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THE DETECTOR ON BASIS OF CdZnTe-GAUGE FOR SYSTEMS RADIATING-
TECHNOLOGICAL CONTROL

In the given work it is offered and the device of digital updating of power dependence sensitivity
work of a crystal in account a mode is made of modern element base. Inclusion of the CdZnTe-detector in
an operating mode pulse proportional ionization chambers allows to raise essentially its sensitivity, to
expand a dynamic range of values registered capacity of a doze from background values up to caused with
emergency operation of work peaxmopnoii installations. Application of a pulse mode allows to realize
practically and other opportunities and, first of all, - indemnification of power dependence sensitivity
(PDS), so-called «course with rigidity». Experimental samples of the developed detectors have been tested
in structure of BDMG -CZT in conditions of the control of a condition of nuclear fuel of the Zaporozhye
atomic power station. The structure of the detector contained the block of strengthening, the power
supply, the device of formation of impulses and spectrometer is peak-digitizer.

Keywords: power dependence of sensitivity, CdZnTe-detector, digital updating, dosimetric device,
factor change of frequency.

Statement of a problem. Development of modern blocks of the detecting intended for the
control of a condition of protective barriers by measurement of capacity of a doze scale-radiation in
air, in structure of systems of the radiating control of the atomic power station is the important and
actual problem. Blocks of detecting of system ECRS-03 being now in operation have developed the
resource (ECRS - equipment of the control radiating safety) [1, 2]. The system developed more 20-
tH of years back, not only has developed the resource, but also is morally obsolete [3]. It is obvious,
that new blocks of detecting should possess higher metrological and operational parameters.
Substantial improvement of metrological and operational characteristics of detectors, as shown
above, can be received only on the basis of application of new materials, in particular, with wide
zonsemiconductors, such as CdZnTe [4].

Now dosimetric devices with semi-conductor blocks of detecting on the basis of Si [5, 6]
serially are issued. Advantages CdZnTe before Si - greater value of sensitivity and smaller value of
a power equivalent of noise [7, 8]. However, big effective nuclear number causes also greater (more
than 10) value of power dependence sensitivity (PDS).

In the literature the description of a method of hardware correction PDS by means of the
device collected on discrete elements with a low degree of integration [9, 10, 11, 12] is resulted.
Such device unreliably, dearly, has a low dynamic range. In the given work it is offered and the
device of digital updating PDS is made of modern element base at work of a crystal in cuetHom a
mode.

The basic part. Numerical value of factor of change of frequency of impulses on an output of
the block of detecting is defined on the basis of analytical dependence of the attitude of sensitivity
of the detector to registered scale-radiation S(E,,x) and sensitivity scale-radiation with energy on

which its graduation was spent S(E ,X):

Xmax

g(Ey): Xn{in S(E%x)K(x)dx’ "
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where Xmin -number of the channel corresponding noise level; S(E},) - the set relative

dependence of sensitivity of the detector on energy.

For practical realization of correction target signal of the block detecting it is offered to use
piece-linear interpolation of the set relative analytical dependence sensitivity of the detector from
energy:

S(E,, % K () '
) S(E,, .3 K4 )+ S(E, , X2 K () 1@
g(Ey )— “N
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Thus, the problem of correction power dependence sensitivity consists in reception of value K

(x) for the certain power range of the registered photons E v
J

Experimental samples of the developed detectors have been tested in structure of BDPS-CZT

in conditions of the control of a condition of nuclear fuel of the Zaporozhye atomic power station.

The structure of the detector contained the block of strengthening, the power supply, the device of

formation of impulses and spectrometer ADC. The design of blocks of detecting and processing of

signals is presented in figures 1 and 2.

Fig. 1. The block of detector (BD)

The preliminary amplifier of a BD has while in service shown conformity earlier to the
described parameters. By results of tests are made changes to the design-technological
documentation. Electronic blocks of the detector are executed by a method of installation on the
printed-circuit-board (fig. 2). The project of the operation manual on the device in a mode of
detecting of capacity doze scale-radiation is developed.

