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INNPOBJIEMb} PAHHAHHOHHOH 3AHL U AO300387
HA OBBEKTE «YKPBITI/I o
B.H. Boropan, T.B. Jlutsunckas, I.A. Hukonos,

A.10. Crenuenko
T'HTI] APK, Ykpauna

OnHoii U3 caMbIX aKTyalbHbIX Ha CErOAHAUIHUIH JeHb NpodieM NpH OcyIlecT-
BneHuH npoekToB SIP no npeobpasoBaHuio oObekTa «YKphITHE» aBAseTCA obec-
neyeHMe paaMauuoHHOH 6e30macHOCTH nepcoHana.

IlepBriii Bonpoc, Ha KOTOPOM XOTENOCh Obl OCTAHOBHTLCS, CBA3aH C YCTAHOB-
JICHUEM JIOMYCTUMBIX U KOHTPOJIbHBIX YpOBHEH. ECTECTBEHHO, 4TO K/IHOUEBBIM MO-
MEHTOM B JI€ATEALHOCTH O 00eCNeyeHNI0 paanallMOHHOM 6e30MacHOCTH ABNAETCS
OpraHusauus paJuallHOHHON 3alMTHl MEepcoHana ajekBaTHOH pagHauHOHHOH 06-
CTaHOBKe B MECTax NpoBe¢AeHHs paboT M Ha MapuipyTax. Ha cerogHauwHHWi neHb
NOHATHE aACKBATHOCTH CBSI3aHO C HOPMAaMH M NpPaBHIdMH, KOTOPbIE JOIKHBI CO-
6monatbesa npu BeIMoNHenuy pabor. K HopmaM B NepByIO ouepellb OTHOCATCS OC-
HOBHbIE J1030BBIC IpeAensl, ycraHaBiuBaembie HPBY-97. MoxHo cuuTtats, uto
Mepbl NO paaHaLMOHHON 3aI(UTE B MEPBOM NPUONMXKEHHH aieKBaTHbl YCIOBUSIM
nposeneHus paboT, ecnu cobnioaeHbl OCHOBHBIE 1030BbIE MpeJebl. Yke Ha 3TOM
YPOBHE BO3HHKAIOT PsJl KOHLENTYalbHBIX BOMPOCOB, CBA3AHHBIX C TEM, YTO OCHOB-
Hbl€ J030BbIE Npejesibl HOPMHPOBAHLI Ha KAICHAAPHBIH roj, a NPH peanu3aluu
npoektoB SIP mimrenpHocTs paboT onpeneeHHOrO BH/Ja B KOHKPETHBIX YCIIOBUSAX
3HauMTeNbHO MeEHblle. OTClofa BO3HMKAET BONPOC, KAK yCTaHABIMBATH JOMYyCTH-
MbI€ U KOHTPOAbHbIE YPOBHH. [IpakTHueCKH BO3MOXHBI [Ba anbTEPHATHBHBIX MOA-
X0Ja K UX YCTAaHOBJICHHIO.

IepBe1ii 3 HUX OCHOBaH Ha AOMYCTHMOCTH BbIOOPA rof0BOH KBOTHI 3a KOPOT-
KU NPOMEXYTOK BPEMEHH ¢ MOCIEAYIOIMM BLIBOJAOM IepcoHana M3 yyacTus B
paboTax, cBA3aHHbIX C 00nyyeHHEM, a BTOPOH — Ha ONpPeAEICHHY NPOH3BOAHBIX
J030BbIX TIPE/EIOB, TAPAHTUPYIOLUIMX HEMPEBBIUICHHE OCHOBHBIX NPEAENOB NpPH
YCIIOBHH 3aHATOCTH NepcoHana Ha paboTax B MOJNAX HOHH3UPYIOILETO H3IYYeHHs B
TeyeHHe Bcero roja. EctecTBelHO, UTO 3a cueT A03bl, CBA3AHHON C HAXOX/JEHHEM B
30He paboT W NepeABHIKEHHAMH N0 MaplupyTaM, KONJIEKTHBAAA /03 [IPH NEepBOM
noaxoze OyneT MeHbUIE, OJHAKO NPH 3TOM HEOOXOAMMO UMETh B BHJY, UTO «3a-
nac» KsanupHIIHPOBAHHOIO MEPCOHANA OIPAHHYEH M MOXET CIIOXHTBCSA CHUTYallus,
NpH KoTopoil B fansHEHeM paboThl NpUAETCS NMPOBOAUTH CHELHANHCTAM C HHU3-
ko kBanndHKareH, KOTOpbIE K TOMY %€ BIIEpBblE HAXOUATCA Ha 00bEKTE «YKphI-
THe». Takum 06pa3oM, yCTaHOBIEHME MAOMYCTHMBIX M KOHTPOJBHBIX YPOBHE#
JOJDKHO TPOH3BOAHTCA € YYETOM MMEIOLLETOCA B HATHYHMHK MepCcoHana onpeaecicH-
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HoHt kBatuukauuu. Hanpumep, ecnu B pacnopskeHHH uMmeercs N CBapIUMKOB
H T - BpeMs (4), HeoOXoauMMOE Ul BBINOJHEHHS FOJ0BOr0 00beMa CBAPOYHBIX
pabot, To B mepBoM NPHOIHKEHUH NOMYCTHMBIH YPOBeHb MOLUHOCTH IPPEKTHB-
HO}t 10361 MOXKeET GBITH OTpe/ieNieH U3 COOTHOLLUECHHS

