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B coepemennvix cunxponnvix oupgepenyuanbroix ycurumensix s CPaAHeHUs: 08YX CUCHANO8 U GbLOCNEHUs.
oupgepenyuanbhozo CuUSHAIA WUPOKO NPUMEHAEMCA UHCIMPYMEHMATbHLLI Ycunumens. MHcmpymMeHmanoHolil ycu-
aumens (MUY) — 5mo npeyusuonHslil ycunumenvhvlili 010K ¢ Oupeperyuanbibim 6X000M U 3AMKHYMOU 00paAmHOU
ceasvio [1], komopulii obecneuugaem ycuieHue pasHOCMu MextcOy HANPAHCEHUAMU 08YX 8XOOHbIX CUSHALO8, 0CIA0-
JAA ux cungasmvle cueHamvl. Haubonvuwie pacnpocmpanenue noxyuuna cxema MY cocmoswasn uz mpex onepayuou-
HbIX ycunumerneil. B pabome npedcmagieHo meopemuieckoe Uccie008anue cxemol gbloesienus ougpepenyuaioHozo
CUSHANA, OCHOBAHHO20 HA Mpex UHCIMPYMEHMATbHLIX ycuaumenetl, no3eonauel yeeauiueams noOA61eHUs Cut-
@asnoeo cucnaia.

In modern lock-in amplifiers with a difference input, the instrumentation amplifier is widely used to com-
pare two signals and measure differential signal. Instrumentation amplifier (INA) is a precision amplifying unit with
a differential input and closed-loop feedback [1], which provides amplification of the difference between the voltag-
es of the two input signals, weakening their common mode signals. The scheme of INA, consisting of three opera-
tional amplifiers was the most advanced. This work presents a theoretical study of the scheme for measuring a dif-
ferential signal using three instrumentation amplifiers, which allow increasing common mode signal rejection.

Cxema coenMHEHUSI HHCTPYMEHTAIBHBIX YCHIINTENEH ¢ BBICOKIM KO3 (UIIEHTOM OClabiIeHns cHH(pa3HO-
TO CUTHaNa MpescTaBieHa Ha puc. 1. OHa XxapakTepu3yeT BHICOKUM YacCTOTHBIM JHANIa30HOM, IIPU KOTOPOM HHCTPY-
MEHTAJIBHBIA YCUITUTENb UMEET BEICOKHH KOA(QQUIIEHT ocaadlieHnst CHH(pa3HOTo CUTHaa.

CxeMa BKJIIOYaeT B ce0sl 3 MHCTPYMEHTAIBHBIX YCWINTENS, 1Ba n3 KoTopbix Y1, UY2 sBnstoTcs koppe-
JSINMOHHBIMH (B3aMMOCBSI3aHHBIMH) M NPOTHBO(]A3bl moakimodeHsl. VX BeIXoapl moakimodeHsl kK Y3, koTopsiid
MOJIaBIMBaeT CUH(MA3HBIN 1 ycunuBaeT auddepeHnmanbabi cocramstomue. Korna Y1, Y2 B3aumocBs3aHHBI-
MH, UX TOTPEIIHOCTH IO MOJABJICHNIO CHH(A3ZHBIX COCTABIISIOIINX OJHHAKOBBIC, BCIEACTBHE ITOTO 3TH ITOTPEIIHO-

CTH TTOIIABIUBAIOTCA TpeThM UV 3.
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Puc. 1. Coedunenue mpex uHcmpymeHmaibHbiX ycuiumeet

HaHpH)KEHI/IG Ha BbIXOAC HHCTPYMCHTAJIBHOTO YCHWJIMTCIIA B 3aBUCUMOCTH OT 3HAYCHUA KOS(l)(l)I/IIII/IeHTa

ocnabieHus cHH()a3HOTO CUTHANA ompeersieTcs mo gopmyne [1, 2]:

USbtx = Kﬂ Ux _UO + Ux '+ UO (1)
2I<0CC

Cornacao dopmyne (1), HanpsbkeHue Ha Bbixoge UY1 u UY2 npu pasHeix ko3(hGUIMEHTaX YCHUICHUS

muddepeHManIEHOrO CUTHANA OTIPEEIIeTCs KaK:

Ueblxl = K,le Ux _UO +u ’
0CC1 (2)
. . . . U+U
Ueble = K,ZZZ UO _Ux +x—0
2’[(OCCZ

Hamnpsokenne Ha Beixoze Y3 npu koapdunuente ycunenus auddepeHnnanbHoro curuana Ky;; paccuu-

ThIBaeTcs 1o Gopmye:
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ITpumem, uto K ,, =K .,=K ., cootBerctBenHo K =K =K .., TOrAa BBIXOAHOE HANPSKEHHE
mn - BTy occ1~ Boccr T Bocc

