCTH U3MEPEHHUN 3IEKTPU-
YecKue 30HIbl JIeHrMIopa yCHenHo UCHob3yITCs Ul UCCIeIOBaHUS KUHETHYe-
CKHX NapaMeTPOB 3apsSHKEHHBIX KOMIOHEHT HOHOC(EPHOH m1a3Mbl HAUMHAA C Tep-
BBIX 3aITyCKOB pakeT [1] 10 HacToAIIero BpeMeH .

OCHOBHBIMH JIEMEHTAaMH 30HOBOM M3MEPUTEIBHON CUCTEMBI SIBIISIOTCS U3Me-
PUTEBHBINA 3JEKTPOJ (30H/) U OTIOPHBIN AIIEKTPO (TIPOTUBO30HT), IMEIOIITHE JIeK-
TPUYECKHUI KOHTAKT C IIa3MOH IUIOMIA [0 COOMPAFOIEi TOK TIOBEPXHOCTH COOTBET-
CTBEHHO S, W Sp,. Haubosnee u3yueHsl u HCIOIB3YIOTCS HA MPAKTHKE NPCACIbHBIC

CIly4aH CXeMBbI 30HIOBBIX M3MEPCHHIT: OIMHOYHBII (S, << S ;) ¥ JBONHOH CHMMeT-
puunblii (S, = Spy;) 30ua Jlenrmiopa [1 - 3]. Bonee nudopmatneHbIM sBIsETCS O/11-

HOYHBIA IMJIMHAPUYIECKUH 30H[ JIeHrMIopa, MO3BOJIAIONINN THarHOCTUPOBATh TEM-
neparypy J1EeKTPOHOB, KOHIIEHTPALUIO 3apsDKEHHBIX YaCTHUI] U, IIPU ONPEeICHHBIX
YCIIOBHSIX, TEMIIEpaTypy MOHOB (KOHLEBOH 3 QEKT), CKOPOCTh MOTOKA U CPEIHIOI0
Maccy MOHOB IIIa3Mel. Ilpu u3mMepeHusx B noHocdepe 1mo cxeme oJMHOYHOTO 30Ha
JlenrMiopa B KauecTBE OMOPHOTO IEKTPO/a Jallle BCEro ucromnb3yercs kopiyc KA —
HE M30JIMPOBAHHBIE OT IUIa3Mbl BHELITHUE IOBEPXHOCTH MPOBOSIIUX 3JIEMEHTOB €T0
KOHCTpYKUMH. CHiIbHAs pa3peKeHHOCTh HOHOC(EpHOH I1a3Mbl U COBPEMEHHasl TeH-
JCHIMSA K YMEHbIIEHHIO pa3MepoB KA (MUKpo- M HAaHOCITyTHUKH) 3aTPYAHSIOT BbI-
TIOJIHCHNE OTPAHAYCHHA S, << S, sl COOMPAIOLINX TOK JJICKTPOLOB H3MEPHTEIIb-

HOW CXeMBbI OZJMHOYHOTO 30Haa JIeHrMiopa.

B pabote [4] paccMoTpeHa WHTEpHpeTanus WOHOC(HEPHBIX W3MEPEHUH O/H-
HOYHBIM 30HJ0M JIeHrMIopa, MpeuIoskeHa NpoLeaypa UACHTH(GHUKALUN apaMeT-
POB HEBO3MYILIEHHOH OECCTONKHOBUTEIBHOM IJ1a3Mbl HA OCHOBE NTapaMeTPHUYECKO-
IO MPEACTaBJICHUS BOJIBTAMIIEPHON XapaKTEPUCTHKH MONEPEYHO 00TEKaeMoro 1u-
JUHAPUYECKOTO 30HJA C MPUBJICYEHHEM alpHOPHOM HH(OpMAlMU O CBOHCTBAX
IUIa3Mbl M YCIIOBUSX SKCIepuMeHTa. B HacTosmei paboTe mporenypa WHTepHpe-
TalMK 30HAOBBIX U3MEpPEeHUH [4] paccCMOTpeHa AJIA CXeMbl U3MEPEHUI MPU MPOU3-
BOJIFHOH IUIOIIAAN cOOMPAIOLIEH TOK MOBEPXHOCTH OMOPHOTO 3JIEKTPOJIa, MoIyye-
HbI OIIEHKH JOCTOBEPHOCTH BOCCTAHOBJICHUS KMHETUYECKHX MapaMETPOB HOHO-
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cthepHOil TIa3MbBI B 3aBUCHUMOCTH OT YPOBHS TOTperntHocTH m3mepeHus BAX mo-
MepevyHo 00TEeKaeMOoro NUIMHIPHIECKOTO 30Ha.

IMocTtanoBka 3agayu. MaTtemaTH4deckasi Moaejb coO0umpaHusi Toka. Pac-
CMOTPUM MOJEb 30HIOBOM HM3MEPHUTEIFHONW CHCTEMBI C IMIMHIPUICCKAMH JIIEK-
TpPOAaMH, TIOMIEPEYHO OOTEKAEMBIMU CBEPX3BYKOBBIM IOTOKOM OECCTOIKHOBUTEIH-
HOM IJ1a3Mbl ¢ MaccoBOl ckopocTbio V . Paguycsl ocHOBaHUSA 30HAa I, ¥ OMOPHOTO

3JIEKTPOza (IPOTUBO30HAA) [, CYLIECTBEHHO MCHBIIC MX JUIMHbI, TOPLEBBIC I10-

BEPXHOCTH OIOPHOI'O EKTPOJA M30IUPOBAHbI OT IUIa3MBbl, 3IEKTPOCTATUYECKOE U
ra30MHAMUYECKOE BIIMSIHUE 3IE€KTPOJIOB IPYyT Ha JIpyra B IUIa3Me Maso, SMUCCHOH-
HBIE TOKU C IOBEPXHOCTEH 3IEKTPOAOB OTCYTCTBYIOT. Ilasma TpexkoMIoHeHTHas
(cocTouT U3 HEHUTPATOB, MOJOKUTEIBHBIX OJHO3APSIHBIX HMOHOB M 3JIEKTPOHOB),
KBa3MHEUTpasIbHasl, PeXKUM O0TEKaHUs 3JEKTPOA0B OECCTOIKHOBUTEbHBIH, BIMSHUE
MAarHuTHOTO NOJI Ha 30HJOBBIN TOK HE3HAYUTEIBHO, PACIIPEAEICHUE YaCTUL] OTHOTO
COpTa 10 CKOPOCTSIM B HEBO3MYIIIEHHOM IIa3M€ MaKCBEIUIOBCKOE.

