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XMenbHUIBKUI HalliOHAIBHUI YHIBEPCUTET

TEOPETHUYHI OCHOBMU HIABUINEHHA AKOCTI CIIEKTPAJIBHUX
XAPAKTEPUCTUK BUCOKOHBUIAKICHUX OBYUCJ/IIOBAJIBHUX
CHUHTE3ATOPIB YHACTOTH (DDS)

Posznsavymo memod nidsuwjeHHss AKocmi  CNeKMpA/abHUX XApAKMepucmuk CUHME308aHUX CU2Haale
064UCAH08ANLHUX CUHMe3amopie yacmomu. [IpogedeHo mamemamuyHuill aHA/li3 CneKMpA/AbHUX Xapakmepucmuk ma
06paxo6aHo cniggiOHOWEHHS CUHAI/WYM BUXIOHO20 Cu2Ha/ay CUHMe3amopa i3 3anponoHOB8AHUM MemodoM CUHMeE3y
3acmocysaHHsl 3anponoHo8aHo2o0 Memody 003601UMb  3MEHWUMU PpIiSHI N03acMy208UX BUNPOMIHIO8AHL anapamypu
padioss’asKy, wo sukopucmosye yugposi 064uUcH08aAbHI CUHME3AMOPU.

Kawwuoei caoga: : ALI, LAII, o64ucaweaavbHuli cunmesamop vacmomu, ¢azosuli akymyasmop, nosae lanya,
aszebpa soziku

O.I.LPOLIKAROVSKYKH, .V.TROTSYSHYN

XMeNnbHULBKHI HAalllOHAIBHUH YHIBEPCUTET
THEORETICAL BASIS OF IMPROVING THE QUALITY OF DDS SPECTRUM

The method of improving the quality of the spectral characteristics of the synthesized signal computing frequency
synthesizers. A mathematical analysis of spectral characteristics and calculated signal / noise ratio output signal synthesizer with the
proposed method of synthesis of the proposed method will reduce the level of band emissions radio equipment that uses DDS. The
method of reducing the lateral spectral components in the output spectrum of the digital computer synthesizer based on accumulative adder.
A mathematical analysis of spectral characteristics and calculated signal / noise ratio output signal synthesizer with the proposed method of
synthesis. Application of this method will reduce the level of band emissions radio equipment that uses digital computers synthesizers. The
mathematical apparatus will build a digital computer synthesizer with lower levels of lateral components in the spectrum of the output
signal, due to some complications of the internal structure of the synthesizer using a pseudo-random number generator.

Keywords: ADC, DAC, Galois, direct frequency synthesizer (DDS).

INocTranoBka 3agaui
BaxnmBoro ocobnuBicTio cnekTpiB kosmBanb DDS e ix minifiuatnii xapakrep (Puc.l), xomu eHepris
NapasUTHUX CKJIAJOBUX CIHEKTPY 30Cepe/DKeHa B OKpeMHX cHekTpaibHux JiHigx [1]. Crmocobu mokpaimieHHs
CHEKTPATBHUX XapaKTEPUCTUK JBOPIBHEBUX HU(PPOBUX OOUUCIIOBAIHPHUX CHHTE3aTOPIB B OCHOBHOMY 30CEpeIKeH1
Ha 3MEHIICHH] PiBHIB IMX CIEKTPAIBFHUX CKIAJOBUX 32 JOMOMOTOIO (DifbTparii, a He Ha 3MiHi CTPYKTYpH CHEKTPY
CHHTE30BaHOTO KOJIMBAHHS.
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Puc 1. SIkicHe npecTaBjieHHsl CEKTPY BUXiAHOro cMrHaiy aBopiBueBoro DDS, ta BapianTu ix ¢ginprpauii

Po3risiHemMo iHIIMIT cHOCIO MOKpalleHHsI CIEKTPAIBHUX XapaKTEPUCTUK HU(PPOBUX OOYMCIIOBAILHUX
CHHTE3aTOpIB, CYyTh HOTO IOJISIrae y «pO3TATyBaHHI» €HEepril MapasuTHHUX CKIAIOBHX CIEKTPY IO Bici yactor. 3a
YMOBHM 30€peKeHHsI €Heprii CIeKTpaJbHUX CKJIQJIOBHX, ILI€ NPU3BOJUTH 0 3MEHIICHHS pIBHIB IMapa3UTHUX
CHEKTPaIBbHUX CKJIAJIOBHX Yy CIIEKTpi KoiuBaHb qBopiBHeBux DDS (LIOC).

