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·t 0peUH3HOHHOe H3MepeHHe ManhiX TOKOB (sapSI,llOB) SIBnSieTCSI 8KTyanbHOll 

-10 -9 
npo6neMOll. 3aaaqa H3MepeHHSl TOKOB B AH8IT830He AO 10 - 10 a C TO'l-

HOCTbiO rropSIAK8 0,01 - 0,1% B03HHKna rrpH HCCneAOB8HI'ISIX KpHTH'leCKOrO CO­

CTOSIHHSI BeiUeCTBa. llnSI H3MepeHHSl ManhiX TOKOB IUHpOKOe paCITpOCTpaHeHHe 

nonyqHnH MeTOAbl HHTerpHpOBaHHSl H3MepSieMoro TOKa, o6ecrre'lHBaiOIUHe TO'l-

/1/ 
HOCTh rropSIAKa 1% • 8 HHTerpaTopax TOK8 C aHanoro-UH~pOBbiM rrpeo6pa-

/2,3/ 
30BaHHeM TO'lHOCTb MO)KeT 6biTb ITOBbiiUeHa , HO o6naCTb HX ITpHMeHe-

HHSl orpaHH'leHa cpaBHHTenhHO 6onbiUHMH TOKaMH. 8hiCOKYIO TO'lHOCTb H3Me­

peHHSl MO)KHO 6hinO 6bi AOCTH'lh rrpHMeHeHHeM KOMITeHCaUHOHHOrO MeTOAa C 

Hynh-HHAHKaTOpOM, OAHaKO, npHMeHeHHe MeTOAa orpaHH'leHO H3-3a TPYAHOC-

" /1/ 
TeH C03AaHHSl CTa6HnbHbiX reHepaTOpOB perynHpyeMOrO Manoro TOKa • Cy-

IUeCTBeHHbiM HCTO'lHHKOM norpeiUHOCTH ITpH60pOB, HCITOnh3yiOIUHX 3TH MeTOAhi, 

SIBnSieTcSI HecTa6HnhHOCTh xapaKTepHCTHK HSMepHTenbHoro rroporoeoro ycT­

poilcTea. 

0rrHCbiBaeMblll MeTOA H3MepeHHH C HeperynHpyeMbiM KOMITeHC8UHOHHbiM 

TOKOM saaaHHOil eenH'lHHhi rroseonSieT cymecTBeHHO ocna6HTh enHSIHHe HeCTa-

6HnhHOCTH noporoeoro HarrpSI)KeHKSI, a T8K)Ke TOK!)B y're'lKH. CyiUHOCTb MeTo­

aa ITOSICHSIIOT CXeMa H BpeMeHHaSI AHarp.aMM8, rrpHBeaeHHbie Ha pHCYHKe 1. 

Bo BpeMSI H3MepeHHSl TOK HOHH38UHOHHOJ:i KaMepbl i x 3apSI)KaeT eMKOCTb C , 

a KOMITeHCHpyiOIUHH TOK i1r. 6onhiUeii eenf{'lHHbi sapSI)KaeT 3TY eMKOCTh 1IH60 

paspSI)KaeT ee. HanpaeneHHe ToKa ilr. H3MeHSIIOT, Koraa HarrpSI)KeHKe HaeM­

KOCTH AOCTHraeT rroporoeoro ypOBHSI + U n HnK - U n • TaKHM o6pa30M, B Te­

'leHHe HeKoToporo epeMeHH T
1 

rrpoHCXOAHT sapsm eMKOCTH TOKOM i x + i 1r. , 

a B Te'leHHe epeMeHH T2 
paspsm TOKOM ilr.- ix• 0pH AOCT8TO'lHO 6onh-

3 
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11 ,, 

lliHX TOK8X (xoraa TOK8MH yTe~KH MO~HO npeHe6pe~b) C H3B9CTHhiM npH6nH­

~eHH9M MO~HO 38flHC8Tb: 

(-U )-(+U ) 
C n n - C--- ( 1 ) 

