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30ilicHeno 00cnidrcenna napamempie Kaniopamopie Hanpyzu ROCMIHOZ0 CIMPYMY 3 KOPUZYBAHHAM AOUMUBHOT
CK1A0060i NOXUOKU MEeMOOOM ROOBIHOI iHEeEPCIT ma ycepeOHeHHAM BUXIOH020 CUZHANY AKMUGHUMU (inbmpamu
HU3bKoT wacmomu. 3 ypaxyeanHam eKeieanenmHuoi cxemu onepayiitHux niocunloeaydie OMpuUMano aHaiMuYHi i
epaghiuni 3anexcnocmi nepexionux npoyecie sUXionoi Hanpyzu aKmueHux Qinbmpie HU3LKOT Yacmomu 3a pizHux
3HaueHHb napamempie niocuniosayie. /{ocnioriceno 060KACKAOHUN AKMUGHUIL (PITbMP HULKUX YACMOM 3d 00NOMOZ0I0
KOMN' 10MePHO20 MOOCTI06AHHA MA OMPUMAHO 3A1EHCHOCMI 3HAYEeHb Koeiuienma nociadieHts 3MIHHOT CK1ado6oi
GUXIOHOT HaANpy2U AKMUBHO20 PINbMPA HU3LKUX YACMOM 610 YACHOMU MOOYAAULT 3a PIZHUX 3HAYUEHb ONOPIE
npoxXiOHUX pe3ucmopie.
Kniouogi cnosa. kaniopamop nanpyzu nocmiiinozo cmpymy, KomymauiitHe iHgepmy8anHs, AKMUGHUI (inomp,
nocaadIenns 3a6a0, AOUMUGHA CKIAO06A NOXUOKU.

Ilposedeno uccnedosanue napamempos Kaiudopamopos HANPANCEHUs NOCHOAHHO20 MOKA ¢ KOPPEKMUPOBKOT
A0OUMUGHOIL COCMABNAIOWIETL NOZPEUIHOCHIU MEMOOOM 0BOUHOI UHEEPCUU U YCPEOHEHUEM BbIXOOHO20 CUZHANA
akmuenvimu unsmpamu huskoit wacmomol. C yuemom IK6usaneHmHOIl CXxembl ONEPAYUOHHBIX YCULUmene
ROJIy4enbl aHalumuyecKue u cpaguyeckue 3a6UCUMOCHU NEPEXOOHBIX NPOUECCO8 BbIXOOHO20 HARPANCCHUA
AKMUGHBIX UABMPOE HUZKOU YACMOMbL NPU PAZTUYHBIX 3HAYEHUAX NAPAMEMPOE yCuaiumene.
Ilposedeno uccnedosanue 08yXKACKAOHO20 AKMUBHO20 UIbMPA HUZKUX YACMON C NOMOWBIO KOMABIOMEPHO20
MOOenuposanus u ROJIYUEeHbl 3a6UCUMOCIU 3HAYEHUIL KOIhpuyuenma ocnadrenus nepemennoil cocmaenaiouiei
6bIXOOH020 HANPANCEHUS AKMUBGHO20 YUTbMPA HUSKUX YACHOM OM YACHOMbL MOOYIAUUN NPU PA3TIUYHBIX 3HAYEHUSAX
conpomuenenuii RPOX0OHbIX PE3UCHOPOS.

Knrwouegsle cnosa. kanubpamop HanpajpceHus NOCMOAHHO20 MOKA, KOMMYMAUUOHHOE UHBEPMUPOBAHUE, AKIMUGHDLIL
dunvmp, nooaenenue nomex, A0OUMUBHAA COCMAGTIAIOULAA NOZPEULHOCIU.

