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OUIHKA KIJIbKOCTI IAEHTUPIKOBAHUX OB’E€KTIB CUCTEMU
KEPYBAHHA 3A TOHAJIbHAM CUITHAJIOM

36unwek loMmGpoBCLKUMN

TepHONIbCHKUIT HAlIOHANBHUI EKOHOMIYHUI YHIBEPCUTET
Crapmmii BUKJ1aga4
46011, m. TepHonib

Pe3tome: 3acmocyeanns monanvhux cueHanie 3 0bMedceHo2o 0Iana3oHy HU3bKOI uacmomu € eQexmusHumM 3acooom
i0enmudghixayii 06’exkmie cucmemu xepysanus (CK) enepeocnooicusamnam y mepedici 3 padiokanaiom. 3 memor
BUSHAYEHHS BUMO2 00 XAPAKMEPUCMUK 3aco0i8 yupposoi oOpoOKU MOHANLHUX CUSHANIE 3ANPONOHOBAHO Memoo
OYIHIOBAHHA 2PAHUYHOI KinbKocmi 0ocmogipHoi ioenmuixayii 06 'exkmie 6 CK y mepesci 3 padiokananom. Ha ocrosi
BUSHAYEHUX BUMOZ 3ANPONOHOBAHO CMPYKMYPY APUOAmHy 00 HOOYO008U YVHI(QIKOBAHUX YUPPOSUX Npucmpois 01
eenepayii ma @inompayii mounanvhux cuenanié idenmugpikayii 06'exkmie CK ma 0ocniodceno ix 00CmoGipHics.
Hasedeno epagixu pezynomamis nopigHAHHA 3a1eHCHOCMI IMOGIPHOCI UABNEHHS 8i0 8iIOHOUIEHHS CUSHATY 00 WYMY

npu pizHux IMOGIPHOCAX NOMUIKU.

Kaw4oBi ciaoBa: idenmugbikayis 06’ekmie cucmemu KepySawHs, mepexca 3 PAOIOKAHAIOM, MOHAIbHI CUSHAU,

npucmpoi 2enepayii ma Qinempayii MOHANLHUX CUSHATIG.

1. BCTYN
g omepaTMBHOrO  KepyBaHHS 00 €KTaMu
PO3HOAIIEHUX CHCTEM, HampUKIasi,
TPAaHCIIOPTYBaHHS ~ CHEPrOHOCIIB Ha  BEJIMKHUX
TEPUTOPIAX, AKTYaIHAM € BUKOPUCTAHHSA

KoMmI ' roTepHux cucreM kepyBanHa (CK) [1]. Sxmo
Ha Tteputopii posropranHs Ttakux CK BimcytHi
KOMYyHIKamii 3 BUIUICHUMH  BHCOKOSKICHHUMH
MPOBIIHUMH Y1 BOJIOKOHHO - ONTHYHHMH KaHAJIaMH
3B’SI3Ky, IX aNbTEpHATHBOIO € paliokaHamu [2].
[Ipore 3acTocyBanns paniokananis B CK ycknamHioe
MOXIMBICTh JOCTOBIpHOI imeHTH(IKAT MHOXUHHU
00’€eKTiB, TOOTO BU3HAYCHHs NOTPIOHOTO 00’€KTa
CK, Tomy, 10 pamiokaHaja € KOJICKTHBHUM 3acO00M
0OMiHY iH(bOopMaIti€ro. Jlst JIOCTOBipHOT
inenTudikanii o0’exktiB  CK, wHampuknax, mpu
TeJIeKepyBaHHI €HEProCIOKUBAaHHAM, 3aCTOCOBYIOTh
TOHAJIBHI KOJMUBaHHA HU3bKOI1 dactotn (HY) [3]. ¥V
Bitomnx CK eHeprocrnoXMBaHHSM KOXKEH 00’ €KT
(1,2,..n) KOOYIOTH TOHAJILHUM CHTHAJIOM (hiKCOBaHOT

gacTotH f, B 3agaHoMy miamasoHi D=fmax-fmin ,

SKMA TeHEepYIOTh NPOTATOM IHTEpBalTy BHUSBICHHS

T

-
3a mpoTOKOJIOM OOMiHY, 3TiIHO Tally3eBOTO

cranaapty [3], o3Hakamu igeHTH}iKamii €:

1. 3HauYeHHS YaCTOTH TOHAJIBHOTO CUTHAILY;

2. TPHUCYTHICTh TOHAIBHOI YaCTOTH TPOTATOM
BH3HAYCHOTO IHTEPBAIY;

3. TMepeBHUIICHHS
YCEPEIHEHOTO  PiBHA
MOPOTOBOTO 3HAUCHHS.

3a KpHUTepiil IPUCYTHOCTI TOHATIBHOI YaCTOTH f,

BiZI(Q1TBTPOBAHOTO
CHUTHAy TEBHOTO

3aCTOCOBYIOTh IICPEBHIICHHS Hamepex BHOPAHOTO
HOpOry  CepeIHbO  KBAAPATHYHUM  3HAYCHHSIM
BiiinbTpOBaHOTO CUTHATY X () .

