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IMPOBJIEMBI SIIEPHOM, PAJIMAITMOHHOM
1 3KOJIOTMYECKOM BE3OITACHOCTH

VIK 621.869.888:621.039.54

MN3MEPEHME YI'JIA COYJAPEHUSA TPAHCIIOPTHOTI' O
YIIAKOBOYHOI'O KOMILJIEKTA C )KECTKOM NPET'PAIOMW TPU
ABAPUMHBIX UCTIBITAHUSAX HA PAKETHOM TPEKE

© 2020 C.1. FepachOB BI/I EpmbeeB BA Kukees', O. B Kpm;omeeB ,
B.H. Koctun , MLA. Omepnxo , P.B. FepachOBa A.A. I‘JIyXOB B.B. Iucenxwuii

”*HHcmumym npobaem mawunocmpoenus PAH, Huxcnui Hoszopoo, Poccus
‘Caposckuil puzurxo-mexnuneckuii uncmumym HUAY MUDU, Capos, Poccus

Hopmsr MAT'ATD 1o ucCHbITaHUSIM Ha CTOJIKHOBEHHE BKIIIOYAIOT MPOBEJECHHUE OIBITa C MAaKETOM
ymakoBku TYK B yCIOBHSX, UMHTHPYIOIIAX aBHAIIMOHHYIO aBapuio. OOpasen MODKeH OBITh
MOJBEPTHYT CTOJIKHOBEHHUIO C YKECTKOH Iperpamoil co cKOpocThio He MeHee 90 M/c, mpudyeMm B
TAKOM TOJIOKCHHUHU, YTOOBI eMy OBLIO HaHECEHO MaKCHMalbHOE MOBPEXKICHHE. MUIICHb TakkKe
JIOJDKHA COOTBETCTBOBATh MPEAMUCAHUSIM HOPM — IPEACTABIATH COOOH MIOCKYIO TOPH30OHTAIBHY IO
MOBEPXHOCTh TAaKOrO POJA, YTOOBI JIFOOOC YBEIMUYCHHE COMPOTUBIIIEMOCTH CMEUICHUIO WU
JeopManuy 3TON MOBEPXHOCTH MPU MaJecHUH HA Hee o0pasiia He MPUBOIIIN K 3HAYUTCIHLHOMY
YBEJIMYCHHUIO MOBPEKIACMOCTH 3TOro oOpasia. I[IoBepXHOCTh MHIICHH MOXKET HAaXOIUTHCS B
JF000M TOJIOKECHUHU, HO MPH ITOM OHA JOJDKHA OBITh MEPICHIUKYISPHA TPACKTOPUH JBHKCHUS
oOpasma. [lynsg mpoBeAeHHS MOMOOHBIX HCHBITAHUM C YIMAKOBKAMH BECOM [0 TIOJYTOHHBI
HCIIONB3YIOTCS pakeTHBIE TPEeKH. [10CKONBKY MOMOOHBIE OIMBITHI SAHMHUYHBIC W TOPOTOCTOSIIHE,
TpeOyeTcst KecTkoe OOOCHOBaHHE COOTBETCTBHSA TPEOOBAaHHMSAM II0 YTy COYOApeHHs TeM
mapameTpam, 9To OpUIH (PaKTHIECKH pealn30BaHbl BO BpeMs UCTIBITaHUI. B paboTe mpencTaBieHbI
METOBI H3MEPEHUN 3TUX TAPAMETPOB B IKCIIEPHUMEHTE U OTIPEIEIISIOTCS HX TOYHOCTH.

Kniouesvle cnoea: ynakoBKa, paMOaKTUBHbIE MarTephalibl, OTPabOTAHHOE SJEPHOE TOILIUBO,
BO3/IyIIIHAS TEPEBO3KA, aBapHsi, 000PYIOBAHHE PAKESTHOTO TPEKa, yroJl COYIAPCHHUSL.

IToctynuna B pegaxuuio 25.10.2019
[Tocne nopabotku 16.02.2020
ITpunsTa x mybmmxanuu 20.02.2020

B cootBerctBUmM ¢ TpeGoBanusmu MAI'ATD [1-5], ynmakoBku, mpenaHa3HAYCHHBIC IS
BO3AYIIHBIX TEPEBO30K JENALIMXCS MaTepuanoB, JODKHBI oOecredynBaTh 0€30MacHOCTb
MOCJI€ YCHJICHHBIX JOIOJIHUTENbHBIX HCIBITAHUN, UMMUTHPYIOIIUX aBHALIMOHHYIO aBapHUIO U
BKJIFOUAIOIUX CJIEAYIOIINE JBE CEPUU:

[lepBast cepusi (KOMILJIEKCHBIE UCTIBITAHNUSA):

- IaJeHHUE YIAaKOBKH C BBICOTHI 9M;

- JIMHAMMYECKOE PAa3pyILIECHUE ITPU NaJICHUH Ha YITaKOBKY Tena Maccoil SO0KT ¢ BBICOTHI 9M;

— UCHBITAaHUE HA MPOKOJ/pa3phIB MPH MaJleHUH YIAKOBKU C BBICOTHI 3M Ha IITHIPH (MIIH
HITHIPS] HA YIIAaKOBKY) Maccoi 250 kr;

- BO3JCWCTBME HA YNAKOBKY BHEIIHET0 TEIUIOBOTO IIOJsi CO CPeIHEOObEeMHON
temneparypoii T = 800°C B Teuenue He Mmenee 60 MUHYT.

Bropas cepus:

— CTOJKHOBEHHUE YIaKOBKU C MHUIIIEHBIO CO CKOPOCThIO HE MeHee 90m/c.

3anadyeil UCHBITAHUS BTOPOM CEPUM, IPOBOJAMMOIO HAa PAKETHOM TpPEKE, KaK IPaBUIIO,
ABIIIETCS  DKCHEpHUMEHTalbHas MpoBepka: 3PPeKTUBHOCTH  pabOThl  AEMIPHUPYIOIINX
aneMeHToB KoHCTpykinu TYK; oTrcyrecTBue Beixoaa nepeso3umoro marepuana u3z TYK [6-7].

OOnexToM uctbITanus sBisgercs HatypHbld TYK (¢ Maccoii B 3arpy’>keHHOM BapHaHTe
no 500 kr), mpencTaBiSIONINI cO00M KOHCTPYKIIMIO, COCTOSIIYIO H3: KOpIyca CHIIOBOTO;

© HanmoHanbHbIN Hecae10BaTenbCKUH snepHbli yHuBepcuteT «MUDN», 2020



8 TEPACUMOB u jip.

KOpIlyca BHYTPEHHETO; 4eXja; €MKOCTH C Pa3MEUICHHbIM BHYTPU HEE YPaHOCOIEP)KAIUM
MaTepuaioM. EMKOCTh COCTOMT W3 LWJIMHIPUYECKOIO CTAIBHOIO KOpPIyca W CTaJIbHOU
KPBIIIKH, COEIMHEHHBIX MEXIy CO00H pe3p0oil, M mpenHazHaueHa MJs YINaKOBBIBAHUS
[IEPEBO3UMOIr0 Marepuaia. BHyTpM e€MKOCTH 3aKiIO4eH MMHUTaToOp W3 HHEPTHOIO
HEaKTUBHOI'O MaTepuaa.

Ha TYK pgomomHuTenbHO ycTaHaBIMBAIOTCA OamMaku (puc. 1), ¢ MOMOIIBIO KOTOPBIX
OCYILIECTBIISICTCS CBSI3b OOBEKTa MCIBITAHUI C PEIbCOBOW HAIPABIAIONICH PAKETHOTO TpeKa
[8-10]. DnemeHTHI KperuieHHsT OalIMakoB K KOHTEHHEpY M OalllMakd OMNPEACIISIOT
pacnionoxenue TYK Ha penbcoBoil HANpaBIISIIOMICH PAKETHOTO TPeKa, 00eCIeUnBArOIIee ero
BCTpEYy C MULIEHBIO B 3aJaHHOM HaIlPaBJICHUH U MOJ] 33JaHHBIM YTJIOM.

R

a) BAZ COOKY 0) BUJ CHHU3Y
Pucynok 1 — O6mwmii Bux TYK ¢ 6ammakamu [General view of the TUK with clogs]

3anatorcs ckopocTh croikHoBeHMs TYK ¢ mumensto — 9545 m/c u yron BcTpeuun
MakeTa ¢ MHUIIEeHbIO 4715°,

Pazron TYK 1o 3amaHHOi CKOPOCTH N0 PENBCOBOM HANPABIIAIOLIEH PAKETHOIO TPEKA U
€ro CTOJKHOBEHHUE C MUILIEHBIO MPH 33JJaHHOM HAIpPaBICHUU U YTIIe BCTpeun 00ecreunBaeTcs
KOMIUIEKTOM CIIeIMaabHONM ocHACTKHU [6-10]. KoMIiekT crennaibHOM OCHACTKH BKJIIOYAET B
cebst paketnyro Tenexky (PT) u snmements (Gammakwu), cBsspiBaomue TYK ¢ penbcoBoit
HanpasJisitonied paketHoro tpeka. Cuna taru ot PT nepenaerca na TYK uepes ynop. PT u
TYK (c 6ammakaMu) COCTaBISIFOT paKeTHBIN moe3/, o0mmuii B (CBEpXy U cOOKY) KOTOPOTO
MOKa3aH Ha PUCYHKE 2.

Pucynok 2 — O6miwmii Bua paketHoro moesna [General view of the rocket train]

Paketnas Tenexka cHaOkeHa TOPMO3HBIM OallIMaKoOM, KOTOPBIN OCHAIIEH MMOPOXOBBIMU
AKKYMYJIATOPaMU OaBJICHUA IOJI1 OCTaAaHOBKH paKeTHOfI TCJIC)KKHN HA 3aJJaHHOM OTPE3KE IMyTHU
pakeTHOro Tpeka. Pa3roH pakeTHOro moe3la OCYHIECTBISETCS TBEPAOTOIUIMBHBIMHU
PaKETHBIMU JIBUTATEJISIMU, YCTAHOBJICHHBIMHU Ha pakeTHOM Tenexke [11-12].

I'JIOBAJIBHAA AJEPHA S BE3OITACHOCTD, Ne 2(35) 2020



U3MEPEHUE VI'JIA COYJAPEHUA 9

Ilocme 3amycka pakeTHBIX JBHUIATENIE PAKETHBIM MOE3]] HAYMHAECT JBH)XKEHUE II0
PENBCOBOM HAIPABIISAIONICH pakeTHOTO Tpeka. [1o okoHuaHuu pabOThl PaKETHBIX JIBUTATEICH
U TpU JOCTUKEHUU PAKETHBIM TI0E€3J0M 3a/laHHOM CKOPOCTU JABUKCHHUS TMPOUCXOJIUT
3aJIeCTBOBAHME MOPOXOBBIX AaKKYMYISTOPOB JaBIIEHUS TOPMO3HOW CHCTEMBI PaKETHOM
TEJIe)KKH, 4TO NpuBOAUT PT K OocTaHOBKE Ha pEIbCOBOM HANPABISAIOLIEH PAKETHOIO TPEKA.
ITpu sTom TYK, 3a cuer cooOIIEeHHOTO €My UMITYJIbCa, MMPOJA0KACT IBUTAThCS IO PEIbCOBOM
Hanpasisiromeit. Ilocne cxoma ¢ pebCOBOM HAIPABIISIIOLICH PAKETHOTO TPEKA JBHKEHUE
TVYK npoucxoauT B cBOOOIHOM MOJETE JO CTOIKHOBEHUS C MUILIEHBIO.

Murtiesb MpeacTaBiseT co00H Kene300€TOHHBIM OJIOK, OOJMIIOBAHHBIA CO CTOPOHBI
7000BOM CTEHKHM CTaldbHBIM JucTOM ToimmHor 100 MM. T'aGapuThl 71000BO CTEHKH
2,4 M x 3,6 M. MUIlIEHb CMOHTHPOBaHA C YIIOPOM 3a/IHEH CTEHKH B MPOTSHKEHHBIN HACBITHON
BaJ U JIOTOJHUTEIBHO, ¢ OOKOBBIX CTOPOH U CBEepXy, oOBasioBaHa rpyHToM. [lonHast macca
MUILEHH C Y4eTOM OOBaJIOBKM I'pyHTOM coctaBisieT ~ 600 1. Cxema MHUIIEHU Ipe/CcTaBlIeHa
Ha PUCYHKE 3.

OBeanoeka

fiMueean naHenb \

enesoBeToHHbIK Baok DyHAaMEHT

Pucynok 3 — Cxema mumenu [Target pattern]

IIpouecc nBHKEHUS PAKETHOrO MOE3Ja MO PEIbCOBOM HANMPABIAIOUIEH PAKETHOTO
Tpeka, nojier TYK u mporiecc ero CTOJIKHOBEHHUSI ¢ MUIIEHBIO PETUCTPUPYIOTCS C MOMOIIBIO
¢doTo- u BUIEOAITIAPATYPHI.

B npornecce ucnpiTanus U3MEpSAIOTCS cienyromue napamerpst asumxenus TYK:

— CKOPOCTb JIBHJKEHUS T10 PEIBCOBBIM HAIPABIIAIOIIUM PAKETHOIO TPEKa;
— CKOpOCTB M YIrOJl BCTPEYH MEPEe]l COYAAPEHUEM C KECTKOU Mperpasion.

doTorpaMMeTpruyecKie H3MeEpPeHHsl yIjla BCTpPeYH YNAKOBOYHOIO KOHTelHepa
1epea coylapeHueM ¢ KeCTKOM nperpaaou

CpenctBo wusmepenus (adpodoroxkamepa ADA) HIKCIITyaTUPYETCS B CIEIYIONIUX
YCIOBUSAX:

— TeMIlepaTypa okpyxkaromero Bozayxa ot -10 C °no 40 C°;

- arMoc(epHOe aBiIeHne — 0cOOBIX TPeOOBAHHI HE MPEIbIBIAETCS;
— OTHOCHTEIIbHAsI BIIAXKHOCTh BO3/1yXa He Oosee 98 %o;

- HampspbkeHue onHodaszHoi cetu 220 B + 10 %;

— yacrtota cety S0I'n £+ 2%.

Omnpenenenue yria BCTpeUn c nperpanoin UCIIBITBIBAEMBIX TYK
dboTorpaMMeTpUYECKUM METOAOM 3aKJo4yaeTcs B MOJIyYeHHMH (OTOCHUMKA B MOMEHT
M0J1X0/1a KOHTEHHepa K J000BOM CTeHKe Mperpajbl, MOCPEACTBOM UMITYIbCHOM (HOTOCHEMKHU
U TIOCTIEIYIOIIeH aHaTUTUYECKO oTorpaMmmeTprudeckoil 00paboTKU CHUMKA.

I'eomerpuueckas cxema (oTorpaMMeTpUUYECKHX M3MEPEHH yrila BCTpeun KOHTEiHepa
C IIperpajo MoKa3aHa Ha pUCYHKe 4.

IIo ycnoBusM 3KCHEPUMEHTA UCCIEAYEMBIM KOHTEMHEP MOCJE €ro CX0/a C PelbCOBBIX
HANpaBIAIOIIMX TpEKa COBEpILIACT JBWKEHUE B TOPU3OHTAIBHOM MiockocTu. Jlis
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OTIpEeNIeJICHUs] YIJIOBOTO TOJIOXKEHHUS KOHTEHHepa, COOTBETCTBYIOUIETO (haKTHUECKOMY
3HAYEHHUIO yIJa BCTPEYH C Mperpajod, IUIOCKOCTh (OTOCHEMKH YCTAHABIUBAETCS
[apaJuIeIbHO IIOCKOCTHU IEPEMEILEHUs UCCIEAYyeMOro KoHTelHepa. [Ipu naHHON ycTaHOBKE
ONTHYECKass OCh ChEMOYHOM Kamepbl OyJeT HampaplieHa NEPIEeHIUKYISAPHO K TPaeKTOPUHU
JBUKEHUS KOHTEHWHEPA.

Kamepa ycranaBnuBaeTcsi cBepXy Ha CIEUUAIbHONW HEMOABIXKHOM I1uiatdopme
O0OBEKTHBOM BHHU3 TaK, 4YTOOBI €€ ONTHYecKas OCh OblJla OTBECHA, YTO JOCTHraeTcs
TOPU30HTHUPOBAHMEM  IUIOCKOCTH  BBIPAaBHMBAIOIIETO  CTEKJIa  KaMepbl  (IUIOCKOCTH
dboTromaTepurana) ¢ TOMOIIBIO HAKIIATHOTO YPOBHS C IIeHOU AeneHus 10 cexyH.

BbICOTY CheMKH OTHOCUTEIBHO IJIOCKOCTHU JABM)KEHUS KOHTEHHEPa BHIOMPAIOT C YUETOM
TOro, 4TOOBI (hoTOrpadUpyeMblii KOHTEHHEp HAXOIWJICSA B TUIOCKOCTH HAWIy4IIeH
dboxycupoBkHu adpodoroanmnapara.

st mpon3BoACTBa POTOTPAMMETPUICCKUX H3MEPEHUI J00OBasi CTCHKA MPErpajbl W
0OOKOBas MOBEPXHOCTh KOHTEHHEPa COOTBETCTBYIOIIMM 00pa3oM Mapkupytorcs. Ha nperpare,
Ha paBHBIX PACTOSHUSAX OT IIJIOCKOCTU €€ JIOOOBOW CTEHKH, JKECTKO Kpensrcs JIBe
CIeIMallbHbIE pelepHble MapKHU, KOTOPbIE 3a/al0T OCeBYK IuHHUI0 oTcuéra (och OZ),
NapajuleJIbHYI0 IUIOCKOCTH Hperpajapl. Mapku YCTaHaBIMBAIOTCSI Ha BBICOTE TOYKH
coylapeHusi KOHTeHepa C mperpajoid B OJHON TOPU3OHTANBHOMN TUIOCKOCTH. JIBE penepHbie
MapKH HAHOCSTCS Ha 00pa3yroIlyr caMoro KoHTelHepa. C MOMOIIBIO ATUX MapoK 3a7aeTcs
oceBasi JMHHS KOHTeiHepa (Xy) C LeNbl0 ONpEeNeNIeHUs YIila BCTPEYH C Mperpajod o
pe3yibraTtaM GOTOCHEMKH.

[Tog yrnom Bctpeun TYK ¢ mperpamoil moHMmaeTcss yroi ¢ B TOPU3OHTAJIbHOMN
IUIOCKOCTH MEXAY HpPOAOJIbHOW OChIO KOHTEHHEpa M MEpPHEHAMKYISIPOM K IUIOCKOCTH
71000BOM CTEHKH Mperpajsl (puc. 4).

Kenmeimep TYK
Hpeepaoa

Vs 90"

fosmsimines

/ ‘

Y

a) 0)
Pucynok 4 — I'eomerpuueckas cxema meroga ®I'M [Geometric photogrammetric angle measurement method]

Ha pucynke 46 ocpr OZ mnapamienbHa TIJIOCKOCTH JIOOOBOM CTEHKH TMPErpajbl;
Xx — oceBas NUMHUS KOHTEWHepa, 3aJaBaeMas peNepHbBIMH MapKaMd Ha o0pasyromiei
KOHTEHHEpa; XX M ZZ — OCH IUIOCKOH CHCTeMbI KoopauHaT (orocHuMKa. OHH 3aqaroTcs
CUCTEMOH MEepPEKPECTHI BHITPABUPOBAHHBIX HA BHIPABHUBAIOIIEM CTEKIIE ChbEMOYHON KaMephl
(B Tutockoctu (hoTomaTepuana).

VYron moaxona KOHTEHepa K Mperpajie HaxoAUTCs Mo (POTOCHUMKY W3 COOTHOIICHHS
¢=0+p, tme ¢ — dakTHUECKUW YroJ BCTpEYM KOHTEWHEpa ¢ Tmperpajgou; a, [ -—
COOTBETCTBEHHO, YTOJI KOHTEHHEpa W yroyl mperpagsl B CUCTEME KOOPAWHAT (POTOCHHMKA
(puc. 5).
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Pucynox 5 — Cxema usmepenuii no porocunmky [Measurement scheme from a photograph]

®dororpammerpuueckas kamepa (ADPA) ycraHaBiaMBaeTCs B 3aJlaHHOM TOYKE Ha
wiatpopMe, OOBEKTHMBOM BHH3. BBINONHSAETCS yCTaHOBKA ONTHYECKOH OCH KaMepbl
NEPIEHIUKYJIIPHO K HANpPAaBIEHUIO [BIKCHUS KOHTEeWHepa. /[[ns 3Toro mnpousBoIuTCS
TOPU30HTUPOBAHUE TPUKIAJHON paMKH Kamepbl (IUIOCKOCTH H300pa)keHHs) MOCPENCTBOM
HakiaaHoro 10-20 cekyHaHOro ypoBHs. MapKky yCTaHaBIIMBAIOTCA MAPAJUIENbHO IJIOCKOCTU
7000BOM CTEHKM Ha BBICOTE TOYKM COYAApEHHUs KOHTElHepa C mperpajoi, B OJIHOMI
TOPU30HTAIIBHOM IIIOCKOCTH. [Ipon3BoauTcs reone3ndeckue N3MEpEeHus: yCTAHOBKM MAapOK Ha
Iperpajie ¢ UCIOIb30BaHUEM JIEKTPOHHOI0 TaxeoMeTpa. M3mepsaroTcs: pacCTOSIHUE MapoK OT
IUIOCKOCTH JIOOOBOM CTEHKHM IMperpajbl, BBICOTa YCTAHOBKM MapoK M 0a3a MeXAy MapKaMu.
[Tocne mnpuBenenuss OW B cocrossHME TOTOBHOCTH OCYLIECTBISETCA 3amycK (CTapT)
koHTeiiHepa TYK u orkpeitme 3arBopa A®DA ¢ 3amepkKoi, 3a4aBacMOM Ha OCHOBE
IIPOrHO3UPYEMOM CKOPOCTHU JIBUKEHUSI KOHTelHepa. [Ipu Haxoxnenun konreiHepa B 0,5-1,5
M OT JIOOOBOM CTEHKU Mperpajbl, IPOM3BOIUTCS 3alyCK HMMIYJIbCHOIO HMCTOYHHMKA CBETa
(MUC), obecneunBaroniero TpeOyeMyl0 OCBEIIEHHOCTh W HEOOXOIUMYIO OKCIIO3HUITUIO
¢orocremku. Ha aspodoTorieHke OAHOBpEMEHHO ¢ M300pakeHUEM KOHTelHepa
perucTpupyercs n300paxeH1ue penepHbIX MapoK MPErpaibl.

[Tonmyuyaemble  aHajoroBble  (OTOCHUMKHM  (HEraTuBbl)  OLU(POBBIBAIOTCS — —
npeoOpa3yroTcss B pacTpoByo (GopMy Ha (HOTOrpaMMETPUUYECKOM CKaHEpE, C MOCIeAYIOIINUM
BBOJIOM LIMPpOoBBIX n300paxkeHuil B PC. B ciydae npuMeHeHus 1uisi perucTpauuu HudpoBbIxX
¢dorokamep Tmosyuyaemble TpPH CheMKe LHU(pPOBbIE H300pakeHUs] cpa3y BBOJATCS B
NEPCOHAIbHBIN KOMIIBIOTEp JJsi (oTorpaMMeTpuyeckol o00pabOTKH, MHHYS TIpOIECC
CKaHHUPOBAHMSI.

®ororpammerpudeckas  00paboTka UHUMPPOBBIX CHUMKOB  OCYLIECTBISIETCS  C
MCIIOJIb30BAaHUEM CIEIUAIBHON KOMIIBIOTEPHOM MPOrpaMMbl M PELIAETCS MO CIEAYIOLIEMY
AITOPUTMY.

C y4eToM BBINIOJIHEHUS YCIOBUM OpUEHTAaUH ontuyeckoil ocu ADA 1o OTHOLIEHHIO K
TpaeKTOpUH JIBWXKEHHUsT KoHTelHepa TYK B TopH30OHTanbHOM IJIOCKOCTH, HaOIOIaeTcs
MaKCHUMaJIbHasl aJIeKBaTHOCTh MOJY4E€HHOT'O M300paKeHUs JIMHEHHON MepCreKTUBe, 4To JaeT
BO3MOXXHOCTb, HE TMPOBOJS  TPaHCQPOPMHUPOBAHUS CHUMKA U  JOMOJIHUTEIbHBIX
POCTPAHCTBEHHBIX  BBIUMCIICHUH, MOMY4YUTh (PAKTUUYECKOEe 3HAYeHHE Yyria MOAXoJa
KOHTEIHepa K Imperpajie, HeMOCPEICTBEHHO U3 U3MepeHui (OTOCHUMKA.

BrneuaTsiBaeMble BO BpeMsl IKCIO3ULUU TEPEKPECTUS NPUKIAJHOW PAMKH KaMmephl
00pa3yloT Ha CHUMKE IUIOCKYIO MPSIMOYTOJbHYIO CHCTEMY KOOPAWHAT (XX, ZZ, CM. puc. 5).
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[Ipu maremaTHueckoil 0OpabOTKE MO H3BECTHBIM PACCTOSHUSAM MEXIY KaluOpOBAHHBIMU
nepekpecTusiMu Ha GOTON300paKeHUH, HAXOASAT MONPABKU B U3MEpsieMble KOOPIAMHATHI X, Z
TOYEK CHUMKa 3a JAe(opManuio W HEBBIpABHUBAaHHME IUIEHKH B IUIOCKOCTh. TeM caMbIM
YVUUTBHIBAIOTCS CUCTEMAaTHUECKHUE TMOTPEHIHOCTH CHHUMKAa — HW3MEpPEHHbIE KOOPIWHATHI
IPUBOJATCS K KOOPAMHATAM UACHTUYHBIX TOYEK OPTOCKOIINYECKON ONTHYECKON CUCTEMBI.

OnpeneneHue yrioBoro nojoxkeHus konteiHepa TYK B ropu3oHTanbHON IIOCKOCTH,
110 OTHOILIEHHIO K MPETPajie, OCYIIECTBIISETCS CIEIYIOIUM 00pa3oM:

— M3mepsaoTcst KOOpAMHATHI X, Z U300paKeHUH JIBYX TOYEK — pENEepHbIX MapoK Ha
Iperpaje B CUCTEME KOOPAMHAT CHUMKA. 110 pa3HOCTH KOOpAMHAT 3TUX TOUYEK OINPEAEIAETCS
YIJI0BOE MOJIOKEHUE TPEerpajpl B cUCTeMe KoopauHaT ¢potocHUMKa (1):

Xn

Xnq

2 Axn(l—z) (1)

tgh=—"—
1 n

- )
2 Az, (1-2)
TA€ Xul, Xn2, Znl, Zn2 — U3MEPSEMBIC HA CHUMKE KOOPAMHATBI PEIICPHBIX MApOK IPErpasbl.
— W3mepstroTcst KOOpAMHATHI M300paKeHUH IBYX PENEpHBIX MapOK Ha oOpasyromiel B
IUIOCKOCTH IpoJoipHOM ocu KoHTeHepa TVYK. Ilo pa3HOCTM KOOpOMHAT 3THX TOYEK
OTIpENIeNISIETCS YToJI MOBOPOTAa KOHTEHHEPA B OCAX CUCTEMBI KOOPAMHAT (POTOCHUMKA (2):

—Zy AZK(l_z)

Zx1 ~%kp
tga = =
9 X=Xy Ay ’

2)
T€ Xki, Xk2, Zkl, Zk2 — M3MEpsAEMbIC HAa CHUMKE KOOPJHWHATHI PEIePHBIX MapoK Ha OOKOBOU
MOBEPXHOCTU KOHTEHHEpPa, 33aJal0LUX OCEBYIO JIMHUIO KOHTEIHEPA.

— YrioBoe noynoxeHue KOHTEHHepa B FOPU30HTAIBLHOM IMJIOCKOCTH MO OTHOLUEHHUIO K
71000BOI1 cTeHKe Mperpajibl onpenensercs no gopmyne (3):

@ =arctg a + arctg B. 3)

OueHka norpenrHocTy yria nojaxoa kourenepa TYK k nperpane J1aHHbBIM METOI0OM B
OCHOBHOM 3aBHUCHUT OT JOCTOBEPHOCTH B OIIGHKE KOOpAMHAT X, Z MO (HOTOCHUMKY,
MOIPEIIHOCTH M3MEPEHUM KOTOPBIX CUUTAKOTCH MOAUYMHSIOIIMMUCA HOPMAJIbHOMY 3aKOHY
pacnpeneneHus. BiusitHue Ipyrux MCTOYHUKOB MOTPEIIHOCTEM HA WM3MEPEHUsS KOOpPAWHAT
CHUMKA, TaKUX KaK oOpHeHTanus (OTOKaMepbl OTHOCHTENHHO IIJIOCKOCTH JIBHXKEHUS
KOHTEWHEepa, YCTAaHOBKA pENEepHBIX MapoOK Ha Tperpaje MW MapKUPOBKA 00pasyrolen
KOHTEIHepa, MpeHeOpeKUMO Majlo, YTO JTOCTUTAETCS] COOTBETCTBYIOIIEH METOIUKON paboT B
MpoIIecCe TMOJATOTOBKH DJKCIIEpUMEHTa. Tak, OpHEHTalHsi ONTHYECKOM Och (HOTOKaMepHl,
BBITIOJIHSIEMAsl C MOMOINIbIO HAKJIAJHOTO YPOBHS, OCYIIECTBIsAETCS ¢ morpemHoctbio 10-20
YIJIOBBIX CEKYH[. ['€0/1e3n4ecKril KOHTPOJIb 32 YCTAaHOBKOM PENEpPHBIX MAPOK Ha Mperpaje,
paBHO Kak W MAapKUpOBKa o0Opasyioleil KOHTeWHepa, MOTYT OBITh BBIMIOJHEHBI C
norpemHocTero  ~0,5-1,5  yrnoBeix  muHyT. Ciy4allHyl0  CpEeIHEKBaJIpaTUUYECKYIO
MOTPENIHOCTh U3MEPEHUSI KOOPAMHAT TOUEK CHUMKA MOKHO paccuuTath mo popmyse (4):

o =+0? + 0} + 0% + 0, 4)

/1€ G| — MOTPEIIHOCTh, 00YCIOBICHHAS U3MEPUTEIBHBIMHU CIIOCOOHOCTSIMH CHUMKA;

0 — IOTPEITHOCTH CPEJICTB, TPUMEHSIEMBIX JIJISl U3BMEPUTETFHON 00pabOTKN CHUMKA,

03 — IOTPEITHOCTh, 00YCIOBIIEHHAs HEBBLIPABHUBAHUEM TUICHKH B MOMEHT JKCIIO3UIIUU U
ee aedopmarmeit B mporecce GOTOXHMHUIECKON 00paboTKH;

04 — TIOTPEITHOCTh, 00YCIOBJICHHASL JUCTOPCHEN 00BEKTHBA CHEMOYHOU KaMephI.
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MakcuManbHOE€ 3HAY€HUE MOTPEUIHOCTH G) MNPU HU3MEPEHUSX MO MapKUPOBAHHBIM
ToukaM B cpeaHem He mpesbimaet 0,02 mm. [lorpemHocTs 6, MUGPOBONM KOMIBIOTEPHON
00paboOTKM CHMMKAa HaxoguTcs B mpenenax 5-10 MkM. BnusiHEeM MOTpEemIHOCTH G3 MOXHO
npeHeOpeyb, T.K. JIaHHbIe CUCTEMATHYECKHE OIIMOKM HCKIIIOYAIOTCS NPUMEHEHUEM CETKU
KaTMOPOBaHHBIX TIEPEKPECTHH, BIICUYATHIBAEMBIX HA CHUMOK B MOMEHT JKCIIO3HMIIUU TIEHKH.
3Ha4YeHHS TIOTPEIIHOCTH G4 A1 00bekTHBa ADA coctasistor 0,003-0,01 mMm.

[loacraBnsis 3TM 3HAYEHUs TMOTPEIIHOCTEH, IMOJYYUM CYMMapHYIO MOTPEHIHOCTh
W3MEPEHHS KOOPJMHAT TOUeK CHUMKA 60X (6z) = 0.025 mm.

Jlyist pacuera ciydaiiHOM MOTPENTHOCTH H3MEPEHUs yriia ¢ npumensercs popmyna (5):

1 180

op =——=" Ax2-022+Azz-ax2-—)- 2. 5

¢ (Ax2+Az2 \ T \/_ ®)

JUIMHBI XapaKTEepHBIX HCHBITHIBAEMbIX B YCIOBUSAX OTEUECTBEHHBIX PAKETHBIX TPEKOB

koHteliHepoB TYK cocraBmsror L=~ 4,0 M, 4To Ha CHHMKe Npu Macimrtadbe cbéMku 1:55 u

MaKCHUMaJbHOM 3HAUE€HUM yIJIa NOAXOAa KOHTeWHepa K mperpage ~ 10° Oyzer
COOTBETCTBOBAThH pazmepy A xK(1_2)~72,0 MM U pazmepy A ZK(1_2)~12,5 MM.

Torma pesynpTHpyrOIIas ciydaiiHas IOIPENIHOCTh M3MEPEHUs YIJa (@ COCTABUT
op =~ 0,003°.

OCHOBHOH COCTaBJISIFOIIEH IOTPEIIHOCTH HM3MEPEHUMN, BIIMAIOIIEH Ha BEJIUYUHY
CYMMapHOM IOIpEeIIHOCTH yIJa ¢, SBIAETCS TaHraX L KOHTeWHepa (yroil HakjIoHa B
BEPTUKAIBHOM IIJIOCKOCTH), MAaKCHMaJIbHOE 3HAYEHHE KOTOPOro IpU MOAXOAE K Iperpane
MOJET JOCTUraTh ~3°. BiusgHME TaHraka Ha OINpEACIICHUE YIVIa @ XapaKTepU3yeTcs
CUCTEMATUYECKOM MOrPEHIHOCThIO, KOTOpask UMEET IOCTOSHHBIN 3HaK, HO MOKET Pa3InyaThCs
II0 BEJIMYMHE OT OmIbITa K omnbITy. C y4€TOM 3TOro BIMSHUSA U3MEPSIEMOE 3HAUYCHUE yria ¢
Bcerna Oymer Oombmie (QakTudeckoro 3HavueHus Ha BenuumHy < 0,4°.  JlanHas
cucTeMaTHyeckasl MOTrpelIHOCTh HE MOXKET OBbITh MCIIOJIb30BaHa JUIs BHECEHUS IMOMNPAaBKU B
pe3ynbTaThl U3MepeHuit yriua ¢. s atoro Tpedyercs u3mMepuTh (pakTHuecKoe 3HaUeHUE yriia
U TaHTra)ka KOHTEIHepa.

[Tockonpky cucTeMaTuyeckas MOrpeurHocTs umeer rpaHuibl oT 0° go 0,4° u He
BBIXOJUT 3a npenensl 0,4°, a ciydaiiHas COCTaBIISAONIAs MOTPEIIHOCTH MPEHEOPERUMO Maa,
TO mpeaenbHas norpemHocts MBU yrima ¢ monxona KOHTEWHEpa K Mperpajae B KOHEYHOM
utore He npessicuT 0,4°.

TakuM 00pa3zoM, ucnosib3yeMasi OTE€UYEeCTBEHHAsh METOAMKA M3MEpPEHHUsl yria BCTpedu
TPAHCIIOPTHOTO YNAKOBOYHOTO KOMIUIEKTA C MPErpajoil IOJHOCTbIO COOTBETCTBYET

TpeboBanusiMm MAT'ATO.
Pa6ota BeImonHeHa pu nojaepskke rpanTa [Ipesunenta PO Ne MK-2078.2019.8.
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Abstract — IAEA standards for collision testing include conducting an experiment with a mock-up
of a TUK package in conditions simulating an aviation accident. The sample should be subjected
to a collision with a rigid barrier at a speed of not less than 90 m/s, and in such a position as to
cause maximum damage. The target must also comply with the requirements of the norms-to be a
flat horizontal surface of such a kind that any increase in the resistance to displacement or
deformation of this surface when the sample falls on it does not lead to a significant increase in the
damage of this sample. The surface of the target can be in any position, but it must be
perpendicular to the trajectory of the sample. Rocket tracks are used to carry out such tests with
packages weighing up to half a ton. AS such experiments are isolated and expensive, a strict
justification of compliance with the requirements for the impact angle of the parameters that are
actually implemented during the tests is required. The paper presents methods of measuring these
parameters in the experiment and determines their accuracy.

Keywords: packaging, radioactive materials, spent nuclear fuel, air transportation, accident, missile
track equipment, impact angle.
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IMPOBJIEMBI SIIEPHOM, PAJIMAITMOHHOM
1 DKOJIOTMYECKOM BE3OITACHOCTH
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OCOBEHHOCTH BO3JIENCTBUS HOHU3UPYIOIIEI'O
U3JIYYEHUSA HA BUOJIOTUYECKHUE OFBEKTBI U METO/JbI ETO
PAJIMAIITMOHHOI'O KOHTPOJISI HA SIIEPHBIX OBBEKTAX
(AHAJIMTUYECKHWI OB30P)

© 2020 K. Opymo, A.Il. Exoxun, A.U. KcenopoHToB

Hayuonanvnuiii uccnedosamenvcxuil adeprulil ynugepcumem « MU®Uy», Mocksa, Poccus

B pabote nmpuBOANTCS KpaTKWi aHATMTHYECKHH 0030p pagManMOHHBIX 3((EKTOB, CBSI3aHHBIX C
BO3JICHCTBIEM HOHHM3MPYIOIEr0 M3JIy4eHHs Ha Ouojormueckue oOBeKTHl. PaccmarpuBaroTcs
JIOCTaTOYHO CJIOKHBIC MPOIECChl BO3JCHCTBHA MOHM3MPYIOUIETO M3IIyUYeHHs Ha MOJICKYJIBI
nezokcupubonykiennoBoi kucinoTsl (JIHK), Bo3HUKatolMe B OpraHM3Me Ha KJIETOYHOM YPOBHE
Inpu ero morjomeHun. Iloka3aHo, yTo B IIMPOKOM AMANa30HE MOIIHOCTEH /103, CO3/1aBaeMbIX
WOHHM3HMPYIOIIUM H3JIy4YE€HHEM IIPH BO3/CHCTBUM MOCIEAHETO Ha OHONOTHMYecKHe OOBEKTH W, B
YaCTHOCTH, Ha YeJI0BEKa, HanOoJIee OMTaCHBIMH SIBIISIOTCS T€HETHIECKUE TTOCIICICTBHUS, UTPAIOIIIC
3HAYUTEIBHYIO POJIb [UIS HAaCEJICHUs CTPaH, aKTHBHO HCIIOIB3YIOIINX HOHU3UPYIOIIEE U3ITyIeHHE
B TIPOMBIIUIEHHOCTH, MEIUIHMHE, OCOOBIX BHJAaX INPOHM3BOACTB, a TaKkke IPH IPOU3BOJCTBE
3JIEKTPOIHEPTUM HA AaTOMHBIX 3ieKTpocTaHmusx. Ocoboe BHMMaHMe B pabore ynemsercs
BO3JICHCTBHIO MOHHM3MPYIOIIETO H3JIydCHUS Ha JAeTel, TpeOys MOBBIIIEHHOTO BHHMaHMS IpH
JIMarHOCTHKE 3a00JIEBaHMI NPH HOCTBSNEPHBIX aBapHsX, a TaKXKEe BO BPEMs JAWArHOCTHKU WIIH
neueHus panuanuei. B kadecTBe Mep MNPOrHO3UMPOBAHMA PAJUOAKTUBHOTO 3arpsA3HEHUA
OKpy’Kalolel cpeasl M JO30BBIX HArpy30K Ha 4YeloBeKa B CTAaTh€ NPHUBOAUTCS KpaTKoe
MpeCTaBICHNE aBTOMATH3UPOBAHHON CHCTEMBI palalliOHHOTO KOHTPOJIS OKPY KAOIIeH cpesibl ¢
e€ 1ensIMu, 3aa4aMi ¥ METOAaMHU PaJHallMOHHOTO KOHTPOJIS, IIO3BOJIIONIMMHA MUHUMH3UPOBATh
MOCJIEACTBUS paJMallOHHBIX aBapuil M OLIEHUTH J030BbIE€ HArpy3ku Ha mepcoHan ADC u
HaceJIeHHE.

Knrouegvie cnosa: HOHU3UPYIOIIee U3JIyYeHHE, paaualuoHHOe MOBPEX/ICHHUE,
ne3okcupubonykinenHoBas  kucnora JIHK, paanodyBCTBUTENBHOCTh, aBTOMATH3UPOBAHHAS
CHUCTeMa paJHaIMOHHOTO KOHTPOJs okpyxawmed cpeast (ACKPO), mo3a ¥ MOIIHOCTH JT03bI
HOHU3UPYIOIIETO H3TyUCHHSI.

IToctynuna B pegaxmmio 24.03.2020
[Tocne nopabdotku 02.06.2020
ITpunsTta x my6muxanuu 08.06.2020

Beenenue

[Ipu npoxoxnenun uoHM3upytouero usnyuenuss (MU) depe3 kakyro-nubo
OMOJIOTHYECKYIO Cpely WM TKaHb KaKOro-Iubo OMOJOrMYecKoro oObEeKTa MpexkJie BCEro
HeoOxoaumo yuutsiBath Bua MU (a, B, v, no, p ¥ 1p.), HOCKOJBKY €ro IMOIJOMIEHHas 1032
CYLIECTBEHHO 3aBHUCUT OT KauecTBa W3JIy4YEHHs, T.€. CBONCTB HOHM3UPYIOLIMX YaCTUIL,
3aBUCSIIUX OT MX HOHU3HMPYIOIIEH CIHOCOOHOCTH, KOTOpPHIE, B CBOIO OUYEpe/lb 3aBHCST OT
Macchl YacTULbI €€ 3apsiia U DHEPIruu, paBHO KakK OT 3apsiia ¥ IUIOTHOCTH BEIECTBA, B
KOTOpoM pacnpoctpansercs M. BennunHa noraomeHHon 1036l — YHEPTUSl HOHU3UPYIOIIETO
U3JIy4eHus, MOTJIOIeHHas: B 00beMe BelllecTBa, OTHECEHHAs K Macce 00beMa 3TOro BELIEeCTBa,
eMHMIIA U3MepeHus KoTopoi sisiercs rpeit (1 I'p=1 Jx/kr).

OKCMO3UIMOHHAs 032 X MPOINOPIHOHAIBHA JSHEPrud (POTOHHOTO H3IIyueHUs,
3aTpauyeHHON Ha WMOHM3AIMI0 MOJEKYJ BO3/yXa M paBHa OTHOIICHUIO CPEIHEH BETMYHUHBI
CYMMAapHOT0 3apsiia BCEX MOHOB OJHOI0 3HAaKa, CO3JAAHHBIX B BO3JIyX€, KOIJIa BCE 3JIEKTPOHBI
W TIO3UTPOHBI, OCBOOOXIEHHBIC (OTOHAMH B JJIEMEHTAPHOM OO0BEME dm, TOITHOCTHIO

© HammoHanbHbIN Hecae0BaTenbCKUM snepHbli yHuBepcuteT «MUDN», 2020
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MOTEPSUTH CBOKO YHEPTHUIO, K Macce 3Toro oobema dm. EnquHuna usMepeHus: SKCIo3uIMOHHON
no3bl — Ki/kr (BHecuctemHol — pertreH (P)). XapakTepucTukoi KOCBEHHO HOHH3UPYIOIIETO
U3ITy4eHUSs SBIISETCSI KEpMa — OTHOIICHHWE CYMMBI NIEPBOHAYALHBIX KMHETUYECKUX dHEPTUit
BCEX 3apsHKEHHBIX YacTHIl, OOpa30BaHHBIX MOJ JEHCTBUEM H3IYYCHUS B DJIEMEHTApPHOM
o0BbeMe BEIECTBa, K Macce B 3TOM oO0beMe. B kadecTBe BeliecTBa paccMaTpUBAETCS BO3AYX,
€MHUIIA U3MEPEHUs — Ipeu.

Jlist OlleHKH OWMOJIOTMYECKOTO JCWUCTBUS MPH XPOHUYECKOM OOJTYyYEHHHM YEIOBEKA B
MalbIX J103aX CIY)KUT BeJIMYMHA OHKBUBAJCHTHOW [03bl. Jlo3a »KkBuBaneHTHass Hrgr —
MOTJIONICHHAs] J03a B OpraHe WIM TKaHW, YMHOXKEHHAs Ha COOTBETCTBYIOIIHMA
B3BemMBAOIMMK KodhpurueHT (KodddHUIUEHT KadecTBa) I JAHHOTO BHAA HW3JyYCHHS,
Bbaucisiercs mo gopmyne (1), [1, 2, 3], equHAIICH U3MEpEHUST KOTOPOU CITYKHT 31/113c3pT5 (3B).

Hr r=Wg X Dr R, (1)

rae D, g — cpeHss MOIVIONIEHHAs 103a B OpraHe Wiu TKaHu 7

Wr — B3BEMIMBAIOLIMI KOAPOHUUMEHT Ui HU3Iy4eHUs R, 3HA4YE€HUs KOTOPOro IJis
paznuunbix BuaoB MU mnpuenenst B Tabmuue 1. Ilpu Bo3aelcTBUM pa3iMyHBIX BHJIOB
U3IY4YEeHUS C pa3IMYHbBIMM B3BEUIMBAIOIMMHM KO3 (UIMEeHTaMu SKBUBAJIEHTHas /1032
OIPENENACTCS KaK CyMMa SKBUBAICHTHBIX /103 IS 3TUX BUJIOB U3JIy4CHUS.

Tabnuna 1 — B3BemmBatomire ko3¢ durmenTsl Wy 11 oTaenbHBIX BUAOB n3nydeHus [1] [Weighting factors Wy
for individual types of radiation]

By HOHU3MPYIOLIETO U3JIy4CHHUS B3pemmBaronmii koahdunuent Wy
(DOTOHBI JIFOOBIX SHEPTHIA 1
(J7IeKTPOHBI U MIOOHBI JIFOOBIX SHEPI Ui 1
HelTpoHBI ¢ SHEPTHE:
MmeHee 10 k3B 5
ot 10 mo 100 x»B 10
ot 100 x3B 1o 2 M»>B 20
ot 2 1o 20 M»>B 10
6onee 20 MaB 5
[TpoToHsI ¢ 3HEprHEl Oosee 2 MaB, KpoMe MPOTOHOB OTHAYH 5
A b (ha-9acTHIIbI, OCKOJIKH JEJICHHS, TSDKENIbIe aapa 20

IMpumeuanue. Bce 3HaYeHUS OTHOCATCS K M3IYYEHHIO, MAJAlOMEeMy Ha TeJo, a B CIydae BHYTPEHHETO
0OTyYeHns1 — NCITyCKaeMOMY TIPH SJICPHOM IIPEBPAIICHHH.

[Tpu BozaeiictBuu MM Ha kakoi-1u60 OMOTOTHYECKUN 00BEKT HAXOAAT 2¢hhekmuHyro
okeusanenmmuylo 003y (Hg), BeIMUMHA KOTOPOM MHCIOJB3YeTCS Kak Mepa pHCKa
BO3HMUKHOBEHUS OTAAJICHHBIX TOCJEJCTBHIA OOJyYEeHHsS BCETO Tejla YeJOBEKa M OTHIEITbHBIX
€ro OpraHoB M TKaHEH C y4yeToM MX paJuovyBCTBUTENBbHOCTHU [2]. OHa mpencTaBiseT CyMMY
NPOM3BEACHNN OSKBHBAJCHTHOW /O3 B OpraHax H TKaHSIX Ha COOTBETCTBYIOIIHE
B3BelIMBaroIue K03 uiueHTs! (2):

H,=>W,-H,, )
T

rae Hy — skBUBaneHTHas 1034 B 7-M OpraHe WK TKAaHU,

Wr — B3BemmBaromuii kKodapuuueHt 1 opraHa uiau Tkauu T (cM. Taba. 1, puc. 1),
NPECTaBISIOMNNA  COOOW OTHOIIEHHE CTOXAaCTHYECKOTO pHCKa CMEpPTH B pe3yibTare
oOiydenust 7-ro opraHa Wi TKaHH K PUCKY CMEPTH OT paBHOMEPHOTO OOJy4eHHs Tena Ipu

5 o . . . .
Ponbd 3uBept (mem. Rolf Maximilian Sievert; 06.05.1896 roxa — 03.10.1966 rosa) — H3BECTHBIH IIBEICKUN YUEHBIH, BHECIITHN
0O0JIBIIION BKIIAJ B pa3iMIHbIE 00IACTH PaIHalMOHHON 0€30MacHOCTH, B HCCIIEIOBAHUS €CTECTBEHHOTO Y-H3ITyIeHHS.
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18 OPYMO u np.

O/IMHAKOBBIX 3KBUBAJIEHTHbIX n03ax (puc. 1), Benmmuuna Wy = 0,30, oTBeeHHass Ha Bce
JIpyTUe OpTraHbl, PACHpPENesSeTCs IMOPOBHY MEXAY IIIThIO OCTAaBIIMMHCS OpraHaMu H
TKaHSIMH, HE YKa3aHHbBIMM Ha pPHUCYHKE 1, KOTOpbIE TMOJYyYUIHM CaMYKO BBICOKYIO
SKBUBAJICHTHYIO 103y. TakuM obOpa3zom, Wy onpenensieT BeCOBOM BKJIAJl IAHHOTO OpraHa WA
TKAHH B PHUCK HEONArONPUATHBIX TIOCICACTBUNA [JII OpraHW3Ma, NpPHU PABHOMEPHOM

o0JryueHuu: ZWT =1.
T

R,
OpeaaH unu mkakb 10°1/(den-3s) w,= R,/ ZR,
y || KpacHbiii kocmHb it Mo32 0,20 0,12
' KocmHas mkaHb 0.05 0.03
y umoguOHas Xerne3a 0,05 0,03
3 1 MornoyHas xeneaa 0,25 0,15
4 Tleekue 0,20 0,12
]

| romads: 0,40 0,25
/// Bce dpyaue opaaHb|, 0,50 0,30
/ U3 HUX Ha KaXObill op2aH 0,10 0,06

Y
Op2aHusm 8 uyenom 1,65 1,00

Pucynox 1 — B3semmBatomue dakropsl Wy 1 puck cMepTd Ry OT 3JI0Ka4€CTBEHHBIX OMYXOJICH 1
HAaCJIeJICTBEHHBIX Je(heKTOB (y MEPBBIX ABYX MOKOJCHUI 00JIyYEHHBIX JIMI) B pe3ysbTare 00ayueHus Ha 1
4eJI0BeKa IpY 3KBUBAICHTHO 03¢ 1 3B i 3a1au paauanuonHoi 3amuThl [2] [Weighing factors Wy and Ry
death risk from malignant tumors and hereditary defects (in the first two generations of exposed individuals) as a
result of exposure to 1 person at an equivalent dose of 1 Sv for radiation protection tasks]

Ouenkoit mociencTBUid OOMydeHUS TPYNNbl JHI JUIs  Ieleld  ONTUMU3ALHU
paaraMOHHONM 3aIUThl BBOJIUTCS BEIWYMHA — KOJUIEKTHBHAsA 3¢ (EeKTUBHAA 1032, €IUHUIIA
M3MEPEHHIT KOTOPOIl SIBISIETCS YeNTOBEKO-3UBEPT (Ueln-3B).

Hopmupyembie BenmudauHbl (OCHOBHBIE JI030BBIE TIPEIEIIbI) HETTOCPEACTBEHHO U3MEPHUTH
HEBO3MOXKHO. [[1s OUEHKM HOPMHUpPYEMBIX BEIWYMH TMpPU PaJAALAOHHOM KOHTPOJE
MpeHa3HAYEHBl  OMEPAllMOHHBIE BETUYMHBI, KOTOpBIE SIBISIOTCS  HEMOCPEACTBEHHO
OTpeieNIIeMbIMA B U3MEPEHUAX BEIMYUHAMH. DTH BETUYMHBI MAKCUMAIBHO TMPUOIMKEHBI K
COOTBETCTBYIOIIIMM HOPMHUPYEMBIM BEJIWYMHAM B CTAaHIAPTHBIX YCIOBUSX OOIY4YEHUS U
NpeAHa3HaYEeHbI JIJI1 KOHCEPBATUBHOW OIIEHKH HOPMUPYEMBIX BEJIMYUH.

[Tpy MHAMBHUIYaTBHOM J03MMETPHUUYECKOM KOHTpOJE 3a 3HaueHue 3((HEKTUBHON 03B
BHEIIIHEro OOJy4eHHUs NMPUHUMAETCs WHAMBUIYalIbHbIM SKBUBaJEeHT 103bl H,(d), paBHBIH
SKBUBAJICHTY JI03bl B MATKOW OWOJOTHYECKONW TKaHM Ha TiIyomHe d(MM) TOf
paccMaTpuUBaEMOM TOUKOW Ha TeJe B3POCIIOro YEJIOBEKa.

[Ipu koOHTpoOJIe paaWallMOHHOW OOCTAaHOBKM B KAa4eCTBE ONEPAIMOHHOW BEIMYUHBI
BHEIITHETO 00JIy4eHUs MIPUHIT aMOMEHTHBIN SKBUBAJICHT 71036l (aMOueHTHas no3a) H *( d).

[Tapametp d onpezaensieT COOTHOLIEHHE ONEPAlMOHHON 1 HOPMUPYEMOM BEIHYNH:

- mpu d = 10 mm Bemuuuasl H*(10) u Hp(10) cooTBeTcTBYIOT 3(PdEeKTUBHOIN q03€

BHEIIHET0 00JIy4eHNUS;

- npu d = 3 MM BenuunHbl H*(3) u Hp(3) COOTBETCTBYIOT SKBUBAICHTHOM /103€ BHEIITHETO
00JTydeHus XpycTajiiKa riasa;
- mpu d = 0,07 mm Benmuunbl H*(0,07) u Hp(0,07) cOOTBETCTBYIOT SKBHUBAJIICHTHOM J103€

BHEIITHETO OOJTYIEHUS KOXKH.

TakuM 00pa3oM, onepaloOHHbIC BEIWYUHBI JOJDKHBI TTO3BOJIATH OLIEHWBAThH JIBA THIIA
7103 OOJy4YeHUs: JUIsl CUJIBHO MPOHHUKAIONMIETO M3IydeHus: — 3 (eKTuBHYI0 103y, A ci1abo
MPOHMKAIOIIETO U3TYYEHUS — JIOKAJIbHYIO JI03Y JJIs1 KOXKU WJIM 103y AJIS XpYyCTajluKa riasa.

Jns onenku 3pPexTUBHON 036l MpPU BHYTPEHHEM OOJIyY€HUU BBOAMTCS BEIMYKHA
oxugaemort s dexTuBHON 10361 (committed dose). OHa ucmonb3yemasi Kak Mepa pHCKa

I'JIOBAJIBHAA AJEPHASI BE3OITACHOCTD, Ne 2(35) 2020
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BO3HUKHOBEHUS OTJAJICHHBIX MOCIEACTBHI BHYTPEHHETO OOTy4YeHHsS BCETO Tela YejIoBeKa U
OTJICIIbHBIX €r0 OPraHOB M TKaHEW C y4eTOM HMX paJuO4YyBCTBUTEIBHOCTU (CTOXAaCTUUYECKHE
3¢ (deKTh) M TPEICTaBISIET CYMMY NPOU3BEICHUN O0XXKHIAeMOW SKBUBAJCHTHOW 03Bl B
OopraHax M TKaHfAX Ha COOTBETCTBYIOIIME B3BeUIMBarouie kodpduuuentsl. Enunuma
oxugaemor ddexTuBHOM 10361 — 3uBepT (3B). O1eHKON AeTepMUHHPOBAHHOTO dddekTa B
pe3ynbTaTe BHEIIHEro oOmydyeHus oprana ssisercs ObD-B3BemieHHas J03a, KoOTopas
oTpeneNnsercss Kak Mpou3BeleHHE [03bl B oprane Ha koddp¢umuent OBD uznydenws.
Enununeit uamepenus ciyxuT rpai-sksuBaieHT (I'p-OkB). ObBD-B3BemeHHas 103a SBISICTCS
HOBOHM J03UMETPUYECKON BEIIMUMHOM, NMPEIHA3HAYCHHON JUIsI XapaKTEpUCTUKU aBApPUIHOIO
o0nyyeHHsI M €€ BBEICHUS B TMPAKTUKY, SBJISETCS pPe3ylbTaTOM aHalIu3a YpPOKOB
pearupoBaHus Ha pagUallMOHHBIE aBapUH.

B  coBpeMeHHyI cuUCTeMY JO3UMETPUYECKUX  BEJIMYMH BBEACHO  IIOHATHE
SKBUJO3UMETPUUECKUX  BEJIIMYMH, KOTOpPbIE  CIyXaT JJig  OLUEHKH  BO3JEHCTBUA
MOHU3HUPYIOUIETO M3JIyYCHHs] KOHKPETHO Ha 4enoBeka. [lo cBoeMy Ha3HAa4eHUIO OHHU
pazieJIeHbl Ha TPU TPYIIIIBL:

— BEJIMYHMHBI A7l OLEHKU PUCKOB BO3HUKHOBEHHUS U Pa3BUTHS 3()(PEKTOB OT U3IydeHHS
(moryomeHHas 03a B OpraHe Wid TKaHU, SKBUBAJICHTHAS J103a B oprane win Tkanu u ObD-
B3BEIIICHHAs J034);

— BCJIMYMHBI JISl YCTAHOBJICHHS TPEOOBAHHI K COCTOSIHHIO PaJMAllMOHHON 0€30TacHOCTH
0 BEPOSATHOM BO3HUKHOBEHUHU 3D PekToB (3P dheKkTHBHAS 103a);

- BCIWYHMHBI JJII COOTBETCTBUS TPEOOBAHWSIM K PATUAIMOHHON 0€30macHOCTH
(9KBUBAJEHT J103bl, aMOMEHTHBI ¥ WHIUBUAYAJIbHBIA SKBUBAJICHTHI J03bI U OXHAaeMas
3 PeKTUBHAS 1032 BHYTPEHHETO 00TyYeHHUS).

Hapsiny ¢ oKcnepuMeHTaJbHBIMH JIaHHBIMHU, OTHOCSIIMMHCS K OCOOEHHOCTAM
BozaeicTBuss MM Ha paszinuHble OpPraHbl YEIOBEKa, 3HAUYUTEIIbHBI UHTEPEC MPEACTABISIOT
co00il NTaHHBIE, XapaKTEePHU3YIOIIUEe OCOOCHHOCTH BO3JCUCTBUSA H3Iy4yeHUS Ha KIIETOYHBIH
Marepuan OMoMacchl. 3HaHHE ITHUX OCOOEHHOCTEH W MEXaHM3MOB MX MPOUCXOXKJECHHUS JaeT
BO3MOXXHOCTh TIOHATh, TOYEMY OJHH MPEACTABUTEIHN )KUBOTHOTO MUpPA 00Jiee UyBCTBUTEIbHBI
Kk BozaeiictButo UMW, apyrue — menee (tabn. 2), ¢ OJHOW CTOPOHBI, a C JpPYro —
c(hopMHUPOBATh 3aIIUTHBIA MEXaHHU3M, MMO3BOJISIONINK BBIACPKUBATH 3HAUUTEIbHBIE JO30BHIE
Harpy3ku 0e3 JIeTalbHOI0 UCX0/a.

Tabnuna 2 — JletasipHBIE 10351 00TY4EHUS JUTS Pa3IUYHBIX BUIOB )KUBOTHBIX [4] (110 TUTEpaTypHBIM JaHHBIM) U
yenoBeka [5] [Lethal radiation doses for various animal species (according to published data) and humans]

Bua xuBOoTHOTO MuHumanbHas Jo3a 50 % BeDKHBaeMoCcTH [MHUHUMAabHAs a0COJIIOTHAS
HJIA Y€JIOBEK CMepTenbHas 103a B 3B B 3B CcMepTenbHas 103a B 3B

VimuTKHR - 2000 -
AMeObI (TIpocTeiiine) 1000 - 3000 1000 -
Hacexombie 10 - 100 - -
Jlpo3odus - 8 -
[TTH1IBI, PHIOBI 8-20 - -
Kponuku 8 8,5-11 14
X OMSIKH - 7-88 -
Kpbics 2,5-3,0 45-6 6,5-8
O0e3bSHBI - 5-6 -
MpIn 2 35-4 55-8
Cobaku 2,75 325-4 6
Mopckue CBUHKH - 2-4 4
Ko3bl - 3,5 -
CBHUHBU - 4-5 -
Uenosek 6 3-5 6-7
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[Ipu sTOM crexyer OTMETUTb, YTO B JIUTEpaType, OCBELIAIOMIEeH MPOOJIeMBbI
panuanoHHON 0e30MacHOCTH, 3TUM BONPOCAM YIENSETCsl 3HAYUTEIbHO MEHbIE BHUMAaHMS
BO3MOXKHO IO TOW MPHUYMHE, YTO OHU CKOpEee OTHOCATCA K 00JacTh OHMOJIOTHH, HEXETu K
TEXHUYECKUM IpoOIeMam.

Tem He MeHee, nanbHEHIIee Halle BHUMaHME OyneT yaelIeHO Oojee AeTalbHOMY
aHanmu3y Ouosormueckux 3¢dexroB npu BosneiictBun WM Ha opranusm yesoBeka. ITO
00yCIIOBJIEHO TE€M, YTO pe3ynbTaThl Bo3aekcTBUsa MU Ha yenoBeka U OKpYKaroIlylo Cpeay B
paMKax pelIeHUs BOEHHBIX KOH(UIMKTOB IyT€M IPUMEHEHUs sAepHOil OoMOapAaupoOBKH,
BIIEPBBIE B MCTOPUM YEJIOBEUECTBA, CHayaja B XHPOCHUME, a BCKOpPE IOCJIE ATOrO0 U B
Haracaku [6], mpemocTtaBWiiM J0Ka3aTelbCTBA TOTO, YTO MHTEHCUBHOE BozaeiictBue MU
NPUBOAUT K BOSHUKHOBEHHIO OHKOJIOTHYECKUX 3a00JI€BaHUNA. DTO MPOSBIIIOCH Y BEKUBIIINX
1ocjae AaroMHOM OOMOAapAMPOBKHM JKEHUIMH, y KOTOPbIX HaOJIOJAJIOCh 3HAYUTENIBbHOE
yBenuueHue 3a00JIeBaHN KPOBH, PaKa MOJIOYHBIX XKeJle3 U IPYTUX 3a00JIeBaHHA.

HanpHeiimme pe3ynbTaThl [6] Takke MOKa3ajid, YTO BO3JCHCTBHE HMOHHU3UPYIOIIETO
U3Iy4eHUs] B JETCKOM BO3pacT€ MOXET IPUBECTH K YBEJIWYEHUIO H30BITOYHOIO pHUCKa
pa3sBUTHS paka y AeTeil 10 CPaBHEHUIO C B3POCIBIMH, YTO YKa3bIBae€T HAa UX Oojiee BHICOKYIO
YyBCTBUTEIHHOCTh K BO3JCHCTBHIO paguanuy ¥ 0Opa30BaHUIO OMyXOJe. JTO MoKa3alu U
pe3yibTaThl MCCIeOBaHUM, INpoBeJeHHble B UepHOObUIE TIpyNIod aBTOPOB YKa3aHHOU
paboThl, B KOTOPOW paccMaTpUBAJICS BOIPOC OHKOJIOTMYECKHUX 3a00JI€BaHUN IUTOBUIHOMN
JKeJe3bl y 1eTell U B3pOCIIbIX, KOTOPBIE [T0JIBEPraJIiCh BO3AEHCTBHIO BBICOKHX 103 00Iy4eHUs
MUTOBUIHOW kene3sl  (Oomee 1 I'p). PaccMoTpum Ooslee  neTalbHO — MPOIIECCHI,
COIIPOBOKIAIOIME MPOXOXKIEHUE HOHU3UPYIOLIETO U3JTy4eHHs B OMOIOTHYECKOH cperie.

buosoruyeckne JP@PexkTbl BO3ACHCTBHS HOHM3MPYIOIIMX H3JIy4YeHMH Ha
OKPYKaI0LIYI0 CPely U OPraHu3M 4eJI0BeKa

Jl03a MOHU3UPYIOILErO U3JIy4YEHUsl, HOTJIOUIEHHAs] B OMOJIOIMYECKOM cpelie, MHULIMUPYET
CJIOKHBIM MpOIECC PA3IUYHBIX COOBITHHA. Bo-mepBbIX, 3TO (Qu3MUecKas aKTHUBHOCTb C
nepefavyeld 3HEpruM OT HOHU3MPYIOIIMX YacTHUIl K aToMaM M MOJIEKYJIaM OKpPY)KAIOIIUX
TKaHeil, IpoIece, KOTOphIil 3anmMaer okorno 1077 ¢. Jlanee crieayior (pH3HKO-XHMHUUYECKHE
METO/Ibl, TAaKUE KaK Iepefadya BHYTPUMOJIEKYISIPHOM 3HEpPTrUu, BO30YXKIECHUE U MOHM3ALMS
aTOMOB C JUTHTENBHOCTBIO 0ko70 107 ¢. 3aTeM XMMHUECKHE MPOLECCHI M B STOT MOMEHT
NEPBUYHOE TOBPEXKJEHUE OMOIOTMUECKUX CTPYKTYp HAUMHAETCS Ha MPOAOJIKUTEIbHOCTH
okono 10 c. Jlanee cmemyror Guomormyeckue mpomnecckl. Ha 9ToM 3Tame moBpex/IeHHbIE
OpraHMYECKHE CTPYKTYpbl MOTYT OBbITh BOCCTAHOBJIEHBI WJIM HEOOpPaTMMO MOBPEKIACHBI.
HaOnromaemoe TOBpEeXJEHHE MOXET MPHUBECTH K THOEIM KIETOK, KOTOpas MOXET
MPOUCXOJUTh B TEUEHHE NEPUOJOB OT HECKOJIBKUX CEKYH]Zl 10 HECKOJIbKUX JeT. Bce atu
IpOIeCChl NPUBOAAT K OKOHYATEIbHOMY PaJIu00HOIOIMYECKOMY BO3AECHCTBUIO pajlallul Ha
OpraHu3M ueoBeka [7].

buojsornyeckoe aeiictBue HOHU3HPYIOLIUX U3TYYCHUH

Bckope nocne oTKpbITHS OMOJIOTHYECKOT0 EHCTBUS HOHU3UPYIOIIUX U3JIyYeHUN ObLIO
YCTAQHOBJIEHO, YTO JI000# KMBOH OOBEKT MpU ONpEAETICHHON 103e 00MydeHHs Morudaer.
[TornouieHHsle 10361 (POTOHHOTO M3NMyYeHUS D, MPUBOJALINE K TMOETN pa3HbIX OOBEKTOB B
00JTydeHHO! MOMYJALMY, Pa3IUYalOTCs B OYEHb MIMPOKMX mpenenax. s yenmoBeka /103a
dotoHHOrO WU3My4yeHHs, Bb3biBatomas S50 %-1o0 BeposTHOCTH TuOenu, paBHa 4,5 Ip
(450 P, cm. Taom. 2).

Kaxxnomy 6uonornueckoMy BUy CBOWCTBEHHA CBOSI PaJIMOYYBCTBUTEIBHOCTh. CTENEHb
paZvOvYyBCTBUTENBHOCTH CWJIBHO BappuUpyeTCsl B MpeAenax OJHOro BUAA, a s
OTpeIeIEHHOr0 MHANBUyyMa 3aBUCUT TakKe OT BO3pacTa U MoJja, Jaxke B OJTHOM OpTaHU3Me
pa3IMyYHbIE OPTraHbl CHJIBHO Pa3jMyaroTCs M0 PaJMOvyBCTBUTENBHOCTH, KAaK 3TO CIEIYET W3
pucyHka I.

Ha pucynke 2 mnpuBeneHBl KJIETKHM 4YEJIOBEKa M KUBOTHOro. CocTaBisitomue
KOMIIOHEHTBI KJICTKM YEJIOBEKAa M JKMBOTHBIX Pa3IM4YalOTCAd HE3HAYMUTENbHO. BONBIIMHCTBO
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KJIETOK MJIEKONMTAIOIIKUX HMMEIOT TunuuHble pasMepbl 10-30 mxm. Kiietka B OCHOBHOM
COCTOUT M3 KJIETOYHOW WJIM IUTOIUIA3MAaTHYECKOW MeMOpaHBI, MPEICTaBIAIOMEH Cco0o0i
TOHKYIO TUICHKY, TOKPBIBAIOUIYI0 BCIO KIJIETKY, 4Yepe3 KOTOPYI0 OCYIIECTBIISIETCS OOMEH
BELIECTB; sApa, B KoTtopoM Haxoautrcs JIHK — renermueckuii marepuan KIIETKH,
00BETMHEHHBIN ¢ OOJBIINM KOJMYECTBOM O€JIKa B CTPYKTYPBI, Ha3bIBAEMBIMH XPOMOCOMAaMHU;
LUTOIUIA3Mbl — CPEJbl, COAEpXKAIICH BOAY, PA3IUYHBIE COJIM, OPIrAHUYECKUE COEIUHEHUs, a
TaKXe psJl OpraHelul, MPEeICTaBISIoNX co00i paboune yactu kieTkH [8]. B xaxmoii kierke
MHOTHE TBICSYM MOJIEKYT (EPMEHTOB YIPABISIIOT B3aUMOJACHUCTBUEM XHMHUYECKUX
coeauHeHuii. Bee mporeccsl B KieTKe CTporo (yHKIMOHAIBHO CTPYKTYpUpOBaHBL B smpe
KJIETKH, KaK YK€ OTMeuanoch, COCPEIOTOYEHBbI THMTaHTCKUE OHOMOIMMEPHBIE MOJIEKYJIbI
ne3okcupudonykinennoBoit kuciotsl (JJHK), koTopsie, mo kpaiineii Mmepe, B Iepuo AeICHHS,
NPEJICTaBISIIOT  co0Ol  JBe  chupalieBUAHBIE HHUTH. B cTporo  ompeleneHHOR
[IOCJIEZI0BATEIbHOCTU JIBE€ HUTHU CBSI3aHBl YEPEAYIOIIMMUCA MOJIEKYJIaMH YEThIPEX THUIIOB
ocHoBaHui. Xpomocomsl (0T rped. Chroma — 1Ber, okpacka; soma — TeJ0) — CTPYKTYPHbIE
ANEMEHTH siapa KieTku, couepxamue JIHK, B koTOpol 3akiroueHa HAcCleICTBEHHAS
uH(popMalus opranuMa. B xpomocomax B IMHEHHOM MOPSIJIKE PACIIONOKEHBI TeHBI (0T Ipey.
genos — poJl, IPOUCXOXKJIECHNUE) — €IUHUIBl HACJIEICTBEHHOIO0 MaTepHuala, OTBEYAlOLIUe 3a
dbopMupoBaHHe  Kakoro-nubo  sneMeHTtapHoro  mnpuszHaka. COBOKYIMHOCTh  TI'€HOB,
coJiepKaluxcs B OIMHapHOM HabOpe XpOMOCOM JaHHOI'O OpraHU3Ma, Ha3bIBAE€TCS TEHOMOM.

