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(57) Temnosbinensiome coopku (710) BKIIOYAIOT
aCHMMMETPHUYHBIE TETJIOBBIACIsONINE dIeMeHTHI (730)
C YMCHBUICHHBIMU B IMONIEPEYHOM HAIIpaBJICHUU pas3-
MEpaMH HX BHCIIHUX OOKOBBIX CTOpPOH, 4YTO CIIO-
COOCTBYET COOTBETCTBHIO JAHHOW TEIUIOBBIIEIISIO-
nieit coopku (710) 3apaHee onpeeieHHBIM rabapuT-
HBIM pa3MepaM, MOJIOKECHUIO HAIIPABJISIOIUX TPYO |
CTPYKTYpE CTaHIIapTHOTO siIepHOTo peakropa. Termio-
BoIensmonte coopku (910) B kadecTBe BapHaHTa Co-
Jiep)KaT CMEIIaHHYIO CEeTOYHYIO CTPYKTYpY, KOTopas
obecrieunBaeT pa3MelieHHe B 1eJIOM CXOAHBIX TEII0-
BBIIENSAIONTUX 37eMeHTOB (920) B hopMe KOMIAKTHOM
paccTaHOBKH, KOTOpast CIOCOOCTBYET BBEIEHHIO COOp-
ku (910) B cTaHIApTHBIN SIEPHBIA peakTop.
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TEIIUIOBBIJIEJAIOIA A CBOPKA

OO6nacTh TEXHUKH, K KOTOPOH OTHOCUTCSI H300peTeHNne

Hacrosimee m3o0pereHne B 0OmeM CMBICIE OTHOCUTCS K TETJIOBBIAEISIIOUINM cOOpKaM
SIEPHOTO PEaKTOpa, MCIOJb3yEMbIM B aKTUBHOM 30HE SIAEPHOTO peakTopa, U, 6oj1ee KOHKPETHO,
OTHOCHTCS K METAJTHYECKUM TETIJIOBBIIESIOLINM 3JIEMEHTAM SIIEPHOTO PEaKTOpa.

YpoBEHDb TEXHUKHU

ITybnukaumsa narenTHON 3asBku US 2009/0252278 Al, comepskaHue KOTOPOH BO BCEH
€ro MOJIHOTE BKJIIOUEHO 3/1€Ch MOCPEICTBOM CCBUIKH, PACKPBIBAET TEIUIOBBIAEISIOUIYIO COOPKY,
KOTOpAasl BKJIIOYAET 3aNajIbHYI0 CEKIMI0 U CEKLUI0 COOPKU 30HBI BOCHPOHM3BOACTBA SIIEPHOTO
peakropa. Cekmust COOPKH 30HBI BOCIIPOM3BOJICTBA BKIIOYAET TEIUIOBBIIEISIIOIINE JIEMEHTHI Ha
OCHOBE TOpHUS. 3amaibHas CeKUus COOpKM BKJIIOYAET YpPAaHOBBIE W/WIM IUIyTOHHEBbIE
METAJUTMIECKHUE TETUIOBBIACISIFOIINE 3JIEMEHTHI, IPUMEHSIEMbIE JIs1 BBICBOOOKICHHST HEHTPOHOB,
KOTOPBIE 3aXBaTbIBAIOTCS BOCIPOM3BOAALIMMH TOPHEBBIMHU BJEMEHTAMH, CO31aBas TaKUM
obpazom pacuemsromuiicss U-233, KOTOpeIN BbIropaer in sifu (IO MeCTy HAXOXAEHUs) |
BBIJIEJISAICT TEIUIO JJIS SIIEPHOM SHEPreTUYeCKON YCTAaHOBKH.

[Mybmukamma NeWO201 1/143293 (Al), comepskaHue KOTOpPOH BO BCEH €ro IOJIHOTE
BKJIIOUEHO 3JIeCb IOCPEICTBOM CCBUIKH, PAacKpPbIBA€T pPa3HOOOpa3HbIE TEIUIOBBIIENSIOMINE
cOOpPKH W TEIUIOBBIIEISAIONINE 3JIEMEHTBl, B KOTOPBIX HCIOJB3YIOTCS 3KCTPYIUPOBAHHBIE,
cnupanbHble (TO €CTh CIHPAJbHO 3aKPYYEHHbIE) TEIUIOBBIIEISIOMNE  3JIEMEHTBl  C
METAJUIMYECKUM WJIH KEPAMUYECKHUM TOTUTUBOM.

PackpriTue n3obperenus

[Tnomane MOBEPXHOCTH LMJIMHAPUYECKOH TPYOKHM CTaHIAPTHOTO  CTEPIKHEBOTO
TEIUIOBBIAEISIONIETO0 3JIEMEHTa OTPAHUYHMBAET KOJMYECTBO TEIUIOTHI, KOTOpas MOXKET OBITh
IepeHeceHa OT CTEPXKHS K TEIUIOHOCUTENI0 MepBOro KoHrypa. s m3bexaHust meperpesa
TOIUIMBHBIX CTEpP)KHEH BBUAY OTPAHMYEHHOH IUIOMIAIN IOBEPXHOCTH Ui OTBOJAA IOTOKOB
TeIlljia, KOJIMYECTBO PaCIIeIUIAIOLIerocs Marepuana B 3TUx crep:kHeBbix TBOJI u3 okcuaa ypaHa
wii crepxkHeBbIx TBOJI co cMmemaHHBIM OKCUAOM (TUTYyTOHHH M OKCHZ YpaHa) OOBIMHO
CYIIECTBEHHO OTrPaHUYHBAETCSL.

OmHO WM HECKOJBbKO BOIUIOIIEHHWH HACTOALIEro M300peTeHHs MPEOJOJIeBAI0T
pa3NIUYHBIE HENOCTATKH CTAHIAAPTHBIX TOIUTUBHBIX CTEP)KHEH C OKCHIOM ypaHa IMyTeM 3aMEHbI
UX Ha MOJHOCTBIO METAJUINYEeCKHUE, MHOTOJIENIECTKOBBIC, MMOJIydaeMble CITOCOOOM MOPOIIKOBOM
METAJUTYPTHH  COSKCTPYIUPOBaHHBIE CTepykHeBble TBJJI (TEroBBIAEITSIOMNE 3JIEMEHTHI).

Mertanaudeckie TEIUIOBBIASISIONINE 3JIEMEHThHl HMMEIT 3HAYHTENIFHO 6OJ'II:»LHYIO rmiomaib
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MIOBEPXHOCTH, YeM MX AHAJIOTH B BUJE CTEP)KHEH C OKCHIOM ypaHa, U MO3TOMY OOECIIEYHBAIOT
3HaYUTENbHO ©Oo0Jiee BBICOKYIO TEIUIONepenayy OT TEIUIOBBACISIIOIEro 3JEMEeHTa K
TEIUIOHOCUTEJII0 TEPBOrO KOHTypa mpu Oosiee Hu3koH Temnepatype. CrnmpanbHbie pebpa
MHOTOJIETIECTKOBBIX ~ TEIUIOBBIIEISIIOIINX  3JIEMEHTOB  O0ECIEeUYHMBAIOT  TEIUIOBBIIEIISIOLIHIA
3JIEMEHT Hecylell KOHCTPYKLHMEH, 9TO MOXKET CIIocOOCTBOBATh YMEHBLIEHHIO KOJWYECTBA WU
UCKJTFOYEHHIO JTUCTAHLIMOHHUPYIOIINX PELIETOK, KOTOpPble MOIJIM Obl MOTPeOOBATbCS B HHOM
ciydae. YMeHbLIEHHE KOJHWYECTBA WJIM HUCKJIIOUEHHE TaKUX IUCTAHIIMOHMPYIOLIUX PELIETOK
MPEANOUYTUTENBHO CHUXKAET THAPABINYECKOe COMPOTHUBIIEHUE MTPH NMPOTEKAHUN TETNIOHOCHUTES,
YTO MOJKET YJIYUILIUTh TEMJIOOTAaYy B OXJIAXAAOIYIO KUIKOCTh. ITockonbKy Merainueckue
TEIUIOBBIAEISIONINE 3JIEMEHTbI MOTYT OBbITh OTHOCHTEIBHO 0OJie€ KOMITAKTHBIMU, YeM HX
CTaHJApTHbIE aHAJOTM B BHUJE TOIUIMBHBIX CTEpP>KHEH C OKCHUAOM ypaHa, TO BHYTpPHU
TEIUIOBBIIEISIONIEH cOOpKH obecrieunBaeTcsi OOblIe MPOCTPAHCTBA VIS TETUIOHOCHTENS], YTO
TAK)K€ YMEHBLIAeT THAPAaBIMYECKOE COMPOTHUBIEHHWE U yAydllaeT Teruionepenadyy B
OXJIAKIAIOIIYIO KUAKOCTb. bosiee Bpicokas Teronepeaaya B TEIUIOHOCUTENb OT METaNTINYECKUX
TOIUIMBHBIX CTEPKHEH 03HAYaeT BO3MOXKHOCTh T€HEPUPOBAHHSI OOJIBIIETO KOJHMYECTBA TeIa (TO
€CTb MOLTHOCTH) C OJHOBPEMEHHBIM MOANECP KAHNEM TEIUIOBBIIEISIONINX JIEMEHTOB Ipu OoJiee
HU3KOU pabodeil Temmeparype Onaromapsi 3HAUYUTENBHO OOJiee BBICOKOH TEIIOMPOBOJIHOCTH
METAJJIOB 0 CPaBHEHUIO C OKcuaaMmH. IIpu TOM, 4TO cTaHAApTHbIE TOIUIMBHBIE CTEP>KHU C
OKCHJIOM ypaHa MM CMEUIAHHbIM OKCHAHBIM TOIUTMBOM H3-3a TNPOOJEM C TeperpeBoM B
TUMMUYHOM CJly4dae OTPaHUYEHbI 3arpy3KOH pacLIeIUISIOIerocs: MaTepuaia B KOJIUYECTBE OKOJIO
4-5%, Oomnee BBICOKAs CIOCOOHOCTH K TEIUIONEpenade METATHYECKHX TEeTIOBBIACISIFOIINX
3JIEMEHTOB COTJIACHO Pa3JIMYHBbIM BOIUIOIIEHHSIM HACTOSIIEr0 U300PETEHNs JIeNaeT BO3MOKHBIM
NPUMEHEHHE 3HAYUTEIBHO OOJiee BBICOKHX BEJIMYMH 3arpy3KH PacIIeIUIIOEro Marepuaia C
COXpaHEHHEM IPH 3TOM Oe30TMacHbIX padouMX XapakTEepUCTHK TOIUIMBA. B KOHEYHOM cuere,
NPUMEHEHHE MEeTAJUINYECKUX TEeIUIOBBLACNAIOMUX OJJEMEHTOB COIVIACHO OJHOMY WU
HECKOJIbKUM BOTUIOLIEHHUSM HACTOAIIETO H300PETEHHSI MOXKET 00eCIIednTh OOJIBINYI0 MOLTHOCTb
JUIsi OTHOH W TOW >K€ AKTHBHOW 30HBI PEAKTOpa, 4eM BO3MOXKHA B CJy4ae CTaHAAPTHBIX
TOIJIMBHBIX CTEPKHEN C OKCUJIOM ypaHa WM CMeLIaHHbIM OKCHUAHBIM TOTLTUBOM.

IIpuMeHeHue LEeNbHOMETANIMYECKUX TEIJIOBBIAENAIOMUX 3JIEMEHTOB COTJIACHO OJHOMY
WIM HECKOJIBKMM BOIUIOLIEHUSIM HACTOAIIEr0 M300PETEHUS] MOKET IMPEANOYTHTEIbHO CHU3UTH
PUCK MOBPEXIEHUH TOIUIMBHBIX 3JIEMEHTOB, IMOCKOJbKY METalINYecKHe TEeIJIOBBIAENA0INE
3JIEMEHTBl YMEHBLIAIOT ONAaCHOCTb BBIOPOCAa Tra3o000pa3HbIX MPOAYKTOB JAEINEHHUA K
TEIJIOHOCUTEIIIO NIEPBOro KOHTYPA, YTO BO3MOXHO B ClIydae CTAHJAPTHBIX TOIUIUBHBIX CTEpKHEN
C OKCHJIOM ypaHa WUJIM CMELIAHHBIM OKCHHBIM TOTIJIMBOM.

HpI/IMeHeHI/Ie HEJbHOMETAJUIMICCKUX TCTUIOBBIACIIAOINUX 3JIEMEHTOB COTJIACHO OJHOMY
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WIA HECKOJIbKUM BOIUIOLIEHUSM HACTOSIIIErO H300peTeHus] Takke MOKeT ObITh Ooiee
Oe30omacHbIM, Ye€M IPUMEHEHHE CTAaHAAPTHBIX TOIUIMBHBIX CTEPXKHEH C OKCHIOM YpaHa,
MOCKOJIbKY LIEIBHOMETAININYECKOE KOHCTPYKTUBHOE PELICHNE YCUIINBAET MEPEHOC TeIla BHYTPU
TEIUIOBBIEISIONIETO 3JIEMEHTa, YMEHbINAsl, TAKUM 00pa3oM, KoyiebaHusl TeMIepaTypbl BHYTPH
TEIUIOBBIACIAIOIIETO 3JIEMEHTa U CHHXAasl PUCK MECTHOIO IMEPerpeBa TEIUIOBBIACIAIOIIErO
3JIEMEHTA.

OnHO WAM HECKOJBKO BOIUIOLIEHWH OO0ECIeYnBalOT YIUIMHEHHBIH B IPOAOIBHOM
HAMpPaBJIEHUN TEIUIOBBIACISAIOIIMN  3JIEMEHT, MPEeNHA3HAYEHHBbIM i1 IPUMEHEHHs B
TeTJIOBBIACISONEH cOOpKe SIepHOTO peakTopa. Takol TEeIIOBBIACNSIOMUN 3JIEMEHT BKIIIOUAET
CepACYHMK, BKJIIOUAIOIIHMHA pAaCIIEIUBIIOMIUICS Marepuala, © OO0OJIOUYKY, OKPYKAIOIIYIO
cepaedHuk. OTHOLIEHHE OCEBOM JUIMHBI TEIJIOBBIIEISIOIIEr0 3JIEMEHTa K BHELIHEMY THAMETDPY
TEIUIOBBIACIAIOLIETO 3JIEMEHTa COCTaBIsieT o MeHblueld Mepe 20:1. LlenTpanbHas ocesast TMHUSA
TEIUIOBBIACIAIOIIErO 3JIEMEHTAa CMELIeHAa OT OCEBOr0 LEHTpPa MAacC TEMJIOBBIACISAIOIIErO
3JIEMEHTA.

CornacHo OTHOMY WJIM HECKOJIbKMM U3 3TUX BOIUIOILEHUMN, TEIJIOBbIACIAIOUINN 3I€MEHT
UMeeT MHOTOJIETIECTKOBBIH Mpo¢uiIb, KOTOPbIH oOpasyer cnupanbHble pedpa, NpU TOM, HYTO
JaHHbIE CITUpPaJIbHbIE pedpa BKIIIOYAIOT PACLISTUISIOIIUNCS MaTepHalL.

CornacHO OTHOMY WMJIM HECKOJBKUM U3 3TUX BOIUIOIICHHUH, JAHHBIH MHOTOJICTIECTKOBBIN
npo¢ b BKIFOYAET BOTHYTHIE YUACTKH MEKAY CMEKHBIMH JIETIECTKAMU.

CornacHo OfHOMY WJIM HECKOJIbKMM H3 3THX BOIUIOLIEHUMN, MO MEHblIell Mepe OAHa
nepudepuiiHas cTopoHa OOOJIOYKM B MOTNEPEYHOM HANPABJICHUHW YMEHbIIEHAa B pa3Mepe
(HampuMep, YKOpOUY€Ha) OTHOCHUTENIBHO IO MEHbLIeH Mepe OIHOW Apyroi mnepudepuitHomn
CTOPOHBI OOOJIOUKH.

CornacHoO OJHOMY WJIM HECKOJbKMM W3 OTHUX BOIUIOLIEHUH, OCEBOH LEHTp Macc
CEepIeYHMKA HAaXOAWTCs HA LIEHTPAJIbHOM OCEBOH JIMHHUW, NPU 3TOM OCEBOM LIEHTP Mace
000JIOYKY CMEIeH OTHOCUTENIbHO [IEHTPAIbHON OCEBOH JIMHUU.

OnHO WM HECKOJIbKO BOIUIOLIEHMH OOECIEeYMBAIOT TEIIOBBIACISIIOIYI0 COOPKY,
MPEAHA3HAYEHHYIO Ui NPUMEHEHUs B aKTUBHOM 30HE SIAEPHOrO DHEPreTUYECKOrO pPeaKkTopa.
COopxka BKIIFOUAET KapKac, BKIFOUAIOLINI HIKHMN MaTpyOOK, KOTOPBIM Tak CKOHCTPYHPOBAH H
KOTOpPOMY MpHIaHa Takas (opma, 4TOOBl KPEMHUThCS K BHYTPEHHEH KOHCTPYKLWH aKTUBHOM
30HBl SIIEPHOTO  pEAKTOpa, a TaKKe MHOXKECTBO YJIMHEHHBIX OKCTPYAUPOBAHHBIX
TEIUIOBBIACIAIOIINX OJIEMEHTOB, NOIAEPKUBAEMbIX KapkacoM. Kaxabli M3 yKa3aHHOTO
MHOXECTBA TEIUIOBBIACISAIOIINX 3JEMEHTOB BKIIIOYAET TOIUIMBHBIA CEPACYHUK, BKJIFOYAIOIIHN
TOIUIMBHBIA MaTepuajl, PAacCMNOJOKEHHBII B MaTpULE M3 METAUIMYECKOIO HETOIUIMBHOTO

Marepuaia, rnpu 3TOM I[aHHbeI TOIIJIUBHBIH MaT€pHra BKIHOYACT pacmenm{}omm‘/’lcs{ MaTc€puail u
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000JIOUKY, OKPYKAFOIIYIO TOIUIUBHBIN CepAedHuK. Kaxknblii U3 TEIJIOBBIACSIONINX 3JIEMEHTOB
UMEET MHOTOJICTIECTKOBBIM mnpoduyib, KOTOphId oOpasyer crupanbHble pebpa. [laHHoe
MHOJKECTBO TETUIOBBIACISIFOIINX 3JIEMEHTOB OOECIeUMBAET BECh PACIIEIUIIOLIUICA MaTepual
TeroBblnesome  coopkn.  Kakaplik M3  MHOXKECTBA  TEIUIOBBIACISIIOIINX — HJIEMEHTOB
pacnosiaraeTcs B PasiM4YHBIX y3JIaX CETOYHOM CTPYKTYpbI, OTPAHUYEHHON KapKacoOM TaK, 4TO
MOATPYIIA AAHHOTO MHOXKECTBA TEIUIOBBIACISIFOIINX 3JIEMEHTOB PACIONIaraeTcsl MO BHELIHEMY
NepUMETPY CeTOYHOH CTpyKTypbl. [Io MeHblIel Mepe olHa BHEMIHSISI CTOPOHA OOOJIOUKH HA IO
MEHBIIEH Mepe HEKOTOPBIX U3 TEIUIOBBIACIAIOIINX 3JIEMEHTOB, PACIOJOKEHHBIX 110 BHEIIHEMY
MEePUMETPY CETOYHOU CTPYKTYPBL, YMEHBIIEHA B pa3Mepe B IONEPEYHOM HAMPABJICHUH.

CornacHo OfHOMY WJIM HECKOJIBKUM M3 3THUX BOIUIOLIEHUH, KapKac BKJIOYAaeT Takoi
KOXKyX, YTOOBI BCE U3 MHOKECTBA TEIUIOBBIAEISIONINX 3JIEMEHTOB PACIOIarauch BHYTPU 3TOTO
KO’KyXa, & YMEHBIIEHHBIE B pa3Mepe B MOMEPEYHOM HAIPABICHUH BHEIIHHUE CTOPOHBI 000JI0UKH
COIIPUKACATIUCH C NaHHBIM KOKYXOM.

CornacHo OAHOMY HJM HECKOJBKMM M3 3TUX BOIUIOLIEHUMN, B MOMEPEUYHOM CEUYEeHUU
TEIUIOBBIAEISIONIEH COOPKH, KOTOPOE SIBISIETCS MEPIIEHAUKYISPHBIM OCEBOMY HAITPABJIEHHIO
TEIUIOBBIACIAIOIINX 3JIEMEHTOB, IJIOWAAb KAXKAOTO U3 TOIUIMBHBIX CEPACYHUKOB MO MEHbIIEH
Mepe HEKOTOPBIX U3 TEIJIOBBIACISIOIINX 3JIEMEHTOB, PACTIOIOKEHHBIX 10 BHEILIHEMY IEPUMETPY
CEeTOYHOH CTPYKTYpbl, MEHbLIE, Y€M IUIOINAaAb [0 MEHbIIEH Mepe OJHOrO U3 TOIUIMBHBIX
CEPIEYHUKOB B OCTAJIbHON YaCTH MHOKECTBA TEIUIOBBIAEISIOLINX 3JIEMEHTOB.

CornacHo OJHOMY MJIM HECKOJBKMM M3 3THX BOIUIOLIEHMH, KaXIblii M3 MHO>KECTBa
TETUIOBBIIEIISIOUINX 3JEMEHTOB OTIENEH OT COCEIHUX TEIIOBBIACISIFOIINX 3JIEMEHTOB OOIIUM
PacCTOSTHUEM MEXIy OCEBBIMH JIMHUSAMH, U AUAMETP OKPYKHOCTH, OMMUCBIBAIOLIEH KaKIbIHA U3
JAHHOIO MHOXKECTBA TEIUIOBBIACISAIOIINX 3JEMEHTOB, PABHSIETCS 3TOMY PACCTOSHUIO MEXAY
OCEBBIMU JIMHUSIMH.

CornacHO OJHOMY MJIM HECKOJbKUM M3 3TUX BOIUIOLIEHWH, TOMIUBHBIA MaTepual
BKJIFOYAET KEPAMHUYECKUI TOIUIMBHBINA MaTepHaJl, Pa3MELIECHHbIN B MATPULIE U3 METAJUINYECKOTO
HETOIUIMBHOIO MaTepHaa.

CornacHo OTHOMY WJIM HECKOJIbKMM M3 3THX BOIUIOLIEHHH, TONIINHA O0OJOYKH Ha BCEM
MPOTSDKEHUHN KaXKJIOTO U3 MHOXKECTBA TEIUIOBBIAEISIOINUX 3JIEMEHTOB COCTABJISIET MO MEHBbLIEH
mepe 0,4 Mm.

CornacHO OJHOMY MJIM HECKOJBKHUM M3 3THX BOIUIOLICHUH, TEIUIOBbIIENOmas cOopka
TEPMOAMHAMHUYECKH CIPOCKTUPOBAaHA M (PU3NYECKH H3TOTOBJICHA Ui (YHKLUMOHUPOBAHUS B
CTaHAAPTHOM HAa3€MHOM SIAGPHOM DJHEPreTHYECKOM PEaKTOpe CTaHAAPTHOM aTOMHON
3JIEKTPOCTAHLMHY, UMEIOLIEH PEAaKTOPHBIM NMPOEKT, HAXOAUBIINNI MPAKTUYECKOEe MPUMEHEHUE 10

2013 r. Kapkacy mpunaercs takas ¢opMa U OH TaK CKOHCTPYHPOBAH, YTOOBI BCTPAUBATHCS B



HA3€MHBIN SAEPHBIA SHEPIeTUUECKUN PEAKTOP BMECTO CTAaHAAPTHOMW ISl YKA3aHHOTO peakTopa
TEIUIOBBIEISIONIEH COOPKH ¢ OKCHIOM ypaHa.

CornacHoO OJTHOMY WJIM HECKOJIbKMM W3 3THX BOILUIOLICHHH, CIIUPaJIbHbIE pedpa COCETHUX
13 MHOXXECTBA TEIUIOBBIACIAIOIINX 3JIEMEHTOB MEPUOUYECKU BXOAAT B KOHTAKT APYTr C APYroM
M0 OCEBOM [JIMHE TEIIOBBIACISAIOIINX 3JEMEHTOB, MPH 3TOM TAaKOW KOHTAKT IOMOraeT
MOANEPKUBATh HWHTEPBAJIbl B PACHOJIOKEHUU TEIUIOBBIAEISIOIINX 3JIEMEHTOB OTHOCUTEIBHO
ApYT Apyra.

CornacHo OIHOMY WJIM HECKOJIbKMM M3 3THX BOIUIOLIEHUH, yHACTOK TETJIOBBIAENAOIeN
cOOpPKH, KOTOPBIM MOANEPKUBAET MMOAMHOKECTBO YJTMHEHHBIX TEIUIOBBIIEISIOINX 3JIEMEHTOB,
HEOTAEJNM OT Y4aCTKa TEIIOBBIACISIIOMmEN COOPKH, KOTOPBIH MOANEPKUBAET OCTAIBHYIO YacTh
MHOXXECTBA TEIJIOBBIACISIOIINX 3JIEMEHTOB.

CornacHO OHOMY MJIM HECKOJBKHUM H3 OSTUX BOIUIOLIEHUHN, CETO4YHas CTPYKTypa
obpasyer cTpykTypy u3 17x17 y3/10B CeTKH, a HAMPABISIONINE TPYObl 3aHUMAIOT Y3JIbl CETKH,
HMMEIOLIHE CIECAYIOLUE KOOPAUHATHI PACIOJIOKEHHS MO psiAaM U KoJIoHKaM: 3,6; 3.9; 3,12; 4,4,
4; 14; 6,3, 6, 15, 9,3, 9, 15, 12,3, 12,15; 14,4, 14,14; 15,6, 15,9 u 15,12.

OnHO WM HECKOJIbKO BOIUIOLIEHHH OOECIEeUMBAIOT TEIUIOBBIACISIIOIYI0 COOPKY,
MPEAHA3HAYEHHYIO Ui NPUMEHEHUs B aKTUBHOM 30HE SIAEPHOrO DHEPreTUYECKOrO pPeaKkTopa.
Takast cOopka BKIIOYAeT: Kapkac, BKIIOYAIOIIUNA HWKHUH maTpyOOK, KOTOPBIA Tak
CKOHCTPYHPOBaH M KOTOpPOMY TNpuaaHa Takas ¢opma, UYTOOBI KPENHUThCS K BHYTPEHHEH
KOHCTPYKLIUM AaKTUBHOW 30HBI SIIEPHOTO pEAKTOpa, a TakKe€ MHOXKECTBO Y/JIMHEHHBIX
TEIUIOBBIACIAIOIINX 3JIEMEHTOB, MOAAEPKUBAEMBIX KapKacOM, NPU 3TOM KaXKJbII U3 YKa3aHHOTO
MHOXXECTBA TEIUIOBBIACISIOIINX JIEMEHTOB BKJIOUAET paclleIusronuiics Marepuai. Kak BugHo
Ha TMOMNEPEYHOM CEUEHUH, KOTOPOE SABJISIETCS MEPHNEeHIUKYJISIPHBIM OCEBOMY HAIPAaBJIEHUIO
TEIUIOBBIAEISIONIEH COOPKH, MHOKECTBO TEILIOBBIIEISIOUINX 3JIEMEHTOB YIOPSAOYEHO B BHIE
CMEIIAHHON CETOYHOH CTPYKTYpPBI, KOTOpasl BKJIIOYAET NEPBYIO CETOUYHYHK) CTPYKTYPY U BTOPYIO
CETOYHYIO CTPYKTypy. BTopas cerouHas cCTpykTypa OTJIMYaeTcsd OT IE€PBOM CETOYHOH
CTPYKTYPBL

CormacHo OJHOMY MJIHM  HECKOJbKMM W3 O3THUX  BOIUIOLIEHWI, MHOXECTBO
TEIUIOBBIACIAIOIINX 3JIEMEHTOB BKJIHOYAET HEMEPEeKPBIBAKOIINECS MEPBYH0, BTOPYK) U TPETHIO
NOATPYMIBI, IPU 3TOM KaxAas Takas MNOArPYIIa BKJIKYAET MHOKECTBO TEIJIOBBIAEISIOLNX
3JIEMEHTOB. MHOXECTBO TEIIOBBIASISIFOINUX 3JI€EMEHTOB MEPBON MOATrPYIMIBl PACIOJIAraeTCcsl B
COOTBETCTBYIOIUX Y3JIaX CETKH, OOpa3OBaHHBIX MEPBONW CETOYHOW CTPYKTYpOHl. MHOKECTBO
TEIUIOBBIACIAIOIINX 3JIEMEHTOB BTOPOU MOATrPYIMIBl PACHIONATaeTCsl B COOTBETCTBYIOIIMX y3J1aX
CeTkH, OOpa30BaHHBIX BTOPOH CETOYHOH CTPYKTYpoi. MHOXKECTBO TETUIOBBIACISIFOIINX

JJIEMECHTOB TpeTbefI NOArpynIbl pacrnojiara€rcd B COOTBETCTBYHOLIUX MEPCKPBIBAOINX y3JI1aX
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CeTKH, NPU 3TOM TAaKHE€ MEPEKPHIBAIOLINE Y3JIbI CETKH MONAJaldT U B MEPBYK) CETOYHYIO
CTPYKTYPY, H BO BTOPYIO CETOUHYIO CTPYKTYpY.

CornacHoO OJHOMY WJM HECKOJbKUM U3 O3THUX BOIUIOLIEHWH, KaxXJ0€ MHOXKECTBO
TETUIOBBIIEIISIOLINX 3JIEMEHTOB UMEeT OOLINI THaMeTp OMTMCAHHON OKPYKHOCTH.

CornacHo OIHOMY WJIM HECKOJIbKUM M3 STHUX BOIUIOIIEHMH, IepBasi CETOUHasl CTPYKTypa
BKJIFOYAET KBAJAPATHYIO CTPYKTYPY M3 PSAAOB U KOJOHOK. PaccTosiHue Mexxy OCEBbIMH JIMHUSMHU
IUIE PSIIOB W KOJIOHOK TIPEACTABJISIET OOMIMI AWaMerp OINMUCAHHOW OKPY:KHOCTH. Bropas
CETOYHAs CTPYKTYpPa BKJIKOYAET CTPYKTYPY U3 PABHOCTOPOHHMX TPEYrOJIbHUKOB. JlJIMHA KaXkaou
CTOPOHBI KaXIOTO TPEYTOJIbHUKA SIBJISIETCS] OOIUM THAMETPOM OITUCAHHON OKPY’KHOCTH.

CornacHO OJHOMY MJIM HECKOJBKHUM M3 3THX BOIUIOLICHWH, TETUIOBBLACISIOMAs cOOpKa
TaKXe BKJIIOYAET JOTOJHUTEbHBIE TEIUIOBBIACIAOIINE SJIEMEHTHI, OJAEPKUBAEMBIE KAPKACOM.
JIONOJIHUTENbHBIE TEIUIOBBIACNAIONINE 3JIEMEHThl HE PAaCMOJIararoTCss HU B OJHOM W3 Y3JIOB
ceTKH, 00pa30BaHHBIX MEPBOH MU BTOPOI CETOYHON CTPYKTYPOIL.

CornacHo OJHOMY WJIM HECKOJbKUM U3 3THUX BOIUIOUIEHUH, KaXKJA0€ MHOXKECTBO
TEIUIOBBIACIAIOIINX 3JIEMEHTOB BKJIKOYAET: TOIUIMBHBINA CEPAECYHHUK, BKIFOYAIOUINN TOMJIUBHBIN
MaTepual, pPacHOJIOKEHHBI B MAaTpPULE W3 METAJUIMYECKOTO HETOIUIMBHOIO MaTepuana, Mmpu
STOM [aHHBIA TOIUIMBHBIA Marepuaj BKJIIOYAET PACIICIUIIIOIIUNACST Marephai, U OO0OJIOUKY,
OKPY>KAIOLYI0 TOIUIMBHBIA CepAedHHUK. Kakaplil U3 TEIUIOBBIACIAIOUINX 3JEMEHTOB HMEET
MHOTOJIETIECTKOBBIN MPO(HITb, KOTOPBIN 00pa3yeT cupaabHbie pedpa.

OnHO wWiIM HECKONBKO BOIUIOIIEHHH HACTOSALIEro H300peTeHuss 00ecneunBaroT
TEIUIOBBIIEISIONIYI0 COOPKY, NMPEeNTHA3HAUYEHHYIO JJIsl IPUMEHEHHUs] B aKTUBHOM 30HE SIIEPHOTO
SHEPreTUYECKOTO peakTopa (HampuMmep, Ha3eMHOT'O MM MOPCKOTO siiepHOro peakropa). COopka
BKJIFOYAET KapKac, BKIIIOYAIOIIUN HIWDKHUN mNarpyOOK, KOTOPBIA Tak CKOHCTPYHPOBAaH H
KOTOpPOMY IpHJaHa Takass ¢opma, 4ToOBl KPENHUThCS K BHYTPEHHEH KOHCTPYKLUH AKTUBHOM
30HBl  SIIEPHOTO  pEeaKkTopa, a TakkKe  MHOXECTBO  YMJIMHEHHBIX  METAIMYECKUX
TEIUIOBBIACIAIOIINX 3JIEMEHTOB, MOAACPKUBAEMBIX KapkacoM. Kaxnabli u3 MHOXECTBa
TEIUIOBBIACIAIOIINX 3JIEMEHTOB BKJIOYAET METAJJIMYECKUN TOIUIMBHBIN CIUIABHON CEPACYHUK,
BKJIFOYAIOIIUN METAJJIMYECKUNA TOIUIMBHBIA MaTepual W METAJUINYECKHH HEeTOIUIMBHBIN
Marepuan. ToOmNMBHBIA MaTepuan BKIIOYAET pacllerusiromuiics wmartepuan.  Kaxnawplid
TEIUIOBBIAEISIONINI  3JIEMEHT TaKke BKJIIOYaeT OO0OJIOYKY, OKPYKAIOIIYK TOTUIUBHBIN
cepaeyHuK. JlJaHHO€ MHOKECTBO YJJIMHEHHBIX METAIMYECKUX TEIJIOBBIACIAIOIINX 3JIEMEHTOB
obecrieunBaeT BeCh PaCIIEIUIIOLIUIICS MaTepral TeIIOBbIASISIOM e COOpPKH.

CornacHO OJHOMY MJIM HECKOJBKHUM M3 3THX BOIUIOLICHWH, TETUIOBBLACISIOMAs cOOpKa
TEPMOAMHAMUYECKH CIPOCKTUPOBAaHA M (PU3NYECKH H3TOTOBJIEHA U (PYHKLUHOHHPOBAHUS B

HA3€MHOM SIIEPHOM HEPTreTUYECKOM PEaKTOpeE.
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CornacHO OJHOMY WJIM HECKOJIBKHM BOIUIOIIEHUSIM, TEIUIOBBIIEISOmas cOOpKa MOKET
NPUMEHSThCS B KOMOWHAIIMHM C HA3€MHBIM SIIEPHBIM SHEPreTHUECKUM PEaKTOPOM, NMPH 3TOM
JaHHAs  TEIUIOBbIIEIIOmMAs cOOpKa  pacrojaraercs BHYTPH  HA3€MHOTO  SIIEPHOTO
SHEPreTU4eCcKOro peakTopa.

CornacHo OJHOMY WM HECKOJBKMM M3 3THUX BOIUIOLIEHUH, B TOM, 4YTO KacaeTrcs
MHO’KE€CTBA M3 JJAHHOTO MHOJKECTBA TEIUIOBBIAEISIIOIIUX 3JIEMEHTOB: TOIJIMBHBIA MaTepual
TOIUIMBHOTO cepaeyHuka oborameH 10 20% wiam MeHee ypaHOM-235 w/mnm ypaHoMm-233 u
cocraBisier Mexxay 20 00.% u 30 00.% TOIUIMBHOIO CepAeYHHKA, a HETOIUIMBHBIA METalll
cocrasisier Mexxay 70 00.% u 80 00.% TormnmmBHOTO cepaeyHHKa. UTo KacaeTcss MHOXKECTBA M3
JAHHOTO MHOXKECTBA TEIUIOBBIICISIIOIIUX 3JIEMEHTOB, CTENeHb OOOTAIIEHUS TOIUITMBHOTO
Marepuaga MOXKET COCTaBJsATh Mexay 15% u 20%. He sBasrommiicss TOIUIMBOM MeTajul
TOIJIMBHOTO CEPJIEYHHMKA MOXKET BKJIHOYAaTh LINPKOHUH.

CornacHo OJTHOMY MJIH HECKOJBKHM M3 3THX BOIUIOLICHUH, CEPACYHHK BKIFOYAET O-(a3y
UZn.

CornacHo OJHOMY WM HECKOJBKMM M3 3THUX BOIUIOLIEHUH, B TOM, 4YTO Kacaercs
MHO’KE€CTBA M3 JJAHHOTO MHOJKECTBA TEIUIOBBIAENSAIOUUX 3JIEMEHTOB: TOIUIMBHBIN MaTepual
TOIUJIMBHOTO CepJieYHMKA BKJIIOYAET MJIYTOHUH, HETOIUIMBHBINA MeTallJl TOIUIMBHOIO CepAevYHHKA
BKJIFOYAET LIUPKOHUI, MPU 3TOM HETOIUIMBHBIN MeTajul TOIUIMBHOIO CEpPAEYHHKA COCTaBIISIET
mexay 70 00.% u 97 06.% TOIIMBHOTO CEpIEYHUKA.

CornacHoO OJHOMY MJIM HECKOJbKUM M3 3THX BOIUIOLIEHWH, TOIJIMBHBIA MaTepual
BKJIFOYaeT KOMOMHALIMIO YpaHa U TOPHSL, TUTyTOHUS U TOPHS, WM YPaHa, TUTyTOHHS U TOPUSL.

CornacHO OJHOMY HMJIM HECKOJBKMM M3 3THUX BOIUIOIIEHWH, 00OJIOYKAa MHOXECTBA M3
JAHHOTO MHOXECTBA TEIUIOBBIAENAIOMUX 3JIEMEHTOB MPUKPEIUIEHA K TOMJIMBHOMY CEPAEUHUKY
METAJUTyPTHYECKIM CITOCOO0OM.

CornacHO OJHOMY MJIM HECKOJbKUM M3 3TUX BOIUIOLIEHWH, HETOIUIMBHBIH MeTajl
MHO>K€CTBa U3 JAHHOTO MHO>KECTBA TEIJIOBBLAEISIONINX 3JIEMEHTOB BKJIIOYAET aJFOMUHUI.

CornacHO OJHOMY MJIM HECKOJbKUM M3 3TUX BOIUIOLIEHWM, HETOIUIMBHBIA MeTasl
MHO’KE€CTBAa W3 JAHHOTO MHOKECTBA TEIUIOBBIIEISIIOIIMX 3JEMEHTOB BKJIOYAeT TYyrOIUIaBKHUM
MeTaJlL

CornacHO OJHOMY HMJIM HECKOJBKMM M3 3THUX BOIUIOIIEHWH, 00OJIOYKAa MHOXECTBA M3
JAHHOTO MHO’KE€CTBA TEIUIOBBIIEISIOLINX 3JIEMEHTOB BKJIIOYAaeT LIMPKOHU.

CornacHo OZHOMY WJM HECKOJBKMM M3 3THX BOIUIOIIEHUN, MHOKECTBO U3 JaHHOTO
MHOKECTBAa TEIUIOBBIJAENSAIOMUX 3JIEMEHTOB H3TOTABJIMBAIOTCS COBMECTHOM BKCTpy3uei
TOIUTMBHOTO CEPACYHNKA H OOOJIOUKH.