It isknown that in order to ensure the metrological reliability of measurement industrial means, operative control
of their metrological parametersin operating conditions and in real time is necessary to ensure metrological
measurement. For this purpose, it isexpedient to use portable, many-bit coded-controlled measures of electrical

guantities, in particular DC voltage calibrators. Recently, the method of inverting switching isused to correct the error

additive component in the measuring ingruments. As a result, the output signal of the DC voltage calibrator, in addition
to the congtant, has a variable component of the frequency modulation (frequency of the clock generator).
Usually this component amplitude does not exceed the values of tens of millivolts, and for its weakening, use active low
frequenciesfilters (ALFF).

DC voltage calibrator with automatic additive errors correction by the method of measuring current inversion the
actually convert the alternating voltage, while they may cause specific errors due to the frequency dependence of the
transmission coefficients and the weakening of the operating amplifier (OA) common-mode component and the voltage
calibrator transmission coefficient. In order to minimize installation time of the reproducible voltage values, with the
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instantaneous changesto the code-guided divider control code, it is hecessary to select the active filters correctly cutoff
frequency. I n order to reduce the voltage component at the output
of the voltage calibrator, it is necessary to usefilters passive or active.
At high transmission ratios and at low frequencies, the transmission filter characteristic
should be dightly dependent on the OA parameters. To check this assumption, we will consider the frequency

dependence of the OP transmission coefficient and establish the time dependence of the output voltage ALFF. The
results of mathematical modeling with the help of the software package Mathcad 2000 Professional are shown, which
show that in the field of low frequencies (1 kHzto 5 kHZ) and with the qualities not higher 1/2 parameters of modern

OP practically do not affect the filter characterigics. In this case, the OA should have aswide a bandwidth asitis

covered by a differentiating feedback.

The presented graphs of transients show that broadband serial OA will not be saturated with pulsed input voltages, and
the output voltage setting time of the ALFF practically does not depend on the used OA parameter. Consequently, the
cutoff ALFF frequency, used in the correction path of the additive error component codon measures for a modern
element base, can reach the unit’s values of kilohertz
To sgnificantly reduce the ALFF setting time, choose the highest filter possible cutoff frequency and use alinks
cascade combination, the relationship between the parameters of which elements are given by the coefficient a. It
should take into account the mutual bypass of the filter links. In the ALFF basis, filters suitable for microelectronic
execution with the dozensinstallation time of microseconds with an error can be implemented not exceeding 0.01 %.
Two-stage ALLF was analyzed, to eliminate the saturation of OA, which used a negative feedback circuit on two-anode
stabilizers. Output resistance ALLF and its coefficient of weakening the variable component of the input signalsis
determined by the passage resistors values of resistance. Therefore, two-stage ALLF a mathematical study of the
efficiency in the Electronic Workbench software environment has confirmed theoretical assumptions and provided
practical criteria for choosing the values of these resistors.

An analysis a DC voltage calibrator with the correction error additive components of the frequency properties by the
method of double switching inverting and the averaging of the output signal by the active low passfilter are carried out.
The two-gage active low-pass filter scheme for a DC voltage calibrator with automatic additive errors correction of
based on commutation inverting is provided, which provides the necessary weakening coefficient of the component
variable pulsations, whose amplitude is determined by the equivalent error additive component of the calibrator and
switching interferences with its minimal output resistance.

Theoretical analysisis conducted efficiency confirms of the active filters low frequency used in DC voltage calibrators
with the additive component error correction.

Key words: DC voltage calibrator, inverting switching, active filter, noise weakening, error additive component.

Beryn. Bigomo, 1o g 3a0e3neueHHs METPOJIOTiTHOT VY nmifi podoTi MpoaHaNTi30BaHO YACTOTHI BJIACTUBOCTI
Ha/liHHOCTI MPOMHUCIIOBHX 3aco0iB BuMipioBanHs HeoOximHe  KHIIC 3 meroro BHOOpY THILy, HapaMeTpiB 1 pexuMiB
orepaTHBHE KOHTPOJIIOBaHHS  1X METPOJIOTIYHUX  poGOTH (BilbTPa Ta OKPEMUX €JIEMEHTIB CXEMHU.
mapaMeTpiB 'y poOOYMX YMOBax eKCIUTyartalii Ta B

peanbromy MacirtaGi wacy [1, 2]. 3 i€ METoo OMiTBHO AHaJi3 ocTa”HHiX aociaigxkeHb. B aBToMatuyHOMY