AHani3 pocairkens Ta myoaikamii
B [1] nokaszaHo, 0 CHEKTpP BHXIAHOTO CHTHATY IH(POBOTO HAKONMWYyBada 3aJISKUTH BiJ HIIOTO PSIITy

napaMeTpiB, TAKMX K aMILTiTyna A, TPHBANICTh 7, Ta 4ac IOSBH iMITyJbCy f;, IO 3anexarh Big koxy dasu K Ta

€MHOCTI HakonudyBada R . 3a paxyHOK TEpiOJMYIHOCTI pOOOTH HAKOMHWYyBadya y BHUXIAHIA IOCTIZOBHOCTI
S() BuHMKaEe MOAYISIsE YACOBOTO TMOJIOKEHHS! IMITYJIbCIB, [0 B CBOK YEPry MPU3BOAUTH IO TOSBH MAPA3HTHHUX
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CIEKTPAIBbHUX CKJIAJIOBUX.
JUis mepeTBOpeHHsl CIEKTPY BHUXITHOTO cHUTHaiy (puc.l) HeoOXiIHO MPOBECTH IMMOBTOPHO MOIYJIAIIO
BHUXIZHOrO KojuBaHHs S(f), sKa MOBMHHA 30UIBLIATH YKMCIO TApasuTHUX CrekTpanbHux ckiuagoBux (IICC).

OCKINIbKY 'y IMIYJIBCIB NEPENOBHEHHS € TPU CTyINEeHs CBOOOAM, TO MOXKJIMBAa MOJYJIALIS OIHOTO i3 IapaMeTpiB:
aMIUNTYy¥ IMIYJBCIB, TPUBAJIOCTI IMITYJIbCIB a00 YacOBOrO TMOJIOKEHHS IMIyJbCiB.  Moaymsuisi Moxe
3IIICHIOBATUCH SIK 3a BUIIAJIKOBHM, TaK 1 JeTepMiHOBaHOMY 3aKoHaX. [IpoTe Taka MOIyJIsLisl HE TOBUHHA BIUTUBATH
Ha BEJMUYHMHY CEPETHBOTO TEPIOAY CITiTyBaHHs IMITYJIBCIB TL =R/KT, .

B pobotax [1-4] po3risgHYTO psii 3aCTOCYBaHb MOIYJIAIII BUXiTHOTO CHTHATY (Pa30BOr0 HAKOMMMYyBada 3a
JeTepPMIHOBaHUM 3aKOHOM. He NUBISAYMCH Ha psAA NO3UTUBHUX JOCATHEHb, BUSBICHO HEIOJIIKM BHILEBKA3aHHX
METOIB:

- 30iTBIIyETHCS YUCIIO TAPASUTHUX CIEKTPAIBHIX CKIaJOBHX

- Jlnst 3menutensst piBHiB [ICC, HeoOXinHO iHAMBIAyaJbHO MiAOMPAaTH ONTHMAJIbHI 3aKOHM Bapiaril
MOZYJsl HaKOIMYyBAJIBHOTO CyMmaTopa 3 IOocHifzoBHMM 3amucoM y II3I1 610Ky KepyBaHHS CHHTE3aTOpPOM, IO €
CKJIaJTHMM 3aBJIaHHSM IPU BEJIMKIN KIJTBKOCTI 4aCTOT.

PosrimsiHeMO MOIyJAIII0 MapaMeTpiB BHUXIAHUX KOJUBaHb (ha30BOr0 HAKOMUYYyBaya 3a BUIAJKOBUM
(nceBIOBMIIAAKOBUM) 3aKOHOM. Buxiguuii curnan S(f) y upboMy BHIIAAKY SBJIA€ COOO0 MEPIOAMUHY MOCII JOBHICTh
IMIyJIbCiB, MTapaMeTpH SKOI MPOMOIYIIFOBAaHI BHIIAAKOBOK (YHKII€O i3 TUCKpeTHUM dacoM. OmHAK MOIYIIO0Ya
(yHKLISA TOBUHHA 33/10BOJIBHATH HACTYIIHUM OOMEKCHHSM:!

