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]_HHpOKOMacmTa6Hoe pa3BUTHE SIIEPHOI
SHEPreTUKH MOBBIIIAET PUCK HEMUPHOTO
WCITIOJIb30BAHMS SIACPHBIX MaTEPHAIIOB, TIOAITOMY
HE00X0IUMBI pa3paboTka 1 000CHOBAHUE METOOB
KOJIMYECTBEHHOM OLICHKH 3alUIIIEHHOCTH SIIEPHBIX
MarepuagoB OT HECAHKIIMOHUPOBAHHBIX JEHCTBUM,
a Taxke 000CHOBAaHUE CIIOCOOOB MOBBIIIICHUS

WX 3aIUIIEHHOCTH. J1JIs KOJIMYeCTBEHHON OIICHKU
3alIMIIEHHOCTH MPEIaracTcss KOHUESIHS

pHUCKa HECAHKIIMOHUPOBAHHOTO UCIIOJIb30BAHMS
AJIepHbIX MaTepualoB. [loayueHbl COOTHOLIEHUS
JUISl pacyeTa BEpPOSTHOCTHU pealin3aliy LEeOYKN
HECAaHKIIMOHUPOBAHHBIX JIEHCTBUH U yIepoa

OT BO3MOKHOTO HEMHUPHOTO MPUMEHEHHUSI SIIEPHBIX
MatepuaioB. [IpuBeneH npumMep UCHOIb30BAHUS
KOHIICTIIIUU PUCKA U MOJIETTU TIOMCKA OOBEKTOB
HECAHKIIMOHUPOBAHHBIX JIEUCTBUM C AIEPHBIMU
MarepuajgaMy B 33]1a4€ CPAaBHUTEILHON OIIEHKHU
3aIMIIIEHHOCTH BBICOKOOOOTALIEHHOTO YpaHa.
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BsepcHMe

PasButne mpakTHyecku JIIOOO0W OTpaciu IKOHO-
MUKH M CTPaHbI B 11€JI0OM HEPa3pPBHIBHO CBS3aHO C I10-
TpeOnenneM »Hepruu. IIpn 3TOM OrpaHMYEeHHOCTH
PECYpCOB OPraHUYECKOrO TOILUIMBA SIBHO OILYIIACT-
cs yke ceifuac. B cBs3u ¢ 3TMM B psijie cTpaH NpH-
HATHI U peaIM3yIOTCs IJIaHbI 110 PAa3BUTHIO ﬂ[lepHOﬁ
sHepreTukH (S19), mpudeM maxe B TeX, TIe paHee ero
He 3anumanucsh (Typuus, OAD, benapycs, BoetHawm,
Baurnanem, Mopnanusi, Mapokko u np.). C pa3su-
TtHeM 51D CBsI3aHO pacrpoCTpaHEHUE SJIEPHBIX MaTe-
puanoB (SIM) U COOTBETCTBYIOIIAs MOTCHIIHAIbHAS
OIaCHOCTh MX HCIIOJBb30BAHMS Ul CO3JaHUs SAep-
HOTO B3pbIBHOTO ycTpoiicTBa (SIBY). Uewm mupe Oy-
JIET PacHpOCTPaHATHCS B MUpE 51O, TeM Bblle Bepo-
ATHOCTh MCIOJIb30BaHUsA SIM B HesHEpreTH4ecKux
LeNX W HOSBIEHHUSI TOCYAapCTB JIMOO OTIENbHBIX
Ipynn Jrofed, oONafaromux SACPHBIM OPYKHEM.
B 5Tux ycnoBusX BO3HUKAeT 3aKOHOMEPHBIH BO-
HpoC: KaKk COPa3sMEpHUTh IOJIb3Y OT HCIIONb30BAHUS
SIM ¢ pacTyuieil 0macHOCTBIO, KOTOPYIO OHU TasiT
B cebe?

IIpexe Bcero Hy>KHO yMEeTh PacCUUTHIBATH CO-
OTBETCTBYOIIHE BenYnHBL. OlieHKa MM0Jb3bI 0T SIM
olpesieNsieTcs AeTalbHO pa3pabOTaHHBIMH METO-
JUKaMH 9KOHOMHU4YecKoi sddextuBHocTH S, mo-
9TOMY Jajee MBI OOpaTHMCSI K OILEHKE OMACHOCTH
SIM. Bompoc cocTOUT B TOM, 4€ro KOHKPETHO Clie-
nIyeT omacarhscsi. B mepByro odepens toro, uro M
OyzeT MpUMEHEH B Pa3pyLIUTENBLHBIX HEJSX U C Ka-
TaCTpOPUYECKUMHU TMOCTCACTBUAMH, yiiepO Oymer
OLIEHUBATHCSI MHOTUMH MHJUIMOHAMH M JaXe MUJI-
auapramu  aoiutapoB. CreloBaTenbHO, ONACHOCTh
SIM MOXXHO OLIEHMBaTh UCXOZS M3 NPENCTaBICHUN
0 pHCKe:

R=PD, )

rae P — BepOATHOCTb CO3[aHUs U NPUMEHEHUS
SIBY; D — BennunHa NMOTEHIUAIBHOIO yiiepoa, Ha-
HOCHMOTO HCIOIb30BaHUuEM SIM B pa3pylIuTeTbHBIX
nensx. B 3amagax siepHOro HepacrnpoCTpaHEHUs
yiepd ot npumeneHust SABY mnpuHATO HM3MEpsATH
KaK €ro SHEProBBIXOJl, KOTOPBIA 3aBUCHT OT CBOWCTB
1 maccel SIM.

WHTYUTHBHO TOHITHO, 4TO ymepd OT mpume-
Henus SIBY MoxeT ObITb OrpoMHBIM, U XHpocuMa
¢ Haracaku tomy nonrsepkaenue. ITouemy Ttorma
TEPPOPUCTEHI A0 CUX MOp He MpuMeHwn SIBY B nemsax
ycrpamrenusi? O4eBHIHO, W3-32 Majol BEpOSTHO-
ctu P, Gnarojapsi KOTOpOi BEJIMUMHA CaMOTO PUCKA
MEHbIIIE, YeM, K IPUMEPY, B ClIydae C TPUHUTPOTOITY-
onoM (THT), koTopblii BOBCIO UCIOIB3YETCS TEPPO-
pucramu. Kakum 00pa3om yaaBaioch yaepkusars P
Ha CTOJIb HU3KOM ypoBHe? [J1aBHBIM HarpaBjieHUEM
B PCIICHHUHU 3TOM 3a/1a4u OBLIO M OCTaeTCs odecrieue-
HHUE HeJOCTYNHOCTH SIM 10 OTHOLIEHUIO K JIHOOBIM
HecaHKIMOHUpoBaHHBIM jeicTBusM (HCI) ¢ HumMu.

