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TOCHUIZKEHHSA PATIALIIMTHOTO ®OHY B MIKPOPAIOHAX
m. KPOITUBHUIIBKOT'O 3A JOIIOMOTI'OIO TO3MMETPA-
PAJIIOMETPA MKC-08-01 T «/JIKC-96> TA BE3ITPOTOBUX
JTATYUKIB

Meta. Bu3Hauntu pagiauiiiiuii doH B mikpopalioHax micta KponuBHUMLbLKOrO 3a LONOMOTrO0 A03MMeTpa-pafiomeTpa
MKC-08-01 v «[JKC-96» Ta 6e3apoTOBOro AatyMka (A03MMETPa), NpoaHani3yBaTu BUMipAHi 3HAYEHHS 3a JOMNOMOrol0
kputepito CT'lofleHTa Ta CTBOPUTM iHTEPAKTUBHY KapTy paAialiiHoro GoHy B MikpopaioHax M. KponueBHMLbKOrO.
Marepian i meToau. BumiptoBaHHs pagiauinHoro ¢oHy M. KponuBHMLBKOrO NpoBoAMaoCa ABoMa cnocobamu: 3a fo-
nomoroto fo3umetpa-pagiomerpa MKC-08-01 Im «[JKC-96» pns BUMiptoBaHHA pafiaLiitHoro ¢oHy B MiKpopaioHax M.
KponusHuubkoro (3aBapiBka (caHiTapHa 30Ha Ta 30Ha cnocTepexeHHs), KosaniBka, Bennka banka, Jliconapkosa,
PaitoH 5/5, Monosa, Micbkuit cap); 3a gonomorot 6e34poToBOro fatyMka (LO3MMeTpa) 3 CUCTEMOK MOHITOPUHTY
papjioakTMBHOi 0b6CTaHOBKM MicueBocTi Ha 6a3i Wi-Fi mopyns 3 mikpokoHTponepom (JliconapkoBa, 3aBapgiBka
(caHiTapHa 30Ha Ta 30Ha cnocTepexeHHs), PaitoH 5/5).
Pe3ynbTati Ta BUCHOBKM. Pe3ynbtaTi eKCnepuMeHTy [O3BOMIMAKM HaM 3pOOUTH BUCHOBOK, WO B feAKUX MiKpopaiio-
Hax KponueHMLbKOrO NifBMILEHNI PiBeHb pafialiiiHoro 3abpynHeHHsA. OUiHKa PiBHA ONPOMiHEHHS NIOAMHM Bif Tex-
HOFE€HHO MiACMNEeHUX PafioaKTUBHUX JyKepen NpUpoaHOro NOXOLKEHHSA, 30KpeMa, Big 228U Ta 222Rn € KNo4yoBUM dak-
TOPOM, iK1 0OYMOBNIOE PU3MK PO3BUTKY OHKONOMiYHWUX matonoriit Ha KiposorpagwuHi. MepeBipeHo eeKTUBHICTb
CTBOPEHOT0 Hamu 6e34pOTOBOrO AaTyMKa (BO3MMeTpa) 4Ns MOHITOPUHIY pajialinHoi obcTaHoBKM MicueBocTi. [ns
aHanisy, iHTepnpeTauii Ta JOHECEHHSA [0 WUPOKOro 3arany OTpUMaHKUX Pe3yabTaTiB Halloro JOCHiKeHHS Gyno cTBo-
PEHO BIaCHWI1 A0AaTOK ans cMapThoHiB Ha 6a3i onepauiiiHoi cuctemn Android.
KniouoBi cnoBa: pagioakTuBHicth, go3umetp-pagiometp MKC-08-01 v «AKC-96%», 6e3ppoToBuii gatumk (4o3umetp),
iHTEpAKTMBHA KapTa.

Tpobnemu pagiauiviHoi meguumHm 1a pagiobionorii, 2019. Bun. 24. C. 195-209. doi: 10.33145/2304-8336-2019-24-195-209

0«J Jlynron Onbra MukonaiBHa, e-mail: lunhol o _m@ukr.net

195 &



ENIAEMIONIOrNIA

TA AOSUMETPIA

ISSN 2304-8336. [poGnemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

L. P. Sukhovirska'?, O. M. Lunhol*«d, D. V. Somenko?, K. V. Humeniuk®

"Donetsk National Medical University, 1 Velyka Perspektyvna St., Kropyvnytskyi, 25015, Ukraine
“Centralukrainian Volodymyr Vynnychenko State Pedagogical University, 1 Shevchenka St.,
Kropyvnytskyi, 25006, Ukraine

‘Limited liability company «Ukrainian tomotherapy centre», 1 Yaltynska St., Kropyvnytskyi, 25011,
Ukraine

INVESTIGATION OF RADIATION BACKGROUND IN THE
MICRODISTRICTS OF KROPYVNYTSKYI USING DOSIMETER-
RADIOMETER MKS-08-01 Gm «<DKS-96» AND WIRELESS
SENSORS

Objective. Determine the radiation background in the Kropyvnytskyi microdistricts using the dosimeter-radiometer
MKS-08-01 Gm «DKS-96» and a wireless sensor (dosimeter), analyze the measured values using the Student's t-test
and create radiation background interactive map of Kropyvnytskyi microdistricts.

Materials and methods. Measurement of Kropyvnytskyi radiation background was carried out in two ways: using the
dosimeter-radiometer MKS-08-01 Gm «DKS-96» to measure the radiation background in the Kropyvnytskyi microdis-
tricts (Zavadivka (sanitary zone and observation zone), Kovalivka, Velyka Balka, Lisoparkova, Raion 5/5, Popova,
Miskyi sad); using a wireless sensor (dosimeter) with a monitoring system of the area radiation situation on the
basis of Wi-Fi module with a microcontroller (Lisoparkova, Zavadivka (sanitary zone and observation zone), Raion
5/5).

Results and conclusions. Experiment results allowed us to conclude that in some microdistricts of Kropyvnytskyi
increased level of radiation pollution. Evaluation of exposure for a human from technological reinforced naturally
occurring radioactive sources, particularly from 28U and 222Rn is a key factor that determines the risk of cancerous
pathologies in Kirovohrad region. We checked the effectiveness of our wireless sensor (dosimeter) for monitoring
the radiation situation in the area. To analyze, interpret and report to the general public the results of our study, we
created our own application for smartphones based on the Android operating system.

Key words: radioactivity, dosimeter-radiometer MKS-08-01 Gm «DKS-96», wireless sensor (dosimeter), interac-

tive map.
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BCTYII
BinbiricTs moka3HUKIB pamianiiHoro ¢ony Kipoorpan-
cbKoi obOjacTi [1] BKa3yioThb Ha €KOJOTiUHY Oe3IeKy
perioHy, aje cepemHsi TPUBAIICTh XKUTTS TYT 3HAYHO
HMXXYa, HiX B iHIIKX obyacTsax YKpaiHu. PagioakTuBHe
BUITPOMIHIOBAaHHSI Ma€ HEraTUBHUI BIUIMB Ha 310pPOB’S
JIIOAVHY i € OMHUM i3 YNUHHMKIB BUHMKHEHHSI OHKOJIOTi4-
HUX TyXJIWH. 3a KiJBbKIiCTIO 3J0SKICHMX HOBOYTBOPEHbB
001acTh Ma€e HaMBUIII MTOKA3HUKU B YKpaiHi [2].
Teputopisa KipoBorpancbkoi obnacTti po3TalioBaHa B
30H1 YKpaiHChKOI'0 KPUCTAJiYHOrO 1IMTA 3 TiABUILICHUM
pamianiitnuM ¢poHoM |[3]. HagBHICTB B TipCBKUX TTOpOAax
rPaHIiTOINHOTO CKJIaly CIpUSIE LIIUPOKOMY PO3BUTKY B
perioHi rpaHiTOA00YBHOI, rpaHiTONepPepoOHOI MPpOMUC-
JioBocTeil [4] Ta BUIoOyTKyY ypaHy. B M. KponuBHULIBKO-
My posaTamioBaHa IHTyJIbChKa IIaxTa, CTBOpeHa Ha 0asi
MiuypiHCBKOTO PONOBUIIA YPAHOBUX pyI, Oils SKOI

P«J Olga M. Lunhol , e-mail: lunhol o _m@ukr.net

INTRODUCTION

Most indicators of background radiation of the
Kirovohrad region [1] point to the ecological safety
of the region, but the average life expectancy here is
much lower than in other regions of Ukraine.
Radioactive radiation has negative effect on human
health and is one of the factors of oncological
tumors. By the number of malignant neoplasms the
region has the highest rates in Ukraine [2].