1. Moaynsuiss Gyab-KOro 3 mapameTpiB MOCTITOBHOCTI iMmysbciB S(f) He MOBUHHA BIUIMBATH Ha

BEJIMYUHY CEPEeNHBOro Hepiomy cuixyBanHs iMimynsceiB 7, 60 Toai IpucTpiii nepecTane 6yTH CHHTE3aTOPOM BHCOKO

CTaOUTBHOT YaCTOTH

2. Moayntoroua (yHKIIiS MOBUHHA 33J0BOJILHATH YMOBI CTalliOHapHOCTI, TOOTO ii cepelHe 3HAUYEHHS HE
MIOBMHHO 3MiHIOBAaTHCh Yy Yaci.

3. CraructnyHi napamerpu Oyb-SKOI apy IMIYJIbCIB MTOBUHHI OYTH HE3aJICKHUMH.

V upoMy BUmanky BinOyaeTbes 3MiHa Iepiogy 3aBagu I, ska € Jis NEPETBOPCHHS MApasHTHOI Ta
HeOaxaHoro. Lledl THNM BUIAAKOBMX TIPOLECIB BIAHOCHUTBCSA JIO IMIYJIBCHOTO BHIIAJKOBOTO TIpolLecy 3
JIeTepMiHOBaHUMH TaKTOBHMH IHTEpBaJIaMH, JUIsl SIKUX €HEPreTHYHHUH CIIEKTp (CHEeKTpajbHA I'yCTHHA MOTY>KHOCTI)
F(w) nopisntoe nenepepsriit F, (@) Ta muckpetniit F; (@) yacTun criekTpy:

F(o)=F,(0)+F;(0), )
2
e Fy(@)=2{(4 +0")K (o)~ £[0(@) K (o)
Az A 2 e 27 .
Fp(o)= ?|®(w)| Koo(w)_z o(w —71) ;
K (o)= ng(cox)WT (x)dx|;
0
K 2
K, (o) = sz |g(a)x)| W_(x)dx,
0
e T - moBkwWHa TakTOBOTO iHTepBaTy, A Ta o’- CepelHE 3HAYCHHS Ta JUCIICPCisS BHUITAIKOBUX aMILTITYI

%o
imnynecis; g(w) = J‘u(t)e”"”dt - CIEKTpaJbHA TYCTHHA MOOAMHOKOrO immynbey; W (x) - dyHkuis posmoximy
0

+00
TPUBAJIOCTEN IMITyIIbCiB; O(@) = j W(v)e'” dv,i W(v) - xapakrepuctuuna (yHKIis i rycTuHA ¥iMoBipHOCTEH
—o0
BHIIAJIKOBUX BIJXHJICHb V, YaCOBOTO IOJOXEHHS iMmyinbciB 7, . BimmosinHo 1o (1) AMCKpeTHAa YacTHHA CIEKTPY
CKJIQJIA€ThCsl 13 psAy MUCKPETHHX JIiHIM HAa 4acToTax, sIKi KpaTHI 4acToTi 27Z/T , a Bapialis Oyap sKoro i3

napamerpiB IMITyJbCHOI MOCHIJOBHOCTI 3a BHINAJKOBHM 3aKOHOM NPHUBOAWTH JO MOSBH HEMEPEpPBHOI YaCTHHHU
CIEKTPY 0€3 PO3IIUPEHHS CIIEKTPAIbHUX JIHIA BUX1THOTO KOJIMBAHHS.

HKHIO HaCOBEC ITIOJIOKCHHA T; iMHyJ'II)CiB NEPCIIOBHCHHS HAaKOIMMYYyBada KOHiB € BUIIaJKOBOI BCIMYHMHOIO,

10 Tepion 7, iMIyIbCHOT IOCTiZOBHOCTI MOPYIIYETHCS i HPSMY€ JI0 HECKIHUEHHOCTI.
PosrnsHemMo BHIIAIKOBY MOZIYJIALII0 YacOBOTO IIOJIOXKEHHS IMIYJbCIB K TIPaHUYHMI BapiaHT
nerepMinoBaHOl Momymsuil, npu skiii 7, —>oo. ToMy MoXHa CTBEpUKYBAaTH, LIO 3 ABOX IETEPMIHOBAHHX