Hekoropbie CII¢IIH¢H'I¢CKH¢
yeptbl HCA ¢ fIM

Mepsl yuera, KOHTPOJIS U (PU3UUECKOM 3aIUThI
SIM peanusyroT CTpaTeruio CO3AaHHs yCIOBMH He-
noctynHoctd SIM mo otHomenuto k HCJl Ha kax-
JIOM siiepHOM 00BekTe. Hampumep, B COOTBETCTBUU
¢ 3akoHOM Poccuiickoit @enepannu «O0 HCHONb30-
BaHMU aTOMHOI 3Heprum» [1, ct. 22, 49] Ha Kak1IOM
SAIEPHOM OOBEKTE HaJlayKEHBI yueT, KOHTPOJIb U (u-
3uyeckas 3amuTa SIM. 3a HUMK yCTaHOBIIEH HA30p
CO CTOPOHBI rocyaapcTsa. OIHAKO €CIIU ITU YCIOBHSA
rae-mroo OyIyT HapyIIeHBI, YTO MOXKET IPOU30HTH
¢ SIM? Kak oreHuth omacHoCcTh SIM, xorjga mare-
pHan OKa3bIBaeTCsl BHE JEHCTBHS OOBEKTOBHIX Mep
y4eTa, KOHTPOJISl U 3alMThI (NepeKItoueHHbI SIM),
W YTO HAJIO JIeJIaTh B HOBBIX YCIIOBUAX?

BaxxHbIM yCIIOBHEM TPOTHBOJCUCTBHS yrpo3e
HCIIONB30BaHus nepexmodennoro SAM ms SABY sB-
JISIeTCSl HAJTMYUE CUCTEMBI KOHTPOJISI 32 HE3aKOHHBIM
oboporom SIM. BHenHui MOHUTOPHUHT HEeperaMeH-
TUPOBAaHHOH nesitenbHOCTH ¢ SIM MOXeT ObITh BbI-
Pa)keH B Pa3JIMUHBIX CTPATETUSIX MTOUCKA BO3MOMKHBIX
oowexroB HC/I. /leno B ToM, 4TO, B OTIMYUE OT CaHK-
IIMOHUPOBAHHOH JESATENILHOCTH, HE3aKOHHHOE 00pa-
menue SIM uMeer creyronye npu3HaKku:

* CKpPBITHOCTb ITPOBEJCHUS HECAHKIMOHUPOBAH-
HBIX pabOT: ypPOBEHb CKPBITHOCTH OIPEACIISETCS
Kak cBOlcTBaMM nepekitoueHHoro SIM, Tak u 3arpa-
Tamu ((PMHAHCOBBIMH) HAPYILIUTEIS,

* CTpeMJICHHE HapymuTens co3aars SABY ¢ mak-
CHUMAaJIbHBIM Pa3pyLINTEIIbHBIM JCHCTBHUEM;

* CTPEMJICHHE COKPATHTh BpEMs IPOBEICHUS
HECAaHKIIMOHUPOBAHHBIX Pa0OT C y4eTOM HaIUIus
BHelrHero kouTpos 3a HCJI.

C mo3uiMu IOCTHMKEHUSI KOHEYHBIX IeIed Ha-
PYLIUTENS STH TEHJCHLUHU SBJISIOTCS TMPOTHBO-
peunBbiMu. Tak, cTpemsienne cosgare SIBY
C MakKCHUMaJbHBIM pa3pyLIUTEIBHBIM JEHCTBHEM
CBS3aHO C INPUMEHEHHEM YCOBEPLICHCTBOBAHHbBIX
TEXHOJIOTUI IepepadOTKH MEePeKIIOYEHHOr0 Mare-
puana. ITocneqnee morpedyeT 1eI0H HEMOYKH TeX-
HOJIOTMYECKHX MEepeIesIOB, a 3HAYUT, YBEITHUYECHHOTO
NOTpeOICHNsT PECypCcoB M BPEMEHH Ha MPOBEICHUE
pabotr. Bce 310 B 1enOM NpHBENET K CHUXKEHHIO
YPOBHS CKPBITHOCTH PabOT M HOBBIICHUIO BEPOSIT-
HocTH oOHapyxeHnus. Ha puc. 1 npuBenena tunuy-
Has uenouka HCJl HapymunTens mpu HOIBITKE HC-

Puc. 1. ITpumep yenouxu HC/I
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nonb3oBaHus ypana B ABY. [l mporuBomeiicTBus
eil Ha pa3HbBIX ATarax HCIOJIB3YIOTCS T€ MM MHBIC
Mepsl 3aiuTel. Hanpumep, Ha sTarne nepexitoueHus
(XuIeHus) — Mepbl U cpeicTBa BHeIHen (puzuye-
CKOM) 3alUTHI SIIEPHBIX OOBEKTOB, y4eTa U KOHTPO-
a1 camux JIM. Ha nocnenHeil craguu urpaet poib
TOJBKO CaMO3allUIIEHHOCTh SIM — COBOKYIHOCTb
CBOMCTB, KOTOpBIE TPEMATCTBYIOT HUX HECAHKIHO-
HUPOBAaHHOMY HCIIOJIBb30BAHUIO (M30TONMHOE pas-
OaBiieHre, (OH, TEIIOBOE M3Iy4eHHE, Macca, raba-
putbl 00bekToB ¢ SIM 1 ap.). CamMO3alIUIIEHHOCTh
onpezenseT ymepo ot npumenenus SABY. st mpo-
MeKyTOYHbIX ctaauid nernouyku HCJ (craguii Tex-
HOJIOTMYECKOTO Iepeiesia BHIBE3EHHOTO 3a IIPEIeIIbl
SJIepHOTO 00bEKTa Marepuana u cOOpPKH) XapakTep-
HO TO, YTO YCHEUIHOCTb JIEATEIBbHOCTH HAPYIIUTENS
OTpEJIEIISIETCS] BEPOSATHOCTHIO €ro HeOOHApYKEHUS.
[TocnenHsas Benu4YMHA IOITyCKAaeT MOCTPOEHHE OTHO-
CUTEJILHO NMPOCTON CXEMBI JIJIsI €€ OIICHKU Ha OCHOBE
3a/laHusl TIPUMEPHON [UIMTEIBFHOCTH KaXKIOW CTa-
JIMH, OIIPEICTICHNs] HIUKATOPOB MOUCKA MEPEKIIIo-
4eHHOTO SIM 1 3 (HEeKTUBHOCTH TOMCKOBBIX MEp.

