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TOMSK TOMCKUNN
POLYTECHNIC MONMUTEXHUYECKUN
UNIVERSITY INBMB YHUBEPCUTET

MuHUcTepcTBO HayKM 1 Bbicluero obpasosaHuaA Poccuinickon Qegepaunm
bepepanbHoe rocygapcTBEHHOE aBTOHOMHOE
obpaszoBaTeNibHOE yupexaeHre Bbiclero obpasoBaHuna
«HaumoHanbHbIN nccnegoBaTeNbCcknii TOMCKUIM MOAMTEXHUYECKNA YHUBEpPCUTeT (TI1Y)

Hlkona MHKEHEpHAas 1IKOJIa S/IEPHBIX TEXHOJIOTUN
Hanpasnenne noaroToBku 14.03.02 SAnepHblie hU3UKA U TEXHOJOTUH
OTtneneHue MKOJIbI OT/ICJICHUE ACPHO-TOIIMBHOIO LKA
YTBEPX/IALO:
PykoBoaurens OOII
berukos I1.H.
(IMognuce) (Hata) (D.N.0O.)
3AJJAHUE
HA BbINOJIHEHHE BBINYCKHON KBAJIN(QUKAMOHHON padoThl
B dopwme:
OaxasiaBpckoi paboThI
CryneHry:
I'pynna DOUO
0A7A Kaxurtae Canxxap MypanoBuu

Tema paboThI:

Ce3oHHBIE 0COOEHHOCTHU BapHaluii aTMoc(epHOii anbda-pagioaKTUBHOCTH

YTBepxkaeHa IPUKA30M JTUPEKTOpa (1aTa, HOMep) 28.04.2021 r., Ne118-33/c

Cpok cayu CTyIEHTOM BBITIOJTHEHHOM paboThI: 09.06.2021

TEXHUYECKOE 3ATIAHHUE:

Hcxoanble 1aHHBIE K padoTe DKClepUMEHTANIbHBIE  JaHHbIE TIO0  aTMocdepHOi
anb(da-panoaKTHBHOCTH, AKCTIICPUMEHTAJIbHBIC

JAAHHBIC IO MCTCOPOJIOTUICCKHUM BCIUYNHAM.




IMepeyenn mopIesKANMX HCCIETOBAHNIO,
NMPOEKTHPOBAHUIO U Pa3padoTKe
BOIIPOCOB

- 0030p TUTEPATYPHBIX UCTOYHUKOB;

- UCTOYHUKHU aTMochepHoi anbda-
paZMOaKTUBHOCTH;

- Meroxel W TpuOOpBHl  U3MepeHus  anbpa-
AKTUBHOCTH B TIPU3EMHOI atMocdepe;

- BHYTPH CYTOUYHBIE M CE30HHBIE OCOOEHHOCTH B
JTMHAMUKE aTMOC(epHON anbda-pagrnoakTHBHOCTH;
- KOPpEJSIIMOHHBIA U PErpecCHOHHBIA  aHaIu3
paZMaiOHHBIX U METEOPOJIOTUIECKUX BEITMYNH;

- aHAJIN3 TIOJTYYEHHBIX PE3yJIbTaTOB;

- (MHAHCOBBII MEHEPKMEHT,
pecypcodhPEeKTUBHOCTD U pecypcocOepexeHune;

- colMabHAast OTBETCTBEHHOCTH;

- 3aKJII0YEHHUE 10 paboTe.

Ilepeyennb rpaguyeckoro Mmarepuajia

(c mounbIM yKazanuem 00s13amenbHbIxX uepmedicell)

IIpesenranus qis 3ammtel BKP

KoHcyabTaHTBI 10 pa3ienaM BbIIYCKHOM KBATH(UKALUOHHOI padoThI

(c ykasanuem pazoenos)

Pazpen Koncyabranr
CoumnanabHas [Tepenepun Opuit Bnagumuposuy
OTBETCTBEHHOCTh

dOuHaHCOBBII MeHEeIKMEHT,
pecypcodppekTuBHOCTL M
pecypcocoepeskenne

I"acanoB Mareppam Anu OTJibI

JlaTa BbIIa4M 3a]aHUS HA BBINOJIHEHHE BBINYCKHOM 26.04.2021

KBAJIU(PUKAIMOHHOMH Pa0doThI 10 JUHEHHOMY rpaduKy

3agaHne BbIIAJ PYKOBOAMTEJIb / KOHCYJIbTAHT (IPU HAJIUYHUH):

JloJzKHOCTH DdUO Y4eHasi cTeneHb, Hoanuch Jara
3BaHHe
[Tpodeccop OATLL SIkoBneBa BaneHTruHa I.T.H
CranucnaBoBHa
Crapuuit [ToGepexHUKOB -
npenogasatens OSATLI Amnppeint JImutpuesny
3aiaHue NPUHAJ K MCIIOJHEHHUIO CTYIEeHT:
I'pynna DPUO Moanucey Jara
0A7A Ka:kuraes Canzkap MypanoBuu




TASK FOR SECTION
"FINANCIAL MANAGEMENT, EFFICIENCY OF RESOURCES AND ECONOMY OF

RESOURCES"
Student:
Group Full name
0A7A Kazhitaev Sanzhar Muralovich
School SNTE Research and Education DNFC
Centr
The level of education bachelor Direction/ specialty 14.03.02

Nuclear physics and
technology / Nuclear Power
Engineering/Nuclear
medicine

Initial data for the section "Financial Management, Resource Efficiency and Resource Saving':

1. The cost of scientific research resources (SR): material and
technical, energy, financial, informational and human

The cost of material resources and special
equipment is determined in accordance with the
market prices of the city of Tomsk.

Performers' tariff rates are determined by the
staffing table of NI TPU.

2. Rates and rates of resource consumption

Electricity tariff 2.45 rubles. for 1 kKW * h

3. The used system of taxation, rates of taxes, deductions,
discounting and crediting

Contributions to extrabudgetary funds - 30%

List of questions to be researched, designed and developed:

1. Assessment of the potential, prospects and alternatives to the
NI position of resource efficiency and resource conservation

Calculation of competitiveness
SWOT analysis

2. Formation of a plan and schedule for development and
introducing NI

Work structure, determination of labor intensity,
development of a research schedule

3. Drawing up the budget of the NI

Calculation of the budget for the implementation of
research

4. Assessment of the resource, financial, budget efficiency of
scientific research

Integral financial indicator.
An integral indicator of resource efficiency.
Integral efficiency indicator

List of graphic material (with exact indication of the required drawings)

1. Assessment of the competitiveness of scientific research
2. SWOT Matrix

3. Gantt chart

4. NI budget

5. The main indicators of the effectiveness of research

Date of issue of the task for the section on a line chart | 15.02.2020

The assignment was given by the consultant:

Position OUO Academic degree, Signature Data
title

Full Professor Hasanov Maharram Ali oglu Doctor of

Economic

Sciences

The student accepted the assignment:
Group Full name Signature Data
0A7A Kazhitaev Sanzhar Muralovich




TASK FOR SECTION
"SOCIAL RESPONSIBILITY"

student:
Group Full name
0A7A Kazhitaev Sanzhar Muralovich
School SNTE Research and Education Centr DNFC
The level of bachelor Direction/ specialty 14.03.02 Nuclear physics
education

and technology / Nuclear
Power
Engineering/Nuclear
medicine

Subject FQW:

Seasonal features of variations in atmospheric alpha radioactivity

Initial data for the section "*Social responsibility**:

1. Characteristics of the research object (substance,
material, device, algorithm, technique, working area) and
its scope

- a model for the registration of y-quanta by
a system of Nal (TI) detectors formed in the
study of reactions of synthesis of light
nuclei; experimental nuclear physics

List of questions to be researched, designed and developed:

1. Legal and organizational security issues:

- special (typical for the operation of the research object, the
projected working area) legal norms of labor legislation;
-organizational measures for the layout of the working area.

- Federal law of 09 Jan. 1996 No. 3-F3"On
radiation safety of the population™

- SanPiN 2.2.2 / 2.4.2732-10 "Hygienic
requirements for personal computers and work
organization

2. Industrial safety:

2.1. Analysis of the identified harmful and dangerous
factors

2.2. Rationale for mitigation measures

Harmful and dangerous factors:

- deviation of microclimate indicators;

- increased noise level,

- insufficient illumination of the working area;
- increased level of electromagnetic radiation;
- psychophysiological factors;

- increased level of ionizing radiation;

- danger of electric shock.

3. Environmental safety:

- analysis of the impact of the object and the
research process on the environment;

- development of organizational and technical
measures to protect the environment.

4. Safety in emergencies:

- selection and description of a typical
emergency - fire;

- justification of measures to prevent
emergencies;

- the order of actions in the event of an
emergency.

Date of issue of the task for the section on a line chart 05.05.2020
The assignment was given by the consultant:
Position Full name Academic degree, Signature date
title
Associate Professor Perederin Yuriy Ph.D
Vladimirovich
The student accepted the assignment:
Group Full name Signature date

0A7A

Kazhitaev Sanzhar Muralovich




TOMSK

POLYTECHNIC
UNIVERSITY

TOMCKUNN
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(|>e,u,epan bHOe rocygapctBeHHOe aBTOHOMHOE€E

obpasoBaTesibHOE yupexaeHune Bbicliero obpasoBaHuA
«HaumoHanbHbIN nccnegoBaTeNbCcknii TOMCKUIM MOAMTEXHUYECKNA YHUBEpPCUTeT (TI1Y)

[Ixona

HHXXCHECPHAaA INIKOJIa AACPHBIX TEXHOJOTHH

Hanpasnenne noarotoBku
YpoBeHb 00pa3zoBaHuUs
OTtneneHne MIKOJBI

14.03.02 SAnepHble hU3UKA U TEXHOJIOTUHU

OakaslaBpuar

OTACICHHUEC ANCPHO-TOIIJIMBHOT'O IHWKJIA

[Tepuon BeIMOJSHEHUS

BeceHHHUil cemectp 2020 /2021 yuebHOrO rojma

dopma npeacTaBiIeHUsT pabOTHI:

OakasiaBpckas pabora

KAJEHIAPHBIV PENTUHT -IIJIAH

BbIINIOJIHEHH S BbIIYCKHON KBAJTHPUKANMOHHOM padoThl

‘ Cpoxk crauu CTYZICHTOM BBITIOJTHEHHOW paOOTHI:

| 09.06.2021

Jlara Haspanue pa3snena (Moay.as) / MaxkcumajabHbIi
KOHTPOJIsI BHJI padoThl (McCiIe10BaAHNS) 0aJ1a1 pa3aena (MomyJis)
10.05.2021 0030p 1UMepamypHuIX UCHOYHUKOS 20
24.05.2021 Memoowt u  npubopvl  usmepeHus  anbHA-AKMUBHOCMU 6 25
npuzemnol ammocgepe
25.05.2021 Dxcnepumenmanvhvlie OAHHbLE U UX AHATU3 25
04.06.2021 QuHancoBvIll  MeHedHCMenm, pecypcodphekmusnocms U 10
pecypcocbepedicenue;
04.06.2021 COYUAIbHASL OMBEMCMBEHHOCHb 10
08.06.2021 3axnmouenue no pabome 10
COCTABMJI:
PykoBoaurear BKP
JloJzKHOCTH DdUO Yuenasi cTeneHb, Hoanucy Jara
3BaHHE
[Ipodeccop OATLL SlkoBneBa Banentuna J.T.H
CraHuciiaBOBHa
KoHcyabTaHT (HIpH HAJTMYHH)
JloJzKHOCTH DdUO Y4eHnasi cTeneHb, Hoanuch Jara
3BaHHE
Crapuumit [ToGepexHUKOB -
npenogasatenb OATL] Anppeit JImutpueBny
COI'TACOBAHO:
Pykosomuresas OOII
JloJIZKHOCTH DOUO Y4yeHasi cTeneHb, Hoanucy Jara
3BaHHE
Homent OATIL] brrukos I1.H. K.T.H.




TOMSK
POLYTECHNIC
UNIVERSITY

TOMCKUNN

MONMUTEXHUYECKUN
YHUBEPCUTET

MuHUcTepcTBO HayKM 1 Bbicluero obpasosaHuaA Poccuinickon Qegepaunm
bepepanbHoe rocygapcTBEHHOE aBTOHOMHOE
obpaszoBaTeNibHOE yupexaeHre Bbiclero obpasoBaHuna
«HaumoHanbHbIN nccnegoBaTeNbCcknii TOMCKUIM MOAMTEXHUYECKNA YHUBEpPCUTeT (TI1Y)

School of Nuclear Science & Engineering

Field of training (specialty): 14.04.02 Nuclear Science and Technology
Specialization: Nuclear Power Engineering / Nuclear medicine

Nuclear Fuel Cycle Division

Work submission form:

bachelor's work

CALENDAR RATING PLAN
completion of the final qualifying work

| The deadline for the student's completed work: | 09.06.2021
date Section (module) name / Maximum
control type of work (research) section (module) score
10.05.2021 Review of literary sources 20
24.05.2021 Methods and instruments for measuring alpha-activity in the 25
surface atmosphere
26.05.2021 Experimental data and their analysis 25
04.06.2021 financial management, resource efficiency and resource 10
conservation;
04.06.2021 Social responsibility 10
08.06.2021 Conclusion on work 10
COMPOSED.:
Head of the WRC
Position Full name Acadergittl:edegree, Signature date
Professor of NFCF Yakovleva Valentina | Doctor of
Stanislavovna Technology
Consultant (if available)
Position Full name Acadentﬁiit?edegree, Signature date
Senior lecturer of NFCF | Poberezhnikov -
Andrey Dmitrievich
AGREED:
PLO leader
Position Full name Acaderlﬁii?edegree, Signature date
Associate Professor Bychkov Petr PhD
Nikolaevich.




PE3YJIBTATBHI OBYUEHUA (KOMIIETEHIIUU BBIITY CKHUKOB)

Kox
KOMIIeTeHIIMH

HanmeHoBaHMe KOMIIETEHIIUN

YHI/IBepcaJILHBIe KOMIICTCHIIMH

YK(Y)-1

JleMOHCTpHpOBaTh KYJIbTYPY MBIIUICHHS, CIIOCOOHOCTh K 000O0IIEHUIO,
aHaAJIN3Y, BOCIPHUATHIO WH(OPMAIIMU, MOCTAHOBKE IIC]IM U BBIOOpPY TyTeH ee
JOCTHXXCHUA, CTPCMIICHHUA K CcaMOpa3BUTHUIO, IIOBBIIIICHUTIO cBOen
KBaJH/I(bI/IKaIII/H/I U MacCcTCpCTBA; BJIAACHHUC OCHOBHLIMHU MCTOJAMU, CHOCO6aMI/I
U CPEICTBAMHU IIOJIYYCHHS, XPaHEHHs, MepepaboTKH WH(POpPMALUU, HABBIKHA
paboTel € KOMIIBIOTEPOM KaK CpEJCTBOM YIpaBieHUs HH(OpMaLuei;
CIOCOOHOCTH PA0OTHI ¢ MH(OpMaIEH B TTI00ATBHBIX KOMITBIOTEPHBIX CETSX.

