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PaCCMOmpEHbI 80rpockl UsMepeHus u SOCﬂpOH.‘?BeaBHUE ¢ Hausbicwel MoYHOCMELIO NOCMOAHHLIX MOKO8 8 ammo-
amnepHom duanasone. [pueedeHbl pezynbmambl ANUMensHLIX U3MepeHUl 3HaveHUl snekmpomempa B7-45 npu omeym-
cmeuu nonesHo2o cugHana u SOC-“],OOU.SSOOUMB.‘X 3HavyeHul c8epxMansix NOCMOAHHLIX MOKO8. OnucaHo ycmpo&cmﬂo,
OCHOBAHHOE Ha MpUMeHeHUU Memoda U3MepeHUs U 8ocnpou3gedeHus ceepxmalisiX Mokoe nymem cyema 3/1eKmpoHos,
Komopoe Moxem 6bImb UCNONBL308aHO 8 Kayecmee nepsuYyHO20 3manoHa e ammoamMnepHoM duanasoHe.

Kniovuesbie cnosa: anexmpcmempuuecxuﬁ usMepumens, K&HUGP&MOP, Manble NoCcmMOosiHHbIE MOKU, 3MAaloH.

The problems of measurement and reproduction of ultra low DC currents in attoamper range have been considered.
The results of long-term measurements of «zero» values of electrometer B7-45 and of reproducible values of ultra low DC
currents are presented. A device based on application of the measurement method and reproduction of ulfra low currents
by electrons counting, which can be used as a primary standard in the attoamper range — is described.

Key words: electrometric instrument, calibrator of low DC currents, standard.

Mameputenu manbix NOCTOAHHbLIX TOKOB (11015 A) nony-
YUNW LWUMPOKOE PACNpOCTPaHeHUe BO MHOMMX 0BnacTax TexHu-
KW, 0COBEHHO B JO3MMETPUM OHU3UPYIOLNX ManydeHui. MNony-
yeHHble 3HaYeHWs Ccufbl TOKa B aTToaMnepHoM AnanasoHe
1 aA —1 A NpUBOAAT KaK OLEHKY BbICOKOW YYBCTBUTENLHOCTH
anekTpomeTpa, 06bI4HO C MPUMEPOM 3aNMCU M3MEpPEeHUA Toka
10 aA [1, 2]. OgHako npakTU4eckoe MCNofb3oBaHWe SNeKTpo-
METPUYECKUX U3MEpUTenen B 3TOM AnanasoHe He nonyyuno
60OMbLIOrO NPUKNAAHOrO PacnpocTPaHeHns U3-3a MHOMMX 0Co-
feHHoCTEN Takon annapaTypbl.

HauGornee KpynHbIM W3roTOBUTENEM 3NEKTPOMETPUYECKUX
npubopos senaetca dupma Keithley (CLUA). B ee katanorax
peknamypyloT Takue mMoaenu, kak 642 v 6430, a Tarke 4200—SCS
(cucTemMa M3MEpeHus MapameTpoB MonynpoBOAHUKOBLIX Mpu-
GOpOB) C NOPOroM YyBCTBUTENLHOCTM (pearMpoBaHust) No TOKY
10 aA.

MUHCKUM Hay4HO-UCCNeaoBaTensckuM npubopocTponTens-
HbiM MHCTUTYTOM (MHWMK) Bbinu paspaboTaHbl anNeKTpoMeTpb
tuna B7-29, B7-45 ¢ noBbILUEHHLIM MOPOroM YyBCTBUTENBHOCTH
1 aA W pad 3NEKTPOMETPOB C NOPOroM YyBCTBUTENBLHOCTW MO-
psgka 1 ¢A. [ina opraHusayuu ux NpPOMBILIEHHOTO BhINyCka
co3fanv opuriHansHble kanwbpartopsl Tokos EK1-6 n HK4-1 ¢
auanasoHoMm BocnpousseneHus 10 aA — 1 mA. 3tu karmbparo-
pbl BbINW CAENaHbl Ha OCHOBE Hay4YHO-WCCneaoBaTensCcknx pa-
6ot nabopaTtopun anekTpomerpudeckux npubopos BHUAGTPU
ANs NOBEPKW W3MepuTeneit Manbix TOKOB 1 uameputenen bonb-
wux conpoTusnenuii [3, 4]. Hanbonbliee npUMeHeHWe OHW No-
ny4nnu Npu noeepke usmepuTenen Toka. Paborta no cosaanuio
kanubpaTopoB npoxoauna npu akTMBHOM Y4acTWW COTPYAHWUKOB
BHUWM um. O. M. Menpeneesa.

Kanu6patopsl EK1-6, HK4-1 1 BbICOKO4YBCTBUTENbHBLIN 3MEK-
TPOMETPUYECKUIA namepuTens B7-45 noseonunn ocyulecTsuThb
B BenopycckoM rocyapCcTBEHHOM WHCTUTYTE MEeTPOnoruun ka-
nuBpOBKY M NOBEPKY BCEX TUMOB UMEIOLLMXCA B CTpaHe Uamepu-
Tenen ManbiXx TOKOB W MPOBECTU 3KCNEepUMeHTankHble uccne-
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[0BaHUs N0 NPOBEAEHWI0 AOCTOBEPHbLIX M3MEePEeHUA B aTToam-
nepHoM Awnana3soHe.

