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The paper presents analysis of problems dealing with the determination of the current setting
time in the inductive component of the complex load of Voltage-to-current (VTC) converter under
non-harmonic input influence. There is showed the change in the transient response and in the
current setting time of the inductor on changing the VTC converter and complex load parameters.
Expression to determine the current setting time of complex load of VTC converter at given level of
dynamic error is presented. The estimation of dynamic error in determining the current setting time
is presented in accordance with the time dependencies of transient responses of current setting in
inductive load of VTC converter with complex load’s and VTC’s converters different parameters.

The mathematical model of precision VTC converter [1] with deflection system (DS) of
cathode-ray tube (CRT) of television scanning optical microscope connected to its output has been
designed and is presented as a complete equivalent circuit taking into account the resistance and
parasitic capacitance of load. In accordance with the set conditions of raster formation on screen of
such CRT, the control of converter is carried out by non-harmonic signal with variable shape,
frequency, amplitude and displacement [2].

Precision VTC converter built as parallel circuit with a deep DS’s current feedback, the signal
of which is formed on the feedback resistor, which is connected in series with the load, has been
studied. To ensure the aperiodic current setting the bypass resistor is connected to the load in
parallel. While analyzing this circuit we’re considering that: the static error due to instability of
comparison resistors and feedback resistor is equal to zero, the cutoff frequency of VTC converter is
higher than the resonant frequency of the load, and the error due to resistance of DS is compensated.

The mathematical model allows to carry out a complete theoretical study of precision VTC
converter and to get expressions to determine the parameters upon certain conditions:

1) supply voltage of VTC converter is higher than the maximum voltage on the DS during the
transition process;

2) amplifier is presented as one inertial circuit with real parameters: unity gain frequency fp,

gain amplifier Kg;

3) the resistance of DS r_ and parasitic capacitance C, are taken into account at analysis;

4) considered that the feedback resistor R33 is non-inductive;

5) the current flowing through the resistor R2 relative to current of feedback resistor is very
small and it is neglected.

Keywords: voltage to current converter, complex load, inductive load, converter speed, accuracy,
dynamic error.



Y pobomi po3pooneno mamemamuuny mooenv npeyusininozo nepemeopiosaua HaAnpy2a-cmpym
(IIHC), nasanmasicenozo eioxunioeanvoio cucmemorw (BC), saka 3abe3neuye euznauenns uacy
6CHIAHOGNIEHHA CMPYMY V [HOYKMUGHIN CKIA006Ill HAGAHMANCEHHA 3 He0OXIOHOI MOUHICHmIO npu
3a0anii ounamiunin noxuoyi. Ilpueedeni uacosi 3anexicHocmi 6CMAHOCIEHHA CIPYMY Y IHOYKMUGHITL
cknaooeiii npu 3mini napamempie ITHC ma KomniekcHo20 HA6AHMAIICEHHA.

Kniouosi cnoea: nepemeoprosau nanpyza-cmpym, KOMHJIEKCHEe HAGAHMANCEHHA, [HOYKMUGHE
HAGAHMAIICCHHA, WBUOKOOISl, MOYHICHb, OUHAMIYHA NOXUOKA.

Beryn

OcuoBuuMm 3aBaanHsM [THC e mpeuusiiine GopMyBaHHsS CTpyMy B IHAYKTUBHOMY HaBaHTa)KE€HHI
BUKOHYIOUMX TPHCTPOIB BiAMOBiAHO 10 BxigHoro curHainy [1]. 3okpema mpeumsiiini [THC
BUKOPHUCTOBYIOThCS Aisi opmyBaHHs cTpymy y BC enexrponHo-nmpomeneBux TpyOok (EIIT) Bucoxoi
PO3IiABHOI 34aTHOCTI B PI3HOMAHITHHX NPHUKIAIHHUX TeJleBi3iiHuMX cuctemax [2]. Ilpuxmagom Takux
CHUCTEM MOXYTh OyTHM CKaHyBaJbHI TeJeBi3iiiHi onTuuyHi Mikpockonmu (CTOM), B saxux EIIT
BUKOPUCTOBYIOTBCSl AJISI OCBITJIICHHS JOCHIDKYBAaHOTO MiKpooO’exTa. DopMyBaHHA pacTpa B TaKuX
MIiKpOCKOMax BiOyBaeThCs 32 JONOMOTOI0 CHTHAJIB, aMIUTITy[a, YacToTa Ta TOCTiliHE 3MIIEHHS SKUX
3MIHIOIOTBCSL B IIMPOKuX Mexax (mo 10 pazie). Hlupoki ¢yHKIiOHANIBHI MOXKIMBOCTI MIKpOCKOMa
J03BOJISAIOTH (hOpMyBaTH 301IbIIEHE 300paXKeHHs AOCIiIKYBaHOTO MiKpooO’ekTa abo ioro ¢pparmenra 6e3
BTPAaTH PO3IIIBLHOI 3JaTHOCTI 300pakeHHSI.