KL _DLexN
E y

Takum 06pa3oM, KOHTPOJIbHBLH YPOBEHb 3aBUCHT OT NPOJODKHTELHOCTH BbI-
NIONHAEMBIX paboT M YMCIEHHOCTH MepcoHana JaHHOH kBanudukauuu. JApyrumu
cnoBaMH, 1js pabotr, He TpeOylOIUMX BhICOKOH KBalM(HKAUMH MEepcoHana, KOH-
TPOJIBHBIE YPOBHH MOTYyT 6bITh BblllE, YeM A paboT, TpeOyomux BHICOKOIH KBa-
audHKaLMH MepcoHana, YHCIEHHOCTh koToporo orpanuyeHa. Kpome Toro, mpu
TaKOM TNOAXOAE K YCTAHOBIEHHIO KOHTPOJbHBIX ypoBHEH HeoOxomuma crTporas
CHCTEMA YUYE€Ta M KOHTPOJIA 1030BbIX Harpy3ok. OCHOBHBIE OAXO/bI K YCTAHOBJIE-
HHIO KOHTPOJIbHBIX YPOBHEH, BKITI04ast BO3MOXHBIE HIOAHCHI, CBA3aHHBIE C YCIOBH-
€M NIPOBEACHHA OT/eNbHBIX PaboT, NOMKHB! OBITH YETKO NMPOMHCAHBl B NpOrpaMMe
paguauuoHHo# 3amuThl. Ha ceroansiunuii neHb, 4acth npobiieM, BO3HUKAIOINX
NpH OPraHU3alUH paJHALHOHHON 3aLIHUThI, CBA3aHA HMEHHO C OTCYTCTBHEM Ir'HOKO-
CTH MOAX0AA MO WX YCTAHOBJEHHIO. A HMEHHO, MBI Hab/TI01aeM TONbITKY YCTaHOB-
JIEHUs €JMHOrO KOHTPOJILHOFO YPOBHS JUIA BCEX BHAOB paboT M kaTeropuit nmepco-
Haja. DTO MHOF/a NPUBOAMUT, C OAHON CTOPOHBI, K HEOGOCHOBAHHOMY 3aBBILIEHHIO
KOJLTEKTHBHOM 1103bl, a C APYTO# — K TPYAHOCTSAM, CBS3aHHBIM C BO3MOXHOCTAMH
NpaKTHYECKOH peau3alliy aAeKBaTHLIX MEP NO PaHalMOHHON 3alLIMTE.

Bropoii ofcyknaeMblii BONpoC CBA3aH HEMOCPENCTBEHHO C pa3paboTkoil ca-
MUX Mep 1O paanallMOHHOM 3auiurte. EcTectBeHHO, YTO IS OpraHu3allud pajaqa-
HUOHHOM 3aIIUTHI NIPH BHINOJHEHHH KOHKPETHOH paboThl B EpBYO o4epeas Heob-
XOAHMO MPOAHAIN3HPOBATh WHTEHCHBHOCTb BO3/EHCTBHA MOHHU3UPYIOLIErO H3iy-
YyeHHs Ha NEPCOHaJ Ha BCEX 3Tanax BBIIOJIHEHHS paboT M MOHATH OT «Yero» M 3a-
TEM YXKE «Kak» ero Heo6xoaumo 3amuiath. Ilycte Dy,ey » Deyym — 103B1 IO BHEWI-
HEMY ¥ BHYTpeHHeMy NyTaM obiydyenus, KYp — kouTponbHbIi yposeHb 3¢dek-
TUBHOK 103bl. PaccMOTPUM HepaBeHCTBO!