CornacHo OJHOMY HJIM HECKOJIbKHUM U3 3THUX BOHJ'IOH.IGHI/II\/'I, TCIJIOBBIACIIAIOIIast c6op1<a,
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OIWH WJIM HECKOJIbKO €€ TEeIUIOBBIAEISIOUINX 3JE€MEHTOB W/MIM OAWH WM HECKOJBKO WX
TOIUIUBHBIX CEPACYHUKOB BKJIFOYAKOT BHIFOPAIOIIUN OTJIOTUTENb.

CornacHo OJHOMY WJIM HECKOJbKUM W3 3TUX BOIUIOLIEHUN, MHOXKECTBO YAJMHEHHBIX
METAJJTUYECKIX TETUIOBBIACISIONUX 3JIEMEHTOB obecreuynBaer 1o MeHblel Mepe 80 00.%
BCETO PaCIIEIUIIOIErocs MaTepraia TeIIOBbIEISIom el COOPKU.

CornacHO OJHOMY WJIM HECKOJBKUM W3 3THUX BOIUIOLIEHMM, Ha3eMHBIH siepHbIN
SHEPreTUYECKHH PEaKTOp TMPEACTaBJsAET COOOH CTAaHAAPTHYIO AaTOMHYIO 3JIEKTPOCTAHIIHIO,
MMEIOIIYI0 PEAKTOPHBIN MPOEKT, HAXOAUBIIMN NpakTHdeckoe npumMenenne 1o 2013 r. Kapkacy
MOKeT ObIThb mpHuaHa Takas ¢opMa W KOHpHUrypamus, 4ToObl BCTPAaUBATHCS B HAa3EMHBIH
SIIEPHBIA  OHEPreTUYECKUN  PEaKTOp BMECTO  CTaHAApPTHOM Uil  Takoro  peakTopa
TEIUIOBBIEISIONIEH COOPKH ¢ OKCHIOM ypaHa.

CornacHo OTHOMY WUJIM HECKOJIBKUM W3 3THX BOIUIOLIEHHH, CEpACUHUK MOKET BKJIIOYAThH
KepaMHYECKHI TOIUIMBHBIM MaTepHall BMECTO METAJUIMYECKOro TOIUIMBHOIO Mmarepuana. B
OJIHOM WJIM HECKOJIbKMX TaKHUX BOIUIOLIEHMSIX TOIUIMBHBIM MaTepuall BKIOYAET KepaMHUYeCKUN
TOIUIUBHBIA MaTepHaJl, Pa3sMELIEHHBbII B MaTpULE W3 METAUINYECKOr0 HETOIUIMBHOTO
matepuana. C Apyroil CTOpPOHBI, B OJHOM WJIM HECKOJIbKMX BOIUIOLIEHUSX METaIIN4eCcKOro
TOIUIMBA MHOKECTBO YAJIMHEHHBIX, OKCTPYAMPOBAHHBIX TEIJIOBBIACISAIOIINX 3JIEMEHTOB
BKJIFOYA€T MHOXECTBO YIJIUHEHHBIX, 3KCTPYIUPOBAHHBIX METAIMYECKUX TEIUIOBBIAEISIOINX
3JIEMEHTOB; NPU 3TOM TOIUIMBHBIN MaTepHall BKJIIOYAET METAININYECKUN TOIMJIMBHBIN MaTepHal,
U TOIUIMBHBIM CEPACYHMK BKJIIOYAET METAJUIMYECKUN CIUIABHON TOIUIMBHBIA CEPAEYHUK,
BKJIFOYAIOIIUH CIUIAB METAJUIMYECKOTO TOIUIMBHOIO MaTepHuala U MaTPULbI U3 METAUIMYECKOrO
HETOIUIMBHOIO MaTepHaa.

CornacHo 0JHOMY UM HECKOJIBKUM M3 3THX BOIUIOIIEHUH, KapKac COEPKUT KOXKYX TakK,
9YTOOBI BCE U3 MHOYKECTBA TETUIOBBIACISIOIINX 3JIEMEHTOB PACIIONarajich BHYTPH 3TOTO KOXKYyXa,
U TEIUIOBBLACISIIOINAs COOpKa COIEPXKUT 1O MEHbIIeH Mepe OAHY VIJIOBYIO KOHCTPYKLHIO,
pacroNararoIyocss B YUy TeIUIOBBACISIOMEH COOPKHM W TPUCOCOUHEHHYI0 K KOXYXY.
CornacHo OHOMY WJIM HECKOJIBKMM M3 3TUX BOIUIOLIEHUMN, MO MEHbIIEeH Mepe OAHa YIJIOoBas
KOHCTPYKLUSI COAEP>KUT BBIrOparouiuil norjotutenb. COrjgacHO OJAHOMY WM HECKOJIBKUM U3
STUX BOIUIOLIEHUH, M0 MEHbIIEH Mepe OJHAa YIJIOBas KOHCTPYKLHS MPUMBIKAET K O MEHbLIeH
Mepe OJHOMY U3 MHOXECTBA YJIMHEHHBIX TEIIOBBIACISAIOIINX 3JIEMEHTOB.

OTH U npyrue oOBEKTHl PA3MYHBIX BOIUIOMIEHUH HACTOSILEro M300pEeTeHHs, a TaKxkKe
CrocoObl  3KCIUTyaTallMM W PEKUMbl  (YHKLUMOHHPOBAHMS COOTBETCTBYIOIIMX 3JEMEHTOB
KOHCTPYKLIMH, KOMOMHALIMU Y3JOB M 3KOHOMHKA IMPOU3BOJACTBA CTaHYT OOJi€e OUYEBUAHBIMU
MIOCJIE PACCMOTPEHUS CIIEAYIOIIEro Jajee OMHMCAHMS M IpuiaraeMoil popMysibl H300pETEHHs C

O6paH.IeHI/IeM K CONYTCTBYHOIIUM YEPTCXKAM, BCE€ N3 KOTOPBIX SABJAOTCA YaCTbrO OJAaHHOI'O
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ONHCAHMs, IMPHU 3TOM Ha pPa3IU4HbIX (Urypax mMomoOHble HOMEpPAa CChUIOYHBIX ITO3ULHH
OTIPENEISIIOT MOAOOHbIE NeTanu. B omHOM BOIUIOEHNH M300pETeHHs HILTIOCTPHPYEMBIE 311ECh
CTPYKTYpPHBbIE KOMIIOHEHTHI IpencTaByieHbl B Macmrtade. [Ipu 3ToM crenyer 4eTko MOHMMATh,
YTO JaHHBIE YEPTEKU TPENCTABJICHbI HCKIIOYUTENBHO B WIIFOCTPATHBHBIX U OINUCATEIbHBIX
LHeNsAX M He MpeJHa3HA4daroTCsl i PACCMOTPEHHS B KadeCTBE OrPAaHMYUBAOIINX OOBEM
u3o0perenusi. Kpome Toro, cieayer yuuThIBaTh, YTO CTPYKTYPHBIEC MPU3HAKH, [TOKA3aHHBIE UIIH
ONHCaHHBIE 37€Ch B JIOOOM W3 BOIUIOUICHWH, MOTYT TaKXe NPUMEHATbCS M B APYTHX
BOIUIOLeHHAX. JlJisl mesel HacTosmero omucaHus u B (opmyse U300peTeHust apTHKiIn Gopm
€IMHCTBEHHOTO 4Mciaa “a”, “an” m “the” BKIIOUYAIOT TakkKe M YKa3aHUs HAa MHOJKECTBEHHOE
YHCJIO, €CJTH KOHTEKCTOM SIBHBIM 00pa3oM He 00YyCIIaBINBAETCSI HHOTO.

Kpartkoe onucanue ueprexein

JUts nydinero NMOHMMAaHUS BOIUIOIIEHWH HACTOSAIIEr0 HM300PETeHHs, a TaKKe APYTUX
eneil 1 JajdbHEeNHIINX ero MPU3HAKOB JIeNaeTcsl oOpalieHne K CIEAYIOLUIEMY OMTMCAHUI0, KOTOPOe
TOJDKHO MPUMEHSITBCSI COBMECTHO € COMYTCTBYIOLTUMH YEPTEKAMMU.

Ha ¢ur. 1 nokazano nomnepevHoe CeUeHHE TETUIOBBIACISIIOMEN COOPKH, BBITIOJHEHHOE B
IUIOCKOCTH CAMOPACCTAHOBKHY,

Ha ¢ur. 2 — momepevyHoe CEYeHHEe TEIUIOBBIAENsromeld cOopku nmo ¢ur. 1, mpu 3ToM
JaHHOE TOTEePEYHOE CEYEHHME BBINIOJIHEHO B IJIOCKOCTH, KOTOpas ciBuHyTa Ha 1/8 obopota
TEIUIOBBIIEIISIONINX 3JIEMEHTOB OTHOCUTEJIBHO BUIA Ha ¢ur. 1;

Ha ur. 3 — monepeyHoOe CeueHUe TEIUIOBBIALIAIONIEH cCOOpKH Mo ¢ur. 1, BBIMOJHEHHOE B
IUIOCKOCTH, KOTOpasl SIBJIIETCSl TMapajuleIbHOH OCEBOMY HAIPABIEHHUIO TEIUIOBBIIEISOLIEH
cbopku;

Ha ¢ur. 4 — BUI B NEPCIEKTUBE TEIUIOBBIACISIIOIIErO 3JIEMEHTA TEIUIOBBIISISIOMIEH
cbopku 1o ¢wur. 1;

Ha Qur. 5 — momnepevHoe CeYeHHE TEIIOBBIIEISIONIEr0 3JIEMEeHTa, PEACTABICHHOTO Ha
¢ur. 3;

Ha ¢ur. 6 — momepevyHoe CeueHHe NPEACTaBICHHOrO Ha (Ur. 3 TEMJIOBBIIENSOLIETO
3JIEMEHTA, BIIMCAHHOTO B MPABHJIbHBI MHOTOYTOJIbHHUK;

Ha ¢ur. 7A — BUA ¢ TOpLA APYroil TEIUIOBBIIEISIONIEH COOPKH, MPETHA3HAYEHHOUN s
NPUMEHEHHS B PEAKTOPE C TSKEJIOBOJHBIM 3aMEUIUTENIEM H TETUIOHOCUTEIIEM MO IaBJICHUEM,

Ha ¢ur. 7B — gacTU4HBIA BUA COOKY TEIUIOBBIAEINSIONIEH COOPKH, MPENCTaBIEHHONW Ha
dur. 7A;

Ha ¢ur. 8 — n3o0pakeHne peakTopa ¢ TSLKEJIOBOIHBIM 3aMETUTENEM H TEIUIOHOCUTENIEM
NIOJT IABJICHUEM, B KOTOPOM MPUMEHSETCS TEIUIOBBIACISIIOmas cCOOpKa, MPEACTaBICHHYIO Ha (Ur.

7 A u7B;
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Ha Qur. 9 — monepevHOe CEYEeHHE TEIIOBBIIEISIOMIET0 3JIEMEHTa, PEACTABICHHOTO Ha
¢ur. 3;
Ha ¢ur. 10 — monepeyHoe ceUueHUe APYroi TEIIOBbLAEISIONIEH COOpKH,
Ha ¢ur. 11 u 12 — yacTHYHOE MONIEPEYHOE CEYEHNE TETUIOBBIIESIOLIEH COOPKH COTIIACHO
OJTHOMY BOIUJIOIIEHHIO HACTOSILIETO H300PETEHHS,
Ha ¢ur. 13A u 13B — momepeuHble CEYEHHUS NBYX TEIUIOBBIIEISIOUINX 3JEMEHTOB
TEIUIOBBIIEISIONIEH cOOpKH, pencraBieHHol Ha gur. 11 u 12;
Ha ¢ur. 14 — momepedyHOe CeYEeHHE TEIUIOBBIACNSIONEeH COOPKH COTJIACHO OJHOMY
aJbTEPHATUBHOMY BAPUAHTY BOIUJIOLIEHUS,
Ha Qur. 15-20 — gyacTUYHbIE MOTIEPEUHbIE CEUEHHs TEIUIOBBIAEISIONIeH COOPKU Mo (ur.
14;
Ha ¢ur. 21 — momepedyHoe CeYeHHE TEIUIOBBIACINAOMEe COOPKH COMIACHO OIHOMY
aJbTEPHATUBHOMY BAPUAHTY BOIUJIOLIEHUS,
Ha ¢ur. 22 — momepevyHoe CeYEeHHE TEIUIOBBIALNSIOme COOPKH COTJIACHO OJHOMY
aJbTEPHATUBHOMY BAPUAHTY BOIUJIOLIEHUS,
Ha Qur. 23-25 — yacTUYHbIE MOTIEPEYHbIE CEUEHHs TEIUIOBBIAEISIONIEH COOPKHU Mo (ur.
22;
Ha ¢ur. 26 — momepevyHoe CeYEeHHE TEIUIOBBIAENSAIONme COOPKH COTJIACHO OJHOMY
aJbTEPHATUBHOMY BAPUAHTY BOIUJIOLIEHUS,
Ha Qur. 27-30 — yacTUYHBIE MOTIEPEUHBbIE CEUEHHs TEIUIOBBIAEISIONIEH COOPKHU Mo (ur.
26;
Ha ¢ur. 31-36 — yacTUYHbIE MONEPEYHbIE CEUCHUS TETUIOBBIACIAIOIIX COOPOK COTJIACHO
aJbTEPHATUBHBIM BapUaHTaM BOIUIOLIECHUH;
Ha ¢ur. 37 — momepevyHoe CeYeHHE TEIUIOBBIALNSAIONe COOPKH COTJIACHO OJHOMY
aJbTEPHATUBHOMY BAPUAHTY BOIUJIOLIEHUS,
Ha ¢ur. 38 — momepedyHOe CeYeHHE TEIUIOBBIAENSAIONIEeH COOPKH COTJIACHO OJHOMY
aJbTEPHATUBHOMY BAPUAHTY BOIUJIOLIEHUS,
Ha ¢ur. 39-44 — craHgapTHBIE ONMCAHUS ISl TEIUIOBBIACISIONIeH cOopku 16x16.
Ocy1ecTBieHne N300peTeHHs
Ha ¢ur. 1-3 nokasana temossiaesstomast coopka 10 corimacHo OTHOMY BOTLIOIIEHUIO
Hacrosmero uzodperenus. Kak nmokasano Ha ¢ur. 3, terossigenstomas coopka 10 cogepxur
MHO’KECTBO TEIJIOBBLACISIIOIINX 3J1eMEHTOB 20, MOAAEPKUBAEMbIX KapKkacoMm 25.
Kak mokazano Ha ¢wur. 3, kapkac 25 comepxkut koxyx 30, Hampasnstomme Tpyos! 40,

BepxHHUIA martpyook 50, HwkHHMH maTpyOok 60, HIDKHIOK YHOPHYIO IUacTHHy 70, BEPXHIOK

yOOpHYIO IulacTHHY 80 W/MiaMm [Opyrue CTPYKTYphl, KOTOpble TMO3BOJSIOT y3iay 10
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(YHKIITHOHHPOBATh B KAa4eCTBE TEIUIOBBINEISIIOIICH COOpKH B simepHOM peaktope. OOuH wWin
HECKOJIbKO 3THX KOMITOHEHTOB Kapkaca 25 MOTyT ObITh, COTJIACHO PA3JIMYHBIM BOILIOLICHHUSM,
HCKJIFOUEHBI 0€3 OTKJIOHEHHUs OT 00BbEMa HACTOSIIEro N300peTeHNUs.

Kak mokasaHo Ha ¢ur. 3, KOXKyX 25 NpUKperieH K BepxHeMy natpyoky 50 u HIKHEMY
narpyoky 60. Hwkuauii matpybok 60 (mnm npyras noaxopnsimas cTpykrypa cOopku 10)
CKOHCTPYMpPOBAaH U €My nmnpuaaHa Takas (opma, uToObl oOOecrmeyuBaTh CPEACTBO
THIPABINYECKOro coo0meHnst Mexay cOopkoit 10 u peaktopoM 90, B KOTOPBIH MOMEINAETCS
cbopka 10, ¢ TeM, 4ToOBI CIOCOOCTBOBATH MPOXOMKACHUIO TIOTOKA TEIJIOHOCUTENSI B AKTUBHYIO
30Hy peaktopa o cbopke 10 yepe3 HwkHui narpydok 60. Bepxauii natpyodok 50 cocoOcTByer
HAIMPABJICHUIO HArpeToro TEIUIOHOCHTENst OT cOopku 10 K maporeHeparopaM 3JeKTPOCTAHLIIH
(mst peakTopa, oxnaxkmaemoro Boxol mopn pasinerneM (PWR)), typObunam (mnst xumsiimero
snepraoro peakropa (BWR)) u t1.a Ilarpydku 50, 60 wumeror ¢GopMmy, CrHennagbHO
pa3paboTaHHYIO sl TOro, 4YTOOBI JOJUKHBIM 00pa3oM  CTHIKOBATBCS C  BHYTPEHHEH
KOHCTPYKLIMEH aKTUBHOM 30HBI pEAKTOpA.

Kak mokaszaHo Ha ¢ur. 3, HIDKHSS yHIOpHas rutacTuHa 70 ¥ BepXHsS YIIOpPHAs IUIACTHHA
80 mpeAnoYTUTENBHO JKECTKO MPUKPETUIEHB! (HApUMep, CBAPKOH, MOIXOAALIUMH KPETIeKHBIMH
netaxsiMu (Hampumep, OOJNTaMM, BUHTAMH) U T.J.) K KOKyXy 30 WiM HIKHEMy natpyoky 60
(w/mnmu Ipyrye NoAXOIAIIUM CTPYKTYPHBIM KOMIOHEHTaM cOopku 10).

Hwuxare oceBbie KOHIBI 351eMeHTOB 20 00paszyroT mtuThl 20a, KOTOPBIE BCTABJISIOTCS B
oTtBepctust 70a B HI>KHEHN ynopHOH miactuHe 70 s noanep:kaHus 31eMeHTOB 20 U MOMOraroT
NOJICP’KUBATh HAJUIEXKAIINEe WHTEepBaibl pacrnosioskeHust sneMeHToB 20. Itudgter 20a
YCTAHABJIMBAIOTCS B OTBepCcTUsX 70a TakuM 00pa3oM, 4TOOBI MPEAOTBPALIANOCH BpAIlEHHE
31eMeHTOB 20 BOKpPYr UX OCEH WM NEepEeMELICHHE B MPOAOCJIBbHOM HAMNPABJICHUM K HIDKHEN
ynopHoit miactuae 70. DTO NMPensaTCTBOBAHUE BPAIIEHUIO TTOMOTaeT 00eCIeUeHUIO TOr0, YTOObI
BCE TOUKHM KOHTaKTa MEKAY COCEIHUMH 3y1eMeHTaMu 20 HMeJI MECTO B OJIHUX U TeX JK€ OCEBBIX
MOJIOKEHUSX BAOJb dyeMeHToB 20 (Hampumep, Ha OOCyXKHaeMOW HMIXKE TUIOCKOCTH
camopaccranoBkn). Coenunenne mexay mrupramu 20a u orBepctusMu 70a MOKeT ObIThH
obecrieueHo CBapKOH, MOCAIKON ¢ HATATOM, COENMHEHHEM HELMJIMHAPUIECKHX (OPM, KOTOpbIE
MPEMSITCTBYIOT BpAalIeHUIO (HAMpUMep, 3aMKOBOTO MMa3a W IIJIMNA), W/WIKA JIIOOBIM APYrUM
MOJXOAALIUM MEXaHU3MOM JISi OTPAHUYEHUS] MPOJOJIBHOTO W/WUJIM BPAINATENBbHOTO JBIIKEHHS
37eMeHTOB 20 OTHOCUTENBHO HMKHEW ynopHOW mnactunel 70. HukHsAs ynopHas muactuHa 70
BKJIFOYAET TMPOJOJIKAIOIINECS] B OCEBOM HAINPABJICHWH TNPOTOKH (HANpUMeEp, PEIIeTKy U3
OTBEPCTHH ), Yepe3 KOTOPbIe TeIJIOHOCUTEITb IIPOXOANT K deMenTam 20.

Bepxuue oceBble KOHIBI 35eMeHTOB 20 oOpasytor mTudTel 20a, KOTOphIe CBOOOIHO

BCTaBJSIOTCS B oTBepcTHst 80a B BepxHel ymopHoi muactuHe 80, 9TOOBI OOECTIEUHTH



12

BO3MOJKHOCTb CBOOOZHOTO NMPOJOJBHOTO JIBWKEHUS BEPXHHX IITH(TOB 20a BBEPX BIUIOTH IO
BEpXHEN ynopHO# miacTunbl 80, mOMOras NOAAEPKUBATh PACCTOsIHUE Mexy djaeMeHTamu 20. B
pesynbrare, Korga sjeMeHTbl 20 B Mpouecce paclieNeHUus YBEIMYUBAKOTCS B OCEBOM
HAMPABJICHUH, 5TH YUIMHAIOINECS 3JeMeHThl 20 MOTyT nanee CBOOOIHO MpPOAOJIKATHCS B
BEPXHIOK YIOPHYIO MacTuHy 80.

Kak mokazano Ha ¢ur. 4, mtudTsl 202 nepexoasaT B IEHTPATbHBIN y4acTOK 31eMeHTa 20.

Ha ¢ur. 4 u 5 nokazaH MHANBUIYAJIBHBIN TEIUIOBBIACISIOIINN 3JIeMeHT/cTepxKeHb 20 13
cOopku 10. Kak nokazaHo Ha Qur. 5, yIIMHEHHBIH LEHTPAIbHBIA YYaCTOK TEIUIOBBIAEIISIOLIETO
sneMeHTa 20 uUMeeT 4YeThIPEXJICNECTKOBBIN momnepedHoe cedenue. llonepednoe cedeHue
snemMeHTa 20 ocTaercs Mo CyLecTBY OAHOPOAHBIM IO JUIMHE LEHTPAJIBHOIO y4acTKa 3JIEMEHTA
20. Kaxnplii TenmnoBbIAEHSAOMNN 3aeMeHT 20 MMeeT TOIUIMBHBINA cepaedHuk 100, xoTopbIid
BKJIFOYAaeT TYIOIUIABKMM  METAI WU TOIUIMBHBIM  MaTepHal, KOTOPBIA  BKJIKYAET
PaCLICIUIAOLIUICS MaTeprall.

B uentpe TtommmeHOro cepaeynuka 100 BHOAbL MPOJONBHOW OCH MOMEILAETCS
BbITeCHUTENb 110, KOTOpBINA COAEP>KUT TYroIuiaBkuil Metaimn. BerrecHurens 110 momoraer
OrpaHUYUBATh TEMIIEPATYPY B LEHTPE CaMOM TOJCTOMN 4aCTH TEIUIOBBIAEIAOEro semenTa 20,
BBITECHSS PACLIETUISIOLINICA MaTeprall, KOTOPBII B HHOM CJIydae 3aHsul Obl 3TO MPOCTPAHCTBO,
1 MHUHHMMU3UPYET WU3MEHEHUs B TEIUIOBOM IIOTOKE BJAOJb MOBEPXHOCTH TEIUIOBBIAEISIOLIETO
snemenTa. COrjacHO pa3jIMYHBIM BOILIOMIEHUSM, BbITeCHUTENb 110 MOKeT OBITH MOJHOCTHIO
WCKJIIOUYEH.

Kak mokazano Ha ¢ur. 5, TorummBHbIN ceprednuk 100 3akmroueH B obosouky 120 w3
tyromiaskoro Meraia. Obonouka 120 TpeAnOYTHTENTHPHO SIBJISETCS IOCTATOYHO TOJICTOH,
JIOCTaTOYHO MPOYHOM M AOCTATOYHO THOKOH Iyl TOTO, YTOOBI BBIAEPKHBATH BBI3BIBAEMOE
obiyueHueM pacrnyxaHue cepaeunuka 100 Ge3 moBpexaeHuidl (Hampumep, 0e3 MOABEpraHHs
cepaeunuka 100 BO3mEHCTBHIO OKpy:Karoliedl cpemsl cHapy:xku obosoukn 120). CornmacHo
OJTHOMY WJIM HECKOJIbKUM BOTUIOIIEHUSIM, TOJIIIMHA Beel 000104k 120 cocTaBseT Mo MeHbIIeH
mepe 0,3 mm, 0,4 mm, 0,5 mm w/ru 0,7 mm. CorlacHO OAHOMY HJTH HECKOJIBKUM BOTUTOIIEHUSIM,
tonmuHa oboyouku 120 cocraBisier mo MeHbineil mepe 0,4 MM IUIsi TOro, 4ToOBI CHHU3UTH
BO3MO>KHOCTb TOBPEXKICHUH BCIEACTBUE PACIyXaHUs, MOBPEXKACHUN BCIECACTBUE OKHUCIIEHUS
u/wnn noBpekaeHni o6osouku 120 BenencTare JF0O0ro APyroro MexaHu3ma.

ObGomouka 120 MOXET HMETb IO CYIIECTBY IOCTOSIHHYIO TOJIIUHY B KOJIbLIEBOM
HaTPaBJIEHUH (TO €CTh BOKPYT nepumMeTrpa o0osiouku 120, kak MOKa3aHO B MOTIEPEYHOM CEYSHUH
Ha ¢ur. 5) 1 o OCeBOW/MPoONbHON uTHHE cepaeunuka 100 (kak moka3aHo Ha ¢ur. 4).

B kaudecTBe BapuaHTa, COrJaCHO OAHOMY WJIM HECKOJIBKMM BOIUIOLIEHMSIM, KaK MOKA3aHO

Ha ¢ur. 5, obonouka 120 mmeer OONBIIVIO TOJIMHY Ha BepIIMHE JenecTkoB 20b, yem B
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BOTHYTBIX Y4acTKax conpspkeHus/obnactsax 20c mexnay snenecrkamu 20b. Hanpumep, coriacHo
OTHOMY WJIM HECKOJBKUM BOIUIOIIEHUsM, oOojouka 120 Ha BepmnHax yenectkoB 20b mmeer
TOJIIHUHY, IO MeHbier Mepe Ha 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%,
125% w/unn 150% OGonbiyro, yem o0osiouka 120 B BOTHYTBIX Y4aCTKax CONPSKEHUs/00IacTIX
20c. bonee Toncras obonouka 120 Ha BepmmHAax jenectkoB 20b obecneunBaeT yiay4IIeHHYIO
CTOWKOCTh K HCTHPAHHMIO Ha BEpLIMHAX JenecTkoB 20b, rme cocemHHe TeIrUIOBBIAESOLINE
sneMeHThl 20 KOHTaKTHPYIOT IOPYr C OPYrOM B IJIOCKOCTH CaMOPACCTaHOBKH (0OCyKIaeTcs
HUKE).

CornacHo OTHOMY WJIM HECKOJIBKUM BOIUIOIIEHHSAM H300pETEHHs], TYTOIUTABKHIA MeTaJll,
ucnoab3yemblii B BbiTecHUuTene 110, TorummBHOM cepaeunuke 100 u obonouke 120, comepkut
LIUPKOHUH. B MaHHOM KOHTEKCTE TePMHH «LHPKOHUI» O0O3HAYaeT YHCTbIA LIUPKOHUH WM
LIUPKOHUH B KOMOHMHALIMK C IPYTHM MPEACTABISIOINM CIiaB MarepuajoM(-u). Onnako, 6e3
OTKJIOHEHHUSI OT 00beMa HACTOSIIEro H300pPETeHHUs, BMECTO LHMPKOHHUS MOTYT MPHUMEHSTBHCS H
Opyrue TYrOIJIaBKUE MeTajulbl (Hampumep, HUOOWA, MOJHMOAEH, TaHTaj, BOJb(pam, peHUH,
TUTaH, BAaHAIUH, XpOM, UUPKOHUH, raQHUH, PYyTCHHUH, OCMHH, HPUANH W/WJIH APYTHE METAJUIbI).
B naHHOM KOHTEKCT€ TEPMHH «TYroIUIaBKUH MeTaury obOo3HavdaeT mo0OOoi Merauy/crias,
KOTOPBII NMeeT TemnepaTypy miasnenus seitre 1800 rpanycos Llenscus (2073K).

Kpome TOro, B HEKOTOPBIX BOIUIOLIEHUSX TYTOIUIABKHI METAJJI MOXKET OBITh 3aMEHEH
APYTUM HETOIUIMBHBIM MeETa/ulIoM, Hampumep amoMuHueM. OJIHako MpUMEHEHHe He
SIBJISIFOILETOCS] TYTOIJIaBKUM HETOIUIMBHOI'O METaJljia Jydllle BCero MoAXOAUT AJ aKTUBHBIX 30H
peakTopa, KOTopble (PYHKIMOHUPYIOT mpu Oojiee HU3KUX Temmeparypax (Hampumep, B Majibix
AKTHBHBIX 30HAX, KOTOPbIE UMEIOT BBICOTY OKOJIO 1 MeTpa M 3JIEeKTPUYECKYyI0 MOINHOCTH B 100
MBT 3neKkTpudeckoil 3HepruM M MeHee). TyroruiaBkue MeTauTbl MPEeNNOYTHTEIbHBI IS
NPUMEHEHHs B aKTUBHBIX 30HaX C 00Jiee BBICOKMMHU PabOYHMU TEMITEPATYPAMH.

Kak mokazaHo Ha ¢ur. 5, HEHTPaJbHBIA YYaCTOK TOIUIMBHOTO cepreyrnka 100 u
obomouka 120 UMEOT UYETBHIPEXJICNECTKOBBIH Mpoduib, 00pa3yloIuii  CIHpalbHbIC
nucrannuoHupyromue pebpa 130. BeirecHurenro 110 Takke MOXKeT ObITh MpHIaHA TaKas
¢opma, uToOBI BEICTYNATh HAPYXKy Ha pedpax 130 (Hampumep, yribl KBaAPATHOTO BBITECHUTEIS
110 cootBerctBytoT pebpam 130). CornmacHO anbTepPHATUBHBIM BOIUIOIIEHHSM HACTOSIIETO
n300peTeHNs], TEIUIOBBIAEISIONINE 3J1eMeHThl 20 0e3 OTKIOHeHHs OT o0beMa HAaCTOSILIETO
n300peTeHus] MOTYT UMETh OOJblliee WM MeHblIee KosnudecTBo pedep 130. Hampumep, kak B
[eJIOM WJUTIoCTpupyercs ¢ur. 5 u3 nybnukauum mateHTHou 3asBku US 2009/0252278 Al,
TETUIOBBIIEISIONINI 3JIEMEHT MOXET MMEThb TPU pedpa/nenectka, KOTOpPbIe MPEANOYTHTEIBHO
pasMeIaoTCsl MO OKPYXXKHOCTH 4epe3 paBHblE HWHTEpPBajdbl Apyr OT gApyra. Ywucno

nernectkoB/pedep 130 MokeT 3aBUCEeTb, IO MeEHbIIEH Mepe YacTUYHO, OT (HOpPMBI



TeruoBbIaessoei coopku 10. Hanpumep, deTeipexyienecTKoBbId 37eMeHT 20 MOXKET XOpOoIIo
paboTaTh ¢ KBaIpaTHOH B TOMEPEYHOM CEYEHHH TEIUIOBbLAENstomell coopkor 10 (Hampumep,
npumensiemoii B AP-1000). B oTimdne ot Hero, TpexienecTKOBbINA TEIIOBBIACISFOIINN 3JIEMEHT

MOXKET XOpOIIO padoTaTh € TeKCAarOHAJIbHOW TEIUIOBBIAEINAIOEH CcOOpkoi (Hampumep,

npumensiemoii B WER).

Ha ¢ur. 9 nokasansl pa3iuuHble pa3Mepbl TEIIOBBIIEISOMIEr0 3eMenTa 20 CorlacHO
OJIHOMY MJIM HECKOJbKUM BOIUIOIIEHUsIM. COrJlacHO OJHOMY HJIM HECKOJBbKUM BOIJIOLIEHUSIM,
mr000#t u3 3TUX radapuToB, MapaMeTPOB W/ AUATIA30HOB, YKA3bIBAEMBIX B HIDKECIECAYIOLIEH

Tabnuie, MOXKeT ObIThb O€3 OTKJIIOHEHHS OT 00beMa HACTOSINEro M300pPETeHUs YBEIHYEH WU
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YMEHBIIIEH Ha BEJIMYUHBI BILIOTH 110 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50% wnu 6onee.

70,80 90, 100)

ITapamerp Temnoseinensitomero |Cumon| IlpumepHbie BETUYHHBI Enuautist
snemMeHTa 20 U3MEPEHUs
JlnaMeTp ONMMCaHHONW OKPY>KHOCTHU D 9-14 (mampumep, 12,3, 12,4, Mm
12 5,12,6)
TonmuHa jenecTka A 2,5-3,8 (mampumep, 2,5,2,6, Mwm
2,7,2.8,29,3,0, 3,1, 3,2, 3,3,
3.4,3,5,3,6,3,7, 3,8),
nepeMeHHast
MuHUMaIbHas TOMIIHUHA 000J0UKH ) 0,4-1,2 (manpumep, 0,4, 0,5, Mwm
0,6 0,7, 0,8)
TonmuHa 000JOUKHU Ha JIETIECTKE oM™ 10,4-2,2 (manpumep, 0,4, 0,5, Mm
0,6,0,7,0,8,0,9,1,0, 1,1, 1,2,
1,3,1,4,1,5,1,6,1,7, 1,8, 1,9,
2,0,2,1,22), 1,56, 29, 2,56
CpenHsist TOIIUHA OOOJIOUKH 0,4 - 1,8 (mampumep, 0,4, 0,5, Mm
0,6,0,7,0,8,0,9, 1,0,1,1, 1,2,
1,3,1,4, 1,5, 1,6, 1,7, 1,8), mo
Menbuien mepe 0,4, 0,5 niun
0,6
Panuyc 3akpyrienust 000I04YKH Ha R A2, A/1,9, nepeMeHHBIT MM
nepudeprn JenecTka
Paaunyc 3akpyrieHust TOMIMBHOIO re 0,5-2,0 (manmpumep, 0,5, 0,6, MM
cepIevHUKa Ha nepudepun jemnecrka 0,7,0,8,0,9,1,0, 1,1, 1,2, 1,3,
1,4,1,5,1,6,1,7, 1,8, 1,9,
2,0), (A - 26)/2, nepeMeHHBIH
Panuyc 3akpyrienus Mexny R 2-5 (nanpumep, 2, 3, 4, 5), MM
CMEXXHBIMH JICTIECTKAMHU MEePEMEHHbBII
JlnuHa CTOPOHBI LEHTPAIBHOTO a 1,5-3,5 (mampumep, 1,5, 1,6, MM
BBITECHUTEIIA 1,7, 1,8, 1,9, 2,0, 2,1, 2,2, 2.3,
2,4,25,26,2,7, 2,8, 29, 3,0,
3,1,3,2,3.3,3,4,3,5)
IlepumeTp TOMJIMBHOTO 3J1€MEHTA 25-60 (mampumep, 25, 30, 35, MM
40, 45, 50, 55, 60)
IInomaae TOMIMBHOIO 3J1€MEHTA 50-100 (manpumep, 50, 60, MM
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IInomaae TONJIMBHOIO CEPAECYHUKA 30-70 (mammpumep, 30, 40, 50, MM
60, 70)
OboraineHue <19,7 Macc. J0JIs
Opakims U <25 00. monst

Kak mokaszano Ha ¢ur. 5, BeiTecHuTens 110 mmeer B momepedyHoM ceueHHH (Hopmy
MPaBUJIBHOTO KBAAPAaTHOIO YETBIPEXYIrOJbHHUKA C yIVIAMH @PABUJIBHOTO KBAAPaTHOIO
YeThIPEXyroJIbHUKA, JIEKAIMUMHI Ha OTHOM mpsiMoii ¢ pedpamu 130. BeirecHurens 110 obpasyer
criupalb, KoTopas cienyer 3a cnupaibio pedep 130 Tak, utoObl yrier BbiTecHUTENs 110
OCTaBaJIUCh COOTBETCTBYIOINMHE pebpam 130 mo oceBoli uinHe TOrUMBHOTO ceprevynnka 100. B
ANbTEPHATHUBHBIX BOIUIOLIEHUAX C OOJNBLUIMM WJIM MEHbLUIMM KosindecTBoM pebep 130
BbITeCHUTENb 110 B TOMEpeYHOM CEUeHHH MPEATNIOYTHTEIBHO HMeeT (OpPMy NPaBHIIBHOTO
MHOTOYTOJIbHUKA, UIMEFOIIEr0 CTOJBKO XKe CTOPOH, CKOJIBKO pedep umeer anemeHT 20.

Kak moxazaHo Ha ¢ur. 6, Tomanb MNOMEPEYHOr0 CEYCHHs LEHTPAIBHOIO YYacTKa
snaeMeHTa 20 NpeAnoYTUTENBHO CYIECTBEHHO MeHblIe riomanu keaapara 200, mpu 5TOM KOHeL
kaxxaoro u3 pedep 130 kacaercs ogHoM cTopoHb! kBanpara 200. B 6onee obmmem mpencraBieHUN
IUIOIIAAb MOTIEPEYHOro CeueHus 31eMeHTa 20, uMeromero n pedep, MpeanoYTHTEIbHO MEHbLIIE
MJIOLAN MPABUJIBHOIO MHOTOYTOJIBHUKA, UMEKOLIEro N CTOPOH, MPH TOM, YTO KOHEL KaXI0ro
u3 pebep 130 kacaercss OMHON CTOPOHBI MHOTOYTOJTbHUKA. COTJIACHO Pa3IMYHBIM BOIUIOIICHHUSIM,
OTHOILIEHHE IJIOIAAN d1eMeHTa 20 K IUIOMaay KBaapara (FJIM COOTBETCTBYIOLIETO MPABUIIbHOTO
MHOTOYTOJIbHUKA Ui 3JeMeHTOB 20, nMmeromux Oojblle WM MeHblle derbipex pebep 130)
cocrasyisier menee 0,7, 0,6, 0,5, 0,4, 0,35, 0,3. Kak nokazano Ha ¢ur. 1, 3T0O COOTHOIICHUE
iomaael npuOIM3UTENbHO MOKA3bIBAET, CKOJBKO JOCTYITHOTO MPOCTPAHCTBA BHYTPU KOXKYXa
30 3aHATO TETUIOBBIASIAIOMUMU dieMeHTaMu 20, TaKuM 00pa3oM, 4To 0oJjiee HU3KOE OTHOLIIEHHE
O3Ha4yaeT, 4YTO OOJbII€ MPOCTPAHCTBA OKA3BIBAETCA MPEAMOYTUTENBHO TOCTYIIHBIM IS
TEIUJIOHOCHUTENS, KOTOPBIM TakKe ACHCTBYET B KAyeCTBE 3aMEMJIUTENs] HEWTPOHOB, U 3TO
YBEJIMYMBAET COOTHOIICHHE 3aMEIUIMTENs M TOIUIMBA (BaXKHOE AJII HEMTPOHUKH), YMEHBIIAET
TUAPABINYECKOE CONPOTUBJICHHE W YBEIMYMBAET Terulonepeaady oT 3jemMeHToB 20 k
TeroHocuTento. CornacHo pa3auyHbIM BOIUIOIIEHUAM, NOJy4aeMO€e OTHOLIEHHE 3aMeATUTENs K
TOIUIMBY COCTaBJIsieT mo MeHbmmed mepe 2,0, 2,25, 2.5, 2,75 w/unu 3,0 (B oTimuue ot 1,96 B
clydyae TPUMEHEHHS CTAHAAPTHBIX IWIMHAPUYECKUX CTEpXKHEH W3 OKCHIA YpaHa).
AHaNOTUYHBIM 00pa30M, COMJIACHO PA3JIMYHBIM BOIUIOIIEHHUSM, IUIOMAAb CEUEHHs MOTOKA IS
TeroBbIneNsoe coopkn 10 yBenmumBaercs Oonee vem Ha 16% 1O CpaBHEHHIO C
NPUMEHEHHEeM OIHOH MM  HECKOJNbKUX  CTaHOAPTHBIX  TEIUIOBBIAENSIOUINX  COOPOK,
UCIOJIb3YOIIUX IWJINHAPUYECKUE CTPEKHU U3 OKCHA ypaHa. YBEJIMYEHHas IUIOLAaAb CEUEHUs

MIOTOKA MOKET YMEHBIINTD MePernaj JaBJIeHUs TEINIOHOCHTEIS MTPH MPOXOKACHUH depe3 COOPKY
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10 (mo cpaBHEHHIO CO CTaHAAPTHBIMH COOpPKAMH C OKCHUAOM YpPaHa), YTO MOJKET SIBJIATHCS
MPEUMYIIECTBOM C TOUKH 3PEHHUS POKAUYUBAHUS TEIUIOHOCUTENS uepe3 cOopky 10.