YK(Y)-2

CriocoOHOCTH JIOTUYECKH BEPHO, ApIyMEHTHPOBAHO M SICHO CTPOUTH YCTHYIO
U THMCBMEHHYIO pedb; KPUTUYECKH OIIEHMBaTb CBOU JOCTOMHCTBA M
HEJ0CTaTKH, HaMeyaTh IyTH U BBIOUPATH CPEACTBA PAa3BUTHS JOCTOMHCTB U
yYCTpaHEHHsI HEJIOCTATKOB.

YK(Y)-3

'OTOBHOCTBIO K KOOIEpAalMyd ¢ KOJUIeTaMH, pPaboTe B KOJUIEKTHBE;, K
OopraHusalun pa6OTBI MaJIbIX KOJIJICKTHUBOB HCHOHHHTCHGﬁ, IJIaHUPOBAHUTIO
paboTel  mepcoHasia U (GOHIOB  OIUIATBl  TpPylHa; TE€HEPUPOBATH
OPraHru3allMOHHO-YIIPABJICHUCCKUX PCIICHUA B HECCTAHAAPTHBIX CUTyallUAX U
HECTH 32 HUX OTBETCTBEHHOCTh; K pa3pabOTKe ONEPAaTUBHBIX IIAHOB PabOTHI
MEPBUYHBIX MMPOU3BOICTBEHHBIX TOIPA3/ICIICHNN; OCYIIECTBICHHIO H aHAIH3Y
HCCIIEIOBATENIBCKOW ¥ TEXHOJOTHYECKOW JEATEIBbHOCTH KaKk OOBEKTa
YIIPaBJICHHUSL.

YK(Y)-4

VYMeHrne WHCIoab30BaTh HOPMATUBHBLIC TIIPABOBBIC JOKYMCHTBI B cBOEn
JEeSITeNIbHOCTH; UCIOJIb30BAaTh OCHOBHBIE MOJIOKEHUS U METO/Ibl COLIMATBHBIX,
TyMaHUTapHbIX M HOKOHOMHUYECKHMX HAYK MpU PEHICHUH COLUAIbHBIX MU
poQeccHoHANbHBIX 3334, aHAJTU3UPOBATH COLMAIBHO-3HAYNMbIE MPOOIEMbI
W TPOIIECCH; OCO3HABaTh CONMAIBbHYIO 3HAaUYUMOCTh CBOEH Oymymiei
npodeccur,  o0nanaTh  BBICOKOW  MOTHBAME€W K  BBINOJIHEHHUIO
podeccuoHAIbHOM IeATENbHOCTH.

YK(Y)-5

BJ'Ia,Z[eTB OJIHUM M3 MHOCTPAHHBIX A3BIKOB HAa YPOBHE HC HMXKC Pa3sroOBOPHOTIO.

YK(Y)-6

Bnagerp cpeactBaMu  CaMOCTOSITENIBHOTO, METOJWYECKH MPaBHIBLHOTO
UCIOJIb30BAaHUSI METOI0B (PU3UUECKOTO BOCTIUTAHUS U YKPEILJICHUS 310POBbSI,
TOTOB K JJOCTHKEHHIO IOJKHOTO YPOBHS (PU3NYECKON MOATOTOBICHHOCTH IS
obecriedeHHs  MOJIHOIEHHOW  COLMaIbHOW W MpodeccHoHaTbHOM
JIeSITeNIbHOCTH.

IIpodeccronajibHbIe KOMIIETEHIIUU

MK(Y)-1

Hcnonn30BaTh OCHOBHBIC 3aKOHBI CCTCCTBCHHOHAYYHbIX OUCHUIUVIMH B
HpO(bGCCHOHﬂJ'ILHOfI ACATCIIbHOCTHU, IIPHMCHATH MCTOIblI MATCMATHUYCCKOTIO
aHalli3a W MOZACIIMPOBAHHA, TCOPECTHYCCKOTO MW ISKCIICPHUMCHTAJIbHOI'O
HCCIICAOBAaHUA.

MK(Y)-2

BiagieTe OCHOBHBIMH METOJAaMHM 3alIUThI IMPOW3BOJACTBEHHOTO IEPCOHANIA U
HAceJICHUsI OT BO3MOXKHBIX ITOCJICJACTBUIN aBapuid, KaracTpod, CTUXHHHBIX
OenctBuii; M OBITh TOTOBBIM K OIGHKE SJACPHOM U paJMallMOHHON
0€30MacHOCTH, K OIIEHKE BO3JICHCTBHUS HAa OKPYKAIOIIYIO CPEIy, K KOHTPOIIO
3a COONIOJEHHEM OHKOJIOTMYECKOH Oe30IacHOCTH, TEXHHUKU Oe30IacHOCTH,
HOPM M MPABUJ IPOU3BOJCTBEHHON CAaHUTAPHH, MOKAPHOU, paaHallMOHHON U
SIIEpHON OE30MaCHOCTH, HOPM OXpaHbl TPyJAa; K KOHTPOII COOTBETCTBUS
pa3pabaThIBaeéMbIX MPOEKTOB M TEXHUYECKON TOKYMEHTAIlMU CTaHIapTam,
TEXHUYECKUM  YCIIOBUSAM, TpeOOoBaHUSM  O€30MacCHOCTH H  JPYTHM
HOPMAaTUBHBIM  JIOKYMEHTaM; 32  COONIOJEHHEM  TEXHOJIOTMUYECKOM
TUCHUIUIMHBL U OOCTY)XKMBaHUIO TEXHOJIOTHYECKOTO OOOPYIOBaHHS; U K
OpraHM3alui 3allUThl OOBEKTOB HMHTEIUIEKTYaIbHONH COOCTBEHHOCTH W
pEe3yNbTaTOB HCCIENOBAaHUN U pa3paboOTOK Kak KOMMEPUYECKOW TailHbI
MPEeANPUATHS; ¥ TIOHUMAaTh CYIIHOCTh W 3HaueHUEe MHPOPMAIMH B Pa3BUTHH
COBPEMEHHOTO HMH(OPMAIIMOHHOTO OOIIecTBa, CO3HABaTh OMACHOCTH H




Kox
KOMIIETEeHIIMH

HanmeHoBaHMe KOMIIETEHIIUN

yrpo3bl, BO3HUKAIOIIUE B ATOM IPOIECCE, COONIOIaTh OCHOBHBIC TPEOOBAHMS
nH)OPMAMOHHOK 0E30MaCHOCTH, B TOM YHUCJIE 3allUThl TOCYIApCTBEHHOM
TaHBI).

MK(Y)-3

YMeTb MPOu3BOAUTE PACUET M MPOSKTUPOBAHKE JETANCH U Y3JI0B MPHOOPOB U
YCTAaHOBOK B COOTBETCTBHHM C TEXHUYECKUM 3aJaHMEM C HCIOJIb30BAaHUEM
CTaHJAPTHBIX CPEJCTB aBTOMAaTHU3allMU IPOEKTUPOBAHUS; pa3padaThiBaTh
NPOEKTHYI0O M pabodyl0 TEXHHYECKYI JOKyMEHTaluio, odopmieHne
3aKOHYEHHBIX IIPOEKTHO-KOHCTPYKTOPCKUX pabor; IIPOBOIUTH
IPEIBAPUTEIBLHOTO TEXHUKO-DKOHOMUYECKOIO OOOCHOBAHMS IPOEKTHBIX
pacueToB YCTaHOBOK U IPHUOOPOB.

MK(Y)-4

['oToBHOCTH K 3KCITyaTallud COBPEMEHHOIO (PM3NYECKOTr0 000pYAOBAaHUS U
puOOPOB, K OCBOCHHIO TEXHOJOTMUYECKHUX IPOILIECCOB B XOJE IMOATOTOBKH
MIPOU3BOJACTBA HOBBIX MATCPUAIIOB, HpI/I60pOB, YCTAaHOBOK M CHCTEM; K
HajlaJKe, HACTPOMKE, PErylupOBKE M OIBITHOM IpOBEpKE 000PYAOBAHUS U
IporpaMMHBIX CpPEACTB, K MOHTAXy, HaJlaAKe, HWCIbITAHUIO W CAa4C B
9KCIUTYaTalMI0 OIBITHBIX 00pa3loB MPUOOPOB, YCTAHOBOK, Y3JIOB, CUCTEM U
JIeTaJICH.

MK(Y)-5

CrocoOHOCTH K OpraHM3allud  METPOJIOTMYECKOTO  oOecredyeHus
TEXHOJIOTHYCCKHUX IMPOLUECCOB, K HCIIOJIB30BAHWIO THUIIOBBIX MCTOI0B
KOHTPOJIA Ka4eCTBa BBIHYCKaeMOﬁ MpOAYKIHWHU; 1 K OHCHKC WHHOBAITMOHHOT'O
MIOTEHIMAaa HOBOW MPOAYKIIHH.

MK(Y)-6

CriocoOHOCTH UCTOIb30BaTh HH(MOPMALIMOHHBIE TEXHOJIOTHH MIPU pa3paboTKe
HOBBIX YCTAaHOBOK, MaTepHaioOB W MNpUOOpOB, K COOpYy U aHaIU3y
MHGOPMALIMOHHBIX HCXOAHBIX JAHHBIX U1 NPOEKTHUPOBAHUSA NPUOOPOB U
YCTaHOBOK; TEXHHYECKHE CPEJCTBA JUIsl U3MEPEHHs OCHOBHBIX IapaMeTpOB
00BEKTOB HCCIIEOBAHUS, K MOJrOTOBKE JAHHBIX JUIl COCTaBJICHHS 0030pOB,
OTYETOB U HAaY4HBIX MyOIMKALMN; K COCTABJIEHUIO OTYETA [0 BBIIIOJHEHHOMY
3aJaHUI0, K YYacTHI0 BO BHEJIPEHUHU PpE3YyJIbTAaTOB MCCIEJOBAHUN U
pa3paboToK; U MPOBEICHHUSI MaTEMATUYECKOTO MOAEIMPOBAHMS MIPOLECCOB U
0o0BbeKTOB Ha  0a3e  CTAaHAAPTHBIX IMAKETOB  aBTOMAaTU3MPOBAHHOIO
IPOEKTHPOBAHUS M UCCIIEJOBAHUI.

MK(Y)-7

YMeTh TOTOBUTH MCXOJHBIE NaHHBIE ISl BbIOOpPa M OOOCHOBAaHHS HAYYHO-
TEXHUYECKUX U OPraHU3alMOHHBIX PEHICHHH Ha OCHOBE SKOHOMHYECKOTO
aHaJn3a; UCI0JIb30BATh HAyYHO-TEXHUYECKYIO uH(pOpPMAaIIHIO,
OTEUECTBEHHBIH M 3apyOEKHBIM OMNBIT IO TEMaTUKE HCCIEeIOBaHUS,
COBPEMEHHbIE KOMIIBIOTEPHBIE TEXHOJOTMM U ©0a3bl JaHHBIX B CBOEH
OpeIMETHOM 00JacTH; ¥ BBINOJHATH pPAaOOTHl MO CTaHAAPTH3ALUH U
MOJATOTOBKE K CepTU(UKAIMM TEXHHYECKUX CPEJICTB, CHCTEM, IPOIECCOB,
000pyI0BaHUS U MaTepUAJIOB;

MK(Y)-8

I'oToBHOCTH K IIpOBCACHUIO (1)I/I3I/I‘IGCKI/IX OKCIICPUMCHTOB IIO 3aJaHHOM
MCTOOHUKEC, COCTABJICHUIO OIIMCAaHUs IIPOBOAMUMBIX HCCHG,Z[OBaHI/II;'I U aHAJIN3y
PE3YyJIIbTATOB; AHAJIN3Y 3arpar u PpEe3yJIbTaTOB ACATCIIBHOCTH
IMPOU3BOJCTBCHHBIX HO,Hp&I%,HCJICHHfI; K pa3pa60TKH CII0CO00B IIPUMCHCHHA
AACPHO-O3HCPICTUICCKUX, INIIA3MCHHBIX, JIA3CPHBIX, CBY wu MOIITHBIX
HUMITYJIbCHBIX YCTAHOBOK, 3JICKTPOHHLIX, HeﬁTpOHHLIX " IMPOTOHHBIX ITYYKOB,
MCTOJ0B 3KCH6pPIMCHT8.J'H:HOI>i CI)I/I3I/IKI/I B peUICHUN TCXHHUYCCKHX,
TCXHOJOTHYCCKHUX U MCIUITMHCKHUX HpO6HCM.

MK(Y)-9

CnocoOHOCTh K TPUEMKE U OCBOEHHUIO BBOJUMOIO 000pPYIOBaHMS,
COCTaBJICHUIO MHCTPYKLUHUH MO SKCIUTyaTallud OOOPYIOBAaHUS W HpPOTpaMMm
UCTIBITAHUN; K COCTABJICHUIO TEXHUYECKON JOKyMeHTauuu (rpadukoB pabdor,
WHCTPYKILUH, IJIAHOB, CMET, 3a8BOK Ha MaTepuaibl, 000pyIOBaHUE), a TAKXKE
YCTAaHOBJICHHOM OTYETHOCTH IO YTBEP>KIACHHBIM (popMam; U K OpraHU3aluu
pabounx  MecT, HMX  TEXHHYECKOMY  OCHAIEHUIO,  pa3MELICHHIO
TEXHOJIOTHYECKOT0 000PYyI0BaHMSL.
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LEARNING OUTCOMES (COMPETENCES OF GRADUATEYS)

The code
competence

Competence name

Universal competences

UC (U)-1

Demonstrate a culture of thinking, the ability to generalize, analyze, perceive
information, set a goal and choose ways to achieve it; striving for self-
development, improving their qualifications and skills; possession of the basic
methods, methods and means of obtaining, storing, processing information,
skills of working with a computer as a means of information management;
ability to work with information in global computer networks.

UC (U)-2

Ability to logically correct, reasoned and clearly build oral and written
speech; critically assess your strengths and weaknesses, outline ways and
choose means of developing strengths and eliminating weaknesses.

UC (U)-3

Willingness to cooperate with colleagues, work in a team; to organizing the
work of small teams of performers, planning the work of personnel and
payroll funds; generate organizational and managerial solutions in non-
standard situations and be responsible for them; to the development of
operational plans for the work of primary production units; implementation
and analysis of research and technological activities as an object of
management.

