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AHHOTanusa

K HacTosiieMy BpeMeHU aTOMHasl 3HepreTHKa 3aHMMaeT CyLleCTBEHHOE MeCTO B TOIJIMBHO-3Hep-
reTUYecKoM GasiaHce MHUpa. HecMOTpsl Ha cyliecTBeHHOe yJIydllleHHe COCTOSIHUA fAJlepHOH U pajua-
LIMOHHOM 6e30IaCHOCTU Ha paJUallUOHHBIX 00beKTax B MocC/leJHee BpeMs, TOJHOCTbI0 UCKIIOUUTD
Ha/IMuue aBapUHHBIX CUTYalUH, B TOM YHC/e U C BBIOPOCOM paZiMOaKTUBHBIX BellleCTB 3a Npejesibl
CaHUTAPHO-3aLIUTHBIX 30H HeJb3s. [[09TOMy HE06X0AMMO 06€eCIeYUuTh CBOeBpEMEeHHbIN IPOTHO3 pas-
BUTHSA CUTYaLMH C paCIPOCTPaHeHHEM PaJUO0AKTUBHBIX BellleCTB B OKpYKalollell cpefie 11 CBOeBpe-
MEHHOI'0 pearupoBaHUs YIIOJHOMOYEHHBIX OPraHOB Ha MOC/JIeACTBUS JAHHOTO POAA Ype3BbIYaliHbIX
CUTYalUH B LieJISIX 3aLlUThl HACEJIeHUS U COTPYAHUKOB PaJHallMOHHO-OACHBIX 06'BEKTOB.

Hau6osiee onacHbIM nopaxkariyuM ¢pakTOpoM aBapuH Ha PaJiMallMOHHO-0NACHOM 00'bEKTE SIBJISETCS
paZilM0aKTUBHOE 3arpsi3HeHHe MeCTHOCTH. B nmpolecce aBapuu paijMOHYKJIN/bl pa3/IMYHON MacChl U
AKTUBHOCTH CIIOCOGHBI PACIPOCTPAHATHCSA Ha GOJIbLINE PACCTOSIHUSA, YTO IPUBOJUT K 3arpsI3HEHUIO
OGIIMPHBIX TEPPUTOPHH, B TOM YHC/Ie U HA IPOJO/KUTENbHOE BpeMsl.

B craTbe paccMoTpeHa BO3MOXKHOCTb IPUMeHEHUsI MeTO/a C1y4yalHbIX CJI0KEHUH /11 MOJle/IMpOoBa-
HHUS paJJMOAaKTUBHOTO 3apakKeHHUs1 MECTHOCTH, NI03BOJIAIIOILEr0 MOCTPOUTD KapTy pacnpe/iesieHus 1o-
BEPXHOCTHOW aKTUBHOCTH 10 HECKOJIbKUM U3MEPEHHUAM B Pa3/IMYHBIX TOUKAX MECTHOCTH.

MeToj, clyyallHBbIX CI0K€HUH NPUMEHUM B YCJIOBUAX CyLeCTBEHHOW Heolpe/e/leHHOCTH NapaMe-
TPOB, HEOOXOJUMBIX JJIs1 OCTPOEHUs] MOZEJH pacHpejie/leHUs] IOBEPXHOCTHON aKTUBHOCTH 3apa-
>KEHHOW MeCTHOCTH M3BECTHbIMU MeToJaMu ['aycca uiu Jlarpanxa.

B ocHOBY MeToza c/1ly4aliHbIX CI0’KEHUH B 3a/jaue MOJle/IMPOBaHUs pacnpe/ie/ieHusl paJJuOHyKIN/I0B
HaMH M0JIOXKEHA aHaJIOrUsl MeX/y 60JIBLIMM YUCJIOM CIy4aliHO pacnpesiesleHHbIX GaKTOPOB, BJIHUSI0-
KX Ha OopMUPOBaHHE UTOTOBOM KapTHHBI pesibeda MECTHOCTU U pacnpe/ie/ieHHeM paJJMOHYKIU/I0B
[PH UX PacIpOCTPaHEHUHU B OKpYkarollel cpejie.