Kak mnokazano Ha ¢ur. 4, snemeHt 20 y[IMHEH B MpPOAOJILHOM HalpaBieHHU. B
WJUTFOCTPUPYEMOM BOILIOIIEHUH KaKAbIi 371eMeHT 20 sBJIAETCS NOJHOPA3MEPHBIM 3JIEMEHTOM U
MIPOJOJDKAETCS TI0 BCEMY NMPOMEXKYTKY OT HIKHEH ynopHOW miacTuHbel 70 B OCHOBaHUU COOPKH
10 mmm BONM3M Hero 10 BepxHEW ymopHO# rutactuHbl 80 B BepxHel uwactu cOopku 10 mim
BOMM3n Hee. COIJIaCHO pPAa3JIMYHBIM BOIUIOIIEHUSIM M PEAKTOPHBIM MPOEKTaM, 3TO MOXKET
NPUBECTH K 3jeMeHTaM 20, UIMHA KOTOPBIX COCTAaBIsieT NMpuOmu3uTenbHo oT 1 merpa (s
KOMIIAKTHBIX peakTopoB) 1m0 4 merpoB. Takum o0pa3oMm, IUii TUIHYHBIX PEAKTOPOB JIMHA
sneMeHToB 20 MOKeT HaxoauTbes Mexay | u 5 merpamu. OngHako, 0e3 OTKIOHEHHs OT o0beMa
HacTosmero u3oOpereHus, sneMeHTbl 20 MOryT OBbITh YIUIMHEHBI WJIM YKOPOYEHBI IS
NPUCTIOCOOIEHNS K PEAKTOPY C JIFOOBIMU APYTHMH Pa3MepamL.

IIppu ToOM, dYTO WLOCTpUpPYeMble dieMeHThl 20 camu 10 cede  SBISIOTCS
MOJTHOPa3MEPHBIMHU, B KaueCTBE BapHaHTa, 3J1eMeHThl 20 MOryT ObITb CErMEHTHPOBAHHBIMHU,
TaKUM 00pa3oM, HYTO TOJHOPAa3MEPHBIH 3JIEMEHT CO3/1aeTCsl MHOXECTBOM B3SITBIX BMECTE
cermeHTOB. Hanpumep, miis 3¢¢heKTHUBHOTO CO3MaHUs MOJIHOPA3MEPHOTO 3JIEMEHTa MOTYT OBITh
COCTBIKOBAHBI APYT 3a APYroM 4 OTAEIbHBIX OAHOMETPOBBIX CerMeHTa 3jemeHTa 20. B yyacTkax
COMPSDKEHUS] MEXKAYy CEerMeHTaMH MOTYT OBITb OOECIeYeHbl JOTOJHUTENbHbIE YIIOPHbIE
nnactunsel 70, 80 ns moanep:kaHusl OCEBOTO PACCTOSIHUS U PACIIOJIOKEHUs CETMEHTOB.

CornacHoO OAHOMY WJIM HECKOJBbKUM BOIUIOLIEHUSM, TOIUIMBHBIH cepaeuHuk 100
COIEPKUT KOMOHMHALIMIO TYrOIUIABKOTO  MeETa/Ula/ClulaBa M TOIUIMBHOTO — MaTepHuasa.
TyromnaBkuii MeTaJUI/CIIaB MOJKET COZIEPIKaTh CIUIAB LIUPKOHUS. TOIIMBHBIA MaTeprai MOKET
comeparbh HU3KooOorameHHeld ypan (Hampumep, U-235, U-233), niuyTOHMH WM TOPHH,
0OBEIMHEHHBIH C HU3KOOOOTAIEHHBIM YPAaHOM, KaK ONPENEeNeHO HUXKe, W/IIN IUIyToHueM. B
JAHHOM KOHTEKCTe «HH3KOOOOTAIEHHBIH ypaH» O3HAYaeT, YTO BECh TOILIMBHBIN MarepHha
comepxut MeHee 20 Macc.% pacIIeruIsIIoIUXCcsl MaTepualioB (HapuMep, ypaHa-235 win ypaHa-
233). CornacHO pa3IUYHBIM BOIUIOIIEHUSM, CTENEHb OOOralleHus YPaHOBOTO TOIUIMBHOTO
Marepuaia coctasisier Mmexnay 1 macc.% u 20 macc.%, 5 macc.% u 20 macc.%, 10 macc.% u 20
macc.%, w/umn 15 macc.% u 20 macc.% ypana-235. CorjacHO OJHOMY WJIH HECKOJbKUM
BOIUIOLIEHUSIM, TOTUTMBHBIA MaTepuai coaepkut 19,7% oboramennoro ypana-235.

CornacHo pa3iIU4YHBIM BOIUIOLIEHUSAM, TOIUIMBHBIM MaTepuajl MOXKET COCTaBJATh 3-10
00.%, 10-40 00.%, 15-35 006.% w/mmu 20-30 06.% oT oObema TormaMBHOTO cepaeynuka 100.
CornacHo pa3IMYHBIM BOIUIOLIEHHSIM, TYTOTUTABKUI METaJT MOKET cOCTaBysATh 60-99 006.%, 60-
97 006.%, 70-97 006.%, 60-90 00.%, 65-85 00.% w/umu 70-80 00.% oT oObeMa TOILJIUBHOTO

cepaeunuka 100. CorjacHO OJHOMY WJIM HECKOJIBKUM BOIUIOIIEHUSIM, OOBEMHBIC IOJU B
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npenenax OJHOTO MM HECKOJIbKMX M3 3THUX AMANa30HOB OOECHEUMBAIOT CIUIAB IIOJIE3HBIMHU
CBOWMCTBAMH, OTBEYAKOLIUMH [UACPAMME COCTOSIHHs [JIs1 YKa3aHHOW KOMIIO3MLMHU CIUIaBa.
Tonnusneli  cepaeunuk 100 moxer comepxkate Zr-U  cmiaB, KOTOpBIA — SIBISETCS
BBICOKOJIETUPOBAHHBIM TOIUIMBOM (TO €CTb C OTHOCHUTENIbHO BBICOKOW KOHIIEHTpaLHUe
KOMITOHEHTa CIIJIaBa MO CPABHEHHUIO ¢ YPAHOBBIM KOMIIOHEHTOM), COCTOSIIUM JTHOO u3 O-(hasbl
UZr,, mubo u3 xombunanmu 6-¢pasbl UZr u a-dazer Zr. CoriacHoO OJHOMY HJIM HECKOJBbKUM
BOIUTOIIEHUsIM, O-a3a cucTeMbl OMHAPHOTO cijiaBa U-Zr U3 [UPKOHUEBON KOMIO3UIIUH MOKET
COCTaBJIATh NpUOIM3UTENbHO 65-81 00BemMHBIN mpoueHT (mpubmusurensHo ot 63 mo 80
aTOMHBIX MPOLIEHTOB) OT 00BbEMa TOIIMBHOrO cepaednrka 100. bputo HalaeHo, YTO OIHO WIIH
HECKOJIbKO 3THX BOIUIOIIEHHH BEAyT K HHU3KOOOBEMHOMY paJHallMOHHOMY paCIyXaHHIO
Terosblaensomero snementa 20. CornacHoO OJJHOMY MJIM HECKOJIBKUM TaKUM BOILIOLIEHUSM,
ra3oo0pas3Hble MPOAYKTHI AECJIEHHS 3aXBAThIBAIOTCS BHYTPU CAMOTO METAJUIMYECKOTO CEPACYHHKA
100, BcneacTBrE 4ero B OAHOM WJIM HECKOJIBKUX BOIUIOLIEHUSX TEIUIOBBIAEISIOLIErO 3JI€MEHTa
20 BO3MOYKHO HUCKJIFOUEHHE IPUMEHEHHS B TETUIOBBLACISIIOIIEM 3yieMeHTe 20 0OBIMHOrO ra30Boro
npoMexyTka. CorjacHO OAHOMY WJIM HECKOJIbKMM BOIUIOIIEHHUSM, TAKO€ paclyXaHHue MOXKET
OBITh 3HAYUTEIBHO MEHBIINM, 4Y€M MPOUCXOMWIO Obl B Cly4ae NPUMEHEHHsS KOMIIO3UIIUHA
OemHOTO CIuIaBa (TONBKO C 0-(ha3oii), HampuUMep, CHIKEHUE PaciyXaHus 1Mo MeHbInei mepe B 10
00.%, 20 00.%, 30 00.%, 50 00.%, 75 00.%, 100 06.%, 200 06.%, 300 00.%, 500 06.%, 1000
00.%, 1200 06.%, 1500 006.% unu Oosybinee B pacueTe HA OJMH ATOMHBIN MPOLEHT BbITOPAHHS
[0 CpaBHEHHMIO ¢ npuMeHeHHeM TtorumBa U-10Zr, Brmouaromero OemHbldl cruiaB ¢ o-(a3oil.
CornacHo OHOMY MJTH HECKOJIBKMM BOIUIOIIEHHUSIM HACTOSIIErO H300pEeTEeHUs], UHAYLIUPOBAHHOE
obny4yeHreM pacrhyxaHue TeIIoBbIAesomero sneMenta 20 uimu ero cepaeunuka 100 mMoxer
obiTe Menee 20, 15, 10, 5, 4, 3 w/wnu 2 00OBEMHBIX MPOLEHTOB HA OJUH ATOMHBIM MPOIIEHT
BbIropanust. COrylacCHO OTHOMY WJIM HECKOJIbKMM BOIUIOLIEHHSIM, OJKHIAaeMOe paciyxaHue Oyaer
COCTaBJISITh OKOJIO OJJHOTO OOBEMHOTO MPOLIEHTA Ha ATOMHBIH MPOIEHT BBITOPAHMUS.

CornacHO OJHOMY MJIM HECKOJBbKUM aJbTePHATUBHBIM BOILUIOLIEHUSAM HACTOSILIErO
n300peTeHNs, TOIUIMBHBIA CEPACYHHK 3aMEHSETCS IUIYTOHUEBO-LIHUPKOHHEBBIM OWHAPHBIM
CIUIABOM C TAKUMH K€ MM MOAOOHBIMU OOBEMHBIMH MPOLEHTHBIMH JOJISIMH CONEpP KaHHS
KOMIIOHEHTOB, Kak B oOcykmaBmmxcs Bbime U-Zr TOIUMBHBIX cepaedHukax 100, mim xe ¢
UHBIMH OOBEMHBIMU NPOLIEHTHBIMH  JIOJIIMH  COAEP)KAHUS KOMIIOHEHTOB, HEXEIH B
obcyxnaBmmxcst Beime U-Zr TormmBHBIX cepaeunukax 100. Hampumep, nons miyToHus B
cepaeunnke 100 Moxer OBITh CYIIECTBEHHO HIDKE COOTBETCTBYIOLIEH JMJONHM ypaHa B
coOoTBeTCTBYyIOIEM cepaednuke 100 Ha ypaHOBOM OCHOBE, MOCKOJIBKY IIYyTOHHUH B TUIIUYHOM
Cy4ae UMEET MaCCOBYIO JIOJIFO COMEPKaHMs PaCIICTUIIOIINXCA H30TONOB 0KoJio 60-70 macc.%,

B 1o Bpems kak LEU (Hm3kooOoramieHHblil) ypaH conmepkut 20 wmacc.% WM MeHee
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pacuerusroruuxcst u3otonoB U-235. CoriacHo pa3iuyHBIM BOTIUIOLICHHSM, OOBEMHAs IOJIS
IyToHUs B cepaeunuke 100 moxker ObITh MeHee 15 00.%, menee 10 00.% w/mwnmm menee 5 00.%,
¢ 00OBeMHOM J0JIel TYrOTUIABKOTO METaJlIa, OTPETyJIMPOBAHHON COOTBETCTBEHHO.

Ilpumenenne BBICOKOJETUPOBAHHOTO cepaedHuka 100 cormacHoO OAHOMY WM
HECKOJIbKAUM  BOIUIOLICHHSIM ~ HACTOSIIIETO HM300pETeHHs MOMKET TakKe TPUBECTH K
NPEANOYTUTENBHOMY  VAEPIKAHUIO Ta3000pa3HbIX MPOAYKTOB JENEHUs TPU  OOJyUeHHH.
OxcuaHbple TOIUIMBA U HU3KOJErHMPOBAHHbIE METAJUIMYECKHE TOIUIMBA B TUIIMYHOM Clydae
JIEMOHCTPUPYIOT 3HAUUTENbHBIA BBIXOJ ra3000pa3HbIX MPOIYKTOB JIENECHUs, KOTOPBIH OOBIYHO
KOMIIEHCUPYETCS. B COOTBETCTBHUU C TOIUIMBHBIM IPOEKTOM, OOBIYHO C TMOMOINBIO ITOJOCTH
BHYTPU TOIUIMBHOTO CTEpPKHs, MPEIHA3HAUYEHHOW MJIi BMEINEHUS BbICBOOOKIAOIIMXCS
ra3oo0pa3HbIX MPOAYKTOB AeneHus. HampoTtus, TormBHeH cepaedruk 100 cormacHO OgHOMY
WIA HECKOJBKHUM BOIUIOIIEHHMSIM HACTOSIIIErO HM300pEeTEeHUs] HE BBIAENSET ra3000pa3HbIX
NPOAYKTOB fAeNeHHus. YacCTHYHO 3TO TPOUCXOAMT U3-32 HHU3KOH pabodell TemmepaTypsl
TOIUIMBHOTO ceprednrnka 100 um Toro ¢axra, 4TO aTromMbl ra3o00pa3HBIX MPOAYKTOB IEJNIECHUS
(6onee xonkperHo, Xe u Kr) BenyT cebs kak TBepable MPOAYKTHI aAeneHus. COriacHO OJHOMY
WA HECKOJIbKMM BOIUIOIIEHHUSIM, HE TNPOHUCXOAMT 00pa3oBaHHUA MY3bIPHKOB ra3000pa3HbIX
MPOAYKTOB JAENeHUs M HUX MWUIPalUUd MO TpaHULlaM 3€pHa K BHEIIHeH 4YacTH TOIUIMBHOIO
cepaeunuka 100. CoriacHO OJHOMY WM HECKOJIBKUM BOIUIOLIEHUSM, MPU TOCTATOYHO BBICOKUX
TEMIIEpaTypax MOTYT OOpa30BBIBATHCS MeENKHE (IHaMETPOM B HECKOJBKO MHUKPOH) IMy3BIPBKH
ra3o00pa3HbIX MPOAYKTOB AeneHus. ONHAKO, COTJIACHO OJHOMY MJIM HECKOJBKHM BOTUIOIIEHHUSIM
HACTOSIIEro M300pPETeHUs, 3THU MY3bIPbKH OCTAIOTCA HM30JUPOBAHHBIMH BHYTPH TOIUIMBHOTO
cepaeunuka 100 u He 0Opa3yrOT OOBEAMHEHHYIO CETh, KOTOpas CIMOCOOCTBOBasia OBl BBIXOAY
razoo0pa3HbIX MPOAYKTOB JeJNeHUs. MeTalInyecKkoe COEOUHEHHE MEXKAY TOIUITMBHBIM
cepaeunrkoM 100 u obomoukoit 120 MoskeT 0OecneunTh JOTIOHUTENbHBINA Oapbep Al BBIXOAA
ra3000pa3HbIX MPOIYKTOB JIETCHHUSI.

CornacHo pa3mMyYHBIM BOTUIOLIEHHSIM, TOIUIMBHBIA cepaedHuk 100 (mmm obomouka 120,
WIN Apyrasi TMOAXOMAIIasi YacTh TEIUIOBBIIEISAOMEro 3yneMenTa 20) OJHOrO WIIM HECKOJIbKUX
TETUIOBBIIEISIONINX 3JIeMEHTOB 20 MOXKeT ObITh CIUIABJIEH C BBITOPAIOIIMM IOTJIOTHTEIEM,
TAKUM KaK TaJOJIUHHH, Oop, 3pOui WM APYroi MOAXOISIIUN HEHTPOHHBIA MOTJIOTHTENb, IS
00pa3oBaHUs HWHTETPUPOBAHHOTO C  BBHITOPAIOIIUM  MOTJIOTHTENEM  TEIJIOBBIIEISIOLIETO
sneMeHTa. Pa3nudHble TErIoBbIeAoMue 3JeMeHThl 20 BHYTPH TeIUIOBBIAeIstomend coopku 10
MOTYT HCIIOJIb30BATh PA3JIMYHBIC BHICOPAIOINNE TOTJIOTUTENH W/WIM Pa3jInYHbIE KOJHMYECTBA
BbITOparollero norjorutens. Hamnpumep, HekoTOpble W3 TEIUIOBBLAEISIOLINX 3JeMeHToB 20
teroBbiesstomei coopku 10 (Hapumep, meHee 75%, menee S0%, menee 20%, 1-15%, 1-12%,

2-12% wu 1.1.) MoryT BKIroUaTh cepaeuHuku 100 ¢ 25 macc.%, 20 macc.% w/umm 15 macc.% wnmu
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menee Gd (mampumep, 1-25 wacc%, 1-15 wmacc.%, 5-15 wmacc.% wu T1.4n). [pyrue
TEIUIOBBIEISIONTNE 35ieMeHThl 20 TeruoBblaersiomed coopku 10 (Hanpumep, 10-95%, 10-50%,
20-50%, Oonplllee KOJIMYECTBO TEIUIOBBIAEISIONINX 3JIEMEHTOB 20, YeM TeIUIOBBIAENSIONINE
sneMeHTH! 20, B KoTophIX npuMensiercst Gd) MoryT Bkirouath cepaeunnku 100 ¢ 10 macc.%, wnn
5 macc.%, nnmm menee Er (Hanpumep, 0,1-10,0 mace.%, ot 0,1 g0 5,0 macc.% u T.1.).

CornacHoO pa3Ju4HbIM BOIUIOIIEHUSAM, BBITOPAOIIUI NOTJIOTUTENDb 3aMelaeT TOIIMBHbBIN
MarepHual (a He TYrOIUIABKHH METaul) TI0 CPABHEHHIO C TEIUIOBBIACISIOIINMU dyieMeHTaMu 20,
KOTOpBIE HE conaepxkaT B ux cepaeunukax 100 seiroparomero mnornorurens. Hanpuwmep,
COIJIACHO OJJHOMY BOIUIOLIEHHIO TEIJIOBbIAENsomero snemenTa 20, cepaeunuk 100 kotoporo B
HMHOM Clly4ae MpH OTCYTCTBUH IMOTJIOTUTENS BKJIFOYaN Obl 65 00.% uupkonus u 35 00.% ypana,
JAHHBIN TEIUIOBBIACIAOMUN 351eMeHT 20 Bkimrodaer cepaednHuk 100, kotopeli coctout us 16,5
00.% Gd, 65 006.% uupkonus u 18,5 06.% ypana. CorsacHO OHOMY WJIM HECKOJIbKHM APYTHM
BOILJIOLEHUSM, BBITOPAOLIUN MOTJOTUTENb BMECTO 3TOrO 3aMeIlaeT TyrOIUIABKUM METajll, a He
ToryMBHbIH MaTepuan. CornacHO OJHOMY WJIM HECKOJbKUM JPYTUM  BOIUIOLIEHUSM,
BBITOPAOIIUN MOIJIOTUTENb B TOILUIMBHOM cepaedHuke 100 3amMemaer TYromaBKMU MeTall U
TOIUIMBHBIA MaTepual nponopuuoHaibHO. COOTBETCTBEHHO, COIVIACHO PAa3jMYHBIM TaKUM
BOIUJIOLEHUSAM, BBITOPAIOLIUN MOIJIOTUTENb BHYTPHU TOIIMBHOrO cepaeyHuka 100 moxer
pacrionaratbest B 0-¢aze UZr; mn o-dase Zr TakuM o0pa3oM, 4TO MPUCYTCTBUE BBHITOPAOLIETO
NIOTJIOTHTENST He M3MeHsieT (pa3oBblii cocta cruiaBa UZr; UM cruiaBa Zr, B KOTOPbIX JaHHBIN
BBIFOPAOIIUN OTJIOTUTEND PAa3MELIAETCSI.

Tennoseinensromue smeMeHTsl 20 ¢ cepaednukoMm 100, copepskaluM BBIFOPAOIIUI
NOTJIOTHTEb, MOTYT COCTaBUTH aomo (Hampumep, 0-100%, 1-99%, 1-50% wu T.11)
TETUIOBBIIESISIONINX 3JeMeHTOB 20 OOHON WM HECKOJIbKHX TeIUIOBBLACISIIOMmMUX coopok 10,
NIPUMEHSAEMBIX B aKTUBHOHN 30HEe peakTopa. Hampumep, Temnossipensromue sneMeHTel 20 ¢
BBITOPAIOIIUM TOTJIOTHUTENEM MOIYT ObIThb pPa3MEIIEHbl B CTPATErMYECKH BAKHBIX TOYKaX
NPOCTPAHCTBEHHOW pEIIETKH TeruioBbIesstomell coopku 10, KoTopas Takke BKIOYAET
TEIUIOBBIAEISIONINE 31eMeHTel 20 0e3 BBITOpPArOIIero MOTJIOTHTENS, Uil  OOecreyueHHs
YIPaBJICHUS] PACHpENeICHUeM SHEPrul W CHIKEHHUS KOHLEHTpalHuid pacTBOPUMOTO Oopa B
Hauane pabodero muKiIa. AHAJIOTMYHBIM 00pa3oM, MOXET ObITb BBIOPAHO pa3MeIleHHe
TeIJIOBBIACISIOIUX cOOpok 10, KOTOpbIE BKJIFOYAIOT TEIUIOBBIACINSIOMUE 3jeMeHThl 20 ¢
BBITOPAOIIUM IOTJIOTUTENIEM, B CTPATErMYECKH BAXKHBIX IMO3ULUSAX BHYTPU AKTHBHOH 30HA
peaKkTopa OTHOCHTENBHO COOpOK 10, KOTOpPBIE HE BKIIIOYAIOT TETUIOBBIAEISIONINX 3JIeMEHTOB 20 ¢
BBITOPAIOIIUM TOTJIOTHTENEM, Ui OOECHeueHUs] YIPaBJIEHUs] PACHpPEACNCHHEM OSHEPruH |
CHIDKEHUS] KOHLIEHTPALMi pacTBOpuMOro Oopa B Haudane padodero uukia. I[IpiMeHeHHe Taknux

UHTETPUPOBAHHBIX ~ BBITOPAIOINUX  TOTJIOTUTENEH MOXKET CrmocoOCTBOBAaTh  pa3padoTke
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pacimupeHHbIX paboYNX IUKJIIOB.

B xadecTBe BapuaHTa W/WIM B JOMOJHEHUE, OTHEIbHBIE HETOIUIMBHBIC CTEPXKHHU C
BBITOPAIOIIUM TIOTJIOTUTENIEM HEHTPOHOB MOTYT OBITh BKJIFOUEHBI B TEILIOBBIIEISIIOIIYIO COOPKY
10 (Hampumep, pSIOM ¢ TEIUIOBBIACISIOIUMU 3ieMeHTaMu 20 BMECTO OJTHOTO WUJIH HEeCKOJIBKUX

TCIIOBBIACIIAIOIITMX JJIEMECHTOB 20 BCTAaBJICHHBIX B HaIrpapJIAOIIUC TI)Y6I:;I B

>
TEIUIOBBIAEISIONINX cOOpkax 10, B KOTOpbIe HE BBOIATCS CTEPKHH PETYIMPOBAHUS MOLITHOCTH, U
T.A.). B OIHOM MM HECKONBKHX BOIUIOLIEHUSAX TAKHE HETOTUIMBHBIE CTEPIKHU C BBITOPAIOIINM
NOTJIOTHTEIEM HEHTPOHOB MOTYT OBITH pa3paboTaHbl B BHIE KPECTOBHHBI, MOJOOHOW TeM,
KOTOpblE TPHUMEHSIOTCS B peakTopax paspadorkn Babcock-Wilcox wumm  Westinghouse
(Ha3pIBaeMble CTEPIKHEBBIMH cOopkamu ¢ BeiroparomuM nornotuteneM (BPRA)). Jlanee onm
MOTYT OBITh BCTAaBJICHBI B HANPABJISIIOLINE TPYOBI Il CTEPXKHEH PEryJNPOBAHUS MOLIHOCTH H
3aMKCHpPOBaHbI B BBIOPAHHBIX TETUIOBBIACISIOMNX cOOopkax 10, B KOTOPbIX HET HUKAKHX
cOOpPOK PEryIUPYIOLINX CTePKHEH Ui PeryJupOBaHHUs PEaKTHBHOCTH Ha HAYaJbHBIX 3Tarax
pabouero nukiga. B ciydae mpuMeHEHHs KiacTepa M3 BBITOPAIOLIETO MOTJIOTHTENST OH MOXKET
OBITh M3BJICYEH, KOTAA TEIUIOBBIACISAIONIAs COOpKA MePEeMEeLaeTCs Al CIENYIOIEro TOMIIMBHOTO
nukiga. CornacHo OJHOMY aJbTEpPHATUBHOMY BOIUIOLIEHHWIO, B KOTOPOM  OTHEJbHbIE
HETOIUIMBHBbIE CTEP>KHU C BBIFOPAKOLIUM MOTJIOTUTENEM HEHTPOHOB Pa3MEINAIOTCsl BMECTO
OJHOTO WM HECKOJBKUX TEIJIOBBIACISAOINX 3JeMeHTOB 20, HETOIUIMBHBIE CTEPXKHU C
BBITOPAIOIIMM TIOTJIOTUTENIEM HEUTPOHOB OCTAIOTCS B TEIUIOBBIIENstOIel coopke 10 u
BBITPYXKAKOTCST  BMECT€ C  OPYTMMH  TEIUIOBBIACISAKOIMUMH  3yeMeHTamu 20,  koraa
TEIUIOBBIEIsoIast cOopka 10 qocTUTraeT KOHIa CBOEro CPoKa CITy>KOBI.

Tennoseimensomue 3geMeHTbl 20 MNPOU3BOASATCS € MOMOIINBK  MOPOIIKOBOM
METAUTYPTUM COBMECTHON »sKkcTpy3uei. Kak npaBuimo, ans TOMIMBHOrO cepaeunuka 100
CMEIIMBAOTCS] TIOPOITKOOOPA3HBINA TYTOTUIABKUI METaJlI ¥ MOPOIIKOOOPasHBIA METAITUIEeCKHI
TOIUIMBHBIA MaTepuai (a Takke MOPOIIKOOOPA3HbIM BHIFOPAIOIIHUN MOTJIOTUTENDb B CIIy4ae €ro
BKJIFOUEHUSI B cepreyHuk 100), BHYTPHM MOPOLIKOBOH CMECH TIOMEINAeTCsl 3aroTOBKa JUis
BbITecHUTENs 110 M nanee komOWHANMS MOpOIIKa U BeITecHUTe s 110 mpeccyercs u criekaercs B
IIMXTY/3arOTOBKY JJIsl TOIUIMBHOTO siApa (HAIpuMep, B JIUTEHHOHN Gopme, KOTopasi HarpeBaeTcsi B
Pa3IUYHON CTETNIeHN Ha MPOTSDKEHUH PA3JINYHBIX MHTEPBAJIOB BPEMEHHU JUIS CIIEKAHUS CMECH).
3aroroBka 1uis BeITecHUTENA 110 MOKET MMETh Takyr ke MM MoJo0HY0 (GOopMy MONEPEIHOTO
CeueHMs, Kak 1 00pa3yroIascs B UTOre Npu Nojay4eHun BeirecHuTeN s 110.

B kauectBe BapuwaHTa, 3arotoBka BbITecHUTENss 110 Moxker uMmerh (opMy, KOTOpas
npeaHasHavdaercs s neopMUpOBaHHS B jkelaeMyro ¢opmy npoduist BeirecHuTes 110 mpu
skcTpy3uu. IlIMxXTa TOIUIMBHOrO sapa Ui TEIUIOBBIACISIOMIErO SJEMEHTa (BKIIIOYAOIIas

BbITecHUTENb 110 M crieueHHBIN Marepuai TOIUTMBHOTO cepaedHuka 100) BHOCHUTCS B MOJYIO
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TpyOy obonouku 120, KOTOpast IMEET 3aKyNOPEHHOE OCHOBaHKE TPYObl M OTBEPCTHE HA IPYrOM
KOHIIE. 3aTeM OTBEpPCTHE Ha MPOTHUBOIIOJIOKHOM KOHLIE 3aKylOPHUBAETCs TOPLIOBOM 3ariylIKOi,
U3TOTOBJIEHHOH M3 TOTrO K€ MaTepuana, 4ro W o0oouka, ansi oOpa3oBaHUS 3arOTOBKU.
3arotoBke MOXKET ObITh MPUAAHA UUIHMHAPHUYECKast (opMa MITH Ke OHa MOXKET UMEThb GpopMy, B
OoJpIIeli cTeneHn CXOMHYIO ¢ OKOHYaTeIbHOH (popmoil mpodmns snementa 20, HampuMep, Kak
nokasaHo Ha ¢ur. 5 m 9. 3aTeM 3aroToBKa IOJABEPraeTcs COBMECTHOW SKCTPY3UH TIIOA
BO3ACHUCTBUEM TEMIIEPATYPbl M JaBJICHUs depe3 0ok (opMmyromeil rOoJOBKU IS CO3MAHHS
snemeHTa 20, B uTOore BKJIIOHaromero ordopmMoBaHHbIN cepaedHuk 100, obomouky 110 wu
BoiTecHUTENb 120.  CornacHO pasau4HbIM  BOIUIOIIEHHSIM, B KOTOPBIX MpPUMEHSETCs
HEIWIMHIPUYECKUH BbITeCHUTETh 110, 3arotoBka MOKeT OBbITh JOJIKHBIM  OOpa3oM
COPUEHTHUPOBAHA OTHOCHTEIBHO TOJIOBKM 3KCTpyAepa Tak, 4YTOObl yrubl BbITecHHTETS 110
coBrnaganu ¢ jenecrkamu 20b terosbinenstoniero snementa 20. Ilporecc 3KCTpy3uH MOKET
peann30BBIBATECS JIMOO MPSIMOH 3KCTpy3Wel (TO €CTb MNPOABM)KEHHEM 3arOTOBKH depes3
HETIOJIBIKHYIO (DOPMYIOIIYIO TOJIOBKY), JHOO OOpaTHOMN 3KCTpy3mel (TO eCTh mepeMerieHneM
(dbopMyIOIIIel TOJOBKH K HEMOJBHKHOW 3aroToBke). JlaHHBIA mporece MPUBOIUT K OOOJIOUKe
120, MeTanayprudecku NpUCOEIUHEHHON K TOIUIMBHOMY cepAedHuKy 100, 4TO yMeHbIIaeT puck
orcinanBanusi odosnoukn 120 ot torummBHOro cepaeunuka 100. TpyGa m TopmoBas 3ariymika
obosoukn 120 MeTanayprauecky NPUCOEANHEHBI APYT K APYTY AJISI TepPMETH3ALNH TOIJIMBHOTO
cepaeunrka 100 BHyTpu o6Oojoukn 120. Bbicokue TemmepaTypbl IJIaBJIEHHS TYTOIUIABKUX
METAJUIOB, TPHMEHSEMBbIX B TEIUIOBBIACNAIOMNX 3JeMeHTax 10, CrocoOCTBYIOT TEHAEHLMH
NPEBpAIEeHNs] TOPOIIKOBOH METAJUIyPIrMU B  MPEANOYTHTENBHBIH CMOCO0 H3rOTOBJIEHUS
KOMIIOHEHTOB U3 3TUX METAJIOB.

CornacHO OAHOMY WM HECKOJbKUM aJbTEPHATUBHBIM BOIUIOLIEHHUSM, LINXTa
TOIUIMBHOTO S7Jpa TETUIOBBIACISIFOIINX 31eMEHTOB 20 MOKeT OBITh MOJydeHa JIUThEM BMECTO
criekaHus. M3MenbueHHBI B MOPOIIOK WM MOHOJMTHBIA TYrOIUIABKMM MeETall U
U3MEJIBUEHHbII B TMOPOLIOK WJIM MOHOJNUTHBI TOIUIMBHBIA Martepuad (a Takxke
MOPOLIKOOOPa3HbIH BBITOPAIOIINN TOTJIOTHTEIbh B CIy4ae ero BKJIIOUeHHUs B cepredHuk 100)
MOTYT OBbITh CMEIaHbl, PACIUIaBIEHBl M OTJIUTHI B JUTeiHYIO popmy. JluTeitnas ¢popma mMoxer
co3math B OTIMTOM cepreunuke 100 monocte B opMe 3aroTOBKM Ul BBITECHHUTENSI TaKHM
oOpa3oM, dYToOBl 3aroToBKa BbITeCHHTENss 110 Morma OBITh BCTaBIEHA TIIOCHE OTJIMBKH
cepaeunuka 100 TakuM ke COCOOOM, TIOCPEACTBOM KOTOpOro aobasisiercs obonouka 120 mns
MOJIyYeHUs] 3aroTOBKM, MpeNHa3HadeHHOW Ay 3KcTpyaupoBaHus. OcTajbHble 3Tambl MpU
MPOU3BOACTBE TEIIOBBIIEISAIOIUX 3JIEMEHTOB 20 MOIYT OCTaBaTbCd TAaKUMHU K€ HIHU
NOJOOHBIMH TIPUBEACHHOMY BBIIIE€ BOIUIOLICHHIO, B KOTOPOM BMECTO JIUThSI NPHUMEHSETCS

cnekanue. Ilocnenyromasi 5KCTPy3Usi NPUBOJUT K METAJITyPrUYECKOMY COEAMHEHUI0 MEXIY
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BbITecHUTENEeM 110 u cepaeunnkom 100, a Taxke mexay cepaeunukom 100 u obonoukoit 120.

CornacHo OHOMY UJn HECKOJIbKUM aJbTEPHATUBHBIM BOILIOIIEHUSIM,
TEIJIOBBIACISAIOIUE  JIeMeHThl 20  MPOM3BOISATCS € TOMOIIBK)  MOPOIIKOOOPa3HOTO
KEPaMUYECKOTO TOIUIMBHOIO MaTepuaja BMECTO IOPOIIKOOOPAa3HOTO  METaJUIN4eCKOro
TOIUIMBHOTO Matepuana. OcTajbHbIE 3Tarbl U3TOTOBJICHHUS MOTYT OBITh TaKHUMH JK€, KaKk U
oOCyX/aBIINECs BbIIIE B OTHOIIEHWH BOIUIOLIEHWH, HCIIOJIB3YIOIIUX MOPOIIKOOOPA3HBIHI
METAJUIMYECKUI TOIUIMBHBIA MaTepuan. B pasiandHbIX BOIJIOLIEHUSAX METAJUIMYECKOrO TOILINBA
U BOIUIOLICHUSX KEPAMHUYECKOTO TOIUIMBA JAHHBIN CIIOCOO M3TOTOBJIEHUS MOXKET MPUBECTH K
TOILUIUBHOMY cepaednuky 100, copepskaleMy TOIUIMBHBIE MATEPUAIbl, PA3MELIEHHbIE B MATPULIE
13 METAJUIMYECKOr0 HETOIUIMBHOIO Marepuana. B OJHOM WM HECKOJIBKHX BOILIOLIEHUSIX
METAJUIMYECKOr0 TOIIMBA IOJYYEHHBIM TOIUIMBHBIN cepaedHuK 100 cOmep:KUT TOIUIMBHBIA
CEepPAEYHUK W3 METAIJIMYECKOrO CIJIaBa, COAEPIKALEro CIIaB METAJUIMYECKOro TOIUIMBHOIO
Marepuaia, W MaTpHLy W3 METaJUIMYECKOr0 HETOIUIMBHOIO Marepuaia (HarpuMep, CIUIaB
LUPKOHUSI W ypaHa). B OOHOM WM HECKOJBKMX BOIUIOIIEHUSX KEPAMHUYECKOTO TOILINBA
cepaeuHnk 100 comepXUT KepaMHMYEeCKHH TOIUIMBHBIN MaTephall, pa3MeLIeHHbIH (Hampumep,
pPaBHOMEPHO BKpAIUICHHBIH) B MAaTpPULE W3 METAUIMYECKOr0 HETOIUIMBHOTO MaTepuala.
CornacHo pa3nMuHBIM BOIUIOLIEHUSM, KepaMHUYECKUI TOIUIMBHBIM MaTepual, HCIOJb3yeMbli
IPU JAHHOM CHoco0€ M3rOTOBJIEHHS, MOJKET COIEpPKAaTh MOPOIIKOOOPa3HBIH OKCHI ypaHa WM
IUTYTOHUS, TIOPOIIKOOOPA3HBII HUTPHI YpaHa WM ILUTYTOHHS, TOPOLTKOOOPA3HbIN KapOuy ypaHa
WIA TUTYTOHMS, TOPOIIKOOOpPA3HBIN T'HIAPHI ypaHa WIM IUTyTOHHS, WIM MX KoMOuHaimio. B
oTnnure oT cTaHzapTHbIX UQ2 TEmIOBBIAENSIOLNX 3JIEMEHTOB, B KOTOpbIX rpanyinsl UO;
pa3MemarTcsi B Tpybe, Crmoco0 MPOU3BBOICTBA COTJIACHO OJHOMY HJIM  HECKOJIbKUM
BOIUIOLIEHUSM  HACTOSIIEro  HM300peTeHHs TPUBOAUT K  KEPAMHUYECKOMY  TOIUIUBY,
pa3MeIarIneMycsl B TBEPAOH MaTPHIEe U3 HETOIUIMBHOTO MaTepuana (HarnmpuMmep, HUPKOHHEBOH
MaTpHIIE).