UEHTPOCOMA

UEHTPHONK

BHYTPUKNETOMHBIE ~ MATOXOHIPYM
HATH o

Pucynox 2 — OCHOBHBIE KOMITOHEHTHI KIIETKH )KHBOTHOTO (@) U YeJIOBeKa ()
[The main cell components of the animal (a) and human (6)]

Kietkn — 3T0 eauHUIIBI )KUBOTO, MEIbYaNIINE CTPYKTYPbI, BBIIOJIHSIONINE (QYHKIUY,
KOTOPBIE U ONPENEISIOT COCTOsIHIE, UMEHyeMoe >kn3HbIo [8]. K TakuM pyHKIMSIM OTHOCSTCS:
MOTJIOUICHUE BEIIECTB W DSHEPruu, HUCIHOJIb30BAaHUE HHEPIMM ISl MOCTPOEHUS CIOMKHBIX
CTPYKTYp u3 Oojiee NMPOCTBHIX BELIECTB, POCT M pa3MHOXeHHe. B cpeaHeM B opranusme
qenoBeka HacumthiBaercs 510" kmeTok, m3 KoTOpeix 10 20 % KIETOK OpraHm3Ma
WHTEHCUBHO JeNsTCs. BbICOKas CKOpPOCTh JENEHHs KIETOK IpHUCylla KOCTHOMY MO3TY,
KHUILIEYHHUKY, KOXKE, POTOBHIIE IJIa3a, MOJIOBBIM >kene3aM. OnHako OOJbIIasi 4acTh OpPraHoB
COCTOUT M3 PpEAKO JeSIUXcs KIETOK (Me4eHb, JIeTKHe, Ceplle, COCYHAbl, KOCTH,
SHIOKpPUHHBIE jkeme3bl). KieTkn HepBHOW cHCTeMbl MPAKTUYECKH HE Jenarcs. Takue opraHbl
Ha3bIBAIOT CTAI[MOHAPHBIMU CUCTEMaMH |[§].

Bo3znelicTBue MOHU3MPYIOLIETO M3IY4YEHHS Ha KIETKY MOXKET MPOUCXOIUThH
HEMOCPEACTBEHHO, HANpUMep, MyTeM B3aUMOACUCTBUS Y- MM [-H3JIyu4eHHUs C aTOMaMU WX
MOJIEKYJIaMH XPOMOCOM, WJIM OMOCPEOBAHHO MIPU PAJUOJIN3€E BOJIBI MIIM JPYTUX XUMHUYECKUX
BELIECTB, COJAEpXKAILLEHCA B ILMUTOIUIa3ME KJIETKHM. B mepBom ciydyae, Npu HEBBICOKOM
mmotHocti M, JIHK MoOeT BOCCTaHOBUTHLCS, €CJIM Pa3pbiB CBS3U MPOU3OIIEN TOJBKO Ha
OJTHOW HUTH, eciu ke 3PQeKT pa3pbiBa cBsA3u mpousomen Ha AByX HUTAX JJHK, To ona He
MOJJICKUT BOCCTAaHOBJIEHUIO (pHC. 3), HO B JajbHEHIIEM MOXET NPUHHUMATh Yy4acTHUE B
CO3/IaHUM HEMOJHOILEHHBIX MOJEKYJ, CO3/1aBasi, TAKUM 00pa3oM, odar MopakeHus, KOTOPBIN
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MOXXET NPHUBECTH B JaJIbHEHIIEeM K HeratuBHbIM TnocienctBusMm. Ha pucynkax 3, 4
MPUBEACHBI Ppe3yJbTaThl BO3JCUCTBUA HOHM3Upyromero wusnydeHus Ha JHK. Ilocne
NPOXOXKICHHUS U3TYUYCHUS CBSI3U MOTYT OBITh BOCCTAHOBJICHBI, HO HEMPABWIBHO (pHUC. 4).

10-107 MM

EnuHCTBEHHBII
paspsiB JJHK

HopmansHoe

JIHK

CaxapHo-
docharubie <7
CnMpanm

Paspsis
crMpanu

Paspbis
NEPEropoIKK

JIBoitHOM
paspsiB IHK

HenpaeuiasHo
BOCCTAHOBJICHHAs

TIeperopo/IKa

Pucynok 3 — Buns! pazpeioB JIHK npu BoznelictBuun  PucyHok 4 — Pe3ynpTaT Bo3A€HCTBUS HOHU3UPYIOLIETO
nonusupyrorero mnyueHus [8] [Types of DNA n3nyuenus Ha JJHK [8] [The result of ionizing
breaks when exposed to ionizing radiation] radiation on DNA]

B nponecce nenenus npoucxoaut pacxoxnaeHue Hured JJHK u cuHTe3 Ha kaxknon
HUTH, KAK HA MaTpULE elle 110 OJHON HUTH C COXPAaHEHUEM ITOCIIEI0BATEIbHOCTH OCHOBAHU.
B otnunune ot sapa, coaepxkaiero ynukaiabasle Monekyisl JIHK, B nuromasme conepxarcs
MHOT'OUYHCJIEHHbIE AYOJUPYIOLIUE CTPYKTYPhl, OTBEUAIOLIUE 3a DHEPreTUKY KJIETKH, CHHTE3
Oernka, TpaHCIIOPT MUTATEIbHBIX BELIECTB U T. 1.

B akTMBHO gemsmmxcs KIETKax IEepUoj MEXAy ABYMsS KIETOYHBIMHM JCIICHUSIMHU
3aHnMaet ot 12 1o 48 4. IIpu 3TOM Ha caM Ipolecc JeleHusl NPUXOJUTcs He Oosee yaca.
[Toka kneTka He IEeTUTCs, €€ CUCTEMBbI HE BOCIIPUHUMAIOT (DaKT HApYIIEHUH, KOTOPBIM BOZHUK
OT JIeHCTBUS MOHM3MPYIOIUX M3Iy4eHUH (WIM OT HEKOTOPBIX XMMHUYECKHUX COEAMHEHU).
Opnaxo B mporecce aeneHus B mecte nospexaeHHoi JIHK oOpa3syercs pa3pbiB XpoMOCOMBI
u o0pa3yroTcsi (parMeHTbl, OOpbIBKM XpoMocoM. HoBooOpazoBaHHas KieTKa, JMIIEHHAs
yactu JJHK, yrpaunBaeT ciocoOHOCTh K CHHTE3Y )KM3HEHHO Ba)KHBIX BELIECTB U MOXKET OBITh
oOpeueHa Ha rubenb. [1o3TOMy HWHTEHCHUBHO JensuIuecss KJIETKM B OoJblled CcTeneHu
ITO/IBEPIKEHBI IEVCTBUIO MOHU3HUPYIOLIUX HU3JIy4eHU. BmecTe ¢ TeM B opraHusme JeucTByeT
MEXAHU3M pelapanuii, KOTOpPBIM MOXXET «3aJ€UMBaTh» HEKOTOPBIE NOBPEXKACHUA. IJTO
OTHOCHUTCSI, TIPEXJE€ BCEro, K OAHOPa3pbIBHBIM JAeeKkTaM B HUTAX XxpomocoMm. Hampumep,
€CIIM MPOBECTU 00JIyueHHe OOJIBIION 030H B J1Ba 3Tala ¢ WHTEPBAIOM MEXAYy HUMHU OKOJIO
YETBIPEX YacoB, TO YMCJIO BBDKMBUIMX KIJIETOK MJIEKOIHMTANOIIMX BO3pacTaeT B 2-3 pasa Io
CPaBHEHHMIO C HENpEepbIBHBIM O0OJydeHHeM TOW ke J030H. JI[BypaspbIBHBIE HapyIIEHUS
mostekyn JIHK xapakTepHbl mJis 4acTHIl, CO3JAIONMIMX Ha MpobOere BBICOKYIO IIOTHOCTH
MOHU3AIMN, WM TpPU OUYeHb OOJBIIMX MOIIHOCTAX J03. Takue pa3pbiBbl IMOYTH HE
«3aneunBarorcsa». [Ipumepsl ogHo- 1 nBypa3peiBeIX cBsa3er [JHK npusenens! Ha pucynke 3.
Ha pucynke 5 npuseneHsl IpuMepbl HEOCPEACTBEHHOIO U OIOCPEAOBAHHOIO BO3IEUCTBUS
NN na JIHK knetkw.

MexaHu3M OHOJIOTUYECKOTO JEHCTBUS MOHU3UPYIOLIETO U3TYYEeHHUsI Ha OMOJIOrMYECKYIO
TKaHb MOYKHO OIPENETUTh HECKOJbKHUMH akTaMu. B mepBom (¢du3nueckoMm akTe) sHEprus
MOHU3UPYIOIIETO W3IYyYeHUS IMPH MPOXOXKAECHUH uyepe3 OMOJOTMYECKYl0 TKaHb IMepeaaeTcs
aToMaM U MoJIeKyJaM. DTO MPHUBOJIUT K 0Opa30BaHUI0 MOHOB U BO30YXKICHHBIX MOJEKYII.
Crnenyromuil akT ONPeneseTCs] XMMUYECKUM 3TallOM ITOPAYKEHUS KIETKU.

I'JIOBAJIBHAA AJEPHASI BE3OITACHOCTD, Ne 2(35) 2020



OCOBEHHOCTH BO3JIEMCTBUS MOHU3UPYIOIIET'O U3JIYUYEHUSA 23

OHK
PucyHok 5 — Pe3ynpTat HEMOCPEACTBEHHOTO M OTIOCPEIOBAHHOTO BO3ICHCTBHUS HOHU3UPYIONIETO U3TYyYCHUS Ha
JHK [The result of direct and indirect effects of ionizing radiation on DNA]

B ocHoBe mepBUYHBIX paJUallMOHHO-XUMHUYECKUX U3MEHEHUI MOJEKYN MOTYT JIEKATh
JBa MEXaHU3Ma. 1) psaMocC IIGfICTBI/IG, KOoraa AaHHad MOJICKYJa HMCIIBITBIBACT U3MCHCHUA 3a
CYeT MOHM3AIUHU WM BO30YXICHUS HEMOCPEICTBEHHO MPH B3aUMOJICHCTBUU C H3ITYYCHUEM;
2) KOCBEHHOE JCHCTBHE, KOTJa MOJIEKYyJIa HEMOCPEACTBEHHO HE IIOTJIOMIACT JHEPTHUI0
MOHHM3UPYIOIIETO U3JIYYEHHUS, a TIOJTy4YaeT ee MyTeM Nepeaadyu OT IPYroid MOJIEKYIbI.

[Mockonbky 60-70 % wmaccel OMOJIOTHMYECKOW TKAaHU COCTABISIET BOJA, PACCMOTPHM
pa3iuurie MEXIy HpsIMbIM M KOCBEHHBIM JIEHCTBHEM M3JIYYEHHs Ha MIpuUMepe 0O0IydeHus
BO/bI [8]. HavanbHble TPOLIECCH PaMOIN3a, NPUBOSIIME K 00pPa30BaHUIO PAJIMKAJIOB H u
OH’, ipesicTaBIIEHBI HA CXEME:

Hzo — H20+ + e_;
H, 0" - H "+ OH’
€ — €

HMonunsupoBaHHast MOJIEKyJla BOABI PEarupyeT C APYrol HEUTPaIbHOM MOJIEKYJIOU BOJBI,
B pe3yJIbTare 4ero 00pas3yeTcsi BHICOKOPEAaKTUBHBIN pajukai rujgpokcuaa OH®:

H20+ + HQO — H30+ + OH.

BbIpBaHHBIN 3JEKTPOH TakkKe OYEHb OBICTPO TNEpefaeT HSHEPrHi0 OKPYKAIOIIUM
MOJIEKYyJaM BOJbl, B PE3yJbTaTe€ YEr0 BO3ZHUKACT CHJIBLHO BO30YKICHHAs MOJIEKYJIa BOJbI
H,O ', koTopast auccouuupyer ¢ obpasoBaHueM aByxX pagukanos H' u OH':

H,0"+e¢ — H,0 — H* + OH"

CBoOOJIHBIE  paJMKalbl COJAEpXKAT HECMapeHHbIe AJIEKTPOHBI W  OTIMYAIOTCA
Ype3BbIUAIHO BBICOKOW pEaKIIMOHHON CHOCOOHOCThIO. BpeMsi ux >ku3Hu B Boje He Ooiee
107c. 3a 3T0 BpeMsl OHHM JHOO PEKOMOHHHPYIOT APYr C APYTOM, JIHOO DPEarupyroT
cyocTparom:

e +ey,q — Hy+20H;
H + H'— Hy;
OH" + OH = H,0,

B mpucyTCTBUM pacTBOPEHHOTO B BOJE KHCIIOpOAAa OOpa3yrOTCS M JIPYTHE MPOTYKTHI
paamonM3a: CBOOOMHBIM pamukan ruaponepekucu HO,™, mnepekucs Bomopoma H,0,,
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aTOMapHBIN KHUCIOPOJ U pagukan kuciopoma O, ', KOTOPBIH HAa3bIBACTCS CYIEPOKCHIHBIM
paIrKaIoM:
H" + 0, —» HO,";
HO,* + HO," — H,O, + 20;
eaq_ + 02 - 02_.;
OH + HOQ. — HZO + 027.

CynepoKCUIHbIN U TUAPONEPOKCUIHBIN paUKalbl MOIYT HAHOCUTh OYE€Hb CEPbE3HBIC
MOBPEKACHUS OMOJIOTUICCKU BAYKHBIM MOJICKYJIAM.

B knerke opraHm3ma cUTyalusi 3HaQ4UTEIbHO OoJiee CIIOKHAs, 4eM IpU OOJydeHHH
BOJbl, OCOOEHHO  €CJIM  TMOIJIOMIAIONIMM  BEHIECTBOM  SIBJISIIOTCS ~ KPYIOHBIE U
MHOTOKOMIIOHEHTHBIE OMOJIOTHYECKHE MOJIEKYIbl. B 3TOM citydae 00pa3yroTcs opraHu4eckue
pagukanel D°, oTiuuaiomupecs Takxke KpaifHe BBICOKOH pPEaKIMOHHON CIHOCOOHOCTHIO.
Pacrioyrarast GOJBIIMM KOJIMYECTBOM DSHEPTrUU, OHH JIETKO MOTYT IPHUBECTH K pa3pbiBY
XUMUYECKHUX CBsi3zed. MIMEHHO 3TOT mpomecc M MPOMCXOJUT 4Yalle BCEro B IMPOMEXYTKE
MeXIy 00pa3oBaHUEM MOHHBIX Tap U POPMUPOBAHUEM KOHEUHBIX XUMUYECKUX TTPOTYKTOB.

Kpome Toro, 6uonoruueckoe AelcTBUE YCUIMBAETCS 3a CUET KUCIOPOIHOTO 3ddexTa.
OOGpa3zyrouuiicss B pe3ysibTaTe B3aMMOJECUCTBHUS CBOOOJHOTO paguKalia C KHUCIOPOIAOM
BBICOKOPEAKIIMOHHBIN MPOAYKT MPHUBOJUT K OOpa30BaHHIO HOBBIX MOJIEKYN B 00JydaeMoil
cucteme. [lonyuaromuecs B rnpoiecce paanoiin3a BoJbl CBOOOJHbIE paJivKallbl U OKUCIUTEINH,
o0nanas BBICOKOW XHUMHUYECKOW aKTHBHOCTBIO, BCTYMAIOT B XHMHYECKHUE PEAKIHMH C
MOJIEKyJIaMH Oelka, (EPMEHTOB U JAPYTUX CTPYKTYPHBIX IJIEMEHTOB OMOJIOTMYECKON TKaHW,
YTO NMPUBOJUT K M3MEHEHHIO OMOXMMHMYECKUX IMPOIIECCOB B opranu3Me. B pesynbrare Ha-
pymiaroTcsi OOMEHHBIC IMPOILECCHI, IOJABISCTCS AKTUBHOCTh (PEPMEHTHBIX CHCTEM,
3aMeIIsIeTCA U MPEKPAIAaeTCs POCT TKaHEW, BO3HUKAIOT HOBbIE XUMUYECKUE COCUHEHUS, HE
CBOMCTBEHHBIE OPTraHU3MY, — TOKCHHBI. JTO MPUBOJUT K HAPYIICHUIO >KU3HEICATEIHHOCTH
OT/IENIbHBIX CUCTEM WJIM OpPTraHu3Ma B LEJIOM.

NunynmpoBanHble CBOOOIHBIMU PaIUKaIaMH XUMHUUYECKHE PEaKI[UU BOBJICKAIOT B 3TOT
MPOLIECC MHOTHE COTHU U THICSIYM MOJIEKYJ, HE 3aTPOHYTHIX M3JydeHHeM. B sTom coctout
crieniuka MEWCTBUS MOHU3UPYIOMIETO M3JIYYCHHUS Ha OMOJOTHYecKrne 0O0BeKkThl. Hukakoii
IpYroi BHUJl SHEPruu (TETUIOBOM, SIEKTPUYECKONW U JIp.), MOTJOUIEHHOW OHOIOTHUYECKUM
00BEKTOM B TOM >K€ KOJUYECTBE, HE MPUBOJUT K TAKUM H3MEHEHUSM, KaKW€ BBI3BIBACT
WOHM3UpYIollee u3nydeHue. Hampumep, cMmepTenbHas 11032 (POTOHHOTO W3IIyYeHUS IS
miekonuTatomux paBHa 10 I'p, uro coorBercTByeT nornomieHHou sneprun 10 Jx/kr. Eciou
9Ty SHEPTUI0 TOJABECTH B BHUJAE TeMJia, TO OHa Harpena Obl OpPraHW3M YeloBEeKa IUIIb
Ha 0,002 °C.

Takum oOpa3oMm, Kak BUAHO M3 pPE3ylIbTaTOB uccienoBaHuii BosneicTBus MU Ha
KJIETKY, 32 HOHU3aIMel 4acTo cielyeT 00pa3oBaHue CBOOOIHBIX paiiKalloB, KOTOPbIE BEChbMa
3G(HEeKTUBHO B3aUMOJCUCTBYIOT C OWOJIOTMUECKMMH MOJEKyJaMH, BKIIOYas OYEeHb
BOCITPUUMYHMBBIN T€HETUYECKUN MaTepHal. DTUMH YI3BUMBIMU YYaCTKaMH B SJIPE SIBIISTIOTCS
XPOMOCOMBI, MPEACTABISIONINEe COO0N MBYCIHpaANbHBIE CTPYKTYphI, coctosmue u3 JJHK u
0esiKa, KOJIMYECTBO KOTOPHIX BapbUPYETCS y Pa3HBIX OPraHU3MOB, BBI3BIBAass HaWOOJbIIEE
MOBPEXICHHE B JICIALIMXCS KIeTKax. M3 nmociaeaHero cienyer, 4To HeraTUBHBIM pe3ysabTaT OT
KocBeHHOro Bo3zaelctBus MM okas3biBaeTcss 0Oosiee paclpoCTpaHEHHBIM, 4Ye€M OT €ro
HEMOCPEJICTBEHHOTO BO3JICHCTBUS, TJIABHBIM OOpa3oM sl M3IIy4EHHUs C HHU3KOH YIeNbHON
roHM3anuen [9].

@DopMbl OPAKEHUsI OPraHU3Ma MPHU BO31eiICTBMH MOHU3UPYIONIEro U3 1y4eHu sl

W3 npuBeneHHoro Bwile 0030pa cieayeT, uto 3¢ dekxt BozneicTtBus MM Ha yenoseka
00yCIIOBJICH HMOHU3ALMOHHBIMU TMPOILIECCAMU, MPOTEKAIONUMU B €ro OpraHu3Me, Mepoi

* Pagukan — arom mim rpymnmna aroMoB, 06nana}0mnx CBO6OZ[HOI71 BAJICHTHOCTBIO.
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M3MepEeHHs] KOTOPBIX sBIAETCs IOIJIOMIEHHas 1033, ompejensemas emunuueit I'peit (Ip)™
(Jx/xr). st oneHku 3pGeKTHBHOCTH BO3JEHCTBHs TOTO MM uHOTO BHaa MU BBomsAT, Kak
yKa3bIBaJIOCh paHee, BEIMYMHY AKBUBAJICHTHOW [03bl, BhUHCIseMON 1o ¢opmyne (1),
CIMHUIIEH KOTOpOW CIyUT 3uBepT. [Ipu olleHKEe OTAAJICHHBIX MOCIEACTBUMA BO3ACHCTBUS
N nHa 4yenoBeka HAXOMAT 9¢hghekmusnyro sxeusarenmuyio 003y (Hg), ompenenseMyro
dopmynoit (2), BeaMUMHA KOTOPOM HCIIOJIB3YETCS KaKk Mepa pHCKa BO3HUKHOBEHHUS
OTJIAJICHHBIX TOCJE/ICTBUN OOMydYeHHUsS BCEro Teja YelOBeKa W OTACIbHBIX €r0 OPraHoB U
TKaHEW C yUeTOM MX PaJliO4yBCTBUTEIBHOCTH, MPEACTABICHHON B Tabnuile Ha pucyHke 2. Bo
BCEM MUPE paJIMallMOHHOE BO3JICHCTBHE HA YEJIOBEKA B CPEHEM COCTABISIET OT JABYX JI0 TPEX
M3B. OTa cymMMa MOKET BapbHpOBAThCS B HMIMPOKUX Mpelenax, rI1aBHbIM 00pa3oM MOTOMY,
9TO OCHOBHBIM HCTOYHHKOM OOJIy4eHUS], KOTOPBIA SIBIISETCS E€CTECTBEHHBIM (HOHOBHIM
U3JIy4eHHEM, sBisieTcsl quarnas3on oT 1 1o 100 mI'p B roa B 3aBUCUMOCTH OT reorpaduuecKoro
NOJIOKEHUA 4eloBeka. Ha pucyHke 6 mpexacraBieHa Kiaccu(UKanus —pasiIdYHbBIX
ounonoruueckux 3¢ (HeKkToB, 00yCIOBIECHHBIX BO3ACHCTBUEM HOHU3UPYIOLIETO U3ITYUCHHUS.

[ Bunonornyeckue 3dphekTbl ]

Cpokn atherta

[I'Iplnpona athchekTa ]

PanHuit
(neTepmuHm-
POEaHHKIH)

Comatnuec-
Kne

3anepxaHHbIA
(cToxacTn-
YECKHi)

HacnencteeH-
Hble

Comatnyeckuii agidekT, kpome
KaHueporeHesa

Pucynok 6 — Kinaccugukarms 6uomorndeckux 3pGekroB, 00yCIOBIECHHBIX BO3AEHCTBHEM HOHU3UPYIOIETO
m3nydenus [9] [Classification of biological effects due to exposure to ionizing radiation]

PesynbpTarhl KiaccuuIUpPYIOTCS Kak paHHUE WIM JETePMUHUPOBAHHBIE, KOTOpHIE
UMEIOT TOPOT, 3aJepXKaHHBIH WM CTOXAacCTHYECKHUi, 0e3 orpaHuuyeHuil. Pe3ynpraThl nanee
JENATCd Ha COMAaTHMYECKHEe M HaciencTBeHHble. COMAaTHYECKME BKJIKOYAIOT pPaHHHE U
oTcpoueHHbIe AP (DEKTHI (pak).

Buemnee u BHyTpeHHee BO3ieiicTBHE

Buemnee usnyueHue — 3TO U3Ny4yeHHE, OOYCIOBJIEHHOE pPaOOTONH PEHTIE€HOBCKUX
anmapaToB B MEAMIUHCKUX  YUPEXKACHUSAX IIpU  JUArHOCTUKE  IALMEHTOB, Ha
CYyIOCTPOHUTENBHBIX 3aBOAAX, 3aBOJAX TSKEJIOrO0 MAIIMHOCTPOEHHs, IJI€ OTH aIllapaTsl
UCTIOJB3YIOT AJIS MPOBEPKHM HA HAJM4YME KaBepH (Ta30BBIX IOJIOCTEH) B CBApPOYHBIX IIBAX;
U3ITy4YeHUE CIIy4ailHO BBIOPOIIEHHBIX KOHTEHHEPOB C paJMOAaKTUBHBIMH MaTepualaMy;
U3Iy4eHUE DPAJUOAKTUBHOW IPHMECH, PacHpOCTpaHAoLIeiics B aTMocdepe B pe3yibTare
paauialMoHHOW aBapud W T.a. llpum BO3ACHCTBMM BHENMIHETO OOJYYCHHS, TTOMUMO
PEHTI€HOBCKOTO M Y-M3JIyueHHs, OOYyCIaBIUBAIOIIETO OOIIyI0 03y, KOTOPYI) MOXET
MOJIyUYUTh CYOBEKT, oKazaBmuiics B moie WM, oH MoxeT mnoiayuuth eme u A03Y,
00yCJIOBJICHHYIO BO3JIEHCTBMEM (- W [-4acTHI], BBI3BIBAIONINX KOXXHBIA OXOTr, a NpHU
BJIBIXaHUM 3arpsI3HEHHOTO BO3/1yXa — 0KOT BEPXHHUX JIBIXATEJbHBIX IyTEH, TaK Ha3bIBAEMbIN
B-nmopuHruT — XapakTepHoe 3a00JieBaHUE TOpJia, HMMEBIIEe MECTO Y JIMKBHJIATOPOB B
YepHoObLie B iepBbie MecsIbl ocie aBapun Ha HADC.

OnacHOCTh BHYTPEHHETO PaJUallMOHHOTO OOJIyueHHs] BO3HMKAET M3-32 MUKPOYACTHII
PaAMOAKTUBHBIX MaTEPHAJIOB, KOTOPBIE MOIMAJAaeT B OPraHW3M 4Yepe3 JbIXaHWE WIN IHILY,
WIH, KOTJAA OHU IPOXOJAT Yepe3 KOXKy. DTH YacTHIbl, IONajgasi B OpraHu3M, IPOU3BOJAT

** EquHuna Ha3BaHa B 4ecTh BGPUTAaHCKOro yuéHoro Jlbronca I'past B 1975 roxy.
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panuanoHHOe O0JIyueHHE B TEUCHHUE BCETO BPEMEHH JI0 T€X IOp, OKa OHH €CTECTBEHHBIM
WIA HUCKYCCTBEHHBIM 00pa3oM He OyayT ynajeHel U3 opraHuzMa. B stoMm ciyudae
HanOONBIIMK BpeJ HAa OPraHU3M OKAa3bIBAIOT (-YACTHUIIBI, ITOCKOJBKY 00JIaJal0T BBICOKOU
MOHU3ALMOHHONW CIIOCOOHOCTBIO, UMEsI Majiblii IpoOer B OMOJIOTMYECKON cpeze, co3jaBad,
TakuM 00pa3oM, 00JacTH, B KOTOPBIX YBETUYMBACTCS BEPOSTHOCTH T'MOENN KIIETOK 32 CYET
pPacCMOTPEHHBIX BbIlIe MEXaHU3MOB Bo3JeiicTBusa MU Ha Ouosnorndeckyro TKaHsb.

XpoHnyeckas 1032 (10JIrocpoYHasi 103a HU3KOI0 YPOBHsI)

XpoHuueckoe OOJIyd4eHHe — 3TO OTHOCUTEIbHO HeOoJbllas J03a paaualuy,
MIOJIy4YE€HHAs B TEUEHUE JUTUTEILHOTO BPEMEHH IIPU BO3AECHCTBUM pagualiu. 3a ThICSUEIETHS
pPa3sBUTHsI YEIOBEYECTBA OPIaHU3M 4YeNIOBEKa IPUCHOCOOMIICA BBLAECPKUBATh XPOHUYECKYIO
7103y, BEJIMYMHA KOTOPOW CYIIECTBEHHO PA3IMYacTCs B 3aBUCUMOCTH OT PErHOHA OOUTAaHUS
YyesioBeKa. JTa J103a CKJIA/IbIBAETCS 32 CUET KOCMHMUYECKOTO M3JIy4eHHs, BEJIMYMHA KOTOPOTO
YBEIMYMBAETCA C POCTOM BHICOTHI (Ha paBuuHe ~ 0,01-0,015 MK3B/4, B ropax Gomblue:
0,020-0,025 mMx3B/4) u crienuduke 06JacTH 0OUTAHUS YETOBEKA, ONMPEILISIEMOM, HalpuMep,
BBIXOJIOM Ha IOBEPXHOCTb 3€MJIM pYJ, COAEpXKAIIUX PaJUOAKTHBHBbIE H30TONBL. MecTHoe
HaceJeHHEe TaKUe MECTa Ha3bIBAE€T «HEXOPOIIMM MECTOM» M IMPEINOYUTAET TaM HE CEIUTCH.
Oco0eHHOCTh TTOJJOOHOHM aJanTaluy HAcelIeHUs K MOBBIIICHHOMY paJWalliOHHOMY (DOHY B
ropax, IMO-BUIMMOMY, CBS3aHa C BO3MOXHOCTbIO BOCCTaHOBJICHUS HOBPEXICHUM B
OMOJIOTHYECKOM MaTepuaie, MoABep)KeHHOM Bo3zaericTBuio M, o yem coolmianock paHee.
OpHako 1pu  JJUTEIBHOM  BPEMEHM  BO3JEHCTBHMS — paguallid Ha  paOOTHHUKOB
TOPHOAOOBIBAIOICH  NMPOMBIIUIEHHOCTH,  PAJHOJOrOB  HJIM  HAay4YHBIX  PaOOTHHUKOB,
paboTaromMx ¢ pajauanyed WiIM pajgMOaKTHBHBIMM MaTepHajaMM, Takas BO3MOYKHOCTb Yy
OpraHM3sMa  3aMETHO  yMEHBIIAETCS, 4YTO  MOXKET IPUBECTH K  COKPAIICHUIO
HPOJIOJDKUTEIBHOCTH KHU3HH B 3aBUCUMOCTH OT KOJIMYECTBA MOTYYEHHOM JJ03bI paiualiH.

buonoruuecknue BO3IEHCTBUS BBICOKMX YPOBHEH paauanMoOHHOrO Bo3aeiictBus ~ 4 I'p
JIOCTATOYHO XOPOLIO M3BECTHHI , OAHAKO S()(EKTH HU3KUX YPOBHEH paJMaliH CIOKHO
0OHapYyKUTh, MOCKOJIbKY JA€TePMUHUpPOBaHHbIE 3((EKThl HE BO3HUKAIOT HA ATUX YPOBHSIX.
HccnenoBaHust Ha JIOASX, MOJYYMBIIMX BBICOKHE [030BbIE HArpy3kH, OIPEICIECHHBIM
0o0pa3oM TMOKa3add Ha CBs3b MEXAY J1030M OOJyd4eHUS M HEKOTOPBIMH OTCPOYEHHBIMU
spdpexkramu. K atum sddexraM MOXXKHO OTHECTH DPAK Pa3IUYHBIX OPraHOB M HEKOTOpPHIE
reHerudeckue 3 @extol. B aTHX olieHKax Hab0JaeTcs onpeaesieHHast B3aMMOCBSI3b MEXKIY
3a00J1€Ba€MOCTBIO TMPH BBICOKHMX J03aX OOJyYEeHUS U BEPOSTHOCTHIO 3a00J€BaHUS NpU
HU3KUX J03ax. [locKoJbKy BepOSTHOCTH 3a00JieBaHMsS BO3PACTaeT C POCTOM JO30BBIX
Harpy3oK, TO MPeAINoaraeTcs, yTo nogo0Has 3aBUCUMOCTb OYyI€T UMETh MECTO U IPU MaJIbIX
7103aX, T.€. 3PPEKT BOZMOXKHBIX JIy4eBBIX 3a00JI€BaHUI MPU HU3KUX J103aX OyJeT HOCUTh HE
MMOPOTOBBIN, a TMHEWHBIN XapaKTep.

ComaTtnueckoe BO3JEHCTBHE paivallMd pPa3BUBACTCS y JIOACH C TOBBIILIEHHOU
YyBCTBUTENBHOCTHIO K MU u cocTOMT B M3MEHEHUSX B KJIETKax OpraHu3Ma, KOTOpbIEe He
nepefaTcs OyaylmMM TOKOJEHUSAM. OTH APQEeKTsl MOTyT ObITh OBICTPHIMH WM
OTCPOUYEHHBIMHU, B 3aBHCHUMOCTH OT BEJIMYMHBI MOLIHOCTH JI03bl M MPOMEXKYTKAa BPEMEHH, B
TEUYEeHUE KOTOPOro cyObeKT HaOupaeT 3Ty no3y. Tak, Hanpumep, B Munun xutenu Kepass
ctaHoBsTca B 5-10 pa3 Gojee BOCIPUUMUYMBBIMU K PagUallM 110 CPABHEHUIO C KUTEISIMU
Jpyrux obyacTeid, MOcKoJbKy mouBa B Kepasie copepXuT MUHEpal MOHAIUT, B KOTOPOM
HAXOJAT PaJUOAKTUBHBIN IEMEHT TOPUM, IPUCYTCTBHE KOTOPOI'O 3HAUYNUTEIHHO YBEIINYMBAECT

“MOIIHOCTH KOCMUYECKOTO M3IIVIEHAS HEOMHODOMHA. bBIMmke K TMOBEDXHOCTH 3€MIM OHA VMEHBIIAETCH 3a CYET OKDAHMDYIOLIETO
atMocdepHoro cmosi. V. HaoGODOT. B ropax OHa CHJIbHEE. MOCKOJBKY 3alllMTHBIN JKkpaH aTtMochepsl ciabee. Hampumep, B camorere,
KQTOpBII 1eTut B Hebe Ha BeicoTe 10 000 MeTpoB, ypoBeHb paAualiy IPEBLIIIACT IPU3EMHYIO PaguaIiio modutu B 10 pas.

B TeueHnue ocTpoil ayueBoil OONIE3HM pa3MyArOT YETHIpE Mepuoja. B mepBom mepuose, WM Neprosie «HAYAIbHBIX PEAKIUi», MPU3HAKH
JIy4eBOTO ITOPAKEHUSI MOSBIISIIOTCS. OOBIYHO Yepe3 HECKOIBKO YacoB mociie 00mydenus. [lopakeHHbIH HaYWHAET MCIBITHIBATE CBOCOOpa3HOE
COCTOSIHUE, HAIOMHUHAIOIIEE ONMbSHEHHE WM OritymieHue. [1osSBISIOTCS TOJIOBHBIE OOJIM, TOJIOBOKPYXEHHE, 3 (DOpHs, THUIEpEeMUs JIHIA,
HECKOODIMHMUDOBAHHbIE  JIBIDKEHHSA. TONIHOTa M DBOTa, Oomu B kuBoTe. TemmepaTypa Tema —  cyOdeOpunbHas
(TIOBBIILICHHE TEMIIEPATYPhI TeJIa HAa MPOTSDKSHUH IJTMTENIBHOTO BpeMeHH B nipeaeiax 37,1 — 38,0 °C). B TsokensIX cilydasx pBoTa IPUHUMAET
HEYKPOTUMBIH XapakTep, MOSBISETCS MOHOC ¢ KpoBbIO. [Ipu 0OMydeHHHM OONBIIMMH J03aMH MOPAKCHHBIA BIaJaeT B OECCO3HATENbHOE
COCTOSIHUE, PAa3BUBAIOTCS OOLIME CYIOPOTH, ¥ HACTYIACT JICTATbHBIN HCXOA — CMEPTh.
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donoByr0 pamuanuio. Ilpu Takux ycrnoBusix BosaelictBus MW B pesynbTare HaKOIUICHUS
PaZIMOHYKIIMJOB B OpraHax Teja, OTCPOUYEHHBbIE coMaTHueckue 3(PPeKThl, BhIpaXKarouecs B
BUJIC PAKOBBIX 3a00JI€BaHUI UM BPOXKACHHBIX OTKIOHEHUH, IOBOJIBHO OYEBUIHBI.

Pagmanuonuwblii ymepo

PaguanuonHslil yiep0 HauMHaeTCs HAa KJIETOYHOM YpPOBHE. DTO MOXKET IOBJIUATH Ha
pa3inyuHble KpUTHYECKHe OOBEKThI B KIIeTKe, Haubosee BakHOM U3 koTopeix sBisercs JJHK.
Pe3ynbrarhl HccnenoBaHui, IPUBEICHHBIE BBIIIE, YKa3bIBAKOT HA TO, 4TO nospexacHue JJHK
SIBJISICTCS] IPUYMHON THOETH, MyTallMK M KaHI[eporeHe3a KieTok [9].

ITockoyIbKY paguallMOHHOE BO3JCHCTBME Ha JIIOAEH OKa3bIBACTCS Pa3JIMYHbBIM,
HEBO3MOKHO IPEJCKA3aTh, KAaKas 032 MOXKET IPHUBECTU K JIETAJBHOMY HCXOHY. DKCIEPTHI
CUMTAIOT, 4TO 50 MPOLIEHTOB JIOJAEH YMPYT B TEUEHHE TPUIUATH JHEH MOCIIE JIEYEHUS BCETO
tena ot 3500 1o 5000 mI'p B TedeHHE HECKOIBKUX MUHYT WM 4acoB (cM. Tabu. 2). Hecmotps
Ha 3TO, Pe3y/ibTaThl B OTHOLIEHUU 3/10pOBbS OyAyT paziudarbcs B 3aBUCUMOCTU OT TOTO,
HACKOJIbKO YEJIOBEK 3J0pPOB /10 3apaXKCHHUS M KaKyl0 MEIULMHCKYIO ITOMOIIb OH IOJIy4aeT.
Ecnmu Bosgenctere MM orpaHnyYeHO TOJIBKO YacTsMU TeNa, HAlPUMEpP, PyKaMH, TOT1a TaKHe
3¢ dexTsl, ckopee Bcero, OynyT 0osee JIOKaaIu30BaHHBIMU, YTO PUBEIET K 0KOTaM KOXKH.

PagnaunonHblii yuep0d penpoayKTHBHBIM KJIeTKaM

OT0T 3(hPEeKT MOKET MPOUCXOIUTH B PE3Y/IbTATE JIETAIHHBIX U HE JIETaJIbHBIX MyTaIlHil.

JletanpHble MYTallMU, KaK HM3BECTHO, MPHUBOIAT K THOEIH KIETKH, TOTAA KaK HE
JIeTalIbHbIE MOTYT BBI3bIBAaTh PAK WJIM HEPETYJSPHBIN pocT KiIeToK. OcTphle J03bl paguanuu,
BO3JEHCTBYS Ha pENpOAYKTHBHBIE OpraHbl, IIPUBOAAT K BO3HUKHOBEHHMIO IaMeT ,
coJiepXalliuX BpeAHbIE T€HHbIE MYTAllUH, KOTOPBIE MIEPEAAIOTCS HE POKIEHHOMY ITOTOMCTBY.
PagnoakTuBHOE 3arps3HEHHE OKPYKAIOUIEH Cpeabl, TAKMM 00pa3oM, SIBISAETCS HPUIHHOM
pa3pyllieHHUs] WIM pacnajga MOJIEKYJSIPHBIX CTPYKTYp BHYTPH TaMeT, BCJIEJICTBHE YETrO
HapyIlIaeTcs NeHEeTHYEeCKUl MexaHu3M XpomocoM. PaccmaTpuBasi Aeranu 3TOro Iporecca,
3aMETHM, YTO BO3ACHCTBUE MOHU3UPYIOIIETO M3JIyYEHHUs BbI3BIBAET aHOMAJIMHU B PACTYIIMX
KJIETKaX, 3aKaH4YMBasi, TEM CaMbIM, UX CIIOCOOHOCTb JEIUThCA U pacTH. MHOTIa ATH KIETKH
IPOJOJDKAIOT PACTU O TEX IOpP, MOKA HE CTAHYT T'MFAHTCKUMU W, B KOHEYHOM HTOTE,
NOTUOHYT. DTO MPOUCXOJIUT MOTOMY, YTO OHU CTAHOBATCS HEIPPEKTUBHBIMU U3-3a CBOETO
HEperyJIsIpHOrO pa3Mepa, a HEOJUHAKOBble TreHeThdeckue 3(P(EeKThl MOTYT HPUBECTH K
rudenu SMOpPUMOHOB, MJIAJIEHLIEB WM MOTYT BbI3BaTh ypojcTBa y aereid. Kak BugHO u3
BBDKUBIINX B Xupocume u Haracaku, naxe crycts 6ojee ecTH AeCATUIETUI TeHETUYECKOoe
BO3/ICIICTBUE pauialiuy HAOMIOJAeTCsl Y UX JETel U BHYKOB.

BuyTpuyTpo0HOE 00/1y4eHe U ero BJHsSHHE HA He POKACHHOr0 pedeHKa

Kak oObsacusiercs B OtomuieteHe MAI'ATO [10]: BozmelcTBue panuanuu Ha TUIOM,
HaXoJsAUIMiCcsA B yTpoOe Marep, Ha3blBaeTCsl BO3JEHCTBUEM Ha SMOpPUOH. DTO BO3JeHcTBUE
MOKET BO3HHMKATh Ha BCEX CTaJMAX 3MOPHOHAIBHOIO DPAa3BUTHUS, OT 3UIOTHI JIO IUIOJA, U
MOJET BKIJIIOYaTh JIeTalbHbIe A(PQPEKTH, MOPOKU PA3BUTUSA, YMCTBEHHYIO OTCTaJIOCTh M
npoBonupoBaHue paka. IlepBele Tpu MOryT OBITh  BO3MOXXHBIM  PE3YJIbTaTOM
JIeTEPMUHUAPOBAaHHBIX 3(p(PeKTOB BO BpeMsi SMOPHOHAIBHOTO Pa3BUTHUS, OCOOCHHO B MEPHO
dbopmupoBanus opraHoB. COOTBETCTBEHHO, JI0Ka3aTeIbCTBA BO3AEUCTBUS HAa POCT U pa3BUTHE
MO3ra MOSBMJIUCH IIOCIE TOr0, KaKk y HEKOTOPBIX MAETEH, IOABEPIIIMXCS BO3ACHCTBHIO
BHYTpUYTpoOHOTO pa3Butus B Xupocume u Haracaku, HaOmromanace Tspkenass yMCTBEHHAs
orctasnioctb. Kpome TOro, coriacHO pesyibTaTaM oOOCII€OBaHUM, MPOBEIECHHBIX B psjie
nepeBeHb PamxacTxaHa, pacmofioKEHHBIX BOJIM3M aTOMHOM 3JiekTpocTtaHiuu B Kota, Opu10
3apETUCTPUPOBAHO POXKICHHE 3HAYMTEIBHOIO 4MCia JeTed, ¢ (QU3MUecKuMH JIepeKTaMH.
[Ipuyem B nepeBHSX, PACIOJIOKEHHBIX HA 3HAYUTEIBHOM YyAAJEHHH OT ykazanHou ADC
KOJIMYECTBO POXICHHBIX JeTe ¢ Qu3nueckumu jaedexkramMu ObUIO B pa3bl MEHBIIIE.

¥

['aMeTbl, HITH TIOJIOBBIE KJIETKH — PENPOAYKTUBHBIC KJICTKH, HMEOIHE TalUIOMAHbBIN (OIMHADHBII) HAOOD XDOMOCOM M VYAaCTBVIOILKE. B
YAaCTHOCTH. B MOJIOBOM Pa3MHOXEHHUH. [IDH CIMSHHUY IBVX TaMET B [TOJIOBOM [IPOLIECCE DE3VIIBTATE OIUIONOTBODCHHUS (CITUSHUS SIHIEKICTKH H
criepMaTo3ousia) 0opasyercs 3Urota — JUILIONIHAs KIETKa, COZiepIKallias MOJIHbIN (JIBOHHOI HAOOp XpoMoCcoM).
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HccnenoBanust MOATBEPAWIM, YTO 3TO CBA3aHO C BHIOPOCOM PaJUMOAKTUBHBIX BEILECTB C
anekTpoctanuu [11].

I'enernueckoe BO3ACWCTBHE B IOKOJCHHMAX, KaK IPABWIIO, MOXET OBITh Ooiee
CEepbE3HBIM. JTO HAONIOAETCS Y TIOTOMKOB JX€PTB aTOMHOI OOMOAapIUpPOBKH, BEDKHBIINX B
Xupocume u Haracaku, KOTOpbIE 0 CHUX IOp CTPAJalOT OT T€HETHYECKHX Ie(EeKTOB H3-3a
pamuanuu. Komuccuss 1Mo TNPUYMHHO-CIICACTBEHHON CBSI3M aTOMHOHW OOMOapaupoBKH
cooluia o MCUXUIECKOM c0oe, MEIJICHHOM (PU3UYECKOM pocTe M 0ojiee BHICOKOM YpPOBHE
JeHKEMHH y JIeTed, MOJBEPTIINXCS BO3JCHCTBUIO MOHU3UPYIOUIETO M3IyYEeHUS B MAaTKE BO
BpeMs B3pbIBa AAepHOM OOMObI. OMOpPHMOH WM IUIOA TIOABEPraloTCs BO3JCHCTBUIO
PaTMOaKTHBHOTO H3IYYEHHs MaTepuaja, MEepelaBacMOro MaTephi0 uYepe3 MHILy U IIHThE
(BHYTpeHHEE OOIY4YCHHE) WIIM HEIMOCPEICTBEHHO Yepe3 BHelHee oOiydeHue. [1oCKombKy y
IUTOJIa €CTh 3aIllUTa B MATKE, €ro J103a OOJIydeHHSI MMEEeT TeHICHIUIO OBITh HUXKE, YeM /1032
JUIs MaTepy B OOJIBIIMHCTBE CiIy4aeB 00nydeHus. TeM He MeHee, SMOPHOH M TI0JI OCOOCHHO
YyBCTBUTENBHB K paJHMalii, W TIIOCIEICTBHUS BO3JCHCTBHS Ha 370pPOBbE MOTYT OBITh
CephEe3HBIMH, JIaXE NMPH J103aX OOIYYEeHHUsS, MEHBIINX, Y€M T€, KOTOPHIE HEMOCPEICTBEHHO
BIMSIOT Ha Marh. Takue 3(QQEeKTHl MOTYT BKJIIOYATh 3a/EPXKKY pPOCTA, MOPOKHU PA3BUTHS,
HapymeHne GyHKIuu mMo3ra U pak [9]. Ha pucynke 7 mpuBeneHbl OCHOBHBIE ITyTH JTI030BOTO
001ydeHust SMOpUoOHa.

BHYTpeHHA A SECIOSHIHA |

4epes MaTepe, NPERIMAIONIER
panEodapManesTEIeCKHe
TPeNAPATE KT PANHOAKTHBEEIS
3arpAHEHHRE TPONYKTEL THTAHRA
HITH HAOHTKH.

BrewHee ofnyuenue

OT MaTepel, NoABepruMxca
BO3GEUCTBUID PEHTTEHOBCKOrD
MK TEMME-U3TYUEHUs.

Pucynox 7 — Ilytu pagnannonsoro obiydenns smopuonos [9] [Ways of radiation exposure of embryos]

Pa3zBuTHe MileKONMUTAIONMX B yTpoOe MaTepy MPOUCXOJUT IPUMEPHO B Tpu dTamna. Kak
W3BECTHO, paJHalds MOKET YOUTh SMOPHOH B MaTKe Ha MEPBOM dTare, KOTOPBIN JUTHTCS OT
3auaTus 10 MOMEHTA, KOT/Ia OH OCeJaeT Ha CTEHKE MAaTKH U OXBAaThIBAET MEPBBIC JIBE HEACTU
OepeMEeHHOCTH Yy JKEHUIMH. TpPYyAHO H3y4UTh, YTO MPOMCXOJUT HAa ITOM ITale; OJIHAKO
uH(pOpMallid B OCHOBHOM M3 DJKCIEPUMEHTOB Ha XHBOTHBIX IMOATBEPXKIaET (aTalbHOE
BJIMSTHUE HA PAaHHUI SMOPUOH /103 00Iy4YEeHHUsI BBIIIE ONPEIEICHHBIX TOPOTOB.

Ha crnenyromem stame, KOTOPBIM IIUTCS Y YeJIOBEKa CO BTOPOH MO BOCEMYIO HEJEINIO,
OMACHOCTh B TOM, YTO paJualiys NpUBEAeT K JepopMallii pacTyIINX OPraHOB, a 3TO MOXET
NpUBECTH K CMEPTH, HampuMmep, BO BpeMms poxaeHus. Hanbonee 3HaUMTENBHOE
MOBPEK/ICHHE, TTO-BUIUMOMY, MPOUCXOIUT B LIEHTPATbHOW HEPBHOW CUCTEME MOCIIE BOCHMOM
HEJeNu, KOT/Ia HAUYMHAETCS TPEThsl W TOCHETHSS CcTaaus OepeMEeHHOCTH. 3HAYUTENNbHBIN
IpOrpecc JOOCTUTHYT B TOHUMAHUM BO3JCHCTBHUS paJMallMOHHOTO OOJy4YeHHS Ha MO3T
HepoauBImMxcss neteil. Hampumep, 30 pgerell, BBDKHBIIMX B Pe3ylbTare aTOMHBIX
o6omOapaupoBok u3 mpumepHo 1 600, moaBeprmmxcs 10 poxkaeHus go3e B 1 I'p, umenn
KpalHIOI WHTEIUICKTYalbHYI0 WHBAIHIHOCTH. Pa3iudHbIe dTambl U BO3MOXHBIE I(PPEKTHI
MpUBEIEeHBI B TabmuIe 3.
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Ta6muma 3 — PasnudHbIe 3Tanbl 1 BO3MOXHBIE HeraTuBHbBIE 2 (eKThl Bo3aeicTBus MU 3apospinia 6GepeMeHHBIX
skernuH [Different stages and possible negative effects of the ionizing radiation of pregnant women embryo]

Cranus
Bo3MoxHBIE TOCTEACTBUS
OepeMeHHOCTH (JTHH)
1-9 CMepThb 3apoJIblIiia, CKOpee BCET0, ¢ HEDOJIBIIONW BEPOSTHOCTHIO MOPOKA PAa3BUTHUS
10-12 CHIKEeHHUE JeTaIbHOTO d(eKTa ¢ HeDOJIBIIONH BEPOSITHOCTHIO IIOPOKA PA3BUTHS
13 -56 [Tpon3BOACTBO BPOXKJICHHBIX IOPOKOB PAa3BUTHS M 33A€PKKH POCTa
57_112 ODKcTpeMasbHas YMCTBEHHAst OTCTAIOCTh (BpeMsi HanboJjiee Cepbe3HOr0 BO3JEHCTBUS Ha
LHC)
113—-175 Menee yacroe BiausHue Ha [JTHC
THoce 175 Ouenp HU3Kast 9actora 3pdexToB LIHC (H1 oanH U3 3aperuCTpUPOBAHHBIX CIIydacB
TSDKEITON 3a7EePIKKH)

Kpome Toro, Bo3aelicTBHE MOKET HEMOCPEICTBEHHO MOBPEAUTH SMOPHUOH WU IUIOJ,
y)Ke pa3BuBarommiics B yTrpoOe wmarepu. IlodToMy BaXHO pa3iIn4arh paaUaIOHHOE
o0ny4yeHue, Kak B3pOCIbIX, JETei, SMOPHOHOB, TaK U TUIOAOB. YUYHUTHIBAsI AKTYalbHOCTb 3TUX
npo6iaem UNSCEAR" B 5TuX rpynmax mpoBel BCECTOPOHHME HMCCIEOBAHUS BO3/EHCTBUSA
NN kak Ha 370pOBbE MaTepeil, Tak M Ha HACIeACTBCHHBIE 3PQPeKThl 3MOpHOHOB [9].
BoszneiicTBue Ha 310pOBbE UEIOBEKA 3aBUCUT OT MHOTUX (PU3WYECKUX (aKTOPOB, U M3-3a UX
AQHATOMUYECKUX U (PU3HNOJIOTUYECKUX Pa3IMyuuil BO3JAEUCTBUE PaJUallMOHHOIO 00JyuyeHusl Ha
JIeTe U B3pOCHbIX pa3nudyHo. Kpome TOro, mockoybKy y neTeil 6osee MelKue Tela, U OHU
MEHEe 3aIIMIICHbl SKPAaHUPYIOUIMMH TKAaHSAMH, /032 JJIsl UX BHYTPEHHHX OpPraHoB OyneT
BbIIIIE, YeM JUIsl B3pPOCIBIX IpPHU OJMHAKOBOM BHEIIHEM Bo3jaelcTBuu. Kpome Toro, netu
MEHBIIIE B3POCIBIX, TO3TOMY OHH MOTYT IOJIYYUTh 0OJiee BBICOKYIO J030BYIO HArpys3Ky OT
PaZIMOHYKIIMJOB, OCEBIIMX Ha TMOJCTHIAIONIYI0 ToBepxHOcTh [9]. Uro xe Kacaercs
BHYTPEHHEro OO0JIy4eHHUs, TO M3-3a MEHbBILEro pocTa U o0beMa JEeTeH, KOorja MX OpraHbl
pacmosoXkeHbl ONrke Ipyr K JpYry, KOHLEHTpaluus PpaAHuOHYKIHIOB B OIHOM OpraHe
BO3/ICIICTBYET W Ha JApYyrue OopraHbl B OOJbLIEH CTENEHH, YeM 3TO MUMENO Obl MECTO IS
B3POCJIBIX.

[Tpu npIxarenbHOM MyTH MOCTYIJIEHUS Hona-131 B opraHu3M 4esoBeKa BEITMYHHA J103bI
N, co3maBaeMoi ATUM PAAUOHYKIMJIOM Ha IIMUTOBUIHYIO KEJIe3y y AETEH, MPUMEPHO B
JIeBATHh pa3 BbIIe, yeM y B3pocibix [9]. UccnenoBanus aBapuu Ha YepHoObuUTbCcKOM ADC
MOATBEPAUIIN CBSI3b MEXKAY pPaKoM MIUTOBUAHOW Kele3bl W HoaoM-131, KoTopsIit
KOHLEHTPUPYETCS] B OCHOBHOM Ha 3TOM OpraHe. DIHJIEMUOJIOTUYECKUE UCCIIEJOBAHUS TaKkKe
MOKa3ajM, 4TO y MOJOJBIX JitoJiel B Bo3pacte 10 20 JeT BEpOATHOCTh PAa3BUTHS JEUKEMUHU
1ocjie Takoro ke oO0Jy4yeHHUs MPUMEPHO B J1Ba pasa BhIlIE, 4yeM Yy B3pociblx. Kpome Toro,
JIETH B BO3pacTe 10 AECITU JIeT 0cCOOEHHO BOoCIpUUMUMBHI K Bo3aeiicTeuio M. Hekoropsie
JpyTHUe UCCieI0BaHUs TIOKa3bIBAIOT, UTO JIETH B HECKOJIBKO pa3 Yallle yMHUPAIOT OT JeHKeMuu,
yeMm B3pocible. J[pyrue uccienoBaHus NoOKasai, YTO y JE€BOouYeK B Bo3pacte 10 20 jer
BEPOATHOCTH PA3BUTHS paKka MOJIOUHOM K€JI€3bl IPUMEPHO B JIBAa pa3a BbIIIE, YEM Y B3POCIBIX
xeHuH (puc. 8). B noxmage UNSCEAR Obim paccMOTpeH HayyHBIH Marepua,
yKa3bIBAIOLINI HA TO, YTO OHKOJOIMYECKHE 3a00JeBaHUs y JIeTe MMEIoT Oojee IMHUPOKUN
CIEKTp, YEM Y B3POCIbIX, M 3aBUCAT OT THUIA OMYXOJH, a TaKkXke OT Bo3pacTra M Ioja
pebenka [9]. PaguodyBCTBUTENBHOCTh 4YENOBEKA, Wrparolias 3HAYUTENbHYIO pOJb B
OHKOJIOTMYECKHMX 3a00JI€BaHUSAX, CYIIECTBEHHO OTIMYACTCS Y Pa3HBIX JIOJIEH U SBISETCS TeM
CIIyCKOBBIM MEXAaHHM3MOM, KOTOPBIM MPUBOAUT K BO3ZHUKHOBEHUIO TE€X WJIM MHBIX OIYXOJEH,
BBI3BaHHBIX 00yueHueM. MccneqoBanus pa3inyuid B paJuouyBCTBUTEILHOCTH Y B3POCIbBIX U
JeTell MoKa3aid, YyTo JIeTH Oosiee YyBCTBUTENbHBI K Pa3BUTHIO PaKa IIUTOBUIHOMN XKene3bl,
MO3ra, KOXHM M MOJIOYHOM >KeJe3bl, a Takke JIeWkeMuu. V3 mpuBEIEeHHOrO BBIIIE aHAIM3a
(puc. 8) CTaHOBHUTCA SICHO, YTO F€HETUYECKOE BO3JICHCTBHE M OHKOJIOTHYECKHE 3a00JIeBaHUS
SBIISIIOTCSI OCHOBHBIMU TpoOJIeMaMu JUIs 310pOBbsl IpH Bo3aeicTBuu M.

* . . . e . . o e o v
[United Nations Scientific Committee on the Effects of Atomic Radiation]. Hayunslit komurer OOH 1o nocieacTBisM aTOMHOM
paguanuy.
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Pucynok 8 — OcoGeHHOCTH pPaAHOYyBCTBUTEIBHBIX OPIaHOB y AeTeH [9]
[Features of radiosensitive organs in children]

Onu Moryr ObITh OoJiee BEpOATHBIM, 4YeM TCHETHYCCKHE W3MCHEHHUS B
chopmupoBaBiieMcss ~ opranusme.  [eHermueckne  3(QexTsl  MOTYT  BKIIOYATh
MEPTBOPOXKACHUE, BPOXKICHHBIE aHOMAJIMH, CHIDKCHHE MAcChl Tella TMpU POXKICHUH,
MJIQJICHYECKYI0 W JIETCKYI0O CMEPTHOCTb. ODTO pe3yJdbTaThl MYTallMM B KIJIETKaX JIIOJACH,
nojBeprimmxcs Bo3aeiictsuio NN, koTopeie mepeaatoTcss UX MOTOMCTBY. DTH 3P (HEKThI MOTYT
MPOSIBUTHCS B MPSAMOU CEMbe, €CIIA MOBPEIKIACHHBIC TCHBI SIBJISIFOTCS JIOMUHUPYIOIIIMHE, HITH
MOTYT TIOSIBUTHCSI BO MHOTHIX ITOKOJICHUSIX TI03K€E, €CITU TeHbI PEIICCCUBHBI.

YMeHbllIeHUE CTENEHU BO31eiICTBUSI HOHU3UPYIOLIET0 U3JIy4YeHUs HA J1eTel

I[Ipu pa3paboTke CTaHAApTOB, TMO3BOJSIONMIMX YMEHBIIUTh PHUCKH  Pa3BUTHUS
OHKOJIOTUYECKUX 3a00JIeBaHM, CBA3aHHBIX ¢ Bo3jaelicTBueM WU HuM3KkMX ypoBHEH 103 [12],
HAay4HbIE KOHCEHCYCHBIE TPYIIbI W JPYrHe pPETyJIHPYIONIHE OpPraHbl PEKOMEHIIOBAIH
WCIIOJIH30BATh JUHEHHYIO OECTIOPOTOBYIO MOJIEIb.

B pexoMeHmanusax mogdepKkruBaeTcss HEOOXOMUMOCTh MpuMeHeHus npuHmuma ALARA
OTHOCUTENIbHO CHWXXeHHs ypoBHerd WU, oxaspiBaomiero BO3ACHCTBHE Ha JETEH,
MPEJCTABISIIOMMX ~ CO00OM  MOATPYIITYy  HAcelNeHWs,  OO0JIAJaroniero  IOBBIIICHHON
PaauoYyBCTBUTEIIBHOCTHIO. 3HAYEHHE ATOTO TMOJAX0/a BO3POCIO C POCTOM HCIOJIb30BAHUS
JTUATHOCTHYECKHUX TMPOIEAYpP, BKIIOYAIONINX OOJydeHHWE B HHU3KHX J03aX, OCOOCHHO IpHU
kommbroTepHoit ToMorpaduu (KT), mpu kotopoit cozmaercs mo3a B 30-90 mSv wa 2-3
CKaHHUPOBAaHMS. DTy 103y MOXHO CPaBHUTb C HU3KUMH Jo3amu paguanuu (5-150 mSv),
KOTOPBIM MOJBEPINIMCh MOJArPYyNNbl HaceneHuss Xupocumbl u3 25 000, BBDKUBIIMX MOCIE
aToMHOW OoMOapaupoBku. IlosToMy mnpuMeHssi JUHEHHYIO OECIOpPOTOBYIO MOJIEIb,
OTHOCHUTEJIbHO BO3HHMKHOBEHHS OHKOJIOTMYECKHX 3aboseBaHuil mpu BozaeiictBun WU Ha
yenoBeka, bpennep J[.JK. [13] koHcTatupyer, 4TO yBETWYCHHE PHUCKA OHKOJIOTHYECKUX
3a00JIeBaHUM, CBA3AHHBIX C BEIMYMHAMM YKa3aHHBIX /103, TAKXKE MO3BOJISIET MPEIIOIOXKHUTS,
YTO JI030Basi Harpy3ka Ha OpraHbl jAeTei, oOpasytomasics npu KT-ucciegoBaHusx, MOXKET
TaK)K€ yBEJIMYHMBATh PUCK OHKOJIOTMYECKUX 3aboieBaHuil. Ha omacHOCTh CTUMYIHpOBaHUS
OHKOJIOTHYECKUX 3a00JIeBaHMM Yy JAeTel, moaBeprarommxcs Bo3aeicTteuio MU  npu
WCIIOJIb30BAaHUU TUATHOCTUYECKOTO 00OPYI0BaHMS OTMEUAIOT TaK)Ke aBTOPHI paboThI [ 14].

HeraTuBHble nocjieACTBUS pa00ThI ATOMHBIX JIEKTPOCTAHIUH

K HeratuBHBIM TOCTIEACTBHSIM PabOThI ATOMHBIX AJIEKTPOCTAHIIUN, B MIEPBYIO OYepE/lb,
CJIeIyeT OTHECTH HEUCKITIOYAIOIIYIOCS BO3MOKHOCTh BOZHUKHOBEHUS psiia coObiThii Ha ADC,
KOTOpBIE MOTYT MPUBECTU K PaJUAIMOHHBIM aBapHsIM, Pa3BUTHUE KOTOPBHIX B TOW WM MHOU
CTENEHU OKa3bIBAaeT BIIMSIHUE Ha 370pOBbs nepcoHana ADC u HaceleHHUs, IPOKUBAIOIIEE
BOMM3U craHiuu. [Ipu BCeM MHOXKECTBE paJMallMOHHBIX aBapUi, CIyYUBIINXCS B MUPE 3a
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BpeMsi, B TEUEHHE KOTOpPOTO pa3BUBalach aTOMHAs MPOMBILUIEHHOCTh M IPOU3BOACTBO
ATOMHOTO OpPY>KHsI, OCHOBHBIM (PAKTOPOM, 1O MPUYMHE KOTOPOTO MPOU3OILIN PaJUalliOHHbIE
aBapuu, SIBIsETCs yesnoBedeckuil (axtop. OCHOBHBIE YepTHl 3TOro (akTopa: XaJaTHOCTH,
HEBHUMATEJILHOCTh, CAMOHA/IEIHHOCTb, (hU3MUYECKasi WM MCUXOJOTHYECKas yCTaJoCTh U T.1.
OTH 4epThl WIM HEJOCTATKHU, MO CYyTH, XapaKTEPHbI JJI1 KaKJIOTO YEJIOBEKA, HO MPOSBISATHCS
OHM MOTYT JIMIIb B KpaltHUX CiIydasiX Mo NpUYHHE (PU3NUECKON, ICUXOJIOTHYECKON YCTaIOCTH
WIM CaMOHAJeSHHOCTU. BoT B pe3ynbrare COOBITUH, pa3BUBAIOMIMXCS B 3TOM KpalHEM
ClIy4ae, U MOKET BOBHUKHYTh paJlallMOHHAsl aBapHs.

BropbiM HeratuBHBIM (PAKTOPOM, MO €r0 3HAYUMOCTH, OIPEAEISIONIMM HEraTHBHbBIC
nocneacTBust pabotel ADC, ABIAIOTCS HKOJOTMYECKHE MPOOJIEeMbl, BO3HUKAIOIIME B
pe3ynbTaTe paadallMOHHONW aBapuH, COMPOBOXKAAIOIIEHCS BBIOPOCOM PaTUOAKTHUBHBIX
BEIIECTB B aTMocdepy, ONpenessioniie paJluoakTUBHOE 3arpsA3HEHHE OKpYKalollel cpeabl,
JUKBUJAIUS KOTOPOro TpeOyeT BMeEIIATeNbCTBA 3HAYUTENBHOIO KOJIMYECTBA JIIOJIEH,
TEXHHUKH, (PUHAHCOBBIX CPEACTB, HEOOXOAMMBIX KakK JUIsl OMjaaThl paboT MO JUKBHUIALUU
MOCJIEICTBUIM paJMAallMOHHONM aBapuM, TaK M JUIs OIUIATHl JKWJIbS HACEJIEHUIO IpPU €ro
9BaKyallud M3 3arps3HEHHOro paiioHa u T1.1. B pabore [15] aBTOpamm mokazaHo, 4TO
auKBHAIMs nocienctsuii YepHoOblibekoit aBapuun aiass CCCP obommiace B $700 mupna, a
3aTpaThl Ha JUKBUAUUIO nocnencteuii Ha ADC dykycuma-1 B SlnoHuM B Hacrosiee BpeMs
cocraBisior $180 mups.

Bmecte ¢ Tem, paaMOaKTHMBHOE 3arpsi3HEHUE OKPYXKAIOIIEH cpeabl M HEraTUBHOE
Bo3nelictBue paborel ADC Kora Ha HaceneHuwe, NPOXKHUBAIOIIEE B pAIE JICPEBCHb
Pamxacrxana (MHaus), pacronoKeHHbIX BOIM3H 3TOH aTOMHOMN 3JEKTPOCTAHIIMH, O KOTOPOM
OTMEYaloch aBTopaMu paHee [11] Henmb3st oTHeCTH K yka3aHHbIM (hakTopam. Ilo mMHeHHIO
aBTOpOB HacTosmel ctathi, Ha ADC KoTa He00X0ArMMO MPOU3BECTH MOJECPHHU3AINIO CUCTEM
OUYHCTKU BBHIOPOCOB, YTO MO3BOJIUT YMEHBIIUTh UX BEIUYHUHY B YCIOBHSIX IITaTHOH padOTHI,
HO TOTpeOyeT JOMONHUTEIBHOrO (UHAHCHPOBAaHUS, B 4YeM, [O-BUIUMOMY, HeE
3aMHTEepecOoBaHO pPykoBoAcTBO ADC. OpHako 5TH MpOOJEMBI OTHOCSATCS K 00IacTu
COLIMATILHBIX U BHYTPUIIONIUTUYECKUX TpobieM MHauu, a He K 0COOEHHOCTSIM BO3ACHCTBUS
WU Ha OMOOOBEKTHI, XOTSI B OCHOBE M ATUX MPOOJIEM TaKKE JICKHUT YEIOBEUECKUH aKTop.

Metoabl M cpeAcTBa PAMANMOHHOIO U IKOJOTMYECKOr0 KOHTPOJS HA SIEPHBIX
o0beKTax

PanuanyionHas 3amura HampaBlieHAa Ha OOECleYeHHe HaJIeKallero YpOBHS 3alllUThI
JTIOJIEd W OKpYXaromend cpeapl 0e3 4Ype3MepHOTrO OTPaHWYEHUs TOJE3HBIX JCHCTBUN B
pe3ysbTaTe BO3JACHCTBUS paauanuu. JTO SBJISETCS YacThIO JIEATENbHOCTH MexXIyHapoIHOM
opranmzaruu Tpyna (ILO/MOT) no 3ammre pabOoTHUKOB OT Oose3Hel, O0Je3Hel U TpaBM,
BO3HHKAIOIINUX B CBS3HM C UX pabOTOH, B COOTBETCTBUU ¢ ycTaBoM Opranuzamuu. [Iporpammsr
ILO ckoopAMHUPOBAHBI, YTO JAET TMPABHUTEIbCTBAM, OpraHU3alUsM padoTomareneii u
pabOTHUKOB HEOOXOIMMYIO IOMOIIb B pa3paboTKe U peaau3aluy NporpaMm Mo yJydlIeHUIo
YCIIOBHM TpyAa W OKpyxaromiei cpenpl. OHM COTPYIHHUYAIOT C APYTUMH MEXKIyHAPOIHBIMH
opranmsanusamMu, TakuMu kKak MAID'ATD u BceemupHas opranuzanust 31paBOOXpaHEHUs
(WHO/BO3), a Takxe ¢ MeXIyHapOJAHBIMU MPO(EeCcCHOHATbHBIMU OpraHU3alUsIMH, TAKUMU
kKak MexayHaponHas acconuanusi mo paauanvonHor 3amurte (IRPA), Mexaynapoanas
komuccus no paguonorndeckoit 3amure (ICRP) u MexnyHaponHas koMuccus MO 3allUTe OT
HenoHusupymoien paauanuu. (ICNIRP).

[ToBbilIeHHE paJUAMOHHON OE€30MacCHOCTH AaTOMHBIX AJIEKTPOCTAHLUMNH M JAPYTUX
NPEeNNpUsATH aTOMHOM OTpaciu SBJISETCS OAHOW W3 HamOojee aKTyalbHbIX MpoliaeM
ATOMHOM JHEPreTHUKH, KOTOpas BKJIIOYAeT B ceOsi mpoOsemMy KOHTPOJS BHEIIHEH Cpe.bl,
BO3JIYIIHBIX W BOJHBIX 0acCEWHOB, MOACTHJIAIOIICH MOBEPXHOCTH, OIMPEACIECHUS T030BbIX
Harpy30K Ha HaceleHue, mnpoxuBatomee BOmm3u ADC, u npyrue 3amaun. Pemienue
JKoJoruueckux rmnpobiem B peruoHe ADC ocyulecTBiseTcs IMyTEM MOHHUTOPHHIa
paavalMoOHHONW OOCTaHOBKM B pailoHe, AJI 4Yero HCIOJIb3YIOTCS CHCTEMbl PaJualliOHHOTO
KOHTPOJIS OKpYyXkarolieil cpeapl. JleranbHbiii aHanu3 [16] moka3piBaeT, 4TO TaKue 3allUTHHIE
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CHUCTEMBl BKIIOYAIOT B Cce0s aBTOMAaTHU3MPOBAHHBIE OJOKM W3MEPEHHsI JaHHBIX U
obopymoBaHre, KOTOpoe oOecreunBaeT UX padoTy, MmoydaeT U oOpabaThIBacT JaHHBIE 00
KOHTPOJIUPYEMBIX IMapaMeTpax HM3JIy4eHHs B 30HE KOHTpoiupyeMoro nocryna k ADC, Ha
MPOMBINIICHHON IUIOIIAKE, B CAaHUTAPHO-3AIUTHON 30HE, U B 30HE HAOIIOJEHUS BO BCEX
pexumax skcmryarauu ADC, BKIIOYAash NPOEKTHBIE M 3alPOEKTHHIE aBApUHU, a TaKkKe
cocrosinue ADC mpH BbIBOJIE U3 IKCILTyaTaIl[UU SHEPTOOIOKOB.

