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IINTAHUPYEMBIE PE3YJIbTATBI OCBOEHHUA OOII

Kon
KOMIIETEHIIMH

HanmeHoBaHHe KOMIIETEHIIUHA

yHHBepcaJIbeIe KOMIICTCHIIUHN

YK(Y)-1

Crocoben OCYHICCTBIIATH IIOUCK, KpI/ITI/I‘IeCKI/Iﬁ aHaJIu3 U CUHTE3 I/IH(l)OpMaI_II/II/I,
MMPpUMCHATDb CHCTEMHBII noaxoa Ajid pE€IICHU ITOCTABJICHHBIX 3aJa4

YK(Y)-2

Crnioco0eH orpenensaTh KpyT 3aJ1a4 B paMKaXx IMOCTaBJIEHHOM 11eJH U BbIOUPATh
ONTUMAJIBHBIE CIIOCOOBI UX PELICHUS, UCXO/Is U3 JEHCTBYIOIINX ITPABOBBIX
HOPM, UMEIOIIHUXCS PECYPCOB M OIrpaHUYECHUN

YK(Y)-3

Crocoben OCYHIECCTBIIATE COHUATIBHOC BSaHMOHeﬁCTBHe " pCaIn30BLIBATH
CBOIO pOJIb B KOMaHIC

YK(Y)-4

Crnioco0eH oCyIIecTBIATh 1€JI0BYI0 KOMMYHUKAIIMIO B YCTHOM U MUCHMEHHON
dbopMax Ha rocynapcTBeHHOM si3bike Poccuiickoit Deaepanuu 1 HHOCTPaHHOM(-
bIX) s13bIKE(-ax)

YK(Y)-5

Cnioco0eH BOCIIpHHUMATh MEXKYJIBTYpPHOE pa3HooOpa3ue o01ecTa B
COLIMAIBHO-UCTOPHYECKOM, 3TUIECKOM U PHIOCOPCKOM KOHTEKCTaX

YK(Y)-6

Crioco0eH yrpaBisiTh CBOUM BPEMEHEM, BBICTPANBATh M PEAIN30BHIBATH
TPACKTOPHIO CAMOPA3BUTHS Ha OCHOBE IMPUHIIMIIOB 00pa30BaHMs B TCUCHHE
BCEU XU3HU

YK(Y)-7

Cnioco0eH noaepKuBaTh JOJKHBIA YPOBEHDb (DU3HUECKOM MOArOTOBIEHHOCTH
JUTsI 00€CIIeYCHHUS TTOJTHOTICHHON COIMATBbHON B TPO(HeCCHOHATTLHOM
IEATENLHOCTH

YK(Y)-8

CriocobeH co3ziaBaTh U HOIEPKUBATH O€301TaCHBIC YCIOBUS
KHU3HE/IEATEIIbHOCTH, B TOM YHCJIE IPY BOSHUKHOBEHUH YPE3BbIYaHBIX
CUTYaLHUI

YK(Y)-9

Crocoben MIPOABJIATH NPCANPUHUMUYUBOCTL B HpO(l)eCCI/IOHaJIBHOfI ACATCIIBHOCTH,
B T.4. B paMKax pa3pa60TKH KOMMCPYCCKHU IICPCIICKTUBHOT'O ITPOAYKTA HA OCHOBC
HaquO'TeXHHqCCKOﬁ niacu

Ob0menpogeccuoHaNIbHbIE KOMIIETCHIMHT

OMK(Y)-1

CriocoOeH UCIoIb30BaTh 0a30BbIE 3HAHUS €CTECTBEHHOHAYYHBIX JUCITUILINH B
HpO(l)eCCI/IOHaJ'IBHOI\/'I JCATCIIBHOCTH, HpI/IMeHSITB METOAbI MATEMATHUUYECCKOI'O
aHaJIM3a ¥ MOJICIIMPOBAHUS, TEOPETUYECKOTO M SKCIIEPUMEHTATIBHOTO
HCCIIEIOBAHUS

OTK(Y)-2

Crioco6eH ocyLecTBIATh MMOUCK, XpaHEHHE, 00paboTKy U aHainu3 UH(opMaIu
U3 PA3IUYHBIX HCTOYHUKOB U 0a3 TaHHBIX, MIPEIOCTABIIATH €€ B TpeOyeMoM
dopmare ¢ UCHOIB30BaHUEM MH(POPMALIMOHHBIX, KOMIIBIOTEPHBIX U CETEBBIX
TEXHOJIOTUI

OIK(Y)-3

Cnioco6eH UCToJib30BaTh B MTPO(PECCHOHATILHOMN JESTEIHHOCTH COBPEMEHHBIE
MH(POPMALIMOHHBIE CUCTEMBI, aHAJTM3UPOBATh BO3HUKAIOIINE IIPH 3TOM
OIaCHOCTH U yIpo3bl, COOJII0IaTh OCHOBHBIE TPeOOBaHMs HH(OPMAIIMOHHOM
0€30MacHOCTH, B TOM YHCJI€ 3aIIUThI TOCYJAPCTBEHHOMN TalHbI

IIpodeccnonanbHbIe KOMIIETEHIUH

MK(Y)-1

CnocoOHOCTBIO HCTIOIB30BaTh HAYYHO-TEXHUYECKYIO HH(OpPMALINIO,
OTEYECTBEHHBIN U 3apyOEKHBIN OIBIT IO TEMATUKE HCCIIEJOBAHUS,
COBpPEMEHHbIE KOMITbIOTEPHBIE TEXHOJIOTHH U HH(OPMAIIMOHHBIE PECYPCHI B
CBOEH MpeMETHOI 001acTn

MK (Y)-2

CrocoOHOCTHIO MPOBOIUTH MATEMATUYECKOE MOICTUPOBAHUE TIPOIIECCOB U
00BEKTOB aTOMHOW OTPACITH C UCTIOJIb30BAHUEM CTAHIAPTHBIX METOJIOB U
KOMITHIOTEPHBIX KOJIOB JIJIsi TPOCKTUPOBAHMS M aHAIIM3a




MK(Y)-3

['0TOBHOCTBIO K MPOBEIEHUIO (PU3HUECKUX IKCIIEPUMEHTOB I10 33JaHHON
METO/MKE, COCTABJIICHUIO OMMCaHUs TPOBOUMBIX UCCIIEIOBAaHUMN U aHAIHU3Y
MOJIYYEHHBIX IKCIIEPUMEHTATbHBIX TAHHBIX

MK(Y)-4

CrocoOHOCTHIO HCTIOIB30BATh TEXHUUECKHUE CPEJICTBA JISl M3MEPEHHS] OCHOBHBIX
napamMeTpoB 0OBEKTOB UCCIIETOBAHHMS

MK(Y)-5

['0OTOBHOCTBIO K COCTABIICHUIO OTUYETA MO BHIMOJIHEHHOMY 33/IaHUIO, K Y4aCTUIO
BO BHEJIPEHUH PE3YJIbTaTOB HCCIEAOBAHUN U pa3pabOTOK

MK(Y)-6

CriocoOHOCTBIO NCTIOIB30BATH MHPOPMALIMOHHBIE TEXHOJIOTHH U pa3paboTke
HOBBIX YCTaHOBOK, MaTEPHUAJIOB U MPUOOPOB, K COOPY U aHAIM3Y UCXOJAHBIX
JAHHBIX JJIS1 IPOCKTUPOBAHMS OOBEKTOB ATOMHOW OTPACIH

MK(Y)-7

CriocoOHOCTBIO K pacueTy U POCKTUPOBAHUIO JICTaICH U y3JI0B
npuOOPOB U YCTAHOBOK B COOTBETCTBUU C TEXHUYECKUM 3aJ]aHUEM

MK(Y)-8

['0TOBHOCTBIO K pa3paboTKe MPOEKTHOW U paboueil TeXHHYECKON
JOKYMEHTaIUH, 0POPMIICHUIO 3aKOHYEHHBIX POEKTHO-KOHCTPYKTOPCKUX
pabor

MK (Y)-9

CriocoOHOCTBIO K KOHTPOITIO COOTBETCTBHS pa3padaThIBaeMbIX IPOEKTOB U
TEXHUUYECKOH TOKYMEHTAllUK CTaH/1apTaM, TEXHUYECKUM YCIIOBHSIM,
TpeGoBaHUAM 0€30IaCHOCTU U IPYTUM HOPMAaTUBHBIM JTIOKYMEHTaM

MK(Y)-10

['0TOBHOCTBIO K MPOBENICHUIO MTPEIBAPUTEIHLHOTO TEXHUKO-2KOHOMHUYECKOTO
000CHOBaHHUS MPOEKTHBIX PEIIeHUH MpU pa3paboTKe YCTAHOBOK U IPUOOPOB

MK(Y)-11

CriocoOHOCTBIO K KOHTPOJIIO 32 COOJIIOCHUEM TEXHOJIOTUYECKON TUCIMITIIMHBI U
00CIIy’)KUBaHUIO TEXHOJIOTMYECKOI0 000PYAOBaHUA

MK(Y)-12

["'0TOBHOCTBIO K HKCIUTyaTal[Ml COBPEMEHHOTO (pu3Hueckoro o00py0BaHus,
pruOOPOB U TEXHOJIOTUI

MK(Y)-13

CriocoOHOCTBIO K OLICHKE SACPHOM U paJuallMOHHON 0€30MacHOCTH, K OLICHKE
BO3/ICHCTBUS HAa OKPYKAIOIIYIO CPENlY, K KOHTPOJIIO 33 COOJIIOICHUEM
HKOJIOTUYECKOM O€30MaCHOCTH, TEXHUKH 0€30IMaCHOCTH, HOPM U IIPABUI
IIPOU3BOJCTBEHHON CaHUTApHH, MIOKAPHOU, PaMALIMOHHON U SIEPHON
0€301acHOCTH, HOPM OXPaHbl Tpyia

MK (Y)-14

['oToBHOCTBIO pa3pabaThIBaTh CIIOCOOBI MPUMEHEHUS SEPHO-IHEPTETUUECKUX,
TUTa3MEHHBIX, JTA3€PHBIX, CBEPXBBICOKOYACTOTHBIX U MOITHBIX HMITYJIbCHBIX
YCTaHOBOK, 3JICKTPOHHBIX, HEUTPOHHBIX W TPOTOHHBIX ITy4KOB, METOJIOB
HKCIIEPUMEHTATIbHON (DU3HUKU B PEIICHUH TEXHUYECKUX, TEXHOJIOTHYECKUX U
MEJHUIIMHCKUX MPoOIIeM

MK(Y)-15

CnocoOHOCTBIO K COCTaBICHHUIO TEXHUYECKON JOKyMeHTalH (rpadukoB pador,
MHCTPYKLUH, IJIAHOB, CMET, 3asIBOK Ha MaTepualbl, 000pyI0BaHUE), @ TAKKE
YCTaHOBJIEHHON OTYETHOCTH MO YTBEPKAECHHBIM (popmMam
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UNIVERSITY I YHWBEPCUTET

MWHWCTEPCTBO HayKK W Bbicllero obpa3zoBaHuAa Poccuniickoin Oepepaunn
denepanbHoe rocyfapCcTBEHHOE aBTOHOMHOE
obpazoBaTenbHoe yupekaeHue BoiCLIero odpazosaHuna
«HaumoHanbHbIN MccnefoBaTeNnbcknin TOMCKNA NONUTEXHUYECKWNIA yHIUBepcuTeT» (TMY)

Hkomna, MHOKCHEPHAS NIKONA AACPHBIX TEXHOJIOTHI
Hamnpasnenue noaroroBku 14.03.02 SAnepHble pU3MKA U TEXHOJIOTUU
OTtneneHue MIKOJbI OTJICTICHHE SACPHO-TOIIMBHOIO IUKJIA
YTBEPXIAIO:
PykoBoautens OOIIL
berukos I1.H.
(ITommucw)  (Mara) (®.1.0.)
3AJJAHUE
HA BBINOJHEHHE BHIMYCKHOH KBAJTU(PUKALMOHHOI PadoThI
B dopwme:
OaxaaBpcKoil paboThI
Crynenry:
I'pynna (0]5 (0]
0A8A Cy66otuna Kpuctuna AnekcanpoBHa
Tema paOoThI:

Brusiane npuxonsiei COMHEUHON paaualiy Ha ramma-(hoH

YTBepxkaeHa MpruKa3oM AUpeKTopa (j1ara, HOMeED) No 35-84/c o1 04.02.2022 r

CpOK cavyu CTyACHTOM BBIIIOJIHEHHOMH pa60TBIZ

TEXHUYECKOE 3AJJAHHUE:

Hcxonnbie nanubie K padore JKcIepUMEHTabHbIE JaHHbIE TI0 TaMMa-(poHy
NpU3eMHON aTMoc(depsl, IKCIEpUMEHTAIbHbBIE JTaHHBIE
110 METEOPOJIOTUYECKUM BEITMUNHAM.