Dovew +———D"“y’" <1, (D)

KYy; KV,

Puc. 1 cxeMaTH4HO OTpaXcaeT CHTYaLHH, KOTOPBIE TEOPETHUECKH MOTYT CJO-

XHUThCA B 3aBUCHMOCTH OT PaJIMaltMOHHOH 0OCTAaHOBKHM B MECTax BBINOJIHEHHA pa-

60T. B 3aBUCMMOCTH OT MECTa HaXOXJEHHUS TOYKHU MO OTHOIUEHHIO K TPEYTONbHH-

Ky, BHYTPEHHOCTb KOTOPOTO COOTBETCTBYET BhLIMOJHEHHIO HepaBeHcTBa (1), BO3-

MOXHBI CJIEAYIONIHE CUTYALHH:

1. Touka HaxoauTcs B o61acTH A — B 3TOM ClTydae KOHTPOJBHBIH YPOBEHb CO-
6J1101aETCH, ¥ BO3MOXHO IPOBECTH TOJILKO ONTUMH3ALIUI0 3G PEKTUBHON NO3BI.
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2. Touka naxomurcs B obigacty b — B 3TOM ciayyae I HENPEBBICHHA KOH-
TPOJIBHOTO YPOBHA MOXET OBITh JOCTATOYHO NPHMEHCHHE MEP 3aIUUTHI MO
Jo6oMy u3 nytei obaydeHus.

3. Touka naxoautcs B obnactH B unu I' — B 3TOM cirydae Uis HenpeBbIIEHHS
KOHTPOJILHOrO YpOBHA 0043aTe/IbHO NPOBEJEHUE 3ALUWTHBIX MEPONPUATHIA 10
OQHOMY U3 NyTel 0OIydeHHUs.

4. Touka naxoautcss B obnactu JI — B 2TOM clly4ae 1/ HENPEBLILIEHHA KOH-
TPONBHOrO YpoBHS 0043aTe/IbHO NpOBEAEHAE 3aLUTHBIX MEPONPHATHH O Ka-
HKAOMY U3 iyTei 06TyueHH.

DBH?W
1
b r
A

|

D sHym

1 KY

Puc. |

Crepytowuii BONpoC COCTOMT B TOM, KaK MPOBECTH OLECHKY N030BbIX NOKa3a-
Tejell No pasnauyHbIM [yTAM 00nyueHHA. DTOT, Kasalock Obl, METOJHYECKH IPO-
CTO/ BONpOC BBHI3BIBAET PAJ 3aTPyAHEHHH W OLIMOOYHBIX PACYETOB, CBA3AHHBIX C
HenpasuibHO¥ unTepnperauneit HPBY-97. Jleno B ToMm, 4T0 n030Bble KO3)hHLHU-
€HTHI, NpuBeJieHHBIe B npuiaoxennsx k HPbY-97 npeanaraercs Hcnoaws30BaTh Npu
OMpe/e/ICHHbIX OrpaHMYEHUAX, Ha3blBAEMbIX peepeHTHBIMH YCIOBUAMH 00ayde-
HUS.

B Ipunoxenun 10 HPBY-97 ans nepecuera MOLUIHOCTH KCHO3HLIHOHHOH 10-
36l B MOILHOCTH 3¢ dexTHBHOI 103b1 BHEUIHETO 00IyyeHus npelioxeH kodhduuu-
eHT 0,646, Ipy 3TOM OTMEYEHO, YTO TOT KOP(HDHLUHEHT pACCHHUTAH Al NPHPOAHO-
o y-H3/Iy4YeHus, TO eCTh JUIS CHEKTpa onpelenseMoro kanuem-40, panuonyxnuna-
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MM YPaHO-TOPMEBOTO PAAa U KOCMHUYECKUM HM3NyueHHeM. EcTecTBeHHO, 4TO nepe-
HOC 3TOr0 KO3 PHULHEHTA Ha YCI0BHS, B KOTOPBIX MPOBOASTCS paboThl no npeob-
pa3oBaHHIO 06bexTa «YKpBITUSY, HE KOPPEKTEH, KAK MHHMUMYM M3-3a pa3nu4uii B
CTIEKTPAJIbHBIX XapaKTepPUCTUKaX (OTOHOB, ONpECHAOUIUX NPUPOAHbIH (QOH U
ton B nomelleHusx obbexta. Takum obpa3oM, caM KOMPOULMEHT AOMKEH ObITh
paccyMTaH Ha OCHOBAHMH JAHHBIX MO CIEKTPAJIBbHOMY COCTABY XECTKOH KOMIIO-
HEHTB! WM KOHCEPBAaTHBHO oileHeH. HeobxonuMo ocobo oTMETUTH BOMPOCH! JKpa-
HUPOBaHUSA pafounx MecT.