B cootBercTBHM ¢ Moaenbto Poccuiickoit @enepanyu [17] paguaiiOHHBIA KOHTPOJIb Ha
ADC ocymiecTBisieTcs: Ciry)x6amu paararimoHHoro KoHTpoiss ADC, cepTuUIIMPOBAaHHBIMHU B
COOTBETCTBUU ¢ TpeOoBaHUsIMHU DeiepabHOTO areHTCTBA [0 TEXHUYECKOMY PEryJINPOBAHUIO
u Mereoponorud. Opranuzanus paguanuonHoro koHTtponss ADC (oObem, yacToTa,
KOHTPOJIbHBIE ~TOYKHM, HCIOJHUTEIM M y4Y4e€T pe3ylbTaTOB) OCYIIECTBISETCS IO
COOTBETCTBYIOIIMM IPAaBHJIaM, YTBEPKICHHBIM pEruoHalbHON aupeknueit denepanbHOro
Menuko-buonornyeckoro ArenrctBa (PMBA) Poccun. Takke pernoHaibHBIC YIpPaBICHUS
®OMPBA Poccun OCymecTBISIOT HE3aBUCUMBIN, M30MpATEIbHBIN pagualliOHHBIA KOHTPOJIb
O0BEKTOB OKpYKalolllel cpeapl U MPOAYKTOB TMHTAHHUA MECTHOTO MPOU3BOJCTBA.
OcHOBBIBasiCb Ha TPUHLMUIAX PAJAUALUOHHONW OE30MAaCHOCTH, NPUHATHIX MHPOBBIM
coobiiecTBoM, KoHLepH «PocaHeproatomMm» mocienoBaTeNbHO MPOBOJUT TOJUTUKY IO
BHEJIPEHUIO U JAJIbHEUILIEMY PAa3BUTUIO METOAOJIOTUN ONTHUMHU3ALNUU PAIUALIMOHHOMN 3aIUThI
Ha ADC. Merox 3akiioyaercs B NOJACPKAHUM WHAMBHAYAIBHBIX 103 OOIy4eHHS U
KOJIMYECTBA OONYyYEHHBIX JUI[ HAa MHHUMAIbHO BO3MOXHBIX VYPOBHSIX C YU4ETOM
SKOHOMHMYECKUX M COLUANBHBIX (PAKTOPOB, a HHPOpPMAIUSI O J03aX OONyueHHUs 3aHOCUTCS B
YUETHBIE KapTOUKH MEepCOHANa JJsl MHANBUAYAIbHBIX 103 OOJY4YEeHUS U B AIEKTPOHHBIE 0a3bl
JAHHBIX aBTOMATHU3UPOBAHHOW CUCTEMbl HMHJUBHUAYAIbHOTO J03MMETPUYECKOIO0 KOHTPOJIS
(ACUIK), co3manHoro B koHuepHe Pocaneproatom [17]. PesynbraThl mpencTaBieHBI B
pPaaNalMOHHO-YUCThIX MACHOpPTax COOTBETCTBYIOIIMX OPraHU3ALMK U TOJIOBBIX OTYETAX O
panauanMoHHON oO0cTaHoBKe Ha Tuiomaakax ADC. JlanHas MoJenb pafualliOHHOTO KOHTPOJIS
npeAHa3HayeHa Jis MOATBEPXKIACHUS OTCYTCTBUS paAvallMoOHHOro BozjaenctBuss ADC Ha
HaceJICHUE U OKPYKAIOUIYI0 CpeAy MyTeM KOHTPOJS M aHajdu3a U3MEHEHUH paJualiOHHOU
0OCTaHOBKM B CaHMTapHO-3aIlMTHON 30HEe W 30He HabmoneHus Ha ADC. Kpome Toro, s
oOecrieyeHHss HENpPEephIBHOTO KOHTPOJS 33 MHTEHCHBHOCTBIO JIO3UPOBKM B  MecCTe
pacnonioxeHuss ADC Bokpyr kaxnaod ADC nelcTByeT aBTOMAaTH3MpPOBaHHAs CHUCTEMa
KOHTpoJIsl paauannoHHon oocrtanoBku (ACKPO) [18].

HccnenoBanust KOpeWcKol MOJETU MOKA3bIBAIOT, YTO UX PaJUAllMOHHBI MOHUTOPUHT
OKpYXarolled Ccpeapl COCTOMT U3 JBYX 4YacTel: OOIIeHAalMOHAIBHON MPOrpaMMbl
MOHUTOPUHTa W TMPOTPaMMbl MOHUTOPHMHTA SJIEPHBIX YCTAaHOBOK. HammonamsHOE
OTCJICKMBAHUE OCYIIECTBIISICTCS HAa PETHOHAIBHBIX CTaHIUsAX MoHuTOopuHTa (RMS), a
pernoHasibHble mocThl MoHuTOpuHra (RMP) pacnpenenensl mo Bceil cTpaHe, a TakXke B
LlenTpanbHON u3MeputensHoit nadoparopun (CML), ynpasisiemoit KopelickuM HHCTUTYTOM
anepHoit 6e3onacHocTy (KINS). MOHUTOPUHT SEpHBIX YCTAaHOBOK IMPOBOJIUTCS HA YETHIPEX
ATOMHBIX D3JIEKTPOCTAHIMSAX M Ha JBYX IUIOLIAJKaX MCCIEA0BaTEIbCKUX peakTopoB. Bce
naHHble, coOpanHble B RMS u RMP, a Takxke Ha muioniajikax sepHbIX peakTOpOB, JOCTYIHbI
st KINS yepe3 HHTErpupOBaHHYIO CETh paIMAIlMOHHOIO MOHUTOPHUHTA OKPYKAOLIEH CPEeJIbl
(IERMN). ITomoraet B peuieHr# npo0aeM paaualliOHHOTO BO3/IEHCTBUS B CTPaHE.

Kpome toro, B Coequnennsix llltarax, 70 Bpl1auu pa3penieHUss HaA CTPOUTENBCTBO MU
JUIEH3UU Ha SKCILTyaTallli0 aTOMHOMN 3JIEKTPOCTaHLINY, (eiepaibHble areHTCTBa (Harpumep,
USNRC) o00s3aHbl OIlEHMBAaTh TMOTCHIIMAJIBHOE BO3JCUCTBHE JTOW YCTAaHOBKM Ha
OKPY’KAIOIIYI0 Cpeay, 4YTOObl rapaHTUPOBATh, UTO BblJaya pa3pelleHus WIH JULEH3Us OyaeT
COOTBETCTBOBATh HAIIMOHAJIbHBIM NPUPOJOOXPAHHBIM LIEJSIM, YCTAaHOBJICHHBIM B 3aKOHE O
HanoHanbHOM sKosornueckor nonmtuke (NEPA) 1969 roma u B denepasibHOM 3aKOHE O
KOHTpPOJIE 3a 3arpsi3HeHUEM BOAbl. YTOOBI MONYYUTh HMH(OpPMALMIO IS 3TOH OICHKH,
3aSBUTEIN JIOJDKHBI IPEACTABUTh OTYET O IIOTEHUHWAJIbHOM BO3JCHCTBUM CTAHLMHM H
CBS3aHHBIX C HEl OOBEKTOB Ha OKPYKAIOLIYIO cpeAy. A Moclie TOro, Kak CTaHIUS HayHEeT
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(YHKIMOHUPOBATh, HEOOXOJMMO MPEACTABUTH €KETOMHBIA IKOJIOTUYECKUN OTYET, YTOOBI
o0ecreunTh TOCTOSIHHOE COOTBETCTBUE TPEOOBAHUSAM, MW3JIOKEHHBIM B JIMLIEH3UU Ha
YCTaHOBKY, M akTaMm, ykazaHHbIM paHee [19]. MBanuyk [20], mocTyaupoBaj: 4TO pEIICHUE
MPAKTUYECKUX 3a7ady O0OecleyeHHs] MPUEMIIEMOro KauyecTBa OKpYKawolled cpensl (s
3JI0POBBS U KU3HEJEATEIILHOCTH HACETICHHS) HaJl aHTPOIIOT€HHBIMH 00bEKTaMH, MOXKET ObITh
JNOCTUTHYTO TYTEM CO3/1aHus M BHEAPEHHUS COBPEMEHHBIX aBTOMATU3MPOBAHHBIX CHCTEM
KOHTPOJIS paualiiOHHON 00CTaHOBKHU OKpYy»Katotien cpeasl (ACKPO).

BHenpeHue HOBBIX TEXHOJIOTMIi PaJHALMOHHO-IKOJIOTHYECKOI0 KOHTPOJISA
OKpY:Kaloleil cpeabl

Kak coobmaercst B paborax [16, 17]: pazpabotka u BHeapenue ACKPO mo3BossroT
3HAYUTENIbHO YIYYIIUTh CUTYallMl0 C TOYKH 3pEHHUS HEOIaronpusiTHOTO BO3JACHCTBUS
HPEINPUATHS HAa OKPY>KAIOLIYI0 CPelly B OKPECTHOCTSIX, NeHCTBYOMUX ADC, XUMHUYECKUX U
METATYPrUYeCKUX MpeanpusaTHii. OTa aBTOMATU3MpPOBAaHHAs CHUCTeMa UMeeT Habop
JMATYUKOB, KOMIIBIOTEPHBIX MPOTPaMM M HCIOJHUTEIBHBIX MEXAHU3MOB, KOTOPBIE TOJIKHBI
KOHTPOJIMPOBATh CUTYAIUIO B OKPYKAIOLIEH cpelie HAa TEPPUTOPUH MPEANPUITHS B PEKUME
pealbHOTO BPEMEHH, IIPOU3BOIUTH HEOOXOIUMBIE pAaCUeThl U MPEACTaBIATh PE3yNbTAaThl Ha
HEHTPaJIbHBINA IIUT YIIPABICHUS ONepaTopa U OOIIECTBEHHOCTH B BUJE MPOCTHIX U MOHATHBIX
tepmuHax. [logoOHBIE cHCTEMBI B BHJE€ aBTOMAaTHU3MPOBAHHBIX CHUCTEM DPaIUAIMOHHOTO
KOoHTposst (ARMS) ObuiM ycHemHO BHEOPEHBI W SKCITyaTUPYIOTCS HAa BCEX AaTOMHBIX
anekTpocTanuusix B Poccuu. OCHOBHBIE IENM HCIOJNB30BAHUS KOMIIBIOTEPU3HPOBAHHBIX
CUCTEM, MpeIHA3HAYCHHBIX 11 KOHTPOJIS 3a COCTOSIHUEM OKpYXKalollel cpenbl, COCTOSAT B
cnez[y}omeM [16, 17, 21-24]:

ObecnieunBaTh paHHee OOHapy)XEHHE TMOBBIIICHHOTO WJIM aBapUWHOTO BHIOPOCOB

ra3oa’po30JbHBIX PAJUOAKTUBHBIX MPUMECE U Ha OCHOBE MOJIYYCHHBIX JAaHHBIX

MIPOBOAMTD OIICHKU MX KOHIICHTPAIUI U pacipOoCTpaHEHUE;

- IIporHo3upoBaThb BO3MOXKHOE 3arps3HEHHE OKpYKalollell Ccpeapl  BO3AYIIHOTO
OacceifHa, MOACTUIAIONICH TOBEPXHOCTH U MOAKHCICHNE TOBEPXHOCTHBIX BOJI PailOHa;

- OcylecTBiATh U3MEPEHNE KOHIICHTPALMH SIIOBUTBHIX M TOKCUYHBIX BEILECTB B MOJIEBBIX
YCIIOBUSIX;

— OueHuBaTh TOKCHUKOJOTMYECKHE M XMMHUYECKME HArpy3ku Ha IMepcoHall OObeKTa U
HaxoJsuieecs No0JIN30CTH HACEICHNUE;

- IlpenocraBisTe pEKOMEHJALMM PYKOBOACTBY NPEANPUATHA, MHMHHUCTEPCTBY IO
Ype3BbIYAIHBIM CUTYyallUsIM W JPYTUM OTBETCTBEHHBIM JIMLIAM JUIsl OOOCHOBAaHMS
npoluecca NPUHATHS PEIICHUH 0 3alIUTe OKPYKaIoIIel cpesibl 1 MECTHOIO HACEIEeHMs,
Y MUHUMM3ALUH 3KOJOTHYECKHUX TOCIIEICTBUM.

Cucrema nomxHa paboTaTb B PEXUME pPEAJIbHOIO BpPEMEHHU, YTO MOXET OBbITh
JOCTUTHYTO 3a CYeT aBTOMaru3aluuu cOopa paJuallMOHHBIX, TOKCHKOJOTUYECKUX,
XUMHYECKMX M  METEOpOJIOTMYECKHMX  JaHHBIX, OT KOTOPbIX 3aBUCAT  PACUYEThI
MPOTHO3UPOBAHUS, U  HCIIOJIb30BAHMUS  MAaTEeMAaTUYECKOM MOJEIM  paclpoCTpaHEHUS
ra3zoa’po3oJjibHbIX mIpumecedl B atmocepe. Ilpuuem maremarumyeckas MoJenb JIOJDKHA
YUUTHIBaTh peajibHoe reorpaduyeckoe mnojoxeHue ADC U 0COOEHHOCTH Teo(U3UYECKOro
MOJIOKEHUS peruoHa [25].

YcaoBusi pazmemennss ARMS

PaccmarpuBaemsie B pabortax [16, 17, 21-24] cucrempr ACKPO, 0CHOBY KOTOPBIX
COCTaBJISIIOT Y-NI€TEKTOpbl, JATYUKA METEONapaMeTpoB WM JETEKTOPbl XUMHUYECKOTO
3arpsiI3HEHUS] OKPYXKAIoUIeil cpellbl U JIp., CleyeT pa3MeniaTh Ha MPOMBIIUICHHOH IJIOMIAKe
¥ B CaHMTapHO-3amuTHOH 30He” (C33). Jlng OLEHKM XHMMYECKOTO 3arps3HEHHs
OKpYXKaloIlled Ccpelbl JOCTaTOYHO Pa3MECTUTh JaTYMKU IO IMEPUMETPY INPOMBIIUIEHHOU
wiomanku. Opnako mns cucteM ACKPO, npoektupyembix st ADC, mpu pa3MeleHUuu

*

CaHNTapHO-3alIUTHAS 30Ha-3TO TEPPUTOPHS BOKPYT MPEANPHUSITHS, OTAEIAIOMAs IPOMBIIIEHHOE IPEAIPHUITHE OT XKUIBIX
KBapTaJIOB WIH CEIbCKOXO3SICTBEHHBIX YTOJUH, HCIOIb3yEeMbIX HACEICHHEM IIPH OCYLECTBICHUH X031HCTBEHHON
JEATETbHOCTH.
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neTeKTopoB BOKpYr ADC NOKHBI YUUTHIBAaTHCSI TAKUE METEOPOJIOTUYECKUE XapaKTEPUCTUKU
peruoHa, KakK COCTOSIHHE YCTOMUHMBOCTH aTMOC(epbl, ONpeAeNseMoe IO METOANKE
rpaMeHTHBIX HaOmomeHuii [16, 22-24], TpeOyromeld JaHHBIX 110 CKOPOCTH BETpa,
TEMIEPAType U BIAXHOCTU B PA3IMYHbIC CE30HBI U PA3IUYHOE BPEMs JHSA U Ha Pa3IMYHbIX
YPOBHSIX 1O BBICOTE. 3HAHME OSTUX METEOPOJIOTUYECKUX XaPAKTEPUCTHUK IO3BOJIUT
ONpEAeNIUTh HAUXYAILIEe COCTOSHUE YCTOMYMBOCTH aTMmochepsl, i KOTOPOrO HaXOIST
ONTUMAJIbHOE 3HAa4YCHHE KOJIMYECTBA JIE€TEKTOPOB, paszMemniaemMblx Bokpyr ADC. 3to
MO3BOJIIET ONTHUMM3UPOBaTh (MHAHCOBBIE U MaTepualbHBbIE 3aTpaTbl IPHU YCTAaHOBKE
no100HBIX cucTeM. J[71s MOBBIIIEHHS HAJIS)KHOCTH Iiepeaun nH(opMaluy cucTemMa J1aT4uKoB
nyOnupyercs HE TOJBKO HMX KOJMYECTBOM, HO M MO KaHajly MmepeAadyd HHGPOpMaIuu:
paanoCBs3b, CBA3b Yepe3 Kabelb, ONTOBOJOKOHHAS CBs3b U Jip. B paboTax ykasbIBaeTcs, 4TO
IpU OMpEeNIEHUU PacCTOSHUS, omnpeaensiomero rpanuiny C33 oT BO3MOXKHOTO MCTOYHHKA
3arpsi3HEHUs, HUCIOJb3YeTCS MHOXECTBO (PaKkTOpoB. IDTU (PAKTOpPhHl BKIIOYAIOT B ceds
MOIIHOCTh MPEANpPUATHS, YCIOBUS €ro paldoThl, XapakTep M KOJUYECTBO BBHIOPOCOB
3arpsi3HSIONINX BEIIECTB B OKPYXKAIOUIYIO CPEIy, COCTOSHHE YCTOHYMBOCTH aTMOC(ephl,
oOpa3oBaHue IIymMa, BUOpallMK U Apyrue BpeaHble (u3MUecKUxX (akTOphl, a TaKKE MEpHI,
MpPUHUMAeMble Ui CHIDKCHHUS HEraTHBHOTO BO3JCUCTBUS NPEANPUATHS HA OKPYKAIOMIYIO
Cpely W 370pOBbE 4YENOBEeKa. B COOTBETCTBUM C CaHUTApHOW KiaccuduKaiuein
MPOMBIIUICHHBIX OOBEKTOB U OOBEKTOB HCIHONB30BaHWsA aToMHON »Heprum, C33
ycraHaBnuBaercsi Ha paccrosHuu 50-1000 meTpoB (M) OT MOTEHIMAIBHOTO HCTOYHHUKA
3arpsi3HEHUs. OJTO CIEAyeT POCCUICKOMY 3aKOHOJATEIbCTBY, COIJIACHO KOTOPOMY BCEM
npennpusaTusiMm B Poccuu mpucBamBaeTcs COOTBETCTBYIOIIMK kimacc oT I mo V, mpuuem
Ka)K]IbIi KJ1acc umeeT cBoil pazmep C33 [26].
MartemaTuyeckasi Moje/ib llepeHOCca PaAUOAKTHBHOI IpuMecu B aTMocdepe
B paborax [23, 24] aBTOpBI, OCHOBBIBAsICh Ha CXOXKECTH reorpaduueckux 0cCoOOCHHOCTEH
PErMOHOB, IPEeIHA3HAYEHHBIX 1Jis1 cTpouTenbcTBa ADC, B COOTBETCTBUU C PEKOMEHIALUSIMHU
paboThl [25], A1 OLEHKH PaJUOAaKTUBHOTO 3arps3HEHUS] OKpYXaroleil cpesbl (BO3AYIIHOTO
OacceilHa W TOACTUJAIOIIEH TMOBEPXHOCTH) B YCIOBHMAX PpaJMALlMOHHOM  aBapuH,
COITPOBOKIAOILEICS BBIOPOCOM B arMoc(epy ra3zoa’po30JbHON PaJMOaKTUBHON MPUMECH,
UCMOJIB30BAJIM MOJIENIb TEPeHOca NPHUMECH, OCHOBAHHOM Ha ypaBHEHHUH TypOYJIEHTHOU
mudby3uH, paccMaTpuBas IMEPEHOC ee KOHLEHTpamun ¢ (X, y, z) Ku/m® co cremyrommmu
aTMOC(EPHBIMU METEOpPOJIOTUYECKUMHU TapaMeTpaMu, KOTOpBIE OINpPENeIsaf, HCHOIb3Ys
METO/I TPAJIMCHTHBIX HAOJFOICHUI HaJl CKOPOCTHIO BETpa M Temmeparypoi [22, 27]:
- u(z) — OpOJOJIBHOM CKOpPOCTh BO3AYIIHOTO IOTOKAa M/C (IIOMEPEYHYI0 CKOpPOCTh
MPUHUMAJIN PaBHOH HYIIIO);
- k(z) — ko3 ummenToM TYp6yneHTHON quddy3un M/c;
- b(z) — oHeprus TypOYJIEHTHBIX MyJibCalluid, oOmpeneisieMass B paMKaxXx MOJENU
MIPU3EMHOTO CJIOST aTMOC(EPHI.
Kpome Toro, B crarbe coo011aI0Ch, YTO pacyeT aTMOC(EpHOro rnepeHoca MpuMecH ras
— a3po030JIb, KOTOPHI OOBIYHO OINMCHIBACTCSI TPEXMEPHBIM YypaBHEHHEM TYpOyJIEHTHOM
b dy3un, MOXKHO CYILIECTBEHHO YNPOCTUTH, MpEArnoaras, 4YTo cyocTaHuus BAOJIb OCH Y,
MOJKeT OBbITh omucaHa 1o 3akoHy ['aycca. Takum o0Gpa3om, 3TO MO3BOJSET HAM OIPEAETUTh
00BEMHYIO0 aKTUBHOCTB TTPUMECH, UCTIOJIBb3YS CeAyroIIee BeipaxeHue (3):

_ S(x2)
Q(x,y,z) - \/ﬁay(x) (3)

rlie 0y(X) — cTaHJapTHOE OTKIOHEHHe; pyHKuus S(x, z) onpenensercs Kak (4):

S(,2) = ["7 q(x,y,2)dy =2 [ q(x,y,2)dy. 4)
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Taxum o6pazom, 111 00bEMHON KOHLIEHTPAIIMH TPUMECH ra3a WM a3p0o30Jis, OIyqatoT
ypaBHeHue (5):

as as a as

us—w2 == k(2| - 05+, 5)
e o(x,2) = [ fl,y,2)dy = M8z hag )i f = MEX)SEM)SE(z- hyg ) HCTOUHMK
3arpsA3HSIONIETO Ta3a WIM a’po30JbHOM mpumecu; M — momHOCTh BbIOpoca B (Kwu/c);
h,y — >¢dexTuBHas BbicOTa BbIOpOCA, MPEACTABIAIOIIAS COO0H CyMMy IeOMETpHUYECKON
BBICOTHI BEHTTPYOBbl Ht u mpupamieHusi Ah, oOycIOBIEHHOTO KOHBEKTHBHBIM IOABEMOM
ra30a’po30JbHON PaIMOAKTUBHOW CTPYH, BBHIOPOIICHHOW M3 BEHTTPYOBI; G — IOCTOSHHAs
pellakcaluy 3arps3HSIO-IIEr0 Ta3a WIH a’po30JIbHON mpumecu (6 = oot A), KoTopas
CKJIaJIBIBACTCSI M3 CYMMBI: KOHCTaHTHI BBIMBIBAaHUS TpUMeced H3 arMocdepsl 0y ¢ u
MIOCTOSTHHOM €€ paJIM0aKTUBHOTO pacmaja A. PaccMarpuBast JOATOXHUBYIIYIO PATUOAKTUBHYIO
pUMeCh, MOJaralwT, YTO MEepUO MOoJypacHana CIUIIKOM BEIUK, a motomMy A = 0, Tak 4TO
0 = 0¢; W — TPAaBUTAIIMOHHAS CKOPOCTh OCAKJICHUS MPUMECEH, M/C.

B paccmarpuBaeMoii MOJiE€nM IEPEHOCA BEIMYMHA 033 (x) npencrasnena B Buje (6):

02 (x)=bx?/u*(1+ %;), (6)

rae b, k, U 3Hauenus b(z), k(z), u(z), a= 0,015, YCPEIIHEHHBIE TI0 MPU3EMHOMY CJIO0 BBHICOTOM
Hyp ~ 75 M ¢ Becom S(x, 2).

- I b(2)(f3° S(x,2)dx)dz — _ S k(2)(f;° S(x2)dx)dz _ I u(2)([3° s (x,2)dx)dz o
f:"p(f:os(x,z)dx)dz ’ fOHHp(f:oS(x,z)dx)dz ’ fOH"p(f;oS(x,z)dx)dz
I'pannuHbIe ycoBUs oNpenesaoTcs BoipakeHusaMu (8)-(11):
S, 2) Lo =0; @®)
S, 2) oo = 0; )
S(x, 2) | = 05 (10)
as
k(Z)EE =(ﬁ'_]M)S}=Zy (11)

Z=2Zy

rae ff — CKOPOCTh CYXOro OCA&KICHHsS MpPUMEcCEel raza u a’po30iisi Ha TMOJCTHIAOLIEH
MOBEPXHOCTH, a Zp — T[apaMeTp MIEPOXOBATOCTH MOJACTUJIAIOMIEH TOBEPXHOCTH.
Ananmutrueckoe pemenue 3anadu (5), (6), (8)-(11) maercs dbopmymnoit (12), a o60bemMHYIO
KOHIIEHTPAIMIO TPUMECH ra3a W a’po30Jii MOXKHO paccuuTarh mo dopmyne (3), B KOTOpoi
S(x, ) 1 ipeACTaBISIET COOOM peleHne yKa3aHHOU 3a1a4u;

( z zﬁ z— Zﬁ
o 250 o2
W(Z—_hscp) ) < _

Tkux

2B-w 2B-w)(z+hyy) | (2B-w)? kx _ 28-w\ [kx | (z+hsp)
T Tra eXp[ 2k +(zz‘c)Exerfc(zE) =z o | (12)

)
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36 OPYMO u np.

Ha pucynke 9 a, 6 npuBeneHbl pe3ylbTaThl PacueTOB M30JMHUN MPOCTPAHCTBEHHOTO
pacnpeneneHus paJlioakKTUBHOW IPUMECH B MPU3EMHOM ciioe atMocdepsl (Ha BeicoTe Z = 1,5
M) JUIS HEYCTOMYMBOTO (@) M YyCTOWYHMBOrO (6) COCTOSHUI aTtMocdepbl. ITH pacdeTs
HATJISITHO TOKA3bIBAIOT, KAaKyl BaXXHYIO POJb MOXET HrpaTh COCTOSIHHUE YCTONYHMBOCTH
aTMocdepbl TpPH OLEHKE IUIOHIaJd PaJMOAKTUBHOTO 3arps3HEHHS, IOJICTHIIAIONICH
MOBEPXHOCTU U HaHECEHHUs yIiepOa HaCeJICHHBIM YHKTaM, CEIbCKOXO03HCTBEHHBIM YTObs U
OKOJIOTUHM OKPYKAIOLICH Cpeibl B IIEJIOM, €CIM 3TH HACEJCHHbIC IYHKTHI MOMAIAYyT B 30HY
PaZMOaKTUBHOTO 3arps3HEHMUSL.

Hmarmms incaspoecanchl sprucce men mevcoftmson cocseamm aneccdou Hsomm sasoaposaasnoll S Spn veTolepod o ToaHIen atsesdepi

1 2001

- |
. i 400 ,..fjj {'_"':___,,:“_'._:
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/] 00
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t { T 208 2 I 3403 2 (KM
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Pucynox 9 a — YpoBHH OBEpPXHOCTHOTO 3arpsI3HEHUS OACTHIIAIONIEH TIOBEPXHOCTH a) U1 HEyCTOWYHNBOTO
COCTOSIHUS aTMOC(hEPBI IPH MapaMeTpe yeTolunBoct L = -5, z= 1,5 M, b =1,129; 6) 11 yCTOHYMBOTO
cocTosHusA aTMoc(epsl IPH mapaMeTpe yerolunsocta L= 17, z=1,5 M, b =0,041 [24] [Levels of surface

contamination of the underlying surface a) for an unstable state of the atmosphere with a stability parameter
L=-5,z=1.5m,;b) for a stable state of the atmosphere with a stability parameter L =17, z= 1.5 m]

Pacyer MOIIHOCTH 103BbI € HCOJIb30BAHMEM HHTEIPAJIBHOI0 METOAA

Pacuerbl xapakTepUCTHK J03bl MHTETpajibHbIM MeToAoM [16, 22-24] ocHOBaHBI Ha
MPEJICTaBICHUH O0BEMHOTO MCTOYHHKA PAJMOAKTUBHOTO 3arpsi3HEHUS] OKPYXKAIOMIEH Cpesb
COBOKYIHOCTBIO ~ DJIEMEHTApHBIX  HMCTOYHUKOB,  KOOPJMHATHI  KOTOPBIX  3aJal0TCS
(GyHKIIMOHATBHOW 3aBUCHUMOCTBIO BHAa (1), B KakJIOM U3 KOTOPBIX pacmpeeieHne
3arpsI3HUTEIS TIPEToaraeTcs paBHOMEPHbBIM. PaccTosiHue r Mexay TOYKON HaOMIOACHUS U
COOTBETCTBYIOIIUM AJIEMEHTAPHBIM UCTOYHUKOM ormpenensercs no hopmyne (13), a 3HaueHue
MOIITHOCTUA JI03bI PACCUMTHIBAETCS KaK HWHTErpajl OT Habopa TOYEYHBIX HCTOYHHUKOB TIO

dopmyie (14).

r=4(x —x0)2(y — ¥0)? + (z — 20)? (13)
rac x, y, — TCKyH_II/IC KOOpIII/IHaTBI; X0, y(), 20 — KOOpI[I/IHaTLI TOUYKHU Ha6HIO,[[CHI/ISI.

eAu'T

D' (xo, Yo, 20) = 1,31-103 EZ—: .J, B(E,7).q(x,y,2).——dv M3B/4, (14)

r2

rne E — sHeprust oTOHOB; 1) — KBAaHTOBBIH BbIX01; B(E, r) — (hakTOp HAKOIUICHUS; [y,

L — KOdQPUIMEHTHl JHHEWHOTO TOTJIOUICHUS W  OCNA0JIeHUs  y-U3JIydeHUs
COOTBETCTBEHHO;

V — o6nacTs MHTETpUpPOBAHHUSL.

3akjaoueHmue

buonorudeckne 3¢hdeKTh, KOTOpbIE pacCMaTPUBAIOTCS B HACTOSINEH CTaThe, MOTYT
OBITH BBI3BAaHBI Pa3IMYHBIMU TPpUYVHAMH: B PE3YIBTATC XHUMHUYCCKOI'O BO3)I€IZCTBI/I$I Ha
YeJI0BEKa, TSXKEJIbIMU METAJJIaMU, THTEHCUBHBIM BO3/I€HCTBUEM AJIEKTPOMATHUTHBIX BOJIH, B
pe3yJbTaTe BO3ACUCTBUS MOHU3UPYIOUIErO U3y4eHUs U T.1. Bo3neiicTBrue HOHU3UPYIOIIETO
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U3JTYYCHUSI MOXKET MOBPEXIaTh KIETKH TaKUM 00pa3oM, YTO IMOCIEIHEE MOXKET MPHUBECTH K
OHKOJIOTHYECKUM 3a00JIeBaHUAM. OTOT HEraTHUBHBIH 3(P(EeKT MOXKeT ObITh O00YCJIOBIJICH
OpSIMBIMU WJIM KOCBEHHBIMH MEXAaHM3MaMH, a TaKXKe U B PE3yJbTaTe BO3JEHCTBUS OCTPBIX
Wi 3aMeuieHHbIX 3¢ dexToB. Octprie 3PheKThl BO3HUKAIOT MPU BO3ACHCTBUM pagualliu
BBICOKOT'O YPOBHSI, TOT/Ia KaK OTCPOYEHHBIE APPEKTHI MOTYT MOSBUTHCSA UYEPe3 OMpPeeICHHOS
Bpems. K HHUM OTHOCSATCS OHKOJOrMYeckue, reHermdyeckue >5(QexTsl, Bo3AeHcTBHE Ha
SMOpPHOH, a TakXke, TaKMe KaK KarapakTa M TUIIOTHPEO3 (COCTOSIHHE, OOYCIIOBIEHHOE
JUIUTETIbHBIM, CTOMKMM HEJOCTaTKOM TOPMOHOB IIMTOBHUIHOH >xeine3bl). OCHOBBIBAsCh Ha
pe3yibTaTtax aHaiusa B paboTe, MOXKXHO KOHCTaTHPOBAaTh, YTO HU OJHMH YPOBEHb OOJIy4YECHHUS
HE MOXET OBbITh OXapaKTepU30BaH Kak aOCONIOTHO Oe30IacHBbIi, U HU OJUH YPOBEHb HE
ABJIIETCS OJJMHAKOBO OIACHBIM.

Panunanyionnoe 3arpsi3HeHHE OKpYXKAIOLIEH cpe/ibl, aHaTU3UPYEMOE B CTaThe, SIBJISIETCS
OHUM U3 Haubojee BPEOHBIX 3arpsS3HEHU MO CPaBHEHUIO C JPYTMMH, IOCKOJBKY
HeratuBHbIE 3((EKTHl BO3JEHUCTBUSA APYrUX 3arps3HUTENe OOBIYHO pa3BHBAIOTCS, Kak
IpaBWIO, HE cpa3y, a IOCI€ JJIUTEILHOTO BO3AECUCTBUSA, TOrJa Kak paJualiOHHOE
3arpsi3HEHNE MOXKET MPUBECTU K HEMOIMPaBUMBIM MOTEPSAM JlaXke IOclie KPaTKOBPEMEHHOTO
Bo3aeiicTBUsA. Pe3ynpTaThl aToMHON O0MOapaupoBku Xupocumbl 1 Haracaku nmpenocraBuim
YeTKHE J0Ka3aTelbCTBA TOT0, YTO MOHU3UPYIOIIEEe M3ITYUCHHE SIBISIETCS KAHIEPOT€HOM JUIS
yesioBeka. JlaHHble uccinenoBaHui o XUpocUMe MOKa3aja, YTO BIMSHHUE HA POCT MoO3ra y
JeTeH, MOJBEPTIINXCS BO3JIECHCTBUIO BHYTPUYTPOOHOIO pa3BUTHUS B XHUPOCHME, a TaKKe
neeKkTHble poabl, HAOMIOJaeMble B HEKOTOPBIX JepeBHsSX B Pamkactxane u3-3a
paZvalMOHHOTO BO3JICHCTBUS, SIBISIFOTCS pe3ynbratoM Bozzaeiicteust M. Pasymeercs, aToro
OBl HE IPOU3OILIO0, €clid Obl HE OBUIO paJMAIlMOHHBIX BBHIOPOCOB B OKPYXAIOILIYIO CpPEIy.
CrnenoBarenbHO, HEOOXOJUMBI aJeKBATHBIC 3alIUTHBIE MEPBI, HCKIIOYAIONIME MOJ00HbBIE
coObITHsI. B riccnenoBanny Takke ObUIO OOpaIIeHO BHUMAaHUE Ha HEOOXOAMMOCTh CHUKCHHS
1103 U3JTY4YECHHUSI, BOBHUKAIOIIUX MPU KOMIBIOTEPHON TOMOrpaduu B 0COOCHHOCTH JIeTeH.

[lens pamualiiOHHON 3alIMTHI, KaK TOKa3aHO B pabOTe, COCTOMT B TOM, YTOOBI
o0ecrneynTh CTaHAAPT 3AIIUTHI JUIS JIt0JIel Py YMEHBLIEHUH HeraTuBHoro Bosaeiicteus MU,
BO3HUKAIOIIETO MPU HCIOJIb30BAHUM PAJUAlMOHHBIX TEXHOJOTHM, T.e. peub HIeT 00
sbdexktuBHOM mpuMmeHeHun mnpuHiuna AJIAPA npu HMX UCHONB30BaHUU. YUHUTHIBAS
HEraTHBHOE BO3JICHCTBUE HOHM3UPYIOLIETO HU3JIYyYEHUS W HEBO3MOXHOCTb €ro IOJHOTrO
UCKJIIOUEHHUS] U3 XO3AHCTBEHHOM JAEATeNbHOCTH, HEOOXOAMMO BHEAPATh 3((EeKTUBHBIE
3alllMTHBIE MEpbl B KayecTBe KOTOpBIX, Hampumep, Ha ADC MOryr HCHOJIb30BaThCA
aBToMaTu3upoBaHHble cucteMbl ACPK ADC, pabora KOTOPHIX NO3BOJSET HE TOJIBKO
MpEeAYNPEANTh pa3BUTHE paaualioHHON aBapun Ha ADC, HO W MHHUMHU3HPOBATH UX
NOCIEACTBHSI, IIyTEM  HCIIOJIB30BAHHUS  CHCTEM  OJKOJOTMYECKOTO  MOHHUTOPHUHIa U
ABTOMATU3UPOBAHHBIX CUCTEMY PAAHAIMOHHOTO KOHTPOJIs okpyxatoiiei cpeasl ACKPO.
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Abstract — The article provides a brief analytical review of radiation effects associated with the
impact of ionizing radiation on biological objects. The processes of the action of ionizing radiation
on molecules of deoxyribonucleic acid (DNA), which occur in the body at the cellular level during
its absorption, are considered. It is shown that in a wide range of dose rates generated by ionizing
radiation when the latter acts on biological objects and, in particular, on humans, the most
dangerous are the genetic consequences, which play an essential role for the population of
countries that actively use ionizing radiation in industry. Other uses include medicine, particular
types of production, as well as in the production of electricity at nuclear power plants. Particular
attention is paid to the effects of ionizing radiation on children, requiring increased attention in the
diagnosis of diseases in post-nuclear accidents, as well as during the diagnosis or treatment of
radiation. As methods of radiation monitoring of ionizing radiation, the article provides a brief
presentation of an automated system of radiation monitoring of the environment with its goals,
objectives, and methods to minimize the consequences of radiation accidents at existing nuclear
power plants.

Keywords: ionizing radiation, radiation damage, deoxyribonucleic acid DNA, radiosensitivity,

automated of environmental radiation monitoring system (ARMS), dose, and ionizing radiation
dose rate.
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BBenenue

[IpuMeHeHne reoe3nYecKOro KOHTPOIIS MepeMenIeHnid 3amuTHeIX obonoduek ADC Ha
oTanc MNpCAHAIPAKCHHUA W HIPUEMO-CAATOYHBIX HCHBITAHUNA B JOIIOJIHEHUE K IITaTHOU
CHUCTeME KOHTpOJNs HampsbkeHHo-aedopmupoBanHoro cocrosHus (HAC) mo3Bomumio
MOJTYYUTh OOJiee TIOMHYIO KapTHHY JACPOPMHUPOBAHHOTO COCTOSHHUS, B TOM YHCJIE B 30HAX
3alMTHOW OOOJIOUKH, TAe MAAaTYUKU KOHTPOIbHO-U3MepuTenbHON ammaparypel (KUA)
otcyrcTBytoT. Ha mpumepe sneprodsoka Ne 3 PocroBckoit ADC aeTalbHO pacCMOTPEHBI
ocoberHoctu n3menenus HJIC u reoMeTprueckux mnapamMeTpoB 3alUTHOW 00OJO0YKH BOIH3U
y3J1a CONPAKCHHUA HHHHHHquGCKOﬁ YJaCTH € KyIIOJIOM U B 30HC PACIIOJIOKCHHA MOAKPAHOBBIX
myTel MOJISIPHOTO KpaHa.

Biansinne cyTOYHBIX KoJie0aHUH TeMIepaTyp OKpYy:Kawuleil cpeAbl HA MOKa3aHUs
AATYMKOB CHJIbI

Ha n3Menenue HanpskeHHO-Ae(pOPMUPOBAHHOTO COCTOSIHUS 3aIIUTHOM 000m0uku ADC
Ha JTale CTPOMTEIbCTBA IIOCIIE €€ MpeIHANpsKeHUus Kpome aedopMaiuii moi3ydecTd
Kene300eToHa U pelaKkcallii HamnpsHKEeHU B IMPOBOJIOKAX apMaTypHBIX KaHATOB OKAa3bIBAIOT
BJIMSIHUE CYTOYHBIE U CE30HHBIE KOJIEOAHUS TEMIIEPATYP OKPYXKAIOIEH Cpeibl.

B nanHom paznene naHa olleHKa U3MEHEHUS YCWIIMM Ha TSHKHBIX aHKepax apMaTypHBIX
KaHaTOB LIWJIMHIPA U KYyIOJa 3allUTHON 000104kH 3-ro sHEeprodioka Pocrosckoit ADC no
Hayaja npruemMocAaatoyHbix ucneitanuit (1o 08.08.2014 r.) oT BAMSHUS CYyTOUYHBIX KoseOaHUl
TEMIEPATYP OKPYKAIOLIEH Cpelpl, BKIKOYAs COJHEYHOE u3inydeHue. KoHTponp ycunuil Ha
KOHI[aXx apMaTypHbIX kaHaTOB CII30 BbINOIHAIICS MpH NOMOIIH 1aT4ukoB cuiibl [ICHU-01.

B 3ammreeix obomoukax ADC KUA pacnonaraercs, Kak NpaBHIIO, B 4YeTbIpex
BEPTUKAIBHBIX CTBOPAX, B cTBOpax Ne 1, 2 m 4 naTunky pacnoiioKeHsl co cMeneHneM Ha 20°
oT oceil, a B ctBope Ne 3 cMmemenue ot ocu cocrasisier 40° (puc. 1).
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III

IV

Pucynox 1 — MecromnosnoxeHue CTBOPOB OTHOCHTENIBHO OCEl, B KOTOPBIX PACIIOIOKEHBI TATYMKH KOHTPOJIHHO-
n3MepuTessHON anmnapatypsl [Location of the sections relative to the axes where the control sensors of
instrumentation are located]

Pe3synbTarsl n13MepeHuid, oJiydeHHbIE B pa3andHble MOMEHThI Bpemenu 31.07.2014 r.,
IIOKa3bIBAIOT, YTO KOJIEOAHUS YCHIIMI B T€UEHUE CYTOK MOT'YT COCTaBJIATH 0KoJio 10 Tc.

MakcuManbHbIe KOJICOaHUsI YCWIMK HAOMIOJAINCh B apMOKaHATaX KyIoJia 3alluTHOMN
o0osouku BOsn3u ocu II (roro-3anannas ctopona). Hanpumep, ycunus B apMOKaHaTe KymoJia
K13A B 15 yacoB 55 munyt coctasisuin 837,4 Tc, a B 23 yaca 52 munytsl — 830,1 1c, T.€. 3a 8
YacoB yCUJIUSI CHU3WJIKCH Ha 7,3 Tc (cM. Tabu. 1).

MunumalibHbIe KoJIeOaHUsI YCHIIMN HaOII0JaINCh B apMOKAaHATaX KyIoja 3alluTHON
obonouku BOAM3M ocu IV (ceBepo-BocTouHas cTopoHa). Hampumep, ycuiins B apMOKaHate
kyrnosia K32A B 15 wacoB 55 munyt cocrasnsnu 833,7 Tc, a B 23 vwaca 52 munytsl — 831,9 Tc,
T.€. 32 8 4YacoB yCHJIUS CHU3MIMCH Ha 1,8 Tc (cM. Tabiumy 1).

[Tpu 3TOM TemmepaTypa Bo3AyXa 3a 3TOT epuoj BpeMeHu cHusmiach ¢ 31,9 °C no 25,4
°C Ha 6,5 °C (cM. Tabnuny 2). BepostHo, Hanbosee CyIIECTBEHHbIH BKJIaJ B M3MEHEHUE
yCWJIMH B apMOKAaHAaTaXx BHOCUT COJHEYHOE M3JIy4E€HHE, YTO MOJATBEP)KIAETCS Pa3HOCTHIO
IpUpAIICHUs YCWIMH B apMOKaHaTax C HOro-3alagHoOd M CEBEpO-BOCTOYHOM CTOPOH
COOPYXKEHHUSI.

Taxum 006pa3oM, OlleHKa U3MEHEHHUsl YCUIIMN Ha TSHKHBIX aHKepax apMaTyPHbBIX KaHAaTOB
3aUTHON 0005104KH 3-T0 3HEeprodioka PoctoBckoit ADC OT BIMSIHUS CYTOYHBIX KOJIeOaHMIA
TEMIIepaTyp OKpPY)Kalolled cpeapl W COJHEYHOI'0 HM3JIY4YEeHHUs IoKas3aja, 4YTo KoJieOaHus
YCUJIMA B TE€YEHHUE CYTOK MOTYT COCTaBJATH OKOJIO 10 TC. DTH W3MEHEHUS YCWUIIMA HOCST
LUKINYECKUM XapakTep M MOTYT OTPULATENbHO BIUATh HA IKCILTyaTallMOHHBIE CBOMCTBA
CII3O B uyacTM BO3MOXHOCTM MOATSDKKM M 3aMEHbl apMOKAaHATOB TpU JJIUTEIBbHOMN
JKCIUTyaTallMM W3-3a yBEJIWYEHHWS KOHTAKTHBIX HANpSOHKEHUM MEXAy LAHraMu |
MOBEPXHOCTSMHU B OTBEPCTHUSIX aHKEPHOTO OJI0KA.

AHanu3 pe3ynbTaToB paboOT MO PEMOHTY apMaTypHBIX KaHATOB, UMEBIIUX OOPHIBBI U
nedexTbl B MEepuoj MpeIHANpsDKeHUs 3allMTHOM 000J0YKH, MOKa3all, YTO IpU pa3rpy3Ke
apMaTypHBIX KaHATOB OBUIN CITyyau UX OOpHIBA.

[TpuunHOil 0OpBIBA NPOBOJIOK apMoOKaHaTa WpU €ro pasrpy3ke sBiIseTcs TO
0OCTOSATENILCTBO, YTO MPU 3TOM K apMOKaHATy TpeOyeTcsl MPHIIOKUTh OOJIbIliee YCHIIUE, YeM
npu npegHanpspkeHud. UToObl BBIPBATh KAHAT C IIAHTOBBIM 3aKUMOM U3 THE3/1a aHKEPHOT'O
Omoka TpeOyercsi IOMOJIHUTENbHOE ycunue mopsinka 5 tc. Ecnu npu mepBoHadambHOM
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NpeAHANPSHKEHUH YCHIIME B apMOKaHaTe COCTaBIsIo mopsaka 20 T, TO MPU JIEMOHTaXE —
nopsiaka 25 tc (600 6ap), T.e. 6ombIie Ha 25 %.

CrnenoBarenbHO, B cllydae HEOOXOIUMOCTH TOITSKKU WM 3aMEHBI apMOKAHATOB IPHU
nmutenbHor skcmutyatauuu CII30 wu3-3a yBeluYeHUs] KOHTAKTHBIX HAIPSKEHUH MEXITY
[[AHTAMH W TIOBEPXHOCTSMU B OTBEPCTHUSX AHKEPHOTO OJIoka mOTpeOyeTcs MpPUIIOKUTh
ycuiiue, 3HAuMTeNbHO Oonbllee, 4YeM Mpu npeaHanpsokeHud. [lostomy Bompoc o
BO3MOXXHOCTH TOATSDKKM apMOKaHATOB TPH JUIMTEIBHOW DKCIUTyaTallMM JIOJDKEH OBITh
PacCMOTPEH € y4eTOM JCHCTBUS [UKIMYECKON Harpy3KH.

Tabmuua 1 — Pe3ynbrarel n3MepeHnii ycuinui (Tc) B apMOKaHATaX, MOJYYEHHbIE C NOMOIIBIO AaTYMKOB CHIIBI
[ICH-01 B paznuunom Bpemenu cytok 31.07.2014 r. [The results of tendon forces measurements with the force
sensors PSI-01 at various time instants of the day 07/31/2014]

Ne apmo- 10:49 14:52 15:55 16:57 17:59 19:01 21:06 23:52
KaHaTta
K-12Bb 804.9 809,2 809,5 809,3 808.0 807.6 804,2 8023
K-13A 833,1 837.2 837.4 8372 836,8 835,7 832 830,1
K-14A 852 856,3 856,6 856,5 856 855 851,1 8493
K-15A 845.8 8494 849.,6 8493 848.6 8472 843.,6 842.4
K-16b 814,1 817,7 817,7 817,5 816,8 815 812 810,4
K-30A 8568 856 856 856,1 856 856 855,1 854,1
K-32A 834,1 833,6 833,7 833,7 833,7 833,7 832,7 831,0
K-34A 8242 824,5 824.6 824.8 824,6 824,7 823,7 822.8
K3A 820,5 822.,6 823,7 824,1 824,1 8242 820,7 818.8
K-3b 8205 822,4 823,7 824.6 824.8 825,1 821,5 819
K-7A 8163 818,1 8193 819,6 819,8 819,0 816,7 814.8

Tabmmma 2 — Temmeparypa Bosmyxa B T. Bomromoncke 31.07.2014 r. [Air temperature in Volgodonsk
07/31/2014]

Bpems Temmneparypa, °C Ob6mnavnocTs, % JlaBrenuie, MM pT. CT. Berep, m/cex
0:00 +24.8 Slcnas noroza 756 tOro-socTounLd,
2 M/cek
3:00 +232 Seas noroga 756 FOro-BocToummIi,
1 m/cex
6:00 +22.2 SlcHas moroma 756 Bocrounslii, 2 m/cex
9:00 +25.6 Mamnoo6magno (20%) 757 Bocrounblii, 2 M/cek
12:00 +28.7 Manoo6nauno (20%) 756 Cesepo-socToumbilt,
3 M/cex
15:00 +31.9 Manoo6nauno (20%) 755 Cesepo-socToumbil,
2 m/cek
. Hebomnpmas CeBepo-BOCTOUHBII,
18:00 +30.3 oGnauocTh (30%) 754 2 mlcex
. Hebomnpmas CeBepo-BOCTOUHBIH,
21:00 254 oGnautocTh (30%) 754 2 mlcex

Oco0ennoctn u3meHeHuss HJIC u reomerpuuyecKux NapamMeTrpoB 3alllUTHOMH
000J104KH BOJIU3M y3J1a CONPSIZKEHUS IMIUHAPUYECKOI YaCTH ¢ KYI0JI0M

Onenka HJIC 3amuTHOM 06010uku sHEprodioka Ne 3 PoctoBckoit ADC BBIMOTHSATIACH
C YYeToM TMOKa3aHW JaTYMKOB KOHTPOJIBHO-M3MepHuTensHOM ammapatypel (KHUA),
YCTAaHOBJICHHBIX B TEJIE€ COOPYXKEHHUS B IEPHOJ BO3BEIEHUS, MOKa3aHUI JATYMKOB CHIIBI
[ICH-01, ycTaHOBIIEHHBIX HA aHKEpax apMOKAHATOB CHUCTEMbI MpPETHAMNPSIKEHUS 3alIUTHON
000JI0YKH, PE3YyIhTATOB HM3MEPEHUN TIEPEMEIICHU CTEHKH 3allUTHOW OOOJOYKH TMpH
nomoru gatuukoB Tuma [IJIIC, pe3ynpTaTOB U3MEpEeHH T€OMETPUUYECKUX MapameTpoB
3aIUTHON 000JI0YKH Te0Ie3NIeCKUMU MeTofamu [1].
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Pesynbratel konTponss HJIC u reomeTrpuuecKkuxX mapamMeTpoB 3aIUTHONH 0OO0OJIOYKH
BOJIN3M y3/1a CONPSDKEHUS LWIMHAPUYECKON YacTH ¢ KYIOJIOM IMOKa3aJd, YTO KOHCTPYKIUsS
IpY TIOJbEME JIaBJICHUS padOTaeT HEIMHEHHO.

Ha pucynke 3 npuBeneHsl rpaduky NPUPAIIEHUS HANPSKEHUH B MEPUIMOHAIBHON
CTEPXKHEBOW apMaType B IEPUOJ MPUEMO-CAATOYHBIX HCIBITAHUN 3alIUTHOH O0O0O0JOYKHU
sHeproomoka Ne3 Pocrosckoit ADC. PaccmarpuBaercs KyIoJIbHas 4YacTh 3alllUTHOU
o0osiouku Ha paguyce R = 19 M. MoXHO BHUZETh, YTO Yy BHYTPEHHEH MOBEPXHOCTHU CTEHBI
000JIOUKM Ha KaXJOM Ilare MoAbeéMa BHYTPEHHErO JaBJIEHUS NPOUCXOIUT YBEIUUYECHHE
pacTIruBarOLIMX HANPSHDKEHUH, a Y HApYKHOM IMOBEPXHOCTH Ha IIEPBOM IlIare Mpu J1aBJICHUU
0,07 MlIla w©HabmomaeTcss pPOCT CKUMAIONIUX  HANPSHKCHWH, 3aTeM  MPOMCXOIUT
HE3HAUUTENbHOE Koyiebanue HampspkeHuil. CienoBarenbHO, paboTa 3alMTHON 000JI0OYKU B
30HE Yy3Jla CONPSDKEHUS HOCHT MOMEHTHBIM XapakTep: pacTsHKCHUE Y BHYTPEHHEH
MOBEPXHOCTHU U CKaTHue y HapyKHOH. [2] IIpu 3TOM M3MEHEHHSI TEOMETPUYECKUX TAPAMETPOB
B 30HE y3J1a CONPSKEHMS LMIMHAPA C KYIOJIOM 3aIllUTHON 000I04YKH HE HaOJII01aeTcs.

B nepuon nmpuemo-caarounsix ucnsitanuii 30 sHeproomoka Ne3 PoADC npoBoaumuch
MU3MEPEHUS TEOMETPUYECKUX N1APaMETPOB I'€0AEC3NUECKMMH MeToAaMU. CXeMa pacoyIoKEeHUs
UCCJIEyEMbIX TOYEK Ha KYNOJBHOM M LIMIMHAPUYECKON YacTAX 00O0JIOUKM IpejAcTaBieHa Ha
pUCYHKE 2.

Ha pucynke 4 npuBeneHsl rpaduku NpUpamieHUs] NEepeMELIeHUI KymoJia 3alluTHOM
000JI0UKH B MEPHUO]I MPUEMO-CAATOUHbIX HcnbiTaHuil B cTBope I-1I. Touka Ne 1 pacnomnoskena
B pailoHe HENOCpPEJACTBEHHOI'O IPUMBIKaHMS K OINOPHOMY Koiiblly. Jlanee Touku
pacrosararoTcs ¢ ONpeAeJIEHHBIM IIAaroM OT OIIOPHOTO KOJIblia 10 BepluuHel Kynoia [3-5]. Ha
BepILKHE KynoJa pacrnoioxeHa Touka Ne 0. Ha pucynke 4 taxke MOXHO BHJIETh, UTO paboTa
3alIUTHOW OOOJOYKHM B 30HE y3/1a CONPSIKEHMsS HOCUT MOMEHTHBIN xapakrtep. HamOosbiiee
nepepacnpe/iesieHne Hanps>KeHUH MPOMCXOAUT HpH MoBblieHuu aasieHus ¢ 0,19 ngo 0,29
MIla.

Mamzan
____

01

/
S
/

Rp1L, o3
Pucynok 2 — CxeMa pacrooKeHH!s HCCIIeTyeMBIX TOUeK Ha KYHOJIbHOH U IMUIMHAPUIECKON YacTIX 000I0UKH
(TOUKH pacnoyaraloTcs B MECTax NepecedeHni OKPYKHBIX U MEpUANOHAIBHBIX HarpaBieHui) [ The location
scheme of the observable points on the dome and cylindrical parts of the containment (points are located at the
intersections of circular and meridional directions)]
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Pucynox 3 — Ilpuparienue HanpsHKeHUH B MEPUIMOHAIBHON CTEp)KHEBOM apMaType B IIEpHO]] IPHEMO-
CIAAaTOYHBIX UCIIBITAHUN 3AIMUTHON 00010ukH, 3HEproosiok Ne3 PoADC, cteop Nel, kymos, R=19 m
(1128-1133 — Homepa naTuukoB B 30, M.B — MEPUIUOHANBHBIA BHYTPEHHHUH, M.H. — MEpUIMOHAIbHBII
HapyxHbIN) [The stress increments in the meridional steel reinforcing rods during the acceptance test of the

containment, power unit No. 3 of the Rostov NPP, section No. 1, dome, R = 19 m (1128-1133 — sensor numbers
in the containment, m.v. — meridional internal, m.n. —meridional outer)]

Takolf XapakTep IOBEIEHHUS 3aILUTHOM OOOJOYKM B MEPUOJ MPUEMO-CHATOYHBIX
UCIBITAHUN COOTBETCTBYIOLIMM 00pa30oM MOBIUsI Ha Moka3aHus jnatuvkoB cuisl [ICH-01.
[TpuBenennpie B Tabmune Ne3 mpupalieHus yCWIMH B OTAENbHBIX apMOKaHaTax KyroJa
3allUTHOW OOOJIOUKM MPHU HCIBITAHUSX HAa T€PMETUYHOCTh U MPOYHOCTH IMOKa3alH, YTO BCE
naTyuky pabortanu ucnpaBHo. Ilpu moabveme masnenus no 0,07 MIla 3adukcupoBaHO
yBenuueHue ycuiuid ot 2,5 no 4 tTc. B ganpHeleM NpouCXOOWIO HE3HAUUTENbHOE
YBEJIMUEHUE WU CHIDKEHUE YCUIIMH B 3aBUCUMOCTH OT M3MeHeHus reomerpun 30.
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PucyHok 4 — [puparienus mepeMenieHni Kyrnosia 3aiuTHOW 000JI0YKH B TIEPHO]T TPHEMO-CIATOTHBIX
ucneITanui, 3Hepro6sok Ne3 Pocrosckoit ADC, cteop I-1I (1/2-0 — BepmmHa kynona, 1/2-9 — pannyc 3 M,
1/2-6 — pamuyc 10 M, 1/2-4 — paguyc 12,5 m, 1/2-1 — BOmu3u onopHoro koipna) [Displacement increments of the
containment dome during the acceptance tests, power unit No. 3 of the Rostov NPP, section I-II (1/2-0 — the top
of the dome, 1/2-9 —radius 3 m, 1/2-6 — radius 10 m, 1/2-4 — radius 12.5 m, 1/2-1 — near the support ring)]
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Takum obOpazom, mokazanus aatuukoB [ICHM-01 B mepuoa ucHBITaHWNA 3aBUCAT OT
U3MEHEHHS T€OMETPHUECKUX apaMETPOB COOPYKEHUSI.

Tabmuua 3 — [Ipupamienust ycwinii B OTIENBHBIX apMOKaHaTax KyIoJia 3alUTHON 000JI0YKU MPH MCHIBITAHUAX
Ha FepMETUYHOCTh U NMpo4HOCTh [Force increments in individual tendons of the containment dome during tests
for tightness and strength]

Jara JlaTa Jara Jara Jlata Jlara Jlata Hara Hara
No 08.08.14, | 10.08.14, | 10.08.14, | 10.08.14, | 11.08.14, | 12.08.14, | 13.08.14, | 13.08.14, | 14.08.14,
A M(_)Ka- JIaBJIeHHE | JaBJICHUE | AaBJICHUE | AaBJICHUE | IaBJICHHE | JAaBJICHHE | JaBJICHUE | AaBJICHUE | IaBJICHUE
iam 0,0 MIIa |0,07 MIIa|0,19 MIIa |0,29 MIla |0,39 MIla 0,45 MIla |0,39 MIIa [0,07 MIIa | 0,0 MIIa
[Ipupanienus ycunni, Tc
K-11A 0 2,7 -0,7 2,3 0,7 1,4 3 0,9 2
K-12b 0 2,6 -0,6 1,8 0,3 1,2 2,4 0,8 -3
K-13A 0 2,8 -1,3 2 0,2 1,6 3,1 0,1 -3
K-14A 0 2,5 -0,7 1,7 0,2 1,5 2,6 0,5 2,2
K-14b 0 3,4 0,2 3 1 1,5 34 1,3 -1,4
K-15A 0 3,6 -0,4 3,1 0,8 1,8 3,5 0,6 2,1
K-16b 0 4 -0,8 34 1 2,2 43 0,7 2

Ocobennoctn m3meHenuss HJAC wm reoMerpu4ecKHx IapaMeTpoB 3alIUTHOM
000/1049KH B 30He PACIIOJI0KEHHUS MIOAKPAHOBBIX NyTel MOJIAPHOro KpaHa

[TonkpaHoBast KOHCOJIb MOJIIPHOTO KpaHa o00JaJaeT ONpeleNeHHOH KEeCTKOCTbIO,
BCJIE/ICTBUE YEro MpU NPEIHANPSHKEHUU M MCTBITAaHUSAX 3alllUTHOW OOOJIOYKU B ITOH 30HE
nepeMeleHst MOryT ObITh MEHBIIIE, YeM B OJAHOPOAHON 30He. Hampumep, nepemerienus ot
npenHanpsbkeHus B crBope Nel Ha otmerke 36,9 M coctaBunu -10,7 MM, a Ha oTMeTke 47 M
nopsaka -6,8 MMm. B mepuon ucneitanuii npu nasinenun 0,45 MIla Ha otmerke 36,9 M
nepeMenieHus: OblIIM MaKCUMaIbHBIMU U COCTaBWIM 7,95 MM, mocie cOpoca UCTIBITaTENbHOTO
JaBJICHUsI reoMeTprueckue napamerpsl 30 BEPHYJINCH B UCXOAHOE COCTOSIHUE.

B 30He pacnonoxeHus NOJISPHOrO KpaHa Ha OTMETKE 47 M B NEPUOJ UCIIBITAHUN NPHU
nasinenun 0,45 Mlla nepemerienust He ObUTM MaKCUMaJIbHBIMU M COCTaBILIM 4,4 MM, Tpu
cumxkennu aasienus 10 0,39 MIla nepememienns yBenudmmch 10 4,98 mm, a mocie cOpoca
UCTIBITATEIbHOTO JAABJICHHUS T€OMETPUYECKHE MTapaMeTphl 3allIUTHOW 000J0UYKH YMEHBIINIACh
emie Ha 2,33 Mum (cm. puc. 5). CymMmapHbIe epeMelieHus mocie copoca TaBJIeHUs] COCTABUIH
7,3 MM, YTO COIIOCTaBUMO C U3MEHEHUSIMH Ha OTMETKE 36,9 M.

CrnenoBarenbHO, 32 CYET KECTKOCTHU MOJAKPAHOBOM KOHCOJIM MOJSPHOTO KpaHa Ha 3Tare
IpeIHANPSDKEHUS TIepeMEelIeHHsI 3aIUTHON 000JI0YKN OBUIM HUXKE 0XKHJIAeMOT0 3HAYEeHUs Ha
2,9 MM, a IpU NOJBEME BHYTPEHHETO JABJIEHUS B NEPUOJ NPHUEMO-CAATOUYHBIX MCIBITAHUN
’KECTKOCTh ObLIa CHI)KEHA, B pe3yJbpTaTe mociie copoca JaBiaeHUs 000JI04YKa JOMOJTHUTEIBHO
nepeMecTuiach Ha 2,33 MM U, KaK CJIEJICTBUE, IPOU30ILIO CHUKEHUE YCUIINI B apMOKaHaTax
B 30HE PaCIOJIOKEHHUS MOJIKPAHOBOW KOHCOJIH.
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Pucynox 5 — [Ipupamenns nepemeniernii cteHkd 30 B epHOA MPUEMO-CAATOYHBIX HCIIBITAHUN, SHEPTOOIIOK
Ne3 Pocrosckoit ADC, otmetka 47.0, 48.0 1 50 M, ctBop Nel [Displacement increments of the wall of the
containment during the acceptance tests, power unit No. 3 of the Rostov NPP, mark 47.0, 48.0 and 50 m, section
No. 1]

Takum 00pa3oM, MOJKpaHOBasi KOHCOJb IOJIIPHOTO KpaHa 0O0JaJaeT oIpeleeHHON
JKECTKOCTbIO, UTO MPEMATCTBYET MEPEMEIIECHUIO 3alIUTHON 000JI0YKU MPHU MPEAHANPSIKEHUH,
M3MeHeHne reoMeTpUUYeCKUX apaMeTPOB MIPU UCTIBITAHUAX 3alIUTHON 000JI0UKH IPUBOAUT K
CHI)KEHUIO kecTKocTU. [IoaToMy 1ernecooOpa3HO MPOBOJUTH PUXTOBKY MOJAKPAHOBBIX ITyTeH
HOJISIPHOTO KpaHa TOJIBKO MOCIIE MPOBEACHUS UCTIBITAHNH 3aIIUTHONW 00O0JI0UKH.

PesyabraTsl pacyera HAC 3ammuTHON 000/1049KH 3HEProd/10Kka

Boinonuensr pacuerst HJAC 3ammrtHO#il 0o0osiouku 3-ro 6moka PoctoBckoit ADC B
NEpPUOJ TPEAHANPSIKEHUST U IPUEMO-CIATOYHBIX HCIBITAHUN B IIpoLECCe INPUIOKEHHUS
UCIBITATENbHOIO JIaBJICHUS C YYE€TOM JEHCTBYIOIIMX Ha 3TOT MEPUOJ BPEMEHU YCWIMNA B
apmokanarax CII30 wu Ttemmeparyp OKpykawoomend cpenpl. PacueTsl NpoOBOIWINCH B
HEJIMHEWHON TOCTaHOBKE (C YYETOM IMPOIIECCOB TOJ3YYECTH B OETOHE) ISl JOCTHIKEHUS
JYYILIEr0 COOTBETCTBUS PACUETHBIX U SKCIIEPUMEHTAIIBHBIX JIaHHBIX.

IIpoBeneHHBIM aHAIN3 MOKA3aJl, YTO MOJYYEHHBIE pACUETHBIE 3HAYECHUS NEPEMEIICHHI
u napametrpoB HJIC 30 snepro6moka Ne 3 PocroBckoit ADC npu e€ npenHanpsKeHuu U B
MpoLecce MPUEMO-CIaTOUYHBIX HMCIBITAHUM Ka4eCTBEHHO U KOJMYECTBEHHO COOTBETCTBYIOT
WU3MEPEHHBIM [6, 7].

Ha pucynke 6 mnpuBeAeHO paclpeleseHHe paaualbHbIX MNEPEMENIEHUN 3alluTHON
000JIOYKHU TPHU BO3JACHCTBUU NMpEIHANPSIKEHNUS U UCIbITaTeIbHOrO nasienus P = 0,45 MIla.
3a UCKJIIOYEHHEM JIOKaIbHBIX oOJacTell Ha KymnoJje OeTOH 3allluTHOM 000J0uKH paboTaeT B
COCTOSTHUU JIBYXOCHOTO CxKaTHs (cM. puc. 7 u §8), 4To obecneunBaeT ee paboToCIOCOOHOCTh
Jlayke NPy MAaKCUMaJIbHOM UCTIBITATEIbBHOM HAarpy3Ke.

Opnako B pacyerax ydecTb BIIMSHHUE JKECTKOCTH IOJKPAaHOBOW KOHCOJM HOJISPHOIO
KpaHa JOCTaTOYHO CJIOKHO, IMOATOMY BJMSHHE JaHHOTO (akTopa Ha pUCYHKE 6 He
npocnexuBaercs [8-12].
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Tabnuua 4 — CpaBHEHHE PACUETHBIX U IKCIIEPUMEHTAIBHBIX 3HAUCHUH MEPEMELICHUI CTEHKH 3alIUTHOM!
000JI09KH MTPH BO3ACHCTBUHN NMPETHANPSKEHUS M MAKCHMAJIbHOTO HCIIBITATEIFHOTO BHYTPEHHETO AAaBICHHS Ha
ormetke 36,9 M [Comparison of the calculated and experimental values of the displacements of the wall of the

containment under the influence of prestress and maximum test internal pressure at 36.9 m]

[Ipupamenus paauanbHbIX OEpPEMELIEHUN
IIpupaienus paguaabHbIX NEPEMEIECHUN
cTeHku obomouku npu nasieHnu 0,45 Mlla,
CTEHKH 000JIOUKH OT 00KaTUSI, MM
Ne CtBopa MM
Wzmepennsie / pacueTHbIC
1 -10,7/-9,8 7,95/17,6
2 -9,53/7-9,62 7,3976,9
3 -12,96/-12,4 7,24117,1
4 -12,15/-12,6 7,22/6,8

W oy £SARASETO NN AL A
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Pucynox 6 — Pacnipesenenne pagranbHBIX IEPEMEIICHUH [MM | 3aIUTHOW OOOJIOYKH MPH BO3ICHCTBUI

MIpeIHATIPSDKEHNS U UcTibITaTenbHoro gapnerns P=0,45 Mma [Distribution of radial displacements [mm] of the
containment under loads induced by the prestressing and test pressure P = 0.45 MPa]
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Pucynok 7 — Pacnipenenenue MepuaroHanbHbIX HanpspbkeHnid [MIIa] Ha BHEIIHEH NOBEPXHOCTHU 3allIUTHON

000JI09KH TIPU BO3eHCTBUN UCHBITATEILHOrO naBienus P = 0,45 MIIa [Distribution of meridional stresses
[MPa] on the outer surface of the containment exposed to test pressure P = 0.45 MPa]
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Pucynox 8 — Pacnipenenenne okpyxHbIX HanpspkeHui [MIla] Ha BHeNIHel MOBEPXHOCTH 3alIMUTHOM 000I09KH
IIpH BO3JIeUCTBUU UcTbITaTeNbHOTO AaBneHus P = 0,45 MIla [The distribution of circular stresses on the outer
surface of the containment exposed to test pressure P = 0.45 MPa]
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BriBoabI

1. OueHka U3MEHEHUs YCUJIMA Ha TSKHBIX aHKEpax apMaTypHBIX KaHATOB 3allUTHOU
obonmouku 3-ro sHeproOnoka PocroBckoit ADC 0T BIMAHUS CYTOYHBIX KoJeOaHHH
TEMIEPATyp OKPYXKAIoUIeil cpelbl U COJIHEYHOrO M3JIy4eHHs I0Ka3aja, 4TO KOoJieOaHHs
YCHIIMI B TEYCHHE CYTOK MOTYT COCTaBIATh OKOo 10 Tc, Hanbolee CylmeCTBeHHBIN BKIaa B
M3MEHEHUE YCUIIMI B apMOKAaHATaX BHOCUT COJIHEYHOE U3ITyYEHUE

2. B cinyyae HEOOXOAMMOCTH TMOATSKKH WM 3aMEHBI apMOKaHATOB TPU JJIUTEIHHON
skcrryatanuu CII30 wu3-3a yBeNMYEHMSI KOHTAKTHBIX HANPSOKEHUA MEXKIY LaHTaMu |
MOBEPXHOCTSMUA B OTBEPCTUSX AaHKEPHOTO OJoka mMmOTpeOyeTrcs MPWIOKHUTh YCHIIUE,
3HAYUTENIbHO OoJjblliee, YeM NpU npeAaHanpsHkeHuH. IlosTomMy BoOmpoc O BO3MOKHOCTH
MOJTSDKKYA aPMOKAHATOB MPU JUTUTEIHHON IKCIUTYaTAIlMH JIOJKEH OBITh PACCMOTPEH C YI€TOM
JICUCTBUS LIMKJINYECKON HArPY3KH.

3. U3MepeHne reoMeTpUUEcKUX MapaMEeTpPOB 3aIIUTHOW O000JOYKH 3HEprodioka Ne3
Pocrosckoit ADC reoae3ndecKkuMu METOJIaMHM M UX aHaJIu3 B MPOILecCce MPEeAHANPSKEHUS U B
Mepuol  TMPUEMO-CIATOYHBIX  HMCHBITAHMM  TO3BOJWJI  IOJYYUTh  JOMOJTHUTEIBHYIO
uH(popMalrio 0 1ehOpPMUPOBAHUU COOPYKEHUS U YCTAHOBUTDH XapaKTep MepepacipeeieHUs
HaIpsKEHUH, TJIABHBIM 00pa3oM, BOJIM3H OMOPHOTO KOJIBIIA.

4. Pesynbtarsl kKoHTposis HIAC u reomerpuueckux mapaMeTpoB 3allUTHONW 00OIOYKH
BOJIM3M y3JIa COMNPSDKEHUS IWIMHAPUYCCKON YaCTH C KYMOJOM IMOKa3aJid, YTO KOHCTPYKIIUS
npu MOAbEME JaBlieHUs paboTaeT HeNuHEiiHo, Haubosbliee mepepacnpeaeeHue
HAIpPsDKEHUH MPOUCXOIUT Ipu noBblieHuH aasieHus ¢ 0,19 mo 0,29 MlIla, npu stom
U3MEHEHHUs TeOMETPUYECKHX IapaMeTpoB B JTOH 30HE 3alIUTHOM OOOJIOUKH HE
HaOJIOJAIOTCHI.