B paccmarpuBaeMOM ciydae OCHOBHBIMU IlapaMeTpaMHM HEBO3MYIIEHHON
IJ1a3MbI SABJIAIOTCA: KOHUCHTpalWA 3aps>KCHHBIX YaCTHILL n, TeMIICpaTypa 3JCKTPO-
HOB T,, Temmneparypa T; 1 Macca M; HOHOB. DIEKTPUUECKOE U ra30JUHAMUYECKOE
B33HMOIICI710TBPIC HWINHAPA C IMMOTOKOM IUIa3MBbI OIIPEACTIACTCA NOHHBIM CKOPOCT-
HBIM OTHOLICHHeM S; =V /U; , XapaKkTepHBIM pa3MepOM LIIMHIPA OTHOCUTEIBHO
nebaeBckoro paaumyca &=r,/Ay , Ge3pa3MEpHBIM SJIEKTPHYECCKAM ITOTCHIIHAIOM

nuivHapa ¢ OTHOCHUTCIbHO HCBO3MyHI€HHOI7[ I1a3Mbl, OTHOIOCHHUAMHU MaAcCC

w=mg/m; u temmeparyp P=T,/T; 3apsokeHHBIX yacTHl. 31ech Uj =+/2KT;/m,
— TEMJIOBasi CKOPOCTh HOHOB, K — mocTosiHHast bonbiMana, I, — paguyc OCHOBaHUS
OUIMHAPA, Ay — Ae0aeBCKUil pajuyc SKpaHUPOBAHUS B HEBO3MYILEHHOH IIa3Me,
IOTEHIMANl (@ OTHECeH K BemunHe KT, /€, € — aneMeHTapHbIi 3aps, M, —Macca
3NIEKTPOHOB.

J1st 30HAa ¥ ONIOPHOTO 3MEKTPOAa IPUMEM alIPOKCUMALIMIO TOKa Ha IoIe-
peYHO O0TEeKaeMBbIli OECCTONIKHOBUTENBHON TIa3MOU IHIWHAP [4], MOTyYeHHYIO
Ha OCHOBE KJIACCUYECKUX ACHMITTOTUUYECKMX COOTHOIIEHMI JIeHrmropa [5], ananntnye-
CKHMX HCCIle/IoBaHUN [6] u pacuetoB pabor [4, 7, 8]. B Oe3pa3MepHBIX BeTUYHHAX
MOJIHBIM TOK Ha LWJIMHAP, HAXOMAIIMNCS MMOJ MOTEHIHAJIOM (¢ OTHOCHUTEIBHO He-

BO3MYIIIEHHOW TIIa3MBI, OTIPEAEISETCS COOTHOIIEHUSMH [4] (32 MOJIOKUTENBHBII
MIPUHAT 3JIEKTPOHHBINA TOK HA IVIHHID):

lo(0)=Te(0)+Ti(0), (1)
[ (o) 2/Nn\n/d+e, ¢>0; @
exp (), ¢<0

ilo)= '
/B 2T fy2 +57 Po,  @<S2/p
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rae |, — Ge3pasMepHbIi TOK Ha LMIMHIDP, OTHECCHHBIA K Xa0TUYECKOMY JJICKTPOH-

HOMY TOKY lgo = Jo oS¢ Jeo o =€NUy / 23T — II0THOCTB XaOTHYECKOrO TOKA HIIEK-

TPOHOB, Uy =,/2KT, /M, — TeruioBasi CKOPOCTb MEKTPOHOB, S, — IUIOMIAb COOU-
parolel MOBepXHOCTH LIIMHAPA. 3[4eCh UHAEKC | OTHOCHUT 3HA4YEHHE BEIMYHMHBI K
HOJIOKUTEIBHBIM HOHAM, HHAEKC € — K 3JIeKTPOHAM.

B pa3mepHBIX BeIMYHHAX 3aBUCHMOCTB TOKa |, Ha IMIMHAp OT €ro IOTEHIH-
ama U OTHOCHTENIBHO HEBO3MYIIECHHOW IUIa3Mbl ONPENENHTCS uepe3 Oe3pazmep-
HBIH TOK |, Tak:

IC(U)= je,O'Sc'I_c(eU/kTe)- (4)

B nputsarusaromeM mnose JUIisl 3IEKTPOHOB anmpokcuManus (2) crnpaserinBa
npu <1 [2, 7], B OTTaJKUBAIOLIEM I10JI€ OrpaHW4YeHUi HeT. MoHHBIM TOK mpu
CKOPOCTH 00TEKaHMs LWINHAPa S; =4 XOpOLIO ONMUCHIBACTCS COOTHOLIECHUAMH (3)
npu & <10 [4, 8, 9, 10]. [TockoJbKy OMOPHBIl AIEKTPO.T BCETIa HAXOUTCS MO OT-
pHLATEIbHBIM MTOTEHIUAIOM (OTTAJKHBAIOIIEE IOJIE VIS 3JIEKTPOHOB), ANIPOKCH-
marus (1) — (3) ans vero cnpaBeanuBa pu S; >4, £ <10 . /lys1 30H12 OrpaHIYCHUS
OTIpEIeIISIOTCS ANEeKTpOoHHOM BeTBbI0 BAX — £ <1. B nanpHeiimem mnonaraem, 4to
pajuychl 30H1a I, U MPOTHBO3OHAA Iy, YAOBICTBOPSIOT yKa3aHHBIM OTPAaHMYCHHSIM

Ha mapamerp §. AHanu3 YHCIEHHBIX pacyeTOB CHCTEMbl ypaBHeHHI BracoBa—
Ilyaccona mokasan [4, 10], yro cootHomeHus (1) — (3) anmpoOKCUMUPYIOT peliie-
HHE 3a/1a4d COOMpAHKs HOHHOTO TOKAa IMIMHAPOM B CBEPX3BYKOBOM IOTOKE Oec-
CTOJIKHOBUTENBHOM IU1a3Mbl ¢ TouHocThiO (m0 3-5) % mnpu S; >4, £<10,

¢=>-50.