The territory of the Kirovohrad region is located
in the zone of the Ukrainian crystalline shield with
high background radiation [3]. The presence of
granitoids in rocks promotes wide development in
the region granite mining, granite processing
industries [4] and uranium mining. In
Kropyvnytskyi, the Ingulskaya Mine is located on
the basis of the Michurinsky uranium deposits,
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3HAXOOUThCS BeJIMKAa KiIbKICTh BiAIIPallbOBAHOTO
pagioakKTUBHOTO MaTepiany (TepUKOHM), BilOyBalOTbCS
CKUIM IIAXTHUX BOJ Ta BUKUIU B aTMOC(Epy IIaXTHOTO
MOBITPSI, TMTPOBOASITLCS TEXHOJIOTIYHI BUOYXOBi poOOTH,
SIKi € MOTEHLIIHHUMU JXKepeslaMu pafialliiHOTo 3a0py-
HEHHSI HABKOJIMIIIHbOI'O TIPUPOJHOrO cepeaoBuiia [5].

TipcbKi mopoau rpaHiTOIMHOTO CKJIAAy XapaKTepu3sy-
JOThCSl MiABUIIEHUM KJIApKOBUM BMIiCTOM PagiOaKTUB-
HMX €JIEMEHTIB psIy ypaH-pajiii, a, 3Ha4uTh, i *’Rn 3
JMOYipHiMKU MOpOAYKTaMM #oro po3nany. PagoH Bumi-
JISIETbCSI OyAb-IKUMM MaTepiajlaMu, 110 MIiCTSITh ypaH
abo Topiii, TaAKMMMU, SIK CKeJIi, IPYHT, OymiBeJIbHi MaTepi-
ajy TOIllo, Ta ToNaja€e B MOBiTps. PagoH — iHEPTHMIA,
HEeBUAUMMUIA Ta3, 6e3 3amaxy, NpuOJIM3HO y BiciM pa3siB
BaXXUMii 3a MOBITpsl, € HAOUIbII BaXXIMBUM PadiOHYK-
JIiZOM B OMPOMiHEHHI JIOOUHU (BiH Ja€ OJU3bKO MOJ0-
BUHU CyMapHOI 1031 OINPOMiHEHHS JIIOAWHU Bif Mpu-
POIHOI pamioaKTUBHOCTI) [6].

JistIbHICTh TipHMYOBUAOOYBHUX MiANPUEMCTB Ta
Kap’epiB KipoBorpaachbKoro perioHy mnpusBeia 10 Je-
¢dopmaliii TipHMYOr0 MAcHUBY, IO € OAHIEID 3 MPUUYUH
YTBOPEHHS 30H aHOMAJIbHUX eMaHalliil pamioaKTUBHOIO
rasy pagoHy i3 I'PYHTIB [5].

OpHUM i3 pe3yNbTariB Aii i0HI3yI0YOTr0o BUITPOMIiHIO-
BaHHS Ha KJIITUHY € TOsSIBa TEHETUYHUX MyTalliil, SKi B
CBOIO Yepry MOXYTb MPU3BOAUTUA N0 PO3BUTKY 3J10-
SIKICHUX 3aXBOpPIOBaHb [7—9].

AKTyanbHUM 3aBIaHHSIM TO3UMETPil Ta pamiodioiorii €
BU3HAUEHHS Ta OILliIHKA PiBHIB OMPOMiHEHHS JIIOOWMHU
Bill TEXHOT€HHMX paldiOaKTUBHUX IKEpesl IIPUPOIHOTO
MoXomkeHHs. 3rimHo BmMor HoBoi JupexktuBm Pamm
2013/59/€BpaToMm, 1110 BCTAHOBJIIOE OCHOBHI CTaHIAapTU
Oe3mneKku IS 3aXUCTY BiJl HEOE3MEeKM 10Hi3yI0U0ro BUII-
POMiHIOBaHHS Ta iMILJIEMEHTALIilO SIKOI B HalliOHaJbHE
3aKOHOJIAaBCTBO YKpaiHU mnepeadayeHo Yroaoi MNpo
acouianilo MixX YKpaiHowo, 3 omHOro 0oky, Ta €Bpo-
nerickkuM Coro3oM, €BponelicbkuM CHiBTOBapUCTBOM
3 aTOMHOI €Heprii i ix AepkaBaMu-4IeHaAMM 3 iHIIOro [4,
10]. B miit MpeKTUBi peryIiol0ThCd BCi IKepesia BUII-
POMIHIOBaHHS, 110 MiAJIsATAIOTh PEryII0I0UYOMY KOHTPO-
JII0, B TOMY YHCJIi — MIPUPOTHUX TXKEPEJT.

BuBueHHs craHy 3a0pyIHEHHS HABKOJIUIITHBOTO Cepe-
JoBulIa Ha TepuTopii M. KponMBHULIBKUI Ta 3a-
MoOiraHHs BIUIMBY i0HI3yIOYOTO BUIIPOMiHIOBAHHS Ha
OpraHi3M JIOIUHU 3AiCHIOBAIM BiANOBIAHO 10 3aKOHIB
VYkpainu «I1po 3axucT JI0AMHU Bif BIUIMBY iOHi3yIO4OTO
BUIPOMiHIOBaHHSI», «IIpo BUKOpUCTaHHS SIAEpPHOI
eHeprii Ta pagiaiiiHy 6e3neky», Hopm paniauiiiHoi 6e3-
neku Ykpainu (HPBY-97), Ilopsiaky po3poOieHHs
perioHaJbHUX MpOorpaM 3aXUCTy HaceJICHHS Bill BIIUBY
10HI3yIOUMX BUIPOMiHIOBAaHb 3aTBEPAXKEHOIO MOCTAHO-

near which there is a large amount of spent
radioactive material (waste heaps), there are dis-
charges of mine waters and emissions into the
atmosphere of mine air, technological blasting
works are carried out, which are potential sources
of radiation pollution of the environment [5].

Granitoid rocks characterized by a high
content of clarke radioactive elements of ura-
nium-radium series, and, based on this, of
22Rn with its decay products. Radon is excre-
ted in any material containing uranium or
thorium, such as rocks, soil, building materi-
als, etc., and enters the air. Radon — an inert,
invisible gas, odorless, about eight times hea-
vier than air, is the most harmful radionuclide
in human irradiation (it gives about half the
total person irradiation dose from natural
radioactivity) [6].

Activity of the mining enterprises and quarries of
the Kirovohrad region led to the deformation of
the rock massif, which is one of the reasons for the
formation of zones of anomalous emanations of
radon radioactive gas from soils [5].

One of the effects of ionizing radiation on a cell
is the appearance of genetic mutations, which
can lead to the development of malignant dis-
eases [7—9].

The urgent task of dosimetry and radiobiology is
identification and evaluation of irradiation level for
a human from technological naturally occurring
radioactive sources. According to the requirements
of the new Council Directive 2013/59/Euratom,
which sets basic safety standards for protection
against the dangers of ionizing radiation and whose
implementation in Ukraine national legislation
provided by Association Agreement between
Ukraine, on one hand, and European Union,
European Atomic energy Community and their
countries-members on the other [4, 10]. This
Directive regulates all sources of radiation subject
to regulatory control, including natural sources.

The study of environment pollution condition in the
territory of Kropyvnytskyi and prevention of the ioniz-
ing radiation influence on the human body were car-
ried out in accordance with the Laws of Ukraine: «On
protection of a human against the exposure to ionizing
radiation», «On use of nuclear power and radiation
safety», Radiation Safety Standards of Ukraine
(NRBU-97), The procedure for the development of
regional programs for protecting the population from
the influence of ionizing radiation approved by the
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Boto Kabinery MinicTpiB Ykpainu Bim 04 yepBHsg 1999
poky Ne 973 [11—14].

Bxkazani ¢akTopm 0OYMOBIIOIOTH HEOOXiTHICTH IT0-
CTiiHOTO BHMBYEHHS 1 HOCHIIXKEHHS pamgioaKTUBHOTO
3a0pyaIHEHHST MiKpOpallOHIB Ta CTaHy 340pOB’Sl Hace-
JieHHsd M. KpOonmMBHULIBKOTO, CTBOPEHHS TeJIeMETpUY-
HUX Ta iIHTEpaKTUBHUX KapT pafialliiHOro (GoHy.