PaspaboTka anekTpoMeTpu4eckux uamepurenei u kanub-
paToOpOB ManbiX TOKOB NPOXoAuna ¢ y4eTom ocobeHHoCcTen ux
npuMeHeHns. M3BecTHO, YTO BXOAHLIE LENW 3NeKTPOMEeTpoB
MMEIOT BbICOKOE COMPOTUBMEHWE M3ONALMU U BBLINOMHAKTCA C
MCNONbL30BaHMEM TakuX M30NALUMOHHbBIX MaTepuanos, KOTopbie
BHOCAT MUHUManbHbIE AONONMHUTENBHBLIE nomexu [4—6]. MNo-
aToOMy B npouecce kanubpoBkk Bonpocam COoeAWHEeHUs BbIXOM-
HOW uenu kanubpaTopa ¢ BXOAHOW Lenbio M3MepuTens yaene-
Ho Bonblioe aHaveHue. BxogHas uens anextpometpa B7-45
BbINONHEHa Ha OCHOBE PE30HAHCHOro ANMHaMWYEeCcKOro KOHOeH-
caTopa. BbixogHoi Lensio kanubpaTopoB CUMbl ToKa ABMAETCA
RC-uenb (coeguHeHHble nocnefosaTensHo Ans obecneveHus
HEeKOTOPOW NOCTOSIHHOW BpeMeHu pesuctop R 1 audepeHun-
PYIOLLWIA KOHOEHCATOP EMKOCTBIO Cn)' B paccmartpusaemom au-
ana3soHe TOKOB eMKOCTb KoHAeHcaTopa BblbupaeTcs nopagka
1 nd.

Bocnpoussogumbiit kanubpatopom Tok /[, onpegensercs
BblpaxeHuem [4, 5, 7]

I, = dQidt = d(C,U)/dt = C,dUldt = C,S, (1)

rae S — KpyTW3Ha NUHERHO U3MeHsiioLLerocs Hanpsikenna U n
3apaga Q Bo BpemMeHu .

3HaveHne S npu Toke 10 aA coctaenset 10 mkBl/c, npwu
100 aA — 100 mkB/c, npu 1 pA — 1 mB/c. Mamepenune ¢ Bbico-
KOW TOYHOCTBIO TAKUX Manbix 3Ha4YeHWR KpYyTU3Hbl — A0CTaTou-
HO cnoxHas 3afgava. MamepeHue BONbLUKMX 3HAYeHW S € BbiCo-
KOW TOYHOCTBID Ha MPaKkTUKe OCYLECTBNASTCH C MOMOLIbIO
sonkTmeTpa 3458A (B gnwanasoHax +1 un £10 B) ¢ ucnone3oea-
Huem komanasl SWEEP 100 (pexuM MHOrokpaTtHbiX u3mepe-
Hui) [5, 8]. [ns nonyveHus BbllleyKasaHHbIX 3Ha4YeHuin S as-
TOpbl Takke wcnonb3oBanu sonstMeTp 3458A (B AuanasoHe
+100 MB) ¢ ero npeaBaputensHoi kKanbBpoBKOW B COOTBETCTEUM
¢ pekoMmeHaaumamu cdupmel Hewlett Packard [9].
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PeayneTathl U3MEpeHWin KpyTU3Hbl S co 3HaveHuem, 6nua-
kM Kk 10 mkB/c B pexume BO3pacTaHus HanpskeHWa npu no-
NOXWTENBHOW NONAPHOCTU TOKAa, NpUBefeHsl Ha puc. 1.

CpenHee 3HaveHWe S No peaynsTatam U3MepeHui npu CHu-
WeHun HanpsxkeHus oT +10 MB  po -10 mB coctasnset
9,23434 mkB/c (c oTknoHeHnem oT cpegHero He Bonee 10 HB), a
npv BoapacTaHun HanpsxkeHna oT =10 mB no +10 mB nonyyaem
S = 9,23384 mkB/c (c oTknoHeHvemM oT cpeaHero He Gonee 7 HB).
Pa3HoCTb MeXay CPeaHUMU 3HA4YEeHUAMU S No ABYM NOMsipHoC-
TAM cocTasnset okono 0,5 HB/c. MonyyeHHble peaynstathl CBK-
[AETENLCTBYIOT, YTO NOrPewWwHOCTb U3MepeHnii S Ha camom 4yB-
CTBUTENBHOM AuanasoHe, pasHom 100 aA, ¢ y4eTom NorpeLHo-
CTW BONbTMETPa, He npesbiwaet 1,5 % w Ans cTonk mMansix 3Ha-
YEHWI CMNbl TOKa BNOMNHE NpUeMNemMsbi.

MamepeHue emkocTu gudhcepeHUMpyOWLEero KoHaeHcaTopa
npoBoaunu ¢ nomollsio uamepurens MHC-1100, exogsiwero 8
cocTaB bBenopycckoro HauMOHaNLHOrO 3TanoHa eauHULbL 3Nek-
Tpu4eckon emkocTu. lMNorpewHocTs namepenus emkoctn 1 nd
coctasuna 0,84 %.