B craThe onucaH aJaropuTM paboThbl NPOrpaMMbl, NO3BOJIAILIUN GOPMUPOBATL C10H BbIGOPOYHBIM
CJ10’KeHHEeM T0BEPXHOCTEH, TOCTPOEHHBIX METO/I0M CJIyYalHbIX CJI0KEHUH, TakK, YTOObI [TOCJIe KaX/10-
o BKJIIOYEHHs B CJIOM HOBOH MOBEPXHOCTH OTHOCUTEJIbHASA OTPEIIHOCTb NOCTPOEHHUs CTPEMUIIACH K
3aJJaHHOM U3HaYaIbHO.

[To pe3ysbTaTaM Mo/ie/IMPOBaHHUsI IPOU3BOAUTCA CPAaBHUTE/IbHBIN aHA/IU3 MOJIyYeHHBIX JJaHHbIX IPU
pas/INYHOM KOJIMYECTBE KOHTPOJIbHBIX TOYEK, OLleHUBAETCsl H3MEHEHHe OTHOCUTE/IbHON IOTrPeIIHO-
CTH B 3aBUCHMOCTH OT UX YBEJMYEHHUS U OLleHUBAEeTCH BO3MOXKHOCTb IPUMEHEeHH JaHHOT O a/IfOPUT-
Ma paboThl J/11 MOZIeJIMPOBaHUsA paJiIMallMOHHOTO 3arpsA3HeHUs] MECTHOCTH B pe3y/ibTaTe aBapuu Ha
paZivalliOHHO-0MIAaCHOM 0G'bEKTe.
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Abstract

To date, nuclear energy occupies a significant place in the fuel and energy balance of the world. Despite
the significant improvement in the state of nuclear and radiation safety at radiation facilities in recent
years, it is impossible to completely exclude the presence of emergency situations, including the release
of radioactive substances outside the sanitary protection zones. Therefore, it is necessary to provide a
timely forecast of the situation with the spread of radioactive substances in the environment for the
timely response of the competent authorities to the consequences of this kind of emergency in order to
protect the population and employees of radiation-hazardous facilities.

The most dangerous damaging factor of an accident at a radiation-hazardous facility is radioactive con-
tamination of the area. In the event of an accident, radionuclides of different masses and activities can
spread over long distances, resulting in extensive contamination, including long-term contamination.
The article considers the possibility of using the method of random addition to simulate radioactive
contamination of the area, which allows you to build a map of the distribution of surface activity in
several dimensions at different points in the area.

The method of random addition is applicable in conditions of significant uncertainty of the parame-
ters necessary to construct a model of surface activity distribution of the contaminated area by known
methods of Gauss or Lagrange.

The basis of the method of random addition in the problem of modeling the distribution of radionu-
clides, we put the analogy between a large number of randomly distributed factors that affect the for-
mation of the final picture of the terrain and the distribution of radionuclides in their distribution in
the environment.

The article describes the algorithm of the program, which allows to form a layer by selective addition of
surfaces constructed by random addition, so that after each inclusion in the layer of a new surface, the
relative error of construction tends to the given initially.

From the simulation results, the comparative analysis of the obtained data with different number of
control points, we estimate the relative error depending on magnification and assessed the possibility
of using this algorithm for simulation of radiation contamination in the accident at radiation-hazardous
object.

Keywords: Method of random additions, fractal geometry, radioactive contamination of the area,
modeling, radiation-hazardous objects, radioactive substances, radionuclides, surface activity.
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NCCNEAOBAHWA 1 PASPABOTKI B OBTACTIA HOBbIX E. M. Mouceesa,
964 Y v B. B. TatapnHoOB,

NHDOPMALVOHHbBIX TEXHONOT UM 1 X MPUNOXEHNN A C Lytos
BeegeHnue Ilenb Ucce0BaHUSA