META JOCJIIIZKEHHS

BuzHauutu pagiauiiiHuii ¢boH B MikpopalioHax MicTa
KponuBHULIBKOIO 32 JOMIOMOTI010 JO3UMeTpa-paaioMeT-
pa MKC-08-01 I'm «/IKC-96» Ta 6e31p0TOBOTO JaTYMKa
(mo3uMeTpa), TMpoaHai3yBaTU BUMIpsIHI 3HAYeHHS 3a
nJonoMorolo kputepito CT’1oeHTa Ta CTBOPUTH iHTEpaK-
TUBHY KapTy pamianiitHoro (¢poHy B MikpopaiioHax M. Kpo-
MUBHUIIBKOTIO.

MATEPIAJIN 1 METOAN JOCJIII2KEHH S

st oLiHKKM pagioioriyHoi Hebe3neku B KponuBHULIb-
KOMY, HEOOXiTHO BUMipIOBATU 103U 30BHIIITHLOTO OIPO-
MiHeHHS, 3a0pyIHEHHs I'PYHTY, BOIM, 1Xi Ta iH. IcHye
IIMPOKUI CIIEKTP iHCTPYMEHTIB, SIKUiI BUKOPHCTOBY-
€TbCS 111 BUMIPIOBAHHS Pi3HUX BUJIiB BUIIPOMIHIOBAH-
HS B Pi3HUX €HEPreTUYHUX Jiara3oHax i 3 pi3HOIO TOY-
HicTi0. [IJ1s1 OiHKK 30BHILLIHBOTO OIPOMiHEHHSI 3a0py-
HEHOI MOBEPXHi BUKOPUCTOBYIOTh TO3UMETPH.

JI1s1 OLiIHKKM BHYTPIilIHBOTO OIPOMiHEHHSI HEOOXiIHO
3HATW KOHILEHTpAILlil0 pi3HUX paJioOHYKIIiIiB y MOBITpi,
BO[Ii, IPOAYKTAaX XapuyBaHHS, 1110 HE € ITPeAMETOM JTaHOI
po0oTH, ajie B EPCIIeKTUBI MOJAJIbIIUX JOCTiIKEHb.

B pesynbrati HayKOBOro AOCHIIKEHHSI MU BUMIipsUIv
piBeHb pafiallii B MikpopaiioHax KponusHuiibkoro. Be-
JINKWI BIUIMB Ha CTYMiHb i XapakTep pamioaKTMBHOIO
3a0pyaIHEHHST MiCLIEBOCTi MalOTh OCOOJUBOCTI pesibedy,
BUJIM I'PYHTIB Ta POCIMHHOCTI, METE€OPOJIOTiYHi YMOBU.
B nipouieci pociigkeHHST BpaxOBYBaJIM TIOTOAHI YMOBH, a
came: TeMIepaTypy, BOJIOTICTh MOBITPsl, IIBUAKICTH Ta
HAaIIpsSIM BiTpy, OITamIun.

Jlns1 3icTaBlieHHSI TOYHOCTI pe3y/ibTaTiB BUMipIOBaHHS

MPOBOIMJIM ABOMA CITIOCOOAMMU:
» 3a jornomorolo gosumeTpa-pagiomerpa MKC-08-01 Tm
«[1KC-96», sskuii Ipr3HAYEHMIA 1JI1 OIIEPATUBHOTO Ta ITe-
PiOAMYHOrO KOHTPOJIIO pafialliiHOI CUTYallil; BUMiprOBaH-
HS piBHS 3a0pyIHEHOCTI MOBEpXOHb alb(da-, OeTa- i ram-
Ma-aKTUBHUMM PEYOBMHAMM; MOLIYKY Ta JIOKaJTi3allil Ke-
peJI I0HI3yI0UOTO BUIIPOMIHIOBAHHSI; OTIEPAaTUBHOTO BUSIB-
JIEHHSI TOYKOBHX Ta IIPOTSDKHUX 30H 3 aHOMAJIBHUM PiBHEM
raMMa-BUITPOMiHIOBAHHS; TPAHWYHOI OLIIHKY PiBHS pafia-
11ii; BUMipIOBaHHSI TOTOKY TaMMa-BUIPOMIHIOBAaHHS Ta
MOTY>KHOCTI €KCHO3ULIHOI 1031 raMMa-BUITPOMiHIOBaH-
Hsl B CBEpAJIOBMHAX Ta PilKuX cepeaoBuiiax [15];

Resolution of the Cabinet of Ministers of Ukraine
dated June 4, 1999 No. 973 [11—14].

The indicated factors necessitate constant study
and research of microdistricts radioactive contam-
ination and population health conditions of Kro-
pyvnytskyi, the creation of telemetry and interac-
tive radiation background maps.

OBJECTIVE

Determine the radiation background in the
Kropyvnytskyi microdistricts using the dosimeter-
radiometer MKS-08-01 Gm «DKS-96» and a
wireless sensor (dosimeter), analyze the measured
values using the Student’s #-test and create radia-
tion background interactive map of Kropyvnytskyi
microdistricts.

MATERIALS AND METHODS

To assess the radiological hazard in Kropyvnytskyi,
it is necessary to measure the doses of external
radiation, pollution of soil, water, food, etc. There
is a wide range of instruments used to measure dif-
ferent types of radiation in different energy ranges
and with different precision. Dosimeters are used
to assess the external irradiation of the contami-
nated surface.

To assess internal irradiation, we must know the
concentration of different radionuclides in air,
water, food, which is not the subject of this work,
but in the prospects for further researches.

As a result of our research we measured the level of
radiation in the Kropyvnytskyi microdistricts. The
great influence on the degree and nature of radioac-
tive contamination of the area are the terrain charac-
teristics, types of soils and vegetation, meteorologi-
cal conditions. In the process of research, we took
into account weather conditions: temperature, air
humidity, speed and direction of wind, precipitation.

To compare the accuracy of the results, measure-

ment was carried out in two ways:
» using the dosimeter-radiometer MKS-08-01
Gm «DKS-96», which is intended for prompt and
periodic monitoring of the radiation situation;
measurement of the level of surfaces contamina-
tion of alpha, beta and gamma-active substances;
search and localization of ionizing radiation
sources; prompt detection of point and long-range
zones with anomalous levels of gamma radiation;
limit estimation of radiation level; measurement of
gamma-ray flux and gamma-ray exposure dose
rate in wells and liquid media [15];

(1) 198
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» 3a JIONOMOI0I0 0e3IPOTOBOrO AaTYMKa (I03UMeETpa),
SIKWI TIPU3HAYEHUI 1JIs1 KOHTPOJIIO pajialiliHol obcTa-
HOBKM MICILI€BOCTI Ta aBTOMAaTUYHOIO HAKOMWYEHHS
iH¢opMmallii i mepenadi ii uepe3 Mepexky IHTepHeT.

Ilin yac BuMiploBaHHS pajialliifHOro (GoHy B CEMM
MikpopaitoHax M. KponmMBHHUIIBKOIO BUKOPUCTOBYBAIN
no3umerp-pagiomerp MKC-08-01 I'm «/IKC-96» 3 mynb-
ToM BuMiptoBaibHUM Y UK-05-01, 610KOM TeTeKTyBaH-
Ha BAKC-96 6 Tta 3apsgHum mnpuctpoeM 3Y-02 C.
3rifHO 3 TeXHIYHMMU XapaKTepPUCTUKAMM IIpUJIall pee-
CTPYE PEHTIeHIBChbKE Ta raMMa-BUIIPOMIHIOBAHHS, HEIle-
pepBHE Ta iMIyJIbCHE B Aiara3oHi eHepriit Bim 15 keB mo
10 MeB; BumMiproe BeIMYMHY aMOiEHTHOTO €KBiBaJleHTa
no3u H(10) Big 0,1 Mx3B 1o 10 3B (rpaHulist AOITYCTUMOIL
OCHOBHOI BigHOCHOI rmoxuoku +(15+5/Ax) % 3a moBip-
yoro IMoBipHicTIO 0,95); BUMIipIOE BEIWUYMHY ITOTYXK-
HOCTi aMOI€EHTHOIO €KBiBajJieHTa J03M PEHTITEHiBChKOTO
Ta TaMMa-, HETIEPEPBHOTO Ta iMITYJIbCHOTO BUITPOMIiHIO-
BaHH Bing 0,1 Mk3B/ron 1o 1 3B/rox (rpaHUIlsd JOITYCTH-
MOi OCHOBHOI BimHocHOI Tmoxubku *(15+5/A) % 3a
noBipuoto iimMoBipHicTio 0,95) [15].