[Ipuctpoi reHepyBaHHS TapMOHIYHOTO CHTHAILY
(ToHY) peami3yroTh 3a pizHUMH cxeMamu [4,5], sKi
NIOBHHHI 33J0BOJIBHATH JKOPCTKI BHMOTH ILOJO
crabipHOCTI Ta TOYHOCTI Yacrtoth. Y Bimomux CK
BUSIBIIGHHSI ~CUTHally (ZeKoayBaHHS MOTPiOHOT

4acToTH f) ), 3MIHCHIOITH CMYroBHM QLIBTpOM i3

cMyror mpomyckaHHs 34 I'm, ski peami3yroTh 3a
JIOTIOMOT'O0  eJIeKTpoMexaHiuHnX ¢inbTpiB (EMD).
MoXIUBI TOMHWIIKA  BHSBJICHHS  3aJ€XHTh B
OCHOBHOMY BiJl €HEPTeTUYHOTO CIEKTPY IIyMiB i
3aBajJ B KaHaii 3B’s3Ky Ta wmmpunu Af  cMmyru

MpOINyCcKaHHs (UIbTPa, sKa BH3HAYAE MOXKIIHMBY
KIJIBKICTh ZIOCTOBIPHO 1IeHTU(IKOBaHUX 00’ €KTIB
CK [6]. Crmig Bim3HAUWTH, IO CYMapHUH piBEHB
3aBajl B KaHaJl 3aJIeKUTh BiJl KUIBKOCTI TOHAJIbHUX

YacTOT, TCHEPOBAaHWX OJHOYACHO, a TaKOX Bix
XapakTepUCTUK  HPUCTPOiB  TIeHepyBaHHS i
BUSIBIICHHS:

106



36uwex [Jomoposcokuii / Komn romune, 2007, Tom 6, Bunycxk 3, 106-112

1. CtabimbHOCTI i TOYHOCTI YacTOTH TEeHeparlii
TOHAJILHUX CHUTHAJIB;,

2. YacToTHO-CMYTOBHX BJIACTUBOCTEH
¢binpTpiB, X JOOPOTHOCTI 1 HecTabiTBLHOCTI
XapaKTEePHUCTHK;

3. Tounocti 1 crabimBHOCTI  MPUCTPOIB
MIOPIBHSHHS PIBHS yCEPEeIHEHOTO KBaapary
BiAIBFTPOBAHOTO CUTHATTY 3 BCTAHOBJICHUM
IOPOTOM.

OCHOBHUM

IIOKa3HUKOM e(eKTUBHOCTI

ineHTUdiKaLii € KIIBbKICTh 00 €KTIB 71, , SIKI MOXYTh
OyTu BUSBIEHI 3 3agaHol0 JocToBipHicTio. [lpm
cMysi mporyckanus Af =34T'1 B miama3oHi 4acTtoT
1000-2300 I'm ogHO3HAYHO MOXKHA iAeHTH(IKYBaTH
n,=(f,-f,) Af =1300/34=38
JIOCTOBIPHICTIO, sIKAa Ha TMPAKTUI 3aJ0BOJIBHSIE
excruryataniro CK eHeprocrnoxuBaHHIM.

Y mpomeci PpO3BUTKY EHEPrOCHCTEMH, IIpH
3pOCTaHHI KiTBKOCTI 0O0’€KTiB, BUHUKAIOTh 3ajadi
aHami3y 1 CHHTE3y MPHUCTPOIB iMeHTHDIKAITlT BEITHKOT
KUTbKOCTI 00’€KTiB. IIpOorHO3U 3pOCTaHHS KiTBKOCTI
eHeprocroxkuBauie CK moxa3yroTh, I0 cydacHi
TeXHIYHI  TpPHUCTPOi  TOBWHHI  3a0e3ledyBaTH
ineHTH]ikaiito 00’€KTiB B perioHaNbHIA Mepexi B
KUTBKOCTI BiJ KiJIbKOX cOTeHb (YKpaiHa) 1o THCsi
(CIIIA, Kanana, BenmukoOpwuTaHis Ta iHIII).

301IbIIEHHS KUTBKOCTI pajiOKaHAaJIB BiIOBIIHO
30inbineHHI0 00’ekTiB CK € He mpuiiHATHUM 4Yepes
3pOCTaHHs co0iBapToCTi, YCKITaTHEeHHS
€JICKTPOMAarHiTHOI  CYMICHOCTI Ta  OOMEKEHHS
YaCTOTHOTO pecypcy paniokaHaiis. [lepcnekTuBHUM
€ 30LUTbIIeHHS KiTBKOCTI TOHAJIBHHX YacTOT m B
TOMY X Jialla30Hi YacTOTH, a TaKOXX 3aCTOCYBAHHS
0arato 4YacTOTHOTO CHUTHANy, SIKH BHKOPHCTOBYE
MOCIIZIOBHY KOMOIHAIlF0 KIIBKOX YacTOT IS
koxyBaHHs ogHoro 0o6’ekty CK. Ilpu BukopucranHi
KoMOiHaIlii 3 k 4acToT KiNBKICTh 00’€KTIB 3poCTae
10

00’€eKTIB 3

— "t

cr =
" (m — k)

1

k!
Mertoro aHoi cTaTTi € po3poOKa METOAY OLIIHKH

rpaHUYHOI KiBKOCTI imeHTudikoBannx 00’ekTiB CK

3a TOHAIBHUM CHTHAJIOM B OOMEXCEHOMY Iiama3oHi
Y4acTOTH Ta MOro JOCHIIKEHHS.

2. MPUHUMN POBOTU NIACUCTEMU
IAEHTUDIKALLI

3amaua  imeHTH(iKaIii  3HAYHOI  KUTBKOCTI
00’exTiB CK 3 pamiokaHajioM B SIKOCTI CEPEIOBHIIA
3B’SI3Ky MPU (PIKCOBAHOMY YHCIi TOHAIBHUX YaCTOT
MOJe OyTH pO3B’si3aHa MPHUCTPOSIMH MOOYTOBAHUMH
3a QYHKITIOHAJIEHOIO cXeMoro puc. 1 (a, 0).