B HacTosleM BpeMeHM aTOMHasi 3HEpPreTHKA 3aHUMaeT Cylie-
CTBEHHOE MeCTO B TOIJIMBHO-3HEpreTHUYeCcKoM O6aJslaHce MHpa.
HecMmoTpsi Ha BbICKa3blBaeMble CKENTHYECKHE CYXJeHHs, 6e30-
NaCHOCTb 00'bEKTOB aTOMHOM 93HEPTeTUKH /IJIsl HACeJIeHUs] U OKPY-
»Karlel cpefibl B X0/le HOpMa/IbHOM 3KCILJIyaTalUU CyLieCTBEHHO
HIXKe MHOTHX JIPYTUX NPOMbILIIEHHBIX MTPou3BoAcTB [1-5]. [Ipeu-
MYILIECTBO aTOMHOM 3HEpPreTUKH COCTOUT B TOM, UTO OHA TpebyeT
CYIeCTBEHHO MEHbLIUX KOJIMYECTB UCXOAHOTO ChIPbsl U 3eMeJlb-
HBIX IJIOIIAJIel, YeM TelJIOBble CTAHLUM; He 3arps3HAeT aTMoC-
depy ABIMOM U caxkel; IPU 3aKPLITOM A/IePHO-TOIJIMBHOM LIUKJIe
3a/lelicTBYeT oTpaGoTaBllee siflepHOe TOIJIMBO, YTO COKpAILaeT
KOJIM4eCTBO PaZiIMOAKTHUBHBIX OTXO/0B; Ha JaHHbIM MOMEHT Cyllle-
CTBYIOT CIOCOGBI TPAaMOTHOI'O HCIOJIb30BAaHUSA PaAHOaKTHUBHBIX
OTX0/10B 6e3 JjasibHeliero 3axopoHeHusi' [4-6]; o4ucTHbBIE COOpY-
YKEHUs1 U KaMepbl BbIJI€P>KKHU CMIOCOGHBI 06eCreYuTh HOPMHUPOBaH-
HbIH BBIGPOC PaZIMOAKTUBHBIX BELECTB B OKPYKAIOLIYIO CPEy.
OnHa U3 HEMHOTHX 3HAYMMBbIX OACHOCTEN COCTOUT B BO3MOXKHOM
BO3HUKHOBEHUS] aBapuUM Ha JII060M M3 0O'BEKTOB SJI€PHOr0 TO-
IJIMBHOTO IIUKJIA, KOTOpasi MOXKET NMPUBECTH K 3arPsSI3HEHUIO Tep-
PUTODPHH U MIOPAXKEHHIO JtozeH [5-7].

HecMmoTpst Ha cyliecTBEHHOe ysyulleHUe COCTOSIHUsS S1IepHOHU U
paZualMOHHON 6€30NaCHOCTH Ha Pa/IMALlMOHHBIX 06'bEKTAX B MO-
c/e/iHee BpeMs, IOJIHOCTbIO UCK/IIOUYHUTb HaIMuMe aBapUHUHbIX CH-
TyallUH, B TOM YHUCJIe U C BBIGPOCOB PaJJMOAKTUBHBIX BEleCTB 3a
npeJie/ibl CAHUTapHO-3aIUTHBIX 30H HeJsib3s. [loaToMy Heo6xoAu-
MO 06€eCIeyUTh CBOeBPeMEeHHOe pearupoBaHUe YII0JHOMOYEHHBIX
OpraHoOB Ha MOCJIeJCTBHUSA JAHHOT0 POJia Ype3BblYalHbIX CUTYaLUH
[8-11].

Haun6osiee onacHbIM nmopakamiuM $akTOpOM aBapUM Ha pajua-
[IUOHHO-OIIAaCHOM OGBEKTe SIBJsSEeTCS PaZMOAaKTHBHOE 3arpsi3He-
HHe MeCTHOCTU. B mpouecce aBapuu pafiMOHYKJIH/bl pa3JuYHON
Macchl U aKTUBHOCTH CIIOCOOHBI PacpoOCTPaHATbCA Ha OOJbIINe
paccTOSIHUA, YTO NMPUBOAUT K 3arpsI3HEHUI0 TEPPUTOPHUH, B TOM
4yHCJle ¥ Ha IPOJI0JDKUTeIbHOe BpeMs [12-14].