BHKOPHCTOBYBATH HepeHOCHi GaFaTOpOSPHI[Hi KOJIO-Kepo- PEXKMM1 KOPUT'YBAHHSA 3HAUCHHA ITOXH 0ok JOCTIKYBAaHO1

BaHi MipH eleKTPHYHMX BEIWYMH, 30kpeMa Kkaiibparopn CTPYKTYPH KanmiGpatopa 3pocraiors 3i  3GimblueHHAM
Hanpyru moctifinoro crpymy (KHIIC) [3-7]. Ocrammim ~ 1aCTOTH. Ile BuMarae AETaNBHINIONO TEOPETUYHOI'O Ta
4acoM U KODUTYBAaHHS aMTHBHOI CKIAOBOi MOXuOku  CKCTIEPUMEHTATBHOTO JIOCITI/KEHHST TPUYMH 301IbIICHHS
(ACII) y BumiproBanbHuX 3acobax, 3okpema B KHIIC, MYJIBTHILTIKATUBHOI ~ CKJIQJIOBOI  MOXUOKH  po3poOiIeHol
BHUKOPHCTOBYIOTH METOJl KOMYTaliiHOro iHBepTyBaHHs. Y  CTPYKTYpU KanibpaTopa HAmpyrn 3  aBTOMATHYHUM
pe3yabTati Buxigauii curaan KHIIC, okpiM mocrtiiiHol, Mae ~ KOPUI'YBAHHAM noxu6ok [1, 8, 9-11].

1 3MIHHY CKJIaJI0BY YaCTOTH MOAYIALIi (4aCTOTU TAKTOBOTO BuximHuii curxan kaniOpaTopiB Hampyrd MOCTIHHOIO
reHeparopa). AMIUTITY/Ia Ii€i 3MiHHOI CKJIaZ0BOI 3a3BUuaii ~ CTPYMY 3 aBTOMaTHYHUM KOPUTYBaHHAM aJUTUBHHUX MOXH-
He MepeBUIIye 3HA4eHb JEeCATKIB MIiTBOALT i mmsa ii OOK 3a MeTodoM iHBepcii 10 3JilicHEHHs —omeparii
nocnabieHHs: BUKOPUCTOBYIOTh (DITbTPH HU3BKHUX YACTOT. (inbTpyBaHHs ABJIAE COOO aJUTUBHY CYMIIll MOCTIHHOI Ta
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3MiHHOI Hampyr. Y HHX MOXYTh BHUHHMKATH crenudivyHi
CKJIaJIOBI MOXMOOK 4Yepe3 YacTOTHY 3aJIeXKHICTh Koegili-
€HTIB IepellaBaHHs Ta MociabiaeHHs cuH(a3HOi CKIIaI0BOl
ollepallifHUX IMTiACWIIOBaviB 1 KoedillieHTa TepeaaBaHHs
kajiOpatopiB Hanmpyrd. [lms MiHiMi3amil Yacy BCTaHOB-
JICHHSI BIITBOPIOBAHHMX 3HAUEHb HATPYIH Y pa3i MUTTEBHX
3MiH KOy KEpyBaHHS KOJO-KEPOBAHOTO TMOAIIbHUKA He-
00XiZIHO TPaBUJILHO BHOMPATH 3HAYEHHS YaCTOTH 3pi3y aK-
TuBHUX GineTpiB [10]. [l 3MeHIIIEHHS 3MIHHOI CKJIaI0BOI
HAalpyrd Ha BUXOHNI KajiOparopa HalpyrH BHHHUKAE
HEOOXIMHICTh Yy 3aCTOCYBaHHI NAaCHBHHX 4YH aKTUBHHX
¢binsTpis [12-15].