IHepeyensb moaIexamMx
HCCJIeIOBAHNI0, TPOEKTUPOBAHUIO U
pa3padoTKe BONPOCOB

- 0030p JTUTEPATYPHBIX HCTOYHHUKOB,

- METOJIBI ¥ MPUOOPHI UBMEPEHHSI CKOPOCTH UCTIAPEHUSI;
- MeToabl W NpuOOphl HW3MEpeHHs TamMma-poHa B
NPU3EMHOI aTMOcdepe;

- METO/IbI U PUOOPHI H3MEPEHUS COTHEUHOU paTuaIii,
- KOPpEISIIMOHHBIA M PErPECCHOHHBIN  aHaIu3
[paIMAIIMOHHBIX H METEOPOJIOTUYECKUX BEIINYHH;

- aHAJIN3 MTOJTYYCHHBIX PE3YJIbTaTOB;

- (DMHAHCOBBIN MEHEHKMEHT, PecypcodP(HEeKTUBHOCTH U
[pecypcocOepeKeHue;

- colMaibHas OTBETCTBEHHOCTB;

- 3aKJIIOYCHHE 10 padoTe.

Ilepeuenb rpaguueckoro Marepuasia

[IpezenTanus as 3amutel BKP

KoncyabTaHTBI 10 pa3jiesaM BbINYCKHOH KBaIU(UKALIMOHHONH padoThI

Pa3nen

KoncyasTant

pecypcosdhekTuBHOCTE U
pecypcocoepekeHue

duHaHcOBBIM  MeHeKMEHT, | SIkumoBa T.b.

OTBETCTBCHHOCTD

ConuanbHas ITepenepun HO.B.

JlaTa BbI1auM 32JaHUS HA BBINOJIHEHHE BBINYCKHOM 25.04.2022
KBATU(UKAIUOHHOM PadoThI 110 JIMHeiTHOMY IrpauKy

3agaHue BbI1AJ PYKOBOIUTE!Ib:

Jo/KHOCTH [01% (0]

Yuenasi cTeneHb, Hoanuceh Jlarta
3BaHHe

[Tpodeccop OATL] AxoBneBa Banentuna I.T.H
CTaHuCIIaBOBHA

OATL] JIMuTprieBny

Crapumii npenonaBatens [lo0epexHukoB AHapeit -

33}18HI/IC NMPUHAJT K HCITOJTHCHHIO CTYJICHT:

I'pynna

L1 (0] Hoanucn Jara

0A8A Cy66otuna Kpuctuna AnekcanipoBHa
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MWHWCTEPCTBO HayKK W Bbicllero obpa3zoBaHuAa Poccuniickoin Oepepaunn
denepanbHoe rocyfapCcTBEHHOE aBTOHOMHOE
obpazoBaTenbHoe yupekaeHue BoiCLIero odpazosaHuna
«HaumoHanbHbIN MccnefoBaTeNnbcknin TOMCKNA NONUTEXHUYECKWNIA yHIUBepcuTeT» (TMY)

School School of Nuclear Science & Engineering
Field of training (specialty) 14.03.02 Nuclear Science and Technology
Department Nuclear Fuel Cycle Division

APPROVED BY:
Programme Director

Bychkov P.N.
« » 2021
ASSIGNMENT
for the Graduation Thesis completion
In the form:
Bachelor Thesis
For a student:
Group Full name
0ASA Subbotina Kristina Aleksandrovna

Topic of research work:

Influence of incoming solar radiation on gamma-background

Approved by the order of the Director of School of Nuclear | Ne 35-84/c from 04.02.2022
Science & Engineering (date, number):

Deadline for completion of Bachelor Thesis:

TERMS OF REFERENCE:

Initial date for research work

Experimental data on the gamma background of the
surface  atmosphere,  experimental data  on
meteorological values.




designed and developed

List of the issues to be investigated,

- review of literature sources;

- methods and instruments for measuring the evaporation rate;
- methods and instruments for measuring gamma background
in the surface atmosphere;

- methods and instruments for measuring solar radiation;

- correlation and regression analysis of radiation and
meteorological quantities;

- analysis of the results;

- financial management, resource efficiency and resource
conservation;

- social responsibility;

- conclusion.

List of graphic material

Presentation for the defense of the FQP

Advisors to the sections of the Bachelor Thesis

Section

Advisor

resource  efficiency
resource saving

Financial management,

and

T.B. Yakimova

Social
responsibility

Yu. V. Perederin

Date of issuance of the assignment for Bachelor Thesis completion | 25.04.2022
according to the schedule

Assignment issued by a scientific supervisor / advisor:

Stanislavovna

Position Full name Academic degree, Signature Date
academic status
Professor of NFCF Yakovleva Valentina PhD

Senior lecturer of NFCF

Poberezhnikov Andrey -

Dmitrievich

Assignment accepted for execution by a student:

Group

Full name Signature Date

0A8A

Subbotina Kristina Aleksandrovna




_ 3AAHME JJISI PA3JIEJIA
«®UHAHCOBBIIf MEHEJUKMEHT, PECYPCOD®®EKTUBHOCTD U

PECYPCOCBEPEXEHMUE»
Crygnenry:
I'pynna ()% (0]
0ASA Cy66oTtunoit Kpuctune AnekcanapoBHe
xomna AT Otaenenne mxoanl (HOLL) SITI
Yposensn
bakanaBpuar | HampaBieHue/cnenuaabHOCTh 14.03.02 Snepuble GpU3HKa U TEXHOIOTHH
o0pa3zoBaHus

Hcxoaublie 1anHble K pa3aeny «DUHAHCOBbIH MEHEIKMEHT, pecypcodGPeKTUBHOCTDH U
pecypcocOepekeHue»:

1. Cmoumocms pecypcos nayunoeo ucciedosanus (HH): | Cmoumocms Mamepuanibubix pecypcos 8 COOmeemcmeuu

MAMePUATLHO-MEXHUYECKUX, IHEPLEMUYECKUX, ¢ puiHounvimu yenamu 2. Tomcka. Tapugpnvie cmasku
DUHAHCOBBIX, UHDOPMAYUOHHBIX U YEI0BEUECKUX ucnonnumenei 6 COOMEEMCMEUU  CO  WMAMHbIM
pacnucanuem HU TITV.
2. Hopmbvl u Hopmamussl pacxo008anusi pecypcos - pavionnwiil koI puyuenm- 1,3;
- KO3 puyuenm 0onoIHUMENLHOU 3aPAOOMHOU NAAMbL -
1,15;

- HaxaaoHwvle pacxodsl — 16%

3. Hcnoavsyemasn cucmema nanocoobnoxcenus, cmaexku | Kosgppuyuenm omuucnenuii 60 enebroodicemuoie hpoHobl
HAN0208, OMYUCTIeHUL, OUCKOHMUPOBAHUSL U - 30,2 %.
KpeoumogaHnus

IlepeyeHsb BONPOCOB, MO/IJIEKANIMX HCCIEI0BAHNIO, TPOEKTHPOBAHMIO U Pa3padoTkKe:

1. Oyenka xommepueckoeo nomenyuana, Ananuz nomenHyuanbHuix nompedumenei pe3yibmamos
nepCcneKmueHOCuU U arbmepHamug npogedenus HU ¢ | uccredosanus. Hccredosanue KOHKYDEHMHbIX
nosuyuu pecypcoapghexmugrnocmu u mexHuyeckux pewenuil. [Iposedenue
pecypcocbepesicenus SWOT-ananuza

2. IInanuposanue u popmuposanue 6100xncema nayunvix | Onpedenenue mpyooemkocmu pabom. Paspabomka
uccne0o8anull epajuka  nposedeHuss  HAYYHO20 — UCCIEO0BAHUSI.

@opmuposanue b10021cema sampam HAYYHO-
UccnedosamenbCcKozo npoexma
3. Onpeoenenue pecypchoti (pecypcocbepeeaiouyetr), Oyenka cpasHumensrol dQppekmuenocmu npoekma

Gunancosotl, 6100cemnou, CoyUarbHoU U
IKOHOMUUECKOU dhPekmusHocmu ucciedo8anus

Hepeqeﬂb rpa(]mquKoro MaTEePHUAJIA (c mounvim yrasanuem obszamenvhblx uepmedicetl) .

1. Oyenrxa KOHKYPEeHMOCROCOOHOCU MEXHUYECKUX PEUleHUT

2. Mampuya SWOT

3. Ipagux nposedenus u 6100xcem HU

4. Oyenka pecypcroi, ¢hunancosoul u s9koHomuyeckoll dgppexmuenocmu HU

‘ JlaTa BbI1auM 3a1aHMsA 1JIs1 pa3jesia 1o JuHelHoMy rpadguky | 15.03.2022

3agaHue BbIAAJ KOHCYJBbTAHT:

J0KHOCTH (0025 (0] YueHnasi cTeneHnsb, 3BaHne Hoanuch JlaTa
Jouent OCTH Sxumona T.b. KaH] 9KOH. HayK 15.03.2022
3aganue NMPUHHAJT K UICITIOJTHEHUIO CTYAECHT:
I'pynna DPUO Hoamucr Jlara
0A8A Cy66otnna Kpuctuna AnekcanapoBHa 15.03.2022




TASK FOR SECTION
«FINANCIAL MANAGEMENT, RESOURCE EFFICIENCY AND RESOURCE SAVING»

To the student:
Group Full name
0A8A Subbotina Kristina Aleksandrovna
Nuclear Science and -
School Engineering Division Nuclear Fuel Cycle
. Nuclear physics and
Degree Bachelor Educational Program technologies

Input data to the section «Financial management, resource efficiency and resource saving»:

1. Resource cost of scientific and technical research (STR):
material and technical, energetic, financial and human

Cost of material resources in accordance with the
market prices of Tomsk. Tariff rates of executors in
accordance with the staff schedule of NR TPU.

2. Expenditure rates and expenditure standards for resources

- regional coefficient - 1.3;
- coefficient of additional wages - 1.15;
- overheads - 16%

rates and interest rates

3. Current tax system, tax rates, charges rates, discounting

funds - 30.2%.

The coefficient of contributions to non-budgetary

The list of subjects to study, design and develop:

1. Assessment of commercial potential, perspectives and
alternatives of research from the position of resource
efficiency and resource saving

Analysis of potential consumers of the research
results. Study of competitive technical solutions.
Carrying out SWOT-analysis

2. Planning and budgeting of scientific research

Determination of the labor intensity of the work.
Development of the schedule of scientific research.
Formation of the cost budget of the research project

3. Determination of resource (resource-saving), financial,
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Abstract

Final qualifying work 91 p., 26 figures, 21 tables, 39 sources, 1 app.

Key words: gamma background, evaporation, evapotranspiration, incoming
solar radiation, surface atmosphere, relative humidity, dynamics, precipitation,
meteorological parameters, regression analysis, correlation analysis.

The object of the study is the, incoming solar radiation, gamma background
and relative humidity of the surface atmosphere of the city of Tomsk.

The objective of the work is to study the effect of incoming solar radiation on
the gamma background.

In the course of the research, the dependencies of the dynamics of the gamma
background, incoming solar radiation and relative humidity drawn up. In addition, a
correlation and regression relationship carried out between the gamma background and
meteorological parameters.

The result of the study is the regression dependences of the gamma background,
incoming solar radiation and relative humidity with the corresponding regression and
correlation coefficients.

Implementation degree: high, the project can used to continue research.

Applications: meteorology, agronomy, geophysics, radiation ecology.

Economic efficiency / value of work is high.

In the future planned: the obtained results will used to create a methodology for
calculating the rate of evaporation of moisture from the soil surface, using the dynamics
of changes in the gamma background of the surface atmosphere as one of the main
parameters, which will significantly reduce the number of meteorological parameters,

whose measurement is necessary to determine the rate of evaporation at the moment.
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Introduction

Evaporation is an important part of the complex process of the water cycle on
Earth and is of great importance in water and energy exchange, since the evaporation
process accompanied by heat consumption. The theory of the issue of moisture
evaporation from the soil surface is of great scientific and practical importance [1].

Evaporation is one of the most important parameters in the study of water and
heat exchange in the soil-water-atmosphere system. The value of evaporation together
with precipitation is the input information for most hydrological and water balance
models.

Due to the technical difficulties of direct measurement, a number of
evaporation methods developed, including empirical methods, simulations and
methods based on remote sensing. However, these methods have regional limitations
and require the data of a large number of meteorological parameters measured only at
a small number of large weather stations.

The level of the gamma background near the earth's surface, as a parameter that
depends, among other things, on the properties of the soil that attenuate gamma
radiation, can be used to replace meteorological parameters that are difficult to measure
and automatically collect information.

The subject of this study was the relationship between the gamma background
and incoming solar radiation, as incoming solar radiation is a factor initiating the
processes of heat transfer and evaporation.

The object of the work is to study the effect of incoming solar radiation on the
gamma background.