Sk mokazaHo Ha puc.la, mepenaBad 06’ekra CK

MICTUTh JIBA TEHEpPAaTOpH dYactotT f,, f,, fKi
MiJKITIOYaloThCss 1o d4ep3i Ha 250 w™Mc 1o
pamiomepenaBada. Ha pumc. 1 © mpezacrasieHo

npuiiMad pajiokaHanry o0'€kTa, SIKMH MICTUTH JiBa
¢ineTpu, HanmamToBaHi Ha i wactoTu. KimbkicTe
00’extiB CK, siki MOXKHa ieHTH(IKYBaTH, 3aJICKUTh
Bil 3maTHOCTI (IMBTPIB BUOUIATH IBI ONHM3BKI
YaCTOTH, SIKA BH3HAYAETHCS CMYTOIO IMPOIYCKAHHS
¢ineTpa Af Ha piBHi MiHyc 3 nb BimHOCHO

CEepeNHbOi YacTOTH pe3oHancy f, , ToOTO
JI0OpoTHICTIO (inbTpa
0=/ 12Af (1)

ST

Iy

> P

I,

0

Puc. 1 — ®dynkuionaabHa cxema inentudikaunii
00’€KTIB €eHeprocno:KMBaHHS 32 TOHAJbHUM CUTHAJIOM
NnpH BUKOpHCcTaHHi paxiokananay B CK.

CurHan micnsg BHIUICHHS (QUIBTPOM TEpHIoi
YacTOTH f,, HAKOIMYYETHCS MPOTATOM OOMEKEHOTO

iaTepBany (250 mc). Komm HakomwdeHe 3HAYCHHS
CHUTHANy  TIEpEeBHINYE  BHOpaHWd  TIOpir, 1€
(biKCyeTbcs  MOPOTOBHM  MPHCTPOEM ,  SKHH
nepekuaae tpurep Tpr. Tpr B CBOIO uepry J03BOJISIE

BHABJIICHHA  49aCTOTHU f2 THITAM IIOPOroBuM

npuctpoeM. CurHan dyacTotd f,, BUIUICHHHII

GiTbTPOM, TaKOXX HAKOMYYETHCS 1 TEPEBHIICHHS
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BHOpAHOTO IMOPOTY WOTO 3HAYCHHSAM iICHTH}IKYE
o6'ext CK.

3. NPOBJIEMM IDEHTU®IKALII NMPWU
3BbIJIbLUEHHI OB’EKTIB CK

IIpu npoexryBanni Takoi CK HeoOximHO
BCTAHOBUTH, SIKy KUIBKICTh  YacTOT  MOJXHA
JIOCTOBIPHO BHUSBISTH B OOMEKEHOMY Jliala3oHi,
TOOTO BUHUKAE norpeda (hopmanbpHOTO
OOTPYHTYBaHHS TEOPETHYHO JOCSHKHOI KUTBKOCTI
TOHAJBHUX YAaCTOT, SKI MOXHA 1IeHTU(IKYBaTH, a
TAaKOXX OIIHKH IX JOCTOBIpPHOCTI (SIK iMOBIpHOCTI
[IOMWJIKA ~ BUSBIEHHS), B  3aJ€KHOCTI  Bif
XapaKTEPUCTUK CTaOLILHOCTI Ta  TOYHOCTI
reHepaTopa TOHAJBHUX CUTHATIB Ta MIMPUHU CMYyTH
mporyckanHs ~ ¢ineTpiB.  Lli  XapakrepucTukH
HEOOXimHI M1 CHHTE3Y NPUCTPOIB imeHTHU(IKAILII,
TOMY IO TpPU 3POCTaHHI KUTBKOCTI M TOHATHHHX
CUTHATIB BIAIMOBIHO 10 3pOCTaHHSI OO €KTiB B
EHEepProMepeKi, IijJ Jac mepemadi CyCimHIX YacToT
3pOCTAlOTh 3aBa/IM B KaHaNi, IPUUIOMY pPiBEHb 3aBajl
3aJIe)KUTh Bifl PI3HUII YacTOT, KA € BUIAJIKOBOIO
BenmnmuuHOO. HeoOxigHo Takoxk mobu yci GiuibTpu
Oynu MiHIManbHO-(pa30BUMH, TOMY, IO TINBKH IS
TAKOTO BUNAJKY MpPOLEAypa CHUHTE3y TapaHTye ix
CTIMKICTh 32 YMOBH, IO BCTaHOBJIIEHI OOMEKEHHS
3aJI0BOJTBHSIETHCS [7].

PosrnsiHeMo mpouenypu CHHTE3y MPHUCTPOIB AJIS
moOyoBU HAOOPY (GLIBTPIB i3 OJHAKOBOIO CMYTOIO
MPOMyCKaHHA 1  aMIUNTYOHO —  YacTOTHOIO
XapaKTEPUCTUKOI B 33/JlaHOMY Jiama3oHi YacTOTH
1000-2300 I'u. CepenHi 3Ha4eHHS 4acTOTH (QiIBTPiB
MMOBMHHI Halle)XaTH IIKaJli, 0 Mae PiBHOMipHHN
kpok. EdexrtuBHicTh QinpTpamii BU3HAYAETHCS
n00yTKOM 7 X Af 1 € TOCTIHHOI BETUYUHOK B

00MEKEHOMY JTialia30Hi 9acToT.