Jl1g MoZieIMpoBaHUSA 30H PaZiIMOAKTHBHOIO 3apaeHUsl MeCTHO-
CTH UCMOJIb3YIOT pa3/IMuHble NPOrpaMMHble Cpe/iCTBa, HOCTPOEH-
Hble Ha OCHOBe pellleHUs1 ypaBHeHus [aycca [15-17] i ke ypaB-
HeHUA aJiBeKUUU-AuPPy3un (Meton Jlanrpanxka). K coxasnenuto,
CyIeCTBYIOIMEe pacyeTHble MOJeJIM, 0CO6eHHO paboTalolye 1o
JIaTpaH>XeBY MeTO/y, TPeOYIOT 6OJIbIION 06 bEM BXO/IHBIX JaHHBIX
JIJ51 octpoeHus 30H P3M. B ycioBusiX aBapuM, UJIH e OTCYT-
cTBUA MHOOPMALUM O NMapaMeTpax, HeOOXOAUMBIX AJIsl OCTpoe-
HHSA MOJZleJIU pacnpejie/ieHusl OBEPXHOCTHON aKTHUBHOCTH pajiu-
OHYKJIM/IOB HCII0JIb30BaHHe JaHHOI'0 POJia TPOrPaMMHBIX CPeJICTB
CTAHOBUTCS 3aTPyHUTENbHBIM [18-20].

[TosToMy paspaboTaH HOBBIH aJIrOPUTM INpPHUMEHEHHUS MeToja
CIyYyaWHBIX CJI0KEHUH [AJ1 MOJeJIMpOBaHUs pPaJHOaKTHBHOIO
3apa’keHHs] MECTHOCTH, O3BOJIAIOLIUI OCTPOUTD KapTy pacnpe-
JleJIeHHs] TOBEPXHOCTHOM aKTUBHOCTH 3apaKeHHON MeCTHOCTH 110
HECKOJIbKUM U3MepPeHUsIM B PAa3/IMYHbIX TOYKAaX MECTHOCTH [21].

Ol_(eHI/ITb BO3MOXHOCTb MNPHMEHEHHS CO3JaHHOr'0 aJIC0OpUTMa
MeToaa cnyqaﬁmﬂx CJIOXKEeHUH AJid MOJAeJIMPOBAaHUA paJHUOaK-
TUBHOI'O 3apaeHWd MeCTHOCTH, YCTAaHOBHUTb 3aBUCUMOCTb OT-
HOCUTEeJbHOU NOrpemHoCTH NOCTPOEHHA MOAeJIU OT KOJIUIeCTBa
KOHTPOJIbHBIX TOY€EK.

PaaroaKkTuBHOeE 3apakeHHue MeCTHOCTH
nocsje apapuu Ha AJC «Pykycuma-1»

PasinaniMoHHO-oNACHBIA 0G'BEKT - HAYYHbIH, TPOMBILIIEHHbBIH HJIH
060pOHHBIN 06'BEKT, IPU aBapUSX WM pa3pyLIeHUH KOTOPOTo MO-
I'yT NPOU30OUTHU MacCOBble NMOPAXKEHUS JIIOJeH, XKUBOTHBIX U pac-
TeHUH HOHU3UPYOIKUMHU U3JIYy4eHUAMY, a TAKKe PaJUOaKTUBHOE
3arpsisHeHue cpefibl.

PajuoakTuUBHOe 3arpsisHeHHe MeCTHOCTHU SIBJIS€TCS OCHOBHBIM U
JJIATEJIbHO JeHCTBYIOIUM PaJHallMOHHBIM IOpaXaouM GaKkTo-
POM paiMallMOHHbIX aBapUH U s1/IEPHBIX B3PLIBOB [22-24].

[Ipy aBapusAxX Ha paZMOAaKTHBHO-OIACHOM OObeKTe XapaKTepHO
paZioaKTUBHOE 3apakeHHe aTMocdepbl M MECTHOCTH JIeTKo-
JIETYYUMU PaJJMOHYKIUAAMU (MOA, 1le3Ui, CTPOHIMH), 1e3uil u
CTPOHIMM 06/1aJjal0T AJUTENbHBIM IIepHOJOM IoJypaciaza. [Ipu
aBapHAX Ha aTOMHBIX 3/IEKTPOCTAHIMAX 3HAUYMUTeIbHAsA 4acThb IPO-
JYKTOB JleJIeHUs f/lePHOT0 TONJIMBA HAXOAUTCS B Iap0o0GpasHOM
Y a3p030JIbHOM COCTOSAHUU. [103TOMY pe3koro cnajia ypoBHeH pa-
JUanuu Het [23-24].