Jlisi aBTOMAaTUYHOTO KOPUTYBaHHS MOXHOOK 3aCTOCO-
BYEThCS METOJ] MO/Bi#HOI iHBepcil [7]. 3 MeTor0 HeoOXi-
HOT'O MOCIa0IeHHs 3MIHHOI CKJIaJ0BOI BUXiJHOI HAIIPYTU B
KajiOpaTopax Hampyru HOCTIHHOTO CTPYMY BHKOPHUCTO-
ByloTh OaratonmankoBi RC-¢inetpu [12, 14]. Hemomikom
TakuxX (UIBTPIB € BEJIMKHHA Yac BCTAHOBJICHHS BUXIITHHX
mo
obmexye cdepy ix 3acrocyBanus. B [8] mms kpamroro

CUTHAJIIB 1 BEJIUKE 3HAYCHHS BHUXIIHOTO OIOPY,
nocnabJeHHsl KOMYTaliiHUX 3aBajl 3alpOIIOHOBAHO BHKO-
PUCTOBYBAaTH €JICMEHTH aHAJIONOBOI IaM'sATi HAa BXOJI Ma-
cuBHux QinbpTpiB. B [1, 10] mis mocnabieHHS 3MiHHOI
CKJIaJIOBOI BHMIPIOBAJIBHUX CHUTHANIB 3IIHCHEHO IOCITi-
JOKEHHSI aKTUBHHUX (UIBTPIB Ha OCHOBI omepauiifHuX min-
CHUITIOBAYiB, SIKI MAIOTh TICBHI ITEPEBarH.

ToMmy 3 MeToOlO 3acTOCyBaHHS aKTUBHUX (IIBTPIB y
KajiopaTopax HAIpyrd IIOCTIHHOIO CTPyMy 3 aBTOMa-
THYHAM KOPUTYBAaHHSAM QJUTHBHHUX TOXHOOK HEOOXiTHO
MIPOBECTHU 1X MOCITIKCHHS 1 3HAWTH ONTHMAaJIbHI 3HAYCHHS
€JIEMEHTIB EJIEKTPUYHOI CXEMHU.

Meta podoTn. AHaji3 YaCTOTHUX BJIACTHBOCTCH Ka-
JIOpaTOPiB HAIIPYT'H IMOCTIHHOIO CTPYMY 3 KOPUTYBaHHIM
ATUTUBHUX CKJIAJOBHUX IIOXMOKH METOJOM IOBIHHOIO
KOMYTAIlIHHOTO IHBEPTYBaHHS Ta YCEPEAHCHHSIM BUXITHOTO
CUTHAJTY aKTUBHUM (PIIBTPOM HHU3BKHX YacTOT.

HocaimxeHnss mnapaMeTpiB aKTHBHHX (inbTpiB
HH3BKHX 4YacTOT. OCKUTBKM aKTHBHI (iIbTPU HHU3BKHX
yactor (AOHY) maroTh MOXKJIMBICTH ICTOTHOO 301IBIIMTH
Koe(illieHT MmocnabieHHs] 3MIHHOI CKIIaOBOI IiCHs 3iHc-
HEHHS MOJBIHHOI iHBEpCIii OMOPHOI HANPYrd Ta PO3TAIIO-
BaHI Ha BUXOJ KajiOparopa, TO BOHM NOBWHHI JIAIIE yce-
pEeIHIOBATH HMOr0 BUXIOHUIN CHUTHAN 0e3 BHECEHHs J0jat-
koBux ACII y Tpakt meperBopeHHs. Tomy W BHKOpHC-
TOByeThCs cTpykTypa ADHY 06e3 3MillleHHS, OCHOBHUMU
eNleMeHTaMHu Kol € omepartifinuii migcumoBay (OIT) 3