2Vn 2Vn 
T2 C---

ilr. i" + ilr. i -
lr. " 

ilr. + i" " 

OTciDaa Henocpeac:rseHHO MO~Ho HailTH: 

. T2- 1'z 
'---lr. T

2 
+ T

1 

(2) i" 

B paccMo:rpeHHOM "HaeanbHOM .. cny11ae senH~HHa nopoi'OBhiX Hanp.sDKeHHH 

H 9MKOCTH HCKniO~eHhl H3 4JopMYnhi 1 no KOTOpoit onpeaen.sieTCSI H3MepS19MhiH 

TOK. 0THOlli9HHe asyx TOKOB MO~eT 6biTb onpeaeneHO C TO'IHOCTbiD H3MepeHIISI 

speMeHHhiX HHTepsanos T H T , xo:ropaH Mo~eT 6hiTb ny~rne :rpe6yeMoil: To~-
I 2 

HOCTH npH6opa • .[lnH a6coniD:rHhiX H3MepeHHH TOKa i x Heo6xOaiiMO HM9Tb KOM-

neHC8UHOHHhlit TOK H3B9CTHhiM C TO~HOCTbiD, Bb!llie Tpe6yeMOit TO~HOCTH H3-

MepeHHilo 

AHanHs pa6oThi yc:rpoitc:rsa c y~eToM peallbHhiX xapax:repncTHK nosso­

nHeT OU9HHTb BnHSIHHe TOKOB yT9'1KH If B03MO~HOI'O HepaBeHCTB8 ( "HeCHM­

M9TpHH') nopOI'OBhiX HanpH~eHHit H KOMneHCHpyiDIUHX TOKOB H HX H9CTa5Hnb­

HOCTHo npoUeCCbl nepesapS~aa 9MKOCTH C o6ycnaBnHB8IDTCSI aeil:CTBH9M TOK8 

HOHH38UHOHHOit KaMepbl i " , KOMneHCHPYIDIU9I'O TOKa, p8BHOI'O 

uc 
H TOKOB yTe'IKH i = ~ , rae Uc - H8flPSI*9HBe H8 9MKOCTH C 

)I 

u,- uc 
R, :'I 

U4 - Ha-

upMJKe.liHe IIC'rO'i.liHKa TOKa 1/r. 1 Ry - conpOTHBneHHe, Y'IHThiB8101U99 TOKH YTe'l­

KH 'lepe3 H30nSIUHJO xoHaeHca:ropa H axoaHyiD uem:. H3MepH:ren&HoA cxeMblo 

CooTBeTCTByiDmee aH~peHuHan&Hoe ypasHeHHe 

dU uc i" + i. c 
~ = -RC + -c (S) 

1 1 1 u, 
rae o603Ha'leHo - = - + - Hi=- , HMee:r peweHHe 

R R4 N>' • R, 
I I 

--;;c . - iiC 
Uc = u. • e +(•"+ i 4 )R(1- e ). 

(4) 

5 



l' 

PemeHHe ( 4) IIony'ieHO B rrpet:trronmKeHHH, 'iTO B Ha'iaJibHbiil: MOMeHT BpeMe­

HH Uc paBHO OAHOMY H3 rroporOBbiX HaiipSI)I(eHHil:, Byt:teM C'iHTaTb, 'iTO rrpo-

- + 
UeCC 3apS1aa Ha'iHHaeTCSI IIpHUc = U, H 3aKaH'iHBaeTCSI IIpH U = U , a IIpo-

c n 
+ 

uecc pa3pS1t:ta Ha'iHHaeTCSI IIpH Uc 
Toraa Bbipa)l(eHHe ( 4) anSI 38pSIJla 

T1 

U, H 3aKaH'iHBaeTCSI 

+ 
u 

n 

u 
n 

H pa3pS1aa HMeeT BHa: 

~ 
RC + 

+(i x + i k ) R ( 1 - e 
RC 

) U • e 
n 

T 
2 

U+·e-Rc+(i +i )R(1 
n x k 

- e 

T2 

RC 
) ' 

II pH uc u,-. 