inteppanis i 7, samummThes nume omud - 7, . Jlns 1boro 3MiHH BHUNAJIKOBHMX BIAXMICHb V,4acOBOIO

nojioxeHust 1, =t, —¢,_, NOBUHHI OyTU HEBEIUKUMHU |Vi| <T,, a IX cepelHe 3HAYCHH] <Vi> =0, w1 Toro mob
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cepellHe 3HAYEHHS YacOBOTO ITOJIOXKEHHS <7:> Oyno piBHe nepiony 7, cuHTe30BaHOI 4acTOTH. TaKUM 4YHHOM,

npunyckaroun B (1), mo 7' = TC OyIeMo MaTH:

Fy(@) =22 g(on, ) 0 -[o(@)s

c

A A & 2 2)
Fy(@)= (;2713 2@z, 0@ 3 50~ T’.’i).

3 (2) crinye, 110 i 9ac MOMYJIALIT BUXIHUX IMITYJIbCIB MEPETIOBHCHHS HAKOIMYyBaya KOJIB 32 YaCOBUM
IIOJIOXKEHHSIM ~ IMCKPETHA YaCTHHA BHXiIHOIO CHTHATY CKJIAJA€ThCS JMIIE 3 TapMOHIK 4acTOTH f, KOPHCHOTO

CUTHAIIy, a 3aMiCTh JWCKPETHUX MAapa3sHTHUX CHEKTpaIbHUX ckianoBux y crektpi LJOC mgBopiBHEBOTO CHHTE3Y
JUIIAIOTHCS JIMIIE HEeNepepBHi (ITyMOBi) ckIamoBi (puc.2).

0, 05 0, oF

I

L feh Lo fh St LY S Lo St fr2

a) 0)
Puc 2. Cnexrp Buxignux curdaiis HOC ngBopiBHeBOro cuHte3sy 6e3 MoayJisimii (a) Ta 3 MOIYJISILI€I0 IX 4aCOBOro MOJ10KeHHs (0).

Cnextp curnany asopisHeBoro [{OC, o npencrapienuii Ha puc.2 (0) MOXKHA PO3IIISLIATH, SIK TPAaHUYHUI
BUMAJOK, KOJIM YHCIO JAWUCKPETHHX CHEKTPAIBHUX CKIAJOBHX MpPAMYE [0 HECKIHUYCHHOCTi. TakuMm YHuHOM,
3aCTOCYBaHHSI BHIAJKOBOI MOAYJSLIT BUXIAHUX IMITYJIBCIB 32 4aCOBUM IOJOKEHHSM JIO3BOJISIE 3MEHILUTH PiBHI
[1CC 3a paxyHOK IepeTBOpEHHs 1x eHeprii y eHepriro mymy. Jins npaktuuHoi peasnizanii Takoro croco0y (crocody
paHzoMi3allii) 3MEHIIEHHS! PIBHIB JMCKPETHUX OIYHHMX CKJIaJOBUX HEOOXIJHO NMPU KOXKHOMY i-MYy II€pPEHOBHEHHI

HaKONMYyBaya KOJiB J0aBaTH JO HbOTO BUIIAJKOBE YHCJIO X;, TOOTO 3MiHIOBATH €MHICTh HAaKONMYyBaya KOJIB
MiCJIst KOXKHOTO TIEPETIOBHEHHSI Ha BETMUHHY X, .

Posrasaemo BUITIAJI0OK, KOJIH y01 BI/IHa}_'[KOBi qucia X, MEHIII quciia, MO HAKONHUYYETHCA -

1

K(x,=0,K —1). sIxmo B nouarkoBomy craui B HK 3anucauuii kox Hyis i R He kpatHe K, TOIi MOXHA 3alIHCATH