4. METOA OUIHKU KIJIbKOCTI
INEHTU®IKOBAHUX OB’EKTIB
CUCTEMU KEPYBAHHA 3A
TOHAJIbHUM CUTHAJIOM

[Ipu oOMexxeHHsIX Ha amapaTypHi 3arpatd i
c00iBapTiCTh, METa CHHTE3y — 3HAUTH KOMITPOMIiCHE
pilieHHss moao0 BHOOpPY uyMcina n  QUIBTPIB Ta
3HaueHHs iX poOpotHocti Q. Ilpum mpoctomy
30i7bIIEHH]  KINMBKOCTI  (imbTpiB 6€3 3BY)KEHHS
CMYTH TpOITyCKaHHS, YacTOTHI XapaKTEePUCTHKH
OKpEMHX CMYTOBHX (IIbTPiB NEPEKPUBAETHCS Ha
TiHi1 ,,B” (OUB. pUC. 2), IKa 3HAXOJUTHCS BUIIE PiBHS
3 nb (minis ,,07).

lle nmnpuBogMT, MO  pI3KOTO  3MEHIICHHS
JIOCTOBipHOCTI imeHTH]iKamii 00’ekta. Tomy mpwu
30UTBITICHHI KUTBKOCTI himeTpiB oTpiOHO
BIZIMTOBITHO 3MEHIIYBaTH [IUPUHY CMYTH

MIPOITY CKaHHS TOOTO
OOpOTHICTH Q.

Jis 3HaXOJKEHHSI MPUHHSATHUX CITiBBIIHOIICHB
KUTBKOCTI  (UIBTpiB Ta iX CMyrm MpPOIYCKaHHS,
MPOTNIOHYE€THCS BU3HAYaTU MOTCHITITHI
XapaKTepUCTUKHN TPHUCTPOIB ineHTH(iKawii 00'€KTiB
CK momo iXx MOXINBOI KiJIbKOCTi, 3 BpaxyBaHHSIM
piBas mmymiB N, dacy T, mo BigBomuThcs Ha
ineHTU(IKaLiI0, AKI MalTh BIUIMB Ha MOTCHIIHHY
BIPOTiHICTh TOMMJIKH 11€HTUDIKALIT P,

KoxeH 3 Mmoka3HUKIB SKOCTI imeHTHdIKAMI, HE €
OJIHOBUMIPDHUMH, TOMY IO JUI1 3HaXOJDKCHHS
MOTCHI[IHHOTO 3HAYeHHS BaXXJIIMBOTO IOKa3HHUKA
MOMHIIKK  imeHTU}IKAT  (Ppkmin)  AOBOAHUTHCS
mepenmideHi mokazHukH m, N, T mepeBoautn B
po3psin  oOMexeHb  TuUIy  piBHOcTedl  (abo
HEPiBHOCTEI), 1100 BPaxOBYBATH IX TAKOX.

¢binpTpa, 30UTBITy BaTH

-3

/\\// |
]

\

*ﬁ

Awmnnityga gb

Puc.2 — AMILTITYAHO YaCTOTHI XapaKTePUCTUKH MPHU
30iib1IeH] KiIbKOCTI QiIbLTPIB i3 cMyroro 34 T'y
(XapaKkTepuCTHKH 10JATKOBHX (PinbTpiB moka3aHo
MYHKTHPOM).

5. AHANI3 XAPAKTEPUCTUK
BUABJIEHHA TOHAJIbBHOIO CUrHANY
3 BPAXYBAHHAM BIAHOLWWEHHA
CUTrHAN / LUYM

st JOCTIIKCHHS CITOJIBaHOI, 3a
BCTaHOBIICHUMHU KPHUTEPISIMH, SKOCTI BHSBICHHS,
BU3HAUMMO JDKEpena MOMWIOK imeHTH(ikamii y

3QJIKHOCTI Bif IIOKa3HHUKIB CTablmbHOCTI O

TeHepyBaHHs YaCTOTH TeHepaTtopa f, , pe30HaHCHOI

yacrotu (QineTpa f,

1
BU3Hauae KiIbKicTh 00’ekTiB CK) 1 TpuBamocrti
nporecy  imeHTH}IKarii

ineHTugikamii

, Horo mobpotHocTi Q,, (dKa

T,. Ha nocToBipHICTH

BIUIMBA€ EHEPreTHYHUH  CIEKTp
mymiB N, , [kuid, Bu3HAuae piBeHb pPEryIApHOL

cKJIamoBoi 3aBaj [9]:
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Nyg = fiT,/20,(1-6,T}). 2

MiHiMaTbHO MOXKJIUBe (TOTCHINMHE) 3HAYCHHS
2
CepeIHBOr0 KBaJpaTa IMOMIIKA BUSBICHHS 5min

TOHAIBHOTO CHTHANy MOpoTSroM dacy T mpwH

3HaueHHI N, , AKy 00YMCIIOIOTH B KaHAJ 3B’ 43Ky 3a

hopmyoro (2), MOXHA BH3HAYHTH 3
CHIBBITHOIIICHHS, sike ojepkaB B.A. KoTenbHUKOB:

5. =DN,/2T,. 3)
ne D=fmax-fmin — 3agananii AMHAMIYHAN Jiama3oH.
st 3HAXODKEHHSI TMOTEHINIATHHOTO 3HAYCHHS
KUTBKOCTI  TOHANBHUX YacTOT M PeaJbHOTO
pamiokaHany i3 BpaxyBaHHSM BIJHOIICHHS PIiBHS
Pc curnany 10 myMmy MOXHa 3aCTOCYBaTH TEOPEMY
[llenHOHA pns HAWOLIBII MOXIMBOTO 3HAYCHHS
MIPOITYCKHOI 3/TaTHOCTI KaHaiy 3B s3Ky [10]:

log, m/T = Aflog, K*(1+P./N,), 4)

ne log,m/T — mpomyckHa  37aTHICTH

MiJICHCTEMU 1IeHTU(IKAIlT, sIKa MOXE HPOTITOM
yacy T, 3HidicHIOBaTH TmpuiioM OnHIEI 3 m
TOHAIBHUX YacTOT 3 PIBHUMH C€HeprisiMu Ha (oHi
aZIUTUBHOTO HE3aJIEKHOTO HOPMAaJIbHOTO O1J0T0
myMy; (MO BCIX MOMIJIMBUX 3aKOHAaX PO3MOMALTY
BiporinHocTi mosiBM curHany); K- koedimienTt
SIKOCTI BUSIBJIICHHS, TIPH PIBHO IMOBIpHUX CHTHAJIaX
K=1, mo Mae micrie /1s1 TOHaJbHUX CUTHAJIIB.

3acTtocyBaHHS ~ cMyroBux  OQiabTpiB iAo
BUSIBJICHHS TOHAJIBHOI YacTOTH 3MEHIIYE pPIBEHb
TTOTY>KHOCTI 3aBajIH MIPOIIOPITIHO cMy3i
nporyckanus  ¢imetpa P, = N,Af [8], 1mo
3BHYAWHO  MiABHIIYE  PO3IUIBHY  3JIaTHICTH
TOHATBHUX CUTHATIB 1MEHTU(IKAI] 1 BIAMOBITHO
30iIbIlyE  TMOTCHLIWHY  KUTBKICTh  BHUSBJICHHS

00’exriB CK BiamoBigHO 10
log, m/T = Aflog, K*(1+ P./ N, Af). (5

Ha puc. 3 HaBeneHO pe3yJibTaTH PO3PAXyHKY
MOJKJIMBOI KUJTBKOCTI CMYTOBUX (DIIBTPIB y 3aJaHOMY
Jliara3oHi YaCTOTH B 3aJIS)KHOCTI Bijl IX TOOPOTHOCTI
IIPY HAUTIpIIOMY CITiBBiTHOIIIEHHI CUTHAITY 1 IIIyMY.

900

n
800

700

600

400

300

200

100

0 1 1 1 1 1 1 1 1
100 200 300 400 500 600 7OO 800 900 1000 Q11GG

Puc. 3 — 3anexnicts kinbkocti pinbTpiB n Bix
a00poTHOCTI Q (cMYru NPOMYCKAHHSA) Y 32JaHOMY i
00MesKeHOMY Aiana30Hi 4acTOTH.

Sx BHOHO 3 PUCYHKY 5 s imeHTHgiKamii
BENMKOi KinbkocTi, Hampukian, 500 o00’ekTis,
moTpioHa BHCOKa TO0OpoTHICTEH GibTpiB (Q=600).

Ha puc. 4 HaBemeHO pe3ynbTaTH pPO3PaXyHKY
KUTBKOCTi (UIBTPIB y 3aJEXKHOCTI BiJ BiAHOIICHHS
CHUTHAJl — IIyM MPHU 3HAYEHHSIX MUPUHU cMyTH 34 Ta
3 I'u, sxi BignoBizaroTs goopotrocTti 100 1 500.

10°

| ;
50 100 150 200 250 300

350 n 400

Puc. 4 — 3anexuictp kinbkocti QinbTpiB n Bix
BinHomeHnHs curnaj — mwym (SNR) i nodépoTHocTi.

6. OBIrPYHTYBAHHA BUMOTI LLLOAOO
CUHTE3Y LNPPOBUX NMPUCTPOIB
IAEHTUDIKALII OB’EKTIB CK

[MobynoBa  TOYHHUX  BHCOKO
TeHEePaTopiB CITKH 4acTOT Ta
BY3bKOCMYTOBUX (inbTpiB B  miamazoni HY
MOXXJIMBa Jjuile 3acobamu 1udpoBoi 00poOKHU
curtanie (IL1OC). [11]. HOC wmae psia yHiKaabHUX
mepeBar, sKi OCOONMBO 3HAYHI TMpH  00poOIi
CUTHaNiB HHU3bKOI wactoTu. [Ipomemypa CHHTE3y

cTabiIbHUX
Habopy
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MIPUCTPOIB TIOJISITae 'y BHOOPI CTPYKTypH Ta
pO3paxyHKy CJICMEHTIB, SIK1 BH3HAYAIOTh
XapaKTePUCTUKU CTaOIBHOCTI 1 TOYHOCTI YacTOTH
reHepatopa Ta [IMPHHY CMYTH MPOMYCKaHHS
¢inbrpiB.  Iludpori mpucrpoi s peamizarii
reHepaTopa CITKH 4YacTOT 1 Habopy CMYTroBUX
GbinpTpiB Ans imeHTHdIKALIT 00’ €KTIB 32 TOHATEHUM