Moaenb noucka
obbekroB HAC ¢ IM

B pamkax mmeromiencss cUCTEMbl MOHUTOPHHIA
HEeperIaMeHTHPOBAHHOM! JIESITEIIbHOCTH BEPOSTHOCTD
co3manusi U npumeHenns SIBY P 3aBucHT OT BO3-
MOXXHOCTEH HapyIIUTEN s, HAYaJbHOTO COCTOSHHS
SIM, KOHEYHOTO COCTOSIHHS MaTepuana. Ee MoxHO
OINpPEeNUTh KaK

P=P(S;,— Sy, 2)
rae F — BO3MOXXHOCTH HapyILIUTEINsl, XapaKTepu-
3yIoIIMecs pacnoyiaraeMbIMi GOHAAMH U JOCTYITHOH
TEXHOJIOTHYECKOH 0a30if; S, — HayalbHOE COCTOS-
Hue SIM, xapakTepusyroleecst Maccoi, (PU3NUECKOM
(hopMOii, XUMHYECKHM COCTaBOM, aKTHBHOCTBIO, Me-
CTOIIOJIOKEHUEM U Jp.; S, — KOHeuHoe cocTosiHue SIM
(xoHCcTpyKuus SABY, MecrononoxeHne, XuMHYECKUN
COCTaB, N30TOMHBII COCTaB, aKTUBHOCTH U Jp.). Be-
JIMYMHA TTOTEHIMAIBHOTO yiiepoa D 3aBHCHT OT KO-
HeyHoro cocTostHust SIM, D = D (S,).

IIpu paccMOTpeHHH pa3IMYHBIX CTpATeruii 1o-
ucKa BO3MOXKHbIX 00bexToB HCJI mpearmonaranock
palMOHAIbHOE TIOBEJICHWE HApyLIUTENs, KOTOpOe
BBIPAYKAETCS B IPUHATHH HEKOTOPOTO KOMIIPOMHCCA
MEXKIy CTpemiieHueM cosnath SABY ¢ makcumanb-
HBIM Pa3pyIIUTEIbHBIM JCHCTBUEM M TMOBBIIICHUEM
BEPOSITHOCTH OOHApYy)KECHMS TIPH YBEIMUCHUH Mac-
mraba paboT U MEePeXoAe K YCOBEPIIEHCTBOBAHHBIM
TEXHOJIOTHSIM TepepadOTKH HMCXOTHOTO MaTepuana
(HanpuMep, TOHKOM OYMCTKE Marepuasa OT MpuMe-
ceil, 000TaIleHuIo U T. 1.).

Mopenb pauoHaIbHOTO MOBEACHHS HapyIIUTe-
JISl IO3BOJISIET CUUTATh, YTO OH OYJET CIICIOBaTh B3BE-
LIEHHOMY IUIaHy JI€HCTBHI C Y4€TOM OTMEYEHHOIO

BhIIIIE 00CTOSATENIbCTBA. TakUM 00pa3oM, PUCK CO3-
JaHus ¥ npuMeHenus SIBY nMeer makcumyM u npu-
HUMaeT HauOoJbllee 3HaYeHHe Ha TPaHuIe 001acTh
BO3MOXHBIX JCHCTBUIl Hapymurens 1160 BHYTPU
Hee. Camo HanOomblIIee 3HAYCHNE U €T0 MOJ0KEHHNE
B 00J1aCTU BO3MOMKHBIX J€HCTBUI, KOHEUHO, 3aBUCAT
OT YPOBHS BHEIIHEr0O MOHUTOPUHIA HEPErIaMEeHTH-
POBaHHOIT ICATEITEHOCTH B OT (DUHAHCOBBIX BO3MOX-
HOCTEW HapyIIUTEIS.

BelmensnoxeHHoe  ABISETCS  OCHOBAaHUEM
JUIL YOPOIICHUA aHalin3da IMyTEM IPHUMCEHCHHSA KOH-
CEepBaTUBHOTIO IOJX0J1a C OLIEHKOI CBEPXY pHCKa HC-
nonb3oBaHus AAM ais coznanus u npuMmeHeHus SABY.
B pamkax 3Toro noaxona 3aBUCUMOCTb BEPOSTHOCTH
P nocTikeHus Lenei HapymuTens (yCHEIHOro 3a-
BepureHus nenodky HCJI) oT KOHEUHOTro COCTOSIHUS
u myTel nepesoga SAM n3 Ha4aIbHOIO COCTOSHHMS
B KOHeuHOe S, — S 3aMEeHSIeTCsI CIIeAYIONIeN OIeH-
KOU CBEpXy:

R, (F.,S,) :rrée:x(P(F, 5,—5.):D(S,)). (3)

CrenyeT OTMETUTb, YTO OYEHb BBICOKHE YPOBHU
o0OoTaIeHus], O4YeBUIHO, MPEANOYTUTENbHBI, H Pa3-
YMHO HPEIIOIOKUTh, YTO HAPYLIUTEb, UMEIOLIHH
JOCTYTl K TEXHOJOTHH OOOTaIleHHsl ypaHa, TPHIIO-
JKUT BCE YCUIUS, YTOObI 000raTUTh UMEIOIIUECS 3a-
[achl ypaHa /10 Opy»KeHHOro kadecrna, T.e€. 10 90%
u Bble [2, c. 7]. JomycTuM, MakCUMyM PHUCKa Ha-
XOIMTCS Ha TPaBOW T'paHMIEe OOTACTH BO3MOXKHBIX
obGoraueHuii ypana. C TOUKU 3peHUs IPAKTUIECKOrO
[IPUMEHEHHs] KOHCEPBATUBHOTO MOX0/1a 3TO O3Haya-
eT (pHKCaIMIO KOHEYHOTO O0OTAIeHHUS ypaHa X, (Ha-
npumMep, x, > 0,9). IIpu stom macca SIM B KoHEIHOM
COCTOSTHUM OIIPEAENIAETCS] KOJIMYECTBOM HCXOIHOTO
ypasa 1100 BeJIMYNHOM pabOThI 10 U30TOITHOMY pa3-
neneHuto U ,y.