R R 4
—=(ent| — |+1) -, (3)
K K K

e ¥, — BGIMYMHA 3AJHIIKY B HAKONM4YyBaui MiCis IEPEHOBHEHHS BEJIMYMHA SKOr0 MeHma 3a K,

7, =0,K—1. Sxmo y, <x, <K, To NepelOBHEHHS HACTYIIA€ HA OJUH TaKT [, paHillle IIOIEPEIHbOrO BHIAIKY
t. =iT. +v,—T . VIMOBIpHOCTI OSIBM JBOX OCTAHHIX ITOAii BiAIIOBIIHO TOPIBHIOIOTH:
i c i 0
p (Vt) = 7 i / K )
pv,-T)=1-y/K,
TOZI Cepe/lHE 3HAUEHHs BiJIXUIIEHHS V,iIMITyJIbCiB IIEPENOBHEHH HAKONUYYBaya BiJl iX pO3TalllyBaHHs B ilealbHil
MOCTITOBHOCTI Oy/Ie MOPiBHIOBATH:

(v))=vipW)+ (v, =T)p(v,~T,) .
. _ _ _
swiakn (v;) = v, o+ (v, =T)(1=7,/K) = 0,60 (K =7)/v, =K/T;,
TaKI/IM YHUHOM, 3MiH}0}0‘II/I MOI[yJIL HaKOHI/I‘{yBa‘{a KOI[iB Hi,[l gac KOXHOIro HepeHOBHeHH}I Ha BUIIAKOBE
YHUCIIO 0 < )Cl. < K , OTpI/IMyeMO MOI[yJISIIIi}O BI/IXiI[HI/IX iMHyJILCiB Hepel‘[OBHeHHﬂ HaKOHI/I‘IyBa‘-Ia KO,HiB 34 4aCOBUM
MOJ0KCHHAM, IIPH IIbOMY BEJIMYMHA BHUIAJKOBHX BIIXWJIEHD Vv, 3MIHIOETHCSA Yy Mexax —Ta <V <+T0 1 Mae

Ccepe/IHE 3HAYCHHS <Vi> =0.

Jis 3HaXOIDKEHHS ITapaMeTpiB CIEKTpY puc.2.0 CKOPUCTAEMOCH cmiBBimHOmEHHAM (2). i mporo
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anpokcumyemo (1) O -QyHKLIE0 1 OTPEUMAEMO €HEpreTHUHUi CrekTp iMmyibciB nepernosBHenHs HK 3a ymoBu

BHITIAAKOBO]I Bapiamii MOy sl y BUTIISIIL
Fy(@)=20-[0(@))* /T,

Fﬂ<w>—‘(‘;”)‘ o) za(a)- 2 @

c
3 (4) MoXHa 3HaliTH BiIHOLICHHS IyM/CHTHAJ SIK BiIHOIICHHS MOTY)XHOCTi mymiB Wy cmysi 1T'n npu

BizcTpoiili Bix HociiHOI yactotn @, =27/T. Ha Benuuuny A o notyxxHocti W, HociitHoi. BianosinHo mo (4
c c 0

MaeMo:
W, =4z|o)| T 5)
2 (u +A+27
| a-lp)Hdo. (©)
C m +A
Toml
B (u +A+27
. j (1-|0() dw
P=—m =g —e 24 :
w, |2 0() @

10 Mae po3MipHicTs n1b/T.
OTpyMaeMo KUIBKICHI OI[IHKM /I BEJIMYMHM MOTYXHOCTI P y BHUINaAKy PIBHOMIPHOTO PO3MOILTY

BiIXMJICHHS i-T0 IMITyJIbCY BiJl cepeHbOro 3HaueHHs i/, Ha intepBani —1, ++7 :

1/2T;
w(,)= { /21, ®)
0
[icns mincranoBku (8) y Bupas Lum xapaKTepMCTMqHO'l' (hyHKLIT MaeMO
sm oT,
O(w) = j L o gy, - S@h) ©9)
T, ol
Iincrasnstoun (9) B (7) oTpumaemo
w +A+27
7,
| J- a [sm(a) )] Vi
W, T, o
P=—2-10lg 2C = . (10)
Wy 4 ( sin(wT) ]
L a)]-;) .
| _sin(wh) )
Poskmnanemo y Bupasi (10) pynxuiro —T y psan Tefinopa 3a crenensamu @I :
0
sin(T, ol)) (oT)" (oT,)°
(0T) _, (o1} (@)  (oh)" a
oT, 3! 5! 7!
Bpaxoyioun T, << T ta A << @, , OTpUMAEMO
sin(@T; ol))’
(@) _,_(@h) "
oy 3!
[lincraBnstoun octanHii Bupa3 y (10) , MaeMo miciis IHTErpyBaHHS Y YHCEIBHUKY BHpa3
O, +A+27 . 2 O, +A+27
‘ T, ‘ ol 27(T;
[ 1—[M dox [ “ltdo= 7d) (13)
w; +A CUT(') wL +A 3 3
3 BpaxyBaHHAM skoro Bupa3 (10) TPUBOIHTHCS ao IIYKaHOTO BUIIIAY:
4
P=101g ¥ f} P,+101g4, (14)
L3N

ac
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7 f
P, =10lg| —=% | ab/T'1. 15
0 g 3 ﬁ)z ( )