UC (U)-4

Ability to use regulatory legal documents in their activities; use the main
provisions and methods of social, humanitarian and economic sciences in
solving social and professional problems, analyze socially significant
problems and processes; be aware of the social significance of their future
profession, be highly motivated to perform professional activities.

UC (U)-5

Know one of the foreign languages at a level not lower than the spoken one.

UC (U)-6

To own the means of independent, methodologically correct use of methods
of physical education and health promotion, is ready to achieve the proper
level of physical fitness for full-fledged social and professional activity.

Professional competence

PC (U)-1

Use the basic laws of natural sciences in professional activities, apply the
methods of mathematical analysis and modeling, theoretical and experimental
research.

PC (U)-2

Possess the basic methods of protecting production personnel and the
population from the possible consequences of accidents, catastrophes, natural
disasters; And be ready to assess nuclear and radiation safety, to assess the
impact on the environment, to monitor compliance with environmental safety,
safety, norms and rules of industrial sanitation, fire, radiation and nuclear
safety, labor protection standards; to control the compliance of developed
projects and technical documentation with standards, technical conditions,
safety requirements and other regulatory documents; observance of
technological discipline and maintenance of technological equipment; and to
the organization of protection of intellectual property objects and the results
of research and development as a commercial secret of the enterprise; and to
understand the essence and significance of information in the development of
a modern information society, to be aware of the dangers and threats arising
in this process, to comply with the basic requirements of information security,
including the protection of state secrets).

PC (U)-3

To be able to calculate and design parts and assemblies of devices and
installations in accordance with the terms of reference using standard design
automation tools; to develop design and working technical documentation,
registration of completed design and engineering works; to carry out a
preliminary feasibility study of design calculations for installations and
devices.

PC (U)-4

Readiness for the operation of modern physical equipment and devices, for
the development of technological processes in the course of preparing the
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The code
competence

Competence name

production of new materials, devices, installations and systems; to
commissioning, tuning, adjustment and experimental testing of equipment and
software; for installation, commissioning, testing and commissioning of
prototypes of devices, installations, assemblies, systems and parts.

PC (U)-5

Ability to organize metrological support of technological processes, to use
standard methods of quality control of manufactured products; and to assess
the innovative potential of new products.

PC (U)-6

The ability to use information technology in the development of new
installations, materials and devices, to collect and analyze information source
data for the design of devices and installations; technical means for measuring
the main objects of research, preparing data for compiling reviews, reports
and scientific publications; to prepare a report on the completed assignment,
to participate in the implementation of research and development results; and
carrying out mathematical modeling and carrying out on the basis of standard
computer-aided design packages and research objects.

PC (U)-7

To be able to prepare initial data for the selection and justification of
scientific, technical and organizational decisions based on economic analysis;
to use scientific and technical information, domestic and foreign experience
on the research topic, modern computer technologies and databases in their
subject area; and carry out work on standardization and preparation for
certification of technical means, systems, processes, equipment and materials;

PC (U)-8

Willingness to conduct physical experiments according to a given
methodology, compilation of a description of the research being carried out
and analysis of the results; analysis of costs and results of activities of
production units; to the development of methods for using nuclear energy,
plasma, laser, microwave and powerful pulsed installations, electronic,
neutron and proton beams, methods of experimental physics in solving
technical, technological and medical problems.

PC (U)-9

Ability to accept and master the equipment to be introduced, to draw up
instructions for the operation of equipment and test programs; to the
preparation of technical documentation (work schedules, instructions, plans,
estimates, applications for materials, equipment), as well as established
reporting on approved forms; and to the organization of workplaces, their
technical equipment, the placement of technological equipment.
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Abstract

The final qualifying work consists of 89 pages, 22 figures, 22 tables, 33
sources.

Key words: radioactivity, ionizing radiation, alpha radiation, radon,
variations, atmosphere.

The object of research is alpha radioactivity in the surface atmosphere,
depending on the season of the year and meteorological conditions.

Objective of the work - Investigation of seasonal characteristics of variations
in atmospheric alpha radioactivity.

The work investigated the features in the dynamics of atmospheric alpha-
radioactivity on different time scales from intra-diurnal to synoptic scales, performed
a regression and correlation analysis of experimental data on radiation and
meteorological quantities.

As a result of the study, it was found that monitoring the alpha background
can replace the measurement of integral values of volumetric activity and the
equivalent equilibrium volumetric activity of radon in the surface atmosphere. No
significant correlations revealed between instantaneous values of radon volumetric
activity and alpha-radiation flux density in certain periods of the year lasting from
several days to several weeks, in good weather conditions.

The degree of implementation: the results of the work were included in the
report on the international conference "Prospects for the development of fundamental
sciences".

Field of application: the results of the study can be used to replace radon
monitoring by measuring the alpha background in the surface atmosphere for the
purposes of radioecology and radiobiology, assessing the doses of population
exposure to natural radionuclides.

Economic efficiency / significance of the work is to reduce the cost of
outdoor radon monitoring using alpha detectors, including in winter conditions,

which is not possible with existing radon radiometers.
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List of Acronyms and Abbreviations

IR — lonizing Radiation;

PDD - Percentage Depth Dose;

VA — Volumetric Activity

DSS — Distance from Source to Surface;

DDP — Daughter Decay Products.

NFCD — Nuclear Fuel Cycle Division;

SNSE — School of Nuclear Science and Engineering;
TPU — Tomsk Polytechnic University;

Lowess — locally weighted scatterplot smoothing;
RW — Research Work;

FQP — Final Qualifying Work;

SWOT - Strengths, Weaknesses, Opportunities, Threats;
MPC — Maximum Permissible Concentration;

EMF — Electromagnetic Field;
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Introduction

Radioactive pollution of the atmosphere can be caused by various types of
ionizing radiation, that is, electromagnetic and corpuscular radiation, which includes
alpha, beta, gamma rays, X-rays, fluxes of protons and electrons, slow and fast
neutrons. Exposure to such radiation can cause significant damage to living tissue,
and therefore there is an increasing need for the use of appropriate detectors, which,
in the event of a possible danger, would allow resorting to protective measures. This
problem is so important, and the reliability of the readings of such detectors is so
undeniable that often measuring instruments installed near the source of pollution are
equipped with alarm mechanisms that are triggered in case of exceeding the level of
radioactivity established for various types of radiation in the observation area. The
problem is especially complicated by the uncertainty of the values of the units of
measurement of radioactivity (both basic and derivative) and related basic concepts.
The physical nature and intensity of radiation also create their own difficulties, as
well as our insufficient knowledge about the results of the interaction of radiation
with matter and about the effect of radiation on living cells and tissues.

When working with radioactive a-emitting isotopes, contamination of work
items, clothing, hands, etc. can occur. Therefore, in rooms intended for working with
radioactive substances, it is necessary to systematically carry out dosimetry control,
the purpose of which is to check the degree of a-contamination with isotopes of
various surfaces (tables, clothes, hands, etc.). The sanitary rules establish the

maximum permissible levels of contamination with a-active isotopes of surfaces.
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Chapter 1 Literature review

Radon gas is a significant source of natural radioactivity in the atmospheric
boundary layer. It constantly arises in nature during the radioactive decay of mother
nuclei, after which it enters groundwater, natural gases and air. That is why
knowledge of the fluctuations of the natural radioactivity of the atmosphere, which is
the main medium of human life, is so important. The temporal variability of radon in
the air near the earth in relation to weather elements and the processes of vertical
mixing in the atmosphere have been studied by various authors.

Currently, many articles have been published on the dynamics of the
volumetric activity of radon in the atmosphere in many countries. These studies show
that the concentration of radon varies throughout the day and seasons. It depends not
only on the radium content and its distribution in the soil, but also on porosity,
permeability, moisture content and other parameters. [4,5,6,10].

According to the results of analyzes of some studies, differences in radon
concentration were confirmed, which strongly depended on the concentration of
radium in the earth's crust, geographical conditions, distribution of land and sea.
Scientists believed that the concentration of radon depends on the ratio of the

components of the mixture of air and ocean. [6].

1.1 Features of the dynamics of active volumetric radon in the

atmosphere
1.1.1 Daily variations of radon

It is known that the surface concentration of radon changes during the day,
which is caused by daily changes in vertical turbulent mixing in the atmosphere,
advection, and the value of the 222Rn flux from the soil. These factors, in turn, are
influenced by the meteorological parameters of the atmosphere: wind speed and

direction, humidity, pressure, intensity of solar radiation.
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In [11], the background radon concentration and the level of the ambient
background atmospheric radon in Korea were detected throughout 2011 using a real-

time monitoring system at Gosana station.
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Figure 1 - Daily variations in hourly mean radon concentrations.

Figure 1 shows that the daily radon cycle was characterized by an early
morning maximum (7 hours) and a minimum in the middle of the day (3 hours). The
highest nighttime compound concentrations (2956 mBg/m3®) were observed around
sunrise, when the mixing depth of the atmosphere was the smallest, and the lowest
values (2259 mBg/m®) were observed at the beginning of the day, when the mixing

depth was greatest.

5000
‘:E\ +-Spring -©-Summer -®-Fall -4 Winter
S 4000}
(a0)]
E W
~~ 3000 -W
5
B 2000 B Y
8 0069
S 1000
o
(@)

Hourly
Figure 2 - Daily graph of hourly radon concentrations over four seasons.
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In winter, air masses are delivered to the study area, mainly through the
Yellow Sea. Due to the fact that large bodies of water have a large heat capacity, they
show small daily changes in surface temperature. Consequently, large water bodies
have a stabilizing effect on the depth of mixing of the atmosphere, which leads to a
relatively small daily variability in the depth of mixing in winter. This is reflected in
the small amplitude of the combined daily radon cycle in the area compared to the
typical for the interior regions. On the contrary, in summer, most of the air masses in
Goosan pass through Jeju lIsland, which leads to much more significant diurnal
variations in the depth of atmospheric mixing due to the relatively large diurnal
variation in surface temperature, which is more typical for continental regions.

Japanese scientists also investigated the daily minimum concentration of
radon observed in Fukushima Prefecture from 2003 to March 2011 in [5]. Seasonal
variation was calculated by applying a sinusoidal model to the daily minimum radon
concentration during a normal period of operation. Within the daily variation in
radon concentration, the daily minimum radon concentration is independent of
topography. Therefore, the daily minimum radon concentration should be used to

analyze the representative variation in radon concentrations around a specific area.
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Figure 3 - Daily changes in residual radon concentrations over four seasons
(subtraction of the linear trend and conversion of radon concentration from the

ionization current) [7].
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Figure 3 shows the diurnal variation of residual radon concentrations in each
season. Seasonal fluctuations in the minimum radon concentration coincide with
changes in the upper part of the mixing layer. In winter, higher values of the
minimum radon concentration reflect a sinking of the upper part of the mixing layer;
while in summer, lower values of the minimum radon concentration reflect an
increase in the height of the upper part of the mixing layer. Changes over four
seasons follow a general pattern: the decrease in radon concentrations after sunrise is
due to the generation of high turbulence in the daytime mixing layer. It can be seen
that the minimum concentration of radon is usually reached at the end of the day,
when the mixing layer is fully developed. The concentration gradually increases from
midday (15:00) until the next morning (06:00) and suddenly drops at sunrise, as the

concentration of atmospheric radon is highly dependent on changes.

1.1.2. Seasonal features of radon

Seasonal variability of radon in the atmosphere is also primarily associated
with meteorological factors: atmospheric stratification, atmospheric precipitation and
atmospheric circulation [12].

If we consider temperature inversions as one of the main factors determining
variations in surface radon, then it should be noted that both the power and the
intensity of the inversion are characterized by significant seasonal variability. Over
the continental and some coastal regions of the world, the maxima of the power and
intensity of the inversion are observed in winter, and minima - in summer. It is also
noted that low-power surface inversions are more often observed in the warm season,
and more powerful ones - in the cold [12]. Atmospheric precipitation contributes to a
change in the state of the soil: moistening, filling the pores of the soil with water and,
consequently, reducing the exhalation of radon into the atmosphere. The presence of

snow or ice on the soil surface leads to the accumulation of radon in the soil and its
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intense emission into the atmosphere in the first hours after the melting of the snow

cover, as already noted.
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Figure 5 - Annual time series of daily radon VA [11]

According to the results of work [11], a bright pronounced seasonality is
shown, characterized by high concentration in winter and low concentration in
summer. In this study, high radon concentrations were observed from September to
February (2666-3595 mBg/m?®). This is the period of the most stable earth inflow due
to strong northerly winds, a northwest component and dry air masses during the
height of the Asian winter monsoon. During the winter monsoon, the air flow in the
lower atmosphere is directed from the Asian continent towards the Pacific Ocean;
returns back in summer time. The lowest monthly mean radon concentrations (1243
mBg/mq) were observed in July, which was a period of relatively dominant oceanic
production due to the strong southerly component of the wind direction and humid air
masses. The ocean is a minor source of radon. For the most part, average monthly

wind speeds are high between December and March.
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Table 1 - Monthly mean values and standard deviations of radon VA in two

regions of Slovakia [9].

]

Month and year lFrBprfuil] [322311‘3]
February2019 36 +32 47 +36
March 2019 1 +36 48 +37
April 2019 40=x25 43 +38
May 2019 542532 8:7+x51
June 2019 0.5 =52 89+55
July 2019 54 +32 6.8 + 4.7
August 2019 4 +453 6.5+ 6.0
September 2019 42 +34 48 =58
October 2019 56+ 28 6.6 = 5.0
November 2019 65+34 73230

According to the results of work [9] during 11 months of radon monitoring in
2018, the mean annual values of radon VA of 5.4 and 6.1 Bg/m?® were obtained for
FMPI and SMI air, respectively. In the SMI area, the maximum radon VA values
were observed during the summer, in contrast to the winter maximums observed in
the FMPI area. A significant change in meteorological parameters, such as wind
speed or temperature, caused a corresponding significant change in radon VA in two
regions in Slovakia. However, the daily cycles of radon, as well as the average values
of radon VA, were affected by the terrain orography of the radium and radon
contained in the soil. The effect of orography was especially clearly visible in the
SMI region, where, due to the special conditions of solar irradiation, an increase in
radon VA during the summer months was observed already at 12 a.m., and the
maximum of the daily cycle occurred as before at 11 p.m.