(5a) 

(56) 

rae HCIIOnb30B8HO anre6paH'ieCKOe 3H8'ieHHe KOMIIeHCHpyiDlliero TOKa H rropo-

+ - + 
roaoro HaiipSI)I(eHHSI. IToacTaBHM 3Ha'ieHHSI U = U , U =- U (1 +E) H i = i , 

n n n n .1: A: 

i.~:-=- ik( 1 + 8), rae K09lPlPHUHeHTbl c H 8 XapaKTepH3YIDT OTHOCHTenbHOe 

HepaBeHCTBO ("HeCHMMeTpHID") HnH OTHOCHTen~HYID HeCTa6HnbHOCTb COOTBeT-

CTBYIDlliHX IIapaMeTpOB ycTpOil:CTBa, 3aTeM t:tenHM ypaBHeHHe (5a) Ha (56), 

TeM CaMbiM HCKniD'iaSI aenH'iHHy U H OCHOBHYID 3aBHCHMOCTb OT R , H Ha-

" 
XOaHM OTHOlli9HHe 

~ ~ ~ ~ 
RC RC -RC -RC 

, 1+(l+c)e 1-e 1+(l+c)e 1-e 
£ k = [ (1 + 8) T - T ] : [ T + T ) 

X _ __,l,_ __ 2 __ 2 _ ___!, (6) 
1+c+e RC 1-e RC 1+c+e RC 1-e RC 

Y'HIJ'hiBaSI rrepBbie qneHbi pa3nO)I(eHHSI aKcrroHeHThi, rrony'iHM: 

ix 

i~~, 

T2 (1+8)-T 1 TI· T
2 

T2 + TI RC(~ + I;J 
+ 8 + ( 8 

( + 2 (7) 

0TCIDaa BHAHO, 'iTO BnHSIHHe HepaBeHCTBa HnH H9CTa6HnbHOCTH IIOpOI'OBbiX 

R . RL 
R = Y " HaiipSI)I(eHHil:, a TaK)I(9 COIIpOTHBneHHSI COt:tep)I(HTCSI BO BTOpOM 

R + R 
y A: 

'ineHe (7), nnSI OUeHKH BTOpOI'O qneHa BOCIIOJib3yeMCSI nHHeil:Hb!M IIpH6nH)I(9-

HH9M ( 1), Toraa T = 
CU,(2+c) cu, (2+€) R 4CU,(2+c) 

< = 1 i + i - i.\ u.~: .\ X 

, H Y'iTeM, 

T2 
< 1 • IT 09TOMy 'iTo aceraa 

T + T 
I 2 

6 

~ • T2 

RC(T+T} 
l 2 

c+8+co U R 
n " --<-·-(c+oco). 

c + 2 U4 R 

TaKHM o6pa30M, BHaHo, 'iTO BnHSIHHe c H R ocna6neHo B 

u, -3 
BHOCHMaSI IIOrpelliHOCTb IIOpSIJlK8 0,01% IIpH U < 10 

• 

n u; 
R 

H R 
B9A9HHbie tpOpMynbi II03BOnSIIDT OUeHHTb BnHSIHHe H9CT8bHJibHO 

H8IlpSI)I(9HHil: H COIIpOTHBneHHSI yTe'iKH, ecnH BenH'iHH8 c XapaK~ 

CHTenbHyiD HeCT86HnbHOCTb IIOpOrOBbiX HaiipSI)I(eHHil:, a B R BK 

30H B03MO)I(HbiX HecTa6HnbHOCTeil: corrpoTHaneHHH yTe'iKH R yc 
y 

SIHHe 0 OK83biB8eTCSI 6onee CyllleCTBeHHb!M, 3TOT rrapaMeTp B yc 

Ho onpet:tenHTb Herrocpet:tCTBeHHo rrpH H3MepeHHH senH'iHH T 
l 

'i8SI i x = 0 , IIpeHe6peraSI IIOIIp8BO'iHb!M 'ineHOM <lJopMy nbi ( 7), 

TeM MO)I(HO BbiiiOnHHTb "CHMMeTpHpOB8HHe" TOKOB i .t , T,e, 

K 0 IIpH H8CTpoil:Ke "HynSI" H3MepHTenbHOI'O yCTpOHCTBa, flpH 

ycnoBHSIX Bb!p8)1(9HHe aiJ.SI OIIpet:teneHHSI TOKOB ( 6), ( 7) M0)1(9T 

K 6onee rrpocToil: <lJopMyne (2). 