WY onpenensiercs no Gpopmye:
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=K K, 2Uﬂ+L 4)
occ3t™occ
U3 popmynsr (4), BunHO uTO, nuddepeHnnanbHbli COCTAaBIAIONINNA CUTHANIA yBEJIMYHBaeTCs Ha 2 pasa,
cuH(pa3HbI cocTaBisonMi ymMeHbmaercst Ha Kocc; pa3. Toraa npu cpaBHEHUH JIByX OJMHAKOBBIX 110 aMILIUTY/E,
BBIXOIHO€ OCTaTO4YHOE HamnpsbkeHne Y3, BbI3BaHHOE CHH(pA3HBIM CUTHAJIOM COCTABIISICT:
_ Kﬂ SKH UO

eix3 T o :
KOCCKOCC3

)

58



HHD!C@HepMﬂ 0151 0CBOCHUSL KOCMOCA

Ha ocHoBe aHanM3a pa3iMYHBIX MapaMETPOB MHCTPYMEHTAJbHBIX YCUIMTENECH B KauecTBe MpUMepa Oblia
BbIOpaHa mukpocxema PGA207 ¢upmbr Texas Instruments [4], koadduiuenT ocnabnenus cuH(pa3zHOTO CHrHajIa
koropoii cocraBnser 921b u 100 b (npu K;; =1 1 10 cOOTBETCTBEHHO) Ha HU3KUX YacTOTaX U YMEHBIIAETCS C PO-
CTOM YacCTOTBHI.

OcraTouHbIC BBIXOIHBIC HAMIPSHKEHUSI TEOPETUUECKH OIPEICIICHHBIE ITPY CPAaBHEHUH JIBYX OJJMHAKOBBIX IO
aMIIATye 1 cuH(a3HbIX HanpsDKeHUH paBHBIX 10B cpenHeKkBagpaTHvecKoro 3HAYSHUS UL CXEMbI BHIYUTAHUS C

ogHuM (K;=1) u tpemsa MY (K, = K, = 10, K3 = I) BHeceHbI B Tabauiy 1.

Tabnuya 1. Hanpsisicenue na ¢vixooe uncmpymenmanviozo ycunumens PGA207

Yacrora, 'y Hanpsiskenune, B
11y 3Ny

100 1-10* 2,502-10°

1k 1,04-10* 2,704-10°
10k 3,027-10™ 2,291-10°
20k 5,801-10 8,413-10°°
30k 8,630-10* 1,862-107
40k 1,145-10° 3,290-107
50k 1,432-107 5,127-107
60k 1,717-10° 7,372-107
70k 2,002-107 1,003-10°°
80k 2,288-107 1,309-10°°
90k 2,573-107 1,656-10°
100k 2,859-107 2,043-10°°

C Tabnuipl cremyer, 4To IpH UCIOIb30BaHUU OAHOTO U TpeX MY cOOTBETCTBEHHO, BHIXOJJHOE OCTATOYHOE
HarnpspkeHue cocrasisieT okoso 100mMkB n 2,76B Ha wactote 1 kI’ 1 OyeT yBeIMYMBaTH C POCTOM YacTOTHI CPaB-

HUBAaE€MbIX CUTHAJIOB. 3aBUCUMOCTb HanpsbkeHust Ha Beixoqie 1Y PGA207 ot yacToThI IpecTaBieHa Ha puc. 2.

100m -
. e
10m et
ﬁ'/
Im /
] "_’/
-
m 100 v
g ] //
% s L/
Z 1 al
= lp G
3 E
.- //
100n //
] A
10n a
E _,/
In T T T T T v T
100 1k 10k 100k M
Yacrora, ['m

Puc. 2. 3asucumocmo Hanpsizicenus na gvixooe UY PGA207 om wacmomei:

uepnas — ons 1 1Y, kpacnas — ona 3UY
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W3 ananu3a Noiy4eHHBIX 3HaYeHUH (PUCYHOK 2) BUAHO, YTO NPH PeaM3alliil CXEMBbl BEIYUTAHUSA Ha TPEX
MHCTPYMEHTAIBHBIX YCUIIUTENEH MOKHO TOOUThCSI paspemiatonieii criocoonocty 1o 10B B nuanazone no 1k .
Heo0Oxoaumo oTMeTuTs, uto A odecrneueHus ¢dexra noxaBaeHus CUH(A3HOro CUI'HANIA Ipejroarae-
MOH cXeMOH, KOMIUIEKCHbIe KoadduirenTs! yernenns nuddepennmansHoro curHana 1 OCC HHCTPYMEHTAIBHOTO
YCHIJIATENS TOJDKHBI COOTBETCTBOBATH CIIEAYIOIINM YCIOBHAM (Ha OCHOBE BBIpakeHHS (3)):
K n= K a2 = K I
(6)

Kocer = Kocer = Koee
Venosue 3GdeKTUBHOCTH cXeMBbI (BBIPaXKEHHE 6) ABISAETCS HEOOXOAMMBIM M H0CTarouHbIM. OHO TakKe

IMOKa3bIBACT HCAOCTATOK HpC,Z[HOHaFaCMOﬁ CXEMBI, KOTOpLIfI 3aKJIF0YA€TCA B 3aTPYAHCHUH IMOMCKAa HACHTUYHBIX WUH-

CTPYMCHTAJIbHBIX YCHINTENICH Ha MPAKTHKE.
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