Atmospheric radon concentrations were monitored from autumn 2018 to
winter 2018 in an abandoned coal mining area in Poland [7]. Strong spatial and
seasonal fluctuations of radon VA in the atmosphere were observed (Figure 6).
Spatial variations correlated with changes in uranium content in the basement.
Seasonal changes were positively correlated with temperature and negatively

correlated with humidity, resulting in maximum atmospheric radon activity in

23



summer. The strong influence of the local uranium content in the basement indicates

its importance in the planning of monitoring campaigns.
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Figure 6 - Seasonal variation of atmospheric radon in Poland

It was found that the existence of porous tailing dumps of coarse-grained rock
fragments in Poland is the main reason for the increase in the average concentration
of atmospheric radon on average, resulting in an average value of 70 Bg/m? for 77
monitoring sites. The tailings dump had the highest concentration of atmospheric
radon, reaching a maximum of 131 Bg/m3 in the summer of 2018. Due to the usually
high concentrations of atmospheric radon, seasonal fluctuations (the highest values
were noted during the summer, the lowest during the winter and intermediate during
the spring and autumn) were mainly controlled by changes in local conditions of
expiration due to fluctuations in air temperature and humidity. The influence of long-
range transport from continental or oceanic air masses seems to be less significant,
since a strong local spatial differentiation was observed over the entire year. It was
found that in mountain valleys with poor ventilation, where the basement has
differentiated uranium content and porosity, the local factor has a strong effect on the
concentration of atmospheric radon.

Differences in the concentration of radon in different places strongly
depended on the concentration of radium in the earth's crust and geographic
conditions, i.e. distribution of land and sea. Scientists believed that the concentration
depends on the ratio of the components of the mixture of air and ocean. Therefore,

the influence of radon transported from the distant Eurasian continent and radon
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arising from the measurement area depends on changes in vertical convection [9].
The temporary change in the residual concentration of radon is influenced by
atmospheric turbulence, which is strongly associated with a change in surface
temperature.

In [9], radon VA in the surface atmosphere was monitored in two regions of
Slovakia. The orography of settlements is different, ranging from plains to hilly
terrain. Regions are located at a distance of up to 130 km from each other. The first
site was the campus of the Faculty of Mathematics, Physics and Computer Science -
Comenius University (FMRI CU). The second sampling site was located in the area
of the Slovak Metrology Institute (SMI) in Bratislava and is located about 3 km west
of the FMRI CU campus.
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Figure 7 - Daily variations of radon VA on FMRI PU and SMI for two
months of 2003 [9].

The amplitudes of the daily variation of the series are similar in both
settlements, 3.5 Bg/m? in June and 2 Bg/m?® in March. Similar diurnal patterns of
radon VA were found between two regions. However, there was a noticeable time
shift (up to 5 hours) in the daytime minimum and maximum radon VA between the
FMRI and SMI terrain. This effect was due to the fact that the measurement area
based on the SMI was exposed to solar radiation only until 3 am in the summer and
12 am in the winter due to screening from the west to the nearby hills. This led to an
earlier decrease in the intensity of vertical exchange processes in the SMI air, which

led to an earlier increase in radon VA, always a couple of hours earlier than the
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similar increase observed at the FMPI campus. This effect is especially noticeable in
the summer months, when the influence of solar radiation on the time series of radon
VA is more significant than in winter. Measurements show that monthly average
radon VA values in the SMI area are usually higher (by 21-40%). In the SMI area,
the maximum radon VA values were observed during the summer, in contrast to the
winter maximums observed in the FMPI area. In the SMI region in summer, the
maximum was a consequence of the relatively high VA radon during the day, as well
as at night (higher than in the FMPI region).

The daily variation in Japan at work [5] is the same and does not depend on
the seasonal year, and in work [11] made in Korea and in work [9] in two regions of
Slovakia, they have different diurnal variations in radon VA for different seasons due
to the fact that that different features of the movement of air masses in Korea and a
significant change in meteorological parameters, such as wind speed or temperature,
caused a corresponding significant change in radon VA in settlements in Slovakia.

As a result, we can say that the minimum concentration of radon is observed
during the day, when vertical mixing of air is most active, and radon released from
the soil rises to the overlying layers of the atmosphere, and is also transferred in
space due to air advection. In the evening, when the earth's surface cools down and
vertical air movements weaken, temperature inversion is established. Temperature
inversion prevents the vertical and horizontal transport of radon in the surface layer
of the atmosphere, which contributes to the accumulation of radon released from the
soil in the surface layer and an increase in its surface concentration by several times
compared with daytime values. As the sun rises, the temperature inversion collapses,
turbulent mixing intensifies, and the radon concentration in the surface layer

decreases sharply.

1.1.3 Sources of atmospheric alpha radioactivity

From the very beginning of its formation, the earth's crust contains natural

radioactive elements (NRE), which create a natural background radiation. Rocks,
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soil, atmosphere, waters, plants and tissues of living organisms contain
radioactive isotopes of potassium-40, rubidium-87 and members of three
radioactive families originating from uranium-238, uranium-235 and thorium-
232. These parent nuclides are as old as the Earth itself - about 4.5 billion years.
They still exist only because the half-lives of the founders of radioactive families
are very long and are 4.5-10° years for uranium-238, 0.7-10° years for uranium-
235, and 14-10° years for thorium.

Members of radioactive families are tightly bound together. Each link of
the radioactive series is formed at a rate determined by the half-life of the
previous nuclide, and decays in accordance with its own half-life. Thus, after a
while, equilibrium is established in the decay chains, that is, how many daughter
elements decay, the same amount is born in accordance with the half-lives of the
parent nuclides. After a long chain of transformations, stable lead isotopes are
finally formed (Fig. 2) [3].

The only gaseous product that is born in the process of decay of the three
families of NRE is radon. The greatest contribution to the gas component of the
NRE is made by the radioactive families of uranium-238 and thorium-232, during
the decay of which radioactive radon-222 and radon-220 are formed (the latter is
often called thoron by the name of the original parent nuclide).

Radon is an inert gas, colorless and odorless, almost 10 times heavier than
air, boiling point — 65°C, dissolves in water. Radon, like its "parents”, is an alpha
emitter. In the process of decay, they produce a family of other alpha emitters,
which are generally referred to as daughter decay products (DDP). Moreover,
unlike radon and thoron, DDP are not gases, but solids - unstable isotopes of
lead, bismuth, polonium and thallium, which themselves are powerful sources of
alpha radiation. For example, when the uranium-238 family decays, eight alpha
particles are released, of which four are radon and its DDP. Moreover, the first
four alpha particles are emitted with a half-period of about 1 billion years

(uranium-radium decay), and the next three with a half-period of 3.825 days, that
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IS, the intensity of the alpha radiation of radon and DDP is many times higher
than the intensity of the alpha radiation of uranium and radium, together taken.

Radon and thoron are present, like its parent nuclides, in all building
materials and rocks. The inert gas formed during the disintegration process
immediately, microcracks of rocks, is captured by flows.

Historically, the harmful effect of radon on the human body was noticed back
in the 16th century, when the mysterious mountain sickness of miners attracted the
attention of doctors for a long time: mortality from lung cancer among miners was 50
times higher than among the rest of the population. Much later, an analysis of the
causes of death of mine workers at uranium mines in Europe in southern Germany
and Czechoslovakia showed that from 30 to 50% of miners working in uranium
mines die of lung cancer. Therefore, work on the study of the radiation effect of
radon began to develop intensively.

The concentration of radon in the air is determined by the number of decays
of radioactive nuclei per second in a cubic meter of air. For radon, this is practically
equal to the number of alpha particles generated in the decay process. For the unit of
the number of decays, 1 Becquerel is currently accepted, which is equal to one act of
decay per second. Sometimes the off-system unit of 1 Curie is still used, equal to the
number of decays of 1 g of radium-226, or 3.7-10%° decays per second, or 1 Curie =
3.7-10%° Becquerel. The average radon content in the air of the surface atmosphere is
approximately 3.7 Bg/m3, or 101° Ci/m?3,

The concept of “latent energy” is often used to describe the integral
volumetric activity of daughter products of radon decay in air. Latent energy is the
total energy of alpha radiation, which is released per unit volume of air during the
decay of all short-lived DDP (for radon-222 up to lead-210, which has a half-life of
22 years, see Fig. 1). If the air contains 3700 Bg/m? (100 pCi/l) of radon-222 in
complete equilibrium with the daughter decay products, then the value of the latent
energy will be equal to 1.2835-10° MeV/L. This value, rounded up to 1.3-10° MeV/I,
is called the "working level” (WL) and is widely used abroad to determine the

volumetric activity of DDP in air, although it is an off-system unit. The use of the
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concept of "latent energy" is due to the fact that the amount of latent energy is
proportional to the equivalent dose rate created by the daughter products of radon
decay in the lung tissue. In one of its reports, the United States Environmental
Protection Agency provides information on a study of the risk of diseases and deaths
caused by exposure to radon and compares this degree of risk with data on external
exposure due to fluoroscopic examinations and smoking (Table 1) [2]. Recent studies
by the US Environmental Protection Agency have shown that radon-related lung
cancer among smokers is three times higher than in non-smokers, that is, despite the
fact that the risk of smoking is significantly lower than the radon risk (see Table . 1)
Smoking increases the risk of exposure to radon.

When assessing the radon risk, it should always be remembered that the
contribution of radon itself to exposure is relatively small. With a radioactive
equilibrium between radon and its DDP, this contribution does not exceed 2%.
Therefore, the dose of radiation to the lungs from DPR of radon is determined by a
value equivalent to the equilibrium volumetric activity (EEVA) of radon [1, 2]:

CRn eq = nRnFRn = 0,1046nRaA + 0,5161nRaB + 0,3793nRaC ,

where nRn, nRaA, nRaB, nRaC — volumetric activity of radon and its DDP
(RaA, RaB, RaC, how often Po-218, Pb-214, Po-214 nuclides are denoted) Bg/m? ,
respectively; FRn — equilibrium coefficient, which is defined as the ratio of the
equivalent equilibrium volumetric activity of radon in air to the real volumetric
activity of radon. In practice, always FRn < 1 (0,4-0,5). To go to units of WL, it is
necessary to multiply the EEVA value by a factor equal to 34.6 MeV/(l-Bq)

1.1.4 Vertical profile of active volumetric radon in the atmosphere

In [1], the influence of various factors on the vertical distribution of the
volumetric activity of radon isotopes and daughter decay products in the surface
atmosphere was found. Modeling of vertical profiles of volumetric activity in the
range of variation of the turbulent diffusion coefficient from 102 to 0.1 m?s is

presented in the following figures.
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Figure 8 - Dependence of the volumetric activity of radon and daughter decay
products on the height at: a) Dt =102 m?/s; 6) Dt = 0,1 m?/s.

It can be seen that a change in the coefficient of atmospheric turbulence
strongly changes the vertical profile of the volumetric activity of radon, thoron and
their decay products, especially near the earth's surface. With an increase in the
coefficient of turbulent diffusion from Dt = 107 to 0,1 m?/s there is a transition from
an exponential dependence of the volumetric activity of radon and daughter decay
products from altitude to a linear one, the values of the volumetric activity at the
earth's surface decrease by an order of magnitude. Decrease in D to values less than
10 m?/s will lead to an increase in the volumetric activity of radon and thoron near
the earth's surface to values of more than 200 Bg/m?.

The influence of changes in the vertical speed and direction of the wind on the
vertical profiles of the volumetric activity of radon isotopes and daughter decay
products are shown in Figure 7. The direction of the wind speed with a positive value
coincides with the direction of the z axis, negative values show that the wind is
directed towards the earth's surface.

With an increase in the wind directed upward from the earth's surface, there is
a strong decrease in the volumetric activity of radon isotopes and daughter decay
products at the earth's surface and the leveling of radionuclide concentrations along
the height.
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Figure 9 - Change in height at different wind speed and direction of

volumetric activity a) radon; b) thoron [1]

Wind strongly changes the vertical profile of the volumetric activity of radon
isotopes and decay products. The wind directed towards the earth's surface reduces
the activity of radon isotopes and daughter decay products at high altitudes and,
conversely, greatly increases and compares their activities at the earth's surface.

The effect of the speed and direction of the vertebral wind on the equilibrium
coefficient of radon and thoron are shown in Fig. 9, from article [18] it was obtained
that the violation of radioactive equilibrium occurs mainly with the wind directed
from the earth's surface, and increases with its strengthening.

The wind blowing from top to bottom, on the contrary, restores the
radioactive balance between radionuclides. For the coefficient of radioactive
equilibrium between thoron and DDP, a completely different dependence is
observed.

The activity of thoron near the earth's surface can exceed the activity of its
decay products by several orders of magnitude. At a certain altitude in a very small
air layer, their activities are compared, and then the thoron completely disintegrates.
Thus, thoron and its decay products are almost never in radioactive equilibrium in the
atmosphere.

The wind directed to the earth's surface reduces the activity of radon and
DDP isotopes at high altitudes and, conversely, greatly increases and compares their
VA at the earth's surface. With an increase in the wind directed upward from the

earth's surface, there is a significant decrease in the VA of radon isotopes and DDP at
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the earth's surface and the leveling of the concentration of radionuclides along the
height.
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Figure 10 - Change with height of the coefficient of radioactive equilibrium
depending on the speed of the vertical wind a) between radon and DDP; b) between
thoron and DDP. [18]

1.1.5 Conclusion on the first chapter

Soil is the main source of radon in the surface atmosphere.

The ground-level radon concentration can vary greatly (by a factor of 2 or
more) during the day, which is caused by daily changes in vertical turbulent mixing in
the atmosphere, advection, and the magnitude of the radon flux from the soil.

As a result of an analysis of the literature, it was revealed that there is a daily
maximum concentration, which is observed when the atmosphere is the least mobile,
and a minimum, which is observed during the day, when vertical mixing of air due to
turbulent diffusion have maximum value.

The power and intensity of the inversion are characterized by significant
seasonal variability. The climate characteristics of each different region directly
affect the seasonal variations in radon. In a continental climate and in some coastal
regions of the world, the maximum power and intensity of the inversion are observed
in winter and minimums in summer. Ground-level inversions of low power are more

often observed in the warm season, and more powerful ones - in the cold.
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Vertical wind strongly changes the vertical profile of the volumetric activity
of radon isotopes and decay products. The wind directed towards the earth's surface
reduces the activity of radon isotopes and daughter decay products at high altitudes
and, conversely, greatly increases and compares their activities at the earth's surface.

Violation of radioactive equilibrium occurs mainly with the wind directed

from the earth's surface, and increases with its strengthening.
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Chapter 2 Methods and instruments for measuring alpha-activity in the surface

atmosphere
2.1 Methods for measuring alpha radiation flux density

As you know, the natural radioactive gas radon is a decay product of radium,
which, in turn, appeared as a result of the decay of uranium-238 [5].