Jo3oBble K03 HHUHEHTB! 1A OLEHKH BHYTPEHHEro 001ydeHUs, NpUBecHHbIC
B I1.2.1 HPBY-97, MoryT ObiTh NPUMEHHMBI /U1 OLEHOUYHBIX PacyeToB 03 00ay-
YEHHMS 3@ CYET HHTAIALWH C PSJAOM OFOBOPOK H 3aMeuaHuii, B YACTHOCTH B NIPEAMO-
noxeHu auddy3Horo 3arps3HeHHs opraHoB AbixaHWs. Kak nokasanu akcnepH-
MEHTaNbHBIE HNCCNEAOBAHHS, KpynHoaucnepcHas (pakuusi TOIUIMBHBIX HacTHLL
JOCTaTO4YHO BEJIMKA A TOTo, 4ToOkl €0 npeHebperate. IIpocTbie OHEHKH MOKa3bI-
BAKOT, YTO TOTUIMBHBIH (pparMeHT ¢ AMAJI nopszaka 04HOTO MHKpOHa N0 cyMMap-
HOM 0-aKTHBHOCTH yXe TIpeBbIIIACT AONYCTHMYIO KOHUEHTpaLHIO B Bo3ayxe pabo-
4uX rnomelleHHil a1 nepconana. CienopaTenbHO, Npeanonoxenue n. 11.2.4.4
HPBY-97 o nuddy3HoM 3arps3HeHMM OpraHOB NbIXaHUSA HE BHIMONHAETCA. DTO
03Ha4aeT, 4TO CKIaibiBaeTCs CcHUTyauus, npenycmortpenHas n. 2.4.5 HPBY-97:
«rpeaen Ao3bl MOKET ObITE COPMHUPOBAH MHTandAUMEH Majoro yMcia BbICOKOAK-
THBHBIX 4acCTHLI, OCEBLIMX cly4aiiHbIM 00pa3oM B PeCIMpaTOpPHOM iepeBe». JTO B
CBOIO OYepeilb O3HAYAET, YTO HCMOJIb30BAHUE CTAHJAPTHLIX CXEM pacyeToB, NpH-
BeAeHHblx B HPBY-97, He npumeHuMO B IONHOM OOBLEME M B COOTBETCTBHH
¢ n. I1.2.4.7 3HayeHns NONyCTUMBbIX ypoBHEeH and o6bekta «YKpPHITUE» [ONKHBI
pa3pabaTblBaTbCl B HHAMBUIYANBHOM MOPSAKE M yTBEPkAAThCa MUH3ApaBoM Yk-
paunbl. Tlo Bceil BUAMMOCTH, HEOOXOAMMO NMpUOEraTb K MHKPOJO3UMETPHUECKAM
MOJIEJIIM OLEHKHM 103 OOJyueHus OPraHoB AbIXaHUS U CBSI3aHHBIX C HHMH PHCKOB.

PaguanvonHas 3aiuta NpU NpaKTHYECKOH AEATENBHOCTH AOKHA CTPOHTHCH
Ha OCHOBe TIpUHLMNIA onTUMU3auid. Tlog onTuMusaunei B 1aHHOM ciyyae noapa-
3yMeBaeTcs, 4To paGoThl B MONIAX MOHM3UPYIOLIMX M3IydeHUH AODKHBI ObITh
CIJIAaHUPOBAHbl M MPOBEJCHB] TaK, YTOOB! NPH UX BBIMOJHEHHH YPOBHH HHAHBHIY-
&IBHBIX JI03 W/HIH KOMM4ecTBO OOIyYeHHBIX UL ObLIM HACTONBKO HM3KHMH, Ha-
CKOJIBKO ITO BO3MOXHO, C YU€TOM 3KOHOMMYECKHX M colManbHbIX ¢axropos. Ha
Haw B3IJI4, OAHOH M3 npobieM ONTHMH3AUMH sABAsETCs crenytoiiee. s pa3pa-
60OTKH M BHELPEHMA Mep MO paiHaLMOHHOH 3aliuTe HeoOXOLMMBbl AOCTOBEpHbBIE
JIaHHBIE O paJkallHOHHOI 00CTaHOBKE B MecTax nposeAeHus paboT. B 1o xe Bpems
NoJiydeHHE TAKUX JAHHBIX caMo No cefe CBA3aHO ¢ obinydyeHureM mepcoHaa, NpH-
HHMMaIOLLEro y4acTHe B 016ope npob MM HENOCPEACTBEHHBIX M3MEPEHHSX Ha 00b-
exte. [lonxoaw! x onpenenenunto TpeboBaHuil K HEOOXOAUMON TOUHOCTH NpPECTaB-
JEHWS MCXOAHBIX AaHHBIX KOHUENTYajbHO HE ofipelelieHbl. B kavecTBe npumMepa
MOXHO MPHUBECTH CICAYMOILHHA TMOAXOA K ONPEIENCHUI0 ONTHMANBLHOrO 06BbEMa
koHTpons. Ecnu nposoaurcs nmnanvposaHHe pabOT MO BBINONHEHHIO HEKOTOPOH
TEXHOJIOI'MYECKOH OrepauuH, TO MOHATHO, YTO YeM Oosbliue BPEMEHH TpaTHTCA Ha