To achieve the object of the study, it is necessary to solve the following tasks:

1. Review and analysis of literature on this topic;

2. Measure the parameters of the external environment necessary for the study

for 2021;

3. Carry out correlation and regression analysis of experimental data;
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1 Literature review

1.1 Evaporation and evaporation rate

Evaporation is the process by which a substance changes from a liquid or solid
state to a vapor state. The process by which moisture evaporates from the soil surface
covered with vegetation called evapotranspiration. It divided into the evaporation of
water from plants, called transpiration, and the evaporation that occurs directly from
the soil.

One of the physical quantities characterizing the evaporation process is the
evaporation rate - the mass of water evaporated from a unit surface per unit time. In
practice, millimeters are used as a unit for measuring the rate of evaporation (the height
of a layer of water that has evaporated over a certain period).

Potential evaporation - the maximum possible evaporation from excessively
moist soil or from the surface of the water under the existing meteorological conditions
of a particular area. It also expressed in millimeters of the evaporated water layer per
unit of time.

Evaporation from the soil surface is of interest to many specialists from a
scientific and practical point of view in a wide variety of fields, including meteorology
and agronomy. Information about evaporation also helps in the study of water and heat
balances of various natural objects.

To date, many maps of isolines of average long-term evaporation have been
developed for the entire territory of the country. However, the evaporation values taken
from these maps often do not reflect the actual evaporation in the area of interest, since
they do not take into account the whole variety of climatic and physical-geographical

factors, as well as local conditions affecting evaporation [2].

1.1.1 Factors affecting evaporation rate

The rate of evaporation depends on many factors. Among meteorological

factors, the most significant are temperature, precipitation, wind speed, air humidity
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and solar radiation flux. For example, with an increase in soil moisture, the amount of
evaporation also increases. According to Dalton's law, the rate of evaporation is
directly proportional to the difference between the saturated vapor pressure, calculated
from the temperature of the evaporating surface, and the partial pressure of water vapor
in the air, and inversely proportional to atmospheric pressure. The dependence of the
evaporation rate on the wind speed is associated with turbulent vapor diffusion, which
becomes more intense as the wind increases [3].

The type and properties of the soil itself also affect evaporation. For example,
sandy soils evaporate less than clay soils, and dark soils heat up more than light soils
and therefore evaporate more moisture. From an uneven soil surface (plowed field),
evaporation is more intense than from a flat one, since turbulent air mixing is more
developed over a rough surface. The depth of groundwater can also have an impact -

the closer they are to the surface, the greater the amount of evaporation [1].

1.1.2 Methods for determining the evaporation rate

There are many different methods to determine evaporation from the soil
surface. All these methods can be divided into instrumental, where the measurement
of evaporation is carried out using instruments, and calculated. In this case, the
evapotranspiration is most often estimated, since the separation into evaporation from
the soil surface and transpiration is difficult to implement and the evaporation of
different types is carried out simultaneously.

The measurement of evaporation with the help of instruments referred to as an
experimental method for its study. It also called the evaporator method. Observations
carried out at hydrological stations located in the most typical natural and climatic
zones of the country.

In Russia and the CIS countries, to measure the total evaporation from the
surface of the soil covered with vegetation, it carried out with the help of weight soil
evaporators GGI-500-50 and GGI-500-100, a hydraulic soil evaporator of a small

model and a lysimeter GR-80. This method of measurement is relatively simple, but
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has a number of disadvantages: the soil in the evaporator is isolated, the metal wall of
the device distorts heat exchange with the surrounding soil, and soil structure of the
monolith is disturbed during the charging of the evaporator [2].

However, at agrometeorological stations, direct measurement of
evapotranspiration using soil evaporators is quite rare. Also, observational data on
evaporators often contain systematic errors. Therefore, calculation methods for
determining evaporation are more widely used, which selected based on local
conditions and the original data set [4].

To calculate evaporation from both the bare soil surface and with covered
vegetation, the following four methods mainly used water and heat balances, turbulent
diffusion, and empirical formulas.

When determining evapotranspiration by the water balance method, data on
soil moisture and precipitation are used.

Heat balance methods are based on the use of heat balance equations for the
soil surface, taking into account heat and water exchange in the surface layer of the
atmosphere. Among foreign researchers, the Penman-Monteith methods [5,6] are
widely used, which use such indicators as air density and heat capacity, vapor pressure
deficit, illumination, latent heat of vaporization, the slope of the saturated vapor
pressure curve, and the Priestley-Taylor radiation method [7,8], in which evaporation
(transfer of the latent heat flux) is calculated taking into account solar radiation and
heat flux in the soil. These methods take into account many factors that affect
evaporation, but not all of these quantities are always measured at meteorological
stations.

A detailed description of calculations by the heat balance method can be found
in the "Guide to gradient observations and determination of heat balance components"
[9]. The range of meteorological conditions under which the heat balance method can
be used to determine evaporation is somewhat limited. It gives inaccurate results for
the morning and evening hours, as well as for the daytime when the weather is cloudy.

It is possible to determine the hourly, daily, monthly and annual values of

evaporation from the soil by using the turbulent diffusion method. To calculate the
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amount of evaporation used data from gradient measurements: wind speed,
temperature and air humidity [9, 10].

Empirical formulas for calculating evaporation are derived based on the
analysis of the found relationship between meteorological parameters and measured
evaporation. Empirical models tend to use fewer variables, which simplifies
calculations. The disadvantage of these methods is their limited application. For one
region, such models may produce accurate results, while for another they may not work
[1, 3, 10]. Application conditions are described in the Recommendations for the
calculation of evaporation from the land surface [11]. The use of one method or another
for the calculation depends on the availability of initial data and the accuracy of the
results obtained.

With the development of methods and systems for remote sensing of the Earth,
new possibilities arise for estimating evaporation from the soil surface, taking into
account the detailed geophysical information obtained in this way. In [12] methods for
estimating evaporation in large regions are considered. The temperatures of the earth's
surface, necessary for the calculations, obtained using remote sensing systems.

Information received from satellites makes it possible to develop new methods
for calculating land and environmental parameters and, in particular, evaporation from
the soil surface. In [13] a physical and mathematical model of the interaction of the
land surface with the atmosphere RSBLSM is described (Remote Sensing Based Land
Surface Model), designed to calculate the components of the water and heat balance of
territories on a regional scale, which uses satellite data on the characteristics of soil and
SNOW COVer.

In [14] the issues of satellite data processing and their use in the existing
evaporation model GLEAM (Global Land Evaporation Amsterdam Model) are
considered. This model uses the Priestley-Taylor method using satellite meteorological
data.
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1.2 Solar radiation

Many calculation methods for finding evaporation use parameters such as
radiation balance and solar radiation [7-11, 14].

Solar radiation is the energy emitted by the Sun. When it reaches Earth, most
of the solar radiation converted into heat. When it reaches the surface, it partly reflected
and partly absorbed by the Earth. The Earth also has radiation that is absorbed by the
atmosphere along with some of the solar radiation. The radiation balance is the
difference between the radiation coming to the soil surface and the radiation leaving it.
It includes direct and diffuse radiation, reflected radiation, as well as radiation from the
atmosphere and the earth'’s surface. With a positive radiation balance, the earth's surface
heats up, and with a negative one, on the contrary, it cools down [15].

Direct solar radiation is radiation that reaches the place of observation directly
from the Sun. Accordingly; scattered solar radiation is radiation from the Sun that has
scattered in the atmosphere. The sum of direct and scattered radiation called total
radiation and is the main component of the radiation balance. The amount of total
radiation can vary depending on the presence of clouds, the height of the Sun, and the
composition of the atmosphere. In addition, part of the total radiation coming to the

soil surface reflected from it [16].

1.3 Radiation background

The natural radiation background is formed by cosmic radiation and radiation
created by radionuclides scattered in nature contained in the earth's crust, surface air,
soil, water, plants, and food products, in animal and human organisms. The man-made
background radiation is mainly associated with the processing and movement of rocks,
the combustion of coal, oil, gas and other fossil fuels, as well as with nuclear weapons
testing and nuclear energy.

The level of radiation background is a non-constant value and changes both in

space and in time.
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1.3.1 Fluctuations of the gamma background of the surface atmosphere

Sources of natural gamma background on the ground are natural radionuclides
contained in the soil and (or) building materials and structures, secondary cosmic
photon radiation.

Studies show that the change in the dose rate of gamma radiation near the
earth's surface is influenced by many meteorological factors: atmospheric pressure, air
humidity, temperature, wind speed and direction, etc. As is known, changes in the
intensity of the radiation field are associated with two groups of factors: terrestrial
(migration of radionuclides under the influence of changing wind directions, sea
currents, etc.) and extraterrestrial (changes in the intensity of cosmic radiation reaching
the surface; the emergence of secondary radiation due to the formation of radionuclides
in the process of interaction of cosmic radiation with elements of soil, sea water, etc.)
[17,18].

An analysis of data on changes in the intensity of the radiation field depending
on various meteorological parameters, carried out by researchers, shows that, as a first
approximation, it can be considered that the gamma background increases with
increasing temperature and decreases with increasing humidity and pressure. However,
a more detailed analysis shows that the dependence of the gamma background on a
certain environmental parameter changes at different times of the year [18].

Also in 2009 - 2010, a group of scientists from the Polar Geophysical Institute
of the KSC RAS investigated the increase in the intensity of the gamma background in
the surface layer of the atmosphere during precipitation in Apatity and Svalbard. A
clear relationship found between an increase in the intensity of gamma radiation and
rain (snow) cloudiness. The study made it possible to consider the main reason for the
increase in gamma radiation during precipitation to be the X-ray bremsstrahlung of
energetic electrons accelerated by electric fields inside rain (snow) clouds [19].

Tomsk Polytechnic University, in collaboration with the Institute for
Monitoring Climatic and Ecological Systems, also conducted a study of the

dependence of the gamma background level on precipitation. The following aspects
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analyzed the total duration of the recorded bursts, the duration of the rises and falls of
the bursts, their shape, and the dependence of the magnitude at the height of the
detector. The results of the study showed that most bursts of -radiation dose rate and
y-radiation flux density coincide with periods of precipitation. However, the magnitude

of bursts does not always correlate with the intensity of precipitation [20].

1.4 Chapter Conclusion

There are many methods for determining evaporation from the soil surface,
many of which use parameters such as radiation balance and solar radiation.

The main contribution to the radiation background of the surface layer of the
atmosphere is made by the natural background, which includes soil and atmospheric
radionuclides.

Various meteorological parameters, such as pressure, temperature, wind speed,
precipitation, etc., can affect changes in the magnitude of the gamma background of

the surface atmosphere.
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2 Measurement methods and instruments

2.1 Instruments for measuring gamma radiation

Gamma radiation dosimeters mainly based on gas discharge counters and
designed to detect gamma radiation with energies in the range from 0.05 to 3.0 MeV.

One example of dosimeters of this type is the dosimeter-radiometer DRBP-03 (Fig. 1)
with a detection unit BDG-01.

Figure 1 — Dosimeter DRBP-03 [21]

Dosimeter DRBP-03 is used for operational dosimetric monitoring of the
radiation situation; studies of radiation anomalies; compiling radiation maps of the
area; detection of dirt on clothes, walls, floors, etc. [21].

Table 1 — Technical characteristics of the dosimeter DRBP-03

Characteristic Value
The energy range of the registered ionizing
- 0,05-3,0
photon radiation, MeV
Energy range of registered a-radiation Pu-239
B-radiation, MeV 0,15-35

Measuring range of equivalent dose rate,
_ 6
uSv/h 0,10 -3x10
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Continuation of Table 1

Measuring range of equivalent dose, mSv 0,01 -104
Measurement range of particle flux density, stcm 0,10 — 700
Basic relative measurement error, % +15
_ N _ -20°C ...+50°C, 95 %
Operating conditions of the instrument o
humidity at 35°C
Weight of the complete set, kg 3

In addition, dosimeters and sensors based on scintillation detectors used to
measure gamma radiation. Scintillators divided into two main classes: organic and
inorganic.

Dosimeters based on organic scintillators, whose atomic numbers are close to
the atomic number of human tissue, used to measure the ambient dose equivalent rate
and the ambient dose equivalent of low-energy photons. Of the inorganic scintillators,
single crystals of sodium iodide activated by thallium, single crystals of cesium and
potassium iodide, also activated by thallium, are mainly used to detect gamma radiation
[21].

There is a category of dosimeters (or dosimeters-radiometers) that classified as
search devices. These devices measure either the equivalent dose rate of gamma
radiation or the gamma radiation flux density from the surface under study and
recommended for use to search for radiation sources. For example, such search devices
include ISP-RM1401M, ISP-RM1401 K-01 and others. In these devices, a CsI(TI)
scintillator is used to detect gamma radiation [21].