5. Ilokazanus patuukoB [ICHM-01 B mepuon HCHBITAHWM HANpsSMYKO 3aBUCAT OT
W3MEHEHUSI TEOMETPUUYECKUX TMapaMeTPOB COOPYXKEHHUS, HE3HAUUTEIIbHOE YBEIMYCHUE WU
CHIKEHUE YCUJIMH B apMOKaHaTax MPOMCXOAWIIO B 3aBUCUMOCTH OT U3MEHEHHUSI F€OMETPUU
3aIIATHOH 000I0YKH.

6. [TogkpaHoBasi KOHCOJb MOJSIPHOTO KpaHa 00J1a1aeT OMPEIEICeHHOM KECTKOCThIO, YTO
MPENSTCTBYET TEPEMEIICHUIO 3alllUTHOM OOOJOYKH MpU TpeaHanpsbkeHuu. M3MeHenue
TEOMETPUUECKUX TapaMeTpOB MpPHU HCHBITAHUSAX 3AIIUTHOM OOOTOYKHM MOXKET MPUBECTH K
CHIDKEHUIO JKECTKOCTH, TOSTOMY PHUXTOBKY TIOJAKPAHOBBIX IIyT€H TMOJISIPHOTO KpaHa
1[eJI€CO00Pa3HO MPOBOJUTH TOJNBKO MOCIE TPOBEACHUSI HCTIBITAHUM 3alIUTHOW 000T0UKH.

7. 1IpoBeleHHBIN pacyeTHBIA aHAJIU3 MTOKA3aJl, YTO MOJYYEHHBIE PACUETHBIE 3HAYCHMS
nepeMenieHU B CpeIHel YacT UUJIMH/IPA 3aIIUTHON 000JI0UKH MIPH €€ PEeIHANPSKEHNUN U B
MPOIIeCCe MPUEMO-CIATOYHBIX HCIBITAHUNA KAYeCTBEHHO U KOJIMYECTBEHHO COOTBETCTBYIOT
WU3MEPEHHBIM.

8. B coorBercTtBuM ¢ TpeboBanuem m. 156 HII 010-16, a Takyke y4yuThIBasi, 4yTO B
nepuoj dKCIUTyaTaluu oTaeibHble natunku KUA TepstoT paboTocmocoOHOCTh, B MEPHOL
WCIIBITAHUSI HA TEPMETHYHOCTh OKCIUTYaTHPYEeMBIX 3aIlUTHBIX O000JI0OYeK HEO0OXO0IUMO
BBINIOJIHSATh T'€0JIE3UNUYECKUN KOHTPOJIb MEPEMENICHUN COOpYKEHHS, CPaBHHUBAsI pPEe3yIbTaThl
W3MEPEHHI C pe3yibTaTaMU pacdyeTa Ha Ka)XJIOM JTare IMOoJAbeMa BHYTPEHHETO /aBJICHHS.
['eone3nveckuii KOHTPOIh TEpEeMEIICHH BHYTPEHHEH MOBEPXHOCTH 3alIUTHONH 000JIOUKH
PEKOMEHTyeTCs BBITIONHATH /10 Havajia UCIIBITAHUHN U TIOCIIE UX MPOBECHUSI.
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Abstract — The article presents the results of the study of changes in the stress-strain state and the
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Merton ckanupyromeil koHTakTHOM moteHimomeTrpun (CKII) ucnonp3oBanu A oOHapyKeHUS
CTPYKTYPHBIX HEOIHOPOIHOCTEH B CBAapHBIX COCAMHEHUSX M ONpEIEIeHUs nx KoopauHat. [is
3TOr0 OBLI MOJATOTOBJECH CHENMAIbHBIM 00pa3el, CBapeHHBIH PyYHOH JyroBOW CBapKOHW M3 IIBYX
nonoBuH aycteHnTHo# cramu 12X18H10T pasmepom 200x110x13,5 MM ¢ pabodei mupuHO# mBa
12 mm. ITocme cBapku mOB OBIT MPOCBEYEH Ha PEHTTCHOBCKOH YCTAaHOBKE M IOJYYEH CHHUMOK
pamuorpaguueckoro KoHTpois. [lo pesympraraM wW3MepeHHH IOCTPOEHBI IOBEPXHOCTHBIC
MOTEHIIMOTPaMMBI ¥ NTPOBECHA HUICHTU(DHUKALUS H300paKEHUH CTPYKTYPHBIX HEOTHOPOIHOCTEH
Ha MOTEHIOTPaMMaXx ¢ UX U300paKEHUSIMU HAa CHUMKE Paanorpapuyeckoro KOHTPOJISL.

Knouesvie cnosa: nepazpymaronii koHTposib, Meron CKII, cBapHbie coeuHEHHs B CTajH,
paarorpaduuecKuii KOHTPOJIb, IUCKPETHOE IPe0Opa3OBaHUE CUTHAJIOB.

IToctynuna B pegaxuuio 28.11.2019
IMocne nopaborku 30.03.2020
[MpunsTa k mybmukanuu 07.04.2020

BBenenue

Bce snekTpuueckue MeETOAbl JUArHOCTHMKM W HEPa3pyLIAOMIEr0 KOHTPOJIS MOKHO
YCJIIOBHO pa3Ae/iUTh Ha KOHTAKTHBIE METOABl M OECKOHTakTHhIC. B HacTosmei craThe
MPEJICTABICHBl PE3yNbTaThl MPUMEHEHUS KOHTAaKTHOTO OJIIEKTPOPHU3NYECKOrO0 MeToja —
meroaa CKII st KOHTPOJIST CTPYKTYPHBIX HEOJIHOPOIHOCTEH B CBapHOM coenuHeHuH [1, 2].
[Tpu 5TOM mprMeHeH HOBBIN (PU3MUECKUIA TOAXO0/I, 3aKIIFOUAIOLITUICS B TOM, YTO MMOBEPXHOCTh
paszena mpeoOpa3oBareab-00pas3el] paccMaTpUBAETCS KaK YYBCTBUTEIbHBIM AJIEMEHT
npeoOpazoBarens. JlaHHOe TpelnCTaBICHHE TIO3BOJISET, HANpHUMEp, pPacCMaTPHUBATh
BO3HHKHOBEHHE JIMarHOCTHMYECKOTO CHUTHAJla Ha BBIXOJE MpeoOpa3oBaTessi KaK pe3yibTar
BIUSHUS ~ HHU3KOYACTOTHBIX  BOJIH  MEXaHUYECKHX  HANpsHKEHUH,  U3TydaeMbIX
HEOJHOPOJHOCTSMH, HAXONAIIMMUCS B CBapHOM COEAMHEHWH. B KauecTBe MEepPBUYHBIX
npeoOpazoBaTesei UCIONb3YIOTCS U3MEPUTENNbHBIE KOHTAKTHI, H3TOTOBIISIEMbIE U3 PA3INYHBIX
METaJUIOB WJIM CIUIaBOB. Pa3nuvaroTcs TMOHATHS DSJIEKTPUYECKOTO M  MEXaHHYECKOTO
KOHTaKTOB. DJEKTPUYECKH KOHTAKT OOECIeYMBACT MPOXOXKICHHE JIIEKTPUYECKOTO TOKa
yepe3 IMOBEPXHOCTh KOHTakTa. Eciam 1gBa Meramia compukacaroTcs, oOpasyroTcs IBe
B3aMMOJICHCTBYIOIME MOBEPXHOCTH, MpeAcTaBistone coboil ¢ dekTuBHbIE Oapbephl IS
AJIEKTPOHOB TPOBOJMMOCTH. MeXay aroMaMy OJTHX TOBEPXHOCTEH BO3HUKAIOT CHUIHI,
MPUBOJIAIINE K KOPPEITUPOBAHHBIM U3MEHEHUSIM UX DJIEKTPOHHBIX 000JI0YEK, U 3aBUCSIIIE OT
BEITMYMHBI 3a30pa MEXAY IMOBEPXHOCTAMH. B 30HE 00pa3yromierocss KOHTaKTa BO3MOXKHO
MPOTEKaHUE CIEAYIOLIUX NpoueccoB [3-4]:
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- XxeMocopOuus Ha METAUIMYEeCKOH TIMOBEPXHOCTH WM aJIcopOIusi Tra3oB, MapoB,
BElIeCTBAa M3 pAcTBOPOB C 0Opa3oBaHHMEM Ha TIOBEPXHOCTH MeTallla XHMHYECKOTO
coeauHenusi. Kak n3BecTHO, XeMOCOPOIMS 3aBUCHT OT YUCTOTHI U XMMHUYECKOTO COCTOSIHUS
MOBEPXHOCTU aAcopOeHTa, M BO3MOXKHA NPU HATUYMM XUMHUYECKOW aKTHUBHOCTH
MOBEPXHOCTH;

- MeTajuinyeckasi 1 OuMerainyeckas ajare3us;

— KOIE€3MBHOE B3aMMOJCHCTBHE METAUIOB, B PE3YJbTATe KOTOPOTO IPOUCXOAUT
CLUEIUICHUE MOJIEKYJ TMOJ JACHCTBUEM CHJ MPUTSIKEHHUS KOBAJICEHTHOM, HWOHHOM WIH
METAJIMYECKON TPUPOJIBI.

[lepeunciieHHbIE  MPOLECCHI  MOTYT  CYIIECTBEHHO  BIMATH HA  pe3yinbTaT
ANIEKTPO(U3NIECKOTO KOHTPOJIS, OJHAKO, B HACTOALICH paboTe OHM HE HIPalOT 3aMeTHOU
pormu. OOBIYHO MepeHOC 3apsiia uyepe3 IMOBEPXHOCTh KOHTAKTa pAa3IMYHBIX METaIoB
CBSI3BIBAIOT C 00OPa30BaHHEM PA3HOCTH AIEKTPHUUECKUX MOTEHIUANOB (OTEeHIMAI0B Bomibra),
KOTOpPasi BO3HUKAET MEXJY KOHTAKTUPYIOUIMMHU TEIAMH B YCIOBUAX TE€PMOJMHAMHYECKOTO
paBHOBECHUsI M INPUHMMAETCS PAaBHOM pa3HOCTH pabOT BBIXOJA METAJJIOB, OTHECEHHOW K
3apsAy 3JEKTPOHA.

[Ipu MexaHMYECKOM KOHTAKTE AIEKTPUUECKUN TOK Yepe3 MOBEPXHOCTh KOHTAKTa MOXKET
OTCYTCTBOBATH JIMOO OBITH MPEHEOPEIKUMO MAJIBIM, KaK HApUMEp 3TO MPOUCXOAUT B CIydae
KOHTAaKTa <«IIPOBOJHHUK-U30JISTOP», «U30JISITOP-U30JATOP» U B psAA€ JpPYrHUX Cilydaes.
DNeKTpUUecKue CBOWCTBA 00pa3yromIerocsi KOHTaKTa 3aBHCIT OT KadecTBa 00pabOTKH U
YUCTOTBI TIOBEPXHOCTEH, OCOOEHHOCTEN 3JIEKTPOHHOM CTPYKTYpbl METAJJIOB U psifa APYTrUX
(dakTopoB, YTO TO3BOJSET HUCIHOJB30BAaTh OJJCKTPHUUECKUNH KOHTAKT B  KadyecTBe
YYBCTBUTEJIBHOI'O 3JIEMEHTA, KOTOPBIM MpeoOpa3yeT BHEUIHEE MEXaHUYECKOE BO3JICHCTBUE B
3JIEKTPUYECKUE CUTHAIIBI.

B3aumoneilictBue  anekrpoduznyeckoro  mpeoOpa3oBaTenss ¢ [IOBEPXHOCTHIO
ONUCHIBAETCS CTATUCTUYECKMMHU 3aKOHaMU. Kak N3BECTHO, B 3aBUCMMOCTH OT LIEPOXOBATOCTH
MOBEPXHOCTEH U MPUJIOKEHHOW Harpy3Ku pa3mep MSITEH PeabHOrO KOHTaKTa COCTABIISIET OT
0,1 mo 10-40 mxm. Ha »TUX nsfTHaX BO3HUKAIOT HaBieHus, gocturaromue 10-20% ot
TEOpEeTUYECKON MpoYHOCTH MaTepuaia. C yBeITuueHUEeM Harpy3Ku pocT IUIOIIAU PealbHOTO
KOHTaKTa MPOUCXOJUT B OCHOBHOM 3a CUET YBEJIMYEHUS YHUCIA MSATEH NPH HE3HAYUTEIHHOM
BO3pPAaCTaHNUU UX PA3MEPOB.

[Inomane peasbHOrO0 KOHTAaKTa COCTABIISIET OT 10* mo 10" HOMEHAmBHOM MmTOMmAMM
KacaHus Sp ¥ Jaxe npu OonplIMX Harpys3kax He mpesbiinaer 40%. Jlns mapbl MeTamioB C
Pa3IMYHON TBEPIOCTHIO MIOMIAAb (AKTUYECKOTO KOHTAKTa OMpeeNsaeTcsi CBOMCTBaMuU Oolee
MATKOT'O METaJljla ¥ TeOMETPHUE TOBEPXHOCTH TBEpAOTO [5-7].

CoBpeMeHHasi TeOpUsl MEXAHMKU KOHTAaKTOB TBEP/AbIX TEJ CIPABEAJIMBA MPHU YCIOBUHU
BBITIOJTHEHHSI HEPABEHCTBA S<<Sp, i€ S — IUIOMIAlb MOBEPXHOCTH PEATBHOTO KOHTakTa. B
OCHOBE OOJIBIIIOTO Yncia paboT Mo MeXaHWKE KOHTAKTOB TBEPABIX TEN JIEKUT MPUOIIKEHUE
«rpy00ii» MOBEPXHOCTH CO CIyYaHBIM pacrpe/ielieHueM HEPOBHOCTEH B BUJE CPEpPHUESCKUX
WM SJUIMNITUYECKUX BBICTYIOB, JUIsI KOTOPBIX CIpaBedsiuBa KOHTakTHas Teopus ['epua. B
HEKOTOPBIX CIIy4dasX MOXXHO TMpeHeOpedbh YNpPYrMM KOHTAaKTHBIM B3aUMOJIEHCTBUEM
HEPOBHOCTEM B 30HE KOHTAKTa, €CIM CpPEAHEE PACCTOSHUE MEXKIY COCEIHUMU
KOHTaKTUPYIOUIMMH 00JIaCTSAMU OBEPXHOCTEH TOCTATOYHO BEJIHKO.

Ikcnepument. Iloaroroska o0pasua KOHTPOJIBLHOIO CBAPHOIO0 COCJIMHEHUS H €ro
paauorpaguyecKkuii KOHTPOJIb

Ha npennpusatun OOO «Texnockan» B ropoae Bonromoncke (Poccust) moarotosiieH
crenuanbHbli  oOpaszeny — KoHTpoibHOe cBapHoe coeaunenne (KCC) u mpoBeneH
paauorpaduydeckuii KOHTpostb oopasia. O6pazerr KCC cBapeH pydHOU TyroBOil CBApKOW W3
IByx mnosioBuH aycreHuTHod cranu 12X18HI10T pasmepom 200x110x13,5 mm (puc. 1). B
COOTBETCTBUHU C IMPOTrPaMMOM IMPOBEIEHUS HCCIEIOBAaHUS B IMPOIECCE CBAPKHU CBApPUIMKOM
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OBLTM JOMYINEHBI HAPYIICHHs MPaBWJI cBapuBaHus uznenuii 1 BBeneHbl B KCC paznuuHbie
CTPYKTYpPHBIE HEOJTHOPOIHOCTH (IedeKTrl), mpuBeAecHHbIe B Tabmuie 1. Tumopazmep KCC

MMEET IIMPHHY 11IBAa PaBHYIO 12 MM U BOTHYTOCTh Bajuka — oT 40 10 55 MMm.

Pucynok 1 — Buemnuii Buz odpasiia KCC nocne cBapku (cieBa). Ha goto cripaBa moka3an odpaserf mocie
CHSITHS yCWJICHHS 11Ba. BBepXy Ha BCTaBKE BBIJIEJICH yYacTOK, HA KOTOPOM OblIa M3MEpPEeHa IIePOX0BATOCTh
MOBEPXHOCTH Rd, ¢ yKa3aHHBIMHU YHCIICHHBIMU 3HaYeHUSIMU B MKM [ Appearance of control sample after welding
(left). The photo on the right shows the sample after removing the reinforcement of the seam. At the top of the
inset, the area where the surface roughness Ra was measured with the indicated numerical values in pm]

Tabmmma 1 — Xapakrepuctuka aedexroB KCC B coorBerctBuu ¢ 'OCT 7512-82 [Characteristics of control
sample defects in accordance with 7512-82 All-Union State Standart]

I'JIOBAJIBHAA AJEPHASI BE3OITACHOCTD, Ne 2(35) 2020

Ne HanmeHnoBanue O6o3HaueHNe Omnmcanne nedexra Pucynox
/I nedekra pyc. aHIJL.
1 | Cmemenue Ckp45 Fd45 Henocrarouno npoBapeHHbIH
KPOMOK CBapHOM 1I0B. BeIpaxxeHHas
JIMHUS TIOYEPHEHHS B 30HE
nedexra.
2 | IlpepsiBUCTHII Hk12 Dal2 HenocratouHo npoBapeHHBI
HEIpOBap CBapHOU 1I0B. BeipaxeHHas
B KOpHE JIMHHAS TIOYEPHEHUS B 30HE
3 | IIpepsIBUCTBII Hx100 Dal00 nedekra.
HETpoBap
B KOpHE
4 | Henposap Hp95 Dc95 Henocrarouno npoBapeHHbII
T10 pa3feNKe 1IBa cBapHOi moB. ToHKas JIMHUS
5 | Henposap Hp20 Dc20 IIOYEPHEHHUS, CMELLICHHAs OT OCU
10 pa3ieNKe IBa 11Ba.
6 | Henposap Hp45 Dc45
0 pa3eNKe IBa
7 | Iopa (aBe mopsI) 2110,7 2Aa0,7 OtaenbHOE MapoodpasHoe
BKJIIOUEHUE ra3a. TeMHble
KpyIVIble TOUKH Pa3HOro pa3Mmepa.
8 | Hemposap Hpl5 Dcl5 Henocrarouno mpoBapeHHbIH
10 pa3feliKe 11Ba cBapHO# 1moB. TOHKAast JIMHUS
MIOYEPHEHNUS1, CMEILIEHHAs! OT OCH
1IBa.
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[Iponomkenne Tabmmisr |

Ne HaunmenoBanue 0O6o03HaueHe Omnucanue nedexra Pucynox
/11 nedexra pye. aHIL
9 | Hopa 10,8 Aa0,8 OtnenbHOE Iapoobpa3Hoe

BKIJIIOUCHHE ra3a. TeMHbIe
KpYIJIble TOYKH Pa3HoOTo pazMmepa.

10 | Ilopa 10,3 Aal,3 OtnenbHOE IIapoodpasHoe
BKJIIOUEHHE ra3a. TeMHble
KpYIJIBIC TOYKH Pa3HOTO pa3mepa.

11 | Ckorutenue mop C2110,4 Ac2Aa0, | HeperymsipHo pa3dpocaHHEIE
(mMHA CKOTUICHUS 4 mrapooOpa3Hble BKIIOYCHHUS Taza.
2 MM) TeMHBIC KPYTIIBIE TOUKH PAa3HOTO
pa3mepa.
12 | CBug HE - TpyOuatoe wiu
CTaHAapT BOPOHKOOOpa3Hoe yriiyOsieHue B
H3UPOBaH niBe. TeMHOE MATHO ¢
HEPOBHBIMH KpasiMH B [ICHTpPE
LIBa.
13 | BomsdpamoBoe B Ca CaeTJ10€ MATHO MPOU3BOIBHOM
BKJIIOYEHHE (b opMmBL.

RN

Pagunorpadpuueckuit konrpoas KCC BeinonneH Ha obopynosanuu PAITAH M 200/100,
3aB. Ne 103326 B coorBercTBUM ¢ MeTtoaukod mo HopmatuBy ITHAD I'-7-017-89. Ouenka
kauectBa KCC mnpoBenena mo [THAD I'-7-010-89, tun mnenku AGFA D7 (100%240),
KaTeropus 4yBCTBUTENbHOCTH — 0,2.

Ha cHumke paaumorpaduueckoro KOHTpoOJis (pUC. 2) HPUCYTCTBYIOT H300paskeHHs
CIIeTYIOIINX J1e(DEeKTOB:

— HempoBap KopHs (Hk);

— HempoBap 1o paszenke (Hp);

— cMerieHue kpoMok (Ckp);

— CKOIUIEHHUE MOp U OTAebHbIe opsl (Cn, I1);
— CBULL;

— Boub(ppamoBoe BkItoueHue (B).

Pucynoxk 2 — Caumok paauorpaduueckoro koutpoisi KCC [Control sample radiographic inspection]

ITo ocu KCC PacCioJIOKCHBI TCMHBIC ITPOTAKCHHBIC IIATHA, O6pa3OBaHHBIC Ha INJICHKEC OT
HCCIIJIABJICHHOI'O KOPHs IIIBAa. B HEKOTOPBIX MECTaX OHU HMCEET Ooiee BBIPAXXCHHBIC
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OuepTaHus, B APYTUX — MEHee BhIpakeHHbIE. [laHHBIN AedekT o0o3HavaeTcs OykBamu (Hk).
ToHkast TeMHas JMHHS 0 Kparo IIBa IOKa3bIBaeT HEMpoBap IO pasnenke mBa. Hawano
KOOPJIMHAT PacojaraeTcs Ha CHUMKE CJIeBa, YKa3aHHOE CTPEJIKaMH, H COBIAIaeT C HAa4ajIoM
KOOpJMHAT Ha MPECTaBICHHBIX TOTEHIIMOTpaMMaXx.

Buansl Takke 00JbIIMe CKOIJICHUS MOP: BHU3Y OT 3HaKa «11» U B EHTpaIbHON YacTH.
TemMHOE MATHO OTHOCHTEIHHO OOJBIIOrO pa3Mepa, MPaKTUYECKH, MOCEperHe IIBa — 3TO
n300pakeHne «cBuiia». JlaHHbIN AedekT mpeacTaBisieT co0OW HE3aNOIHEHHYI0 METaJllIoM
TpyOUaTyr0 BO3AYUIHYIO IOJOCTh, MOJTYYEHHYIO MpPH CBAapKe IMOCIE BCIUIBITUS Ta30BOTr0
ny3bIps K oBepxHocTH. Jledekt nanpasien Briryos ot nosepxnoctu KCC. B nannom ciydae
rIyOMHAa ero 3ajeraHusi COCTaBisieT HpuMepHO S5 wMuwumMerpoB. [IpaBee oT cBuia
HaOJI01aeTCsl CKOIUIEHUE MOp, 00BEIMHEHHBIX B KJIACTEPHI, a TAKXKEe MMEIOTCS OTACIbHBIC
MOPBI.

Ha cHMMKe MOXHO TakKe BUAETh BOJNb(pamMoOBOE BKIIOUYEHHE B BHJEC HE3HAUUTEIHHO
BBITSIHYTOT'O BJOJIb OCH IIIBA CBETJIOTO MATHA, PACIIONIOKEHHOTO C JIEBOM CTOPOHBI OT AedeKTa
«cBuny. ['myOumHa ero 3aieraHusi, ONpeACICHHAs METOJIOM YJIbTPa3BYKOBOT'O KOHTPOJIA,
cocTaBisieT okoJio 10 mm.

MeToauka BbINOJIHEHUS YJIEKTPOPu3nueckoro KoHTpoJas (IPK)

DneKTpoPpHU3NUECKUE U3MEPEHUS BBIIIOJHEHBI HA MMPOrPAMMHO-AIIAPATHOM KOMITJIEKCE
«ElphysLAB-UJ1C» MmoOuinbHON HHGOPMAIIMOHHO-IMATHOCTUYECKON CUCTEMBI, Pa3MEIICHHON
Ha HOYTOyKe Asus X554L. Meromuveckne OCHOBBI TEXHOJOTMH HW3MEPEHHH IMOAPOOHO
u3noxxkeHsl B padore [§]. C 11esbio NOBBIIIEHNUS YyBCTBUTEIBHOCTH OOHAPYXKEHHS 1e(PEKTOB B
KCC, nenocpencTBeHHO Tmiepea HW3MEPEHUSIMH, UDIH(GOBKOH OBLIO YHAJCHO YCHJIICHHE
cBapHoro coeauHenus. [locne 4yero ObUIO BBIMOJHEHO PYYHOE MOTOUYEYHOE CKAHMPOBAHHE
noBepxHoctd KCC mo BOCbMHU MPOI0TIBHBIM U3MEPUTEIBHBIM JOPOKKaM (pHcC. 3).

Pucynox 3 — PyuHoe noTo4euHOe CKaHUPOBAaHUE MOBEPXHOCTU CBAPHOTO COEAUHEHHS 10 BOCBMU
N3MEpHUTENBHBIM Jopokkam [Manual point-by-point scanning of the weld surface along eight measuring tracks]

AHaJIM3 MOTEHIIMOTPaMM HPOBOMIIN C TIOMOIIbI0 Pa3pabOTaHHOTO MPOrPAMMHUPYEMOTO
amruutyaHoro auckpumunaropa (ITAJl) n3MepUTEeNnbHBIX CUTHAJIOB C PETYIMPYEMOH IIKaJIOi
aMIUIMTYIHOM JuckpuMuHauuu B gauanazoHe 40 nb. HasHauenuwe nuckpumumHaTOpa
3aKJIIOYAETCS B OTCEYKE TEeX 3HAYEHWHW AaMIUIMTYAbl CHUTHAJIA, KOTOPBIE MPEBBIIIAIOT
KOHTPOJIBHBI yPOBEHb, 4YTO IIO3BOJIAET MCCIEAOBATh PACIPEIAECICHUE DIEKTPUYECKOIrO
MOTEHIIMala B pa3HbIX MaciiTadax. ¥3KomoiaoCHbIH GuibTp no3BossieT HacTpauBath [TA]] o
aMIUIMTY/I€, HAUMHAS C YPOBHS JECITBHIX MUKPOBOJIBT, ¢ m1aroM 0,1 MkB, mHUpoKononocHsli —
OT €MHMIl U JI0 JIECATKOB MUJUIMBOJIBT. M3MepuTenbHas cucrema komiuiekca «ElphysLAB-
NAC» ynpasnsercsa OS Windows, yacTora AMCKpeTU3alluy u3MepeHuil cocrasiser 1 ['m.
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[Ipu nposenennn DPK wncnonap30BaIiCh KOHMYECKHE MpeoOpa3oBaTeNid C YIIOM
KOHyca, 01u3kuM K 90 TpagycoB U paguycoM CKPYTJICHUS BEPIIUHBI, paBHbIM npumepHo 0,3
MmM. [lepoxoBarocTb MOBEPXHOCTH (R,;) UyBCTBUTEIBHOI'O 3JIEMEHTA, W3TOTOBIEHHOIO W3
aycreauTHou cranu X18H10T, Obuta usmepena npodriioMeTpoM, MOPTATUBHBIM ITU(DPOBBIM,
dupmer Vogel, u coorBercTBoBana 3naueHuto 0,15 Mxm.

Mexanudeckoe pydyHoe ckanupoBanue noBepxHoctd KCC ObLI0 MPOBEACHO C IICNIBIO
oOHapy>KeHHsI BBEACHHBIX IpH CBapke Je(PEKTOB M OINpelNeNeHUus HUX KOOpIUHAT.
[ToreHHOrpaMMBbl IOCTPOEHBI ISl PA3IMYHBIX CTPYKTYPHBIX YPOBHEH JMAarHOCTUYECKOTO
curnana (SLS) (SLS=liglp||, tme ¢ — ¢GyHKIMS IUArHOCTUYECKOTO curHana). TodeuHoe
CKaHHPOBAHME C IIArOM U3MEPEHUN OKOJIO 2 MM MPOBOIMIOCH MOCIEI0BATEIBLHO IO BOCHMU
JIOPO’KKaM, PpAacCTOSHHME MEXIYy KOTOpbIMH cocTaBisio 1,5 mm. CpenHss CKOpPOCTHIO
CKaHHUPOBaHMs ObLJIa paBHA, IPUMEPHO, 2 MM/CEK.

[lorpemHOCTh OmpeneneHuss KOOpAMHAT Je(pEKTOB NpU PYYHOM CKAaHMPOBAHUHU
COCTaBisieT OT OJHOrO JO0 JBYX MIUIUMETpoB. B cinyuae  ucnosib3oBaHUS
ABTOMATH3MPOBAHHBIX MPUOOPOB U YCTAHOBOK JAaHHAS TIOTPEIIHOCTH MOXKET OBITh
ymeHblIeHa a0 3Hadenus 0,1 mm u menee [9].

B tabmuue 2 npuBeneHO HAMMEHOBAHWE MCIOIB3YEMOTO M3MEPHUTEIHHOTrO Mmpubdopa u
[1K, BXoasumx B COCTaB U3MEPUTENBHOTO KomIuiekca «ElphysLAB-H/[C».

Tabauna 2 — HanMeHoBaHMe M3MEPHUTEIBHOTO Nprbopa u HoyTOyka [Name of measuring device and laptop]

No HaumenoBanue Tun 3aBOJICKOH HOMED Jwnanazon OcHoBHas mpeaenbHas
n/m npudopa HU3MepeHuit MOTPEIIHOCTh B
yKa3aHHOM JHaIla30He
1 MynsTumMeTp HacTonpHBIN | MY 45040724 no 1 MB 0,5 MmxB
Agilent 34401A
2 | HoytOyx Asus HactonpHBIN | FBNOCV366137460 - -
X554L

Ha pucynke 4 nmokazana cxema aeiictBust [1A/] Ha ammuntyny QyHKImu ¢(t), Kotopas
MpEe/CTaBlIeHa AHAIUTUYECKUMU CHHYCOMAaIbHBIMU (YHKIUSAMU. CHMMETpUYHOE BO
BpEMEHU OTpaHWUYCHHE CHUTHAJa TPUMEHSETCSs B I[IHPOKOM HHTEpPBAjE aMIUIATYI.
['Opu30HTaIbHBIMU MNYHKTUPHBIMA JIMHUSIMA TOKa3aHbl 3HaueHuss SLS Tonbko 17t
MOJIOKUTEIHHBIX TTOJIYBOJIH BBIIIIE HYJIEBOW OTMETKH.

SLS=1

SLS=2

SLS=3
SLS=4

SLS=35
SLS=6

AMMIIHTYIA CHEHAJIA
>

Bpems

PucyHnok 4 — CxeMa CUMMETPUYIHOTO OTPaHUUSHHUSI CUTHAJIA 110 aMIUIATY e Ui pa3HbIx 3HadeHuid SLS [The
scheme of the symmetric limitation of the signal in amplitude for different SLS values]
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Pa3zpaboTanHas KOMIbIOTEpHAs Mporpamma Jajs aHaju3a MOTEHIIMOTPaMM I103BOJISET
MaclITabupoBaTh HE TOJBKO JIMHEHHBIE pa3Mepbl OTAEIbHBIX Je(EKTOB, HO M BCE
n300pakeHune, MONydeHHOe Juis JaaHHoro 3HaueHus SLS. Dddekr wmacmrabupoBanus
n300pakeHui, HabIr01aeMbIX Ha MOTEHI[MOIPaMMaXx, B IAHHOM Cllyyae, BU3yaJlbHO ITOX0XK Ha
3 EeKT yBeTHMUEHHs pa3peleHHs ONTHYECKOT0 MUKPOCKOIIA TPY HAOIIOJCHUN Yepe3 OKYJISIp
3a IOBEPXHOCThIO o0Opa3na. Bujg wu3oOpaxkeHMH Ha MOTEHLUOrpaMMax OIpeAessercs
3aJaHHON (YHKIMEH SKCTPAIONSAIUN U HAKJIabIBAEMbIMU Ha HEE TPAHUYHBIMH YCIIOBHSIMH.
[IporpamMa (QparMeHTHUpyeT Y4YacTKM IIOBEPXHOCTH I10 MPHUHLUIY paBHBIX 3HAYCHHUH
aMIUTUTY/AbI, OTPAaHUYMBAET MX 3aMKHYTHIM KOHTYPOM M OKpAIIMBAaET 3TH YYaCTKU B
OIpE/IeIEHHBIA 1BET. YYacTKM C MaKCHUMAaJIbHOM aMIUIMTYAOH CHUTHaja, JJI1 BBIOPAHHOIO
3Ha4eHUs SLS, OKpammBarOTCd B KPacHO-OPAHXKEBbIE TOHA, C MHUHHUMAJIBHBIMU
HOJIOKHUTEIbHBIMU WM OTPULIATEIIbHBIMU 3HAYEHUSIMHU — B CUHE-T0JIy0Oble TOHA.

MeToanka TUCKPETHOTO NMPe0OPa30BaHUNA CUTHAJIA ¢ OKHOM XeMMHUHIa

[Ipu ucnonszoBanuu metona CKII ogHMM M3 OCHOBHBIX BOIPOCOB SIBJISIETCS BOIIPOC 00
oOHapyXeHHH MeNKuX nedekToB Ha (oHe Oosee KpymHbIX. ONBIT UCHOIB30BAHUS OKOHHOTO
npeoOpa3oBaHus JA€T MOJOKUTEIbHBIE PE3YNbTAThl ISl AUHAMUYECKA M3MEHSIONINXCS BO
BPEMEHU MPOLECCOB, HAIPUMEp, TaKUX, KaK IMOJ3y4eCTb METAUIOB WJIM YCTaJOCTHas
npouHocTts [10, 11].

PaccmoTpuM  (QYHKIMIO HArHOCTUYECKOTO CHUTHANa ¢(?) KOHEYHOM OHEpruM Ha
KOHEYHOM BPEMEHHOM uHTepBajie [f;, f;]. Torma mo oOmnpeaeneHUIo HMHTETPAIbHOES
npeoOpazoBanue Dypwe oT GyHKIMH @(?) nmeet BuA (1):

t i
(o) = [, p()e"dt (1

ITockonbKy SKcrioHeHTa e B (1) ompeneleHa Ha BCell BEIIGCTBEHHOM OCH, SHAYCHHUS
®(®) OyayT 3aBUCETh OT KOHKPETHBIX 3HAYCHUN (PYHKIHMH ¢(?) B KK MOMEHT BPEMEHHU.
B nmaHHOM mpeAcTaBIEeHUM JIOKAIM30BaTh CTPYKTYpPHBIE HEOJHOPOJHOCTH IO YacTOTe HE
MPEJCTABISICTCST  BO3MOXKHBIM. [T 3TOro  HEOOXOJUMO  WCIONB30BaTh  OKOHHOE
nmpeoOpazoBaHre, KOTOPOE pacKIaaAbiBaeT GYHKIIUIO HA COCTABISIIONINE TAPMOHUKH.

Pesynbrupyromiee mnpeodOpazoBanne Dyppe ¢ OKHOM OT (YHKIMH (7)) 3amuIIeM
B BUje (2):

t2

Q) = f o(D)q(t — wedt. @

t1

Takoe mnpeoOpa3oBaHHEe Ha3bIBaeTCI KPATKOBPEMEHHBIM IMpeoOpasoBanneMm Dypobe,
MTOCKOJIbKY YMHOKEHHE Ha (DYHKIIHIO ¢(-1t) JIOKATU3yeT HHTETPAT B OKPECTHOCTH TOYKH [=U.

3anuch (YHKIUU JUArHOCTHYECKOTO CHTHala B BUOE TUCKpeTHoro psna Dypbe
SIBJISICTCSI YaCTHBIM CJIy4aeM HHTETpalibHOTO npeobpazoanust Oypre. Ecnm dyHKINIO 0(7)
npeactaBuTh B Buze (3) [12]:

pO=Y  flnoc-m), 3

n=-—oo

rae 8(t — n) — nenbra pyHkusa upaka, Toraa

d(w) = Z B p[n]e~ten,

n=—oo
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Jns mo6oro n€Z, rae Z, — MHOXKECTBO LIENLIX YHCEN, DKCIIOHEHTA ¢ " UMEET IEPUOI,
paBHBII 27, mosToMy M pan Pypbe MMeeT Takke Inepuoi, paBHbli 2m. Bee QyHkium,
YIOBJIETBOPSIOIIKE YCIOBUIO

f|<p(t)|2dt < 400

U TIpUHA/JIeKAIIe TPOCTPAHCTBY (PYHKIUI C KOHEYHOH dHEpruei L? MOTYT OBITh 3aIlMCaHbI
B Bujie psana Oypee. [lo onpenenenuro auckpeTHoe nmpeodpazopanue Oypoe (AI1D) byrkmnm
¢ eCTb:
N-1
Q[n] = ) ¢ln]exp(

n=0

—i2mkn
N

OO6patHoe muckpetHoe npeodpazoBanue Dypbe umeeT B (4):

Z ®[n] exp (iZTan> : (4)

Huckpernoe npeoOpazoBanne Pypre QyHKIHH ¢ ¢ epruogoM N BBIUUCISIETCS MO €€
3HayeHusM B wuHTepBale 0 < n < N. BaxHO Takke OTMETHTh, YTO (YHKIHA
JMAarHOCTHYECKOT0 CUTHAJIa JIOJKHA YIOBJIETBOPSTH YCIOBHIO NMEPUOAUYHOCTU C HEPHOIOM
N, a He OBITh MPOCTO (PYHKIMEW KOHEYHOro curHaia mo N orcyeram. JIMCKpeTHas cymMma
Oypbe (4) onpenensieT CUTHal ¢ MepuooM N, y KOTOPOro 3HaYEHHUS] Ha KOHIIAX MHTEpBaja
¢[0] u @[N — 1] 1o/mKHBI OBITH €CIIM HE PaBHBIMH, TO, [0 KpaiiHel Mmepe, Onuskumu. Eciu
snaueHus ¢[0] u @[ N — 1] CHiIbHO OTJIMYAIOTCS APYT OT APYTa, TO 3TO MPHBOIUT K PE3KOMY
CKauKy Bcell cymmbl Dypbe, a TakKe MOSBISIIOTCS BBICOKOYACTOTHBIE COCTABIISIOLIUE C
OTHOCHUTEJIbHO OOJIBIIUMH aMILTUTYJaMH.

Z| =

p[n] =

JuckperHoe npeodpazoBanne Pypbe ¢ 0KHOM g[n] st nepuoaudeckoit GyHkuuu @[n]
¢ nepuooM N oInpeaensercs BeIpaxeHueM (5):

-1

Qlm, 11 = ) glnlgln - mlexp(

=0

—i2min

) 5)

U BBIYMCIISIETCS IS KaX10T0 3HaueHus: m B uHTepBaie 0 < m < N u 3HaueHus [ B UHTepBaje
0 < I < N ¢ moMOIIpi0 MPOM3BEICHHUS yKa3aHHbIX QyHKIHi @[n]g[n — m].

B kadectBe ¢yHkuum okHa ¢g(t) BbiOpana (yHKIUS XEMMHHTa C TIEPHOIOM,
paBHbIM T (6):

2mt
g(t) = 0,54 + 0,46 cos (T)' (6)

KoTopasi, corjacHo pabore [12] B wuHTepBane wu3MeHenus [-1/2,1/2] umeer
CPEIHEKBAJIpaTUYECKY0 IIMPUHY Juarnas3oHa, paBHyr 0,5. MakcumaibHas aMIUIATyAa
NepBbIX OOKOBBIX MAaKCUMYMOB 3TO# (yHKuuu paBHa —43 nb, mmpuna auanasona Am = 1,36
U CTENEHb aCCUMITOTUYECKOrO YOBIBaHWS Ha OOJNBIIMX YacToTax paBHa Hymo. OkHO g[n]
npeJCTaBIsieT co00OW CUMMETPHUUHBIA JAMCKPETHBIM CHUTHAI C mepuogoM N U eIWHUYHOU
HOpMoii ||g|| = 1, re mo onpeneneHnIo HOPMBI:
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lgll = < f |g(t>|2dt)

Jnst muckperHoro mpeoOpazoBanust Dypbe (yHKIHMS OKHa XEeMMHUHTa MPUHUMAET
Bux (7):

1/2

2nn
gln] = 0,54 + 0,46 cos (N — 1). (7)

I'padux nanHoM Gynkimu it N = 100 mokazan Ha pUCYHKE 5.

g[nﬂ_]s
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Pucynok 5 — I'paduk oxna Xemmunra, ucnonszyemoro st IOK KCC [The graph of the Hamming window
used for the electrophysical testing of control sample]

Kaxnpiii nedekr crpykrypel oOnagaer cBoed H3iydarolield CIOCOOHOCTbIO BOJIH
MEXaHUYECKUX HamnpskeHuil. bonee mHTEeHCHBHOE M3nydeHue AedexTa Ha MOTEHIHOrpaMMme
JaeT M300pakeHHe, KOTOpPOe COOTBETCTBYET Oosiee BBICOKOW aMIUIMTyAe curHana. Jns
MHTEPIIPETAllUU MOJTYYEHHBIX PE3YyIbTaTOB Mbl MPUMEHSEM (PU3MUECKYI0 MOJIENb, COIJIACHO
KOTOpPOH KaXJIoMy Je(deKTy, HaxOAsIEeMycs B CBapHOM COCIMHEHHM, IIOCTaBJIE€H B
COOTBETCTBHUE HEKMM TapMOHUYECKHH OCHMIUIATOP, AMIUIMTYJa KOTOPOrO OIHCHIBAETCA

bynkmueit C(7) (8):

C(t)= Ay + Z:=1 (Am cos (ant> + Bp,sin (ant)> , (8)

rae Ay — TMOCTOSIHHAs, XapaKTEepU3YyeT YCPEIHEHHOE 3HAY€HHE BHYTPEHHHMX HANPSKEHUU B
30He pacrnosiokeHust nedekra; A, u B, — Kod3pIUIUEHTH TapMOHHUK. YTPYTrUe BOJHBI
MEXaHWYECKUX HAMpsHKEHUH OT nedekTa, MOXOANIue A0 MOBEPXHOCTH OMMETaTMYECKOTrO
KOHTAaKTa, WU3MEHSIOT PAaBHOBECHOE pACIPENECIEHUE 3SJIEKTPOHOB MPOBOJAMMOCTH B ITOH
00J1aCTH, YTO MTHOBEHHO OTpaXaeTCsl Ha 3HAKE M aMIUIUTYJE PETHCTPUPYEMOTO CHUTHAaJA.
Boxapl HeoOpaTuMOl TOBEPXHOCTHOM JedopMaliii MPUBOIAT K M3MEHEHHUIO YHCIla TSATEH
KOHTAaKTa M UX TUTOMIAH, YTO TaKXe BIUsAET Ha BU GyHKIU @ (1) [13].

Pe3yabTarnl

Ha pucynke 6 mnpencraBineHa noBepxHocTHas noteHiuorpamma KCC st HU3KOTO
ypoBHs SLS=1,824 ¢ makcumanbHod amrmuiutynod ¢ = 0,015 B. Ilo ocu x obGo3HaueHa
KOOpJIMHATA BJIOJIb M3MEPUTEIBHBIX TOPOKEK. MakcHMaabHOE 3HAYECHHUE X COOTBETCTBYET
3HAQYEHUIO JUIMHBI CBapHOro coeauHeHus. [lo ocu )y mokazaH HOMEp H3MEPUTEbHON
JTOpOKKH. B BepxHel uyacTH pHCYHKa MpuBeleH (parMeHT CHUMKA paguorpaduueckoro
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koHTpoisi KCC (cMm. puc. 2). Ha 1aHHOM CTpYKTYpPHOM YpOBHE BHUIHBI M300pa)KEHHUSI CaMbIX
MOIIHBIX TI0 aMIUIUTYAE CTPYKTYpPHBIX HEOAHOPOAHOCTEH. B wacTHOCTH, XOpOomIO BUIHO
cmemeane KpoMok KCC (o6o3nauenue mo I'OCT 7512-82 «Ckp») — MHPOKHE MOJOCHI
CBETJIO-3€J€HOro 1BeTa. Ha moTeHumorpaMme MOXHO BHAETh TaKXKe [Ba JIOKAIbHBIX
HenpoBapa 1o pasaenke (Hp-Hp, cieBa BHU3Y) U Ie(eKT, pacroNoKeHHbIH Ha LEHTPAIbHON
U3MEpUTENIbHON aopoxkke (Hxk). B HumkHeM mnpaBoM yIily pHUCYHKa paclojlaratorcsi JBa
n3o0paxxenus: nopsl (/7) u HenpoBapa no paszzuenke msa (Hp). LHudpsl, nokazaHHbie 0KOJIO
Ne(QEeKTOB, XapaKTepU3ylOT TIpPaUEHT HW3MEHEHHs IOTEHIMajJa M  COOTBETCTBYIOT
OIIPEJIETICHHOMY IIBETY N300paXeHUsI.

0 40 80 120 160 200

Pucynoxk 6 — M300pakeHus! CTPYKTYPHBIX HEOJHOPOJHOCTEH M X KOOPAMHATHI Ha TOBEPXHOCTHOM
noteHIorpamMme s SLS = 1,824 [Images of structural heterogeneities and their coordinates on the surface
potentiogram for SLS = 1,824]

Ha 6onee BricokOM cTpykTypHOM ypoBHE SLS = 2,42 (puc. 7) BUIHBI TPOTSKEHHBIE
[IUPOKUE TIOJIOCHI CBETIIO-KOPUYHEBOTO IBETa (BJOJL JAOPOXKEK 3 U 4) B BUJAE CTYNEHBKH,
uAeHTUGHUIMpYeMbIe Kak Hernposap 1o pasaenke KCC (Hp).

0 40 80 120 160 200

Pucynox 7 — V300paskeHHs CTPYKTYPHBIX HEOJHOPOIHOCTEH M MX KOOPMHATHI Ha MTOBEPXHOCTHOMN
noteHporpamme st SLS = 2,42 [Images of structural heterogeneities and their coordinates on the surface
potentiogram for SLS = 2,42]
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Tonkast CTpyKTypa HempoBapa no paszaeike (Hp) BunHa Ha Oojiee BBICOKOM YpPOBHE
SLS = 2,959 (puc. 8): OTHOCHUTENBbHO Yy3KHUW MO IIMPUHE TIpeOeHb HENpoBapa, >KEITO-
OpaH’>KeBOro 11BeTa, uMeeT 3HaueHue @ = 600 MkB. MoHO NpeIoKUTh ONMCAaHUE JAHHOTO
nedexkra B o0beMe: MJIaBHbIE HUCMAJAIOIIUE CKIOHBI PaclooKeHbl CUMMETPUYHO ¢ 00enx
€ro CTOpOH (BCTaBKa B IPAaBOM BEPXHEM YINIy MOTEHUUOTpaMMbl). 3HaueHHsS (YHKIHU
YMEHBILIAIOTCS HA CKJIIOHAX M JIOCTUTal0T HAMMEHBIIEro 3HaueHus1, paBHoro ¢ = 100 MxB.
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Pucynox 8 — M300paskeHus CTPYKTYPHBIX HEOJHOPOTHOCTEH U MX KOOPIAMHATHI Ha TOBEPXHOCTHON
moteHImorpamme st SLS = 2,959 [Images of structural heterogeneities and their coordinates on the surface
potentiogram for SLS = 2,959]

[Tepexon Ha mocnenyroumii ypoBeHb co 3HaueHueM SLS=4,155 mo3BosisieT mojay4uTh
Oosiee BBICOKOE paspelleHHe M3MEpPUTEIbHOM cucTeMbl. Ha moTeHuuorpamMMe MOSIBISIOTCS
neeKThl, CBA3aHHBIE ¢ HEMpoBapoM KopHs (Hk). IIpepbIBHCTHIN XapaKkTep JaHHOTO JedeKTa
XOpOUIO 3aMeTeH BOJM3M LEHTPaJbHONW HM3MEpUTENbHON nopokku (Homep 5). Ha nanHOM
PUCYHKE MOXHO TaKKe BUAECTh H300pak€HHE TOTO0 MeECTa, TNl Ha CHUMKE HaXOIUTCS
BOJIb()paMoOBOE BKIIOUEHUE (B) 1 HeKoTopble apyrue nedextsl. M300paxenus aegextos (Hk)
U (B) UMEIOT OJIUH U TOT € LBET — XKEJIThI. ITO 03HAYaeT, YTO B JaHHOM Clly4ae, OHU BCE
pacrosiararoTcs B OJHOM IUIOCKOCTH, KOTOPYIO YCJIOBHO MOKHO Ha3BaTh «IUIOCKOCTBIO
CeUeHHs», ¢ COOTBEeTCTBYIOIMM 3HaueHHeM SLS. Jledekr ke (Ckp) mMeeT «BHYTpEHHEE
yri1yOJeHHe», YTO 0COOEHHO XOPOIIOo 3aMeTHO Ha pucyHkax 9 u 10.

1} 40 80 120 160 200

Pucynok 9 — M300paskeHus CTPYyKTYpPHBIX HEOJHOPOTHOCTE!N M MX KOOPIMHATHI HA TOBEPXHOCTHON
noteniporpamme st SLS=4,155 [Images of structural heterogeneities and their coordinates on the surface
potentiogram for SLS =4,155]
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0 40 80 120 160 200

Pucynox 10 — M300paskeHnst CTpYKTYPHBIX HEOTHOPOIHOCTEH M MX KOOPIUHATHI HA IOBEPXHOCTHON
noteHmmorpamme At SLS = 5 [Images of structural heterogeneities and their coordinates on the surface
potentiogram for SLS = 5]

[Ipu cBapuBaHuM IIyOOKUX LIBOB MPUXOJUTCS UCIOJIB30BaTh MOCIOMHOE CBapUBaHUE.
[TepBblIii ci10¥ HAIIABIAIOT BBICOTOM 3-5 MM, mupuHa kKotoporo 3-4 mm. [locneayromnue cioun
BBINOJIHSACT 3JeKTpojaMu Oosbluero auamerpa 4-5 mm. Ilepen HamnaBkoit oyepenHOro cios
MOBEPXHOCTh PAa3/eiK{ IBAa 3aUMINACTCS METAUTMYECKOH MIETKOM OT Hulaka W OpbI3T
Metayna. I[Ipy sToM, ecim cnenualbHO HE NPOTPEBaTh CBAPUBAEMOE COEIMHEHHE, TO
ITOCJIE YOI CJI0s METaJlla JIOXKUTCS Ha OCTBIBAIOIIMIM CIION. B pe3ynbrare 4ero BO3HUKaT
JIOKaJIbHBIE TPAJUEHTHl TEMIIEpaTypbl, KOTOPbIE MOTYT NPUBOJUTH K OOpa30BAHMIO IYCTOT
WJIA MUKPOTPEIINH.

Pucynox 11 pgaer wu3o0paxeHHs MHOTOYMCICHHBIX MCTOYHUKOB MEXaHHYECKUX
HanpsDkeHnd Ha ypoBHe SLS = 5 m ux oObemHOoe mnpexacraBieHue. CpaBHUBaAs 3TH
n300pakeHHsI ¢ U300paKEHUSIMHU Ha CHUMKE Paguorpaduueckoro KOHTPOJIS MOXKHO MOHSTh K
KakKUM HMEHHO Je(QeKTaM OTHOCSTCS STH HM300paXCHHUS W ONPEACTHTh HX KOOPIUHATHI.
OOpatuM BHMMaHHE Ha TO, YTO Ha JAaHHOM CTPYKTYpHOM YpOBHE B HIDKHEH wyacTu
NOTEHLIMOTPaMMBl, MO-TIPEKHEMY, HPUCYTCTBYET HEOJHOPOAHOCTH (Ckp), UYTO TOBOPUT O
HIMPOKOM IO aMIUTUTY/IE€ IUana30He U3y4eHUs JaHHOW HEeOJAHOpPOIHOCTH. B BepxHel yactu
pucynka 10 B BuJie OTAETBHBIX (PPArMEeHTOB 3€IEHBIX OTTEHKOB BUCH HEMPOBAP 110 Pa3JeNIKe

(Hp).
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Pucynok 11 — M300paskeHus CTPYKTYPHBIX HEOAHOPOIHOCTEH U MX KOOPAMHATHI HA TOBEPXHOCTHOM
noTennuorpamme i SLS =5,398 [Images of structural heterogeneities and their coordinates on the surface
potentiogram for SLS =5,398]
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Ha pucynke 12 xopomio BHJIHA TOHKas CTpPyKTypa HempoBapa KopHsi (k) BIOJb
LEHTPaJbHOW HW3MEpPUTEIIbHON JOPOXKKMA U TOHKas CTPYKTypa CMELIEHUS KPOMOK JUIst
SLS = 5,398. B wacTHOCTH, MOYKHO BHUJETh, YTO TIyOHHa nedexta Ckp HEpaBHOMEPHA IO €ro
JUTMHE, a caM Je(eKT COCTOUT M3 OTACIbHBIX (ParMeHTOB, KOTOpPhIE OOpa30BaIMCh B
npouecce cBapku. CrefyeT TakKe OTMETHTh M LIMPOKYIO JIMHHUIO HENpOBapa IO pa3felike
BepxHel yactu KCC. CpaBHuBasi JaHHBIA PUCYHOK C MPEABIAYIIUM, MOKHO 3aKJIFOYUTh, YTO
Ha HeM HeT JedexTa (B) BCIeACTBUE OTCYTCTBHS BOJH HANpPSHKCHHA B paccMaTpUBAEMOM
uHTepBane amruinTyn. Jlokanusanus nedekra «CBHI» M IOJ€ BHYTPEHHHX HaNpsKEHUN
0K0JI0 BoJb(pamoBoro BkitoueHus (B) mpu SLS = 5,699 nokazana Ha pucyHke 12. Jlepexr
(Ckp) pparMeHTHpOBaH Ha JAHHOM PHUCYHKE Ha OT/ENIbHBIC IIBETOBbIC MSTHA CHHE-TOIYOBIX
OTTEHKOB ¥ MHOTOYHUCIICHHBIE OCTPOKOHEYHBIE TPEYTOJBHUKUA HEOOJIBIIOT0 pa3Mepa.
TpeyrosbHUKM pacupeneseHbl BIOJIb BTOPOM HM3MEPUTEIIBHONW JTOPOKKH, C KOOPAMHATAMH:
Hayano x = 10, xoner x = 90.

1] 40 80 120 160 200

Pucynox 12 — M300pakeHust CTpPYKTYPHBIX HEOJTHOPOJHOCTEH U MX KOOPJIUHATHI Ha IOBEPXHOCTHON
noteHIorpamMme s SLS = 5,699 [Images of structural heterogeneities and their coordinates on the surface
potentiogram for SLS = 5,699]

Ha pucynke 13 npuBesneHa noTeHIuorpaMma ¢ BICOKMM aMIUTUTYAHBIM pa3pelieHueM
it SLS = 6, Ha KOTOPO#H JIOKaIM30BaHbI IEEKTHl «CBHII, HEMpoBap KopHs (Hk), nopa (1),
Bosb(ppamoBoe BkiroueHue (B) u cmemnienne kpoMok (Ckp) mo Bcerr qmuae KCC. Buanbt
TaKXKe KOOpAMHATHI 3TUX nedektoB. Kak Oymer mokazano Hiwke aedexkr mopa ([1) u
BOJIb()paMOBOE BKJIHOUEHHUE (B) OKaKyTcs HE OAMHOYHBIMU, a CHAPEHHBIMH Je(PEKTaMH.

1] 40 80 120 160 200

Pucynok 13 — M300paskeHus CTPYKTYPHBIX HEOAHOPOIHOCTEH U X KOOPAMHATHI HA TOBEPXHOCTHOM
noteHmmorpamme Ayt SLS = 6 [Images of structural heterogeneities and their coordinates on the surface
potentiogram for SLS = 6]
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W3 npeacTaBieHHBIX PUCYHKOB MOXHO 3aKJIIOUUTh, 4TO AedekT (Ckp) naeT u3aydyeHue
BOJIH MEXAHMYECKMX HANpsXKEHUH B IIMPOKOM Juamna3oHe aMiumutyn. Ha stom ¢one
BO3HUKAET MpobiemMa oOHapyKeHus Oojiee MENKuX mo pasmepam nedekroB. Kpome 3toro
U3JIy4eHUEe OT MEJKUX JIe(eKToB, pacnojoxeHHbIX rimyooko B KCC, ocnabusercs 3a cuer
3aTyxaHHUsl MEXaHWYECKHX BOJH B 00beMe Marepuaina. OnpeaeneHHble TPy THOCTH BOSHUKAIOT
npyu OOHAapY)KEHUHU JBYX HEOOJBUIMX IO pa3MepaM Je(eKTOB, HAXOIAIIMUCA OAUH IOX
JTPYTHM.

Bonpoc o ¢usnyeckom mMexaHuzme oOpa30BaHUs BOJH HANpsDKEHU OoT JedeKkToB B
CBapHOM COEIMHEHHH, a TAK)Ke, KAKUM 00pa30oM BOJHBI MEXaHUYECKUX HAIPSDKEHUH BIHSAIOT
Ha BEJIMYMHY U 3HaK PETUCTPUPYEMOI0 CUTHAJA, II0KA OCTAETCA OTKPBITBIM. Tak npu aHanuse
MOBEPXHOCTHBIX ~ TOTEHIMOTPAMM  CTaJIbHOTO Opyca ¢ TPOCBEPICHHBIMH TIIYyXUMH
OTBEPCTUSAMHU Pa3HOW IITyOMHBI, OBLIO 3aMEUEHO, YTO H300pa’kKeHHs] BHYTPEHHUX KPOMOK
OTBEPCTUM IPOUCXOIAT OT BOJIH HANPSDKCHUM, M3JIy4aeMbIX BHYTPEHHEH IIOBEPXHOCTBIO
OTBEPCTHUS, 00PAa30BaAaHHOT'O NP CBEPJICHUM KPOMKOH PEXYILEro MHCTPYMEHTA.

BoisiBiieHne 1e()eKTOB ¢ IOMOIIBI0 JUCKPETHOI0 npeodpa3oBanns ®ypne

CoBMecTHOE UCTIONB30BaHUE y3KOMOIOCHOTO (puibTpa [TAJl ¢ BRICOKMM pa3pemeHneM
no aMmrmryzne curtaia u ¢opmanuizma /IO ¢ 4acTOTHO-BpeMEHHBIMU OKHAaMH IO3BOJISET
s dexkruBaO HaeHTUGUIUpoBaTh AedekTsl KCC, B ToM uncne u oOpa3yromnmecs crapeHHbIC
ne(EeKTHI.

Ha pucynkax 14 u 15 noka3ansl npuMepsl 4acTOTHOH Jokanu3anmu aepexros B KCC.
B nwxneil yactu pucyHka 14 mpuBoaMTCA BUJ JIOKAJIM30BaHHOTO JAedexkTa Ha JTUHEHHON
NOTEHLMOTrpamMMe (pO30BBIN LIBET) U €ro rapmoHuka B npexacrasieHun AIID (kocunycouna
cuHero 1Beta). lllkana mo ocu y oTHOCUTCS K 00€UM KPUBBIM OJHOBpEeMEHHO. JledekT Obul
UICHTU(PHUIMPOBAH KaK JIOKAJbHBINA HenmpoBap KOpHS Ha ypoBHe SLS = 1,824 (cm. puc. 6),
pacIoyo’)KeHHbIN Ha MATOW M3MepHUTeabHOH nopokke. Ha pucynke 15 nokasan pesynbTar
oOHapyXeHHs Ha TPEThel TopokKe HempoBapa KOopHs U nedekra (Ckp) Ha OATON JOPOKKE Ha
ypoBHe SLS = 4,155 (cm. puc. 9), a Takke COOTBETCTBYIOLIME 3TUM Je(eKTaM CIEKTPHI
Dypse.

ax10” . /
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Pucynox 14 — YactoTHast ToKanu3anus CTpyKTypHBIX HEOJHOPOJHOCTeH. O TMHOYHBIH AeeKT HepoBapa KOpHS
(Hx) noxanu3oBaH Ha JMHEHHOW NOTEHIIMOTPAaMMeE B BEpXHEH UacTU pUCYHKA. B HIKHeEN yacTu pucyHKa
JIaHHBIN e eKT BbIIesICH PO30BhIM [IBETOM. ['apMOHNKa, TPUTOHOMETpHUecKast (GYHKIHMS KOCHHYCa,
COOTBETCTBYIOIIAs TaHHOMY AedekTy B peacraiaennu AI1®D, nokaszana B HU)KHEH 4acTH PUCYHKA CHHUM
useroM [Frequency localization of structural heterogeneities. A single root deficiency defect (Hx) is localized on
a linear potentiogram in the upper part of the figure. At the bottom of the figure, this defect is highlighted in
pink. Harmonics, the trigonometric cosine function corresponding to a given defect in the DFT representation is
shown in blue at the bottom of the figure]
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Pucynok 15 — YacToTHast ToKaau3anus CTPYKTYPHBIX HEOJHOPOJHOCTEH. B meHTpe pucyHka nokasaHa
MIOBEPXHOCTHAs IIOTEHIMOTpaMMa. BBepXy OT Hee IpuBeieHa IMHEeHHast HOTeHIIMOTpaMMa U ciiekTp Pypee ¢
OKHOM XeMMHUHra JJist fepexra HerpoBap KopHs (Hk), a B HIDKHEH JacTH PUCYHKA NPHUBECHA JIMHEHHAS
MoTeHIHorpaMMa 1 criekTp Dypbe ¢ okHOM XeMmMuHTa 11 NedeKTa Henpoap 1o pasnenke (Hp) [Frequency
localization of structural heterogeneities. In the center of the figure, a surface potentiogram is shown. At the top
of it is a linear potentiogram and Fourier spectrum with a Hamming window for a root penetration defect (Hx),
and at the bottom of the figure, a linear potentiogram and a Fourier spectrum with a Hamming window for a root
penetration defect (Hp) are shown]

Ha pucynke 16 mnokazaHn mnpumep OOHAapyKe€HUS [BYX CHApEHHBIX Je(PEKTOB
(1BOMHUKOB), 0OOpa30BaHHBIX Ha 4-TOM U3MEPUTENBHOW JOPOXKKE, IEePBOHAYAIBHO
uaeHTuguuupyeMbix kak mnopa (//) m BoibppamoBoe BkItoueHue (B, cm. puc. 13). Ha
NOTEHIMOrpaMMax B HIDKHEH uvacTu BHIHA Takxke Jaertamu3anus JedextoB  Ckp.
[lepBoHavanbHO, cneays pucyHky 16 a mpu SLS = 6, ObuT cienan OmuOOYHBIN BBIBOJ] O TOM,
YTO Ha JIMHEHHOHN moreHnuorpamme (puc.16 a, cneBa) NPUCYTCTBYIOT H300paskeHHs YEThIpEX
OTIENbHBIX AePeKTOB Ha 4-TOW M 5-TOH MOpOXKKax. B COOTBETCTBUU ¢ MPHUHSATOM MOJEIBIO
(popmyna 8) JAIID naer nokanu3alnuio YeThIpEX TapMOHHUK, 0Opa3yloLIUXcs OT YEThIpeX
OJIHOBPEMEHHO  JEMCTBYIOIIMX MCTOYHHUKOB. OnHako, mnpu Oojee BHUMATEIBHOM
paccMOTpeHHH TpaUKOB MOXKHO YOEAUTHCS, YTO TOJBKO JBa JedekTa pacrnonararorcs Ha 4-
TOW M3MEpPUTEIIbHON JOpOXKKE, a JABa JPYrMX — Ha coceaHed mnsAaTou nopoxke. Ilpu
M0CJIEI0BATEIbHOM yBEIMUEHUH 3HaueHus: SLS ot 6 110 6,26 ObLIM MOJTydeHbl H300pakeHusl,
Ha KOTOPBIX JIBOWHMKH, PACIIOJIOKEHHBIE Ha 4-TOW JOpPOXKKE, HAYMHAKOT pacnajarbcs Ha
OJIMHOYHBIE Je(eKThl W 3aTeM ucuesatoT npu SLS = 6,26 (puc. 16 0). B pesynbrare
GuapTpaii Ha TOTCHIIMOTPAMME OCTAeTCS TOJIBKO OJWH naePexT Ha S5-TO JOPOXKKE,
UJACHTUPHUIUPYEMBIH KaK JIOKaJbHBINA HenmpoBap kopHs (Hk). M3o0paxkenue storo aedexra
ncye3aeT ¢ moTeHImorpamMmel mpu SLS = 6,31.
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Pucynox 16 — N300pakenns cnapenHsIx ABoiHNKOB B KCC. /IBOHHUKY BBIAEICHBI HA PUCYHKE, a B OCJIBIH KpyT
1 TIOKa3aHbl CTpenKoi. C 1eBOH CTOPOHBI PHCYHKOB ITPUBEICHBI JTMHEIHBIE IIOTEHIIMOTPAaMMEI (PO30BOTO IIBETA)
n xkpusble TP ¢ okHOM XemMMuHra (CHHETo I1BeTa). M300paXkeHus! OTydeHbI AT BRICOKUX 3HaueHHuH SLS:
a—6;0—06,046; B—6,097; T — 6,155; 1 — 6,26 [Images of twin counterparts in control sample. Doubles are
highlighted in figure a in a white circle and are shown by an arrow. On the left side of the figures are linear
potentiograms (pink) and DFT curves with a Hamming window (blue). Images were obtained for high SLS
values: a—6; 6 — 6,046; B —6,097; r — 6,155; 1— 6,26]

Takum 00pa3oM, HCHONB3Yys METOJ MOCIEAOBATENbHOW (UIBTpAliM Ha OCHOBE
y3kononocHoro guiastpa ITAJ] ¢ marom 0,1 MkB, MOXXHO ompeaenuTh crapeHHbIe TeQEeKThI
(nBOIHBIE, TPOMHBIE U T.JI.), KOTOPBIE paclojaraloTcs B HENOCPEACTBEHHON OJIU30CTH IPYT OT
Jpyra B TOPU30HTAIBHOM, 100 B BEPTUKAIBHOM IIIOCKOCTH (IPYT MO IPYTOM).

BriBoa

Meton ckanupyromet koHTakTHOM moTteHnuomerpun (CKII) wucnonb3oBamum st
OoOHapy>KeHHsI CTPYKTYPHBIX HEOJHOPOJHOCTEl B CBAPHOM COECIMHEHUU U ONPEAENCHMS MX
KoopauHat. [l 3TOro ObUI MOATOTOBIIEH CIEUUAIbHBIA 00pasel, CBapeHHBIH py4HOI
OYyroBOW CBapkoW W3 JByX MOJ0BMH aycreHHTHOM cramu 12X18H10T pasmepom
200x110%13,5 MM ¢ paboueii mupuHoi mBa 12 mm. Iloce cBapku m0OB OBUT IPOCBEYEH HA
PEHTICHOBCKOW YCTAHOBKE M TIOJIyd€H CHHUMOK paauorpaduueckoro koutpoiss. Ilo
pe3ynbTataM HM3MEpPEeHHMH IOCTPOEHbl MOBEPXHOCTHBbIE MOTEHLUMOTpaMMbl U TPOBEACHA
UJCHTUPHUKAIMS H300pakeHuH JeQeKTOB Ha MOTEHIHMOrpaMMax € UX H300paXKeHHUsSMHU Ha
CHUMKE  paauorpaduaeckoro KOHTPOJISA. Unentudukanust  w300pakeHudd  Ha
NOTEHIIMOTpaMMax JaeT YJOBIETBOPHUTEIBHOE COOTBETCTBHE C M300paKECHUSMH AITHX XKe
nedeKkToB Ha CHHUMKe paguorpaguueckoro KoHTpois. [lomydeHHble  pe3yibTaThbl
OOBSICHAIOTCS HA OCHOBE paHee OMyOIMKOBAHHBIX PACUETHBIX U (PU3UUECKUX MOJIEIICH.

B wuactHOCTH, nedexkT cMmemeHHs KPOMOK JaeT H3JIydeHHE BOJIH MEXaHMYECKUX
HaNnpsDKEHUH B IIMPOKOM JHana3oHe aMmIuiutyn. Ha stom ¢one Bo3HuKaer mpoliema
oOHapyxeHHus1 0oyiee METKHX 1o pa3Mepam jedexToB. Kpome 3Toro u3imydeHue OT MEIKHX
nedexToB, pacnonoxkeHHbIX r1yooko B KCC, ocnabnsercs 3a cyeT 3aTyXaHUsI MEXaHHYECKUX
BOJIH B 00beMe Mmarepuana. OnpeneneHHble TPYAHOCTH BO3HUKAIOT MIPH OOHAPYKEHUU JIBYX
HEOOJIBIINX 10 pa3MepaM J1e(heKTOB, HAXOAALIUXCS PAIOM WU OAMH HOJ IPYTUM.
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CoBMecTHOE UCTIONb30BaHUE y3KOMoocHOTo (puibTpa [TAJl ¢ BBICOKMM pa3perieHrueM
Mo aMIUIUTYJIe CUTHajda W Maremarudeckoro ¢opmamm3ma J[I[1P ¢ gacToTHO-BpeMEHHBIMHU
OKHaMHM TMO3BOJISIET 3(PPEKTUBHO WACHTHPHUUUPOBATH AE(PEKTHI pPa3IMYHOrO THUIA, B TOM
qucie 1 00pasyromuecs criapeHHble Je(eKTHI.
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Abstract — Scanning contact potentiometry (SCP) is used for defects detection and for determine

the
arc

coordinates of the defects localized in welded joints. Studied samples are welded by manual
welding of two halves austenitic steel 321H (Chromium-Nickel-titanium stainless Steel)

dimension of each 200x110x13.5 mm. Thereafter welding, seam width is about 12 mm.
Subsequently welded sample is inspected using X-ray radiographic testing system. In order to
compare techniques capabilities, plotted potentiograms and weld radiograph are compared.
Experimental outcomes prove that defects can be detected by SCP technique. SCP results are
complied with mathematical signal analysis of defects. This method may substitute some
destructive or nondestructive methods.