326



H3MEPEHHUA, TeM ToyHee OHH OyayT, HO TeM OofblUylO 103y TONYYHMT HEPCOHan,
NpoBOAALINH 3TH H3MepeHHs. HeTouHOCTL MpoBeNEHHBIX W3MEPEHHH HaNpAMYHo
CBA3aHA C HEONPENEICHHOCTLIO B BEJIMUMHE OXKMIAEMON KOJIIEKTHBHOH N03b], YTO
MOXET NMPHBECTH HIJIH K 3aTparaM JOMONHHTENBHLIX PECYPCOB (YENOBEUYECKHX, Ma-
TEPHANLHBIX, BPEMEHHRIX) Ha ITpoBeJicHHe paboT, HIH K MOBBILIEHHEIM HHAMBHIY-
anbHBIM J103aM IIPH OCYHIECTBIICHUH OIlEPaLUH.

Takum o6pa3oM, HeoOXOAHMO HAHTH TaKoe BpEMS IIPOBEJCHHS NO3NMETpHUYE-
CKOro KOHTpOJA (BpeMs H3MEPEHHUH), KOTOpOe «ypaBHOBeLiMBano» Obl, ¢ ogHOH
CTOPOHBI, 103y, MOMY4YEHHYIO IIEPCOHAIIOM TIPOBOMALLMM H3MEPEHHS, U C APYTOH —
HOrPeLHOCTD H3MEPEHHUH.

Pewenue 3anaun. [IpeanonoxumM miist npocToThi, YTO AO3NMETPHCT NPOBOANT
€IMHUYHOE H3MEPEHHE, W NMOrPEHOCTE M3MEPEHHH onpeaenaeTcs TONLKO CTaTH-
cTudeckoli npupojioff npotiecca pacnana. Torna KOHCePBATHBHO NPHHUMAEM, YTO
MOILHOCTB 03kl Ha paboueM MecTe D, H3MepeHHas JO3MMETPHCTOM, PaBHa:

D,=D +k 2, 2)

rae

D - CpenHss H3IMEPEHHasA MOIHOCTL R03b1, P/u;

k — ko3 duLMeHT, onpeaesIoILHi pa3Mep NOBEPHTEALHOr0 HHTEPBANa;
{ — BpEMs U3MEPEHUA, C;

C — 4yBCTBUTENBHOCTH AeTekTOpa, (MM./c)/(P/4).

]1033, Moay4Y€HHas LLO3HMCTpHCTOM MPH APOBEACHUH H3MepeHHl?'l, COCTABIACT
D,=D t+D,,  (3)

rae D, - n03a, nonyyeHHas RO3MMETPHCTOM MPH MPOXOXAEHHHM MapilpyTa 10
MecTa H3MEpEHHIT 1 06paTHO.

IIpumeuanue. TlonaTHo, 4To Ho3a D, Oyner 3aBUCeTs OT AJIHMHBI MapLIpyTa H BPEMEHH
€ro MpOXoXAeHHA, NPH ITOM HEOOXOAHMO YYHMTHIBATh, YTO, YeM ObICTpee CKOPOCTH NMPOX0-
XAEHMA MaplIpyTa, TeM MeHbllUE BPEMs, a CE0BATENLHO, H [j03a BHELHETO 06nyueHus, Ho
6osbLIE MHTEHCHBHOCTL [bIXaHWA H, CIIEJ0OBATENbHO, 1032 BHYTpPeHHEro obmyuenms. Ho
3TO — CaMOCTOATENbHAA 33/d4a ONTHMH3ALHH.