MPOXiIHUM PE3UCTOPOM Ta JBOMa KOH/IEHCATOPaMH,
CTOJIYYEHUMH 13 1HBEPTYBAJIbHUM BX0OA0M Ta Buxozom OI1
[9]. Anani3 quaamiyaux BiractuBocteit KHIIC mokasas, 1o
32 YMOBHM BUKOPHCTaHHS Cy4acHHX HmpokocmyroBux OIl
YacToTa IHBEPTYBAaHHS BXIiJHOIO CHTHAJy B HHUX MOXeE
csiraTé OJIMHUIG Kijorepir [1]. AHaii3 Takok MOKa3ye, II0
3a BeNUKKX KoedilieHTiB nepeaadi pozimkHenoro OIT Ta Ha
HU3BKMX YacTOTax MepelaBalibHa XapaKTepPHCTHKa Kajio-
paropa majo 3anexuts Bif mapamerpis OII [1, 3]. Oxnak
yactotHi nmapamerpu OIl MOXyTh NMPHU3BOAWTH JO TOTip-
IIEHHS OUHAMIYHUX Ta yacrorHux BiactuBocred KHIIC 3
aBTOKaJIIOpYBaHHSIM Ta yCEpEIHEHHSIM BHXIIHOTO CHUTHAIY
A®HY. ExksiBanentHa cxema A®DHY
napametpiB OIl HaBeneHa Ha puc. 1. @yHkuis nepenaBaHHs

i3 ypaxyBaHHSIM

exBiBasieHTHOI cxemu ADHY i3 ypaxyBaHHSM OCHOBHHX
napametpiB OIl onmcyeTbesi cHCTEMOIO PiBHSIHB, CKIlaje-
HUX 3a 3akoHamu Kipxroda.

Puc. 1. Exsisanenmna cxema akmueno2o ®HY
i3 ypaxyeannam napamempis OI1

Fig. 1. Equivalent circuit of LPF taking into
account operational amplifiers parameters
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OIl AOHY moBuHEH MaTH SKOMOra IIHPIIYy CMYTY
MPOITYCKaHHs, OCKUIbKM BIH OXOIUIEHHH JIU(EpeHIito-

BaJbHUM 3BOPOTHMM 3B’SI3KOM. 3 aHalizy 4YacoBHX
3ajJe)KHOCTel BXimHOI (puc. 2) Ta Buximuoi Hanpyr OII
(puc. 3), MOXHA 3pOOHTH BHCHOBOK, IO HIMPOKOCMYTOBi
cepiitui OIl He OyayTh HacHUyBaTHCh 3a IMIYJIBCHHX
BXI/IHMX HAIIpyT, a Yac BCTAaHOBJICHHS| BUXIIHOI Hampyru
A®HY npakTtHyHO He 3alexaTHME BiJ IMapaMeTpiB
Bukopucranux OIL. Orxe, yacrora 3pisy f,, AOHY, mo
ACII komo-

KEpPOBaHUX Mip Uil Cy4acHOI elleMEeHTHOi 0a3u, Moxe

BUKOPDHCTOBYETBCS Y TPaKTi KOPEKIii

ciaraTtu 3Ha4CHb OAWHUIIb KiJ'IOl"epI_I.

Puc. 2. I'paghixu nepexionux npoyecie exionoi nanpyeu OI1
34 pi3HUX 3HAueHb tloeo napamempis. 1 — ko= 10°, wy=70 MT'y;
2 —ko=10°, wi=7 MTy; 3—ko=10° wy=0,7 MI'y; 4 —ke=10",

wi=7 Mly
Fig. 2. Graphs of trangent input voltage of the operational
amplifiers OP with different values of its parameters:
1 —ky=10°, w;=70 MHz, 2 —k=10°, w;=7 MHZ; 3 — k;=1C",
wW;=0,7 MHZ 4 —k=10%, w;=7 MHz
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Puc. 3. I'paghixu nepexionux npoyecie euxionoi nanpyau
ADHY 3a pisnux napamempie OI1