Kak mokazaHo Ha ¢ur. 4, mar BUTKa B OCEBOM HaNpaBICHUU CIHpaJbHBIX pedep 130
BBIOMPAETCSI COTJIACHO YCIIOBHUSIM Pa3MEIIEHHUs] OCel CMEXHBIX TETUIOBBIIEINSIONINX 3JIEMEHTOB
10 gepe3 MpPOMEXKYTKH, PaBHbIE OUAMETPY ONUCAHHON OKPYXKHOCTH B IMONEPEYHOM CEUYCHUH
TEIJIOBBIAENSIONIErO  3JI€MEHTa, MW MOXKeT CcocTaBiisiTh oT 5% go 20%  jgiiuHBI
TeruIoBbIAesstoIero semenTa 20. CoraacHo OHOMY BOIUIOIIEHHIO, mIar (TO €CTh PacCTOSHHE,
Ha KOTOPOM JIeTIeCTOK/pedpo nenaer mojHbld 000pOT) cocTaBisieT okoyio 21,5 cM, B TO Bpems
Kak MoJiHas pabodvas muHa snaeMmenTta 20 cocrasnsier okoso 420 cm. Kak mokasaHo Ha ¢ur. 3,
YCTOMYMBOCTb ~ BEPTUKAIBHOIO  PACHOJIOXKEHUS  TEIUIOBBIACISAIOIIMX  3JeMeHToB 10
obecrieunBaeTcs: y OCHOBaHMS — HIDKHEH yIOpHOH miuacTuHoU 70; CBEpXy — BEpXHEH YIIOPHOM

wiactiHOl 80; M Mo BbICOTE akTHBHOH 30HBI — KoxkyxoM 30. Kak mokasano Ha ¢wur. 1,
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TEIUIOBBIACIAIOIINE 3JeMEHThl 10 HMMEIT Takyr KOJBLEBYK) OpPHEHTALUI), MIPH KOTOPOH
UMEINUe JeNeHHe Ha JIeNeCTKH Npouian JOOBIX JABYX COCENHUX TEIUIOBBIACISIFOIINX
sneMeHToB 10 MMET OOIIYyI IIOCKOCTh CHMMETPHH, KOTOpas MPOXOIUT 4epe3 OCH IBYX
COCEIHUX TEIUIOBBIAEISOINX 3JIEMEHTOB 10 B O MEHbIIEH Mepe OJHOM MONEPEYHOM CEUECHUH
My4Ka TETUIOBBIAEISAOIUX SJIEMEHTOB.

Kak nmoxazano Ha ¢ur. 1, cnupaipHOE 3aKPYUHBAHHE TETIOBBIASISIOMNX 3JIEMEHTOB 20
B KOMOWHALIMM C WX OpHEHTanueld oOecreunBaeT CyIIECTBOBAHME OMHOH WJIM HECKOJBKUX
IIOCKOCTel camopacctaHoBkU. Kak mokazaHo Ha ¢wur. 1, mpu Takoil camMopaccTaHOBKe pedpa
COCEIHHUX 3JIEMEHTOB 20 CONMPHUKACAIOTCS APYT C IPYroM, obecneunBasi HaJlexKalee pacCTOsHUE
MeXay TakuMu saemenTamu 20. Takum o0pa3oM, MEXIEHTPOBOE PACCTOSIHHE AJIS 3JIeMEHTOB 20
Oynmer npuOIM3UTENHHO TAKUM K€, KaK U TUAMETP OMHCAHHON OKPY)KHOCTH Ka)KIIOTO 3JIEMEHTa
20 (12,6 MM B 3neMeHTe, TIOKa3aHHOM Ha ¢wur. 5). B 3aBucumoctu ot yncina nenectkoB 20b B
KQ)KJIOM TEIUIOBbLAENSIoNEM dj1eMeHTe 20 U OTHOCUTEIBHOTO T€OMETPUYECKOTO PACIOIOKEHUS
TETUIOBBIACISIIOLIUX 3JIEMEHTOB 20 BCE COCEAHNE TEIUIOBBIACSAIOIINE 3IeMEHTHI 20 UJIU TOJBKO
9YacTh COCENHUX TEIIOBBIACISIIOINUX 3JeMeHTOB 20 OyAyT KOHTaKkTHPOBAaTh APYT C IPYTrOM.
Hanpuwmep, B UJUTFOCTPUPYEMOM YETBIPEXJIENIECTKOBOM BOIUIOIIEHUU KaXKAbIN
TEIUIOBBIACIAIOIINN 3y1eMeHT 20 KacaeTrcs BCEX YeThIpeX COCEIHHUX TeIJIOBBIACISIOMNX
37eMeHTOB 20 B Ka)KJOM MJIOCKOCTH caMopaccTaHOBKU. OTHAKO TPEXJIENEeCTKOBOM BOILIOLEHUHN
TEIUIOBBIACIAIOIIETO 3JI€MEHTA, P KOTOPOM TEIIOBBIAEISAIOINE SJIEMEHTBI PACIONararTcs B
IFEeKCarOHAJIbHON CTPYKTYpPE, KaKIAbIA TEIJIOBBIICIAIOUINN 3JIEMEHT B JAAHHON IUIOCKOCTH
CaMOpPacCTAaHOBKH OyIeT KacaTbCsl TOJNBKO TPEX M3 IMIECTH COCENHUX TEIIOBBIACISIFOIINX
snemeHToB. C TpemMs J[ApPYyrUMH COCEAHMMH TEIUIOBBIACHSIOUIUMHU 3JI€MEHTAMU JaHHbIN
TPEXJICIECTKOBBIN TEIUVIOBBIACISIFOLINN 3JIEMEHT BONAET B KOHTAKT Ha CIENyIOUIeH aanee B
MPOJOJBHOM HAIMpPaBJICHUHM IJIOCKOCTH CaMOPacCTaHOBKU (TO ecthb uepe3 1/6 obopoTa,
CMEIIAIOIIEro OT MPeAbIAYIIEeH TNIOCKOCTH CAMOPACCTAaHOBKH).

B n-nenectkoBoM snemente 20, B Cilydae KOTOPOrO KaKIbIA TEIUIOBBIACISFOLINN
snaeMeHT 20 MpUMBIKAET K N TEIUIOBBIACISIFOLIUM 3JIEMEHTaM, a MJIOCKOCTb CaMOPAaCCTaHOBKU
Oynmer HamM4ecTBOBaTh Kaxable 1/n obopoTa mo crupanu (Hanpumep, kaxasie 1/4 obopora mo
CIIUpAJIN YEeTHIPEXJICNEeCTKOBOTO 3jieMeHTa 20, ynopsAOYeHHOro B uMeromed GopMy KBaapara
CTPYKTyp€ TakuM O0pa3oM, YTO HEThIpE APYIHX TEIUIOBBIACNAIOMNX 3yeMeHTa 20 rpaHuyar ¢
JaHHBIM TETUIOBBIISISIIOIIM  3yeMeHToM 20; kaxkaesie 1/3 obopota mo crupanud st
TPEXJIEIECTKOBOT'O 3JIEMEHTA, B CJIy4ae KOTOPOro TPH TEIUIOBBIAEISAOINX 3JIEMEHTA IPaHu4aT C
JAHHBIM TETUIOBBIIEISIIONINM 3JIEMEHTOM (TO ecCTh, Kaxkaele 120 rpagycoB MmO OKPYKHOCTH
NepuMeTpa TEeIUIOBBIIEISOmero snementa)). Illar cnupann MoxkeT ObITh MOAM(UIIMPOBAH TaK,

4TOOBI CO3aaBaThb OOJIbIIIEE UJTH MEHBIIIEE KOJIUYECTBO IIOCKOCTEMH CaMOpaCCTaHOBKHU I10 OCeBOM
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JUTMHE  TeroBbIAesitomux 3jaeMeHToB 20, CornacHO OJHOMY BOIUJIOLIEHUIO, KaKIbIH
YETBIPEXJICTIECTKOBBIN TEMJIOBBLACISIOINI 3JIeMeHT 20 BKJIHOYAET MHOKECTBO IIArOB BUHTA,
TAKUM 00pa3oM, YTO MO OCEBOW JIMHE My4YKa TEIUIOBBIACISIIOINX 3yeMeHTOB 20 oOpasyercs
MHO>KECTBO IJIOCKOCTENH CaMOpPaCCTaHOBKH.

B unnroctpupyeMoM BOILIOLEHUH BCe 3JieMeHThl 20 3aKpy4yeHbl B OJJHOM HaIlpaBJIEHUU.

OnHako, COrJIacCHO OJHOMY AJIbTEPHATHBHOMY BOILIOLIEHUIO, 0€3 OTKIOHEHHS OT 00bemMa
HACTOSIIEro N300peTeHus CoceHNE 3JIeMEeHThI 20 MOTYT OBbITh 3aKPYUY€HBI B IPOTHBOIOJIOKHBIX
HaIpaBJIEHUSX.

@opMmysia I8 KOJHUYECTBA IJIOCKOCTEH CaMOpPACCTAHOBKM MO JJIMHE TOIUIMBHOIO
CTEP>KHS SIBJIAETCA CIAEAYIOLIEH:

N=n*L/h,

rue:

L — nnvHa TOMIMBHOTO CTEPAKHS,

N — KOJMYECTBO JIEEeCTKOB (pedep) M KOJNMYECTBO TETUIOBBIIEISIFOIINX 3JIEMEHTOB,
COCEJICTBYIOIIUX C JAHHBIM TEIJIOBBIACIAIOLUINM 3JIEMEHTOM;

h — mar cnimpasm.

JanHas QopMysna HEMHOTO H3MEHSIETCS, €CIM KOJIMYECTBO JIETIECTKOB M KOJUYECTBO
TEIJIOBBIAENSAIOIUX 3JIEMEHTOB, COCEJHUX Ui JaHHOTO TEIUIOBBLIEISIONIEr0 3JIEMEeHTa,
OKa3bIBAETCS] HEOJAMHAKOBBIM.

B pesyaprare Takoii CaMOPACCTAHOBKH OKa3bIBAETCS BO3MOXKHBIM HCKJIIOUCHHUE
MPUMEHEHHs B TeIIOBbLAENstoIIei cOopke 10 MUCTAaHIMOHUPYIOMEH PeIleTKH, KOTOpask HHOM
ciydae Moryia Obl ObITh HEOOXOAMMOH st OOecTiedeHMs HAIJIeKAINEro PACCTOSHUS MEXKIy
sneMeHTaMu 1o jumHe cOopkm 10. Tlpm HCKIIOYEHMH AMCTAHIMOHHUPYIOLIEH peIneTKH
TEIUIOHOCUTENb TIOJYYaeT BO3MOXKHOCTh OoJiee CBOOOAHOrO MpoTekaHust yepe3 cOopky 10, uro
MPEANOYTUTENBHO YBEIMUNUBAET TEIUIoNepeiady OT 3JeMEeHTOB 20 K TeIUIOHOCUTEITIO.

OpnHako, COIJIaCHO aJbTEPHATHBHBIM BOIUIOIIEHUSIM HACTOSIIEro H300peTeHus, Oe3
OTKJIOHEHHs1 OT oObema Hacrosimero wu3obperenuss cOopka 10 MoOKeT BKIOYATH
JUCTAaHLIMOHUPYIOLIYIO PEIIETKY.

Kakx mokazano nHa ¢ur. 3, xoxkyx 30 oOpasyer TpyO4aryro o0O0OJIOUKY, KOTOpas
MPOJOJIKAETCS. OCECUMMETPUYHO O BCEH JAJIMHE TEIUIOBBLACAIOIINX 3J€MEHTOB 20 U OKpyIKaeT
snemeHTsl 20. OpHako, COrJacHO OAHOMY AajbTEPHATUBHOMY BOIUIOIIEHUIO HACTOSLIErO
n300pereHus;, Kokyx 30 MOXKET collepKaTh pas3fesieHHbIe B TIPOIOJbHOM HAIPABIECHUU TTOJIOCHI,
KaXkaasi U3 KOTOPBIX OKpYy’kaeT TeIuioBblAestomuye 31eMeHThl 20. OHa UM HECKOJbKO TaKUX
MOJIOC MOTYT COBIAJaTh B OCEBOM HaNpaBJE€HUM C IMJIOCKOCTAMH CaMOpacCTaHOBKU. Mexxay

TAaKUMU  pPa3aCICHHbIMU B OCEBOM HaIlpaBJICHUH noJioCcaMu MOIyT HOpPOAOJIKATHCA
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MPOJOJIKAIOIINECS B OCEBOM HalpaBJ€HMM YIJIOBbIE CTOHKM [N TOAAEp:KaHMs IOJIOC,
COXPAHEHHsI PACHOJIOKEHHs TOJIOC W YKperuleHuss cOopku. B kadecTBe BapmaHTa W/Wid B
JOTIOJIHEHHE, B UHOM ClIy4ae B TPyOUaTOM/TIOJIMTOHAIBHOM KOKyxe 30 MOryT OBITh MPOpE3aHbl
OTBEPCTHUSI B MECTaX, I/ KOKyx 30 He sBJIseTCS] HEOOXOAMMBIM MJIH JKEJNATENbHBIM IS IIeJIe
noguepkku. IIpuMeHeHne CIUIOIHOro Kokyxa 30 MOKeT ChocoOCTBOBATh JIydIIEMY
yIOPAaBIEHUIO pa3Ae]bHbIMH I[OTOKAMU TEIUIOHOCUTENSl uepe3 KaXAyl WHIUBUIYAJIbHYIO
TeIJIOBBIACISONYI0 cOopky 10. B oTnuyme oT 3TOro, NMpUMEHEHHE MOJOC WIH KOXKyXa C
OTBEPCTUSIMU MOXET CIMOCOOCTBOBATH JIyULIEMY NEPEMEIINBAHUIO TEIJIOHOCHTENSI MEXIy
COCEAHMMHU TEIUIOBBIIEISIOIUME  cOopkamMu 10, YTO MOXKET MPEeaNOYTUTENbHO CHHU3UTH
TeMIlepaTypHble TPAAMEHTbl IO TEIJIOHOCUTEN0 MEeXAY COCEIHHMHU TeIUIOBbIAEISIOIINMU
cbopkamu 10.

Kak mokazano Ha ¢ur. 1, mepuMeTp HoOmepeyHoro cedeHus koxyxa 30 umeer dopmy,
KOTOpasi MPUCTIOCcOOJIeHa K peakTopy, B KOTOPOM ucHoJib3dyercs coopka 10. B Takux peakropax,
kak AP-1000, B KOTOpBIX NMPUMEHSIOTCS KBAJAPATHbIE TETUIOBBLACISIIOMNE COOPKH, KOXKYX B
NOTIEPEYHOM CedueHHHU nmeer Gopmy kBazapara. OJHAKO B Ka4eCTBE BapHaHTA, KOXKYX 30 MOKeT
NPUHUMATh JIOOYI0 MOAXOIAIIYI0 (OpMy B 3aBHCHUMOCTH OT pPEaKTOpa, B KOTOPOM OH
NpUMeEHsieTcss (HanmpuMmep, IeKcaroHajbHyI0 (opMy aisi mpuMeHeHus B peaktope WER (kak
MOKa3aHo, Harpumep, Ha ¢ur. 1 u3 nyOnukanuu nareHTHoH 3asBku US 2009/0252278 Al).

Hanpasnsrorume  TpyOsl 40, mnpenHa3HadyeHHbIE [UISI  BBEACHHUS PETYJIHPYIOLINX
NOTJIOIEHNEe HEHTPOHOB 3JIEMEHTOB Ha OCHOBE kKapOuna 6opa (B4C), crumaBa cepebpa, xkaaMus u
uHnus (Ag, In, Cd), Turanara nucnposust (Dy20s-TiOz) win nqpyrux noaXoIAIIHuX CIUIABOB UIIH
COCOMHEHUH, MPUMEHSEMBIX IJIl YIPABICHHS PEAKTHBHOCTBIO (HE IMOKAa3aHbl), U 3JEMEHTOB
BBITOPAOIIETO MOTJIOTUTENS Ha OCHOBE KapOuaa Oopa, okcuna ragonunus (Gd20s3) unm apyrux
NOIXOAALINX MaTepuajoB (HE TMOKa3aHbl), pa3MeIaroTcs B BepxHeM matpybke 50 ¢
BO3MOJKHOCTBIO YIIPYrOro CMELIeHHsI B OCEBOM HarpasieHnn. Hampasinstomue Tpyost 40 MoryT
conepKarth cruiaB LupkoHus. Hampumep, mokasanHoe Ha ¢ur. 1 pacnosioKeHne HanpaBIsFOINIX
TpyO 40 COOTBETCTBYET MX PACIOJIOKEHHIO, pUMeHsieMoMy B peaktope AP-1000 (ranmpumep, 24
HANpaBJBIOIUe TPyObl, CrPYNIHUPOBAHHBIC IBYMs KOJIBLEBBIMH pPSAAMH B TOJIOKEHHSX,
otobpaskaeMbIX permeTkon 17x17).

®opma, pasMep U MpPU3HAKH Kapkaca 25 3aBUCAT OT KOHKPETHOM AKTHUBHOW 30HBI
peakTopa, B KOTOpOH mpenmnojiaraercs npumeneHue cOopku 10. Takum oOpasom, cpenHeMy
CHEUAIUCTY B JAaHHOH 0o0nacTu OyneT MOHSATHO, KaKUM O0pa3oM MOXKeT ObITb H3TOTOBJICH
KapKac ¢ MOAXOISIIUMH AJISi JaHHOH TeruioBbinerstomeii coopku 10 dopmoit u pasmepamu.
Hanpumep, kapkac 25 MoKeT ObITh TaK CKOHCTPYHPOBAH U €My MOJKET OBITh NMpHIAHA TaKas

¢opma, 4TOOBI BBOIUTHCS B AKTUBHYIO 30HY PEAaKTOPa CTAHAAPTHON aTOMHOMN 3JIEKTPOCTAHIIUH
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BMECTO TEIUIOBBIEISIONIEH COOPKU ¢ OKCHIOM YpaHa WJIM CMELIAHHBIM OKCHIOM, CTaHIAPTHOM
JUIs aKTHUBHOM 30HBI peakTopa TakoW aTOMHON 3JIEKTPOCTaHLMU. ATOMHAsl 3JEKTPOCTaHIUS
MOXET BKJIFOUATh KOHCTPYKLHMIO AaKTHUBHOM 30HBI PEAKTOPA, KOTOPasi MPUMEHSIACh B PEAIbHBIX
ycnoBusix skcrutyaranun 10 2010 r. (mampumep, B 2-x, 3-x win 4-kontypHbix PWR; BWR-4). B
Ka4eCTBE BapUAHTA, ATOMHAS 3JIEKTPOCTAHLIUS MOXKET OBITh COBEPIIEHHO HOBOH KOHCTPYKILUH,
CTEIHAJIBHO MPUCTIOCOOIEHHOM ISl SKCIUTYyaTalUU ¢ TETUIOBBIIESIIOIIeH coopkoit 10.

Kak mosicHAnoCh BbIIIE, WILTIOCTpUpYeMast TEIIoBbAeIsromas coopka 10 paspadborana
s mpuMeHeHus B peakropax AP-1000 wiu EPR. Jlannas cOopka Brirodaer marpuiy 17x17 us
TETUIOBBIAEISIONINX 3J1eMEeHTOB 20, U3 KOTOPBIX 24 3aMEHEeHbl HanpaBJIOUIUMH TpyOamu 40,
Kak OOBSCHSJIOCH BBINIE, C TOJyYEeHHEM B OOIIedl CIOXKHOCTH 205 TEemIOBBIAEISIONINX
snemeHToB 20 B EPR wmmm 264 rtemmoseimensiomux siaemeHToB 20 B AP-1000 (8 AP-1000
IOMUMO 3THUX 24 TEIJIOBBACISIIOINUX 3JEMEHTOB, 3aMEHSEMBIX HANpPAaBISIOIIUMHU TpyOamu,
LEHTPAJbHbIA TETUTOBBINSISIFOIINI  3JIEMEHT Takke 3aMeHeH Ha TpyOy, OCHAIIeHHYIO
UHCTPYMEHTAJIbHBIMU CPEICTBAMH).

Onementsl 20 mnpeamoutuTenbHO obecneunBaroT 100% Bcero pacIIerIsIFOIIErocs
Marepuaia TeroBblaessifomel coopku 10. B kauecTBe BapuaHTa, 4acThb PaCIIEIUIIOLIETOCS
marepuana coOopku 10 moker ObITh oOecrieueHa uepe3 HHbIE, MOMHUMO 3JeMeHTOB 20,
TEIUIOBBIAEIISIONINE 3JIEMEHThl (HAMpUMeEp, TEIUIOBBIACISIOIINE 3JIEMEHTbl 0e3 JIENECTKOB,
3JIEMEHTBl C OKCHIOM YpaHa, 3JEMEHTHI, NMEIOLINe TOIJIMBHBIE COOTHOLICHUS W/WIIU CTENeHb
oborammenusi, oTiuuHble OT 3yeMeHTOB 20). COrjacHO TaKMM pPa3IMYHBIM aJIbTEPHATHBHBIM
BOIUIOLIEHHSIM, TETIOBBIIEISIONINE 31eMeHThl 20 obecieunBaroT o MeHplel mepe 50 06.%, 60
00.%, 70 06.%, 75 00.%, 80 00.%, 85 00.%, 90 006.% wu/unmu 95 06.% Bcero pacuIerIAIOmerocs
MarepHala TerIoBbIaesstoei coopku 10.

IIpuMmenenne MeTaNIM4eCKUX TEIUIOBBIAEISIOMNX 3JIeMEHTOB 20 COrNIaCHO OJTHOMY WJIN
HECKOJIbKUM BOIUIOLIEHHSIM HACTOSIIEr0 HM300PETEHHsI TOMOTAeT JOCTHKEHHMIO Pa3IHMYHBIX
MPEUMYILIECTB Mepea OKCHAOM ypaHa MM CMEIIAHHBIM OKCHIHBIM TOIUIMBOM, TPAJULIMOHHO
UCTIOJIB3YEMBIM B aTOMHBIX PEAKTOpax ¢ BOISHBIM oxjaxkaeHneM (LWR) (Bkirouast peakTopsl ¢
KUISIIEeH BOJOH M peakTophl, OXJIaKIaeMble BOJIOH MO JaBJICHUEM), TAKHE KakK pa3pabOTaHHBIHN
komnanueii Westinghouse AP-1000, paspaborannele AREVA peakroper EPR  wumm
pa3pabotannsiii xxenepan Dnexktpuk ABWR. Hampumep, cornacHO OHOMY WM HECKOJbKHM
BOIUTOIICHUsIM, HOMHHaJIbHAasi MOIIHOCTE LWR, paboraromero Ha CTaHZapTHOM TOIUIMBE W3
OKCHJIa ypaHa MM CMEIIaHHOM OKCHIHOM TOIUIUBE, MOKET OBITh YBEJINYEHA BIUIOThH IO OKOJIO
30% 3amMeHOH IeMPHOMETAIUTMYECKIMH TEIUIOBBIACIAIOIMNMH  3yeMeHTamMu 20  w/mim
TEIUIOBBIAEISIIOIMHA ~ cOopkamu 10 cTaHmapTHOrO TOIIMBA M3 OKCHAA YypaHa W

TCIIOBBIACIIAIOIITMX C60pOK, NPUMEHACMBIX B HACTOAMIECEC BpPEMA B CYLICCTBYIOIIUX THUIAX



27

peakropoB LWR mmu 8 LWR HOBBIX THIIOB, KOTOpPbIE OBLITH MPEIJIOKEHBL

OnHUM U3 KIIFOYEBBIX OMPaHUYEHUI B OTHOLIEHUH YBEIUUYEHNUsI HOMUHAIBHON MOLIHOCTH
LWR, neHcTByrOUIMX Ha CTAaHAAPTHOM TOIUIMBE M3 OKCHIA ypaHa, ObUla Majasl IJIOMIaab
MOBEPXHOCTH LIUJIUHAPUYECKUX TEMJIOBBIAEISAIOINX 3IEMEHTOB, B KOTOPBIX HCIOJB3YETCS TAKOE
TOIMBO. LIMNMHAPUYECKUN TEIIOBBIAECNAONINN JJIEMEHT HMEeT HauMEHbIIee OTHOLIEHUE
IUIOINAAN TOBEPXHOCTH K 00beMy s Jo0oro Tuma npoduiis NOMEepPEeYHOro CEeUeHHs
TEIUIOBBIACIAIOIIErO dJ1eMeHTa. J{pyruM BaskHbIM OFPaHUYEHHUEM AJI CTAHAAPTHOIO TOIJIMBA U3
OKCHJIa ypaHa sBJSETCA HU3KOE BBIFOPAaHUE, KOTOPOrO TaKHE TEIJIOBBIACISIOIINE 3JIEMEHTHI
MOTYT JOCTUTaTh, MIPH 3TOM BCE €€ JEMOHCTPUPYS MpuemMieMble Kputepuu 3()(HEeKTUBHOCTH
ToruMBa. B pesynpraTe 3TH CBSI3aHHBIE CO CTAHAAPTHBIM TOIUIMBOM M3 OKCHUAA YypaHa WU
CMEIIaHHBIM OKCHIHBIM TOTUTHBOM (PAKTOPBI 3HAYUTENBHO OTPAHUYMBAIOT CTEINEHb, 10 KOTOPOH
MOKHO OBUIO OBl YBEIMYUTh HMMEIOMIVIOCS HA JAaHHBIH MOMEHT HOMHHAJBHYIO MOIIHOCTH
PEAKTOPOB.

OZHO WM HECKOJbKO BOIUIOIIEHUN LIETbHOMETAJUIMYECKUX  TeIUIOBBIIEISIOIINX
3neMeHTOB 20 MpeonoseBarOT yKa3aHHbIE Bbllle HenocTaTku. Hampumep, kak yka3blBaJIOCH
BbIIlle, OTCYTCTBHE JWUCTAHLMOHUPYIOLIEH pEEeTKH MOXET YMEHBUIUTh THAPaBINYECKOe
COMPOTHUBJICHHE U Ojaromaps 3TOMY YCHIHUTH IOTOK TEIUIOHOCHUTENS W TEIUIoNepenadyy OT
sneMeHTOoB 20 K  TEIUIOHOCUTEN0 MepBoro  koHTypa. CrnupanbHOE — 3aKkpyduBaHUe
TEIUIOBBIACIAIOIINX 3J1€MEHTOB 20 MOXKET YCWJINTh B3aUMHOE NEpeMELINBAHUE TEIJIOHOCHUTES
U TypOYJEHTHOCTh, YTO MOJKET TAaKXXe VBEJIWYHUTh TEIUIOBOH IOTOK OT 3JieMeHTOB 20 K
TEIJIOHOCUTEIIIO.

IIpensapuTtenpHble HEUTPOHHBIE U TEPMOTMAPABINYECKHE HCCIEAOBAaHUS MOKAa3alu
CJIEAYIOLIEE COTIACHO OJTHOMY MJIM HECKOJIbKUM BOTUIOLIEHHUSIM HACTOSIIETrO H300pETeHHUS:

» HommuHajnpHas TeIuioBasi MOLIHOCTB JierkoBogHoro peakropa (LWR) moxer ObiTh
yBEJIMYEHA Ha BENWYMHY BILIOTH 10 30,7% wnm Oonee (HampuMmep, HOMHHAJbHAS TEIJIOBAs
mourHocTh peaktopa EPR moxker OpiTh yBennueHa ot 4,59 I'Bt no 6,0 I'Bt TennoBoii sHeprum).

+ C oOvemHO#l nmoneii ypaHa 25% B HIHPKOHHEBO-YPAHOBOW CMECH U CTENIEHBIO
oborammenus ypana-235, pasaoii 19,7%, aktuBHas 30Ha peaktopa EPR ¢ uersIipexnenecTkoBoit
KOHpHUrypauued  METaJUIMYeCKOro  TeIUIOBBACISIIomero  snemMenta 20  wmorma Ol
¢yHKkUMOHNpPOBaTh B TedeHHe OKoJo S500-520 3¢ ¢exkTuBHBIX CyTOK pabOThl IPH IOJHOM
mourHoctd (EFPD) ¢ yBennmueHHONW HOMHMHAJIBHOW TETUIOBOH MOIHOCTHIO B 6,0 'BT TemoBoii
SHEPrUH B CIy4ae 3aMEHbI 72 TEIUIOBBIAEIIOMNX cOOpok (oauH pa3 B 18 mecsnes) B maptuu
wim 540-560 EFPD — B cny4ae 3amenbl 80 TeMJIOBBIISISIOMMUX COOPOK B mapTuu (OOUH pas
kaxable 18 mecsnes).

* HOKasaHO, 4qTO 6naro;1ap$1 YBGHHHGHHOﬁ maomaau MOBEPXHOCTU MHOTOJCIICCTKOBOIO
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TEIUIOBBIACIAIOIIErO 3JIEMEHTA, a)ke NMPU YBEJIWYEHHOW HOMHHAJIBHON MOLHOCTU B 6,0 I'BT
TEIUIOBOM JHEPrHH, CPEAHUN TEIUIOBOW MOTOK Yy MOBEPXHOCTH MHOTOJIENECTKOBOTO
TEIJIOBBIAENAIOLEro djaeMeHTa Ha 4-5% HIKe 3TOro mnokasarens Uil LWINHAPUYECKUX
TEIUIOBBIAEISIONINX 3JEMEHTOB C OKCHAOM ypaHa, (PYHKIHMOHUPYIOIIUX MPU HOMHUHAJIBHOU
TeruioBoi 3Hepruu B 4,59 I'BT TemoBoil 3Heprun. 10 cnocoOHO 00eCHeunTh YBETUYEHHBIN
k03¢ unmeHT O6e30macHOCTH B OTHOIIEHWH KPUTHYECKOrO TEIUIOBOTO IMOTOKa (Hampumep,
yBEJIMUYEHHBIM Ipefesn MO 3amacy A0 KpHU3uca IMy3bIpbKOBOTO KHUIIEHHMsSI B PEaKTope,
oxyaxpaemMoro Bogod mopn amaeneHneM, (PWR) wnm MakcumanbHyH0 4acTh aKTUBHOM 30HBI
peakTopa, OrpaHMYMBAIOINYIO 3amac A0 Kpu3uca TerioodMeHa B kursiaieM peakrope (BWR)).
Kpome TOro, 310 MOxkeT 0OecnednTh BO3MOXKHOCTb MPUMEHEHHs MO 12 TerJIOBBIIENSIOLINX
3JIEMEHTOB B COOpPKE C BBITOPAIOIIUM IMOTJIOTHTENIEM. BrIroparomue MNOrjJoTUTENH MOTYT
UCTIOJIB30BATLCS ISl CHATUS M30BITOYHOH PEaKTHBHOCTH B Hayasle IMKJIA WIA YBEIHUYSHHS
s¢dexra [lomiepa B Xo1e HAarpeBaHUsT AKTUBHOM 30HBI.

» Takum oOpasoM, TermioBbiAensromue coopku 10 Moryr obecrnednTs OoJiee BBICOKYIO
BBIXOJIHYIO MOILIHOCTh TEIUIOBOH 3HEpruu npu Oonee HU3KOW paboduel Temmeparype TOILIHBA,
YeM CTaHAAPTHBIE TETUIOBBIACISIONE COOPKU C OKCHUAOM ypaHa MM CMEINaHHBIM OKCHUIHBIM
TOIJIMBOM.

JUts yTUIM3alMM  YBENWYEHHON BBIXOAHOH MOIMHOCTH cOopku 10 siekrpocTtaHIMU
OOBIYHOTO THIA MOTYT OBITh MOJEPHU3UPOBAHBI (HAIPUMEp, IPUMEHEHBI 00JIee KPYITHbIE H/HIIH
IOTIOJIHUTENIbHBIE ~ HACOCHl  JJIsl  TEIJIOHOCUTENS, IapOreHepaTophl,  TEIUIOOOMEHHUKH,
KOMIIEHCATOPBl NaBJICHUs, TypOWHBI). [I€HCTBUTENBHO, COrJIACHO OJHOMY MJIM HECKOJIBKHM
BOIUIOLIEHHUSM, TakKasi MOAEPHH3AIMs CIOCOOHA OOECIeYUTh MOJYYEHHE Ha CYIIECTBYIOLIUX
peakTopax Ha 30-40% Ooublie daekTpudecTBa. Takas BO3MOKHOCTb MOXKET CAENaTh M3JIUINHEH
HEOOXOIMMOCTb B CTPOUTENILCTBE MOJHOLEHHOTO BTOPOro peakropa. CTOMMOCTh MOTU(UKALIIH
MOKET OBICTPO OKYIHUTBCA 334 CUET YBEJINYCHHON BBIXOTHOH 3JIEKTPUYECKOH MourHocTH. B
KAa4eCTBE BApUAHTAa, MOTYT OBITb CO3HaHbl HOBBIE JJIEKTPOCTAHLMH, IMPEATIONATA0IINE
BKJIFOUEHUE TIPU3HAKOB, O0ECMeYMBAIONINX HaJJIekallee oOpalleHne W MpUMEHeHue OoJee
BBICOKOUW BBIXOJHOH TEIJIOBOM MOIHOCTH cOOpok 10.

Kpome TOro, omHO WM HECKOJBKO BOIUIOLIEHHH HACTOSIIEr0 H300pPETEHUsT MOTYT
MO3BOJIMTh 3KCIUTyaTauuto peakropa LWR npu Takol k€ HOMHUHAJIbHOW MOLIHOCTH, KaK U CO
CTaHJApPTHBIM TOIUIMBOM W3 OKCHJAA ypaHa MWJIH CMELIaHHbIM OKCHIHBIM TOIUJIMBOM C
NPUMEHEHHEM CYLIECTBYIOIINX PEAKTOPHBIX CHUCTeM 0e3 KakuxX-JIM0O CYIIEeCTBEHHBIX
MonuUIMPOBaHUi peakTopoB. Hampumep, cormacHo 0AHOMY BOILUIOIIEHHIO!

* EPR Oyzer uMeTh Takyro k€ BBIXOAHYIO MOINHOCTb, KaK U B Clydae NMPUMEHEHUS

CTaHAAPTHOTO TOMIMBA U3 OKcuaa ypana: 4,59 I'Bt temosoil 3Hepruy,
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+ C oOvemHO#l nmoneii ypaHa 25% B HIHPKOHHEBO-YPAHOBOW CMECH U CTENIEHBIO
oboramenus ypana-235, npuOau3uTeNnbHO cocTaisitoieit 15%, aktusHas 30Ha peaktopa EPR ¢
YEThIPEXJICTIECTKOBOH KOH(pHUrypanued MeTauIn4ecKOro TeIUIOBBLACISIIomero snemMenta 20
moria Obl (pyHKOHMOHMpOBaTh B TedeHHe OKkoyo 500-520 3¢ (ekTUBHBIX CYTOK pabOThI IMpH
nosiHO# MotrHocTH (EFPD) B cniydae 3aMeHbl 72 TEIIOBBIASNSAIOMUX COOPOK B mapTuu i S540-
560 EFPD B ciyuae 3amensl 80 TETUIOBBIAEISIOIINX COOPOK B MAPTHH.

* CpenHuii TermyIoOBON MOTOK Yy NOBEPXHOCTH MAJid 3JeMEeHTOB 20 yMeHbIIAeTCs
npubnn3nTenbHO Ha 30% MO CPAaBHEHMIO C 3THM INOKa3aTeNeM Uil [IJIHHAPHYECKUX CTePKHEH
CO CTaHJapTHHIM TOIJIMBOM U3 OKCHMAa ypaHa (Hampumep, 39,94 Bt/cm? no cpasHenuo ¢ 57,34
Bt/cm?). TlockosibKy BO3pacTaHHe TeMIepaTypbl TemnoHocuTenss no cbopke 10 (Hampumep,
Pa3HOCTh MEXKIY TEMIIEPATYyPOH Ha BITYCKE U BBIXOZE) U CKOPOCTh MOTOKA TEIJIOHOCUTENIS Yepes
cbopky 10 ocratoTcsi NpUOIM3UTENHHO OJUHAKOBBIMH MO CpPAaBHEHUIO CO CTaHIAPTHBIMH
TEIUIOBBIIEISIOUINMA  COOPKAaMH, CHIDKEHHbBIH CpPEIHUH TEeIUIOBOW MOTOK Y TOBEPXHOCTH
MPUBOJUT K COOTBETCTBYIOLEMY CHIKEHUIO TeMIIepaTypbl OBEPXHOCTH TOIJIMBHOIO CTEPIKHS,
YTO BHOCHUT BKJIQJI B YBEIHUYEHHbIE KO3((PUINMEHTHI O€30MaCHOCTH B OTHOLIEHUH KPUTHYECKOTO
TEIUIOBOTO TIOTOKA (HAmpUMeEp, YBEJIMYEHHBIH Mpene MO 3amacy A0 KPU3HcCa MYy3BIPbKOBOTO
kunenus B PWR nuinu MakcuManbHy0 4acThb aKTUBHOM 30HBI PEAKTOPa, OTPAHUYMBAIOIIYIO 3ar1ac
1o kpusuca terooomena 8 BWR).

ITomMuMo 3TOro W/miM B KadyecTBE BapuaHTa, TEIUIOBbIAenstomue coopku 10 cormacHo
OZHOMY  WJH HECKOJIBKMM  BOIUIOLIEHUSIM HACTOSILIETO H300peTeHMsI MOTYT
MIOSTAITHO/TIOCTETIEHHO BBOAMTBCS B AKTHBHYIO 30HY pPEaKkTOpa BMECTO CTaHOAPTHBIX
TEIUIOBBIAEISIOMNX cOOpoK. B TedeHne mepexomHoro mepuona TerioBbinestonue coopku 10,
UMEIIINE COTOCTABUMBIE CO CTAHJAPTHBIMU TETUIOBBIACISIOIMMMUA COOPKAMH BBIXOIBI 1O
pacIIeIUISIIOIIEMYCsl  MaTepUally, HEWTPOHHOMY M TEIUIOBOMY BBIXOY, MOTYT MOCTENEHHO
3aMEHATh TAKU€ CTaHIAPTHBIC TEIJIOBBIIEIIOMNE COOPKH B XOJ€ IMOCIEeNOBaTEIbHON 3aMeHbI
TOIUIMBA, HE U3MEHSISI IPU 3TOM MapaMeTphl pekuMa padoThl 3JeKTpocTaHUuU. Takum obpazom,
TEIUIOBBIAEsIOIIe cOOpkH 10 MOTYyT BHOCHTBCS B CYIIECTBYIOIIYVIO AKTHBHYIO 30HY C
YaCTUYHBIM €€ MOAU(DUIMPOBAHUEM, HYTO MOXKET OBITh BKHBIM B TEUEHHE MEPEXOTHOTO
nepuona (TO €CTh HAYMHATBCA C YACTHYHOHM 3arpy3kM akTHBHOH 30HBI TETLJIOBBIIEISIOLIIMHU
cobopkamu 10 W TIOCTENEHHO TMEPEeXOAWTb K TMOJHOW 3arpy3Ke AaxkTHBHOW  30HE
TEIUIOBBIAENSIOIMH cOopkamu 10).

Kpome Toro, s3arpyska cOopok 10 pacIIemsiOUUMCs MaTEpPHAIOM  MOXKET
npucnocabauBaTbCs B 3aBHCUMOCTH OT JAHHOTO, JKEJAeMOro OIepaToOpoOM 3JIEKTPOCTAHIIMH
sTana nepexoAHoro nepuoaa. Hampumep, 3arpyska pacIIEIUIIOIIMMCS MaTEpPHAIOM MOKET

OBITh YBECIUYCHA COOTBETCTBYIOLIUM o6pa30M AJId YBECJIUYCHUA BbIXOI[HOfI TEILIOBOMH MOIIHOCTHU
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peaktopa mnpubmusurenbHo oT 0% mo 30% wim Oojiee MO CPaBHEHHIO C MPUMEHEHUEM
CTaHIAPTHBIX  TEIUIOBBLACISIIOIIUX ~ COOPOK, KOTOphIe  3aMeHstoTcs — cOopkamu  10.
COOTBETCTBEHHO, OMEpaTop JJEKTPOCTAHIIMHM MOKET BBIOpATh JKEJNIATEJbHYK) CTeNeHb
MOBBIIIEHUST yIOENBbHOW MOIIHOCTH, OCHOBBIBasACh Ha CYLIECTBYIOLEH WHPpPacTpyKType
3JIEKTPOCTAHLUN WM NMPOU3BOAUTEIBHOCTH CTAHLIMM B Pa3jIMYHbIE MEPUOABI BPEMEHU B XOJE
MOJEPHU3ALIUH.