Jnst KonmMBaHHS, SIKE 3HIMAETHCS 3 PO3PSLY IEPEIIOBHEHHS HAKONMM4YyBada KOJIB, CHHTE30BaHA 4acToTa y
JIBA pa3d MCEHIIA, TOMY CIIBBIAHOIIECHHS ITyM/CUTHAIl 3MEHIITY€THCS TAKOXK Yy ABa pa3u ado Ha 3nb/Tm:

P, =P+10lg2. (16)
AHaJOriYyHUM YMHOM MOXKHa OTPHMAaTH HaOMMKEeHY (GOopMyJly Uil BIHOLIEHHS IIyM/CUTHAJ y BHIAJIKY

HOPMAJILHOTO 3aKOHY DPO3IMOALTY BiaxuieHb V,. I'ycTuHa HMoBipHOCTEH W(V,.) 1 XapakTepuCTHYHA (QYHKIis

O(®) nnst HOPMANIBHOTO 3aKOHY PO3MOILITY BEJIMUYUHU V, MAlOTh HACTYITHUI B
Y Y ; Y
—V2/2(75
2
Wv)=e ™" .

2
olo?

O(w) = j WW)e' dv=e 2

2 . . . . .
ae O, - DUCTIepCis BUMNAAKOBOI BEIMYUHY V; . BiHOmEHH s Irym/curHan BianosigHo 1o (7) ckiane
i a);+A+2/z 7
(1-e " )dw
T, L +A
P=10lg| —~—=* > , 17)
o o (@)
Poskmazemo dyrkmito e 7"y psx Teiinopa 3a CTYIEHIMH (o 0)’ :
4 6
(0.0 o,0 o,0
e(JVW):l_(O_vw)Z_l_( v ) ( v ) (18)
2! 3!
paxosyioun T, <<T. Ta A << @, , OTPHMAEMO
~(0,0%) _ 2
e l-(o,0) (19)
1 TmicTs iHTErpyBaHHS BUPA3y B YHCEIHHUKY MAEMO:
0, +A+27 o, +A+27 T
~(0,0)° ~ 2dm = )2
[ a-e“Mydox [ (0,0 do="(0,0) . (20)
@, +A @, +A

3 BpaxyBauusiM (20) i BpaxoByroun O, =1, Bupa3 (17) moxHa npusectu 10 Bupasy (16). 3 goro cruinye,

10 HE3aIEXHO BiJl 3aKOHY PO3IOJUTY BHIAIKOBHX BIIIXWIEHb BiIHOIIEHHS IOTYXXHOCTI HIYMOBHX CKJIQJIOBHX
CIEKTPY A0 IOTY>KHOCTI CUTHAIIy IIPSIMO IIPOTIOPIIHHO BiTHOIIEHHIO CHHTE30BAHOI YaCTOTH JI0 KBaJpaTy OMOPHOI
yactoTH. 3 BUpa3y (16) Mo)kHa 3HATH BiIHOIIEHHS IIyM/curHai B Ab y cmysi mupimiit 3a 1T'm, s mporo #oro
HEOOXiIHO MOMHOKHTH Ha MUPUHY cMyTu aHamizy Af y ' :