Fig. 3. Graphs of transient output voltage of active low
passfilters at various operational amplifiers parameters

st icrotHOrO 3MeHIeHHs yacy BcranoBieHHss ADHY
HEOOXIHO BUOUPATH SIKOMOTa BHIIYy YacTOTY 3pi3y (iibTpa
Ta BUKOPUCTOBYBATH KacCKaJHE CIIONYYECHHS JIAHOK, CIIiB-
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BiJTHOIIICHHSI MDXK ITapaMeTpaMy eJIEeMEHTIB SKUX 3alal0Th
koedimientoM a 3a anamoriero g0 [10], ame TtpeGa
BpaxoByBaTH B3a€MHE IIYHTYBaHHS JIAHOK (iIbTpa.

Omxe, (inbTpH, MO BUKOPHCTOBYIOTHCS B TPAaKTi
aBromarnuHoi kopekuii ACII y komo-kepoBaHHX Mipax,
MOXXYTh OyTH peaji3oBaHi B 0a3uCi K aKTUBHHX, TaK I
OHY [14]. A®HY ™MoxyTh

peanizyBaTHCh (DUTBTPH, IPUAATHI IS MIKPOCIEKTPOHHOT'O

ITACUBHUX B 0a3suci

BUKOHAHHS 3 YacOM BCTAHOBJIEHHS JECSITKH MITICEKYHH 3
noxubkoro, He 6inpio 3a 0,01 % [12, 13, 15].

Joc/1ikeHHs YaCTOTHUX XapaKTePUCTHK AKTMBHUX
¢ineTpiB. Ha puc. 4 nomano cxemy npokackaanoro AGHY,
ska moOymoana Ha mBox OII DAl i DA2. II[o6 He
JIOITYCTUTUHACHYEHHSI OTEpAIliiHUX ITiJICHITIOBAYiB, BUKOPUCTA-
HO CXeMY BiJI' EMHOTO 3BOPOTHOT'O 3B’ SI3KY Ha JIBOX CTAOLTITPO-
Hax 3 npoTwiekHnM yBiMkHeHEsM VD1, VD21 VD3, VDA

CraJa yacy BCTaHOBJICHHSI BUX1THOI'O CHTHAITY KOX-

HOT'O KacKaJly BU3HA4Yae€ThCa BHpazamu: tq = (Rl +Ry )Cl;
to= (R3+R4)C3. Y pa3i crpuOKiB BXIJHUX Hampyr

CIpAIbOBYE BiJ' EMHUH HETIHIHHUI 3BOPOTHHN 3B’ 30K i B

pe3yapTaTi  cTaja BU3HAYACTHCSA
t1=(Ri*Rpwvp2)Cii t2 =(Ra+Rypavpa)Cs.  ze
Rvpivoz 1 Rypavps — Bimnoriauo omip map gioxis VD1, VD2

qgacy BHpa3aMu.

i VD3, VD4 y pexxumi cripaifoBanHsi 3B0pOTHOTO 3B’ SI3KY.

B pesympraTi  3acTocyBaHHS =~ 3BOPOTHOTO 3B’ SI3KY
3MEHIIYETHCSl 3HAYEHHS Yacy BCTAHOBJICHHS BHXiTHOTO
curHaiy. Buxigauii omip A®HY Bu3HauaeThCcs 3HaYEH-
HSIMH OTIOpY pe3ucTopiB Ry i Rs.

OCHOBHOIO

METPOJIOTIYHOI0  XapaKTEPUCTUKOIO

AKTUBHUX (UIBTPIB € KOC]IIiEHT MOCIA0ICHHS 3MIiHHOT

CKJIA0BOI BXIAHUX CUTHAIIB, AKUA B Jenubenax
BU3HAYAETHCS 38 (POPMYIIOI0;
o) =200 Inl ) ©
DU (1)
ne Uny(f) — aMmumiTya 3MiHHOT CKJIaI0BOI BXiJIHOTO CHTHAITY
BigmoBimHoi wactotw; AUp(f) — 3Hauenns 3minHOL

CKJIJIOBOI BUXIJHOTO CUTHAITY.