IIpumeHss naHHBI KOHCEPBAaTUBHBIN IOJXOZ,
MOXKHO ONPEIeTNTh 3allUIIeHHOCTh SIM Kak 00-
PaTHO HPONOPLHOHAIBHYIO MAKCUMAJIbHOW OLIEHKE
pucka: Z = 1/R,, Ilpu 3TOM BeTMUYMHA 3aIIUINCH-
HOCTU CTAHOBMTCS OoJiee HaIAAHONW M yHOOHOI,
€CIIM OIICHHMBATh €€ OTHOCUTENIHHO BHIOPAHHOTO JTa-
JIOHHOTO Marepuaia, Hampumep ypaHa 20%-Horo
oboramenust unn THT. Takum oOpa3om, BeTHYHHA
OTHOCHUTEJIBHOM 3amuieHHocty SIM Oyzner 3aBuceThb
JIAIIE OT KojimdecTBa SIM, ero coOCTBEHHBIX CBOICTB
U COOTHOLLIEHUS MEX/y BO3MOXKHOCTAMH HapyIIUTe-
1151 1 3)(HEKTUBHOCTBIO TTOKCKA.

ngOSI‘I'I-IOC‘I'b u3bexarn
OOHapymeHus.
MUupukaropol noucka HAC

ITycts umeercst n 0OBEKTOB U MBI UIIEM CPEIU
HUX OOBEKT C HEeperIaMeHTHPOBAHHOW ESTeNbHO-
ctpio (HCI-00bexT). [iist Toro 4ro6sl 0OHAPYKHUTh
oobexkt HCJI, Ha/o yBHIETh €10 U MICHTU(PHUIIUPO-
Barh kak HCH. Unentuduxanus oObeKkra 03HauaeT
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OTCYTCTBHE JIMOO 3HAYUTEIHHOE PACCOIIACOBAHUE
C 3asBJICHHOH nesTenbHOCThIO. HalOmonmarens, Be-
JIyIIMHA MOHHUTOPHHT, OIpeAeisieT MacTad o0bekTa
IO BEJIUYUHAM HOTPeOICHHs PECYpcOB U BO3ZCH-
CTBUA (AMUCCUH U3TYYCHHS U PTOPCOACPKALIHUX CO-
CIMHEHUH ).

Ilycte S — mapamerp, xapakTepu3yrommid 00b-
ext HCJ] (B ToM uncie ero macital) ¢ TOYKH 3pe-
HUS Opouenypsl uneHtudukamuu. IIpeamnonoxnm,
YTO BENETCSl PETYJISAPHBIA MOHUTOPHUHI OOBEKTOB
o mapameTpy S co ckopoctbto V. Bpewms T, TpeOye-
Mmoe Juist ooHapyxkenuss HCJI-o0bekra, CocTaBUT

T,=nl/V. 4)

®Dopmyna (4) 3amrcaHa Ha OCHOBE TPEAIIONIOKE-
HuH, 4To Pakt HCIl MoxkeT ObITh OTHO3HAYHO BBISB-
JIeH TI0 pe3yabTaTaM OfHOH npoBepkH. Ecin ee oxa-
KETCA HEAOCTAaTO4YHO, BO3HUKHET HeOGXOﬂI/IMOCTb
TTOBTOPHOM TPOBEPKH OOBEKTOB, YTO COOTBETCTBYET
nepe6opy ¢ BO3BPATOM.

00603HaunM yepe3 g TpebyeMoe YUCIIO MPOCMO-
TPOB Ul HAeHTU(UKAUU 00beKTa. B 00meM ciryuae
CIIe/IyeT MPU3HATh, 4TO ¢ > 1, 3Hauurt, T, = (ng)/V.

Tlonarass MOHUTOPHHT PETYJISPHBIM TPOIECCOM,
MOYKHO OIIPE/ICIUTh TIapaMeTp OOHApYKEHHS Ag, KO-
TOPBIN HECET CMBICIT CPeTHEH YacTOThI OOHAPYKEHHUSI
HCA:

As=1/T,=VI(ng). 5)

Torma B coorBercTBUU C pacupeaencHueM [ly-
accoHa BEpPOSTHOCTH He OOHapyXuTh 00bexT HCJ]
3a Bpems t

P, =e ©

Hano otMeTuts, 4T0 MOXXHO OOHAPYKUTH OOBEKT
HCJI numibp mo 00BEKTHBHO CYHIECTBYIOLIMM IIPH-
3Hakam. Cneunduxa HCJI ¢ nenbto u3rotroButs SIBY
CBUJICTEIBCTBYET O 3HAUMMOCTH ITPU3HAKOB, CBA3aH-
HBIX C IOTpeOJIEHHEM PEeCcypcoB (PHEPreTUUECKUX,
BOJHBIX U JIp.) ¥ BO3JEHCTBHEM Ha OKPYKAIOIIYIO
cpeay, T.€. AMUCCHEH H3JIy4eHUl M MarepuasioB).
B kauecTBe nmpumepa MHAMKATOPOB MOUCKA JIEATEIIb-
HOCTH IO M3TOTOBJIEHUIO U TpUMeHeHHIo SIBY Mox-
HO Ha3BarTh:

* UHTEHCUBHOCTB M3JTy4EHUS A;

* HMHTEHCHUBHOCTb AMHCCHU (TOPCOAEPIKALINX
coenuHeHuil B armocdepy B;

* MOIIHOCTB MOTpeOneHus pecypcos I

* KanuTaibHbIe 3aTpaThl K.

ITo moboMy M3 3TUX MHAMKATOPOB MBI MOXKEM
OOHapY)XuTh JMOO IIOSBJICHHE HOBOTO OObBEKTa,
100 M3MEHEHHE PEeXKHMMa PabOThI CYIIECTBYIOIICTO
00BEKTa ¥ JlaJiee CBEPHUTH C 3asBICHHON JESTEIbHO-
CThi0. B 1m000M ciydae Ba)kHa BBICOKasi 4yBCTBU-
TeJLHOCTH (3()(PEKTUBHOCTH MOUCKA) CPEICTB OOHA-
PY)KEHHS K TUM IPU3HAKAM.

