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MIKPOEJIEKTPOHHUI NEPETBOPIOBAY BUTPAT I'A3Y HA OCHOBI
JABOX BINIOJAPHUX TPAH3UCTOPIB 3 AKTUBHUM IHAYKTUBHUM
EJJEMEHTOM

3anpononosano cxemy MiKpoeieKmpoHHO20 Nepemseopro8aya eUmMpam 2azy Ha OCHO8I 080X OINOAAPHUX
MPAH3UCMOPI8 3 AKMUBHUM THOYKIMUGHUM €I1eMEHMOM, WO peanizye a8mo2eHepamopHull npucmpii, y
SAKOMY peanizyemvpcsi NnepemeopeHs sumpam 2a3y y uxionuti uacmomuuti cuenanr. Ompumano aHanimuyHi
supasu yHKyii nepemeopenus i pieHAHHS YYMAUBOCHI.

Knrouoei cnosa: wacmomuuii nepemsoprogat, 4acmoma 2eHepayii, wymiugicma.

Beryn

Jns cydacHOro piBHA PO3BHUTKY iH(OpMaIiifHO-BUMIPIOBAIBHOT TEXHIKM BIACTHBAa 3HAYHA
PI3HOMaHITHICTh METOIB BH3HAUEHHS BHUTpAT rady, y SKMX BUXIJIHUM CHUTHAJIOM € Hampyra abo
CTPYM, IO IPU3BOAUTH IO HU3HKOT 3aBaJOCTIHKOCTI i TOYHOCTI BUMIPIOBAHHS.

MikpoeneKTpoHHI MepeTBOPIOBaYi 13 YaCTOTHUM BUXITHUM CHUTHAJIOM MOEJHYIOTh SIK IPOCTOTY,
TakK 1 YHIBEpCAIbHICTh, SIKI BIIACTHBI aHAJIOTOBUM MPHUCTPOSIM, a TAKOK TOUHICTH 1 3aBaJOCTIHKICTb,
10 XapaKTepHI JJs MEepeTBOPIOBAYIB 13 KOJAOBUM BHUXOJOM. BOHM MarOTh BHCOKY YYTJIUBICThH IO
BUMIPIOBaHUX MapaMeTpiB, Mally Macy 1 rabaput, iHpopMariiiHy, KOHCTPYKTHBHY i TEXHOJIOTIUHY
CYMICHICTB 13 MIKpPOEJIEKTPOHHUMH 3aco0amu 0OpoOku iH(opMmarlii, 1o 3abe3neuye IXHIO IepeBary
HaJl Cy4acCHUMHM BUTpaToMipamu [1].

OTxe, 3aBIaHHs CTAaTTI € OTPUMAHHSI: TEOPETUUYHUX 3aJEKHOCTEH aKTUBHOTO Ta PEAKTUBHOIO
CKJIaJHUKIB TOBHOTO BHXIJHOTO OIOpPY BiJ BHUTpAT; TEOPETHYHOI Ta EKCHEPUMEHTAIBHOI
3aJIe)KHOCTEH YaCTOTH IeHepaii Ta YyTJIMBOCTI BiJl BUTpAT rasy.

Po3paxyHku mapaMeTpiB MiKpoeJIeKTPOHHOTO MEPETBOPIOBaYa BUTPAT razy

BukopucTaHHs YacTOTHOTO CHTHaIy B SKOCTI 1H(QOPMAaTUBHOTO MapaMeTpa IEPBUHHOTO
NEePETBOPIOBAYA XapaKTEPU3YETHCSI BUCOKOIO 3aBaJJOCTIHKICTIO, MPOCTOTOIO Ta 3HAYHOIO TOYHICTIO
MEePETBOPEHHST B MHUQPPOBUN KOJ, a TaKOXK 3pPy4YHICTIO KOMYyTalliii y OaraTrokaHaJIbHUX
BHUMIPIOBAJIbHUX CUCTeMax. MiKpOeneKTpOHHUN MepeTBOpIOBaY BUTPAT I'a3y BUKOHAHO Ha OCHOBI
ABTOTEHEPATOPHOTO MPHUCTPOI0 3 AaKTUBHOIO 1HIYKTHBHICTIO KOJHMBAJIBHOTO KOHTYpY, IO
TPYHTYETHCS HA TPAH3UCTOPHIN CTPYKTYPI 3 BiI' EMHUM OIIOPOM.