Keywords: Scanning contact potentiometry, nondestructive testing, welded joints, X-ray
radiographic testing, Signal discrete transformation, Chromium-Nickel-titanium stainless Steel.
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N3bICKAHUE, IPOEKTUPOBAHMUE,
CTPOUTEJIBCTBO U MOHTAX
TEXHOJIOI'MYECKOI'O OBOPYIOBAHUA

VIK 539.3

TEXHUYECKASA TEOPUSA U3T'NBA YIIPYTUX ITPAMOYT'OJIBHBIX
IIJIACTUH, IHAPHUPHO ONEPTHIX 11O IEPUMETPY NJIN
SAIIEMJUIEHHBIX 1O IBYM CMEKHBIM CTOPOHAM
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Bce Bospacratomme TpeOoBaHUS K 0€30MaCHOCTH OOBEKTOB SIEPHON SHEPreTUKH BBIJBHTAIOT
TpeOOBaHUs MO COBEPILCHCTBOBAHHIO METOAOB pacyera dJIEMEHTOB WH)KEHEPHBIX KOHCTPYKIUH U
9HEPreTUUECKOro 000pyJOBaHMS HAa NMPOYHOCTh U KECTKOCTh. BriepBble TEOpHs YHCTOro M3ruda
MPSMOYTONBHBIX IJIACTHH, IIAPHUPHO OMNEPTHIX B YITIOBBIX TOYKax, 000OIIeHa Ha ciy4dail uX
n3ruba Kak MpH MIAPHUPHOM ONHUPAaHUM IUIACTHH IO MEpUMETpy, TaK M 3alleMIICHHH
MPSMOYTONBHON IIACTHUHBI 1O JIBYM CMEXHBIM cTOpoHaM. CielyeT OTMETHTbh, YTO NOJy4YeHHas
CHCTEMa YPaBHEHHI PaBHOBECHS HE MO3BOJIET yAOBIECTBOPUTH ypaBHEHUSI PaBHOBECUS TOYHO, a
TOJIBKO B CMBICIIE CPEIHEr0 MHTErpanbHOro 3HaueHusa. OJHAKO aBTOpaM MPEACTABIAETCA ITOT
METO]l PeIIeHHUs 33/1a4X poruda ropasgo 6osnee MaTeMaTH4IeCKH U (PU3NIECKH 00OCHOBAHHBIM 110
CPaBHEHHIO C HCIIOJb30BaHKWEM runote3 Kupxroda, KoTopble MIPUBOIAT K IPOTUBOPEUHSIM, KOT/IA
HYJIEBBIC TIEPEPE3bIBAIOIINE CHIBI IPEATIONAraroTCsi HEHYJIEBBIMH, TOJBKO JUIS TOTO, YTOOBI
MOJNYyYUTh YypaBHEHHWE paBHOBecHs. [IpeayaraeMplii IMOJXOJ IO3BOJIIET OLECHHTH IPOTHOBI
IUTAaCTHHBI B ciIydae, KOT/a IJIaBHBIH BEKTOP CHJI, IPMIOKEHHBIX K IJIACTHHE, MOXKHO MPUII0KHUTh
K ee TeOMeTpHYeCKOMY LEHTpPy. B cTaTee yKka3zaHBI YCIOBHS Ha paclpeieieHHE IMONepeuHOU
HAarpy3KH, IpU KOTOPBIX MOXXHO CUHTaTh, YTO TJIABHBIA BEKTOP CHJI MOXXHO IPHIIOXKHUTH K
TE€OMETPHUYECKOMY IIGHTPY IUIACTHHBL. B KauecTBe NPUMEpOB pEIIeHBl 3ajadu Imporuda
MPSIMOYTONBHOW IUTACTHHBI MOJ COOCTBEHHBIM BECOM Kak IPH LIAPHUPHOM OMHUPAHUH IO
MepUMETPY, TaK U IPH 3alEMJIEHUH 10 IBYM CMEKHBIM CTOPOHAM.

Kniouegvie cnoea: mpsMOyrosbHas IUIACTHHA, YHCTBI M3rMO, pacnpenesieHHash Harpyska,
TEeXHUYECKasi TEOPHS M3rnoa, HaNpsHKeHHO-1e(hOPMHUPOBAHHOE COCTOSIHHE, KECTKOCTD.

[Moctynuna B penakuumio 25.10.2019
[Tocne nopabotku 23.03.2020
ITpunsTa x mybmuxanuu 27.03.2020

Beenenue

OaHUM M3 TJIaBHBIX BOIIPOCOB MpPH MPOEKTUPOBAHUU U CTPOUTENIHCTBE OOBEKTOB
SJICpHON HHEPreTUKH SBJIETCS obecrieueHue ux Oe3omacHOCTU. PemieHne 3Toro Borpoca BO
MHOI'OM OHNpeAcIdeTCsa IMPOYHOCTBIO MW KCECTKOCTBIO KOHCTPYKHHﬁ, KaK OCHOBHOI'O H
BCIIOMOTaTeNIbHOIO 00OPYAOBaHUS, TaK U COOPYX EeHUU. [I[pOYHOCTD U KECTKOCTh — IJIaBHBIE
CBOMCTBA JIFOOOW KOHCTPYKIIMH, 00ECIIEUMBAIONINE €€ HOpMalbHOE (YHKIIMOHHpPOBAHUE, a
TakXke 0€30IacHOCTb ITYyTEM COXPaHEHUS HE TOJBKO IIEJIOCTHOCTH, HO, BO MHOTHX ClIy4yasX, U
reometpuueckor (opmel. KadecTBo pemieHus 3agad, ¢ MOMOIIBI KOTOPBIX BBIYHCIISIETCS
HaNpsHKEHHO-Ie(OPMHUPOBAHHOE COCTOSIHME M KECTKOCTh JJIEMEHTOB, KaK CTPOMTEIbHBIX
KOHCTPYKIUH, Tak M OOOpYyIOBaHUS SIEPHBIX HHEPreTUYECKUX YCTAHOBOK HAIPSIMYIO
ornpenenser 6e30MacCHOCTh U HaJIeKHOCTh AKcIuryataiun ADC u qpyrux oOBEKTOB si/iepHON
SHEpPreTHKU B 1enoM. Bce Bo3pacraromue TpeboBaHus K 0€30MacHOCTH OOBEKTOB SAEPHOM
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HHEPTreTUKU BBIIBUTAIOT TPEOOBAHHUS MO COBEPLICHCTBOBAHHMIO METOJOB PacyeTa AJIEMEHTOB
MHKEHEPHBIX KOHCTPYKIIMI U SHEPreTHUYEeCKOro 000py10BaHusl.

OgHuM U3  pacHpOCTPAHEHHBIX BUAOB HAarpyeHHsl TOHKOCTEHHBIX 3JEMEHTOB
KOHCTPYKIUH B DJHEPreTUYECKOM CTPOUTENIBCTBE U MAIIMHOCTPOCHUU SIBISIETCS H3THUO.
PaccmaTpuBaemoe  HampaBl€HME B~ MEXAHMKE HMMEET OrPOMHOE  IIPAKTHUECKOE
3HaueHue [1-3]. MHokecTBO pPabOT MOCBAIICHO PEIICHUIO 3aJa4yd W3rH0a KOHCTPYKIIHI
BooOmie [4, 5] wm, B wacTHocTH, miuactuH [6-9]. OmHako cieayer OTMETUTh, YTO JIO
HACTOSAIIET0 BpEMEHHU He OBLIO CO3/1aHO HEMPOTUBOPEUMBOU TEOPUU M3rHOa MPSMOYTOIbHBIX
IUIACTUH, IIAPHUPHO 3aKPEIUICHHBIX 110 IEpUMETPY IONEPEYHOM Harpy3kou. 3BecTHbIE
TEOPUH, KOTOPbIE 10 HACTOSIIET0 BPEMEHHU CUUTAIOTCA «KJIACCUYECKUMUY, MPHU OIrKaiiemM
pPacCMOTPEHUH SIBIISIOTCS HEKOPPEKTHBIMU C MaTeMaTUYeCKOH M (U3NYECKON TOYEK 3pEeHUs
[10]. B ocHOBHOM OHHM OCHOBaHBI Ha rumnoTe3ax Kupxroda, u nmpu cocTaBieHUN ypaBHCHHUI
paBHOBECHsI B ps€ OTUX TEOPUH HyJEBblE IO HCXOIHBIM  MPEIIOJIOKEHUAM
nepepe3bIBaroliye Cuibl (paBHbIE MPOU3BEICHUIO HEHYJIEBOIO MOIYJISI CIBUTA HA HHTETpall OT
HYJICBOTO 3HAYEHHUS CJABHra IO TOCTAaHOBKE 3aaud), OyKBaJbHO Yepe3 CTPaHUILy YiKe
MPENIoNIaraloTCsl HEHYJIEeBBIMU C TeM OOOCHOBaHMEM, 4YTO «WHadye YypaBHEHHE H3ruda
BBIBECTHU HE TosryduThes» [10, 11].

DT0 M3naraercss BO BCEX yueOHHMKax MO TEOPUM YNPYroCTH, TIe 3aTparuBaeTcs TeMa
u3ruba miaactud. Otmerum, uro emie co BpeMmeH Tumomenko C.II. nemanuce monmbITKU
HECKOJIbKO CMSITYUTHh TMPEANOoNIo)KeHHe 00 OTCYTCTBUM CIBUIOB, JJSi TOTO, YTOOBI
Nepepe3bIBAIOIINE CHJIbI CTadd HEHyJIeBbIMU. OJHAKO 3TO MPUBOJIUT K TOMY, YTO H3-3a
CBOICTBa MAapHOCTH KacaTeIbHBIX HAMPSKEHWH Ha MOBEPXHOCTHU IUIACTUHBI IIPU MOJ00HOM
MOJXO0JI€ JIEUCTBYIOT HE TOJbKO HOPMAaJIbHbIE K IMOBEPXHOCTU IUIACTUHBI HArpy3Ku, HO U
KacaTeJbHbIE HANPSDKEHUs, YTO TAKKE HANpsIMYyH MPOTUBOPEUUT HCXOJHOM IOCTAHOBKE
3a/1a4H.

ABTOpaM J1aHHOM CTaTbU TpeACTaBiseTcs Ooyiee MEePCHEKTUBHBIM  OO0OOUIUTH
M3BECTHYIO TEOPUM YHCTOro u3ruba ruactul, chopmynupoannyro C.I1. Tumomenko [12].
OO6o01IeHre COCTOMT B TOM, 4YTO IPH COCTABJICHMM YypaBHEHHMH paBHOBecus Oyzaer
HCIIOJIb30BAThCS CPETHEMHTET pAJIbHbIE 3HAUEHUS TJIaBHBIX KPUBU3H U30THYTON IIACTHUHBI.

XoTs mpeliaraeMasi METOJMKAa TaKKE HE IMO3BOJIAET MAaTEMaTH4YECKH TOYHO PELIUTb
MOCTaBJIEHHYIO 33jlauy, OJJHAKO OHA, TEM HE MEHee, XOTS Obl MO3BOJISIET O€3 MaTEMaTUYECKUX
U (pU3MUECKUX NPOTUBOPEUUHA OLIEHUTH MPOTMObI MJIACTUHBI MO BEIMYHUHE IJIABHOTO BEKTOpA
CWJI, NMPWIOKEHHBIX K IJIACTHHE. JTa OLIEHKAa CIpPaBe/UIMBa, €CIIM TJIaBHBIA BEKTOpP CHJI
NOPUJIOKEH B LIEHTpe MIacTUHBL. JJI1 yCTaHOBJIEHHUS 3TOro (pakTa aBTOPAMHU IPEAJIOKEHO
ONpeAeNiTh pa3felibHO SKBUBAJICHTHbIE M3rHOAIONIME MOMEHThl OT pacHpeeeHHON
Harpy3Ku Ha KakJI0M M3 MOJIOBUH IUIACTHHBI. ECIIM 3KBUBaJIEHTHbIE MOMEHTHI HA KaXIOM U3
KpaeB COBIIAJAIOT, TO MOXXHO CYMTaTh, YTO TIJIaBHBIM BEKTOpP CHJI NPUIOKEH K LEHTPY
MJIACTUHBI.

OcHOBHbIE THIIOTE3bI, UCIOJIb3yeMble B MO/IeJIH YMCTOr0 U3rudéa npsiMmoyroJibHou
IUIACTHHBI MOCTOSHHOH TOJIIIUHBI

[Tpu noctpoennn 0600IIEHHON TEXHUYECKON TEOPUH YUCTOrO U3ruba MpsMOYTOJIbHYIO
IUTACTUHY NOCTOSIHHOM TOJILMHBI MOKHO Pa3fesIUuTh Ha 3JieMeHTapHble ciou (puc. 1). bynem
npemnoiaraTb, YTO MPOJOJbHBIE CJIOM B IUIACTUHE HE B3aUMOJICHCTBYIOT B IONEPEYHOM
HallpaBJICHUHU.

['JTaBHBIC MOMEHTBI, IIPHJIOXKEHHBIE K KpasiM IUIacTHHBI 0003Haunm depes M, u M v

OHM [EUCTBYIOT B IUIOCKOCTSIX x0z u yOz COOTBETCTBEHHO. MHTEHCUBHOCTH TIJIaBHBIX
momeHToB M | / anM, / b — BenMYMHBI MOCTOSHHBIE ¥ PABHOMEPHO PACHPEIENEHHBIE 1O

COOTBCTCTBYIOIIHUM CTOPOHAM IIJIACTUHBI.
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[lycTs nuacTuHa uMeeT IMpuHY «a (Baoab Hanpasnemus O0X ), mmuny b (Bmons
nanpapienus 0y ), a Taxke MOCTOSHHYIO BBICOTY /. DTO 3HAUMT, YTO MPU HATPYKEHHBIX
MOMEHTaMHU ITOCTOSSHHON MHTEHCUBHOCTH OTKJIOHEHMSI B BBICOTE IONEPEYHOIO CEYEHUS MaJlbl
IO CPaBHEHUIO C paJliyCcaMH KPUBU3HBI IUIACTUHBI U HE BHOCST CYLIECTBEHHYIO NONPABKY B
OTIpeIeJIeHUE ero HalpsHKEHHO-1e(hOPMUPOBAHHOTO COCTOsIHUA. Byaem npeanonarare, 4To y
IPSAMOYTOJIBHOM IUIACTHHBI TIOCTOSSHHOM TOJIIMHBI HPHU YHCTOM M3THOE CyIECTBYeT
HEUTpaNbHBINA CIIOM — CJIOH, JUTMHA KOTOPOTo HE M3MeHseTcs npu u3rubde. [Ipeanomnaraercs,

YTO MIACTHHY MOKHO YCIIOBHO Pa3Je/INTh Ha CIIOM C TIOCTOSHHOM TommuHo#i A (puc. 1).

My \Z Mx

NMx f\ My/\

\V U ~
Pucynox 1 — UncTblit U3rud npsMoyrobHOM IIaCTHHBI IIOCTOSHHOM TomuHb [Pure bending of a rectangular
plate of constant thickness]

Crnenys monorpaduu C.I1. Tumornenko [12], ucxonas w3 OYEBUAHBIX PACCYXKIACHUU O
TEOMETPUUECKOM TMOJO0UU TMPOJOJIBHBIX Pa3MEPOB DSJIEMEHTAPHBIX CIIOEB pa3Mepam
HEUTPAIBHOTO CJIOSI, MOKHO YCTAaHOBUTBH, YTO HOpPMaJIbHBIE JedopMaiuu 3JIeMEHTApHOTO

CJI0A 8_x , Sy OTHOCUTCJIIBHO TI'C€OMCECTPHUYCCKOI'O IIOJOXKCHUS HeﬁTpaHLHOFO CJI0A

pacnpezeneHsl cienyromum oopazom [12] (1):

z—0 z—90
g, =279, £, =22, (1)
Py Py
rme O — KOOpAMHATA HEHWTPaJbHOTO CJIOS OTHOCHTENBHO T'€OMETPUUYECKOH CepenHBI

IIJTaCTUHBI, , — paanuyCbl KpHUBH3HBI HEUTPAIBLHOI'O CIIOS B INIOCKOCTSX XOZ u OZ
> X y

COOTBCTCTBCHHO.
y‘-II/ITBIBafl, YTO IIJJACTHMHA H3rudaeTcs MPUITOKCHHBIMU IO MNPAMOYTOJIBHBIM KpasiM
MOMCHTaMH C MMOCTOSIHHOM HMHTCHCHUBHOCTBIO n HeﬁCTBYIOHIHMH BO B3aMMHO

NEPNCHAUKYIIAPHBIX IJIOCKOCTAX XOZ n yOZ , JJIA TNIOCKOI'0 HAIPSIXKECHHOI'O COCTOAHUS (T.e.
GZ =0 ) MOXHO IIOJIY4YHUTb, C Y4Y€TOM THUIIOTE3 O IIOJHOM OTCYTCTBHUM CIABUI'OB

( Yxy =Yxz =¥yz =0 ), CIIEIyIOIINE ypaBHEHUS JUIs HOpPMaJIbHBIX

HanpsHKeHUH Gys Oy [12, 13]:

Gx:$(8x+\/'8y), Gy=L2(8y+V-8x),

rne E — monyns ynpyroctu, v — koddurment [Tyaccona.
OueBuaHO, 4TO ¢ ydeToM (1) s OJHOPOIHOTO JTUHEHHO-YIIPYroro Marepuaia MOKHO
3anucarts (2):

2)
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76 KPABYVYK u np.

Gy = E (1+v IJ (z-9)-
1- V py Px

Hcxons M3 TOro, 4ro KacaTeibHble HANpsOKEHUS [0 HaleMy HPeIoI0kKEeHUIO
OTCYTCTBYIOT, HAM HEOOXOAMMO yJIOBJIETBOPUTH YETHIPE YpaBHEHUs paBHOBecus [12] (3):

h

20 iy

chxdydzz()’ jjcydxdz=0’

_ho ho

2 2

3)

h h
2b 2 a
[ fowama=me | floy b=y
_ho _ho
2 2

YpaBHeHusi 0000111eHHON TEOPHH YUCTOI0 U3ruda
bynem mpexrmonarare, uro mapamerpel Oy, Gy, €y, €y, Px . Py , ABIIOTCA

(GYHKIUSAMH OT ABYX KOOPJAMWHAT X U Y, JJi1 KOTOPBIX BBINOJIHEHBI CIEAYIOLIUE YPaBHEHUS

_8 _8
£(xy)=—— g, (xy) =

px(x’)’) py(x’y),
2 2
re B JanbHeimem Oygem 0003HayaTh p x(x, y)_l :M, Py(x’ y)_l = M, a
P 2 8}12
W(x, y) — NPOTrHOBI MTACTUHBI.
Torpaa, ucxozs u3 3akoHa ['yka 1715 JIOCKOTO HAMPS’KEHHOTO COCTOSIHUSA (4):
E 62w(x, y) 62w(x, y)
o.(xy)= +v.——>=|-(z-0)
e e ) O
4

oy (x3)- Ez(azw@’yhv.62W<x’y>]-<z_a>-

1-vZl a2 ox?

Torma YpaBHCHHUA PaBHOBCCHA JIS TJIAaBHBIX MOMCHTOB Mx » M, IpUMYT BHJ (5)
h

h
b 2 a
'[ch(x,y)ddeZO’ '[I (xy)Mxdz =0>
_ho _ho
2 2

&)
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(0,53 2hivde = M, (6, (1.y)- iz =

—_—
S =

(SRR

—_— N |
S —_

(SR

[Toacrasmsiem (4) B (5) u momyqaem (6):

j[a wey), 52W(;,Y)de.

0 8x

—_— |
—~
N
|
(o2
!\1:
|
[e)

| =

(= e R
VR
o)}
[\
=
—~
ks
<
N—"
+
[S))
=
A~
3
<
SN
=
'—l[\)‘b‘[\)
—_
A\
|
>
]
|
]

2
(6)

h
b( 12 2 2 —v?
j 0 w();y) 0 w(;,y) y. J‘(Z_S) ZdZ—Mxl Vo,

Oox Oy

0 _h

2

h
al ;2 2 2 —v?
j(a w();,y)+v.5 W();’y)}dx- j(Z—S)'ZdZ=My1 v
ol oy ox h E

2

OueBUIHO, YTO MEPBBIE JIBA YPABHEHUS CUCTEMBI (6) yIOBIETBOPSIIOTCS aBTOMATUYECKU
mpu 0 =0. OTmeTnM, YTO MOCNEIHHME [BAa YPaBHEHUsS CHCTEMBI (6) pa3spemInMbl TOJBKO

2 2
xorma © wix, ) u 9 w(x, y) SBIISIOTCS] KOHCTAHTAMH.
&2 22

Opnako cucTeMy U3 OTHUX YpPaBHEHUH MOXHO pa3pe3peliuTb B  CMBICIIE

Towey) o 1100(y)

CPEIHENHTErPABHBIX 3HAYEHHN J‘ J’ w ;,y dydx ¥ J‘ J‘ w );,y dydx - TIponHTerpupyem
00 Ox 00 O

IepBoe ypaBHEHHe Ha MHTepBaie [0,a] [0 X, a BTOpOe ypaBHEHNE Ha HHTepBaie [0,5] 110 Y .

B pesynbrate moxyunm (7):

b o2 1-v2
{JO. nyddX+V g{ Gzy)ddx _12.;;}).ng,
(7

I T
” w(x dxdy+v ”ax)dxdy :12.}Z3.MyEV.

Cuctemy ypaBHenmii (7) Oyaem Ha3bpIBaTh ypaBHEHUSIMU pPaBHOBECHS 0OOOIIEHHOM
TEOPUHU YUCTOTO M3ruda (T.€. TEOPUU B CMBICIIE CPEAHEHHTETPATBHBIX 3HAYCHUN ).

besycnoBHo, cuctema ypaBHeHul (7) HE TIO3BOJISET TOUYHO YIOBIETBOPHUTH YPABHEHHS
paBHOBECHS, a TOJBKO B CMBICIIE CPEOHEr0 MHTETPAIBHOTO 3HAYEHHUs, HO aBTOpam
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MPENICTaBISIETCS 3TOT METOJ PEeUIeHHs 3a/add Imporuda ropazio Oojiee MaTeMaTHUYeCKH U
¢bu3ndeckn O0OOCHOBAaHHBIM IO CPaBHEHUIO C HCHOJb30BaHHEM rurote3 Kupxroda [14],
KOTOpPBIC TMPHUBOAST K TPOTHBOPEYMSIM, KOTJAa HYJIEBBIE IEPEPE3bIBAIONINE  CHIIBI
NpeonararoTcss HeHyJeBbIMU [10] TONBKO [uis TOTO 4YTOOBI TOJIYYUTh ypaBHEHUE
paBHOBECHSI.

Pemas (7), MOXHO TTOJTYy4IHUTH (8):

b
T.[azw(x’y)dydx:m- ab (Mx —v-MyJ,

®)

O000meHHbIH YHCTBIA M3rM0 BA3ZKOYNPYIoM IUIACTHHBI B CJy4Yae IIAPHHPHO
3aKpenJieHHbIX CTOPOH

Cucrema ypaBHeHuUH (8) 1103BOJIET TOCTABUTh U PELIUTH 33]a4y YUCTOTO U3ruda Takxe
AJI TJTACTUH, IIapHUPHO 3aKPCIUICHHBIX 110 IICPUMCETPY.

ITycth w(x, y) Oynet umets Buf (9):

w(x,y)zC-x-(x—a)-y-(y—b). )

[MoacraBmstst (9) B (8), MOXKHO TOJMYYUTh JBa YpaBHEHUS ISl OINPEICICHUS
xoncrautel C (10):

co_ 36 (Mx_vMy}
E-3.p2 b a
(10)
co__ 36 (My_vaj_
E-I5.a*\ a b

W3 5TON cuCTEMBI CIIEyeT, Y4TO B CiIy4ae UIAPHUPHOIO ONUPAHUS IUIACTHHBI IO
cropoHam (9) riaBHbIE MOMEHTHI, JCHCTBYIOIIWE HA CTOPOHAX, JOJKHBI OBITH CBS3aHBI
YpPaBHEHUEM:

2 2 2 2
a“+v-b b +v-a
- M =— M

. :
2 3 B2 Y

a

Takum o0pazom, s TOro, 4TroObl IIAPHUPHO OMNepTas IJJacTUHA HAaXOJIWIach B

COCTOSTHUM OOOOIIEHHOTO YMCTOrOo M3rmba B CMBICIE YpaBHEHHH (8) AOCTATOYHO, YTOOBI
HKBHUBAJIEHTHBIE MOMEHTBI, IPHJIOKEHHBIE 10 CTOPOHAM, HAXOAUIUCH B oTHOWEHUH (11):

2, 2
Mx:sz“—V‘g.é.My. (11)
a“+v-b- a

3ameHa monepe4yHo pacnpeaeJeHHONH HATPY3KH IKBUBAJCHTHBIMUA MOMEHTAMH
[TycTh momepex IUIACTHHBI, HMIAPHUPHO 3aKPEIUIEHHOM IO CTOpOHaM Ha €€ BEepXHEeu
MIOBEPXHOCTH, JIEHCTBYET BHEIIHSS pacHpelesieHHas Harpy3ka C HMHTEHCHUBHOCTBIO
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q(x, y) < 0. Byzem mpeanonararh, 4T0 Harpy3Ka pacrpeselieHa 1o y4acTky S MOBEPXHOCTH

IUIACTUHEI q(x,y);t O npu (x, y)e S u q(x,y)zO npu (x,y)e [O,a]x [O,b]\S (r.e. (x,y)
IPMHAUIEKHUT JONOJHEHHIO S 0 NPAMOYTOJbHHKA [O,a]x[O,b] , 3aHSATOTO TUIACTUHOM).
bynem mpenmnonaratb, 4TO BBIIOJIHEHBI JIBa YCIOBUS CUMMETPHUH, CO3/1aBAa€MbIX Harpy3Kou

q(x, y) MOMEHTOB OTHOCHUTEJIBHO CEPEUHbI IIacTuHsI (12):

a/2b g a b g
J.jq(x,y)-(x—ajdxdy:—j J.q(x,y)-(x—zjdxdy,
00 a/20
(12)
ab/2 b ab b
[] q(x,y)(y—ajdxdy:—f | Q(x,y)'(y—ajdxdy
00 0b/2
9=y
0 ~ b
VAR y
b
s
; (a,b,0)

X
Pucynok 2 — JleificTBue pacnpeeNeHHON MONepeyHO Harpy3Ku q(x, y) Ha IIOBEPXHOCTb IJIACTHHBI

[The effect of distributed lateral load q( X, y) on the plate surface]

Bbynem cumntarh, 4TO IpU BHINOIHEHUH YCJIOBUH (12) riiaBHBIN BEKTOpP CHJI BETUYMHOMN
O (ot neiicTByrOLICH MONMEPEYHON HArpy3KH q(x,y)) MOJKET OBbITh NPUJIOXKEH B IIEHTpE
r1acTuHbl. COOTBETCTBEHHO IPENIOJIAraeTcs, YTO MHTEHCUBHOCTb BEPTHKAIBHON PEAKIMU

1IpH OTOpe 10 nepumMeTpy pasua Q/(2-(a+b)).
[Tpenmosnarasi, 9T0 MOMEHTBHI, AeHCTByIOLIME B MIOcKOCTAX X0z u y0z, paBHONpPAaBHBI
(T.e. KaXIpli KOMIIEHCHPYET IOJOBHHY BEIMYMHBI TJIABHOI'O BEKTOpA CHJ), TO JIOJKHO

BBITIOJIHATHCA YPABHCHUC PABHOBCCUSA!

M
Q=27+2&
a b
C yuerom (11) moxHO momyuuts (13):
2 2 M
0=2-(1+v)| L |5 (13)
a +v-b a

CknaneiBast 1Ba ypaBHeHus (10), ucronssys paBerctsa (11) u (13), MOXXHO OTYyUHUTH:

_ 18 (1-v) 0 g
E-h3(1+V)(a2+b2)
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Takum 00pa3oM, OKOHYATENBbHO M3TUO MPSIMOYTOJbHOW IUIACTHHBI, HaXOASAIICHCS B
COCTOSIHMHM YHCTOTO M3TH0a, 000 pacmpeesieHHON Harpy3KOl ¢ TJIaBHBIM BEKTOPOM CHIT
BeJMIMYMHON () , TIPUIIOKCHHBIM B IIEHTPE IJIACTHHBI U HAINPABICHHBIM BEPTUKAJIBHO BHU3,

MOKHO OIIPCACIIUTH KaK:

18 (1-v) 0
E-W (1+V) (a2 +b?
Tak, HanpuMep, TPOruod MPsIMOYTOJIBHON TUIACTHHBI MO/ ACHCTBUEM COOCTBEHHOTO Beca
COCTaBJISIET:

w(xy)=- )-x-(x—a)-y-(y—b)-

18 (1-v) a-b
E-h? (1+V)(a2+b2

w(x,y)=— )g~p-x~(x—a)-y~(y—b)-

O000meHHbIN YUCTHI M3rH0 NPSIMOYI0JIbHON IJIACTHHBI, 3a1eMJICHHOH 110 IBYM
COCEJHMM CTOPOHAM

IycTh, Kak ¥ paHee, rIaBHbIH BexkTop () CHII pacipeieleHHON HATPY3KH MPUIIONKEH K

HCHTPY HpHMoerHBHOﬁ INIaCTHUHBI pasMepaMu d Xb . B aTom cjIydac npeAarojiaractcs, 4To
HUHTCHCHUBHOCTH BepTHKaﬂbHOﬁ p€akuuu Ipu OIrope mo ABYM CMCKHBIM CTOpOHaM paBHA

Q/(a+D).

HepeMemeHI/m IJIaCTUHBI MOKHO ITPCACTABUTL B BUJIC:

18 (1-v) Q
E-i3 (1+V)(a2+b2

wlx, y)=— )'xz')’z'

[IpoBucanue e 3aleMIeHHON 10 IBYM CTOPOHAM TUIACTUHBI 10J] COOCTBEHHBIM BECOM
MOYHO ONPEACIUTH KaK:

18 (1-v) a-b
E-h? (1+V)(a2+b2

W(x’y):— )g.pxz.yz.

Pe3yibTarhl U BLIBOABI

BriepBble mpeuioskeHO 0000IIEHHE pEeLIeHHs 33Jadd YHUCTOro M3ruda IUIACTHHBI,
3aKpEIUICHHOW B YIJIOBBIX TOYKAX Ha CIy4al MPsSMOYTOJIbHOW IUIACTHHBI, IIAPHUPHO ONEPTON
10 IIEPUMETPY.

C nomompbl mpeangaraeModl  METOAMKM — BIIEpBBIE  pELIEHAa 3ajada M3ruda
pacupeneeHHON Harpy3KoW IUIAaCTHUHBI, 3alEMJIICHHOU 110 ABYM CMEKHBIM CTOPOHAMH.

B kaudecTBe mpuMepoB pelleHbl 3a7auyd Mporuda MNPSMOYrOJbHOM IUIACTHUHBI 0]
COOCTBEHHBIM BECOM, KaK MPH HIAPHUPHOM OIHUPAHUU 110 IEPUMETPY, TaK U MPHU 3alEeMIICHUN
10 IBYyM CMEKHBIM CTOPOHAM.

[TpumeHenue mpeanaraeMoil METOAMKHM OOecreyrBaeT MOBBIINIEHHE KayecTBa pacyera
HaANPSDKEHHO-1€()OPMUPOBAHHOTO  COCTOSTHUSL M JKECTKOCTH DJIEMEHTOB CTPOMTEIbHBIX
KOHCTPYKLUH ¥ 000pYAOBaHUS OOBEKTOB SIIEPHOIM SHEPreTUKH, YTO HANPSIMYIO OINpeenserT
uX 0€30I1aCHOCTb U HaJIeXKHOCTh IKCILTYaTaI[|H.
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Abstract — There is a need to improve methods for calculating elements of engineering structures
and equipment for strength and stiffness, which directly affects the safety of nuclear power
facilities. For the first time the theory of pure bending of rectangular plates pivotally supported at
corner points is generalized to the case of their bending both when the plates are hinged around the
perimeter and when a rectangular plate is pinched on two adjacent sides. It should be noted that the
obtained system of equilibrium equations does not allow satisfying the equilibrium equations
exactly, but only in the sense of the average integral value. However, the authors think this method
of solving the deflection problem is much more mathematically and physically justified in
comparison with the use of Kirchhoff hypotheses, which lead to contradictions when zero shear
forces are assumed to be nonzero, only in order to obtain a deliberately equilibrium equation. The
proposed approach allows us to evaluate the deflection of the plate in the case when the main
vector of forces applied to the plate can be applied to its geometric center. The article indicates the
conditions for the distribution of the transverse load under which it can be assumed that the main
vector of forces can be applied to the geometric center of the plate. As examples, the problems of
deflection of a rectangular plate under its own weight have been solved both when hinged around
the perimeter and when pinched on two adjacent sides.

Keywords: rectangular plate, pure bending, distributed load, technical theory of bending, stress-
strain state, stiffness.
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Introduction

The main requirement associated with the development and operation of nuclear
reactors is the control and containment of neutrons that sustain, and are also produced during
fission reaction. Boron is one of the few elements to possess nuclear properties, which proves
its consideration as neutron absorber material. Boron and its compounds boric acid, boron
carbide, rare-earth etc. Boron has two principal isotopes, '’B and ''B the effectiveness of
boron as neutron absorber is due to the high absorption cross-sections. The thermal neutron
absorption cross-section for '’B and ''B are 3837 barns and 0.005 barns respectively. The
neutron absorption of natural boron-containing 20% "B is sufficiently high ~ (4000 barns) in
the low neutron energy range to make it an excellent candidate for use in VVER reactors. In
addition to a high absorption cross-section, boron has another advantage over other potential
neutron absorber materials. The reaction products, helium and lithium are formed as stable,
non-radioactive isotopes. As they do not emit nuclear radiation, decay heating problems
during reactor shutdowns and transfer of depleted control rods are minimal. The (n o) reaction

sB'%on'—,He*+;Li'+2.4MeV

Short description of using program GETERA-93, WIMS-D/4 and SERPENT

The GETERA-93 program can be used to solve a wide range of tasks, both research and
applied. With its help, it is possible to study the neutron-physical characteristics of the
reactors at the cell and poly cell level. The algorithm for the multiplicity of the cell makes it
possible to simulate sufficiently large fragments of the reactor on a small number of cells. In
addition to calculations of the fragments of the reactor, the built-in algorithms allow modeling
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the burnup processes in the reactor and calculating the characteristics of fuel cycles: for
example, the coarse fuel burnup in reactors with cyclic and in reactors with continuous fuel
overload.

On the other hand, WIMS — the Winfrith improved multigroup scheme is a general code
for reactor lattice cell calculation on a wide range of reactor systems. In particular, the code
will accept rod or plate fuel geometries in either regular arrays or in clusters and the energy
group structure has been chosen primarily for thermal calculations. The basic library has been
compiled with 14 fast groups, 13 resonance groups, and 42 thermal groups, but the user is
offered the choice of accurate solutions in many groups or rapid calculations in few groups.
Temperature-dependent thermal scattering matrices for a variety of scattering laws are
included in the library for the principal moderators which include hydrogen, deuterium,
graphite, beryllium, and oxygen. The treatment of resonances is based on the use of
equivalence theorems with a library of accurately evaluated resonance integrals for equivalent
homogeneous systems at a variety of temperatures. The collision theory procedure gives
accurate spectrum computations in the 69 groups of the library for the principal regions of the
lattice using a simplified geometric representation of complicated lattice cells. The computed
spectra are then used for the condensation of cross-sections to the number of groups selected
for the solution of the transport equation in detailed geometry. The solution of the transport
equation is provided either by the use of the Carlson DSN method or by collision probability
methods. Leakage calculations including an allowance for streaming asymmetries may be
made using either diffusion theory or the more elaborate B1-method. The output of the code
provides eigenvalues for the cases where a simple buckling mode is applicable or cell-
averaged parameters for use in overall reactor calculations. Various reaction rate edits are
provided for direct comparison with experimental measurements.

Isotope “**U is described in the library by the recommended nuclide 2238 and has three
versions with different tables of resonance parameters — 2238.2, 2238.3, 2238.4. Resonance
tables 2238.2 were obtained from the UKNDL files, which are close to the corresponding
ENDF / B-4 data. Correction of this nuclide by the authors in the direction of decreasing the
resonant integral uniformly in all groups outside the connection with the files of the estimated
data led to the nuclide 2238.4. Calculations with its use gave more satisfactory results on the
criticality of experimental assemblies. In the library, there are two versions of the resonance
tables of the 235U - 235.2 and 235.4 isotopes. The authors recommend using nuclide 235.4.

Source of nuclide 235.2 is the UKNDL estimated data system. Nuclide 235.4 differs
from the nuclide 235.2 by a correction toward a decrease in the fission source in the resonant
groups by ~ 15%.

The SERPENT — Serpent code is written in standard ANSI-C language. The code is
mainly developed in the Linux operator system, but it has also been compiled and tested in
MAC OS X and some UNIX machines. The Monte Carlo method is a computing-intensive
calculation technique and raw computing power has a direct impact on the overall calculation
time.

Serpent was originally developed to be a simplified neutron transport code for reactor
physics application. The urnup calculation capability for the reactor was included. In present
time Serpent is used in a wide range of applications from the group constant generation to
coupled multi-physics application.

Description of the calculation model:

Active zone of the VVER-1000 contains 163 fuel assemblies. Every fuel assembly
contains 312 fuel rods. These 312 fuel rods are divided in four types Figure la. 1) Fuel rod
(UOy). 2) Fuel with gadolinium rod (UO,+Gd). 3) Guide channel. 4) Central tube. Absorber
materials (B, Dy, Ag etc) are put through the guide channel Figure 1b. In this calculation
model only calculated two dimensional cells without any height and compare the
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characteristics of Boron with Dysprosium, Silver etc. Fuel composition, which is used in the
calculation of reactor cell by the programs (GETERA, WIMS and SERPENT) shown in the

table 1.

Fuel rod
(285)

Fuel+Gd
27
Guide channel Guide channel
(18) B, Dy, Agetc
Central rod
Figure 1a: Fuel assembly Figure 1b: Fuel assembly with absorber element
Table 1 — Fuel composition
Parameter Name Value
Fuel enrichment 235U, Bec. % 4.95
The number of fuel rods, material, internal and external diameter of | 285, Alloy E110,7.80- 107 m, 9.10-107
the cladding of the fuel rod accordingly m

Number of tegs (fuel+Gd), material, internal and external diameter | 27, Alloy E1 10,7.80~10'3 m, 9. 10-10° m
of the cladding of the tegs (fuel+ Gd) rod accordingly
The internal diameter of the cladding of a fuel rod / teg (Fuel+Gd) 7.93:10° m

Fuel enrichment of tegs, 235U, Bec. % 4.0

ContentGd,03, Bec. % 8

Lattice pitch of fuel elements, 12.75-10°m

Guide channel: Its materials, internal and external diameter | Alloy E635, 13.0~10'3m, 11.0-10°m
accordingly

Central rod : Its materials, internal and external diameter | Alloy E635, 13.0-10°m, 11.0:10°m
accordingly

Calculation of the problems

In normal operation, the VVER-1000 reactor is operated by a nominal 100% power
(qy= 110 MWt/m”). It means that in Im’ volume power is approximately 110 MWt. If in this
time control (B4C) rods are inserted the reactor core then (mB) absorbs neutrons strongly. For
this reason, '’B absorber concentration is very low after 300 days. But when changed the
nominal power 90% (q, = 99 MWt/M"), 80% (q, = 88MWt/M") and 50% (q, = S5SMWt/M")
accordingly (Figure 2a), then in the reactor core number of neutrons are decreasing.
Consequently, the concentration of boron ('’B) was burned slowly. The result was calculated
by the program GETERA, WIMS and shown in Figure 2b.

Powe
120%y ¢ 100%
100% -
90%
80% -
(] NO%
60% \ 50%
40% ~—30% 50% ~ GRBERA
20% WIMS0% V SSSQETERA
90% \ 90%
0% T T T ' I T WIMIS0% 1 GBO7RA
0 6 12 18 24 O 100 WIMS  DagoBETERA
Bogf)(;l 2b: Boron concentration in different power vs
Figure 2a: Power vs time Figure f:?)rrltlr 0‘; time by the programs GETERA and WIMS
rod
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When inserting the boron control rod in the reactor core, then strongly occurred the “o”
radiation (5B10+0n1—>2He4+3Li7+2.4MeV). This “a” radiation heated and scrammed the boron
control rod. That is why; Boron carbide is very good for scram. For this reason in the
emergency situation all boron carbide control rods insert the reactor core and stop the fission
reaction. But in the case of maneuvering mode heating up the boron control rod and destroyed
it. Consequently, the control rod needed the elementally change in the maneuvering mode.

Maneuvering is the process in which changes the power of a reactor. Without
maneuvering operation, in the reactor core, all control rods stay top level of the reactor core.
But in the maneuvering mode control rods are inserted in the reactor core. In maneuvering
mode within 1 day (24h), 8h insert the control rod in the reactor core as a reactor work by
50% power (55 MWt/m®); another 16h lifts up the control rod as a reactor work by 100%
power (110 MWt/m®) which is shown in Figure 3a. For the full company (300 days) result
was calculated by the program GETERA and WIMS and shown in Figure 3b.

Power p(th
1 230% 1 Maneuveri
100% 1en %_%— agiti’mde
(16h work 100% ’ GETERA
80% power) 04 Re Maneuveri
L 0;2 ng mode
60% —0 i . with
I -100 100 300  WIMS
40%
2}5 (;;lork Days
20% power
0% Hours
() T T T T T T 1

0 4 8 12 16 20 24

Figure 3b — Boron concentration vs time by the

Figure 3a — power vs time
programs GETERA and WIMS

But in this graph, it was seen that, if the control rod was made of only boron carbide
(B4C) and it was used in the maneuvering mode then the concentration of boron in the boron
control rod also lower after the full company. It is unpleasant for the reactor which discussed
above. For this reason, in the control rod mixed another chemical element Dysprosium (Dy)
Silver (Ag) etc.

Dysprosium (Dy) acts as a neutron absorber in nuclear fuel or in a reactor control rod;
moreover, Dy isotopes after neutron capture have a large capture cross-section. Therefore, Dy
can absorb neutrons continuously and effectively. This slow-burnout property is necessary for
a reactor control rod material. Dysprosium has seven isotopes, **Dy, *’Dy, '®Dy, *'Dy,
2Dy, 19Dy, and Dy have 0.056, 0.095, 2.34, 18.9, 25.5, 24.9, and 28.2% in natural
abundance respectively. The thermal capture cross-sections of Dy isotopes range from; 60 b
~"*Dy to 2500 b ~'*Dy. In the present time in the VVER reactor’s control rod used 50 cm
Dy,03 as a neutrons absorber Figure 4a.

Silver (Ag) is used in the control rods of nuclear reactors, acting as a very effective
neutron poison to control neutron flux in nuclear fission. When silver rods are inserted in the
core of a nuclear reactor, silver absorbs neutrons, preventing them from creating additional
fission events, thus controlling the amount of reactivity. As like Dysprosium; Silver is used
50 cm in the control rod Figure 4a.
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Absorber result for the B4C was calculated by the programs GETERA and WIMS
(Figure 4b). On the other hand Dysprosium and Silver absorber result was calculated by the
programs SERPENT and WIMS (Figure 4b).

p(Con)

1,05

Dysprosium(SERP
EXT)

m—— Dysprosium(WIM

—\S)ll SERPENT
( )

\\ s Sver(WIMS)
0,85
e Boron(GETERA)
0.8 \\ <

Q
JB’oron(WIMS)

Days

0,75

0 50 100 150 200 250 300

Figure 4b — Concentration of absorber (B, Dy and Ag) vs time by

Figure 4a — Boron carbide and Silver the programs SERPENT, WIMS and GETERA
oxide control rod with Dysprosium oxide

Compare of the scram efficiency

Boron carbide has a high absorption cross-section. So scram efficiency is also high. It is
used in the safety purpose. On the other hand, Dysprosium or Silver has low absorption cross-
section and scram efficiency is also low. For this reason control rod, which is used in the
maneuvering mode, is made of Dysprosium or Silver (Figure 4a). To compare the scram
efficiency of these elements need to calculate the next step.

In the first time without (B4C) absorber (Figure 5a) multiplying coefficient
KYWithout absorbery,aq calculated for the (300 days) full company and the calculated result was
shown in Figure 6a. Then with (B4C) absorber (Figure 5b) multiplying coefficient
KWithabsorber a4 calculated for the full company and the result was shown in figure 6b.

Figure 5a — Fuel assembly without absorber (in around Figure 5b — F‘}el assemply _With absorber (in
central circle 18 big circles are empty absorber) around central circle 18 big circles are absorber)

Then the scram efficiency of boron was calculated by the formula

With absorber _ ,-Without absorber
Ko Ko

AK= (

KWith absorber )%’
0
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and the result was calculated by the program GETERA and WIMS and shown in Figure 6¢. In
the same way; multiplying coefficient and scram efficiency for the Dysprosium and Silver
was calculated by the programs SERPENT and WIMS and shown in Figure 7a,7b,7c, and
8a,8b,8c accordingly. In here calculated only for a cell, not for the full reactor.

Without
Boron
carbide
GETERA

Without
Boron
carbide
WIMS

1,12 —m—7—

D
0 200 ays

Figure 6a — Multiplying
coefficient without Boron
carbide vs time by the program

Koo
0,885
0,88
0,875 o Wit
’ Boron
0,87 - carbide
0,865 ) GETERA
0,86 With
Boron
0,855 ;E < carbide
0,85 ~ WIMS
0,845 T . )
0 100 200 300 D2

Efficiency %

-33,00% T T )

34,00% 100200 300
Efficienc

-35,00% 3 of
Boron

-36,00% /ﬁ \ GETERA

-37,00% I

-38.00% }]:Ztgifcienc

-39,00% - V\;)Irl\(/)lns

-40,00%

-41,00% Days

Figure 6b — Multiplying coefficient
with Boron carbide vs time by the

Figure 6¢ — Efficiency of Boron vs
time by the program GETERA and

GETERA and WIMS program GETERA and WIMS WIMS
Koo Koo Efficiency %
1.24 7—With0ut 0,935 Wit 25,00%——— .
D . 0,93 ySprosium _
1,22 H(SERPE (SERPENT) 100 | 100 300
[ 0,925 27,00%
1.2 Without 0’9§ |
) dysprosiu (0,91
1,18 m WIMS 0.91 \\%—f-With 29,00%— Efficiency Of
> Dysprosium Dysprosium(S
1,16 - 0,905 - 31.00 ERPENT)
1,14 - 0,9 } N
1,12 T T ) 0,895 1 33,00% Efficiency of
0 100 200 308 ays 0,89 ' ' Days Dysprosium
0 100 200 300 WIMS
35,00% Days

Figure 7a — Multiplying
coefficient without Dysprosium
oxide vs time by the program

Figure 7b — Multiplying coefficient
with Dysprosium oxide vs time by

Figure 7c — Efficiency of
Dysprosium vs time by the

SERPENT and WIMS the program SERPENT and WIMS program SERPENT and WIMS
Koo Ko . .
124 0.04 . Efficiency %
’ =7 Vith -25,00%
Without | [0,935 Silver(SERP ’ ' ' )
1,22 Silver(S / ENT) 100 0 300
ERPEN 0,93
1.2 Y 0.925 \ / -27,00%
1,18 0.92 - Efficiency of
Without ’ e With Silver Silver(SERPENT)
1,16 siter | 0,915 - IMS -29,00% -
WIMS
1,14 0.91 1
0,905 -31,00%
1,12 - avs \ e Efficiency of
0 100 200 300 0.9 0 100 200 anoPas Silver Wims
. — -33,00% Days
Figure 8a — Multiplying

coefficient without Silver oxide
vs time by the program
SERPENT and WIMS

Figure 8b — Multiplying coefficient
with Silver oxide vs time by the
program SERPENT and WIMS

Figure 8c — Efficiency of Silver vs
time by the program SERPENT
and WIMS
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Resultant Graph

The efficiency of Boron, Dysprosium and Silver are presented in one graph (Figure 9).
But in here seen that efficiency of Boron at the end of the company (EOC) is approximately
similar to the beginning of the company (BOC) of Dysprosium or Silver. In this point, it is
clear that in the bottom part of the control rod use the Dysprosium or Silver in the view of
maneuvering mode of a reactor.

Efficiency %
-22,00% tL

=== Efficiency of
Silver(SERPENT)
Efficiency of Silver WIMS

-27,00%

Efficiency of
Dysprosium(SERPENT)

-32.00% Efficiency of Dysprosium
A . .o e WIMS
Efficiency of Boron
-37,00% / GETERA
Efficiency of Boron
-42,00% ! ———h Days WIMS

Figure 9 — Efficiency of Boron, Dysprosium and Silver vs Time by the programs SERPENT, WIMS and
GETERA

Observation

In this work was used three programs GETERA, WIMS and SERPENT. The GETERA
program is used to calculate neutron physics at department No. 5 of the Moscow Engineering
Physics Institute (MEPhI). On the other hand, WIMS and SERPENT is an international
program. But the result shows that GETERA, WIMS and SERPENT are the same programs,
but slightly different for their own library system.

Result

The result shows that only the boron carbide (B4C) control rod (Figure 3b) is also
stronger absorber neutron in the maneuvering mode. That is why it is needed to modify the
control rod with the chemical element Dysprosium oxide (Dy,03) or Silver oxide (Ag,0O3) or
other chemical elements.

Conclusion
In this paper investigated the control rod burring in the maneuvering mode. In here used
two dimensional models. Calculation shows the flowing result-
- Boron concentration p(B) is decreased, for this reason effectiveness of Boron also
decreased.
- Dysprosium, Silver is better, because concentration of these materials decreased
slowly.
- Dysprosium, Silver is good materials for the power regulation during maneuvering.
The maneuvering method will allow operating a nuclear power plant to maintain the
balance of power in the energy system of a country weekly, monthly and yearly. For this
reason, now a day’s maneuvering is very important for the VVER reactor. The calculated
result was showed that boron carbide burning is very high during the maneuvering period.
That is why; must improve the construction of the boron control rod with other materials Dy,
Ag, etc as if burn slowly in the time of maneuvering. The VVER reactor has 12 regulator
groups that maintain the power of a reactor. Group numbers 1 to 8 (made of only boron
carbide) used in the emergency situation of the reactor. On the other hand, group numbers 9 to
12 (made of boron with Dy or Ag or other elements) used in the maneuvering operation
(when need the change the power of a reactor).
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UCCIEAJOBAHUE U3MEHEHUA KOHIUEHTPALIMUN ITOTJIOTUTEJIA

Abstract — Boron carbide, Dysprosium, Silver, etc have a lot of unique properties, high neutron
absorption, chemical stability, high melting temperature, low density, and low price. These
elements are widely using in the VVER power reactors. In this article was investigated the
absorber cross-section, burring behavior and scram efficiency of these elements. If the control rod
(CR) is made of only boron carbide chemical element and it will be used in the maneuvering mode
then the power of a reactor will fall down drastically. But in this work main goal is that, which
element will be required in the control rod, as a result, the reactor in the maneuvering mode work
with different power without fall down power drastically. The result was calculated by the three
programs GETERA, WIMS and SERPENT.

Keywords: Boron carbide, neutron, absorber cross-section, VVER-1000, control rod, maneuvering,
reactor. GETERA, WIMS, SERPENT.
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IOKHOT'O PETUOHA
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AKTyaJIbHOCTh IUIaBKM TOJIOJiea Ha BO3AYLIHBIX JIMHUAX OOYCJIOBJIEHa 3HAYUTEIIBHBIM
YBEIMYCHUEM HX MPOTSHKEHHOCTH B BIICKTPOIHEPreTHUECKOM cuctemMe HOKHOTO pernoHa B
yCIoBHAX 3KcIuryaTanuu 4-x 610koB PocroBekoit ADC. IlponsBenéH aHamu3 pa3IHyHBIX METOIOB
00ppOBI ¢ OONEeIeHEHNEM Ha BO3AYIIHBIX JIMHUAX dJIEKTpornepenadn HampspkeHuneM 110-220 kB,
Ha OCHOBE KOTOPOTO JaHbl PEKOMEHJAlMM MO WX HPUMEHEHHIO B JAHHBIX KIMMAaTHYECKUX
YCIIOBUSIX.

Kniouegvie cnoea: nepoobpasoBaHue, OOpbIB NPOBOAOB, aBapuH, IUIABKAa IOJIONIeNa, KOPOTKOE
3aMbIKaHHE, 2JICKTPOTEPMUIECKOE U AIICKTPOMEXaHU4IEeCKoe BO3/IeiicTBHe, BUOpAIsl IPOBOJIOB.

IToctynuna B pegaxuuio 14.02.2020
ITocne nopabdotku 19.03.2020
[MpunsTa k mybmukanuu 26.03.2020

B ornnune or xabenbHBIX, BO3IYIIHBIC JIMHUK OOJIbIIE BCETO MOJBEPKEHBI BIUSHUIO
Pa3IMYHBIX NPUPOJHBIX SIBJIECHUHN (IPO30BBIE MEPEHANPSIKEHUS, NPSAMBIE yIapbl MOJIHHH,
BETpOBasi Harpy3ka, oOpa3oBaHMEe Ha MPOBOAAX JbJA U Mpoyee). Bee 3TH sABIEHUS HE TONBKO
CHIDKAIOT HAJISKHOCTb AJIEKTPOCHA0XKEHNS OTpeOUTENeH, HO U ABJISAIOTCS MPSIMON MPUYUHON
aBapuil, KPYMHBIX yIIepOOB NpeANpHUATUN 1 SKOHOMHKH B 11e1oM [1].

[Tpobnema OGopbOBl Cc oONEeIECHEHHEM IPOBOAOB JHHHMNA H3iekTponepenaun (puc.l)
o011en3BecTHa U BeChbMa akTyajbHa. B ycnoBusx skcrutyaraiuu PoctoBekoit ADC, 4 Oioka
KoTopoil MomHocThi0 1o 1000 MBT oOecrieunBaroT 3J€KTpOIHEprueil mnorpeduTenei,
pacrojOXKEeHHBIX B pauyce HECKOJIbKMX COTE€H KWiIoMeTpoB. OTo CTaBpomojbCKuE U
Kpacuomapckue xpasi, Pecrybnuka Kpeim, Actpaxanckas, Bonrorpanackasi, PocTtoBckas
oOnacTu, a1 KIMMAaTUYECKUX YCIOBHM KOTOPBIX XapaKTEpHbI IMOBBILICHHAs BIAXXHOCTH,
BETpbI, BHE3AIHOE MaJEHHUE TeMIlepaTypbl. JTO OOyCIaBIMBACT MPUYUHBI HEXKENATEIbHBIX
MOCJIC/ICTBUM JIeJ000pa30oBaHusl Ha MPOBOJAX BO3AYIIHBIX JHHHUHN. JIeasHbIE OTIOKEHUS
YBEJIMYUBAIOT BEC MPOBOJAa B HECKOJIBKO pa3, a TOJIIMHA JIEASHOTO CJIOSI MHOI/IAa JOCTUTaeT
100 MMm. JlemsgHO¥l MOKPOB BBI3BIBAET AOMOJHHUTEIBHYI0O MEXaHMYECKYIO HAarpy3Ky Ha BCE
3JIEMEHTHI BO3AYIIHBIX JTHHHH.

Q)
Pucynok 1 — I'ononenusie otnoxenus: a) BJI 220xB PoA3C-Bonrogonck II iers, 6) BJI 110xB
3umoBHuKH-PemonTHOE [Glazed blankets: a) VL 220kV RoNPP-Volgodonsk II circuit, b) VL 110kV
Zimovniki-Remontnoye]
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[Tpu 3HAYUTETHHBIX OTIIOKESHHSIX JIb/Ia OOPBIBAIOTCS MPOBOJIA, IIPOUCXOAAT pa3pyLICHUS
M30JISITOPOB M AaXKe OMOp JIMHUH 3JeKTporepenaydu. JleasHple OTI0KEHUs MO BCEW IJIMHE
JUHUM MOTYT OBITb JIOBOJIBHO HepaBHOMepHbIMH [2]. B  pesymbrate cereBas
JJIEKTPOIHEpPreTuYecKass KOMIIAaHUST U THoTpedurenu HecyT Ooisbluue mnorepu. PemMoHT u
BOCCTAHOBJICHHE JIMHHUH 3JIEKTPOIEpelayd — 3TO JOPOrOCTOSIIMNA U IIUTENbHBIN IMpoliecc,
3TO 00yCJIaBIMBAET BAXKHOCTh IPOOIJIEMBI BHIOOPA ONTUMAIBHOIO CII0C00a MIaBKU TO0JIe/1a.

HccnenoBanus MOKa3bIBalOT, YTO TOJIOJIEIHBIE OTJIOKEHHSI Ha MPOBOJIAX BO3AYIIHBIX
JUHUN POUCXOAAT IIPH TEMIIepaType Bo3ayxa okojo muHyc 5°C u ckopocTtu Betpa 5-10 m/c.
CunpHOE BIUSHUE OKA3bIBAET U BIAXKHOCTH BO3IyXa.

Ouznyeckuil mpolecc MpoCcT: Kareau BOJbI U3 OKPYKAIOILIEro BO3AyXa OCAXIATCA U
3aMep3aloT Ha TTOBEPXHOCTH MPOBOJIOB. IMEHHO Tak u 00pa3yeTcst uHel u Haleab (puc. 2).

Mperon Tononer

Pucynok 2 — aeanu3upoBaHHOE MPeCTaBICHHUE rOI0JIe1a Ha TIPOBOIaxX
[An idealized view of ice on wires]

CymecTByeT HECKOJBKO CIIOCOOOB IUIABKM TOJOJIEa, KOTOpPhIE TPHUMEHSIOTCS B
3aBHCUMOCTH OT KOHKPETHBIX ycioBui [3]. Ha ManbIx ydacTKax BO3AYIIHBIX JIMHHA
IIPOBOAMTCS HEMOCPEJCTBEHHO MEXaHMYECKOoe yJaleHue jbaa. s 3Toro HMcmonb3yroTcs
niecTbl U3 OaKenuTa, CTEKJIOBOJOKHA M JIPYroro M30JSIMMOHHOro Marepuana. OJIHAKO 3TOT
MeToJl TpeOyeT ydacTus OONbLIOro yuciaa pabourx, MHOIO BPEMEHM U JAJIEKO HE BCeraa
TEXHUYECKH pUMEHNM. Mcronb3yeTcs B CebCKOM MECTHOCTH Ha TYMHKOBBIX MOJCTAHIUSIX
HEeOO0JIbIION MOLTHOCTH.

B 2008 r. Obul mpemioxkeH HOBBIM crmocod OOprOBI ¢ 0OJeeHEHUEM JTHUHUI
anektponepenad. Crnoco0 3akirodaercs B TOM, 4TO, HE OTKJIIOYasl JUHHIO, HA Hee MoJaeTcs
BbICOKOYacTOTHBINA TOK (50+500 MI'1), koTopblil HarpeBaeT npoBoJ. [yt BBICOKOUACTOTHOMN
KOMITOHEHTBl TOKa BO3HHKAeT TaK HAa3bIBAEMBIH «CKUH-2()(EKT» MIN MOBEPXHOCTHBIN
s dext. Ilporekaromuii MO MPOBOAY TOK CMEIIACTCS K BHEIIHEMY CJIOK0 TNPOBOJIHUKA U
pa3orpeBaeT €ro, 4ro MNPUBOAMT K YCTPAHEHHUIO JIEJASHOro IOKpoBa. JlaHHBIM crmocod
npenrnoyiaraeT NMpuUMEHeHHe MmpeoOpa3zoBaTesied  4acTOThl M HMHOTO  CHEIHAJIbHOTO
obopynoBanus [4].

TomnmuHa c10s, M0 KOTOPOMY MOXET MPOXOIUTh TOK paccuuThiBaeTcs 1mo popmyie (1):

5 =10 [ Q)

IJie G — YACTbHOE COPOTHBIICHHUE MTPH MOCTOSTHHOM TOKE;
Ho — MarHuTHasd MOoCTOsSTHHAs ;
W — OTHOCHUTCJIbHASA MarHuTHas MPpOHUIACMOCTh,
f —vacrora.

YToHueHmne IYTH TIPOXOXKIACHUA TOKA C BO3paCTaHUEM YaCTOTHI BCACT K YBCIMYCHUIO
COIMPOTUBIICHUS TOW YaCTHU MPOBOJHMKA, [0 KOTOPOH TeueT TOK (10 CYyTH 3TO TOHKOCTEHHAas
TpyOka). To ecTb, mpu OAMHAKOBOW BEIMYMHE MPOXOJSAIIETO TOKA, YE€M BBIIIE YacToTa
CUrHajia, TCM BBIIIC TCIIJIOBAA MOINHOCTL ITPOBOAHHKA. Bbruto IIOKa3aHoO, 4TO TaKoOH METO
TpeOyer okoio 2-x Barr Ha 1 M mpoBona, yToObl H30exaTh oOpazoBaHus JpAa. OmHAKO
UMEIOTCS CIICYIONINE HETOCTATKH:

— HEoO0XOJWMOCTh  HENpPEpHIBHOIO  IPOrpeBa  MPOBOJOB I MPEJOTBPALICHHS
o0neneHenus;

I'JIOBAJIBHAA AJEPHA S BE3OITACHOCTD, Ne 2(35) 2020
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— 0onbLIas CTOMMOCTb BBICOKOYACTOTHBIX UCTOYHUKOB MMUTaHUs TpeOyeMOoi MOILITHOCTH;

— peanM3alnMs JAaHHOIO Crocob0a BO3MOXHA TOJNBKO IPU  HCHOJIb30BAHUU YacTOT
nuanazoHoM 87,5...108 MI'l, Tak Kak mpH APYyrux 4acTOTax ATO MOXKET MPUBECTU K
BO3HUKHOBEHHUIO MOMEX M Jake K HEBO3MOXKHOCTH co3faHus OBY-paguocsszu u
YBY-cBs3u 1151 pa3audHbIX SKCTPEHHBIX CIYkKO;

— 3¢ EKTUBHOCTh ATOr0 METOJA 3HAYUTENHHO IMOHIKACTCA H3-32 WCIOJIB30BAHUS JUIS
BBICOKOBOJIBTHBIX JIMHHH AJIEKTPONEpeaayll MHOTOIPOBOJIOYHBIX IMPOBOJIOB, TaK Kak
YMEHBINACTCS] CKUH-2(PEKT.

[TaccuBHOI Mepoil OOpbOBI € 0OJEIEHEHHEM MOXHO CYHTATh HCIOJIb30BaHHE
BBICOKOTIPOYHBIX MpoBoMOB. Ilo cytm, 310 He OOppda C TrojoNeIOM Kak TakoBas, a
MOBBIIIIEHUE MEXAaHMYECKOTO CONMPOTUBJICHUS IPOBOJA W, CIIEAOBATEIIbHO, YBEIMYCHHE
JIOMTYCTUMOW TOJIIMHBI JbAa. [lOBBIIIEHWE MTPOYHOCTHBIX XapPAKTEPHCTUK COBPEMEHHBIX
IPOBOJIOB MPOUCXOJIUT, B OCHOBHOM, 3a CUET WCIHOJBb30BAHUS HOBBIX KOMITO3UTHBIX
MarepuaioB. Takue MpoOBOJAa MOTYT BBLIEP)KaTh OOJNBIIME HArpy3KH, MO CPABHEHHIO CO
CTaHJAPTHBIM CTAJICATIOMUHEBBIM TPOBOJOM, M MOTYT MPOTHBOCTOATH KPUTHYECKOMY
BO3/CHUCTBUIO, OKa3bIBAEMOMY Ha HHX JbJOM. OJHAKO CI€AYyeT OTMETUTh, YTO MPOYHOCTH
TaKuX MPOBOJIOB HE OECKOHEYHa, a 3HAYUT, UCIOJIb30BaHHE JAHHOTO METOJa B PETHOHE C
UHTEHCUBHBIM T0JIOJIEI000pa30BaHUEM MOXKET ObIThb HEI(()EKTUBHBIM, a B HEKOTOPBIX
CJIydasix BOBCE HEBO3MOXKHBIM.

OpHuM 13 HanboJiee N3BECTHBIX TUIIOB BBICOKONPOYHBIX MPOBOOB SIBJISIOTCS MPOBOJA
U Kabemu C HecylluM CepJeYHUKOM M3 KOMIIO3UTHOro Martepuana. OOLIEeH3BECTHO, YTO
CTaHJApTHBIE CTAJbHBIE CEPIECYHUKHM IEPerpeBaloTCs MpPU IHUKOBBIX AIIEKTPUUYECKUX
Harpy3kax, a 3T0, B CBOIO Ouepeilb, IPUBOJUT K PACTSKEHUIO NMPOBOAA U €0 MPOBUCAHUIO
HIDKE JOIMYCTUMOro ypoBHs. HanpoTus, mpoBoj ¢ cepeuHUKOM U3 KOMIIO3UTOB UMeEET OoJiee
HU3KUH KO3((UIMEHT TEIUIOBOIO PACIIMPEHUs M MOITOMY OHHU MEHEE YYBCTBUTENIBHBI K
TEIJIOBOMY PAaCIIMPEHUIO, YeM MPOBOJHHUKH CO CTAIbHBIMU cepaedHukaMu. ITyrem 3ameHsbl
IPOBOJIAa CO CTAJIbHBIM CEPJCYHMKOM Ha MPOBOJ C KOMIIO3UTHBIMU MaTepuallaMd MOKHO B
pasbl YBEIHYUTH MPOIYCKHYIO CIIOCOOHOCTD JTMHUH.

[IponsBoauTenn MpoOBOJA YTBEPXKIAIOT, YTO MOXKHO BJIBOE YBEJIWYHUTH KOJIUYECTBO
HEPIUU B JIMHUU 0e3 pucka oOpa3oBaHUS MpoBeca M OOpbIBA IMPOBOIOB. YUWTHIBas
OCHOBHBIE CBOMCTBAa KOMIIO3UTHBIX MaTepUaJIOB (BBICOKOE OTHOLICHHUE NMPOYHOCTU K Macce U
HeOoJplIass BEJIMYMHA IPOBUCAHMS) MOXKHO YBEJIHMYUTH IPOMEXKYTOK MEXAY OIOpaMHu,
IOCPEJICTBOM YMEHBIICHHUsS KOJMYecTBa omop B JuMHMM Ha 15%. Peanmuzamus sToro
IpEeuMyIIecTBa, KOHEYHO, BO3MOYKHA TOJIBKO IPHU MPOEKTUPOBAHUM U BBOJIE B HKCILTyaTAIUIO
HOBBIX JIMHUM »3lieKkTponepenad. PeKoOHCTpyKuus cTapoil 3JEeKTpOIpOBOJIKU CBsi3aHa CO
3HAYUTEIbHBIMU 3aTpaTamMu. OOpaTUM BHMMaHHUE HA TO, YTO CTOMMOCTb TaKUX KOMITO3UTHBIX
IIPOBOJIOB BCE €Il€ 3HAUUTENIBHO BBIIIE, YeM OOBIYHBIX.

Jns  OGoppObl ¢ OOJeACHEHHEM HCIIONB3YIOT POOOTH3HPOBAHHBIE YCTPOWCTBA:
MaJleHbKHue MOOWJIbHBIE pOOOTHI, MYTEIIECTBYIOUINE IO MPOBOJAM BBICOKOBOJBTHBIX JTUHHNA
AJIEKTpPONEpeaay W BBINOJHAIOMUME PSJI MPOCTHIX ONEpauuii, BKIOYas YAaJCHHUE JIbJA.
CymectByeT obpasen Takoro pobora (LineScout, Kanana), KOTopsIii MOXKET MepeMeniaThCes,
MaHEBpUPYs HO JUHHUIM 3JICKTPONEpeNaud U MPEeAOCTaBIsAs HMHPOPMALUIO O COCTOSIHUU
JUHUAHK [5]. DKCIepThl IMCTAHUMOHHO YIPABISAIOT POOOTaMU, HAXOAACh Ha 3eMJle, YTOObI OHU
MOIJIM OOHAPYKUTh MOBPEXKACHUS, YIAIUTH JIe C IPOBO/IA U BBIMOJHUTH MPOCTHIE ONEpaluu
[0 PEMOHTY. DTOT METOJ MO3BOJIIET CHU3UTh PUCK, 0OecreunuTs OecrnepeOoiinyro paboTty u
NOBBICUTh Oe3omacHocTh mtoael. IlpemmymiectBo pobora LineScout — 3T0 BO3MOXKHOCTB
YIpaBJIEHUS UM B PEXHME PeaIbHOro BpeMeHH. OHaKo €CTh U HEIOCTATKU:

— HEo0XOJMMOCTh Y4YacCTHE BCIIOMOIaTENbHOTO IIepCOHANa, a TaKXe CIEeHUAIBHOTO
00opyoBaHus (BBHICOTHBIE pabouMe MalluHbl) JUIs YCTAaHOBKM po0OOTa Ha MpOBOJAA U
yIIpaBJIEHUE UM;
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— TPOTSDKEHHBIE JMHUM TPeOYIOT OOJIBIIIOE KOJUYECTBO POOOTOB M COOTBETCTBEHHO
00CITyKMBAIOIIETO MEPCOHANA;
— HEBBICOKasi aBTOHOMHOCTh Pa0OThI U CJIOKHOCTU B PEMOHTE.
IInasxa eononeda Ha npoBoOax 8030VUHbBIX TUHUL dleKkmponepeoay 8 yciosusax K3.
OcHoBHOM MyTh OOPHOBI CO JIBIOM MPH IKCIUTyaTallMM MPOTSHKEHHBIX BO3AYIIHBIX
JUHHUM — 3TO €ro TasHUe 3a CYEeT MPOXOASIIEro TOKa, KOTOPhIM HarpeBaeT MpoBOA. Y UUTHIBAs
0OJIBIIYI0 TPOTSKEHHOCTh BBICOKOBOJIBTHBIX BO3AYIIHBIX JUHHUI B FOKHOM permone, 3ToT
METOJI AOCTAaTOYHO 3(h(PEeKTUBEH, MOCKOIbKY MO3BOSIET YAAIUThH ACCSITKH KUJIOMETPOB JbAa
3a 0,5-1 yac, mpenoTBpalas OrnacHble TSKENble Harpy3KH U YCTPaHSs «IUISICKY» ITPOBOOB.
O®u3nka mpolecca IJIABKH NPOCTa M HUYEM HE OTJIMYaeTcs OT paboThl JTH000ro
HarpeBatensd. MOIIHOCTh, BbIIEsieMasl Ha y4acTKE LENU C aKTUBHBIM CONPOTHUBICHUEM U
MIPOTEKAIOIIUM TOKOM, orpeaesieTcs mo Gpopmyne (2):

P=1I2-R, 2)

rae P — aeiicTByroniee 3Ha4ueHUE aKTUBHOM MOILIHOCTH;
R — conporusienue;
I — neicTByrOIICE 3HAUEHNE TOKA.

BoigensemMoe npu HarpeBaHWM TEIUIO IJIABUT TOJIONE] IO BCEW JJIMHE IMPOBOJOB.
['maBHOE B 3TOM crioco0e — co3/laHue KOHTYpa JUIsl MPOTeKaHUs TOKa IJIaBKU. Yarie Bcero aTo
UCKYCCTBEHHOE KOPOTKOE 3aMblKaHHME€ Ha OTAEIbHO BBIACICHHOM YYacTKe JIMHUU.
Cy1iecTByeT JOCTaTOYHO OOJBIIOE KOJTHMYECTBO CXEMHBIX BapHaHTOB IUIABKH rojoyieaa [6],
KOTOpBIE OIPENEISIOTCS CXEMOM JJIEKTPUYECKUX CETeW, Harpy3kod mnoTpebuTenet,
BO3MOXKHOCTBIO OTKITFOUCHUS JIMHUN U IPYyruMu pakTopamu (puc. 3).
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Pucynok 3 — [IpuHIMIUATBEHBIE CXEMBI IUTABKH TOJIONIE/IA IEPEMEHHBIM a) U BBIIPSIMICHHBIM 0) TOKOM
[Schematic diagrams of ice melting with alternating a) and rectified b) current]

Crnioco0 3akioyaeTcsi B TOM, YTO HAYalo MPOBOJIOB BO3AYIIHON JIMHUU TMOIKIIOYAETCS
K HMCTOYHUKY nuTaHud 6-10 kB, a KOHUbBI JIMHUM 3aMBIKAlOTCS HakKopotko [7]. [Jus
BBICOKOBOJIbTHBIX JIMHHM Ha TOJCTaHIMSAX yCTaHABIUBAETCS OTAENBHBIN TpaHchopmaTop ¢
BbIX0JIoM 6-10 kB, ecnu HET COOTBETCTBYIOIIETO PACIPEACIUTEIBHOIO YCTPOMUCTBA IJIaBKa
rononena. [lmaBka Ha TMEpEeMEHHOM TOKE HMMEET CBOM OrPAaHUYEHHUSA. 3JHAYEHUE TOKa,
MPOTEKAIOLIETO M0 3aMKHYTOMY KOHTYPY COIIacHO 3akoHy Oma, paBHO (3):

1=2:Z=VRZ+ X7, 3)

rae U — HanpspkeHue, NPUI0KEHHOE K KOHTYPY;
Z — MOZlyJIb ITIOJTHOTO CONPOTUBIIEHUS KOHTYPA;
R 1 X — akTUBHOE ¥ PEaKTUBHOE COIIPOTUBIICHUE YYaCTKA BO3YILIHON JIUHUU.
VIMeHHO u3-3a HAIWYMSI PeaKTUBHOI'O CONPOTUBIICHUS BEJIMYMHA TOKA B KOHTYpe Oyzer
MEHbBIIIE YeM Ha MOCTOSHHOM Toke. COOTBETCTBEHHO, TpeOyeTcs M OoibIlas MOIIHOCTh
UCTOYHHUKA JJIS TIOTY4eHUs] HEOOXOJMMOT0 TOKA IJIaBKH.
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[Ipu ananm3e cmocoba TUTABKU TOJIONIEA MTOCTOSTHHBIM HIIM TIEPEMEHHBIM TOKOM OBLIT
MIPOM3BEICH pacyeT MOIIHOCTH W BBIOOp HampspDKeHUH (Tadu. 1), a Takke aHAJIU3 TEIIorpaMm
IIPU TUIaBKE TOJI0JIe/la Ha BO3AYIIHBIX JUHUAX dekTporepenaun 110 u 220xB (puc. 4, 5)
noncrannuii 110/10 «PemontHeHnckass» u 220/110/10kB 3uMMOBHUKH, a TakKe TEXHHKO-

3KOHOMHYECKUH aHAJIN3 3THX METOHO0B [8].