Firstly, radon, as a radiogenic gas, is continuously generated in rocks during
radioactive decay, that is, it is always present in any mountain range, and its
concentration decreases both due to decay (the half-life of radon is 3.825 days) and
due to migration from the massif into the air is constantly compensated by the new
generation of this gas. IToaToMy cpenHee cojaep:kaHWe pajoHa B MacCHBE BCErja
MOCTOSIHHO M OTIpeJIeIsieTCs KOHIIEHTpalle ypaHa (paaus) B 9TOM MacCHBE.

Secondly, the migration of radon in the mountain range and its release from
the soil surface are determined by the macroscopic diffusion coefficient, which
depends on many factors. The most important of these are porosity, permeability and
fracturing. In the presence of fracturing (permeability) of the upper part of the massif
and ascending gas flows, convection transport of radon with gas jets can be carried
out from depths of up to 200 m [3].

Thirdly, despite the fact that the content of radon in these streams is
negligible, there are no problems with its registration due to its radioactivity. For
example, radon is reliably detected when there are approximately 30-50 decays per
second in one cubic meter, that is, the radon activity is 30-50 Bg/m?. This means that
one cubic meter contains (0.2-0.3)-107 radon atoms, or its concentration in the gas
mixture is about 10-16%.

The permeability of the rock mass, the presence of interconnected pores and
cracks in it, significantly depends on the stress-strain state of the rock mass.
Obviously, when the mass is compressed, its permeability decreases, and when
unloading, it increases. The apparent diffusion coefficient changes accordingly.
Consequently, dynamic changes in the concentration of radon in the near-surface

layer of the soil will reflect dynamic changes in the stress-strain state of the rock
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mass in a significant amount. These factors served as the basis for studying the field
of variations in radon exhalation as a short-term precursor of seismic events.

The specificity of measurements of alpha activity is due to the fact that the
range of emitted alpha particles in the detector substance, as in the substance of a
solid sample, is very limited, usually no more than 70 um. This limits the maximum
effective layer thickness of the sample to be measured. An increase in the sample
thickness does not lead to an increase in the minimum measurable activity by this
detector.

Known methods for measuring the total alpha activity in air, water and soil
include several stages: sampling, preparation of counting samples, measuring the
counting rate of samples on a radiometric installation, determining the initial activity
of OOS based on the results of measuring the test sample, or by comparing the
counting rates counting sample and comparison sample. In radiometric installations,
as a rule, scintillation and semiconductor detectors are used..

When preparing samples, the initial material of samples with the total specific
alpha activity of radionuclides and mass goes through, depending on the specifics of
the sample, several processes: evaporation, concentration of radionuclides, chemical
co-precipitation, ashing, etc. As a result, its mass, in the general case, decreases to
Mcon, < Mprove. All Or part of this mass is used to make a counting sample (CS).

The complexity of sample preparation is mainly due to two circumstances: the
low range of alpha particles and the need to increase the mass content of
radionuclides in the samples to the minimum measurable activities when using one
method or another in the allotted period of a single measurement (usually 3 - 10
hours). This determines the high labor intensity and relatively low productivity when
conducting analyzes.

In the practice of measurements, methods of absolute and relative radiometry
are used.

Absolute radiometry - direct direct determination of the activity of an ionizing
radiation source without using any standard sample. Disadvantage - any direct

method of radiometry requires a priori information about the source: its composition,
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list of contained radionuclides, energy spectrum of radiation, density, etc. Based on
this, a number of corrections to the measurement results are introduced.

Relative radiometry is realized on the basis of comparing the measurement
results of the investigated source and the reference (standard, exemplary, with known
activity) source with a certified activity value. In this case, the structures of the
reference and investigated sources must be the same, the measurement conditions
must also be completely identical. This means that in the radiometry of the source
and the standard, the geometry and measurement modes must be fully reproduced
using the same radiometric equipment. Relative radiometry methods are convenient
for mass measurements of homogeneous sources, for example, for solving
environmental and medico-hygienic problems.

Measurements can be carried out using dielectric track detectors or a
radiometric installation.

The properties of track detectors make it possible to use them to measure total
alpha activity in almost all cases when other alpha radiometric methods are used.
However, there are a number of situations when the use of the tracking method is
preferable because of its higher sensitivity or for other reasons, for example, in the
case of measuring the background alpha activity in the presence of powerful fluxes of
B- and y-radiation. In addition, track detectors can repeat the shape of the surface
under study and can be made to any required size.

Thus, a comparison of methods for measuring the levels of alpha activity
using semiconductor, scintillation and track detectors shows that when carrying out
large-scale monitoring measurements, where the duration of measurements within
one to two months is not a limiting factor, it is advisable to use track detectors. An
important advantage of TDs is their high sensitivity, due to the possibility of a
multiple increase in the exposure time of the sample on the detector. At the same
time, the measurement process can run in parallel on tens and even hundreds of
samples. Simultaneous processing of all detectors significantly reduces the
complexity and duration of analysis per one counting sample. The high sensitivity of

track detectors makes it possible to significantly simplify the sample preparation
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process, since the requirements for the degree of concentration of the studied
radionuclide are significantly reduced.

According to the method of recording radioactive radiation, radiometric
methods are divided into ionization (measurement of the general ionization effect of
radiation) and pulsed (counting the number of particles of o or  radiation or quanta
of y radiation). The distribution of activity over the surface of the studied volume is
usually determined by the method of photoemulsion autoradiography [4].

Radiometric methods are also distinguished by the method of source
preparation, by the geometry of measurements, by the physical phenomena used.

The first group includes methods: "infinitely thin" and "infinitely thick"
layers, "transferring the label to gas”, "complete evaporation of samples".

The second group includes methods of a certain solid angle and "4x-
counting”.

The third group of methods includes calorimetric, gravimetric, liquid
scintillation counting, methods of internal filling counters, ionization chambers, mass
spectrometric, emission spectral, coincidence method, etc.

Modern radiometric devices make it possible to automatically measure
hundreds of radioactive preparations according to a given program with processing
the measurement results using a computer.

Radiometry is widely used in solving a wide variety of problems - from

research using tagged atoms to determining the age of rocks and in archeology.
2.1.1 Direct measurements

In order to make direct measurements of alpha, beta and photons of
background activity, tools and methods provide the required detection sensitivity.
Instrument type and direct measurement method are selected by identifying the type
of potential contamination, the sensitivity measurement requirements, and the
objectives of the radiological survey. Direct measurements are taken by placing the
instrument at an appropriate distance above the surface, at least a reasonable height of

50 m, away from obstructions such as buildings, trees, etc. At this altitude,
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measurements are taken over a predetermined time interval (eg 10 sec, 60 sec, etc.).
The minified integrated counting method is a practical field survey procedure for
most equipment and provides detection sensitivity. Alternatively, direct

measurements can be carried out on-site systematic surveys and scan reviews.
2.1.2 Measuring instruments and sensors

A portable germanium detector or gamma spectrometer can be used to
estimate the concentration of gamma-emitting radionuclides in the field. As in the
laboratory, based on a germanium detector with a multichannel analyzer, gamma
spectrometry can be distinguished among various radionuclides gamma and X-ray

energy to provide specific measurement of nuclides.

Figure 11 — CPI1-68-01 radiometer: 1 — measuring board, 2 — detection head

A calibrated detector measures the flux density of primary photons at specific
energies specific to a specific radionuclide (NRC 1995b). This measure of energy
density can then be converted to concentration units. Under certain conditions, the
energy density indicator can be dosed directly. The indicator of energy density should
be considered the main parameter for assessing the level of radiation in a certain
place, since it is a directly measurable physical quantity.

One of the most common in the exploration industry is CPII-68-01. The
number "01" means that the device is intended for pedestrian gamma shooting. There
Is also CPII-68-02, used for gamma ray wells, CPII-68-03 used for blasthole gamma
shooting. CPII-68 are highly reliable and easy to use. Also used devices CPII-88,
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lighter, smaller and equipped with a digital display from which the measured values

are taken. CPII-88 has a larger measuring range.

2.2 Alpha radiation detection unit BIITA-01

BDPA-01 is a highly sensitive scintillation detector designed to measure the
flux density of alpha particles from contaminated surfaces in the range from 0.1 part
min-1 cm-2.

Features:

- High sensitivity and wide range

- Fast adaptation to changing radiation field

- Search for sources of alpha radiation

- Is an intelligent detection unit (RS232 interface)

- Built-in LED stabilization system

- Ability to operate over a wide temperature range in the field (1IP64)

- Storage in the nonvolatile memory of the device and transfer to the PC up to

500 measured sectors

Figure 12 - B/IITA-01 alpha detection unit
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2.2.1 Conclusion on the second chapter

The main radiometers for measuring the VA of radon, thoron and detectors of
the flux density of alpha and beta radiation were considered.

The analysis of the above radiometers manufactured in the Russian Federation
and abroad allowed us to conclude that all of them are not intended for automated

year-round monitoring, and in cold periods of time (from -15°C and below) require

special protection
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Chapter 3 Experimental data and their analysis.
3.1 peculiarities in the dynamics of atmospheric alpha radioactivity

One of the factors causing disturbances in the change in the concentration of
alpha activity in the atmosphere can be a change in the stress state of rock massifs,
which can lead to a tectonic earthquake or explosion-like destruction of an extremely
stressed part of the rock in a mine working in deep mines. The scales of these
phenomena are different in spatial and energy coordinates, but the physics of the
phenomena is practically the same: with an increase in the stress state of rocks above
a certain limit, irreversible changes in the structure of the rock mass begin. Dynamic
changes in the structure of rocks associated with a change in their stress state,
respectively, cause changes in time in the magnitude of radon exhalation [4].

Experiments carried out at the Severouralsky bauxite mine (SUBM) in mines
at depths of 300 to 600 m showed that dynamic changes in the stress state of the rock
mass cause changes in time in the magnitude of radon exhalation. Moreover,
depending on the distance from the observation point to the epicenter of the future
seismic event, these changes have a different character.

In the immediate vicinity of the epicenter of the future rock burst, the
emission of radon from the rock mass decreases. A noticeable decrease in the radon
content preceding a rock burst can begin 15-20 hours before the moment of a rock
burst and is observed within a radius of up to 100 m from the coordinates of the
future epicenter; therefore, the zone of dynamic reduction of radon emission will be
conventionally called the compression zone or the "near" zone.

At a distance of more than 500 m from the future epicenter of the rock burst,
the change in the radon concentration in the observation well is different. The rock
burst is preceded not by a decrease, but by a sharp increase (by 8-10 times) in the
radon content in the observation borehole, and the rock burst follows after the
passage of the maximum radon concentration in time. This observation area has been

called the stretch zone or "far" zone. Accordingly, there is also a certain intermediate
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zone (approximately from 100 to 500 m), in which there are practically no changes in
the radon concentration in the observation well.

Thus, the phenomenon of spatial zoning of radon emission was discovered
depending on the distance to the future epicenter of the seismic event. At the same
time, spatial changes in the dynamics of radon emission are clearly nonlinear.

In 1976-1985, the US Geological Survey conducted a unique experiment in
Central California to register the release of radon from a rock mass. Registration was
carried out at 60 observation points located along the earth's crustal faults known for
their seismicity: San Andreas, Hayward, Calaveras (Fig. 1). The availability of a
large amount of data on the study area along the San Andreas fault made it possible
to build maps of the retrospective (studied after the event) dynamic changes in radon
concentration before a seismic event.

When constructing these maps, the following principle was used. For each
observation station, the dynamics of changes in radon concentration before a seismic
event was determined: a decrease, an increase, or an indefinite change; observation
stations with one feature were combined into one zone, and between stations with
different features, the border of zones was drawn at distances equal to half the
distance between these stations. Then, stations were marked on the map, within
which this seismic event was recorded, and only then the epicenter of this earthquake
was plotted on the map.

As an example, let us consider the maps of dynamic changes in radon
concentration (Fig. 2), which were constructed for the main seismic events of these
years. As can be seen from the graphs in Fig. 2, at stations 42, 44, 45, 46, 47, 49,
there is a tendency towards a decrease in radon emission from the massif. The
indicated trend is distorted at certain time intervals by a sharp increase in
concentration, which is associated with local earthquakes with a magnitude less than
3. Due to their low energy, such seismic events, as a rule, are not included in the
catalogs, but they are of significant importance in the analysis of the earthquake
preparation process. The considered behavior of radon indicates (by analogy with the

results obtained in deep mines) the presence of compression in the zone of the
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location of the indicated observation points. The radius of this zone is approximately
28-30 km.

The behavior of the radon concentration curve outside the specified zone is
significantly different. In some zones, there is a tendency to an increase in the
concentration of radon, which is associated (by analogy with the results obtained in
deep mines) with the presence of tensile forces, in others it is impossible to note any
characteristic changes. Interestingly, only one compression zone is observed, located
near the epicenter of the future earthquake, and several extension zones far from the
epicenter. This is probably due to the alternation of loading and unloading zones at
the top of the array.

It is interesting to consider changes in radon concentration along profiles
associated with major tectonic faults. For this purpose, the entire study area, more
than 350 km long, was conditionally divided by 40 pickets into equal parts and the
spatial-temporal behavior of radon along each of the selected fault profiles was
analyzed: San Andreas, Hayward, Calaveras. The results of this analysis are shown in
Fig. 3.

From the graphs in Fig. 3 it follows that in the direction southeast of the city
of Santa Rose (see Fig. 1) at a distance of 60-100 km along all three profiles there is a
zone of anomalous decrease in radon concentration. Based on these results, it is
possible to draw a conclusion about a possible earthquake with an epicenter located
in this area, which is based on two known facts: 1) a decrease in radon exhalation is
associated with an increase in the stress state of the massif (compression of the
massif), 2) tectonic earthquakes are observed mainly in zones compression.

Three consecutive earthquakes (01.VIII, 05.VIIlI and 10.VIII 1979) with
magnitudes of 4.0, 5.8 and 4.2, respectively, whose epicenters are located in close
proximity to each other, cause a dynamic decrease in radon concentration before the
seismic event on a large area (Fig. 4). The insignificant time difference between these
events does not affect the radon concentration due to the relatively long exposure
time of the track detector recording it. The maximum magnitude of the shock on

August 5, 1979 is 5.8, so the area of preparation for the earthquake ("near" zone) is
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quite large - at least 100 km in length. To the north and south of the designated
compression zone, as before, there are zones of alternating unloading [1].

Within the compression zone (region 4 in Fig. 4), a characteristic decrease in
radon concentration is observed. Moreover, at points where the energy of local
earthquakes is low, the concentration of radon decreases by 5-8 times (stations 39,
10, 12, 15). Outside the compression zone (stations 34 and 21), the behavior of radon
Is significantly different. If at station 34 there is an increase in the concentration of
radon, which is typical for the extension zone, then at station 21 the behavior of radon
has no characteristic features (intermediate zone).