In this work, the gamma background was measured using a BDKG-03 gamma
radiation detection unit (Fig. 2) based on a scintillator Nal(Tl). This detection unit has
a high sensitivity, which is a necessary condition for measuring the magnitude of the
gamma background. The detection unit designed to search, quickly detect and localize
sources of gamma radiation, as well as to measure the ambient equivalent dose rate and

the dose of gamma radiation in the energy range of 50 keV-3 MeV.
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Figure 2 — Gamma radiation detection unit BDKG-03

Table 2 — Technical characteristics of the detection unit BDKG-03

Detector Nal(Tl) d =25 x 40 mm
Range of ambient equivalent dose rate of gamma radiation 0,03 — 300 uSv/h
Range of ambient equivalent dose of gamma radiation 0,03 uSv — 10 mSv
Range of exposure dose rate of gamma radiation 3 uR/h— 30 mR/h
Range of exposure dose of gamma radiation 3 uR - 100 mR
Energy range 50 keV — 3 MeV
Basic measurement error, no more +20 %
Energy dependence of sensitivity +20 %
Sensitivity to **'Cs 350 imp-s/ uSv-h*
Dimensions d=60x 295 mm
Weight, no more 0,6 kg

2.2 Instruments for measuring solar radiation

Various devices used to measure solar radiation: a thermoelectric actinometer
that measures direct radiation; balance meter used to measure the radiation balance;
pyranometer used in the measurement of total and scattered radiation and others.

At meteorological stations, as well as in scientific and engineering research,
pyranometers often used to measure solar radiation.

The total energy flux of solar radiation measured by a pyranometer installed in
a horizontal plane. The thermocouple sensor protected from external influences by one
or two glass hemispherical caps, which also set the spectral sensitivity of the device. |

also use the second pyranometer to measure the scattered solar radiation.
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The flux of direct solar radiation measured using a pyrheliometer. The
pyrheliometer is a thermocouple battery-based radiometer with a 5° field of view and
a flat eyepiece.

The incoming solar radiation measured using a CM-11 pyranometer
manufactured by Kipp&Zonen (puc. 3). The device is designed to measure the total

and scattered radiation coming from both the Sun and the surface.

OUTER GLASSDOME

INNER GLASSDOME
THERMISTOR

SENSING ELEMENT
COMPENSATION

ELEMENT
SUBFRAME

DESSICATOR 1 J 7 %

Figure 3 — Schematic representation of the design of the pyranometer CM 11
2.3 Experimental site

Measurements of natural gamma radiation were carried out at the experimental
site (Fig. 4), owned by the Institute for Monitoring Climatic and Ecological Systems
of the Siberian Branch of the Russian Academy of Sciences (IMKES SB RAS) and
located in Akademgorodok area of the city of Tomsk, during the summer period of
2021.

From 2009 to the present, NR TPU together with IMCES SB RAS has been
studying the influence of various meteorological values of meteorological parameters
on the dynamics of the radiation background, taking into account regional studies.
Radiometric and dosimetric measurements of ionizing radiation, including a-, B-, y-,

neutron and X-ray radiation, in the surface layer at heights from 10 cm to 30 m and in
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the ground to a depth of 5 m, as well as monitoring of the characteristics of radon fields

are made using measuring complexes of Tomsk Polytechnic University in continuous

mode.

: -
Lt & N

Figure 4 — Experimental site of the IMCES SB RAS

The gamma background was measured using dosimetric measuring equipment,
including a dosimeter-radiometer DRBP-03 with a built-in y-radiation detector and
remote detectors of y-radiation BDG-01 and a- and B-radiation BDBA-02 and a
dosimetric measuring complex with sensors y -radiation BDKG-03 based on a
scintillator Nal(Tl).

Incoming solar radiation is measured using a pyranometer Kipp & Zonen CM-
11 and photometer NILU-UV-6T.
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3 Investigation of the relationship between the gamma background of

the surface atmosphere and meteorological quantities

After studying the meteorological situation in Tomsk for 2021, the summer
period chosen as the most favorable for studying the relationship between the gamma
background, incoming solar radiation and relative air humidity. From this period, the
month with the least amount of liquid atmospheric precipitation chosen, since they
have a significant impact on the dynamics of the gamma background, causing sharp
bursts. Figure 5 shows the dynamics of the total amount of liquid precipitation for three
months of the summer period. The resulting graph shows that in August the least

amount of precipitation fell.
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Figure 5 — The total amount of liquid precipitation by months

Data for August 2021 on incoming solar radiation, gamma background and
relative air humidity were obtained as a result of measurements carried out on the
territory of the IMCES SB RAS. Based on the data obtained, graphs were constructed,
and correlation and regression analyzes were carried out. For statistical analysis and

graphical presentation of the data, the program Microsoft Excel was used.
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Figure 6 — Variations in the gamma background, solar radiation and air humidity for August 2021
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A graph of the dynamics of the gamma background, as well as solar radiation
and relative air humidity built (Fig. 6). On the graph presented in fig. 6, you can see
the relationship between the studied parameters. However, the obtained correlation
coefficient between the gamma background and incoming solar radiation for the
selected period is insignificant and equals 0.01. Therefore, for a more detailed study,

this time period was divided into several shorter ones.

3.1 Investigation of the relationship between the gamma background of

the surface atmosphere and incoming solar radiation

A graph of the amount of liquid precipitation by day for August 2021 is shown
in Figure 7.
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Figure 7 — Dynamics of the intensity of liquid precipitation for August 2021

For the study, days with precipitation and in their absence were selected. As

can be seen from the graphs, an increase in the gamma-background count rate often
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coincides with an increase in the level of incoming solar radiation (Fig. 8). However,

the correlation coefficient for the three selected days is 0.1.
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Figure 8 — Variations in the gamma background and the magnitude of incoming solar
radiation in the period from 03.08.2021 to 05.08.2021

When considering each day separately (Fig. 9-11), higher values of the

correlation coefficients were obtained (Table 3). At the same time, higher correlation

coefficients obtained on days with little or no precipitation.
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Table 3 — Correlation coefficients for the counting rate and incoming solar

radiation in the period from 3 to 5 August 2021

Date Correlation coefficient
03.08.2021 0,55
04.08.2021 -0,31
05.08.2021 0,54
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Figure 9 — Daily dynamics of the gamma background and the magnitude of incoming

solar radiation (03.08.202)
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Figure 10 — Daily dynamics of the gamma background and the magnitude of

incoming solar radiation (04.08.2021)
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Figure 11 — Daily dynamics of the gamma background and the magnitude of

incoming solar radiation (05.08.2021)
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Figure 12 — Variations in the gamma background and the magnitude of incoming
solar radiation in the period from 11.08.2021 to 13.08.2021

Also, during the month there are days when the gamma background variations
do not coincide with the change in solar radiation, for example, on August 11 and 13
(Fig. 12, 13). At the same time, the highest correlation coefficient (0.67) is observed
on the day with the least amount of precipitation.
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Table 4 — Correlation coefficients for the counting rate and incoming solar
radiation in the period from 11 to 13 August 2021

Data Correlation coefficient
11.08.2021 -0,16
12.08.2021 0,67
13.08.2021 0,19
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Figure 13 — Daily dynamics of the gamma background and the magnitude of

incoming solar radiation (13.08.2021)
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Figure 14 — Variations in the gamma background and the magnitude of incoming
solar radiation in the period from 19.08.2021 to 21.08.2021

The correlation analysis carried out for the selected dates showed that there is
a relationship between incoming solar radiation and the gamma background of the
surface atmosphere. On some days, a particularly pronounced relationship between
these parameters observed, for example, on August 19 (Fig. 15) and August 21 (Fig.
16), when there is no liquid precipitation. On other days, the correlation coefficient
becomes negative (Tables 3, 4). Such variations in the dependence of the gamma
background on solar radiation may occur due to the fact that many other meteorological

factors can influence its value. In addition, this paper did not consider the processes of
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changing the gamma background at night, when the amount of incoming solar radiation

IS zero.
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Figure 15 — Daily dynamics of the gamma background and the magnitude of

incoming solar radiation (19.08.2021)
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Table 5 — Correlation coefficients for the counting rate and incoming solar

radiation in the period from 19 to 21 August 2021

Date Correlation coefficient
19.08.2021 0,81
20.08.2021 0,34
21.08.2021 0,66
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Along with the correlation analysis, a linear regression analysis also carried out
for three selected time intervals. The results of the analysis are presented in fig. 17. The
maximum value of the coefficient of determination among the selected time periods is
33.6%.

Since precipitation has a significant impact on the results of correlation and
regression analyses, it decided to select a number of days before and after precipitation
in the form of rain for further research. The average daily dynamics of changes in the
gamma background and incoming solar radiation built for the periods from 14 to 19
August (Fig. 18) and from 21 to 28 August (Fig. 19).

41

40.8

40,6
40,4
402
4
39,
39,6

14.08.2021  15.08.2021  16.08.2021  17.08.2021  13.08.2021 15.08.2021

Counting rate, imp/s
=

==}

250

200
150
100

| I
0

14.08.2021  15.08.2021  16.08.2021 17.08.2021 18.08.2021 15.08.2021

Incoming solar radiation, W/m?
=

Figure 18 — Average daily dynamics of the gamma background and incoming solar
radiation in the period from 14.08.2021 to 19.08.2021
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Figure 19 — Average daily dynamics of the gamma background and incoming solar
radiation in the period from 21.08.2021 to 28.08.2021

For the period from August 14 to 19, the correlation coefficient and the
determination coefficient have high values, 0.97 and 94%, respectively (Fig. 20a),
which indicates a strong dependence. For the period after the rain, the coefficients of
correlation and determination have lower values, 0.41 and 17% (Fig. 20b),

respectively.
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Figure 20 - Regression dependence between the gamma background and incoming
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3.2 Investigation of the relationship between the gamma background of

the surface atmosphere and the relative humidity of the air

To study the relationship between the gamma background and relative air
humidity, the same time intervals chosen as in the study of the relationship between
the gamma background and incoming solar radiation.
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Figure 21 — Variations in the gamma background and relative air humidity in the
period from 03.08.2021 to 05.08.2021
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From the graphs in Figures 21-23, it can be seen that there is a correlation

between the data. However, the obtained correlation coefficients for each individual

day (Table 6) turned out to be less than the correlation coefficients for incoming solar

radiation. The greatest dependence between the gamma background and relative

humidity observed on August 12 (correlation coefficient -0.51).

Table 6 — Correlation coefficients for counting rate and relative air humidity

Date Correlation coefficient
03.08.2021 0,07
04.08.2021 0,22
06.08.2021 -0,33
11.08.2021 0,11
12.08.2021 -0,51
19.08.2021 0,08
20.08.2021 -0,22
21.08.2021 0,15
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Figure 24 — Regression dependences between the gamma background and relative air

humidity: a) the period from 03.08.2021 to 05.08.2021; b) the period from
11.08.2021 to 13.08.2021; c) the period from 19.08.2021 to 21.08.2021
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3.3 Chapter Conclusion

At the site of the IMCES SB RAS in the summer period of 2021, measurements
of incoming solar radiation, gamma background and relative air humidity were made.

Correlation and regression analysis of experimental data was carried out.

The results of the analysis indicate the existence of a relationship between the
incoming solar radiation and the gamma background; in certain time intervals the
correlation coefficient reaches values of 0.7-0.8, in some cases up to 0.97. At the same
time, it is clear that such external factors as precipitation violate this dependence.

Comparison of the dependence of the gamma background and the relative
humidity of the air showed a weak dependence. Correlation coefficients turned out to
be less than for incoming solar radiation.

Thus, the values of the gamma background can be used in modeling the

processes of evaporation from the soil surface during the time free from precipitation.
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4 Financial management, resource efficiency and resource saving
4.1 Assessment of the commercial potential and prospects for conducting

scientific research from the standpoint of resource efficiency and resource saving

This work is part of a study to determine the relationship between the
evaporation rate and the gamma background.

The object of the chapter is to assess the prospects of the conducted scientific
research and design a competitive method that meets modern requirements in the field
of resource efficiency and resource saving. To achieve the object, the following tasks
were accomplished: assessment of commercial potential and perspective of scientific
research; scheduling of scientific research; determination of resource and financial

efficiency of the research.

4.1.1 Potential consumer of the research results

Various meteorological and geological organizations can show interest in the
study conducted. During the market research, a number of enterprises were identified
that could potentially be interested in the results of the research.

— Federal Service of Russia for Hydrometeorology and Environmental
Monitoring;

— Federal State Unitary Enterprise "Emergency Technical Center of the
Ministry of Atomic Energy of Russia™;

— Tomsk Center for Hydrometeorology and Environmental Monitoring.

4.1.2 Analysis of competitive technical solutions

Analysis of competitive technical solutions from the standpoint of resource
efficiency and resource saving makes it possible to assess the comparative
effectiveness of scientific development and determine directions for its future

improvement.
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The analysis carried out using a scorecard (Table 7). For this, two competitive

developments were selected. The criteria for comparing and evaluating resource

efficiency and resource saving are given in Table. 7, were selected based on the

selected objects of comparison, taking into account their technical and economic

features of development, creation and operation.