Opyrue cocTaensaiowme NorpeLlHocTM BOCNPoN3BeeHns Toka
ofycnosneHsbl BNUAHWUEM WU30NATOPOB, NPUMEHEHHLIX B BbIXOa-
HoW uenu kanubpaTtopa, n CyllecTsyloLWEero pagMoakTuBHOro
hoHa U3NyYeHUs B OKpyxatollem npoctpaHcTee. OueHka noc-
nenHen CocTaBnAlLen SBNAeTCA A0CTAaTOMHO CMOXHbIM Npo-
LIECCOM, U ee BbINONHEeHWe COBMELLAeTCA C OLEHKOW NorpeLuHo-
cT1 uameputens B7-45.

[Ins oBecneveHna BbICOKOro CONPOTUBNEHUS Maonauuu (6o-
nee 10'% Om) audbdhepeHUMpyIOWUA KOHAEHCATOP BLINOMHEH ©
BO3AYLWHbLIM 3a30pOM Mexay 3nekTpoaamu (nnacTuHamu) u
ONOPHbLIMK M30NATOPaMK M3 Neikocandupa, MMEKLLLEro MUHK-
ManeHblin cobeTeeHHbn Tok meHee 10 aA [1, 5, 6, 8]. Kopnyc
KOHAEeHcaTopa caenaH M3 mertanna, co3faeT 3KpaHupoBaHue
OT BHELUHWX 3MIeKTPUYECcKUX NOnen 1 sawuulaeT oT nblnv 1 Bna-
ru. BbiXxOQHOW KOHTaKT KOHAEHcATOpa NOABUXKEH C LEnbio He-
NOCPEeACTBEHHOIO COEAMHEHWUA C BXOAOM anekTpometpa. Bro-
poit (KOpMyCHOWM) KOHTAKT BbIXOAHOW Lienn AuddepeHumaTopa
umeeT peabby Ana coegUHEHWA C KOPNYCHbIMW KOHTakTamu
HEKOTOpPbIX 3MEKTPOMETPOB C NOMOLLULIO HakuaHown ranku. Co-
eaovHeHve auddepeHumpylowen uenu kanubpartopa HK4-1 ¢
BXx0AHbIM Bnokom anekTpomeTtpa B7-45 ocyulectenserca «no-
suTenem» — 6ea npuMeHeHWs coeauHUTensHoro kabens.

CoenunHeHue Bnokoe Be3 ucnonsaosaHua kabenew ¢ gonon-
HUTENbHBIMA KNeMMaMKi 3HaYMTEeNbHO CHWXKaeT napasuTHble
BX0AHbIE TOKKM. [pu coeanHEHUKM BICOKOYYBCTBUTENbHBIX Y3NOB,
KakMMu ABNSAIOTCA paccMmatpusaemMble BNoku, BaxHo ctabunu-
3MPOBATL 3MEKTPUMECKME NOTEHLUMAaNbl U TemMnepaTypy KOHTaK-
THBIX YCTpOMCTB. MHoraa Aans atoro TpebyeTcs 3Ha4duTensHoe
Bpems. YUuTbIBas Manyko KpyTuaHy S nuHenHo M3MeHsIoLLerocs
HanpsHKeHWs, UCNoNb3oBaHNE «NOBUTENA» (U3 NaTyHu) 3alu-
WaeT OT BO3AEWCTBUA BHELUHUX 3NEKTpudeckux nonen u obec-
neYnBaeT MEXaHWYECKy YCTONYMBOCTL CUCTEMBI.

Onsa CHUKEHUA BNUAHWA eCTeCTBEeHHOro oHa WMOHU3UPYIo-
LIEro N3ny4yeHus BXoAHOW Brok snekTpomeTpa u BbixofaHon Bnok
kanubpartopa BbINONHEHsl MUHUMANBHO BO3MOXHbIX PasMepos.
B MOHW3aUMOHHOW Kamepe C BO3AYXO3KBUBANEHTHbLIMU CTEHKa-
M#, 3anONHEeHHOW BO3AYXOM, B pesynkTaTte pafuoakTUBHOIO W3-
ny4yeHus cosfaeTcs TOK MOHOB, paccunTeiBaemblin kak [10]:

[,=33-10-10 py, (2)

rae P — MOLWHOCTL [03bl MOHU3UPYIOLWEro uanyyenns; V —
obbem kamepbl.
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Puc. 1. Peaynstarsl U3MEpPeHWs KpyTUaHbl S HanpsxeHus Npu Bocnpo-
waseneHun Toka 10 aA

B paHHOM cnyyae BbipaxeHue (2) MOXHO WCNoONb3oBaTh
TONBLKO A58 OUEHKU BO3HUKAIOLLLErO MOHU3ALUMOHHOIO TOKa BHYTPK
3aNeKTPOMETPUYECKOW YacTh (Bxoda) anekTpoMeTpa.

