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Adorauisn. HaBenena monudikoBaHa cTpyKTypa IBOpPiBHEBOrO LM(POBOrO CHHTE3aTOpPa YacTOTH, LIO HOEAHYE B c0OI

BJIACTHBOCTI
IIOCJII JIOBHOCTEM.

KJIaCHYHUX JIBOPIBHEBHX IM(PPOBUX CHHTE3aTOPIB YacTOTH 1

TeHepaTopiB IyaCCOHIBCHKHX IMITYJIbCHHX

KurouoBi cioBa: 1mm¢ppoBril CHHTE3aTOp YacTOTH, ITyaCCOHIBCBKAa IMITYJIbCHA ITOCIIIOBHICTB, KPOK 3MIiHHM BHXiJHOL
YaCTOTH, CTATUCTHYHI XapaKTePUCTHKH, JO3UMETPHIHHUN IETEKTOP.

Abstract.

Digita frequency synthesizers are widdy used in various fieds of technology. Their main advantages,

compared to analog devices, are the accuracy of output signa, resistance to externa factors, reliability and high performance.
Their structures include the digital storage device (accumulative adder) and a comparison scheme. Basing the |latest the two-level
digital frequency synthesizers are developed. They are the subset of digital frequency synthesizers, in which the output signals are
two-levelled. The papers show the improved structures of digital frequency synthesizers with the extended functional capabilities,
in which the possibility of the step of the output frequency alteration isimplemented.

Poisson pulse sequence generators are used mainly to simulate various natura and technica processes that are subjects of
the Poisson distribution law. They can be implemented basing on different structures. For instance, the basis of one of them is
provided by a pseudorandom number generator and a comparison scheme.

The similarity of the two-level digita frequency synthesizers and Poisson pul se sequence generators constructing principles
alow conjugate them in one structure. Here, the extended possihilities for managing the output signal frequency are combined
with its formation in accordance with the Poisson digtribution law. Such a frequency synthesizer can be applied to simulate
different processes. In particular, one application consists in simulation of the output signals of the dosimetric detectors. It is
caused by active search of various types of extremist and terrorist organizations around the world and puts on the agenda an
increased control over the movement of radioactive materids both internally and through borders of countries, including
strengthening control over their movement through sea ports and airports. It produces the new requirements aiming the

enhancement of the speed, accuracy, and reliability of dosimetric measurements.
Key words: Digital frequency synthesizer, Poisson pulse sequence, Step of changing the output frequency, Statistical

characteristics, Dosimetric detector.
Beryn

Mudpori cunrezatopu yacroru (IICY) mmpoko
BUKOPHCTOBYIOTh y Pi3HMX Taly3iX TEXHiKH. [X OCHOB-
HUMHU TIepeBaraMu, IOPIBHSHO i3 aHAJIOTOBUMH MpH-
CTPOSIMH, € TOYHICTH BINTBOPEHHS BUXIIHOIO CUTHAIY,
CTIMKICTh JI0 BIUIMBY 30BHIIIHIX (hakTOpiB, HAMIWHICTS 1
BHCOKa TeXHONOTr uHicTh [1-3]. B 0CHOBI iX CTpyKTYpH —
1 poBuil HakoMUUyBay (HAKOMHYIYBAJIBHHN CymMaTop) i
cxeMa TOpiBHSHHSA, sKi Tak camMo € ocHoporo JIIICH.
Ocranni € migsuaoMm IICY, B SKMX BUXIOHI CHTHAIH
nBopiBHeBi. B pobotax [4, 5| HaBemeHO ymOCKOHANIEH]
crpykrypu JLICY i3 po3mmpeHrMH (HyHKIIOHATBHUME
MOXIIUBOCTSIMHM, B SIKHX pE€alli30BaHO MOXKJIHMBICTH
KEpYBaHHSIM KPOKOM 3MiHH BUXIJHOI YaCTOTH.

I'TIIIT BUKOPUCTOBYIOTH MEPEBaXKHO IS iMiTarii
PI3HUX MPHUPOTHMX 1 TEXHIYHUX IIPOIECIB, L0 IiAIO-
PSIKOBYIOTBCSl ITyaCCOHIBCHKOMY 3aKOHY pO3IOLTY.
Bonn Moxyth OyTH peasli3oBaHi Ha OCHOBI pPi3HHX

cTpykryp [6-8], omHa 3 HHMX MOOymOBaHa i3 BHUKOpPHC-
TaHHSIM TeHepaTopa ncesaoBunaakopux 4yrcen (I'TIBY) i
cxeMu mopiBHsHHS [9].