Tests of blocks detecting BDPS-CZT in quantity of 5 pieces are lead in conditions of the
Kharkov scientific research institute of metrology according to GOST. Results of tests are presented
in table 1.
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Fig. 2. A design of the block of processing of a signal of the detector BDPS -CZT

Table 1
Definition of capacity doze scale-radiation on measurement of speed account impulses
Capacity
dozes, Average value of speed of the account, imp/s
mk3v/h
Block Ne 2
1,5 78,8 89 82 75 77 71
15 103,4 102 99 99 104 113
25 152,4 154 171 154 139 144
Block Ne 3
15 40,4 42 40 40 36 44
15 82,2 89 75 81 79 87
25 142 154 135 143 140 138
Block Ne 4
15 14,2 21 16 19 9 6
15 82,8 74 88 92 72 88
25 128,2 103 144 128 102 164
Block Ne 5
15 3,4 3 5 2 5 2
15 28,2 24 28 28 30 31
25 49,4 41 46 49 56 55
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According to table 1 schedules of dependence of capacity doze radiation and speed of the
account of impulses (fig. 3) are constructed. The analysis of schedules shows an opportunity of
adjustment of sensitivity program by without intervention in the scheme of the detector. Besides the
opportunity of performance requirements linearity dependence of speed account from capacity of a
doze proves to be true.
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Fig. 3. Schedules of transformation capacity doze scale-radiation in blocks BDPS-CZT 2 (a) and 5
(b) (on tab. 1)

Check of working capacity of a breadboard model of the developed block of detecting scale-
radiation on the basis of gauge CdZnTe in structure of ECRS-03 on the Zaporozhye atomic power
station is lead. Parameters of work of system correspond to regular norms. Tests have shown
stability of transformation by the developed block of capacity of a doze scale-radiation in speed of
the account of impulses. Parameters of operation, a design of the developed block are executed in
full conformity with the technical project. The developed block of detecting scale-radiation BDPS -
CZT can be used in system ECRS instead of serial block BDPS -41.

Conclusions. On the basis of the developed model the detector of an ionizing radiation for
dosimetry is created. As its basic difference from known devices application as the primary
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converter scale-radiation (gauge) of crystals CdZnTe serves. The advantages of such decision
proved by the previous researches, have allowed to create the detector having:

- greater resolution, no more than 40 keV;

- wider dynamic range of values registered capacity of a doze radiation - from background
before emergency operation of work of a reactor;

Smaller value of a power equivalent of noise.

REFERENCES:

1. Kurt E. Radiation Effects in Solids Proceedings of the NATO Advanced Study Institute on
Radiation Effects in Solids, held in Erice / E. Kurt, Kotomin, A. Eugene, Uberuaga, P. Blas // Sicily, Italy,
17-29 July 2004 Series: Nato Science Series IlI: (closed). — Vol. 235 Sickafus, (Eds.), 2007. — With CD-
ROM. — 592 p.

2. Reilly D. Passive Nondestructive Assay of Nuclear Materials / D. Reilly, N. Ensslin, H. Smith,
Jr., and S. Kreiner, eds. — Office of Nuclear Regulatory Research, US Nuclear Regulatory Commission. —
Washington, DC, 1991. — NUREG/CR-5550; LA-UR-90-7324; NRC FIN-A7241. - 701 p.

3. banzak O.B. [lomynpoBOAHHKOBBIEC IETEKTOPHI HOBOT'O MOKOJICHUS I PAAHAIIIOHHOTO KOHTPOJIS U
no3UMeTpun HoHu3upyronwx m3mydenuit / O.B. banzak, O.B. Macnos, B.A. Mokpurnkuii: [lox pen. B.A.
Moxkpunkoro, O.B. MacnoBa. — Monorpadwus. — Onecca, 2013. — Uzn-Bo «BMB». — 220 c.

4, TTarenT Ykpainu Ha kopucHy Mozaeib G21C 17/00 Ne 45290: Broa. Ne 21 10.11.2009. Ilpuctpiii amns
BUSABIIEHHS NTe(hEeKTHUX TEIUIOBUALLIIOUNX 300pok peakTopa / Macmos O.B., Kopones O.B., Makcumos M.B.

5. banzak O.B. Metoauka mpoekTupoBanns uUQpoBoro ramMa-cuekrpomerpa / O.B. banzak, A.B.
Kapnenko, O.B. Macios, B.A. Moxkpurkuii // Cucrema 00pooku indopmarii. — Nel(108). — Xapkis, 2013. —
C. 35-38.

6.'apkaBerko A.C. VOHM3alMOHHBI OT)KUT TOJYIPOBOJHHUKOBBIX KPHCTAIIOB. YacTh TmepBas:
Teopernueckue nupeamocbuiku / A.C. TapkaBenko, B.A. Moxkpurkuit, O.B. banzak, B.A. 3asaackuit //
TexHon0rHs M KOHCTPYHUPOBaHHUE B AIIEKTPOHHOM anmapatype. — 20014, - No 4. — C. 50 — 55.