Ecmn mowmck o0bekra HCJ[ Bemercs mo He-
CKOJIbKUM ~HE3aBHCHUMBIM MHJIWKATOpaM, IOJHAs
BEPOSITHOCTh HEOOHAPYXKEHHs TNPEICTaBIsIeT CO-

gt

00l Tpou3BeIeHNE BEPOSTHOCTEH HEOOHApYKCHHS
0 OTAENBHBIM HHAUKATOPAM:

pndet (t) = p/fiet (t) X pZ{et (t) X p:det (t) X pfdet (t) =

OTtkyna
A=Ay +hy +A,+ g (8)

Hanpumep, noctosiHHas OOHApy»XEHUsI Ay paB-
Ha cpeqHell yacrore oOHapy:xeHus oobexroB HCJL
Mo BEJIMYMHE MoTpedieHus umu pecypcos W. Ko-
HEYHO, 3Ta BEIMYMHA 3aBHCUT OT TOIO, HACKOJIKO
CpeICTBa MOKMCKAa YyBCTBUTEIbHBI K HHAUKATOPY W,
a YyBCTBHUTEIBHOCTBH oOmpenensieT 3(PPeKTHBHOCTD
MTOMCKOBBIX CPECTB alV.

Ecmm pacemarpusatorcst nenoukn HCJI (yxpym-
HEHHbIE 3BEHbsI NMOJOOHBIX LETIOUEK IPEeICTABICHBI
Ha puc. 1), IpuUBOASAIIME K CO3JAHUIO M IMPUMEHe-
uuto AABY u3 nepexitouennoro SIM, To BbIpaxkeHHe
JUTSI prcKa mcnonb3oBauus JABY mMoxxHO nepenmcars
B BUJIE

R=]Jexp(-}1) By (t) D = exp(—Zklt,»)&mD =exp(-AT) P,

e P, — BEpOSITHOCTD HEMPECEUCHUsT TEHCTBHUI
HAPYIIHUTEISL.

Cuuraercs, 4to Kaxknaas craaus i nenouku HCJJ
MOXKET OBITh OTpe/ieNIeHa €€ MPOIODKUTEILHOCTBIO #;
U cpenHUM BpeMeHeM 1/);, TpeOyeMbIM it OOHapy-
JKSHHSI HApYIIUTEIs Ha i1 CTaJiiu, TIe A — mapamerp
oOHapyxeHus1. [Ipu 3TOM #; U A; 3aBUCAT OT BO3MOXK-
HOCTEeW Hapymwurens [, n3MeHeHus cocTosiHus SIM
(S; _1 — S)) u 5pdekTUBHOCTH TOKCKA.

CBsi3p MEX/y 4YacTHBIMH Hapamerpamu OOHa-
PYXKEHUA W COOTBETCTBYIOIIHMMU HHAUKATOPAMU
MOWCKa MOYKHO TIONYYHTh, PACCMOTpPEB, HAIpHMEp,
napamerp oOHapyxeHus A,. O4eBUIHO, YTO OH NPO-
MOPUUOHANEH IUIOIIAIH, Ha KOTOPOH MOXKET OBITh
3a()MKCUPOBAH AHOMAJbHBI YpPOBEHb M3ITyUCHUS
Ay ~ S(4) ~ R¥(A) ~ A), u >pHeKTHBHOCTH TIO-
HCKOBBIX CPEJCTB IO PETUCTPAIUU H3ITyYCHHS:
Ay = a4A. MOXXHO TOKa3ath, 4TO IS IapaMeTpoB 00-
Hapy>KEHUs Ag, Ay U Ay XapaKTePUCTUKAMHU IO
B COOTBETCTBYIOIIIX IPOCTPAHCTBAX OYIYT SBISTHCS
MHTCHCHBHOCTh OMHUCCHU XHUMHUYECKHX BELICCTB B,
MOIIHOCTb MOTpeOIeHNsT pecypcoB W M KamuTallb-
Hble 3aTpaThl K. TakuM 00pa3om, KaxIo0e ciaaraemMoe
B COOTHOIIICHUH (§) MPEICTaBUMO B BUJIC IPOU3BEIC-
HUSI IBYX COMHOXKUTEIICH:

Ag =0, W5 Ay =0, W, A, =a,Ad; hy=0,B.

BaMsiHME KOAMYCCTBA U COCTaBa
fIM Ha OTHOCUTENAbHDBINA PUCK
MX HCMMPHOrO UCNMONb3OBAHMUS

Oco0yro OITacHOCTH CO CTOPOHBI PAJAUKaIBHO Ha-
CTPOCHHBIX CyOHAIMOHAJIBHBIX TPYII IIPEACTaBIs-
10T mpocteimue SIBY crBompHOTO THIIA, co3maHue
KOTOPBIX HE CTOJIb TPYRoeMKO [2]. B ¢Bsi3u ¢ 3TUM OC-
HOBHBIM CJICPKUBAIOLIMM (PAKTOPOM JIJIsl TOOOHBIX

(10)

KI —ﬂ.W[ _/1/4
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TPy SBISETCS HEJOCTYHMHOCTh ypaHa. OpnHaxo,
€CIIM MaTepuall OKa3bIBaeTCsl BHE ICHCTBUS Mep yue-
Ta, KOHTPOJIS ¥ (PU3UUCCKO# 3alHTHI (TIEPEKITFOYCH ),
€ro 3allUIIEHHOCTh (BEIMYMHA, OOpaTHas PHUCKY)
BO MHOT'OM OIPEJIEJISIETCS COCTABOM U KOJIMYECTBOM.