IIpsimas 3aga4a 30HA0BbIX U3MepeHuii. [Ipu custuun BAX uzMepstoTcs Tok
|, B menu "30HI — MjIa3Ma — ONMOPHBIN AMEKTPo" MPU CKAHUPOBAHUH MOTEHIIMANA

cmemmenns U;, 30HAa OTHOCHTENBbHO omopHoro 3iexrpoxaa (U;, =U,-U,,, rae

pz>
u,, Upz — TOTEHIIMAJBI 30HAa U OMOPHOTO 3JIEKTPOJa OTHOCHUTEIHLHO HEBO3MY-

LIEHHOM U1a3Mbl). [loTeHuman 3ou1a oTHOCHTENbHO miasmel — U, =Uj, +U ;.

XapakTepHOe BpeMsl YCTaHOBJICHUSI PaBHOBECHOI'O MOTEHIIMANIa B MOHOC(eEpe
JIOCTAaTOYHO Majo IS TPUHSATHS OMYIIEHWS, YTO 30HIIOBas CHUCTEMa BCETIa
HaxOJIWUTCA Tpu paBHOBeCHOM moTeHIuaie [1]. [Toatomy n3mepenne BAX (ckanu-

pOBaHUE MOTCHIIMAJIAa CMECIICHUA U iz) MOXET MPOBOJUTHCA B TOM K€ PEKUME, UTO

U U1 OJMHOYHOTO 30H/a, KOT/Ia PaBHOBECHBIN MOTEHIIMAT OTIOPHOTO 3JIEKTPOJIa
MOYKHO CYMTATh HEM3MEHHBIM,

Ka)KJIOMy S3HAYCHUIO HAIPSXKCHUA CMCIICHUA Uiz COOTBETCTBYET pPaBHOBEC-

HbIM MOTEHIIMAJ OMOpHOro 3jekTpoxa U OTIpeIeTISIEMBI PAaBEHCTBOM HYJTIO

pz>
CYMMapHOT'O TOKa 3apsDKCHHBIX YaCTHI[ Yyepe3 cOOUpAroIie MOBEPXHOCTH 30HI0-
BOM cucTeMbl. JIJIsl OIOPHOTO IIEKTPO/a ypaBHEHHE OanaHca TOKOB B Oe3pa3mep-
HOM BH/C 3aITUIICTCA TaK

Ic((sz)'Ss+|c((sz+(Piz):01 ()
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rae Sg=Sy, / S, — OTHOUIEHHUE IUIOMIAAEH OMOPHOIrO 3JIEKTpoJa U 30HIA. 37Iech
0e3pa3MepHBIi TOK Ha OTIOPHBIA AIIEKTPOT IC((p pz) U Ha 30H[ Ic((p pz (piz) ompe-
nenstores cootHomeHusMu (1) — (3). Pemast mrst kakaoro 3HaYCHUS MTOTEHITHATA
CMEIIEHHs (;, HeIHHeilHoe ypaBHEHUE (5) OTHOCHUTENBHO MOTEHLUAla OIOPHOTO

JNIEKTPOAA @,, HAXOAMM 3aBUCHMOCTb PABHOBECHOTO MOTEHLMANA OINOPHOrO
3JIEKTPOJA OT MOTEHUMANA CMELICHHUS 30Ha — @, =CD((piZ). B pasmepHoM BHIE

paBHOBeCHLIP'I MOTCHLIMAJI OIIOPHOTI'0 3JICKTPOAa OIIPCACIIUTCA TaK
U,,U;,)=®(eU;, /kT,)-kT. /e.
Taxum o6pazom, BAX 30112 B 6e3pa3MepHOM Bue AaeTcs GopMynoi
I ()= 1o (@07, )+ 07, ),
B Pa3MEPHOM BHJIE — OIPENENAETCS CIIEAYIOUIHUM 00pa3oM
1,(Ui;) = Jeo - S - 1 (@(eU, /KT )+eU;, K Te). (6)

Ilockonbky 3aBHCUMOCTH TOKa OT MOTEHIIMANA 3JIEKTPOJOB U IIapaMeTpoB L,
B, S; 3amatorcst HempepblBHOM oxHo3HayHOU (yHkimeid (1) —(3) [4], pemenue
(D((piz) HeJMHEHHOTo ypaBHEeHHA (5) CyLIecTBYeT M €JMHCTBEHHO IpU BCEX pac-
CMaTpHBaEMBbIX 3HAUEHUAX MOTCHIMAIA CMEIEHUS @, U JIETKO HaXOAWUTCS UTEpa-

IIOHHBIM METOJIOM.

Cootnomenus (1) —(5), ompenensromme MmapamMeTpUuecKoe PeICTaBICHUE
BAX (6) cucrems! "30H1-TIIIa3Ma—OMOPHBIN AMEKTPOA", BKIIOYAIOT Oe3pa3MepHbIe
napameTpsl U, B, S;, Sg, @;,, OnpeaenseMble Yyepe3 napaMeTpbl HEBO3MYIIEHHOH
IUIa3MBbl, 30HJa ¥ OTIOPHOT'O IEKTPOA:

m;, Ti’ Te’ n, Vv, SZ, sz, UiZ'