Ha expani EIIT wmikpockona (opMyeTbcsi CBITHHH pacTp, pO3IiNbHA 3AATHICTH SKOTO MOXKE
nepesuiyBatd 40004000 enementiB po3knany 300paxenns (miametp Takoi EIIT mo 60 mm, a giamerp
CBITHOT siMK He niepeBuniye 10 mxm) [2]. YUac Ta TOUHICTH ()OPMYBAHHS OJHOTO €IEMEHTY 300pasKeHHS
BM3HAYAETHCS TPHUBAIICTIO BCTaHOBJIEHHA cTpyMy v BC. 3Bakaroum Ha KUTBKICTh MO3HUITIH €IEKTPOHHOTO
npomens [IHC nmoBuHeH 3a0e3nedyBaTi IIBUAKE TIEPETBOPEHHS KEPYIOUOi HAMIPYTH Y BiATIOBIIHUHA CTPYM
BC 3 myxe Benmmkowo TOYHICTIO. Y IhOMYy BUNanky HaBaHTaxkeHHs [IHC mpencraBnseTscst y BUTISAAL
IHAYKTHBHOCTI, Iapa3uTHOI €MHOCTI Ta AaKTHUBHOTO OMOpY, A€ 32 (OPMYBaHHA BiAXWIIOBAIEHOTO
MarHiTHOTO TIOJIS BiINIOBiIa€ CTPYM TLIBKH IHIAYKTHBHOI cKiIamoBoi BC.

MartemMaTH4YHA MO/ e/Ib NPeNH3iiiHOro MepeTBOPIOBaYa HANPYTra-CTPYM
Po3pobneno marematmany Mognens [IHC, BHKOHAHOTO 3a mMapalielbHOI0 CXEMOK0 3 TIHOOKHM
BiJl'€MHIM 3BOPOTHUM 3B'SI3KOM 332 CTPYMOM, CHTHAI SIKOTO (POPMYETHCS Ha PE3UCTOPI 3BOPOTHOTO 3B'SA3KY
R33, BBIMKHEHOro IOCHIiZIOBHO 10 KomiulekcHoro HapaHTaxeHHs [THC [2]. [ns 3abe3neueHHs rinuboko
arepioUIHOT0 PEKUMY BraMiBHOCTI MEPEXiqHOTO MPOIECY BCTaHOBJIEHHS cTpyMy y BC mapanensHo 10
HABaHTAXXECHHsI BBIMKHEHO DPE3UCTOp IIYHTyBaHHSR;;, pesucropu R1 Ta R2 BUKOPHCTOBYIOTBCS s

MTOTaHHS IBOX CUTHAJIIB, III0 TIOPIBHIOIOTHCS, HA BXiJ migcwuioBada (puc 1).

IIpu modymoBi MaTemMaTu4yHOi Mojei Takoro I[THC 3po0sieHOo HACTYIHI MPHUITYIIEHHS:

1) Hampyra XUBJICHHS BHUIIA 32 HAIPYTY Ha HAaBAaHTAKCHHI ITi/T 9ac TIEPEXiqHOTO MPOIIECY;

2) miacwIOBaY TPEICTABICHO Yy BUTJIANI IHEPIIHHOI JaHKKA 3 JBOMa IapaMeTpaMu: YacTOTOIO
ofMHUYHOTO migcuneHHs fp Ta koedimienrom mincwienns migcumosada Kg [3];

3) npu anHanizi BpaxoByeThes akTuBHHHN onip BC 1| Ta mapasutHa emHicTh C| ;
4) BBaXkaeMo, 110 PE3UCTOP 3BOPOTHOTrO 3B'A3Ky R33 O€31HIYKTHBHUIA;
5) cTpyM, 110 NPOTIKa€ Yepes pe3ucTop R2 BiTHOCHO CTPyMy Ha Pe3UCTOPI 3BOPOTHOTO 3B'A3Ky R33,