Table 7 — Scorecard for comparing competitive technical solutions

o ] Criteria Points Competitiveness
Criteria for evaluation )
Welght Ps P Pe> Ct Ca Ce
1 2 3 4 5 6 7 8
Technical criteria for evaluating resource efficiency
1. Data run time 0,2 5 4 4 0,5 0,4 0,4
2. Noise immunity 0,07 4 4 3 0,5 0,5 0,3
3. Security 0,2 5 5 4 0,4 0,4 0,3
4. Demand for memory resources 0,05 5 3 3 0,5 0,3 0,3
5. Functional capacity (provided
. 0,06 5 4 4 0,35 0,3 0,3
opportunities)
6. Easy operation 0,09 5 3 4 0,45 0,35 0,3
7. Auvailability of expensive
] 0,1 5 4 4 0,5 0,4 0,4
equipment
Economic criteria for evaluating efficiency
1. Product competitiveness 0,03 5 3 2 0,2 0,2 0,15
2. Price 0,1 5 3 1 0,4 0,3 0,3
3. Financing of scientific
0,05 3 4 2 0,3 0,3 0,4
development

The position of the development and competitors was evaluated for each

criteria by a five-point scale, where 1 is the weakest position, and 5 is the strongest.

The weights of the criteria, determined by an expert, should add up to 1.

Analysis of competitive technical solutions determined by the formula:
C :Z VVI ) Pi s

where C is the competitiveness of a scientific development or a competitor;

W, — criteria weight (in fractions of a unit);

P; — score of the i-th criteria.

(1)
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In the existing state systems of radiation monitoring, only one parameter is
continuously measured - the dose rate of y-radiation. The developed technique is
simple and economical compared to competitive methods for measuring radiation
quantities in the atmosphere, since it allows measuring, in addition to gamma radiation,
the flux density of beta radiation, etc.

This analysis allows us to say that the study is effective, as it provides an
acceptable quality of results. Further investment in this development can be considered

appropriate.

4.1.3 SWOT analysis

SWOT - Strengths, Weaknesses, Opportunities and Threats is a comprehensive
analysis of a research project. SWOT analysis used to study the external and internal
environment of the project.

SWOT analysis consists in describing the strengths and weaknesses of the
project, in identifying opportunities and threats for the implementation of the project
that have manifested or may appear in its external environment. SWOT analysis of this

research project presented in Table 8.

Tabmuma 8 — SWOT matrix

Strengths of the research project: Weaknesses of the research project:
S1. The novelty of the idea of W1. Lack of funding.

scientific research. W?2. Long processing time.

S2. Sufficient reliability of the W4, Lack of awareness of this type
installation. of study.

S3. Installation safety. W5. Long delivery time of materials
S4. Maintainability of each and components used for scientific
individual unit of the installation. research.

S5. Ease of operation of the

installation
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Continuation of Table 8

Capabilities:

C1. Using the innovative
structure of TPU.

C2. Cooperation with a
number of new
organizations.

C3. The emergence of
additional demand for a

new product.

Results of the analysis of the

interactive matrix of the project

fields "Strengths and Capabilities":

1. Growth in demand for research of
this type due to distribution among
various organizations and
universities.

2. Priority to this study in comparison
with competitors due to the
implementation of the proper
reliability and safety of the

installation.

Results of the analysis of the

interactive matrix of the project

fields "Weaknesses and

Capabilities™:

1. The absence of a large number of
orders for research.

2. Priority of competitive
organizations due to the long

term of research.

Threads:

T1. Competition.

T2. Lack of funding from
both the university and
the state.

T3. Depreciation of

equipment.

Results of the analysis of the

interactive matrix of the project

fields "Strengths and Threads":

1.Implementation of the repair of the
current installation without
replacing the component parts.

2.Resistance to the fight against
competitors due to the novelty of
the idea.

Results of the analysis of the
interactive matrix of the project fields
"Weaknesses and Threads™:

1. Lack of demand for technology
due to its unstable
competitiveness.

2. Research stagnation due to lack

of funding.

Based on the results of the analysis of this matrix, it can be concluded that the

difficulties and problems that this research project may encounter in one way or another

can be solved due to the existing strengths of the study.

4.2 Research planning

4.2.1 Structure of works within the framework of scientific research

Planning designed to ensure the rational use of time and is undoubtedly an

important step in the formation of research work. The planning of the complex of

proposed works carried out in the following order:
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— determination of the structure of work within the framework of scientific

research;

— identification of participants in each work;

— establishing the duration of work;

— building a schedule for scientific research.

To carry out scientific research, a working group is formed, which may include

researchers and teachers, engineers, technicians and laboratory assistants, the number

of groups may vary. As part of this work, a working group was formed, which included

supervisor and student. In this section, a list of stages and works for the implementation

of the study was compiled, which is presented in Table 9.

Table 9 — List of stages, works and distribution of performers

] Ne Position of the
Main stages Content of works
work performer
. Scientific
Development of technical ) ) o )
o 1 Drafting and approval of technical specifications supervisor,
specifications
student
Scientific
2 Selection and study of materials on the topic supervisor,
student
Scientific
) 3 Conducting patent research supervisor,
Choice of research
o student
direction _
) o Scientific
4 Choice of research direction ]
supervisor
Scientific
5 Scheduling work on the topic supervisor,
student
Scientific
) 6 Search of literary sources supervisor,
Theoretical study
student
7 Analysis of literary sources Student
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Continuation of Table 9

o o Scientific
Obtaining data on the dose rate of y-radiation in )
8 supervisor,
the surface atmosphere from IMCES data
student
) Scientific
Experimental study o o ]
9 Obtaining data on solar radiation from IMCES supervisor,
student
10 Plotting Gamma Radiation vs. Solar Radiation Student
11 Analysis and presentation of results Student
Generalization and ) Scientific
] 12 Evaluation of the results .
evaluation of results supervisor
13 Evaluation of the effectiveness of the study and Student, FM
Registration of a set of application of the results consultant
documentation for the ) o ) Student, SR
14 | Development of social responsibility on the topic
FQP consultant
15 Drawing up an explanatory note Student

4.2.2 Determining the complexity of the work

The complexity of the implementation of scientific research is estimated by an
expert in person-days and is probabilistic in nature, because depends on many factors
that are difficult to take into account. The following formula used to determine the
expected (average) value of labor intensity texi:

3tmin i + 2tmaxi
Zlexpi = 5 ’ (2)

rae texp i — expected labor intensity of the i-th work, person-days; #,,;, ; — the minimum
possible labor intensity of performing a given i-th work (optimistic assessment:
assuming the most favorable set of circumstances), person-days; ¢,,,, ; — the maximum
possible labor intensity of performing a given i-th work (pessimistic assessment:

assuming the most unfavorable set of circumstances), person-days.
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Based on the expected labor intensity of the work, the duration of each work in
working days is determined, taking into account the parallel execution of work by

several performers:

T = texpi

Wi

: (3)

=

where 7', — duration of one work, working days; texpi — expected labor intensity of one

work, person-days; N; — the number of performers performing the same work at the

same time at this stage, pers.
4.2.3 Development of a research schedule

In accordance with the calendar plan for the execution of work, a tape schedule
for the completion of the qualification paper built in the form of a Gantt chart.

For the convenience of building a schedule, the duration of each of the stages
of work from working days converted into calendar days. For this, the following
formula was used:

Ti=Ty ke, (4)
where T; — duration of the i-th work in calendar days; T,,, — duration of the i-th work
in working days; k. — calendar coefficient.

The calendar coefficient determined by the following formula:

T,

- ()

k:
< T.—-T;—T,

where T.— number of calendar days in a year; 7, — number of days off in a year; 7, —
number of holidays in a year.
Thus:
- T. 365
T.—T,—T, 365—752—14
Calculated values in calendar days for each work are rounded to the nearest

k, = 1,22

whole number and summarized in Table 10.
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Table 10 — Time indicators for scientific research

Labor intensity of work

Lmin» Tmaxes texp i,
Ne Title of the work Performers o N, Ti T,
person- | person- | person-
persons
days days days
) Scientific
Drafting and approval of .
1 ] o supervisor, 2 4 2,8 2 1,4 2
technical specifications
student
) Scientific
Selection and study of .
2 ] ] supervisor, 15 25 19 2 9,5 12
materials on the topic
student
. Scientific
Conducting patent )
3 supervisor, 5 7 58 2 2,9 4
research
student
Choice of research Scientific
4 o ) 2 3 2,4 1 2,4 3
direction supervisor
) Scientific
Scheduling work on the )
5 ] supervisor, 1 2 14 2 0,7 1
topic
student
Scientific
6 | Search of literary sources supervisor, 5 7 5,8 2 29 4
student
Analysis of literary
7 Student 5 7 58 1 5,8 8
sources
Obtaining data on the S
o Scientific
dose rate of y-radiation in )
8 supervisor, 2 4 2,8 2 1.4 2
the surface atmosphere
student
from IMCES data
o Scientific
Obtaining data on solar )
9 o supervisor, 2 4 2,8 2 1.4 2
radiation from IMCES
student
Plotting Gamma
10 Radiation vs. Solar Student 14 31 20,8 1 20,8 26
Radiation
Analysis and presentation
11 Student 2 4 2,8 1 2,8 4
of results
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Continuation of Table 10

Scientific
12 | Evaluation of the results . 2 4 2,8 1 2,8 4
supervisor

Evaluation of the

effectiveness of the study | Student, FM

13 o 10 15 12 2 6 8
and application of the consultant
results
Development of social Student, SR
14 10 15 12 2 6 8

responsibility on the topic consultant

Drawing up an
15 Student 7 14 9,8 1 9,8 12
explanatory note

Based on the table. 4 built a schedule in the form of a Gantt chart (Fig. 25). The
schedule built with a breakdown by months and decades for the period of graduation.

The total number of days to complete the work is 100 days.

The duration of the work
MNe Title of the work Ty Performers February March April May

1 Drafting and approval of technical specifications 2 S: I
s . . 58
2 Selection and study of materials on the topic 12 5
3 Conducting patent research 4 58
e s ]

4 Choice of research direction 3 55 I
5 Scheduling work on the topic 1 s:
. ol
6 Search of literary sources 4 3
7 Analysis of literary sources 8 5
8 Obtaining data on the dose rate of y-radiation in the surface N 55
atmosphere from IMCES data - 5
9 Obtaining data on solar radiation from IMCES 2 S:
10 Plotting Gamma Radiation vs. Solar Radiation 26 5
11 Analysis and presentation of results 5
12 Evaluation of the results 55
13 Evaluation of the effectiveness of the study and application of " 5
the results C
14 Development of social responsibility on the topic g g
15 Drrawing up an explanatory note 12 s

[ Scientific supervisor P Student
FM consultant B SR consultant

Figure 25 — Gantt Chart
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4.3 Scientific and technical research (STR) budget

When planning the STR budget, a full and reliable reflection of all types of
expenses associated with its implementation should be ensured. In the process of
forming the STR budget, the following grouping of costs by items was used:

1) the cost of the main equipment for scientific and experimental work;
2) the main salary of the performers of the theme;

3) additional salary of theme performers;

4) contributions to off-budget funds (insurance contributions);

5) overhead costs.

4.3.1 Calculation of the cost of equipment for scientific and experimental

work

The calculation of equipment costs reduced to the determination of depreciation
charges, since the equipment was purchased before the start of work.

The depreciation rate calculated using the following formula:

1
Nd: -, (6)
n

where n is the useful life time, measured in years.
Depreciation of equipment on a straight-line basis calculated as follows:
Nd “m-N
D= —F—o0,
12
where m — operation time, months; N — total amount, th. rub.

(7)

The main equipment used in the work was an HP Pavilion Gaming 15-cx0171ur
PC purchased in January 2020 for 56999 rubles. The useful life of a PC is 5 years. As
a result, the total amount of depreciation deductions amounted to:

e 0,2 56999 - 2
- 12

=1899,97 = 1900 rub.
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4.3.2 Basic and additional salaries of theme performers

The article includes the basic salaries of employees directly involved in the

implementation of STR (including bonuses and additional payments) and additional

salaries. In addition, a monthly bonus paid included from the payroll for 20-30% of the

tariff or salary:

Ssal = Sbase + Sadd: (8)
where S, . — basic salary; S,,, — additional salary (12-20% of the basic one).

The basic salary of the head (laboratory assistant, engineer) from the enterprise

(if there is a head from the enterprise) calculated according to the following formula:

Sbase = Sday ’ Tw: (9)
where T, — duration of work performed by a scientific and technical worker
(Table 12); S,,, — average daily salary of a worker, rub.