B kavecTBe HcciefiyeMoro o6’beKkTa 6blyla B3ATa aBapyst Ha paju-
AIMOHHO-OMAaCHOM OG'BEKTE — aTOMHOMW 3JIeKTpocTaHLUU «DyKy-
cuMa - 1». /laHHas aBapus OTVIMYAETCs OT OCTAJbHBIX XapaKTepOM
pacnpoctpaHenus P3M. Tak kak B nporecce pa3pylieHHUs peaKkTo-
pOB He OblJIO FOPeHHUS, Kak, HanpuMep, Ha YepHoObLIbcKo# A3C, a
npou3olles B3pblB BOAOPOJA — pacnpeiesleHHe pajiMOaKTHBHOIO
o6Jlaka 1oc/le aBapUM y>Ke He ONHChIBAeTCS CTAHJAPTHBIM rayc-
COBCKHUM pacnpejeseHneM [25-26].

HcxopHble JaHHbIe 3HAYEHUH KOHTPOJIBHBIX TOYEK, HEOOX0AUMbIX
JUIS1 MOJ,e/TUPOBAHUSA B3AThl U3 MacCUBa, IOCTPOEHHOTO 110 KapTe
IJIOTHOCTH 3arpsisHeHust MecTHocTH *¥Cs (pucyHok 1).
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Fig. 1. The density of contamination of the area with a radionuclide 137Cs [27]

! Faust S, Fleck 1, Jendrich U, Michel F. Studies on the safety relevant aspects of reactor cooling circuit decontamination in nuclear power plants (GRS--492). Germany,
2018 [dnexTponnslit pecypc]. URL: https://www.grs.de/sites/default/files/pdf/grs-492.pdf (zaTa o6pauenus: 23.07.2019).
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MeToz C/Iy4alHBIX CI0KEHUH

Bri6upaeTcs 11o1a/ib MECTHOCTH C PABHOM LIMPHUHOMN U JIJIMHOH, Ta-
KHUM 06pa3oM, YTOObI B BepIIMHAX KBaipaTa 3Ha4eHHe YPOBHeH GbLI0
PaBHO HYJIIO — IepPBOe [IOKOJIEHHe ToYeK (TOYKU 1 Ha KapTUHKE).
3Ha4yeHUs ypOBHeH y BTOPOTo MOKOJIEHUS TOYeK CKJIAZblBAlOTCs
M3 CpeJiHero apudpMeTHIECKOro 6/IM3J1exKalUX ToOYeK (OMUChIBaIO-
KX KBaJpaT) U C/1y4yallHO CreHepUPOBAHHOTO rayCCOBCKOT'0 YHC-
Jla C HyJIEBBIM CpeJJHUM Y eJUHUYHOM AUcIepcre.

3aTeM NPOBOAUTCSA UHTEPIOJIALUA U CTPOUTCS TPeThe OKOJeHHe
TOYeK C HOBOH JiMCIepcHel, mepecunuTaHHOM 1o ciieayoued Gpop-
My.Jie:

1
o’ =r*" rne r = — - MacIITa6HLIH KO3 GUIIHEHT;

' V2
H - nokasareJib XepcTa, XxapakTepu3yeT U3pe3aHHOCTb MOJie/Iupye-
MO¥ OBEPXHOCTH, TPUHUMaeTCst paBHbIM 0.9 /1151 JaHHOM 3aza4n’.
Jlasiee aHaJIOTUYHBIM 06Pa30M ILJIOCKOCTb pa36bUBAETCs HAa MeHb-
IKe KBaZpaThl U IPOBOJUTCA IlepepacyeT AUCIePCUH AJIS KaXKA0-
ro HOBOI'O NTOKOJIEHUS TOYEeK /0 TeX I0p, TOKa KaXKAOH TOuKe U3
006J1aCTH He OyZieT NIPHUCBOEHO 3HAYEHU e YPOBHS.
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Fig. 2. Map of the sites of the first, second and third generations on the
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[lepBbIii 3Tanm aIropuTMa — NOCTpOeHKe 6a30BOH NOBEPXHOCTH MO
MeTO/ly C/1Iy4alHbIX CJI0KEHUH.