He oTkiosssich 0T 00bEMa HACTOSIIEr0 H300PETEHHS, OJTHO MJIU HECKOJIBKO BOTUIOLIEHHUH
TEIUIOBBIAESISIONINX COOPOK 10 M TeIIOBBIAEISIOMUX 3J1eMeHTOB 20 MOTYT OBITh IPUMEHEHBI B
peakropax Ha OBICTPBIX HEWTpOHax (B MPOTHBOIOJOXKHOCTh JIETKOBOIHBIM  SIIEPHBIM
peakTopam). B peakropax Ha OBICTPBIX HEHTPOHAX HETOIUIUBHBIA METaJUl TOIUTUBHOTO
cepaeuHuka 100 nDpennoYTHUTENBHO MPEACTABIEH TYrOIJIABKUM METAJUIOM, HalpUMep,
MOJINOZICHOBBIM CIUIABOM (HANpUMep, YHCThIM MOJUOIEHOM MM KOMOWHaIuel MoJaudaeHa u
OPYyrux MetauioB), a obojouka 120 MpenmoYTUTETHHO SIBJISIETCS HEPIKABEIOIIECH CTaJIbO
(xoTopas BKIIIOYAET JFOObIE BAPHAHTHI €€ CIUTABOB) MJIM APYTHM MAaTEPHAJIOM, TOIXOISALINM IS
NPUMEHEHHsT C TEIUIOHOCHTEJIeM B TaKuUX peakropax (Hampumep, HaTtpuem). Taxue
TEIUIOBBIAEISIONTINE 3JIeMeHThl 20 MOTyT OBITh MPOU3BENEHBI MOCPENCTBOM O0CYKIABIIEroCs
BbIIIE CTIOCO0a COBMECTHOH S3KCTPY3UHM WJIM K€ MOTYT OBbITh IOJY4Y€HBbl JIOOBIM IPYyrUM
MOAXOSIIINM CIIOCOOOM (HampuMep, MIABKOU B BAKyyMe).

Kax nokazano va ¢ur. 7 A, 7B u 8, Teruosbinessromue coopku 510 cornacHO OaHOMY
WIA HECKOJIbKUM BOIUIOIIEHHSIM HACTOSIIIET0 N300PETEHHsI MOTYT OBITh IPUMEHEHBI B PEAKTOPE
C TSDKEJIOBOJIHBIM 3aMEIUINTENIeM M TeIuloHocuTeneM mnox aasierneM 500 (cm. ¢ur. 8), Takom
kak peaktop CANDU.

Kak nmoxazano Ha ¢ur. 7A u 7B, temnossiaenstomas coopka 510 conepKUT MHOKECTBO
TEIUIOBBIACIAIOIINX 31eMeHTOB 20, ycTaHOBJIEHHBIX B kapkace 520. Kapkac 520 comepkut nse
TopLeBbIe TTacTUHBI 520a, 520b, KOTOpBIE MPUKPETIIIEHBI K MPOTUBOTIOJIOKHBIM OCEBBIM KOHIIAM
TEIUIOBBIAEISIONINX 3J1eMeHTOB 20 (Hampumep, MOCPENCTBOM CBApKH, MOCAIKU C HATSTOM,
m000ro Apyroro crocoda KpPeIrUIeHHs W3 ONHMCAHHBIX BBIIIE B OTHOIICHHWH MPHUCOCAMHEHUS
snemMeHToB 20 K HWKHeH ymnopHo#d tutactuHe 70). Onementsl 20, HCHOJB3yeMbIE B
TeIUIoBbIAesoNIe coopke 510, B THMMYHOM cydae HAMHOTO KOpodue, 4eM 3yieMeHThl 20,
ucnosibzyembie B coopke 10. CornacHO pa3IM4YHBIM BOIUIOIIEHHUSIM U peakTopaMm 500, 371eMeHThI
20 u cOopku 510, ucnonbzyemsle B peakrope 500, MoryT ObITh JuIHHO# 0KoJI0 18 mroiiMoB (45,72
CM).

OnemenTsl 20 MOTryT OBITh Tak pa3MerneHbl B cOopke 510 Mo OTHOIIEHHIO APYT K IPYTY,
YTOOBI IJIOCKOCTH CAaMOPACCTAHOBKH MOIAEPKUBATIM PACCTOSTHIE MEXKAY dyieMeHTaMu 20 TaKuM

e 00pa3oM, Kak ONMHCAHO BeIlIe B OTHOIIeHHU cObopku 10. B kadecTse Bapuanra, snemeHTHI 20
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cobopku 510 moryt OBbITH pa3MeleHbl OTHOCHUTENBHO APYr Jpyra TakuM o0pa3oM, 4YTOOBI
cocenHue 3y1eMeHThl 20 HUKOT[a He KacalucCh APYTr APYra, a BMECTO 3TOroO IJisl MOAAEP KAHUS
paccTaHOBKM 3JeMEeHTOB 20 MONHOCTBIO onupanuchk Ha kapkac 520. Ilomumo storo, k
snemerTam 20 UM UX peOpaM B PA3JIMUHBIX MOJIOKEHHUSX IO OCEBOM JUTHHE 3JIeMeHTOB 20 MOTyT
OBITh TPUCOEOMHEHBI IUCTAHLMOHUPYIOIIHUE YCTPOHMCTBA Myl OOeCneueHus: KOHTaKTa C
cocemHUMH 3yeMeHTamMu 20 U COAEHCTBHUS B MNOAAEP:KAHUM PACIOJIOXKEHUS 3J1eMEeHTOB 20
(marmpumep, crmocoboMm, MOAOOHBIM TOMYy, C TIOMOILIBK) KOTOPOrO AMCTAaHIMOHUPYIOLIHE
YCTPOWCTBA  NPUMEHSIOTCST HA  CTAHAAPTHBIX  TOIJIMBHBIX  CTEPXKHAX  CTAaHOAPTHBIX
TETUIOBBIIEIISIOUINX COOPOK /ISl PEAKTOPOB C TSKEIOBOAHBIM 3aMEIUIUTENEM U TETNIOHOCHTEIEM
NOJT IaBJICHUEM JJIsl 0OecrieueHus OAIeP KaHHsI PACCTOSHUN MEXKAY CTEPAKHIMH).

Kax mokaszano Ha ¢ur. 8, cbopku 510 BcTaBisrorcest B TpyOnr 500a kanaHapa peakTopa
500 (uHorma HasbiBaeMble B JaHHOW obOnactu kamanapom S500). Peaktop 500 wucmonb3yer
TsoKkeayro BoAy S00b B kadecTBe 3aMemIMTENslT M TEIUIOHOCHUTENST TIEPBOTO  KOHTYpA.
Tennonocurens meporo koHTypa S00b LUPKyIUpyeT TOpH3OHTANBHO udepe3 TpyObl 500a u
3aTeM TMOCTYMaeT K TEIUIOOOMEHHHKY, TIe TeIUIO MepenaeTcss K TEIUIOHOCHTENI0 BTOPOrO
KOHTYpa, KOTOPBIH, KaK MPaBUJIO, MPUMEHSIETCS A BbIPAOOTKU 3JIEKTPHUYECTBA C MOMOLIBIO
TypOuH. 3arpy3odHble YCTPOWCTBA Ui TEIUIOBBLACNSIOMNX COOpOK (HE TIOKa3aHbI)
MPUMEHSIFOTCST ISl 3arpy3Kd TerutoBbIIesiFommnx cobopok 510 ¢ omHoii ctoponsl TpyO 500a
KaJaH7pa U BBITAJIKHBAHHUS U3PACXOAOBAHHBIX COOPOK 510 ¢ MPOTHBOMOJIOKHONW CTOPOHBI TPYO
500a, kak mpaBuJio, B iporiecce padboTel peaktopa S00.

Tennossinemnsromue coopku 510 MOryT OBITH MTPEAHA3HAYEHBI AJIST TOTO, YTOOBI SIBISITHCS
NpPSIMOI 3aMEHON IUIsl CTAaHAAPTHBIX TEIIOBBIACIIOMNX COOPOK (TaKke M3BECTHBIX B JAHHOM
o0jacTH Kak NYYKH TEIUIOBBIACISIOINX CTEP)KHEH) Ui CYLECTBYIOIIMX CTaHAAPTHBIX
PEaKTOPOB C TSDKEJIOBOAHBIM 3aMEIUTENEM M TEIUIOHOCUTENIEM MOJ AaBlieHHEeM (Hampumep,
peakropsl CANDU). B ogrom Takom BorutomeHnn cObopku 510 momemarotest B peakrop 500
BMECTO CTaHAAPTHBIX cOOpok/myuykoB. Takwe TeruoBbinessiiomue coopku 510 moryr ObITH
pa3paboTaHbpl TakuM O0Opa3oM, YTOOBI HMEThb HEHTPOHHBIE/TEIIOQHU3NUECKUe CBOWCTBA,
NOJNOOHBIE CTaHAAPTHBIM 3aMeHseMbIM cOopkam. B kaudecTBe BapwaHTa, TEIUIOBBIIENSIOLINE
cbopku 510 Moryt ObITh MpenHa3HAYEHBI ISl OOECIIeYeHHs] MOBBIMIEHUS] MOIHOCTH TETUIOBOM
SHEprud. B mpenmonararomnx Takoe MOBBILIEHHE BOIUIOLIEHHAX MOTYT OBbITh pa3paOoTaHbI
HOBBIE MJIH MOAECPHHU3UPOBaHHBIE peakTopsl 500, COOTBETCTBYIOLINE OOJiee BHICOKOH TEIJIOBOM
MOLIHOCTH.

CornacHO pa3nUYHBIM BOIUIOIIEHHSIM HACTOSIIEro M300pPETeHUs, TETIOBBIAEIISIONIast
cbopka 10 mpenHazHavaeTcss U1 3aMEHbl CTAHAAPTHOH TEIUIOBBLACISIIOIEH  COOpKH

CTaHIApPTHOTO siepHOro peakropa. Hanpumep, Ternosbinenstomas cbopka 10, mokazaHHast Ha B
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¢ur. 1, cneumansHO pa3paboTaHa Uil 3aMeHbl CTAHAAPTHOW TEIUIOBBIIEISOMEN COOPKH, B
KoTopoil ucnonbizyercss mMarpuna 17x17 us UO; tonnusHeIX crep:kHed. Ecnu Hampasistromue
TpyOsl 40 B cOopke 10 OCTarOTCS B TOM K€ MOJIOKEHHUH, B KOTOPOM OHHM HAaXOIWINCHh ObI B
clyyae  WCIIOJIb30BAaHHUSI  CTAHAAPTHOM  TEIUIOBBIAENSIONIEH  COOpPKHM, W €Clli  BCe
TEIUIOBbIACIAOIINE 3JeMeHTbl 20 HMEIT Te K€ CaMble pasMepbl, TO IHar MeExXay
TETJIOBBIACIISIOIUMH 3JIEMEHTaMU/CTep kHsIMH B cTaHnaptHoi UQ; TeroBbinenstomei coopke
U B OJHOM WJIM HECKOJbKHUX BOIUIOIIEHUSIX TEIUIOBbIAestomerd cOopku 10 ocraercs
HEM3MEeHHbIM (Hampumep, mar B 12,6 wmm). /[lpyrumMu crnoBamH, MPOAOJBHbIE OCH
TEIUIOBBIACIAIOIINX 3J€MEHTOB 20 MOIyT pa3sMeIlaTbCsi B TE€X K€ MOJOXKEHUSX, 4YTO U
nponoyibHele ocu craHfgapTHbiXx UQ; TOMIMBHBIX CTEp)KHEH B COMOCTABUMOI CTaHAApTHOM
TeroBbIneNsonet  cOopke. CoriacHO pasIMYHBIM — BOIUIOLIEHHSIM, TEIUIOBBIACISIOIINE
sneMeHThl 20 MOTryT MMeTh OONBLINHA JHAMETP ONMHCAHHOW OKPYKHOCTH, Y€M COMOCTaBHUMbIE
UO; TommBHbBIE CTepKHU (HarpuMep, 12,6 MM 1O CPaBHEHHUIO C HAPYKHBIM TUAMETPOM 9,5 MM
g tunuyHoro UQ; TOIUIMBHOTO CTepxkHs). B pesynbrate B CaMOBBIPABHUBAIOIIEHCS
IUTOCKOCTH, HIUTIOCTPHPYEMO Ha ¢ur. 1, AMuHA ¥ HIMpHUHA TOMEPEYHOTO CEUEHHs 3aHUMaeMOTO
TEIUIOBBIAESISIONINMH 3JeMeHTaMu 20 TPOCTPAaHCTBA MOXKET ObITh HEMHOTrO OoJibllle, 4eM
3aHumaemoe cra”aapTHbIMU UQ; TOMIUMBHBIMU CTEPKHSIMHU B CTAHAAPTHOM TEIIOBbLAEIAIOLIEH
cobopke (Hampumep, 214,2 wMm mna  TemoBbimensomeld  cobopku 10 (to ectp 17
TEIUIOBBIACIAIOIINX ~ 31eMeHToB 20 ¢ [OuaMeTpoM  OKPYKHOCTH,  ONMCBIBAIOLIEH
TETJIOBBIACSIOMUN 3JIEMEHT, paBHbIM 12,6 M), B omnmuue oT 211,1 MM mnis craHmapTHOMN
reruoBbinensiromer UO2 cOopku, kotopas Bkmodaer marpuny 17 x 17 w3 9,5 mm UO;
TOIUIMBHBIX CTEPXKHEH, OTAENEHHBIX APYT OT Apyra ¢ maroM B 12,6 mm). B cranmaptaeix UO;
TETUIOBBIAEISIONINX COOPKaX TOTUTMBHBIE CTEPIKHU OKPYXKAeT AMCTAHIIMOHUPYIOIIAs peIieTka,
KOTOpasi ~ YBEJIMYMBAECT  MOJHBbIE  pasMepbl  IMOMNEPEYHOrO0  CEUYEeHMs  CTaHAApPTHOHN
TeruoBbIAeNsIome coopkn a0 214 mm x 214 mm. B Temnosmensiromeii cbopke 10
aHAJIOTUYHBIM 00pa3oM pa3Mepsl TeruoBbiAenstomend coopkun 10 ysemmumBaer koxyx 30.
Koxyx 30 mMoxxeT uMeTh JHOOYI0 MOAXOASIIY ToMmuHy (Harmpumep, 0,5 mm win 1,0 mm). B
OZHOM BOIUJIOLIEHUH, B KOTOPOM HCHOJIb3yeTCsA KOXyX 30 TonmuHoi 1,0 MM, NONHBIE pa3sMephl
MIOTIEPEYHOr0 CeYeHHUs] TeruioBbAeIsifomel coopkun 10 M3 OAHOrO BOIUIOIIEHHS] MOTYT
cocTaBysaTh 216,2 MM x 216,2 MM (Hanpumep, 214 MM, 3aHIMaeMble 17 TEIUIOBBIIEISIOUTIMHE
snemeHTamu 20 muamerpoM 12,6 MM, mmroc aBakael mo 1,0 MM Ha TommuHy koxkyxa 30). B
pe3yJibTaTe, COrJaCHO OJHOMY MWJIHM HECKOJIbKUM BOIUIOIIEHHSM HACTOSIIEr0 H300peTeHus,
TeruIoBbIessItoast coopka 10 Mosker ObITh HeMHOTO OoJbie (Hampumep, 216,2 MM x 216,2 Mm)
yem tunuuHas UQO; teruoseinenstomas coopka (214 mm x 214 mm). bonbimii pasmep MoxkeT

YXYIIIHATh CIOCOOHOCTh cOOopku 10 MOJDKHBIM 00pa3oM BCTaBJIATHCS B NPEAHA3SHAYECHHBIC IS
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TETUIOBBIAEISIONINX COOPOK TO3MLMK OJHOTO HJIM HECKOJbKHUX CTAHNAPTHBIX PEaKTOPOB,
KOTOpble ObuTH pa3paboTaHbl AJsl MPUMEHEHHUs co craHAapTHbIMH UQ2 TEIJIOBBIIENSIOUIIMHE
cbopkamu. Jlns obecrieueHHst COOTBETCTBHSI STOMY HM3MEHEHHIO Pa3MepOB, COTJIACHO OIHOMY
WIA HECKOJIbKMM BOIUIOIIEHUSIM HACTOSIILEro H300peTeHus, MOXeT ObITh pa3paboTaH W
MOCTPOCHHBI  HOBBIH  PeakTOp, TMPUCIOCOONIEHHBI K  Oojiee  KpPymHOMY — pasMepy
TEIUIOBBIAEISIOIIX cOopok 10.

CornacHo OTHOMY aJIbTEPHATUBHOMY BOTUIOIIEHHIO HACTOSIIErO M300pETEHHs, THaMeTp
OTMCAHHOH OKPYKHOCTH BCEX TEIUIOBBIACNAIOMNX 3JeMEeHTOB 20 MOKeT OBITb HEMHOTO
YMEHBLIEH TaK, YTOObl YMEHBUINTH IMOJIHBIEC MOMEPEYHBIE Pa3MEPhl TEIUIOBbIIEIAOMEN cOOpKU
10. Hampumep, nuaMeTp ONUCAHHON OKPYKHOCTH Ka)KJIOIO TEIJIOBBIAENSOLIEro 3jiemeHTa 20
MoskeT ObITh yMeHbIeH Ha 0,13 MM mo 12,47 MM, Tak, 94TOOBI MOMEpeYHOe CeueHue OoO0Iero
3aHMMaEMOTO TeIIOBbIIEsIoLIe coopkol 10 mpocTpaHCTBa OCTABAIOCH COMOCTAaBUMBIM € 214
MM Ha 214 MM CTaHZApTHOW TeruioBbAeIsOmell cOopku (Hampumep, 17 TErIOBBIACISIOMNX
sneMeHToB 20 nuamerpoM 12,47 MM IUTIOC ABE TOMIMHBI kKOXkyxa no 1,0 MM, naromue B Ccymme
okono 214 wmm). Takoe cHmwKeHHe pasMepoB MaTpulbl 17 Ha 17 HEMHOTO HM3MEHUT
MECTOTOJIOKEeHHe Hanpasisiiomux Tpyd 40 B teroBbinessitomeit coopke 10 OTHOCUTENBHO
NO3WIMHA  HAMpaBISIOIIUX TPYy0 B CTAaHAAPTHOH  TeruoBblmessifomed  cOopke. s
PUCTIOCOONEHNST K 3TOMY HeOOJIBLIOMY M3MEHEHHIO MECTOIOJIOKEHHs TPyO 40 aHaJIOTHYHBIM
oOpazoM MoOryr OBITb CMEIIEHbl MO3UIHMH COOTBETCTBYIOIIErO KOMIUIEKTa CTepKHEH
PeryjaupoBaHusl MOIIHOCTU U MPUBOAHBIX MEXaHU3MOB CTEpPKHEH PEeryJMpPOBaHMs MOILIHOCTH B
peakrope s obecneueHusi COOTBETCTBHUS ¢ HOBBIMU MOJIOKEHUAMHU Hanpasisromux Tpyo 40. B
Ka4eCTBE BapUAHTA, €CJIM B CTAHAAPTHOM peakTope 0OECHeuMBAOTCS JOCTATOYHbIE 3a30pBI U
JOMYCKHU AJI CTEP>KHEHW peryJupOBAaHUs MOILIHOCTH, TO CTEPKHU PEryIUpOBAHUS MOLIHOCTH U
IIPU CTaHJAPTHOM PA3MEINEHUH CMOTYT YAOBJETBOPUTENBHO BXOIUTh B HEMHOI'O CMELICHHBIE
TpyObI 40 B TeruoBbIAenstomen coopke 10.

B xkauectBe BapmaHTa, MOXET OBITb HEMHOTO YMEHBLIEH IUAMeTp mnepudepuifHbIx
TEIUIOBBIAEISIONINX 31eMeHToB 20 Tak, 4ToOBl BCsi cOopka 10 BCTaBmsutach B CTaHOAPTHBIN
peakTop, TNpenHa3HAYeHHBbIH [UIs CTAHAAPTHBIX TEIUIOBBLAEISIOIUX cOopok. Hampumep,
JUaMEeTP ONMUCAHHON OKPYKHOCTH BHEIIHErO pPsiia TEIUIOBBIACNAIOLINX 3JE€MEHTOB 20 MOXKeT
ObITh yMeHblIeH Ha 1,1 MM Tak, 4YTOOBI TOJNHBIE pa3Mepbl TEIUIOBBIACISIOMENH COOpKH
coctaBysuy Obl 214 MM X 214 MM (Hampumep, 15 12,6 MM TEMJIOBBIIENSAOLINX 3J1eMeHTOB 20
wroc asa 11,5 mm Terossiaensromux saementa 20 mmoc ase 1,0 MM TomuuHsl koxkyxa 30). B
KauecTBe  BAapHMaHTa, JUAaMETP OMNHCAHHOM  OKPYXXHOCTHM  JBYX  BHEUIHUX  pPsJOB
TETJIOBBIACNSIOMUX 3J1eMeHTOB 20 MOKeT ObITh yMeHbIIeH Kaknablii Ha 0,55 MM Tak, 4ToObI

MIOJTHBIE Pa3Mephl TEIIOBBIIEISOLIeH cOOpku ocTaBanuck Obl 214 MM x 214 MM (Hanpumep, 13
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12,6 MM TEIUTOBBIAESAIOIHX 3J1eMeHTOB 20 iroc yetbipe 12,05 MM TeroBBIAeNomue COOpKU
wnoc n8e 1,0 MM TommmHbL Kokyxa 30). B KakgoMm BOIUIOIIEHWH IIar M IOJIOKEHHUE
LEHTPaIbHON rpymnmel u3 13x13 TeroBbessomux 3neMeHToB 20 U Hanpasisromux Tpyo 40
OCTaeTCsi HEM3MEHHBIM, TaKUM, YTOOBI Hampassouiie Tpyobl 40 COBMEIANINCh C KOMIUIEKTOM
CTEp>KHEH peryJIupoBaHusl MOLIHOCTH U NPUBOAHBIMU MEXAHU3MAMU CTEP>KHEHU pPeryJInupOBaHUs
MOIIIHOCTH B CTAHIAPTHOM PEAKTOpE.

Ha ¢ur. 10 mnokasana TteruoBbInessiromas coopka 610 cormacHo OJHOMY
aNbTEPHATUBHOMY BapHAaHTy BOIUIOIIEHUS Hacrosimero u3ooOpereHus. CoOryiacHO pasInYHBIM
BOIUIOLIEHHSIM, TEIUIOBBIENsomas coopka 610 mpenHasHauaercs ANl 3aMEHBl CTAHAAPTHOM
teruoBblnessiroier  UO2  cOopku B CTAaHAAPTHOM — PeakTope TNpU  MOAJEPKAHUU
NO3UIIMOHUPOBAHUSL CTEP)KHEH PEeryJMpOBaHUS MOILIHOCTH PEAaKTOPOB, pPa3pabOTaHHBIX IS
NPUMEHEHHsT C pa3jiMyHbIMH  CTaHAApTHBIMH  TemoBbaessomumMu - UO2  cOopkamu.
Termnosbinensirommast cobopka 610 B 1enmomM moaoOHa TerioBbAesomeli coopke 10, koTopas
OTIMCBIBAETCS BBIIIE U MILUTIOCTPUpPYETCs Ha GUr. 1, HO BKIFOYAET HECKOJIBKO OTJIUYUH, KOTOpPbIE
noMoraroT coopke 610 Jydrne BCTABISATHCS B PEAKTOPbI OAHOTO HIIM HECKOJBKUX HMEIOIIHXCS
TUTMOB (HANpUMeEp, PEaKTOPbl, MPHUMEHSIOMNE KOHCTPYKLHIO TEIUIOBBIACISIIOMmEH CcOOpKU
komnaanun Westinghouse, B koTopoii ncnomis3yercst marpuna uz UO2 crepxkHeit 17 Ha 17) Oe3
MOIU(UIMPOBAHUS PACIIONIOKEHHSI CTEP)KHEH pEeryJIMpOBaHUS MOIMHOCTH WM TPUBOIHBIX
MEXaHU3MOB CTEP>KHEH PEryJIMpPOBAHUS MOLIHOCTH.

Kak nokaszano Ha ¢wur. 10, TeruoBbiaenstomas cOopka BKiIoYaeT Matpuny u3 17 x 17
no3uuuid. LlentpanpHas rpynmna 15 Ha 15 3anata 200 TennosbiaensroiumMu 3aeMeTamu 20 u 25
HanpaBJsTOIUMU TpyOamu 40, KaK OMUCAHO BBIIIE B OTHOIIEHUU MOJNOOHON TETUIOBBIIEIISFOIICH
cbopku 10, wmmmoctpupyemodi Ha ¢ur. 1. B 3aBHCHUMOCTH OT KOHKPETHOW KOHCTPYKLIHMHU
peakTropa LeHTpaibHas Hampasisromas Tpydoa 40 MokeT ObITh 3aMEHEHa IOMOJHUTENbHBIM
TEIUIOBBIACIAIOIINM 3JIEMEHTOM 20, €CJIM PEaKTOPHBIN MPOEKT HE MPEANnoJaraeT UCNOJb30BaHUs
uerTpanbHoi TpyOsr 40 (To ecth 201 TermnoBblmessromuil 3neMeHT 20 U 24 HamnpaBJSIOLINE
TpyOsI 40). Tlonoxenus HanpassrOIUX TPYO 40 COOTBETCTBYIOT MOJIOKEHHSIM HAIMPABJISTFOLINX
TpyO, HCMOJNB3YEMBIX B PpPEAKTOpax, MPEIHA3HAUYEHHBIX Il TPUMEHEHUs CTaHAAPTHBIX
terosbiaessromux UQ, cOOpoK.

Ilepudepuitapie mno3uuuu (TO €CTh MO3WLHH, PACIOJOXKEHHbIE B IOMEPEYHOM
HANPABJICHUH CHAPYXXH OT TEIUIOBBIIEIIOMUX 31eMeHTOB 20), MpeACcTaBISHHBIE MATPUYHON
crpykrypoii 17 na 17 termnossiaensitomeii coopku 610, 3ansaTel 64 Temnosbaensiromumu UO;
sneMeHTamu/crepkHsIMu 650. Kak n3BecTHO B JaHHOU 00J1aCTH, TOTUTUBHBIE CTEPIKHU 650 MOTYT
cozepKaTh CTaHAapTHOEe TOrmBO B Buae Tabmetok UQ;, pa3memaembiX B IMOJOM CTEPIKHE.

Crenenp oboramenus U-235 toruuBa B Buae Tadbnerok UO, moxer cocraBisitb MeHee 20%,
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meHee 15%, menee 10 % w/mmu menee 5%. CrepxHu 650 MOTYyT MMETh HEMHOTO MEHBIIHI
araMetp (Hampumep, 9,50 MM), UeM nTuaMeTp OKPY’KHOCTHU, ONHCHIBAIOINEH TEIIOBBIIESOLINE
saeMeHTbl 20, 4YTO HEMHOrO yMEHBINAET IOJHbIE pa3Mepbl MONEPEYHOI0 CE4YeHUs
TeruoBbIaessoei coopku 610 ¢ Tem, uToOBI cOopka 610 sydine BXOAWsa B MPOCTPAHCTBO,
npenHa3sHaYeHHOe T CTaHAapTHOU TeroBbenstomeit UO, cbopku.

B wmmocTpupyeMoM BOIUIOINEHHWH TOIUIMBHBIE CTepskKHH/3JeMeHThl 050 comep:kar
toruBo B Buze Tadierok UO,. OnHAKO TOIUIMBHBIE CTEPIKHU/3JIEMEHThI 650 MOTYT B KauecTBe
BapHAHTA HCIIOJIb30BATh JIIOOYIO APYTYIO MOAXOIAIIYI0 KOMOMHAIIMIO OJHOTO MJIM HECKOJIBKUX
PACILIETUISIOIINXCS W/WIM  BOCHPOHM3BOIAIIMX TOIUIMBHBIX MaTepUaioB (HAampuMep, TOPHH,
IUIyTOHWH,  ypaH-235, ypan-233, grobble wx KoMOuHamuu) Takue  TOTJIMBHBIC
CTePKHU/3JIeMeHThI 650 MOTYT CONIEpKaTh METAJUTUIECKOE /U OKCUIHOE TOTLTUBO.

CornacHO OJHOMY WJIM HECKOJbKUM albT€PHATUBHBIM BOIUIOLIEHUSM, TOIJIMBHbBIE
crepskHA 650 MOryT 3aHMMAaTh He Bce 64 mepudepuitHbIX noJoxkeHus. Hanpumep, TOMmMBHbIE
crepykHU 650 MOTYT 3aHMMAaTh BEPXHHUH PSA U JIEBYIO KOJIOHKY nepudepus, B TO BpeMsl Kak
HIDKHUH psA M TIpaBas KOJIOHKa mnepudeprurt MOTYyT OBITh 3aHSTHI TEIIOBBIIEISIOMUMHE
snemeHTamu 20. B kadecTBe BapHaHTa, TOIUIMBHBIE CTEPKHU 0650 MOTYT 3aHHMATh ABE JIIOOBIE
Opyrue CTOpoHbl mepudepun TemoBbnesomerd coopku. Koxyx 630 wmoker ObITh
MOIU(UIMPOBAH TAK, YTOOBI OXBATHIBAThH NOMOJHHUTEIbHBIE TEIUIOBBIACISIOMNE 3JIeMEeHThl 20
no nepudepun TeruoBbInesOMel coopku. Takne MOTU(PHUIMPOBAHHBIE TETIJIOBBIIEISIOLINE
cOOpPKH MOTYT PacnoJiaraTbCsi MPUMBIKAOIIUM JPYT K APYTY 00pa3oM, Tak, YTOObI Ps/KOJOHKA
nepruepuiHbIX TEIUIOBBIACISIIOINX 3JIeMeHTOB 650 B OlHOM cOOpKe BCerna COCEACTBOBANA C
PSIIOM/KOJIOHKOH TEIUIOBBIACISIONX 3JIeMeHTOB 20 B CMEXKHOH TeruoBblAesstomel coopke. B
pe3yibTaTe JONOJHHUTEIBHOE MPOCTPAHCTBO U TEIUIOBBIACNSIOMNX COOPOK oOecrednBaeTcs
TeM (aKTOM, UTO 'PaHHIIA pa3/ieiia MEeXAy COCCAHIMH COOPKaMH HEMHOTO CIIBUraeTcsi K COOpKe,
KOTOpast BKJIIOYAET TETUIOBBIACISIFOINNE 3JIeMeHThl 650 Ha nepudepuitHO#i, rpaHUYHON CTOPOHE.
Takass ~ mommpukaumss  Moxer  OOeCHeUNWTb  NPUMEHEHHE  OOJBbIIEro  KOJUYECTBA
TEIUIOBBIAEISIONINX  3yeMeHTOoB 20 ¢ OoJjiee  BBICOKOW TEIJIOBOM MOIIHOCTBIO, 4YeM
NPEAOCTABIISACTCS TEIUIOBBIACIAOIIMU cOopkamu 610.

Koxyx 630 okpy:kaer rpymnmny TEIJIOBBIACIAIOMUX 3JeMEHTOB 20 U OTAENSIET 3JIE€MEHThI
20 ot anemenroB 650. Ilatpybku 50, 60, xoxkyx 630, oOpa3oBaHHbIE MEXAY HUMH MyTH
MIPOXOXKACHHST TEIJIOHOCHUTENsl, OTHOCUTEJIbHBIE NEpemnaabl NaBJeHHs MO 3yieMeHTaMm 20 u
sneMeHTaM 650 W/wiM yBeTMYEeHHBIN Mepernaj JaBJIeHHs Ha UCTAaHIMOHUPYOIEeH peterke 660
(obcyxmaercs HuUXKe), OKpyxkaromed saemeHTtsl 050, MOryT mnpuBecTH K OoJjiee BBICOKOM
CKOPOCTH TNMOTOKA TEIUIOHOCHUTENST BHYTPH KOkyxa 630 u Bodb obnamarouinx Oojiee BBICOKOM

TEILUIOBOM MOIMHOCTBIO TCIUIOBBIACIAOIUX 3JICMEHTOB 20, YEM CKOpPOCTb IIOTOKA BHE KOXKyXa
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630 u BOOJAP HUMEINUX Oo0Jiee HU3KYK TEIUIOBYIO MOIIHOCTh TOIUIMBHBIX CTepskHEH 650.
IIpoxone!l W/unM OTBEPCTHS. B HUX MOTYT OBbITh CIIPOEKTUPOBAHBI TaK, YTOOBI ONTHMH3HPOBATH
OTHOCHUTEJIbHBIE CKOPOCTH MOTOKA TEIJIOHOCUTENS BAOJbL 3jeMeHTOB 20, 650 Ha OCHOBE HX
COOTBETCTBYIOLIUX MOKA3aTeNeH TEIUIOBOH MOLITHOCTH U TNIAHUPYEMBIX padOUYUX TEMITepaTyp.

CornacHo pa3nMyYHBIM BOIUIOLIEHUSIM, OTHOLIIEHHE O0BEMOB 3aMEITUTENS M TOTLTUBA JUJISI
TEIUIOBBIIESISIONINX 3JeMeHTOB 20 U3 TeruoBbessomeii coopku 610 MeHbIIe uiu pasHoO 2,7,
2,6, 25, 24 23,22,21, 2,0, 1,9 w/unmu 1,8. B wimrocTpupyeMoM BOILIOUIEHUN OTHOIICHHE
00BEMOB 3aMeIUIUTEINS U TOILIMBA PaBHsETCS OTHOWEHHIO (1) obiied ruomaan BHYTPU KOXKyXa
630, DOCTYMHOW IJIsl TETJIOHOCUTENIS/3aMeITUTENs (HapuMep, PHOIH3UTENBHO BbIPasKaeMO
ofmiell TUIOIA/IbI0 TOMEPEYHOro CEeUeHUs BHYTPU Kokyxa 630 MuHyc ofmas miomanb
MIOTIEPEYHOrO CEYEHHs], 3aHATas TEeIUIOBBIASIIOMUME 3neMeHTaMi 20 (TpUHHMAs, 4TO
HanpasJsroiue Tpyosr 40 3amofHeHbI TeTIOHOCUTeNeM)), K (2) olmiedt miomann nonepeyHoro
cedyeHust cepaevHuKoB 100 TernoBbLAeNAomuX 371eMeHTOB 20 BHyTpH KOxKyxa 630.

CornacHo anbTEpHATHBHOMY BOIUIOIIEHHIO H300peTeHHs, KoxkyX 630 MokeT ObITh
3aMEHEH OJHOW WM HECKOJBbKHMH KOJIBLIEBBIMH TMOJIOCAMU WK K€ KOXKyX 630 MokeT ObITh
CHaOXEH OTBEPCTHSIMH, KaK MOSICHAJIOCH BbIle. [IprMeHeHne moioc Uit OTBEPCTHH B KOXKyXe
630 MoxeT CcrmocoOCTBOBaTh IMOMEPEYHOMY MEPEMELIMBAHUIO — TETUIOHOCHUTENS  MEXKIY
TEIUIOBBLACIAIOIIUMY 351eMeHTamMu 20 U TEMIOBBIACIAIOIIUME 3J1eMeHTamMu 650.

Kak noxkazano Ha ¢ur. 10, TermoBblAeNsSOmNe 3J1eMeHThl 650 pacrnonararorcs BHYTPU
KOJIBLIEBOM AMCTAHLIMOHUPYIOLIEH pewmeTku 660, KoTopas B LIEJOM SIBJSETCS COMOCTaBUMOW C
BHEIIHEIl 4YacTbl0 JUCTAHIMOHHUPYIOIIEH peleTky, npumMeHseMoil B cranaaptHoi UO;
TEIUIOBBIEISIONIeH cOopke. JlucTaHIMOHHUpYIOmas pemerka 660 MoXeT OBITh KECTKO
COEOMHEHHOM ¢ KOKyxoM 630 (Hampumep, MOCPEACTBOM CBAapKH, OOJNTOBOTO, BUHTOBOTO HJIH
Opyroro coenawHeHwus). JIUCTaHLMOHUPYOIAs pemeTka 660 MpeanouTUTENhHO KaTuOpyercs
TakuM 00pa3oM, 4ToObl 00ECIIeYnBaTh TAKOH JK€ IIar MEKAY TETIOBBIACISIOIINMU 3JI€MEHTaMU
650 U TeIJIOBBIIEIAOMUMHE dy1eMeHTaMu 20, KOTOPBIH 00eCreunBaeTcsi MeXAY LEeHTPATbHBIMU
TEIUIOBBIASISIOIUMH  dyieMeHTamMu 20 (Hampumep, mar B 12,6 MM MeXIy OCSIMH BCeEX
TeIJIOBbIACNSIOIUX  deMeHToB 20, 650). Jlns  olecneueHuss TakOro  PacCTOSHUS
TEIUIOBBIAEISIONINE 3IeMEHThl 650 MOryT OBbITH PACMONIOKEHBI ONIKe K BHEIIHEH CTOpPOHE
JUCTAHLUOHUPYIOIIEH pemeTrkn 660, uweM Kk KOxyxy 630 u BHYTpeHHEH CTOpPOHE
aucTaHuoHupyomeit pemerkn 660. Ternoseinensomas coopka 610 1 AUCTAHIHMOHUPYIOLIAS
pemerka 660 Takke IPEANOYTUTENLHO OTKAINOPOBAHBI H PACIIONIOKEHBI TAKIM 00pa3oM, YTOObI
MEXIY TETUIOBBIISISIOINMH 3JIeMeHTaMH 650 M3 COCEeOHHMX TEIIOBBLACISIIOINX COOPOK
obecrieunBayCs OAWH U TOT ke war (Hampumep, mar B 12,6 mM). OmHaKo, HE OTKJIIOHSSACH OT

oObeMa HaCTOsIIero M300pETeHHs], PACCTOSHHE MEXKIy JOObBIM W3  TEIUIOBBIACISIONINX
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sneMeHTOB 20, 650 MOXeT BapbUpPOBATHCA OTHOCHUTENIBHO PpACCTOSIHUA MEXAYy APYyTMMH
TETMJIOBBIACISIIONTUME 3J1eMeHTamu 20, 650.

CornacHO pa3MUYHBIM BOIUIOMIEHUSM, TEILIOBBIACISIONINE 3JieMeHThl 20 00ecneynBaroT
no Mmenbmed mepe 60%, 65%, 70%, 75% w/unu 80% oOmero obObemMa BCeX COIEpKAIIUX
PACLICIUIAIOLIUICS MaTepual TEIUIOBBIACISIOINUX 3J1eMEHTOB 20, 650 U3 TEemIOBBIACISIOLIECH
cobopku 610. Hampumep, cOrjlaCHO OZHOMY WJIM HECKOJBKHM BOIUIOUIEHHSIM, B KOTOPBIX
teroBbiesomast coopka 610 Bxmodaer 201 TermioBblAensOmui sneMeHT 20, KaskKIblid U3
KOTOPLIX MMeeT IIOMAAb MOMEePEevuHOro cedeHus okoao 70 MM’, U 64 TemNOBLIAENAIOLINX
aneMeHTa 650, KaXAbIM U3 KOTOPBIX UMEET AuaMeTp 9,5 MM, TEIUIOBBIICIAOLINE dJeMeHThI 20
obecrnieunBarOT OK0JIO 75,6% 001iero ooGbeMa BCexX TEUIOBBIASISIIONINX dyieMeHTOB 20, 650 (201

TemyoBbIeNsIOmuiA snemMent 20 x 70 mm? pasmsietca 14070 mm?