Ilpynan npusHayeHWid s poOOTH TIPU TEMITEPATypi
HaBKOJIMIITHBLOTO cepenoBuia Bifg MiHyc 20 mo murioc 50 °C;
TPpU BiTHOCHII BOJIOrocTi MoBiTps 10 95 % 3a TeMneparypu
35 °C; atrmocdepHOMy THCKY Bin 84 1o 106,7 kI1a.

MeTpoJioriyHa moBipKa 3aKOHOJaBYO PEryjibOBaHO-
ro 3aco0y BUMipIOBaJIbHOI TEXHIKM BUKOPUCTAHOIO B
JociimkeHHi no3umetpa-paniomerpa MKC-08-01 I'm
«IKC-96» mpoBeieHa Oep>KaBHUM ITiATPUEMCTBOM
«JIHINpOMEeTPOBCHKUN pETriOHATbHUUN OepXKaBHUN
HAyKOBO-TEXHIYHUI LIEHTp cTaHAapTu3allii, MeTpo-
Jorii Ta ceptudikaiii» tTa orpuMaHo CaigouTBo No
13-2/5853 Bin 16.05.2019 p. 3a pesynabraTamu
NOBIipKM BCTAHOBJIEHO, IO 3aci® BuUMiplOBaJibHOI
TexHiku Binmosimae BuMoraM MU 1788-87; K. E.
I'OCT 8.040-84.

J1s HaKONMUYEHHS Ta aHali3y aKTyaJbHUX METeOopo-
JIOTIYHMX, PadioJOTiYHMX IMOKA3HUKIB B KOHKPETHil
MICLIEBOCTI B peajlbHOMY 4aci iCHye IHTepHeT-cepBic
«Hapomnuit MoHniTopunr» [16]. CepBic aKTUBHO PO3BH-
BA€ETHCS, MA€ BIIKPUTY MuiaTdopMmy (Ta IIUPOKUMN DPSi
MOAATKiB IJ11 cMapT(OHiB, Mporpam sl CTallioHAPHUX
KOMIT I0TePiB i 3pyaHmii web-iHTepdeiic) mIst KOHTPOITIO
came Ti€el iHpopmalliii, ska MoTpiOHa KOpUCTyBauy Ta 3a-
JIEXHO Bil MiCLIEBOCTI, Jie BiH nepedyBac.

Cepsic «HapoagHuii MOHITOpUHI» HaJliuy€e COTHI
pPi3HOMAHITHUX JATYMKIiB JHMIlIe Ha TepUTOpii YKpaiHu,
ajie, Ha ajb, Ha TepuTopii KipoBorpaacbkoi obiacTi
HaMu He OYyJI0 BUSIBJIECHO KOJAHOI0 MyOJIiYHOTO JaTuyvKa
panialiifHOl 0OCTaHOBKH, SIKi BCTAHOBJICHI B OUIBIIOCTI
MICT YKpaiHu.

» using the wireless sensor (dosimeter), which is
designed to control the terrain radiation situation,
automatically accumulate information and trans-
mit it over the Internet.

To measure background radiation in seven mic-
rodistricts of Kropyvnytskyi dosimeter-radiometer
MKS-08-01 Gm «DKS-96» with UIK-05-01
measuring console, BDKS-96 b detection unit and
ZU-02 C charger was used. According to the tech-
nical characteristics, the device registers X-ray and
gamma radiation, continuous and pulsed in the
energy range from 15 keV to 10 MeV; measures the
magnitude of the ambient dose equivalent of
H(10) from 0.1 puSv to 10 Sv (limit of permissible
basic relative error +(15+5/An) % at a confidence
probability of 0.95); measures the magnitude of
the ambient dose equivalent of X-ray and gamma
dose, continuous and pulsed radiation from 0.1
uSv/h to 1 Sv/h (limit of permissible basic relative
error £(15+5/An) % at a confidence probability of
0.95[15].

The device is designed to operate at ambient
temperature from minus 20 to plus 50 °C; at rela-
tive humidity up to 95 % at 35 °C; atmospheric
pressure from 84 to 106.7 kPa.

Metrological verification of the legislatively reg-
ulated measuring instrument dosimeter-radiome-
ter MKS-08-01 Gm «DKS-96» was conducted by
the State Enterprise «Dnipropetrovsk Regional
State Scientific and Technical Center for Standar-
dization, Metrology and Certification» and
obtained Certificate No. 13-2/5853 dated May 16,
2019. Based on the results of the verification, it is
established that the measuring equipment meets
the requirements of MI 1788-87; K. E. GOST
8.040-84.

For the accumulation and analysis of actual
meteorological, radiological indicators in a specif-
ic locality in real time there is an Internet service
Narodnyi Monitorynh [16]. The service is actively
developing, has an open platform (and a wide
range of applications for smartphones, programs
for PC and a convenient web-interface) to control
the information needed by the user and depending
on his location.

Service Narodnyi Monitorynh has hundreds of
different sensors on the territory of Ukraine, but
unfortunately, in the territory of the Kirovohrad
region, we have not detected any public radiation
monitoring sensor installed in most Ukrainian
cities.
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Hamu Oyno BUKOpUCTaHO Tporpamy Ijsi KOHTPOJIIO
panianiitHol 06CcTaHOBKM MicleBOCTi «CucTeMa MOHITO-
PUHTY palioaKTMBHOI OOCTAaHOBKU MiCLIeBOCTi» Ha 0a3i
Wi-Fi Moayss 3 MiKpOKOHTPOJIEPOM JIJISI OTIpalllOBaHHS
Ta nepenavi JaHUX 3 0€3IPOTOBOrO JaTYMKa (JO3MMET-
pa) Ha cepBep.

be3npoToBi 1aTYMKKU MU BCTAHOBUJIM B MiKpopailoHax
JlicomapkoBa, 3aBagiBKa (caHiTapHa 30Ha Ta 30Ha CITOC-
TepexeHHs1), PaiioH 5/5, gKi m03BOJISIIOTH TepeaaBaTu
aKTyaJbHYy iH(¢OpMallilo NMpo pafialiiiHy 00CTaHOBKY B
IIaHIii MiClIeBOCTi, HaIalOTh MOXKJIUBICTb KUTEISIM MicTa
i objacTi oTpuMyBaTHM OaHi 3a JOMOMOIOI0 Mepexi
IHTepHeT Ta cBO€UacHO OYTH MPOiH(MOPMOBAHUMHU MPO
MiIBUILEHY HeOe3MeKy 3a JOMOMOIOI0 M0AaTKY, 1o Te-
penae iHdopmailito Ha eKpaH cMapTHOHY.

JaTyuku Oynu BCTaHOBJIEHI Ha piBHI 1,5 M Big mo-
BEPXHi 3eMJIi, MPUKPITUIEHi 30BHI MPUMIIIEHb Ta 3aXU-
IIeHI TepMETUYHUM KOXYXOM, 3 JOTPMMAaHHSIM iIeH-
TUYHOCTI YMOB BCTAaHOBJIEHHSI Ha JOCIiIKyBaHUX JIO-
Kallisx.

be3apoToBuii gaTunK (mM03UMeETp) ckilagaeTbes 3 Jli-
yuiabHUKa Ieiirepa-Miosiepa, IiaTd AJs B3aEMOAii
oro 3 MmikpokoHTpoJiepoMm Ta Wi-Fi MoayJisi, o nae
MOXKJIMBICTh 0€3ApOTOBMM UIJISIXOM IlepegaBaTh iH-
(puc. 1-3).

IIpuctpiii nonmoBHeHUIT AAaTYMKOM IJISI peecCTpallil
TeMIlepaTypH, a TAKOX € MOXJIMBICTh JOMOBHIOBATH H0-
ro OyIOb-SIKUMM JATYMKAMU IS peecTpallii MeTeopo-
JIOTIYHUX JaHUX (BOJOrOCTi MOBITpS, IUBUAKOCTI BITpY,
HagBHOCTI omaziB) (puc. 3).

CTBOpeHUII MPUCTPIN 19 MOHITOPUHTY pamialliiiHol
00CTaHOBKM MicLeBOCTi KOXHi 10 XBUIMH Mia’ € THYETh-
cs1 1o Mmepexi IntepHeT 3a gomomoroio Wi-Fi moayins
(GPS-mopeMa) Ta miepenae orpuMany iHGopMalliio 3 10-
3uMeTpa a0 6a3u gaHux. Ilicasa 3aBepiueHHsT nepeaadi
MPUCTPIili Bill’€AHYETHCS Bil MEpeXi Ta IEPEXOAUTH B pe-

We used a program to control the area radiation
situation «Monitoring system of the terrain radia-
tion situation» on the basis of a Wi-Fi module with
a microcontroller for the processing and transmis-
sion of data from a wireless sensor (dosimeter) to
the server.