CreHku yanos uenu gucddepeHunatopa W 3nekTpomeTpa
BbINONHEHBI U3 METanna, ceyeHWe B3auMOLAERCTBUA U3NYYeHWUA
C KOTOPbIM 3HaunTensbHo Bonblie, YeM ¢ BO3AYyXO3KBWBANEHT-
HbiMU MaTepuanamu. B [11] npuBegeHs! AaHHble, YTO B Kamepe
obbemom V = 1000 cm® u3-3a €CTECTBEHHOTO PaanoaKTUBHOMO
nany4exusa (ero MowHocTb okono 11 MkP/4) cosnaeTtca woHWaa-
LMOHHBIA Tok [, = 1 aA. Beibpocs! Toka 3a cueT anbca-yacTuu u3
Y3noB nankn MoryT BeiTe 3HauuTensHo Gonewe. OueHnBaembin
aKTUBHbIA BO3AYLWHbLIA 06beM aHanu3upyembix y3nos cocTas-
naet okono 5 cm®, C y4eTom Manoit MOLHOCTU M3NyHeHus ne-
peMeLleHne Toka MOHOB ByaeT NonHLIM U NpU Manom ypoBHe
nonqa. Torga oxuWpgaemsliil TOK, W3MEPEHHbLIA INEKTPOMETPOM,
moxeT pgocturate 0,5 aA u Gonee. MonApHOCTL NONS MOXHO
onpeaenuTe 3KCNepUMeHTaneHbIM NyTeM, NogaBas Ha BXof
aneKTpoMeTpa 3TanoHHbIE 3HAYEHWs TOKa NONOXUTENLHON W
oTpuuaTenbHoN NoNApHOCTeN.

[na Gonee QocToBepHOW OUEHKW BNUAHWA (DOHOBOW WMOHM-
33LMOHHON COCTABNSOLWEA W3MEPSEMOro TOKa NPUHATO pelue-
Hwe BocnpouasecTv Toku 10, 20, 50 n 80 aA, 7. e. no Bcemy camo-
My YyBCTBUTENLHOMY awanasoHy +100 aA, no ABym nonspHoc-
TAM. MNpeasaputenbHbie W3MEpeHWs NPOAOMKUTENbHOCTLIO B
HEeCKONbKO AHeN Nnokasanu, YTo BO BCeX NpUBeAEeHHbIX ToYKax
NoNoXUTenbHON NONAPHOCTH HabnipaeTcs 3asbllueHWe 3Ha-
YeHW, a Npyu oTpuuaTenbHbiX 3HAYEHUAX TOKa — 3aHWKeHue
3HAYeHWA CUnbl TOoKa, CUMMETPUYHOE No BenuyuHe. B pasHble
OHW CpefHWe 3HaYeHUs OTKNOHEHU uaMeHsnuck Ha 3 aA. [ina
nyywen ctabunusauuy pe3ynsTatoB U3MEPEHWIA COeOUHAEMbIE
BnoKkn He pazbeauHANU HECKONLKO AHen — npu Takom coefu-
HeHun Bonee TWaATENbHO BLIPABHUBAKTCA 3NeKTpUYeckue no-
TeHUMansl CTeikyemblx y3nos. locne BKNKOYEHUA ycTaHaenuea-
NU 3Ha4YeHus BbIXxogHOro Toka kanubpatopa 10 aA B pexum
«CBpocy unu «Ctony», a anekTpoMmeTpa nocne nporpesa B Teve-
Hue 45 MuH — Ha gnanaaoH +1 A (eanHuua Mnagwero pasps-
na atoro guanasoHa paeHa 1 aA). Mocne kanubposku anekTpo-
METp Nepexoaun B pexuM uamepeHusa Toka. B pexume «Cton»
B kanubpatope He BbipabaTbiBaeTCH NMHENHO W3MeHsLLeecs
HanpseHue (kak u B pexume «CBpoc»), U B 3TOM COCTOAHUW
NPoOBOAWNW ANWTENbHLIE W3MEPEHUA TOKa, perncTpupyemMble
npubopom B7-45 (3HayeHus npu OTCYTCTBUM NOMNE3HOMO CUrHa-
na). Nocne HaxaTua kHonkn «Myck» kanubpaTtop nepexogun B
pexum Bocnpou3deeneHusa Toka 10 aA (nonapHoCcTb «nmocs), a
nocne psaaa MaMepeHuin (OTCHETOB MO SNEKTPOMETPY) nocneno-
BaTenNbHbIM HaxaTuem kHonok «Cton» — (NONAPHOCTL «MK-
Hyc») — «lyck» npubopbl NEPeBOAUW B PEXMM BOCNPOU3BE-
aeHvs n mamepenna toka 10 aA. AHaNOrMYHO BOCMPOWU3BOANITN
1 M3Mepanu no AsyM nonspHoctam Toku 20, 50, 80, 100, 200,
500, 800 » 1000 aA.