TlycTs COracHO TEXHONOTHYECKOMY PErNaMeHTy Ha BBHIIIOJHEHHE TEXHOJIOTH-
yeckoH onepauun otBoauTcs T enuHUL pabouero BpeMenu. Toraa, ecau N — Ko-
JH4YECTBO pabouMuX, BHIMOJHAMIIUX 3Ty ONEPaLHio, TO Kaxaplil pabouuit nonyuut
ao3y:’

D,=D,+D,T/N,  (4)

rae D, — Ro3a, nosyyeHHas OAHUM pabO4YHUM NpH NMPOXOXIAECHHM MapIipyTa j0
MecTa pabot uH oGpaTHoO.
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ITpumeuanue. Ecnu y4ects orpaHd4eHus, HAlaracMbi€ Ha BETHYHHY WHAHBHIYAJTLHOH
ronoBoi 103bi (6ynb-To no3oseiii npenen U3 HPBY-97 unu Hekotopsiii XOHTpONsHbIH ypo-
BeHb [}), TO MOXHO HalTH MUHHMaNLHOE N U3 YCIOBHS

D,=D,+D,T/N<D.

KonnextnBhas 1032 npH npoBeAeHHH TEXHONOTHHECKOH OMEpallHH C yYETOM
A03bl, IONYYEHHOH 103MMETPHCTOM, COCTABHT:

D,=ND,+D,, (5)

OTKyZa C y4eToM (2) — (4) nony4aem:

D.=(N+1)D,+ D(t+T) +kT % (6)

rae

(N + 1)D, — nepaoe caaraeMoe onpeensaeT KOJUICKTHBHYIO L03Y, TTONyHYEHHYIO
pabourMK H 1O3UMETPHUCTOM NMPH NPOXOXKIECHHH MaplIpyTa JI0 pa-
60uyero mMecra ¥ 06parTHO;

D(+T) - BTOpOE cllaraeMoe — KOJIEKTHBHAsA 1033, TioJlydeHHas pabouuMu 1
— Il03PlMCTpPlCTOM an BbBINMOJIHEHHU N pa60T B pa60qu TMOMCILICHHH,
kT 2 — TpeThbE cllaraeMoe — 3TO Ta AOIIONHHTENIbHAS KOJJIEKTHBHAA 1032
1C {HeompeesIeHHOCTEL B KOJUIEKTUBHOM 1103€), KOTOPYIO MOTYT MOJIy-~
YHTh paboyHe H3-3a HETOYHOCTH B H3MEPECHHAX PaAHALHOHHOH
0o0cTaHOBKY.

TlonyyeHHas 3aBUCHMOCTB (6) MMeeT MUHUMYM TIpH

toin A= (D)

JTO TO ONTHMAILHOE BPEMA H3MEPEHMH, NPH KOTOPOM KOJUIEKTHBHAas 1033
Oynetr MuHuUManbHoM. Tlpu 3TOM mpeanojaraercd, 4TO BpeMsi HaXOXKAEHHHA AO3H-
MCTPHUCTA B 06Cﬂe[lyCMOM NOMELIEHHH H BpEMA U3MEPCHHA COBNMAanaroT.

[MogobHas 3amaya ONTUMHU3AlKMK BO3HMKAET W NMPH 3IKPaHUPOBAHHH pabouux
mecT. KoHUenTyaibHO oHa Mo Y€M OTJIMYAETCs OT 3a/1a4H ONTHMMU3AUMY paiua-
HHOHHOI'O KOHTPOJA.

[MopusThIE MPO6IEMB! NOKA3BIBAIOT CIOKHOCTH H BaXHOCTD pazpabotkn JTP3.



PROBLEMS OF RADIATION PROTECT
IMPLEMENTATION ON THE SHELTER

V. Bogorad, T. Litvinskaya, D. Nikonov,
A. Slepchenko
SSTC NRS, Ukraine

One of the most urgent problems for today, during the SIP plans implementation of
the Shelter transformation, is personnel radiation safety.

The first issue to be considered s connected with the establishment of the permis-
sible and reference levels. The main element of radiation safety assurance is the
arrangement of the personnel radiation protection that is adequate to radiation con-
ditions at the working place and along the route. Nowadays, the notion of the ade-
quacy is connected with the rules and standards to be kept during operations. The
standards primarily are the main dose limits established in NRBU-97. We will as-
- sume that the radiation protection actions at the first approach are .adequate to the
operation conditions if the main dose limits are not exceeded. A number of concep-
tual problems have already been detected at this stage, which are connected with
the fact that the main dose limits are regulated for a calendar year while the dura-
tion of specific activities performed in specific conditions within SIP is signifi-
cantly less, According to this, a question arises how to establish the permissible and
reference levels. In practice, there are two alternative approaches to their estab-
lishment.