Wireless sensors we installed in the microdistricts
Lisoparkova, Zavadivka (sanitary zone and obser-
vation zone), Raion 5/5, which allow the transfer
of current information on the area radiation situa-
tion, provide the opportunity for inhabitants of the
city and the region to receive data over the Internet
and be promptly informed about the increased
danger with the application that transmits infor-
mation to the smartphone screen.

The sensors were installed at a level of 1.5 m from
the ground, attached to the outside of the buildings
and protected by a hermetic casing, with the iden-
tity of the installation conditions at the locations
under study.

The wireless sensor (dosimeter) consists of a
Geiger-Muller counter, a board for its interaction
with the microcontroller and the Wi-Fi module,
which enables wireless transmission of informa-
tion for further processing and accumulation
(Fig. 1-3).

The device is complemented by temperature
recording sensor, and it is also possible to supple-
ment it with any sensors for recording meteoro-
logical data (humidity, wind speed, precipitation)
(Fig. 3).

The created device for area radiological situation
monitoring every 10 minutes connects to the
Internet using a Wi-Fi module (GPS-modem) and
transmits received information from the dosimeter
to the database. When transmission is completed,
the device is disconnected from the network and

PucyHoK 1. [letreKktop paaioaKTUBHOro BUNPOMiHIOBaHHA Ha OCHOBI ioHi3auiitHOT kamepu (JliunnbHuk leiire-

pa-Mionnepa)

Figure 1. Radiation Detector based on ionization camera (Geiger-Muller counter)
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PucyHoK 2. MpuHuunoBa cxema NigKNOYEHHA AeTeKTOpa paAioaKTMBHOro BUNPOMiHIOBAHHA HAa OCHOBI iOHi-
3auinHoi kamepu ao mikpokoHTponepa (ESP8266) ana aHanisy Ta HAKONUYEHHA faHUX

Figure 2. Principal scheme of connection of Radiation Detector based on ionization camera to a microcon-

troller (ESP8266) for analysis and data accumulation

a/a

T

PucyHokK 3. Moaynb onpayoBaHHA AaHNX

a) Wi-Fi mooynb 3 MiKpOKOHTPOIEPOM AJ19 ONpaLloBaHHA Ta nepenadi JaHuX 3 aTymka Ha cepsep

6) Cructema MOHITOPUHIY B KOPMyCi 3 AaT4MKOM TemMrnepaTypu

Figure 3. Data processing module

a) Wi-Fi module with a microcontroller for data processing and transmitting from the sensor to the server

b) Monitoring system in the case with temperature sensor

KMM 3HIKEHOTO BMKOPUCTAaHHS €JIEKTPOEHEpTii, 1o
JTa€ MOKJIMBICTh BAKOPUCTOBYBAaTH IOTO aBTOHOMHO JI0-
CUTb TpUBAIUI MIEPiox.

Jlnst aHaizy, iHTepIipeTalii Ta JOHECeHHS 10 IIUPOKO-
ro 3arajy OTpUMaHUX JaHUX OyJIO CTBOPEHO BJACHUIA
JOJATOK 1151 cMapT(dOHiB Ha 0a3i onepaliiiHOI cucTeMu
Android, sgkuit iH¢popMyBaB 61 HaceJeHHs MPO PiBeHb
Hebe3IeKu.

JomaTok m03BOJSIE B 3po3yMmiaoMy ¢opmaTi MogaTh
iHopMalliro Mpo MOTOYHUI padialiitHuii GOH B JOCITi/I-
JKyBaHMX MiKpopaiioHax (puc. 4).

Hwxae mipencraBinenuit mporpaMHuil Kox (pparMeHT
nporpamu IJjis IIporpamMyBaHHS MiKpPOKOHTpoJiepa),
SIKWU nepenae naHi Ha cepsep «HapoagHoro MoHiTopuH-
ry». 3a OCHOBY B34TO CTaHAAPTHUI Kon s mepenadi
iH(opMalIlil Ha cepBep 3a JOITOMOTOI0 MOy, 110 Oa-

switched to reduced power consumption, which
allows it to be used autonomously for a long peri-
od of time.

To analyze, interpret and report to the general
public the data obtained, a smartphone applica-
tion based on the Android operating system was
created, which would inform the public about the
level of danger.

The application allows to provide in an understand-
able format information about the current radiation
background in the studied microdistricts (Fig. 4).

Below is a program code (fragment of the program
for microcontroller programming), which transmits
the data to the server «Narodnyi Monitorynh». The
basis is the standard code for transmitting information
to the server using a module based on ESP8266 [16].
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PucyHoK 4. Po3po6neHuit foaatok ana cmaptgoHy Ha 6a3i onepauiiHoi cuctemmn Android:

a) 3aranbHUIN BUMNAA, AOAATKY A5 MOHITOPUHIY pajiaLiinHoi 06CTaHOBKM MiCLEBOCTI B peasibHOMY Haci (lokauia M. Kponus-
HUUbKWA, Byn. LLIeByeHka)

0) 3aranbHui BUrMaf, iHGopMauiiHOro Nons OAHOro 3 A0AaTKiB AN CMapTHOHIB BiAKPUTOro npoekTy «HapoaHuii MoHito-
PUHI»

Figure 4. Created application for smartphone based on the Android operating system:

a) general view of the application for area radiation situation monitoring in real time (location: Kropyvnytskyi, Shevchenka
street)

b) general view of the information field of one of the applications for smartphones of Public Project «Narodnyi Monitorynh»

3yetbest Ha ESP8266 [16]. Komenrapi nosicHioiots Hail-  Comments explain the most important moments of
Ba>KJIMBIllli MOMEHTH MPOTPAMHOTO KOY. the code.

Serial.printin();
Serial.print("connecting to ");
Serial.printin(host);
WiFiClient client;

if ('client.connect(host, httpPort)) {

Serial.printin("connection failed”);

return;
}

// BioNpaBnsieMo OaHHi
client.print("#");
client.print(WiFi.macaddress());
client.print("#");
client.print("eSP8266");
client.printin();
for (inti=0;i<=deviceCount - 1; i++){

Deviceaddress address18b20;

sensors.getaddress(address18b20, i);

float temp = sensors.getTempC(address18b20);
client.print("#");

for(inti=0;i< 8; i++) client.print(address18b20[i], HeX);

client.print("#");

(1) 202
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client.printin(temp);

}
client.printin("##");

delay(10);

while(client.available()){

String line = client.readStringUntil("\r");

Serial.print(line);
}
client.stop();
WiFi.disconnect();
Serial.printIn("WiFi BigiMKHEHHO");
}
void loop() {
if (tm == 0){
flipper.detach();
tm = interval;
sensors.requestTemperatures();
delay(10);
Send();
flipper.attach(1, flip);
}
}

Po3pobsieHa HaMu cucTeMa IMCTAaHIIITHOTO KOHTPOJTIO
€ MEePCHNeKTUBHOIO 3aBASIKM CO0iBapTOCTi KiHIIEBOrO
OPOAYKTY, 110 B KiJIbKa pa3iB MeHIA, HiXK B aHAJIOTIYHUX
pO3poOKax.

PE3VYJIBTATU TA OBI'OBOPEHHS

MarepiaiaMu BUCTYIAAU pe3yjabTaTU BUMipIOBaHb I10-
TY>KHOCTIi €KCITO3MLIiiHO1 103U B MiKpopaitoHax M. Kpo-
MUBHUIIBKOTO:

> 3a IONPOMOTOoI0 Jo3uMeTpa-pagiomerpa MKC-08-01
I'm «1KC-96» (3aBazgiBka (caHiTapHa 30Ha Ta 30Ha
cnocrepexxeHHs ), KosaniBka, Benuka banka, Jliconap-
KoBa, Paiion 5/5, IToroa, MicbKkuii canm). BumipioBaH-
HSI B KOXKHOMY MiKpOpaiioHi IIpOBOIMIIN IIOTYKHS IIPO-
TaroM 5 MicsauiB (n = 20). O6car BUOIpKM 171 KOXKHOTO
MiKkpopaiioHy ckyiagaB 15 00’exTiB. Ha KoxkHOMy 00’ €KTi
BUMipIOBaHHS MpoBoawiu He MeHme 10 paszis. s
npukianmy B Tabua. 1 mpeacraBieHi pe3yabraTi BUMipIO-
BaHHS 3a | IeHb B MiKpopaiioHi 3aBamiBka (caHiTapHa
30Ha Ta 30Ha CIIOCTEPEXKEHHS);

> 3a JOMOMOTO0I0 0e3IPOTOBOro JaTyuKa (J03UMETpa)
Ta ONpalbOBaHi CUCTEMOIO MOHITOPUHTY PadioaKTUBHOIL
00cTaHOBKU MicLeBocTi Ha 6a3i Wi-Fi Moaysst 3 Mikpo-
koHTposaepoM (JlicomapkoBa, 3aBaniBka (caHiTapHa 30-
Ha Ta 30Ha crioctepekeHHs ), PaiioH 5/5). BumipioBaH-
HS B KOXHOMY MiKpopaioHi MpoBOAMINUCS KOXHi 10
XBWJIVH TIPOTATOM 5 MiCSIIiB.