BTopoii aTan aaropuTMa - pacdeT OTHOCUTEbHON MOrPEIIHOCTH
OCTpOoeHUs 6a30BOM NMOBEPXHOCTH OT UCXOAHO 3aJaBaeMbIX He-
CKOJIBKMX KOHTPOJIbHBIX TOYEK IPOU3BOAUTCA 0 popMmyie:

> Jxr-x, |

p o

j=1 i=l

rJie m, n - KOJIMYECTBO CTOJIGI0B U CTPOK B MacCUBE 3HAaYeHUH o-
BEPXHOCTHOM aKTUBHOCTH 3apaKeHHOW MeCTHOCTH;

Xf;cl’ - CMO/leJIMpOBaHHOe 3HayeHHe MOBEepPXHOCTHON aKTUBHO-
CTH B TOYKe C KOOpAUHATaMH i, j, KBk/M?%;

X,.,j — WCXOJIHble 3HAYeHUs MOBEPXHOCTHON aKTHUBHOCTH, 3aMe-
pPEHHOH B TOYKE C KOOpJUHATaMH i, j, KBK/M2.

TpeTui aTan aJropuTMa — cCpaBHeHHe MOJy4eHHOH OTHOCHUTEJIb-
HOH MOTPEIIHOCTH NMOCTPOEHHUsI 6a30BOM MOBEPXHOCTU C 3a/laH-
HbIM 3HaUYeHHEeM, XapaKTepU3YIOLUIUM TOUHOCTb IOCTPOEHUs Oyay-
el KapThbl pacrnpeseseHus.

2 @edep E. dpaxrasnsr: [lep. c anmt. M.: Mup, 1991. 254 c.
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Ecsin morpelrHocTb NOCTPOEHUs] MeHblIe 3alaHHOM, TO: YeTBep-
TBIN 3Tall - 3aBepllieHHe NOCTPOEHHUs], BBIBOJ, Ha 3KPaH CMOJe/IH-
POBAaHHOM KapThl pacnpe/eseHUs IOBEPXHOCTHON aKTUBHOCTH.
Eciv morpemHocTs nocTpoeHusi GoJiblile 33/laHHOMW, TO: MATbINA
3Tan — MOCTpOeHHUe CJeJylollell MOBEPXHOCTH METO/0M Cy4ai-
HBIX CJI0’K€HHH.

lllecTo# aTan ajropurMa - GOpMHUPOBAHUE CJI0SI: CIOKEHHE 6A30-
BOY OBEPXHOCTH C NOCTPOEHHOM.

CenbMOM 3Tan aIropuTMa — pacyeT OTHOCUTEIbHOM OrPeLIHOCTH
MOCTPOEHMUS CJ1051 OT UCXO/HO 3a/1aBaeéMbIX HECKOJIBKUX KOHTPOJIb-
HBIX TOYEK.

BocbMoli aTam aJropuTMa - cpaBHeHHe OTHOCUTEJ/IbHBIX T0rpeLl-
HOCTel NOBEPXHOCTH [0 CJIOXKEHHUS U CJ10s1 OCJIe CI0KEeHHUS.

Ecsiiv morpemHocTb A0 C10KeHUS MeHblle, YeM IMOCJIe Hero, To:
3Tal JeBATbINA — BbIYUTAHUE Npe/bIAylLel NOBEPXHOCTH U3 CJI0S,
a 3aTeM GOpMHUPOBAHUE LIUKJIA: IOBTOPEHMeE 3TaNoB 5 - 8.

Ecsim nmorpemHocTb A0 CJI0XKeHUs GOJIblle, 4YeM IOCJIe Hero, TO:
dopmMHUpoBaHUe [IUKJIA: TOBTOPEHKeE 3TANoB 3 - 8.