Tabnuna 1— Pacuernbie 3HaueHus raBku roonena [Estimated ice melting values]

Comnpotusienue oo daszer, OM 7,5
[11aBka MOCTOSTHHBIM CxeMa IIaBKU (baza—daza
TOKOM HanpspokeHue miaBku, kKB 6
[Totpedasemas MomHocTh, MBA 4,7
Comnpotusienue oaHoit $hasel, OM 14,7
[1naBka nepeMeHHBIM Cxema I1aBKu tpexdaznoe K3
TOKOM HanpsxeHue nnasku, kB 10
[Motpebnsemas MmomHocTh, MBA 6,8
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Pucynok 4 — TermorpaMMa 1uaBku roJiosiefia noctostHHbIM TokoM. BJI 220 kB PIT 220kB Bonrononck-
3umoBHuKH [Thermogram of smelting ice with direct current. VL 220 kV RP 220kV Volgodonsk-Zimovniki]
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Pucynok 5 — TemnorpamMmma 1uraBku roJioyienia nepeMmeHHsIM TokoM. BJT 110 kB 3umoBHuKH-PeMoHTHOE
[Thermogram of ice melting by alternating current. VL 110 kV Zimovniki-Remontnoye]

Takum oOpa3zom, W3 aHanM3a BUAHO [9], YTO HCHONB30BaHWE MEPEMEHHOTO TOKa
nesnecoodpasneil Ha muHusIX He 6osee 110kB, ans Bo3aymHbix uaui 220KB 1 BeITIE T1aBKA
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roJiojie/ia Ha MOCTOSIHHOM TOKE OKa3bIBaeTCs 0oJiee BHITOJHOM, TaK KakK JIMHEHHBIC MPOBOJA
UMEIOT OOJIbIlIee CEYCHUE M PEAaKTHBHAS COCTABJISIOIIAS CONMPOTHBJICHUS HA TEPEMEHHOM
TOKE YK€ JOCTAaTOYHO BEJIMKA, YTO NPHBOJUT K YBEIMYCHHIO MOBEPXHOCTHOTO 3 deKTa,
TOTJIa Kak MpPU TOCTOSHHOM TOKE IUIOTHOCTh TOKA IO BCEMY CEUYCHHIO IPOBOJHHKA
MIPaKTUYECKH OJJMHAKOBA U TEIJIOOTa4a CTAJILHOTO TPOCa yJydIllaeT KaueCTBO IIJIaBKH.

HenoctaTtku aeKTpoTepMUYECKOTO crocooa:

- HEOOXOJUMOCTh OTKJIIOUEHHUS JIMHHUM Ha BpeMs IUIaBKH TOJIoJiea, 4YTO TpeOyeT
nepepacnpeeieHuss Harpy3Ku I OCTaTbHOW CHCTEMBI;
- HEOOXOJUM JIOTIOJIHUTEIBbHBIN TpaHc(opmMaTop, a ISl IUIABKU MOCTOSSHHBIM TOKOM €IIIe

Y BBITIPSIMUTEb;

- TOKa IJIABKU MMPEBBIIIAET MAaKCUMaJIbHO TONMYCTUMBIN B 1,5-2 pa3za.

TerorpaMmbl  TUTABKM ~ TOJIOJIela  AJICKTPOTEPMUUYECKHMM  METOJAOM  HArJIsAIHO
JTEMOHCTPHUPYIOT HEpPaBHOMEPHOE HarpeBaHue ITPOBO/IOB. ITnaBka rojoJiena
NIEKMPOMEXAHUHLECKUM MemoO0oM MOKET ObITh BeCbMa aKTyaJibHa, TaK KaK B KJIMMaTHYECKUX
ycinoBusix FOHOro permona TtemiepaTypa Ha BCEH HPOTSIKEHHOCTH BO3JYIIHOM JIMHUHU
3a4acTyl0 HEOJMHAKOBa W Hajelb OOpa3oBBIBAE€TCS HepaBHOMEpPHO. HekoTopwie ydacTku
MOTYT OKa3aThCsl BOOOIIE 0e3 ronoienHbix oopa3oBanuid. [Ipu nmporekanuu Toka IUIaBKU 3TH
y4acTKH OyAyT MOABEPKEHBI YPE3MEPHOMY HarpeBy, Tak Kak HAa HUX HET 3aTpaT dHEPTUu Ha
IJIaBKY roJioyiesia. DTO TAK e SBJIAETCS CYLIECTBEHHBIM HEIOCTATKOM 3JIEKTPOTEPMHUYECKOTO
cnoco6a [10]. B aTom ciyuae npeanouTuTeNnbHel 2IeKTPOMEXaHUYECKII METO/T B Pe3yJIbTaTe
KOTOPOTO BO3HUKAIOT KoJjeOaTenbHbIE BIKEHHUS MPOBOJOB, pa3pylIalONIfe TOJOJEAHbIE
o0Opa3oBaHus. DIEKTPOMEXAaHMYECKH METOJ TMO3BOJSET YMEHBIIUTh BpEeMs IUIABKU
roJiofie/ia, a TaKKe YHEPro3aTpaThl U CaMOE TIIaBHOE HE TPeOyeT OTKIIOYCHHS TNHUM.

i

S
PucyHok 6 — DnekTpoMexaHMUECKUI yIapHBIN 3JIEMEHT, e 1-n1poBoj, 2-MOCTOSIHHBIE MArHUTHI, 3-IPUKUMHbBIE
wiactunsl [Electromechanical shock element, where 1-wire, 2-permanent magnets, 3-pressure plates]

CyTb ero 3akirodaercs B CIEIYIOIIEM: Ha IIPOBOJE YCTAHABIMBAKOTCA IOCTOSHHBIC
MarHuThl, B 3a30p€ KOTOPBIX, pABHOM JMaMETpPy MPOBOJIA, CO3/1AETCs IOCTOSSHHOE MarHUTHOE
110JIe, KOTOPOE BO3JEHCTBYET HAa NEPEMEHHBIN TOK, NPOTEKAIOIIMNA IO IPOBOAY, C CHIIOH
Awmnepa. HanpaBnenue neiicTBus 3TOM CHIbl OyleT H3MEHSATHCS ABAKABI 3a HEpUOI U
BBI30BET CMEIIEHHE IOCTOSHHBIX MAarHUTOB M, COOTBETCTBEHHO, BHOpalMIO IMPOBOjAA C
yactoroi 50I', 4to OyaeT cnocoOCTBOBATh BCTPSIXMBAHUIO BJIArd C OBEPXHOCTHU MPOBOIOB
JI0 TOTO, KaK OHA MPEBPATUTCS B HaJIeAb. DTOT HENPEPHIBHBIN MPOLIECC 00ECTIEUHUT yAaJICHHUE
Karesnb BOJBI M Halequ Ha paHHeW craguu oOpa3oBaHuUs rojoiena. OmHako, mpu Oosee
HU3KHUX TEeMIlepaTrypax, €Ciu ToJIoJie[] Bce e 00pa3oBajcs, YCHJIUTh BCTPSIXUBAIOIIEEe
BO3/JCIICTBME Ha IMPOBOJAA C LEJNbIO Pa3pyLICHHUs HAJIMIIIErO JbAd, MOXHO MPOMYCTUB IO
IIPOBOAAM MMIIYJIbChI IIOCTOSIHHOI'O TOKA YacTOTOM 70 5 'l OT AOMOJIHUTENBHOIO HCTOYHUKA
OUTAaHUSA. DTO TO3BOJIUT YBEIMYUTHh aMIUIMTyAy Kosebanus ao 20-30 cM c yckopeHHeM
(0,5+14g), uro Oyner cnocoOCTBOBaTh COpAaChIBAHHMIO JibJja C MPOBOJOB IO BCEH MJIHMHE
nposieroB [11]. Ilpu wucnosnb3oBaHMM 3TOr0 MeETOAA HE NPUXOJUTCS BBIBOJUTH JIMHMIO
3NIeKTponepeaay U3 paboThl, YTO SIBJISETCS TJABHBIM €ro INpPEeUMYIIecTBOM. Bpems
HEO0XO0IUMOE UL OYUCTKU JIMHUH cocTaBistioT ot 0.5 1o 1 yaca.

K HenocraTkaM ciie1yeT OTHECTH:

— He00XO0JMMOCTbh UCTOUYHHKA UMITYJIbCOB MIOCTOSIHHOT'O TOKA;
— IIpU MEXAHWYECKOM pacueTe BO3AYIIHBIX JIMHUI DJEKTpolepenad cleayeT Y4ecTb

Harpy3Kky oT BUOpaluu IpoBOJIOB.
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[TomBenss WTOT TMPOBENCHHOMY aHalIW3y CHOCOOOB IJIaBKU  rojiojiefa s
KIUMaTH4eckux ycnoBuid HOkHOro pernoHa, MOKHO clenaTh BBIBOJA, 4YTO HauOolee
MPUMEHSIEMBIN AJIEKTPOTEPMUUECKHI METOJ] JalleKO HE BCEerJa MOKHO CUMTATh JIOCTATOYHO
3¢ pexTUBHBIM, TaKk Kak TpeOyeT OTKIIOYEHHS JIMHUM Ha BpeMs miaBku. Kpome Toro, m3-3a
HEPABHOMEPHOCTH TOJIOJEAHBIX OTJIOXKEHHH MOXET HMPOUCXOAUTHh HEIOMYCTUMBIM Harpes
MPOBOJOB. DIIEKTPOMEXAHUYECKHI METO/] B 3TUX YCIIOBUSX sIBJsieTcs Oosee 3(pPeKTUBHBIM U
MeHee 3aTPaTHBIM, TaK KakK He TpeOyeT OTKIIOYEHUS JIUHUU U TMPUMEHEHUS JOMOIHUTEIbHBIX
JOPOTOCTOSIIIMX ~allaparoB CHEIUATbHO JJs IUIaBKU Tojosiena-TpanchopMaTtopoB u
BbIMpsAMUTesei. Bbribop MeTona A0mKeH 0OOCHOBBIBATHCS HOMUHAIBHBIM HAMpsKEHUEM
BO3JYIIHBIX JIMHUM U XapakTepoM ToJoJeAHbIX oOpa3oBaHuil. BHempeHue cucTeMbl
ABTOMATUYECKOTO HAOIO/IEHUs 3a TOJO0JEeIOM JacT BO3MOXKHOCTb BECTH KPYIJIOCYTOYHBII
MOHUTOPHHT 3a ToJI0Jie000pa3oBaHreM Ha O0bIION Tepputopuu [12].
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Abstract — The relevance of ice melting on air lines is due to a significant increase in their length
in the electric power system of the Southern region under the conditions of operation of Rostov
NPP 4 units. The paper makes the analysis of various methods of combating icing on overhead
power lines with a voltage of 110-220 kV, on the basis of which recommendations for their use in
these climatic conditions are given.

Keywords: ice formation, wire breakage, accidents, ice melting, short circuit, electrothermal and
electromechanical effects, vibration of wires.
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Ilo pe3ynpTaTam pacueToB MeTo0M MoHTe-Kapiio mpocTpaHCTBEHHBIX paclpeesieHHi AHepruu
(OTOHOB B CBHHIE OT TOYECYHBIX H3OTPONHBIX M  IUIOCKUX  OJIHOHANPABJICHHBIX
MOHOZHEPreTHYeCKUX HCTOYHHKOB ¢ sHeprusiMu 10-50 M»sB  ompeneneHHble  KpaTHOCTH
ociabyieHus BO3MYLUIHOW KEepMbl W J030Bble (DaKkTOpbl HAKOIUICHUS pPaccMaTpUBAEMbIM
MmarepuaiaM. B pacuerax yuuTbiBaeTcs BKIaJ (GIyopecUeHIUH, aHHUTMIIIIHOHHOTO U3JIyYEeHUS 1
TOPMO3HOTO M3ny4deHus. IlokasaHa He3aBUCHMOCTh (PaKTOPOB HAKOIUICHHMS M KpPaTHOCTEH
OcabieHus] OT YIJIOBOTO paclpeieNeHNs H3Iy4YeHHs HCTOYHMKAa M ciabas 3aBUCHMOCTh
KpaTHOCTeH ocnabieHus OT ero HSHeprud B auamazoHe »Hepruit 30-50 MbdB. OmpeneneHb
MONpPaBKM Ha OapbhepHYIO 3alIUTy W OTMEUYCHA HX HE3aBHCHUMOCTh OT TOJIIMHBI 3aIIUTHI H
sHepruu (POTOHOB HCTOUHMKA. [lomyueHHast mHGOPMAIHS MO3BOJISIET YMEHBIIUTh TIOTPEIIHOCTH B
pe3ysbTaTax pacdeToB TOJIIMHBI IPOTHBOPAJHMAIIMOHHON 3aIUTHI AJIEKTPOHHBIX YCKOpPHUTENEH
IIPU BBICOKHX PHEPTUsX, UCTIONb3Ys pa3paboTaHHbIe MHXKEHEPHbIE METOIbl pacueTa. [lomyueHHas
nH(opManus MOXKeT OBITh TaK)Ke MCIOJIb30BaHA B pacyueTax 3alllUThl OT TOPMO3HOTO M3Iy4EHHS
JIEKTPOHHBIX YCKOPUTENeH HHKEHEPHBIMU METOIaMU.
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Introduction

The linear electron accelerators use with primary electron beam energy in the range of
up to 50 MeV for remote radiation therapy , defectoscopy and an increase in the requirements
for ensuring the radiation safety of personnel and the population necessitate the improvement
of the methodological base for designing the protection of such installations [1]. It is
important to obtain the attenuation characteristics of the bremsstrahlung photons used in their
protection materials for this energy range, taking into account the scattered radiation.
Accounting to scattered radiation in developed engineering methods for calculating photon
protection is usually carried out using the attenuation factor and accumulation factors.

The information available in the literature on the transmission of photon radiation in
various protective materials [2, 3, 4] is limited for the photon energies of the source below
15 MeV. The electron accelerators use in industry and medicine with primary electron beam
energy in the range up to 50 MeV leads to serious demand to obtain data on the attenuation
characteristics of bremsstrahlung photons for this energy range. Concrete, iron, and lead are
used as shielding materials from the bremsstrahlung of electron accelerators, so the goal of
this research was to obtain the characteristics of the photon radiation fields for one of these
materials. The material that was studied in this article is lead.

The geometries of the studied compositions, differing only in size for different
materials, were identical and are shown in figure 1.
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Figurel — Geometries of the considered compositions: a) — point source, b) — mono-directional source)

To assess the influence of the composition geometry on the characteristics of the photon
fields, two cases were considered: spherical geometry with a point isotropic source in the
center of the sphere and cylindrical geometry with a flat mono-directional source whose
radiation falls normally on the end surface of the cylinder. The dimensions of the defenses
were chosen so that the geometry could be considered infinite. The thickness of the material
was 45 mean free path for the photon energy source. The radius of the cylindrical protection
was 300 cm for Lead. The radius of the mono-directional source was assumed to be 200 cm
for Lead shield.

The shielding material under study is Lead with a density of 11.3 g/cm’ [3]. The photon
energies of the source were chosen equal to 10, 20, 30, 40, and 50 MeV.

Calculations of the characteristics of photon fields were performed using the Monte
Carlo- FLUKA program [5]. An estimate was used for the intersections of the surfaces shown
in Fig.1, located at different distances from the radiation source, and local estimation of the
flow at a point isotropic source.

The absorbed dose rates in the air, dose accumulation factors, and energy distributions
of the photon flux density at different distances from the source were taken as characteristics
of the photon radiation fields. At the same time, the average of these values on the cylinder
axis were estimated for a mono-directional source. The FLUKA program calculates the
energy distributions of the photon flux density in the material under consideration. These
distributions were calculated at distances from the source from 0.25 to 30 mean free path. In
this case, the photon mass attenuation coefficients [2, 6] given in table 1 were used for the
transition from the mean free path to the true distance in linear dimensions.

Table 1 — photon mass attenuation coefficient for lead, cm*/g

Energy of photons shielding material
Source, MeV Lead
10 [2] 0.0497
20 [2] 0.0621
30 [2] 0.0702
40 [6] 0.0765
50 [6] 0.0811

The transition from the energy distributions of the photon flux density to the power of
the dose absorbed in the air was carried out on the basis of specific dose factors calculated by
the formula (1):

d=10E, 1,6 107 u"ni(E,), ¢ Gy cm’ / photon, (1)

in which Ey is the photon energy, in MeV;

1" e, (E,) — photon energy-absorption coefficient for air with energy E;
in em?/g, 1,6:10° J/M5B — transition coefficient from joules to MeV.
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The values of ¢ for photon energy less than 10 MeV were taken from article [3], and for
large photon energies are calculated using the formula (1.1) using x"., (E, ), taken from
article [6]. The obtained values ¢ are shown in table 2.

Table 2 — Specific dose coefficients for photons of different energies, ¢ Gy cm” / photon*10™
E, 0.1 0.2 0,5 1 2 3 4 5 6 8 10 15 20 30 40 50

J, |0.0037|0.0086| 0.238 | 0.45| 0.756 | 1 1221 143 1.62 | 2.01 | 2.33 | 3.26 | 426 | 6.19 | 8.13 | 10.6

The total absorbed dose rate was then calculated using the formula (2):

D= [p(E)S(E)dE, )

Using linear interpolation.

Obtaining the characteristics of the photon fields at source energy of 10 MeV allowed
us to compare the results obtained in this study with the available literature data and thus was
used to test the calculation methodology and software used in this study.

Spatial distributions of the absorbed dose

Figure 2 and figure 3 show the spatial distribution of the total absorbed dose rate in air,
taking into account the scattered radiation in Lead for two types of photon radiation sources,
normalized to the unit source dose. Moreover, in the figure 1 for a point isotropic source, the
results are multiplied by 4nR>, where R is the distance from the source to the detection point,
to take into account geometric attenuation.

1E-07
1E-08 4
1E-09
1E-10
. 111
8‘ " 1E-12 —6— 10 MeV
© ~ 1E-13 | —a— 20Mev
2 & 1E-14 H - 30 MeV
8  1E-15
1E-16 | = A0 Mey ~x
1E-17 - #*we 50 mev \S~
1E-18 4| — mipon. (50 Mev) \\ﬂ
1E_19 T T T T T 1
0 5 10 20 25 30

thickn%gs. mfp

Figure 2 — Spatial distributions in Lead of the power of the absorbed dose of photons in the air from point
isotropic photon sources with different energies with a power of 1 photon./s (results multiplied by 4mR?)
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The attenuation character of the total absorbed dose rate in Lead is close to exponential,
but still different from it, as can be seen from the exponential trend lines shown in the figures
for sources with different emitted photon energies. For a more visual representation of this
fact as an example in figure 4. The data on the distribution of the total dose rate and dose rate
of unscattered radiation for a source with photon energy of 30 MeV are presented.
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Figure 4 — Spatial distribution of the absorbed dose rate of photons in lead at thicknesses (0-9) cm (a) and (0-40)
cm (b) from a point isotropic power of 1 s and a flat mono-directional power of 1 cm™.s™ sources with photon
energy of 30 MeV (for a point source, the results are multiplied by 47R%)

The attenuation characteristics of the total dose rate for a point isotropic and a flat
mono-directional source practically coincide. The drawn trend lines show that upon
interpolation of distributions in the 0—10 cm section of Lead thickness, the exponent is 0.389
cm _1, and in the 040 cm section, it is 0.425 cm ! and the intersection points of these
exponentials with Y axis do not coincide.

The dose rate generated by the undistracted radiation of the source was calculated
analytically and Fig. 3 shows, for example, these data for a photon source with energy of 30
MeV.

In the data practical use, the attenuation of photons in Lead, it seems advisable to use

dose factors for the accumulation of photons that take into account the difference in the nature
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of attenuation from exponential or to use the Exposure Buildup Factors of the power of the
total absorbed dose. These results are consistent with those reported in [10].

Attenuation coefficient of absorbed dose rate

These data show that in almost the entire range of Lead shielding thicknesses
considered, regardless of the source photon energy, the attenuation coefficient of the absorbed
dose, does not depend on the angular distribution of the source photons with an error less than
10-15%. Only when the shielding thickness is 30 finp, the difference increases, which is
explained by errors in the calculation of doses for a mono-directional source.

The dependence of the power attenuation coefficient of the absorbed dose on the Lead
thickness for point isotropic photon sources of different energies is shown in figure 5.

1,E+10 =

1,E+09 o]

1,E+08 &
,ﬁ

° 1,E+07 <
2 1,E+06 % —-o--E=10 MeV |~

t

icien

oeff

5

=

é 1,E+05 f e E=20 Mev ]

< 1,E+04 2 -
1 E+03 —=—E=30 MeV | |
1,E+02 —>—E=40 MeV |
1,E+01 —%—E=50 MeV ||
1,E+00 : :

0 10 20 30 40 50

thianess,cm

Figure 5 — Dependence of the attenuation coefficient of the absorbed dose in lead on the protection thickness for
point isotropic photon sources with different initial energy

It can be noted that the attenuation coefficient of the absorbed photon dose at source
energies from 10 to 50 MeV practically does not depend on this energy, if Lead thickness is
measured in linear dimensions, and not in mean free path lengths of the source photons. These
results are consistent with the results given in the [10].

Tenfold attenuation layer

Often, the values of the tenfold attenuation layer are used to calculate the thickness of
the shield that provides a given attenuation coefficient, and their dependence on the thickness
of the shielding is often neglected. The inadmissibility of this approach is shown in table 3.
Calculated tenfold attenuation layer of dose rate attenuation at different Lead shielding
thicknesses for a point isotropic source with different photon energies.

Table 3 — Tenfold attenuation layer of the absorbed dose power by lead shielding, cm

No. ) Source energy, MeV
Thickness, cm
layer's 10 20 30 40 50
1 0-6 6 6 6.2 6.4 6.4
2 6-12 54 55 5.6 5.6 5.6
3 12-18 55 55 55 54 54
4 18-23 54 54 54 54 54
5 23-28 53 54 54 54 54
6 28-34 53 54 54 54 54
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Data analysis shows that the first two layers of tenfold attenuation are weaker than the
next, and this is most clearly visible when the first layer differs from the rest. Starting with a
layer thickness of 12 cm, the value of the tenfold attenuation layer is almost independent of
the thickness of the Lead shielding and the photon energy of the source. In this range, it can
be assumed to be equal to 5.4 = 0.1 cm. As a result, table 3 can be reduced to table 4.

Table 4 — Averaged tenfold attenuation layer of the absorbed dose power by Lead shielding, cm

No. . The energy of source photons, MeV
Thickness, cm
layer's 10 20 30 40 50
1 0-6 6 6.2 6.4
2 6-12 5.6+0,1
others 12-60 5.4+0,1

Exposure Buildup Factors
In practical data use for photon attenuation in Lead, it seems appropriate, as for concrete

and iron, to use dose buildup factors of photon that take into account the difference in the
nature of the attenuation from the exponential one, or to use attenuation coefficient of the total
absorbed dose [1]. On the basis of data on the total dose rate and the dose of non-scattered
radiation, the Exposure Buildup Factors of photon in Lead were calculated, given for two

types of sources in table 5.

Table 5 — Exposure Buildup Factors for photons in lead for point isotropic and flat mono-directional sources of
hotons with different energies

The energy of source photons, MeV
20 30 40 50
pnd point flat mono- point flat mono- point flat mono- point flat mono-
isotropic | directional | isotropic | directional | isotropic | directional | isotropic | directional
source. source source source . source source source source
0.25 1.16 1.19 1.17 1.21 1.22 1.23 1.25 1.23
0.5 1.37 1.36 1.42 1.42 1.45 1.46 1.44 1.47
1 1.71 1.72 1.9 1.89 2.01 2.02 2.06 2.06
2 2.68 2.67 3.24 3.23 3.68 3.67 3.85 3.84
3 4.06 4.06 5.38 5.37 6.42 6.42 6.94 6.92
4 6.17 6.13 8.82 8.78 11.04 11.03 12.31 12.26
5 9.26 9.15 14.34 14.22 18.95 18.8 21.44 21.39
6 13.94 13.63 23.23 22.88 32.04 31.67 37.46 37.17
7 20.81 20.19 37.48 36.67 54.03 53.11 65.15 64.28
8 31.2 29.92 60.32 58.52 91.4 89 112.92 111
10 69.3 62.3 154 147 256 246 337 326
15 497 440 1603 1451 3345 3072 5049 4685
20 3488 2908 16207 13802 42327 36963 74254 6.55E+04
25 2.38E+04 | 1.95E+04 | 1.60E+05 | 1.29E+05 | 5.28E+05 | 4.35E+05 [ 1.07E+06 | 9.06E+05
30 1.60E+05 | 1.34E+05 | 1.55E+06 | 1.20E+06 | 6.49E+06 | 4.73E+06 | 1.51E+07 | 1.20E+07

Comparison of the Buildup Factors obtained in this study with similar data given in [2,
3, 8] for the photon energy of a 10 MeV point isotropic source (tab. 6) showed their consent
within 5%. This indicates the reliability of the calculated results obtained and the acceptability

of the calculation method used.
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Table 6 — Exposure Buildup Factors of photon accumulation for lead for point isotropic and planar mono-
directional photon sources with an energy of 10 MeV

The energy of source photons, MeV
10
nd poinst Oizi);raopic 2] 3] (8] flat mo:::lricrzctional
0.25 1.13 1.16
0.5 1.27 1.28 1.29 1.32 1.27
1 1.49 1.51 1.51 1.55 1.48
2 1.97 2.01 1.97 2 1.97
3 2.57 2.63 2.54 2.51 2.55
4 3.33 342 3.26 3.13 3.27
5 4.29 4.45 4.17 3.89 4.16
6 5.51 5.73 5.32 4.82 5.26
7 7.06 7.37 6.78 5.97 6.63
8 9.02 9.44 8.6 7.4 8.33
10 14.55 154 13.8 11.4 12.96
15 47.46 50.8 42.8 33.7 38.46
20 150 161 128 100 108
25 461 495 369 294 389
30 1378 1470 1030 852 2869

Data in tables 5 and 6 indicate a weak dependence of exposure buildup factors of
photons in Lead for the considered energy range of the source on the angular distribution of
the source radiation. The difference between the data about buildup factors for a point
isotropic source and the results for a flat mono-directional source does not exceed 10% for a
Lead thickness below 20 mfp, which allows using any of them when performing approximate
shielding calculations. As the thickness increases, the difference increases to 30% and the
buildup factors for a point isotropic source is higher than the buildup factors for a flat mono-
directional source.

Depending on the photon energy of the source, the expected growth of Buildup Factors
is observed, and at large thicknesses of shielding, its values reach 10°-10” at the source photon
energy of 40-50 MeV. This is due to an increase in the photon attenuation coefficient with an
increase in their energy due to the vaporization effect, which leads to a decrease in the
contribution of non-scattered radiation, on the other hand, the accumulation of scattered
photons with energies in the range of 2-3 MeV, at which there is a minimum in the full cross-
section of the interaction of photons with Lead.

In figure, 6 the results obtained for a point isotropic photon source with an energy of 10
MeV are compared with the available literature data. It can be seen that they coincide with an
error not exceeding 10%, which is a criterion for the reliability of the calculation method

used.
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Figure 6 — Comparison of Exposure Buildup Factors of photon in lead for a point isotropic photon source
(FLUKA) with an energy of 10 MeV obtained in different literatures
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Comparison of the exposure buildup factors obtained in this study with similar data
given in [2, 3, 8] for the photon energy of a 10 MeV point isotropic source (table 5.) showed
their agreement within 5% . This indicates the reliability of the calculated results obtained and
the acceptability of the calculation method used.

In figure 7 the calculated Buildup Factors for Lead are compared with similar data
obtained in [9] for sources of bremsstrahlung photon radiation generated by electrons with
different energies. For all source photon energies, the buildup factors for mono-directional
sources are higher than the corresponding buildup factors for bremsstrahlung radiation
sources.
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Figure 7 — Comparison of Buildup Factors of photon for lead obtained for monoenergetic photon sources in this
article and sources of bremsstrahlung [9]

Table 7 — Lead Barrier Corrections

mfp 5 10
E, MeV 10 20 30 40 50 10 20 30 40 50
) 0979 | 0979 | 0.980 | 0.980 | 0.980 | 0982 | 0978 | 0982 | 0978 | 0.976

In the considered range of material thicknesses, these corrections are independent of the
photon energy of the source and the thickness of the shield and are equal to 0.980 + 0.002 for
lead.

Conclusion

Based on the results calculations of the dose characteristics of photon fields in the
materials under consideration in the barrier geometry at shield thicknesses above 3 mfp,
corrections for the barrier shielding were determined in the form of the ratio of buildup
factors in the barrier geometry to similar ones in an infinite medium. In the considered range
of material thicknesses, these corrections do not depend on the photon energy of the source
and the shield thickness, which are equal to 0.980+0.002 for Lead. Asymptotic Tenfold
attenuation layer for Lead was obtained in [9, 11] depending on the energy of the electrons
accelerators. In the range of electron energies of 20-100 MeV, which corresponds to the
effective photon energy of the bremsstrahlung radiation of about 6-33 MeV [7], they are
practically independent of the electron energy. The obtained characteristics of the photon dose
attenuation in various shielding materials for photon sources with energies in the range from
10 to 50 MeV Supplement the data that are not available in the literature for photon energies
of sources above 30 MeV and provide more accurate estimates of the required thickness of
shielding against the bremsstrahlung radiation of electronic accelerators.
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Abstract — According to Monte Carlo calculations of spatial distributions of photon energy in
Lead from point isotropic and plane mon-directional monoenergetic sources with energies of
10-50 MeV, define the attenuation coefficient of air Kerma and the dose buildup factors are
determined for the studied material. The calculations take into account the contribution of
fluorescence, annihilation radiation, and bremsstrahlung radiation. The independence of the
Buildup Factors and attenuation coefficient from the angular distribution of the source radiation
and the weak dependence of the attenuation coefficient on its energy in the range of 30-50 MeV
are shown. Corrections for barrier protection were determined and their independence from the
thickness of the shielding material and the photon energy of the source was noted. The obtained
information makes it possible to reduce errors in the results of calculations of the thickness for
anti-radiation protection of electronic accelerators at high energies, using the developed
engineering methods of calculation. The obtained information can also be used in calculations of
protection against bremsstrahlung radiation of electronic accelerators by engineering methods.

Keywords: electronic accelerators, bremsstrahlung radiation, protection, dose, accumulation factor,
attenuation Multiplicity, Monte Carlo.
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B craree paccMaTpuBalOTCS HEKOTOpBIE NPOOJEMBI 00ECIEUEHUs! COIMAIbHO-DKOHOMHYECKOM
0C30MaCHOCTH TEPPUTOPUN  pasMEIICHUS OOBEKTOB aTOMHON DHEPreTHKH Ha MpPHMEpe
r. BoaromoHcka, mpeiacTaBieHa WX JAMHAMHKAa. ABTOPBI NPE3CHTYIOT CTAPTOBBIE PE3YJIbTATHI
MPOCKTHOM pabOThl HHUIIMATHBHOTO COOOIIECTBA rOPO/a, OPUCHTHPOBAHHON Ha 0JaroyCTPOUCTBO
tepputopud. OTMe4YeHAa Ba)XHOCTh CIICMOBAHHS TMPHHIMIAM MapKeTHHra, COYYaCTHOTO
MPOCKTUPOBAHKS, METOJUKH TAKTHYECKOro ypOaHM3Ma Mpu pa3paboTKe CTpareruii pa3BUTHS
tepputopuii. OmnpeneneHsl IeJeBbie W MOTHBAI[MHOHHBIC OPHUEHTHPBI Ul BCEX TPYII
creiikxonaepoB. IlocTaBneHbl 3aqauydl M OCHOBHBIC HAIMpPABJICHHS COYYacTUs B MPOCKTE.
O0o3HaueHa poJb KIIOYEBOrO MapTHEpa M AKCIepTa MPOeKTa — ATEHTCTBAa CTpATerHYeCKUX
MHUIATHB.

Knouesvie cnoga: 00bexTbl aToMHON 3Hepretukd, ADC, COIUAIBHO-2KOHOMUYECKAs
6e3omacHocTh, Tepputopus, [K «Pocarom», crelkxoyjepbl, ATE€HTCTBO CTPAaTETMYECKUX
HWHHUIMATHB, BOBJICUCHUE KUTEIICH.
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ObecrieueHne  COIMAIIBHO-DKOHOMUYECKOW  OE30MACHOCTH  SBJIAETCS  OCHOBOM
3 PEKTUBHOCTH Pa3BUTHs TEPPUTOPHI, OCKOJIBKY OINpeesseT BO3MOXKHOCTH CTaOMILHOTO
U B JUINTEIbHOU MEPCIEKTHUBE MPOU3BOJCTBA JIOCTATOYHOIO KOJUYECTBA SKOHOMMUYECKUX
Omar Ha aymy HaceneHus. PocT ypoBHS 01arococTosiHMS HaceleHHs M pa3BUTHE
YeJIOBEYECKOro0  KalHTaja COCTaBJSIeT CTPaTeTMYecKylo Leldb TOCYJapCTBEHHOTO U
MYHHIIMIIAJIBHOTO YIPAaBJIEHUS U OTCYTCTBHE AECMCTBEHHBIX MEXAHU3MOB II0 €€ pealn3aliu
MOKET HEraTMBHO CKa3aThCsl Ha COLMAJIBHOW CTaOMJIBHOCTH U JOBEpUHU JAeHCTBYIOLIEH
BnacTH. VIMEHHO MOATOMY B MLENAX OLEHKH COCTOSHHUS COLMAIBbHO-DKOHOMHYECKON
0e30MacHOCTH HEOOXOJMMO YETKO OIpPENesTh CYIIECTBYIOUIME YIpO3bl U HMCTOYHUKU HX
BO3HUKHOBEHHUS M IPUHHMMATh MEpbl IO UX HUBEIMPOBAHUIO. MHOIME aBTOPBI OTMEYAIOT
HEOOXOUMOCTh MOJIEP)KaHUS HE TOJBKO MaTepHUaJIbHBIX, HO M COLMAIBHO-KYJIbTYPHBIX
YCIIOBUM IS CO3JaHMS M Pa3BUTHUA YEJIOBEYECKOrO MOTEHLMala TEPPUTOPHM, 4TO Oosee
TOYHO COOTBETCTBYET CJIOHOCTH M MHOTOACIIEKTHOCTH YKa3aHHOTO IIEJIEBOTO OPUEHTHUPA,
MO3BOJIIET IPEOJOJIETh BBICOKMHA YPOBEHb COLMAIBHON MOJSpHU3ALMM, HANPSHKEHHOCTH M
KpUMUHaIMU3auu oouectna [1-4].

Ocoboe 3HaueHWE pelIeHHEe YKa3aHHBIX 3a7ad NpPHOOpeTaeT Ha TEePPUTOPHIX
pa3MeIIeHnsi 00bEKTOB aTOMHOM SHEPTeTHKH, T/Ie KpailHe aKTyallbHO CO3/IaHHME YCIOBHUH ISt
HOPMAaJIbHOI'O (YHKIIMOHUPOBAHUS MpEANPUITUI U OpraHu3aLum aTOMHOMU
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IPOMBIIIIEHHOCTH, Pa3BUTHS T'OCYJapCTBEHHO-YAaCTHOIO MApTHEPCTBA, IOATOTOBKH U
NEPENOATOTOBKH KaJpOB, CTUMYJIMPOBaHWS HWHHOBALIMOHHOW W IPEANPUHUMATEIbCKON
akTUBHOCTH. OJHUM M3 MOTEHIMAIBHO-OMACHBIX M IPUOPUTETHBIX (HaKTOPOB, CIIOCOOHBIX
MOCTYKUTh IPUYMHON Tspkenor aBapuu Ha ADC B coBpemeHnHol Poccum, siBnsercs dakrop
colManbHBIA. JI10M, MOCTaBIEHHBIE B YCIIOBUS BBDKHBAHHSA, HE B COCTOSHUM NPOSIBIATH
OTBETCTBEHHOCTb, 00ECIIeUNBaTh JOJDKHYIO KyIbTYypy sKciutyatauuu ADC. MeHHo nosToMy
HEOOXOMMO CO3/1aTh B aTOMIPaax TaKue COIHMAIbHO-DKOHOMHMYECKHE YCJOBHUS, UYTOOBI
Jy4IlIUe KaJpbl CTPaHbl CTPEMUIIUCH Pa0OTaTh HA MOTEHLUUAIBHO OMACHBIX 00BEKTaX aTOMHON
sHepretuku. Kak ormerun reHepanbhblii gupekrop 'K «Pocarom» A.E. Jluxaues,
HE00X0UMO «paboTaTh HaJ IMOBBIIIEHWEM KauecTBa XKU3HUM B 20 ropojax MpUCYTCTBUS
npeanpustuii  «Pocatomay, obecrieunBas <«3I0pOBBI 00pa3 KH3HH, €ro IMpOIaraHmy,
pa3BUTHE, MOAJECPKKY» [S].

Pemienne crparermueckux BOMPOCOB pPa3BUTHS TeppuTopuii pasmerienus ADC 6e3
y4acTHsl UX HEMOCPEJCTBEHHOr0 MOTPEOUTENS/N0Ib30BATENs — HACEIEHHs, — HEBO3MOXHO.
Tepputopusi — 3TO MNPOJIYKT, KOTOPHIM IOJB3YIOTCS JIIOAM, Ha HEM NpoKHUBaroIIue, W,
COIVIACHO 3aKOHAaM MAapKETHMHIA, MMEHHO OHHU OLICHMBAIOT €€ IIOJE3HOCTb W ILICHHOCTD,
MHBECTUIMOHHYIO [IPUBJIEKATENbHOCTD u IIPUTOTHOCTD JUISL OpraHu3aluu
KU3HEJEATEIBHOCTH. B CBSA3M C 3TUM, IPUHLMI IEMOKPATU3ALMK YIIPABJICHHUS 31ECh T0JKEH
JOMHMHHUpOBaTb, a IPOLECC aBTOPUTAPHOIO TOCYJApPCTBEHHOTO U MYHUIMIAIBHOIO
YIOpaBIEHUS — YCTyHNaTb MECTO MEHEKMEHTY TEPPUTOPUM, PYKOBOICTBYIOILEMYCS
00BEKTUBHBIMU PHIHOYHBIMU 3aKOHAMHU [6].

BoBneueHne >xuTenell B pelieHue MpoOsieM ajanTalldd M COBEPLICHCTBOBAHUS
UHPPACTPYKTYPHOH CpeApl TEPPUTOPUU  SBISETCS 3JI0TOM  YCHEIIHOTO  Pa3BHTHUSA
OOIIIECTBEHHOI'O MPOCTPAHCTBA M IOJTBEPXKAAETCS pe3yjibTaTaMH MHOTOYHMCICHHBIX
uccienoBanuit [7-11]. Oro co3gaHue MEXaHW3MOB AJiI y4acTHsl BCEX CTEHKXOJIEPOB B
IOPUHATUM peIleHUH, pa3paboTKe M pealn3alu IMPOeKTOB OnaroycrpoictBa. Ero cyrh
3aKirodaercss B (OPMHUPOBAaHMM COOOLIECTBA JIIOACH, [OBEPSIIOMIMX JpYr JApYyry |
YYacTBYIOUIMX B pPa3BUTUU TEPPUTOPUU HA IPOTSDKEHUU BCETO IPOEKTa M TIOCIE €ro
peaiM3alnuy, a HEe B MPOBEJIEHUU BCTpPEUY C rOopoKaHamMH A (pOpMabHOTO COIIaCOBaHUS
pELIEHU 3KCIEPTOB M MYHUIUINAIATETAa. B 4HMCIO CTEHKXOJAEpOB BXOAAT >KUTEIM, Ha
KOTOPBIX BIUSIOT WM MOTYT TMOBJIUSATH IMPOEKTHBIE PELICHMs], MOJIb30BaTENN TEPPUTOPUH,
JIOAM, TIPOXKUBAIOIIME PsIOM, TOPOJACKHE cooOmiecTBa, OOIIECTBEHHbIE OOBEAMHEHUS,
AKTHUBHCTBI, OPTaHU3ATOPbl MEPONPUSITUH, NPEANPUHUMATENN, WHBECTOPBl, COOCTBEHHHUKH
HEJABM)KMMOCTH U 36MEJIbHBIX yYaCTKOB.

BoBneuenue xuteneil B MPOEKTHl OIaroycTpoiicTBa OOLIECTBEHHBIX IMPOCTPAHCTB
CO3/a€T BO3MOXHOCTB I Y4acTus JIOAEH B IPUHATHN PEILIEHUI O pa3BUTHH CBOETrO ropoJa,
MO3BOJIIET MYHUIMNAIUTETY HaubOosnee 3(P(EKTUBHO pacHpelesTh PECypCchbl C YUETOM
UHTEPECOB U BO3MOXHOCTEH MECTHBIX JXHTEJEH, a TakXkKe CIOCOOCTBYET TOMY, YTOOBI
HOSIBIISIIOIIMECS OOLIECTBEHHbIE MECTa CIOCOOCTBOBAIM YIYYILIEHUIO KayecTBa >KU3HU U
IPEIOCTABISAJIM HOBBIE BO3MOXHOCTU JUIsi ropoxkaH. OCHOBHas 3ajadya — TNPUMEHUThb
aNbTEpHATUBHBINA MOJIXOJ] K CO3/IaHHUIO TPOEKTOB TOPOJCKOr0 pa3Butus (puc. 1).
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YuacTtue KoHeuHbix nonb3osartenen Bce noteHumanbHbie MHTepecaHTbl NpoekTa —
CcBEAeHO A0 NACCUBHOro noTpebneHus aKTUBHbIE CyBbeKTbl PasBUTUA Cpeabl

Pucynox 1 — AnpTepHaTUBHBII NOAX0A K CO3IaHUIO IPOEKTOB TOPOJCKOTO pa3BUTHUA [§]
[An alternative approach to creating urban development projects]
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Tepputopuu TOPOJIOB pa3MelIeHNUsST 00BEKTOB aTOMHOM 3HEPIEeTUKH JIOJDKHBI SBIISTHCS
00BEKTOM MPUCTATHLHOTO BHUMaHUs M opraHoB BiacTtH, U 'K «Pocatom» B cuity cienuduku
WX MPOU3BOJICTBEHHOT'O CEKTOpA.

OO0 yHHMKaJIbHOCTH OJIHOTO W3 aTOMIpajoB — T. BoiromoHcka, — OTMEYEHO B pslie
nyonukanuii [12]. B To ke Bpems, CyIIecTBYeT psii MpoOJIeM COIHMAIbHO-IKOHOMHYECKOTO
pPa3BUTHS, CBA3AHHBIX C HEPEJICBAaHTHBIMH METOJIAMU M MHCTPYMEHTAMH WX pPa3pelICHUS B
TEeYEHUE JJIUTENHbHOro BpeMeHu. Cpein HUX:

— H3HOC cUCcTeMbl BojiocHaOxeHus (6onee 70%);

— HM3HOC KaHaIu3armoHHou cetu (6omee 70%);

— OTCYTCTBHE TBEPJOTO MOKPBITUS JOPOT MPOTHKEHHOCTHIO Oosee 112 km;
— HEXBaTKa MECT B ACTCKHUX caaax, IIKOJIax;

— JIeUIUT KaAPOB B MEIUIIUHCKHUX YIPEIKICHHSIX.

B  COBpeMEHHBIX YCIOBHSIX pPeCypChl MYHHIIMITAILHOTO OIO/DKETa  SIBISIFOTCS
HEJOCTAaTOYHBIMU ISl TIPEOJOJICHUS] YKA3aHHBIX CIIOKHOCTEH, B TOM 4YHCIE, B CHUITY
W3MEHEHUS €ro JOXOAHOU YacTH B PE3yJIbTaTe:

— otmensl ¢ 2015 r. nepegaun B MyHULIUTIATIBHBINA OFO/KET HallOra Ha MPUOBLIE 5,5%:;

— otMmenbl ¢ 2016 r. mepenaun B MYHHUIIMIAJIbHBIA OMOKET HAJIOTOB, B3UMAaeMbIX IO
YIIPOIIEHHOH cucteme Hasorooomoxenus (33,75%);

— CHIDKEHHS KaJacTPOBON CTOMMOCTH 3eMENbHBIX YYaCTKOB OTAENbHBIX BUJIOB;

— cHwkeHust Hopmatupa oturcieHuit HJIDJI ¢ 30% o 25%,

JluHamyika TPOM3BOJACTBA M OTYHCIEHUH 10 T. BoONrogoHcky mpeacraBieHa
Ha pUCYHKeE 2.
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Pucynok 2 — JIluHamuKa npou3BOJICTBA M HAJIOTOBBIX OTYHCIICHHH 110 T. BonrogoHeky (B % k 2010 1.) [13]
[Dynamics of production and tax deductions for the city of Volgodonsk (as% of 2010)]

B uuncne npoGiem oTmeueHa u HeOJIaroycTpO€HHOCTh TEPPUTOPUHU T'OPOAA, HECMOTPS
Ha pa3MEIIEHHE I0CTaTOYHO KpynHbiX mnpeanpustuii ['K «Pocatom» M permoHanbHOTro
MAaIIMHOCTPOUTENIBHOIO KJIACTEPA, HA KOTOPBIX TPYAOYCTPOEHO 3HAYUTEIBHOE YHCIIO
ropoxkad. OTCYTCTBHE COBpPEMEHHBIX HH(PACTPYKTYpPHBIX OOBEKTOB, 30H OpraHU3aluu
JI0Cyra ¥ OTJbIXa CYIIECTBEHHBIM 00Pa30M CHIDKACT €€ MPHUBJIEKATEIBHOCTD JUISI MOJOIBIX,
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NEPCIEKTUBHBIX CHEIMATINCTOB, a TAaKXKe Ui WHBECTOPOB. B 3THUX yCIIOBUSIX HEOOXOAUMBIM
ABJsieTcd 00BbEIMHEHNE YCHWIINI BCEX IPYII 3aMHTEPECOBAHHBIX JIMII, HANIpUMeEp, B (hopmate
COYYaCTHOTO MpOEKTHUpoBaHUs. B 1aHHON cTarbe OyAeT paccMOTPEH NPEUI0KEHHbII
aBTOpPaMHU aJITOPUTM €ro pealu3aluy Ha pUMepe OTAEIbHOI0 HHPPACTPYKTYPHOTO OOBEKTA,
KOTOPBI, TpPU €ro YCIEIIHOM pealnu3alud, MOXKET OBITh THPAKUPOBAH ISl APYTHX
COLIMAIIBHBIX IIPOEKTOB.

Ha teppuropun ropojna IIMTENBHOE BpEMSI CYHIECTBYET HEOOYCTPOEHHBIM Y4YacToOK,
BBIJICJICHHBI B TIE€HEPAJIbHOM IUIaHE Uil JeTckoro mnapka. OpHako, B cuily psaa
OOCTOSITENIbCTB, BBI3BAaHHBIX (DMHAHCOBBIMU CIIOKHOCTSIMH, XapakTepHBIMU JUISI MHOTHX
MYHHULIMIIAJIUTETOB, €r0 OCBOCHHE HJET KpaliHe MEJIEHHBIMH TeMmIaMmu. B To ke Bpems,
NPOCKTHBI M CHUTYaTHBHBIM MOJIXOA, pealu3yeMblii Ha (¢eaepaJbHOM YypOBHE s
CTUMYJIMPOBAaHUSA M IOAJEPKKH IEPCIEKTUBHBIX TEPPUTOPHUM, II03BOJSIET 3aEHCTBOBATH
3pPEeKTUBHBIE ~WHCTPYMEHTHl B  paMKax MYHHLIMOAIBHOTO  MEHEIKMeHTa. Tak,
IIpaButensctBoM P® co3gana poccuiickas aBTOHOMHAs HEKOMMEpPUYECKas OpraHW3alus
«ATEHTCTBO CTpaTernyecKux MHuUIMaTuBY (nanee — ACH) ans ocyliecTBICHUS KOMILIEKCa
Mep B DHKOHOMMYECKOW U coluaibHOM cdepax. B uacTHOCTHM, AN NPOABHKEHUS
IPUOPUTETHBIX IIPOEKTOB, peauzanuu MEPOIPUATHH 1o YIYyYLIEHUIO
HpPEINPUHUMATENIBCKON Cpellbl B CTpaHe, Pa3BUTUIO MPO(GECCUOHANBHBIX KaapoB U T.I. [14].
ACH okaspIBaeT MOAJIEPKKY TOPOJCKUM JIHAepaM B paboTe HaJl MHULIMATUBHBIMU MPOEKTaMHU
Ha KOHKYPCHOM OCHOBE, OPMEHTHPOBAHO Ha OOBbEIMHEHME YCWIMH oOIecTBa, Ou3Heca U
rocyzapcraa.

WMuunyatuBHas rpynna oOIIEeCTBEHHbIX Jesreneid I. Boarogoncka, Bxitouaromas
npefcTaBuTenieil  BOJNTOIOHCKOrO  WH)KEHEPHO-TEXHHYECKOTO HMHCTUTyTa — (uinana
OI'AOY BO «HauuoHaneHbI HCCIENOBATENbCKUNA sAAepHbId  yHUBEpcUTET «MUDU»,
Owmana AO «KonuepHn Pocaneproarom» «PocToBckas aTOMHasi CTaHUUSA», COTPYAHHUKOB
aJMUHUCTpalMu . Bonromoncka, mpussiia pemieHue o0 yuactuu B KoHkypce ACH 1o
[[eJIEBOMY OTOOPY B IPOrpamMmy akcesiepanuu ropoackux uHunuatus B 2020 r. ¢ mpoeKToM
CO3aHMsI JETCKOTO MapKa Ha TEPPUTOPUH rOpoa.

Jlnst yaactust ObUIHM BBIIIOJIHEHBI CIEYIOIIME TpeOOBaHUS:

— pa3paboTaH MpPOEKT B HampaBleHUH (YHKIMOHAIBHOTO HAIOJIHEHUS TOPOJICKUX
tepputopuii npucyrcreus ['K «Pocatom»;

— copmupoBaHa KOMaHIa W3 NpPEACTaBUTENEH pa3iIMuHbIX cdep (MyHUIUNAIBHON
BJIACTH, OM3HEcCa U 00IeCcTBa);

— 3amMcaHo MOTHBAIMOHHOE BHAeO [15].

Brimonnenne  0a30BBIX  KpUTEpHEeB  OTOOpa  (BOCTpeOOBAaHHOCTh, HOBH3HAa |
OPUTHMHAIBHOCTh, OXBAT HACEJIEHUs, ONTUMAIbHOCTh OFO/KETHBIX 3aTpaT) MO3BOJIMIO
BKJIIOUUTH MPOEKT B MporpamMmy akcenepauuu u conpoBoxiaeHuss ACH coBmecTHO ¢
'K «PocaTom», koTopast mpeArnonaraet cieayrommue GopmMbl MOAIEPKKHU:

— cOop ujel 1 uX OlIEHKa B paMKax CIEeLMATU3UPOBAHHOTO SKCIIEPTHOTO COOOIIECTBA;

— TMpeAOoCTaBJIeHNE AOCTYIA B MyOJIMYHbIE U aKTyaJIu3UpyeMble 0a3bl 3HaHUM;

— pa3paboTKa KOHIENIHI CUCTEMHBIX IOKYMEHTOB U UX 0pabOTKa;

— OpraHu3alus rojIoOCOBaHUS 3a MPOEKTHI U MPOBEJIEHUE OMPOCOB CPEAH KUTENEl ropoaa
(ompoc moO mpexgaraéMoMy HWHHUIMATHUBHOM TPYNION MPOEKTy 3alylleH Ha
kpayamiardopme «100 ropogos» [16];

— TMPOBEJIEHNE KOHKYPCHBIX MPOLEAYDP C OTKPBITON U 3aKPBITOM NOJAYEH 3as1BOK;

— TIOMOIIb C 3KCIEPTU30H 3asIBOK, MMOJAaHHBIX Ha KOHKYPCHI.

B pesynbrare mnposeneHHoro c mnpeacraBurensiMu ACH  skcnepTHOro MNUTYMHTA,
WHUIMATUBHON Tpynmod ObLJIO MPUHATO pemieHne o0 HCMOJIb30BaHUUM MEXaHHM3MOB
COYYaCTHOTO NPOEKTHPOBAHUS I Lesed pa3paboTKH M pean3alud MPOEKTa CO3JaHMA
JeTCKOro mnapka. Jljist 3Toro ObUIN ONpeJeIeHb! 1eJeBast ayIMTOPHUsI U OCHOBHBIE IPOOJIEMBI,
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KOTOpbIE OyZeT MpU3BaH pa3pelinuTh JaHHBIA MIPOEKT, OCTABIICHA 1€/ U BBISBICHBI TPYIIIIHI
CTEUKXOJIJIEPOB.

KpusucHelii nepuon, XapakTEepHBIM UIsI MHOTMX POCCHUHCKMX TOPOJOB, INPUBEI K
(OpMHUPOBAHHUIO «OOJIEBBIX TOUEK» IS PA3IUUHBIX 3aUHTEPECOBAHHBIX I'PYII, TAKUX KaK:

— MECTHas BJIACTh (B3aMMHOE OTUY)KJIECHUE M HEJOBEpUE MEXKIY MECTHOM BIACTBIO U
HaceJIeHUEM; HeXBaTKa (PMHAHCOBBIX PECYpPCOB [uld OlaroycTpoMCTBa TEPPUTOPHU
ropoJia; HU3KU ypoOBE€Hb UHBECTULIMOHHOM NIPUBJIEKATEILHOCTH FOPO/ia);

— MECTHBIE KHUTEIH (OTCYTCTBHE KOMGOPTHOM Cpeibl Ul OTIbIXAa U CAMOPEaIN3allum);

— MeCTHbI Ou3Hec (HeXBaTKa KBaIM(DPUUUPOBAHHBIX KaJpOB; HHU3KUH YpOBEHb
PEHTAa0EIbHOCTH NHBECTULINI; CHUKEHHE EMKOCTH PhIHKA COBITA).

OtcyTcTBHE JCWCTBEHHBIX MEXaHM3MOB Ul PEIICHHS YKa3aHHBIX MpolieM
00yCJIOBIEHO HEXBAaTKOM (PMHAHCOBBIX PECYPCOB B MECTHOM OOJIKETE, 10CTaTOYHO HU3KUM
YPOBHEM HWHHMIMATUBBI CO CTOPOHBI BCEX CTEHKXOJIAEPOB, amaTUEd W HEPa3BUTOM
IpaXJaHCKOW Mo3ulMed y HaceneHUs. B moqoOHBIX yCloOBUSX, B3auMHas paOoTa Haj
paccMaTpUBaEMbIM B CTaThe IIPOEKTOM ITO3BOJIUT IOJYYUTh TEPPUTOPHIO, aNAITUPOBAHHYIO
JUIs OpraHu3alMM J0Cyra M OTAbIXa TOpOKaH C pa3HOOOpa3HbIMU 30HAMHM AKTHUBHOCTH,
NPUTOHAS JUTSI TIPOBENICHHS OOIIErOpOACKUX U KOPIIOPATHBHBIX MEPONPUATHI. AKTUBHOCTb,
OpraHM30BaHHas Ha OCHOBE [apuTeTa MHTEPECOB, OyIeT CIOCOOCTBOBaTh PA3BUTHUIO
COTJIACOBAHHOCTH JIeHCTBHII OW3HEca, HACENCHHWs W BIIACTH, a POCT YPOBHS B3aUMHOTO
JIOBEpUsl NPUBEIET K CHUKCHHMIO PACXON0B Ha KOHTPOJIMPYIOIIHME WU IPABOOXPAHUTEIBbHbBIE
Meponpustus. PacmvpeHue pblHKa Tpylda, CHIDKEHHE «KaJpoBOrO rojoja» Oyner
CTUMYJIUPOBATh MOBBIIEHHE KOHKYPEHTOCIIOCOOHOCTH MPENpUATHIl ropoja, MOBBIIIAs TEM
CaMbIM MHBECTULIMOHHYIO ITPUBJIEKATEILHOCTD TEPPUTOPHH.

Wnentuduxanus npobaemsl M03BoIMIa cHOpMyIUpOBaTh LeNIb IPOEKTa — pa3paboTka
IIPOEKTA CO3JaHMs IIapKa Ha TEPPUTOPUM ropoia BoirogoHcka ¢ LEIp0 HHTErpaLH
UHTEPECOB TOPO’KaH, MECTHON BJIACTH M OM3HECAa HA MPUHIMIIAX KOHCOJIMIALMU WHTEPECOB,
3((HEeKTUBHOCTH U OTBETCTBEHHOCTH, 4YTO IIO3BOJIMT CHU3UTHh YPOBEHb COI[MAIIBHOMN
HaINpsHKEHHOCTU B rOpojie, 00eCeynTh HHBECTULIMOHHYIO IPUBJIEKATEIbHOCTh TEPPUTOPHH U
poCT 6J1aroCOCTOSHUSL MECTHOT'O HACEJICHUS.

3aaqyaMy BOBJICYEHHS MECTHBIX JKUTEJIEH SBUIIUCH CIEAYIOLIUE:

— CHI)KCHME OTTOKa MOJIOJEKH U3 TOpOoJa, IPEOJOJEHUE «KAIPOBOTO TOJIOAA»
PEANPUITHH;

— CHW)KCHHME COLMAIIBHOM HAIpPSHKEHHOCTH B TOPOJE OTHOCUTENBHO MCIIOIb30BAHMS
MYHHUIUIIAJIBbHOM 3€MJIU HE 110 Ha3HAYEHHUIO;

— pa3BUTHE PEKPEALMOHHON UHPPACTPYKTYPHI;

— CO3/aHME €JUHOM KOMMYHHKAIMOHHOM COLMAIIBHOW Cpenbl, NMPEOJOJIEHUE alaTHH U
JUCTaHIMPOBAHUS FOPOXKAH;

— BBISIBJIEHHE MTPOOJIEM, 3alIPOCOB U MHTEPECOB BCEX TPYII OTpeOuTeNel MpoIyKTa.
Temamu U uAesMH, KOTOpble MOTYT OOBEIWHUTH HACEICHHE B paMKaxX IMpPOEKTa,

OTMEYEHBI CIEAYIOLIHNE:

— Opra"u3anys MecTa JUIsl CEMEHHOTO U MOJIOAEKHOTO OTIbIXA;

— WHTEPAKTUBHBIE IUIOMIAJKM JUISl pEaIM3aldyd TBOPYECKMX IMPOEKTOB TOPOKaH
(JlekTopuyM, KOBOPKHHI-30HA, «TOpPOJ MAacTEpOB», MOJOJCKHbIE pPETHOHATIbHBIC
dectuBanu («PectuBanb HapoaoB JJoHa», «¥OxHbIi Betep» u T.11.);

— CO3/1aHME BBICOKOTEXHOJIOTMYHON YKO30HBI;

— BO3MOXHOCTb peaju3aluu OU3HeC-UHULMATUB B cdepe Jocyra U OTIbIXa.

[anee npeacraBuM BBISIBJICHHBIE B I. BOJITrO0HCKE IPyYIITBI MHTEPECAHTOB U ITAPTHEPOB
IPOEeKTa, OTMETHB WX MOTHBAIMI0O M CHOCOOBI yyacTus B peanusauud. VIMEHHO 3Tu
MPEJICTaBUTENIN CTEHKXOJeIepoB B JajibHEHIIeM OyayT ABMXKYIIEH CHIONH peanu3anuu
JIAHHOTO ITPOEKTA.
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Tabnmna 1 — HTEpecaHTs! M MapTHEPHI IPOEKTa CO3AaHus HeTcKoro mapka [Interesters and partners of the
roject for creating a children park]

Kto 310 MOXET OBITH?
(KOHKpETHBIE JIFOIH,
c000IIIEeCTBa,
00beIMHEHUS,
OpTaHM3aINH U T.II.)

MoTuBanus
B yem MoxeT OBITh €ro HHTEpeC U TMYHAS
LEHHOCTh Y4acTUs B IPOeKTe?

Vyactue u BKIaa
KaK 3TOT CyOBEKT MOXKET y4acTBOBAaTh B
npoexre?
(KOHKPETHBIE ISVCTBUS U MEPOTIPUSTHS)

[0 UHTEpecaMm U T.11.)

Coo0mecTBa (aKTUBUCTHI JHIEPEl MHEHUH, TEPPUTOPUANIEHBIE, TBOPUYECKHE, COPTUBHBIE, SKOJIOTHYECKHUE, COOOIIECTBA

Bounromouckuii npodopueHTanus u odecreyeHue JIMYHOE yyacTue B pa3paboTKe MPOeKTa,

HWHXEHEPHO- KOHTHUHI'€HTA, OpPraHU3alUs I0CyTa U OTAbIXa ydacTue B OIPOcax, BOJIOHTEPCTBO

TEXHUYCCKUI CTYZACHTOB, IPEAOTBPAILCHUE PAa3BUTHS

uHCTUTYT «MUDU» aCOLMAJIBHBIX ITPUBBIYCK U MHUIUATUB

Moo aexHbIi caMopeanu3anys, HaloMHEHHE OPTHOIHO JMYHOE yJacTue B pa3paboTKe MpoeKTa, B

nmapIaMeHT MIPUBJICYCHUH U 00BEINHEHUN MOJIOJCKHI
Topoza, KpeaTuBHBIC UIEH, BOJIOHTEPCTBO

CoBeTsl obaropaxruBaHHe TEPPUTOPHIL, MHULUHPOBAaHHUE IEPEMEH U BOBJICUCHHE

MHUKpPOpaiOHOB MPWIETAIONINX K UX MHKPOpaliOHaM JKUTENEH U UX JIMYHOTO yYacTHs

B BOJIOHTEPCKUX MEPOIPHUITHIX

DKOHOMHYECKHE CYOBEKTHI (TIpeITpUHIMATEIH (KOMMEPUECKHE U COLIMANBHBIE), IPEIIPUATHS (MaJble, CPEIHHE,
KpYITHBIE), TPago00pa3yoNIie MPeIIpUsITHS)

1 YBEJIMYCHUE YUCJIa KIIMCHTOB

IIpennpusarus I'K HUMUJDKEBBIE COCTABIIAIONINE, BHEIIHASA y4JacTHe B pa3paboTke ¥ (UHAHCHPOBAHUH
“Pocatom” KOPIIOPAaTUBHAs COLMAJIbHASI OTBETCTBEHHOCTh MIpOeKTa
Ipeanpusarus MCh KOHTPAKThI Ha BBIIIOJIHEHHE 3aKa30B, pEKJIaMa BBITIOJTHEHHUE pabOT 10 03ENEHEHHIO 1

0JIaroyCTpOICTBY, MOKEPTBOBAHUS

Tomutnueckue cyObeKTHI (MyHUITUITAINATET, PaiioH, 00JIaCTb, IEMyTATHI)

AnmuHHMCTpanus
r.Bonromgoncka u
Boaromonckoro
paiioHa,
PYKOBOJUTENH
3KOHOMUYECKUX
JIeNapTaMEeHTOB,
APXUTEKTYPBI U
CTpouTensCcTBa, PR-
CITyKOBI

CHI)KEHHE COIMANbHOM HAIPsSKEHHOCTH,
pemenne neMorpaduiaeckoit mpooIeMbl
ropojia, UMUK JEHCTBYIOIIEH BIACTH,
aKTyaJM3alys TeHIUIaHa TopoJia B
COOTBETCTBHE C COBPEMEHHBIMH TEHACHIUSIMU
rpajoCTPOUTENLCTBA

MPEeIOCTABICHNE HOPMAaTHUBHO-
CIIPAaBOYHOM M OpraHU3allMOHHO-
pacnopsanTeNnsHOI HH(OpPMAaNnH,
BOBJIEUEHHE COTPYJHUKOB KIIFOUEBBIX
NoJpa3/ieJeHuil aAMUHUCTpALUU B
MOJATOTOBKY IPOEKTa

JHenyratbl
3aKOHOJATETBHOTO
Co6panust PocToBckoit
00J1acTH ¥ TOPOJCKIX

OKpYTOB

AKTHBHAS IPaXIaHCKas MO3UIMS, BBICOKUI
YPOBEHb COLIMAILHON OTBETCTBEHHOCTH,
HNOJ/IEPKAHUE UMHJDKA «aTOMIPaja» B
pEruoHe, penyTalluOHHAs COCTABIIAIOIIA,
MOATOTOBKA K BEIOOPAM B TOPOJCKYIO TyMy

KOMMYHUKaluu ¢ Pocaromom,
npeanpusatusimMu MCB, rimaBamu
aJIMMHUCTpaLUi pallOHOB,
KOHCYJIbTaTUBHAS TIOMOILb, TPAHCIISIIHS
HWHTEPECOB rOpoKaH KOMaH/ie IPOeKTa U
(huHAaHCOBas MOAEPIKKA B paMKax
JIETTyTaTCKUX OI0/PKETOB

Jenaprament
TOPOJCKOT0 X035HCTBA
r.Bonrononcka

BBITIOJTHEHHE TPEOOBAHUH 110
051aroycTpoiCcTBY TEpPUTOPUU B
cootBercTBuu ¢ CanlluH

TEeXHUYIECKHE BO3MOKHOCTH, CIICIIHAIIICTHI
YIpaBlIeHUs TOPOJICKOTO XO3sHCTBA
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Iponomkenue Tadnuies 1

DKcnepThl H IPOoQECcCHOHATBI APXUTEKTOPHI, COMOIIOTH, KPAacBEIbl, HCTOPUKH, TPEACTABUTEIIN BY30B, OPraHU3ATOPBI
cOOBITHH, 3K0JI0TH, I T-CrIennanuCThl U T.1I1.

Kadenpsl 5x0HOMHKH
U CONUAIBHO-
TYMaHHUTAPHBIX
JIMCLIUILIHH,
CTPOHTENBHBIX
HPOU3BOJCTB,
UH()OPMAIIMOHHBIX U
YIPABISIIOLIAX CHCTEM
BUTU HUAY MUOU

HNOJTOTOBKA U peaau3anus NPOeKTOB B paMKax
KYPCOBBIX U BHIITyCKHBIX padoT, IIOAr0TOBKA
Hay4YHBIX ITyOJIMKaIMil Ha OCHOBE
MPUKJIaJHBIX UCCIEeAOBAaHUN

Tornorpaduyueckas CheMKa, 3aMepHl,
pa3paboTtka 3 JI-Mozerneil, 5KOHOMHIECKOe
000CHOBaHHE ITPOEKTA, ITO0JITOTOBKA,
IpOBe/ieHNe U 00paboTKa pe3yabTaToOB
COIIMOJIOTHYECKHX OIPOCOB, peau3aLus
HMHCTPYMEHTOB BOBJICUCHHUS HACEIICHUS B
HPOEKT

OT/IeN QPXUTEKTYPHI U
IpaJioCTPOUTEIBCTBA
r. Bonrogoncka,
ApXUTEKTYpHBIE OIOPO
ropoza

pa3BUTHUE TOPOJCKOI cpenbl

MIOJTOTOBKA MPOEKTHO-CMETHOMH
JIOKYMEHTalUu!

AreHTCTBO
Crpareruueckux
WHUIIAATUB, T.MOCKBa

peammuzanus nmporpamMmsl «100ropomosy

o0ydeHne KOMaH IbI TPOEKTA, SKCIEePTU3a
MPOEKTa, IOMOIIb B IOUCKE HHBECTOPOB,
HH(OPMAIIMOHHOE COIPOBOXKICHUE
MPOEKTa

HanuonansHas nanata
UH)KEHepoB, I'. MockBa

JIMYHOE Y4acCTHE OTAEIbHBIX IKCIIEPTOB,
BBIXOIIEB M3 T.BOJIT0MOHCKA, S MOIIOHATILHAS
CBSI3b C TOPOJIOM

JKCHEPTU3a IMPOCKTA, KOHCYJIbTaTUBHAsL
oMomb

Tlonp30BaTeny (MeCTHBIE KUTEIH, PA3INIHbIE CONMAIBHBIC TPYIITBL, TPEACTABUTENHN O0IECTBEHHbIX 3/[aHUH, 00BEKTOB
COIMAIBHOM M KyJbTYpPHON HH(PACTPYKTYpPHI BOIM3HM MECTa pean3aliy IPOoeKTa

T'oponckue
coo0I1ecTBa

OIIYIIEHHNE CONMPUIACTHOCTH K pazpaboTke
COIMAIFHO 3HAYNMBIX IPOEKTOB U
MEpOIPHATHH ropoJia, TaTPHOTHU3M, TOPIOCTh
OT BOBJICYEHHOCTH

ydactue B OOIIECTBEHHBIX CITyIIaHUAX,
MOJ/IEPIKKA, BOIOHTEPCTBO

Mouonexs u
CTYACHTHI

MOJTy4eHIe HOBOTO, HHTEPECHOTO MeCTa ISt
OpraHU3aIyy BCTPEY, J0CYyTa, OTAbIXA,
KYJIbTYPHO-TBOPUYECKUX MEPOIPUSATUI

AKTHBHOCTH B COIICETSIX, TPOJIBIKEHHE
MPOEKTa C UHTEPHET-COO0IIECTBAX,
y4yacTHe B OOIECTBEHHBIX CIYIIAHUSAX,
MOAJEPIKKA, BOJTOHTEPCTBO

Bosnieuenre yka3zaHHBIX TPYMI CTEHKXOJIAEPOB B pa3pabOTKy U peau3aiio MpOoeKTa

MO3BOJIUT OOECTIEUUTh HE TIPOCTO WHUIIMATHBY, HO U pPealibHbIC ACHCTBUS, HaNpaBlIeHHbIC HA
(dbopMUpPOBaHWE HOBOT'O KadyecTBa IPOBEJCHUS BPEMEHH B TOpoOJie, CIIOCOOHOTO pEIINThH
npo0JieMbl U YIOBIETBOPUTH MOTPEOHOCTH TOPOXKAH. 3aMyCK MPOLEAYPhl TaKTUYECKOTO
ypOaHu3Ma OyJ1eT OpUEHTHUPOBAHO Ha OBICTPOE U KAaU€CTBEHHOE M3MEHEHHE TOPOJCKON CPEIbl
C MHUHUMAJIBHBIMU 3aTpaTaMH, HE CBS3aHHBIMH C KalUTAIbHBIM CTPOUTEIHCTBOM, HO
MO3BOJISIIONIEE, B CBOIO OYEpenb, CO37aTh arMoc(epy MapTHEPCTBA W COTPYIHHYECTBA
MECTHOW BJIACTH, HACEICHUS M OM3HEca B KOHKPETHOM MYHHIIMITAILHOM oOpa3oBaHuu [17-
18]. DTO co3macT MPEaNnOCHUIKA COIMATBHO-I)KOHOMUYECKON O€30MacHOCTH TEPPUTOPHH
pa3MerieHus MPEINpUsITHA aTOMHOW YHEPreTHKHU, YTO, B CBOIO OYEpE/b, MOBBICUT YPOBEHB
JOBEpHUA HACCIICHUA K MOTCHIHUAJIBHO OITACHBIM ITPOU3BOACTBCHHBIM O6’L€KTaM, JSIKET B
OCHOBY T€XHOJIOTUYECKON 0€30MacCHOCTH.
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Abstract — The article discusses some problems of providing the socio-economic security of the
territories where nuclear facilities are located using the example of Volgodonsk, their dynamics
are presented. The authors present the starting results of the project work of the initiative
community of the city focused on the improvement of the territory. The importance of adhering to
the principles of marketing, collaborative design, and tactical urbanism in the development of
territorial development strategies is noted. Target and motivational guidelines for all groups of
stakeholders are defined. The tasks and main directions of complicity in the project are set. The
role of the key partner and project expert, the Agency for Strategic Initiatives, is outlined.