Two seismic events (20 and 25 January 1980) occurred almost simultaneously
with the epicenters located at almost the same point (Fig. 5). The magnitudes of these
events are 5.8 and 5.3, respectively. The dynamic decrease in radon concentration
preceding these earthquakes is similar to the previous case and is noted over a large
area with a length of at least 100 km and a width of more than 60 km.,

In the "far" zone from the epicenter (southeastern part of the San Andreas
fault), there is an alternation of zones similar to that described earlier, with changes
characteristic of the "far" and intermediate zones of earthquake preparation, which
can also be explained by the alternation of zones of loading and unloading of the

upper part of the rocks.
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3.2 correlation and regression analysis of radiation and meteorological

values

alpha particle flux density
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Figure 13 - Dynamics of alpha background during May-October period
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Figure 14 - Dynamics of the alpha background
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Figure 15 - Dynamics of the pressure
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Dynamics of temperature
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Figure 16 - Dynamics of the temperature

Dynamics of humidity
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Figure 17 - Dynamics of the humidity
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Figure 18 - Dynamics of the wind velocity
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. y = 9E-05x + 0.007
Correlation between alpha background and temperature r*=0.0185
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Figure 19 - Correlation between alpha background and temperature
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Figure 20 - Correlation between alpha background and pressure
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Figure 21 - Correlation between alpha background and humidity

Correlation between alpha background and wind velocity
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Figure 22 - Correlation between alpha background and wind velocity

3.3 conclusion on chapter 3

The correlation coefficients between the alpha background, temperature,
relative humidity, wind speed, taking into account precipitation, turned out to be
insignificant (0.14, -0.17 and -0.05, 0.08, respectively).

To sum up, it is difficult to draw conclusions about the relationship between

the alpha background and meteorological values.

Chapter 4 Financial management, resource efficiency and resource saving

One of the most essential features in any research work is financial
management. For every project or research to be started and completed successfully,
one has to have a fair knowledge about financial management. Financial management
can basically be defined as the process of organizing, directing, controlling,
monitoring and strategic planning of financial resources of an institute or an
organization, in order to achieve a set of goals and objectives. Application of
management principles to financial resources of the institute or organisation plays a

very vital part in financial management. Finance or money plays an essential role
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when it comes to the management of a business because it is needed in order to meet
the requirements of the economic world and in addition, every business requires
money in order to survive. No matter how small or big a business is, money needs to
be put into it so as to keep it running, achieve a set of goals and gain more profit. The
main aim of every businessman is to gain lots of profit, no one wants to do a business
that would fail or would not generate profits hence to achieve this, one has to manage
his or her finance properly.

The purpose of this section “Financial Management, Resource Efficiency and
Resource Saving” discusses the issues of competitiveness, resource efficiency and
resource saving, as well as financial costs regarding the object of study of Master's
thesis. Competitiveness analysis is carried out for this purpose. SWOT analysis helps
to identify strengths, weaknesses, opportunities and threats associated with the
project, and give an idea of working with them in each particular case. For the
development of the project requires funds that go to the salaries of project
participants and the necessary equipment, a complete list is given in the relevant
section. The calculation of the resource efficiency indicator helps to make a final
assessment of the technical decision on individual criteria and in general.

In addition, it would help determine the accomplishment of the research work
so as to develop a mechanism for managing and supporting specific project solutions
at the implementation stage of the project lifecycle to increase productivity. The
financial management solves the following objectives:

Planning and preparation of research work.

Budget calculation for research work.

Development of evaluation of commercial potential.
4.1 Competitiveness analysis of technical solutions

In order to find sources of financing for the project, it is necessary, first, to
determine the commercial value of the work. Analysis of competitive technical

solutions in terms of resource efficiency and resource saving allows to evaluate the
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comparative effectiveness of scientific development. This analysis is advisable to
carry out using an evaluation card.

The monitoring ad measuring of radiation level in the environment has
become a very important factor in our world today and this can be achieved by using
an appropriate device or equipment known as the radiation detector. Scintillation
detectors are mostly used for measuring radiation outdoor and are mostly affected by
environmental conditions such as temperature. Since radiation detectors are been
developed most often, it is important to find the most effective and accurate method
for estimating the correct algorithm for calculating dose rate under different
environmental condition, especially at different temperature range, taking into
consideration low cost. This algorithm must be able to calculate radiation dose rate at
both low and high levels. In this work, a method with a very low cost was chosen to
investigate the effect of ambient temperature on the readings of low gamma
background radiation and to obtain a temperature correction factor that can be used to
calculate the results of low gamma background radiation obtained from the
scintillation detector. These methods include:

The use of climatic chamber to depict the environmental conditions for
different temperature range.

The use of an inorganic scintillation detector and laptop to measure dose rate
and count rate at low background gamma radiation.

The use of excel software to analysis the results.

The scintillation detector (BDKG-03) was used because that is the radiation
detector used in TPU for gamma radiation monitoring. An experiment conducted
showed that the scintillation detector (BDKG-03) is the best Dosimetric method
sensitive to background radiation because it had a smaller standard deviation
compared to the gas discharge counter.

There are different sources of low background radiation that can be used as a
source to calibrate radiation detectors that are used for monitoring in the
environment. For this research, two sources can be considered:

Gamma background radiation — Ps.
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Low radioactive source — P;.

First of all, it is necessary to analyze possible technical solutions and choose

the best one based on the considered technical and economic criteria.

Evaluation map analysis presented in Table 1. The position of your research

and competitors is evaluated for each indicator by you on a five-point scale, where 1

Is the weakest position and 5 is the strongest. The weights of indicators determined

by you in the amount should be 1. Analysis of competitive technical solutions is

determined by the formula:
C=2 W,
(4.1)

C - the competitiveness of research or a competitor;

Wi- criterion weight;

Pi — point of i-th criteria.

You can use the following criteria for the model of expert evaluation:

noise immunity;

set of terminals relay protection;
reliability of relay protection;
smart interface quality;

energy efficiency;

ease of operation;

ability to connect to PC;
estimated lifetime;

safety;

etc.

Table 4.1 Evaluation map

Evaluation criteria
Criterion Points
Example weight

Competitiveness
Taking into account
weight coefficients

Cr C;
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Technical criteria for evaluating resource efficiency

1. Energy efficiency |0.1 4 3 0.4 0.3
2. Reliability 0.2 5 4 1 0.8
3. Safety 0.2 5 4 1 0.8
4. Functional capacity

0.1 5 5 0.5 0.5
Economic criteria for performance evaluation
1. Development cost | 0.1 5 4 0.5 0.4
2. Market penetration 01 3 4 0.3 0.4
rate
3. Expected lifecycle |0.2 5 4 1 0.8
Total 1 32 28 4.7 4.0

The results of the competitiveness analysis shows that gamma background

radiation have the highest value of competitiveness. This shows that they are the best

option to choose when investigating the effect of ambient temperature on the readings

of low gamma background radiation in order to obtain a temperature correction factor

that can be used to calculate the results of low gamma background radiation.
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4.2 SWOT analysis

Complex analysis solution with the greatest competitiveness is carried out

with the method of the SWOT analysis: Strengths, Weaknesses, Opportunities and

Threats. The analysis has several stages. The first stage consists of describing the

strengths and weaknesses of the project, identifying opportunities and threats to the

project that have emerged or may appear in its external environment. The second

stage consists of identifying the compatibility of the strengths and weaknesses of the

project with the external

environmental

conditions.

incompatibility should help to identify what strategic changes are needed.

Table 4.2 SWOT analysis

Strengths:

S1. Low cost.

S2. Simplicity of method.
S3. Reliability of results
obtained.

S4.Small relative error
for both the dose rate and
the count rate.

S4. Very safe.

S5. Very important factor
for all radiation detectors.

Weaknesses:

W1. Taking measurement
and analyzing takes lots of
time.

W?2. Difficulty in
regulating the climatic
chamber to get the actual
temperature.

W3. Need to know how to
operate the detector and
climatic chamber
technically.

W4. Software sometimes
take long to open.

Opportunities:
O1.Data can be used to
calculate dose rate for
low background
radiation in BDKG -03
scintillation detector.
0O2. Research institute
could use the method to
find the influence of
ambient temperature on
gamma background

Strategy which based
on

strengths and
opportunities:

1. Obtained a method,
which can be used to
calibrate dose rate in
radiation detectors.

Strategy which based on
weaknesses and
opportunities:

Regulating of climatic
chamber to attain the
actual temperature for
measurement.

This compatibility or
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radiation of any
radiation detector used
outdoor.

0O3. Researchers can use
the method can be used
to estimate the algorithm
for calculating dose rate
under the influence of
different temperature
range.

Threats:

T1. Lack of financial
support in purchasing of
equipment.

T2. Lack of demand
since it is needed only
after development of a
radiation detector.

T3. Need of a climatic
chamber to depict the
environmental weather
conditions.

Strategy which based
on
strengths and threats:

Finding another
equipment that can
replace the climatic
chamber to depict the
environmental condition
accurately.

Strategy which based on
weaknesses and threats:

Not being able to
complete project due to
lack of financial support
and lack of climatic
chamber.

4.3 Project Initiation

The initiation process group consists of processes that are performed to define

a new project or a new phase of an existing one. In the initiation processes, the initial

purpose and content are determined and the initial financial resources are fixed. The

internal and external stakeholders of the project who will interact and influence the

overall result of the research project are determined.
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4.3.1 Objectives and Outcomes of Project

Table 4.4 Purpose and results of the project

Purpose of project:

To investigate the effect of ambient temperature on the
readings of low gamma background radiation and to
obtain a temperature correction factor that can be used
to calculate the results of dose rate for low gamma
background radiation obtained from scintillation
detector (BDKG-03).

Expected results of the
project:

The factory’s temperature correction coefficient inside
the detector (BDKG — 03) to be incorrect for low
gamma background radiation.

The factory’s algorithm for calculating of dose rate for
low background radiation to be incorrect.

Criteria for acceptance of
the project result:

Validation of results by using the obtained algorithm
for calculating of dose rate to recalculate measurement
obtained in Tomsk for different temperatures and
getting the same values independent of the
temperature range.

Requirements for the
project result:

Agreement between the results of project and the
results of other authors on similar works.

Industrial application. The results would help address
the stabilization of temperature correction factor in
scintillation detectors.

Technical specification: To be able to measure the
correct gamma dose rate at an area, effective
stabilization of detectors at any environmental
condition especially change in temperature is needed
so as not to cause fluctuations in results. This is
obtained by following laid down procedures and
standard already established for evaluation and
performance of radiation detection portal monitors.
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4.3.2 Project Participants

The organizational structure of the project involves all participants or people

who participated in the research work, the number of hours they spent and the roles

they played in the research. In this research work, there were two participants.

- Scientific supervisor

- Engineer

Table 4.5 Structure of the project

student of the
Nuclear Science
and Technology
department at
TPU.

and researching of
literature review.
Collecting of data and
analysing of results.

Labor time,
hours
Ne | Participant Role in the project | Functions (working
days (from
table 7) x 6
hours)
1 | Scientific Head of project Formulating of 48%6 = 288
Supervisor — A research topic and
professor and a giving directions of
lecture of the how to achieve the
Nuclear Science main aim. Ensuring
and Technology that all task pertaining
department at to the main objectives
TPU. are done on time.
Verification of results
obtained.
2 | Engineer — A Executor Performing of task 82x6 = 492
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4.3.3 Project limitations and Assumptions

Project limitations are all factors that can be as a restriction on the degree of

freedom of the project team members.

Table 4.6 Project limitations

Factors Limitations / Assumptions
3.1. Project's budget 326530.74
3.1.1. Source of financing TPU

3.2. Project timeline:

25/05/2020 to 25/05/2021

3.2.1. Date of approval of plan of project

25/05/2021

3.2.2. Completion date

25/05/2021

6.3.4 Project Schedule

As part of planning a science project, you need to build a project timeline and

a Gantt Chart.
Table 4.7. Project Schedule
Duration, Date of
Job title working days Start date : Participants
completion
Development Scientific
of the technical | 6 1/02/2021 | 7/02/2021 .
Supervisor
task
Drafting and
approval of | 44 700212021 | 21/02/2021 | SCENtifiC
terms of Supervisor
reference
Choosing of a Scientific
research 2 21/02/2021 | 24/02/2021 | Supervisor,
direction Engineer
Collection and
study of 24 24/02/2021 | 24/03/2021 | Engineer
literature
Choosing of Scientific
experimental 2 24/03/2021 | 25/03/2021 | Supervisor,
method Engineer
Choosingofa |2 25/03/2021 | 26/03/2021 | Scientific
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place to supervisor
conduct
research
Conducting of
experiment to
collect data of
count rate and
doserateof | 26/08/2021 | 29/03/2021 | Engineer
gamma
radiation using
the BDKG-03
and climatic
chamber
: Engineer,
Analysis of 1, ¢ 20/03/2021 | 16/04/2021 | Scientific
results obtained .
supervisor
Summary of Scientific
4 16/04/2021 | 20/04/2021 | Supervisor,
results :
Engineer
Checking and Scientific
assessment of |4 20/04/2021 | 23/04/2021 | supervisor,
results Engineer
Compilation of
results for 7 23/04/2021 | 2/04/2021 Engineer
report
Preparation of | , 2/05/2021 | 6/05/2021 | Engineer
report
Defence 16 6/05/2021 | 25/05/2021 | Engineer
preparation

A Gantt chart, or harmonogram, is a type of bar chart that illustrates a project

schedule. This chart lists the tasks to be performed on the vertical axis, and time

intervals on the horizontal axis. The width of the horizontal bars in the graph shows

the duration of each activity.
Table 4.8 A Gantt chart

T, Duration of the project
Ne | Activities Participants | da | February | March April May
S l1(2(3]1|2(3[1]2|3]1 3
1 | Development | Scientific |6 §
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of the Supervisor
technical task
Drafting and N
5 approval of Scientific 11 \\
terms of Supervisor k
reference
Choosing of a | Scientific N
3 | research Supervisor, | 2
direction Engineer
Collection
4 | and study of | Engineer 24 -
literature
Choosing of | Scientific I
5 | experimental | Supervisor, |2 S
method Engineer
Choosing of a
place to Scientific E
6 : 2
conduct supervisor
research
Conducting of
experiment to
collect data of
count rate and
dose rate of
7 | gamma Engineer 3
radiation
using the
BDKG-03
and climatic
chamber
Analysis of Engineer,
8 | results Scientific | 16
obtained supervisor
Scientific
Summary of :
9 Supervisor, | 4 .
results Enai
ngineer
Checking and | Scientific
10 | assessment of | supervisor, |4 \
results Engineer I
11 Compilation Engineer 7

of results for
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report

Preparation of
report
Defence

13 : Engineer 16
preparation

12 Engineer 4

Scientific Supervisor Engineer

N I

4.4 Scientific and technical research budget

The amount of costs associated with the implementation of this work is the
basis for the formation of the project budget. This budget will be presented as the
lower limit of project costs when forming a contract with the customer.