The remote control system developed by us is
promising in connection with the cost price of the
final product, which is several times smaller than
in similar developments.

RESULTS AND DISCUSSION

As the materials were taken the exposure dose
measurement results in the Kropyvnytskyi
microdistricts:

> using the dosimeter-radiometer MKS-08-01
Gm «DKS-96» (Zavadivka (sanitary zone and ob-
servation zone), Kovalivka, Velyka Balka, Lisopar-
kova, Raion 5/5, Popova, Miskyi sad). Measure-
ments in each microdistrict were conducted week-
ly during 5 months (n=20). The sample size for
each microdistrict was 15 objects. At each object,
measurements were made at least 10 times. For
example, Table 1 shows the results of measurement
for 1 day in the microdistrict Zavadivka (sanitary
zone and observation zone).

> using the wireless sensor (dosimeter) and work-
ed out by the monitoring system of the terrain ra-
dioactive situation on the basis of a Wi-Fi module
with a microcontroller (Lisoparkova, Zavadivka
(sanitary zone and observation zone), Raion 5/5).
Measurements in each microdistrict were con-
ducted every 10 minutes during 5 months.
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Ta6bauuysa 1

OCHOBHi CTaTUCTUYHI XapaKTePUCTUKU pe3ynbTaTiB BUMipIOBaHHA pagiauitHoro ¢oHy B MiKpopaioHi 3aBafiiBKa
M. KponuBHuMubKOro Ha npoTa3i 1 AHA 3a sonomoroio fo3umeTpa-pagiomerpa MKC-08-01 v «IKC-96» (Mk3B/roa)

Table 1

Basic statistical characteristics of measurement results of radiation background in the Zavadivka microdis-
trict of Kropyvnytskyi during 1 day using the dosimeter-radiometer MKS-08-01 Gm «DKS-96» (uSv/h)

Oata 3oHa 00’ekT Ne BuMipy Ha KOHTponbHOMY 00’ekTi / # of measurement on the control object

Date Zone Object 1 2 3 4 5 6 7 8 9 10 <m>
1 1,31 1,23 1,19 1,31 1,09 1,17 1,21 1,52 1,12 1,22 1,24

2 2,66 2,54 2,1 2,83 2,52 2,73 2,71 2,69 2,64 2,83 2,69

= 3 4,10 4,24 4,00 410 3,91 4,01 3,92 4,13 4,02 4,15 4,06

':% 4 2,35 2,21 1,98 2,25 2,05 2,30 2,19 2,14 2,35 1,99 2,18

= 5 2,81 2,25 2,75 2,84 2,23 2,78 2,90 2,90 2,80 2,81 2,71

o g 6 2,43 2,01 2,41 2,33 2,50 2,38 2,38 2,49 2,42 2,40 2,38
o "J_—:“ 7 3,19 3,31 3,19 3,19 3,19 3,2 3,22 3,12 3,16 3,17 3,19
2 8 8 2,00 2,25 2,25 2,31 2,18 2,15 2,18 2,16 2,14 2,13 2,18
(=] 9 1,38 1,26 1,15 1,10 1,00 1,32 0,98 1,26 1,13 1,11 1,17
8 10 3,17 3,33 3,12 3,18 3,19 3,17 3,12 3,05 3,16 3,18 3,17
% - 1 0,50 0,35 0,36 0,41 0,21 0,29 0,40 0,35 0,33 0,36 0,36

g % 12 0,13 0,18 0,31 0,18 0,17 0,19 0,18 0,25 0,25 0,30 0,21

:’cg,- S 13 0,33 0,38 0,41 0,44 0,42 0,31 0,40 0,36 0,31 0,31 0,37

gg 14 0,25 0,25 0,31 0,20 0,24 0,26 0,30 0,25 0,25 0,24 0,26

& 15 0,44 0,35 0,35 0,41 0,28 0,27 0,40 0,34 0,33 0,37 0,35

<M> 1,77

B pesyabraTi gochigkeHHS cepeIHbO3BaXKeHa 103a B1-
MpOMiHIOBaHHS B MikpopalioHi 3aBaniBka 3a 05.02.2019
cknanae (1,77 = 0,24) Mx3B/ro.

VY 1abn. 2 HaBeneHO y3araJbHEeHi CTAaTUCTUYHI XapaKTe-
PUCTUKMU (cepenHe apudMeTUIHe 3HaYeHHS 3i CTaHIapT-
HUM BiIXWJIEHHSIM, MelliaHa, Moja, MaKCUMaJbHe i MiHi-
MaJibHE 3HAY€HHS) Pe3y/bTaTiB BUMipIOBaHHS pajialliii-
Horo (poHy ceMM MiKpopailoHiB M. KponmuBHUILIBKOTO.

IlepmmM MikpopailoHOM HAIIOro IOCIIIKEHHS CTaB
MiKpopalioH 3aBajliBKa, B SKOMY PO3TalllOBaHWUM 1T
KomIuiekc maxt. Hafibinbina 3 Hux — IHryabcka 1axra.
B oMy MikpopaiioHi BcTaHOBJIeHA 3HAYHA PO30iXKHICTh
MiX MaKCUMaJbHMM Ta MiHiIMaJbHUM 3HaYE€HHSIMU

Ta6nuusa 2

As a result of the study, the average irradiation
dose in the microdistrict Zavadivka on 05.02.2019
is (1.77 £ 0.24) uSv/h.

Table 2 summarizes the statistical characteristics
(mean value of the standard deviation, median,
mode, minimum and maximum values) of the
results of radiation background measurement in 7
microdistricts of Kropyvnytskyi.

Zavadivka microdistrict was the first microdistrict
of our study, in which there is a whole mining com-
plex. The largest of them is the Ingulskaya Mine. In
this microdistrict there is a significant difference
between the maximum and minimum values of the

OCHOBHi CTaTUCTUYHi XapaKTepPUCTUKKU pe3ynbTaTiB BUMiploBaHHA papiauinHoro (poHy MikpopanoHis
M. KponusHuubKoro 3a gonomoroto go3umeTpa-pagiomerpa MKC-08-01 'm «[1KC-96» (Mk3B/rop)

Table 2

Basic statistical characteristics of measurement results of radiation background in microdistricts of
Kropyvnytskyi using the dosimeter-radiometer MKS-08-01 Gm «DKS-96» (uSv/h)

Mikpopaitonn m. Kponuenuubkuia / Microdistricts of Kropyvnytskyi n M=+SD Me Mo Max Min
3aBapieka / Zavadivka 20 1,54+0,21 1,65 1,56 4,24 0,13

Kosariska / Kovalivka 20 0,23£0,03 0,18 0,15 0,26 0,08

Benuka banka / Velyka Balka 20 0,72+0,08 0,83 0,42 1,13 0,25

Jliconapkoga / Lisoparkova 20 0,13£0,02 0,15 0,11 0,25 0,05

Paion 5/5 / Raion 5/5 20 0,25%0,04 0,24 0,17 0,38 0,15

Monoga / Popova 20 0,21=0,02 0,21 0,22 0,35 0,12

Micbkuin can, / Miskyi sad 20 0,17x0,02 0,15 0,16 0,21 0,11
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paniauiiiHoro ¢ony (nuB. Tadma. 1, 2). CepenHbo3BaxxeHa
JI03a BUITPOMiHIOBaHHSI B MiKpopaiioHi 3aBajiBKa CKJa-
nae (1,54 = 0,21) mx3B/roa. Lle mosICHIOETHCST TUM, 11O
HaBKOJIO 1IaXTH € CaHiTapHa 30Ha Ta 30Ha CIIOCTEPEXKEH -
Hs. B caHiTapHill 30Hi 3HaXOASATHCS BEJIMYE3Hi TEPUKOHU
(Hacumu 3 KaMiHHS Ta 3eMJIi) — BiIXOJY MiCJIsT BUIOOYT-
Ky 3 maxtu. B 30Hi cnoctepeXeHHs1 po3TalllOBaHUIA SKUT-
JIOBMI1 ceKTop. AHaJIoTiyHa cCUTYyallis B MikpopaiioHi Be-
Jnuka banka (quB. Ta6:1. 2), ne po3poonsieTbes LieHTpaib-
Ha 111axTa ypaHOBUX PY/I.