JocmimkeHHst e(peKTHBHOCTI 3aIIPOIIOHOBAHOI CXEMU
nBokackagHoro ADOHY 3naiiicHeHO 3a JOIOMOro0 KoMII' 0-
JIOCITiPKEHH T

TepHOro MozemoBanusi. Cxemy Mogzeni

3anpononoBanoi cxemu ADHY HaBeneHo Ha puc. 5.

Puc. 4. Ilpunyunosa enexmpuyna cxema 06okackaonozo AOPHY

Fig. 4. The basic circuitry of two-stage active low passfilters
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Fig. 5. Scheme modd to study the two-stage active low passfilters
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Tabnuys 1
Pe3ynbraTi qociinkeHb KoedimieHTIB mocaadaeHHs 3a onopy mMpoxiaHoro pesucropa 250 Om
Table 1
Testing results of weakening coefficientsat the 250 ohms resistance of passage resistor
f, T 50 75 100 125 150 200 250 300
DU, mxB 1421 24,12 7,22 2,89 14 0,45 0,36 0,19
Ky, 1b 42,97 58,97 68,85 76,8 831 92,76 94,9 96,28
Tabnuys 2
PesynbraTi qociiqkeHb koedimieHTIB mocadaeHHs 3a onopy mpoxiaHoro pesucropa 1000 Om
Table 2
Testing results of weakening coefficientsat the 1000 ohmsresistance of passageresistor
f, T 50 75 100 125 150 200 250 300
DU, mxB 7,33 1,39 0,5 0,3 0,26 0,24 0,2 0,17
Ky, 1b 68,7 83,16 92 95 97,7 99,01 100 101
Tabnuys 3
PesynbraTi qociiqkeHb koedimieHTIB mocadaeHHs 3a onopy mpoxigHoro pesucropa 5000 Om
Table3
Testing results of weakening coefficients at the 5000 ohmsresistance of passageresistor
f, T 50 16 100 125 150 200 250 300
DU, mxB 0,269 0,220 0,138 0,102 0 0 0 0
Ky, 1b 97,93 102,51 105,98 108 110 110 110 110

JKuBneHHs: onepamiiHUX MiJICHIIOBAYiB 311HCHIOETHCS
JIBOMa JDKEpenaMu Halpyru IOcTidHoro crpymy +12 B i
—12 B. Jlns ¢opmyBaHHS BXiTHHX CHT'HAJIB BHKOPHCTaHO
TOCITIZIOBHO 3’ €ZIHAHI JDKEpesa 3pa3KoBOi HANPYTH IOCTik-
HOTO CTpyMYy 1 3MiHHUX CHTHAJIB HPSMOKYTHOI (OpMH.
Jlxepeno 3MIHHUX CHTHadiB (OpMye 3MIHHY CKJIaJIOBY
BXI/IHUX CHTHANIB, [0 BUHUKAIOTb Y BUMIPIOBAIBHUX
KOJIaX y pa3i 3aCTOCYBaHHS KOMYTallil{HO-iHBEPTYBaJIbHUX
METO/IIB KOPUT'YBaHHS aJUTUBHUX MOXUOOK. [{J1s1 KOHTpOITIO
MOCTIHHOI Ta 3MIHHOI CKJIQJIOBHX BHXIIHOI Hampyru BU-
KOPHCTaHO BOJBTMETPH IOCTIHHOTO i 3MIHHOTO CTPYMIB.
JlocmipkeHHsT BUKOHAHO Uil PI3HUX 3HAYeHb OMOpY
MPOXiTHUX pe3ucTopiB. Pe3ynbraTl MOCIHiIKEeHb HaBEICHO
B Tabim. 1-3.