The average daily salary calculated by the formula:

Su = 2, (10)
Fy

where S,, — monthly salary of a worker, rub.; M — the number of months of

work without vacation during the year: with a vacation of 24 working days

M = 11.2 months, 5-day week; on vacation at 48 working days M = 10.4

months, 6-day week; F; — actual annual fund of working time of scientific and

technical personnel, working days (table 11).

Table 11 — Balance of working time

Scientific
Working time indicators ) Student

supervisor
Calendar number of days 365 365
_ Days off 52 52

Number of non-working days i
Holidays 14 14
o Vacation 48 48
Loss of working time i i
Absenteeism due to illness 7 7

Actual annual fund of working time 244 244
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Worker's monthly salary:
Sm = Str ) (1 + kpr + kad) ) kra (11)
where S, —salary by the tariff rate, rub.; k. — premium coefficient equal to 0.3;

k,; — coefficient of additional payments and allowances, is 0.2; k, — regional
coefficient equal to 1.3 (for Tomsk).

The calculation of the basic salary shown in table 12.

Table 12 — Calculation of the basic salary

T,, W.
Performers | Category | S, rub. | k. | S,,rub. | S, rub. Shaser TUb.
days
Scientific
_ PTS4 52700 |1,3| 68510 |2920,10 34 99 283,40
supervisor
Student - 13900 |1,3| 18070 | 770,20 93 71 628,60
Total Sp4se 170 912,00

The calculation of additional salaries carried out according to the following
formula:
Sadd = Spase * Kadd> (12)
where k,,, — coefficient of additional salaries (at the design stage it is taken
equal to 0.15).
The total salary of the work performers presented in table 13.

Table 13 — Total salary of performers

Performer Spaser TUD. S,qq» ub. Ssa TUD.
Scientific
_ 99 283,40 14 892,51 114 175,91
supervisor
Student 71628, 60 10 744,29 82 372,89
Total 170 912,00 25 636,80 196 548,80
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4.3.3 Contributions to off-budget funds

This item of expenses reflects mandatory contributions from the cost of
remuneration of employees according to the norms established by the legislation of the
Russian Federation to the bodies of state social insurance (FSI), pension fund (PF) and
medical insurance (FFCMI).

The amount of contributions to non-budget funds is determined based on the
following formula:

Sup = knp * (Sada T Shase): (12)
where k,;, — coefficient of contributions for payments to non-budgetary funds

(pension fund, compulsory medical insurance fund, etc.), equal to 30.2 %.

Contributions to non-budget funds presented in table 14.

Table 14 — Contributions to non-budget funds

Performer Basic salary, rub. | Additional salary, rub.
Scientific supervisor 99 283,40 14 892,51
Student 71628, 60 10 744,29
Coefficient of contributions for
0,302
payments to non-budgetary funds
Total: 59 357,74

4.3.4 Overhead costs

Overhead costs take into account other expenses of the organization that were
not included in the previous expense items: printing and photocopying of research
materials, payment for communication services, electricity, postal and telegraph
expenses, reproduction of materials, etc. Their value is determined by the following
formula:

Soc = koc " (Sadd T Shase)> (12)
where k,. — overhead factor.
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The value of the overhead factor is taken in the amount of 16 %. Then
S, =0,16- (1900 + 170912 +25636,8 +59357,74) = 41249,05 rub.

4.3.5 Formation of the budget for the costs of a research project

The calculated amount of research costs is the basis for the formation of the
project cost budget, which, when forming an agreement with the customer, is protected
by a scientific organization as the lower limit of costs for the development of scientific
and technical products.

The definition of the cost budget for the research project for each

implementation option given in table 15.

Table 15 — Calculation of the STR cost budget

Name of item Sum, rub. Comment
1. Costs for special equipment for scientific (experimental)
1 900,00 Paragraph 4.3.1
work
2. The cost of the basic salaries of theme performers 170912,00 | Paragraph 4.3.2
3. Expenses for additional salaries of theme performers 25 636,80 Paragraph 4.3.2
4. Contributions to non-budget funds 59 357,74 Paragraph 4.3.3
16 % from the
5. Overhead costs 41 249,05 )
sum article. 1-4
6. STR cost budget 299 055,59 | Sum of item 1-5

As can be seen from Table 15, the main costs of STR fall on the salaries of

performers.
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4.4 Determination of resource (resource-saving), financial, social and

economic efficiency of the study

To determine the effectiveness of the study, an integral indicator of the
effectiveness of scientific research calculated by determining the integral indicators of
financial efficiency and resource efficiency.

The integral financial development indicator defined as:

li _ impli
f?;};ev B D (13)
max

where ;%" — integral financial development indicator; ®,,,;; — cost of the

I-th variant of implementation; ®,,,. — maximum cost of a research project

(including analogues).

The resulting value of the integral financial development indicator reflects the
corresponding numerical increase in the development cost budget 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).

Since the development has only one implementation, then

mpl i Djpri 29905559

= = 1.
Jfindev— @ 299055,59

The integral indicator of resource efficiency of the implementation variants of

the object of study can be determined as follows:

Lei=) ;b (14

where [,,; — integral indicator of resource efficiency of the i-th variant of

implementation; a; — weight coefficient of the i-th variant of the implementation;

b{, b — scoring of the i-th variant of the implementation, is established by an

expert according to the selected evaluation scale; n — number of comparison

parameters.

The calculation of the integral indicator of resource efficiency is presented in the
form of table 16.
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Table 16 — Comparative evaluation of the characteristics of project implementation

variants
Object of study Weight
Criteria coefficient mpl.L
1. Promotes user productivity 0,23 5
2. Ease of operation 0,10 5
3. Noise immunity 0,20 4
4. Energy saving 0,20 3
5. Reliability 0,12 4
6. Material consumption 0,15 4
Total 1

l,,=5-023+5-0,1+4-0,2+3-0,2+4-0,12+4-0,15=4,13
The integral indicator of the effectiveness of implementation variants (Z;,,,, ;) is
determined based on the integral indicator of resource efficiency and the integral
financial indicator according to the formula:
Lrei
Limpii = W (15)
findev
Comparison of the integral indicator of the effectiveness of implementation
variants will allow you to determine the comparative effectiveness of the project (see
Table 17) and choose the most appropriate option from the proposed ones.
Comparative effectiveness of the project (£,,,,,):

I

Ecomp = 72 (16)
impl.2
Table 17 — Comparative efficiency
Ne /it Criteria Impl.1
1 Integral financial development indicator 1
2 Integral indicator of resource efficiency 4,13
3 Integral indicator of the effectiveness 4,13
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Comparison of the values of integral performance indicators makes it possible
to understand and choose the most effective solution to the set technical problem in
terms of financial and resource efficiency. In this case, there is only one variant of

implementation of study. Therefore, this proposed variant taken as the best one.
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5 Social responsibility

As part of the final qualification work, a study was made of the relationship
between the gamma background of the surface atmosphere and the incoming solar
radiation. The main part of the work was carried out on a PC located in the laboratory
room No. 118B of the 10th building of TPU.

The work consisted in carrying out a statistical analysis and searching for
dependencies between the data obtained on the gamma background near the soil

surface and the incoming solar radiation.

5.1 Organization of the workplace of the PC operator

The rational layout of the workplace provides for a clear order and consistency
in the placement of objects, tools and documentation. What is required to perform work
more often should be located in the zone of easy reach of the working space (Fig. 26)
[22].

Figure 26 — Hand reach zones in the horizontal plane: a - zone of maximum hand
reach; b - the reach zone of the fingers with an outstretched hand; c - zone of easy
reach of the palm; g - the optimal space for rough manual work; e - optimal space for

fine manual work

Optimal placement of tools and documentation within arm's reach: the display
is located in the zone, a (in the center); keyboard - in the d/e zone; the system unit is

located in zone b (on the left); the printer is in zone a (on the right); documentation: in
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the zone of easy reach of the palm - in (left) - literature and documentation necessary
for work; in the drawers of the table - literature that is not used constantly.

When choosing a workplace, namely a desk, the following requirements should
be taken into account:

— the height of the working surface should not exceed 680 - 800 mm;

— the height of the working surface for the keyboard should not exceed 650

mm;

— the width of the desktop should not be less than 700 mm, and its length

should not be less than 1400 mm, respectively;

— under the table there should be legroom, at least 600 mm long, at least 500

mm wide, the depth of the space at the level of the knees should be at least
450 mm, and at the level of the outstretched legs - at least 650 mm.

The work chair should be able to adjust the height and angles of the seat and
backrest. The recommended height of the seat from the floor level should not exceed
450 - 550 mm. Due to the special design of the work chair; it must provide a depth and
width of the seat surface of 400 mm, with the possibility of deepening the front edge.

The computer monitor should be located at the operator's eye level at a distance
of 500 to 600 mm. The choice of monitor should be made taking into account the
possibility of adjusting the brightness and contrast of the image on the screen. It should
also be possible to adjust the monitor screen:

— height +3 cm;

— inclination relative to the vertical 10-20 degrees;

— in left and right directions.

For comfortable work behind the keyboard, it should be located at a distance
of 100 to 300 mm from the edge of the working surface. The position of the keyboard
must be provided in such a way that it is located at the level of the operator's elbow and
has an angle of inclination to the horizontal surface of 15 degrees. To ensure maximum
comfort during operation, the design of the keys should have a square shape with
rounded corners, and the surfaces should have a concave shape. Also, the design of the
keys must provide the operator with a clicky feel when pressed, mechanical keyboards
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are best suited for this. The color of the keys must match the color of the operating

panel.

If the operator's work involves monotonous mental work that requires

significant nervous tension and great concentration, then it is best to choose soft, low-

contrast color shades (weakly saturated shades of cold blue or green colors), which do

not weaken attention. If the work requires a lot of mental and physical stress, then you

should use warmer shades that help increase concentration [22].

5.2 Assessment of harmful and dangerous factors

This paragraph provides an analysis of all the harmful and dangerous factors

that may arise when working in the laboratory. All harmful and dangerous factors

specific to the laboratory environment are presented in Table 18.

Table 18 — Possible harmful and dangerous factors

Factors

(GOST 12.0.003-2015 [23])

Regulatory documents

1. Microclimate

GOST 30494-96. Buildings residential and public. Indoor
microclimate parameters [24]

2. Noise

GOST 12.1.003-83. System of labor safety standards (SLSS).
Noise.

General safety requirements (with Amendment No. 1) [25]

3.

Ilumination of the

working area

SNiP 23-05-95*. Natural and artificial lighting (with Amendment
No. 1) [26]

4. Fire hazard

SP 12.13130.2009. Definition of categories of premises, buildings
and outdoor installations for explosion and fire hazard (by
amendment No. 1, approved by order of the Russian Emergencies
Ministry dated 09.12.2010 No. 643) [27]

GOST 12.1.004-91 System of labor safety standards. Fire safety.

General requirements [28]
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Continuation of Table 18
5. Electrical safety GOST 12.1.009-76 System of labor safety standards (SLSS) [29]
GOST P12.1.019-2017 SLSS Electrical safety [30]
GOST R MEC 61140-2000 Protection against electric shock.
General provisions on safety provided by electrical equipment and

electrical installations in their relationship [31]

5.2.2 Deviation of microclimate parameters

The main factors characterizing the microclimate of working environment are
temperature, mobility and humidity of air. The deviation of these parameters from the
norm leads to a deterioration in the well-being of the employee, a decrease in the
productivity of his labor and the occurrence of various diseases.

Auxiliary equipment, PCs, and lighting devices generate heat during operation.
High temperature contributes to rapid fatigue and overheating of the body when in
close proximity to heat sources.

High relative humidity at high air temperature contributes to overheating of the
body, while at low temperatures, heat transfer from the skin surface increases, which
leads to hypothermia of the body. Low humidity causes discomfort in the form of
dryness of the mucous membranes of the respiratory tract of the worker.

When normalizing meteorological conditions in industrial premises, the time
of year, the physical severity of the work performed, as well as the amount of excess
heat in the room are taken into account. Optimal and permissible meteorological
conditions of temperature and humidity are established according to [32] and are given
in Table 19.

For the convenience of working indoors, it is necessary to normalize the
parameters of the microclimate, that is, it is necessary to carry out measures to control
methods and means of protection against high and low temperatures, heating,

ventilation and air conditioning systems, etc.
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Table 19 — Optimal values of microclimate indicators at workplaces of

industrial premises

Category of work Ai
ir
Period of the | by the level of Surface Relative _
temperature, o Air speed, m/s
year energy oc temperature, °C | humidity, %
consumption, W
no more than
Cold la (up to 139) 22-24 21-25 60-40 01
no more than
Warm la (up to 139) 23-25 22-26 60-40 01

To maintain these norms of microclimate parameters, it is sufficient to have
natural unorganized ventilation of the room and a local air conditioner of a full air
conditioning unit, which ensures the constancy of temperature, relative humidity,
circulating speed and air purity. A fan can be used to circulate air masses in the
laboratory room. To calculate the ventilation rate of a fan in a laboratory with a volume
of V=90,3 m* (S = 25,8 m?, h = 3,5 m), we use the formula [33]:

W=V-k (17)

where k is the normalized air exchange rate (for laboratories k = 3), 1/h.