Bce namepenua BLINONHANKM npu Temnepatype 22 °C B 3k-
paHMpoOBaHHOM OT BHELHWX 3NEeKTPOMarHUTHLIX Nofen nome-
LLieHWH, pPacnonoxeHHoM Ha rnyBuHe okono 6 M OT noeepxHoc-
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Tabnuua 1 MpepacraeneHHsle B
MamepeHHble 3HAYEHWA CUMbl TOKa Tabn. 1 peaynerarsl name-
: . % peHWin BOCMNPOM3BOAM-
3MepeHHOE2 3Ha4YeHWe ToKa, a npu CDQTBBTCTBYPGLI.I,EH I'IClI'pE].L!HDCTM H)I'HEBCI!'O 3HaYeHWA 3a cHer

Bcﬁ;ﬂ:::gf::‘;e HOHOBOMD MOHM3MPYIOLLENO MANYYeHWA, al MEIX IOCTOAHHBIX TOKOE, B
< ' aTToaMnepHoOM Aguanaso-
02 02 03 03 03 02 02 02 03 03 02 03 He CBUAETENbCTBYIT O
+10 12 0 |9 |42 |2 |48 |8 |12 |4 {42 || iz | SEMHBCH WEMS
pemm C OTKNOHEeHWEeM
-10 -07 | -08 07 | -06 | 06 | -07 | =07 | -06 | -06 | -07 | -06| -06 O MHOYHbIX MOKa3aHUn
ao +3 aA so Bcem guana-

=20 -15 -16 -16 | -16 -16 | =15 | -16 -15 | -15 | -16 -16| -15 3oHe 10—1000 aA.
Ha puc. 2 noka3aaHsbl

+20 22 21 22 22 22 21 22 23 22 22 23 25 P

pesynsTaThl ANUTENbHBIX
+50 52 50 55 | 54 53 | 53 | 52 |52 | 52 | 52 52 | 51 N3MepeHuit BOCNpON3Bo-
AUMbIX 3Ha4YEeHUH TOKOB
=50 —-46 —46 —-46 —46 —-46 —46 46 —-46 47 | -46 47| —47 Bes yyeTa ux CMeLLeHus
W3-3a Bo3aencTens oHo-
-80 =79 -79 =77 | =77 =77 =77 77 =77 77 | =76 -75| =76 BOFO MOHW3MPYIOLLEro Na-
+80 84 85 85 | 84 84 | 84 | 83 |82 | 83 |83 | 82 | 82 ny4erns. OcHoBHas npu-
4YuHa  Habnwogaemblix

hNyKTYauun peaynstatos

1 3emnu. B 1abn. 1 npueBedeHbl HEKOTOpPbLIE M3MEepPEHHbIEe Mpu- CBA3aHa C BNWAHWEM Ha BXOAHYH 4acCTb 3NeKTpomeTpa ecte-
Bopom B7-45 3HaveHUAa Toka. CTBEHHOro paguoakTUBHOMo hoHa OKpyXKatowlenh cpegbl U uc-
Habniwopaetca 3aBbllUeHWe nokasaHui BO BCEX TOuYKax npu- none3yembiX KOHCTPYKTUBHBIX Matepuanoe, B TOM Yucne npuno-

eB OnA coegWHeHWA 3NeKTpUYeCKnx uenei. NamepeHve BeCb-
Ma ManbiX 3Ha4YeHWA CWMNbl TOKa — OYEeHb CIOXHbIA npouecc u
TpeﬁyeT MHOMoKpaTHOro NoOBTOpeHWA npouenyp.l. [ns ee BbI-
nonHexHua Heobxogumbl ctabunbHble TeMmnepaTypHeie yCnosus.
I']epexc.qule npoueccsl npu nobbix nepekni4YeHnAX B 3NeKT-
puyecKkux uenax AocTaTtovyHO ANUTenbHbl U COCTaBnAT COTHU

MepHo Ha 1—5 aA npu BOCNPOU3BEAEHWNA TOKa NONOXUTENBHOM
NOASIPHOCTU U 3aHWKEHWE Ha TaKoe e 3HaveHue npu Toke oT-
puUaTensHoONn NOMAPHOCTH.