Ha puc. 6 momaHo rpadiuny 3ayiexHicTh KoedimieHTa
nocnaOiieHHd 3MIiHHOI  CKJIAJOBOi Bl 4acToTH 3a
PI3HUX 3HAYEHb MPOXIIHOTO OMOPY. AHaI3 MOKA3ye, IO 31
3HAQYEHHs OIOpYy I[HMX PE3UCTOPIB ICTOTHO 3pOCTae
31 30UIBIIEHHSM 3HAauYeHb MPOXiTHUX pe3ucTopiB R; i Rp.
3 iHmoro OOKy, 3pOCTaHHs 3HA4YeHHS LUX OMOpPIB 3HAY-
HO 30ubIye BuXigHui onip ADHY, 110 MoXke CIpHYHHATH

CYTTEBE 3POCTaHHS METOAMYHOI TOXHOKU BUMIPIOBAHHS ITi]T

yac BukopucTanHs KHIIC. Tomy npakTHUHUM BHUXO-
JIOM 13 i€l cuTyamii € 30UIBIICHHS KIJIBKOCTI KacKaliB
nocnigoBHo crnonydennx ADHY. Toxmi Tpeba owikyBaTH
€KBIBaJIEHTHOI'O  3HAYEHHS

3pOCTaHHA koedirieHTa

NoCabJIeHHs CUTHANTy YacTOTH KOMYTalidHOTrO i1HBEPTY-
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Fig. 6. Graphic dependence of thevariable
component weakening coefficient on the frequency
at different values of the passage resistance
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BaHHS B OKOJIi JCKUIBKOX KIJIOTepIliB Ta 3a0e3IeueHHs Mo-
PIBHSHO HEBEIMKOI'O 3HAYCHHS BUXITHOTO OMOPY (iibTpa
A®HY.

BucHoBkn. I[IpoaHani3oBaHO 4YacCTOTHI BJIACTHBOCTI
KaJiOpaTopiB HAmpyru TIOCTIHHOIO CTPyMy 3 KOpHTY-
BaHHSM aJUTUBHHUX CKJIQJIOBHX ITOXMOKH METOJOM ITOBiH-
HOrO KOMYTAIliiHOTO 1HBEPTYBaHHA Ta YyCEpPEIHEHHIM
BUXIJTHOTO CUTHAJy aKTHBHHUM (DIJIBTPOM HU3BKUX YacCTOT.
[IpoanHanizoBaHO CXeMYy JBOKACKAJIHOTO aKTHBHOI'O (hisibT-
pa 3 HeJTiHIHHUMU 3BOPOTHUMH 3B’ I3KaMU JUIS 3a1100iraHHs
MoxuuBocTi HacudeHHs: Ol Ta 30ibIIeHHS Yacy BCTAHOB-
JIeHHsI ioro BUXiAHOro curHaiy. I[IpoBefeHo JoCiimKeHHs
JIBOX TIOCJI/IOBHO CITOJYYE€HUX aKTHBHUX (iIbTpiB MeTo-
JIOM KOMII' I0TepHOro MojeiroBanHs. HaBeneno rpadiuni
3aJICKHOCTI KoedillieHTa MOCIa0ieHHs 3MIiHHOI CKJIa0BOT
BUXIJTHAX CUTHAJIiB (UIBTpa BijJ YacTOTH Ui PI3HUX 3HA-
YeHb MPOXIJHUX OMOpiB (inbTpa. 3HAYEHHS MiHIMAIBHOTO
koedirienta mocnabnends Ha wactori 50 I' i 3HaYeHHS
npoxiaHoro pesucropa 250 Om He mene 3a 40 J10.

[lpoBeneHuii  TEOPETHYHHWH  aHaNi3  MIATBEPIKYE
€(QEeKTUBHICTh 3aCTOCYBaHHS AKTUBHUX (PIIBTPIB HHU3BKUX
YacToT y KamiOpaTopax HaIlpyrd HOCTIHHOTO CTpyMy 3
KOPUT'YBaHHSM aJUTHBHOI CKJIJIOBOi IOXHUOKH METOIOM
KOMYTAI[IHHOTO 1HBEPTYBaHHSI.
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