TakuM o6pasomM, nporpamMmma 6yzseT GopMUpOBaTh CI0H BbIGOPOY-
HBIM CJI0KEHHEeM NOBEPXHOCTeH MOCTPOEHHBIX METOAOM CJIyvai-
HbIX CJI0KEHUH, TaK, YTOObI MMOCJE KaXKJOTr0 BKJIIOYEHUS B CJIOH
HOBOM IIOBEPXHOCTH OTHOCUTEJIbHASA IOTPEIIHOCTb yMeHbIaAaCh.
JlaHHbBIN npolecc 6y/ieT NOBTOPATCSA [0 TeX Mop, NI0Ka ee BeJUYH-
Ha He JJOCTUTHET 33/JJaHHOM.

TIOCTPOEHUE BA3OBOI
TTOBEPXHOCTH

PACYET MOTPEIIHOCTH
BA30BOII IOBEPXHOCTHU

TIOrPEMIHOCTD
BOJIBIIE
3AJAHHOI?

TIOCTPOEHUE
CIEAVIOUET
MTOBEPXHOCTH

[

CJIOKEHHUE 2TON

IIOBEPXHOCTH C

TIPEBIAY IUMH
(®OPMUPOBAHUE CJIOS)

PACUET USMEHEHUSA
TIOTrPEIIHOCTH

HU3MEHEHHE
TOTPEIIHOCTH
IOJOKUTEIBHO?,

BBIUNTAHUE
TOCJIEAHEN
MOBEPXHOCTH|
U3 C1os

*— 10| C/I0XKEHHEM NTOBEPXHOCTEH B JAHHO# paGoTe Nojpa3yMeBaeTCs: CI0XKe-
HUe 3HaYeHU# ypOBHe# paJin0aKTUBHOTO 3apaXKeHHe KaXKA0H TOYKH OJHOTrO
CreHepUPOBAHHOI'0 MACCHBA JAHHBIX C JPYTHUM;

** — 10J] BBIYUTAHUEM — BblYMTAaHHUE 3HAYeHUH YPOBHEH PaZiMOaKTHBHOrO 3apa-
JKeHHUe KaXK/I0W TOYKH OJJHOTO CreHepUPOBAaHHOI'0 MacCUBa JJAHHBIX U3 APYTOro.
P uc. 3. Anroputm paGoThl HpOrpaMMbl
*- the addition of surfaces in a given work means the addition of the values of the
levels of radioactive contamination of each point of one generated data set with
another;

** — subtraction is the subtraction of the radioactive contamination levels of each
point in one generated data set from another.

Fig. 3. Program Operation Algorithm
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[loryyeHHbIEe pe3y/IbTaThl

B o61meit c/103KHOCTH GbLI0 CMOJeIMPOBAHO ABEeHAALATh KapT pacmpe-
JleJIeHUs TIOBePXHOCTHOM aKTHBHOCTH II0CJIe aBapuM Ha pafiMalioH-
HO-omacHoM o6bekTe - AJC «Pykycuma — 1» 1o pa3jIMuHOMY Kosihye-
CTBY KOHTPOJIbHBIX TOYeK. [Ipy 3TOM OTHOCHTe/IbHAsA MOrPEeLIHOCTh
OTKJIOHEHMs 3HaYeHUH 0T KOHTPOJIbHBIX He NpeBbIiiaa 20.

A B B
PASHOCTH AH 5.

AKTHBHOCTH TIOBEPXHOCTHOM AKTHBHOCTH
- Gonee 600 KBKAL2

- 0T 200 210 600 KBK/A2
-0 2 2
-

tertee 40 &l

[ ]
5]
B
] bR
DM - mpesebpeAIiO MaTO
O-xo 2 T

P u c. 4. Moie1b, TOCTpOEHHAst METO/|0M CJIY4alHbIX CJIOMKEeHUH 110 OHOK
KOHTPOJIbHOM TOYKe

Fig. 4. Model by random addition method with a single reference point

A B

B
PASHOCTE A5

AKTHBHOCTH TIOBEPXHOCTHOM AKTHBHOCTH

5] a2
B - vertee 40 KBrAC

I - mpeneGpeRmy Mato
O - KOHTpOTBHAA ToTKA

P u c. 5. Mozesnb, OCTPOEHHAs METOAOM Cﬂy‘{aﬁHbIX CJIO)KEHUH M0 1eCTU
KOHTPOJIbHBIM TOYKaM

Fig. 5. Model by random addition method with six reference points

B
PASHOCTS A ML B

TIOBEPXHOCTHOM AKTHBHOCTH.