1, aA cekyHa. Mpeanaraemblil METOA M3MEPEHWIA Ha NpakTUuke Mo-
13_ 000000400000 0T OT000000, 000077 4 neteots®®® xeT ObiTb NnoneseH, Hanpumep, Npu HeobXxoauMocTH ymeHblue-
5 1 HWA pasmepoB WOHW3ALMOHHON Kamepbl B A03umeTpun hOTOH-
0 | : ! i : i T T Horo uanyveHus v soibope mMatepuanos ANA NonynpoBOAHNUKO-
5 10 15 20 25 30 35 40 413 BbIX NpubOpoB, a Takke Npu nNposedeHun anekTpoduanonori-
1y ";‘: a YECKWX W3MEPEHW C YPOBHAMWM CUrHanoB MO HanNpsKEHWUto
= P 'YS * seeee e e 10—150 mkB [12]. KanubpaTtop ToKka ¢ npuBegeHHbIMKU B 3TOW
20-* eteet?t s 0t AN Leettesssesece [12] patop P
cTaTbe BO3MOXHOCTAMU no3sonseT Bonee aetansHo uccneno-
15 T 110 1|5 210 215 310 3|5 4|0 pr. BaTb 3nekTpomeTpuyeckue npubopsl ¢ NpegenbHbIMU 3Have-
1. aA 0 5 6 N HUAMU XapakTepucTuk.
i 56 3 B HacTosuiee spems 8 PO B kayecTee Nepeu4HOro atanoHa
~ * *e
523 ““““’“oowo see 00,‘,".,0..,0,.‘.’,‘, eauHULBLl cunbl Toka ucnoneayetca 3T 4—91. PaCLI.IHpEHHafI
8 , " ; , ; T | | HEeonpeaeneHHoCTb BOCMPOW3BEAEHUA 3NEeKTPOMETPUYECKOW
0 5 10 15 20 25 30 35 40 45 yacTblo aTanoHa B AvanazoHe 100 aA — 1 nA cocrtaenset
In,az 8 N 5102 —1.10°[13].
1 -
105 RIVOSPOe, 4 & Bo BHUMM um. [1. . Mengeneesa paspabotaHo ycTpoun
e s ceet et e00 00000, 00,, CTBO, OCHOBaHHOE Ha METOdE W3MEPEHWUS! U BOCNPOU3BEEHUS
a5 i T T 0 T T T T CBEpXMariblX MOCTOSHHLIX TOKOB MyTEM cYeTa 3MeKTPOHOB 3MeKT-
0 5 10 15 20 25 30 35 40 45  pOHHbIM YMHOXUTENEM, KOTOPOE MOXeT BbiTb MCNONb30BAHO B
Ly ag e N kauecte NepBUYHOTO 3TaNoHa B aTToamnepHom auanasoxe [14].
1006 * o 000, %00 oo B 2007 r. KoHCcynsTaTMBHLIA KOMWUTET MO 3NEKTPUYEcTBY U
"% a0 * PUURR 2 2208 2Rt 2 22 +4
1002 .,00 LIPS 2 0 S POX 4 "&5 marHeTuamy (KKOM) npeanoxun ctpaHam BHECTW W3MEHEeHWUs B
908 : T i i I T T r MexayHapogHyto cuctemy eauHuy (CU), B YacTHOCTW, peKoMEH-
0 5 10 15 20 25 30 35 40 45 poean K MCNONbL3OBaHWIO HOBOE OnpefeneHwe amnepa: «am-
0 N nep — 310 aneKTpUYEcKMil TOK SKBUBANEHTHOrO MOTOKA, TOYHO
pasHbiit 1/1,60217653.10~"9 anemeHTapHbIX 3apsA0B B CEKyH-
Puc. 2. Pesynetartsl AnWTenbHbIX M3MEpPEHWIA: ay». N3 atoro cnegyert, 4To onpepeneHue UKCUpyeT anemeH-
a — Toka [, anekTpomeTpa B7-45 3a cuet )OHOBOTO MOHW3MPYIOLLIErO U3ny- TapHbIM 3apAa KaK PaBHbiid TOYHO 1,60217653107"% Ac [15].
yeHws; 6 — e — BOCNPOM3BOAWMBIX CUN ToKa anektpomeTpom B7-45, co- B macc-cnekTpockonuw ans onpegeneHus cocTtasa Belle-
otBeTcTEEHHO [, = +10, +20, +50, +100, +1000 aA; N — orcueTsl CTBa NPUMEHSIIOT METOA CHETA 3aPSHKEHHbIX YacTUL NOCPEACTBOM
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SnekmpomMazHUMHbIe U3MepeHUs

YCTPOMCTB, coAepXawux (OTOINEKTPOHHBIN UK KaHanbHbIA
ANEKTPOHHBLIA YMHOXUTENb. DTOT Xe NPUHLIMIN MOXHO MCMOMb-
30BaTb A5 CHETA BIIEKTPOHOB, YTO NO3BOSUT U3MEpATL TOKU B
avanasoHe 1aA — 1 nA (1-10712 A). 3geck Tok MaMepsIoT Yepea
3apsf 9MekTpoHa W 4acTtoTy, onupasck Ha onpegenexue uan-
YecKoro cmeicna eauHuubl cunel Toka: «1 A — aTo cuna Toka,
rpyv KOTOPOM 4epes nonepevHoe ceyveHwe NpPoBoaHMKa 3a 1 ¢
npoxoauT 3apsad 8 1 Kn». Mpu aTom YactoTta umnynscos f (konu-
YECTBO 3M1EKTPOHOB) Ha BLIXO/E 3NEKTPOHHOTO YMHOXUTENs on-
pefenser KonMYecTBO ANEKTPOHOB B M3MEPSIEMON Lenu:

i=ef, (3)

rae e = 1,602 176 53 - 1019 Kn.

brnok-cxema ycTpoiicTBa Ans W3MepeHus W Bocnpoussese-
HWS CUNbl MOCTOAHHONC TOKA, NO3BONSOWErO peanv3osaTth me-
TOA CHYeTa 9neKkTpoHoB, U3obpaxeHa Ha puc. 3. CyeT anekTpo-
HOB OCYLLECTBAET 3NEKTPOHHbLIA YMHOXWUTENb C KoathduLimeH-
ToM ycunenus nopsaka 108, ero TemHoBoi Tok He npessilLaeT
1 elc. MMockonbky amMnnuTyaa UMNynsca He BXOAWT B OCHOBHOE
ypasHeHue uamepeHus, ctabunsHocTs koadhduumeHTa ycune-
HUS YMHOXUTENA He BNMAET Ha NOMy4YeHHbIH peaynbrar.