Cxoxicte mpunnumnie modymosu JIICY i T'TIII
Jae 3Mory o0'enHath iX B ONHY CTPYKTYpY, B SKii
PO3LIMPEH] MOXKIIMBOCTI KEPYBaHHS 3HAUYEHHSM YacTOTH
BHXIJTHOTO CUTHAIIy TIOEJHYIOTHCS 3 Oro (hOpMyBaHHIM
3a TyacCOHIBCHKUM 3aKOHOM po3Iofiny. Takuil cuH-
T€3aTOp YaCTOTH MO)KHA BUKOPHCTOBYBATH JUIs iMiTallil
pI3HHX TIPOIECIB, 30KpeMa, I IMiTamii BUXITHHX
CHUTHAJIB JIO3UMETPUYHUX JETEKTOPiB. A  OCKUIBKH
aKTHBi3alis  PI3HOMAHITHUX  EKCTPEMICTCHKHX  Ta
TEPOPUCTHYHHX OpraHi3aliii B ychOMY CBITI aKTyali3ye
MIOCHJICHHS] KOHTPOJIO 33 IEPEMIIIIEHHSIM Pali0aKTUBHUX
MaTepiajiB sK BCEPEIWHI JiepKaB, Tak i yepe3 KOpIOHH
KpaiH, 30KpeMa MOCHJIEHHS KOHTPONIIO 3a iX mepe-
MIIIEHHSM Yepe3 MOpPChKI TOpTH Ta aepomopTu. lle
CTaBUTh HOBI BHMOTUM [0 MiJBHIIEHHS TOYHOCTI,
LIBHKOCTI Ta Ha/AIHHOCTI TO3UMETPUIHUX BUMIpPIOBAHb.
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JlBopiBHeBi 1M(pPOBI  CHHTE3aTOPU  YACTOTH
(OLICY) moxyrh OyTH peasli3oBaHi HAa OCHOBI HAaKoO-
mugayBajpHoro cymatopa (HC), mo ckmamy sikoro
BXO/ATh KoMOiHamiinuii cymarop KC, perictp Pr i
€IIEMEHT JIOTYHOr0 MHOXKeHHsI (puc. 1).
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Puc. 1. Cmpyxkmypua cxema JJLICY
Figure 1. Sructure schemes of TLDFS

CepenHe 3HAYEHHS YaCTOTH BHXIJIHOI'O CHUTHAIY
TaKOr0 MPHUCTPOI0 BU3HAYAETHCS PIBHAHHIM

: Y
fOUt fC’ (1)
Nm
ne Y — xepyroumi kox, f. — wacrora TakToBHMX
IMIynbCiB. Y  BUMNAJKy peanizalii CHHTe3aTopa B

nBiikoBomy komi: N, =2m (M — KiJgBKIiCTh IBIAKOBUX
po3psmiB), a y pasi Horo pearmizamii B JBiiKOBO-

necsitkoBomy komi — N, =10™ (m —kinbKicTs nexan).

Henonixu

HuHi omHUM 13 OCHOBHUX HEIOJIKIB JBOPIBHEBUX
IU(PPOBUX CHUHTE3aTOPIB YACTOTH € HEIOCKOHATICTh
CTPYKTYP CTOCOBHO KEPOBAaHOCTI KPOKY 3MiHU YaCTOTH.

Meta poboTu

Merta — oTpuMaTH pe3yJabTaTH AOCIHIDKEHb, SKI
MO)KHA 3aCTOCYBaTH JJIs CTBOPEHHsS 3acO0iB imMiTarril
BHXIJIHUX CHUTHAJIIB TO3UMETPUYHUX JCTECKTOPIB.

Po3pobiaenns mMoau(pikoBaHOI CTPYKTypH
ABOPiBHEeBOr0 U (POBOro CHHTE3aTOPA YACTOTH

VYaockoHaneHnuit Bapiant kimacumuHoro JIIICY
peani3yeThes i3 BHKOPHUCTAHHAM JBOX KOMOiIHAIIHHUX
cymaropis KC1 i KC2 [4], no ckiagy sSKOro BXOIUTH
takok Komyratop K (puc. 2). OcHOBHOWO HOro
MIepeBarol0 € MOXIIUBICTh 3MIHM KPOKY CITKH BUXIIHHX
yactor. CepelqHs BHXiJHA YacTOTa IMPUCTPOIO BU3HA-
Ya€eThCsl BUPA30OM

Y1l
fout @m fc ) 2
m

ne Y1i Y2 —kepyroui koau.
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Puc. 2. Cmpyxkmypua cxema yoockonanenoeo JL{CH
Figure 2. Sructure of theimproved TLDFS

Buximui  iMmyascHi - mocmigosaocti  JIIICHY,
CTPYKTYpH SIKUX HaBeAeHO Ha puc. 1 i 2, HepiBHOMIpHI.
Orinka iX HepiBHOMIpHOCTI HaBeleHa B poboti [5].
[cHyIOTH TakoX cHocOOM 3MEHIICHHS Ili€i HepiBHO-
mipnocri [10].