Substituting the data into formula (17), we obtain the characteristic of the fan

air exchange rate:

3

m
W=90,3-3=270,9 T

Based on the parameters obtained, the fan SQ0832-0113 from TDM with
maximum performance of 271 m3/h is suitable for the audience.

In winter, a central heating system is required to provide a given temperature
level [34]. It must provide sufficient, constant and uniform heating of the air. To
maintain the required temperature, a water heating system is used. This system is
reliable in operation and provides the ability to control the temperature over a wide

range. When installing a ventilation and air conditioning system in the laboratory,
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certain fire safety requirements must be observed. In rooms with increased
requirements for air purity, water heating should be used.

To protect the researcher from the action of a harmful factor of deviation of
microclimate indicators, microclimatic conditions are created by heating, exchange

ventilation and air conditioning in accordance with [32—-34].

5.2.3 Noise

Exceeding the noise level occurs during the operation of mechanical and
electromechanical devises.

To assess the noise environment, it is allowed to use a numerical characteristic
called the sound level (measured in dB). In accordance with [35], the permissible noise
level during work requiring concentration, work with increased requirements for the
processes of monitoring and remote control of production cycles at workplaces in
rooms with noisy equipment is 75 dB. Zones with a sound level of 80 dB must be
marked with safety signs according to [36].

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

In accordance with the specification for the DNS Office XL computer, the noise
level of the computer 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 slightly short time.

In the auditorium in question, additional sound insulation is not required, since
the limit value of the noise level is not reached.

In order to bring the noise level up to sanitary standards when organizing work
in the room, it is necessary to carry out preventive maintenance of computer system
units in a timely manner (dust cleaning and lubrication of moving parts of cooling units,

replacement of excessively noisy components).
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Protection against elevated noise levels is carried out by methods of its
reduction at the source of formation and on the propagation path, the installation of
screens and sound-absorbing linings, personal protective equipment according to [35,
36].

5.2.4 Lack of natural and artificial lighting

Insufficient illumination of the working area is also considered one of the
factors affecting human performance. The reasons for the insufficiency of natural and
artificial lighting are the remoteness of the workplace from lighting sources,
insufficient power and poor quality of lighting sources, unsuitable weather factors or
time of day.

For industrial enterprises, the optimal illumination of the territory and premises
is an important and difficult technical task, the solution of which provides normal
hygienic conditions for working personnel. Properly selected light sources and their
design create conditions for production work, the correct execution of technological
operations, compliance with rules and safety precautions.

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 method of placing lamps and the distribution of
illumination, the following systems of artificial lighting are distinguished: general and
combined.

General lighting is called, the lamps of which illuminate the entire area of \ the
premises, both occupied by equipment or workplaces, and auxiliary. Depending on the
location of the lamps, uniform and localized general lighting are distinguished. With
general uniform illumination, the luminaires are located evenly in the upper zone of
the room, thereby ensuring the same illumination of the entire premises. 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, luminaires are placed taking into
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account the location of 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 performed, as
well as to equalize the brightness in the field of view of workers. Lamps located directly
at the workplaces provide local lighting. It should be preferred if different visual tasks
are to be solved in several working areas of the premises and therefore they require
different levels of illumination. It is also necessary when workplaces are distant from
each other. At the same time, it should be borne in mind that the use of only local
lighting is unacceptable, since it creates a large difference in the illumination of
working surfaces and the surrounding space, which adversely affects vision [26].

When taking into account the peculiarities of the work process on the computer,
it is allowed to use a system of general uniform lighting.

For general lighting, gas discharge lamps are used: daylight (DL), cold white
(CW), warm white (WW) and white color (WC).

Let's determine the required number of light sources to fully illuminate the
laboratory audience with working computers with fluorescent ceiling lights.

Luminous flux for fluorescent lamps, power 56 W:

F=Ra-P,
where Ra = 80 Lm/W — minimum CRI for fluorescent lamp.
F=280-56=4480 Lm.

The required number of lamps for lighting the laboratory audience:

_E-Szk

N :
K-F-n

where E — illumination, Lux (with a general lighting system E = 300 Lux);
K — transition factor, 4.5;

n — utilization factor of the luminous flux of the lighting installation, 45 %;
k — safety factor, 4.5;

S — illuminated area, 25.8 m?;

z — correction factor taking into account uneven lighting, 0.9.
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300-258-0,9-4,5

4,5 - 4480 - 0,45
The calculated value of the number of fixtures is rounded up to a whole number.

We get that 4 lamps are needed to properly illuminate 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 enough. It is related to the
mode of operation. It is generally recommended to use general and combined lighting.

Workplace illumination standards correspond to [26].

5.2.5 Electrical safety

Sources of the hazard are conductive cables, electrical equipment. The danger
of electric shock is aggravated by the fact that a person is not able to detect voltage
remotely without special devices. An electric current passing through a living organism
causes thermal (burns, heating and damage to blood vessels, overheating of the heart,
brain and other organs), electrolytic (decomposition of an organic fluid, including
blood, which causes a significant violation of its composition, as well as tissue in
general) and biological action (violation of internal bioelectrical processes inherent in
a normally functioning organism and closely related to its vital functions).

The operator works with electrical appliances: a computer (display, system
unit, etc.) and peripheral devices. An electric shock hazard exists in the following cases
[29, 30]:

— by direct contact with current-carrying parts during repair;

— when touching non-current-carrying parts that are energized (in case of

violation of the insulation of current-carrying parts);

— when touching the floor, walls that are energized;

— in the event of a short circuit in high-voltage units: power supply unit and

display scanner unit.

Electric current, passing through the human body, has a thermal, chemical and

biological effect.
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Thermal (thermal) effect is manifested in the form of burns of the skin area,
overheating of various organs, as well as ruptures of blood vessels and nerve fibers
resulting from overheating.

Chemical (electrolytic) action leads to electrolysis of blood and other solutions
contained in the human body, which leads to a change in their physico-chemical
composition, and hence to disruption of the normal functioning of the body.

Measures to ensure the electrical safety of electrical installations:

— disconnection of voltage from current-carrying parts on which or near
which work will be carried out, and taking measures to ensure that it is
impossible to supply voltage to the place of work;

— hanging posters indicating the place of work;

— grounding of housings of all installations through a neutral wire;

— coating of metal surfaces of tools with reliable insulation;

— inaccessibility of current-carrying parts of the equipment (conclusion in
cases of electro-shocking elements, conclusion in the case of current-
carrying parts) [29, 30].

The room in which the work was carried out is suitable for class 1 rooms, in

which operating voltages do not exceed 1000 V.

Also, the computer carries the danger of not only electric current, but also the
harmful factor of electromagnetic radiation.

The main sources of electromagnetic radiation in working areas are displays of
computers and mobile devices, electrical wiring network, system unit, power supplies,
displays of dosimetric devices. Exposure to electromagnetic radiation can lead to
disruption of the functions of the cardiovascular, respiratory and nervous systems, as
well as the digestive tract, and changes in the composition of the blood. Table 20 shows
the permissible levels of parameters of electromagnetic fields [37].

The propagation of an electromagnetic field 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 relevant
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research by scientists, therefore, as far as possible, its effect on the human body should

be limited.

Table 3 — Temporary permissible levels of electromagnetic fields generated by
aPC

Acceptable
Parameters
level
o In the frequency range 5 Hz - 2 kHz 25 W/m
Electric field strength
In the frequency range 2 kHz - 400 kHz 2,5 W/m
) ) In the frequency range 5 Hz - 2 kHz 250 nTI
Magnetic flux density
In the frequency range 2 kHz - 400 kHz 25 nTI
Electrostatic potential of the monitor screen 500 V

The strength of the electromagnetic field at a distance of 50 cm around the
screen in terms of the electrical component must correspond to [38].

An increased level of electromagnetic radiation can negatively affect the human
body, namely, lead to nervous disorders, sleep disturbance, a significant deterioration
in visual activity, a weakened immune system, and disorders of the cardiovascular
system.

There are the following methods of protection against electromagnetic fields:

— increasing the distance from the source (the screen must be at least 50 cm

away from the user);

— use of near-screen filters, special screens and other personal protective

equipment.

In the specified audience, the electromagnetic radiation complies with the
standards [37, 38].
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5.2.6 Fire safety

Depending on the characteristics of the substances and materials in the
premises, according to the explosion and fire hazard, the premises are divided into
categories A, B, C, D and D in accordance with [27].

The room under consideration is classified as category B, as it contains solid
combustible substances in a cold state. Possible causes of fire:

— work with open electrical equipment;

— short circuits in power supplies;

— non-compliance with fire safety rules.

In order to reduce the risk of fire and minimize possible damage, preventive
measures are taken, which are divided 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 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, manufacturing and use of visual
agitation to ensure fire safety [28]. Operational measures include preventive
inspections of equipment. Regime measures include the establishment of rules for the
organization of work and compliance with fire prevention measures. To prevent a fire,
the following fire safety rules must be compliance:

— maintenance of premises in accordance with fire safety requirements;

— proper operation of the equipment (correct connection of the equipment to

the power supply network, control of equipment heating);

— training of production personnel in fire safety rules;

— availability, proper 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 powder fire extinguishers. These fire extinguishers
are designed to extinguish fires of various substances and materials, electrical
installations under voltage up to 1000 V, flammable liquids. The use of chemical and
foam fire extinguishers is not allowed. Fire extinguishers should be located on the
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protected object in accordance with the requirements so that they are protected from
direct sunlight, heat fluxes, 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 of the most likely occurrence of a fire, along the paths of passage, and also near
the exit from the premises. Fire extinguishers should not interfere with the evacuation
of people during a fire. According to fire safety requirements [27, 28], there are 2 fire
extinguishers OP3 on the floor, portable powder fire extinguishers, flights of stairs are

equipped with hydrants, there is a fire alarm button.

5.3 Emergencies

An emergency situation (ES) is a situation in a certain territory that has
developed as a result of an accident, a natural hazard, a catastrophe, a natural or other
disaster that may or have caused human casualties, damage to human health or the
natural environment, significant material losses and violation living conditions of
people [39]. There are two types of emergency situations:

— technogenic;

— natural.

Technogenic emergencies include fires, explosions, sabotage, releases of toxic
substances. Natural emergencies include natural disasters. The most probable
technogenic emergencies are fires.

Accident hazards include a sudden and uncontrolled source of energy: a
moving object, uncontrolled movement or energy.

Let's consider possible emergencies in the auditorium No. 118B of the
educational building No. 10 of TPU, namely:

— the occurrence of a fire;

— electric shock;

— falling from a height of one's own height;

— falling down stairs.
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Measures to prevent and eliminate the consequences of the above emergencies

are presented in Table 21.

Table 21 — Examples of emergency situations and measures for their prevention

and elimination at the workplace

Ne

Emergency

situation

Prevention measures

Measures to eliminate the consequences

of an emergency

Occurrence of a

1. Timely training.
2. Installation of automatic fire
extinguishing equipment in the

premises.

1. De-energize the room, stop the air
supply;
2. Immediately report the fire to the

person on duty or to the security post;

1 fire 3. Installation of smoke and fire 3. If necessary, call 112;
detectors. 4. If possible, take measures to evacuate
4. Providing escape routes and people, extinguish a fire and save
maintaining them in proper condition. | property.
4. Control of electrical appliances.
1. Grounding of all electrical 1. Quickly release the victim from the
installations. action of electric current [31];
2. Workspace limitation. 2. Call 112;
3. Ensuring the inaccessibility of live | 3. If the victim has lost consciousness,
parts of the equipment. but breathing is preserved, it should be
4. Timely training. conveniently laid down, unbuttoned
tight clothing,
create an influx of fresh air and ensure
2 | Electric shock complete peace;

4. The victim should be given a sniff of
ammonia, sprinkle his face with water,
rub and warm the body;

5. If there is no breathing, artificial
respiration and heart massage should be

done immediately.
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Continuation of Table 21

Injury as a result
of falling from
one's own
height

1. Maintaining the premises in
appropriate order.
2. Workspace limitation.

3. Timely training.

1. Examine or interview the victim;

2. Call 112;

3. Stop bleeding if any;

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

Injury as a result
4 | of falling down

stairs

1. Installing handrails on stairs.
2. Coating of stairs with anti-slip
coating.

3. Timely training.

1. Call 112;

2. Stop bleeding if any;

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 assistance is provided.

This subsection discusses potential emergencies that may arise when working

in classroom No. 118B of educational building No. 10. Measures to prevent and

eliminate these situations are considered, according to [31, 39].
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Conclusion

The instrumental and computational methods for determining evaporation from
the soil surface analyzed. Shown the advantages and disadvantages of these methods
of existing methods.