The first of them assumes that a worker can be exposed to permitted annual dose
during a short period of time with subsequent withdrawal of the person from radia-
tion-hazardous activities. The second approach is based on the determination of
derived dose limits that would provide for non-excess of the main limits on the
assumption that a person is involved in radiation-hazardous work during the whole
year.

It is obvious that the collective dose received while performing activities in the
working area and moving along the routes will be less for the first approach. But it
is necessary to remember that the number of qualified personnel is limited, and a
situation may be faced when the further activities will have to be performed by
specialists with low qualification, who in addition have never been to the Shelter.
Thus, permissible and reference levels has to be established with taking into ac-
count the available number of personnel with specific qualification. For example, if
N welders are available and the time necessary for the annual scope of welding is T
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(hours}, then the permissible level of effective dose rate can be determined in the
first approximation from the proportion:

KL. = DLgxN
E T

Thus, the reference level depends on the duration of activities and on the quantity
of personnel with a specific qualification. In other words, reference levels may be
higher for activity that does not demand the personnel’s high qualification, than for
activities demanding personnel with high qualification, whose quantity is limited.
In addition, the strict registration and control system of dose loading is necessary
with this approach to reference level establishment. Main approaches to the refer-
ence level establishment, including possible nuances connected with conditions of
separate activities, should be clearly defined in the program of radiation protection.
Nowadays, a part of problems appeared during the establishment of radiation pro-
tection is connected just with the absence of approach flexibility as to their estab-
lishment. Namely, we observe an attempt of unique reference level establishment
for activities of all kinds and for all personnel categories. Sometimes, it leads to the
non-substantiated population overexposure on the one hand, and, on the other hand,
to difficulties connected with practical realization of the adequate measures regard-
ing to the radiation protection.

Second issue to discuss is connected directly with the development of measures on
radiation protection. Obviously, that for the establishment of radiation protection
while performing specific activities it is necessary first of all to analyze the inten-
sity of personnel’s exposure to ionizing radiation at all stages of work as well as to
understand «what from» and «how» it shall be protected. Let D,,,,, and D,,,, be the
doses related to external and internal ways of exposure, RLf is the reference level
for effective dose. Let’s consider the inequality:

D Dyyym
Zenew | OO o (1)
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Figure 1 schematically reflects situations that can appear in theory depending on

the radiation condition in the working area. Depending on the location of the point

regarding the triangle, which interior corresponds to the inequality (1) fulfillment,

the following situations are possible:

1. Point is in area A, in this case the reference level is kept, and it is possible to
conduct only the optimization of the effective dose.

2. Point is in area B, in this case, protection measure application on any way of
exposure may be enough for reference level non-exceeding.

3. Point is in areas V or G, in this case, performance of the protection measures
for one of the exposure ways is obligatory for non-excess of the reference lev-
els.
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4. Point is in area D, in this case performance of the protection measures of all
exposure ways is obligatory for non-excess of reference level.

The next problem is how to estimate the dose indicators by different exposure
ways. This at first sight methodologically simple issue courses a number of
difficulties and wrong calculations connected with incorrect interpretation of
NRBU-97. The matter is that the dose coefficients given in NRBU-97 supplements
are proposed for using in specific limits, named as reference conditions of
exposure.

Figure 1.
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In Annex 10 of NRBU-97, the coefficient 0,646 is proposed for recalculation of the
exposure dose rate into effective dose rate of external exposure. In so doing, it is
noted that the coefficient is calculated for the natural gamma radiation, in other
words, for spectrum that is determined by potassium-40, radionuclides of uranium-
thorium series, and by cosmic radiation. It is obvious, that transfer of this coeffi-
cient on conditions where the activities on the Shelter transformation are performed
is incorrect even for the differences in the spectrum characteristics of photons de-
termining the natural background and background in the Shelter compartments. So,
the coefficient itself has to be calculated on the basis of data on the spectrum com-
position of the hard component, or it has to be estimated conservatively. It is neces-
sary to note separately the issues of work place shielding.
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Dose coefficients for the estimation of internal exposure, given in Item 2.1 of
NRBU-97 may be applied to estimation calculations of exposure doses for the inha-
lation with the raw of reservations and remarks, particularly, at the premise of dif-
fuse contamination of respiration organs. As experimental researches have demon-
strated, big-dispersed fraction of the fuel particles is too large to be neglect. Simple
estimations show that fuel fragments with AMAD of about one micron already
exceed the permissible concentration in air of personnel work rooms by the total
alpha activity. Therefore, the assumption of NRBU-97 Item 2.4.4 as to the diffuse
contamination of respiration organs is not kept. It means that a situation takes place
previewed in item 2.4.5 of NRBU-97 «the dose limit can be formed by inhalation
of a small quantity of high-activity particles that are in a random way settled at the
respiratory tree. In its turn, it means that the calculation standard schemes given at
NRBU-97 are not applicable at the full extent, and, according to Item 2.4.7, mean-
ings of the permissible levels for the Shelter should be developed in an individual
order, and should be approved by Ministry of Health of Ukraine. It seems to be
necessary to apply microdosimetric estimation models for exposure doses of respi-
ratory organs and risks connected with them.