AKTHBHOCTH.
B - Goxee 600 5B
200 710 600 xbx/a2
1020 200 KBz
10

TPENIEOPEAINO )
O - om0 Toa_

P u c. 6. MozieJib, IOCTPOEHHAsI METO/IOM CJIyYalHBIX CJI0XKEHHH 110 ABEeHa[aTH
KOHTPOJIbHBIM TOYKaM

Fig. 6. Model by random addition method with a twelve reference points

Ha pucynkax 4 - 6 HarIgiHO 0Ka3aHO GOPMUPOBAHUeE CJIefia pac-
IpOCTpaHeHUs PaJHOaKTUBHOrO 06/1aKa Py BO3pacTaHUU YKCIA
KOHTpOJIbHBIX To4eK. Ha nociegHelt Mmogenn HayuHaeT GOpMUpO-
BaTbCA 04ar ceja.

Ha pucyHke 7 npe/icTaB/eHO U3MeHeHHe OTHOCUTEIbHOM Iorpelt-
HOCTH MOJIeJIMPOBaHHUA PaZiIMOaKTUBHOIO 3apa)KeHUs] MeCTHOCTHU
[IpY yBeJIMYEHUH YUC/Ia KOHTPOJIbHBIX TOYEK.

CoBpemeHHble
MHGopMaLUMOHHbIE
TexHonornu

n UT-o6pa3soBaHue

150

100 .———‘\A’_/_/\/\

50

==@= OTHOCWTE/IbHAA MOTPeIIHOCTL NOCTPOeHUA

==@== OTHOCWTE/IbHaA MOrPelIHOCTb MO KOHTPOJIbHBIM TOUYKAM

P u c. 7. 3aBUCHMOCTb OTHOCUTEJIbHOU TNOTPEUIHOCTH OT KOJIMYECTBA KOHTPOJIb-
HBbIX TOYEK

Fig. 7. The dependence of relative error on number of control points
3ak/yeHue

AnHanus pesybTaTOB PaGOThI N03BOJIAET BbIAEJIUTD CeJyollee:

- QJITOPUTM MOJIeJIMPOBaHUA METOJOM CIy4alHbIX CI0XKEHUH I10-
3BOJIIeT IOCTPOUTDb NTOBEPXHOCTH PaJHOAKTUBHOIO 3arpsA3HeHuUs
MECTHOCTH /i1 IPOU3BOJIbHOTO YK C/Ia KOHTPOJIbHBIX TOYEK (AaH-
HBIX paZiIMallHiOHHOTO MOHUTOPHHTA) C 3aJaHHON OTHOCUTEIbHON
HOTPEIIHOCTbIO 10 KOHTPOJIbHBIM TOUKAM;

- OTHOCHTeJIbHAs OrPEeIIHOCTb NOCTPOEHUs MOJE/IH B LIeJIOM HO-
CUT CTaTUCTHUYECKUH XapaKTep, U €Jabo 3aBUCUT OT YMC/IA KOH-
TPOJIbHBIX TOYEK;

- 30HBI C OTHOCHUTEJBHO BBICOKUMH, 10 CPAaBHEHUIO CO CPeJHUMU
3HAYeHHUSAMU NOBEPXHOCTHOW aKTHBHOCTH, MOJEJUPYIOTCA C Cy-
I[eCTBEHHO GoJiee BBICOKOM MOrpeLIHOCTbIO, YTO CBSI3AHO C pas-
JINYHBIMU 3HAYeHHUSIMHU NoKa3aTeJisl XepcTa AJ1s1 Pa3HbIX y4aCTKOB
TepPUTOPUHU.
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