P=P, +10IgAf

BucHosknu

PosrnsayTo MeTtox 3MeHIIEHHS OiYHMX CIEKTPaJbHHX CKJIAJOBHX Y BHXIIHOMY CHEKTpi IH(pPOBOTO
00YNCITIOBAIFHOTO CHHTE3aTOpa Ha OCHOBI HAaKONMHMUYYBAIBHOTO cyMmaropa. IIpoBeleHO MaTeMaTW4HHUI aHawi3
CHEKTPATBHUX XapaKTePUCTUK Ta OOpaXxOBaHO CITiBBIIHOMICHHS CHTHAJ/IIYM BHXiIHOTO CHTHANy CHHTE3aTopa i3
3a[PONIOHOBAHMM METOAOM CHHTE3y. 3aCTOCYBaHHS 3allpOIIOHOBAHOIO METOAY NO3BOJIMTH 3MCHIIUTH  PiBHI
M03aCMYTrOBHX BHUIIPOMIHIOBaHb anapaTypd pajio3B’si3Ky, M0 BHKOPHCTOBYE LU(POBI  OOYMCITIOBAIbHI
cuHTe3aropu. HaBeneHnii MareMaTHyHHUI anapar A03BOJHUTH MOOYayBaTH HU(POBHI 00UHCIIOBAILHUN CHHTE3ATOP
i3 MEHIIMMHU DIBHSMH OIYHHMX CKJIQJIOBHX Y CIIEKTPI BHXIJHOTO CHUTHAIly, 32 PaxyHOK JIESKOTO YCKJIaJHEHHS
BHYTPIIIHBOI Oy/10BU CHHTE3aTOpPa 13 BUKOPUCTAHHSIM IeHEepaTopa ICEBI0BHIIAIKOBHX YHCEIL.
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YOK 536.532
0. KOYAH, B. KOYAH, H. BACWJIBKIB, O. POLIIYIIKIH

TepHONiNBCHKUI HAIIOHATBHUN €KOHOMIYHUI YHIBEpCUTET

JTOCIIKEHHA HEBUKJIIOUEHOI TOXUBKHW HEOJJTHOPIJTHOCTI
TEPMOEJIEKTPUYHOI'O IIEPETBOPIOBAYA 3 KEPOBAHUM ITPO®PIVIIEM
TEMIIEPATYPHOI'O IT1OJISA

Anomayisi:  Jlocaidxceno 3anexcHicms HeBUKAHOYEHOI NOXUOKU mMepMOesleKmpuUvYHO20 nepemeopiosaya 3
KeposaHum npoginem memnepamypHozo noss (TEI 3 KIITI), sakutl mae 3HauHy Habymy 8 npoyeci mpusa.oi ekcnayamayii
HeodHopidHicmb mepMoesekmpodis, 8id 3MiHU npogino memnepamypHozo noas 06'ekma UMIPIOGAHHSI.

Kaiwouogi cnosa: mepmonapu, noxubka 6uMIpOGAHHSI memnepamypu, mepmoeaeKmpu4Ha HeoOHOpiOHicmb,
mepmoeieKmpu4Hull nepemeopr8ay 3 KeposaHum npogdisem memnepamypHozo noJsl.

0.KOCHAN, V.KOCHAN, N.VASYLKIV, O. ROSCHUPKIN

Ternopol National Economical University

INVESTIGATION OF NOT EXCLUDED INHOMOGENEITY ERROR OF THERMOCOUPLES WITH
CONTROLED PROFILE OF TEMPERATURE FIELD

Abstract - The methods of correction and compensation of thermocouples errors are considered in this paper, especially methods
directed against the most dangerous error - error caused by acquired during long operation inhomogeneity of thermoelectrodes. The most
effective method which doesn’t allow inhomogeneity error to appear itself is considered in the paper too. This method is implemented using a
new type of sensors - thermocouple based sensors with controlled profile of temperature field (TBS with CPTF). This sensor contains
additional temperature field control subsystems. Such subsystems makes possible set of temperature and maintaining the temperature field
along thermoelectrodes for sensor itself. Error due to inhomogeneity of thermoelectrodes cannot appear as changes in temperature field are
impossible because stabilization of temperature field along thermoelectrodes of the main thermocouple. But temperature field control
subsystems have some error as well as addition thermocouples so that temperature field along electrodes of the main thermocouple is
maintained with some error which lead to residual error due to acquired inhomogeneity. The authors of the paper invented the method of
modeling for investigation of this error. Function of error of thermocouples is considered as a product of two functions. One of these functions
depends just on time, while the other depends just on coordinate. All mathematical models of error due to inhomogeneity and drift of
conversion characteristic of type K thermocouples are proved. The authors analyzed all errors of thermocouples and their affect on error of
temperature field maintenance. It is proved that additional coefficients should be used in mathematical model of drift of CC to fix it because
its experimental values are underestimated due to methodic of the experiment. The property of equality of maximum values of the drift of CC
and error due to inhomogeneity is used for the correction coefficient calculation. The authors investigated the dependence of residual error due
to inhomogeneity of a TBS with CPTF with considerable acquired during long operation on changes of temperature field of a measured object
using the models of errors mentioned above. Graphs of the dependence of residual error due to inhomogeneity on changes of temperature
field and the most dangerous modes of thermocouples’ operation are pointed. Modes of effective use of TBS with CPTF are investigated as
well. This modeling investigation shows that if temperature field changes on more than 7 Centigrade residual error due to inhomogeneity of
TBS with CPTF is less than error due to inhomogeneity of usual thermocouples.