BinnoBigHO A0 CTaTUCTUYHUX XapaKTEPUCTUK MiKpo-
paitony JlicomapkoBa (Tabn. 2) cepegHbO3BaxkKeHa /103a
BunpowmiHtoBaHHs ckianae (0,13+0,02) Mx3B/rox. e no-
SICHIOETBCSl TUM, 110 Y JIiCOBOMY MAcCHUBi piBeHb pamialii
MEHIIMI, HiIX Ha BigKPUTI MiCLIEBOCTi, TOMY IO
pamioaKTMBHUI MW OCiZa€ Ha KpoHaxX AepeB i BMII-
POMiHIOBaHHS YaCTKOBO €KpaHi3yeTbcs AepeBamu [17].

YV Tabi1. 3 HaBeleHO y3arajJlbHeHi CTaTUCTUYHI XapaKTe-
PUCTUKM (cepenHe apudMeTHIHEe 3HAYeHH 31 CTaHIapT-
HUM BiIXWJIEHHSIM, MeliaHa, Moda, MaKCUMajbHE Ta
MiHiMaJbHE 3HAYE€HHS) pe3yJbTaTiB BUMipIOBaHHS
paniaiiiiHoro ¢oHy 3 MikpopaiioHiB M. Kpon1MBHMILIBKO-
To 3a JOIOMOTOI0 0e3ApOTOBOIO JaTuyrka (IO3UMeTpa).
be3nporoBuii JaTYMK B caHiTapHiil 30HI MiKpopaioHy
3aBajiBKa OyB BCTAHOBJICHU Oijist 00’ €KTY AOCIiIKEHHS
3 (Taba. 1), a B 30Hi cnocTepexkeHHsT — 0i1s1 00’ ekTy 12.

B pesynbraTi BUMiproBaHb pajaialiitHOTo (poHYy MiKpo-
paitoHiB M. KponmMBHUIILKOTO 3a JOMOMOIOIO TO03UMET-
pa-pagiomerpa MKC-08-01 Im «IKC-96» i 6e3mpoTo-
BOTO AaTYMKa (I03MMEeTpa) OTPUMAJIU IBa CTATUCTUIHMIX
psiayu. ToYHICTh OTPUMaHUX PE3YJabTaTiB MiATBEPAUIN 3
BUKOPHCTaHHSIM METOY MOPiBHSIHHS CEPEIHIX BETUYMH
3a t-kpurepieM Ct’rogeHta. CTaTucTUYHA 00poOKa Ma-
TepiasliB TOCHiIKeHHsI BKJIOUYaa: po3paxyHOK MepBUH-
HUX CTAaTUCTUYHMX MOKA3HUKIiB; BUSBJIECHHS BigMiH-
HOCTel MiX IpyIlaMU MTOPiBHSIHHS 3a JOIIOMOTOIO Tapa-
meTpuuHux (f-Ct’romeHTa) KpuTepiiB. CTaTUCTUYHO

Ta6auuya 3

radiation background (see Table 1, 2). The average
irradiation dose in the microdistrict Zavadivka is
(1.54 = 0.21) uSv/h. This is due to the fact that
around the mine there is a sanitary zone and an
observation zone. In the sanitary zone there are
huge waste heaps (mounds of stones and earth) —
waste after extraction from the mine. In the obser-
vation zone is the residential sector. A similar situa-
tion in the Velyka Balka microdistrict (see Table 2),
where Tsentralna uranium mine is being developed.

According to the statistical characteristics of the
Lisoparkova microdistrict (Table 2), the average
irradiation dose is (0.13 = 0.02) uSv/h. This is due
to the fact that in the forest masses the radiation
level is lower than in open ground, because
radioactive dust is settles on the trees and the radi-
ation is partially screened by trees [17].

Table 3 summarizes the statistical characteristics
(mean value of the standard deviation, median,
mode, minimum and maximum values) of the
results of radiation background measurement in 3
microdistricts of Kropyvnytskyi using a wireless
sensor (dosimeter). The wireless sensor in the san-
itary zone of microdistrict Zavadivka was installed
near the object 3 (Table 1), and in the observation
zone — near the object 12.

As a result of radiation background measurements
of the Kropyvnytskyi microdistricts, we obtained
two statistical series using the dosimeter-radiometer
MKS-08-01 Gm «DKS-96» and a wireless sensor
(dosimeter). The accuracy of the obtained results
was confirmed using the comparing mean values
method by the Student’s #-test. Statistical analysis of
research materials included: calculation of primary
statistical indicators; identify the differences
between the comparison groups using parametric
(Student’s ¢-test) criteria. Differences in levels of

OCHOBHi CTaTUCTUYHi XapaKTepPUCTUKKU pe3ynbTaTiB BUMiplOBaHHA papiauinHoro poHy mikpopainoHis
M. KponuBHuubKoro 3a gonomoroto 6espporoBoro aarymka (posumerpa) (Mk3s/rop)

Table 3

Basic statistical characteristics of measurement results of radiation background in microdistricts of
Kropyvnytskyi using the wireless sensor (dosimeter) (uSv/h)

Mikpopaiionn m. Kponusnuubkuii / Microdistricts of Kropyvnytskyi 3oHa / Zone n MtSD Me Mo Max Min
3asapiska / Zavadivka CaHiTapHa 152 4,130,056 4,11 413 421 3,81
sanitary
cnoctepexenhs 152 0,23£0,02 0,21 0,21 0,32 0,17
observation
Jliconapkosa / Lisoparkova - 152 0,150,038 0,16 0,16 0,25 0,11
PaitoH 5/5 / Raion 5/5 - 152 0,23+0,02 0,20 0,18 0,29 0,15
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BipOTiIHUMU BU3HABAJIM BiIMiHHOCTi B PiBHSIX 3a0py/-
HEHOCTi MpU HMOBIpHOCTI 6€3MOMUJIKOBOIO MPOrHO3Y
95 % i 6inbiie (TOOTO, IPU MMOBIPHOCTI IIOMMJIKA MEH-
e 5 %, p < 0,05). Obpob6Ky Ta aHaji3 TaHUX ITPOBOIM-
Ju y nporpaMHux makerax Apache Open Office (Calc,
Draw) [18].

3a pe3yJBTaTaMy JOCTiIKeHHS CTBOPEHA iHTepaKTUBHA
KapTa pagiauiiiHoro ¢oHy M. KponmBHMIIBKOTO, Ha SIKY
HaHeCEeHi pi3HUMM MapKepaMM pe3yJbTaTH Halloro A0-
CJIIIXKEeHHS TTiCJISl CTATUCTUYHOTIO OMpaloBaHHs (puc. ),
a CTBOPEHHSI KapTH 3a0pyIHEHHS paJOHOM HE € BUIIPAB-
JaHUM, OCKIUJIbKM TIEBHOI 3aJIEXKHOCTi 3a0pyaHEHHS Bif
MICLIEBOCTi He TPOCJIiAKOBYEThCS, Yepe3 Te 10 piBEeHb
pagoHy Ha BiIKPUTOMY MPOCTOPi HE € JOCTOBIPHUM I10-
Ka3HUKOM, 00 ITOCTIAHO 3MiHIOETHCSI.

contamination with a probability of unmistakable
prediction of 95 % or more (that is, with a probabi-
lity of error less than 5 %, p < 0,05) were considered
statistically significant. Data processing and analy-
sis was carried out in Apache Open Office software
packages (Calc, Draw) [18].