Jlns oLleHKM BIMSHUS KOJIU4YEeCTBa U oOorarie-
Husi SIM Ha OTHOCHTENBHBIM PUCK €ro MpUMEHe-
Husd B SIBY ynoGHo paccmarpusath ypan 20%-HOro
oboraieHus Wik xuMudeckyr B3pbiBuarky (THT)
B KaueCTBE 3TAJIOHHBIX MarepuajnoB. IIpurogHocts
THT omnpenensieTcst TeM, 4TO yuiepd OT €ro mnpu-
MEHEHHUsI BBIPAXKAETCsl Yepe3 €ro Maccy, a BEeposiT-
HOCTb HEOOHapy>KeHUs! IIPU HM3TOTOBICHUH B3DPBIB-
HOTo ycTporicTBa n3 nepeximodeHHoro THT moxnO
cuuTarh paBHOU 1. Eciiu NpUHATH, YTO MOHUTOPUHT
BEIIETCs 110 BeNIMUMHE W/ TOTpeOIsieMBbIX PeCypcoB,
JUISL OTHOCHUTEJIBHOTO PUCKA MOXHO 3allUCcaTh COOT-
HOIIICHUE

RU(M,x):P(M,x)~W> (1

rae M, x — macca 1 oboraiieHue nepeKItoueHHO-
ro ypaHa; M,, x, — KOHEUHbIe Macca 1 oOoraimieHue
YPaHOBOTO MPOIYKTa IOCIE HECAHKIIMOHHUPOBAHHO-
ro niepezena; P (M, x) — BepOsSITHOCTh HEOOHApYKe-
uust HC/I.

Taxum 00pa3zoMm, HMeeM MaTeMaTHYecKoe COOT-
Homienue (11) s ompezneneHuss OTHOCHUTEIBHOTO
PHCKa NCTIONB30BAHMUS YPaHa 3aJaHHOTO 000TaleH s
X n xkonuyectsa M B nessix cozganus ABY. IIpu stom
B Cllyyae OTCYTCTBHMS MOHUTOpPHHIA HEPErIaMEHTH-
poBanHOi AesrenbHOCTH ¢ SIM (3¢ HEKTHBHOCTD 110-
ucka o = 0) coornomenue (11)
ONKCHIBAET BapHaHT CaMo3a-
muIeHHoctu SIM.

Ilpu wu3yuyeHnu BIUSHUA
KOJIMYecTBA U OOOTaleHus X =Xy
SIM Ha puUCK €ro MmpuMeHEHHs
B JBY cnenyer pasnuuars 1Ba BO3MOXHBIX CLIEHA-
PHsI HECAaHKLIMOHMPOBAHHOTO MCIIOIb30BAHNUS ypaHa.

Cyenapuii 1. IlepexnioueHue u uUCnoIb306aHue
o coz0anusi HABY  evicokoobocawujennozo ypaua
(BOY). C no3unun XuMHUKO-(hPU3UYECKUX MEPE/ICIIOB
Marepuania JaHHBIH CIIeHapuil sBIsieTcs Hambosee
OpocThIM, Tak kak BOY — marepuan mpsiMoro uc-
mop30BaHus, modtomy nenodka HCJ mapymmrens
MOXKET He BKJIIOYAThb CTAIMI0 00OrallieHUs MaTepu-
ana.

Cyenapuii 2. Ilepexniouenue HU3K00602aujeH-
Hozo ypana (HOY). Vicnons3oBanne HOY mist cos-
nanus SIBY TpeOyeT o0si3aTenbHOrO JanbHEHIIero
oboramenus. OnHaKo B crity OOJBIIO# pacrpocTpa-
HenHocTd HOVY B s1epHOM TOIUIMBHOM LUKIIE 3TOT
CIIGHapHUH paccMaTpUBaeTCsl Kak Hanbosee BEposiT-
Hblil [3]. MonenupoBaHue HECaHKIMOHHMPOBAHHOTO
UCIIONB30BAHNUS ypaHa B cLieHapHu 2 siBisieTcst 6oree
OOIIMM CITy4aeM MO CpPaBHEHHIO CO CIieHapuem I.

RY(M,x)=exp[—(a, +a, F(x)) M] d

F(x) =2 y(x,)+
X

TToatomy paccmoTpum ero moapoOHee. B pamkax
JTAHHOTO cueHapusa mozaens unenouku HCJI Hapymm-
TeJsl BKITIOYAET TPH OCHOBHBIE CTaIHU:

* GU3MKO-XUMHUYECKUH Hepeses UCXOTHOIo Ma-
Tepuana; OyaeM mpeanonarars, yto nogoonas HCJJ
KOHTPOJIPYETCS 110 NOTPeOIeHUIO pecypcoB W

* oborareHue mMarepuaia B popme UFg: ocyiect-
BJISIETCS] KOHTPOJIb 10 IIOTPEOICHUIO PECYPCOB U MHUC-
cun xummudeckux BemectB UFg B armocdepy B;

* (pu3uKO-XxUMHYECKas mepepaboTka oborarieH-
HOTO MaTepuasia, B KauyecTBE MHIMKATOpPa paccMma-
TpUBAeTCA OTPEOIECHUE PECYPCOB.

Cuenapuit HCJ] nmeet orpannueHus:

* MaKCHMaJIbHO€ KOJIMYECTBO ypaHa ompejele-
HO YCJIOBHSIMU HOIKPUTHYHOCTH CHCTEMBI 10 cOopa
(M = Minay (x);

¢ HApYIIUTEIIb MOXET UMETh OI'PaHUYCHHBIC BO3-
MOXKHOCTH TIPOBOJAUTD pa3leieHHe, HalpuMep pac-
nosiaraeT JIabopaTopHOH MO0 MOITYIIPOMBIILICHHON
YCTaHOBKOH 1Sl pazziesieHust u30TonoB, AU < U, ,..

Jnis tpexcranuitnoit monenn HCJI BeposiTHOCTB
HeoOHapyXeHusi P paBHa
P(M,x) = R(M)-P,(M,%)- P.(M,) (12)

rne P; — BepostHOCTh HeoOHapyxenus: HCJ]
Ha i-i cTajuu.

IMoncraBnsist KOHKPETHBIE BBIPAKEHNUS JJISI BEPO-
STHOCTEH HEOOHApY)KeHMsl Ha CTauusX (pU3NKO-Xu-
MHUECKOH InepepaboTku U 00OTallleHHus YPaHOBOTO
Marepuala, 1mojlydyaeM BhIPaKeHUE JJISI OLEHKH OT-
HOCHTEIBHOTO pricka cozpanus SABY ¢ ucmonbs3oBa-
nuem HOVY:

(M, x,)
M ’ (13)
X —X X
ST Y)Y V() =2x-1) h——
— X, 1-x

K 4

rae U = F(x)M — pa6ota no oboramenuto HOY,
e/IMHUIIA pa3IeuTeNbHbIX padot, EPP; a;,— sddek-
tuBHOCTh peructpauun HCJl npu ¢usuko-xumuue-
CKUX MOTU(HUKAIMAX B pacuyeTe Ha | Kr MCXOTHOTO
Mmarepuaia; ay — 3bdextuBHoCTh peructpanun HCJJ
npu oboraiieHnn ypaHa B pacuere Ha | EPP; M, —
Macca 000ralieHHOro ypaHa.