€ ITy’e MaJiM 1 HUM HEXTY€EMO.
KommnexcHuii omip HaBanTaxkeHHs Takoro [THC
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Puc.1. Cxema npeyusitinoeo ITHC ons ghopmysanns cmpymy y BC EIIT sucokoi
PO30iNbHOI 30amHuocmi
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ne v =Kq/fp — crama gacy mincunrosaya.
IMpuitMaemo, 110 Koedili€HT nepeaadl HaBaHTaKEHHs Ta ONOPY 3BOPOTHOTIO 3B'A3Ky Rg33 BiAmoBinae

koediwienTy nepenadi nogineHuka R33/(Zpc(w)+ R33), dopmyemo crpykrypry cxemy ITHC (puc 2).
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Puc.2. Cmpyxmypna cxema npeyusziiinoeo ITHC onsa gpopmyeanns cmpymy y BC EIIT
BUCOKOI pO30inbHOL 30amHocmi

Jns 3pydHOCTi TOOYIOBH CTPYKTYPHOI cXemu KoeilieHT mepenadi 3a paxyHok pesuctopiB R1 ta
R2 BigaocHo curnamy Ha Bxoai [THC, BHOCHMO B 010K cyMmyBaHHSA BXinHOro curHainy U gy (t) 1 curHamy
3BopoTHOTO 3B'13KYy U 33(t) [4]. Toxi, koedinieHT nepenadi cUrHaTy 3BOPOTHOTO 3B'SI3KY
B= R1 .R1+R2:ﬂ. 3)

R1+R2 R2 R2
3a JI0TIOMOT 010 TaKO1 CTPYKTYPHOI CXEMH 3HAXOIMUMO HAmNpyry y Touli cymyBaHus U ;7 (t) — curnan

noxuOku (touxka 1), manpyry ma Buxoni mincumosada Uy (t) (Touka 2) Ta Hampyry Ha pesucTopi
3BOPOTHOrO 3B'A3Ky UR, . (t) (Touxa 3).

Jns 3HAXOmKEHHS CTPyMy IHAYKTHBHOI ckiamoBoi HaBaHTaxeHHs I[IHC mepexomumo 1o
ornepatopHoi Gopmu 3a Jlaruiacom i3 BiAMOBIIHOI 3aMiHOKO |- @ —> P, Ta 3HaX0IUMO Harpyry Ha BC

Ucp(P)=Uz(p)=Ur,, (P), (4)

__ Upe(p)-R2/(RL+RD)K(p)
1+RY(R1+R2)-K(p)-R33/(Zn (p) +R33)

ne U (p) =U gy (p)- Ky, (P)



Upx (p)-R2/(R1+R2)-K(p)-R33/(Z (p) +R33)

1+ RY(R1+R2)-K(p)-R33/(Zn (p) + R33)
tyT Ky m (p) Ta Ky Rs (p) xoediuienTH Nepenayi HapPyTy y To4ykax 2 ta 3 BiAMOBigHO (puc 2).

a Ur,, (p)=Upx (p)-Kyg, ()=

BuznaunmMo 300paskeHHS CTPYM 1HIYKTUBHOI cki1agoBoi BC

IL<p)=UZ%((p‘;), (5)

ne Z (p) — cyma peakTHBHOTO ONOpY iHAYKTHBHOCTI Ta akTiBHOTO oniopy BC j-@-L+r — p-L+r1.
[Ticns mizCTaHOBKM Ta CIIPOIICHb OTPUMAEMO BUpa3 Ul 3HAXOKEHHs 300pakeHHs ctpymy | (p)
K-R2 q

IL(p)=Upx(p): : , (6)
R33-Rl p3.a+p2.-b+p-c+d
Koe(iIieHTH IKOTO 3HAXOIATHCS 13 BenmuuH eneMmenTiB [ITHC Ta HaBaHTaXKeHHS
a=L-C -7 g=1 b=L-C_-(K+)+7-C_-r_+7-L/Rp
L r|_+RLU
Cc= C|_-r|_+— -K+CL-I’L+T+1-I’|_/RH+L/RH erL/RH+—'K+1
Rll[ RZU
npu Ry = Rur-Rsz K = Ko-R1
RM+R33 R1+R2

Kputnynum BUMaIKOM TPU BXiTHOMY HerapMoHidHOMy curHaii Oyne peakiis [THC Ha oguHUYHY
CXO/IMHYATY Jif0 Ha BXOI, 300paxkeHHst sikoi 3a Jlamtacom U gy (p) =1/ p . HacoBa 3aeKHICT CTpyMy Ha
IHIYKTHUBHIN CKJIa/IOBil Oy/ie MaTH TaKWid BUTIIS]]