CHTHAJIOM y CMy3l dYacTOTH TIOBHHHI OyTH
yHipikoBani 1 0a3yBaTMCh Ha  HACTYIHHX
MOJIOKEHHSX:
e OAHOPIAHINA CTPYKTypi OOUYHCIIOBAILHOTO
PUCTPOIO;

e IMPOCTOMY LUKJIIYHOMY ajrOpUTMI peaizamii
reHepaTopa 4actoT i Habopy (ijabTpiB,

e MOXIIMBOCTI 3MIHH TIapaMeTpiB MUIIXOM
MpOrpaMyBaHHSI.
OcHOBHA BIIMIHHICTP B TPAKTHI pI3HUX

MAXOAIB MmOA0 TOoOyH0BH UH(PPOBUX MPHUCTPOIB
NoB'sI3aHa 3 BHKOPUCTAHHSIM PI3HUX (OpPMaNbHUX
npencrasieHs L@ 3 ogHakoBUMH  (YHKLISMH
nepemadi.  Ilpp  1poMy — ONTUManBHUM €
3HaXOJPKEHHs MIiHIMalbHOI peatizalii (moOymoBa
CTPYKTypHd 3 MiHIMalIbHUM YHCIOM 3aTPUMOK 1
MHOEHb ), HeOOX1THUX 7S BIATBOPEHHS MHU(PPOBHUX
dimeTpie  (UP) i3 3amaHO0 IMIYIBCHOIO abo
BJIACHOIO XapakTepuctukoro. Meroxa cunresy LD 3
MiHIMQJIbHUM YHUCJIOM €JIEMEHTIB Ma€e BUpIlIaIbHE
3HAYCHHS IIOAO PIMIEHHA 3adadi MPaKTHIHOTO
3actocyBanHs LOC mna imenTudikamii  Bemukoi
kimbKocTi 06’ exTiB CK.

Jus  crBopeHHs  yHiikoBaHWX  mH(POBHUX
NPUCTPOIB TeHEepyBaHHA Ta (iNbTpalii i BUSIBICHHS
TOHAJIBHUX YacTOT, SKUMHU MOXHA KOAYBaTH BEIUKY
kinmpkicte 00’ektiB CK motpibern Halip BY3BKO
cMyToBUX QinbTpiB. IIpoTe mpu 3MeEHIIEHHI CMyTH
3pocTae TMOpsAoK (UIBTPIB, a CTIHKICTh (iIbTpa
BHCOKOT'O TIOPAJAKY BiAIOBITHO 3MEHIIYETHCS, TOMY
iX peani3yloThb JaHKaMHM HHU3BKOTO IOPSAKY, SK
npaBwio 2-ro. Tomy, B SKOCTI THIOBOI CXEMH
yHIQiKOBaHOI IO CTPYKTYpH r'eHeparopa i ¢inbTpa
3armpornoHoBaHo [6,7,11] onTumanbHy 3a KUTBKICTIO
MHOXCEHb JIaHKy 2-Ir0 TOpPAIKY, SIKy Ha3UBaroTh
uuppoOBUM pe3oHaTopoM. Taka CTpyKTypa CIIpOIIye
amaparypy i Moxxe 3a0e3neuyBaru:

1. reHepyBaHHS CITKM TOHAJIBHHUX 4YacToT, 3
TouHicTio vacrorn He ripme 0,1 T i
CTabiTbHiCTIO He MeHme 107

2. BYy3bKO cMyroBy dinbrparito (Af =3I11.)
TOHAIBHUX YaCTOT, LUIAXOM KacKaIHOi
CXEMHU BHKOPHCTAHHS JIAaHOK, I peaizarii
(GINBTPIB BUCOKOTO MOPSAAKY 1 IMOCIiZOBHOI
3MIHHM 9YaCTOTH HACTPOIOBAHHS (iIbTPIB.

3 METOI0 TEPEBIPKH 3aIpPOIOHOBAHOTO METOMY
OIIIHKKM JIOCTOBipHOi imeHTHdiKalii 00’exktiB CK
CHEeProCIOKMUBAHHAM  JIOCTIIKEHO  3aJIeKHICTD
IMOBIPHOCTI BUSIBJICHHS BiJl CITiBBITHOIIIEHHS CHTHAI

— IIyM, OJIs Pi3HUX 3HAYEHb TOMMIKH BUSBICHHS
P,. Ha puc. 5 mokazaHo pe3yJbTaTd MOCIIDKEHb

3aJIeXKHOCTI iMOBipHOCTI P, BHABICHHA 00’ €KTiB

CK Bix CHIBBITHOUICHHS CHUTHAT - IIyM 3
BpaxyBaHHsIM ocoOnmuBOCTe 1HdpoBOi 00pOOKH
HETepepBHUX  TOHANBHUX  CHTHATIB:  BIUIUBY

AuCKpeTusalii Ta KBaHTyBaHHA [12] Ha P, mms
BUOPAaHUX TPHOX 3HAYCHD P .

JlOCTOBIpHICTh  iJeHTU(}IKAI]  BH3HAYAETHCA
BiJTHOIIICHHSIM TIOTY>KHOCTEH CHUTHaJly Ta 3aBajau
micius  cMyroBoi  QimeTpamii  3a  pe3ylbTaToM
iHTEerpyBaHHs KBaJpariB ix 3HaueHb. PesynbTaTtn
JIOCTIDKEHb JIOCTOBIPHOCTI ieHTH}IKaIii 00’ €KTiB
CK eHeprocmoXMBaHHSIM TPH [IMPHHI CMYTH
¢impTpa 34 I'm, y 3alekXHOCTI BiI KUIBKOCTI
TOHANBHUX 4YacToT, Ha nitounx CK, Ta pesynbraTu
EKCIIEPUMEHTAIBHUX  JTOCII/PKEHb  JOCTOBIPHOCTI
inenTudikamii 06’extiB CK mpw mmpuHi cMyTH
¢imetpa 3 Tm, y 3amexHOCTI BiJl KIUIBKOCTI
TOHANBHUX YaCTOT MMOJAHO B TalO. 1.
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Puc. 5 - 3anexnicts imoBipHocTi BusiBaenns Pd Bin
cuiBBinHomeHHs curuaji — mwym (SNR).