Key words: thermocouples, temperature measurement error, thermoelectric inhomogeneity, thermocouple based sensor with
controlled profile of temperature field.

IHocranoBka 3axayi

HesBakaroun Ha mIMpOKE PO3MOBCIOKEHHS TEPMOEIICKTPUYHHX IIEPETBOPIOBAaYiB Ha 0a3i TepMmomap npu
BuMiproBarHi Temnepatyp 500...1300°C, meromn [1...4] kopekmii X moxuOOK, sKi 3a3BW4ail TOMiHYIOTH [1] y
BHMIPIOBAIEHOMY KaHadi [5, 6], 3aMUIIAlOTHCS Majo pO3MOBCIoKeHUME. OnHI€I0 3 TMPUYMH IHOTO € BIUIMB Ha
pe3ynpTaT BHMIPIOBaHHSA MOXHOKH, BUKIMKAHOI HaOyTOIO B MPOIECi TPUBAIOI €KCIDIyaTamii HEOTHOPIMHICTIO 1X
TEPMOECIICKTPOaiB [7, 8], 110 MPOSBISETHCS SK 3AICKHICTH T'EHEPOBAHOI TEPMOIAPOIO TEPMO-€.p.C. Bin mMpodiaro
TEMIIEPaTypHOTO TIONS B3JOBX TEPMOENIEKTPOMiB (HABITh IPU HE3MIHHHX TeMIlepaTrypax po00Yoro i BiIBHHUX
kiHgiB). lle mOCIy»XHJIO OCHOBOK /0 BHUCHOBKY [7], 110 MOXMOKM TepMonap HE MOXXHA KOpUTyBaTH. Aulie
JIOCJIIKCHHS, IPUBE/CHI B [9], MO3BONMIM 3alPONOHYBAaTH METOIU 3MEHIICHHS BIUIMBY Ha TEPMO-€.p.C. HAOyTOl
HEOJ/IHOPITHOCTI eJIeKTPo/1iB TepMorap. Pearizaiiero 0JHOro 3 HUX METOJIB € TEPMOCIIEKTPUUHHUH MEPETBOPIOBAY 3
kepoBaHuM mpodinem TemneparypHoro noiust (TEIT 3 KIITIT) [10, 11], ne HaBMuUCHE CTBOpEHHUI 3 IONOMOIOIO
JIOZATKOBHX IIJICUCTEM PETYJIIOBaHHS TeMIIEpaTypH 3aaHui (CTajuid, He3aJe)KHUH BiJl MPOQUII0 TeMIepaTypHOTro
moist 00’ekta) Mpodilb TeMIepaTypu B3JIOBXK €JNEKTPOAIB TEpMONapH, sKa BHUMIPIOE TemIlepaTypy o0’ekra
(ronoBHOI TepMoIapu), He Ja€ 3MOrH HaOyTiil TepMOEJIEKTpUYHIM HeoMHOPiAHOCTI NposiBUTH cebe. TeopeTnuHo B
TEIT 3 KIITII BIiMB HEOJHOPIMHOCTI €NEKTPOAIB TOJIOBHOI TEPMOIIApH HA PEe3yNbTaT BUMIPIOBAHHSA ITOBHICTIO
YCYHYTO (HE3BaXKAr0UW Ha 3MiHHU MPOQLII0 TEMIIEpaTypHOTo Mol 00°€KTa, Mpodiib TeMIepaTypHOTO OIS B3OBK
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