BespasmepHbie BOJLTAMIIEPHBIE XapaKTepucTHKH |, ((Piz) paccMmarpuBaeMoi
30H/I0BOH CHUCTEMBI NIPH Pa3IMYHbIX 3HAYCHUSIX rapameTpa Sy (OTHOILEHHs coOu-
paroIIMX TOK IUIOMIA/IEH OTIOPHOTO AIEKTPOIa U 30Ha) MPeACTaBIeHBI Ha puc. 1 B
Macmirtabax st 3JeKTpoHHOro (a) u uoHHoro (0) Toka. Ha puc. 2 B macmTabax,
COOTBETCTBYIOIIUX AJIEKTPOHHOH (a) u noHHOU (0) BeTBM BAX, mpencTaBiieHbI B

663paSMCpHOM BUAC 3aBHUCUMOCTHU PABHOBECHOI'O0 IOTCHIIMAJIA (ppZ OIMIOPHOT'O

QJICKTPOJda OT IMOTCHIIMAJIa CMCIUICHUA (@i, 30HJAA IPHU PA3JINYHBIX 3HAYCHUAX IIa-

pamerpa S,. Pacuersl BBINOJIHEHBI NPU 3HAYECHUSX MapaMeTpoB S; =48 ,

n=37 107 u B=127, cooTBETCTBYIOIIMX HOHOC(EPHOH IIa3Me Ha BBHICOTE
okouo 700 xwm [4].

C YBCINYCHUCM co6npa}0meﬁ TOK ILIOINAaAW OMOPHOI'O JJICKTPpOAa S Ha4yu-

pz>
Hag ¢ Sg =10, nonnas BetBb BAX He Mensercs B macmrabe puc. 1, 6). 910 nos-

BOJISIET, KaK M3BECTHO, MCIOJIb30BaTh KIIACCHYCCKHI ITOXOJI JJIS BOCCTAHOBJICHUS
KOHIICHTpAIMU N 3apsHKEHHBIX YaCTHIT TIa3MBI IO HOHHOM BeTBH BAX.
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Puc. 1

W3 pe3ynbTaToB pacyeToB, MPUBEIEHHBIX Ha PHC. 2, ) CIEAYET, 4TO CyIle-
CTBYET HEKOTOPOE 3HAUECHUE S: napaMeTpa Sg, KaUeCTBEHHO pa3elsIollee I10-
Beaenue BAX: mpu Sq <S: 30HJ OCTaeTcs MO OTPULATEIBHBIM HOTEHLUAIOM
OTHOCHUTEIIBHO IIa3Mbl U IIPU MOJIOKUTEILHOM CMEIEHUH OTHOCUTEIBHO OIOPHO-
ro 3JeKTpoja; mpu Sg > S: — IpPU HOJOKUTEIBHOM CMELIEHHH OTHOCHUTENIBHO
OTIOPHOTO D3JIEKTPOAa MOSBIIsIETCS BeTBb BAX, COOTBETCTBYIOIIAs COOWMPAHUIO

IEKTPOHHOTO TOKA 30HAOM (puc. 1). VYBenuueHue INOTEHLUala CMEILEHUS @;,

*
BE/IeT K yMEHBIIIEHHIO 3HaueHus S . Hampumep, B paccMaTpuBaeMoM ciydae 0e3-

i~ |
q?z S,=1000 300 200 -
5T ®p; | S;=1 25 10
10 | 25 F
-15
i gL 3000
1000
.25
[
30 | 35 F
35 20 300
200
-10 -4
-20 0 20 o, 40 40 =20 0 ¢, 20
a) 0)
Puc. 2
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pasMepHbIM MOTEHIMATaM CMEIeHUs! @, <40 COOTBETCTBYET 3HaueHHE S : ~18,
ampu ¢, <200 — S, ~9,5.

UzBectro [1 — 3], 4TO 11 MCHOIB30BAHUS KIACCUIECKUX COOTHOLIEHUH 0u-
HOYHOTO HWJIMHIPUYECKOTO 30H/a OTHOIICHHE IUIOMAACH OIMOPHOTO AIIEKTPOAA H
30HAa JOJDKHO YIOBJETBOPATH AOCTATOYHO JKECTKOMY YCIIOBHIO S >10*. Pac-
CMOTPHM BO3MOYXHOCTh BOCCTaHOBJICHUSI KMHETHYECKHX ITapaMeTpOB HOHOCHEp-

HOWH ITa3MBbl TIPH UCTIOJIB30BAHUN 30HT0BOM CHCTEMBI C TPOM3BOJILHBIM 3HAUYCHUEM
napamerpa Sy .

OOpaTHas 3aga4a 30HI0BBIX H3MepeHHid. /{15 npuMeHeHNs] COOTHOIIEHUI
(1) — (6) mpu mHTepHpeTanMy 30HIOBBIX W3MEPEHHUIl B MOTOKE IUIa3MBbI, CICIYs
paborte [4], ucrons3yeM napameTpbl

n, B, Te,n, V, Sg. (7)

Ecmn o603HaunTh uepe3 P BexTop mapametpos (7), TO popMaNbHO 3aBUCHMOCTh
JUTSL 30HIOBOTO TOKa (6), BKIIIOYatoIas pacueTHoie cootHorrenus (1) — (5), MoxeT
OBITH 3aITMCaHa TaK:

Iz( iz’P):jeO(P)'Sz'l_c( z(Uiz’ )'P)’
(Pz(Uiz’P)=eUiz/kTe+(D(eUiz/kTe’P)’

rae (pZ(UiZ, P) — Oe3pa3MepHBI MOTCHLHAA 30HJAa OTHOCHUTENBHO ILIa3Mbl,
®(@;,,P) — paBHOBECHBI MOTEHIMAT OMOPHOrO IEKTPOA, COOTBETCTBYIOMIHMIL
0e3pazMepHOMY MOTEHIMAITy CMEIIEHHs 30HAa ¢;, NpH 3HadeHusAXx P mapameTpos

(7), paccauTaHHBIN IO HENMMHEHHOMY ypaBHEHHIO (5).
[Iycth u3BecTHA sKciepuMeHTaNbHO nory4deHHas BAX | O(U iz) paccMarpuBa-

eMoll 30H110BOH cucrembl. OOpaTHas 3a/1a4a 30HA0BBIX U3MEPEHUN 3aKIII04aeTCs B
onpejieNieHu 3HaueHuil mapameTpoB (7), MpH KOTOpBHIX Teopermueckas BAX
IZ(U iz P) HAWIy4IIuM 00pa30M OMHCHIBAeT dKCHepuMeHTaIbHyI0 BAX |, (Uiz).