Enextpuyna cxema MiKpOEJIEKTPOHHOTO MEPETBOPIOBaYa BUTPAT rasy mnojaHa Ha puc. 1.

KoHcTpykTHBHO mpucTpiii ckiaamaeTrbes [2] 3 aBox OimosspHux tpanzuctopiB VT1 1 VT2, saxi
YTBOPIOIOTh €MHICTh KOJIMBAJIBHOTO KOHTYPY, Ta OinossipHoro tpansuctopa VT3 3 RC-komom, mo
YTBOPIOE 1HAYKTUBHHMM OIIp KOJHMBAJIBHOTO KOHTYpY. UyTJIMBUMHU €JI€MEHTaMU BHCTYIAIOTh
tpansuctopu VT1, VT2, VT3, mo 103BoJsi€ MiABUITUTH YYTIUBICTh IEPETBOPIOBAYA.

AKTUBHHN 1 peaKTUBHUN CKJIAJHUKHA TIOBHOTO BUXITHOTO OTOPY, K1 HEOOXITHI JIs1 BU3HAYEHHS
GbyHKIIIT MepeTBOPeHHs, BU3HAYAIOTh HA OCHOBI €KBIBAJICHTHOI CXeMH (puc. 2), 10 YTBOpPEHa Ha
OCHOBI €JICKTPUYHOI cxemu (puc. 1).
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Puc. 1. EnexkrpudHa cxemMa MiKpOEJIEKTPOHHOTO TIEpETBOPIOBaYa
BUTpAT Ta3y 3 aKTUBHUM IHAYKTUBHHUM €JIEMEHTOM

Puc. 2. ExBiBasieHTHa cxeMa MepeTBOpIOBada Ha OCHOBI IBOX
OIMOJIIPHAX TPAH3UCTOPIB 3 AKTUBHUM iHIYKTHBHUM €JIEMEHTOM

[TapameTpu e1leMEHTIB €KBIBAJICHTHOI CXEMH 1 iXHI 3HAYCHHS B3ST1 3 JiTeparypu [3].

Ha puc. 3 nogana teopeTnyHa 3ajeXHICTh aKTUBHOTO CKJIaJIHUKA BiJl BUTPAT 3a PI3HUX 3HAUY€Hb
HaIpyru KepyBaHHs. 3pOCTaHHS HANpyru KepyBaHHs Bix 2,1 no 2,3 B npuszBoauth 10 301IbIIEHHS
aKTHBHOTO OTIOPY: TakK, 3a 3HaueHHs U;=2,2 B BiH Mae Maiike JTiHIHHY 3aJIeKHICTb.

Hayxkogi npaui BHTY, 2015, Ne 2 2



PAZIOEJIEKTPOHIKA TA PAJJIOEJIEKTPOHHE AITAPATOBY IYBAHHS

R om
1580

a0 i i i i I i i
0
Q, nirop

Puc. 3. TeopeTnyHa 3aeXHICTh aKTUBHOTO CKIIAIHUKA
MTOBHOTO BHXiZJHOTO OTIOPY Bifl BUTpAT

Ha puc. 4 HaBeneHa TeopeTHYHA 3aJICKHICTh PEAKTHBHOTO CKJIAJHHKA IOBHOTO OIOpPY BiX
BUTpaT. I3 rpadika BuaHO, mo 3i 3poctanHsMm U; Big 2,1 B mo 2,3 B peakTuBHUN CKIaQTHUK
30UTBITY€ETHCS, @ 31 3pOCTAaHHSAM BUTPAT BOHA 3MEHIIYEThCs, poTe 3a U;=2,2 B BoHa Mae JiHIHHUAN
XapaxTep.
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Puc. 4. TeopeTnvHa 3aeKHICTh PEAKTHBHOTO CKJIaTHUKA
MTOBHOTO BHXiJJHOTO OTIOPY Bijl BUTpAT

Ha puc. 5 mpencraBiieHa 3alieXHICTh €KBIBAJCHTHOI €MHOCTI BiJl BHUTpAT 3a Pi3HOI HANpyru

KepyBaHHs. I3 mpencraBmeHux TpadikiB BHAHO, IO 31 30UIBIICHHSIM HANPYTH KEpyBaHHS
€KBiBaJICHTHA EMHICTh 3MEHITYETHCSI.