As a result of the study, an interactive map of the
Kropyvnytskyi radiation background was created, on
which the results of our research after statistical pro-
cessing are presented by different markers, Fig. 5,
and the creation of a map of contamination with
radon is not justified, because a certain dependence
of pollution from the area is not followed, because
the level of radon in the open space is not a reliable
indicator, as it is constantly changing.
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BUCHOBKU
B pesynbraTi pociimkeHHsT MepeBipeHO €(EeKTUBHICTD
CTBOPEHOTO HaMM OE3APOTOBOTO AaTuuKa (IO3UMETpa)
JIJISI MOHITOPUHTY pafdialiiiHOi 00CTaHOBKU MiCLI€BOCTi.
s anamidy, iHTeprpeTaliii i JOHeCEHHS 10 IINPOKOI0
3arajly OTpMMaHUX pe3yJIbTaTiB JOC/iKeHHs OyJIO CTBO-
pPEHO BJACHUM nomaToK s cMapT¢oOHiB Ha 0asi ore-
patiitHoi cuctemMu Android Ta po3po0JieHO IHTEPAKTUB-
HY KapTy pagialifiHoro ¢poHy M. KponmMBHUIIBKOTO.
Konuemnis lepxXkaBHOI LIJIbOBOI ITpOrpamMu pamiailiii-
HOTrO i coLiaJIbHOTO 3axUcTy HacenaeHHs1 KipoBorpaack-
Ko1 06J1acTi Ta Micta KponMBHUILIBKOTO BCTAHOBJIIOE, 1110

CONCLUSIONS
As a result of the study, we checked the effective-
ness of our wireless sensor (dosimeter) for monitor-
ing the radiation situation in the area. To analyze,
interpret and report to the general public the results
of the study, we created our own application for
smartphones based on the Android operating sys-
tem and an interactive map of the Kropyvnytskyi
radiation background was developed.

According to the Concept Note of the State
Target Program of radiation and social protection
of the Kirovohrad region population and the
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00JIaCTh € €EIMHUM B YKpaiHi perioHoM 3 BUIOOYBaHHS
Ta TIepepoOKU YPaHOBUX DY/ — CTPATETiYHOI CUPOBUHU
IIJIsT aTOMHOI eHepreTuku. Lle mpu3BoguTh 10 hopmy-
BaHHS TEXHOT€HHO 3MiHHOTO IMPUPOAHOTO paialliiilHOTO
¢oHyY i MiIBUILEHOTO HAaBaHTAXXEHHSI Ha JIOAUHY Bif
MOPUPOIHMX JIKepeJT padiallii.

B pesyabrarti ekcriepuMeHTy HaMU AOCJIiIXKEHO TepU-
TOpii — JliconmapKoBMii MacuB, MapKoBa 30Ha, Oeper
piuku IHryn, ConpaTchKi CTaBKU, SIpU Ta OadKu, KUT-
JIOBi MacuBM. BcTaHOBJI€HO, 110 piBeHb padiallifHOro
¢oHY B pi3HUX MiKpopailoHaX MicTa 3aJIeXKUTh Bif T€0-
JloriyHux ocobauBocTteit KipoBorpaammuHu — HassBHOCTI
pPO3JIOMiB KOPiHHUX TOpPiA i BUXOAY TPaHITHUX ILJIACTiB
Ha MTOBEPXHIO, YMCJEHHOTO PO3ropTaHHS MiANPUEMCTB 3
BUIOOYTKY Ta IepepOOKU rpaHiTy, ypaHy, BAKOPUCTaHHSI
pi3HUX OyIiBeJbHUX MaTtepiaiiB s 3a0yI0BU KUTIIO-
BUX MacCHBIB.

IIpoGaemy mepeomnpoMiHEHHS HacejleHHs1 00jacTi
YCKJIAJHIOE BUKOPUCTAHHSI B OYAiBHMLTBI MiCLI€BO1
MiHepaJbHOI CHPOBUHMU 3 BEIMKUM BMiCTOM TIPUPOTHUX
pamioaKTUBHUX €JIEMEHTIB Py YpaH-paiid.

Pesynbratu ekcriepuMeHTY JO3BOJIMIN iiiTA BUCHOB-
Ky, 110 B AesIKux MikpopaiioHax KponuBHMILILKOTO pi-
BEHb pafdialliiiHOro 3a0pyaHeHHS TiABUILIEHUA.

O1iHKa piBHSI OMPOMiIHEHHS JIIOAWHU Bill TEXHOTEHHO
MiICUICHNX PamioaKTUBHUX IKepesl IMPUPOTHOTO IT0-
XOIDKEeHHsI, 30KpeMa, Bif 2*U Ta *?Rn € Kro4oBUM (ax-
TOPOM, SIKMIf OOYMOBJIIOE PU3UK PO3BUTKY OHKOJIOIiU-
HuUX natoJioriit Ha KipoBorpaaiuHi.

st micta KponmMBHULIBKOTO aKTyaJIbLHUM € CTBOPEH-
HS OHJIAWH (IMHAMIiYHOi) KapTU TTOTY>XXKHOCTiI €KCITO31-
LiliHOI 103U, OCKiNIbKM IaxTa «IHTrymbchbKa» H0OyBae
YacTUHY pyaM Oe3rocepeaHbo Iia MictomM Kpomnus-
HuubkuM. IIlaxTa po3po0isie aBa ypaHOBI pOJOBMILA:
MiuypiHcbeke i LleHTpaibHe Ta Ma€ I’ ITh BEpTUKATBHUX
CTBOJIIB, a IJISI OOCIYroByBaHHS BiggajaeHoro MiuypiH-
CBHKOTO POJOBMIIIA MPOPUTHUIA TiA3EeMHUIA TYHEIb 3aBI0-
BXKH JI€KiJIbKa KiJIOMETPIB ITiJl LIEHTPaJAbHUMU paiioHa-
MU MicTa, 110 OPU3BOIUTH 10 MOMITHUX 3MiH B padio-
JIOTiUHill KapTHHi HaBiTh BIPOJOBXK KiJTbKOX IHIB.

g OLiHKY IIKOIM 3I0POB’I0 Bil iOHi3yIOUOTO BH-
MPOMiHIOBaHHS MiKpopailoHiB KponmMBHULIBKOTO TaHUX
MOTYKHOCTI eKCITO3UIIIIHOI 1031 HeAoCTaTHbO. OCHOB-
HUM BKJIaJ B 103y OIPOMiHEHHS JIOAWHU MPUBHOCUTH
BHYTpIIIIHE OIPOMIHEHHSI, TOMY II€pCIEKTUBAMM IIO-
JaJIbIIUX OOCTIIKEHb € po3po0Ka CHUCTEMM OHJIaH-
KOHTPOJIIO, SIKA JTO3BOJISIE SIK JaTYMK BUKOPHUCTOBYBATH
iHAUKATOpP piBHS 3a0pyIHEHHS PagoOHOM, 1110 MOXe Oy-
TU BCTAHOBJIEHUH B XXKUTJIOBUX i MiABaJIbHUX MPUMIiLLIEH-
HsIX OYAMHKIB, Ta JaBaTU MOXKJIUBICTb XXUTEIIM O€3I10-
cepeaHbO KOHTPOJIIOBATU PiBeHb HEOE3MEKM.

Kropyvnytskyi city, the oblast is the only Ukrainian
region for the extraction and processing of uranium
ores — strategic raw materials for nuclear energy.
This leads to the formation of technogenically vari-
able natural radiation background and an increased
load on a person from natural sources of radiation.

As a result of the experiment, we studied the areas
— woodland, parkland, the banks of the river Inhul,
Soldiers’ ponds, ravines, residential arrays. It was
established that the radiation background level in
different microdistricts of the city depends on the
geological features of Kirovohrad region — the
presence of faults bedrock of granite and output
layers to the surface, numerical deployment of
enterprises extracting and processing granite, ura-
nium, the use of various building materials for
housing developments.

The problem of region overexposure complicates
the use in the construction of local mineral raw
materials with high content of natural radioactive
elements of uranium-radium series.

Experiment results allowed us to conclude that in
some microdistricts of Kropyvnytskyi increased
level of radiation pollution.

Evaluation of exposure for a human from techno-
logical reinforced naturally occurring radioactive
sources, particularly from **U and ?*Rn is a key
factor that determines the risk of cancerous patho-
logies in Kirovohrad region.

For the Kropyvnytskyi city it is relevant to create
an online (dynamic) map of the exposure dose due
to the fact that the Ingulskaya Mine extracts part of
ore directly under the city Kropyvnytsky. The mine
develops two uranium deposits: Michurinska and
Tsentralna and has five vertical pillars, and for the
service of the remote Michurinska deposit, an
underground tunnel, which extends a few kilome-
ters under the central areas of the city, leads to sig-
nificant changes in the radiological picture even for
several days.

To estimate the damage to health from ionizing
radiation in the Kropyvnytskyi microdistricts,
there is not enough data of the exposure dose. The
main contribution to the radiation dose of man
brings internal radiation, therefore the prospect of
further research is the development of an online
monitoring system that allows the use of a radon
level indicator that can be installed in residential
and basement rooms as a sensor and allow residents
to directly control the level danger.
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