; 64 TEenIOBBIICNSIFOIINX
snemenTa 650 x 1 x (9,5/2)? =4534 Mm%, oLy TEMNOBBIAENIOMMX 3MeMenTos 20, 650 1o
CYIIECTBY TPOMOPLUOHAILHEI 00bEMaM TEeIIOBBIAEIIOMEX 371eMeHToB; (14070 mm? / (14070
MM + 4534 mm?) =75,6%)).

Breicota TemnoBbimensiromeli  coopku 610 COOTBETCTBYET BBICOTE COMOCTABUMOMN
CTaHIAPTHON TEIUIOBBIACISIOMEH cOOpKH, KOTOpyro cOopka 610 MoxkeT 3aMeHUTH (Hampumep,
BBICOTA CTAHIAPTHOW TETUIOBBINEISIONIEeH COOpPKU Ui KOHCTPYKIMHU peakTopa Westinghouse
i AREVA).

Unnroctpupyemast teroBsinesitomas cobopka 610 mosker wucmonb3oBatbest B 17x17
peakropax PWR, Takux kak uMeromuye 4eTblpexXKOHTYpHbIH qu3aiiH Westinghouse, API 000 nmm
AREVA EPR. Opnako pusaiiH TeruioBblfenstomend cOopku 610 Takke MoOxeT ObITh
MOIUGUIMPOBAH Ui TPUCHOCOONEHUS K PAa3IUYHbIM JPYTUM KOHCTPYKLHUSM pPEAKTOPOB
(HarpuMep,  PEaKTOPHbIM  MpPOEKTaM, B  KOTOPBIX  HCIOJNB3YETCS  I'eKCaroHaJbHas
TEIUIOBBIAEISIONIAst COOpKa, B CIy4ae KOTOPBIX BHEMIHSS MepU(epus MeCTUYTOJIbHUKA 3aHsTa
UQO; crepxHAMH, B TO BpEMsl Kak BHYTPEHHHUE IIOJIOKEHHsS] 3aHATBHl TEIJIOBBIACIAIOLIUMU
sneMeHTamMu 20, UM PeakTOpaM C KHITILIEH BOJOW, WJIM MaJbIM MOAYJIBHBIM peakropam). Ilpu
TOM, YTO B OTHOLUEHUU IMPEANOYTUTENbHBIX BOIUJIOLIEHUH MPUBOASTCS KOHKPETHbIE BETMUHUHbI
pa3mMepoB, 0e3 OTCTyIUIEHHsI OT OOBbEMa HACTOSIIEro H300pPEeTeHUs] MNPUMEHUTENBHO K
pPa3sIU4YHBIM PEAKTOpPaM WIM THUIAM PEaKTOPOB MOXKET HCIOJB30BAaTbCA  MHOXKECTBO
TETJIOBBIACISIOMUX  dieMeHTOB 20, 650 w TeruoBbImesIFOIINX cOopok 10, WMeroImx
aNbTEePHATHUBHBIE Ta0APHUTBHL.

B 3aBUCMMOCTH OT KOHKPETHON KOHCTPYKLIMH PEAKTOpPa AOMOJHUTEIbHBIE MO3ULIUM IS
CTep KHEH TeruoBblAeIsIFoIeH cOOpku MoryT ObITh 3amemieHbl UO2 crepxkHsmu. Hampumep, B
TO BpeMsi Kak TeruioBbinessiromas coopka 610 Bkmogaer UQ; CTep:KHU TOJBKO BO BHEITHEM

nepudeputinom psmy, cbopka 610 Ge3 orcTymiaeHus oT oObeMa HACTOSIIErO H300peTeHus
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MOJKET B KauecTBe BapuaHTa BkJtouaTb UO; CTep:KHU B IByX BHELIHUX psiiax.

CornacHO pa3NMYHBIM BOIUIOMIEHUSIM, YYacTOK TeIUIOBbInestomeit coopku 610,
KOTOPBI MOAAEPKUBAECT TEIUIOBBIACIAIOIINE 3JIEMEHThl 650, HeoTAenIuM OT yd4acTka
TeroBbIesomend coopku 610, KOTOPBIH MOANEPKUBAET TEIJIOBBLAEISOMUE deMeHThl 20.
CornacHO pasnUuYHBIM = BOIUIOLIEHHUSIM, TEIUIOBbIACNAOLINE dJeMeHThl 20 He sABJIAITCA
OTACNAEMBIMH B BHUAE €IMHOIO LEJOro OT TEIUIOBBLACISIIONINX 3JeMEHTOB 650 u3
TeruIoBbIAesoNe coopkn 610 (maxe mpw TOM, YTO WHIWBHAYAJIbHBIC TEIIOBBIACISIOIINE
sneMeHTh! 20, 650 MoryT ObITH M3BJIEUEHBI U3 cOOpKU 610, HampuMep, B Cilyyae MOBPEKIACHUS
uHanBuayanbHoro TBDJIa). AHanorudHeIM 00pa3oM, HET OJIOKHPYIOLIErO YCTPOHCTBA, KOTOPOe
Obl  W30HWpATENbHO  NPUKPEIUBUIO  YY4aCTOK  TEIUIOBBIAENSIIOIEro  djeMmenta 650
TeTJIOBBIACISONEH COOPKH K YYaCTKy TEIUIOBBIIEISIOMEro 3jieMeHTa 20 TerIoBbIAEISIOmei
cobopku 610. CorymacHO pa3jaUYHBIM BOTUIOIIEHUSIM, TEIUIOBBIIESISIIOIINE 3jeMeHThl 20 u
TEIUIOBBIAEISIONTINE 3JIeMeHTbl 650 u3 TeroBbnesoneil coopkn 610 UMEIT OAMHAKOBBIN
pacuUeTHBIM TEpHOA OKCIUTyaTalldd, TaKOW, YTO BCA TEIUIOBBbINENstomas cOopka 610
UCTIOJIB3YETCS BHYTPH PEAKTOPA, & 3aTEM yIAISETCS B BU/IE €IMHOTO N3PACXOOBAHHOTO OJIOKA.

CormacHo  pa3iW4YHBIM  BOIUIOIIEHMSIM,  yBEJMUYEHHas  TeIuloBas  MOIIHOCTH
TeTJIOBBIACIISIONUX 3JIeMeHTOB 20 BHYTPH TEIUIOBbLAEIsIONIEH cOopku 610 MoxkeT obecrnednTh
MOBBILUIEHHE MOLIHOCTH IO CPaBHEHHUIO CO CTaHAAPTHOH, MOJHOCThIO coctosmeil u3z UQO;
TOIUIMBHBIX CTEp>KHEW CcOOpkoH, koTtopyro cOopka 610 3amensier. CoOrjiacHO pa3UYHBIM
BOIUTOIICHUSIM, TOBBIIIEHHE MOIIHOCTH COCTABJIsSIET MO MeHbineil mepe 5%, 10% w/umm 15%.
CornacHoO pa3IMYHBIM BOIUJIOLIEHUSM, TAKOE TIOBBILIEHUE MOKET HaxoauTbest mexay 1 u 30%, S
u 25% w/wmm 10 1 20%. CornacHo pa3iU4YHBIM BOIUIOIIEHHSIM, TEIUIOBbIIEIsIomas coopka 610
obecieunBaer 1o MeHbIeH Mepe 18-MecAYHBI TOIUIMBHBIA ILHMKJ, HO MOXET TaKXKe
CHocoOCTBOBATh MEPEXOAY K TOIUIMBHOMY LMKy TNPONOJDKUTEIBHOCTBIO B 24+ wmimm 36+
mecsiieB.  COryiacHO OJHOMY BOIUIOLIEHHIO TEIUIOBBIAEIsIOMe cOopku 610, B KOTOpOW
UCIOJIB3YKOTCS  TEIUIOBBIACIAKOIUE 3JIeMEeHThl 20, HMEINUe MOJENbHBIE IapameTpsl,
oOcyXnaBIINeCs BBIIE B OTHOLIEHWH MoOKasaHHoro Ha ¢wur. 10 snementa 20, cOopka 17
obecrnieunBaer 17% TMOBBIIIEHHE OTHOCUTENBHO CTaHIapTHOH TeroBbinesstoneit UO; cOopku

IPU SKCIUTyaTAIIHOHHBIX MapaMeTpax, ONMPENeICHHBIX B HIDKECISYIOIUX Ta0InLax.

DxcryataunoHHbii napametp aist peaktopa AREVA EPR |Bennunna Enununst
IMOIIHOCTB peakTopa 5,37 |I'BT TerioBoii sHEprun
[ IpOoOMKUTENBHOCTD TOIUIMBHOTO LIUKJIA 18 MECSLIBI
IPasmep neperpyxaeMoil napTuu 1/3 AKTHBHast 30Ha
OO0oraiieHye TEMJIOBBIAESOMEro d1eMenta 20 <19,7 Macc. nons
O6oramenne UO; B crepskHsx 650 <5 Macc. gons
CKOpOCTb MOTOKA TEIMJIOHOCUTENS 117% v

* rv = oTIOpHas BEIMYMHA
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[MapameTp TerIOBBIAEISIONIEH COOPKU Benuuuna Enununst
KoHCTpyKLMS TEMIOBBIAENSIOMEN cOOpKU 17x17

[Iar TerutoBbIAETSIOIEH COOPKH 215 MM
[abapuTHBIEC pa3Mepbl TEILIOBBIACSIOMENH COOPKU 214 MM
AKTHBHAsI BBICOTA TEIJIOBBIAEISIFOLIIETO SJIEMEHTA 4200 MM
KonnuecTBO TOMIMBHBIX CTEP:KHEN 265

[Tar TerioBbIneAOMuX 351eMeHTOB 20 (TO ecTh 12,6 MM
pacCTOsIHUE OT OCH JIO OCH)

CpenHuii Hapy>KHbIH JUAMETP TETUIOBBIACIIAIOIIETO 12,6 MM
biemeHTa 20 (IuamMeTp ONMCaHHON OKPY;KHOCTH)

CpenHuii MUHUMAaJIbHBIN AMAaMEeTpP TETJIOBbLAESAIOErO 10,44 MM
baemeHnTa 20

OTHOILIEHHE 3aMeJTUTENB/TOTIMBO, 3aMajibHasi 30Ha 2,36

(Bokpyr snementa 20)

OTHOIIEHNE 3aMeTUTEINb/ TOTUTIBO, 30Ha BOCIIPOU3BOCTBA 1,9

(BOKpPYT TOTUIMBHBIX CTepskHEH 650)

Ha ¢ur. 11-13 nokazana TemoBbiAenstomas cbopka 710 corimacHoO OAHOMY
aNbTEPHATUBHOMY BapHaHTy BOIUIOMIEHUS Hacrosiero u3ooOpereHus. CoOryiacHO pasIMYHBIM
BOIUIOLIEHHSIM, TEIUIOBBIENsomas coopka 710 mpemHasHauaercs ANl 3aMEHBl CTAHAAPTHOM
teruoBbinessoneit UO2 cOOPKU B CTAHAAPTHOM PEAKTOPE MPH COXPAHEHHH MO3UIIMOHUPOBAHUS
CTepyKHEH peryaupoBaHusi MoIHOCTH peaktopoB Ha UQ; Torumse. Termosbinenstomas cOopka
710 B uenoM nogoOHa WM UISHTHYHA TEIUIOBbIAENsomel coopke 610, 3a UCKITIOYEHUEM TOTO,
yro UQ; crepxkuu 650 B mepudepuitHoM psiay TeruioBbInessiiomieit coopku 610 3ameHeHbI
METAJITUUECKUMHU  TETUIOBbIENsIFOmuMU  anemMednTamMu 730, 740. Kak mosicHSIeTCST HUXKE,
TEIUIOBBIAESONTNe 35eMeHThl 730, 740 MoamduuupoBaHBI Tak, YTOOBI CIOCOOCTBOBATH
Jy4lIeMy BBEACHUIO cOOpku 710 B peakTOpbl OJHOTO WJIM HECKOJBKUX CYIIECTBYIOIIUX THIIOB
(HampuMep, pPeakTOpbl, B KOTOPBIX MPUMEHSETCS KOHCTPYKLHS TETUIOBBIAENSIONIEH COOpKH
Westinghouse, B koTopoii ucnonbsyercst matpunia 17 va 17 uz UQO, crep:kHeii) 63 M3MeHeHUs
MOJIOXKEHUsT CTEeP)KHEH peryjaupoBaHUs MOILHOCTH, IPUBOAHBIX MEXAHU3MOB CTEp:KHEHN
peryiaupoBaHMsl MOLIHOCTH WM BHEIIHUX rabapuUTOB  TEIUIOBBIIEISAOMEHR  COOpKH.
Ternobinensirormue snementol 730, 740 omnpemensioT NOATPyHIy OOINEro KOJHMYeCTBa
TEIUIOBBIAEISIOMNX 35eMeHToB 20, 730, 740 u3 temnobaessomeii coopku 710, B KOoTOpOH
JaHHAs TOATPYINA PACIOJIAraeTcsi MO BHEIIHEMY nepudepuiftHOMy psny/IepuMeTpy/KObLly
y3JIOB CETKH B CeTOYHOH cTpykType 17 Ha 17 temnosbiaenstomeii coopku 710.

Ha ¢ur. 11 nokazaHa 4acTb MOMEPEHYHOTO CEYEHHs TeIIoBbAeNstomed coopku 710,
MOKAa3aHHOM B IUIOCKOCTH CaMOpacCTaHOBKHU. TeroBbiaenstomue saemeHTol 20, 730, 740
pacroNararoTcsi TAKUM 00pa3oM, YTO MX OCH Pa3MELIA0TCS B KBAAPATHON CETOYHOU CTPYKTYpe
17 va 17. B wumocTpupyeMoOM BOIUIOIIEHUN PACCTOSTHUE MEKIY OCEBBIMH JIMHUSIMU JIFOOBIX

IBYX COCEOHHUX TEIUIOBbLAEISIONINX 351eMeHToB 20, 730, 740 B TeruoBbInesitomei coopke 710
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NPEANOYTUTENBHO SBJSIETCS OOHUM H TeM ke (Hampumep, 12,6 MM) U COOTBETCTBYET THAMETPY
OKPY’KHOCTH, OIMHUCHIBAIOIIEH TeruoBbIaestomue 3yeMenTs! 20, 730, 740. UroObl BIUCHIBATHCS
B rabapuThl MPOCTPAHCTBA, JOCTYITHOTO B CTAHAAPTHBIX peaktopax (Hampumep, AP-1000) B
MeCTaX HaxOXIAEGHUS CTaHAAPTHBIX HampaBsIomux TpyO 40, BHEIIHWE  CTOPOHBI
TEIUIOBBIAEISIOMNX 31eMeHTOB 730, 740 yMeHbIIEHBI B pa3Mepax ¢ OOKOBBIX HacTeH, 4TOOBI
COOTBETCTBOBATh BHYTpeHHEW uacTu kokyxa 750. Ha ¢ur. 11 30Ha yMeHbIIEHHsS pa3MepoB
OOKOBBIX YacTel WILTFOCTPUPYETCS] MYHKTHPHBIMU JIMHUSIMU.

Kax moxazano Ha ¢ur. 13A u 13B, termnopsigenstomue smemenTol 20, 730 SBIAIOTCS
NOJOOHBIMH M TPEANOYTHTENBHO HMMEIOT OJMHAKOBBIM IHAMETP OMHCAHHOH OKPY)KHOCTH
(Hanpumep, 12,6 MM), 4TO CHOCOOCTBYET OCYINECTBJICHHID CAMOCTOSITEIbHOW PACCTaHOBKH
MEXKIYy TeIUIOBbIIEIAOIMMU 3eMeHTamMu 20, 730. Temnosbinensromuii 3iemMeHT 730 MoXkeT
OBITh TIOAOOHBIM WJIM WACHTUYHBIM TEIUIOBBIACISIOIIEMY 3JeMeHTyY 20 32 UCKIIOUEHHEM TOTO,
yro: (1) TOmuBHBIA cepaedyHuK 760 TemIoBBIACNAOMeEro 3yneMeHTa 730 MeHbIle, 4YeMm
TOIUIMBHBIA ~ cepaednuk 100 Teruoswimenstomero siaementa 20, (2) obomouka 770
TeIJIoBbIACIsoIero 3yneMenta 730 B cpegnem Tonme o0oyioukn 120 TErioBBINEISIONIETO
snementa 20 u (3) omna mepudepudeckas cropoHa 770a obonouku 770 Oblla yMEHbIIEHA B
MOTIEPEYHOM HAITPABJIEHUH OTHOCUTENIbHO APYTUX Nepu(epruuecKux CTOPOH I YAAJCHUs
ydactka 770b ucxomnuoit obonouku 770.

YMeHblIeHNE TOIUIMBHOTO cepaeyHnka 760 u yrommenue oOonouku 770 nemaer
BO3MOJKHBIM yaajieHne ydvactka 770b oOomouku 770, mpu >TOM Bce eme obecrednBast
JIOCTaTOYHO TOJCTBHIH cioi obonouku 770 BoOkpyr ceprmeunuka 760. CoriacHo pasiMYHBIM
BOIUTOLICHUsIM, ToNHA obosoukn 700 cocrasisieT o menbineit mepe 0,4, 0,5 w/wnum 0,6 MM 1o
BCEMY TEIJIOBBIIEIAOIEMY 3JIeMeHTY 730.

VYnansembrit  ygactok  770b  IpeamoOuYTHUTENBHO  yHOANSETCST TOCHE TOro, Kak
TEIUIOBBIACISIONIEMY 3JeMeHTy 730 mpumaercs CHupaibHas, CErMEHTHpPOBaHHas (opma.
VYnansembrii yuacrok 770b MokeT ObITh yaajeH JIOOBIM MOIXOASIIUM Crocobom (Hampumep,
CTaYMBaHNEM; XOHUHTOBaHUEM, MIPUTHUPKOHN U T.1.). brnarogaps ciupanpHOil popme, yranseMblit
ydacTok 770b Oymer ymansiThCsi ¢ pacmoNIararoIuXCsl IO OKPYKHOCTH YYaCTKOB HAa MHOKECTBE
JIETIECTKOB TEIIOBbIAesoLIero snemMenTa 730. Jpyrumu cioBamu, ydactku 770b jenecTkoB
obonoukn 770 ypmansroTcs B 30HE, IZle JAHHBIA JIETIECTOK pacrosiaraercsi Ha cropoHe 770a
TEIUIOBBIIEISIONIET0 31eMeHTa 730, KOTOpbIH OyaeT CMEXKHBIM U MPUMBIKAIOIIUM K KOXKYXy 750.
H3-3a criupanbHOTO 3aKpy4YMBAaHUS TEIUIOBBIISISIOMUX 3yeMeHToB 730 obonouka 770 He
yHansieTcs: eMMHOOOpa3HO ¢ TEIUIOBbLAENsIomero sjneMenta 730, a TOJAbKO Ha KoHLAx 770a
JIETIECTKOB, KOTOpPbIE HATAJKHBAIOTCA Ha rpaHulbl rabaputoB cOopku 710, orpaHmuuBaeMble

kokyxoM 750. CornacHO pa3fiu4HbIM BOIUIOLIEHHUSM, COKpaileHue paguyca 780 ynansemoro
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ydactka 770b MoxeT coctaByaTh o MeHbmned mepe 2, 3, 4, 5, 6, 7, 8, 9, w/unu 10%, wu/umu
meHee, yeM 30, 20 u/umm 15% nuamerpa D OKpYKHOCTH, ONMUCHIBAIOIIEH TETIJIOBBIIEIISIOLIHIA
snemeHT 730. CorjacHo pas3Ju4HBIM BOIUIOLIEHUSM, COKpauleHue paznuyca 780 Moxker
cocTaByisATh MO MeHbIneit mepe 0,5, 0,6, 0,7, 0,8, 0,9, 1,0, 1,1, 1,2, w/wnu 1,3 MM, u/unu MeHee
4,0, 3,0, 2,0 u/unu 1,5 mm.

CornacHO anbTepHATUBHBIM BOIUIOLIEHUSM, TEIUIOBBIACISIOMUN 3eMeHT 730 MOoKeT
OBITh M3HAYAJILHO TMOJIYYEH B €r0 KOHEUHOH (hopMe, TaKOH, B KOTOPOH yaansemble ydactku 770b
HUKOT[Aa HE IPUCYTCTBOBAIN U HE HYXXAAKTCS B YAAICHUH.

Kax mokaszano Ha ¢ur. 11, yrnoBoil TermoBbInesiFomuii 3eMeHT 740 MokeT ObITh 1O
CYIIECTBY UACHTUYHBIM OOKOBOMY TEILIOBBIACISIOLIEMY 3JeMEHTY 730 3a MCKIFOUEHHEM TOTO,
YTO JBE PACIOJIOKEHHBIE MO OKPYKHOCTH CTOPOoHBI 770a 000mouku 770 TEmIOBBINEISIIOMIErO
snemenTta 740 (a He TONBKO OAHA cTOpoHa 770a, KaK CHIENaHO B TEIIOBBIACISIONIEM 3JIEMEHTE
730) ObUIM YMEHBLICHBI B MTONEPEYHOM HANPABJICHUH IS yaaneHus ydactka 770b ¢ Tem, uToObI
TEIUIOBBIAEISIONINI 37eMeHT 740 HaanmekamuM oOpa3oM COBMAAai C YIJIOBBIM MOJIOKEHHEM
peLeTKN TeruoBblAesstomel coopku 710 U MpUMBIKANT K JBYM B3aUMHO MEPIIEHAUKYJISPHBIM
CTeHKaM koxyxa 750.

XOTs, COINacHO HEKOTOPbIM HEOTrPAaHWYMBAKOLIMM  BOIUIOLIEHUSIM, TOIJIMBHBIE
cepaeyHUKN 760 TeroBbACTSIOMUX 3neMeHToB 730, 740 ummeroT MeHbui oObeM (MM
IJIOLAAb, €CIM pAaCcCMaTPUBATh MONEPEYHOE CEYCHHUE, MNEePNEeHINKYJIAPHOE YIUIMHEHHOMY
NPOAOJILHOMY — HANpPAaBICHHWIO  TEIUIOBBIAENsIOmed  cOopku), uem  cepaednuku 100
TEIUIOBBIACIAIOIINX dJeMeHTOB 20, TomnuBHble cepaeduHuku 730, 740 coxpaHSAOT apyrue
pa3NIUYHBIE TPEUMYIIECTBA, obecreunBaeMble (POPMON TETIOBBIACISIIOMIETO dneMeHTa 20 U ero
KOHCTpPYKLUEH, MNosicHseMble 37ech B Jpyrom Mecte. COrlacHO pas3iu4HbIM BOIUIOLIEHUSIM,
3arpyska pacilerIsiFoIerocss Marepuaia cepaedHukoB 760 MoxkeT ObITh yBennueHa (Hanpumep,
3a cyer Ooyiee OOOralIeHHOTO YpaHa) OTHOCHUTENBbHO HemnepuepuiHbIX CepaedHUKoB 20 ams
KOMIIEHCAIIUN MEHbIIero oobeMa cepaeuHnka 760.

Kak nokaszano Ha ¢ur. 13B, ynanenue ygansemoro ydactka 770b npuBOAHUT K TOMY, UTO
reOMETPUYUECKH LeHTpajbHast oceBas JuHUS 800 (TO €CTh LEHTP OKPYKHOCTH, KOTOpas
ONHCBHIBAET CHHPAIBbHO  3aKPy4eHHYI0 (OpMYy  TEIUIOBBIAENSIOIIEro  syneMeHTta  730)
TEMJIOBBIACISIIONUX 3JeMeHTOB 730, 740 oka3pIBaeTCsi CMEIIEHHOW OTHOCHUTEIBLHO OCEBOTO
neHTpa Macc 810 TeruoBbensitomux seMeHToB 730, 740 (W/MimM OCEBOTO HIEHTpa Mace
obomnouku 770). CorimacHO pa3iM4HbIM HEOTPAHWUYMBAIOIIMM BOIUIOMICHUSIM, TaKOE CMEIICHUE
MOJKET COCTaBJIsITh 1Mo MeHbiel mepe 0,1, 0,3, 0,4, 0,5, 1,0, 2,0, 3,0, 4,0 w/unu 5,0% nuamerpa
D onucanno# okpy:xkHOCTH, w/uimun Menee dyeMm 30, 20 w/mmu 10% npmamerpa D ommcanHoM

OKPYKHOCTH. CornacHo Pa3JIMYHbIM HCOT'PAHUYMBAIOIIINUM BOILIOLICHUAM, oceBoit LHEHTP Macc
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cepaeunuka 760 (cm. ¢ur. 13B), ocraercs Ha 1UeHTpajgbHOUW oceBoi JuHUM 800
TEIUIOBbLAENAIOEro snemMenTa 730.

CornacHO pa3aUYHBIM BOIUIOLIEHUSIM, TEIUIOBbIAEsomKe 3neMerter 20, 730, 740
UMEIT JUIMHY Mexay 1 u 5 merpamu (M3MepeHHE B OCEBOM HAINPABJICHWH), a IUAMETP
OIMCAHHOMN OKPYXHOCTH HaxomauTcs Mexay 6 u 40 mm, mexay 6 u 30 MM, Mexay 6 u 20 MM,
mMexay 9 u 15 MM w/mnmn okosno 12,6 mm. CoriacHO pa3iUYHBIM BOIUIOIIEHUSIM, OTHOIIEHHUE
OCEBOM MJIMHBI TemoBbLAEHAONX 3jaeMeHToB 730, 740 x ux nuamerpy D onmcannoi
OKPY;KHOCTH cocTaBjsieT mo Menbmeld mepe 10:1, 20:1, 30:1, 40:1, 50:1, 100:1, 200:1 w/unu
300:1, w/unu menee 1000:1.

B miockocTn caMopaccTaHOBKH, MOKa3aHHOHN Ha ¢ur. 11, yMeHbIIEHHBIE B MOMEPEUHOM
HampasjieHUH CTOpoHBl 770a Temnosblensromux sneMeHToB 730, 740 compukacaroTcs ¢
KOKyXoM 750, 9ToOBI CHOCOOCTBOBATH CAMOPACCTAHOBKE TEIUIOBBIIEIAIOMUX 3J1eMEHTOB 20,
730, 740.

Ha ¢ur. 12 wusobpakeHO momepeyHOe CeYEeHHE TeIUIOBbInesitome coopku 710,
MIOKAa3aHHBIM B IUIOCKOCTH, KOTOpasl PacliojiaraeTcsi B OCEBOM HANPABJICHUU (HAmpUMep, IO
YIUITMHEHHOMY U3MEPEHHUIO TeIUIOBbIIestoIeit coopku 710) Ha MOJIOBHHE PACCTOSIHUS MEXKAY
ABYMs IUIOCKOCTSIMM CaMOPACCTaHOBKU. B 3TON MIIOCKOCTH C TENJIOBBIAECISIFOLUINX 3JIEMEHTOB
730, 740 He Obuna ynaneHa Hu ofgHa U3 000s1049ek 770, MOCKOJBKY JIEMECTKH TETUIOBIISIISIFOIIIIX
snemMeHTOB 730, 740 pacnosararoTcsi Ha JOCTaTOYHOM PACCTOSIHUU OT Koxkyxa 750, TakoMm, 4To
TeryioBbIAeNsroIue  dnaeMedTsl 730 740  OKasbIBAOTCA  XOPOLIO MOAXOASIMMEH — 0e3
HEOOXOIMMOCTH B yaajJeHMH Marepuana 770b mpu TAaKOM OCEBOM  PACIOJIOKEHUH
TETMJIOBBIACISIIONUX 3JeMeHTOoB 730, 740.

Xotst TermoBblAenstomue sneMeHtsl 730, 740 u TeruoBwimensiromnas cObopka 710
WUTIOCTPUPYIOTCSL KaK MpeAHA3HAYEHHbIE Ui NPUMEHEHHs B PEAKTOpPE, HCHOJb3YIOLIEM
TEIUIOBBIIEISIONTYI0 COOPKY € KBaapaTHOHN ceTo4HO# cTpykTypoil 17 Ha 17 u onpeneneHHbIM
PUCYHKOM pa3MeIleHUs B Hell HaNpaBJSIFOIINX TPyO, MaHHAs TeruioBbAeNstomas coopka 710 u
TeroBbIAesOI e 3aeMeHTol 20, 730, 740 MOryT B KaueCTBE€ BapHaHTa HCMOJb30BATHCS C
peakTopaMu JPYTUX pa3IMYHbIX THUIOB (HANpHMEP, PEeaKTOpaMH, KOTOPBIE HCIIONB3YIOT
CeTOYHbIE CTPYKTypbl 16 Ha 16 unm 14 Ha 14, peakTopbl ¢ Ie€KCarOHAJIbHBIMU CETOYHBIMHU
CTPYKTYypaMH TETUIOBBIACISIFOIINX 3JIEMEHTOB M TEIUIOBBIAENAOMINX cOopok). Hampumep, eciu
Obl TETUIOBBIENSAOIIME 3JeMeHThl 20 He BCTaBSUIMCH OBl  JOJUKHBIM — 00pa3oM B
TEIUIOBBIIEISIIONIYI0  COOpPKY,  TNpEOHAa3HAaYeHHYI Ui TNPUMEHEHHS B PEaKTope,
CKOHCTPYHPOBAHHOM O] T'€KCArOHAJIbHbIE TEIIOBBIIEIAIOMNE COOPKH U CETOYHBIE CTPYKTYPHI,
nepuepuiHbId psI TeKCArOHAJbHON PELIETKH TaKOH TETUIOBBIACISIIOMmEH COOpKH MOT Obl

COAEpKaTh TaKWE TEIJIOBBLACISIOLINE 3JIEMEHThI, KaK TeIIOBbIAEISOMmME 31eMenThl 730, 740,
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MOIU(UIIMPOBAHHBIE TaK, YTOOBI MX BHEWIHsSI CTOpOHA(-bl) OblIa MPUTEPTA TaKUM 00pasom,
9ToOBl  COOTBETCTBOBATh  NaHHBIM  TpeOyeMbiM radapuraMm, MNPEANOYTUTENBHO — Oe3
HEOOXOIMMOCTH B MEPEMEIIIEHUH TIOJI0KEHUS HAMPABIISIOIIHNX TPYO peakTopa.

Ha ¢ur. 14-20 mnokazana TemoBbiAensitomas cbopka 910 cormacHo OAHOMY
aNbTEPHATUBHOMY BapHaHTy BOIUIOLIEHHS Hacrosimero u3odpereHus. CorynacHO pasIMYHBIM
BOIUIOLIEHHSIM, TEIUIOBBIENsomas coopka 910 mpemHasHauaercs ANl 3aMEHBI CTAHAAPTHOM
teruoBbinessoniet UO2 cOOpKH B CTAHAAPTHOM PEAKTOPE MPH COXPAHEHUH MO3ULIHOHUPOBAHUS
CTep)KHEH peryJupoBaHUsl MOIMHOCTH CTAHAAPTHBIX pEAKTOPOB (HAIpUMeEp, PEeaKTOpPOB,
HAXOJUBLINXCSI B 3KCIUTyaTallMu 1o coctosiHuio Ha 2012 r.). Teroseigenstomas cbopka 910
MOKeT OBITb B MEJOM MOAOOHOW WM HIEHTUYHON TeIuoBbInesitomeit coopke 610 3a
UCKIroYeHneM Toro, uto. (1) Bce TemoBbiAenstonue snemMeHThl 920a, 920b, 920c¢, 920d
TEIUIOBBIEISIONIeH cOOpkU 910 MPeAnOYTUTENIEHO reOMETPUIECKH UAEHTHYHBI IpyT Opyry; (2)
u3 nepuepuiHOro psizia yAaJeHbl YeThIPe TEIUIOBBIACNAIOIINX 3JEMEHTa, (3) OCeBble JIMHUH
920a' TEermIOBBIAENSIOIINX 3JeMEHTOB 920a B HEyrJoBOoM mepupepuiiHOM psAy CIBUHYTHI
BHYTPb, 4TOOBI 0Opa3oBaTh pPaBHOCTOPOHHME TPEYrOJBHUKH C OCbo 920a' cocemHero
HEYIJIOBOTO Mepu(pepritHOro TETUIOBBIACISIIOMEro daeMenTa(-oB) 920a u oceBoil THHUEH(-MH)
920c¢' HanboJiee yaaneHHOTro HernepupepuitHOrO psia TEIUIOBbIAEIsIomero saemMenTa(-os) 920c;
u (4) oceBas nmuHus 920b' yrjoeoro mnepudepHitHOTO TeIIOBbIIEIOMEero ementa 920b
CMEIlEeHAa BHYTPb OTHOCUTEJIBHO TEIIOBBLACISIOINX 3J1€eMEHTOB 740, 650 TemnoBbIACISIOINUX
cbopoxk 610, 710.

Kax moxazano Ha ¢ur. 14, Bce TeruoBbinessiromue dieMentsl 920, 920a, 920b, 920c
MOryT OBITh TEOMETPHYECKH WAEHTHYHBIMH JAPYr JAPYrY M BCE MOTYT COIEpXKaTh

TEIUIOBBIACIAOIINE  3ieMeHThl 20, Kak  ykasbiBajioch  Bbime. OpHako — 3arpyska

>
PACIIEIISIOIIErOCsl MaTepHaja B Pa3IMYHBIX TETUIOBBINEISIOMNX dieMmenTax 920, 920a, 920D,
920c Mmoxer ObITh pa3auyHOH (HampuMep, 4YTOOBI BBIPOBHATH TEIJIOBYIO HArpysKy,
CO3JANOINYIOCS MO TeroBbinestome coopke 910). Bee termnosbinensiromue smeMeHThl 920a,
920b, 920¢, 920d uMerOT OMMHAKOBBIN TUAMETP OMUCAHHOUN OKPYKHOCTH (Hanmpumep, 12,6 Mm).

CornacHO anbTepHATHBHBIM BOILIOMICHHSIM, TEIUIOBBIIEISIOIKE 3eMeHThl 920a, 920b,
920c¢, 920d He ABIAIOTCSA TEOMETPUUECKH HACHTUYHBIMU JPYT APYTY.

ITocpencTtsom CMeEIIeHUs] BHELIHErO nepugepuiHoro psiia/moArpy bl
TEIUIOBBIASISIONINX ~ 3JeMeHToB  920a, 920b B  momepeyHOM  HaMpaBlIeHHH BHYTPb
obecrieunBaeTcss JOCTATOYHOE MPOCTPAHCTBO JJIsI TOTO, YTOOBI MOIJIM  MPHUMEHSTHCS
TEIUIOBBIEISIONTNE deMeHThl 920a, 920b, 920c, 920d ¢ muameTpoM OMHMCAHHOW OKPY>KHOCTH,

KOTOprfI ABJIACTCSA TaKUM KE, KaK U paCCTOAHUEC MCKAY OCCBbIMU JIMHUAMUA TCIIOBBIACTIAOIINX

snemeHToB 920a, 920b, 920c, 920d, cootBercTBYyst THpuU 3TOM TrabapUTHBIM pa3Mepam
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IPOCTPAHCTBA, MPENOCTABISIEMOTO B OOCYKIABIINXCS BBILIE CTAHAAPTHBIX PEAKTOpaX.

Kak nokaszano Ha ¢ur. 14, neHTpanbHas KBaapaTHast CTpyKTypa 15 Ha 15 U3 y310B ceTku
IUI LEeHTPAJbHBIX TEIUIOBBLACISIIOMUX 35eMeHToB 920c¢, 920d m wHampamisromux Tpyo 40
COOTBETCTBYET LIEHTPAJIBHOW KBAaJPaTHOU CTPyKType 15 Ha 15 M moJOoXeHUusIM CTaHAApPTHBIX
TETUIOBBIIEISIOUTNX COOPOK JIJIsl pEaKTopa.

Breurnnit nepudepuitHbIil psa TEIIOBBIEIOMUX 31eMeHToB 920a, 920c cMmereH B
MOTIEPEYHOM HAIpPABJICHUU BHYTPh IO HAIMPABIIEHHUIO K LIEHTPY TEIUIOBbIIEsomeii coopku 910.
CwMmereHne BHYTPb CIOCOOCTBYET JIydulieMy BBeAECHUIO cOOpku 910 B peakTopbl OJHOTO HIIH
HECKOJIbKUX  CYIIECTBYIOIIUX THUIOB (HaNmpuUMep, peakTOphl, NPUMEHSOLUINE OU3aiiH
TeIUIOBBIEIsoIeH coopku Westinghouse, B kotopoit ucnone3yercst Matpuua u3z UO; crepskueit
17 na 17), 6e3 KOPPEKTHPOBKU MO3ULUN pa3MEIleHHs CTePKHEH pPeryJupOBaHUs MOIIHOCTH /
Hanpassomux Tpyd 40), MPUBOIHBIX MEXaHU3MOB CTEP)KHEH peryJMpOBaHUs MOLTHOCTH WJIH
ra0apuTOB TEIUIOBBIACISIOIEH COOPKH.

B Bomomenuyn, wunoctpupyeMoM Ha ¢ur. 16, Teropsiaenstomue 3eMeHTer 920a ¢
OINMCAHHON OKPYXKHOCTBK) AuamMeTpoM B 12,6 MM CMelleHbl B IMONEPEYHOM HAMPABJICHUH
BHYTPb, TakuM o00pa3oM, 4UYTO MEXKLEHTPOBOE pacCTOsIHME Mexay ocsimu  920a'
TETUIOBBIAEISIIOIUX 35eMeHTOB 920a u ocsimu 920c' TemaoBBIASISIOMUX 3JeMeHTOB 920c,
MIPEACTABJICHHOE B BUJE MPOEKIMHU B HANPABJIEHUHU PANOB U KOJIOHOK LEHTPAJIBHON CETOYHOMN
CTpykTypHI 15 Ha 15, cmemaercs npumepHo Ha 10,9 mm. Eciu OBl TEMIOBBIAENSIONINAE 3JIEMEHTHI
920a coXpaHsJM MO3ULMU CTAHJAPTHOM CETOYHOM CTPYKTypbl 17 Ha 17, Takoe cmelneHue
cocraBmio Obl 12,6 MM, a He 10,9 Mm. CHBUT TEIIOBBIAENSIOMNX 3JIeMEHTOB 920a BHYTPb
NPUBOAUT K OOIIeH MIMPHHE psizia MIIK KOJIOHKH, COCTaBIstoIel okojo 211 MM (Bcero 15 maros
no 12,6 mm mmtoc 2 mara mo 10,9 MM), 4TO HAXOIUTCS B Mpeaesiax COCTABISIOMUX OKojo 211
MM Tra0apuTHBIX pa3MepoB psifa M KOJOHKH BHYTPU kKoxyxa 940. Ilpu noOaBieHMH TOJIIHUHBI
koxkyxa 940 obmiasi mupUHA psga U KOJOHKH TeIIoBbIAeNsomel coopku 910 cooTBETCTBYET
214 MM rabapuramM, 00eCreYnBAEMbIM MOJIEIbHBIM CTAHAAPTHBIM PEAKTOPOM, ISl BBEIEHHS B
KOTOpBIiA pazpadoTana TeroBbeNstomas coopka 910.