B oOmem ciyuae 3ajmaua BOCCTAHOBJICHHS MapaMeTpoB Iia3mbl (7) CBOIUTCS K
ciemyroiei mocranoBke [4]:

P F(P*):rlpeig F(P).  F(P)=1,U;.P)-1,Us ), - (8)

3nech || f (Uizl — JIMCKpETHAs KBaj[paTHYHAs HopMa ceTounoii pynkman f (U, ),

|Miz
MHOXkecTBO M iz OHPCACIIACT y3JIbl CETOYHOU (1)YHKLII/II/I, D — mHOXecTBO AOITyCTHU-

MBIX 3HaueHmii mapamerpos P: P™M <P <P™ rpe P™" P™® _ coorer-

CTBEHHO BEKTOPBI HAUMEHBIINX M HAaHOOJBIIMX 3HaYeHHUH napameTpos (7). MHoxe-
CTBO JIOIyCTHMBIX 3Ha4eHUH mapameTpoB (7) ompezaenserca u3 (GU3NUECKux cood-
pakeHui 1 anprHoOpHOH HHpOpMaUK 00 HCCIeTyeMOM IOTOKE IIa3Mbl [4].
Dopmynst (1) —(4), (6), ¢ yuerom ypaBHEHHS (5), ONIPEEISIOT 30HIOBBIN TOK
KaK KyCOYHO-aHAIUTHUYECKYI0 pyHKIHIO moTeHana U;, u Bcex mapamerpos (7).

Hapymienne rinagkocty OpOUCXOUT MPHU 3HAYEHUSX MOTEHIMANa, yAOBJIETBOPS-
IOIIUX YCJIOBUAM
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Ui, +Upz(Uiz'P):O’ Uj, +Upz(Uiz'P)=me/e'V2/2H-

OTH paBEHCTBAa ONpPEJEISAIOT IOBEPXHOCTU MPOCTPAHCTBA IEPEMEHHBIX
(UiZ , P), Ha KOTOPBIX MPOU3BOIHBIE (PYHKIIHU IZ(U iz P) TEPIIAT Pa3phIBBI IEPBO-
ro poaa. Bo Bcex ocTanbHbIX TOukax MHOkecTBa D (ynxuns | Z(U iz P) aHaJIu-

THUYECKasi, ClIeI0BaTeIbHO, HEMPEPBIBHO Au(QepeHnnpyeMas o BCeM CBOUM Iie-
pemenHbIM. Penienue BapuanuoHHO# 3a1a4uu (8) MOXKET OBITH peain30BaHO METO-
JlaM{, OCHOBaHHBIMH Ha MeTojie HploTOHa ¢ orpaHuyeHus MU Ha mapameTpsl. [lo-
CKOJIBKY YHCJIO TapaMeTpOB HEBEIHWKO, a IeneBas (YHKIHS F(P) KYCOYHO-

aHAJIMTUYECKas, TPaJUeHT U MaTpuly ['ecce HETPyIHO paccUUTAaTh.

Ananusz napamempos 3a0auu. O603HaINM depe3 P OTACTLHBIN ImapaMeTp MHO-
xectBa (7). Onpeaenum st pyHkuuu |, (Uiz, P) B OKPECTHOCTU HEKOTOPOU TOY-
Ku R =(MO,BO,TeO,nO,VO,SSO) 0e3pa3MepHyI0 (QYHKIHUIO 9yBCTBUTEIBLHOCTH MO Ma-

pameTpy P

T P Po élZ(Uiz’lo)
I U y - .
z,p( iz O) jeO ‘Sz 5p

Mansle u3meHeHus napamerpos (7) P = Py (1 +¢ p), B OKPECTHOCTHU TOUKU P,

HpUBEIYT K U3MEHEHUIO Oe3pa3MepHOro 30HI0BOTO TOKa

I_z(Uiz’P)zI_z(Uiz’PO)""ZSpI_z,p(UiszO)- (9)
p

Ha ocHOBe »THX COOTHOIICHMH BBHITIONHEH aHAW3 BIUSHUSA HapameTpoB (7)
Ha BAX paccmaTpuBaemMoil 30HIOBOH CHCTEMBlI MPU PA3IAYHBIX OTHOIICHUIX
IUIOIAAeH Sy OMOPHOTO 3JIEKTPOAA W 30HIA IPU MOHOC(HEPHBIX HCCIIEIOBAHUIX

Ha BbIcoTe 0KkoJi0 700 kM. ba3osble 3HaueHuss Py mapamerpos (7) ompeneneHs! B
[4].

Moguenb codupanusi 30H10Boro Toka (1) —(6) Gosiee COOTBETCTBYET (pu3nue-
CKO#1 3aJ1aue 30HI0BBIX U3MEPECHUN 110 CPABHEHUIO C PACCMOTPEHHOM B padote [4]
MOJIENIBI0 OIMHOYHOTO 30HAa JIGHrMropa, MOCKOJIbKY 3/1eCh PAaBHOBECHBIM MOTEH-
[[MaJl OMOPHOTO AJIEKTPOAa pacCMaTpHBaeTCs He KaK HE3aBUCHMBINM Tapamerp, a
orpenenseTcs n3 GU3NIECKUX COOTHOIIEHHH Oaanca coonpaeMbix TOKOB (5). [s
mozenu (1) — (6) paccmorpenHast B pabote [4] "KoHKypeHUus" nmapamerpoB T, H