[TopiBHSIHHST ~MOKa3HHUKIB  SIKOCTI  pealbHUX
migcucreM ineHtudikamii o0'extiB CK 3a ix
MOTEHIIaTbHUMH 3HAYCHHIMH, JIO3BOJISIE

BCTAHOBHUTHU MPHUHIUIIOBI MOXIIMBOCTI MOIAJIBIIIOTO
MOJIMIICHHS IMX TIOKa3HHWKIB TMPH THUX CaMHX
MMOYAaTKOBMX JAHUX, OLIHUTH IX KUIbKICHI 3HAYEHHS 1
OCHOBHI NUISIXA HAONMKEHHS IMOKa3HHUKIB SIKOCTI
pealbHUX CUCTEM JIO iX IMOTEHIiaThHUX 3HAYCHb.
Pe3ymprat  ekciepHMEHTaIBLHUX JOCHIIKECHb
UTFOCTPYIOTh e()EKTUBHICTh 3aCTOCYBaHHS
PO3pOOJICHOTO METOJIy BCTAHOBJICHHS BUMOT IIOJIO
noOynoBu 3acobiB IIOC pams nocsrHEeHHS MeTH
TaHol pobotu: MIiIBUIICHHS cTablIIbHOCTI
(YHKI[IOHYBaHHS MPUCTPOIB TeHEepyBaHHS
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TOHAJIBHUX CHUTHAJIIB Ta TOCTOBIPHOCTI IX BUSBICHHS
HUsixoM cMyroBoi dinbrpamii mpu izeHTH}ikamii
BeJHKOI KibkocTi 00’ ekTiB CK eHeprocmnoKiuBaHHsI.

Oe3neku (GyHKIIIOHYBaHHS, @ TAKOXK MPEICTABIIAIOTH
c00010 EKOHOMIYHY IiHHICTb.

Tabdauus 1. loka3uuku inentudikanii 06’exriB CK 3a TOHAJbLHUM CUTHAJIOM.

Cmyra Kinbkicte Kinbkicts Kinbkicth JlocToBipHicTh Tpusainicts
TIPOITyCKaHHS TOHATBHUX TeHepaTopiB i 00’€eKTiB imeHTHdiKamii imeHTudiKarmii
¢binpTpiB 4acTOT GhinpTpiB CK (mimicex.)
-n
1 38 38 0,97 250
34 2 72 700 0,99 500
1 430 430 0,92 250
3 2 860 123000 0,95 500
7. BUCHOBKMU 8. CTIUCOK NITEPATYPU
Ha ocHoBi pmocmimxenns d¢akropy BrmumBy 1. Pobumncom J[Ix. T. JluHUM W ceTH CBS3M
BIpOT1MHOCTI ineHTHdIKAIii 00’€KTiB CK sueprocucrem // THUUIP. — T. 75, Ne 12,

€HEeProCIIOKUBAHHAM 3 palioKaHaIOM Ha
XapakTePUCTUKU TeHepaTtopa Ta (inbTpa TOHATBHUX
CHUTHAJIIB BCTAHOBJICHO TPAaHWYHY KIJIBKICTH 00’€KTiB
CK 3a paxyHok jeramizamii  B3a€MO3B’SI3KYy
CTaOLIBHOCTI TEHEpPYBaHHSI Ta 3BYKCHHS CMYTH
MIPOITyCKaHHS (iTbTPIB, MPU BUOPAHUX IMOBIPHOCTSIX
X IOMHJIKH 3 BpaxyBaHHSIM 3aBaJl i (YHKIIOHYBaHHS
IU(POBHUX MPUCTPOIB Y CeLiaIbHUX YMOBaX POOOTH.

Iloka3aHo, 1m0 3HAYEHHS KUIBKOCTI 00’ €KTIB,
BHPAXEHOTO dYepe3 IIOKAa3HWKH SKOCTI 3acobiB
imenTudikanii, 3a KpUTEpiro MIHIMyM BipOTiAHOCTI
MIOMIJIKM  iieHTudikamii, mnapamerpu nudpoBUX
IIPUCTPOiB, MOXYTh PO3IJIANATUCS SK CTaHIAPTHI
MOTEHIIIHHI MMOKA3HUKU JIOCTOBIPHOCTI BUSIBJICHHS,
00 YMM MEHIIMH KOXXHUHM 3 HUX NpU (HiKCOBaHUX
3HAYEHHSIX PEINTH MOKa3HUKIB, TUM Oinbie 00'€KTIB
CK moxHa ineHTr]iKyBaTH 13 3aJ]aHOI0 TOMIJIKOIO.

3acToCyBaHHS LBOIO METONY  OLIHIOBAHHA
MOTEHIIHHUX XapaKTEPUCTUK HiACUCTEMHU
imeHTudIKamii iCTOTHO TIOJIETIIYE 1 MPHUCKOPIOE
IpoIec  3HAXO/MKEHHS  BapiaHTy  moOynoBHU
oUppoOBUX  MPUCTPOIB  TOMY, WLI0  yCyBae
HEBU3HAYCHICTh IIOYATKOBOTO €Tally MPOEKTYBaHHS
migcuctemMu ineHTudikarii. Takuil migximx Ha OCHOBI
3aCTOCYBaHHS ~ OE3yMOBHOTO  KpUTEpil0  Ma€
mepeBary, NOB'SA3aHi 3 HEMOMJIUBICTIO TOYHOTO
(opMyTIOBaHHS TIOYATKOBHX JAaHWX 1 BUOOpY
KpUTEpil0 il ONTUMaTbHOCTI 4epe3 BiACYTHICTbH
BiZlMOBiHOT anpiopHOi iHpopMmariii