ITo cpaBHEHHIO CO CTaHAAPTHOW TEIUIOBBLACISIIOIIEH COOPKOW W3  BHELIHEro
nepuepuiHOro psia/KoNbla MCKIFOYAOTCS YEThIPEe TEIUIOBBIIEISIONINX 3JIEMEHTa ISl TOTO,
YTOOBI YIIPOCTUTh CIBHUI BHYTPh TEIUIOBBIACISIOMUX 3JieMeHTOB 920a, 920b. B BOMUIOIIEHMY,
wuocTpupyeMom Ha Qur. 14, BHemrHuWi nepudepuiHbIi Psii/KOJIBLO TETIOBBIIEISIFOINX
3JIEMEHTOB BKJIKOYAET 56 TEIIOBBIACISIOINX 3J1eMEHTOB 920a 1 4 TeIIOBBIACISAIOIINX 3JIEMEHTa
920b, naBas B cymme 60 TEIUIOBBIACNSIONINX 3JieMeHTOB. [yl crmpaBKU: CTaHAapTHBIC
TeruIoBbIAessonIe coopku 17 Ha 17 Brimtoyanu Obl 64 TEIUIOBBINENSIOLUINX 3JIEMEHTA B y3J1aX

CETKH I10 BHEUTHEMY NepU(EepHIHHOMY pPSAy/KOJbLLY.



45

Kak mokazano Ha ¢ur. 15, meHTpanbHble oceBble JUHUH 920C' TEIIOBBIAEISIONINX
sneMeHToB 920¢ B psay, cieayroleM 3a nepudepuiiHbiM, U HEeHTpalibHble OceBble TUHIH 9204’
HEYIJIOBBIX  TEIJIOBBIACNSIONNX djeMeHToB  920a mepudepuiiHoro psiga  oOpasyroT
PaBHOCTOPOHHUE TPEYTOJbHUKH, B KOTOPBIX PACCTOSIHUS MEXKIY LEHTPAMH PaBHbI JUAMETPY
OKPY>KHOCTH, ONIMCHIBAIOLIEN TETIOBBIAEIAOLIME 31eMeHThI 920a, 920c¢.

Kax mokaszano Ha ¢ur. 15-18, temnosbiaenstoniue smeMeHThl 920a, 920¢ u koxyx 940
UMEIOT pPsJl Pa3IM4YHBIX YaCTUYHBIX IUIOCKOCTEH CaMOPACCTAHOBKU B PAa3IMYHBIX OCEBBIX
MOJIOXKEHHSX TI0 TEIUIOBBIAeIstomel coopke 910. B monepeyHoM cedeHnH, TIOKa3aHHOM Ha (ur.
15 u 16, tennosbiaenstomue 3aeMeHThl 920a TPUMBIKAIOT U CAMOIPOU3BOJIBHO Pa3MELIAI0TCs
APYT OTHOCUTENBHO Npyra u koxkyxa 940. B monepeyHbIx ceYeHMsIX, MOKa3aHHbIX Ha Gur. 17 u
18, kaxnaplil TEMNIOBBLAECNAOUN 3aeMeHT 920a NpHUMBIKAET W JOCTUIraeT COCTOSHUS
CaMOMNPOU3BOJIBHON PACCTAHOBKU ¢ OAHUM U3 TEIUIOBBIAESISIOIMX 3j1eMeHTOB 920c. Beero, kak
BUIHO W3 MOKa3aHHOW Ha ¢ur. 15 opueHTaumu, KaXkKIbli TETUIOBBIAEIIOMUI 35meMeHT 920a
MMEET TOUYKY AOCTHKEHHs] CaMONPOU3BOJIBHONM paccTaHOBKH Npu O rpaaycoB OTHOCUTEIBHO
kokyxa 940 (mokazano Ha ¢ur. 15); 90 rpagycax u 270 rpagycax OTHOCHTENBHO COCEIHUX
TeTJIOBBIACISOMUX d7eMeHToB 920a (mokaszano Ha ¢ur. 15); 150 rpaagycax OTHOCHTENBHO
OJTHOTO BHYTPEHHErO TeIUoBbIAeIsFomero sneMenta 920c (mokazaHo Ha ¢wur. 18); u 210
rpagycax OTHOCHTEJIBHO IPYroro BHYTPEHHETO TEIUIOBBIIEISIONEro sneMenTa 920¢ (moka3aHo
Ha ¢ur. 17). Ota KOMOUHALIMSA YACTHYHBIX TJIOCKOCTEH CaMOPACCTAHOBKH OOBEIUHSETCS IS
obecrieueHHs HaJUIEKAIIEro CaMOTIPOU3BOJIBHOTO PA3MELICHHs TETIOBBIIEISIONINX 3JIEMEHTOB
920a.

Kax mokazano Ha ¢ur. 14 u 15, MHOKECTBO TEIUIOBBIASIAIOMUX 3J1eMeHTOB 920, 920a,
920c pacroyio’)keHO B CMEIIAHHOW CETOYHOH CTpYKType, Kortopas coxepxut: (1) mepmyro
CEeTOUYHYIO CTPYKTypy (UeHTpanpHas rpymma 15 Ha 15 TemoBbimensromux sjeMeHToB 920c,
920d), co3maHHYI W3 PACMOJIATAIOUINXCS TIOJ MPSIMBIM YIJIOM PSIZIOB M KOJIOHOK, MMEIOLIUX
pacCTOsIHME MEXIy OCEBBIMU JIMHHMSAMHU PSIOB W KOJIOHOK, paBHsIOIIeecs oOeMy IS
TEIUIOBBIIEISIONINX 351eMeHTOB 920a, 920b, 920c, 920d auameTpy D onucaHHO| OKPYKHOCTH, U
(2) BTOpYIO CETOUYHYIO CTPYKTYpy (IBa BHEITHUX NepUEpPUHBIX Psiga, COCTABJICHHBIE U3
TEIUIOBBIIEISIONINX 351eMeHTOB 920a, 920c¢), CO3AaHHYI0 U3 PAaBHOCTOPOHHHUX TPEYTOJbHUKOB, Y
KOTOPBIX JJIMHA KAKAOH CTOPOHBI KAXKIOTO TPEYTOJIbHUKA (TO €CTh PACCTOSTHIE MEXIY OCEBBIMHU
JUHUAMH COCEJHUX TEIUIOBBLACNAIOMINX JJIEMEHTOB, NPENCTABIAIOIINX YIJbl  KaXAOTO
TPEYrOJIbHUKA)  SIBJIAETCSl  OUaMeTpoM D OMHCaHHOW  OKPYKHOCTH,  OOIUM IS
TEIUIOBBIAEISIONINX 3y1eMeHTOB 920a, 920b, 920c, 920d. Takum oOpa3oM, BTOpas/TpeyrojibHas
CeTOYHAasl CTPYKTypa OTJIMYAETCS OT IMeEepBOM/KBaIpaTHON ceTouHOW CTpykTyphl. CoriacHo

AJIBTCPHATHBHBIM BOIUJIOIICHUAM, oe3 OTCTYILICHUSA OT oObemMa HaCcTOAIICIrO I/1306peTeHI/I$I MOTyT
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TAKXKE€ HCIOJIb30BATECS OMOJHUTEIbHbIE WM aJbTEPHATUBHBIC CETOYHBIE CTPYKTYPBI
(HarpuMep, NPSIMOYTOJIbHBIE CETOYHBIE CTPYKTYPBbI, N30METPUUECKHE TPEYTOJIbHbIE CTPYKTYPHI,
CTPYKTYPBI B BHJIE TTAPAILIEIOrPAMMOB, APYTHE PETYISIPHBIE MOBTOPSIOLUINECS CTPYKTYPHI).

Tennosbinensirorue 3meMeHTs 920a, 920b, 920¢, 920d BKITIOUAIOT HEMEPEKPBIBAIOLITUECS
nepByo (TeroBbersomue seMeHTsl 920d), Bropyro (TerioBbinestonue 3neMenTsl 920a),
TPETbIO0 (TETUIOBBIACISIFOIINE 3yeMeHThl 920C) M 4YeTBepTYIO (TETUIOBBIAEINSIONINE 3JIEMEHThI
920b) moarpynmy. IlepBas moarpynma (TeruoBbinenstomue saemMenTol 920d) pacnonaraercs B
COOTBETCTBYIOLIUX Yy3JIaX CETKH, OTPAaHUYMBAEMBIX TEPBOI/KBAAPATHON CETOUYHOU CTPYKTYpPOH.
Bropas moarpynmna (TermnoBbinesiFoIIre 3yeMeHThl 920a) pacrnosaraeTcsi B COOTBETCTBYIOIIUX
y3J1ax CETKH, OrPaHUYMBAEMbBIX BTOPOH/TPEYrOJbHON CETOUHOMN CTPYKTYpoil. TpeThs moarpymnmna
(TeroBbImeNsIIOIME 35IeMEeHTEI 920C) pacrojaraeTcsi B COOTBETCTBYIOIIUX MEPEKPbIBAIOIINXCS
y3J1ax CETKH TakUM OOpa3oM, YTO KaKABIH TOMajaer M B IEPBYH/KBAOPATHYIO CETOYHYIO
CTPYKTYpy, M BO BTOPYIO/TPEYrOJIbHYIO CETOUHYIO CTPYKTypy. UYerBepras moarpymma
(TeroBbImesIIOIME  37eMeHThl  920b) He pasMemiaeTcss HH B KaKUX y3JlaX CETKH,
OrPaHUYMBAEMBIX IEPBOU UM BTOPON CETOYHOU CTPYKTYPOHL.

Kaxk mokasano Ha ¢ur. 19, yriossie nepudepuiiHbie TeIIOBBIISISIOMEE d1eMeHThl 920b
UMEIOT PacCTOsiHUE Mexay oceBoi nuHmerd 920b u oceoit nuHmen 920c', mpencTraBieHHOE B
BUZIE MTPOEKLIUU B HAIIPABJICHUH PSOB U KOJIOHOK, O0KoJo 8,9 MM. Kak nokazaHo Ha ¢ur. 20, ms
TEIUIOBBIEISIONIEro 3aeMeHTa 920b ¢ nuaMeTpoM ONMHMCAaHHOW OKPY’KHOCTH, PaBHBIM 12,6 MM,
3TO0 o0ecreynBaeT YacTUYHYIO IUIOCKOCTh CaMOPACCTAHOBKH MEXKIY TEIJIOBBIACISFOIIUM
sneMeHToM 920b 1 COCeHNM BHYTPEHHHM TETUIOBBIACISIIOIINM 3JeMeHTOM 920C B TOJIOKEHUU
TEIUIOBBIEISIONIEro dyeMenTa 920b mox yriom 225 rpanycos. Kak nmokasano Ha ¢ur. 19, yron
Kokyxa 940 wmosker ObITh chOpMOBaH Tak, 4YTOOBI OOECMEYUTh YACTUYHYIO ILJIOCKOCTH
JABYXTOUYEYHON CaMOPACCTAHOBKHU MEKIY TEIUIOBBIAEISAOIUM 3j1eMeHTOM 920¢ u koxxyxoMm 940
C MOJIOXKEHUSIMHU TEIJIOBbLIETSIIOIIEro daemMenTa 920b mox yrmamu okoso 0 u 90 rpagycos. Jta
KOMOMHAIIMST YaCTHYHBIX IUIOCKOCTEH CaMOpacCTaHOBKU OOBENUHSETCS sl OOecCTeueHHs
HA/IJIEXKAIIErO CAMOTIPOM3BOJIBHOTO Pa3MEIIeHUs TETUIOBBIICIISIONINX 3JIeMeHTOB 920b.

IIpu TOM, YTO B OTHOLIEHUH TEIUIOBBIAEIsFOIEH cOOpkr 910 ONMUCHIBAIOTCS Pa3IMUHBIC
MOJENIbHBIE TIOKA3aTeNu OUAMETPOB, MEXLEHTPOBOIO pACCTOSIHMS, LIara CeTH W JPYrux
U3MEPEHUH, 5TH MOJIENIbHbIE BEJTMYUHBI HE SIBJISIOTCS orpannuyuBaromumu. Haobopor, cpenaemy
CHEeLHATNCTY B NAaHHOH OOJacTH TOHSATHO, YTO 0€3 OTCTYIUIEHUs OT 00beMa HaCTOSIIIEro
n300peTEeHNs] MOXKET PUMEHSTHCS MHOXKECTBO aJIbTEPHATUBHBIX BEJTUMYHH.

Ha ¢ur. 21 nokasana temossinesitomas coopka 1010, koTopas B LEIOM SIBJISIETCS
nonoOHON TeroBbInesIFoIIel cOopke 910 3a HCKITIOYEHHEM TOTO, YTO B HEW UCKJIFOYEHBI WM

3aMEHEHbl  HampaBisFOIuMu  TpyOamm 1020, 1030  dyeTblpe  BHEIIHUX  YIJIOBBIX
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TETUIOBBIIEISIONINX 3JieMeHTa 920b, mpUCYTCTBYIOLINX B TeIUIOBbIEsomeit coopke 910.

Ha ¢ur. 22-38 uzoOpakeHbl pa3uvHbIe BOITUIOMIEHHS TETUIOBBINEISIFOIINX cOopok 1110,
1210, 1310, 1410, 1510, 1610, 1710, 1810, 1910, 2010, koTOpBIE MOTYT UCMOJB30BATHCS BMECTO
OOBIYHBIX/CTAHAAPTHBIX TEIUIOBBIAEISIOMINX COOpoK 16Xx16, OTHOCAIIMXCS K ONMHMCAHHOMY Ha
¢ur. 39-44 tuny. Pazauunble BomomeHus 3tux cobopok 1110, 1210, 1310, 1410, 1510, 1610,
1710, 1810, 1910, 2010 paspabotanbl misi 3ameHbl craHaapTHOW UQ; TEmIoBbINEISIONICH
cbopkm 16x16 mpomssoacrea Combustion Engineering (CE) B craHmapTHOM JI€rKOBOJHOM
peaxktope, PWR mnpu coxpaHeHMM NO3ULIMOHUPOBAHUS CTEPKHEH PEryJIMPOBAHMS MOILIHOCTH
crangapTHeix peakTopoB CE (Hampumep, peakTOpoB, HAXOOUBIIUXCA B SKCIUIyaTallMHd 10
cocrostHMIO Ha 2012 1.).

Ha ¢ur. 22 nmnokasana TeroBbiesitomas coopka 1110 cormacHO omHOMY
ANbTEPHATUBHOMY BOIUIOLIEHHUIO, KOTOPOE KAcaeTCsl KOHCTPYKIMH TETUIOBbIIEISOmEeil cOOpKH
16x16. Coopxka 1110 comepxut 236 TEMIOBBIASISIOUINX 3J1eMeHTOB 1120, KOoTOpBIE MOTYT OBITH
NOJOOHBIMH WJIM HAEHTHYHBIMH OOCY)KIABIIMMCS BbIlIe 3JeMeHTaM 20, BCJIEACTBHE Yero
MOBTOPHOE 00CYyKAeHHe 00ImUX acmekToB 3aeMeHToB 20, 1120 omyckaercs.

CornacHO pasnWYHBIM BOIUIOIIEHUSIM, BCE€ TEIUIOBBLACISIONINE 3JeMeHThl 1120 u3
TeruoBbInesonet coopku 1110 reomerpudecku HOEHTHYHBI APYr Apyry. B peakropHOM
NPOCTPAHCTBE, NOCTYMHOM aisi coopku 1110, koTopast 3aMeHsieT cTaHAapTHYIO cOopky 16x16
(marmpumep, ommcaHHy0 Ha ¢ur. 39-44), ecTb OTHOCHTEIBHO OOJBIION HCXOAHBIA BOASHOM
3a30p MEXIYy COCEOHHMH TEIUIOBBIIEISIIOIUME cOOpkaMu (Hampumep, 5,3 MM) ¢ mIarom
TeruoBbIaesome coopku 207,8 MMm. B pesynbrare, COracCHO PasiMYHBIM BOIUIOLICHHUSIM,
cbopka 1110 wmoxer comepKaTb HWACGHTUYHbIE WJIM 1O CYIIECTBY HACHTUYHBIE
TeIUIOBbIAENsIOITNEe  3neMeHTl 1120,  pacnonararommecss B ¢dopMe  KBagpaTHOU
MAaTPHLIbI/PAaCCTAHOBKH BO BCeX 16 psimax 0e3 M3MEHEHHUs CYIIECTBYIOLIETrO MO3UIIHOHUPOBAHMS
CTaHIAPTHO PACIOJOKEHHBIX HANPABISIIOIIUX TPYyO M COXpaHssl CYLIECTBYIOIIMH Imar OT
CTep)KHA K CTepxHio, Hampumep, 0,506 mroiima (12,852 wmm). CoriacHo pas3JUYHBIM
BorutomeHusiM, coopka 1110 Bkmrouaer koxyx 1130, KOTOpBIA B LIENOM SIBJISIETCS TIOAOOHBIM
KOXKyxy 940, HO pa3mMep KOTOPOTO MPHUCIIOCOOIEH MO TEMIOBBIAEISIOMYI0 cOopKy 16X16.

CornacHo pa3fauyYHbIM BOILUIOLIEHUAM, TONIMHA KOXKyXa cocrasiseT mexay 0,1 u 2,0
MM, mexay 0,2 u 0,8 mm, mexxay 0,3 u 0,7 mm u/unn npudausutenbio 0,48 MM, OTHOCHTETBHO
TOHKHH koxyx 1130 oOecrmeunBaeT AOCTaTOYHbIE MPOMEXKYTKH JUIA  Pa3MELISHHS
TeTJIOBBIACNSIOMUX 31eMeHTOB 1120 M BOASIHOTO 3a30pa, OCTAaBasCh MOIXOASINUM OOpa3om
aJanTHUPOBAHHBIM  JUIsl  OKCIUlyaTalMd B YCJIOBUAX  3aMEHBl  CTAHAApTHBIX  16x16
TeroBbIAesomuX cOopok. CorjaacHO OTHOMY HMJIM HECKOJBKUM BOILIOHIeHHsM, cOopka 1110

BITUCBIBAETCS B pa3Mepbl PEaKTopa, KOTOPBIA JOMYyCKAaeT MAaKCHMaJbHbIE TabapHUThI/IIUPHHY
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TeruoBbIAesome coopku B 8,134 mroiimoB (200,6 MM) ¢ BOOSHBIM 3a30poM 1,2 MM
Hanpumep, cOriacHO OJHOMY WM HECKOJBKMM TaKUM BOIUIOLIEHHSM, B KOTOPBIX IIAar U
LUIMPUHA TEMJIOBBIAEISIOLIErO 3JIEMEHTa COCTABILIIOT 12,852 MM, a koxyx 1130 umeer Tonmuuny
0,48 mm, mupuHa TeroBbinesstonei coopku 1110 pasra 206,95 mm ((12,852 mm/anement x 16
sneMeHToB) + (2 x 0,48 MM/CTeHKa KOXKyXa)), YTO COOTBETCTBYeT rabapury B 206,6 MMm.

Kak nmoxazano Ha ¢ur. 22, coopka 1110 BriarouaeT nsaTe Hanpasistomux Tpyo 1140 mns
cTepykHeH perynuposanus MomHocTH. Kak nokasano Ha ¢ur. 23, kakaast HarpasJisiromas Tpyoa
1140 conep:xut BHyTpeHHuUH y4yactok 1140a Hanpasmnsromel TpyOr! u yuactok 1140b BHemrHero
pacmopHoro kojbia. BuyTpenHuii u BHemrHui yuactku 1140a, 1140b moryT ObITh 00pa30BaHbI B
BUZE €IUHOTO LEJOro WJIH K€ OHH MOTYT ObIThb M3TOTOBJIEHBI OTIENBHO U COCAMHEHBI JAPYT C
apyroM. CornacHO pa3jMyYHBIM BOIUIOLIEHUSM, BHYTPEHHUNH OUaMETp BHYTPEHHEro yudacTka
Hanpasisiromeil Tpyosl 1140a sBisieTcst HEMHOTO OOJIBIINUM, YeM HapYKHBIH IuameTp TpyObl
CTEP)KHS PEryJHUPOBAHHUS MOIIHOCTH, KOTOpas OyAeT B Hee BCTaBysAThCs. Hampumep, cormacHo
Pa3IN4YHBbIM BOIUIOLIEHUSM, BHYTPEHHUIN IMaMeTp BHYTPeHHero y4actka 1140a manpasnsromen
TpyObI cocramisier okoso 0,9 moiiMoB (2,29 cM) U KOHPUIYpUPYETCsl Tak, 4TOObI BMEIATh
CTEP KEeHb PETYJIMPOBAHUS MOLITHOCTH, KOTOPBII UMeeT Hapy kHbii nuamerp 0,816 mroiimos (2,07
CM) U COIEPKUT BBITOPAINNIA MaTepuaj abcopOepa/moryioTuTtens (HampuMep, HMEHOIIHIA
muametp 0,737 motimos (1,87 cm)).

Kak mnokazano Ha ¢ur. 23, BHemHui ydactoxk 1140b pacmopHoro xonpla umeer
HAPY>KHBIA JAMAMETpP, KOTOPbIH MNPHUMBIKAET K OKPY)KHOCTSM (TIOKa3aHHbIM Ha ¢ur. 23),
OrPaHUYMBAEMBbIM  HAPYKHBIM  JUAMETPOM  TEIUIOBBIACIAOLIMX  djJemMeHToB 1120 wu
OrPAaHUYMBAIOIINM BHEIIHUE Pa3Mephl TEIUIOBBIASIAOIUX 3J1eMeHTOB 1120 no Butkam crnmpanu
TemoBbAeAOIUX  s1emMenToB 1120, Hanpumep, B OZHOM BOIUIOINEHUHM, B KOTOPOM
TEIUIOBBIAEISIONTNe 31eMeHThl 1120 uMeror HapyskHbeid auamerp 0,506 mroiimoB (1,29 cM) u
Hanpasisiromue Tpyosl 1140 umeror HapyxHbId auamerp 1,094 moiimoB (2,78 cm), Takme
OTHMCaHHBIE OKPYKHOCTH uMeroT amamerp 0,506 mroiimoB (1,29 cM) M ULEHTpUPYIOTCS B
MIOJIOXKEHHUSIX OCEBBIX JIMHUH CETKU/TIO3ULMAX PACCTAHOBKU TEIUIOBBIACISIOIINX SJEMEHTOB
1120. CooTBETCTBEHHO, BOCEMb TEIUIOBBIAEISIIOMX 3JeMeHTOB 1120 B psAnax M KOJOHKax,
CMEXXHBIX ¢ Hampasisiomedl Tpyboit 1140, mpumbikaroT Kk Hampasisiomeid Tpyde 1140 B
Pa3INYHBIX MOJIOKEHUAX IO OCEBOM MJIMHE Ka)XAOro TEIUIOBBIAENAOLEro sjgeMenta 1120
(HampuMep, Mo OJHON TOYKE KOHTAKTA TEIUIOBBIAEISIOIIErO IEMEHTa ¢ HAMPaBISIOIIeH TpyOoit
Ui KaKOOro W3 dYerbipex pebep mno KaxaoMmy mnonHoMy obopory B 360 rpamycos
teruoBbaesomero snementa 1120). Ha ¢ur. 24 u 25 mokaszaHbl MONepevHble CEUeHUs], B
KOTOpBIX K Hampasisiromeid Tpyde 1140 mpuMBIKarOT pas3auyHble KOMOWHALMH  YeThIpEX

CMEXKHBIX TeIIOBbIAEIsIoIUX d1eMeHToB 1120. Ecnu nmoctpupyemoe Ha ¢ur. 23 monepeyHoe
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CeueHHNe pacCMaTpPUBaTh KaK Ha4daJIbHOE, WJIU IOJIOKEHHe noj yriioM B O rpagycos, To ¢ur. 24
WJUTIOCTPUPYET MOMNEPEYHOE CEYEHUE B IJIOCKOCTH, B KOTOPOH TEIUIOBBIAEISIOIINE 3JIEMEHTHI
1120 moBepHyTBI/3aKpy4YeHBI IO YaCOBOH CTpejke NmpuMepHO Ha 18° (TO eCTh B IJIOCKOCTH,
KOTOpasi CMEIeHa OT MJIOCKOCTU HadaabHOro/0 mojioskeHus: mpuMepHo Ha 1/20 mosHOTO 000pOoTa
snementa 1120 Ha 360°). AnajormudHeiM oOpasoMm, ¢ur. 25 WUTIOCTPUpPYET TNONEepedHoe
CeueHHe, KOTOPOe SIBJISIETCS CMELIEHHBIM OT TUIOCKOCTH HavaibHOTO/0 MOJIOKEHHS ¢ TOBOPOTOM
snemeHToB 1120 Ha 72° u Ha okono 1/5 monHoro odopoTa snementa 120 Ha 360°.

Ha ¢ur. 26-30 mnokazana TemoBbiAenstomas cbopka 1210 cormacHO oOxHOMY
aNbTEPHATUBHOMY BapuaHTy BoruomeHus. COopka 1210 comepxur ueHTpanbhHyro 14x14
TPYIIY TEIUIOBBIAENAIOMHX 31eMeHToB 1220c¢, 1220d u Hanpassttomue TpyoObr 1240, xoTopble
SBJIIIOTCSL TIOJOOHBIMH WMJIM MACHTUYHBIMH IO TMO3ULUH, (POpME U CTPYKTYpe LIEHTPAIbHOMN
14x14 rpynne TemoBbIAEISIOINX 351eMeHToB 1120 u HanpassromuM Tpydam 1140 u3 cbopku
1110. OpHaxko KOIMYECTBO UM MO3ULIMHU TEIUIOBBIAENSAIOMNX 3JeMeHTOB 1220a, pacnonokeHHbIX
B cOopke 1210 B Hambonee ynmaneHHOM mnepudepuiiHOM kousiblie (TO ecTh B psimax 1 u 16 u
kosoHKax 1 u 16), oTnmyarorcss ot TakoBbIX B cOopke 1110. Bmecto ynopsimounBaHus B y3Jax
CeTKH BHYTPH KBaApaTHOH Marpunbl 16x16 BHemHero mnepudepuilHOro Kojbla U3
TETUIOBBIACISIOIINUX 3JIEMEHTOB 1220, TermoBbIAeA0MMUE 3eMeHThI 1220a pacnonararoTces Tak,
9ToOBl OOpPa30BBIBATH PABHOCTOPOHHHE TPEYTONbHUKU C TEIUIOBBIACISIOIINMU 3JIEMEHTAMHU
1220c Takum xe 00pa3oM, Kak OMUCAHO BBIME JUIA COMOCTAaBUMON 17x17 TerioBbIIENSIOLIESH
coopkm 910. Tak ke, kak U B cOopke 910, yro smyumie Bcero WiurOCTpUpyercss Ha ¢ur. 30,
cbopka 1210 BKIFOUAET YIrIIOBBIE TEIUIOBBIIEISIOLTNE 31eMeHThl 1220b u koxyx 1230, koTopble
pacIoNaratoTCsi OTHOCHUTENBHO IPYTUX TEIUIOBBIAENSIOMINX 3JEMEHTOB TaKUM 00pa3oM, 4TO
TEIUIOBBIEISIONINE dyeMeHTsl 1220b compukacaroTest ¢ kokyxoMm 1230 mo MeHbluel mepe B
IBYX PAa3UYHBbIX TOJOKEHHUsX (MJIM MO HEMPEepPBhIBHON MAyre) M KacarTcs yria OJHOTO M3
TEIUIOBBIIEISIONINX 3J1eMeHTOB 1220¢ ¢ obecredeHrneM TpexX TOUEK KOHTAKTa JUIsl COXPAHEHUS
TETUIOBBIIEISIONINX 3JIeMeHTOB 1220b B MX HaANEKAIIHNX TOJOKEHHUSX.

Kaxk mokazano Ha ¢ur. 26, Bce TeIUIOBbIIEsIFONINE 351eMeHThl 12204, b, ¢, d MoryT ObITh
UAEHTUYHBIMM WM 1O CYyIIECTBY MWJAEGHTHYHBIMU Jpyr J[APYyry COIVIACHO pa3JIMYHBIM
HEOTPAaHWYMBAIOLIMNM BOIUIOIIEHUSM M MOTYT OBITh HMIEHTHYHBIMH WM TO CYIIECTBY
UIACHTUYHBIMH TeIoBbIAesitomuM 3yiemMenTam 20, Kak mokazano Ha ¢ur. 26, coriacHoO
pa3IMYHbIM BoIiomeHus M, cbopka 1210 conepskut 232 TeruoBbLAENsONNX d1eMenTta 1220a, b,
c,d.

Ecnu nnmoctpupyemyro Ha ¢ur. 27 MiIOCKOCTb MONEPEUIHOTO CEUEHHUs] pacCMaTPUBATh B
KayecTBe HayaJlbHOH, oOecmeunBaeMod moja yriioM 0° MJIOCKOCTBIO, TOMEPEYHOE CEUYSHHE,

WUIIOCTpUpyeMoe Ha ¢ur. 28, COOTBETCTBYeT MNOMEPEYHONW IUIOCKOCTH, CMELIEHHOH OT



50

HauaIbHOI/0° TUIOCKOCTH MO mmIary BUHTA B 3neMeHTax 1220 Ha 30° (To ecth Ha 1/12 momHOTO
360° obopota snementoB 1220). AHanorndHsM 00pa3oM, ¢ur. 29 COOTBETCTBYET IMJIOCKOCTH
MIOTIEPEYHOTO CEUEHHsI, KOTOPast SBIISIETCS CMEIEHHON OT TUIOCKOCTH HavaibHOT0/0° MOJIOKEHHS
Ha 60° mara BuHTa 35eMeHTOB 1220 (TO ecTh Ha 1/6 momHOro obopoTa smeMeHToB 1220 Ha
360°). AnamornyHbeiM oOpaszoM, ¢ur. 30 COOTBETCTBYET IUIOCKOCTH TMOMEPEYHOrO CEUEHUs,
KOTOpasi SIBJISIETCS] CMEIIEHHOW OT IJIOCKOCTH HavdanbHOro/0° mojoskeHus Ha 45° mara BUHTA
snemeHToB 1220 (To ecth Ha 1/8 monHOTO 0OOpOTA 351eMeHTOB 1220).

CornacHo pa3IW4YHBIM  BOIUIOLIEHUSIM, [PUMEHEHHE TPEyroJbHONH peleTKu 10
BHeIIHeMy nepumerpy cOopku 1210 crocobeTByeT ncnombp3oBanHuio (a) Oosee Tosctoro, Oonee
MPOYHOro Koxyxa 1230, ueM BO3MOKHO COTJIACHO PA3JIMYHBIM BOIUIOLIEHUSM, B KOTOPBIX BCE
3JIEMEHTBl PACIONAralOTCsl B KBajpaTHOW 16x16 pemerke/marpuie (Hampumep, OOHO WU
HEeCcKOoJIbKo Boruiomenuit coopku 1110, mmmoctpupyemoii Ha ¢ur. 22), w/mmm (b) Gonbuiero
BOJSIHOTO 3a30pa. CorjacHO pa3fuYHBIM BOIUIOLIEHUSM, TOJIIMHA Kokyxa 1230 cocraBisier
mexay 0,4 u 4 mm, mexay 0,4 u 3 mm, mexxnay 0,5 u 2.5 mm, Mexkay 1 U 2 MM W/ HUITH OKOJIO 2 MM.

CornacHO pa3MUYHBIM BOILUIOLIEHHUSIM, BCE TEILIOBBIAEIsOMUe 3yeMenTsl 1220a, b, ¢, d
TeruIoBbIAesIoNe coopkn 1210 reomerpuuecKkd HOSHTHYHBI APYr OPYTYy H MOTYT OBITh
UAEHTUYHBIMU WJIH O CYIIECTBY HAECHTHUYHBIMU 351eMeHTaM 20.

Ha ¢ur. 31 nokasana temossinesitomas coopka 1310, koTopast sSIBISETCS B LEJIOM
UIGHTUYHOH TeruoBbIaenstomei coopke 1210 3a UCKIIOUEHHEM PACIIOJIOKEHHOW CHAPYXKU H
NPUCOETUHEHHON K KOXyxy 1230 yrmoBo#t koHcTpykumu 1350. Kak mokaszano Ha ¢ur. 31,
yriaosast KOHCTpYKIHs 1350 umeer GopMy MOMEPEYHOTrO CEYEHUs, KOTOpas B IIEJIOM CIENYEeT 3a
u3rudoOM KOHTypa yria koxkyxa 1230 u BOHCHIBaeTCS B KBaIpaT, KOTOPbIH ObL1 ObI OrpaHUYeH
k0okyxoM 1230, ecyut Obl yruiel koxxyxa 1230 He ObUTH UCKPUBIICHBI.

CornacHo pa3iIMYHBIM BOIUIOILEHHUSM, yrjoBass KOHCTpykuus 1350 mpopmosmkaercs mo
NIOJTHOH OCeBOW JUIMHE TervioBbiersitomeii coopku 1310 (uam moNHOW OCeBOHM  ANuHE
TEIUIOBBIIEISIONINX deMeHToB 1220, w/mnmm koxyxa 1230). B kauecTBe BapuaHTa, yriioBas
KOHCTpYKIus 1350 MoxeT ObITh B OCEBOM HampaplieHHH Kopode, yeM coopka 1310, koxyx 1230
W/WJTA TETUTOBBINESIFOIINE 35ieMeHThl 1220 (BKJIFOYast TETUIOBbINENsIFoINe 3ieMeHThl 1220a, b, ¢
u d). Yrinosas xoHCTpyKIus 1350 MOKET COXpaHATh WLIFOCTpUpyemyro Ha ¢ur. 31 dopmy
MOTIEPEYHOT0 CEYEHHUsI TI0 BCEH €€ OCEBOH IUIMHE, WU Ke (PopMa MOTEPEUHOr0 CEUEHHST MOKET
WU3MEHSATHCS N0 OCEBOU IJIMHE YIUIOBOUW KOHCTpYKLMH 1350.

ITpumeneHue yraoBoit KOHCTPYKIHH 1350 MOKET MO3BOJIUTE TETJIOBBIACISIOIEH cOOpKe
1310 BoOCmoONB30BaTBCA MNPEUMYIIECTBOM HCMOJB30BAHUS JOCTYIMHOTO MPOCTPAHCTBA BHE
koxyxa 1230.

Ha ¢ur. 32 nmokazana Teruosbiaensiroas coopka 1410, koTopasi SIBISETCA 1O CYLIECTBY
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nono0HoH TeroBbIesomeii coopke 1310 32 MCKIFOUEHUEM TOTO, YTO YIJIOBasi KOHCTPYKLIUS
1450 cbopku 1410 pacnonaraercst BHyTpu Kokyxa 1430 cbopku 1410, B oTiin4me OT BHEIIHEH
CTOpPOHBI KOkyxa 1230, uro nemoHcTpupyercss B oTHomeHud cOopku 1310. VYrmosas
koHCTpykuus 1450 npukperuiena k BHyTpeHHeMy yriay koxyxa 1430. Koxyx 1430 B nenom
nono0eH koxkyxy 1230 3a uckimoueHueM Toro, uto Koxkyx 1430 mmeer Gomee ocTpble yribl (TO
€CTb MEHee N30THYThIE/3aKPYTIIICHHBIE), 4eM Yy Kokyxa 1230.

Kak noxkazaHo Ha ¢ur. 32, BHYTpEHHHH KOHTYp YIJIOBOHW KOHCTpyKumH 1450 sBnsiercs
YaCTUYHO-LMJIMHIPUYIECKIM, YTOOBI MPUMBIKATh K TEIUIOBBLAEINAOIEMY 3yeMeHTy 1220b Bo
MHOKECTBE MeCT (WM HENpepblBHO IO Ayre, OTrPAaHMYEHHON YaCTUYHBIM LWJIUHAPOM).
CornacHo pa3MUYHBIM BOIUIOIIEHUSM, (OpMa YaCTHYHOTO LIMJIMHAPA MOKPBIBAET Oyry 0KoJio 90
rpagycoB U UMEET PaAuyC, KOTOPBIM COOTBETCTBYET PaANUyCy TEIUIOBBIAEISIOLIErO 3JIEMEHTA
1220b, nnst ynepskaHUs TETUIOBBIIESIONIEro aeMeHTa 1220b B ero npaBUIIbHOM MOJIOKEHHH.

IMpumenenue yrioBoi koHCTpykiuu 1450 mo3BosnsieT TeruioBbaenstomeii coopke 1310
BOCIIOJIB30BAThCA MPEUMYLIECTBOM HCIOJIb30BAHUS JOCTYTHOTO NMPOCTPAHCTBA BHYTPH OJHOTO
WUJIN HECKOJIbKHX YIJIOB KOxyxa 1430.

Ha ¢ur. 33 mokazana Teruosbiaensironas coopka 1510, koTopasi SIBIsETCA MO CYLIECTBY
nonoOHON  TeroBbiAeNstomed  coopke 1410 3a HWCKIIOYEHHEM TOTO, YTO YaCTHYHO-
LWIMHAPUYECKAsT BHYTPEHHsISI IMOBEPXHOCTh YIJIOBOM KOHCTpyKuuu 1550 B cbopke 1410
poAoIDKaeTcs mo OoJbineli ayre , ueM yriaosast KOHCTpykust 1450 u3 cbopku 1410. CornacHo
pPa3IU4YHBIM BOILIOLIEHUsIM, Ayra Haxoautcs mexay 90 u 310 rpagycamu, mexay 120 u 310
rpanycamu, mexkay 150 u 310 rpagycamu, mexnay 180 u 310 rpagycamu w/mnum oxoso 270°. Kak
NOKa3aHo Ha ¢ur. 33, COrJIaCHO Pa3IMYHBIM BOIUIOLIEHHSIM, YIJIOBasi KOHCTPyKuus 1450 taxke
NPUMBIKAET K COCEIHHUM TEIUIOBBIISIBIOMUM dyeMeHTaM 1220a, 49toObl  yIOepKUBaTh
TEIUIOBbLACIAIOIINE 3JIeMEHThI 1220a B MX MPaBUJIBHBIX MOJIOKEHUSIX.

ITpumeneHue yraoBoit KOHCTPYKIHH 1550 MOKET MO3BOIUTE TETJIOBBIACISIOIEH cOOpKe
1510 BOCHONB30BATBCA MPEMMYLIECTBOM HCIOJIB30BAHMS AOCTYIHOIO MPOCTPAHCTBA BHYTPH
OJHOTO WJIH HECKOJIBKUX YIJIOB KOxyxa 1430.

Ha ¢ur. 34 nmokazana Teruosblaensiromas coopka 1610, koTopasi SIBISETCA MO CYLIECTBY
noJoOHON  TeruoBbIAeNstome cOopke 1510 3a  HCKIIOUEHHMEM TOrO, 4YTO  YIJIOBBIE
TETUIOBBIIEIISIOLINE 3JIEMEHTBI [0 BHELTHEMY MTEPUMETPY HCKIIIOYAOTCS MOJTHOCTBIO (HAIIpUMeD,
UCKJTIOYAETCS TeIUIOBBIAEIIoIni s5emenT 1220b, npucyrcrByromuii B cbopke 1510), a yriosast
KOHCTpyKIus 1650 pacmmpena Tak, 4ToObl 3aHUMAaTh MECTO, KOTOPOE B MHOM Ciiydae ObLIO Obl
3aHATO TAKUM YTIJIOBBIM TETUIOBBIACISIOIUM 3JeMeHToM 1220b. Kak mokasano Ha ¢ur. 34,
yrioBasi KOHCTpykuusi 1650 mpuMBIKaeT K IBYM COCEIHHMM TEIUIOBBIAENSIOUIUM 3JI€MEHTaM

1220a u cocegHeMy TeIOBBIAEAOMEMY 3JeMeHTy 1220c ans yaepsKaHust 3THUX Tpex



52

3neMeHTOB 1220a, ¢ B X MPaBUJIbHBIX MOJIOXKEHUSIX.