0TMeTHM B03MO)I(Hble pa3HOBHAHOCTH paCCM8TpHBaeMOI'O I 

IIOCpeaCTB9HHOe oaHoKpaTHOe H3MepeHHe ~ H T
2 

B OAHOM 

PSIA8 (pe3ynbT8T MO)I(HO H8XOaHTb He TOnbKO IIO pa3n0)1(9HHID 

TO'iHOI'O Bbip8)1(eHHSI (6) ) j 2) MHOI'OKpaTHOe IIOBTOpeHHe H3Mepc 

pOB8HHeM COOTBeTCTBYIDlllHX BpeMeH: 

" 
. I T2 . - .~ T J. 

i = i 1= 1 1 1- 1 1 
x lt. n n 

I T
2 

+ I T
1 

i= 1 i i= 1 i 

rae i x 03Ha"<JaeT ycpeaHeHHbi:i!: IIO n H3MepeHHSIM TOK ( CyMMH] 

xoaHMo anSI orrpeaeneHHSI rronaoro 3apSIIla HnH awil onpeaeneHHSI 

'<JeHHSI <iJnyKTYHPYIDlllHX TOKOB IIpH H3MepeHHH 38 aoCTaTO'<JHO 601 

3) H3MepeHHe 3a Ka)l(t:tbiil: UHKn rrepe38pSI}:tKH p83HOCTH T 
2 

T 2 + 1 1 c rrocnet:tyiDlllHM cyMMHp~BaHHeM \ HnH 6e3 Hero}. Ecll 

arrrrapaTypHo <PHKCHpoaaTb cyMMy I ( T + T ). , paBHYID rronao.H 
i= 1 2 1 1 

H3MepeHHH, TO H3MepeHHe TOKa CBOaHTCSI K H3MepeHHID eMy Ilp.si 
n 

oHanbHOH aenH'iHHbi . I ( T2 - 1~ ) i , KoTopaSI aorrycKaeT yao6Hoe 
1= I 

7 



~ • T2 

RC(T+T) 
1 2 

f +o+fo u 
n 

<-
f + 2 u" 

R" 
-(f+0£0)· 
R 

TaKHM o6pasoM, BHtlHO, 'ITO BllHSIHHe f H R ocna6neao B 

Un -3 
BHOCHMa51 IIOI'peWHOCTb IIOpSI.llKa 0,01% IIpH U < 10 

.t 

(8) 

cJ- pas. PeanbHO 

" R 
H T = 1 .. 2, DpH-

B9tl9HHbi9 tpOpMyllhl IIOSB0.1151!0T OUSHHTb BllH51HH9 HSCTabH.JlbHOCTH IIOpOI'OBbiX 

aarrp51~9HHH H COITpOTHB.119HH51 yTe'IKH, 9C.1IH B9.1IH'IHHa f XapaKTepHsyeT OTHo­

CHT9.1lbHY!O H9CTa6H.1lbHOCTb 110p01'0Bb!X Hal1p51~9HHil: 1 a B R BKJl!O'IHTb t:tHana-