To determine the amount of evaporation, it proposed to replace part of the
meteorological parameters with the value of the gamma background, for which an
analysis of the relationship between the gamma background, incoming solar radiation
and relative air humidity carried out.

The analysis showed that there is a strong relationship between the gamma
background and the incoming solar radiation, which disturbed by precipitation. The
coefficients of correlation and determination can reach very high values (up to 0.97
and 0.94, respectively) and decrease significantly during and after precipitation (down
to 0.41 and 0.17, respectively). The relationship between the gamma background and
relative air humidity is much weaker; the average values of the correlation and
determination coefficients are 0.22 and 0.1, respectively.

Based on the analysis, it can argued that, when calculating evaporation from the
soil surface, the gamma background parameter can serve as a substitute for a number
of meteorological parameters, the measurement of which is technically difficult or not

performed for a number of independent reasons.

86



References

1.  XKypuna JI. JI. Arpomereoposiorus: yueonuk / JI.JI. XKypuna. — 3-e uzs.,
nepepad. u gon. — Mocksa: UHOPA-M, 2020. — 350 c.

2. BunnukoB C.JI. ®usuka Box cymu: yueOHuk / BunnukoB C.JI.,
Buktopoa H.B. —  Cankr-lIletepOypr:  Poccuiickuii  rocyaapcCTBEHHBIH
rupoMeTeoposiornueckuit yuusepcutet, 2009. — 430 c.

3.  Bepuro C.A., Pazymona JI.A. [louBennas Bnara. — JI.: ['uagpomereousnar,
1973. - 328 c.

4. YepenkoBa E.A., Illymoa H.A. HcnapsiemocTb B KOJUYECTBEHHBIX
nokaszarensax kinuMara //  Apugaeie  skocuctembl.  2007. Ne33-34. URL:

https://cyberleninka.ru/article/n/isparyaemost-v-kolichestvennyh-pokazatelyah-

klimata (mara obpamenus: 19.04.2022).

5.  Penman H.L. Natural evaporation from open water, bare soil and grass. //
Proc. R. Soc., London (A) —1948. — Vol. 193. — P. 120-145.

6. Monteith J.L. Evaporation and Environment. Proc. // 19th Symposia of the
Society for Experimental Biology. Cambridge: University Press — 1965. — VVol. 19 — P.
205-234

7. Ghiat, I.; Mackey, H.R.; Al-Ansari, T. A Review of Evapotranspiration
Measurement Models, Techniques and Methods for Open and Closed Agricultural
Field Applications. Water 2021, 13, 2523

8. Xing, W.; Wang, W.; Shao, Q.; Song, L.; Cao, M. Estimation of
Evapotranspiration and Its Components across China Based on a Modified Priestley—
Taylor Algorithm Using Monthly Multi-Layer Soil Moisture Data. Remote Sens. 2021,
13, 3118.

9. PYKOBOI[CTBO 10 TI'paauCHTHBIM Ha6J'IIOI[eHI/I$IM n OIpcaAcJICHUIO
COCTaBJIIOIINX TEIUIOBOro Oananca, I 'mapomereounsaar, JI., 1964 r.

10. KoncrantunoB A.P. Ucnapenue B npupoae JI.: 'mapomereounsnar, 1968.

—-532c.

87


https://cyberleninka.ru/article/n/isparyaemost-v-kolichestvennyh-pokazatelyah-klimata
https://cyberleninka.ru/article/n/isparyaemost-v-kolichestvennyh-pokazatelyah-klimata

11. Pexkomenpanmuu MO pacuery HCHApeHUsi C TMOBEPXHOCTH CYIIH. —
Jlenunrpan: ['mnpomereonsaar, 1976. — 96 c.

12. Kalma, Jetse & McVicar, Tim & McCabe, Matthew. Estimating Land
Surface Evaporation: A Review of Methods Using Remotely Sensed Surface
Temperature Data. // Surveys in Geophysics. — 2008. — Vol. 29. — P. 421-469.

13. Tenppan A.H., MyssuieB E.JI., Ycnenckuit A.b., Crapuesa 3.I1.,
VYcenenckuit C.A., Pomanos I1.}JO. Moaenp B3auMOAEHCTBUSL MMOBEPXHOCTU CYIIU C
aTMoc(epoit, OpUEHTUPOBAHHAS HA UCIIOIB30BAHUE CITyTHUKOBOW MH(OpMAaIuu, u ee
NPUMEHEHUE JUISl CENbCKOXO3SIMCTBEHHOTO pernoHa // CoBpeMeHHblE NpOOIeMbl
JTUCTAHITMOHHOTO 30HaUpoBanus 3emun u3 kocmoca. 2012. T. 9(5). C. 183-191.

14. Miralles D. G., Holmes T. R.H., De Jeu R. A. M. et al. Global land-surface
evaporation estimated from satellite-based observations // Hydrology and Earth System
Sciences. — 2011. — Vol. 15. — Ne2. — P. 453-469

15. Hpoznos O. I1. u ap. Knumatonorus — JI.: T'unpomereousnar, 1989 r. C
263 — 317

16. Martsees JI. I'. Kypc obmieli mereoposnoruu. @usuka atmocdepst. — JI.:
I'mppomereounsnar, 1984 r

17. Bapuanuu KOMIOHEHT paJallMOHHOTO ()OHA B CEHCMUYECKUA aKTHBHOM
u cnokoitHoMm peruonax / A.B. Bykomnos, M.1. Unnonutos, B.Jl. Kaparaes, I1.M.
Haropckuii, C.B. Cmupnos, IL.I1. ®upcros, B.C. fkosnesa // U3Bectus TITY, 2012.
— Nel. - C. 184 —190.

18. Bapuaumu paguanmoHHoro (QoHa M KIMMATHYECKUX [apaMeTpoB B
ceBepHoi yactu AzoBckoro mops / M.H. bekman, M.A. Xackos, B.U. Ilaceka, JI.E.
[Tanapkuna, I'.b. Ps3anues.

19. Bapuammu ecrecTBeHHOro ramma-¢poHa BO BpeMsi  BBINAJCHUS
atMochepHbix ocankoB / b.b. I'BozneBckmii, F0.B. bana6bun, A.B. I'epmanenko, D.B.
Bamentok, JI.W. Hlyp // Bectnuk Konbckoro nayunoro nentpa PAH, 2010. — No2. —
82 C. 104 —109.

20. SxosneBa B.C. Meroapl u npubopsl KOHTpOJs monel anbda-, Oera-,

raMma-u3jaydyeHuid M pajJoHa B CHCTEME «rpyHT-atMochepa»: aBTopedepar

88



JUCCEPTALMM HA COMCKAHWE YYEHOH CTENEHH JIOKTOpa TEXHUYECKHUX HayK: CHEL.
05.11.13 / B.C. fIxoBneBa — Tomck, 2013. — 35 c.

21. Sxosnera B.C. MHCTpyMeHTalbHBIE METOBI PAIUAIIMOHHBIX U3MEPEHUI:
Yuebnoe nmocodue. — Tomck: TITVY, 2010. — 168 ¢

22. CaunlluH  2.2.2/2.5.1340-03  T'uruenudeckue  TpeOOBaHUS K
MEPCOHAIILHBIM JIEKTPOHHO-BBIUMCIUTEIBHBIM MALIMHAM U OpraHU3aliu paboThI.

23. TOCT 12.0.003-2015 Cucrema cTaHmapTOB O€30MACHOCTH Tpyaa
(CCBT).
OnacHele W BpeAHbIE NPOU3BOJACTBEHHbIE (akTopbl. Kiaccupukanus. Pexum

nocryma: https://docs.cntd.ru/document/1200136071/ (nara odpamenus: 14.04.22).

24. TOCT 30494-96 3nmanust >kuible W oOmiecTBeHHBbIE. [lapamerpsr
MUKPOKJIMMATa B TTOMETIICHUSX. Pexum J0CTyma:
http://docs.cntd.ru/document/1200003003 (nara obparienus: 15.04.22).

25. T'OCT 12.1.003-83 Cuctema cranmaptoB 6e3omacHocTH Tpyaa (CCBT).
[ym. OOume tpeboBanusi Oe3omacHoctu (¢ M3menennem N 1) Pexum nocryma:
http://docs.cntd.ru/document/5200291 (nata obpamenus: 15.04.22).

26. CHull 23-05-95* EcTecTBEeHHOE | HCKYCCTBEHHOE OCBeIIeHUE (C
N3menennem N 1) Pexxum nocryma: http://docs.cntd.ru/document/871001026 (mata
oOpamenus: 15.04.22).

27. CIT 12.13130.2009. OmpenencHue KaTeropuii MOMEIICHHWHA, 3TaHUA H
HapYXKHBIX YCTaHOBOK IO B3PHIBOIIOKAPHOW M MOKAPHOW OMAcHOCTH (B pen. u3M. No
1, yrB. nmpukazom MUYC Poccuu ot 09.12.2010 Ne 643). [DnekTpoHHBIN pecypc].
Hoctyn u3 coopuuxa HCUC I1b. — 2011. — No 2 (45).

28. TOCT 12.1.004-91 Cucrema cranmapToB 0€30MaCHOCTH TpPYyJa.
[ToxapHas 0€30I1aCHOCTb. OO0uue TpeOOBaHMUS. Pexnm JOCTyTIa:
https://docs.cntd.ru/document/9051953 (mara o6pamenus: 19.04.2022).

29. TOCT 12.1.009-76 Cuctrema cranmaptoB 6e3omacHoctu Tpyaa (CCBT).
OnekTpobe3omacHOCTh.  TepMuHBI W ompeaeneHus  Pexum  jgoctyma:

http://docs.cntd.ru/document/5200278 (mata o6pamenus: 19.04.22).

89


https://docs.cntd.ru/document/1200136071/

30. T'OCT P12.1.019-2017 CCBT Dnextpobe3zonacHoCTh Pexum moctyna:
https://beta.docs.cntd.ru/document/1200161238 (narta odpamenus 20.04.22).

31. TOCT P MDK 61140-2000 3ammura OT MOPa)KEHUS HIEKTPUUECKUM
TOKOM. OO0mmmue ITOJIOKCHHUS 110 0C30I1aCHOCTH, obOecrieunBaeMoi
AIIEKTPOOOOPYTIOBAaHUEM U JICKTPOYCTAHOBKAMH B MIX B3aMMOCBSI3H. Pexxum noctyma:
https://docs.cntd.ru/document/1200017996 (nata oopamenus: 01.05.2022).

32. CaunlluH 2.2.4.548-96 TI'uruenudeckue TpeOOBaHUS K MHKPOKIUMATY
MPOU3BOICTBEHHBIX MOMEIICHHM Pexxum JocTymna:
http://docs.cntd.ru/document/901704046 (nata obopamenus: 15.04.22).

33. T'OCT 32548-2013 Bentunsuus 3ganuii. Bo3myxopacnpenenuTenbHbie
yCTpoOICTBa. Oo6uue TEXHUYECKUE yCIIOBHS. Pexum JocTyna:
https://docs.cntd.ru/document/1200110084 (nata oOpamenus: 01.05.22).

34. CHull 41-01-2003 OromnyieHre, BEHTWISAIMS W KOHIUIIMOHUPOBAHUE
Pexxum nmoctyma:  http://docs.cntd.ru/document/1200035579 (mata oOpatieHus:
15.04.22).

35. TOCT 12.1.029-80 CpenctBa M METOABI 3aIUTHI OT IIyMa. Pexum
noctyna: http://docs.cntd.ru/document/5200292 (nata obpamenus: 15.04.22).

36. T'OCT 12.4.026-76* Cucrema cranmaptoB Oe3omacHoCTH Tpyaa. L[Bera
CUTHAJIbHBIE u 3HAKU 0€30MMacHOCTH Pexum J0CTyma:
http://docs.cntd.ru/document/1200003391 (aata obpamenus: 18.04.22).

37. CaulluH  2.2.2/2.4.1340-03  T'uruenuwyeckue  TpeOOBaHUA K
MEPCOHAIBHBIM DJIEKTPOHHO-BBIUNCIUTEIFHBIM MaIlllMHAM M OpPTaHU3alMd PaOOTHI
Pexxum  pmoctyma:  http://docs.cntd.ru/document/901865498  (nata oOpareHus:
16.04.22).

38. TOCT 12.1.006-84  DnexkTpoMarHuTHbIE  TOJI  PaaAUOYacTOT.
JlomycTuMble YpOBHM Ha pabo4MX MecTax W TpeOOBaHUS K MPOBEICHUIO KOHTPOJIS
Pexxum noctyna: http://docs.cntd.ru/document/5200272 (nata obpamenus: 20.04.22).

39. TOCT P 22.0.02-2016 bezomacHOCT, B YpE3BBIYAMHBIX CHUTYaIUIX.
TepMuHbI 51 OIIpEAEIICHHUS. Pexnm JNOCTyIIa:

https://docs.cntd.ru/document/1200139176 (nara oopaienus: 01.05.2022)

90