K-R2 . . .
I,_(t):—(A+B-ep1t+C-ep2t+D-ep3t), @)
a- R33 ‘R1
II€ P1, P2 Ta P3 — KOPEHI MOiHOMA p3 -a+ p2 ‘b+p-c+d; A, B, C ta D — xoedimienTd po3kiaay Ha

TIOTaHKHU BUpa3y (6), AKi 3HAXOIATHCS 13 KOPEHIB MOJiHOMA

Ao 9 D=_ (P2-p1)-q
P1- P2 P3 P3-[(p2 = P1)- (PLP2 = P2P3) = (P3 = P1) - (PLP3 — P2 P3)]
c_PiA-(p3—p)-D B—_-A_C-D
P2—M

JluHaMi4Hy OXHMOKY BCTAHOBJICHHS CTPYMY B IHIYKTUBHIi ckiianoBiii BC moxHa 3anucatu [5]
I, =10, @
I, ©

ne |Lﬂ (t) — yacoBa 3anmeXKHICTh MIMCHOTO 3HAYCHHS CTPYMY B IHIYKTHBHOCTI, I'-uz (t) — inmeanbHe

£ (t) =~ :100%, (8)

3HAYCHHS CTPyMY iHAYyKTHBHOCTI BC mpu BpaxyBaHHI CTATHIHUX MTOXHOOK.
Bmuiine napamertpiB IIHC ta BC Ha yac BCTaHOBJIEHHSI CTPYMY

Jns Bu3HaveHns BBy napameTpiB [THC Ha yac BCTaHOBIEHHS CTPYMY B IHAYKTHBHIM CKIIaIOBIi
HABaHTAXCHHS MOOYAyeEMO 4YacoBi 3aleXHOCTI MpHM 3MiHi BiHOIIEHHS pe3oHaHcHOi wactotu BC

1

fo—_ =
P oo L

migcumoBaya K =100,
3 pucyHka (puc. 3) BHUIHO, IO OOMEKEHA CMyTa MPOMYCKaHHS € MPUYUHOIO MOSIBH KOJMBHOTO
MePEeXiTHOTO MPOIeCy BCTAHOBICHHS CTpyMy y BC 3yMOBIEHOT0 KOMITCHCAITIEIO MACUICHHS 32 PaXyHOK

. . 1 C
J0 4acToTH 3pi3y mincmmoBada fz =— (puc. 3) npu koedilieHTi MiACHICHHS
T

BIMBY B33 Ha yacToTax Onusbkux g0 f3.
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Puc.3. Bnnue obmedicernoi cmyeu nponyckannst IIHC na  Puc.4. [unamiuna noxubka 6CMAHOGNIEHHS CMpPyMy 8
IHOYKMUBHIN  CKAAO0GIll KOMMIEKCHO20 HABAHMANCEHHS

Yac GCMAHOBIEHHST CIMPYMY 8 [THOYKMUGHIU CKAA008ill
npu 3mini cmyeu nponycxanns ITHC.

KOMNJIEKCHO20 HABAHMAMNCEHHA.
Amnanmiz | (t) Ta | (w) nokaszas, mo 3MiHa KoedillieHTa MiACWICHHS HigcwmoBada Kg mpu

HOCTiiHIi 4YacTOTi oaMHMYHOrO mincuneHHs fp =const Ta 3a0e3medeHHi Manoi CTATWYHOI MOXUOKU

BCTAHOBJICHHSI CTPYMY Yy iHIYKTUBHOCTI (I 0700 =0,1%) 3a paXxyHOK KiHIICBOTO 3HAYCHHS ITiICHICHHS

nigcumosaya K #o
‘]C
5K #00 —
0 Ko-(Ryy +1)-Rs3-R1+ R,
me J. =(r_ Ry +Rsy3-Ryy +1_-Ry3)-(RL+R2)
IIpH TITMOOKOMY 3BOPOTHOMY 3B’SI3Ky HE BIUTUBA€ HA Yac BCTAHOBJICHHS CTPYMY B iIHAYKTHUBHIM CKJIaHOBiit

-100% , )

KoMIuiekcHoro HaBaHTaxxeHHs ITHC, a BrnBae nouire Ha & Kg#oo -
Ipu fp / f3 <1 4Yac BcTaHOBNEHHS CTPYMy Y HABaHTQ)KEHHI BHM3HAYAEThCA CTAIUMH 4Yacy

ingykruBHocti 7| = L/Rj7 Ta emHocti 7o =C -1 BC.
Jnst BimoOpaskeHHs 1[IbOr'0 BILIMBY MOOYay€eMO rpadiduHi 3aJIe:KHOCTI puc.5-8.
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Puc.5. Bnaus inoyxkmusnocmi nasanmasicenusi [IHC na Puc.6. [Junamiuna noxubrka 6cmanogneHHss Cmpymy 8
IHOYKIMUBHI CKIA008itl KOMNAEKCHO20 HABAHMANCEHHS

4ac 6CMAHOGNEHHST CMPYMY 6 [HOYKMUGHIN CKAA00Gil
npu PisHUX 3HAYEHHAX THOYKMUBHOCME HAGAHMANCEHHSL.