U,

Te, Kak U KOHUEHTpauuu N, ONpenensercs B OCHOBHOM a/IeKBaTHOCTbIO MaTeMa-

HC aKTyaJibHa U JOCTOBCPHOCTb BOCCTAHOBJICHUS BHGKTpOHHOﬁ TEMIICPATYPBI

THYECKOW MOJIENIM COOMpaHuUs TOKa JUIsl 30H/a M OTIOPHOTO 3JekTpoaa. [Ipu aTom
MoJienb (1) — (6) nmpuBsizaHa K NWIMHAPHYECKON (hopMe OMOPHOTO JIEKTPOJA, B TO
BpeMs KaK paccMOTpeHHas B padorte [4] Monxens OJMHOYHOTO 30HJA MO3BOJSET
WHTEPIPETUPOBATh 30HJIOBbIE M3MEPEHHUS NPU JFOOOM OMOPHOM DIIEKTPOJE, YIO-
BJICTBOPSIIOIIEM OTPAaHHUYCHHSIM TEOPUH OJMHOYHOTO 30H/a JIeHrMIopa.
[IpoBenieHHbIE BBIYMCIIEHUS MOKa3aJiM, YTO JJIsl paccMaTpUBaeMOM MOJIeNd
"30H]T — TTa3Ma — OTIOPHBINA JIEKTPOA" 3aBUCUMOCTH 30HJIOBOTO TOKA OT IMapaMeT-
poB N, w, B, V npu orHomenun miomaneit Sg > 200 mo ypoBHIO BIUSHUSA COOT-

BETCTBYIOT 3aBUCHUMOCTSM, ITOJIyY€HHBIM B padote [4] 11t Moaenu "30HI — miias-
Ma" oguHOYHOrO 30HAa JIenrmtopa. /st KoHIeHTpauuyu N, OTHOUIEHHs Macc U U
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Temieparyp [ 3apsXKEHHBIX KOMIIOHEHTOB IUIasMbl mpu S > 500 nabmromaercs
Ka4eCTBEHHOE U KOJMYECTBEHHOE COOTBETCTBUE (DYHKIMH UyBCTBUTEIBHOCTU LIS
PaccMOTPEHHBIX MOAEJICH 30HI0BBIX U3MepeHuil. [ ckopoctu notoka V u TeM-
HepaTypbl AEKTPOHOB T, MIa3Mbl PyHKIMK YyBCTBUTEIBHOCTHU IIPH IEPEXOIE OT
MOJENIM OJMHOYHOI'O 30HJAa K MOAEIH 30HJA C LIMIMHAPUYECKHM OIOPHBIM 3JICK-
TPOAOM MEHSIOT 3HAaK Ha IPOTHBOIOIO0KHBIMH.

Ha puc. 3 npencraBnensl pe3yabTaTsl pacieToB (PYHKIUN YyBCTBUTEIBHOCTH
MOJCIIA cOOMpaHus 30HI0BOTO ToKa (1) — (6) K 3HAYCHUAM DIICKTPOHHOHN TeMIepa-
Typsl T, (a) u mapamerpa S (6) B 3aBUCHMOCTH OT HOTEHIMANa CMELIEHHS 30H1a

U

iz 1IpHA PA3JIMYHBIX 3HAYCHMIX OTHOLICHU:A ILIOMIaaCH OIIOPHOT'O JJICKTpOAa U

0.5 — 3
P |SsT1 100 150 200 s
2,Te 7qu
0 ES
2
-0,5 L5
-1 1
0,5
14
0 T\
1000 250 200
2 | I -0,5 \ )
a8 0 5y, 10 25 0 5 uy,lo
a) 0)
Puc. 3

30HOa SS . CDYHKI_II/II/I YYBCTBUTCIIbHOCTU PACCUYHUTAHBI ITPU 0a30BBIX 3HAYCHUSIX PB

napameTpoB miasmsl (7). IlpencraBneHHble Ha puc. 3 AaHHBIE MMOKa3bIBAIOT, YTO
Py OTPULATENbHOM CMELICHWH IMOTEHIHMANa 30HAAa OTHOCHTEIbHO MOTEHIHANa
OIIOPHOTI'O JIEKTPO/a 30HOBbIH TOK HE 3aBUCUT OT TEMIIEPATYpPhI JIEKTPOHOB T, U

otHowmeHus mwiomanen S . Ilpu Sg> 100 ypoBeHb BIMSHUS HA 30HAOBBIN TOK Ia-
pamerpa T, He MEHsETCs, a C POCTOM OTHOLIECHHS Iutomaed Sy 00sacTh BIUSHUSA
T, yBeJM4MBaeTCS B CTOPOHY IOJIOKHUTEIbHBIX 3HAYCHUH MOTCHIHANA CMEILEHHS
souna U,,. Ilpu orHomennn mmomanein Sg> 300 BnusHME TeMIepaTyphl dJieK-
TPOHOB T, Ha 30H/IOBBIM TOK MPAKTUYECKH HE MEHSACTCS C YBEIHUCHNUEM ILIOMIAIN
coOuparoliell MOBEPXHOCTH OMOPHOTO 3JIEKTPO/IA.

Bausnue nozpemnocmeii. B ycioBusx moHocdepbl pabora 3JIEKTPUIECKOrO
30HJa COMPOBOXIAETCA MHOXECTBOM (hakTopoB, uckaxaromux Bug BAX. Jlns
000cHOBaHUST PabOTOCTIOCOOHOCTH MPEUIOKEHHON MNPOIEAYPhl WHTEPIPETAIUH
30HJIOBBIX U3MEPEHUH B HOHOC(EpE MPOBEJICHBI YUCIICHHBIE HCCIICIOBAHNS BIMSHUS
MorpenIHocTel n3mepenust BAX nunmuaapryeckoro 30H1a Ha BOCCTAHOBJIEHHE Tapa-
MeTpoB mi1asmel (7) npu 3HaueHun napamerpa S = 1000. B pamkax NpHHSTBIX [10-
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MyIIEHHHA TIONMy4YeHBl OLEHKH JOCTOBEPHOCTH

I, BOCCTaHOBJICHHSI 3HAYCHHH IapamMeTpOB HEBO3-

8 1 MyIIIeHHOH Ta3Mbl (7) B 3aBUCHMOCTH OT TOY-
6 | HOCTH n3Mepenust BAX.