To form the final cost value, all calculated costs for individual items related to
the manager and the student are summed.

In the process of budgeting, the following grouping of costs by items is used:

- Material costs of scientific and technical research;

- costs of special equipment for scientific work (Depreciation of equipment
used for design);

- basic salary;

- additional salary;

- labor tax;

- overhead.
4.4.1 Calculation of material costs
The calculation of material costs is carried out according to the formula:

consi

C,=(1+k,)-D P -N

(4.2)

where
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m — the number of types of material resources consumed in the

performance of scientific research;

Nconsi — the amount of material resources of the i-th species planned to be used

when performing scientific research (units, kg, m, m?, etc.);

Pi — the acquisition price of a unit of the i-th type of material resources

consumed (rub./units, rub./kg, rub./m, rub./m?, etc.);

kr— coefficient taking into account transportation costs.

Prices for material resources can be set according to data posted on relevant

websites on the Internet by manufacturers (or supplier organizations).

Table 4.9 Material costs

£
> o)
Name = < s =
= 2 | 84 g 2
5 | < | £33 =8
Office supplies - 1 1000 | 1000.00
Transportation Unit |8 100 800.00
Printing Unit (200 |4 800.00
Total 2600.00

4.4.2 Calculation of the depreciation.

Depreciation is not charged if an equipment cost is less than 40 thousand

rubles, its cost is taken into account in full.

If you use available equipment, then you need to calculate depreciation:

A= CnepB*Ha
100

(4.3)
A - annual amount of depreciation;

Chepe - Initial cost of the equipment;

100
H, =

- rate of depreciation;

CJa

T.. - life expectancy.
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For this research, a gamma radiation detector (BDKG-03), a climatic chamber

and a laptop, which cost 118000 rubles, 400000 and 30000 respectively, were used.

The gamma detector and the laptop both had a life expectancy of 5 years whiles that

of the climatic chamber was 10 years. The depreciation for the gamma detector,

climatic chamber and laptop can be calculated as follows:

(4.4)

(4.5)

(4.6)

(4.7)

(4.8)

(4.9)

Gamma detector:

__ Cost
" Time
118000 rubles
D= = 64.66
5%X365 day

Since the equipment was used for 3 days
A = 64.66 X 3 = 193.97 rubles

Climatic chamber:

__ Cost
" Time
400000 rubles
D= = 109.589
10%x365 day

Since the equipment was used for 3 days
A = 109.589 x 3 = 328.767 rubles

Table 4.10 Depreciation of special equipment (+software)

Depreciation
: Quantity Total cost of | Life for the
equipment : .
. e of equipment, expectancy, | duration of
identification : .
equipment | rub. year the project,
rub.
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Scintillation 1 118000
gamma
1. | radiation 10 193.97
detector
(BDKG-03)
5 Climatic 1 400000 10 398.77
chamber
3 | Laptop 1 30000 - 30000
Total 30522.74

4.4.3 Basic salary

This point includes the basic salary of participants directly involved in the
implementation of work on this research. The value of salary costs is determined
based on the labor intensity of the work performed and the current salary system

The basic salary (Sp) is calculated according to the formula:

Sp=Sa-Tw
4.10)
where Sb — basic salary per participant;

Tw — the duration of the work performed by the scientific and technical
worker, working days;

Sq - the average daily salary of an participant, rub.

The average daily salary is calculated by the formula:

S, = S,-M (
F 4.11)
where,
S

m — monthly salary of a participant, rubles;
M — the number of months of work without leave during the year:

at holiday in 48 days, M = 11.2 months, 6 day per week;

Fv_ valid annual fund of working time of scientific and technical personnel
(251 days).
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Table 4.11 The valid annual fund of working time

Working time indicators

Calendar number of days 365
The number of non-working days

- weekend 52
- holidays 14

Loss of working time

- vacation 48

- isolation period
- sick absence

The valid annual fund of working time 251
Monthly salary is calculated by formula:
Smonth = Sbase ) ( kpremium + kbonus ) ) kreg )
4.12)
where, Spase — base salary, rubles;
Koremium — premium rate;
Kponus — bONUS rate;
kreg — regional rate.
Table 4.12 Calculation of the base salaries
1,
work
Shase, _ Smonth, Wy, dayS Whase,
Performers | bles Kpremium Koo Kreg rub. rub.  |(from | rub.
table
7)
Scientific
: 40000 52000 1784.86(48 |85673.28
Supervisor ) ) 13
Engineer 19870 25831 886.63 |82 |72703.66
Total 158376.94
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4.4.4 Additional salary

This point includes the amount of payments stipulated by the legislation on
labor, for example, payment of regular and additional holidays; payment of time
associated with state and public duties; payment for work experience, etc.

Additional salaries are calculated on the basis of 10-15% of the base salary of

workers:

‘W

Wadd — k base - (4-13)

where,

extra

Wagq — additional salary, rubles;

Kexira — additional salary coefficient (10%);
Whase — base salary, rubles.
Table 13. Additional Salary

Participant Additional Salary, rubles
Scientific Supervisor 8567.32

Engineer 7270.37

Total 15837.69

4.4.5 Labor tax

Tax to extra-budgetary funds are compulsory according to the norms
established by the legislation of the Russian Federation to the state social insurance
(SIF), pension fund (PF) and medical insurance (FCMIF) from the costs of workers.

Payment to extra-budgetary funds is determined of the formula:
Prociat =Ky - (W,

where,

+W_, ) (4.14)

ase

k, — coefficient of deductions for labor tax.

In accordance with the Federal law of July 24, 2009 No. 212-FL, the amount
of insurance contributions is set at 30%. Institutions conducting educational and
scientific activities have rate - 27.1%.

Table 4.14 Labor tax
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Project leader Engineer
Coefficient of deductions 27.1%
Salary (basic and additional), 94240.60 79974.03
rubles
Labor tax, rubles 25444.96 21672.96
Total 47117.92

4.4.6 Overhead costs

Overhead costs include other management and maintenance costs that can be
allocated directly to the project. In addition, this includes expenses for the
maintenance, operation and repair of equipment, production tools and equipment,
buildings, structures, etc.

Overhead costs account from 30% to 90% of the amount of base and
additional salary of employees.

Overhead is calculated according to the formula:

Cov = kov ) (VVbase + W ) (4.15)
where,
kov — overhead rate.
Table 4.15 Overhead
Project leader Engineer

Overhead rate 40%
Salary, rubles 94240.60 79974.03
Overhead, rubles 37696.24 31989.61
Total 69685.85
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4.4.7 Other direct costs

Energy costs for equipment are calculated by the formula:

C=PR,-P-Fy,
4.16)
where,
P, — power rates (5.8 rubles per 1 kWh);
P — power of equipment, kW;
F,, — equipment usage time, hours.
Table 4.16 Other direct costs
Pover | g time, 710
rates, kWh KW hr cost, rubles
Climatic chamber 5.8 0.5 24 69.60
Laptop 5.8 0.5 492 1426.80
Gamma radiation detector
(BDKG-03) 5.8 0.5 24 69.60
Total 1566.00

4.4.8 Formation of budget costs

The calculated cost of research is the basis for budgeting project costs.

Determining the budget for the scientific research is given in the table 4.17.

Table 4.17 Items expenses grouping

Name Cost, rubles
Material costs 2600.00
Equipment costs 30522.74
Basic salary 158376.94
Additional salary 15837.69
Labor tax 47117.92
Overhead 69685.85
Other direct costs 1566.00
Total planned costs 325707.14
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4.5 Evaluation of the comparative effectiveness of the project

Determination of efficiency is based on the calculation of the integral
indicator of the effectiveness of scientific research. Its finding is associated with the
definition of two weighted average values: financial efficiency and resource
efficiency.

The integral indicator of the financial efficiency of a scientific study is
obtained in the course of estimating the budget for the costs of three (or more)
variants of the execution of a scientific study. For this, the largest integral indicator of
the implementation of the technical problem is taken as the calculation base (as the
denominator), with which the financial values for all the options are correlated.

The integral financial measure of development is defined as:

r=S
e
i 4.17)
where,

E )
FE
P : .
— integral financial measure of development;

Ci — the cost of the i-th version;

Cmax — the maximum cost of execution of a research project (including
analogues).

As an analogue, the method of temperature stabilization of a radiation
detector is done by placing the detector in the climatic chamber and measuring the
dose rate and count rate of a gamma ray source.

The integral financial measure of development can be calculated as:

C;

Idf - Cmax
(4.18)
where,
Ci — the cost of the research work using gamma background radiation =

325707.14
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And Cpax— the maximum cost of execution of research project using a gamma
radioactive source = 400,000.00

jd4_ _ 32570714
f ™ 400000.00
(4.19)
19 =0.814
(4.20)
and
a _ Ci
I f B Cmax
(4.21)
4 _ 400000.00
f ™ 400000.00
(4.22)
Iaf = 1
(4.23)

The obtained value of the integral financial measure of development reflects
the corresponding numerical increase in the budget of development costs in times
(the value is greater than one), or the corresponding numerical reduction in the cost of
development in times (the value is less than one, but greater than zero).

¥ o]
. s
Since the development has one performance, then =1.

The integral indicator of the resource efficiency of the variants of the research

object can be determined as follows:

1° = Zn:aibj‘ l, = Zn:aibip
i=1 i=1

(4.24)

where,

L _ integral indicator of resource efficiency for the i-th version of the
development;

&i_ the weighting factor of the i-th version of the development;
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b* b

", B score rating of the i-th version of the development, is established by

an expert on the selected rating scale;

n —number of comparison parameters.

The calculation of the integral indicator of resource efficiency is presented in

the form of table 4.18.

Table 4.18 — Evaluation of the performance of the project

: Points
Weight

Criteria criterion y y
1. Energy efficiency 0.2 5 3
2. Reliability 0.1 4 4
3. Safety 0.2 5 5
4. Functional capacity 0.1 4 4
Economic criteria for performance evaluation

1. The cost of development 0.1 4 4
2. Market penetration rate 0.1 5 5
3. Expected life 0.1 4 4
4. After-sales service 0.1 4 5
Total 1 45 4.2

Iam = Zn: by’
i=1

(4.25)

1%, =(02x5)4+(0.1x4)+(02x5)+(0.1x4)+(0.1x4)+

(0.1 x5)+(0.1x4)+ (0.1 x4)

(4.26)

1%, =45
(4.27)

., =an:aibi“
(4.28)
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1P, =(02x%x3)+ (0.1 x4)+(0.2%x5)+ (0.1 x4)+ (0.1 x4)+
(0.1 x5)+(0.1x4)+ (0.1 x5)
(4.29)

P, =42
(4.30)

The integral indicator of the development efficiency (I2) is determined on the
basis of the integral indicator of resource efficiency and the integral financial

indicator using the formula:

5 If  S— 4.31
15 = ﬁl Iea = F II/ICI'I.Z = ];ucn.zz ( )

f f duHp

etc
(4.32)
]p
P, =—"+= =513
€ Idf 0.877 (4.33)
14 4.2 4.34
¢ e T

Comparison of the integral indicator of the current project efficiency and
analogues will determine the comparative efficiency. Comparative effectiveness of

the project:

7* (4.35)
F =t
[ I:
E, =22 =1221 (4.36)

Thus, the effectiveness of the development is presented in table 4.19.

Table 4.19 Efficiency of development
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Ne | Indicators Points

P a
1 | Integral financial measure of development 0.814 |1
2 | Integral indicator of resource efficiency of development 4.5 4.2
3 | Integral indicator of the development efficiency 1.221 |1

Comparison of the values of integral performance indicators allows us to
understand and choose a more effective solution to the technical problem from the

standpoint of financial and resource efficiency.
4.6 Conclusion

Thus, in this section was developed stages for design and create competitive
development that meet the requirements in the field of resource efficiency and
resource saving.

These stages include:

development of a common economic project idea, formation of a project
concept;

organization of work on a research project;

identification of possible research alternatives;

research planning;

assessing the commercial potential and prospects of scientific research from
the standpoint of resource efficiency and resource saving;

determination of resource (resource saving), financial, budget, social and

economic efficiency of the project.
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Chapter 5 Social Responsibility

As part of the final qualification work, the contribution made by radioactive
daughter products of radon decay ?*Pb and ?“Bi to the gamma background of the
surface layer of the atmosphere was assessed. The main part of the work was carried
out on a PC located in the laboratory room number 123 of the 10th TPU building.

The work consisted in modeling the dynamics of the gamma background and

the activity of 214Pb and ?'*Bi deposited on the earth's surface.

5.1 Assessment of harmful and dangerous factors

For the convenience of working in the room, it is necessary to standardize the
microclimate parameters, that is, it is necessary to carry out measures to control the
methods and means of protection against high and low temperatures, heating,
ventilation and air conditioning systems, artificial lighting, etc.

To maintain these sanitary standards, it is enough to have a natural
unorganized ventilation of the room and a local air conditioner of a complete air
conditioning unit, which ensures the constancy of temperature, relative humidity,
movement speed and air purity. To calculate the air exchange rate of a fan in a
laboratory with a volume of V =70 m3 (S = 20 m2, h = 3.5 m), which will circulate
air masses in the room, we use the formula

[27]: W =Vxk (5.1)

where k is the normalized air exchange rate (for laboratories k = 3).

Substituting the data into formula (5.1), we obtain the characteristic of the fan
air exchange rate:

M3

W=70*3=210_q

Thus, a VARP Alpha 210 x 270 fan with a capacity of 210 m3 / h must be

supplied to the classroom.
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Also, a central heating system is needed to provide the set temperature level
in winter according to [28]. In winter, a water heating system is used in the
auditorium to maintain the required temperature. This system is reliable in operation
and provides the ability to control temperature over a wide range. When installing a
ventilation and air conditioning system in the auditorium, certain fire safety
requirements must be observed. In winter, a heating system must be provided in the
room. It must provide sufficient, constant and uniform heating of the air. In rooms
with increased requirements for air purity, water heating should be used. To protect
the researcher from the harmful factor of deviation of microclimate indicators,
microclimatic conditions are created by heating, exchange ventilation and air

conditioning according to [26-28].

5.1.2 Noise

Excessive noise level. occurs during the operation of mechanical and
electromechanical products.