B pexume namepeHusi cunbl Toka ycTpolcTeo paBotaer
crneaytowmm oBpasom: atTecTyemblit paboyuin aTanoH (kanubpa-
TOP) 2 NOCTABASET TOK, KOTOPLIN NPOTEKAET MEXAY KaToaoM 7 W
KOHTPOIbHbIM anekTpogom 8. lNpu aToM HanpsKeHwe mexay
KaToAoM W 3NeKTPOAOM YCTaHaBNWBAETCA aBTOMaTUYECKU UC-
TOYHUKOM U3MEPAEMOro TOKa M OHO OCTAETCH MOCTOAHHBIM, Tak
KaK He 3aBMCWT OT BHeLHel Harpysku. Takum obpa3som, amuc-
cWA KaToAa ABNSETCH NPONOPUUOHANBLHOW U3MEPSEMOMY TOKY.

MocTosHHLIA ToK, oBecneynBaemMsil KaToAOM, MPOXOAWT
4epe3 KOHTPOMbHLIA 3NeKTPOA W MUTAET 3MEKTPOHHBIA YMHO-
#utent 10. MNpu aToM KaxAbIi INEKTPOH AAET UMMYLC, Bbiae-
NAEMbIV HA CONPOTUBNIEHUW HATPY3KU 3NEKTPOHHOIO YMHOXM-
Tens. 3ateM OH NocTynaeT Ha cHeTYUK UMnynscos 12. Mpu uc-
none30BaHUKN NO30NOYEHHOro kKaToaa HeobxoOuM MCTOYHMK
yneTpacgpuoneTtosoro uanyvyenuns 1 ans obecneyenus paboTs
YCTPOWCTBA B 3a7aHHOM WHTEpBane TOKOB.

BocrnpoussefeHne NOCTOSHHOMO 3MEKTPUYECKOro Toka ocy-
wectenaT no cdopmyne (1). NiuHeitHo naMmeHsoLLeecs Hanps-
KeHWe, npuknagsiBaemoe K BXOAHOMY (CpedHemy) anekTpoay,
3apsbkaeT eMKocTU 4, 5, a CKOpOCTb M3MEHEHWA HanpsxeHus
dUldt nponopuuonansHa BocnpoussogumMoMmy — Toky.  [pu
Cy1=Cyp (cm. puc. 3) BocCnpoussoaumbie TOkM ByayT paBHbI:
iy = I

B ycrtpovictee Tok i, unm Tok I3, BOCTIPOM3BOAUMBIN aTTecTye-
MbIMW 3TanoHamn Unu kanubpaTtopamu Toka, UAMepsIoT onu-
CaHHbIM BbIlUE CnocoboM B peanbHOM BpeMeHW, a ToK i, uc-
NoNb3yHT ANSA aTTecTauun 3TanoHHbIX CPEACTB U3MEPeHui (Ha-
npyMep anekTPOMETPOB) UK ANs APYrvxX Lenen.

Konuyectso umnynbcos, NporopumoHansHoe cune uameps-
eMOoro Toka, MoXeT 6biTb M3MEepPEeHo 4acTOTOMEPOM C Heonpe-
AeneHHocTbio He Gonee 11077, 3apsg anekTPoOHA € W3BecTeH ¢
HeornpeaeneHHocTbo 4-1078, CnegosatensHo, HeonpeneneH-
HOCTb U3MEPEHWS U BOCTIPOWU3BEAEHWUS CUMbl TOKA, B OCHOBHOM,
onpeaenseTcs ApYrumMKu ucTouHuKkamu (taén. 2).
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Puc. 3. Brok-cxema ycTpOWCTBa [ANA M3MEPEHUR W BOCNPOU3BEAEHUS
NOCTOAHHOrO TOKa:

1 — WCTOYHUK ynbTpadmoneTtosoro obnyyeHns; 2 — aTTecTyembli
aTanoH (kanubpartop) Toka; 3 — aTTecTyeMmoe aTanoHHOE CPEACTBO
uamepeHus Toka; 4, 5 — koHaeHcatopel C,,  C, i 6 — BaKyymHbIi
BannoH; 7 — kaToA SMUTUPYIOLLWI 3NeKTPOHbLI;, 8 — KOHTpONbHas cer-
Ka; 9 — KaTof 3NeKTPOHHOIO YMHOXKUTENS, 10 — 3MeKTPOHHbLIN YMHO-
HUTENb, 11 — aHOO INEKTPOHHOIO YMHOMUTENS, 12 — CUYeTYUK UM-
nynbcos; 13 — CONPOTUBNEHWE HArPY3KW; T4 — MCTOYHWUK MUTAHWUA
3MNEKTPOHHOTO YMHOMUTENA, 15 — Mepa NWHEeHO W3MEeHRILWerocs

HanpsKeHns
Tabnuya 2
BioaxeT HeonpefeneHHocTel ycTpoicTBa
MCTOUHMK 3HaqeHue [uanazoH uamepae-
HEONpeaeneHHoCTH HEONpeneneHHoCTH MblX TOKOB
3apsa anekTpoHa 4.108
1aA —1nA
MamepeHune HactoTsl 1.10°7
2-10'—2.10"2 (1— 10) aA
HectabunbHocte Tem- 3.10%—3.104 100 aA — 1 A
HOBOTO TOKa JNEKTPOHHO-| 4 405 _ 4. 106 (10 — 100) A
ro YMHOXWUTENS 5.10-7 5 nk
2.10'—2.102 (1 —10) aA
T 3-10°—3.10* | 100 aA — 1 A
Ok YTEHKN 4.105—4.10% | (10 — 100) pA
5.1077 1 nA
(2-6)- 102 (1 — 10) aA
[OpoBosbiit wym, B no- (2-6)- 1073 100 aA — 1 A
noce 0,01 My (2-6)- 10 (10 — 100) A
6105 1 nA