3actocyBanus I[OC sk 3aco0iB ITiIBHIECHHS
KUTBKOCTI  TOCTOBipHOT  igeHTH(ikamii, B CK
TPAaHCIOPTYBAaHHAM PI3HUX BHIIB CHEPrOHOCIIB Ha
BEJIMKUX TEPHUTOPIAX, Ma€ BUpIlIaJIbHE 3HAYCHHS
Opy BUKOPHUCTAHHI pajaioKaHamiB sl Tepenadi
nanux. Jani B Ttakux CK mpo moTtounuii cran
TEXHOJIOT1YHUX NapaMeTpiB, Ta CUTHAIU KePyBaHHS
30KpeMa ineHTHdIKamis iX 00’€KTiB € YHHHUKOM
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AN ESTIMATION OF QUANTITY OF THE IDENTIFIED OBJECTS
OF THE CONTROL SYSTEM IS A TONE-FREQUENCY SIGNAL

Zbishek Dombrovskiy
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Abstract: Application of tone signals from limited range low frequencies (LF) band is an effective mean for energy
consumption systems (CS) objects identification under their control above radio channels networks. With purpose for
determination of requirements to characteristics of digital tone signals processing a method of evaluation of maximum
quantity of confidence-identified of CS objects in the network with a radio channel is offered. On the foundation of had
been determined requirements for the construction of digital devices of generation and filtration of tone signals is
compatible with authentication of CS objects the appropriate structure is offered and its confidence is explored.
Graphics of dependences of probability identification of the objects vs. signal to noise ratio at the different fault
probability are presented and results of their comparing analyses are given.

Keywords: identification of objects of the control system, network with a radio channel, tone-frequency signals,
devices for a generation and filtration of tone-frequency signals.

The use of the computing control systems (CS)
with a radio channel for an operative management of
the objects of the distributed systems, for example,
of transporting of power mediums on large
territories is actuall However much application of
radio channels in CS complicates possibility of
reliable identification of objects, set i.e.
determination of necessary CS object because a
radio channel is the collective mean of information
exchange.

In the known CS of energy consumption for
reliable identification every object (1,2..n) is
encoded by the tone frequency signal of the fixed
frequency in the set band range, which is generated
during a certain interval of exposures. The exposures
of signal carry out band pass filter, which will be
realized by electro mechanics filters (EMF).

For a criterion of exposure is exceeding of the
beforehand chosen threshold middling applied by
the quadratic value of the filtered signal. Possible
errors of exposure are depends on the power
spectrum of noises and hindrances in a
communication and width of bar of admission of
filters channel, which determines the possible
amount of the clearly identified CS objects.

The basic index of efficiency of identification is
an amount of objects, which can be found with the
set identification. During the process of development
of grids, at the growth of amount of its objects, the
tasks of analysis and synthesis of devices of
identification of plenty of objects arise. The
application of multi frequency signal which uses

successive combination of a few frequencies for the
code of CS one object is perspective.

The purpose of this article is the development of
methods of maximum amount of reliable
identification of CS objects estimation by the tone
frequency signal in the limited range of frequency
and its research.

Subsystem of identification of considerable of CS
objects with a radio channel consists devices of
transmission and reception. A transmitter contains
two generators of frequencies, which are connected
in turn at 250 mc to the radio transmitter. The
receiver of radio channel contains two filters,
adjusted at these frequencies. The signal after the
selection of the first frequency by a filter is
accumulated during the limited interval (250 ms).
When the accumulated value exceeds the chosen
threshold it is fixed by a threshold device, which
kicks about flip-flop of Trig. Trig in its turn, allows
the exposure of the second frequency and
identification of necessary CS object.

For designing of such CS it is necessary to set,
what amount of frequencies it is possible to generate
clearly and for certain discover in the limited range,
that a necessity of formal ground is in theory
accessible amount of tone-frequencies which can be
identified, and also estimation of authenticity of
such identification. During the growth of amount of
tone-frequency signals in accordance with growth of
objects in networks, during the transmission of
nearby frequencies hindrances grow in a channel.
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For finding acceptable correlations of the amount
of filters and their bar of admission, it is suggested
to determine the possible errors of identification of
the regular constituent hindrances, which depends
straight proportionally of filters resonance frequency
and duration of process of identification, and
inversely proportional in good of quality of filters
and stabilities generation of frequency of generator.

For finding out potential value of amount of tone
frequencies of the real radio channel with the
account of noise of the regular constituent of
hindrances, the theorem of Shannon is used. Results
of calculation of plenty (500) of band pass filter are
in the set range of frequency at the worst correlation
of signal and noise, which are given in the graph;
show the necessity of application of narrow band
pass filter.

Construction of highly stable generators and
narrow pass band filter in the range of LF possible
by facilities of digital signal processing.

For realization of generator of net of frequencies
and set of band pass filter for identification of
objects with a tone frequency signal, digital devices
must be compatible. Thus finding of structure with

the minimum number of delays and increases,
necessary for the recreation of digital filter with the
set of impulsive description is optimal.

A typical chart of compatible to the structure of
generator and filters the optimum in the amount of
increases link of 2th order, which is called a digital
resonator, is offered.

The results of researches of dependence the
probability of CS objects exposure from the
correlation of a signal - noise taking into account the
digital continuous tone frequency signal processing:
influenced of digitization and quantum on
authenticity of exposure for three values of error of
exposure is given in the graph.

Knowledge of potential descriptions of
subsystem of identification substantially facilitates
and accelerates the process of finding of a variant of
construction of digital devices and removes the
vagueness of the initial stage of planning of the
system related to impossibility of exact formulation
of initial data and choice of criterion of its optimum
because of the lack of apriority proper information.
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