Pe3ynbTatel BOCCTAaHOBIIEHHUS 3allyMIJICH-

4 Hoil BAX, Moaenupyroniel sKCrepuMeHTalbHbIE

JTAHHBIE TIPU TIOTPEITHOCTH W3MEPEHHS 30HI0BO-

2 ro Toka |, 1o 20 % oT MakCHMaabHOrO pPEru-

CTPHPYEMOTO 3Ha4YeHUs Mpu 0a30BBIX IapameT-

0 pax (7), mpencraBieHsl Ha puc. 4 (TOYKH — dKC-

P ‘ ‘ nepuMmeHTabHass BAX, croromHas KpuBag —

BOCCTaHOBJICHHasi Teopetudeckas BAX, 30H10-
BBl TOK TpuBenieH B MKA, notenmman U,, B

Puc. 4 BoJbTaX). Boccranoenennas BAX B macmirade

pHCYHKa NpAaKTHYECKH COBHAAacT ¢ 0a30BOi

BAX. Pemenne 3agaun mapaMeTpryecKod WASHTU(HKAINN MOKa3allo, KaKk B pabote

[4], ycroitunBOCTh K CiTy4aifHbIM MMOTPENIHOCTSAM MPH KOJMYecTBe M3Mepenuii ~100 u
Ooree st AMara3oHa W3MEHEHHs TTOTeHIana cMetenus 30a1a ot —10 B 1o +10 B.

OCHOBBIBasICh Ha COOTHOLICHUU (9) HMCCIIe0BaHO BIMSHUE YPOBHS HEoIpee-

JICHHOCTU W3MEpPEHHH 30HI0BOIO TOKAa HA JOCTOBEPHOCTh BOCCTAHOBIICHMS Iapa-

METPOB HEBO3MYLICHHOW Mia3Mbl. llomydeHBl OLEHKHM HOMyCTUMBIX H3MEHEHHUM

[apaMeTpoB HEBO3MYILICHHOM IJ1a3MBbI

[P—p[<Ap~3,-[p, [p[>>0
B 3aBUCUMOCTHU OT YPOBHSA HEOIIPEACTICHHOCTHU 30HAOBBIX TOKOB
=T|<A; =58, -M;, M;>0.

31eck P — OJUH W3 mapaMeTpoB MHOXkecTBa (7); A — aOcostoTHas, & — OTHOCH-
TeNbHAsI MOTPELIHOCTh COOTBETCTBYIOLIMX BellMurH; M| — XapakTepHOe 3HaYeHHE

30HIOBOTO TOKa INPH OINpENeNICHHH MapaMeTpoB Iuia3Mmbl (7); MpsSMOH 4YepTOHt
CBepXy 0003HaYeHHI "TOYHBIE" 3HAYEHUS, BOJIHUCTONW — "BOCCTAHOBJICHHBIE" WITH
"n3MepeHHbIe" 3HAUYEHHUS] COOTBETCTBYIOIUX BETUYHH.

Ha puc.5 mnpuBeneHbl OTHOCHUTENb-

1 HbIC U3MEHEHHSI O, [apaMEeTPOB ILIA3MbI

6 5 - (7) B 3aBHCHMOCTH OT OTHOCHTEJIEHOTO
YpOBHS  HEOIPEJIEIEHHOCTH  30HIOBBIX
TOKOB 0| : KpuBasg | COOTBETCTBYET KOH-

neHTpanmuu N; 2 — ckopoctu V  mpu

01 ¢ 8, = 0; 3 — snexkTpoHHOIt Temmeparype Te;
’ 5 4 — otHOmIeHUIO Macc W mpu Oy =0; 5 —

I V mpu $,=01; 6 — p npu 6, =01

- [pencraBieHHble HAa pPUC. 5 OLIGHKH HE

001 SIBJISIOTCS. TOYHBIMH, MOJYYCHBI aHATUTH-

YECKU B JMHEWHOM mpuOmmkeHuu (9) mo
0 0,05 0,1 0,15 8, 0,2

116 Puc. 5



armpokcuMaruu (1) —(6) U yTOYHEHBI YHUCICHHBIMH pacdeTaMH II0 METOIHUKE,
onmcaHHo# B pabote [4]. [IpuHATO crieayrolee XapakTepHOE 3HAYCHUE 30HI0BOTO
TOKa!
| e B8 |l y]|> 1,
M, =1l (6] |Iy|<leo, u,>U,
rae |y, — HanbosbIee PErUCTPUPYEMOE 3HAYEHHUE 30HI0BOTO TOKa; lg o — Xao-

*

THUYECKHUI TOK 3JEKTPOHOB Ha 30HA; U — 3HaueHHe NOTEHUHMaNa, yCIOBHO pa3ou-
Batoniee BAX Ha HMOHHYIO M DJIEKTPOHHYIO YacTH (IPUBEACHBI OLECHKU MPH

U =21 B). IlonyuyeHnbple OIEHKH XapaKTepU3YIOT BIWSHHE Ha JIOCTOBEPHOCTH
BOCCTAHOBJICHHSI TTaPAMETPOB IIA3Mbl KaK TOYHOCTH 3JCKTPUUYECKUX HU3MEPEHUH,
TaK U COOTBETCTBHA MOJCIN CO6I/IpaHI/I$I TOKa PCaJIbHBIM YCJIOBUAM 30HAOBBIX H3-
MEpEHUN.

BeiBoasl. [loctpoena maTemaTnuyeckas MOAEIb COOMPaHUs TOKA VIS 30HIO-
BOM CHCTEMBI ¢ IMIMHAPUIECKUMH JIEKTPOAAMHU IIPH IPOU3BOJIBHOM OTHOIICHUH
IUIOIIA/AEH 30H/Aa U ONOPHOTO IeKTpoaa. Moenp BKIIIOYAaeT pacyeT paBHOBECHO-
ro MNOTEHHHAJa OMOPHOIO 3JIEKTPOJa NPH HM3MEHCHMU HANpsDKEHHUS CMEILEHUS
30H1a. Ha ocHOBe mocTpoeHHO# Monenu pa3zpaboTaHa IpoLeaypa pacueTra Teope-
THdecko BAX nuimmHAPHUYECKOro 30HAA B CBEPX3BYKOBOM ITOTOKE HHM3KOTEMIIE-
paTypHOl HEM30TEPMHUYECKOH OECCTONKHOBHUTENHHOMN TUIa3Mbl M BOCCTAHOBIICHUS
KUHETHYECKHUX IapaMeTPOB IJIa3Mbl C UCIOIb30BAaHUEM alpHOPHON MH(POPMALIUIH
0 CBOWCTBAX IJIa3Mbl M YCIOBUSAX IKCIIEPUMEHTA.