Hayxkogi npaui BHTY, 2015, Ne 2 3



PAJIOEJIEKTPOHIKA TA PAJJIOEJIEKTPOHHE AITAPATOBY IVBAHHS

Cegg, @ x1077
3,0

1.0 i s i i i i i

0 10 20 30 40 50 60 T0 80
Q, afron

Puc. 5. TeopeTnyHa 3a1eXKHICTh CKBIBAJICHTHOT €EMHOCTI BiJl BUTPAT

Ha puc. 6 monani TeopeTuyHa Ta eKCIepUMEHTAIbHA 3aJIe)KHOCTI YaCTOTH T'€Hepallii Bi BUTpaT
ra3y. SIk BuAHO 3 rpadika, JiHIHHY 3aleXHICTb JUIS (QYHKIT MEPETBOPEHHS MOXHA OJEpKaTH,
SIKIIO Hampyra kepyBaHHs ckianae U;=2,2 B.

3aJeXHICTh YacTOTHU TeHepalii BiJ BUTpAT Taszy, TOOTO (YHKIIIO MEPETBOPEHHS, BU3HAYAIOTH
BUPA30M:

1 R(0)c,,(0)
F, 0= (-) _1’ (1)
2R (0)C,,(0) L
ne R - akTMBHMI CKJIQJHHK TOBHOTO BHXiIHOTO onopy; C, - €KBIBaJIEHTHa €MHICTh

KOJIMBAJILHOTO KOHTYPY TeHEpaTropa, Ky BH3HAYalOTh HA OCHOBI PEaKTUBHOIO CKJIaJHHUKA X
BUXIJTHOTO CUTHANTY; L — BEJIMYMHA aKTUBHOI 1HyKTUBHOCTI.
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Puc. 6. TeopeTnyHa Ta eKCIICPUMECHTAIBHA 3aJIC)KHOCTI
YacTOTHU TeHepallii BiJi BUTPAT Tazy

UyTnuBiCTh NEepeTBOPIOBaYa BU3HAYAIOTh HA OCHOBI BUpa3y (1) Ta ONMHUCYIOTh PIBHAHHSIM:
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Puc. 7. 3anexHIiCTh YyTIMBOCTI BiJl BUTPAT razy

3rigHo 3 rpadikoM, HAKOLTBINA YyTIUBICTh MpHUCTPOoro Nexuth Bin 0,1 mo 25 n/ron i1 ckiamae
1000 — 1750 I'u/(i/rox).

BucHoBku

3anponoHOBaHO CXEMYy MIKpPOCJIEKTPOHHOTO IIePEeTBOpIOBada BHUTpPAT ra3y Ha OCHOBI JIBOX
OIMOJIIPHUX TPAH3UCTOPIB 3 AKTUBHUM 1HIYKTHBHHM €JIEMEHTOM, III0 peajli3ye aBTOTeHEepaTOPHUMA
NPUCTPIN, y SKOMY peaji3yeThCsl TMEPETBOPEHHS BUTPAT Ta3y y BUXIJIHUH YaCTOTHUH CHUTHAIL
OTpuMaHO aHAMITHYHI BUpa3d (yHKIIT TEPETBOPEHHS W PIBHSAHHSA YyTIMBOCTI. UyTIuBICTH
npuctporo 3MineThes Bix 1000 I'u/(a/romx) mo 1750 I'/(a/rom).
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MICROELECTRONIC CONVERTER OF GAS CONSUMPTION BASED ON
TWO BIPOLAR TRANSISTORS WITH ACTIVE INDUCTIVE ELEMENT

The scheme of microelectronic converter of gas consumption, based on two bipolar transistors with
active element is suggested. The given scheme realizes self-excited oscillator where gas consumption
conversion is realized into output frequency signal. Analytical expressions of conversion function and
sensitivity equation are obtained.