IMonb3yscek Gopmyroit (13), mogy4nm cooTHOIIE-
HHE JUIsL OLICHKH PHCKA B YCIOBHUSX HAMMYHS d(Pdex-
THUBHOTO MOHHTOPUHIA 32 HE3aKOHHBIM 00OpOTOM
SIM. Ilycts € — BeposiTHOCTb oOHapyxeHus HCIL
Ha CTaausxX (U3UKO-XMMHUYCCKOH Moaudukamn
160 oboramenus. CortacHo pokymeHntam MATA-
TD [4, c. 23-24], 3HaueHHs BEPOSTHOCTH OOHAPYIKe-
HuA € > 0,9 paccMaTpHUBAIOTCS KaK BBICOKHEC, 3HAYUT,
l-e<<1.

O¢deKTHBHBI MOHUTOPHHT — IIOAPA3yMEBaeT,
YTO Ha CTAAUAX (PUBUKO-XMMHUYECKOH MOIu(UKaIN
b0 oboramieHus ISt TF000i Macchl M MepeKITio-
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yeHHoro SIM, HauMHas ¢ MUHUMAJIbHO BO3MOYKHOTO
konnuecTBa Mkp, anst co3nanust SIBY nomkHbl BbI-
TIOJIHATHCSI HEPABEHCTBA!
exp(—a,, M)<l-¢; exp(-a,U)<l-¢
rne U — pabora o oboramienuto HOY maccsr M.

Cnenyst  KOHCEpBaTMBHOMY  IIOJXOAY,  Be-
POSITHOCTh OecrpersITCTBEHHOTO 3aBeplie-
nust HCJ[ omeHum 1o  BepXHeMy Ipeeny:

exp(—ay,M)=1-¢; exp(-a,,U)=1-¢. Tor-
Ja dopmyna (13) npuHuMaeT Buj
M

M, (x)

Y(M %)
M

(14

RY(M ,x)=exp| 2In(1-¢)

NMpumep oLUCHKH OTHOCHUTCAbHOM
3alliMUCHHOCTH YPaHa

NPy nepexKaueHun BOY
(cuecHapwmii 2)

B 3apmagax simepHOro HepacnpocTpaHeHus ymepo
oT npumeHeHus: fIBY mnpuHATO M3MEpATH MO €ro
SHEPTOBBIXO/TY, KOTOPBIHA 3aBHUCHUT OT CBOMCTB M Mac-
col SIM. U3 dopmyuer (11) crenyert, uro s pacue-
Ta 3AIIUIICHHOCTH 3aJaHHOW Macchl ypaHa HeoO-
XOIMMO OIIEHUBATH SHEPrOBBIXOJ] LIEMHON peakuuu
nenennst (LIPJ]) B Hem. J[nst OLeHKHM SHEProBhIXoaa
MpUMEHsIach IpocTerias Moaenb npotexanus LIP/1—
Mmozenb Kapcona — Xunnens — Jlumana [5]. ITapa-
METpbl U YCIIOBUS BO3HHKHOBEHMS HEIpEKpallaro-
ieticst LIPJ] paccunThIBaIMCh IOCPEICTBOM MPSIMOTO
MOJICTIMPOBAHMS MPOIIecca Pa3MHOKEHHS HEHTPOHOB
MeTonoM Monrte-Kapino ¢ wucnonb3oBaHueM Mpo-
rpammbl MCNP-4B [6] ¢ koHCTaHTHBIM oOecrieue-
HHEM Ha OCHOBE OMOJIMOTEKH OLIEHEHHBIX sIJICPHBIX
nmanaeix ENDF/B-VI [7]. Mogens u aiaroputM pac-
yeTa €€ MapaMeTpoB COOTBETCTBYIOT MOAXO.Y, OMHU-
caHHOMY B [8].

C TOuKM 3peHHs TOBBINICHHUS BHYTPEHHEW 3a-
MIUIIEHHOCTH SIM Ba)KHO OTMETHUTb, YTO HHHIM-
angua [P/l MoxkeT nmpoM30MTH paHblle, YeM 4YacTH
Ha/IKPUTUYECKOM CHUCTEMBI MOJIHOCTBIO COEIUHATCSI.
DTO 3aBHCHT OT YpPOBHSI HEHTpOHHOTO (hoHa B SIM,
U JIAaHHBIII MOMEHT sIBJIsIeTCA KiItoueBbIM. Ecnu nme-
eTcs BO3MOKHOCTb M3MEHATh HEUTPOHHBIH (HOH
B SIM, TO MO’KHO yCTaHOBUTb OTPAaHUYEHHE HA BbIJIE-
JISIEMYIO0 MOIIHOCTb U, TAKUM 00pa3oM, CliesaTh 3TH
Marepualbl MPAaKTHYECKH OCCIIONEe3HBIMHU YISl UC-
none3oBanusag B SIBY. Takme neneHanpaBieHHbIE
W3MCHEHHS BHYTPEHHUX CBOICTB OCYIIECTBIISIOTCS
¢ IOMOUIbIO AeHaTtypauuu AM.

Ha nmpumepe merayuindeckoro ypaHa pasjindHoO-
ro o0oramieHusi OIEHHM IOBBIIICHHE YPOBHEH €ro
3aIUIICHHOCTH (110 CPABHEHHIO C YPOBHEM Camo3a-
[IMIIEHHOCTH) NPH BHEAPEHHH Mep BHEIIHETO MO-
HUTOPHHIA C PA3IMYHON S(PPEKTUBHOCTHIO MOKCKA.
ComnoctaBuM 3QPEKTUBHOCTh MEP BHEITHETO MOHH-
TOPHHTIA C aHAJIOTUYHBIM [TOKa3aTeIeM Mep IOBBIIIe-

HUSI BHYTPEHHEH 3aluIeHHocTd SIM myTeM u30Tor-
HOM neHarypaiuu. JleHaryparysi OCYIIECTBILIIACH
3a cuer n00aBieHUs HEOOMBIIOro Kommdecrsa 32U
Y MIPUBOIUIIA K TIOBBIIICHUIO BHYTPEHHETO HEUTPOH-
Horo ¢ona SIM.