PnyKTYaUUu UOHW3ALMOHHOTO TOKA U HETOYHOCTL Onpeae-
NeHust eMKOCTEN y4uTbiBalT npyu 0bpaboTke peaynsTaTtoB us-
MEpPEeHWUIn NyTeM WUCKMKYEHUS, 8CNK 3TO HEOBXOAUMO, ABHbIX
BbIGPOCOB U NepecTaHoBKM MecTamu KoHAeHCcaTopos Cyor Cys-

BlogkeT HeonpeaeneHHOCTe NoKa3bIBaeT, YTo YCTPOWCTBO,
OCHOBAHHOE Ha 3MeKTPOHHOM YMHOXMTene, npu cobniogeHun
NpvBeAeHHbIX Bbllle peKoMeHAauuin no3BoUT Kak pacluMpuUTs
Anana3oH U3MEpeHWA W BOCNPOWN3BEAEHWUS CUMbl TOKA B CTOPO-
HY MEHBLLUMX 3Ha4YeHnh Ao +1 aA, Tak U NOBLICUTE UX TOYHOCTD,
obecreyns 3TUM BO3MOKHOCTb CO3AAHUS NEPBUYHOMO aTanoHa
O[HOW U3 OCHOBHBIX eanHuy, CU — eauHWLbI cuMbl NOCTOSHHO-
ro snexkTpuyeckoro Toka (amnepa) B obnact ero JonbHbIX 3Ha-
YeHui,
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MHKNMHOMEeTpHUYECKas CMCTeMa

ANS NOA3€ MHOM NPOCTPAHCTBEHHOM OPMEHTaLMM

A.U. BAMKO, I. A. BAHOBA

Yebumexkull 2ocydapcmeeHHbll asuayloHHbIL MexHUYecKUl yHusepcumenm,

Yeba, Poccus, e-mail: zaiko@ugatu.ac.ru

PaccmompeH anzopumm NpuHAMuUs pelieHus 0ns UHKNUHOMEempPUYecKol cucmemMsl ¢o cmpykmypHol u3BbimoYHOC-
mel0, No3eonaowul cdename 861800 0 docmogepHOCMU U3MepeHul Ha 6a3e nokadaHul MazHUMOMEMPUYECKO20 UMuU
zupockonuyeckozo modyned. B kayecmee kpumepueg eblbopa docmosepHo20 UMBPEHUS MPednoxXeHo UCcnons306amk
UHhopMaULio O CyWecmeogaHul MazHUMHbLIX 03MyLeHUl, cuaHansl ¢ NepeuyHbIX damy4yukos U Mpuensky k wupome

MecmHocmu.

Knwovesble cnosa: UHKAUHOMempuyYeckan cucmema, nodaemHasn HasuzayuoHHan cucmema, cmpykmypHas u3bbi-

mMoYHoCMmb.

A decision making algorithm for inclinometric system with structural redundancy allowing to make a conclusion on
validity of measurements based on readings of magnetometric or gyroscopic modules has been considered. The information
on magnetic disturbances, signals from primary sensors, and location latitude data was suggested as a criterion for

adequate measurement selection.

Key words: inclinometer system, underground navigation system, structural redundancy.

3apava NpoOCTPaHCTBEHHOW OpPUEHTaUWW HedTerasosbix
CKBaXUH Npu BypeHun 1 oBcnyKuBaHUKM pelaeTcs ¢ NOMOLLLIO
WHKITMHOMETPUYECKOTO M3MepUTensHoro komnnekca. B ero co-
CTaB BXOOMUT CKBAXUHHbIA MOAYSb W HA3EMHOE YCTPOWCTEO, 06-
MeH UHopMaumen Mexagy KOTOpbIMW OCYLECTBNSETCH no Ka-
Hany cBsian. [1o Tuny Ncrnonbayembix NepBUYHbLIX AaTHUKOB WHK-
FIMHOMETPbI AENATCA Ha MarHMTOMETPUYECKUE W MMpOCKonuyec-
kue [1, 2].
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CoBpemeHHble MarHUTOMETPUYECKUE WHKITMHOMETPBI Nony-
YUK WMPOKOE pacnpocTpaHeHne M3-3a BbiCOKoW BUBpo- 1 yaa-
POCTOWMKOCTU, NPUEMNEMON CTOMMOCTM WU BO3MOXKHOCTH pabo-
Thl B LUMPOKOM [Mana3oHe TemnepaTyp, OfHaKo TOMHOCTb MHK-
nuHomeTpudeckon cuctemsl (MC) Ha Base deppo3oHAoB 3aBu-
CWT OT CYLLECTBOBaHWA HaMarHu4eHHsIx macc, Obnacte npume-
HEHMA MArHUTOMETPUHECKUX UHKITMHOMETDOB OrpaHuyeHa He-
BO3MOXHOCTbIO MPOBEAEHUA M3MEepeHWin B CkBaxuHax, obca-
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