30H BOSMO~HhiX aec-ra6HnbaocTefi conpoTHBlleHHfi yTe'IKH R ycTpoftcrBa, BnH-
Y 

SIHH9 0 OKa3biBa9TC51 60.1199 CyllleCTBSHHbiM, 3TOT rrapaMeTp B yCTpOfiCTBe MO~-

HO onpet:teJIHTb aenocpet:tCTBSHHO npH HSMepeHHH BSJIH'IHH T H T t:tnSI cny-
1 2 

qag i x = 0 , npeae6perag norrpaBO'IHhiM qneaoM ciJopMyJihi ( 7). TaKHM ~e ny-

reM MO~HO Bbii10JIHHTb "CHMMeTplipOBaHHe"" TOKOB i 1r. 1 T,e, 11pH6JIHSHTb 0 

K 0 rrpH aacrpoil:Ke "ayng" liSMepHTSJibHOro ycrpoil:CTBa, DpH onpet:teneHHhiX 

yCJIOBH51X Bbipa~eHH9 tlJ151 0IIp9tl9Jl9HH51 TOKOB (8), (7) MO~ST 6hiTb CB9tl9HO 

K 6onee rrpocroft ciJopMyne (2). 
0TM9THM BOSMO~Hb19 pasHOBHtlHOCTH paccMaTpHBaeMOI'O MSTOt:ta: 1) He­

IIOCp9tlCTB9HHOe OtlHOKpaTHOe HSMepeHH9 ~ H T2 B OtlHOM UHKJie rrepesa­

p51t:ta (pesyJibTaT MO~HO HaXOtlHTb He TOJlbKO ITO pasJIO~SHH!O (7), HO H HS 

TO'IHOI'O Bbipa~eHH51 (8) ) j 2) MHOI'OKpaTHOe ITOBTOp9HH9 HSM9p9HHH C CyMMH-

pOBaHHSM COOTBSTCTBY!OlllHX BpeMeH: 

71 

~ T2.- .~ T1. 
i = i i= 1 1 1- I 1 

x A n n (9) 

~ T2 + ~ TI 
i= 1 i i= I i 

rAe X OSHa'laeT ycpeAHSHHbifi 110 n HSMepeHHSIM TOK ( cyMMHpOBaHH9 Heo6-

XOAHMO AllSI orrpeAeJieHH51 IIOJIHOI'O sap51Aa HJIH tlJlSI 0IIp9A9Jl9HH51 Cp9AH91'0 SHa­

'ISHHSI ciJnyKTYHPY!OlllHX TOKOB Ilpli HSMepeHHH sa AOCTaTO'IHO 60JibW09 Bp9M51) j 

3) HsMepeHHe sa Ka~Ahifi UHKJI nepesapSI.llKH pasHOCTH T - T I H cyMMbi 
2 

T 
2 

+ 7
1 

c rrocneAYJOIUHM cyMMHpoBaHHeM t HllH 6es Hero). EcnH npH aToM 
n 

anrrapaTypao ciJHKCHpOBaTb cyMMY l ( T + T ). , paBHYJO nonaoil: tlJIHTeJibHOCTH 
i= 1 2 I 1 

li3MepeHHfi, TO H3MepeHH9 TOKa CBOAHTCSI K H3M9p9HH!O SMY IIp51MO IlpOIIOpUH­
n 

OH8JlbHOll BSJlH'IHHhl ~ ( T
2 

- 1~ ) i , KOTOpa51 AOIIYCKaeT YA06H09 arrrrapaTypHOe 
i= I 

7 



t 

npe.llCTaBJieHHe B UHtPPOBOH tiJopMe. TiocneaHee MO>KeT 6hiTb peaJIH30B8HO, Ha­

npHMep, npH nOMOIUH npeo6pa30B8HHSI HanpH>KeHHSI U c B HMnyJibCbl C nponop­

UHOH8JibHOH aMnJIHTYJlOH U" ( pHC, 1 ) 1 yCHJieHHSI H JlHCKpHMHHBUHH HX, H noa­

C'IeTa 'IHcna HMnynbCOB N1 H N 2 , nocTynaJOIUHX sa BpeMH T1 H T 
2 

, HJIH 

paaHOCTH 'IHcen N2 - N1 

PeayJibTaTbl HCnbiT8HHH ycTpOHCTBa nO,(lTBep.llHJIH B03MO>KHOCTb npHMe-

HeHHSI OnHCbiBaeMOI'O MeTO.ll8 JlJISI npeUH3HOHHbiX H3MepeHHH M8Jib!X TOKOB 

(aapMOB), 

nnTepaTypa 

1. B.C.AneKcaa.apos, B.A.TipSIHHWHHKOB 'TipH6opbi .anSI H3MepeHHH Manblx aa­
npiDKeHHll H TOKOB' • n,, "3Hepi'HSI', 1971. 