Keywords: nuclear energy facilities, nuclear power plants, social and economic security, territory,
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Coepa obecnieyeHHs] HAIMOHATHHOW OE30IMACHOCTH — BAXHBIH OOBEKT TOCYIapCTBEHHOU
HNONMUTHKH. [Ipy yrpaBiIeHUH €10 BBIACISAIOTCS CTPATETHMYECKUI U TAKTHUCCKUHA YPOBHHM, KasKAbIH
U3 KOTOPBIX HMEET CBO€ WHCTHUTYIHOHAJIbHOE 3akperuieHue. IlomuMo 3TOro, Moryr OBITh
BBIJICTICHB (DYHKIIMOHAJIbHBIC OOJACTH HAalMOHAJIBHON OE30MacHOCTH, HAIpuUMep, sIcpHas |
panuanoHHas 0e30macHOCTh. B craTtbe mpoaHanm3mpoBaHbl TEKCTH CTpaTeTHH HalMOHAJILHOH
6esomacHoctn Poccuiickoit ®eneparmn 1 OCHOB TrocyJapCTBEHHOHW MOJHMTHKM B o0nactu
obecrieueHns sAEpHON M paauanMoHHON Oe3zomacHocTH Poccuiickoit dexepanuu ¢ TO3UIMIA
aHamu3a TOTEHLHala CTPaTETHYECKOro pPEryJIHpYIOUIer0 BO3JACHCTBUS 3THUX JOKYMEHTOB.
OTMeueHa NPOTUBOPEUUBOCTS U HEMOC/IEAOBATEILHOCTh MX TEKCTOB, OTCYTCTBUE KOMIIJIEKCHOCTH
K perjiiaMeHTaluy UHCTHTYLUOHAJIBHBIX PaMOK peaji3allii ToCyJapCTBEHHON MOIUTUKHU B chepe
HallMOHANIbHOM Oe3onmacHocTH. Takke MOKa3aHO, YTO MEXIY ITHMH Ba)KHBIMH JIOKYMEHTaMU
CTPaTeTMYECKOT0  YIpaBJCHHWS  OTCYTCTBYET  Kakas-TMOO  B3aMMOCBA3b.  lIpoBemeHHOE
MCCIIeI0BaHNE TI03BOJIMIIO aBTOPAM CJeJaTh BBIBOJ, YTO CTPATETHYECKHE JOKYMEHTHI B chepe uTo
chepe obecriedyeHUss HAMOHANBHOH Oe3omacHocTH Poccuiickoit ®enmepannu  TpeOyrooT ero
nepepabOTKH U KOPPEKTHPOBKH.

Kniouegvie cnoea: TocynapCTBEHHas TOJUTHKA, HAIIMOHANbHAs 0E30MAaCHOCTh, YKOHOMHUYECKAsS
0e30MacHOCTh, SIIEpPHAs M pajualldoHHas Oe3omacHocTh, «PocaTtom», 3KoHOMHKa Poccuw,
CTPATETUYECKOE YIIPABIICHHUE.

IToctynuna B pegaxmmio 06.05.2020
[Tocne nopadotku 04.06.2020
[MpunsTa k myomukanuu 08.06.2020

Benenue

B cucreme rocynapCTBEHHOrO YNpPABIEHUsS, KaK HU B CHCTEME MEHEIKMEHTA
OpraHu3alyii, MPUHATO BBIJAENATH CTPATETMUYECKUIl U TakTU4eckuil yposuu [1-5 u ap.]. Ilpu
ATOM, CTPATErMYECKHl YPOBEHb SIBISAETCS, [0 MHEHHUIO aBTOPOB, OIPEICISIOIIUM, T.K.
MMEHHO OH 3aJa€T paMKH M HANpPABIECHHOCTh JCHCTBHII HAa ypOBHE TaKTH4YeCKOM. Ecim
OIIMOKM TAKTUYECKHE JOCTATOYHO JIETKO YCTPAaHHUMBI, TO OIIMOKH CTPATETUYECKHE IS
OpraHu3aIii MOTYT UMETh (haTaabHBIC TIOCIEACTBUSA, a 00JIee KPYIMHbIE HHCTUTYITMOHATBHBIC
o0pa3oBaHUsl — rocyJapcTBa U PETMOHBI — MPUBOIUTH K Kpusucy [6, 7 u np.], BBIXOA H3
KOTOPOT'O MOXET MOTPEOOBATh CYIIECTBEHHBIX PECYPCHBIX 3aTpart.

B srTo#i cBsA3M, cTpaTernyeckuid ypoOBEHb B PEalU3alUy TOCYAAPCTBEHHOM IOJIUTUKHU
SIBJISICTCSI OTIPEIEISIIONTUM, 00Jiee BaKHBIM. JTO TpeOyeT ero 4eTKOro HHCTHTYIIHOHATHLHOTO
3aKpervieHusT B JOKYMEHTaxX CTpPaTEerMuyecKoro YIpaBieHus (CTpaTerusx, KOHUEMUHUSX,
mporpamMmax, JOKTpHHAX | T.I.). BakHoe TpeboBaHUE K TUM JTOKYMEHTaM — UX JIOTHYHOCTh
U HEMPOTUBOPEUMBOCTh. HecMOTpss Ha KaXyIIylocs OYEBHAHOCTh JTUX TpeOOBaHUU, Ha
MIPaKTUKE, K COKAJICHUI0, OHU HE BCET/1a COOJIIOTAF0TCSI.

© HanmoHanbHbIN Hecae10BaTeNbCKUM saepHbli yHUBepcuTeT «MUDU», 2020
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AHaJM3 cTpaTernyeckKoil KOMIOHEHTHI IOCYAAPCTBEHHOMH MOJMTHKH 00ecredeHus
HALMOHAJILHOM O0e3onmacHocTH Poccnu

KitoueBbIM ~ CTpaTerMyecKuM  JTOKYMEHTOM,  PErJIaMEHTUPYIOIIUM  IPOLECCHI
obecrieueHns HalMOHANbHOM Oe3zomacHocT Poccum, siBisercs Ctparerusi HalMOHAIbHON
6e3onacHoctu Poccuiickoit denepanuu, koTopasi BBeAeHa B jeiicTBue Ykazom Ilpesuaenta
Poccuiickoit ®enepanmu ot 31.12.2015 r. Ne 683. besycnoBHo, yka3zanHasi Ctparterusi —
paMOYHBIA JOKYMEHT, YTO OMPEACISETCS €€ JTOCTATOYHO OOIIMM XapaKTepoM, a TaKkKe TeM,
YTO MPEIMETHOE I0JIE HAIMOHAJIbHOW OE€30MacHOCTH SIBISIETCS JOBOJBHO LIMPOKHUM, OHO
OXBAaThIBACT MHOXECTBO PA3HOOOPA3HBIX BOIPOCOB WM HAMPABICHHM, KOTOPHIE, B PaMKax
UEePApXUUECKOM JIOTUKH OpraHU3alliu YIPaBJICHUS «CTpaTerus — TaKTHKa», B JaJbHEUIIEM
JIOJDKHBI OBITh PACKPBITHI U JI€TATU3UPOBAHHO MPEACTABICHBI B JOKYMEHTaX U PEHICHUSX
TaKTUYECKOTO YPOBHSI.

CornacHo Tekcry CrpaTeruu, HallMOHAIbHAST 0€30MaCHOCTh CTPAHBI OMPEACTSETCS KaK
«COCTOSIHME 3aIUIICHHOCTH JIMYHOCTH, OOIIECTBA M TOCYJapCTBA OT BHYTPEHHUX U BHEIIHUX
yrpo3, MpH KOTOPOM OOECIEUYMBAIOTCS peaH3alHsi KOHCTUTYIIMOHHBIX TIpaB W CBOOOI
rpaxaan Poccuiickoit ®enepanuu..., AOCTOWHBIE KauyeCTBO M YPOBEHb UX JKU3HU,
CYBEpPEHHUTET, HE3aBUCUMOCTh, TOCYJapCTBEHHAs U TEPpPUTOpUAIbHAS IIEJIIOCTHOCTD,
YCTOMYMBOE COLIMAIBbHO-IKOHOMHUYECKOe paszButue Poccuiickoit Penepannu. HannonanbHas
0e30MacHOCTh BKJIOYAaeT B ce0s1 OOOpPOHY CTpaHBl W BCE BHUABI 0E30MACHOCTH,
npenycmotpennble  Konctutyuuedr Poccuiickoit  ®enepanuu M 3aKOHOJATENHCTBOM
Poccuiickoit ~ ®enepamuu, — MpekAEe ~ BCEro  TOCYAApCTBEHHYIO,  OOIIECTBEHHYIO,
MH(OPMALIMOHHYIO, JKOJOTHMUYECKYIO, AKOHOMUYECKYIO, TPAaHCHOPTHYIO, JHEPreTUYECKYIO
0€e30MacHOCTh, 0€30IMaCHOCTD JIMYHOCTH.

TakuM oOpa3om, aHalW3 BHIMICTIPUBEACHHON IIUTATHI MO3BOJSET CAENATh BBIBOJ, UYTO
Crparerus ompexnensier 9 BUIOB 0e30macHOCTH (XOTsI CHeNaHHAash B TEKCTE€ JOKYMEHTa
OTOBOpKA «IIPEXKIE BCEro», MO HAIIEeMy MHEHHIO, TO3BOJSET TPaKTOBaTh AITOT CIHUCOK
PacCIIUPUTENBHO):

— BOeHHas 06e30MacHOCTh (B JOKYMEHTE yKa3aHa «000pOoHa CTpaHbI»);
— rocyaapcTBeHHas 6€30MacHOCTb;

— o0mecTBeHHas 0€30aCHOCTE;

— wuHpopMaIoHHast 0€30MaCHOCTb;

— JKoJorudeckasi 0e30nacHOCTb;

— DJKOHOMMUECKas 0€30MacHOCTb;

— TpaHCIOpTHas 6€30MacHOCTb;

— DHepreTudeckasi 0€30nacHOCTb;

— 0e30macHOCTh JIMYHOCTH.

Kazanocs Obl, criekTp BUAOB 0€30MacHOCTH, MpeACTaBiIeHHBIX B CTpaTeruu, JOBOJIHHO
00IIMpeH, YTO MO3BOJISET HAJEATHCS HAa KOMIUICKCHBIN OXBaT peain3yeMoi rocyIapCTBEHHOMN
MOJIMTUKON BCEX HWMEIOIIMXCA B ITOM cdepe mpobiem, BbI30BOB M yrpos. IlombiTaemcs
OLICHUTH: TaK JIM 3TO HAa CaMOM Jelie.

B Tekcre Crpareruu Takke pacCMOTpPEHBI HANpaBlIEHUs OOECTieUeHUs] HAIMOHAIBHOMN
6e3onacHocTu Poccuiickoit denepanuu B pa3pe3e HAlMOHAIBHBIX WHTEPECOB, KOTOPHIE HE
MMEIOT TOJHOTO CTPYKTYPHOTO COOTBETCTBUS IPUBEICHHOMY BBIIIE TEPEUHIO (HMXKE
MPUBOJATCS LIUTATHI U3 TeKcTa CTpaTeruu, eciii UHOE He 0OrOBOPEHO CIIEUAIbHO):

1. Boennas 6e3omacHocth B CTpaTeruu B SIBHOM BHJE HE ompefensercs. B To ke
BpeMs, B TEKCTE JOKYMEHTa JIaHa OTCHUIKA K OTPACI€BOMY CTPATETUYECKOMY JOKYMEHTY —
Boennoii noxrpune Poccuiickoii ®enepaunn (yrB. Ilpesunentom PO 25.12.2014 r. Ne Ilp-
2976), rae oHa ompeneNieHa KaK «COCTOSIHHE 3aIUIIICHHOCTH KU3HEHHO BAKHBIX WHTEPECOB
JUYHOCTH, OOIIECTBA M TOCYJapCTBA OT BHEITHUX U BHYTPEHHUX BOCHHBIX YIPO3, CBSI3aHHBIX
C TPUMEHEHHEM BOCHHOW CHJIBl MJIM YIpO30M ee MPUMEHEHHUs, XapaKTepHu3yemoe
OTCYTCTBHEM BOEHHOW yrpo3bl JINOO CIOCOOHOCTBIO €i MPOTUBOCTOATHY». Takas TpaKTOBKa
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ABJIIETCS POTHUBOPEYMBOM M IO CBOEH CYTH — TaBTOJIOTMYHOM, T.K. B CTpaTreruu BOEHHas
0e30macHOCTh, a Takxke BXojsamme (cormacHo JlokTpuHE) B HeEe TOCyAapCTBEHHAs,
oOmiecTBeHHAass W 0E30MaCHOCTh JIMYHOCTH, ONPEAETICHbI KaK OJHOYPOBHEBBIC KATETOPHH.
BosHukaer noruyeckuil mapajokc: BOeHHas 0€30MacHOCTb, C OJHOW CTOPOHBI, COTJIACHO
Crparerun, SBIS€TCS OJHOYPOBHEBBIM IOHSATHEM C O€30MACHOCTBIO, HAaIpUMeEp,
rocynapctBeHHOU. C apyroil CTOPOHBI, COIVIACHO MOJIOKEHUSIM BOEHHOW TOKTpUHBI, OHA
npu3BaHa 00ecreunBaTh 3aIIUTY WHTEPECOB IOCYNapcTBa, T.e. 00ECHeYuBaTh JTOCTHIKCHHE
HEKOT'0 33JIaHHOT0 YPOBHS T'OCYJapCTBEHHON 0€30MacHOCTH, YTO CBUIECTEILCTBYET O Pa3HBIX
UEPAPXUUECKUX YPOBHAX 3TUX KaTETOPUH B CUCTEME HAllMOHAJIbHOM 0€30I1aCHOCTH.

2.TocynapctBenHass ¥ oOmecTBeHHass  0€30MacHOCTb, 3TO  —  «3allUTa
KOHCTUTYLIUOHHOTO  CTpOSl, CYBEPEHMTETa, TIOCYJapCTBEHHOW U  TEpPPUTOPHAIBHOMN
nenoctHoctu Poccuiickoit denepanuu, OCHOBHBIX MpaB U CBOOOJ uYelIoOBeKa M I'pakaHWHA,
COXpaHEHHE TPAKJAHCKOI0 MHpPA, NOJUTUYECKON U COLMAIBHOW CTAOMIBHOCTH B OOIIECTBE,
3alllUTa HACEJICHUSI U TEPPUTOPHUI OT YPE3BbIYAWHBIX CUTYALIMIl IPUPOJHOTO U TEXHOTEHHOTO
xapakrepa». Takas TpakTOBKa, KaK U paHee OTMEUEHHasi, IPOTUBOPEYUBA, T.K. HE COJACPKUT
HUKAKOTO pa3rpaHUYEHUs] TOCYJAapCTBEHHON U  OOIIECTBEHHON 0O€30macHOCTH, OHHU
paccMaTpUBAIOTCA KaK €AMHOE LEJI0€, YTO BBI3bIBAET HEMOHMMAHME — 3a4yeéM TOrja OHU
pasrpanndyensl B CTpaTeruu Npu NEPEYUCICHUU BUIOB O€30MAaCHOCTH, €CIM OHU He
paccMaTpuBarOTCs B OTPBIBE APYT OT jApyra. [1lo Hamemy MHEHMIO, CI€10BalIO 1aTh UM JHM00
MOJIHYIO COJAEPKATENbHYI0 TPAKTOBKY IO OTACIBbHOCTH, JHO0 OOBEOUHUTh B OJHUH BHUJ
0€30MacHOCTH, HalpUMeEp, Ha3BaB ATy KaTEroOpUI0 «OOIECTBEHHO-TOCYAAPCTBEHHAS
0e30MacHOCThY WM Kak-TO MHaye. B To ke BpeMs, Kak HaMm MpeACTaBIsAETCS, 00beINHEHUE
roCy/1apCTBEHHOW M OOIECTBEHHOW OE30MaCHOCTH B OJUH BHJI HE BIIOJIHE KOPPEKTHO, T.K.
pa3iuyarTcs UX OO0bEeKThl. B mepBoM ciydae, 0OBEKTOM BBICTYNAET TOCYIapCTBO, B BUJIE
COBOKYITHOCTH OpraHOB BJAacTU M YIpPABJICHHS, a TaKXK€ HaXOJSAIIMXCH B WX BEICHUHU
OpraHu3aIyii, a BO BTOPOM — OOIIECTBO, MPEACTABICHHOE COLUATBHONU CTPYKTYPOH (CTparthl,
KJIacChl, JeMorpapuueckue, mpodeccuoHalbHble, JTHUYECKUE M Jpyrue TPYMIbI,
0O0I11eCTBEHHbIE HHCTUTYTHI).

3. Undopmannonnas 6e3onacHocts B CTpaTteruu BOBce HE BhIeNeHa. B To ke Bpems, B
Poccun netictByer Jloktpuna unHpopmanmnonHoi Oe3zomacHocTH Poccuiickoit Depeparum,
KoTopas Oblia yTBepkaeHa YkazoM Ilpesuaenrta Poccuiickoit denepannu ot 5 nexadbps 2016
r. Ne 646. B Heli uHdopmanmoHHas 0€30MaCHOCTh PACKPBITA JIOCTATOYHO JIETAJIBHO.
BeposiTHO, 110 aHanoruu ¢ BOEHHOW 0€30MacHOCTHIO (CM. BbIIIE) ciiefjoBao B CTpaTeruu 1aTh
CChUIKY Ha 3Ty [lokTpuHy, uTo mpuaano Obl CTpaTeruu KOHIENTYyaJdbHYI IelbHOCTh. Ho
3TOrO MO KaKOW-TO MpUYHMHE HE claeraaHo. MoKHO ObUIO Obl MPEANoI0XKUTh, 4To JlOKTprHa
UH(pOPMaLMOHHOM Oe3omacHocTH yTBepkaeHa B 2016 roay, a Crparerus — panee, B 2015
roxy. 1 3TuM oOBSCHUTH ONMUCHIBAEMYIO HaMU HECTBIKOBKY. HOo M 3TOT mpeamnosnoxxeHue He
ABJIIETCSI KOPPEKTHBIM, T.K. HA MOMEHT yTBepkJeHus1 CTpareruu AeicTBOBajIa MpeabLayIas
Bepcust Jloktpunsl, yrBepxkaeHHas [Ipesnnentom Poccuiickoit @enepanyu 9 centadps 2000
r. Ne IIp-1895.

4. Dxonoruyeckas 6e30MacHOCTb B TekcTe CTpaTeruu paccMaTpuBaeTCsl B TECHOU CBS3U
C pPalMOHAJIBHBIM MPUPOJOIOIb30BAHUEM, T.€. C OTAEIbHBIM HAIIPaBICHUEM XO3SIICTBEHHON
JESTENIbHOCTH. JTO HaIlpaBJIEHUE ONpeNeNseTcd Kak «COXPAaHEHHWE U BOCCTAaHOBIIEHUE
IPUPOHBIX CUCTEM, OOECTIeUeHNEe KaueCTBa OKpY KatoIiel cpebl, HEOOXOJUMOTro JJIs )KU3HU
YyeJloBeKa U YCTOWYMBOTO Pa3BUTHS HKOHOMUKHM; JIMKBHAALMS 3KOJOTHYECKOro yiiepda oT
XO35IICTBEHHON NI€ATENbHOCTH B YCJIOBMSIX BO3PACTAlOUIEN YKOHOMHUYECKON AKTUBHOCTH M
r00aMbHBIX M3MEHEHHMH KiauMmaTtay. C MO3WIui COBPEMEHHON SKOHOMHUYECKOW HAyKH, a
TaK)Ke MEXIYHapOJHO Npu3HaHHON KoHUEenmuu ycToHWYMBOroO pa3BUTHS, PEKOMEHIOBAaHHON
OOH kak ocHOBa ISl peajiu3aliy HAIMOHAJIBHON MOJIUTHUKHA B CTpaHaX MHUpPa, COBMECTHOE
paccMOTpEeHHE SKOJIOTHYECKMX U  XO3SIMCTBEHHBIX BOIPOCOB, KOHEYHO, MOXET OBbITh
onpaBmanHeiM [8-10 wu gap.]. IIpobGnemaTuke yCTOMYMBOTO PAa3BUTHSI COIMAIBHO-
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HKOHOMHUYECKOW CHUCTeME M 00eCHeueHUs] 3eJIEHOT0 SKOHOMHYECKOTO POCTa IOCBSILIEHO
MHOXECTBO HCCIEIOBaHMH M MPUKIAAHBIX pa3paboTok. Ho B paccmarpuBaemom ciiyuae
BO3HUKAET HEOIPABIAHHOE «IIEPECEUEHUE» HKOJIOTMUECKON O€30IIaCHOCTU C INPEAMETHBIM
[0JIEM HKOHOMMYECKOW O0€30IacHOCTH, YTO, ¢ MO3MLUH cyry0o KiacCU(HUKAIMOHHBIX, HE
BIIOJIHE KOPPEKTHO, T.K. CTABUT MHOYKECTBO HOBBIX BOIIPOCOB O COOTHOLIEHUM YKa3aHHBIX
KaTeropui, aHaJOrMYHO TOMY, KaK 3TO ObUIO pacCMOTPEHO HaMM BbIIIE IIPU PACCMOTPEHUU
COOTHOIIIEHUS] BOGHHOM 0€30MacHOCTH C IPYTMMH BHJIAMH HAITMOHAIBHOM O€30MaCHOCTH.

5. DkoHOMUYECKask 6€30M1acCHOCTh. DTO HalpasiieHHe B TekcTe CTpaTeruu, HeCMOTps Ha
crucTeMoo0Opa3yomuil xapakrep 3Toro Buaa 6esomacHoct [11-13 u ap.], He moxyumio, Ha
Halll B3IJIA, JOJDKHOro oTpaxeHus. B Crparermu omnpeneneHa Jnib HalMOHAalbHas
0€3011aCHOCTh B OOJIACTH HKOHOMHYECKOTO POCTa. DTO — «pPa3BUTHE SKOHOMUKU CTPaHBI,
o0ecrieyeHre IKOHOMHUYECKONW O€30MacHOCTH U CO3AaHUE YCIOBUH JUIsl pa3BUTHUS JIMYHOCTH,
[Iepex0/1a PIKOHOMUKH Ha HOBBIA YpPOBEHb TEXHOJIOIMUYECKOT0 pa3BUTHS, BX0XkAeHUs Poccuun B
YHCIO CTPAaH-JIMJEPOB IO 00BEMY BaJOBOI'O BHYTPEHHErO0 MPOAYKTa M YCHELIHOIo
IIPOTUBOCTOSIHUS BIMSHUIO BHYTPEHHUX U BHEIIHUX Yrpo3y». Kak cienyer u3 3Tol TpakTOBKH,
«HalMOHabHAs 0€30IacHOCTh B 00JACTH 3KOHOMMYECKOI'O POCTa», HE SBISISICH BUJOM
HAIIMOHAJIFHON O€30IacHOCTH, B TO JK€ BpEeMs, BKIIOYAET B ceOs B KAaueCTBE OJHOTO W3
3JIEMEHTOB SKOHOMHMUYECKYIO 0€30MacHOCTh. MexXy TeM, SKOHOMHUYECKasi 0€301aCHOCTb — 3TO
CTPYKTYPHBIM 3JIEMEHT HalMOHAIBHON Oe30omacHOCTH. Pa3ymMHOro OOBSICHEHHS TaKou
IyTaHMIIE aBTOPBI AAaTh HE CMOIJIM. M OIATh e HesCHO, oueMy HeT cChlIKU Ha CTpaTeruio
IKOHOMHUYECKOM Oe3omacHocTu Poccuiickoit @enepanuu (BBeaeHa Ykazom I[lpesunenta PO
oT 13 masa 2017 r. Ne 208; Ha MOMEHT moAanucaHus aHanuzupyemoil CtpaTeruu aecTBoBa
Vka3z [Ilpesunenta Poccuiickoit ®eneparuu ot 29 ampens 1996r. Ne 608 «O
['ocymapcTBeHHOM cTpareruu 3KoHOMMYecKod Oe3omacHoctH Poccuiickoit denepauun
(OCHOBHBIX TTOJIOKEHUSIX)»).

6. TpancnopTHas 6e3011aCHOCTb, Kak U HHPOpMaLMOHHas (cM. Bbllle), B CTpareruu He
paccMaTpuBaeTCs, XOTsA M 3asBlIeHAa Kak BUJ HalMOHaJdbHOW Oe3zomacHoctu. [Ipm stom, B
Poccun neiicteyer ®@enepanbublii 3akoH oT 09.02.2007 r. Ne 16-®3 «O TpaHCcnopTHON
0€30MacHOCTH» — aKT 00Jiee BBICOKOM IOPUINYECKON CUIIBI, YEM yKa3 MPE3UACHTa, HO CChUIKU
Ha Hero B CrpaTterum OTCyTCTBYIOT. MIMeeTcs B 3aKOHE M OIpENEICHHE pacCMaTpUBaEMOU
KaTeropuu, HaJl0 OTMETUTH — JOBOJIBHO oO1iee: « TpaHcriopTHas 6€30MacHOCTh — COCTOSIHUE
3aLIUIIEHHOCTH OOBEKTOB TPAHCHOPTHON MHOPACTPYKTYphl M TPAHCIOPTHBIX CPENICTB OT
AaKTOB HE3aKOHHOTO BMeEUIaTeNbCTBa». 1O €cTh, B 3aKOHE TpPAaHCHOpPTHas OE30MacCHOCTb
paccMaTpuBaeTcs Ha  TaKTUYeCKOM, O0ObekToBOM ypoBHe. Ilomywaercs, uyTo B
MHCTUTYLIUOHAJIBHOM IIOJIE€ CTPATETMYECKOro YMPAaBICHUS U TOCYJapCTBEHHOW MOJIUTHKHU
TpaHCHOPTHasl 6€30MaCHOCTh BOOOILE HE UMEET HUKAKOW TPAKTOBKH.

7. DOHeprernyeckasi 0€30MacCHOCTh TaK)Ke HE MMeeT onucanus B Tekcre Crpareruu. Ei
MOCBALIAETCS OTHENbHBIA JToOKyMeHT: Yka3 I[Ipesupenta PO or 13.05.2019r. Ne216 «O0
yrBepxkaAeHun J{OKTpUHBI SHepreTuueckoi OezomacHoctu Poccuiickoit ®enepauun» (Ha
MOMEHT noanucanus CrpaTeruu [eiCTBOBajla €ro mnpenaplaymas Bepcus — JloKTpuHa
sHepreTuueckon Oe3zomacHocTH Poccuiickoit ®eneparnuu, yrBepxkaeHHas [Ipesumentom
Poccuiickoit ®enepatu 29 nosiOpst 2012 r. Ilp-3167). Ho Hu pacmmdpoBKu TaHHOM
kareropuu (B JlokTpuHe naHo ompeneneHue: «dHepreruyeckas 0€30MacHOCTh — COCTOSTHUE
3alUIIEHHOCTH KOHOMUKH U HACeNeHMsI CTPaHbl OT yYrpo3 HAIMOHAIBHOM 0€30MacHOCTH B
chepe DHHEPreTHKH, IPH KOTOPOM OOECTIeYMBACTCS BBIIOJHEHUE MPEAYCMOTPEHHBIX
3aKoHOJIaTeNnbCTBOM Poccuiickoit @enepanun TpeOOBaHUN K TOIJIMBO- M SHEPrOCHAOKEHUIO
notpeduTeneii, a TakKe BBINOJIHEHHE OSKCIOPTHBIX KOHTPAKTOB M  MEXAYHAPOIHBIX
o0si3arenbeTB Poccuiickoit denepannny), HU cebutok Ha JlokTpuny B CTpaTeruu no4eMy-To
HeT. To ecTh MOBTOPSIETCS CUTYAlMsI, HEOTHOKPATHO pacCMOTPEHHAsi HAMHU BBIIIIE.

I'JIOBAJIBHAA AJEPHASI BE3OITACHOCTD, Ne 2(35) 2020



NHCTUTYUNOHAJIBHO-CTPATEI'MYECKUE ACIIEKTBI 123

8. bezonacHocTh JIMyHOCTU. OJTa Kareropusi Takxke B CTpaTerum He MMEET BHATHOU
TPAKTOBKU U 0OBsicHeHUs. IIpu 3TOM, BBOAUTCS psAl APYrMX KaTeropuid, KOTOpble UMEIOT K
HEl, 10 MHEHHUIO aBTOPOB, JOBOJIbHO-TAKU HEMOCPEICTBEHHOE OTHOLIEHHE:

— HalMoHaJbHas 0e30IacHOCTh B 00JacTH KayecTBa *KHU3HH, KOTOpas MOHMMAETCs Kak
«pa3BUTHE YEJIOBEUYECKOIO IOTEHIMAJIA, YIOBJIETBOPEHHE MaTEpUAIbHBIX, COLUAIBHBIX M
JYXOBHBIX HOTPEOHOCTEHW Ipa)/iaH, CHUKEHHE YPOBHSA COLMAIBHOIO M HMMYLIECTBEHHOI'O
HEPAaBEHCTBA HACEJIEHHUS MIPEXK/IE BCETO 3a CUET POCTa €ro JOXO/I0BY;

— HalMOHaJbHas 0€30MacHOCTh B OOJIACTM KYJIBTYpbl. OJTO — «COXpaHEHHE W
IPUYMHOXXEHUE TPAJULUOHHBIX POCCUHCKUX JyXOBHO-HPABCTBEHHBIX ILIEHHOCTEH Kak
OCHOBBI ~ POCCHICKOrO  OOIIECTBAa, BOCHUTAHWE JEeTed M  MOJOACKH B  JIyXe
IPaXXJJaHCTBEHHOCTH; COXPAHEHUE M DPa3BUTHE OOLIEPOCCUICKOW MIESHTUYHOCTH HAPOJOB
Poccniickoit denepanuu, €JUHOTO KYJIbTYPHOI'O IPOCTPAHCTBA CTPAHBI; MOBBIIICHUE POJIHU
Poccuu B MUPOBOM I'yMaHUTApHOM U KYJIBTYPHOM IIPOCTPAHCTBEY;

— HaIMoHaJTbHAs OE30MacHOCTh B 00JACTH HAyKH, TEXHOJIOTMH W oOpasoBanus. Ona
M0JIpa3yMeBaeT «pPa3BUTHUE CHUCTEMbl HAay4YHbIX, IPOEKTHBIX U HAYYHO-TEXHOJIOIMYECKHUX
OpraHu3aiyii, crnocoOHOil o0ecrneuuTh MOJAEPHU3ALUIO HAIMOHAIBHOW 3KOHOMUKHU,
peaM3alnio KOHKYPEHTHbIX mpeumyinecTtB Poccuiickoin ®Penepauuu, 0OOpOHY CTpaHbl,
rOCyJapCTBEHHYI0 M OOIECTBEHHYIO O€30MacHOCTh, a Takke (OpMHUpPOBAHHE HAYYHO-
TEXHUUYECKUX 3aJICJIOB HA IEPCIEKTHUBY; MOBBIIIEHUE COLUAIbHOW MOOMJIBHOCTH, KayecTBa
o0miero, Mpo(eCCUOHAILHOIO M BBICHIETO 00pa3oBaHMsA, €ro JOCTYMHOCTH Ui BCeX
KaTeropuil rpaXk1aH, a TaKkkKe pa3BUTHE GyHAAMEHTAILHBIX HAYYHBIX UCCIICIOBAHUI;

— 3JIpaBOOXpPaHEHHE, KOTOPOE OPUEHTHPOBAHO HA: «YBEJIMYEHHUE MHPOAOIIKUTEILHOCTH
KU3HM, CHIKEHME YPOBHS MHBAJIUJHOCTU M CMEPTHOCTH HACEJCHMs, YBEIUYCHHE
YUCJIEHHOCTH HACEJIEHMsI; MOBBILIIEHUE JIOCTYIHOCTH M KauecTBa MEAMIIMHCKOW IOMOIIY;
COBEPILEHCTBOBAHUE BEPTUKAIBHOM CHCTEMBl KOHTpOJS KadecTBa, 3(PQeKTHUBHOCTH U
0€30MacHOCTH JIEKapCTBEHHBIX CPEICTB; COOJIOJIEHUE IMpaB TIpakdaH B c@epe OXpaHbl
3/10pOBbsI U 00ECTIEYEHHE CBSI3aHHBIX C 3TUMU NPaBaMM rOCyJapCTBEHHBIX TapaHTUII.

Kpome Toro, BeijiesieHa Takas 001acTh oOecrieueHrs HaIllMOHAIbHON 0€301acHOCTH, KaK
CTpaTerMyeckass CTaOWJIBHOCTh M paBHOIPABHOE cTpaTernyeckoe mnaptHepcTBo. OHa
MOJIpa3yMeBaeT «CO3JlaHuE€ CTA0WIbHOM M YCTOMYMBOM CHUCTEMBI MEXIYHApOJHBIX
OTHOLICHMH, OINHUpAIOIIEHCs Ha MEKIYHAapOJHOE IIPaBO M OCHOBAHHOM Ha IPHHIMIAX
paBHOIpaBUs, B3aUMHOIO YBa)XCHHs, HEBMEIIATEIbCTBA BO BHYTPEHHHUE Jejla rOCyAapcCTB,
B3aMMOBBITOIHOTO  COTPYIHUYECTBA, TIOJUTHYECKOTO YPEryJIMpOBaHUS TIJIOOANBHBIX U
pPErMOHAJIBHBIX KPU3UCHBIX cuTyauui». Kak 3Ta o00mactb COOTHOCUTCS C BHJAMHU
HallMOHAJIbHON 0€30IacHOCTH, HETIOHATHO, U3 TekcTa CTpaTeruu oTBeTa Ha JIaHHBIA BOIPOC
HE BBITEKAET.

ITpoBeneHHBI aHaNM3 TO3BOJSAET CHAENATh BBIBOJ, UTO CTPYKTypa pa3lelioB
«CTtparernu HauMoHaJIbHOH Oe3omacHocTu Poccuiickoit denepanun» HU MO COCTaBY, HU IO
COJCpKAHMUI0O HE COOTBETCTBYET IIEPEYHIO BHJOB HAIMOHAJIBHON  OE30MaCHOCTH,
MEPEYUCIIEHHbIX B Hayajle 3TOro jJokymeHTa. T.e. OJOKM HalMOHAJIBbHOM O€30MacHOCTH,
pernameHTupyeMble CTpaTerueil U COOTBETCTBYIOIIHME YCTAaHOBJIEHHBIM €1 HAallMOHAJIBHBIM
CTpaTerMuecKUM HHTEpecaM, HE COOTBETCTBYET BHJIaM HAI[MOHAJIHHOW O€30MacHOCTH,
BBIJICJIIEMBIM B 9TOM JJOKYMEHTE, a CaM COCTaB ATHUX OJIOKOB «OCTaJICS BBIHECEH 3a CKOOKMY,
OH HUI/IE HE OIMHCHIBACTCS C JOCTATOYHOM MOJHOTON (TI0JO0OHBIE BBHIBOJBI JIE€NAIOT U JpYTrHe
cnieruanucTsl [ 14]).

VYkazaHHble HEIOCTAaTKUM JaHHOTO JOKYMEHTa, K COYKaJeHWIO, MPUBOAIT K €ro
IyTaHHOCTH U NPOTHUBOPEYMBOCTH, MPEBPALIAIOT €r0 HE B CTPATETHI0, KAK IE€HEPAIbHYIO
IporpaMMy MpPaKTUYECKUX JEWCTBUH, a B CTpaTervio, Kak MyOJIMYHOE 3asBICHUE C
JeKIapanuerd HamepeHuid. M3-3a 3TOro CI0KHO ONpEeAeNuTh, IPH IOMOILIM KaKHX
MHCTPYMEHTOB T'OCYAAPCTBEHHOH IOJMTHKU IPEAINOIaraeTcsi peajn30oBbIBaTh pa3IMUHbIC
BUJBl HAIIMOHAJILHOW OE30MacHOCTH, KaKWe KOHKPETHBIE IIArH JOJDKHBI NPEANPUHUMATH
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JIOJDKHOCTHBIE JIMIIA TOCYAapCTBEHHBIX M MYHHUIIMNAIBHBIX OPraHOB, KaK OHH JOJIKHBI
B3aMMOJICKICTBOBaTh MEXIy CO0OHM, a Takxke ¢ Ou3HecoM U HaceineHuem [15] mnpum
oOecrnieueHny HalMoHaIbHOU Oe3omacHocTu Poccum.

[ToaTBEepkIeHHE 3TOMY Mbl HaXOJUM B COBPEMEHHBIX YCIIOBUSAX, KOTJa, BCIEICTBUE
pacupoctpanenus mangemun Covid-19 Ha Poccmiickyro ®eneparurio, ¢ mapra 2020 roma
BJIACTSIMM  BceX  ypoBHell  ((denmepanbHOro,  pPEerMOHANIBHOTO,  MYHHUIUIAIBHOIO)
NpPEANPUHUMAIOTCS ~ AaKTUBHbIE  JICMCTBUS,  HalpaBJCHHbIE HAa  JIMKBUJALUIO U
MPOTUBOJACUCTBUE JTOM yrpo3e HalMOHAIbHOM Oe3omacHoctd. Ho HM B myOIuMYHBIX
3asBJICHUSAX, HU B HOPMATUBHBIX M HEHOPMATHUBHBIX MPABOBBIX AaKTaX, MPUHUMAEMBIX B
pamMkax »9Toil aesTenbHOcTH, CTpareruss HalnMOHAJIBHOW Oe3omacHocTH Poccuiickoit
Qenepauy gaxke HE YIMOMHHAETCS. XOTs, Ka3aJoch Obl, CTOJIb BaXKHBIA JOKYMEHT JIOJKEH
OBLT CHIrpaTh CUCTEMOOOPA3YIOUIYI0 POJb B CTPYKTYpU3AallMU U YHOPSAOYCHUH JEHCTBUI
BIIACTEH.

Anann3 cTpaTeru4yeckom KOMIIOHEHTbI rocy1apcTBeHHOM MOJIUTHKH
peryiupoBaHusi  QyHKIHHMOHAJIBHBIX  MOAcCHUCTeM  o0ecreyeHHUs]  HANMOHAJIBHOM
0e3onacHoctu Poccnu (Ha mpumepe siiepHOM U paauallMOHHON 0€30IACHOCTH)

Kak wmbl ykaspiBaim BbIle, B PoccuM TPUHATO MHOMXKECTBO CTPATETUUYECKUX
JOKYMEHTOB,  pErijaMeHTHPYIOIIMX  oOecreueHuss  0e30MacHOCTH B Pa3lIMYHBIX
¢yHKuMOHANBHBIX oOOsacTsx. Kak ObUIO MMOKa3aHO HAa KOHKPETHBIX TpUMepax, 3TH
JOKYMEHTBI HE CO3/Aa0T €JUHOT0 MHCTUTYLIMOHAIBHOIO MOJs, HO, 3a4acTyIO, 3allyThIBAIOT
CUTyalluIo, T.K. NPOTHBOpEYAT JAPYyr ApYry, HAIOT pa3jIU4HbIE TPAKTOBKU OJMHAKOBBIM
KareropusiM. TakoBa cUTyalusi ¢ OOECIeYeHHUEM HAIMOHAIbHON 0e30MacHOCTH CTpPaHbI B
LEJIOM.

Jlanee uccienyeM ee MPUMEHHUTEIBHO K (PYHKIIMOHAIBHBIM O0NacTAM 0OecredeHUs
HAl[MOHAJbHOW 0€30IaCHOCTH, YTO OYAET BBIIIOJIHEHO Ha MPUMEpPE M3YUYEHUs COIECpKaHUS
Vkaza Ilpesunenta Poccuiickoit ®enepauuu ot 13.10.2018 r. No 585 «O06 yTBepkaeHUU
OCHOB TOCYIapCTBEHHOM IOJUTUKH B 00JaCTH oOecnedeHus SACpHOM M paJualuoHHON
6e3onmacHoctn Poccuiickoit ®enepanuu Ha nepuon go 2025 roga M JasibHEHIIyIO
NepcrneKkTuBy» (B JanbHeWmeM paccMOTpeHUH — OCHOBBI). OTOT JTOKYMEHT HpU3BaH
ONpPENEIUTh <«IeIH, 3aJaud, OCHOBHBIE HAMNpAaBICHUS W HWHCTPYMEHTHl pealu3aluu
roCy/1lapCTBEHHOW TOJUTHUKM B oO0jacTu oOecrneueHus siepHOW M paJualmOHHON
6e3onmacHoctn Poccuiickoit denepanun» (uutupyercst no Tekcry OCHOB, B JaibHeHeMm,
€CJIM HE OTOBOPEHO CHEIHANIbHO, IPUBOAATCS LUTATHI U3 ATOIO JOKYMEHTA).

Hecmorpss Ha TO, 4YTO «OCHOBBI SIBISIIOTCS JTOKYMEHTOM CTPATErHYE€CKOTO
MJIaHUPOBaHUS B o00JacTh oOOecnedyeHus HaluMoHalIbHOW Oe3omacHocTn  Poccuiickoii
®enepauun», T.e. JOJDKHBI, MCXOAS U3  HEPAPXUUYECKOW  JIOTUKH  TOCTPOCHHS
roCy/IapCTBEHHBIX JTOKYMEHTOB CTPATErHUECKOro yrpaBJieHus, onuparbes Ha CTpaTeruto, 3To
He Tak. «HopmaruBHO-mpaBoByr0 0a3y Hactosimiux OcHOB cocTaBisaoT KoHcTUTyIHS
Poccuiickoit  denpepanmu, MexIayHapoIHble — T0oroBopbl  Poccuiickoit = ®Depeparuu,
denepanbHble 3aKOHBI M WHBIE HOPMAaTHUBHBIC TpaBOBble akThl Poccuiickoit dexepanuu B
obnactu obecrieueHus SIePHON U paTualimOHHON 0€301MaCHOCTHY.

To ectb, HaNIUIO JOrHYEcKOe MpoTHBOpeure: OCHOBBI OTHOCATCS K cdepe odecredeHus
HAI[MOHAJLHOW O€30MacHOCTH, HO WTHOPHPYIOT TpeOoBaHMs HauuoHaibHON CTpareruu B
3TOH obsactu. Takoe mpoTHUBOpeure (OpMaIbHO-MHCTUTYIIMOHAIBHOTO IJIaHa, OEe3yCIOBHO,
HEraTHBHO CKAa3bIBAETCS HA MPAKTUYECKOM AESITEeIbHOCTH B paccMaTpuBaeMoi cdepe, T.K.
3aTpyJHSET pealu3alri0 TakuX (QYHKIMA MEHEIKMEHTa, Kak I[eJenojaranie u
KOOpJMHAIIUSL.

[Tpu 3ToM, B CTpaTeruu KaTeropus sASpHON U paualliOHHON 0€30MacHOCTH MOMPOCTY
orcyTcTByeT. Ee kak Obl HE CYLIECTBYET, YTO BbI3bIBA€T HENOHMMAHHWE M HEAOYMEHHE Y
aBTOPOB AaHHOW cTaThu. [IpoBeAeHHBIM KOHTEHT-aHANIN3 TekcTa CTpaTeruu mokaszaji, 4To B
Hell eCThb YIOMHMHAHUS PUCKOB, CBSI3AHHBIX C AJEPHBIMU TEXHOJIOTUSMU (Hampumep, B m. 19
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YKa3aHO, YTO UMEETCS «PUCK YBEITUYCHHS YUCIIa CTPaH — O0JIafaTeneit sAepHOro OpYXKHUs», a
B m. 43 cpeau yrpo3 TOCYAapCTBEHHOM W OOIIECTBEHHOW O€30MacHOCTH YIOMSIHYTa
BO3MO)XHOCTb HCIIOJIb30BaHUS <«GJIEPHOTO TEpPpOpU3Ma»), HO ITH YHNOMHHAHMS BECbMa
KocBeHHbIe (Bcero ux 10) u He 3aTparuBaloT MNpoOJIEMAaTUKy COOCTBEHHO SJEPHOI
Oe3omacHocTH. To ke KacaeTcs M paAMallMOHHOW O€30MacCHOCTH, B KOCBEHHOM KJIKOYE OHa
yrnoMuHaeTcsi (He cama 0e30macHOCTh, a HEKOTOpbIE aCMeKThl, CBSI3aHHBIE C OOpalleHUuEM
paZMoOaKTUBHBIX BEUIECTB) JMIIb 3 pa3za (Hampumep, B TOM ke 1. 43 cpeau yrpos
roCy/IapCTBEHHOW U OOIECTBEHHOM 0€30MacHOCTH OTMEYAeTCsl PUCK TOTO, YTO TEPPOPHUCTHI
«3aBJAJICIOT PAJAMOAKTUBHBIMU BEIIECTBAMM).

Jlanee paccMOTpUM CYIIHOCTh TOCYJapCTBEHHOH MOJMTHUKH B HCCIIETyeMOil o0iacTy,
BHOBb 00paTUBLINCH K TEKCTY OCHOB. «l'0CyJapCTBEHHAs MOJIUTHKA B 00JIaCTU 00eCTIEUEHUS
SIEpHON M paauarMoHHoW Oe3omacHocTH Poccuiickoit denepanuu mpencraBiser coOon
COBOKYITHOCTb MEp HalpaBJICHHBIX Ha 0OecreueHNe HAIlMOHATBHBIX HHTEPECOB, Pealln3aluio
CTpaTernuecKux HalMOHAJIBHBIX MPUOPUTETOB Poccuiickoit depepaiuu, 3alUTy KU3HU U
3/10pOBbs IpaXK1aH, COOCTBEHHOCTH, a TAK)KE HA OXPaHy OKpy»Karoleil cpeas». [IpuBenennoe
ompefieNieHue SBISETCS, €CIM MOXHO TaK BBIPA3UTHCS, KIACCHMYECKUM. AHAIOTMYHBIE I10
COJICPKAHUIO OTPEEICHHUST MIUPOKO MpPENCTaBleHbl B ymutepatype [16-18 u np.], roe moxg
MOJIMTUKON MOHMMAETCs cucTeMa Mep (MEpONpUSTHIi), HANIPABJICHHBIX Ha JIOCTHXKEHUE TOU
WJIM UHOU LIEJIH.

C cyObeKkToM ATOW MOJMTUKUA BCE SCHO — 3TO TOCYJApCTBEHHbIE M MYHHUIUTAIbHBIE
Biactu, «Pocarom», a Takke 3aMHTEpECOBaHHbIE TIpaxaaHe U opraHuzauuu. OOBEKT,
Ka3aJIoch OBbl, YETKO OIpe/AesieH B BBIIICIPUBEICHHONW LMUTATEe, TNIeé €CTh YKa3aHHWe Ha
CTpaTernyecKre HAMOHAIbHBIE TPUOPUTETHI, 3AIIUTY IPaKIaH OT BPEAHBIX (PAKTOPOB H T.1.
To ectp, peub uner o Poccuiickoit denepanuy B HEIOM. ITO €CTECTBEHHO, T.K. OCHOBBI —
JIOKYMEHT CTPaTErnyecKoro YpoBHsL.

K coxanenuto, OH TOXe HE JIMILIEH HEIOCTAaTKOB M mpoTuBopeunil. B m. 6 OcHoB
yKazaHo, 4yto «B Poccuiickoii @enepanuu obecriedynBaeTCs siiepHass U pajualvoOHHAas
0€30MacHOCTh» 0OBEKTOB HCIOIB30BAHHS ATOMHOM SHEPTUU B MUPHBIX U OOOPOHHBIX IIEIISX,
00BEKTOB SIEPHOTO HACIEIUs M MAaTEepHaJIOB C IMOBBIIIEHHBIM COJEP)KaHUEM MPUPOTHBIX
paguoHyknuaoB. Ho 310 — wacTtHOCTH, peub, MO CYTH, UIET 00 OOBEKTaxX HE Makpo-, a
MUKpPOYPOBHS, YpPOBHsSI TaKTHMUECKOTO, HO HMKaKk He cTparernueckoro. [lomydaercs, uro
cTparernueckuii  xapakrep OCHOB, KOTOpbIE, HCXOJd W3 JIOTUKH CTPaTeruyecKoro
yIOpaBJICHUS, JODKHBI 3a/JaBaTh OOIIME «IpPaBHJIa WIPBD», UHCTUTYIUOHAIBHBIE PaMKH
peanu3anuy rocyaapCcTBEHHON MOTUTHKHU B 00JIacTH 00ecTieueHus IAepHON U panalliOHHON
0€30MacCHOCTH CTpaHbl, BBIXOJAIINBAETCS.

[TonoOHbIE JOTUYECKHE HECTHIKOBKH JOCTATOYHO PACIPOCTpPaHEHBI B TekcTe (OCHOB,
YTO JeNIaeéT 3TOT JOKYMEHT, KaK M paHee paccMOTpeHHYylo CTpareruio, IeKJIapaTUBHbIM,
HezelicTBeHHbIM. Hampumep, Bo BTopom paszaene OCHOB 3asBJICHO, YTO OYIyT OMHCAHBI
«TEHJEHIINH B 00acTu oOecreyeHus s/IepHON U paIualiiOHHON 0€3011acCHOCTH U BO3MOKHbIE
CLEHApUU pa3BUTUsA cuTyauuny. Ho HUKaKkuX TEHJEHLMI Ha caMOM JieJie B TEKCTE He
MPEJICTaBJICHO, IEPEYNCIIEHBI JINIIL 00YCIOBIMBaIOMINE UX (hakTOpbl. KakoBbI ke TeHIeHIUU
B ATOH cdepe — OCTaeTCsl TUIIIb MPEANOIaraTh 1 J0TaabIBaThCA.

CnoxxHO Ha3BaTh KAayeCTBEHHBIM JOKYMEHT YIPaBJICHUS, KOTOPbI BMECTO YETKOIO
MPEIUCaHus COACPKUT B ceOe MOChUT sl pa3MBIIUIEHUN HCTIONHUTENO. To ke KacaeTcs
CIIEHApPHOTO MOJIEIMPOBaHMs, pe3yibTaThl KoToporo B (OcCHOBax 3asBIE€HbI, HO HeE
MPEJICTABJICHBI, 32 UCKIIOUEHUEM CaMOOUYEBUIHON IS JIFOOOTO 37]paBOMBICTSIIETO YEIOBEKA
KOHCTaTallud TOro (akra, YTO «eciIM HHYEro He JienaTrh, TO BCE OyIeT IUIOXO».
VYrnpaBneH4yeckas LIEHHOCTh Y TAKOTO pojia KOHCTaTalluu, 110 HAIlIeMY MHEHHUIO, OTCYTCTBYET.

KiroueBoil KOMMIOHEHT J1000ro JOKYMEHTa CTpPaTerMyecKoro YIpaBieHUs — 3TO
dbopMynupoBKH 1eneit u 3agad. K HUM mpeabsBIsSiOTCS [Ba OCHOBHBIX TpeOoBaHus [19-21 u
Ip.]: HEIPOTUBOPEUUBOCThH (€CiIM 3TO TpeOOBaHUE HE BBIIOJIHEHO, CHUCTEMa MPAKTHUECKUX
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JnecTBUi Takxke OyneT NMpOTHBOPEYMBOM, YTO HEM30€KHO MpUBENET K HEd(PPEKTHBHOCTU
9TUX JIEUCTBUN U HEBO3ZMOKHOCTH JOCTUKEHHS CPOPMYIUPOBAHHBIX LI€JIEH U MOCTaBIEHHBIX
3a7a4) U HMEPAapXUYHOCTh (MMEETCs B BHJY, YTO JOJDKHO OBITh YETKOE HEpPApXHUeCcKoe
COOTBETCTBUE MEXIYy ULEIIMH M 3aJadaMu, Kaxzaas Leidb, HCXOJsi U3 NPUHLHUIIOB
POTPaAMMHO-LIEJIEBOTO MOIX0/1a, JOKHA OBITh IEKOMIIO3UPOBaHA B COBOKYITHOCTb 3a/1a4).

[lenu rocynapcTBEHHON MOJUTHKU B 00JIaCTU OOecrieueHus siIepHON U paauallMOHHOM
Oe3omacHOCTH nepednciaeHsl B 1. 11 OcHOB, IpU 3TOM OHU HEOJHOKPATHO MOBTOPSIIOT IPYr
JIpyra, 9YTo HE MO3BOJIAET TOBOPUTH 00 UX HEMPOTHUBOPEUYHUBOCTH M JIOTUYHOCTU U3JIOKEHUSI.
YroObl HEe OBITH T'OJOCIOBHBIMHU, MPUBEAEM KOHKpETHBIH mpumep. Cpenu meneil yka3zaHbl:
«r) obecrieueHUe COOTBETCTBYIOIIECH COBPEMEHHBIM TpPEOOBAaHUSAM 3alUTHl HACEJCHUS U
OKpYXKarolleld cpeibl OT pajuallMOHHOIO BO3JAEHCTBUSA»; «3) MUHUMHU3ALMS paguallMOHHBIX
pHuCKOB U1 HaceneHus Poccuiickoit denepanny, BO3SHUKAIOUIUX BCIEICTBUE PAAHAIMOHHBIX
aBapuil W KaracTpod, HCIBITAHUH SACPHOTO OPYKUS HA TEPPUTOPUSAX HHOCTPAHHBIX
rOCY/IapCTB»; «H) YMEHBIICHHWE OINAaCHOTO BO3JACHCTBUS paJHAllMOHHBIX (AKTOPOB Ha
HaceJIeHUue, MPOKUBAIOIIEe Ha TEPPUTOPHUSIX C IOBBIIIEHHBIM YPOBHEM €CTECTBEHHOTO
paaranroHHOro (hoHa.

O4eBHIHO, YTO LEJIU 3) U M) MOJHOCTHIO IMOTJIOLIAIOTCS Lenblo T). JleficTBUTENbHO,
eclM Mbl 00eCIeYuM JIOCTHKEHHE IEIU T), TO eCTh Jo0beMcs 3(PGEeKTHBHON 3alIUThI
HaCeJIEHUsl OT PaJUalliOHHOTO BO3AEMCTBUS 0€3 BCSKUX YCIOBUM M OrpaHUYEHUN, TO 3TO
3HAYUT, 4YTO 9Ta 3amuTa Oyaer obOecreyeHa M B CiIy4yae peanu3alil PUCKOB H3-3a
pamualMoOHHBIX aBapuil M KaracTpod, WCHBITAHWNA SACPHOTO OPYXKHS — Iedb 3), U Ha
TEPPUTOPUSX C MOBBIIICHHBIM YPOBHEM €CTECTBEHHOTO PaAHAllMOHHOTO (pOHA — LIeTh H).

Wcxons u3 OTHKYU IEHCTBUN B pacCCMOTPEHHOH cdepe, MpaBMiIbHO OBUIO OBl OCTaBHUTH
cpenu ueneid B Tekcre OCHOB JMIIb T), a 3) W W) paccMaTpuBaTh Kak 3a/adyd,
KOHKPETU3UPYIOIINE JOCTHKEHHE 3TOH, 0€3yCIOBHO, B)KHOH LIEIH B OCOOBIX YCIOBUSX U
oOcrositenscTBax. Ilpu 5TOM, KOHEYHO 3Ke, HeoOxoauMo ObUIO ObI Cc(hHOPMYIUPOBATH
n00aBOYHYIO 3aJady, KOTOpas pacKpblBaeT IOCTHKEHHE YKa3aHHOM Ield B OOBIYHOMN
oOctaHoBke. O/HAKO Takas CTPYKTypH3allMsl, HalpaBJIeHHAs HAa BbIJIEJIEHUE HepapXHUeCcKOn
COIMOJAYMHEHHOCTH, B OCHOBAaX IOYEMY-TO OTCYTCTBYET.

Cnenyer ormeTuTh, 4TO B 1EenoM B OCHOBax, NpU MEpexofe OT Leled K 3agadaM
MPUHLIMII UEPAPXUYHOCTH M COOTBETCTBMS 33Jay LEISIM HE coOsogaercs. OTU KaTeropuu
CYIIECTBYIOT caMU 10 cebe, 6e3 BCSIKOU CBsA3M, UTO OJ0KkupyeT 3(h(peKTHBHOE cTpaTrernyeckoe
yhnpaBjeHHe B paccMaTpuBaeMoi oOnactu. Hamle MHeHue MOATBEP)KIAETCSl MPOCTEUIINM
HaOmoneHueM. B OcHoBax mpucyTCTBYIOT 9 1enei, koTopble packpbIThl B 15 3amauax. To
€CTh, HEKOTOpHBIC U3 1eneit (9%x2=18>15) BooOIIe HEe AeKOMIIO3UPOBAaHBI B 3a7a4M, TO €CTh, B
NPUHIUIE, HE UAET peub O MPUHATHU KaKUX-THOO IIAroB MO UX AOCTHXKEHHIO. DTO HE «LEeNH
— PYKOBOJICTBA K JICHCTBHUION, & «LETH — JAEKIapalum.

[TpoBeneHHBIN aHaIW3 MO3BOJISIET CHENATh BBIBOA, UTO «OCHOBBI IOCYJapCTBEHHOU
MOJINTUKU B OOJACTH OOecTeueHus SACpHOW M paauallMOHHON Oe3omacHocTH Poccuiickoit
®enepanun», Kak JOKYMEHT CTPAaTETMUYECKOrO YIPABJICHUs, BECbMa HECOBEPILEHHBI,
MPOTUBOPEYMBLI U BMECTO YHOPSAOYMBAHUS YCUJIMM NMPH peanu3aliil COOTBETCTBYIOIIEH
NOJIMTUKHU, JIMIIb 3allyThIBAlOT cUTyanuto. OHM HE TOJIBKO HE BCTPOEHBI B CHCTEMY
CTPaTEerMyecKkoro YympaBiieHHs B cdepe HalMOHAIbHON O€30IacHOCTH, HO U CoAepxkar
HEKOTOpbIE HEJIOTUYHBIE U, (OPMATIBHO TOBOPS, OLTUOOYHBIE TOJIOKEHHUS.

3akio4eHue

[TonBoast WTOr, OTMETHM, 4YTO, MCXOAsS W3 pE3yJbTaTOB INPOBEACHHOIO aHaIM3a,
OTPaXEHHBIX B CTaTbe, MOXKHO yKa3aTh Ha HECOBEPIIEHCTBO HWHCTUTYLHOHAIHLHOTO
o0ecrieyeHns rocy1apcTBEHHON MOMMTHKH, peanuzyeMoil B Poccuiickoit denepannu B cepe
HallMOHATBHOM 0€30MacHOCTH. OJTO KacaeTcs W CUTyallMd B II€JIOM, W OTHAEIbHBIX
GyHKIIMOHAMBHBIX OOnacteld ee oOecredeHus (B YACTHOCTH, YIUIyOJNICHHBIM aHANU3
MIPOBOJIAJICSI HAMHU Ha TIpUMeEpe cPephl AASPHON U paHAlIMOHHON O€30MaCHOCTH).
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[lo MHeHUI0O aBTOpPOB, KOTOPOE apryMeHTUpOBaHO B cratbe, U «CTparerus
HalMoHaNBHOM Oe3omacHOCTH Poccuiickoit Denepanmn», n «OCHOBBI TOCYAapCTBEHHOMN
NOJIUTUKA B 00JacTH obOecreueHus siIepHON M pajguanuoHHON Oe3omacHocTH Poccuiickoit
Oenepanny» TpPeOYIOT Cepbe3HONM MepepadOTKH C MPUBJICUEHHUEM MIMPOKOTO Kpyra
CIEIMAIIMCTOB, MPEXKIE BCEro — KBATU(UIMPOBAHHBIX YIIPABJICHIIEB. B cymiecTByromemM
BUJE, K coxanenuto, Hu Ctparerusi, Hu OCHOBbI HE MOTYT SIBIATHCS (DYHIAMEHTOM JIsI
peanu3aludu  TOCHEOBATeIbHOW M HENPOTUBOPEUYMBOM TOCYAApPCTBEHHOM  MOJIMTUKH
Poccuiickoii @enepanuu B chepe odecredeHus: 6€30macHOCTH.
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Abstract — The sphere of ensuring national security is an important object of state policy. When
managing this sphere, strategic and tactical levels are distinguished, each of which has its own
institutional consolidation. In addition, functional areas of national security, such as nuclear and
radiation safety, can be distinguished. The article analyzes the texts of the National Security
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Strategy of the Russian Federation and the Fundamentals of State Policy in the Field of Nuclear
and Radiation Safety of the Russian Federation from the perspective of analyzing the potential of
the strategic regulatory impact of these documents. The inconsistency of their texts, the lack of
complexity in regulating the institutional framework for the implementation of state policy in the
field of national security is noted. It is also shown that there is no correlation between these
important documents of strategic management. The study allowed the authors to conclude that
strategic documents in the field of ensuring the national security of the Russian Federation require
its processing and adjustment.

Keywords: state policy, national security, economic security, nuclear and radiation safety,
«Rosatomy, Russian economy, strategic management.
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B pa3HbIX HCTOYHHMKAX MOXHO BCTPETHThH pa3Hble (aMUIMH YUEHBIX, KOTOPBIX CUYMTAIOT
MUOHEpaMH B 00JIACTH OTKPBITUS U U3YyUEHUs SIBJICHHS PaJMOAaKTUBHOCTH. BONBIIMHCTBO ke
UCCIIE0BATENEH NPUACPKHUBACTCS TOM TOYKH 3PEHUS, COINIACHO KOTOPOM CYMTAETCS, UYTO
oTkpbul ee B 1896 r. moromcTBeHHbIN mpodeccop AHTyaH AHpu bekkepenb, 3a 4Tto U
nonyuunn B 1903 r. HoGeneBckyro mnpemuio 1o (u3MKe 3a «OTKPBITHE CIIOHTaHHOU
paguoakTuBHOCTMY. (.M. MeHneneeB cuurTan OTKPBITHE PAaTUOAKTUBHOCTH «...OJHUM U3
OnucraTenbHEHIINX U HanboJee 3arafoyHbIX OTKPHITHN KoHIa XIX — Havana XX cToieTHii».
Ho 3T0 oTKkphITHE OBUIO JHIIL MEPBHIM IIaroM Ha MYTH K TMOHUMAHHUIO KOJOCCAIbHBIX
BO3MO>KHOCTEHN aTOMHOU 3Hepruu [1].

Hoisroe BpeMst CUUTANOCh, YTO K MPOMBIIIJIEHHOMY MCIIOJIB30BAHUIO PAJUOAKTUBHOCTH
YeJIOBEUECTBO IEPEeUIeT HecKopo. Bcero 3a maTh JieT 70 3alycka IEpBOrO B HUCTOPUH
AIEPHOTO peakTopa Benukuil ¢usuk DpHect Pesepdopn roBopus, yTo aTOMHAs SHEPrUs
HUKOI'/Ia HE HalJIET CBOEro MPaKTUYECKOro MpUMEHEHHUs. [lepeocMbICINTh CBOE OTHOIIEHHE K
SHEPIuH, 3aKJIFOYEHHOM B AJIp€ aToMa, CIielHairucTaM yaainock B 1939 roay, koraa HemMerkue
yuensle JIuza MeilitHep u OT1ro 'aH OoOHapyXmiM, 4TO sApa ypaHa NpH OOJYyYEHHH HX
HEUTPOHAMM JIE€JSATCA HA JIBE YaCTU C BBIIEJICHHEM OTIPOMHOIO KOJIMYECTBA DHEPIHH —
AJIEPHOU DHEPIUH.

Hcroprueck OCHOBHOM NMPUYMHOW 3apOKJICHHUs SAEPHOW OTpAciav B HAIIeW CTpaHe
ObUIO CO3/1aHMe sIepHOTo opyxkus. bbuta 1 B 3TOM cymiecTBeHHas HeooxoaumocTs? Ckopee
na, deM Her. B 1945 1., cOpocuB smepHbie Ooe3apsapl Ha Xupocumy u Haracakw,
Coenunennsie LlITaThl SICHO Janu MOHATH, KTO TMaBHBIN B «Tabene o panrax». ['opona CCCP
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BIIOJIHE MOIJIM pa3JelIUTh Yy4acThb SIIOHCKUX, XOTSA Ce€HYac 3TO MOMKET M II0Ka3aThCs
npeyBequyeHueM. B KpaTuaiiline CpoKM HallM Yy4YeHble CMOINIM CO3JaThb COOCTBEHHOE
AJIEPHOE OPYKHE U BOCCTAHOBUTH PAaBHOBECUE CHUJI HAa MHUPOBOM apeHe, HO IMPaKTUYECKU
HapajiesIbHO C siIepHOI 000POHHOM chepoii Hauana pa3BUBATHCS SA€PHAS YHEPIETUKA, CTAIN
CTPOUTHCS TIEPBBIC aTOMHBIE CTAHIIMH, TPEAHA3HAYEHHBIC IS BBIPAOOTKH AJIEKTPUYECTBA 3a
CYET LUEIHOW PEAKIUU JICIICHHUS.

«Mupmnsiii atom» B CoBerckom Coroze ObUT HMaeel, OOBETUHSIOMEH THICSYU JIIOJCH.
Bcepbes pa3pabarbiBamuch MPOEKTHl MOE3/10B, KOpabieil, TMraHTCKUX CaMOJIETOB M Jake
aBTOMOOWJIEH C SJEPHBIMH JBUTATEISIMU U IPOYUX YCTPOMCTB, UCHOJB3YIOLIUX SAEPHYIO
SHEPryI0 B MUPHBIX LEAX. DHTY3Ma3M aTOMIIMKOB He 3Hain rpanulnl [2]. B 1954 r., xorga
CCCP 3amyctun B 3KCIUTyaTallMlO IIE€PBbI B MHpE sJIEpPHBbIA peakTop, Oyayliee HOBOM
oTpaciau Kazajoch 0e3001ayHbIM. B Ty mopy modTtu NOJOBHHY 3JEKTPOIHEPIMH B MHUDE
HOJIyYaId U3 yIJisl, @ TO, YTO 3TO OYEHb I'PSA3HOE TOIUIMBO, OBUIO SICHO YK€ B Ty JAJIEKYIO
AMOXY. 3a 4YeThIpe AHS JIOHTOHCKOTO Bemmkoro cmora 1952 r. ot Hero moruGmau 12 Teicsd
JIOHJIOHIIEB, YTO CPAaBHUMO C KOJIMYECTBOM KEPTB SNUJAEMHM Xosepbl 1866 r., U Bce
IIPEKPACHO 3HAJIM, YTO MHOKECTBO yrojpHbIX TOC ropona cBsi3aHbl C 3TUMHU HENPHUATHBIMU
COOBITHUSIMH.

Ha npotsbkeHuM N1ECSTKOB JIeT aTOMHasl SHEpreTHKa ocTaBajlach caMoi Oe3omacHon
CpeaH BceX, a TOILTMBO Il HEEe PACHpPOCTPAHEHO IOCTATOYHO, YTOOBI P YUEHBIX IPSIMO
Ha3blBAJIM HHEPrUI0 aTomMa BO300HOBIsAEMOH. Jlo cemMHIEecATHIX TOAOB «aTOMHOE
AIIEKTPUYECTBO» OBLIO €lle W O4YeHb JeuieBbIM. HecMOTpst Ha Bce 3TO cTpax Iepel] HOBOM
OTpacibl0 C c€aMOro Hayajga OblI Ype3BbIYAHO CHUJIBHBIM, a 1nocie YepHOObUIL U
MOPOXICHHBIX UM MH(OB OH OKa3aJICsi © BOBCE HEOOOPHM.

[TocTeneHHO «MUPHBIN» aTOM BBITECHUII «BOCHHBIN», U B HACTOSIIIUNA MOMEHT Yy Hallel
CTpaHbl HET HEOOXOAMMOCTH HapadaThIBaTh siIepHBIE 3apsiabl s opyxus. [loaTomy celiuac
Ba)XHEHIIeH 3ajaueil oTpaciu  sBIseTcs oOecleyeHHe POCCUMCKMX —MoTpedurenen
AJIEKTPOIHEPTUEH B YCIOBUAX paACTYyIIETo »Hepreruyeckoro aeduiura. Cpean SBHBIX
npeumymiectB ADC ObUIO TO, YTO OHM MOIJIM HCIOJB30BaTh PEAKTOPbl Ha OBICTPBIX
HEUTpOHaX U Jake ypaH, J00bIBAEMbIM U3 MOPCKOM BOJbl. DKOHOMUYECKHU 3TO OBLIO BIOJIHE
BO3MO>KHBIM, [IOTOMY 4TO II€Ha TOIUIMBA B ATOMHOM KHJIOBaTT-4ace€ UTPAET HE IVIABHYIO POJIb,
B omiuue oT 1eHsl TorumBa Ha TOC. IlosToMy naxke cepbe3HbIN POCT 1I€H Ha UCTOYHMKHU
ypaHa caM 1O cebe He JIelaeT «ypaHOBOE» AIIEKTPHUUYECTBO CIHUIIKOM AoporuM. CoriacHo
pacueram, 4YeJIOBEYECTBO MOXKET OOeCHeurMBaTh CBOM TEKYIIHE MOTPEOHOCTH TaKUM
«OKEaHCKMM» YpaHOM HE€ MeEHee WIECTHM MWIIMApAOB JIET, TO €CThb A0 CaMOro KOHIa
cylecTBoBaHMs HblHEIIHeH COJHEYHOW CUCTEMBl — U MPH 3TOM KOHLIEHTPALUS YPaHOBBIX
M30TOIIOB B MOPCKOH BOJI€ BCE PAaBHO CHM3UTCS TOJIBKO Ha 4eTBepTh. [loaTOMY MHOrHe
CHEIMAJIMCThl TpeAsiaralid CYUTAaTh AaTOMHYIO DSHEPIrui0 BO30OHOBISIEMOH — BeIb €€
dakTueckuii pecypc paBeH pecypcy Hamiero CojHIIA, TO €CTh SIBHO HE HMXKE, YeM Yy
COJIHEYHOM WJIM BETPOBOM HEPIE€TUKH.