To assess the noise environment, it is allowed to use a numerical
characteristic called the sound level (measured in dB). In accordance with [30], the
permissible noise level during work requiring concentration, work with increased
requirements for monitoring processes and remote control of production cycles at
workplaces in laboratory premises with noisy equipment is 75 dB. Areas with a
sound level of 80 dB should be marked with safety signs according to [31].

In auditorium 118, the main sources of noise are air conditioning, computers
(cooling inside the system unit, optical DVD-ROM drives).

In accordance with the specification for the DNS Office XL computer, the
noise level of the computer's power supply is 5-10 dB, the noise level of the
processor cooling device is 15-20 dB, the rest of the cooling elements are passive and
their noise level is not taken into account. The noise caused by the operation of
optical drives is also not taken into account, since they are used in operation for a

very short time.
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In the laboratory room under consideration, additional sound insulation is not
required, since the noise limit value is not reached.

To prevent the occurrence of harmful noise, computer system units should be
regularly inspected (cleaning from dust and lubricating moving parts of cooling units,
replacing unnecessarily noisy components).

Protection against increased noise levels is carried out by methods of its
reduction in the source of formation and along the path of propagation, the device of
screens and sound-absorbing facings, personal protective equipment according to [30,
31].

5.1.3 Lighting

Insufficient illumination of the working area is also considered one of the
factors affecting human performance. For industrial enterprises, optimal illumination
of the territory and premises is an important and difficult technical task, the solution
of which ensures normal hygienic conditions for the working personnel. Correctly
selected light sources and their design create conditions for production work, correct
execution of technological operations, compliance with safety rules and regulations.

The main task of lighting calculations for artificial lighting is to determine the
required power of an electric lighting installation to create a given illumination.

Indoors, according to the way the lamps are placed and the distribution of
illumination, the following artificial lighting systems are distinguished: general and
combined.

General lighting is called lighting, the lamps of which illuminate the entire
area of the room, both occupied by equipment or workplaces, and auxiliary.
Depending on the location of the luminaires, a distinction is made between uniform
and localized general illumination. With general uniform illumination, the luminaires
are located evenly in the upper area of the room, thereby ensuring the same
illumination of the entire room. It is used, as a rule, when the location of the working
areas during the design is unknown, or with a flexible layout. With general localized

lighting, the Iluminaires are placed taking into account the location of the
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technological equipment, creating the required level of illumination on individual
surfaces.

The combined lighting system consists of general and local lighting. General
lighting is designed to illuminate passages and areas where work is not being
performed, as well as to equalize the brightness in the field of view of workers. Local
lighting is provided by lamps located directly at the workplace. It should be given
preference if different visual tasks are to be solved in several working areas of the
room and therefore require different levels of illumination. It is also necessary when
workplaces are geographically distant from each other. It should be borne in mind
that the device only local lighting is unacceptable, since it creates a large difference
in the illumination of the working surfaces and the surrounding space, which
adversely affects vision [21].

Taking into account the peculiarities of the process of working on a computer,
the use of a general uniform lighting system is allowed.

For general lighting, gas-discharge lamps are used: daylight (LD), cold-white
(LHB), warm-white (LTB) and white (LB). Determine the required number of light
sources for complete illumination of the classroom with a working computer with
fluorescent ceiling lamps.

Luminous flux for fluorescent lamps, 56 W:

F=Ra-P, (51)
where Ra = 80Lm / W is the minimum color rendering index for a fluorescent
lamp.
F=80-56 =4480 Lm.
The required number of lamps to illuminate the laboratory classroom:
E-Szk
N KFn

where E - illumination, Lx (with a general illumination system E = 300 Lx);

(5.2)

K - is the conversion factor, 4.5;
n - is the utilization factor of the luminous flux of the lighting installation,
45%;
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k - safety factor, 4.5;
S - area of the illuminated room, 121 m2;

Z is a correction factor that takes into account uneven illumination, 0.9.

3001210945 s
T 454480045 7P (3.3)

The calculated value of the number of fixtures is rounded up to a whole
number. We get that 17 lamps are needed for proper lighting of the audience.

To protect against insufficient illumination of the working area, natural
lighting in its spectrum is the most acceptable, but it is not always sufficient. This is
largely due to the mode of operation. General and combined lighting is generally

recommended. Workplace illumination standards correspond to [21].
5.1.4 Electromagnetic fields

The main harmful factor when using a computer is electromagnetic radiation
from the constituent parts of the computer. The norms of harmful permissible levels
(VLU) of electromagnetic radiation of computers are established in [32], which are
shown in table 21

The propagation of an electromagnetic field (EMF) occurs with the help of
electromagnetic waves, which in turn emit charged particles, molecules and atoms.
The harm of electromagnetic radiation has been officially proven and confirmed by
research by scientists, therefore, as far as possible, its effect on the human body
should be limited.

Table 21 - Temporary permissible levels of EMF generated by a PC

The value
of the
Parameter name permissible
level
o In the frequency range 5 I't; - 2 k' 25 V/m
Electric field strength
In the frequency range 2 kHz - 400 kHz 2,5VIm
) ) In the frequency range 5 kHz - 2 kHz 250 nT
Magnetic flux density
In the frequency range 2 kHz - 400 kHz 25 nT
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Electrostatic potential of the video monitor screen 500 V

The screen and computer system units also emit electromagnetic radiation.
Most of it comes from the system unit and video cable. The strength of the
electromagnetic field at a distance of 50 cm around the screen in terms of the
electrical component should correspond to [33].

An increased level of electromagnetic radiation can negatively affect the
human body, namely, lead to nervous disorders, sleep disturbances, a significant
deterioration in visual activity, a weakening of the immune system, and disorders of
the cardiovascular system. There are the following methods of protection against
EMI:

- increasing the distance from the source (the screen must be at least 50 cm
away from the user);

- the use of screen filters, special screens and other personal protective
equipment.

In this laboratory, the radiation meets the standards [32, 33].
5.1.5 Fire and explosion safety

Depending on the characteristics of substances and materials in the room,
according to the explosion and fire hazard, the premises are subdivided into
categories A, B, C, D and D in accordance with [22]. The room in question belongs
to category B, since it contains solid combustible substances in a cold state. Possible
causes of fire:

- work with open electrical equipment;

- short circuits in power supplies;

- non-observance of fire safety rules.

In order to reduce the risk of fire and minimize possible damage, preventive
measures are taken, which are subdivided into organizational, technical, operational
and regime. Organizational and technical measures consist in conducting regular

briefings of employees responsible for fire safety, training employees in the proper
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operation of equipment and the necessary actions in the event of a fire, certification
of substances, materials and products in terms of ensuring fire safety, production and
use of visual agitation tools to ensure fire safety [23]. Operational measures include
preventive inspections of equipment. Regime measures include the establishment of
rules for organizing work and compliance with fire safety measures. To prevent a
fire, the following fire safety rules must be observed:

- maintenance of premises in accordance with fire safety requirements;

- proper operation of the equipment (correct connection of equipment to the
power supply network, control of equipment heating);

- training of production personnel in fire safety rules;

- availability, correct placement and use of fire extinguishing equipment.

In a room with electrical equipment, in order to avoid electric shock, it is
advisable to use carbon dioxide or dry powder fire extinguishers. These fire
extinguishers are designed to extinguish fires of various substances and materials,
electrical installations under voltages up to 1000 V, flammable liquids. Chemical and
foam extinguishers are not permitted. Fire extinguishers should be located at the
protected object in accordance with the requirements so that they are protected from
direct sunlight, heat flows, mechanical influences and other adverse factors
(vibration, aggressive environment, high humidity, etc.). They must be clearly visible
and easily accessible in the event of a fire. It is preferable to place fire extinguishers
near the places where fire is most likely to occur, along the paths of the passage, as
well as near the exit from the premises. Fire extinguishers should not interfere with
the evacuation of people during a fire. According to fire safety requirements [22,23],
there are 2 OP-3 - fire extinguishers on the floor (portable powder fire

extinguishers), staircases are equipped with hydrants, there is a fire alarm button
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5.1.6 Electrical safety

Electrical safety is a system of organizational and technical measures and
means to protect people from harmful and dangerous effects of electric current,
electric arc, electromagnetic field and static electricity in accordance with [24].
Electric current passing through the human body produces thermal, chemical and
biological effects, thereby disrupting normal life activity. Employees hired to perform
work in electrical installations must have professional training appropriate to the
nature of the work.

Electric shock occurs when it comes into contact with an electrical circuit in
which there are voltage sources and / or current sources that can cause current to flow
through the part of the body that is under voltage. It is usually sensitive for humans to
pass a current of more than 1 mA. In addition, in high-voltage installations, an
electric shock is possible without touching current-carrying elements, as a result of
current leakage or breakdown of an air gap with the formation of an electric arc.

As part of the current work, no contacts were made with open sources of
electric current. The current flowing in the computer peripherals (computer mouse,
keyboard) does not pose a significant danger to human health. According to the
classification, this laboratory is suitable for class 1 premises in which operating
voltages do not exceed 1,000 V [24, 25].

5.1.7 Radiation safety

Increased level of ionizing studies in the work area. Dangerous and harmful
production factors associated with an increased level of ionizing radiation include the
following types of radiation [28]:

a) short-wave electromagnetic radiation (fluxes of high-energy photons) - X-
rays and gamma radiation;

b) particle flows:

- beta particles (electrons and positrons);

- alpha particles (nuclei of an atom of helium-4);
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- neutrons;

- protons, other ions, muons, etc .;

- fission fragments (heavy ions arising from nuclear fission);

c) radiation caused by radioactive contamination (above the natural
background), including contamination with man-made radionuclides:

- radioactive contamination of the air in the working area (due to the presence
of radioactive gases radon, thoron, actinon, products of their radioactive decay,
aerosols containing radionuclides);

- radioactive contamination of surfaces and materials of the working
environment, including protective equipment for workers and their skin.

As a result of the impact of ionizing radiation on the human body, the normal
course of biochemical processes and metabolism are disrupted. Depending on the
magnitude of the absorbed radiation dose and on the individual characteristics of the
organism. The changes caused can be reversible or irreversible. Any kind of ionizing
radiation causes biological changes in the body both during external irradiation, when
the radiation source is outside the body, and during internal irradiation, when
radioactive substances enter the body.

In the course of scientific research, involving theoretical calculations using a
computer and no more, work with sources of ionizing radiation was not carried out
[28].

5.2 Emergency situations

Emergency situation (ES) - a situation in a normal territory resulting from an
accident, natural phenomenon, catastrophe, natural or other disaster that may increase
or entail human casualties, damage to human health or the environment, significant
material losses and violation of conditions life of people [34]. There are two types of
emergencies:

- technogenic;

- natural.
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Man-made emergencies include fires, explosions, sabotage, emissions of toxic

substances. To natural emergencies, protective natural disasters. The most probable

man-made emergencies are fires.

A dangerous event includes a sudden and uncontrollable source of energy: a

moving object, uncontrollable movement or energy.

Let's consider possible emergencies in the classroom laboratory No. 123 of

the educational building No. 10 of TPU, namely:

eliminate the consequences of an emergency

- occurrence of a fire;

- electric shock;

- falling from the height of one's own growth;

- falling from a ladder.

Measures for the prevention and elimination of the above emergencies in
table 22

Table 22 - Emergency situations, measures to prevent emergencies and

Ne Emergency Emergency prevention Measures to eliminate the consequences
situation measures of an emergency
Falling from 1. Maintenance of the 1. Examine or interview the victim;
1 | height premises in proper order. | 2.if necessary -

2. Limitation of working | call an ambulance;

space. 3. stop bleeding, if any;

3. Timely briefing. 4. if there is a suspicion that the victim
has a broken spine (sharp pain in the
spine at the slightest movement), it is
necessary to provide the victim with
complete rest in the supine position until
qualified medical care is provided.

2 | corresponding 1. Covering stair steps 1. Call an ambulance;
growth with anti-slip coating. 2. stop bleeding, if any;

2. Timely briefing. 3. if there is a suspicion that the victim
has a broken spine (sharp pain in the
spine at the slightest movement), it is
necessary to provide the victim with
complete rest in the supine position until
qualified medical care is provided.

3 | Falling down the | 1. Grounding of all 1. Quickly release the victim from the

stairs

electrical installations.

action of the electric current [26];

82



2. Limitation of working
space.

3. Ensuring the
inaccessibility of live
parts of the equipment.
4. Timely briefing.

2. call an ambulance;

3. if the victim has lost consciousness,
but breathing is preserved, he should be
laid down comfortably, unbuttoned tight
clothing, create an influx of fresh air and
ensure complete rest;

4. the victim should be allowed to smell
ammonia, sprinkle water on his face, rub
and warm the body;

5. In the absence of breathing, artificial
respiration and heart massage should be
done immediately.

Electric shock 1. Timely briefing.

2. Establishment of
means of automatic fire
extinguishing in
premises.

3. Installation of smoke
and fire detectors.

4. Providing evacuation
routes and maintaining
them in proper condition.
4. Control of the work of

electrical appliances.

1. De-energize the room, cut off the air
supply;

2. immediately report the fire to the duty
officer or to the guard post;

3. If possible, take measures to evacuate
people, extinguish a fire and save
material assets.

This section discusses potential emergencies that may arise when working in

laboratory classroom No. 118 of educational building No. 10. Measures to prevent

and eliminate the consequences of these situations are considered, according to [26,

34].

5.3 Chapter Conclusions

The chapter discusses harmful and dangerous factors:

- microclimate [28, 29];

- noise [20, 30];

- illumination [21];

- fire hazard [22, 23];

- electrical safety [24, 25];

- electromagnetic radiation [32, 33];
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- radiation safety [27].

Also considered are the causes and means of protection, emergencies and
emergencies, measures to prevent them, measures to eliminate their consequences.
The radiation safety of work and the potential hazard from electromagnetic radiation
were considered separately.

The audience in question is assigned to class B for fire hazard [22] and 1 for

electrical safety [24,25].
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Conclusion

Revealed synchronism in the dynamics of the integral values of OA and
EEVA of atmospheric radon and PP of alpha radiation on an annual scale.

To sum up, it is difficult to draw conclusions about the relationship between
the alpha background and meteorological values. The following research is necessary
to determine the dependence between the precipitation and alpha background, and the
correlation must be found between the values above in case of low and high
precipitation.

- significant correlations between instantaneous values of radon VA and alpha
radiation PP only in certain periods of the year lasting from several days to several
weeks;

- a significant correlation between the integral (monthly average) values of
radon VA (K = 0.57) and radon EEVA (K = 0.71) and PP of alpha radiation.

The correlation coefficients between the alpha background, temperature,
relative humidity, wind speed, taking into account precipitation, turned out to be
insignificant (0.136, -0.169 and -0.051, 0.076, respectively).
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