7. Mokpunkmii B.A. ABTOMaTM3WpoBaHHAasi CHCT€Ma OTpEACNCHHs TIyOWHBI BBITOPAHHUS
otpaboTtaBiero syepHoro tormuea /  B.A. Moxkpuukuii, O.B. Macios, O.B. banzak // Texnomnorus u
KOHCTPYHMPOBaHKE B dJIEKTPoHHOM anmapatype. — 20014. - Ne 5 - 6. — C. 63 — 71.

8. bamzak O.B. Cucrema oOecrieueHusi SIEKTPOIUTAHUS JUIi MOIIHBIX ONTHYECKUX MpubopoB //
30ipHMK HayKOBHX npanpb BilicbkoBoro iHcTUTYyTy KHiBChbKOro HalioHanbHOro yHiBepcuTeTy iMeHi Tapaca
IleBuenka. — K., 2009. - Ne 17. - C. 11 — 14.

9. Mokpuukuii B.A. J[lochmipkeHHs pagamniiiHoi Moaudikanii MEepBHHHUX TIEPETBOPIOBAYIB
temneparypu / B.A. Mokpuukuii, O.B. banzak, M.M. OxpamoBuy // 30ipHUK HayKOBUX Tnpaub BilficbkkoBoro
iHcTUTYTY KHiBChKOTO HamioHamBHOTO YHiBepcuTeTy iMeHi Tapaca [llesuenka. — K., 2009. - Ne 20. — C. 87 —
89.

10. Ban3zak O.B. Metonuka npoektupoBanusi mudposoro ramma — crekrpomerpa / O.B. Bansak, O.B.
Kapnenko, O.B. Macnos, B.A. Mokpuukuii / XKypnan Xapkiscekoro yausepcutety IloBitpsaux Cun im. L.
Koxenyoa «Cucrema o0poOku iH(popmarii». - Nel(108), - Xapkis, 2013. - C. 8-11.

11. Mokpunkuii B.A. Mertoasl onpenelneHuss BBITOPaHHS HAa OCHOBE H3MEPEHUH XapaKTepUCTHK
COOCTBEHHOTO H3Iy4eHHs oTpaboranHoro siepHoro torumBa / B.A. Moxkpunkwuii, O.B. Macnos, O.B.
bansak // 36ipHrK HayKoBUX Tparllb BiiicbkoBoro iHCTUTYTY KHIBCHKOTO HAIliOHAILHOTO YHIBEPCUTETY iMEHI
Tapaca [lleBuenka. — K., 2013. — Ne 43. — C.53 — 58.

12. Banmzak O.B. Pa3paboTka AeTeKTOpa HOHM3HPYIOIIETO H3IYYECHUs] HOBOTO TIOKOJICHHS JUIS
no3umetpud // 30ipHUK HaykoBHX mpailb ONechKol JepikaBHOT akaieMii TEXHIYHOTO PeryJIFOBaHHS Ta SKOCTI.
- Ne 5 (14), - Onecca, 2015, - C. 84 —91.

REFERENCES:

1. Kurt E. Radiation Effects in Solids Proceedings of the NATO Advanced Study Institute on
Radiation Effects in Solids, held in Erice / E. Kurt, Kotomin, A. Eugene, Uberuaga, P. Blas // Sicily, Italy,
17-29 July 2004 Series: Nato Science Series IlI: (closed). — Vol. 235 Sickafus, (Eds.), 2007. — With CD-
ROM. — 592 p.

2. Reilly D. Passive Nondestructive Assay of Nuclear Materials / D. Reilly, N. Ensslin, H. Smith,
Jr., and S. Kreiner, eds. — Office of Nuclear Regulatory Research, US Nuclear Regulatory Commission. —
Washington, DC, 1991. — NUREG/CR-5550; LA-UR-90-7324; NRC FIN-A7241. - 701 p.

93



3. Banzak O.V. Poluprovodnykovye detektory novoho pokolenyya dlya radyatsyonnoho kontrolya y
dozymetryy yonyzyruyushchykh yzluchenyy / O.V. Banzak, O.V. Maslov, V.A. Mokryts'kyy: Pid red. V.A.
Mokrytskoho, O.V. Maslova - Monohrafiya. - Odessa, 2013. - Yzd-vo «VMV». - 220 s.

4. Patent Ukrayiny na korysnu model’ G21C 17/00 Ne 45290: Byul. Ne 21 10.11.2009. Prystriy dlya
vyyavlennya defektnykh teplovidvidnykh z'yednan’ reaktora / Maslov O.V., Korolev O.V., Maksymov M.V.