2. B.M.Bopaos, A.M.HmoKOBH'I 'HaMepHTellbH8SI TeXHHKa', 1968, N92, 9. 

s. E.J.Rogers. The Review of Scientif1c Instruments, 
V.34, No 6,660 (1963). 

-~. 

PyKOIIHCb IIOCTYITHna B H3J:t8TellbCKHll OT.r:ten 

7 MapTa 1972 ro.aa. 

8 

Y CJIOBHll 06MeH8 

TipenpHHThi H coo5rueHHH OJ.UU1 paccbinBJOTCH 6ecrrnaTHo, 

HMHOI'O 06MeHa,yHHBepCHTeTaM, HHCTHTyTaM, na5opaTOpHSIM 

HBy'IHbiM rpynnaM H OT.lleJibHbiM y'leHbiM 6onee 50 CTpaH, 

TionyqaTeJISIM naaaHnil: OJ.1HJ.1 npeaocTaBnSieTCSI aoaMO>KHO< 

SIBHTb HHHUH8THBy B 6ecnJiaTHOil: nOCbiJIKe ny6JIHK8UHH B llyt 

06MeHa npHHHM8JOTCH HBY'IHbie KHHI"H 1 >KypHaJibl 0 npenpHHTb 

ny6nnKauHH no TeMaTnKe Ol1Rl1. 
EnHHCTBeHHbiR BH.ll ny6JIHKaUHH, KOTOpbiil: HaM npHCbina'I 

3TO peiTpHHTbl ( OTTHCKH CT8Teil: 0 y>Ke ony6JIHKOBaHHbiX B Hayq 

l::i psrae cnyqaeB Mbi caMH o6paruaeMCSI K Hay'IHhiM yqpel 

6onee KpynHbiM noJiy'laTeJISIM HaiiiHX H3J:I8HHfl - C npOCb60R l 
CJiaTb HaM K8KH9-JIH60 KHHI'H HJIH BbiiiHC8Tb J:IJISI HaiiieR 6H6JII 

>KypHaJibl1 H3Jl8JOIUH9CSI B HX CTpaHaX, 

0TAeJibHble 38Dp0Cbl 

J.1anaT9JibCKHR OTJ:I9JI e>Kei'OUHO BhinOJIHSI9T OKOJIO 3000 OT 

cos Ha BbiChiJIKY nanaHnil: OJ.1.HJ.1. B TBKHX aanpocax cnenye 

yK83biBaTb HH.ll9KC 3anpa!IIHBaeMOI"O H3Jl8HHSI, 

AApeca 

TIHCbM8 no BCeM BOnpocaM 06MeHa ny6JIHK8UHSIMH 1 a T8i 

oTnenbHbte nanaHHSI cneayeT HanpaBJISITb no anpecy: 

MocKBa, 

TnaBHbiil noqT8MT1 n/H 79, 
HanaTenhCKHR oTnen 

06benHHeHHOrO HHCTHTYT8 
HnepHbiX HccnenoBaHHR. 

Aapec ang noCbiJIKH scex ny6nnKaunii: s nopSiaKe o6MeH. 

6ecnnaTHOil: nonnHCKH Ha HBY'IHbie >KypHBJibi! 

MocKBa, 
rnaBHbrR noqTaMT, n/H 79. 

HayqHo-TexHHqecKaH 6H6nHoTeKa 
06benHHeHHOrO HHCTHTyTa 

HnepHbiX HccnenoBaHHil. 