KOMNJEKCHO20 HABAHMAMNCEHHA.



L), A 11 = 1x10° | @)% 1o = 1x10° 7
ez = 1,5%107 Tep = 1,5%10°
o T3 = 3)(10—7 T3 = 3X10-7
Tea = 6X107 Te4 = 6%107
Tes = 1,2x10° Tes = 1,2¢10°
0.1 50
0,05 el
0 0 twue
-50
0 10 20 30 40 t, Mc

Puc.7. Bnmue emnocmi nasaumadgxcenuss ITHC na uac Puc.8. JJlunamiuna noxubka 6cmano6ieHHss Cmpymy

6CMAHOGNEHHSL  CIMPYMY 8  [HOYKMUGHIU — CKIA00GIl  IHOYKMUBHIN CKIA008Ill KOMNAEKCHO20 HABAHMANCEHHSL
KOMNJIEKCHO20 HAGAHMAICEHHS. npu pisHUX 3HaueHHax emrocmi nasanmadxcenns ITHC.
BucHoBku

Po3pobneno mMareMaTHYHy MOJENb MPEMU3IHHOTO MEpeTBOPIOBaYa HANPYTa-CTPYM BHKOHAHOTO 3a
MapayiebHOI0 CXEMOI0 HaBaHTAXEHOTO BiAXMIIOBaIEHOIO cucTeMoro ETII BHCOKOT po3aiIbHOI 3/IaTHOCTI.
BuBenenuii 3araJibHMA BHpa3 YacOBOi 3aJIGKHOCTI BCTAHOBJICHHS CTPYMy B IHAYKTHBHIN CKJIamZOBii
KOMILJICKCHOTO HABAaHTa)KEHHsI Ta BUPAa3 JMHAMIYHOI MOXHOKW BCTAHOBJICHHS CTpyMYy, SIKUH 3abe3mnedye
MOJUIMBICTh 3HAXOJDKEHHS 4acy BCTAHOBICHHS CTPYMYy B iHJIYKTHBHOMY HaBaHTa)XCHHI IepeTBOpIOBaYa
HaIpyTa-CTPyM 13 3a/1aHOF0 TOYHICTIO.

IlpuBenmeni rpadiku MMEepexiTHUX MPOIECIB BCTAHOBIECHHS CTPYMY B IHIYKTHBHIM CKJIaJ0OBIi
KOMITJIEKCHOTO HAaBaHTAXXCHHS NPW 3MiHI TIapaMeTpiB MEpEeTBOPIOBAYa HANPYTa-CTPYM T4 HABAHTAKCHHI.
BCTaHOBIIEHO, 110 NPH 3MEHILIEHHI CMyrH MpOITycKaHHs IepersoptoBada (npu fp/fz >1) Binbysaerses

IIBU/IKE 30UIBIICHHSA Yacy BCTAHOBJIEHHS CTPyMy, a MEpeXiAHWH Mpoumec Mae KOJIMBHUM BramiBHHN
xapaktep. Takox 10 30ibIIEHHS Yacy BCTAHOBJICHHS MPHU3BOAUTH 301bIIEHHS iHAYKTUBHOCTI Ta 3HAYHE
301IbIICHHS TaPa3UTHOI EMHOCTI BiAXHIIOBATBHOI cucTeMu (IpH R ;77 /Z g (fp) >1).

Busnaueno guHaMiuHi MOXMOKM BCTAHOBIEHHA CTPyMy B 1HOYKTUBHOMY HaBaHTaXXCHHI
NepeTBOPIOBaYa, 3 KX BUIHO, 110 3MEHIICHHS Yacy BCTAaHOBJICHHS CTPYMY 13 3aJaHOI0 TOYHICTIO MOYKHA
JOCSATTA 3MEHIICHHSAM I1HIYKTUBHOCTI Ta 30UIBIIEHHSIM JOOPOTHOCTI BiAXMIIOBAIBHOI CHUCTEMH MPH
3abe3neucHHi BigHourenns fp/fz <1.
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