5. Banzak O.V. Metodyka proektuvannya tsyfrovoho hamma-spektrometra / O.V. Banzak, A.V.
Karpenko, O.V. Maslov, V.A. Mokryts'’kyy // Systema obrobky informatsiyi. - Nel (108). - Kharkiv, 2013. -
S. 35-38.

6.Harkavenko A.S. Yonyzatsyonnyy otzhyh poluprovodnykovykh Kkrystaliv. Chastyna persha:
Teoretychni prypushchennya / A.S. Harkavenko, V.A. Mokryts'’kyy, O.V. Banzak, V.A. Zavadskyy //
Tekhnolohiya ta konstruyuvannya v elektronnomu obladnanni. - 20014. - Ne 4. - S. 50 - 55.

7. Mokrytskyy V.A. Avtomatyzovana systema vyznachennya hlybyny vyhorannya vidprats'ovanoyi
yadernoyi palyva / V.A. Mokryts'kyy, O.V. Maslov, O.V. Banzak // Tekhnolohiya ta konstruyuvannya v
elektronnomu obladnanni. - 20014. - Ne 5 - 6. - S. 63 - 71.

8. Banzak O.V. Systema zabezpechennya zhyvlennya dlya potuzhnykh optychnykh pryladiv //
Zbirnyk naukovykh prats’ Viys'kovoyi instytutsiyi Kyyivs'koho natsional'noho universytetu imeni Tarasa
Shevchenka. - K., 2009. - Ne 17. - S. 11 - 14.

9. Mokrytskyy V.A. Doslidzhennya radatsiynoyi modyfikatsiyi pervynnykh peretvoryuvachiv
temperatury / V.A. Mokryts'kyy, O.V. Banzak, M.M. Okhramovych // Zbirnyk naukovykh prats’
Viys'kovoho instytutu Kyyivs'’koho natsionalnoho universytetu imeni Tarasa Shevchenka. - K., 2009. - Ne
20.-S.87-89.

10. Banzak O.V. Metodyka proektuvannya tsyfrovoho hamma - spektrometra / O.V. Banzak, O.V.
Karpenko, O.V. Maslov, V.A. Mokryts'kyy // Zhurnal Kharkivs'’koho universytetu Povitryanykh Syl im. I.
Kozheduba «Systema obrobky informatsiyi». - Nel (108), - Kharkiv, 2013, - S. 8-11.

11. Mokrytskyy V.A. Metody vyznachennya vyhorannya na osnovi vymiryuvan’' kharakterystyk
vlasnoho vyprominyuvannya vidprats’ovanoho yadernoho palyva / V.A. Mokryts'kyy, O.V. Maslov, O.V.
Banzak // Zbirnyk naukovykh prats’ Viys'kovoho instytutu Kyyivs'’koho natsional'noho universytetu imeni
Tarasa Shevchenka. - K., 2013. - Ne 43. - S.53 - 58.

12. Banzak O.V. Rozrobka detektora ionizuyuchoho vyprominyuvannya novoho pokolinnya dlya
dozymetriyi // Zbirnyk naukovykh prats’ Odes'koyi derzhavnoyi akademiyi tekhnichnoho rehulyuvannya ta
yakosti. - Ne 5 (14), - Odessa, 2015, - S. 84 - 91.

Peuensenr: a.1.H., npo¢d. JlenkoB C.B., roJoBHHI HayKOBHH CHiBPOOITHHK HayKOBO-JOCIiIHOTO
neHTpy BilicbkoBoro incTuTyTy KHiBChKOr0 HalioHaabHOTO YHiBepcuTeTy iMeHi Tapaca IlleBuenka

A.T.H., npod. Moxpiubkuii B.A., 1.T.H., 1ou. Mac.ioB O.B., 1.1.H., 1ou. ban3sak O.B.
JETEKTOP HA OCHOBI CdZnTe-ZATUHUKIB J1JI5sI CUCTEM PAJIAIIIMHO-
TEXHOJOI'MYHOI'O KOHTPOJIIO