Key words: frequency converter, generation frequency, Sensitivity.

Introduction

Modern level of development of information-measuring engineering is characterized by the
variety of methods of gas consumption determination, where output signal is voltage or current, that
leads to low noise immunity and measurement accuracy.

Microelectronic converters with frequency output signal combine both simplicity and
universality, that are inherent to analogue devices and also accuracy and noise immunity that are
characteristic for the converters with code output. They possess high sensitivity to measured
parameters, small mass and dimensions, information constructive and technological compatibility
with microelectronic facilities of information processing, that provides their advantages over the
existing flowmeters [1].

Thus, the aims of the paper are: obtaining of theoretical dependences of active and reactive
component of output impedance on charges; theoretical and experimental dependence of generation
frequency and sensitivity on gas consumption.

Calculation of the parameters of microelectronic converter of gas consumption

Using of frequency signal as information parameter of primary converter is characterized by high
noise immunity, simplicity and accuracy of the conversion into digital code, as well as convenience
of switchings in multichannel measuring systems. Microelectronic converter of gas consumption,
realized on the base of self-excited device with active inductance of oscillatory circuit, implemented
on transistor structure with negative resistance. Electric circuit of microelectronic converter of gas
consumption is shown in Fig.1.

The device consists of [2] two bipolar transistors VT1 and VT2 that form the tank capacitance
and bipolar transistor VT3 with RC-circuit, that creates inductive impedance of oscillatory circuit.
Sensitive elements are transistors VT1, VT2, VT3, that enables to improve the sensitivity of the
converter.

Active and reactive components of input impedance, that are needed for determination of
conversion function, are defined on the basis of equivalent circuit (Fig. 2), constructed on the base
of electric circuit (Fig. 1).
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Fig. 2. Equivalent circuit of the converter on the basis of two bipolar transistors with active inductive element

Parameters of equivalent circuit elements and their values are taken from the literature [3].

Fig. 3 shows theoretical dependence of active component on the expenses at various values of
control voltage. Increase of control voltage from 2.1 to 2.3 V leads to the increase of active
resistance, at value U;=2,2 V it has almost linear dependence.
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Fig. 3. Theoretical dependence of active component of output impedance on expenses
Fig. 4 shows theoretical dependence of reactive component of the impedance on the expenses. It
is seen from the graph that with the increase of U; from 2.1 V to 2.3 V reactive component increases

and at increase of expenses it decreases, whereas at U;=2.2 V it has linear character.
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210

Fig. 4. Theoretical dependence of reactive component of output impedance on expenses
Fig. 5 shows the dependence of equivalent capacitance on expenses at different control voltage. It
is seen from the graphs, that the equivalent capacitance decreases with the increase of control
voltage.
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Fig. 5. Theoretical dependence of equivalent capacitance on expenses

Fig. 6 shows theoretical and experimental dependences of generation frequency on gas
consumption. As it is seen from the graph, linear dependence for transfer function may be obtained,
if control voltage is U;=2.2 V.

Dependence of generation frequency on gas consumption, i.e., transfer function, is defined by the

expression:
I JR“” ()c.,.(0)
27R"'(Q)C,,, (0) L

where R -active component of output impedance; C, - €quivalent capacitance of oscillatory

0

-1, (1)

circuit of the generator, that is determined on the base of reactive component X of output signal; L —
value of active inductance.
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Fig. 6. Theoretical and experimental dependences of generation frequency on gas consumption

Sensitivity of the converter is defined on the base of the expression (1) and is described by the
equation:
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Graph of sensitivity dependence is shown Fig. 7.
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Fig. 7. Dependence of sensitivity on gas consumption
In accordance with the graph, the highest sensitivity of the device is within the range from 0.1 to
25 1/h and is1000-1750 Hz/(1/h).

Conclusions

Scheme of microelectronic converter of gas consumption on the base of two bipolar transistors
with active inductive element is suggested. It realizes autogenerator device, where consumption of
gas is converter into output frequency signal. Analytical expressions of transfer function and
sensitivity equation are obtained. Sensitivity of the device changes in the range from 1000 Hz/(1/h)
to 1750 Hz/(I/h).
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