Radiation protection during practical activity should be formed on the basis of op-
timization principle. The optimization, in this case, implies that activities in the
fields of ionizing radiation should be planned and performed in such way that, dur-
ing their performance, the levels of individual doses and/or the quantity of exposed
persons be as low as possible with taking into account the economic and social fac-
tors. In our opinion, one of the optimization problems is the following. Authentic
data as to the radiation condition at the working places is necessary for the devel-
opment and implementation of radiation protection measures. At the same time,
such data obtaining is connected with some exposure of personnel participating in
sampling or direct measurements on the Shelter. Approaches to the requirement
determination for necessary precision of representation of the basic data are not
conceptually determined. The following approach to the determination of the opti-
mum extent of monitoring may be given as an example. It is clear that if some work
is planned then the more time is spent on the measurements the more accurate the
measurements will be, but the more dose will be obtained by personnel carrying out
measurements. The inaccuracy of the performed measurements is directly con-
nected with the uncertainty in the expecting collective dose, which can cause in-
volvement of additional resources (human, material, timing) for the activity, or the
excess of the individual doses during procedure performing.

In such way, it is necessary to find such time of radiation monitoring performance

(measurement time) that could «balance» the dose obtained by personnel perform-
ing the measurement, from one hand, and measurement error from other hand.
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Task solution. Let’s suppose for simplicity that a dosimetrist performs a single
measurement, and the measurement error is determined only by the statistical na-
ture of the decay process. In this case, we conservatively assume that D, dose rate
at the work place, measured by the dosimetrist, is equal to:

— fﬁ
D,=D +k,|—, 2
C 2
Where

D is an average measured dose rate, R/hour;

k is the coefficient that determines the size of the confidence interval;
¢ is the measurement time, s;

C is the sensor sensitivity, (imp/s) (R/hour).

The dose obtained by the dosimetrist is

Dy=D t+D,,  (3)

Where D, is the dose obtained by the dosimetrist along the route to the point of
measurement and back.

Notice. It is clear, that the dose D, will depend on the route length and time of its passing. It
is also necessary to take into account that the higher speed of route passing the less time and,
therefore, the dose of external exposure, but the intensity of breathing is bigger, and, there-
fore, dose of internal exposure too. But it is another optimization problem.

Let T time units of labor time be given for a technological procedure according to
the technical regulations. Then if N is the number of workers performing this pro-
cedure, each worker will obtain the dose of

D,=D,+D,T/N, 4)
Where D, is the dose obtained by a single worker during route passing to the point

of measurement and back.

Notice. Taking into account the limits for annual individual dose (dose limits from NRBU-
97 or reference levels D;), it is possible to find the minimum N from the condition

D,=D,+D,T/N<D,,

Collective dose obtained during operations with considering dose obtained by the
dosimetrist will be:

D=ND,+D,,  (5)
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From where with the considering of (2) — (4) we will obtain:

D,=(N+ DD, + 5(1+T)+kT\/%. (6)

Where:
(N +1)D,, — The first item determines the collective dose obtained by workers
and dosimetrist during route passing to the point of measurement

and back;
D (t+T) — Second item is the collective dose obtained by workers and do-
— simetrist during operations in the working room;
kT\/E — Third item is the additional collective dose (uncertainty in the col-
tC lective dose) that the workers may obtain for the inaccuracy in the

assessment of the radiation situation.

Obtained dependence (6) reaches its minimum at

kTY
’mjn =3 (45)C . (7)

It is the optimal measurement time when the collective dose is minimal. It is sup-

posed that the time of dosimetrist being in the examined compartment and the
measurement time are equal.

Such optimization task also appears during the shielding of working places. In its
conception, it insignificantly differs from the optimization task of radiation moni-
toring.

The brought up questions show the difficulty and importance of RPP development.