Ho «bena» mpumna otkyna He >kaamu. C camMoro Havajna pa3BepThIBAHUS aTOMHOMN
sHepreTuku B CIIIA ee HempephIBHO aTakoBaju CEpbE3HBIE MPOTECTHI, U YeM ObIcTpee
crpousii ADC, TeM 6osee KEeCTKUMHU CTaHOBHIIUCH Takue MpoTecThl. [lepBble BBHICTYIUICHUS
IIPOTUB CTPOUTEIBCTBA ATOMHBIX PEAKTOPOB TaM Hadanuchk B 1958 roxy. [Ipmyem num oHu
BOBCE HE OT MarHaToB TEIJIOBOM PHEPTETHKHU — T€ TOT1a IPOCTO €UIe HE OLIYLIaJId YTPO3bl OT
MOJTYKCIIEpUMEHTAIbHBIX HOBBIX YCTaHOBOK. Kak mokaspIiBaeT AeTaabHOE N3YYE€HHE BOIIPOCa,
UCTOYHHUKOM TIPOTECTOB OBUIO MCKIIOYMTEIBHO MECTHOE HaceJeHHe, BOCIPUHUMAaBIIEE
ATOMHYIO SHEPreTHKY Kak OMacHyo (B CUIy paJHallM) ¢ caMOro Hauyaia — C MSATHIECATHIX
rofoB. MoXeT MoKa3aTbCsl YAUBUTEIBHBIM, OTKYJa B Ty IOPY BO3HUKAJIM BOJHEHMS Macc,
BeJlb TOTJa B NPUHLHUIE y MYOJUKH HE ObUIO 3aMETHBIX 3HAHUN O pealbHOM YCTpPOMCTBE
peakTopoB. Torga BO3HHMKAET BOIIPOC: YTO OHM KPUTHKOBAIM, Ha KAKOW OCHOBE, OTKyAa y
Jo/Iel BOOOIIE MOSBWINCH UJIEH, YTO aTOMHas dSHepretuka onacHa? Ho, kak HU cTpaHHO, K
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1958 r. 310 OBLIA YK€ TOBOJIILHO M30uTas TeMa. A 00BsCHEHUs! ObLTU JJOBOJIHHO OaHATBHBIL: B
1940 r. danract PobGepr XaiiHnaliH, TOYNTaB JOCTYITHYIO HA TOT MOMEHT HH(GOPMAIHIO O
AJIEPHBIX peaKLUsiX, Halucan pacckas «B3peIB Bcerna Bo3MokeH». B npoussenenun — eue 10
3allyCcKa caMOro MEpBOr0o peaibHOTO peakTopa — OIMHUCHIBaeTca Oyayliee, Tlie OKa3bIBaeTcs,
YTO aTOMHBIN PEAKTOp, YK€ J1aBHO UIPAIOILUI IJIaBHYIO POJIb B SHEPT€TUYECKOM CHAOKEHUU
IUTAHEThI, PACCUUTAH clierka HeBepHO. [lo yrouHeHHBIM pacueTam aBTOpa-(aHTacTa, 3TOT
B3pbIB MOYKET HAHECTU CEpbE3HEMIN ynap no Bceil miaHere. ['epon pacckaza HadyMHAIOT
MacCOBYK0 AaHTHATOMHYK0 MHap-KaMIIAaHHUIO, B XOJI€ KOTOPOW CTOPOHHHUKH peakTopa
CTAaHOBATCA M3roAMH. B KOHIle peakTop Ha 3emiie 3aKphIBalOT U BhIHOCAT Ha Jlyny [3]. D10
JlaneKo He Bc€, XalHIalH NOCJIe 3TOrO BBITYCTUI €Ie HE OJUH paccKa3, KOTOPhIE BHECIIH B
Macchl CTpaxu mnepen cinoBoM «atom». Cam XaifHiallH BIOCIEACTBUM OTKAa3ajicCsl OT CBOUX
B3IJISI0B M HEBE)KECTBEHHOT'O CTpaxa aTOMHOM SHEPreTHKH, YTBEP)KJas, YTO BCE 3TO OBLIU
CTpPALIWIKH, & HE HEUTO, UMEIOLIEE MTPEACKA3ATENbHYIO CHITY.

Xotp XaifHnaiiHa TOr/a YUTAIM HE TaK MHOTO, HO BOT HHTEJUIEKTyallbl OBICTPO
03HAKOMMWIKCH ¢ ero koHuenuusmu. Korna 1945 r. nokasan peanbHble yaapbl 10 XUPOCUME U
Haracaku, mon-kyibTypa cTajla IITaMIOBaTh pa3juyHble Bapuauuu xoppop-ucropuil. K
KOHITY TISATHACCATHIX TEMY OCHOBATelIbHO ucTpenan [ommByn: ¢umsm «Ha Gepery» mokasan
CMEpPTh NIPAKTUYECKH BCETrO YEJIIOBEUECTBA OT PAJMOAKTHBHBIX OCAJKOB IIOCIE SAEPHOU
BoitHbI. B 1957 r. Axupa KypocaBa cuumaer eme oauH ¢uiabM «S KHBY B cTpaxey,
ONUCHIBAIOLIUHI )KEPTBY aTOMHOM MCTEPUH B €r0 TEPMHUHAIBHOW cTaauu. HbIMU clloBaMH, K
1958 r., KO BpeMEeHH Hadaia «aHTHATOMHBIX» TIpoTecToB B CIIIA, pamuodobus yxe Obuia 10
TaKOH CTENeHH MAaCcCOBOM, YTO TAKHE MPOTECThI OBLTU MPOCTO HEU30ekKHBI. A OTTOJIOCKHU ITON
TEMBI [TPOJIOJIKAIOT T'YJIATh [10 MACC-KYJIBTYPE U CETO/IHS.

AHTHATOMHBIE HACTPOEHHUS OOIIECTBEHHOCTH HMEIH IOCIEICTBUS OMIYIIUTEIbHBIX
MaciTaboB. MoOWIM30BaHHBIE WHIYCTPUEH Tpe3 JIUIA, MOJIaramline ce0sl IKOAaKTUBUCTAMH,
CTaJIM MOAAaBaTh B CyJ HEBEPOSATHOE KOJWYECTBO I'PYIIIOBBIX MCKOB IPOTUB CTPOMUTENIHCTBA
ADC — yxe mocine BblJJaud pa3pelieHus] Ha UX CTPOUTENBCTBO. DJIEKTPOCTAHIIMU CTPOAT B
KpEIUT, TOTOMY Y4TO HE3aeMHBIX JIEHET B TAKMX 00beMax y SHEpreTUKOB HHKOT/A He ObLIO.
Utak, komnanuu aromMmHod uuayctpuu B CHIA Opanu KpeauT Ha CTPOUTENHCTBO, HAUMHAIH
€ro BBIIUIAYMBATh, HO... TOJaMH HE MOTIJIM TOJIKOM HayaTh CTPOUTH CTaHIMIO. Bece 210 Bpems
OHM MPOJOJKAIIM TUIATUTh MPOIEHTHI, 3apIUlaTy MEPCOHANy U Mpodee, OTYEr0 MX 3aTpaThbl
Hayaly HapacTaTh KatacTpoduuecku ObIcTpo. CTOMMOCTh CTPOUTENILCTBA ATOMHBIX CTaHIIUN
Ha TPOTSDKEHUM CEMHUJECATBHIX TOJI0B BBIPOCIA B HECKOJIBKO pa3, IOYTH JOCTUTHYB
COBPEMEHHOT'0O YPOBHS.

KOHTpOJIBHBIM BBICTPENIOM B aMEPUKAHCKYK0 aTOMHYIO JHEpreTuky cran Tpu-Main-
Alinenn, rae mpousonnia asapus, Bbi3BaBmasg B CIHIA maHuky W B3pbIB NONYJISIPHOCTH
«3eNeHbIX» uJed. B peasbHOCTH ciy4yuBIIE€eCsS HEIb3s ONMCHIBATh CIOBOCOYETAHUEM
«aMepuKaHCKUi YepHOObUIb», MEPUOIMYECKH BcTpedaromumcs B mpecce. Ilpexne Bcero
MOTOMY, YTO HHKTO HE MOTHO M Ja)ke He MOCTpajall He TOJBKO MpHu aBapuu Ha Tpu-Maiin-
AlineHs1, HO M OT €€ NOCIEACTBHHA. 3aTO OHAa OKa3ajla pa3pyLIUTENbHOE BO3/ACICTBHE Ha
pa3BUTHE SJEPHOIN PHEPreTUKH M MO3T MPOCTHIX amepukaHieB. OOLIecTBO ObLJIO BBEPTHYTO
BO BCEOOIIYI0 TaHUKY, CONPOBOXKJIABIIYIOCS CKauKOOOpa3HbIM POCTOM AaHTHUSJEPHOTO
JIBWXKeHUs. M Tak BBINIIO, UTO BCEro 3a HECKOJBKO AHEH 110 aBapuu Ha Tpu-Maiin-Annenn
[omnuByxa Beimyctun guiabM «Kutalickuil cuHIpoM». B HEM CIEHApHCTBI «IIOKazaim» Kak
pacIuiaBjIeHHOE IepHOE TOIJIMBO B Clydae aBapuu mpoxuraer 3emito HackBo3b oT CIIA no
Kuras. CTOUT OTMETUTH, YTO JIOJEH YBIEKAIOT HE XOJOJHBIE CyXH€ (XOTh M BEpHBIE,
pealibHbIe) pacCykAeHHUs, a TO, YTO oOpaIlaeTcs K UX SMOLMSAM, Ha YTO U ObLI CAeNIaH aKLEHT
kuHemarorpadgamu. Mano uyto oOpamaercs K 3MOLUSAM CHJIIbHEE, YeM CTpax — KakuM Obl
[JIYTIBIM U UppaIlOHAIbHBIM OH HU OBLI.

Htoru 1979 rona B CIIA 6w mpenackazyembl: HU ogHoi ADC ¢ Tex mop Tam He
noctpousiu. HoBble MpoeKThl OECKOHEYHO 3aTATMBANINCH, UX 1IEHA 3a CYET ITOT0 POCia, MoKa
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OHH HE MOTEPsUTH JTF000H dKOHOMHUYECKUU cMbIc. Jla, mo cux mop LlltaTer — MupoBoit nuaep
M0 KOJIMYECTBY BBIPAOATHIBAEMBIX ATOMHBIX KHJIOBATT-4acOB, HO JIMIIb 3a CYET Hacledus
samoxu 70 1979 r., 1o okoH4arenbHOU Mmobensl ['oumByna Hal 34paBbIM YHEPreTUUECKUM
cmeiciioM. B CHIA ngelicTBYloT 56 aTOMHBIX 3JIEKTPOCTAHIIMN (IMIOCTPOCHHBIX OOJIbIIE
MOJTyBEeKa Ha3a/), Ha KOTOPBIX B OOIIEH CII0KHOCTH IKCILTyaTUPYIOTCS 96 sHEproOiIokoB [4].

Mosxxer mokazaTtbcs, 3TO BCE MpoOJEeMbl aMepUKaHIEB, a HE 4YeJIOBEYEeCTBa.
3HauuTeNIbHAA €ro 4acTb 00Jieé MMMYHHAa K KOHLIETILHAM aMEPUKAHCKOH MOI-KYJIbTYpBHI.
Bosbmem, k npumepy, CCCP 70-80-x: 3a cueT MOUIHOHM 3allMThl OT UMIIOpPTA 3amajHoro
KMHO, a TaK)K€ HEJOCTYIMHOCTH aMEpPHKAHCKOW Mpecchl, (paHTacThyeckue uaen ¢ 3amana
MPUXOJUIIN K COBETCKUM IpakJaHaM KpaiiHe 0clabJIeHHBIMU U HUKAK HE BIIUSUIM HA pellleHue
pykoBozcTBa 3TUX cTpaH. CoBeTckas aTOMHasi dHEpPreTUuKa JEHCTBUTEIBHO HE MCIIBIThIBAJIA
BJIUSIHUSA aHTHATOMHBIX HACTPOCHMH: BIUIOTh 10 1986 T. ee cuntain KpaliHe MEpPCIEKTUBHOMN
3aMEHOW BCEM YTOJIBHBIM JJIEKTPOCTAaHIMAM, M MpoOiiemMa Oblla TOJBKO B TOM, YTO
crpoutenbeTBO ADC He ycneBao 3a MOTPEOHOCTHIO B HOBBIX CTaHIMAX. Bee m3aMeHusocs 26
ampesist 1986 1., npu B3peIBe B 4eTBepTOM 3HEprodsioke YUepHooOwuibckoir ADC. Bompeku
pacrpocTpaHeHHbIM MH(aM, B3pbIB HE OB HUTOTOM «IKCIEPUMEHTa» C OTKIIOYEHUEM
aBapuiMHOM 3amMTBl peakropa. HampormB, B Ty HOYs TaM BeICA  IUIAHOBO-
peyNpeaUTEeNbHbI PEMOHT, U MPU KaXJI0M TaKOM PEMOHTE 3aIUTy PEaKTopa OTKII0YaIN —
IIOTOMY 4TO 0€3 3TOro Henb3s ObUIO MPOBEPUTH €ro paboTy BO BHEMITATHBIX pexumax. To
€CTh CaMO OTKJIFOUEHHE OBbLIO IJIAHOBBIM, HO HUKAK HE «IKCIIEPUMEHTAIBHBIMY [5].

Bcekope mnocne YepnoOwsuis CCCP  ¢akTHdecku OCTaHOBWIJ JalIbHEHINIEE pa3BUTHE
ATOMHOM SHEPreTUKH, CBEPHYB LENIbIH PNl IPOEKTOB, HAXOIUBIIUXCS B BBHICOKOW CTEMECHH
rOTOBHOCTH. J[e710 B TOM, 4TO caM 1o cebe (akT aBapuu — 3TO JaJIEKO HE IPUTOBOP TOMY WIIH
WHOMY BHUly 3HepreTuku. Hemocpencrtsenno cpenu paborasimx Ha YADC ymep 31 yenoBek
(28 — ot nyueBoii 60ne3Hu). CTOUT OTMETUTH, YTO, K IPUMEPY, OT ciryuuBiieiics B 2008 roxy
aBapun Ha CasHo-lllymenckoir I'DC ymepno 75 uenoBek, a oT Oe3aBapuilHOW pPabOTHI
yrosbHbIX U Tra3oBbix TOC B CIIA yMupaer mo mojicoTHU Thicad 4enoBeK B rof. To ecTs,
4YTOOBl MOHATH HCTUHHOE 3HaYeHHe YepHOOBLIS, BakHA HE TOJBKO aBapusi, HO U ee
MOCIIEACTBHSL.

Ceroans aToMHast oTpacib Poccun npezcraisier coO0i MOIIHBIM KOMILIEKC U3 OKOJIO
350 mpeanmpusTHii W OpraHU3alMii, B KOTOPBIX 3aHATO CBbIe 250 THIC. YETOBEK.
JluHaMu4HOEe pa3BUTHE OTpacid SBIAETCS OIHMM M3 OCHOBHBIX YCJOBUH oOecredeHus
HHEProHE3aBUCHUMOCTH TIOCyAapcTBa U CTa0WJIBHOIO pPOCTAa S3KOHOMHKU CTpaHbl. B
COBPEMEHHBIX YCJIOBHSIX aTOMHAasl YHEPreTuKa — OJUH U3 BAXKHEHIINX CEKTOPOB SKOHOMUKH
Poccun. Pa3menienne omacHOro mnpoW3BOJACTBA, K KOTOPOMY, HECOMHEHHO, OTHOCHTCS
aTOMHasl SHEPreTUKa, sSBIISETCS BAXXHOW U OJHOU U3 KIFOUYEBBIX MPOOIIEM, JIKAIIUX B OCHOBE
OJ1arornosiy4us rocy1apcTBa U BEKTOpa COLUAIbHOI'O HACTPOEHUS O0IIEeCTBA.

Cdepa aToMHOI SHEPreTUKH HAMPSAMYIO 3aBUCUT OT 3KOHOMUYECKOH M MOJUTHYECKON
CUTyalluu Ha MUPOBOH apeHe. Tak, pa3nuyHble COOBITHS MPOBOLMPYIOT BCIUIECK U MaJeHUE
MHTEpPEca K TEXHOJIOTUY MOJIyUYEHUs IEKTPOIHEPT UM 3a CUET siiepHOro ToruiBa. Ha nannyro
OTpaciib CEPbE3HO MOBIHSIIA HECKOJIBKO COOBITHIA:

— aBapusi Ha YepHoObuibckoit ADC B 1986 1. (M3-3a KaracTpodbl psa MPOEKTOB ObLI
MOJIHOCTBIO CBEPHYT, POCT YHCIIa HOBBIX NMPEAIPUITHI 3aMeJTHIICS );

— TtoruiBHbIE Kpu3Hchl 1973-1974 rr. u 1978-1979 rr. ¢ pe3kum pocToM IieHbl Ha HeDTh
(u3-32 BBICOKOM CTOMMOCTH 3HEPTrOHOCUTENEH MHTEpecC K aTOMHOM SHEpreTHKEe pe3Ko
BO3PACTaer);

— aBapus Ha sinoHckod craHiuu Dykycuma-1 (mogoOHbIE COOBITUS MPHUBOIAT K POCTY
OTIaCeHUH U 3aMeIISIOT pa3BUTHE TIporpecca) [6].

HecMotpst Ha TOT (pakT, 4TO SKOHOMHUYECKHE mpeumyliecTBa ADC Mo CpaBHEHUIO C
JPYrUMU BHJIaMU T€HEpallMi OYeBUIHBI, BO MHOTHX CTpaHax, B TOM uucie u B Poccuu, cpenu
HaCeJIeHUsl paclpoCTpaHeHa «0OEeCTIOKOEHHOCTh 110 MOBOY PUCKA aBapuil U HEPEIIEHHOCTHIO
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npobnemsl ¢ orxoxamu» [7]. Ilo muenuto Iloma CrmeHca — AMpeKTOpa MO CTpPATETHH U
BHyTpHuKOpriopaTuBHBIM nenam EDF  Energy, «pucku, cBs3aHHble ¢ 0€30MMaCHOCTHIO,
3a4acTyl0 IEPEOLEHEHbI». 3aMecTuTenb aupekropa LleHTpa saepHbIX TexHosoruii ben
BpuTTOH, KOMMEHTHPYSI OMACEeHUsI OTHOCUTEIBHO PaJMOAKTUBHBIX OTXOJOB, OTMETHI: «Bcé
OTHOCHUTEJIbHO. ATOMHAs SHEpreTUKa He TaK OIMAacHa, Kak U3MEHEHHUE KiauMmara...» [8].

C npyroil xe CTOpPOHBI, B CHUJY BO3pACTAIOIIMX JHEPreTHMUECKUX MOTpeOHOCTEN
HACEJIEHUs, JIOAU OCO3HAIOT HEOOXOAMMOCTb co3laHusd U pa3BuTus ADC, Kak OJHOIO U3
croco60B o0ecreyeHHs CTpaHbl IHEPrOPECYPCaMU.

B cBs3u ¢ BBIIEN3II0KEHHBIM, aKTYaJIbHOCTh M3YYEHHUS JOBEpPUS JIOJACH K SIEPHBIM
TEXHOJIOTHSIM CTAaHOBHUTCS OYEBUAHON, OCOOEHHO B OTHOIICHHM Tpak/iaH, MPOXKUBAIOLINX B
HernocpeacTBeHHon 6mu3octu kK ADC.

PocroBckass ADC saBisieTcss OJHUM U3 CaMbIX KPYIHBIX NPEANPUITHH SHEPTETUYECKOMN
orpaciu PocroBckoit obnactu u FOra crpansl. [Tyck sHepro6moka Ne 4 mo3BOIHII YCTOWYUBO
obecrieunBaTh JHEProcHaOXKEHHE BCEro IKHOro peruoHa Poccuu. PoctoBckas ADC
spisiercs ¢pmmanom AO «Konnepn Pocaneproarom» (BXOIUT B KpPYNMHEHIINH NUBU3NOH
['ockopniopannu «Pocarom» «3nekTposHepreTruueckuiiy). [Ipennpustue pacmnoioxkeHo Ha
oepery LlumisiHckoro Bomoxpanwnuma B 13,5 kM ot r. Bomrogoncka. Ha ADC
3KcIuryaTupyrores: peaktopbl Tuna BBOP-1000 ¢ ycranoBnenHoit momHoctsio 1000 MBT.
OHepro6sok Ne 1 BBeJIeH B MPOMBIIIICHHYIO dKcrnryatanuio B 2001 ., sHepro6iok Ne2 — B
2010 r., sHepro6mok Ne3 mpuHAT B MPOMBINUICHHYIO dKcryartanuio B 2015 r., sHEeproOi1ok
Ne4 B 2018 romy. PocToBckas aTomHasi CTaHIUsA MATh pa3 Obula MpU3HAHA JIy4IIeH MO
KynbType 6e3omacuoctu: B 2005, 2008, 2010, 2014, 2017 ronax.

Henb3s He nmpuHATH BO BHUMaHKE, 4TO B T'. BonrogoHcke pabora ¢ HaceneHueM JaBHO U
ycrmemHo Benercs. Mbl uUMeeM B BUAY JACSITEIbHOCTH YIpaBlieHUs HWHGOpMaluu U
obmecTBeHHBIX cBsizell PoctoBckoit ADC. JlanHas cTpykTypa Oblla cO3[JaHa B KadyecTBE
cnenuanbHoro nojapasaenenus PoADC, HampaBieHHOTO Ha obecriedeHure OIarompusITHOrO
BOCHIPUATHS ATOMHOM HEPTE€TUKHU B IJ1a3aX HACEJICHUSI.

LlenssmMu  nesTenbHOCTH  YHpaBieHus HHQopManuu U OOLIECTBEHHBIX CBsA3EH
PoctoBckoit ADC (nanee — YUOC Pocrosckoit ADC) siBnsieTcsl: NOBBILIEHUE 00IIIECTBEHHON
npuemsieMoctd npoektoB AO  «Konnepn Pocaneproarom» (nanee — KonuepHa) u
PoctoBckoit ADC B pernoHe mpucyrcTBusi; oOecnedeHne MHGOPMUPOBaHUSI PaOOTHUKOB O
nporeccax M Ipeodpa3oBaHusx, mpoucxonaummx Ha PoctoBckoit ADC, B Konuepue u
I'ockopriopanmu ~ «Pocatom», €  TOMOWIBIO  BBICTPOCHHOW  CUCTEMBI  BHYTPEHHUX
KOMMYHHMKaIMii; 3¢¢dexktuBHas peanuszauus 3asBiaeHus o mnonutuke AO «KonnepH
Pocaneproarom» B o0nacTh KOMMYHMKAIMil M MyOJMYHONM OTYETHOCTH Ha TEPPUTOPUHU
pacnionoxenus Pocrosckoit ADC.

JlocTuxKeHre MOCTaBIEHHOM €M CBS3BIBAETCS C PELIEHUEM HIKECIEOYIOIUX B
nearensHOocTH YHWOC Pocroseckoit ADC 3amay:

1) opranuzauus u obecriedenre >¢pdexkTuBHON nesTenbHOCcTH PoctoBckoit ADC B
00J1aCTH MacCOBBIX KOMMYHHKAIIUH;

2) opranuzauusi u obecriedyeHne 3¢¢dexkTuBHON nesTenbHOcTH PoctoBckoit ADC B
00J1aCTH BHYTPEHHUX KOMMYHHUKALIUH;

3) opranmzamms u obecrneueHue >hdexTuBHON AesTenbHOCTH PocToBckoit ADC B
00J1aCTH MapKETHHIOBBIX KOMMYHHKAIIUA;

4) B3aMMOJEICTBHE C pErHOHAIbHBIMU OpPraHaMU BJIACTH, MECTHBIMU COOOIIECTBAMU
00I11eCTBEHHBIMH OpraHU3aLUsIMU;

5) anTUKpHU3UCHOE HH(POPMAIIMOHHOE PearupoBaHue.

Urobsl mokazaTh pecypcHbie Bo3MmoxkHOCTH YMOC PocroBckoit ADC, kak
CHEIMAIbHOTO  CTPYKTYpHOTO  TOJpa3iefieHusi, oO0Jajarolero  MOTEHLIHAJIOM IO
CIIIQXKMBAHUIO IPOTUBOPEYMM MEXAY ACSITEIbHOCTHIO AaTOMHOM CTaHLUMU U HaceJIeHUEM

=
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r. Bonromoncka, paccMoTpuM 6osiee MOAPOOHO BBIACIECHHBIC 33a4d ¢ TOYKH 3PSHHS TOTO,
KaKoOW alrOpUTM JAESITEIbHOCTH UMEET JaHHAs CTPYKTYpa B 0003HAUEHHOM HaMHU Ka4yecTBe.

Tak, B yacTu opranuzanuu u odecneueHust >pPeKTUBHON esATeabHOCTH PocToBcKon

ADC B ob6nactu maccoBbsix koMmyHuKarui YHOC obnagaer cieayronMu TOJTHOMOYHIMHA 1
npeporaTuBaMu:

pa3pabaTbiBaTh KOHLENIMH BU3yanu3anuu aesrenbHocTd POADC n peain3oBbIBaThH €€
IpY TPOBENEHUH BBICTABOK, MPE3CHTAIMH, MOArOTOBKE OYKJIETOB, MH(POPMALMOHHBIX
POJIMKOB, CTEHIOB, IJIAKATOB U JIp.;

ocymecTBiATh  MoHuTOpuHr CMM, OGmorocepsl Ha  mpeaMeT  MOSABJICHHUSA
HECAaHKIIMOHUPOBAHHOW (HeraTHBHON) wuHpOpMarmuun o nestensHoctd PoADC wm
Konnepna B uenom;

MOJTrOTaBIUBATh IPECC-PENIU3bl U JApyrue WHEPOpPMAIMOHHBIE MaTepHaibl O padoTe
PoADC u pazmemienue nux 8 CMU;

OCYILLECTBIIATh MH(MOPMALMOHHOE CONPOBOXKJICHUE U COJAEpXKATEIbHOE HAIOJHEHUE
BU3UTOB O(DMUHMANBHBIX JeJerauuii M SKCKYpCHH ILIEeJeBBbIX ayJuTOpuil (Ipymi) Ha
PoADC mo pazpaboranabiM Mapmpyram. OdopmiieHHe JOKYMEHTOB JJIsl MPOXoJa Ha
ADC u pa3penieHui Ha OPraHU3alni0 ChbEMOK;

OpraHU30BbIBATH  MH(POPMALMOHHO-PA3bSICHUTENbHYIO  paboTy 1O  BOIpocam
nesitenibHocTH POADC u pa3BuUTHS aTOMHOM SHEPreTUKH B MHTEPHET-IIPOCTPAHCTBE, B
TOM 4HcIe B 6iorocepe U COLUaIbHBIX MEIHa;

COJCMCTBOBATh B MOJTOTOBKE M TPOBEICHHM OOIIECTBEHHBIX OOCYXICHUH OLEHKU
BO3/JICUCTBUS HA OKPYKAIOLIYI0 Cpely W MaTepuaioB OOOCHOBAaHUS JIHIICH3UN
pa3IMYHBIX BUAOB AesTeabHocTd POADC;

NPOBOIUTh MOHUTOPHHT M aHAIW3 MyOJIMKAmMid MECTHBIX M perumoHaisHbix CMU B
pEeruoHe NpUCYTCTBUS;

OpPraHM30BBIBaTh OTBETHBIE JEHCTBHS Ha IMOsBIEHHE B HMH()OPMAIMIOHHOM I0JIE
HMCKOKEHHOU, MO0 HE COOTBETCTBYIOIICH NEUCTBUTEIHHOCTU MHQPOpMaUU O padboTe
Konuepna u PoADC, a takxe AeHCTBUs, HallpaBJICHHbIE NMPOTUB MH(POPMALMOHHBIX
aTak;

OpPraHM30BBIBaTh M MPOBOJUTH LieNeBble U coObITHIHBIE PR-akuum xak orpacieBoro,
TaK U CTAaHIIMOHHOT'O 3HAYEHUS;

OpraHU30BBIBATH KOHKYPChI, BUKTOPHHBI, BKJIIOYas MPOCTPAHCTBO MHTEPHET, a TAKKE
JIpyrue urposbie (opmbl pabOThI ¢ OOLIECTBEHHOCTBIO C II€JIbIO MOBBIIICHUS €€ YPOBHS
3HaHUN O TEXHUYECKOM COCTOSIHUM, dKojornueckoil 6e3onacHoct POADC, ee ponu u
3HAUEHUU B HKOHOMHKE PETHMOHA, a TaKXK€ B LEISAX MNOJJCpXKaHUS U YKpEIUICHUS
JPYKeN00HBIX OTHOLIEHUH C pa3InYHbIMU KaTeropusaMu Hacenenus 1 CMU;
pa3palaThiBaTh W M3rOTABIMBATh aJalTUPOBAHHBIE Mpe3eHTAlMH, WH(POPMAIMOHHbBIE
IIPOCBETUTENICKIE M PEKJIaMHbIE MaTepuabl, OpOIIIOpPbI, MPOCHEKThI, OYKIIETHI O
IIPOU3BOJICTBEHHON, TEXHOJIOIMYECKOM, DKOJOTMYECKOM M PaJUAlMOHHOM TEMAaTHKeE,
co3daBaTb M MEPUOJUYECKH TOMOJHATH OaHK JaHHBIX IO TEXHUYECKHUM,
TEXHOJIOTUYECKUM, SKOJIOTHYECKUM acrekTaM paboTsl POADC;

OpraHM30BBIBATH pabOTy 1O MOBBILICHUIO WH(GOPMUPOBAHHOCTH MECTHBIX H
pernoHanibHbIX CMMUM, B Tom uymcne mpecc-TypoB Ha PoADC, oOpa3oBaTenbHBIX
CEeMHMHApOB, KOHKYpPCOB, C LE€JbI0 JOCTOBEPHOIO M OOBEKTHBHOIO OCBELICHHUS
JEeSITEIbBHOCTH IKOJIOTHYECKOM 0€30MMacHOCTH aTOMHOW CTAaHLIMH, €€ POJI U 3HAUCHUS B
HSKOHOMHUKE PETHOHA.

YerBepTas 3ajaya HEe CTOJb MaclmTaOHAa, Kak BTOpas, HO TaKKe MMEET Ba)KHOE

3HaueHue. OHa OpHEHTHpPOBaHAa B CBOMX KOMMYHUKAaTHBHBIX WHTEHIMSX HE Ha
MHAUBUAYAIBHOTO MOTpeOuTeNs HHGOPMallMOHHOTO MPoayKTa, npeanaraemoro YMOC, a Ha
HEKHE KOJUIEKTUBHBIE COOOIIECTBA, MPEACTABISIONINE COO0I YacTH rpa)1aHCKOro 00IIeCTBa,
CHOCOOHBIE 3aHMMATh AKTUBHYIO COLMAJIbHYIO MO3UIMM U OKa3bIBaTh BIUSHHE HA II€HHOCTH
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HaceneHus npuieratomeid kK PoADC tepputopun. ['pakaanckoe oOLIECTBO MOXET CTaTh
OYEHb BA)XXHOW IUIOIIAJKOMN JJI OPraHU3allMM TPakJIaHCKOrO IHAIOra MEXAYy pa3IudHbIMU
OpraHM30BaHHBIMHM TPYIIIAMU HACEJIEHUS M MpeACTaBUTEsIMU anMuHuctpauuu PoADC.
Takol nuamor MOXeT ObITh OCHOBAaH TOJLKO Ha noBepuu. IlosTomy Ha YUOC Bo3naraercs
KpaiiHe BakHas 3a7aua pPEan30BBIBATh KOMMYHHKAIMIO TaKHM 00pa3oM, 4TOOBI KOHTAKT
MeXy CyObeKTaMH B3aUMOJICHCTBUS ObLT MPOYHBIM U YCTOHYMBBIM. B 4acTu KOMMyHHKAITIN
C MECTHBIMH cooOmecTBaMu u oOmiecTBeHHbIMU opranuzamusvu Y MOC Pocrosckoit ADC
MMEET CJEAYIOIINE TOJTHOMOYUS:

— oOecreunBaTh B3aMMOJICHCTBHE C MECTHBIMH COOOIIECTBAMH Ha TEPPUTOPUU
pacnonoxenus PoADC;

— OCYIIECTBJIAITH MOHUTOPUHT COIMAIBHOTO KIMMaTa M OOIICCTBEHHO-TOIUTUYCCKON
CUTyaIlu Ha TeppuTopuu pacmonoxeHuss POADC. MOHUTOPUHT ¥ aHAIHU3 MyOJIUYHBIX
BBICTYIUIEHU U MHEHHI OPTaHOB BJIACTH B PETMOHE MIPUCYTCTBUS;

— OpraHu30BbIBATH COTPYAHUYECTBO pyKoBoAcTBa AC ¢ aAMUHUCTpalMeil ropojaa u
obiactu, mpecc-CiIy)0aMu 3TUX CTPYKTYP, OTACITBHBIMH JEITyTaTaMH, OOIIeCTBEHHBIMH
U TONUTHUYECKMMM OpraHU3alusMHU, JAeNOBbIM cooOmiecTBoM. OpraHuzamus Hu
MIPOBEICHUE COBMECTHBIX MEPOTIPUSITHI U MPOEKTOB, B TOM YHCJI€ 0JIarOTBOPUTEIHHBIX.
Ob6ecnieunBaTh B3auMo/ieicTBUE B chepe PR-koMMyHMKaIuii, ¢ BHIOOPHBIMU OpraHaMu
MECTHOT'O CaMOYITPaBJICHHS, OOIECTBEHHBIMA OOBEAMHCHUSIMH, B T.4. MOJIOJIC)KHBIMH,
po(COI03HBIMU, BETEPAHCKUMHU OPTaHU3AIMSIMU MPEATPUSATHUS;

— OpraHU30BBIBaTh M KOOPIWHUPOBATH WH(MOPMAIMOHHYIO U PA3BICHUTEIHLHYIO padoTy
M0 BOIIPOCAM aTOMHOM SHEPTeTUKH C Pa3IMYHBIMH LIETIEBBIMU AYJUTOPUSIMH B PETHOHE
npucyrctBusi PoADC, a Takke B COCEOQHUX pEruoHax, paszpadaTbIiBaTh
MH()OPMAIIMOHHO-TIPOCBETUTEIHCKUE MTPOTPAMMBI;

— OpraHU30BBIBaTh PabOTY MO MOBBIIMIEHUIO HH()OPMUPOBAHHOCTU HEMPABUTEIHCTBEHHBIX
OpraHu3aIyii, OTIENbHBIX MPO(EeCcCCHOHANBHBIX TPYI HaceleHUs (MEIUKH, MeJaror,
MYHUIUIIATBHBIE CIY)KAlllMe U Tp.) C MPUBJICUYEHHEM HMX K Y4YacCTHIO B CEMHUHapax,
KOH(EpEeHIUSX, IKCKYPCUIX U APYTUX MEpOnpUITUix. BzaumozeiicTBre u COBMECTHBIE
MIPOEKTHI ¢ UHPOPMAIMOHHBIMH IIEHTPAMH 110 AaTOMHOM SHEPTHH;

— ydacTBOBaTh B KOH(EPEHIHUAX, CEMHHApaX, «KPYIJBIX CTOJax», BBICTABKax M T.IL.,
HAIPaBIEHHBIX Ha OOMEH OMBITOM, HAYYHOH U MpaKkTU4YecKoil MHPOopMaIel, pa3BUTHE
KOOTIEpaIliy, YKpEIJICHUEe CBs3€H, B3aUMOJEHCTBHE IO BompocaM (HOPMHUPOBAHUS
MOJINTUKY JOBEPUS K aTOMHOM SHEPTEeTUKE U MO3UTUBHOTO nMuxa PoOADC.

W, nakoHer, BaKHEWIIEH — MATOM 3a/1ayuel, ABJISICTCS pean3aliys MOJIMTUKU B 00J1acTH
AHTUKpHU3UCHOTO HH(pOpMannoHHOTO pearupoBanus. OHa HeoOXoaUMa MOTOMY, YTO €CTh
MHEHHE, U OHO MOATBEPKIAETCS COIIMOIOTUUECKUMH OMPOCAMH, COTIIACHO KOTOPOMY BJIACTH
OCTaBIISIIOT HAPOJ B HEBEJCHHH, KOT/Ia MPEANONIOKHUTENHHO (M0 ciyXxaM, HHPOPMAITMOHHBIM
WCTOYHMKAM WJIM JIIOOBIM JPYrUM KaHajiaM) WMEIOT MECTO BHEIITaTHBIE CHUTYyallud, W,
BBIOHMpasT MEXIy COXpaHEHHEM CTa0WJIBHOCTH B PErHOHE W 370POBBbEM IOJEH, BIIACTH
HEM3MEHHO BBIOMPAIOT CTAOUIBHOCTh. VIMEHHO A3TO W TPHUBOAWT, B COOTBETCTBHH C
BBISIBICHHBIM CTEPEOTHIIOM OIIEHKM NOBeAeHUs Biactedl u aamuHuctpauun PoADC, k
yTauBaHUIO WH(QOpPMAIMKM O TPOMCXOAAIIMX BHEIMITATHBIX cUTyanusx. [lomoOHOrO poma
MO3UIUS HE TOJIBKO TIOJPHIBAET BEPy B 0E30MaCHOCTh aTOMHOW SHEPTreTUKU, HO U pa3pyliaeT
y)Ke cymiecTByronmi GyHIaMEHT €IMHCTBA KyJabTypbl Oe3omacHocTu mepcoHana PoADC u
HaceneHuss r. Bomromoncka. UToObl ATOro HE MPOMCXOAUTIO, HEOOXOIMMa OTKpHITas,
OCHOBaHHAasi Ha JOBEPUH W OIEPATUBHOCTH TMIOJUTHKA TIPEIOCTABICHUS WHGOPMAIINH,
KOMMYHHKaTHBHas JesrenbHocTb. B astoit wactu YMOC PoctoBckoit ADC obGmamaer
CJIETYIOIIUMH TTOJTHOMOYHSIMH:

— yd4acTBOBaTh B pa0OTe€ KOMHUCCHHM IO YPE3BBIYAWHBIM CUTYallUsIM U OOECIEUYECHHUIO
noxkapHo  OesomacHoctn  oO0bekTa (KUCIIBO), B  NOpPOTHBOMOXKAPHBIX |
IIPOTUBOABAPUIHBIX TPEHUPOBKAX U YUCHHUSIX;
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— OpraHu30BBIBATH ONlepaTuBHOE MH(pOpMUpoBaHUE HaceneHus yepe3 CMMU o HemTaTHOM
WJIM Ype3BbIuaiiHoi cutyaruu Ha POADC;

— OCYILECTBIIATH OIIEPAaTUBHOE B3auMOAEHCTBHE ¢ DYHKIIMOHAIBHON IPYIIION IO CBA3SAM
¢ obmecTBeHHOCThI0O 1 CMU;

— OpraHu30BBIBATH IPECcC-KOH(pEpeHIUH, Opu(UHIN, BBICTYIUIEHUS C 3asBICHUSMH JUIS
CMU pykoBoactBa POADC mo ¢akTy HEIMTATHBIX W YPE3BBIYAMHBIX CUTyalluid Ha
9HEpProOI0Kax.

Janee mnpoBeneM aHanu3 pealbHbIX KOMMYHUKATHUBHBIX IIPAKTHK, CBSI3aHHBIX C
IIPAKTUYECKUM pelieHueM BolaeneHHbix g Y NOC 3anay.

AKTUBHBIA OTKJIMK cpelu OOIIECTBEHHBIX SKOJIOTMYECKUX OpraHU3alMi, HAyyHbIX U
COLMAJIbHBIX HHCTUTYTOB, a TAaKXKe HaceseHus r. BonrogoHcka u PocToBckoii o6iactu Hanum
caeayroume MeponpusTus [9]:

1. O6mectBeHHble caymanus. [locneanue oOLeCTBEHHBIE CIYLIaHUS MPOXOAMIN IO
IIPEIBAPUTEIBHBIM MaTepHalaM OLEHKH BO3JCHCTBHS Ha OKPYKAIOIIYID Cpely IpH
OKCIUTyaTanu  3HeproOmoka Nel Ha wMomHocTH peakTopHOM ycraHoBku 104% ot
HOMUHAJIbHOW B BosrogoHcke 1 o01iecTBeHHbIE 00CYXIEHHs 110 MaTepuanaM 00O0CHOBAaHUS
JMIIEH3UM Ha OCYHIECTBJICHHE ACATEIBHOCTH B OOJACTH HCIIOJIB30BAHUS SICPHOW SHEPTHH
«Qxcruryartarus 3Heproosnoka 33 Nel PoctoBckoit ADC B 18-MecSYHOM TOILTUBHOM IIMKIIE Ha
MOIIIHOCTHU peakTopHOi ycTaHoBKU 104% OT HOMUHAIBHOWM.

2. ExerogHast ropojcKas OTKpbITas HaydyHO-IIpaKTH4YecKass KOH(epeHLus AKaaeMHU
IOHBIX HccaenoBareneid. Tpaguumonno PocroBckas ADC monydaer cepTUHUKAT HA MPABO
nposenenus Hanpasienuii HIIK AIOW na 6aze MudopmarmonHoro nentpa. Kondepenmms
IPOXOAUT MO O-TH HampaBieHHs M, B 48 cekuusax, 9 U3 KOTOpBIX NHpPOBOJATCS Ha 0aze
HNudopmannonnoro menrpa Poctosckoit ADC. B HampaBieHun «IKOJIOTUS U SKU3HB»
(cekuu «IKOJIOTMYECKUN MOHUTOPUHI OKpysKaroued cpenb», «HOHBIM uccnenoBaTelb
npupos») paboTHUKH ADC NPUHUMAIOT y4acTHe B paboTe KIOpH.

3. Exeroanslii pecTrBamb SK0I0rHUecKoro typusma «Bocneras crenby». TpaauinoHHO
3TO MacIITaOHOE SKOJIOTUYECKOe MEPONPUSATHE MPOXOJUT Ha TEPPUTOPUU T'OCYTAPCTBEHHOTO
npupoaHoro ouocgepnoro 3amnoBeanuka «PoctoBckuit». B pamkax ¢ectuBans padoTaroT
OKOJIO COTHHM 3KOJIOTO-ITIPOCBETUTENBCKUX IIomanok. Ha ogHON M3 HUX — B HalpaBlIeHUU
«Hayka u TexHUKa» — CBOIO HKCIO3UIUIO IpeacTaBisieT PocToBckas aToMHas CTaHIuS,
BBICHIMM IPUOPUTETOM KOTOPOH SIBJIsI€TCSI O€30MacHOe MPOU3BOACTBO IKOJIOTHYECKH YU CTON
aneKkTposHeprun. Kaxaplil, KTO MoxkenaeT MO3HaKoMHUTbcs ¢ pabotoit ADC, momydaer B
NOJapOK KHUTU M Opounopsl o aestenbHocTH PocroBckoir ADC u e€ BKiIale B pa3BUTHE
peruoxa.

4. MexnyHapoJHas Hay4dHO-IIpakTH4yeckass KOH(pepeHuHs «be3omacHoCTh sIepHOi
sHepreTuku». OpraHu3oBaHa paOoTa MATH CEKUUH, YEeTbIpe U3 KOTOPBIX BO3IJIABIISIIOT
pykoBogutenu PocroBckoit ADC. HIIK mMeer orpomMHOe 3HAau€HHWE M JUIsl HAy4dHOTO
coolIiecTBa, W Uil CTYIEHTOB, M JUId HOpeanpustuil orpaciau. OHa MO3BOJSIET BECTH
3aMHTEPECOBAaHHBIE JUCKYCCUM IMPOU3BOJICTBEHHUKOB, YUYEHBIX, MOJOIEKH, OOMEHUBATHCS
HapaOoTkamu u uaesmu. B pabore kondepenuu B 2019 roxy npunsiiu ydactue cpbiiie 200
yuacTHUKOB u3 Poccum, I'epmanuu, Kuras, Amxupa u benopyccuu, 3acnymano 6osnee 70
HaydHbIX JoknanoB. Takxe B pamkax HIIK 2019 roma B y4eOHO-TpPEHHPOBOUYHOM
noapasnenenun Pocrosckoit ADC coCTOSICS «KPYTIIbI CTOM», MOCBALIEHHBIN polieMaM U
NEePCIEeKTUBaM TPAKTUKOOPUEHTUPOBAHHON TMOATOTOBKM HMHOCTPAHHBIX U POCCUHUCKUX
CTyIeHTOB Ha 6aze Pecypcuoro nentpa HUSY MUOU.

5. IlpoexT «ATomHBIIN MapadoH», B paMKkax KoToporo PocTroBckasi aTOMHasi CTaHIIHS
OpraHusyer HMH(QOPMALMOHHO-TIPE3CHTAIMOHHBIE IUIOMIAJIKU B paMKax Ipa3AHUYHbIX
MEPONPUITHHA, TOCBSIIEHHBIX JaTaM CO3/laHUsl IOCEIKOB, TOpPOJIOB M  pailoOHOB,
cocenctByromux ¢ ADC. JKurenu ¢ yAOBOJIBCTBHEM OTBEYAIOT HAa BONPOCHI, YYacCTBYIOT B
KOHKYypCax, MOJy4aloT MPHU3bl M MPUTIIAMIEHUS TMOCETHTh ¢ dKCKypcuer MudopmarmoHHbIi
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IIEHTP aTOMHOM cTaHuuu, (otorpadupyrorcs B ¢oro3zone Pocrosckoit ADC. Pororpadun
pasmemarotcs B rpynnax PoctoBckoit ADC B COIIMATBHBIX CETSX.

6. Bcepoccuiickuii ¢ectuBanpy sHeprocoepexxenus #BwmecreSlpue, B KOTOpOoM
TPAAMIIMOHHO TpuHUMaeT ydactue PocroBckas ADC. B pamkax  dectuBans
UH(POPMALIMOHHO-TIPOCBETHTENbCKHE TUTomanku PoctoBekoit ADC paboranu B Bonrogoncke
u omm3nexamux paonax (LlumiasHckoM, 3UMOBHUKOBCKOM, J[yOoBckoM u BonromoHckom).
Crenmanuctsl  ynpasieHuss HHQOpManuud U OOIIeCTBEHHBIX cBs3el PoctoBckoit ADC
3HAKOMST MOCETUTENEN ¢ YCTPONUCTBOM U crienu(pUKOi paboThl aTOMHOM CTaHIIMM, OTBEYAIOT
Ha BOIIPOCHI, IPOBOJAT KOHKYPCBI U BUKTOPHUHBI, 1APAT MOJAPKHU C CUMBOJIMKOM PocToBCKOM
ADC.

7. EsxeromHblil OTKPBITHIN TOpoAcKoi (oToKkoHKYpe «Most Manas Poguna». B 2019 r. B
(dorokoHKypce mNpuHAIM y4yactue 145 roHbIX (oToxynoxHukoB. Ha cyn »xtopu ObuIO
MpeACTaBIeHO CBbIlIEe 350 CHUMKOB.

8. EXeromHbld OTKPBITHI PpPEruOHAJIbHBIA KOHKYpPC PHUCYHKOB «PuCylOT netu
atomrpaza». B 2019 r. B koHKypce NPUHSUIN ydacTre 0oJiee IBYXCOT FOHBIX XYIO0KHUKOB U3
Bonrononcka, Ilumistacka, HoBomaxtuacka, Mopo3oBcka, Ilponerapcka, CTaHUIIBI
PomanoBckasi, cena [lyboBckoe.

9. IlUKJI YPOKOB «aTOMHBIX 3HaHUI». [IpoBeIeHO COTHM YpOKOB aTOMHBIX 3HaHHUU B
uH(popmanroHHoM 1ieHTpe PoctoBckoit ADC u B mikosnax r. Boarogoscka.

10. MudopmanmoHHO-IIpe3eHTal[MOHHAasl TUIOMaika POCTOBCKON aTOMHOW CTaHIMU Ha
MesxpernoHanbHOM (pecTrBalie aBTOPCKOi mecH! «CTPYHBI Ty,

11. Dkonoruyeckas akuus, NpuypoueHHas K BcemupHoMy aHIO IpeBoHacaxaeHus. B
paMKax aKkIuu IPOU3BOJAT MTOCAIKY I€PEBBEB B MUKpPOpanoHax I. BosromoHcka.

12. Dxonoruueckue cyOOOTHUKY.

B Bemyckax wuHpopmanmonaoro OromuteteHss PoctoBckoit ADC «DHeprus atoma
peryssipHo IyOJIMKYIOTCSI MaTepHalibl O MOJOKUTENbHBIX MPAKTHKaX aTOMHOM CTaHLUU B
00J1aCTH SKOJIOTMYECKON KYJIbTYPHI.

MoOXHO OTMETUTB, uTO IpodeccnonanbHyto aeaTenbHocTh Y MOC PoADC Heobxoumo
OLICHUTh, KaK BIIOJIHE y/IOBJIETBOPUTENIbHYIO. B caMoMm zene, o npe3eHTyeMbIM MaTepuaiam,
KOTOpbIE TPEACTaBIAIOTCS OOIIECTBEHHOCTH MOXKHO YBHJETh MAacIITad pearn3yeMbIX
MEPONPUITHHA, 3aMETHO, YTO paboTa MPOBOAMTCS BIIOJIHE OCHOBareibHas. bojee Toro, Mbl
yOeXJIeHbl, YTO Ha MPEANPHUIATUHN JIeNaeTcsl BCE BOZMOXKHOE, €CIM OTTAIKMBATHCS UMEHHO OT
TE€X BO3MOXKHOCTEH, KOTOpbIMH OHO pacmnosaraer. [lepconan YUOC PoADC pabotaer,
UCIIOJIb3YS BECh CBOM PECYPCHBIN MOTEHIUA.

ATOMHasi SHEpreTuKa Ha MPOTSHKEHUHU JUINTEIbHOIO BPEMEHH COXPAHSAET COLMAIbHYIO
npuemieMocTs Ha Tepputopun Poccuu. TeMmmbl ee pa3sBUTHS 3aBUCAT HE TOJIBKO OT
TEXHUUYECKON OCHAIIEHHOCTH, HO U OT MPEBAIMPYIOIIUX B OOILIECTBE MHEHUM B OTHOILIEHUU
aTOMHOM OoTpaciu. B cBsi3u ¢ 3TUM, CTPOUTENHCTBO U (PYHKIIMOHUPOBAHUE aTOMHBIX CTAHIIMN
B PETHOHAX CTpaHbl HE JOJDKHBI MPOBOLMPOBATH POCT HETAaTHUBHBIX HACTPOECHUHN Cpeau
HacesleHus. ['0BOpsl 0 COLMOKYIBTYPHOM aCIIEKTE SIAEPHOM PHEPIE€TUKH, CIENYET OTMETUTH,
YTO TJIABHBIM BOIPOC €€ pa3BUTHS — ATO BONPOC HE TOJBKO TEXHOJIOTMYECKUH, HO U
MICUXOJIOTHYECKUH, YTO HEOOXOAWMBIM YCIOBHEM DAa3BUTHS «aTOMHOTO TEXHO» SBIISETCS
CO3/1aHME HEOOXOJUMBIX MHPOBO33PEHUECKUX U COLHUAIbHO-T'YMAaHUTAPHBIX OCHOBaHUI
[10-12], npaBoBbIX HOpM [13] 1 Myzaporo pa3BUTHS OOIIECTBEHHOCTH.
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Abstract — Energy consumption in modern society is growing every day, but the prospects for
development and competitiveness of the nuclear industry today and in the long term are largely
related to the attitude of the public to it. Taking into account the specifics of nuclear power, it
becomes obvious that the successful development of the nuclear industry will not be fully realized
without overcoming the negative attitude of the public towards it. It is becoming more and more
important for the nuclear industry to establish an active dialogue with the broad masses in order to
form an adequate attitude to the industry.

Keywords: public opinion, loyalty, trust, radioactivity, socio-cultural aspect, work with the
population, information and public relations Department of the Rostov NPP.
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NOTES FOR AUTHORS

(Dear authors, the editors of the journal draw your attention to some changes in the rules of the article
preparation)

The full text of article intended for publication should be signed by authors, it has to be followed by
application from the institution where the work is made, resolution on publication possibility. One file consists
of one paper which has the following:

— UDC index;

— the title, the structured abstract (200-250 words) and keywords in Russian and English (not less than 10
speech units);

— the list of references in Russian and English;

— information about the authors in Russian and English (a surname, a name, a middle name, a work place, a
position, an academic degree, a rank, postal address, and E-mail address, contact phone; specify who to
be corresponded with;

— a file with information about place of employment in Russian and English, including the postal address
and index (specify the place of employment of each author);

— ORCID u Researher ID index of each author (http://orcid.org u http://www.researcherid.com).

The article should be structured: introduction (review of problems, objective of work); theory of the issue;
a detailed presentation of the methods of conducting experiments, a description of materials and methods of
analysis, statistical processing is desirable; the discussion of the results; conclusion. It is enough to describe the
objective of the work and the results obtained for articles of a production nature.

The article should contain only the most necessary formulas, it is desirable to abandon the intermediate
calculations. The equation editor of Equation 3.0 is recommended to record the formulas. All formulas are
aligned to the center of the page, numbered in parentheses on the right and referred to in the text of the article.
Inclusion of tables in the article should be appropriate. Tables should be numbered and headings in Russian and
English (10 pf). It is desirable that the tables do not exceed one page of text. Figures should be clear when
printing in black and white, numbered, figure captions in Russian and English (10 pf), have links in the text and
be accompanied by justifications and conclusions. The units of measurement should be given in accordance with
the International System (SI).

An article should be processed in the Microsoft Office 97-2003 Word 7.0 format, 12 point font Times
New Roman; print — 1 interval. Please do not use signs of forced transfer and additional gaps. Page parameters:
all sides are 2,5 cm. The volume of article has to be no more than 15 pages of the typewritten text, including
tables, drawings (no more than 10) and the list of references (12-20 sources). If the text of the article is less than
2500 type characters, it may not be considered. It is necessary to check the articles through the Antiplagiat
program, allowable borrowing and self-citation — no more than 20%.

In order to improve the quality and objectivity of publications, the authors are intended to reflect the
advanced scientific experience of foreign countries, Russia and the CIS on the subject matter in the articles. The
bibliography should be in accordance with State Standard Specification (GOST) 7.0.100-2018 «Bibliographic
Record and Bibliographic Description. General Requirements and Drafting rules». References should include at
least 12 sources (no more than 3 references to your own articles). There should be obligatory at least 5 sources
later than 2016, and at least 4 references to foreign studies of recent years (from foreign countries, outside the
former USSR). References are given at the end of article in order they mentioned. References are highlighted
with square brackets. References to foreign sources are given in the original language and are accompanied, in
case of translation into Russian, with indication of the translation. Textbooks, reference books, guidelines and
recommendations are not included in the list of references. References are provided separately (see the
guidelines in «The List of References Standard in English»). The bibliography in English should be issued
according to Scopus standard specification. Indicate article DOI if it in the presence.

To accept an article in the journal you should provide the following materials:
— an article file in Word format;
— the same file in pdf format signed by the author;
— separate files of all pictures in the bmp, jpeg or gif formats;
— application from the institution where the work is made;
— expert resolution on publication possibility.
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AES [The analysis and representation of the action environment in system of technology design of
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[Modern Education]. 2017. Ne 1. P. 32-38. URL: http://e-notabene.ru/pp/article_22498.html
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For books:

Mogilev V.A., Novikov S.A. Faykov Yu.l. Tekhnika vzryvnogo eksperimenta dlya issledovaniya
mekhanicheskoy stoykosti konstruktsy. [Explosive experiment techniques for research of
mechanical firmness of designs]. Sarov. FGUP «RFYaTs-VNIIEF» [Russian Federal Nuclear
Center — The All-Russian Research Institute of Experimental Physics]. 2007. 215 p. (in Russian).

For web-resources:

Strategia razvitia transportnogo kompleksa Rostovskoj oblasti do 2030 goda [Development
strategy of a transport complex of the Rostov region till 2030]. Officialnij sait Ministerstva
transporta Rostovskoj oblasti [Official site of the Transport Ministry of Rostov region]. 2015.
URL: http://mindortrans.donland.ru/Default.aspx?pageid=107384 (in Russian).

For foreign references:
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ITPABWIA J1JISI ABTOPOB

(yBaxaeMble aBTOPbI, peJaKLus KypHaJia o0paniaer Baile BHUMAHNE HA HEKOTOPbIe H3MEeHEeHHUsI PaBUJI
odopMIIeHUs cTaTeil)

[onHBIA TEKCT cTaTh, NperHa3HAaYeHHOH Ui OMyOJIMKOBaHUS, AOJDKEH OBITh IOJIHCAH aBTOpaMU H
CONPOBOXKAATHCA IIPEJCTABICHHEM OT YUYPEXKICHUS, B KOTOPOM BBHINOJHEHa paboTa, M OKCIEPTHHIM
3aKIFOYCHAEM O BO3MOXKHOCTH OITyOnnkoBaHus. B omHOM (aiine momemniaercs onHa CTaThsl, YacThIO KOTOPOM
SBIISIETCSL:

— wmHACKC YIK;

— Ha3BaHHE, CTPYKTypHpoBaHHas aHHoTarus (200-250 cnoB) u Kito4yeBble cinoBa (He MeHee 10-u pedeBhIX
€IMHMI]) Ha PYCCKOM U aHTJIMHCKOM S3bIKaXx;

—  CIIMCOK JIUTEpaTyphl Ha PYCCKOM U aHIIIMIICKOM SI3bIKAaX;

— cBeaeHHsa 00 aBTOpax Ha pycCcKOM M aHrimiickom sizbikax: ®UO, mecto pa®oThl, OKHOCTh, ydeHAs
CTEINeHb, 3BaHHE, JOMAIHWUH, CIIy)KEOHBIH M JJIEKTPOHHBIA anpeca, TeneoH; yKa3aTh, C KEM BECTH
MIEPETUCKY;

— unaekcsl ORCID u Researher ID qns kaxxnoro aBropa (http://orcid.org u http://www.researcherid.com)
CraThsl JOJDKHA OBITH CTPYKTYpPHpOBaHA: BBeacHHE (0030p mpobiem, Ieib paboThl); TEOPHs BOIPOCA;

MOAPOOHOE M3JI0KEHUE METOIUKH MIPOBECHUS OTBITOB, OMICAHNE MAaTEPHAIOB M METOJIOB aHAJIN3a, )KeJIaTelbHa
cTaTHCTHYeCKass 00paboTka; OOCYKZEHHE pe3yJlbTaToB; 3aKimrodeHue. Jlms crarell NMPOW3BOJCTBEHHOTO
XapakTepa JI0OCTaTOYHO OIMCATh LEeNb paOOThI» U MOIyIEHHBIE PE3YJIBTATHI.

Cratesl JOJDKHA COAEPXKATh JIMINb CaMble HEOOXoAMMBIC (OPMYIBI, OT IPOMEKYTOUHBIX BBIKIATOK
JKETaTeNIbHO OTKaszaTbes. s 3amucu (GopMyn peKkoMeHIyeTcs HpuMeHSTh perakrop Equation 3.0. Bce
(hopMysBl BBIPaBHHBAIOTCS MO IEHTPY CTPAaHUIIBI, HYMEpYIOTCS B KpPYIJIBIX CKOOKax MO TpaBoOMy Kparo U
YIIOMHUHATBCSl B TEKCTE CTaTbu. BKIlOueHHe TaOMUIl B CTaThIO JOJDKHO OBITH LiesiecooOpasHbIM. Talmuibl
JIOJDKHBI MUMETh HYMEpAallMI0 M 3arojIOBKM Ha PYyCcCKOM W aHrimickoM s3bikax (10 nr). XenarenbHo, yTOOBI
TaONMIBl HE TPEBBILIATN OJHOW CTPaHHWLBI TEKCTa. PUCYHKHM NOJDKHBI OBITh MOHSTHBIMH NPU YEPHO-OENon
neyaTd, ¢ HyMmepaluel, MOAMUCIMHU Ha PYCCKOM U aHIIMHCKOM s3bIkax (10 nT), HMETh CCBUIKM B TEKCTE U
CONPOBOXKAATbCS OOOCHOBAaHMSAMH M BBIBOJAAMHU. EJMHUIBI M3MEpeHHs CleAyeT OaBaTh B COOTBETCTBHH C
Mesxaynapoasoii cuctemoit (CH).

Cratpst oopmisiercss B Microsoft Office 97-2003 Word 7.0 wepe3 1 unrepan, mpuptom Times New
Roman, pazmepom 12 i, 6€3 3HaKOB MPUHYAUTEIHHOTO MIEPEHOCA U IOTIOIHUTEIBHBIX TpobenoB. [lomst co Beex
CTOpOH — 2,5 cM. OO0beM craThil — He Oosiee 15 CTpaHMIl MAIIMHONIMCHOTO TEKCTa, BKIIFOUAs TAOIHIBI U PUCYHKH
(ue 6onee 10-n), cucok nmrepatypsl (12-20 ucrounukoB). Eciu B Tekcte crathul MeHee 2500 3HAKOB, CTAaThs
MOXeET He paccMmarpuBaTbesi. HeoOxonuma mpoBepka crareil yepe3 mporpamMMy aHTHIUIArHMaTta, JOIyCTHMBIE
3aMMCTBOBaHHUS U CaMOLIUTUpOBaHue — He 6onee 20%.

C 1eJbI0 MOBBILICHHUsI KAYeCTBA U OOBEKTUBHOCTH IyOJIMKAIM aBTOPBI MPH3BaHbI OTPAXKAaTh B CTaThsX
Mepe0BOH Hay4HBIN OMBIT CTpaH JanbHero 3apybexss, Poccun u CHI' mo paccmarpuBaemoi mpoOieMaTHke.
bubnmuorpapus  opopmisercs cormacio I'OCTy  7.0.100-2018  (mara BBemenms — 01.07.2019)
«bubnmorpaduueckast 3anuck u oudnmorpaduueckoe onucanue. OOIIKE TPeOOBAHUS U MPABUIIA COCTABICHUS.
Crmcok IUTepaTyphl BKIIOYaeT B HE MeHee 12-M NCTOYHHMKOB (M3 HUX He Oojee 3-X CCBUIOK Ha COOCTBEHHBIE
paboThI), ¢ 00s3aTEIFHBIM BKIIFOYCHHEM KaK MHHAMYM 5-M UCTOYHHKOB mo3aHee 2016 r., u He MeHee 4 CCBIIOK
Ha 3apy0OexxHble (U3 CTpaH JaibHero 3apy0esxss, 3a npenesnamu ObBiero CCCP) uccnenoBanust MOCIEAHUX JIET.
Crnmcok nuTepaTypsl MPUBOJIUTCS B KOHIE CTAaTbU B MOPSAIKE YIIOMHHAHHS B TEKCTE€ B KBAJPAaTHBIX CKOOKax
HOMepa UcTOYHMKA. CCBUIKM Ha MHOCTPaHHBIE HCTOYHHUKH JAIOTCS Ha SI3BIKE OPUTHHANA M COIPOBOXKIAIOTCS, B
cilydae TepeBoJia Ha PYCCKHMH sI3bIK, yKa3aHHEM Ha IepeBoJ]l. YUeOHHKH, yueOHbIe MocoOus, akaJeMHUYECcKHe
METOJIMUECKHE yKa3aHUsi U PEKOMEHIAlMK He BKJIIOYAIOTCS B CHHMCOK JuTepaTypbl. References mpuBonsitcs
MOCJIEe CIUCKA JIUTEpaTyphl Ha PyCCKOM s3bIke (mpaBmia odopmienus cMm. B pasmene The list of references
standard in English). bubnuorpadus Ha aHTIUHCKOM s3BIKE JODKHA OBITH OGOpMIIeHa B COOTBETCTBHH CO
cragaapToM Scopus. Ykaxurte aptukyia DOI, eciou oH ecTb.

Jlist IpUHSTHS CTAaThU B HOMED JKypHasia He0OXOIMMO MPEI0CTaBUTh CICAYIOIINE MaTepHAaIbl:
—  daiin co crarseii B popmare Word;
— 9t0T *e ¢aiin B popmate pdf ¢ moanuceo aBTOpoB.;
—  OTHENbHBIMH (paiilaMH BCe PUCYHKH M3 CTaThH B popmarax bmp, jpeg wim gif;
—  9KCHEPTHOE 3aKJII0YEHHE O BO3MOKHOCTH OIyOJIMKOBAaHUSI.

I'JIOBAJIBHAA AJEPHASI BE3OITACHOCTD, Ne 2(35) 2020


http://orcid.org/
http://www.researcherid.com/

TJIOBAJIBHAA AJJEPHAA BE3OIIACHOCTA, 2020 Ne 2(35), C. 147

[MPUMEPBI O©POPMJIEHUA JINTEPATYPBI HA PYCCKOM A3bIKE

Hna knuz c 00num asmopom:
Keccnep, I'. Slnepnas suepreruxa / I'. Keccenep ; mepeBon c anrmmiickoro 0. M. MutseB. — Mocksa :
Oneproaromusar, 1986. — 264 c.

Jna knue ¢ 08ymsa u 6onee agmopamu:
Emenvanos, U. A. Yupapnenne u 0€30MaCHOCTh SACPHBIX JHepreTHdeckmx peakrtopoB / M. S. EmenpsHoB,
I1. A. TaBpunos, b. H. CenmuBectpoB. — Mocksa : Atrommszaar, 1975. — 280 c.

Jlna scypnanoe c 00num agmopom:
IHanmenen, J]. C. AToMHas DJHEpreTHKa KaK HEOTHEMJIEMBIH KOMIIOHCHT SHEpPreTHYEeCKOTO0 KOMIDIEKCa
Poccuiickoit ®eneparun / JI. C. [anteneti / Haykoseaenue. — 2017. — T. 9, Ne 6. — C. 39.

Jna scypnanos ¢ 06ymsa u 6onee agmopamu:

OoOorameHne pereHepupoOBaHHOIO ypaHa B JBOWHOM KacKaJe ra3oBBIX IEHTPU(YT ¢ ero MaKCHMalbHBIM
BO3BpaToM B mpou3BojcTBO TomimBa / A. FO. Cmupnos, B. E. I'yces, I'. A. Cymnabepunze, B. A. HeBunuua,
I1. A. ®omuuenko // BecTHuk HaioHanbpHOTO sigepHoro yHuBepcurera «MU®DU». — 2018. — Tom 7, Ne 6. —
C. 449-457.

Jna ouccepmayuii:

benuxos, C. O. Pa3paboTka MeETOJOB HMHTCHCHU()MKAIMK AKyCTHYECKHX PE30HAHCOB M CHIDKEHHS YPOBHS
BuOparmii B riaBHOM maporpoBoge ADC ¢ BBOP-1000 : aBropedepar auccepTanny Ha COWCKAHHE YUCHOH
CTeTleHu KaHauaaTa texanaeckux Hayk / C. O. bennkoB. — Mocksa, 2013. — 30 c.

/lna oenonuposannvix pabom:
Konopaw, A. H. llponarannga kuur / A. H. Kongpam. — Mocksa, 1984. — 21 ¢. — JlemonupoBano B HUI]
«adopmneyars» 25.07.84. ®H 176.

Onucanue apxueHbvIX Mamepuaios:

Xapumon, FO. b. Tlucemo bB.JI. BamamkoBy o mabopatopuu ans pa3paboTkum aToMHBIX OomO // UY
«enrpatomapxusy. @oun Ne 1, ommce Ne 1/c, memo Ne 228, nm. 76-79. — URL : http://elib.biblioatom.ru/
text/carhiv_001-1s-228 (076/g0,0/ (naTa obpamenus : 26.03.2019).

CIIMCOK YYEHBIX, YIaCTBYIOIIUX B pa0OTe 10 MCIONB30BAaHUIO aTOMHOHN »Hepruu. 17 suBaps 1946 //AtomHas
nporpamma CCCP : apxuBHble nokymentsl. — 3x URL : http://elib.biblioatom.ru/text/arhiv_akademik-
artsimovich 2009 386/g0,0/ (nata oopamienus : 03.09.2019).

Mamepuanvt Kongpepenyuii:

Cynabepuose, I. A. O HEKOTOPBIX pa3IeNUTEIBHBIX MPOOIEMax MPHU BOBICYEHUH PETEHEPHUPOBAHHOTO ypaHa B
tornuBHb muka / . A. Cymabepumze, B. JI. Bopucesuu, Ce Ilroanbcuub // COopHuk mokmamoB IX
Bcepoccuiickoit (MexayHapoaHOW) HaydHOW KOH(pepeHInH «DPU3NKO-XUMHUSCKUE MPOIECCH MPH CEICKIHH
aTOMOB ¥ MOJIEKYI», Poccus, 3Benuropo, 4-8 oktsiopst. — Tpourk : THUMATOMUH®OPM, 2004. — C. 78.
Hluwxos, FO. Poccust 1 MupOBO# pBIHOK: CTpYKTYpHBIHA acnekT / 0. Illwmkos // ComuanbHbIe IPHOPUTETHI H
MeXaHU3MBI IIpeoOpa3oBanuii B Poccnu : MaTepuansl MexIyHapoaHOH KoH(MepeHun, MockBa, 12-13 mas 1998
r. — Mocksa : Marma, 1993. — C. 19-25.

/s namenmoes:

ITarent 2187888 Poccwmiickast ®enepamus, MITIK7 H 04 B 1/38, H 04 J 13/00. [Ipuemonepenaromiee ycTpOMCTBO
3agBUTENF M IATEHTOOONamaTeNs BOpoHEXCKHH HaydHO-HCCIIEIOBATENBCKUII WHCTHTYT CBS3H. — Ne

2000131736/09 ; 3asBn. 18.12.00 ; omry6m. 20.08.02, Uyraesa B. 1. —3 c.

Jnsa anekmpounvix pecypcos:
Jupuna, A. Y. TlpaBo BoenHocmyxamux P® Ha cBoOomy accommaumii / A. V. dupuna // BoeHnHoe mpaso :
ceteBoit xypHan — 2010. — Ne 2. — URL : http://voennoepravo.ru/node/2149 (nata odpamenns: 01.08.2018).

Anpec perakiuuy KypHaia (IJis1 OTHPAaBKH EYATHON KOPPECIIOHICHIIHNN )
347360, Poccust, PocToBckas oonacts, T. BonromoHck, yi. Jlenuna, 73/94
Penaxmus sxypHana «['obanpHas sijpepHas 6€301acHOCTDY

E-mail: oni-viti@mephi.ru

Ten.: +79281883628

I'JIOBAJIBHAA AJEPHASI BE3OITACHOCTD, Ne 2(35) 2020


mailto:oni-viti@mephi.ru

IF'TOBAJNBHASA AAEPHAS BE3Z3OITACHOCTDbD
2020, 2(35)
I'naBubiil pegaktop — M.H. CTpuxaHoB, 10KTOp (pU3MK0O-MaTeMaTHYeCKUX HayK, Ipogeccop

Cnano B Haoop 05.06.2020 r.
Kommnsrorepras Bepctka Kazak 10.10.
IMoxmucano k mevatu 15.06.2020 r.
bymara «SvetoCopy» 80 r/m?. O6bem 10,25. neu.n.
lapautypa «TimesNewRomany,

Tupax 300 5k3.

Otnevarano B Tunorpadgun BUTU (¢) HUAY MUDU