ITpumeneHue yraoBoit KOHCTPYKIHH 1650 MOKET MO3BOJIUTH TETJIOBBIAEISIOIEH cOOpKe
1610 BOCHONB30BATHCA MPEMMYLIECTBOM HCMOJIB30BAHMUS AOCTYITHOTO MNPOCTPAHCTBA BHYTPH
OZHOTO WJIH HECKOJIBKUX YIJIOB Koxyxa 1430.

Ha ¢ur. 35 nmokazana teruosbiaensiromas coopka 1710, koTopasi SIBISETCA 1O CYLIECTBY
nonoOHON  TeruoBbInesroniet  coopke 1210 3a  UCKIIOYEHMEM TOTO, YTO  YIJIOBOM
TEIUIOBBIAEISIOMNI smeMeHT 1220b cOopku 1210 3ameHeH yrioBod KoHCTpykunuenr 1750.
CornacHo pa3NUYHBIM BOIUIOLIEHUSIM, CTpykTypa 1750 siBnsiercss TpyOuaToll M MMEET TakKou
nuamerp (Hampumep, 15 MM), KOTOPBIA 3aCTaBJsIET €€ NMPHUMBIKATh BO MHOKECTBE TOUEK K
KOKyxy 1230 u yrnoBoMy TemoBbAENAOIIEMY 3jeMeHTy 1220c¢ ans yaepskaHus yrilOBOTrO
TEIUIOBBIACIAIOIIEro 3yieMenTa 1220¢ B ero mpaBUJIbHOM MOJIOKEHHUH. YTIJIOBass KOHCTPYKLIMS
1750 moxer conmepkaTh TpyOy, Ha KOTOPYIO HAaBUT IO CIHMPAJN TaKOW MaTepHal, Kak MpOBO,
KOTOPBII TpHCOEOUHEH K TpyOe (Hampumep, MOCPEACTBOM CBapKH) TakK, HYTOOBI YIJOBas
KOHCTPYKLUSL yJEp:KUBajla COCEIHHE TEIUIOBBIACISAOINE JJIEMEHTI B HMX IPABUIBHOM
MOJIOKEHHH CMOCOOOM, AHAJOTUYHBIM WM TOAOOHBIM TOMY, KOTOPBIM 3TO OOeCIeYHBaeT
CIHMPaNIbHAS 3aKPYTKA CMEHBIX TETUIOBBIACISIOINX 3JIEMEHTOB, YTO 00CYKAAIOCh BhILIE.

ITpumeneHue yraoBoit KOHCTPYKIHH 1750 MOKET MO3BOJIUTH TETJIOBBIACISIFOIEH cOOpKe
1710 BOCHONB30BATHCA MPEMMYLIECTBOM HCIOJIB30BAaHMs AOCTYIHOTO MPOCTPAHCTBA BHYTPU
OZHOTO WJIM HECKOJIBKUX YIJIOB Koxkyxa 1230.

Ha ¢ur. 36 mokazana Teruosbiaensiromas coopka 1810, koTopasi SBIsETCA 1O CYLIECTBY
nono0HOH TeroBbIesomeii coopke 1610 3a HCKIFOUEHUEM TOTO, YTO YIJIOBast KOHCTPYKLIUS
1850 mmeer TpW BOTHYTHIE, YACTUYHO LMIMHIPUYECKOH (POPMBI MOBEPXHOCTH, KaXkKmas U3
KOTOPBIX MNPUMBIKAET K CMEXKHBIM TEIUIOBBIICISAOIUM 3jeMeHTaM 1220a U CMeXHOMY
VIJIOBOMY TeIUIOBbLAENOMEMY 3jeMeHTy 1220c. Paguyc W MOOJNOXKEHHE TpPEeX BOTHYTHIX,
YaCTUYHO IMIMHIPUYECKOH (POPMBI MOBEPXHOCTEH COOTBETCTBYIOT PajnycaM U TOJIOKEHUSM
COOTBETCTBYIOLIUX TETUIOBBIACISIOMNX 31eMeHTOB 1220a, 1220c Takum 00pa3oMm, 4TO yrioBas
KOHCTpyKUus 1810 npumbIkaeT K TEMIOBBIAEIAIOINUM d1eMeHTaM 1220a, 1220¢ no BBITSIHYTHIM
ayram A, B, C. Buitanyteie ayru A, B, C KoHTakTa yAep>KUBAIOT MPHUMBIKAIOLINE
TeIIOBbLACNAOI e 351eMeHThl 1220a, 1220¢ B MX NpaBUIIBHBIX MOJOKEHUSIX.

Kak mokazano nHa ¢ur. 36, yrinosass KOHCTpykuus 1850 MOXKET OrpaHMYHBATH YIOJ
koxkyxa 1830. Hanpumep, xoxyx 1830 moxer comep:kaTh miuacTuHbl 1830a, KOHILIBI KOTOPBIX
COEMHSIOTCA C YIJIOBBIMH KOHCTpykumsimMu 1850. B kauecTBe BapuaHTa, koxyx 1830, moxer
ObITh TONOOHBIM MM MIACHTUYHBIM KOXyXy 1230, a yrioBas koHCTpykuus 1850 mosker
pacrioaratbCsi BHyTPU U ObITh PUKPETUIEHHOH K KOKyxy 1830.

ITpumeneHue yraoBoit KOHCTPYKIHH 1850 MOKET MO3BONIUTE TEITJIOBBIACISIOIEH cOOpKe
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1810 BOCHONB30BATHCA MPEMMYLIECTBOM HCMOJIB30BAHMS AOCTYIHOIO MPOCTPAHCTBA BHYTPH
OJTHOTO WJIM HECKOJIBKHUX yriioB cOopku 1810.

CornacHO pasiWYHBIM BOIUIOIIEHHUSM, yriioBas KOHCTpykuusi 1350, 1450, 1550, 1650,
1750, 1850 pacmojaraercsi B Ka)XXIOM W3 UYETBIPEX YIJIOB TerwioBbessomeii coopku 1310,
1410, 1510, 1610, 1710, 1810. OgHako, COTNACHO AJbTEPHATHUBHBIM BOIUIOIIECHUSIM, YIJIOBAast
koHCTpykuus 1350, 1450, 1550, 1650, 1750, 1850 moxkeT pacnosiaraTbCsi TOJIbKO B OAHOM, IBYX
W/WJIH Tpex U3 4erbipex yrios coopku 1310, 1410, 1510, 1610, 1710, 1810.

CornacHO pa3nWYHBIM BOIUIOIIEHUSM, yriioBash KoHCTpykuusi 1350, 1450, 1550, 1650,
1750, 1850 moskeT coaep:kaTb OOHO WJIM HECKOJIBKO M3 BBITOPAIOLIErO MOTJIOTUTENS, CTalIH,
CIUIaBOB WJIM K€PAMMKH W3 LUPKOHHS, W/WJIM ypaHa, W/WIHM TUTYTOHMS, W/WIH TOPUS, W/HIN HU
OZMH U3 3TUX MaTE€pPHAJIOB.

CornacHO pa3nWYHBIM BOIUIOIIEHUSM, yriioBash KoHCTpykuusi 1350, 1450, 1550, 1650,
1750, 1850 wmoxxer ObiTh crutomHOW. COrjacHO pa3jMYHBIM BOIUIOLICHUSIM, YIJIOBAs
koHCcTpykuus 1350, 1450, 1550, 1650, 1750, 1850 moxer coaepkaTb MOJYK CTPYKTYpPY
(HampuMep, H3TOTOBJEHHYIO M3 TPyO4aTOH CTamu W/WIM METAJJIMYECKOro LHPKOHUS WM
CIUIaBOB), KOTOpast MOKeT ObITh (1) OTKPBITOH M MOJIOH AJIs MPOMYCKaHMs uepe3 Hee MOToKa, (2)
C 3aKPBITBIMH KOHIAMH M MYyCTOW, W/miam (3) 3aKpbITOH M YaCTHYHO WJIHM TIOJHOCTHIO
3aIOJHEHHBIA MaTepuasioM (HarpuMep, OKCHIHBIM TOIUIMBOM, BBITOPAIOIIMM TOTJIOTUTENEM U
T.J. B Ta0JIETOYHON vin APyroit popme)).

Xots yraosbsle kKoHCTpykuu 1350, 1450, 1550, 1650, 1750, 1850 u cooTBeTCTBYIOLINE
koxxyxu 1230, 1430, 1830 mumrOCTPUPYIOTCS MPUMEHUTENBHO K TETUIOBBIACIIONIUM cOOpKam
1310, 1410, 1510, 1610, 1710, 1810, xoTOpBIe NpEAHA3HAYAIOTCSA AJIsI NPUMEHEHHUS BMECTO
CTaHZAapTHBIX 16X16 TEIIOBBINENAOUINX COOPOK, Takhe YIrioBble KOHCTpykmmu 1350, 1450,
1550, 1650, 1750, 1850 m cooTBeTCTBYIOLIME KOH(QUIYypalHH KOXyxa 0e3 OTCTYIUIEHHS OT
oObemMa HacTosIero H300peTeHHuss MOryT OBITb B Ka4yecTBE BapUaHTAa IPUMEHEHBbl K
00CYKIaBLUTUMCS BBIIIE TEeIUOBBACISIIOINUM cOopkam 910, 1010, koTopble MpeaHa3HAYAROTCS
111 IPUMEHEHHsI BMECTO CTaHAAPTHBIX 17x17 TeIOBBIAEISIOIHIX COOPOK.

Ha ¢ur. 37 nokazana Teruosbiaensiromas coopka 1910, koTopasi SBIsETCA 1O CYLIECTBY
no00HOH TeruoBbIAeNstomen coopke 1210 3a HCKIFOUEHHEM TOTO, YTO M Hanbojee yIaJleHHOe
KOJIBIIO TEIUIOBBINEISIFOINX 3jeMeHToB 1920a, m BTOpoe Hauboyee yHalleHHOE KOJIbIO
TEIUIOBBIAEISIONNX 31eMeHTOB 1920b (a He TONBKO BHEIIHEE KOJbLO, Kak B cOopke 1210)
CABUHYTBl BHYTPb CETOYHOM CTPYKTYpPbl U3 PABHOCTOPOHHUX TPEYTOJBHUKOB C TPETBUM
HanOoyiee yIaleHHbIM KOJbLOM 3ieMeHToB 1920c. Tperbe HamOonee yaaleHHOE KOJbBLO
snemeHToB 1920c u nentpanpHas Matpuna 10x10 u3 sanemento 1920d (BMecTe ¢ LeHTpaIbHON

marpuneit 12x12 u3 snementos 1920¢, 1920d) ynopsimoueHo B KBapaTHOH CeTKe/MaTpHLIE.
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Kak mokazaHo Ha ¢ur. 37, TEIIOBBIAENSIOIINE 3JEMEHThl HCKIIOUEHBbl M3 YIJIOB
HanboJiee yAJIeHHOTO KOJIbLA TEIUIOBBIACISIONINX 371eMeHTOB 1920a (TO eCcTh UCKIIIOUEHHEM
YEThIPEX TEIUIOBBIAEISAOINX 3JIEMEHTOB, OTHOCSLINXCS K YUCHY TEIJIOBBIACISIOINX 3JIEMEHTOB
B cOOpKe, B KOTOPOW KaXbIiH y3eJ CETKH BHYTPU Hauboyiee YOAJEHHOTO KOJbLA 3aHST
TETUIOBBIIEIISIONINM 3JIEMEHTOM (HampuMep, Kak MoKa3aHo Ha (ur. 22 B OTHOIIEHUU COOPKHU
1110). Yerblpe TETIOBBIACISIOIINX 3JEMEHTA aHAJOTUYHBIM O00pa3oM HCKIIIOYEHBI U3 BTOPOTO
HanboJiee yaJeHHOTO KOJIbIA 3J1eMEHTOB 1920b, OTHOCALIMXCS K YMCIY TETIOBBIACISIFOIINX
3JIEMEHTOB B COOpKE, B KOTOPOH KaKIbIH y3€J CETKH BHYTPH BTOPOro HauboJjiee yAaJEeHHOTO
KOJIbLIA 3aHST TETUIOBBIACISIIOIIUM 3JIEMEHTOM (HampuMep, Kak WuiocTpupyercss ¢ur. 22 B
otHowmeHnu coopku 1110). OcTanpHble TErIOBBIIENSOLTHE 1eMeHThl 1920b' BTOpOoro Hanbosnee
YIJIEHHOTO KOJbIIA TETJIOBBIIEISIOUINX 31eMEeHTOB 1920b pacronaratorcss B K&KAOM H3 YIJIOB
BTOPOTO HanboJiee YIaIeHHOTO KOJIbIla TEMJIOBBLISISIOMINX 3J1IeMeHTOB 1920b.

CornacHoO pa3NUYHBIM BOIUIOLICHHUSM, MOTYT OBITh OOABJIEHbI AMCTAHIMOHHUPYIOIIHE
YCTPOWCTBA W/WIIM YIJIOBBIE KOHCTPYKLHMH ISl CONEHCTBHA B MONAEP)KAHWU MPAaBUIBHBIX
MOJIOKEHUN TEIJIOBBIASISIOMNX 371eMeHTOB 1920a, KOTOpBIE SABISFOTCS CMEKHBIMU C YIJIAMH H
TEIUIOBBIIEISIOITNMHI dyieMeHTamMu 1920b'.

CornacHo pa3auYHBIM BOIUIOIEHHUSIM, HCIOJb30BAHHUE CTPYKTYPbl pa3sMELIeHMs U3
PaBHOCTOPOHHHUX TPEYTOJbHUKOB B JIBYX BHEIIHUX KOJBIAX 3JEMEHTOB (B OTJIIMYHE OT TOJIBKO
OIHOTO KOJbIla, Kak B cOOpke Ha ¢ur. 26) obecrieynBaeT AOMOJHUTEIBHOE MPOCTPAHCTBO
BHYTPU TabapUTOB, IOCTYIIHBIX Ul TerwioBbesstomeii coopku 1910. Takoe mpocTpaHCTBO
MOKET OBITh HCHOJIB30BAHO, Hampumep, aisi Oonee Tojcrtoro koxyxa 1930 wnm Oombiuero
BOJISTHOTO 3a30pa.

CornacHo  pa3iW4YHBIM  BOIUIOLIEHUSIM, BCE€  TEIUIOBBIAEJSIOIINE  DJIEMEHThI
TeruIoBbIAesoIe coopkn 1910 reomerpuueckd HIEHTUYHBI APYr APYry U MOTYT OBITh
UICHTUYHBIMHA WJIM TIO CYLIECTBY HMACHTUYHBIMH 3neMeHTaM 20. Kak mokazaHo Ha ¢ur. 37,
COrJIACHO pa3jN4yHbIM BOmUOmeHusaM, cOopka 1910 comepxur 228 TEMIOBBLACISIOMNX
anemenToB 1920a, b, b', ¢, d.

Ha ¢ur. 38 mokazana Teruosbiaensiromas coopka 2010, koTopasi SIBISIETCA 1O CYLIECTBY
noo0HOH TeruoBbLAessomel coopke 1910 3a UCKIIIOUEHHEM TOTO, YTO B HAUOOJIEE yIaIeHHOM
KoJibLe 35eMeHTOB 2020a NMpUMEHsAETCs €AUHCTBEHHBIM YIVIOBOW TEIJIOBBIAEISAIOIUN 3JI€MEHT
2020a' BMeCTO ABYX TaKUX TEIUIOBBIASISIOINX 3JIeMEHTOB 1920a, KOTOpBIE pacroararoTCs
CMEXHBIM K yriay oOpasom B cOopke 1910, wumoctpupyemoii Ha ¢ur. 37. B pesynbrare
TeruoBbIaessonast coopka 2010 uMeeT Ha YeThIpe TEIUIOBBIAEISIONINX JIEMEHTA MEHBLIIE, YeM
NPUCYTCTBYET B TemoBblAenstomend coopke 1910. Kak mokasano Ha ¢ur. 38, coriacHo

pa3IMYHBIM BOIUIOIIeHHsIM, cOopka 2010 comepxkut 224 temnoBbinesirommx daementa 2020a,
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a,b,bcd

CornacHO pa3u4HBIM BOIUIOLIEHUSIM, BCE TEILIOBbIACAOMHNE dneMeHThl 2020a, 2020a’,
2020b, 2020b', 2020c, 2020d Terobimensitomieii coopku 2010 reoMeTpuUdecKH HISHTHYHBI
APYT APYTY ¥ MOTYT OBITh HIEHTHYHBIMH I 110 CYIIECTBY UIEHTHYHBIMU 35ieMeHTaM 20.

IIpu TOM, YTO Ha PA3NUYHBIX (PUTYPaX HUIUTIOCTPHUPYIOTCS Pa3IMYHbIE T€OMETPUYECKHE
pa3Mephl, CleAyeT TNOHMMAaTh, YTO TAaKHW€ pa3Mepbl SIBJSIFOTCS JIMIIb MOJENBbHBIMH M HE
OTrpaHWYMBalOT 00beM u300peTeHus. HampoTtuB, 3TH reoMmeTpuuecKue pasmeprl 0Oe3
OTCTYIUIEHUSI OT oOBeMa H300peTeHHs] MOTryT ObITh MOIUGUIIUPOBAHBI PA3IUYHBIMH MYTSIMH
(ObITH OONBITUMU WIJTU MEHBIIVIMH, WIH K€ KAYeCTBEHHO OTJIMYHBIMH).

Termnosbinensirorue coopku 10, 510, 610, 710, 910, 1010, 1110, 1210, 1310, 1410, 1510,
1610, 1710, 1810, 1910, 2010 mpeanoYTHUTENBHO TEPMOAMHAMUYECKH CHPOEKTHPOBAHBI U
(U3NYECKU U3TOTOBJICHBI I MPUMEHEHHS] B HA3€MHOM SIIEPHOM SHEPreTUdeckoMm peakrope 90,
500 (manpumep, B HazemHbIx LWRS (Bkmouas BWR u PWR), HazemHBIX peakTopax Ha
OBICTPBIX ~ HEHTPOHAX, HA3eMHBIX TSDKEJOBOAHBIX  SIACPHBIX  PEAKTOPax),  KOTOPBIH
npeaHa3Ha4daeTcsl AN BbIPAOOTKM 3JIEKTPUUECTBA /MM TEIUIa, HCIOJb3YEMOIO Ui WHBIX,
NIOMUMO 3JICKTPUUECTBa, Leneld (HampuMep, OINPECHEHUs BOJIbL, XUMHUYECKOH 00padoTkw,
NPOM3BOJACTBA Mapa M T.JA.). Takue Ha3eMHbIe SAEpPHbIE HHEpPreTHdeckne peakTopel 90
BKIIIOHAKOT, cpenu npounx, WER, AP-1000, EPR, APR-1400, ABWR, BWR-6, CANDU, BN-
600, BN-800, Toshiba 4S, Monju, CE u np. OnHako, COrJIacHO aJIbTepPHATUBHBIM BOTLIOIICHUSIM
HACTOSIIEro M300peTeHus1, TeroBbaensomue coopku 10, 510, 610, 710, 910, 1010, 1110,
1210, 1310, 1410, 1510, 1610, 1710, 1810, 1910, 2010 moryTt ObITh TpeaHA3HAYECHBI MIJISI
NPUMEHEHHsI U HCIIOJIb30BAThCA B SAEPHBIX PEAKTOPAax MOPCKOro OasupoBaHusi (Hampumep, B
CYIOBBIX MJHM CHJIOBBIX YCTAHOBKaX TIOABOAHBIX JIOJOK, IUIABYYHX 3JIEKTPOCTAHLIUSAX,
NpeaHa3HAYeHHbIX ISl NMPOU3BOACTBA SHEPTUM (HANPUMEpP, SJIEKTPUUECTBA) AT OEperoBOro
NPUMEHEHHsT), WJTH B APYTUX MPUMEHEHHSX SIIEPHBIX PEaKTOPOB.

Termnosbinensirorue coopku 10, 510, 610, 710, 910, 1010, 1110, 1210, 1310, 1410, 1510,
1610, 1710, 1810, 1910, 2010 1 COOTBETCTBYIOIIHE AKTUBHBIE 30HbI PEAKTOPOB MPOEKTUPYIOTCS
U KOHCTPYUPYIOTCS TAKUM 00pa3zoM, 4ToOsl Teruopbiaessiomue coopku 10, 510, 610, 710, 910,
1010, 1110, 1210, 1310, 1410, 1510, 1610, 1710, 1810, 1910, 2010 ObUTH PACMIONOKEHBI B
HETIOCPEICTBEHHOM COCEICTBE C JAPYIHMMH TEIUIOBBIIEISIONIUME  COOPKAaMH, HMEIOLUMHU
COOTBETCTBYIOIIME TeOMeTpudeckue rabapurbl (HampuMmep, MHOMKECTBOM HENOCPEICTBEHHO
COCENCTBYIOIIUX TETUIOBbINesIFoImmX cobopok 10, 510, 610, 710, 910, 1010, 1110, 1210, 1310,
1410, 1510, 1610, 1710, 1810, 1910, 2010). CornacHo pa3JTUYHBIM BOTUIOIIEHUSM, MHOXKECTBO
teroBbiesromux coopok 10, 510, 610, 710, 910, 1010, 1110, 1210, 1310, 1410, 1510, 1610,

1710, 1810, 1910, 2010 pacmonaraercsi CMEXHBIM O OTHOIIEHHUIO APYr K Apyry obpa3oM B
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CETOYHOH CTPYKTYpe TEIUIOBbIIEIAOmEeN cOOpKH, OrpaHUYUBAEMOI aKTHBHOM 30HOM peakTopa
(HarpuMep, B KBaJpaTHOW CETKEe AKTUBHOW 30HBI PEAKTOpa, MPEIHA3HAYEHHOH Ui Ipuema
KBaJIpaTHbIX TEIJIOBBIAENSIOIUX cOopok (marmpumep, AP-1000, CE), B
TPEYrOJbHOIN/TeKCAarOHAIbHONW CTPYKTYpe MJIsi aKTUBHOW 30HBI PEAKTOpa, MpeaHa3HauYeHHOTO
IUISL IpUEMa reKcaroHaJIbHbIX TETUIOBBIAEIOmMHIX cOopok (Hanpumep, WER)).

IIpencraBneHHble BbIE BOIUIOIIEHUS OOECMEUMBAIOTCS IS MJUTFOCTPUPOBAHUS
CTPYKTYPHBIX W (YHKIHOHAJIbHBIX MPHUHLUIOB  HACTOALIErO  HM300peTeHHst W He
NpeaHa3HavYaTCs AN 1eneil orpaHnyeHus. HanpoTws, MPUHIMITEI HACTOSIIErO M300peTeHHS
NpeIHAa3HAYa0TCA IJIsl OXBaTa JIOOBIX M BCSKUX W3MEHEHHH, MOIU(UKALMA W/ 3aMEH B

mpeJenax CylecTsa u oobeMa cienyrolei GopMybl H300peTeHHUs.
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DOOPMVIJIA U30BPETEHHMA

1. TemnoBeigenstomast cOOpka, MpeqHa3HAuUEHHAast IJsl MPUMEHEHHsT B aKTUBHOW 30HE
SIIEPHOTO SHEPTETHYECKOrO PEAKTOPa U COAEP KALLAS:

Kapkac, cofepKaliuii HIKHUH naTpyOOK, KOTOPBIH MMEeT Takyro (OpMy U BBIIOJHEH
TaK, 4TOOBI MPUKPETUIATHCS K BHYTPEHHEH KOHCTPYKLHUU aKTHBHOHN 30HBI SIAEPHOTO PEaKkTopa; U

MHO>KE€CTBO YJINHEHHBIX TEIUIOBBIACIAIOLUINX 3JIEMEHTOB, MOAEP)KUBAEMbIX KapKacoM,
IpUYeM KaKIblH M3 YKa3aHHOTO MHOXECTBA TEIUIOBBIIESIOUINX JJIEMEHTOB COAEPKUT
PaCLICTUIAIOLIUICS MaTepuall,

IPU 3TOM KaXKIbIH U3 MHOKECTBA YIJIMHEHHBIX TEIUIOBBIIEISIOIINX 3JEMEHTOB HMEeT
oOmuii AMaMeTp ONMCAHHOH OKPYKHOCTH,

IpUYeM B IMONEPEYHOM CEUEHHH, KOTOpO€ SBJISIETCSl MEPIEeHIUKYJISAPHBIM OCEBOMY
HAMPABJICHUIO TETUIOBBIACISIOMEH COOPKH, MHOMKECTBO TEIUIOBBIACISIOINX 3JEMEHTOB
PacIoyIOKEHO B BUAE CETOYHOMN CTPYKTYPBI, KOTOpask COAEP>KUT NEPBYIO CETOUYHYIO CTPYKTYPY U
BTOPYIO CETOYHYIO CTPYKTYpy, IpHUYEM BTOpas CETO4YHasl CTPYKTypa OTJIMYaeTcs OT IepBOH
CETOYHOU CTPYKTYPBHI,

IIPU 3TOM MepBasi CETOUHAs CTPYKTypa COMEP>KUT KBaJpPaTHYIO CTPYKTYPY U3 PsIOB U
KOJIOHOK, IIPUYEM PACCTOSIHUE MEKAY OCEBBIMU JIMHUSIMU JJIsl PSIIOB U KOJIOHOK IPEACTaBISIET
oOmuii AuaMeTp OMMMCAHHOHN OKPY’KHOCTH TETUIOBBIIEISIOLIETO SJIEMEHTa,

IpU 3TOM BTOpas CETOYHAs CTPYKTypa COJEPKUT CTPYKTYpY M3 PaBHOCTOPOHHUX
TPEYTrOJBHUKOB, MPHYEM JUIMHA KaKIOW CTOPOHBI KaKAOTO TPEYrOJbHHUKA SIBISETCS OOIIUM
AUAMETPOM OMMCAHHONW OKPY>KHOCTHU TEIJIOBBIIEISOIIErO 3JIEMEHTA.

2. Temnosigensitomas cbopka mo 1. 1, B KOTOpOH:

MHOXECTBO TEIUIOBBIACIAIOIINX 3JIEMEHTOB BKJIIOYAET HENEPEKPBIBAIOIINECS MEPBYIO,
BTOPYIO U TPETHIO MOJATPYMIbI, KaXas U3 KOTOPBIX BKJIKOYAET MHOXECTBO TEIUIOBBIIEISIOIINX
3JIEMEHTOB,

IIPU 5TOM MHOXKECTBO TEIJIOBBIACISIOIINX 3JIEMEHTOB MEePBOM MOATPYIIIBI PACIONONKEHO
B IIpeZesiax COOTBETCTBYIOLINX Y3JIOB CETKH, OOpa30BAHHBIX NIEPBOH CETOYHOH CTPYKTYpPOH,

MHOXECTBO TEIUIOBBIACIAIOIINX 3JIEMEHTOB BTOPOM MNOATPYIIBI PAaCHOJOXKEHO B
npezaenax COOTBETCTBYIOLINX Y3JIOB CETKU, 00Opa30BaHHBIX BTOPOH CETOUHOM CTPYKTYPOH,

MHOXXECTBO TEIUIOBBIACISIFOIINX OJJIEMEHTOB TpeTed MOATrPYNHIbl pPACHOJIOKEHO B
npenesax COOTBETCTBYIOUINX MEPEKPBIBAKOLINX Y3JI0B CETKH, NPUYEM MEPEKPBIBAIOLINE Y3JIb
CETKH MOMNAJA0T U B IEPBYIO CETOYHYIO CTPYKTYPY, U BO BTOPYIO CETOYHYIO CTPYKTYPY.

3. Temnosbimenstomas cOopka mo m. 1, KOTOpas Takke COAEPIKHUT AOMOJHHUTEIbHbIE
TEIUIOBBIACIAIOIINE 3JIEMEHTBI, MOANEPKMBAEMbIE KapKacoM, MPHU 3TOM JONOJHHUTEJBHBIE

TCIUIOBBIACTIAOIIUEC SJIEMCHTBI HE PACMOJIOKCHBI HU B OJHOM U3 Y3JIOB CCTKH, O6pa30BaHHbIX
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MEePBON WJIH BTOPOU CETOUHON CTPYKTYPOIL.

4. Temnosigensitomas cbopka mo 1. 1, B KOTOpOH:

KapKac COAEpPKUT TAaKOH KOXKYyX, YTO BCE MHOXECTBO TEIUIOBBIAENSAIOIIUX 3JIEMEHTOB
PacIoJIO}KEHO BHYTPHU KOXKYyXa,

IpU 3TOM TEIUIOBBIACISIOINAs COOpKa CONEPXKUT IO MEHBLIEH Mepe OIHY YIJIOBYIO
KOHCTPYKLIMIO, PACIHOJIOKEHHYI0 B VIJy TEIUIOBBINENSOLIEH COOPKM M TNPUCOSAMHEHHYIO K
KOXKYXY.

5. Tennosipensiroas cOopka mo 1. 4, B KOTOPOH MO MEHbILIEH Mepe OgHa YrioBas
KOHCTPYKLUS COJIEPKUT BbITOPAIOLINH OTJIOTUTEND.

6. Temnopsigenstomas cOOpka Mo M. 5, B KOTOPOH MO MEHbIIEH Mepe OJHA YyrioBas
KOHCTPYKLUSI TPUMBIKAeT K 10 MeHblIel Mepe OJHOMY W3 MHOXKECTBAa YJIMHEHHBIX
TEIJIOBBIAENSAIOLHUX 3JIEMEHTOB.

7. TemnoBeimersiomasi cOopka mo 1. 1, B KOTOpPOH KaXAbli M3 MHOXKECTBA

>
TEIJIOBBIIEIAIOIUX 3JIEMEHTOB COIEPKHUT:
TOIUIUBHBINA CEPACYHHUK, COAEP>KAIMMI TOIUIMBHBIM MaTepHal, pPAaCHOJOKEHHbIH B
MaTpULE U3 METAUIMYECKOr0 HETOIUIMBHOIO MaTepuaja, NpUYeM TOIUIMBHBIA MaTepHuanl
COJIEPKHT PACHIEIUIAIOIUNACA MAaTEPHAIL, U
000JIOUKY, OKPY’KAFOIIYIO TOIIMBHBIA CEPICUHUK,

npu 3STOM Ka)I(I[beI U3 TCIUIOBBIACAKIUX 3JIEMEHTOB HMECT MHOT'0OJIEIECTKOBBIH

npod b, KOTOPBIH 00pa3yeT cnupaibHble pedpa.
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OBHOBNEHHBLIN OABM MBAJC
KOHCTPYKUMS TOMNMBHOW CUCTEMB

Tabnuua 4.2-1. TunnyHble napameTpbl MEXaHUYECKON KOHCTPYKUUK (IUCT 1 13 4)

KoHdburypaums akTMBHOMN 30HbI
KonunuyecTBo Tennosbigensowmx cbopok B akTMBHOW 30He, BCEro 241
Konunuectso CPO 89
KonnuecTBo MecT pasmeLLeHNsI TONSIMBHbBIX CTEPXHEN 56 876
PaccTosiHue mexay Tennosblgensitowumm cbopkamu, ot 0208
MOBEPXHOCTW A0 MOBEPXHOCTU TOMMUBHOIO CTEPXKHS, AONAMbI ’
MpomexyTKn OT BHELLHEeN MOBEPXHOCTU TOMMMUBHOIO CTEKHSA A0 0214
KOXyXa akTUBHOW 30HbI, JIOAMbI ’
MapaBnuyeckuin AnameTp, HOMUHANbLHBLIA NPOTOK, Y ThI 0,0393
O6uas nrnolwanb ceveHnst NoToka (MUCKMoYas HanpaenswLwme 60.9
TpyObl), KB.OYThI ’
O6was nnowaab akTUBHON 30HbI, KB.CPyTbI 112,3
OKBMBANEHTHbIN gnamMeTp akTUBHOMW 30HbI, 4HONMbI 143,6
[dnameTp oNMCaHHON OKPY>XHOCTU aKTUBHOW 30HbI, AOAMbI 152,46
O6wa4 3arpyaka Tonnuea, kr U (B gonyLeHuu, YTo BCe MecTa 1.07x10°
pasMeLlLeHUsi CTEPXKHEN 3aHUMAIOTCS TOMMUBHBIMUA CTEPXHAMM) ’
O6was macca Tonnuea, pyHTel UO, (B gonyLweHun, 4To Bce
MecTa pasMeLLeHNs1 CTEPXKHEN 3aHUMAatOTCH TOMSMBHbIMMI 2,67x10°
CTEPXKHAMMN)
O6was macca umpkannod n ZIRLO, dyHTbI 72 500
O6beM Tonnuea (Bkrovas obonouykm), ky6.yTol 410,8
TennoeblgenstoLwme cbopkn
KeBagpaT pasmelleHns TOMMAMUBHbIX CTEPXKHEN 16x16
LUar TonnueHbIX CTepXXeHeln, QonMbl 0,506
OnctaHunoHnpytowas pelleTtka
INnctosas
Tun
NpyXuHa
Matepwnan Linpkannon
KonnuecTtso B ogHou cbopke 10®

a.Macca nogpasymeBaeT, 4To Bce COOpKM UMEIT KOHCTpyKuuio PVNGS

Unit 2 Batch N design. ®aktuyeckaa macca BapbupyeT OT akTUBHOWN

30Hbl K aKTUBHOW 30HE.

b.HaunHas ¢ Batch P3R, neperpyxaemble cOOpkn nmeroT 9 ANCTaHUNOHUPYIOLLNX

peI.IJeTOK n3 LI,VIpKaJ'IJ'IOFI.
dur. 41
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Tabnuua 4.2-1. TunnyHble NapameTpbl MEXaHUYECKON KOHCTPYKLUUK (NMUCT 2 u3 4)

Tennosbligenstowne cbopku (NPoaoImKeHNe)
HuxHAS gucTaHUMOHUpYtoLwas pelleTka

Tun GUARDIAN™ unu nucrosas

NpyX1Ha
Matepuan WHKoHenb
KonuyecTso B 0gHOM cOopke 1

BepxHasa guctaHuMoHupytollas pelletka (HaduHas ¢ Batch P3R)

Tun JuctoBas npyxuHa
Marepuan MHkoHenb
KonuyecTso B 0gHOM cOopke 1
O6wue rabapuThbl
OT HapyXHOro CTEPKHS 00 HAPYXHOrO
7,972x7,972

CTEPXKHS, OONMbI

TONNUBHLIA CTEPXKEHD

MaTepman TOMMMUBHOTO CTEPXHA (CI'Ie‘-IeHHbIe
U02 nnn U02 - Er203

TabneTku)
OunameTp TabneTtku, AI0NMbI 0,3255
OnuHa TabneTtku, AIoNMbI 0,390
MnoTHocTsL TabneTok (r/cm®) 10,58
TeopeTudeckas NNOTHOCTL TabreTok (r/cm°) 10,96
MnoTHocTb TabneTok (% OT TeopeTUHEeCcKon) 96,5
MNoTHOCTL MO BbLICOTE 3ANONHEHUs, r/em® 10,43

Matepuan obonodku Lupkannoi unm ZIRLO™

BHyTpeHHUIA guameTp 06ONoYKN, ANMbI 0.332
HapyxxHbii guameTp 060noyku
g y 0,382
(HOMUHANbBHLIN), OOAMBI
TonwuHa 06ono4Kk1 (HOMUHAMNLHAS), SOAMBI 0,025
3a3op no gnameTpy (B XONOOHOM COCTOSIHUM,
y y 0,0065
HOMWHAMbHbIA), AAMBI
AKTUBHas AnuHa, AoAMbl 150
AnuHa HakonuTenbHOW NONoOCTU, AONMbI Bapbupyetcs

dur. 42
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Tabnuua 4.2-1. TunnyHble napameTpbl MEXaHUYECKON KOHCTPYKLMKU (MUCT 3 13 4)

COopku perynvpyoLnx anemMeHToB YacTtuyHan

MNonHas MoLLHOCTb
(CP3) MOLLHOCTb
KonuyecTtso 76 13
MornowatoLme aneMeHThl,

. 12un4 4

KONMWUYeCTBO B ofHoW cbopke

LUnnuHgpuyeckue LUnnuHgpuyeckue
Twn

CTEPXKHN CTEPXKHN

MaTepuan oGonouku

MNHkoHenb 625

MHkoHenb 625

TonwmHa o6onoYkn (HOMUHaNbLHas),

0,035 0,035

OOAMBI
HapyxHbIn fuameTp 060nNoYKkn

Py A P 0,816 0,816
(HOMUHanNbHbLIW), AOAMBI
3as3op no gnamet HOMUHAanNbHBIN),

proA 2 ) 0,009 0,009
OOAMBI
3nemeHThI

MaTepMan nornotTutens

B,C/mMeTannuyeckuin
Bonok u B,C ¢
YMEHbLLIEHHBLIM

anameTpom

MHkoHenb 625

[nuHa nornoTuTens, OOAMbI

135-1/2/12/1/2

150,0 (Bkntouas

KOHYMK nanbua)

OunameTp nornoTutens, JOAMBbI 0,737
0,737/0,664 unn
(3aroTOBKM MHKOHENb
0,737/0,674
625)
B, C Tabnetku (B, C TabneTku)
MnoTHocTb, % OT TEOPETUYECKON
5 73 HeT AaHHbIX
NNoTHOCTU 2,52 r/cm
Macc.% Gopa, MUHUMYM 77,5 HeT JaHHbIX

CTepeHb C BLIrOPaloLLM NOrNoTUTENEM, OpUrMHanbHast KoHCTpyKLus
Al,03-B4C
0,307
0,875(1” 1 0,500(0,5")
93(1") 1 91(0,5")
3,94

MaTepMan nornotTutens

OunameTp Tabnetkn, AOAMBI

OnuHa TabneTtku, AOAMbI, MUHUMYM

MnotHocTb rpaHyn (% ot

® KoHcTpyKkuma nepesarpyaemMomn akTUBHOW 30HbI MOXET NPUMEHATH
okeug apbua (Er,0,), npumewsanHbin k UO, Tonnuey, Bmecto ALO,-B,C
NOrMOTUTENLHBIX CTEPXXHEN. [In3anH nepesarpykaemMbiX NOrmoTUTENbHbLIX
CTEPXXHEN MexaHnyeckn nogobeH TonnmeHbIM UO, CTEpXKHAM.

dur. 43
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Tabnuua 4.2-1. TunnyHble napameTpbl MEXaHUYECKON KOHCTPYKUUK (NUCT 4 n3 4)

CTepeHb C BbIFOPaoLLMM MOTMOTUTENEM, OpUrMHANbHas KOHCTPYKLmnA™
(npoaomnmxeHune)
Matepuan obonoyku LUnpkannon-4
BHyTpeHHU gnameTp 060S0uKN,
- 0,332
OIONMBbI
HapyXHbii anametp 060No4ku,
- 0,382
OIONMBbI
TonwmHa 06onoykn (HoMUHanNbHas),
- 0,025
OIONMBbI
3a3op no gnameTpy (B XONOAHOM
. . 0,025
COCTOSIHUM, HOMUHAMbBHbIN), AOAMBbI
AKTUBHag anuHa, ANUMbI 136,0
JnuHa HakonuTenbHOW NONOCTH,
. Bapbupyetca
OIONMBbI
NioHb 2003 4.2-54 Pepakung 12

dur. 44
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