HccnenoBana 4yBCTBUTEIBHOCTh BAX HUIMHAPUYECKOrO 30HAA MPHU MAJbIX
BapHaLMsIX MapaMeTPOB HEBO3MYILEHHON IIJIa3Mbl B 3aBUCHMOCTH OT COOTHOLIEHHS
COOMPAIOIIMX TOK MOBEPXHOCTEH 30H/AA M LMIJIMHAPHUYECKOTO OMOPHOIO 3JIEKTPOJA.
OnpezeneHsl 3HaYEHNST OTHOLIEHUS TUIOLIAIN OMOPHOTO 3IEKTPoJa K IUIOIAIH 30H-
J1a, IPU KOTOPBIX B YCJIOBUSIX HOHOC(EPH! paboTa U3MEPUTEIHHON CUCTEMBI "30HA —
TUIa3Ma — OTIOPHBIN ANeKTpon” ToJ00Ha padoTe onuHOYHOTO 30HAa JIernrmropa. Ilo-
Jy4eHbI KOJINYECTBEHHBIE XapaKTEPUCTUKH BIMAHUS OTHOIIEHHMS 1uomaneii Ha BAX
WJIMHAPHYECKOTO 30H/a.

BeinonHeHo 4HCEHHOE MOZAENIMPOBAaHUE 30HAOBBIX HM3MEPEHHH B YCIOBHAX
noHocgepsl. [lokazana paboTOCIIOCOOHOCTE POLEAYPHI HICHTU(DUKAIMY KHHETHYE-
CKUX TapaMeTpoB Iu1a3Mbl. [IpoBemeHbl McCieNOBaHUS BIMSHUS HOTPEIIHOCTEH
30H/IOBBIX M3MEPEHUI Ha BOCCTAaHOBJICHUE MapaMeTpoB IIa3Mbl. B pamkax mpuHs-
TBHIX JONYIIEHUI NOJTy4€HBl OLEHKH JOCTOBEPHOCTH BOCCTAHOBICHHS MapaMeTPOB
HEBO3MYILECHHOM IJIa3Mbl B 3aBUCUMOCTH OT TOYHOCTH m3MepeHust BAX u anex-
BAaTHOCTH NPUHITON MaTeMaTHYECKONH MOAETH COOMPAHHS TOKA.

[lony4yeHHble pe3yabTaThl MOTYT OBITH MCIOJIB30BAHBI IPHU MOJATOTOBKE M WH-
TepIIpeTaluy 3KCIIEPUMEHTOB 110 TUATHOCTHKE HOHOC(HEPHOH TIIa3MBI.

1. boiio P. 3oump! Jlenrmiopa Ha KocMudeckoM kopabie. B kH. Merozs! uccienoBanust 1wiasmbl / [Tox pen. B. Jloxre—
Xomstrpesena. M.: Mup 1971. C. 506-538.

2. Yan I1., Tonbom JI., Typsn K. DnextprdecKkne 30HbI B HETIOABIKHOM U JIBIDKYILEHcs masme. M.: Mup, 1978. 201 c.

3. Kosnos O. B. Dnexrpudeckuii 3011 B miasme. M.: Atomusmar, 1969. 291 c.

4. JlazyuenxkoB /1. H., JlazyaenkoB H. M. MHTepriperanust 30HI0BBIX U3MEPEHHUHN B TOTOKE GECCTOIKHOBUTEIHLHON
mia3mel. Texandeckas mexanuka. 2018. Ne 1. C. 107-120. https://doi.org/10.15407/itm2018.01.107

117


https://doi.org/10.15407/itm2018.01.107

5. Mott-Smith H., Langmuir I. The theory of collectors in gaseous discharges. Phys. Rev. 1926. V. 28. Ne 5.
P. 727-763. https://doi.org/10.1103/PhysRev.28.727

6. Hoegy W. R., Wharton L. E., Current to a moving cylindrical electrostatic probe. Journal of Applied Physics.
1973. V. 44, No. 12. P. 5365-5371. https://doi.org/10.1063/1.1662157

7. Latramboise J. G. Theory of Spherical and Cylindrical Langmuir Probes in a Collisionless Maxwellian Plasma
at Rest. Report, No.100. Univ. of Toronto, Institute of Aerospace Studies. 1966. 210 c.
https://doi.org/10.21236/AD0634596

8. Godard R., Laframboise J. Total current to cylindrical collectors in collision less plasma flow. Space Science.
1983. V. 31, Ne 3. P. 275-283. https://doi.org/10.1016/0032-0633(83)90077-6

9. Choiniere E. Theory and experimental evaluation of a consistent steady-state kinetic model for two-
dimensional conductive structures in ionospheric plasmas with application to bare electrodynamic tethers in
space : Ph.D. dissertation. University of Michigan, 2004. 288 p.

10. Jlasyuenxog /J]. H., Jlazyuenrkoe H. M. MarteMaTH4ecKoe MOACIUPOBaHHE O0TEKaHHS MTPOBOASIICTO LMINHIPA
CBEPX3BYKOBBIM IOTOKOM OECCTOJIKHOBUTENbHOM IIa3Mbl. Texuuueckass mexanuka. 2019. Ne 1. C. 63-74.
https://doi.org/10.15407/itm2019.01.063

IMomyueno 12.11.2019,
B OKOHUaTenbHOM Bapuante 21.11.2019

118


https://doi.org/10.1103/PhysRev.28.727
https://doi.org/10.1063/1.1662157
https://doi.org/10.21236/AD0634596
https://doi.org/10.1016/0032-0633(83)90077-6
https://doi.org/10.15407/itm2019.01.063