B kadecTBe yrposbl paccMaTpHBaiach MOJEIb
HapyIIHUTeNs], KOTOPBIA pacrojaraeT J0CTaTOYHBIM
KOJIMYECTBOM MaTepualia MpsSMOro HCIOIb30BaHHS
(BOY) ans coznanus SIBY, HO He mMmeer jocTyna
K MOIIHOCTSIM HO oboramenuio ypaHa. CpaBHeHHe
MPOBOAWIOCH ISl ypaHa PasIMyHOro OOOTaIleHus,
HO B YCJIOBUSIX €THHOTO 3HAUCHWS HAIKPHTHYHOCTH
JUIsl CUCTEM B cOope.

B nannoM nmpumMepe ypoBeHs 3amuiieHHoCTH SIM
y}106HO NPEACTaBIATH B OTHOCUTCIIBHBIX BEJIMYHHAX,
MIPUHSB 32 €JUHHILy YPOBEHb CaMO3AIHIICHHOCTH
MeTayunueckoro ypana 20%-Horo oboraieHus. Pe-
3yJIBTaThl PACYETOB OTHOCHUTEIHHON 3aIMIIEHHOCTH
METAJUINYECKOT0 YpaHa MpH pasIuyHON 3(deKTus-
HOCTH Mep MOHHUTOPHHTA, & TAKOKe IeHATypaIiu ypa-
Ha n3oTonoM **2U mpesicTaBiIeHs! Ha puc. 2.
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Puc. 2. 3agucumocms omHOCUMENbHOU 3AUUUIEHHOCHU YPAHA 0N 0002AU{eHUA

1.E+02

1.E+01

1.E+00

1.E-01

OTHOCHUTEbHAS 3AIIUIICHHOCTh

I
=}
S}

1.E-03

50
Ooborarenue ypana, %

20 60

1 — camo3awuuyeHHocms OeHAMYPUPOBAHHO20 YPauda, 2 — 6bICOKOIPGEKMuUeHbLI MOHUMOPUHS,

3 — Hu3K0IPDexmusHbvIlL MOHUMOPUHR, 4 — CAMO3AWUWEHHOCT MEMATIUYECKO20 YPAHA

BuiBOADI

Ha ocHOBe BBITIOJIHEHHBIX PACYETOB OTHOCHTEIIb-
HOM 3allMIIEHHOCTH METaJLIMYEeCKOro ypaHa pas-
JIMYHOTO COCTaBa MOTYT OBITh C/EJIaHbI CIEAYIOIINE
BBIBOJIbl. BHeNIHHE Mepbl KOHTpPOJS (BHE JNCHCTBHSA
CHCTEM ydYeTa, KOHTPOJSI M (DH3UYECKOW 3aIlUThI
SIM) Manos¢@eKTUBHBI IO CPaBHEHUIO C MEpaMu
TIOBBIILICHNS] CAMO3AIINIIIEHHOCTH IS BBICOKOOOOTa-
LIEHHbIX KOMIIO3ULIMI ypaHa. BHeHui MOHUTOPUHT
HECaHKIIMOHUPOBAHHOU NesTeNbHOCTH ¢ SIM MokeT
HIPEBOCXOAUTH MO 3((HEKTUBHOCTH MEpPhI MOBBIIIIE-
HUSI BHYTPEHHEH 3alIMIIEeHHOCTH JUI ypaHa ¢ 000-
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ramenueM < 20%. IloBblieHne caMo3alUIeHHO-
CTH ypaHa IOCPEICTBAaM JEHATypaluu (Co3IaHHe
BHYTPEHHETO HCTOYHUKA HEHTPOHOB) 1200 3aBUCUT
oT oboraIieHns Mareprana u odecreurnBaeT nproIm-
3UTENBbHO OAUHAKOBEIN dddexT st BOY B mmpokom
Jara3oHe oOorameHui. Takum o0pa3oM, B LEIsIX
HepacipocTpaneHus 00opot unucroro BOY nomken
OBITh MaKCHMAaJbHO OTpaHWYEH, a CBOOOIHBIA Ma-
TepHajl NOJDKCH HAaXOAUTHBCA B CaMO3alllMIIICHHOM
COCTOSIHUHM (HarpuMep, Ooclie H30TOIHOU JIeHaTypa-
LUH).

B COBpEeMEHHBIX YCIOBHSX HPUXOIHUTCS MPH-
3HaTh, YTO POCT MACINTA0OB SIICPHOU IHEPrETHKU
Kak M0 BCEMY MHpPY B II€JIOM, TaK M B OTAEIBHBIX
CTpaHaX COIPOBOXKIACTCS POCTOM 000POTa SIIEPHBIX
MaTepHasoB, JOCTYMHOCTBIO TEXHOJIOTUH U CHeIH-

AIBHBIX 3HAaHUW. DTU U Jpyrue (HaKTopbl MPUBOASAT
K BO3pACTaHUIO yIrpo3bl HE3aKOHHOTO 00opoTa SIM u,
KaK CJEICTBHE, sAEPHOTo Teppopusma. s cHuxe-
HUST OTMEUCHHBIX YTPO3 TpeOyeTcst KOIMIeCTBEHHBIN
aHanu3 (hakTOPOB, BIUSIOLINX Ha HUX. JIpyrumu cio-
BaMH, OCHOBY ITOJITOTOBKH PEKOMEHIAIMHA IO KOH-
KPETHBIM MEPOIPHUSTHSIM 110 YKPEIUICHUIo Oe3omac-
HOCTH SIM HOIDKEH COCTaBIISITh MX KOJWYECTBCHHBIN
ananus. [Ipennaraemast MeTouKka U MOJIENb OLIEHKN
pHUCKa HEOHEPTeTHIECKOTO UCTIoNb30Banus SIM ciry-
JKar BBIPAOOTKE CPAaBHHUTENILHBIX OICHOK d(PQeKTHB-
HOCTH BHYTPEHHUX U BHEIIHUX 3aIIUTHBIX MEP B OT-
HomieHun SIM Ha CUCTEMHOW OCHOBE U TO3BOJISIOT
MPEeANPUHIMATE JEHCTBUS, HANPABICHHBIE HA CHH-
JKEHUE PUCKA UX PACTIPOCTPAHEHUS U HEPEIIIAMEHTH-
POBaHHOTO MCTIONIE30BAHMS.
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