CtpykrypHa cxema I'ITIIT

Bigoma crpykTypa reHeparopa IyacCOHIBCHKHX
iMysbcHuX moctigoprocteit (I'TIIT), nomana Ha puc. 3
[9], cepemHe 3HaYeHHS BHXIOHOI YacTOTH  SKOI
OIUCYETHCS PIBHAHHAM, aHAIOTTYHUM 10 piBHsHHS (1).
Jo 11 ckimamy BXOISITh T€HEPATOp MCEBIOBUIIAIKOBUX YH-
cen I'TIBY, cxema mopiBusauHsa CII i eneMeHT JIOTiYHOTO
MHO)KEHHS. BXiJHI TaxkTOBI IMIyJbCH HPOXOJISTH Ha
BHUXIJ TIPUCTPOIO, KOJH ICeBIOBUIIaIKOBe yncio D Ha
Buxoxi ['TIBY menmre Big kepyrodoro kony G .
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Puc. 3. Cmpyxkmypna cxema T'TIITT

Figure 3. Sructure of PPSG

CepenHsi 4YacToTa BUXIHUX IMIYNIBCIB T'eHe-
partopa JOpiBHIOE
G

fout @D_ fc ) (3)
max

ge Dy — MaKkcUManbHO MOXIIMBE 3HA4EHHs YHCeN Ha
puxoni I'TIBY.
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CTpykTypHa  cXema

T'TIIII

Mo (pikoBaHOTO

Hacrynaum kpokoMm 11i€i poboTn € moOymoBa
I'TIIIT 3 MoskIHMBICTIO peasti3alii piBHSIHHS, aHAJIOTTYHOTO
no pieasaEs (2). Ile macte 3Mory po3mmpuTd (yHK-
mioHanbHi MokmBocti T'TIITI. 3 iHmoro Ooky, Takuii
I'TIIT moxna posrisaaaty sk JIICY, BuxigHa iMIoyibcHa
TIOCITIJIOBHICTb SIKOT'O IMiAIOPSAKOBaHA ITyaCCOHIBCHKOMY
3aKOHY PO3MOJILTY, III0 MOJKHa BUKOPUCTATH, IEPEyCiM,
JUTs  IMITaIlii BHUXIIHUX CHTHAJIB JO3UMETPHUUHHUX
nerekropis [11].

Takuit TITIIII mpomnonyoOTH
CTPYKTYpPOIO, HAaBEJIEHOIO Ha pHc. 4.

peanizyBaTH 3a
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Puc. 4. Cmpyxkmypua cxema mooughixosanoeo I'TIITT
Figure 4. Sructure of the modified PPSG

VY CcIpyKTypy reHepaTopa JO0NaTKOBO BBEICHUIA
nmoMHOKyBau kofiB I1IK, mo ¢gopmye q0o0yTOK ICEeBaO-

Dpax - G
BUIAJKOBUX umcen D Ha Benmmuupy —m&X——2
Dmax
CepenHe 3HaYeHHS BUXIJHOI YaCTOTH TOPIBHIOE
fOUt @ fC’ (4)

Dmax - GZ
ne G, i G, —kepyrodi Koau.

BimnoBimHICTE IMIYJIBCHOI MOCITIOBHOCTI ITyac-
COHIBCHKOMY 3aKOHY PO3IOJITY 3aJIeHUTh Bifl CTaTHC-
TUYHHUX XapaKTEPUCTUK MOCITiJOBHOCTI IICEBJIOBHIIA/I-
koBux uucen Ha Buxoni ['TIBY i moxxe OyTu mepeBipeHa
3a JIOTIOMOTOK0 METOJIMK, OMUCaHKuX y poborax [11, 12].
I'TIBY w™oxHa peamizyBaTH SIK amapaTtHO, Tak |1

IporpaMHoO 3a pi3HI/IMI/I CTPYKTypaMH YU aJirOpuTMaMiu
[13, 14].

Bucnoeku

3anporoHoBaHa HoBa crTpykrypa [TIII, Ha
BIIMIHY BiJ KJIACHYHO1, Ja€ 3MOT'y OIICPATHBHO 3a7aBaTu
KPOK 3MIiHH CEpPeAHbOI YaCTOTH BUXIJAHOTO CHUTHAILY
CHHTE3aTopa.

IMoasika

ABTOpY BHCJIOBIIIOIOTh BJISYHICTH KOJEKTHBaM
kadenp KoMH' IOTEPU30BAaHUX CHUCTEM aBTOMATHKH, 0e3-
neku  iHQopMamiiHUX  TEXHOJOTiH Ta  3aXUCTy
inpopmanii HamionaneHoro yHiBepcurery “JIbBiBCbKa
mojiTexHika”, VYkpaiHa, 3a HaJaHy JONOMOrY Ta
BceOIUHE CIPUSHHS Y MiJrOTOBII IIi€i CTATTI.
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