Y oaniii pobomi 3anponomnosano ma euzomoseneHo Ha OCHOBL Cy4acHoi enemeHmHOl 0Oazu
npucmpor yudpoeozo Kopekuii eHepzemuuHol 3aNelHCHOCHI Yymaueocmi npu pobomi Kpuwimaiu 6
paxyukoeomy pexcumi. Bxnwuenna CdZnTe-0emexkmopa 6 pexncumi pooomu iMnyabcHoi nponopuiitnoi
ionizauinnoi Kamepu 00360714€ ICHIOMHO RIOGUWAUMU 11020 CEHCUBHICHIb, POUIUPUMU OUHAMIYHULL
Jdianazon 3HAaA4YeHb peccmpPauiilnoi nomydcHocmi 003u 6i0 (poHoeUX 3HAYEHb 00 00YMOGIEHUX
agapiinumu  peycumamu pooomu peakmopnoi ycmamnoseku. Burxopucmanna imnynvcnozo pesicumy
00360J1€ NPAKMUYHO peanizysamu i iHui MONCIUBOCHI] ma, nepul 3a 6ce, - KOMREHCAayilo eHepemuyHol
sanexncnocmi ceucy (E3C), m.n. «Xooa 3 ncopcmxicmion. Excnepumenmanvui 3pasxu po3poodnenHux
oemexmopie 0ynu eunpooyeani ¢ cknaodi BJIMI- CZT ¢ ymosax Konmpoio cmauy s0epH0o20 RAIUea
3anopizekoi AEC. Cmpykmypa demexkmopa micmums 010Ky HOCUTIEHHSA, 0HCEPENO HCUBIEHHA, NPUCMPOT
opmyeanna imnynvcie ma cneKmpoMempuUHO20 AMRIAIMYOHO-YUPPOBO20 nepemeoplosaua.

Kniouosi cnosa: enepzemuuna 3zanexcnicme uymaugeocmi, CdZnTe-oemexkmop, uugposas
KOpeKyis, 003umempuiHull npuiao, Koegiuicum 3mMinu yacmont.
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A.T.H., po®. Mokpuukuii B.A., 1.1.H., 1ou. Macjos O.B., 1.T.H., nou. banzak O.B.
JETEKTOP HA OCHOBE CdZnTe-ZJATYNKOB AJ51 CUCTEM PAJIMAIIMOHHO-
TEXHOJOI'MYECKOI'O KOHTPOJIsA

B oanmnoii pabome npeonorceno u u320moeieHO HA OCHOBE COBPEMEHHOU IeMeHMHOU 6a3bl
YCmpOUicmeo UUPpoeoli KOPPEeKMUPOBKU IHEPZEMUYECKOU 3A8UCUMOCIMU YYECHIBUMEIbHOCMU HPU
pabome Kpucmanna ¢ cuemmnom pedxcume. Brniwouenue CdZnTe-oemexkmopa ¢ pescume padomol
UMRYJIbCHOUI RPONOPUUOHAIbHOU UOHU3AUUOHHOU KAMEPbl NO360J1A€M CYULECIEEHHO NOBbICUMb €20
YYECMEUMEIbHOCY, DACUIUPUMb OUHAMUYECKUI OUANA30H 3HAYEHUIl PeCUCMPUPYeMOll MOUWHOCHIU
00361 om (POHOBBIX 3HAUEHUNI 00 O00YC061EHHBIX AGAPUIHLIMU DPENCUMAMU PAdOmMbl pPeaKmopHoil
yemanosku. Ilpumenenue umnynbcrhozo pejcuma no380a:Aem NPAKMUYECKU peanu3o08amv u opyzue
603MOMNCHOCIU U, npeXcoe 6Ce20, — KOMNEHCAYUIO IHEPZeMUUECKOUl 3A8UCUMOCHU UYECHEUMEIbHOCU
(A3Y), m.n. «xo00a c rHcecmKOCmMbion. IKChepUMEHMANbHbIE 00PA3UbL PA3PAOOMAHHBIX O0emeKmOopos
ovLiu ucnvimanvt 6 cocmaee BJMI-CZT 6 ycnosusx KOHMPOAA COCHOAHUA A0EPHO20 MONAUBA
3anoposcckoit. AIC. Cmpykmypa Oemekmopa cooeprcana 010K yCuieHus, UCHOYHUK RUMAHU,
ycmpoiicmeo  popmupoeanus  UMRYALCO8 U CHEKMPOMEMPUYECKUIl  aMRAUMYOHO-UUPPOEOil
npeobpazosameis.

Knrouegvle cnosa: jsnepzemuueckana 3asucumocmsv uyecmeumenvuocmu, CdZnTe-oemexmop,
Uupposas KoppeKmuposKa, 003uMempudecKuil npuoop, Koygouuyuenm usmMeHeHUs YACHOMBL.
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